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ABSTRACT (THAI) 
 มนยา เฉลิมนนท ์: การสงัเคราะหแ์ละการกกัเก็บอนพุนัธ ์1,3,5-ไตรอาซีนเพื่อเป็นสารตา้นมะเรง็. 

( SYNTHESIS AND ENCAPSULATION OF 1,3,5-TRIAZINE DERIVATIVES AS 
ANTICANCER AGENT) อ.ที่ปรกึษาหลกั : ผศ. ดร.โรจนฤ์ทธ์ิ โรจนธเนศ, อ.ที่ปรกึษารว่ม : ผศ. 
ดร.ธนธรณ ์ขอทวีวฒันา 

  
การออกฤทธ์ิทางชีวภาพของโครงสรา้ง 1,3,5-ไตรอาซีน มีความหลากหลาย โดยเฉพาะเมื่อใชเ้ป็น

สารตา้นมะเร็ง เนื่องจากความสามารถในการเขา้ถึงเซลลม์ะเร็งของโครงสรา้งนีม้ีขอ้จ ากัด  ซึ่งส่งผลต่อฤทธ์ิ
ตา้นมะเรง็ของโครงสรา้งนี ้การศกึษาครัง้นีจ้ึงไดท้  าการศกึษาฤทธ์ิการตา้นมะเรง็ของอนพุนัธ ์1,3,5-ไตรอาซีน
จ านวนสิบสองชนิด โดยทดสอบกับเซลลม์ะเร็งล าไสใ้หญ่สองชนิด  รวมถึงทดสอบระบบน าส่งยา (Drug 
Delivery System, DDS) โดยใช้อนุภาคนาโนของแคลเซียมซิเตรต  (CaCit NPs) เป็นตัวน าส่งยา  ผลจาก
การศกึษาฤทธ์ิการตา้นมะเรง็ของอนุพนัธ ์1,3,5-ไตรอาซีน พบว่าสารประกอบมีฤทธ์ิการตา้นมะเรง็ท่ีแตกต่าง
กัน สารประกอบบางชนิดมีความเป็นพิษต่อเซลลม์ะเร็งในระดับเดียวกันกับยาตา้นมะเร็งอา้งอิงซิสพลาติน  
(Cisplatin) นอกจากนีย้งัพบว่าสารประกอบ 2a และ 3d เป็นสารประกอบที่เป็นพิษต่อเซลลม์ะเร็งมากที่สุด 
และสารประกอบ 2c และ 3c ซึ่งมีหมู่แทนที่เป็น o-hydroxyphenyl ที่เหมือนกนัทัง้สองชนิด แสดงค่า IC50 ต ่า
ที่สดุที่ค่าประมาณ 20-27 ไมโครโมลาร ์ นอกเหนือจากนีก้ารศึกษาครัง้นีย้งัแสดงใหเ้ห็นถึงการใชอ้นุภาคนา
โนของแคลเซียมซิเตรตเป็นตัวน าส่งอนุพันธ์ 1,3,5-ไตรอาซีน 2a   วิธีการเตรียม 1,3,5-ไตรอาซีนรวมกับ
อนุภาคนาโนแคลเซียมซิเตรต (CaCit-2a NPs) มีการปรับให้เหมาะสมโดยการเลือกระบบตัวท าละลาย 
แหล่งที่มาของซิเตรตไอออน และเวลาในการสังเคราะห์ เนื่องจากปัจจัยเหล่านีม้ีผลต่อ รูปร่าง ขนาด และ 
%drug loading ของอนุภาคนาโน  เมื่อใชว้ิธีการที่เหมาะสมที่สดุมาสงัเคราะห์ CaCit-2a NPs อนุภาคนาโน
ที่ ได้รับ มีการกระจายตัวแบบ  monodisperse มีขนาดอนุภาคที่ เหมาะสมส าหรับความต้องการของ 
Enhanced Permeability and Retention (EPR) effect และมี  %drug loading ในระดับปานกลาง  ซึ่ ง
พฤติกรรมการปลดปล่อยยาที่ควบคมุไดส้ามารถเกิดขึน้ไดภ้ายใตส้ภาวะที่เป็นกรด   ความรูจ้ากการศกึษาใน
ครัง้นีส้ามารถน าไปสู่การพฒันายาตา้นมะเร็งที่ใช้ 1,3,5-ไตรอาซีน และยงัเป็นพืน้ฐานของการพฒันาระบบ
การน าส่งยาที่ใชอ้นภุาคนาโนของแคลเซียมซิเตรตเพื่อน าส่งยาชนิดอื่น ๆ ในอนาคต 
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ABSTRACT (ENGLISH) 
# # 6172037923 : MAJOR CHEMISTRY 
KEYWORD: 135-triazine, anticancer activity, drug delivery system, calcium citrate, 

nanoparticles 
 Monnaya Chalermnon : SYNTHESIS AND ENCAPSULATION OF 1,3,5-TRIAZINE 

DERIVATIVES AS ANTICANCER AGENT. Advisor: Asst. Prof. Dr. ROJRIT 
ROJANATHANES Co-advisor: Asst. Prof. Dr. TANATORN KHOTAVIVATTANA 

  
The 1,3,5-triazine scaffold is known for its versatile biological activities especially as an 

anticancer agent, but a limitation of 1,3,5-triazine is the ability to reach cancer cells thus affecting 
its anticancer potency. In this work, the anticancer activity of twelve 1,3,5-triazine derivatives was 
evaluated against two colon cancer cell lines along with an investigation of a drug delivery system 
(DDS) using calcium citrate nanoparticles (CaCit NPs). Results from the biological evaluation 
showed that there was a variation in the anticancer activity of 1,3,5-triazine derivatives which some 
of them exhibited comparable activity to the reference drug cisplatin. Compound 2a and 3d were 
the two most cytotoxic derivatives and 2c and 3c, both bearing the o-hydroxyphenyl substituent, 
exhibited the lowest IC50 values around 20-27 µM. Moreover, the use of CaCit NPs as drug carrier 
for the selected 1,3,5-triazine derivative 2a was demonstrated. The preparation method of 1,3,5-
triazine incorporated calcium citrate nanoparticles (CaCit-2a NPs) was optimised by selecting an 
appropriate solvent system, source of citrate ion, and synthesis time because these factors have 
effects on the morphology, size and %drug loading of nanoparticles. Upon using the optimised 
method, the obtained CaCit-2a NPs was monodispersed with particles size suitable to take 
advantage of the Enhanced Permeability and Retention (EPR) effect, possessed moderate %drug 
loading and showed controlled drug release behaviour under the acidic condition. The knowledge 
from this study could contribute to the future development of the 1,3,5-triazine-based anticancer 
drugs and provide calcium citrate nanoparticles as an emerging drug delivery platform to 
incorporate future drugs. 
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CHAPTER I  
INTRODUCTION 

1. Background and significance of research 

Cancer is a major health issue resulting in a significant amount of deaths with the 
incident and mortality rates continuing to rise.1 From the 2020 statistics, lung and 
colorectal cancer are the two types of cancer causing the greatest mortality worldwide.2 
Currently, chemotherapy and surgery are the conventional treatment methods of cancer, 
but there are several disadvantageous consequences including drug non-selectivity, 
resistance, and possibilities for recurrences.3 In order to overcome these issues, the 
development of a new anticancer drug with an efficient delivery system is necessary.4  

1,3,5-Triazine is a heterocyclic scaffold containing nitrogen atoms in its core 
structure (Figure 1), and is being reported for many biological activities such as anti-
inflammatory,5 antimicrobial,6 antimalarial,7 and anticancer activities.8 Numerous 1,3,5-
triazine compounds possessing anticancer activities have been reported, for example, 
HL010183,9 Altretamine10 and Gedatolisib.11 Substituents at the 2-, 4- and 6-position of the 
ring could greatly affect the activity of 1,3,5-triazine derivatives, and there are a variety of 
synthetic routes, for example, using cyanuric chloride (2,4,6-trichloro-1,3,5-triazine) as the 
starting material, three-component methods12, 13 or reactions between biguanides with 
alcohol,14, 15 amide16 or carboxylic acid derivatives.17, 18  

 
Figure 1. 1,3,5-Triazine scaffold 

Without taking into consideration the exceptional antidiabetic and the recently 
discovered anticancer property of metformin,19-21 metformin is already a compelling 
biguanide to be used as the starting material for 1,3,5-triazine synthesis.15, 17, 22, 23 Upon a 
slight modification to the biguanide structure24 or reacting it with organic salts,9 the 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3 

anticancer activity was improved. However, comparing the activity of modified metformin 
to 1,3,5-triazine, the latter possess greater anticancer property as seen in a research that 
evaluated the anticancer activity of both metformin salts and a metformin derived 1,3,5-
triazine.9 Other biguanide-derived 1,3,5-triazines also exhibit great anticancer activity 
such as compounds derived from aryl-biguanides as Rad6 ubiquitin-conjugating 
enzymes inhibitors25 and 2,4-diamino 1,3,5-triazine acetonitrile derivatives.26 Therefore, it 
would be interesting to explore and develop new 1,3,5-triazine derivatives to further 
enhance the anticancer activity of this scaffold. However, a study have reported that a 
limitation of 1,3,5-triazine is its ability to reach the target site, thus affecting its anticancer 
activities.8 This means that a drug delivery system (DDS) is needed to solve the delivery 
issue. 

DDS is a safe and efficient way to deliver drug while enhancing the therapeutic 
efficiency and reducing side effects. Many factors have impacts on the delivery of 
nanoparticles to the target site hence careful considerations about the drug carrier design 
is necessary. Nanoparticles could benefits from the Enhanced Permeability and Retention 
(EPR) effect, a feature seen for cancer cells because they have leaky vasculatures and 
an impaired lymphatic system.27 In order to benefit from the EPR effect, the size should 
be between 30-300 nm because particles size outside of this range are prone to rapid 
clearance by the mononuclear phagocyte system.28, 29 By having the suitable particles 
size, the leakiness of tumour vessel could further dictate the selectivity of nanoparticles 
by directing them towards cancer cells.  Additionally, as the environment surrounding 
cancer cells is relatively lower in pH values than normal cells, pH-responsive 
nanoparticles would further reinforce the usefulness of nanoparticles for DDS.30 DDS using 
calcium citrate nanoparticles is of many interest especially for our research group 
because calcium citrate is a biocompatible material, an essential mineral for the body, 
and citrate is an intermediate of the tricarboxylic cycles.31 Citrate has been a participant 
in the making of many drug carriers because of its stabilising properties.32-34 Most recently, 
the use of calcium citrate particles as a drug carrier has emerged. The particles had 
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successfully delivered, and controlled the release of Vancomycin and FITC, which are an 
antibiotic drug and a fluorescent agent, respectively.35, 36  

In this research, the synthesis and anticancer activity of two series of biguanide 
derived 1,3,5-triazine were studied. Different substituents were presented on the triazine 
scaffold to determine a structure-activity relationship (SAR) between the hydrophobicity 
of the substituent with the anticancer activity. Furthermore, a selected 1,3,5-triazine 
derivatives was incorporated in calcium citrate nanoparticle (CaCit-triazine NPs). The 
preparation method and its behaviour under simulated environment were investigated. 
The method to prepare CaCit-triazine NPs was a simple coprecipitation to obtain 
nanoparticles with the size around 100-300 nm. The nanoparticle is expected to be 
suitable for the EPR effect and likely be selective towards cancer cells. The significance 
concept underlying this work were the anticancer activity study of the synthesised 1,3,5-
triazine derivatives and the development of a drug delivery system for 1,3,5-triazine using 
calcium citrate nanoparticles. Therefore, the provided information is hoped to contribute 
to the future development of triazine compounds as well as introducing calcium citrate 
nanoparticles as an anticancer drug carrier. 

 

2. Literature review 

2.1. Modified metformin as anticancer agents 

N,N-dimethylbiguanide, as known as metformin, is a biguanide derived from 
Galegine, the active substance of Galega Officunalis (Figure 2).37 Nowadays, metformin 
is used as the first-line therapy for Type 2 Diabetes Mellitus (T2DM).19 Diabetes and 
cancer have several shared common factors that influence their progression. Several 
studies have revealed the anticancer mechanism of metformin and a commonly proposed 
hypothesis was that metformin exhibits either direct or indirect effects on cancer  cells. 
The former is via the activation of AMPK, and the latter is an insulin-dependent method by 
reducing blood glucose, circulating insulin and insulin growth factor I concentration.38, 39 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 5 

 
Figure 2. Chemical structure of metformin 

A limitation of metformin is its hydrophilicity thus requiring organic cation 
transporters (OCTs) for passive uptake to occur.40 By chemically modifying the backbone 
of metformin, not only that the uptake into cells was increased, but also improved the 
anticancer potency. HL156A, a metformin derivative, had better penetration, high 
bioavailability and resulted in the release of pro-apoptotic factors that ultimately caused 
cell death (Figure 3A).24, 41 Modification of metformin with sulfenamide substituents could 
also increase the cellular uptake by having greater binding with the OCTs leading to 
enhance antiproliferative property compared to metformin (Figure 3B).42 Due to the higher 
binding to cells, higher antiproliferative properties was observed for the sulfenamide 
derivative with cyclohexyl ring having IC50 values at 0.72±1.31 µM against MCF-7 cell and 
39.3±1.18 µM against MDA-MB-231 cell while other compounds with different alkyl length 
had IC50 values above 370 µM. 

 

Figure 3. Chemical structures of (A) HL156A and (B) sulfenamide derivatives of metformin 

Alternatively, treating metformin in the free base form with organic salts resulted in 
higher inhibitory effect than metformin (Figure 4).9 It was found that the three metformin 
salts modified with gamma-aminobutyric acid (GABA), pregabalin and gabapentin were 
more cytotoxic towards Hs578T cells exhibiting three-fold lower IC50 values than metformin 
at 4-9.1 mM. Furthermore, they inhibited the proliferation of MDA-MB-231 breast cancer 
cells at 16.1-41.5 mM.  
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Figure 4. Metformin salts 

Regardless of how the modifications to the biguanide structure led to improvements 
of the anticancer activity, metformin-derived 1,3,5-triazine (HL010183) reported in the 
same study as the three metformin salts was found to be more cytotoxic (Figure 5).9 
HL010183 was 100 times more potent as the activator of AMPK and mTOR inhibitor than 
metformin. The in vivo evaluation additionally showed that HL010183 had more effective 
antitumour efficacy, and inhibitory effects on proliferation and invasion of breast cancer 
cells than metformin. Even though the comparison between metformin salts and 1,3,5-
triazine derivative is not practical in terms of their difference in chemical structure, but it 
is apparent that metformin could participate in the synthesis of 1,3,5-triazine derivatives 
in order to achieve the ultimate goal of developing new anticancer drugs.  

