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1. Chemical synthesis

All reactions were carried out under argon gas atmosphere using absolute solvents. Solvents and
other reagents were purchased from commercial suppliers in the highest available purity and were
used without further purification. Acetonitrile and acetonitrile containing 0.3 M 5-(benzylthio)-1H-
tetrazole (BTT) were dried over molecular sieves. Solutions of tert-butyl hydroperoxide (5.0-6.0 M in
decane) were purchased from Sigma Aldrich and diluted with dry toluene to a final concentration of
0.5-1.0 M which was dried over molecular sieves as well before its use in chemical reactions.
Reaction progress was monitored via Polygram Sil G/UV2s4 (Marchery-Nagel) thin layer
chromatography plates. Non-fluorescent compounds were visualized using an I>-chamber. Silica gel
60 (70-230 mesh; Fluka) was used for column chromatography.

Integrity of the synthesized compounds was analyzed by NMR spectroscopy and mass spectrometry.
NMR spectra were recorded on 300 MHz Bruker Avance spectrometer, 400 MHz Bruker Avance 4
Neo spectrometer and 700 MHz Avance 4 Neo spectrometer and the reported chemical shifts were
referenced to deuterated solvents ('H: CDCls = 7.26 ppm, de-DMSO = 2.50 ppm, CDsCN = 1.94 ppm;
3C: CDCls = 77.16 ppm, ds-DMSO = 39.52 ppm). Prodrug candidates were additionally characterized
via 3'P-NMR, which shifts are relative to external 85% phosphoric acid. 'H-"H-COSY-, 'H-3C-HSQC-
and 'H-'3C-HMBC-experiments were recorded to enable signal assignment. High resolution mass
spectrometry was carried out on a Thermo Scientific Q Exactive Orbitrap using an electrospray
ionization system. Samples were dissolved in methanol and were measured in positive and negative
ion mode with a spray voltage of 3.7 kV.



2. Synthesis of 4-thiouridine (4sU, 3)
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Overview of the synthesis of 4-thiouridine (4sU, 3). Reaction conditions: a) 4.0 eq acetic anhydride,
0.1 eq 4-(dimethylamino)pyridine, 4.0 eq EtsN, acetonitrile, 16 h, room temperature (RT), 99%. b) 1.5
eq Lawesson reagent, toluene, 2.5 h, 100 °C, 98%. ¢) 7 N NHs3 in MeOH, 16 h, RT, 71%. Overall yield:
69%.



2.1 Synthesis of 2°,3",5"-O-triacetyluridine (1) ["

HO
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0 0

Uridine 1

Uridine (1.914 g, 7.84 mmol) was suspended in acetonitrile (39.2 ml) and treated with 4-
(dimethylamino)pyridine (0.1 eq, 0.78 mmol, 96 mg) and triethylamine (4.0 eq, 31.35 mmol, 4.37 ml).
Acetic anhydride (4.0 eq, 31.35 mmol, 2.96 ml) was added dropwise and the suspension was stirred
16 h at ambient temperature while it became homogenous. The reaction mixture was quenched with
methanol and solvent was removed in vacuo. The oily residue was taken up in dichloromethane and
was washed with saturated sodium bicarbonate solution and brine. Drying over sodium sulfate and
evaporation of the solvent delivered a white foam, which was used without further purification. An
analytical sample was subjected to column chromatography (0-4% MeOH in CH2Cl2). Yield: 2.871 g
of 1 as white foam (99%). TLC (5% MeOH in CH2Cl2): 0.43. HR-ESI-MS (m/z): [M+H]" calculated for
[C15H19N209]": 371.1085; found: 371.1080. 'H-NMR (CDCl3, 400 MHz): § 2.10, 2.13, 2.14 (3x 3 H, 3x
s, 3x OAc); 4.35 (3H, m, CH (4"), CH2 (57)); 5.33 (2H, m, CH (2°), CH (3")); 5.79 (1 H, dd, 3Ju+ = 8.14
Hz, “Jun = 1.19 Hz, CH (5)); 6.04 (1 H, d, 3Jhn = 4.78 Hz, CH (17)); 7.39 (1 H, d, 3Jun = 8.17 Hz, CH
(6)); 8.85 (1 H, s, NH) ppm. *C-NMR (CDCls, 101 MHz): & 20.60, 20.65, 20.92 3x CH3 (OAc); 63.27
C(57);70.33C (37);72.85C (27);80.09C (47); 87.59 C (17); 103.56 C (5); 139.38 C (6); 150.22 C (2);
162.64 C (4); 169.77, 170.25 3x C=0 (OAc) ppm.




"H-NMR (400 MHz, CDCls) of compound 1
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2.2. Synthesis of 2°,3",5"-O-triacetyl-4-thiouridine (2) @

N~ o 1.5 eq Lawesson N~ 0
0] reagent _ (0]
in toluene, 2.5 h, 100 °C

Compound 1 (973 mg, 2.63 mmol) was dissolved in toluene (30.0 ml) and Lawesson Reagent (1.5 eq,
3.94 mmol, 1.595 g) was added to the reaction mixture which was then stirred 2.5 h at 100 °C. Solvents
were evaporated and the oily residue was purified via column chromatography (0-3% MeOH in
CH2CI2). Yield: 995 mg of 2 as yellow foam (98%). TLC (5% MeOH in CH2Cl2): 0.55. HR-ESI-MS (m/z):
[M+H]" calculated for [C15sH19N20sS]*: 387.0857; found: 387.0849. 'H-NMR (CDCls, 400 MHz): 5 2.11,
2.12,2.14 (3x 3 H, 3x s, 3x OAc); 4.35-4.39 (3 H, m, CH (4°), CH2 (5%)); 5.29-5.37 (2 H, m, CH (3"),
CH (2));5.98 (1 H, d, 3JuH =4.94 Hz, CH (17)); 6.43 (1 H, d, 3JuH = 7.68 Hz, CH (5)); 7.23 (1 H, d, 3JrH
=7.71 Hz, CH (6)); 9.74 (1 H, s br., NH) ppm. 3C-NMR (CDCl3, 101 MHz): & 20.56, 20.63, 20.92 3x
CHs (OAc); 63.11 C (57); 70.20 C (37); 73.01 C (27); 80.26 C (4°); 88.13 C (17); 114.07 C (5); 133.68 C
(6); 147.50 C (2); 169.76, 169.79, 170.26 3x C=0 (OAc); 189.69 C (4) ppm.




"H-NMR (400 MHz, CDClI3) of compound 2
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2.3. Synthesis of 4-thiouridine (3) !

o) S
o7 NH
e} | NH
N" o 7 N NH3 in MeOH ho. Ul
0o N"So
16 h, RT 0
WO O\[(
0 0

HO OH

2 3

Compound 2 (995 mg, 2.58 mmol) was dissolved in 7 N ammonia in methanol (30.0 ml) and was
stirred 16 h at ambient temperature. Solvents were evaporated and the crude product was purified via
column chromatography (3-10% MeOH in CH2Cl2). Yield: 478 mg of 3 as yellow foam (71%). TLC
(20% MeOH in CH2Cl2): 0.59. HR-ESI-MS (m/z): [M+Na]" calculated for [CoH12N2OsSNa]*: 283.0359;
found: 283.0359. 'H-NMR (ds-DMSO, 400 MHz): & 3.56 (1 H, ddd, 2JuH = 12.04 Hz, 3Jun = 4.53 Hz,
3Jun = 3.39 Hz, CHa (57)); 3.65 (1 H, ddd, 2Jun = 12.11 Hz, 3Jun = 4.87 Hz, 3Jun = 3.22 Hz, CHb (5));
3.87 (1 H, dd, 3Jun = 7.16 Hz, 3Jun = 2.96 Hz, CH (4")); 4.96 (1 H, dd, 3Ju+ = 9.68 Hz, 3Jun = 4.82 Hz,
CH (37)); 4.03 (1 H, dd, 3Jun = 10.02 Hz, 3Jun = 4.98 Hz, CH (27)); 5.09 (1 H, d, 3Jun =5.31 Hz, OH
(3);5.12 (1 H, t, 3Jun = 4.98 Hz, OH (57)); 5.45 (1 H, d, 3Jhn = 5.41 Hz, OH (2)); 5.73 (1 H, d, 3JuH =
4.76 Hz, CH (17)); 6.31 (1 H, d, 3Jun = 7.54 Hz, CH (5)); 7.83 (1 H, d, 3Jun = 7.58 Hz, CH (6)); 12.70
(1 H, s, NH) ppm. ®C-NMR (ds-DMSO, 101 MHz):  60.51 C (5°); 69.57 C (3); 73.92 C (2°); 84.94 C
(47); 88.48 C(17); 112.61 C (5), 135.95 C (6), 147.98 C (2), 190.17 C (4) ppm.




"H-NMR (400 MHz, ds-DMSO) of compound 3
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3. Synthesis of 4-acyloxybenzyl (AB)- and S-pivaloyl-2-thioethyl (tBuSATE) 4sU 5'-O-

monophosphates (8a-c)

~
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0 a
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s
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S S
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DMTO NN HO NAO
b © c O
— 1
<O Og~  TBDMSO OTBDMS
5 | 6
S S
0 7 ONH o 7 ONH
R—P-0 A R—P-0
NS0 | NSO
d R 0 e Ro 0
TBDMSO OTBDMS HO OH
7a Ry, R, = AB 8a Ry, Ry = AB

7b R4, R, = tBUSATE 8b Ry, Ry, = tBUSATE
7c¢ Ry =AB, R, = Fmoc 8c Ry =AB, R, =0OH

Overview of the synthesis of (AB):-4sU 8a, (tBuSATE)2-4sU 8b, and AB-4sU 8c. Reaction
conditions: a) 1.1 eq DMTCI, pyridine, 16 h, room temperature (RT), 62%. b) 8.0 eq imidazole, 4.0 eq
TBDMSCI, DMF, 16 h, 90%. c) 1.5 eq benzenesulfonic acid, CH2Cl2/MeOH 9/1, 15 min, 0 °C-RT, 99%.
d) i) for 7a: 1.1 eq compound |, for 7b: 1.1 eq compound I, for 7¢c: 1.1 eq compound lll; 1.1 eq 5-
benzylthio-1H-tetrazole (BTT), 45-60 min, RT; ii) for 7a,c: 1.1 eq tBuOOH, 10 min, 0 °C, 61%, 45%;
for 7b: 1.1 eq mCPBA, 5 min, 0 °C, 54%, e) for 8a: 4.2 eq EtsN-3HF, 6.0 eq EtsN, CH2Cl2, 16 h, RT,
49%; for 8b: 1 M TBAF, 0.5 M HOAc, THF, 16 h, RT, 51%; for 8c: 4.2 eq EtsN-3HF, 6.0 eq EtsN,

CH2Clz, 4 h, RT, 99%. Overall yield: 8a (17%), 8b (15%), 8¢ (25%).

tBUSATE

Fmoc



3.1. Synthesis of 5°-0-(4,4 -dimethoxytrityl)-4-thiouridine (4) [

S O S
ﬁ”” b ﬁ
N o 1.1 eq DMTCI N/go
0 in pyridine, 16 h, 0
RT

HO OH
3 4

Compound 3 (388 mg, 1.49 mmol) was treated three times by azeotropic distillation with pyridine and
was further dried under vacuum for 45 min. It was then dissolved in pyridine (5.8 ml) and 4,4'-
dimethoxytrityl chloride (1.1 eq, 1.64 mmol, 556 mg) was added in two portions over a period of 30
min. The reaction mixture was stirred 16 h at ambient temperature and was then quenched by the
addition of methanol. Solvents were removed under reduced pressure, the oily residue was dissolved
in dichloromethane and was washed with semi-saturated sodium bicarbonate solution and brine. The
crude product was purified by column chromatography (0-4% MeOH in CH2Cl2). Yield: 546 mg of 4 as
yellow foam (62%). TLC (5% MeOH in CH2Cl2): 0.31. HR-ESI-MS (m/z): [M+Na]* calculated for
[C30H30N207SNa]*: 585.1666; found: 585.1664. 'TH-NMR (CDCls, 400 MHz): & 3.46 (1 H, dd, 2Jun =
11.72 Hz, 3Jun = 2.80 Hz, CHa (57)); 3.51 (1 H, dd, 2Jun = 11.84 Hz, 3Jun = 2.48 Hz, CHb (57)); 3.63 (1
H, d, 3Jur = 3.88 Hz, OH (3°)); 3.75 (6 H, s, 2x OCH3 (DMT)); 4.23 (1 H, m, CH (4")); 448 (2 H, m, CH
(27),CH (37)); 4.97 (1 H, s br.,, OH (2°)); 5.94 (1 H, d, 3JuH = 2.16 Hz, CH (1°)); 6.07 (1 H, d, 3Jun = 7.64
Hz, CH (5)); 6.84, 7.20-7.39 (13 H, m, aromat. CH (DMT)); 7.77 (1 H, d, 3Jux = 7.64 Hz, CH (6)); 11.23
(1 H, m, NH) ppm. ®C-NMR (CDCl3, 101 MHz): & 55.35 2x OCH3 (DMT); 62.21 C (5°); 70.39 C (3°);
75.64 C (2);84.25C (4°); 87.21 aromat. C (DMT); 90.38 C (17); 113.46 C (5); 113.46, 128.19, 128.20,
130.19, 130.20 aromat. C (DMT); 135.08 C (6); 135.14, 135.34, 144.31 aromat. C (DMT); 149.13 C
(2); 158.77, 158.78 aromat. C DMT; 189.52 C (4) ppm.
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"H-NMR (400 MHz, CDClI3) of compound 4
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3.2. Synthesis of 27,3 -di-O-(tert-butyldimethylsilyl)-5"-0-(4,4 -dimethoxytrityl)-4-thiouridine (5)

S S
| NH | NH
DMTO 8.0 eq imidazole, DMTO PN
N Yo 4.0 eq TBDMSCI N™ O
o) > 0]
in DMF, 16 h, RT
HO OH TBDMSO OTBDMS
4 5

Compound 4 (750 mg, 1.33 mmol) was dissolved in N,N-dimethylformamide (3.0 ml) and imidazole
(8.0 eq, 10.67 mmol, 726 mg) and tert-butyldimethylsilyl chloride (4.0 eq, 5.34 mmol, 804 mg) were
added consecutively. The colorless solution was allowed to stir 16 h at ambient temperature followed
by dilution with ethyl acetate and extraction with brine. The combined organic layers were dried over
sodium sulfate and purified via column chromatography (0-1% MeOH in CH2Clz). Yield: 952 mg of 5
as yellow foam (90%). TLC (3% MeOH in CH2Cl2): 0.65. HR-ESI-MS (m/z): [M+Na]* calculated for
[C42H58N207Si2SNa]*: 813.3395; found: 813.3398. "H-NMR (CDCls, 400 MHz): & -0.058, -0.032, 0.10,
0.17 (4x 3 H, 4x s, 4x CH3 (TBDMS)); 0.78, 0.90 (2x 9 H, 2x s, 2x t-Bu (TBDMS)); 3.36 (1 H, dd, 2JhH
=11.13 Hz, 3Jun = 1.18 Hz, CHa (57)); 3.72 (1 H, dd, 2JuH = 11.13 Hz, 3Jun = 1.54 Hz, CHp (57)); 3.81
(6 H, s, 2x OCH3 (DMT); 4.17 (3 H, m, CH (2°), CH (3"), CH (4°)); 5.80 (1 H, d, 3Ju+ = 1.84 Hz, CH
(17)); 5.94 (1 H, dd, 3JuH = 7.64 Hz, *Jun = 1.50 Hz, CH (5)); 6.83-6.86, 7.14-7.37 (13 H, m, aromat.
CH (DMT)); 8.06 (1 H, d, ®Jnn = 7.66 Hz, CH (6)); 9.32 (1 H, s, NH) ppm. *C-NMR (CDCls, 101 MHz):
0 -4.84, -4.81, -4.27, -3.91 4x CHs (TBDMS); 18.07, 18.11 2x Cq (TBDMS); 25.87, 25.788 2x t-Bu
(TBDMS); 55.43 2x OCH3 (DMT); 61.35C (57); 70.60 C (37); 76.26 C (27); 83.07 C (4"); 87.45 aromat.
C (DMT);90.20C (17); 113.10C (5); 113.37,113.42, 128.12, 128.52, 130.44, 130.46 aromat. C (DMT);
134.94 C (6); 135.07, 135.29, 143.98 aromat. C (DMT); 147.50 C (2); 158.97 aromat. C DMT; 189.55
C (4) ppm.
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"H-NMR (400 MHz, CDClI3) of compound 5
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3.3. Synthesis of 2°,3"-di-O-(tert-butyldimethylsilyl)-4-thiouridine (6)

S S
fJ\NH fJ\NH
DMTO N/g 1.5 eq benzene- HO N/g
0 0 sulfonic acid 0 0
in CH,Cl,/MeOH 9/1
TBDMSO OTBDMS 15 min, 0 °C - RT TBDMSO OTBDMS
5 6

