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Abstract 

     In a search for new cytotoxic agents with improved antitumor activity 

and selectivity, some new thiazole, thiazolopyrimidine, thiazolopyrane and 

thiazolopyranopyrimidine derivatives bearing sulfonamide moiety were 

synthesized. The newly synthesized compounds were evaluated for their 

antitumor activity alone and in combination with ɔ-irradiation. These new 

compounds were docked inside the active site of carbonic anhydrase II 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 and radiotherapy, the 

expected anticancer activity of new thiazole, thiazolopyrimidine and 

tricyclic pyrimidine derivatives, and different 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 designed. Schemes illustrate the synthetic pathways 

adopted in the preparation of the target compounds. 

3. Theoretical Discussion: 

     This part deals with the discussion of experimental methods adopted for 

the synthesis of the target compounds.  

 



Abstract|  ii 
 

4. Experimental:  

     This part includes the detailed practical methods for the synthesis of 

twenty seven new compounds and five known intermediates that are listed 

below with their elemental analyses and spectral data (IR, 
1
H-NMR and 

mass spectroscopy). 

 

Known intermediates: 

 

¶ 2-Chloro-N-(4-sulfamoylphenyl) acetamide (II ) 

¶ 4-(4-Oxo-4,5-dihydrothiazol-2-ylamino)benzenesulfonamide (III ) 

¶ 4-Isothiocyanato benzenesulfonamide (V) 

¶ 4-(4-Methylbenzylideneamino)benzenesulfonamide ( VIII a)  

¶ 4-(4-Nitrobenzylideneamino) benzenesulfonamide (VIII b). 

 

New compounds: 

 

¶ 4-(7-Phenyl-5-thioxo-4,5,6,7-tetrahydrothiazolo[4,5-d]pyrimidin-2-

ylamino) benzenesulfonamide (IV a)  

¶ 4-(5-Thioxo-7-p-tolyl-4,5,6,7-tetrahydrothiazolo[4,5-d]pyrimidin-2-

ylamino) benzenesulfonamide (IV b) 

¶ Ethyl 2-cyano-3-(4-sulfamoylphenylamino)-3-thioxopropanoate (VI ) 

¶ Ethyl 2-(4-oxo-4,5-dihydrothiazol-2-yl)-3-(4-sulfamoylphenyl 

amino)-3-thioxopropanoate (VII ) 

¶ 4-(4-Oxo-2-p-tolylthiazolidin-3-yl) benzenesulfonamide (IX a) 
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¶ 4-(2-(4-Nitrophenyl)-4-oxothiazolidin-3-yl) benzenesulfonamide 

(IX b) 

¶ 4-(4-Oxo-2-phenylthiazolidin-3-yl) benzenesulfonamide (IX c) 

¶ 4-(2-(2-Hydroxyphenyl)-4-oxothiazolidin-3-yl) benzenesulfonamide 

(IX d) 

¶ 4-(2-(4-Hydroxyphenyl)-4-oxothiazolidin-3-yl) benzenesulfonamide 

(IX e) 

¶ 4-(2-(Benzo[d][1,3]dioxol-5-yl)-4-oxothiazolidin-3-yl) 

benzenesulfonamide (IX f) 

¶ 4-(2-(2-Chlorophenyl)-4-oxothiazolidin-3-yl) benzenesulfonamide 

(IX g) 

¶ 4-(2-(3-Bromophenyl)-4-oxothiazolidin-3-yl) benzenesulfonamide 

(IX h) 

¶ 4-(5-Amino-6-cyano-7-(4-nitrophenyl)-7H-thiazolo[4,5-b]pyran-2-

ylamino) benzenesulfonamide (XI a) 

¶ 4-(5-Amino-6-cyano-7-(3,4-dimethoxyphenyl)-7H- thiazolo[4,5-

b]pyran -2- ylamino) benzenesulfonamide (XI b) 

¶ 4-(5-Amino-7-(2-chlorophenyl)-6-cyano-7H- thiazolo[4,5-b]pyran-2-

ylamino) benzenesulfonamide(XI c) 

¶ 4-(5-Amino-7-(3-bromophenyl)-6-cyano-7H- thiazolo[4,5-b]pyran-2-

ylamino) benzenesulfonamide (XI d) 

¶ 8-Amino,9-(4-nitrophenyl) 9-H,[2-(4-sulfamoyl phenyl amino)] 

thiazolo[4,5-b]pyrano [2,3-d] pyrimidine (XII ) 

