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Abbreviations

AMP: Ammonium salt of heteropoly acid.
ANOVA: Analysis of variance.

bFEF: basic Fibroblast growth factor.
Boc: t-butoxy carbonyl.

CA: Carbonic anhydrase.

CAl: Carbonic anhydrase inhibitor.
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CNS: Central nervous system.
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DME: 1, 2Dimethoxyethane.

DMF: Dimethyl formamide.

DMSO: Dimethyl sulfoxide.

DNA: Deoxyribonucleic acid.

E-cadherin: Epithelial cadherin.

EGFR: Epidermal growth factor reptor.
EI/MS: Electron impact mass spectrometry.
ELISA: Enzymelinked immunosorbent assay.
EPG: Epithelial growth factor.

5-FU: 5-Fluorouracil.

GIn: Glutamine.

Glu: Glutamic acid.

GSK-3: Glycogen synthase kinage

GTP: Guanosine triphosphate.

Gy: Gray.
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h: hour.
hCA: human carbonic anhydrase.

HEPG2: Human hepatocellular liver carcinoma cell line.

His: Histidine.

HMDO: Hexamethyldisiloxane.

'H-NMR: Proton nuclear magnetic resonance.
IMP: Inosine monophosphate.
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MMFF94x: Merck Molecular Force Field 94x.
MMPIs: Matrix metalloproteinase inhibitors.
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SE: Standard error.
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TAD: Thiazole carboxamide adenosine dinucleotide.
TFAA: Trifluoroacetic anhydride.

THF: Tetrahydrofuran.

Thr: Threonine.

TIMPs: Tissue inhibitors metalloproteinases.
TLC: Thin layer chromatography.

UK: United Kingdom.



= =4 =4 4

USA: United States of America.

VCR: Vincristine.

VEGFs: Vascular endothelial growth factors.
XMP: Xanthosine monophosphate.

ZBG: Zinc binding group.



Abstract] i

Abstract
In a search for new cytotoxic agents with improved antitumor igctiv

and selectivity, some new thiazole, thiazolopyrimiditheazolopyrane and
thiazolopyranpyrimidine derivatives bearing sulfonamide moiety were
synthesized.The newly synthesized compounds were evaluated for their
antitumor activity alone and in combination witkirradiation. These new
compounds were dockedside the active site afarbonic anhydrasl to

predict their mechanism of action.
The thesis includes the following parts:
1. Introduction:

This part includes a brief literature review on cancer, chemotherapy and
radiotherapy, rationale of combining chemotherapy radiotherapy, the
expected anticancerctivity of new thiazole, thiazolopyrimidine and
tricyclic pyrimidine derivativesand diflerent methods for the synthesis of

these new compounds.
2. Aim of the present investigation

This part includes the biological bases on which the synthesized
compounds were designe&chemes illustrate the synthetic pathways

adopted in the preparatiari thetargetcompounds.
3. Theoretical Discussion:

This part deals with the discussion of experimental methods adopted for

the synthesis of theargetcompounds.
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4. Experimental:

This part includes the detailed praetianethods for thesynthesis of
twenty sevemew compound and fiveknown intermediatethat arelisted
below with their elemental analyses and spectral data'HRYMR and

mass spectroscopy)

Known intermediates:

2-Chloro-N-(4-sulfamoylphenyl) acetamidd {
4-(4-Oxo0-4,5-dihydrothiazoi2-ylamino)benzenesulfonamidé )
4-Isothiocyanato benzenesulfonamidg (

4-(4-Methylbenzylideneamino)benzenesulfonamidél( a)

= =4 4 =2 =2

4-(4-Nitrobenzylideneamino) benzenesulfonamiddi(b).

New compounds:

1 4-(7-Phenyt5-thioxo-4,5,6, #tetrahydrothiazolo[4 5l pyrimidin-2-
ylamino) benzenesulfonamidg/(@)

1 4-(5-Thioxo-7-p-tolyl-4,5,6, #tetrahydrothiazolo[4 8] pyrimidin-2-
ylamino) benzenesulfonamidb/(b)

1 Ethyl 2-cyanae3-(4-sulfamoylphenylamingB-thioxopropanoatéVl)

1 Ethyl 2-(4-oxo-4,5-dihydrothiazoi2-yl)-3-(4-sulfamoylphenyl
amino)3-thioxopropanoate\Vll )

1 4-(4-Oxo-2-p-tolylthiazolidin-3-yl) benzenesulfonamidéX a)
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4-(2-(4-Nitrophenyl}4-oxothiazolidin3-yl) benzenesulfonamide
(IXb)

1 4-(4-Oxo-2-phenylthiazolidir3-yl) benzenesulfonamidéX c)

1 4-(2-(2-Hydroxyphenyl)4-oxothiazolidin3-yl) benzenesulfonamide

(1Xd)

4-(2-(4-Hydroxyphenyl)4-oxothiazolidin3-yl) benzenesulfonamide
(IXe)

4-(2-(Benzo[d][1,3]dioxot5-yl)-4-oxothiaolidin-3-yI)
benz@esulfonamidglX f)
4-(2-(2-Chlorophenyli4-oxothiazolidin3-yl) benzenesulfonamide
(IXQg)

4-(2-(3-BromophenyBh4-oxothiazolidin3-yl) benzenesulfonamide
(IX'h)
4-(5-Amino-6-cyana7-(4-nitrophenyl}7H-thiazold 4,5-b]pyran2-
ylamino) benzenesulfonamidxXI a)
4-(5-Amino-6-cyana7-(3,4-dimethoxyphenybh7H- thiazold4,5
b]pyran-2- ylamino) benzenesulfonamidx| b)
4-(5-Amino-7-(2-chlorophenyh6-cyane 7H- thiazold4,5-b]pyran2-
ylamino) benzenesulfonami@d c)
4-(5-Amino-7-(3-bromophenyh6-cyana 7H- thiazold 4 ,5-b]pyran2-
ylamino) benzenesulfonamidXI d)

8-Amino,9-(4-nitropheryl) 9-H,[2-(4-sulfamoyl phegl amino)]
thiazolo[4,5b]pyrano [2,3d] pyrimidine (XII )