A solution of compound 5 (200 mg, 0.25 mmol) in dichloromethane/methanol (9/1, 3.3 ml) was treated
with benzenesulfonic acid (1.5 eq, 0.38 mmol, 60 mg) in dichloromethane/methanol (9/1, 3.3 ml) at 0
°C. The solution immediately turned orange. After 15 min, saturated sodium bicarbonate solution was
added and the reaction mixture was stirred for another 5 min. The organic phase was separated and
the aqueous layer was washed two times with dichloromethane. The combined organic extracts were
extracted with saturated sodium bicarbonate solution and brine. Drying over sodium sulfate was
followed by column chromatography (0-4% MeOH in CH2Clz). Yield: 122 mg of 6 as yellow foam (99%).
TLC (5% MeOH in CH2Cl2): 0.56. HR-ESI-MS (m/z): [M+H]* calculated for [C21H41N205Si2S]*:
489.2269; found: 489.2242. "H-NMR (CDCls, 400 MHz): & -0.064, -0.076, 0.087, 0.093 (4x 3 H, 4x s,
4x CHs (TBDMS)); 0.89, 0.91 (2x 9 H, 2x s, 2x t-Bu (TBDMS)); 2.72 (1 H, s br., OH (57)); 3.74 (1 H,
dd, 2Jun = 12.13 Hz, 3Jun = 2.12 Hz, CHa (57)); 3.98 (1 H, dd, 2JsH = 12.17 Hz, 3Jun = 1.74 Hz, CHp
(59); 411 (1 H, m, CH (4")); 4.16 (1 H, t, 3Jun = 4.25 Hz, CH (3)); 4.46 (1 H, t, 3Jun = 4.51 Hz, CH
(2)); 5.49 (1 H, d, 3Jun = 4.69 Hz, CH (17)); 6.40 (1 H, d, 3Jun = 7.61 Hz, CH (5)); 7.56 (1 H, d, 3JnH =
7.65 Hz, CH (6)); 9.49 (1 H, s, NH) ppm. *C-NMR (CDCl3, 101 MHz): & -4.70, -4.65, -4.56, -4.25 4x
CHs (TBDMS); 18.09, 18.21 2x Cq (TBDMS); 25.91, 25.95 2x t-Bu (TBDMS); 61.41 C (57); 71.36 C
(37); 74.18 C (27); 85.88 C (47); 93.75 C (17); 113.16 C (5); 137.21 C (6); 147.65 C (2); 189.55 C (4)
ppm.
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3.4. Synthesis of bis(4-acetoxybenzyl)-5-0-(2°,3 -di-O-(tert-butyldimethylsilyl)-4-thiouridinyl)
phosphate (7a) 5

O
S S
NH i) 1.1 eq compound | 9

Nko 11eqBTT, 1h, RT 0-P-0 k

o ii) 1.1 eq BBUOOH Q
in ACN, 10 min, 0 °C
TBDMSO OTBDMS )\ TBDMSO OTBDMS

6 O O 7a

Compound I (1.1 eq, 0.34 mmol, 158 mg) and compound 6 (0.31 mmol, 152 mg) were coevaporated
3 times with acetonitrile and were subsequently dried under high vacuum for a few minutes. 5-
(Benzylthio)-1H-tetrazole (0.3 M in acetonitrile; 1.1 eq, 1.14 ml, dried over molecular sieves) was
added and the solution was stirred for 1 h at ambient temperature. It was then cooled to 0 °C and a
dry solution of fert-butyl hydroperoxide (in decane, 1.1 eq, 0.34 mmol, 0.68 ml 0.5 M in toluene, dried
over molecular sieves) was introduced dropwise. Solvent was removed under reduced pressure after
10 min and the oily residue purified via column chromatography (10-50% ethyl acetate in c-hexane).
Yield: 163 mg of 7a as yellow foam (61%). TLC (2% MeOH in CH2Cl2): 0.33. HR-ESI-MS (m/z): [M+H]*
calculated for [CagHssN2012PSi2S]*: 865.2981; found: 865.2942. '"H-NMR (CDCls, 400 MHz): & 0.042,
0.058, 0.060, 0.089 (4x 3 H, 4x s, 4x CH3s (TBDMS)); 0.87, 0.88 (2x 9 H, 2x s, 2x t-Bu (TBDMS)); 2.30
(6 H, 2x s, Acetyl (AB)); 3.98 (1 H, dd, 3Jun = 5.90 Hz, 3Jun = 4.30 Hz, CH (37)); 4.08-4.16 (3 H, m,
CHa (57), CH (2"), CH (4")); 4.30 (1 H, ddd, 2Ju+ = 11.43 Hz, 3Juh or 3Jup = 5.63 Hz, 3JrH or 3Jup =245
Hz, CHb (57)); 4.98-5.04 (4 H, m, CH2 (AB)); 5.67 (1 H, d, 3Jun = 3.14 Hz, CH (17)); 6.24 (1 H, d, 3JuH
= 7.68 Hz, CH (5)); 7.09 (4 H, d, 3Jun = 8.44 Hz, aromat. CH (AB)); 7.34 (4 H, d, 3Jun = 8.12 Hz,
aromat. CH (AB)); 7.45 (1 H, d, 3JuH = 7.72 Hz, CH (6)), 9.43 (1 H, s, NH) ppm. "*C-NMR (CDCls, 101
MHz): 6 -4.88, -4.74, -4.44, -4.13 4x CHs (TBDMS); 18.10, 18.11 2x Cq (TBDMS); 21.26 2x Acetyl
(AB); 25.88, 25.89 2x t-Bu (TBDMS); 65.64 (d, ?Jcp = 5.09 Hz, C (5)); 69.33 (d, 2Jcp = 5.09 Hz, CH2
(ABa)); 69.38 (d, 2Jcp = 5.08 Hz, CH2 (ABb)); 70.51 C (3°); 75.39 C (2°); 81.97 (d, 3Jcp = 7.99 Hz, C
(47));90.50 C (17); 113.13 C (5); 122.18, 129.48, 129.53 aromar. C (AB); 132.89-132.87 (2x d, aromat.
Cq (AB)); 134.60 C (6); 147.40 C (2); 151.19, 151.21 aromat. Cq (AB); 169.42 2x C=0 (AB); 189.50 C
(4) ppm. 3'P-NMR (CDCls, 162 MHz): & -0.73 ppm.
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"H-NMR (400 MHz, CDCls) of compound 7a
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3'P-NMR (162 MHz, CDClI3) of compound 7a
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3.5. Synthesis of bis(S-pivaloyl-2-thioethyl)-5"-0-(2",3"-di-O-(tert-butyldimethylsilyl)-4-
thiouridinyl) phosphate (7b) [>°!

S
S
ﬂ\(s\/\ 0 | NH
" 0-P-0
HO | /g i) 1.1 eq compound Il 5 5 N/&O
N~ O 1.1 eq BTT, 45 min, RT J/ o
(@] >
ii) 1.1 eq mCPBA
i i ° S~ TBDMSO OTBDMS
TBDMSO OTBDMS in ACN, 5 min, 0 °C
® o 7b

Compound Il (1.1 eq, 0.23 mmol, 104 mg) and compound 6 (0.21 mmol, 102 mg) were coevaporated
three times with acetonitrile and were subsequently dried under high vacuum for a few minutes. 5-
(Benzylthio)-1H-tetrazole (0.3 M in acetonitrile; 1.1 eq, 0.77 ml, dried over molecular sieves) was
added and the solution was stirred for 45 min at ambient temperature. It was then cooled to 0 °C and
3-chloroperbenzoic acid (1.1 eq, 0.23 mmol, 40 mg) was introduced to the reaction mixture. Solvent
was removed under reduced pressure after 5 min and the oily residue purified via column
chromatography (10-30% ethyl acetate in c-hexane). Yield: 88 mg of 7b as yellow foam (54%). TLC
(2% MeOH in CH2Cl2): 0.38. HR-ESI-MS (m/z): [M+H]* calculated for [C3sHesN2010PSi2S3]*: 857.3150;
found: 857.3116. 'H-NMR (CDCls, 400 MHz): & 0.087, 0.092, 0.12 (4x 3 H, 3x s, 4x CH3 (TBDMS));
0.89, 0.90 (2x 9 H, 2x s, 2x t-Bu (TBDMS)); 1.23 (2x 9 H, s, t-Bu (SATE)); 3.12-3.16 (4 H, m, 2x SCH2
(SATE)); 4.03 (1 H, dd, 3Jur = 5.69 Hz, 3Jnn = 4.31 Hz, CH (37)); 4.11-4.16 (5 H, m, CH (4"), 2x POCH2
(SATE)); 4.18-4.22 (2 H, m, CH (2°), CHa(5")); 4.38-4.43 (1 H, m, CHb (5")); 5.71 (1 H, d, 3Jnn = 3.08
Hz, CH (17)); 6.44 (1 H, d, 3Jun = 7.64 Hz, CH (5)); 7.56 (1 H, d, ®Jun = 7.68 Hz, CH (6)); 9.58 (1 H, s,
NH) ppm. ®C-NMR (CDCls, 101 MHz): & -4.82,-4.73, -4.37, -4.10 4x CH3 (TBDMS); 18.11, 18.13 2x
Cq (TBDMS); 25.89, 25.93 2x t-Bu (TBDMS); 27.43 2x t-Bu (SATE); 28.65, 28.73 2x SCH2 (SATE);
46.70 2x Cq (SATE); 65.66 (d, ?Jcp = 5.81 Hz, C (57)); 66.63-66.72 (2x d, POCH:2 (SATE)); 70.49 C
(37);75.49 C (27); 82.01 (d, ®Jcr = 8.00 Hz, C (47)); 90.59 C (1°); 113.25 C (5); 134.57 C (6); 147.52 C
(2); 189.58 C (4); 205.61, 205.62 2x C=0 (SATE) ppm. 3'P-NMR (CDCl3, 162 MHz): & -1.41 ppm.
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"H-NMR (400 MHz, CDCls) of compound 7b
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3'P-NMR (162 MHz, CDClI3) of compound 7b
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3.6. Synthesis of (4-acetoxybenzyl)-((9H-fluoren-9-yl)methyl)-5°-0-(2",3"-di-O-(tert-
butyldimethylsilyl)-4-thiouridinyl) phosphate (7¢c) 15

S
NH i) 1.1 eq compound Il Q
| ; o)
HO 1.1eqBTT,1h, RT I
o N/go . - 0-P-0

S
|
ii ! N @]
H inllié'rjl,iqotrilijr? (())ljc O Q %O?
TBDMSO OTBDMS
. TBDMSO OTBDMS
6 O 7c
Compound Il (1.1 eq, 0.24 mmol, 118 mg) and compound 6 (0.22 mmol, 107 mg) were coevaporated
three times with acetonitrile and were subsequently dried under high vacuum for a few minutes. 5-
(Benzylthio)-1H-tetrazole (0.3 M in acetonitrile; 1.1 eq, 0.80 ml, dried over molecular sieves) was
added and the solution was stirred for 60 min at ambient temperature. It was then cooled to 0 °C and
a solution of tert-butyl hydroperoxide in decane (0.48 ml 0.5 M in toluene, dried over molecular sieves)
was added dropwise. The solution was stirred 5 min at 0 °C and further 5 min at ambient temperature.
Solvent was removed under reduced pressure and the oily residue purified via column
chromatography (10-30% ethyl acetate in c-hexane). Yield: 97 mg of 7¢ as slightly yellow foam (45%).
TLC (5% MeOH in CH2Cl2): 0.52 (2x diastereomers). HR-ESI-MS (m/z): [M+H]* calculated for
[C44Hs0N2010PSi2S]*: 895.3239; found: 895.3228. 'H-NMR (CDCls, 400 MHz): & 0.012, 0.039, 0.043,
0.077,0.080 (12 H, 5x s, 4x CHs (TBDMS)); 0.863, 0.864, 0.875, 0.880 (18 H, 4x s, 2x t-Bu (TBDMS));
2.30 (3 H, s, CHs (AB)); 3.90-4.21 (6 H, m, CH2 (5"), CH (4"), CH (3"), CH (2), CH (Fmoc)); 4.35-4.49
(2 H, m, CHz2 (Fmoc)); 4.77-4.94 (2 H, m, CHz (AB)); 5.64 (0.5 H, d, 3Juu = 3.12 Hz, CHa (17)); 5.66
(0.5H,d, 3Jnn=3.12 Hz, CHy (17)); 6.11 (0.5 H, dd, 3JuH = 7.67 Hz, *Jun = 1.70 Hz, CHa (5)); 6.15 (0.5
H, dd, 3JuH = 7.67 Hz, *Jun = 1.69 Hz, CHp (5)); 7.06-7.09 (2 H, m, aromat. CH (AB)); 7.26-7.35 (5 H,
m, aromat CH (AB + Fmoc), CH (6)); 7.37-7.44, 7.52-7.58, 7.73-7.78 (6 H, m, aromat. CH (Fmoc));
9.32 (1 H, s, NH) ppm. *C-NMR (CDCls, 101 MHz): & -4.88, -4.75, -4.44, -4.16 4x CHs (TBDMS);
18.10 2x Cq (TBDMS); 21.27 CH3 (AB); 25.87, 25.90 2x t-Bu (TBDMS); 48.08-48.19 (2x d, CH (Fmoc));
65.24-65.43 (2x d, C (57)); 69.04-69.09 (2xd, CH2 (AB)); 69.53 (d, 2Jcp = 5.82 Hz, CH2 (Fmoc)); 70.40,
7045 C (37); 75.50 C (2°); 81.89, 81.97 C (47); 90.27, 90.31 C (17); 113.02, 113.05 C (5); 120.29,
120.33, 120.35, 122.12, 124.93, 124.98, 125.00, 125.08, 127.36, 127.39, 127.42, 127.47, 128.20,
128.25, 129.36, 129.39, 132.98, 133.05 aromat C (AB + Fmoc); 134.32, 134.39 C (6); 141.59-141.71
(2xd), 142.84, 142.90 aromat C (AB + Fmoc); 147.36 C (2); 151.14 aromat. C (AB); 169.39 C=0 (AB);
189.41, 189.44 C (4) ppm. 3'P-NMR (CDCl3, 162 MHz): & -0.89, -0.82 ppm (2 diastereomers).

SC-NMR note: multiplicity of aromatic signals is not assignable and the corresponding signals are therefore listed. CH,
(Fmoc) appear as doublet which may derive from 2Jcp coupling or emerge from the diastereomeric nature of the
molecule. Since an overlay of diastereomeric signals is more likely than an overlay of a 2Jcp coupling, we classified this
signal as doublet with a coupling constant of 5.82 Hz.
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"H-NMR (400 MHz, CDCls) of compound 7¢
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3'P-NMR (162 MHz, CDClI3) of compound 7¢
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3.7. Synthesis of bis(4-acetoxybenzyl)-5"-O-(4-thiouridinyl) phosphate ((AB)2-4sU, 8a) "]

S S
i | B
ABO—IID—O /g 4.2 eq TREAT-HF ABO p 9]
in CH,Cl,, 16 h, RT
TBDMSO OTBDMS HO OH
7a 8a

A solution of compound 7a (33 mg, 0.038 mmol) in dichloromethane (0.40 ml) was treated with
triethylamine trihydrofluoride (4.2 eq, 0.16 mmol, 26 pl) and triethylamine (6.0 eq, 0.23 mmol, 32 pl).
The reaction mixture was allowed to stir 16 h at ambient temperature followed by evaporation of the
solvent and flash chromatography (2-5% MeOH in CH2Cl2). Yield: 12 mg of 8a as a yellow oil (49%).
TLC (5% MeOH in CH2Cl2): 0.37. HR-ESI-MS (m/z): [M+H]* calculated for [C27H30N2012PS]":
637.1252; found: 637.1233. "H-NMR (CDCls, 300 MHz): & 2.30 (6 H, 2x s, Acetyl (AB)); 3.91-3.99 (2
H, m, CH (3"), CH (27)); 4.03-4.20 (3 H, m, CHz (5°), CH (4")); 4.95-5.12 (4 H, m, CH2 (AB)); 5.68 (1
H, d, 3Ju1 = 4.02 Hz, CH (1°)); 6.27 (1 H, d, 3JuH = 7.65 Hz, CH (5)); 7.09 (4 H, dd, 3JuH = 8.48 Hz, *Jun
= 3.41 Hz, aromat. CH (AB)); 7.24 (1 H, d, 3Juu = 7.70 Hz, CH (6)); 7.37 (4 H, d, 3Jun = 8.40 Hz,
aromat. CH (AB)) ppm. > C-NMR (CDCls, 101 MHz): 8 21.29 2x Acetyl (AB); 66.44 (d, 2Jcr = 5.08 Hz,
CH (57)); 69.43 (d, 2Jcp = 5.09 Hz, 2x CH2 (AB)); 70.29 C (3°); 75.01 C (2°); 83.28 (d, 3Jcp = 8.06 Hz,
CH (4)); 91.35 C (17); 113.57 C (5); 122.24, 122.26, 129.61, 129.73 aromat. C (AB), 133.14-133.27
(2x d, aromat. Cq (AB)); 134.71 C (6); 148.27 C (2); 151.09, 151.12 aromat. Cq (AB); 169.95, 170.05
2x C=0 (AB); 189.66 C (4) ppm. *'P-NMR (CDCls, 162 MHz): 5 -0.67 ppm.
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"H-NMR (300 MHz, CDCls) of compound 8a
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3'P-NMR (162 MHz, CDClIs) of compound 8a
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3.8. Synthesis of bis(S-pivaloyl-2-thioethyl)-5"-0O-(4-thiouridinyl) phosphate ((tBuSATE)2-4sU,
8b)

S
Q | A 1 M TBAF | NH
+Bu-SATE)O—P-0 (-Bu-SATE)O— P 0
, N0 0.5 M HOAG
(+-Bu-SATE)O o (+-Bu-SATE)O
in THF, 16 h, RT
TBDMSO OTBDMS HO OH

