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Y representing N or CR9, or Y-R7 representing 

Z representing 0, S, or NR"), and 
R2 represents hydrogen or a protective group. 
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B-LACIAM ANTIBIOTICS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

The invention relates to B-lactam antibiotics, to pro 
cesses for their preparation and to their use as and in 
medicaments, in particular as antibacterial, orally effec 
tive antibiotics. 

It has been disclosed that various representatives of 
the 7-a-aminoacylcephalosporins with a variety of sub 
stituents in the 3-position of the molecule have antibi 
otic actions, thus for example cephalexin [7-(D-a 
phenylg]ycylamido)-3-methyl-3-cephem-4-carboxylic 
acid], cefaclor [7-(D-a-phenylglycylamido)-3-chloro-3 
cephem-4-carboxylic acid] (compare British Pat. No. 
1,174,335; German Offenlegungsschrift (German Pub 
lished Speci?cation) Nos. 2,408,698 and 2,728,578). 

Furthermore, a number of antibiotically effective 
a-aminopenicillanic acids has been disclosed. for exam 
ple ampicillin (British Patent Speci?cation No. 938.321) 
and amoxicillin (British Patent Speci?cation No. 
1.339.605). 
The present invention relates to B-lactam compounds 

of the general formula I 

in which 
X represents a radical of the formula 

CH3 H 

X X or 
cu; H / R5 

in which 
R5 represents hydrogen, represents halogen, azido or 

represents straight-chain. branched or cyclic, satu 
rated or unsaturated alkyl which has up to 7 C 
atoms and which is optionally substituted by halo 
gen, Cl-cs-hydroxy, C1—C5-alkylthio, —O 
CONHZ, C2—C10-acyloxy, by a pyridinium radical 
which can be substituted once or several times, or 
by a radical of the formula 

N 

N > . 

c0251 

H I 
CH3 

5 

35 

45 

50 

or represents C1—C5-alkoxy or C1-C5-alkylthio, 
R1 represents the radical ' 

Y represents N or CR", or Y-R'l representing 
>C=O or >C:N-Rl, 

2 representing 0, S or NRm, 
R‘l representing hydrogen. representing hydroxyl or 

amino. or representing straight-chain, branched or 
cyclic, saturated or unsaturated alkyl which has up 
to 10 C atoms and is optionally substituted by halo 
gen, optionally substituted amino, hydroxyl, cyano 
or Cs-Cm-aryl, or representing optionally substi 
tuted CG-Cm-aryl, 

R7 representing hydrogen, representing straight 
chain, branched or cyclic, saturated or unsaturated 
alkyl which has up to 10 C atoms and which is 
optionally substituted by halogen, hydroxyl, alk 
oxy or alkoxycarbonyl, each having I to 6 C atoms, 
cyano, carboxyl, optionally substituted aryl, 50311 
or by an optionally substituted amino group, or 
representing optionally substituted aryl, or R6 and 
R7 together completing a double bond, 

R8 representing hydrogen, representing alkyl, alkoxy, 
alkylthio, each having 1 to 8 C atoms, representing 
tril'luoromethyl or tri?uoromethoity, representing 
hydroxyl, mercapto, nitro or cyano, representing 
halogen, or representing an optionally substituted 
amino group. 

R9 having the same meaning as R7 and, additionally, 
representing halogen, representing C\—C3-alkoxy 
or C1—Cg-alkylthio, representing an optionally sub 
stituted amino group, representing SO2—C1-Cg 
alkyl or —PO(OH)1, representing S0311 or 
SOgNl-Ig, representing SH, OH, S-phenyl or O 
phenyl, representing guanidino, amidino, 
—NHNH2 or NHOl-l, representing optionally sub 
stituted heterocyclyl, or representing O-heterocyc 
lyl or S-heterocyclyl, 

R10 having the same meaning as R6 but not complet 
ing a double bond with R7, or 
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Rq and R"J together representing a Cg-C4-methylene 
chain which is optionally interrupted by oxgen or 
sulphur. 

R2 represents hydrogen or represents an amino-pro 
tective group. 

R3 represents hydrogen, represents alkoxy or alkyl 
thio, each having up to 5 C atoms, represents an 
optionally substituted amino'group, or represents 
NHCHO, and 

R4 represents hydrogen. represents a carboxyl pro 
tective group, represents —CH 
2—-O——-CO—C(CH3)3, represents —CH 
2—O-—CO—CH3 or —CH(CH 
3l-—O—CO—O—C;>_H5. represents the radical of 
the formula 

CH3 

~CH3‘7-—'<— 20 
0 O or O 
V 

H ll 
0 O 

25 

10 

or represents alkali metal or ammonium ions. 
Preferred compounds of the formula I are those in 

which 
X represents a radical of the formula 

CH3 H 

>< >< m 
CH3 H / R5 

in which 
R5 represents hydrogen, represents ?uorine. chlorine 

or bromine, represents straight-chain or branched, 
saturated or unsatuated alky] which has up to 5 C 
atoms and which is optionally substituted by one or 
more fluorine, chlorine, bromine, alkoxy or alkyl 
thio each having 1 to 3 C atoms, carbamoyloxy, 
acetyloxy or benzoyloxy radicals or by a radical of 
the formula 

30 

35 

45 

CH3 

TU“ 

or represents Q-Cg-alkoxy or C|—C3-alkylthio, 
Rl represents a radical of the formula 

RIO 
N O 

cHR“ CHR". 
/ / 

N R8 N 
Rt: Rb 

RF 

R10 
S\ N 

CHR“. >—R°. 
R“ N/ K 

R6 
RS 

R10 

N\ S\ 
N or N, 

// // 
N N 

R3 R3 

R6 representing hydrogen, representing hydroxyl or 
amino, or representing straight-chain, branched or 
cyclic, saturated or unsaturated alkyl which has up 
to 8 C atoms and which is optionally substituted by 
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one or more of ?uorine. chlorine, bromine, option 
ally substituted amino, hydroxyl or phenyl, or rep 
resenting optionally substituted aryl, 

R7 representing hydrogen. or representing straight 
chain, branched or cyclic, saturated or unsaturated 
alkyl which has up to 8 C atoms and which is op 
tionally substituted by one or more of ?uorine, 
chlorine. bromine. C1-C4-alleoxy. hydroxyl, car 
boxyl, phenyl, SO3H or an optionally substituted 
amino group, or representing optionally substituted 
aryl, 

R8 representing hydrogen, representing alkyl, alkoxy 
or alkylthio, each having 1 to 6 C atoms, represent 
ing trifluoromethyl or tri?uoromethoxy, represent 
ing hydroxyl, mercapto, nitro or cyano, represent 
ing ?uorine, chlorine or bromine, or representing 
an optionally substituted amino group, 

R9 having the same meaning as R7 and, additionally, 
representing ?uorine, chlorine or bromine, repre 
senting C1—C6-alkoxy or C1-C6-alkylthio, repre 
senting an optionally substituted amino group, rep 
resenting —SO3-——C1—C(,-alkyl or -—PO(OH)2, rep 
resenting —SO3H or —SO3Nl-l;, representing SH, 
OH, S-phenyl or O-phenyl, representing 
guanidino, —-NHNH2 or —-NHOH. representing 
optionally substituted heterocyclyl or representing 
O-heterocyclyl or S-heterocyclyl, 

R'O having the same meaning as R6 but not complet 
ing a double bond with R7, or 

R9 and R10 together representing a C3—C4-methy]ene 
chain which is optionally interrupted by sulphur, 

R2 represents hydrogen or represents an amino-pro 
tective group, 

R3 represents hydrogen, represents alkoxy or alkyl 
thio. each having 1 to 3 C atoms, represents an 
optionally substituted amino group, or represents 
NHCHO, and 

R‘:1 represents hydrogen, represents a carboxyl pro 
tective group, represents -CH 
2—-O—CO——C(CH3)3, represents —-CH(CH 
3)—O—CO—O—C2H5 or ——CH2--O——CO—CH3, 
represents the radical of the formula 

CH3 

—CH37=< . 
O O 01' O 
\/ 

ll ll 
0 O 

or represents Nat’, Li+, K+ or Nl-lrt. 
In the above de?nition, optionally substituted aryl 

represents phenyl which is substituted, identically or 
differently, once to three times, preferably once or 
twice, suitable substituents being alkyl, alkylthio or 
alkoxy, each having 1 to 4, preferably 1 or 2 C atoms, 
halogen, preferably ?uorine, chlorine or bromine, nitro, 
cyano, hydroxyl, amino, trifluoromethyl, trifluorometh 
ylthio or trifluoromethoxy. ' 

In the de?nition, an optionally substituted amino 
group represents the group 

Rll 

Rll 

25 

30 

45 
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6 
RH and RI2 being identical or different and represent 

ing hydrogen, representing aryl, preferably phenyl. 
representing cl-Cg-alkyl, preferably C|-C5-alkyl, 
representing C7-C14-araIkyl, preferably benzyl, or 
representing Cg-Cm-acyl, preferably acetyl or ben 
zoyl. 