 
Figure 5. Metformin-derived 1,3,5-triazine, HL010183 

2.2. Metformin and biguanide-derived 1,3,5-triazine as anticancer agents 

In many literatures, the use of metformin and its biguanide derivatives to synthesise 
1,3,5-triazine derivatives are notable. HL010183 was synthesised using N,N-
dimethylguanide sulfate with dimethyl-N-cyanodithioiminocarbonate.9 In another work, the 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 7 

synthesis of 2,4,6-trisubstituted 1,3,5-triazine acting as a histamine H4 receptor used 4-
methylpiperazin-1-yl biguanide dihydrochloride as the starting material (Figure 6).43 

 

Figure 6. 2,4,6-trisubstituted 1,3,5-triazines 

Since 2013, 1,3,5-triazine derivatives with the ability to inhibit Rad6 ubiquitin 
conjugating enzyme was synthesised with various arylbiguanide as the starting material.25, 

44, 45 The enzyme inhibition could prevent malignant progression because it regulates the 
turnover of regulatory proteins found in cellular processes such as cell cycle progression, 
angiogenesis and cell signalling pathways.25 TZ8 and TZ9 were the only two compounds 
that were active towards MDA-MB-231 cell line (Figure 7A). They were able to inhibit MDA-
MB-231 cell proliferation with IC50 values around 6 and 25 µM, respectively. As a result of 
the enzyme inhibition, cell progression was delayed, cell survival was inhibited as well as 
jeopardising the capacity of cell reproduction.44 In the same year, Kothayer et al. 
introduced derivatives of TZ8 and TZ8 with an improved synthesis method by replacing 
the use of unprotected glycolate to an esters resulting in higher yield and less by-products 
(Figure 7B).45 The activity of the new compounds were more favourable than TZ8 and TZ9 
because the inhibitory effect on MBA-MD-231 were lower at 2.48-4.79 µM. In contrast to 
the selectivity of compound 3a-3e towards MBA-MD-231, they did not exhibit inhibitory 
activity towards breast epithelial cell lines. Moreover, docking studies have indicated that 
the triazine carbohydrazide derivatives was embedded inside the pocket of the Rad6B 
binding pocket making two key interactions. From this result, the structure was further 
modified by removing the phenyl(hydrazide) ring and the addition of a phenyl group onto 
the free amino group  (Figure 7C).25 The anticancer activity of the synthesised compounds 
was comparable and superior to the TZ9 with IC50 values in the low molar concentration. 
For compounds of the 6a-e series, the IC50 for breast cancer (MCF-7 and MDA-MB231) 
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was 2.5-7.2 µM, lung cancer (A549) at 6.9-14.6 µM, and colon cancer (HT-29) at 4.1-9.5 
µM. The synthesised compounds were tested for Rad6 inhibitory ability and found to be 
better than TZ9 at the equimolar concentration of 25 nM. 

 

Figure 7. (A) Compound TZ-8 and TZ-9, (B) 4,6-diamino-1,3,5-triazine-2-carbohydrazides 
and -carboxamides and (C) 4,6-diamino-1,3,5-triazine-2-carbohydrazides 

Other examples are the hybrid molecules of 2,4-diamino-1,3,5-triazines and 
coumarin and 2,4-diamino-1,3,5-triazine acetronitrile derivatives.18, 26 The most potent 
compound for the hybrid molecules has an eletron donating diethylamino substituent at 
the 7 position of the iminocoumarin ring and the cytotoxic effects were in the range of 
5.67-15.02 µM (“Compound 6 and 7”).18 For the acetonitrile derivatives, they were 
synthesised from several biguanide hydrochloride with ethyl cyanoethanoate and 
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exhibited cytotoxic acitivities with IC50 values at 1.51-5.97 µM against four cancer cell 
lines, 5637, DAN-G, MCF-7 and LCL-103H.  

 
Figure 8. (A) Hybrid molecules of 2,4-Diamino-1,3,5-triazines with 2-iminocoumarin or 
coumarin and (B) 2,4-diamino-1,3,5-triazine acetonitrile derivatives 

2.3. Other 1,3,5-triazine derivatives 

In addition to the 1,3,5-triazine derivatives syntheised from biguanide, there are 
many other 1,3,5-triazine derivatives with great anticancer activity. From the alkenyl-1,3,5-
triazine derivatives, “Compound 9” had a particularly interesting property despite its 
moderate anticancer activity because it was selective towards renal cancer cells whereas 
other compounds were cytotoxic against more than one cancer cell lines (Figure 9).46 The 
1,3,5-triazine core could be modified with other functional groups as well to improve its 
anticancer activity, for instance, phenylthiazole and benzimidazole.8, 47 Novel 1,3,5-triazine 
substituted with phenylthiazole were found to have anti-cervical cancer activity.47 The 
inhibition behaviour varied with the type and position of the substituent of the 
phenylthaizole moiety. Sixteen 1,3,5-triazine derivatives were tested against four cancer 
cell lines and found that the most active compound was the one bearing a para-
substituted fluorine atom with IC50 at 2.21-28.33 µg/mL (Figure 9). To emphasise on the 
fluorine substituent, despite of its position on the phenyl ring, they exhibited similar IC50 
values for the anti-cervical cancer activity and they were more selective towards the 
cervical cancer than breast cancer.47 Regarding the triazine-benzimidazole analogues, 
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the R-substituent was replaced with various secondary amine or aryl groups (Figure 9).8 
When the compounds were tested against 60 cancer cell lines, four compounds bearing 
piperidine, phenyl, 4-flurophenyl and 4-chlorophenyl exhibited the most anticancer 
potency with the GI50 (50% of growth inhibition) in nanomolar range.  

 
Figure 9. Various examples of 1,3,5-triazine derivatives 

2.4. Drug delivery system (DDS) 

Due to the rapid advancements of nanotechnology, nanomedicine is becoming an 
attractive option for cancer treatments. It could overcome drawbacks of conventional 
methods by minimising the distribution of drugs to normal cells and enhancing therapeutic 
efficiency with lower drug dosage.33, 48 DDS using nanoparticles (nano = 1-1000 nm) is 
able to deeply penetrated into tissues, remain in the bloodstream for a prolonged period, 
and favour drug bioavailability, serum stability and pharmacokinetics. Therefore, toxic or 
poorly water-soluble drugs could have a chance to reach the tumour cells without 
premature degradation or cause damages to healthy cells.32, 49  

The concept underlying the elevated therapeutic efficiency of nanoparticles is the 
EPR effect.48 The EPR effect was first introduced by Matsumura and Maeda et al. which 
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they found that intravenously injected macromolecules could be retained in the tumour 
cells for a prolonged periods due to the hypervasculature and enhanced permeability of 
cancer cells.50 Tumour vasculatures are different from normal healthy vasculatures 
because they are abnormal with an impaired lymphatic system. A diagram of defective 
tumour vessels is depicted in Figure 10B where they have irregular diameters, abnormal 
branching, structural irregularities, heterogeneity and leakiness.27  

 
Figure 10. Diagrams illustrating (A) normal vasculature and (B) tumour vasculature51 

The leakiness of tumour vessel is explained as a phenomenon resulting from the 
urge of survival for cancer cells. Tumour typically sized between 1-2 mm are known to be 
in the ‘dormant’ stage because they have sufficient oxygen supply and a balance of cell 
proliferation and apoptosis. As a tumour grows, it becomes further away from the 
nutritional supplies with an imbalance in the stimulatory and inhibitory factors resulting in 
the aberrant development of vasculatures.51  Vascular endothelial growth factor (VEGF) is 
a tumour angiogenic factors (TAFs) that trigger the formation of new tumorigenic blood 
vessels. The proliferation of endothelial cell triggered by the rapid release of angiogenic 
factors is 50-200 times more than normal cell thus immature vasculature could undergo 
formation, but with the accompany of incomplete structural remodelling. The incomplete 
structural remodelling would result in abnormal coverage of pericytes, thick or totally 
absent basal membrane, transendothelial channels and a large number of fenestrae. As 
a consequence of the hyperpermeability, blood flow becomes restricted, causing a hostile 
tumour microenvironment, such as acidity and hypoxia. This hostile environment creates 
a positive feedback loop where hypoxia increase VEGF production thus promoting 
angiogenesis.48, 51, 52  
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The delivery of nanoparticles to cancer cells is also affected by the lymphatic 
system. The lymphatic system controls the intravasation and extravasation of fluids to 
maintain a lower interstitial pressure inside cells allowing transports of fluids/particles from 
the bloodstream. Unlike normal cell, cancer cells have an impaired lymphatic system, and 
the vascular pressure of cancer cells is higher than that of normal cells. This means that 
the difference of pressure could facilitate the internalisation of nanoparticles into cancer 
cell enhancing the EPR effect. However, under the same situation cancer cells usually 
have high interstitial fluid pressure (IFP) between the interior and the peripheral creating 
a gradient from high to low; therefore, the ability of nanoparticles to diffuse across cancer 
cell wall could be hindered by the elevated IFP.48, 51 

Another crucial aspect to consider for the EPR effect is the size of nanoparticles 
because tumour vessels have fenestrae and different pore sizes exist with different cancer 
types. The maximum reported diameter of stabilised liposome nanoparticles that 
penetrated from tumour vessels into the tumour interstitium was around 500 nm.53 This 
finding correlates to the targeted range of nanoparticle size for the EPR effect of being 
between 30-300 nm because they are likely to exhibit lower clearance than larger 
particles.28, 29, 54 Nanoparticles could be recognised as a foreign body, making them more 
prone to the mononuclear phagocyte system (MPS), such as clearance by the kidney, 
liver or spleen.28 A relationship between the hydrodynamic diameter of nanoparticles 
against renal clearance was established, and it was found to be inversely proportional.55 
If the nanoparticles are larger than 6 nm and 200 nm, they have the tendency to be cleared 
by the liver and captured by the spleen, respectively.28, 56 In addition, it is also evident that 
as the size of nanoparticles increases, they would be more selective towards the leaky 
tumour vessels, but this is at the expense of extravasation and diffusion efficiency.48 By 
selecting the right nanoparticles size, the selectivity of nanoparticles towards cancer cells 
could be expected because normal healthy vasculatures are not as leaky and the pore 
size is at 4.5 nm or unusually large pores are 25 nm.57  
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2.5. Drug delivery system using calcium salt 

In the field of nanotechnology, there are many materials already investigated as the 
drug carrier such as polymers, metals and ionic compounds. Chitosan, alginate and 
liposome are polymers that are extensively studied. The advantages are availability 
because both chitosan and alginate are extractable from natural resources, low cost, 
biodegradable, biocompatible and non-toxic.58 However, there are drawbacks to 
polymeric materials, such as shape and size polydispersity are limited for polymeric 
nanoparticles synthesised via emulsion, and liposome could have poor reproducibility 
and low drug loading capacity.33 Gold and silver nanoparticles are also widely used in the 
biomedical field due to their inert nature, long stability, high surface area and electronic 
properties, however, their abilities are limited by the low drug loading capacity and could 
not effectively load hydrophilic drugs.59 Another capable drug carrier material is calcium 
ionic compounds, for example, calcium carbonate (CaCO3), calcium phosphate 
(Ca(H2PO4)2), hydroxyapatite (Ca10(PO4)6(OH2)) and calcium citrate (Ca3(C6H5O7)2). The 
main features of calcium salts are biocompatibility and controlled release.49 

2.5.1. Calcium citrate 

Calcium citrate is a biocompatible calcium salt with interesting properties and is 
expected to possess an exceptional drug delivery ability. It would be an excellent 
competitor of calcium carbonate and calcium phosphate. Calcium citrate is an essential 
chemical compound found in many parts of the body, for example, bones, teeth, blood, 
brain, kidney, liver and prostate.60, 61  

Citrate-based biomaterials are known for biocompatibility, hemocompatibility and 
adequate immune response.60 Citrate has many functions, such as metabolic and 
mineralisation regulation, anticoagulant effect and renal stone prevention.60 It is an 
essential chemical compound found in many biological reactions such as glycolysis, 
gluconeogenesis and fatty acid synthesis. It also acts as the key metabolic intermediate 
in the tricarboxylic acid (TCA) cycles and a regulator of energy homeostasis of cells. 
(Figure 11).31, 60  As an energy substrate, it is metabolised by ATP-citrate lyase (ACL) to 
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become precursors for fatty acid biosynthesis.60 Citrate metabolism is important to cancer 
cells due to the reprogramming of cellular metabolism to generate sufficient biomolecules 
to facilitate rapid and unlimited proliferation.31  

 
Figure 11. Citrate role in the cell metabolism62 

2.5.2. Synthesis of calcium citrate 

There are various methods to synthesise calcium citrate particles. Some examples 
are a direct reaction of citric acid with calcium carbonate; citric acid reacting with calcium 
hydroxide through acid-base neutralisation; or using egg shells rich in calcium carbonate 
as the starting raw material.63 Several techniques were also implemented to synthesise 
calcium citrate nanoparticles such as a pulsed jet mill64 and hydrothermal method.65 
However, these techniques were complicated, time consuming and require specialised 
equipment rendering its applicability in industrial-scale production.63 Those limitations 
drive the need of a more direct chemical synthesis method of calcium citrate particles. 
Calcium citrate nanosheets was synthesised via the direct chemical reaction between 
sodium citrate and calcium chloride in ethanol and water (Figure 12A).63 The obtained 
calcium citrate was in the form of sheets, and the physical appearance was influenced by 
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ethanol:water ratio. Moreover, the self-assembly of nanosheets resulted in the formation 
of 3D-flowerlike calcium citrate microspheres (Figure 12B).66 The method used to obtain 
the microspheres was to mix trisodium citrate with calcium chloride then stir and heat the 
mixed solution. From varying the heating time, the longer the heating time, the bigger and 
spherical shaped microparticles achieved. As a final step, both calcium citrate nanosheet 
and microsphere used freeze-drying to preserve the obtained final products.66  

(A) (B)  