7b

A solution of tetrabutylammonium fluoride trihydrate (1.0 M) and acetic acid (0.5 M) in tetrahydrofuran
(0.8 ml) was added to compound 7b (43 mg, 0.50 mmol) and the reaction mixture was stirred at
ambient temperature for 16 h. It was then diluted with dichloromethane, washed with saturated sodium
bicarbonate solution and dried over sodium sulfate. Solvents were evaporated and the crude product
was purified by flash chromatography (2-3% MeOH in CH2Cl2). Yield: 16 mg of 8b as yellow oil (51%).
TLC (5% MeOH in CH2Cl2): 0.39. HR-ESI-MS (m/z): [M+Na]" calculated for [C23H3sN2010PS3Na]*:
651.1240; found: 651.1216. 'H-NMR (CDCls, 400 MHz): 1.22, 1.23 (2x 9 H, 2x s, 2x t-Bu (SATE));
3.11-3.16 (4 H, m, 2x SCH2 (SATE)); 4.09-4.16 (4 H, m, 2x POCH2 (SATE)); 4.25 (1 H, m, CH (4"));
4.29-4.38 (4 H, m, CH2(5"), CH (2°), CH (3")); 5.77 (1 H, d, 3Jur = 3.52 Hz, CH (17)); 6.44 (1 H, d, 3JuH
=7.64 Hz, CH (5)); 7.41 (1 H, d, 3Jun = 7.64 Hz, CH (6)) ppm. 3C-NMR (CDCls, 101 MHz): & 27.45
2x t-Bu (SATE); 28.52-28.64 (2x d, 2x SCH2 (SATE)); 46.73 2x Cq (SATE); 66.73-66.80 (m, POCH:>
(SATE), C (57)); 69.80 C (3°); 74.83 C (2); 82.80 (3Jcp = 7.26 Hz, C (47)); 91.70 C (1°); 113.90 C (5);
134.98 C (6); 148.59 C (2); 189.92 C (4); 206.03, 206.13 2x C=0 (SATE) ppm. 3'P-NMR (CDCl3, 162
MHz): & -1.84 ppm.
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"H-NMR (400 MHz, CDCls) of compound 8b
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3'P-NMR (162 MHz, CDClIs) of compound 8b
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3.9. Synthesis of (4-acetoxybenzyl)-5"-O-(4-thiouridinyl) phosphate triethylammonium salt
(AB-4sU, 8c) [

S S
NH 4.2 eq TREAT-HF NH
11 . 11
ABO—P-0 | N/§O 6.1 eq EtzN ABO-P-0O | Nko
FmocO o ® 00 o)
in CH,Cl,, 4 h, RT Et;NH
TBDMSO OTBDMS HO OH
7c 8c

A solution of compound 7¢ (74 mg, 0.083 mmol) in dichloromethane (1.0 ml) was treated with
triethylamine trihydrofluoride (4.2 eq, 0.35 mmol, 57 ul) and triethylamine (6.1 eq, 0.50 mmol, 70 pl).
Reaction was deemed complete after 4 h upon which solvent was evaporated. The yellow oil was
dried under high vacuum overnight to remove the excess of triethylamine as good as possible. The oil
was then dissolved in dichloromethane and treated with diethyl ether until a white precipitate appears.
The suspension was transferred into Eppendorf tubes which were centrifuged for 5 min at 13 000 rpm.
The clear supernatant was discarded and the yellow oil was redissolved in a minimal amount of (warm)
dichloromethane. Diethyl ether was added and the white suspension was intensively vortexted.
Centrifugation delivered again a clear supernatant, which was discarded. This process was repeated
twice after which compound 8c was obtained as its triethylammonium salt. Yield: 48 mg of 8c as
slightly yellow oil (99%). TLC (10% MeOH in CH2Cl2): 0.19. HR-ESI-MS (m/z): [M] calculated for
[C18H20N2010PS]: 487.0571; found: 487.0584. '"H-NMR (CDCls, 400 MHz): & 1.23 (9 H, t, 3Jun = 7.04
Hz, 3x CH3 (EtsN)); 2.25 (3 H, s, CHs (AB)); 3.00 (6 H, q, 3JuH = 6.72 Hz, 3x CH2 (EtsN)); 4.07 (2 H, m
br., CHz2 (5%)); 4.16 (1 H, m br., CH (4°)); 4.24 (2 H, m br., CH (27), CH (3"), 4.89 (2 H, m, CH2 (AB));
5.88 (1 H, d, 3Jun = 3.00 Hz, CH (17)); 6.35 (1 H, d, 3Jun = 7.52 Hz, CH (5)); 6.99 (2 H, d, 3JnH =8.32
Hz, aromat. CH (AB)); 7.37 (2 H, d, 3Ju+ =8.32 Hz, aromat. CH (AB)); 7.68 (1 H, d, 3Jun = 7.49 Hz, CH
(6)); 10.45 (2 H, s, 2x NH) ppm. *C-NMR (CDCl3, 101 MHz): & 8.62 3x CHs EtsN; 21.23 Acetyl (AB);
46.04 3x CHz EtsN; 65.08 (m, C (57)); 66.95 (d, 2Jcp = 5.13 Hz, CH2 (AB)); 70.59 C (3°); 74.97 C (2);
84.00 (d, 3Jcp = 7.51 Hz, C (47)); 89.61 C (17); 113.47 C (5); 121.58, 128.77 aromat. C (AB); 135.92 C
(6); 136.16 (d, Jcp = 7.27 Hz, Cq (AB)); 148.31 C (2); 150.15 Cq (AB); 169.71 C=0 (AB); 190.14 C (4)
ppm. 3'P-NMR (CDCls, 162 MHz): & -0.95 ppm.
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"H-NMR (400 MHz, CDCls) of compound 8¢
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3'P-NMR (162 MHz, CDClIs) of compound 8¢
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4. Synthesis of CycloSal-4sU, CI-CycloSal-4sU and ProTide-4sU (12a-c)

S
| NH
[ NH DMTO P
DMTO N™ "0
NS0 a_ O L
0 o) o)
)JV\H/OOM
HO OH
O 9 O

4

S S s
[%tNH ONH [%LNH
HO N)*o RO P RO P
o) L,
10

N0 NS0
o) d_ o)

LevO OLev LevO OLev HO OH
11a R = CycloSal 12a R = CycloSal
11b R = CI-CycloSal 12b R = CI-CycloSal
11¢c R = ProTide 12c R = ProTide
O
I % -0
\:é /j/\ I
CycloSal CI-CycIoSaI ProTide

Overview of the synthesis of CycloSal-4sU 12a, CI-CycloSal-4sU 12b, and ProTide-4sU 12c.
Reaction conditions: a) i) 8.7 eq LevOH, 4.3 eq dicyclohexylcarbodiimide (DCC), CH2Cl2, 10 min, O
°C; ii) 0.16 eq DMAP, 1.5 h, room temperature (RT), 97%. b) 1.5 eq benzenesulfonic acid,
CH2Cl2/MeOH 9/1, 10 min, 0 °C to RT, 81%. c) for 11a: i) 1.1 eq compound IV, 1.1 eq 5-benzylthio-
1H-tetrazole (BTT), acetonitrile, 1 h, RT; ii) 1.1 eq BuOOH, 10 min, 0 °C to RT, 72%; for 11b: i) 0.9
eq compound V, 0.9 eq BTT, acetonitrile, 45 min, RT; ii) 1.0 eq tBuOOH, 10 min, 0 °C to RT, 54%; for
11c: i) 1.0 eq compound VI, 1.0 eq CeHsOP(O)Cl2, 2.0 eq EtsN, CH2Cl2, 16 h, -78 °C to RT; ii) 5.0 eq
phosphoryl chloride of i), 8.0 eq NMI, CH2Cl2, 20 h, 0 °C to RT, 69%. d) H2NNH: in pyridine/HOAc,
pyridine, 5 to 15 min, RT to 0 °C, 12a (53%), 12b (33%), 12c (83%). Overall yield: 12a (30%), 12b
(14%), 12c (45%).
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4.1. Synthesis of 2°,3"-di-O-levulinoyl-5"-0-(4,4 -dimethoxytrityl)-4-thiouridine (9) ©*!

S S
NH i) 8.7 eq LevOH, NH
N Yo i) 0.16 eq DMAP NN
0] > 0]
in CH2C|2, 1.5 h,
HO OH 0°C-RT LevO OLev
4 9

N,N’-Dicyclohexylcarbodiimid (4.3 eq, 5.827 g, 28.24 mmol) was dissolved in dichloromethane (45.0
ml) and cooled to 0 °C. Levulinic acid (8.7 eq, 57.57 mmol, 5.92 ml) was added and the reaction
mixture was stirred for 10 min at ambient temperature and was then filtered into a flask containing
compound 4 (3.705 g, 6.59 mmol) and 4-(dimethylamino)pyridine (0.16 eq, 1.08 mmol, 132 mg). The
filter cake was washed with dichloromethane (15 ml) and the resulting solution was stirred 1.5 h at
ambient temperature followed by extraction with saturated sodium bicarbonate solution and water.
Drying over sodium sulfate and column chromatography (0-2% MeOH in CH2Cl2) delivered compound
9 as yellow foam. Yield: 4.840 g of 9 as yellow foam (97%). TLC (5% MeOH in CH2Cl2): 0.52. HR-ESI-
MS (m/z): [M+Na]* calculated for [C40H42N2011SNa]*: 781.2402; found: 781.2383. 'H-NMR (CDCls,
400 MHz): 8 2.162, 2.165 (6 H, s, 2x CHs (Lev)); 2.59-2.63, 2.72-2.78 (8 H, m, 4x CHz (Lev)); 3.43 (1
H, dd, 2Jun = 10.96 Hz, 3Jun = 2.25 Hz, CHa (57)); 3.49 (1 H, dd, 2JuH = 11.03 Hz, 3Jhn = 2.23 Hz, CHp
(57)); 3.77 (6 H, s, 2x OCH3 (DMT)); 4.23 (1 H, dd, 3JuH = 4.42 Hz, 3Jun = 2.33 Hz, CH (47)); 5.53-5.57
(2H, m, CH (27), CH (3")); 5.93 (1 H, d, 3Jun = 7.67 Hz, CH (5)); 6.13 (1 H, d, 3Ju1 = 5.13 Hz, CH (17));
6.81-6.83, 7.19-7.35 (13 H, m, aromat. CH (DMT)); 7.49 (1 H, d, 3Jun = 7.71 Hz, CH (6)); 9.52 (1 H,
m, NH) ppm. *C-NMR (CDCls, 101 MHz): 8 27.66, 27.77 2x CHz (Lev); 29.91, 29.93 2x CHs (Lev);
37.81 2x CH2 (Lev); 55.40 2x OCH3s (DMT); 62.62 C (57); 71.26 C (37); 73.39C (27); 82.50 C (47); 86.19
C(17); 87.69, 113.54 aromat. C (DMT); 113.67 C(5); 127.40, 128.26, 130.23, 130.30 aromat C (DMT);
134.41 C (6); 134.78,135.00, 143.96 aromat. C (DMT); 147.61 C (2); 158.89, 158.92 aromat. C (DMT);
171.67,171.89 2x C=0 (Lev); 189.79 C (4); 206.23, 206.29 2x C=0 (Lev) ppm.
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"H-NMR (400 MHz, CDClI3) of compound 9
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4.2. Synthesis of 27,3 -di-O-levulinoyl-4-thiouridine (10)

fj\ H 1.5 eq benzene- fj\ H
sulfonic acid -
in CH,Cl,/MeOH 9/1
15 min, 0 °C - RT

LevO OLev LevO OLev

DMTO

Compound 9 (588 mg, 0.77 mmol) was dissolved in a 9/1 mixture of dichloromethane and methanol
(10.0 ml) and was cooled to 0 °C. A solution of benzenesulfonic acid (1.5 eq, 1.16 mmol, 184 mg) in
the same solvent mixture (5.0 ml) was added and the bright orange solution was stirred for 10 min at
0 °C. Saturated sodium bicarbonate solution was added and the reaction mixture was stirred
vigorously for 5 min. The organic phase was separated and the aqueous phase was washed two times
with dichloromethane. The combined organic extracts were washed with saturated sodium
bicarbonate solution and brine. Drying over sodium sulfate was followed by column chromatography
(2-4% MeOH in CH2Clz). Yield: 286 mg of 10 as yellow foam (81%). TLC (5% MeOH in CH2Cl2): 0.40.
HR-ESI-MS (m/z): [M+H]" calculated for [C19H25N209¢S]*: 457.1275; found: 457.1257. 'TH-NMR (CDCls,
400 MHz): 6 2.17, 2.20 (2x 3 H, 2x s, 2x CHs (Lev)); 2.58-2.66, 2.73-2.81 (8 H, m, 4x CHz(Lev)); 3.85
(1 H, dd, 2Jun = 12.18 Hz, *Jun = 1.66 Hz, CHa (57)); 3.95 (1 H, dd, 2Jnn = 12.26 Hz, 3Jnn = 1.97 Hz,
CHb (57)); 4.24 (1 H, m, CH (4")); 5.44-5.50 (2 H, m, CH (2°), CH (3")); 5.93 (1 H, d, 3JuH = 5.38 Hz,
CH (17)); 6.61 (1 H, d, 3Jun = 7.64 Hz, CH (5)); 7.56 (1 H, d, 3Jun = 7.68 Hz, CH (6)); 9.67 (1 H, s, NH)
ppm. *C-NMR (CDCls, 101 MHz): & 27.67, 27.80 2x CH: (Lev); 29.90, 29.94 2x CHzs (Lev); 37.85,
37.88 2x CH2z (Lev); 61.72 C (57); 71.09 C (37); 73.35 C (27); 83.81 C (47); 89.03 C (17); 113.89 C(5);
135.63 C (6); 147.71 C (2); 171.86, 172.19 2x C=0 (Lev); 189.91 C (4); 206.64, 206.72 2x C=0 (Lev)

ppm.
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"H-NMR (400 MHz, CDCls) of compound 10
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4.3. Synthesis of cyclosaligenyl-5"-0-(2",3"-di-O-levulinoyl-4-thiouridinyl) phosphate (11a)

S S
| NH i) 1.1 eq compound IV, @\9//0 | NH
HO PN 1.1eqBTT, o ™o A
o N™ ~0 in ACN, 1 h, RT N™ ~O
> (0]
ii) 1.1 eq tBUOOH
LevO OLev in ACN, 10 min, 0 °C-RT LevO OLev
10 11a

Compound 10 (71 mg, 0.15 mmol) was dissolved in a dry 5-(benzylthio)-1H-tetrazole solution (1.1 eq,
0.17 mmol, 0.57 ml 0.3 M in acetonitrile) and was subsequently treated with compound IV (1.1 eq,
0.17 mmol, 43 mg) in acetonitrile (0.6 ml). The reaction mixture was stirred 1 h at ambient temperature,
was then cooled to 0 °C and tert-butyl hydroperoxide in decane (1.1 eq, 0.17 mmol, 0.34 ml 0.5 M in
toluene) was added dropwise. The yellow solution was allowed to stir 5 min at 0 °C and 5 min at room
temperature, was then concentrated and purified by flash chromatography (0-3% MeOH in CH2Clz).
Yield: 70 mg of 11a as yellow foam (72%). TLC (3% MeOH in CH2Cl2): 0.34. HR-ESI-MS (m/z): [M+H]*
calculated for [C26H30N2012PS]*: 625.1252; found: 625.1247. '"H-NMR (CDCls, 400 MHz): & 2.16, 2.17,
2.18 (2x 3 H, 2x s, 2x CHs (Lev)); 2.57-2.65, 2.71-2.80 (8 H, m, 4x CHz (Lev)); 4.33 (1 H, m, CH (4"));
4.37-4.47,4.49-4.53 (2 H, m, CH2 (57)); 5.23 (0.5 H, q, 3J1n = 5.21 Hz, CHa (2°)); 5.29 (1 H, m, CHp
(2°), CHa (37)); 5.33-5.41 (2.5 H, m, CHb (3"), POCH>); 5.89 (0.5 H, d, 3JuH = 5.27 Hz, CHa (17)); 5.92
(0.5H,d, 3Jun = 5.27 Hz, CHb (1)); 6.19 (0.5 H, d, 3JuH = 7.66 Hz, CHa (5)); 6.22 (0.5 H, d, 3J1n = 7.66
Hz, CHb (5)); 7.05-7.19 (4 H, m, CHaryi (3), CHaryi (6), CHaryi (5), CH (6)); 7.33 (1 H, m, CHary (4)); 9.76,
9.77 (1 H, s, NHap) ppm. "*C-NMR (CDCls, 101 MHz): 8 27.61, 27.65 2x CH2 (Lev); 29.85, 29.88 2x
CHs (Lev); 37.80 2x CH: (Lev); 66.94 (d, 2Jcp = 5.09 Hz, Ca (57)); 67.00 (d, 2Jcp = 5.09 Hz, Cb (57));
68.95-69.18 (2x d, POCHy); 69.89, 70.04 C (3°); 72.90, 72.97 C (2); 80.83 (d, 3Jcp = 7.27 Hz, Ca (4));
80.96 (d, 3Jcp = 7.27 Hz, C» (47)); 88.36,88.58 C (17); 113.87, 113.92 C (5); 118.68-118.95 (2x d, Caryi
(3)); 120.50-120.80 (2x d, Caryi (1)); 124.86, 124.87 Caryi (5); 125.57, 125.68 Caryi (6); 130.24, 130.25
Caryi (4); 134.32 C (6); 147.37, 147.44 C (2); 149.86-150.01 (2x d, Caryi (2)); 171.74, 171.77, 171.79,
171.84 2x C=0 (Lev); 189.78, 189.81 C (4); 206.40, 206.44, 206.45 2x C=0 (Lev) ppm. *'P-NMR
(CDCls, 162 MHz): 6 -9.73, -9.37 ppm (2x diastereomers).
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"H-NMR (400 MHz, CDClI3) of compound 11a
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3'P-NMR (162 MHz, CDCls) of compound 11a
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4.4. Synthesis of cyclo(5-chlorosaligenyl)-5"-0-(2",3"-di-O-levulinoyl-4-thiouridineyl)
phosphate (11b)

S S
Cl
fJ\NH i) 0.9 eq compound V, \©\/\9//O fJ\NH
0.9 eqBTT O/P\O /g
N o in ACN, 45 min, RT N 9
0] > 0]
\w i) 1.0 eq tBUOOH, WT—?
LevO OLev in ACN, 10 min, 0 °C-RT LevO OLev
10 11b