When R3 represents an amino-protective group. then 
it preferably represents an amino-protective group 
which can be readily eliminated, such as, for example, 
tert.-butoxycarbonyl (Boc), trityl (Trt), benzyloxycar 
bony] (Z), formyl, chloroacetyl or l-methyl-Z-ethox 
ycarbonylvinyl. 
When R4 is a carboxyl-protective group then it is 

preferably a protective group which is customary in 
B-lactam chemistry, preferably tert.-butyl, decyl, 2,2,2 
trichloroethyl, benzyl, 4-methoxybenzyl, 4-r1itrobenzyl, 
triphenylmethyl or diphenylmethyl, acetoxymethyl, 
ally] or trimethylsilyl. 
The term heterocyclyl represents saturated and un 

saturated heterocycles having one to four nitrogen and 
/or oxygen and/or sulphur atoms. and preferably repre 
sents pyrrolyl, pyrrolidinyl, pyrazolyl, imidazolyl, pyri 
dyl, pyridazinyl, pyrimidyl, pyrazinyl, quinolyl, 
isoquinolyl, indolyl, quinoxalyl, quinazoly], piperidinyl. 
morpholinyl, piperazinyl, thiomorpholinyl, furyl, thi 
enyl, oxazolyl, thiazolyl, isoxazolyl, thiadiazolyl, triazo 
lyl or tetrazolyl. 

If the heterocycles are substituted, then they are sub 
stituted once to three times, preferably once or twice, 
identically or differently, by alkyl, alkylthio or alkoxy, 
each having 1 to 4, preferably 1 or 2 C atoms, halogen 
(preferably ?uorine. chlorine or bromine), nitro, cyano. 
hydroxyl. amino, tri?uoromethyl, tri?uoromethoxy or 
trifluoromethylthio. 

Particularly preferred compounds of the general for 
mula l are those in which 
X represents a radical of the formula 

CH3 H 

X X or 
CH3 H / R5 

in which 
R5 represents hydrogen, represents chlorine or ?uo 

rine, represents methyl, methoxy or methylthio, 
represents tri?uoromethyl, vinyl, cis-propenyl, 
3-chloro-l-propenyl, 3-iodo-l-propenyl, 3-pyri 
dinio-l-propenyl, 3-(1-methyl-pyrrolidino)-l 
propenyl 3-(1H-1,2,3-triazol-5-yl)-thio-l-propenyl, 
3-(4-methylthiazol-5-yl)-l-propenyl or methox 
ymethyl, represents carbamoyloxymethyl, repre 
sents acetyloxymethyl or represents a radical of the 
formula » 

H l 
CH3 
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-continued 

H 
N s 

cHR“. curt“, 

N N 

RR H RY‘ Rb 

H 

S\ _ N 

N or >=O, 
N” N 

H 
R8 

R6 representing hydrogen, representing straight 
chain, branched or cyclic, saturated or unsaturated 
alkyl (up to C6) which is optionally substituted by 
one or more ?uorine, amino, hydroxyl or phenyl, 
or representing optionally substituted aryl, 

R8 representing hydrogen, representing alkyl, alkoxy 
or alkylthio, each having 1 to 4 C atoms. represent 
ing tri?uoromethyl or tri?uoromethoxy. represent 
ing hydroxyl, nitro or cyano. representing ?uorine 
or chlorine, or representing amino, phenylamino, 
dimethylamino or acetylamino, 

Rg representing hydrogen or representing straight 
chain, branched or cyclic. saturated or unsaturated 
alkyl which has up to 6 C atoms and which is op 
tionally substituted by one or more of ?uorine, 
chlorine, C1—C2-alkoxy, hydroxyl, carboxyl, 
phenyl, 8031-1, amino, G-Cg-alkylamino, dialkyl 
amino each of which has 1 to 3 C atoms, phenyl 
amino, benzylamino or acetylamino, or represent 
ing ?uorine, chlorine or bromine. representing 
C1-C4-alk0xy or C1—C4-all<ylthio, representing 
optionally substituted aryl, representing amino, 
C1—C3‘alkylamino or dialkylamino, each having 1 
to 3 C atoms, phenylamino, benzylamino or 
acetylamino, representing —SO3—C1-C4-alkyl, 
representing 5031-! or SOZNHZ, representing OH, 
SH, O'phenyl or S-phenyl, representing guanidino, 
~—NHNH1 or —NHOH or representing pyrrolyl, 
pyrrolidinyl, pyrazolyl, imidazolyl, pyridyl, quino 
lyl, isoquinolyl, furyl, thienyl, morpholinyl, 
piperidinyl, piperazinyl or pyrimidyl, each of 
which can optionally be substituted by ?uorine, 
chlorine, methyl, nitro, cyano, hydroxyl, tri?uoro 
methyl, methoxy or amino, or representing S-pyri 
dyl or O-pyridyl. 

Rl0 having the same meaning as R“, 
R2 represents hydrogen, or represents an amino-pro 

tective group, R3 represents hydrogen. represents 
methoxy or methylthio, represents amino, C1-C3 
alkylamino, dialkylamino each having 1 to 3 C 
atoms, phenylamino, benzylamino or acetylamino 
or represents NHCHO, and 

R4 represents hydrogen. represents a carboxyl pro 
tective group, represents -—-CH 
2-—O—CO—C(CH3)3, represents ——-CH(CH 
3)—O—CO—O—-CZH5, represents a radical of the 
formula 



Re. 33,948 
9 

or w 
II 
0 

or represents Lit, Nam K't or NHU. 
The terms amino-protective group and carboxyl-pro 

tective group have the meaning already indicated 
above. 
The compounds of the formula I can be in the form of 

free acids, of esters, of internal salts or of non-toxic 
pharmaceutically tolerated salts of the acidic carboxyl 
groups, such as sodium, potassium, magnesium, cal 
cium, aluminium or ammonium salts and non-toxic sub 
stituted ammonium salts. with amines such as di- or 
tri-lower alkylamines, procaine, dibenzylamine, N,N’ 
dibenzylethylenediamine, N-benzyl-B-phenylethyla 
mine, N-methylmorpholine and N~ethylmorpholine, 
l-ephenamine, dehydroabietylamine, N,N'-bis-dehy 
droabietylethylenediamine, N-lower alkylpiperidine 
and other amines which can be used for the formation of 
salts of penicillins and cephalosporins. 

Because of the presence of the asymmetric carbon 
atom designated by “. the new B-lactam antibiotics of 
the formula I include the D-, L- and D,L-forms. The 
D-forms of the compounds of the general formula 1, 
according to the invention, are preferred. 

Both the mixtures of diastereomers and the D-form 
and L-form of the compounds according to the inven 
tion can be used for the treatment of bacterial infectious 
diseases. The compounds of the general-formula l are 
obtained when compounds of the general formula IIa 

V 
ll 
0 

H (Ila) 

in which 
R1 has the abovementioned meaning and in which 
R2 represents an amino-protective group, are, after 

activation of the carboxyl group by conversion 
into a mixed anhydride, for example with pivaloyl 
chloride, ethyl or isobutyl chloroformate, after 
conversion into the mesylate using methanesulpho 
nyl chloride or after conversion into an activated 
ester, for example with l-hydroxybenzotriazole 
and dicyclohexylcarbodiirnide, induced to react 
with compounds of the general formula Ill 

“2N R3 5 (III) 
\ l I X 

0’ U 
COOR‘ 

in which 
R3, R‘ and X have the abovementioned meaning, 

then, where appropriate, protective groups are 
eliminated and the desired salts are prepared or the 
free acids are prepared from salts. 

It is possible to use for the coupling ofthe aminoacids 
of the formula II with B-lactams of the formula III a 

ll) 

30 

35 

45 

65 

10 
large number of methods known from cephalosporin 
and penicillin chemistry. 

It has proved to be advantageous to activate aminoa 
cids of the general formula II and then to couple them 
with B-lactams of the general formula III, which are 
induced to dissolve as salts with an amine. 

Activation with pivaloyl chloride or sulphonic acid 
derivatives ofthe formula IV, to give anhydrides of the 
formula Va and Vb, is particularly advantageous. 

R1 has the abovementioned meaning, 
R2 represents an amino-protective group, 
T represents a radical R13-SOg-—O or halogen. and 
R13 represents C1—C10-alkyl which is optionally sub 

stituted by fluorine, chlorine, cyano, phenyl, 
Ct—C4-alkyl, C1—C4-alkoxy or C1—C4-alkylthio, or 
represents phenyl which is optionally substituted 
by fluorine, chlorine. bromine, cyano, Ct-C4—alkyl, 
Ci—C4-alkoxy, C1-C4-alkylthio, C1—C4-alkylcarbo 
nyl, nitro or trifluoromethyl. 

When R13 is substituted, then preferably l-3 substitu 
ents are present. preferably those mentioned. 

R13 very particularly preferably represents a methyl 
or p-tolyl radical. 
The mixed anhydrides of the formula Va are pre 

pared by dissolving the acids of the formula II and l to 
1.4 equivalents of an amine in a solvent and allowing 
them to react with 1 to 1.2 equivalents of a sulphonic 
acid derivative of the formula IV. 

Suitable solvents are all solvents which are stable 
under the reaction conditions, such as, for example, 
diethyl ether, tetrahydrofuran, acetonitrile, acetone, 
methylene chloride, chloroform or dimethylformamide. 

Tertiary amines are suitable as the amine, such as, for 
example, triethylamine or tributylamine, as well as steri 
cally hindered secondary amines such as, for example, 
diisopropylamine. 
The reactions can be carried out at temperatures 

between -80° C. and room temperature, preferably 
between -60° C. and 0° C. The activation with Cl 
SO2-CH3 is preferably carried out in dimethylformam 
ide at —40° C. to —60° C. within 0.2 to 24 hours, prefer 
ably 0.5 to 5 hours. 

