
The Aqueous Phosphorylation and Thiophosphorylation 
of Aminonucleosides 

 

Louis P. Conway, Richard J. Delley, Jonathan Neville, Gemma R. Freeman, Hannah J. 
Maple, Vincent A. Chan, Alexander J. Hall and David R. W. Hodgson 

Centre for Bioactive Chemistry, Department of Chemistry, Science Laboratories, South 
Road, DH1 3LE, United Kingdom 

d.r.w.hodgson@durham.ac.uk 

 

Supplementary Information 

 

Table of Contents 
	  

N4-‐Benzoylcytidine,	  1H	  NMR	  Spectrum	  .................................................................................................	  6	  

N4-‐Benzoylcytidine,	  13C	  NMR	  Spectrum	  .................................................................................................	  7	  

N4-‐Benzoyl-‐2,3-‐O-‐isopropylidenecytidine	  (17),	  1H	  NMR	  Spectrum	  .......................................................	  8	  

N4-‐Benzoyl-‐2,3-‐O-‐isopropylidenecytidine	  (17),	  13C	  NMR	  Spectrum	  ......................................................	  9	  

5ʹ′-‐Azido-‐5ʹ′-‐deoxy-‐N4-‐benzoyl-‐2ʹ′,3ʹ′-‐O-‐isopropylidenecytidine	  (18),	  1H	  NMR	  Spectrum	  ......................	  10	  

5ʹ′-‐Azido-‐5ʹ′-‐deoxy-‐N4-‐benzoyl-‐2ʹ′,3ʹ′-‐O-‐isopropylidenecytidine	  (18),	  13C	  NMR	  Spectrum	  .....................	  11	  

5ʹ′-‐Azido-‐5ʹ′-‐deoxycytidine	  (19),	  1H	  NMR	  Spectrum	  ..............................................................................	  12	  

5ʹ′-‐Azido-‐5ʹ′-‐deoxycytidine	  (19),	  13C	  NMR	  Spectrum	  ..............................................................................	  13	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxycytidine	  (20),	  Dihydrochloride	  Salt,	  1H	  NMR	  Spectrum	  ..........................................	  14	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxycytidine	  (20),	  Dihydrochloride	  Salt,	  13C	  NMR	  Spectrum	  .........................................	  15	  

3ʹ′-‐Amino-‐3ʹ′-‐deoxythymidine,	  Hydrochloride	  Salt,	  1H	  NMR	  Spectrum	  (12)	  ..........................................	  16	  

3ʹ′-‐Amino-‐3ʹ′-‐deoxythymidine,	  Hydrochloride	  Salt,	  13C	  NMR	  Spectrum	  (12)	  .........................................	  17	  

5ʹ′-‐Azido-‐5ʹ′-‐deoxyuridine	  (14),	  1H	  NMR	  Spectrum	  ................................................................................	  18	  

5ʹ′-‐Azido-‐5ʹ′-‐deoxyuridine	  (14),	  13C	  NMR	  Spectrum	  ...............................................................................	  19	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyuridine	  (15),	  Hydrochloride	  Salt,	  1H	  NMR	  Spectrum	  ...............................................	  20	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyuridine	  (15),	  Hydrochloride	  Salt,	  13C	  NMR	  Spectrum	  ..............................................	  21	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  POCl3,	  pH	  11,	  1H	  NMR	  Spectrum	  ........................	  22	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  POCl3,	  pH	  11,	  31P	  NMR	  Spectrum	  .......................	  23	  

