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Experimental section (preparation and spectral data of compounds).

NMR spectra were recorded on either a 200 or 400 MHz spectrometer. *C NMR spectra were obtained
with broadband proton decoupling. For spectra recorded in CDCls, chemical shifts were recorded
relative to the internal TMS (tetramethylsilane) reference signal. For DMSO-ds, chemical shifts are

given relative to the solvent signal. IR spectra were recorded on a FT-IR spectrophotometer.
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Commercial reagents were used without further purification. Flash column chromatography was
performed over silica gel (100-200 mesh). Thin layer chromatography was performed using silica gel
Fas4 TLC plates and visualized with UV. Tetrahydrofuran was dried from sodium benzophenone ketyl.
Alkyllithium reagents were titrated periodically against N-benzylbenzamide [1]. N,N,N’,N’-Tetramethyl-
1,2-ethylenediamine (TMEDA) and 2,2,6,6-tetramethylpiperidine were distilled from CaH,.

Diisopropylamine was distilled from KOH.

2°,3’-0-isopropylideneuridine (6). To a suspension of uridine (10.00 g, 41.0 mmol) and p-
toluenesulfonic acid monohydrate (1.07 g, 5.6 mmol) in acetone (50 mL) was added 2,2-
dimethoxypropane (25 mL, 201 mmol) at room temperature. The resulting mixture was stirred
overnight, the white precipitate was filtered off, washed with acetone, and dried under vacuum to give
27,3’-O-isopropylideneuridine (6) (9.27 g, 80%) as a white solid (mp 160—161 °C, lit. [2] 161 °C). *H
NMR (200 MHz, CDCls) &: 7.83 (d, 1H, J = 8.1 Hz, H6), 5.87 (d, 1H, J = 2.8 Hz, H1"), 5.68 (d, 1H, J =
8.1 Hz, H5), 4.91 (dd, 1H, J = 6.3, 2.8 Hz, H2’), 4.82 (dd, 1H, J = 6.3, 3.4 Hz, H3"), 4.20 (m, 1H, H4"),
3,77 (dd, 1H, J = 11.9, 3.6 Hz, H5"), 3.71 (dd, 1H, J = 4.6, 1.9 Hz, H5"), 1.54 (s, 3H, C(CH3)), 1.35 (s,
3H, C(CH3)). *C NMR (50 MHz, DMSO-ds) &: 164.2, 151.3, 142.9, 114.0, 102.3, 92.2, 87.5, 84.7,
81.5, 62.3, 28.0, 26.2. IR (v, cm'l): 3240, 2986, 1661, 1465, 1117, 801.

2’,3’-0-isopropylidene-5’-O-TBDMS-uridine (10). 2’,3’-O-isopropylideneuridine (6) (7.00 g, 24.6
mmol) was dissolved in DMF (100 mL) at rt. Imidazole (3.32 g, 49 mmol), DMAP (1.45 g, 12 mmol)
and tert-butyldimethylsilyl chloride (8.40 g, 55 mmol) were successively added. After being stirred at rt
for 16 h, the reaction mixture was diluted with water (170 mL) and extracted with ethyl acetate (3 x 100
mL). The combined organic layers were washed with brine, dried over MgSO,, filtered, and
concentrated in vacuo. Chromatography on silica gel (CH,Cl,/MeOH 95:5) afforded 2’,3’-O-
isopropylidene-5’-O-TBDMS-uridine (10) (9.29 g, 95%) as a white solid (mp 135-136 °C, lit. [3]
134-135 °C). *H NMR (200 MHz, CDCls) §: 7.70 (d, 1H, J = 8.1 Hz, H6), 5.99 (d, 1H, J = 2.8 Hz,
H1%), 5.69 (d, 1H, J = 8.1 Hz, H5), 4.77 (dd, 1H, J = 6.2, 2.9 Hz, H2"), 4.68 (dd, 1H, J = 6.2, 2.7 Hz,
H3%), 4.33 (m, 1H, H4’), 3,94 (dd, 1H, J = 11.5, 2.4 Hz, H5’), 3.80 (dd, 1H, J = 11.5, 3.0 Hz, H5"), 1.60
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(s, 3H, C(CHa)), 1.36 (s, 3H, C(CHs)), 0.91 (s, 9H, C(CHa)s), 0.10 (s, 6H, CHs). *C NMR (100 MHz,
CDCl3) 0: 163.7, 150.3, 140.7, 114.1, 102.2, 91.9, 86.7, 85.3, 80.3, 63.4, 27.3, 26.0, 25.7, 18.5, -5.5. IR
(v, Cm'l): 2935, 2855, 1684, 1461, 1268, 1125, 829.