Figure 12. (A) calcium citrate nanosheets and (B) calcium citrate microsphere 

2.5.3. Application of calcium citrate 

The well-known application of calcium citrate is as a calcium supplement. Citrate is 
among the many calcium salts suitable as calcium supplements, for example, phosphate, 
carbonate and citrate-malate.67 Osteoporosis is a condition of calcium deficiency causing 
brittle and weak bones because bones are being resorbed to maintain a stable serum 
calcium concentration.67, 68 There are several factors that could influence the bioavailability 
of calcium ions from calcium salts, such as size, time of absorption, gastric acid69 and 
dissolution of calcium salts. Nano-sized calcium salts was found to be effective at 
increasing both the calcium absorption and bioavailability.67 To support the nano-size 
calcium salts theory, the absorption and bioavailability of nano-sized and micro-sized 
calcium carbonate and calcium citrate in ICR mice was studied. Micro-sized calcium 
supplements were not as efficient as nano-sized calcium salts due to low absorption 
efficiency and the higher serum calcium concentration from nano-calcium salts. 
Furthermore, the biocompatibility of both calcium carbonate and citrate were evaluated 
for acute and chronic toxicity. The acute toxicity test indicated the no-observed-adverse-
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effect level (NOAEL) was 1.3 g kg-1 body weight for calcium carbonate and 2.3 g kg-1 body 
weight for calcium citrate. For chronic toxicological evaluation, three doses for each 
calcium salt were examined, and the result showed apparent symptoms of toxicity or 
mortality.64  

Extending from the previous application, calcium citrate is a biomaterial for bones 
such as bone healing and bone grafting.63, 70 For bone healing, calcium citrate was found 
to be resorbed faster than calcium phosphate or hydroxyapatite. This result led to the 
reduction of bone defect size after four weeks of treatment.70 In terms of bone grafting, 
calcium citrate nanosheets were effective at forming the new bone by filling into the 
defected sites. The reason for this phenomenon was due to the ability of calcium release 
in high concentration stimulating bone growth.63  

2.5.4. Calcium citrate as drug carrier 

Inspired by the use of calcium citrate as calcium source and for bone-related 
applications, it could further expand its applicability into drug delivery system. Citrate 
participated as a stabilising agent in the citrate-apatite nanocarrier of Doxorubicin 
(DOXO).32 The nanocarriers were prepared by batch crystallisation method with 
calcium/citrate/phosphate/carbonate system. In aqueous condition, DOXO has NH3

+ 
moiety that electrostatically adsorbed onto the negative surface of nanocrystal bearing 
the citrate and carbonate functional groups. Two assemblies of nanocarrier with and 
without sodium carbonate functionalisation had a slightly different adsorption strength and 
different drug release. Nevertheless, both exhibited pH-responsive release and efficient 
internalisation and release of DOXO into tumour cells.32 Similarly, citrate- and succinate- 
modified carbonate apatite (CA) nanoparticles loaded with Doxorubicin was reported.33 
The CMCA NPs (citrate modified) and SMCA NPs (succinate modified) were synthesised 
using a supersaturated solution of calcium, phosphate and carbonate ions along with 
exogeneous calcium ions and citrate or succinate. The synthesised CMCA nanoparticles 
were smaller than the unmodified CA nanoparticles because citrate stabilised and 
prevented particle aggregation. For the cytotoxicity evaluation, the DOX-loaded CMCA 
nanoparticles showed greater cytotoxicity than DOX-loaded CA and DOX-loaded SMCA 
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nanoparticles. The DOX-loaded CMCA NPs were further able to significantly release its 
payload in the weakly acidic environment of pH 5, which is similar to the environment of 
the endosome of cancer cells.33 The application of citrate as a stabiliser extends to 
calcium phosphate nanoparticles for the delivery of miRNA for cardiovascular diseases.34 
Alike the results in the previous two publications, with the addition of citrate in the 
synthesis process, the growth of CaP NPs was limited to a size between 20-50 nm. Also, 
the colloid stability was enhanced, and the nanoparticles had negatively charged surface. 
The negatively charged surface resulted in it to be a suitable material for cardiac-related 
application because the negative charge leads to nanoparticles selectivity towards 
polarised cells.34 

Most recently, the use of calcium citrate particles as drug carrier has emerged. An 
antibiotic drug for bone spacer and a fluorescent agent were successfully encapsulated 
in calcium citrate particles.35, 36 To prevent infection from occurring with bone spacer, 
antibiotic agents is needed to be contained within the bone spacer material. Calcium 
citrate was one of the material chosen to encapsulate Vancomycin, an antibiotic drug.35 
The synthesised Vancomycin encapsulated calcium citrate particles (VAN-CC) were 
554.4±220.3 nm in size with VAN loading content of 4.9±3.2% and encapsulation 
efficiency of 27.9±18.3% (Figure 13A). These VAN-CC have then embedded inside PMMA 
(VAN-CC-PMMA) composite matrix which 40.8% (by %wt) was VAN-CC. The calcium 
citrate was a capable drug carrier of Vancomycin proven by the release study over 42-
days period showing a high VAN release for the whole experimental period. Overall, 
compared to other encapsulation formulations using natural rice granule, ethyl cellulose 
and PLGA, VAN-CC-PMMA had excellent drug release behaviour, and there was no 
change in compressive strength even after drug release. The results indicated that only 
the antibiotic drug was eluted out of the material thus serving its purpose as biocompatible 
bone spacer material with a continuous antibiotic release.35 Later in 2020, FITC 
encapsulated calcium citrate nanoparticles (CaCit-FITC) were synthesised via a bottom-
up coprecipitation method (Figure 13B).36 The ratio and concentration of calcium and 
citrate ions were optimised and was later used in the synthesis of CaCit-FITC. The 
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presence of FITC was confirmed by thermogravimetric analysis indicating its existence at 
3.5%. Reassuring the biocompatibility of calcium citrate, CaCit was tested for cytotoxicity 
and found that there was no statistically difference to the untreated cells. Furthermore, 
CaCit-FITC could internalise into the cytosol of human keratinocytes efficiently and the 
detected fluorescence emission intensified after 48 hours of cell treatment demonstrating 
their slow-release behaviour and stability CaCit-FITC outside the cells.36 

(A)  (B)  

Figure 13. SEM of (A) VAN-loaded calcium citrate particle and (B) CaCit-FITC 

Surprisingly, the incorporation of 1,3,5-triazine derivatives in calcium citrate 
nanoparticles has not been established. The initiation of using calcium citrate particles to 
deliver an antibiotic drug or a fluorescent agent is a good indication that calcium citrate 
is emerging as an interesting and practical alternative to calcium carbonate or calcium 
phosphate as drug carriers. 
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3. Objectives 
1. To synthesise and characterise two series of 1,3,5-triazine derivatives using 

Metformin or phenylbiguanide as starting materials 
2. To synthesise and characterise 1,3,5-triazine encapsulated calcium citrate 

nanoparticles 
3. To evaluate the in vitro anticancer activity of 1,3,5-triazine derivatives and 1,3,5-

triazine encapsulated calcium citrate nanoparticles against cancer cell lines 

 

4. Scope of research 
1. Synthesis and characterisation of 1,3,5-triazine derivatives from Metformin or 

phenylbiguanide 
2. Synthesis and characterisation of 1,3,5-triazine encapsulated calcium citrate 

nanoparticles 
3. Evaluation for in-vitro anticancer activity of 1,3,5-triazine derivatives and 1,3,5-

triazine encapsulated calcium citrate nanoparticles 

 

5. Beneficial outcomes 

Novel 1,3,5-triazine derivatives synthesised from Metformin or phenylbiguanide and 1,3,5-

triazine encapsulated calcium citrate nanoparticles with better anticancer activity will be 

obtained.  

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 20 

CHAPTER II 
EXPERIMENTALS 

1. Experimental procedures for the synthesis of 1,3,5-triazine derivatives 

1.1. Chemicals and instruments for 1,3,5-triazine derivatives synthesis 

Starting materials, reagents and solvents were purchased from Sigma Aldrich (St. 
Louis, MO, USA), TCI Chemicals (Tokyo, Japan), Fluorochem (Hadfield, Derbyshire, UK), 
Merck (Darmstadt, Germany) and RCI Labscan (Samutsakorn, Thailand). Aluminium 
Merck TLC plates coated with silica gel 60 F254 was used for Thin Layer Chromatography 
(TLC) to monitor reaction progression. Purification of synthesised compounds were 
performed with normal phase column chromatography techniques using silica gel 60 
(0.063-0.200 mm, 70-230 mesh ASTM, Merck, Darmstadt, Germany) 

All of the synthesised 1,3,5-triazine derivatives were characterised by proton (1H) 
and carbon (13C) nuclear magnetic spectroscopy using Bruker Nuclear Magnetic 
Resonance machine (400 MHz) and JEOL Nuclear Magnetic Resonance machine (500 
MHz); high-resolution mass spectrometer using micrOTOF-Q II mass spectrometer 
(Bruker Daltonics) with electrospray ionization; IR spectra recorded with Thermo 
Scientific™ Nicolet 6700 FT-IR Spectrometer with ATR mode (32 scans); and melting point 
measured with Stuart SMP20 melting point apparatus.  

1.2. General synthetic procedures for 1,3,5-triazine derivatives 

The synthesis of 1,3,5-triazine derivatives was divided into pathway I and II (Figure 

14). In general, compound 2a-2f and 3a-3f were synthesized via nucleophilic substitution 
between metformin hydrochloride (Met HCl) or phenylbiguanide hydrochloride (1a) with 
several esters. Five esters involved in this work were isopropyl palmitate (R3= -C15H31), 
methyl benzoate (R3 = Ph), methyl salicylate (R3 = Ph-o-OH), methyl cinnamate (R3 = 
C=CH-Ph) and diethyl oxalate (R3 = COOC2H5). Upon the completion of reaction as 
monitored by TLC, crude was extracted with EtOAc/H2O system. The organic layer was 
dried over anhydrous Na2SO4, filtered, and then concentrated in vacuo to give the final 
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product. Column chromatography was necessary for some reactions where extraction 
alone could not purify the desired products. 

 
Figure 14. Schematic diagram of the reaction of biguanides with several esters. Reagents 
and conditions: (i) ester (1-3 equiv.), NaOMe (1-5 equiv.), anh. MeOH, reflux; (ii) NaOMe 
(1 equiv.), anh. MeOH, rt.; (iii) ester (1-excess equiv.) anh. MeOH 

Pathway I: Compound 2a, 2b, 2d, 2f and 3a were synthesised using modified 
procedures.17, 25 A biguanide hydrochloride with sodium methoxide (NaOMe) dissolved in 
anh. MeOH were stirred at room temperature for about ten minutes. An ester was added 
into the mixture and stirred under reflux. The time to complete each reaction varied 
depending on each reaction.  

Pathway II: Compound 2c, 2e and 3b-3f were synthesised using modified procedures and 
the synthesis was divided into two consecutive parts.25, 71 First, the free base form of either 
metformin or phenylbiguanide hydrochloride was isolated by reacting with NaOMe in anh. 
MeOH. The mixture was stirred for 3 hours at room temperature. The filtrate was collected 
by vacuum filtration and concentrated in vacuo. The crude was redissolved in hot EtOH, 
filtered and the filtrate was again concentrated in vacuo to give the final products as 
metformin or phenylbiguanide (1b). For monoesters, they were directly added into 
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metformin or 1b. However, for diethyl oxalate, free base biguanide was added dropwise 
into the methanolic solution of diethyl oxalate.  

1.3. Synthesis of Compound 1a and 1b 

Phenylbiguanide hydrochloride (1a)71 

 
Aniline (1.826 g, 20 mmol, 1 equiv.), dicyandiamide (1.682 g, 20 mmol, 1 equiv.) 

and 3M HCl (6.7 mL, 20 mmol, 1 equiv.) were mixed and heated at 90 °C for 18 hours. 
The mixture was filtered under vacuum, and the precipitate was washed with cold DI water 

to obtain 1a as a yellow solid (3.469 g, 81% yield). 1H-NMR (400 MHz, DMSO) δ 9.75 (s, 

1H), 7.41 – 7.24 (m, 8H), 7.13 – 6.97 (m, 3H); 13C-NMR (101 MHz, DMSO) δ 161.14, 
155.31, 138.61, 128.65, 123.39, 120.96. Data is consistent with literature values.72  

Phenylbiguanide (1b) 

 
NaOMe (1.4 mL, 7 mmol, 1 equiv.) was added to 1a (1.496 g, 7 mmol, 1 equiv.) in 

MeOH (3 mL). The mixture was stirred at room temperature for 3 hours. The precipitate 
was filtered under vacuum, washed with MeOH, and the filtrate was evaporated in vacuo. 
The crude was redissolved in hot EtOH and filtered. The filtrate was evaporated in vacuo 

to obtain 1b as a pale-yellow solid (1.372 g, quant.). 1H-NMR (400 MHz, DMSO) δ 7.20 (t, 

J = 7.6 Hz, 2H), 6.93 – 6.75 (m, 3H); 13C-NMR (101 MHz, DMSO) δ 159.69, 157.86, 150.16, 
129.15, 122.97, 121.11. Data is consistent with literature values.73  
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1.4. Synthesis of Compound 2a-2f 

N2,N2-dimethyl-6-pentadecyl-1,3,5-triazine-2,4-diamine (2a) 

 
[Pathway I] metformin hydrochloride (1a) (497 mg, 3 mmol, 3 equiv.), NaOMe (1 

mL, 5 mmol, 5 equiv.) and isopropyl palmitate (350 µL, 1 mmol, 1 equiv.) in anh. MeOH 
(4 mL) were stirred under reflux for 2 hours. Purification via extraction with EtOAc/H2O 
system and silica gel column chromatography (eluent: 1:3 EtOAc:hexane) yielded 2a as 

a white solid (225 mg, 64% yield). 1H-NMR (400 MHz, CDCl3) δ 5.17 (brs, 2H), 3.15 (brs, 
3H), 3.11 (brs, 3H), 2.49 (t, J = 7.7 Hz, 3H), 1.78–1.64 (m, 2H), 1.32–1.19 (m, 24H), 0.87 

(t, J = 6.7 Hz, 3H).; 13C-NMR (101 MHz, CDCl3) δ 178.1, 166.3, 165.6, 38.8, 36.3, 32.1, 
29.8, 27.7 22.8, 14.2. Data is consistent with literature value.74 

N2,N2-dimethyl-6-phenyl-1,3,5-triazine-2,4-diamine (2b) 

