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Compound 11: 1H-NMR of crude product after 30 minutes of ball-milling (D2O) 

 

11: B1= Adenine, X=H
1: B1= Adenine, X=H

6: B1= Adenine, X=H
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Compound 11: 1H-NMR of crude product after 1 hour of ball-milling (D2O) 

 

 

11: B1= Adenine, X=H
1: B1= Adenine, X=H

6: B1= Adenine, X=H
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Compound 11: AMP Signals from a one-hour ball-milling crude product spiked with 10 mM pure AMP (D2O) 
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Compound 12: 1H-NMR of crude product after 30 minutes of ball-milling (D2O) 

 

 

12: B1= Nicotinamide, X=H2: B1= Nicotinamide, X=H 7: B1= Nicotinamide, X=H
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Compound 12: 1H-NMR of crude product after 1 hour of ball-milling (D2O) 

 

 

12: B1= Nicotinamide, X=H2: B1= Nicotinamide, X=H 7: B1= Nicotinamide, X=H
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Compound 12: NMN Signals from a one-hour ball-milling crude product spiked with 10 mM pure NMN (D2O) 
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Compound 13: 1H-NMR of crude product after 30 minutes of ball-milling (D2O) 

 

13: B1= 4PY,X=H3: B1= 4PY,X=H 8: B1= 4PY,X=H
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Compound 13: 1H-NMR of crude product after 1 hour of ball-milling (D2O) 

 

13: B1= 4PY,X=H3: B1= 4PY,X=H 8: B1= 4PY,X=H
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Compound 13: 4PYR Signals from a one-hour ball-milling crude product spiked with 10 mM pure 4PYR (D2O) 
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Compound 28: 1H-NMR of crude product after 30 minutes of ball-milling (D2O) 
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Compound 28: 1H-NMR of crude product after 1 hour of ball-milling (D2O) 
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Compound 28: Thiamine Signals from a one-hour ball-milling crude product spiked with 10 mM pure thiamine hydrochloride (D2O) 
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Compound 11. 400 MHz 1H NMR spectrum in D2O 
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Compound 11. 100 MHz 13C NMR spectrum in D2O 
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Compound 11. 162 MHz 31PNMR spectrum in D2O 
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Compound 12. 400 MHz 1H NMR spectrum in D2O 
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Compound12. 162 MHz 31PNMR spectrum in D2O 
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Compound 12. 100 MHz 13C NMR spectrum in D2O 
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Compound 13. 400 MHz 1H NMR spectrum in D2O 
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Compound 13. 100 MHz 13C NMR spectrum in D2O 
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Compound 13. 162 MHz 31P NMR spectrum in D2O 
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Compound 13. HRMS spectra 
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Compound 15. 400 MHz 1H NMR spectrum in D2O 
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Compound 15. 100 MHz 1H NMR spectrum in D2O 
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Compound 15. 162 MHz 31P NMR spectrum in D2O 
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Compound 16. 162 MHz 31P NMR spectrum in D2O 

 



28 
 

 

 

 

Compound 17. 162 MHz 31P NMR spectrum in D2O 
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Compound 18. 162 MHz 31P NMR spectrum in D2O 
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Compound 19. 162 MHz 31P NMR spectrum in D2O 
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Compound 20. 400 MHz 1H NMR spectrum in D2O  
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Compound 20. 100 MHz 13C NMR spectrum in D2O 
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Compound 20. 162MHz 31P NMR spectrum in D2O 
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Compound 21. 400 MHz 1H NMR spectrum in D2O 

 



35 
 

 

Compound 21. 100 MHz 13C NMR spectrum in D2O 
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Compound 21. 162MHz 31P NMR spectrum in D2O 
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Compound 22. 400 MHz 1H NMR spectrum in D2O  
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Compound 22. 162 MHz 31P NMR spectrum in D2O 
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Compound 22. HRMS spectra 

 

