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1. Abbreviations and symbols
Ala – Alanine
Bn – Benzyl group
Bz – Benzoyl group
CO – Carbonyl group
DMF – N,N-dimethylformamide
DMSO – Dimethyl sulfoxide
Et2O – Diethyl ether
Et3N – Triethylamine
Gly – Glycine
iPrOH – Isopropanol
MeOH – Methanol
Nle – Norleucine
Ph – Phenyl group
Phe – Phenylalanine
PMDTA – N,N,N’,N”,N”-pentamethyldiethylenetetramine
p-TsOH – Tosylic acid
THF – Tetrahydrofuran
Val – Valine
MCPA – Anion formed from 2-methyl-4-chlorophenoxyacetic acid
MCPP – Anion formed from 2-(2-methyl-4-chlorophenoxy)propionic acid
	

2. Synthesis of choline-type esterquats
2.1. Synthesis via Fischer esterification of aminoalcohols
One of the possible methods of synthesizing choline-type esterquats relies on the utilization of aminoalcohols, such as dimethylethanolamine (deanol), which is widely known as a direct precursor of naturally occurring choline (2-hydroxyethyltrimethylammonium) cations. The route toward esterquats starting from aminoalcohols is a classic, acid-catalyzed Fischer esterification, accompanied by vacuum-supported water removal, followed by direct alkylation.1–10
In 1998, Chung and Park prepared esterquats through the esterification of triethanolamine 1 with palmitic acid (Figure S1 and Table S1, No. 1-4). In this method, the reagents were mixed with the addition of a catalytic amount of concentrated sulfuric acid. Then, the products E1, E2 and E3 (R1 = C15H31) were dissolved in isopropanol and mixed with dimethyl sulfate (added dropwise). After the reaction, the products C1, C2 and C3 were purified by HPLC with a mixture of n-propanol and water (1:1 v/v) as the eluent.1 A few years later, Steiger and Friedli in 2002 successfully combined triethanolamine 1 with hydrogenated tallow fatty acids under a nitrogen atmosphere (Figure S1, Table S1, No. 5-8). It should be noted that in this approach, no catalyst was used, and the reaction occurred due to the high temperature, which facilitated the removal of the formed byproduct (water). Then, the products E3 (R1 = C15H31, C17H35) were quaternized by the slow addition of dimethyl sulfate in isopropanol to obtain the desired esterquats C3.2 Gunjan and Tyagi in 2014 elaborated on a method that required the addition of triethanolamine 1 to melted fatty acids (Figure S1 and Table S1, No. 9-12), showing a similarity to the method described by Steiger et al. However, Gunjan and Tyagi performed esterification in a vacuum, which in combination with the elevated temperature of the process resulted in more efficient removal of formed water. Analogous to previous protocols, the obtained esters E2 (R1 = C15H31, C17H33, C17H31) were quaternized using dimethyl sulfate to obtain appropriate esterquats C2.3
Interestingly, in 2015, Narayanan and Umapathy developed methods reported by Steiger et al. and Gunjan et al. and proposed mixing triethanolamine 1 along with respective acids (dodecannoic, tetradecanoic and hexadecanoic) and tosylic acid in a toluenic medium (Figure S1 and Table S1, No. 13-16). After the reaction, the solvent was removed through vacuum distillation, and the products E3 (R1 = C11H23, C13H27, C15H31) were mixed with 1-bromooctane. The products C4 were then isolated through vacuum distillation.4
The research was still being continued, and in 2016, Umapathy et al. proposed to conduct an esterification of triethanolamine 1 with fatty acids in the presence of tosylic acid as a catalyst (Figure S1 and Table S1, No. 17-20). The reaction was carried out in a Dean-Stark apparatus, with toluene as a solvent. Then, the solvent was evaporated to obtain ester E3 (R1 = C11H23, C13H27, C15H31). Alkylation was then carried out with epichlorohydrin to obtain esterquats C5.5


Figure S1. Synthesis of choline-type esterquats by esterification of triethanolamine and subsequent quaternization of the obtained semiproducts (more details are available in Table S1, No. 1-20).
[bookmark: _SAM_I_005]In 2000, Tatsumi et al. proposed a similar method to that of Chung et al., which was based on mixing deanol and its butyl or hexyl homologues (2, n = 1, 3 or 5) with octanoic, decanoic, dodecanoic, tetradecanoic and hexadecanoic acids in xylene with catalytic amounts of tosylic acid (Figure S2 and Table S1, No. 21-28). The main difference between the mentioned methodologies is in the selection of catalyst (Chung et al. used concentrated sulfuric acid). In the method described by Tatsumi et al., the solvent and excess dimethylaminoalcohol were evaporated after the reaction, and then the products E4 (R1 = C7H15, C9H19, C11H23, C13H27, C15H31) were purified by fractional distillation. Subsequently, E4 was mixed with hydrogen chloride and epichlorohydrin in isopropanol. The solvent was then evaporated, and the crude products C6 (R2 = CH-OH), X = Cl) were purified chromatographically with a mixture of chloroform and methanol (9:1 v/v). Tatsumi et al. also performed quaternization with chloromethane instead of epichlorohydrin, resulting from incorporation of its fumes into isopropanolic solution of product E4. Then, the solvent and remaining chloromethane were evaporated, and the crude product C7 was recrystallized from a mixture of acetone and isopropanol (19:1 v/v).6 Tatsumi et al. continued their research, and the next year, they proposed quaternization of E4 with 1,4-dichlorobutane, 1,4-dichloro-2-butene (both cis and trans isomers), and 1,4-dichloro-2-butyne (Figure S2 and Table S1, No. 29-39). The reagents were mixed in isopropanol, and after the reaction, the solvent was evaporated. The obtained products C6 (R2 = C2H4, trans-CH=CH, cis-CH=CH, C≡C, X = Cl) were then washed with hexane and recrystallized from a mixture of acetone and isopropanol (9:1 v/v).7
In 2011, Xu et al. proposed the synthesis of nonsymmetric gemini surfactants via esterification of deanol 2 (n = 1) with octanoic, decanoic, dodecanoic, tetradecanoic and hexadecanoic acids in the presence of tosylic acid as a catalyst (Figure S2 and Table S1, No. 40-46). The products E4 (R1 = C7H15, C9H19, C11H23, C13H27, C15H31) in this new method proposed by Xu et al. were then washed with diethyl ether, and the residual reagents were evaporated. The next step was to add E4 (R1 = C11H23) into a methanolic solution of epichlorohydrin and hydrogen chloride. After the reaction, the solvent and unreacted epichlorohydrin were evaporated, and then the crude product C8 was washed with a cool mixture of hexane and ethyl acetate and recrystallized multiple times from a mixture of acetone and methanol. Then, the reaction between the products of both reactions (E4 and C8) in isopropanol was performed. Finally, the postreaction mixture was cooled, and the precipitate was filtered off and thoroughly washed to obtain esterquats C6’ (R1 = C11H23, R2 = CH-OH, R3 = C7H15, C9H19, C11H23, C13H27, C15H31).8



Figure S2. Synthesis of choline esters via esterification of deanol followed by quaternization (more details are available in Table S1, No. 21-46).

An interesting alternative for quaternization with the use of classic alkylating agents is the idea of carrying out the reaction with the use of oxirane.9 This method, proposed by Han et al. in 2015, was performed starting from melted diethanolmethylamine 3 and appropriate fatty acids in the presence of catalytic amounts of phosphorous acid (Figure S3 and Table S1, No. 47-51). The obtained ester E5 (R1 = C7H15, C9H19, C11H23) was converted into hydrochloride E6 in isopropanol, and then oxirane was added, which led to insertion of a hydroxyethyl group (C9).9


Figure S3. Synthesis of choline-type esterquats via quaternization with oxirane (more details are available in Table S1, No. 47-51).
Interestingly, ester E5 was also used in the synthesis of diethyloxyester dimethylammonium chloride C10 (Figure S4, industrial abbreviation DEEDMAC, Table S1, No. 52), which is one of the most commonly used surfactants from the esterquats family.11 Unfortunately, this synthesis, despite being very important from an industrial point of view, has not been described in any scientific article thus far.


Figure S4. Industrial synthesis of choline-type esterquats via methylation of E5 (more details are available in Table S1, No. 52).
In 2016, Gao et al. suggested a different idea for the synthesis of choline-type esterquats. In this approach, acetonic solutions of the respective diacids (succinic or adipic; Figure S5 and Table S1, No. 53-62), ethylene chlorohydrin 4 and concentrated sulfuric acid were mixed together. After the reaction, the postreaction mixture was neutralized with sodium hydrogen carbonate solution, and the solvent was evaporated. The products E7 (R1 = C2H4, C4H8) were then washed with brine, dissolved in dichloromethane and dried. The next step was based on the dissolution of E7 and the respective dimethylalkylamines in ethyl acetate to initiate quaternization. Afterward, the solvent was evaporated, and the crude products C11 (R2 = C10H21, C12H25, C14H29, C16H33) were washed with petroleum ether or diethyl ether and then recrystallized from ethyl acetate and dried.10



Figure S5. Synthesis of choline-type esterquats from ethylene chlorohydrin (more details are available in Table S1, No. 53-62).
The possibility of creating choline esters without the quaternization step is also present. Fahri et al. in 2020 described the method based on esterification of choline chloride (5) suspended in methanesulfonic acid, with excess hexanoic or octanoic acid (Figure S6, Table S1, No. 63-64). The reaction was performed under reduced pressure to remove by-forming water. Subsequently, the reaction mixture containing crude product C7 was cooled under normal pressure, washed with diethyl ether and dichloromethane, and then dissolved in water to perform further anion exchange reactions.12
[image: ]
Figure S6. Synthesis of choline-type esterquats from choline hydrochloride (more details are available in Table S1, No. 63-64).
2.2. Synthesis via acylation and subsequent quaternization of aminoalcohols
Another method of synthesis of choline-based esterquats is acylation with the use of acid halides, originating mainly from fatty acids. The acylation is then followed by quaternization of the obtained esters with respective haloalkanes, such as bromomethane, iodomethane or halogenated derivatives of other compounds.13–21
[bookmark: _SAM_I_004]In 1976, Bregadze et al. reported a procedure demonstrating the acylation of deanol 2 (n = 1, Y = H) dissolved in absolute ether with the addition of trimethylamine. The reaction was realized by the slow addition of an absolute etheric solution of the respective phenyl-ortho- or meta-carboranecarbonyl chloride to a solution of 2 (Figure S7 and Table S1, No. 65-67). After the reaction, the precipitated byproduct was filtered off, and then the remaining filtrate was washed with water and dried over anhydrous magnesium sulfate, and the solvent was evaporated. Next, the obtained crude product E4 (R1 = C6H5-o-CB10H10C-, m-HB10H10C-) was dissolved in hexane and frozen out of solution to separate impurities. The purified product E4 was subjected to reaction with a slight stoichiometric excess of iodomethane, which served as a quaternizing agent. Afterward, product C12 was filtered off, washed with hexane and then with diethyl ether, and finally dried over phosphorus pentoxide.15
In 2007, Tehrani-Bagha et al. proposed a different method based on the dropwise addition of deanol 2 (n = 1, Y = H) into dodecanoyl chloride, both dissolved in dichloromethane (Figure S7 and Table S1, No. 68-670). However, this method required removal of the byproduct of the side reaction between deanol and the solvent, which was washed away with the use of sodium hydrogen carbonate solution. The obtained aminoester E4 (R1 = C11H23) was then quaternized with bubbling of gaseous bromomethane or with an acetonic solution of 1,3-dibromopropane. The final products C13 and C6 (X = Br) were then purified by recrystallization from isopropanol or from a mixture of ethanol and diethyl ether.13
Węgrzyńska et al. in 2007 reported a method of acylation of deanol as well as its propyl and isopropyl homologues 2 (n = 1, 2, Y = H or CH3) with respective acid (decanoyl, lauroyl and myristoyl) chlorides in a mixture of diethyl ether and chloroform (Figure S7 and Table S1, No. 71-80). The obtained products E4 (R1 = C9H19, C11H23, C13H27) in the form of hydrochloride salts were then separated and purified via recrystallization from a mixture of chloroform and hexane. The next step involved neutralization of the hydrochloride moiety with a 10% solution of sodium hydrogen carbonate, followed by extraction with diethyl ether. The organic layer was then dried over anhydrous magnesium sulfate and evaporated. Subsequently, E4 was quaternized with symmetrical dichlorodihydroxyalkylamine in isopropanol and then evaporated from the postreaction mixture. Similar to Tehrani-Bagha’s method, the crude product C14 (R2 = C5H11, C6H13, C8H17) was washed with diethyl ether or hexane and recrystallized from a mixture of acetone and isopropanol.16
In 2011, Pernak et al. used a method similar to that of Tehrani-Bagha et al., namely, a chloroformic solution of deanol 2 (n = 1, Y = H) was mixed with the previously obtained acyl chloride of a popular herbicide (namely, 4-chloro-2-methylphenoxyacetic acid, MCPA) (Figure S7 and Table S1, No. 81-83). The reaction was carried out in an ice bath, and the byproduct (hydrogen chloride) was quenched with the addition of trimethylamine (TEA). Free aminoester E4 (R1 = (4-Cl-2-CH3)-C6H3-OCH2)- was then mixed with hexane and quaternized with iodomethane to obtain esterquat C12, which was then precipitated from the postreaction mixture with ethyl acetate, isolated and dried.17 Interestingly, Syguda et al. in 2018 used the procedure combined with protocols elaborated by Tehrani-Bagha et al. and Pernak et al. to obtain a group of functionalized esterquats. Their synthesis is discussed further in the section titled “Introduction of biological activity”.
In 2016, Migahed et al. reported a procedure based on the acylation of the sodium-activated form of the deanol homologue 3-dimethylaminopropanol 2 (n = 2, Y = H). As shown in Figure S7 (and Table S1, No. 84-93), this unique procedure was based on mixing 3-dimethylaminopropanol with sodium under a nitrogen atmosphere, followed by dropwise addition of the respective acyl chloride (decanoyl or dodecanoyl). The reaction was carried out in acetone, which allowed for facile removal of precipitated products E4 (R1 = C9H19, C11H23) that were subsequently purified by recrystallization from diethyl ether. Then, the obtained esters were quaternized through a linker obtained by merging the respective primary amine (butyl-, pentyl-, hexyl- or octylamine) with epichlorohydrin. The reactions were carried out in acetone, which was further removed by evaporation. The products C14 (R2 = C4H9, C5H11, C6H13, C8H17) were then purified by recrystallization from acetone, followed by washing with diethyl ether and vacuum drying.18
In 2016, Para et al. proposed a method (Figure S7 and Table S1, No. 94-96) starting from the addition of a chloroformic solution of dodecanoyl chloride into an etheric solution of deanol or N,N-dimethyl-1-methylethanol 2 (n = 1 or 2, Y = H or CH3). After the reaction, the precipitate was separated and washed with diethyl ether. Dried crude hydrochloride of product E4 (R1 = C11H23) was then purified by recrystallization from a mixture of hexane and chloroform (3:2 v/v). Subsequent addition of 5% sodium hydrogen carbonate solution (alkalization), followed by extraction with diethyl ether, enabled them to obtain free amine. Then, the solvent was evaporated, and bromomethane was added. Finally, the obtained precipitate C13 (R2 = CH3) was washed with diethyl ether and recrystallized from acetonitrile.14
The other method reported by Liu et al. in 2020 starts by mixing a dichloromethanoic solution of previously obtained palmitoyl chloride or myristoyl chloride with a mixture of deanol (2, n = 1, Y = H) and triethylamine (Figure S7 and Table S1, No. 97-99). Then, product E4 (R1 = C13H27, C15H31) was filtered off, washed and purified via vacuum distillation. E4 was then subjected to reaction with dibromobutane in isopropanol. Next, the solvent was evaporated, and the product C6 (R2 = C2H4, X = Br) was recrystallized from a mixture of ethyl acetate and isopropanol (1:1 v/v) and then dried under reduced pressure.21



Figure S7. Synthesis of choline esters via acylation and subsequent quaternization of deanol (more details are available in Table S1, No. 65-99).