HO

Compound 10 (204 mg, 0.45 mmol) was dissolved in 1.34 ml of 0.3 M 5-(benzylthio)-1H-tetrazole in
acetonitrile (1.1 eq) and was subsequently treated dropwise with compound V (0.9 eq, 0.40 mmol, 116
mgq) in acetonitrile (1.4 ml) over a period of 15 min. The reaction was stirred for another 30 min and
was then cooled to 0 °C. Tert-butyl hydroperoxide in decane (1.0 eq, 0.45 mmol, 0.45 ml 1.0 M in
toluene) was added dropwise and the yellow solution was allowed to stir 5 min at 0 °C and 5 min at
room temperature. The reaction mixture was concentrated and purified by column chromatography (0-
3% MeOH in CH2Cl2) yielding compound 11b as a mixture of diastereomers. Yield: 144 mg of 11b as
yellow foam (54%). TLC (5% MeOH in CH2Cl2): 0.44. HR-ESI-MS (m/z): [M+H]* calculated for
[C26H29CIN2012PS]": 659.0862; found: 659.0844. '"H-NMR (CDCls, 400 MHz): & 2.17, 2.176, 2.183,
2.19 (2x 3 H, 2x s, 2x CHs (Lev)); 2.58-2.66, 2.72-2.80 (8 H, m, 4x CHz (Lev)); 4.34 (1 H, m, CH (4"));
4.38-4.46, 4.49-4.55 (2 H, 2x m, CH2 (57)); 5.24-5.38 (4 H, m, CH (2°), CH (3"), POCH3); 5.86 (0.5 H,
d, 3JuH = 5.05 Hz, CHa (17)); 5.88 (0.5 H, d, 3JuH = 5.08 Hz, CHb (17)); 6.29 (0.5 H, d, 3JuH = 7.70 Hz,
CHa (5)); 6.31 (0.5 H, d, 3Jun = 7.73 Hz, CHb (5)); 7.00 (0.5 H, d, 3JnH = 3.48 Hz, CHaryia (3)); 7.02 (0.5
H, d, 3JrH = 3.49 Hz, CHaryip (3)); 7.09, 7.10 (1 H, 2x' s, CHaryi (6)); 7.15 (0.5 H, d, 3Jun = 7.69 Hz, CHa
(6)); 7.18 (0.5 H, d, Jun = 7.70 Hz, CHp (6)); 7.26-7.31 (1 H, m, CHaryi (4)); 9.81 (1 H, s, NH) ppm. '3C-
NMR (CDCls, 101 MHz): 6 27.61, 27.64 2x CH2 (Lev); 29.86, 29.89 2x CHs (Lev); 37.78, 37.82 2x CH>
(Lev); 67.14-67.29 (2x d, C (57)); 68.27-68.57 (2x d, POCHy>); 69.84, 69.96 C (37); 72.91, 73.00 C (2°);
80.73-80.91 (2x d, C (47)); 88.90, 89.15 C (17); 113.90, 113.95 C (5); 120.09-120.42 (2x d, Caryi (3));
122.02-122.25 (2x d, Caryi (1)); 125.57, 125.65 Cary (6); 130.04, 130.19 Caryi (4) & Caryi (5)); 134.60 C
(6); 147.40,147.43 C (2); 148.45.148.61 (2x d, Caryi (2)); 171.82,171.85, 171.88 2x C=0 (Lev); 189.83,
189.87 C (4); 206.41, 206.46, 206.50 2x C=0 (Lev) ppm. 3'P-NMR (CDCls, 162 MHz): 5 -10.13, -9.77
ppm (2 diastereomers).
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"H-NMR (400 MHz, CDClI3) of compound 11b

79912 -
96112
Le8LZ 4 (na7) EHD XT
s
8009°Z 1 (A97) THD X ———e=——""8250%
ey ‘. (na7) tHD Xz \.\lmﬂ 11Ty
<
i
|
i ]
" :wv IUIIIInJorao.w
(9> ZX wrzie
v
9D A;QNIU COHY____ ssizz
HDOd = A

wv

LevO OlLev

}

J

(o)} n.m_._ujlm,nmme.?

- ]
(S) 98D ——0000°1—

() 9ekeyy 4

(9) 984D (9)

——188L0'L

_amIU A=

() K=H> €pad = 0L80L=

HN -—=z520'L
\

[ppm]

10

3C-NMR (101 MHz, CDCIs3) of compound 11b

9v8L'LE

§pan

{HDOd (,5) D__——3

(&) 0——=—

(>

£951°2
62522

00L9'8¥1L -

€LZ8’LLL -
COV8LLL ¢
Lo8g'LLL

LE€8'681
9698'681

880%'902 -
209%'902 -+
0005902

=

(¥)D .

(1> =

((9)e]

(g) by
(o) e hey—
(5) Ihie5 /() 1At =

(@ >)———=d
(@) by

(A7) O=DX———

W)

(A37) 0=DXZ

i/

[ppm]

50

100

150

200

43



3'P-NMR (162 MHz, CDClIs) of compound 11b
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4.5. Synthesis of 2-ethylbutyl-2-(5"-0-(2",3 -di-O-levulinoyl-thiouridinyl)(phenoxy)phosphoryl)
alaninate (11c) ['%

S
i) 1.0 eq compound VI,
H 1.0 eq CgH50P(0O)Cl,, 0 9 | NH
2.0 eq EtN, N-P—0 A

S
0. ﬁ oy
N~ ~O in CH,Cl,, 20 h, -78 °C - RT @) H @) 0 N0

ii) 5.0 eq phosphoryl chloride
LevO OLev prepared in i), 8.0 eq NMI, LevO OLev
in CH,Cl,, 20 h, 0 °C - RT 11c

Compound VI (440 mg, 2.54 mmol) was dried at 50 °C under high vacuum overnight. It was then
dissolved in dichloromethane (7.8 ml) and cooled to 0 °C. Phenyldichlorophosphate (1.0 eq. 2.54
mmol, 536 mg) was added and the clear solution was further cooled to -78 °C whereas triethylamine
(2.0 eq, 5.08 mmol, 514 mg) was added dropwise over a period of 30 min. The reaction mixture was
stirred for another 2 h at -78 °C and was then allowed to warm to ambient temperature overnight (20
h). Solvent was evaporated on a pre-dried rotavapor, which was flushed with argon after evaporation.
The remaining residue was dissolved in diethyl ether (11.0 ml) and salts were removed by filtration
using a Schlenk-frit. Evaporation of the solvent was performed as described above, yielding 873 mg
of the chloro-intermediate which was used for the next step without further purification.

Compound 10 (51 mg, 0.11 mmol) was dissolved in dichloromethane (3.0 ml) and cooled to 0 °C.
Freshly prepared 2-ethylbutyl (chloro(phenoxy)phosphoryl) alaninate (5.0 eq, 0.56 mmol, 194 mg) was
added followed by the dropwise addition of N-methyl imidazole (8.0 eq, 0.89 mmol, 71 pl). The yellow
solution was stirred for 20 h at ambient temperature. It was then diluted with dichloromethane and was
washed with brine. The crude product was purified by column chromatography (0-3% MeOH in
CH2Cl2). Yield: 59 mg of 11¢ as yellow oil (69%). TLC (3% MeOH in CH2Cl2): 0.48. HR-ESI-MS (m/z):
[M+H]" calculated for [C3sH47N3013PS]*: 768.2562; found: 768.2535. 'H-NMR (CDCl3, 400 MHz): &
0.80 (3 H, t, 3JuH = 7.47 Hz, CHs (ester)); 0.81 (3 H, t, 3Ju1 = 7.41 Hz, CHa (ester)); 1.24-1.36 (4 H, m,
2x CHz (ester)); 1.34 (1.5 H, d, *Jun=7.04 Hz, CH3.a (Ala)); 1.39 (1.5 H, d, *Jun = 6.99 Hz, CHa3» (Ala));
1.50 (1 H, sept, 3JuH = 6.23 Hz, CH (ester)); 2.157, 2.164, 2.173 (2x 3 H, 3x s, 2x CH3 (Lev)); 2.59-
2.65,2.71-2.79 (2x 4 H, 2x m, 4x CHz (Lev)); 3.90-4.10 (3 H, m, OCH> (ester), CH (Ala)); 4.28-4.45 (3
H, m, CH (4°), CH2 (57)); 5.12 (0.5 H, t, 3J1H = 5.96 Hz, CHa (2°)); 5.22 (0.5 H, t, 3JhH = 6.04 Hz, CHp
(27)); 5.39 (0.5 H, dd, 3JxH = 5.84 Hz, 3Ju+=3.84 Hz, CHa (3")); 5.42 (0.5 H, dd, 3JuH = 5.84 Hz, 3JuH
=3.92 Hz, CHp (37)); 6.01 (0.5 H, d, JuH = 6.04 Hz, CHa (17)); 6.04 (0.5 H, d, 3JuH = 6.12 Hz, CHb (17));
6.15 (0.5 H, d, 3JuH = 6.64 Hz, CHa (5)); 6.37 (0.5 H, d, 3JuH = 6.68 Hz, CHb (5)); 7.09-7.23, 7.29-7.34
(6 H, m, CH (6), aromat. CH); 9.95, 10.07 (1 H, 2x s, NHa,) ppm. 3C-NMR (CDCls, 101 MHz): 5 11.03,
11.05, 11.08 2x CHs (ester); 21.10-21.27 (2x d, CHs (Ala)); 23.24, 23.27 2x CH2 (ester); 27.61, 27.68,
27.69 2x CHz (Lev); 29.85, 29.88 2x CHs (Lev); 37.77, 37.81, 37.84 2x CH:z (Lev); 40.28 CH (ester);
50.49-50.60 (2x d, CH (Ala)); 65.43 (d, 2Jcp = 5.09 Hz, Ca (57)); 65.66 (d, 2Jcp = 5.69 Hz, Cb (5));
67.82, 67.85 OCH: (ester); 70.13, 70.36 C (3°); 72.89, 73.06 C (2); 81.25-81.38 (2x d, C (4")); 86.97,
87.13 C (17); 114.07, 114.20 C (5); 120.18-120.37 (2x d, aromat. C); 125.29, 125.46, 129.93, 130.04
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aromat. C; 134.02, 134.38 C (6); 147.60, 147.66 C (2); 150.42-150.57 (2x d, aromat. Cq); 171.64,

=0p

O (Lev); 173.57 (d, 3Jcp = 7.26 Hz, C=0a (Ala)); 173.88 (d, 3Jcp = 7.26 Hz, C

171.78,171.832xC

O (Lev) ppm. ¥'P-NMR (CDCls,

(Ala)); 189.85, 190.03 C (4); 206.28, 206.30, 206.35, 206.41 2x C

162 MHz): 6 2.50, 2.75 ppm (2 diastereomers).

"H-NMR (400 MHz, CDCls) of compound 11¢
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3C-NMR (101 MHz, CDCIs) of compound 11¢
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4.6. Synthesis of cyclosaligenyl-5"-O-(4-thiouridineyl) phosphate (CycloSal-4sU, 12a) ['"]

(I)/O NH H2NNH2 in ?/O NH
o "% | H,O/Pyridine/HOAC o "6 |
N 0] N (0]
(e) in pyridine, 5 min 0O
RT-0°C

LevO OLev HO OH
11a 12a

Compound 11a (43 mg, 0.07 mmol) was dissolved in pyridine (2.5 ml) and treated with hydrazine in a
pyridine/acetic acid-buffer (24-26% H2NNH: in H2O/pyridine/acetic acid 2/4/3, 3.3 ml) and was stirred
for 5 min. The reaction mixture was then cooled to 0 °C and ethyl acetate (12.5 ml) and water (12.5
ml) were added and stirred vigorously for 5 min at 0 °C. The organic layer was washed with 5% sodium
bicarbonate solution, dried over sodium sulfate and was purified by flash chromatography (0-4%
MeOH in CH2Cl2). Yield: 16 mg of 12a as a slightly yellow oil (53%). TLC (5% MeOH in CH2Clz): 0.29.
HR-ESI-MS (m/z): [M+Na]" calculated for [C16H17N20sPSNa]*: 451.0335; found: 451.0329. 'H-NMR
(de-DMSO, 400 MHz): 6 3.93 (1 H, m, CH (3")); 4.01-4.06 (2 H, m, CH (4"), CH (2°)); 4.30-4.44 (2 H,
m, CH2 (57)); 5.35 (1 H, s br., OH (3")); 5.42-5.57 (3 H, m, POCHz, OH (2)); 5.69-5.70 (1 H, 2x d, CH
(17)); 6.07 (0.5 H, dd, 3JuH = 7.58 Hz, *Jun = 1.78 Hz, CHa (57)); 6.16 (0.5 H, dd, 3Jun = 7.56 Hz, “Ju
=1.83 Hz, CHb (5°)); 7.14-7.45 (5 H, m, aromat. CH, CH (6)); 12.74 (1 H, s br., NH) ppm. *C-NMR
(de-DMSO, 101 MHz): 8 67.29 (d, 2Jcp = 5.06 Hz, Ca (5)); 67.33 (d, 2Jcp = 4.36 Hz, Cb (57)); 68.47-
68.58 (2x d, POCH3); 69.13,69.16 C (37); 72.80, 72.87 C (2°); 81.69-81.79 (2x d, C (4")); 89.33, 89.39
C (17); 112.61, 122.65 C (5); 118.18-118.28 (2x d, Caryi (3)); 120.86-121.00 (2x d, Caryi (1)); 124.48,
124.52 Caryi (5); 126.13 Canyi (6); 129.80 Caryi (4); 135.56, 135.70 C (6); 147.76 C (2); 149.32-149.43
(2x d, Canyi (2)); 190.19, 190.21 C (4); ppm. >'P-NMR (de-DMSO, 162 MHz): & -9.86, -9.78 ppm (2
diastereomers).
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"H-NMR (400 MHz, ds-DMSO) of compound 12a
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3'P-NMR (162 MHz, ds-DMSO) of compound 12a
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4.7. Synthesis of cyclo(5-chlorosaligenyl)-5"-O-(4-thiouridineyl) phosphate (Cl-CycloSal-4sU,
12b) (11

in pyridine, 5 min
RT-0°C

LevO OLev HO OH
11b 12b

cl i cl i
\©f\g,/o ﬁNH H O/l;l:’ZN'rc\il'HZ/iI:OA \©f\§,/o ﬁNH
_PZ 2 yridine c Pl
0" o~ ) N/go o 0 5 N/go

Compound 11b (100 mg, 0.15 mmol) was dissolved in pyridine (5.4 ml) and treated with hydrazinium
acetate (24-26% H2NNH:2 in H20O/pyridine/acetic acid 2/4/3, 7.2 ml) and was stirred for 5 min. The
reaction mixture was then cooled to 0 °C and ethyl acetate (27.0 ml) and water (27.0 ml) were added
and stirred vigorously. The organic layer was washed with 5% sodium bicarbonate solution, dried over
sodium sulfate and was purified by flash chromatography (1-5% MeOH in CH2Cl2). Yield: 23 mg of
12b as colorless 0il (33%). TLC (5% MeOH in CH2Cl2): 0.25. HR-ESI-MS (m/z): [M+H]" calculated for
[C16H17N20sPS]*: 463.0126; found: 463.0112. 'TH-NMR (CDCls, 400 MHz): & 4.24-4.28 (1 H, m, CH
(27)); 430 (1 H, m, CH (47)); 4.38 (1 H, m, CH (3")); 4.44 (1 H, m, CHa (57)); 4.53 (1 H, m, CHb (57));
5.27-5.37 (2 H, m, POCH?2); 5.609 (0.5 H, d, 3Jun = 3.38 Hz, CHa (17)); 5.614 (0.5 H, d, 3Jun = 3.47 Hz,
CHb (17)); 6.33 (0.5 H, d, 3Jnn = 7.66 Hz, CHa (5)); 6.36 (0.5 H, d, *Jun = 7.66 Hz, CHs (5)); 7.01 (1 H,
d, 3Jun = 8.75 Hz, CHaryi (3)); 7.11 (1 H, m, CHaryi (6)); 7.32 (1 H, m, CHaryi (4)); 7.35 (0.5 H, d, 3Jnn =
7.47 Hz, CHa (6)); 7.36 (0.5 H, d, 3Jun = 7.61 Hz, CHa (6)); ppm. *C-NMR (CDCls, 101 MHz): & 67.58-
67.65 (2x d, C (57)); 68.32-68.40 (2x d, POCH); 70.32, 70.41 C (3); 75.34, 75.39 C (27); 83.34-83.45
(2xd, C (47)); 93.25,93.40 C (17); 113.51, 113.55 C (5); 120.16-120.23 (2x d, Caryi (3)); 121.99-122.05
(2x d, Caryi (1)); 125.63 Caryi (6); 130.29, 130.32, 130.40 Caryi (4) & Caryi (5)); 134.74, 134.83 C (6);
148.31 C (2) & Caryi (2); 189.41, 189.45 C (4) ppm. 3'P-NMR (ds-DMSO, 162 MHz): & -9.40, -9.29 ppm
(2 diastereomers).
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3'P-NMR (162 MHz, ds-DMSO) of compound 12b
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4.8. Synthesis of 2-ethylbutyl-2-(5"-O-(4-thiouridineyl)(phenoxy) phosphoryl)alaninate
(ProTide-4sU, 12c) ['12]

