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[bookmark: _Hlk227331339]Abstract:
The development of an effective and practical Biginelli reaction procedure for the preparation of 3,4-dihydro-6-(2-hydroxy-5-(hydroxymethyl) phenyl)-4-phenylpyrimidine-2(1H)-thione derivatives is reported. Three-component condensation reaction of 1-(2-hydroxy-5-(hydroxymethyl)phenyl) ethanone, aryl-aldehydes, and thiourea in the presence of DABCO as an organobase catalyst, using ethanol as the green solvent, under refluxing condition has been accomplished. Some notable features associated with this protocol are mild reaction conditions, simple process, fast reaction time, and high product yield. DABCO plays a vital role in improving the reactivity of this condensation reaction by inducing smooth cyclocondensation in the absence of corrosive acidic catalysts. The obtained pyrimidine-2-thione derivatives have been isolated by simple purification methods and characterized through the study of melting points and spectral data. An environment-friendly synthetic method for the preparation of pyrimidine-2-thiones bearing biological activity is described herein. This reaction may be generalized to the academy as well as to the industrial field. 
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Introduction:
The pyrimidine-2-thiones are an important family of sulfur-containing heterocycles, which are highly significant for organic and medicinal chemistry owing to their wide biological applications and facile synthesis methods. Being represented by a six-membered ring having two nitrogen’s and exo-cyclic thiocarbonyl, they demonstrate different pharmaceutical properties, including antineoplastic, antimicrobial, and anti-inflammatory effects [1,2]. Moreover, the recent research revealed that some pyrimidine-2-thiones were able to trigger apoptosis in breast cancer cells through modulation of RAS/PI3K/Akt/JNK pathways, suggesting the mechanism of their antineoplastic action [3]. Apart from their antitumor properties, the pyrimidine-2-thiones are used for development of antimicrobial drugs. For instance, some hybrid pyridothienopyrimidines successfully inhibited Gram-positive and Gram-negative bacteria as well as fungi with MICs close to those of the control substances [4]. In addition, the arylazo-thiazolopyrimidine derivatives possessed strong antibacterial and antifungal properties, confirming the potential of this heterocycle scaffold for antimicrobial drugs [5]. They also displayed anti-inflammatory and analgesic actions along with the antioxidant effect, which makes them useful not only in cancer therapy but also for treatment of various inflammatory diseases [6-9].
All these results collectively show that various biological activities such as antitumor, antimicrobial, anti-inflammatory, antioxidant, and antiviral are exhibited by these compounds, making them very useful scaffolds in the creation of novel medicines for many medical conditions. There is a lot of scope for further chemical modification of these molecules to enhance their pharmacological potential [10,11].
The preparation of 4-phenylpyrimidine-2(1H)-thione derivatives has been widely studied using the Biginelli multicomponent reaction, usually proceeding by means of the condensation of a β-ketoester or β-diketone with an aldehyde, and thiourea in various catalytic systems. Venkatramana et al. proved that substituted 4-([1,1'-biphenyl]-4-yl) pyrimidine-2(1H)-thiones can be efficiently synthesized with satisfactory yields and potent anti-microbial activity in a Biginelli multicomponent process in heteroaromatic synthesis [12]. In parallel, Skrylkova et al. studied the synthesis and modification of 3,4-dihydro-4,6-diaryl-2-pyrimidinethiones, showing the possibility of structure variation and the study of anti-microbial activity in vitro [13]. Methodological improvements have led to greener and more efficient protocols, referred to as Biginelli-like reactions, and the formation of dihydro pyrimidin thiones [14]. In addition to this, some researches extended the Biginelli multicomponent protocol to cancer treatments.
Different catalytic systems have been utilized to increase reaction efficiency and product selectivity, including acids and bases traditionally used as catalysts [16,17], as well as nanocatalysts like magnetic BiFeO₃ (18), Zn 

Nanoparticles [19,20], functionalized silica supported and core-shell nanocatalysts [21,22], sulfonic acid modified magnetic catalysts [23,24], and even photoreactions initiated by visible light [25] and magnetically recoverable mesoporous materials [26]. The latter approaches allow for environmentally friendly one-pot synthesis. The ultrasound-assisted reactions in the presence of nano-La₂O₃ [27] and nickel nanoparticles as reusable catalysts [28] also confirmed the effectiveness of the Biginelli reaction for obtaining highly efficient bioactive 4-phenylpyrimidine-2(1H)-thiones in high yields. In summary, these examples demonstrate that the Biginelli reaction is versatile for the synthesis of pyrimidine-2-thione derivatives (Scheme 1).
Scheme 1: Synthesis of 3,4-dihydro-6-(2-hydroxy-5-(hydroxymethyl) phenyl)-4-phenylpyrimidine-2(1H)-thione


