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Kinetic studies on the decomposition of ethanolamine thiophosphoroamidate 

Disappearance of the thiophosphoroamidate 

                          Appearance and subsequent disappearance of inorganic thiophosphate 

                          Appearance of inorganic phosphate 

 

 

Figure 1. Time-resolved 31P NMR spectra for the decomposition of ethanolamine 

thiophosphoramidate at pD ~ 2.6 (citrate). The figure shows horizontally compressed 

spectra taken at time points increasing from the left to the right. 

The intensities of the peaks corresponding to the thiophosphoroamidate, normalised with 

the highest intensity peak in the spectra, set to have the value 1, were plotted as a pseudo 

first order function of time and least squares fittings were performed against an 

exponential decay curve It= Io ×  e–ks × t. An example of the data and its fitting are shown 

below. 

 
Figure 2: An example of thiophosphoroamidate degradation followed by 31P NMR 

 

The recorded pD of the analysed solution was then expressed as pH ± 10% (pH = pD–0.4) 

and plotted against kobs for the corresponding buffer (ESI table 1, main manuscript figure 

3).  
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Table 2: Observed kinetic data for the aqueous ethanolamine thiophosphoroamidate 

kinetic studies. In the experiments with inconstant pH (0.5 M buffer), pH was represented 

as the interval from the start to the end of experiment 

+

pH          (buffer) 
4 M buffer 0.5 M buffer 

ko 
×104 (s-1),  

ko 
×104 (s-1), 

10.2        (CAPS) 0.035 0.013 

9.5-9.3   (CHES) n.d. 0.22 

9.2          (CHES) 0.2 n.d. 

8.5-9.2    (EPPS) n.d. 0.42 

8.7          (EPPS) 0.38 n.d. 

7.9           (TRIS) 0.77 n.d. 

7.4-7.7     (TRIS) n.d. 2.7 

7.5       (HEPES) n.d. 3.2 

7.4           (TRIS) 1.3 n.d. 

7.1       (HEPES) 2.3 n.d. 

6.9-7.1     (MES) n.d. 5.5 

6.8           (MES) 4.5 n.d. 

5.7-6.2 (Acetate) n.d. 5.8 

5.8           (MES) 5.0 n.d. 

5.3       (Acetate) 4.5 n.d. 

5          (Acetate) 3.8 n.d. 

3.6           (Citrate) 4. 7 n.d. 

2.9           (Citrate) 2.5 n.d. 

2.2           (Citrate) 3.8 n.d. 
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N-thiophosphorylation of simple hydrophobic amines and S-alkylation of the 
resulting N-thiophosphoramidate anions during.  

RNH2
(1.2 equiv)

aq. NaOH (5 equiv)
SPCl3

(1 equiv in THF)
RHN

P
S

OO ''R'+''
RHN

P
SR'

OO

 
Table 3: Quantities employed during the syntheses of these species are summarized 

below. 

 
                  

Entry number in 
Table 2 in main 

manuscript 
RNH2 Alkylating agent  

Additional 
1 M NaOH 

(mL) added 
during 

alkylation 
step 

20a F3C
NH2

 
1.2 Eq, 0.031 mL 

N

Br  
2 Eq, 80 mg 

0 

20b F3C
NH2

 
1.2 Eq, 0.083 ml 

 
 

2 Eq, 0.111 ml 
0 

20c F3C
NH2

 
1.2 Eq, 0.083 ml 

 
 

2 Eq, 0.94 ml 
0 

21a 
NH2  

1.2 Eq, 39 mg 

N

Br  
2 Eq, 80 mg 

0.09 

21b 

 

NH2  
1.2 Eq, 105 mg 

 
 

2 Eq, 0.111 ml 
0 

21c 
NH2  

1.2 Eq, 105 mg 

 
 

2 Eq, 0.94 ml 
0 

22a 
NH2

 
1.2 Eq, 0.031 mL 

N

Br  
2 Eq, 80 mg 

0.09 

22b 
NH2

 
1.2 Eq, 0.083 ml 

 
 

