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Synthesis, Structural Characterization and Antibacterial Activity of Novel
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Abstract: A series of 3-[(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-yl]-thiomethyl-cefalosporins with various
3-phenyl-2-propenoyl substituted groups at the 7B-position were synthesized, structurally characterized and evaluated for
antibacterial activity in vitro. To prepare these derivatives by the Vilsmeier’s reagent method, it was necessary to carefully
control the reaction conditions in order to avoid the formation of the biologically inactive o epimer. The NMR studies
showed that the 3-phenyl-2-propenoyl moiety has little effect on chemical shifts of cephem nucleus protons and carbon
atoms. Some of these cephalosporin derivatives showed good in vitro activity against methicillin sensible strains of
Staphylococcus aureus (MSSA) and coagulase negative Staphylococcus (MSCoNS). Particularly effective were the com-
pounds carrying a 3-(2’-chlorophenyl)-2-propenoyl or 2-methyl-3-phenyl-2-propenoyl moiety at 7B-position, both with an
antibacterial potency close to cefazoline and higher than cefuroxime. All the synthesized cephalosporins were inactive
against methicillin resistant strains of Staphylococcus aureus (MRSA) and coagulase negative Staphylococcus

(MRCONS).
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INTRODUCTION

Staphylococcus aureus is a leading cause of skin and
skin-structure infections, bacteremia, and respiratory infec-
tions such as pneumonia and empyema. This organism con-
tinues to be a major cause of hospital-acquired infection and
have become increasingly difficult to treat due to resistance
to multiple antibiotics [1].

Methicillin resistant Staphylococcus aureus (MRSA) is a
predominant and dangerous nosocomial pathogens and cur-
rently community acquired MRSA has started to spread. The
infections caused by this organism are difficult to treat as
further evolution of drug resistance occurs within the patho-
gen. Vancomycin remains the drug of choice in current ther-

apy [2,3].

However, treatment failures, adverse side effects and the
emergence of vancomycin- intermediate or resistant staphy-
lococci are leading to urgent requirement for alternative anti
MRSA therapies. Linezolid, daptomycin, tigecycline, and
quinupristin/dalfopristin have been introduced into clinical
practice, each with their own clinical pros and cons. Addi-
tionally, new lipoglycopeptides (dalbavancin, telavancin, and
oritavancin) are also being investigated for the treatment of
complicated skin and skin-structure infections (cSSSIs) and
other indications [4].
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The development of new anti-MRSA agents, including
cephalosporins, has been widely reviewed in the literature
[5-8].

Ceftobiprole (formerly known as BAL9141), the active
component of the prodrug ceftobiprole medocaril (formerly
known as BALS5788) is the first anti-MRSA cephalosporin
antibiotic and is currently in phase III clinical development.
Ceftobiproleis a broad-spectrum cephalosporin with demons-
trated in vitro activity against Gram-positive cocci, including
meticillin-resistant Staphylococcus aureus (MRSA) and meti-
cillin-resistant S. epidermidis, penicillin-resistant S. pneu-
moniae, Enterococcus faecalis, Gram-negative bacilli inclu-
ding AmpC-producing Escherichia coli and Pseudomonas
aeruginosa, but excluding extended-spectrum beta-lacta-
mase-producing strains [9,10].

Ceftaroline fosamil (TAK-599), a N-phosphono prodrug
of ceftaroline (T-91825), is a derivative of a fourth-gene-
ration cephalosporin, for the potential treatment of MRSA
infection. Phase III clinical trials evaluating ceftaroline fosa-
mil for community acquired pneumonia and complicated
skin and skin structure infections are underway [11].

Although most of the anti-MRSA cephalosporins devel-
oped are broad spectrum derivatives carrying an alcoximino
2-aminothiazolyl moiety at 7B-position of the cephem nu-
cleus, efforts to discover new agents has also led researchers
to focus on antibiotics effective against specific pathogens or
specific groups of bacteria, rather than the broad spectrum
ones, to minimize the probability of evoking new types of
resistant strains [12-22].

© 2009 Bentham Science Publishers Ltd.
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In a previous work we found a novel 78-(3-phenyl-2-
propenoyl substituted)amino-3-acetoxymethyl-cefaphalospo-
rin that displayed a remarkable activity against MRSA
strains [23]. Continuing with our research for looking anti-
MRSA cephalosporins, in this paper we describe the synthe-
sis, structural characterization and the antibacterial activity
of 3-[(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-
yl]-thiomethyl-cephalosporin derivatives with various 3-phe-
nyl-2-propenoyl substituted groups at the 7B-position. In the
literature there are no reports about the synthesis and anti-
bacterial activity of this class of compounds.

CHEMISTRY

The 7B-{[3-(substituted-phenyl)-2-propenoyl]amino}-3-
[(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-yl]-
thiomethyl-cefalosporins (1a-1s) were synthesized as shown
in Fig. (1). They were prepared satisfactorily by acylation of
7B-amino-3-[(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-tria-
zin-3-yl]-thiomethyl-3-cephem-4-carboxylic acid (7-ACT)
with the substituted 3-phenyl-2-propenoic acids. Activation
ofthe substituted 3-phenyl-2-propenoic acids with Vislmeier’s
reagent prepared from phosporyl chloride (POCIl;) and N,N-
dimethylformamide (DMF) was satisfactorily employed for
the above acylation. In all cases, acylation was carried out
under non aqueous conditions by trimethylsilylation using
N,O-bis (trimethylsilyl)acetamide (BSA) and tetrahydrofuran
(THF) as the solvent. The trimethylsilyl ester of the cepha-
losporin obtained was hydrolysed with water and the result-
ing cephalosporin was extracted with ethyl acetate (EtOAc).
After removing the solvents, the crude product was purified
by extracting the excess of substituted 3-phenyl-2-propenoic
acid with diethyl ether to afford the compounds la-1s with
high purity and yields between 46-86 % depending on the
substituted 3-phenyl-2-propenoic acid employed.