¶ 8-Oxo, 9-(4-nitro phenyl) 9-H,[2-(4-sulfamoyl phenyl amino)] 

thiazolo[4,5-b]pyrano [2,3-d] pyrimidine (XIII a) 
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¶ 8-Oxo,9-(3,4-dimethoxy phenyl) 9-H,[2-(4-sulfamoyl phenyl amino)] 

thiazolo[4,5-b] pyrano [2,3-d] pyrimidine (XIII b) 

¶ 6-Methyl,8- oxo,9-(4-nitro phenyl) 9-H,[2-(4-sulfamoyl phenyl 

amino)] thiazolo[4,5-b] pyrano [2,3-d] pyrimidine (XIV a) 

¶ 6-Methyl,8- oxo,9-(3,4-dimethoxy phenyl) 9-H,[2-(4-sulfamoyl 

phenyl amino)] thiazolo[4,5-b] pyrano [2,3-d] pyrimidine (XIV b) 

¶ 8-Amino, 6-oxo ,9-(4-nitro phenyl) 9-H,[2-(4-sulfamoyl phenyl 

amino)] thiazolo[4,5-b]pyrano [2,3-d] pyrimidine (XV ) 

¶ 8-Amino, 6-thioxo ,9-(4-nitro phenyl) 9-H,[2-(4-sulfamoyl phenyl 

amino)] thiazolo[4,5-b] pyrano [2,3-d] pyrimidine (XVI ) 

¶ 4-(6-Cyano-7-(4-nitrophenyl)-2-(4-sulfamoylphenylamino)-7H- 

thiazolo[4,5-b]pyran-5-ylamino)-4-oxobutanoic acid (XVII ) 

¶ 4-(6-Cyano-5-(2,5-dioxopyrrolidinyl)-7-(4-nitrophenyl)-7H- 

thiazolo[4,5-b]pyran-2-ylamino) benzenesulfonamide (XVIII ) 

¶ N-(6-cyano-7-(4-nitrophenyl)-2-(4-sulfamoylphenylamino)-7H-

pyrano[2,3-d]thiazol-5-yl)-3-oxobutanamide (XIX ) 

¶ 8-Imino, 6-thioxo, 9-(3,4-dimethoxy phenyl) 9-H,1N phenyl,[2-(4-

sulfamoyl phenyl amino)] thiazolo[4,5-b]pyrano [2,3-d] pyrimidine 

(XX ) 

5. Biological activity: 

     Twenty seven new compounds were screened for their in-vitro anticancer 

activity against human carcinoma liver cell line (HEPG2) while seven 

promising compounds were screened for their anticancer activity in 

combination with gamma irradiation to study the synergestic effect of 

combining chemotherapy and radiotherapy.  
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6. Molecular modeling: 

    All the newly synthesized compounds are docked in the active site of 

carbonic anhydrase II  to predict the expected mechanism of action. 

7. References: 

This part includes 127 references. 

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 those controlling 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 cyclin-dependent 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 division that leads to 

senescence. Persistant tolemerase activity 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 maintain the growth of 

those tumors.
1
 

1.1.1. Apoptosis and growth  

     Normal cells usually die by an active and tightly regulated process known 

as apoptosis or programmed cell death. Apoptosis 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 family of proteins 

known as caspases. 
1 
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1.1.2. Angiogenesis 

     Angiogenesis, i.e. new vessel formation is stimulated by a variety of 

peptides produced by both tumor cells and host inflammatory cells, such as 

the vascular endothelial growth factors (VEGFs) and basic fibroblast 

growth factor (bFGF). Inhibition of angiogenesis is a potentially novel 

method of cancer therapy, as new vessel formation within and around 

tumors not only provides the cancer with nutrients and oxygen, but permits 

hematogenous spread, or metastasis. 
1
 

1.1.3. Invasion and metastasis 

     Cancers spread by both invasion and metastasis in vessels of the blood or 

lymphatic system. Infiltration into surrounding tissues is associated with loss 

of cell-cell cohesion. Cohesion is mediated by active homotypic cell 

adhesion molecules (CAMS). The cadherin molecules are Epithelial 

cadherin (E-cadherin) is expressed by many carcinomas and loss of E-

cadherin expression is associated with an increase in invasion of the tumor. 