 
[Pathway I] metformin hydrochloride (497 mg, 3 mmol, 3 equiv.), NaOMe (1 mL, 5 

mmol, 5 equiv.) and methyl benzoate (126 µL, 1 mmol, 1 equiv.) in anh. MeOH (4 mL) 
were stirred under reflux for 2 hours. The crude mixture purified by silica gel column 
chromatography (eluent: 1:2 EtOAc:hexane) yielded 2b as a white-yellow solid. (112 mg, 

52% yield). 1H-NMR (400 MHz, CDCl3) δ 8.37 (d, J = 7.5 Hz, 2H), 7.53–7.38 (m, 3H), 5.26 

(brs, 2H), 3.30 (brs, 3H), 3.17 (brs, 3H); 13C-NMR (101 MHz, CDCl3) δ 171.0, 167.4, 166.0, 
131.4, 130.1, 128.5, 128.3, 36.4. Data is consistent with literature values.14 
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2-(4-amino-6-(dimethylamino)-1,3,5-triazin-2-yl)phenol (2c)75 

 
[Pathway II] metformin in the free base form was prepared with the same protocol 

as 1b using metformin hydrochloride (3.313 g, 20 mmol, 1 equiv.) and NaOMe (4 mL, 20 
mmol, 1 equiv.) in 15 mL of anh. MeOH. Next, excess amount of methyl salicylate (5 mL) 
was added into the mixture and heated at 115°C for 2 hours with a notable formation of 
basic fume. Upon the completion of reaction, the crude mixture was acidified with 
saturated NH4Cl to neutral pH then purified by extraction with EtOAc/H2O system and 
silica gel column chromatography (eluent: 1:3 and 1:2 EtOAc:hexane). The product was 
further purified by recrystallisation using EtOAc and hexane which yielded 2c as a 

greenish yellow solid. (2.153 g, 47% yield). 1H-NMR (400 MHz, CDCl3) δ 8.33 (d, J = 7.9 
Hz, 1H), 7.37 (t, J = 7.8 Hz, 1H), 6.95 (d, J = 8.3 Hz, 1H), 6.89 (t, J = 7.5 Hz, 1H), 5.21 

(brs, 2H), 3.22 (s, 3H), 3.17 (s, 3H); 13C-NMR (101 MHz, CDCl3) δ 171.3, 165.8, 164.4, 
162.2, 134.1, 129.7, 119.1, 118.4, 118.1, 36.9, 36.7; IR (neat): 3390, 3324, 3200, 2926, 
1652, 1566, 1499, 1031, 746; HRMS (ESI+): m/z calcd for C11H13N5O [M+H]+ 232.1198, 
found 232.1191; Mp: 194-197°C. 

(E)-N2,N2-dimethyl-6-styryl-1,3,5-triazine-2,4-diamine (2d) 
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[Pathway I] metformin hydrochloride (331 mg, 2 mmol, 1 equiv.), NaOMe (800 µL, 
4 mmol, 2 equiv.), and methyl cinnamate (446 µL, 3 mmol, 1.5 equiv.) in anh. MeOH (4 
mL) were stirred under reflux for 3 hours. The crude mixture purified by extraction using 
EtOAc/hexane system yielded 2d as a yellow solid (302 mg, quant.). 1H-NMR (400 MHz, 

CDCl3) δ 7.95 (d, J = 15.9 Hz, 1H), 7.58 (d, J = 7.0 Hz, 2H), 7.43–7.30 (m, 3H), 6.83 (d, J 
= 15.9 Hz, 1H), 5.28 (brs, 2H), 3.22 (brs, 3H), 3.15 (brs, 3H); 13C-NMR (101 MHz, CDCl3) 

δ 171.0, 167.2, 166.1, 139.7, 136.3, 129.6, 129.2, 128.3, 127.5, 36.7.  Data is consistent 
with literature values.15 

Methyl 4-amino-6-(dimethylamino)-1,3,5-triazine-2-carboxylate (2e) 

 
[Pathway II] metformin in the free base form was prepared with the same protocol 

as 1b using metformin hydrochloride (497 mg, 3 mmol, 1.5 equiv.) and NaOMe (400 µL, 
2 mmol, 1 equiv.) in 6 mL of anh. MeOH. Metformin dissolved in anh. MeOH (7.5 mL) was 
added dropwise into diethyl oxalate (1218 µL, 9 mmol, 3 equiv.) also dissolved in anh. 
MeOH (7.5 mL) with constant stirring motion at room temperature. Subsequently, the 
mixture was heated at reflux overnight (around 18 hours). The mixture was purified by 
silica gel column chromatography (eluent: 3:5, 7:10 EtOAc:hexane) which yielded 2e as 

a yellow solid (27 mg, 7% yield). 1H-NMR (400 MHz, CDCl3) δ 5.68 (brs, 2H), 3.95 (s, 3H), 

3.23 (s, 3H), 3.13 (s, 3H); 13C-NMR (101 MHz, CDCl3) δ 166.5, 165.4, 164.0, 163.1, 53.1, 
36.4, 36.2; IR (neat): 3426, 3303, 3170, 2953, 1732, 1640, 1566, 1439, 1247, 1209, 1011, 
793; HRMS (ESI+): m/z calcd for C7H11N5O2 [M+Na]+ 220.0810, found 220.0815; Mp: 219-
221°C. 
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4-amino-6-(dimethylamino)-1,3,5-triazine-2-carboxylic acid (2f) 

 
[Pathway I] metformin hydrochloride (167 mg, 1 mmol, 1 equiv.), NaOMe (400 µL, 

2 mmol, 2 equiv.) and diethyl oxalate (2975 µL, 22 mmol, 22 equiv.) in anh. MeOH (5 mL) 
were stirred under reflux for 4 hours. The white precipitate was filtered, washed with 
MeOH, and dried by vacuum to yield 2f as a white-yellow solid (118 mg, 65% yield). 1H-

NMR (400 MHz, DMSO) δ 11.08 (s, 1H), 9.01 (brs, 1H), 8.02 (brs, 1H), 3.11 (s, 3H), 3.02 

(s, 3H); 13C-NMR (101 MHz, DMSO) δ 171.2, 169.9, 163.8, 160.4, 37.9, 37.2; IR (neat): 
3304, 3168, 1763, 1708, 1563, 1479, 1324, 1040, 819; HRMS (ESI+): m/z calcd for 
C6H9N5O2 [M+Na]+ 206.0654, found 206.0645; Mp: >300°C. 

1.5. Synthesis of Compound 3a-3f 

6-pentadecyl-N2-phenyl-1,3,5-triazine-2,4-diamine (3a) 

 
[Pathway I] 1a (6.410 g, 30 mmol, 3 equiv.), NaOMe (10 mL, 50 mmol, 5 equiv.) and 

isopropyl palmitate (10.511 mL, 30 mmol, 3 equiv.) were stirred under reflux for 2 hours. 
Purification via extraction with EtOAc/H2O system and silica gel column chromatography 
(eluent: 1:3, 1:2 EtOAc:hexane) yielded 3a as a white solid (5.0 g, 42% yield). 1H-NMR 

(400 MHz, DMSO) δ 9.38 (s, 1H), 7.77 (d, J = 7.9 Hz, 2H), 7.24 (t, J = 7.9 Hz, 2H), 6.94 
(t, J = 7.2 Hz, 3H), 2.41 (t, J = 7.6 Hz, 2H), 1.73–1.60 (m, 2H), 1.29–1.20 (m, 23H), 0.84 (t, 

J = 6.7 Hz, 3H); 13C-NMR (101 MHz, DMSO) δ 177.8, 166.6, 164.2, 140.0, 128.3, 121.7, 
119.7, 37.9, 31.2, 29.0, 26.9, 22.0, 13.9; IR (neat): 3462, 3311, 3106, 2913, 2848, 1655, 
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1626, 1528, 1470, 1429, 1385, 1028, 815, 747, 720, 699; HRMS (ESI+): m/z calcd for 
C24H39N5 [M+H]+ 398.3284, found 398.3291; Mp: 118-121°C. 

N2,6-diphenyl-1,3,5-triazine-2,4-diamine (3b) 

 
[Pathway II] 1b was used without further purification. Methyl benzoate (792 µL, 6 

mmol, 2 equiv.) was added into 1b (532 mg, 3 mmol, 1 equiv.) dissolved in anh. MeOH (4 
mL). The mixture was stirred under reflux for 24 hours. Purified by silica gel column 
chromatography (eluent: 1:3 EtOAc:hexane) yielded 3b as a yellow solid (54 mg, 7% 

yield). 1H-NMR (400 MHz, DMSO) δ 9.52 (s, 1H), 8.31 (d, J = 6.8 Hz, 2H), 7.84 (d, J = 8.0 
Hz, 2H), 7.58–7.44 (m, 3H), 7.31 (t, J = 7.8 Hz, 2H), 7.12 (brs, 2H), 6.99 (t, J = 7.3 Hz, 

1H); 13C-NMR (101 MHz, DMSO) δ 170.7, 167.6, 165.1, 140.3, 137.2, 131.8, 128.9, 128.7, 
128.2, 122.5, 120.4. Data is consistent with literature values.76 

2-(4-amino-6-(phenylamino)-1,3,5-triazin-2-yl)phenol (3c)75 

 
[Pathway II] 1b was used without further purification. A mixture of 1b (355 mg, 2 

mmol, 1 eqiv.) and an excess amount of methyl salicylate (500 µL) were stirred and heated 
at 115°C for 7 hours with a notable formation of basic fume. The crude mixture was 
acidified with NH4Cl to neutral pH then purified by extraction with EtOAc/H2O system and 
silica gel column chromatography (eluent: 1:4 – 1:2 EtOAc:hexane). The product was 
further purified by recrystallisation using EtOAc and hexane which yielded 3c as a 
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greenish yellow solid (220 mg, 39% yield). 1H-NMR (400 MHz, DMSO) δ 13.49 (s, 1H), 
9.77 (brs, 1H), 8.26 (d, J = 7.3 Hz, 1H), 7.76 (brs, 2H), 7.55 (brs, 1H), 7.44–7.35 (m, 2H), 
7.33 (t, J = 7.2 Hz, 2H), 7.04 (t, J = 7.5 Hz, 1H), 6.90 (t, J = 8.0 Hz, 2H); 13C-NMR (101 

MHz, DMSO) δ 169.9, 164.7, 160.8, 138.8, 133.2, 128.3, 128.1, 122.3, 120.2, 117.9, 
117.2, 117.1; IR (neat): 3475, 3302, 3181, 1667, 1595, 1533, 1443 1429, 1031, 811, 752, 
691; HRMS (ESI+): m/z calcd for C15H13N5O [M+H]+ 280.1198, found 280.1205; Mp: 222-
224°C. 

(E)-N2-phenyl-6-styryl-1,3,5-triazine-2,4-diamine (3d) 

 
[Pathway II] 1b was used without further purification. Methyl cinnamate (447 µL, 3 

mmol, 1 equiv.) was added into 1b (709 mg, 4 mmol, 1.33 equiv.) dissolved in anh. MeOH 
(4 mL). The mixture was stirred under reflux for 24 hours. Purification by silica gel column 
chromatography (eluent: 1:2, 1:1 EtOAc:hexane) yielded 3d as a yellow solid (154 mg, 

17% yield). 1H-NMR (500 MHz, ) δ 9.47 (s, 1H), 7.87 (d, J = 15.9 Hz, 1H), 7.81 (dd, J = 
8.7, 1.2 Hz, 2H), 7.66 (d, J = 7.5 Hz, 2H), 7.46–7.36 (m, 3H), 7.28 (t, J = 7.6 Hz, 2H), 7.03 
(brs, 2H), 6.97 (tt, J = 7.3, 1.2 Hz, 1H), 6.82 (d, J = 16.0 Hz, 1H); 13C-NMR (101 MHz, 

CDCl3) δ 171.0, 166.6, 164.3, 141.2, 138.3, 135.5, 129.9, 129.1, 129.0, 128.2, 125.5, 
124.0, 121.0; IR (neat): 3462, 3276, 3058, 1638, 1574, 1526, 1490, 1442, 970, 735, 691; 
HRMS (ESI+): m/z calcd for C17H15N5 [M+H]+ 290.1406, found 290.1409; Mp: 186-189°C. 
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Methyl 4-amino-6-(phenylamino)-1,3,5-triazine-2-carboxylate (3e) 

 
[Pathway II] 1b was used without further purification. 1b (4.430 g, 25 mmol, 1 equiv.) 

dissolved in anh. MeOH (62.5 mL) was added dropwise into diethyl oxalate (10.15 mL, 75 
mmol, 3 equiv.) also dissolved in anh. MeOH (62.5 mL) with constant stirring motion at 
room temperature. Subsequently, the mixture was stirred under reflux for 14 hours. 
Purification by silica gel column chromatography (eluent: 1:1 EtOAc/hexane to 5% 
EtOAc/MeOH) yielded 3e as a yellow solid (2.428 g, 40% yield). 1H-NMR (400 MHz, 

DMSO) δ 9.93 (brs, 1H), 7.78 (d, J = 7.9 Hz, 2H), 7.56 (brs, 1H), 7.43 (brs, 1H), 7.28 (t, J 

= 6.8 Hz, 2H), 7.01 (t, J = 7.9 Hz, 1H), 3.83 (s, 3H); 13C-NMR (101 MHz, DMSO) δ 167.3, 
164.5, 164.2, 164.1, 139.5, 128.7, 122.7, 120.3, 52.6. Data is consistent with literature 
values.45 

4-amino-6-(phenylamino)-1,3,5-triazine-2-carboxylic acid (3f)77 

 
NaOH (aq.) (50 mL, 1 M) was added to a solution of 3e (2.023 g, 8.25 mmol) 

dissolved in EtOH (100 mL). The mixture was stirred under reflux for 3 hours, then cooled 
to room temperature followed by the addition of HCl (aq.) (50 mL,1M). The resulting 
precipitate was filtered, washed with DI water, and dried under vacuum to yield 3f as a 

pale-yellow solid (2.416 g, quant.). 1H-NMR (400 MHz, DMSO) δ 9.89 (brs, 1H), 7.78 (d, 
J = 8.1 Hz, 2H), 7.47 (brs, 2H), 7.28 (t, J = 7.3 Hz, 2H), 7.00 (t, J = 7.5, 6.7 Hz, 1H); 13C-

NMR (101 MHz, DMSO) δ 166.9, 165.4, 165.0, 164.3, 139.4, 128.5, 122.6, 120.2; IR 
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(neat): 3319, 3129, 1675, 1622, 1594, 1568, 1489, 1451, 1005, 788, 761, 691; HRMS 
(ESI+): m/z calcd for C10H9N5O2 [M+2Na-H]+ 276.0473, found 276.0473; Mp: 248-249°C. 