It is possible to use for the dissolution of the com 
pounds ofthe formula III the solvents mentioned for the 
preparation of the compounds of the formula V, and to 
use as the base the amines mentioned there. 
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]t is also particularly advantageous to activate the 
acids of the general formula II by conversion into an 
activated ester with, for example, N-hydroxysuccini 
mide and dicyclohexylcarbodiimide or l-hydroxyben 
zotriazole and dicyclohexylcarbodiimide. 

Suitable solvents are all solvents which are also suit 
able for the preparation of anhydrides ofthe formula V. 
The reactions can be carried 'out at temperatures 

between —-30° C. and + 100° C. Activation is advanta 
geously carried out with l-hydroxybenzotriazole and 
dicyclohexylcarbodiimide in dimethylformamide at 
room temperature for 2 to 6 hours, then the precipitated 
dicyclohexylurea is ?ltered off with suction. and reac 
tion with a compound of the formula III. in the form of 
a solution of its amine salt. is carried out within 2 to 24 
hours. It is possible to use for the dissolution of the 
compounds of the formula III the solvents mentioned 
for the preparation of the compounds of the formula V, 
and to use as the base the amines mentioned there. 

Literature for amino and carboxyl protection and 
carbooxyl activation: M. Bodanszky, Principles of Pep 
tide Synthesis. published by Springer, 1984. E. Gross, J. 
Meienhofer, The Peptides Vol. 2, Academic Press, 
1980. 
The stereochemically homogeneous D- or L-forms of 

the compounds of the formula 1. according to the inven 
tion. are obtained when the mixtures of diastereomers 
are separated on, for example. HPLC columns from 
Merck. Dupont or Whatman. 
On the other hand, the pure D- or L-form (preferably 

the D-form) is obtained when, even at the stage of the 
racemic aminoacid of the formula ll. a chemical race 
mate resolution. for example with dehydroabietylamine. 
phenylethylamine or camphorsulphonic acid. or a race 
mate resolution via. for example, N-acetylamino acid 
derivatives, for example with subtilisin, penicillin acy 
lase or pig kidney acylase, is carried out and then the 
stereochemically homogeneous D- and L-forms of the 
compounds of the formula II are reacted in the manner 
indicated. 
Only some of the compounds of the general formula 

I] are known. The compounds of the formula II can be 
synthesized by processes known from the literature. as 
shown in Scheme 1. the compounds of the formula VI 
representing the most important key compounds for the 
new amino acids of the formula II. 

ism 

Ill-COOK“ V] 
(Step l) 

Reduction l/DIBAL 
R1—cti1—0it v“ 

(Step 2) 

Oxidation l/Mn02 
RI_CHO VIII 

_ (Step 3) 
Hydantom (NH4)2CO3 
formation NaCN 

H 0 IX 

R|-’_</ 
HN NH 

25 

30 
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-continued 
Ml. 

(Step 4) 
PM 1 . Ba(OHl3.NaOH.LiOH 

-‘ “Us” HBr or H1504 

R1 has the abovementioned meaning. 
R14 represents C|—C4-alkyl. 
The reduction of esters with diisobutylaluminum 

hydride (DIBAL) and sodium bis(2-methoxyethox 
y)aluminurn hydride (Red-Al) to give alcohols (step 1) 
is described in the literature: E. Winterfeld. Synthesis 
1975, 617; A. E .G. Miller et al.. J. Org. chem. 24, 627 
(1959). The oxidation of primary alcohols with man 
ganese(lV) oxide or pyridinium chromate to give alde 
hydes (step 2) is known in the literature: Methoden der 
Organischen Chemie (Methods of Organic Chemistry). 
Houben-Weyl, Vol. 4/lb; G. Piancatelli et al.. Synthesis 
1982. 245. 
The new amino acids of the formula llb are obtained 

when the aldehydes are reacted with sodium cyanide 
and ammonium carbonate by processes known from the 
literature [E. Ware. Chemical Reviews 46. 403 (l950)] 
(step 3) and then hydrolyzed with 10% strength sodium 
hydroxide solution, 48% strength hydrobromic acid, 
barium hydroxide or lithium hydroxide solution (step 
4). 

In the text which follows. the preparation of some 
new amino acids of the general formula 11 and of their 
precursors is described by way of example. R"-~Rl4 
having the abovementioned meaning: 

( l) Benzothiazolylglycines: 
The starting material for the synthesis of substituted 

benzothiazolylglycine derivatives is 0-, m- or p 
aminobenzoic ester. Benzothiazolecarboxylic acid de 
rivatives are prepared by, for example, the synthetic 
scheme which follows: 

Scheme 2 

HZN COOC2H5 

Brg/glacial acetic acid \LKSCN 

"2N COOCzHg 

NCS 

33C03 (10% strengiht 
I00’ NazSS 111/ 
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Scheme 2 

COOC1H5 

COOC3H5 
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Literature: .1. L. Wood, Substitution and Addition Re 
actions of Thiocyanogen. Organic Reactions. Vol. III, 
240 (l946); M. T. Bogert et al.. J. Am. Chem. Soc. 47. 
3078 (l925); M. T. Bogert. J. Am. chem. soc. 57. 1529 
(1935); .I. M. Spraque et al.. Thiazoles and Benzo 
thiazoles, Heterocyclic Compounds. Vol. 5. 484 (1957), 
J. Wiley & Sons. The starting material for the synthesis 
of substituted benzothiazolylglycine derivatives is a 
amino-a-(p-aminophenyl)acetic methyl ester: 

Scheme 3 

HZN CH—COOCH3 

NH-COCH; 

Brg/glacial 
acetic acid KSCN 

H3N CH-COOCH_= 

run-co-cu; 

NCS 

NagSFlHgO 

HgN 5 

RQCOX 
s NHCl 

R“ 5 Rm 5 

(2) Benzirnidazolylglycines 

NagCO; 
(I09; strength) 
100: C. 

CH-COOCH; 

NH-COCH3 

CH-COOH 

NH: 

Starting material for the synthesis of substituted ben 
65 zimidazolylglycine derivatives is, for example. 3,4 

diaminobenzoic acid. The substituted ben 
zimidazolecarboxylic esters are prepared, for example. 
by the following synthetic scheme: 
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Scheme 4 

RlO 
l5 4 l0 l4 \ c0012‘ R coon 

N \x 

A k 
R9 N IRQ )3 BrCN or 

R“ cox or 
9 R coon RQCHO 

R10 
\ 
HN (300Rl4 

HZN 

HZN C] Rll 
\ 
C=N—CN : =§< Cl 

HIN Cl R1‘ 

Rm l4 Rm l4 
\ COOR \ COOR 
N N 

HQN RH 
\ \ \ WA h Ni N 

/ 
HQN R11 

Chemical Reviews 74, 279 35 
Synthesis 1983, 861; P. N. 

Preston. Benzimidazoles and Congeneric Tricyclic 
Compounds. Heterocyclic Compounds‘ Vol. 40. l and 
II. J. Wiley & Sons (1980, 1981)‘ 

(3) Benzoxazolylglycines 

Literature: P. N. Preston. 
(1974); R. Rastogi et all. 

40 

HO 

l,2.4~Trichlorobenzene 

The starting material used for the synthesis of substi 
tuted benzoxazolylglycine derivatives is 3-amino-4 
hydroxybenzoic acid. 3-hydroxy-4-aminobenz0ic acid 
and D-a-amino-(3-amino-4-hydroxyphenyllacetic acid 
methyl esters. The anellated phenylglycine derivatives 
and substituted benzoxazolecarboxylic acid derivatives 
are prepared by, for example, the following synthetic 
scheme: 

m5; 

era-coocu; HZN coocn, 

NH—-CO-—CH3 

no 

II liq-CK 

ll 
(‘Ill-C0004; R9—C-HN COOCl-l; 
NH-COCI-l; 

p-Toluenesulphonic acid 
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-continued 
Scheme 5: 

CH-COOCl-h COOCH; 

0 NH COCH N - 3 

/k\ /L 
Rg N R" 0 

Literature: J. W. Cornforth, Benzoxazoles and Related 
Systems, Heterocyclic Compounds, Vol. 5, 418, J. 
Wiley & Sons (l957); R. Lakham et a1., Advances in 
Oxazole Chemistry, Advances in Heterocyclic Chemis 
try, Vol. 17, 99, Academic Press (1974). 

(4) Benzotriazolylglycines and benzothiadiazolylgly 
cmes 

3,4-Diaminobenzoic acid and ethyl p-aminobenzoate 
are used as starting material for the synthesis of substi 
tuted benzotriazolylglycines and benzothiadiazolylgly 
cines. The new benzo-condensed carboxylic acids and 
esters are prepared by, for example; the following syn 
thetic scheme: 

Scheme 6 

coocn; RIO-NH coon 
s 
l 
N 
\ . 
\ N 

COOH 

RID 
\N coon 

l 
N 
§N 

Literature: J. B. Carr, J. Heterocyclic Chem. 9, 1149 
(I972) 
The following parent substances of penicillins and 

cephalosporins, of the formula III, are used for the 
preparation of the compounds of the formula I accord 
ing to the invention. (R3, R‘and R5 have the abovemen 
tioned meaning). 

