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1-Ethyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (1) 98% yield. 1H NMR (300 MHz, CDCl3) δ [ppm] = 1.20 (t, J = 7.1 

Hz, 3H); 1.57 (m, 3H); 1.62 (m, 2H); 1.71 (m, 4H); 2.22 (s, 3H); 2.96 (s, 3H); 3.31 (m, 4H); 3.40 (m, 2H); 4.48 (m, 1H); 6.78 (d, J = 8.5 Hz, 

1H); 6.95 (m, 1H); 7.04 (d, J = 2.1 Hz, 1H). 13C NMR (75 MHz, CDCl3) δ [ppm] = 155.7; 129.6; 128.5; 125.7; 123.7; 113.2; 75.6; 59.9; 57.9; 

46.9; 20.5; 19.7; 19.1; 16.1; 7.2. Elemental analysis calcd for C18H28ClNO3 (Mmol = 341.9 g mol-1) (%): C = 63,24; H = 8.26; N = 4.10; found: C 

= 63.01; H = 8.43; N = 4.27.

1-Methyl-1-propylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (2) 96% yield. 1H NMR (300 MHz, CDCl3) δ [ppm] = 0.92 (t, J = 7.2 

Hz, 3H); 1.55 (m, 5H); 1.61 (m, 2H); 1.67 (m, 4H); 2.21 (s, 3H); 2.93 (s, 3H); 3.17 (m, 4H); 3.26 (m, 2H); 4.47 (m, 1H); 6.76 (d, J = 7.6 Hz, 

1H); 6.96 (d, J = 6.4 Hz, 1H); 7.03 (d, J = 2.2 Hz, 1H) 13C NMR (75 MHz, CDCl3) δ [ppm] = 155.6; 129.6; 128.5; 125.8; 123.8; 113.2; 75.3; 

63.8; 60.4; 47.9; 20.5; 19.7; 19.1; 16.1; 14.9; 10.5. Elemental analysis calcd for C19H30ClNO3 (Mmol = 355.9 g mol-1) (%): C = 64.12; H = 8.50; N 

= 3.94; found: C = 63.85; H = 8.17; N = 4.23. 

1-Butyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (3) 94% yield. 1H NMR (300 MHz, CDCl3) δ [ppm] = 0.90 (t, J = 7.0 

Hz, 3H); 1.30 (m, 2H); 1.57 (m, 4H); 1.62 (m, 3H); 1.67 (m, 4H); 2.20 (s, 3H); 3.09 (s, 3H); 3.38 (m, 4H); 3.49 (m, 2H); 4.47 (m, 1H); 6.77 (d, J 
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= 7.2 Hz, 1H); 6.96 (d, J = 6.2 Hz, 1H); 7.03 (d, J = 2.1 Hz, 1H) 13C NMR (75 MHz, CDCl3) δ [ppm] = 155.7; 129.6; 128.2; 125.7; 123.7; 113.2; 

62.2; 60.3; 47.9; 31.4; 29.0; 28.8; 22.3; 19.8; 14.2; 13.8. Elemental analysis calcd for C20H32ClNO3 (Mmol = 369.2 g mol-1) (%): C = 64.94; H = 

8.72; N = 3.79; found: C = 65.18; H = 8.55; N = 3.98.

1-Methyl-1-pentylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (4) 97% yield. 1H NMR (300 MHz, CDCl3) δ [ppm] = 0.91 (t, J = 7.1 

Hz, 3H); 1.33 (m, 4H); 1.56 (m, 4H); 1.63 (m, 3H); 1.74 (m, 4H); 2.22 (s, 3H); 3.09 (s, 3H); 3.38 (m, 4H); 3.48 (m, 2H); 4.46 (m, 1H); 6.79 (d, J 

= 8.5 Hz, 1H); 6.94 (dd, J = 2.4; 8.5 Hz, 1H); 7.03 (d, J = 2.5 Hz, 1H) 13C NMR (75 MHz, CDCl3) δ [ppm] = 176.1; 155.6; 129.5; 128.3; 125.6; 

123.6; 113.2; 75.7; 62.4; 60.3; 47.7; 28.0; 21.9; 21.2; 20.4; 19.8; 19.1; 16.1; 14.9; 13.5. Elemental analysis calcd for C21H34ClNO3 (Mmol = 383.9 

g mol-1) (%): C = 65.69; H = 8.93; N = 3.65; found: C = 65.92; H = 8.61; N = 3.85.

