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Abstract

The study involves synthesis and characterization of seven novel spiro-
cephalosporins  starting from commercially available cephalosporin

intermediate GCLE. The study can be divided into four main parts:

First part:

This part presents the synthesis of nine triazolidine-3-thione derivatives
(A1- A9) via an efficient and green synthetic method. Aromatic aldehydes
were reacted with thiosemicarbazide in aqueous ethanol under neutral
conditions for short time with simple workups and good yields (62-95%). The
structures of compounds were verified by FTIR, '"HNMR and “*CNMR.

S
O _H "N 4/{
HN NH
S
25% EtOH, 80 °C
= TS ’
> X
+ N NH, .
s H 15-30 min |
R 2
\R
R= H, o-Cl, o-Br, 0-OH, p-F, p-Cl, p-Br, p-OH, p-OMe Aq-Ag

Second part:

This part describes the reaction of 1,2,4-triazolidines-3-thiones (Al- A7)
with GCLE under basic conditions to furnish protected spiro-cephalosporin
products (B1-B7) in moderate yields (17.3-32 %). It is suggested that this
reaction has been done through a Sy2 type alkylation followed by
intramolecular Michael addition to the dihydrothiazine ring. The structures of
compounds are verified by FTIR, 'HNMR and *CNMR.

Xl



:l;( cl KyCOj, Acetone ';l\\lH
Hzo, r.t >/

A1-A7 B1-B7

Third part:
In this part, the p-methoxybenzyl (PMB) protecting group of precursors

(B1-B7) was removed in presence of trifluoroacetic acid (TFA) and anisole to
result the target spiro-cephalosporins (C1-C7) in good yields (46—80%).

Full spectroscopic characterization details are also included. The structures of
compounds were verified by FTIR, ‘HNMR, *CNMR and HRMS.

Bh, H Y Bh, H \ Y
>//N s >//N S
0 NH . 0 NH
N N | TFA, Anisole N N |
N
0 YN DCM, 0 °C o =
. S
S 15-2h O™ N
B1-B7 C1-C7

R= H, o-Cl, o0-Br, 0-OH, p-F, p-Cl, p-Br

Xl



Fourth part:

This part summarizes the antibacterial activity of the final spiro-
cephalosporins (C1-C7). Four organisms, methicillin resistance S.aureus,
L.monocytogenes, E.coli, and Salmonella Newport, were chosen based on
multidrug resistance pathogen, and as representative pathogens of Gram-
positive and Gram-negative bacteria, respectively. Compounds (C1-C7) were
well effective against Gram-positive bacteria especially S.aureus; however,
they had very little to no effect against Gram-negative bacteria, especially

Salmonella Newport.

XV



CHAPTER ONE



1. Introduction

1.1. B-Lactam antibiotics

B-Lactam antibiotics are one of the first antibacterial compounds
discovered, and they are also the most benign to humans." They are the most
commonly used drugs in clinics around the world due to their high bactericidal
activity as a result of cell wall inhibition, low toxicity, and excellent medical
efficacy. Since their first use in the 1940s, B-Lactams have been known for
their excellent therapeutic efficacy and broad applicability in bacterial
infectious diseases. Current B-lactam antibiotics all share the same reactive 3-
Lactam ring system, which is a highly strained and reactive cyclic amide.
Figure 1-1).%°

/—NH

0
(Figurel-1) azetidin-2-one (B-Lactam ring)

The pB-lactam ring is found in several antibiotic families, including

penicillins, cephalosporins, carbapenems, and monobactams (Figure 1-2).*

co,

Penicillins Cephalosporins Monobactams ~ Carbapenems

(Figure 1-2) Chemical structures of B-lactam family



These drugs target bacterial cell wall biosynthetic enzymes (so-called
penicillin-binding proteins, PBPs),”> Although the exact mechanism of
destruction is still unknown. Unfortunately, resistance to all these agents is
common both in Gram-positive and Gram-negative bacteria. Bacterial
resistance develops as a result of a drug being inactivated by B-lactamases.®
The combination of beta-lactamase inhibitors and beta-lactams would be
effective on the most resistant organisms. Since the B-lactam ring is so
important for these compounds' biological activity, cleavage at any point on

this ring results in a complete loss of antibacterial activity.”®

1.2. Cephalosporins

They are one of pB-lactam antibiotics that have a broad spectrum of action.
They are the second most prescribed class of antibiotics in Europe, as a result
of their massive production and consumption. In 1945, the first known
member of this class of antibiotics was isolated from the fungus
Cephalosporium acremonium. Although Guiseppe Brotzu was the first to
isolate the drug, Edward Abraham has been credited with patenting it because
he was able to obtain the compound.®'® Cephalosporins are antibiotics which
are used to treat bacterial infections and diseases caused by methicillin-
susceptible penicillinase-producing Streptococci, Staphylococci, Proteus
mirabilis, some Escherichia coli, Haemophilus influenza, Klebsiella
pneumonia, Enterobacter aerogenes and some Neisseria."* Cephalosporins
are made up of a fused two-ring system [B-lactam-A3-dihydrothiazine, also
known as 7-aminocephalosporanic acid (7-ACA), and their side chains differ
at C3 (methylene substituent R2) and C7 (acylamido, R1) (Figure 1-3).%



(Figure 1-3) Structure of cephalosporins

The substituents at C3, C4, and C7 are the key factors for their antimicrobial
activity. The carboxyl group at C4 must be unsubstituted, while the acylamido
side chain at C7 is a key group that mainly determines the
hydrophilic/hydrophobic character of these compounds. In addition, the
strained B-lactam ring and distortion of planar geometry are considered as

essential factors for the high chemical reactivity of this antibiotics.*®

1.2.1. Classification of cephalosporin

Since 1975, various cephalosporins have been introduced, which are
described somewhat arbitrarily as generations, according to chronological
classification. As a result, rather than providing some benefits at the sacrifice
of other or other benefits, each generation that has been presented has added
another degree of advantages overall over the generation before it. Although
generational differences may seem modest, they are significant.'* They are
divided into five generations, despite of that the fifth generation is still under

trial.®°

1.2.1.1. First generation

Based on whether they are administered orally or intravenously, the first

generation of cephalosporin antibiotics can be divided into two classes.



Cefalexin and Cefadroxil are two examples of oral cephalosporins that were

17 are the

first used in medicine in 1967," while cefalothin and cefapirin
parenteral ones (Figure 1-4). First-generation cephalosporins are more
effective against Gram-positive bacteria, including methicillin-susceptible
Staphylococci and non-enterococcal Streptococci. They also have
demonstrated strong inhibition activity against bovine S. aureus species in
vitro."® Presence of a leaving group at C3 in the structure of cefalothin and
cefapirin renders these antibiotics higher antibacterial potency than cefalexin

and cefadroxil.*®

NH NH
2 H 2 H
©)\H/N S /@)\"/N S
o j/:N = o} ]/:N =
o f\cm HO o CH;
o OH o OH

Cefalexin Cefadroxil
N/

N s | H
<TY Syt
\_s o N__N_O._CHs o ];,L// o _cH,

o h S g

o
o OH o OH (o)

(Figure 1-4) Chemical structure of some 1st generation cephalosporins

1.2.1.2. Second generation

Similarly to the first generation clasification, the second generation
cephalosporins are also divided into two classes; oral cephalosporins such as
cefprozil, cefaclorand loracarbef,®® while cefixime, cefuroxime and
cefamandole are examples of parenteral ones (Figure 1-5).* These

medications typically outperform first-generation cephalosporins in their



ability to combat gram-negative bacteria.?* Second-generation cephalosporins
are typically more stable towards to the p-lactamases which are produced by
many gram-negative bacteria than the earlier medications, making them more
potent against several bacteria that are assumed to be resistant toward the
older medications. They have greater activity against H. influenza, Moraxella

catarralis, Neisseria meningitidis and Neisseria gonorrhoeae.?

NH2 /OCH3
H N
N s | H
g @)ﬁ( Nj;fs
O N A~
HO o CHj \_o o) N~ O _NH,
S bl
o7 ©H o
o OH
Cefprozil Cefuroxime

(Figure 1-5) Chemical structure of some 2nd generation cephalosporins

1.2.1.3. Third generation

Third-generation cephalosporins offer a wider range of action than earlier
generations of cephalosporins, which are less potent against gram-positive
bacteria and more active against gram-negative ones like enterobacteria and
streptococci.” Cefixime is the only third-generation cephalosporin currently
accessible for oral use. It is used to treat urinary tract infections and cervical
gonorrhoea as well as bacterial respiratory infections such tonsillitis,
pharyngitis, otitis media, sinusitis and acute bronchitis.>® The only
difference between cefotaxime, ceftizoxime, and ceftriaxone is the C3-
substituent, but they share the same a 7-acyl group with a syn-methoxyimino
function that helps maintain affinity for penicillin-binding protein (PBP)
(Figure 1-6).%



OH

o) N/OCH3
_0 | H
N H N N S
%
v AR s e
= | j;( S ° O\H/CHS
2
(6] N
S 5 = = o
(e} OH
0~ “OH ,
Cefixime Cefotaxime

(Figure 1-6) Chemical structure of some 3rd generation cephalosporins

1.2.1.4. Fourth generation

In comparison to third-generation cephalosporins, fourth-generation
cephalosporins show stronger antibacterial action against gram-positive
pathogens and the same spectrum of activity against gram-negative bacteria.
They exhibit good effectiveness against MSSA, Streptococcus spp., P.
aeruginosa, and enteric gram-negative rods and are less vulnerable to
hydrolysis by p-lactamases (Figure 1-7). **** They are structurally related to
third-generation cephalosporins. They differ in that they have a quaternary

ammonium group at position 3 of the cephem nucleus.*

\-OCHs \-OCHa
| H | H
N N S N N s P
4 4
@
HzN/<S Fr D H2N/<S I Ne |
\
o CHj o
(@) Oe 0] O6
Cefepime Cefpirome

(Figure 1-7) Chemical structure of some 4th generation cephalosporins



1.2.1.5. Fifth generation

The current fifth-generation cephalosporins' preferred medication,
ceftaroline, is exceptional in its ability to combat Staphylococcus aureus's
multidrug resistance. Additionally, it works against Enterococcus.
Ceftobiprole, is another drug of choice among 5th generation cephalosporins
with a very broad-spectrum activity against gram-positive cocci including
MRSA and methicillin-resistant Staphylococcus epidermidis (MRSE),
penicillin-resistant Streptococcus pneumoniae, and Enterococcus faecalis
(Figure 1-8).3°%

CH3 /CH3
N®

/N

“ ﬁo O—OHMﬂjjﬁk

Ceftaroline

Ceftobiprole

(Figure 1-8) Chemical structure of some 5th generation cephalosporins

1.2.2. Mode of action

The bacterial cell wall consists of cross linked peptidoglycan that keeps the
cell rigidity and protects it against harsh environmental conditions. The cross
linkages between peptidoglycan chains are D-alainine-D-alanine amide bonds
which are made up by transpeptidase enzymes (also known as penicillin

binding proteins PBPs) (scheme 1-1).



Because of the structural similarity between B-lactam and D-ala-D-ala, the
antibiotic forms a covalent bond with transpeptidase to produce
cephalosporin-enzyme complex, which eventually leading to bacterial
transpeptidase inhibition. As a result of cell wall synthesis disruption and
lacks of its rigidity, the cell contents are released under severe osmotic

pressure and eventually burst.®
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Scheme 1-1: Cross linkage by D-Ala-D-Ala transpeptidases in E.coli

1.2.3. Bacterial resistance to cephalosporins

The extensive use of cephalosporins has caused the emergence of
resistance.’* The production of P-lactamases, hydrolytic enzymes that
cleavage the amide bond of B-lactam ring, which make the antimicrobial agent
ineffective, is a significant mechanism of f-lactam resistance, notably in

%37 There are four different classes of p-lactamases:

gram-negative bacteria.
A, B, C, and D. One or two equivalents of Zn?* are needed for each of the

class B enzymes known as metallo-p-lactamases (MBLs), and one Zn?*"OH is



used for the enzyme's nucleophilic assaults on the B-lactam ring. The class A,
C, and D enzymes are serine B-lactamases (SBLs), which cleave the -lactam
ring in cephalosporins by using a serine residue as a nucleophile at the active

site. (Scheme 1-2) illustrates the proposed mechanism for the hydrolysis of

cephalosporins.*"#°
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Scheme 1-2: Mechanism of the hydrolysis of cephalosporins



1.2.4. Modification of cephalosporin

The range of action, sensitivity to B-lactamases, protein binding, serum
half-life, peak serum concentration, route of elimination, penetration into the
central nervous system, and toxicity of cephalosporins are all different. These
variations are the result of the cephalosporin molecule being altered in an
attempt to stabilize the p-lactam ring.** Because of beta-lactam antibiotics'
ability to fight bacteria depends on the cleavage of their nitrogen-carbonyl
bond of B-lactam, so this reaction is considered crucial. In turn, the reactivity
of the B-lactam carbonyl is essential for cell wall biosynthesis. The carbonyl
must not, however, be too reactive to avoid arriving nucleophiles to hydrolyze
it before it can reach the target enzymes. Maximum antibacterial potency can
only be attained by achieving a proper balance between the reactivity and
stability of the B-lactam ring. Additionally, any method for the complete
synthesis or chemical modification of penicillins and cephalosporins must take
into consideration the fact that the more reactive B-lactams can be cleaved
under very mild circumstances. In general, cephalosporins are comparatively
more stable toward p-lactam cleavage than penicillins.**** Cephalosporin C,
the prototype cephalosporin was isolated from the fungus Cephalosporium
acremonium (Figure 9). The structure of cephalosporin C has been modified,
leading to variations in the pharmacological, microbiological, and
toxicological profiles between the various semi-synthetic cephalosporins.
These changes are primarily made by replacing the molecule's two side chains,
R1(C-7) and R2 (C-3). Site R1 generally makes a compound more resistant to
B-lactamases, which leads to increased activity and a wider antibacterial range.
Cefuroxime, cefotaxime, ceftizoxime, ceftriaxone, ceftazidime, and the
cephamycins are a few examples of drugs containing R1 replacements. R2

modifications can lengthen the compound's serum half-life. Cefazolin,
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Cefamandole, Cefonicid, Cefoperazone, Ceftriaxone, and Ceftazidime all
include R2 replacements.”™***° Cephalosporins are synthetically derived from
three important intermediates, i.e. 7-aminocephalosporanic acid (7-ACA), 7-
aminodeacetoxycephalosporanic acid (7-ADCA), and 7-phenylacetamide-3-
chloromethyl-4-phenylacetamide-p-methoxybenzyl ester (GCLE) (Figure 1-
9). Many generations of cephalosporins could be produced by altering the side
chains of these intermediates at the C3-acetoxy group and/or C7-amino
group.”® Treatment of cephalosporin C with acid produced 7-
aminocephalosporonic acid (7-ACA), a crucial precursor for the synthesis of

the majority of cephalosporins currently available on the market.”"*
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(Figure 1-9) Chemical structure of some cephalosporin’s intermediates