8-0Oxo, 3(4-nitro phetyl) 9-H,[2-(4-sulfamoyl phenyl amino)]
thiazolo[4,5b]pyrano [2,3d] pyrimidine (XIII a)
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1 8-0Ox0,9(3,4-dimethoxy phenyl) H,[2-(4-sulfamoyl phegl amino)]
thiazold4,5-b] pyrano [2,3d] pyrimidine (XIII b)

1 6-Methyl,8 0x0,9(4-nitro pheryl) 9-H,[2-(4-sulfamoyl phenyl
amino)] thiazolo[4,%b] pyrano [2,3d] pyrimidine (XIV &)

1 6-Methyl,8- 0x0,9(3,4-dimethoxy phewl) 9-H,[2-(4-sulfamoyl
pheryl amino)] thiazob[4,5-b] pyrano [2,3d] pyrimidine (XIV b)

1 8-Amino, 6-0xo ,9(4-nitro phenyl) 9H,[2-(4-sulfamoyl phenyl
amino)] thiazolo[4,%b]pyrano [2,3d] pyrimidine (XV)

1 8-Amino, 6thioxo ,9(4-nitro phetyl) 9-H,[2-(4-sulfamoyl phenyl
amino)] thiazolo[4,%b] pyrano [2,3d] pyrimidine (XVI)

1 4-(6-Cyano7-(4-nitrophenyl}2-(4-sulfamoylphenylamincy H-
thiazold4,5-b]pyran5-ylamino)-4-oxobutanoic acidXVIl )

1 4-(6-Cyana5-(2,5-dioxopyrrolidinyl)-7-(4-nitrophenyl} 7H-
thiazold4,5-b]pyran2-ylamino) benzenesulfonamid¥V¥IIl )

1 N-(6-cyana7-(4-nitrophenyl}2-(4-sulfamoylphenylamincy H-
pyrano[2,3d]thiazot5-yl)-3-oxobutanamideX1X )

1 8-Imino, 6-thioxo, 9-(3,4-dimethoxy phewl) 9-H,1N phenyl,[2(4-
sulfamoyl phenyl amino)] thiazolo[4B]pyrano [2,3d] pyrimidine
(XX)

5. Biological activity:

Twenty sevennew compoundsverescreened for thein-vitro anticancer
activity against human carcinoma liver cell line (HEPG2) while seven
promising compoundswere screened for their anticancer activity in
combination with gamma irradiation to study the synergestic effect of

combining chemotheramndradiotherapy.
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6. Molecular moddling:

All the newly synthesized compounds are docked in the astteeof

carbonic anhydradé to predict the expected mechanism of action.
7. References:
This part include427references.

8. Arabic summary
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1. Introduction

1.1.Cancer

Most human neoplasms arise from genetic mutations within a single
affected cell and over subsequent divisions heterogeneity develops through
the accumulation of further abnormalities. The genes most commonly
affected can be characterized as thoserothinig cell cycle check points,
DNA repair and DNA damage recognition, apoptosis, differentiation and
growth signaling. Mutations are common in the genes controlling a series of
intracellular proteins, such as the cyclins and the cyddipendent kinases
that regulates proliferation. Proliferation may also be abnormal due to
defects in the nuclear enzyme tolemerase. Tolemerase is an enzyme that
prevents the normal shortening of DNA with each cell divigimat leads to
senescencePersistant tolemerase iy helps to maintain the neoplastic
state in cancer cells. Epithelial growth factor (EPG) and its receptors are
over expressed in many human epithelial tumors to maintaigraveth of

those tumors.
1.1.1.Apoptosis and growth

Normal cells usually diby an active and tightly regulated process known
as apeptosis or programmed cell dea#yoptosis can occur in response to a
number of physiological or pathological stimuli (tumor necrosis factor and
DNA- damaging cytotoxic drugs) and is mediated by a Hawi proteins
known as caspases.
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1.1.2.Angiogenesis

Angiogenesisi.e. new vessel formation is stimulated by a variety of
peptides produced by both tumor cells and host inflammatory cells, such as
the vascular endbelial growth factors (VEG$ and basic ibroblast
growth factor (bFGF) Inhibition of angiogenesis is a potentialhovel
method of cancer therapys new vessel formation within and around
tumors not only provides the cancer withtrients and oxygerbut permits

hematogenous spad, or metastasis.
1.1.3 Invasion and metastasis

Cancers spread by both invasion and metastasis in vessels of the blood or
lymphatic system. Infiltration into surrounding tissugsissociated with loss
of cellcell cohesion. Cohesion is mediateg hctive homotypic cell
adhesion molecules (CAMS). The cadherin molecules are Epithelial
cadherin (Ecadherin) $ expressed by many carcinomasd loss of E
cadherin expression is associated with an increase in invasion of the tumor.
Invasion is partly detrmined by the balance of activators to inhibitors of
proteolysis. $cretion of proteolytic enzymesincluding the matrix
metalloproteinasgesccurs from adjacent fibroblasts. The balance between
the expression and activity of the matrix metalloproteingbtdPs) and
their tissue inhibitors (TIMBsis important for tumor growthinvasion,

metastasis and angiogenesis.
1.1.4 Aims of cancer treatment

Cancer treatment requires the cooperation of a +digdtiplinary team to

coordinate the delivery of éhappropriate treatment (surgery, chemotherapy



Introduction | 4

andbiologicaltherapy) supportive and symptomatic care and physiological

support:
1.1.5. Principles of Chemotherapy

The therapeutic effect on the cancer is achieved by a variety of
mechanisms which skeo differentiate between normal and transformed
cells. Chemotherapy employs systematically administered drugs that directly
damage cellular DN (and RNA). t kills cells by promoting apoptosis.
There is a narrow therapeutic window between effective nreat of the
cancer and normal tissue toxicity, because the drugs are not cancer specific
(unlike some of the biological agents), and the increased proliferation in
cancers is not much greater than in normal tissues.

Most of the drugs have been deriviedthe past by empirical testing of
many different compoungse.g. alkylating agents the new molecular
biology is leading top renewed attempts to targetigular genetic defects in
cancere.g. tyrosine kinase inhibitors.