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2014



5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  POCl3,	  pH	  11.5,	  1H	  NMR	  Spectrum	  .....................	  24	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  POCl3,	  pH	  11.5,	  31P	  NMR	  Spectrum	  ....................	  25	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  POCl3,	  pH	  12,	  1H	  NMR	  Spectrum	  ........................	  26	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  POCl3,	  pH	  12,	  31P	  NMR	  Spectrum	  .......................	  27	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  POCl3,	  pH	  12.5,	  1H	  NMR	  Spectrum	  .....................	  28	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  POCl3,	  pH	  12.5,	  31P	  NMR	  Spectrum	  ....................	  29	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPOCl2,	  pH	  11,	  1H	  NMR	  Spectrum	  ...................	  30	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPOCl2,	  pH	  11,	  31P	  NMR	  Spectrum	  ..................	  31	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPOCl2,	  pH	  11.5,	  1H	  NMR	  Spectrum	  ................	  32	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPOCl2,	  pH	  11.5,	  31P	  NMR	  Spectrum	  ...............	  33	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPOCl2,	  pH	  12,	  1H	  NMR	  Spectrum	  ...................	  34	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPOCl2,	  pH	  12,	  31P	  NMR	  Spectrum	  ..................	  35	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPOCl2,	  pH	  12.5,	  1H	  NMR	  Spectrum	  ................	  36	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPOCl2,	  pH	  12.5,	  31P	  NMR	  Spectrum	  ...............	  37	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  PSCl3,	  pH	  11,	  1H	  NMR	  Spectrum	  .........................	  38	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  PSCl3,	  pH	  11,	  31P	  NMR	  Spectrum	  ........................	  39	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  PSCl3,	  pH	  11.5,	  1H	  NMR	  Spectrum	  ......................	  40	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  PSCl3,	  pH	  11.5,	  31P	  NMR	  Spectrum	  .....................	  41	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  PSCl3,	  pH	  12,	  1H	  NMR	  Spectrum	  .........................	  42	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  PSCl3,	  pH	  12,	  31P	  NMR	  Spectrum	  ........................	  43	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  PSCl3,	  pH	  12.5,	  1H	  NMR	  Spectrum	  ......................	  44	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  PSCl3,	  pH	  12.5,	  31P	  NMR	  Spectrum	  .....................	  45	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPSCl2,	  pH	  11,	  1H	  NMR	  Spectrum	  ....................	  46	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPSCl2,	  pH	  11,	  31P	  NMR	  Spectrum	  ...................	  47	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPSCl2,	  pH	  11.5,	  1H	  NMR	  Spectrum	  .................	  48	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPSCl2,	  pH	  11.5,	  31P	  NMR	  Spectrum	  ................	  49	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPSCl2,	  pH	  12,	  1H	  NMR	  Spectrum	  ....................	  50	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPSCl2,	  pH	  12,	  31P	  NMR	  Spectrum	  ...................	  51	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPSCl2,	  pH	  12.5,	  1H	  NMR	  Spectrum	  .................	  52	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine	  Phosphorylation	  with	  KOPSCl2,	  pH	  12.5,	  31P	  NMR	  Spectrum	  ................	  53	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyadenosine	  Phosphorylation	  with	  POCl3,	  pH	  12,	  1H	  NMR	  Spectrum	  ........................	  54	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyadenosine	  Phosphorylation	  with	  POCl3,	  pH	  12,	  31P	  NMR	  Spectrum	  .......................	  55	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyadenosine	  Phosphorylation	  with	  KOPOCl2,	  pH	  12,	  1H	  NMR	  Spectrum	  ...................	  56	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyadenosine	  Phosphorylation	  with	  KOPOCl2,	  pH	  12,	  31P	  NMR	  Spectrum	  ..................	  57	  



5ʹ′-‐Amino-‐5ʹ′-‐deoxyadenosine	  Phosphorylation	  with	  PSCl3,	  pH	  12,	  1H	  NMR	  Spectrum	  .........................	  58	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyadenosine	  Phosphorylation	  with	  PSCl3,	  pH	  12,	  31P	  NMR	  Spectrum	  ........................	  59	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyadenosine	  Phosphorylation	  with	  KOPSCl2,	  pH	  12,	  1H	  NMR	  Spectrum	  ....................	  60	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyadenosine	  Phosphorylation	  with	  KOPSCl2,	  pH	  12,	  31P	  NMR	  Spectrum	  ...................	  61	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxycytidine	  Phosphorylation	  with	  PSCl3,	  pH	  12,	  1H	  NMR	  Spectrum	  ............................	  62	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxycytidine	  Phosphorylation	  with	  PSCl3,	  pH	  12,	  31P	  NMR	  Spectrum	  ............................	  63	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxycytidine	  Phosphorylation	  with	  KOPSCl2,	  pH	  12,	  1H	  NMR	  Spectrum	  ........................	  64	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxycytidine	  Phosphorylation	  with	  KOPSCl2,	  pH	  12,	  31P	  NMR	  Spectrum	  .......................	  65	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyuridine	  Phosphorylation	  with	  PSCl3,	  pH	  12,	  1H	  NMR	  Spectrum	  ..............................	  66	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyuridine	  Phosphorylation	  with	  PSCl3,	  pH	  12,	  31P	  NMR	  Spectrum	  .............................	  67	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyuridine	  Phosphorylation	  with	  KOPSCl2,	  pH	  12,	  1H	  NMR	  Spectrum	  .........................	  68	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyuridine	  Phosphorylation	  with	  KOPSCl2,	  pH	  12,	  31P	  NMR	  Spectrum	  ........................	  69	  