1.2.4.1 Modification at position C-7
One strategy to develop cephalosporins which are currently in clinical use is
by introduction of acyl groups into the amino moiety of 7-

aminocephalosporins. These 7-aminoacyl groups together with the
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substituents on the methylene in the 3-position impart different antimicrobial
spectra, as well as the pharmacokinetic properties of cephalosporins.
Acylation of 7-aminocef-3-em-4-carboxylic acids (1) with 4-chloro-3-
oxobutanoylchloride gave 7-(4-chloro-3-oxobutyrylamino)-cephalosporins
(2), which is then treated with potassium thiocyanate in acetonitrile to
generate 7-(3-oxo-4-thiocyanatobutyrylamino)cephalosporins (3). Cyclization
of (3) in pH 6.4 phosphate buffer furnished 7-[2-(2-0x0-4-thiazolin-4-
yl)acetamido]cephalosporins (4) (Scheme 1-3).%
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Scheme 1-3: Synthesis of 7-oxothiazolinyl cephalosporins

Another investigation demonstrated that the final 2-aminothiazole-bearing
cephalosporins (7) were produced by treating 7-ACA derivatives (5) with
active esters (6) after washing the reaction mixture with diluted acid and then

sodium bicarbonate solution (Scheme 1-4).>*°
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Scheme 1-4: Synthesis of 2-aminothiazole cephalosporins

A new class of p-lactam antibiotic, 7-[sodium (R)]-2-(Nb -o-
Nitrobenzyloxycarbonyl) hydrazino-3-phenylpropanamido]cephalosporanate
(10), was synthesized by coupling 7B-aminocephalosporanic acid
diphenylmethyl ester (8) with carboxylic acid (9), followed by removing the
diphenylmethyl group from the product with trifluoroacetic acid (TFA). Since
this kind of antibiotic can be self-destruct after several hours of exposure to
light, there would be no chance for environmental selection of resistance
(Scheme 1-5).’
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Scheme 1-5: Synthesis of phenylpropanamido cephalosporanate

Conversion of the amines (11) to 7-oxocephalosporins (12), then
installation of a double bond at the C-7 position through Wittig reaction with

pyridine containing phosphonium ylide, produce C-7-alkylidene cephemes
(13) (Scheme 1-6).>% %
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Scheme 1-6: Synthesis of C-7-alkylidene cephemes
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1.2.4.2. Modification at position C-3

The main method used to modify the C-3 substituent chemically is to
replace the halides of GCLE or the acetoxy group of 7-ACA with nucleophilic

heteroatoms.®*

The comparable 3-formyl or 3-carboxy cephalosporin can be produced by
oxidation of the alcohols that released during the hydrolysis of 3-
acetoxymethyl cephalosporin. The Wittig olefination is one of the several
transformations the 3-formyl cephalosporins can go through. For instance, the
aldehyde (15) is formed through the hydrolysis of acetate (14), equilibrium of
the a-2,3 isomer, and oxidation of the resulting alcohol. The aldehyde (15)

then reacts with Wittig reagents to produce alkenes (16) (Scheme 1-7).%%%

| X
_N
X S
Pz OAc
(0]
CO,CHPh, CO,CHPh, CO,CHPh,
14 15 16

R'=CN, CO,Me, CONH,, CH=CH,; R?=H, Cl

Scheme 1-7: Synthesis of the alkene cephalosporin

Sophia Yu et al were able to synthesize chromacef (20) [chromacef a
chromogenic cephalosporin derivative has been the predominant assay
substrate used for the detection of B-lactamase activity] from the reaction of
GCLE (17) with p-nitrobenzaldehyde using Wittig reaction (Scheme 1-8).*
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Scheme 1-8: Synthesis of chromacef

It has been found that adding an oxygen or sulfur atom to position C3
improves the antibacterial agent's potency. The synthesis of quinolone
cephalosporins (24), which shown a considerable anti-tuberculosis activity, is
one example. The first step entailed installing a phenylacetyl group on the C7
position, hydrolyzing the C3 acetyl group, and protecting the C4 carboxylic
group. The final product is produced by converting the hydroxyl group to
chloroformate at the C3 position, followed by coupling the resultant
intermediate (23) with a quinolone derivative and finally deprotection with
TFA (scheme 1-9).*
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Scheme 1-9: Synthesis of quinolone cephalosporins

Makena et al , used a straightforward three-step technique to create
chromogenic cephalosporin (27) starting with commercially available (PMB)-
protected chlorocephalosporin (GCLE), which was alkylated with p-
nitrophenol, followed by oxidation the sulfide to sulfone using mCPBA, then

deprotection the precursor with TFA (Scheme 1-10).%
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Scheme 1-10: Synthesis of chromogenic cephalosporin

Cephalosporin thiol conjugates were synthesized by thioalkylation of

chloromethyl cephalosporin GCLE (17) with mercaptoacetophenone (28) to

generate intermediate (29) followed by deprotection with trifluoroacetic acid
(TFA) to produce the final compound (30) (Scheme 1-11).%
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Scheme 1-11: Thioalkylation of cephalosporin
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7-[(1H-Tetrazol-1-yl)acetamido]-3-(acetoxymethyl)-p3-cephem-4-
carboxylic acid (31) was used as an intermediate for the synthesis of cefazolin
(33) by direct displacement of the 3-acetoxy using group with 2-mercapto-5-
methyl-1,3,4-thiadiazole(32) (Scheme 1-12).%

W’

7?% - Srent Fee

CO,H CO,H N\N

Scheme 1-12: Synthesis of cefazolin

Compound (34) was converted into sulfides (35) via the corresponding
iodide intermediates by substitution with 2-mercaptothiazolo[4,5-c]pyridine,
2-mercaptothiazolo[5,4-c]pyridine, and 2-mercaptothiazolo[4,5-b] pyridine.
These sulfides underwent quaternization of the thiazolopyridine group at
position 3 by methylation with methyl iodide followed by deprotection with
trifluoroacetic acid and anisole to give the final compounds (36) (Scheme 1-
13).%8
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Scheme 1-13: Synthesis of cephalosporin thiol conjugates

19



1.3. Triazoles

Triazole is a five-member heterocyclic molecule comprising two carbon

atoms and three nitrogen atoms. It has two structural formulae (Figure 1-10).

4 N3 4 N_\S
\
5[ ‘N2 s&N,N 2
N1 N1
1H-1,2,3-triazole 1H-1,2,4-triazole

(Figure 1-10) Structures of triazole

Triazoles, generally, and 1,2,4-triazole derivatives in particular, show a wide
spectrum of biological activities among the five-membered heterocyclic
compounds, gaining attention for their pesticidal activity, anti-covulsant,
antianxiety, anti- cancer, anti-fungal and anti-bacterial properties. Various
compounds containing 1,2,4-triazole rings are well known as
pharmaceuticals.®* "°Since first reported triazole synthesis in 1885, many
synthetic methods were developed which lead eventually to a vast variety of

triazole derivatives.

N-tert-butylcarboxyethoxyhydrazone  (37) produced  3-alkyl-4-tert-
butoxycarbonylamino-5-cyanomethyl-4H-1,2,4-triazole (38) when it reacted
with cyanoacetic acid hydrazide. Treatment of compound (38) with HCI,
produced the product 3-alkyl-4-amino-5-cyanomethyl-4H-1,2,4-triazole
hydrochloride (39) in good yield (Scheme 1-14).7

o
Q HoN )J\/CN N—N N—N
r. n. M ma N /A CN HCl 7R
EtT N o~ R/(w)\/ R/le)\/c"‘
HNS 0 g, NH, HCI
T
37 38 39

Scheme 1-14: Synthesis of triazole hydrochloride
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By wusing carbon disulfide and potassium hydroxide, 3(2-methyl
benzimidazol-1-yl)propanoic acid hydrazide (40) produced 5-[2-(2-methyl
benzimidazol-1-yl)  ethyl]-1,3,4-Oxadiazole-2(3H)-Thione  (41). The
intermediate (41) yielded the product 5[2-(2-methyl benzimidazole-1-yl)
ethyl]-4-amino [1,2,4] triazole-3-thiol (42) upon treatment with hydrazine
hydrate in ethanol (Scheme 1-15).”

N CS; IKOH_ ©\* NH2NH2 OT
|
O\T)\CH?’ )\ )\

CH,CH,CONHNH, H2C “N
O—/< /N—/<
SH HN- gy
40 41 42

Scheme 1-15: Synthesis of triazole-3-thiol

Thiophene-2-acetate (43) and isothiocyanates are mixed to produce new
thiosemicarbazide derivatives (44). By using a 2% solution of sodium
hydroxide, these compounds produced 4-substituted 3-(thiophene-2-yl-
methyl)-1,2,4-triazoline-5-thiones (45) (Scheme 1-16).%°

(AL, eV R g e W%S
S NHNH, S NHNH—C—NHR —

43
R=C,Hs, CH,CgHs, CgHs, 4-CH3-CgHy, 4-OCH3-CgHy, 4-BrCgH,, 4-Cl-CgH,

Scheme 1-16: Synthesis of 4-substituted triazoline-5-thiones
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1.4. Spiro compounds

Spiro compounds, also known as spirocycles, are rigid skeletons made up of
at least two rings joined together by a single spiro atom. Von Baeyer made the
initial discovery of the spirocycle structure in the late 1890s. For chemists, the
enantioselective synthesis of spiro compounds still presents significant
challenge. Spirocycles are important because of their distinctive structural
characteristics as well as the fact that they are found in many natural
compounds, including the alkaloid (-) sibirine, Acorenone B, B-Vetivone and

81,82

Shizuca Acordienol. (Figure 1-11).

C|:H3 o) Me
OH _N
: j oy Me
',"’// B — Me
Me Me
M

(-)-Sibirine B-Vetivone Acorenone B Shizuca Acordienol

(Figure 1-11) Some compounds containing a spirocyclic ring

Scientists working in both the medical and synthetic fields are looking for
more effective ways to create complex, bioactive compounds. To deal with a
range of issues, the drug design process can be approached in a number of
different ways. One of them is the addition of new ligands and the
conformational limitation caused by the intended molecule's stiffness, which
results in a complex and stereo-defined 3D structure. As a result, a wide range
of complex and bioactive molecules have been created using spirocyclic
chemicals as building blocks. Compared to planar aromatic rings, the
installation of a spirocyclic core in the target results in significant molecular

diversity and three-dimensionality, which has several benefits.?*®°
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Many research groups have employed Mn(OAC); to create some structurally
significant spirocyclic molecules. In the synthesis of spiroindolinones (47),
Nishino and Katayama described an oxidative cyclization using Mn(OAc); of

dicarbonyl compounds (46)(Scheme 1-17).%

X O O In

|
Ry - . Mn(OAc)s, 2H,0 (2 - 3 equiv) | X
0]
b AcOH / HCO,H (1/4) R _A~\
2 n raflux or r.t 47 kz

46

R4=H,4_Me, 4 _OMe, 4 _Cl,4_F,3_Me, 2_Me
Ro= Me, Et, n_Pr, i_Pr, n_Bu

n=0or1

Scheme 1-17: Synthesis of spiroindolinones

Condensation of (E) -3-(2-(4-((dimethoxymethyl)amino)phenyl) -2-
oxoethylidene)indolin-2-one (48) and hydrazine hydrate produced 5-(4-
methoxycarbonylaminophenyl) -2,4-dihydrospiro[indole-3,3-pyrazol] - 2(1H)-
one (49) in excellent yield 93% (Scheme 1-18).%’

MeO
MeO

MeO
MeO

NH,-NH,, H,O

_—

EtOH, heat

Scheme 1-18: Synthesis of dihydrospiro[indole-3,3-pyrazol]-one
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Maghsoodlou et al, have studied a domino reaction between ninhydrin (50),
benzene-1,2-diammine (51), dialkylethynedicarboxylates (53) and triphenyl
phosphine (PhsP). The results demonstrated that unexpected product
spirofuran-indenoquinoxaline derivatives (54) were successfully formed as
opposed to (55) (Scheme 1-19).%

OH
OH N CO5R,
o) CH2C|2 / A\
50 r.t, 10 min N=— + | |
+ R4
H,N R, 52 COzR;
H,N CH,Cl,
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51 l *
R1= H, CH3, N02
R2= CH3, CzH5 o) ||3h3
OR2 /P C02R2
o | o |
COR, CO4R,
N
7\ &
— N=
54 55

Scheme 1-19: Synthesis of spirofuranindenoquinoxaline derivatives

Chromone 3-carbaldehyde (56), sarcosine (57), and ninhydrine (50) were
used in a multicomponent synthesis to create new
dispirochromenopyrrolidines (58, 59) (Scheme 1-20).%°
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MeOH

Scheme 1-20: Synthesis of dispirochromenopyrrolidine

The synthesis of spiro-p-lactam system comprises the [2 + 2] cycloaddition
reaction between N-phenyl-11H-indeno[1,2-b]Jquinoxalin-11-imine derivatives
(60) and different phenoxyacetic acid derivatives in the presence of
triethylamine, p-toluenesulfonyl chloride (TsCI) at room temperature. The two
diastereomeric forms (61) and (62) of the resulting spiro-pB-lactams were

produced in equal amounts (Scheme 1-21).%

- Ary
N
/
/ ’\{ Ar20CH2C02H
TsCl, EtsN
N=—
CHQC|2, r.t

62

Scheme 1-21: Synthesis of spiro-p-lactams
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1.4.1. Biological importance of spiro compounds

For a very long time, it has been recognised that terpenoids, lactones, or
alkaloids found in phytochemicals all contain the spiro functionality. The
Columbian poison dart frog, Dendrobats histrionius, produces the spirocyclic
alkaloid (K)-histrionicotoxin (a), which is a highly effective nicotinic receptor
antagonist. Spiroketals are reportedly the building blocks of a variety of
biologically interesting naturally occurring compounds, including insect
pheromones, antifeedants, and polyether antibiotics. A group of spiroketals (b-
d) (Figure 1-12) have been identified from the common vegetable
Chrysanthemum coronanium in South China. Some of these substances are
discovered to exhibit antiphlogistic, spasmolytic, and antifeeding activity

against silkworms.'®

(Figure 1-12) Chemical structure of some spiroketals

Spiro-compounds form a group of generally less investigated compounds.
However, recently growing efforts have been made to synthesize and
characterize these compounds. Many spirocompounds possess very promising

biological activities as anticancer agents” >, antibacterial agents®™ ",
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anticonvulsant agents, anti-tuberculosis agents, anti-Alzheimer’s agents®® %,

pain-relief agents, anti-dermatitis agents, anti-Parkinsonian agents'®*%,

1047197 and B-lactamase inhibitors'®. In addition to their medical

antiviral agents
uses, some spiro-compounds have found other uses in the agricultural and
industrial fields. For example, they are used as antifungal agents, pesticides,
laser dyes and electroluminescent devices. Spiro compounds have also been

recently used as antioxidants.***%*

1.4.2. Spiro-cephalosporins

Spirocyclic beta-lactams are one of spirocyclic structures, that have drawn
more and more intention since they not only have the desired antibacterial
capabilities, but also because they also have other interesting activities,
including being enzyme inhibitors and antiviral agents. Multiple reaction sites
can be used to modify penicillin- or cephalosporin-based -lactam antibiotics
with spirocyclic moieties without altering their B-lactam core. Spirocycles can
be fused directly to the B-lactam ring (site 7) or attached to the dihydrothiazine
ring (sites 2 and 3) (Figure 1-13)."** '

