
1

Supplementary material

Effect of polar headgroup and spacer length on DNA transfection of 

cholesterol-based cationic lipids

Widchaya Radchatawedchakoon,*a Chopaka Thongbamrer, b Wuttiphong Konbamrung, a 

Phakamas Khattawee, b Uthai Sakee, a Wanlapa Roobsoong, c Jetsumon Sattabongkot, c 

Praneet Opanasopit, d and Boon-ek Yingyongnarongkul b

a Creative Chemistry and Innovation Research Unit, Department of Chemistry and Center of Excellence for 

Innovation in Chemistry (PERCH-CIC), Faculty of Science, Mahasarakham University, 

Maha Sarakham, 44150 Thailand
b Department of Chemistry and Center of Excellence for Innovation in Chemistry (PERCH-CIC), 

Faculty of Science, Ramkhamhaeng University, Bangkok, 10240 Thailand
c Mahidol Vivax Research Unit, Faculty of Tropical Medicine, Mahidol University, Bangkok, 10400 Thailand
d Pharmaceutical Development of Green Innovations Group (PDGIG), Faculty of Pharmacy, Silpakorn University, 

Nakhon Pathom, 73000 Thailand

* Corresponding author, Email address: widchaya.r@msu.ac.th; widchaya@hotmail.com

Tel.: +6643 754246; fax: +6643 754246.

---------------------------------------------------------------------------------------------

NMR data of all synthesized compounds

3β-[N-(2-aminoethyl)carbamoyl]cholesterol (8): 1H NMR (400 MHz, CDCl3):  0.64 (3H, s, 

H-18-Chol), 0.83 (6H, d, J = 6.5 Hz, H-26, H-27-Chol), 0.88 (3H, d, J = 6.4 Hz, H-21-Chol), 

0.97 (3H, s, H-19-Chol), 0.89-2.40 (30H, m, protons in cholesteryl skeleton), 2.79 (2H, br q, 

H2NCH2CH2NH(CO)O),  3.20 (2H, t, H2NCH2CH2NH(CO)O), 4.46 (1H, br s, H-3-Chol), 5.04 

(1H, t, H2N(CH2)2NH(CO)O), 5.34 (1H, br s, H-6-Chol); 13C NMR (100 MHz, CDCl3): 11.8, 

18.7, 19.3, 21.0, 22.5, 22.8, 23.8, 24.2, 28.0, 28.1, 28.2, 31.8, 35.7, 36.1, 36.5, 36.9, 39.5, 39.7, 

41.7, 42.3, 49.9, 56.1, 56.6, 74.3, 122.4, 139.8 (carbons in cholesteryl skeleton), 38.5, 43.2 

(NH2CH2CH2NHCO2-Chol), 156.4 (CO2-Chol).
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3β-[N-(3-aminopropyl)carbamoyl]cholesterol (9): 1H NMR (400 MHz, CDCl3):  0.63 (3H, s, 

H-18-Chol), 0.82 (6H, d, J = 6.5 Hz, H-26, H-27-Chol), 0.87 (3H, d, J = 6.4 Hz, H-21-Chol), 

0.97 (3H, s, H-19-Chol), 0.97-2.40 (30H, m, protons in cholesteryl skeleton), 2.74 (2H, t, 

H2NCH2(CH2)2NH(CO)O), 3.22 (2H, br t, H2N(CH2)2CH2NH(CO)O), 3.43 (1H, s, 

H2N(CH2)3NH(CO)O), 4.44 (1H, br s, H-3-Chol), 5.07 (1H, br s, H2N(CH2)2NH(CO)O), 5.33 

(1H, br s, H-6-Chol); 13C NMR (100 MHz, CDCl3): 11.8, 18.7, 19.3, 21.0, 22.5, 22.8, 23.8, 24.2, 

28.0, 28.1, 28.2, 31.6, 31.8, 35.8, 36.1, 36.5, 36.9, 39.5, 39.7, 42.2, 49.9, 56.1, 56.6, 74.2, 122.4, 

139.8 (carbons in cholesteryl skeleton), 38.9, 38.5, 31.8 (NH2(CH2)3NHCO2-Chol), 156.5 (CO2-

Chol).

3β-[N-(2-(N-(Fmoc-lysin(Boc)amide))aminoethyl)carbamoyl]cholesterol (10): 1H NMR (400 

MHz, CDCl3):  0.63 (3H, s, H-18-Chol), 0.84 (6H, d, J = 6.5 Hz, H-26, H-27-Chol), 0.88 (3H, 

d, J = 6.4 Hz, H-21-Chol), 0.91 (3H, s, H-19-Chol), 0.92-2.40 (35H, m, Protons in cholesteryl 

skeleton and Fmoc H-9"), 1.45 (9H, s, O(CH3)3), 3.07 (2H, br s, HNCH(CH2)3CH2NH), 3.27 

(2H, br s, HNCH2CH2NH(CO)O), 3.34 (2H, br s, HNCH2CH2NH(CO)O), 4.10 (1H, br s, H-3-