2’,3’-0-isopropylidene-5’-O-TBDMS-6-deuterouridine (12). 2°,3’-0-isopropylidene-5’-O-
TBDMS-uridine (10) (0.825 g, 2.07 mmol) in THF (10 mL) was added dropwise to a solution of LDA
(20 mmol) in THF (10 mL) under an argon atmosphere at =70 °C. The resulting mixture was stirred for
1 h, treated with D,O (0.2 mL, 14.5 mmol) and stirred for an additional hour at —70 °C. The solution
was warmed gradually to rt, hydrolyzed with water (10 mL), the aqueous layer was extracted with ethyl
acetate (3 x 15 mL), and the combined organic layers were washed with brine, dried over MgSQ,,
filtered and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(cyclohexane/ethyl acetate 8:2 — 6:4) to give 2°,3’-O-isopropylidene-5’-O-TBDMS-6-deuterouridine
(12) in 82% yield. *H NMR (400 MHz, CDCls) &: 5.99 (d, 1H, J = 2.8 Hz, H1’), 5.69 (s, 1H, H5), 4.77
(dd, 1H, J = 6.2, 2.9 Hz, H2’), 4.68 (dd, 1H, J = 6.2, 2.7 Hz, H3"), 4.33 (m, 1H, H4’), 3,94 (dd, 1H, J =
11.5, 2.4 Hz, H5"), 3.80 (dd, 1H, J = 11.5, 2.9 Hz, H5"), 1.60 (s, 3H, C(CH3)), 1.36 (s, 3H, C(CH3)),
0.91 (s, 9H, C(CHa)3), 0.10 (s, 6H, CH).

2°,3’-0-isopropylidene-5’-O-TBDMS-6-methyluridine (2). 2’,3’-O-isopropylidene-5’-O-TBDMS-
uridine (10) (1.184 g, 2.97 mmol) in THF (12 mL) was added dropwise to a solution of LDA (7.5 mmol)
in THF (15 mL) under argon at —78 °C. After 3 h at —78 °C, the resulting solution was added to a
solution of iodomethane (0.6 mL, 9.6 mmol) in THF (12 mL) at =78 °C. Stirring was maintained for 1 h
and the solution was allowed to warm to rt. Water (20 mL) was added, the aqueous phase was extracted
with ethyl acetate, and the combined organic layers were dried over MgSQ,, filtered and concentrated in
vacuo. The residue was purified by column chromatography on silica gel (cyclohexane/ethyl acetate
8:2 — 6:4) to give 2°,3’-O-isopropylidene-5’-O-TBDMS-6-methyluridine (2) (890 mg, 72%) as a white
solid. (mp 120 °C). *H NMR (400 MHz, CDCl3) &: 9.26 (broad s, 1H, NH), 5.71 (d, 1H, J = 1.3 Hz,
H1%), 5.57 (s, 1H, H5) 5.22 (dd, 1H, J = 6.3, 1.3 Hz, H2"), 4.82 (dd, 1H, J = 6.3, 4.5 Hz, H3"), 4.14 (m,
1H, H4’), 3.81 (m, 2H, H5’and H5"), 2,34 (s, 3H, CHs), 1.54 (s, 3H, C(CHs)), 1.34 (s, 3H, C(CH3)),
0.88 (s, 9H, C(CHs)s), 0.04 (s, 6H, CH3). °C NMR (100 MHz, CDCls) &: 163.5, 153.3, 150.8, 113.7,
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103.0, 91.7, 89.7, 84.3, 82.0, 64.3, 27.3, 25.3, 20.4, 18.5, -5.2. IR (v, Cm'l): 2929, 2858, 1701, 1387,
1092, 837. HRMS calcd for C15H23N206Si ([M-C4Ho] ): 355.1325, found 355.1310.