(I) Cephalosporin parent substances (Illa) 
The cephalosporin parent substances used, deriva 

tives from 7-amino-3-methyl~3-cephem-4-carboxylic 
acid (7-ADCA), 7-amino-3-chloro-3-cephem-4-car 

HCl 
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boxylic acid (7-ACCA) and 7-amino-3-methoxy-3-ceph 
em-4-carboxylic acid, which are described in J. Med. 
Chem. 12, 310 (C. W. Ryan et al., 1969), US. Pat. No. 
3,994,884, and German Offenlegungsschrift No. 
2.606.196 are represented by the formulae below: 

R3 [1112) 
HZN S 

E r s 0% N \gil'l 
COOR‘ 

R3 R4 R5 

H H CH3 
H t-Butyl CH3 
H Cl 

H Cl 

j “0 
H H H 
CH3O Trimethylsilyl Br 
H Allyl OCH; 

(H) H Cl 
NH-C—H 

g I~Butyl CH3 
NH-C-H 

CH3S t-Butyl CH3 
H H (or Benzhydryl) CH=CH3 
H H (or Benzhydryl) CH=CH—CH3 (cis) 

(2) Penicillin parent substances (IIIb) 
In addition to é-aminopenicillic acid and its typical 

modi?cations, 6-B-aminobisnorpenicillic acid (British 
Pat. No. 1,546,622) and 6-a-l'ormamidopenicillin (P. H. 
Milner et al., J. Chem. Soc. Chem. Commun., 1984, 
1335) are used for the preparation of the new com 
pounds of the formula I: 

R: _ Illb 

"2N; / 5 CH1 

0% N jag] 
COOR‘ 

R3 R4 
H H 
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-continued TABLE l-continued 

R5 S lllh RF R‘ RF R" 
H17‘ CH‘ H H CH; H35; 

N 5 C-NH 

0% ‘ CH5 / 
‘ Hrx 

COOR" 
‘ N Na C1 CH 

1 4 
R R 10 —NH—C—H N— 

H CH3 CH3 

—CHZO—CO—C-'CH3 
l H H OCH; CH3 
CH3 \ 

15 N 

H -—(lIH-OCOO—-CH;—CH3 CH3 
CH3 . 

H H CH; CH3\ 
H —CH; CH3 N 

> < 20 / 4 __ CH3 

0 V O H H —CH=CH2 CH3 

2 /.~ 
25 CH: 

OCH; Ally] 
SCH] Trimethylsilyl " H C] 

/ 
H H —NH—C-H N \ 

NH-C-H 30 

Very particularly preferred compounds of the for- H "Bum OCH} I 
mula 1. according to the invention. are listed in the N \ 
preparation examples and in the tables which follow: 

(a) Cephalosporins (Tables 1 and 2) 35 
H H CH3 

/ 

R3 N \ 
CH-CO-NH 5 

z l 40 

NH: H H s CH N R5 _' 3 

RQA N 0% / / \ 
COOR4 N 

z = NH. 0. s 45 

H Allyl Cl 
TABLE] / \ _ 

R? R‘ R’ R“ N 

H H Cl 50 — 

H H Cl 

H H CH3 [ HOQ 
55 

H H OCH‘ H H OCH; 

H H C1 H N 
2 \ 6O 

C-NH 
/ H H —CH=C}-l1 o 

M () 
H H OCH; H2N / 

\ 65 

//C—~N}-l— H H Cl 0 
HZN —-NH—C—H 

/ 
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TABLE 4-continued TABLE 4-continued 
R‘ R‘ R° R?‘ R" R“ 

0 11 C11; 
11 11 11 

Nl-l-C-H 5 

H -c11—0—co—o—c21-15 CH1- HO 
CH3 

H H S 

11 0cm 10 O [>- / 
H CH1 CH3 

> <‘_ >_ The compounds of the formula 1, according to the 
— 15 invention, have low toxicity and a broad antibacterial 

0 0 spectrum for Gram-positive and Gram-negative organ 
\u/ isms, in particular for Staphylococci, streptococci, 
o Enterococci and Haemophilus influenzae. 

On parenteral or. in particular. oral administration. 
H H I 20 the new compounds are very active against microor 

Ni:>i ganisms such as Staphylococci, for example Staph. au 
reus, Staph. epidermidis; streptococci such as. for ex 

'—' ample. Streptococcus pyogenes. Streptococcus t’aecalis, 
H H N Enterobacteriaceae. Escherichia coli. Klebsiella, Sal 

25 monella, Shigella and Proteus, for example Proteus 
\ mirabilis. 

These properties make it possible to use them as che 
_ motherapeutic active compounds in human and veteri 

H H 0 nary medicine. 
30 In the table which follows. the minimum inhibitory 

/ concentrations (MlC values. ug/ml) for the compounds 
of the formula 1, according to the invention. which are 

m3"3 H 0 listed there are compared with that of cefaclor [M. 
Gorman et 211., Cefaclor. Chronicles of Drug Discov 

[2- 35 ery. Vol. 2, 49, J. Wiley & Sons (1983)]. The MIC val 
ues are determined by the agar dilution test using a 

H H HN multipoint inoculator, inspection being carried out after 
\ incubation at 37° C. for 18 to 24 hours. The growth 
C_NH— medium used is lsosensitest agart 

HZN 

Examples 
Organisms 2a 8 12a 15a 20 22 23 Cefaclor 

E. caliT 7 32 4 4 128 l6 16 128 8 
E. coli A 261 8 2 2 8 4 4 8 2 
E. coli Neum. 8 1 2 8 4 2 4 2 
E. roIi183/58 >128 >128 >128 >128 >128 >128 >256 >128 
E. coli F 14 128 32 128 >128 128 >128 256 16 
£1 caliC 165 4 0.5 2 8 2 4 32 1 
E. 00114322 4 0.5 y 16 8 2 4 4 | 
KlCbS. 57 USA 32 4 4 64 16 16 32 8 
Klebs. 63 1 0.5 1 8 2 l 2 1 
KlCbS 1852 128 8 8 128 64 64 128 8 
Klebs. 6097 2 0.5 l 16 2 2 2 2 
Serratia16001 >128 >128 >128 >128 >128 >128 >256 >128 
Serratia 16002 >128 >128 >128 >128 >128 >128 >256 >128 
Provid. 12012 >128 32 32 >128 >128 128 >256 32 
P101. morg. 932 >128 >128 >128 >128 >128 >128 32 >128 
Prot. M413. 9023 128 64 >128 128 >128 128 >256 64 
Prot. vulgi 1017 >128 >128 >128 >128 >128 >128 128 >128 
Pm. vulg. N 6 >128 >128 >128 >128 >128 >128 4 >128 
Pm. reng. 10007 >128 >128 >128 >128 >128 >128 >256 >128 
Pro!‘ mir 1235 1 2 4 8 8 2 4 4 
Staph. 1756 128 128 128 >128 128 128 >256 >128 
Staph‘ 133 0.5 0.5 2 4 2 l l 2 
Staph. 25022 0.5 0.5 2 4 4 l 2 4 
Staph. 25470 128 64 >128 >128 128 >128 >256 >128 
Staph, E 25185 0.06 0.125 64 0.5 8 0.25 2 16 
SlrepLfaec. 27101 16 128 128 >128 64 128 >256 64 
Strepl. fm. 113 16 32 64 128 120 64 >256 128 
Enterococ. 9790 8 32 32 64 32 64 >256 64 
Enterococ. 27158 2 16 32 32 8 (>4 >256 32 
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-continued 
Examples 

Organisms 2a 8 12a I521 20 22 23 Cefaclor 

PsdmF4l >128 >128 >128 >128 >128 >128 >25b >128 
Psdm. Walter >128 >128 >128 >128 >128 >128 >256 >128 
Psdm. 7035 >128 >128 >128 >128 >128 >128 >250 >128 
Psdm.7i51 >128 >128 >128 >128 >128 >128 >250 >128 
Emu-011d. 5605 >128 >128 >128 >128 >128 >128 >256 >128 
Emerob. cl. 5744 128 32 8 64 64 1b >256 8 
Achorob. 2005 0.25 0.5 >U.06 2 0.25 0.5 0.5 0.25 

It is possible, for example, to treat and/or prevent 
local and/or systemic diseases which are caused by the 
abovementioned pathogens or by mixtures thereof. The 
following may be mentioned as examples of diseases 
which can be prevented. improved and/or cured by the 
compounds according to the invention: 

Diseases of the respiratory tract and of the pharyn 
geal cavity; otitis; pharyngitis; pneumonia, peritonitis; 
pyelonephritis; cystitis; endocarditis; systemic infec 
tions; bronchitis; arthritis; local infections. 
The present invention includes pharmaceutical prep 

arations which in addition to non-toxic, inert pharma 
ceutically suitable excipients contain one or more com 
pounds according to the invention or which consist of 
one or more active compounds according to the inven 
tion, and processes for the production of these prepara 
tions. 
The present invention also includes pharmaceutical 

preparations in dosage units. This means that the prepa 
rations are in the form of individual parts, for example 
tablets. coated tablets, capsules, pills, suppositories and 
ampules of which the content of active substance corre 
sponds to a fraction or a multiple of an individual close. 
The dosage units can contain, for example. 1, 2, 3 or 4 
individual doses or i, i or i of an individual dose. An 
individual dose preferably contains the amount of active 
compound which is given in one administration and 
which usually corresponds to a whole, a half or a third 
or a quarter of a daily dose. 
By non-toxic, inert pharmaceutically suitable excipi 

ents there are to be understood solid. semi-solid or liq 
uid diluents, ?llers and formulation auxiliaries of all 
kinds. 

Tablets, coated tablets. capsules, pills, granules, sup 
positories, solutions, suspensions and emulsions. pastes, 
ointments, gels. creams, lotions, powders and sprays 
may be mentioned as preferred pharmaceutical prepara 
tions. 