Most tumors rapidelylevelop resistance to single agents given on their
own. For this reason the principle of combination chemotherapy was
developed. Several drugs are doned togetherchosen on the basis of
differing mechanisms of action and nowerlapping toxicities. Thesdrugs
are given over a period of a few days followed by a rest of a few weeks,

during which time the normal tissues have the opportunity for regrowth .
1.1.6. Principles of radiation therapy

Radiaton delivers energy to tissuesausing ionization and excitation of
atoms and molecules. The biological effect is exerted through the generation

of singlei and doublé strand DNA breaks, including apoptosis of cells as
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theyprogress through the cell cycknd through the generatiohshorti
lived free ratgtals, particularly from oxygerwhich damage proteins and
membranes.

The most commonly used form of radiotherapyeidernal beam or
teletherapyfrom a linear accelerator source which providesays, the
energy of which is ansmitted as photon€obalt60 generators can also
provide gamma rays and high energy photons.

Brachytherapyis the use of radiation sources in close contact with the
tissue to provide intense exposure over a short distance to a restricted
volume.

Systemic radionuclides e.g. iodinel31, or radioisotopdabelled
monoclonal antibodies and hormones can be administered by intravenous
routes to provide radiation targeted to particular tissue uptake via surface

antigens or receptors.

The radiatio dose is measured in grays (GyWhere 1 gray= 1 joule
absorbed per kilogram of absorbing tissue and 1 centigray= 1 rad. The
biological effectis dependent upon the dose rateraton, volume irradated
and the tissue sensitivitfFractionation is thelelivery of the radiation dose
In increments separated by at leasé qours. Radiation dose is thus

described by three factors:

-Total dose in cGycentigray)
-Number of fractions.
-Time of completion.
Most treatmerd are delivered in 15200 cGyfradions daily for 5 days
per week; although a regimen of two fractions daily (hyper fractionation)

has improved survival benefit in a recent lung cancer trial .
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1.2. Rationale for combining chemotherapy(CT) and
radiotherapy (RT)

The rationale for combining CT and RT is mainly based on two ideas,
one being spatial cooperation, and the othdéine enhancement of radiation
effects®”

Spatial cooperation is effective if CT is sufficiently active to eradicate
subclinical metastes and if the primary local tumor is effectively treated by
RT. In this regard, no interaction between RT and CT is required

A major limitation is the relatively poor efficacy of anticancer drugs
against common solid tumors in adults. It is ofteffialilt to eradicate even
small subclinical metastases by CT. Also, local failure rates of a primary
tumor following RT are high for many tumor sites. To decrease the local
failure rate, the enhancement of RT effects is necessary. In the presence of
chemoherapeutic drugs, an increased response such as enhancement occurs
within the irradiated volume. However, virtually all chemotherapeutic agents
enhance radiation damage to normal tissues as Welhsequently, a
therapeutic benefit is only achieved if enbament of the tumor response is
greater than that for normal tissues. Among the many chemotherapeutic
agents used, cisplatin is one of the best agents for yielding a therapeutic
benefit. An enhancing effect by the additional use of daily cisplatin before

each RT fraction was observed iniafvivo animal study’

1.2.1- Mechanisms responsible for CTRT interactions

Recent clinical trialhave shown that CT given concurrently with RT

results in improved local control and survivalplying interactions between
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CT and RT**° Five major mechanisms responsible for-RT interactions

are discussed in the following paragraphs

1.2.1.1. Initial radiation damage

The first mechanism responsible for &Il interaction is thedirect
enhancement of the initial radiation damage, resulting from the
incorporation of the chemotherapeutic drugs into DNA. The primary target
for radiation injury is DNA, where halogenated pyrimidines such -as 5
fluorouracil (5FU) are incorporated, malgnthe DNA more susceptible to
RT. Cisplatin interacts with nucleophilic sites on DNA or RNA to form
intrae and interstrand crodsks. When cisplatifDNA crosslinks are
formed during RT, radioenhancement by cisplatin may occur. This has been

observed iboth hypoxic and oxygenated célls.

1.2.1.2. Inhibition of radiation damage repair

Secondly, the inhibition of cellular repair increases radiation damage.
Cells have the ability to repair sublethal and potentially lethal radiation
damag€. Halogenatd pyrimidines, nucleoside analogs, and cisplatin
interfere with cellular repair mechanisms. This inhibition of cellular repair
can be effective when drugs are administered following fractionated RT. In
general, nucleoside analogs such as fludarabine eamgitabine are potent
radiosensitizers. In animal experiments, the effect of fludarabine on
radiocurability was greater when fludarabine was combined with
fractionated RT than when it was combined with sirdpee RT-' This

implies that the inhibition o$ublethal or potentially lethal damage repair is
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a significant mechanism responsible for the enhancement of the tumor

radioresponse to fludarabine.

1.2.1.3. CeHcycle effects

The third mechanism focuses on a -@gitle effect. The cytotoxicity of
most chemotherapeutic agents and that of radiation is highly dependent on
the phase of the cell cycle. Both chemotherapeutic agents and radiation are
more effective against proliferating cells than against nonproliferating cells.
Among proliferating cellscells in the G2 and M phases are the most
radiosensitive, and the cells in the S phase are the most radioréesistant.
Based on this variation in radiosensitivity over the cell cycle, there exist two
strategies for CRT, the use of chemotherapeutic ageattaitbumulate cells
in a radiosensitive phase or those that eliminate radioresis{ams®e cells.

The latter strategy is related to the mode of action of nucleoside analogs.
Fludarabine and gemcitabine are incorporated into radioresistahtas$e
cells,many of which die by apoptosis. This preferential removal ph&e

cells therefore contributes to the radioenhancement effects.

