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1. Chemical Synthesis

1.1 Solvents and Reagents

All starting materials and solvents were obtained from standard chemical suppliers. Dry
solvents were purchased in sure sealed bottles stored over molecular sieves. Organic solutions
were routinely dried over anhydrous sodium sulfate or magnesium sulfate.

1.2 Chromatography

Thin-layer chromatography (TLC) was performed on pre-coated silica gel plates (Kieselgel 60
F254, BDH). Visualization of the developed chromatogram was achieved by using fluorescence
quenching and/or by staining with potassium permanganate. Column chromatography
purification was performed on prepacked silica gel (230-400 mesh, 40—-63 um) cartridges.
Reverse column chromatography was performed on SWPAFLASH® SW040 Bonded Spherical
C18 (20-45um, 100 A). All compounds are >95% pure by HPLC analysis.

1.3 NMR Spectroscopy

All 'H NMR spectra were recorded on a Brucker Avance Ill 400 MHz. Chemical shifts (8) are
expressed in ppm recorded using the residual undeuterated solvent as the internal reference
in all cases. Signal splitting patterns are described as singlet (s), doublet (d), triplet (t), quartet
(g), multiplet (m), broad (br), or a combination. Coupling constants (J) are quoted to the
nearest 0.1 Hz.

1.4 Optical Rotations

Optical rotations were taken using a Perkin Elmer 343 polarimeter and [a]p values are given
in degdm*cm3 gl

1.5 Reverse Phase HPLC conditions for the LCMS Analytical Methods

Method 1: Agilent 1200\G6110A Kinetex EVO C18 2.1 x 30 mm, 5 um at 40 °C; Mobile Phase:
A: 0.0375% TFA in water (v/v); B: 0.01875% TFA in Acetonitrile; flow rate held at 1.5 mL/min;
eluted with the mobile phase over 1.50 min employing UV detection at 220&254 nm. Gradient
information: 0.01-0.80 min, ramped from 95% A-5% B to 5% A-95% B; 0.80-1.20 min, held at
5% A-95% B; 1.20-1.21 min, returned to 95% A-5% B, 1.21-1.5 min, held at 95% A-5% B.

Method 2: SHIMADZU LCMS-2020 Kinetex EVO C18 2.1 x 30 mm, 5 um at 40 °C; Mobile Phase:
A: 0.025% NH3-H,0 in Water (v/v); B: Acetonitrile; flow rate held at 1.5 mL/min; eluted with
the mobile phase over 1.55 min employing UV detection at 220&254 nm. Gradient
information: 0-0.80 min, ramped from 95% A-5% B to 5% A-95% B; 0.80-1.20 min, held at 5%
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A-95% B; 1.20-1.21 min, returned to 95% A-5% B, 1.21-1.55 min, held at 95% A-5% B.

Method 3: SHIMADZU LCMS-2020 Kinetex EVO C18 2.1 x 30 mm, 5 um at 50 °C; Mobile Phase:
A: 0.0375% TFA in water (v/v); B: 0.01875% TFA in Acetonitrile; flow rate held at 1.5 mL/min;
eluted with the mobile phase over 1.55 min employing UV detection at 220&254 nm. Gradient
information: 0-0.80 min, ramped from 95% A-5% B to 5% A-95% B; 0.80-1.20 min, held at 5%
A-95% B; 1.20-1.21 min, returned to 95% A-5% B, 1.21-1.55 min, held at 95% A-5% B.

Method 4: SHIMADZU LCMS-2020 Kinetex EVO C18 2.1 x 30 mm, 5 um at 50°C; Mobile Phase:
A: 0.0375% TFA in water (v/v); B: 0.01875% TFA in Acetonitrile; flow rate held at 1.5 mL/min;
eluted with the mobile phase over 1.55 min employing UV detection at 220&254 nm. Gradient
information: 0-0.80 min, ramped from 100% A-0% B to 40% A-60% B; 0.80-1.20 min, held at
40% A-60% B; 1.20-1.21 min, returned to 100% A-0% B, 1.21-1.55 min, held at 100% A-0% B.

Method 5: SHIMADZU LCMS-2020 Kinetex EVO C18 2.1 x 30 mm, 5 um at 40°C; Mobile Phase:
A: 0.025% NH3-H,0 in Water (v/v); B: Acetonitrile; flow rate held at 1.0 mL/min; eluted with
the mobile phase over 2.00 min employing UV detection at 220&254 nm. Gradient
information: 0-1.20 min, ramped from 100% A-0% B to 40% A-60% B; 1.20-1.60 min, held at
40% A-60% B; 1.60-1.61 min, returned to 100% A-0% B, 1.61-2.00 min, held at 100% A-0% B.

Method 6: Agilent 1200\G6110A Kinetex EVO C18 2.1 x 30 mm, 5 um at 50°C; Mobile Phase:
A: 0.0375% TFA in water (v/v); B: 0.01875% TFA in Acetonitrile; flow rate held at 1.5 mL/min;
eluted with the mobile phase over 1.50 min employing UV detection at 220&254 nm. Gradient
information: 0.01-0.80 min, ramped from 100% A-0% B to 40% A-60% B; 0.80-1.20 min, held
at 40% A-60% B; 1.20-1.21 min, returned to 100% A-0% B, 1.21-1.55 min, held at 100% A-0%
B.

Method 7: Agilent 1200\G6110A XBridge C18 2.1 x 50 mm, 5 um at 50°C; Mobile Phase: A:
0.025% NHs-H,0 in water (v/v); B: Acetonitrile; flow rate held at 1.0 mL/min; eluted with the
mobile phase over 2.00 min employing UV detection at 220&254 nm. Gradient information:
0-1.20 min, ramped from 100% A-0% B to 40% A-60% B; 1.20-1.60 min, held at 40% A-60% B;
1.60-1.61 min, returned to 100% A-0% B, 1.61-2.00 min, held at 100% A-0% B.

1.6 Reverse Phase HPLC conditions for the HRMS Analytical Methods

Method 1: Agilent 1290 LC & Agilent G6530B Q-TOF Agilent ZORBAX Extend-C18 2.1 x 50 mm,
5 um at 40 °C; Mobile Phase: A: 0.0375% TFA in water (v/v); B: 0.0188% TFA in Acetonitrile;
flow rate held at 0.8 mL/min; eluted with the mobile phase over 4.50 min employing DAD
detection. Gradient information: 0-0.40 min, held at 0% A-100% B; 0.40-3.40 min, ramped
from 0% A-100% B to 10% A-90% B; 3.40-3.90 min, ramped from 10% A-90% B to 0% A-100%
B; 3.91-4.00 min, returned to 0% A-100% B, 4.00-4.50 min, held at 0% A-100% B (flow rate
held at 1.0 mL/min).



1.7 Preparative Reverse Phase HPLC conditions

Method 1: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (NH4HCO3)-
ACN]; B%: 18%-48%, 10 min.

Method 2: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (ammonia
hydroxide v/v)-ACN]; B%: 19%-49%, 9 min.

Method 3: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (ammonia
hydroxide v/v)-ACN]; B%: 22%-52%, 9 min

Method 4: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (ammonia
hydroxide v/v)-ACN]; gradient: 23%-53% B, 9 min

Method 5: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (NHsHCO3)-
ACN]; B%: 10%-40%, 8 min

Method 6: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (NH4HCO3)-
ACN]; B%: 7%-37%, 8 min

Method 6: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (ammonia
hydroxide v/v)-ACN]; B%: 2%-30%, 9 min

Method 7: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (NH4HCO3)-
ACN]; B%: 21%-51%, 10 min

Method 8: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (ammonia
hydroxide v/v)-ACN]; B%: 15%-45%, 9 min

Method 9: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (ammonia
hydroxide v/v)-ACN]; B%: 14%-44%, 9 min

Method 10: column: Phenomenex luna C18 150 x 25 mm x 10 um; mobile phase: [water(FA)-
ACN]; B%: 20%-50%, 10 min

Method 11: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (ammonia
hydroxide v/v)-ACN]; B%: 25%-55%, 9 min

Method 12: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (ammonia
hydroxide v/v)-ACN]; B%: 18%-48%, 9 min

Method 13: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (NH4HCO3)-
ACN]; gradient:22%-52% B, 10 min

Method 14: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (NHzHCO3)-
ACN]; gradient: 23%-53% B, 9 min

Method 15: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (NHzHCO3)-
ACN]; gradient: 26%-56% B, 9 min

Method 16: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (NHsHCO3)-



ACN]; gradient: 28%-58% B, 9 min

Method 17: column: Waters Xbridge 150 x 25 mm x 5 um; mobile phase: [water (NHsHCO3)-
ACN]; gradient: 24%-54% B, 9 min

Method 18: column: Phenomenex C18 80 x 30 mm x 3 um; mobile phase: [water (NH4HCOs3)-
ACN]; gradient: 16%-46% B, 10 min

Method 19: column: Waters Xbridge 150 x 2 5mm 10 um; mobile phase: [water (NHsHCO3)-
ACN]; gradient: 15% - 45% B, 10 min.

1.8 Supercritical Fluid Chromatography Analytical Methods

Method 1: SHIMADZU LC-30ADsf; Column: Chiralcel OJ-3 50x4.6mm [|.D., 3um Mobile phase:
Phase A for CO;, and Phase B for MeOH (0.05%DEA); Gradient elution: MeOH (0.05% DEA) in
CO; from 5% to 40% Flow rate: 3mL/min; Detector: PDA Column Temp: 35°C; Back Pressure:
100Bar.

Method 2: SHIMADZU LC-30ADsf; Column: Chiralcel OD-3 50x4.6mm |.D., 3um Mobile phase:
Phase A for CO3, and Phase B for MeOH (0.05%DEA); Gradient elution: MeOH (0.05% DEA) in
CO; from 5% to 40% Flow rate: 3mL/min; Detector: PDA Column Temp: 35°C; Back Pressure:
100Bar.

Method 3: SHIMADZU LC-30ADsf; Column: Chiralpak AD-3 50x4.6mm |.D., 3um Mobile phase:
Phase A for CO,, and Phase B for MeOH (0.05%DEA); Gradient elution: MeOH (0.05% DEA) in
CO; from 5% to 40% Flow rate: 3mL/min; Detector: PDA Column Temp: 35°C; Back Pressure:
100Bar.

1.9 Synthetic Procedures

1.9.1 Synthesis of compounds 1-3, 7-17, 23 and 24

Scheme S1
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o ,\{;)\(NHZ o I\C)\(NHz o I\C/\(NHz o f\g)\(NHz
y z b 7 Z
LN e e R e e T e e
HO OH X TBSO  ©OTBS TBSO  OTBS TBSO  OTBS
41 42 43 44
—N —N
o N NH, o N NH,
@ Roy \)\( © Rox W)\f
/\Q/ vi\‘ or () /\Q/ Nw\\‘
TBSO  ©OTBS HO  ©OH
45a-p 1-3,7-17, 23, 24

(a) TBS-CI, 1H-imidazole, DMF, RT, 16 h, 79%; (b) CCl3COH, THF, H20, 0 °C, 4 h, 61%; (c) Ms20, TEA, THF, RT, 2 h,
17%; (d) R-XH, NaH, THF, 50 °C, 16 h, 9-87%; (e) KF, MeOH, RT, 16 h, 7-69% or (f) EtsN-3HF, THF, RT, 16 h, 17-42%.



9-[(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5-[[tert-butyl(dimethyl)silyl]
oxymethyl]tetrahydrofuran-2-yl]purin-6-amine (42)

TBSO/\& %NHz

N - N
TBSO  OTBS

To a solution of (2R,3R,4S5,5R)-2-(6-aminopurin-9-yl)-5-(hydroxymethyl)tetrahydrofuran -3,4-
diol 41 (10.0 g, 37.4 mmol) in DMF (40 mL) was added 1H-imidazole (28.0 g, 411 mmol) and
tert-butylchlorodimethylsilane (25.2 mL, 206 mmol). The resulting mixture was stirred at RT
for 16 h. The reaction was quenched with water (200 mL) and extracted with EtOAc (3 x 100
mL). The combined organic layers were washed with brine (3 x 50 mL), dried over sodium
sulfate, filtered, and concentrated under reduced pressure. The residue was purified by flash
column chromatography (petroleum ether/ethyl acetate gradient 2-20%) to afford compound
42 (18.0 g, 79% yield) as a white solid. LCMS (ES*, Method 1) m/z 610.4 [M+H]*. *H NMR (400
MHz, CDCl3): 6 8.34 (s, 1H), 8.16 (s, 1H), 6.02 (d, J = 4.8 Hz, 1H), 5.79 (s, 2H), 4.69 (t, J = 4.8 Hz,
1H), 4.32 (t, J = 4.0 Hz, 1H), 4.15 - 4.13 (m, 1H), 4.03 (dd, J = 11.6, 4.0 Hz, 1H), 3.79 (dd, J =
11.6, 3.2 Hz, 1H), 0.96 (s, 9H), 0.93 (s, 9H), 0.80 (s, 9H), 0.14 (s, 3H), 0.13 (s, 3H), 0.11 (s, 3H),
0.10 (s, 3H), -0.04 (s, 3H), -0.22 (s, 3H).

[(2R,3R,4R,5R)-5-(6-Aminopurin-9-yl)-3,4-bis[[tert-butyl(dimethyl)silyl]Joxy]
tetrahydrofuran-2-yllmethanol (43)

—N
0 l\(7/ NH,
o
O - N%/
TBSO 0OTBS

To a solution of compound 42 (10.0 g, 16.4 mmol) in THF (100 mL) was added dropwise a
solution of trichloroacetic acid (26.8 g, 164 mmol) in water (30 mL) at 0 °C and stirred for 4 h.
The reaction mixture was neutralized with sodium carbonate, diluted with water (100 mL) and
extracted with EtOAc (3 x 50 mL). The combined organic layers were dried over sodium sulfate,
filtered, and concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate gradient 2-20%) to afford compound 43 (5.00
g, 61% vield) as a white solid. LCMS (ES*, Method 2) m/z 496.4 [M+H]*. *H NMR (400 MHz,
DMSO-ds): & 8.40 (s, 1H), 8.14 (s, 1H), 7.38 (s, 2H), 5.90 (d, J = 7.2 Hz, 1H), 5.72 (dd, J = 8.0, 4.0
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Hz, 1H), 4.91 (dd, J = 7.2, 4.4 Hz, 1H), 4.30 (d, J = 4.4 Hz, 1H), 3.99 (t, J = 2.8 Hz, 1H), 3.76 - 3.72
(m, 1H), 3.62 - 3.59 (m, 1H), 0.93 (s, 9H), 0.70 (s, 9H), 0.13 (s, 3H), 0.12 (s, 3H), -0.04 (s, 3H), -
0.13 (s, 3H), -0.46 (s, 3H).

[(2R,3R,4R,5R)-5-(6-Aminopurin-9-yl)-3,4-bis[[tert-butyl(dimethyl)silyl] oxy]
tetrahydrofuran-2-yllmethyl methanesulfonate (44)

—N
0] l\(7/ NH,
o~ N
N . N%/
TBSO OTBS

To a solution of compound 43 (1.00 g, 2.02 mmol) and triethylamine (842 uL, 6.05 mmol) in
THF (10 mL) was added dropwise a solution of methanesulfonic anhydride (422 mg, 2.42 mmol)
in THF (5 mL) under N3 at 0 °C. The resulting mixture was warmed to RT and stirred for 2 h.
The reaction was quenched with water (50 mL) and then extracted with EtOAc (3 x 30 mL).
The combined organic layers were washed with brine (3 x 20 mL), dried over sodium sulfate,
filtered, and concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate gradient 2-50%) to afford compound 44 (200
mg, 348 umol, 17% yield) as a white solid. LCMS (ES*, Method 2) m/z 574.2 [M+H]*. 'H NMR
(400 MHz, CDCls): & 8.35 (s, 1H), 7.94 (s, 1H), 5.89 (d, J = 5.2 Hz, 1H), 5.74 (s, 2H), 5.02 (t, J =
4.8 Hz, 1H), 4.61 (dd, J = 11.2, 4.4 Hz, 1H), 4.52 (dd, J = 11.2, 5.2 Hz, 1H), 4.41 (t, J = 4.0 Hz,
1H), 4.33 - 4.32 (m, 1H), 3.00 (s, 3H), 0.95 (s, 9H), 0.82 (s, 9H), 0.14 (s, 3H), 0.13 (s, 3H), -0.02
(s, 3H), -0.23 (s, 3H).

9-[(2R,3R,4R,5S)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis[[tert-butyl (dimethyl)silyl]
oxy]tetrahydrofuran-2-yl]purin-6-amine (45a)

_N
QIS o~
S atad!

N ,, N§/
TBSO  OTBS

To a solution of compound 44 (100 mg, 174 umol) in DMF (2 mL) was added 1,3-benzothiazol-

2-ylsulfanylsodium (49.5 mg, 261 umol). The resulting mixture was heated to 50 °C and stirred



for 16 h. The reaction was cooled to RT, quenched with water (20 mL) and extracted with
EtOAc (3 x 10 mL). The combined organic layers were washed with brine (10 mL), dried over
sodium sulfate, filtered, and concentrated under reduced pressure. The residue was purified
by flash column chromatography (petroleum ether/ethyl acetate gradient 0-2%) to afford
compound 45a (70.0 mg, 62% yield) as a white solid LCMS (ES*, Method 2) m/z 645.5 [M+H]".

9-[(2R,3R,4R,5S)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5-[(6- methyl-1,3-benzothiazol-2-yl)
sulfanylmethyl]tetrahydrofuran-2-yl]purin-6-amine (45b)

TBSO  OTBS

To a solution of 6-methyl-1,3-benzothiazole-2-thiol (63.2 mg, 348 umol) in THF (2 mL) was
added NaH (13.9 mg, 348 umol, 60% dispersion in mineral oil) under inert atmosphere at 0 °C
and the mixture was stirred for 30 min. A solution of compound 44 (100 mg, 174 pumol) in THF
(1 mL) was then added and the resulting mixture was heated to 70 °C and stirred for 16 h. The
reaction was cooled to RT, quenched with water (20 mL) and extracted with EtOAc (3 x 10 mL).
The combined organic layers were washed with brine (10 mL), dried over sodium sulfate,
filtered, and concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate gradient 2-50%) to afford compound 45b
(100 mg, 87% vyield) as a white solid. LCMS (ES*, Method 3) m/z 659.3 [M+H]*. *H NMR (400
MHz, DMSO-ds): & 8.45 (s, 1H), 8.16 (s, 1H), 7.80 (s, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.31 - 7.28
(m, 3H), 5.94 (d, J= 7.6 Hz, 1H), 5.24 (dd, /= 7.6, 4.4 Hz, 1H), 4.44 (d, /= 4.4 Hz, 1H) , 4.30 (t,
J=7.2 Hz, 1H), 4.04 - 4.01 (m, 1H), 3.80 - 3.75 (m, 1H), 2.41 (s, 3H), 0.88 (s, 9H), 0.67 (s, 9H),
0.08 (s, 3H), 0.07 (s, 3H), -0.13 (s, 3H), -0.46 (s, 3H).

9-[(2R,3R,4R,5S5)-3,4-bis[[tert-butyl(dimethyl)silylJoxy]-5-  [(5-methyl-1,3-benzothiazol-2-
yl)sulfanylmethyl]tetrahydrofuran-2-yl]purin-6-amine (45c)



—N
/QS 0 l\(7 NH,
O T
. Ny

TBSO OTBS
To a solution of 5-methyl-1,3-benzothiazole-2-thiol (63.1 mg, 348 pmol) in THF (2 mL) was
added NaH (13.9 mg, 348 umol, 60% dispersion in mineral oil) under inert atmosphere at 0 °C
and the mixture was stirred for 30 min. A solution of compound 44 (100 mg, 174 umol) in THF
(2 mL) was then added and the resulting mixture was heated to 70 °C and stirred for 16 h. The
reaction was cooled to RT, quenched with water (20 mL) and extracted with EtOAc (3 x 10 mL).
The combined organic layers were washed with brine (10 mL), dried over sodium sulfate,
filtered, and concentrated under reduced pressure. The residue was purified by flash column

chromatography (petroleum ether/ethyl acetate gradient 2-50%) to afford compound 45c
(50.0 mg, 43.5% yield) as a white solid. LCMS (ES*, Method 2) m/z 659.4 [M+H]".

9-[(2R,3R,4R,5S)-3,4-bis[[tert-butyl(dimethyl)silylJoxy]-5-(2-quinolylsulfanylmethyl)
tetrahydrofuran-2-yl]purin-6-amine (45d)

N
74

N 0] I\(:)\(NHz

\ 74
<07

< - N%/
TBSO  0OTBS

To a solution of quinoline-2-thiol (112 mg, 697 umol) in THF (2 mL) was added NaH (27.9 mg,
697 umol, 60% dispersion in mineral oil) under inert atmosphere at 0 °C and the mixture was
stirred for 30 min. A solution compound 44 (200 mg, 348 umol) in THF (2 mL) was then added
and the resulting mixture was heated to 70 °C and stirred for 16 h. The reaction was cooled to
RT, quenched with water (30 mL) and extracted with EtOAc (3 x 15 mL). The combined organic
layers were washed with brine (2 x 10 mL), dried over sodium sulfate, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate gradient 2-50%) to afford compound 45d
(180 mg, 80% yield) as colorless oil. *H NMR (400 MHz, DMSO-ds): 6 8.39 (s, 1H), 8.01 (s, 1H),
7.93 (t,J = 8.8 Hz, 2H), 7.74 (d, J = 8.4 Hz, 1H), 7.68 - 7.64 (m, 1H), 7.45 (t, J = 7.2 Hz, 1H), 7.24
(d, J = 8.4 Hz, 1H), 5.92 (d, J = 6.4 Hz, 1H), 5.73 (s, 2H), 5.26 (dd, J = 6.4, 4.0 Hz, 1H), 4.47 (td, J
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= 6.8, 1.6 Hz, 1H), 4.36 (dd, J = 4.4, 1.6 Hz, 1H), 4.10 - 4.05 (m, 1H), 3.85 (dd, J = 14.0, 6.4 Hz,
1H), 0.91 (s, 9H), 0.73 (s, 9H), 0.07 (s, 6H), -0.19 (s, 3H), -0.39 (s, 3H).

9-[(2R,3R,4R,5S)-3,4-Bis[[tert-butyl(dimethyl)silylloxy]-5- [(6-methyl-2-quinolyl) sulfanyl
methyl]tetrahydrofuran-2-yl]purin-6-amine (45e)

—N
o b
\ 74
<7 K
Ny
TBSO OTBS
To a solution of 6-methylquinoline-2-thiol 73 (61.1 mg, 348 pmol)in THF (2 mL) was
added NaH (13.9 mg, 348 umol, 60% dispersion in mineral oil) under inert atmosphere at 0 °C
and the mixture was stirred for 30 min. A solution of compound 44 (100 mg, 174 umol) in THF
(2 mL) was then added and the resulting mixture was heated to 70 °C for 16 h. The reaction
was cooled to RT, quenched with water (20 mL) and extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with brine (10 mL), dried over sodium sulfate, filtered,
and the filtrate was concentrated under reduced pressure. The residue was purified by flash

column chromatography (petroleum ether/ethyl acetate gradient 2-50%) to afford compound

45e (90.0 mg, 79% vyield) as a white solid. LCMS (ES*, Method 2) m/z 653.5 [M+H]".

9-[(2R,3R,4R,5S)-3,4-Bis[[tert-butyl(dimethyl)silyl]Joxy]-5-[(7 -methyl-2-quinolyl)sulfanyl
methyl]tetrahydrofuran-2-yl]purin-6-amine (45f)

R o ~
TBSO ©OTBS

To a solution of 7-methylquinoline-2-thiol 77 (61.1 mg, 348 umol)in THF (2 mL) was
added NaH (13.9 mg, 348 umol, 60% dispersion in mineral oil) under inert atmosphere at 0 °C
and the mixture was stirred for 30 min. A solution of compound 44 (100 mg, 174 umol) in THF
(1 mL) was added and the resulting mixture was heated to 70 °C for 16 h. The reaction was

cooled to RT, quenched with water (20 mL) and extracted with EtOAc (3 x 10 mL). The

11



combined organic layers were washed with brine (10 mL), dried over sodium sulfate, filtered
and the filtrate was concentrated under reduced pressure. The residue was purified by
preparative TLC (SiO2, petroleum ether/ethyl acetate 50%) to afford compound 45f (60.0 mg,
52% yield) as a white solid. LCMS (ES*, Method 2) m/z 635.5 [M+H]".

9-((2R,3R,4R,5S)-3,4-Bis((tert-butyldimethylsilyl)oxy)-5-((quinolin-7-ylthio)methyl)
tetrahydrofuran-2-yl)-9H-purin-6-amine (45g)

=N
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z
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To a solution of imidazo-quinoline-7-thiol (110 mg, 680 umol) in THF (2 mL) was added NaH
(27.2 mg, 680 umol, 60% dispersion in mineral oil) under inert atmosphere at 0 °C and the
mixture was stirred for 30 min. A solution of compound 44 (130 mg, 227 umol) in THF (1 mL)
was then added and the resulting mixture was heated at 70 °C for 16 h. The reaction mixture
was quenched with water (10 mL) and extracted with EtOAc (3 x 10 mL). The combined organic
layers were washed with brine (10 mL), dried over sodium sulfate, filtered, and concentrated
under reduced pressure. The residue was purified by flash column chromatography

etroleum ether/ethyl acetate gradient 0-100%) to afford compound 45g (120 mg, 83% yield)
(p y g p g g y

as colorless oil. LCMS (ES*, Method 1) m/z 639.3 [M+H]*. *H NMR (400 MHz, CDCl3): 6 8.91 -

8.86 (m, 1H), 8.35 (s, 1H), 8.13 - 8.08 (m, 1H), 8.07 - 8.047 (m, 1H), 7.89 (s, 1H), 7.71 (d, /= 8.8
Hz, 1H), 7.51 - 7.46 (m, 1H), 7.38 - 7.34 (m, 1H), 5.86 (d, / = 6 Hz, 1H), 5.83 - 5.75 (m, 2H), 5.28
-5.23 (m, 1H), 4.39 - 4.33 (m, 2H), 3.79 - 3.72 (m, 1H), 3.61 - 3.53 (m, 1H), 0.90 (s, 9H), 0.76
(s, 9H), 0.11 - 0.06 (m, 6H), -0.14 (s, 3H), -0.35 (s, 3H).

9-[(2R,3R,4R,5S)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]-5- (thiazol-2-ylsulfanylmethyl)
tetrahydrofuran-2-yl]purin-6-amine (45h)
N

 Ne
TBSO OTBS
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To a solution of thiazole-2-thiol (79.6 mg, 679 umol) in THF (2 mL) was added NaH (27.2 mg,
679 umol, 60% dispersion in mineral oil) under inert atmosphere at 0 °C and the mixture was
stirred for 30 min. A solution of compound 44 (130 mg, 226 umol) in THF (2 mL) was then
added, and the resulting mixture was heated to 70 °C for 16 h. The reaction was cooled at 0 °C,
guenched with water (20 mL), and then extracted with EtOAc (3 x 10 mL). The combined
organic layers were washed with brine (2 x 10 mL), dried over sodium sulfate, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate gradient 2-100%) to afford compound 45h
(70.0 mg, 52% vyield) as a white solid. LCMS (ES*, Method 1) m/z 595.2 [M+H]*. 'H NMR
(400MHz, CDCl3): & 8.35 (s, 1H), 7.91 (s, 1H), 7.65 (d, J = 3.2 Hz, 1H), 7.22 (d, J = 3.2 Hz, 1H),
5.88 (d, J = 6.0 Hz, 1H), 5.59 (s, 2H), 5.31 - 5.27 (m, 1H), 4.39 (td, J = 6.4, 1.6 Hz, 1H), 4.35 -
4.33 (m, 1H), 3.93 (dd, J = 14.0, 6.8 Hz, 1H), 3.70 (dd, J = 14.4, 6.4 Hz, 1H), 0.93 (s, 9H), 0.77 (s,
9H), 0.10 (s, 3H), 0.09 (s, 3H), 0.01 (s, 3H), -0.09 (s, 3H).

9-[(2R,3R,4R,5S)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]-5- (imidazo[1,5-a]pyridin-8-
ylsulfanylmethyl)tetrahydrofuran-2-yl]purin-6-amine (45i)
N
P N
0 '\(;)\(NHZ
LA~ (X

N
TBSO  OTBS

To a solution of compound 80 (47.1 mg, 313 umol) in THF (2 mL) was added NaH (12.5 mg,
313 pumol, 60% dispersion in mineral oil) under inert atmosphere at 0 °C and the mixture was
stirred for 30 min. A solution of compound 44 (120 mg, 209 umol) in THF (1 mL) was then
added and the resulting mixture was heated at 70 °C for 16 h. The reaction mixture was
cooled to RT, quenched with water (20 mL) and extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with brine (10 mL), dried over sodium sulfate, filtered,
and concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate gradient 0-50%) to afford compound 45i
(80.0 mg, 61% vyield) as yellow oil. LCMS (ES*, Method 2) m/z 628.5 [M+H]*. H NMR (400MHz,
CDCl3): 6 8.33 (s, 1H), 8.13 (s, 1H), 7.85 (s, 1H), 7.80 (d, / = 6.8 Hz, 1H), 7.55 (s, 1H), 6.71 (d, J
= 6.8 Hz, 1H), 6.49 (t, J = 6.8 Hz, 1H), 5.83 (d, J = 6.0 Hz, 1H), 5.66 (s, 2H), 5.28 (dd, J = 6.0, 4.4
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Hz, 1H), 4.35 - 4.34 (m, 1H), 4.32 - 4.28 (m, 1H), 3.72 - 3.70 (m, 1H), 3.48 - 3.43 (m, 1H), 0.90
(s, 9H), 0.76 (s, 9H), 0.08 (s, 3H), 0.04 (s, 3H), -0.02 (s, 3H), -0.36 (s, 3H).

9-((2R,3R,4R,5S)-3,4-Bis((tert-butyldimethylsilyl)oxy)-5-(((1-methyl-1H-benzo[d]imidazol-2-
yl)thio)methyl)tetrahydrofuran-2-yl)-9H-purin-6-amine (45j)

_N
O o~ ™
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TBSO  0OTBS

To a solution of 1-methyl-1H-benzo[d]imidazole-2-thiol (57.2 mg, 349 umol) in THF (4 mL) was
added NaH (13.9 mg, 349 umol, 60% dispersion in mineral oil) under inert atmosphere at 0 °C
and the reaction mixture was stirred for 30 min. A solution of compound 44 (100 mg, 174
umol) in THF (1 mL) was then added and the resulting mixture was heated at 70 °C for 16 h.
The reaction mixture was cooled to RT, quenched with water (20 mL) and extracted with EtOAc
(3 x 10 mL). The combined organic layers were washed with brine (10 mL), dried over sodium
sulphate, filtered and then concentrated under reduced pressure. The residue was purified by
preparative TLC (SiO», petroleum ether/ethyl acetate 50%) to afford compound 45j (98.0 mg,
87% yield) as a white solid. LCMS (ES*, Method 2) m/z 642.4 [M+H]*. *H NMR (400 MHz, CDCls):
58.35 (s, 1H), 7.99 (s, 1H), 7.70 - 7.60 (m, 1H), 7.25 - 7.21 (m, 3H). 5.90 (d, J = 6.8 Hz, 1H), 5.79
(brs, 2H), 5.31 - 5.28 (m, 1H), 4.49 - 4.46 (m, 1H), 4.41 - 4.39 (m, 1H), 4.07 - 4.02 (m, Hz, 1H),
3.97-3.92 (m, 1H), 3.66 (s, 3H), 0.93 (s, 9H), 0.76 (s, 9H), 0.12 (s, 3H), 0.11(s, 3H), -0.10 (s, 3H),
-0.37 (s, 3H).

