a-Azido bisphosphonates: synthesis and nucleotide analogues

Brian T. Chamberlain, Thomas G. Upton, Boris A. Kashemirov and Charles E. McKenna*

Department of Chemistry, University of Southern California, Los Angeles, CA 90089-0744 USA

*mckenna@usc.edu

Supporting Information

Table of Contents

Materials and MEthOAS. ........coiiiiiiiiiic ettt ettt 3
Preparation of azido tranSter TEAZENES. .......ccuiiiiiiiieiie ettt ettt e et e bt e et e et e st e e steesabeebeesnseeneens 3
Preparation of tert-butyl hypochlorite, t-BUOCTH...........c.cooiiiiiiiiiiee et 3
Figure S1. 1H NMR spectrum (CDCI3; 399.8 MHZ) Of 1. ..coueoiiiiiiiiiiiiceeeeeee e 4
Figure S2. gCOSY NMR spectrum (CDCI3; 400.2 MHZ) Of 1....coiiiiiiiiiiiiiiiiececeeecteseee e 5
Figure S3.  13C {1H} NMR spectrum (CDCI3; 100.5 MHZ) Of L....cccooiiiiiiiniiiiiiiniceeeeeeeseeeeescee 6
Figure S4. 31P NMR spectra (CDCI3; 161.9 MHZ) 0f 1. .c..ooiiiiiiiiiiiieieceeeeeeeee e 7
Figure S5. IR spectrum (film, NaCl plate) of L. .....cc.cooiiiiniiiiiiiieeeeee e 8
Figure S6. 1H NMR spectrum (CDCI3; 399.8 MHZ) 0f 2. ....ooiiiiiiiiiiieieeceeeteeeee e 9
Figure S7. gCOSY NMR spectrum (CDCI3; 400.2 MHZ) Of 2....cuiiiiiiiiiieiieciceeeeeeeee e 10
Figure S§. 13C {1H} NMR spectrum (CDCI3; 100.5 MHZ) Of 2.......cooiimiininiiiiiieeicneceeeceeeeee e 11
Figure S9. 31P NMR spectra (CDCI3; 161.9 MHZ) 0f 2. ....oooiiiiiiiiiiiiieeeecee e 12
Figure S10. IR spectrum (film, NaCl plate) of 2. .....ccccooiiiiiiiiiiiiiiieeeeeeee e 13
Figure S11. 1H NMR spectrum (D20, pH 10.88; 399.8 MHZ) 0f 3. ....cciiiiiiiiiiieeeeeceee e 14
Figure S12. 13C {1H} NMR spectrum (D20, pH 10.88; 100.5 MHZ) 0f 3.....cccecoiiiiiiiiniiiiiiececceeeee 15
Figure S13. 31P NMR spectra (D20, pH 10.88; 161.9 MHZ) 0f 3. ...cooiiiiiiiiieeeeeeeeeeee e 16
Figure S14. IR spectrum (KBr pellet) 0f 3. ..o 17
Figure S15. HRMS (ESI/ACPI) 0F 3. ..ottt sttt sttt st 18
Figure S16. 1H NMR spectrum (D20, pH 10.88; 399.8 MHZ) 0f 4. ....cccooriiiiiiiiiiieierceeeceeee e 19
Figure S17. 13C {1H} NMR spectrum (D20, pH 10.88; 100.5 MHZ) 0f 4.......cocooiiiiiiiiniiiiiinieeceeeee 20
Figure S18. 31P NMR spectra (D20, pH 10.88; 161.9 MHZ) 0f 4. ...c..ooiiiiiiiiieecceeee e 21
Figure S19. IR spectrum (KBr pellet) 0f 4. ...c..ooouiiiiiiii et 22
Figure S20. HRMS (ESI/ACPI) Of 4. ...ttt sttt st st 23
Figure S21. 1H NMR spectrum (D20, pH 10.88; 399.8 MHz) of 5a/b. ...cc.ccoeriiiiiiiiiiiiiiieecccecee 24
Figure S22. 31P {1H} NMR spectrum (D20, pH 10.88; 161.9 MHz) of 5a/b. ......ccceeeiiiniiiiiiiieeeeee 25
Figure S23. 31P {1H} NMR Of 58/D....ccuuiiiiiiiiiiieeitee ettt ettt ettt ettt et e s st e eseesaeeenne 26
Figure S24. HRMS (ESI/ACPI) 0F 5a/D. c..oouviiiiiiiieeeee ettt s 27
Figure S25. 1H NMR spectrum (D20, pH 10.88; 399.8 MHz) of 6a/b. .......ccceovviriiiiiiiniiiiieicceeeee 28
Figure S26. 31P {1H} NMR spectrum (D20, pH 10.88; 161.9 MHz) of 6a/b. ........cceoeiviiiiiiiieieieeee 29
Figure S27. HRMS (ESI/ACPI) 0F 6a/D. ...c..ooiuiiiiiiiiieieeet ettt s 30

