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General

'H, 3P and *C NMR spectra were recorded at ambient temperature on a Bruker
Avance Il HD 400 MHz. Chemical shifts (8) are quoted in parts per million (ppm)
referenced to the residual solvent peak, (CDCl; fixed at 7.26 ppm and 77.16 ppm)
relative to tetramethylsilane (TMS). Coupling constants, J, are reported in hertz. ESI
mass and high resolution mass spectra (HRMS) were recorded in the positive or
negative ion mode on a Micromass Q-TOF. Thin layer chromatography was performed
on precoated aluminum sheets of Silica 60 F254 (Merck, Art. 5554), visualization of
products being accomplished by UV absorbance and by charring with anisaldehyde
solution, Dittmer reagent or KMnO4 (solution in ethanol) and heating. Chromatography

was performed on Merck Silica gel 60 (230—400 mesh ASTM).

(+/-)-4-tert-Butyldimethylsilyloxy-2-cyclopentenone ((+/-)-1)

Compound (+/-)-1 was obtained in two steps from commercially available furfuryl
alcohol following a reported procedure.

Rf (CH.Cl,): 0.63. 'H NMR (CDCls, 300 MHz): & = 7.44 (dd, J = 2.2, 5.6 Hz, 1H, Hs),
6.17 (dd, J = 1.2, 5.6 Hz, 1H, H,), 4.98 (m, 1H, H,), 2.70 (dd, J = 5.9, 18.2 Hz, 1H, Hsy),
2.24 (dd, J = 2.2, 18.2 Hz, 1H, Hsy), 0.89 (s, 9H, t-Bu), 0.11 (s, 6H, 2xCHs). **C NMR
(CDCl3, 75 MHz): & = 207.0 (C4), 164.4 (C3), 135.0 (Cy), 71.4 (Cy), 45.6 (Cs), 26.3 (t-Bu),

18.7(C), -4.0 (2xCHa).
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(+/-)-Dimethyl ((4-((tert-butyldimethylsilyl)oxy)-1-hydroxycyclopent-2-en-1-
yl)methyl) phosphonate ((+/-)-2)

To a solution of dimethyl methylphosphonate (310 mg, 2.35 mmol) in THF (4 mL) at
-78 °C was added dropwise a solution of n-BuLi (0.94 mL, 2.5 M in THF, 2.35 mmaol).
The mixture was then stirred at =78 °C for 20 min and a solution of (+/-)-1 (500 mg,
2.35 mmol) in THF (3 mL) was added dropwise. The reaction mixture was stirred for 2 h
at rt. The reaction was quenched by the addition of a saturated solution of ammonium
chloride (10 mL). The aqueous phase was extracted with ether (2 x 10 mL), and the
combined organic phases were dried (MgSO,) and concentrated. The residue was
purified by column chromatography (PE/EtOAc 100:0 to 0:100) to give (+/-)-2 (500 mg,
63%) as a colorless oil.

Rf (EtOAC): 0.38. *H NMR (CDCls, 300 MHz): & = 5.98 (dd, J = 0.9, 5.6 Hz, 1H, H,), 5.82
(dd, J = 1.9, 5.6 Hz, 1H, Hs), 4.72-4.68 (m, 1H, Ha), 3.74 (d, J = 11.0 Hz, 3H, OCHa),
3.73 (d, J = 11.0 Hz, 3H, OCHg3), 3.50 (s, 1H, OH), 2.53 (ddd, J = 0.5, 6.6, 13.6 Hz, 1H,
Hsa), 2.12 (dd, J = 2.1, 17.6 Hz, 2H, Hg), 1.89 (ddd, J = 2.2, 4.4, 13.6 Hz, 1H, Hs), 0.87
(s, 9H, t-Bu-), 0.06 (s, 6H, 2XxCHa3). 3P NMR (CDCls, 127 MHz): & = 31.01. *C NMR
(CDCl3, 75 MHz): 8 = 138.2 (d, J = 8.8 Hz, C,), 135.9 (Cs), 80.2 (d, J = 4.8 Hz, Cy), 75.2
(Ca), 52.5 (t, J = 5.8 Hz, 2xOCHg), 50.1 (d, J = 9.2 Hz, Cs), 36.1 (d, J = 136.8 Hz, Cg),
26.0 (t-Bu), 18.2 (C), -4.5 (2xCH3). HRMS calculated for C14H2304PSi: 319.1494; found:

319.1494.
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(+/-)-Dimethyl ((3-((tert-butyldimethylsilyl)oxy)-1-hydroxycyclopentyl)methyl)phos-
phonate ((+/-)-3)

To a solution of (+/-)-2 (500 mg, 1.43 mmol) in methanol (3 mL) was added Pd/C (10%,
7 mg). The solution was stirred under hydrogen at atmospheric pressure and rt
overnight. The reaction mixture was filtrated through Celite and the filtrate was
evaporated. Compound (+/-)-3 was obtained as a colorless oil (482 mg, 96%). Rf
(DCM/MeOH: 95/5): 0.4.'H NMR (CDCls, 300 MHz): & = 4.39-4.35 (m, 1H, Hs), 4.06 (s,
1H, OH), 3.74 (d, J = 10.9 Hz, 3H, OCH3), 3.74 (d, J = 10.9 Hz, 3H, OCHs), 2.15 (d, J =
18.3 Hz, 2H, Ce), 2.01-1.78 (M, 6H, Hearbocycie), 0.86 (S, 9H, t-Bu-), 0.05 (s, 6H, 2xCHs).
3P NMR (CDCls, 127 MHz): & = 31.44. 3C NMR (CDCl3, 75 MHz): =799 (d, J = 4.4
Hz, C4), 74.7 (C3), 52.4 (d, J = 9.8 Hz, OCH3), 52.3 (d, J = 9.8 Hz, OCH3), 49.2 (d, J =
8.4 Hz, C,), 39.6 (d, J = 8.6 Hz, Cs), 36.1 (d, J = 138.7 Hz, Cg), 34.6 (Ca), 25.9 (t-Bu),
18.1 (Cy), -4.7 (CHs), -4.8 (CHs). MS ESI-QTof>0 m/z 339.18 [M+H]". HRMS calculated

for C14H3,05PSi: 339.1757; found: 339.1760.

(+/=)-3-((tert-Butyldimethylsilyl)oxy)-1-((dimethoxyphosphoryl)methyl)cyclopentyl
acetate ((+/-)-4)

To a solution of (+/-)-3 (7.6 g, 22.45 mmol) in dry Et,O (100 mL) at rt was successively
added DMAP (263 mg, 2.16 mmol), triethylamine (4.54 mL, 32.53 mmol) and acetic
anhydride (3.07 mL, 32.53 mmol). The reaction was allowed to stir for 13 d and then
concentrated. The residue was diluted with ethyl acetate (100 mL) and extracted twice
with saturated sodium bicarbonate solution (100 mL), followed by brine (100 mL). The
organic layer was dried over MgSO, and evaporated under reduced pressure. The

residue was purified by column chromatography (DCM/MeOH 100:0 to 98:2) to give
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(+/-)-4 (7.20 g, 88%) as a colorless oil. Rf (DCM/MeOH: 95/5): 0.28. *H NMR (CDCls,
300 MHz): & = 4.28-4.20 (m, 1H, Hs), 3.71 (d, J = 10.9 Hz, 2xOCHs), 2.67 (dd, J = 15.5,
18.9 Hz, 1H, He), 2.45 (dd, J = 15.5, 19.5 Hz, 1H, He), 2.37-2.14 (m, 3H, Hcarocycle), 1.99
(s, 3H, CHs), 1.94-1.67 (m, 3H, Hcabocycie), 0.85 (S, 9H, t-Bu-), 0.01 (s, 6H, 2xCH3).3'P
NMR (CDCls, 127 MHz): 8 = 29.16.2*C NMR (CDCl;, 75 MHz): 5 = 171.2 (C=0), 85.8 (d,
J=4.7 Hz, Cy), 72.3 (Cs), 52.4 (d, J = 6.5 Hz,2xOCHs), 48.3 (d, J = 8.5 Hz, Cy), 37.6 (d,
J = 5.9 Hz, Cs), 34.6 (C4), 32.8 (d, J = 138.8 Hz, Cg), 25.9 (t-Bu), 22.3 (CHa), 18.1 (CHs),
-4.7 (CH3), -4.7 (CHs). MS ESI-QTof>0 m/z 381.19 [M+H]". HRMS calculated for

Ci16H3406PSi: 381.1862; found: 381.1862.

