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Crystalline porous materials have been recently recognized as useful and widely 

applicable industrial components for gas separation, adsorption and catalysis. Particularly 

important are the porous organic crystalline materials that utilize robust organic linkers for 

building self-organized stable frameworks. Hydrogen-bonded organic frameworks (HOFs) 

are an example of such supramolecular networks capable of self-assembling through 

hydrogen bonds into extended micro-porous systems. Several HOFs have been established 

and have proved to be putative candidates in the field of molecular storage and separation. 

Therefore, thorough research studies have been emanated in an attempt to discover novel 

HOFs with distinct characteristics. Thus, it is imperative to start with designing organic 

building blocks that may self-assemble into HOFs. Herein, we report the synthesis and 

characterization of mono-, di- and trisubstituted-1,3,5-triazines 13ï20 endowed with uracil 

and/or thyminepropanehydrazide substituents 10 and 12 as potential synthons for the 

development of HOFs. This is achieved via the selective nucleophilic substitution reaction 

of cyanuric chloride 6 in the presence of thymine or uracilpropanehydrazides 10 and 12. 

The presence of the nucleic bases is expected to promote the self-recognition processes via 

hydrogen bonding; whereas, the integration of the s-triazine scaffold bearing these entities 

may induce non-covalent interactions that are crucial for the establishment of such dynamic 

systems. 
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CHAPTER I 

INTRODUCTION 

 

Supramolecular chemistry has emerged as one of the most compulsive fields in 

contemporary chemistry.1,2 It has first been described in 1978 by Jean-Marie Lehn as: ñThe 

chemistry beyond the molecule, bearing on the organized entities of higher complexity that 

result from the association of two or more chemical species held together by intermolecular 

forces.ò3,4 Later, in 1987, J. -M. Lehn, C. J. Pederson and D. J. Cram were awarded the 

Nobel Prize for their distinguished work in this newly established field.1  

In general, supramolecular chemistry is a highly interdisciplinary field involving 

non-covalent bonding interactions.2,3 While classical covalent chemistry utilized in the 

preparation of large molecules is time and cost demanding, nature employs a broad range of 

diverse noncovalent interactions for building immense supramolecular architectures. Major 

biological processes such as highly selective catalytic reactions, mediated by enzymes, and 

information storage are accomplished via non-covalent interactions be it intra or 

intermolecular.1,3 One of the most common examples is DNA, where the self-recognition of 

the complementary pyrimidine (thymine 2, cytosine 3) and purine (adenine 4, guanine 5) 
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base pairs (scheme 1) by hydrogen bonding results in the self-assembly of the double helix 

(Fig. 1).1,5 

 

 

Scheme 1. Pyrimidine and purine nucleic bases 

 

 

Fig. 1 Complementary base pairs in DNA 

 

The investigation of the chief characteristics of these interactions and their 

application in selectively synthesized non-natural systems lie at the bulk of supramolecular 

chemistry. Thatôs why, it has been termed the ñchemistry of molecular assemblies and of 

the intermolecular bond.ò3,4,6 

Unlike the more robust and irreversible covalent bonds, non-covalent interactions 

including van der Waals forces, hydrogen bonding, electrostatic or donor-acceptor 

interactions3,4 are reversible. Currently, a multitude of synthetic supramolecular systems are 

realized. Such compounds display novel chemical, physical as well as biomimetic 
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properties which may ultimately promote the development of original materials with 

dynamic characteristics. Infact, supramolecular systems have significantly contributed to 

the evolution of valuable applications involving molecular storage, chemosensoring, 

magnetism, optics such as luminescence, catalysis, enantiomeric separation, drug delivery 

and design, solvent free (green) chemistry, molecular labeling techniques, monocrystalline 

thin films, nanotechnology, liquid crystals and most recently crystal engineering.1-3,7  

The scope of supramolecular chemistry embraces processes as molecular self-

assembly and self-recognition 1,3 which have been lately utilized in the design and 

generation of pre-organized functional porous materials.3 Consequently, synthesis, 

structural and functional characterization of these novel materials have captured the 

attention of material scientists who have initiated numerous research projects in this rising 

area.8-11 Particularly, porous organic crystalline materials (POCMs),12,13 which revealed 

smaller densities compared to that of zeolites and metalïorganic frameworks (MOFs),9,14 

have gained considerable interest. Examples of POCMs include covalent organic 

frameworks (COFs) and hydrogen-bonded organic frameworks (HOFs).9,15 

While COFs are linked by covalent bonds and exhibit great stability, HOFs are 

associated by weaker non-covalent bonds, namely hydrogen-bonding and ́ḯ stacking 

interactions, and thus possess diminished stability.8-11,15-18 Effectively, HOFs are built from 

organic molecules that can self-assemble into extended networks containing porous 

channels occupied by the guest (solvent) molecules.19 Removal of the solvent molecules 

while maintaining the porosity of the network intact permits the activation of the system for 

further usage in gas separation and adsorption.12,20 An example of the self-assembly of 

organic building blocks, particularly arene sulfonates and guanidinium ions, into two HOFs 
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is illustrated in Fig. 2; in fact, these recently reported porous HOFs (HOF-GS-10 and HOF-

GS-11) have demonstrated high proton conductivity.16 

 

 

Fig. 2 Hydrogen-bonded 2D frameworks of HOF-GS-10 and HOF-GS-11 showing the 

hydrogen-bonding interaction between the sulfonate groups and the guanidinium cations 

in both the compounds.16 

 

The allure of HOFs has been predicated on their ease of synthesis, purification17 

and characterization. They can be directly processed from solution and easily regenerated 

through recrystallization11 not to mention their thermal stability.8 Hence, HOFs that display 

permanent porosities are recognized as potential industrial candidates.13,21 Although the 

literature unravels several HOFs, only a few prove to be feasible. Examples comprise HOF-

1,8 HOF-8,9 HOF-2,10 HOF-3,22 HOF-511 and DAP17 that have been implemented in highly 

selective C2H2/C2H4 separation at ambient temperature, CO2 and C6H6 adsorption, 

enantioselective separation of alcohol, C2H2/CO2 separation and CO2 capture respectively.8-

11,17,22,23 
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Scheme 2. Different organic linkers used for building HOF-18, HOF-210, HOF-322, HOF-

511 and HOF-89 
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Robust organic building blocks (scheme 2) play an important role in the 

construction of stable and porous HOFs.17,24 Actually, HOFs are developed from organic 

linkers that incorporate peripheral hydrogen-bond motifs attached to a core. The motifs 

integrate numerous hydrogen-bonding donor-acceptor sites and may reveal other 

directional forces like ḯ́ stacking interactions15 that direct the molecular assembly of the 

network under suitable conditions. On the other hand, the core orients the hydrogen-bond 

motifs and may demonstrate selective properties such as chirality, catalytic activity, charge 

transfer and optoelectronic behavior.24 As an illustration, 2,4-diaminotriazinyl (DAT) and 

2,6-diaminopurine (DAP) (scheme 3) represent simple organic units that have been used in 

the generation of HOFs.17,25 DAT, in particular, has been incorporated into a variety of 

organic backbones which led to the formation of various HOFsïHOF-1, HOF-2, HOF-3 

and HOF-5. 

 

 

Scheme 3. Structures of DAT and DAP organic units (Modified from Cryst. Growth Des. 

2014, 14, 3634). 

 

Therefore, research attempts to discover new hydrogen-bonding motifs, organic 

backbones and linkers capable of self-organizing into stable HOFs are necessary before 

HOF chemistry can be brought vividly into action.11 An extensive literature search unfolds 

a remarkable scaffold, namely the 1,3,5-triazine,2 that can be grafted with simple molecules 
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containing multiple hydrogen-bonding sites. This may ultimately lead to the development 

of pertinent organic linkers. 

Interestingly, 1,3,5-triazine has been considered a versatile synthon or building 

block from the synthetic and supramolecular point of views. This is due to the outstanding 

ability of 1,3,5-triazine and its derivatives to be involved in -́interactions, complex 

hydrogen-bonding networks and coordination bonds (Fig. 3).2 

 

 

Fig. 3 s-Triazine and the possible interactions. Grey, blue and white balls represent the 

carbon, nitrogen and hydrogen atoms respectively. (Modified from Inorganica Chimica 

Acta 2007, 360, 381-404). 

 

Provided that 1,3,5-triazine is a symmetrical molecule, compounds of this class are 

referred to as s-triazines. By definition, s-triazine belongs to the triazine family of 

compounds which is a class of nitrogen containing heterocycles. Specifically, triazines are 

recognized as a six-membered heterocyclic aromatic ring consisting of three carbon and 

three nitrogen atoms.26-28 As a result, they are referred to as the aza-analogues of the six-

membered benzene ring where the three carbon atoms are replaced by three nitrogen atoms. 

Such interchange between sp2 hybridized carbon and nitrogen atoms alters the electronic 
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properties of the core structure of the corresponding molecule while maintaining its 

structural characteristics.29 

 

 

Scheme 4. Different isomers of triazines 

 

The triazine family includes three isomers, namely 1,2,3-triazines, 1,2,4-triazines 

and 1,3,5-triazines (scheme 4), that differ by the position of the nitrogen atoms.26 Among 

the three isomeric forms, 1,3,5-triazine is the most commonly known and widely explored 

compound that has been the subject of many review articles and books.2,30-32 Intriguingly, 

this symmetrical molecule and its derivatives have proved to be biologically active against 

a broad series of fatal diseases through demonstrating anti-tumor, anti-cancer, anti-malarial 

and anti-viral activities.27,33-35 This can be rationalized based on the fact that s-triazines can 

interact with proteins via hydrogen-bonding and ́ ḯ stacking interactions just like purines 

and pyrimidines in DNA. Consequently, it was ideal to integrate them as scaffolding 

components to build combinatorial libraries and generate N-nucleoside analogs which are 

potential agents in medicinal chemistry.34-36 Furthermore, 1,3,5-triazine is an important 

supramolecular entity that was examined to form hydrogen bonds between its amine 

derivatives from one side and hydroxyl derivatives or uracil (compound 1 in scheme 1) 

from the other side (Fig. 4).32,34 
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Fig. 4 Interactions between NH2 and OH substituted triazines (left) and between NH2 

substituted triazines and uracil (right). (Modified from Molecules 2008, 13, 3092). 

 

Particularly relevant are the melamine and cyanuric acid complexes that have been 

immensely studied in literature since they can self-assemble via hydrogen bonding and 

form aggregates of different patterns (rosette, linear or crinkled-like structures) as revealed 

in scheme 5.2,28,32,33,37-41 In addition, it displays a high resonance energy which permits the 

preparation of highly stable42 products useful in material sciences.43 
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Scheme 5. Structure of the rosette hydrogen-bonding supramolecular network formed 

between melamine and cyanuric acid (Modified from Journal of Crystallographic and 

Spectroscopic Research 1990, 20). 

 

Accordingly, compounds in this class have been utilized as herbicides,34 dyes and 

pigments,44 potent chelating agents,31,36,45,46 liquid crystals,47,48 dendrimers,31 energetic 

materials,42 peptide analogs,32 and as building blocks for supramolecular systems such as 

porous covalent organic polymers.46,49 They have been also applied in optoelectronics, 

synthesis of enzymes and catalysts, functional group transformations, and as intermediates 

for asymmetric synthesis.32 It is no wonder why s-triazine derivatives are regarded as 

prominent compounds in almost all fields of chemistry. 
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Direct preparation of intricate molecules incorporating the triazine core can be 

achieved via selective nucleophilic substitution reactions of 2,4,6-trichloro-1,3,5-triazine 

commonly known as cyanuric chloride.32,46  

 

 

Fig. 5 Structural representation of cyanuric chloride obtained from Molecular Orbitals 

calculations. Grey, green and blue balls represent the carbon, chlorine and nitrogen atoms 

respectively. 