3ʹ′-‐Amino-‐3ʹ′-‐deoxythymidine	  Phosphorylation	  with	  POCl3,	  pH	  12,	  1H	  NMR	  Spectrum	  ........................	  70	  

3ʹ′-‐Amino-‐3ʹ′-‐deoxythymidine	  Phosphorylation	  with	  POCl3,	  pH	  12,	  31P	  NMR	  Spectrum	  .......................	  71	  

3ʹ′-‐Amino-‐3ʹ′-‐deoxythymidine	  Phosphorylation	  with	  KOPOCl2,	  pH	  12,	  1H	  NMR	  Spectrum	  ...................	  72	  

3ʹ′-‐Amino-‐3ʹ′-‐deoxythymidine	  Phosphorylation	  with	  KOPOCl2,	  pH	  12,	  31P	  NMR	  Spectrum	  ...................	  73	  

3ʹ′-‐Amino-‐3ʹ′-‐deoxythymidine	  Phosphorylation	  with	  PSCl3,	  pH	  12,	  1H	  NMR	  Spectrum	  .........................	  74	  

3ʹ′-‐Amino-‐3ʹ′-‐deoxythymidine	  Phosphorylation	  with	  PSCl3,	  pH	  12,	  31P	  NMR	  Spectrum	  ........................	  75	  

3ʹ′-‐Amino-‐3ʹ′-‐deoxythymidine	  Phosphorylation	  with	  KOPSCl2,	  pH	  12,	  1H	  NMR	  Spectrum	  ....................	  76	  

3ʹ′-‐Amino-‐3ʹ′-‐deoxythymidine	  Phosphorylation	  with	  KOPSCl2,	  pH	  12,	  31P	  NMR	  Spectrum	  ...................	  77	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Methyl	  Iodide,	  pH	  8,	  1H	  NMR	  
Spectrum	  ..............................................................................................................................................	  78	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Methyl	  Iodide,	  pH	  8,	  31P	  NMR	  
Spectrum	  ..............................................................................................................................................	  79	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Methyl	  Iodide,	  pH	  9,	  1H	  NMR	  
Spectrum	  ..............................................................................................................................................	  80	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Methyl	  Iodide,	  pH	  9,	  31P	  NMR	  
Spectrum	  ..............................................................................................................................................	  81	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Methyl	  Iodide,	  pH	  10,	  1H	  NMR	  
Spectrum	  ..............................................................................................................................................	  82	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Methyl	  Iodide,	  pH	  10,	  31P	  NMR	  
Spectrum	  ..............................................................................................................................................	  83	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Methyl	  Iodide,	  pH	  11,	  1H	  NMR	  
Spectrum	  ..............................................................................................................................................	  84	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Methyl	  Iodide,	  pH	  11,	  31P	  NMR	  
Spectrum	  ..............................................................................................................................................	  85	  



5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Methyl	  Iodide,	  pH	  12,	  1H	  NMR	  
Spectrum	  ..............................................................................................................................................	  86	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Methyl	  Iodide,	  pH	  12,	  31P	  NMR	  
Spectrum	  ..............................................................................................................................................	  87	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Benzyl	  Chloride,	  pH	  8,	  1H	  NMR	  
Spectrum	  ..............................................................................................................................................	  88	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Benzyl	  Chloride,	  pH	  8,	  31P	  NMR	  
Spectrum	  ..............................................................................................................................................	  89	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Benzyl	  Chloride,	  pH	  9,	  1H	  NMR	  
Spectrum	  ..............................................................................................................................................	  90	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Benzyl	  Chloride,	  pH	  9,	  31P	  NMR	  
Spectrum	  ..............................................................................................................................................	  91	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Benzyl	  Chloride,	  pH	  10,	  1H	  NMR	  
Spectrum	  ..............................................................................................................................................	  92	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Benzyl	  Chloride,	  pH	  10,	  31P	  NMR	  
Spectrum	  ..............................................................................................................................................	  93	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Benzyl	  Chloride,	  pH	  11,	  1H	  NMR	  
Spectrum	  ..............................................................................................................................................	  94	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Benzyl	  Chloride,	  pH	  11,	  31P	  NMR	  
Spectrum	  ..............................................................................................................................................	  95	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Benzyl	  Chloride,	  pH	  12,	  1H	  NMR	  
Spectrum	  ..............................................................................................................................................	  96	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  Benzyl	  Chloride,	  pH	  12,	  31P	  NMR	  
Spectrum	  ..............................................................................................................................................	  97	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  2-‐Bromoethanol,	  pH	  9,	  1H	  NMR	  
Spectrum	  ..............................................................................................................................................	  98	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  2-‐Bromoethanol,	  pH	  9,	  31P	  NMR	  
Spectrum	  ..............................................................................................................................................	  99	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  2-‐Bromoethanol,	  pH	  10,	  1H	  NMR	  
Spectrum	  ............................................................................................................................................	  100	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  2-‐Bromoethanol,	  pH	  10,	  31P	  NMR	  
Spectrum	  ............................................................................................................................................	  101	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  2-‐Bromoethanol,	  pH	  11,	  1H	  NMR	  
Spectrum	  ............................................................................................................................................	  102	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  2-‐Bromoethanol,	  pH	  11,	  31P	  NMR	  
Spectrum	  ............................................................................................................................................	  103	  