2.3. Synthesis using other derivatives of carboxylic acids
[bookmark: _heading=h.gjdgxs]A literature survey indicates that there are also miscellaneous ways of synthesizing choline-based esterquats, which rely on the use of other carboxylic acid derivatives, such as acid anhydrides, esters, and salts, as well as enzymes.22–31
As presented in Figure S8 (and Table S1, No. 100-103), Tammelin in 1956 described a method of esterification of deanol 2 (n = 1) with the respective acid (acetic, propionic or butyric) anhydride. The reaction was performed without the solvent in a water bath and was followed by reduced-pressure distillation. Next, the obtained products E4 (R1 = CH3, C2H5, C3H7) were dissolved in diethyl ether, and iodomethane was added to initiate quaternization. The obtained precipitates of C12 were filtered off and then dried.24
Several methods, described in 1983 by Topuzyan et al., involve esterification of deanol 2 (n = 1) with imidazole amides, mixed acid anhydrides and activated esters followed by direct O-alkylation of salts (Figure S8, Table S1, No. 104-107). In the first method, the precursor was synthesized via dropwise addition of deanol 2 into a tetrahydrofuranoic solution obtained previously from N-benzyloxycarbonylglycine imidazolide (imidazole amide). Then, the solvent was distilled off, and the crude product E4 (R1 = C6H5CH2OC(=O)NHCH2-) was dissolved in ethyl acetate, washed with a solution containing 5% sodium hydrogen carbonate and a saturated solution of sodium chloride, and finally dried. The second method starts with the addition of deanol 2 into a tetrahydrofuranoic solution of N-benzyloxycarbonylglycine – dichlorophosphoric anhydride. The solvent was distilled off after the reaction, and a saturated solution of potassium hydroxide was added. The next step involved extraction of the product with ethyl acetate. Then, the organic layer was washed with a saturated solution of sodium chloride and dried to obtain ester E4. The third method is based on the addition of deanol 2 into a chloroformic solution of N-benzyloxycarbonylglycine 4-nitrophenyl ester. The postreaction mixture was diluted with another portion of chloroform, washed with 5% calcium carbonate and with water, and finally dried. Independent of the selection of the method of esterification, Topuzyan et al. performed the subsequent quaternization reaction with iodomethane. For that purpose, previously obtained ester E4 was dissolved in dry ethanol, and then iodomethane was added. The precipitated product C12 was isolated, washed with diethyl ether and then dried.25
Hellberg in 2002 proposed a process based on the esterification of deanol 2 (n = 1) with triethyl orthoformate in the presence of citric acid as a catalyst and under slight vacuum (Figure S8 and Table S1, No. 108-109). Additionally, it was possible to add more citric acid along with the respective alcohol (2-ethylhexanol, octanol, decanol, dodecanol, tetradecanol, or hexadecanol) to force exchange of the remaining ethyl groups into other alkyl groups. The obtained ortho-esteramine E8 (R1 = C5H11(C2H5)CH2, C8H17, C10H21, C12H25, C14H29, C16H33, m = 0, 1, 2, 3, o = 0, 1, 2, 3, p = 0, 1, 2, 3) was mixed with isopropanol and sodium hydrogen carbonate, and after purging the mixture with nitrogen, chloromethane was added stepwise to obtain ortho-esterquat C16, which was subsequently isolated.26
[image: ]
Figure S8. Synthesis of choline esters using various carboxylic acid derivatives (more details are available in Table S1, No. 100-138).
Banno et al. in 2007 described a method regarding the utilization of aromatic carbonate esters (Figure S8 and Table S1, No. 110-119). The method was later adapted by Gilbert et al.29 Authors added dimethylaminopropanol 2 (n = 2) or dimethylaminoisopropanol 2 (n = iso-2) to a mixture of trimethylamine and previously obtained solution containing carbonate esters of guaiacol and alcohols (decanol, dodecanol, tetradecanol and hexadecanol). After the reaction, the volatiles were evaporated, and the products E4 (R1 = OC9H19, OC11H23, OC13H27, OC15H31) were purified chromatographically with a mixture of chloroform and methanol (15:1 v/v). E4 was then quaternized with iodomethane dissolved in dry chloroform. The solvent and remaining iodomethane were evaporated, and the obtained precipitate of C12 was washed with ethyl acetate and then recrystallized from ethyl acetate.27
In 2014, Topuzyan et al. suggested the method of esterification of deanol or its propyl homologue 2 (n = 1 or 2) with previously obtained benzotriazole esters of amino acids (glycine, alanine, norleucine, phenylalanine and valine) substituted with benzoyl, 4-methoxybenzoyl or phthalimide (Figure S8 and Table S1, No. 1209-128). First, the reagents were mixed with acetonitrile, which was further evaporated. Crude products E4 (R1 = C6H5CONHCH2, C6H5CONHCH2(CH3), C6H5CONHCH2(C4H9), C6H5CONHCH2(CH2C6H5), (4-OCH3) C6H5CONHCH2(CH2C6H5), PhtNCH2, PhtNCH2[CH(CH3)2]) were dissolved in acetonitrile and washed with a 2% solution of potassium hydroxide and then with pure water. The solution was then dried over sodium sulfate, and the solvent was evaporated. The next step involved the addition of iodomethane to acetonic solutions of product E4. The obtained precipitate of C12 was then filtered off and recrystallized from ethanol.28
Gilbert et al. in 2021 described a method regarding the utilization of aromatic carbonate esters (Figure S8 and Table S1, No. 129-138). The method was adapted from Banno et al. and appropriately modified.27 The authors added deanol 2 (n = 1) to a mixture of trimethylamine and previously obtained solution containing carbonate esters of guaiacol and alcohols (octanol, decanol, dodecanol, tetradecanol and hexadecanol). After the reaction, the volatiles were evaporated, and the products E4 (R1 = OC8H17, OC10H21, OC12H25, OC14H29 or OC16H33) were quaternized with 1,4-dichloro-2-butyne dissolved in isopropanol. The solvent was evaporated, and the obtained precipitate of C15 was washed with ethyl acetate and then recrystallized.29
[bookmark: _heading=h.1fob9te][bookmark: _SAM_I_008]Topuzyan et al. in their work from 1983 performed alkylation with the use of an analogue of deanol - chloroethyldimethylamine 5 (Figure S9 and Table S1, No. 139-144). Initially, 6 was added to a suspension of ethyl acetate and potassium 2-((4-ethoxy-4-oxobut-2-en-2-yl)amino)acetate or its propionate and butyrate homologues. The sediment was then filtered off, and the filtrate was washed with a saturated solution of sodium chloride. The next step involved drying over sodium sulfate and solvent removal. The product E4 (R1 = C2H5OC(=O)CH=C(CH3)NCH2, C2H5OC(=O)CH=C(CH3)NC2H4, C2H5OC(=O)CH=C(CH3)NC3H6) was then dissolved in diethyl ether and quaternized with iodomethane. The obtained precipitate of C12 was filtered off, washed with diethyl ether and recrystallized from ethanol.25
[image: ]
Figure S9. Synthesis of choline esters via O-alkylation of carboxylate salt and subsequent quaternization (more details are available in Table S1, No. 139-144).
Using enzymes is an interesting approach for performing catalytic reactions, as demonstrated by Lozano et al. in 2003, who utilized immobilized Candida actarctica lipase B to enhance the transesterification leading to choline and carnitine esters (Figure S10 and Table S1, No. 145-146). First, vinyl butyrate solutions in 2-methyl-2-butanol or acetonitrile were added to carnitine 7 and choline 5, respectively, and then, after shaking, the immobilized enzyme was added. The products C7 and C17 (R1 = C3H7) were isolated by centrifugation followed by HPLC.22
As is presented in Figure S10 (and Table S1, No. 147), Mouterde et al. described in 2020 the ring-opening esterification of choline chloride 5 with Meldrum’s acid (2,2-dimethyl-1,3-dioxane-4,6-dione), which is in fact one of the steps in the more complex synthesis of alkaloid analogs called sinapine. The goal of Mouterde et al. was to obtain a monoester of malonic acid C18 via a simple synthesis pathway. Due to the relatively high reactivity of both carboxylic groups, the appropriate precursor of the acid had to be used. Mouterde et al. mixed choline chloride and Meldrum’s acid in acetonitrile, and after the reaction, the solvent and byproduct were evaporated to obtain monoester C18.23
[image: ]
Figure S10. Synthesis of choline esters choline-type esterquats by transesterification (more details are available in Table S1, No. 145-147).
In 2009, Banno et al. proposed the idea of synthesis of gemini esterquats by utilization of carbonate esters instead of alkanoic esters (Figure S11 and Table S1, No. 148-155) 30. The procedure was based on mixing diphenyl carbonate, potassium carbonate as a catalyst and 2-iodoethanol or 3-iodopropanol 8 (n = 1 or 2, Y = H) in acetone or THF, respectively. In the next step, the catalyst was filtered off, and the solvent was evaporated. The obtained crude product E9 was then purified via chromatographic methods with a mixture of hexane and chloroform (2:3 v/v) as the eluent. The products E9 were then dissolved in ethyl acetate with decyl-, dodecyl- or tetradecyldimethylamine. In the final step, the solvent was evaporated, and the products C19 (R1 = C10H21, C12H25, C14H29) were purified by dissolution in chloroform, followed by precipitation with ethyl acetate.30
Banno et al. continued this research direction and in 2010 they presented another method utilizing diphenyl carbonate to obtain gemini esterquats (Figure S11 and Table S1, No. 156-167), which was based on their earlier report from 2007.27 In this manner, diphenyl carbonate was mixed with respective unsubstituted alcohols (octanol, decanol and dodecanol) and subsequently with N,N-dimethylaminoalcohols (propanol or isopropanol) 2 (n = 1, 2, Y = H or CH3), creating asymmetric carbonate esters E10 (R1 = C8H17, C10H21, C12H25) in a one-pot manner. The reaction sequence was performed in the presence of trimethylamine as a catalyst, which was then removed by evaporation. The crude products E10 were purified chromatographically using a mixture of chloroform and methanol (15:1 v/v). The products E10 were then quaternized either with 1,3-diiodopropane, methyl iodide or E9 (m = 1, 2) in dry acetonitrile to obtain products C20 (R2 = CH2), C21 and C22, respectively. The solvent was then evaporated, and the crude products were recrystallized from ethyl acetate.31


Figure S11. Synthesis of choline esters by carbonate transesterification (more details are available in Table S1, No. 148-167).

[bookmark: _Hlk126936410]
2.4. Synthesis of choline-based esterquats from biologically active compounds
Contrarily, the approach based on the anion exchange reaction, presented in Figure S12, can be efficiently carried out in short-chain alcohols, ethanol or methanol, as well as in water.32 In the case of alcohols, being the most frequently used, fast dissolution of substrates causes a simultaneous precipitation of inorganic salts, such as sodium bromide or potassium chloride. After filtration of the byproduct, the solvent is evaporated, and the product C24 is dried. For products exhibiting greater hydrophobicity, water can also be used as the reaction medium with satisfactory results.20 The product C24 is then separated from inorganic salts and water by two-phase extraction with the use of chloroform or dichloromethane. Usually, in the case of traditional QACs, these reactions are fast and can be performed within minutes; however, there are some exceptions, such as synthesis of denatonium benzoate.32


Figure S12. Synthesis of choline esterquats via anion exchange.

In 2018, Syguda et al. used a procedure combined from protocols by Tehrani-Bagha et al. and Pernak et al. Deanol 2 (n = 1) after dissolution in chloroform was added dropwise into acid chloride of MCPA and dissolved in chloroform as well. The rest of the procedure leading to the synthesis of esterquat C12’ (R1 = (4-Cl-2-CH3)C6H3OCH2, R2 = C10H21) was analogous to that of Pernak et al. (Figure S13 and Table S1, No. 168-1708); however, in this case, the quaternizing agent was added after dissolution in the same solvent in which the reaction was carried out (acetone).19

In a report from 2020, a chloroformic solution of previously obtained dicamba (3,6-dichloro-2-methoxybenzoic acid) acyl chloride was mixed with deanol 2 (n = 1), which was dissolved in the same solvent (Figure S13 and Table S1, No. 171-174). When the reaction finished, the solvent was evaporated, and the residue was leached by hexane and cooled. The precipitated sediment was filtered off, washed with hexane and dried under vacuum. Then, the product was dissolved in chloroform, and a solution of triethylamine in chloroform was added to neutralize the formed hydrochloride. After the reaction and isolation of E4” (R1 = (3,6-Cl-2-OCH3), R2 = C10H21, C12H25, C14H29), the aminoester was dissolved in acetone and mixed with excess decyl, dodecyl or tetradecyl bromide. The crude products C12” were finally obtained by freeze crystallization and then purified by filtration, washed with hexane and acetone and dried.20


Figure S13. Synthesis of functionalized choline esterquats with biologically active acids (herbicides) in the cation (more details are available in Table S1, No. 168-174).
Esterquats with halogenate anions and biologically active cations (herbicides) such as C12’ and C12” can be adjusted even more to their application requirement by the exchange of inert anions with herbicidally active anions, as demonstrated in Figure S14.19,20


Figure S14. Synthesis of multifunctional choline esterquats via anion exchange.
The ability to build esterquats as the modifications of widely used drugs to enhance their pharmacological parameters has also been demonstrated recently. Incorporating amphiphilic drug moieties and specific spacer groups into gemini surfactants, often in an asymmetric way, can induce self-assembly of the molecules into bispherical structures. This property appears to ease the manner of entering the drug inside the cells, potentially giving better targeting and tissue penetration; therefore, the compound acts as a dual-functional moiety.33

[bookmark: _SAM_I_003]Tang et al. proposed quite a different method based on the quaternization of lidocaine or its hydrochloride with 2-bromoethanol or 3-bromopropanol (8, n = 1 or 2) and subsequent acylation with various agents (Figure S15 and Table S1, No. 175-184). The reagents were heated for several hours and then mixed with ethyl acetate. The precipitated QASs Q1 were filtered off, washed again with ethyl acetate, and dried under vacuum. Then, Q1 was mixed with 1,2-dichloroethane and triphosgene as an acylating agent, and pyridine dissolved in 1,2-dichloroethane was added dropwise. The next step involved the addition of appropriate fatty alcohols (pentanol, heptanol, nonanol or dodecanol) as solutions in 1,2-dichloroethane to obtain esterquats C26. The reaction mixture was then washed with brine, and the solvent was evaporated. The obtained product C26 was then purified chromatographically with a mixture of dichloromethane and methanol. Tang et al. also obtained a cyclohexyl analog of lidocaine Q2 by alkylating 2-bromo-N-cyclohexylacetamide with deanol 2, and analogous esterquat C28 was synthesized using the same procedure. An alternative approach, proposed by Tang et al., uses acylation with classic acyl chloride, obtained from nonanoic acid and oxalyl chloride. A solution of nonanoyl chloride in dichloromethane was added dropwise into a dichloromethanoic solution of Q1 and pyridine. The mixture was washed with brine, and dichloromethane was evaporated. Then, product C27 was purified chromatographically with a mixture of dichloromethane and methanol (20:1 v/v).33


Figure S15. Synthesis of multifunctional choline esterquats via acylation of lidocaine drug and its analog (more details are available in Table S1, No. 175-184).
Interestingly, there is also a report demonstrating the utilization of esterquat C18 in Knoevenagel-Doebner condensation in boiling ethanol to obtain sinapine and its analogues (Figure S16 and Table S1, No. 185-188) with multifunctional (antimicrobial and antioxidant) properties. Mouterde et al. started with the synthesis of imine 9 using appropriate aldehydes (syringaldehyde for sinapine) and proline, which was later condensed with C18 to obtain product C30 with yields varying from 34 to 61%.23
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Figure S16. Synthesis of sinapine and its analogues via Knoevenagel-Doebner condensation (more details are available in Table S1, No. 185-188).
Table S1. Syntheses of choline esters.
	No.
	Stage
	Substrate
	R1/R2 or Reagent
	Conditions
	Product
	Yield
	Ref.