9-((2R,3R,4R,5S)-5-((Benzo[d]oxazol-2-ylthio)methyl)-3,4-bis((tert-butyldimethylsilyl)
oxy)tetrahydrofuran-2-yl)-9H-purin-6-amine (45k)
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To a solution of 1,3-benzoxazole-2-thiol (105 mg, 697 umol) in THF (4 mL) was added NaH

(27.9 mg, 697 pumol, 60% dispersion in mineral oil) under inert atmosphere at 0 °C and the
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mixture was stirred for 30 min. A solution of compound 44 (200 mg, 349 umol) in THF (2
mL) was then added and the resulting mixture was stirred initially at RT for 30 min and
then heated at 70 °C for 16 h. The reaction mixture was cooled to RT, quenched with water
(20 mL) and extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with
brine (10 mL), dried sodium sulphate, filtered, and concentrated under reduced pressure. The
residue was purified by reverse column chromatography (0.1% NHsH,O in water/MeCN
gradient 0-100%) to afford compound 45k (160 mg, 73% yield) as a yellow oil. LCMS (ES*,
Method 2) m/z 629.4 [M+H]".

9-((2R,3R,4R,5S)-5-(((1H-Benzo[d]imidazol-2-yl)thio)methyl)-3,4-bis((tertbutyldimethyl
silyl)oxy)tetrahydrofuran-2-yl)-9H-purin-6-amine (45l)

N

— N
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To a solution of 1H-benzimidazole-2-thiol (78.5 mg, 522.8 umol) in THF (4 mL) was added NaH
(20.9 mg, 522.8 umol, 60% dispersion in mineral oil) under inert atmosphere at 0 °C and the
mixture was stirred for 30 min. A solution of compound 44 (200 mg, 349 umol) in THF (2
mL) was added and the resulting mixture was stirred initially at RT for 30 mins and then heated
at 70 °C and for 16 h. The reaction was cooled to RT, quenched with water (20 mL) and
extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine (10
mL), dried sodium sulphate, filtered, and concentrated under reduced pressure. The residue
was purified by reverse column chromatography (0.1% NH3'H,0 in water/MeCN gradient 0-
100%) to afford compound 45l (103 mg, 47% yield) as a yellow oil. LCMS (ES*, Method 2) m/z
628.4 [M+H]".

9-((2R,3R,4R,5S)-5-(((1H-Indazol-7-yl)thio)methyl)-3,4-bis((tert-butyldimethylsilyl)oxy)
tetrahydrofuran-2-yl)-9H-purin-6-amine (45m)
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To a solution of compound 85 (52.7 mg, 349 umol) in DMF (2 mL) was added NaH (13.9 mg,
349 umol, 60% dispersion in mineral oil) under N3 at 0 °C and the mixture was stirred for 30
min. A solution of compound 44 (100 mg, 174 umol) in DMF (1 mL) was then added and the
resulting mixture was heated at 70 °C for 16 h. The reaction mixture was cooled to RT,
guenched with water (15 mL) and then extracted with EtOAc (3 x 20 mL). The combined
organic layers were washed with brine (60 mL), dried over sodium sulfate, filtered, and
concentrated under reduced pressure. The residue was purified by preparative TLC (SiO,,
petroleum ether/ethyl acetate 50%) to afford compound 45m (10.0 mg, 9% vyield) as
a colorless oil. LCMS (ES*, Method 3) m/z 628.1 [M+H]*.

9-[(2R,3R,4R,5S)-3,4-bis[[tert-butyl(dimethyl)silyl]Joxy]-5-(imidazo [1,5-a]pyridin-7-
ylsulfanylmethyl)tetrahydrofuran-2-yl]purin-6-amine (45n)

TBSO" OTBS

To a solution of imidazo[1,5-a]pyridine-7-thiol 91 (68.1 mg, 453 umol) in THF (2 mL) was
added NaH (18.1 mg, 453 pumol, 60% dispersion in mineral oil) under inert atmosphereat 0 °C
and the mixture was stirred for 30 min. A solution of compound 44 (130 mg, 226 umol) in THF
(1 mL) was added and the resulting mixture was heated to 70 °C for 16 h. The reaction was
cooled to RT, quenched with water (20 mL) and extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with brine (10 mL), dried over sodium sulfate, filtered,
and the filtrate was concentrated under reduced pressure. The residue was purified by flash
column chromatography (petroleum ether/ethyl acetate gradient 0-50%) to afford compound
45n (120 mg, 84% yield) as yellow oil. LCMS (ES*, Method 2) m/z 628.3 [M+H]*. *H NMR (400
MHz, CDCl3): 6 8.30 (s, 1H), 8.04 (s, 1H), 7.87 (s, 1H), 7.80 (d, J = 7.6 Hz, 1H), 7.36 (s, 1H), 7.28
-7.27 (m, 1H), 6.50 (dd, J = 7.6, 2.0 Hz, 1H), 6.06 (s, 2H), 5.83 (d, J = 5.6 Hz, 1H), 5.24 (dd, J =
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5.6, 4.4 Hz, 1H), 4.38 - 4.36 (m, 1H), 4.30 - 4.26 (m, 1H), 3.54 (dd, J = 14.4, 6.8 Hz, 1H), 3.70
(dd,/=14.4,6.0 Hz, 1H), 0.93 (s, 9H), 0.77 (s, 9H), 0.12 (s, 3H), 0.11 (s, 3H), -0.11 (s, 3H), -0.33
(s, 3H).

9-[(2R,3R,4R,5R)-5-(1,3-Benzothiazol-2-yloxymethyl)-3,4-bis[[tert-butyl(dimethyl)silyl]
oxy]tetrahydrofuran-2-yl]purin-6-amine (450)
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To a solution of 1,3-benzothiazol-2-ol (39.52 mg, 261.39 pumol) in THF (1.5 mL) was added NaH
(10.5 mg, 261 pumol, 60% dispersion in mineral oil) under inert atmosphere at 0 °C and the
mixture was stirred for 30 min. A solution of compound 44 (100 mg, 174 umol) in THF (1.5 mL)
was then added and the resulting mixture was heated to 50 °C for 2 h. The reaction was cooled
to RT, quenched with water (10 mL) and extracted with EtOAc (3 x 5 mL). The combined
organic layers were washed with brine (5 mL), dried over sodium sulfate, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate gradient 2-100%) to afford compound 450
(30.0 mg, 27% yield) as a white solid. LCMS (ES*, Method 2) m/z 629.2 [M+H]*. *H NMR (400
MHz, CDCls): 6 8.40 (s, 1H), 7.81 (s, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.24 (d, J = 7.6 Hz, 1H), 7.18 -
7.16 (m, 2H), 5.86 (d, J = 7.2 Hz, 1H), 5.60 (s, 2H), 5.36 (dd, J = 6.4, 4.4 Hz, 1H), 4.76 (dd, J =
14.4, 7.6 Hz, 1H), 4.39 (d, J = 4.4 Hz, 1H), 4.36 (d, J = 6.8 Hz, 1H), 4.16 (d, J = 5.6 Hz, 1H), 0.87
(s, 9H), 0.75 (s, 9H), 0.04 (s, 3H), -0.06 (d, J = 5.6 Hz, 6H), -0.37 (s, 3H).

N-[[(2R,3R,4R,5R)-5-(6-Aminopurin-9-yl)-3,4-bis[[tert-butyl(dimethyl)silyl]Joxy]
tetrahydrofuran-2-yllmethyl]-1,3-benzothiazol-2-amine (45p)

N

7 Na
TBSO  oTBS
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To a solution of 1,3-benzothiazol-2-amine (78.5 mg, 522 umol) in THF (1 mL) was added NaH
(20.9 mg, 522 umol, 60% dispersion in mineral oil) under inert atmosphere at 0 °C and the
mixture was stirred for 30 min. A solution of compound 44 (100 mg, 174 umol) in THF (1 mL)
was then added and the resulting mixture was heated to 70 °C for 16 h. The reaction was
cooled to room RT, quenched with water (20 mL) and extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with brine (10 mL), dried over sodium sulfate, filtered,
and the filtrate was concentrated under reduced pressure. The residue was purified by flash
column chromatography (petroleum ether/ethyl acetate gradient 2-50%) to afford compound

45p (35.0 mg, 32% yield) as colorless oil. LCMS (ES*, Method 3) m/z 628.2 [M+H]".

(2R,3R,4S5,55)-2-(6-aminopurin-9-yl)-5-(1,3-benzothiazol-2-ylsulfanylmethyl)
tetrahydrofuran-3,4-diol (1)

HO  ©OH

To a solution of 45a (50.0 mg, 77.5 pumol) in MeOH (2 mL) was added potassium fluoride (13.5
mg, 232 umol). The reaction mixture was stirred at RT for 16 h and then concentrated under
reduced pressure. The residue was purified by prep-HPLC (Method 1) to afford compound 1
(12.9 mg, 40% yield) as a white solid. HRMS (Method 1) m/z [M+H]* calcd for C17H16N603S:
417.0804; found 417.0803. 'H NMR (400 MHz, DMSO-ds): & 8.39 (s, 1H), 8.15 (s, 1H), 8.01 (d,
J=8.0 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.47 (t, J = 7.6 Hz, 1H), 7.39 - 7.33 (m, 3H), 5.88 (d, J =
5.6 Hz, 1H), 5.92 (d, J = 6.0 Hz, 1H), 5.58 (s, 1H), 5.49 (s, 1H), 7.84 (s, 1H), 4.28 - 4.24 (m, 2H),
3.89 - 3.84 (m, 1H), 3.77 - 3.74 (m, 1H). ). 23C NMR (126 MHz, DMSO-ds) 6 166.21, 156.12,
152.65, 152.57, 149.41, 140.05, 134.63, 126.40, 124.52,121.82,121.12,119.28, 87.68, 82.42,
72.74,72.58, 35.37. SFC (Method 1) de% = 100%. [a]p?® = +25.0 (c=0.01, MeOH).

(2R,3R,4S5,55)-2-(6-aminopurin-9-yl)-5-[(6-methyl-1,3-benzothiazol -2-yl)sulfanylmethyl]
tetrahydrofuran-3,4-diol (2)
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To a solution of 45b (100 mg, 0.15 mmol) in DMF (2 mL) was added potassium fluoride (88.1

mg, 1.52 mmol). The reaction mixture was stirred at 60 °C for 16 h, cooled to RT and then

concentrated under reduced pressure. The residue was purified by prep-HPLC (Method 2) to

afford compound 2 (23.4 mg, 35% yield) as an off-white solid. HRMS m/z [M+H]"* calcd for

C18H18N60352431.5090; found 431.0964. *H NMR (400 MHz, DMSO-ds): & 8.37 (s, 1H), 8.15 (s,

1H), 7.78 (s, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.30-7.27 (m, 3H), 5.92 (d, J = 5.6 Hz, 1H), 5.51 (brs,

2H), 4.86 (t, J = 5.2 Hz, 1H), 4.29 - 4.27 (m, 2H), 4.23 - 4.22 (m, 1H), 3.84 (dd, J = 13.6, 5.6 Hz,

1H), 3.72 (dd, J = 13.6, 7.6 Hz, 1H), 2.41 (s, 3H). 33C NMR (126 MHz, DMSO-ds) 6 164.75, 156.11,

152.65, 150.73, 149.41, 140.04, 134.77,134.19, 127.69, 121.41, 120.70, 119.26, 87.65, 82.45,
72.73,72.58, 35.38, 20.93.

2R,3R,4S,55)-2-(6-aminopurin-9-yl)-5-[(5-methyl-1,3-benzothiazol -2-yl)sulfanylmethyl]
tetrahydrofuran-3,4-diol (3)

QNXSA@%N%

N

HO  ©H

To a solution of compound 45c¢ (50.0 mg, 75.8 umol) in DMF (2 mL) was added potassium
fluoride (44.1 mg, 758 umol). The reaction mixture was stirred at 60 °C for 16 h, cooled to RT
and then concentrated under reduced pressure. The residue was purified by prep-HPLC
(Method 1) to afford compound 3 (11.2 mg, 34% yield) as a white solid. HRMS (Method 3) m/z
[M+H]* calcd for C17H17N703S 431.0960; found 431.0975. *H NMR (400 MHz, DMSO-ds): & 8.45
(s, 1H), 8.22 (s, 1H), 7.86 (d, J = 8.4 Hz, 1H), 7.67 (s, 2H), 7.66 - 7.56 (m, 1H), 7.19 (d, J = 7.6 Hz,
1H), 5.93 (d, J = 5.6 Hz, 1H), 5.65 - 5.38 (s, 1H), 4.84 (t, J = 5.2 Hz, 1H), 4.21 - 4.32 (m, 2H) , 3.85
(dd, J = 13.6, 5.6 Hz, 1H), 3.73 (dd, J = 13.6, 5.6 Hz,1H), 2.42 (s, 3H).

(2R,3R,4S5,55)-2-(6-aminopurin-9-yl)-5-(2-quinolylsulfanylmethyl) tetrahydrofuran-3,4-diol
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To a solution of compound 45d (130 mg, 0.20 mmol) in MeOH (5 mL) was added potassium
fluoride (118 mg, 2.03 mmol). The reaction mixture was stirred at 60 °C for 16 h, cooled to RT
and then concentrated under reduced pressure. The residue was purified by prep-HPLC
(Method 1) to compound 7 (13.12 mg, 16% yield) as a white solid. HRMS (Method 1) m/z
[M+H]* calcd for C19H18N6O3S 411.1239; found: 411.1249. '*H NMR (400 MHz, DMSO-ds): 6
8.40 (s, 1H), 8.18 - 8.15 (m, 2H), 7.89 (t, J = 8.4 Hz, 1H), 7.71 (td, J = 8.0, 1.2 Hz, 1H), 7.51 (t, J
= 7.6 Hz, 1H), 7.39 (d, J = 8.8 Hz, 1H), 7.30 (s, 2H), 5.92 (d, J = 6.4 Hz, 1H), 4.93 (t, J = 5.6 Hz,
1H), 4.25 - 4.23 (m, 1H), 4.19 - 4.18 (m, 1H), 3.84 (dd, J = 14.0, 6.8 Hz, 1H), 3.64 (dd, J = 14.0,
6.8 Hz, 1H). 3C NMR (126 MHz, DMSO-ds) 6§ 157.96, 156.11, 152.65, 149.54, 147.49, 139.98,
136.13, 130.05, 128.00, 127.42, 125.78, 125.54, 120.85, 119.26, 87.39, 83.23, 72.76, 72.54,
31.32.

(2R,3R,4S5,55)-2-(6-Aminopurin-9-yl)-5-[(6-methyl-2-quinolyl) sulfanylmethyl]
tetrahydrofuran-3,4-diol (8)
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To a solution of compound 45e (90.0 mg, 0.14 mmol) in DMF (2 mL) was added potassium
fluoride (80.1 mg, 1.38 mmol). The reaction mixture was stirred at 60 °C for 16 h, cooled to RT
and then concentrated under reduced pressure. The residue was purified by prep-HPLC
(Method 1) to afford compound 8 (25.1 mg, 43% yield) as a white solid. HRMS (Method 4) m/z
[M+H]* calcd for C20H20N603S 425.1396; found 425.1416. 'H NMR (400 MHz, DMSO-ds): 6 8.40
(s, 1H), 8.16 (s, 1H), 8.07 (d, J = 8.8 Hz, 1H), 7.78 (d, J = 8.8 Hz,1H), 7.67 (s, 1H), 7.55 (dd, J =
8.8, 1.6 Hz, 1H), 7.34 (d, J = 8.8 Hz, 1H), 7.30 (s, 1H), 5.91 (d, J = 6.4 Hz, 1H), 5.55 (s, 1H), 5.36
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(s, 1H), 4.93 (s, 1H), 4.23 (s, 1H), 4.20 - 4.15 (m,1H), 3.82 (dd, J = 14.0, 6.8 Hz, 1H), 3.62 (dd, J
= 14.0, 6.8 Hz, 1H), 2.46 (s, 3H). 13C NMR (126 MHz, DMSO-ds) 6 156.79, 156.11, 152.66,
149.55,146.10, 139.98, 135.58, 134.90, 132.01, 127.22, 126.82, 125.75,120.80, 119.27, 87.37,
83.27, 72.76, 72.54, 31.32, 20.96.

(2R,3R,4S5,55)-2-(6-Aminopurin-9-yl)-5-[(7-methyl-2-quinolyl) sulfanylmethyl]
tetrahydrofuran-3,4-diol (9)

To a solution of compound 45f (60.0 mg, 91.9 umol) in DMF (2 mL) was added potassium
fluoride (53.3 mg, 918 umol). The reaction mixture was stirred at 60 °C for 16 h, cooled to RT
and then concentrated under reduced pressure. The residue was purified by prep-HPLC
(Method 3) to afford compound 9 (14.6 mg, 37% yield) as a white solid. HRMS (Method 1) m/z
[M+H]* calcd for C20H20N603S 425.1396; found 425.1391. 'H NMR (400 MHz, DMSO-dp): 6 8.32
(s, 1H), 8.08 (s, 1H), 7.90 (d, J = 8.8 Hz, 1H), 7.64 (d, J = 8.4 Hz, 1H), 7.62 (s, 1H), 7.30 (dd, J =
8.0, 0.8 Hz, 1H), 7.22 (d, J/ = 8.4 Hz, 1H), 6.04 (d, J = 3.6 Hz, 1H), 5.74 (s, 2H), 4.69 - 4.65 (m,
2H), 4.44 (t, J = 4.8 Hz, 1H), 3.97 (dd, J = 14.8, 4.4 Hz, 1H), 3.62 (dd, J = 14.8, 5.2 Hz, 1H), 2.52
(s, 3H).

(2R,3R,4S5,55)-2-(6-Aminopurin-9-yl)-5-(7-quinolylsulfanylmethyl) tetrahydrofuran-3,4-diol

(10)
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To a solution of compound 45g (100 mg, 0.16 mmol) in MeOH (3 mL) was added potassium
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fluoride (90.9 mg, 1.57 mmol). The reaction mixture was stirred at 50 °C for 16 h, cooled to RT
and then concentrated under reduced pressure. The residue was purified by reverse column
chromatography (0.05% NH3'H,O in water/MeCN gradient 0-25%) to afford compound 10
(29.2 mg, 45% vyield) as a white solid. HRMS (Method 1) m/z [M+H]* calcd for
C19H18N603S 411.1239; found 411.1243. 'H NMR (400 MHz, DMSO-de): 6 8.85 (dd, J= 4.0, 1.6
Hz, 1H), 8.15 (s, 1H), 7.89 - 7.87 (m, 2H), 7.52 (dd, J = 8.4, 1.6 Hz, 1H), 7.45 (dd, J = 8.4, 4.0 Hz,
1H), 7.27 (s, 1H), 5.90 (d, J = 6.0 Hz, 1H), 4.81 (t, J = 5.2 Hz, 1H), 4.24 (t, J = 4.4 Hz, 1H), 4.12 -
4.08 (m, 1H), 3.62 (dd, J = 13.6, 5.6 Hz, 1H), 3.49 (dd, J = 13.6, 7.2 Hz, 1H). 133C NMR (126 MHz,
DMSO-ds) 6 156.56, 153.11, 151.55, 149.94, 148.53, 140.38, 138.96, 136.29, 128.91, 126.92,
126.28,125.27,121.39, 119.67, 88.04, 83.09, 73.40, 73.32, 34.84.

(2R,3R,4S5,55)-2-(6-Aminopurin-9-yl)-5-(thiazol-2-ylsulfanylmethyl) tetrahydrofuran-3,4-diol
(11)

AT
HO  ©OH
To a solution of 45h (70.0 mg, 0.12 mmol) in MeOH (5 mL) was added potassium fluoride (68.4
mg, 1.18 mmol). The reaction mixture was stirred at 60 °C for 16 h, cooled to RT and then
concentrated under reduced pressure. The residue was purified by reverse column
chromatography (0.05% NH3'H20 in water/MeCN gradient 0-45%) to afford compound 11
(18.5 mg, 43% vyield) as a white solid. HRMS (Method 1) m/z [M+H]" calcd for Ci13H14aNs03S;
367.0647; found 367.0656. *H NMR (400 MHz, DMSO-ds): 6 8.34 (s, 1H), 8.14 (s, 1H), 7.71 (d,
J=3.2 Hz, 1H), 7.64 (d, J = 3.6 Hz, 1H), 7.30 (s, 2H), 8.06 (s, 1H), 5.89 (d, J = 6.0 Hz, 1H), 4.80
(t, J=5.6 Hz, 1H), 4.21 (t, J = 3.6 Hz, 1H), 4.15 - 4.13 (m, 1H), 3.70 (dd, J = 14.0, 5.6 Hz, 1H),
3.56 (dd,/=14.0,7.6 Hz, 1H ). 33C NMR (126 MHz, DMSO-ds) 6§ 163.37, 156.10, 152.63, 149.42,
142.73,139.98, 120.40, 119.23, 87.61, 82.55, 72.76, 72.73, 36.28.

(2R,3R,4S5,55)-2-(6-Aminopurin-9-yl)-5-(imidazo[1,5-a]pyridin-8- ylsulfanylmethyl)
tetrahydrofuran-3,4-diol (12)
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To a solution of compound 45i (70.0 mg, 0.11 mmol) in MeOH (3 mL) was added potassium
fluoride (64.7 mg, 1.11 mmol). The reaction mixture was heated to 60 °C for 16 h, cooled to
RT and then concentrated under reduced pressure. The residue was purified by reverse
column chromatography (0.1% NH3'H,0 in water/MeCN gradient 0-50%) to afford compound
12 (31.3 mg, 69% vyield) as an off-white solid. HRMS (Method 1) m/z [M+H]"* calcd for
C17H17N703S 400.1192; found 400.1201. *H NMR (400 MHz, DMSO-ds): & 8.40 (s, 1H), 8.35 (s,
1H), 8.21 (d, J=7.2 Hz, 1H), 8.14 (s, 1H), 7.35 (s, 1H), 7.29 (s, 2H), 6.77 (d, J = 6.8 Hz, 1H), 6.60
(t, J = 6.8 Hz, 1H), 6.03 (brs, 1H), 5.90 (d, J = 5.6 Hz, 1H), 4.80 (t, J = 5.6 Hz, 1H), 4.22 (t, J = 4.8
Hz, 1H), 4.07 - 4.06 (m, 1H), 3.53 (dd, J = 13.6, 5.2 Hz, 1H), 3.42 (dd, J = 13.6, 7.6 Hz, 1H). 13C
NMR (126 MHz, DMSO-ds) 6 156.10, 152.65, 149.44, 139.94, 129.50, 128.61, 125.95, 120.93,
119.21, 118.56, 116.71, 112.13, 87.59, 82.61, 72.85, 72.71, 33.60.

(2R,3R,4S,5S)-2-(6-Amino-9H-purin-9-yl)-5-(((1-methyl-1H-benzo[d]imidazol-2-yl)thio)
methyl)tetrahydrofuran-3,4-diol (13)

HO  OH

To a solution of compound 45j (98.0 mg, 0,15 mmol) in MeOH (4 mL) was added potassium
fluoride (3.28 mmol). The reaction mixture was stirred at 60 °C for 16 h, cooled to RT and then
concentrated under reduced pressure. The residue was purified by reverse column
chromatography (0.1% NH3'H,O in water/MeCN gradient 0-100%) to afford compound 13
(4.67 mg, 7% yield) as a white solid. HRMS (Method 1) m/z [M+H]" calcd for Ci7H17N703S
414.1378; found 414.1356. 'H NMR (400 MHz, DMSO-de): 6 8.40 (s, 1H), 8.16 (s, 1H), 7.55 -
7.53(m, 1H), 7.50 - 7.44 (m, 1H), 7.30 (brs, 2H), 7.22 - 7.11 (m, 2H), 5.91 (d, J = 6.0 M Hz, 1H),
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5.54 (d,J = 6.0 M Hz, 1H), 5.44 (d, J = 4.4 M Hz, 1H), 4.88 - 4.86 (m, 1H), 4.30 - 4.24 (m, 1H),
4.23 - 4.18 (m, 1H), 3.87 - 3.79 (m, 1H), 3.74 - 3.68 (m, 1H ), 3.66 (s, 3H).

(2R,3R,4S,5S)-2-(6-Amino-9H-purin-9-yl)-5-((benzo[d]oxazol-2-ylthio)methyl)
tetrahydrofuran-3,4-diol (14)

QNS\ S A@/ %NHQ

HO OH

To a solution of compound 45k (160 mg, 0,25 mmol) in MeOH (4 mL) was added potassium
fluoride (119 pL, 5.09 mmol). The reaction mixture was stirred at 60 °C for 16 h, cooled to RT
and then concentrated under reduced pressure. The residue was purified by reverse column
chromatography (0.1% NH3'H,0 in water/MeCN gradient 0-100%) to afford compound 14
(22.0 mg, 21% vyield) as a white solid. HRMS (Method 1) m/z [M+H]* calcd for C17H16N6O4S
401.1078; found 400.1043. *H NMR (400 MHz, DMSO-ds): 6 8.38 (s, 1H), 8.14 (s, 1H), 7.65 -
7.61 (m, 2H), 7.36 - 7.29 (m, 4H), 5.9 (d, J = 5.6 Hz, 1H), 5.73 - 5.42 (m, 1H), 4.85 (t, J = 5.2 Hz,
1H), 4.24 - 4.24 (m, 2H), 3.86 - 3.78 (m, 1H), 3.75 - 3.66 (m, 1H). 13C NMR (126 MHz, DMSO-
ds) 6 164.02, 156.12, 152.64, 151.30, 149.38, 141.19, 140.06, 124.64, 124.28,119.28, 118.22,
110.19, 87.68, 82.29, 72.67, 72.61, 34.47.

(2S,3S,4R,5R)-2-(((1H-Benzo[d]imidazol-2-yl)thio)methyl)-5-(6-amino-9H-purin-9-yl)
tetrahydrofuran-3,4-diol (15)

QNH 0 r\fN NH,
-~ @

HO OH

To a solution of compound 451 (103 mg, 0.16 mmol) in MeOH (4 mL) was added potassium
fluoride (77 pL, 3.28 mmol). The reaction mixture was stirred at 60 °C for 16 h, cooled to RT
and then concentrated under reduced pressure. The residue was purified by reverse column
chromatography (0.1% NH3'H,O in water/MeCN gradient 0-100%) to afford compound 15
(40.5 mg, 62% vyield) as a white solid. HRMS (Method 1) m/z [M+H]* calcd for C17H17N703S
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400.1178; found 400.1201. 'H NMR (400 MHz, DMSO-ds): & 8.39 (s, 1H), 8.15 (s, 1H), 7.44 -
7.42 (m, 2H), 7.30 (s, 2H), 7.15 - 7.05 (m, 2H), 5.97 (d, J = 6 Hz, 1H), 5.53 - 5.52 (m, 1H), 4.84 -
4.83 (m, 1H), 4.25 - 4.19 (m, 2H), 3.80 - 3.73 (m, 1H), 3.67 - 3.62 (m, 1H). 13C NMR (126 MHz,
DMSO-ds) 6 156.10, 152.67, 149.93, 149.48, 139.92, 121.28, 119.23, 87.43, 82.90, 72.71,
72.64, 33.84.

(2S,3S,4R,5R)-2-(((1H-Indazol-7-yl)thio)methyl)-5-(6-amino-9H-purin-9-yl)tetrahydrofuran-
3,4-diol (16)
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To a solution of compound 45m (10.0 mg, 15.9 umol) in MeOH (2 mlL)was added
potassium fluoride (7.5 pL, 319 umol). The reaction mixture was stirred at 60 °C for 16 h,
cooled to RT and then concentrated under reduced pressure. The residue was purified by
reverse column chromatography (0.1% NH3'H,0 in water/MeCN gradient 0-100%) to afford
compound 16 (3.86 mg, 61%). HRMS (Method 1) m/z [M+H]* calcd for C17H17N703S 400.4378;
found 400.1187. *H NMR (400 MHz, DMSO-ds): & 8.36 (s, 1H), 8.17 - 8.13 (m, 2H), 7.69 - 7.66
(m, 1H), 7.41 - 7.38 (m, 1H), 7.31 - 7.28 (s, 2H), 7.07 (t, J = 7.6Hz, 1H), 5.89 (d, J = 6Hz, 1H),
4.82 (t,J = 5.6Hz, 1H), 4.23 - 4.81 (m, 1H), 4.02 - 3.98 (m, 1H), 3.58 - 3.55 (m, 2H).

(2R,3R,4S5,55)-2-(6-Aminopurin-9-yl)-5-(imidazo[1,5-a]pyridine-7-ylsulfanylmethyl)
tetrahydrofuran-3,4-diol (17)

0]
HO  OH

To a solution compound 45n (100 mg, 0.16 mmol) in MeOH (2 mL) was added potassium
fluoride (92.5 mg, 1.59 mmol). The reaction mixture was stirred at 60 °C for 16 h, cooled to RT

and concentrated under reduced pressure. The residue was purified by reverse column
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chromatography (100 A; 0.05% NHsH,0 in water/MeCN gradient 0-25%) to afford compound
17 (22.2 mg, 33% vyield) as a green solid. HRMS (Method 1) m/z [M+H]* calcd for C17H17N703S
400.1192; found 400.1176. *H NMR (400 MHz, DMSO-ds): & 8.36 (s, 1H), 8.27 (s, 1H), 8.24 (d,
J=7.6Hz, 1H), 8.15 (s, 1H), 7.43 (s, 1H), 7.29 (s, 2H), 7.16 (s, 1H), 6.57 (dd, J = 7.2, 1.6 Hz, 1H),
5.90 (d, J = 6.0 Hz, 1H), 5.82 (s, 1H), 4.80 (t, J = 5.6 Hz, 1H), 4.22 (t, J = 4.0 Hz, 1H), 4.06 - 4.02
(m, 1H), 3.43 (dd, J = 13.6, 5.6 Hz, 1H), 3.36 - 3.34 (m, 1H). 13C NMR (126 MHz, DMSO-ds) &
156.10, 152.65, 149.45, 139.94, 129.72, 128.36, 127.00, 123.18, 119.20, 118.04, 114.31,
113.30, 87.53, 82.71, 72.82, 72.69, 34.62.