1.2.1.4. Hypoxic cells

Hypoxic cells are 2i53.0 times less sensitive to radiation than well
oxygenatedells®® Tumors often include hypoxic areas, which is a cause of
radioresistance. Chemotherapeutic agents can improve the RT effect by
eliminating welloxygenated tumor cells, which lead to tumor
reoxygenation, selectively eliminating hypoxic cells, or sensitizing

hypoxic cells to radiation.
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1.2.1.5. Repopulation of tumor cells

The importance of the overall treatment time (OTT) for local tumor
control by RT has been documented in a number of studies of head and neck
cancers, uterine cervical cancer, anopésgeal cancéf* Analysis of
esophageal and laryngeal squamous cell carcinomas treated by RT alone
showed that the prolongation of OTT significantly reduced the local control
rate’**® One mechanism responsible for this may be the accelerated
repopudtion of tumor cells during fractionated RT. Any approach that
reduces or eliminates the accelerated repopulation of tumor cells improves
the efficacy of RT. This is likely to be one of the major mechanisms by
which CT improves local tumor control when giv concurrently with RT.
Even a small decrease in repopulation between radiation fractions can
significantly improve the tumor response to fractionated RT. However, most
chemotherapeutic drugs inhibit repopulation not only in the tumor, but also
in the conpensatory cell regeneration of normal tissues that occurs during
fractionated RT. Thus, a therapeutic benefit is expected if drugs are tumor
selective

Recently, various molecular targeting drugs have become clinically
available. Several drugs, sual epidermal growth factor receptor (EGFR)
inhibitors, block the membrane receptors of growth factors or interfere with
the signaling pathways involved in cell proliferation. These agents offer
another possible method for inhibiting the accelerated reptpulof tumor

cells during fractionated R*¥:*°
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1.2.2.Sequencing of CT and RT

According to the sequencing of CT and RT, CT is designated as
induction(neoadjuvant) CT, concurrent CT, or adjuvant CT, when it is given
before, during, or after the course of RT, respectively. As clinical trials of
adjuvant CT following RT have not been systematically studied, the aims
and clinical results of induction CThd concurrent CT are described in the

following paragraphs;
1.2.2.1. Induction chemotherapy

Induction CT has two main objectivéd,one being the eradication of
micrometastasewhile they contain small numbef tumor cells, and the
other being to reduce the size of the primary tumor that is to be irradiated.
Reducing the number of cells in the tumor increases the probability of tumor
control by RT. In addition, CT induced tumor shrinkage may provide a

smallertarget volume for RT, thereby limiting normal tissue damage

1.2.2.2. Concurrent chemotherapy

For concurrent CRT, CT can act on both systemic and primary lesions.
However, the main objective of concurrent CT is to useRJTinteractions
to maximizethe antitumor effect, even thoughntay increase the acute
toxicity of the treatmerft! Therefore, it should be remembered that the
therapeutic benefit of concurrent CRT only occurs when enhancement of the

tumor response is greater than the toxic effect critical normal tissues.
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An alternating schedule of CT and RT can be used without a treatment gap,
to minimize excessive toxic effects on normal tissues and to enhance the
tumor response by perturbing cell cycling or reoxygenation. Several clinical

trials involving alternating schedules have yielded promising results.
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1.3. Sulfonamides

1.3.1. Sulfonamides as anticancer agents

Sulfonamides constitute an important class of drugs, with several types of
pharmacological activities including antibacteridf, anticarbonic
anhydrase? diuretic?® hypoglycemié' and antithyroid activity” Also,
some structurally novel sulfonamide derivatives have recently been reported
to show substantial antitumor activitg-vitro and/orin-vivo. (E701Q 1,
(ER-34410 2 and (E707Q Indisulam) 3 and QBS are examples for

antitumorsulfonamides in advanced clinical triafs.

0 /
= N NH
N F N H 2
NH H NH NH
0=S=0 0=8=0 0=8=0
0=8=0
NH
N
AN
OCHj OCHj 0=$=0 =
NH,
1 2 3
(E7010) (ER-34410) (E7070,Indisulam) (QBS)

There are a variety of mechanisms describing the antitumor action of
sulfonamides, such as carbonic anhydrase (CA) inhibition, cell cycle arrest
in the G1 phase, disruption of microtubules, angiogenesis raailix
metalloproteinase (MMPinhibition. The mat prominent mechanism was

the inhibition of carbonic anhydrase isozymes (CAs).
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1.3.2. Sulfonamides as carbonic anhydrase inhibitors
1.3.2.1. Carbonic anhydrases

The carbonic anhydrases are metalloenzymes containing zinc ion in their
active site.Carbonic anyhdrases are present in prokaryotes and eukaryotes,
and are encoded by fouCA8CABLCAIDL gene
a n d-C Alis . I n manOval ss theesltent &€Ad 16 ¢
iIsozymes or CAelated proteins (CARP) were describedthwdifferent
subcellular localization and tissue distributf8i> Basically there are several
cytosolic forms (CA dlll, CA VII and CA XIll), five membranebound
isozymes (CA IV, CA IX, CA Xll, CA XIV and CA XV), two
mitochondrial isoforms (CA VAandVB) and CA VI is secreted in the saliva
and milk. Three cytosolic acatalytic forms are also known (CARP VIII,
CARP X and CARP XIf®
All these CAs are able to catalyze the hydration o @bicarbonate at
physiological pH (Figure 13 ** ?'This chenical interconversion is crucial
since bicarbonate is the substrate for several carboxylation steps in a number
of fundamental metabolic pathways such as gluconeogenesis, biosynthesis of
several amino acids, lipogenesis, ureagenesis and pyrimidine sgAthesi
Apart from these biosynthetic reactions, some of the CAs are involved in
many physiological processes related to respiration and transpQ®Hf
bicarbonate between metabolizing tissues and the lungs, pH homeostasis and

electrolyte secretion in a siaty of tissuesprgans->*’
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OH
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z{f* H\O_Z<
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His &4 \ His 119 - . /__,.o
HIS% Z ~ .
+ HO 4 His 119
His 94\ |
His 96
D
C

Figure (1):Schematic representation -of the
CA catalysed Cohydration. The hydrophobic pocket for the binding of

substrate(s) is shown schematically at step (B)

1.3.2.2. Role of carboni@anhydrases in cancer

The importance of this family of enzymes for the uptake of bicarbonate
by many organisms, and the presence of a large number of isoforms (which
can be distinguished from each other in activity and are located in different
areas mside the cell) make the CAs undoubtedly involved in cell growth.
Furthermore, CA isozyme€All, CAV, CA IX, CA XIIl and CA XIV) have

close connections with tumo?®® The role of CAs in cancer can be
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explained in light of the metabolic processes requirg growing cancer

cells that develop with a higher rate of replication than normal cells. Such a
circumstance requires a high flux of bicarbonate into the cell in order to
provide substrate for the synthesis of either nutritionally essential

componentsr{ucleotides) or cell structural components (membrane lipids).