	1
	I
	Triethanolamine (1)
	C15H31
	H2SO4, 190 °C, 4h
	E1, E2, E3
	NA
	1

	2
	II
	E1
	Dimethyl sulfate
	iPrOH, 60°C
	C1
	NA
	

	3
	II
	E2
	Dimethyl sulfate
	iPrOH, 60°
	C2
	NA
	

	4
	II
	E3
	Dimethyl sulfate
	iPrOH, 60°
	C3
	NA
	

	5
	I
	Triethanolamine (1)
	C13H27
	180 °C, N2
	E3
	NA
	2

	6
	I
	Triethanolamine (1)
	C15H31
	180 °C, N2
	E3
	NA
	

	7
	I
	Triethanolamine (1)
	C17H35
	180 °C, N2
	E3
	NA
	

	8
	II
	E3
	Dimethyl sulfate
	iPrOH, 60-80 °C
	C3
	NA
	

	9
	I
	Triethanolamine (1)
	C15H31
	140 °C, 4 h
	E2
	NA
	3

	10
	I
	Triethanolamine (1)
	C17H31
	140 °C, 4 h
	E2
	NA
	

	11
	I
	Triethanolamine (1)
	C17H33
	140 °C, 4 h
	E2
	NA
	

	12
	II
	E2
	Dimethyl sulfate
	40 °C, 3h
	C2
	90%
	

	13
	I
	Triethanolamine (1)
	C11H23
	p-TsOH, Toluene, 140 °C, 24 h
	E3
	NA
	4

	14
	I
	Triethanolamine (1)
	C13H27
	p-TsOH, Toluene, 140 °C, 24 h
	E3
	NA
	

	15
	I
	Triethanolamine (1)
	C15H31
	p-TsOH, Toluene, 140 °C, 24 h
	E3
	NA
	

	16
	II
	E3
	1-bromooctane
	Reflux, 48 h
	C4
	NA
	

	17
	I
	Triethanolamine (1)
	C11H23
	p-TsOH, Toluene, 140 °C, 24 h
	E3
	NA
	5

	18
	I
	Triethanolamine (1)
	C13H27
	p-TsOH, Toluene, 140 °C, 24 h
	E3
	NA
	

	19
	I
	Triethanolamine (1)
	C15H31
	p-TsOH, Toluene, 140 °C, 24 h
	E3
	NA
	

	20
	II
	E3
	Epichlorohydrin
	35 °C, 24 h
	C5
	NA
	

	21
	I
	Deanol (2, n = 1)
	C9H19
	p-TsOH, reflux (~140 °C), 10 h
	E4
	83%
	6

	22
	I
	Deanol (2, n = 1)
	C11H23
	p-TsOH, reflux (~140 °C), 10 h
	E4
	86%
	

	23
	I
	Deanol (2, n = 1)
	C13H27
	p-TsOH, reflux (~140 °C), 10 h
	E4
	91%
	

	24
	I
	Deanol (2, n = 1)
	C15H31
	p-TsOH, reflux (~140 °C), 10 h
	E4
	86%
	

	25
	I
	Dimethylaminobutanol (2, n = 3)
	C9H19
	p-TsOH, reflux (~140 °C), 10 h
	E4
	82%
	

	26
	I
	Dimethylaminohexanol (2, n = 5)
	C7H15
	p-TsOH, reflux (~140 °C), 10 h
	E4
	81%
	

	27
	II
	E4
	Epichlorohydrin
	Product·HCl, reflux (82 °C), 72 h
	C6 (R2 = CH-OH, X = Cl)
	39-68%
	

	28
	II
	E4
	Chloromethane
	iPrOH, 50 °C, 24 h
	C7
	80%
	

	29
	II
	E4 (n = 1, R1 = C11H23)
	1,4-dichlorobutane
	iPrOH, reflux (82 °C), 10 h
	C6
	30%
	7

	30
	II
	E4 (n = 1, R1 = C11H23)
	Cis-1,4-dichloro-2-butene
	iPrOH, (82 °C) reflux, 10 h
	C6
	90%
	

	31
	II
	E4 (n = 1, R1 = C9H19)
	Trans-1,4-dichloro-2-butene
	iPrOH, (82 °C) reflux, 10 h
	C6
	86^
	

	32
	II
	E4 (n = 1, R1 = C11H23)
	Trans-1,4-dichloro-2-butene
	iPrOH, (82 °C) reflux, 10 h
	C6
	84%
	

	33
	II
	E4 (n = 1, R1 = C13H27)
	Trans-1,4-dichloro-2-butene
	iPrOH, (82 °C) reflux, 10 h
	C6
	86%
	

	34
	II
	E4 (n = 1, R1 = C15H31)
	Trans-1,4-dichloro-2-butene
	iPrOH, (82 °C) reflux, 10 h
	C6
	80%
	

	35
	II
	E4 (n = 1, R1 = C17H35)
	Trans-1,4-dichloro-2-butene
	iPrOH, (82 °C) reflux, 10 h
	C6
	91%
	

	36
	II
	E4 (n = 3, R1 = C9H19)
	Trans-1,4-dichloro-2-butene
	iPrOH, (82 °C) reflux, 10 h
	C6
	82%
	

	37
	II
	E4 (n = 5, R1 = C7H15)
	Trans-1,4-dichloro-2-butene
	iPrOH, (82 °C) reflux, 10 h
	C6
	89%
	

	38
	II
	E4 (n = 5, R1 = C9H19)
	Trans-1,4-dichloro-2-butene
	iPrOH, (82 °C) reflux, 10 h
	C6
	88%
	

	39
	II
	E4 (n = 1, R1 = C11H23)
	1,4-dichloro-2-butyne
	iPrOH, (82 °C) reflux, 10 h
	C6
	84%
	

	40
	I
	Deanol (2, n = 1)
	
	C7H15-
	EtOH/CHCl3, p-TsOH, 150 °C, 8-10 h
	E4
	NA
	8

	41
	I
	Deanol (2, n = 1)
	
	C9H19-
	EtOH/CHCl3, p-TsOH, 150 °C, 8-10 h
	E4
	NA
	

	42
	I
	Deanol (2, n = 1)
	
	C11H23-
	EtOH/CHCl3, p-TsOH, 150 °C, 8-10 h
	E4
	NA
	

	43
	I
	Deanol (2, n = 1)
	
	C13H27-
	EtOH/CHCl3, p-TsOH, 150 °C, 8-10 h
	E4
	NA
	

	44
	I
	Deanol (2, n = 1)
	
	C15H31-
	EtOH/CHCl3, p-TsOH, 150 °C, 8-10 h
	E4
	NA
	

	45
	II
	E4
	Epichlorohydrin
	MeOH, HCl, 25 °C, 28-30 h
	C8
	NA
	

	46
	III
	C7
	E4+C7
	iPrOH, 85 °C, 10-12 h
	C6’
	39%
	

	47
	I
	Methyldiethanolamine (3)
	C7H15-
	H3PO3, N2, 190-200 °C
	E5
	NA
	9

	48
	I
	Methyldiethanolamine (3)
	C9H19-
	H3PO3, N2, 190-200 °C
	E5
	NA
	

	49
	I
	Methyldiethanolamine (3)
	C11H23-
	H3PO3, N2, 190-200 °C
	E5
	NA
	

	50
	II
	E5
	HCl, H2O
	iPrOH, 20-40 °C, 30 min
	E6
	NA
	

	51
	III
	E6
	Oxirane
	40 °C, 1 h
	C9
	NA
	

	52
	II
	E5
	CH3Cl
	NA
	C10
	NA
	NA

	53
	I
	Ethylene chlorohydrin (4)
	-C2H4-
	Acetone, H2SO4, 56 °C, 8 h
	E7
	NA
	10

	54
	I
	Ethylene chlorohydrin (4)
	-C6H12-
	Acetone, H2SO4, 56 °C, 8 h
	E7
	NA
	

	55
	II
	E7 (R1 = C2H4)
	C10H21-
	Ethyl acetate, 77 °C, 60 h
	C11
	32%
	

	56
	II
	E7 (R1 = C2H4)
	C12H25-
	Ethyl acetate, 77 °C, 60 h
	C11
	54%
	

	57
	II
	E7 (R1 = C2H4)
	C14H29-
	Ethyl acetate, 77 °C, 60 h
	C11
	67%
	

	58
	II
	E7 (R1 = C2H4)
	C16H33-
	Ethyl acetate, 77 °C, 60 h
	C11
	60%
	

	59
	II
	E7 (R1 = C4H8)
	C10H21-
	Ethyl acetate, 77 °C, 60 h
	C11
	30%
	

	60
	II
	E7 (R1 = C4H8)
	C12H25-
	Ethyl acetate, 77 °C, 60 h
	C11
	42%
	

	61
	II
	E7 (R1 = C4H8)
	C14H29-
	Ethyl acetate, 77 °C, 60 h
	C11
	62%
	

	62
	II
	E7 (R1 = C4H8)
	C16H33-
	Ethyl acetate, 77 °C, 60 h
	C11
	60%
	

	63
	I
	Choline chloride (5)
	C6H13
	Methanesulfonic acid,  90-100 °C, reduced pressure (50-100 mbar), 6 h
	C7
	80%
	12

	64
	I
	Choline chloride (5)
	C8H17
	Methanesulfonic acid,  90-100 °C, reduced pressure (50-100 mbar), 6 h
	C7
	88%
	

	65
	I
	Deanol (2, n = 1, Y = H)
	Ph-o-CB10H10C-
	Et2O, Et3N, 20 °C, 1h
	E4
	55%
	15

	66
	I
	Deanol (2, n = 1, Y = H)
	m-HB10H10C-
	Et2O, Et3N, 20 °C, 5-6h
	E4
	92%
	

	67
	II
	E4
	Iodomethane
	20 °C, 6-12 h
	C12
	97-98%
	

	68
	I
	Deanol (2, n = 1, Y = H)
	C11H23-
	CH2Cl2, 25 °C, 4 h, 5% NaHCO3
	E4
	90%
	13

	69
	II
	E4
	CH3-
	iPrOH, 50 °C, 2.5 h
	C13
	92%
	

	70
	II
	E4
	-CH2-
	Acetone, 56 °C, 50 h
	C6
	92%
	

	71
	I
	Deanol (2, n = 1, Y = H)
	C11H23-
	Et2O/CHCl3, 10% NaHCO3
	E4
	NA
	16

	72
	I
	Dimethylaminopropanol (2, n = 2, Y = H)
	C9H19-
	Et2O/CHCl3, 10% NaHCO3
	E4
	NA
	

	73
	I
	Dimethylaminopropanol (2, n = 2, Y = H)
	C11H23-
	Et2O/CHCl3, 10% NaHCO3
	E4
	NA
	

	74
	I
	Dimethylaminopropanol (2, n = 2, Y = H)
	C13H27-
	Et2O/CHCl3, 10% NaHCO3
	E4
	NA
	

	75
	I
	Dimethylaminoisopropanol (2, n = 1, Y = CH3)
	C9H19-
	Et2O/CHCl3, 10% NaHCO3
	E4
	NA
	

	76
	I
	Dimethylaminoisopropanol (2, n =1, Y = CH3)
	C11H23-
	Et2O/CHCl3, 10% NaHCO3
	E4
	NA
	

	77
	I
	Dimethylaminoisopropanol (2, n =1, Y = CH3)
	C13H27-
	Et2O/CHCl3, 10% NaHCO3
	E4
	NA
	

	78
	II
	E4
	C5H11-
	iPrOH
	C14
	73-85%
	

	79
	II
	E4
	C6H13-
	iPrOH
	C14
	56-85%
	

	80
	II
	E4
	C8H17-
	iPrOH
	C14
	61-83%
	

	81
	I
	Deanol (2, n = 1, Y = H)
	(2-CH3-4-Cl)Ph-O-CH3-
	CHCl3, 4 °C (ice bath), 10 min
	E4*HCl
	98%
	17

	82
	II
	E4*HCl
	Et3N
	CHCl3, 25 °C
	E4
	82%
	

	83
	III
	E4 (82%)
	CH3I
	Hexane, 25 °C, 1 h
	C12
	63%
	

	84
	I
	Dimethylaminopropanol (2, n = 2, Y = H)
	C9H19-
	Na, acetone, N2, 56 °C, 6h
	E4
	86%
	18

	85
	I
	Dimethylaminopropanol (2, n = 2, Y = H)
	C11H23-
	Na, acetone, N2, 56 °C, 6h
	E4
	89%
	

	86
	II
	E4 (R1 = C9H19)
	C4H9-
	Acetone, 56 °C, 12 h
	C14
	65%
	

	87
	II
	E4 (R1 = C11H23)
	C4H9-
	Acetone, 56 °C, 12 h
	C14
	72%
	

	88
	II
	E4 (R1 = C9H19)
	C5H11-
	Acetone, 56 °C, 12 h
	C14
	71%
	

	89
	II
	E4 (R1 = C11H23)
	C5H11-
	Acetone, 56 °C, 12 h
	C14
	75%
	

	90
	II
	E4 (R1 = C9H19)
	C6H13-
	Acetone, 56 °C, 12 h
	C14
	75%
	

	91
	II
	E4 (R1 = C11H23)
	C6H13-
	Acetone, 56 °C, 12 h
	C14
	81%
	

	92
	II
	E4 (R1 = C9H19)
	C8H17-
	Acetone, 56 °C, 12 h
	C14
	80%
	

	93
	II
	E4 (R1 = C11H23)
	C8H17-
	Acetone, 56 °C, 12 h
	C14
	84%
	

	94
	I
	Deanol (2, n = 1, Y = H)
	C11H23-
	Et2O,CHCl3, 35 °C, 2 h, 5% NaHCO3
	E4
	NA
	14

	95
	I
	Dimethylaminoisopropanol (2, n = 1, Y = CH3))
	C11H23-
	Et2O,CHCl3, 35 °C, 2 h, 5% NaHCO3
	E4
	NA
	

	96
	II
	E4
	CH3-
	5 °C, 24 h
	C13
	NA
	

	97
	I
	Deanol (2, n = 1, Y = H)
	C13H27-
	CH2Cl2, RT, 5 h
	E4
	NA
	21

	98
	I
	Deanol (2, n = 1, Y = H)
	C15H31-
	CH2Cl2, RT, 5 h
	E4
	NA
	

	99
	II
	E4
	-C2H4-
	iPrOH, 100 °C, 6 h
	C6
	94%
	

	100
	I
	Deanol (2, n = 1)
	CH3-
	Reflux, 12 h (overnight)
	E4
	NA
	24

	101
	I
	Deanol (2, n = 1)
	C2H5-
	Reflux, 12 h (overnight)
	E4
	NA
	

	102
	I
	Deanol (2, n = 1)
	C3H7-
	Reflux, 12 h (overnight)
	E4
	NA
	

	103
	II
	E4
	Iodomethane
	Et2O, 25 °C, 72 h
	C12
	92-93%
	

	104
	I
	Deanol (2, n = 1)
	Bn-CO-Gly /Imidazole
	THF, 25 °C, 12 h
	E4
	75%
	25

	105
	I
	Deanol (2, n = 1)
	Bn-CO-Gly /PO2Cl2
	THF, Et3N, 25 °C, 4h
	E4
	52%
	

	106
	I
	Deanol (2, n = 1)
	Bn-CO-Gly / (4-NO2)Ph
	CHCl3, 25 °C, 50 h
	E4
	95%
	

	107
	II
	E4
	Iodomethane
	EtOH, 25 °C, 24 h
	C12
	82%
	

	108
	I
	Deanol (2, n = 1)
	Triethyl orthoformate
	Citric acid, 100 °C, reduced pressure 920 mbar), 20 h
	E8
	40-46%
	26

	109
	II
	E8
	Chloromethane
	iPrOH, NaHCO3, N2, 85 °C, 5 h
	C16
	100%
	

	110
	I
	Dimethylaminopropanol (2, n = 2)
	C9H19O-
	Et3N, 80 °C, 8 h
	E4
	85%
	27

	111
	I
	Dimethylaminopropanol (2, n = 2)
	C11H23O-
	Et3N, 80 °C, 8 h
	E4
	91%
	

	112
	I
	Dimethylaminopropanol (2, n = 2)
	C13H27O-
	Et3N, 80 °C, 8 h
	E4
	87%
	

	113
	I
	Dimethylaminopropanol (2, n = 2)
	C15H31O-
	Et3N, 80 °C, 8 h
	E4
	84%
	

	114
	I
	Dimethylaminoisopropanol (2, n = iso-2)
	C11H23O-
	Et3N, 80 °C, 8 h
	E4
	55%
	

	115
	II
	E4 (n = 2, R1 = C9H19) 
	CH3I
	CHCl3, RT, 30 min
	C12
	86%
	

	116
	II
	E4 (n = 2, R1 = C11H23)
	CH3I
	CHCl3, RT, 30 min
	C12
	85%
	

	117
	II
	E4 (n = 2, R1 = C13H27)
	CH3I
	CHCl3, RT, 30 min
	C12
	85%
	

	118
	II
	E4 (n = 2, R1 = C15H31)
	CH3I
	CHCl3, RT, 30 min
	C12
	77%
	

	119
	II
	E4 (n = iso-2, R1 = C11H23)
	CH3I
	CHCl3, RT, 30 min
	C12
	65%
	

	120
	I
	Deanol (2, n = 1)
	Bz-Gly / Benzotriazole
	Acetonitrile, Et3N, 1-(o-nitrophenylsulfonyloxy)benzotriazole, 25 °C, 24 h
	E4
	49%
	28