In a previous work [23], we satisfactorily employed
EtOAc to dissolve 7(B-amino-3-acetoxymethyl-3-cephem-4-
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carboxylic acid (7-ACA) during the preparation of different
7B-{[3-(substituted-phenyl)-2-propenoyl]amino } -3-acetoxy-
methyl-cephalosporins, because 7-ACA readily dissolves in
this solvent at room temperature by using a BSA/7-ACA 3:1
molar ratio. However, in the present work it was necessary to
use a more polar solvent (THF) because 7-ACT does not
dissolve in EtOAc although higher temperatures (65-70°C)
and BSA/7-ACT molar ratios were used. By using THF as
the solvent and a BSA/7-ACT 3:1 molar ratio, silylation and
dissolution of 7-ACT occurred in 15 min. at 65-70 °C. How-
ever, after the acylation with substituted 3-phenyl-2-prope-
noic acids was effected and the isolated cephalosporins were
analyzed by H' NMR it was detected, in addition to the doub-
let of doublet corresponding to the B-lactam ring 7o proton
(8 5.80-5.85 ppm), another doublet of doublet at higher
fields (8 5.52-5.55 ppm). Moreover, in the H' NMR spectra
was also observed the presence of two additional doublets
close to the doublets belonging to NH and B-lactam ring 60
protons. The additional doublet close to the typical B-lactam
ring 6o proton doublet showed a 3.85 Hz coupling constant
(), it means a value smaller than the typical J for this proton
(4.85 Hz). From these results and considering the integration
relationship between the signals, it was possible to conclude
that under the conditions employed it was obtained not only
the expected B-epimer of the cephalosporin, but also the cor-
responding o-epimer as a by-product in a 6.5 %-17.7 % pro-
portion depending of the substituted 3-phenyl-2-propenoic
acid used. The structures of o and B epimers are presented in
Fig. (2). In this sense, the epimerization of penicillins when
are treated with BSA by 5 days at room temperature has been
reported [24]. Although under analogous conditions no epi-
merization was observed for cephalosporins, it is possible to
suppose that the higher temperatures employed in the present
work during silylation of 7-ACT in THF causes the epimeri-
zation of this cephalosporanic nucleus and the further forma-
tion of both epimers during the acylation reaction. Since it is
known that the cephalosporin o-epimers (compounds where
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la,R=H;R=H

1b, R =H; Rj=CHj;

1c, R=2'-Cl; Rj=H
1d,R=3-Cl;Rj=H

le, R=4-Cl;Ri=H

1f, R=2'4"-di-Cl; Rj=H
1g, R=2"-NO,; R|=H
1h, R =3-NO,; R|=H
1i, R=4-NO,; R=H
1j, R=2"-OCH;; Ri=H

1k, R=3"-OCH;3; R;=H

11, R=4-OCH;3; Rj=H

1m, R =3'4"-di-OCH;; R|=H
In, R=3"-OCH; 4'-OH; R;=H
1o, R =3"-OH, 4-OCHj3; R;i=H
1p, R=3"-OH; R|=H

1q, R=4-OH;R;=H

1r, R=4-OH; R|=CN

1s, R=4-CH;; Rj=H

(i) N,O-bis(trimethylsilyl)acetamide / THF; substituted 3-phenyl-2-propenoic acid, Vilsmeier Reagent (DMF, POCl;) / THF

Fig. (1). Synthesis of the cefalosporin derivatives 1a-1s.
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the B-lactam ring proton is in the 7f-position) have not bio-
logical activity as antibiotics, then the products obtained
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would not be representative to measure their real antibacte-
rial activity.

Table1. 'HNMR Data for Compounds 1a-s (3, ppm; J, Hz)
Compd.| NH* H-11 H-10° | (ﬁﬁﬁ?ﬁﬁige) H-7' H-6* H-13" H-2' CH; R

1a 9.07 c 676 |7.34-7.64 (GHm)'| 585 516 | 410and439 | 3.59and3.77 | 3.59

1b 9.00 |7.39(s,1H)| - 725746 SHm) |  5.77 514 | 410and438 | 3.63and3.75 | 3.58 |2.01 (s,3H,0-CH.)
Ic 9.20 7.82" 681 |7.36-7.75(@4Hm)| 585 516 | 411and4.40 | 3.58and3.77 | 3.60

1d 9.07 c 679 |7.39-7.69 (SHm)| 584 516 | 4.10and439 | 3.59and3.77 | 3.59

le 9.08 c 675 |7.41-7.69 (SHm)| 583 513 | 4.09and438 | 3.59and3.77 | 3.59

1f 9.19 c 6.81 |744-7.80 4Hm)| 584 516 | 411and4.39 | 3.59and3.77 | 3.58

1g 9.21 c 672 |7.58-8.10 (SHm)"| 585 517 | 411and439 | 3.59and3.78 | 3.59

1h 9.14 c 694 |7.58-8.48 (SHm)| 586 517 | 411and439 | 3.59and3.78 | 3.59

1i 9.21 7.65" 692 |7.76-838 (4Hm)| 585 517 | 412and4.40 | 3.60and3.79 | 3.59

1j 9.05 7.73" 681 |693-7.12(4Hm)| 584 515 | 411and439 | 3.59and3.77 | 3.59 | 3.86 (s,3H,0CHs)
1k 8.96 7.500 677 |691-734 (4Hm)| 583 516 | 413and4.42 | 3.60and3.77 | 3.60 | 3.79 (s,3H,0CH)
i 8.86 c 6.62 |6.94-7.60 (SHm)| 583 515 | 414and4.42 | 3.59and3.77 | 3.60 |3.80 (s3H,OCH:)
Im 8.93 7.51° 6.64 | 690-750 GHm) | 584 514 | 410and439 | 3.58and3.76 | 3.58 2;; 22258233
In 888 | 7.42° 657 | 6.74-7.18 GHm) |  5.83 513 | 410and439 | 358and3.76 | 3.8 ;;9 ((;;3:’{1’?1%?)
To 8.94 737" 651 | 6.88-7.06 GHm) | 582 513 | 410and438 | 3.58and3.76 | 3.58 ;;38 ((fol’g%ﬁ))
1p 8.88 7.44° 6.68 |7.28-6.85(4Hm)| 581 515 | 415and443 | 3.60and3.77 | 3.61

1q 8.75 c 655 |6.65-7.50 (SHm)| 581 514 | 414and443 | 359and3.76 | 3.61

Ir 933 |8.10(s,1H)| - 6.88-7.80 (4H,m) |  5.74 515 | 410and430 | 3.62and3.75 | 3.58

1s 8.92 c 671 |7.15-757 (SHm)| 583 515 | 413and4.42 | 3.60and3.77 | 3.60 | 2.32(s3H.CHj)

a For all the compounds this signal integrates 1H and appears as a doublet with J =8 Hz.
b This signal integrates 1H and appears as a doublet with J = 16 Hz.