7 S 2
/,;'\'l/ =~ 3

(e}
COOH

3-cephem

(Figure 1-13) potential sites of modification in spiro-cephalosporins
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Several different methods to achieve spiro modification at site 7 have been
reported, including: (1) 1,3-dipolar cycloaddition approaches; (2) a phosphine-
catalyzed [3+2] cycloaddition approach; and (3) a rhodium-catalyzed
cyclopropanation approach. However, the methods for 2 and 3-site spiro
modifications are quite limited, mostly based on 1,3-dipolar cycloaddition
reactions.”****® One example of modification at site 2 was started by
conversion of t-Butyl 7a-methoxy-3-methyl-3-cephem-4-carboxylate 1,1-
dioxide (63) to the 2-exomethylene derivative (64) under Mannich conditions.
The derivative (64) was then reacted with diphenyldiazomethane to give the
product t-butyl 1,1-dioxide-7a-methoxy-2-spiro(2',2'-diphenyl)cyclopropane)-
3-methyl-3-cephem-4-carboxylate (65) with a yield of 85% (Scheme 1-22).*

o_ 0 o
MeO s MeO, S’
j/jNr _ DMF /,;Nr _
e} Me
0 OBUt
64

Scheme 1-22: Synthesis of spiro-3-cephem

Another example of modification at site 3 was done by Hennequin et al.,

through condensation the aldehyde (66) with hydroxylamine or hydrazine to
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obtain the spiro-cephalosporins (67) as single diastereoisomers (Scheme 1-23
).119

H H
BOCHNG % s BocHN Z 1
NH-,OH.HCI, pyidine, EtOH
);Nr/ N 2 py . N\j/x\
0] O or o i N
E :\/
Ph,HCO,C NH,NH,, EtOH PhyHCO,C
67 X=0
66 X=NH

Scheme 1-23: Synthesis of 3-spirocephams

Recently, cephalosporin intermediate GCLE was used to prepare different
spiro-cephalosporins (69) through Michael addition reaction with various
catechols (68) in the presence of K,CO; under microwave irradiation. The p-
methoxybenzyl (PMB) protecting group was removed in the presence of
trifluoroacetic acid (TFA) and anisole to give functionally active spiro-

120

cephalosporin compounds (70) (Scheme 1-24).
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Scheme 1-24: Synthesis of spiro-cephalosporin

29



1.5. Study aims
The research project aims to:

1- Synthesize of some 5- aryl-1,2,4 triazolidine-3-thiones using green
approach and characterization of this compounds using FTIR, '‘HNMR

and"*CNMR spectrometry.

2- Synthesize of novel 1,2,4-triazole bearing spiro-cephalosporins derivatives
and characterization of this compounds using FTIR, *HNMR, *CNMR and
HRMS spectrometry.

3- Evaluation the antibacterial activity of synthesized spiro-cephalosporins

against a representative human pathogenic Gram-positive and Gram-negative

bacteria.
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CHAPTER TWO



2. Experimental

2.1. Chemical Materials

The chemicals used in this study were supplied from the companies showing

in Table (2-1).
Table (2-1): The chemicals used in the study
Chemicals Company
Thiosemicarbazide Sigma-Aldrich
p-Flourobenzaldehyde Sigma-Aldrich
p-Chlorobenzaldehyde TCI
0-Chlorobenzaldehyde Sigma-Aldrich
Salicylaldehyde Thomas Baker
p-Hydroxybenzaldehyde Fluorochem
Benzaldehyde Loba Chemie
p-Bromobenzaldehyde Fluorochem
0-Bromobenzaldehyde Sigma-Aldrich
p-Ansialdehyde HOPKIN&WILLIAMS
GCLE Tianfuchem

Potassium carbonate

Thomas Baker

Sodium chloride

Thomas Baker

Anhydrous magnesium sulfate Scharlau
Silica gel 60-120 Thomas Baker
Absolute ethanol Scharlau

Acetone J.T.Baker
Ethyl acetate SDFCL
Petroleum ether 40-60 SDFCL
Dichloromethane Merck
Chloroform Merck
Methanol Scharlau
Anisole Himedia

Trifouroacetic acid

Thomas Baker
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2.2. Instruments
2.2.1. Melting Point

All melting points are uncorrected and expressed in degree (°C). They were
measured at the Department of Chemistry, College of Science, University of

Misan, by using Stuart SMP11 melting point apparatus.

2.2.2. Thin Layer Chromatography

254
25

TLC was performed using silica gel 60 on Merck precoated aluminium

sheet (0.2 mm thickness), with visualization by UV light.

2.2.3. Column Chromatography
All synthesized compounds were purified using flash column

chromatography on silica gel (60-120 mesh).

2.2.4. Fourier Transform Infrared Spectrophotometer

FTIR spactra of all synthesized compounds were measured as KBr disc for
solid samples for the region between (400-4000) cm™ using SHIMADZU
IRAffinity-1 (Japan) at BPC-Anlysis Center in Baghdad, Iraq. Only principal

absorption bands of interest were reported and expressed in cm ™.

2.2.5. Nuclear Magnetic Resonance Spectrometer

All *H-NMR, BC-NMR and HSQC experiments were recorded at the
University of Basrah, Iraq using Bruker DRX-400 spectrometer (Germany)
and chemical shifts are reported in ppm (3). DMSO-dg was used as a solvent,

while TMS was used as an internal standard. The coupling constants (J) are
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measured in Hertz and multiplicities are quoted as singlet (s), doublet (d),
triplet (t), quartet (q), doublet of doublets (dd), multiplet (m).

2.2.6. Mass Spectrometer

Electrospray ionization (ESI) high-resolution mass spectra (HRMS) were
determined using Thermo Scientific Orbitrap Exploris 120 Mass Spectrometer
(mass analyzer type: QTOF) at Mass Spectrometry Center operated by the
College of Chemistry and Biochemistry, Auburn University, USA.

2.3. Synthetic Methods
All the experimental reaction was always done in flame and oven-dried
glassware under nitrogen atmosphere and at room temperature (r.t), unless

otherwise indicated.

2.3.1. Synthesis of 5- aryl-1,2,4 triazolidine-3-thiones (A1-A9)
Thiosemicarbazide (4 mmol) and aromatic aldehyde (4 mmol) were added
to RB flask containing 25% ethanol (20 mL). The reaction mixture was stirred
at 80 °C for the time indicated in the table (1-2) and monitored by TLC
(EtOACc: Petroleum ether; 1:2) until the reaction was completed. After
completion of reaction, the mixture was allowed to cool to room temperature.
The solids were filtered, and washed with cold ethanol and dried. The crude
products were recrystallized from ethanol to give a white/yellow solid 5- aryl-

1,2,4 triazolidine-3-thiones in excellent purity (Table 2-2).'*
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Table (2-2): 5- aryl-1,2,4 triazolidine-3-thiones (A1-A9)

Comp. | Structural formula Molecular Yield Time M.P
No. formula (%) (min) (°C)
S
in—(
HN NH
Al CgHgN3S 78 30 168
S
N
HN NH
A2 o CgHsCIN3S 63 15 187-190
S
i
HN NH
A3 Br CgHsBIrN3S 95 15 204
S
N
HN NH
A4 oH CgHgN30S 78 30 211-213
S
N
HN NH
A5 CgHgFN3S 65 15 184-186
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Comp. | Structural formula Molecular Yield Time M.P
No. formula (%) (min) (°C)
S
v
HN_ _NH
A6 CgHsCIN3S 74 15 207-209
Cl
S
n—(
HN NH
A7 CgHgBrNsS 80 15 196
Br
S
in—{
HN NH
A8 CgHgN30S 61.8 15 218-220
OH
S
v
HN_ _NH
A9 CoH11N30S 66 30 188-190

OMe
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2.3.2. Synthesis of PMB-protected spiro-cephalosporins (B1-B7)

A mixture of GCLE (2.06 mmol), 5- aryl-1,2,4 triazolidine-3-thiones (Al-
A7) (2.36 mmol) and K,CO3 (3.9 mmol) in acetone (20 mL) and H,O (3 mL)
were stirred for 16 hours at room temperature. The reaction progress was
monitored by TLC (EtOAc: Petroleum ether; 1:2) until the reaction was
completed. The reaction mixture was diluted with EtOAc (50 mL), washed
with brine (3 x 10 mL), dried over MgSQO,, evaporated under reduced pressure
by rotary evaporator and the product was purified via silica gel column
chromatography using (EtOAc: Petroleum ether; 1:1) as eluent to give the

product as a solid in excellent purity (Table 2-3).'%

Table (2-3): PMB-protected spiro-cephalosporins (B1-B7)

Comp. Structural formula Molecular formula M.P Yield
No. (°C) (%)
H
B N S
181878
N
Bl 00 N >¢N ngH31N505SZ 92'93 173
S
(l) 0
PAB
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Comp. Structural formula Molecular formula M.P Yield
No. (°C) (%)
Cl
H
B, N S
Y ¥
B2 0 NN C32H30CIN5OsS; 98-99 24.2
YT
S
Cl) 0
PNB
Br
H
Bn N S
T \H
N
0 ]f_Nr YN
B3 0 S C32H30BrNsOsS; 95-96 20
(l) 0
PNB
OH
H
Bn, N S
1 ¥
B4 0 N N C3oH31N506S, 117-118 32
d YL
S
(l) 0
PNB
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Comp. Structural formula Molecular formula M.P Yield
No. (°C) (%)
F
H
B, N S
T j;r >HH
i
B5 "INTY CaH3FNsOsS, | 100-102 | 24
S
cl) 0
PMB
Cl
H
B N S
B6 Y Ni\qu CaHxCINsOsS, | 115-117 | 20
0 N >¢N
0
S
(|> 0
PMB
Br
A S i
B7 ”T ]ﬁ—(f{ L CaHaoBrNsOsS, | 89-90 | 23
N
0 N N
YL
S
(la 0
PMB
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2.3.3. Synthesis of Spiro Cephalosporins (C1-C7)

PMB-protected spiro-cephalosporins (B1-B7) (0.28 mmol) were dissolved
in CH,CI, (6 ml) and while stirring in the dark at 0 °C and under a nitrogen
atmosphere, TFA (3 ml) and anisole (0.3 ml) were added and the solution was
stirred for 1.5-2 hours. The solvents were removed on a rotary evaporator and
CH,CI, (8 ml) was added and removed to co-evaporate the left over TFA. The
crude products were purified via silica gel column chromatography (MeOH :
CH,Cl,, 4:100) to give the products as orange/yellow solid in excellent purity
( Table 2-4).®

Table (2-4): Synthesized Spiro Cephalosporins (C1-C7)

Comp. Structural formula Molecular formula M.P Yield
No °C) | (%)
o N S i
C1 N Dﬁ[N \f CaHzNsO,S, | 145-147 | 50
0 N >¢N
0
S
Ho” o
cl
B N S
C2 70( DNJS[N 3 CHzCINsO,S, | 139-140 | 46
g 4
s
HO” 0
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Comp. Structural formula Molecular formula M.P Yield
No cC) | (%)
Br
H
Bn_ N S NH
c3 T Dﬁ[h; \ CasHaoBINs0,S, 170 | 50
0 N >¢N
0
S
Ho” o
OH
Bn H S
c4 T Nf[N s CotHzsNsOsS, | 160-162 | 50
g g
S
HO® "0
F
Bn H S
T ;r Ni b
C5 0 5 N >¢N Ca4H2oFN50,4S; 138-139 64
S
HO" O
Cl
" :
C6 B“TN);KS NH C24H2,CIN50,4S; 150-153 | 59.3
¢} N
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Comp. Structural formula Molecular formula M.P Yield
No °C) | (%)

H
N ® >HH C,H»BrN:O,S, |168-170 | 80

Bn
“ T H
o S>/

2.4. Antibacterial assay

The antibacterial activities of the final spiro-cephalosporins (C1-C7) were
evaluated. Four organisms, methicillin resistance staphylococcus aureus,
Listeria monocytogenes, E.coli 0157, and salmonella Newport, were chosen
based on multidrug resistance pathogen, and as representative pathogens of

Gram-positive and Gram-negative bacteria, respectively.

The four bacterial strains were streaked individually onto Tryptic Soy Agar
(TSA) plates and incubated at 37 °C to obtain single colonies. About 3 to 5
isolated colonies were transferred from each plate into 15 mL sterile tubes
containing 5 mL of Tryptic Soy Broth (TSB) using sterile disposable
inoculating loops. Each bacterial culture was vortexed and incubated at 37 °C
on a shaker at 350 rpm for 2—4 h. Sterile TSB was used to adjust the turbidity
of Listeria monocytogenes, Salmonella Newport, staphylococcus aureus and
E.coli O157 suspensions to obtain approximately equal optical density (OD)
to that of 0.5 McFarland Standard (~1.5 x10 ® CFU/ml. The OD of each
bacterial suspension was measured at 600 nm (OD600) using an UV—vis

spectrophotometer (Nanodrop 2000c, Wilmington, DE, USA). The starting
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bacterial concentrations measured at OD600 ranged between 0.098 and 0.112

for all bacterial culture.

2.4.1. Disc Diffusion Method

The disc diffusion method for antimicrobial susceptibility testing was used,
as described by Bauer et al. (1966).'* Using a sterile cotton swab, a bacterium
culture (adjusted to the 0.5 McFarland standard) was used to cover Muller
Hinton agar plate uniformly. After drying for 15 minutes, the plate was ready
for the antibacterial test. 5 mg of synthesized compounds was dissolved in 100
ul DMSO, after that a Whatman paper disc (6 mm) was socked in the solution
for one minute to get a final concentration of 750 ug for each disc then all
discs were placed on the Mueller Hinton agar surface. Ampicillin (150 pg)
and DMSO were served as positive control and negative control, respectively.
All the plates were incubated at 37°C for 24 to 48 hours depending on the
species of bacteria used in the test. After the incubation period, each plate was
analyzed for the inhibition zone. The inhibition zone was measured in
millimeters using rulers and recorded. Each test repeated three times to ensure

reliability.
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CHAPTER THREE



3. Results and Discussion

3.1. 5-aryl-1,2,4-triazolidine-3-thiones (A1-A9)
3.1.1. The synthetic strategy

An efficient and green synthetic method was chosen to prepare the targeted
1,2,4-triazolidine due to its neutral reaction conditions, short reaction time,
good product yields and simple works up.**!

The protocol involves treatment of (4 mmol) thiosemicarbazide with (4
mmol) aromatic aldehydes in a flask containing 25% ethanol (20 mL); the
reaction mixture was stirred at 80 °C until the reaction completed (Scheme 3-
1).