	121
	I
	Deanol (2, n = 1)
	Bz-Ala / Benzotriazole
	Acetonitrile, Et3N, 1-(o-nitrophenylsulfonyloxy)benzotriazole, 25 °C, 24 h
	E4
	65%
	

	122
	I
	Deanol (2, n = 1)
	Bz-Nle / Benzotriazole
	Acetonitrile, Et3N, 1-(o-nitrophenylsulfonyloxy)benzotriazole, 25 °C, 24 h
	E4
	73%
	

	123
	I
	Deanol (2, n = 1)
	Bz-Phe / Benzotriazole
	Acetonitrile, Et3N, 1-(o-nitrophenylsulfonyloxy)benzotriazole, 25 °C, 24 h
	E4
	90%
	

	124
	I
	Deanol (2, n = 1)
	Pht-Gly / Benzotriazole
	Acetonitrile, Et3N, 1-(o-nitrophenylsulfonyloxy)benzotriazole, 25 °C, 24 h
	E4
	58%
	

	125
	I
	Deanol (2, n = 1)
	Pht-Val / Benzotriazole
	Acetonitrile, Et3N, 1-(o-nitrophenylsulfonyloxy)benzotriazole, 25 °C, 24 h
	E4
	80%
	

	126
	I
	Deanol (2, n = 1)
	 (4-OCH3)Bz-Phe / Benzotriazole
	Acetonitrile, Et3N, 1-(o-nitrophenylsulfonyloxy)benzotriazole, 25 °C, 24 h
	E4
	73%
	

	127
	I
	Dimethylaminopropanol (2, n = 2)
	(4-OCH3)Bz-Phe / Benzotriazole
	Acetonitrile, Et3N, 1-(o-nitrophenylsulfonyloxy)benzotriazole, 25 °C, 24 h
	E4
	65%
	

	128
	II
	E4
	CH3I
	Acetone, 25 °C, 24 h
	C12
	63-89%
	

	129
	I
	Deanol (2, n = 1)
	C8H17O-
	Et3N, 80 °C, 24 h
	E4
	NA
	29

	130
	I
	Deanol (2, n = 1)
	C10H21O-
	Et3N, 80 °C, 24 h
	E4
	NA
	

	131
	I
	Deanol (2, n = 1)
	C12H25O-
	Et3N, 80 °C, 24 h
	E4
	NA
	

	132
	I
	Deanol (2, n = 1)
	C14H29O-
	Et3N, 80 °C, 24 h
	E4
	NA
	

	133
	I
	Deanol (2, n = 1)
	C16H33O-
	Et3N, 80 °C, 24 h
	E4
	NA
	

	134
	II
	E4 (R1 = C8H17O)
	1,4-dichloro-2-butyne
	iPrOH, 85 °C, 3 h
	C15
	50%
	

	135
	II
	E4 (R1 = C10H21O)
	1,4-dichloro-2-butyne
	iPrOH, 85 °C, 3 h
	C15
	46%
	

	136
	II
	E4 (R1 = C12H25O)
	1,4-dichloro-2-butyne
	iPrOH, 85 °C, 3 h
	C15
	53%
	

	137
	II
	E4 (R1 = C14H29O)
	1,4-dichloro-2-butyne
	iPrOH, 85 °C, 3 h
	C15
	51%
	

	138
	II
	E4 (R1 = C16H33O)
	1,4-dichloro-2-butyne
	iPrOH, 85 °C, 3 h
	C15
	45%
	

	139
	I
	Chloroethyldimethylamine (6)
	C2H5OOCCH=C(CH3)NHCH2-
	Ethyl acetate, 77 °C, 6h
	E4
	61%
	25

	140
	I
	Chloroethyldimethylamine (6)
	C2H5OOCCH=C(CH3)NH(CH2)2-
	Ethyl acetate, 77 °C, 6h
	E4
	67%
	

	141
	I
	Chloroethyldimethylamine (6)
	C2H5OOCCH=C(CH3)NH(CH2)3-
	Ethyl acetate, 77 °C, 6h
	E4
	70%
	

	142
	II
	E4 (R1 = C2H5OOCCH=C(CH3)NH(CH2))
	Iodomethane
	Et2O, 25 °C, 24 h
	C12
	90%
	

	143
	II
	E4 (R1 = C2H5OOCCH=C(CH3)NH(CH2)2)
	Iodomethane
	Et2O, 25 °C, 24 h
	C12
	82%
	

	144
	II
	E4 (R1 = C2H5OOCCH=C(CH3)NH(CH2)3)
	Iodomethane
	Et2O, 25 °C, 24 h
	C12
	77%
	

	145
	I
	Carnitine (7)
	C3H7- / C2H3-
	Acetonitrile, Candida actarctica lipase B, 40 °C, 6 days
	C17
	66%
	22

	146
	I
	Choline chloride (5)
	C3H7- / C2H3-
	2-methyl-2-butanol, Candida actarctica lipase B, 40 °C, 12 h
	C7
	91%
	

	147
	I
	Choline chloride (7)
	Meldrum's acid
	Acetonitrile, 82 °C, 5 h
	C18
	100%
	23

	148
	I
	2-Iodoethanol (8, n = 1)
	Diphenyl carbonate
	Acetone, K2CO3, 25 °C, 48 h
	E9
	79%
	30

	149
	I
	3-Iodopropanol (8, n = 2)
	Diphenyl carbonate
	THF, K2CO3, 25 °C, 48 h
	E9
	71%
	

	150
	II
	E9 (n = 1)
	C10H21-
	Ethyl acetate, 80 °C, 72 h
	C19
	80%
	

	151
	II
	E9 (n = 1)
	C12H25-
	Ethyl acetate, 80 °C, 72 h
	C19
	87%
	

	152
	II
	E9 (n = 1)
	C14H29-
	Ethyl acetate, 80 °C, 72 h
	C19
	82%
	

	153
	II
	E9 (n = 2)
	C10H21-
	Ethyl acetate, 80 °C, 72 h
	C19
	82%
	

	154
	II
	E9 (n = 2)
	C12H25-
	Ethyl acetate, 80 °C, 72 h
	C19
	89%
	

	155
	II
	E9 (n = 2)
	C14H29-
	Ethyl acetate, 80 °C, 72 h
	C19
	88%
	

	156
	I
	Dimethylaminopropanol (2, n = 2, Y = H)
	Diphenyl carbonate, C8H17-
	Et3N
	E10
	91%
	31

	157
	I
	Dimethylaminopropanol (2, n = 2, Y = H)
	Diphenyl carbonate, C10H21-
	Et3N
	E10
	85%
	

	158
	I
	Dimethylaminopropanol (2, n = 2, Y = H)
	Diphenyl carbonate, C12H25-
	Et3N
	E10
	91%
	

	159
	I
	Dimethylaminoisopropanol (2, n = 1, Y = CH3)
	Diphenyl carbonate, C12H25-
	Et3N
	E10
	75%
	

	160
	II
	E10 (n = 2, Y = H, R1 = C8H17)
	-CH2-
	Acetonitrile, 80 °C, 24 h
	C20
	86%
	

	161
	II
	E10 (n = 2, Y = H, R1 = C10H21)
	-CH2-
	Acetonitrile, 80 °C, 24 h
	C20
	79%
	

	162
	II
	E10 (n = 2, Y = H, R1 = C12H25)
	-CH2-
	Acetonitrile, 80 °C, 24 h
	C20
	85%
	

	163
	II
	E10 (n = 1, Y = CH3, R1 = C12H25)
	-CH2-
	Acetonitrile, 80 °C, 24 h
	C20
	68%
	

	164
	II
	E10 (n = 2, Y = H, R1 = C12H25)
	Iodomethane
	Acetonitrile, RT, 30 min
	C21
	85%
	

	165
	II
	E10 (n = 1, Y = CH3, R1 = C12H25)
	Iodomethane
	Acetonitrile, RT, 30 min
	C21
	87%
	

	166
	II
	E10 (n = 2, Y = H, R1 = C8H17)
	E9 (m = 1)
	Acetonitrile, 80 °C, 72 h
	C22
	74%
	

	167
	II
	E10 (n = 2, Y = H, R1 = C8H17)
	E9 (m = 2)
	Acetonitrile, 80 °C, 72 h
	C22
	68%
	

	168
	I
	Deanol (2, n = 1)
	(2-CH3-4-Cl)Ph-O-CH3-
	CHCl3, 4 °C (ice bath), 10 min
	E4⸱HCl
	98%
	19

	169
	II
	E4⸱HCl
	Et3N
	CHCl3, 25 °C
	E4
	82%
	

	170
	III
	E4
	C9H19-
	Acetone, 55 °C, 24 h
	C10
	73%
	

	171
	I
	Deanol (2, n = 1)
	1-(3,6-Cl-2-OCH3)Ph-
	Et3N, CHCl3, 4 °C (ice bath), 20 min
	E4
	78%
	20

	172
	II
	E4
	C10H21-
	Acetone, 55 °C, 24 h
	C11
	85%
	

	173
	II
	E4
	C12H25-
	
	C11
	78%
	

	174
	II
	E4
	C14H29-
	
	C11
	75%
	

	175
	I
	2-bromoethanol (8, n = 1)
	Lidocaine
	100 °C, 8 h
	Q1
	81%
	33

	176
	I
	3-bromopropanol (8, n = 2)
	Lidocaine
	100 °C, 8 h
	Q1
	80%
	

	177
	I
	Deanol (2, n = 1)
	2-bromo-N-cyclohexylacetamide
	110 °C, 8 h
	Q2
	NA
	

	178
	II
	Q1 (n = 1)
	Triphosgene, C5H11-
	CH2Cl2, Pyridine, 50 °C, 16 h
	C26
	39%
	

	179
	II
	Q1 (n = 1)
	Triphosgene, C7H15-
	CH2Cl2, Pyridine, 50 °C, 16 h
	C26
	43%
	

	180
	II
	Q1 (n = 1)
	Triphosgene, C9H19-
	CH2Cl2, Pyridine, 50 °C, 16 h
	C26
	41%
	

	181
	II
	Q1 (n = 1)
	Triphosgene, C12H25-
	CH2Cl2, Pyridine, 50 °C, 16 h
	C26
	45%
	

	182
	II
	Q1 (n = 2)
	Triphosgene, C7H15-
	CH2Cl2, Pyridine, 50 °C, 16 h
	C26
	21%
	

	183
	II
	Q1 (n = 1)
	C8H17-
	CH2Cl2, Pyridine, 40 °C, 12 h
	C27
	37%
	

	184
	II
	Q2
	Triphosgene, C7H15-
	CH2Cl2, Pyridine, 50 °C, 24 h
	C28
	38%
	

	185
	II
	C18
	9 (X = OCH3, Y = OCH3)
	Ethanol, proline, reflux, 12 h
	C30
	48%
	23

	186
	II
	C18
	9 (X = H, Y = H)
	Ethanol, proline, reflux, 12 h
	C30
	34%
	

	187
	II
	C18
	9 (X = OH, Y = H)
	Ethanol, proline, reflux, 12 h
	C30
	61%
	

	188
	II
	C18
	9 (X = OCH3, Y = H)
	Ethanol, proline, reflux, 12 h
	C30
	50%
	



3. Synthesis of betaine-type esterquats
3.1. Synthesis from haloacyl halides
One of the most common methods enabling the synthesis of betaine esters is based on the acylation of an appropriate alcohol with the respective haloacyl halide (chlorine- or bromine-based ones), followed by the alkylating of tertiary amines.13,34–42
Thompson et al. in 1989 prepared the esters of betaine by dropwise addition of dichloromethanoic solution of chloroacetyl chloride 10 (n = 1) into dichloromethanoic solution of dodecanol (Figure S17 and Table S2, No. 1-3). Then, the excess acyl chloride was simply washed off with 5% sodium carbonate and water.  The organic phase was dried over magnesium sulfate. The product E11 (R1 = C10H21) was obtained by filtration of the drying agent followed by evaporation of the applied solvent. Afterward, the product was dissolved in diethyl ether and introduced into a solution of dimethylamine in the same solvent. The precipitate was then filtered off, and the residual solvent was evaporated. The product E12 was purified by dissolution in diethyl ether and washing with sodium hydroxide solution, followed by drying over anhydrous magnesium sulfate. The product E12 was then precipitated with hydrogen chloride, washed with diethyl ether and dried. Then, the crude product was purified by dissolution in hydrochloric acid and subsequent extraction with diethyl ether in the presence of sodium hydroxide to obtain E12 in the form of hydrochloride. The extracts were dried and mixed with 4-nitrobenzyl bromide. Then, the mixture was refluxed, and the solvent was evaporated. Finally, product B1 was purified by recrystallization from a mixture of ethyl acetate and benzene (1:1 v/v).41