Chol), 4.17 (1H, t, HNCH(CH2)4NH), 4.35 (2H, d, CH-CH2O(CO)), 4.41 (1H, br s, 

HN(CH2)2NH(CO)O), 4.69 (1H, br s, HNCH(CH2)4NH), 5.28 (1H, br s, H-6-Chol), 5.67 (1H, br 

s, HN(CH2)2NH(CO)O), 6.87 (1H, s, HNCH(CH2)4NH), 7.27 (2H, t, Fmoc H-3", Fmoc H-6"), 

7.36 (2H, t, Fmoc H-2", Fmoc H-7"), 7.56 (2H, d, Fmoc H-4", Fmoc H-5"), 7.73 (2H, d, Fmoc 

H-1", Fmoc H-8"); 13C NMR (100 MHz, CDCl3): 11.8, 18.9, 19.2, 21.0, 22.4, 22.5, 23.8, 24.2, 

28.0, 28.2, 29.6, 31.8, 31.9, 35.8, 36.2, 36.5, 36.9, 38.5, 39.5, 39.7, 42.3, 49.9, 56.1, 56.6, 74.6, 

122.5, 139.6 (carbons in cholesteryl skeleton), 28.4 (CO2C(CH3)3), 38.5, 39.9 

(NHCH2CH2NHCO2-Chol), 22.8, 31.8, 32.0, 40.5, 54.9 (NHCH(CH2)4NHBoc), 79.3 

(CO2C(CH3)3), 47.1, 67.1, 119.9, 125.1, 127.1, 127.7, 141.3, 143.8, 157.0 (carbons in Fmoc 

structure), 156.3 (CO2C(CH3)3), 156.3 (CO-Chol), 172.4 (CO amide).
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3β-[N-(3-(N-(Fmoc-lysin(Boc)amide))aminopropyl)carbamoyl]cholesterol (11): 1H NMR 

(400 MHz, CDCl3):  0.64 (3H, s, H-18-Chol), 0.84 (6H, d, J = 6.5 Hz, H-26, H-27-Chol), 0.88 

(3H, d, J = 6.4 Hz, H-21-Chol), 0.95 (3H, s, H-19-Chol), 0.95-2.40 (37H, m, protons in 

cholesteryl skeleton and H-9"), 1.40 (9H, s, O(CH3)3), 3.08 (2H, br s, HNCH(CH2)3CH2NH), 

3.16 (2H, br s, HN(CH2)2CH2NH(CO)O), 3.28 (2H, s, HNCH2(CH2)2NH(CO)O), 4.11 (1H, br s, 

H-3-Chol), 4.18 (1H, t, HNCH(CH2)4NH), 4.36 (2H, m, CHCH2O(CO)), 4.65 (1H, s, 

NHCH(CH2)4NH), 5.08 (1H, s, HN(CH2)3NH(CO)O), 5.31 (1H, br s, H-6-Chol), 5.58 (1H, s, 

HN(CH2)3NH(CO)O), 6.84 (1H, s, HNCH(CH2)4NH), 7.28 (2H, t, CH-3", CH-6"), 7.37 (2H, t, 

CH-2", CH-7"), 7.57 (2H, d, CH-4", CH-5"), 7.73 (2H, d, CH-1", CH-8"); 13C NMR (100 MHz, 

CDCl3): 11.9, 18.7, 19.3, 21.0, 22.5, 22.6, 23.8, 24.3, 28.0, 28.1, 29.6, 31.8, 31.9, 35.8, 36.2, 

36.5, 36.9, 38.5, 39.5, 39.7, 42.3, 49.9, 56.1, 56.7, 74.5, 122.6, 139.7 (carbons in cholesteryl 

skeleton), 28.5 (CO2C(CH3)3), 28.3, 37.3, 39.5 (NH2(CH2)3NHCO2-Chol), 22.8, 30.0, 32.2, 40.1, 

55.0 (NHCH(CH2)4NHBoc), 79.3 (CO2C(CH3)3), 47.2, 67.1, 120.0, 125.1, 127.1, 127.7, 141.3, 

143.8, 156.9 (carbons in Fmoc structure), 156.3 (CO2C(CH3)3), 156.3 (CO-Chol), 172.1 (CO 

amide).

3β-[N-(2-(N-(lysin(Boc)amide))aminoethyl)carbamoyl]cholesterol (12): 1H NMR (400 MHz, 

CDCl3):  0.64 (3H, s, H-18-Chol), 0.83 (6H, d, J = 6.5 Hz, H-26, H-27-Chol), 0.88 (3H, d, J = 

6.4 Hz, H-21-Chol), 0.97 (3H, s, H-19-Chol), 0.97-2.40 (36H, m, protons in cholesteryl 

skeleton), 1.40 (9H, s, O(CH3)3), 3.08 (2H, br s, HNCH(CH2)3CH2NH), 3.28 (2H, br s, 

HNCH2CH2NH(CO)O), 3.34 (3H, br s, HNCH2CH2NH(CO)O and H2NCH(CH2)4NH), 4.44 (1H, 

br s, H-3-Chol), 4.63 (1H, s, HN(CH2)2NH(CO)O), 5.21 (1H, s, HN(CH2)2NH(CO)O), 5.33 (1H, 

br s, H-6-Chol), 7.62 (1H, br s, H2NCH(CH2)4NH); 13C NMR (100 MHz, CDCl3): 11.8, 18.7, 