 

mm_1119121_2_double_nmn_02 #21-45 RT: 0.29-0.60 AV: 8 NL: 4.12E5

F: FTMS + p ESI Full ms [50.00-900.00]
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R=48942
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Exact Mass: 651.110464288
Molecular Formula: C22H29N4O15P2
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Compound 23. 400 MHz 1H NMR spectrum in D2O 
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Compound 23. 100 MHz 13C NMR spectrum in D2O 
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Compound 23. 162 MHz 31P NMR spectrum in D2O 
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Compound 23. HRMS Spectra 

 

mm_1119121_4ndao_02 #21-46 RT: 0.29-0.63 AV: 9 NL: 4.12E5

F: FTMS + p ESI Full ms [50.00-900.00]
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Exact Mass: 680.1113
Molecular Formula: C21H28N7O15P2
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Compound 24. 400 MHz 1H NMR spectrum in D2O 
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Compound 24. 100 MHz 13C NMR spectrum in D2O 
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Compound 24. 162 MHz 31P NMR spectrum in D2O 
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Compound 24. HRMS Sprctra 

 

 

 

mm_1119121_3_double_nmno_02 #20-42 RT: 0.29-0.53 AV: 7 NL: 1.12E5

F: FTMS + p ESI Full ms [50.00-900.00]
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Exact Mass: 683.0997
Molecular Formula: C22H29N4O17P2
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Compound 25. 400 MHz 1H NMR spectrum in D2O  
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Compound 25. 100 MHz 13C NMR spectrum in D2O  

 



50 
 

 
Compound 25. 162 MHz 31P NMR spectrum in D2O 
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Compound 25. HRMS Spectra 

 

Fisal-NAD_direct_infusion #15-59 RT: 0.23-0.85 AV: 15 NL: 2.42E5

F: FTMS + p ESI Full ms [110.00-700.00]
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Exact Mass: 668.133745938001
Molecular Formula: C21H26D2N7[18O]O13P2
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Compound 26. 400 MHz 1H NMR spectrum in D2O  
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Compound 26. 162 MHz 31P NMR spectrum in D2O 
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Compound 26. ESI-MS spectra 

 

 

 

mm_061920_double_nmn_pure_04 #7-29 RT: 0.05-0.25 AV: 23 NL: 3.98E4
F: {0,0}  + p ESI !corona sid=75.00  det=918.00 Full ms [300.00-1000.00]
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Exact Mass: 655.118955848001
Molecular Formula: C22H29N4[18O]2O13P2
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Compound 28. 400 MHz 1H NMR spectrum in D2O 
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Compound 28. 100 MHz 13C NMR spectrum in D2O
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Compound 28. 162 MHz 31P NMR spectrum in D2O 
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Compound 29. 162 MHz 31P NMR spectrum in D2O 
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Compound 30a. 400 MHz 1H NMR spectrum in D2O 



60 
 

 

 

 

 

 

 

 

 

 

 

 

 



61 
 

Compound 30a. 100 MHz 13C NMR spectrum in D2O 

 

 

 

 

 

 

 

 

 

 
 

Compound 30a. 162 MHz 31P NMR spectrum in D2O 
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Compound 30a. HRMS spectra 

 

mm_1119121_4_thiamine_adenosine_pop_02 #16-53 RT: 0.21-0.65 AV: 13 NL: 9.85E6

F: FTMS + p ESI Full ms [50.00-900.00]
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Exact Mass: 674.13115696
Molecular Formula: C22H30N9O10P2S
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Compound 31. 400 MHz 1H NMR spectrum in D2O 
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Compound 31. 100 MHz 13C NMR spectrum in D2O 
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Compound 31. 162 MHz 31P NMR spectrum in D2O 
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Compound 31. HRMS spectra 

 

 

mm_1119121_5_thiamine_nmn_pop_02 #18-48 RT: 0.25-0.57 AV: 10 NL: 6.64E6

F: FTMS + p ESI Full ms [50.00-900.00]
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Exact Mass: 661.1241
Molecular Formula: C23H31N6O11P2S

2[NH4]
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Compound 32. 162 MHz 31P NMR spectrum in D2O  
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Compound33. 400 MHz 1H NMR spectrum in D2O 
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Compound 33. 100 MHz 13C NMR spectrum in D2O 
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Compound 33. 162 MHz 31P NMR spectrum in D2O 