Figure S17. Synthesis of betaine esters from chloroacyl chlorides (more details are available in Table S2, No. 1-28).
[bookmark: _SAM_M_026]Lindstedt et al. in 1990 proposed the use of chloroacetyl chloride 10 (n = 1) for acylating fatty alcohols (decanol, dodecanol, tetradecanol, hexadecanol and octadecanol) in dry dichloromethane (Figure S17 and Table S2, No. 4-9). The acylation was carried out by slow dropwise addition of an acylating agent. After isolation of the acidic impurities, the solvent was removed. The next step involved dissolution of product E11 (R1 = C10H21, C12H25, C14H29, C16H33, C18H37) in acetone and subsequent dropwise addition of an acetonic solution of triethylamine, which initiated its quaternization, resulting in the formation of esterquat B2.34 Nonetheless, it should be noted that this procedure is considered an expansion of the method proposed by Holden in 1984, referring to the synthesis of acyl azides via alkylation.35
In 2004, Nederberg et al. described the usage of a chloroacetyl chloride homologue, namely, 4-chlorobutyric acid 10 (n = 3). As shown in Figure S17 (and Table S2, No. 10-13), 10 was added to nitrogen-purged chloroformic solutions of pyridine and two benzyl esters: benzyl-polycaprolactone (polymeric) and benzyl 6-hydroxyhexanoate (nonpolymeric). After the reaction, the polymeric product E11 (R1 = C6H5O[C(=O)C5H10O]n-H, C6H5OC(=O)C5H10OH) was purified by precipitation in methanol and then filtered off and dried, whereas flash chromatography with a mixture of hexane and ethyl acetate (1:1 v/v) was performed for purification of the nonpolymeric E11. Both products E11 were then dissolved in dry acetonitrile and purged with nitrogen before the addition of condensed trimethylamine. Due to increased pressure, the reactions were performed in sealed tubes. Finally, product B3 was precipitated from methanol and dried.36
Another unique approach leading to the synthesis of gemini esterquats is based on alkylation of the appropriate diamine or combination of two amines with the appropriate dihalide. In 2019, Wu et al. synthesized appropriate diamines by dehydration of amines and dicarboxylic acid with phosphorus acid in xylene (Figure S17 and Table S2, No. 14-25). The obtained diamines were later alkylated in ethyl acetate by E11 (m = 2, 3, 4), n=1, R1= C8H17, C10H21, C12H25) to form gemini esterquats B4.42
In 2013, Fatma et al. utilized choloracetyl chloride 10 (n = 1) for the acylation of ethylene glycol (Figure S17 and Table S2, No. 26-28) according to the procedure described by Gao et al. in 2008. First, both reagents were mixed without a solvent in a nitrogen atmosphere. The postreaction mixture was washed with brine, and then the obtained product E13 was dissolved in diethyl ether and dried over magnesium sulfate. After evaporation of the solvent, the product was mixed with dodecyl- or hexadecyldimethylamine dissolved in ethyl acetate. Next, ethyl acetate was evaporated, and the crude product B5 (R1 = C12H25, C16H33) was purified by recrystallization from a mixture of ethyl acetate and ethanol (5:1 v/v).38
An analogous method to that previously reported for choline-type esterquats (Thompson and Lindstedt) was proposed in 2007 by Tehrani-Bagha et al. As shown in Figure S18 (and Table S2, No. 29-31), the authors used a bromine analog instead of chloroacetyl chloride – bromoacetyl bromide 11 (n = 1) to obtain ester E14 (R1 = C12H25). The acylating agent was added dropwise into the solution of dodecanol, both in dichloromethane, and then the excess of 11 was washed off with sodium hydrogen carbonate solution. Trimethylamine was next introduced in the form of bubbles. The precipitated sediment was filtered off and washed with ethyl acetate to obtain product B6. Interestingly, Tehrani-Bagha et al. also used tetramethyethylenediamine instead of trimethylamine to obtain the gemini esterquat B7; however, the quaternization was carried out in acetone, and after filtration of precipitate B7, it was purified by washing with ethanol.13
Zhou et al. in 2014 performed another synthesis leading to interesting polymeric esterquats. First, a solution of dodecanol and diisopropylethylamine in dichloromethane was added dropwise to bromoacetyl bromide 11 (n = 1) dissolved in the same solvent (Figure S18 and Table S2, No. 32-33). Then, the precipitate was filtered off and washed with hydrochloric acid, sodium hydroxide and brine to remove residual substrates. The organic phase was further dried over magnesium sulfate, and the solvent was evaporated. The obtained product E14 (R1 = C12H25) was then dried in vacuum and added dropwise in the form of a solution of dimethylformamide (DMF) into a solution of permethylated hyperbranched polyethyleneimine. After quaternization, DMF was evaporated, and residual bromoester was removed by a syringe. The obtained crude product B8 (m = poly) was dissolved in chloroform, precipitated with the use of diethyl ether and dried in a vacuum.39
[image: ]
Figure S18. Synthesis of betaine esters from bromoacyl bromides (more details are available in Table S2, No. 29-38).
In 2014, Liu et al. proposed a method based on the dropwise addition of bromoacetyl bromide 11 (n = 1) and potassium carbonate solutions (in dichloromethane and water, respectively) into a dichloromethanoic solution of triethanolamine (Figure S18 and Table S2, No. 34-38). The organic layer was subsequently washed with water and dried over magnesium sulfate, and then the solvent was evaporated. The obtained product E15 was then purified chromatographically with petroleum ether and ethyl acetate (2:1 v/v) as the eluent. E15 was next dissolved in acetone, and a respective amine (decyl-, dodecyl-, tetradecyl- and hexadecyldimethylamine) was added to initiate the quaternization. Then, the solvent was evaporated, and product B9 (R1 = C10H21, C12H25, C14H29, C16H33) was precipitated from dry diethyl ether. Finally, B9 was isolated, washed with ether and dried.40

3.2. Synthesis from haloesters
Similar procedures utilizing haloesters instead of haloacetyl halides were also carried out to obtain various betaine-type esterquats.43–50 This convenient solution allows immediate quaternization after the addition of an appropriate tertiary amine. However, the use of primary or secondary amines results in the formation of aminoesters, which have to be subsequently quaternized with the respective alkyl halide.
In 2008, Zhang et al. described the synthesis of betaine derivatives from tertiary amine and terminal bromoester. As presented in Figure S19 (and Table S2, No. 39-41), the bromoesters used in the study were as follows: methyl bromoacetate 12 (n = 1, m = 0), ethyl bromobutyrate 12 (n = 3, m = 1) and ethyl bromocaproate 12 (n = 5, m = 1). The reactions of bromoesters with N-(3-dimethylaminopropyl)acrylamide were carried out in acetonitrile under an inert gas (nitrogen or argon) atmosphere. The obtained solid product B10 (R1 = C3H6NHC(=O)CH=CH2) required washing with small portions of acetone to remove the remaining substrates.43 Interestingly, a slightly modified procedure was described in 2013 by Messadi et al. The authors utilized a solution of an appropriate tertiary amine (triethyl-, tripropyl- and tributylamine, as well as N-methylpyrrolidine) in ethyl acetate (Figure S19 and Table S2, No. 42-45). First, all the solutions were cooled to 4 °C, and ethyl bromoacetate 12 (n = 1, m = 1) was added dropwise under constant stirring. The obtained crude products B11 (R1 = C2H5, C3H7, C4H9) and B12 (R1 = C4H8) precipitated from the applied solvent, which after isolation were washed with a portion of ethyl acetate. The proposed method of product purification involved recrystallization from a mixture of ethanol and ethyl acetate (1:9 v/v).44




Figure S19. Synthesis of betaine esters from ω-bromoesters (more details are available in Table S2, No. 39-95).

In 2015, Kim et al. described a procedure analogous to the method given by Zhang et al. The synthesis was based on dropwise addition of methyl- or ethyl bromoacetate 12 (n = 1, m = 0, 1) into acetonitrile solutions of respective cyclic tertiary amines, such as methyl derivatives of pyrrolidine, piperidine, morpholine and imidazole, under an inert gas (nitrogen) atmosphere as well (Figure S19 and Table S2, No. 46-49). The products B12 (R1 = cyclo-CH2N(CH3)C2H4, cyclo-C2H4OC2H4, cyclo-C5H10, cyclo-C4H8) appeared to be insoluble in acetonitrile. Therefore, they were filtered off, washed with acetone and dried.45
Allen et al. in 2017 proposed a procedure for obtaining various esterquats comprising multiple cationic moieties (Figure S19 and Table S2, No. 50-84). The procedure was based on mixing N,N-dimethylbenzylamine, tetramethylenediamine, 1-(2-dimethylaminoethyl)-4-methylpiperazine, 2,6,10-trimethyl-2,6,10-triazaundecane or tris(N,N-dimethylaminopropyl)amine with appropriate bromoacetates 12 (hexyl, heptyl, octyl, nonyl, decyl, dodecyl, tetradecyl) in acetonitrile to obtain products B10, B7, B13, B14 and B15 (m = 5, 6, 7, 8, 9, 11, 13, n = 1), respectively. After the reaction, the products B10, B14 and B15 were concentrated in vacuum and then purified by washing with hexane (for products B10 and B15) or with a mixture of hexane and acetone (2:1 v/v) (for B14). In the case of B7 and B13, hexane was added after the reaction, and the precipitate was filtered off and rinsed again with hexane.46
Yasa et al. in 2016 and 2017 applied a unique procedure, which was based on alkylation of long-chain or cyclo-side chain amine with the obtained earlier methyl ester of 11-bromoundecane acid 12 (n = 10, m = 0). Alkylation was carried out in DMF in the presence of anhydrous potassium carbonate as a catalyst (Figure S19 and Table S2, No. 85-95). The inorganic salt (KBr) that precipitated from the postreaction mixture was filtered off. Then, hydrophobic products E16, E17 (R1 = C6H13, C12H25, C18H37) and E18 (R1 = cyclo-C6H11, C8H17) were extracted with ethyl acetate and washed with water to remove residual DMF. The obtained extracts were dried over anhydrous sodium sulfate, and then the solvent was removed. The products E16, E17 and E18 were isolated using chromatography. A mixture of chloroform and methanol 98:2 v/v was used as the eluent for E16 and E18, whereas a ratio of 99:1 was applied for E17. The subsequent quaternization was carried out with iodomethane in chloroformic conditions with the addition of a catalytic amount of potassium carbonate. After the reaction, crude products B16, B17 and B18 were purified by evaporation of residual solvent and iodomethane, followed by chromatographic separation using 2.5-3% methanol in chloroform.47,51
Bhadani et al. in 2014 described a successful quaternization of dodecyldimethylamine with previously prepared chloroformic solutions of bromoacetates of mono-, di- and triethylene glycol 13 (m = 1, 2 or 3) (Figure S20 and Table S2, No. 96-98). After evaporation of the solvent from the postreaction mixture, crude product B19 (R1 = C12H25) was washed with hexane and precipitated from acetone or ethyl acetate. Isolated sediments were finally dried to obtain gemini esterquats B19.48
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Figure S20. Synthesis of betaine esters from ethylene glycol bromoacetates (more details are available in Table S2, No. 96-104).
In 2020, Wen et al. applied a procedure given by Bhadani et al. to obtain structurally similar esters. After quaternization of ethylene glycol bromoacetate 13 (m = 1), dissolved in chloroform, with the respective amine (octyl-, decyl-, dodecyl-, tetradecyl-, hexadecyl- and octadecyldimethylamine), the obtained precipitates B19 (R1 = C8H 17, C10H21, C12H25, C14H29, C16H33) (Figure S20 and Table S2, No. 99-104) were filtered off, washed with hexane, and finally recrystallized from acetone.49
[bookmark: _SAM_M_028]In 2019, Garcia et al. presented another method for the synthesis of oligomeric esterquats based on the initial esterification of chloroacetic acid with octanol, decanol or dodecanol (Figure S21 and Table S2, No. 105-109), wherein a small amount of concentrated sulfuric acid was used as a catalyst. Then, the postreaction mixture was diluted with diethyl ether, and the residues of sulfuric acid were removed with a saturated solution of sodium carbonate. Next, the organic layer was washed with water and dried over anhydrous sodium sulfate. Evaporation of the solvent allowed the authors to obtain products 14 (m = 7, 9 or 11). The subsequent quaternization step was carried out by the addition of the obtained chloroesters 14 (m = 7, 9 or 11) into a solution of pentamethyldiethylenetriamine (PMDTA) in acetonitrile. The isolated products B20 and B21 were then purified by recrystallization from a mixture of acetonitrile and diethyl ether (1:1 v/v).50
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Figure S21. Synthesis of betaine esters from alkyl chloroacetate (more details are available in Table S2, No. 105-109).
3.3. Synthesis from chlorobetainyl chloride
A literature survey allowed us to gather a few procedures describing the use of betaine after its transformation into an acylating agent. Such a form of betaine was found to be capable of forming esters in reaction with alcohols.52,53
Granö et al. in 2000 proposed a method involving acylating with chlorobetainyl chloride 15 (Figure S22 and Table S2, No. 110).52 This method involved the dropwise addition of thionyl chloride into a dichloromethanoic solution of betaine, resulting not only in the substitution of carboxylate oxygen atoms but also in the occurrence of side reactions, wherein the released chloride anion became the counterion for betaine. The removal of the byproduct sulfur dioxide was achieved by bubbling the postreaction mixture in a washing solution containing potassium hydroxide. The obtained acylating agent 15 was then utilized in the reaction with starch. The acylation was carried out in dioxane with the addition of pyridine as a catalyst. Despite the fact that starch is not a typical alcohol, the product of this reaction – B22 – can still be classified as betaine-type esterquat.52 A slightly different procedure to obtain these esterquats was described by Sievänen et al. in 2015. The authors utilized betaine in the form of hydrochloride, which was quenched in excess thionyl chloride (according to a report of Vassel and Skelly from 1963, who described the synthesis of chlorobetainyl chloride).53,54 The reaction was carried out under an argon atmosphere, and then chlorobetainyl chloride 15 was crystallized with the addition of toluene. The ablation step assumed dissolving the second reagent (cellulose) in dimethylacetamide with the addition of lithium chloride as a water absorber (Figure S22 and Table S2, No. 111). Next, pyridine was added into the solution of cellulose, and then chlorobetainyl chloride was introduced to obtain esterquat B23. Utilization of pyridine allowed the authors to capture and easily isolate the side product of the acylation reaction:  hydrogen chloride.53
[image: ]
Figure S22. Synthesis of betaine esters by acylation of biopolymers with chlorobetainyl chloride (more details are available in Table S2, No. 110-111).
3.4. Synthesis of glycine betaine by classic esterification
Performing classic Fischer esterification is also possible in the case of glycine betaine. Nonetheless, its application in zwitterionic form often requires the addition of other chemicals to provide acidic conditions, which allows higher reaction yields to be achieved. Interestingly, due to the unique structure of glycine betaine and its ability to capture acids, utilizing its derivatives, such as glycine betaine hydrochloride, has been established to be a highly convenient and beneficial solution.55–60
In 2008, Goursaud et al. reported a reaction in which a suspension of zwitterionic betaine in methanesulfonic acid 16 (R2 = CH3) was mixed with dodecanol, octadecanol or octadec-9-enol (Figure S23 and Table S2, No. 112-114). Then, water was removed under reduced pressure, and the crude products B24 (R1 = C12H25, C18H37, C18H35) were purified via various methods to determine their individual properties.55