19.3, 21.0, 22.5, 22.8, 23.8, 24.3, 28.1, 28.2, 29.8, 31.8, 35.8, 36.2, 36.5, 36.9, 38.5, 39.5, 39.7, 

42.3, 50.0, 56.1, 56.7, 74.8, 122.5, 139.8 (carbons in cholesteryl skeleton), 28.4 (CO2C(CH3)3), 
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39.5, 40.1 (NHCH2CH2NHCO2-Chol), 22.8, 28.0, 34.4, 41.1, 55.0 (NH2CH(CH2)4NHBoc), 79.1 

(CO2C(CH3)3), 156.1 (CO2C(CH3)3), 156.7 (CO2-Chol), 175.8 (CO amide).

3β-[N-(3-(N-(lysin(Boc)amide))aminopropyl)carbamoyl]cholesterol (13): 1H NMR (400 

MHz, CDCl3):  0.64 (3H, s, H-18-Chol), 0.83 (6H, d, J = 6.5 Hz, H-26, H-27-Chol), 0.88 (3H, 

d, J = 6.4 Hz, H-21-Chol), 0.97 (3H, s, H-19-Chol), 0.97-2.40 (37H, m, protons in cholesteryl 

skeleton), 1.40 (9H, s, O(CH3)3), 3.07 (2H, br s, H2NCH(CH2)3CH2NH), 3.15 (2H, br s, 

HN(CH2)2CH2NH(CO)O), 3.27 (3H, br s, HNCH2(CH2)2(CO)O and H2NCH(CH2)4NH), 3.59 

(1H, s, HN(CH2)3NH(CO)O), 4.43 (1H, br s, H-3-Chol), 4.80 (1H, s, H2NCH(CH2)4NH), 5.33 

(1H, br s, H-6-Chol), 5.38 (1H, br s, HN(CH2)3NH(CO)O), 7.85 (1H, s, H2NCH(CH2)4NH); 13C 

NMR (100 MHz, CDCl3): 11.8, 18.7, 19.3, 21.0, 22.8, 22.5, 23.8, 24.3, 28.0, 28.1, 28.2, 31.8, 

31.9, 35.8, 36.2, 36.5, 37.0, 39.5, 39.7, 42.3, 42.3, 50.0, 56.1, 56.7, 74.3, 122.4, 139.9 (carbons in 

cholesteryl skeleton), 28.4 (CO2C(CH3)3), 28.4, 37.6, 38.6 (NH2(CH2)3NHCO2-Chol), 22.8, 29.7, 

33.1, 40.0, 54.4 (NH2CH(CH2)4NHBoc), 79.1 (CO2C(CH3)3), 156.2 (CO2C(CH3)3), 156.3 (CO2-

Chol), 156.6 (CO amide).

3β-[N-(2-(N-(N,N,N,-trimethylammonium-lysin(Boc)amide)) 

aminoethyl)carbamoyl]cholesterol (14): 1H NMR (400 MHz, CDCl3 + 5 drops of CD3OD):  

0.64 (3H, s, H-18-Chol), 0.83 (6H, d, J = 6.5 Hz, H-26, H-27-Chol), 0.88 (3H, d, J = 6.4 Hz, H-

21-Chol), 0.96 (3H, s, H-19-Chol), 0.96-2.40 (34H, m, protons in cholesteryl skeleton), 1.40 

(9H, s, O(CH3)3), 3.09 (4H, br s, H2NCH(CH2)3CH2NHBoc and HNCH2CH2NH(CO)O), 3.28 

(9H, br s, N+(CH3)3), 3.51 (2H, br s, HNCH2CH2NH(CO)O), 4.43 (1H, br s, H-3-Chol), 4.84 

(1H, br s, HNCH2CH2NH(CO)O), 4.98 (1H, br s, H2NCH(CH2)4NHBoc), 5.18 (1H, br s, 

HNCH2CH2NH(CO)O), 5.32 (1H, br s, H-6-Chol), 6.03 (1H, br s, NCH(CH2)4NH); 13C NMR 

(100 MHz, CDCl3 + 5 drops of CD3OD): 11.7, 18.6, 19.2, 20.9, 22.4, 22.7, 23.7, 24.2, 27.9, 28.0, 
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28.1, 31.7, 31.8, 35.7, 36.1, 36.4, 36.9, 39.4, 39.6, 42.2, 49.9, 56.0, 56.6, 73.5, 122.4, 139.7 

(carbons in cholesteryl skeleton), 28.3 (CO2C(CH3)3), 38.4, 39.6 (NH(CH2)2NHCO2-Chol), 22.3, 

29.6, 36.4, 39.8, 74.3 ((CH3)3N+CH(CH2)4NHBoc), 52.4 ((CH3)3N+), 79.2 (CO2C(CH3)3), 156.5 

(CO2C(CH3)3), 156.6 (CO2-Chol), 172.6 (CO amide).