S1



Figure S28.
Figure S29.
Figure S30.
Figure S31.
Figure S32.
Figure S33.
Figure S34.
Figure S35.
Figure S36.
Figure S37.
Figure S38.
Figure S39.
Figure S40.
Figure S41.
Table S1.

Figure S42.
Figure S43.
Figure S44.

Figure S45.
Figure S46.

Figure S47.
Figure S48.

31P NMR spectrum (D20, pH 10.88; 161.9 MHZ of 14a. .....coceoviiiiiiiniiiieieieecceceeeeeeee 31

31P NMR specturm (D20, pH 10.88; 161.9 MHZ) 0f 14Db.....ccceoiiiiiiiiiiiiieieecceeeeeee 32

1H NMR spectrum (D20, pH 10.88; 399.8 MHZ) 0f 14a. ...cc.cocuiviiiiiiiniiieeieeecceececeeee 33

1H NMR spectrum (D20, pH 10.88; 399.8 MHZ) 0f 14Db. ...c.oooiiniiiiiiiiiieeieieeeececeee 34

1H NMR spectrum (D20, pH 10.88; 499.7 MHZ) 0f 7a. .c..coouiiiiniiiiiiinieieeeeeeeeeeeeee e 35

31P {1H} NMR spectrum (D20, pH 10.88; 202.5 MHZ) 0f 7a. .....coviiiiiiiiieiieieeeeeeeieeeee 36

1H NMR spectrum (D20, pH 10.88; 499.7 MHZ) 0f 7. .c..covuiiiiniiiiiiinieeceeeeeeceeeee 37

31P {1H} NMR spectrum (D20, pH 10.88; 202.3 MHZ) Of 7b. ...eeoviieiiiiiiiieeeeieeeeeeeeeee 38

UV/VIS spectrum of 7a in H2O0. PH 8..c..uiiiiiiiiiieee ettt 39

UV/VIS spectrum of 7b in H2O, PH 8......oooiiiiiiiieeeee ettt 39

CD spectra of 7a and 7b (250 C, 0.05 mM) in H20, pH 8. .....ociiiiiiiiiiieieeeeeeeeeeeee e 40

31P spectrum (D20, pH 10.88; 242.8 MHZ) 0f 15a/b.....ccueiiiiiiiiiiiiiiinicineececceceeeeee 41

1H NMR spectrum (D20, pH 10.88; 400.2 MHZ) 0f 8a/b. .....cccueviiiiiiiiniiiiciiieececceceeee 42

31P {1H} NMR spectrum (D20, pH 10.88; 202.3 MHZz) of 8a/b. ...cceoviviiiiieiieiieieciceieeeeee 43

Summary of HPLC (SAX) retention data for ANTP analogues. .........cc.ccoeeeeriiiiieniienienieeiee 44

Representative analytical HPLC (SAX) analysiS.......cocuevirviiriiiiriiinieienicniceieeeesieee st 44

31P {1H} of t-BuOK-induced decomposition Of 2..........cceevuieriieiiiiniieiienie e 45

31P NMR spectrum (DMF; 202.5 MHz) of reaction mixture obtained by procedure for synthesis of