Figure S23. Direct esterification of glycine betaine in a zwitterionic or protonated form (more details are available in Table S2, No. 112-139).
In 2015, De Gaetano et al. proposed a method based on a dropwise addition of excess mixture of methanesulfonic acid and respective alcohol (hexanol, dodecanol, tetradecanol, hexadecanol or docosanol, (Figure S23 and Table S2, No. 115-119) into a zwitterionic glycine betaine. The excess acid acted either as a catalyst or counterion for the formed product B24 (R1 = C6H13, C12H25, C14H29, C16H33, C20H41, R2 = CH3). According to the protocols, the esterification reaction was carried out in the Dean-Stark apparatus, which in combination with high temperature enabled the effective removal of water. De Gaetano et al. also showed an alternative approach using the dropwise addition of alcohol into a suspension of betaine (or its methanesulfonate) 16 (R2 = CH3) and methanesulfonic acid in an appropriately designed reaction system. Applying high temperature along with reduced pressure during the process was essential for effective evaporation of the formed water molecules.56
A similar procedure, however, demonstrating the use of catalytic amounts of methanesulfonic acid instead of its excess, was proposed by Pérusse et al. in 2015. Methanesulfonic acid was utilized as a catalyst in the esterification of betaine 16 (R2 = CH3) with a short-chain alcohol (butanol), which was added in excess (Figure S23 and Table S2, No. 120-122). The reduced pressure was found to be beneficial for the removal of both water and excess solvent. It should be stressed that the synthesis of product B24 (R1 = C4H9) was not the final step. According to the authors, the presence of a short alkyl chain elevated the reactivity of such betaine esterquats toward transesterification with longer chain alcohols, such as tetradecanol. Due to the necessity of removing butanol, the reaction was carried out under reduced pressure. The use of a basic catalyst (sodium hydrogen carbonate) allowed the authors to obtain the product B25 (R3 = C14H29) in high yield. The authors also investigated the effect of the presence of an acidic catalyst (methanesulfonic acid); however, it has not proven to be beneficial in this particular application.57
An analogous procedure was described by Journoux-Lapp et al. in 2017, although there was a difference in the utilization of various betaine salts 16 (R2 = CH3) and 17 instead of acidic catalysts as well as glycerin as a reacting alcohol. As demonstrated in Figure S23 (and Table S2, No. 123-132), this procedure led to the formation of products B26, B27, B28 and B29 (R2 = CH3, OH, CF3, 4-CH3C6H4). The mentioned esterquats contained various anions, such as methanesulfonate, sulfate, trifluoromethanesulfonate, p-toluenesulfonate and chloride.58
Sharma et al. in 2021 proposed another approach to the synthesis of starch betainates through a methyl ester of betaine, which was obtained according to the procedure described by Webb in 1969 (Figure S23 and Table S2, No. 133-139).61 First, betaine hydrochloride 17 was dissolved in methanol, and thionyl chloride was added dropwise. Then, the solvent was evaporated, and the crude product B3 was washed with diethyl ether and dried under vacuum. The next step was based on transesterification with the use of starch, which was performed under basic as well as acidic conditions. In the case of basic conditions, starch was activated previously by refluxing with sodium hydroxide in ethanol, while for acidic conditions, sulfuric acid was added as a catalyst. Both types of reactions were performed in DMF and DMSO, and then the product B22 was precipitated by the addition of ethanol, followed by filtration. Sharma et al. also utilized solventless synthesis using a ball mill as a reactor; in the case of basic conditions, the same type of activated starch was used, while for acidic conditions, sulfamic acid was added as a solid catalyst. The obtained mixtures were dissolved in water, and then ethanol was added to precipitate and isolate product B22.59
It was established that glycine betaine monohydrate can be used in esterification reactions as well. This method was proposed in 2020 by Duan et al., who successfully esterified zwitterions of betaine 18 with the use of cellulose from cotton fabric (Figure S24 and Table S2, No. 140). In this method, a few pieces of cotton fabric were introduced into an aqueous solution of 18, and then hydrochloric acid was added to decrease the pH of the obtained solution. After vigorous stirring, the fabric pieces were removed, dried and heated at high temperature. In effect, a fabric with an immobilized betainate moiety B30 was formed with high efficiency.60
[image: ]
Figure S24. Direct esterification of zwitterion of betaine (more details are available in Table S2, No. 140).
3.5. Synthesis by O-alkylation of betaines
[bookmark: _SAM_M_025]Another relatively simple solution leading to esters of betaines is the O-alkylation of zwitterions of betaines with the use of alkyl halides. This method perfectly adheres to the concept of green chemistry because esterquats are obtained without the generation of any byproducts (100% atom economy). Additionally, without the necessity of utilizing catalysts, such reactions proceed with high yields at relatively low temperatures.62,63
In 2017, Häckl et al. alkylated the derivative of glycine betaine called carnitine 19, which naturally occurs in the environment. As demonstrated in Figure S25 (and Table S2, No. 141-147), the O-alkylation of 19 was performed with the use of various bromoalkanes in acetonitrile under an argon atmosphere. After the reaction, the solvent was removed, and then products B31 (R1 = C2H5, C4H9, C6H13, C8H17, C10H21, C12H25, C14H29) were washed with diethyl ether to remove residual substrates and then dried under vacuum.62
A similar method was utilized in 2020 by Niemczak et al., who alkylated glycine betaine 20 with a homologous series of bromoalkanes in acetonitrile at elevated temperature (Figure S25 and Table S2, No. 148). As a consequence of the elongation of the chain in the obtained esterquats, it was necessary to conduct the reaction at higher temperatures as well as for a longer period of time. After evaporation of solvent from postreaction mixtures, products B6 (R1 = C2H5, C3H7, C4H9, C5H11, C6H13, C7H15, C8H17, C9H19, C10H21, C12H25, C14H29, C16H33, C18H37) were thoroughly washed with ethyl acetate and dried.63
[image: ]
Figure S25. Direct O-alkylation of betaines in zwitterionic form (more details are available in Table S2, No. 141-148).

3.6. Synthesis of betaine-based esterquats from biologically active compounds
In this case, a direct acid-base reaction can also lead to undesired hydrolysis of the ester bond. Therefore, to avoid such a risk, an anion exchange reaction (Figure S26) was established as a relevant, efficient solution, but this approach suffers from the risk of unfavorable reactions, e.g., transesterification.


Figure S26. Synthesis of multifunctional betaine esterquats by anion exchange.
[bookmark: _SAM_M_024]Recently, it was found that the structure of the anion utilized for ion exchange can significantly affect transesterification of esterquat with short chain alcohol used as a solvent. For example, in the case of alkyl betainate bromides (B6, n=1, R1=alkyl chain from ethyl to octadecyl), anion exchange to herbicidally active sulfonylurea can be carried out in methanol,63, while in the case of benzoate derivative (dicamba herbicide) ethanol had to be used instead of methanol to avoid transesterification.64
Table S2. Syntheses of betaine-type esterquats
	No.
	Stage
	Substrate
	R1/R2 or Reagent
	Conditions
	Product
	Yield
	Ref.

	1
	I
	Chloroacetyl chloride (10, n = 1)
	C10H21-
	CH2Cl2, RT, 6 h
	E11
	97%
	41

	2
	II
	E11
	Dimethylamine
	Et2O, RT, 72 h
	E12
	91%
	

	3
	III
	E12
	4-nitrobenzyl bromide
	Et2O. NaOH, RT, 24 h
	B1
	53%
	

	4
	I
	Chloroacetyl chloride (10, n = 1)
	C10H21-
	CH2Cl2, 30 °C, 1 h
	E11
	NA
	34

	5
	I
	Chloroacetyl chloride (10, n = 1)
	C12H25-
	CH2Cl2, 30 °C, 1 h
	E11
	NA
	

	6
	I
	Chloroacetyl chloride (10, n = 1)
	C14H29-
	CH2Cl2, 30 °C, 1 h
	E11
	NA
	

	7
	I
	Chloroacetyl chloride (10, n = 1)
	C16H33-
	CH2Cl2, 30 °C, 1 h
	E11
	NA
	

	8
	I
	Chloroacetyl chloride (10, n = 1)
	C18H37-
	CH2Cl2, 30 °C, 1 h
	E11
	NA
	

	9
	II
	E11
	Triethylamine
	Acetone, 50 °C, 3 h
	B2
	NA
	

	10
	I
	Chlorobutanoyl chloride (10, n = 3)
	Bn-(OOCC5H10)n-
	CHCl3, Pyridine, N2, 25 °C, 3h
	E11
	91%
	36

	11
	I
	Chlorobutanoyl chloride (10, n = 3)
	BnOOCC5H10-
	CHCl3, Pyridine, N2, 25 °C, 5h
	E11
	70%
	

	12
	II
	E11 (R1 = C6H5O[C(=O)C5H10O]n-H)
	Trimethylaminie
	Acetonitrile, N2, 60 °C, 45 h
	B3
	80%
	

	13
	II
	E11 (R1 = C6H5OC(=O)C5H10OH)
	Trimethylaminie
	Acetonitrile, N2, 60 °C, 45 h
	B3
	95%
	

	14
	I
	Chloroacetyl chloride (10, n = 1)
	C8H17OH
	CH2Cl2, 50 °C, 8 h
	E11
	96%
	42

	15
	I
	Chloroacetyl chloride (10, n = 1)
	C10H21OH
	CH2Cl2, 50 °C, 8 h
	E11
	96%
	

	16
	I
	Chloroacetyl chloride (10, n = 1)
	C12H25OH
	CH2Cl2, 50 °C, 8 h
	E11
	97%
	

	17
	II
	E11 (R1 = C8H17)
	Bis(3-(dimethylamino)propyl)succinamide
	Ethyl acetate, 80 °C, 24 h 
	B4
	75%
	

	18
	II
	E11 (R1 = C10H21)
	Bis(3-(dimethylamino)propyl)succinamide
	Ethyl acetate, 80 °C, 24 h
	B4
	81%
	

	19
	II
	E11 (R1 = C12H25)
	Bis(3-(dimethylamino)propyl)succinamide
	Ethyl acetate, 80 °C, 24 h
	B4
	82%
	

	20
	II
	E11 (R1 = C8H17)
	Bis(3-(dimethylamino)propyl)glutaramide
	Ethyl acetate, 80 °C, 24 h
	B4
	80%
	

	21
	II
	E11 (R1 = C10H21)
	Bis(3-(dimethylamino)propyl)glutaramide
	Ethyl acetate, 80 °C, 24 h
	B4
	82%
	

	22
	II
	E11 (R1 = C12H25)
	Bis(3-(dimethylamino)propyl)glutaramide
	Ethyl acetate, 80 °C, 24 h
	B4
	85%
	

	23
	II
	E11 (R1 = C8H17)
	Bis(3-(dimethylamino)propyl)adipamide
	Ethyl acetate, 80 °C, 24 h
	B4
	83%
	

	24
	II
	E11 (R1 = C10H21)
	Bis(3-(dimethylamino)propyl)adipamide
	Ethyl acetate, 80 °C, 24 h
	B4
	85%
	

	25
	II
	E11 (R1 = C12H25)
	Bis(3-(dimethylamino)propyl)adipamide
	Ethyl acetate, 80 °C, 24 h
	B4
	88%
	

	26
	I
	Chloroacetyl chloride (10, n = 1)
	Ethylene glycol
	N2, 50 °C, 8 h
	E13
	65%
	38

	27
	II
	E13
	C12H25-
	Ethyl acetate, 77 °C, 10 h
	B5
	79%
	

	28
	II
	E13
	C16H33-
	Ethyl acetate, 77 °C, 10 h
	B5
	79%
	

	29
	I
	Bromoacetyl bromide (11, n = 1)
	C12H25-
	CH2Cl2, 21 °C, 4 h
	E14
	94%
	13

	30
	II
	E14
	Trimethylamine
	Acetone, 21 °C, 5 h
	B6
	85%
	

	31
	II
	E14
	Tetramethyl ethylenediamine
	Acetone, 56 °C, 20 h
	B7
	83%
	

	32
	I
	Bromoacetyl bromide (11, n = 1)
	C12H25
	CH2Cl2, N,N-diisopropylethylamine, 25 °C, 20 h
	E14
	70%
	39

	33
	II
	E14
	Methyl hyperbranched polyethylenediamine
	DMF, 25 °C, 48 h
	B8
	74%
	

	34
	I
	Bromoacetyl bromide (11, n = 1)
	Triethanolamine
	CH2Cl2, K2CO3, 25 °C, 5 h
	E15
	55%
	40

	35
	II
	E15
	C10H21-
	Acetone, 56 °C, 6 h
	B9
	50%
	

	36
	II
	E15
	C12H25-
	Acetone, 56 °C, 6 h
	B9
	58%
	

	37
	II
	E15
	C14H29-
	Acetone, 56 °C, 6 h
	B9
	67%
	

	38
	II
	E15
	C16H33-
	Acetone, 56 °C, 6 h
	B9
	80%
	

	39
	I
	Methyl bromoacetate (12, n = 1, m = 0)
	CH2=CHCONH(CH2)3N+(CH3)2CH2COOCH3
	Acetonitrile, N2 or Ar, 25 °C, 6 h
	B10
	96%
	43

	40
	I
	Ethyl bromobutyrate (12, n = 3, m = 1)
	CH2=CHCONH(CH2)3N+(CH3)2CH2COOCH3
	Acetonitrile, N2 or Ar, 25 °C, 72 h
	B10
	92%
	

	41
	I
	Ethyl bromocapronate (12, n = 5, m = 1)
	CH2=CHCONH(CH2)3N+(CH3)2CH2COOCH3
	Acetonitrile, N2 or Ar, 25 °C, 120 h
	B10
	87%
	

	42
	I
	Ethyl bromoacetate (12, n = 1, m = 1)
	C2H5-
	Ethyl acetate, 21 °C, 24 h
	B11
	86%
	44

	43
	I
	Ethyl bromoacetate (12, n = 1, m = 1)
	C3H7-
	Ethyl acetate, 21 °C, 24 h
	B11
	80%
	

	44
	I
	Ethyl bromoacetate (12, n = 1, m = 1)
	C4H9-
	Ethyl acetate, 21 °C, 24 h
	B11
	85%
	

	45
	I
	Ethyl bromoacetate (12, n = 1, m = 1)
	cyclo-C4H8-
	Ethyl acetate, 21 °C, 24 h
	B12
	80%
	

	46
	I
	Methyl bromoacetate (12, n = 1, m = 0)
	cyclo-CH2N(CH3)C2H4-
	Acetonitrile, N2, 40 °C, 2 h
	B12
	NA
	45

	47
	I
	Ethyl bromoacetate (12, n = 1, m = 1)
	cyclo-C2H4OC2H4-
	Acetonitrile, N2, 40 °C, 2 h
	B12
	NA
	

	48
	I
	Ethyl bromoacetate (12, n = 1, m = 1)
	cyclo-C5H10-
	Acetonitrile, N2, 40 °C, 2 h
	B12
	NA
	

	49
	I
	Ethyl bromoacetate (12, n = 1, m = 1)
	cyclo-C4H8-
	Acetonitrile, N2, 40 °C, 2 h
	B12
	93%
	

	50
	I
	Hexyl bromoacetate (12, n = 1, m = 5)
	C6H5CH2
	Acetonitrile, reflux, 2 h
	B10
	99%
	46

	51
	I
	Hexyl bromoacetate (12, n = 1, m = 5)
	Tetramethylenediamine
	Acetonitrile, reflux, 1 h
	B7
	75%
	

	52
	I
	Hexyl bromoacetate (12, n = 1, m = 5)
	1-(2-dimethhylaminoethyl)-4-methylpiperazine
	Acetonitrile, RT, 12 h
	B13
	63%
	

	53
	I
	Hexyl bromoacetate (12, n = 1, m = 5)
	2,6,10-trimethyl-2,6,10-triazaundecane
	Acetonitrile, RT, 72 h
	B14
	76%
	

	54
	I
	Hexyl bromoacetate (12, n = 1, m = 5)
	tris(N,N-dimethylaminopropyl)amine
	Acetonitrile, reflux, 3 h
	B15
	99%
	

	55
	I
	Heptyl bromoacetate (12, n = 1, m = 6)
	C6H5CH2
	Acetonitrile, reflux, 2 h
	B10
	92%
	

	56
	I
	Heptyl bromoacetate (12, n = 1, m = 6)
	Tetramethylenediamine
	Acetonitrile, reflux, 1 h
	B7
	77%
	

	57
	I
	Heptyl bromoacetate (12, n = 1, m = 6)
	1-(2-dimethhylaminoethyl)-4-methylpiperazine
	Acetonitrile, RT, 12 h
	B13
	74%
	

	58
	I
	Heptyl bromoacetate (12, n = 1, m = 6)
	2,6,10-trimethyl-2,6,10-triazaundecane
	Acetonitrile, RT, 72 h
	B14
	92%
	

	59
	I
	Heptyl bromoacetate (12, n = 1, m = 6)
	tris(N,N-dimethylaminopropyl)amine
	Acetonitrile, reflux, 3 h
	B15
	99%
	

	60
	I
	Octyl bromoacetate (12, n = 1, m = 7)
	C6H5CH2
	Acetonitrile, reflux, 2 h
	B10
	99%
	

	61
	I
	Octyl bromoacetate (12, n = 1, m = 7)
	Tetramethylenediamine
	Acetonitrile, reflux, 1 h
	B7
	68%
	

	62
	I
	Octyl bromoacetate (12, n = 1, m = 7)
	1-(2-dimethhylaminoethyl)-4-methylpiperazine
	Acetonitrile, RT, 12 h
	B13
	92%
	