¢ In these compounds the H-11 proton is overlapped with aromatic protons.

d For all the compounds this signal integrates 1H and appears as a doublet with J = 16 Hz.

e The H-11 proton signal is included into aromatic protons.

f For all the compounds this signal integrates 1H and appears as a doublet of doublet with J =8 Hz and J =5 Hz.

g For all the compounds this signal integrates 1H and appears as a doublet with J =5 Hz.

h For all the compounds these signals integrate 2H and appear as an AB system with J = 13 Hz.

i For all the compounds these signals integrate 2H and appear as an AB system with J = 18 Hz.

j For all the compounds this signal appears as a singlet and integrates 3H.
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By this cause, it was necessary to use a BSA/7-ACT 5:1
molar ratio to obtain the trimethylsilyl ester of the 7-ACT
and dissolve the nucleus at room temperature to minimize
the epimerization reaction. Although the time required to
dissolve the 7-ACT increased (1 h), under these new reaction
conditions all the cephalosporins were obtained as the pure
appropriated B-epimers and were satisfactorily used to eva-
luate the antibacterial activity in vitro.

STRUCTURAL CHARACTERIZATION BY NMR

The 'H NMR assignements of the new compounds are
given in Table 1, Fig. (3). The CH; protons of the heterocyc-
lic group attached to C-3 position appear in the narrow range
of & 3.58-3.61 ppm for all the compounds. The two protons
on C-2 and C-13 positions appear as AB systems with coup-
ling constants of 18 Hz and 13 Hz respectively, indicating
that these protons are not equivalent. The H-6 proton appears
as a doublet at & 5.13-5.17 ppm with a coupling constant of 5
Hz and the H-7 proton appears as a doublet of doublet lo-
cated between & 5.74-5.86 ppm. The substituents on the
aromatic ring do not affect the H-7 chemical shift, but the
cyano and methyl groups attached to the double bond o posi-
tion (C-10) of 3-phenyl-2-propenoyl moiety produce a slight
shielding of 0.07-0.08 ppm on the H-7 signal (compounds 1b
and 1r) as compared with the corresponding o non substi-
tuted compounds (1a and 1q). The signal corresponding to
the amide proton (NH) appears as a doublet in the range of &
8.75-9.33 ppm, with a coupling constant of 8 Hz. Compared
with the unsubstituted compound (1a) the electrowithdraw-
ing groups (excepting the chlorine atom at 3’ and 4’ posi-
tions) shift this signal downfield (0.07-0.14 ppm) whereas
the electrodonating groups (excepting the 2’-methoxy group)
shield the NH signal 0.11-0.32 ppm. In compound 1r the
influence of the o cyano group is higher than the 4'-hydroxy
group and the overall effect shift the NH signal 0.26 ppm
downfield. The H-10 proton, with the exception of com-
pounds 1b and 1r, appears at & 6.51-6.94 ppm as a doublet
with a coupling constant of 16 Hz. This J value indicates that
in all the cases the 3-phenyl-2-propenoyl moiety is the trans
isomeric form. Generally, the electrodonating substituents on
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1b, R = H; R,= CH, 11, R=4-OCH;;R,=H
le,R=2-CL;R,=H 1m, R = 3 4-di-OCH;; R,= H
1d,R =3-CL; R,=H 1n, R=3-OCH, 4-OH; R;=H
le,R =4-C, R,=H 1o, R =3-OH, 4-OCH;; R,= H
If, R=2'4di-CLR,=H  1p, R=3-OH; R,=H
1g, R =2-NO,; R,=H 1q, R=4-OH; R,=H
1h, R = 3-NOy; R,=H Ir, R=4-OH;R;=CN

1i, R=4-NO,;R=H
1j, R=2-OCHy; R;=H

1s, R=4'-CH;;Rj=H

Fig. (3). Structure of new compounds.
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aromatic ring cause a shielding on H-10 signal (0.05-0.21
ppm) whereas the electrowithdrawing groups shift this signal
downfield (highest effect in the case of nitro group at 3° and
4’ positions, compounds 1h and 1i). In dependence of the
aromatic substitution pattern, the H-11 signal appears either
as a well defined doublet (J=16 Hz) in the range of & 7.42-
7.82 ppm, or it is overlapped with aromatic protons (Table
1). In compounds 1b and 1r this proton resonate as a singlet
due to the lack of a proton on C-10 position. It may be con-
cluded that substitution on 3-phenyl-2-propenoyl moiety has
little effect on cephem nucleus protons and the correspond-
ing chemical shifts are typical for cephalosporins [25,26].

The *CNMR spectroscopic properties of new compounds
are presented in Table 2, Fig. (3). The carbonyl carbon of the
amide group (C-9) resonates in the narrow range of & 164-
166 ppm with the exception of compounds 1b and 1r. As
compared with the corresponding o non substituted com-
pounds (la and 1q), the o cyano group produces a ca 2-3
ppm upfield shift on the C-9 signal (1r) and the oo methyl
group shifts the C-9 signal ca 4 ppm downfield. As com-
pared with the compound 1a, electroaceppting groups on the
aromatic ring shift the C-10 signal 3-4 ppm downfield, parti-
cularly for 2’ and 4’ nitro derivatives (compounds 1g and 1i)
and when a chlorine atom is located at 2’ position (com-
pounds 1c¢ and 1f). Contrarily, electrodonating substituents
shift this signal upfield (~ 3-4 ppm) especially when are
linked to 4 position of the aromatic ring. The signal of C-11
is little influenced by electroaceppting groups (1-2 ppm up-
field shift) excepting when are located on 2' position of the
aromatic ring (4-5 ppm upfield shift). Electodonating substi-
tuents do not affect the resonance of C-11 signal excepting
when a methoxy group is linked to 2 position (~ 5 ppm up-
field shift). As compared with the o non-substituted deriva-
tives (1a and 1q), the o substitution in the double bond of 3-
phenyl-2-propenoyl moiety affects strongly the chemical shifts
of C-10 and C-11. The cyano group (1r) has little influence
on C-10 signal but shifts C-11 signal 10 ppm downfield. The
methyl group (1b) produces a shielding (~ 7 ppm) of the C-
11 signal and shifts the C-10 signal ca 11 ppm downfield. In
general the values are typical for cephalosporins [27-32], and
the chemical shifts of these carbon atoms are also little af-
fected by substitution on the 3-phenyl-2-propenoyl moiety.