Invasion is partly determined by the balance of activators to inhibitors of 

proteolysis. Secretion of proteolytic enzymes, including the matrix 

metalloproteinases, occurs from adjacent fibroblasts. The balance between 

the expression and activity of the matrix metalloproteinases (MMPs) and 

their tissue inhibitors (TIMPs) is important for tumor growth, invasion, 

metastasis and angiogenesis. 
1 

1.1.4. Aims of cancer treatment 

     Cancer treatment requires the cooperation of a multi-disciplinary team to 

coordinate the delivery of the appropriate treatment (surgery, chemotherapy 
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and biological therapy), supportive and symptomatic care and physiological 

support.
1
 

1.1.5. Principles of Chemotherapy 

     The therapeutic effect on the cancer is achieved by a variety of 

mechanisms which seek to differentiate between normal and transformed 

cells. Chemotherapy employs systematically administered drugs that directly 

damage cellular DNA (and RNA). It kills cells by promoting apoptosis. 

There is a narrow therapeutic window between effective treatment 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 derived in the past by empirical testing of 

many different compounds, e.g. alkylating agents, the new molecular 

biology is leading top renewed attempts to target particular genetic defects in 

cancer, e.g. tyrosine kinase inhibitors. 

     Most tumors rapidely develop resistance to single agents given on their 

own. For this reason the principle of combination chemotherapy was 

developed. Several drugs are combined together, chosen on the basis of 

differing mechanisms of action and non-overlapping toxicities. These drugs 

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
 

1.1.6. Principles of radiation therapy  

     Radiation delivers energy to tissues, causing ionization and excitation of 

atoms and molecules. The biological effect is exerted through the generation 

of single ï and double ïstrand DNA breaks, including apoptosis of cells as 
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they progress through the cell cycle, and through the generation of short ï

lived free radicals, particularly from oxygen, which damage proteins and 

membranes. 

     The most commonly used form of radiotherapy is external beam or 

teletherapy from a linear accelerator source which provides x-rays, the 

energy of which is transmitted as photons. Cobalt-60 generators can also 

provide gamma rays and high energy photons. 

     Brachytherapy is 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. iodine-131, or radioisotopeïlabelled 

monoclonal antibodies and hormones can be administered by intravenous 

routes to provide radiation targeted to particular tissue uptake via surface 

antigens or receptors. 

     The radiation dose is measured in grays (Gy), where 1 gray= 1 joule 

absorbed per kilogram of absorbing tissue and 1 centigray= 1 rad. The 

biological effect is dependent upon the dose rate, duration, volume irradiated 

and the tissue sensitivity. Fractionation is the delivery of the radiation dose 

in increments separated by at least 4-6 hours. Radiation dose is thus 

described by three factors: 

-Total dose in cGy (centigray). 

-Number of fractions. 

-Time of completion. 

     Most treatments are delivered in 150-200 cGy fractions 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 .
1 
 



Introduction  |  6 

 

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 other is the enhancement of radiation 

effects.
2-4

 

     Spatial cooperation is effective if CT is sufficiently active to eradicate 

subclinical metastases 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 often difficult 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 

chemotherapeutic drugs, an increased response such as enhancement occurs 

within the irradiated volume. However, virtually all chemotherapeutic agents 

enhance radiation damage to normal tissues as well. Consequently, a 

therapeutic benefit is only achieved if enhancement 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 in an in-vivo animal study.
5 

 

1.2.1- Mechanisms responsible for CT-RT interactions 

      

     Recent clinical trials have shown that CT given concurrently with RT 

results in improved local control and survival,
 
implying interactions between 
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CT and RT.
 6-10

 Five major mechanisms responsible for CT-RT interactions 

are discussed in the following paragraphs.
2-4

 

 

1.2.1.1. Initial radiation damage 

 

     The first mechanism responsible for CT-RT interaction is the direct 

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 (5-FU) are incorporated, making the DNA more susceptible to 

RT. Cisplatin interacts with nucleophilic sites on DNA or RNA to form 

intra- and interstrand cross-links. When cisplatin-DNA cross-links are 

formed during RT, radioenhancement by cisplatin may occur. This has been 

observed in both hypoxic and oxygenated cells.
4 

 

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 

damage.
2
 Halogenated 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 and gemcitabine 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 single-dose RT.
11

 This 

implies that the inhibition of sublethal 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. Cell-cycle effects 

 

     The third mechanism focuses on a cell-cycle 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 cells, cells in the G2 and M phases are the most 

radiosensitive, and the cells in the S phase are the most radioresistant.
2  

Based on this variation in radiosensitivity over the cell cycle, there exist two 

strategies for CRT, the use of chemotherapeutic agents that accumulate cells 

in a radiosensitive phase or those that eliminate radioresistant S-phase cells. 

The latter strategy is related to the mode of action of nucleoside analogs. 