5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  2-‐Bromoethanol,	  pH	  12,	  1H	  NMR	  
Spectrum	  ............................................................................................................................................	  104	  



5ʹ′-‐Deoxyguanosine-‐5ʹ′-‐N-‐thiophosphoramidate	  Alkylation	  with	  2-‐Bromoethanol,	  pH	  12,	  31P	  NMR	  
Spectrum	  ............................................................................................................................................	  105	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine,	  N-‐,S-‐methylthio	  -‐phosphoramidate,	  Triethylammonium	  salt	  1H	  NMR	  
Spectrum	  ............................................................................................................................................	  106	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine,	  N-‐,S-‐methylthio	  -‐phosphoramidate,	  Triethylammonium	  salt	  13C	  NMR	  
Spectrum	  ............................................................................................................................................	  107	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine,	  N-‐,S-‐methylthio	  -‐phosphoramidate,	  Triethylammonium	  salt	  31P	  NMR	  
Spectrum	  ............................................................................................................................................	  108	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine,	  N-‐,S-‐benzylthio	  -‐phosphoramidate,	  Triethylammonium	  salt	  1H	  NMR	  
Spectrum	  ............................................................................................................................................	  109	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine,	  N-‐,S-‐benzylthio	  -‐phosphoramidate,	  Triethylammonium	  salt	  13C	  NMR	  
Spectrum	  ............................................................................................................................................	  110	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine,	  N-‐,S-‐benzylthio	  -‐phosphoramidate,	  Triethylammonium	  salt	  31P	  NMR	  
Spectrum	  ............................................................................................................................................	  111	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine,	  N-‐,S-‐ethan-‐2-‐olthio	  -‐phosphoramidate,	  Triethylammonium	  salt	  1H	  
NMR	  Spectrum	  ...................................................................................................................................	  112	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine,	  N-‐,S-‐ethan-‐2-‐olthio	  -‐phosphoramidate,	  Triethylammonium	  salt	  13C	  
NMR	  Spectrum	  ...................................................................................................................................	  113	  

5ʹ′-‐Amino-‐5ʹ′-‐deoxyguanosine,	  N-‐,S-‐ethan-‐2-‐olthio	  -‐phosphoramidate,	  Triethylammonium	  salt	  31P	  
NMR	  Spectrum	  ...................................................................................................................................	  114	  

	  

  



N4-Benzoylcytidine, 1H NMR Spectrum

 

  



N4-Benzoylcytidine, 13C NMR Spectrum 

  



N4-Benzoyl-2,3-O-isopropylidenecytidine (17), 1H NMR 
Spectrum 

 



N4-Benzoyl-2,3-O-isopropylidenecytidine (17), 13C NMR 
Spectrum 

 



5ʹ-Azido-5ʹ-deoxy-N4-benzoyl-2ʹ,3ʹ-O-isopropylidenecytidine 
(18), 1H NMR Spectrum

 



5ʹ-Azido-5ʹ-deoxy-N4-benzoyl-2ʹ,3ʹ-O-isopropylidenecytidine 
(18), 13C NMR Spectrum 

 



5ʹ-Azido-5ʹ-deoxycytidine (19), 1H NMR Spectrum 

 



5ʹ-Azido-5ʹ-deoxycytidine (19), 13C NMR Spectrum 

 

  



5ʹ-Amino-5ʹ-deoxycytidine (20), Dihydrochloride Salt, 1H 
NMR Spectrum 

 



5ʹ-Amino-5ʹ-deoxycytidine (20), Dihydrochloride Salt, 13C 
NMR Spectrum 

 