 

Cyanuric chloride (C3N3Cl3) is a cheap and readily available compound that has 

been perceived as an outstanding precursor for the synthesis of distinct s-triazine 

derivatives. Unlike that of benzene, the structure of cyanuric chloride, revealed in Fig. 5, 

cannot be described as a regular hexagon due to a lone pair on each nitrogen atom that 

causes the distortion of the ring from a regular hexagon. However, all carbon and nitrogen 

atoms are sp2 hybridized and thus lie in the same plane. Hence, cyanuric chloride has a 

planar structure similar to that of s-triazines with a molecular geometry that approaches D3h 

symmetry.50  

The most attractive attribute of cyanuric chloride is the ease of manipulation and 

reactivity that make it a resourceful candidate for a comprehensive array of synthetic 

reactions that have been widely investigated.30,32,42,44,51 Compared to benzene electrophilic 

aromatic substitution reactions, the electron deficient molecule undergoes reactions in 

which a ring chlorine is replaced by another groupïa nucleophile (Nu). Different 
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nucleophilic substituents have been attached to the ring. Examples include but are not 

limited to amines, alcohols, thiols and simple hydrazides.44,51-53 Indeed, this molecule 

displays a controlled reactivity at different temperatures where the chloride ion is displaced 

by a variety of nucleophiles to form the mono-, di- or trisubstituted triazines as illustrated 

in scheme 6. 

 

 

Scheme 6. Successive nucleophilic substitution reactions of cyanuric chloride at different 

temperatures (Modified from Molecules 2006, 11, 81). 

 

Equivalently di- or trisubstituted-s- triazines can even be obtained in a one pot 

reaction in the presence of excess of the nucleophile (scheme 7). The addition of the latter 

is accompanied with the elimination of hydrogen chloride which necessitates the use of a 

base to neutralize the acid produced. Numerous organic and inorganic bases (sodium 

hydroxide, sodium carbonate, sodium bicarbonate, tertiary amines, and so forth) have been 

used in several different solvents (THF, water, acetone, dioxane, DMF, and so forth).32,54,55 
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Scheme 7. Preparation of symmetrical s-triazines via one pot reactions 

 

In general, the first substitution reaction is exothermic and occurs at 0 oC or below. 

The second substitution occurs at room temperature (r.t.) while the third one occurs at 70ï

100 °C.2,31-33,46,56 However, this general synthetic approach does not apply all the time 

because a number of factors can affect the substitution rate such as: the nature of the 

solvent and the corresponding solubility of the starting materials in it, the structure and 

steric factors of the nucleophile, and primarily its reactivity.32,42,52,54,55 Infact, the first 

substituent or nucleophile is expected to decrease the ringôs reactivity toward the second 

and third displacement reactions which thus dictates an increase in the temperature. The 

nucleophile is said to ñdeactivateò52 the ring toward further substitution reactions. This so 

called deactivation effect differs from one nucleophile to another. For example, amino- or 

substituted amino-groups were found to strongly deactivate the ring which means that the 

subsequent replacements will occur neatly without the accumulation of byproducts from the 

first steps52. However, this was not the case with weakly deactivating nucleophiles like 

alkoxy-54 or aryloxy-groups55 where the monosubstituted product was hard to isolate 

without the di- and trisubstituted ones. In addition, the ratios of the mono-, di- and 
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trisubstituted products have varied largely when substituents of the nucleophiles or the 

solvents are changed. Thus, it was preferable to react weakly deactivating substituents with 

dichlorotriazines instead of cyanuric chloride.52 Eventually, the stepwise replacement may 

lead to a mixture of products comprised of the mono-, di- or trisubstituted triazines which 

will hinder the purification and isolation of the desired product.  

To override this problem, several new strategies have been introduced. One of 

these methods have resorted to solid-phase synthesis which consists of coupling an amine 

substituent, loaded onto a solid-support or resin, to a monosubstituted triazine. The 

obtained product is further reacted with another amine derivative to afford trisubstituted 

triazine as a pure and high yielding product. The support was cleaved by hydrolysis in 

trifluoroacetic acid TFA. This orthogonal pathway has paved the way for establishing 

combinatorial libraries based on triazines (scheme 8).  

 

 

Scheme 8. Orthogonal strategy for the preparation of 2,4,6-trisubstituted-1,3,5-triazines 

(Modified from Tetrahedron 2006, 62, 9507). 

 

Sulfone chemistry represents another pathway that is especially significant in cases 

where the third substitution reaction requires very harsh conditions due to a decreased 

reactivity of the favored nucleophile. Thiol substituents are first attached to cyanuric 
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chloride, then the product is coupled to an amino-group loaded onto a solid-support. The 

compound thus obtained can be further reacted with another amino-group. Fast Forward, 

the trisubstituted product is oxidized to sulfone that acts as a better leaving group compared 

to the chloride ion. The sulfone can be readily replaced with a weak nucleophile, and the 

support is ultimately removed by hydrolysis in TFA (scheme 9). 32,35  

 

 

Scheme 9. Sulfone orthogonal approach for the synthesis of 2,4,6-trisubstituted-1,3,5-

triazines (Modified from Tetrahedron 2006, 62, 9507) 

 

Lately, microwave-assisted synthesis has also provided an efficient and reliable 

method for synthesizing trisubstituted-s-triazines (scheme 10). Surprisingly, better yields 

and purities have been obtained under milder conditions and shorter reaction times. This 

technique has thus provided a green approach for a multitude of promising products.57-60 
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Scheme 10. Microwave-assisted synthesis of 2,4,6-trisubstituted-1,3,5-triazines58 

 

Clearly, a vast array of s-triazine derivatives have been prepared through 

sequential nucleophilic substitution reactions. Other routes, though less commonly 

encountered, can also afford trisubstituted derivatives. These include cycloaddition31 and 

cyclotrimerization reactions.35,61,62 Cycloaddition reactions takeplace between nitriles and 

nitrile-substituted guanidine under basic conditions and at high temperatures to produce 

aminosubstituted-s-triazines (scheme 11). This method is utilized for iterative synthesis of 

dendrimers.31 As for the cyclotrimerization reactions, they involve treating nitriles with 

triflic anhydride in refluxing dichloromethane to afford s-triazines35 (scheme 12). 

 

 

Scheme 11. Cycloaddition reaction to form a diaminotriazine derivative31 
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Scheme 12. Cyclotrimerization reaction for the synthesis of s-triazines35 

 

Evidently, cyanuric chloride is an inevitable component for the preparation of s-

triazine compounds. Its intrinsic features including availability, symmetry, and reactivity 

are crucial for the development of s-triazine building blocks. On the contrary, cyanuric 

chloride has a major limitation which is its ability to react with water and form cyanuric 

acid (compound 7 in scheme 13). Such a reaction has been considered a constraint because 

a number of intermediates may be prepared from aqueous suspensions of it. In essence, 

cyanuric chloride is stable in water at 0 oC; yet, once the temperature increases to 10 oC, the 

percentage of hydrolysis of cyanuric chloride to cyanuric acid becomes 7.4 % after 60 min, 

and it rises to 55.2 % at a temperature of 36 oC during the same time.44 

 

 

Scheme 13. Hydrolysis of cyanuric chloride to cyanuric acid 
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A. Objectives 

With these antecedents in mind, we aim at preparing novel compounds that 

incorporate uracil and thymine propanehydrazides 10 and 12, as hydrogen-bond donors and 

acceptors, onto the versatile unit of s-triazines that is cyanuric chloride 6. The utilization of 

compounds 10 and 12 in particular can be explained by the fact that they have a better 

solubility compared to that of adenine and cytosine propanehydrazides. Therefore, it was 

crucial to optimize the reactionsô conditions using 10 and 12. Later, the established 

procedures can be applied with the other two nucleic base carbohydrazides. Compounds 

13ï20 were obtained and fully characterized. They are comprised of the monosubstituted 

products 13 and 14, the disubstituted ones 15 and 16, and the trisubstituted products 17 to 

20. Although the latter compounds 17ï20 may be important for building HOFs, the former 

ones, namely compounds 13ï16, provide reactive sites that can be grafted with other 

complementary nucleic bases increasing the chances of self-assembly processes between 

for example uracil and adenine. Furthermore, other substituents can be attached which can 

alter the functions and properties of the compounds making them useful for other type of 

applications. Eventually, we propose that these s-triazine based derivatives may function as 

promising building blocks for HOFs. 
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CHAPTER II 

RESULTS AND DISCUSSION 

 

We have successfully synthesized eight s-triazine derivatives through sequential 

nucleophilic displacement reactions of cyanuric chloride 6 with nucleic base hydrazides 

particularly 3-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)propanehydrazide 10 

and 3-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)propanehydrazide 12. The resultant 

compounds 13ï20 are illustrated in schemes 14 and 15. 
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Scheme 14. Structures of compounds 10, 12, and 13ï16 
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Scheme 15. Structures of compounds 17ï20 
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The general synthetic pathways are presented in scheme 16. Briefly, 

carbohydrazides 10 and 12, obtained from thymine 2 and uracil 1 respectively, were 

coupled to cyanuric chloride 6 to afford compounds 13 and 14 respectively. Similarly, 

compounds 15 and 16 were synthesized from 6 in the presence of excess of 10 and 12 

separately. Each of the resulting products 15 and 16 were in turn condensed with 10 or 12 

to obtain compounds 17ï20. The synthetic route leading to the preparation of starting 

materials 10 and 12 will be delineated in the first part of this chapter. The other parts will 

focus on the synthesis and structural determination of compounds 13ï20. 
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Scheme 16. Synthesis of compounds 9ï20 
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A. Synthesis of 3-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin -1(2H)-

yl)propanehydrazide, 10, and 3-(2,4-dioxo-3,4-dihydropyrimidin -1(2H)-

yl)propanehydrazide, 12. 

 

 

Scheme 17. Synthesis of compound 9 

 

The preparation of compound 10 was commenced from ethyl 3-(5-methyl-2,4-

dioxo-3,4-dihydropyrimidin-1(2H)-yl)propanoate 9 which was obtained following a 

modified procedure of Lira and Huffman.63 Hence, compound 9 was prepared via a 

Michael-type addition reaction of thymine 2 with ethyl acrylate 8 under basic conditions. 

The white crystalline product was isolated in an overall yield of 76 %. 

The structure of the product was confirmed by means of 1H NMR, 13C NMR, FT-

IR, and HPLC/ESI-MS. The 1H NMR spectrum revealed three triplet signals at 3.86, 2.67, 

and 1.17 ppm corresponding to the two methylene groups and the methyl of the ethoxy 

group respectively along with a quartet signal at 4.06 ppm corresponding to the methylene 

of the ethoxy group. Likewise, 13C NMR and DEPT spectra displayed three peaks at 60.7, 

44.3 and 33.3 ppm corresponding to the methylene carbons attached to the oxygen atom, 

nitrogen atom and carbonyl group respectively. In addition, the two peaks appearing at 14.5 

and 171.2 ppm could be assigned to the methyl of the ethoxy group and the esterôs carbonyl 

group respectively. FT-IR absorptions that are characteristic of the ester group appeared in 

the region of 1693ï1707 cm-1 corresponding to the carbonyl functional group and at 1202 
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cm-1 corresponding to the C-O stretching vibration. The molecular mass was asserted 

through HPLC/ESI-MS where the mass spectrum of compound 9 displayed peaks at m/z 

values 249.0 and 475.1 equivalent to the mass of ([M + Na]+) and ([2M + Na]+) 

respectively (M = 226.10). 

