
Highly recyclable, imidazolium derived ionic liquids of low 

antimicrobial and antifungal toxicity: A new strategy for acid 

catalysis 

 

Lauren Myles,a Rohitkumar Gore,b Marcel Špulákc, Nicholas Gathergood*b and Stephen J. 

Connon*a 
 

aCentre for Synthesis and Chemical Biology, School of Chemistry, University of Dublin, 

Trinity College, Dublin 2, Ireland. Fax: +353 1 6712826; Tel: +353 1 8961306; E-mail: 

connons@tcd.ie. 
bSchool of Chemical Sciences, Dublin City University, Glasnevin, Dublin 9. Ireland. Fax: 

+353 1 7005503; E-mail: Nick.Gathergood@dcu.ie. 
cCentre for New Antivirals and Antineoplastics, Department of Inorganic and Organic 

Chemistry, Charles University, Faculty of Pharmacy, Heyrovského 1203, CZ-500 03, Hradec 

Králové, Czech Republic 

 

1.0  General 

Proton Nuclear Magnetic Resonance spectra were recorded on a 400 MHz spectrometer in 

CDCl3 referenced relative to residual CHCl3 (δ = 7.26 ppm) unless otherwise stated. 

Chemical shifts are reported in ppm and coupling constants in Hertz. Carbon NMR spectra 

were recorded on the same instrument (100 MHz) with total proton decoupling. All melting 

points are uncorrected. Infrared spectra were obtained on a Perkin Elmer spectrophotometer. 

Flash chromatography was carried out using silica gel, particle size 0.04-0.063 mm. TLC 

analysis was performed on precoated 60F254 slides, and visualised by UV irradiation, KMnO4 

or anisaldehdye staining. All aldehydes were sourced commercially and either distilled under 

vacuum (if liquid) or dissolved in CH2Cl2 and washed with NaOH(if solid) prior to use. 

Methanol and THF were distilled over sodium and stored under argon-best results were 

obtained using freshly distilled methanol. All reactions were carried out under protective 

argon atmospheres.  Careful drying of all catalysts/ionic liquids is essential for best results - a 

convenient procedure for this follows: the catalysts/ionic liquids were dissolved in dry 

toluene under argon. The solvent was removed in vacuo and the procedure was repeated 

twice, taking care that the compound was not exposed to air. The catalysts/ionic liquids were 

then dried under high vacuum for 2 h and used in the reaction. 
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2.0  Toxicology  

 

Antifungal activity 

In vitro antifungal activities of the compounds were evaluated on a panel of four ATCC 

strains (Candida albicans ATCC 44859, Candida albicans ATCC 90028, Candida 

parapsilosis ATCC 22019, Candida krusei ATCC 6258) and eight clinical isolates of yeasts 

(Candida krusei E28, Candida tropicalis 156, Candida glabrata 20/I, Candida lusitaniae 

2446/I, Trichosporon beigelii 1188) and filamentous fungi (Aspergillus fumigatus 231, 

Absidia corymbifera 272, Trichophyton mentagrophytes 445) from the collection of fungal 

strains deposited at the Department of Biological and Medical Sciences, Faculty of 

Pharmacy, Charles University, Hradec Králové, Czech Republic. Three of the above ATCC 

strains (Candida albicans ATCC 90028, Candida parapsilosis ATCC 22019, Candida krusei 

ATCC 6258) also served as the quality control strains. All the isolates were maintained on 

Sabouraud dextrose agar prior to being tested. 

Minimum inhibitory concentrations (MICs) were determined by the microdilution format 

of the NCCLS M27-A guidelines.12 Dimethyl sulfoxide (100 %) served as a diluent for all 

compounds; the final concentration did not exceed 2 %. RPMI 1640 (Sevapharma, Prague) 

medium supplemented with L-glutamine and buffered with 0.165 M 

morpholinepropanesulfonic acid (Serva) to pH 7.0 by 10 N NaOH was used as the test 

medium. The wells of the microdilution tray contained 100 µl of the RPMI 1640 medium 

with 2-fold serial dilutions of the compounds (2000 or 1000 to 0.48 µmol/l) and 100 µl of 

inoculum suspension. Fungal inoculum in RPMI 1640 was prepared to give a final 

concentration of 5 × 103 ± 0.2 cfu.ml-1. The trays were incubated at 35°C and MICs were 

read visually for filamentous fungi and photometrically for yeasts as an absorbance at 540 nm 

after 24 h and 48 h. The MIC values for the dermatophytic strain (T. mentagrophytes) were 

determined after 72 h and 120 h. The MICs were defined as 80 % inhibition of the growth of 

control. MICs were determined twice and in duplicate. The deviations from the usually 

obtained values were no higher than the nearest concentration value up and down the dilution 

scale. 

