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Figure S1 - NMR spectra of compounds synthesized 

  



1H NMR spectrum (500 MHz, CDCl3) of compound 1 

 



13C{1H} NMR spectrum (125 MHz, CDCl3) of compound 1 

 



1H NMR spectrum (500 MHz, 4:3 CDCl3:CD3OD) of compound 2 

 



13C{1H} NMR spectrum (125 MHz, 4:3 CDCl3:CD3OD) of compound 2 

 



1H NMR spectrum (500 MHz, CDCl3, 35oC) of compound 3 

 



13C{1H} NMR spectrum (125 MHz, CDCl3, 35oC) of compound 3 

 



1H NMR spectrum (400 MHz, 2:1 CDCl3:CD3OD) of compound 4 

 



13C{1H} NMR spectrum (101 MHz, 2:1 CDCl3:CD3OD) of compound 4 

 



1H NMR spectrum (400 MHz, CDCl3) of compound 5 

 



13C{1H} NMR spectrum (101 MHz, CDCl3) of compound 5 

 



1H NMR spectrum (500 MHz, CDCl3) of compound 6 

 



13C{1H} NMR spectrum (125 MHz, CDCl3) of compound 6 

 



1H NMR spectrum (400 MHz, CDCl3) of compound 7 

 



13C{1H} NMR spectrum (101 MHz, CDCl3) of compound 7 

 



1H NMR spectrum (500 MHz, CDCl3) of compound 8 

 



13C{1H} NMR spectrum (125 MHz, CDCl3) of compound 8

 



1H NMR spectrum (400 MHz, CDCl3) of compound 9 

 



13C{1H} NMR spectrum (101 MHz, CDCl3) of compound 9

 



1H NMR spectrum (400 MHz, 2:1 CDCl3:CD3OD) of compound 10 

 



13C{1H} NMR spectrum (101 MHz, 2:1 CDCl3:CD3OD) of compound 10

 



MALDI spectrum of compound 11 

 



 



1H NMR spectrum (500 MHz, CDCl3) of compound 12

 



13C{1H} NMR spectrum (125 MHz, CDCl3) of compound 12

 



1H NMR spectrum (500 MHz, 1:1 CDCl3:CD3OD) of compound 13

 



1H NMR spectrum (500 MHz, D2O) of compound 14

 



1H NMR spectrum (500 MHz, D2O) of compound 15

 



1H NMR spectrum (400 MHz, 2:1 CDCl3:CD3OD) of compound 16

 



Table S1. DLS and zeta potential analysis of liposomes a 

Liposome b Day c  Average 
size 

(d.nm) 

Zeta 
potential 

(mV) 

Liposome b Day c Average 
size 

(d.nm) 

Zeta potential (mV) 

Phospholipids (1st exp) d 1 91.5 ± 
1.2 

-32.6 ± 
1.4 

Phospholipids (2nd exp) d 1 95.2 ± 0.8 -17.5 ± 0.5 

 10 87.8 ± 
0.3 

-31.4 ± 
1.3 

 10 121.2 ± 
4.0 

-20.5 ± 0.6 

 17 92.0 ± 
0.4 

-33.2 ± 
0.2 

 19 96.4 ± 0.8 -22.6 ± 0.8 

 24 91.7 ± 
0.2 

-32.5 ± 
0.7 

    

 31 88.7 ± 
1.0 

-33.8 ± 
0.6 

    

Phospholipids/2S-P1000 
(1:1 w/w) 

1 118.0 ± 
0.6 

-27.5 ± 
3.6 

Phospholipids/2S-P1000 
(3:1 w/w) 

1 113.4 ± 
0.6 

-27.7 ± 0.9 

 10 147.9 ± 
1.7 

-29.1 ± 
0.7 

 10 114.1 ± 
2.0 

-23.5 ± 0.4 

 17 157.0 ± 
1.0 

-27.2 ± 
1.3 

 19 117.8 ± 
1.0 

-29.1 ± 1.0 

 24 173.6 ± 
2.0 

-28.9 ± 
1.4 

    