(2R,3R,4S,5R)-2-(6-aminopurin-9-yl)-5-(1,3-benzothiazol-2-yloxymethyl)tetrahydrofuran-

3,4-diol (23)
s o ,\(?\(NHz
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To a solution of compound 450 (30.0 mg, 47.7 umol) in THF (3 mL) was added N,N-
diethylethanamine trihydrofluoride (23.1 mg, 143 umol). The reaction mixture was stirred at
RT for 16 h and then concentrated under reduced pressure. The residue was purified by prep-
HPLC (Method 5) to afford compound 23 (8.15 mg, 42% yield) as a white solid. HRMS (Method
1) m/z [M+H]* calcd for C17H16N604S 401.1032; found 401.1031. 'H NMR (400 MHz, DMSO-
ds): 8.32 (s, 1H), 8.13 (s, 1H), 7.61 (d, /= 7.6 Hz, 1H), 7.32 (s, 1H), 7.29 (d, J = 5.6 Hz, 1H), 7.17
(t,J=7.6 Hz, 1H), 7.13 (t, J = 7.6 Hz, 1H), 6.87 (d, / = 5.2 Hz, 1H), 5.57 (d, / = 6.0 Hz, 1H), 5.42
(d, 4=5.2 Hz, 1H), 4.77 (q, J = 5.2 Hz, 1H), 4.35 (t, / = 9.2 Hz, 1H), 4.30 - 4.28 (m, 1H), 4.25 -
4.23 (m, 2H). SFC (Method 1) de% = 100%.

2R,3R,4S,5R)-2-(6-Aminopurin-9-yl)-5-[(1,3-benzothiazol-2-ylamino)methyl]
tetrahydrofuran-3,4-diol (24)
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To a solution of 45p (35.0 mg, 55.7 pumol) in THF (4 mL) was added N,N-diethylethanamine
trihydrofluoride (17.9 mg, 111 umol). The reaction mixture was stirred at RT for 16 h and then
concentrated under reduced pressure. The residue was purified by prep-HPLC (Method 6),
followed by (Method 7) to afford compound 24 (4.01 mg, 17% yield) as a white solid. HRMS
(Method 1) m/z [M+H]* calcd for C17H17N703S 400.1192; found 400.1197. *H NMR (400 MHz,
DMSO-de): 6 9.45 (s, 1H), 8.33 (s, 1H), 8.14 (s, 1H), 7.45 (d, J = 7.2 Hz, 1H), 7.32 (d, J = 8.4 Hz,
1H), 7.29 (s, 2H), 7.09 (dd, J = 8.0, 0.8 Hz, 1H), 6.97 (t, J = 7.2 Hz, 1H), 5.88 (d, J = 5.6 Hz, 1H),
5.49 (d, J = 6.0 Hz, 1H), 5.36 (s, 1H), 4.81 (q, J = 5.2 Hz, 1H), 4.17 (t, J = 3.6 Hz, 1H), 3.94 - 3.93
(m, 1H), 3.23 - 3.19 (m, 2H). SFC (Method 1) de% = 100%.

Scheme S2
N ) N__SH
O =0y
72 73
(a) thiourea, EtOH, 80 °C, 16 h, 63%
6-Methylquinoline-2-thiol (73)
SH

N
N
Jou
To a solution of 2-chloro-6-methyl-quinoline 72 (200 mg, 1.13 mmol) in EtOH (4 mL) was
added thiourea (257 mg, 3.38 mmol) and the reaction mixture was stirred at 80 °C for 16
h. The mixture was cooled to RT, filtered, and the resulting filter-cake was dried under reduced
pressure to afford compound 73 (125 mg, 63% yield) as a yellow solid. The isolated material
was used in the following step without any further purification. LCMS (ES*, Method 3) m/z

176.1 [M+H]*. 'H NMR (400 MHz, DMSO-de): & 13.62 (s, 1H), 7.76 (d, J = 8.8 Hz, 1H), 7.57 -
7.45 (m, 3H), 7.23 (d, J = 9.2 Hz, 1H), 2.37 (s, 3H).

Scheme S3
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(a) m-CPBA, DCM, RT, 16 h, 72%; (b) POCls, toluene, 70 °C, 16 h, 68%; (c) thiourea, EtOH, 80 °C, 16 h, 76%

7-Methyl-1-oxido-quinolin-1-ium (75)

To a solution of 7-methylquinoline 74 (1.00 g, 6.98 mmol) in DCM (15 mL) was added meta-
chloroperoxybenzoic acid (2.13 g, 10.5 mmol, 85% purity) and stirred at RT for 16 h. The
reaction mixture was quenched with sat. aq. sodium bicarbonate solution (20 mL) and
extracted with DCM (3 x 10mL). The combined organic layers were dried over sodium sulfate,
filtered, and the filtrate was concentrated under reduced pressure. The residue was purified
by reverse column chromatography (0.05% NHs‘H,O in water/MeCN gradient 0-5%) to
afford compound 75 (800 mg, 72% yield) as a brown solid. LCMS (ES*, Method 2) m/z 160.1
[M+H]*. 'H NMR (400 MHz, DMSO-de): & 8.54 (d, J = 6.0 Hz, 1H), 8.35 (s, 1H), 7.98 (d, J = 8.4
Hz, 1H), 7.88 (d, J = 8.4 Hz, 1H), 7.57 (d, J = 8.4 Hz, 1H), 7.41 - 7.38 (m, 1H), 2.55 (s, 3H).

2-Chloro-7-methyl-quinoline (76)
N Cl

N

=

To a solution of compound 75 (500 mg, 3.14 mmol) in toluene (8 mL) was added phosphoryl
chloride (583 pL, 6.28 mmol), and stirred at 70 °C for 16 h. The reaction mixture was cooled
to 0 °C, quenched with water (20 mL), and the aqueous layer extracted with EtOAc (3 x 10 mL).
The combined organic layers were washed with brine (3 x 10 mL), dried over sodium sulfate,
filtered, and the filtrate was concentrated under reduced pressure. The residue was purified
by flash column chromatography (petroleum ether/ethyl acetate gradient 2-50%) to afford
compound 76 (380 mg, 68% yield) as a white solid. LCMS (ES*, Method 2) m/z 340.5 [M+H]".
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1H NMR (400 MHz, CDCls): & 8.05 (d, J = 8.4 Hz, 1H), 7.80 (s, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.40
(dd, J = 8.0, 0.8 Hz, 1H), 7.32 (d, J = 8.8 Hz, 1H), 2.57 (s, 3H).

7-Methylquinoline-2-thiol (77)
N_ SH

S
| =

To a solution of compound 76 (200 mg, 1.13 mmol) in EtOH (3 mL) was added thiourea (257
mg, 3.38 mmol) and stirred at 80 °C for 16 h. The reaction mixture was cooled to RT and
filtered. The filter-cake was collected and dried under reduced pressure to afford compound
77 (150 mg, 76% vyield) as a yellow solid. The isolated material was used in the following step
without any further purification. LCMS (ES*, Method 4) m/z 176.1 [M+H]*.*H NMR (400 MHz,
DMSO-ds): & 13.58 (s, 1H), 7.78 (d, J = 8.8 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.40 (s, 1H), 7.20 -
7.17 (m, 2H), 2.41 (s, 3H).

Scheme S4
Br PMB. o SH
7 NF (a) N (b) ZNF
N s~ N_y N7
78 79 80

(a) (4-methoxyphenyl) methanethiol, Pd2(dba)s, Xantphos, Cs2CO3, DMF, 100 °C, 16 h, 55%; (b) TFA, 70 °C, 16 h,
72%

8-[(4-methoxyphenyl)methylsulfanyl]imidazo[1,5-a]pyridine (79)

~S
= /N
N

To a solution of 8-bromoimidazo[1,5-a]pyridine 78 (200 mg, 1.02 mmol) in DMF (5 mL) was
added (4-methoxyphenyl)methanethiol (172 mg, 1.12 mmol), Pdz(dba)s (46.5 mg, 0.05 mmol),
Xantphos (58.7 mg, 0.10 mmol) and cesium carbonate (992 mg, 3.05 mmol) under inert
atmosphere. The resulting mixture was stirred at 100 °C for 16 h. The reaction mixture was
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cooled to RT, quenched with water (50 mL) and extracted with EtOAc (3 x 20 mL). The
combined organic layers were washed with brine (3 x 20 mL), dried over sodium sulfate,
filtered, and concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate gradient 2-50%) to afford compound 79 (150
mg, 55% vyield) as a brown solid. LCMS (ES*, Method 1) m/z 271.1 [M+H]*. *H NMR (400 MHz,
CDCls): 6 8.13 (s, 1H), 7.80 (d, J = 6.8 Hz, 1H), 7.54 (s, 1H), 7.24 (d, J = 8.8 Hz, 2H), 6.86 - 6.82
(m, 2H), 6.58 (d, /= 6.4 Hz, 1H), 6.48 (t, /= 7.2 Hz, 1H), 4.18 (s, 2H), 3.80 (s, 3H).

Imidazo[1,5-a]pyridine-8-thiol (80)

A solution of compound 79 (150 mg, 555 pmol) in trifluoroacetic acid (2 mL) was stirred at
70 °C for 16 h, cooled to RT and then concentrated under reduced pressure. The residue was
purified by reverse column chromatography (0.05% TFA in water/MeCN gradient 0%-15%) to
afford compound 80 (60.0 mg, 72% yield) as brown solid. *H NMR (400 MHz, CDCls): 6 8.25 (s,
1H), 7.90 (d, J = 7.2 Hz, 1H), 7.60 (s, 1H), 6.96 (d, J = 6.8 Hz, 1H), 6.55 (t, J = 6.8 Hz, 1H).

Scheme S5

Br Br SEM PMB\S SEM PMB\S SH
N N N N N
@ (b) (c) \ (d)
81 82 83 84 85
(a) SEM-CI, NaH, THF, RT, 16 h, 66%; (b) (4-methoxyphenyl) methanethiol, Pd2(dba)s, Xantphos, Cs2COs3, dioxane,

100 °C, 16 h, 74%; (c) TBAF, 70 °C, 16 h, 22%; (d) TFA, 70 °C, 16 h, 50%

7-Bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-indazole (82)
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To a solution of 7-bromo-1H-indazole 81 (2.00 g, 10.2 mmol) in THF (20 mL) was added NaH
(487 mg, 12.2 mmol, 60% dispersion in mineral oil) under inert atmosphere at 0 °C and stirred
for 30 min. 2-(Trimethylsilyl)ehtoxymethyl chloride (2.16 mL, 12.2 mmol) was then added and
stirred at RT for 16 h. The reaction mixture was quenched with water (100 mL) and extracted
with EtOAc (3 x 50 mL). The combined organic layers were washed with brine (50 mL), dried
over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was
purified by purified by flash column chromatography (petroleum ether/ethyl acetate gradient
0-30%) to afford compound 82 (2.2 g, 66% yield) as a yellow liquid. LCMS (ES*, Method 2) m/z
269.0 [M+H]*. 'H NMR (400 MHz, CDsOD): & 8.04 (s, 1H), 7.71 - 7.68 (m, 1H), 7.62 - 7.60 (m,
1H), 7.05 (t, J = 7.6 M Hz, 1H), 6.09 (s, 2H), 3.59 (t, J = 8.0 M Hz, 2H), 0.90 (t, J = 8.4 M Hz, 2H),
-0.067 (s, 9H).

7-((4-Methoxybenzyl)thio)-1-((2-(trimethylsilyl)ethoxy) methyl)- 1H-indazole (83)

S sEMm
@LN

N

/)

To a solution of compound 82 (2.20 g, 6.72 mmol) in DMF (20 mL)was added (4-
methoxyphenyl) methanethiol (1.12 mL, 8.07 mmol), Pdz(dba)s; (308 mg, 0,34 mmol),
Xantphos (389 mg, 0.67 mmol) and cesium carbonate (6.57 g, 20.2 mmol) under inert
atmosphere. The resulting mixture was heated at 100 °C for 16 h. The reaction mixture was
cooled to RT, quenched with water (20 mL) and then extracted with EtOAc (3 x 20 mL). The
combined organic layers were washed with brine (20 mL), dried over sodium sulphate, filtered,
and concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate gradient 0-20%) to afford compound 83 (2.00
g, 74% yield) as yellow liquid. LCMS (ES*, Method 1) m/z 400.9 [M+H]*.

S7-((4-Methoxybenzyl)thio)-1H-indazole (84)
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A mixture of compound 83 (1.66 g, 3.25 mmol) and TBAF (15 mL, 10.0 mmol, 1 M in THF)
was stirred at 70 °C for 16 h. The reaction mixture was cooled to RT, quenched with water (15
mL) and extracted with EtOAc (3 x 15 mL). The combined organic layers were washed with
brine (15 mL), dried over sodium sulphate, filtered and concentrated under reduced pressure.
The residue was purified by flash column chromatography (petroleum ether/ethyl acetate
gradient 0-20%) to afford compound 84 (360 mg, 22% vyield) as a yellow solid. LCMS (ES*,
Method 1) m/z 271.2 [M+H]".

1H-Indazole-7-thiol (85)

ore
/N

A solution of compound 84 (360 mg, 1.33 mmol) in trifluoroaceticacid (3.00 mL, 40.5
mmol) was stirred at 70 °C for 16 h. The reaction mixture was cooled to RT concentrated under
reduced pressure and the residue was purified by flash column chromatography
(SWPAFLASH® SW040 Bonded Spherical C18, 20-45um, 100 A; 0.1% TFA in water/MeCN
gradient 0-100%) to afford compound 85 (100 mg, 50% vyield) as a yellow solid. LCMS (ES*,
Method 3) m/z 151.1 [M+H]*. 'H NMR (400 MHz, CDsOD): & 8.14 (s, 1H), 7.81 - 7.79 (m,
1H), 7.11 - 7.09 (m, 1H) 7.00 - 6.96 (m, 1H).

Scheme S6

Br. CN Br. Br. /N
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(a) BH3-THF, THF, RT, 16 h, 49%; (b) HCO:H, 100 °C, 3 h; (c) TFAA, DCM, RT, 1 h, 43%; (d) (4-
methoxyphenyl)methanethiol, Pdz(dba)s, Xantphos, Cs2COs3, dioxane, 100 °C, 16h, 85%, (e) TFA, 70 °C, 16 h, 67%

(4-Bromo-2-pyridyl)methanamine (87)

B
f NH,

=

N
To a solution of 4-bromopyridine-2-carbonitrile 86 (3.00 g, 16.3 mmol) in THF (30 mL) was
added dropwise borane (75.0 mL, 1 M in THF) under inert atmosphere and stirred at RT for 16
h. The reaction mixture was cooled to 0 °C, HCI (75.0 mL, 2M aq.) was then added and heated
to 80 °C for 30 min. The reaction mixture was cooled to RT, basified to pH = 8 using 2M agq.
sodium hydroxide and then extracted with EtOAc (3 x 30 mL). The combined organic layers
were washed with brine (30 mL), dried over sodium sulfate, filtered, and the filtrate was
concentrated under reduced pressure. The residue was purified by reverse column
chromatography (0.05% NH3'H20 in water/MeCN gradient 0-30%) to afford compound 87
(1.50 g, 48.9% yield) as yellow oil. LCMS (ES*, Method 5) m/z 189.0 [M+H]*. *H NMR (400 MHz,
DMSO-de): 6 8.37 (d, J=5.6 Hz, 1H), 7.74 (d, J = 1.6 Hz, 1H), 7.51 (dd, J = 5.2, 2.0 Hz, 1H), 3.82
(s, 2H).

N-[(4-Bromo-2-pyridyl)methyl]formamide (88)

Br\©/\m/§o

A solution of (4-bromo-2-pyridyl)methanamine 87 (1.5 0g, 8.02 mmol) in formic acid (75.00
mL, 1.99 mol) was heated to 100 °C and stirred for 3 h. The mixture was cooled to RT and
concentrated under reduced pressure. The residue was dissolved in sat. ag. sodium
bicarbonate solution (50 mL) and extracted with DCM (3 x 50 mL). The combined organic
layers were concentrated under reduced pressure to afford crude compound 88 which was
used in the following step without any further purification (1.70 g) as a yellow solid. *H NMR
(400 MHz, CDCl3): 6 8.37 (d, J = 5.2 Hz, 1H), 8.34 (s, 1H), 7.49 (s, 1H), 7.41 (d, J = 5.2 Hz, 1H),
4.60 (d, ) = 5.2 Hz, 2H).
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7-Bromoimidazo[1,5-a]pyridine (89)

To a solution of compound 88 (1.7 g, 7.91 mmol) in DCM (20 mL) was added trifluoroacetic
anhydride (1.21 mL, 8.70 mmol) at 0 °C. The reaction mixture was warmed gradually to RT and
stirred for 1 h. The reaction was quenched with sat. aq. sodium bicarbonate solution (2 mL)
and water (10 mL), and the mixture was extracted with DCM (3 x 5 mL). The combined organic
layers were dried over sodium sulfate, filtered, and the filtrate was concentrated under
reduced pressure. The residue was purified by flash column chromatography (petroleum
ether/ethyl acetate gradient 2-50%) to afford compound 89 (680 mg, 43% yield) as yellow oil.
'H NMR (400 MHz, CDCls): 6 8.09 (s, 1H), 7.80 (d, J = 7.2 Hz, 1H), 7.64 (s, 1H), 7.37 (s, 1H), 6.62
(dd, J = 7.2, 1.2 Hz, 1H).

7-[(4-Methoxyphenyl)methylsulfanyl]imidazo[1,5-a]pyridine (90)

/N
PMBS@

To a solution of compound 89 (680 mg, 3.45 mmol)in DMF (10 mlL)was added (4-
methoxyphenyl)methanethiol (527 uL, 3.80 mmol), Pdz(dba)s (158 mg, 0.17 mmol), Xantphos
(199mg, 0.35 mmol) and cesium carbonate (3.37 g, 10.3 mmol) under inert atmosphere and
stirred at 100 °C for 16 h. The reaction mixture was cooled to RT, quenched with water (20
mL) and extracted with EtOAc (3 x 10 mL). The combined organic layers were washed
with brine (3 x 10 mL), dried over sodium sulfate, filtered and the filtrate was concentrated
under reduced pressure. The residue was purified by flash column chromatography
(petroleum ether/ethyl acetate gradient 2-50%) to afford compound 90 (800 mg, 85% vyield)
as yellow oil. LCMS (ES*, Method 6 ) m/z 271.1 [M+H]*.*"H NMR (400 MHz, CDCl5): 6 8.02 (d, J
= 4.4 Hz, 2H), 7.80 (d, J = 7.6 Hz, 1H), 7.28 (d, J = 5.2 Hz, 1H), 7.25 - 7.22 (m, 2H), 6.85 - 6.83
(m, 2H), 6.44 (dd, J = 7.2, 1.6 Hz, 1H), 4.08 (s, 2H), 3.79 (s, 3H).
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Imidazo[1,5-a]pyridine-7-thiol (91)

A solution of compound 90 (800 mg, 2.96 mmol) in trifluoroacetic acid (16.00 mL 216.1
mmol) was heated to 70 °C and stirred for 16 h. The reaction mixture was cooled to RT and
concentrated under reduced pressure. The residue was purified by reverse column
chromatography (0.05% TFA in water/MeCN gradient 0-10%) to afford compound 91 (300 mg,
67% yield) as a yellow solid. *H NMR (400 MHz, DMSO-ds): 6 9.00 (s, 1H), 8.46 (d, J = 8.4 Hz,
1H), 7.90 (s, 1H), 7.70 (s, 1H), 7.01 (d, J = 7.6 Hz, 1H).

1.9.2 Synthesis of compounds 4 and 6
Scheme S7

—N

—N '\r
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N
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92 4,6

(@) R-XH, NaO'Bu, DMF, 75 °C, 10 h, 44-67%.

(2R,3R,4S,5S)-2-(6-Amino-9H-purin-9-yl)-5-((hexylthio)methyl)tetrahydrofuran-3,4-diol (4)

—N
o N )\ NH
S TR
/_/_f N
HO OH

To a solution of (2R,3R,4S,55)-2-(6-amino-9H-purin-9-yl)-5-(chloromethyl)tetrahydrofuran-
3,4-diol 92 (500 mg, 1.75 mmol) in DMF (10 mL) was added hexane-1-thiol (494 uL, 3.50
mmol), potassium t-butoxide (393 mg, 3.50 mmol) and stirred at 75 °C for 10 h . The reaction
mixture was cooled to RT and quenched with water. The resulting suspension was filtered off
and the isolated solid material was dissolved in DMF. To the solution was then added water
and the resulting precipitate was filtered off and washed with MeCN to afford compound 4
(222 mg, 34% yield) as a white solid. LCMS (ES*) m/z 368.4 [M+H]*. *H NMR (400 MHz, DMSO-
ds): 6 8.35 (s, 1H) 8.14 (s, 1H) 7.29 (s, 2H) 5.88 (d, /= 5.58 Hz, 1H) 5.49 (d, / = 5.83 Hz, 1H) 5.31
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(d,J = 5.07 Hz, 1H) 4.77 (d, J = 5.32 Hz, 1H) 4.10 - 4.19 (m, 1H) 3.92 - 4.05 (m, 1H) 2.74 - 2.94
(m, 2H) 2.45 - 2.49 (m, 2H) 1.36 - 1.52 (m, 2H) 1.09 - 1.31 (m, 6H) 0.72 - 0.89 (m, 3H). 13C NMR
(126 MHz, DMSO-ds) 6 156.09, 152.62, 149.46, 139.90, 119.19, 87.42, 84.23, 72.63, 72.53,
33.93, 31.85, 30.77, 29.11, 27.84, 21.99, 13.89. [a]p2° = +30.7 (c=0.01, MeOH).

(2R,3R,4S,5S)-2-(6-Amino-9H-purin-9-yl)-5-((naphthalen-2-ylthio)methyl)tetrahydrofuran-

3,4-diol (6)
_N
S/\@/ '\(:@NHZ
HO  ©OH

To a solution of (2R,3R,4S,55)-2-(6-amino-9H-purin-9-yl)-5-(chloromethyl)tetrahydrofuran-
3,4-diol 92 (500 mg, 1.75 mmol) in DMF (10 mL) was added 2-naphthalenethiol (561 mg, 3.50
mmol), potassium t-butoxide (393 mg, 3.50 mmol) and stirred at 75 °C for 10 h . The reaction
mixture was cooled to RT and quenched with water. The resulting suspension was filtered off
and the isolated solid material was dissolved in DMF. To the solution was then added water
and the resulting precipitate was filtered off and washed with MeCN to afford compound 6
(480 mg, 67% yield) as a white solid. LCMS (ES*) m/z 410.4 [M+H]*. *H NMR (400 MHz, DMSO-
ds): 68.39 (s, 1 H) 8.16 (s, 1 H) 7.81- 7.89 (m, 3 H) 7.75 - 7.80 (m, 1 H) 7.42 - 7.53 (m, 3 H) 7.32
(s, 2 H) 5.90 (d, J = 5.83 Hz, 1 H) 5.54 (d, J = 6.34 Hz, 1 H) 5.40 (d, J = 5.07 Hz, 1 H) 4.80 - 4.89
(m, 1 H) 4.19-4.29 (m, 1 H) 3.99 - 4.11 (m, 1 H) 3.50 - 3.59 (m, 1 H) 3.39 - 3.49 (m, 1 H). 13C
NMR (126 MHz, DMSO-ds) 6 156.12, 152.67, 149.48, 139.97, 133.55, 133.39, 131.12, 128.38,
127.60, 126.86, 126.69, 126.52, 125.64, 125.33, 119.23, 87.50, 82.89, 72.77, 72.61, 34.96.

1.9.3 Synthesis of compounds 18 and 19
Scheme S8
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(a) Mel, Cs2C03, DMF, RT, 16 h, 58%; (b) EtsN-3HF, THF, RT, 16 h, 26-59%.

9-[(2R,3R,4R,5S)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis[[tert-butyl(dimethyl) silyl]
oxy]tetrahydrofuran-2-yl]-N-methyl-purin-6-amine  (93) and 9-[(2R,3R,4R,5S)-5-(1,3-
Benzothiazol-2-ylsulfanylmethyl)-3,4-bis[[tert-butyl(dimethyl) silylJoxy]tetrahydrofuran-2-
yl]-N,N-dimethyl-purin-6-amine (94)

L3~y \)Y LI 3o~y W -

TBSO OTBS TBSO OTBS

To a solution of compound 45a (50.0 mg, 77.5 umol) in DMF (1 mL) was added cesium
carbonate (25.2 mg, 77.5 umol) and methyl iodide (4.83 pL, 77.5 umol) and stirred at RT for 16
h. The reaction mixture was quenched with water (20 mL) and extracted with EtOAc (3 x 30
mL). The combined organic layers were washed with brine (3 x 20 mL), dried over sodium
sulfate, filtered, and the filtrate was concentrated under reduced pressure. The residue was
purified by flash column chromatography (petroleum ether/ethyl acetate gradient 2-50%) to
afford compound 93 (30.0 mg, 58% yield) as yellow oil and compound 94 (30.0 mg, 58% yield)
as yellow oil. Compound 93 LCMS (ES*, Method 2) m/z 659.5 [M+H]*. 'H NMR (400 MHz,
CDCls): 6 8.41 (s, 1H), 7.91 (s, 1H), 7.85 (d, J = 7.6 Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.42 (t, J =
7.6 Hz, 1H), 7.31 (t, J = 7.6 Hz, 1H), 5.87 (d, J = 6.8 Hz, 1H), 5.82 (s, 1H), 5.34 (dd, J = 5.6, 4.4
Hz, 1H), 4.50 (t, J = 6.0 Hz, 1H), 4.39 (d, J = 2.8 Hz, 1H), 4.05 (dd, J = 14.0, 6.4 Hz, 1H), 3.89 (dd,
J=14.0, 6.8 Hz, 1H), 3.23 (s, 3H), 0.93 (s, 9H), 0.76 (s, 9H), 0.12 (s, 6H), -0.12 (s, 3H), -0.38 (s,
3H). Compound 94 LCMS (ES*, Method 3) m/z 673.2 [M+H]*. 'H NMR (400 MHz, CDCls): § 8.47
(s, 1H), 8.25 (s, 1H), 8.00 (d, J = 7.6 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.48 (td, J = 8.4, 1.2 Hz,
1H), 7.37 (td, J=8.4, 1.2 Hz, 1H), 5.97 (d, /= 7.6 Hz, 1H), 5.27 (dd,J=7.6, 4.4 Hz, 1H), 4.45 (d,
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J=4.4Hz, 1H), 4.32 (t,J = 6.8 Hz, 1H), 4.07 - 4.04 (m, 1H), 3.80 (dd, J = 14.0, 7.2 Hz, 1H), 3.51
(s, 6H), 0.88 (s, 9H), 0.68 (s, 9H), 0.08 (s, 6H), -0.13 (s, 3H), -0.45 (s, 3H).

(2S,3S,4R,5R)-2-(1,3-Benzothiazol-2-ylsulfanylmethyl)-5-[6-(methylamino)purin-9-
yl]tetrahydrofuran-3,4-diol (18)

—N H

S o N N

3~
HO  oH @

To a solution of compound 93 (30.0 mg, 45.5 umol) in THF (2 mL) was added N,N-
diethylethanamine trihydrofluoride (22.0 mg, 136 umol) and stirred at 50 °C for 16 h. The
reaction mixture was cooled to RT and concentrated under reduced pressure. The residue was
purified by prep-HPLC (Method 7) to afford compound 18 (5.10 mg, 26% yield) as a white solid.
HRMS (Method 1) m/z [M+H]* calcd for C1sH1sN603S2 431.0960; found 431.0970; *H NMR (400
MHz, DMSO-ds): & 8.37 (s, 1H), 8.24 (s, 1H), 7.99 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H),
7.78 (s, 1H), 7.46 (td, J = 8.4, 1.2 Hz, 1H), 7.36 (td, J = 7.6, 1.2 Hz, 1H), 5.92 (d, J = 5.6 Hz, 1H),
5.56 (d, J = 6.0 Hz, 1H), 5. 46 (d, J = 4.8 Hz, 1H), 4.86 (g, J = 5.2 Hz, 1H), 4.29 - 4.22 (m, 2H),
3.86 (dd, J = 13.6, 5.6 Hz, 1H), 3.75 (dd, J = 13.6, 7.6 Hz, 1H), 3.31 (s, 3H). SFC (Method 2) de%
= 100%.

(2S,3S,4R,5R)-2-((benzo[d]thiazol-2-ylthio)methyl)-5-(6-(dimethylamino)-9H-purin-9-
yl)tetrahydrofuran-3,4-diol (19)

—N |

CL 3o~y
‘e atag
HO oH

To a solution of compound 94 (200 mg, 297 umol) in THF (5 mL) was added N,N-
diethylethanamine;trihydrofluoride (143 mg, 891 umol) and stirred at 50 °C for 16 h. The
reaction mixture was cooled to RT and concentrated under reduced pressure. The residue was
purified by reverse column chromatography (0.05% NH3'H,0 in water/MeCN gradient 0-5%)
and then triturated with MeOH (10 mL) to afford compound 19 (80.6 mg, 59% yield) as a white
solid. HRMS (Method 1) m/z [M+H]* calcd for Ci19H20N603S; 445.1117; found 445.1135. H
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NMR (400 MHz, DMSO-ds): & 8.40 (s, 1H), 8.23 (s, 1H), 8.00 (d, J = 7.6 Hz, 1H), 7.85 (d, J = 8.0
Hz, 1H), 7.47 (td, J = 8.4, 1.2 Hz, 1H), 7.36 (td, J = 8.4, 1.2 Hz, 1H), 5.95 (d, / = 5.6 Hz, 1H), 5.47
(d, J=5.2 Hz, 1H), 4.84 (q, J = 5.2 Hz, 1H), 4.29 - 4.23 (m, 2H), 3.86 (dd, J = 13.6, 5.2 Hz, 1H),
3.74 (dd,J=13.6,7.6 Hz, 1H), 3.46 (brs, 6H). SFC (Method 2) de% = 100%. [a]p?° = +25.0 (c=0.1,
MeOH).

1.9.4 Synthesis of compounds 20-22

Scheme S9
o) N N o
Cl W \)\\/ O, \)\\/
HO OH X TBSO' OTBS TBSO OTBS TBSC  OTBS
95 96 46 97
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98a-c 99a-c 20-22
(a) TBS-CI, 1H-imidazole, DMF, RT, 16 h, 91%; (b) CClsCOOH, THF, H20, 0 °C, 56%; (c) Ms20, TEA, THF, RT, 18%; (d)
TEA, KI, THF, RT, 32 h, 75-92%; (e) DMF, 50 °C, 16 h, 70-90%; (f) KF, MeOH, 60 °C, 16 h, 24-61%.