 

 



 

Antibacterial activity 

 

In vitro antibacterial activities13 of the compounds were evaluated on a panel of three 

ATCC strains (Staphylococcus aureus ATCC 6538, Escherichia coli ATCC 8739, 

Pseudomonas aeruginosa ATCC 9027) and five clinical isolates (Staphylococcus aureus 

MRSA HK5996/08, Staphylococcus epidermidis HK6966/08, Enterococcus sp. HK14365/08, 

Klebsiella pneumoniae HK11750/08, Klebsiella pneumoniae ESBL HK14368/08) from the 

collection of fungal strains deposited at the Department of Biological and Medical Sciences, 

Faculty of Pharmacy, Charles University, Hradec Králové, Czech Republic. The above-

mentioned ATCC strains also served as the quality control strains. All the isolates were 

maintained on Mueller-Hinton dextrose agar prior to being tested. 

Dimethyl sulfoxide (100 %) served as a diluent for all compounds; the final concentration 

did not exceed 2 %. Mueller-Hinton agar (MH, HiMedia, �adersky-Envitek, Czech Republic) 

buffered to pH 7.4 (±0.2) was used as the test medium. The wells of the microdilution tray 

contained 200 µl of the Mueller-Hinton medium with 2-fold serial dilutions of the 

compounds (2000 or 1000 to 0.48 µmol/l) and 10 µl of inoculum suspension. Inoculum in 

MH medium was prepared to give a final concentration of 0.5 McFarland scale (1.5 × 108 

cfu.ml-1). The trays were incubated at 36°C and MICs were read visually after 24 h and 48 h. 

The MICs were defined as 80 % inhibition of the growth of control. MICs were determined 

twice and in duplicate. The deviations from the usually obtained values were no higher than 

the nearest concentration value up and down the dilution scale. 



3.0 Synthesis of IL catalysts: 

 

 3-Methyl-1-(methoxycarbonylmethyl)imidazolium bromide (11), 3-methyl-1-

(methoxycarbonylmethyl)imidazolium NTf2 (13), 3-methyl-1-

(pyrrolidinecarbonylmethyl)imidazolium bromide (15) and 2,3-dimethyl-1-

(pyrrolidinecarbonylmethyl)imidazolium bromide (19) were prepared according to literature 

methods.11 All ILs synthesized have been analysed on NMR, LC-MS, and Karl Fischer 

(showing values range between 0.5 to 4.4 wt% water) for purity.  ILs 10, 12, 13, 14, 16, 18, 

and 20 gave a negative result for bromide in the silver test. 

 

 

 

Preparation of 3-Benzyl-1-(pyrrolidinecarbonylmethyl)imidazolium bromide (17): 

 

 

  

 

To a stirred solution of pyrrolidine bromoacetate (2.00 g, 10.41 mmol) in diethyl ether (100 

mL) at 0 ºC under Nitrogen atmosphere was added dropwise 1-benzylimidazole (1.65 g, 

10.41 mmol). The reaction mixture was stirred vigorously at 0 ºC for 1 h, then at RT 

overnight. The upper diethyl ether phase was decanted and the IL washed with diethyl ether 

(5 x 50 mL), then residual solvent was removed on the rotary evaporator. The product was 

dried in vacuo for 1 day to give a white solid at RT in 76 % yield (2.78 g, 7.94 mmol).  
1H NMR (400 MHz, CDCl3): 10.01 (s, 1H), 7.65 (s, 1H), 7.42-7.36 (m, 5H), 7.22 (s, 1H) 5.57 

(s, 2H), 5.45 (s, 2H) 3.65 (t, 2H, J 6.8), 3.42 (t, 2H, J  6.8), 2.03-1.96 (m, 2H), 1.89-1.82 (m, 

2H).  
13C NMR (150 MHz, CDCl3): 162.61, 137.69, 132.61, 129.57, 129.52, 128.84, 124.61, 

120.69, 53.52, 51.21, 46.53, 46.20, 25.97, 24.03.  

Melting point: 150-152 ºC. 

ES-MS (+ve): m/z 270.1602 

Karl Fischer Analysis: 4.12 wt% water  
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Preparation of 3-methyl-1-(pyrrolidinecarbonylmethyl)imidazolium NTf2 (16): 

 

 

 

 

 

 

A flask was charged with 3-methyl-1-(pyrrolidinecarbonylmethyl)imidazolium bromide 

(11.00 g, 40.14 mmol) and distilled water (40 mL). LiNTf2 (11.52 g, 40.14 mmol) in distilled 

water (40 mL) was added in one portion and the suspension was stirred vigorously for 4 h at 

RT. The top aqueous layer was removed, the IL washed with water (3 x 40 mL) then the 

solvent removed on the rotary evaporator. The product was dried in vacuo for 72 h to give a 

colourless liquid at RT in 69 % yield (13.15 g, 27.72 mmol).  
1H NMR (600 MHz, DMSO-d6): 8.82 (s, 1H), 7.49 (t, J  1.6, 1H), 7.42 (t,1H, J  1.6), 4.99 (s, 

2H), 3.74 (s, 3H), 3.28 (t, 2H, J  6.8), 3.16 (t, 2H, J  6.8), 1.77-1.75 (m, 2H), 1.63-1.61 (m, 

2H).  
13C NMR (150 MHz, DMSO-d6): 163.01, 137.70, 123.85, 122.90, 119.47 (q), 50.36, 45.93, 

45.04, 35.80, 25.47, 23.66. 