2 Eq, 0.111 ml 
0 

22c 
NH2

 
1.2 Eq, 0.083 ml 

 
 

2 Eq, 0.94 ml 
0 

23a 

NH2

S

OH  
1.2 Eq, 53 mg 

N

Br  
2 Eq, 80 mg 

0.198 

Cl Ph

I

Cl Ph

I

Cl Ph

I
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23b 
NH2

S

OH  
1.2 Eq, 142 mg 

 
 

2 Eq, 0.111 ml 
0.2 

23c 
NH2

S

OH  
1.2 Eq, 142 mg 

 
 

2 Eq, 0.94 ml 
0.2 

24a 
NH2

 
1.2 Eq, 58mg 

N

Br  
2 Eq, 80 mg 

0 

24b 
NH2

 
1.2 Eq, 156 mg 

 
 

2 Eq, 0.111 ml 
0.2 

24c 
NH2

 
1.2 Eq, 156 mg 

 
 

2 Eq, 0.94 ml 
0.2 

25a 
 

1.2 Eq, 66 mg 

N

Br  
2 Eq, 80 mg 

0.198 

25b 
 

1.2 Eq, 178 mg 

 
 

2 Eq, 0.111 ml 
0 

25c 
 

1.2 Eq, 178 mg 

 
 

2 Eq, 0.94ml 
0 

26a 

NH2

 
1.2 Eq, 0.042 mL 

N

Br  
2 Eq, 80 mg 

 

0 

26b 

NH2

 
1.2 Eq, 0.113 ml 

 
 

2 Eq, 0.111 ml 
0 

26c 

NH2

 
1.2 Eq, 0.113 ml 

 
 

2 Eq, 0.94 ml 
0 

27a  
1.2 Eq, 0.023 ml 

N

Br  
2 Eq, 80 mg 

 

0 

28a  
1.2 Eq, 0.016 ml 

N

Br  
2 Eq, 80 mg 

 

0.09 

Cl Ph

I

Cl Ph

I

NHMe

NHMe

Cl Ph

NHMe

I

Cl Ph

I
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29a 
NH2  

1.2 Eq, 0.018 ml 

N

Br  
2 Eq, 80 mg 

 

0 

29b 
NH2  

1.2 Eq, 0.048 ml 
 

 
2 Eq, 0.111 

0 

30a N

NH2

 
1.2 Eq, 0.026 ml 

N

Br  
2 Eq, 80 mg 

 

0 

30b N

NH2

 
1.2 Eq, 0.07 ml 

 
 

2 Eq, 0.94 
0.75 

31a 
NH2

 
1.2 Eq, 0.031 ml 

N

Br  
2 Eq, 80 mg 

 

0.198 

31b 
NH2

 
1.2 Eq, 0.083 ml 

 
 

2 Eq, 0.94 
0.75 

32a 
O

N NH2  
1.2 Eq, 0.031 ml 

N

Br  
2 Eq, 80 mg 

 

0 

32b 
O

N NH2  
1.2 Eq, 0.83 ml 

 
 

2 Eq, 0.94 
0 

33a 
F

NH2  
1.2 Eq, 0.025 ml 

N

Br  
2 Eq, 80 mg 

 

0 

33b 
F

NH2  
1.2 Eq, 0.067 ml 

 
 

2 Eq, 0.94 
0.75 

34 none 
N

Br  
2 Eq, 80 mg 

 

0 

 
  

Cl Ph

I

I

I

I
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Figure 3 Chromatograms for the purification of the (A) guanosine system 12a and (B) adenosine system 12b. DEAE Sepharose 
FF media was used as the media with a gradient of triethylammonium bicarbonate (TEAB) buffer as the eluent. Absorbance was 

monitored at 254 nm. 

 
 

 
Figure 4 Ion exchange chromatography of crude benzylamine-thiophosphoryl-(5’-aminoguanosine)acetamide 16. DEAE 

Sepharose FF media was used as the media with a gradient of triethylammonium bicarbonate (TEAB) buffer as the eluent. 
Absorbance was monitored at 254 nm. 
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