[(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]-5-(6- chloropurin-9-yl)
tetrahydrofuran-2-yllmethoxy-tert-butyl-dimethyl-silane (96)

TBSO
T;%BSNV\N
To a solution of (2R,3R,4S,5R)-2-(6-chloropurin-9-yl)-5-(hydroxymethyl)tetrahydrofuran- 3,4-
diol 95 (10.0 g, 34.9 mmol) in DMF (40 mL) was added imidazole (26.1 g, 383 mmol) and tert-
butylchlorodimethylsilane (28.9 g, 191 mmol). The resulting mixture was stirred at RT for 16
h. The reaction was quenched with water (200 mL) and extracted with EtOAc (3 x 100 mL).
The combined organic layers were washed with brine (3 x 50 mL), dried over sodium sulfate,
filtered, and the filtrate was concentrated under reduced pressure. The residue was purified
by flash column chromatography (petroleum ether/ethyl acetate gradient 2-20%) to afford
compound 96 (20.0 g, 91% yield) as a white solid. *H NMR (400 MHz, CDCl5): 6 8.75 (s, 1H),
8.56 (s, 1H), 6.13 (d, J = 5.2 Hz, 1H), 4.59 (t, J = 4.4 Hz, 1H), 4.31 (t, J = 4.0 Hz, 1H), 4.18 - 4.15
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(m, 1H), 4.03 (dd, J = 11.6, 3.6 Hz, 1H), 3.81 (dd, J = 11.2, 3.2 Hz, 1H), 0.97 (s, 9H), 0.94 (s, 9H),
0.79 (s, 9H), 0.16 (s, 3H), 0.15 (s, 3H), 0.11 (s, 3H), 0.10 (s, 3H), -0.03 (s, 3H), -0.24 (s, 3H).

[(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]-5- (6-chloropurin-9-yl)

tetrahydrofuran-2-yllmethanol (46)
N

HO
T;;Q;FBSNV\\‘

To a solution of compound 96 (5.00 g, 7.94 mmol) in THF (50 mL) was added dropwise a
solution of 2,2,2-trichloroacetic acid (12.9 g, 79.4 mmol) in water (15 mL) at 0 °C. The reaction
mixture was stirred at 0 °C for 1 h, before being quenched withsat. ag. sodium
bicarbonate (50 mL). The aqueous layer was extracted with EtOAc (3 x 50 mL). The combined
organic layers were washed with brine (2 x 30 mL), dried over sodium sulfate, filtered, and the
filtrate concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate 25%) to afford compound 46 (2.30 g, 56%
yield) as a white solid. LCMS (ES*, Method 7) m/z 515.2 [M+H]*; *H NMR (400 MHz, CDCls): §
8.79 (s, 1H), 8.21 (s, 1H), 5.89 (d, J = 8.0 Hz, 1H), 5.53 (brs, 1H), 4.99 (dd, J = 8.0, 0.8 Hz, 1H),
4.35 (d, J = 4.4 Hz, 1H), 4.20 (s, 1H), 3.97 (dd, J = 13.2, 2.0 Hz, 1H), 3.75 (d, J = 13.2 Hz, 1H),
0.96 (s, 9H), 0.75 (s, 9H), 0.14 (d, J = 5.2 Hz, 6H), -0.12 (s, 3H), -0.64 (s, 3H).

[(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]Joxy]-5- (6-chloropurin-9-yl)
tetrahydrofuran-2-yljmethyl methanesulfonate (97)

MsO
T;%BSNV\N
To a solution of compound 46 (2.20 g, 4.27 mmol) and triethylamine (11.9 mL, 85.4 mmol)
in THF (10 mL) was added a solution of methanesulfonic anhydride (7.44 g, 42.7 mmol) in THF
(10 mL). The reaction mixture was stirred at RT for 30 min before being quenched with sat. aqg.
sodium bicarbonate solution (20 mL). The aqueous layer was extracted with EtOAc (3 x 20 mL).
The combined organic layers were washed with brine (2 x 10 mL), dried over sodium sulfate,
filtered, and the filtrate was concentrated under reduce pressure. The residue was purified by
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flash column chromatography (petroleum ether/ethyl acetate 18%) to afford compound 97
(2.10 g, 83% vyield) as a white solid. LCMS (ES*, Method 7) m/z 593.2 [M+H]*; *H NMR (400
MHz, CDCl3): 6 8.78 (s, 1H), 8.34 (s, 1H), 6.01 (d, J = 4.8 Hz, 1H), 4.92 - 4.89 (m, 1H), 4.61 - 4.59
(m, 1H), 4.49 - 4.44 (m, 1H), 4.38 - 4.35 (m, 2H), 3.05 (s, 3H), 0.94 (s, 9H), 0.82 (s, 9H), 0.14 (s,
3H), 0.13 (s, 3H), 0.01 (s, 3H), -0.20 (s, 3H).

[(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]Joxy]-5-[6- (cyclopentylamino)purin-9-
ylltetrahydrofuran-2-yllmethyl methanesulfonate (98a)

o W@

TBSO OTBS

To a solution of compound 97 (500 mg, 0.85 mmol) in THF (5 mL) was added triethylamine
(352 pL, 2.53 mmol), potassium iodide (69.9 mg, 0,42 mmol) and cyclopentanamine (332 pL,
3.37 mmol). The reaction mixture was stirred at RT for 32 h and then concentrated under
reduced pressure. The residue was purified by flash column chromatography (petroleum
ether/ethyl acetate gradient 2-75%) to afford compound 98a (420 mg, 77% yield) as colorless
oil. LCMS (ES*, Method 1) m/z 642.4 [M+H]*. *H NMR (400 MHz, CDCl3): § 8.34 (s, 1H), 7.85 (s,
1H), 5.86 (d, J=4.8Hz, 1H), 5.82 (s, 1H), 5.03 (t, / = 4.8 Hz, 1H), 4.60 (dd, J = 11.2, 4.0 Hz, 1H),
4.53 (dd, J = 11.2, 4.0 Hz, 1H), 4.42 (t, J = 4.0 Hz, 1H), 4.33 - 4.31 (m, 1H), 2.99 (s, 3H), 2.16 -
2.10 (m, 2H), 1.80- 1.76 (m, 2H), 1.73 - 1.68 (m, 2H), 1.58 - 1.56 (m, 2H), 0.94 (s, 9H), 0.82 (s,
9H), 0.14 (s, 3H), 0.13 (s, 3H), -0.02 (s, 3H), -0.23 (s, 3H).

((2R,3R,4R,5R)-3,4-Bis((tert-butyldimethylsilyl)oxy)-5-(6-(isopropylamino)-9H-purin-9-
yl)tetrahydrofuran-2-yl)methyl methanesulfonate (98b)

o WY

TBSO OTBS

To a solution of compound 97 (250 mg, 0.42 mmol) in THF (2 mL) was added triethylamine
(176 pL, 1.26 mmol), potassium iodide (35.0 mg, 0.21 mmol) and propan-2-amine (1.45 pL,

1.69 mmol). The reaction mixture was stirred at RT for 16 h and then concentrated under
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reduced pressure. The residue was purified by preparative TLC (SiO;, petroleum ether/ethyl
acetate 75%) to afford compound 98b (230 mg, 92% vyield) as yellow oil. LCMS (ES*, Method
1) m/z 616.3 [M+H]*. *H NMR (400 MHz, CDCl3): & 8.34 (s, 1H), 7.86 (s, H), 5.87 (d, J = 4.8 Hz,
1H), 5.75 - 5.65 (m, 1H), 5.03 (t, J = 4.8Hz, 1H), 4.63 - 4.59 (m, 1H), 4.56 - 4.51 (m, 1H), 4.43 -
4.41 (m, 1H), 4.34 - 4.31 (m, 1H), 2.99 (s, 3H), 1.34 - 1.32 (m, 6H), 1.29 - 1.22 (m, 1H), 0.98 -
0.89 (m, 10H), 0.86 - 0.79 (m, 10H), 0.15 - 0.13 (m, 6H), -0.22 (s, 3H).

[(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]-5-[6-(oxetan -3-ylamino)purin-9-
yl]tetrahydrofuran-2-ylmethyl methanesulfonate (98c)

MsO
T;;‘f_ZTBsNV\N

To a solution of compound 97 (500 mg, 0.84 mmol) in THF (5 mL) was added triethylamine
(352 pL, 2.53 mmol), potassium iodide (69.9 mg, 0.42 mmol) and oxetan-3-amine (246mg,
3.37 mmol). The reaction mixture was stirred at RT for 16 h and then concentrated under
reduced pressure. The residue was purified by flash column chromatography (petroleum
ether/ethyl acetate gradient 2-20%) to afford compound 98c (400 mg, 75% vyield) as a
colorless oil. LCMS (ES*, Method 3) m/z 630.1 [M+H]*. H NMR (400 MHz, CDCls): § 8.34 (s,
1H), 7.93 (s, 1H), 5.88 (d, J = 5.2 Hz, 1H), 5.47 (s, 1H), 5.07 (t, J = 7.2 Hz, 2H), 5.01 (t, J = 4.4 Hz,
1H), 4.70 - 4.66 (m, 2H), 4.60 (dd, J = 11.2, 4.4 Hz, 1H), 4.52 (dd, J = 10.8, 5.2 Hz, 1H), 4.40 (t,
J=4.0 Hz, 1H), 4.33 - 4.31 (m, 1H), 3.00 (s, 3H), 0.95 (s, 9H), 0.81 (s, 9H), 0.14 (s, 3H), 0.13 (s,
3H), -0.02 (s, 3H), -0.24 (s, 3H).

9-[(2R,3R,4R,5S)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis [[tert-butyl(dimethyl)
silylJoxy]tetrahydrofuran-2-yl]-N-cyclopentyl-purin-6-amine (99a)

S o I\(:N N
L Oy 0
TBSO OTBS
To a solution of compound 98a (400 mg, 0.62 mmol)in DMF (5 mL)was added 1,3-
benzothiazol-2-ylsulfanyl sodium (353mg, 1.87 mmol) and stirred at 50 °C for 16 h. The
reaction mixture was cooled to RT, quenched with water (30 mL) and extracted with EtOAc (3
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x 15 mL). The combined organic layers were washed with brine (3 x 10 mL), dried over sodium
sulfate, filtered and the filtrate was concentrated under reduced pressure. The residue was
purified by flash column chromatography (petroleum ether/ethyl acetate gradient 2-100%)
to afford compound 99a (400 mg, 90% yield) as a white solid. LCMS (ES*, Method 3) m/z 713.3
[M+H]*. *H NMR (400 MHz, CDCl3): & 8.37 (s, 1H), 7.86 (s, 1H), 7.84 (s, 1H), 7.75 (d, J = 8.0 Hz,
1H), 7.44 - 7.40 (m, 1H), 7.32 - 7.28 (m, 1H), 5.87 - 5.84 (m, 2H), 5.33 (dd, J = 6.4, 4.4 Hz, 1H),
4.49 (td, J = 6.8, 1.6 Hz, 1H), 4.39 (dd, J = 4.0, 2.0 Hz, 1H), 4.05 (dd, J = 14.0, 6.0 Hz, 1H), 3.87
(dd, J = 14.0, 7.2 Hz, 1H), 2.18 - 2.12 (m, 2H), 1.74 - 1.67 (m, 4H), 1.63 - 1.55 (m, 2H), 0.93 (s,
9H), 0.76 (s, 9H), 0.12 (s, 3H), 0.11 (s, 3H), -0.11 (s, 3H), -0.36 (s, 3H).

9-((2R,3R,4R,5S)-5-((Benzo[d]thiazol-2-ylthio)methyl)-3,4-bis((tert-butyldimethylsilyl)
oxy)tetrahydrofuran-2-yl)-N-isopropyl-9H-purin-6-amine (99b)

QS o) l\(:N N
ST

TBSO  OTBS
To a solution of compound 98b (230 mg, 0.37 mmol) in DMF (3 mL)was added 1,3-
benzothiazol-2-ylsulfanyl sodium (212 mg, 1.12 mmol) and stirred at 50 °C for 16 h. The
reaction mixture was cooled to RT, quenched with water (5 mL)and then extracted
with EtOAc (3 x 10 mL). The combined organic layers were washed with brine (15 mL), dried
over sodium sulfate, filtered, and the filtrate was concentrated under reduced pressure. The
residue was purified by preparative TLC (SiO;, petroleum ether/ethyl acetate 83%) to afford
compound 99b (180 mg, 70% yield) as a colorless oil. LCMS (ES*, Method 3) m/z 687.4 [M+H]".
1H NMR (400 MHz, CDCl3): 6 8.36 (s, 1H), 7.90-7.83 (m, 2H), 7.78 - 7.74 (m, 1H), 7.49 - 7.43 (m,
1H), 7.42 - 7.38 (m, 1H), 7.37 - 7.32 (m, 1H), 5.89 - 5.85 (d, J = 16 Hz, 1H), 5.80 - 5.60 (m, 1H),
5.40-5.27 (m, 1H), 4.53 - 4.45 (m, 1H), 4.43 - 4.36 (m, 1H), 4.08 - 4.01 (m, 1H), 3.93 - 3.83 (m,
1H), 1.36 - 1.33 (m, 6H), 0.93 (s, 9H), 0.76 (s, 9H), 0.12 (d, J = 1.6 Hz, 6H), -0.11 (s, 3H), -0.36
(s, 3H).

9-[(2R,3R,4R,5S)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis [[tert-butyl(dimethyl)
silyl]Joxy]tetrahydrofuran-2-yl]-N-(oxetan-3-yl)purin-6-amine (99c)
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To a solution of compound 98c (180 mg, 285 umol)in DMF (3 mL) was added 1,3-
benzothiazol-2-ylsulfanyl sodium (162 mg, 857 umol) and stirred at 50 °C for 16 h. The reaction
mixture was cooled to RT, quenched with water (30 mL) and extracted with EtOAc (3 x 10 mL).
The combined organic layers were washed with brine (10 mL), dried over sodium sulfate,
filtered, and the filtrate was concentrated under reduced pressure. The residue was purified
by flash column chromatography (petroleum ether/ethyl acetate gradient 2-100%) to afford
compound 99c¢ (150 mg, 75% yield) as a white solid. LCMS (ES*, Method 3) m/z 701.2 [M+H]".
IH NMR (400 MHz, CDCl3): & 8.36 (s, 1H), 7.93 (s, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 8.0
Hz, 1H), 7.44 - 7.40 (m, 1H), 7.33 - 7.29 (m, 1H), 6.62 (d, J = 6.8 Hz, 1H), 5.88 (d, J = 6.4 Hz,
1H), 5.49 -5.48 (m, 1H), 5.29 (dd, /= 6.0, 4.0 Hz, 1H), 5.07 (t, J = 6.8 Hz, 1H), 4.70 (9, /= 6.0
Hz, 2H), 4.50 (td, J = 6.8, 1.6 Hz, 1H), 4.38 (dd, J = 4.4, 2.0 Hz, 1H), 4.03 (dd, J = 14.0, 6.0 Hz,
1H), 3.86 (dd, J = 14.0, 7.2 Hz, 1H), 0.92 (s, 9H), 0.75 (s, 9H), 0.12 (s, 3H), 0.11 (s, 3H), -0.12 (s,
3H), -0.38 (s, 3H).

(2S,3S,4R,5R)-2-(1,3-Benzothiazol-2-ylsulfanylmethyl)-5- [6-(cyclopentylamino)purin-9-
ylltetrahydrofuran-3,4-diol (20)

N H
e~y O
HO oH

To a solution of compound 99a (400 mg, 0.56 mmol) in MeOH (8 mL) was added potassium
fluoride (325 mg, 5.61 mmol). The reaction mixture was stirred at 50 °C for 16 h, cooled to RT
and concentrated under reduced pressure. The residue was purified by reverse column
chromatography (0.05% NHsH,0 in water/MeCN gradient 0-25%) to afford compound 20 (166
mg, 61% yield) as a white solid. HRMS (Method 1) m/z [M+H]* calcd for C22H24N603S, 485.1430;
found 485.1448. 'H NMR (400 MHz, DMSO-ds): 6 8.37 (s, 1H), 8.21 (s, 1H), 8.00 (d, J = 8.0 Hz,
1H), 7.86 (d, J = 8.0 Hz, 1H), 7.73 (d, J = 6.4 Hz, 1H), 7.47 (td, J = 8.0, 0.8 Hz, 1H), 7.37 (td, J =
8.0, 0.8 Hz, 1H), 5.93 (d, / = 6.0 Hz, 1H), 5.56 (d, /= 6.0 Hz, 1H), 5.47 (d, J = 4.8 Hz, 1H), 4.87
(9,4 =5.2 Hz, 1H), 4.53 (br.s, 1H), 4.30 - 4.27 (m, 1H), 4.25 - 4.23 (m, 1H), 3.87 (dd, J = 13.6,
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5.6 Hz, 1H), 3.75 (dd, J = 13.6, 7.6 Hz, 1H), 2.00 - 1.92 (m, 2H), 1.78 - 1.69 (m, 2H), 1.64 - 1.54
(m, 4H). [a]p® = +59.0 (c=0.1, MeOH).

(2S,3S,4R,5R)-2-((benzo[d]thiazol-2-ylthio)methyl)-5-(6-(isopropylamino)-9H-purin-9-
yl)tetrahydrofuran-3,4-diol (21)

—N N
T
To a solution of compound 99b (180 mg, 0.26 mmol) in MeOH (3 mlL) was added
potassium fluoride (123 pL, 5.24 mmol). The reaction mixture was stirred at 60 °C for 16 h,
cooled to RT and then concentrated under reduced pressure. The residue was purified by
reverse column chromatography (0.1% NHs'H,0 in water/MeCN gradient 0-100%) to afford
compound 21 (29.4 mg, 24% yield) as a white solid. HRMS (Method 1) m/z [M+H]* calcd for
Ca0H22N603S, 459.1278; found 459.1292. H NMR (400 MHz, DMSO-ds): & 8.37 (s, 1H), 8.21 -
8.18 (m, 1H), 8.00 (d, J = 7.6 Hz, 1H), 7.85 (d, J = 8 Hz, 1H), 7.61 - 7.59 (m, 1H), 7.47 (t, J = 7.6
Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 5.92 (d, J = 5.6Hz, 1H), 5.56 (d, J = 6 Hz, 1H), 5.48 (d, J = 4.8
Hz,1H), 4.88 - 4.84 (m, 1H), 4.54 - 4.35 (m, 1H), 4.31 - 4.27 (m, 1H), 4.26 - 4.22 (m, 1H), 3.91 -
3.83 (m, 1H), 3.79 - 3.69 (m, 1H), 1.22 (d, J = 6.4Hz, 6H).

(2S,3S,4R,5R)-2-(1,3-Benzothiazol-2-ylsulfanylmethyl)-5- [6-(oxetan-3-ylamino)purin-9-
ylltetrahydrofuran-3,4-diol (22)

—N H
HO OH

To a solution of compound 99¢ (150 mg, 0.21 mmol) in methanol (4 mL) was added potassium
fluoride (124 mg, 2.14 mmol). The reaction mixture was stirred at 60 °C for 16 h, cooled to RT
and concentrated under reduced pressure. The residue was purified by reverse column
chromatography (0.05% NH3'H20 in water/MeCN gradient 0-25%) to afford compound 22
(29.4 mg, 28% yield) as a white solid. HRMS (Method 1) m/z [M+H]* calcd for C20H20N604S;
473.1066; found 473.1092. 'H NMR (400 MHz, DMSO-ds): 6 8.60 (s, 1H), 8.45 (s, 1H), 8.23 (s,
1H), 8.00 (d, J = 7.6 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.47 (td, J = 8.0, 0.8 Hz, 1H), 7.36 (td, J =
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8.0, 0.8 Hz, 1H), 5.94 (d, J = 5.6 Hz, 1H), 5.62 - 5.55 (m, 2H), 5.20 (br.s, 1H), 4.86 (t, J = 5.2 Hz,
1H), 4.80 (t, J = 6.8 Hz, 2H), 4.65 (t, J = 6.0 Hz, 2H), 4.29 (t, J = 4.8 Hz, 1H), 4.26 - 4.22 (m,
1H), 3.86 (dd, J = 13.6, 5.6 Hz, 1H), 3.75 (dd, J = 13.6, 7.6 Hz, 1H).

1.9.5 Synthesis of compounds 25 and 33
Scheme 510

TBSO OTBS TBSO OTBS TBSO' OTBS

46 47 48

33

50 25

(a) (COCI)2, DMSO, TEA, DCM, -60 °C, 3 h, 67%; (b) (benzo[d]thiazol-2-yImethyl)triphenylphosphonium chloride,
KHMDS, THF, -78 °C, 2 h, 87%; (c) NHs, THF, -70 - 80 °C, 16 h, 51%; (d) KF, DMF, 60 °C, 16 h, 57%; (e) H», Pd/C, THF,
RT, 16 h, 79%; (f) KF, DMF, 60 °C, 16 h, 35%.

(2S,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5- (6-chloropurin-9-yl)tetrahydrofuran-

2-carbaldehyde (47)
N

o) l\(: Cl
T LK
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To a solution of DMSO (3.64 mL, 46.6 mmol) in DCM (30 mL) was added oxalyl chloride (3.06
mL, 34.94 mmol) at -60 °C under inert atmosphere and stirred for 30 min. A solution

of compound 46 (3.00 g, 5.82 mmol) in DCM (10 mL) was then added and stirred for additional

30 min, followed by the addition of triethylamine (9.73 mL, 69.88 mmol). The reaction mixture
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was stirred at -60 °C for 2 h and quenched with water (100 mL) at 0 °C. The aqueous layer was
extracted with DCM (3 x 50 mL). The combined organic layers were dried over sodium sulfate,
filtered and the filtrate was concentrated under reduced pressure. The residue was purified
by flash column chromatography (petroleum ether/ethyl acetate gradient 2-17%) to afford
compound 47 (2.00 g, 67% yield) as yellow oil. LCMS (ES*, Method 1) m/z 513.2 [M+H]*.

[(2R,3R,4R,5R)-2-[(E)-2-(1,3-Benzothiazol-2-yl)vinyl]-4-[tert-butyl (dimethyl)silyl]oxy-5-(6-
chloropurin-9-yl)tetrahydrofuran-3-ylJoxy-tert-butyl-dimethyl-silane (48)

QW\)\(

TBSO' "oTBs

To a solution of (benzo[d]thiazol-2-yImethyl)triphenylphosphonium chloride (86.9 mg, 194
umol) in THF (2 mL) was added potassium bis(trimethylsilyl)Jamide (195 L, 1M in THF) under
inert atmosphere at -78 °C and stirred for 30 min. A solution of compound 47 (100 mg, 195
umol) in THF (2 mL) was then added and stirred at -78 °C for 1 h. The reaction mixture was
guenched with sat. ag. ammonium chloride solution (15 mL) at 0 °C and extracted
with EtOAc (3 x 10 mL). The combined organic layers were washed with brine (10 mL), dried
over sodium sulfate, filtered, and the filtrate was concentrated under reduced pressure. The
residue was purified by preparative TLC chromatography (SiO;, petroleum ether/ethyl acetate
25%) to afford compound 48 (110 mg, 87% vyield) as yellow oil. LCMS (ES*, Method 5) m/z
644.2 [M+H]*; *H NMR (400 MHz, CDCls): 6 8.86 (s, 1H), 8.27 (s, 1H), 8.02 (d, J = 8.0 Hz, 1H),
7.90 (d, J = 8.0 Hz, 1H), 7.50 (t, J = 7.6 Hz, 1H), 7.42 (t, J = 7.6 Hz, 1H), 7.08 - 7.03 (m, 2H), 6.03
(d, J = 4.8 Hz, 1H), 5.12 (t, J = 4.8 Hz, 1H), 4.81 (t, J = 4.8 Hz, 1H), 4.36 (t, J = 4.0 Hz, 1H), 0.97
(s, 9H), 0.83 (s, 9H), 0.15 (s, 3H), 0.14 (s, 3H), -0.01 (s, 3H), -0.26 (s, 3H).

9-[(2R,3R,4R,5R)-5-[(E)-2-(1,3-Benzothiazol-2-yl)vinyl]-3,4-bis [[tert-butyl(dimethyl)silyl]
oxy]tetrahydrofuran-2-yl]purin-6-amine (49)
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To a solution of compound 48 (30.0 mg, 0.05 umol) in THF (10 mL) was bubbled ammonia
(39.6 mg, 2.33 mmol) at -70 °C for 5 min. The solution was then transferred to a sealed tube,
stirred at RT for 16 h and then heated to 80 °C for 16 h. The reaction mixture was cooled to
RT and concentrated under reduced pressure. The residue was purified by preparative TLC
chromatography (SiO,, petroleum ether/ethyl acetate 25%) to afford compound 49 (15.0 mg,
51% yield) as yellow oil. LCMS (ES*, Method 3) m/z 625.3 [M+H]*.

(2R,3R,4S,5R)-2-(6-Aminopurin-9-yl)-5-[(E)-2-(1,3-benzothiazol-2-yl) vinyl]tetrahydrofuran-

3,4-diol (33)
SW Nw\“
HO  ©OH

To a solution of compound 49 (15.0 mg, 24.0 umol) in DMF (2 mL) was added potassium
fluoride (13.9 mg, 240 umol). The reaction mixture was stirred at 60 °C for 16 h, cooled to RT
and concentrated under reduced pressure. The residue was purified by prep-HPLC (Method 8)
to afford compound 33 (5.52 mg, 13.9 umol) as a white solid. HRMS (Method 1) m/z [M+H]*
calcd for C18H16N603S 397.1083; found 397.1095; *H NMR (400 MHz, DMSO-ds): 6 8.42 (s, 1H),
8.21 (s, 1H), 8.09 (d,J = 8.0 Hz, 1H), 7.97 (d, J = 7.6 Hz, 1H), 7.51 (td, J = 6.8, 1.2 Hz, 1H), 7.44
(td, J = 8.4, 1.2 Hz, 1H), 7.33 (s, 2H), 7.13 - 6.99 (m, 2H), 6.00 (d, J = 5.2 Hz, 1H), 5.63 (d, J = 5.6
Hz, 1H), 5.58 (d, J = 5.2 Hz, 1H), 4.85 (g, J = 5.2 Hz, 1H), 4.65 (t, J = 4.8 Hz, 1H), 4.33 (q, J = 4.8
Hz, 1H).

9-[(2R,3R,4R,5R)-5-[2-(1,3-Benzothiazol-2-yl)ethyl]-3,4-bis  [[tert-butyl(dimethyl)silyl]oxy]
tetrahydrofuran-2-yl]purin-6-amine (50)

N

QSWN%NHZ

N
TBSO  OTBS

To a solution of compound 49 (100 mg, 160 pumol) in THF (10 mL) was added Pd/C (20 mg, 160
umol, 10% wt.) under inert atmosphere. The suspension was degassed under reduced

pressure and purged with H; several times. The mixture was stirred under H; at RT for 16 h,
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and then filtered. The filtrate was concentrated under reduced pressure and the residue was
purified by preparative TLC chromatography (SiO2, petroleum ether/ethyl acetate 33%) to
afford compound 50 (80.0 mg, 79% yield) as yellow oil. LCMS (ES*, Method 2) m/z 627.4
[M+H]*; *H NMR (400 MHz, CDCls): 6 8.35 (s, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.88 (s, 1H), 7.85 (d,
J=8.0 Hz, 1H), 7.46 (t, J = 8.0 Hz, 1H), 7.37 (t, J = 8.0 Hz, 1H), 5.86 (d, J = 6.0 Hz, 1H), 5.65 (s,
2H), 5.19 (dd, /= 6.0, 4.4 Hz, 1H), 4.22 - 4.10 (m, 2H), 3.33 - 3.29 (m, 1H), 3.23 - 3.16 (m, 1H),
2.59 - 2.55 (m, 1H), 2.34 - 2.30 (m, 1H), 0.94 (s, 9H), 0.78 (s, 9H), 0.11 (s, 6H), -0.08 (s, 3H), -
0.35 (s, 3H).

(2R,3R,4S,5R)-2-(6-Aminopurin-9-yl)-5-[2-(1,3-benzothiazol-2-yl) ethyl]tetrahydrofuran-3,4-
diol (25)

S)\/\g Nw\N
HO  ©OH

To a solution of compound 50 (80.0 mg, 0.13 mmol) in DMF (2 mL) was added potassium
fluoride (74.1 mg, 1.28 mmol). The reaction mixture was stirred at 60 °C for 16 h, cooled to RT
and concentrated under reduced pressure. The residue was purified by prep-HPLC (Method
9) to afford compound 25 (17.8 mg, 35% yield) as a white solid. HRMS (Method 1) m/z [M+H]*
calcd for C1sH18NO3S 399.1239; found 399.1251; *H NMR (400 MHz, DMSO-ds): 6 8.36 (s, 1H),
8.15 (s, 1H), 8.04 (d, J = 8.0 Hz, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.48 (t,J = 7.2 Hz, 1H), 7.40 (d, J
= 8.0 Hz, 1H), 7.29 (s, 2H), 5.88 (d, J = 5.2 Hz, 1H), 5.37 (s, 2H), 4.73 (t, J = 5.2 Hz, 1H), 4.16 (d,
J=4.8 Hz, 1H), 4.00 - 3.96 (m, 1H), 3.21 - 3.16 (m, 2H), 2.34 (q, J = 7.2 Hz, 2H). [a]o?® = +37.7
(c=0.1, MeOH).

1.9.6 Synthesis of compounds 26 and 27
Scheme S11
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TBDPSO  OTBDPS TBDPSO OTBDPS HO  OH
60a X=N, 72% vyield 61a X=N, 55% vyield 26 X=N, 43% vyield
60b X=CH, 90% yield 61b X=CH, 50% yield 28 X=CH, 55% yield

(a) K20s0s, NMO, THF, t-BuOH, H20, RT, 16 h, 54%; (b) TBDPSCI, 1H-imidazole, DMF, RT, 24 h, 63%; (c) CbzCl,
LIHMDS, THF, -70 °C, 30 min, 92%; (d) NaBHs, THF, MeOH, 0 °C, 2 h, 97%,; (e) H2, Pd/C, THF, RT, 16 h, 82%; (f) TEA,
n-BuOH, 130 °C, 24 h; (g) NH3/MeOH, 90 °C, 16 h; (h) Ms20, TEA, THF, RT, 16 h; (i) sodium benzo[d]thiazole-2-
thiolate, DMF, 50 °C, 16 h; (j) KF, MeOH, 50 °C, 16 h.

