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Abstract 

The Novel route of investigation for the application of Quantum chemistry to clarify the new synthetic route for Dasatinib from 

(E)-Ethyl-3-ethoxy acrylate by using various reagents. The Overall Reaction carried out in Eight Steps. Which are less than 

earlier reported synthetic schemes. The Energy of every reactant, Intermediate and products were calculated by using DFT 

(Density Functional Theory). The energies diagram obtained shown the new proposed scheme could follow the easy path to 

obtain the product, moreover, the energy barrier required to overcome the transition state is low indicating, very less activation 

energy is required for every reactant to take part in chemical reaction. The energy diagram that was obtained shows that the 

new plan that was suggested could follow an easy path to obtaining Product. 
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1. Introduction 

Dasatinib is a thiazole scaffold drug. Thiazole is a 

five-membered heterocyclic molecule distinguished by a ring 

structure including one Sulphur atom and one nitrogen atom, 

located at positions 1 and 3. The chemical formula is 

C3H3NS. It is acknowledged for its notable aromatic char-

acteristics resulting from the delocalization of electrons in 

the ring. Thiazole is distinguished by its pale-yellow liquid 

state and pyridine-like aroma [1, 2]. The thiazole ring 

demonstrates significant aromaticity, which is attributed to a 

6π-electron system, hence augmenting its stability and reac-

tivity. The planarity of the thiazole structure facilitates sub-

stantial π-electron delocalization, rendering it an essential 

element in several biological compounds. 
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Figure 1. Structure of 1, 3-Thiazole. 

Thiazoles are renowned for their varied pharmacological 

properties. They function as scaffolding for several clinically 

authorized pharmaceuticals, demonstrating actions including 

antibacterial, antifungal, antiviral, antitumor, and an-

ti-inflammatory properties. It is present in naturally occur-

ring peptides and employed in the synthesis of pep-

tidomimetics (i.e., compounds that replicate the function and 

structure of peptides). Thiazole derivatives have implications 

in the treatment of several illnesses, such as infections from 

multi-drug-resistant bacteria, Alzheimer's disease, and met-

abolic syndrome. For example, substances such as alpelisib 

are utilized in the treatment of particular cancer types, whilst 

others like thiabendazole serve as antiparasitic drugs. In ag-

riculture, thiazole derivatives are used as fungicides and pes-

ticides, the nucleus target specific agricultural pests [3, 4]. 

General Methods for Synthesis of Thiazole 

The synthesis of thiazole encompasses many known 

methods, each employing distinct reactants and conditions to 

construct the thiazole ring. Some of the common synthetic 

pathways are Hantzsch Thiazole Synthesis (Schemes 1-3), 

Cook-Heilbron Synthesis, Gabriel Synthesis (schemes 1-3) 

and microwave-assisted synthesis [5-8]. 

 
Scheme 1. Hantzch method for thiazole synthesis. 

 
Scheme 2. Cook-Heilbron method for thiazole synthesis. 

 
Scheme 3. Gabriel method for thiazole synthesis. 

Biosynthesis of thiazole involves cysteine, which contrib-

utes the N-C-C-S framework of the ring. Thiamine, however, 

does not conform to this pattern. Multiple biosynthetic path-

ways culminate in the thiazole ring essential for thiamine 

production. [5] The sulfur in thiazole originates from cyste-

ine. In anaerobic bacteria, the cyanide group is generated 

from dehydroglycine [9]. When thiazoles are alkylated at 

nitrogen, a thiazolium cation is created. these cations serve 

as catalysts in various named reactions such as Stetter reac-

tion and the Benzoin condensation [10]. 

Literature Review of Dasatinib 

Dasatinib 

 
Figure 2. Structure of N- (2- chloro -6 -methylphenyl)- 2-((6- (4- 

(2-hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-4-yl)amino)thiaz

ole-5-carboxamide. 