	63
	I
	Octyl bromoacetate (12, n = 1, m = 7)
	2,6,10-trimethyl-2,6,10-triazaundecane
	Acetonitrile, RT, 72 h
	B14
	81%
	

	64
	I
	Octyl bromoacetate (12, n = 1, m = 7)
	tris(N,N-dimethylaminopropyl)amine
	Acetonitrile, reflux, 3 h
	B15
	99%
	

	65
	I
	Nonyl bromoacetate (12, n = 1, m = 8)
	C6H5CH2
	Acetonitrile, reflux, 2 h
	B10
	95%
	

	66
	I
	Nonyl bromoacetate (12, n = 1, m = 8)
	Tetramethylenediamine
	Acetonitrile, reflux, 1 h
	B7
	77%
	

	67
	I
	Nonyl bromoacetate (12, n = 1, m = 8)
	1-(2-dimethhylaminoethyl)-4-methylpiperazine
	Acetonitrile, RT, 12 h
	B13
	96%
	

	68
	I
	Nonyl bromoacetate (12, n = 1, m = 8)
	2,6,10-trimethyl-2,6,10-triazaundecane
	Acetonitrile, RT, 72 h
	B14
	85%
	

	69
	I
	Nonyl bromoacetate (12, n = 1, m = 8)
	tris(N,N-dimethylaminopropyl)amine
	Acetonitrile, reflux, 3 h
	B15
	99%
	

	70
	I
	Decyl bromoacetate (12, n = 1, m = 9)
	C6H5CH2
	Acetonitrile, reflux, 2 h
	B10
	99%
	

	71
	I
	Decyl bromoacetate (12, n = 1, m = 9)
	Tetramethylenediamine
	Acetonitrile, reflux, 1 h
	B7
	81%
	

	72
	I
	Decyl bromoacetate (12, n = 1, m = 9)
	1-(2-dimethhylaminoethyl)-4-methylpiperazine
	Acetonitrile, RT, 12 h
	B13
	82%
	

	73
	I
	Decyl bromoacetate (12, n = 1, m = 9)
	2,6,10-trimethyl-2,6,10-triazaundecane
	Acetonitrile, RT, 72 h
	B14
	90%
	

	74
	I
	Decyl bromoacetate (12, n = 1, m = 9)
	tris(N,N-dimethylaminopropyl)amine
	Acetonitrile, reflux, 3 h
	B15
	93%
	

	75
	I
	Dodecyl bromoacetate (12, n = 1, m = 11)
	C6H5CH2
	Acetonitrile, reflux, 2 h
	B10
	91%
	

	76
	I
	Dodecyl bromoacetate (12, n = 1, m = 11)
	Tetramethylenediamine
	Acetonitrile, reflux, 1 h
	B7
	78%
	

	77
	I
	Dodecyl bromoacetate (12, n = 1, m = 11)
	1-(2-dimethhylaminoethyl)-4-methylpiperazine
	Acetonitrile, RT, 12 h
	B13
	90%
	

	78
	I
	Dodecyl bromoacetate (12, n = 1, m = 11)
	2,6,10-trimethyl-2,6,10-triazaundecane
	Acetonitrile, RT, 72 h
	B14
	91%
	

	79
	I
	Dodecyl bromoacetate (12, n = 1, m = 11)
	tris(N,N-dimethylaminopropyl)amine
	Acetonitrile, reflux, 3 h
	B15
	83%
	

	80
	I
	Tetradecyl bromoacetate (12, n = 1, m = 13)
	C6H5CH2
	Acetonitrile, reflux, 2 h
	B10
	98%
	

	81
	I
	Tetradecyl bromoacetate (12, n = 1, m = 13)
	Tetramethylenediamine
	Acetonitrile, reflux, 1 h
	B7
	88%
	

	82
	I
	Tetradecyl bromoacetate (12, n = 1, m = 13)
	1-(2-dimethhylaminoethyl)-4-methylpiperazine
	Acetonitrile, RT, 12 h
	B13
	97%
	

	83
	I
	Tetradecyl bromoacetate (12, n = 1, m = 13)
	2,6,10-trimethyl-2,6,10-triazaundecane
	Acetonitrile, RT, 72 h
	B14
	95%
	

	84
	I
	Tetradecyl bromoacetate (12, n = 1, m = 13)
	tris(N,N-dimethylaminopropyl)amine
	Acetonitrile, reflux, 3 h
	B15
	92%
	

	85
	I
	Methyl bromoundecanoate (12, n = 10, m = 0)
	C6H13-
	DMF, K2CO3, 90-110 °C, 12 h
	E16
	NA
	47

	86
	I
	Methyl bromoundecanoate (12, n = 10, m = 0)
	C6H13-
	DMF, K2CO3, 90-110 °C, 12 h
	E17
	NA
	

	87
	I
	Methyl bromoundecanoate (12, n = 10, m = 0)
	C12H25-
	DMF, K2CO3, 90-110 °C, 12 h
	E16
	NA
	

	88
	I
	Methyl bromoundecanoate (12, n = 10, m = 0)
	C12H25-
	DMF, K2CO3, 90-110 °C, 12 h
	E17
	NA
	

	89
	I
	Methyl bromoundecanoate (12, n = 10, m = 0)
	C18H37-
	DMF, K2CO3, 90-110 °C, 12 h
	E16
	NA
	

	90
	I
	Methyl bromoundecanoate (12, n = 10, m = 0)
	C18H37-
	DMF, K2CO3, 90-110 °C, 12 h
	E17
	NA
	

	91
	I
	Methyl bromoundecanoate (12, n = 10, m = 0)
	C8H17-
	DMF, K2CO3, 90-110 °C, 12 h
	E18
	NA
	

	92
	I
	Methyl bromoundecanoate (12, n = 10, m = 0)
	c-C6H11-
	DMF, K2CO3, 90-110 °C, 12 h
	E18
	NA
	

	
	
	
	c-C6H11-
	
	
	
	

	93
	II
	E16
	CH3I
	CHCl3, K2CO3, 25 °C, 12 h
	B16
	NA
	

	94
	II
	E17
	CH3I
	CHCl3, K2CO3, 25 °C, 12 h
	B17
	NA
	

	95
	II
	E18
	CH3I
	CHCl3, K2CO3, 25 °C, 12 h
	B18
	NA
	

	96
	I
	Monoethylene glycol bromoacetate (13, m = 1)
	C12H25-
	CHCl3, 60 °C, 3 h
	B19
	77%
	48

	97
	I
	Diethylene glycol bromoacetate (13, m = 2)
	C12H25-
	CHCl3, 60 °C, 3 h
	B19
	80%
	

	98
	I
	Triethylene glycol bromoacetate (13, m = 3)
	C12H25-
	CHCl3, 60 °C, 3 h
	B19
	82%
	

	99
	I
	Monoethylene glycol bromoacetate (13, m = 1)
	C8H17-
	CHCl3, 60 °C, 3 h
	B19
	35%
	49

	100
	I
	Monoethylene glycol bromoacetate (13, m = 1)
	C10H21-
	CHCl3, 60 °C, 3 h
	B19
	49%
	

	101
	I
	Monoethylene glycol bromoacetate (13, m = 1)
	C12H25-
	CHCl3, 60 °C, 3 h
	B19
	66%
	

	102
	I
	Monoethylene glycol bromoacetate (13, m = 1)
	C14H29-
	CHCl3, 60 °C, 3 h
	B19
	74%
	

	103
	I
	Monoethylene glycol bromoacetate (13, m = 1)
	C16H33-
	CHCl3, 60 °C, 3 h
	B19
	65%
	

	104
	I
	Monoethylene glycol bromoacetate (13, m = 1)
	C18H37-
	CHCl3, 60 °C, 3 h
	B19
	57%
	

	105
	I
	Octyl chloroacetate (14, m = 7)
	PMDTA
	Acetonitrile, 82 °C, 60 h
	B20
	85%
	50

	106
	I
	Octyl chloroacetate (14, m = 7)
	PMDTA
	Acetonitrile, 82 °C, 60 h
	B21
	89%
	

	107
	I
	Decyl chloroacetate (14, m = 9)
	PMDTA
	Acetonitrile, 82 °C, 60 h
	B20
	86%
	

	108
	I
	Decyl chloroacetate (14, m = 9)
	PMDTA
	Acetonitrile, 82 °C, 60 h
	B21
	90%
	

	109
	I
	Dodecyl chloroacetate (14, m = 11)
	PMDTA
	Acetonitrile, 82 °C, 60 h
	B21
	85%
	

	110
	I
	Chlorobetainyl chloride (15)
	Starch
	Pyridine, dioxane, 110 °C, 4 h
	B22
	NA
	52

	111
	I
	Chlorobetainyl chloride (15)
	Cellulose
	Dimethylacetamide, LiCl, Pyridine, 40 °C, 48 h
	B23
	NA
	53

	112
	I
	Betaine (16, R2 = CH3)
	C12H25-
	Methanesulfonic acid, 130 °C, reduced pressure (10 mbar), 3 h
	B24
	95%
	55

	113
	I
	Betaine (16, R2 = CH3)
	C18H37-
	Methanesulfonic acid, 130 °C, reduced pressure (50 mbar), 7 h
	B24
	70%
	

	114
	I
	Betaine (16, R2 = CH3)
	C18H35-
	Methanesulfonic acid, 130 °C, reduced pressure (50 mbar), 7 h
	B24
	85%
	

	115
	I
	Betaine (16, R2 = CH3)
	C6H13-
	Methanesulfonic acid, 160 °C, 24 h
	B24
	95%
	56

	116
	I
	Betaine (16, R2 = CH3)
	C12H25-
	Methanesulfonic acid, 140 °C, reduced pressure (50-100 mbar), 7 h
	B24
	86%
	

	117
	I
	Betaine (16, R2 = CH3)
	C14H29-
	Methanesulfonic acid, 140 °C, reduced pressure (50-100 mbar), 7 h
	B24
	93%
	

	118
	I
	Betaine (16, R2 = CH3)
	C16H33-
	Methanesulfonic acid, 140 °C, reduced pressure (50-100 mbar), 7 h
	B24
	61%
	

	119
	I
	Betaine (16, R2 = CH3)
	C20H41-
	Methanesulfonic acid, 140 °C, reduced pressure (50 mbar), 17 h
	B24
	83%
	

	120
	I
	Betaine (16, R2 = CH3)
	C4H9-
	Methanesulfonic acid, 140 °C, 500 mbar, 3 h
	B24
	55%
	57

	121
	II
	B24
	C14H29-
	NaHCO3, 85 °C, 10 mbar, 3 h
	B25
	100%
	

	122
	II
	B24
	C14H29-
	Methanesulfonic acid, 85 °C, 10 mbar, 3 h
	B25
	36%
	

	123
	I
	Betaine methanesulfonate (16, R1 = CH3)
	Glycerol
	150 °C, 1.5 h
	B26
	NA
	58

	124
	I
	Betaine methanesulfonate (16, R1 = CH3)
	Glycerol
	150 °C, 1.5 h
	B27
	NA
	

	125
	I
	Betaine sulfate (16, R1 = OH)
	Glycerol
	150 °C, 2.5 h
	B26
	NA
	

	126
	I
	Betaine sulfate (16, R1 = OH)
	Glycerol
	150 °C, 2.5 h
	B27
	NA
	

	127
	I
	Betaine trifluoromethanesulfonate (16, R1 = CF3)
	Glycerol
	150 °C, 2 h
	B26
	NA
	

	128
	I
	Betaine trifluoromethanesulfonate (16, R1 = CF3)
	Glycerol
	150 °C, 2 h
	B27
	NA
	

	129
	I
	Betaine p-toluenesulfonate (16, R1 = 4-CH3C6H4)
	Glycerol
	150 °C, 2 h
	B26
	NA
	

	130
	I
	Betaine p-toluenesulfonate (16, R1 = 4-CH3C6H4)
	Glycerol
	150 °C, 2 h
	B27
	NA
	

	131
	I
	Betaine hydrochloride (17)
	Glycerol
	150 °C, 10 h
	B28
	NA
	

	132
	I
	Betaine hydrochloride (17)
	Glycerol
	150 °C, 10 h
	B29
	NA
	

	133
	I
	Betaine hydrochloride (17)
	Methanol
	SOCl2, 70 °C, 4 h
	B3
	NA
	59

	134
	II
	B3
	Starch
	NaOH, DMF, 70 °C, 24 h
	B22
	NA
	

	135
	II
	B3
	Starch
	NaOH, DMSO, 70 °C, 24 h
	B22
	NA
	

	136
	II
	B3
	Starch
	H2SO4, DMF, 70 °C, 24 h
	B22
	NA
	

	137
	II
	B3
	Starch
	H2SO4, DMSO, 70 °C, 24 h
	B22
	NA
	

	138
	II
	B3
	Starch
	NaOH, ball mill, 2h
	B22
	NA
	

	139
	II
	B3
	Starch
	Sulfamic acid, ball mill, 2 h
	B22
	NA
	

	140
	I
	Betaine (18)
	Cellulose (cotton fiber)
	H2O, HCl, 180 °C, 5 min
	B30
	NA
	65

	141
	I
	Carnitine (19)
	C2H5-
	Acetonitrile, Ar, 81 °C, 12 h
	B25
	NA
	62

	142
	I
	Carnitine (19)
	C4H9-
	Acetonitrile, Ar, 81 °C, 12 h
	B25
	NA
	

	143
	I
	Carnitine (19)
	C6H13-
	Acetonitrile, Ar, 81 °C, 12 h
	B25
	NA
	

	144
	I
	Carnitine (19)
	C8H17-
	Acetonitrile, Ar, 81 °C, 12 h
	B25
	NA
	

	145
	I
	Carnitine (19)
	C10H21-
	Acetonitrile, Ar, 81 °C, 12 h
	B25
	NA
	

	146
	I
	Carnitine (19)
	C12H25-
	Acetonitrile, Ar, 81 °C, 12 h
	B25
	NA
	

	147
	I
	Carnitine (19)
	C14H29-
	Acetonitrile, Ar, 81 °C, 12 h
	B25
	NA
	

	148
	I
	Betaine (19)
	Alkyl from C2H5- to C14H29-
	Acetonitrile, 40 °C, 24-72 h
	B4
	87-95%
	63



4.1. Structures of compounds (hydrolysis)
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4.2. Structures of compounds (biodegradation)
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4.3. Structures of compounds (toxicity)
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4.4. Structures of compounds (surface properties)
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Table S3. Surface properties of esterquats.
	No.
	Cation
	Anion
	CMC [mmol/L] at 25℃
	M [g/mol]
	CMC [g/L]
	Surface tension at CMC [mN·m-1]
	Ref.