1.3.2.3. Carbonic anhydrases inhibition

CA inhibitors are mainly used as antiglaucoma agéhf<; *®antithyroid
drugs® hypoglycemic agents and, ultimately, some novel types of
anticancer agenfs. Sulfonamides are known to possess high affinity for
CAs as such compounds possess a zinc binding group (ZBG) by which they
interact with the metal ion in the active site of the enzyme and thaiessid
Thr 199 and Glu 106 in its neighborhodn recent years, an entire range
of new ZBGs were reported as showrfFigure 2. These new ZBGs include,
in addition to the classical sulfonamidés sulfamatesB, sulfamidesC,
substituted sulfonamidd, Schi f 6 s E,buaes & and hydroxyurea

derivativesG, as well as hydroxamates® *

% O o]
AN I ~ I 1
—S—NH, O—S—NH, N—S—NH, —S—NH-X
o H o o
sulfonamides A sulfamates B sulfamides C substituted sulfonamides D
I o 2
AN
N—S—NH HO.
('SS 2 H,N" “NH, HO\HN)kNH2 HN™ R
Schiff's base E urea F hydroxyurea G hydroxamates H

Figure (2): Zinc binding groups: sulfonamidég sulfamate®, sulfamides
C, substituted sulfonamidd3, S c h i E,furéaf, hydraxyuweas and

hydroxamatesi.
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1.3.2.4.Sulfonamides as anticancer agents through CA inhibition

Sulfonamides CA inhibitors reduce the provision of bicarbonate for the
synthesis of nucleotides (mediated by carbamoyl phosphate synthetase II)
and other cell components such as membrane lipids (mediated by pyruvate
carboxylase). Such mechanism would likely involve CA Il and CE Ah
alternative, or additional mechanism, may involve the acidification of
intracellular milieu as a consequence of CAilnition by these potent CA
inhibitors® It is also possible that the sulfonamides interfere with the
activity of the CA isozymes known to be present predominantly in tumor
cells, CAIl, IX, XIl and XIV.*® ?"?°A combination of these mechanisms

propose above is also possible.

1.3.2.5. Examples of sulfonamides acting as anticancer agents by CA

inhibition

Several potent, clinically used sulfonamide CA inhibitors such as
acetazolamide4, methazolamideb, or ethoxzolamide6 have shown to

inhibit thegrowth of human lymphoma ceffs.

\
o) N-N o o N-N o N O
B, LA, T

4 5 6

A program of screening several hundred sulfonamide CA inhibitors (both
aromatic as well as heterocyclic derivatives) for their tumor cell growth
inhibitory effects againsa panel of 60 cancer cell lines of the National

Cancer Institute of the USA, has identified derivativekl as interesting
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leads. These derivatives showed potent activities, against a wide variety of
cancer cell lines including leukemia, remall cell lulg cancer, ovarian,

melanoma, colon, CNS, renal, prostate and breast cancer cefffihes.

NH, N-N o
O=£: R M:’*\S,) =3 NH:
Cl. o H O
Py 11 a-g
C 5-NH,
NH
o={ aR=PCO pn o R = PhyNCO
R N
. h R: th ' I__.-\Qh,.f L
A = e
9:.R = Cl {f- :‘J} n .'::"T-'““'I H R cl” ‘*f'*"# o
c 4 b C

-ond Vs "
[ = = ! - e -
= gR= (Y X X
— o’ © 8
dRr= 0N~ H-5— C
= 0

1.3.2.6. Examples of Sulfonamides acting as selective CA inhibitiors

Several miscellaneous sulfonamides have been synthesized and screened
by Vullo et al*” in an attempt to obtain selective CA inhibitors especially
towardsCA Il CA IX and CA Xll. From these compounds, compou3ds
12-14 were found to behave as very pot€# Il andIX inhibitors.
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Cl

s C
N H,N
H NH O_ﬁ
0=S=0 0 Oo—zt'o 0
O=S—NH, YT O=S—NH,
NH, _N
O:§:O X
NH, NH2
3 12 13 14
(E7070)
Casey et al® prepared a series of positively charged, membrane

impermeant sulfonamide CA inhibitofs$-20 and showed high affinity for
the cytosolic isozymes CA | and CA Il, as well as for the membbanad
ones CA IV and CA IX.

In vitro studies showed that this new class of inhibitors is able to
discriminate between the membrdmaund versus the cytdso isozymes.
These compounds were proved to be unable to penetrate through the
membranes, obviously due to their cationic nature. These compounds
constitute the basis of selectively inhibiting only the target, temssociated

CA IX in-vivo, whereas theytosolic isozymes would remain unaffectéd.

Ra §+-fN < > gﬂ_ S~ SNH; R4 §'+{N {CHQ}nQ > gNHz
h1 O )
Rs Rs clo, Ry R, ClO,
16 n=0
15 17
.I.S n=2
Hf :ime o NN g y ~,Me o
Me— N @ gﬁ"{s’*‘*fs NH; Ph—( * N=(CHx g NH;
f -
H Me cio, O H  Me CO;

19 20
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CA XIl is present in avide range of tumors and it appears probable that
inhibition of this isozyme with potent and possibly specific inhibitors may
have clinical relevance for the development of novel antitumor therapies.
The most selective hCA Xll over hCA Il inhibitors werengpoundsl2, 21
and22.