 

Structure of 9 1H NMR signals (ppm) 13C NMR signals (ppm) 

 

 

 

Table 1. 1H and 13C NMR chemical shifts of compound 9 in DMSO-d6 

 

Compound 9 was then allowed to react with excess of hydrazine monohydrate 

(N2H4.H2O) in refluxing ethanol to obtain compound 10 as a white crystalline solid in 92% 

yield (scheme 18). The conversion was realized based on an altered literature 

procedure.64,65  

 

 

Scheme 18. Synthesis of compound 10 
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The formation of compound 10 was verified by means of 1H NMR where the 

triplet and quartet of the ethoxy group disappeared, and two new broad signals typical of a 

carbohydrazide appeared instead at 9.08 and 4.21 ppm corresponding to the NH and NH2 

protons respectively. Besides, the two triplet signals of the methylene groups shifted 

upfield to 2.39 and 3.82 ppm. The carbonyl carbon and the methylene group next to it were 

also shifted upfield and appeared at 169.4 and 32.9 ppm respectively as shown in the 13C 

NMR spectrum. Whereas, the other methylene group attached to nitrogen shifted downfield 

to 44.9 ppm. The FT-IR spectrum displayed strong absorption bands in the region between 

1636ï1695 cm-1 and at 3347 cm-1 which are indicative of a carbohydrazide group namely a 

carbonyl and NH2 groups separately. Lastly, the molecular mass was identified using 

HPLC/ESI-MS where the mass spectrum of compound 10 showed peaks at m/z values 

235.0 and 447.1 equivalent to the mass of ([M + Na]+) and ([2M + Na]+) respectively (M = 

212.09). 

 

Structure of 10 1H NMR signals (ppm) 13C NMR signals (ppm) 

 

 

 

Table 2. 1H and 13C NMR chemical shifts of compound 10 in DMSO-d6 

 

In a similar manner, compound 12 was prepared from ethyl 3-(2,4-dioxo-3,4-

dihydropyrimidin-1(2H)-yl)propanoate 11 which was obtained following an altered 
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procedure.63 In short, the reaction between uracil 1 and ethyl acrylate 8, performed in the 

presence of catalytic amount of sodium ethoxide and under reflux conditions, led to the 

formation of 11 in 69 % yield.  

 

 

Scheme 19. Synthesis of compound 11 

 

The 1H NMR spectrum demonstrated three triplet signals at 3.88, 2.68, and 1.17 

ppm corresponding to the two methylene groups and the methyl of the ethoxy group 

respectively in addition to a quartet signal at 4.06 ppm corresponding to the methylene of 

the ethoxy group. Moreover, 13C NMR and DEPT spectra displayed three peaks at 59.6, 

43.4 and 32.1 ppm corresponding to the methylene carbons attached to the oxygen atom, 

nitrogen atom and carbonyl group respectively. The methyl of the ethoxy group and 

carbonyl of the ester group gave rise to two peaks appearing at 13.4 and 170.2 ppm 

respectively. As for the FT-IR, the newly formed ester group revealed strong absorption 

bands at 1726 cm-1 equivalent to the carbonyl functional group and at 1212 cm-1 equivalent 

to the C-O stretching vibration. The molecular mass was verified through HPLC/ESI-MS 

where the mass spectrum of compound 11 displayed a peak at m/z value 235.0 equivalent to 

the mass of ([M + Na]+) (M = 212.08). 
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Structure of 11 1H NMR signals (ppm) 13C NMR signals (ppm) 

 

 

 

Table 3. 1H and 13C NMR chemical shifts of compound 11 in DMSO-d6 

 

Based on a modified method,65 the conversion of 11 to 12 was achieved in 77 % 

yield when the former was allowed to react with excess of N2H4.H2O in refluxing ethanol 

(scheme 20). 

 

 

Scheme 20. Synthesis of compound 12 

 

The disappearance of the ethoxy signals from the 1H NMR, and the appearance of 

two new broad singlets at 9.11 and 4.29 ppm consistent with the NH and NH2 protons 

separately indicated the complete reaction of 11 to 12. Furthermore, the methylene group 

adjacent to the carbonyl of the hydrazide moiety shifted upfield to 2.40 ppm while that next 

to nitrogen slightly shifted to 3.85 ppm. This result was also evident from the 13C NMR 

spectrum where the carbonyl carbon shifted upfield to169.3 ppm. Typical absorption bands 

of the carbohydrazide carbonyl and NH2 groups appeared at 1689 and 3312 cm-1 separately 
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in the FT-IR spectrum. Finally, the molecular mass was recognized using HPLC/ESI-MS 

where the mass spectrum of compound 12 showed peaks at m/z values 221.0, 419.0, 197.5, 

and 417.0 equivalent to the mass of ([M + Na]+), ([2M + Na]+), ([M ï H]ï), and ([2M + Na 

ï 2H]ï) respectively (M = 198.08). 

 

Structure of 12 1H NMR signals (ppm) 13C NMR signals (ppm) 

 

  

Table 4. 1H and 13C NMR chemical shifts of compound 12 in DMSO-d6 

 

B. Synthesis of N'-(4,6-dichloro-1,3,5-triazin -2-yl)-3-(5-methyl-2,4-dioxo-3,4-

dihydropyrimidin -1(2H)-yl)propanehydrazide) 13. 

 

 

Scheme 21. Synthesis of compound 13 

 

Compound 13 was prepared by reacting three equivalents (equiv.) of cyanuric 

chloride 6 in THF with one equiv. of carbohydrazide 10 in deionized water in the presence 

of one equiv. of NaHCO3 at a temperature range of ï50 to ï10 oC. Product 13 was isolated 

in 56 % yield. It is essential to follow the same conditions to avoid the generation of 
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undesired byproducts particularly the disubstituted-1,3,5-triazine 15 and the 

hydroxysubstituted-1,3,5-triazine products 21, 22 depicted in scheme 22. 

 

 

Scheme 22. Possible byproducts observed during the preparation of compound 13 

 

In fact, several optimization experiments were performed in an attempt to form the 

desired product 13 in high purity and yield. For example, when a solution of 6 in THF was 

added in a dropwise manner to an ice-cooled solution of 10 in deionized water maintained 

at a temperature between 0ï10 oC, a 1:1 ratio of products 13 and 15 was obtained after 

stirring for 24 h. The mixture was separated by means of solid-deposit column 

chromatography using gradient elution of CHCl3/MeOH (95:5) to afford pure 13 as 

revealed by TLC, 1H and 13C NMR. Although it is known that monosubstitution of 

cyanuric chloride 6 deactivates the ring toward further substitution reactions, the emergence 

of byproduct 15 at the temperature range of 0ï10 oC can be attributed not only to the fact 

that thyminepropanehydrazide 10 is a very good nucleophile (in comparison to amines; 

thus, much lower temperatures are needed to prevent the diadduct formation), but also to 
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solubility factors that obviously affect the ratio of monoadduct to diadduct. In other words, 

because product 13 is more soluble in water than 6 itself, the rate of formation of 

disubstituted product 15 is expected to be greater than that of the monosubstituted product 

13 resulting in a mixture of both.44,52 However, similar results were obtained when water 

was eliminated and replaced by acetonitrile to dissolve 10 as manifested by 1H NMR and 

HPLC/ESI-MS.  

Hence, an alternative method, previously described for the preparation of 

aminosubstituted-1,3,5-triazines in aqueous conditions,51 was applied. It consisted of 

preparing a ñslurryò of 6 through dissolving it in the minimum amount of hot THF, 

dioxane, or acetone then pouring it on ice-water in a flask. Compound 6 would precipitate, 

and this would ensure the totality of the reactions and permit easy isolation of the products 

with better yields as was reported. Indeed, the reactions were complete in less than 4 h, as 

revealed by TLC monitoring, but the products were not pure. The three solvent systems, 

namely THF/H2O, dioxane/H2O, and acetone/H2O, resulted in a mixture of 13 and 15 

though in different ratios. Moreover, because acetone/H2O seemed to contain the least 

amount of byproduct 15 compared to the other two systems, as demonstrated by 

HPLC/ESI-MS, it was utilized in further experiments.  

Accordingly, a new round of experiments was conducted based on the slurry 

technique with acetone/H2O as a solvent. Unlike to what was observed, the reaction was 

not complete even after 24 h, and the starting material 10 was not stable as a number of 

non-isolated side products appeared on the HPLC/ESI-MS; therefore, the yield was low. 

This could be attributed to the decreased solubility of cyanuric chloride (prepared as a 

saturated solution in acetone) in the ice/water medium where water was used to dissolve 10, 
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so the reaction between 6 and 10 was slower and incomplete. Consequently, more cyanuric 

chloride 6 (1.5 equiv.) was added to drive the reaction to completion, and a precipitate was 

recovered. Then, it was suspended in hot acetone to remove unreacted 6, however the 

hydrolysis of 13 took place and a mixture of 13, 15, and 22 was generated as HPLC/ESI-

MS showed. This provided us with more information about the stability of 13 which was 

readily hydrolyzed to form compound 22 during the manipulation and purification steps. 

The same observation was previously encountered with amino substituted-1,3,5-triazines, 

particularly 2-methylamino-4,6-dichloro-s-triazine which was hard to store or dry without 

hydrolysis.51 However, when 2-diethylamino-4,6-dichloro-s-triazine was suspended in hot 

water for one day, hydrolysis did not occur.51 It was thus proposed that the presence of a 

hydrogen atom on the nitrogen of an amino group or its tautomeric form (scheme 23) 

provides a H-bond donor site that can form hydrogen bonding with water and enable the 

attack on the second chlorine position.51 This hydrogen bonding cannot occur with 

disubstituted nitrogen atoms of amino groups. Evidently, the degree of substitution of the 

nitrogen atom in 2-amino-4,6-dichloro-s-triazines alters the reactivity of the remaining sites 

toward nucleophilic substitution.51 

 

 

Scheme 23. Tautomerisation of 2-aminosubstituted-4,6-dichloro-s-triazine51 
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In light of these limitations, another synthetic approach was employed, and it has 

proved to be much more effective than the previous set of experiments in terms of purity 

and yield. In this method, a solution of 10 in deionized water was added dropwise to a 

solution of 6 in THF at a temperature maintained below 0 oC and over a period of 75 min. 

Thereafter, NaHCO3 was added, and the reaction was stirred for another 65 min after which 

TLC analysis confirmed the completion of the reaction. Thus, the mode of addition of 

reagents accompanied with temperature and time control allowed the isolation of product 

13 in 66 % yield with only small amounts of 15 as indicated by HPLC/ESI-MS. Same 

results were recuperated from similar experiments except that lower temperatures were 

attained between ï50 oC to ï12 oC. Furthermore, attempts to separate both, 13 and 15, 

through precipitation, recrystallization or preparative TLC methods failed. It was only until 

hydrazide 10 was added to excess of cyanuric chloride 6, specifically in a 1:3 equiv. 

respectively at a temperature range of ï50 to ï10 oC, that traces of 15 were obtained 

without any hydrolysis products. The desired product 13 was isolated in 56 % recovery and 

gave only one peak on the chromatogram of HPLC/ESI-MS (Fig. 6, f) eliminating the need 

of more purification steps.  
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Fig. 6 HPLC/ESI-MS chromatograms of product 13, prepared in different conditions a-f, 

on positive polarization mode using MeOH/DI (50:50) as mobile phase. Compound 15 

and 13 elute at 2.9 and 4.1 min respectively. The conditions are: a) 1:1 equiv. of 

compounds 6:10 at a temperature between 2ï8 oC. b) 1:1 equiv. of compounds 10:6 at a 

temperature below 0 oC. c and d) 1:1 equiv. of compounds 6:10 at a temperature between 

ï50 oC to ï7 oC. e) 1.5:1 equiv. of compounds 10:6 at a temperature between ï50 oC to ï

12 oC. f) 3:1 equiv. of compounds 10:6 at a temperature between ï50 oC to ï10 oC. 
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The structure of product 13 was unambiguously elucidated by means of 1H NMR, 

