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					ABSTRACT  

					ARTICLE INFO  

					Catalysts have found application in the production of a wide variety of useful chemicals. The ring-  

					opening of epichlorohydrin by fatty acids using various catalysts are among the major routes for  

					the derivation of multifunctional organic chemicals. Existing methods are marred by complexities.  

					In this present study, we demonstrated the use of potassium carbonate suspension in methanol as  

					a cheaper alternative for catalyzing this important reaction using stearic acid and epichlorohydrin  

					as precursors. The synthesized product was characterized using FTIR, NMR, and computational  

					methods, confirming the presence of key functional groups, including a C=O ester stretch, a  

					pronounced C–Cl stretch and a strong C–O stretch. NMR results also supported these findings,  

					with ¹³C NMR signals at δ 171.55 (C=O), 63.73 (CCH₂O), and 48.29 (CH₂Cl). The molecular  

					weight (MW) of 376.27, total polar surface area (TPSA) of 46.53, Log P of 7.33, and Log S of -  

					8.52 suggest amphiphilic properties, indicating potential surfactant applications. Computational  

					studies revealed a flexible molecular structure (nRot = 20) and a single stereocenter (nStereo = 1),  

					further supporting its suitability for surfactant-related applications. Additionally, toxicity  

					predictions suggested a low environmental risk profile, making the compound a promising  

					candidate for industrial applications. These findings highlight the potential of K₂CO₃/MeOH as an  

					efficient catalyst for epoxide ring-opening reactions while providing insights into the  

					physicochemical behavior of the synthesized compound.  
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					For this reason, the current need for environmentally benign materials  

					has caused an increased attention towards this class of compounds for a  

					Introduction  

					Fatty acids (FAs) are important precursors for the derivation  

					of renewable hydrophobes for the synthesis of a wide range of  

					surfactants for various applications.¹ Stearic (C18), palmitic (C16) and  

					oleic (C18) acids are among the most common FAs derived from natural  

					sources. However, the long chains of these FAs impose some  

					limitations on their optimal performance.² The transformation of these  

					fatty acids could result in side reactions such as esterification,  

					etherification, hydrolysis, and hydration, amongst others, which may  

					result in undesirable products.³ Therefore, reactions must be highly  

					controlled with different catalysts and reaction conditions in order to  

					achieve the required selectivity and obtain products or intermediates of  

					interest. Fatty acid esters with multiple ester, ether, and/or hydroxyl  

					groups in the head or spacers of surfactants impart some degree of  

					biodegradability and low toxicity.4-7  

					wide range of applications in the surfactant industry. Yu and co-workers  

					reported the synthesis of heterogemini surfactants based on the ring-  

					opening of epichlorohydrin by fatty acids as intermediate.⁸ The reported  

					synthesis involves the use of tetrabutylammonium bromide (TBAB) as  

					a phase transfer catalyst in ethanol as solvent. However, in the presence  

					of alcohols as solvent, the relatively expensive TBAB catalyst may not  

					be selective enough because alcohols could react with the epoxides.⁹  

					Furthermore, other catalysts that could make good candidates are either  

					derived from compounds with potentially toxic moieties, such as  

					chromium ethanoate,10 FeCl3/pyridine,11 or require complicated  

					preparation methods (e.g. hydrated FeCl3 supported on SiO2)12 or are  

					expensive (ceric triflate).13 The present study aimed to develop a  

					chemo-selective and environmentally benign method for synthesizing  

					3-chloro-2-hydroxypropyl stearate using a readily available catalyst.  

					Here, as illustrated in Figure 1, we report the use of a readily available  

					catalyst (K2CO3/methanol) in dimethyl sulfoxide (DMSO) as solvent  

					for the chemo-selective synthesis of 3-chloro-2-hydroxypropyl stearate  

					based on a combination of literature methods.14-21 The method reported  

					by Yea et al.21 is similar to ours, but there are key differences. We  

					conducted the reaction at 95 °C, whereas they used 120 °C.  