“QZ1A0” PIOAUCT TEE. 5.ttt et e h e et e e bt et esbb e e bt esbbe e bt esateeabeesaees 46
31P NMR spectrum (CDCI13; 202.5 MHz) of triethyl diazophosphonoacetate obtained using

PIOCEAUIE TTOM TET. 5. ettt ettt e et e et e e et e e bt e eabe e beesabeenseesabeenseesnseenseesnseenne 47
1H NMR spectrum (CDCI3; 400.2 MHz) of triethyl diazophosphonoacetate obtained using

PTOCEAUIE fTOM TET. 5. coeeiii ettt ettt e bt e et e bt e s ab e et e e sab e e bt e sbbeebeesaeeenne 48

MS (ACP1) [M+1]+ spectrum of reaction mixture obtained using procedure from ref. 5................ 49

MS/MS spectrm Of M/Z 25 1. .ottt ettt b e 50

............................................................................................................................................................ 51

References..

S2



Materials and Methods

Proton spectra were referenced to residual CHCl3 (8 7.24) in CDCls or to HDO (8 4.79). 13C spectra
were referenced to internal CDCl3 (8 77.03) or internal carbonate (& 168.88). 3'P NMR spectra were
referenced to external 85 % H3POg4 (capillary, & 0.00). pH values are reported without a deuterium isotope
correction. IR samples were prepared for 1 and 2 as films on NaCl disks, and for 3 and 4 as solid KBr
pellets.

Preparation of azido transfer reagents

The desired sulfonyl chloride (1 equiv.) was dissolved in acetone and mixed with a solution of 3.5
equiv. of sodium azide in water, then stirred overnight at room temperature. The sulfonyl azide was
precipitated by the addition of excess water, extracted into hexanes, dried over MgSOs4, and concentrated
under reduced pressure. The sulfonyl azide reagents were used without further purification.

Preparation of tert-butyl hypochlorite, ~-BuOCIl
To ice cold Clorox® (250 mL), a solution of 18.5 mL ~BuOH and 12.25 mL glacial acetic acid was
added quickly. The mixture was stirred and poured into a separatory funnel where it was washed with 25

mL 10 % NaxCO3.! The organic layer was dried and stored over CaCl, and used without further
purification.
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Figure S1.  'H NMR spectrum (CDCl3; 399.8 MHz) of 1.
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gCOSY NMR spectrum (CDCls; 400.2 MHz) of 1.

Figure S2.
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Figure S3.  13C {!H} NMR spectrum (CDCl3; 100.5 MHz) of 1.
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Figure S4.
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3IP NMR spectra (CDCl3; 161.9 MHz) of 1.
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Figure S5. IR spectrum (film, NaCl plate) of 1.
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Figure S6. 'H NMR spectrum (CDCl3; 399.8 MHz) of 2.
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Figure S7. gCOSY NMR spectrum (CDCls; 400.2 MHz) of 2.
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Figure S8.

13C {TH} NMR spectrum (CDCl3; 100.5 MHz) of 2.
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Figure S9. 3P NMR spectra (CDCl3; 161.9 MHz) of 2.
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Figure S10.

IR spectrum (film, NaCl plate) of 2.
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Figure S11. 'H NMR spectrum (D20, pH 10.88; 399.8 MHz) of 3.
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Figure S12. 3C {!H} NMR spectrum (D20, pH 10.88; 100.5 MHz) of 3.
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Figure S13.
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3IP NMR spectra (D20, pH 10.88; 161.9 MHz) of 3.
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Figure S14. IR spectrum (KBr pellet) of 3.
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Figure S15. HRMS (ESI/ACPI) of 3.
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Figure S16. '"H NMR spectrum (D20, pH 10.88; 399.8 MHz) of 4.
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Figure S17. 3C {!H} NMR spectrum (D20, pH 10.88; 100.5 MHz) of 4.
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Figure S18. 3P NMR spectra (D20, pH 10.88; 161.9 MHz) of 4.
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Figure S20. HRMS (ESI/ACPI) of 4.
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Figure S21. '"H NMR spectrum (D20, pH 10.88; 399.8 MHz) of 5a/b.
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Figure S22. 3'P {!H} NMR spectrum (D20, pH 10.88; 161.9 MHz) of 5a/b.
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Figure S23. 3'P {'H} NMR of 5a/b.
Pg at 202.5 MHz (left) and 161.9 MHz (right), pH 10.88 confirming § vs. J assignments. The chemical