ES-MS (+ve): m/z 194.1297 

Karl Fischer Analysis: 1.63 wt% water 
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Preparation of 2,3-dimethyl-1-(pyrrolidinecarbonylmethyl)imidazolium bromide (20): 

 

 

 

 

A flask was charged with 2,3-dimethyl-1-(pyrrolidinecarbonylmethyl)imidazolium bromide 

(11.00 g, 38.19 mmol) and distilled water (40 mL). LiNTf2 (10.96 g, 38.19 mmol) in distilled 

water (40 mL) was added in one portion and the suspension was stirred vigorously for 4 h at 

RT. The top aqueous layer was removed, the IL washed with water (3 x 50 mL) then the 

solvent removed on the rotary evaporator. The product was dried in vacuo for 72 h to give a 

colourless liquid at RT in 75 % yield (14.13 g, 28.92 mmol).  
1H NMR (400 MHz, DMSO-d6): 7.61 (d, J 2.0, 1H), 7.50 (d, 1H, J  2.0) 5.17 (s, 2H), 3.80 (s, 

3H), 3.50 (t, 2H, J  6.8,), 3.34 (t, 2H, J  6.8), 2.51 (s, 3H), 1.97-1.94 (m, 2H), 1.83-1.80 (m, 

2H)  
13C NMR (150 MHz, DMSO-d6): 162.69, 145.76, 122.21, 121.92, 119.47 (q, J = 309 Hz, 2 

CF3), 49.46, 45.90, 44.97, 34.75, 25.45, 23.66, 9.27. 

ES-MS (+ve): m/z 208.1447 

Karl Fischer Analysis: 2.27 wt% water 
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Preparation of 3-benzyl-1-(pyrrolidinecarbonylmethyl)imidazolium NTf2 (18): 

 

 

 

 

 

A flask was charged with 3-benzyl-1-(pyrrolidinecarbonylmethyl)imidazolium bromide (200 

mg, 0.57 mmol) and distilled water (2 mL). LiNTf2 (163 mg, 0.57 mmol) in distilled water (2 

mL) was added in one portion and the suspension was stirred vigorously for 4 h at RT. The 

top aqueous layer was removed, the IL washed with water (3 x 4 mL) then the solvent 

removed on the rotary evaporator. The product was dried in vacuo for 72 h to give a 

colourless liquid at RT in 86 % yield (271 mg, 0.49 mmol).  
1H NMR (400 MHz, DMSO-d6): 9.18 (s, 1H), 7.80 (t, 1H, J  1.6), 7.65 (t, 1H, J  1.6), 7.44-

7.40 (m, 5H), 5.88 (s, 2H), 5.19 (s, 2H), 3.45 (t, 2H J  6.8,), 3.29 (t, 2H, J  6.8) 1.96-1.92 (m, 

2H), 1.82-1.79 (m, 2H).  

N N

O

N
Bn

NTf2



13C NMR (150 MHz, DMSO-d6) 163.01, 137.41, 134.81, 129.03, 128.76, 128.15, 124.38, 

121.82, 119.44 (q, J = 319 Hz, 2 CF3), 51.91, 50.54, 45.96, 45.02, 25.48, 23.68. 

ES-MS (+ve): m/z 270.1606 

Karl Fischer Analysis: 4.99 wt% water 
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Preparation of 3-methyl-1-(methoxycarbonylmethyl)imidazolium Octylsulfate (14): 

 

 

 

 

 

A flask was charged with 3-methyl-1-(methoxycarbonylmethyl)imidazolium bromide (2.00 g, 

8.51 mmol) and distilled water (7.5 mL). Sodium octylsulfate (1.97 g, 8.51 mmol) in distilled 

water (7.5 mL) was added in one portion and the suspension was stirred vigorously for 4 h at 

RT. The water was removed on the rotary evaporator and residue was dissolved in 

dichloromethane (15 mL) and washed with water. Organic layer was dried over anhydrous 

magnesium sulphate, filtered and filtrate was evaporatorated. The product was dried in vacuo 

for 72 h to give a colourless viscous liquid in 64 % yield (1.91 g, 5.24 mmol).  
1H NMR (400 MHz, DMSO-d6): 9.42 (s, 1H), 7.48 (s, 1H), 7.34 (s, 1H), 5.23 (s, 2H), 3.93-

3.90 (m, 5H), 3.73 (s, 3H), 1.59-1.55 (m, 2H), 1.28-1.15 (m, 10H), 0.81 (t, 3H, J  6.8)  
13C NMR (150 MHz, DMSO-d6): 166.96, 138.67, 123.90, 123.06, 68.13, 53.32, 49.89, 36.61, 

31.83, 29.46, 29.36, 29.26, 25.86, 22.66, 14.10. 

ES-MS (+ve): m/z 155.0820 

Karl Fischer Analysis: 2.82 wt% water 
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Preparation of 3-methyl-1-(methoxycarbonylmethyl)imidazolium tetrafluoroborate 

(10): 

 

 

 

 

A flask was charged with 3-methyl-1-(methoxycarbonylmethyl)imidazolium bromide (500 

mg, 2.31 mmol) and acetone (4 mL) under a Nitrogen atmosphere. NaBF4 (31 mg, 2.31 

mmol) was added in one portion and the suspension was stirred vigorously for 4 days at RT. 