					Additionally, our reflux time was 20 hours compared to their 9 hours  

					for the synthesis of the sodium 1-chloro-3-(dodecanoyloxy) propane-2-  

					olate intermediate, which was catalyzed using Na2CO3. In the present  

					work, the optimum amounts of reactants were determined to be 1:2 for  

					stearic acid and epichlorohydrin, respectively.  
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					Figure 1: Synthesis of 3-chloro-2-hydroxypropyl stearate;  

					reaction conditions (a): K2CO3/MeOH (catalyst) and DMSO  

					(solvent) at 95 °C  

					Materials and Methods  

					Materials  

					Stearic acid (98 % pure) and n-hexane (analytical grade, (AR)) were  

					purchased from Macklin Biochemical Co. Ltd. (Shanghai, China).  

					Dimethyl sulfoxide (DMSO, 99.5% pure) was purchased from Xilong  

					Scientific (China). Potassium carbonate (AR, 99.0 % pure) was  

					purchased from Sinopharm Chemical Reagent Co. Ltd. (China).  

					Anhydrous magnesium sulfate (AR, 99.0 % pure) was purchased from  

					Tianjin Guangfu Fine Chemical Research Institute (Tianjin, China).  

					Epichlorohydrin (99.5 % pure) was purchased from Chengdu Borite  

					Chemical Technology Co. Ltd (Chengdu, China). Methanol (AR, 99.5  

					% pure) and ethyl acetate (AR, 99.5 % pure) were purchased from  

					Beijing Chemical Works (Beijing, China). All reagents were used as  

					received without further purification. A suspension of potassium  

					carbonate in methanol (K2CO3-MeOH) was prepared and used as a  

					catalyst in this study. The K2CO3-MeOH suspension was prepared by  

					stirring a mixture of the salt (1 g of K2CO3) in the solvent (20 ml MeOH)  

					at 55 °C for 15 min (16,22). The catalyst was freshly prepared each  

					time for the reaction. All aqueous solutions were prepared with  

					deionized water.  

					Figure 2: FTIR spectra of stearic acid (a) and synthesized 3-  

					chloro-2-hydroxypropyl stearate (b)  

					Synthesis of 3-chloro-2-hydroxypropyl stearate  

					Exactly 20 mL of K2CO3-MeOH suspension was added to a mixture of  

					stearic acid (7.12 g, 25 mmol) and epichlorohydrin (2-  

					(chloromethyl)oxirane) (4.66 g, 50 mmol) in 50 mL dimethyl sulfoxide  

					(DMSO). The mixture was stirred for 20 h at 95 °C under reflux. After  

					20 h, the reaction was stopped and allowed to cool to room temperature  

					(25°C). The reaction mixture was transferred to a separatory funnel and  

					then extracted thrice with ethyl acetate/n-hexane (3:7 v/v) mixture and  

					washed with deionized water twice. The organic phase was dried over  

					anhydrous magnesium sulphate MgSO4) and evaporated under reduced  

					pressure to obtain 3-chloro-2-hydroxypropyl stearate (white solid, m.p.  

					46-47 °C, 6.80 g, 72 % yield).14-21  

					(a)  

					Characterization  

					Melting points were uncorrected. Infra-red spectra were recorded using  

					1

					Thermo Scientific Nicolet iS5 spectrometer while the H NMR (400  

					MHz) and 13C NMR (100 MHz) spectra were recorded on a Bruker 400  

					spectrophotometer in CDCl3 with tetramethylsilane as the reference.  

					Both the experimentally and computationally generated elemental  

					analysis and spectroscopic data (Figures 2 to 4) were in agreement with  

					results from other techniques, and reported literature.8  

					Physicochemical properties and toxicity evaluation  

					The pre-requisite parameters of physicochemical properties like the  

					Molecular weight, Volume, Density, number of proton acceptors,  

					number of rotatable bonds, stereocentres, and toxicity prediction of 3-  

					chloro-2-hydroxypropyl stearate were determined online using  

					ADMETlab 2.0 (scbdd.com) (Computational Biology & Drug Design  

					Group, Central South University, China) and chemical structures and  

					SMILES notations for the molecules were obtained using ChemAxon  

					MarvinSketch 23.11 software (ChemAxon, Hungary).23 These SMILES  

					were then uploaded to the online software to calculate various  

					molecular properties like logP, logS, topological surface area (TPSA),  

					number of hydrogen bond donors and acceptors, toxicity etc and to  

					predict the microspecies of the compound, ChemAxon (ChemAxon,  

					Hungary) playground predictor’s Calculators Playground (cxn.io) was  

					used.  