1-Hexyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (5) 95% yield. 1H NMR (300 MHz, CDCl3) δ [ppm] = 0.89 (t, J = 6.6 

Hz, 3H); 1.30 (m, 6H); 1.58 (m, 4H); 1.63 (m, 3H); 1.74 (m, 4H); 2.23 (s, 3H); 3.06 (s, 3H); 3.34 (m, 4H); 3.43 (m, 2H); 4.47 (m, 1H); 6.79 (d, J 

= 8.6 Hz, 1H); 6.94 (dd, J = 2.4; 8.4 Hz, 1H); 7.03 (d, J = 2.63 Hz, 1H) 13C NMR (75 MHz, CDCl3) δ [ppm] = 176.2; 155.7; 129.6; 128.4; 125.6; 

123.6; 113.5; 75.6; 62.5; 60.4; 47.9; 31.0; 25.7; 22.1; 21.6; 20.4; 19.8; 19.1; 16.1; 13.6. Elemental analysis calcd for C22H36ClNO3 (Mmol = 397.9 

g mol-1) (%): C = 66.39; H = 9.12; N = 3.52; found: C = 66.22; H = 8.87; N = 3.76.

1-Heptyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (6) 94% yield. 1H NMR (300 MHz, CDCl3) δ [ppm] = 0.89 (t, J = 6.9 

Hz, 3H); 1.30 (m, 8H); 1.57 (m, 4H); 1.63 (m, 3H); 1.74 (m, 4H); 2.22 (s, 3H); 3.06 (s, 3H); 3.36 (m, 4H); 3.43 (m, 2H); 4.47 (m, 1H); 6.76 (d, J 

= 8.6 Hz, 1H); 6.94 (dd, J = 2.2; 8.6 Hz, 1H); 7.04 (d, J = 2.0 Hz, 1H) 13C NMR (75 MHz, CDCl3) δ [ppm] = 155.5; 129.5; 128.3; 125.6; 123.6; 

113.0; 75.5; 62.4; 60.3; 47.7; 31.2; 28.5; 25.9; 22.1; 21.5; 20.3; 19.7; 19.0; 16.1; 13.7. Elemental analysis calcd for C23H38ClNO3 (Mmol = 412.0 g 

mol-1) (%): C = 67.05; H = 9.30; N = 3.40; found: C = 67.35; H = 9.52; N = 3.59.

1-Methyl-1-octylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (7) 96% yield. 1H NMR (300 MHz, CDCl3) δ [ppm] = 0.89 (t, J = 6.9 

Hz, 3H); 1.30 (m, 10H); 1.57 (m, 4H); 1.63 (m, 3H); 1.74 (m, 4H); 2.22 (s, 3H); 3.05 (s, 3H); 3.36 (m, 4H); 3.43 (m, 2H); 4.47 (m, 1H); 6.76 (d, 

J = 8.6 Hz, 1H); 6.94 (dd, J = 2.3; 8.5 Hz, 1H); 7.04 (d, J = 2.0 Hz, 1H) 13C NMR (75 MHz, CDCl3) δ [ppm] = 176.0; 155.6; 129.5; 128.3; 125.6; 



123.5; 113.1; 75.5; 62.2; 60.2; 47.7; 31.3; 28.8; 28.7; 26.0; 22.2; 21.5; 20.3; 19.7; 19.0; 16.1; 13.7. Elemental analysis calcd for C24H40ClNO3 

(Mmol = 426.0 g mol-1) (%): C = 67.66; H = 9.46; N = 3.29; found: C = 67.91; H = 9.17; N = 3.42.