Experimental
Chemicals and reagents:
All chemicals and solvents used in this investigation were of laboratory grade and used directly as received without additional purification. 1-(2-Hydroxy-5-(hydroxymethyl) phenyl) ethanone, different types of benzaldehydes, and thiourea were procured from the commercial market. DABCO (1,4-Diazabicyclo [2.2.2] octane) was employed as the base catalyst. The pre-coated TLC plates made of silica gel were used. Glassware and instruments were thoroughly cleaned and dried before starting the reactions.
General Procedure for the Synthesis of 3,4-dihydro-6-(2-hydroxy-5-(hydroxymethyl) phenyl)-4-phenylpyrimidine-2(1H)-thiones.
In a typical reaction, 1-(2-hydroxy-5-(hydroxymethyl) phenyl) ethanone (0.01 mol), the appropriate substituted benzaldehyde (0.01 mol), and thiourea (0.015 mol) were placed in a round bottom flask. To this mixture, DABCO (0.002 mol, 0.2 equiv) was added as a catalyst. The reaction mixture was stirred under reflux in a suitable solvent (ethanol) for 3–5 hours, and TLC was used to monitor the progress of the reaction. Upon completion, the reaction mixture was allowed to cool to room temperature, and the resulting solid was collected by filtration. Some of the derivatives were extracted using the solvent extraction method with ethyl acetate and water as solvents. The crude product was washed with cold ethanol and recrystallized from ethanol or an ethanol water mixture to afford the pure 4-phenylpyrimidine-2(1H)-thione derivative. Yields were generally in the range of 70–85%. The structures of the synthesized compounds were confirmed by spectroscopic techniques (¹H NMR, IR, and mass spectrometry).
Spectral Analysis of Table 2 compounds- 
Entery 1:1H NMR (400 MHz): δ ppm 2.17 (NH, s), 4.58 (2H, s), 5.08 (OH, s), 5.34 (1H, d, J = 3.9 Hz), 5.76 (1H, d, J = 3.9 Hz), 6.85-7.08 (2H, dd, J = 8.4, Hz), 7.01-7.36 (8H, m); IR (KBr, νmax, cm⁻¹): 3450–3200 (br, O–H), 3325 (N–H), 3060 (Ar–H), 2925, 2850 (aliphatic C–H), 1620 (C=N), 1600, 1510 (Ar C=C), 1272 (C=S), 1240 (Ar–O), 1105–1030 (C–O), 835–750 (Ar–H, oop); HRMS (ESI) m/z: [M + H]⁺ calcd for C₁₇H₁₇N₂O₃S, 329.0954; found, 329.0950. 
Entry 2: 1H NMR (400 MHz): δppm 2.2 (2NH, s), 3.6 (3H, s), 4.57-4.62 (2H, s), 5.10 (2OH, s),   5.36 (1H, d, J = 3.9 Hz), 5.75 (1H, d, J = 3.9 Hz), 6.95-7.45 (7 Ar-H, m), IR (KBr, νmax, cm⁻¹): 3450–3200 (br, O–H), 3325 (N–H), 3060 (Ar–H), 2955, 2925, 2850 (aliphatic C–H), 1620 (C=N), 1600, 1510 (Ar C=C), 1272 (C=S), 1240 (Ar–O), 1110–1030 (C–O), 835–750 (Ar–H, oop); HRMS (ESI) m/z: [M + H]⁺ calcd for C₁₈H₁₉N₂O₃S, 343.1111; found, 343.1108. 
Entry 3: 1H NMR (400 MHz): δ ppm2.2 (2NH, s), 3.74 (3H, s), 4.57-4.60 (2H, s), 5.15 (2OH, s),   5.41 (1H, d, J = 3.9 Hz), 5.68 (1H, d, J = 3.9 Hz), 6.90-7.59 (7 Ar-H, m); IR (KBr, νmax, cm⁻¹): 3450–3200 (br, O–H), 3325 (N–H), 3060 (Ar–H), 2935, 2850 (aliphatic C–H), 1620 (C=N), 1600, 1510 (Ar C=C), 1272 (C=S), 1250 (Ar–O–CH₃), 1110–1030 (C–O), 835–750 (Ar–H, oop); HRMS (ESI) m/z: [M + H]⁺ calcd for C₁₈H₁₉N₂O₄S, 359.1060; found, 359.1057.
Entry 4: 1H NMR (400 MHz): ): δ ppm 1.98 (2NH, s), 4.44 (2H, s), 5.25 (OH, s), 5.53 (1H, d, J = 3.7 Hz), 5.60 (1H, d, J = 3.7 Hz), 6.8-6.99 (2H, dd, J = 8.2, Hz), 7.21-741 (7H, m); IR (KBr, νmax, cm⁻¹): 3450–3200 (br, O–H), 3325 (N–H), 3060 (Ar–H), 2920 (aliphatic C–H), 1620 (C=N), 1600, 1510 (Ar C=C), 1272 (C=S), 1240 (Ar–O), 1100–1030 (C–O), 830–750 (Ar–H, oop), 760–700 (C–Cl); HRMS (ESI) m/z: [M + H]⁺ calcd for C₁₇H₁₆ClN₂O₃S, 363.0565; found, 363.0562.