(1R,4S,5R,6S5)-5,6-Dihydroxy-2-azabicyclo[2.2.1]heptan-3-one (52)

0]
HN
OH
H
To a solution of (1R,45)-2-azabicyclo[2.2.1]hept-5-en-3-one 51 (7.00 g, 64.2 mmol) in THF (140
mL), tert-butyl alcohol (70 mL) and water (20 mL) was added 4-methylmorpholinen-
oxidemonohydrate (22.5 g, 192.44 mmol) and potassium osmate(VI) dihydrate (3.55 g, 9.62
mmol). The reaction mixture was stirred at RT for 16 h and then concentrated under reduced
pressure. The residue was purified by flash column  chromatography
(dichloromethane/methanol 0-10%) to afford compound 52 (5.00 g, 54% yield) as a black solid.
LCMS (ES*, Method 4) m/z 144.2 [M+H]*. *H NMR (400 MHz, DMSO-ds): § 7.53 (s, 1H), 5.02 (d,
J = 4.8 Hz, 1H), 4.96 (d, J = 5.2 Hz, 1H), 3.77 - 3.76 (m, 1H), 3.71 - 3.70 (m, 1H), 3.43 (s, 1H),
2.25 (s, 1H), 1.89 (d, J = 10.0 Hz, 1H), 1.72 (d, J = 9.6 Hz, 1H).
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(1R,4S,5R,6S)-5,6-Bis[[tert-butyl(diphenyl)silylJoxy]-2-azabicyclo [2.2.1]heptan-3-one (53)

0]
HN
OTBDPS
TBDPS
To a solution of compound 52 (4.00 g, 27.9 mmol) in DMF (20 mL) was added 1H-imidazole
(19.0 g, 279 mmol) and tert-butylchlorodiphenylsilane (21.5 mL, 83.8 mmol). The reaction
mixture was stirred at RT for 24 h. The reaction was then quenched with water (100 mL) and
extracted with EtOAc (3 x 50 mL). The combined organic layers were washed with brine (2 x
50 mL), dried over sodium sulfate, filtered and the filtrate was concentrated under reduced
pressure. The residue was purified by flash column chromatography (petroleum ether/ethyl
acetate 2-50%) to afford compound 53 (11.0 g, 63% vyield) as yellow oil. LCMS (ES*, Method 2)
m/z 620.2 [M+H]*. *H NMR (400 MHz, DMSO-ds): & 7.67 - 7.62 (m, 7H), 7.49 - 7.45 (m, 4H),
7.41-7.36 (m, 9H), 4.14 (d, J = 5.6 Hz, 1H), 4.06 (d, J = 6.0 Hz, 1H), 3.12 (s, 1H), 2.25 (d, /= 9.2
Hz, 1H), 2.03 (s, 1H), 1.70 (d, J = 9.6 Hz, 1H), 1.01 (s, 18H).

Benzyl (1R,4S,5R,65)-5,6-bis[[tert-butyl(diphenyl)silyl]oxy]-3-oxo-2-azabicyclo[2.2.1]
heptane-2-carboxylate (54)

CbzN
OTBDPS
TBDPS
To a solution of compound 53 (8.00 g, 12.9 mmol) in THF (100 mL) under inert atmosphere at
-70 °C was added dropwise lithium bis(trimethylsilyl)Jamide (12.9 mL, 1 M in THF) and was
stirred for 10 min. Benzyl carbonochloridate (2.75 mL, 19.36 mmol) was then added and
further stirred for 30 min. The reaction mixture was quenched with sat. ag. ammonium
chloride solution (300 mL) and extracted with EtOAc (3 x 150 mL). The combined organic layers
were washed with brine (2 x 100 mL), dried over sodium sulfate, filtered and the filtrate was

concentrated under reduced pressure. The residue was purified by column chromatography
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by flash column chromatography (petroleum ether/ethyl acetate 2-25%) to afford compound
54 (9.00 g, 92% vyield) as colorless oil. LCMS (ES*, Method 3) m/z 754.3 [M+H]*. 'H NMR (400
MHz, DMSO-ds): 6 7.67 - 7.57 (m, 5H), 7.46 - 7.45 (m, 5H), 7.40 - 7.34 (m, 10H), 7.29 - 7.38 (m,
3H), 7.20 - 7.17 (m, 2H), 4.94 (d, J = 4.0 Hz, 2H), 4.50 (d, J = 5.6 Hz, 1H), 4.35 (d, J = 5.6 Hz, 1H),
4.09 (s, 1H), 2.32 (d, J = 10.0 Hz, 1H), 2.22 (s, 1H), 1.93 (d, J = 10.0 Hz, 1H), 0.99 (s, 9H), 0.97
(s, 9H).

Benzyl N-[(1R,2S,3R,4R)-2,3-bis[[tert-butyl(diphenyl)silyl]oxy]-4 (hydroxymethyl)

cyclopentyl]lcarbamate (55)
NHCbz
o~

TBDPSO ~ ‘OTBDPS

To a solution of compound 54 (9.00 g, 11.9 mmol) in THF (100 mL) and MeOH (20 mL) was
added portionwise sodium borohydride (1.03 g, 27.2 mmol) at 0 °C. The resulting mixture was
stirred at 0 °C for 2 h. The reaction was then quenched with water (300 mL) at0 °C and
extracted with EtOAc (3 x 100 mL). The combined organic layers were washed with brine (2 x
50 mL), dried over sodium sulfate, filtered and the filtrate was concentrated under reduced
pressure. The residue was purified by flash column chromatography (petroleum ether/ethyl
acetate 2-50%) to afford compound 55 (8.82 g, 97% vyield) as colorless oil. LCMS (ES*, Method
3) m/z 680.3 [M+H]*. *H NMR (400 MHz, DMSO-ds): & 7.66 - 7.57 (m, 6H), 7.50 - 7.49 (m, 2H),
7.45 - 7.22 (m, 17H), 4.99 (d, J = 12.4 Hz, 1H), 4.92 (d, J = 12.4 Hz, 1H), 4.24 (t, J = 4.8 Hz, 1H),
4.17 (t,J = 8.8 Hz, 1H), 3.94 - 3.92 (m, 1H), 3.83 - 3.82 (m, 1H), 2.89 - 2.85 (m, 1H), 2.67 - 2.62
(m, 1H), 2.03 - 1.99 (m, 1H), 1.96 - 1.93 (m, 1H), 1.01 (s, 9H), 0.92 (s, 9H).

[(1R,2R,35,4R)-4-Amino-2,3-bis[[tert-butyl(diphenyl)silylloxy] cyclopentylJmethanol (56)
NH
TBDPSO  OTBDPS

To a solution of compound 55 (8.00 g, 10.5 mmol) in THF (200 mL) was added Pd/C (10%, 100
mg, 1.06 mmol) under inert atmosphere. The suspension was degassed under reduced

pressure and purged with H; several times. The mixture was stirred under H; at RT for 16 h,
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then filtered. The filtrate was concentrated under reduced pressure to afford compound 56
(5.40 g, 82% vyield) as a brown solid. The isolated material was used in the following step
without any further purification. LCMS (ES*, Method 3) m/z 624.3 [M+H]*. *H NMR (400 MHz,
DMSO-ds): 6 7.66 - 7.58 (m, 8H), 7.45 - 7.40 (m, 8H), 7.33 - 7.24 (m, 4H), 4.00 - 3.97 (m, 1H),
3.66 - 3.63 (m, 1H), 3.62 - 3.58 (m, 1H), 3.31 (brs, 2H), 3.24 - 3.19 (m, 1H), 2.99 (dd, / = 10.4,
4.8 Hz, 1H), 2.69 - 2.64 (m, 1H), 2.05 - 2.02 (m, 1H), 1.95 - 1.89 (m, 1H), 1.01 (s, 9H), 0.98 (s,
9H).

N-(4,6-Dichloropyrimidin-5-yl)formamide (57a)

O
HNJ
C\H\(G

B
To a suspension of 4,6-dichloropyrimidin-5-amine (5.00 g, 30.5 mmol) in formic acid (62 mL)
was added acetic anhydride (83.3 mL, 889 mmol) at 0 °C. The reaction mixture was warmed
to RT, stirred for 1 h and then concentrated under reduced pressure to afford compound 57a
(4.00 g, 68% vyield) as a white solid. The isolated material was used in the following step
without any further purification. *H NMR (400 MHz, DMSO-ds): § 10.62 (s, 1H), 9.41 (s, 1H),

8.36 (s, 1H).

[(1R,2R,3S5,4R)-2,3-Bis[[tert-butyl(diphenyl)silylloxy]-4-(6-chloropurin-9-yl)cyclopentyl]
methanol (58a)

TBDPSO  OTBDPS

To a solution of compound 56 (5.00 g, 8.01 mmol) in n-butyl alcohol (75 mL) was added N,N-
diisopropylethylamine (4.19 mL, 24.04 mmol) and compound 57a (1.85 g, 9.62 mmol). The
reaction mixture was heated at 130 °C for 24 h, cooled to RT and then concentrated under
reduced pressure. The residue was purified by flash column chromatography (petroleum

ether/ethyl acetate 2-50%) to afford compound 58a (4.80 g, 78% yield) as a yellow solid. LCMS
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(ES*, Method 3) m/z 761.4 [M+H]*. *H NMR (400 MHz, DMSO-de): & 8.48 (s, 1H), 8.43 (s, 1H),
7.78-7.76 (m, 2H), 7.71 - 7.69 (m, 2H), 7.50 - 7.39 (m, 6H), 7.32 - 7.23 (m, 5H), 7.11 - 7.04 (m,
5H), 5.34 (q, J = 9.6 Hz, 1H), 4.72 (dd, J = 10.0, 3.6 Hz, 1H), 4.65 (t, J = 5.2 Hz, 1H), 4.23 (d, J =
3.6 Hz, 1H), 3.14 - 3.11 (m, 1H), 3.05 - 3.02 (m, 1H), 2.21 - 2.18 (m, 1H), 2.10 - 2.07 (m, 1H),
1.93 - 1.88 (m, 1H), 1.11 (s, 9H), 0.79 (s, 9H).

[(1R,2R,3S,4R)-2,3-Bis[[tert-butyl(diphenyl)silyl]oxy]-4-(4-chloropyrrolo[2,3-d]pyrimidin-7-
yl)cyclopentyllmethanol (58b)

TBDPSO  OTBDPS

To a solution of compound 56 (0.80 g, 1.28 mmol) in n-butyl alcohol (20 mL) was added 2-(4,6-
dichloropyrimidin-5-yl)acetaldehyde 57b (293.88 mg, 1.54 mmol) and diisopropylethylamine
(670 pL, 3.85 mmol). The reaction mixture was heated at 130 °C for 24 h, cooled to RT and
then concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate 2-75%) to afford compound 58b (0.70 g, 71%
yield) as yellow oil. LCMS (ES*, Method 2) m/z 760.3 [M+H]*.*H NMR (400 MHz, CDCls): § 7.75
-7.71 (m, 6H), 7.65 - 7.64 (m, 2H), 7.47 - 7.40 (m, 5H), 7.39 - 7.31 (m, 6H), 7.30 - 7.28 (m, 4H),
4.97 (d, J = 12.4 Hz, 1H), 4.89 (d, J = 12.4 Hz, 1H), 4.37 (d, J = 7.6 Hz, 1H), 4.04 - 4.03 (m, 1H),
4.01 - 3.98 (m, 1H), 3.00 - 2.94 (m, 2H), 2.36 - 2.28 (m, 1H), 2.04 - 2.01 (m, 1H), 1.09 (s, 9H),
1.04 (s, 9H).

[(1R,2R,3S,4R)-4-(6-Aminopurin-9-yl)-2,3-bis[[tert-butyl(diphenyl) silyl]Joxy]cyclopentyl]
methanol (59a)

TBDPSO  OTBDPS

A solution of compound 58a (4.00 g, 5.25 mmol) and ammonia (20 mL, 7 M in methanol) in a

sealed tube was heated at 90 °C and stirred for 16 h. The mixture was cooled to RT and
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concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate 2-50%) to afford compound 59a (3.00 g, 77%
yield) as a yellow solid. LCMS (ES*, Method 2) m/z 742.7 [M+H]*. *H NMR (400 MHz, DMSO-
ds): 6 7.90 (s, 2H), 7.65 (t, J = 6.0 Hz, 4H), 7.48 - 7.34 (m, 9H), 7.28 - 7.25 (m, 1H), 7.18 (t, J =
7.6 Hz, 2H), 7.13 (s, 2H), 7.07 - 7.00 (m, 4H), 5.21 (q, J = 9.6 Hz, 1H), 4.73 (dd, J = 6.0, 4.8 Hz,
1H), 4.65 (dd, J = 9.6, 3.6 Hz, 1H), 4.10 - 4.06 (m, 1H), 3.06 - 3.02 (m, 1H), 2.91 - 2.89 (m, 1H),
2.16-2.13 (m, 1H), 1.99 - 1.96 (m, 1H), 1.92 - 1.89 (m, 1H), 1.04 (s, 9H), 0.77 (s, 9H).

[(1R,2R,3S,4R)-4-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-2,3-bis [[tert-butyl(diphenyl)silyl]
oxy]cyclopentyllmethanol (59b)

TBDPSO  OTBDPS

A solution of compound 58b (100 mg, 131 umol) and ammonia (1.14 mL, 7 M in methanol) in
a sealed tube was heated at 110 °C and stirred for 16 h. The mixture was cooled to RT and
concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate 2-50%) to afford compound 59b (90.0 mg,
92% yield) as yellow oil. LCMS (ES*, Method 1) m/z 741.3 [M+H]*. *H NMR (400 MHz, DMSO-
de): 67.82 (s, 1H), 7.75 - 7.73 (m, 4H), 7.44 - 7.33 (m, 9H), 7.26 - 7.24 (m, 1H), 7.21 - 7.19 (m,
3H), 7.07 (t, J = 7.6 Hz, 2H), 6.99 (t, J = 7.6 Hz, 2H), 6.82 (d, J = 3.2 Hz, 1H), 6.12 (d, J = 3.2 Hz,
1H), 5.26 (brs, 1H), 5.02 (dd, J = 9.2, 3.6 Hz, 1H), 4.86 - 4.79 (m, 1H), 4.28 (d, J = 3.6 Hz, 1H),
3.32(dd,J=12.0, 2.4 Hz, 1H), 3.04 (dd, J = 11.6, 2.4 Hz, 1H), 2.39 - 2.29 (m, 1H), 2.00 - 1.97(m,
2H), 1.16 (s, 9H), 0.97 (s, 9H).

[(1R,2R,3S,4R)-4-(6-Aminopurin-9-yl)-2,3-bis[[tert-butyl(diphenyl) silyl]Joxy]cyclopentyl]
methyl methanesulfonate (60a)
N NH2

TBDPSO  OTBDPS

To a solution of compound 59a (1.00 g, 1.35 mmol) and triethylamine (563 uL, 4.04 mmol) in
THF (20 mL) was added a solution of methanesulfonic anhydride (281 mg, 1.62 mmol) in THF
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(5 mL) at 0 °C. The reaction mixture was warmed to RT and stirred for 16 h. The reaction was
guenched with water (50 mL) and then extracted with EtOAc (3 x 30 mL). The combined
organic layers were washed with brine (3 x 20 mL), dried over sodium sulfate, filtered and the
filtrate was concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate 2-50%) to afford compound 60a (800 mg, 72%
yield) as yellow oil. LCMS (ES*, Method 3) m/z 820.3 [M+H]*. *H NMR (400 MHz, DMSO-ds): 6
8.01 (s, 1H), 7.86 (s, 1H), 7.64 (d, J = 6.4 Hz, 2H), 7.59 (d, J = 6.8 Hz, 2H), 7.50 - 7.43 (m, 4H),
7.38-7.28 (m, 6H), 7.18 (t, J = 7.6 Hz, 2H), 7.13 (s, 2H), 7.09 - 7.02 (m, 4H), 5.21 (g, J = 9.2 Hz,
1H), 4.70 (dd, J = 9.2, 3.6 Hz, 1H), 4.08 (d, J =3.6 Hz, 1H), 3.84 (d, J = 6.8 Hz, 2H), 2.93 (s, 3H),
2.28-2.20 (m, 2H), 2.02 - 1.99 (m, 1H), 1.02 (s, 9H), 0.78 (s, 9H).

[(1R,2R,3S,4R)-4-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-2,3-bis [[tert-butyl(diphenyl)
silylJoxy]cyclopentyllmethyl methanesulfonate (60b)

TBDPSO  OTBDPS

To a solution of compound 59b (90.0 mg, 121 pmol) and triethylamine (101 uL, 728
umol) in THF (5 mL) was added a solution of methanesulfonic anhydride (63.4 mg, 364 pumol)
in THF (2 mL) at 0 °C. The reaction mixture was stirred at RT for 2 h. The reaction was quenched
with water (20 mL) and then extracted with EtOAc (3 x 10 mL). The combined organic layers
were washed with brine (3 x 10 mL), dried over sodium sulfate, filtered and the filtrate was
concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate 2-50%) to afford compound 60b (90.0 mg,
90% yield) as a white solid. *H NMR (400 MHz, CDCl3): 6 7.95 (d, /= 6.8 Hz, 2H), 7.87 - 7.81 (m,
4H), 7.75 - 7.70 (m, 2H), 7.65 - 7.57 (m, 4H), 7.54 - 7.49 (m, 4H), 7.43 - 7.34 (m, 5H), 7.15 (s,
1H), 6.93 (d, J = 3.6 Hz, 1H), 5.39 (d, J = 3.6 Hz, 1H), 4.20 (d, J = 4.8 Hz, 1H), 4.08 - 4.06 (m, 1H),
3.87 (d, J=4.4 Hz, 1H), 3.63 (d, J = 13.2 Hz, 1H), 3.04 - 2.96 (m, 1H), 2.72 (s, 3H), 2.66 - 2.64
(m, 1H), 2.16 (dd, J = 13.6, 4.4 Hz, 1H), 1.65 (d, J = 13.2 Hz, 1H), 1.23 (s, 9H), 1.11 (s, 9H).

9-[(1R,2S,3R,4S5)-4-(1,3-Benzothiazol-2-ylsulfanylmethyl)-2,3- bis[[tert-butyl(diphenyl)
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silylJoxy]cyclopentyl]purin-6-amine (61a)

N NH
Qom0

TBDPSO  OTBDPS

To a solution of compound 60a (500 mg, 0.61 mmol) in DMF (5 mL) was added 1,3-
benzothiazol-2-ylsulfanyl sodium (346 mg, 1.83 mmol) and heated to 50 °C for 16 h. The
reaction mixture was cooled to RT, quenched with water (20 mL) and extracted with EtOAc (3
x 10 mL). The combined organic layers were washed with brine (10 mL), dried over sodium
sulfate, filtered and the filtrate was concentrated under reduced pressure. The residue was
purified by flash column chromatography (petroleum ether/ethyl acetate 2-100%) to afford
compound 61a (300 mg, 55% yield) as yellow oil. LCMS (ES*, Method 3) m/z 891.3 [M+H]*. H
NMR (400 MHz, DMSO-ds): & 8.04 (s, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.86 (s, 1H), 7.62 (d, J = 8.0
Hz, 3H), 7.58 (d, J = 6.8 Hz, 2H), 7.46 - 7.41 (m, 2H), 7.38 - 7.32 (m, 4H), 7.31 - 7.22(m, 6H),
7.16 - 7.01 (m, 8H), 5.20 (q, J = 9.6 Hz, 1H), 4.83 (dd, J = 9.2, 3.2 Hz, 1H), 4.14 (d, J = 3.6 Hz,
1H), 3.28 - 3.25(m, 2H), 2.38 - 2.30 (m, 2H), 2.07 - 2.03 (m, 1H), 0.10 (s, 9H), 0.77 (s, 9H).

7-[(1R,2S,3R,45)-4-(1,3-Benzothiazol-2-ylsulfanylmethyl)-2,3-bisb[[tert-butyl(diphenyl)
silylJoxy]cyclopentyl]pyrrolo[2,3-d]pyrimidin-4-amine (61b)

NH,
=
s g
s

TBDPSO  OTBDPS

To a solution of compound 60b (90.0 mg, 110 pmol)in DMF (2 mlL)was added 1,3-
benzothiazol-2-ylsulfanyl sodium (62.4 mg, 329 umol) and heated at 50 °C for 16 h. The
reaction mixture was cooled to RT, quenched with water (15 mL) and extracted with EtOAc (3
x 10 mL). The combined organic layers were washed with brine (3 x 10 mL), dried over sodium
sulfate, filtered and the filtrate was concentrated under reduced pressure. The residue was
purified by preparative TLC (SiO;, petroleum ether/ethyl acetate 50%) to afford compound
61b (30.0 mg, 30% yield) as yellow oil. LCMS (ES*, Method 1) m/z 890.2 [M+H]".
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(1R,25,3R,55)-3-(6-aminopurin-9-yl)-5-(1,3-benzothiazol-2-ylsulfanylmethyl) cyclopentane-
1,2-diol (26)

N I‘N NH,
(LS o~ s,
HO  ©OH

To a solution of compound 61a (300 mg, 0.34 mmol) in MeOH (10 mL) was added potassium
fluoride (196 mg, 3.37 mmol). The reaction mixture was stirred at 50 °C for 16 h, cooled to RT
and then concentrated under reduced pressure. The residue was purified by reverse column
chromatography (0.05% NH3-H,0 in water/MeCN gradient 0-5%) to afford compound 26 (62.7
mg, 43% yield) as a white solid. HRMS (Method 1) m/z [M+H]* calcd for C1gH1sN602S2 415.1011;
found 415.1022. *H NMR (400 MHz, DMSO-ds): 6 8.22 (s, 1H), 8.11 (s, 1H), 8.01 (d, /= 8.0 Hz,
1H), 7.86 (d, J = 8.0 Hz, 1H), 7.47 (td, J = 8.0, 0.8 Hz, 1H), 7.37 (td, J = 8.4, 0.8 Hz, 1H), 7.19 (s,
2H), 5.07 (d, J = 6.0 Hz, 1H), 4.95 (d, J = 4.4 Hz, 1H), 4.72 - 4.67 (m, 1H), 4.48 - 4.43 (m, 1H),
3.96 - 3.92 (m, 1H), 3.69 (dd, J = 12.8, 6.4 Hz, 1H), 3.54 (dd, J = 13.2, 8.0 Hz, 1H), 2.43 - 2.37(m,
2H), 1.92 - 1.87(m, 1H). 13C NMR (126 MHz, DMSO-ds) & 166.63, 156.02, 152.73, 152.10,
149.58, 140.23, 134.57, 126.38, 124.46, 121.80, 121.11, 119.35, 74.36, 73.97, 59.46, 42.50,
36.66, 31.91. [a]p?® = +21.0 (c=0.1, MeOH).

(1R,25,3R,55)-3-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-5- (1,3-benzothiazol-2 -
ylsulfanylmethyl)cyclopentane-1,2-diol (28)

QN = NH,
\ N/
S)\ S/\Q’ /%:/\%

HO  OH
To a solution of compound 61b (30.0 mg, 33.7 umol)in MeOH (2 mL) was added p-

toluenesulfonic acid (29.0 mg, 168 umol). The reaction mixture was heated to 70 °C for 16 h,
cooled to RT and concentrated under reduced pressure. The residue was purified by reverse
column chromatography (0.05% NHs-H,0 in water/MeCN gradient 0-5%) to afford compound
28 (8.16 mg, 55% yield) as a light yellow solid. HRMS (Method 1) m/z [M+H]* calcd for
C19H19N502S; 414.1058; found 414.1080. *H NMR (400 MHz, DMSO-dg): § 8.02 - 8.00 (m,
2H), 7.86 (d, J = 8.0 Hz, 1H), 7.47 (t, J = 8.0 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 7.26 (d, J = 3.6 Hz,
1H), 6.91 (s, 2H), 6.54 (d, J = 3.2 Hz, 1H), 4.96 (s, 1H), 4.85 - 4.83 (m, 1H), 4.28 (t, J = 7.6 Hz,
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1H), 3.91 (t, J = 4.8 Hz, 1H), 3.67 (dd, J = 12.8, 6.4 Hz, 1H), 3.56 - 3.47 (m, 1H), 2.35 - 2.30 (m,
2H), 1.73 - 1.67 (m, 1H).

1.9.7 Synthesis of compound 27

Scheme S12
o} cl HO TBSO HO
BzO Bz0 — - - B
o) 0,
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N % \ S N Ry < S N
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(a) BSA, TMSOTf, MeCN, 25-80 °C, 1.5 h, 27%; (b) NH3z/MeOH, 90 °C, 32 h, 75%; (c) TBS-Cl, 1H-imidazole, DMF,
RT, 16 h, 74%; (d) CIsCCO2H, THF/H20, 0 °C, 16 h, 58%; (e) Ms20, TEA, THF, RT, 16 h, 73%; (f) sodium
benzo[d]thiazole-2-thiolate, DMF, 50 °C, 16 h, 78%,; (g) KF, MeOH, 50 °C, 16 h, 19%

[(2R,3R,4R,5R)-3,4-Dibenzoyloxy-5-(4-chloropyrrolo[2,3-d]pyrimidin-7-yl)tetrahydrofuran-
2-yllmethyl benzoate (101)

N,O-Bis(trimethylsilyl)acetamide (8.05 mL, 32.6 mmol) was added to a stirred suspension of 4-
chloro-7H-pyrrolo[2,3-d]pyrimidine 100 (5.00 g, 32.6 mmol) MeCN (100 mL) at RT. After
stirring for 10 min, [(2R,3R, 4R)-5-acetoxy-3, 4-dibenzoyloxy-tetrahydrofuran-2-yl] methyl
benzoate 62 (181 g, 358 mmol) was added, followed by trimethylsilyl
trifluoromethanesulfonate (5.88 mL, 32.56 mmol). The reaction mixture was stirred at RT for
15 min before being heated at 80 °C for 1 h. The reaction mixture was cooled to RT and diluted
with EtOAc (75 mL). The organic phase was sequentially washed with sat. ag. sodium
bicarbonate solution (2 x 200 mL) and brine (50 mL), dried over sodium sulfate, filtered and
the filtrate was concentrated under reduced pressure. The residue was purified by flash
column chromatography (petroleum ether/ethyl acetate gradient 0-50%) to afford compound
101 (5.60 g, 27% yield) as yellow oil. LCMS (ES*, Method 1) m/z 598.1 [M+H]*. *H NMR (400
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MHz, CDCls): 6 8.61 (s, 1H), 8.23 - 8.09 (m, 2H), 8.06 - 7.98 (m, 2H), 7.96 - 7.89 (m, 2H), 7.64 -
7.53 (m, 3H), 7.51 - 7.46 (m, 2H), 7.45 - 7.34 (m, 5H), 6.69 (d, J = 5.6 Hz, 1H), 6.64 (d, J = 3.6
Hz, 1H), 6.25 (t, J = 5.6 Hz, 1H), 6.20 - 6.13 (m, 1H), 4.90 (dd, J = 3.2, 12.0 Hz, 1H), 4.83 - 4.77
(m, 1H), 4.69 (dd, J = 4.0, 12.0 Hz, 1H).

(2R,3R,4S,5R)-2-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-5-(hydroxymethyl)tetrahydrofuran-
3,4-diol (102)

A solution of compound 101 (3.00 g, 5.02 mmol) in ammonia (36.0 mL, 7 M in MeOH) in a
sealed tube was heated at 90 °C for 32 h. The mixture was cooled to RT and concentrated
under reduced pressure. The residue was purified by reverse column chromatography
(0.05% NH3'H,0 in water/MeCN gradient 0-5%) to afford compound 102 (1.00 g, 75% yield) as
a yellow solid. LCMS (ES*, Method 5) m/z 267.2 [M+H]*.

7-[(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5-[[tert-butyl(dimethyl)silyl]
oxymethyl]tetrahydrofuran-2-yl]pyrrolo[2,3-d]pyrimidin-4-amine (103)

TBSO

o) - NH,
3!
TBSOS "//OTB NQ/

To a solution of compound 102 (1.00 g, 3.76 mmol) and imidazole (2.56 g, 37.5 mmol) in DMF
(10 mL) at 0 °C was added tert-butylchlorodimethylsilane (2.83 g, 18.8 mmol). The mixture
was warmed to RT and stirred for 16 h. The reaction was quenched with water (50 mL) and
extracted with EtOAc (3 x 20 mL). The combined organic layers were washed with brine (3 x
20 mL), dried over sodium sulfate, filtered, and the filtrate was concentrated under reduced
pressure. The residue was purified by flash column chromatography (petroleum ether/ethyl
acetate gradient 0-50%) to afford compound 103 (1.70 g, 74% yield) as a white solid. LCMS
(ES*, Method 2) m/z 609.6 [M+H]*. *H NMR (400 MHz, CDCls): 6 8.31 (s, 1H), 7.36 (d, J = 3.6
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Hz, 1H), 6.37 (d, J = 3.6 Hz, 1H), 6.25 (d, J = 5.6 Hz, 1H), 5.16 (s, 2H), 4.54 (dd, J = 5.6, 4.4 Hz,
1H), 4.29 (dd, J = 4.4, 3.2 Hz, 1H), 4.10 - 4.09 (m, 1H), 3.97 (dd, J = 11.2, 4.0 Hz, 1H), 3.78 (dd,
J=11.2,2.8 Hz, 1H), 0.97 (s, 9H), 0.94 (s, 9H), 0.78 (s, 9H), 0.13 (d, J = 1.6 Hz, 6H), 0.11 (s, 6H),
-0.09 (s, 3H), -0.28 (s, 3H).

[(2R,3R,4R,5R)-5-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-3,4-bis[[tert-butyl(dimethyl)silyl]
oxy]tetrahydrofuran-2-yljmethanol (104)

TBSO  orBS

To a solution of compound 103 (1.70 g, 2.79 mmol) in THF (60 mL) at 0 °C was added dropwise
a solution of trichloroacetic acid (4.56 g, 27.9 mmol) in water (20 mL). The resulting mixture
was stirred at 0 °C for 16 h and then quenched with sat. ag. sodium bicarbonate (100 mL). The
aqueous layer was extracted with EtOAc (3 x 50 mL). The combined organic layers were
washed with brine (2 x 50 mL), dried over sodium sulfate, filtered, and the filtrate was
concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate gradient 2-100%) to afford compound 104
(800 mg, 58% vield) as a white solid. LCMS (ES*, Method 2) m/z 495.2 [M+H]*. 'H NMR (400
MHz, DMSO-ds): 6 8.03(s, 1H), 7.37 (d, /= 3.6 Hz, 1H), 7.05 (s, 1H), 6.58 (d, J = 3.6 Hz, 1H), 5.97
(d, J = 3.6 Hz, 1H), 5.69 - 5.67 (m, 1H), 4.74 (dd, J = 7.2, 4.4 Hz, 1H), 4.24 (d, J = 4.8 Hz, 1H),
3.92-3.91 (m, 1H), 3.68 - 3.64 (m, 1H), 3.58 - 3.53 (m, 1H).

