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1. 1H and 13C NMR of compounds # 1-3, 5-9 and 10-12
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Figure S1. 1H-NMR spectrum of compound#1 (D2O).
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Figure S2. 13C NMR spectrum of compound#1 (D2O).
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Figure S3. 1H-NMR spectrum of compound#2 (D2O).
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Figure S4. 13C NMR spectrum of compound#2  (D2O).
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Figure S5. 1H-NMR spectrum of compound#3 (D2O).
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Figure S6. 13C NMR spectrum of compound#3 (D2O).
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Figure S7. 1H-NMR spectrum of compound#4 (D2O).
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Figure S8. 13C NMR spectrum of compound#4 (D2O).
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Figure S9. 1H-NMR spectrum of compound#5 (D2O).
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Figure S10. 13C NMR spectrum of compound#5 (D2O).
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Figure S11. 1H-NMR spectrum of compound#6 (D2O).
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Figure S12. 13C NMR spectrum of compound#6 (D2O).
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Figure S13. 1H-NMR spectrum of compound#7 (D2O).
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Figure S14. 13C NMR spectrum of compound#7 (D2O).
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 Figure S15. 1H-NMR spectrum of compound#8 (D2O).
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Figure S16. 13C NMR spectrum of compound#8  (D2O).
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Figure S17. 1H-NMR spectrum of compound#9 (D2O).
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Figure S18. 13C NMR spectrum of compound#9  (D2O).
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Figure S19. 1H-NMR spectrum of compound#10 (D2O).
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Figure S20. 13C NMR spectrum of compound#10 (D2O).
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Figure S21. 1H-NMR spectrum of compound#11(D2O).
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Figure S22. 13C NMR spectrum of compound#11(D2O).
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Figure S23. 1H-NMR spectrum of compound#12 (D2O).
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2. HPLC-MS analysis of compounds # 1-3,7-9   

      Analytic HPLC was run on a Varian 212 HPLC instrument, equipped with X-BridgeTM 
BEH C18 2.5µm and Inertsil C8 3.3µm columns and interfaced with Varian 500 MS-Ion trap 
detector. Eluent system was gradient: acetonitrile: water (5:95, v/v, 0.1% of formic acid), a 
linear gradient was applied for 20 min, up to an acetonitrile: water ratio of 90:10 (v/v), after 
which elution with a acetonitrile: water (5:95, v/v) gradient was used. Flow: 0.4 ml min–1.     

      Compound #7-8 were analyzed using X-BridgeTM BEH C18 2.5µm and the rest were ran  
      through Inertsil C8 3.3µm column. 

Figure S25. LCMS analysis of compound#1, purity: 96.30%
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Figure S26. LCMS analysis of compound#2, purity: 99.65%.
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Figure S27. LCMS analysis of compound#3, purity: 95.48%.
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Figure S28. LCMS analysis of compound#7, purity: 96.43%.
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Figure S29. LCMS analysis of compound#8, purity: 97.37%.





S32

3. Absolute quantitative 1H NMR (qHNMR) of compounds# 4-6,10-12 
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 Figure S31. Quantitative 1H NMR (qHNMR) spectrum of compound#4, purity: 99.30%.
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𝑃[%] =
𝑛𝐼𝐶. 𝐼𝑛𝑡𝑡.𝑀𝑊𝑡.𝑚𝐼𝐶

𝑛𝑡. 𝐼𝑛𝑡𝐼𝐶.𝑀𝑊𝐼𝐶.𝑚𝑠
 . 𝑃𝐼𝐶

ms= 4.995 mg, mIC= 1.512 mg, PIC=99.94, 

Intt= 17.586, nt= 19, IntIC= 1.449, nIC=2, 

MWt= 298.21 g/mol, MWIC=116.07 g/mol

Table S1. Absolute quantitative 1H NMR (qHNMR) analysis of compound#4 (4.995 mg/0.6 mL) 
in D2O with the addition of maleic acid (99.94% pure) as internal calibrant.