13C NMR, FT-IR, and HPLC/ESI-MS. The 1H NMR spectrum of 13 displayed a huge 

downfield shift of the hydrazide NHs that appeared as singlets at 10.86 and10.44 ppm 

equivalent to the two vicinal NH peaks neighboring the carbonyl and triazine core 

respectively. In addition, the two methylene groups adjacent to the carbonyl and nitrogen 

atom respectively were also subjected to a downfield shift, and each gave a triplet at 2.62 

and 3.86 ppm equivalently. Moreover, the 13C NMR revealed two new signals at 167.8 and 

171.1 ppm corresponding to the quaternary carbons of the triazine core namely the carbons 

attached to carbohydrazide group and chlorine atom separately. Likewise, the carbonyl 

group of the hydrazide moiety shifted downfield after coupling to cyanuric chloride and 

appeared at 169.9 ppm. The presence of C-Cl stretching vibrations in the region of 800ï856 

cm-1 together with the C-N and C=N stretching bands at 1246 and 1541 cm-1 were 

indicative of the cyanuric chloride core as demonstrated in FT-IR. The carbonyl of the 

hydrazide motif revealed a strong absorption band at 1704 cm-1 along with two broad bands 

between 3233 and 3470 cm-1 consistent with two NH peaks in the same motif. Lastly, the 

molecular mass was determined using HPLC/ESI-MS where the mass spectrum of 

compound 13 exhibited peaks at m/z values 360.2, 743.2, 358.3, and 740.9 equivalent to the 

mass of ([M + H]+), ([2M + Na]+), ([M ï H]ï), and ([2M + Na ï 2H]ï) respectively (M = 

359.03). 
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Structure of compound 13 1H NMR  signals (ppm) 13C NMR signals (ppm) 

 
 

 

Table 5. 1H and 13C NMR chemical shifts of compound 13 in DMSO-d6 

 

C. Synthesis of N'-(4,6-dichloro-1,3,5-triazin -2-yl)-3-(2,4-dioxo-3,4 dihydropyrimidin -

1(2H)-yl)propanehydrazide) 14. 

 

 

Scheme 24. Synthesis of compound 14 

 

Owing to the experimental facts elaborated in section B, the preparation of 

compound 14 was accomplished following the same procedure as that of 13. Consequently, 

product 14 was produced in 82% yield after coupling cyanuric chloride 6 in THF with 

carbohydrazide 12 in deionized water. The reactants were available in a 3:1 ratio 

respectively; the reaction temperature was carefully maintained between ï50 to ï10 oC, and 

NaHCO3 was employed as a base. 
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The 1H NMR spectrum of 14 showed two singlet peaks at 10.85 and10.46 ppm 

correspondent to the two vicinal NH peaks adjacent to the carbonyl and triazine core 

respectively. Besides, the two methylene groups adjacent to the carbonyl and nitrogen atom 

experienced a downfield shift in comparison to 12, and each appeared as a triplet at 2.62 

and 3.90 ppm equivalently. The vinylic proton of the uracil ring adjacent to the carbonyl 

group was split into a doublet of doublet (dd) due to coupling with the NH proton on the 

same ring. This was evident from 2D COSY spectrum that revealed a crosscorrelation peak 

between the two protons indicating the interaction of the vinylic proton with NH and vice 

versa. Moreover, when 1H NMR was done in MeOD-d3 containing HOD, the dd became a 

doublet (d) which further confirmed this interaction. As for the 13C NMR, it revealed two 

new peaks at 167.4 and 170.8 ppm corresponding to the quaternary carbons of the triazine 

core namely the carbons attached to carbohydrazide group and chlorine atoms separately. 

In addition, the carbonyl group of the hydrazide moiety shifted downfield after coupling to 

cyanuric chloride and appeared at 169.5 ppm. An extra signal was noticed in 1H and 13C 

NMR and was assigned to traces of remaining starting material 6. The FT-IR spectrum 

exhibited significant absorption bands for C-Cl, C-N, and C=N bonds at 854, 1248, and 

1544 cm-1 respectively in addition to a sharp absorption band of the carbonyl group at 1710 

cm-1 and a broad band corresponding to the NH peaks at 3445 cm-1. Last of all, the 

molecular mass was validated using HPLC/ESI-MS where the mass spectrum of compound 

14 showed peaks at m/z values 368.2, 715.2, 344.2, and 712.9 equivalent to the mass of ([M 

+ Na]+), ([2M + Na]+), ([M ï H]ï), and ([2M + Na ï 2H]ï) respectively (M = 345.01). 
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Structure of compound 14 1H NMR  signals (ppm) 13C NMR signals (ppm) 

 

 

 

Table 6. 1H and 13C NMR chemical shifts of compound 14 in DMSO-d6 

 

D. Synthesis of N',N''' -(6-chloro-1,3,5-triazine-2,4-diyl)bis(3-(5-methyl-2,4-dioxo-3,4-

dihydropyrimidin -1(2H)-yl)propanehydrazide) 15. 

 

 

Scheme 25. Synthesis of compound 15 

 

Compound 15 was prepared in 85 % yield when excess of the reagent 10 (2 or 2.5 

equiv.), in deionized water, was allowed to react with cyanuric chloride 6 (1 equiv.), in 

THF, at a temperature between ï50 oC to r.t. over a period of 4 h. The product was isolated 

using a simple workup that consists of freeze drying of solvents, trituration in Et2O, 

suspension in cold water, then freeze drying again. No further purification steps were 
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required though recrystallization from hot methanol or precipitation from a solution of 

DMSO/MeOH may be pursued for improved purities. 

The formation of compound 15 was confirmed by means of 1H and 13C NMR 

although the corresponding spectra were slightly complicated and hard to evaluate at r.t. In 

particular, the vinylic protons of thymine and NH protons of the hydrazide attached to the 

triazine were split into multiple signals. Several purification attempts were performed in 

order to obtain simpler spectra; however, they remained the same. On the other hand, 

HPLC/ESI-MS chromatograms demonstrated a single peak with the target molecular mass 

designating high purity. Accordingly, the observed complexity in the NMR spectra was 

attributed to a dynamic equilibrium process taking place in solution and at r.t. among 

possible rotamers of the triazine ring. Such phenomenon was encountered with 

aminosubstituted-s-triazines and have been widely investigated.58,66-69 Typically, the 

restricted rotation about the triazineïnitrogen bond59,60 generates an energy barrier, and 

because this barrier is sufficiently high, different conformers can interconvert slowly on the 

NMR time scale resulting in several signals for some nuclei on the spectrum. It was 

reported that 2,4-diaminosubsituted-6-chloro-s-triazines exhibit 3 rotamers (scheme 26); 

whereas, non-symmetrically or symmetrically 2,4,6-triaminosubstituted-s-triazines possess 

4 or 2 rotamers consistently.58,60 Nevertheless, this number is apt to increase due to the 

presence of certain groups like the carbohydrazide moieties, as in our case, 10 and 12 

which can also exist in two different conformationsïthe Z and E conformations70 (scheme 

27). 
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Scheme 26. Possible conformational isomers of diaminosubstituted-s-triazines58,60 

 

 

Scheme 27. Conformational isomerism of compound 10.70 

 

Hence, compound 15 can have six rotamers or even more. In such cases, variable 

temperature NMR experiments are devised since at high temperature rotation occurs swiftly 

that NMR resonances of the exchanging species merge and signals corresponding to one 

compound appear. Thatôs why, variable temperature NMR spectra were recorded from 80 

to150 oC. It was shown that at 80 oC, the multiple peaks of the symmetrical compound 15 

were resolved and assignment of peaks was therefore possible. As a result, the four NH 

protons attached to the triazine core gave rise to two singlets at 9.82 and 9.45 ppm as 

indicated by the 1H NMR of compound 15. The vinylic proton of thymine appeared as a 

singlet at 7.39 ppm. In addition, the assignment of the carbon signals was completed with 

the help of the 2D HMBC NMR experiment recorded at r.t. and 13C NMR spectrum 

acquired at 80 oC which displayed a broad peak at 166.6 ppm corresponding to the two 

substituted carbon atoms of the triazine ring. The broadening of these peaks of the triazine 

ring specifically at 80 oC validates their involvement in the conformational equilibrium.66 
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Moreover, the nearby carbonyl of the hydrazide group appeared at 168.4 ppm. As for the 

FT-IR spectrum, it revealed a characteristic absorption band at 803 cm-1 consistent with the 

C-Cl bond together with peaks in the region of 1219ï1284 cm-1 and 1359ï1422 cm-1 

corresponding to C-N and C=N stretching vibrations. The sharp absorption band at 1681 

cm-1 along with the broad peaks at 3226 and 3453 cm-1 were indicative of the carbonyl 

group and NH groups of the hydrazide function respectively. Finally, the molecular mass 

was established using HPLC/ESI-MS where the mass spectrum of compound 15 showed 

peaks at m/z values 558.4, and 534.2 equivalent to the mass of ([M + Na]+), and ([M ï H]ï) 

respectively (M = 558.14). 

 

Structure of compound 15 1H NMR  
signals (ppm) 

13C NMR 
signals (ppm) 

 
 

 

Table 7. 1H and 13C NMR chemical shifts of compound 15 in DMSO-d6 at 80 oC 
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E. Synthesis of N',N''' -(6-chloro-1,3,5-triazine-2,4-diyl)bis(3-(2,4-dioxo-3,4-

dihydropyrimidin -1(2H)-yl)propanehydrazide) 16. 

 

 

Scheme 28. Synthesis of compound 16 

 

Likewise, compound 16 was obtained using the same method of preparation of 

compound 15. Thus, reacting cyanuric chloride 6 (1 equiv.) with compound 12 (2 or 2.5 

equiv.) in THF/deionized water respectively and at a temperature between ï50 oC to r.t. 

produced 16 in 78 % yield. 

The 1H NMR of compound 16 measured at r.t. revealed a multiplet and dd peaks 

for the vinylic protons next to the nitrogen atom and carbonyl group of the uracil ring 

respectively. The multiplicity pattern of the two vinylic protons can be related to the 

presence of rotamers as in 15. The NH protons of the hydrazide moiety attached to the 

triazine core were also split into several peaks. However, upon heating to 80 oC, multiple 

signals of the symmetrical compound 16 coalesced. The vinylic protons adjacent to the 

nitrogen atom and carbonyl group respectively gave rise to two doublet signals at 7.53 ppm 

and 5.49 ppm consistently. Similarly, the NH peaks attached to the triazine merged into two 
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broad ones appearing at 9.53 and 9.85 ppm. Same observations were encountered in the 13C 

NMR spectrum obtained at r.t. which displayed several signals for the vinylic, carbonyl and 

triazine carbons. Nevertheless, each of the vinylic carbons adjacent to the nitrogen atom 

and carbonyl group respectively appeared as one signal at 145.9 and 100.8 ppm 

respectively at 80 oC. The carbonyl carbons of the hydrazide moiety and the substituted 

carbons of the triazine core emerged at 169.2 and 167.3 ppm respectively. Regarding the 

FT-IR, the stretching bands in the region between 802ï820 cm-1 also at 1283 and 1464 cm-1 

were indicative of the triazine bonds namely C-Cl, C-N, and C=N correspondingly. The 

carbonyl group revealed a sharp absorption band at 1685 cm-1 whereas the NH bonds 

displayed a broad band at 3223 cm-1. Lastly, the molecular mass was validated using 

HPLC/ESI-MS where the mass spectrum of compound 16 showed peaks at m/z values 

530.2, and 506.1 equivalent to the mass of ([M + Na]+), and ([M ï H]ï) respectively (M = 

507.11). 

 

Structure of compound 16 1H NMR  
signals (ppm) 

13C NMR 
signals (ppm) 

 

 

 

Table 8. 1H and 13C NMR chemical shifts of compound 16 in DMSO-d6 at 80 oC 
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F. Synthesis of N',N''',N''''' -(1,3,5-triazine-2,4,6-triyl)tris(3 -(5-methyl-2,4-dioxo-3,4-

dihydropyrimidin -1(2H)-yl)propanehydrazide) 17. 