The fine white precipitate was filtered quickly in air and washed with dry acetone (2 x 4 mL). 

The filtrate and washings were combined and solvent removed by rotary evaporation, then in 

vacuo for 2 days to give a white solid in 95 % yield (492 mg, 2.03 mmol).  
1H NMR (600 MHz, DMSO-d6) 9.12 (s, 1H), 7.79-7.77 (m, 2H), 5. 31 (s, 2H), 3.97 (s, 3H), 

3.82 (s, 3H). 

N N O

O

BF4



13C NMR (150 MHz, DMSO-d6) 167.27, 137.63, 123.65, 123.37, 52.77, 49.39, 35.90.  

Melting point: 45-47 ºC. 

ES-MS (+ve): m/z 155.0821 

Karl Fischer Analysis: 1.22 wt% water 
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Preparation of 3-methyl-1-(methoxycarbonylmethyl)imidazolium hexafluorophosphate 

(12): 
 

 

A flask was charged with 3-methyl-1-(ethoxycarbonylmethyl)imidazolium bromide (500 mg, 

2.13 mmol), and acetone (2 mL). KPF6 (600 mg, 3.49 mmol) in acetone (2 mL) was added in 

one portion and the suspension was stirred vigorously for 4 days under reflux. After 4 days 

the fine white precipitate was filtered quickly in air and washed with dry acetone (2 x 4 mL). 

The filtrate and washings were combined, solvent removed by rotary evaporation, then in 

vacuo for 2 days to yield a white solid at RT in 95 % yield (605 mg, 2.01 mmol).  
1H NMR (400 MHz, DMSO-d6): 9.05 (s, 1H), 7.72-7.70 (m, 2H), 5.24 (s, 2H), 3.91 (s, 3H), 

3.75 (s, 3H)  
13C NMR (150 MHz, DMSO-d6): 167.28, 137.66, 123.67, 123.40, 52.76, 49.41, 35.92.  

Melting point: 84-86 ºC. 

ES-MS (+ve): m/z 155.0820 

Karl Fischer Analysis: 0.56 wt% water 
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5.0  General Procedure- Acetalisation of aldehydes 

An 20 mL reaction flask was fitted with a magnetic stirring bar, charged with catalyst (0.08 

mmol), fitted with a septum and flushed with argon. Benzaldehyde (170 µL, 1.67 mmol) was 

added followed by dry methanol (3.4 mL) via syringe. The solution was then stirred under 

argon at room temperature for 24 h. When conversion was judged to be either complete or 

>95% (by 1H NMR spectroscopic analysis) the reaction was quenched with PhNHNH2 and 

the solvent was removed in vacuo. The crude product was then purified by flash-

chromatography or yield was calculated by 1H NMR spectroscopy using an internal standard. 

 

 

6.0 Characterisation data- Acetalisation of aldehydes 

 

Benzaldehyde dimethyl acetal (8) 

�

�

 

The dimethyl acetal was obtained following the general procedure using catalyst 10 (20.5 mg, 

0.08mmol), methanol (3.4 mL) and benzaldehyde (170 µL, 1.67 mmol). After purification of 

the crude material by flash chromatography (3:1 Hexane: EtOAc) the product 8 was obtained 

as a pale yellow liquid (216 mg, 86%). 

The NMR spectra of 8 were consistent with those previously reported.1 

1H NMR (400 MHz, CDCl3):3.36 (s, 6H,), 5.42 (s, 1H), 7.34-7.39 (m, 3H), 7.47-7.49 (m,2H). 

13C NMR (100 MHz, CDCl3): 52.2, 102.7, 126.2, 127.7, 128.0, 137.5 (q) 

 



 

 

 

 



2-Chlorobenzaldehyde dimethyl acetal (21) 

 

The dimethyl acetal was obtained following the general procedure using catalyst 10 (22.7 mg, 

0.09 mmol), methanol (3.4 mL) and 2-chlorobenzaldehyde (200 µL, 1.78 mmol). After 

purification of the crude material by flash chromatography (5:1 Hexane: EtOAc) the product 

21 was obtained as a pale yellow liquid (318 mg, 96%). 

The NMR spectra of 21 were consistent with those previously reported.2 

 

1H NMR (400 MHz, CDCl3):3.32 (s, 6H),  5.39 (s, 1H), 7.28-7.35 (m, 3H), 7.48 (m, 1H).  
13C NMR (100 MHz, CDCl3): 52.2, 101.6, 124.4, 126.5, 128.1, 129.1, 133.8 (q), 139.8 (q). 

 

 

 



 

 

3-Chlorobenzaldehyde dimethyl acetal (22) 

 

The dimethyl acetal was obtained following the general procedure using catalyst 10 (22.7 mg, 

0.09 mmol), methanol (3.4 mL) and 3-chlorobenzaldehyde (200 µL, 1.78 mmol). After 

purification of the crude material by flash chromatography (5:1 Hexane: EtOAc) the product 

22 was obtained as a pale yellow liquid (307 mg, 93%). 