Fludarabine and gemcitabine are incorporated into radioresistant S phase 

cells, many of which die by apoptosis. This preferential removal of S phase 

cells therefore contributes to the radioenhancement effects. 

 

1.2.1.4. Hypoxic cells 

 

     Hypoxic cells are 2.5ï3.0 times less sensitive to radiation than well 

oxygenated cells.
2,3

  Tumors often include hypoxic areas, which is a cause of 

radioresistance. Chemotherapeutic agents can improve the RT effect by 

eliminating well-oxygenated tumor cells, which lead to tumor 

reoxygenation, selectively eliminating hypoxic cells, or sensitizing the 

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, and esophageal cancer.
12-14

 Analysis of 

esophageal and laryngeal squamous cell carcinomas treated by RT alone 

showed that the prolongation of OTT significantly reduced the local control 

rate.
12,13

 One mechanism responsible for this may be the accelerated 

repopulation 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 given 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 compensatory 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, such as 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 repopulation of tumor 

cells during fractionated RT.
15,16 
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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 CT and concurrent CT are described in the 

following paragraphs; 

 

1.2.2.1. Induction chemotherapy 

 

     Induction CT has two main objectives,
2,3

 one being the eradication of 

micrometastases while they contain small number of 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 

smaller target 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 use CT-RT interactions 

to maximize the antitumor effect, even though it may increase the acute 

toxicity of the treatment.
2,4

 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 effects on 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.
9,17 
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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 antibacterial,
18

 anti-carbonic 

anhydrase,
19

  diuretic,
20

 hypoglycemic
21

 and antithyroid activity.
22

 Also, 

some structurally novel sulfonamide derivatives have recently been reported 

to show substantial antitumor activity in-vitro and/or in-vivo. (E7010) 1, 

(ER-34410) 2 and (E7070, Indisulam) 3 and QBS are examples for 

antitumor sulfonamides in advanced clinical trials.
23 

 

      

     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 and matrix 

metalloproteinase (MMP) inhibition. The most prominent mechanism was 

the inhibition of carbonic anhydrase isozymes (CAs).
23
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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 four distinct gene families: the Ŭ-CAs, ɓ-CAs, ɔ-CAs 

and ŭ-CAs. In mammals the Ŭ-CA is present and 16 different Ŭ-CA 

isozymes or CA-related proteins (CARP) were described with different 

subcellular localization and tissue distribution.
24,25

 Basically there are several 

cytosolic forms (CA I-III, CA VII and CA XIII), five membrane-bound 

isozymes (CA IV, CA IX, CA XII, CA XIV and CA XV), two 

mitochondrial isoforms (CA VA and VB) and CA VI is secreted in the saliva 

and milk. Three cytosolic acatalytic forms are also known (CARP VIII, 

CARP X and CARP XI).
26

 

     All these CAs are able to catalyze the hydration of CO2 to bicarbonate at 

physiological pH (Figure 1).
19, 26, 27 

This chemical 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 synthesis.
28

 

Apart from these biosynthetic reactions, some of the CAs are involved in 

many physiological processes related to respiration and transport of CO2/ 

bicarbonate between metabolizing tissues and the lungs, pH homeostasis and 

electrolyte secretion in a variety of tissues/ organs.
19,27
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Figure (1): Schematic representation of the catalytic mechanism for the Ŭ- 

CA catalysed CO2 hydration. The hydrophobic pocket for the binding of 

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

 

1.3.2.2. Role of carbonic 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 inside the cell) make the CAs undoubtedly involved in cell growth. 

Furthermore, CA isozymes (CAII, CAV, CA IX, CA XII and CA XIV) have 

close connections with tumors.
28,29

 The role of CAs in cancer can be 
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explained in light of the metabolic processes required by 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 

components (nucleotides) or cell structural components (membrane lipids).
28 

 

1.3.2.3. Carbonic anhydrases inhibition 

 

      CA inhibitors are mainly used as antiglaucoma agents, 
20, 27, 30

 antithyroid 

drugs,
30

 hypoglycemic agents
21

 and, ultimately, some novel types of 

anticancer agents.
31

 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 the residues 

Thr 199 and Glu 106 in its neighborhood.
32

 In recent years, an entire range 

of new ZBGs were reported as shown in Figure 2. These new ZBGs include, 

in addition to the classical sulfonamides A, sulfamates B, sulfamides C, 

substituted sulfonamide D, Schiffôs base E, urea F and hydroxyurea 

derivatives G, as well as hydroxamates H.
25, 32

 

 