BIOLOGICAL RESULTS AND DISCUSSION

The in vitro antibacterial activity (MICsy and MICy) of
the synthesized compounds (1a-1s), in comparison to cefa-
zolin and cefuroxime as reference compounds, against ATCC
strains (Staphylococcus aureus 25923 and Escherichia coli
25922) and various clinical isolates of Gram-positive bacte-
ria are shown in Table 3.

All the compounds displayed a selective activity against
Gram-positive bacteria because they did not show activity
(MIC > 256 pg/mL) against the Gram-negative strain taken
as the reference (Eschericchia coli ATCC 25922).

From Table 3 it may be observed that generally, substi-
tution on the aromatic ring of 3-phenyl-2-propenoic acid
reduced or did not improve the antibacterial potency against
methicillin sensitive Staphylococcus aureus (MSSA) and
methicillin sensitive coagulase negative Staphylococcus
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Table2. "3C NMR Data for Compounds 1a-s (8, ppm)
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C 1a 1b 1c 1d le 1f 1g 1h 1i

1j 1k 11 1m In 1o 1p 1q 1r 1s

2 | 26.67 | 26.60 | 26.64 | 26.64 | 26.63 | 26.69 | 26.69 | 26.72 | 26.66

26.67

26.67 | 26.67 | 26.66 | 26.72 | 26.67 | 26.66 | 26.58 | 26.69 | 26.66

3 | 125.80 | 125.48 | 125.75 | 125.75 | 125.76 | 125.80 | 125.80 | 125.86 | 125.78

125.63

125.71 | 125.63 | 125.80 | 125.74 | 125.55 | 125.58 | 125.51 | 126.00 | 125.64

4 | 125.86 | 126.06 | 125.85 | 125.87 | 125.85 | 125.83 | 125.86 | 125.94 | 125.89

125.84

125.89 | 125.92 | 125.86 | 125.94 | 125.97 | 125.98 | 125.93 | 126.06 | 125.89

6 | 57.47 | 57.71 | 5733 | 57.36 | 57.39 | 57.35 | 57.33 | 57.39 | 57.32

57.54 | 57.41

57.47 | 5749 | 57.69 | 57.56 | 57.38 | 57.45 | 57.41 | 57.42

7 | 59.21 | 59.68 | 59.17 | 59.15 | 59.16 | 59.21 | 59.18 | 59.20 | 59.19

59.24

59.15 | 59.17 | 59.16 | 59.20 | 59.20 | 59.15 | 59.14 | 59.92 | 59.15

8 | 164.81 | 164.21 | 164.56 | 164.66 | 164.68 | 164.53 | 164.57 | 164.68 | 164.51

164.89

164.58 | 164.68 | 164.91 | 165.03 | 164.95 | 164.39 | 164.58 | 163.44 | 164.60

9 | 16545 |169.70 | 164.93 | 165.07 | 165.21 | 164.82 | 164.66 | 164.92 | 164.77

165.89

165.30 | 165.62 | 165.68 | 165.89 | 165.76 | 165.31 | 165.68 | 163.01 | 165.47

10 | 12047 | 131.16 | 123.46 | 122.10 | 121.16 | 124.15 | 124.70 | 121.86 | 124.63

120.75

119.90 | 117.94 | 118.12 | 117.16 | 117.68 | 120.23 | 116.85 | 116.71 | 119.40

11 | 140.66 | 133.78 | 135.81 | 139.01 | 139.27 | 135.04 | 135.89 | 138.31 | 137.96

135.78

140.36 | 140.17 | 140.68 | 141.06 | 140.86 | 140.55 | 140.44 | 150.94 | 140.40

1' | 134,53 | 135.73 | 133.43 | 136.78 | 133.44 | 131.40 | 129.81 | 136.40 | 140.96

122.88

13591 | 127.07 | 127.29 | 126.05 | 127.40 | 135.68 | 125.48 | 122.69 | 131.73

2' | 129.01 | 129.29 | 132.27 | 129.44 | 129.00 | 134.69 | 148.27 | 124.12 | 128.98

157.80

115.58 | 129.18 | 110.15 | 111.07 | 113.37 | 113.73 | 129.13 | 133.13 | 127.53

3' | 127.74 | 128.46 | 129.99 | 133.65 | 129.39 | 129.49 | 124.97 | 148.29 | 123.83

111.76

159.25 | 114.35 | 148.86 | 147.83 | 146.74 | 157.52 | 115.62 | 116.36 | 129.41

4' | 129.89 | 127.97 | 131.25 | 126.06 | 133.28 | 134.26 | 130.53 | 123.32 | 147.69

131.34

112.73 | 160.55 | 150.39 | 148.71 | 149.61 | 116.89 | 158.99 | 162.15 | 139.53

5' | 127.74 | 128.46 | 127.62 | 130.77 | 129.39 | 128.12 | 133.95 | 130.58 | 123.83

120.94

129.88 | 114.35 | 111.73 | 115.74 | 112.10 | 129.65 | 115.62 | 116.36 | 129.41

6' | 129.01 | 129.29 | 127.79 | 127.42 | 129.00 | 128.94 | 128.79 | 134.02 | 128.98

128.30

120.81 | 129.18 | 121.62 | 121.85 | 120.81 | 118.67 | 129.13 | 133.13 | 127.53

12 | 163.05 | 163.10 | 162.95 | 162.98 | 162.99 | 163.01 | 163.00 | 163.06 | 162.98