 31 171.8 ± 
1.1 

-26.7 ± 
0.2 

    

Phospholipids/2S-P3-Sia 
(1:1 w/w) 

1 125.6 ± 
0.6 

-43.2 ± 
2.0 

Phospholipids/2S-P3-Sia 
(3:1 w/w) 

1 102.3 ± 
0.6 

-46.6 ± 0.6 

 10 125.2 ± 
1.1 

-42.9 ± 
1.1 

 10 129.8 ± 
2.4  

-49.8 ± 1.5 



 17 128.5 ± 
0.8 

-42.9 ± 
0.2 

 19 109.4 ± 
0.8 

-49.0 ± 0.8 

 24 142.5 ± 
1.2 

-41.5 ± 
0.8 

    

 31 140.3 ± 
3.5 

-45.9 ± 
1.1 

    

a The average particle sizes and Zeta potentials were obtained from three measurements. 
b Phospholipids are DSPC:DSPE:Chol (3:1:1, w/w) in 40 mM phosphate buffer (pH 7.2); each formulation contains 2.5% (w/w) 2S-P3-CF770.  
c The time after the formulation was stored at 4 oC. 
d Liposomes from left and right columns were prepared separately (month apart) for respective in vivo biodistribution/retention experiments. 

 

  



Table S2. The internalization of nanoparticle-FITC into target cells (median fluorescent intensity)  

NP g/mL 200 100 50 25 12.5 6.25 
2S-P12-NH2 7174.5 7236.5 3690 1432.5 538 213.5 
2S-P3-Sia 1761.5 1256.5 883 539 339 178.5 
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Figure S2 - First in vivo imaging experiment

• Phospholipids

• Phospholipids/2S-P1000 (1:1)

• Phospholipids/2S-Ps-Sia (1:1)



Figure S2 - In vivo Imaging IV (tail vein) with Phospholipids
M1
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• High level of signals observed in the liver starting at 5 minutes and persisted at least for 48 hours  
• Detectable signal in the bladder starting at 5 minutes. 
• Detectable signals observed in the kidney at 15 minutes and peaked at 6 hours.
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Figure S2 - In vivo Imaging IV (tail vein) with Phospholipids
M2
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Figure S2 - In vivo Imaging IV (tail vein) with Phospholipids
M3

Figure S3 -



Figure S2 - In vivo Imaging IV (tail vein) with Phospholipids /2S-P1000 1:1
M4
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• Drug distributed to whole body within 5 minutes 
• High level of signals were observed in the bladder starting at 15 minutes
• Higher signals observed in the liver at 6 and 24 hours then declined at 48 hours
• Body signals persisted at least for 48 hours  
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Figure S3 - In vivo Imaging IV (tail vein) with Phospholipids /2S-P1000 1:1
M5
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Figure S2 - In vivo Imaging IV (tail vein) with Phospholipids /2S-P1000 1:1
M6



Dorsal Ventral

3hr

5min

24h

15minPrescan

1hr 6hr

48h

3hr

5min

24h

15minPrescan

1hr 6hr

48h

Figure S2 - In vivo Imaging IV (tail vein) with Phospholipids /2S-Sia 1:1 
M7

• NOTE:  Large signals in tail vein suggesting failed IV injection.
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Figure S3 - In vivo Imaging IV (tail vein) with Phospholipids /2S-Sia 1:1 
M8

• Higher level of signals were observed in the kidney and liver starting at 5 minutes.
• High signal in liver persisted for up to 48hrs
• Signals were observed in bladder starting at 5 minutes
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Figure S2 - In vivo Imaging IV (tail vein) with Phospholipids /2S-Sia 1:1 
M9
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Figure S3 - Ex vivo Imaging IV (tail vein) with Phospholipids 
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Quantification of ex vivo Imaging IV (tail vein) inj.
of Group 1 Phospholipids alone: Total radiant 
efficiency (avg of 3 mice, mean +/- SD)

• Highest signals observed in the liver.