S S
\j\/o i1 | A \j\/ 2 | "
N-P—0 PN 2 M HyNNH, in —p- PN

o MY W o N0 5 W oN

HZO/Pyrldlne/HOAc

in pyridine, 15 min
LevO OLev RT-0°C HO OH

11c 12c

Compound 11¢ (41 mg, 0.053 mmol) was dissolved in pyridine (0.30 ml) and treated with 0.19 ml 2 M
hydrazine buffer (hydrazine monohydrate/pyridine/acetic acid 1/5/4). After 10 minutes the solution was
cooled to 0 °C and ethyl acetate (4.0 ml) as well as water (4.0 ml) was added and the reaction mixture
was stirred vigorously for 5 minutes. The organic phase was separated and washed with 5% sodium
bicarbonate solution. Drying over sodium sulfate was followed by evaporation of the solvent and
column chromatography (0-4% MeOH in CH2Clz2). Yield: 25 mg of 12¢ as slightly yellow oil (83%). TLC
(5% MeOH in CH2CIl2): 0.35 (two diastereomers). HR-ESI-MS (m/z): [M+H]* calculated for
[C24H35N309PS]*: 572.1826; found: 572.1815. '"H-NMR (CDCls, 400 MHz): & 0.85 (3 H, t, 3JuH = 7.50
Hz, CHs (ester)); 0.86 (3 H, t, 3Jun = 7.49 Hz, CHs (ester)); 1.25-1.36 (7 H, m, 2x CH2 (ester), CH3
(Ala)); 1.49 (1 H, sept, 3JuH = 6.16 Hz, CH (ester)); 3.96-4.19 (4 H, m, CH (Ala), OCH2 (ester), CH
(27)); 4.22-4.41 (4 H, m, CH (4°), CH (3"), CH2 (57)); 5.54 (1 H, dd, 2Jup or *Jnn = 11.58 Hz, 2Jne or 3Jnn
=9.91 Hz, NH (Ala)); 5.79 (0.5 H, d, 3Jhn = 3.92 Hz, CHa (17)); 5.81 (0.5 H, d, 3Jun = 4.08; CHp (17));
6.32 (0.5 H, d, 3Jun = 7.60 Hz, CHa (5)); 6.33 (0.5 H, d, 3Jun = 7.60 Hz, CHp (5)); 7.12-7.21 (3 H, m,
aromat. CH); 7.28-7.33 (2.5 H, m, aromat. CH, CHa (6)); 7.35 (0.5 H, d, 3Ju+ = 7.68 Hz, CHs (6)); 10.99
(1 H, s, NH) ppm. *C-NMR (CDCls, 101 MHz): 8 11.08, 11.12, 11.13 2x CHjs (ester); 21.05-21.13 (2x
d, CHs (Ala)); 23.26, 23.29 2x CH2 (ester); 40.30 CH (Esther), 50.47 (d, 2Jcp = 12.35, CH (Ala)); 65.83
(d, 2Jcp = 5.09 Hz, Ca (57)); 66.06 (d, 2Jcp = 5.47 Hz, Cy (57)); 67.97, 68.05 OCHz (ester); 69.83 C (3°);
74.81 C (2); 82.80 (d, 3Jcp = 7.27 Hz, Ca (47)); 82.94 (d, 3Jcp = 7.26 Hz, Cb(47)); 90.36, 90.68 C (1°);
113.99 C (5); 120.06-120.19 (2x d, aromat. C), 125.38, 125.46, 130.01 aromat C; 134.68, 134.92 C
(6); 148.69, 148.70 C (2); 150.47 (d, ?Jcp = 5.90 Hz, aromat. Cq,a); 150.54 (d, 2Jcp = 5.81 Hz, aromat.
Cqyb); 173.89 (d, 3Jcp = 7.27 Hz, C=0s (Ala)); 173.95 (d, 3Jcp = 6.54 Hz, C=0p (Ala)); 189.91 C (4)
ppm. 3'P-NMR (CDCls, 162 MHz): & 2.84, 3.05 ppm (2 diastereomers).

Note: CH (Ala) appears as doublet while we expect 2xd due to the presence of 2 diastereomers along with coupling to

the adjacent phosphorous. The observed signal was assigned as a 2Jcp coupling because an overlay of diasteromeric
signals is more likely than 2Jce coupling, which is not resolved.
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"H-NMR (400 MHz, CDClI3) of compound 12¢
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3'P-NMR (162 MHz, CDClIs) of compound 12¢
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5. Synthesis of 4sU prodrugs with S*-biolabile protecting group (18a-c)

HO |

HO OH

O O
Uridine 13 %

S/\/SR']

W
TBDMSO. | ,&O

<. 1 N
O
15a R4 = Acetyl 0

15b Ry= Pivaloyl ("

S/\/SR1

d
RZOPO
o e

o 0O

X

17a R4 = Acetyl, R, =AB
17b R4 = Acetyl, R, = tBUSATE
17¢ Ry = R, = tBUSATE

8 |
—P - O N
(@)

TBDMSO

14)«

S/\/SR1
~N
/gO

|
HO \
0

16a,b O_O

S/\/SR1
=N
/gO
HO OH

18a (AB,SATE-4sU)
18b ({BuSATE,SATE-4sU)
18c (tBUSATE;-4sU)

Overview of the synthesis of compounds 18a-c. Reaction conditions: a) 1.1 eq p-TsOH, acetone,
3 h, RT, 93%. b) 4.0 eq imidazole, 2.0 eq TBDMSCI, DMF, 16 h, room temperature (RT), 91%. c) i)
0.1 eq DMAP, 4.0 eq EtsN, 1.3 eq TPSCI, CH2Cl2, 1 h, RT; ii) 10.0 eq N-methylpyrrolidine, iii) for 15a:
5.0 eq ethanedithiol monoacetate, 16 h, 0 °C-RT, 67%. for 15b: 5.0 eq ethanedithiol monopivaloate,
5 h, RT, 57%. d) 1 M TBAF, 0.5 M HOAc, 2 h, RT, 16a (69%), 16b (91%). e) for 17a: i) 1.1 eq 5-
(benzylthio)-1H-tetrazole (BTT), 1.1 eq compound I, acetonitrile, 1 h, RT ii) 1.1 eq mCPBA, 5 min, 0
°C, 65%. for 17b: i) 1.4 eq BTT, 1.4 eq compound ll, acetonitrile, 30 min, RT ii) 1.4 eq mCPBA, 5 min,
0 °C, 72%. for17c: i) 1.1 eq BTT, 1.1 eq compound Il, acetonitrile, 1 h, RT ii) 1.1 eq mCPBA, 5 min,
0 °C, 62%. f) formic acid, 4 h, 18a (23%), 18b (23%), 18¢ (34%). Overall yield: 18a (6%), 18b (7%),

18c (9%).



5.1. Synthesis of 2°,3"-O-isopropylidene-uridine (13) ['*

0
0
fJ\NH
A HO

HO - N (@]
N 0 1.1 eq p-TsOH N o
O in acetone, 3 h,
RT O O
HO OH x
Uridine 13

Uridine (1.5 g, 6.14 mmol) was suspended in acetone (30.0 ml) and p-toluenesulfonic acid (1.1 eq,
6.76 mmol, 1.285 g) was added. The reaction mixture was stirred 3 h at ambient temperature followed
by neutralization with saturated sodium bicarbonate solution. Acetone was removed under reduced
pressure and the remaining residue was dissolved in ethyl acetate and was washed three times with
saturated sodium bicarbonate solution. The aqueous phase was subsequently extracted several times
with ethyl acetate. The combined organic phases were dried over sodium sulfate. Column
chromatography (4-6% MeOH in CH2Cl2) yields compound 13. Yield: 1.621 g of 13 as white foam
(93%). TLC (10% MeOH in CH2Cl2): 0.57. "H-NMR (ds-DMSO, 400 MHz): & 1.29, 1.48 (6 H 2x 3 H, 2x
s, 2x CHgs (isopropyliden)); 3.57 (2 H, m, CHz (57)); 4.06 (1 H, dd, Jun = 8.21 Hz, 3Jun = 4.38 Hz, CH
(47)); 4.74 (1 H, dd, 3Jun = 6.32 Hz, 3Jun = 3.56 Hz, CH (3°)); 4.89 (1 H, dd, 3Ju+ = 6.34 Hz, 3JuH = 2.65
Hz, CH (27)); 5.07 (1 H, t, 3Jnn = 5.29 Hz, OH (57)); 5.63 (1 H, dd, Jun = 8.00 Hz, *Jnn = 1.13 Hz, CH
(5)); 5.83 (1 H, d, 3JnH = 2.64 Hz, CH (17)); 7.79 (1 H, d, 3Jun = 8.07 Hz, CH (6)); 11.37 (1 H, s, NH))
ppm.
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"H-NMR (400 MHz, de-DMSO) of compound 13
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5.2. Synthesis of 5 -O-(tert-butyldimethylsilyl)-2",3"-O-isopropylidene-uridine (14)

o) o)

NH 4.0 eq imidazole \ ﬁNH

HO ﬁ | %Si—o

N/&O 2.0 eq TBDMSCI ; N/&O

O in DMF, 16 h, O
RT
o0 o0

X N

13 14

Compound 13 (1.621 g, 5.70 mmol) was dissolved in N,N-dimethylformamide (24.9 ml) and imidazole
(4.0 eq, 22.81 mmol, 1.553 g) as well as tert-butyldimethylsilyl chloride (2.0 eq, 11.41 mmol, 1.719 g)
were introduced to the reaction mixture. The solution was stirred at ambient temperature for 16 h
followed by the removal of the solvent under high vacuum. The oily residue was dissolved in
dichloromethane and was washed three times with brine. The organic phase was dried over sodium
sulfate and was purified by column chromatography (0-4% MeOH in CH2Cl2). Yield: 2.063 g of 14 as
white foam (91%). TLC (3% MeOH in CH2Cl2): 0.41. HR-ESI-MS (m/z): [M+H]" calculated for
[C18H31N206Si]*: 399.1946; found: 399.1918. 'TH-NMR (CDCl3, 400 MHz): & -0.086, 0.092 (6 H, 2x s,
2x CH3 (TBDMS)); 0.90 (9 H, s, t-Bu (TBDMS)); 1.36, 1.59 (6 H, 2x s, 2x CH3 (isopropyliden)); 3.80 (1
H, dd, 2Jun = 11.52 Hz, 3Jun = 2.95 Hz, CHa (57)); 3.92 (1 H, dd, 2JnH = 11.52 Hz, 3JuH = 2.38 Hz, CHb
(57)); 4.32 (1 H, dd, 3JuH = 5.43 Hz, 3Jun = 2.74 Hz, CH (4")); 4.68 (1 H, dd, 3Jun = 6.14 Hz, 3Jun = 2.78
Hz, CH (2)); 4.76 (1 H, dd, 3Jun = 6.15 Hz, 3Jun = 2.98 Hz, CH (3")); 5.68 (1 H, dd, 3JuH = 8.12 Hz,
4Jun = 2.11 Hz, CH (5)); 5.98 (1 H, d, 3Jun = 2.77 Hz, CH (17)); 7.69 (1 H, d, 3JuH = 8.14 Hz, CH (6));
8.72 (1 H, s, NH)) ppm. *C-NMR (CDCls, 101 MHz): -5.41, -5.31 2x CH3 (TBDMS); 18.47 Cq (TBDMS);
25.49 CHs (isopropyliden); 25.98 t-Bu (TBDMS); 27.41 CHs (isopropyliden); 63.49 C (57); 80.41 C (3°);
85.52 C (27);86.79 C (47); 92.05 C (17); 102.32 C (5); 114.28 Cq (isopropyliden); 140.66 C (6); 150.14
C (2); 163.12 C (4) ppm.
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"H-NMR (400 MHz, CDClI3) of compound 14
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5.3. Synthesis of 4-(S-(B-acetylmercapto)ethyl)-5°-O-(tert-butyldimethylsilyl)-2",3"-O-
isopropylidene-uridine (15a) ['4

0 S/\/S\[(
kaH i) 0.1 eq DMAP, 4.0 eq Et;N, SN o)
1.3 eq TPSCI, in CH,Cl,,
TBDMSO N o 1h RT TBDMSO | Nko
o ii)10.0 eq N-methylpyrrolidine, 1/_o?l
5 min, 0°C
o O > O O

X iii) 5.0 eq ethanedithiol X

monoacetate, 16 h, 0 °C - RT
14 15a

Compound 14 (1.113 g, 2.79 mmol) was dissolved in dichloromethane (7.40 ml) and treated
consecutively with 4-(dimethylamino)-pyridine (0.1 eq, 0.28 mmol, 63 mg), triethylamine (4.0 eq, 11.17
mmol, 1.56 ml) and 2,4 ,6-triisopropylbenzesulfonyl chloride (1.3 eq, 3.63 mmol, 1.099 g). The resulting
solution was stirred at ambient temperature until TLC (3% MeOH in CH2Cl2, Rf = 0.81) showed a
complete turnover (1 h). Activated compound 14 was then cooled to 0 °C and treated with N-
methylpyrrolidine (10.0 eq, 27.9 mmol, 2.90 ml) and stirred at 0 °C for 5 min. Ethanedithiol
monoacetate "% (5.0 eq, 13.9 mmol, 1.902 g) was introduced to the reaction mixture which was stirred
for another 30 min at 0 °C. Stirring was continued at ambient temperature for 16 h followed by dilution
with dichloromethane and extraction with saturated sodium bicarbonate solution. The crude product
was purified by column chromatography (0-2% MeOH in CH2Cl2). Yield: 969 mg of 15a as colorless
oil (67%). TLC (ethyl acetate in cyclohexane 1:1): 0.63. HR-ESI-MS (m/z): [M+H]* calculated for
[C22H37N206S2Si]": 517.1857; found: 517.1828. 'H-NMR (CDCls, 400 MHz): & -0.064 (6 H, s, 2x CH3
(TBDMS)); 0.87 (9 H, s, t-Bu (TBDMS)); 1.35, 1.59 (6 H, 2x s, 2x CH3 (isopropyliden)); 2.34 (3 H, s,
SOCHBa); 3.21 (2 H, m, CH2SCOCH3); 3.28-3.45 (2 H, m, SCH2); 3.80 (1 H, dd, 2Ju+ = 11.60 Hz, 3JrH
=3.39 Hz, CHa (57)); 3.95 (1 H, dd, 2Jun = 11.59 Hz, 3Jun = 2.51 Hz, CHpb (57)); 4.35 (1 H, m, CH (4"));
4.74 (2H, m,CH (2°),CH (37));5.94 (1 H, s,CH (17)); 6.14 (1 H, d, 3Juu = 7.11 Hz, CH (5)); 7.84 (1 H,
d, 3Jun = 7.12 Hz, CH (6)) ppm. *C-NMR (CDCl3, 101 MHz): -5.39, -5.28 2x CH3 (TBDMS); 18.46 Cq
(TBDMS); 25.46 CHs (isopropyliden); 25.99 tBu (TBDMS); 27.38 CHs (isopropyliden);28.78
CH2SCOCHs3; 29.50 SCH2; 30.74 SCOCHs3; 63.32 C (57); 80.01 C (37); 86.28 C (27); 88.14 C (4°);
93.81 C (17); 103.23 C (5); 113.97 Cq (isopropyliden); 140.74 C (6); 153.70 C (2); 176.84 C (4), 195.57
C=0 ppm.
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"H-NMR (400 MHz, CDCls) of compound 15a
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5.4. Synthesis of 5-O-(tert-butyldimethylsilyl)-2",3°-O-isopropylidene-4-(S-(f3-
pivaloylmercapto)ethyl)-uridine (15b) ['4

(0] S/\/S\[H<

| NH i) 0.1 eq DMAP, 4.0 eq Et3N, NN @]
1.3 eq TPSCI, in CH,Cl,, |
TBDMSO 2&12
N/§O h.RT TBDMSO Nko
O ii)10.0 eq N-methylpyrrolidine, o)
5 min, RT
0. O o O
iii) 5.0 eq ethanedithiol )Q
monopivaloate, 5 h, RT
14 15b

Compound 14 (405 mg, 1.02 mmol) was dissolved in dichloromethane (3.4 ml) and treated
consecutively with 4-(dimethylamino)-pyridine (0.1 eq, 0.10 mmol, 12 mg), triethylamine (4.0 eq, 4.06
mmol, 0.57 ml) and 2,4,6-triisopropylbenzesulfonyl chloride (1.3 eq, 1.32 mmol, 400 mg). The resulting
solution was stirred at ambient temperature until TLC (3% MeOH in CH2Cl2, Rf = 0.81) showed a
complete turnover (1 h). Activated compound 14 was then treated with N-methylpyrrolidine (10.0 eq,
10.16 mmol, 1.06 ml) and stirred for 5 min. Ethanedithiol monopivaloate ['® (5.0 eq, 5.08 mmol, 906
mg) was introduced to the reaction mixture which was stirred for another 5 h at ambient temperature.
The solution was diluted with dichloromethane, was washed with saturated sodium bicarbonate
solution and dried over sodium sulfate. The crude product was purified by column chromatography (0-
3% MeOH in CH2Cl2). Yield: 334 mg of 15b as colorless oil (57%). TLC (3% MeOH in CH2Cl2): 0.50.
HR-ESI-MS (m/z): [M+H]* calculated for [C25H43N206S2Si]*: 559.2326; found: 559.2296. 'H-NMR
(CDCls, 400 MHz): 6 -0.063 (6 H, s, 2x CH3 (TBDMS)); 0.87 (9 H, s, t-Bu (TBDMS)); 1.23 (9 H, s,
CH2SCOC(CHs)s); 1.35, 1.58 (6 H, 2x s, 2x CHs (isopropyliden)); 3.16 (2 H, m, CH2SCOC(CHj3) 3);
3.26-3.43 (2 H, m, SCH2); 3.79 (1 H, dd, 2JuH = 11.58 Hz, 3Jun = 3.41 Hz, CHa (5)); 3.95 (1 H, dd, 2JuH
=11.58 Hz, 3JuH = 2.54 Hz, CHp (57)); 4.34 (1 H, dd, 3Jun = 5.15 Hz, 3Jun = 2.64 Hz, CH (4°)); 4.74 (2
H, m, CH (2°), CH (3")); 5.94 (1 H, d, 3Jun = 0.79 Hz, CH (1°)); 6.14 (1 H, d, 3Jun = 7.11 Hz, CH (5));
7.84 (1 H,d, 3Jun = 7.13 Hz, CH (6)) ppm. *C-NMR (CDCl3, 101 MHz): -5.39, -5.29 2x CH3 (TBDMS);
18.45 Cq (TBDMS); 25.47 CHs (isopropyliden); 25.98 t-Bu (TBDMS); 27.38 CHs (isopropyliden); 27.49
CH2SCOC(CHs)s; 28.13 SCHz; 29.57 CH2.SCOC(CHs3)s; 46.62 CH2SCOC(CHs)s; 63.31 C (57); 79.99
C(37);86.27C (27); 88.14 C (47); 93.78 C (17"); 103.22 C (5); 113.95 Cq (isopropyliden); 140.68 C (6);
153.70 C (2); 177.01 C (4); 206.53 C=0 ppm.
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"H-NMR (400 MHz, CDClI3) of compound 15b
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5.5. Synthesis of 4-(S-(B-acetylmercapto)ethyl)-2",3"-O-isopropylidene-uridine (16a)

s S
N o}
1 M TBAF, | N
TBDMSO /K 0.5MHOAc HO N/&O
k ? in THF, 2 h, RT Fo?
15a 16a