163.09

162.84 | 162.81 | 163.06 | 163.10 | 163.09 | 162.66 | 162.66 | 163.04 | 162.81

13 | 32.80 | 32.81 | 32,73 | 32.73 | 32.73 | 32.77 | 32.78 | 32.80 | 32.80

32.81

32.81 | 32.83 | 32.81 | 32.83 | 32.84 | 32.83 | 32.75 | 32.81 | 32.80

14 | 156.23 | 156.22 | 156.14 | 156.15 | 156.27 | 156.20 | 156.20 | 156.23 | 156.17

156.25

156.02 | 156.00 | 156.16 | 156.25 | 156.26 | 155.87 | 155.87 | 156.25 | 156.01

15 | 160.35 | 160.36 | 160.28 | 160.29 | 160.29 | 160.33 | 160.33 | 160.34 | 160.29

160.36

160.25 | 160.26 | 160.28 | 160.37 | 160.36 | 160.22 | 160.17 | 160.34 | 160.24

16 | 153.73 | 153.72 | 153.66 | 153.67 | 153.68 | 153.72 | 153.70 | 153.75 | 153.67

153.75

153.59 | 153.56 | 153.70 | 153.75 | 153.75 | 153.47 | 153.47 | 153.75 | 153.58

17 | 4241 | 4240 | 4234 | 4236 | 4236 | 4240 | 4240 | 4243 | 4236

4243

4226 | 4223 | 4238 | 4243 | 4243 | 42,12 | 42.11 | 4241 | 4224

18| - | 1438 - - - - - - -

19| - - - - - - - - -

55.59

55.03 | 55.16 | 55.56 | 55.51 | 55.62 - - - -

20| - - - - - - - - -

55.60 - - - - - -

21| - - - - - - - -

100.56 -

2| - . y . . y . . y

20.79

18 carbon atom of o-CH; group (CHs-10 group).
19 and 20 carbon atoms of OCHj; groups.

21 carbon atom of a-CN group (CN-10 group).
22 carbon atom of 4'-CHj group.

(MSCoNS). The derivatives obtained from (2’-chloro), (3’-
nitro) and 3-(2’-methoxy)phenyl-2-propenoic acids (1c¢, 1h
and 1j, respectively) were the exception because they exhib-
ited a better antibacterial potency than the non substituted
derivative (1a). The most effective aromatic substituted
compound was the 2’-chloro derivative (1¢) which displayed
an antibacterial potency close to cefazoline and higher than
cefuroxime.

With regard to the better positions for aromatic ring sub-
stitution, the most favoured was the ortho (2°) position, fol-
lowed by the meta (3”) position. The para (4’) position was

particularly inadequate because all the 4’-mono-substituted
compounds (le, 1i, 11, and 1s) and also the 2°,4’ (1f) and
3.4’ bi-substituted derivatives (1m, 1n and 10) displayed a
poor antimicrobial activity. This behaviour had been re-
ported previously during the in vitro biological evaluation of
several 7B-{[3-(substituted phenyl)-2-propenoyl]amino}-3-
acetoxymethyl-cephalosporins [23].

Although the bi-substituted compound 1f, carries a chlo-
rine atom on the most favourable position (2’), this deriva-
tive exhibited poorer antibacterial activity than the corre-
sponding mono-substituted compound (1¢), probably because
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Table3. Structure-Activity Relationship of Cephalosporin Analogues 1a-1s (MIC, pLg/mL)
3N
I fy 3! CHs
4 / = N S
— w N-N
56 0 N~ SA<\ NY—on
(6] r\[ N
Ho” Yo o
Organism SaATCC EcATCC
. MSSA (20) MRSA (20) MSCoNS (20) MRCOoNS (20)
(No. of strains) 25923 25922
Comp. R R, Range MICs, | MICyy | Range | MICsy | MICy, Range | MICs, | MIC,, Range MICsy | MICy,

CFZ - - 025 N.T. 0.25-1 0.25 0.5 32-128 64 64 0.25-1 0.25 0.5 16-128 32 32
CFU - - 0.5 N.T. 0.5-32 2 4 32-128 64 64 2-4 2 4 32-128 32 64
la H H 1 >256 1-4 1.5 4 256 256 256 1-4 2 4 256 256 256
1b H CH; 0.25 >256 0.25-1 0.38 1 128-256 192 256 0.25-1 0.63 1 128-256 192 256
1c 2’-Cl H 1 >256 0.5-1 0.5 1 256 256 256 0.5-2 0.75 2 256 256 256
1d 3’-Cl H 1 >256 1-4 1.5 4 256 256 256 1-4 2 4 256 256 256
le 4’-Cl H 8 >256 8-64 12 64 128 128 128 8-32 12 32 128-256 192 256
1f 2’.4’-Cl H 4 >256 2-8 3 8 256 256 256 2-32 8 32 256 256 256
1g 2’-NO, H 1 >256 1-8 1 8 256 256 256 1-4 1.5 4 256 256 256
1h 3’-NO, H 0.5 >256 0.5-2 1 2 128-256 192 256 1-4 1 4 128-256 192 256
1i 4’-NO, H 2 >256 2-16 4 16 64 64 64 2-16 4 6 32-256 144 256
1j 2’-OCH;| H 0.5 >256 0.5-2 1 2 256 128 256 1-4 1 4 128-256 192 256
1k 3’-OCH;| H 2 >256 1-8 2 8 256 256 256 4-8 4 8 128-256 192 256
11 4’-OCH; | H 8 >256 2-16 4 16 128 128 128 4-16 10 16 128-256 192 256

34-
1m OCH H 16 >256 8-32 24 32 256 256 256 16-64 24 64 256 256 256

3

3’-OCHj,

In 4"-0H H 128 >256 4-8 4 8 256 256 256 4-16 6 16 64-256 160 256

3’-OH,
1o H 128 >256 32-256 48 256 256 256 256 16-128 48 128 256 256 256

4’-OCH;

1p 3’-OH H 4 >256 1-4 2 4 128-256 192 256 1-4 2 4 128-256 192 256
1q 4-0H | H N.T N.T N.T N.T N.T N.T N.T N.T N.T N.T N.T N.T NT | NT
Ir 4’-OH CN 4 >256 1-8 2 8 128 128 128 1-4 3 4 256 256 256
1s 4’-CH; H 8 >256 16 16 16 256 256 256 8-256 96 256 256 256 256

CFZ: cefazolin; CFU: cefuroxime; SaATCC: Staphylococcus aureus ATCC; EcATCC: Eschericchia coli ATCC; MSSA: Meticillin sensitive Staphylococcus aureus; MRSA: Methicil-
lin resistant Staphylococcus aureus; MSCoNS: Meticillin sensitive negative coagulase Staphylococcus; MRCoNS: Meticillin resistant negative coagulase Staphylococcus; N.T: not

tested.

it has the presence of the second chlorine atom at 4’ position.
This substituent on the para position has been proved unfa-
vourable in order to develop antibacterial activity, since
compound le was almost inactive.