O
I I
T O=S—NH, O=S—NH,
O=S—NH,
NH,
CH3 CH5NH,
12 21 22

A series of indanesulfonamide derivati@sand24 were synthesized by
Thiry et al® and tested for their inhibitory activity against CA IX, and
against CA | and Il and two other physiologically relevant CA isozymes, to
measure the selectivity of the compounds. Nearly all the derivatives show a

high inhibitory potency against CA IX and CIK and a weak inhibition

against CA.
T ;
|
. S S G BT
N+ o N & d
5 LNH,
23 24

1.3.3. Sulfonamides targeting G1 phase of the cell cycle

G1 phase of the cell cycle is an important period where various complex

signal s I nteract t o deci de a cel

differentiation, or apoptosis (Figug.*

0
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Figure (3): The cell cycle

It is now wellrecognized that malfunctioning of cell cycle control in G1
phase is among the most critical molecular bases for tumorigenesis and
tumor progression. Thus, there is a growing possibility that a small molecule
targeting the control machinerg the G1 phase can be a new type of drug

efficacious against refractory clinical cancérs.

(E7070Q 3 was found to block the entry of human NSCLC A549 cells into
the S phase, leading to the accumulation of cells in the late G1 phase. In
addition, tratment of A549 cells witiE7070Q 3 resulted in the inhibition of
pRb phosphorylation, a crucial step in the G1/S transition. Down regulation
of CDK2 and cyclin A expressions as well as suppression of CDK2 catalytic
activity with the induction of p53 and®f, may account for the inhibition of
pRb phosphorylation by E7070.

In addition, (E707Q 3 was shown to inhibit the phosphorylation of
CDK2 itself, leading to the inhibiton of CDK2 catalytic activity. These
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results suggest that E7070 may targetléibe G1 phase of the cell cycle and
restore the pRldependent growtinhibitory pathway disrupted in human
NSCLC cells. This is accomplished by inhibiting CDK2 catalytic actitty.

1.3.4. Sulfonamides causing disruption of microtubules

The effectsof (E701Q 1 on microtubule structure itumor cells were
shown to cause the disappearance of cytoplasmic microtubules and mitotic
spindles. The experiments clearly demonstrated that the giohithtory
activity of (E701Q 1is caused by the inhibitioof microtubule assembfi;.

A novel series of -aroylaminoindolinel-benzenesulfonamides have
been identified by Chanet al** as a novel class of highly potent antitubulin
agents. The lead compoun2lsand26 exhibit antiproliferative activityThe
SAR information of the -aminoindolinesubstitution pattern revealed that
the Zamide bond formation in the indoliffesulfonamides contributed to a
significant extent for maximal activity rather than the carltamearbonate,

urea, alkyllinkers.

.S~
NH o7 E
R/ O

OCH,

25: R= Isonicotinoyl
26: R=2-Furoyl

Hu et al® have synthesized two series of carbazole sulfonamide
compounds. Compounds such 28 and 28 exhibited strong activities
against human leukemia cells. Preliminary studies demonstrated that the lead

compound27 arrests tumor cell cycle at4ghase and induces apoptotic cell
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death by increasing expression of p53 and promoting Iptiosphorylation.
Lead compounds such 2% and28 merit further studies as novel promising

antimitotic agents against solid tumors.

o (3
\\
(T8
/N
CoHs

27: R= 3,4,5-(OMe);
28: R= 4-Cl-2,5-(OMe),

1.3.5. Sulfonamides as matrix metalloproteinase (MMP) inhibitors

The matrix metalloproteinases (MMPs), a family of zaomtaining
endopeptidases, were shown to play a central role in several physiological
and physiopathological processes and in our main interest regards the
involvement of these enzymes in angiogenesis and tumor invsion.

They consist of a Zn(ll) ion coordinated by three histidines, with the
fourth ligand being a water molecule/hydm&iion which is the nucleophile
intervening in the catalytic cycle of the enzyffidnhibition of MMPs is
correlated with the coordination of the inhibitor molecule (in neutral or
lonized state) to the catalytic metal ion, with or without replacementeof th
metatbound water molecufe:*” *° Thus, MMP inhibitors (MMPIs) must
contain a zinéinding function attached to a scaffold that will interact with

other binding regions of the enzyniés.

Sulfonylated amino acid hydroxamates were only recentigadiered to
act as efficient MMPIS?*! The first compounds from this class to be
developed for clinical trials are (CGS 2702329 and (CGS 2596630.*
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Further developments in this field have led to some strong and relatively
selective inhibitors of tisi type such a8l Then a large number of
arylsulfonyl hydroxamates derived from glycinealanine, Lvaline and L
leucine possessing-benzyt or N-benzytsubstituted moieties, of typ&,

were reported Also, some hydroxamates structurally related to the MMPIs

were shown to act as CABS.*®

R1 Df"’ '\D R1
Y =H, Cl, NO, R;=H (Gly derivatives) Ry =H, Me, i-Pr, sec-Bu
R = alkyl, aryl = Me (Ala derivatives) R = Aryl
= j-Pr (Val derivatives) X =H .
= j-Bu (Leu derivatives) X = Benzyl, i-Pr
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1.4.Thiazolesand fused thiazols as anticancer agents

Thiazolesand fused thiazole derivatives are known to possess several
biological activities® including anticancer activity*>’ There are a variety of
mechanisms for # antitumor action of thiazoleand fused thiazole
derivatives, they act ogancer biotargets, such as tumor necrosis factor
TNF- U>® inosine monophosphate dehydrogenase (IMPI3Bidapoptosis

inducers®

Tiazofurin 34, ®* the synthetic nucleoside analogus a potent inhibitor
of Il nosi ne 50 monophosphat elimtihgg hydr og
enzyme of de novo guanine nucleotide synth@sishich catalyzes the
NAD-dependent Cc 0 nv er snormphosploate (IMR) ot i n e
x a nt h osnonomhospbae (XMP), was shown to be significantly
increased in highly proliferative cells. Inhibition of this enzyme results in a
decrease in GTP and dGTP $yathesis, producing inhibition of tumor cell
proliferation®® Tiazofurinis a highpriority candidate for clinical trials with
potential importance for treatment of lung tumours and metasts#¥es.
Tiazofurin has shown a significant reductionl@ukaemic cell burden in
acute myelogenous leukaemia patiénBespite the efficacy achieved in the
clinical trials of tiazofurin, lack of specificity and occasional neurad
cardiovascular toxicity remain a problem in its clinical ¢<8To improve
its biological properties, many analogu@%-37 have been prepared,
including a number of those with variations in the furanose (kigure
4).67-69
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Figure (4): Tiazofurin and its analogues