((2R,3R,4R,5R)-5-(4-Amino-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-3,4-bis((tertbutyldimethyl
silyl)oxy)tetrahydrofuran-2-yl)methyl methanesulfonate (105)

MsO

%‘%NHZ

TBSO  1Es

To a solution of compound 104 (0.20 g, 404 umol) and triethylamine (169 uL, 1.21 mmol) in

THF (5 mL) at 0 °C was added dropwise a solution of methanesulfonic anhydride (84.5 mg,
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0.49 mmol) in THF (1 mL). The resulting mixture was warmed up to RT and stirred for 16 h.
The reaction was quenched with water (20 mL) and extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with brine (2 x 10 mL), dried over sodium sulfate,
filtered, and the filtrate concentrated under reduced pressure. The residue was purified by
flash column chromatography (petroleum ether/ethyl acetate gradient 2-100%) to afford
compound 105 (170 mg, 73% vyield) as a yellow oil. LCMS (ES*, Method 2) m/z 573.1 [M+H]".
'H NMR (400 MHz, DMSO-ds): 6 8.07 (s, 1H), 7.34 (d, J = 3.6 Hz, 1H), 7.03 (s, 1H), 6.63 (d, J =
3.6 Hz, 1H), 6.13 (d, J = 7.2 Hz, 1H), 4.74 (dd, J = 7.2, 4.8 Hz, 1H), 4.51 - 4.48 (m, 2H), 4.31 (dd,
J=4.4,1.2 Hz, 1H), 4.13 (t, J = 5.2 Hz, 1H), 3.21 (s, 3H), 0.94 (s, 9H), 0.69 (s, 9H), 0.15 (s, 3H),
0.13 (s, 3H), -0.11 (s, 3H), -0.38 (s, 3H).

7-[(2R,3R,4R,55)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis [[tert-butyl(dimethyl)
silyl]Joxy]tetrahydrofuran-2-yl]pyrrolo[2,3-d]pyrimidin-4-amine (106)

Qg

TBSO  ‘orpa

To a solution of compound 105 (170 mg, 297 umol, 1.0) in DMF (2 mL) was added 1,3-
benzothiazol-2-ylsulfanylsodium (84.2 mg, 445 umol) and stirred at 50 °C for 16 h. The
reaction was cooled to RT, quenched with water (20 mL) and extracted with EtOAc (3 x 10 mL).
The combined organic layers were washed with brine (3 x 10 mL), dried over sodium sulfate,
filtered, and the filtrate was concentrated under reduced pressure. The residue was purified
by flash column chromatography (petroleum ether/ethyl acetate gradient 2-100%) to afford
compound 106 (150 mg, 78% vield) as yellow oil. LCMS (ES*, Method 3) m/z 644.2 [M+H]*. H
NMR (400 MHz, DMSO-ds): & 8.06 (s, 1H), 8.01 (d, J = 8.0 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.48
(td, J= 8.0, 1.2 Hz, 1H), 7.41 - 7.39 (m, 1H), 7.37 - 7.35 (m, 1H), 7.01 (s, 2H), 6.62 (d, J = 3.6 Hz,
1H), 6.08 (d, /= 7.6 Hz, 1H), 4.95 (q, /= 4.4 Hz, 1H), 4.37 (d, J = 4.4 Hz, 1H), 4.27 (t, /= 6.8 Hz,
1H), 3.94 (dd, J = 14.0, 7.2 Hz, 1H), 3.76 (dd, J = 14.0, 6.8 Hz, 1H), 0.88 (s, 9H), 0.65 (s, 9H), 0.08
(d, J = 1.2 Hz, 6H), -0.16 (s, 3H), -0.44 (s, 3H).
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(2R,3R,4S5,55)-2-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-5-(1,3-benzothiazol-2-
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (27)

N pr—
O NH
L~y
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To a solution of compound 106 (150 mg, 0.23 mmol) in methanol (3 mL) was added potassium
fluoride (135 mg, 2.33 mmol). The resulting mixture was stirred at 50 °C for 16 h, cooled to RT
and concentrated under reduced pressure. The residue was purified by reverse column
chromatography (0.05% NH3'H,0 in water/MeCN gradient 0-5%) and then triturated from
acetonitrile and methanol (1:1, 4 mL) to afford compound 27 (19.2 mg, 19% vyield) as a white
solid. HRMS (Method 1) m/z [M+H]* calcd for Ci1sH17NsO3S2 416.0851; found 416.0852. H
NMR (400 MHz, DMSO-ds): 6 8.06 (s, 1H), 8.00 (d, J = 7.2 Hz, 1H), 7.86 (d, / = 7.6 Hz, 1H), 7.47
(td, /=8.0, 1.2 Hz, 1H), 7.39- 7.34 (m, 2H), 7.02 (s, 2H), 6.61 (d, J = 3.6 Hz, 1H), 6.08 (d, J = 6.0
Hz, 1H), 5.42 (s, 2H), 4.57 (t, / = 5.6 Hz, 1H), 4.19 - 4.17 (m, 2H), 3.82 (dd, /= 13.6, 5.6 Hz, 1H),
3.69 (dd, J =13.6, 7.2 Hz, 1H). SFC (Method 3) de% = 100%.

1.9.8 Synthesis of compound 29

Scheme S13
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(a) BSA, TMSOTf, MeCN, 25-80 °C, 1.5 h, 49%; (b) NH3/MeOH, 90 °C, 16 h, 98%; (c) TBS-Cl, 1H-imidazole, DMF,
RT, 16 h, 30%; (d) CIsCCOzH, THF/H20, 0 °C, 1 h, 84%; (e) Ms,0, TEA, THF, 0°C to RT, 2 h, 89%; (f) sodium
benzo[d]thiazole-2-thiolate, DMF, 50 °C, 12 h, 95%,; (g) Pd(PPhsz)s, Zn(CN)2, DMF, 90 °C, 16 h, 92%; (h) KF, MeOH,
60 °C, 16 h, 12%.

(2R,3R,4R,5R)-2-((Benzoyloxy)methyl)-5-(4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)tetrahydrofuran-3,4-diyl dibenzoate (64)
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N,O-Bis(trimethylsilyl)acetamide (8.84 mL, 35.7 mmol) was added to a stirred suspension of
4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine 63 (10.0 g, 35.8 mmol) in MeCN (200 mL). After
stirring at RT for 10 min, [(2R,3R,4R)-5-acetoxy-3,4-dibenzoyloxy-tetrahydrofuran-2-ylJmethyl
benzoate 62 (19.9 g, 39.4 mmol) was added, followed by the addition of trimethylsilyl
trifluoromethanesulfonate (6.47 mL, 35.78 mmol). The reaction mixture was stirred at RT for
15 min before being warmed up at 80 °C for 1 h. The reaction mixture was cooled to RT and
diluted with EtOAc (75 mL). The organic phase was sequentially washed with sat. aqg. sodium
bicarbonate (2 x 200 mL) and brine (50 mL), dried over sodium sulfate, filtered, and the filtrate
was concentrated under reduced pressure. The isolated material was recrystallized in MeCN
to afford compound 64 (12.7 g, 49% yield) as a white solid. *H NMR (400 MHz, CDCls): 6 8.58
(s, 1H), 8.12 (d, J = 7.6 Hz, 2H), 8.00 (d, J = 7.6 Hz, 2H), 7.92 (d, J = 6.8 Hz, 2H), 7.56 - 7.51 (m,
6H), 7.42 - 7.37 (m, 4H), 6.67 (d, J = 5.6 Hz, 1H), 6.17 - 6.14 (m, 1H), 6.12 - 6.10 (m, 1H), 4.91
(dd, J=12.4,2.8 Hz, 1H), 4.81 (d, J = 4.0Hz, 1H), 4.69 (dd, /= 12.0, 3.6Hz, 1H)

(2R,3R,4S,5R)-2-(4-Amino-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-5-(hydroxymethyl)
tetrahydrofuran-3,4-diol (65)

Compound 64 (3 g, 4.14 mmol) was added to a sealed tube containing ammonia (59.2 mL, 7
in MeOH) and stirred at 90 °C for 16 h. The reaction mixture was cooled to RT and
concentrated under reduced pressure. The residue was triturated in EtOAc (100 mL) under
ultrasonic wave for 10 min and filtered to afford compound 65 (1.60 g, 98% vyield) as a black
solid. The isolated material was used in the following step without any further purification. *H
NMR (400 MHz, DMSO-ds): 6 8.09 (s, 1H), 7.67 (s, 1H), 6.67 (brs, 2H), 6.02 (d, J = 6.4 Hz, 1H),
5.31 (brs, 1H), 5.16 - 5.12 (m, 2H), 4.35 (s, 1H), 4.06 (d, J = 4.4 Hz, 1H), 3.87 - 3.85 (m, 1H), 3.62
-3.59 (m, 1H), 3.53 - 3.50 (m, 1H).
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7-((2R,3R,4R,5R)-3,4-Bis((tert-butyldimethylsilyl)oxy)-5-(((tert-butyldimethylsilyl)oxy)
methyl)tetrahydrofuran-2-yl)-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-4-amine (66)

TBSO

To a solution of compound 65 (2.50 g, 6.38 mmol) and 1H-imidazole (5.25 g, 77.2 mmol) in
DMF (25 mL) at RT, was added t-butyl-chloro-dimethyl-silane (5.82 g, 38.6 mmol) and stirred
for 16 h. The reaction mixture was diluted in hexane (50 mL) and washed with brine (250 mL).
The separated aqueous layer was re-extracted with hexane (2 x 100 mL) and the combined
organic layers dried over sodium sulfate, filtered, and the filtrate was concentrated under
reduced pressure. The residue was purified by flash column chromatography (petroleum
ether/ethyl acetate gradient 0-15%) to afford compound 66 (1.40 g, 30% yield) as a black solid.
LCMS (ES*, Method 3) m/z 735.3 [M+H]*; 'H NMR (400 MHz, CDCls): 6 8.26 (s, 1H), 7.54 (s, 1H),
6.26 (d, J = 5.2 Hz, 1H), 5.72 (brs, 2H), 4.40 (t, J = 4.8 Hz, 1H), 4.22 - 4.12 (m, 1H), 4.10 - 4.08
(m, 1H), 3.98 - 3.97 (m, 1H), 3.94 - 3.79 (m, 1H), 1.00 (s, 9H), 0.92 (s, 9H), 0.78 (s, 9H), 0.18 (d,
J=5.6Hz, 6H), 0.11 (s, 6H), -0.071 (s, 3H), -0.27 (s, 3H).

((2R,3R,4R,5R)-5-(4-amino-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-3,4-bis((tert-
butyldimethylsilyl)oxy)tetrahydrofuran-2-yl)methanol (67)

I
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To a solution of compound 66 (1.40 g, 1.90 mmol) in THF (45 mL) cooled to 0 °C, was added
dropwise a solution of 2,2,2-trichloroacetic acid (3.11 g, 19.1 mmol) in H,0 (15 mL). Upon
completion of the addition, the reaction mixture was stirred for 1 h at 0 °C. The reaction
mixture was neutralized using sodium carbonate, diluted with water (100 mL) and extracted

with EtOAc (3 x 50 mL). The combined organic layers were dried over magnesium sulphate,
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filtered, and the filtrate was concentrated under reduced pressure. The residue was purified
by flash column chromatography (petroleum ether/ethyl acetate gradient 10-50%) to afford
compound 67 (1.00 g, 84% vield) as a black solid. LCMS (ES*, Method 3) m/z 621.3 [M+H]*; H
NMR (400 MHz, CDCl3): 6 8.2 (s, 1H), 7.14 (s, 1H), 6.57 - 6.54 (m, 1H), 5.89 (brs, 2H), 5.62 (d, J
= 8.0 Hz, 1H), 5.04 - 5.38 (m, 1H), 4.30 (d, J = 4.4 Hz, 1H), 3.92 (d, J = 13.4 Hz, 1H), 3.72 - 3.69
(m, 1H), 0.95 (s, 9H), 0.76 (s, 9H), 0.12 (d, J = 5.2 Hz, 6H), -0.14 (s, 3H), -0.59 (s, 3H).

((2R,3R,4R,5R)-5-(4-Amino-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-3,4-bis((tert-
butyldimethylsilyl)oxy)tetrahydrofuran-2-yl)methyl methanesulfonate (68)

Lo
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To a solution of compound 67 (1.00 g, 1.61 mmol) and triethylamine (978 mg, 9.67 mmol) in
THF (10 mL) was added dropwise methanesulfonic anhydride (842 mg, 4.83 mmol) at 0 °C
under inert atmosphere. The mixture was warmed to RT and stirred for 2 h. The reaction was
guenched with water (20 mL) and extracted with EtOAc (3 x 20 mL). The combined organic
layers were washed with brine (20 mL), dried over sodium sulfate, filtered, and the filtrate was
concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate gradient 10-50%) to afford compound 68
(1.00 g, 89% yield) as yellow oil. LCMS (ES*, Method 3) m/z 699.2 [M+H]*; *H NMR (400 MHz,
MeOH-da): 6 8.27 (s, 1H), 7.28 - 7.27 (m, 1H), 6.03 (d, J = 4.4 Hz, 1H), 5.76 (s, 1H), 4.72 (t, J =
4.4 Hz, 1H), 4.58 - 4.55 (m, 1H), 4.49 - 4.45 (m, 1H), 4.35 - 4.30 (m, 2H), 3.03 (s, 1H), 0.95 (s,
9H), 0.84 (s, 9H), 0.14 (d, J = 4.0 Hz, 6H), 0.002 (s, 3H), -0.13 (s, 3H).

7-((2R,3R,4R,5S)-5-((Benzo[d]thiazol-2-ylthio)methyl)-3,4-bis((tert-butyldimethylsilyl)
oxy)tetrahydrofuran-2-yl)-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-4-amine (69)
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To a solution of compound 68 (1 g, 1.43 mmol) in DMF (3 mL) was added 1,3-benzothiazol-2-
ylsulfanyl sodium (812 mg, 4.29 mmol). The resulting mixture was stirred at 50 °C for 12 h.
The reaction mixture was cooled to RT, quenched with water (20 mL) and the resulting
aqueous layer extracted with EtOAc (3 x 10 mL). The combined organic layers were washed
with brine (10 mL), dried over sodium sulphate, filtered, and the filtrate was concentrated
under reduced pressure. The residue was purified by flash column chromatography
(petroleum ether/ethyl acetate gradient 0-15%) to afford compound 69 (1.05 g, 95% vyield) as
a yellow solid. LCMS (ES*, Method 3) m/z 770.2 [M+H]*; *H NMR (400 MHz, CDCls3): § 8.2 (s,
1H), 7.78 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.45 - 7.40 (m, 1H), 7.35 - 7.33 (m, 1H),
7.24 -7.2 2(m, 1H), 5.99 (d, J = 6.4 Hz, 1H), 5.66 (s, 2H), 4.99 - 4.96 (m, 1H), 4.45 (dd, J = 5.8,
2.4 Hz, 1H), 4.33 - 4.32(m, 1H), 3.98 - 3.93 (m, 1H), 3.83 (d, J = 6.4 Hz, 1H), 2.05 (s, 4H), 1.28 -
1.25 (m, 4H), 0.97 - 0.91 (m, 10H), 0.11 (d, J = 9.3 Hz, 6H), -0.14 (s, 3H), -0.32 (s, 1H).

4-Amino-7-[(2R,3R,4R,55)-5-(1,3-benzothiazol-2-ylsulfanylmethyl)-3,4-bis[[tert-butyl
(dimethyl)silylloxy]tetrahydrofuran-2-yl]pyrrolo[2,3-d]pyrimidine-5-carbonitrile (70)

CN
N = NH
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To a solution of compound 69 (100 mg, 129 pumol) in DMF (5 mL) was added Pd(PPhs)4 (30.0
mg, 25.9 umol) and zinc cyanide (30.5 mg, 259 umol). The reaction mixture was stirred at
90 °C under inert atmosphere for 16 h. The reaction was quenched with water (20 mL) and
extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine (10
mL), dried over sodium sulfate, filtered, and the filtrate was concentrated under reduced
pressure. The residue was purified by flash column chromatography (petroleum ether/ethyl
acetate gradient 2-50%) to afford compound 70 (80.0 mg, 92% vield) as yellow oil. LCMS (ES*,
Method 1) m/z 669.2 [M+H]*; 'H NMR (400 MHz, CDCl3): 6 8.36 (s, 1H), 7.89 (d, J = 8.0 Hz, 1H),
7.78 - 7.77 (m, 2H), 7.44 (td, J = 8.4, 1.2 Hz, 1H), 7.32 (td, / = 8.0, 0.8 Hz, 1H), 5.97 (d, /= 6.0
Hz, 1H), 5.62 (s, 2H), 4.98 (dd, J = 5.6, 4.4 Hz, 1H), 4.50 - 4.48 (m, 1H), 4.29 (dd, J = 4.0, 2.8 Hz,
1H), 3.96 (dd, J = 14.4, 5.6 Hz, 1H), 3.88 (dd, J = 14.0, 5.6 Hz, 1H), 0.95 (s, 9H), 0.94 (s, 9H),
0.12 (s, 3H), 0.10 (s, 3H), -0.12 (s, 3H), -0.29 (s, 3H).
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4-Amino-7-[(2R,3R,4S,55)-5-(1,3-benzothiazol-2-ylsulfanylmethyl)-3,4-dihydroxy-
tetrahydrofuran-2-yl]pyrrolo[2,3-d]pyrimidine-5-carbonitrile (29)

N p—
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To a solution of compound 70 (80.0 mg, 0.12 mmol) in MeOH (3 mL) was added potassium
fluoride (69.5 mg, 1.20 mmol). The resulting mixture was stirred at 60 °C for 16 h, cooled to
RT and then concentrated under reduced pressure. The residue was purified by reverse
column chromatography (0.05% NHs3-H,0 in water/MeCN gradient 0-25%) and then purified
by prep-HPLC (Method 10) to afford compound 29 (6.36 mg, 12% vyield) as a grey solid. HRMS
(Method 1) m/z [M+H]* calcd for C19H16N03S2 441.0804; found 441.0817; *H NMR (400 MHz,
DMSO-ds): 68.49 (s, 1H), 8.23 (s, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.47 (t, J
=7.2 Hz, 1H), 7.37 (t, /= 7.6 Hz, 1H), 6.90 (brs, 2H), 6.10 (d, J = 5.6 Hz, 1H), 5.62 (d, J = 6.0Hz,
1H), 5.51 (d, J = 4.8 Hz, 1H), 4.59 (g, J = 5.2 Hz, 1H), 4.28 - 4.19 (m, 2H), 3.84 (dd, J = 13.6, 5.2
Hz, 1H), 3.74 (dd, J = 13.6, 7.6 Hz, 1H).

1.9.9 Synthesis of compounds 30 and 31

Scheme S14
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(a) TMS-acetylene, Pd(PPhs)s, Zn(CN)2, DMF, 60 °C, 2 h, 62%; (b) KF, MeOH, 60 °C, 16 h, 74%; (c) Hz, Pd/C, RT, 2 h,
18%.

7-[(2R,3R,4R,5S)-5-(1,3-benzothiazol-2-ylsulfanylmethyl)-3,4-bis [[tert-butyl(dimethyl)
silyl]Joxy]tetrahydrofuran-2-yl]-5-(2-trimethylsilylethynyl)pyrrolo[2,3-d]pyrimidin-4-amine
(71)
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To a solution of compound 69 (200 mg, 259 umol)in THF (10 mL) was added ethynyl
(trimethyl)silane (71.9 pL, 519 umol), triethylamine (108 pL, 779 umol), copper iodide (14.84
mg, 77.93 umol) and Pd(PPhs)4(30.0 mg, 25.9 umol). The reaction mixture was stirred at 60 °C
under inert atmosphere for 2 h, cooled to RT and then concentrated under reduced pressure.
The residue was purified by flash column chromatography (petroleum ether/ethyl acetate
gradient 2-50%) to afford compound 71 (120 mg, 62% yield) as yellow oil. *H NMR (400 MHz,
CDCls): 6 8.26 (s, 1H), 7.89 - 7.87 (m, 1H), 7.77 - 7.75 (m, 1H), 7.44 - 7.40 (m, 1H), 7.36 (s, 1H),
7.33 - 7.29 (m, 1H), 5.96 (d, J = 6.0 Hz, 1H), 4.96 (dd, J = 6.4, 4.8 Hz, 1H), 4.45 - 4.43 (m,
1H), 4.31(dd, J = 4.8, 2.8 Hz, 1H), 3.94 (dd, J = 14.0, 6.0 Hz, 1H), 3.82 (dd, J = 14.0, 6.8 Hz, 1H),
0.93 (s, 9H), 0.77 (s, 9H), 0.30 (s, 9H), 0.12 (s, 3H), 0.09 (s, 3H), -0.13 (s, 3H), -0.29 (s, 3H).

(2R,3R,4S5,55)-2-(4-Amino-5-ethynyl-pyrrolo[2,3-d]pyrimidin-7-yl)-5-(1,3-benzothiazol-2-
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (30)
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To a solution of compound 71 (100 mg, 0.14 mmol) in MeOH (10 mL) was added potassium
fluoride (78.4 mg, 1.35 mmol). The reaction mixture was stirred at 70 °C for 16 h. The mixture
was concentrated under reduced pressure and the residue was purified by reverse column
chromatography (0.05% NHs'H20 in water/MeCN gradient 0-55%) to afford compound 30
(45.0 mg, 74% vyield) as an off-white solid. HRMS (Method 1) m/z [M+H]* calcd for
C20H17N503S, 440.0851; found 440.0851; *H NMR (400 MHz, DMSO-dg): § 8.14 (s, 1H), 8.00
(d,J=7.6 Hz, 1H), 7.88 - 7.86 (m, 2H), 7.47 (t, J = 7.6 Hz, 1H), 7.37 (t, J = 7.6 Hz, 1H), 6.73 (brs,
1H), 6.07 (d, J = 6.0 Hz, 1H), 5.58 (s, 1H), 4.58 (t, J = 5.6 Hz, 1H), 4.31 (s, 1H), 4.21 - 4.16 (m,
2H), 3.82 (dd, J=13.2, 5.2 Hz, 1H), 3.72 (dd, J = 13.2, 7.2 Hz, 1H). [a]p?° = +28.3 (c=0.1, MeOH).

(2R,3R,4S5,55)-2-(4-amino-5-ethyl-pyrrolo[2,3-d]pyrimidin-7-yl)-5-(1,3-benzothiazol-2-
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (31)
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To a solution of compound 30 (20.0 mg, 45.5 pmol) in MeOH (8 mL) was added Pd/C (20.0 mg,
4,55 pmol, 10%) under inert atmosphere. The suspension was degassed under reduced
pressure and purged with H; several times. The resulting mixture was stirred under hydrogen
at RT for 2 h. The reaction mixture was filtered, and the filtrate was concentrated under
reduced pressure. The residue was purified by reverse column chromatography
(0.05% NH3'H20 in water/MeCN gradient 0-55%) and then by prep-HPLC (Method 11) to afford
compound 31 (3.24 mg, 18% yield) as a white solid. HRMS (Method 1) m/z [M+H]* calcd for
C20H21Ns03S; 444.1164; found 444.1124; *H NMR (400 MHz, DMSO-dg): 6 8.03 (s, 1H), 8.00
(d, J = 8.0 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.47 (t, J = 8.0 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 7.07
(s, 1H), 6.56 (s, 2H), 6.07 (d, J = 6.0 Hz, 1H), 5.38 - 5.35 (m, 2H), 4.52 (q, J = 5.2Hz, 1H), 4.16 -
4.14 (m, 2H), 3.81 (dd, J = 13.6, 5.2 Hz, 1H), 3.68 (dd, J = 13.6, 6.8 Hz, 1H), 2.75 (q, / = 7.2 Hz,
2H), 1.18 (t, J = 7.6 Hz, 3H).

1.9.10 Synthesis of compound 32
Scheme S15
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32

(a) DPPA, PPhs, DIAD THF, 0 °C to RT, 16 h 38%; (b) PPhs, THF, water, 40 °C, 16 h, 84%,; (c) naphthalene-2-sulfonyl
chloride, TEA, DMF, RT, 16 h, 50%,; (d) KF DMF, 60 °C, 16 h, 44%.

9-[(2R,3R,4R,5R)-5-(azidomethyl)-3,4-bis[[tert-butyl(dimethyl)silyl]oxy]tetrahydrofuran-2-
yllpurin-6-amine (107)
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To a solution of compound 43 (1.00 g, 2.02 mmol) and triphenylphosphine (740 mg, 2.82
mmol) in THF (20 mL) was added diisopropyl azodicarboxylate (549 uL, 2.82 mmol), followed
by a solution of diphenyl phosphoryl azide (611 pL, 2.82 mmol) in THF (10 mL) at 0 °C. The
reaction mixture was warmed to RT, stirred for 16 h and then concentrated under reduced
pressure. The residue was purified by flash column chromatography (petroleum ether/ethyl
acetate gradient 0-25%) to afford compound 107 (400 mg, 38% vyield) as a white solid. LCMS
(ES*, Method 1) m/z 521.3 [M+H]*; 1H NMR (400 MHz, CDCl3): & 8.35 (s, 1H), 8.01 (s, 1H), 5.90
(d,J=4.4 Hz, 1H), 5.74 (s, 2H), 4.94 (t,J= 4.4 Hz, 1H), 4.33 (t,/=4.4 Hz, 1H), 4.21 (g, /= 4.8
Hz, 1H), 3.73 - 3.72 (m, 2H), 0.94 (s, 9H), 0.84 (s, 9H), 0.13 (s, 3H), 0.11 (s, 3H), -0.01 (s, 3H), -
0.17 (s, 3H).

9-[(2R,3R,4R,5R)-5-(Aminomethyl)-3,4-bis[[tert-butyl(dimethyl)silylJoxy]tetrahydrofuran-
2-yl]purin-6-amine (108)

N B N
TBSO  OTBS

To a solution of compound 107 (400 mg, 768 umol) in THF (8 mL) and water (0.8 mL) was
added triphenylphosphine (241 mg, 921 umol). The reaction mixture was stirred at 40 °C for
16 h and then concentrated under reduced pressure. The residue was purified by reverse
column chromatography (0.05% NH3-H,0 in water/MeCN gradient 0-25%) to afford compound
108 (320 mg, 84% yield) as a yellow solid. LCMS (ES*, Method 2) m/z 495.3 [M+H]".

N-[[(2R,3R,4R,5R)-5-(6-Aminopurin-9-yl)-3,4-bis[[tert-butyl (dimethyl)silyl]
oxy]tetrahydrofuran-2-yljmethyl]naphthalene-2-sulfonamide (109)
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To a solution of compound 108 (50.0 mg, 101 pumol) in DMF (2 mL) was added naphthalene-
2-sulfonyl chloride (22.9 mg, 101 pumol) at 0 °C and stirred at RT for 16 h. The reaction was
guenched with water (10 mL) and extracted with EtOAc (3 x 10 mL). The combined organic
layers were washed with brine (2 x 5 mL), dried over sodium sulfate, filtered and the filtrate
was concentrated under reduced pressure. The residue was purified by preparative TLC (SiO3,
petroleum ether/ethyl acetate 50%) to afford compound 109 (50.0 mg, 72% vyield) as a white
solid. LCMS (ES*, Method 2) m/z 669.4 [M+H]*.

N-[[(2R,3S,4R,5R)-5-(6-Aminopurin-9-yl)-3,4-dihydroxy-tetrahyd rofuran-2-
yllmethyl]lnaphthalene-2-sulfonamide (32)

O 0] =" NH

! N
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To a solution of compound 109 (50.0 mg, 72.9 umol) in DMF (2 mL) was added potassium
fluoride (42.4 mg, 729 umol) and stirred at 60 °C for 16 h. The reaction mixture was then
concentrated under reduced pressure. The residue was purified by prep-HPLC (Method 12) to
afford compound 32 (14.9 mg, 44% yield) as a white solid. HRMS (Method 1) m/z [M+H]* calcd
for CaoH20N60sS 457.1294; found 457.1380; H NMR (400 MHz, DMSO-ds): & 8.43 (s, 1H), 8.35
(s, 1H), 8.13 - 8.08 (m, 3H), 8.02 (d, J = 7.6 Hz, 1H), 7.80 (dd, J = 8.8, 2.0 Hz, 1H), 7.71 - 7.63 (m,
2H), 7.36 (s, 2H), 5.82 (d, J = 6.4 Hz, 1H), 5.38 (brs, 1H), 4.70 (t, J = 5.6 Hz, 1H), 4.09 - 4.07 (m,
1H), 4.01 - 3.99 (m, 1H), 3.10 (d, J = 4.8 Hz, 2H). [a]p?® = +61.3 (c=0.1, MeOH).

1.9.11 Synthesis of compound 34
Scheme S16
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(a) 7-iodopyrrolo[2,1-f][1,2,4]triazin-4-amine 2, n-Buli, 1,2-bis(chlorodimethylsilyl)ethane, THF, -78 °C, 26%; (b)
EtsSiH, BF3-Et20 DCM, 0 °C, RT, 97%,; (c) Hz, Pd/C AcOH, RT, 16 h, 84%; (d) 2,2-dimethoxypropane, TsOH, DMF,
Acetone, 60 °C, 16 h, 92%; (e) DPPA, DIAD, PPhs, THF, 0 °C to RT, 16 h, 57%,; (f) PPhs, H20, THF, 40 °C, 16 h, 18%
(g) HCI, MeOH, H»0, RT, 2 h, 69%; (h) naphthalene-2-sulfonyl chloride TEA, DMF, 0 °C, 2 h, 17%.

(2S,3R,4R,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4- dibenzyloxy-5-(benzyloxy
methyl)tetrahydrofuran-2-ol (111)

BnO i N
/ OH \

Bn(j an =

To a suspension of 7-iodopyrrolo[2,1-f][1,2,4]triazin-4-amine (4.92 g, 18.9 mmol) and chloro-
[2-[chloro(dimethyl)silyl]lethyl]-dimethyl-silane (4.07 g, 18.9 mmol)in THF (70 mL) was
added n-butyllithium (24.1 mL, 2.5 M in hexane) at -78 °C under inert atmosphere. The
reaction mixture was stirred for 30 min prior to the addition of a solution of compound 110
(7.20 g, 17.2 mmol) in THF (20 mL) and then further stirred at -78 °C for 1 h. The reaction was
guenched with sat. ag. ammonium chloride solution (150 mL) at 0 °C and then extracted with
EtOAc (3 x 50 mL). The combined organic layers were washed with sat. aq. sodium bicarbonate
(80 mL), brine (80 mL), dried over sodium sulfate, filtered, and the filtrate was concentrated
under reduced pressure. The residue was purified by flash column chromatography
(petroleum ether/ethyl acetate gradient 2-100%) to afford compound 111 (2.50 g, 26% yield)
as yellow oil. LCMS (ES*, Method 2) m/z 575.4 [M+Na]*; *H NMR (400 MHz, DMSO-ds): 6 8.07
(s, 2H), 7.99 (s, 1H), 7.36 - 7.23 (m, 13H), 7.17 - 7.12 (m, 2H), 6.99 - 6.98 (m, 1H), 6.94 (d, J =
4.8 Hz, 1H), 5.38 (d, J = 6.0 Hz, 1H), 5.07 (d, J = 5.2 Hz, 1H), 7.57 (dd, J = 11.6, 2.4 Hz, 2H), 4.49
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- 4.44 (m, 4H), 4.01 - 4.00 (m, 1H), 3.92 (t, J = 6.0 Hz, 1H), 3.68 (dd, J = 10.0, 3.2 Hz, 1H), 3.46
(dd, J = 10.0, 6.4 Hz, 1H).