3ʹ-Amino-3ʹ-deoxythymidine, Hydrochloride Salt, 1H NMR 
Spectrum (12) 

 



3ʹ-Amino-3ʹ-deoxythymidine, Hydrochloride Salt, 13C NMR 
Spectrum (12) 

 

 



5ʹ-Azido-5ʹ-deoxyuridine (14), 1H NMR Spectrum 

 



5ʹ-Azido-5ʹ-deoxyuridine (14), 13C NMR Spectrum 

  



5ʹ-Amino-5ʹ-deoxyuridine (15), Hydrochloride Salt, 1H NMR 
Spectrum 

 



5ʹ-Amino-5ʹ-deoxyuridine (15), Hydrochloride Salt, 13C NMR 
Spectrum 

 

  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with POCl3, pH 
11, 1H NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with POCl3, pH 
11, 31P NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with POCl3, pH 
11.5, 1H NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with POCl3, pH 
11.5, 31P NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with POCl3, pH 
12, 1H NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with POCl3, pH 
12, 31P NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with POCl3, pH 
12.5, 1H NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with POCl3, pH 
12.5, 31P NMR Spectrum 

	  

	    



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPOCl2, 
pH 11, 1H NMR Spectrum 

	  

	    



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPOCl2, 
pH 11, 31P NMR Spectrum 

	  

	    



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPOCl2, 
pH 11.5, 1H NMR Spectrum 

	  

	    



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPOCl2, 
pH 11.5, 31P NMR Spectrum 

	  

	    



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPOCl2, 
pH 12, 1H NMR Spectrum 

	  

	    



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPOCl2, 
pH 12, 31P NMR Spectrum 

	  

	    



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPOCl2, 
pH 12.5, 1H NMR Spectrum 

	  

	    



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPOCl2, 
pH 12.5, 31P NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with PSCl3, pH 
11, 1H NMR Spectrum 

  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with PSCl3, pH 
11, 31P NMR Spectrum 

  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with PSCl3, pH 
11.5, 1H NMR Spectrum 

  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with PSCl3, pH 
11.5, 31P NMR Spectrum 

	    



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with PSCl3, pH 
12, 1H NMR Spectrum 

  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with PSCl3, pH 
12, 31P NMR Spectrum 

  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with PSCl3, pH 
12.5, 1H NMR Spectrum 

  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with PSCl3, pH 
12.5, 31P NMR Spectrum 

	    



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPSCl2, 
pH 11, 1H NMR Spectrum 

  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPSCl2, 
pH 11, 31P NMR Spectrum 

  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPSCl2, 
pH 11.5, 1H NMR Spectrum 

  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPSCl2, 
pH 11.5, 31P NMR Spectrum 

	    



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPSCl2, 
pH 12, 1H NMR Spectrum 

  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPSCl2, 
pH 12, 31P NMR Spectrum 

  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPSCl2, 
pH 12.5, 1H NMR Spectrum 

  



5ʹ-Amino-5ʹ-deoxyguanosine Phosphorylation with KOPSCl2, 
pH 12.5, 31P NMR Spectrum 

	    



5ʹ-Amino-5ʹ-deoxyadenosine Phosphorylation with POCl3, pH 
12, 1H NMR Spectrum 

	  

	    



5ʹ-Amino-5ʹ-deoxyadenosine Phosphorylation with POCl3, pH 
12, 31P NMR Spectrum 

	  

	    



5ʹ-Amino-5ʹ-deoxyadenosine Phosphorylation with KOPOCl2, 
pH 12, 1H NMR Spectrum 

	  

	    



5ʹ-Amino-5ʹ-deoxyadenosine Phosphorylation with KOPOCl2, 
pH 12, 31P NMR Spectrum 

	  

	    



5ʹ-Amino-5ʹ-deoxyadenosine Phosphorylation with PSCl3, pH 
12, 1H NMR Spectrum 

	  

	    



5ʹ-Amino-5ʹ-deoxyadenosine Phosphorylation with PSCl3, pH 
12, 31P NMR Spectrum 

	  

	    



5ʹ-Amino-5ʹ-deoxyadenosine Phosphorylation with KOPSCl2, 
pH 12, 1H NMR Spectrum 

	  

	    