S
HN—(
0] H /
HN NH
S
25% EtOH, 80 °C
S N, ’
> X
+ N NH, .
/\/R H 15-30 min |
/\R
R= H, o-Cl, o-Br, 0-OH, p-F, p-Cl, p-Br, p-OH, p-OMe Aq-Ag

Scheme 3-1: Synthesis of 5-aryl-1,2,4-triazolidine-3-thiones

3.1.2. The proposed mechanism

The proposed mechanism of the reaction involves activation of aromatic
aldehydes through hydrogen bonding between hydrogen of water molecule
and carbonyl oxygen atom of aldehydes to increase the electrophilicity of the
carbonyl carbon. Then, the thiosemicarbazide added to carbonyl group to form
thiosemicarbazone as an intermediate, which undergoes intra-molecular
nucleophilic addition by the free -NH; to produce 5-aryl-1, 2,4-triazolidine-3-
thiones (Scheme 3-2).
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OH OH, H
+ N_ _NH L2 N__NH,
0 AN N 2 proton transfer A N \”/
Y D
DA o M L
.. 1l
// HZN\ )J\ !
S S .
+ HoN S
HN% proton transfer HzN% G \f
Bishddlioboded il
/NH .,/NH - . _NH
X N X N- X Nig
|// H |// |// @,
A1-A9 R W R i

Scheme 3-2: mechanism of Synthesis of 5-aryl-1,2,4-triazolidine-3-thiones

3.1.3.Spectroscopic characterization of 1,2,4-triazolidines(Al-
A9)

The structure of synthesized compounds were confirmed by spectroscopic
techniques such as IR, *HNMR and *CNMR, which are in agreement with
previous literatures.'*

IR spectrum of these compounds shows absorption bands in three regions
(3360-3443.29), (3232.7-3317.5) and (3197.9-3143.97) cm™ respectively,
which belong to three -NH stretching vibration of the heterocyclic ring, while
the bands at the region (1600.9-1612.49) cm™ representing the presence of
aromatic C=C stretching vibration. The bond (C-N) stretching vibration
appears in (1361.74-1381) cm™, and also a band at (1238-1296.16) cm™
representing the presence of C=S stretching.

IHNMR spectrum of the compounds showed three distinctive singlets at &
(11.33-11.62), (8.13-8.47), and (7.93-8.29) ppm confirming the presence of
three -NH protons as well as the singlet at 6 (7.91-8.11) ppm highlighting the

44



presence of benzylic methine proton which is also confirmed by HSQC
spectra of A8 and A9. Aromatic proton signals appear in the range (6.81-8.29)
ppm.

BBCNMR spectra showed the disappearance of carbonyl aldehyde signal,
and existence of a peak at 6 (177.6-178.3) ppm belong to the presence of
thiocarbonyl group.'?**# The spectrum of A5 exhibits a distinctive pattern due
to strong coupling between carbon and fluorine (spin 1/2), with J; coupling
constant is 247 Hz and it’s getting smaller in longer range coupling.

HSQC spectrum of A8 and A9 confirmed the presence of benzylic methine

carbon signal at 139.7 and 142.3 ppm, respectively.

5-phenyl-1,2,4-triazolidine-3-thione (Al): white crystals, m.p. 168°C; IR
(KBr): 3398 (N-H), 3232 (N-H), 3143 (N-H), 1600 (C=C), 1369 (C-N), 1284
(C=S) cm™; tH-NMR (400 MHz, DMSO-dg): ppm & 11.46 (s, 1H, NH), , 8.23
(s, 1H, NH), 8.05 (s, 1H, CH), 8.01 (s, 1H, NH), 7.79 (m, 2H, Ar-H), 7.39 (m,
3H, Ar-H); 83C-NMR (100 MHz, DMSO-ds): ppm & 178.0 (C=S), 142.3 (CH),
134.2 (Ar-C), 129.9 (Ar-CH), 128.7 (Ar-CHx2), 127.3 (Ar-CHx2).

5-(2-chlorophenyl)-1,2,4-triazolidine-3-thione (A2): white crystals, mp 187-
190 °C; IR (KBr): 3414 (N-H), 3248 (N-H), 3151 (N-H), 1608 (C=C), 1377
(C-N), 1292 (C=S) cm™; *H-NMR (400 MHz, DMSO-ds): ppm & 11.62 (s, 1H,
NH), 8.47 (s, 1H, NH), 8.29 (dd, 2H, J,= 7.6 Hz, J,= 1.8 Hz, Ar-H, NH), 8.11
(s, 1H, CH), 7.46-7.49 (dd, 1H, J,;= 7.6, J,= 1.0 Hz, Ar-H), 7.34-7.42 (m, 2H,
Ar-H); 3C-NMR (100 MHz, DMSO-dg): ppm & 178.3 (C=S), 138.2 (Ar-C),
133.1 (CH), 1315 (Ar-C), 131.2 (Ar-CH), 129.8 (Ar-CH), 127.5 (Ar-CH),
127.4 (Ar-CH).
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5-(2-bromophenyl)-1,2,4-triazolidine-3-thione (A3): white crystals, mp 204
°C; IR (KBr): 3414 (N-H), 3244 (N-H), 3155 (N-H), 1608 (C=C), 1373 (C-N),
1292 (C=S) cm™; *H-NMR (400 MHz, DMSO-dg): ppm & 11.66 (s, 1H, NH),
8.43 (s, 1H, NH), 8.32 (s, 1H, NH), 8.27 (dd, 1H, J,=7.8 Hz, J,=1.8 Hz, Ar-
H), 8.13 (s, 1H, CH), 7.64 (dd, 1H, J;=8.0 Hz, J,=0.8 Hz, Ar-H), 7.39 (t, 1H,
J=7.4 Hz, Ar-H), 7.31 (td, 1H, J;=7.8 Hz, J,=1.8 Hz, Ar-H), BC-NMR (400
MHz, DMSO-dg): ppm & 178.2 (C=S), 140.6 (CH), 132.9 (Ar-C), 131.4 (Ar-
CH), 127.83 (Ar-CH), 127.80 (Ar-CH), 123.5 (Ar-C).

5-(2-hydroxyphenyl)-1,2,4-triazolidine-3-thione (A4): white crystals, m.p.
111-113 °C; IR (KBr): 3441(N-H), 3317 (N-H), 3170 (N-H), 1612 (C=C),
1365 (C-N), 1265 (C=S) cm™; tH-NMR (400 MHz, DMSO-dg): ppm & 11.37
(s, 1H, NH), 9.88 (s, 1H, OH), 8.37 (s, 1H, NH), 8.10 (s, 1H, NH), 7.91 (d,
2H, J= 6.6 Hz, Ar-H, CH), 7.21 (m, 1H, Ar-H), 6.86 (d, 1H, J= 7.9 Hz, Ar-H),
6.81 (t, 1H, J= 7.5 Hz, Ar-H); 3C-NMR (100 MHz, DMSO-dg): ppm & 177.7
(C=S), 156.4 (Ar-C), 139.7 (CH), 131.1 (Ar-CH), 126.8 (Ar-CH), 120.4 (Ar-
C), 119.3 (Ar-CH), 116.1 (Ar-CH).

5-(4-fluorophenyl)-1,2,4-triazolidine-3-thione (A5): white crystals, m.p. 184-
186 °C; IR (KBr): 3390 (N-H), 3232 (N-H), 3155 (N-H), 1600 (C=C), 1365
(C-N), 1226 (C=S) cm™; H-NMR (400 MHz, DMSO-dg): ppm & 11.43 (s, 1H,
NH), 8.20 (s, 1H, NH), 8.03 (s, 2H, NH, CH), 7.87 (dd, 2H, J,;=8.7 Hz, J,=5.7
Hz, Ar-H), 7.23 (m, 2H, Ar-H); 3C-NMR (100 MHz, DMSO-dg): ppm &
178.0 (C=S), 164.3 and 161.8 (d, J;= 247 Hz, Ar-C), 141.1 (CH), 130.9 (d, J,=
2.7 Hz, Ar-C), 129.5 (d, J;= 8.8 Hz, Ar-CHx2), 115.7 (d, J,= 22.0 Hz, Ar-
CHx2).

5-(4-chlorophenyl)-1,2,4-triazolidine-3-thione (A6): white crystals, m.p. 207-
209 °C; IR (KBr): 3433 (N-H), 3278 (N-H), 3163 (N-H), 1600 (C=C), 1365
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(C-N), 1280 (C=S) cm™; *H-NMR (400 MHz, DMSO-dg): ppm & 11.50 (s, 1H,
NH), 8.25 (s, 1H, NH), 8.09 (s, 1H, NH), 8.02 (s, 1H, CH), 7.84 (d, 2H, J=8.4
Hz, Ar-H), 7.45 (d, 2H, J=8.4 Hz, Ar-H); 3C-NMR (100 MHz, DMSO-ds):
ppm 5 178.1 (C=S), 140.8 (CH), 134.2 (Ar-C), 133.2 (Ar-C), 129.0 (Ar-
CHx2), 128.7 (Ar-CHx2).

5-(4-bromophenyl)-1,2,4-triazolidine-3-thione (A7): white crystals, m.p. 196
°C; IR (KBr): 3433 (N-H), 3286 (N-H), 3163 (N-H), 1600 (C=C), 1361 (C-N),
1284 (C=S) cm™; tH-NMR (400 MHz, DMSO-ds): ppm & 11.50 (s, 1H, NH),
8.25 (s, 1H, NH), 8.09 (s, 1H, NH), 8.0 (s, 1H, CH), 7.77 (d, 2H, J=8.6 Hz,
Ar-H), 7.59 (d, 2H, J=8.6 Hz, Ar-H); 3C-NMR (100 MHz, DMSO-ds): ppm &
178.1 (C=S), 140.9 (CH), 133.6 (Ar-C), 131.6 (Ar-CHx2), 129.2 (Ar-CHx2),
123.0 (Ar-C).

5-(4-hydroxyphenyl)-1,2,4-triazolidine-3-thione (A8): Dirty white crystals,
m.p. 218-220 °C; 'H-NMR (400 MHz, DMSO-dg): ppm 6 11.37 (s, 1H, NH),
9.88 (s, 1H, OH), 8.37 (s, 1H, NH), 8.10 (s, 1H, NH), 7.91 (d, 2H, J= 6.6 Hz,
Ar-H, CH), 7.21 (m, 1H, Ar-H), 6.86 (d, 1H, J= 7.9 Hz, Ar-H), 6.81 (t, 1H, J=
7.5 Hz, Ar-H); ¥C-NMR (100 MHz, DMSO-dg): ppm & 177.7 (C=S), 156.4
(Ar-C), 139.7 (CH), 131.1 (Ar-CH), 126.8 (Ar-CH), 120.4 (Ar-C), 119.3 (Ar-
CH), 116.1 (Ar-CH).

5-(4-methoxyphenyl)-1,2,4-triazolidine-3-thione (A9): white crystals, m.p.
188-190 °C; IR (KBr): 3360 (N-H), 3278 (N-H), 3197 (N-H), 1608 (C=C),
1381 (C-N), 1238 (C=S) cm™; *H-NMR (400 MHz, DMSO-ds): ppm & 11.33
(s, 1H, NH), 8.13 (s, 1H, NH), 7.99 (s, 1H, CH), 7.93 (s, 1H, NH), 7.73 (d,
2H, J=8.7 Hz, Ar-H), 6.95 (d, 2H, J=8.7 Hz, Ar-H), 3.78 (s, 3H, CHjy); 3C-
NMR (100 MHz, DMSO-dg): ppm 8 177.6 (C=S), 160.7 (Ar-C), 142.3 (CH),
129.0 (Ar-CHx2), 126.8 (Ar-C), 114.2 (Ar-CHx2), 55.3 (CHy).
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3.2. Protected Spiro-Cephalosporins (B1-B7)

3.2.1. The synthetic strategy

The considerable antibacterial activity of 1,2,4-triazoles have attracted our
attention to synthesize novel antibacterial agents by install 5-aryl-1,2,4-
triazoles moiety at 3 position of the commercially available cephalosporin
intermediate GCLE through Sy2 alkylation under basic conditions (Scheme 3-
3).

Surprisingly, none of the expected compounds were formed, instead a novel
compounds were isolated which are characterized as spiro-cephalosporins as

will see in section 3.2.3.

The products PMB-protected spiro-cephalosporins were isolated from the
reaction mixture by column chromatography as a single diastereomer in
moderate yields (17.3-32 %).

Unfortunately, no products were obtained when GCLE treated with the
triazolidines A8 and A9.

H
BnTN S
X = ©) j;N(/ S H R
° T
S o Xg ~NH
HN Bn H S I‘DMB
HN_ _NH T
(0] N__~ cl KyCOs, Acetone
+ R
o~ © H,0, r.t R
o ? 0 \_/
H
PMB Bn N S
N w
N |
A1-A7 o N >7N
L G
S
9 o}
PMB

B1-B7

Scheme (3-3) Preparation of Spiro-cephalosporins
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Spiro-cephalosporins are considered as attractive targets in drug discovery
because of their unique three dimensional structures, which enhance their
interaction with proteins. As a result spiro-cephalosporins exhibit desirable
activities as antibacterial, antiviral and enzyme inhibitors. To our knowledge
there are limited number of spiro-cephalosporins modified at positions C3

which are mostly rely on 1,3-dipolar cycloaddition reaction.**"*?°

Hulme et. al., reported recently a method to synthesize spiro-cephalosporins
at position 3 through Michael addition reaction by treatment catechols with
GCLE in the presence of K,CO; and Nal in DMF.*®

3.2.2. The proposed mechanism

The suggested mechanism for the formation of protected spiro-
cephalosporin is shown in scheme (3-4). Under basic conditions, the more
acidic NH group in triazolidine-3-thione is deprotonated to form reactive
thiolate, which undergoes Sy\2 type alkylation with GCLE to form the
intermediate (1). It is expected that the other NH group in intermediate (1) can
be also deprotonated and the resulting nitrogen anion attack the double bond at
C3 of the dihydrothiazine ring to initiate intramolecular Michael addition
reaction which lead ultimately to furnish spiro-cephalosporin products (B1-
B7).
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3.2.3. Characterization of protected Spiro-cephalosporins (B1-
B7)

IR spectrum exhibits strong band in the region (3290-3313) cm™ belong to
N-H stretching vibration of amide group, while appearance of medium band at
(3224-3217) cm™ refers to N-H stretching vibration in heterocyclic ring. In
addition, there are three strong bands in the region (1747), (1735) and (1678)
cm™, which indicate the existence of C=0 stretching vibration of the B-lactam
ring, ester and amide group, respectively. The presence of C=C bond
stretching in the aromatic rings is confirmed by the medium band at (1612 -
1620) cm™.

IHNMR spectra of the compounds shows a doublet at 6 (9.03-9.1) ppm
confirming the presence of NH proton of amide group, and a singlet at o
(7.25-8.45) ppm refers to NH proton of 1,2,4-triazole ring, while signal of CH
proton in triazole ring appears at 6 (8.24-8.52) ppm. The characteristic signals
of two CH protons in p-lactam ring appear as doublet (overlapped with CH, of
PMB) and double doublet at 5.16 and 5.38 ppm, respectively. Aromatic
protons peaks appear at ¢ (6.91-7.93) ppm, while methoxy group of PMB
protecting group appears as singlet peak at 3.75 ppm. There are two
diastereotopic methylene protons in thiazinane ring and thiazolidine ring, each
of them produced signals of two doublets (AB system) in the region & (2.96-
3.41) ppm.