	1
	C2; R1=C7H15
	Cl
	3.94
	452
	1.78
	24
	9

	2
	C2; R1=C9H19
	Cl
	0.197
	508
	0.100
	25
	9

	3
	C2; R1=C11H23
	Cl
	0.0692
	453
	0.0314
	28
	9

	4
	C4; R1=C11H23, R2=C8H17
	Br
	0.06
	525
	0.0315
	36
	4

	5
	C4; R1=C13H27, R2=C8H17
	Br
	0.04
	553
	0.0221
	32
	4

	6
	C4; R1=C15H31, R2=C8H17
	Br
	0.03
	581
	0.0174
	29
	4

	7
	C6; n=1, R1=C9H19, R2=CH2
	2Br
	2.06
	689
	1.42
	---
	66

	8
	C6; n=1, R1=C11H23, R2=CH2
	2Br
	0.31
	717
	0.222
	---
	13

	9
	C6; n=1, R1=C12H25, R2=C2H4
	2Cl
	0.11
	698
	0.0768
	34
	7

	10
	C6; n=1, R1=C9H19, R2=C4H8
	2Br
	2.6
	731
	1.90
	---
	66

	11
	C6; n=1, R1=C10H21, R2=trans-C2H2
	2Cl
	0.79
	668
	0.528
	35
	7

	12
	C6; n=1, R1=C12H25, R2=trans-C2H2
	2Cl
	0.13
	696
	0.090
	33
	7

	13
	C6; n=1, R1=C14H29, R2=trans-C2H2
	2Cl
	0.025
	724
	0.0181
	31
	7

	14
	C6; n=1, R1=C16H33, R2=trans-C2H2
	2Cl
	0.0052
	752
	0.00391
	35
	7

	15
	C6; n=3, R1=C10H21, R2=trans-C2H2
	2Cl
	0.4
	696
	0.278
	34
	7

	16
	C6; n=5, R1=C10H21, R2=trans-C2H2
	2Cl
	0.27
	724
	0.195
	39
	7

	17
	C6; n=5, R1=C8H17, R2=trans-C2H2
	2Cl
	0.42
	696
	0.292
	35
	7

	18
	C6; n=1, R1=C12H25, R2=cis-C2H2
	2Cl
	0.14
	696
	0.0974
	36
	7

	19
	C6; n=1, R1=C9H19, R2=CH2OH
	2Cl
	1.09
	616
	0.671
	30
	6

	20
	C6; n=1, R1=C11H23, R2=CH2OH
	2Cl
	0.082
	644
	0.0528
	32
	6

	21
	C6; n=1, R1=C13H27, R2=CH2OH
	2Cl
	0.021
	672
	0.0141
	30
	6

	22
	C6; n=2, R1=C12H25, R2=CH2OH
	2Cl
	0.082
	728
	0.0597
	32
	7

	23
	C6; n=3, R1=C9H19, R2=CH2OH
	2Cl
	0.17
	644
	0.109
	34
	6

	24
	C6; n=5, R1=C7H15, R2=CH2OH
	2Cl
	0.79
	644
	0.509
	34
	6

	25
	C7; n=1, R1=C11H23
	Cl
	0.69
	322
	0.222
	30
	6

	26
	C7; n=1, R1=C9H19
	Br
	29.53
	338
	10.0
	---
	66

	27
	C7; n=1, R1=C11H23
	Br
	7.2
	366
	2.64
	---
	13

	28
	C7; n=1,  R1=CHCHCOOC8H17
	OH
	3.2
	331
	1.06
	32
	67

	29
	C7; n=1,  R1=CHCHCOOC10H21
	OH
	1.1
	359
	0.395
	32
	67

	30
	C7; n=1,  R1=CHCHCOOC12H25
	OH
	0.36
	387
	0.139
	31
	67

	31
	C11;  R1=C2H4,  R2=C10H21
	2Cl
	1.514
	614
	0.929
	39
	10

	32
	C11;  R1=C2H4,  R2=C12H25
	2Cl
	0.238
	670
	0.159
	35
	10

	33
	C11;  R1=C2H4,  R2=C14H29
	2Cl
	0.211
	726
	0.153
	36
	10

	34
	C11;  R1=C2H4,  R2=C16H33
	2Cl
	0.024
	782
	0.0188
	37
	10

	35
	C11; R1=C6H12,  R2=C10H21
	2Cl
	3.981
	670
	2.67
	32
	10

	36
	C11; R1=C6H12,  R2=C12H25
	2Cl
	1.486
	726
	1.08
	39
	10

	37
	C11; R1=C6H12,  R2=C14H29
	2Cl
	0.236
	782
	0.185
	33
	10

	38
	C11; R1=C6H12,  R2=C16H33
	2Cl
	0.032
	838
	0.0268
	31
	10

	39
	C14; n=1, Y=H R1=C11H23, R2=C5H11
	2Cl
	0.624
	815
	0.5
	30
	16

	40
	C14; n=1, Y=H R1=C11H23, R2=C6H13
	2Cl
	0.561
	829
	0.465
	30
	16

	41
	C14; n=1, Y=H R1=C11H23, R2=C8H17
	2Cl
	0.393
	857
	0.337
	30
	16

	42
	C14; n=2, Y=H, R1=C9H19, R2=C4H9
	2Cl
	0.708
	745
	0.528
	38
	18

	43
	C14; n=2, Y=H, R1=C9H19, R2=C5H11
	2Cl
	0.282
	759
	0.214
	36
	18

	44
	C14; n=2, Y=H R1=C9H19, R2=C6H13
	2Cl
	0.0478; 0.0596
	773
	0.0370; 0.0461
	44; 
39
	16,18

	45
	C14; n=2, Y=H R1=C9H19, R2=C8H17
	2Cl
	0.0282; 0.0436
	829
	0.0234; 0.0361
	44; 
37
	16,18

	46
	C14; n=2, Y=H, R1=C11H23, R2=C4H9
	2Cl
	0.447
	829
	0.371
	37
	18

	47
	C14; n=2, Y=H R1=C11H23, R2=C5H11
	2Cl
	0.0488; 0.15
	843
	0.0411; 0.126
	40; 
35
	16,18

	48
	C14; n=2, Y=H R1=C11H23, R2=C6H13
	2Cl
	0.0447
	857
	0.0383
	38
	16,18

	49
	C14; n=2, Y=H R1=C11H23, R2=C8H17
	2Cl
	0.0178; 0.0407
	885
	0.0158; 0.0360
	37; 
36
	16,18

	50
	C14; n=2, Y=H R1=C13H27, R2=C8H17
	2Cl
	0.0436
	941
	0.0410
	31
	16

	51
	C14; n=2, Y=CH3 R1=C9H19, R2=C6H13
	2Cl
	0.0842
	801
	0.0675
	44
	16

	52
	C14; n=2, Y=CH3 R1=C9H19, R2=C8H17
	2Cl
	0.0784
	829
	0.0650
	44
	16

	53
	C14; n=2, Y=CH3 R1=C11H23, R2=C5H11
	2Cl
	0.0628
	871
	0.0547
	40
	16

	54
	C14; n=2, Y=CH3 R1=C11H23, R2=C6H13
	2Cl
	0.0591
	885
	0.0523
	40
	16

	55
	C14; n=2, Y=CH3 R1=C11H23, R2=C8H17
	2Cl
	0.0541
	913
	0.0494
	39
	16

	56
	C14; n=2, Y=CH3 R1=C13H27, R2=C6H13
	2Cl
	0.0576
	941
	0.0542
	35
	16

	57
	C14; n=2, Y=CH3 R1=C13H27, R2=C8H17
	2Cl
	0.057
	969
	0.0552
	35
	16

	58
	C15; n=1, R1=C12H25
	2Cl
	0.4
	694
	0.278
	35
	7

	59
	C19; n=1, R1=C10H21
	2I
	0.747
	741
	0.553
	37
	30

	60
	C19; n=1, R1=C12H25
	2I
	0.29
	797
	0.231
	37
	30

	61
	C19; n=1, R1=C14H25
	2I
	0.0466
	853
	0.0397
	39
	30

	62
	C19; n=2, R1=C10H21
	2I
	0.71
	769
	0.546
	42
	30

	63
	C19; n=2, R1=C12H25
	2I
	0.172
	825
	0.142
	43
	30

	64
	C19; n=2, R1=C14H25
	2I
	0.0431
	881
	0.0380
	43
	30

	65
	C20; n=2, Y=H, R1=C8H27 R2=CH2
	2I
	0.948
	871
	0.826
	32
	31

	66
	C20; n=2, Y=H, R1=C10H31 R2=CH2
	2I
	0.146
	899
	0.131
	30
	31

	67
	C20; n=2, Y=H, R1=C12H35 R2=CH2
	2I
	0.0578
	927
	0.0536
	31
	31

	68
	C20; n=1, Y=CH3, R1=C12H35 R2=CH2
	2I
	0.0254
	947
	0.0241
	33
	31

	69
	C20; n=1, Y=H, R1=C10H21, R2=C2
	2Cl
	4.63
	599
	2.77
	39
	29

	70
	C20; n=1, Y=H, R1=C12H25, R2=C2
	2Cl
	0.69
	655
	0.452
	39
	29

	71
	C20; n=1, Y=H, R1=C14H29, R2=C2
	2Cl
	0.092
	711
	0.0654
	37
	29

	72
	C21; n=1, Y=H, R1=C10H21
	I
	11.82
	415
	4.91
	30
	29

	73
	C21; n=1, Y=H, R1=C12H25
	I
	3.27; 0.431
	443
	1.45; 0.191
	29
	29,31

	74
	C21; n=1, Y=H, R1=C14H29
	I
	1.78
	471
	0.839
	29
	29

	75
	C21; n=1, Y=H, R1=C16H33
	I
	0.37
	499
	0.185
	30
	29

	76
	C21; n=1, Y=H, R1=C18H37
	I
	0.31
	527
	0.163
	30
	29

	77
	C21; n=1, Y=CH3, R1=C12H25
	I
	1.29
	457
	0.590
	35
	31

	78
	C22; n=2, m=1, R1=C12H35
	2I
	0.0401
	1001
	0.0401
	34
	31

	79
	C22; n=2, m=2, R1=C12H35
	2I
	0.0571
	1029
	0.0588
	37
	31

	80
	C25’; R2=C8H17
	MCPP
	0.98
	599
	0.587
	33
	68

	81
	C25’; R2=C9H19
	MCPP
	0.82
	613
	0.502
	33
	68

	82
	C25’; R2=C10H21
	MCPP
	0.53
	627
	0.332
	31
	68

	83
	C25’; R2=C11H23
	MCPP
	0.56
	627
	0.351
	30
	68

	84
	C25’; R2=C12H25
	MCPP
	0.45
	655
	0.295
	27
	68

	85
	C25’; R2=C14H29
	MCPP
	0.41
	683
	0.280
	27
	68

	86
	C25’’; R2=C10H21
	4-CPA
	1.42
	619
	0.879
	25
	20

	87
	C25’’; R2=C12H25
	4-CPA
	4.64
	647
	3.00
	26
	20

	88
	C25’’; R2=C14H29
	4-CPA
	2.12
	675
	1.43
	31
	20

	89
	C25’’; R2=C10H21
	2,4-D
	2.86
	653
	1.87
	27
	20

	90
	C25’’; R2=C12H25
	2,4-D
	6.83
	682
	4.65
	28
	20

	91
	C25’’; R2=C14H29
	2,4-D
	7.1
	710
	5.04
	32
	20

	92
	C25’’; R2=C10H21
	MCPA
	1.19
	633
	0.753
	24
	20

	93
	C25’’; R2=C12H25
	MCPA
	1.53
	661
	1.01
	29
	20

	94
	C25’’; R2=C14H29
	MCPA
	2.24
	689
	1.54
	33
	20

	95
	C25’’; R2=C10H21
	MCPP
	0.29
	647
	0.188
	34
	20

	96
	C25’’; R2=C12H25
	MCPP
	0.71
	675
	0.479
	30
	20

	97
	C25’’; R2=C14H29
	MCPP
	0.68
	703
	0.478
	36
	20

	98
	C25’’; R2=C10H21
	clopyralid
	0.52
	624
	0.325
	32
	20

	99
	C25’’; R2=C12H25
	clopyralid
	0.14
	652
	0.0913
	32
	20

	100
	C25’’; R2=C14H29
	clopyralid
	0.06
	681
	0.0408
	35
	20

	101
	C26, n=1, R1=C7H15
	Cl
	2.51
	457
	1.15
	33
	33

	102
	C27, R1=C8H17
	Cl
	1.27
	455
	0.578
	22
	33

	103
	C27, R1=C11H23
	Cl
	1.27
	497
	0.631
	24
	33

	104
	B4; n=1, m=2, R1=C8H17 
	2Cl
	2.26
	700
	1.58
	---
	42

	105
	B4; n=1, m=2, R1=C10H21
	2Cl
	2.11
	756
	1.59
	---
	42

	106
	B4; n=1, m=2, R1=C12H25
	2Cl
	1.55
	812
	1.26
	---
	42

	107
	B4; n=1, m=3, R1=C8H17 
	2Cl
	2.56
	714
	1.83
	---
	42

	108
	B4; n=1, m=3, R1=C10H21
	2Cl
	2.27
	770
	1.75
	---
	42

	109
	B4; n=1, m=3, R1=C12H25
	2Cl
	1.37
	826
	1.13
	---
	42

	110
	B4; n=1, m=4, R1=C8H17 
	2Cl
	2.62
	728
	1.91
	---
	42

	111
	B4; n=1, m=4, R1=C10H21
	2Cl
	2.48
	784
	1.94
	---
	42

	112
	B4; n=1, m=4, R1=C12H25
	2Cl
	1.5
	840
	1.26
	---
	42

	113
	B5; n=1, R1=C12H25
	2Cl
	0.0016
	642
	0.00103
	---
	69

	114
	B5; n=1, R1=C14H29
	2Cl
	0.0014
	698
	0.00098
	---
	69

	115
	B5; n=1, R1=C16H33
	2Cl
	0.0013
	754
	0.00098
	---
	69

	116
	B5; n=1, R1=C12H25CONHC2H4
	2Cl
	2.6
	784
	2.04
	27
	70

	117
	B5; n=1, R1=C14H29CONHC2H4
	2Cl
	1.7
	840
	1.43
	26
	70

	118
	B5; n=1, R1=C16H33CONHC2H4
	2Cl
	1.1
	896
	0.986
	25
	70

	119
	B6; n=1; R1=C8H17
	Br
	80.38
	230
	18.5
	38
	71

	120
	B6; n=1; R1=C10H21
	Br
	16.94
	258
	4.38
	30
	71

	121
	B6; n=1; R1=C12H25 
	Br
	4.9; 5
	286
	1.40; 1.43
	27
	14,71

	122
	B6; n=1; R1=C14H29
	Br
	1.36
	314
	0.428
	32
	71

	123
	B6; n=1; R1=C12H25 
	CH3SO3
	1.2
	382
	0.458
	32
	55

	124
	B6; n=1; R1=C18H37 
	CH3SO3
	0.794
	466
	0.370
	37
	55

	125
	B6; n=1; R1=(CH2)8CHCHC8H17
	CH3SO3
	0.1
	464
	0.0464
	37
	55

	126
	B9; n=1; R1=C10H21
	3Br
	1.73
	1068
	1.85
	38
	40

	127
	B9; n=1; R1=C12H25
	3Br
	0.124
	1152
	0.143
	42
	40

	128
	B9; n=1; R1=C14H29
	3Br
	0.0508
	1236
	0.0628
	38
	40

	129
	B9; n=1; R1=C16H32
	3Br
	0.0062
	1320
	0.00818
	39
	40

	130
	B19; m=1; R1=C12H25 
	2Br
	0.55
	731
	0.402
	29
	48

	131
	B19; m=2; R1=C12H25 
	2Br
	0.61
	776
	0.473
	31
	48

	132
	B19; m=3; R1=C12H25 
	2Br
	0.67
	821
	0.550
	31
	48

	133
	B19; m=1; R1=C8H17
	2Br
	11.03
	619
	6.82
	40
	49

	134
	B19; m=1; R1=C10H21
	2Br
	2.33
	675
	1.57
	39
	49

	135
	B19; m=1; R1=C12H25 
	2Br
	1.06
	731
	0.774
	36
	49

	136
	B19; m=1; R1=C14H29
	2Br
	0.15
	787
	0.118
	34
	49

	137
	B19; m=1; R1=C16H33
	2Br
	0.07
	843
	0.0590
	36
	49

	138
	B19; m=1; R1=C18H37
	2Br
	0.02
	899
	0.0180
	38
	49

	139
	B19; m=2; R1=C12H25 
	2Cl
	0.075
	685
	0.0514
	54
	72

	140
	B19; m=2; R1=C14H29
	2Cl
	0.025
	741
	0.0185
	47
	72

	141
	B19; m=2; R1=C16H33
	2Cl
	0.011
	797
	0.00877
	39
	72

	142
	B31; R1=C8H17
	Br
	48.59
	354
	17.2
	38
	71

	143
	B31; R1=C10H21
	Br
	13.12
	382
	5.02
	38
	71

	144
	B31; R1=C12H25 
	Br
	2.51
	410
	1.03
	36
	71

	145
	B31; R1=C14H29
	Br
	0.76
	438
	0.333
	39
	71

	146
	B31; R1=C16H33
	Br
	0.42
	466
	0.196
	39
	71

	147
	B31; R1=C18H37
	Br
	0.16
	494
	0.0791
	51
	71
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