Compound 15a (260 mg, 0.94 mmol) was dissolved in tetrahydrofuran (3.0 ml) containing 1 M
tetrabutylammonium fluoride trinydrate and 0.5 M acetic acid. Solvents were evaporated after 2 h and
the crude product was purified via column chromatography (0-3% MeOH in CH2Cl2). Yield: 139 mg of
16a as white powder (69%). TLC (3% MeOH in CH2Cl2): 0.22. HR-ESI-MS (m/z): [M+H]" calculated
for [C16H23N206S2]*: 403.0992; found: 403.0977. 'H-NMR (ds-DMSO, 400 MHz): 1.28, 1.49 (6 H, 2x
s, 2x CHs (isopropyliden)); 2.35 SCOCHs; 3.15 (2 H, m, CH2SCOCHz3); 3.28 (2 H, m, SCH2(4)); 3.52-
3.58 (1 H, m, CHa (57)); 3.61-3.66 (1 H, m, CHb (57)); 4.18 (1 H, dd, 3Jun = 7.96 Hz, 3Jnn = 4.20 Hz,
CH (47)); 4.74 (1 H, dd, 3Jun = 6.15 Hz, 3Jun = 3.32 Hz, CH (37)); 4.87 (1 H, dd, 3JuH = 6.22 Hz, 3JnH =
1.74 Hz, CH (2°)); 5.09 (1 H, t, 3Jhn = 5.05 Hz, OH (57)); 5.81 (1 H, d, 3Jun = 1.68 Hz, CH (17)); 6.47 (1
H, d, 3Jun = 7.09 Hz, CH (5)); 8.05 (1 H, d, 3Jux = 7.12 Hz, CH (6)) ppm. *C-NMR (ds-DMSO, 101
MHz): 25.08, 26.95 2x CHs (isopropyliden); 28.00 CH2SCOCHSs; 28.60 SCHz; 30.52 SCOCHS3; 61.15
C(57);80.40C (37);84.77 C (27);87.80 C (47); 93.43 C (17); 102.57 C (5); 112.56 Cq (isopropyliden);
142.88 C (6); 152.55 C (2); 176.01 C (4); 194.84 C=0 ppm.
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"H-NMR (400 MHz, ds-DMSO) of compound 16a
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5.6. Synthesis of 2",3"-O-isopropylidene-4-(S-(B-pivaloylmercapto)ethyl)-uridine (16b)

S/\/S\H)< S/\/S\H)<

N 0 1 M TBAF, N 0
o THF, 2 h, RT o
15b 16b

Compound 15b (334 mg, 0.60 mmol) was dissolved in tetrahydrofuran (1.2 ml) containing 1 M
tetrabutylammonium fluoride trinydrate and 0.5 M acetic acid. Solvents were evaporated after 2 h and
the crude product was purified via column chromatography (2-4% MeOH in CH2Cl2). Yield: 243 mg of
16b as white powder (91%). TLC (5% MeOH in CH2Cl2): 0.42. HR-ESI-MS (m/z): [M+H]" calculated
for [C19H20N206S2]": 445.1462; found: 445.1439. 'H-NMR (CDCls, 400 MHz): & 1.23 (9 H, s,
CH2SCOC(CHs)3); 1.36, 1.56 (2x 3 H, 2x s, 2x CHs (isopropyliden)); 3.170 (2 H, t, 3Jun = 7.15 Hz,
CH>SCOC(CHa)3); 3.27-3.38 (2 H, m, SCH2); 3.41 (0.5 H, d, 3Jun = 2.97 Hz, OHa (57)); 3.43 (0.5 H, d,
3JuH = 2.92 Hz, OHb (57)); 3.79-3.85 (1 H, m, CHa (5°)); 3.94 (1 H, txd, 2JuH = 12.29 Hz, 3Jun = 2.64
Hz, CHb (57)); 4.34 (1 H, dd, 3Jun = 5.71 Hz, 3Jun = 3.28 Hz, CH (47)); 5.10 (1 H, dd, 3Jun = 6.44 Hz,
3Jun = 3.45 Hz, CH (3)); 5.25 (1 H, dd, 3JnH = 6.45 Hz, 3Jun = 2.80 Hz, CH (27)); 5.40 (1 H, d, 3JnH =
2.79 Hz, CH (17)); 6.23 (1 H, d, %JuH = 7.03 Hz, CH (5)); 7.38 (1 H, d, 3Jun = 7.11 Hz, CH (6)) ppm.
BC-NMR (CDCIs, 101 MHz): 25.35 CHs (isopropyliden); 27.44 CH2SCOC(CH3)3; 27.48
CH2SCOC(CHs)s; 27.95 CHs (isopropyliden); 29.85 SCHz; 46.66 CH2SCOC(CHs)s3; 63.09 C (57); 80.61
C(37);83.30C (27);88.19 C (47); 99.89 C (17); 104.21 C (5); 114.29 Cq (isopropyliden); 143.57 C (6);
153.74 C (2); 178.63 C (4); 206.46 C=0 ppm.
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"H-NMR (400 MHz, CDCls) of compound 16b
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5.7. Synthesis of bis(4-acetoxybenzyl)-5"-O-(4-(S-(B-acetylmercapto)ethyl)-2°,3"-O-
isopropylidene-uridinyl) phosphate (17a) ©°

(0]

| N
HO N*o i) 1.1 eq BTT, 0 | SN ©
1.1 eq compound |, 0-P-0
\LFE%% in ACN, 1 h, RT ! N/LQO
> (@]

o O ii) 1.1 eq mCPBA,

X 5 min, 0 °C )\ 5 o
0”0 X

16a 17a

Compound 16a (87 mg, 0.22 mmol) and compound I (1.1 eq, 0.22 mmol, 10 mg) were coevaporated
trice with acetonitrile and were subsequently dried under high vacuum for a few min. The oily residue
was dissolved in a 0.3 M BTT-solution (1.1 eq, 0.79 ml 0.3 M in acetonitrile; dried over molecular
sieves) and was stirred at room temperature for 60 min The reaction mixture was then cooled to 0 °C
and meta-chloroperbenzoic acid (1.1 eq, 0.22 mmol, 41 mg) was added carefully. Solvent was
evaporated after 5 min and the residue was subjected to column chromatography (0-3% MeOH in
dichloromethane). Yield: 109 mg of 17a as white foam (65%). TLC (4% MeOH in CH2Cl2): 0.44. HR-
ESI-MS (m/z): [M+H]" calculated for [C3sH40N2013PS2]": 779.1704; found: 779.1656. '"H-NMR (CDCls,
400 MHz): 8 1.28, 1.51 (2x 3 H, 2x s, 2x CH3 (isopropyliden)); 2.26 (6 H, s, 2x Acetyl (AB)); 2.30 (3 H,
s, SCOCHs3); 3.16 (2 H, t, 3JuH = 7.18 Hz, CH2SCOCH?3); 3.24-3.35 (2 H, m, SCHz); 4.20-4.29 (2 H, m,
CH2 (5%)); 4.32 (1 H, dd, 3JuH =8.90 Hz, 3Jun = 4.45 Hz, CH (47)); 4.76 (1 H, dd, 3JuH = 6.26 Hz, 3JuH =
4.02 Hz, CH (3°)); 4.90 (1 H, dd, 3JuH = 6.37 Hz, 3Jun = 1.29 Hz, CH (2°)); 4.97 (4 H, d, 3Jup = 8.52 Hz,
2x CH2 (AB)); 5.63 (1 H, d, 3Jun = 1.38 Hz, CH (17)); 6.07 (1 H, d, 3Jnn = 7.06 Hz, CH (5)); 7.02-7-05,
7.30 (8 H, m, aromat. CH (AB)); 7.40 (1 H, d, 3Jun = 7.11 Hz, CH (6)) ppm. *C-NMR (CDCls3, 101
MHz): 6 21.12 2x Acetyl (AB); 25.19, 27.08 2x CHs (isopropyliden); 28.48 CH2SCOCHS3; 29.47 SCHz;
30.59 SCOCHs3; 67.32 (d, 2Jcp = 5.81 Hz, C (57)); 68.83-68.90 (2x d, 2x CH2 (AB)); 80.87 C (3°); 84.99
C (2°); 86.80 (d, 3Jcp = 7.26 Hz, C (4)); 96.33 C (1°); 103.66 C (5); 114.22 Cq (isopropyliden); 121.86,
129.23 aromat. C (AB), 133.16 (d, 3Jcp = 7.23 Hz, Cq (AB)); 142.09 C (6); 150.86 Cq (AB); 153.26 C
(2); 169.24 2x C=0 (AB); 177.72 C (4); 195.28 SCOCH3 ppm. *'P-NMR (CDCl3, 162 MHz): & -1.09
ppm.
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"H-NMR (400 MHz, CDClI3) of compound 17a
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3'P-NMR (162 MHz, CDCls) of compound 17a
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5.8. Synthesis of bis(S-pivaloyl-2-thioethyl)-5"-O-(4-(S-(B-acetylmercapto)ethyl)-2",3"-O-
isopropylidene-uridinyl) phosphate (17b) 5

S S/\/S
N E/

O ~
AN o N
N i) 1.4 eq BTT, Ssvobo LI
HO /g 1.4 eq compound Il CI) N (@]
o N™ "0 in ACN, 30 min, RT J/ o
ii) 1.4 eq mCPBA, S O O
o O 5 min, 0 °C x
X 0

16a 17b

Compound 16a (90 mg, 0.22 mmol) and compound Il (1.4 eq, 0.31 mmol, 142 mg) were coevaporated
trice with acetonitrile and were subsequently dried under high vacuum . The oily residue was dissolved
in acetonitrile containing 0.3 M 5-(benzylthio)-1H-tetrazole (1.1 eq, 1.04 ml, dried over molecular
sieves) and was stirred at room temperature until TLC showed full conversion (30 min). The reaction
mixture was then cooled to 0 °C and meta-chloroperbenzoic acid (1.4 eq, 0.31 mmol, 54 mg) was
added carefully. Solvent was evaporated after 5 min and the residue was subjected to column
chromatography (0-3% MeOH in dichloromethane). Yield: 124 mg of 17b as colorless oil (72%). TLC
(4% MeOH in CH2Cl2): 0.48. HR-ESI-MS (m/z): [M+H]* calculated for [C3oH4sN2011PSa4]*: 771.1873;
found: 771.1859. "H-NMR (CDCls, 400 MHz): 1.191, 1.194 (2x 9 H, 2x s, 2x t-Bu (SATE)); 1.30, 1.53
(2x 3 H, 2x s, 2x CHs (Isopropyliden)); 2.31 (3 H, s, CH2SCOCH3); 3.08 (4 H, t, 3JuH = 6.68 Hz , 2x
SCH2 (SATE)); 3.16 (2 H, t, 3Jun = 7.23 Hz, CH2SCOCHS3); 3.25-3.38 (2 H, m, SCH2); 4.06 (4 H, dd,
3Jnp = 14.68, 3JuH = 6.94 Hz, 2x POCH: (SATE)); 4.25-4.34 (2 H, m, CH2(5")); 4.35-4.39 (1 H, m, CH
(47)); 4.86 (1 H, dd, 3Jun = 6.30 Hz, 3Jun = 3.98 Hz, CH (3)); 4.96 (1 H, dd, 3Ju+ = 6.38 Hz, 3Jun = 1.38
Hz, CH (27)); 5.68 (1 H, d, *Jun = 1.43 Hz, CH (17)); 6.20 (1 H, d, 3Juu = 7.07 Hz, CH (5)); 7.49 (1 H,
d, 3Jun = 7.12 Hz, CH (6)) ppm. 3C-NMR (CDCls, 101 MHz): & 25.29, 27.16 2x CHs (isopropyliden);
27.37 2x t-Bu (SATE); 28.51-28.59 (1x d, 1x s, 2x SCH2 (SATE), CH2SCOCHs3); 29.58 SCHz; 30.67
SCOCHs3; 46.59 2x Cq-t-Bu (SATE); 66.42 (d, 2Jcp = 5.81 Hz, 2x POCH2 (SATE); 67.51 (d, 2Jcp = 5.82
Hz, C (57)); 80.92 C (3°); 85.15 C (2°); 86.86 (d, *Jcp = 7.27 Hz, C (4°)); 96.33 C (1°); 103.87 C (5);
114.41 Cq (isopropyliden); 142.03 C (6); 153.44 C (2); 177.91 C (4); 195.39 SCOCHs3; 205.64 2x C=0
(SATE) ppm. 3'P-NMR (CDCl3, 162 MHz): & -1.92 ppm.
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"H-NMR (400 MHz, CDClI3) of compound 17b

L06L°)

(31VS) N84 X2

— —_tzigsl

€v6L1

180€°L

8825’1

8G0€°Z

0S8Y'L
8205°L

(uapijAdoidosi) €D —= 1v10°¢

(uapijAdosdost) EHy — —=0£20'S

€HD0DS 91062

(1vS) tHS XT ‘M SSV0'Y
EHDODSIHD —=. cuzb 1,
THDS== 6090

|
(31VS) (HDOd XT ———="¢800%

(¥) HD (,5) THD = sss0'E
|

|

(%3] HD= ps00°L
.7y HDO—< 0s86°¢

(L)HD— 08860

(S) HD —= 0000'L

DA~
(©)HD —<6L10°%

[ppm]

3C-NMR (101 MHz, CDCIs) of compound 17b

9162'SZ
9€9}°2Z |
Sv2€'22 | (3LVS) NG7 XT

(uapijAdoidosi) EHD Xz——

1815°82 -~

Y1659V —

698€°99
£Evp'99 L
06.0'29
§5€5°29 -

€0v8°9L -
€8SL°LL ¢
2oLV LL

LSv1°S8
961898 -
118898 -

§62¢°96

G€L8°€0L

090v'¥LL

£620°Crl

99¢eV°ES)E —

SO0L6°LLL

898€°G61 —

8€¥9°502

{HDS

EHDODSCHD ‘(3LVS) CHDS XT e
fuo%\ _

aLvs) ng4yxe

(31vS) THDOd XT 95—

£pad
€D

(0 u‘bS p—

(Whe]

) >——

(uapikdoidosi) cu —

€HD0DS 0=D——

(31vS) 0=DxT

[ppm]

100

74

I
150

I
200



3'P-NMR (162 MHz, CDClIs3) of compound 17b
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5.9. Synthesis of bis(S-pivaloyl-2-thioethyl)-5"-0-(2",3"-O-isopropylidene-4-(S-(B-
pivaloylmercapto)ethyl)-uridinyl) phosphate (17¢) ¢

/\/S
s/\/sm)< S \H)<

o
O X
SN © i) 1.1 eq BTT, >H(S\/\o—|g—o | i
| /g 1.1 eq compound Il | N” 0
N O
(0]

HO W
in ACN, 1 h, RT o 0 0
ii) 1.1 eq mCPBA, J/
O O 5 min, 0 °C S O)<)
X 0
16b 17¢

Compound 16b (115 mg, 0.26 mmol) and compound Il (1.1 eq, 0.29 mmol, 130 mg) were
coevaporated trice with acetonitrile and were subsequently dried under high vacuum for 5 min. The
oily residue was dissolved in acetonitrile containing 0.3 M 5-(benzylthio)-1H-tetrazole (1.1 eq, 0.95 ml,
dried over molecular sieves). The reaction mixture was stirred at ambient temperature for 1 h followed
by cooling to 0 °C and the slow addition of meta-chloroperbenzoic acid (1.1 eq, 0.29 mmol, 49 mg).
After 5 min at 0 °C the reaction mixture was concentrated and subjected to column chromatography
(0-3% MeOH in CH2Clz). Yield: 130 mg of 17¢ as colorless oil (62%). TLC (5% MeOH in CH2Cl2): 0.52.
HR-ESI-MS (m/z): [M+H]* calculated for [C33sHs4N2011PS4]*: 813.2343; found: 813.2296. 'H-NMR
(CDCls, 400 MHz): & 1.200, 1.201 (3x 9 H, 3x s, CH2SCOC(CHs)s, 2x t-Bu (SATE)); 1.31, 1.54 (6 H,
2x s, 2x CHs (isopropyliden)); 3.09 (4 H, t, 3Jun = 6.70 Hz, 2x SCH2 (SATE)); 3.13 (2 H, t, 3JuH = 7.28
Hz, CH2SCOC(CHa)3); 3.24-3.37 (2 H, m, SCH2); 4.07 (4 H, dd, 3Jup = 14.76, 3Jun = 6.80 Hz, POCH:
(SATE)); 4.25-4.35 (2 H, m, CH2 (57); 4.36-4.40 (1 H, m, CH (4")); 4.87 (1 H, dd, 3Jun = 6.34 Hz, 3Jun
=3.97 Hz, CH (3°)); 4.97 (1 H, dd, 3Jun = 6.37 Hz, 3Jun = 1.49 Hz, CH (2)); 5.68 (1 H, d, 3Ju1 = 1.40
Hz, CH (1)); 6.20 (1 H, d, *Jun = 7.07 Hz, CH (5)); 7.48 (1 H, d, %Jnn = 7.15 Hz, CH (6)) ppm. *C-
NMR (CDCls, 101 MHz): & 25.30, 27.17 2x CHs (isopropyliden); 27.38, 27.41 2x t-Bu (SATE),
CH2SCOC(CH3)3; 27.93 CH2SCOC(CH3)s3, 28.56 (d, ®Jcp = 7.27 Hz, 2x SCH2 (SATE)); 29.67 SCH2;
46.55, 46.59 2x Cq t-Bu (SATE), CH2SCOC(CHs3)3; 66.40 (d, 2Jcp = 5.81 Hz, 2x POCH2 (SATE); 67.51
(d, 2Jcp = 5.81 Hz, C (57)); 80.97 C (3"); 85.14 C (2°); 86.90 (d, 3Jcp = 7.27 Hz, C (47)); 96.39 C (1°);
103.84 C (5); 114.38 Cq (isopropyliden); 142.00 C (6); 153.40 C (2); 178.04 C (4); 205.64 2x C=0
(SATE); 206.36 C=0 CH2SCOC(CH3)3 ppm. 3'P-NMR (CDCls, 162 MHz): & -1.90 ppm.