 

2. Experimental procedures for anticancer evaluation 

2.1. Materials and instruments for biological assays 

HCT116 (Human colorectal carcinoma) and SW620 (Human colorectal 
adenocarcinoma) cell lines were obtained from Nanomedicine RU, Faculty of Medicine, 
Chulalongkorn University. DMEM (Dulbecco’s Modified Eagle Medium), RPMI, fetal 
bovine serum (FBS), antibiotics, trypsin-EDTA, PBS (Phosphate Buffered Saline) (1X, pH 
7.4), and Prestoblue™ cell viability reagent were purchased from Thermo Fisher Scientific 
(Waltham, MA, USA). Cisplatin was purchased from Sigma Aldrich (St. Louis, MO, USA), 
and dialysis bag Spectra/Por membranes (MWCO = 12-14 kDa) was purchased from 
Spectrum Laboratories, Inc. (Rancho Dominguez, CA, USA). 

2.2. Cell culture  

HCT116 cell line was cultured in a growth medium of RPMI supplemented with 10% 
FBS and 1% antibiotic. For SW620 cell line, DMEM was used as the growth medium and 
also supplemented with 10% FBS and 1% antibiotic. Both cell lines were maintained in an 
incubator at 37°C in a humidified atmosphere of 5% CO2.  

2.3. %Inhibition and IC50 evaluation 

HCT116 and SW620 were seeded in 96 well plates at a density of 1x104 per well in 
cell culture medium and incubated for 24 hours to allow cell adherence. The concentration 
used for %cytotoxicity study was at one concentration of 100 µM and IC50 evaluations was 
between 0-100 µM. Following the 48 hours of incubation, 10 µL PrestoBlue™ solution was 
added to each well, and then plates were placed back into the incubator for a further 30 
minutes incubation.78 Fluorescence were measured using a microplate reader at 560 nm 
excitation and 590 nm emission (Thermo, Varioskan Flash, England). The results were 
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analysed by one-way ANOVA and Tukey post-test using GraphPad Prism 5.0 (Graph-Pad 
Software Inc., San Diego, CA, USA). 

 

 

3. Experimental procedures for the synthesis of CaCit-triazine NPs 

3.1. Chemicals and instruments for nanoparticles synthesis 

Calcium chloride dihydrate and trisodium citrate dihydrate were purchased from 
Merck (Darmstadt, Germany). Citric acid anhydrous was purchased from Loba Chemie 
PVT. LTD (Mumbai, India). All of the solvents used were analytical grade. 

Size and morphology of the synthesised particles were recorded with JEOL JSM-
6480LV scanning electron microscope at 15kV; hydrodynamic size and zeta potential 
were measured with the Malvern Zetasizer (material IR of 1.660); functional groups were 
analysed by Thermo Scientific™ Nicolet 6700 FT-IR Spectrometer (ATR mode, 16 and 32 
scans); chemical changes or decomposition temperature by Pyris™ 1 TGA 
Thermogravimetric Analyzer; elemental analysis by Thermo Flash 2000 CHNS/O analyser; 
and %cumulative drug release study was measured by UV/Vis spectrometer (Hewlett 
Packard 8453, Agilent Technology, Santa Clara, CA, USA). 

3.2. Synthesis of 1,3,5-triazine incorporated in calcium citrate nanoparticles 

The synthesis of drug incorporated calcium citrate nanoparticles used the modified 
methods.36, 63, 79, 80 Table 1 summarise all reaction conditions in this work and condition 1-
6 was the most optimised condition for the incorporation of 2a into calcium citrate 
nanoparticles. Citrate ions was prepared by dissolving citric acid in 0.5 mL of DI water, 
followed by the addition of 1M NaOH until pH of solution reached pH 6.0 then the volume 
was adjusted to 5 mL with EtOH. 2a was dissolved in 5 mL EtOH while heating at 50-60°C, 
and CaCl2 was also dissolved in 5 mL EtOH. Citrate ions was added into the solution of 
2a which turned cloudy straightaway. EtOH and DI water were added to the mixture to 

%cell viability = 
𝑎𝑣𝑔(𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑) 

𝑎𝑣𝑔(𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙)
 𝑥 100 

%cytotoxicity = 100 - %cell viability 
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obtain a clear solution. The Ca2+ solution was added dropwise into the mixture with 
vigorous stirring for 8 hours at room temperature. The white suspension was centrifuged, 
washed with EtOH/water and freeze dried for 24 hours. 

Table 1. Experimental conditions for the synthesis of CaCit-triazine NPs 

 Condition CaCl2 Na3Cit Citric Acid 2a 
Additional 

EtOH:water 
Reaction 

Time 

Re
ac

tio
n 

Op
tim

isa
tio

n Vary 
citrate 

ion 

1-1 
0.15M 
EtOH 
5 mL 

0.195M 
EtOH/water 

5 mL 
- 

0.20M 
EtOH 
5 mL 

29:15 mL 
16-18 
hours 

1-2 
0.15M 
EtOH 
5 mL 

- 
0.195M 

EtOH/water 
5 mL 

0.20M 
EtOH 
5 mL 

29:15 mL 

Vary 
reaction 

time 
1-3 

0.15M 
EtOH 
5 mL 

- 
0.195M 

EtOH/water 
5 mL 

0.20M 
EtOH 
5 mL 

29:15 mL 
1-24 
hours 

Re
ac

tio
n 

Ve
rifi

ca
tio

n 

 

1-4 
0.15M 
EtOH 
5 mL 

- 
0.195M 

EtOH/water 
5 mL 

0.20M 
EtOH 
5 mL 

29:15 mL 

2 hours 

1-5 - 5 hours 

1-6 - 8 hours 

3.3. Synthesis of calcium citrate nanoparticles  

A solution of CaCl2 and a solution of Na3Cit or citric acid were mixed and 
magnetically stirred at room temperature for an indicated time. The mixture changed from 
clear colourless to become white suspension which was centrifuged at 5000 rpm for 8 
minutes. The white solid was washed with DI water three times and freeze dried for 24 
hours.  

3.4. In vitro drug release study 

The drug release profile of the synthesised nanoparticles was determined by the 
dialysis method carried out at 37°C and stirring speed of 100 rpm (Figure 15). 30% (v/v) 
EtOH in PBS at pH 3.0, 5.0 and 7.4 were used as the release medium.81 Nanoparticles 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 33 

(weight equivalent to 1 mg of 2a) were dispersed in 10 mL 30% (v/v) EtOH/PBS at pH 3.0, 
5.0 and 7.4. The dialysis bag was immersed into 190 mL of release medium. At 
predetermined time, the dialysis bag was moved into another container with 190 mL of 
fresh release medium.35 To extract 2a out of the release medium, the solution was 
evaporated under vacuum to remove EtOH and extracted with DCM.82 For the UV-Vis 
spectroscopy measurement, 10 mL of 60% (v/v) EtOH/PBS acidified with HCl to pH 3.0, 
5.0 and 7.4 was added to each sample and measure at 200-320 nm. The calibration curve 
was drawn using standards which was 2a dissolved in 60% (v/v) EtOH/PBS at various 
concentrations. 

 
Figure 15. A pictorial diagram of the in vitro drug release study 
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CHAPTER III 
RESULTS AND DISCUSSIONS 

1. Synthesis and characterisation of 1,3,5-triazine derivatives 

As shown in the literature reviews earlier about 1,3,5-triazine derivatives, the 
substituent on the 1,3,5-triazine scaffold had diverse effects on the anticancer activity.  In 
2011, it was found that the lipophilicity or hydrophobicity of the overall compound could 
affect the physicochemical and pharmacokinetic properties of the drug.83 Therefore, the 
substituents modified onto the 1,3,5-triazine scaffold in this work were selected from 
compounds exhibiting anticancer activity by itself and could improve the hydrophobicity 
of the compound, such as cinnamic acid, salicylic acid and long alkyl chain.  

Aspirin as known as acetylsalicylic acid has been reported to possess anticancer 
activity and many possible routes were elucidated, for example, inducing apoptosis and 
inhibit essential proteins relating to cancer cell growth.84 Not only that aspirin was the 
active anticancer agent, but salicylate salt which is the metabolite form of aspirin could 
also exhibit cell growth in the same range of concentration between 2.5-10 mM. When 

salicylic acid was combined with β-carboline, the salicylic acid-β-carboline derivatives 

showed greater cell inhibition than the acetamide or benzamide derivatives of β-carboline 

derivatives or salicylic acid alone.85 The salicylic acid-β-carboline derivatives displayed 
antiproliferative activity in the low micromolar range and they were more selective towards 
tumour cells.  

Cinnamic acid and its derivatives also have versatile biological roles, for example, 
antioxidant,86, 87  antimicrobial88, 89 and antitumour activities.90 From a study about the long 
alkyl chain esters of hydroxycinnamic acid as anticancer agents, derivatives containing 
the p-coumaric acid moiety resulted in the best anticancer activity, followed by caffeate, 
ferulate and sinapate.91 As p-coumaric acid, caffeic acid, ferulic acid and sinapic acid 
have different hydroxy groups on the phenyl ring, it was found that the number of the 
hydroxy group had influences on the cytotoxic activity. In the same study, different length 
of the long alkyl chain modified onto the carboxylic acid moiety of cinnamic acid 
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derivatives had different effects on the anticancer activity. Tetradecyl ester was the most 
active derivatives because the compound possesses optimal chain length for 
physicochemical requirements, such as lipophilicity for cellular uptake and intracellular 
accumulation.91 Therefore, the lipophilicity of compound was improved hence the 
anticancer activity. 

 
Figure 16. Scheme demonstrating the synthesised 1,3,5-triazine derivatives; Blue 
represents compound synthesized by pathway I and Green is for pathway II 

Both 1,3,5-triazine bearing salicylic acid and cinnamic acid moiety had been 
synthesised but have not been evaluated for anticancer activity.15, 75 Therefore, it would 
be interesting to study the effect of these substituents on the anticancer activity of the 
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1,3,5-triazine scaffold. As seen with long alkyl chain ester of hydroxycinnamic acid, long 
alkyl chain substituent is also interesting because it could modify the lipophilicity of 
compound as reported for dodecanoyl amide derivative of DOX.83 

In this work, metformin and phenylbiguanide hydrochloride were used as the 
starting materials, and each yielded six 1,3,5-triazine derivatives with low to moderate 
yields. The synthesis of 1,3,5-triazine derivatives had two pathways, pathway I and II. In 
total, 12 1,3,5-triazine derivatives were synthesised of which four compounds were novel; 
three compounds were known, but not fully characterised (“partially known”); and five 
derivatives were known (Figure 16). The partially known and novel compounds were 
further characterised for IR spectra, mass spectra and melting points.  

1.1. Synthesis of 1,3,5-triazine derivatives via Pathway I 

Pathway I was a one-pot reaction containing a biguanide hydrochloride, NaOMe 
and an ester.17, 25 NaOMe acted as the base to neutralise the hydrochloride salt enabling 
the nucleophilic substitution between the nucleophilic NH with the electrophilic carbonyl 
group (Figure 17). However, a complication occurred with the one-pot reaction such that 
a by-product was detected even though anhydrous solvent and inert atmosphere were 
used. The by-product was found to be the carboxylic acid of the ester reactant. This was 
possible due to the hydrolysis of the ester moiety as both base and water were presented 
in the reaction mixture. In order to overcome this issue, the neutralisation reaction that 
required base was completed in a separate step. Then, the biguanide in the free base 
form reacted with the ester (pathway II).17, 25, 71, 75 All the reactions were attempted with the 
one-pot reaction, but if the %yield was low, the synthesis method via pathway II was 
substituted. 
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Figure 17. Proposed mechanism for the formation of 1,3,5-triazine derivatives 

Compound 2a, 2b, 2d, 2f and 3a, were successfully synthesised via pathway I with 
moderate to quantitative yield (Figure 16). In the initial stage, reaction conditions were 
optimised by using various bases and solvents. The four bases were sodium hydroxide, 
potassium carbonate (K2CO3), sodium hydride and NaOMe. Using the reaction between 
metformin hydrochloride and methyl benzoate as reference, NaOMe resulted in a product 
with the highest %yield whereas the reaction with sodium hydroxide was not successful 
according to TLC and NMR (Entry 2-3 to 2-5). Next, four solvents were compared, and it 
was found that dry toluene gave the highest %NMR yield at 88% (Entry 2-1), followed by 
anh. MeOH (Entry 2-3), and no reaction was observed for THF and ACN because the 
reactants were not soluble in either solvent (Entry 2-6 and 2-7). When the reaction was 
repeated and carried out at a larger scale, %yield for dry toluene was 53% (Entry 2-2). 
Interestingly, even though the %NMR yield of anh. MeOH was not as high as the dry 
toluene, the reaction using anh. MeOH resulted in 52% yield (Entry 2-3). To further confirm 
the results, another reaction between metformin hydrochloride and methyl cinnamate was 
conducted. In agreement with the previous reaction, NaOMe resulted in higher %NMR 
yield than K2CO3, and anh. MeOH was the most suitable solvent for the reaction (Entry 2-
8 to 2-13). Moreover, anhydrous solvent was favoured over the conventional ones. 
Therefore, NaOMe and anh. MeOH were selected as the base and solvent, respectively, 
for future reactions. 
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Table 2. Optimisation of base and solvent 

 Entry 
Metformin 

(mmol) 
Ester 

(mmol) 
Base 

(mmol) 
Solvent 

(mL) 
Yield 
(%) 

Me
thy

l B
en

zo
ate

 

2-1 0.3 0.1 NaOMe (0.5) Dry Tol 88%* 
2-2 3 1 NaOMe (5) Dry Tol 53% 
2-3 3 1 NaOMe (5) anh. MeOH 52% 
2-4 0.3 0.1 NaH (0.3) anh. MeOH 10%* 
2-5 0.3 0.1 K2CO3(0.3) anh. MeOH 5%* 
2-6 0.3 0.1 K2CO3(0.3) ACN NR 
2-7 0.3 0.1 K2CO3(0.3) THF NR 

Me
thy

l C
inn

am
ate

 

2-8 0.1 0.15 NaOMe (0.2) anh. MeOH 51.0%* 
2-9 0.1 0.15 NaOMe (0.2) anh. ACN 15.4%* 

2-10 0.1 0.15 NaOMe (0.2) Dry Tol 23.2%* 
2-11 0.1 0.15 NaOMe (0.2) MeOH 44.6%* 
2-12 0.1 0.15 NaOMe (0.2) ACN 11.4%* 
2-13 0.1 0.15 K2CO3 (0.2) anh. MeOH 25.3%* 

* = %yield calculated from NMR; NR = No reaction 

The reactions involving isopropyl palmitate used the optimised reaction condition 

resulting in two 1,3,5-triazine derivatives with moderate yield of 64% for 2a and 42% for 

3a. Compound 2d was synthesised by using the mmol equivalent similar to those reported 

by Kothayer et al. which was 2:3 metformin hydrochloride to methyl cinnamate.25 

Surprisingly, from this reaction the product obtained had quantitative yield, and its purity 

was confirmed by NMR spectroscopy. Another unexpected result was the synthesis of 2f. 