shifts in the spectrum were normalized to Figure S20.
53 &8 g8

——— 13 44

1334
1332

132%
112%
1219

— 13112

-
~m ™
-

1342
1340
13262
13230

J 34 Hz

12_ z| —_ |

4.9H§_"+ 3411z
ol

39 Hz

S26



Figure S24. HRMS (ESI/ACPI) of 5a/b.
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Figure S25. 'H NMR spectrum (D20, pH 10.88; 399.8 MHz) of 6a/b.
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Figure S26.
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Figure S27. HRMS (ESI/ACPI) of 6a/b.
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Figure S28. 3'P NMR spectrum (D20, pH 10.88; 161.9 MHz of 14a.
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Figure S29. 3P NMR specturm (D20, pH 10.88; 161.9 MHz) of 14b.
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Figure S30. 'H NMR spectrum (D20, pH 10.88; 399.8 MHz) of 14a.
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Figure S31. 'H NMR spectrum (D20, pH 10.88; 399.8 MHz) of 14b.
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'H NMR spectrum (D20, pH 10.88; 499.7 MHz) of 7a.

Figure S32.
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Figure S33. 3'P {!H} NMR spectrum (D20, pH 10.88; 202.5 MHz) of 7a.
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Figure S34. 'H NMR spectrum (D20, pH 10.88; 499.7 MHz) of 7b.
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Figure S35. 3'P {!H} NMR spectrum (DO, pH 10.88; 202.3 MHz) of 7b.
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Figure S36. UV/VIS spectrum of 7a in H20. pH 8.
Est. conc. ~0.05mM (E=15300).2
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Figure S37. UV/VIS spectrum of 7b in H2O, pH 8.
Est. conc. ~0.05 mM (E=15300).?
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Figure S38. CD spectra of 7a and 7b (25° C, 0.05 mM) in H2O, pH 8.
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Figure S39. 3!P spectrum (D20, pH 10.88; 242.8 MHz) of 15a/b.
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Figure S40. 'H NMR spectrum (D20, pH 10.88; 400.2 MHz) of 8a/b.
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Figure S41. 3'P {!H} NMR spectrum (D20, pH 10.88; 202.3 MHz) of 8a/b.
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Figure S42.

mAU

Table S1.

Summary of HPLC (SAX) retention data for ANTP analogues.

Compound RT (min)
S5a/b 9.6
6a/b 10.3

7a 9.5
7b 9.5
8a/b 10.4

Representative analytical HPLC (SAX) analysis.
Shown, 5a/b, conditions described in Materials and Methods.

0.9 mins.

Chrom. 1

28.2 mins.
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Figure S43. 3'P {!H} of #~-BuOK-induced decomposition of 2.
In cold THF (CDCl3; 202.5 MHz), to 12 (literature value: 3'P -23.1)3 and 13.# Diisopropyl phosphate (8
1.313) probably arises from hydrolysis of 12. 13 assignment based on 3'P NMR and MS (not shown).
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Figure S44. 3P NMR spectrum (DMF; 202.5 MHz) of reaction mixture obtained by procedure for synthesis

of “azido” product ref. 5.
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Figure S45. 3P NMR spectrum (CDCls; 202.5 MHz) of triethyl diazophosphonoacetate obtained using

procedure from ref. 5.
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Figure S46. 'H NMR spectrum (CDCl3; 400.2 MHz) of triethyl diazophosphonoacetate obtained using

procedure from ref. 5.

1

PPM

1.36 1.34 1.32

1.38

40PPM

1.42

4.1

4.2

4.3

44

0 Juuuu

i

4.5

PPM

1.5

20

25

45

S48



Figure S47. MS (ACPi1) [M+1]* spectrum of reaction mixture obtained using procedure from ref. 5.
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Figure S48. MS/MS spectrum of m/z 251.
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