Figure (2): Zinc binding groups: sulfonamides A, sulfamates B, sulfamides 

C, substituted sulfonamides D, Schiffôs base E, urea F, hydroxyurea G and 

hydroxamates H.  
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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 II and CA V.
33 

An 

alternative, or additional mechanism, may involve the acidification of 

intracellular milieu as a consequence of CA inhibition by these potent CA 

inhibitors.
34

 It is also possible that the sulfonamides interfere with the 

activity of the CA isozymes known to be present predominantly in tumor 

cells, CA II, IX, XII and XIV.
19, 27, 29

 A combination of these mechanisms 

proposed 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 

acetazolamide 4, methazolamide 5, or ethoxzolamide 6 have shown to 

inhibit the growth of human lymphoma cells.
33 

 

     A program of screening several hundred sulfonamide CA inhibitors (both 

aromatic as well as heterocyclic derivatives) for their tumor cell growth 

inhibitory effects against a panel of 60 cancer cell lines of the National 

Cancer Institute of the USA, has identified derivatives 7-11 as interesting 
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leads. These derivatives showed potent activities, against a wide variety of 

cancer cell lines including leukemia, non-small cell lung cancer, ovarian, 

melanoma, colon, CNS, renal, prostate and breast cancer cell lines.
35,36 

 

 

1.3.2.6. Examples of Sulfonamides acting as selective CA inhibitiors 

 

     Several miscellaneous sulfonamides have been synthesized and screened 

by Vullo et al.
37

 in an attempt to obtain selective CA inhibitors especially 

towards CA II CA IX and CA XII. From these compounds, compounds 3, 

12-14 were found to behave as very potent CA II and IX inhibitors.  
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     Casey et al.
38

 prepared a series of positively charged, membrane 

impermeant sulfonamide CA inhibitors 15-20 and showed high affinity for 

the cytosolic isozymes CA I and CA II, as well as for the membrane-bound 

ones CA IV and CA IX.  

     In vitro studies showed that this new class of inhibitors is able to 

discriminate between the membrane-bound versus the cytosolic 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, tumor-associated 

CA IX in-vivo, whereas the cytosolic isozymes would remain unaffected.
38 
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     CA XII is present in a wide 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 XII over hCA II inhibitors were compounds 12, 21 

and 22. 

 

     A series of indanesulfonamide derivatives 23 and 24 were synthesized by 

Thiry et al.
39

 and tested for their inhibitory activity against CA IX, and 

against CA I and II 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 CA II and a weak inhibition 

against CA I.  

 

1.3.3. Sulfonamides targeting G1 phase of the cell cycle 

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

signals interact to decide a cellôs fate: proliferation, quiescence, 

differentiation, or apoptosis (Figure 3).
40 
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 Figure (3): The cell cycle 

     It is now well-recognized 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 machinery in the G1 phase can be a new type of drug 

efficacious against refractory clinical cancers.
41

 

 

     (E7070) 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, treatment of A549 cells with (E7070) 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 p21, may account for the inhibition of 

pRb phosphorylation by E7070.
42

 

 

     In addition, (E7070) 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 target the late G1 phase of the cell cycle and 

restore the pRb dependent growth-inhibitory pathway disrupted in human 

NSCLC cells. This is accomplished by inhibiting CDK2 catalytic activity.
42

 

 

1.3.4. Sulfonamides causing disruption of microtubules 

 

     The effects of (E7010) 1 on microtubule structure in tumor cells were 

shown to cause the disappearance of cytoplasmic microtubules and mitotic 

spindles. The experiments clearly demonstrated that the growth-inhibitory 

activity of (E7010) 1 is caused by the inhibition of microtubule assembly.
43

 

      A novel series of 7-aroylaminoindoline-1-benzenesulfonamides have 

been identified by Chang et al.
44

 as a novel class of highly potent antitubulin 

agents. The lead compounds 25 and 26 exhibit antiproliferative activity. The 

SAR information of the 7-aminoindoline-substitution pattern revealed that 

the 7-amide bond formation in the indoline-1-sulfonamides contributed to a 

significant extent for maximal activity rather than the carbamate, carbonate, 

urea, alkyl linkers. 

 

     Hu et al.
45

 have synthesized two series of carbazole sulfonamide 

compounds. Compounds such as 27 and 28 exhibited strong activities 

against human leukemia cells. Preliminary studies demonstrated that the lead 

compound 27 arrests tumor cell cycle at M-phase and induces apoptotic cell 
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death by increasing expression of p53 and promoting bcl-2 phosphorylation. 

Lead compounds such as 27 and 28 merit further studies as novel promising 

antimitotic agents against solid tumors. 