(+/-)-1-((Dimethoxyphosphoryl)methyl)-3-hydroxycyclopentyl acetate ((+/-)-5)

To a solution of (+/-)-4 (870 mg, 2.28 mmol) in THF (10 mL) at 0 °C was added slowly a
solution of TBAF (1 M) in THF (2.28 mL, 2.28 mmol). The reaction mixture was stirred at
0 °C for 2 h and evaporated. Purification of the residue by column chromatography
(DCM/MeOH 1:0 to 96:4) gave (+/-)-5 (517 mg, 85%) as a colorless oil. Rf
(DCM/MeOH: 95/5): 0.2. *H NMR (CDCls, 300 MHz): & = 4.36-4.30 (m, 1H, Hs), 3.71 (d,
J = 11.0 Hz, 2xOCHjs), 2.61 (dd, J = 12.1, 15.7 Hz, 1H, Hea), 2.51 (dd, J = 12.1, 15.9 Hz,
1H, Hep), 2.46-2.42 (M, 2H, Hcarbocycle), 2.20 (dd, J = 6.7, 15.3 Hz, 1H, Hcamocycle), 2.01 (S,
3H, CHg), 1.99-1.85 (M, 2H, Hcamocycle), 1.82-1.73 (M, 1H, Hearocycle)- >-P NMR (CDCls,
127 MHz): & = 28.88. 3C NMR (CDCls, 75 MHz): & = 171.1 (C=0), 85.7 (d, J = 5.0 Hz,
C1), 72.3 (C3), 52.5 (d, J = 6.6 Hz, 2XxOCHjz), 48.0 (d, J = 7.1 Hz, C,), 37.3 (d, J = 8.0 Hz,
Cs), 34.1 (C4), 32.7 (d, J = 139.4 Hz, Cg), 22.3 (CH3). MS ESI-QTof>0 m/z 267.1 [M+H]".

HRMS calculated for C1gH2006P: 267.0997; found: 267.0996.
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(+/=)-4-((tert-Butyldimethylsilyl)oxy)-1-((dimethoxyphosphoryl)methyl)cyclopent-2-
en-1-yl acetate ((+/-)-6)

To a solution of (+/-)-2 (2 g, 5.9 mmol) in dry Et,O (20 mL) at rt was added DMAP
(72 mg, 0.59 mmol) and triethylamine (1.23 mL, 8.85 mmol). After stirring for 10 min,
acetic anhydride (0.67 mL, 7.13 mmol) was added and the reaction was allowed to stir
overnight and then concentrated. The residue was diluted in ethyl acetate (50 mL) and
extracted twice with saturated sodium bicarbonate solution (50 mL) and brine (50 mL).
The organic layer was dried over MgSO, and evaporated. The residue was purified by
column chromatography ((EP/EtOAc 8:2 to 0:1)) to give (+/-)-6 (1.96 g, 88%) as a
colorless oil. Rf (EtOAc): 0.52. *H NMR (CDCls, 300 MHz): & = 6.29 (dd, J = 1.1, 5.6 Hz,
1H, Hy), 5.91 (dd, J = 1.9, 5.6 Hz, 1H, H3), 4.78-4.73 (m, 1H, H,), 3.70 (d, J = 11.0 Hz,
6H, 2xOCHs), 2.90 (dd, J = 6.9, 14.2 Hz, 1H, Hsa), 2.60 (dd, J = 12.9, 16.5 Hz, 1H, Hea),
2.50 (dd, J = 12.9, 16.4 Hz, 1H, Hey), 2.06 (ddd, J = 2.7, 4.8, 14.3 Hz, 1H, Hsy), 2.10 (s,
3H, CHs), 0.88 (s, 9H, t-Bu), 0.07 (s, 3H, CHg), 0.07 (s, 3H, CHs). 3P NMR (CDCls, 127
MHz): & = 28.39. 3C NMR (CDCls, 75 MHz): & = 170.7 (C=0), 137.9 (Cs), 134.7 (d, J =
6.4 Hz, Cy), 87.3 (d, J = 4.0 Hz, C,), 74.7 (C4), 52.5 (d, J = 11.2 Hz, OCHj3), 52.4 (d, J =
11.2 Hz, OCHs), 48.8 (d, J = 7.1 Hz, Cs), 33.0 (d, J = 138.7 Hz, Cg), 26.0 (t-Bu), 22.0

(CHs), 18.3 (C), -4.5 (CHs), -4.6 (CHa).

(+/=)-1-((Dimethoxyphosphoryl)methyl)-4-hydroxycyclopent-2-en-1-yl acetate
((+/-)-7)

To a solution of (+/-)-6 (1.7 g, 4.5 mmol) in THF (30 mL) at O °C was slowly added a
solution of TBAF (1 M) in THF (5.4 mL, 5.4 mmol). The reaction mixture was stirred at

0 °C for 2 h then the solvent was evaporated. Purification of the residue by column

S6



chromatography (DCM/MeOH 100:0 to 97:3) gave (+/-)-7 (0.9 g, 76%) as a colorless oil.
Rf (DCM/MeOH: 95/5): 0.2. *H NMR (CDCls, 300 MHz): 5 = 6.20 (d, J = 5.6 Hz, 1H, Hy),
6.07 (dd, J = 2.2, 5.6 Hz, 1H, Ha), 4.74 (s, 1H, Hy), 3.70 (d, J = 11.0 Hz, 6H, 2xOCHs),
2.90 (s, 1H, OH), 2.80 (dd, J = 7.2, 15.2 Hz, 1H, Hs,), 2.51 (dd, J = 15.5, 18.5 Hz, 1H,
Hea), 2.40 (dd, J = 15.5, 19.2 Hz, 1H, Hgp), 2.20 (ddd, J = 1.3, 3.1, 15.3 Hz, 1H, Hsp),
2.01 (s, 3H, CHs). *'P NMR (CDCls, 127 MHz): & = 28.10. **C NMR (CDCls, 75 MHz): &
= 170.7 (C=0), 138.1 (C3), 135.2 (d, J = 8.0 Hz, C,), 88.1 (d, J = 3.8 Hz, C1), 74.9 (CJ),
52.5 (d, J = 9.4 Hz, OCHs), 52.4 (d, J = 9.3 Hz, OCHs3), 47.1 (d, J = 6.0 Hz, Cs), 34.2 (d,
J = 139.8 Hz, Cg), 22.2 (CH3). MS ESI-QTof>0 m/z 287.07 [M+Na]*. HRMS calculated

for C1oH1706NaP: 287.0660; found: 287.0657.