• Lower signals observed in spleen and kidneys.
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Figure S3 - Ex Vivo Imaging IV (tail vein) with Phospholipids /2S-P1000 1:1

Quantification of ex vivo Imaging IV (tail vein) inj.
of Group 2 Phospholipids/2S-P1000 1:1: Total 
radiant efficiency (avg of 3 mice, mean +/- SD)
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• Highest signals observed in the liver.

• Lower signals observed in spleen, kidneys and lung.
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Figure S3 - Ex Vivo Imaging IV (tail vein) inj. of Phospholipids /2S-Sia 1:1

Quantification of ex vivo Imaging IV (tail vein) inj.
of Group 2 Phospholipids/2S-Sia 1:1: Total radiant 
efficiency (avg of 3 mice, mean +/- SD)
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• Highest signals observed in the liver.
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Figure S4 - Second in vivo imaging experiment

• Phospholipids

• Phospholipids/2S-P1000 (3:1)

• Phospholipids/2S-Ps-Sia (3:1)



Figure S4 - In vivo Imaging IV (tail vein) with Phospholipids 
M1
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• High level of signals observed in the liver and kidney starting at 5 minutes and persisted at least for 48 hours  
• Higher signal in the bladder starting at 5 minutes. 
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Figure S4 - In vivo Imaging IV (tail vein) with Phospholipids
M2
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Figure S4 - In vivo Imaging IV (tail vein) with Phospholipids
M3
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Figure S4 - In vivo Imaging IV (tail vein) with Phospholipids/2S-P1000 3:1 
M1

• Drug distributed to whole body within 5 minutes 
• High level of signals were observed in the mouth and neck area starting at 5 minutes then decline with time
• High signals were observed in the kidney and persisted until 48 hours. 
• Higher signals observed in the liver at 6 and 24 hours then declined at 48 hours
• Body signals persisted at least for 48 hours  
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Figure S4 - In vivo Imaging IV (tail vein) with Phospholipids/2S-P1000 3:1 
M2
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Figure S4 - In vivo Imaging IV (tail vein) with Phospholipids/2S-P1000 3:1 
M3
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Figure S4 - In vivo Imaging IV (tail vein) with Phospholipids/2S-P3-Sia 3:1 
M1

• Drug distributed to centre of the body within 5 minutes 
• High level of signals were observed in the mouth and neck area starting at 5 minutes then decline with time
• High signals were observed in the kidney and persisted until 48 hours. 
• Higher signals observed in the liver at 6 and 24 hours and persisted until 48 hours
• Body signals persisted at least for 48 hours  
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• Higher level of signals were observed in the kidney and liver starting at 5 minutes.
• High signal in liver persisted for up to 48hrs
• Signals were observed in bladder starting at 5 minutes

Figure S4 - In vivo Imaging IV (tail vein) with Phospholipids/2S-P3-Sia 3:1
M2
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Figure S4 - In vivo Imaging IV (tail vein) with Phospholipids/2S-P3-Sia 3:1
M3
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Figure S5 - Ex vivo Imaging IV (tail vein) with Phospholipids 
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• n=3, mean ± SD

• Highest signals observed in the liver.

• Lower signals observed in spleen and kidneys.
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Figure S5 - Ex Vivo Imaging IV (tail vein) with Phospholipids/2S-P1000 3:1 
(Drug 3B)

• Highest signals observed in the liver.

• Lower signals in lung, kidney and spleen.
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Figure S5 - Ex Vivo Imaging IV (tail vein) with Phospholipids/2S-P3-Sia 
3:1 

• Highest signals observed in the liver.

• Lower signals in lung, kidney and spleen.
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