 

 

1.3.5. Sulfonamides as matrix metalloproteinase (MMP) inhibitors 

 

     The matrix metalloproteinases (MMPs), a family of zinc-containing 

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 invasion.
46,47

 

     They consist of a Zn(II) ion coordinated by three histidines, with the 

fourth ligand being a water molecule/hydroxide ion which is the nucleophile 

intervening in the catalytic cycle of the enzyme.
48

 Inhibition of MMPs is 

correlated with the coordination of the inhibitor molecule (in neutral or 

ionized state) to the catalytic metal ion, with or without replacement of the 

metal-bound water molecule.
27, 47, 49

 Thus, MMP inhibitors (MMPIs) must 

contain a zinc-binding function attached to a scaffold that will interact with 

other binding regions of the enzymes.
48

 

 

    Sulfonylated amino acid hydroxamates were only recently discovered to 

act as efficient MMPIs.
50,51

 The first compounds from this class to be 

developed for clinical trials are (CGS 27023A) 29 and (CGS 25966) 30.
50
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Further developments in this field have led to some strong and relatively 

selective inhibitors of this type such as 31.
51

 Then a large number of 

arylsulfonyl hydroxamates derived from glycine, L-alanine, L-valine and L-

leucine possessing N-benzyl- or N-benzyl-substituted moieties, of types 32, 

were reported.
52

 Also, some hydroxamates structurally related to the MMPIs 

were shown to act as CAIs 33.
48
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1.4. Thiazoles and fused thiazoles as anticancer agents 

     Thiazoles and fused thiazole derivatives are known to possess several 

biological activities
53

 including anticancer activity.
 54-57 

There are a variety of 

mechanisms for the antitumor action of thiazole and fused thiazole 

derivatives, they act on cancer biotargets, such as tumor necrosis factor 

TNF- Ŭ,
58

 inosine monophosphate dehydrogenase (IMPDH),
59 

and apoptosis 

inducers.
60

 

 

     Tiazofurin 34, 
61

 the synthetic nucleoside analogue, is a potent inhibitor 

of inosine 5ô monophosphate dehydrogenase (IMPDH), a rate-limiting 

enzyme of  de novo guanine nucleotide synthesis.
59

 which catalyzes the 

NAD-dependent conversion of inosine 5ô-monophosphate (IMP) to 

xanthosine 5ô-monophosphate (XMP), was shown to be significantly 

increased in highly proliferative cells. Inhibition of this enzyme results in a 

decrease in GTP and dGTP biosynthesis, producing inhibition of tumor cell 

proliferation.
62

 Tiazofurin is a high-priority candidate for clinical trials with 

potential importance for treatment of lung tumours and metastases.
63,64

 

Tiazofurin has shown a significant reduction in leukaemic cell burden in 

acute myelogenous leukaemia patients.
65

 Despite the efficacy achieved in the 

clinical trials of tiazofurin, lack of specificity and occasional neuro- and 

cardiovascular toxicity remain a problem in its clinical use.
64,66

 To improve 

its biological properties, many analogues 35-37 have been prepared, 

including a number of those with variations in the furanose ring (Figure 

4).
67-69
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Figure (4): Tiazofurin and its analogues  

     Epothilones 38, The recent class of natural products used for tubulin 

binding,
70

 and stabilization of microtubule dynamics.
71

 Epothilones 38, are 

apoptosis inducers, most apoptotic agents are known to induce apoptosis 

through one of two pathways, namely a receptor-mediated and a non 

receptor-mediated or chemical-induced pathway,
72,73

 epothilones 38, have 

much greater activity against multi-drug resistant cell lines.
74

   

 

     Thiazole-containing side chain of epothilones 39, was investigated. 

Among a tested series of hybrid compounds the one containing thiazole side 

chain at C15 (MSt-2) showed the maximum potency to induce apoptosis, 

while another containing thiazole side chain at C3 (MSt-6) was less potent.
75
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It was reported that the 16-membered trilactone core structure of 

macrosphelides and the thiazole-containing side chain of epothilones are 

promising apoptosis inducers (Figure 5). 
76

 

39 

Figure(5): Chemical structure of six hybrid compounds (MSt) 39 composed 

of 16 membered trilactone core structure of macrosphelides and the thiazole-

containing side chain of epothilones. 

