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Supporting Information 1. Description of the chemical synthesis depicted in Scheme 
1. 

2-((12-Bromododecyl)oxy)tetrahydro-2H-pyran (2).  To a solution of 1 (5.2 g, 19.61 

mmol, commercial) and 2,3-dihydro-2H-pyran (2.47 g, 29.4 mmol) in DCM (35 mL) was 

added pyridinium p-toluenesulfonate (PPTS) (0.74 g, 2.94 mmol) at RT. The mixture was 

stirred for 18 hr at RT. The mixture was concentrated. The residue was taken up in 

hexanes and purified by a silica gel column (5% EtOAc in hexanes) to give 2 (6.8 g, 99%) 

as a colorless oil. 1H NMR (400 MHz, Chloroform-d) δ 4.58 (dd, J = 4.5, 2.7 Hz, 1H), 3.87 

(ddd, J = 11.1, 7.4, 3.4 Hz, 1H), 3.73 (dt, J = 9.5, 6.9 Hz, 1H), 3.55 - 3.47 (m, 1H), 3.45 - 

3.33 (m, 3H), 1.90 - 1.78 (m, 3H), 1.76 - 1.68 (m, 1H), 1.64 - 1.47 (m, 6H), 1.46 - 1.23 (m, 

16H).  

 

2-((13-Cyclobutyltridecyl)oxy)tetrahydro-2H-pyran (3). To a mixed solution of 2 (3.64 

g, 10.42 mmol) in THF (30 mL) and Li2CuCl4 (0.1 M solution in THF, 5.2 mL, 0.522 mmol) 

at 0oC was added Grignard reagent cyclobutylmethyl)magnesium bromide which was 

made from (bromomethyl)cyclobutane (4.0 g, 26.8 mmol) and grinded magnesium 

turnings (1.31 g, 53.7 mmol) in Et2O (25 mL). After the addition completed, stirred at 0oC 

for 30 min and then at RT for 16 hr. The reaction was quenched by NH4Cl at 0oC. Stirred 

at RT for 20 min. Then the mixture was treated with hexanes and water. Organic phase 

was washed by brine, dried over Na2SO4, and concentrated to give 3 (3.5 g, 99%) as a 

colorless oil. 1H NMR (400 MHz, Chloroform-d) δ 4.58 (dd, J = 4.5, 2.7 Hz, 1H), 3.87 (ddd, 

J = 11.0, 7.4, 3.4 Hz, 1H), 3.73 (dt, J = 9.6, 6.9 Hz, 1H), 3.58 - 3.45 (m, 1H), 3.38 (dt, J = 

9.6, 6.7 Hz, 1H), 2.23 (dt, J = 15.5, 7.8 Hz, 1H), 2.01 (dddd, J = 13.6, 6.7, 5.2, 3.0 Hz, 

2H), 1.91 - 1.66 (m, 4H), 1.62 - 1.49 (m, 9H), 1.40 - 1.11 (m, 21H).  

 

13-Cyclobutyltridecan-1-ol (4). To an emulsion of 3 (3.45 g, 10.2 mmol) in Methanol (20 

mL) was  added p-toluenesulphonic acid monohydrate (97 mg, 0.51 mmol). The mixture 

was stirred at 40oC for 48 hr. Most of the methanol was removed under reduced pressure. 

Water (20 mL) was added to the residue and the mixture was extracted with hexane (2 x 
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40 mL). The combined organic layers were washed with saturated aqueous NaHCO3 and 

brine, dried over Na2SO4, and concentrated under reduced pressure to give 4 (2.42 g, 

93%) as an wax-like solid. 1H NMR (400 MHz, Chloroform-d) δ 3.64 (t, J = 6.6 Hz, 2H), 

2.22 (h, J = 7.8 Hz, 1H), 2.08 - 1.92 (m, 2H), 1.80 (tddd, J = 14.8, 11.4, 9.3, 6.4 Hz, 2H), 

1.57 (dtd, J = 11.2, 7.4, 6.2, 2.3 Hz, 4H), 1.42 - 1.06 (m, 23H).  