One evidence for the occurrence of Michael addition reaction is the
appearance of singlet signal at & (4.69-4.75) ppm, which belong to CH group

at position 4 in thiazinane ring.
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In BCNMR spectrum, signals at 6 (170.3 -170.6), (169.0-170.4) and (166.4-
166.6) ppm denotes the presence of C=0 in ester group, B-lactam ring and
amide group, respectively. Carbon signal of C=N appears at 164.3 ppm, while
signal of CH in triazole ring appears at ¢ (146.9-153.9) ppm. Aromatic carbon
next to methoxy group appears at 159.5 ppm, while the rest of aromatic

carbons signals appear at 6 (113.9-135.4) ppm.

BCNMR with assistance of DEPT 135 spectra of B3 and B6, have been used
to identify the four methylene (CH,) groups and the methoxy group in the
synthesized compounds. B-lactam methine (CH) carbons at positions 6 and 7
appears at 54.8 and 59.7 ppm, respectively, while the signal of methine at

position 4 appears at 57.5 ppm.

Assignment of the signal at 59.8 ppm as quaternary carbon (spiro carbon),
represent a valid proof to the formation of spiro-cephalosporins. In addition,
the disappearance of double bond signals at 125.3 and 125.7 ppm in GCLE

BCNMR spectrum confirm the occurrence of Michael addition reaction.*?

4-methoxybenzyl 8-oxo-3'-phenyl-7-(2-phenylacetamido)-2',3'-dihydro-6'H-5-
thia-1-azaspiro[bicyclo[4.2.0]octane-3,5'-thiazolo[2,3-c][1,2,4]triazole]-2-

carboxylate (B1): 0.2045 gm (17.3% yield) brown solid; m.p. 92 — 93 °C; IR
(KBr) 3305 (N-H), 1747 (C=0), 1735 (C=0), 1678 (C=0), 1616 (C=C) cm™;
IH-NMR (400 MHz, DMSO-dg): ppm & 9.10 (d, 1H, J=9.2 Hz, NH), 8.26 (s,
1H, CH), 7.69 (dd, 2H, J,=7.7 Hz, J,=1.5 Hz, Ar-H), 7.25-7.42 (m, 11H, Ar-H
and NH), 6.95 (d, 2H, J=8.5 Hz, Ar-H), 5.39 (dd, 1H, J;=9.2 Hz, J,=4.1 Hz,
NHCH), 5.16 (m, 3H, CH, and CH), 4.70 (s, 1H, CH), 3.75 (s, 3H, CHs), 3.55
(s, 2H, CH,), 3.41 (m, 1H, CHaHb), 3.28 (d, 1H, J=11.8 Hz, CHcHd), 3.11 (d,
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1H, J=11.8 Hz, CHcHd), 2.96 (d, 1H, J=13.5 Hz, CHaHb), 2C-NMR (100
MHz, DMSO-dg): ppm & 170.3 (C=0), 169.1 (C=0), 166.6 (C=0), 164.3
(C=N), 159.5 (Ar-C), 151.4 (CH), 135.4 (Ar-C), 135.0 (Ar-C), 130.4 (Ar-CH
x2), 129.7 (Ar-CH), 129.1 (Ar-CH x2), 128.7 (Ar-CH x2), 128.4 (Ar-CH
x2),127.0 (Ar-CH x2), 126.9 (Ar-C), 126.7 (Ar-CH), 114.0 (Ar-CH x2), 67.3
(CH,), 59.8 (C), 59.7 (CH), 57.5 (CH), 55.1 (CHs), 54.8 (CH), 42.5 (CH,),
34.5 (CH,), 31.1 (CHy).

4-methoxybenzyl 3'-(2-chlorophenyl)-8-oxo-7-(2-phenylacetamido)-2',3'-
dihydro-6'H-5-thia-1-azaspiro[bicyclo[4.2.0]octane-3,5'-thiazolo[ 2, 3-
c][1,2,4]triazole]-2-carboxylate (B2): 0.4551gm (24.2% vyield) yellow solid;
m.p. 98 — 99 °C; tH-NMR (400 MHz, DMSO-dg): ppm & 9.03 (d, 1H, J=9.1
Hz, NH), 8.52 (s, 1H, CH), 8.45 (s, 1H, NH), 7.93 (m, 1H, Ar-H), 7.50 (m,
1H, Ar-H), 7.41 (m, 2H, Ar-H), 7.38 (d, 2H, J=8.5 Hz, Ar-H), 7.25-7.33 (m,
5H, Ar-H), 6.95 (d, 2H, J=8.5 Hz, Ar-H), 5.38 (dd, 1H, J;=9.0 Hz, J,=4.1 Hz,
NHCH), 5.16 (m, 3H, CH; and CH), 4.72 (s, 1H, CH), 3.75 (s, 3H, CH,), 3.55
(s, 2H, CH,), 3.38 (m, 2H, CHaHb, CHcHd), 3.15 (d, 1H, J=11.9 Hz,
CHcHd), 2.98 (d, 1H, J=13.8 Hz, CHaHb), 3C-NMR (100 MHz, DMSO-d6):
ppm & 170.6 (C=0), 170.4 (C=0), 166.5 (C=0), 164.2 (C=N), 159.4 (Ar-C),
146.9 (CH), 135.4 (Ar-C), 132.8 (Ar-C), 131.9 (Ar-C), 131.1 (Ar-CH), 130.4
(Ar-CH x2), 129.9 (Ar-CH), 129.1 (Ar-CH x2), 128.3 (Ar-CH x2), 127.5 (Ar-
CH), 126.98 (Ar-CH), 126.91 (Ar-C), 126.7 (Ar-CH), 113.9 (Ar-CH x2), 67.3
(CH,), 59.9 (C), 59.7 (CH), 57.5 (CH), 55.1 (CH3), 54.7 (CH), 42.4 (CH,),
34.5 (CH,), 31.0 (CHy).

4-methoxybenzyl 3'-(2-bromophenyl)-8-oxo-7-(2-phenylacetamido)-2',3'-
dihydro-6'H-5-thia-1-azaspiro[bicyclo[4.2.0]octane-3,5'-thiazolo[ 2, 3-
c][1,2,4]triazole]-2-carboxylate (B3): 0.4325 gm (20% vyield) yellow solid;
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m.p. 95 — 96 °C; IR (KBr) 3290 (N-H), 3217 (N-H), 1747 (C=0), 1735
(C=0), 1681 (C=0), 1612 (C=C) cm™; tH-NMR (400 MHz, DMSO-dg): ppm
0 9.05 (d, 1H, J=9.0 Hz, NH), 8.48 (m, 2H, CH and NH), 7.92 (dd, 1H, J;=7.9
Hz, J,=1.4 Hz, Ar-H), 7.67 (m, 1H, Ar-H), 7.45 (m, 1H, Ar-H), 7.38 (d, 2H,
J=8.4 Hz, Ar-H), 7.25-7.33 (m, 6H, Ar-H), 6.95 (d, 2H, J=8.4 Hz, Ar-H), 5.38
(dd, 1H, J;=9.0 Hz, J,=4.2 Hz, NHCH), 5.16 (m, 3H, CH, and CH), 4.73 (s,
1H, CH), 3.75 (s, 3H, CHj3), 3.56 (s, 2H, CH,), 3.40 (m, 1H, CHaHb), 3.32 (m,
1H, CHcHd), 3.15 (d, 1H, J=11.9 Hz, CHcHd), 2.98 (d, 1H, J=13.9 Hz,
CHaHb), *C-NMR (100 MHz, DMSO-dg): ppm 6 170.4 (C=0), 166.5 (C=0),
164.3 (C=N), 159.5 (Ar-C), 149.4 (CH), 135.4 (Ar-C), 133.4 (Ar-C), 133.1
(Ar-CH), 131.4 (Ar-CH), 130.4 (Ar-CH x2), 129.1 (Ar-CH x2), 128.4 (Ar-CH
x2),128.0 (Ar-CH), 127.3 (Ar-CH), 126.9 (Ar-C), 126.7 (Ar-CH), 123.3 (Ar-
C), 114.0 (Ar-CH x2), 67.4 (CH,), 59.8 (C), 59.7 (CH), 57.5 (CH), 55.1
(CHa), 54.7 (CH), 42.4 (CH,), 34.6 (CH,), 31.0 (CH,).

4-methoxybenzyl  3'-(2-hydroxyphenyl)-8-0xo-7-(2-phenylacetamido)-2',3'-
dihydro-6'H-5-thia-1-azaspiro[bicyclo[4.2.0]octane-3,5'-thiazolo[ 2, 3-

c][1,2,4]triazole]-2-carboxylate (B4): 0.4551 gm (32% vyield) yellow solid;
m.p. 117 — 118 °C; IR (KBr) 3290 (N-H), 1747 (C=0), 1735 (C=0), 1681
(C=0), 1612 (C=C) cm™; 1H-NMR (400 MHz, DMSO-dg): ppm & 11.15 (s,
1H, OH), 9.05 (d, 1H, J=9.2 Hz, NH), 8.46 (s, 1H, CH), 8.45 (s, 1H, NH),
7.48 (dd, 1H, J;=7.7 Hz, J,=1.5 Hz, Ar-H), 7.37 (d, 2H, J=8.5 Hz, Ar-H),
7.25-7.31 (m, 6H, Ar-H), 6.95 (d, 2H, J=8.5 Hz, Ar-H), 6.91 (m, 2H, Ar-H),
5.38 (dd, 1H, J;=8.9 Hz, J,=4.0 Hz, NHCH), 5.16 (m, 3H, CH, and CH), 4.75
(s, 1H, CH), 3.75 (s, 3H, CHs), 3.56 (s, 2H, CH,), 3.44 (m, 2H, CHaHb and
CHcHd), 3.24 (d, 1H, J=11.2 Hz, CHcHd), 3.00 (d, 1H, J=13.7 Hz, CHaHb),
B3C-NMR (100 MHz, DMSO-dg): ppm 8 170.4 (C=0), 168.0 (C=0), 166.4
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(C=0), 164.2 (C=N), 159.4 (Ar-C), 157.7 (Ar-C), 153.9 (CH), 135.4 (Ar-C),
131.0 (Ar-CH), 130.5 (Ar-CH), 130.4 (Ar-CH x2), 129.1 (Ar-CH x2), 128.4
(Ar-CH x2), 126.9 (Ar-C), 126.7 (Ar-CH), 119.3 (Ar-CH), 118.8 (Ar-C),
116.1 (Ar-CH), 113.9 (Ar-CH x2), 67.4 (CH2), 60.1 (C), 59.7 (CH), 57.5
(CH), 55.1 (CHy), 54.7 (CH), 42.4 (CH,), 34.9 (CH,), 31.0 (CH,).

4-methoxybenzyl 3'-(4-fluorophenyl)-8-oxo0-7-(2-phenylacetamido)-2',3'-
dihydro-6'H-5-thia-1-azaspiro[bicyclo[4.2.0]octane-3,5'-thiazolo[2,3-
c][1,2,4]triazole]-2-carboxylate (B5): 0.396 gm (24% yield) orange solid; m.p.
100 — 102 °C; IR (KBr) 3313 (N-H), 3224 (N-H), 1747 (C=0), 1735 (C=0),
1678 (C=0), 1620 (C=C) cm™; tH-NMR (400 MHz, DMSO-dg): ppm & 9.08
(d, 1H, J=9.2 Hz, NH), 8.26 (m, 2H, CH and NH), 7.74 (dd, 2H, J;=8.7 Hz,
J,=5.7 Hz, Ar-H), 7.37 (d, 2H, J=8.6 Hz, Ar-H), 7.24-7.33 (m, 7H, Ar-H),
6.95 (d, 2H, J=8.6 Hz, Ar-H), 5.38 (dd, 1H, J;=9.1 Hz, J,=4.2 Hz, NHCH),
5.17 (m, 3H, CH, and CH), 4.69 (s, 1H, CH), 3.75 (s, 3H, CH3), 3.55 (s, 2H,
CH,), 3.39 (d, 1H, J=13.9 Hz, CHaHb), 3.28 (d, 1H, J=11.9 Hz, CHcHd), 3.11
(d, 1H, J=11.9 Hz, CHcHd), 2.96 (d, 1H, J=13.9 Hz, CHaHb), *C-NMR (100
MHz, DMSO-ds): ppm & 170.3 (C=0), 169.0 (C=0), 166.5 (C=0), 164.3
(C=N), 161.7 (Ar-C), 159.5 (Ar-C), 150.3 (CH), 135.4 (Ar-C), 131.7 (Ar-C),
130.4 (Ar-CH x2), 129.1 (Ar-CH x2), 129.0 (Ar-CH x2), 128.4 (Ar-CH x2),
126.9 (Ar-C), 126.7 (Ar-CH), 115.8 (d, J=21.8 Hz, Ar-CH x2), 113.9 (Ar-CH
x2), 67.3 (CH,), 59.7 (C), 59.6 (CH), 57.5 (CH), 55.1 (CH,), 54.7 (CH), 42.4
(CH,), 34.5 (CH,), 31.0 (CH,).

4-methoxybenzyl 3'-(4-chlorophenyl)-8-oxo-7-(2-phenylacetamido)-2',3'-
dihydro-6'H-5-thia-1-azaspiro[bicyclo[4.2.0]octane-3,5'-thiazolo[2,3-

c][1,2,4]triazole]-2-carboxylate (B6): 0.266 gm (20% yield) orange solid; m.p.
115 — 117 °C; IR (KBr) 3309 (N-H), 1747 (C=0), 1735 (C=0), 1678 (C=0),
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1616 (C=C) cm’; tH-NMR (400 MHz, DMSO-ds): ppm & 9.09 (d, 1H, J=9.3
Hz, NH), 8.35 (s, 1H, NH), 8.25 (s, 1H, CH), 7.70 (d, 2H, J=8.5 Hz, Ar-H),
7.49 (d, 2H, J=8.5, Ar-H), 7.38 (d, 2H, J=8.5Hz, Ar-H), 7.25-7.32 (m, 5H, Ar-
H), 6.95 (d, 2H, J=8.5 Hz, Ar-H), 5.39 (dd, 1H, J;=9.1 Hz, J,=4.2 Hz, NHCH),
5.15 (m, 3H, CH, and CH), 4.70 (s, 1H, CH), 3.75 (s, 3H, CHs), 3.55 (s, 2H,
CH,), 3.40 (m, 1H, CHaHb), 3.30 (d, 1H, J=11.9 Hz, CHcHd), 3.12 (d, 1H,
J=11.9 Hz, CHcHd), 2.97 (d, 1H, J=13.8 Hz, CHaHb), 3C-NMR (100 MHz,
DMSO-dg): ppm 8 170.3 (C=0), 169.5 (C=0), 166.5 (C=0), 164.3 (C=N),
159.5 (Ar-C), 150.2 (CH), 135.4 (Ar-C), 134.1 (Ar-C), 134.0 (Ar-C), 130.4
(Ar-CH x2), 129.1 (Ar-CH x2), 128.8 (Ar-CH x2), 128.6 (Ar-CH x2),128.4
(Ar-CH x2), 126.9 (Ar-C), 126.7 (Ar-CH), 113.9 (Ar-CH x2), 67.3 (CH,),
59.8 (C), 59.7 (CH), 57.5 (CH), 55.1 (CHs), 54.8 (CH), 42.5 (CH,), 34.5
(CH,), 31.0 (CH,).