Dasatinib is a medication primarily approved by US-FDA 

in 2006 for the treatment of certain types of leukemia i.e. 

chronic myelogenous leukemia (CML) and acute lympho-

blastic leukemia (ALL) [11]. Recently, it has been approved 

to treat specific type of Philadelphia chromosome-positive 

leukemia as well. It works as a tyrosine kinase inhibitor, by 

inhibiting the activity of enzymes involved in cancer cell 

growth [12]. 

Reported Synthetic Routes for the Synthesis of Dasatinib 

Bristol-Myers Squibb, USA has disclosed an eight steps novel 

and efficient synthetic route (Scheme4) for the synthesis Da-

satinib and their intermediates. The step-1 involves the chemo 

selective α-bromination (using NBS) of β-ethoxyacrylamide, 1 

which on further treatment with thioureain one-pot reaction 

cyclized to give ethyl 2-aminothiazole-5-carboxylate, 2. The 

nucleophilicity of the primary amine was reduced by protecting 

it with boc anhydride under basic (e.g. DMAP) condition to 

give ethyl 2-((tert-butoxycarbonyl)amino)thiazole-5-carboxylate, 

3. Hydrolysis of ester (3) and chlorination of formed acid 

2-((tert-butoxycarbonyl)amino)thiazole-5-carboxylic acid, 4 

were carried out sequentially which offered tert-butyl 

(5-(chlorocarbonyl)thiazol-2-yl)carbamate, 5viastep-3 and 

step-4. tert-butyl 

(5-((2-chloro-6-methylphenyl)carbamoyl)thiazol-2-yl)carbamat

e, 7 was formed by amidation of 5 with 

2-chloro-6-methylaniline, 6which further undergoes bocdepro-

tection which gave 

2-amino-N-(2-chloro-6-methylphenyl)thiazole-5-carboxamide,8. 

Finally, two consecutive nucleophilic aromatic substitution’s 
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(SNAr’s) as depicted in step-7 and step-8 offered 

N-(2-chloro-6-methylphenyl)-2-((6-(4-(2-hydroxyethyl)piperazi

n-1-yl)-2-methylpyrimidin-4-yl)amino)thiazole-5-carboxamide, 

Dasatinib [13]. 

 
Scheme 4. Novel synthetic route reported by Bristol-Myers Squibb, USA. 

Louis J. Lombardo et al., discovered a new synthetic route 

(Scheme 5) for the synthesis of Dasatinib. The route mainly 

involves five steps, starting with the lithiation of 

2-chlorothiazole (12) and its condensation with 

2-chloro-6-methylphenyl isocyanate (13) to give 

2-chloro-N-(2-chloro-6-methylphenyl) thia-

zole-5-carboxamide (14) via step-1. Formed carboxamide, 14 

was protected through 4-mehoxybenzyl derivative (15) in 

step-2 to give 

2-chloro-N-(2-chloro-6-methylphenyl)-N-(4-methoxybenzyl)t

hiazole-5-carboxamide, 16 which on nucleophilic aromatic 

substitution (SNAr) reaction (step-3) with 

4-amino-6-chloro-2-methylpyrimidine (17) formed 

2-((4-chloro-2-methylpyrimidin-5-yl)amino)-N-(2-chloro-6-m

ethylphenyl)-N-(4-methoxybenzyl) thiazole-5-carboxamide 

(18). Following deprotection of 4-methoxybenzyl group of 

compound 18 under acidic condition (TfOH:TFA in DCM; 

step-4) offered 

2-((4-chloro-2-methylpyrimidin-5-yl)amino)-N-(2-chloro-6-m

ethylphenyl)thiazole-5-carboxamide, 10 which on SNAr reac-

tion with 2-(piperazin-1-yl)ethan-1-ol (11) gave final com-

pound Dasatinib through step-5. Formed final compound was 

converted into its hydrochloride salt with methanolicHCl in 

ether [14]. 

 
Scheme 5. Robust and scalable synthetic route reported by Louis J. Lombardo et al. 
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Proposed Novel Scheme for the Synthesis of Dasatinib 

 
Scheme 6. Proposed robust and scalable synthetic route for the Dasatinib. 