 

13-Cyclobutyltridecyl methanesulfonate (5). Compound 4 (2.4 g, 9.43 mmol) and 

triethylamine (1.15 g, 11.32 mmol) were dissolved in DCM (30 mL) and the solution was 

cooled to 0oC. Methanesulfonyl chloride (1.30 g, 11.32 mmol) was added dropwise. The 

reaction was stirred at RT for 3 hr, quenched with 0.5 N aq HCl and extracted two times 

with hexanes. The organic layer was then washed with H2O, NaHCO3, brine, dried over 

sodium sulfate, filtered, and concentrated under reduced pressure to give 5 (3.0 g, 96%) 

as an wax-like solid. 1H NMR (400 MHz, Chloroform-d) δ 4.22 (t, J = 6.6 Hz, 2H), 3.01 (s, 

3H), 2.23 (p, J = 7.8 Hz, 1H), 2.07 - 1.93 (m, 2H), 1.87 - 1.68 (m, 4H), 1.61 - 1.52 (m, 2H), 

1.42 - 1.12 (m, 22H).  

 

3-((13-Cyclobutyltridecyl)thio)propan-1-ol (6). Under nitrogen, to a solution of 5 (3.0 g, 

9.02 mmol) and 3-mercaptopropan-1-ol (1.25 g, 13.53 mmoL) in acetone (30 mL) was 

added potassium carbonate (2.49 g, 18.04 mmol). The suspension was stirred at 30oC 

for 16 hr. The mixture was evaporated and the residue was partitioned between water 

and hexane. The organic phase was washed with 1 N sodium hydroxide, water, brine, 

dried over sodium sulfate, and the volatiles was removed under vacuum to give 6 (2.9 g, 

98%) as a white solid. 1H NMR (400 MHz, Chloroform-d) δ 3.77 (q, J = 5.4 Hz, 2H), 2.64 

(t, J = 7.0 Hz, 2H), 2.53 (dd, J = 8.1, 6.8 Hz, 2H), 2.28 - 2.19 (m, 1H), 2.07 - 1.95 (m, 2H), 

1.92 - 1.72 (m, 4H), 1.65 - 1.48 (m, 5H), 1.47 - 1.07 (m, 22H). 

 

3-((13-Cyclobutyltridecyl)sulfonyl)propan-1-ol (7). To a solution of 6 (2.85 g, 8.67 

mmol) in AcOH (65 mL) was added 30% H2O2 (17.7 mL, 30%, 173 mmol). The solution 
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was stirred in the dark at RT for 16 h. The solvent was evaporated under reduced 

pressure. The white solid residue was treated with DCM and sat. NaHCO3. The organic 

phase was washed by brine, dried over Na2SO4, and evaporated to afford 7 (2.98 g, 95%) 

as a white solid. 1H NMR (400 MHz, Chloroform-d) δ 3.82 (d, J = 5.6 Hz, 2H), 3.17 - 3.07 

(m, 2H), 3.00 (d, J = 8.2 Hz, 2H), 2.27 - 2.19 (m, 1H), 2.16 - 2.07 (m, 2H), 2.04 - 1.98 (m, 

2H), 1.88 - 1.73 (m, 4H), 1.56 - 1.47 (m, 1H), 1.43 (q, J = 7.3 Hz, 2H), 1.38 - 1.10 (m, 

22H).  

 

3-((13-Cyclobutyltridecyl)sulfonyl)propyl methanesulfonate (8). Compound 7 (2.95 

g, 8.18 mmol) and triethylamine (0.99 g, 9.82 mmol) were added in DCM (40 mL) and 

cooled to 0oC. Methanesulfonyl chloride (1.12 g, 9.82 mmol) was added dropwise via 

syringe to the stirred solution over 2 min. The reaction was stirred at RT for 3 hr, quenched 

with 0.5 N aq HCl, and extracted 2 times with DCM. The organic layer was then washed 

with H2O, NaHCO3, brine, dried over sodium sulfate, filtered, and concentrated under 

reduced pressure to give 8 (3.3 g, 92%) as a white solid. 1H NMR (400 MHz, Chloroform-

d) δ 4.41 (t, J = 5.9 Hz, 2H), 3.16 - 3.08 (m, 2H), 3.05 (s, 3H), 3.02 - 2.96 (m, 2H), 2.41 - 

2.28 (m, 2H), 2.28 - 2.19 (m, 1H), 2.05 - 1.95 (m, 2H), 1.92 - 1.69 (m, 4H), 1.59 - 1.50 (m, 

4H), 1.45 (d, J = 7.3 Hz, 1H), 1.29 (d, J = 35.3 Hz, 19H).  