 Peaks (ppm) Integration Number of porotons Weigh 
(mg) 

MWt 
(g/mol)

1.471-1.549 5.388 6
3.108-3.205 8.341 9
3.301-3.472 2 2
3.640-3.785 1.857 2

Compound 4 

Sum 17.586 19

4.995 298.21

Internal St 6.285-6.493 1.449 2 1.512 116.07

𝑃[%] =
2 ∗ 17.586 ∗ 298.21 ∗ 1.512
19 ∗ 1.449 ∗ 116.07 ∗ 4.995

∗ 99.94 =
15858.82
15961.64

∗ 99.94 = 99.30 %
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 Figure S32. Quantitative 1H NMR (qHNMR) spectrum of compound#5, purity: 96.55%.
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𝑃[%] =
𝑛𝐼𝐶. 𝐼𝑛𝑡𝑡.𝑀𝑊𝑡.𝑚𝐼𝐶

𝑛𝑡. 𝐼𝑛𝑡𝐼𝐶.𝑀𝑊𝐼𝐶.𝑚𝑠
 . 𝑃𝐼𝐶

ms= 4.66  mg, mIC= 0.593 mg, PIC=99.94, 

Intt= 29.433, nt= 30, IntIC= 1.084 , nIC=2, 

MWt= 486.82 g/mol, MWIC=116.07 g/mol

Table S2. Absolute quantitative 1H NMR (qHNMR) analysis of compound#5 (4.66 mg/0.6 mL) 
in D2O with the addition of maleic acid (99.94% pure) as internal calibrant.

 Peaks (ppm) Integration Number of porotons Weigh 
(mg) 

MWt 
(g/mol)

1.472-1.567 11.553 12
2.014-2.221 4 4
3.063-3.171 5.755 6
3.275 -3.478 4.089 4
3.610-3.777 4.036 4

Compound 5 

Sum 29.433 30

4.66 486.82

Internal St 6.338-6.478 1.084 2 0.593 116.07

𝑃[%] =
2 ∗ 29.433 ∗ 486.82 ∗ 0.593
30 ∗ 1.084 ∗ 116.07 ∗ 4.66

∗ 99.94 =
16993.69
17589.62

∗ 99.94 = 96.55 %
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Figure S33. Quantitative 1H NMR (qHNMR) spectrum of compound#6, purity: 97.02%.
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𝑃[%] =
𝑛𝐼𝐶. 𝐼𝑛𝑡𝑡.𝑀𝑊𝑡.𝑚𝐼𝐶

𝑛𝑡. 𝐼𝑛𝑡𝐼𝐶.𝑀𝑊𝐼𝐶.𝑚𝑠
 . 𝑃𝐼𝐶

ms= 6.123 mg, mIC=1.023 mg, PIC=99.94, 

Intt= 33.851, nt=31, IntIC=1.314, nIC=2, 

MWt=405.79 g/mol, MWIC=116.07 g/mol

Table S3. Absolute quantitative 1H NMR (qHNMR) analysis of compound#6 (6.123 mg/0.6 mL) 
in D2O with the addition of maleic acid (99.94% pure) as internal calibrant.

 Peaks (ppm) Integration Number of porotons Weigh 
(mg) 

MWt 
(g/mol)

1.462-1.569 6.09 6

2.118-2.342 2 2

3.207-3.351 17.076 15

3.453-3.593 2.129 2

3.649-3.788 2.164 2

3.933-4.067 4.392 4

Compound 6 

Sum 33.851 31

6.123 405.79

Internal St 6.342-6.482 1.314 2 1.023 116.07

𝑃[%] =
2 ∗ 33.851 ∗ 405.79 ∗ 1.023
31 ∗ 1.314 ∗ 116.07 ∗ 6.123

∗ 99.94 =
28104.67
28949.51

∗ 99.94 = 97.02 %
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Figure S34. Quantitative 1H NMR (qHNMR) spectrum of compound#10, purity: 95.54%.
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𝑃[%] =
𝑛𝐼𝐶. 𝐼𝑛𝑡𝑡.𝑀𝑊𝑡.𝑚𝐼𝐶