Metalation of 2°,3’-O-isopropylidene-5’-O-TBDMS-6-methyluridine (2) — General procedure. To
a solution of the base (3 mmol) in THF (4 mL) at —70 °C was added dropwise 2°,3’-O-isopropylidene-
5’-O-TBDMS-6-methyluridine (2) (0.75 mmol) in THF (4 mL). Stirring was maintained 1 h at =70 °C.
The solution was quenched with the electrophile (8 equiv), stirred at =70 °C for 30 min and then
gradually warmed to ambient temperature. Water (5 mL) was added, the aqueous phase was extracted
with ethyl acetate. The combined organic layers were dried over MgSQO,, filtered, and concentrated in
vacuo. The residue was purified by column chromatography on silica gel (cyclohexane/ethyl acetate 9:1
— 6:4).

2°,3’-0-isopropylidene-5’-O-TBDMS-6-but-3-enyluridine (3a). Pale yellow viscous oil (65%, entry
2, Table 1). *H NMR (400 MHz, CDCls) 6: 9.35 (broad s, 1H, NH), 5.81 (ddt, 1H, J = 16.8, 10.2, 6.6
Hz, CH=CHy), 5.69 (s, 1H, H1"), 5.57 (d, 1H, J = 2.3 Hz, H5), 5.21 (dd, 1H, J = 6.6, 1.3 Hz, H2’), 5.18-
5.10 (m, 2H, CH=CH,), 4.81 (dd, 1H, J = 6.3, 4.5 Hz, H3"), 4.15 (m, 1H, H4"), 3.86-3.78 (m, 2H, H5’
and H5"), 2,68 (t, 2H, J = 7.1 Hz, CHy), 2.41 (m, 2H, CH,), 1.54 (s, 3H, C(CHa)), 1.34 (s, 3H, C(CH3)),
0.88 (s, 9H, C(CHs)3), 0.05 (s, 6H, CH3). °C NMR (50 MHz, CDCls) &: 163.5, 156.0, 150.8, 135.1,
117.0, 113.7, 102.2, 91.5, 89.6, 84.3, 82.1, 64.3, 32.3, 31.3, 27.3, 25.9, 25.3, 18.4, -5.2. HRMS calcd for
C1sH27N206Si ([M-CsHo] ): 395.1638, found 395.1593.

2°,3’-0-isopropylidene-5’-O-TBDMS-5-allyl-6-methyluridine (19a). Pale yellow viscous oil (20%,
entry 2, Table 1). *H NMR (400 MHz, CDCls) 6: 9.34 (broad s, 1H, NH), 5.84-5.72 (m, 2H, H1’ and
CH=CHy,), 5.22 (d, 1H, J = 6.3 Hz, H2’), 5.02 (dd, 1H, J = 10.1, 1.5 Hz, CH=CH,), 5.00 (dd, 1H, J =
16.9, 1.5 Hz, CH=CH,), 4.83 (dd, 1H, J = 6.3, 4.5 Hz, H3’), 4.13 (m, 1H, H4’), 3.85-3.78 (m, 2H, H5’
and H5”), 3.20 (m, 2H, CH,) 2,31 (s, 3H, CHa), 1.53 (s, 3H, C(CH3)), 1.33 (s, 3H, C(CHa)), 0.87 (s, 9H,
C(CHa)s), 0.03 (s, 6H, CHz). °C NMR (100 MHz, CDCl5) &: 163.2, 150.2, 149.6, 134.4, 115.3, 113.5,
110.9, 92.0, 89.5, 84.3, 81.9, 64.2, 29.3, 27.1, 25.9, 25.3, 18.4, 16.4, -5.3. IR (v, Cm'l): 2928, 2856,
1680, 1461, 1252, 1062. HRMS calcd for C1gH27N206Si ([M-C4Ho] ): 395.1638, found 395.1652.
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2°,3’-0-isopropylidene-5’-O-TBDMS-6-pent-4-enyluridine (3b). Pale yellow viscous oil (56%,
entry 4). 'H NMR (400 MHz, CDCls) 6: 9.28 (broad s, 1H, NH), 5.79 (ddt, 1H, J = 17.2, 10.4, 6.5 Hz,
CH=CHy,), 5.66 (s, 1H, J = 1.0 Hz, H1’), 5.56 (d, 1H, J = 2.0 Hz, H5), 5.19 (dd, 1H, J = 6.4, 1.0 Hz,
H2), 5.12-5.04 (m, 2H, CH=CH,), 4.80 (dd, 1H, J = 6.5, 4.5 Hz, H3"), 4.15 (m, 1H, H4"), 3.85-3.77 (m,
2H, H5’ and H5"), 2,57 (t, J = 7.8 Hz, 2H, CH,), 2.18 (m, 2H, CH,), 1.75 (m, 2H, CH,), 1.54 (s, 3H,
C(CHs)), 1.33 (s, 3H, C(CHs3)), 0.87 (s, 9H, C(CHa)3), 0.04 (s, 6H, CH3). *C NMR (50 MHz, CDCl5) &
163.5, 156.7, 150.8, 136.7, 116.3, 113.6, 102.0, 91.4, 89.6, 84.3, 82.1, 64.2, 32.6, 30.0, 27.2, 26.6, 25.8,
25.3,18.4, -5.3. IR (v, Cm'l): 2929, 2857, 1687, 1381, 1082, 1060. HRMS calcd for C19H29N206Si ([M-
C4Ho] ): 409.1795, found 409.1793.