Initially, compound 2e was the expected product from the reaction between metformin 

and diethyl oxalate because Kothayer et al. had reported a similar reaction, but used 

dimethyl oxalate instead and the product was 1,3,5-triazine with a carboxylate 

substituent.25 Several reaction conditions between metformin and diethyl oxalate were 

attempted as shown in Table 3, the optimised condition yielded no product and despite 
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increasing the amount of diethyl oxalate, a di-triazine product was obtained instead 

(Figure 18). The hypothesised structure of the di-triazine product was confirmed by 

MALDI-TOF mass spectrometer and NMR (data not shown). However, when the reaction 

condition was carried out at the ratio of 1:2:22 metformin:NaOMe:diethyl oxalate (Entry 3-

4), 2f was synthesised with moderate yield. It was apparent that the product did not have 

a carboxylate group because the product was not soluble in alcohol which was used as 

solvent. In addition to the characterisation of 2f by NMR, HRMS verified the molecular 

weight of the product to be in consistent with the triazine derivative bearing a carboxylic 

acid substituent, and FTIR spectrum indicated that 2f might exists in dimer hence the 

absence of O-H stretching peak. The formation of 2f instead of 2e was not only 

unexpected, but it was also hypothesised that 2e might have been formed then got 

hydrolysed due to the presence of base (NaOMe) and water in the reaction mixture. 

Despite the use of anhydrous solvent, the reaction was not dried enough to prevent 

subsequent hydrolysis reaction. In order to prevent the hydrolysis from happening, the 

solvent must truly be anhydrous and molecular sieve could be added into the reaction. 

Table 3. Reactions of metformin with diethyl oxalate 

Entry 
Metformin 

(mmol) 
NaOMe 

(mmol) 

Diethyl 
oxalate 
(mmol) 

Solvent 
(mL) 

Reaction 
Temperature / 

Time 

Yield 
(%) 

3-1 3 5 1 Dry Tol (4) Reflux / 4 h NP 
3-2 2 4 4 anh. MeOH (4) Reflux / 4 h NP 
3-3 2 4 20 anh. MeOH (4) Reflux / 4 h NP 
3-4 1 2 22 anh. MeOH (5) Reflux / 2 h 65% 

NP = no desired product was obtained from the reaction 
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Figure 18. The hypothesised structure of the di-triazine compound 

1.2. Synthesis of 1,3,5-triazine derivatives via Pathway II 

Seven 1,3,5-triazine derivatives, 2c, 2e, 3b-3f were obtained using this pathway, 
and the %yield are as shown in Figure 16. Both reactions of metformin or phenylbiguanide 
with methyl salicylate initially used the protocol of pathway I, but the %yield was low at 
around 15%. A new method was adapted involving the use of methyl salicylate in excess 
amount.75 At the expense of using a greater amount of reagent and higher temperature, 
the reaction time was shortened and significantly increased %yield of products. 
Compound 3c had a slightly lower %yield at 39% than 2c at 47%.  

The synthesis of 2e and 3e required a more careful consideration due to the di-ester 
nature of diethyl oxalate. As mentioned earlier that the one-pot reaction for diethyl oxalate 
resulted in the formation of the undesired di-triazine compound. Three methods of 
reactant addition and reaction temperature were experimented (Table 4). The first 
approach (Entry 4-1) was adding the mixture of phenylbiguanide hydrochloride with 
NaOMe in anh. MeOH into a solution of diethyl oxalate in anh. MeOH. The mixture was 
stirred at room temperature for 2 hours then 4 hours under reflux. For entry 4-2, 
phenylbiguanide hydrochloride was neutralised and isolated, followed by the addition of 
phenylbiguanide into diethyl oxalate in a dropwise manner to prevent local concentration 
of biguanide. Lastly, entry 4-3 was similar to entry 4-2, but reaction occurred at room 
temperature for six hours. The %yield were 24%, 27% and 8%, respectively, hence the 
best reaction condition for diethyl oxalate was entry 4-2. When the reaction was 
conducted at a larger scale, the %yield of 3e increased to near 40%. In contrast to the 
moderate yield of 3e, the %yield of 2e was significantly lower at 7%. The very low %yield 
was hypothesised to be due to the incomplete neutralisation of metformin, as well as the 
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point discussed earlier that the reaction with diethyl oxalate might require dry reaction 
condition to drive the reaction forward thus increasing %yield. Unfortunately, the synthesis 
of 2e has not been repeated because the amount of product obtained was sufficient for 
characterisation and anticancer activity evaluation.  

Table 4. Reactions of phenylbiguanide with diethyl oxalate 

For compound 3f, it was synthesised via neither pathway I nor II and the reaction 
condition that yielded 2f was not attempted because the synthesis of 2f was unexpected 
and di-triazine by-product could be obtained. Furthermore, from doing multiple repeats 
on the reaction between phenylbiguanide and diethyl oxalate, only 3e was synthesised 
hence a new method to synthesise 1,3,5-triazine with a carboxylic acid substituent was 
carried out.  Hydrolysis of a triazine derivative with similar structure 3e has been reported 
and the protocol was followed yielding 3f with quantitative yield.77 

1.3. In vitro anticancer activities of 1,3,5-triazine derivatives  

The anticancer activities of 1,3,5-triazine derivatives were evaluated against two 
colon cancer cell lines, HCT116 and SW620 using PrestoblueTM as the cell viability 
reagent. HCT116 and SW620 differs in their isolation location and the malignancy potential 
which HCT116 is fast growing and SW620 has metastatic potentials.92 It was interesting 
to look into whether different effects or selectivity were to be observed. In this work, 
cisplatin was chosen as the reference drug and both the %cytotoxicity and IC50 of cisplatin 
were also measured. The values were in agreement with the reported literature values.93  

As the synthesised compounds cannot be dissolved directly into the cell culture 
medium, they had to first be dissolved in DMSO. However, 100% DMSO is toxic to cells 

Entry 
phenylbiguanide 

(mmol) 
Diethyl oxalate 

(mmol) 
Solvent 

(mL) 
Reaction 

Temp. / Time 
Yield 
(%) 

4-1 1 3.3 anh. MeOH (3) Reflux / 4 h 24% 
4-2 1 3.3 anh. MeOH (3) Reflux / 4 h 27% 
4-3 1 3.3 anh. MeOH (5) r.t. / 6 h 8% 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 42 

thus hindering the measurement of the actual performance of the synthesised 
compounds. In order to select a suitable amount of DMSO to dissolve the triazine with 
minimum toxicity, the percentage of DMSO was varied between 0-5%. Not only that the 
%DMSO was varied, but the time to incubate cells was conducted at 24 and 48 hours. 
The bar graph in Figure 19 shows that the %cell viability decreased with increasing 
%DMSO. 1% and 3% DMSO resulted in %cell viability at around 87% and 65%, 
respectively. Furthermore, no changes to the %cell viability was caused with longer 
incubation time. Since, 1% DMSO resulted in the more stable cell inhibition and this 
amount of DMSO could dissolve the 1,3,5-triazine derivatives hence 1% DMSO was 
selected for further experiments. Before cell treatments, stock solutions of the triazine in 
DMSO had to be prepared then they were diluted by serial dilution with cell culture 
media.94-96  

 
Figure 19. %cell inhibition at various %DMSO in 100 µL. %inhibition was expressed as 
the mean values of five replicates  SD. The negative control was the cell culture media  

All 12 1,3,5-triazine derivatives were preliminary screened for %cytotoxicity at a 
concentration of 100 µM. Overall, it was found that metformin and phenylbiguanide were 
inactive towards both HCT116 and SW620 cell lines at the specified concentration (Data 
not shown). On the other hand, the synthesised compounds exhibited anticancer activity 
at varied abilities which some compounds possessed %cytotoxicity comparable to 
cisplatin. From the data in Table 5, higher number of 1,3,5-triazine derived from 
phenylbiguanide were more cytotoxic than the metformin-derived ones. This trend 
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demonstrates that the hydrophobicity of substituent had influences on the anticancer 
activities. This relationship was also reflected by the two most cytotoxic compounds, 2a 
bearing the long alkyl chain with %cytotoxicity of 67.43±1.82% (SW620) and 96.02±0.06% 
(HCT116), and 3d bearing the aryl substituent with %cytotoxicity of 92.27±0.04% (SW620) 
and 87.47±1.54 (HCT116). In contrast, compounds with hydrophilic substituents including 
2e/3e bearing the ester group and 2f/3f bearing the carboxylic acid group had very low 
%cytotoxicity in the range of 5-20%. Moreover, it was observed that the synthesised 
compounds were selective to neither cell lines. From this screening, 2a was selected for 
the latter part of this study, to be incorporated into calcium citrate nanoparticles.  

Table 5. Anticancer activities of 1,3,5-triaizine derivatives in 1% DMSO at 48 hours 

 
%Cytotoxicity IC50 (µM)b 

SW620 HCT116 SW620 HCT116 
2a 96.02±0.06 67.43±1.82 59.13±1.46 59.35±1.66 
2b 15.86±1.91 19.23±5.94 n.d.d n.d.d 
2c 53.85±1.40 50.77±1.83 25.25±1.12 26.29±1.07 
2d 27.39±4.16 26.52±3.77 n.d.d n.d.d 
2e 11.41±3.52 7.16±2.11 n.d.d n.d.d 
2f 5.64±1.51 11.59±4.03 n.d.d n.d.d 
3a 54.96±1.46 66.56±2.58 54.55±1.09 59.17±1.48 
3b 52.60±4.06 54.42±8.48 38.37±1.05 26.92±1.31 
3c 56.85±3.18 65.46±1.07 22.80±1.06 20.79±1.07 
3d 87.47±1.54 92.27±0.04 54.10±1.05 55.02±1.04 
3e 12.14±3.40 5.54±3.65 n.d.d n.d.d 
3f 15.36±1.15 14.22±2.81 n.d.d n.d.d 

Cisplatin 62.14±5.05 78.20±0.96 31.67±1.13 19.18±1.06 
a Results expressed in percentage taken as a mean of triplicates ± standard deviation 
(SD); b Results expressed in µmol/L (µM), taken as a mean value of triplicates ± standard 
deviation (SD); c not active at the specified; d not determined; The negative control was 
the cell culture media and the positive control was 2mM H2O2 
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Six 1,3,5-triazine derivatives with %cytotoxicity at 50% or higher were further 
evaluated for 50% growth-inhibition (IC50) value. The IC50 values were calculated from the 
concentration-response curve (Figure 20) and the values are tabulated in Table 5. 
Interestingly, the compounds with high %cytotoxicity did not exhibit as great anticancer 
activities as the compounds with mid-range %cytotoxicity. The most potent anticancer 
agents were 2c and 3c bearing the o-hydroxyphenyl substituent. Their IC50 for SW620 
were 25.25±1.12 µM and 22.80±1.06 µM, and HCT116 were 26.29±1.07 µM and 
20.79±1.07 µM, respectively. These values were comparable to the IC50 values of cisplatin 
at 31.67±1.13 µM (SW620) and 19.18±1.06 µM (HCT116). 3b exhibited slightly higher IC50 
values at 26-38 µM, and the activity of 2a, 3a and 3d were two-fold lower than 2c/3c having 
IC50 in the same range of 50-60 µM. In 2020, Junaid et al. reported the anticancer activity 
of a series of 6,N2-Diaryl-1,3,5-triazine-2,4-diamines and the activity of 3b against breast 
cancer cell was also included.12, 97 They found that an electron donating group at the para 
or meta position on the phenyl ring (the R3 position in this work) was required to cause 
antiproliferative activity. As 3c has an o-hydroxy group attached to the phenyl ring, this 
could partially be the reason behind its higher anticancer activity than 3b. However, in 
order to draw a fully rational relationship between the structure and activity of the 
synthesised 1,3,5-triazine derivatives, a deeper investigation is needed.  

 
Figure 20. Concentration-response curves of six 1,3,5-triazine derivatives against SW620 
and HCT116 
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In addition to the anticancer activity against HCT116 and SW620, all 12 1,3,5-triazine 
derivatives were tested against human keratinocyte cell line, HaCat (Figure 21). 
Unfortunately, the six compounds that displayed high %cytotoxicity towards cancer cells 
were also cytotoxic towards normal cells. On the other hands, the less cytotoxic 
compounds were not as toxic towards normal cell. Some compounds led to %cell viability 
over 100% indicating that there was more cell growth.  

 
Figure 21. Cell viability study results of twelve 1,3,5-triazine derivatives at 100 µM against 
HaCat cell line 

 

2. Synthesis and characterisation of CaCit-triazine NPs 

The preparation of CaCit-triazine NPs was studied and optimised. Due to the limited 
data for the anticancer activity at the time, 2a was selected to be incorporated into calcium 
citrate nanoparticles because it exhibited the highest %cytotoxicity. 3d was also an 
interesting choice because it also exhibited high %cytotoxicity, but the yield was 
significantly lower than 2a.  