7-[(25,3S,4R,5R)-3,4-Dibenzyloxy-5-(benzyloxymethyl) tetrahydrofuran-2-yl]pyrrolo[2,1-
f1[1,2,4]triazin-4-amine (112)

o_ J \_ NH,
N
BnO \\‘

Bnd %)Bn

To a solution of compound 111 (2.00 g, 3.62 mmol) and triethylsilane (1.50 mL, 9.41
mmol) in DCM (20 mL) was added dropwise boron trifluoride diethyl etherate (1.43 mL, 5.43
mmol, 47% purity) at O °C under inert atmosphere and stirred for 2 h. The reaction mixture
was quenched with sat. aqg. sodium bicarbonate (50 mL) at0 °C, and then extracted
with DCM (3 x 20 mL). The combined organic layers were dried over sodium sulfate, filtered
and the filtrate was concentrated under reduced pressure. The residue was purified by flash
column chromatography (petroleum ether/ethyl acetate gradient 0-50%) to afford compound
112 (1.90 g, 97% yield) As yellow oil. LCMS (ES*, Method 3) m/z 537.4 [M+H]*; H NMR (400
MHz, CDCls): 6 7.92 (s, 1H), 7.36 - 7.28 (s, 15H), 6.73 (d, J = 4.8 Hz, 1H), 6.60 (d, J = 4.4 Hz, 1H),
5.68 (d, J = 4.0 Hz, 1H), 4.74 (s, 2H), 4.63 - 4.53 (m, 3H), 4.47 - 4.44 (m, 1H), 4.42 - 4.40 (m,
1H), 4.27 (t, J = 4.4 Hz, 1H), 4.16 - 4.14 (m, 1H), 3.79 (dd, J = 10.8, 3.6 Hz, 1H), 3.67 (dd, J =
10.8, 4.0 Hz, 1H).

(2S,3R,4S,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl) -5-(hydroxymethyl) tetra
hydrofuran-3,4-diol (113)
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To a solution compound 112 (1.90 g, 3.54 mmol) in acetic acid (30 mL) was added Pd/C (1.00
g, 354 umol, 10% wt.) under inert atmosphere. The reaction mixture was degassed and
refilled with H; three times and stirred under a H, atmosphere (50 psi) at RT for 16 h. The
mixture was filtered, and the filtrate was concentrated under reduced pressure to afford

compound 113 (800 mg, 84% vyield) as a white solid. The isolated product was used in the
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following step without any further purification. LCMS (ES*, Method 4) m/z 267.1 [M+H]*; H
NMR (400 MHz, DMSO-de): 6 7.82 (s, 1H), 7.68 (s, 1H), 6.84 (d, J = 4.8 Hz, 1H), 6.68 (d, /= 4.8
Hz, 1H), 5.11 (d, J = 6.8 Hz, 1H), 4.23 (t, J = 6.0 Hz, 1H), 3.95 (t, J = 5.6 Hz, 1H), 3.79 (g, J = 4.8
Hz, 1H), 3.55 (dd, J = 12.0, 4.0 Hz, 1H), 3.45 (dd, J = 12.4, 5.2 Hz, 1H).

[(3a$,4S,6R,6aR)-4-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2,2 -dimethyl-3a,4,6,6a-
tetrahydrofuro[3,4-d][1,3]dioxol-6-yllmethanol (114)
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To a solution of compound 113 (800 mg, 3.00 mmol) in DMF (10 mL) and acetone (10 mL) was
added 2,2-dimethoxypropane (368 uL, 3.00 mmol) and 4-methylbenzenesulfonic acid (628
mg, 3.31 mmol) and stirred at 60 °C for 16 h. The reaction mixture was cooled to RT, quenched
with sat. ag. sodium bicarbonate (50 mL) and extracted with EtOAc (3 x 30 mL). The combined
organic layers were washed with brine (3 x 20 mL), dried over sodium sulfate, filtered and the
filtrate was concentrated under reduced pressure. The residue was purified by reverse column
chromatography (0.05% TFA in water/MeCN gradient 0-55%) to afford compound 114 (850
mg, 92% yield) as a white solid. LCMS (ES*, Method 3) m/z 307.2 [M+H]*; 'H NMR (400 MHz,
DMSO-ds): 6 7.85 (s, 1H), 7.74 (s, 2H), 6.84 (d, J = 4.4 Hz, 1H), 6.74 (d, J = 4.4 Hz, 1H), 5.22 (d,
J=4.8Hz, 1H),5.03 (t,J = 5.2 Hz, 1H), 4.88 (t, J = 6.0 Hz, 1H), 4.72 (dd, J = 6.8, 4.0 Hz, 1H), 3.97
(9, = 4.0 Hz, 1H), 3.48 (t, J = 5.6 Hz, 2H), 1.50 (s, 3H),1.30 (s, 3H).

7-[(3aS,4S,6R,6aR)-6-(Azidomethyl)-2,2-dimethyl-3a,4,6,6a-tetrahydrofuro[3,4-d][1,3]
dioxol-4-yl]pyrrolo[2,1-f][1,2,4]triazin-4-amine (115)

o J/ \ NH,
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To a solution of compound 114 (480 mg, 1.57 mmol) and triphenylphosphine (575 mg, 2.19
mmol) in THF (6 mL) was added diisopropyl azodicarboxylate (425 pL, 2.19 mmol), followed
by a solution of diphenyl phosphoryl azide (473 uL 2.19 mmol) in THF (2 mL) at 0°C under inert
atmosphere. The reaction mixture was warmed to RT, stirred for 16 h and then concentrated
under reduced pressure. The residue was purified by reverse column chromatography
(0.05% TFA in water/MeCN gradient 0-25%) to afford compound 115 (300 mg, 57% vyield) as
a white solid. LCMS (ES*, Method 1) m/z 332.2 [M+H]".

7-[(3aS$,4S,6R,6aR)-6-(Aminomethyl)-2,2-dimethyl-3a,4,6,6a- tetrahydrofuro[3,4-d][1,3]
dioxol-4-yl]pyrrolo[2,1-f][1,2,4]triazin-4-amine (116)
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To a solution of compound 115 (300 mg, 0.91 mmol) in THF (5 mL) and water (0.5 mL) was
added triphenylphosphine (284 mg, 1.09 mmol) and stirred at 40 °C for 16 h. The reaction
mixture was cooled to RT and then concentrated under reduced pressure. The residue was
purified by reverse column chromatography (0.05% NHs'H,0 in water/MeCN gradient 0-25%)
to afford compound 116 (50.0 mg, 18% yield) as a yellow solid. LCMS (ES*, Method 2) m/z
306.21 [M+H]*.

(2R,3S5,4R,55)-2-(Aminomethyl)-5-(4-aminopyrrolo[2,1-f][1,2,4] triazin-7-yl)tetrahydrofuran
-3,4-diol (117)
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To a solution of compound 116 (50.0 mg, 163 umol) in MeOH (3 mL) was added hydrochloric
acid (3 mL, IN in MeOH) and stirred at RT for 2 h. The reaction mixture was then concentrated
under reduced pressure. The residue was purified by reverse column chromatography
(0.05% NH3'H20 in water/MeCN gradient 0-5%) to afford compound 117 (30.0 mg, 69% vyield)
as a yellow solid. LCMS (ES*, Method 6) m/z 266.3 [M+H]".
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N-[[(2R,3S,4R,5S5)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4- dihydroxy-
tetrahydrofuran-2-yllmethyllnaphthalene-2-sulfonamide (34)

OQ dé(/)\N o J/ \ NH,
HO  OH

To a solution of compound 117 (30.0 mg, 113 umol) in DMF (1 mL) was added triethylamine
(47.2 pL 339 pumol) and naphthalene-2-sulfonyl chloride (25.6 mg, 113 umol) at 0 °C and
stirred for 2 h. The reaction mixture was concentrated under reduced pressure. The residue
was purified by prep-HPLC (Method 13) to afford compound 34 (9.23 mg, 17% yield) as an off-
white solid. HRMS (Method 1) m/z [M+H]* calcd for C21H21NsOsS 456.1342; found 456.1329;
IH NMR (400 MHz, DMSO-ds): & 8.45 (s, 1H), 8.12 (t, J = 8.0 Hz, 2H), 8.03 (d, J = 8.0 Hz, 1H),
7.97 (t,J = 6.0 Hz, 1H), 7.83 - 7.81 (m, 2H), 7.75 - 7.64 (m, 4H), 6.81 (d, J = 4.4 Hz, 1H), 6.62 (d,
J=4.4 Hz, 1H), 5.03(t, J = 6.4 Hz, 2H), 4.98 (d, J = 5.2 Hz, 1H), 4.29 (q, J = 6.0 Hz, 1H), 3.90 -
3.86 (m, 1H), 3.85 - 3.82 (m, 1H), 3.03 - 3.01 (m, 1H), 2.96 - 2.94 (m, 1H).

1.9.12 Synthesis of compounds 35-38

Scheme S17
/ \
(a) TBSO
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(a) TBSCI, imidazole, DMF, RT, 2 h, 94%; (b) CCIsCOOH, THF, 0 °C, 4 h, 98%; (c) Ms20 TEA, THF, 0 °C, 2 h, 52%; (d)
RSH, NaH, THF, 0-70 °C, 16 h, 69-89%; (e) KF, DMF, 70 °C, 16 h, 13-72 %.

7-[(2S,3S,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5-[[tert- butyl(dimethyl)
silyllJoxymethyl]tetrahydrofuran-2-yl]pyrrolo[2,1-f][1,2,4]triazin-4-amine (118)
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To a solution of compound 113 (3.00 g, 11.3 mmol) in DMF (30 mL) was added imidazole (8.44
g, 124 mmol) and tert-butylchloro dimethylsilane (7.62 mL, 61.9 mmol) and stirred at RT for 2
h. The reaction mixture was quenched with water (100 mL) and extracted with EtOAc (3 x 50
mL). The combined organic layers were washed with brine (4 x 20 mL), dried over sodium
sulfate, filtered and the filtrate was concentrated under reduced pressure. The residue was
purified by flash column chromatography (petroleum ether/ethyl acetate gradient 0-20%) to
afford compound 118 (6.50 g, 94% yield) as yellow oil. LCMS (ES*, Method 2) m/z 609.5 [M+H]*;
'H NMR (400 MHz, CDCls): 6 7.89 (s, 1H), 6.75 (d, J = 4.8 Hz, 1H), 6.59 (d, J = 4.4 Hz, 1H), 5.37
(d,J=5.6 Hz, 1H), 4.53 - 4.51 (m, 1H), 4.26 - 4.24 (m, 1H), 4.06 (q, J = 4.0 Hz, 1H), 3.90 (dd, J =
10.8, 4.8 Hz, 1H), 3.75 (dd, J = 11.2, 3.6 Hz, 1H), 0.91 (s, 9H), 0.80 (s, 9H), 0.08 (s, 3H), 0.06 (s,
3H), -0.06 (s, 3H), -0.21 (s, 3H).

[(2R,3R,4S,5S5)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl) -3,4-bis[[tert-
butyl(dimethyl)silyl]Joxyltetrahydrofuran-2-yllmethanol (119)
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To a solution of compound 118 (5.00 g, 8.21 mmol) in THF (50 mL) was added a solution of
2,2,2-trichloroacetic acid (13.4 g, 82.2 mmol) in water (15 mL) at O °C and stirred for 4 h. The
reaction mixture was quenched by sat. ag. sodium bicarbonate (100 mL) and extracted with
EtOAc (3 x 50 mL). The combined organic layers were washed with brine (3 x 20 mL), dried
over sodium sulfate, filtered and the filtrate was concentrated under reduced pressure. The
residue was purified by flash column chromatography (petroleum ether/ethyl acetate
gradient 0-25%) to afford compound 119 (4.00 g, 98% vyield) as a white solid. LCMS (ES*,
Method 2) m/z 495.4 [M+H]*; H NMR (400 MHz, CDCls): § 7.92 - 7.91 (m, 1H), 6.71 - 6.70 (m,
1H), 6.61 (d, J = 4.4 Hz, 1H), 5.99 (brs, 2H), 5.28 (s, 1H), 5.11 (d, /= 9.2 Hz, 1H), 4.90 (dd, J =
8.8, 4.8 Hz, 1H), 4.29 (d, J = 4.8 Hz, 1H), 4.15 - 4.10 (m, 1H), 3.89 (dd, J = 12.4, 2.0 Hz, 1H), 3.70
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(d, J = 12.4 Hz, 1H), 0.95 (s, 9H), 0.73 (s, 9H), 0.12 (s, 3H), 0.11 (s, 3H), -0.19 (s, 3H), -0.67 (s,
3H).

[(2R,3R,45,5S5)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis [[tert-
butyl(dimethyl)silyl]oxy]tetrahydrofuran-2-yllmethyl methanesulfonate (120)

o J/ N\ NH,
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To a solution of compound 119 (1.00 g, 2.02 mmol) and triethylamine (2.81 mL, 20.2 mmol)
in THF (10 mL) was added a solution of methanesulfonic anhydride (1.06 g, 6.06 mmol) in THF
(5 mL) at 0 °C under inert atmosphere and stirred for 2 h. The reaction mixture was quenched
with sat. ag. sodium bicarbonate (20 mL) at 0 °C, and then extracted with EtOAc (3 x 20 mL).
The combined organic layers were washed with brine (3 x 10 mL), dried over sodium sulfate,
filtered and the filtrate was concentrated under reduced pressure. The residue was purified
by flash column chromatography (petroleum ether/ethyl acetate gradient 0-50%) to afford
compound 120 (600 mg, 52% yield) as a white solid. LCMS (ES*, Method 2) m/z 573.4 [M+H]*;
1H NMR (400 MHz, CDCls): § 7.94 (s, 1H), 6.72 (d, J = 4.4 Hz, 1H), 6.62 (d, J = 4.4 Hz, 1H), 5.67
(s, 2H), 5.39 (d, J = 3.6 Hz, 1H), 4.55 - 4.50 (m, 2H), 4.42 (dd, J = 11.2, 4.8 Hz, 1H), 4.29 - 4.21
(m, 2H), 2.96 (s, 3H), 0.93 (s, 9H), 0.87 (s, 9H), 0.11 (s, 3H), 0.09 (s, 3H), 0.02 (s, 3H), -0.06 (s,
3H).

7-[(2S,3S,4R,55)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl) -3,4-bis[[tert-butyl(dimethyl)
silylJoxy]tetrahydrofuran-2-yl]pyrrolo[2,1-f][1,2,4]triazin-4-amine (121a)

|
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To a solution of compound 120 (100 mg, 174 umol) in DMF (1 mL) was added 1,3-benzothiazol-
2-ylsulfanyl sodium (165 mg, 872 umol) and stirred at 50 °C for 16 h. The reaction mixture was
cooled to RT, quenched with water (20 mL) and extracted with EtOAc (3 x 10 mL). The

combined organic layers were washed with brine (3 x 10 mL), dried over sodium sulfate,
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filtered and the filtrate was concentrated under reduced pressure. The residue was purified
by flash column chromatography (petroleum ether/ethyl acetate gradient 0-50%) to afford
compound 121a (100 mg, 89% yield) as a yellow solid. LCMS (ES*, Method 2) m/z 644.4 [M+H]";
1H NMR (400 MHz, CDCls): 6 7.91 (s, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 7.6 Hz, 1H), 7.42
(t, J = 7.2 Hz, 1H), 7.32 - 7.29 (m, 1H), 6.77 (d, J = 4.8 Hz, 1H), 6.64 (d, J = 4.8 Hz, 1H), 5.70 (s,
2H), 5.34 (d, J = 5.6 Hz, 1H), 4.75 (t, J = 4.4 Hz, 1H), 4.44 (q, J = 4.4 Hz, 1H), 4.26 (t, J = 4.0 Hz,
1H), 3.95 (dd, J = 13.6, 5.6 Hz, 1H), 3.70 (dd, J = 13.6, 6.4 Hz, 1H), 0.94 (s, 9H), 0.80 (s, 9H),
0.11 (s, 3H), 0.09 (s, 3H), -0.07 (s, 3H), -0.24 (s, 3H).

7-[(2S,3S,4R,5S)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5-[(6-methyl -1,3-benzothiazol-2-
yl)sulfanylmethyl]tetrahydrofuran-2-yl]pyrrolo[2,1-f][1,2,4]triazin-4-amine (121b)

|
N B N
TBSO OTBS Y

To a solution of 6-methyl-1,3-benzothiazole-2-thiol (63.3 mg, 349 umol) in THF (2 mL) was
added sodium hydride (13.9 mg, 349 umol, 60% dispersion in mineral oil) at 0°C under inert
atmosphere and stirred for 30 min. A solution of compound 120 (100 mg, 174 umol) in THF (2
mL) was added and gradually heated to 70 °C and stirred for 16 h. The reaction mixture was
cooled to RT, quenched with water (20 mL) and extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with brine (10 mL), dried over sodium sulfate, filtered
and the filtrate was concentrated under reduced pressure. The residue was purified by flash
column chromatography (petroleum ether/ethyl acetate gradient 0-50%) to afford compound
121b (80.0 mg, 69% yield) as a white solid. LCMS (ES*, Method 2) m/z 658.4 [M+H]*; *H NMR
(400 MHz, CDCls): 6 7.91 (s, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.54 (s, 1H), 7.22 (d, J = 8.4 Hz, 1H),
6.77 (d, J= 4.8 Hz, 1H), 6.64 (d, J = 4.8 Hz, 1H), 5.67 (s, 2H), 5.34 (d, J = 5.6 Hz, 1H), 4.75 (dd, J
= 5.6, 4.8 Hz, 1H), 4.44 - 4.40 (m, 1H), 4.25 (t, J = 4.0 Hz, 1H), 3.92 (dd, J = 13.6, 5.6 Hz, 1H),
3.68 (dd, J=13.6, 6.4 Hz, 1H), 0.93 (s, 9H), 0.80 (s, 9H), 0.10 (s, 3H), 0.08 (s, 9H), -0.10 (s, 3H),
-0.30 (s, 3H).

7-[(2S,3S,4R,55)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]-5- (2-naphthylsulfanylmethyl)
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tetrahydrofuran-2-yl]pyrrolo[2,1-f][1,2,4]triazin-4-amine (121c)

S 0 /’E‘\ \NNH2

TBSO OTBS

To a solution of naphthalene-2-thiol (55.9 mg, 349 umol) in THF (2 mL) was added sodium
hydride (13.9 mg, 349 umol, 60% dispersion in mineral oil) at 0 °C under inert atmosphere and
stirred for 30 min. A solution of compound 120 (100 mg, 174 umol) in THF (2 mL) was added,
gradually then heated to 70 °C and stirred for 16 h. The reaction mixture was cooled to RT,
guenched with water (20 mL) and extracted with EtOAc (3 x 10 mL). The combined organic
layers were washed with brine (10 mL), dried over sodium sulfate, filtered and the filtrate was
concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate gradient 0-50%) to afford compound 121c
(80.0 mg, 72% yield) as a white solid. LCMS (ES*, Method 2) m/z 637.5 [M+H]*; *H NMR (400
MHz, CDCls): & 7.92 (s, 1H), 7.80 (s, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.73 (d, J = 8.8 Hz, 1H), 7.70
(d, J = 7.6 Hz, 1H), 7.48 - 7.41 (m, 3H), 6.74 (d, J = 4.4 Hz, 1H), 6.60 (d, J = 4.4 Hz, 1H), 5.62 (s,
2H), 5.33 (d, J = 5.6 Hz, 1H), 4.72 (t, J = 4.8 Hz, 1H), 4.32 (g, J = 4.8 Hz, 1H), 4.24 (t, J = 4.4 Hz,
1H), 3.53 (dd, J = 14.0, 6.4 Hz, 1H), 3.36 (dd, J = 14.0, 6.0 Hz, 1H), 0.91 (s, 9H), 0.79 (s, 9H),
0.08 (s, 3H), 0.07 (s, 3H), 0.01 (s, 3H), -0.24 (s, 3H).

7-[(28,3S,4R,5S5)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]- 5-(2-quinolylsulfanylmethyl)
tetrahydrofuran-2-yl]pyrrolo[2,1-f][1,2,4]triazin-4- amine (121d)

73 o 7\ NH,
§/

z-Z

TBSO OTBS

To a solution of quinoline-2-thiol (56.3 mg, 349 umol) in THF (2 mL) was added sodium hydride
(13.9 mg, 349 umol, 60% dispersion in mineral oil) at 0°C under inert atmosphere and stirred
for 30 min. A solution of compound 120 (100 mg, 174 umol) in THF (2 mL) was then added
and gradually heated to 70 °C and stirred for 16 h. The reaction mixture was cooled to RT,

guenched with water (20 mL) and extracted with EtOAc (3 x 10 mL). The combined organic
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layers were washed with brine (10 mL), dried over sodium sulfate, filtered and the filtrate was
concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate gradient 0-50%) to afford compound 121d
(80.0 mg, 72%) as a white solid. LCMS (ES*, Method 2) m/z 638.5 [M+H]*; *H NMR (400 MHz,
CDCl3): 6 7.95 - 7.94 (m, 2H), 7.89 (d, J = 8.4 Hz, 1H), 7.72 (d, J = 8.0 Hz, 1H), 7.64 (td, J= 7.2,
1.6 Hz, 1H), 7.44 (t, J = 6.8 Hz, 1H), 7.25 (d, J = 8.8 Hz, 1H), 6.79 (d, J = 4.4 Hz, 1H), 6.63 (d, J =
4.4 Hz, 1H), 5.70 (s, 2H), 5.36 (d, J = 6.0 Hz, 1H), 4.79 (dd, / = 5.6, 4.4 Hz, 1H), 4.43 - 4.39 (m,
1H), 4.24 (t, J = 4.0 Hz, 1H), 3.99 (dd, J = 14.0, 6.4 Hz, 1H), 3.70 (dd, J = 14.0, 6.8 Hz, 1H), 0.92
(s, 9H), 0.77 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H), -0.15 (s, 3H), -0.28 (s, 3H).

(25,3R,4S5,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- (1,3-benzothiazol-2-
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (35)

H

el
-~ - \
HO N~

O\\

To a solution of compound 121a (100 mg, 0.16 mmol) in DMF (1 mL) was added potassium
fluoride (90.2 mg, 1.55 mmol) and stirred at 70 °C for 16 h. The reaction mixture was cooled
to RT and then concentrated under reduced pressure. The residue was purified by prep-HPLC
(Method 14) to afford compound 35 (59.6 mg, 91% vyield) as a white solid. HRMS (Method 1)
m/z [M+H]" calcd for C1sH17Ns03S; 416.0851; found 416.0830; *H NMR (400 MHz, DMSO-db):
58.00 (d, J = 7.6 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.84 (s, 1H), 7.70 (brs, 2H), 7.47 (td, J = 8.0,
0.8 Hz, 1H), 7.36 (td, J = 8.0, 0.8Hz, 1H), 6.85 (d, J = 4.4 Hz, 1H), 6.70 (d, J = 4.4 Hz, 1H), 5.19
(dd, J = 6.0, 4.0 Hz, 2H), 5.15 (d, J = 6.0 Hz, 1H), 4.35 (g, J = 5.6 Hz, 1H), 4.12 (q, J = 6.4Hz, 1H),
4.03 (q, J = 4.8 Hz, 1H), 3.77 (dd, J = 13.2, 4.8 Hz, 1H), 3.60 (dd, J = 13.2, 6.8 Hz, 1H). 13C NMR
(126 MHz, DMSO-de) 6 166.61, 155.58, 152.61, 147.74, 134.61, 128.40, 126.37, 124.46,
121.80, 121.08, 114.94, 109.55, 100.79, 81.10, 76.16, 73.76, 73.68, 35.90. [a]p?° = -10.9 (c=0.1,
MeOH).

(25,3R,4S5,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- [(6-methyl-1,3-benzothiazol-2-
yl)sulfanylmethyl]tetrahydrofuran-3,4-diol (36)
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To a solution of compound 121b (80.0 mg, 0.12 mmol) in DMF (1 mL) was added potassium
fluoride (70.6 mg, 1.22 mmol) and stirred at 70 °C for 16 h. The reaction mixture was cooled
to RT and then concentrated under reduced pressure. The residue was purified by prep-HPLC
(Method 15) to afford compound 36 (6.85 mg, 13% vyield) as a white solid. HRMS (Method 1)
m/z [M+H]" calcd for C19H19N503S2 430.1008; found 430.1006; *H NMR (400 MHz, DMSO-db):
57.83 (s, 1H), 7.79 (s, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.70 (brs, 1H), 7.28 (d, J = 7.6 Hz, 1H), 6.85
(d, J = 4.4 Hz, 1H), 6.69 (d, J = 4.4 Hz, 1H), 5.17 (t, J = 6.4 Hz, 2H), 5.13 (d, J = 6.4 Hz, 1H), 4.34
(g, J=5.2 Hz, 1H), 4.10 (d, J = 6.4 Hz, 1H), 4.02 (q, J = 4.8 Hz, 1H), 3.73 (dd, J = 13.6, 5.2 Hz,
1H), 3.57 (dd, J = 12.8, 6.4 Hz, 1H), 2.41 (s, 3H).

(2S,3R,4S5,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)- 5-(2-naphthylsulfanylmethyl)
tetrahydrofuran-3,4-diol (37)

To a solution of compound 121c (80.0 mg, 0.13 mmol) in DMF (1 mL) was added potassium
fluoride (72.9 mg, 1.26 mmol) and stirred at 70 °C for 16 h. The reaction mixture was cooled
to RT and then concentrated under reduced pressure. The residue was purified by prep-HPLC
(Method 16) to afford compound 37 (21.6 mg, 42% yield) as a white solid. HRMS (Method 1)
m/z [M+H]* calcd for C21H20N403S 409.1334; found 409.1345; *H NMR (400 MHz, DMSO-dp):
57.89-7.82 (m, 4H), 7.81 (d, J = 8.0 Hz, 1H), 7.69 (brs, 2H), 7.51 - 7.43 (m, 3H), 6.84 (d, J = 4.8
Hz, 1H), 6.70 (d, /= 4.4 Hz, 1H), 5.18 (d, /= 6.0 Hz, 1H), 5.10 (d, /= 5.6 Hz, 2H), 4.34 (q, /= 5.2
Hz, 1H), 4.04 - 3.97 (m, 2H), 3.42 (dd, J = 13.6, 4.8 Hz, 1H), 3.30 - 3.25 (m, 1H).

(2S,3R,4S5,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- (2-quinolylsulfanylmethyl)
tetrahydrofuran-3,4-diol (38)
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To a solution of compound 121d (80.0 mg, 0.13 mmol) in DMF (1 mL) was added potassium
fluoride (72.8 mg, 1.25 mmol) and stirred at 70 °C for 16 h. The reaction mixture was cooled
to RT and then concentrated under reduced pressure. The residue was purified by prep-HPLC
(Method 17) to afford compound 38 (9.52 mg, 19% vyield) as a white solid. HRMS (Method 1)
m/z [M+H]* calcd for C20H19Ns03S 410.1287; found 410.1289; *H NMR (400 MHz, DMSO-ds): 6
8.16 (d, J = 8.8 Hz, 1H), 7.89 (t, J = 8.4 Hz, 2H), 7.84 (s, 1H), 7.74 - 7.70 (m, 2H), 7.51 (t, J = 7.6
Hz, 1H), 7.40 (d, J = 8.4 Hz, 1H), 6.86 (d, J = 4.4 Hz, 1H), 6.72 (d, J = 4.4 Hz, 1H), 5.17 (d, J = 6.0
Hz, 1H), 5.08 (t, J = 5.6 Hz, 2H), 4.39 (q, J = 5.6 Hz, 1H),4.07 (q, J = 4.8 Hz, 1H), 4.01 (q, J = 4.8
Hz, 1H), 3.70 (dd, J = 13.6, 6.0 Hz, 1H), 3.55 (dd, J = 13.6, 6.4 Hz, 1H).

1.9.13 Synthesis of compounds 39 and 40

Scheme S17
o AN o J N er o TV QT o J N
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124 39
(a) 1BX, MeCN, 80 °C, 2 h, 80%; (b) (benzo[d]thiazol-2-ylmethyl)triphenylphosphonium chloride, KHMDS, THF, -
60 °C, 3 h, 79%; (c) KF, DMF, 70 °C, 16 h, 32%; (e) Hz, Pd/C, THF, RT, 2 h, 95%; (f) KF, DMF, 70 °C, 16 h, 56%

(2S,3R,4S,5S)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis [[tert-
butyl(dimethyl)silyl]Joxy]tetrahydrofuran-2-carbaldehyde (122)

o J N\ NH,
N
o
.
TBSO OTBS
To a solution of compound 119 (300 mg, 0.61 mmol) in MeCN (10 mL) was added 1-hydroxy-
1,2-benziodoxol-3(1H)-one 1-oxide (339 mg, 1.21 mmol) and stirred at 80 °C for 2 h. The

reaction mixture was cooled to RT, quenched with sat. ag. sodium sulfite (10 mL) and

extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine (3 x
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10 mL), dried over sodium sulfate, filtered and the filtrate was concentrated under reduced
pressure. The residue was purified by flash column chromatography (petroleum ether/ethyl
acetate gradient 0-33%) to afford compound 122 (240 mg, 80% yield) as a yellow solid. LCMS
(ES*, Method 2) m/z 493.4 [M+H]*; *H NMR (400 MHz, CDCls): § 9.98 (s, 1H), 7.96 - 7.89 (m,
1H), 7.44 (t,J=7.6 Hz, 1H), 7.15 (t, J = 8.0 Hz, 1H), 6.81 - 6.77 (m, 1H), 5.38 (d, J = 6.8 Hz, 1H),
4.92-4.89 (m, 1H), 4.76 - 4.74 (m, 1H), 1.01 (s, 9H), 0.81 (s, 9H), 0.16 (s, 3H), 0.15 (s, 3H), 0.08
(s, 1H), 0.05 (s, 3H).