Tablets, coated tablets, capsules, pills and granules 
can contain the active compound or compounds along 
side the customary excipients such as (a) ?llers and 
extenders, for example starch, lactose, sucrose, glucose, 
mannitol and silica, (b) binders, for example carboxy 
methylcellulose, alginates, gelatine and polyvinylpyr 
rolidone. (c) humectants, for example glycerol, (d) dis 
integrating agents, for example agar-agar, calcium car 
bonate and sodium carbonate, (e) solution retarders, for 
example paraffin, and (f) absorption accelerators, for 
example quaternary ammonium compounds, (g) wet 
ting agents, for example cetyl alcohol or glycerol mono 
stearate, (h) adsorbents, for example kaolin and benton 
ite and (i) lubricants, for example talc, calcium and 
magnesium stearate and solid polyethylene glycols, or 
mixtures of the substances listed under (a) to (i). 
The tablets, coated tablets, capsules, pills and gran 

ules can be provided with the customary coatings and 
shells, optionally containing opacifying agents, and can 
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also be of such composition that they release the active 
compound or compounds only, or preferentially, in a 
certain part of the intestinal tract, optionally in a de 
layed manner, examples of embedding compositions 
which can be used being polymeric substances and 
waxes. 

The active compound or compounds, optionally to 
gether with one or more of the abovementioned excipi 
ents, can also be in a microencapsulated form, 

Suppositories can contain, in addition to the active 
compound or compounds, the customary water-soluble 
or water-insoluble excipients, for example polyethylene 
glycols, fats, for example cacao fat, and higher esters 
(for example Chi-alcohol with Cm-fatty acid) or mix 
tures of these substances. 

Ointments, pastes, creams and gels can contain the 
customary excipients in addition to the active com 
pound or compounds, for example animal and vegetable 
fats, waxes, paraf?ns, starch. tragacanth, cellulose de 
rivatives, polyethylene glycols, silicones, bentonites, 
silica, talc and zinc oxide or mixtures of these sub 
stances. 
Powders and sprays can contain the customary excip 

ients in addition to the active compound or compounds, 
for example latose. talc, silica, aluminum hydroxide, 
calcium silicate and polyamide powders or mixtures of 
these substances. Sprays can additionally contain the 
customary propellants, for example chloro?uorohydro 
carbons. 

Solutions and emulsions can contain the customary 
excipients in addition to the active compound or com 
pounds, such as solvents, solubilizing agents and emulsi 
tiers, for example water, ethyl alcohol, isopropyl alco 
hol, ethyl carbonate, ethyl acetate, benzyl alcohol, ben 
zyl benzoate, propylene glycol, 1,4-butylene glycol, 
dimethylformamide, oils, especially cottonseed oil, 
groundnut oil, corn germ oil, olive oil, castor oil and 
sesame oil, glycerol, glycerol-formal, tetrahydrofurfu 
ryl alcohol, polyethylene glycols and fatty acid esters of 
sorbitan, or mixtures of these substances. 

For parenteral administration, the solutions and emul 
sions can also be in a sterile form which is isotonic with 
blood. 

Suspensions can contain the customary excipients in 
addition to the active compound or compounds, such as 
liquid diluents, for example water, ethyl alcohol or 
propylene glycol, suspending agents, for example eth 
oxylated isostearyl alcohols, polyoxyethylene sorbitol 
esters and sorbitan esters, microcrystalline cellulose, 
aluminum metahydroxide, bentonite, agar-agar and 
tragacanth, or mixtures of these substances. 
The formulation forms mentioned can also contain 

dyestuffs, preservatives and additives which improve 
the odor and flavor for example peppermint oil and 
eucalyptus oil, and sweeteners. for example saccharin. 
The therapeutically active compounds should prefer 

ably be present in the abovementioned pharmaceutical 
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preparations in a concentration of about 0.1 to 99.5, 
preferably of about 0.5 to 95, percent by weight of the 
total mixture. 
The abovementioned pharmaceutical preparations 

can also contain other pharmaceutical active com 
pounds in addition to the compounds according to the 
invention. _ 

The abovementioned pharmaceutical preparations 
are manufactured in the usual manner according to 
known methods, for example by mixing the active com 
pound or compounds with the excipient or excipients. 
The active compounds or the pharmaceutical prepa 

rations can be administered locally, orally, parenterally, 
intraperitoneally and/or rectally, preferably orally or 
parenterally, such as intravenously or intramuscularly. 

In general it has proved advantageous both in human 
medicine and in veterinary medicine to administer the 
active compound or compounds in amounts of about 5 
to 1,000, preferably 10 to 200, rng/kg of body weight 
every 24 hours, optionally in the form of several indi 
vidual administrations, in order to achieve the desired 
results. An individual administration contains the active 
compound or compounds preferably in amounts of 
about 1 to about 250, in particular 3 to 60, mg/kg of 
body weight. However, it can be necessary to deviate 
from the dosages mentioned and, in particular, to do so 
as a function of the nature and body weight of the sub 
ject to be treated, the nature and the severity of the 
illness, the nature of the preparation and of the adminis 
tration of the medicine, and the time or interval over 
which the administration takes place. Thus, it can suf 
?ce in some cases to manage with less than the above 
mentioned amount of active compound while in‘ other 
cases the abovementioned amount of active compound 
must be exceeded. The particular required optimum 
dosage and the type of administration of the active 
compounds can easily be decided by anyone skilled in 
the art, on the basis of his expert knowledge. 

In the case of use as feedstuff additives, it is possible 
for the new compounds to be administered in the cus 
tomary concentrations and preparations together with 
the feedstuff or with feedstut'f preparations or with the 
drinking water. It is possible by this means to prevent, 
improve and/or cure an infection by Gram-negative or 
Gram-positive bacteria, and likewise it is possible to 
achieve a promotion of growth and an improvement in 
the utilization of the feedstuff. 
The new compounds are distinguished by potent 

anti-bacterial effects, which have been tested in vivo 
and in vitro, and by oral absorbability. 

It is also possible for the purpose of extending the 
spectrum of action and increasing the action to combine 
the compounds according to the invention with other 
antimicrobial active compounds and lactamase inhibi 
tors, for example with clavulanic acid and penicillins 
which are particularly penicillinase-resistant- or with 
aminoglyoside antibiotics such as aminoglycoside anti 
biotics such as, for example, Vgentamicin, sisomicin, 
kanamicin, amikacin or tobramicin. 
The invention is demonstrated further by means of 

the examples which follow: 
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EXAMPLE 1 

DL-7-(2-Aminobenzothiazol-6-ylglycylamido)-3 
chloro-3-cephem-4‘carboxylic acid 

(EH-CO-NH 5 NH; I I 
/ N C] o’ / 

COOH 

(a) 
2-Amino-6-hydroxymethylbenzothiazole (la) 

50 g (0.225 mol) of ethyl 2-aminobenzothiazole-6-car 
boxylate are suspended in 1,000 m1 of THF, cooled to 
—70° C., and 562.5 ml (0.675 mol) of diisobutylalumi 
num hydride (DIBAL, 20% strength in toluene, 1.2 
molar) are slowly added dropwise under nitrogen. The 
reaction solution is stirred at —70° C. to -40° C. over 
night and then without cooling for a further 3 hours. 
Then it is cooled to —70° C., 61.5 ml of water are added 
dropwise (vigorous exothermic reaction), and the mix 
ture is allowed to reach room temperature. 305 ml of 
saturated sodium chloride solution are added. and the 
mixture is stirred at 20° C. for 1 hour. Precipitated alu 
minum hydroxide is ?ltered off with suction and 
washed with THF, and the ?ltrate is evaporated to 
dryness (36 g). The residue is dissolved in boiling etha 
nol, some insolubles are ?ltered off, and the ?ltrate is 
evaporated to dryness. 

Yield: 25.5 g (63%). 
CgHgNzOS (180.2) 
NMR (DMSO): 8=4.5 (d. 2H). 5.13 (t, 1H), 7.18 (d, 

1H), 7.3 (d, 1H), 7.4 (s, 2H). 7.59 (s, 1H) ppmv 

(b) 
Z-Aminobenzothiazole~6-carboxaldehyde (lb) 

110.5 g (0.613 mol) of 1a are stirred in 200 ml of THF 
with 319.8 g (3.678 mol) of manganese (IV) oxide at 
room temperature for 3 days. The reaction mixture is 
?ltered, the residue on the ?lter is washed with THF, 
and the ?ltrate is evaporated in vacuo. 

Yield: 74 g (68%). 
CBH6N2OS (178.1). 
NMR (DMSO): 8:7.48 (cl, J=7.5 Hz. 1H). 7.8 (d, 

J=7.5 Hz, 1H), 8.08 (s, 21-1), 8.26 (s. 1H), 9.92 (s, 11-1) 
ppm. 

(c) 
5-(2-Aminobenzothiazol~6-yl)-2,4-imidazolidinedione 

(16) 
22.5 g (0.126 mol) of 1b, dissolved in 400 ml of metha 

nol, are added dropwise to a solution of 50.9 g (0.531 
mol) of ammonium carbonate and 9.6 g (0.196 mol) of 
sodium cyanide in 400 ml of water, and the mixture is 
stirred at 60° C. for 20 hours. After the methanol has 
been removed by distillation in vacuo, the remaining 
solution is acidi?ed, at 0° C., to pH 2 with 2N HC], then 
the pH is returned to 4 with 2N sodium hydroxide solu 
tion, and the precipitated product is ?ltered off with 
suction. 