3β-[N-(3-(N-(N,N,N,-trimethylammonium-lysin(Boc)amide)) 

aminopropyl)carbamoyl]cholesterol (15): 1H NMR (400 MHz, CDCl3):  0.61 (3H, s, H-18-

Chol), 0.80 (6H, d, J = 6.5 Hz, H-26, H-27-Chol), 0.85 (3H, d, J = 6.4 Hz, H-21-Chol), 0.94 (3H, 

s, H-19-Chol), 1.01-2.25 (34H, m, protons in cholesteryl skeleton), 1.36 (9H, s, CO2(CH3)3), 

1.05 (4H, m, NHCHCH2(CH2)2CH2NHBoc), 1.50 (2H, m, NHCH2CH2CH2NHCO2-Chol), 1.79 

(2H, m, NHCHCH2(CH2)3NHBoc), 3.00 (2H, m, NH(CH2)2CH2NHCO2-Chol), 3.12 (2H, m, 

(NHCH(CH2)3)CH2NHBoc), 3.18 (9H, s, (CH3)3N+), 3.27 (2H, m, NHCH2(CH2)2NHCO2-Chol), 

3.33 (1H, br m, NHCH(CH2)4NHBoc), 4.38 (1H, br s, H-3-Chol), 5.29 (1H, br s, H-6-Chol); 13C 

NMR (100 MHz, CDCl3): 11.8, 18.7, 19.3, 21.0, 22.5, 22.8, 23.8, 24.3, 28.0, 28.1, 28.2, 31.8, 

31.9, 35.8, 36.2, 36.5, 36.9, 39.5, 39.7, 40.5, 42.3, 50.0, 56.1, 56.7, 74.7, 122.6, 139.7 (carbons in 

cholesteryl skeleton), 28.4 (CO2C(CH3)3), 28.4, 38.5, 39.8 (NH(CH2)3NHCO2-Chol), 23.2, 29.6, 

31.7, 40.4, 77.2 ((CH3)3N+CH(CH2)4NHBoc), 53.2 ((CH3)3N+), 79.2 (CO2C(CH3)3), 156.3 

(CO2C(CH3)3), 157.0 (CO2-Chol), 172.3 (CO amide).

3β-[N-(2-(N-(N-(N,N-diBoc(guanidinyl-lysin(Boc)amide)))) 

aminoethyl)carbamoyl]cholesterol (16): 1H NMR (400 MHz, CDCl3):  0.64 (3H, s, H-18-

Chol), 0.83 (6H, d, J = 6.5 Hz, H-26, H-27-Chol), 0.88 (3H, d, J = 6.4 Hz, H-21-Chol), 0.96 (3H, 

s, H-19-Chol), 0.96-2.40 (32H, m, protons in cholesteryl skeleton), 1.45 (27H, s, O(CH3)3), 3.07 

(2H, br s, HNCH(CH2)3CH2NH), 3.26 (2H, br s, HNCH2CH2NH(CO)O), 3.29 (1H, br s, 

HNCH(CH2)4NH), 3.39 (2H, br s, HNCH2CH2NH(CO)O), 4.10 (2H, q, HNCHCH2(CH2)3NH), 
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4.38 (1H, br s, HNCH2CH2NH(CO)O), 4.40 (1H, br s, HNCH2CH2NH(CO)O), 4.41 (1H, br s, 

H-3-Chol), 4.62 (1H, s, HNCH(CH2)4NH), 5.27 (1H, br s, HNCH(CH2)4NH), 5.29 (1H, br s, 

HN(C=N)NH), 5.33 (1H, br s, H-6-Chol); 13C NMR (100 MHz, CDCl3): 11.8, 18.7, 19.3, 21.0, 

22.5, 22.8, 23.8, 24.3, 28.0, 28.1, 28.2, 31.2, 31.8, 35.8, 36.2, 36.5, 36.9, 38.5, 39.5, 39.7, 42.3, 

50.0, 56.1, 56.7, 74.4, 122.5, 139.8 (carbons in cholesteryl skeleton), 28.0, 28.2, 28.4 

(3×CO2C(CH3)3), 38.5, 40.1 (NHCH2CH2NHCO2-Chol), 23.8, 29.6, 31.9, 39.9, 54.5 

(NHCH(CH2)4NHBoc), 79.4, 80.7, 84.1 (3×CO2C(CH3)3), 152.6, 156.5, 156.6 (3×CO2C(CH3)3), 

156.0 (NH(C=NBoc)), 156.0 (CO2-Chol), 171.2 (CO amide).