(+/-)-1-((Dimethoxyphosphoryl)methyl)-3-(6-(bis-Boc-amino)-9H-purin-9-
yl)cyclopentyl acetate ((+/-)-8 )

To a solution of triphenylphosphine (2.16 g, 8.26 mmol) and bis-Boc-adenine (2.77 g,
8.26 mmol) in THF (20 mL) at O °C was added dropwise DIAD (1.62 mL, 8.26 mmol).
The reaction mixture was stirred at rt for 1 h. A solution of (+/-)-5 (1 g, 3.75 mmol) in
THF (10 mL) was added to the reaction mixture. The reaction was stirred for 1 h before
evaporation of solvents. Purification by flash chromatography (DCM/MeOH 100:0 to
95:5) gave (+/-)-8 (927 mg, 42%) as a white foam. Rf (DCM/MeOH: 95/5): 0.26. *H
NMR (CDCls, 300 MHz): & = 8.83 (s, 1H, H,), 8.12 (s, 1H, Hg), 5.18-5.07 (m, 1H, H3),
3.74 (d, J = 11.3 Hz, 2xOCHg3s), 3.74 (d, J = 10.6 Hz, 2xOCHjs), 3.02 (dd, J = 8.7, 15.0
Hz, 1H, Hearbocycle), 2.92 (dd, J = 15.6, 18.9 Hz, 1H, Hgs), 2.69 (dd, J = 15.6, 19.7 Hz, 1H,
Heb), 2.59-2.41 (M, 4H, Hcarbocycle), 2.30-2.15 (M, 1H, Hcarocycle), 2.08 (s, 3H, CH3), 1.46

(s, 18H, 2xt-Bu). **P NMR (CDCls;, 127 MHz): & = 28.28 ppm. **C NMR (CDCls, 75
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MHz): & = 171.0 (C=0), 153.3 (Ce), 151.9 (C»), 150.7 (COOt-Bu), 150.6 (C,), 143.8 (C8),
129.7 (Cs), 86.3 (d, J = 4.5 Hz, Cy), 83.9 (OCt-Bu), 55.09 (Cs), 52.6 (d, J = 6.6 Hz,
2XOCHz), 44.1 (d, J = 5.8 Hz, Cz), 37.1 (d, J = 8.9 Hz, Cs), 32.0 (d, J = 139.6 Hz, Cg),
30.4 (C4), 28.0 (6XCH3), 22.3 (CH3). UV (EtOH) Apax = 269 NM (Emax = 15900). MS ESI-

QTof>0 m/z 584.25 [M+H]". HRMS calculated for C,5H3gNsOg9P: 584.2485; found:

584.2482.

(+/-)-3-(2-Amino-6-chloro-9H-purin-9-yl)-1-((dimethoxyphosphoryl)methyl)cyclo-
pentyl acetate ((+/-)-9)

To a solution of triphenylphosphine (1.08 mg, 4.13 mmol), and 2-amino-6-chloropurine
(700 mg, 4.13 mmol) in THF (10 mL) at 0 °C was added dropwise DIAD (0.813 mL,
4.13 mmol). The reaction mixture was stirred at rt for 1 h. Then a solution of (+/-)-5
(500 mg, 1.87 mmol) in THF (6 mL) was added to the reaction mixture. The reaction was
stirred at rt for 1 h before filtration and evaporation of the solvent. Purification by flash
chromatography (DCM/MeOH 1:0 to 97:3) gave (+/-)-9 (406 mg, 54%) as a white foam.
Rf (DCM/MeOH: 95/5): 0.14. *H NMR (CDCls, 300 MHz): & = 7.79 (s, 1H, Hg), 5.26 (s,
2H, NH,), 4.96-4.85 (m, 1H, Hy), 3.74(d, J = 11.0 Hz, 3H, OCHg), 3.73 (d, J = 11.0 Hz,
3H, OCHg), 2.95-2.73 (m, 3H), 2.57-2.45 (m, 3H), 2.43-2.28 (M, 1H, Hearbocycle), 2.21-2.12
(M, 1H, Hearbocycle), 2.07 (s, 3H, CHa). *'P NMR (CDCls, 127 MHz): & = 28.58. *C NMR
(CDCl3, 75 MHz): & = 170.9 (C=0), 158.7 (C,), 153.5 (C,), 151.6 (Cs), 141.43 (Cy),
125.1 (Cs), 86.3 (d, J = 4.6 Hz, C4), 54.6 (C3), 52.6 (d, J= 5.0 Hz, 2xOCHa), 43.5 (d, J =

3.7 Hz, Cy), 37.3 (d, J = 9.1 Hz, Cs), 32.0 (d, J = 139.7 Hz, Cg), 30.3 (C4), 22.2 (CHa).
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UV (EtOH) Amax = 310 NM (Emax = 8000), Amax = 249 NM (Emaxz = 6900). MS ESI-QTof>0

m/z 418.10 [M+H]" HRMS calculated for C1sH2,NsOsPCl: 418.1047; found: 418.1045.

(+/-)-Dimethyl ((3-(6-amino-9H-purin-9-yl)-1-hydroxycyclopentyl)methyl)phosphon-
ate ((+/-)-10)

To a stirred solution of (+/-)-8 (490 mg, 0.84 mmol) in CICH,CH,CI (5 mL) was added
dropwise TFA (2.45 mL) and the reaction mixture was stirred at rt for 4 h. The volatiles
were removed under reduced pressure and the residue was purified by column
chromatography (DCM/MeOH 100:0 to 95:5) to give a colorless foam. To a solution of
the foam in MeOH (10 mL) was added K,CO3 (90 mg, 0.65 mmol). The reaction mixture
was stirred at rt for 7 h before filtration and evaporation of the solvents. Purification by
flash chromatography (DCM/MeOH 100:0 to 90:10) gave (+/-)-10 (170 mg, 60%) as a
white foam.

Rf (DCM/MeOH: 9/1): 0.19. *H NMR (CDCls, 300 MHz): 5 = 8.08 (s, 1H, Hy), 8.01 (s, 1H,
Hg), 5.05-4.94 (m, 1H, Hz), 3.75 (d, J = 11.0 Hz, 2xOCHa), 2.56-247 (M, 2H, Hcarbocycle),
2.47 (d, J = 18.3 Hz, 2H, Hg), 2.25-2.14 (M, 2H, Hcarbocycle), 2.07-1.90 (M, 2H, Hcamocycle)-
31p NMR (CDCls, 127 MHz) & = 33.68. *3C NMR (CDCls, 75 MHz): & = 155.0 (Cs), 151.8
(C,), 148.4 (C4), 140.1 (Cg), 118.4 (Cs), 77.5 (d, J = 6.1 Hz, Cy), 54.2 (C3), 52.8 (d, J =
5.4 Hz, 2xOCHj3), 45.9 (d, J = 5.9 Hz, Cy), 38.1 (d, J = 9.4 Hz, Cs), 34.6 (d, J = 137.5

Hz, Cg), 29.6 (C4). UV (EtOH) Amax = 261 NM (Emax = 13800). MS ESI-QTof>0 m/z

342.16 [M+4H]". HRMS calculated for C13H,1NsO4P: 342.1582; found: 342.1574.
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(+/-)-Dimethyl ((3-(2-amino-6-methoxy-9H-purin-9-yl)-1-hydroxycyclopentyl)meth-
yl)phosphonate ((+/-)-11)