Yield: 20.5 g (65%). 
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calculated: C 48.38. H 3.25, N 22.56, 5 12.91. found: C 
48.4. H 3.5, N 21.2, S 12.3. 
NMR (DMSO): 6:5.17 (s, 1H). 7.17 (q, 1H). 7.35 (d, 

1H). 7.57 (s, 1H). 7.62 (s, 1H), 8.4 (s. 1H), 10.6-1082 
(broad s. 111) ppm. 

(d) 
DL-a-Amino-o-(Z-aminobenzothiazol-6-yl)acetic acid 

(DL-6-amirtobenzothiazolylglycine, (1d) 
20 g (0.081 mol) of 1c are heated with 19.4 g (0.81 

mol) of lithium hydroxide in 400 ml of water, with 
stirring, at 100° C. for 24 hours. The solution is ?ltered 
hot, the residue on the ?lter is washed with hot water, 
and the ?ltrate is acidi?ed, while cooling in ice, to pH 2 
with concentrated HCl. The mixture is stirred at 0° C. 
for 15 minutes. and the pH of the solution with the 
precipitated product is returned to 4.5. The precipitate 
is ?ltered off with suction, washed with water/acetone 
and dried in vacuo. 

Yield: 10.4 g (56%) 
C9H9N303S§H3O (232.3): calculated: C 45.05. H 

4.20, N 17.51, S 13.36. found: C 45311 4.6, N 15.5, S 
13.4. 
NMR (DCOOD): 5:5.11 (5, 11-1), 7.8 (5, 21-1) 8.11 (s, 

1H) ppm. 

(e) 
DL-a-t-Butyloxycarbonylamino-a-(Z-t-butyloxycar 
bonylaminobenzothiazol-6-yl)acetic acid (di-Boc 

derivative) and 
DL-a-t-Butyloxycarbonylamino-a-(2-aminobenzo 
thiazol-6-yl)acetic acid (mono-Boc derivative) (1e) 

20 g (0.0896 mol) of 1d are suspended in 100 ml of 
water and 130 ml of dioxane and induced to dissolve 
with 140 ml of 2N sodium hydroxide solution. Then 
78.1 g (0.358 mol) of di-t-butyl dicarbonate are added 
dropwise within 30 minutes and stirred overnight. Di 
oxane is removed by distillation, and the remaining 
solution is diluted with H30 and washed with ethyl 
acetate/petroleum ether. The aqueous phase is acidi 
?ed, while cooling in ice, to pH 2 with 2N HC] and is 
extracted twice with ethyl acetate/THF (1:1). After 
washing with sodium chloride solution. drying over 
NazSO4 and evaporation of the organic phase, a mixture 
of the mono- and di-Boc derivatives is obtained. 

Yield: 24.7 g. 
Chromatography is carried out on silica gel (Merck, 

0.04-0.063 mm) with eluting agents in the following 
sequence: 
1. 2,000 ml CHzClz 

4.000 ml CI-lgCh/methanol (10:0.5) 
CHgCh/methanol (10:1) 
CHgClg/methanol (1:1) 
Di-Boc derivative (1e): 
Yield: 8.7 g (26%). 
Cid-115193065 (423.5). 
NMR (DMSO): 8= 1.37 (s, 9H), 1.52 (s, 9H), 5.12 (d, 

1H), 7.45 (d, 2H), 7.65 (d, J=7.5 Hz. 1H), 7.96 (s, 11-!) 
ppm- ' 

Mono-Boa derivative: 
Yield: 9.2 g (32%). 

NMR (DMSO): 5: 1.36 (s. 9H), 4.98 (d, 1H), 7.2-7.3 
(q, 2H), 7.48 (s, 2H), 7.54 (s, 1H) ppm. 

2. 
3. 
4. 
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(0 
DL-7-[2-(t-Butyloxycarbonylamino)-2-(2-t-butylox 

ycarbonylaminobenzothiazol-6-yl)acetamido]-3-chloro 
3-cephem-4-carboxylic acid (11) 

Activation of the precursor acid: 
5.1 g (12 mmol) of 1e are dissolved in 40 ml of DMF, 

1.69 ml (12 mmol) of triethylamine are added, and. at 
—40° C., 1.48 ml (12 mmol) of pivaloyl chloride are 
injected dropwise, and the mixture is stirred at —- 30° C. 
to — 15° C. for 3 hours. v 

Preparation of the amine component: 
2.83 g (12 mmol) of 7-amino-3-chloro-3-cephem-4 

carboxylic acid (7-ACCA) are suspended in 20 ml of 
THF and 10 ml of water and induced to dissolve with 
concentrated triethylamine (pH 8.3). Then 5 ml of 
DMF are added in order to obtain one phase. 

Coupling and isolation: 
The 7-ACCA solution is injected into the anhydride, 

which has been formed, at —40° C. and is stirred in a 
cooling bath. After 1 hour, 10-20 ml of H20 are added 
and the pH is adjusted to 7.3 with 10% trie 
thylamine/THE After a further 2 hours, 200 ml of R30 
are added and, while stirring, ethyl acetate/THF (2:1) 
are added and the mixture is acidi?ed to pH 1.7 at 0° C. 
The organic layer is separated off, washed with sodium 
chloride solution, dried and evaporated to 30 ml which 
is stirred into petroleum ether. and precipitated product 
is ?ltered off with suction and dried. 

Yield: 6.2 g (81%), purity: 66% by HPLC. 
CAI-1300815085; (640.1). 
NMR (DMSO): 8: 1.39 (s, 9H). 1.52 (s, 9H), 3.5-4.02 

(broad in, 2H). 5.1-5.24 (dd, 1H), 5.38 (d, 1H). 5.62—5.8 
(dd, 11-1), 7.42-7.53 (m. 11-1), 7.68 (d. 1H). 7.98 (s. 1H) 

(s) 
DL-7-(2-Aminobenzothiazol~6-ylglycylamido)-3 

chloro-3-cephem-4-carboxylic acid (1 g) 
8.4 g (13.1 mmol) of lfare dissolved in 50 ml of meth 

ylene chloride and, at 0° C., 0.5 ml of anisole and 50 ml 
of tri?uoroacetic acid (TFA) are added, and the mix 
ture is stirred without cooling for 15 minutes. Then the 
tri?uoroacetic acid/methylene chloride mixture is re 
moved by distillation in vacuo, and ether is added to the 
oily residue. The tri?uoroacetate is ?ltered off with 
suction, washed with ether and dried. 

Yield: 6.5 g (89%). 

HPLC purity: (Hibar 250-4, RP 8, 10 pm, 254 nm, 3 
ml/min, eluting agent: 1,000 ml H1040 ml acetonitrile 
1 ml TFA). 

Retention: 1.10 (1d, 10.8%), 3.08 (L-form, 46.5%). 
3.82 (D-form, 38.5%). 

EXAMPLE 2 

D-7-(2-Aminobenzothiazol-6-y1glyeylamido)-3-chloro 
3-cephem-4-carboxylic acid and L-form 

(A) 
Chromatographic separation 

2.3 g of 1 g are dissolved in 50 ml of eluting agent 
(1,000 ml 1120-50 ml acetonitrile-l ml TFA) and 4 
drops of TFA, the mixture is stirred for 20 minutes, 
insoluble material is ?ltered off with suction, and the 
?ltrate is ?ltered once more using a syringe (Millex-GS, 
0.22 pm, millipore) and pumped in 10 ml portions (460 
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mg) slowly onto a preparative column (Hibar 250-25, 
RP 18, 7 pm, ?ow rate 15 ml/min) in 10-15 minutes. 
D-form (peak 11): 
Yield 350 mg of tri?uoroacetate. 
A total of 4.3 g oftril'luoroacetate are dissolved in 500 

ml of water and applied to a column containing 25 ml of 
Amberlite IRA-68 (acetate form)._and elution is carried 
out with 1.5 1 of water (distilled). The eluate is evapo 
rated to 1,000 ml and ?ltered with suction through a 
0.45 pm millipore ?lter and the product is freeze-dried. 

Yield: 3.0 g (75%) 
C151114ClN5O4S2.3H1O.O.5CH3CO0H (523.9): cal 

culated: C 38.97, H 4.23, N 13.36, 5 12.24, Cl 6.76. 
found: C 38.9, H 4.0, N 13.6, S 12.0, C1 6.8. 
HPLC purity: 97.4% Hibar 250-4, RP 8, 10 pm, 254 

nm, 3 ml/min. 0.5 mg/ml, eluting agent: 1,000 ml H20 
30 ml CH3COOH). 
NMR (DCOOD): 5:3.58 (d, J=l8 Hz. 1H), 3.94 (d, 

J: 18 Hz, 1H), 5.32 (d, J=5 Hz, 1H), 5.75 (s, 1H), 5.94 
(d, J=5 Hz, 1H), 7.84 (s, 2H), 8.12 (s, 1H) ppm. 

L-form (peak 1) 
Yield 400 mg of tril'luoroacetate. 
A total of 2.01 g of trit'luoroacetate are dissolved in 

500 ml of water, applied onto a column containing 30 ml 
of Amberlite IRA-68 (acetate form). and elution is car 
ried out with 1.5 1 of H10 (distilled). The eluate is evap 
orated to 1,000 ml, and the product is freeze-dried. 