The NMR spectra of 22 were consistent with those previously reported.2 

1H NMR (400 MHz, CDCl3): 3.41 (s, 6H), 5.66 (s, 1H), 7.29-7.31 (m, 2H), 7.38-7.40 

(m,1H,), 7.63-7.65 (m, 1H)  
13C NMR (100 MHz, CDCl3): 53.4, 100.5, 126.1, 127.6, 129.1, 129.3, 132.7 (q), 134.8 (q)

  

 



 

 

 

 



 

4-Chlorobenzaldehyde dimethyl acetal (23) 

 

The dimethyl acetal was obtained following general procedure using catalyst 10 (22.7 mg, 

0.09 mmol), methanol (3.6 mL) and 4-chlorobenzaldehyde (250 mg, 1.78 mmol). After 

purification of the crude material by flash chromatography (5:1 Hexane: EtOAc) the product 

23 was obtained as a pale yellow liquid (314 mg, 95%). 

 

The NMR spectra of 23 were consistent with those previously reported.1 

1H NMR (400 MHz, CDCl3): 3.34 (s, 6H,), 5.39 (s, 1H), 7.32 (d, 2H, J 8.5), 7.48 (d, 2H, J 

8.5).  
13C NMR (100 MHz, CDCl3): 52.2, 101.6, 124.6, 126.4, 128.4, 133.8 (q) 

 

 



 

 

2-Methylbenzaldehyde dimethyl acetal (24) 

 

The dimethyl acetal was synthesised was synthesised following general procedure using 

catalyst 10 (22.7 mg, 0.09 mmol), methanol (2.3 mL) and 2-methylbenzaldehyde (100 µL, 

0.86 mmol). After purification of the crude material by flash chromatography the product 24 

was obtained as a pale yellow liquid (125 mg, 87%). 

 

The NMR spectra of 24 were consistent with that previously reported.3 

1H NMR (400 MHz, CDCl3): 2.42 (s, 3H,), 3.37 (s, 6H), 5.51(s, 1H) 7.06-7.25(m, 3H), 7.57-

7.59 (m, 1H) 
13C NMR (100 MHz, CDCl3): 18.4, 52.5, 101.3, 124.9, 126.1, 127.9, 130.1, 135.2 (q),  

135.8 (q) 

 



 

 

 

 

4-Methoxybenzaldehyde dimethyl acetal (25) 

 

The dimethyl acetal was obtained following the general procedure using catalyst 10 (20.2 mg, 

0.08 mmol), methanol (2.2 mL) and 4-methoxybenzaldehyde (100 µL, 0.82 mmol). The 

reaction mixture was then heated at 35 OC for 24 h. After purification of the crude material by 

flash chromatography (15:1 Hexane:EtOAc)  the product 25 was obtained as a pale yellow 

liquid (130 mg, 87%). Note: the use of PhNHNH2 was not required. 

The NMR spectra of 25 were consistent with those previously reported.1 

1H NMR (400 MHz, CD3OD): 3.30 (s, 6H), 3.81 (s, 3H), 5.34 (s, 1H), 6.92 (d, 2H, J 8.9), 

7.32 (d, 2H, J 8.9) 

 



 

3,3-Dimethoxypropenyl benzene (27) 

 

The desired dimethyl acetal was obtained following the general procedure using the catalyst 

10 (20.2 mg, 0.08 mmol), methanol (2.1 mL) and cinnamaldehyde (100 µL, 0.79 mmol). 

After purification of the crude material by flash chromatography (3:1 Hexane: EtOAc) the 

product 27 was obtained as a pale yellow liquid (116 mg, 83%). Note: the use of PhNHNH2 

was not required. 

 

The NMR spectra of 27 were consistent with those previously reported.5 

1H NMR (400 MHz, CDCl3):3.41 (s, 6H), 5.00 (dd, 1H, J 5.1), 6.18 (dd, 1H, J 16.4, 5.1), 6.69 

(d, 1H, J 16.4), 7.29-7.38 (m, 3H), 7.44-7.45 (m, 2H). 
13C NMR (100 MHz, CDCl3): 52.3, 102.5, 125.2, 126.3, 127.6, 128.2, 133.2, 135.6 (q) 



 

 

 

 



3,3-Dimethoxypropyl benzene (28) 

 

The desired dimethyl acetal was obtained following the general procedure using catalyst 10 

(1.01 mg, 0.004 mmol), deuterated methanol (1 mL) and 3-pheylpropanal (50 µL, 0.38 

mmol). The reaction mixture was stirred for 1 minute then styrene (43 µL, 0.038 mmol) was 

added via syringe. The yield of 28 was determined using 1H NMR spectroscopy (97%).6 

1H NMR (400 MHz, CDCl3):1.82-1.91 (m, 2H), 2.69 (t, 2H, J 8.1), 4.48 (t, 1H, J 5.6,), 7.13-

7.42 (m, 5H) 

 

 

 

 

 

 

 

 

 



Phenyl-1,3-dithiolane (32) 

�

�

 

The dithiolane was obtained following the general procedure using catalyst 10 (27.8 mg, 0.11 

mmol), 1,2-ethanedithiol (100 µL, 1.19 mmol), THF (200 µL) and benzaldehyde (110 µL, 

1.08 mmol). After completion of the reaction, the reaction mixture was added to a saturated 

NaHCO3 solution (5 mL) and the product was extracted with ethyl acetate (2 x 10 mL). The 

organic layer was separated, dried over MgSO4 and the solvent was removed under reduced 

pressure. After purification by flash chromatography the product 32 was obtained as a 

colourless liquid (180 mg, 92 %).  