 

 

Scheme 29. Synthesis of compound 17 

 

Compound 17 was synthesized using an altered previously described procedure for 

the preparation of triaminosubstituted-s-triazines.58 The complete conversion of compound 

15 to 17 was achieved when a solution of 15 in DMSO was allowed to react with a solution 

of 10 in the same solvent at 140ï150 oC under N2 atmosphere maintained for about 24 h. 

DIPEA was used as a base, and the product was recovered by precipitation with methanol 

in 29 % yield. 

Other synthetic approaches were tried to prepare the title compound in a single 

step from cyanuric chloride 6. However, none provided a pure trisubstituted adduct. 

Briefly, when one equiv. of cyanuric chloride 6 was reacted with 3 equiv. of compound 10 
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in solvent systems like THF/H2O or acetone/H2O under reflux conditions kept for 1ï2 

consecutive days and using NaHCO3 as a base, a mixture of disubstituted and trisubstituted 

products, 15 and 17 respectively, was obtained. The same result was attained when the 

starting materials were dissolved in DMF and heated till reflux under N2 atmosphere 

maintained for about 24 h. Given the close polarity of both products 15 and 17, purification 

was difficult  to achieve. In contrast, when excess of the hydrazide 10, about 6 equiv., was 

added to 6 while maintaining reflux for 2 days, complete conversion took place as was 

shown by HPLC/ESI-MS. Still, the brown hygroscopic material retained was a mixture of 

the hydrazide 10 and the product 17. Similarly, efforts to separate the mixture failed due to 

the comparable polarity of the two constituents in the mixture. By comparison, the applied 

method has afforded the desired product 17 with accepted purity yet in low yields. Better 

results may be reached if microwave heating was used instead of classical heating as has 

been reported.58-60 Clearly, trisubstitution requires harsher conditions than the mono- or 

disubstitution reactions.  

 

 

Scheme 30. Possible conformational isomers of symmetrical triaminosubstituted-s-

triazines58,60 

 

The structure of product 17 was elucidated from the 1H NMR which revealed 

broad multiplet peaksïan observation that suggests the presence of rotamers in equilibrium 

at r.t. (scheme 30). This process is similar to that described in the case of the diadduct 
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displayed in scheme 26. Therefore, compound 17 can have four rotamers. At 150 oC, sharp 

peaks were produced and nicely assigned to the symmetrical product 17. Hence, the NH 

peaks adjacent to the triazine core appeared as two broad singlets at 9.10 and 8.22 ppm 

along with the vinylic protons of thymine which were displayed at 7.33 ppm. The 13C NMR 

revealed at 80 oC the carbonyl of hydrazide group at 168.2 ppm together with the triazine 

carbon at 166.5 ppm. Both were shifted upfield in comparison to 15. Characteristic FT-IR 

absorptions in the region between 1223ï1278 and 1361ï1480 cm-1 were indicative of C-N 

and C=N bonds. In addition, a sharp band at 1682 cm-1 consistent with the carbonyl of the 

hydrazide group and a broad one at 3246 cm-1 typical of NH stretching vibration were 

examined. Finally, the molecular mass was confirmed using HPLC/ESI-MS where the mass 

spectrum of compound 17 showed peaks at m/z values 734.5, and 710.2 equivalent to the 

mass of ([M + Na]+), and ([M ï H]ï) respectively (M = 711.26). 
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Structure of compound 17 1H NMR  signals 

(ppm) 

13C NMR  signals 

(ppm) 

 

 

 

Table 9. 1H and 13C NMR chemical shifts of compound 17 in DMSO-d6 at 150 oC and 80 oC 

respectively 
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G. Synthesis of N',N''' -(6-(2-(3-(2,4-dioxo-3,4-dihydropyrimidin -1(2H)-

yl)propanoyl)hydrazinyl) -1,3,5-triazine-2,4-diyl)bis(3-(5-methyl-2,4-dioxo-3,4-

dihydropyrimidin -1(2H)-yl)propanehydrazide) 18. 

 

 

Scheme 31. Synthesis of compound 18 

 

In a similar manner, the preparation of compound 18 was started from compound 

15 and 12 in the presence of DIPEA and DMSO. The mixture was heated to a temperature 

between 140ï150 oC under a N2 atmosphere kept for 24 h. Product 18 was isolated in 47 % 

yield by means of precipitation with methanol.  

Because compound 18 can have eight rotamers (scheme 32), the 1H NMR 

spectrum was recorded at 150 oC. It revealed two broad signals at 9.18 and 8.26 ppm 

equivalent to the NH protons attached to the triazine core in addition to a third broad NH 

peak of uracil and thymine cores at 10.46 ppm. The doublet peak at 7.50 ppm was assigned 
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to the uracil vinylic proton adjacent to the nitrogen atom; whereas, that of thymine 

appeared as a singlet at 7.35 ppm. Another doublet peak was displayed at 5.49 ppm  

 

 

Scheme 32. Possible conformational isomers of non-symmetrical triaminosubstituted-s-

triazines58,60 

 

equivalent to the other vinylic proton of the uracil ring. The methylene groups close to the 

nitrogen atom and carbonyl group respectively gave rise to two multiplet peaks at 3.93 and 

2.59 ppm. A singlet peak at 1.79 ppm corresponded to the methyl group on thymine. The 

13C NMR recorded at 80 oC showed a peak for the carbonyl carbon of the hydrazide moiety 

at 168.3 ppm and another broad one for the triazine carbon at 166.5 ppm. The DEPT 

spectrum revealed three CH peaks for the thymine and uracil vinylic carbons at 140.7, 

145.0, and 99.7 ppm respectively. The FT-IR spectrum displayed absorption bands typical 

of C-N and C=N bonds in the region between 1223ï1278 cm-1 and 1361ï1477 cm-1 

separately. The carbonyl functional group appeared as a sharp absorption band at 1686 cm-1 

and the NH stretching vibrations were displayed at 3246 cm-1. Finally, the molecular mass 

was validated using HPLC/ESI-MS where the mass spectrum of compound 18 showed 
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peaks at m/z values 720.4, and 696.1 equivalent to the mass of ([M + Na]+), and ([M ï H]ï) 

respectively (M = 697.24). 

 

Structure of compound 18 1H NMR  signals 

(ppm) 

13C NMR signals 

(ppm) 

 

 

 

Table 10. 1H and 13C NMR chemical shifts of compound 18 in DMSO-d6 at 150 oC and 80 
oC respectively 
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H. Synthesis of N',N''',N''''' -(1,3,5-triazine-2,4,6-triyl)tris(3 -(2,4-dioxo-3,4-

dihydropyrimidin -1(2H)-yl)propanehydrazide) 19. 

 

 

Scheme 33. Synthesis of compound 19 

 

Likewise, compound 19 was synthesized following the same listed methods for the 

preparation of 17 and 18. Hence, the reaction between compounds 16 and 12 in DIPEA and 

DMSO was carried out at 140ï150 oC under inert atmosphere for 24 h. Compound 19 was 

afforded in 45 % yield through precipitation with methanol. Further purification by 

recrystallization from hot water allowed the isolation of 12 % of pure 19. 

The 1H NMR spectrum was acquired at 150 oC due to the presence of four possible 

rotamers. The vinylic protons of uracil core appeared as two doublets at 5.45 and 7.46 ppm. 

In addition, two triplet peaks were displayed at 2.55 and 3.91 ppm corresponding to the two 

methylene groups along with three broad NH peaks at 8.11, 9.11, and 10.43 ppm equivalent 
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to the NHs adjacent to the triazine core, NHs next to the carbonyl of the hydrazide and NHs 

of uracil ring respectively. Moreover, the triazine carbon appeared at 167.2 ppm while that 

of the carbonyl of the hydrazide moiety appeared at 168.9 ppm as demonstrated by the 13C 

NMR of compound 19 at 80 oC. Stretching vibrations consistent with C=O, C-N and N-H 

bonds were displayed at 1693 cm-1, 1249 cm-1, and 3245 cm-1 respectively as indicated in 

the FT-IR spectrum. The molecular mass was asserted using HPLC/ESI-MS where the 

mass spectrum of compound 19 showed peaks at m/z values 692.4, and 668.1 equivalent to 

the mass of ([M + Na]+), and ([M ï H]ï) respectively (M = 669.21). 

 

Structure of compound 19 1H NMR  signals 

(ppm) 

13C NMR signals 

(ppm) 

 

 
 

Table 11. 1H and 13C NMR chemical shifts of compound 19 in DMSO-d6 at 150 oC and 80 
oC respectively 

 



53 

I. Synthesis of N',N''' -(6-(2-(3-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin -1(2H)-

yl)propanoyl)hydrazinyl) -1,3,5-triazine-2,4-diyl)bis(3-(2,4-dioxo-3,4-

dihydropyrimidin -1(2H)-yl)propanehydrazide) 20. 

 

 

Scheme 34. Synthesis of compound 20  

 

The synthesis of compound 20 was accomplished following the same procedure 

utilized in the preparation of compounds 17ï19. Thus, the reaction between compounds 16 

and 10 in DMSO was performed at 140ï150 oC in an inert atmosphere maintained for 24 h. 

The product was isolated in 28 % yield through precipitation with methanol. 

Compound 20 was characterized by means of 1H NMR that was recorded at 150 

oC due to the presence of eight rotamers. It revealed two broad signals at 9.20 and 8.18 ppm 

equivalent to the NHs attached to the carbonyl of the hydrazide group and triazine core 

respectively along with a broad NH peak of the uracil and thymine cores at 10.45 ppm. The 
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doublet peak at 7.46 ppm was assigned to the uracil vinylic proton adjacent to the nitrogen 

atom; whereas, that of thymine appeared as a singlet at 7.32 ppm. A multiplet peak was 

displayed at 5.56ï5.31 ppm equivalent to the other vinylic proton of the uracil ring. The 

methylene groups close to the nitrogen atom and carbonyl group respectively gave rise to 

two multiplet peaks at 4.06ï3.83 and 2.62ï2.51 ppm consistently. A singlet peak at 1.75 

ppm was corresponded to the methyl group on thymine. The 13C NMR was recorded at 80 

oC, and it showed a peak for the carbonyl carbon of the hydrazide moiety at 168.2 ppm and 

another broad one for the triazine carbon between 166.5ï166.6 ppm. The DEPT spectrum 

revealed three CH peaks of the vinylic carbons of thymine at 140.7 ppm and uracil at 145.0 

and 99.6 ppm. The FT-IR spectrum displayed absorption bands typical of C-N and C=N 

bonds at 1252 cm-1 and in the region between 1424ï1473 cm-1 respectively. The carbonyl 

functional group appeared as a sharp absorption band at 1678 cm-1 and the NH stretching 

vibrations were displayed at 3435 cm-1. Lastly, the molecular mass was confirmed using 

HPLC/ESI-MS where the mass spectrum of compound 20 showed peaks at m/z values 

706.5, and 682.1 equivalent to the mass of ([M + Na]+), and ([M ï H]ï) respectively (M = 

683.23). 
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Structure of compound 20 1H NMR  signals 

(ppm) 

13C NMR signals 

(ppm) 

 

 

 

Table 12. 1H and 13C NMR chemical shifts of compound 20 in DMSO-d6 at 150 oC and 80 
oC respectively 

 

J. Conclusion 

The preparation of compounds 13ï20 was pursued starting from cyanuric chloride 

6 which was reacted with thymine and uracilpropanehydrazides 10 and 12 respectively. 

While the mono- and disubstitution reactions produced compounds 13ï16 in moderate to 

high yields, the trisubstitution reactions provided compounds 17ï20 in low yields and 

under harsher conditions. Better yields may be obtained if microwave heating is introduced. 