1-Methyl-1-nonylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (8) 92% yield. 1H NMR (300 MHz, CDCl3) δ [ppm] = 0.88 (t, J = 6.7 

Hz, 3H); 1.26 (m, 12H); 1.56 (m, 4H); 1.63 (m, 3H); 1.76 (m, 4H); 2.23 (s, 3H); 3.08 (s, 3H); 3.36 (m, 4H); 3.46 (m, 2H); 4.50 (m, 1H); 6.79 (d, 

J = 8.7 Hz, 1H); 6.94 (dd, J = 2.4; 8.6 Hz, 1H); 7.04 (d, J = 1.95 Hz, 1H) 13C NMR (75 MHz, CDCl3) δ [ppm] = 176.2; 155.7; 129.6; 128.5; 

125.7; 123.7; 113.2; 75.7; 62.3; 60.4; 48.0; 31.5; 29.1; 29.0; 28.9; 26.2; 22.4; 21.7; 20.5; 19.9; 19.2; 16.2; 13.9. Elemental analysis calcd for 

C25H42ClNO3 (Mmol = 440.0 g mol-1) (%): C = 68.23; H = 9.62; N = 3.18; found: C = 67.93; H = 9.38; N = 3.40. 

1-Decyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (9) 98% yield. 1H NMR (300 MHz, CDCl3) δ [ppm] = 0.88 (t, J = 6.7 

Hz, 3H); 1.26 (m, 14H); 1.57 (m, 4H); 1.64 (m, 3H); 1.76 (m, 4H); 2.22 (s, 3H); 3.07 (s, 3H); 3.36 (m, 4H); 3.44 (m, 2H); 4.47 (m, 1H); 6.79 (d, 

J = 8.4 Hz, 1H); 6.95 (d, J = 6.1 Hz, 1H); 7.03 (d, J = 2.47 Hz, 1H) 13C NMR (75 MHz, CDCl3) δ [ppm] = 176.1; 155.7; 129.6; 128.4; 125.7; 

123.7; 113.2; 75.6; 62.4; 60.4; 47.9; 31.5; 29.1; 29.1; 29.0; 28.9; 26.1; 22.3; 21.6; 20.4; 19.8; 19.1; 16.1; 13.8. Elemental analysis calcd for 

C26H44ClNO3 (Mmol = 454.0 g mol-1) (%): C = 68.77; H = 9.77; N = 3.08; found: C = 68.44; H = 9.61; N =3.33. 

1-Methyl-1-undecylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (10) 95% yield. 1H NMR (300 MHz, CDCl3) δ [ppm] = 0.88 (t, J = 

6.8 Hz, 3H); 1.26 (m, 16H); 1.56 (m, 4H); 1.65 (m, 3H); 1.74 (m, 4H); 2.23 (s, 3H); 3.08 (s, 3H); 3.36 (m, 4H); 3.45 (m, 2H); 4.50 (m, 1H); 6.79 

(d, J = 8.6 Hz, 1H); 6.94 (dd, J = 2.5; 8.6 Hz, 1H); 7.03 (d, J = 3.3 Hz, 1H) 13C NMR (75 MHz, CDCl3) δ [ppm] = 176.0; 155.6; 129.5; 128.4; 

125.6; 123.6; 113.1; 75.5; 62.3; 60.3; 47.8; 31.5; 29.2; 29.1; 29.0; 28.9; 26.0; 22.3; 21.6; 20.4; 19.7; 19.0; 16.1; 13.8. Elemental analysis calcd for 

C27H46ClNO3 (Mmol = 468.1 g mol-1) (%): C = 69.28; H = 9.90; N = 2.99; found: C = 69.56; H = 10.21; N = 3.12.

1-Dodecyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (11) 99% yield. 1H NMR (300 MHz, CDCl3) δ [ppm] = 0.88 (t, J = 

6.8 Hz, 3H); 1.26 (m, 18H); 1.56 (m, 4H); 1.63 (m, 3H); 1.76 (m, 4H); 2.22 (s, 3H); 3.07 (s, 3H); 3.30 (m, 4H); 3.45 (m, 2H); 4.46 (m, 1H); 6.76 

(d, J = 8.6 Hz, 1H); 6.95 (dd, J = 2.6; 8.6 Hz, 1H); 7.03 (d, J = 2.6 Hz, 1H) 13C NMR (75 MHz, CDCl3) δ [ppm] = 176.4; 155.7; 129.6; 128.5; 

125.8; 123.7; 113.2; 75.8; 62.2; 60.4; 48.1; 31.7; 29.4; 29.3; 29.2; 29.1; 29.0; 26.2; 22.5; 21.7; 20.5; 19.8. 19.2; 16.2; 13.9. Elemental analysis 

calcd for C28H48ClNO3 (Mmol = 482.1 g mol-1) (%): C = 69.75; H = 10.03; N = 2.91; found: C = 69.48; H = 9.88; N =3.17. 