Epothilones 38, The recent class of natural productsedfor tubulin
binding " and stabilization of microtubule dynami¢sEpothilones38, are
apoptosis inducergnost apoptotic agents are known to induce apoptosis
through one of two pathways, namely a receptediated and a non
receptormediated or chemicahduced pathway?’® epothilones38, have

much greater activity against muttiug resistant cell line$.

o oH o

R=H Epothilone A
R=CH; Epothilone B

38

Thiazolecontaining side chain of epothilone€®9, was investigated.
Among a tested series of hybrid compounds the one containing thiazole side
chain at C15 (MSR) showed the maximum potency to induce apoptosis,

while another containing thiazole side chain at C3 @8)Swas less poterit.
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It was reportedthat the 16membered trilactone core structure of
macrosphelides and the thiazalentaining side chain of epothilonese

promising apoptosis inducefBigure5).
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Figure(5): Chemical structure of six hybrid compounds (M3)omposed
of 16 membered trilactone core structure of macrosphelides and the thiazole

containing side chain of epothilones.

Benzenesulfonamides and thiazolyl benzenesulfonangdastitute an
important clas of MMPsinhibitors!”"*MMPs areassociated with cancer
cell invasion and metastasi€®’ They are involved in the massivep
regulation in malignant tissues and characterized by their unique ability to
degrade all components of the extracellular métribegradation of

extracellular matrix is crucial for malignant tumour growth, invasion,
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metastatis and angiogene%&® Kiyama et af* described a thiazolyl
benzenesulfonamidess MMPI 40a (Figure6).

HOOC o. HOOC I;I
H_ 1
O = o
N =0 N.
HO HN—-S=0 His, .. --~ | H S=0-—-H-N
His- -~ <" """ o
O P
His
S” N
OCHj

40a

Figure (6): Polar interactions of the inhibitdfa docked into MMP9-A16

model

Recently?*it has been reported that severah@leosides, sulfonamide
schieff ds bas ethiazdidindnesdOb pobsess aomsiderable
cytotoxic effect against breast carcinoma cell line MCF7 and cervix

carcinoma cell line HELA.

R
0
QO3
™R -
o
40b
Indolequinonesubstituted by a thiazole ring was shown to be inhibitors
of topoisomerase Il with marked cytotoxic activities towards human tumour
cell lines.The indolequinone antibioti(BE 10988 41 does not covalently

bind to DNA but trigges double stranded cleavagé DNA Via the

inhibition of the enzyme topoisomeraséThis DNA relaxing enzyme is



Introduction | 28

the primary target of several clinically used anticancer drugs including

etoposide and mitoxantror&.

CONH,
T
) —N
H,N
N
N
\
o) CHj;
41
(BE 10988)

Ruthenium compounddorm a class of metallopharmaceuticals, of
potential wide application in various disease aféablichael Clarke
describedhe possible medical uses of ruthenium compodfidsnumber of
studies have exploited the use of ruthenium compounds as expefimenta
anticancer agent&’ An example on these is the novel compound, freisis
cis-[Ru(ll) Cl,(DMSO),(2-amino5-methytthiazole)] 42.

Also, thiazole-4- carboxamide ademe dinucleotide (TAD) analogué3
displaces NAD mding at the cofactor site.h&refore, TAD analoguesre
expectedto provide probes of the stereochemical requirements of the

adenine end of the cofactor site of IMPBH.
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NH,
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43
The most promising new approaches in cancer treatment is blocking
angiogenesi&: Tie-2, an endothelium specific receptor tyrosine kinase,
promotes tumour angiogenesis through interaction with angiopofétin

examples of this group are thkicyclic pyrimidines in which, the

thiazolopyrimidinearethemost potent’

NH,
NS N
I > |
k\N N N~

Also, thiazolo[4,5d]pyrimidines 44a,b are related to 2;diaminc
thiazoles that have been previously reported to be potent inhibitdrstiof
CDK **®and GSK3 (glycogen synthase kina8§ which belongs to the

same family of serinéhreonine protein kinases as CD¥s

HN_ O F
S
o @ HN

F
S \N
HN—<\N | N/)
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On the other hand, it has been reported that several pyrano[2,3
d]thiazolo[2,3b]pyrimidines 45¢c were prepared for anticancer evaluation
starting with 2H5-aminc-6-cyana3,7-dioxothiazole[2,3b]pyrimidine 45a
and its phenyl methylene derivati¢gb.%°

o  NH, HN oy
N
XQLN)\IC ga et
— O
S'J\\N 0 S)\N
Ar
45a , X=H, 45

45b , X= =>pp
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1.5. Synthesis ofthiazoles and fused thiazoles

15.1. From Aldehydes:

Substituted aldehydé6 reacted directly with thiosemicarbazide, and the
obtained thiosemicarbazone®/ subsequently reacted with suitable 2

halogenoketon#o yield the 24- disubstituted thiazolderivative48.%’

Ho>N.
R4 2-propanol 4 H
46 @) 47
(@)
X 2-propanol
r.t.