The structures of the corresponding compounds were confirmed by 1H and 13C NMR, 2D 

HMBC and COSY NMR, HPLC/ESI-MS, and FT-IR. Future work should focus on the 

preparation of s-triazine derivatives endowed with other substituents be it nucleic bases 

(adenine and cytosine) or alkyl substituents that can enhance the solubilityï a major 
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limitation observed in the synthesized products. As an illustration, the presence of adenine 

and uracil propanehydrazides pendant to the same triazine core may strongly promote the 

self-recognition processes. Ultimately, different crystallization techniques may be explored 

in an attempt to generate HOFs out of the collected material. Nevertheless, the observed 

flexibility of the trisubstituted products, due to the rotational isomerism, may hinder the 

self-assembly by hydrogen-bonding and stacking interactions. Hence, it is suggested to 

modify the structures synthetically through introducing a rigid core (like benzene) to the 

triazine ring or supramolecularly through coordinating the groups involved in 

conformational equilibrium, namely the nitrogen atom of the hydrazide group attached to 

the triazine core and the carbonyl group of the hydrazide moiety. This can be done by 

adding an appropriate divalent metal capable of chelating to both atoms. Finally, the 

synthesized products are inevitably important, yet thorough studies are required before one 

can disclose their usefulness in developing HOFs. Alternatively, supramolecular complexes 

may be generated out of these title compounds through mixing different substituted-s-

triazines endowed with complementary nucleic bases under suitable conditions. 
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CHAPTER III 

EXPERIMENTALS 

 

A. General 

Melting points were measured on a DigiMelt apparatus and were uncorrected. 

NMR spectra were obtained from deuterated solvents with TMS as an internal standard on 

a Bruker Avance III HD 500 NMR spectrometer. Chemical shifts (ŭ) are reported in ppm 

downfield relative to TMS. ESIïmass spectra were obtained on an LCMS instrument 

(AGILENT 1100 series with a quaternary pump HPLC and Agilent LC/MSD Trap XCP 

mass spectrometry detector). The samples were injected into an HPLC column (5 ˃ m C18, 

25 cm × 4.6 mm). Infrared spectra were recorded on KBr pellets using a Nicolet AVATAR 

360 FT-IR ESP spectrometer with a Hewlett Packard Desk jet 840C plotter. The IR bands 

are reported in wave numbers (cm-1). Thin layer chromatography (TLC) was performed on 

pre-coated TLC-sheets ALUGRAM SIL G/UV254 silica gel sheets (used directly as 

received). Flash chromatography employed Aldrich silica gel (60 Å, 230ï400 mesh). 

Reagents used for synthesis were purchased from the Aldrich Chemical Company 

(Milwaukee, WI) and ACROS Chemicals. 

 

B. Procedures 

Ethyl 3-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)propanoate (9). In a 

1000 mL round-bottom flask (RBF) were dissolved thymine 2 (20 g, 159 mmol), Na (317.4 

mg, 13.8 mmol), and ethanol (429 mL). The solution was allowed to stir for an hour at r.t. 
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Ethyl acrylate 8 (51.4 mL, 471 mmol) was then added, and the resulting mixture was 

heated under reflux for 3 h. TLC monitoring in CHCl3/MeOH (10:1) revealed the presence 

of thymine 2, so Na (952.2 mg) was added, and reflux was continued for 4 h after which 

TLC confirmed the disappearance of thymine. Thereafter, the reaction was filtered at hot to 

remove Na residues and allowed to cool to r.t. overnight. A white precipitate formed upon 

cooling. It was collected via suction filtration, washed thoroughly with cold ethanol and 

cold ethyl acetate, and dried under vacuum to yield the desired product 9 as white 

crystalline material (20.3043 g). The remaining filtrate was concentrated under reduced 

pressure, and a white precipitate was recovered. The white precipitate was filtered under 

vacuum and dried to give the desired product 9 (7.0654 g, total yield 76 %) mp 154.4ï

155.6 oC (lit.71 mp 154.6ï155.1 oC). 1H NMR (500 MHz, DMSO-d6, ŭ): 11.27 (s, 1H), 7.52 

(s, 1H), 4.06 (q, J = 7.1 Hz, 2H), 3.86 (t, J = 6.8 Hz, 2H), 2.67 (t, J = 6.8 Hz, 2H), 1.74 (s, 

3H), 1.17 (t, J = 7.1 Hz, 3H); 13C NMR (126 MHz, DMSO-d6, ŭ): 171.2, 164.8, 151.3, 

142.3, 108.6, 60.7, 44.3, 33.3, 14.5, 12.4. HPLC/ESI-MS (m/z): calcd for C10H14N2O4 

226.10, found 249.0 (M + Na)+, 475.1 (2M + Na)+. FT-IR (KBr): 760, 797, 879, 928, 1013, 

1065, 1137, 1201, 1288, 1323, 1350, 1380, 1416, 1463, 1693, 1707, 2088, 3043, 3168 cm-1. 

The spectroscopic data agrees with the one reported.71 

3-(5-Methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)propanehydrazide (10). In 

a 500 mL RBF was dissolved ethyl 3-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-

yl)propanoate 9 (20.3043 g, 89.8 mmol) in ethanol (127 mL). N2H4.H2O (13.61 mL, 179.6 

mmol) was then added, and the resulting mixture was allowed to stir under reflux 

overnight. TLC monitoring in EtOAc/MeOH (90:10) indicated the absence of the starting 
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material 9, thus the reaction mixture was allowed to cool to r.t. A white precipitate formed 

upon cooling. It was filtered under vacuum, washed with cold ethanol and dried under 

vacuum to give the desired product 10 as a white solid (17.4326 g, 92 %) mp 193.5ï195.8 

oC (lit.64 189ï190 oC). 1H NMR (500 MHz, DMSO-d6, ŭ):11.24 (s, 1H), 9.08 (s, 1H), 7.42 

(s, 1H), 4.21 (s, 2H), 3.82 (t, J = 6.8 Hz, 2H), 2.39 (t, J = 6.8 Hz, 2H), 1.73 (s, 3H); 13C 

NMR (126 MHz, DMSO-d6, ŭ): 169.4, 164.8, 151.2, 142.4, 108.5, 44.9, 32.9, 12.4. 

HPLC/ESI-MS (m/z): calcd for C8H12N4O3 212.09, found 235.0 (M + Na)+, 447.1 (2M + 

Na)+. FT-IR (KBr): 451, 493, 540, 562, 635, 654, 693, 880, 915, 950, 996, 1011, 1050, 

1113, 1224, 1248, 1272, 1346, 1367, 1422, 1486, 1522, 1636, 1667, 1695, 2824, 2925, 

3019, 3103, 3155, 3347 cm-1. The spectroscopic data agrees with the one reported.64 

Ethyl 3-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)propanoate (11). In a 1000 mL 

RBF were dissolved uracil 1 (25 g, 223 mmol), NaOEt (4.4 mL, 44 mmol), and ethanol 

(595 mL). The solution was allowed to stir then ethyl acrylate 8 (30.4 mL, 279 mmol) was 

added. The resulting mixture was heated under reflux for 5 h. TLC monitoring in 

EtOAc/Hex/MeOH (8:1:1) revealed the presence of uracil 1, so NaOEt (1.1 mL) was 

added, and reflux was continued for another 2 h after which the reaction was allowed to 

cool to r.t. overnight. The reaction mixture was concentrated under reduced pressure to 

afford a quantitative white precipitate. The obtained white solid was collected via suction 

filtration, washed thoroughly with cold ethanol and cold ethyl acetate, and dried under 

vacuum to yield the desired product 11 as white crystalline material (26.63 g). The 

remaining filtrate was concentrated again under vacuum to give an orange-like oily 

substance. Cold ethyl acetate was added, the flask was cooled in the fridge and a white 
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precipitate was recovered. The white precipitate was filtered under vacuum and dried to 

give the desired product 11 (5.84 g, total yield 69 %) mp 102.9ï103.6 oC (lit.71 mp 101.3ï

101.6 oC). 1H NMR (500 MHz, DMSO-d6, ŭ): 11.27 (s, 1H), 7.63 (d, J = 7.9 Hz, 1H), 5.54 

(d, J = 7.8 Hz, 1H), 4.06 (q, J = 7.1 Hz, 2H), 3.88 (t, J = 6.7 Hz, 2H), 2.68 (t, J = 6.7 Hz, 

2H), 1.17 (t, J = 7.1 Hz, 3H); 13C NMR (126 MHz, DMSO-d6, ŭ): 170.2, 163.2, 150.3, 

145.5, 100.1, 59.6, 43.4, 32.1, 13.4. HPLC/ESI-MS (m/z): calcd for C9H12N2O4 212.08, 

found 235.0 (M + Na)+. FT-IR (KBr): 429,470, 513, 544, 625, 703, 718, 726, 762, 794, 

813, 865, 951, 978, 985, 1017, 1069, 1106, 1117, 1153, 1184, 1235, 1264, 1287, 1327, 

1356, 1383, 1414, 1451, 1478, 1528, 1631, 1726, 1957, 2799, 2909, 2935, 2964, 3000, 

3053, 3181cm-1.  The spectroscopic data agrees with the one reported.71 

3-(2,4-Dioxo-3,4-dihydropyrimidin-1(2H)-yl)propanehydrazide (12). In a 1000 

mL RBF was dissolved ethyl 3-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)propanoate 11 

(25 g, 118 mmol) in ethanol (563 mL). N2H4.H2O (31.3 mL, 413 mmol) was then added, 

and the resulting mixture was allowed to stir under reflux overnight. TLC monitoring in 

CHCl3/MeOH (95:5) indicated the absence of the starting material 11, thus the reaction 

mixture was allowed to cool to r.t. An off white precipitate formed upon cooling, so it was 

filtered under vacuum, washed with cold ethanol and dried under vacuum to give the 

desired product 12 as an off white solid (17.89 g, 77%) mp 184.3ï184.9 oC (lit.64 >300 oC). 

1H NMR (500 MHz, DMSO-d6, ŭ): 10.99 (s, 1H), 9.11 (s, 1H), 7.52 (d, J = 7.9 Hz, 1H), 

5.50 (d, J = 7.8 Hz, 1H), 4.29 (s, 2H), 3.85 (t, J = 6.7 Hz, 2H), 2.40 (t, J = 6.7 Hz, 2H); 13C 

NMR (126 MHz, DMSO-d6, ŭ): 169.3, 164.3, 151.2, 146.6, 100.9, 45.1, 32.8. HPLC/ESI-

MS (m/z): calcd for C7H10N4O3 198.08, found 221.0 (M + Na)+, 419.0 (2M + Na)+, 197.5 

(M ï H)ï, 417.0 (2M + Na ï 2H)ï. FT-IR (KBr): 458, 510, 552, 584, 678, 726, 765, 793, 



61 

831, 903, 952, 993, 1010, 1034, 1057, 1114, 1157, 1190, 1202, 1255, 1285, 1333, 1362, 

1387, 1398, 1430, 1446, 1468, 1550, 1614, 1689, 2783, 2880, 2974, 3066, 3181, 3312 cm-1. 

The spectroscopic data agrees with the one reported.64 

N'-(4,6-dichloro-1,3,5-triazin-2-yl)-3-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-

1(2H)-yl)propanehydrazide) (13). A 250 mL RBF, charged with a solution of cyanuric 

chloride 6 (653 mg, 3.54 mmol) in THF (57 mL), was cooled in an acetone (3 mL)/ liq. N2 

bath to a temperature below ï50 oC. At a temperature of ï50 oC, a solution of 10 (250 mg, 

1.18 mmol) in deionized water (12.5 mL), was added dropwise over a period of 75 min. 