Entry 5: 1H NMR (400 MHz): ): δ ppm 2.08 (2NH, s), 4.30 (2H, s), 5.35 (OH, s), 5.63 (1H, d, J = 3.9 Hz), 5.60 (1H, d, J = 4.0 Hz), 6.8-6.99 (2H, dd, J = 8.4, Hz), 7.30-7.52 (7H, m); IR (KBr, νmax, cm⁻¹): 3450–3200 (br, O–H), 3325 (N–H), 3060 (Ar–H), 2920 (aliphatic C–H), 1620 (C=N), 1600, 1510 (Ar C=C), 1272 (C=S), 1240 (Ar–O), 1100–1030 (C–O), 830–750 (Ar–H, oop), 620–550 (C–Br); HRMS (ESI) m/z: [M + H]⁺ calcd for C₁₇H₁₆BrN₂O₃S, 407.0041; found, 407.0038.
Entry 6: 1H NMR (400 MHz): ): δ ppm 2.21 (2-NH, s), 4.48 (2H, s), 4.99 (2-OH, s), 5.12 (1H, d, J = 4.7 Hz), 5.76 (1H, d, J = 4.7 Hz), 6.76-7.3 (7H, m); IR (KBr, νmax, cm⁻¹): 3450–3200 (br, O–H), 3330 (N–H), 3060 (Ar–H), 2925 (aliphatic C–H), 1620 (C=N), 1605, 1508 (Ar C=C), 1528 (NO₂ asym), 1348 (NO₂ sym), 1273 (C=S), 1242 (Ar–O), 1105–1035 (C–O), 840–750 (Ar–H, oop), HRMS (ESI) m/z: [M + H]⁺ calcd for C₁₇H₁₆N₃O₅S, 374.0805; found, 374.0800
Entry 7: 1H NMR (400 MHz): ): δ ppm  2.15 (2-NH s), 4.58 (2H,s), 5.00 (1-OH, s), 5.17 (1H, d, J = 3.2 Hz), 5.76 (1H, d, J = 3.2 Hz), 6.80-7.38 (7H, 6.86 m); IR (KBr, νmax, cm⁻¹): 3450–3200 (br, O–H), 3328 (N–H), 3060 (Ar–H), 2925 (aliphatic C–H), 1620 (C=N), 1605, 1515 (Ar C=C), 1525 (NO₂ asym), 1345 (NO₂ sym), 1275 (C=S), 1240 (Ar–O), 1105–1035 (C–O), 835–750 (Ar–H, oop); HRMS (ESI) m/z: [M + H]⁺ calcd for C₁₇H₁₆N₃O₅S, 374.0805; found, 374.0802.
Entry 8: 1H NMR (400 MHz): ): δ ppm  2.30 (3-OH, s), 4.58 (2H,s), 4.98 (2NH, s), 5.22 (1H, d, J = 4.0 Hz), 5.77 (1H, d, J = 3.9 Hz), 6.64-7.40 (7H, M); IR (KBr, νmax, cm⁻¹): 3500–3200 (br, O–H), 3330 (N–H), 3060 (Ar–H), 2925 (aliphatic C–H), 1622 (C=N), 1602, 1512 (Ar C=C), 1272 (C=S), 1245 (Ar–O), 1110–1035 (C–O), 835–750 (Ar–H, oop); HRMS (ESI) m/z: [M + H]⁺ calcd for C₁₇H₁₇N₂O₄S, 330.0904; found, 330.0901.
Entry 9: 1H NMR (400 MHz): ): δ ppm  2.19 (3-OH, s), 4.38 (2H,s), 5.0 (2NH, s), 5.20 (1H, d, J = 3.9 Hz), 5.75 (1H, d, J = 3.9 Hz), 6.80-7.50 (7H, M); R (KBr, νmax, cm⁻¹): 3450–3200 (br, O–H), 3325 (N–H), 3050 (Ar–H), 2920 (aliphatic C–H), 1620 (C=N), 1600, 1510 (Ar C=C), 1275 (C=S), 1240 (Ar–O), 1100–1030 (C–O), 830–750 (Ar–H, oop); HRMS (ESI) m/z: [M + H]⁺ calcd for C₁₇H₁₇N₂O₄S, 330.0904; found, 330.0901.
Entry 10: 1H NMR (400 MHz): ): δ ppm  2.50 (2OH, s), 3.68 (3CH3, s), 3.85 (3CH3,s), 4.48 (2H, s), 4.99 (2NH, s), 5.20 (1H, d, J = 3.4 Hz), 5.76 (1H, d, J = 3.4 Hz), 6.67 (6Ar-H, m), IR (KBr, νmax, cm⁻¹): 3400–3200 (br, O–H), 3330 (N–H), 3050 (Ar–H), 2935, 2850 (aliphatic C–H), 1620 (C=N), 1600, 1510 (Ar C=C), 1270 (C=S), 1250 (Ar–O–CH₃), 1100–1030 (C–O), 830–750 (Ar–H, oop), HRMS (ESI) m/z: [M + H]⁺ calcd for C₁₉H₂₁N₂O₄S, 373.1217; found, 373.1215.
Result and Discussion
The target 3,4-dihydro-6-(2-hydroxy-5-(hydroxymethyl) phenyl)-4-phenylpyrimidine-2(1H)-thione derivatives were made using a method. This method is called a three component Biginelli type condensation reaction. It uses 1-(2-hydroxy-5-(hydroxymethyl)phenyl) ethanone and other things like benzaldehydes with groups on them and thiourea. DABCO is used to help the reaction happen it is a helper that makes the reaction work. The reaction happens in ethanol, which is a choice because it is safe for the environment. Ethanol is also very good, at dissolving all the things that are used in the reaction.