 

 

Exact Mass: 438.0941



71 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound 33&34. ESI-MS spectra

mm_092720_fh_04_53_1000mass_02 #1-33 RT: 0.00-0.28 AV: 33 NL: 3.20E5

T: {0,0}  + p ESI !corona sid=75.00  det=918.00 Full ms [250.00-1000.00]
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Exact Mass: 773.1579
Molecular Formula: C28H35N6O16P2

Exact Mass: 439.1013
Molecular Formula: C17H20N4O8P
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Compound 33. HRMS spectra 

mm_1119121_6_riboflavin_nmn_pop_02 #29-49 RT: 0.42-0.63 AV: 7 NL: 4.93E5

F: FTMS + p ESI Full ms [50.00-900.00]
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Exact Mass: 773.1579
Molecular Formula: C28H35N6O16P2
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Compound 34. 400 MHz 1H NMR spectrum in D2O 
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Compound 34. 100 MHz 13C NMR spectrum in D2O 
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Compound 34. 162 MHz 31P NMR spectrum in D2O 
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Compound 34. HRMS spectra 

 

mm_112221_riboflavin_nmn_pop #211-237 RT: 2.58-3.03 AV: 27 NL: 1.53E4

F: FTMS + p ESI Full ms2 773.16@cid16.00 [210.00-800.00]

300 400 500 600 700 800

m/z

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

439.10238

R=33758

335.06508

R=39317

773.16132

R=26759
651.11184

R=30088

Exact Mass: 439.1013
Molecular Formula: C17H20N4O8P
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Compound 37. 400 MHz 1H NMR spectrum in D2O 

3[NH
4
]
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Compound 37. 100 MHz 13C NMR spectrum in D2O 

3[NH
4
]
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Compound 37. 162 MHz 31P NMR spectrum in D2O 

3[NH
4
]



80 
 

 

Compound 37. HRMS spectra 

 

 

 

 

mr_021122_TH_AD_TP_1 #19-70 RT: 0.31-0.90 AV: 12 NL: 5.57E5
F: FTMS + p ESI Full ms [50.00-900.00]
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Exact Mass: 754.0975
Molecular Formula: C22H31N9O13P3S
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Compound 39. 400 MHz 1H NMR spectrum in CDCl3 
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Compound 39. 100 MHz 31C NMR spectrum in CDCl3 
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Compound 39. 400 MHz 1H NMR spectrum in CDCl3 
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Compound 40. 100 MHz 31C NMR spectrum in CDCl3 
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Compound 41. 400 MHz 1H NMR spectrum in CDCl3 
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Compound 41. 100 MHz 31C NMR spectrum in CDCl3 
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Compound 42. 400 MHz 1H NMR spectrum in CDCl3 
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Compound 42. 100 MHz 31C NMR spectrum in CDCl3 
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Compound 46. 400 MHz 1H NMR spectrum in CDCl3 
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Compound 46. 100 MHz 31C NMR spectrum in CDCl3 
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Compound 48. 400 MHz 1H NMR spectrum in D2O 
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Compound 48. 100 MHz 31C NMR spectrum in D2O 
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Compound 48. HRMS Spectra 

 

 

mm_031320_c_5_deuterated_adenosine_1 #107-377 RT: 0.47-1.65 AV: 271 NL: 8.27E8

T: FTMS + p ESI Full ms [100.0000-600.0000]
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Exact Mass: 270.1171
Molecular Formula: C10H12D2N5O4

[M+H]+
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Compound 49. 162 MHz 31P NMR spectrum in D2O  

 

 

Crude C-5 deuterated AMP. triethylamine salt



95 
 

 

 

 

Compound 49. 400 MHz 1H NMR spectrum in D2O 

Crude C-5 deuterated AMP. triethylamine salt
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Compound 53. 400 MHz 1H NMR spectrum in D2O 
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Compound 54. 400 MHz 1H NMR spectrum in D2O 
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Compound 54. 377 MHz 19F NMR spectrum in D2O 