Theory and Hypothesis 

The documented synthesis pathway for Dasatinib com-

prises 4 to 8 stages including multiple intricate reactions. 

These reaction methods are time-consuming and use chemi-

cals as raw ingredients. The yield of the above approaches is 

likewise modest. Considering this, we suggest a unique 4 

step method having luxury of both cost-effectiveness and a 

higher yield. The technique outlined above consists of two 

steps: Acid-amine coupling, Boc-deprotection, Nucleophilic 

aromatic substitution and Buchwald coupling reactions, the 

reagents to be utilized in reactions are summarized in Table 

1. 

 

Table 1. Reagents and reactants used in the reaction. 

EDC 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide 

HCl Hydrochloric acid 

HOBt Hydroxy benzotriazole 

Pd(dppf)Cl2 [1,1'-Bis(diphenylphosphino) ferrocene] dichloropalladium(II) 

NaOtBu Sodium tert-butoxide 

NaCl Sodium chloride 

 

Computational Details 

Computing the energies of all possible intermediates and 

transition states using the B3LYP/6-311+G(d,p) basis set in 

the Gaussian-09 suite validates the suggested approach. The 

chemical characteristics of all substances were obtained us-

ing basis sets that contained both d and double polarized 

orbitals. In terms of both accuracy and computing cost, the 

basis set that was employed is ideal. Locating a single nega-

tive eigen value allows for the identification of transition 

stages. By doing single-point computations at the MP2 level, 

the electronic energies of the structures that are produced are 

reinterpreted. The beginning point structures were not sub-

jected to symmetrical restrictions when minimization was 

being performed. An electrophile's lowest unoccupied mo-

lecular orbital (LUMO) and a nucleophile's highest occupied 

molecular orbital (HOMO) meet in a chemical reaction. A 

nucleophile's ability to donate electrons is determined by the 

energy of its HOMO, whereas an electrophile's ability to 

http://www.sciencepg.com/journal/ijctc
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accept electrons is determined by the energy of its LUMO. 

Stronger interactions, brought about by an increase in the 

overlap and closeness of energy levels among these orbitals, 

accelerate reaction rates [15, 16]. During the computation, all 

other parameters were left at their default values. The energy 

was displayed graphically. 

2. Result and Discussion 

Possible Mechanism in the Synthesis of Dasatinib 

Step-1: Acid-amine coupling 

In the first step (Scheme 7), the imine 

1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC. 

HCl)deprotonates the proton of 

2-((tert-butoxycarbonyl)amino)thiazole-5-carboxylic acid (1). 

Nucleophilic attack by the carboxylate carbanion formstwo 

consecutive intermediates TS-1and TS-2 which ultimately 

converts oxygen to a good leaving group and after an addi-

tion-elimination, a product amidetert-butyl 

(5-((2-chloro-6-methylphenyl)carbamoyl)thiazol-2-yl)carba

mateInt-Iwould be formed [17]. 

 
Scheme 7. Formation of Intermediate-I (Int-I). 

The formation of Int-I form the starting material generates 

two transition states possessing the energy of 109.3 Kcal/mol 

and 104.2 Kcal/mol for TS-I and TS-II. Formation of both 

the TS states follows endothermic path where large amount 

of energy is absorbed. The energy gap between TS II and TS 

I is 5.1 Kcal/mol. The lower energy of TS II indicates the 

formation of Int I follows the second path as the energy bar-

rier is high for TS I and large amount of energy is required to 

overcome the same. The Int-I formation is exothermic in 

nature and release large amount of energy (Figure 3). The 

distance calculated for the reactant atoms of TS states, and 

Int-Iwere in the optimal range (Figure 4). 

 
Figure 3. Energy profile diagram for the formation of Int-I. 
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Figure 4. Optimal atomic distance between the reactant atoms in compound-1, TS-I, TS-II and Int-I. 