2.1. Optimisation of reaction condition for CaCit-triazine NPs 

The previously reported method that successfully encapsulated FITC in calcium 
citrate nanoparticles was deemed to be an appropriate preparation of CaCit-triazine 
NPs,36 but a limitation of 2a was its hydrophobic nature hence it does not dissolve in water. 
Therefore, the method was first optimised by using a binary solvent system consisting of 
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EtOH and DI water. The binary solvent system was reported for the preparation of 
etoposide encapsulated calcium carbonate particles, and calcium citrate nanosheet was 
prepared using EtOH and DI water at 1:2 ratio.63, 79 Three conditions as shown in Table 6 
were attempted and they did not result in a successful drug incorporation. Even though 
white powder products were obtained from condition 6-1 and 6-2, 1,3,5-triazine was not 
presented as characterised by elemental analysis. Elemental analysis was chosen as a 
characterisation method to detect 1,3,5-triazine derivatives because they are the only 
component containing nitrogen atoms, so the percentage of nitrogen would directly refer 
to the amount of 1,3,5-triazine present. Unlike the previous two conditions, white powder 
product with particle size in the nanometre scale was obtained from condition 6-3 (Figure 
B-1, Appendix B). Traces of 1,3,5-triazine was observed in the FTIR spectrum, but we 
hypothesised that due to the very small amount of 1,3,5-triazine presented, the TGA curve 
showed a graph that looked similar to calcium citrate (Figure B-2 and B-3, Appendix B).  

Table 6. Unsuccessful methods 

Condition CaCl2 
Sodium 
citrate 

1,3,5-triazine 
Additional 
solvents 

Outcomes 

6-1 
1.5M 
water  
2 mL 

1.95 M 
water 
2 mL 

0.02M  
MeOH 
12 mL 

- 
EA: 27.17% C, 

1.97% H, 0.00% N 

6-279 
0.1M 
water  
10 mL 

0.1 M 
water 
10 mL 

0.0075M  
EtOH 
20 mL 

25 EtOH + 
10 water 

EA: 26.67% C, 
2.90% H, 0.24% N 

6-3 
1.9 M 
water  

2.5 mL 

1 M 
water 

1.625 mL 

0.02M 
EtOH+water 

5+2 mL 

30 EtOH + 
18 water 

see Appendix B 

Since the use of binary solvent system enabled the preparation of calcium citrate 
nanoparticles, the next optimisation was the source of citrate ion. The methods to 
synthesise nanosheet,63 microsphere66 or nanoparticles36 of calcium citrate is known. The 
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common reactants among these methodologies are CaCl2 and sodium citrate. Calcium 
citrate nanosheet and flowerlike-calcium citrate microsphere were obtained using 3:2 ratio 
of CaCl2 to sodium citrate while the most suitable condition for nanoparticles was 1.3:1.36, 

63, 66 In this work, the ratio of calcium cation to citrate ion was adapted and modified to be 
1:1.3 calcium cation to citrate anion. The excess amount of citrate ion could be beneficial 
by stabilising and preventing particles aggregation. The surface charge would become 
more negative hence repel each other as seen for the citrate-encapped calcium 
phosphate nanoparticles.34 The significance of Cit:Ca ratio has been studied in 
hydroxyapatite particles.98 Citrate ions had the role to tailor the morphology of particles 
and it was found that increases in citrate ion resulted in larger size which nanorods was 
obtained at 3:1 (Cit:Ca) and bundled sheet-like particles at 7:1. 

From the experiments, condition 1-1 (Table 1) used sodium citrate as the source of 
citrate ion and it was revealed by IR spectroscopy and SEM that the product of was large 
microparticles of 2a. The FTIR spectrum shows peaks consistent with the peaks of 2a and 
lacked characteristic peaks of calcium citrate noticeably in the O-H stretching region and 
the C=O stretching (Figure 22C). The FTIR spectra of both calcium citrate and 2a are also 
presented for comparison purpose (Figure 22A and 22B). For calcium citrate, the band 
at 3400 cm-1 corresponds to the O-H stretching of water molecules in the crystal structure, 
and 1540-1430 cm-1 are the stretching of C=O bond of carboxylate groups (Figure 22A).63 
For 2a, the peaks at 3491, 3293, 3094 cm-1 belong to the NH stretching; 2919 and 2849  
cm-1  are the C-H stretching; the region between 1568 cm-1  to 817 cm-1  are characteristics 
to the 1,3,5-triazine ring; and 720 cm-1 confirms the existence of long alkyl chain (Figure 

22B). The reason behind the unsuccessful reaction was hypothesised to be due to the 
basicity developed from having both 2a and sodium citrate presented in the solution 
mixture.99 In the case when the solution mixture is alkali and both citrate and hydroxide 
anions are present, calcium ions would have more affinity towards the hydroxide anions 
than citrate anion, thus forming precipitates of calcium hydroxide instead of calcium 
citrate.100 The less affinity of calcium cation toward citrate anion was also reported in 2008. 
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Figure 22. FTIR spectrums of (a) calcium citrate nanoparticles, (b) 2a, (c) reaction using 
sodium citrate, and (d) reaction using citric acid with NaOH 

From this study, it was found that when sodium citrate was used as the citrate source, the 
pH of solution required to favour calcium phosphate over calcium citrate formation was 
only at pH 4.9-6.3.99 It could be surmised that the solution mixture of 2a and sodium citrate 
was too basic to form the desired calcium citrate-triazine precipitate. Furthermore, sodium 
citrate has been reported to assist in the dissolution of calcium hydrocarboxylates, such 
as calcium L-lactate and calcium citrate.101 This finding could support such unsuccessful 
calcium citrate formation because in the current method, sodium citrate was present in 
greater amount such that the remaining unreacted sodium citrate could possibly dissolute 
the already formed calcium citrate precipitate.  

Alternatively, calcium citrate could be prepared by using citric acid as the source 
of citrate ion via the acid-base reaction of citric acid and calcium hydroxide or reacting 
citric acid with calcium carbonate.102 Citrate anion could be generated from citric acid with 
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NaOH because citric acid has three pKa values of 2.9, 4.3 and 5.6.60, 103 We decided to 
generate the citrate anion in situ by mixing citric acid with NaOH at the ratio of 1:2 resulting 
a mixture with pH 6.0 which the citrate anion existed predominantly in the divalent ions 
form.60 Unlike the product from using sodium citrate, citric acid with NaOH resulted in 
CaCit-triazine precipitate. The FTIR spectrum of product obtained exhibited characteristic 
peaks of both calcium citrate (3452, 1543, 1429 and 1081 cm -1) and 2a (2920, 2851, 1570, 
817, 804 and 720 cm-1) as shown in Figure 22D. Despite, the ability to prepare 1,3,5-
triazine incorporated calcium citrate particles, the morphology and size of the obtained 
particles were outside of what we expected (Figure 23B). The reaction time could have 
impacts on the morphology and size of particles as reported by Iafisco et al.104 As the 
current reaction condition used 16 hours to prepare samples, small aliquots were sampled 
at different time interval between one to 24 hours in order to study the effect of time.  

 
Figure 23. SEM images at x10,000 magnification of product obtained with (A) sodium 
citrate and (B) citric acid with NaOH 

SEM images in Figure 24 demonstrates the morphology and size of particles 
obtained at different reaction times. It was apparent that longer reaction time resulted in 
larger particles with aggregation that eventually led to the formation of a large sheet-like 
morphology. The changes of particles size with respect to time is commonly observed for 
calcium carbonate and hydroxyapatite particles.80, 104, 105 Regardless, nanoparticles were 
unexpectedly observed at the second (Figure 24ii) and the eighth hour (Figure 24v). In 
our research groups, we have observed a time-dependent nanoparticle formation of bare 
CaCit NPs. Calcium citrate was observed as large particles in the initial stage, but the 
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particles then became smaller eventually forming nanoparticles after some time; then 
once again grow large into microparticles. A similar behaviour of particle growth was 
observed for citrate-functionalised nano-apatite which the length decreased by nearly half 
in the first hour and grew back to its original length after 96 hours, however, this behaviour 
for drug incorporated calcium citrate particles has not been reported.106 Even though the 
nanoparticles formation was possible as observed by the CaCit NPs experiment, the 
double nanoparticles formation for the CaCit-2a NPs was a very surprising result. The 
complication on the double nanoparticle formation could occur by having the formation of 
calcium citrate and the absorption of 2a happening simultaneously. It was suspected that 
that nanoparticles obtained after 2 hours was the kinetic product that undergo phase 

 
Figure 24. SEM images of Condition C at various synthesis time between 1-24 hours at 
10,000x magnification; i (1 hr), ii (2 hrs), iii (4 hrs), iv (6 hrs), v (8 hrs), vi (12 hrs), vii (16 
hrs), viii (20 hrs) and ix (24 hrs) 
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change and reassembled into a more thermodynamically favourable nanoparticles at 8 
hours. Substances could undergo changes with respect to time, such as the change of 
amorphous calcium carbonate into the more stable vaterite then calcite.80 Furthermore, 
the occurrence of nanoparticles at two different time could additionally be due to the EtOH 
used in the binary solvent system.107 Ethanol was found to be able to stabilise vaterite 
phase of calcium carbonate preventing its rapid transformation to calcite.107 Thus, the 
nanoparticles formed at two hours did not undergo rapid transformation and its state was 
maintained allowing the nanoparticles to be observed by SEM.  

2.2. Preparation of CaCit-triazine NPs using the optimised method 

The optimised method established in the previous section include using EtOH-DI 
water binary solvent system, citric acid with NaOH as the source of citrate, and reaction 
time of 8 hours. The method was repeated to verify the feasibility of reaction at the reaction 
times of 2 (Condition A), 5 (Condition B) and 8 hours (Condition C). White powder products 
were obtained from all three conditions, so they were characterised by SEM, DLS, IR, EA, 
and TGA. The size and zeta potential of the products measured by SEM and DLS are 
tabulated in Table 7. The morphology and size of the particles obtained from all three 
conditions were consistent with the morphology and size produced from the reaction time 
optimisation experiment (Figure 25). Nanoparticles of condition A was smaller than 
condition C at around 130 nm and 150 nm, respectively. In contrast, aggregated and 
plate-like particles with size over 1000 nm was observed for condition B. Particle size was 
also measured with the dynamic light scattering technique to support the SEM data. 
Hydrodynamic size of the condition A was found to be slightly higher than condition C at 
370 and 300 nm, respectively. The difference between the size determined by SEM and 
DLS was due to how the size of the nanoparticles was measured in aqueous solvent hence 
the tendency of nanoparticles to agglomerate in aqueous solvent.108 The agglomeration 
could be due to the low negative zeta potentials of the particles. The zeta potentials of the 
nanoparticles were around -10 mV meaning that the particles might have lower kinetic 
stability thus not having the ability to repel each other well enough.109 The effect from the 
zeta potential could also be reflected in PDI values and the shape of the size distribution 
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graphs (Figure 26). Despite observing monodispersed systems for both condition A and 
C, their PDI values were greater than 0.3 thus having potential effects on the use of the 
nanoparticles via intravenous delivery. However, this problem could be overcome by 
modifying the surface of the nanoparticles with polymer or ligands hence preventing 
agglomeration by repulsive forces.110 Overall, the size of nanoparticles of both condition 
A and C satisfied the size requirement for the EPR effect.  

Table 7. Characterisation of CaCit-2a NPs by SEM and DLS 

Condition 
Reaction 
time (h) 

Particle Size 
by SEM (nm) 

Particle size 
by DLS (nm) [PDI] 

Zeta potential 
(mV) 

A 2 134±18.87 369.30±13.44 [0.464] -8.36 
B 5 >1000 n.d.a n.d.a 
C 8 148±23.69 300.30±12.42 [0.322] -7.71 

a not determined 

 
Figure 25. SEM of CaCit-triazine at 2, 5 and 8 hours (Condition A-C) 

The FTIR spectra of condition A-C confirmed the success of drug incorporation in 
calcium citrate because both peaks of calcium citrate and 2a were presented (Figure B-
4, Appendix). The extent of drug incorporation was determined by elemental analysis and 
thermogravimetric analysis. First, the elemental analysis data shown in Table 8 indicated 
that condition B had the highest %drug loading of 17.8%, followed by condition C (16.3%) 
and condition A (9.6%). It is noteworthy that despite the similarity of particle size for 
condition A and C, longer reaction time resulted in a higher %drug loading. 
Thermogravimetric analysis additionally validated the success of drug incorporation. The 
TGA curves of calcium citrate nanoparticles, 2a and particles obtained from condition 
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Figure 26. DLS correlograms and size distribution graphs of Condition A and C 

A-C are illustrated in Figure 27. The TGA curve of calcium citrate typically has three stages 
including the loss of water molecules, the decomposition of calcium citrate, and the 
decomposition of calcium carbonate (Ca2CO3).63, 66, 111, 112 The first region at around 50-
170°C was the loss of surface-adsorbed and water molecules inside the crystal structure 
of calcium citrate. The second weight loss at temperature between 420-600°C was the 
decomposition of calcium citrate to Ca2CO3; and beyond 700°C was the decomposition 
of Ca2CO3 to calcium oxide (CaO). In contrast to calcium citrate, 2a decomposition was 
almost a one-step weight loss. The major weight loss started at 200°C and decreased by 
84%. Despite the difference in morphologies of the obtained particles, all three TGA 
curves exhibited a combination of weight loss behaviours of both calcium citrate and 2a. 
The first weight loss between 50-150°C indicates the release of water molecules. The 
second decrease of weight after 200°C was the decomposition of 2a. The weight loss in 
this region was used to calculate the %drug loading in the nanoparticles (condition A and 
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C) which the values agreed with the %drug loading calculated by CHNS analysis method 
at 13.5% and 15.6%, respectively. The rest of the graph were the same as observed in 
calcium citrate.  

Table 8. Characterisation of CaCit-2a NPs by EA and TGA 

Condition 
Elemental Analysis Drug Loading (%) 

% C % H % N EA TGA 
2a 68.86 11.23 19.59 - - 
A 29.23 3.31 1.88 9.6 13.5 
B 33.38 4.13 3.49 17.8 n.d.a 
C 32.84 3.91 3.19 16.3 15.6 

a not determined 

 
Figure 27. TGA curves of Condition A-C 

In sum, the optimised method to prepare CaCit-triazine NPs was identified and the 
reproducibility of the reaction was verified by repeating condition C. As characterised by 
FTIR and SEM, the obtained nanoparticles had FTIR similar to condition C and size in the 
nanometric scale (Figure 28 and Figure B-5 in Appendix). 
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Figure 28. SEM of Repeat A & Repeat B of Condition C 

2.3. Calcium citrate nanoparticles (CaCit NPs) 

The synthesis of calcium citrate was also carried out in this work. Four conditions 
were conducted as listed in Table 9. The first condition (condition 9-1) followed the 
protocol reported by Rimsueb et al.36 The second and third condition used the modified 
ratio of 1:1.3 Ca2+:Cit3-, but prepared at different reaction times. The last condition 
(condition 9-4) used the optimised method without 2a. Calcium citrate nanoparticles were 
obtained from three conditions, condition 9-1, 9-3 and 9-4. Overall, the size range of 
nanoparticles was similar to each other, between 200-300 nm (Figure 29) and their 
spectra matched the reference calcium citrate produced in bulk in the lab (Figure B-6, 
Appendix). These results confirm that 8 hours was a suitable time for nanoparticles 
formation for the 1:1.3 Ca2+:Cit3- ratio used in this work.  