15.2. From thioimid es:

Dimethyl cyanodithioimidocarbonatd9 obtained from cyanamide in
presence ofKOH, CS, and Mel, was engaged in a onrpot three step
procedure and was reacted successivalyith sodium sulfide,

chloroacetonitrile, and potassiurarbonate to obtain the substituted thiazole

derivative50.%
NH,
CS N’CN CICH,CN N \
NH,CN ——2— —— /
2 cHyt M Na,S \S/ks CN
KOH SE K,COs

49 50
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1.5.3. From L-proline:

N-Boc protected tproline thiazole amino acicester 52 was first
synthesized starting from commercially available Beproline 51 via a
modified Hantzsch reactidh with ethyl bromopyruvatein presence of
KHCO; and 12-dimethoxyethane OME) at -12 LVC, followed by
trifluoroacetic anhydrideTFAA), the next step idl-Boc deprotection of the
resulting carboxylic ester By Cl in 1, 4-dioxane to yield the corresponding

thiazole derivativé3.%°

Br’\n)LO’\
[_)\WNHZ &( ()\(
N KHCO;3 l 1,4-dioxane _z

Boc S H.HCI N
DME CO,Et CO,Et

51 52
1.5.4. From methyl benzoate:

The first step consisted in converting the methyl benzédténto a
thionoester55 using a mixture ofP,S;¢y/ hexamethyldisiloxane (HMDO)
under microwave irradiation at 150 °C, which provided the desired
thionoester in approximately . The purified thionoester is then subjected
to phenylglycine to afford the desired 2disubstituteeb-acetoxythiazoles
56.100

s —
Q Ho,? © s
P,S NH2 ©
o P4S1wo 0 O - \ l<l
| aMDbo | i)NaOHrt
MW AC,0
54 150 °C,1h 55 ii)100°C,1h 56
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1.5.5. From phenacyl bromide:

A mixture of a phenacyl bromid&7, thioaceamide/thiourea in MeOH
and the catalyst AMRPammonium salt of a heteropoly acid). The mixture
was stirred at room temperature to obtain the thiazole derivagife

R
7—/ S
N__~

O j\ AMP
Br MeOH
w Cno R —MeOH
r.t.
R=CH3,NH2 20 min

57 58

1.5.6. From U-halo-b-ketoesters:

Thiazole 5carboxylic acidderivative61 wasobtained in good yields by
t he ¢ onde nchlardabiketaesterdd withl 2-(2,6-dichlorophenyl)
ethanethioamidé0in EtOHand pyridinefollowed by a basic hydrolysis of
the resulting esters INaOH, MeOH/THF.**

o) Cl
. NH, EtOH/Pyridine HO S
t
EtO s NaOH |/
Cl MeOH/THF R N Cl
O Cl
59 60

61

1.5.7. From bis (aroylmethyl) sulfides:

2-Aroyl methyl2,4-diaryl-5-benzylidine thiazole63 was obtained from
the reaction of aromatic aldehydes and ammonium acetate with bis
(aroylmethyl) sulfides62 which were thoroughly mixed in a borosilicate
boiling tube kept partially immersed in a silica bath, which, in turn, was
placed in a microwave ovéff



Introduction | 34

Ar'

Ar Ar Ar, o Ar O
YUSTYT w \ « _S s
O O ——— » S Ar | Ar Ar
2 ArCHO Ar \NX\W C o
NH,OAc Ar O Ar Arm 0

major 7-10% negligible

1.5.8. From isothiocyanate:

An equimolar mixture of isothiocyanat@4, malononitrile and sulfur
powder in DMF was stirred in ice bath. After 15 min, triethylamine was
added dropwise to the mixturethe reaction was continued for 4 h to gére
amino3-substituteel-thioxo-2,3-dihydro-thiazole5-carbonitrile derivative
65 -104

R NH,

\

R—NCS CN s FA, N
— +

¥ <CN Sé/\s CN
64

65
1.5.9. From 2- aminothiazole:
Thiazolidinone derivative 68 was produced from stirring of2-
aminothiazolé6 with chloroacetylchloride in DMF at room temperature for

2h, then the produced compoun®7 was refluxed with ammonium

thiocyanate in ethanol for 1 fif’

- ZC';;S [ %NH e 4‘f

66 67
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1.5.10. Fromsulfanilamide:

A suitable aldehyde was refluxed with aminocommbun absolute
ethanol for 6 huntil the formation of Schifi $ase69, then the separated
Schiff base was refluxed with mercaptoacetic acid for amtdhti12 hin dry

benzene to obtain the correspondingazblidinone70 through a twostep

reaction'%
H2N O
o O
N HS Aon i -
EtOH ” H2N—'S‘ N S
Dry b
benzene
o= S O
2
69 70

A one pot reaction can be conducted by refluxing a suitable aldehyde
with sulfanilamidein dry benzene in a flask conried to DearStark tap for
12ht o form the azomet hmercaptoacetic acidina s ol |
benzene was added to theat®an mixture and refluxed for addsmal 12 h

to obtain the corresponding#zolidinone70.'*®

NH, CHO o o§
1
o) Dry HN—S@N S
© + © + HS\)LOH benzene 2 8
O:§:O
NH,

70
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1511 From Schiffds base of cyanoacetic

5-Amino-N g1-chloro-3,4-dihydronaphthalei2-yl) methylenej3-phenyt
2-thioxo-2,3-dihydrahiazole4-carbohydrazide72 was prepared by the
reaction of Schiffds bad&deithesdlfurandanoace
phenyl isothiocyanate in the presence of triethylamine as a basigsta
The thiazolo[5,4d]pyrimidinone derivative/3 was prepared by heatirkf

with a mixture of triethylorthoformate and acetic anhydffde.

HoN
Cl H Cl I S\F
H
X, N S,PhNCS S
o) TEA/DMF ) Ph
72
71

ACZO/(EtO)3CHl

N__s
Cl (/
N |
LT YT
73
15.12. From 4-aminothiazole-5-carbonitrile:

4-Amino-3-alkyl-2-thioxo-2,3-dihydrothiazoles-carbonitrile 74  was
treated with formamide and heated at 110 °C for 6 h to yiedd-aminc-3-
ethyl thiazolo[4,5d]pyrimidine-2(3H)-thione 75.%
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X
\
T S
B aate
S%\S C=N S 2
NH,
74 75

1.5.13. From 1,2,3,4-tetrahydropyrimidine -2- thione derivative:

1,2,3,4Tetrahydropyrimidine 2-thione 76 was heated under reflux with
chloroacetic acichnd benzaldehyden the presence dacetic anhydride and
sodium acetateo yield the corresponding thiazolo[3,2 a]pyrimidine

derivative77. 1°°

1.5.14. From arylidenemalononitrile:

To a solution of arylidenemalononitril@8 obtained from reaatg
malononitrile with aldehydethe active methylenéiazolin-2,4-dione 79
was added in methanwalith drops of morpholig, and heated until boiling to

obtain the corresponding thiazolopyrane derivagoe™°