5ʹ-Amino-5ʹ-deoxyadenosine Phosphorylation with KOPSCl2, 
pH 12, 31P NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxycytidine Phosphorylation with PSCl3, pH 
12, 1H NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxycytidine Phosphorylation with PSCl3, pH 
12, 31P NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxycytidine Phosphorylation with KOPSCl2, 
pH 12, 1H NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxycytidine Phosphorylation with KOPSCl2, 
pH 12, 31P NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyuridine Phosphorylation with PSCl3, pH 
12, 1H NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyuridine Phosphorylation with PSCl3, pH 
12, 31P NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyuridine Phosphorylation with KOPSCl2, 
pH 12, 1H NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyuridine Phosphorylation with KOPSCl2, 
pH 12, 31P NMR Spectrum 

	  

	   	  



3ʹ-Amino-3ʹ-deoxythymidine Phosphorylation with POCl3, pH 
12, 1H NMR Spectrum 

	  

	   	  



3ʹ-Amino-3ʹ-deoxythymidine Phosphorylation with POCl3, pH 
12, 31P NMR Spectrum 

	  

	   	  



3ʹ-Amino-3ʹ-deoxythymidine Phosphorylation with KOPOCl2, 
pH 12, 1H NMR Spectrum 

	  

	   	  



3ʹ-Amino-3ʹ-deoxythymidine Phosphorylation with KOPOCl2, 
pH 12, 31P NMR Spectrum 

	  

	   	  



3ʹ-Amino-3ʹ-deoxythymidine Phosphorylation with PSCl3, pH 
12, 1H NMR Spectrum 

	  

	   	  



3ʹ-Amino-3ʹ-deoxythymidine Phosphorylation with PSCl3, pH 
12, 31P NMR Spectrum 

	  

	   	  



3ʹ-Amino-3ʹ-deoxythymidine Phosphorylation with KOPSCl2, 
pH 12, 1H NMR Spectrum 

	  

	   	  



3ʹ-Amino-3ʹ-deoxythymidine Phosphorylation with KOPSCl2, 
pH 12, 31P NMR Spectrum 

	  

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Methyl Iodide, pH 8, 1H NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Methyl Iodide, pH 8, 31P NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Methyl Iodide, pH 9, 1H NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Methyl Iodide, pH 9, 31P NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Methyl Iodide, pH 10, 1H NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Methyl Iodide, pH 10, 31P NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Methyl Iodide, pH 11, 1H NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Methyl Iodide, pH 11, 31P NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Methyl Iodide, pH 12, 1H NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Methyl Iodide, pH 12, 31P NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Benzyl Chloride, pH 8, 1H NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Benzyl Chloride, pH 8, 31P NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Benzyl Chloride, pH 9, 1H NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Benzyl Chloride, pH 9, 31P NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Benzyl Chloride, pH 10, 1H NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Benzyl Chloride, pH 10, 31P NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Benzyl Chloride, pH 11, 1H NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Benzyl Chloride, pH 11, 31P NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Benzyl Chloride, pH 12, 1H NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with Benzyl Chloride, pH 12, 31P NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with 2-Bromoethanol, pH 9, 1H NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with 2-Bromoethanol, pH 9, 31P NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with 2-Bromoethanol, pH 10, 1H NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with 2-Bromoethanol, pH 10, 31P NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with 2-Bromoethanol, pH 11, 1H NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with 2-Bromoethanol, pH 11, 31P NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with 2-Bromoethanol, pH 12, 1H NMR Spectrum 

	   	  



5ʹ-Deoxyguanosine-5ʹ-N-thiophosphoramidate Alkylation 
with 2-Bromoethanol, pH 12, 31P NMR Spectrum 

	  

	  

	  



5ʹ-Amino-5ʹ-deoxyguanosine, N-,S-methylthio -
phosphoramidate, Triethylammonium salt 1H NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine, N-,S-methylthio -
phosphoramidate, Triethylammonium salt 13C NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine, N-,S-methylthio -
phosphoramidate, Triethylammonium salt 31P NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine, N-,S-benzylthio -
phosphoramidate, Triethylammonium salt 1H NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine, N-,S-benzylthio -
phosphoramidate, Triethylammonium salt 13C NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine, N-,S-benzylthio -
phosphoramidate, Triethylammonium salt 31P NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine, N-,S-ethan-2-olthio -
phosphoramidate, Triethylammonium salt 1H NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine, N-,S-ethan-2-olthio -
phosphoramidate, Triethylammonium salt 13C NMR Spectrum 

	  

	   	  



5ʹ-Amino-5ʹ-deoxyguanosine, N-,S-ethan-2-olthio -
phosphoramidate, Triethylammonium salt 31P NMR Spectrum 

	  