Yield: 1.08 g (60%). 
C|6H14ClN504Sg.3l-I2O (493.9): calculated: C 38.90, 

H 4.08, N 14.17. found: C 38.6,1-1 3.7, N 13.3. 
HPLC purity: 94.5% (Hibar 250-4, RP 8. 10 pm. 254 

nm, 1.8 ml/min, eluting agent: 930 ml 1120-20 ml buffer 
pH 7 50 ml acetonitrile). 
NMR (DCOOD): 5:3.78 (d, J=17.5 Hz, 1H), 4.03 

(d, J: 17.5 Hz, 1H). 5.4 (d, J=5 Hz, 1H), 5.8 (s, 1H). 
5.92 (d. J=5 Hz, 11-1), 7.87 (s. 21-1), 8.2 (s, 111) ppm. 

(B) 
D-Phenylglycine as starting material for 

D-7-(2-aminobenzothiazol-6-ylglycylamido)-3-chloro 
3-cephem-4-carboxylic acid 

(a) 
D-a-Acetamido-a-phenylacetic acid (2a) 

500 g (3.31 mol) of D-a-amino-a-phenylacetic acid 
are suspended in 6 liters of water, and the suspension is 
cooled to 10° C. and 132 g (3.31 mol) of NaOH dis 
solved in 1.000 ml of water are added. After 15 minutes, 
675 g (6.62 mol) of acetic anhydride and then 397 g (9.93 
mol) of NaOl-1-—dissolved in 1,000 ml of water-are 
poured into the clear solution at 0° C., stirring rapidly. 
The temperature increases from 0° C. to 30° C. during 
this. The solution is stirred for a further 20 minutes at 
pH 9 to 10 in an ice/sodium chloride bath and is then 
acidi?ed to pH 1 with concentrated hydrochloric acid 
(about 1 liter). The suspension is then stirred for 10 
minutes, cooled to 10° C., ?ltered with suction and 
washed with 10 liters of water. The product is dried 
over KOH in vacuo. 

Yield: 553 g (87%). 
C|0H11N03 (193.2). 
Melting point 190°-191° C. 
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(b) 
D-a-Acetamido-a-(4-nitrophenyl)acetic acid and 
D-a-acetamido-a-(3‘nitrophenyl)acetic acid as a 

mixture of isomers (2b) 

227 g (1.17 mol) of 2a are slowly added to 570 ml of 
concentrated sulphuric acid at 40° C. to 50° C. After the 
addition the mixture is stirred for a further 5 minutes at 
40° C. and is then cooled to 0" C. 111.5 ml (2.39 mol of 
95% strength nitric acid (d =1.5) are slowly added 
dropwise, at -5° C. to 0° C., within 30 to 45 minutes. 
The mixture is then stirred at — 5° C. to — 10° C. for 30 

minutes, and the reaction solution tipped onto 8 liters of 
ice, and the precipitated product is ?ltered off with 
suction and washed with a large quantity of water. 

Yield: 276.1 g (98%). 
CgoHroNzOs (239.2). 

(C) 
D-a-Acetamido-a-(4-aminophenyl)acetic acid (2c) 

240 g (1.0 mol) of the mixture of isomers 2b are dis 
solved in 3 liters of 95% ethanol and hydrogenation is 
carried out in the presence of 10 g of palladium on 
active charcoal (10%) at 23° C. and 10 atmospheres for 
2 hours. 2.4 liters of water are added to the resulting 
suspension, which is heated to re?ux and then ?ltered 
through kieselguhr with suction. The yellow micro 
crystalline mass which precipitates from the ?ltrate 
overnight is ?ltered off with suction, washed with a 
little ethanol/water (3:1) and dried. 

Yield: 67.2 g. 

Melting point 208° C.-2ll° C. 

NMR (DMSO): 8: 1.8 (s, 31-1); 5.05 (d, 1H). 6.52 (d, 
J=8.5 Hz, 21-1), 7.02 (d, J=8.5 Hz, 2H); 8.35 (d, 111) 
ppm 

(d) 
Methyl D-a-acetamido-a-(4-aminophenyl)acetate (2d) 
67.7 g (0.33 mol) of 2c are suspended in 400 m1 of 

methanol and, while stirring at — 10° C. to — 5° C., 34.9 

ml (0.487 mol) of thionyl chloride are added dropwise, 
whereupon a clear orange solution is produced. The 
temperature of the solution is allowed to rise to 25' C. 
overnight and it is then evaporated to dryness in vacuo. 
The residue is partitioned between 1,000 ml of ethyl 
acetate and 800 ml of 10% strength NaHCO3 solution, 
and the pH is adjusted to 7.5 with 2N sodium hydroxide 
solution. The ethyl acetate phase is separted off, and the 
aqueous phase is extracted twice more with ethyl ace 
tate, and the combined extracts are washed with sodium 
chloride solution. 48.1 g (67%) are obtained after drying 
and removal of the solvent by evaporation. 

CHI-114N203 (222.2). 
[01153920' = — 222.2’ (C: l, CzHsOH). 
NMR (DMSO): 5:1.85 (5, 31-1); 3.55 (5, 31-1), 5.1 (d, 

1H), 5.15 (s, 2H); 6.52 (d, J=9 Hz, 2H), 6.97 (d, J=9 Hz, 
2H); 8.45 (d, 1H) ppm. 
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(e) 
Methyl 

D-a-acetamido-a-(2-aminobenzothiazol-6-yl)acetate 
(26) 

47.8 g (0.206 mol) of 2d are suspended in 620 ml of 
glacial acetic acid, and 80 g (0.823 mol) of solid KSCN 
are added. After stirring at room temperature for 45 
minutes a clear solution forms, and this is cooled to 10° 
C. and 11.6 ml (0.226 mol) of bromine-dissolved in 100 
ml of glacial acetic acid-are added dropwise in 15 
minutes. The mixture is then stirred at 10" C. to 15° C. 
for 1 hour. Glacial acetic acid is removed by distillation 
in vacuo from the mass of crystals which has formed. 
and the residue is suspended in 1.000 ml of water and 
the pH is adjusted to 6.3 with N32C03. The mixture is 
then stirred at 70° C. to 80° C. for 2 hours, extracted 
several times with ethyl acetate, and the combined ethyl 
acetate phases are washed with sodium chloride solu 
tion and dried over Na2SO4. 

Yield: 33.8 g (59%). 
C12H13N3O3S (279.3): calculated: C 51.5, H 4.7, N 

15.0. S 11.5. found: C 52.0, H 5.5, N 14.2, S 11.0. 

NMR (DMSO): 6:2.19 (s. 3H). 3.62 (s, 3H). 5.35 (d. 
1H). 7.2 (d, 1H) 7.33 (d, 1H) 7.54 (s. 2H), 7.65 (d. 1H). 
8.67 (d. 1H) ppm. 

(0 
D-a‘Amino-a-(Laminobenz0thiazo1-6-yl)acetic acid 

dihydrochloride (2f) 
70 g (0.251 mol) of 2e are stirred in 700 ml of 6N 

hydrochloric acid at 40‘ C. for 40 minutes. The clear 
solution which has thus been produced is stirred at 110° 
C. for a further 11 hours, then cooled to 0° C. and evap 
orated to 200 ml. 1.000 ml of acetone are added to the 
mass of crystals which have formed, and the precipitate 
is ?ltered off with suction. washed with acetone and 
dried over P4010. 

Yield: 34.9 g (47%). 
CqHqNjtOgS 2 HCl (296.2). calculated: C 36.4. H 3.75, 

N 14.1. S 10.8. C] 23.9. found: C 35.5. H 4.1, N 13.5, S 
10.9, C1 23.5. 

NMR (D30): =5.25 (s, 1H); 7.58 (t, 2H). 7.88 (s. 111) 
PP"! 

Further product of the same purity can be obtained 
by evaporation of the mother liquor and digestion ofthe 
resulting mass of crystals with acetone. 

Yield: 20 g (27%). 
[0153920 '= —78.7° (C: 1, IN HCl). 

(2) 
D-a-t'Butoxycarbonylamino-a~(2-aminobenzothiazol 

6-yl)acetic acid (2 g) 
36.3 g (0.166 mol, 2.45 equivalents) of di-t-butyl di 

carbonate are added to 20 g (0.0675 mol) of 21' in 310 m1 
of 10% strength lithium hydroxide solution and 210 ml 
of dioxane, and the mixture is then stirred at pH 10 
overnight. The precipitated lithium carbonate is ?ltered 
off with suction and washed with warm water (300 ml). 
The ?ltrate is evaporated to 150 ml, acidi?ed to pH 3.5 
with 2N HCl and extracted twice with ethyl aceta 
te/THF (10:1). The combined extracts are washed with 
sodium chloride solution, dried over MgSO4. and the 
solution is evaporated to 100 ml and 500 m1 of n-hexane 
are added. The precipitated product is filtered off with 
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36 
suction, washed with n-hexane and dried over KOH in 
vacuo. 

Yield: 15.9 g. 
C|4H17N3O4SH3O (341.3): calculated: C 49.3. H 5.6. 

N 12.3. S 9.4. found: C 48.2. H 5.3. N 11.3, S 10.0. 
[a]53q20( — 130.9” (C: l, CHgOH). 
NMR (DMSO): 5: 1.4 (s. 9H); 5.1 (d. 1H); 7.25-7.34 

(dd, 2H) 7.53 (d. 1H), 7.71 (s, 1H). 7.98 (s. 2H) ppm. 