To a solution of (+/-)-9 (500 mg, 1.19 mmol) in MeOH (15 mL) was added K,CO3
(579 mg, 4.18 mmol). The reaction mixture was stirred at rt for 5 h before filtration and
evaporation of the solvent. Purification by column chromatography (DCM/MeOH 100:0
to 90:10) gave (+/-)-11 (300 mg, 68%) as a white foam. Rf (DCM/MeOH: 95/5): 0.1. *H
NMR (D0, 300 MHz): & = 7.83 (s, 1H, Hg), 4.91-4.80 (m, 1H, H3), 3.97 (s, 3H, OCHy),
3.75 (d, J = 11.0 Hz, 6H, 2xOCHa), 2.52-2.36 (M, 2H, Hearbocycle), 2.45 (d, J = 18.0 Hz,
2H, Hga), 2.22-2.07 (M, 2H, Hearbocycle), 2.03-1.86 (M, 2H, Hearbocyele)- > P NMR (D20, 127
MHz): & = 33.70. *C NMR (D20, 75 MHz): 5 = 161.17 (Cs),159.4 (C,), 152.6 (C4), 138.6
(C8), 113.9 (Cs), 77.6 (d, J = 6.0 Hz, C¢), 54.2 (C3), 53.6 (OCHs3), 52.81 (d, J = 6.0 Hz,
2xOCHs), 45.9 (d, J = 9.3 Hz, Cy), 38.2 (d, J = 9.4 Hz, Cs), 34.6 (d, J = 137.2 Hz, Cg),
29.7 (C4). UV (EtOH) Amax = 282 NM (Emax = 8800), Amax = 247 NM (Emax = 7900). MS ESI-
QTof>0 m/z 372.14 [M+H]". HRMS calculated for Ci4H23NsOsP: 372.1437; found:

372.1441.

(+/-)-Sodium hydrogen ((3-(6-amino-9H-purin-9-yl)-1-hydroxycyclopentyl)methyl)
phosphonate ((+/-)-12)

To a solution of (+/-)-10 (103 mg, 0.3 mmol) in acetonitrile/DMF (5 mL 4:1, v/v) was
added sodium iodide (135 mg, 0.9 mmol). The reaction mixture was heated to 40 °C and
TMSCI (0.12 mL, 0.9 mmol) was added. The reaction was stirred for 1 h at 40 °C and
overnight at rt. The reaction mixture was neutralized with TEAB (1 M). The solvent was

evaporated and the residue was purified by reversed phase chromatography
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(H,O/MeOH 1:0 to 4:1) followed by dowex chromatography (Na*) to give (+/-)-12
(62 mg, 61%) as a white solid. Rf (iPrOH/NH4OH/H,0: 7/2/1): 0.26. *H NMR (D,O, 300
MHz): & = 8.21 (s, 1H, Hy), 8.10 (s, 1H, Hg), 5.11-4.96 (m, 1H, H3), 2. 68-2.38 (m, 2H,
Hcarbocycle), 2.32-2.12 (M, 2H, Hcarbocycle), 2.00 (d, j = 16.1 Hz, 2H, Hgap), 1.95 (dd, J = 7.2,
14.2 Hz, 2H, Hearbocycle). > P NMR (D20, 127 MHz): & = 18.83. *C NMR (CDCls, 75 MHz)
: & = 155.2 (Cg), 151.9 (C,), 148.7 (C), 140.5 (C8), 118.5 (Cs), 79.1 (d, J= 4.7 Hz, Cy),
54.5 (C3), 46.0 (d, J = 7.6 Hz, Cy), 38.7 (d, J = 125.4 Hz, Cg), 38.2 (d, J = 8.8 Hz, Cs),
30.2 (C4). UV (H20) Amax = 261 NM (Emax = 12700), Amin = 230 NM (Emin = 2300). MS
ESI-QTof>0 m/z 314.10 [M+H]*. HRMS calculated for C1;H17NsO4P: 314.1018; found:

314.1014.

(+/-)-Sodium hydrogen ((3-(2-amino-6-oxo-1H-purin-9(6H)-yl)-1-hydroxycyclopent-
yl)methyl)phosphonate ((+/-)-13)

To a solution of (+/-)-11 (150 mg, 0.404 mmol) in DMF (3 mL) at 0 °C was added
dropwise trimethylsilyl bromide (524 pL, 4.04 mmol). The reaction was stirred 1 h at 0 °C
and 23 h at rt. After addition of TEAB (1 M) until pH 7, evaporation of solvents and
purification by reversed phase chromatography (H,O/MeOH 1:0 to 1:1) followed by
Dowex chromatography (Na*) compound (+/-)-13 (50 mg, 35%) was obtained as a white
solid. Rf (iPrOH/NH,OH/H,0: 6/3/1): 0.35. *"H NMR (D;0, 300 MHz): & = 7.91 (s, 1H,
Hg), 4.95-4.86 (m, 1H, Hy), 2.51-2.39 (M, 2H, Hcarbocycle), 2.26-2.15 (M, 2H, Hcamocycle).
2.02 (d, J = 16.4 Hz, 2H, Hg), 1.97-190 (M, 2H, Hearbocycle). --P NMR (D0, 127 MHz): & =
19.26. *C NMR (D,0, 75 MHz): & = 158.9 (C¢),153.4 (C,), 151.4 (C,), 138.1 (Cg), 116.0

(Cs), 79.1 (d, J = 4.8 Hz, C+), 54.0 (C3), 46.1 (d, J = 7.8 Hz, Cy), 38.6 (d, J = 126.6 Hz,
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Cﬁ'), 382 (d, vJ = 88 HZ, C5’), 302 (C4') UV (HZO) Amax = 253 nm (smax = 10800), Amin =
227 nm (Emin = 3200). MS ESI-QTof>0 m/z 330.10 [M+H]". HRMS calculated for

C11H17Ns05P: 330.0967; found: 330.0968.

(+/-)-1-((Dimethoxyphosphoryl)methyl)-4-(6-(bis-boc-amino)-9H-purin-9-yl)cyclo-
pent-2-en-1-yl acetate ((+/-)-14)

To a solution of triphenylphosphine (2.75 g, 10.5 mmol) and dried bis-Boc-adenine
(3.5g, 10.5 mmol) in THF (30 mL) at 0 °C was added dropwise DIAD (2.06 mL,
10.5 mmol). The reaction mixture was stirred at rt for 1 h after which a solution of (+/-)-7
(2.28 g, 4.8 mmol) in THF (10 mL) was added. The mixture was stirred at rt for 1 h
before evaporation of the solvents. The product was purified by silica gel column
chromatography (DCM/MeOH 100:0 to 95:5) to give (+/-)-14 (1.55 g, 56%) as a white
foam. Rf (DCM/MeOH: 95/5): 0.36. *H NMR (CDCls, 300 MHz): & = 8.84 (s, 1H, Hy),
8.20 (s, 1H, Hg), 6.65 (dd, J = 2.3, 5.6 Hz, 1H, Hy), 6.13 (dd, J = 1.9, 5.6 Hz, 1H, Ha),
6.00-5.96 (M, 1H, Hy), 3.74 (d, J = 12.0 Hz, 3H, OCHs), 3.73 (d, J = 12.0 Hz, 3H, OCHb),
3.15 (dd, J = 7.6, 14.8 Hz, 1H, Hs,), 2.82 (dd, J = 15.4, 18.4 Hz, 1H, Hgs), 2.71 (dd, J =
15.4, 20.1 Hz, 1H, Hgyp), 2.57 (dd, J = 6.2, 14.8 Hz, 1H, Hsy), 2.04 (s, 3H, CHs), 1.45 (s,
18H, 2xt-Bu). *'P NMR (CDCls, 127 MHz): & = 27.48. *C NMR (CDCls, 75 MHz): & =
170.5 (C=0), 153.3 (C4), 152.1 (C,), 150.7 (COOt-Bu), 150.5 (Cs), 143.4 (Cg), 138.2 (d,
J = 9.4 Hz, Cy), 134.5 (C3), 129.2 (Cs), 88.7 (d, J = 2.3 Hz, Cy), 84.0 (OCt-Bu), 59.0
(Cs), 52.7 (d, J = 10.4 Hz, OCHj3), 52.6 (d, J = 10.4 Hz, OCHa), 45.0 (d, J = 3.5 Hz, Cs),