An analogous but more critical behaviour can be
observed for bi-substituted compounds 1m and 1o, because
in both cases the antibacterial activity was dramatically re-

duced as comparing with the corresponding 3’ and 4’ mono-
subti-tuted derivatives. In the case of 1o, although the hy-
droxy group at meta (3) position of the aromatic ring pro-
vides an acceptable antibacterial activity (compound 1p), the
presence of an additional 4’-methoxy group reduced drasti-
cally the activity, as compared with the 3’-hydroxy mono-
substituted derivative. However, this effect can not only be
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explained considering the presence of a substituent in the
less favourable position of the aromatic ring, because the
antimicrobial potency of compound 1o was also poorer than
the 4’-metoxy mono-substituted derivative 11. It’s possible
that the individual effect of the 3’-hydroxy group on antimi-
crobial activity is negatively affected by intra-molecular hy-
drogen bonding between both substituents. Probably by the
same cause, the isomer of 1o (compound 1n) also displayed
a weak antibacterial activity, but higher than 1o. This behav-
iour can be explained because 1n has a 4’-hydroxy group but
not the additional structural handicap that represents the
presence of a methoxy group on the para position.

With regard to compound 1m, the lack of antibacterial
activity could be explained by the presence of two electrodo-
nating groups in the aromatic ring, since in a previous work
it had been demonstrated that this kind of substituents
strongly reduces the activity as compared with electrowith-
drawing groups [23]. The presence of a methyl group at-
tached to the o position of the double bond of the 3- phenyl-
2-propenoyl moiety (1b) increases notably the antibacterial
activity against MSSA and MSCoNS (as compared with 1a)
and provides the most potent of the cephalosporins synthe-
sized with MIC values very close to cefazoline and higher
than cefuroxime. The effect of the cyano group at such posi-
tion (compound 1r) could not be evaluated because the
needed compound for the comparison (1q), with a hydroxy
group on the para position of the aromatic ring, was not
tested during the present work. In order to obtain conclusive
criteria about the importance of this class of substitution on
antibacterial activity it is necessary to synthesize new deriva-
tives carrying different groups at the o position of the double
bond of the 3-phenyl-2-propenoyl moiety.

All the compounds were ineffective against MRSA and
methicillin resistant coagulase negative Staphylococcus
(MRCoNS). In our previous work [23] we found that the 3-
acetoxymethyl cephalosporin carrying the 3-(2°,4’-dichloro-
phenyl)-2-propenoyl moiety at 7B position of the cephem
nucleus displayed a remarkable activity against these multir-
resistant strains (MICyqy = 16 pug/mL). However, from the
results obtained during the present work it can be concluded
that the analogous derivative synthesized from 7-ACT (1f)
was completely inactive. A possible explanation of this phe-
nomena would be that the [(2,5-dihydro-6-hydroxy-2-methyl)-
5-oxo-cis-triazin-3-yl]-thiomethyl group attached at C-3 po-
sition of the cephem nucleus negatively affects the penetra-
tion across the bacterial cell wall and/or the coupling of the
cephalosporin to the penicillin binding proteins receptor
(PBP 2A) typical of these microorganisms.

CONCLUSIONS

To prepare these derivatives by the Vilsmeier’s reagent
method, it was necessary to use THF as the solvent and a
BSA/7-ACT 5:1 molar ratio in order to prevent the formation
of the biologically inactive o-epimer. The NMR studies
showed that the 3-phenyl-2-propenoyl moiety has little effect
on chemical shifts of cephem nucleus protons and carbon
atoms. The coupling of a 3-phenyl-2-propenoyl moiety to the
7-ACT cephem nucleus provides cephalosporins with selec-
tive activity against Gram-positive bacteria. The compounds
obtained from 3-(2’-chlorophenyl) and 2-methyl-3-phenyl-2-
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propenoic acids displayed a strong antibacterial activity
(close to cefazolin and higher than cefuroxime) against me-
thicillin sensible strains of Staphylococcus sp. (MSSA and
MSCoNS). All the synthesized cephalosporins were inactive
against methicillin resistant strains of Staphylococcus sp.
(MRSA and MRCoNS).

EXPERIMENTAL PROTOCOLS
General Methods

'"H NMR and "“C NMR spectra were measured with a
Bruker Avance DPX-300 spectrometer for 300 MHz and 75
MHz respectively in DMSO-ds and using TMS as internal
reference standard. The NMR assignments were based on 2D
COSY, HMQC and HMBC NMR spectra.

The electrospray mass spectra (ESI-MS) were obtained
on a spectrometer Waters-Micromass ZQ. The flow into the
source was about 300 nL/min. The compounds (as sodium
salts) were dissolved in MeOH at a concentration of 250

ppm.
Antibacterial Activity In Vitro

Evaluation of antibacterial activity was conducted by agar
dilution method as recommended by the National Committee
for Clinical Laboratory Standards 2000 (NCCLS) [33].
Wild-type clinical isolates used for antibacterial activity
analysis were from the microorganism bank of the Center of
Pharmaceutical Chemistry. The antibacterial activity of the
synthesized compounds was screened against the following
bacterial strains: methicillin sensitive Staphylococcus aureus
(MSSA), methicillin sensitive coagulase negative Staphylo-
coccus (MSCoNS), methicillin resistant Staphylococcus
aureus (MRSA) and methicillin resistant coagulase negative
Staphylococcus (MRCoNS).