 

The NMR spectra of 32 were consistent with those previously reported.7 

1H NMR (400 MHz, CDCl3):3.34-3.40 (m, 2H), 3.48-3.54 (m, 2H), 5.66 (s, 1H), 13C NMR 

(100 MHz, CDCl3):39.8, 55.8, 127.5, 127.6, 128.1, 139.9 (q)  
13C NMR (100 MHz, CDCl3):39.8, 55.8, 127.5, 127.6, 128.1, 139.9 (q) 

 

 

 



 

 

 

Phenyl-1,3-dithiane (33) 

 

The dithiane was obtained following the general procedure using catalyst 10 (68.3 mg, 0.27 

mmol), 1,3-propanedithiol (300 µL, 2.98 mmol), anhydrous THF (9.1 mL) and benzaldehyde 

(276 µL, 2.71 mmol). After completion of the reaction, the reaction mixture was added to a 

saturated solution of NaHCO3 (5 mL) and the product was extracted with EtOAc (2 x 10 

mL). The organic layer was separated, dried over MgSO4 and the solvent was removed under 

reduced pressure. After purification by flash chromatography the product 33 was obtained as 

a white solid (344 mg, 65%). 

 

The NMR spectra of 33 were consistent with those previously reported. 
1H NMR (400 MHz, CDCl3):1.93-1.98 (m, 1H) 2.19-2.23 (m, 1H), 2.91-2.95 (m, 2H,), 5.16 

(s, 1H, H-4), 2.96-3.13(m, 2H) 7.28-7.36 (m, 3H), 7.46-7.48 (m, 2H)  
13C NMR (100 MHz, CDCl3):24.6, 31.6, 51.0, 127.3, 128.0, 128.3, 139.9 (q) 



 

 

Phenyl-1,3-dioxane (34) 

 

The dioxane was obtained following the general procedure using catalyst 10 (32.9 mg, 0.13 

mmol), 1,3-propanediol (100 µL, 1.38 mmol) and benzaldehyde (128 µL, 1.26 mmol). After 

purification of the crude material by flash chromatography the product 34 was obtained as a 

pale yellow liquid (177 mg, 86%). 

 

The NMR spectra of 34 were consistent with those previously recorded.10 

1H NMR (400 MHz, CDCl3):1.40-1.51 (m, 1H,), 2.15-2.28 (m, 1H,), 4.04 (ddd, 2H, J 14.0, 

12.3, 1.7), 4.32 (ddd, 2H, J 11.7, 5.3, 1.2), 5.51 (s, 1H) 7.32-7.39 (m, 3H), 7.48-7.50 (m, 2H)  
13C NMR (100 MHz, CDCl3): 25.3, 66.9, 101.2, 125.6, 127.9, 128.4, 138.3 

 

 



 

 

7.0  Recyclability study 

 

Phenyl-1,3-dithiane (33) 

 

The dithiane was obtained following the general procedure using catalyst 10 (68.3 mg, 0.27 

mmol), 1,3-propanedithiol (300 µL, 2.98 mmol), anhydrous THF (9.1 mL) and benzaldehyde 

(276 µL, 2.71 mmol). (E)-stilbene (2.71mmol) was added as an internal standard. After 24h, 

the yield of product 33 was obtained by 1H NMR spectroscopy with the internal standard. 

The catalyst was extracted using hexane, dried in vacuo and reused in subsequent reaction. 
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Acq. Operator : Wioleta

Acq. Instrument : Instrument 1 Location : Vial 1

Injection Date : 3/30/2010 2:11:18 AM Inj : 1

                                                Inj Volume : 10 µl

Acq. Method : D:\METHODS\WIOLA.M

Last changed : 3/30/2010 2:09:55 AM by Wioleta

(modified after loading)

Analysis Method : D:\DATA\WIOLETA\BLANK000024.D\DA.M (WIOLA.M)

Last changed : 3/30/2010 10:34:27 PM by Wioleta
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Fraction Information

==================================================================================

Fraction collection off

==================================================================================

No Fractions found.

==================================================================================

Data File D:\DATA\WIOLETA\WIOLKA000001.D

Instrument 1 3/30/2010 11:36:31 PM Wioleta Page 1 of 2

Blank



MS Signal: MSD1 TIC, MS File, ES-API, Pos, Scan, Frag: 70

Spectra averaged over upper half of peaks.

Noise Cutoff: 1000 counts.

Reportable Ion Abundance: > 10%.