 

     Benzenesulfonamides and thiazolyl benzenesulfonamides constitute an 

important class of MMPs inhibitors.
77,78 

MMPs are associated with cancer-

cell invasion and metastasis.
79,80

 They are involved in the massive up 

regulation in malignant tissues and  characterized by their unique ability to 

degrade all components of the extracellular matrix.
81

 Degradation of 

extracellular matrix is crucial for malignant tumour growth, invasion, 
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metastatis and angiogenesis.
82,83

 Kiyama et al.
84

 described a thiazolyl 

benzenesulfonamide as MMPI 40a (Figure 6). 

 

Figure (6): Polar interactions of the inhibitor 40a docked into MMP-9-A16 

model. 

 

     Recently,
 84 

it has been reported that several C-nucleosides, sulfonamide- 

schieffôs bases and sulfonamide- thiazolidinones 40b possess considerable 

cytotoxic effect against breast carcinoma cell line MCF7 and cervix 

carcinoma cell line HELA. 

 

     Indolequinone substituted by a thiazole ring was shown to be inhibitors 

of topoisomerase II with marked cytotoxic activities towards human tumour 

cell lines. The indolequinone antibiotic (BE 10988) 41 does not covalently 

bind to DNA but triggers double stranded cleavage of DNA Via the 

inhibition of the enzyme topoisomerase II.
85

 This DNA relaxing enzyme is 
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the primary target of several clinically used anticancer drugs including 

etoposide and mitoxantrone. 
86

  

 

     Ruthenium compounds form a class of metallopharmaceuticals, of 

potential wide application in various disease areas.
87

 Michael Clarke 

described the possible medical uses of ruthenium compounds.
 88 

A number of 

studies have exploited the use of ruthenium compounds as experimental 

anticancer agents. 
89

 An example on these is the novel compound, transïcisï 

cis-[Ru(II) Cl2(DMSO)2(2-amino-5-methyl-thiazole)2] 42. 

 

     Also, thiazole -4- carboxamide adenine dinucleotide (TAD) analogue 43 

displaces NAD binding at the cofactor site. Therefore, TAD analogues are 

expected to provide probes of the stereochemical requirements of the 

adenine end of the cofactor site of IMPDH.
90
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    The most promising new approaches in cancer treatment is blocking 

angiogenesis.
91

 Tie-2, an endothelium specific receptor tyrosine kinase, 

promotes tumour angiogenesis through interaction with angiopoietin,
 92

 

examples of this group are the bicyclic pyrimidines in which, the 

thiazolopyrimidine are the most potent.
 93

 

 

     Also, thiazolo[4,5-d]pyrimidines 44a,b are related to 2,4-diamino-

thiazoles that have been previously reported to be potent inhibitors of both 

CDK
 94,95

and GSK-3 (glycogen synthase kinase-3), which belongs to the 

same family of serine-threonine protein kinases as CDKs.
96 
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      On the other hand, it has been reported that several pyrano[2,3-

d]thiazolo[2,3-b]pyrimidines 45c were prepared for anticancer evaluation 

starting with 2H-5-amino-6-cyano-3,7-dioxothiazole[2,3-b]pyrimidine 45a 

and its phenyl methylene derivative 45b.
 96
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1.5. Synthesis of thiazoles and fused thiazoles  

 

1.5.1. From Aldehydes: 

     Substituted aldehyde 46 reacted directly with thiosemicarbazide, and the 

obtained thiosemicarbazones 47 subsequently reacted with suitable 2-

halogenoketone to yield the 2,4- disubstituted thiazole derivative 48.
97 

 

1.5.2. From thioimid es: 

     Dimethyl cyanodithioimidocarbonate 49 obtained from cyanamide in 

presence of KOH, CS2 and MeI, was engaged in a one-pot three step 

procedure and was reacted successively with sodium sulfide, 

chloroacetonitrile, and potassium carbonate to obtain the substituted thiazole 

derivative 50.
98
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1.5.3. From L-proline:  

     N-Boc protected L-proline thiazole amino acid ester 52 was first 

synthesized starting from commercially available Boc-L-proline 51 via a 

modified Hantzsch reaction
99

 with ethyl bromopyruvate in presence of 

KHCO3 and 1,2-dimethoxyethane (DME) at -12
 Ǔ

C, followed by 

trifluoroacetic anhydride (TFAA), the next step is N-Boc deprotection of the 

resulting carboxylic ester by HCl in 1, 4-dioxane, to yield the corresponding 

thiazole derivative 53.
99 

 

1.5.4. From methyl benzoate: 

     The first step consisted in converting the methyl benzoate 54 into a 

thionoester 55 using a mixture of P4S10/ hexamethyldisiloxane (HMDO) 

under microwave irradiation at 150 °C, which provided the desired 

thionoester in approximately 1 h. The purified thionoester is then subjected 

to phenylglycine to afford the desired 2,4- disubstituted-5-acetoxythiazoles 

56.
100 
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1.5.5. From phenacyl bromide: 