Step-2: Boc-deprotection 

Step-2 (Scheme 8) involves the Boc-deprotection of the Int-I. The tert-butyl carbamate of tert-butyl 

(5-((2-chloro-6-methylphenyl)carbamoyl)thiazol-2-yl)carbamate, Int-Iwould be protonated by trifluoroacetic acid and forms 

the TS-III. The loss of the tert-butyl cation from TS-1 will results in a formation of carbamic acid which would undergo de-

carboxylation to form the free amine2-amino-N-(2-chloro-6-methylphenyl)thiazole-5-carboxamide, Int-II. As deprotection 

reaction performed in acidic condition, the amine product will be precipitated as FA salt (Scheme 8) [18]. 

 
Scheme 8. Formation of Intermediate-II. 

http://www.sciencepg.com/journal/ijctc
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Figure 5. Optimal atomic distance between the reactant atoms in TS-III and Int-II. 

Step-3: Nucleophilic aromatic substitution (SNAr) 

The third step (Scheme 9) is a nucleophilic aromatic sub-

stitution between Int-II and 4,6-dichloro-2-methylpyrimidine 

to form 

2-((6-chloro-2-methylpyrimidin-4-yl)amino)-N-(2-chloro-6-

methylphenyl)thiazole-5-carboxamide, Int-III, Scheme 9. 

SNAr reaction mainly initiated by attack of the nucleophile 

(Int-II) on the electron-poor ring (3) which generate a nega-

tively charged “Meisenheimer” intermediate, as indicated in 

rate-limiting steps TS-IV and TS-V. The formed transition 

step collapse to expulse leaving group to form Int-III [19]. 

Int-I reacts with trifluoro acetic acid and undergo protona-

tion to form TS III, which upon deprotonation and elimina-

tion of CO2 result in the formation of Int-II. The reaction 

proceeds with the formation of only one transition state hav-

ing energy of 101.3 Kcal/mol, from the formed TS, INT 

formation releases the energy of 163.3 Kcal/mol. Int-II gen-

erates two Transition states, TS IV and TS V (resonating 

structure) before converting into Int-III. The energy of TS V 

is quite less than that of TS VI indicating the favorable path 

for the formation of Int-(Figures 5, 6) The distance calculat-

ed for the reactive atoms were found to be in range of bond 

cleavage and bond formation (Figure 7). 

 
Scheme 9. Formation of Intermediate-III. 
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Figure 6. Potential energy profile diagram for the formation of Int-II and Int-III. 

 

 
Figure 7. Optimal atomic distance between the reactant atoms in TS-IV, TS-V and Int-III. 

Step-4: Buchwald coupling 

The final step (Scheme 10) as per the proposed synthetic route for Dasatinib is buchwald coupling reaction between 

2-((6-chloro-2-methylpyrimidin-4-yl)amino)-N-(2-chloro-6-methylphenyl)-thiazole-5-carboxamide, Int-III and 

2-(piperazin-1-yl)ethan-1-ol, 4. In the coupling cycle, first Pd(II) in Pd(dppf)Cl2 will be reduced to Pd(0) by amines that con-

tain α-H or ligand 

http://www.sciencepg.com/journal/ijctc
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Scheme 10. Formation of Dasatinib from Int-III. 

Once catalyst is activated it kicks one ligand off and un-

dergoes oxidative addition to form Pd(II) complex as de-

picted in TS-VI. Next, 2-(piperazin-1-yl) ethan-1-ol, attack 

Pd in TS-VI, and further forms two consecutive transition 

states as TS-VII and TS-VIII. In the final step, product 

N-(2-chloro-6-methylphenyl)-2-((6-(4-(2-hydroxyethyl)piper

azin-1-yl)-2-methylpyrimidin-4-yl)amino)thiazole-5-carboxa

mide, Dasatinib would be formed through reductive elimina-

tion process and coupling cycle will complete [20]. 