Retention Mol. Weight

Time (MS) MS Area or Ion
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*** End of Report ***

Data File D:\DATA\WIOLETA\WIOLKA000001.D

Instrument 1 3/30/2010 11:36:31 PM Wioleta Page 2 of 2



=====================================================================

Acq. Operator : Wioleta

Acq. Instrument : Instrument 1 Location : Vial 7

Injection Date : 3/30/2010 9:28:52 AM Inj : 1

Inj Volume : 10 µl

Acq. Method : D:\METHODS\WIOLA.M

Last changed : 3/30/2010 12:36:38 AM by Wioleta

Analysis Method : D:\DATA\EWA\EWA 070509 2009-11-16 16-51-09\007-1202.D\DA.M (METHOD1F70.M)

Last changed : 10/15/2009 6:00:58 PM by Ewa
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==================================================================================

Fraction Information

==================================================================================

Fraction collection off

==================================================================================

No Fractions found.

==================================================================================

Data File D:\DATA\WIOLETA\RG002041.D

Instrument 1 3/30/2010 10:15:28 AM Wioleta Page 1 of 2



MS Signal: MSD1 TIC, MS File, ES-API, Pos, Scan, Frag: 70

Spectra averaged over upper half of peaks.

Noise Cutoff: 1000 counts.

Reportable Ion Abundance: > 10%.

Retention Mol. Weight

Time (MS) MS Area or Ion

2.242 33501210 155.10 I
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*** End of Report ***

Data File D:\DATA\WIOLETA\RG002041.D

Instrument 1 3/30/2010 10:15:28 AM Wioleta Page 2 of 2



=====================================================================

Acq. Operator : Wioleta

Acq. Instrument : Instrument 1 Location : Vial 8

Injection Date : 3/30/2010 10:29:47 AM Inj : 1

Inj Volume : 10 µl

Acq. Method : D:\METHODS\WIOLA.M

Last changed : 3/30/2010 10:28:42 AM by Wioleta

Analysis Method : D:\DATA\EWA\EWA 070509 2009-11-16 16-51-09\007-1202.D\DA.M (METHOD1F70.M)

Last changed : 10/15/2009 6:00:58 PM by Ewa
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==================================================================================

Fraction Information

==================================================================================

Fraction collection off

==================================================================================

No Fractions found.

==================================================================================

Data File D:\DATA\WIOLETA\RG000205.D

Instrument 1 3/30/2010 10:50:13 AM Wioleta Page 1 of 2



MS Signal: MSD1 TIC, MS File, ES-API, Pos, Scan, Frag: 70

Spectra averaged over upper half of peaks.

Noise Cutoff: 1000 counts.

Reportable Ion Abundance: > 10%.

Retention Mol. Weight

Time (MS) MS Area or Ion

2.236 32691932 155.10 I
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*** End of Report ***

Data File D:\DATA\WIOLETA\RG000205.D
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=====================================================================

Acq. Operator : Wioleta

Acq. Instrument : Instrument 1 Location : P1-B-01

Injection Date : 3/30/2010 11:04:48 PM Inj : 1

Inj Volume : 10 µl

Acq. Method : D:\METHODS\WIOLA.M

Last changed : 3/30/2010 11:03:20 PM by Wioleta

Analysis Method : D:\DATA\WIOLETA\BLANK000024.D\DA.M (WIOLA.M)

Last changed : 3/30/2010 10:34:27 PM by Wioleta
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==================================================================================

Fraction Information

==================================================================================

Fraction collection off

==================================================================================

No Fractions found.

==================================================================================

Data File D:\DATA\WIOLETA\RG001776.D

Instrument 1 3/30/2010 11:24:47 PM Wioleta Page 1 of 2



MS Signal: MSD1 TIC, MS File, ES-API, Pos, Scan, Frag: 70

Spectra averaged over upper half of peaks.

Noise Cutoff: 1000 counts.

Reportable Ion Abundance: > 10%.

Retention Mol. Weight

Time (MS) MS Area or Ion

2.246 26704926 155.10 I
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*** End of Report ***

Data File D:\DATA\WIOLETA\RG001776.D

Instrument 1 3/30/2010 11:24:47 PM Wioleta Page 2 of 2



=====================================================================

Acq. Operator : Wioleta

Acq. Instrument : Instrument 1 Location : P1-C-01

Injection Date : 3/30/2010 6:59:07 AM Inj : 1

Inj Volume : 10 µl

Acq. Method : D:\METHODS\WIOLA.M

Last changed : 3/30/2010 6:57:47 AM by Wioleta

(modified after loading)

Analysis Method : D:\DATA\EWA\EWA 070509 2009-11-16 16-51-09\007-1202.D\DA.M (METHOD1F70.M)

Last changed : 10/15/2009 6:00:58 PM by Ewa
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Fraction Information

==================================================================================

Fraction collection off

==================================================================================

No Fractions found.

==================================================================================

Data File D:\DATA\WIOLETA\RG001683.D

Instrument 1 3/30/2010 7:19:52 AM Wioleta Page 1 of 2



MS Signal: MSD1 TIC, MS File, ES-API, Pos, Scan, Frag: 70

Spectra averaged over upper half of peaks.

Noise Cutoff: 1000 counts.

Reportable Ion Abundance: > 10%.