3β-[N-(3-(N-(N-(N,N-diBoc(guanidinyl-lysin(Boc)amide)))) 

aminopropyl)carbamoyl]cholesterol (17): 1H NMR (400 MHz, CDCl3):  0.64 (3H, s, H-18-

Chol), 0.82 (6H, d, J = 6.5 Hz, H-26, H-27-Chol), 0.88 (3H, d, J = 6.4 Hz, H-21-Chol), 0.98 (3H, 

s, H-19-Chol), 1.05-2.33 (32H, m, protons in cholesteryl skeleton), 1.40, 1.45, 1.47 (27H, s, 

3×CO2(CH3)3), 1.62 (2H, m, HNCH(CH2)2CH2CH2NHBoc), 1.83 (4H, m, 

HNCH(CH2)2(CH2)2NHBoc), 1.99 (2H, m, NHCH2CH2CH2NHCO2-Chol), 3.08-3.28 (6H, m, 

(NHCH2CH2CH2NHCO2-Chol) and (NHCH(CH2)3CH2NHBoc)), 4.44 (1H, br s, H-3-Chol), 4.50 

(1H, s, HNCH(CH2)4NHBoc), 5.34 (1H, br s, H-6-Chol), 4.61, 5.15, 7.14, 8.74, 11.32 (5H, s 

5×NH); 13C NMR (100 MHz, CDCl3): 11.9, 18.7, 19.4, 21.0, 22.6, 22.6, 23.8, 24.3, 28.0, 28.3, 

29.8, 31.4, 31.9, 35.8, 36.2, 36.6, 37.0, 38.6, 39.5, 39.7, 40.2, 50.0, 56.1, 56.7, 74.3, 122.4, 139.9 

(carbons in cholesteryl skeleton), 28.1, 28.2, 28.4 (3×CO2C(CH3)3), 29.6, 37.4, 38.6 

(NH(CH2)3NHCO2-Chol), 22.8, 31.3, 31.9, 42.1, 54.5 (NHCH(CH2)4NHBoc), 79.4, 79.1, 84.0 

(3×CO2C(CH3)3), 155.4, 156.0, 156.6 (3×CO2C(CH3)3), 156.0 (NH(C=NBoc)), 156.0 (CO2-

Chol), 171.2 (CO amide).
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3β-[N-(2-(N-lysinamide)aminoethyl)carbamoyl]cholesterol (1A): 1H NMR (400 MHz, CDCl3 

+ 10 drops of CD3OD):  0.53 (3H, s, H-18-Chol), 0.72 (6H, d, J = 6.5 Hz, H-26, H-27-Chol), 

0.77 (3H, d, J = 6.4 Hz, H-21-Chol), 0.86 (3H, s, H-19-Chol), 0.86-2.40 (42H, m, protons in 

cholesteryl skeleton), 2.77 (2H, t, HNCH2CH2NH(CO)O), 3.09 (2H, m, H2NCH(CH2)3CH2NH2), 

3.22 (2H, br t, HNCH2CH2NH(CO)O), 3.67 (1H, br t, H2NCH(CH2)4NH2), 4.27 (1H, br s, H-3-

Chol), 5.21 (1H, br s, H-6-Chol); 13C NMR (100 MHz, CDCl3 + 10 drops of CD3OD): 11.5, 

18.4, 19.0, 21.5, 22.2, 22.5, 23.6, 24.0, 27.7, 28.0, 30.3, 31.6, 35.6, 35.9, 36.3, 36.7, 38.2, 39.5, 

39.7, 42.1, 49.8, 55.9, 56.5, 74.5, 122.3, 139.5 (carbons in cholesteryl skeleton), 38.7, 39.5 

(NHCH2CH2NHCO2-Chol), 26.0, 30.0, 34.4, 39.3, 52.6 (NH2CH(CH2)4NH2), 157.0 (CO2-Chol), 

169.1 (CO amide).

3β-[N-(3-(N-lysinamide)aminopropyl)carbamoyl]cholesterol (4A): 1H NMR (400 MHz, 

CDCl3 + 10 drops of CD3OD):  0.60 (3H, s, H-18-Chol), 0.78 (6H, d, J = 6.5 Hz, H-26, H-27-

Chol), 0.84 (3H, d, J = 6.4 Hz, H-21-Chol), 0.93 (3H, s, H-19-Chol), 0.93-2.40 (43H, m, protons 

in cholesteryl skeleton), 2.62 (2H, t, HNCH2(CH2)2NH(CO)O), 3.08 (2H, br s, 

HN(CH2)2CH2NH(CO)O), 3.20 (3H, br m, H2NCH(CH2)4NH2 and H2NCH(CH2)3CH2NH2), 4.38 

(1H, br s, H-3-Chol), 5.24 (1H, br s, H-6-Chol), 5.56 (1H, br s, HN(CH2)3NH(CO)O); 13C NMR 

(100 MHz, CDCl3 + 10 drops of CD3OD): 11.9, 18.7, 19.4, 21.0, 22.6, 22.9, 23.9, 24.3, 28.0, 

28.2, 28.3, 31.8, 35.8, 36.2, 36.6, 37.0, 39.5, 39.7, 42.3, 50.0, 56.1, 56.7, 74.3, 122.5, 139.9 

(carbons in cholesteryl skeleton), 38.6, 39.5 (NH(CH2)3NHCO2-Chol), 24.1, 29.7, 35.8, 39.5, 