Scheme2: Synthesis of 3,4-dihydro-6-(2-hydroxy-5-(hydroxymethyl) phenyl)-4-phenylpyrimidine-2(1H)-thione derivatives under reflux condition.

The reaction shows how to make 3,4-dihydro-6-(2-hydroxy-5-(hydroxymethyl) phenyl)-4-phenylpyrimidine-2(1H)-thione derivatives. This is done using a three-part reaction that's similar to the Biginelli reaction. In this process 1-(2-hydroxy-5-(hydroxymethyl)phenyl) ethanone reacts with kinds of benzaldehydes and thiourea. DABCO is used as a catalyst to help the reaction. The reaction happens in ethanol, which is a solvent that helps everything mix together well. First the benzaldehyde reacts with thiourea to make an imine. Then the enol form of the ketone attacks the imine and this makes the dihydropyrimidine-2-thione scaffold. This reaction works with different kinds of benzaldehydes including ones that give or take away electrons. This means we can make a lot of 3,4-dihydro-6-(2-hydroxy-5-(hydroxymethyl) phenyl)-4-phenylpyrimidine-2(1H)-thione derivatives. The reaction is easy, on the environment and simple to do because it uses conditions and ethanol as a solvent.



Table 1: Effect of Various Solvents on the Synthesis of 3,4-dihydro-6-(2-hydroxy-5-(hydroxymethyl) phenyl)-4-phenylpyrimidine-2(1H)-thione