					(b)  

					Figure 3: (a) Experimental and (b) Computational 13C NMR  

					spectrum of 3-chloro-2-hydroxypropyl stearate  
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					Table 1: The calculated physicochemical parameters of 3-  

					chloro-2-hydroxypropyl stearate  

					Physicochemical parameters  

					Molecular weight  

					Volume  

					Values  

					376.27 g/mol  

					410.717 cm3  

					Density  

					0.916 g/cm3  

					3

					＃Proton Acceptors  

					＃Proton Donors  

					＃Rotatable bonds  

					＃ Rings  

					1

					20  

					0

					4

					＃Hetero atoms  

					＃Rigid bonds  

					1

					(a)  

					20  

					＃Flexible bonds  

					＃Stereocenters  

					Topolological Polar Surface Area  

					Molar Refractivity  

					1

					46.53  

					110.3  

					(b)  

					Figure 4: Experimental (a) and computational (b) 1H NMR  

					spectrum of 3-chloro-2-hydroxypropyl stearate  

					Results and Discussion  

					Characterization studies  

					The FTIR spectra revealed the presence of C=O stretch from esters at  

					1741.37 cm-1; pronounced C-Cl stretch at 759.36 cm-1; and strong C-O  

					stretch for secondary alcohols is observed at around 1175.51 cm-1.  

					Compared to the starting material (stearic acid), the carboxylic O-H  

					stretch observed around 2500 cm-1 is not pronounced in the spectra of  

					the synthesized product (Figures 2a and 2b).  

					The structure was further confirmed by NMR analyses. Briefly, 13C  

					NMR (101 MHz, CDCl3) δ 171.55 (C=O), 63.73 (CCH2O), 48.29  

					(CH2Cl), 30.96 (CH2C=O), 22.89(CH3(CH2)16), 13.16(CH3) (Figure 3).  

					Also, 1H NMR (400 MHz, CDCl3) δ 5.01(COH), 4.33(COOCH2),  

					3.79(H2CCl), 3.41(HCOH), 2.98(H2CC=O), 2.06(CH3CH2(CH2)14),  

					1.64 (CH3CH2(CH2)14), 0.81(CH3) (Figure 4). The spectroscopic data  

					were in agreement with results from other techniques and with the  

					literature. 8  

					Figure 5: Ellipse representation of the Physicochemical  

					Properties of 3-chloro-2-hydroxypropyl stearate  

					Furthermore, the compound's flexibility (nRot = 20) and single stereo  

					center (nStereo = 1) may contribute to its ability to adopt different  

					conformations, which is advantageous for surfactant molecules that  

					need to accommodate various environments and interfaces. The  

					absence of rings (nRing = 0) and heteroatoms (nHet = 4) suggests a  

					relatively linear and hydrophobic structure, which can be favorable for  

					surfactant behavior at interfaces or those of their precursors.29,30  

					The compound's Log S of -8.52 and Log P of 7.33 indicate its  

					hydrophobic nature and potential for surfactant application (see Figures  

					6 and 7). The Log S value suggests a high aqueous solubility, while the  

					Log P value indicates a high partition coefficient in the octanol-water  

					system, signifying its hydrophobicity.31,32 These properties are crucial  

					for surfactant applications as they can influence the compound's  

					behavior at interfaces and its solubilization in aqueous solutions.31,33  

					Surfactants, particularly nonionic ones, can enhance the solubility and  

					stability of hydrophobic compounds in aqueous environments.32 The  

					Physicochemical properties  

					The compound's molecular weight (MW) of 376.27, volume of  

					410.717, density of 0.916, total polar surface area (TPSA) of 46.53, and  

					other physicochemical properties (Table 1 and Figure 5) suggest its  

					potential application as a surfactant or suitable precursors. The high  

					MW and volume indicate a relatively large molecular size, which can  

					influence its behavior at interfaces and in solution.24 Additionally, the  

					low density and high TPSA suggest a potential amphiphilic nature,  

					which is desirable for surfactant molecules or suitable precursors.25,26  

					The presence of functional groups with polar characteristics, as  

					indicated by the TPSA value, can contribute to the compound's  

					surfactant properties by facilitating interactions with both hydrophilic  

					and hydrophobic components.27,28  
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					compound's hydrophobic nature, as indicated by its Log P value, makes  