32.7 (d, J = 139.4 Hz, Cg), 27.9 (2xt-Bu), 21.9 (CHg). UV (EtOH) Amax= 268 NM (Emax =
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11500). MS ESI-QTof>0 m/z 582.23 [M+H]". HRMS calculated for CysH37NsOgP:

582.2329; found: 582.2326.

(+/-)-Dimethyl ((4-(6-amino-9H-purin-9-yl)-3-hydroxycyclopent-1-en-1-yl)methyl)
phosphonate ((+/-)-15)

To a stirred solution of (+/-)-14 (1 g, 1.72 mmol) in CICH,CH,CI (10 mL) was added
dropwise TFA (5 mL) and the reaction was stirred at rt for 3 h. The volatiles were
removed under reduced pressure and the residue was purified by flash chromatography
(DCM/MeOH 1:0 to 9:1) to give (+/-)-15 (497 mg, 85%) as a white foam. Rf
(DCM/MeOH: 9/1): 0.41. *H NMR (D,0O, 300 MHz): & = 8.08 (s, 1H, H5), 8.06 (s, 1H, Hg),
6.07-5.73 (M, 1H, H>), 5.09 (t, J = 4.4 Hz, Hg), 4.89-4.83 (m, 1H, Hx), 3.80 (d, J = 11.1
Hz, 2xOCHjs), 3.19-2.93 (m, 3H, Hg + Hsa), 2.84-2.75 (m, 1H, Hsyp). 3P NMR (D20, 127
MHz): & = 32.02. **C NMR (D,0, 75 MHz): & = 154.9 (C4), 151.6 (C,), 148.4 (C¢), 140.6
(Cs), 135.9 (d, J = 11.3 Hz, Cy), 130.0 (d, J = 12.1 Hz, C,), 118.4 (Cs), 80.6 (d, J = 2.4
Hz, C3), 62.6 (Cs), 53.4 (d, J = 6.6 Hz, 2xOCHa), 39.8 (d, J = 3.6 Hz, Cs), 26.1 (d, J =
137.1 Hz, Cg). UV (EtOH) Amax = 261 NM (Emax = 14800). MS ESI-QTof>0 m/z 340.12

[M+H]". HRMS calculated for C13H19NsO4P: 340.1175; found: 340.1176.

(+/-)-Sodium hydrogen ((4-(6-amino-9H-purin-9-yl)-3-hydroxycyclopent-1-en-1-
yl)methyl)phosphonate ((+/-)-16)

To a solution of (+/-)-15 (260 mg, 0.76 mmol) in acetonitrile (4 mL) was added sodium
iodide (344 mg, 2.29 mmol) and the mixture was heated to 40 °C. TMSCI (290 uL, 2.29

mmol) was added and the reaction mixture was stirred for 1 h at 40 °C and overnight at
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rt. After neutralization with TEAB (1 M) and the solvent was evaporated. The residue
was purified by reversed phase chromatography (H,O/MeOH 1:0 to 4:1) followed by
dowex chromatography (Na®) to give (+/-)-16 (160 mg, 60%) as a white solid. Rf (i-
PrOH/NH,OH/H,0: 7/2/1): 0.28. 'H NMR (D20, 300 MHz): & = 8.17 (s, 1H, Hy), 8.12 (s,
1H, Hg), 5.64 (d, J = 2.4 Hz, 1H, H3), 5.05 (s, 1H, Hy), 4.95-4.84 (m, 1H, Hy), 3.23 (dd, J
= 7.8, 17.0 Hz, 1H, Hsj,), 2.85 (d, J = 17.2 Hz, 1H, Hsy), 2.56 (d, J = 20.4 Hz, 2H, Hg).
3P NMR (D0, 127 MHz): & = 17.23. *C NMR (D20, 75 MHz): 5 = 155.3 (C,), 152.0
(C,), 148.6 (Cg), 143.0 (d, J = 9.7 Hz, Cy), 141.0 (Cg), 125.6 (d, J = 10.5 Hz, Cy), 118.6
(Cs), 81.5 (d, J = 2.4 Hz, C3), 62.8 (C4), 40.3 (d, J = 2.5 Hz, Cs), 32.5 (d, J = 124.6 Hz,

Ce). UV (H20) Amax = 260 nM (Emax = 13600). MS ESI>0 m/z 312.08 [M+H]". HRMS

calculated for C11H15N504P: 312.0862; found: 312.0861.

2-(bis-Boc-amino)-6-methoxy-purine (17)

To a stirred suspension of 2-amino-6-methoxypurine (3 g, 18.2 mmol) and DMAP
(670 mg, 5.45 mmol) in THF (50 mL) was added Boc,0O (15.9 g, 72.7 mL). The reaction
mixture was stirred for 3 h at rt. Then the solvent was removed under reduced pressure
and the residue was dissolved in methanol (100 mL) and a saturated solution of
NaHCO3 (50 mL). The mixture was heated at 50 °C for 1 h and the solvent was removed
under reduced pressure. The aqueous layer was extracted with CHCI; (3 x 100 mL).The
organic layer was dried over MgSO,4 and filtered. The solvent was removed under
reduced pressure and the residue was purified by silica gel column chromatography
(PE/EtOAC 8:2 to 0:1) to give 17 (5 g, 75%). Rf (EtOAc): 0.63. *H NMR (CDCls, 300

MHz): & = 13.09 (s, 1H, NH), 8.17 (s, 1H, Hg), 4.14 (s, 3H, OCHs), 1.50 (s, 18H, 2xt-Bu).
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13C NMR (CDCls, 75 MHz): & = 161.4, 153.2, 151.5, 151.0, 142.2, 119.5 (Cs), 84.0 (OCt-

Bu), 54.7 (OCHs), 28.0 (2xt-Bu).