Table 9. Conditions for the preparation of calcium citrate 

Condition Ca2+:Cit3- ratio Citrate ion source Solvents 
Reaction time 

(hours) 

9-1 
1.3:1  

[0.13:0.1 M] 
sodium citrate Water 10 mL 16-18 

9-2 
1:1.3 

[0.15:0.195 M] 
Sodium citrate Water 10 mL 16-18 

9-3 
1:1.3  

[0.15:0.195 M] 
Sodium citrate Water 10 mL 8 

9-4 
1:1.3  

[0.15:0.195 M] 
Citric acid  
with NaOH 

EtOH/Water 8 
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Figure 29. SEM of calcium citrate particles from Condition 9-1 to 9-4 

2.4. In vitro drug release study  

CaCit-triazine NPs produced from the most optimised condition was to be evaluated 
for anticancer activity, but the observed results were unanticipated. The observed low 
cytotoxicity of CaCit-2a NPs compared to bare 2a was surmised to be due to two 
possibilities (data not shown). First, CaCit NPs is expected to be taken into cells by 
endocytosis and under the acidic condition of lysosome (pH around 4), calcium citrate 
should dissociate and release the loaded content.113 However, the zeta potentials of the 
nanoparticles was found to be close to zero hence the CaCit-2a NPs could have sediment 
instead of remaining in a suspension state and so the nanoparticles was not taken into 
cells. In another case, 2a could have not been released from the CaCit-2a NPs. The 
former possibility was not investigated because cellular uptake has to be observed by a 
microscope which requires the compound of interest to be fluorescent. Therefore, the 
release of 2a from CaCit-2a NPs was investigated.  

The in vitro drug release was performed on the CaCit-2a NPs synthesised from the 
most optimised condition, condition C. The common method to conduct drug release 
study especially for water-soluble drug is to use PBS as the release medium.114-116 
However, this was not applicable for CaCit-2a NPs due to the hydrophobic nature of 2a. 
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Despite using Tween-80 as the surfactant to help dissolve 2a in PBS,81, 82, 117 it was not 
dissolvable in PBS. The use of EtOH with PBS has been reported to increase the solubility 
of compounds, for example, 0.5% Tween-80 and 20% EtOH in PBS as the release medium 
for curcumin;118 PBS with 10% EtOH for all-trans-retinoic acid and paclitaxel in albumin-
bound nanoparticles;119 and PBS:EtOH at 2:1 ratio for the hydrophobic drug C6 in 
multilayer thin films.120 In order to confirm that 2a is dissolvable in EtOH/PBS, various 
percentages of EtOH in PBS were experimented. 60% EtOH in PBS could dissolve 2a 
completely resulting in a clear colourless solution. For other EtOH contents, there were 
either not enough EtOH to dissolve 2a or too much EtOH that dissolved 2a but not miscible 
with PBS. In spite of the 60% EtOH in PBS being the suitable release medium, reported 
literature values for percentage of EtOH in PBS has not exceed 30% hence only 30% EtOH 
in PBS was used as the release medium. Since the weight of nanoparticles used in this 
experiment is equivalent to 1 mg of 2a, 30% EtOH was enough to dissolve 2a. 

Three pH conditions were chosen to compare the drug release performance under 
different environments. pH 7.4 and 5.0 represent the physiological pH of blood and inside 
normal tissues and the pH of the tumour environment, respectively.30 Moreover, as the 
lysosome of cancer cells has pH around 4.5 and calcium citrate was able to dissolve fully 
under 30%EtOH-PBS solution at pH 3.0, the drug release measurement was extended 
into pH 3.0.121 From the cumulative drug release graph, the release of 2a from CaCit-2a 
NPs was pH-dependent and controlled release behaviour was observed over the 48 hours 
(Figure 30). In general, higher drug release was observed as the pH of the release 
medium decreased. This difference in the rate of drug release could be explained by the 
higher decomposition of calcium citrate carrier under acidic condition. This result was 
consistent with other drug-loaded calcium carbonate.114, 116, 122 After 24 hours, 48.8% and 
30.0% of 2a was released for pH 5.0 and pH 7.4, respectively. A two-fold higher drug 
release was observed for pH 3.0 at 81.6%. The release of 2a was sustained for 48 hours 
with the release of over half of the nanoparticles’ loaded content at 63.9% for pH 5.0 and 
to a lesser extent of 41.9% for pH 7.4. From the graph, we predicted that it would be 
probable for more 2a to be release from CaCit-2a NPs.  
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Figure 30. Cumulative drug release (%) graph 
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CHAPTER IV 
CONCLUSION 

In conclusion, metformin derived (2a-2f) and phenylbiguanide derived (3a-3f) 1,3,5-
triazine derivatives were synthesised with either synthesis pathway I or II. Preliminary 
%cytotoxicity screening of the 12 1,3,5-triazine derivatives showed that compound 2a and 
3d bearing hydrophobic substituents were the two most cytotoxic compounds with 
comparable activity to cisplatin at %cytotoxicity as high as 96.02±0.06%. However, 2b, 
2e/3e and 2f/3f exhibited low %cytotoxicity at around 5-20%. Subsequently, the six 
selected derivatives – 2a, 2c and 3a-3d – were evaluated for IC50 values and the results 
were in contrast to the %cytotoxicity results. 2c and 3c exhibited the lowest IC50 values of 
25.25±1.12 µM and 22.80±1.06 µM for SW620 cell line, and of 26.29±1.07 µM and 
20.79±1.07 µM for HCT116 cell line, respectively. Moreover, the incorporation of 2a in 
CaCit NPs was successful by using the optimised preparation method. Under the EtOH-
DI water binary solvent system, the use of 1:2 citric acid/NaOH as the citrate source with 
a reaction time of 8 hours provided the best CaCit-2a NPs. The obtained nanoparticles 
was monodispersed with particle size of around 150 nm and %drug loading up to 16.3%. 
Furthermore, the in vitro drug release study showed that the release of 2a from CaCit-2a 
NPs was pH-dependent and controlled for 48 hours. From this research, the influence of 
substituents on the anticancer activity of 1,3,5-triazine derivatives was demonstrated in 
which this information could assist in the future development of novel anticancer agent 
containing the 1,3,5-triazine scaffold. In addition, the possibility of using CaCit NPs was 
verified in which the formulated preparation method could be applicable for other 
anticancer drugs in the future.  
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APPENDIX A: 
NMR, IR and HRMS of 1,3,5-triaizine derivatives (2a-2f and 3a-3f) 
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Figure A-1. 1H-NMR of Phenylbiguanide hydrochloride (1a) 
 

 
Figure A-2. 13C-NMR of Phenylbiguanide hydrochloride (1a) 

Compound 1a 

1H NMR 

Compound 1a 

13C NMR 
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Figure A-3. 1H-NMR of Phenylbiguanide (1b) 
 

 
Figure A-4. 13C-NMR of Phenylbiguanide (1b) 

Compound 1b 

1H NMR 

Compound 1b 

13C NMR 
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Figure A-5. 1H-NMR of N2,N2-dimethyl-6-pentadecyl-1,3,5-triazine-2,4-diamine (2a) 
 

 
Figure A-6. 13C-NMR of N2,N2-dimethyl-6-pentadecyl-1,3,5-triazine-2,4-diamine (2a) 

Compound 2a 

1H NMR 

Compound 2a 

13C NMR 
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Figure A-7. 1H-NMR of N2,N2-dimethyl-6-phenyl-1,3,5-triazine-2,4-diamine (2b) 
 

 
Figure A-8. 13C-NMR of N2,N2-dimethyl-6-phenyl-1,3,5-triazine-2,4-diamine (2b) 

Compound 2b 

1H NMR 

Compound 2b 

13C NMR 
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Figure A-9. 1H-NMR of 2-(4-amino-6-(dimethylamino)-1,3,5-triazin-2-yl)phenol (2c) 
 

 
Figure A-10. 13C-NMR of 2-(4-amino-6-(dimethylamino)-1,3,5-triazin-2-yl)phenol (2c) 

Compound 2c 

1H NMR 

Compound 2c 

13C NMR 
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Figure A-11. HRMS spectrum of 2-(4-amino-6-(dimethylamino)-1,3,5-triazin-2-yl)phenol 
(2c) 
  

Compound 2c 

m/z calcd for C11H13N5O  

[M+H]+ 232.1198 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 83 

 

 
Figure A-12. IR spectrum of 2-(4-amino-6-(dimethylamino)-1,3,5-triazin-2-yl)phenol (2c)  
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Figure A-13. 1H-NMR of (E)-N2,N2-dimethyl-6-styryl-1,3,5-triazine-2,4-diamine (2d) 
 

 
Figure A-14. 13C-NMR of (E)-N2,N2-dimethyl-6-styryl-1,3,5-triazine-2,4-diamine (2d) 
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Figure A-15. 1H-NMR of Methyl 4-amino-6-(dimethylamino)-1,3,5-triazine-2-carboxylate 
(2e) 
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Figure A-16. 13C-NMR of Methyl 4-amino-6-(dimethylamino)-1,3,5-triazine-2-carboxylate 
(2e) 
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Figure A-17. HRMS spectrum of Methyl 4-amino-6-(dimethylamino)-1,3,5-triazine-2-
carboxylate (2e) 
 

Compound 2e 

m/z calcd for C7H11N5O2  

[M+Na]+ 220.0810 
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Figure A-18. IR spectrum of Methyl 4-amino-6-(dimethylamino)-1,3,5-triazine-2-
carboxylate (2e) 
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Figure A-19. 1H-NMR of 4-amino-6-(dimethylamino)-1,3,5-triazine-2-carboxylic acid (2f) 
 

 
Figure A-20. 13C-NMR of 4-amino-6-(dimethylamino)-1,3,5-triazine-2-carboxylic acid (2f) 
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Figure A-21. HRMS spectrum of 4-amino-6-(dimethylamino)-1,3,5-triazine-2-carboxylic 
acid (2f) 
 
 

Compound 2f 

m/z calcd for C6H9N5O2 

 [M+Na]+ 206.0654 
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Figure A-22. IR spectrum of 4-amino-6-(dimethylamino)-1,3,5-triazine-2-carboxylic acid 
(2f) 
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Figure A-23. 1H-NMR of 6-pentadecyl-N2-phenyl-1,3,5-triazine-2,4-diamine (3a) 
 

 
Figure A-24. 13C-NMR of 6-pentadecyl-N2-phenyl-1,3,5-triazine-2,4-diamine (3a)  
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Figure A-25. HRMS spectrum of 6-pentadecyl-N2-phenyl-1,3,5-triazine-2,4-diamine (3a) 
 
 

Compound 3a 

m/z calcd for C6H9N5O2  

[M+H]+ 398.3284 
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Figure A-26. IR spectrum of 6-pentadecyl-N2-phenyl-1,3,5-triazine-2,4-diamine (3a)  
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Figure A-27. 1H-NMR of N2,6-diphenyl-1,3,5-triazine-2,4-diamine (3b) 
 

 
Figure A-28. 13C-NMR of N2,6-diphenyl-1,3,5-triazine-2,4-diamine (3b) 
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Figure A-29. 1H-NMR of 2-(4-amino-6-(phenylamino)-1,3,5-triazin-2-yl)phenol (3c) 
 

 
Figure A-30. 13C-NMR of 2-(4-amino-6-(phenylamino)-1,3,5-triazin-2-yl)phenol (3c) 
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Figure A-31. HRMS spectrum of 2-(4-amino-6-(phenylamino)-1,3,5-triazin-2-yl)phenol 
(3c) 
 
 

Compound 3c 

m/z calcd for C15H13N5O  

[M+H]+ 280.1198 
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Figure A-32. IR spectrum of 2-(4-amino-6-(phenylamino)-1,3,5-triazin-2-yl)phenol (3c) 
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Figure A-33. 1H-NMR of (E)-N2-phenyl-6-styryl-1,3,5-triazine-2,4-diamine (3d) 
 

 
Figure A-34. 13C-NMR of (E)-N2-phenyl-6-styryl-1,3,5-triazine-2,4-diamine (3d) 
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Figure A-35. HRMS spectrum of (E)-N2-phenyl-6-styryl-1,3,5-triazine-2,4-diamine (3d) 
 
 

Compound 3d 

m/z calcd for C17H15N5  

[M+H]+ 290.1406 
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Figure A-36. IR spectrum of (E)-N2-phenyl-6-styryl-1,3,5-triazine-2,4-diamine (3d) 
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Figure A-37. 1H-NMR of Methyl 4-amino-6-(phenylamino)-1,3,5-triazine-2-carboxylate 
(3e) 
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Figure A-38. 13C-NMR of Methyl 4-amino-6-(phenylamino)-1,3,5-triazine-2-carboxylate 
(3e) 
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Figure A-39. 1H-NMR of 4-amino-6-(phenylamino)-1,3,5-triazine-2-carboxylic acid (3f) 
 

 
Figure A-40. 13C-NMR of 4-amino-6-(phenylamino)-1,3,5-triazine-2-carboxylic acid (3f) 
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Figure A-41. HRMS spectrum of 4-amino-6-(phenylamino)-1,3,5-triazine-2-carboxylic 
acid (3f) 
 
 

Compound 3f 

m/z calcd for C10H9N5O2  

[M+2Na-H]+ 276.0473  
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Figure A-42. IR spectrum of 4-amino-6-(phenylamino)-1,3,5-triazine-2-carboxylic acid 
(3f) 
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APPENDIX B: 
Figures relating to 1,3,5-triazine incorporated calcium citrate nanoparticles 
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Figure B-1. SEM of the product obtained from condition 6-3, Table 6 

 

 

Figure B-2. FTIR spectrum of the product obtained from condition 6-3, Table 6 
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Figure B-3. TGA curves of the product obtained from condition 6-3, Table 6 

 

 

Figure B-4. FTIR spectra of condition A-C 
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Figure B-5. FTIR spectra of Repeat A and Repeat B of condition C 
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Figure B-6. FTIR spectra of calcium citrate (condition 9-1 to 9-4)  
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