53.5 (NH2CH(CH2)4NH2).
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3β-[N-(2-(N-(N,N,N,-trimethylammonium-

lysinamide))aminoethyl)carbamoyl]cholesterol (2A): 1H NMR (400 MHz, CDCl3 + 10 drops 

of CD3OD):  0.62 (3H, s, H-18-Chol), 0.83 (6H, d, J = 6.5 Hz, H-26, H-27-Chol), 0.86 (3H, d, J 

= 6.4 Hz, H-21-Chol), 0.94 (3H, s, H-19-Chol), 0.94-2.40 (36H, m, protons in cholesteryl 

skeleton), 3.18 (9H, br s, N+(CH3)3), 3.36 (2H, br s, NCH(CH2)3CH2NH2), 3.52 (2H, br s, 

HNCH2CH2NH(CO)O), 4.27 (2H, br s, HNCH2CH2NH(CO)O), 4.37 (1H, br s, H-3-Chol), 4.47 

(1H, br s, HNCH2CH2NH(CO)O), 4.57 (1H, br s, HNCH2CH2NH(CO)O), 5.30 (1H, br s, H-6-

Chol); 13C NMR (100 MHz, CDCl3): 11.8, 18.8, 19.3, 21.0, 22.6, 22.8, 23.9, 24.3, 28.0, 29.7, 

31.8, 35.8, 36.2, 36.5, 39.7, 39.4, 42.3, 43.1, 49.9, 56.2, 56.7, 74.1, 122.5, 139.8 (carbons in 

cholesteryl skeleton), 38.4, 39.0 (NHCH2CH2CO2-Chol), 52.2 ((CH3)3N+), 29.7, 38.5, 39.5, 74.5 

((CH3)3N+CH(CH2)4NH2), 156.6 (CO2-Chol), 166.3 (CO amide).

3β-[N-(3-(N-(N,N,N,-trimethylammonium-

lysinamide))aminopropyl)carbamoyl]cholesterol (5A): 1H NMR (400 MHz, CDCl3 + 5 drops 

of CD3OD):  0.60 (3H, s, H-18-Chol), 0.77 (6H, d, J = 6.4 Hz, H-26, H-27-Chol), 0.83 (3H, d, J 

= 6.4 Hz, H-21-Chol), 0.92 (3H, s, H-19-Chol), 1.04-2.50 (34H, m, protons in cholesteryl 

skeleton), 1.65 (m, 2H, NHCH2CH2CH2NHCO2-Chol), 1.91 (m, 4H, NCHCH2(CH2)2CH2NH2), 

2.80 (m, 2H, NCHCH2(CH2)3NH2) 3.07 (m, 2H, NHCH2CH2CH2NHCO2-Chol), 3.14 (9H, br s, 

N+(CH3)3), 3.23 (m, 2H, NHCH2CH2CH2NHCO2-Chol), 3.35 (m, 2H, NCH(CH2)3CH2NH2), 

4.15 (2H, br s, NCH(CH2)4NH2), 4.46 (1H, br s, H-3-Chol), 5.27 (1H, br s, H-6-Chol); 13C NMR 

(100 MHz, CDCl3 + 5 drops of CD3OD): 11.7, 18.6, 19.2, 20.9, 22.4, 22.7, 23.7, 24.2, 28.4, 28.8, 

29.6, 31.7, 31.8, 35.7, 36.1, 36.4, 36.8, 39.4, 39.6, 42.2, 43.0, 49.8, 56.0, 56.6, 73.9, 122.4, 139.7 

(carbons in cholesteryl skeleton), 27.9, 38.3, 38.9 (NH(CH2)3NHCO2-Chol), 52.1 ((CH3)3N+), 

25.4, 29.3, 29.6, 39.3, 74.3 ((CH3)3N+CH(CH2)4NH2), 156.7 (CO2-Chol), 166.0 (CO amide).
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3β-[N-(2-(N-(N-guanidinyl-lysinamide))aminoethyl)carbamoyl]cholesterol (3A): 1H NMR 

(400 MHz, CDCl3):  0.61 (3H, s, H-18-Chol), 0.83 (6H, d, J = 6.5 Hz, H-26, H-27-Chol), 0.88 

(3H, d, J = 6.4 Hz, H-21-Chol), 0.97 (3H, s, H-19-Chol), 0.97-2.50 (41H, m, protons in 

cholesteryl skeleton), 3.30 (2H, br s, HNCH(CH2)3CH2NH2), 4.10 (4H, br s, 

HNCH2CH2NH(CO)O and HNCH2CH2NH(CO)O), 4.33 (1H, br s, HNCH(CH2)4NH2), 4.45 (1H, 

br s, H-3-Chol), 5.28 (1H, br s, H-6-Chol), 5.59 (1H, HNCH(CH2)4NH2); 13C NMR (100 MHz, 

CDCl3): 11.9, 18.7, 19.1, 19.4, 22.6, 22.8, 23.8, 24.0, 28.0, 29.4, 29.7, 30.6, 31.9, 35.7, 36.2, 

36.5, 36.8, 38.5, 39.5, 42.3, 44.8, 50.9, 56.2, 56.6, 74.5, 122.5, 139.6 (carbons in cholesteryl 

skeleton), 38.5, 41.1 (NH(CH2)2NHCO2-Chol), 22.7, 28.7, 30.6, 41.5, 53.4 (NHCH(CH2)4NH2), 

156.2 (CO2-Chol), 161.4 (NH2C=N(NHCHCO)), 174.5 (CO amide).