4-methoxybenzyl 3'-(4-bromophenyl)-8-oxo-7-(2-phenylacetamido)-2',3'-
dihydro-6'H-5-thia-1-azaspiro[bicyclo[4.2.0]octane-3,5'-thiazolo[2,3-

c][1,2,4]triazole]-2-carboxylate (B7): 0.206gm (23% vyield) orange solid; m.p.
89 — 90 °C; *H-NMR (400 MHz, DMSO-dg): ppm & 9.09 (d, 1H, J=9.1 Hz,
NH), 8.24 (s, 1H, CH), 7.63 (s, 4H, Ar-H), 7.38 (d, 2H, J=8.5 Hz, Ar-H), 7.27-
7.33 (m, 5H, Ar-H), 6.95 (d, 2H, J=8.5 Hz, Ar-H), 5.39 (dd, 1H, J;=9.1 Hz,
J,=4.2 Hz, NHCH), 5.15 (m, 3H, CH, and CH), 4.70 (s, 1H, CH), 3.75 (s, 3H,
CHs), 3.55 (s, 2H, CH,), 3.40 (m, 1H, CHaHb), 3.30 (d, 1H, J=12.0 Hz,
CHcHd), 3.12 (d, 1H, J=12.0 Hz, CHcHd), 2.96 (d, 1H, J=13.9 Hz, CHaHb),
BBC-NMR (100 MHz, DMSO-dg): ppm 8 170.3 (C=0), 169.6 (C=0), 166.5
(C=0), 164.3 (C=N), 159.5 (Ar-C), 150.3 (CH), 135.4 (Ar-C), 134.3 (Ar-C),
131.8 (Ar-CH x2), 130.4 (Ar-CH x2), 129.1 (Ar-CH x2), 128.8 (Ar-CH x2),
128.4 (Ar-CH x2), 126.9 (Ar-C), 126.7 (Ar-CH), 122.9 (Ar-C), 113.9 (Ar-CH
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x2), 67.3 (CH,), 59.8 (C), 59.7 (CH), 57.5 (CH), 55.1 (CH3), 54.8 (CH), 42.5
(CH,), 34.5 (CH,), 31.0 (CH,).
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3.3. Synthesis of functionally active spiro-cephalosporins (C1-
C7)

3.3.1. The synthetic strategy

To provide functionally active spiro-cephalosporin compounds, the p-
methoxybenzyl (PMB) protecting group was removed in the presence of
trifluoroacetic acid (TFA) and anisole. The crude products were purified by
column chromatography to give the carboxylic acids as single diastereomers
in good yields (46—80%), as shown in Scheme (3-5).

R =
Bn, H \ Y/ Bn_ H \ Y
>/./N >//N
S 4 S
© J . NH  TFA, Anisole N N
N
o >¢N DCM, 0 °C o =
s 15-2h S
(’) o HO o)
PMB
B1.B7 c1-c7

R=H, o-Cl, 0-Br, 0-OH, p-F, p-Cl, p-Br
Scheme (3-5) PMB deprotection of spiro-cephalosporins
3.3.2. The proposed mechanism

PMB esters were developed explicitly such that the protected carboxylate
may be unmasked selectively under acidic conditions. Weygard and

Hunger126,127

were the first to evaluate the stability of the PMB ester in this
area and found that PMB esters were readily cleaved from small peptides by
exposure to neat trifluoroacetic acid (TFA) at 0 °C. The use of an electron-rich
aromatic system as an additive to minimize the formation of side products is
common when near stoichiometric amounts of TFA are utilized, with anisole

being typically employed for this purpose The nucleophilic additives and/or
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solvents are presumed to function as cation scavengers, reacting with the 4-

methoxybenzyl cation generated with a Friedel-Craft reaction in the

transformation which protects the substrate from side reactions.'?*'?

RZ—
oy W
Bn_ _N ) \ /
g ;r \H !
N Bn N S
O N /N NH
o o Sj T N \
o~ o) N _N
F3C O/H\/:O o ° S\>/
—_— +
H>0"0
Me\o /@P
Me —
D
: OMe l
R
anisole _ ’ \ Vi
+ BnTN S NH
|
(@] N N N
— + F
(0] (@]
OMe OMe 4

Friedel-Crafts Reaction

(0]
S O
MeO OMe FsC )

Scheme (3-6) Mechanism of PMB deprotection of spiro-cephalosporins

83



3.3.3. Characterization of final spiro-sephalosporins (C1-C7)

The IR spectra of final Spiro-Cephalosporins reveal a strong band at the
region (3275-3290) cm™ which is associated with N-H stretching of amide
group, while the band at (3143-3186) cm™ belongs to N-H stretching vibration
of the triazole ring. Appearance of strong band in the region (1766-1774) and
(1662-1666) cm™ indicate the existence of two C=0 stretching vibrations. The
band at (1577-1616) cm™ representing the presence of C=C stretching, while
the band in the region (1527-1535) cm™ belongs to C=N stretching in the

heterocyclic ring.

Comparison the THNMR spectra of final compounds (C1-C7) with that of
the protected precursors (B1-B7), reveals the disappearance of 4 signals
belonging to the protecting group PMB such as: a singlet at (3.75) ppm of
methoxy group, a singlet at (5.16) ppm of CH, of benzyl ring, and two signals

of CH protons of the benzyl ring in the aromatic region.

Furthermore, appearance of doublet at (9.05-9.10) ppm refers to NH proton
of amide group, while appearance of singlet at (8.32-8.52) ppm refers to NH

proton of triazole ring.

Methine CH group of triazole ring appears as a singlet at (8.24-8.52) ppm,
while aromatic proton signals appear at the region (7.25-7.93) ppm. The
characteristic signals of B-lactam ring protons appear as doublet and double
doublet at around 5.20 and 5.40 ppm, respectively. By assistance of HSQC
spectra, proton of CH group at position 4 appears as singlet at (4.55-4.60)
ppm, while the two diastereotopic methylene protons appears as two doublet
each at the region (2.95-3.50) ppm.
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Similarly, 3CNMR spectra of final spiro-cephalosporins (C1-C7) exhibit
the disappearance of 6 signals comparing with that of precursors (B1-B7),
which include: methoxy group signal at 55.5 ppm, methylene CH, signal at
67.6 ppm, three signals in the aromatic region belonging to the benzyl ring,
and a signal at 159.5 ppm representing the carbon of the benzyl ring linked

methoxy group.'®

BCNMR spectra show three signals at the region (168.2-170.7) ppm belong

to carbon of C=0 in carboxylic group, -lactam and amide group.

In addition, carbon signal of C=N group appears at 164.2 ppm, while the
signal of methine group of triazole ring appears at the region (146.8-151.3)
ppm. Aromatic signals are found in the region (115.8-135.5) ppm.

Besides, DEPT 135 spectra exhibit three signals in the region (54.7-59.6)
ppm which represent the CH groups: two in -lactam ring and one at position
4, while there are three signals in the region (31.1-42.5) ppm standing for the

three CH, carbons. Spiro carbon often appears at 59.8 ppm.

Finally, all molecular peaks of intact spiro-cephalosporin molecules (C1-C7)
were appeared in high resolution mass spectra, and they are all in agreement

with calculated exact mass.

8-0x0-3'-phenyl-7-(2-phenylacetamido)-2',3'-dihydro-6'H-5-thia-1-

azaspiro[bicyclo[4.2.0]octane-3,5'-thiazolo[2,3-c][1,2,4]triazole]-2-carboxylic
acid (C1): 80 mg (50% vyield) light brown solid; m.p. 145 — 147 °C; IR (KBr)
3290 (NH), 1774 (C=0), 1666 (C=0), 1577 (C=C), 1531 (C=N) cm™; tH-
NMR (400 MHz, DMSO-dg): ppm & 9.10 (d, 1H, J=9.0 Hz, NH), 8.32 (s, 1H,
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NH), 8.26 (s, 1H, CH), 7.70 (d, 2H, J=6.6 Hz, Ar-H), 7.25-7.44 (m, 8H, Ar-
H), 5.41 (dd, 1H, J;=9.3 Hz, J,=4.2 Hz, NHCH), 5.20 (d, 1H, J=4.2 Hz, CH),
4.56 (s, 1H, CH), 3.55 (s, 2H, CHy), 3.46 (d, 1H, J=13.8 Hz, CHaHDb), 3.39 (d,
1H, J=11.9 Hz, CHcHd), 3.16 (d, 1H, J=11.9 Hz, CHcHd), 2.96 (d, 1H, J=13.8
Hz, CHaHb). *C-NMR (100 MHz, DMSO-dg): ppm & 170.3 (C=0), 169.4
(C=0), 168.3 (C=0), 164.2 (C=N), 151.3 (CH), 135.5 (Ar-C), 135.0 (Ar-C),
129.7 (Ar-CH), 129.1 (Ar-CH x2), 128.7 (Ar-CHx2), 128.4 (Ar-CH x2),127.0
(Ar-CH x2), 126.7 (Ar-CH), 59.6 (CH), 57.9 (CH), 54.7 (CH), 42,5 (CHy,),
34.8 (CH,), 31.1 (CH,); HRMS (ESI+) m/z: (M+H*) calcd Cy4H,4N50,S,*
510.1270 found 510.1261.

3'-(2-chlorophenyl)-8-oxo-7-(2-phenylacetamido)-2',3'-dihydro-6'H-5-thia-1-
azaspiro[bicyclo[4.2.0]octane-3,5'-thiazolo[2,3-c][1,2,4]triazole]-2-carboxylic
acid (C2): 64 mg (46% vyield) pale brown solid; m.p. 139-140 °C; 'H-NMR
(400 MHz, DMSO-ds): ppm & 9.06 (d, 1H, J=9.1 Hz, NH), 8.52 (s, 1H, CH),
8.45 (s, 1H, NH), 7.93 (m, 1H, Ar-H), 7.50 (m, 1H, Ar-H), 7.41 (m, 2H, Ar-
H), 7.26-7.33 (m, 5H, Ar-H), 5.40 (dd, 1H, J;=9.2 Hz, J,=4.1 Hz, NHCH),
5.19 (d, 1H, J=4.1 Hz, CH), 4.58 (s, 1H, CH), 3.56 (s, 2H, CH,), 3.44 (m, 2H,
CHaHb and CHcHd), 3.18 (d, 1H, J=11.8 Hz, CHcHd), 2.97 (d, 1H, J=14.0
Hz, CHaHb). ¥C-NMR (100 MHz, DMSO-ds): ppm & 170.7 (C=0), 170.3
(C=0), 168.3 (C=0), 164.2 (C=N), 146.8 (CH), 135.4 (Ar-C), 132.8 (Ar-C),
132.0 (Ar-C), 131.1 (Ar-CH), 129.9 (Ar-CH), 129.1 (Ar-CH x2), 128.4 (Ar-
CH x2), 127.5 (Ar-CH), 127.0 (Ar-CH), 126.7 (Ar-CH), 59.8 (C), 59.6 (CH),
57.8 (CH), 54.7 (CH), 42.5 (CH,), 34.8 (CH,), 31.1 (CH,); HRMS (ESI+) m/z:
(M+H") calcd C,4H;5CINsO,S,* 544.0880, found 544.0871.
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2-bromophenyl)-8-oxo-7-(2-phenylacetamido)-2',3'-dihydro-6'H-5-thia-1-
azaspiro[bicyclo[4.2.0]octane-3,5'-thiazolo[2,3-c][1,2,4]triazole]-2-carboxylic
acid (C3): 100 mg (50% yield) dark brown solid; m.p. 170 °C; IR (KBr) 3275
(N-H), 3186 (N-H), 1766 (C=0), 1666 (C=0), 1608 (C=C), 1527 (C=N) cm™;
H-NMR (400 MHz, DMSO-dg): ppm 6 9.05 (d, 1H, J=9.1 Hz, NH), 8.49 (m,
2H, CH and NH), 7.92 (dd, 1H, J;=7.7 Hz, J,=1.5 Hz, Ar-H), 7.67 (m, 1H, Ar-
H), 7.44 (t, 1H, J=7.7 Hz, Ar-H), 7.25-7.35 (m, 6H, Ar-H), 5.40 (dd, 1H,
J;=9.2 Hz, J,=4.1 Hz, NHCH), 5.20 (d, 1H, J=4.1 Hz, CH), 4.58 (s, 1H, CH),
3.56 (s, 2H, CH,), 3.44 (m, 2H, CHaHb and CHcHd), 3.20 (d, 1H, J=11.8 Hz,
CHcHd), 2.98 (d, 1H, J=13.8 Hz, CHaHb). 3C-NMR (100 MHz, DMSO-d,):
ppm & 170.6 (C=0), 170.3 (C=0), 168.3 (C=0), 164.2 (C=N), 149.3 (CH),
135.4 (Ar-C), 133.4 (Ar-C), 133.2 (Ar-CH), 131.4 (Ar-CH), 129.1 (Ar-CH
x2), 128.4 (Ar-CH x2),128.1 (Ar-CH), 127.3 (Ar-CH), 126.7 (Ar-CH), 123.3
(Ar-C), 59.8 (C), 59.6 (CH), 57.8 (CH), 54.7 (CH), 42.5 (CH,), 34.8 (CH,),
31.1 (CHy); HRMS (ESI+) m/z: (M+H*) calcd C,4H,3BrNsO,S,* 588.0375,
found 588.0364.

3'-(2-hydroxyphenyl)-8-oxo-7-(2-phenylacetamido)-2',3'-dihydro-6'H-5-thia-
1-azaspiro[bicyclo[4.2.0]octane-3,5'-thiazolo[2,3-c][1,2,4]triazole]-2-
carboxylic acid (C4): 70 mg (50% vyield) dark brown solid; m.p. 160-162 °C;
IR (KBr) 3633 (O-H), 3275 (N-H), 1770 (C=0), 1666 (C=0), 1616.35(C=C),
1527 (C=N) cm™; tH-NMR (400 MHz, DMSO-dg): ppm & 11.18 (s, 1H, OH),
9.07 (d, 1H, J=9.2 Hz, NH), 8.46 (s, 2H, CH and NH), 7.48 (dd, 1H, J;=7.8
Hz, J,=1.4 Hz, Ar-H), 7.25-7.35 (m, 6H, Ar-H), 6.91 (m, 2H, Ar-H), 5.40 (dd,
1H, J;=9.2 Hz, J,=4.1 Hz, NHCH), 5.18 (d, 1H, J=4.1 Hz, CH), 4.60 (s, 1H,
CH), 3.56 (s, 2H, CH,), 3.50 (d, 1H, J=11.9 Hz, CHaHb), 3.45 (d, 1H, J=13.8
Hz, CHcHd), 3.26 (d, 1H, J=11.9 Hz, CHcHd), 2.98 (d, 1H, J=13.8 Hz,
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CHaHb). 3C-NMR (100 MHz, DMSO-ds): ppm 8 170.3 (C=0), 168.4 (C=0),
168.2 (C=0), 164.2 (C=N), 157.8 (Ar-C), 153.7 (CH), 135.5 (Ar-C), 131.1
(Ar-CH), 130.5 (Ar-CH), 129.2 (Ar-CH x2), 128.4 (Ar-CH x2), 126.7 (Ar-
CH), 119.4 (Ar-CH), 118.8 (Ar-C), 116.2 (Ar-CH), 60.0 (C), 59.6 (CH), 57.8
(CH), 54.7 (CH), 42.5 (CH,), 35.2 (CH,), 31.0 (CH,); HRMS (ESI+) m/z:
(M+H*) calcd C,4H2aNsOsS,* 526.1219, found 526.1212.