 

4-Amino-1-(((5S)-2-(3-((13-cyclobutyltridecyl)sulfonyl)propoxy)-2-oxido-1,4,2-

dioxaphosphinan-5-yl)methyl)pyrimidin-2(1H)-one (9). To a suspension of cCDV-

DCMC (cyclic cidofovir-dicyclohexylmorpholinocarboxamindine salt, prepared from 

cidofovir as described in ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, (2002), p. 

991-995) (0.270 g, 0.487 mmol) in dry DMF (10 mL) was added 8 (0.534 g, 1.22 mmol) 

and the mixture was stirred and heated at 80oC for 16 hr. The reaction mixture was then 

concentrated in vacuo and the soft solid residue was dissolved in 6 ml of 9:1 DCM/MeOH 

mixed solvent and purified by silica gel preparative TLC plate (9:1 DCM/MeOH) to give 9 

(0.147 g, 50%) as a white solid. 1H NMR (400 MHz, Chloroform-d) δ 7.28 (dd, J = 7.3, 5.6 

Hz, 1H), 5.97 (d, J = 7.2 Hz, 1H), 4.39 (dd, J = 11.5, 6.1 Hz, 1H), 4.33 - 4.11 (m, 2H), 4.09 
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- 4.03 (m, 1H), 3.89 (dd, J = 14.8, 3.0 Hz, 1H), 3.77 (s, 2H), 3.45 (s, 2H), 3.15 (t, J = 7.6 

Hz, 1H), 3.07 - 2.96 (m, 2H), 2.25 (dt, J = 15.4, 8.7 Hz, 2H), 2.01 (dt, J = 9.7, 3.8 Hz, 1H), 

1.91 - 1.76 (m, 9H), 1.64 - 1.49 (m, 3H), 1.43 (d, J = 7.2 Hz, 1H), 1.37 - 1.15 (m, 20H). 

31P NMR (162 MHz, Chloroform-d) δ 12.52, 11.12. MS: m/z 604.3185 (M+H)
+
, m/z 

602.3011 (M-H)
-
.  

 

Ammonium 3-((13-cyclobutyltridecyl)sulfonyl)propyl hydrogen ((((S)-1-(4-amino-2-

oxopyrimidin-1(2H)-yl)-3-hydroxypropan-2-yl)oxy)methyl)phosphonate (10). 

Compound 9 (0.135 g, 0.224 mmol) was put into a screw-cap reaction tube. Concentrated 

NH4OH (28-30%, 15 mL) was added. The reaction tube was screw capped. The 

suspension mixture was then stirred at 80°C for 18 h. The reaction mixture was then 

cooled to room temperature and evaporated under reduced pressure at 55oC. The soft 

solid residue was triturated with acetone, collected by filtration, washed by a small amount 

of acetone and DCM, and dried under vacuum to give 10 (76 mg, 53%) as white solid. 1H 

NMR (400 MHz, Methanol-d4) δ 7.82 (d, J = 7.5 Hz, 1H), 5.95 (d, J = 7.4 Hz, 1H), 4.13 

(dd, J = 14.0, 3.2 Hz, 1H), 3.99 (q, J = 6.2 Hz, 2H), 3.88 - 3.48 (m, 6H), 3.21 (dd, J = 9.6, 

6.1 Hz, 2H), 3.16 - 3.04 (m, 2H), 2.24 (dt, J = 16.6, 8.3 Hz, 1H), 2.14 - 1.97 (m, 5H), 1.96 

- 1.72 (m, 3H), 1.60 (qd, J = 8.8, 2.5 Hz, 2H), 1.46 (q, J = 7.3 Hz, 2H), 1.40 - 1.09 (m, 

20H). 31P NMR (162 MHz, Methanol-d4) δ 16.13. MS: m/z 622.3294 (M+H)
+
, 620.3132 

(M-H)
-
. HPLC: 97.57%. It is NPP-669. 
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Supporting Information 2. NPP-669 Certificate of Analysis. 
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