(+/-)-1-((Dimethoxyphosphoryl)methyl)-4-(2-(bis-Boc-amino)-6-methoxy-9H-purin-
9-yl)cyclopent-2-en-1-yl acetate ((+/-)-18)

To a solution of triphenylphosphine (1.9 g, 7.24 mmol) and 2-(bis-Boc-amino)-6-
methoxypurine (17, 2.6 g, 7.24 mmol) in THF (20 mL) was added dropwise DIAD
(2.4 mL, 7.24 mmol) at 0 °C. The reaction mixture was stirred at rt for 1 h after which a
solution of (+/-)-7 (870 mg, 3.4 mmol) in THF (5 mL) was added. The mixture was
stirred at rt for 1 h before evaporation of the solvents. The residue was purified by flash
chromatography (EtOAc 100% and DCM/MeOH 99:1) to give (+/-)-18 (1.1 g, 55%) and
(+/-)-19 (100 mg, 5%) as white foam. Rf (DCM/MeOH: 95/5): 0.29. *H NMR (CDCls, 400
MHz): & = 8.03 (s, 1H, Hg), 6.63 (dd, J = 2.3, 5.6 Hz, 1H, Hy), 6.11 (dd, J = 1.9, 5.6 Hz,
1H, Hg), 5.99-5.77 (m, 1H, Hy), 4.14 (s, 3H, OCHg), 3.74 (d, J = 11.0 Hz, 3H, OCHs),
3.73 (d, J = 11.0 reHz, 3H, OCHs), 3.12 (dd, J = 7.6, 14.8 Hz, 1H, Hs,), 2.84 (dd, J =
15.4, 18.5 Hz, 1H, Hga), 2.71 (dd, J = 15.4, 20.1 Hz, 1H, Hgy), 2.52 (dd, J = 6.2, 14.8 Hz,
1H, Hsy), 2.03 (s, 3H, CHs3), 1.45 (s, 18H, 6xCHs). **P NMR (CDCls, 162 MHz): & =
27.36. 3C NMR (CDCls, 100 MHz): 8 = 170.6 (C=0), 161.6 (C¢), 152.6 (C.), 152.0
(COOt-Bu), 151.1(C»), 141.4 (Cg), 138.1 (d, J = 9.1 Hz, Cy), 134.6 (C3), 120.3 (Cs), 88.8
(d, J = 1.9 Hz, Cy), 83.2 (OCt-Bu), 58.9 (C4), 54.7 (OCHs), 52.6 (d, J = 15.3 Hz, OCHs),
52.6 (d, J = 15.4 Hz, OCHa), 45.1 (d, J = 3.5 Hz, Cs), 32.6 (d, J = 139.2 Hz, Cg), 28.0

(6XCH3), 21.9 (CHs). UV (EtOH) Amax = 253 NM (Emax = 17100). MS ESI-QTof>0 m/z

612.24 [M+H]". HRMS calculated for C6H3gN5010P: 612.2435; found: 612.2433.
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(+/-)-1-((Dimethoxyphosphoryl)methyl)-4-(2-(bis-boc-amino)-6-methoxy-7H-purin-
7-yl)cyclopent-2-en-1-yl acetate ((+/-)-19)

Rf (DCM/MeOH: 95/5): 0.2. *H NMR (CDCls, 400 MHz): & = 8.12 (s, 1H, Hs), 6.68 (dd, J
= 2.2, 5.6 Hz, 1H, Hy), 6.20 (dd, J = 1.9, 5.6 Hz, 1H, H3), 6.01-5.98 (m, 1H, H4), 4.13 (s,
3H, OCHs), 3.72 (d, J = 11.0 Hz, 6H, 2XOCHs), 3.15 (dd, J = 7.5, 15.0 Hz, 1H, Hss), 2.79
(dd, J = 15.5, 18.5 Hz, 1H, Hgs), 2.54 (dd, J = 15.4, 20.0 Hz, 1H, Hgy), 2.38 (dd, J = 5.6,
15.0 Hz, 1H, Hsy), 2.06 (s, 3H, CHs), 1.44 (s, 18H, 6xCHs). 3P NMR (CDCl;, 162 MHz):
5 = 26.97. 13C NMR (CDCl;, 100 MHz): & = 170.5 (C=0), 163.0 (C,), 157.6 (Cs), 152.0
(COOt-Bu), 151.3 (C>), 144.0 (Cg), 138.9 (d, J = 9.7 Hz, Cy), 133.8 (C3), 111.4 (Cs),
88.7 (d, J = 2.9 Hz, Cy), 83.1 (OCt-Bu), 62.2 (C4), 54.7 (OCH3), 52.7 (d, J = 10.3 Hz,
OCHs), 52.6 (d, J = 10.3 Hz, OCHg), 46.7 (d, J = 3.8 Hz, Cs), 33.3 (d, J = 139.4 Hz, Cg),
28.1 (6XxCH3), 21.9 (CH3). MS ESI-QTof>0 m/z 612.24 [M+H]*. HRMS calculated for

C26H39N5010P: 6122435, found: 612.2437.

(+/=)-Dimethyl ((4-(2-amino-6-methoxy-9H-purin-9-yl)-3-hydroxycyclopent-1-en-1-
yl)methyl) phosphonate ((+/-)-20)

To a stirred solution of (+/-)-18 (780 mg, 1.27 mmol) in CICH,CH,CI (10 mL) was added
dropwise TFA (3.7 mL) and the reaction was stirred at rt for 7 h. The volatile solvents
were removed under reduced pressure and the residue was purified by flash
chromatography (DCM/MeOH 100:0 to 96:4) to give (+/-)-20 (240 mg, 51%) as a white
foam. Rf (DCM/MeOH: 95/5): 0.07. *H NMR (MeOD, 300 MHz): 5 = 7.86 (s, 1H, Hg),
5.79-5.77 (m, 1H, Hy), 5.14-5.10 (m, 1H, Hg), 4.78-4.71 (m, 1H, Hy4), 4.04 (s, 3H,

OCHs), 3.77 (d, J = 11.0 Hz, 6H, 2xOCHs), 3.04-2.80 (m, 4H, Hs + Hg). 3P NMR
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(MeOD, 127 MHz): & = 29.59. 3C NMR (MeOD, 75 MHz): & = 162.7 (C¢),161.6 (Cy),
155.1 (Ca), 139.8 (C8) , 136.4 (d, J = 11.0 Hz, Cy), 132.2 (d, J = 12.2 Hz, Cy), 115.6
(Cs), 81.7 (C3), 64.8 (Cs), 54.1 (OCH3), 53.6 (d, J = 6.7 Hz, 2xOCH3), 40.7 (d, J = 2.8

250 nm (Emax = 5800). MS ESI-QTof>0 m/z 370.13 [M+H]". HRMS calculated for

C14H21Ns05P: 370.1280; found: 370.1280.

(+/-)-Sodium hydrogen ((4-(2-amino-6-oxo0-1H-purin-9(6H)-yl)-3-hydroxycyclopent-
1-en-1-yl)methyl)phosphonate ((+/-)-21)

To a solution of (+/-)-20 (90 mg, 0.24 mmol) in DMF (2 mL) at 0 °C was added dropwise
trimethylsilyl bromide (310 pL, 2.43 mmol). The reaction was stirred for 1 h at 0 °C and
15 h at rt. After the addition of TEAB until pH 7, the solvents were evaporatd and the
residue purified by reversed phase chromatography (H,O/MeOH 1:0 to 1:1) followed by
Dowex chromatography (Na*) to give (+/-)-21 (50 mg, 59%) as a white solid. Rf (i-
PrOH/NH4OH/H,0: 10/9/1); 0.65. *H NMR (D,0, 300 MHz): & = 7.83 (s, 1H, Hs), 6.65 (d,
J = 2.8 Hz, 1H, Hy), 4.95 (s, 1H, H3), 4.74-4.68 (m, 1H, Hy), 3.16 (dd, J = 8.8, 16.2 Hz,
1H, Hs4), 2.80 (d, J = 17.1 Hz, 1H, Hsy), 2.62 (d, J = 20.1 Hz, 2H, Hg). 3P NMR (D,0,
127 MHz): & = 18.57. 3C NMR (D,0, 75 MHz): & = 158.8 (C),153.4 (C>), 151.3 (Ca),
141.5 (d, J = 10.1 Hz, C4), 138.2 (Cg), 126.4 (d, J = 10.8 Hz, C,), 115.9 (Cs), 81.6 (C3),
62.2 (C4), 40.2 (d, J = 1.0 Hz, Cs), 31.8 (d, J = 127.5 Hz, Cg). UV (H20) Amax = 253 nm
(Emax = 9800). MS ESI-QTof<0 m/z 326.07 [M-H] .HRMS calculated for C;11H13NsOs5P:

326.0654; found: 326.0655.
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(+/-)-4-(6-Benzamido-9H-purin-9-yl)-1-((dimethoxyphosphoryl)methyl)cyclopent-2-
en-1-yl acetate ((+/-)-22)

To a solution of triphenylphosphine (1.96 g, 7.5 mmol) and dried N°®-Bz-adenine (1.8 g,
7.5 mmol) in THF (20 mL) at O °C was added dropwise DIAD (1.47 mL, 7.5 mmol). The
reaction mixture was stirred at rt for 1 h. Then a solution of (+/-)-7 (900 mg, 3.4 mmol) in
THF (4 mL) was added and the reaction mixture was stirred at rt for 1 h followed by
evaporation of the solvents. The product was purified by flash chromatography (EtOAc
100% and DCM/MeOH 100:0 to 95:5) to give (+/-)-22 (265 mg, 17%) as a white foam.
Rf (DCM/MeOH: 95/5): 0.25. *H NMR (CDCls, 300 MHz): 5 = 9.14 (s, 1H, NH), 8.79 (s,
1H, H,), 8.15 (s, 1H, Hg), 8.03-7.49 (m, 5H, Ha), 6.66 (dd, J = 2.3, 5.6 Hz, 1H, Hy), 6.16
(dd, J = 1.9, 5.6 Hz, 1H, Hg), 6.08-5.93 (m, 1H, Hy4), 3.75 (d, J = 11.0 Hz, 3H, OCHa),
3.74 (d, J = 11.0 Hz, 3H, OCH3), 3.16 (dd, J = 7.6, 14.8 Hz, 1H, Hs4), 2.87 (dd, J = 15.4,
18.5 Hz, H, Hga), 2.74 (dd, J = 15.4, 20.1 Hz, H, Hev), 2.59 (dd, J = 6.2, 14.8 Hz, 1H,
Hsb), 2.05 (s, 3H, CHs). *'P NMR (CDCls, 127 MHz): & = 27.52. **C NMR (CDCls, 75
MHz): & = 170.6 (C=0), 164.8 (C=0), 152.7 (C,), 152.0 (C4), 149.7 (C¢), 141.6 (Cg),
138.2 (d, J = 9.1 Hz, Cy), 134.5 (CHa,), 133.8 (Ca/), 132.9 (C3), 123.3 (Cs), 88.8 (d, J =
1.0 Hz, Cy), 59.0 (Cs), 52.7 (d, J = 10.7 Hz, OCH3), 52.6 (d, J = 10.7 Hz, OCH3), 45.0
(d, J = 2.3 Hz, Cg), 32.7 (d, J = 139.2 Hz, Cg), 21.9 (CHs). UV (EtOH) Amax = 280 nm
(Emax = 20500). MS ESI-QTof>0 m/z 486.15 [M+H]". HRMS calculated for C2,H25NsO0¢P:

486.1542; found: 486.1537.
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(+/-)-4-(2-Amino-6-chloro-9H-purin-9-yl)-1-((dimethoxyphosphoryl)meth-
yl)cyclopent-2-en-1-yl acetate ((+/=)-23)

To a solution of triphenylphosphine (650 mg, 2.5 mmol) and 2-amino-6-chloropurine
(420 mg, 2.5 mmol) in THF (10 mL) at 0 °C was added dropwise DIAD (0.5 mL,
2.5 mmol). The reaction mixture was stirred at rt for 1 h after which a solution of (+/-)-7
(300 mg, 1.13 mmol) in THF (5 mL) was added. The reaction mixture was stirred at rt for
1 h before filtration and evaporation of the solvent. Purification by flash chromatography
(DCM/MeOH 100:0 to 97:3) gave (+/-)-23 (332 mg, 53%) as a white foam. Rf
(DCM/MeOH: 95/5): 0.17. *H NMR (CDCls, 300 MHz): & = 7.84 (s, 1H, Hg), 6.61 (dd, J =
2.3, 5.6 Hz, 1H, Hy), 6.10 (dd, J = 1.9, 5.6 Hz, 1H, H3), 5.83-5.65 (m, 1H, Hy4), 5.16 (s,
2H, NH,), 3.74 (d, J = 11.0 Hz, 3H, OCHs), 3.73 (d, J = 11.0 Hz, 3H, OCHs), 3.08 (dd, J
= 7.6, 14.9 Hz, 1H, Hs4), 2.86 (dd, J = 15.4, 18.5 Hz, 1H, Hga), 2.69 (dd, J = 15.4, 20.1
Hz, 1H, Hev), 2.49 (dd, J = 6.0, 14.9 Hz, 1H, Hsy), 2.04 (s, 3H, CH3). P NMR (CDCls,
127 MHz): & = 27.50. **C NMR (CDCls, 75 MHz): & = 170.5 (C=0), 159.1 (C,), 153.7
(Ca), 151.6 (Cg), 140.7 (Cg), 138.2 (d, J = 9.3 Hz, C»), 134.4 (C3), 125.7 (Cs), 88.8 (d, J
= 2.6 Hz, Cy), 58.7 (C4), 52.7 (d, J = 9.9 Hz, OCHs), 52.6 (d, J = 9.8 Hz, OCHs), 44.7 (d,
J=3.7 Hz, Cs), 32.9 (d, J = 139.3 Hz, Cg), 21.9 (CH3). UV (EtOH) Amnax= 310 NM (Emax =
9500). MS ESI-QTof>0 m/z 416.09 [M+H]". HRMS calculated for Ci5H20NsOsPCI:

416.0891; found: 416.0888.
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(+/-)-Dimethyl ((4-(6-amino-9H-purin-9-yl)-1-hydroxycyclopent-2-en-1-yl)meth-
yl)phosphonate ((+/-)-24)

To a solution of (+/-)-22 (250 mg, 0.51 mmol) in MeOH (5 mL) was added K,CO3
(143 mg, 1.03 mmol) and the reaction mixture was stirred at rt for 20 h. After filtration
and evaporation of the solvent the residue was purified by flash chromatography
(DCM/MeOH 1:0 to 9:1) to give (+/-)-24 (60 mg, 34%) as a white solid. Rf (DCM/MeOH:
9/1): 0.2. *H NMR (D,0, 300 MHz): & = 8.14 (s, 1H, H,), 8.03 (s, 1H, Hg), 6.37 (dd, J =
1.5, 5.4 Hz, 1H, Hy), 6.22 (dd, J = 1.7, 5.5 Hz, 1H, Hz), 5.76-5.72 (m, 1H, H4), 3.71 (d, J
= 11.0 Hz, 6H, 2XxOCHa), 2.77 (dd, J = 7.7, 14.6 Hz, 1H, Hss), 2.51 (dd, J = 5.0, 18.5 Hz,
2H, Hg), 2.29 (dd, J = 5.3, 14.7 Hz, 1H, Hsp). **P NMR (D20, 127 MHz): & = 32.33. 1°C
NMR (D,0, 75 MHz): & = 155.0 (C,), 151.6 (Ca), 148.5 (Cg), 140.9 (d, J = 9.3 Hz, C»),
140.2 (Cg), 131.3 (C3), 118.6 (Cs), 80.9 (d, J = 4.1 Hz, C+), 59.3 (C4), 52.9 (t, J = 6.5
Hz, 2xOCH3), 46.0 (d, J = 6.5 Hz, Cs), 34.9 (d, J = 137.3 Hz, Cg). UV (H20) Amax = 261
nM (Emax = 12200). MS ESI-QTof>0 m/z 340.12 [M+H]". HRMS calculated for