The solutions with concentrations of 0.125, 0.25, 0.5, 1,
2,4,8, 16,32, 64, 128 and 256 pg/mL were prepared from
the solution (10 mg / mL) of the interested cephalosporin. A
50 uL of cell suspension of test strains was added to sterile
plates of 96 wells having about 10° cfu/mL. All bacteria
were grown on Muller-Hinton Agar (Hi-media) plates (37°C,
24 h). The plates were visually examined and the last hole
with no bacterial growth was determined. The MIC was con-
sidered to be the lowest concentration that completely inhib-
ited the growth on agar plates, disregarding a single colony
or faint haze caused by the inoculums. The MIC of the test
compounds was compared with the reference drug cefazolin
and cefuroxime.

Synthesis of 7B-{[3-(substituted phenyl)-2-propenoyl]
amino}-3-[(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-tria-
zin-3-yl]-thiomethyl-cefalosporins (1a-1s)

(6R,7R)-7f-{[3-phenyl)-2-propenoyl]amino}-3-[(2,5-dihydro-
6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-yl[-thiomethyl-3-
cephem-4-carboxylic Acid (1a)

To a solution of DMF (0.92 mL, 12 mmol) in dry THF
(14 mL) POCI; (1.1 mL, 12 mmol) was added dropwise at 0-
5°C under stirring and the mixture was stirred at this tem-
perature for 30 min. to prepare the Vilsmeier’s reagent. To
the above mixture, 3-phenyl-2-propenoic acid (11 mmol)
was added under ice cooling and the reaction mixture was
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stirred at the same temperature for 1h to produce an activated
acid solution of the 3-phenyl-2-propenoic acid. To a solution
of 7p-amino-3-[(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-
triazin-3-yl]-thiomethyl-3-cephem-4-carboxylic acid (7-ACT)
(3.71 g, 10 mmol) and BSA (12.24 mL, 50 mmol) in THF
(40 mL) the above activated acid solution was added at —
20°C, and the reaction mixture was stirred at — 20°C for 1h.
To the reaction mixture a mixture of EtOAc (50 mL) and
water (100 mL) was added, and the organic layer was sepa-
rated. The organic layer was washed with water (3 x 10 mL),
with brine (10 mL) and dried over anhydrous Na,SO,4. The
solvents were evaporated under vacuum and the residue
was stirred with diethyl ether (30 mL) for 1h. The resulting
solid was filtered, washed with diethyl ether (3 x 10 mL) and
dried to afford 1a. (Yield: 3.36 g, 67 %). Anal. caled. for
C,1H9N506S,: C, 50.29; H, 3.82; N, 13.96; S, 12.79; found:
C, 50.22; H, 3.84; N, 13.90; S, 12.77; ESI-MS m/z 524.4
[(M +Na)].

Synthesis of compounds 1b-1s was carried out by a
method similar to that described for 1a.

(6R,7R)-7 B-{[2-methyl-3-phenyl-2-propenoylJamino}-3-[(2,
5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-yl|-thio-
methyl-3-cephem-4-carboxylic Acid (1b)

(Yield: 4.45 g, 86.3 %). Anal. calcd. for C,,H;N5OS,:
C, 51.25; H, 4.11; N, 13.58; S, 12.44; found: C, 51.13; H,
4,13;N, 13.58; S, 12.39; ESI-MS m / z 538.4 [(M + Na)].

(6R,7R)-7B-{[3-(2-chlorophenyl)-2-propenoyljamino}-3-[(2,
5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-yl|-thio-
methyl-3-cephem-4-carboxylic Acid (1c)

(Yield: 2.94 g, 55 %). Anal. calcd. for C,;H 3CIN5O¢S,:
C, 47.06; H, 3.38; Cl, 6.61; N, 13.07; S, 11.97; found: C,
47.12; H, 3.35; CI, 6.65; N, 13.07; S, 11.92; ESI-MS m / z
558.9 [(M + Na)'].

(6R,7R)-7B-{[3-(3-chlorophenyl)-2-propenoyl]amino}-3-[(2,
5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-yl|-thio-
methyl-3-cephem-4-carboxylic Acid (1d)

(Yield: 4.46 g, 83.3 %). Anal. calcd. for C,1H;3CIN5O4S,:
C, 47.06; H, 3.38; CI, 6.61; N, 13.07; S, 11.97; found: C,
47.00; H, 3.41; CI, 6.57; N, 13.01; S, 12.01; ESI-MS m / z
558.7 [(M + Na)'].

(6R,7R)-7-{[3-(4-chlorophenyl)-2-propenoyl]amino}-3-[(2,
5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-yl|-thio-
methyl-3-cephem-4-carboxylic Acid (1e)

(Yield: 2.95 g, 55 %). Anal. calcd. for Cy1H;3CINsO4S,:
C, 47.06; H, 3.38; Cl, 6.61; N, 13.07; S, 11.97; found: C,
47.10; H, 3.35; CL, 6.70; N, 13.18; S, 11.91; ESI-MS m / z
558.7 [(M + Na)*].

(6R,7R)-7-{[3-(2,4-dichlorophenyl)-2-propenoylJamino}-3-
[(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-ylJ-
thiomethyl-3-cephem-4-carboxylic Acid (1f)

(Yield: 3.71 g, 65.1 %). Anal. calcd. for C;;H;7CI,NsO¢
S,: C, 44.22; H, 3.00; Cl, 12.43; N, 12.28; S, 11.24; found:
C,44.30; H, 3.05; Cl, 12.44; N, 12.36; S, 11.22; ESI-MS m /
2593.5 [(M + Na)'].

Rodriguez et al.

(6R,7R)-7B-{[3-(2-nitrophenyl)-2-propenoyljamino}-3-[(2,
5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-yl]-thio-
methyl-3-cephem-4-carboxylic Acid (1g)

(Yield: 4.46 g, 81.6 %). Anal. calcd. for C,H gNgOgS;:
C, 46.15; H, 3.32; N, 15.38; S, 11.73; found: C, 46.13; H,
3.37;N, 15.29; S, 11.79; ESI-MS m / z 569.4 [(M + Na)'].