During this time, regular addition of liq. N2 was necessary to maintain a constant 

temperature. After complete addition, NaHCO3 (99.12 mg, 1.18 mmol) was introduced, and 

the resulting mixture was allowed to stir at a temperature below ï10 oC for 30 min then at ï

10 oC for another 30 min. At this point, the reaction was considered to be complete by TLC 

using CHCl3/MeOH (95:5) as an eluent. Consequently, stirring was stopped, and the 

solvents were lyophilized. The obtained white powder was triturated with Et2O and filtered. 

Thereafter, it was suspended in cold deionized water, collected via suction filtration and 

lyophilized again to afford the desired product 13 as a white solid (235 mg, 56 % yield). 

The formation of compound 13 was confirmed by means of TLC, NMR and HPLC/ESI-

MS analysis which revealed the presence of trace amount of compound 15. Thus, the 

attained product 13 was acceptable for use without further purification; nevertheless, a 

small amount was purified for spectral characterization by means of solid-deposit column 

chromatography on silica gel (95:5 CHCl3/MeOH; Rf = 0.25) to yield a white solid mp 

227.3ï229.8 oC. 1H NMR (500 MHz, DMSO-d6, ŭ): 11.27 (s, 1H), 10.86 (s, 1H), 10.44 (s, 

1H), 7.42 (s, 1H), 3.86 (t, J = 6.6 Hz, 2H), 2.62 (t, J = 6.6 Hz, 2H), 1.72 (s, 3H); 13C NMR 
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(126 MHz, DMSO-d6, ŭ): 171.1, 169.9, 169.8, 167.8, 165.2, 151.7, 142.8, 109.0, 80.0, 45.0, 

32.8, 12.9. HPLC/ESI-MS (m/z): calcd for C11H11Cl2N7O3 359.03, found 360.2 (M + H)+, 

743.2 (2M + Na)+, 358.3 (M ï H)ï, 740.9 (2M+ Na ï 2H)ï. FT-IR (KBr): 479, 535, 694, 

757, 800, 856, 979, 1053, 1131, 1156, 1183, 1224, 1246, 1284, 1310, 1362, 1390, 1390, 

1424, 1482, 1514, 1541, 1573, 1608, 1671, 1704, 2834, 3043, 3233, 3470 cm-1. 

N'-(4,6-dichloro-1,3,5-triazin-2-yl)-3-(2,4-dioxo-3,4 dihydropyrimidin-1(2H)-

yl)propanehydrazide) (14). A 250 mL RBF, charged with a solution of cyanuric chloride 6 

(1.4 g, 7.59 mmol) in THF (122 mL), was cooled in an acetone (3 mL)/ liq. N2 bath to a 

temperature below ï50 oC. At a temperature of ï50 oC, a solution of 12 (500 mg, 2.53 

mmol) in deionized water (25 mL), was added dropwise over a period of 75 min. During 

this time, regular addition of liq. N2 was necessary to maintain a constant temperature. 

After complete addition, NaHCO3 (213 mg, 2.53 mmol) was introduced, and the resulting 

mixture was allowed to stir at a temperature below ï10 oC for 30 min then at ï10 oC for 

further 40 min. At this point, the reaction was considered to be complete by TLC using 

CHCl3/MeOH (95:5) as an eluent. Therefore, stirring was stopped, and THF was removed 

under vacuum. Fast forward, the mixture was lyophilized, and the obtained off white 

powder was triturated with Et2O and filtered. Afterward, it was suspended in cold deionized 

water, collected through suction filtration and lyophilized again. The material was then 

dissolved in THF (~ 90 mL) to remove excess cyanuric chloride 6, stirred then filtered. 

Finally, the filtrate was concentrated to dryness under reduced pressure, triturated with 

Et2O, filtered and dried under vacuum to give the expected product 14 as an off white solid 

(714.4 mg, 82 %) mp>260 oC. 1H NMR (500 MHz, DMSO-d6, ŭ): 11.28 (s, 1H), 10.85 (s, 

1H), 10.46 (s, 1H), 7.52 (d, J = 7.8 Hz, 1H), 5.50 (dd, J = 7.8, 2.0 Hz, 1H), 3.90 (t, J = 6.5 
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Hz, 2H), 2.62 (t, J = 6.5 Hz, 2H); 13C NMR (126 MHz, DMSO-d6, ŭ): 170.8, 169.5 (Ĭ2), 

167.4, 164.4, 151.3, 146.7, 101.1, 44.9, 32.4. HPLC/ESI-MS (m/z): calcd for C10H9Cl2N7O3 

345.01, found 368.2 (M + Na)+, 715.2 (2M + Na)+, 344.2 (M ï H)ï, 712.9 (2M+ Na ï 2H)ï. 

FT-IR (KBr): 503, 537, 563, 712, 757, 773, 801, 854, 982, 993, 1054, 1110, 1160, 1185, 

1204, 1248, 1284, 1313, 1345, 1359, 1382, 1399, 1425, 1472, 1516, 1544, 1593, 1752, 

1778, 2781, 3043, 3445 cm-1. 

N',N'''-(6-chloro-1,3,5-triazine-2,4-diyl)bis(3-(5-methyl-2,4-dioxo-3,4-

dihydropyrimidin-1(2H)-yl)propanehydrazide) (15). A 250 mL RBF, charged with a 

solution of cyanuric chloride 6 (218 mg, 1.18 mmol) in THF (19 mL), was cooled in an 

acetone (3 mL)/ liq. N2 bath to a temperature below ï 50 oC. At a temperature of ï 50 oC, a 

solution of 10 (625.4 mg, 2.95 mmol) in deionized water (31.3 mL), was added dropwise 

over a period of 75 min. After complete addition, NaHCO3 (198 mg, 2.36 mmol) was 

introduced, and the resulting mixture was allowed to stir at a temperature below 0 oC for 30 

min, allowed to warm to r.t. and kept stirring at the same temperature for additional 3.5 h. 

At this point, the completion of the reaction was validated by means of TLC using CHCl3/ 

MeOH (95:5) as an eluent. Thus, stirring was stopped, and the solvents were lyophilized. 

The white powder was triturated with Et2O and filtered. Afterward, it was suspended in 

cold deionized water, collected via suction filtration and lyophilized again to collect the 

desired product 15 as a white solid (631 mg, 85 %) mp 253.2ï254.5 oC. 1H NMR (500 

MHz, DMSO-d6, ŭ, 80 oC): 10.92 (s, 2H), 9.82 (s, 2H), 9.45 (s, 2H), 7.39 (s, 2H), 3.89 (t, J 

= 6.8 Hz, 4H), 2.56 (t, J = 6.8 Hz, 4H), 1.76 (s, 6H); 13C NMR (126 MHz, DMSO-d6, ŭ, 80 

oC): 168.4, 166.6, 163.5, 150.1, 140.9, 107.6, 43.5, 31.7, 11.0. HPLC/ESI-MS (m/z): calcd 

for C19H22ClN11O6 535.14, found 558.4 (M + Na)+, 534.2 (M ï H)ï. FT-IR (KBr): 430, 478, 
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526, 556, 663, 700, 766, 803, 902, 991, 1007, 1038, 1123, 1156, 1219, 1284, 1359, 1422, 

1475, 1571, 1681, 2836, 3049, 3226, 3453 cm-1. 

N',N'''-(6-chloro-1,3,5-triazine-2,4-diyl)bis(3-(2,4-dioxo-3,4-dihydropyrimidin-

1(2H)-yl)propanehydrazide) (16). A 250 mL RBF, charged with a solution of cyanuric 

chloride 6 (232 mg, 1.26 mmol) in THF (20 mL), was cooled in an acetone (3 mL)/ liq. N2 

bath to a temperature below ï 50 oC. At a temperature of ï 50 oC, a solution of 12 (500 mg, 

2.52 mmol) in deionized water (25 mL), was added dropwise over a period of 75 min. After 

complete addition, NaHCO3 (212 mg, 2.52 mmol) was introduced, and the resulting 

mixture was allowed to stir at a temperature below 2 oC for 60 min, allowed to warm to r.t. 

and kept stirring at the same temperature for additional 3 h. At this point, TLC in CHCl3/ 

MeOH (95:5) revealed a complete reaction. Thus, stirring was stopped, and the solvents 

were lyophilized. The white powder was triturated with Et2O and filtered. Afterward, it was 

suspended in cold deionized water, collected via suction filtration and lyophilized again to 

recover the desired product 16 as a white solid (499.7 mg, 78 %) mp 224.6ï227.4 oC. 1H 

NMR (500 MHz, DMSO-d6, ŭ, 80 
oC): 10.93 (s, 2H), 9.85 (s, 2H), 9.53 (s, 2H), 7.53 (d, J = 

7.9 Hz, 2H), 5.49 (d, J = 7.8 Hz, 2H), 3.92 (t, J = 6.7 Hz, 4H), 2.57 (t, J = 6.7 Hz, 4H); 13C 

NMR (126 MHz, DMSO-d6, ŭ, 80 
oC): 169.2, 167.3, 163.6, 150.9, 145.9, 100.8, 44.5, 32.4. 

HPLC/ESI-MS (m/z): calcd for C17H18ClN11O6 507.11, found 530.2 (M + Na)+, 506.1 (M ï 

H)ï. FT-IR (KBr): 430, 505, 553, 627, 721, 763, 802, 820, 993, 1018, 1097, 1152, 1199, 

1235, 1283, 1361, 1417, 1464, 1571, 1685, 3052, 3223 cm-1. 

N',N''',N'''''-(1,3,5-triazine-2,4,6-triyl)tris(3-(5-methyl-2,4-dioxo-3,4-

dihydropyrimidin-1(2H)-yl)propanehydrazide) (17).60 In a 50 mL, two neck RBF, was 

dissolved compound 15 (500 mg, 0.933 mmol) in DMSO (0.933 mL) under N2 atmosphere. 
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A solution of 10 (198 mg, 0.933 mmol) in DMSO (0.933mL) was then added followed by 

DIPEA (154.2 ɛL, 0.933 mmol). The mixture was refluxed at a temperature between 140ï

150 oC for 19 h under N2 atmosphere. At this point, TLC in CHCl3/ MeOH (90:10) 

revealed a complete reaction. Accordingly, reflux was stopped, and the reaction mixture 

was cooled. The product was recovered from the DMSO solution through precipitating it 

out with methanol. The off white precipitate was collected via suction filtration and 

suspended in hot deionized water. The solution was sonicated, and the precipitate was 

collected, washed with cold deionized water and lyophilized to recover the desired product 

17 as an off white powder material (190 mg, 29 %) mp 238ï242.2 oC. 1H NMR (500 MHz, 

DMSO-d6, ŭ, 150 oC): 10.42 (s, 3H), 9.10 (s, 3H), 8.22 (s, 3H), 7.33 (s, 3H), 3.90 (t, J = 6.8 

Hz, 6H), 2.57 (t, J = 7.0 Hz, 6H), 1.77 (s, 9H); 13C NMR (126 MHz, DMSO-d6, ŭ, 80 oC): 

168.2, 166.5, 163.2, 149.8, 140.7, 107.2, 43.4, 31.6, 10.7. HPLC/ESI-MS (m/z): calcd for 

C27H33N15O9 711.26, found 734.5 (M + Na)+, 710.2 (M ï H)ï. FT-IR (KBr): 438, 474, 693, 

765, 811, 913, 1037, 1129, 1223, 1278, 1361, 1430, 1480, 1576, 1682, 3040, 3246 cm-1. 

N',N'''-(6-(2-(3-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)propanoyl)hydrazinyl)-

1,3,5-triazine-2,4-diyl)bis(3-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-

yl)propanehydrazide) (18).60 In a 50 mL, two neck RBF, was dissolved compound 15 (500 

mg, 0.933 mmol) in DMSO (0.933 mL) under N2 atmosphere. A solution of 12 (185 mg, 

0.933 mmol) in DMSO (0.933 mL) was then added followed by DIPEA (154.2 ɛL, 0.933 

mmol). The mixture was refluxed at a temperature between 140ï150 oC for 19 h under N2 

atmosphere. At this point, TLC in CHCl3/ MeOH (90:10) revealed a complete reaction. 