𝑛𝑡. 𝐼𝑛𝑡𝐼𝐶.𝑀𝑊𝐼𝐶.𝑚𝑠
 . 𝑃𝐼𝐶

ms= 7.794 mg, mIC= 1.944 mg, PIC=99.94, 

Intt= 30.441, nt= 31, IntIC= 1.635, nIC=2, 

MWt= 370.36 g/mol, MWIC=116.07 g/mol

Table S4. Absolute quantitative 1H NMR (qHNMR) analysis of compound#10 (7.794 mg/0.6 
mL) in D2O with the addition of maleic acid (99.94% pure) as internal calibrant.

 Peaks (ppm) Integration Number of 
porotons

Weigh 
(mg) 

MWt 
(g/mol)

0.776-0.965 2.935 3
1.217-1.430 5.997 6
1.465-1.568 5.676 6
1.623-1.836 2.023 2
1.997-2.253 1.988 2
2.990-3.136 5.832 6
 3.195-3.427 4 4
3.589-3.801 1.99 2

Compound 10 

Sum 30.441 31

7.794 370.36

Internal St  6.382-6.453 1.635 2 1.944 116.07

𝑃[%] =
2 ∗ 30.441 ∗ 370.36 ∗ 1.944
31 ∗ 1.635 ∗ 116.07 ∗ 7.794

∗ 99.94 =
43833.81
45852.16

∗ 99.94 = 95.54 %
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Figure S35. Quantitative 1H NMR (qHNMR) spectrum of compound#11, purity: 95.76%.
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𝑃[%] =
𝑛𝐼𝐶. 𝐼𝑛𝑡𝑡.𝑀𝑊𝑡.𝑚𝐼𝐶

𝑛𝑡. 𝐼𝑛𝑡𝐼𝐶.𝑀𝑊𝐼𝐶.𝑚𝑠
 . 𝑃𝐼𝐶

ms= 7.498 mg, mIC= 1.926 mg, PIC=99.94, 

Intt= 40.773, nt= 43, IntIC= 1.982, nIC=2, 

MWt= 452.5 g/mol, MWIC=116.07 g/mol

Table S5. Absolute quantitative 1H NMR (qHNMR) analysis of compound#11 (7. 498 mg/0.6 
mL) in D2O with the addition of maleic acid (99.94% pure) as internal calibrant.

 Peaks (ppm) Integration Number of protons Weigh 
(mg) 

MWt 
(g/mol)

0.779-0.999 2.658 3
1.201-1.412 16.697 18
1.453-1.55 5.602 6
1.582-1.834 2.272 2
1.986-2.284 2.002 2
2.981-3.233 5.603 6
3.215-3.509 4 4
3.605-3.807 1.939 2

Compound 11 

Sum 40.773 43

7.498 452.5

Internal St 6.284-6.445 1.982 2 1.926 116.07

𝑃[%] =
2 ∗ 40.773 ∗ 452.5 ∗ 1.926

43 ∗ 1.982 ∗ 116.07 ∗ 7.498
∗ 99.94 =

71068.56
74171.58

∗ 99.94 = 95.76 %
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Figure S36. Quantitative 1H NMR (qHNMR) spectrum of compound#12, purity: 95.65%.
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𝑃[%] =
𝑛𝐼𝐶. 𝐼𝑛𝑡𝑡.𝑀𝑊𝑡.𝑚𝐼𝐶

𝑛𝑡. 𝐼𝑛𝑡𝐼𝐶.𝑀𝑊𝐼𝐶.𝑚𝑠
 . 𝑃𝐼𝐶

ms= 8.887 mg, mIC= 2.803 mg, PIC=99.94, 

Intt= 46.572, nt= 47, IntIC= 2.704, nIC=2, 

MWt=480.55 g/mol, MWIC=116.07 g/mol

Table S6. Absolute quantitative 1H NMR (qHNMR) analysis of compound#12 (8.887 mg/0.6 
mL) in D2O with the addition of maleic acid (99.94% pure) as internal calibrant.