Retention Mol. Weight

Time (MS) MS Area or Ion

2.443 29307798 195.10 I

194.10 I
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*MSD1 SPC, time=2.336:2.525 of D:\DATA\WIOLETA\RG001683.D ES-API, Pos, Scan, Frag: 70
Max: 228026
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*** End of Report ***

Data File D:\DATA\WIOLETA\RG001683.D

Instrument 1 3/30/2010 7:19:52 AM Wioleta Page 2 of 2



=====================================================================

Acq. Operator : Wioleta

Acq. Instrument : Instrument 1 Location : Vial 2

Injection Date : 3/30/2010 2:33:09 AM Inj : 1

Inj Volume : 10 µl

Acq. Method : D:\METHODS\WIOLA.M

Last changed : 3/30/2010 2:30:43 AM by Wioleta

(modified after loading)

Analysis Method : D:\DATA\WIOLETA\WIOLETA1 2010-03-30 00-45-14\001-0103.D\DA.M (WIOLA.M)

Last changed : 3/30/2010 2:08:22 AM by Wioleta
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==================================================================================

Fraction Information

==================================================================================

Fraction collection off

==================================================================================

No Fractions found.

==================================================================================

Data File D:\DATA\WIOLETA\WIOLKA000002.D

Instrument 1 3/30/2010 2:52:30 AM Wioleta Page 1 of 2



MS Signal: MSD1 TIC, MS File, ES-API, Pos, Scan, Frag: 70

Spectra averaged over upper half of peaks.

Noise Cutoff: 1000 counts.

Reportable Ion Abundance: > 10%.

Retention Mol. Weight

Time (MS) MS Area or Ion

2.490 25102350 271.10 I

270.10 I
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*MSD1 SPC, time=2.412:2.581 of D:\DATA\WIOLETA\WIOLKA000002.D ES-API, Pos, Scan, Frag: 70
Max: 189401
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*** End of Report ***

Data File D:\DATA\WIOLETA\WIOLKA000002.D

Instrument 1 3/30/2010 2:52:30 AM Wioleta Page 2 of 2



=====================================================================

Acq. Operator : Wioleta

Acq. Instrument : Instrument 1 Location : Vial 5

Injection Date : 3/30/2010 9:14:57 PM Inj : 1

Inj Volume : 10 µl

Acq. Method : D:\METHODS\WIOLA.M

Last changed : 3/30/2010 12:31:13 PM by Wioleta

Analysis Method : D:\DATA\WIOLETA\BLANK000024.D\DA.M (WIOLA.M)

Last changed : 3/30/2010 10:34:27 PM by Wioleta
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==================================================================================

Fraction Information

==================================================================================

Fraction collection off

==================================================================================

No Fractions found.

==================================================================================

Data File D:\DATA\WIOLETA\BLANK000023.D

Sample Name: rg206

Instrument 1 3/31/2010 12:10:41 AM Wioleta Page 1 of 2



MS Signal: MSD1 TIC, MS File, ES-API, Pos, Scan, Frag: 70

Spectra averaged over upper half of peaks.

Noise Cutoff: 1000 counts.

Reportable Ion Abundance: > 10%.

Retention Mol. Weight

Time (MS) MS Area or Ion

2.475 63339640 271.10 I

270.10 I

8.194 1902914 271.10 I

270.10 I

158.00 I
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Max: 341863
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*** End of Report ***

Data File D:\DATA\WIOLETA\BLANK000023.D

Sample Name: rg206

Instrument 1 3/31/2010 12:10:41 AM Wioleta Page 2 of 2



=====================================================================

Acq. Operator : Wioleta Seq. Line : 1

Acq. Instrument : Instrument 1 Location : P1-C-02

Injection Date : 3/30/2010 8:06:04 AM Inj : 1

Inj Volume : 10 µl

Acq. Method : D:\DATA\WIOLETA\WIOLETA1 2010-03-30 08-05-34\WIOLA.M

Last changed : 3/30/2010 12:36:38 AM by Wioleta

Analysis Method : D:\DATA\EWA\EWA 070509 2009-11-16 16-51-09\007-1202.D\DA.M (METHOD1F70.M)

Last changed : 10/15/2009 6:00:58 PM by Ewa
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==================================================================================

Fraction Information

==================================================================================

Fraction collection off

==================================================================================

No Fractions found.

==================================================================================

Data File D:\DATA\WIOLETA\WIOLETA1 2010-03-30 08-05-34\1CB-0101.D

Sample Name: RG169

Instrument 1 3/30/2010 9:26:10 AM Wioleta Page 1 of 2

0



MS Signal: MSD1 TIC, MS File, ES-API, Pos, Scan, Frag: 70

Spectra averaged over upper half of peaks.

Noise Cutoff: 1000 counts.

Reportable Ion Abundance: > 10%.

Retention Mol. Weight

Time (MS) MS Area or Ion

2.446 48814408 209.10 I

208.10 I
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*MSD1 SPC, time=2.355:2.544 of D:\DATA\WIOLETA\WIOLETA1 2010-03-30 08-05-34\1CB-0101.D ES-API, Pos, Scan, Frag: 70
Max: 366307
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*** End of Report ***

Data File D:\DATA\WIOLETA\WIOLETA1 2010-03-30 08-05-34\1CB-0101.D

Sample Name: RG169
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