	Sr. No.
	Solvent
	Reaction Time (h)
	Yield (%)
	Observation

	1
	Methanol
	4.5
	62
	Moderate solubility, slower reaction

	2
	Ethanol
	3.0
	78
	Good solubility, clean reaction

	3
	Aqueous Ethanol (80:20)
	2.5
	85
	Enhanced rate and yield

	4
	Acetone
	5.0
	55
	Poor conversion

	5
	Dichloromethane
	6.0
	42
	Incomplete reaction

	6
	Amyl Alcohol
	4.0
	60
	Higher temperature required

	7
	Water
	6.5
	48
	Limited solubility of substrates



The results of using solvents to make 3,4-dihydro-6-(2-hydroxy-5-(hydroxymethyl) phenyl)-4-phenylpyrimidine-2(1H)-thione are shown in Table 1.  The type of solvent used greatly affected how fast the reaction happened and how much product was made. Solvents like methanol and ethanol which have hydrogen atoms that can form bonds with molecules gave moderate to good amounts of product in 4.5 and 3.0 hours respectively. This showed that these solvents helped the reactants mix better, than solvents that do not have hydrogen bonds. Among all the solvents tested, a mix of water and ethanol (80:20) worked best to make 3,4-dihydro-6-(2-hydroxy-5-(hydroxymethyl) phenyl)-4-phenylpyrimidine-2(1H)-thione. It produced the product in the time, 2.5 hours and with the highest yield, 85%. This solvent mix seemed to help the reactants dissolve and react better to form 3,4-dihydro-6-(2-hydroxy-5-(hydroxymethyl) phenyl)-4-phenylpyrimidine-2(1H)-thione.
 The reaction works better when we use a solvent that helps the molecules come together. This is because the solvent helps the reactants mix well and form hydrogen bonds that make the cyclocondensation reaction happen.
On the hand some solvents like acetone and dichloromethane do not work very well. They make the reaction take a time and we do not get as much of the product.
We also tried using water and amyl alcohol. These solvents did not work well either. The problem is that the reactants do not dissolve well in these solvents and we need to heat them up a lot.
So, the best solvent for this reaction is ethanol. It helps the reaction happen quickly and we get a lot of the product. Aqueous ethanol is also a choice because it is a greener solvent. This means that it is better for the environment. Aqueous ethanol is the choice, for this reaction because it makes the reaction efficient and gives us a higher yield.

Table 2. Synthesis of 3,4-dihydro-6-(2-hydroxy-5-(hydroxymethyl) phenyl)-4-phenylpyrimidine-2(1H)-thione derivatives using various substituted benzaldehydes
	Entry
	(R)
	Time (h)
	Yield (%)
	m.p. (°C)

	1
	H
	2.5
	85
	212–214

	2
	4-CH₃
	2.8
	82
	198–200

	3
	4-OCH₃
	3.0
	80
	190–192

	4
	4-Cl
	2.4
	88
	220–222

	5
	4-Br
	2.6
	86
	225–227

	6
	3-NO₂
	3.2
	78
	232–234

	7
	4-NO₂
	3.0
	81
	238–240

	8
	2-OH
	3.5
	75
	205–207

	9
	4-OH
	3.2
	77
	210–212

	10
	3,4-(OCH₃)₂
	3.4
	73
	185–187



Table 2 shows how we made 3,4-dihydro-6-(2-hydroxy-5-(hydroxymethyl) phenyl)-4-phenylpyrimidine-2(1H)-thione derivatives from benzaldehydes under the best reaction conditions. The results show that the type of substituent on the benzaldehyde has an effect on how well the reaction works. When we used benzaldehydes with substituents that pull electrons away like chloro, bromo and nitro groups we got the products faster in 2.4 to 3.2 hours and in amounts 81 to 88 percent. This means that the reaction to form the ring was easier. On the hand when we used benzaldehydes with substituents that give electrons, like methyl, methoxy and hydroxy groups it took a bit longer 2.8 to 3.5 hours and we got moderate amounts, 73 to 82 percent. This might be because the aldehyde group was not as reactive. We also found that benzaldehydes with substituents in the ortho position did not work well probably because the substituents got in the way. The melting points of the compounds we made were sharp and consistent which means we got products. Overall, this study shows that this method is good, for making different pyrimidine-2-thione derivatives and it works well.

Conclusion:
This method works with different types of benzaldehydes which are a type of chemical used to make the compounds. We get good to results in a relatively short time. We tested solvents, which are liquids used to help the reaction happen and found that a mixture of water and ethanol works best. This method is easy to do gives results and works with different types of substituents, which are chemical groups added to the compound. The compounds we make have melting points and consistent yields, which means they are well-defined and of high quality. Overall, our method is good for the environment and practical for making pyrimidine-2- derivatives. These compounds are important because they could be used to make medicines. They could serve as a starting point for studies on their biological activity and how their structure affects their function. The 3,4-dihydro-6-(2-hydroxy-5-(hydroxymethyl) phenyl)-4-phenylpyrimidine-2(1H)-thione derivatives are compounds. The pyrimidine-2-thione derivatives have uses, in pharmacological studies.
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