 Peaks (ppm) Integration Number of 
porotons

Weigh 
(mg) 

MWt 
(g/mol)

0.801-1.01 2.8 3
1.17-1.407 21.65 22
1.44-1.549 6.051 6
1.586-1.818 2.393 2
2.035-2.286 2.059 2
3.052-3.236 5.696 6
3.255-3.515 4 4
3.629-3.856 1.923 2

Compound 12

Sum 46.572 47

8.887 480.55

Internal St 6.319-6.437 2.704 2 2.803 116.07

𝑃[%] =
2 ∗ 46.572 ∗ 480.55 ∗ 2.803
47 ∗ 2.704 ∗ 116.07 ∗ 8.887

∗ 99.94 =
125463.26
131093.06

∗ 99.94 = 95.65 %
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Figure S37. Certificate of the internal calibrant maleic acid.



S45

Table S7. Comparison of the antibacterial activity of tetradecyl # 9 and 12 with 
Benzyldodecyldimethylammonium bromide (C12) and Benzyltetradecyldimethylammonium 

chloride(C14) against 107 CFU/mL of MRSA and 106 CFU/mL MDR P. aeruginosa. 

Gram-positive MRSA (107 CFU/mL)***

Bacterial Reduction at Various Contact Time (min)Synthetic 
compounds*

1 3 5 10 20 30 60

% 94.23 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.009

Log10 1.24 ± 0.00 7.21 ± 0.09 7.21 ± 0.09 7.21 ± 0.09 7.21 ± 0.09 7.21 ± 0.09 7.21 ± 0.09

% 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.0012

Log10 7.21 ± 0.09 7.21 ± 0.09 7.21 ± 0.09 7.21 ± 0.09 7.21 ± 0.09 7.21 ± 0.09 7.21 ± 0.09

% 37.40 ± 52 58.96 ± 25 81.54± 16 99.64 ± 0.42 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00C12

Log10 0.300 ± 0.42 0.430 ± 0.28 0.840 ± 0.45 2.69 ± 0.72 7.21 ± 0.09 7.21 ± 0.09 7.21 ± 0.09

% 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00C14

Log10 7.21 ± 0.09 7.21 ± 0.09 7.21 ± 0.09 7.21 ± 0.09 7.21 ± 0.09 7.21 ± 0.09 7.21 ± 0.09

Gram-negative MDR P. aeruginosa (106 CFU/mL)***

1 3 5 10 20 30 60

% 85.60±18.2 99.98± 0.03 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.009

Log10 1.18± 0.88 4.73± 1.8 6.36 ± 0.45 6.36 ± 0.45 6.36 ± 0.45 6.36 ± 0.45 6.36 ± 0.45

% 98.94 ± 1.5 99.99 ± 0.01 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.0012

Log10 3.85 ± 3.1 4.91 ± 1.6 6.36 ± 0.45 6.36 ± 0.45 6.36 ± 0.45 6.36 ± 0.45 6.36 ± 0.45

% 97.09 ± 0.00 98.99± 1.4 99.44 ± 0.79 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00C12

Log10 1.54 ± 0.00 2.8 ± 1.5 2.25 ± 0.04 6.36 ± 0.45 6.36 ± 0.45 6.36 ± 0.45 6.36 ± 0.45

% 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00 100.0 ± 0.00C14

Log10 6.36 ± 0.45 6.36 ± 0.45 6.36 ± 0.45 6.36 ± 0.45 6.36 ± 0.45 6.36 ± 0.45 6.36 ± 0.45

 *. Concentration of the compounds was set at 0.141 mM