2°,3’-0-isopropylidene-5’-O-TBDMS-6-(1-allyl-but-3-enyl)uridine (20). Pale yellow viscous oil
(40%, entry 5). *H NMR (400 MHz, CDCls) &: 8.80 (broad s, 1H, NH), 5.79 (s, 1H, H’-1), 5.69 (m, 2H,
CH=CH,), 5.55 (d, 1H, J = 2.3 Hz, H5), 5.18 (dd, 1H, J = 6.4, 1.1 Hz, H2’), 5.19-5.08 (m, 4H,
CH=CH,), 4.80 (dd, 1H, J = 6.4, 4.5 Hz, H3"), 4.15 (m, 1H, H4’), 3.84-3.77 (m, 2H, H5* and H5"), 2.95
(quint., 1H, J = 6.3 Hz, CH), 2.46-2.33 (m, 4H, CHy), 1.54 (s, 3H, C(CHs)), 1.33 (s, 3H, C(CH3)), 0.87
(s, 9H, C(CHa)s), 0.04 (s, 6H, CHs). °C NMR (100 MHz, CDCl5) &: 163.5, 158.8, 150.9, 133.7, 133.2,
118.8, 118.4, 113.6, 101.1, 90.9, 89.7, 84.5, 82.0, 64.3, 37.4, 36.4, 27.2, 25.8, 25.3, 18.4, -5.3. IR (v, cm’
1): 2929, 2857, 1682, 1383, 1081, 1060. HRMS calcd for CsHa1N2O6Si ([M+H']): 493.2734, found
493.2712.

2°,3’-0-isopropylidene-5’-O-TBDMS-5-allyl-6-(but-3-enyl)uridine (21). Pale yellow viscous oil
(18%, entry 5). *H NMR (400 MHz, CDCls) &: 8.94 (broad s, 1H, NH), 5.86-5.71 (m, 2H, CH=CH)),
5.64 (s, 1H, H1’), 5.19-5.12 (m, 2H, =CH,), 5.09-4.96 (m, 3H, H2’ and =CH,), 4.77 (dd, 1H, J = 6.4,
4.5 Hz, H3"), 4.15 (m, 1H, H4’), 3.85-3.76 (m, 2H, H5’ and H5”), 3.18 (m, 2H, CH,), 2.71 (m, 2H,
CH,), 2.37 (m, 2H, CH,), 1.54 (s, 3H, C(CHs)), 1.34 (s, 3H, C(CHs)), 0.87 (s, 9H, C(CHs)3), 0.04 (s,
6H, CHy). 3C NMR (100 MHz, CDCl3) ¢: 163.1, 152.5, 150.2, 135.4, 134.9, 116.7, 115.6, 113.8, 110.7,
924,895, 84.4,82.2,64.3, 31.9, 29.6, 28.5, 26.0, 25.4, 18.5, -5.2. IR (v, Cm'l): 2929, 2856, 1681, 1381,
1083, 1061 HRMS calcd for CasH1N206Si ([M+H™] ): 493.2734, found 493.2722.
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