(6R,7R)-7 B-{[3-(3-nitrophenyl)-2-propenoyljamino}-3-[(2,5-
dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-yl|-thiome-
thyl-3-cephem-4-carboxylic Acid (1h)

(Yield: 4.48 g, 82 %). Anal. calcd. for C;;H;sN¢OsS,: C,
46.15; H, 3.32; N, 15.38; S, 11.73; found: C, 46.07; H, 3.30;
N, 15.43; S, 11.63; ESI-MS m / z 569.4 [(M + Na)].

(6R,7R)-7 B-{[3-(4-nitrophenyl)-2-propenoyljamino}-3-[(2,5-
dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-yl[-thiome-
thyl-3-cephem-4-carboxylic Acid (1i)

(Yield: 4.1 g, 75 %). Anal. calcd. for C,H;gNgOsS;: C,
46.15; H, 3.32; N, 15.38; S, 11.73; found: C, 46.21; H, 3.34;
N, 15.30; S, 11.64; ESI-MS m / 2 569.3 [(M + Na)'].

(6R,7R)-7 B-{[3-(2-methoxyphenyl)-2-propenoyl]amino)}-3-
[(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-ylj-
thiomethyl-3-cephem-4-carboxylic Acid (1j)

(Yield: 3.72 g, 70 %). Anal. calcd. for C5,H,N50,S,: C,
49.71; H, 3.98; N, 13.18; S, 12.06; found: C, 49.61; H, 4.00;
N, 13.22; S, 12.01; ESI-MS m / z 554.3 [(M + Na)'].

(6R,7R)-7B-{[3-(3-methoxyphenyl)-2-propenoyl]amino)}-3-
[(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-ylf[-
thiomethyl-3-cephem-4-carboxylic Acid (1k)

(Yield: 3.72 g, 70 %). Anal. calcd. for C;,H,1N505S,: C,
49.71; H, 3.98; N, 13.18; S, 12.06; found: C, 49.73; H, 3.92;
N, 13.27; S, 12.01; ESI-MS m / z 554.6 [(M + Na)].

(6R,7R)-7B-{[3-(4-methoxyphenyl)-2-propenoyllamino)}-3-
[(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-yl]-
thiomethyl-3-cephem-4-carboxylic Acid (11)

(Yield: 3.13 g, 59 %). Anal. calcd. for Cy,H,1N505S,: C,
49.71; H, 3.98; N, 13.18; S, 12.06; found: C, 49.81; H, 3.94;
N, 13.20; S, 12.12; ESI-MS m / z 554.5 [(M + Na)'].

(6R,7R)-7 B-{[3-(3,4-dimethoxyphenyl)-2-propenoyl]amino}-
3-/(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-yl|-
thiomethyl-3-cephem-4-carboxylic Acid (1m)

(Yield: 2.6 g, 46.3 %). Anal. calcd. for C,3H»3N505S,: C,
49.19; H, 4.13; N, 12.47; S, 11.42; found: C, 49.26; H, 4.05;
N, 12,51; S, 11.50; ESI-MS m / z 584.5 [(M + Na)].

(6R,7R)-7B-{[3-(4-hydroxy-3-methoxyphenyl)-2-propenoyl]
aminoj}-3-[(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-tria-
gin-3-yl[-thiomethyl-3-cephem-4-carboxylic Acid (In)

(Yield: 3.71 g, 68 %). Anal. calcd. for Cy,H,N5O5S,: C,
48.26; H, 3.87; N, 12.79; S, 11.71; found: C, 48.14; H, 3.92;
N, 12.81; S, 11.66; ESI-MS m / z 570.6 [(M + Na)*].
(6R,7R)-7B-{[3-(3-hydroxy-4-methoxyphenyl)-2-propenoyl]
amino}-3-[(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-tria-
zin-3-yl[-thiomethyl-3-cephem-4-carboxylic Acid (10)

(Yield: 3.72 g, 68 %). Anal. calcd. for C;,H,1N504S,: C,
48.26; H, 3.87; N, 12.79; S, 11.71; found: C, 48.30; H, 3.80;
N, 12.83; S, 11.81; ESI-MS m / z 570.5 [(M + Na) .
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(6R,7R)-7 B-{[3-(3-hydroxyphenyl)-2-propenoyl]amino}-3-
[(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-yljJ-
thiomethyl-3-cephem-4-carboxylic Acid (1p)

(Yield: 3.73 g, 72 %). Anal. calcd. for Cy;H9N505S,: C,
48.74; H, 3.70; N, 13.53; S, 12.39; found: C, 48.80; H, 3.62;
N, 13.64; S, 12.33; ESI-MS m / z 540.3 [(M + Na)'].

(6R,7R)-7 B-{[3-(4-hydroxyphenyl)-2-propenoyl]amino}-3-
[(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-yl|-
thiomethyl-3-cephem-4-carboxylic Acid (1q)

(Yield: 3 g, 58 %). Anal. calcd. for C;;H;oNsO;S,: C,
48.74; H, 3.70; N, 13.53; S, 12.39; found: C, 48.72; H, 3.67;
N, 13.58; S, 12.35; ESI-MS m / z 540.3 [(M + Na)'].

(6R,7R)-7B-{[2-cyano-3-(4-hydroxyphenyl)-2-propenoyl]
amino}-3-[(2,5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-tria-
zin-3-yl|-thiomethyl-3-cephem-4-carboxylic Acid (1r)

(Yield: 4.12 g, 76 %). Anal. calcd. for Cy,H;sN¢O;S,: C,
48.70; H, 3.34; N, 15.49; S, 11.82; found: C, 48.73; H, 3.31;
N, 15.42;S, 11.93; ESI-MS m / z 565.5 [(M + Na)'].

(6R,7R)-7B-{[3-(4-methylphenyl)-2-propenoyl]amino}-3-[(2,
5-dihydro-6-hydroxy-2-methyl)-5-oxo-cis-triazin-3-yl|-thio-
methyl-3-cephem-4-carboxylic Acid (1s)

(Yield: 3.35 g, 65 %). Anal. calcd. for Cy;H»1N50¢S,: C,
51.25; H, 4.11; N, 13.58; S, 12.44; found: C, 51.37; H, 4.07;
N, 13.51; S, 12.45; ESI-MS m / z 538.5 [(M + Na)'].
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