1-Methyl-1-tetradecylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (12) 93% yield. 1H NMR (300 MHz, CDCl3) δ [ppm] = 0.88 (t, J = 

6.8 Hz, 3H); 1.26 (m, 22H); 1.56 (m, 4H); 1.67 (m, 3H); 1.75 (m, 4H); 2.23 (s, 3H); 3.08 (s, 3H); 3.36 (m, 4H); 3.47 (m, 2H); 4.48 (m, 1H); 6.79 

(d, J = 8.7 Hz, 1H); 6.94 (dd, J = 2.4; 8.5 Hz, 1H); 7.04 (d, J = 2.6 Hz, 1H) 13C NMR (75 MHz, CDCl3) δ [ppm] = 176.1; 155.7; 129.6; 128.4; 

123.6; 113.1; 75.5; 62.3; 60.3; 47.9; 31.6; 29.4; 29.3; 29.2; 29.1; 29.0; 28.9; 26.1; 22.4; 21.6; 20.4; 19.8; 19.1; 16.1; 13.9  Elemental analysis 

calcd for C30H52ClNO3 (Mmol = 510.1 g mol-1) (%): C = 70.62; H = 10.27; N = 2.75; found: C = 70.45; H = 10.49; N = 2.90.

1-Hexadecyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (13) 92% yield. 1H NMR (300 MHz, CDCl3) δ [ppm] = 0.88 (t, J = 

6.6 Hz, 3H); 1.26 (m, 24H); 1.58 (m, 4H); 1.64 (m, 3H); 1.75 (m, 4H); 2.23 (s, 3H); 3.09 (s, 3H); 3.33 (m, 4H); 3.46 (m, 2H); 4.51 (m, 1H); 6.79 

(d, J = 8.6 Hz, 1H); 6.95 (dd, J = 2.5; 8.6 Hz, 1H); 7.03 (d, J = 2.6 Hz, 1H) 13C NMR (75 MHz, CDCl3) δ [ppm] = 176.2; 155.8; 129.7; 128.6; 

125.8; 123.8; 113.2; 75.6; 62.3; 60.4; 48.1; 31.7; 29.5; 29.4; 29.3; 29.2; 29.1; 29.0; 26.3; 22.5; 21.7; 20.5; 19.9; 19.2; 16.2; 13.9 Elemental 

analysis calcd for C32H56ClNO3 (Mmol = 538.2 g mol-1) (%): C = 71.41; H = 10.49; N = 2.60; found: C = 71.71; H = 10.11; N = 2.82. 

1-Methyl-1-octadecylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (14) 94% yield. 1H NMR (300 MHz, CDCl3) δ [ppm] = 0.88 (t, J = 

6.7 Hz, 3H); 1.26 (m, 28H); 1.58 (m, 4H); 1.64 (m, 3H); 1.73 (m, 4H); 2.22 (s, 3H); 3.09 (s, 3H); 3.37 (m, 4H); 3.49 (m, 2H); 4.46 (m, 1H); 6.80 

(d, J = 8.6 Hz, 1H); 6.94 (dd, J = 2.4; 8.6 Hz, 1H); 7.03 (d, J = 2.0 Hz, 1H) 13C NMR (75 MHz, CDCl3) δ [ppm] = 176.0; 155.7; 129.5; 128.4; 

125.7; 123.6; 113.2; 75.7; 62.2; 60.2; 47.8; 31.6;  29.3; 29.2; 29.1; 29.0; 28.9; 26.1; 22.4; 21.6; 20.4; 19.8; 19.1; 16.1; 13.8; Elemental analysis 

calcd for C34H60ClNO3 (Mmol = 566.3 g mol-1) (%): C = 72.11; H = 10.68; N = 2.47; found: C = 72.39; H = 10.95; N = 2.62.