(11) 
D-7-(2-Aminobenzothiazol-6-ylglycylamido)-3-chloro 

3-cephem-4-carboxylic acid (2h) 
15.5 g (0.0479 mol) of 2 g in 220 ml of DMF are 

reacted with 6.78 ml (0.0479 mol) of triethylamine and 
5.89 ml (0.0479 mol) of pivaloyl chloride in analogy to 
Example 11'. The mixed anhydride is added dropwise. 
within 15 minutes. to a solution of the triethylarn 
monium salt of 7-ACCA, which is prepared by vigor 
ously stirring 11.24 g (0.0479 mol) of 7-ACCA in 110 ml 
of THF and 110 ml of H20 by dropwise addition of 
triethylamine, at — 10° C. During the addition of the 
mixed anhydride, the pH is kept constant at 7.5 by tri 
ethylamine dissolved in water/THF (1:1) at the same 
time. The isolation of the Bee-protected cephalosporin 
and the deblocking are carried out in analogy to Exam 
ple 11‘. 

Yield: 13.4 g (51%, crude product). 

After preparative HPLC separation of the crude 
product on a Whatman column (Magnum M40, 
500x40, Partisil ODS-3. 50 pm) with 2% strength 
acetic acid as the eluting agent. 4.3 g are obtained. 
C161114CIN5O4SZ.ZHQO.§CH3COOH (495.9): calcu 

lated: C 4036.11 3.93, N 14.12, S 129. found: C 40.5, H 
3.9, N 12.9. S 12.0. 
NMR (DCOOD): 5:3.58 (d. J=18 Hz, 1H); 3.94 (d. 

J= 18 Hz, 1H); 5.32 (d, .l=5 Hz, 1H); 5.75 (s. 1H). 5.94 
(d. J=5 Hz. 1H), 7.84 (s, 2H), 8.12 (s, 1H) ppm. 

EXAMPLE 3 

DL-7-(2-Aminobenzothiazol-(i-ylglycylamido)-3-meth 
yl-3-cephem-4‘carboxylic acid 

S 

l 
NHZ 

/ N CH3 0/ / 

COOH 

2.16 ml (12.4 mmol) of ethyldiisopropylamine and 
0.96 ml (12.4 mmol) of methanesulphonyl chloride are 
successively injected slowly into a solution, cooled to 
— 50° C., of 4.0 g (12.4 mmol) of le (mono-Doc deriva 
tive) in 30 ml of DMF/30 m1 of THF. The mixture is 
stirred at —50° C. for 45 minutes and a solution (0° C.) 
of 3.35 g (12.4 mmol) of t-butyl 7-amino-3-methyl-3 
cephem-4-carboxylate and 2.16 ml (12.4 mmol) of ethyl 
diisopropylamine in 25 m1 of THF and 25 ml of methy 
lene chloride are added dropwise. The mixture is then 
stirred at —-50° C. for 15 minutes and then without 
cooling for a further 45~60 minutes. The solvent is then 
removed by distillation in vacuo, and the residue is 
dissolved in 300 ml of ethyl acetate and the solution is 
washed with 0.1N hydrochloric acid. sodium chloride 
solution, NaHCO; solution and water. 3.2 g (45%) are 
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obtained after drying and removal of the solvent by 
distillation. 

1.5 g (2.6 mmol) of Boc-protected cephalosporin are 
dissolved in 30 ml of CHgClg and, at 0° C., 0.5 ml of 
anisole and 30 ml of TFA are added, and the mixture is 
stirred at room temperature for 1 hour. Then the 
TFA/CHZClZ mixture is removed by distillation in 
vacuo. and ether is added to the oily residue. The tri 
?uoroacetate is ?ltered off with suction, washed with 
ether, dried and then taken up in 200 ml of water and 
applied to a column of Amberlite IRA-68 (acetate 
form). The column is washed with 200 ml of water and 
the eluate is freeze-dried. 

Yield: 764 mg. 

NMR (DCOOD: 5:2.16 (d, 3H), 3.2-3.64 (mm, 2H), 
5.18-5.26 (dd, 1H), 5.72-5.85 (m and d, 2H), 7.32 (m, 
2H), 8.16 (d, 1H) ppm. 

EXAMPLE 4 

D-7-(2-Aminobenzothiazol-6-ylg1ycy1amido)-3-methyl 
3-cephem-4-carboxylic acid (4a) and L-form (4b) 

400 mg of 3 are separated into the D- and L-forms on 
a preparative Zorbax column (Dupont 250-21, ODS, 8 
pm, 230 rim, eluting agent 93% 0.1% TFA in PhD-7% 
methanol). 

L-form (peak 1): 
After elution, the L-form is ?rst obtained as peak I. 
Yield: 110 mg. 
The tri?uoroacetate is dissolved in 50 ml of H20. 

applied to a column of Amberlite IRA-68 (acetate 
form), and is eluted with 200 ml of H10 and freeze 
dried. 

Yield: 55 mg. 

NMR (DCOOD): 8:2.26 (s. 3H). 3.48 (d, J: 18 Hz, 
1H), 3.62 (d, J: 18 Hz, 1H). 5.26 (d, J=5 Hz, 1H), 5.78 
(s. 1H), 5.82 (d. J=5 Hz. 1H), 7.84 (q, 2H), 8.18 (s, 1H) 
PPm 
D-form (peak 1]): 
The D-form is obtained as peak II by further elution 

with 0.1% trifluoroacetic acid/methanol. 
Yield: 71 mg. 
The tn'?uoroacetate is converted into the betaine 

using Amberlite IRA-68 (acetate form). 
Yield: 47.3 mg 
NMR (DCOOD): 8=2.19 (s, 3H), 3.3 (d, J=18 Hz, 

1H), 3.5 (d, J=l8 Hz, 1H), 5.2 (d, J=5 Hz,1I-i). 5.75 (s, 
1H), 5.86 (d, J=5 Hz, 1H) 7.84 (s, 2H), 8.16 (s, 1H) ppm. 

EXAMPLE 5 

DL-7-(2-Amino-6-methy1benzothiazo1-4 
ylg1ycylamido)-3-chloro-3-cephem-4-carboxylic acid 

CH3 

('IH—C0—NH 5 NH; l l 
4 N / c1 

5 N 0 
I 
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(8) 
Methyl 2-amino-6-methy1benzothiazo1e-4-carboxy1ate 

(5a) 
50 g (0.303 mol) of methyl Z-amino-S-methylbenzoate 

are dissolved in 300 ml of glacial acetic acid. and 120.6 
g (1.24 mol) of potassium thiocyanate-—disso1ved in 200 
ml of glacial acetic acid—are added. At 10° C.. 17.42 ml 
(0.335 mol) of bromine are added dropwise, and the 
mixture is then stirred without cooling for 2 hours. The 
suspension is tipped into 3 l of ice-water, while stirring, 
and the precipitated product is ?ltered off with suction 
and washed with dilute sodium carbonate solution and 
water. The ?lter cake is suspended in H10 and the 
suspension is stirred at 100° C. overnight. After cooling. 
the product is ?ltered off with suction, washed with 
1120 and dried at 40° C. in vacuo. 

Yield: 60 g (89%). 
CyoHmNzOzS (222.2). 
NMR (DMSO): =2.35 (s, 3H), 3.8 (s, 3H), 7.5 (s, 1H), 

7.71 (s, 1H). 7.81 (s, 2H) ppm. 

(b) 
2-Amino-4-hydroxymethy1-6-rnethylbenzothiazole (5b) 

30 g (0.135 mol) of 5a are reduced with 337.7 ml 
(0.405 mol) of DIBAL (20% strength solution in tolu 
ene) in analogy to Example la. 

Yield: 21.2 g (81%). 
CQHIQNQOS (194.2). 
NMR (DMSO): =2.35 (s, 3H). 4.72 (d. 1H), 5.05 (t. 

2H), 7.12 (s, 1H), 7.34 (s, 1H), 7.41 (s, 2H) ppm. 

(C) 
Z-Amino-6-methy1benzothiazo1e-4-carboxaldehyde (5c) 

67.6 g (0.348 mol) of 5b are treated with 241 g (2.77 
mol) of manganese(]V) oxide in analogy to Example lb. 

Yield: 33.6 g (50%). 
C9HgN20S (192.2). 
NMR (DMSO): 6:2.39 (s, 3H), 7.45 (s, 1H). 7.79 (s, 

1H), 8.01 (s, 2H). 10.6 (s. 1H) ppm. 

(d) 
5-(2-Amino-6-methylbenzothiazol-‘l-yl)-2,4-imidazoli 

dinedione (5d) 

36.2 g (0.188 mo1)of 5c are reacted with 75.9 g (0.791 
mol) of ammonium carbonate and 14.3 g (0.292 mol) of‘ 
sodium cyanide in analogy to Example 10. 

Yield: 25.5 g (52%) 
CHHIQNQOZS (262.3): calculated: C 50.37, H 3.84, N 

21.36, S 12.22. found: C 51.2, H 5.0, N 21.0, S 11.2. 
NMR (DCOOD): 6:2.28 (s, 3H), 5.87 (s, 1H), 7.43 

(s, 1H), 7.48 (s, 1H), 7.64 (s, 2H) ppm. 

(B) 
DL-a-Amino-a-(2-amino-6-methy1benzothiazol-4-yl)a 

cetic acid (5e) 

25.5 g (97.2 mmol) of 5d in 500 ml of hydrobromic 
acid (48%) are heated under re?ux for 24 hours. The 
reaction solution is then evaporated to dryness, the 
residue is taken up in H20. and the aqueous phase is 
washed twice with ethyl acetate and evaporated to 
dryness in vacuo. 

Yield: 38.1 g 
c1uH|1N3O2S.2HBr.2H20 (435.1): calculated: C 

27.60, H 3.94, N 9.65, S 7.36, Br 36.73. found: C 26.9, H 
3.9, N 10.2, S 6.5, Br 40.8. 
