76



"H-NMR (400 MHz, CDClI3) of compound 17¢
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3'P-NMR (162 MHz, CDCls) of compound 17¢
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5.10. Synthesis of bis(4-acetoxybenzyl)-5"-0-(4-(S-(B-acetylmercapto)ethyl)-uridinyl)
phosphate (18a) ']

S/A\V/S\ﬂ// S
S LY
o
o

0
|| N
ABO—P-0 formic acid @ N
. ormic ac’c ABO-P-0 P
ABO 4h,RT ' N0
: ABO o
0_0
X HO OH
17a 18a

Compound 17a (89 mg, 0.11 mmol) was dissolved in formic acid (0.8 ml) was stirred at ambient
temperature for 4 h. The solvent was removed under reduced pressure and the oily residue was
subjected to column chromatography (0-4% MeOH in dichloromethane). Yield: 19 mg of 18a as
colorless oil (23%). TLC (4% MeOH in CH2Cl2): 0.28. HR-ESI-MS (m/z): [M+H]* calculated for
[C31H3sN2013PS2]*: 739.1391; found: 739.1347. 'H-NMR (CDCls, 400 MHz): & 2.301, 2.303 (6 H, 2x
s, Acetyl (AB)); 2.34 SCOCH 3; 3.20 (2 H, t, ®Jun = 7.13 Hz, CH2SCOCH:3); 3.29-3.39 (2 H, m, SCH_2);
3.94-3.98 (2 H, m, CH (3"), CH (2")); 4.04 (1 H, ddd, 2Jun = 11.48 Hz, 3Jun or 3Jnp = 5.50 Hz, 3JnH or
3Jup = 3.22 Hz, CHa (57)); 4.21 (1 H, ddd, 2Jun = 11.51 Hz, 3Jun or 3Jup = 5.74 Hz, 3Jun or 3Jup = 2.62
Hz, CHb (57)); 4.29 (1 H, m, CH (4")); 4.92-5.07 (4 H, m, 2x CH2 (AB)); 5.73 (1 H, d, 3Jun = 3.78 Hz,
CH (17)); 6.11 (1 H, d, Jun = 7.15 Hz, CH (5)); 7.07-7.10, 7.32-7.36 (8 H, m, aromat. CH (AB)); 7.78
(1 H, d, 3Jun = 7.15 Hz, CH (6)) ppm. *C-NMR (CDCl3, 101 MHz): & 21.25 2x Acetyl (AB); 28.66
CH2SCOCHS3; 29.61 SCHz2; 30.73 SCOCHS3; 66.64 (d, 2Jcp = 5.81 Hz, C (57)); 69.26-69.34 (2x d, 2x
CH2 (AB)); 71.08 C (3"); 76.49 C (2°); 84.32 (d, 3Jcp = 7.99 Hz, C (47)); 92.96 C (17); 104.21 C (5);
122.18, 129.54, 129.60 aromat. C (AB), 133.04 (d, 3Jcp = 5.09 Cqa (AB)); 133.09 (d, 3Jcp = 5.09 Cqp
(AB)); 139.60 C (6); 151.16, 151.18 Cq (AB); 155.27 C (2); 169.52, 169.53 2x C=0 (AB); 177.50 C (4);
195.45 C=0 SCOCHs3 ppm. 3'P-NMR (CDCl3, 162 MHz): & -0.63 ppm.
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"H-NMR (400 MHz, CDClI3) of compound 18a
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3'P-NMR (162 MHz, CDClIs) of compound 18a
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5.11. Synthesis of bis(S-pivaloyl-2-thioethyl)-5"-O-(4-(S-(B-acetylmercapto)ethyl)-uridinyl)
phosphate (18b) ['”]

S/\/S S
\ﬂ/ s/\/ \g/

o) SN ©
I AN
(-Bu-SATE)O—P-0 | PN formic acid Q | N
(£BU-SATE)® N0 — (+Bu-SATE)O~P-0 AO
O 4h RT (+-Bu-SATE)O o
0. O
X HO OH
17b 18b

Compound 17b (124 mg, 0.17 mmol) was dissolved in formic acid (1.5 ml) was stirred at ambient
temperature for 4 h. The solvent was removed under reduced pressure and the oily residue was
subjected to column chromatography (2-5% MeOH in dichloromethane). Yield: 27 mg of 18b colorless
oil/white foam (23%). TLC (6% MeOH in CH2Cl2): 0.41. HR-ESI-MS (m/z): [M+H]" calculated for
[C27H4aN2011PS4]*: 731.1560; found: 731.1528. '"H-NMR (CDCls, 400 MHz): 1.21, 1.22 (2x 9 H, 2x s,
2x t-Bu (SATE)); 2.33 (3 H, s, SCOCHBs); 3.08-3.13 (4 H, m, 2x SCH2 (SATE)); 3.20 (2 H, t, 3Jun = 7.23
Hz, CH2SCOCH3); 3.29-3.41 (2 H, m, SCH2); 4.05-4.13 (4 H, m, 2x POCH:2 (SATE)); 4.18-4.24 (2 H,
m, CH (27), CH (37)); 4.26-4.30 (1 H, m, CHa (57)); 4.36-4.39 (1 H, m, CH (4")); 4.39-4.43 (1 H, m, CHo
(5));5.81 (1 H, d, 3Jun = 3.62 Hz, CH (17)); 6.37 (1 H, d, 3Jun = 7.16 Hz, CH (5)); 7.93 (1 H, d, 3JnH =
7.16 Hz, CH (6)) ppm. '*C-NMR (CDCl3, 101 MHz): 8 27.41 2x t-Bu (SATE); 28.56 CH2SCOCHs3; 28.63
2x SCH2 (SATE); 29.61 SCH2; 30.72 SCOCHSs; 46.69 2x Cq t-Bu (SATE); 66.58-66.72 (m, 2x POCHz>
(SATE), C (57)); 70.51 C (3°); 76.19 C (2°); 83.97 (d, 3Jcp = 7.99 Hz, C (47)); 92.96 C (1°); 104.43 C
(5); 139.71 C (6); 155.19 C (2); 177.64 C (4); 195.46 SCOCHs3; 205.73, 205.75 2x C=0 (SATE) ppm.
3'P-NMR (CDCls, 162 MHz): & -1.65 ppm.
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"H-NMR (400 MHz, CDClIs3) of compound 18b
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3'P-NMR (162 MHz, CDClIs3) of compound 18b
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5.12. Synthesis of bis(S-pivaloyl-2-thioethyl)-5"-O-(4-(S-(B-pivaloylmercapto)ethyl)-uridinyl)
phosphate (18c) ']

SN o o)
(t_Bu_SATE)O_II:I)_O | /g formic acid (I? | ~N
(£BU-SATE)® JNTo TanRT (+Bu-SATE)O~P-0 \ AO
(+Bu-SATE)O o
e
X HO OH
17c 18c

Compound 17c (336 mg, 0.41 mmol) was dissolved in formic acid (3.6 ml) was stirred at ambient
temperature for 4 h. The solvent was removed under reduced pressure and the oily residue was
subjected to column chromatography (2-5% MeOH in dichloromethane). Yield: 109 mg of 18c
colorless oil (34%). TLC (6% MeOH in CH2Cl2): 0.46. HR-ESI-MS (m/z): [M+H]* calculated for
[C30H50N2011PS4]*: 773.2030; found: 773.1984. '"H-NMR (CDCls, 400 MHz): & 1.223, 1.227, 1.230 (3x
9 H, 3x s, CH2SCOC(CH?3)3, 2x t-Bu (SATE)); 3.11 (4 H, dd, 2Jun = 13.18 Hz, 3JnH = 6.57 Hz, 2x SCH2
(SATE)); 3.17 (2 H, t, 3Jun = 7.28 Hz, CH2SCOCHs3); 3.28-3.41 (2 H, m, SCH2); 4.06-4.13 (4 H, m,
POCH: (SATE)); 4.19 (1 H, dd, 3Jun = 5.24 Hz, Jun = 4.20 Hz, CH (2°)); 4.25 (1 H, dd, 3JuH = 5.50
Hz, 3Jun = 4.25 Hz, CH (3°); 4.26--4.30 (1 H, m, CHa (57)); 4.37-4.41 (2 H, m, CHpb (5°), CH (47)); 5.80
(1H,d, 3 =4.12Hz, CH (17)); 6.39 (1 H, d, 3Jun = 7.16 Hz, CH (5)); 7.93 (1 H, d, 3JuH = 7.16 Hz,
CH (6)) ppm. 3*C-NMR (CDCls, 101 MHz): & 27.43, 27.47 2x t-Bu (SATE), CH2SCOC(CHs)s; 28.00
CH2SCOC(CHs)3; 28.61 (d, 3Jcp = 7.26 Hz, 2x SCH2 (SATE)); 29.77 SCHz; 46.64, 46.72
CH2SCOC(CHa)3, 2x Cq t-Bu (SATE); 66.63-66.70 (2x d, 2x POCH2 (SATE)); 66.80 (d, 2Jcp = 5.81 Hz,
C (57)); 70.89 C (37); 76.46 C (2°); 84.30 (d, ®Jcp = 8.00 Hz, C (4)); 93.10 C (1°); 104.55 C (5); 139.54
C (6); 155.41 C (2); 177.94 C (4); 205.77, 205.80 2x C=0 (SATE); 206.45 C=0 CH2SCOC(CH3)3 ppm.
3'P-NMR (CDCls, 162 MHz): & -1.66 ppm.
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"H-NMR (400 MHz, CDClIs3) of compound 18¢
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3'P-NMR (162 MHz, CDClIs) of compound 18¢c
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6. Reagent synthesis

6.1. Synthesis of bis-(4-acetoxybenzyl) N,N-diisopropylphosphoramidite (l)

Cl<__CI
|
)\NJ\ + rf _a _ N
H ‘ T
I-a

CI\P/CI

Diisopropyl- Phosphorus
amine trichloride \/
—& oa/ 01P—N
OH O )7
OH

2
N '
cl
OH O\n/
0

p-Hydroxy-benzyl Acetyl I-b
alcohol chloride

Overview of the synthesis of bis-(4-acetoxybenzyl) N,N-diisopropylphosphoramidite. Reaction
conditions: a) PCls, 1.9 eq (iPr)2NH, hexane, 1 h, 0 °C to room temperature (RT), 91%. b) p-hydroxy
benzylalcohol, 1.0 eq EtsN, 1.1 eq CH3COCI, THF, 140 min, 0 °C to RT, 63%. c¢) 2.3 eq Et3N, 2.2 eq
compound I-b, THF, 16 h, -78 °C to RT, 57%. Overall yield: 33%.

6.1.1. Synthesis of N,N-diisopropylphosphoramidodichloride (I-a) ['®]

)\ J\ Clw_.Cl _ c o —
N + FI> in hexane, 1 h P—N
H )7

cl g cl’
0°C-RT
Diisopropyl- Phosphorius I
\ ) X -a
amine trichloride

Phosphorous trichloride (0.33 ml, 3.802 mmol) and hexane (8.9 ml) were placed in an oven-dried flask
under argon atmosphere and were cooled to 0 °C. Diisopropylamine (1.9 eq, 7.23 mmol, 1.01 ml) was
added dropwise and the resulting suspension was stirred for 5 min at 0 °C and another 60 min at
ambient temperature. Salts were removed by filtration and subsequently the frit was washed with dry
hexane. Solvents were removed on a pre-dried rotavapor, which was flushed with argon afterwards.
Compound I-a was immediately used for the next step without further purification. An analytical sample
was subjected to NMR spectroscopy to evaluate identity and high purity. Yield: 696 mg as a colorless
0il (91%). 'TH-NMR (CDCls, 400 MHz): & 1.28 (12 H, d, 3Ju1 = 6.88 Hz, 2x (CH3)2 (iPr)); 3.93 (2 H, sept,
3JHH = 6.63 Hz, 2x CH (iPr)) ppm. 3'P-NMR (CDCls, 162 MHz): & 169.60 ppm.
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"H-NMR (400 MHz, CDCls) of compound I-a
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6.1.2. Synthesis of 4-acetoxy-benzylalcohol (I-b) ['°]

OH
OH
O 1.0 eq Et3N
+
C|)K in THF, 140 min,
0°C-RT o)

OH g

0]

p-Hydroxy-benzyl Acetyl I-b

alcohol chloride

p-Hydroxybenzyl alcohol (6.00 g, 48.33 mmol) and triethylamine (1.0 eq, 48.33 mol, 6.74 ml) were
dissolved in tetrahydrofuran (60.0 ml) and cooled to 0 °C. Acetyl chloride (1.1 eq, 53.17 mmol, 3.79
ml) was added dropwise over a period of 20 min. The reaction mixture was stirred two more hours at
0 °C followed by filtration and evaporation of the solvent. The oily residue was diluted with
dichloromethane and was washed with saturated sodium bicarbonate solution and water. Drying over
sodium sulfate and column chromatography (20-50% ethyl acetate in c-hexane) delivers compound I-
b as a colorless oil, which crystallized upon freezing. Yield: 5.07 g of I-b as a colorless oil/white solid
(63%). TLC (ethyl acetate/c-hexane 1/1): 0.45. "TH-NMR (de-DMSO, 400 MHz): & 2.25 (3 H, s, CHs
Acetyl); 4.49 (2 H, d, 3Jun=5.72 Hz, CH2); 5.20 (1 H, t, 3Jun = 5.76 Hz, OH); 7.06 (2 H, d, 3JuH = 8.49
Hz, aromat. CH); 7.34 (2 H, d, 3Jun = 8.55 Hz, aromat. CH) ppm.

"H-NMR (400 MHz, ds-DMSO) of compound I-b
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6.1.3. Synthesis of bis-(4-acetoxybenzyl) N,N-diisopropylphosphoramidite (l) ('

2.3 eq EtsN
2.2 eq compound I-b

\p_N: - oa/ Ot1P-N
/ o{ >—/
Cl — in THF, 16 h, >
2

-78 °C - RT

lI-a |

Freshly prepared compound I-a (1.439 g, 7.12 mmol) was dissolved in tetrahydrofuran (7.0 ml) and
cooled to -78 °C. Subsequently, a mixture of compound I-b (2.2 eq, 15.67 mmol, 2.603 g) and
triethylamine (2.3 eq, 16.38 mmol, 2.28 ml) in tetrahydrofuran (7.0 ml) was added dropwise over a
period of 60 min. The white slurry was allowed to warm to room temperature and was stirred for 16 h.
Salts were removed by filtration and the product was concentrated under reduced pressure. Column
chromatography (0-20% ethyl acetate in c-hexane) delivered the final product as a colorless oil that
crystallized upon freezing. Yield: 1.860 g of | as white solid (57%). TLC (ethyl acetate/c-hexane 20/80):
0.43. 'TH-NMR (CDCl3, 400 MHz): & 1.30 (12 H, d, 3Jur= 6.81 Hz, 2x (CH3)2 (iPr)); 2.29 (6 H, s, 2x CH3
(AB)); 3.69 (2 H, m, 2x CH (iPr)); 4.67 (1 H, dd, 2JuH = 12.68 Hz, 3Jnp = 8.54 Hz, CHa (AB); 4.75 (1 H,
dd, 2Jun = 12.66 Hz, 3Jup = 8.10 Hz, CHb (AB); 7.04 (4 H, d, 3Jun = 8.59 Hz, aromat. CH); 7.35 (4 H,
d, 3JuH = 8.66 Hz, aromat. CH) ppm. 3'P-NMR (CDCl3, 162 MHz): & 147.96 ppm.

"H-NMR (400 MHz, CDCls) of compound |
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3'P-NMR (162 MHz, CDClIs) of compound |
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6.2. Synthesis of bis-(S-pivaloyl-2-thioethyl) N,N-diisopropylphosphoramidite (Il)

Cl<_.ClI
Cl<_.Cl P
+ 3 a \
N I
N & Y Y
Diisopropyl- Phosphorus I
. : - -a
amine trichloride

(0]
HS/\/OH + CI)J\’< 0] I
b *J\S/\/OH

2-Mercaptoethanol Trlmethyllacetyl Il-a
chloride

Overview of the synthesis of bis-(S-pivaloyl-2-thioethyl) N,N-diisopropylphosphoramidite.
Reaction conditions: a) PCls, 1.9 eq (iPr)2NH, hexane, 1 h, 0 °C to RT, 91%. b) 2-mercaptoethanol,

1.3 eq EtsN, 1.0 eq PivCl, CH2Cl2, 120 min, -78 °C to RT, 99%. ¢) 4.3 eq EtsN, 2.0 eq compound ll-a,
THF, 6.5 h, -78 °C to RT, 60%. Overall yield: 54%
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6.2.1. Synthesis of S-(2-hydroxyethyl) thiopivaloate (ll-a) %

oH o 1.3 eq Et3N 0
in CH,Cly, 120 min,
-78 °C - RT
2-Mercaptoethanol Trimethylacetyl Il-a
[C,HEOS] chloride

2-Mercaptoethanol (1.50 ml, 21.39 mmol) and triethylamine (1.4 eq, 28.70 mmol, 4.0 ml) were
dissolved in dichloromethane (55.0 ml) and were cooled to -78 °C. Trimethylacetyl chloride (1.0 eq,
21.43 mmol, 2.64 ml) was added dropwise over a period of 1 h and the reaction mixture was allowed
to stir at ambient temperature for another hour. Water (30.0 ml) was added and the reaction mixture
was stirred vigorously for 30 min followed by extraction with ethyl acetate and drying over sodium
sulfate. Yield: 3.431 g of ll-a as colorless oil (99%). TLC (10% MeOH in CH2Cl2): 0.72. "H-NMR (CDCls,
400 MHz): 5 1.24 (9 H, s, t-Bu); 3.06 (2 H, t, 3JuH = 6.05 Hz, SCH2); 3.74 (2 H, t, 3Ju+ = 6.04 Hz, CH20)

ppm.