     A mixture of a phenacyl bromide 57, thioacetamide/ thiourea in MeOH 

and the catalyst AMP (ammonium salt of a heteropoly acid). The mixture 

was stirred at room temperature to obtain the thiazole derivative 58.
101

 

 

1.5.6. From Ŭ-halo-ɓ-ketoesters: 

     Thiazole 5-carboxylic acid derivative 61 was obtained in good yields by 

the condensation of Ŭ-chloro-ɓ-ketoester 59 with 2-(2,6-dichlorophenyl) 

ethanethioamide 60 in EtOH and pyridine, followed by a basic hydrolysis of 

the resulting esters in NaOH, MeOH/ THF.
102 

 

1.5.7. From bis (aroylmethyl) sulfides: 

     2-Aroyl methyl-2,4-diaryl-5-benzylidine thiazole 63 was obtained from 

the reaction of aromatic aldehydes and ammonium acetate with bis 

(aroylmethyl) sulfides 62 which were thoroughly mixed in a borosilicate 

boiling tube kept partially immersed in a silica bath, which, in turn, was 

placed in a microwave oven.
103 
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1.5.8. From isothiocyanate: 

    An equimolar mixture of isothiocyanate 64, malononitrile and sulfur 

powder in DMF was stirred in ice bath. After 15 min, triethylamine was 

added drop-wise to the mixture, the reaction was continued for 4 h to give 4-

amino-3-substituted-2-thioxo-2,3-dihydro-thiazole-5-carbonitrile derivative 

65 .
104

 

 

1.5.9. From 2- aminothiazole: 

     Thiazolidinone derivative 68 was produced from stirring of 2-

aminothiazole 66 with chloroacetylchloride in DMF at room temperature for 

2h, then the produced compound 67 was refluxed with ammonium 

thiocyanate in ethanol for 1 hr.
105 
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1.5.10. From sulfanilamide: 

     A suitable aldehyde was refluxed with aminocompound in absolute 

ethanol for 6 h until the formation of Schiffôs base 69, then the separated 

Schiff base was refluxed with mercaptoacetic acid for additional 12 h in dry 

benzene to obtain the corresponding thiazolidinone 70 through a two step  

reaction.
106

 

 

     A one pot reaction can be conducted by refluxing a suitable aldehyde 

with sulfanilamide in dry benzene in a flask connected to Dean-Stark tap for 

12 h to form the azomethine, then a solution of Ŭ- mercaptoacetic acid in 

benzene was added to the reaction mixture and refluxed for additional 12 h 

to obtain the corresponding thiazolidinone 70.
106
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1.5.11. From Schiffôs base of cyanoacetic acid hydrazide: 

 

    5-Amino-Nô-[1-chloro-3,4-dihydronaphthalen-2-yl)methylene]-3-phenyl-

2-thioxo-2,3-dihydrothiazole-4-carbohydrazide 72 was prepared by the 

reaction of Schiffôs base of cyanoacetic acid hydrazide 71 with sulfur and 

phenyl isothiocyanate in the presence of triethylamine as a basic catalyst. 

The thiazolo[5,4-d]pyrimidinone derivative 73 was prepared by heating 72 

with a mixture of triethylorthoformate and acetic anhydride.
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1.5.12. From 4-aminothiazole-5-carbonitrile:  

 

     4-Amino-3-alkyl-2-thioxo-2,3-dihydrothiazole-5-carbonitrile 74 was 

treated with formamide and heated at 110 °C for 6 h to yield the 7-amino-3- 

ethyl thiazolo[4,5-d]pyrimidine-2(3H)-thione 75.
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1.5.13. From 1,2,3,4 -tetrahydropyrimidine -2- thione derivative: 

      

     1,2,3,4-Tetrahydropyrimidine- 2-thione 76 was heated under reflux with 

chloroacetic acid and benzaldehyde in the presence of acetic anhydride and 

sodium acetate to yield the corresponding thiazolo[3,2 - a]pyrimidine 

derivative 77. 
109 

 

1.5.14. From arylidenemalononitrile: 

     To a solution of arylidenemalononitrile 78 obtained from reacting 

malononitrile with  aldehyde, the active methylene thiazolin-2,4-dione 79 

was added in methanol with drops of morpholine, and heated until boiling to 

obtain the corresponding thiazolopyrane derivative 80. 
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