Greenhouse experiments

Due to the fact that commercial preparations comprising MCPP-P were not available on the market, the herbicidal effects were compared with a 

commercial herbicide: MCPA in the form of sodium and potassium salts (Chwastox Extra 300 SL). The samples were dissolved in water in an 

amount, which equalled 400 g of active substance per 1 ha. The test plants included common lambsquaters (Chenopodium album L.), cornflower 

(Centaurea cyanus L.) and white mustard (Sinapis alba L.). The seeds were planted to pots (volume of 0.82 L) filled with a slightly acidic (pH 

5.2 – 6.3) substrate for growing plants. After growing of leaves the plants were thinned to 5 per pot. After reaching the BBCH 14/16 stage, the 

plants were treated with a spray, which included the studied compounds. A cabin sprayer equipped with a Tee Jet XR 110/02 VP spraying nozzle 



was used. The sprayer was placed 50 cm from the plant tops and moved at a constant velocity of 3.36 km/h. The liquid pressure in the sprayer 

was at 0.15 MPA, the working solution was applied at 200 L per 1 ha. After treatment the plants in the pots were placed in the greenhouse. The 

greenhouse tests were carried out under the following conditions: temperature – 20⁰C (±2⁰C), humidity – 60%, photoperiod day/night – 16/8 

hours. The efficacy of the studied compounds was evaluated visually 1 week, 2 weeks and 3 after treatment (WAT) in comparison to control 

(plants not treated with herbicides). The results of the evaluation were expressed in a percentage scale, where 100% refers to total destruction of 

weeds, whereas 0% refers to a lack of effect of the tested compounds. All tests were conducted using 4 repetitions.



Figure S1. 1H NMR spectrum of 1-ethyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (1)



Figure S2. 13C NMR spectrum of 1-ethyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (1)



Figure S3. 1H NMR spectrum of 1-methyl-1-propylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (2)



Figure S4. 13C NMR spectrum of 1-methyl-1-propylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (2)



Figure S5. 1H NMR spectrum of 1-butyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (3)



Figure S6. 13C NMR spectrum of 1-butyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (3)



Figure S7. 1H NMR spectrum of 1-methyl-1-pentylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (4)



Figure S8. 13C NMR spectrum of 1-methyl-1-pentylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (4)



Figure S9. 1H NMR spectrum of 1-hexyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (5)



Figure S10. 13C NMR spectrum 1-hexyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (5)



Figure S11. 1H NMR spectrum of heptyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (6)



Figure S12. 13C NMR spectrum of heptyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (6)



Figure S13. 1H NMR spectrum of 1-methyl-1-octylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (7)



Figure S14. 13C NMR spectrum of 1-methyl-1-octylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (7)



Figure S15. 1H NMR spectrum of 1-methyl-1-nonylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (8)



Figure S16. 13C NMR spectrum of 1-methyl-1-nonylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (8)



Figure S17. 1H NMR spectrum of 1-decyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (9)



Figure S18. 13C NMR spectrum of 1-decyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (9)



Figure S19. 1H NMR spectrum of 1-methyl-1-undecylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (10)



Figure S20. 13C NMR spectrum of 1-methyl-1-undecylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (10)



Figure S21. 1H NMR spectrum of 1-dodecyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (11)



Figure S22. 13C NMR spectrum of 1-dodecyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (11)



Figure S23. 1H NMR spectrum of 1-methyl-1-tetradecylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (12)



Figure S24. 13C NMR spectrum of 1-methyl-1-tetradecylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (12)



Figure S25. 1H NMR spectrum of 1-hexadecyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (13)



Figure S26. 13C NMR spectrum of 1-hexadecyl-1-methylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (13)



Figure S27. 1H NMR spectrum of 1-methyl-1-octadecylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (14)



Figure S28. 13C NMR spectrum of 1-methyl-1-octadecylpiperidinium 2-(4-chloro-2-methylphenoxy)propionate (14)



The following abbreviations were used to explain the multiplicities: 

s = singlet, d = doublet, dd = doublet of doublets, t = triplet, m = multiplet.