3'-(4-fluorophenyl)-8-oxo-7-(2-phenylacetamido)-2',3'-dihydro-6'H-5-thia-1-
azaspiro[bicyclo[4.2.0]octane-3,5'-thiazolo[2,3-c][1,2,4]triazole]-2-carboxylic
acid (C5): 57 mg (64% vyield) dark brown solid; m.p. 138-139 °C; IR (KBr)
3402 (O-H), 3290 (N-H), 3143 (N-H), 1770 (C=0), 1604 (C=C), 1535 (C=N)
cm™; *H-NMR (400 MHz, DMSO-dg): ppm & 9.10 (d, 1H, J=9.0 Hz, NH),
8.32 (s, 1H, NH), 8.26 (s, 1H, CH), 7.74 (m, 2H, Ar-H), 7.25-7.33 (m, 7H, Ar-
H), 5.40 (dd, 1H, J;=9.1 Hz, J,=4.1 Hz, NHCH), 5.20 (d, 1H, J=4.1 Hz, CH),
4.56 (s, 1H, CH), 3.55 (s, 2H, CH,), 3.46 (d, 1H, J=13.9 Hz, CHaHb), 3.39 (d,
1H, J=11.9 Hz, CHcHd), 3.16 (d, 1H, J=11.9 Hz, CHcHd), 2.95 (d, 1H, J=13.9
Hz, CHaHb). 3C-NMR (100 MHz, DMSO-dg): ppm & 170.3 (C=0), 169.4
(C=0), 168.3 (C=0), 164.2 (C=N), 161.7 (Ar-C), 150.1 (CH), 135.5 (Ar-C),
131.7 (Ar-C), 129.1 (Ar-CH x2), 129.0 (Ar-CH x2), 128.4 (Ar-CH x2), 126.7
(Ar-CH), 115.8 (d, J=21.8 Hz, Ar-CH x2), 59.8 (C), 59.6 (CH), 57.8 (CH),
54.7 (CH), 42.5 (CH,), 34.8 (CH,), 31.1 (CH,); HRMS (ESI+) m/z: (M+H*)
calcd C,4H,3FN5O,S,* 528.1175, found 528.1167.

3'-(4-chlorophenyl)-8-0xo-7-(2-phenylacetamido)-2',3'-dihydro-6'H-5-thia-1-

azaspiro[bicyclo[4.2.0]octane-3,5'-thiazolo[2,3-c][1,2,4]triazole]-2-carboxylic
acid (C6): 95 mg (59.3% yield) dark brown solid; m.p. 150-153 °C; 'H-NMR
(400 MHz, DMSO-dg): ppm 6 9.10 (d, 1H, J=9.2 Hz, NH), 8.36 (s, 1H, NH),
8.25 (s, 1H, CH), 7.71 (d, 2H, J=8.6 Hz, Ar-H), 7.49 (d, 2H, J=8.6, Ar-H),
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7.25-7.33 (m, 5H, Ar-H), 5.40 (dd, 1H, J,=9.0 Hz, J,=4.2 Hz, NHCH), 5.19 (d,
1H, J=4.2 Hz, CH), 4.56 (s, 1H, CH), 3.55 (s, 2H, CH,), 3.46 (d, 1H, J=13.9
Hz, CHaHb), 3.39 (d, 1H, J=12.0 Hz, CHcHd), 3.16 (d, 1H, J=12.0 Hz,
CHcHd), 2.96 (d, 1H, J=13.9 Hz, CHaHb). *C-NMR (100 MHz, DMSO-d¢):
ppm & 170.3 (C=0), 169.8 (C=0), 168.3 (C=0), 164.2 (C=N), 150.0 (CH),
135.5 (Ar-C), 134.0 (Ar-C), 133.9 (Ar-C), 129.1 (Ar-CH x2), 128.8 (Ar-CH
x2), 128.6 (Ar-CH x2), 128.4 (Ar-CH x2), 126.7 (Ar-CH), 59.7 (C), 59.6
(CH), 57.8 (CH), 54.7 (CH), 42.5 (CH,), 34.8 (CH,), 31.1 (CH,): HRMS
(ESI+) m/z: (M+H") calcd C,4H,5CINsO,S,* 544.0880, found 544.0873.

3'-(4-bromophenyl)-8-oxo-7-(2-phenylacetamido)-2',3'-dihydro-6'H-5-thia-1-
azaspiro[bicyclo[4.2.0]octane-3,5'-thiazolo[2,3-c][1,2,4]triazole]-2-carboxylic
acid (C7): 43mg (80% vyield) orange solid; m.p. 168-170 °C; *H-NMR (400
MHz, DMSO-d): ppm 6 9.10 (d, 1H, J=9.0 Hz, NH), 8.35 (s, 1H, NH), 8.24
(s, 1H, CH), 7.63 (s, 4H, Ar-H), 7.25-7.33 (m, 5H, Ar-H), 5.40 (dd, 1H, J;=9.1
Hz, J,=4.2 Hz, NHCH), 5.19 (d, 1H, J=4.2 Hz, CH), 4.55 (s, 1H, CH), 3.55 (s,
2H, CH,), 3.45 (d, J=13.9 Hz, 1H, CHaHb), 3.39 (d, 1H, J=12.1 Hz, CHcHd),
3.16 (d, 1H, J=12.1 Hz, CHcHd), 2.95 (d, 1H, J=13.9 Hz, CHaHb). BC-NMR
(100 MHz, DMSO-dg): ppm 6 170.3 (C=0), 169.8 (C=0), 168.3 (C=0), 164.2
(C=N), 150.1 (CH), 135.5 (Ar-C), 134.3 (Ar-C), 131.7 (Ar-CH x2), 129.1
(Ar-CH x2), 128.8 (Ar-CH x2), 128.4 (Ar-CH x2), 126.7 (Ar-CH), 122.8 (Ar-
C), 59.6 (CH), 57.8 (CH), 54.7 (CH), 42.5 (CH,), 34.8 (CH,), 31.1 (CH,);
HRMS (ESI+) m/z: (M+H") caled C,4H.,BrNsO,S,* 588.0375, found
588.0368.

89



177451—

|
3
o g
e

{ I I I

e T L LI I O L S 0 L B L e
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 8% 600 !
om-

Fig (3-50) IR Spectrum of the compound C1

MN127.10.fid
n127

a8 a8 gxzeeaman AL : mesen 22 2z
v i VNP Y% | WV

3 5
8
4 4
1
1nn
1 .
1 i 10
I Y
|
; U L__JAJ*“J
|
i Y T e ) e
10 07 11 20 92 12 12 10 2213 11 1110
T T T T T T T T T T T T T T T T T T T T
100 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

Fig (3-51) *HNMR Spectrum of the compound C1

90



N127.11.fid
N127
523 3 5 i T el =
a2 b} 2 an B8 3 v = "
\IE \ [ |1
| I
e i e e R
134 133 132 131 130 129 128 1z 126 125
(pom)
|
|
12; 4 5 ?7 ' 141516 17 ] 18 19
! | | 1 1 . i |
L I I L] LIt L
: : T : - : : T r T : : : : T : :
1 160 150 140 130 120 110 100 €0 80 0 60 50 40 30 20 10
f1 (ppm)
- 13
Fig (3-52) "CNMR Spectrum of the compound C1
N127.12.fid
nN127
¢ 12
11 i ©
g @ H 107
1 6 3 _N. 14 16,8 19 JNH
2 N \
o 9 [e] #—N 15 _N
13 9 / 4
g 1 o” ﬁ }7/
1| 18—~§
HO” o
1
12
13
1415 16
5
& i " o = " N " " _L“
@ : ey "
18 19
17
: - : : T : : r ; - r r : . - r
160 150 140 130 120 110 100 %0 80 n 60 50 “0 30 20 10
f1 (ppm)

Fig (3-53) DEPT 135 Spectrum of the compound C1

91



RF_N127 #19-31 RT: 0.15-0.24 AV: 7 SB: 9 0.34-0.49 NL: 9.42E6
T: FTMS + p ESI Full ms [120.0000-1000.0000]

510.1261
100— C24H2404N5325;
90
80—
g 709
c -
©
2 60
3
2 |
o 50
=
S | 511.1297
© 40+ :
30
204 512.1222
104 4631307 491.8304 536.1653 549 4158
513.1255
449.3601 4724359 4851123 f 508.1886 528.1169 { 542.1527
C WI"“““I" Ll IIII IIIIII I-UIIIIII 1l IIII 11 Ill-{llll Illl‘l L1l I|II 11 “I“ 10 -I\ (L III 1) IILILII 1l IIL [I’/ll II |III|I Ly ‘I Ili ] 1‘| 1l I|I 1l
450 460 470 480 490 500 510 520 530 540 550
m/z
Fig (3-54) Mass Spectrum (ESI) of the compound C1
N117.10.fid
N117
KA VAN AN ittt B G 5 (PSP

11

2
o8
U4
LI (TN Sy f —Hp g
1.0 1.01.0 12132354 1.21.2 1.0 2.12.31.01.0

T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

Fig (3-55) ‘HNMR Spectrum of the compound C2

92



N117.11.fd
N7
s 259 = % % 8
E 4 885G 3 g 3
| (NN 17=d Vi [
& ! 23
P P & 2
=
15 17 '4@_&
' | 1 20 H 10V
12 28~3 N7 19,8 77‘3\
R 1 (j T o & a i
| ; ; 155 1 [o] 7 L IRTY ‘;\‘/,N
& o \‘[ b
c 1] 2t=S
HO” 0
\arary
1275 127.0 126.5 60.0 595 59.0
f1 (pom) 11 (pom)
1142
h
23 4 6 84| 1 18 19 2
il 5 (- | 2 &
1J ! J?'."w 11 J -
| |
L 1 Il e 01 3
T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 70 60 50 40 30 20 10
f1 (ppm)

Fig (3-56) **CNMR Spectrum of the compound C2

RF_N117 #20-31 RT: 0.15-0.24 AV: 6 SB: 10 0.34-0.49 NL: 4.04E6
T: FTMS + p ESI Full ms [120.0000-1000.0000]
5440871
100— C24H2304N53CI32S;
90
80
o 704
= -
[+
2 60+
3
3 i
o 50
=
£ i
© 40+ -546.0836
30
] 47.0874
20 547.08
1 o: 519.1388 536.1654 548.0791 573.2874 588.0514
) 528.1170 j { J 556'106'92 82.2071 598.0067
0 s IIII Illlllll ILIIIllIIIIIIl II T IIL 1 llll Lolll :I PNl II 111 II I' IIIIIIII 110 ‘l L IIIl 1L lUIIII L Illl 1 IIllII IIIIII ITHNIT IIIlII I‘Illll 1 II Lillil 1
510 520 530 540 550 560 570 580 590 600
m/z

Fig (3-57) Mass Spectrum (ESI) of the compound C2

93



3 | —|
100
*T J
95— I
. |
: 2 2 3
— ~ 3
™ | & | 8§73
] | 2 /’ 8] “
= - ; =8 -
85— 23 & | § Zd 3
] kS 38 2% |lIy
3 8 g 3 8
s & 3 p /8
J g 5 eR
75— m N s z é v e
] Ca m ”
7 0 N Nl | é § |
3 8 | i o ;
= Y g 88 - g -
] - 88
60-llll]lllllllll]lllllIllllll"ll'llllll‘]lllII‘II'ITV'!I"'I]II"
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000
cm-1
Fig (3-58) IR Spectrum of the compound C3
N109.10.fid
N109
az b SRRARTANTARRHARGNARAN RaAARD 2 ARRX 53 xE
V \ SN N N/ gt NV AN TARTARY)
o 3
3 4Qar
6 10 H 5
N S
6 r & 12 NH2
Ny oo e oYY e
i 6 . 0)/ 1" s>/
HO o}
€
10
2
4 5
1 3
W
‘JK_J |
|
i3 LS e ¢ Y i i
1.0 17 11 1.2 1.2 64 1112 11 2123 1.0 L0
!S 9"0 G:S 810 7:5 7!0 6!5 BED 5!5 SIJ) Y 4!0 3\'5 3!0 2'5 2.‘0 l!S l.'ﬂ 015 0!0

45
f1.(ppm)

Fig (3-59) *HNMR Spectrum of the compound C3

94



N109.11.fid
109
3 b 833 R e 2 8
2 =2 $86 3 @ E
| Vil [
T R i3
1 1 (B L
13
17 0 2 H .
16 1 n $ 3 1719 ”N‘ "fH
2 16
| 14 (o] ];N 18 _N
1 o o '>/
1) 21§
HO o
T TR R R S T T T T
1% 133 132 R 130 129 128 17 126 61.0 60.5 600 59. .0
1 (pom) 1 (opm)
'
|
6 2
2% 4 5 | | 18 1819 21 22
| 1 | ! [}
| i (.
L i L [ UL :

T T
170 160

Jld

T T T T T T T T T
%0 7 60 50 40 30 20 10
f1 (ppm)

Fig (3-60) **CNMR Spectrum of the compound C3

M WM T

110920.13.5e¢
N109

T T T T T T
150 140 130 120 110 100

{3.44,30.94), {2.99,30.94]
c,u,u..,% o

1

(3564222 Q:.n.)l.ll) @
i=€§> 2.50,39.65)0MS0 -4

{5.19,54.47]

(54038 TN @ (uu).w@

{7.90,127.31, 127.95)
{739,
{76513 u§< 3 7.24,126.34)
{uuu.nw
T T T T T T T T T T T T T
85 80 75 7.0 65 60 5.0 45 40 35 30 25

55
12 (opm)

Fig (3-61) HSQC Spectrum of the compound C3

95

80

100

(110

f-120

(140

f1 (pom)



RF_N109_t2 #20-26 RT: 0.15-0.2 AV: 3 NL: 7.34E7
T: FTMS + p ESI Full ms [120.0000-1000.0000]