3β-[N-(3-(N-(N-guanidinyl-lysinamide))aminopropyl)carbamoyl]cholesterol (6A): 1H 

NMR (400 MHz, CDCl3 + 5 drops of CD3OD):  0.59 (3H, s, H-18-Chol), 0.78 (6H, d, J = 6.6 

Hz, H-26, H-27-Chol), 0.83 (3H, d, J = 6.4 Hz, H-21-Chol), 0.91 (3H, s, H-19-Chol), 0.99-2.26 

(34H, m, protons in cholesteryl skeleton), 1.43 (m, 4H, NHCHCH2CH2CH2CH2NH2), 1.75 (m, 

2H, NCHCH2(CH2)3NH2), 1.91 (m, 2H, NHCH2CH2CH2NHCO2-Chol), 3.30 (m, 4H, 

(NHCH(CH2)3CH2NH2) and (NHCH2(CH2)2NHCO2-Chol)), 3.32 (m, 2H, 

NH(CH2)2CH2NHCO2-Chol), 4.34 (1H, br s, H-3-Chol), 5.23 (1H, br s, H-6-Chol); 13C NMR 

(100 MHz, CDCl3 + 5 drops of CD3OD): 11.7, 18.5, 19.1, 20.9, 22.4, 22.7, 23.7, 24.1, 27.9, 28.0, 

28.1, 31.68, 31.73, 35.7, 36.0, 36.4, 36.8, 39.3, 39.6, 42.1, 49.9, 55.9, 56.5, 74.3, 122.4, 139.6 

(carbons in cholesteryl skeleton), 29.2, 38.4 (NH(CH2)3NHCO2-Chol), 23.7, 27.9, 31.7, 39.4, 

53.3 (NHCH(CH2)4NH2), 156.8 (CO2-Chol), 159.3 (NH2C=NH(NHCHCO)), 175.9 (CO amide).
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1H, 13C NMR and HR-ESI-MS Spectra of All Synthesized Compounds 
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1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(2-aminoethyl)carbamoyl]cholesterol (8)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(2-aminoethyl)carbamoyl]cholesterol (8)
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HR-ESI-MS Spectrum of 3β-[N-(2-aminoethyl)carbamoyl]cholesterol (8)
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1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(3-aminopropyl)carbamoyl]cholesterol (9)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(3-aminopropyl)carbamoyl]cholesterol (9)
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HR-ESI-MS Spectrum of 3β-[N-(3-aminopropyl)carbamoyl]cholesterol (9)
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1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(2-(N-(Fmoc-lysin(Boc)amide))aminoethyl) 
carbamoyl]cholesterol (10)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(2-(N-(Fmoc-lysin(Boc)amide))aminoethyl) 
carbamoyl]cholesterol (10)
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HR-ESI-MS Spectrum of 3β-[N-(2-(N-(Fmoc-lysin(Boc)amide))aminoethyl)carbamoyl] 
cholesterol (10)



16

ON
H

O

N
H

O
FmocHN

11

NHBoc

1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(3-(N-(Fmoc-lysin(Boc)amide))aminopropyl) 
carbamoyl]cholesterol (11)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(3-(N-(Fmoc-lysin(Boc)amide))aminopropyl) 
carbamoyl]cholesterol (11)
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HR-ESI-MS Spectrum of 3β-[N-(3-(N-(Fmoc-lysin(Boc)amide))aminopropyl)carbamoyl] 
cholesterol (11)
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1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(2-(N-(lysin(Boc)amide))aminoethyl) 
carbamoyl]cholesterol (12)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(2-(N-(lysin(Boc)amide))aminoethyl) 
carbamoyl]cholesterol (12)