In the final step Int-III react with NaOtBu and generates 

three transition states viz; TS -VI, TS VII, TS VIII which 

then undergo rearrangement to form Dasatinib. The energy 

for TS VI (98.3 Kcal/mol) is less than that of TS VII (99.3 

Kcal/mol) and TS VIII (102.7 Kcal/mol), finally the com-

pound release energy to form Dasatinib, the reaction is en-

dothermic in nature, represented in full energy diagram (Fig-

ure 8). The bond distance for reactive groups is shown in 

Figure 9. 

 
Figure 8. Over all energy profile diagram for the formation of Dasatinib. 
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Figure 9. Optimal atomic distance between the reactant atoms in TS-V, TS-VII, TS-VIII and Dasatinib. 

Table 2. Energy profile of Reactant, all transition state and final 

product. 

Serial No Compound No Energy (Kcal/mol) 

1 Compound-I -73.2 

2 Compound-II -68.4 

3 TS-I 104.2 

4 TS-II 109.3 

5 INT-I -60.1 

6 TS-III 101.3 

7 TS-IV 105.4 

8 TS-V 102.5 

9 INT-II -62.8 

10 TS-VI 98.3 

11 INT-III -46.3 

12 TS-VII 99.3 

13 TS-VIII 102.7 

14 Dasatinib -78.6 

By determining the border molecular orbitals of some of 

the significant intermediates and transition states produced 

during the reaction, a fuller comprehension of the reaction 

process may be attained. It provides a clear picture of the 

course a reaction takes till the product is formed. The HOMO 

and LUMO eigenvalues, which correlate to their energies, 

may be computed to do this. The final orbital in Gaussian 

designates the HOMO, whereas the first orbital designates 

the LUMO. The energy gap is represented by the difference 

between the eigenvalues of the LUMO and the HOMO. 

Energy(gap) = LUMO-HOMO 

Table 3. HOMO and LUMO calculation for the compounds, Inter-

mediates and Transition states. 

Compounds HOMO LUMO 
Energy(gap)LUMO 

-HOMO 

compound 1 -0.23554 -0.05918 0.17636 

compound 2 -0.19768 0.00252 0.2002 

TS I -0.31743 -0.16193 0.1555 

TS II -0.23902 -0.07729 0.16173 
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Compounds HOMO LUMO 
Energy(gap)LUMO 

-HOMO 

INT 1 -0.22964 -0.05255 0.17709 

TS III -0.30946 -0.18901 0.12045 

Int 2 -0.2153 -0.03904 0.17626 

TS IV -0.32895 -0.2031 0.12585 

TS V -0.23375 -0.07 0.16375 

INT 3 -0.23177 -0.06553 0.16624 

TS VI -0.32861 -0.191 0.13761 

TS VII -0.22388 -0.0626 0.16128 

TS VIII -0.22386 -0.06257 0.16129 

Dasatinib -0.20967 -0.05586 0.15381 

The predicted HUMO LUMO energies, are used to under-

stand the molecular behavior and reactivity. HOMO repre-

sents the donate an electron, LUMO represents the ability to 

obtain an electron, energy gap between HOMO and LUMO 

determines the kinetic stability, chemical reactivity and 

chemical hardness-softness of the molecule (Figure 10). The 

calculated energy gaps are listed in the Table 3. The lesser 

the distance between LUMO and HOMO the more is the 

chances of the pathway followed. 

 
Figure 10. HOMO- LUMO and potential energy surface for com-

pounds, intermediates and Transition states. 

3. Conclusion 

The current research provides, the role of computational 

chemistry and quantum chemistry in the organic synthesis. 

The hypothetical scheme proposed for the synthesis of Da-

satinib is validated by the Density Functional Theory (DFT) 

method. The energy diagram and HOMO LUMO calculations 

performed for the various compounds viz; starting material, 

transition states and intermediates provide an important insight 

about the feasibility of the possible reaction mechanism which 

can undergo while synthesizing the molecule. The proposed 

scheme can be utilized for the synthesis of Dasatinib. 

Abbreviations 

HOMO Highest Occupied Molecular Orbital 

LUMO Lowest Unoccupied Molecular Orbital 
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