100— 590.0338
] 588.0364
90+ Co24H2304N579Br32S;
80—
8 704
c -
@©
2 60~
=3
g .
o 50—
=
E 4
e 407 591.0375
30—
20 592.0283
104 576.0367 636.4157 646.1784
1. 5541758 sea3se7 | seaores||||| 20000 6120162 62g.10a6 652.4111
C ILILlll III L II |r|' |i l|||| I|||\|I| il ||I| I: Illlllll ;llll } il L |IIJIL|||||||I T llll ll 1l
550 560 570 580 590 600 610 620 630 640 650

m/z

Fig (3-62) Mass Spectrum (ESI) of the compound C3

T T LS 2 P R T BRI L L) TTTT T T TTTT | JELIE S P [N UL Y P B P A % LN SR S L T

)
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600
cm-1

Fig (3-63) IR Spectrum of the compound C4

96



N112.10.fid
N2

SERORANARRANNERE FeRR=e RATLURA 8%

v i RN N W | NeAe N

10
"
"
-

0

L
o)
ﬁc'\
£
zs
=3
=3
R
<
—
=
\
\
—
—
=
—
& i
._pg
o
[e) e
It
©° (%]
~
.
A
—Z
b =
w

» 1—g
AELQ L] g8
TN i} i e
1y I
!
A e ik
5 11
T T T T T T
75 74 7.2 71 7.0 69
f1 (ppm) 10
3 T T
1 35 34
6
2 4
I
1
1
. N

T 1 7 i A 2 s —th

0.85 100 1.89 1.06 6.42 2.12 103 105 115 1.93 119 1.23 1.00 0.97
T T T T T T T T T T T T T T T T T T T T T T T
15 10 105 10.0 95 90 85 20 75 79 65 50 45 40 35 30 25 20 15 10 05 00

60 55
f1 (ppm)

Fig (3-64) "HNMR Spectrum of the compound C4

N112.11.fid
N112
32 2 5 8 2 - L 833 & = O
ass 2 a U} a =S S 58 3 v " =
W I | Vol VI "l
9 15
5
= OH
0 5 H 14
1 7 3 _N 17 19,8 2 JeNH
2 N}
12 v O /N 18 N
1 o
1 21—~§
HO (e}
1011
!
2
1%4 B a Telly a's {8 21 2
'l' l; I nl Wl 16|,|1 1 :
1 . i L L 1
T T T T T T T T T T T T T T T T T
170 160 150 140 130 20 110 100 70 60 50 “0 30 20 10

%0
f1 (ppm)

Fig (3-65) *CNMR Spectrum of the compound C4

97



) o Lﬁjww\_

().MJI.IQ\“{.L“JI.Q‘;‘ : Lo
] (Js)_!s.slx;« \Ng].n .68}
AN ® te
ﬁ (@) 5
(s.n&ss.o:g T
- @) (as958.20%
] e % g
{6.91,116.58; "
{7.24,126 89 N k
== """""“\g\' 73013041} [
{8.48,154.28; [A%
| "
95 2.0 85 8.0 7.5 7.0 6.5 6.0 2 Gom 55 5.0 45 4.0 35 3.0 25 2.0
Fig (3-66) HSQC Spectrum of the compound C4
RF_N112 #20-32 RT: 0.15-0.24 AV: 6 SB: 10 0.34-0.49 NL: 5.92E6
T: FTMS + p ESI Full ms [120.0000-1000.0000]
526.1212
32
100 C24H2405N532S>
90
80—
8 704
c -
[}
2 60
3
g -
o 50
=
3 40 |
] —
12 ] 536.1653
30+ 537.1654
20+ 554.1760
. 538.1617
107 5481032 [ o> 1703 580.0408 5995203
4 508.1886 519.1388 ] ( -l [L '| 593.1578
00—l IILlIILIII[ll ITTE ST IV BN RTTE A1l1 lll W ‘|lll ITRRTH [0 N (TR | PRRTTIRT (TR T TR (TR A |‘|“|n TR T T R
T | T I LR LR T | o | J | T 1 f [ 1 |
510 520 530 540 550 560 570 580 590 600
m/z

Fig (3-67) Mass Spectrum (ESI) of the compound C4

98

f1 (pom)



1415.75—

1473.62"

1
1604.77—
1535.34~0
1508,33—

LJLJLIL I LA NN (L L B N [N L N L N L L
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600
cm-1

Fig (3-68) IR Spectrum of the compound C5

N115.10.fid
NS

BRIE RARKA QIRRRS BOIER 22 BT

S\ A

<im
—in
P 14

7

7

)

)

7

2,

7

7

)

5

5

5

5

5

5
—s

3

3

3

3

3

3

3

2

2

ot

/ J / /] J f iy
9
5
2
8
4 7
1011 1 -
1 |
] 6 1
|
: LAJU
1
by b g i it o T e A
1.0 0.7 1.2 21 72 1.2 12 1.0 22111110 1.0
T T T T T T T T T T T T T T T T T T T T
0.0 9.5 2.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 05 00 0.
f1 (ppm)

Fig (3-69) *HNMR Spectrum of the compound C5

99



Ni15.11.fid
N11S

i v Vi T
R 5
\ //1,
0 T PP T
NN NE SN0 S~NH
LT LGB
(o} 7
1] 1¥—~s
HO” ~o
S11
12? 4% 6 Te P 19 11|516 17 M EE
a0 | I ' a1 ! 1
I i l | 1 | |
A T e e " T x 3 3 T
Fig (3-70) **CNMR Spectrum of the compound C5
RF_N115 #20-32 RT: 0.15-0.24 AV: 6 SB: 10 0.34-0.49 NL: 8.26E6
T: FTMS + p ESI Full ms [120.0000-1000.0000]
528.1167
C24H2304N5F 328
100— 24M23VU4 N5 2
90|
80|
8 70—
c .
(]
2 60
=2
2 i
o 50
=
£ i
& 40+
] 536.1651
30
- 537.1653
20
10: 554.1758 600.5276
41  508.1885 519.1389 544,126 h , 582.2071 593 1575
G . |II=1|L III T Illllljll 'l‘l |I|l"||| LIILIIIIlI!III T—r II ‘Ivl II I!III.LI ’ IIII II'l!hI!.‘l T Ifllll !“: !lll}l;lTl 4 'lllilll! ill'l !MII!.III! YI“I‘I |l'u: llllI f'!':'."."'.““',“.l"l II !I&II .'.l.i!'"l‘"“v ‘ll!II ! Il II
500 510 520 530 540 550 560 570 580 590 600
m/z

Fig (3-71) Mass Spectrum (ESI) of the compound C5

100



N126.10.fid
N126

—t
—x

RR RERAARRRA YERRRS 8 BRTIR 22 &3

~~~~~~~~~~~ SN

5
10
3 5
4
9
8
12
1
1 7 o112
i | | |
j bU wj
' ULJ
T By oo "oy ¥ = s
1.0 08 1.1 22 24 6.1 1.2 13 1.2 2312131110
100 95 20 85 80 75 7.0 6.5 6.0 50 45 40 35 30 25 2.0 1.5 10 05 0.0
f1 (ppm)
. 1
Fig (3-72) "HNMR Spectrum of the compound C6
N126.11.fid
N126
LE I g 13 = N B
S22 t} a 8% 3 9 k3 -
Vil ] (.
= sz en 8
£RER i
\ TN s
14
i a2 n
|
10 13 9 O
P 1 2
78 !
I
: : : T : e h e T A T o
134 133 12 131 130 12 T e 3 S
1 (pom) f1 {pom)
12
g|
|
3 6 19 17
1 ! 16 18
7 ¥ : h l e | o2
H | 1
: 1 — il Lk L
170 160 150 140 10 120 110 100 20 80 70 40 30 2 10

f1 (ppm)

Fig (3-73) **CNMR Spectrum of the compound C6

101



1126.12.fid
N126

12
g

”\\/;H

10 4 o 18 _H " J\\
2 N |
a o 23N a”' < =N
U 13 ; o /f _,/4

e 1| 19~¢g

128

5 1280
1 (pom)

[

T T T T T T T T T T T T T T
150 140 130 120 110 100 % 0 70 60 50 40 £ 20 10
f1 (ppm)

Fig (3-74) DEPT 135 Spectrum of the compound C6

RF_N126 #19-31 RT: 0.15-0.24 AV: 7 SB: 10 0.34-0.49 NL: 6.43E5
T: FTMS + p ESI Full ms [120.0000-1000.0000]
544.0873

C24H2304N535CI328
100— 24H2304N5s 2

90—

80—

70—

60—

50—

40

30—

204

10—

Relative Abundance

1 546.0838

547.0877

575.1055 588.0370
566.0697

603.4173
590.0349

527.4342
508.1884 519.1383

554.1761

582.2070

536.1635

500 510 520 530 540 550 560 570 580 590 600
m/z

Fig (3-75) Mass Spectrum (ESI) of the compound C6

102



N121.10.fid g
N121 2
08 Ry 29R5A88RY 23838 8 BE9eR295E o
a o @ 6 NNNNNNNNN 115 15 15 16 1B < MEEnm e o~
\ I [N N S\ e |
4,4
5,5
3
“1 UW
u i oo N i L
1.0 0.91.0 4.2 53 1.01.0 1.0 211.21.11.11.0

1.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Fig (3-76) *HNMR Spectrum of the compound C7

5 g TH v 2 s
= = & 3 ¢ z a
| [ [
8 \ >m
u S
Qﬁ I:N 15 2
18 S
Ho~ o
1
|
8
3 6 12 14
12, |4 § i i i1 13 15 16 1|7 18 49
| ! | |
il ) J J [l Lo
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 @€ 80 70 60 50 “ 30 20 10 0

f1 (ppm)

Fig (3-77) ®*CNMR Spectrum of the compound C7

103



ni21.12.fid
N2t

T T T T T T T T T T T T T T
150 140 12 120 110 100 % 0 7 & 50 @ 30 20
f1 (ppm)

Fig (3-78) DEPT 135 Spectrum of the compound C7

RF_N121 #19-31 RT:0.15-0.24 AV: 7 SB: 10 0.34-0.49 NL: 3.31E6
T: FTMS + p ESI Full ms [120.0000-1000.0000]

100 590.0344
7 588.0368
90 C24H2304N579Br32S,
80—
8 704
c -
(1]
2 60
3
g -
o 50
=
Z i
o 40+ 591.0379
30
7 610.1839
20 592.0289
E 611.1843 @28.1945
10-) 541760 T 593.0329 612.1822 010,038
. l 564.3588 582.2075 : ' || 643.9563 I 652.4106
0 LY I.lILI I|I lllllL qIIILIIlII 11 L 1] llll lI Illfjllllllllll 111 T 141 II lll‘ILllLllLll IIJJ 1 Illl‘lllllLl;\lﬂ [T FITH|
550 560 570 580 590 600 610 620 630 640 650

m/z

Fig (3-79) Mass Spectrum (ESI) of the compound C7

104



3.4. Antibacterial activity

Spiro-Cephalosporin compounds were excessive importance in medicinal
chemistry, where spirocycles have become an appealing synthetic option in
drug development in recent years. Spirocyclic scaffolds are increasingly being
used in drug production as core or peripheral structures, and several of them

exhibit intriguing biological activity.

Spiro compounds interact with proteins more effectively than their planar
(hetero) aromatic analogues because of their intrinsic three-dimensional
structure. Spirocyclic scaffolds also feature very stiff structures and a small
number of well-defined conformations, which is advantageous for employing
in silico docking to computationally optimize interactions between medicines

and protein targets.

In our study, the antibacterial activities of the final spiro-cephalosporin
compounds (C1-C7) were tested against two gram-positive and two gram-
negative bacteria, which are methicillin resistance Staphylococcus aureus,
Listeria monocytogenes, E.coli O157, and Salmonella Newport, respectively.
Anti-bacterial assay was performed using 750 pg concentration for all
compounds and 150 pg for ampicillin as positive control; the disc diffusion

method for antimicrobial susceptibility testing was used.

All tested compounds showed good inhibition activity against methicillin
resistance Staphylococcus aureus. Compounds C7, C6 and C2 exhibited the
highest antibacterial activity with inhibition zone around 20, 15 and 13 mm,
respectively, which are higher than that of ampicillin. All three compounds
have phenyl ring substituted with halogen, it seems that presence of halogen

atom at para- position is more favorable for antibacterial activity. Compounds
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C3 and C5 showed same inhibition zone (10 mm), which is comparable to that
of ampicillin, while the compounds C1 and C4 showed the lowest inhibition

zone, which is 8 mm. (Figure 3-80) and (Figure 3-81).

For the other Gram-positive bacteria Listeria monocytogenes, all compounds
were efficient except compound C2, which did not show any efficacy.
Compound C5 showed the highest inhibition zone, which is 15 mm, followed
by the order of compounds C7, C4, which are 13 mm and 10 mm,
respectively, while both compounds C1 and C3 gave the same zone of
inhibition, which is 8 mm, and finally, compound C6 gave an inhibition zone
of 5 mm. These findings confirm again that presence of halogen atoms at para
position of aromatic ring has a significant effect on biological activity
(Figure 3-82) and (Figure 3-83).

On the other side, only compounds C1 and C4 showed weak activity against
Gram negative bacteria E. coli with an inhibition zone of 3 and 4 mm,
respectively, while the remaining five compounds did not show any biological
activity at all (Figure 3-84) and (Figure 3-85). None of the synthesized spiro-
cephalosporins were active against Salmonella Newport bacteria (Figure 3-86)
and (Figure 3-87).

Although Gram +ve bacteria have a peptidoglycan layer thicker than that of
Gram —ve bacteria, but they lack the protective phospholipid outer membrane

which is found Gram -ve Dbacteria.**®

In general, all tested spiro-
cephalosporins were more active against Gram +ve bacteria than Gram —ve
bacteria. This promising result is in agreement with mode of action of
cephalosporins which inhibit transpeptidase enzymes that lead eventually to
stop the production of peptidoglycan and kill the bacterial cell.*® This

biological activity assay is just a primarily step, however it reveals that these
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synthesized spiro-cephalosporins can be good candidates for development of
new class of antibiotics.
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Fig (3-80) Inhibition zone towards Staphylococcus aureus bacteria

Fig (3-81) Images of inhibition zone produced by C1-C7 against Staphylococcus
aureus
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Fig (3-82) Inhibition zone towards Listeria monocytogenes bacteria
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3.5. Conclusions

1. Some 5- aryl-1,2,4 triazolidine-3-thiones can be synthesized using green

approach.

2. 5- aryl-1,2,4 triazolidine-3-thiones can undergo Michael addition to ao,p-
unsaturated carbonyl compounds to generate five-membered heterocyclic

compounds under basic conditions.

3. No products were obtained when GCLE treated with the triazolidines A8
and A9 (which have OH and OCHj; groups on para- position).

4. The synthesized compounds have significant antibacterial efficacy against

Gram-positive bacteria, especially S.aureus bacteria.

5. The synthesized compounds did not show any activity against Gram
negative bacteria, especially Salmonella Newport, except for compounds C1

and C4, which have low efficacy against Escherichia coli bacteria.

111



3.6. Recommendations
1. Synthesis of spiro-cephalosporins containing novel triazole derivatives.

2. Exploiting preparation method of 1,2,4-triazolidine-3-thione to prepare

more sophisticated derivatives.

3. Optimization of spirocyclic formation step to increase the yield by varying

the reaction conditions.

4. Replacement of 1,2,4-triazolidine-3-thiones with novel heterocycles that act

as Michael addition donors in spirocyclic formation reaction.

5. Modification at C7 position of the synthesized spiro-cephalosporins to

improve the biological activity.

6. Determination the stereochemistry of spiro carbon.
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