					it a potential candidate for solubilization by nonionic surfactants.32 The  

					use of nonionic surfactants can aid in the solubilization of hydrophobic  

					compounds, such as polycyclic aromatic compounds, by forming  

					micelles and enhancing their aqueous solubility.32 Furthermore, the  

					high aqueous solubility indicated by the Log S value suggests that the  

					compound may readily dissolve in aqueous environments, which is  

					advantageous for surfactant applications that aim to improve the  

					compound's dispersibility and bioavailability.31 In summary, the  

					compound's Log S and Log P values indicate its hydrophobic nature and  

					high aqueous solubility, making it a potential candidate for surfactant  

					applications. Nonionic surfactants, in particular, may play a crucial role  

					in enhancing the compound's solubility and stability in aqueous  

					environments.  

					uncharged species at a specific pH indicates the compound's potential  

					to interact with both polar and nonpolar environments.36,37 The  

					distribution of the mono-deprotonated microspecies and the uncharged  

					species at a specific pH reflects the compound's ability to self-assemble  

					into micelles, a fundamental characteristic of surfactants.38,39 The  

					equilibrium between the charged and uncharged species at a particular  

					pH can influence the compound's interfacial and adsorption properties,  

					which are crucial for applications such as emulsification and  

					dispersion.40,41 Additionally, the predicted compound's distribution  

					behavior at different pH values can impact its solubilization capacity  

					and its ability to reduce surface tension.42,43  

					Furthermore, the presence of charged and uncharged species can  

					influence the compound's interactions with other components in  

					complex systems, such as nanocrystals, membranes, and aqueous  

					solutions, which are relevant to various industrial and environmental  

					applications.44-46  

					Figure 6: The solubility plot of 3-chloro-2-hydroxypropyl  

					stearate against pH  

					Figure 8: The Microspecies Distribution of 3-chloro-2-  

					hydroxypropyl stearate  

					Figure 7: The lipophilicity plot of 3-chloro-2-hydroxypropyl  

					stearate against pH  

					Figure 9: The monodeprotonated (a) and uncharged (b)  

					microspecies of 3-chloro-2-hydroxypropyl stearate  

					Microspecies distribution  

					In the provided data from ChemAxon Predictor software (ChemAxon,  

					Hungary), Figures 8 and 9 reveal that 3-chloro-2-hydroxypropyl  

					stearate exhibits a dynamic microspecies distribution, indicating its  

					ability to lose protons at pH environments with strong acidic pKa at  

					13.57 (Figure 8).  

					The compound's predicted mono-deprotonated microspecies at pH  

					13.57 with a 50.9% distribution and the uncharged species with a 49.1%  

					distribution at the same pH (Figure 9) have significant implications for  

					its surfactant properties. The presence of a mono-deprotonated  

					microspecies suggests the compound's amphiphilic nature, which is  

					essential for surfactant functionality.34,35 Surfactants typically consist of  

					hydrophilic and hydrophobic moieties, and the presence of charged and  

					Table 2: The predicted toxicity and excretion of 3-chloro-2-  

					hydroxypropyl stearate  

					Value  

					Toxicity parameters  

					s

					Human Ether-à-go-go-Related Gene (hERG)  

					human hepatotoxicity (H-HT)  

					Drud-Induced Liver Injury (DILI)  

					Ames  

					0.272  

					0.079  

					0.077  

					0.039  
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					more active surfactants. Given its structural properties and low toxicity,  

					this compound holds potential for biodegradable surfactant  

					development. The successful synthetic method reported opens  

					opportunities for a more sustainable route for the synthesis of Gemini  

					surfactants via the ring-opening of epichlorohydrin by fatty acids.  

					Rat Oral Acute (ROA)  

					0.045  

					0.035  

					FDA Maximum Recommended Daily Dose (FDAMDD)  

					Skin Sensitivity  

					0.953  

					Carcinogenicity  

					0.116  

					0.077  

					0.274  

					0.924  

					1.743  

					5.644  

					4.561  
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					Bioconcentration Factor (BCF)  

					Inhibitory Concentration for Growth (IGC50)  

					Lethal Concentration for 50% of Organisms (LC50)  
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					Lethal Concentration for 50% of Dolphina Magna  

					(LC50DM)  

					5.473  

					Clearance (CL)  

					6.782  

					0.392  
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