"H-NMR (400 MHz, CDCls) of compound ll-a
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CH,O
SCH,
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6.2.2. Synthesis of bis-(S-pivaloyl-2-thioethyl) N,N-diisopropylphosphoramidite (Il) 2%2"

\l 4.3 eq Et3N
Cl 2.0 eq compound ll-a S
PN ~"01P-N

/
Cl )7 in THF, 6.5 h, o}
-78 °C - RT o

I-a I

Compound ll-a (2.0 eq, 14.96 mmol, 2.527 g) and triethylamine (4.3 eq, 32.16 mmol, 4.48 ml) in
tetrahydrofuran (20.0 ml) were added dropwise over a period of 1 h to a solution of freshly prepared
compound I-a (1.541 g, 7.48 mmol) in tetrahydrofuran (20.0 ml) at -78 °C. The cloudy solution was left
stirring for two more hours whereby it was allowed to warm to -50 °C. The cooling system was removed
and stirring was continued for 3.5 h at ambient temperature. Salts were collected by filtration and the
filtrate was concentrated to a thick oil which was purified by column chromatography (ethyl acetate in
c-hexane 4/96 + 1% EtsN). Yield: 2.080 g of Il as colorless oil (60%). TLC (4% ethyl acetate in c-
hexanes + 1% EtsN): 0.49. "TH-NMR (de-DMSO, 400 MHz): 8 1.12 (12 H, d, 3Jxn = 7.00 Hz, 2x (CH3)2
(iPr)); 1.18 (18 H, s, 2x t-Bu); 3.02 (4 H, t, 3Jun = 6.33 Hz, 2x SCH2); 3.49-3.71 (6 H, m, 2x CH20, 2x
CH (iPr)) ppm. ¥P-NMR (ds-DMSO, 162 MHz): & 146.84 ppm.
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31P-NMR (162 MHz, ds-DMSO) of compound I
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6.3. Synthesis of (4-acetoxybenzyl)-((9H-fluoren-9-yl)methyl)-N,N-diisopropyl
phosphoramidite (lll)

R
TET

a b
\( Y
Bis(diisopropylamino)- . O
chlorophosphine li-a \ﬂ/

m
o) O\ﬂ/
o)

Overview of the synthesis of (4-acetoxybenzyl)-((9H-fluoren-9-yl)methoxy)-N,N-diisopropyl-
phosphoramidite. Reaction conditions: a) 1.1 eq DIPEA, 1.0 eq compound I-b, CH2Cl2, 6 h, -78°C to
room temperature (RT), 46%. b) 1.0 eq FmocOH, 1.0 eq 5-(benzylthio)-1H-tetrazole, THF, 45 min,
RT, 72%. Overall yield: 33%.

6.3.1. Synthesis of 4-acetoxybenzyl bis-(N,N-diisopropyl)phosphoramidite (lll-a) 22

% Y=o
>~ 1.1 eq DIPEA /_©7
N\P/N 1.0 eq compound I-b
\( él 7/ in CH20|2, 6 h, >‘

-78 °C-RT
Bis(diisopropylamino)-
chlorophosphine

ll-a
Bis(diisopropylamino)chlorophosphine (1.33 g, 4.99 mmol) was dissolved in dichloromethane (10.0
ml) and cooled to -78 °C. A solution of diisopropylethylamine (1.1 eq, 5.48 mmol, 0.96 ml) and
compound I-b (1.03 eq, 5.11 mmol, 0.85 g) in dichloromethane (5.00 ml) was added dropwise over 1
h. The solution was allowed to warm to ambient temperature over the course of 4 h and was then
stirred for another hour. Solvent was removed and the crude product was purified by column
chromatography (20% ethyl acetate in c-hexane + 1% EtsN). Yield: 905 mg of lll-a as colorless oil
(46%). TLC (20% ethyl acetate in c-hexane + 1% EtsN): 0.79. '"H-NMR (CDCls, 400 MHz): 6 1.175 (12
H, d, 3JuH = 6.80 Hz, 2x (CH3)2 (iPr)); 1.182 (12 H, d, 3Jhn = 6.70 Hz, 2x (CHa)2 (iPr)); 2.29 (3 H, s, CHs
(AB)); 3.52-3.62 (4 H, m, 4x CH (iPr)); 4.63 (1 H, d, 3Jup = 7.24 Hz, CH2 (AB)); 7.04 (1 H, d, 3JuH =
8.52 Hz, aromat. CH); 7.37 (1 H, d, 3Jun = 8.56 Hz, aromat. CH) ppm. *'P-NMR (CDCl3, 162 MHz): &
123.43 ppm.
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"H-NMR (400 MHz, CDCls) of compound lll-a
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6.3.2 Synthesis of (4-acetoxybenzyl)-((9H-fluoren-9-yl)methyl)-N, N-
diisopropylphosphoramidite (Ill)

>“ /¥0 1.0 eq FmocOH I %o
N 0 1.0 eq BTT o} /—@o
pP-0 in ACN, 45 min, RT P-0

- o

lll-a 1

Compound lll-a (905 mg, 2.28 mmol) and 9-fluorenylmethanol (1.0 eq, 2.28 mmol, 448 mg) were
coevaporated trice with acetonitrile and were dried under high vacuum for 5 min. They were then
dissolved in acetonitrile containing 0.3 M 5-(benzylthio)-1H-tetrazole (7.61 ml) and stirred for 45 min
at ambient temperature. The reaction mixture was concentrated and purified by flash column
chromatography (30% ethyl acetate in c-hexane + 1% EtsN). Yield: 812 mg of lll as colorless oil (72%).
TLC (30% ethyl acetate in c-hexane + 1% EtsN): 0.76. '"H-NMR (CDCls, 400 MHz):  1.18 (6 H, d, 3Jun
=6.79 Hz, (CH3)2 (iPr)); 1.21 (6 H, d, 3JuH = 6.80 Hz, (CH3)2 (iPr)); 2.31 (3 H, s, CHs (AB)); 3.64-3.74
(2 H, m, 2x CH (iPr)); 3.83-3.89 (1 H, m, CHa (Fmoc); 4.03-4.09 (1 H, m, CHp (Fmoc); 4.22 (1 H, t, 3Jhn
=6.96 Hz, CH (Fmoc)); 4.65 (1 H, dd, 2Jun = 12.67 Hz, 3Jup = 8.38 Hz, CHa (AB); 4.73 (1 H, dd, 2JuH
=12.70 Hz, 3Jup = 8.24 Hz, CHb (AB); 7.07 (1 H, d, Jun = 8.52 Hz, aromat. CH (AB)); 7.26-7.32, 7.36-
7.41 (6 H, m, aromat. CH (AB+Fmoc); 7.63-7.69, 7.75-7.77 (4 H, m, aromat. CH (Fmoc) ppm. 3'P-
NMR (CDCls, 162 MHz): & 147.20 ppm.
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"H-NMR (400 MHz, CDClI3) of compound IlI
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6.4. Synthesis of saligenyl-N,N-diisopropylphosphoramidite (V) (2325

1.1 eq PCl3, (o)
(:(\OH 2.2 eq Et;N ©f\9 2.2 eq HN(iPr), x5 J\
OH in Et,0, 16 h, o/P\C| in Et,0, 4 h, © )N\
-20 °C -RT RT
2-Hydroxybenzyl
alcohol v

A solution of 2-hydroxybenzyl alcohol* (1.227 g, 9.88 mmol) in diethyl ether (22.0 ml) was treated with
phosphorus trichloride (1.1 eq, 10.87 mmol, 0.95 ml) at -20 °C. After 15 min a solution of
diisopropylamine (2.2 eq, 21.74 mmol, 3.03 ml) in diethyl ether (12.0 ml) was added dropwise over a
period of 1 h. The resulting slurry was allowed to warm to ambient temperature and stirred for another
3 h. The flask was sealed** and stored at 0 °C overnight (16 h) for the best possible precipitation of
triethylammonium chloride. Filtration under argon*™* and evaporation of the solvent delivers
salicylchlorophosphane (1.195 g, 6.34 mmol) as colorless oil.

The latter was dissolved in diethyl ether (28.0 ml) and diisopropylamine (2.2 eq, 13.94 mmol, 1.94 ml)
was introduced dropwise over 30 min. The reaction mixture was stirred 3.5 h at ambient temperature,
was filtered, evaporated and purified via flash chromatography (10% HN(/Pr)z2 in cyclohexane). Yield:
1.018 g of IV as white crystals (41%). TLC (HN(iPr)2 /c-hexane 1/9): 0.32. 'TH-NMR (CDCls, 400 MHz):
0 1.23-1.26 (12 H, 2x d, 2x (CHs)2 (iPr)); 3-57-3.66 (2 H, m, 2x CH (iPr)); 3-59-3.68 (2 H, m, 2x CH
(iPr)); 4.87 (1 H, dd, 3Jup = 19.85 Hz, 2JuH = 14.20 Hz, CHa); 5.14 (1 H, dd, 2Ju1 = 14.20 Hz, 3Jnp =
5.08 Hz, aromat. CHb); 6.90-6.98 (3 H, m, aromat. CH); 7.18 (1 H, txd, 3Jun = 8.08 Hz, 3Jun = 1.60 Hz,
aromat. CH) ppm. ¥'P-NMR (CDCl3, 162 MHz): & 135.78 ppm.

*From salicylic acid by reduction using LiAlH, 281 Starting material was dried under high vacuum overnight

**Parafilm over septum

***Schlenk-frit and flask were dried at 110 °C overnight and were subsequently cooled to room temperature under high
vacuum. All glassware was flushed with argon before filtration was executed. Filtration of the thick paste turned out to
be challenging since plenty of material remained in the reaction flask. Due to the instability of the intermediate
compound, no additional ether was used for complete transfer of the chlorophosphane. Take care of constant pressure
equilibration
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"H-NMR (400 MHz, CDClI3) of compound IV
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6.5. Synthesis of 5-chlorosaligenyl-N,N-diisopropylphosphoramidite (V) 2425271

\©\/\OH 2.1 eq pyridine \©f\(l) 22 eq HN(IPr)2 P J\
- I » ~
OH in Et,0, 16 h, o P e inELO. 35h,
.20 °C - RT RT

2-Hydroxy-5-
chlorobenzyl alcohol

Phosphorous trichloride (1.1 eq, 5.87 mmol, 0.51 ml) was added slowly to a solution of 2-hydroxy-5-
chlorobenzyl alcohol* (846 mg, 5.33 mmol) in diethyl ether (12.0 ml) at -20 °C. The clear solution was
stirred 15 min at -20 °C whereupon a solution of pyridine (2.1 eq, 11.20 mmol, 0.91 ml) in diethyl ether
(7.5 ml) was added dropwise over 30 min. The solution was slowly warmed to ambient temperature
(1.5 h) and was then stirred for further 2.5 h. The flask was sealed** and stored at 0 °C overnight (16
h) for precipitation of pyridinium chloride. Filtration under argon*** and evaporation of the solvent
delivers 5-chlorosalicylchlorophosphane (996 mg, 84%) as slightly yellow oil.

The latter was dissolved in diethyl ether (20.0 ml) and diisopropylamine (2.2 eq, 9.85 mmol, 1.38 ml)
was added dropwise. The reaction mixture was stirred 3.5 h at ambient temperature, was filtered,
evaporated and purified via flash chromatography (10% HN(/Pr)z in cyclohexane). Compound V
crystallized upon freezing. Yield: 795 mg of V as white crystals (52%). TLC (HN(iPr)2 /c-hexane 1/9):
0.57. '"H-NMR (CD3sCN, 400 MHz): 8 1.19-1.22 (12 H, 2x d, 2x (CHa)2 (iPr)); 3-57-3.66 (2 H, m, 2x CH
(iPr)); 4.84 (1 H, ddd, 3Jup = 19.49 Hz, 2Jun = 14.92 Hz, CHa, “Jun = 0.75 Hz); 5.06 (1 H, ddd, 2JuH =
14.63 Hz, 3Jup = 5.38 Hz, aromat. CHp, *Jun = 0.91 Hz); 6.85 (1 H, d, 3Jun = 8.28 Hz, aromat. CH);
7.07 (1 H, d, “Jun = 2.56 Hz, aromat. CH); 7.19 (1 H, ddd, 3Jun = 8.64 Hz, *Jun = 2.60 Hz, aromat. CH,
4JhH = 0.89 Hz) ppm. ¥'P-NMR (CD3CN, 162 MHz): & 136.23 ppm.

*From the corresponding salicylic acid by reduction using LiAlH4 281, Starting material was dried under high vacuum
overnight

**Parafilm over septum

*** Schlenk-frit and flask were dried at 110 °C overnight and were subsequently cooled to room temperature under high
vacuum. All glassware was flushed with argon before filtration was executed. Filtration of the thick paste turned out to
be challenging since plenty of material remained in the reaction flask. Due to the instability of the intermediate
compound, no additional ether was used for complete transfer of the chlorophosphane. Take care of permanent
pressure equilibration
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"H-NMR (400 MHz, CD3CN) of compound V

z68L'L

(4d) YEHD) xT

[ppm]

2862+

wee'L

i

a

NDEad

<

(d) HO X N&Scoa |

BHD=¢eco'L
IHdO=oc10']

HD ewore ].u,sa.a

HD ‘lewose— = 7100
HD jewole == /1¥6'0

3'P-NMR (162 MHz, CD3CN) of compound V

L

@

4

[Ppm]

50

100

150

200

104



6.6. Synthesis of 2-ethylbutyl (S)-2-aminopropanoate hydrochloride (VI) 2%

o) (0]
1.1 eq SOCI
\HkOH q 2 gﬁj\o
NH, in 2-ethylbutanol, 6 h, © NHj
0-60 °C Cl
L-alanine \"/|

Thionyl chloride (1.1 eq, 12.34 mmol, 1.440 g) was added dropwise to an ice-cooled solution of L-
alanine (1.000 g, 11.22 mmol) in 2-ethylbutanol (10.0 ml). The reaction mixture was heated to 60 °C
and stirred for 6 h. Solvent was removed by high vacuum distillation (60 °C) and the remaining residue
was treated with diethyl ether whereby the product precipitates. Yield: 1.750 g of VI as white solid
(90%). 'H-NMR (ds-DMSO, 400 MHz): & 0.86 (6 H, t, 3Jun = 7.42 Hz, 2x CHs (ester)); 1.33 (4 H, m, 2x
CH2 (ester)); 1.42 (3 H, d, 3JuH = 7.42 Hz, CHs (Ala)); 1.52 (1 H, m, CH (ester)); 4.08 (3 H, m, CH (Ala);
OCHz (ester)); 8.55 (3 H, s br., NH3) ppm.

"H-NMR (400 MHz, ds-DMSO) of compound VI
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Supporting Scheme S1. Synthesis of 4-thiouridine. ?

o)
o)
\fo N
NH
HO | a © N (@)
NSO — o)
o)
O O
HO OH N b
Uridine © 4 O

@ Reaction conditions: a) 4.0 eq acetic anhydride, 0.1 eq 4-(dimethylamino)pyridine, 4.0 eq EtsN,
acetonitrile, 16 h room temperature (RT), 99%. b) 1.5 eq Lawesson reagent, toluene, 2.5 h, 100 °C,
98%. ¢) 7 N NH3 in MeOH, 16 h, RT, 71%. Overall yield: 69%.
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Supporting Figure S1. Comparison of mRNA labeling efficiencies using different 4sU prodrugs.
HEK293T cells were labeled with 50 uM of the indicated 4sU prodrugs for either 15 min with a
subsequent chase period of 15 or 45 min followed by RNA extraction, or for 30 min with subsequent
RNA extraction. RNA was treated by TUC-seq chemistry and subjected to amplicon sequencing of the
nuclear targets CCNT1 and CCNE1 and the mitochondrial transcript ND1. Labeling efficiency was
calculated by determining the fraction of reads containing =1 U-to-C mutation and subtracting
background mutation frequency (vehicle control) from the resulting values. Mean + SD is shown (N=2).
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Supporting Figure S2. S4-protected 4sU prodrugs cause strong cytotoxicity. HEK293T cells were
labeled with 50 uM of the indicated prodrugs for 30 min followed by incubation in normal media. Cell
viability was determined by ATP measurement at 24, 48 and 72 h. Values were normalized to the
DMSO-treated control and mean values + SD are shown (n=3). Statistical significance was calculated
by one-way-ANOVA (* p<0.05, ****p<0.0001). Note that tBupivme-treated cells did not survive beyond
24 h.
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Supporting Table S1. Sequences of primers used for amplicon generation (barcodes not shown).

mRNA target Forward primer Reverse primer

CCNET1 5-AAGATGCACACAACATAC 5-CACTGGTGTCTGGAGGTG
CCNT1 5-CTGGCTTAAGTACCCAAAG 5-GCATCCAGAGCTGAGGTG
ND1 5-ACAACTACGCAAAGGCCC 5-TGATGGCTAGGGTGACTT
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