Ci3H19NsO4P: 340.1175; found: 340.1177

(+/-)-Dimethyl  ((4-(2-amino-6-methoxy-9H-purin-9-yl)-1-hydroxycyclopent-2-en-1-
yl)methyl)phosphonate ((+/-)-25)

To a solution of (+/-)-23 (100 mg, 0.24 mmol) in MeOH (3 mL) was added K,CO3
(116 mg, 0.84 mmol) and the reaction mixture was stirred at rt for 4 h. After filtration and
evaporation of the volatiles the residue was purified by flash chromatography
(DCM/MeOH 100:0 to 90:10) to give (+/-)-25 (64 mg, 72%) as a white foam. Rf

(DCM/MeOH: 95/5): 0.1. *H NMR (CDCls, 300 MHz): & = 7.55 (s, 1H, Hs), 6.28 (dd, J =
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1.9, 5.5 Hz, 1H, Hz), 6.10 (dd, J = 2.1, 5.5 Hz, 1H, Hz), 5.74-5.69 (m, 1H, Hy), 4.92 (s,
2H, NHy), 4.06 (s, 3H, OCHg), 3.77 (d, J = 13.6 Hz, 3H, OCHg), 3.74 (d, J = 13.6 Hz, 3H,
OCHjz), 2.81 (dd, J = 7.8, 14.3 Hz, 1H, Hs3), 2.36 (dd, J = 1.0, 17.6 Hz, 2H, Hg), 2.22-
2.15 (m, 1H, Hsy). 3P NMR (CDCls, 127 MHz): 5 = 30.91. 3C NMR (CDCls, 75 MHz): &
= 161.8 (C¢),159.4 (Cy), 153.73 (C4), 141.1 (d, J = 10.7 Hz, Cy), 137.3 (Cg), 131.9 (C3),
116.2 (Cs), 81.0 (d, J = 5.4 Hz, Cy), 58.9 (C4), 54.0 (OCHs), 52.7 (d, J = 9.2 Hz, OCHs),
52.6 (d, J = 9.2 Hz, OCHg), 47.3 (d, J = 10.2 Hz, Cs), 36.4 (d, J = 135.6 Hz, Cs).

UV (EtOH) Amax = 284 NM (Emax = 8300), Anax = 245 NM (Emax = 8000). MS ESI-QTof>0

m/z 370.13 [M+H]". HRMS calculated for C14H2:NsOsP: 370.1280; found: 370.1277.

(+/-)-Sodium hydrogen ((4-(6-amino-9H-purin-9-yl)-1-hydroxycyclopent-2-en-1-
yl)methyl)phosphonate ((+/-)-26)

To a solution of (+/-)-24 (60 mg, 0.176 mmol) in DMF (2 mL) at 0 °C was added
dropwise trimethylsilyl bromide (230 pL, 1.76 mmol) and the reaction mixture was stirred
for 1 h at 0 °C and 16 h at rt. After the addition of TEAB until pH 7, evaporation of
solvents and purification by reversed phase chromatography (H,O/MeOH 1:0 to 1:1)
followed by Dowex chromatography (Na*) compound (+/-)-26 (7 mg, 12%) was obtained
as a white solid. Rf (i-PrOH/NH4OH/H,0: 7/2/1): 0.3 *H NMR (D,0, 400 MHz): & = 8.12
(s, 1H, H,), 8.10 (s, 1H, Hg), 6.39 (dd, J = 2.1, 5.6 Hz, 1H, H), 6.14 (dd, J = 2.0, 5.6 Hz,
1H, Hg), 5.75-5.72 (m, 1H, Hx), 2.71 (dd, J = 7.7, 14.5 Hz, 1H, Hss), 2.38 (dd, J = 5.6,
14.5 Hz, 1H, Hsp), 2.17 (dd, J = 18.1 Hz, 2H, Hg). *'P NMR (D0, 162 MHz): 5 = 18.89.
3C NMR (D0, 100 MHz): & = 155.2 (C4), 152.0 (C,), 148.4 (Cq), 141.6 (d, J = 7.4 Hz,

Cy), 140.4 (Cg), 130.8 (C3), 118.5 (Cs), 82.0 (d, J = 2.9 Hz, C), 59.3 (Cs), 45.7 (d, J =
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6.6 Hz, Cs), 38.8 (d, J = 127.9 Hz, Cg). MS ESI-QTof>0 m/z 334.07 [M+H]". HRMS

calculated for C11H14Ns50O4NaP: 334.0681; found: 334.0684.

(+/-)-Sodium hydrogen ((4-(2-amino-6-o0x0-1H-purin-9(6H)-yl)-1-hydroxycyclopent-
2-en-1-yl)methyl)phosphonate ((+/-)-27)

To a solution of (+/-)-25 (250 mg, 0.677 mmol) in DMF (5 mL) at 0 °C was added
dropwise trimethylsilyl bromide (875 pL, 6.77 mmol) and the reaction mixture was stirred
for 1 h at 0 °C and 15 h at rt. After the addition of TEAB until pH 7, evaporation of
solvents and purification by reversed phase chromatography (H,O/MeOH 1:0 to 1:1)
followed by Dowex chromatography (Na*) compound (+/-)-27 (37 mg, 17%) was
obtained as a white solid. Rf (i-PrOH/NH4OH/H,0: 7/2/1): 0.1. *H NMR (D,O, 300 MHz):
5 =7.80 (s, 1H, Hg), 6.35 (dd, J = 2.1, 5.6 Hz, 1H, H»), 6.09 (dd, J = 2.0, 5.6 Hz, 1H,
Hs), 5.61-5.57 (m, 1H, Hx), 2.68 (dd, J = 7.7, 14.5 Hz, 1H, Hs,), 2.35 (dd, J = 5.7, 14.5
Hz, 1H, Hsyp), 2.17 (d, J = 17.0 Hz, 2H, Hg). *'P NMR (D,0, 127 MHz): & = 19.01. *3C
NMR (D,0, 75 MHz): & = 158.8 (C=0),153.5 (C,), 151.1 (C4), 141.2 (d, J = 7.3 Hz, C»),
138.0 (Cg), 131.2 (C3), 116.1 (Cs), 82.1 (d, J = 2.9 Hz, Cy), 58.9 (C4), 45.8 (d, J = 6.9
Hz, Cs), 38.8 (d, J = 127.9 Hz, Cg). UV (H20) Amax = 252 nm (Emax = 9300). MS ESI-
QTof>0 m/z 328.08 [M+H]". HRMS calculated for Ci;H:sNsOsP: 328.0811; found:

328.0812.
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