Accordingly, reflux was stopped, and the reaction mixture was cooled. The product was 

recovered from the DMSO solution through precipitating it out with methanol. The off 
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white precipitate was collected via suction filtration and suspended in hot deionized water. 

The solution was sonicated, and the precipitate was collected, washed with cold deionized 

water and lyophilized to recover the desired product 18 as an off white powder material 

(304 mg, 47%) mp 236.9ï240.0 oC. 1H NMR (500 MHz, DMSO-d6, ŭ, 150 oC): 10.46 (s, 

3H), 9.18 (s, 3H), 8.26 (s, 3H), 7.50 (d, J = 7.8 Hz, 1H), 7.35 (s, 2H), 5.49 (d, J = 7.9 Hz, 

1H), 3.93 (m, J = 13.9, 6.9 Hz, 6H), 2.59 (m, J = 6.9, 2.9 Hz, 6H), 1.79 (s, 6H); 13C NMR 

(126 MHz, DMSO-d6, ŭ, 80 oC): 168.3, 166.5, 163.2, 162.6, 149.8, 145.0, 140.7, 107.3, 

99.7, 43.4, 31.6, 10.7. HPLC/ESI-MS (m/z): calcd for C26H31N15O9 697.24, found 720.4 (M 

+ Na)+, 696.1 (M ï H)ï. FT-IR (KBr): 439, 474, 692, 765, 811, 912, 1035, 1223, 1278, 

1361, 1477, 1569, 1686, 3046, 3246 cm-1. 

N',N''',N'''''-(1,3,5-triazine-2,4,6-triyl)tris(3-(2,4-dioxo-3,4-dihydropyrimidin-

1(2H)-yl)propanehydrazide) (19).60 In a 50 mL, two neck RBF, was dissolved compound 

16 (250 mg, 0.493 mmol) in DMSO (0.5 mL) under N2 atmosphere. A solution of 12 (98 

mg, 0.493 mmol) in DMSO (0.5mL) was then added followed by DIPEA (81.5 ɛL, 0.493 

mmol). The mixture was refluxed at a temperature between 140ï150 oC for 21 h under N2 

atmosphere. At this point, TLC in CHCl3/ MeOH (90:10) revealed a complete reaction. 

Accordingly, reflux was stopped, and the reaction mixture was cooled. The product was 

recovered from the DMSO solution through precipitating it out with methanol. The off 

white precipitate was collected via suction filtration and washed with cold methanol to 

afford a crude powder (150 mg, 45%). The material was further purified through 

recrystallization from hot water. Upon adding hot water, a yellow solution was obtained. 

Hot filtration was done, and the yellow filtrate was cooled to afford a yellow precipitate 

which was collected via suction filtration, washed with cold deionized water and dried 
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under vacuum to yield the desired product 19 as a yellow solid (12 mg, 12%) mp 255.0ï

255.6 oC. 1H NMR (500 MHz, DMSO-d6, ŭ, 150 oC): 10.43 (s, 3H), 9.11 (s, 3H), 8.11 (s, 

3H), 7.46 (d, J = 7.8 Hz, 3H), 5.45 (d, J = 7.9 Hz, 3H), 3.91 (t, J = 6.8 Hz, 6H), 2.55 (t, J = 

6.8 Hz, 6H); 13C NMR (126 MHz, DMSO-d6, ŭ, 80 oC): 168.9, 167.2, 163.3, 150.5, 145.7, 

100.4, 44.3, 32.2. HPLC/ESI-MS (m/z): calcd for C24H27N15O9 669.21, found 692.4 (M + 

Na)+, 668.1 (M ï H)ï. FT-IR (KBr): 440, 504, 554, 620, 718, 764, 812, 987, 1017, 1102, 

1189, 1249, 1693, 3245 cm-1. 

N',N'''-(6-(2-(3-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-

yl)propanoyl)hydrazinyl)-1,3,5-triazine-2,4-diyl)bis(3-(2,4-dioxo-3,4-dihydropyrimidin-

1(2H)-yl)propanehydrazide) (20).60 In a 50 mL, two neck RBF, was dissolved compound 

16 (500 mg, 0.986 mmol) in DMSO (0.986 mL) under N2 atmosphere. A solution of 10 

(209 mg, 0.986 mmol) in DMSO (0.986 mL) was then added followed by DIPEA (163 ɛL, 

0.986 mmol). The mixture was refluxed at a temperature between 140ï150 oC for 19 h 

under N2 atmosphere. At this point, TLC in CHCl3/ MeOH (90:10) revealed a complete 

reaction. Accordingly, reflux was stopped, and the reaction mixture was cooled. The 

product was recovered from the DMSO solution through precipitating it out with methanol. 

The obtained white precipitate was collected via suction filtration and suspended in hot 

deionized water. The solution was sonicated, and the precipitate was collected, washed with 

cold deionized water and lyophilized to recover the desired product 20 as a white powder 

material (190 mg, 28 %) mp 257.6ï260.0 oC. 1H NMR (500 MHz, DMSO-d6, ŭ, 150 oC): 

10.45 (s, 3H), 9.20 (s, 3H), 8.18 (s, 3H), 7.46 (d, J = 7.8 Hz, 2H), 7.32 (s, 1H), 5.56 ï 5.31 

(m, 2H), 4.06 ï 3.83 (m, 6H), 2.62 ï 2.51 (m, 6H), 1.75 (s, 3H); 13C NMR (126 MHz, 

DMSO-d6, ŭ, 80 oC): 168.2, 166.6, 166.5, 163.2, 162.6, 149.8 (× 2), 145.0, 140.7, 107.3, 
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99.6, 43.6, 31.4, 10.7. HPLC/ESI-MS (m/z): calcd for C25H29N15O9 683.23, found 706.5 (M 

+ Na)+, 682.1 (M ï H)ï. FT-IR (KBr): 440, 505, 554, 621, 764, 812, 986, 1252, 1424, 1473, 

1575, 1678, 3435 cm-1. 
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CHAPTER IV 

SUPPLEMENTARY INFORMATION 

 

Spectroscopic data of compound 9: 

1H-NMR of 9 in DMSO-d6  
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13C-NMR of 9 in DMSO-d6 

DEPT135-NMR of 9 in DMSO-d6
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HCCOSW-NMR of 9 in DMSO-d6

 
HMBCGP-NMR of 9 in DMSO-d6 
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HPLC/ESI-MS integrated chromatogram of 9 on positive polarization mode using 

MeOH/DI (50:50) as mobile phase 

 
ESI-MS line spectrum of peak 1 at 3.8 min 
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FT-IR spectrum of 9 on KBr pellets 

 

Spectroscopic data of compound 10: 
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1H-NMR of 10 in DMSO-d6  

13C-NMR of 10 in DMSO-d6
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DEPT135-NMR of 10 in DMSO-d6 

 
HCCOSW-NMR of 10 in DMSO-d6 
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HMBCGP-NMR of 10 in DMSO-d6 

 
HPLC/ESI-MS integrated chromatogram of 10 on positive polarization mode using 

MeOH/DI (50:50) as mobile phase 



77 

 
ESI-MS line spectrum of peak 1 at 2.8 min 

 
FT-IR spectrum of 10 on KBr pellets 

 

Spectroscopic data of compound 11: 
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1H-NMR of 11 in DMSO-d6  

13C-NMR of 11 in DMSO-d6
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DEPT135-NMR of 11 in DMSO-d6

HCCOSW-NMR of 11 in DMSO-d6
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HMBCGP-NMR of 11 in DMSO-d6 

 
HPLC/ESI-MS integrated chromatogram of 11 on positive polarization mode using 

MeOH/DI (50:50) as mobile phase 
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ESI-MS line spectrum of peak 1 at 3.4 min  

FT-IR spectrum of 11 on KBr pellets 

 

Spectroscopic data of compound 12: 
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1H-NMR of 12 in DMSO-d6  

13C-NMR of 12 in DMSO-d6
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DEPT135-NMR of 12 in DMSO-d6

HCCOSW-NMR of 12 in DMSO-d6
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HMBCGP-NMR of 12 in DMSO-d6 

 

 HPLC/ESI-MS integrated chromatogram of 12 on positive polarization mode using 

MeOH/DI (50:50) as mobile phase 
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ESI-MS line spectrum of peak 1 at 2.6 min 

 
HPLC/ESI-MS integrated chromatogram of 12 on negative polarization mode using 

MeOH/DI (50:50) as mobile phase 
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ESI-MS line spectrum of peak 1 at 2.6 min 

 
FT-IR spectrum of 12 on KBr pellets 

 

Spectroscopic data of compound 13: 
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1H-NMR of 13 in DMSO-d6  

 

13C-NMR 13 in DMSO-d6 
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DEPT135-NMR of 13 in DMSO-d6

HCCOSW-NMR of 13 in DMSO-d6
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HMBCGP-NMR of 13 in DMSO-d6  

 
COSY-NMR of 13 in DMSO-d6 
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HPLC/ESI-MS integrated chromatogram of 13 on positive polarization mode using 

MeOH/DI (50:50) as mobile phase 

 
ESI-MS line spectrum of peak 1 at 4.1 min 
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HPLC/ESI-MS integrated chromatogram of 13 on negative polarization mode using 

MeOH/DI (50:50) as mobile phase 

 
ESI-MS line spectrum of peak 1 at 4.1 min 



92 

 
FT-IR spectrum of 13 on KBr pellets 

 

Spectroscopic data of compound 14: 
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1H-NMR of 14 in DMSO-d6  



94 

13C-NMR of 14 in DMSO-d6

DEPT135-NMR of 14 in DMSO-d6
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HCCOSW-NMR of 14 in DMSO-d6

 
HMBCGP-NMR of 14 in DMSO-d6 
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COSY-NMR of 14 in DMSO-d6 

 

 
HPLC/ESI-MS integrated chromatogram of 14 on positive polarization mode using 

MeOH/DI (50:50) as mobile phase 
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ESI-MS line spectrum of peak 2 at 3.5 min 

 
HPLC/ESI-MS integrated chromatogram of 14 on negative polarization mode using 

MeOH/DI (50:50) as mobile phase 
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ESI-MS line spectrum of peak 3 at 3.4 min 

 
FT-IR spectrum of 14 on KBr pellets 

 

Spectroscopic data of compound 15: 
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1H-NMR of 15 in DMSO-d6  

1H-NMR of 15 in DMSO-d6 at 80 oC 
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13C-NMR of 15 in DMSO-d6

13C-NMR of 15 in DMSO-d6 at 80 oC  



101 

DEPT135-NMR of 15 in DMSO-d6 

 
HCCOSW-NMR of 15 in DMSO-d6 
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HMBCGP-NMR of 15 in DMSO-d6 

 
COSY-NMR of 15 in DMSO-d6 
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HPLC/ESI-MS integrated chromatogram of 15 on positive polarization mode using 

MeOH/DI (50:50) as mobile phase 

 
ESI-MS line spectrum of peak 1 at 3.0 min 
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HPLC/ESI-MS integrated chromatogram of 15 on negative polarization mode using 

MeOH/DI (50:50) as mobile phase 

 
ESI-MS line spectrum of peak 1 at 2.9 min  
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FT-IR spectrum of 15 on KBr pellets 

 

Spectroscopic data of compound 16: 
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1H-NMR of 16 in DMSO-d6 

1H-NMR of 16 in DMSO-d6 at 80 oC 
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13C-NMR of 16 in DMSO-d6 

13C-NMR of 16 in DMSO-d6 at 80 oC 
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DEPT135-NMR of 16 in DMSO-d6

 
HCCOSW-NMR of 16 in DMSO-d6














































