19

HR-ESI-MS Spectrum of 3β-[N-(2-(N-(lysin(Boc)amide))aminoethyl)carbamoyl]cholesterol 
(12)
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1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(3-(N-(lysin(Boc)amide))aminopropyl) 
carbamoyl]cholesterol (13)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(3-(N-(lysin(Boc)amide))aminopropyl) 
carbamoyl]cholesterol (13)
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HR-ESI-MS Spectrum of 3β-[N-(3-(N-(lysin(Boc)amide))aminopropyl)carbamoyl]cholesterol 
(13)
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1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(2-(N-(N,N,N,-trimethylammonium-
lysin(Boc)amide))aminoethyl)carbamoyl]cholesterol (14)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(2-(N-(N,N,N,-trimethylammonium-
lysin(Boc)amide))aminoethyl)carbamoyl]cholesterol (14)
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HR-ESI-MS Spectrum of 3β-[N-(2-(N-(N,N,N,-trimethylammonium-lysin(Boc)amide)) 
aminoethyl)carbamoyl]cholesterol (14)
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1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(3-(N-(N,N,N,-trimethylammonium-
lysin(Boc)amide))aminopropyl)carbamoyl]cholesterol (15)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(3-(N-(N,N,N,-trimethylammonium-
lysin(Boc)amide))aminopropyl)carbamoyl]cholesterol (15)
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HR-ESI-MS Spectrum of 3β-[N-(3-(N-(N,N,N,-trimethylammonium-lysin(Boc)amide)) 
aminopropyl)carbamoyl]cholesterol (15)
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1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(2-(N-(N-(N,N-diBoc(guanidinyl-
lysin(Boc)amide))))aminoethyl)carbamoyl]cholesterol (16)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(2-(N-(N-(N,N-diBoc(guanidinyl-
lysin(Boc)amide))))aminoethyl)carbamoyl]cholesterol (16)
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HR-ESI-MS Spectrum of 3β-[N-(2-(N-(N-(N,N-diBoc(guanidinyl-lysin(Boc)amide)))) 
aminoethyl)carbamoyl]cholesterol (16)
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1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(3-(N-(N-(N,N-diBoc(guanidinyl-
lysin(Boc)amide))))aminopropyl)carbamoyl]cholesterol (17)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(3-(N-(N-(N,N-diBoc(guanidinyl-
lysin(Boc)amide))))aminopropyl)carbamoyl]cholesterol (17)
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HR-ESI-MS Spectrum of 3β-[N-(3-(N-(N-(N,N-diBoc(guanidinyl-lysin(Boc)amide)))) 
aminopropyl)carbamoyl]cholesterol (17)
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1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(2-(N-lysinamide)aminoethyl)carbamoyl] 
cholesterol (1A)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(2-(N-lysinamide)aminoethyl)carbamoyl] 
cholesterol (1A)
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HR-ESI-MS Spectrum of 3β-[N-(2-(N-lysinamide)aminoethyl)carbamoyl]cholesterol (1A)
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1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(3-(N-lysinamide)aminopropyl)carbamoyl] 
cholesterol (4A)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(3-(N-lysinamide)aminopropyl)carbamoyl] 
cholesterol (4A)
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HR-ESI-MS Spectrum of 3β-[N-(3-(N-lysinamide)aminopropyl)carbamoyl] cholesterol (4A)
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1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(2-(N-(N,N,N,-trimethylammonium-
lysinamide))aminoethyl)carbamoyl]cholesterol (2A)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(2-(N-(N,N,N,-trimethylammonium-
lysinamide))aminoethyl)carbamoyl]cholesterol (2A)
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HR-ESI-MS Spectrum of 3β-[N-(2-(N-(N,N,N,-trimethylammonium-
lysinamide))aminoethyl)carbamoyl]cholesterol (2A)
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1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(3-(N-(N,N,N,-trimethylammonium-
lysinamide))aminopropyl)carbamoyl]cholesterol (5A)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(3-(N-(N,N,N,-trimethylammonium-
lysinamide))aminopropyl)carbamoyl]cholesterol (5A)
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HR-ESI-MS Spectrum of 3β-[N-(3-(N-(N,N,N,-trimethylammonium-
lysinamide))aminopropyl)carbamoyl]cholesterol (5A)
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1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(2-(N-(N-guanidinyl-
lysinamide))aminoethyl)carbamoyl]cholesterol (3A)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(2-(N-(N-guanidinyl-
lysinamide))aminoethyl)carbamoyl]cholesterol (3A)



39

HR-ESI-MS Spectrum of 3β-[N-(2-(N-(N-guanidinyl-lysinamide))aminoethyl)carbamoyl] 
cholesterol (3A)
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1H NMR Spectrum (400 MHz, CDCl3) of 3β-[N-(3-(N-(N-guanidinyl-
lysinamide))aminopropyl)carbamoyl]cholesterol (6A)
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13C NMR Spectrum (100 MHz, CDCl3) of 3β-[N-(3-(N-(N-guanidinyl-
lysinamide))aminopropyl)carbamoyl]cholesterol (6A)
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HR-ESI-MS Spectrum of 3β-[N-(3-(N-(N-guanidinyl-lysinamide))aminopropyl) 
carbamoyl]cholesterol (6A)
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Purification of active lipid 3β-[N-(3-(N-lysinamide)aminopropyl)carbamoyl]cholesterol 
(4A)
The lipid 4A for HPLC-HRMS was prepared at 1 µg/µL in methanol : water (1:1). The solution 
of lipid 4A (5 L) was injected onto the reverse phase C18 column (AcclaimTM120: C18 3 µm 
120 Å, 2.1x150 mm).  ACN : water was used as a mobile phase with a constant flow rate of 0.3 
mL/min. The column temperature was set at 40 °C.  The total run time was 30 min. The 
percentage of purification was found at 93%. (See chromatogram) 

Table S1: Solvent systems
Time ACN H2O
15 min 5% 95%
20 min 100% 0%
25 min 100% 0%
25 min 5% 95%
30 min 5% 95%

% purity of active lipid 4A  =  
102182984

940775  +  1530827  +  102182984   +  2022050  +  2622850  +  589047

X   100

=  92.99%
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HPLC-HRMS chromatogram of active lipid 4A