7-[(28,3S,4R,5R)-5-[(E)-2-(1,3-Benzothiazol-2-yl)vinyl]-3,4-bis [[tert-butyl(dimethyl)
silylJoxy]tetrahydrofuran-2-yl]pyrrolo[2,1-f][1,2,4]triazin-4-amine (123)

Q—N o J N\ NH,
\ J N \N

S N
TBSO  0OTBS

To a solution of (benzo[d]thiazol-2-ylmethyl)triphenylphosphonium chloride (108 mg, 243
umol) in THF (3 mL) was added dropwise potassium bis(trimethylsilyl) amide (244 uL, 1.0 M
in THF) at -60 °C under nitrogen and stirred for 30 min. A solution of compound 122 (80.0 mg,
162.35 umol) in THF (2 mL) was added and stirred for 1 h. The reaction mixture was quenched
with sat. ag. ammonium chloride (20 mL) and extracted with EtOAc (3 x 10 mL). The combined
organic layers were washed with brine (2 x 10 mL), dried over sodium sulfate, filtered and the
filtrated was concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/ethyl acetate gradient 0-33%) to afford compound 123
(80.0 mg, 79% vyield) as a yellow solid. LCMS (ES*, Method 2) m/z 624.5 [M+H]*; *H NMR (400
MHz, CDCl3): & 8.02 - 8.00 (m, 3H), 7.98 (s, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.48 (t, J = 7.6 Hz, 1H),
7.39 (t, J = 7.2 Hz, 1H), 7.17 (dd, J = 12.0, 1.2 Hz, 1H), 6.93 (dd, J = 12.0, 6.4 Hz, 1H), 6.75 (d, J
= 4.4 Hz, 1H), 6.67 (d, J = 4.4 Hz, 1H), 5.64 (s, 2H), 5.45 (d, J = 3.6 Hz, 1H), 4.74 (t, J = 6.0 Hz,
1H), 4.59 (t, J = 4.4 Hz, 1H), 4.18 - 4.15 (m, 1H), 0.94 (s, 9H), 0.89 (s, 9H), 0.09 (s, 3H), 0.08 (s,
3H), 0.03 (s, 3H), -0.06 (s, 3H).

(2S,3R,4S,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-[(E)-2- (1,3-benzothiazol-2-
yl)vinyl]tetrahydrofuran-3,4-diol (40)
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To a solution of compound 123 (50.0 mg, 80.1 umol) in DMF (1 mL) was added potassium
fluoride (46.5 mg, 801 umol) and stirred at 70 °C for 16 h. The reaction mixture was cooled to
RT and then concentrated under reduced pressure. The residue was purified by prep-HPLC
(Method 18) to afford compound 40 (10.0 mg, 32% vyield) as a yellow solid. HRMS (Method 1)
m/z [M+H]* calcd for C19H17Ns03S 396.1130; found 396.1139; *H NMR (400 MHz, DMSO-db):
6 8.07 (d, J=7.6 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.87 (s, 1H), 7.74 (brs, 2H), 7.50 (td, J = 8.0,
0.8 Hz, 1H), 7.43 (td, J = 8.4, 1.2 Hz, 1H), 7.00 - 6.88 (m, 3H), 6.70 (d, J = 4.4 Hz, 1H), 5.33 - 5.25
(m, 3H), 4.51 (t, J = 5.2 Hz, 1H), 4.32 (q, J = 4.8 Hz, 1H), 4.04 (g, J = 5.2 Hz, 1H).

7-((2S,3S,4R,5R)-5-(2-(benzo[d]thiazol-2-yl)ethyl)-3,4-bis((tert-butyl dimethylsilyl)
oxy)tetrahydrofuran-2-yl)pyrrolo[2,1-f][1,2,4]triazin-4-amine (124)

QR‘ o) [\ NH,
N
v N

S . Ny
TBSO  OTBS

To a solution of compound 123 (100 mg, 160 umol) in THF (10 mL) was added Pd/C (50.0 mg,
160 pumol, 10% wt.) under inert atmosphere. The suspension was degassed under vacuum and
purged with H; several times. The reaction mixture was stirred under H (50 psi) at RT for 2 h,
and then filtered. The filtrate was concentrated under reduced pressure. The residue was
purified by flash column chromatography (petroleum ether/ethyl acetate gradient 0-33%) to
afford compound 124 (95.0 mg, 95% yield) as a yellow oil. LCMS (ES*, Method 2) m/z 626.5
[M+H]*; *H NMR (400 MHz, CDCls): & 7.98 (d, J = 8.4 Hz, 1H), 7.93 (s, 1H), 7.85 (d, J = 8.0 Hz,
1H), 7.46 (t, J = 7.6 Hz, 1H), 7.36 (t, J = 7.6Hz, 1H), 6.68 (d, J = 4.4 Hz, 1H), 6.60 (d, J = 4.4 Hz,
1H), 5.70 (s, 2H), 5.32 (d, J = 4.8 Hz, 1H), 4.67 (t, J = 4.4 Hz, 1H), 4.17 - 4.15 (m, 1H), 4.04 (t, J
= 4.4 Hz, 1H), 3.46 - 3.39 (m, 1H), 3.28 - 3.21 (m, 1H), 2.34 - 2.27 (m, 2H), 0.93 (s, 9H), 0.83 (s,
9H), 0.12 - 0.09 (m, 6H), -0.06 (s, 3H), -0.21 (s, 3H).

(25,3R,4S,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- [2-(1,3-benzothiazol-2-
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yl)ethyl]tetrahydrofuran-3,4-diol (39)

HO OH

To a solution of compound 124 (90.0 mg, 0.14 mmol) in DMF (2 mL) was added potassium
fluoride (83.5 mg, 1.44 mmol) and stirred at 70 °C for 16 h. The reaction mixture was cooled
to RT and then concentrated under reduced pressure. The residue was purified by prep-HPLC
(Method 19) to afford compound 39 (32.7 mg, 56% vyield) as a white solid. HRMS (Method 1)
m/z [M+H]* calcd for C19H19Ns03S 398.1287; found 398.1292; *H NMR (400 MHz, DMSO-ds): 6
8.05 (d, J=8.0Hz, 1H), 7.93 (d, /= 8.0 Hz, 1H), 7.84 (s, 1H), 7.70 (brs, 2H), 7.48 (td, /= 8.0, 0.8
Hz, 1H), 7.43 (td, J = 8.4, 1.2 Hz, 1H), 7.40 (dt, J = 8.4, 1.2 Hz, 1H), 6.85 (d, J = 7.6 Hz, 1H), 6.65
(d,J=4.4Hz, 1H), 5.14 (d, /= 5.6 Hz, 1H), 5.05 (d, J = 6.0 Hz, 1H), 4.98 (d, /= 5.6 Hz, 1H), 4.26
(9,4=5.2 Hz, 1H), 3.89 - 3.83 (m, 2H), 3.23 - 3.17 (m, 2H), 2.02 - 2.18 (m, 1H), 2.08 - 2.05 (m,
1H). 3C NMR (126 MHz, DMSO-dg) 6 171.39, 155.60, 152.81, 147.74, 134.68, 128.91, 126.01,
124.78, 122.13, 122.06, 114.86, 109.48, 100.79, 81.30, 76.31, 74.39, 73.91, 33.03, 30.00.
[a]p? = -5.3 (c=0.1, MeOH).
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2 Supplementary Information

2.1 Crystallography table

Compound

PDB ID
Wavelength
Resolution range

Space group
Unit cell

Total reflections
Unique reflections
Multiplicity
Completeness (%)
Mean I/sigma(I)
Wilson B-factor
R-merge

R-meas

CC1/2

Reflections used in
refinement

Reflections used for R-free
R-work

R-free

1
9SOM
0.9537

63.96 - 2.85
(2.90 — 2.85)
P1211

67.59 101.86 91.02

90 108.9 90
110868 (6040)

26758 (1348)
4.1 (4.5)
97.5 (100.0)
12.3 (1.4)
72.26
0.089 (1.031)
0.102 (1.165)
0.998 (0.556)
25322 (1342)

625 (64)
0.2307
0.2817

5
9SAJ
0.9537

64.04 -2.48
(2.52 - 2.48)
P1211

67.81 102.36 90.74 67.38 102.05 90.87  67.69 101.63 91.41

90 109.2 90
174595 (9276)

40958 (2075)
43 (4.5)
98.6 (100.0)
13.1 (1.3)
61.48
0.060 (0.993)
0.069 (1.128)
0.999 (0.647)
39956 (2064)

997 (97)
0.1978
0.2378

SARS-CoV-2 nsp14

6
9SAK
1.0000

44.84 -2.30
(2.34 -2.30)
P1211

90 108.7 90

218043 (11092)

50538 (2551)
43 (4.3)
97.7 (100.0)
16.8 (1.5)
66.24
0.039 (0.825)
0.044 (0.941)
0.999 (0.675)
49304 (2540)

1224 (135)
0.1984
0.2487

18
9SAL
1.0000

41.26 -2.29
(2.33 - 2.29)
P1211

90 108.6 90

290731 (15520)

51355 (2638)
5.7(5.9)
97.4 (100.0)
16.3 (1.3)
70.21
0.044 (0.980)
0.048 (1.077)
0.999 (0.653)
50028 (2609)

1304 (136)
0.2012
0.2281

26
9SAM
1.0000

44.59 -2.54
(2.58 —2.54)
P1211

90 109.4 90
140935 (7106)

36568 (1911)
3.9 (3.7)
94.5 (99.9)
14.8 (1.3)
75.80
0.045 (0.926)
0.052 (1.086)
0.999 (0.633)
35664 (1905)

884 (94)
0.1936
0.2282

27
9SAN
1.0000

44.79 -2.73
(2.77 - 2.73)
P1211

67.58 101.9991.19 67.81 102.08 91.25

90 109.3 90
134961 (6843)

31372 (1558)
43 (4.9)
99.9 (100.0)
10.4 (1.3)
73.51
0.086 (1.105)
0.099 (1.257)
0.984 (0.473)
28313 (1556)

717 (82)
0.2122
0.2647
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Overall number of atoms
in macromolecules
in ligands
in waters
Protein residues
RMS (bonds)
RMS (angles)
Ramachandran favored
(%)
Ramachandran allowed
(%)
Ramachandran outliers
(%)
Rotamer outliers (%)
Clashscore
Average B-factor
for macromolecules
for ligands
for solvent

7111
7019
73
19
897
0.014
1.727
95.34

4.66

0.00

0.68
1.25
74.02
74.13
65.02
68.27

7225
6983
119
123
884
0.014
1.701
97.23

2.77

0.00

0.82
0.58
67.05
67.23
64.78
58.88

Table S1. X-ray crystallography data collection and refinement statistics.

7063
6806
115
142
876
0.014
1.688
97.17

2.83

0.00

0.87
0.60
75.91
76.18
71.95
66.36

7012
6826
87
99
881
0.014
1.708
97.79

2.21

0.00

0.58
0.60
82.16
82.42
77.27
68.43

7105
6920
83
102
886
0.014
1.682
97.93

2.07

0.00

0.42
0.22
81.72
81.96
72.83
73.00

6898
6773
72
53
882
0.014
1.751
94.78

5.22

0.00

0.89
1.54
74.65
74.84
62.25
67.14
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2.2 ADME Summary Tables

Table S2
_N
R 74
@
N ~ X
HO  ©OH
RNMT Mouse liver Mic Clint
nsp14 CHI-
Compound R ICso/ . .
ICeo/ UM logD MUmin/g  Ti2/ min
uM

1 @;@ 0.42+0.3 >100 1.2 1.0 > 30

S
2 L4 0262007 >100 16 1.4 >30
3 @[}% 1.2£0.15 >100 1.6 2.6 25.7
4 61211 >100 2.0 5.0 13.2

H H

5 ~Ny 19030 >100 -0.2 <0.5 >30
6 0.31+£0.12 >100 1.8 2.5 26.9

X
7 = 0.33+0.09 >100 1.3 2.0 > 30

X
8 = 1.1£0.07 >100 1.7 1.4 > 30

X
9 = 0.39+0.06 70.5 1.7 2.2 > 30

X

10 L 0.36+0.11 >100 0.6 0.7 > 30
11 [}{ >100 >100 0.3 <0.5 > 30
12 N 1512 9.3 0.3 ; ;
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N
+ > >
13 @ﬂ 0.82+0.13 100 0.8 0.7 30
14 @Oﬁ 0.67+0.02 >100 1.0 0.5 > 30
H
15 @“ﬁ 0.59+0.11 >100 0.3 <0.5 > 30
16 \ *79+18 >100 0.7 - -
_NH
NN
17 L 6.9+ 4.6 31.1 0.1 6.0 11.1
Table S3
—N
Q3 eme Py
et
HO  H I
nsp14 RNMT  cHi- Mouse liver
X Y R
ICso/ UM ICso/pM 108D 1.,/ min
1 o) N - 0.420 = 0.3 >100 1.2 > 30
26 CH, N - 0.053 +0.03 > 100 1.5 > 30
27 o) C H 0.055 = 0.02 >100 1.6 > 30
28 CH, C H 0.308 +0.34 22.8 1.8 > 30
29 o) C CN  0.170 £0.02 >100 1.8 12.1
30 o) C C=CH 0.054+0.01 >100 2.0 10.1
31 o) C Et  0.250+0.2 >100 2.1 3.9
Table S4
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= NH RO J N\ NH,
e :
HO:, "’ N§/ HO\\ 7 N§/
OH Base A Base B
25,3233 34 40
CHI Mouse liver Mic Clint
# R Base mL/min/g T2/
log min
D
25 %ﬁ‘\ﬁf A1 1.0 >30
32 gf’A A 15 1.0 > 30
g H
33 %5\4’ A 13 <05 >30
34 g9A B 1.6 6.7 9.9
g H
S
35 oy B 15 1.1 > 30
36 Qi B 1.9 3.7 18
N7 sAff
37 Sﬁg B 2.2 4.9 13.6
38 - s~ B 1.7 1.2 >30
S
39 %W B 1.3 1.1 >30
40 %j\ﬁf B 15 0.8 > 30
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2.3 Repeats in biochemical assays

Table S5 — repeat ‘n’ values for different compounds in stated biochemical assays

SARS-CoV-2

NL63

229E

Compound nsp14 nsp14 nsp14 RNMT
1 11 2 2 2
2 4 2 2 2
3 2 - - 2
4 4 2 2 2
5 3 - - 2
6 12 2 2 2
7 11 2 2 2
8 4 2 2 2
9 4 2 2 2
10 8 2 2 2
11 4 2 2 2
12 9 2 2 2
13 5 2 2 2
14 5 2 2 2
15 9 2 2 2
16 3 - - 2
17 4 2 2 2
18 2 - - -
19 6 2 2 2
20 7 2 2 2
21 7 2 2 2
22 3 - - 2
23 2 - - 2
24 2 - - 2
25 10 2 2 2
26 18 2 2 2
27 9 2 2 2
28 4 2 2 2
29 4 2 2 2
30 8 2 2 2
31 4 2 2 2
32 10 2 2 2
33 6 2 2 2
34 10 2 2 2
35 8 2 2 2
36 2 - - 2
37 2 - - 2
38 2 - - 2
39 8 2 2 2
40 8 2 2 2
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2.4 MERS AlphaFold2 model

Lys288
Glu288

(.,
Cys356 W\ -
Leu356

Figure S1 Compound 1 bound to SARS-CoV-2 nsp14 (9s0m, green carbons) superimposed
onto a MERS nsp14 AlphaFold2 model (grey carbons). Residues that differ between SARS-
CoV-2 nsp14 (green) and MERS nsp14 (grey) in the proximity of the ligand 1 binding site are
indicated.
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2.5 RNMT structure overlay with SARS-CoV-2 nsp14 in complex with compound 1

®) Jos

SARS-CoV-2 nspl4 SARS-Co
Phe426

Tyrd20 5

Human R
Tyr304

Human RNMT
Phe 122

==

Figure S2 (A) Overlay of Human RNMT (wheat cartoon, pdb code: 3EPP) bound to sinefungin
(yellow sticks) and SARS-CoV-2 nsp14 (grey cartoon) bound to compound 1 (cyan sticks). (B)
Details of the benzothiazole binding pocket highlighting some of the differences between
RNMT and SARS-CoV-2 nsp14.
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2.6 Substrate competition experiments with compound 26

(A) 1000
s 100 |
> E
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LN
©
0.10 |
0.01 s
0.05 0.50 5.00 5000  500.00
[CAP]/ uM
(C) 800
- |
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L T
=} - T
2 1
= : T
6.00 | 1+
5.00 T
0.05 0.50 5.00 5000  500.00
[CAP] / uM

(B) 1000 ¢
s 100
3
~—
(=]
T3]
o
010 |
0.01 b4 u
0.05 0.50 5.00 50.00
[SAM] / uM
(D) g00 .
+
I T 1
i \
7.00 11 .
O L
[¥s]
[®)
=
6.00
5.00
0.05 0.50 5.00 50.00
[SAM] / uM

Figure S3 Competition of compound 26 with substrates CAP RNA and SAM. (A) Change in
ICso of compound 26 with [SAM] at 10 uM (10-fold Km) and varying the CAP RNA
concentration. (B) Change in ICsp of compound 26 with [CAP] at 7.0 uM (10-fold Km) and
varying the SAM concentration. (C) and (D) The same data is shown as pIC50 values (green
markers) with standard deviations (n=2). Dotted lines show line of best fit to data.
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2.7 Comparison of electron densities
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Figure S4 mFo-DFc omit maps for the proprietary ligand and the ligands described in this
study, calculated after refinement with the corresponding ligand removed from the model
and showed as green density contoured at +3.00. (A) Omit map of the proprietary ligand
used for back-soaking (pink). (B) Same map as in (A) with compound 1 overlaid for reference
(blue). (C - H) Omit maps for the ligands reported in the manuscript, compounds 1, 5, 6, 18,
26, 27 respectively. The more compact and distinct omit density for the ligands in panels (C -
H) contrasts with the density of the proprietary ligand in panels (A - B).
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3 Appendix
3.1 QC Spectra for Compounds

IH NMR 9-[(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5-[[tert-butyl(dimethyl)silylJoxymethyl]
tetrahydrofuran-2-yl]purin-6-amine (42)
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LCMS 9-[(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5-[[tert-butyl(dimethyl)silylJoxymethyl]
tetrahydrofuran-2-yl]purin-6-amine (42)
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1H NMR [(2R,3R,4R,5R)-5-(6-Aminopurin-9-yl)-3,4-bis[[tert-butyl(dimethyl)silyl]Joxy] tetrahydrofuran-2yl]

methanol (43)

mauua® o oo e OO oOOEORBTOT < @ geow 229RbRE
BHEIE K 2R BRE B8ICHEEIHLEREEIC g 8 g8z RHIN- -
o6 03 e ~ GO HBY BBYY TFF T FIeded o= cococo ooaFFIPT
=N
| A\ NHs
AN T
HO' \ | |
— Ne N
TBSO OTBS

| . /
2 g 52 o 2rec 88 s5¢¢ 8
o @ ] =] @0 = o B & = o 0 =
T 7 op g TO OO R Vi o |
95 90 85 80 75 70 6.5 6.0 55 50 45 40 35 30 25 20 15 10 0.5 Chemical Shift {(ppm)

LCMS [(2R,3R,4R,5R)-5-(6-Aminopurin-9-yl)-3,4-bis[[tert-butyl(dimethyl)silylJoxy] tetrahydrofuran-2yllmethanol

(43)
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Peak Table
PDACh? 254nm
Peak#  Fet Time Height Height®s  USP Wadth Arez Area®s
1 0.709 499610 100,000 0.056 1076670 100.000

Mass 5
PetTime: 0.710 Datafile: D:'DATA 20222206 220624 EW26040-027-P1C] lod

+
3000000
2{.‘-:-:-:-:.‘0—
1000000
] =
3 ot
T * T T S T T T T
200 300 400 54} 00 T 800 900

IH NMR [(2R,3R,4R,5R)-5-(6-Aminopurin-9-yl)-3,4-bis[[tert-butyl(dimethyl)silyl] oxy] tetrahydrofuran-2-

yllmethyl methanesulfonate (44)
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LCMS [(2R,3R,4R,5R)-5-(6-Aminopurin-9-yl)-3,4-bis[[tert-butyl(dimethyl)silyl] oxy] tetrahydrofuran-2-ylJmethyl
methanesulfonate (44)
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LCMS 9-[(2R,3R,4R,55)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis[[tert-butyl (dimethyl)silyl]oxy]
tetrahydrofuran-2-yl]purin-6-amine (45a)
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1H NMR 9-[(2R,3R,4R,55)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]-5-[(6- methyl-1,3-benzothiazol-2-
yl)sulfanylmethyl] tetrahydrofuran-2-yl]purin-6-amine (45b)
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LCMS 9-[(2R,3R,4R,55)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]-5-[(6- methyl-1,3-benzothiazol-2-yl)sulfanylmethyl]
tetrahydrofuran-2-yl]purin-6-amine (45b)
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Mass Spectrum
RetTime: 1.200 Datafile: DADATA2023209M22001 6\EW 26049-1034-P1C1.led

E &
00000 1
3000000
=
3 =
bt
2000000 )
1 000000
1
T T T Y L T -t T T
200 300 400 500 00 700 800 200
Wz
RetTime: 1.297 Dutafile: DADATA\Z022220922001 6EW 26049-1034-PIC] led
3
100000+
L}
- o
- : ;:l‘
=)
[ ]
o - -+ o “ =
= i h: ¥e =
L v - 3 gﬁ = n
, I’Eu.‘l I‘n..... ITL L #. R W
00 300 400 500 &00 700 800 Wi
Wz

LCMS 9-[(2R,3R,4R,55)-3,4-bis[[tert-butyl(dimethyl)silylloxy]-5- [(5-methyl-1,3-benzothiazol-2yl)sulfanylmethyl]

tetrahydrofuran-2-yl]purin-6-amine (45c)
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IH NMR 9-[(2R,3R,4R,55)-3,4-bis[[tert-butyl(dimethyl)silylJoxy]-5-(2-quinolylsulfanylmethyl) tetrahydrofuran-2-
yllpurin-6-amine (45d)
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LCMS 9-[(2R,3R,4R,5S)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]-5- [(6-methyl-2-quinolyl) sulfanylmethyl]
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tetrahydrofuran-2-yl]purin-6-amine (45e)
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Peak#  Fet Tune Heaght Helfélnr"u USP Width Avea Areats
1 1364 2289479 0.000 0.045 3372238 100.000
Peak Table
PDACh? 254nm ) ) _
Peak#  Fet Time Height Haght®s USPWidth Area Area
1 1.365 2112825 100.000 0.030 1445768 100.000
lmss 5
PetTime: 1 362 Dratafile: D DATA 2022200822002 T EW26049-1050-P1C1 1cd
20000 iE
= L 1]
BODOH] T
oM
WLEEEE
Sm:
40000
30000
!-:.:c-:;
3 (| “I‘
woe] I =
3 = W
l T T T T | T b T T
204 300 200 500 GO0 T00 00 000
m'z
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LCMS 9-[(2R,3R,4R,55)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5-[(7 -methyl-2-quinolyl)sulfanyl
methyl]tetrahydrofuran-2-yl]purin-6-amine (45f)

Chromatogram
mAL
- PDA!‘qfiq,t;t'.__[):m'_—m
] %
] e
1000 {1
] = |
- 1 )
EF..'.—......,....,.........F,.'.t“..,.
000 025 0.50 075 00 35 50
mn
mAT
20004 pm.\ﬁllltg_-z_xm-_-m
] | |:
1000 |' 'I
] 2
. - et
P T T R L T
omen
1 PDAMult 1/ 2200m 4nm
3 POAMuIE 2/ 2540m dnm
M5 Chromatosmm
h‘:
] ._‘_(-;—"- - II| -
m_: f/v‘; II| -'/--d-_mL 1]
E /\-\M "\_/ll 'lT:l’_'\_-Ls'
0.00 T—r + v v+ 1Tt 1 T T Tt T _'_'_I__' — T T T _ T T T_ T T TV
.00 025 050 07 0 135 150
oun
Integrztion Resalt
Peak Table
P%A£h1 EQR.;mT' Hengh Heighi®s  USP Width Area Area?
ezk= t. Tune =izht i I Areati
1 1216 4330 0234  0.087 11400 0318
2 1.354 1843472 99766 0.058 3568278 99.682
Paak Table
PDA Ch? 254nm
Peak# Ret. Time Heaght Haght?s  USP Width Arez Area%s
1 1.216 2452 0.125 0.165 3051 0.196
2 1.354 1964935 99875 0.061 4093328 99804
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Mass 5
FetTime: 1 720 Datsfile: D'DATA 20222209 220020 EW26040-1063-P1C1 Icd
1000000

=

T

LWL

3763
FO3 7.5
—r0.4

I T I T I I T I
200 300 200 500 00 T 800 o00
mz
FetTime: 1 353 Datafile: D/DATA 20222209 220020 EW26040-1063-P1C1 Icd

g
242.4

g
Ls18.5

L e e o e B S LA S s e B sy M e ey B s By s e
200 300 200 500 00 TH 800 o00
mz

IH NMR 9-((2R,3R,4R,5S)-3,4-Bis((tert-butyldimethylsilyl)oxy)-5-((quinolin-7-ylthio)methyl) tetrahydrofuran-2-
yl)-9H-purin-6-amine (45g)

DTDTAND AT DD D D@ @M= O0~NOO OO0 00w — Y N DWLE=D =D mcomgﬁ
BEEEHIZNRET GREI BIREKEUIGRBECN2RIRNER 8 REBEZKI =N Z25&E=- o
€5 65 65 €5 €5 65 P P B P b P P P P BUHwuwy sfFdFFFdaaiae Nl = e OO CocS T
(N
L//}\\ N
D~
: - N N
o £
TBSO DTES
(|l
i1
h AL
MLJ Ha l\ J L—'/ \“‘) ‘\-lc \_Jn.wu
/ \ \ |
8 EBEBEZER g e e 2 R G 8 323
2 @8 agao geQ S = ] =] o @ o3 o T o Q
U TOUENDTD ) ofg TE g7
P P I P A T P T T T I e T e e
5 80 5 4 .0 35 3.0 25 2.0 158 1.0 0.5 0 Chemical Shift (ppm)
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DADT A, Sig=220.4 Rief=oit (EW34 12-118-PTELLD)

mill 3 =
&, 3
1000 152N .~
500 . M g |
04— T . N I —
0 005 05 075 i 105 i
DAD1 B, Sig=254.4 Ref=of (EW3712-118-P1BZ.D)
mAl -
=
400 1
200 | I‘.
0 T T —T T T T T T T T T T T — T T T T 1 T T T
D25 0.5 0.75 1.25 mir]
WSOT TiC, W5 File (ETDATAZD T 22070 ZDEWNET2-T18-FIBZ0) ES-AP, Pos, Sean, Frag: 70
1 L .I -.-\._ . ./.-.. _ _
tl:lllllﬂ.bﬁllllﬂlﬁlllD.I?Elllllllllltbﬁlllln-ir
Report
Eignal 1 : DAD1 A, Sig=220,4 Ref=off
# M=as. Ret. Height Width Area Brea %
1 0.205 EE.401 0.020 71.408 5.091
2 0.228 21.645 o.o07 B.642 0.616
3 0.B%9 18.134 0.028 33.545 Z2.392
4 0.946 964954 0.021 1289.05&6 91.901
Eignal 2 : DAD]1 B, S5ig=254,4 Ref=off
# M=as. Ret. Height Width Area Brea %
1 0.5946 728.104 0.020 940.752 100.000
ME0TSPC. tme= 0205
E=m
E=m
423
323
23
1E2- l
oJu ll|||| IJi.Ml J.h..l 1 ]
1o 2o sbo 4ho lo aho 7ho abo obo =
MED1 SPC, time= 0.800
E=R
E=E
73
C=E
E=E
423
223
253
124 J
5% 1 NN TV T T WOt T A L. T
100 200 300 400 500 500 700 800 P

LCMS 9-((2R,3R,4R,5S)-3,4-Bis((tert-butyldimethylsilyl)oxy)-5-((quinolin-7-ylthio)methyl) tetrahydrofuran-2-yl)-
9H-purin-6-amine (45g)
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IH NMR 9-[(2R,3R,4R,55)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5- (thiazol-2-ylsulfanylmethyl) tetrahydrofuran-

2-yllpurin-6-amine (45h)
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LCMS 9-[(2R,3R,4R,55)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]-5- (thiazol-2-ylsulfanylmethyl) tetrahydrofuran-2-
yl]purin-6-amine (45h)

DADT A, Sig=220.4 Ref=off (EW25050-E32-FTC1.0)

mAL =
=i
400 R 3
200 = 1
= i
1 P s JdA
b nbs o's ohs 1 1.5 i

DADT B, Sig=254.4 Ref=off (EW25040-832-P1C1.0)

Signal 1 : DAD1 A, Sig=220,4 Ref=off

# M=as. Ret. Height Width Arsa Area %
1 0.Ble 48.042 0.019 60.401 9.113
2 1.010 ET&._954 0.016 &02.418 50.887

Eignal 2 : DAD1 B, Sig=254,4 Ref=off
# M=as. Ret. Height Width Area Area %

ME0T SPC, tme= 0LETE

i

Y

1
1303, 5 4

2281

i

Il
)
19889

0 |..| |L |]I|Hh| .|..;1|. H .IL
2bo 300 abo 500

MED1 SPC, time= 1.01

]
W

1
595.2

fi
1
2082
597.3596.2
7

= @
1
L 142,
‘__'m'm‘g'.

E
=
B
=
B
8
B
B
B
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1H NMR 9-[(2R,3R,4R,5S5)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]-5- (imidazo[1,5-a]pyridin-8-

ylsulfanylmethyl)tetrahydrofuran-2-yllpurin-6-amine (45i)

N
»
N /=N
't 0. N A NH:
A 1 AN
U A~s I
1 N

]
|
\'U ‘
LJ__LH_U\_A__ Mh lLuJL A _»A;ML_ -
SE8BE 5B g2 @ 3R B3 gg Sexg
83883 §3 g B8 28 33 £ £:258
offoo ] Fo A Ta oo 7a TYTY
j 9'5 ! 9,‘0 j 8‘5 ! EIEI j 7‘5 ! 7,‘0 ! 6'5 j ﬁ‘l] ! 5'5 j 5‘[] ! 4'5 j 4‘0 j 3‘5 j 3'0 ! 2‘5 j 2'0 j 1‘5 1'0 ‘Chslmmf‘l\sh‘m(plpmll

LCMS 9-[(2R,3R,4R,5S)-3,4-Bis[[tert-butyl(dimethyl)silyl]Joxy]-5- (imidazo[1,5-a]pyridin-8-

ylsulfanylmethyl)tetrahydrofuran-2-yllpurin-6-amine (45i)

Chromalogram

mAU
] |l§ PDA Muls | 220nm Anr]
s00-] _ I
J 2 = % | ||
] A s 3 '
o | S AN |
T T T T T
0.00 2 03 07s 1.0 125 150
min
mAU
] B3 PDA Muls 2 254nm ]
500 Iz
] I
i z I| |
o] i A |
—— 7T 7T T
0.00 025 050 075 1.0 125 150

1 PDA Mult 1/ 220nm,4nm
2 PDA Muld 2/ 254nm, dam

10N, 00N}

30038

TIC+HE1

Integration Result

Peak Tablke
PDA Chl 220nm
Peak# Ret. Time Height Height% USSP Width Arca Amr
| 0511 183504 5051 0.024 167988
2 0619 12630 1.167 0.030 13184
3 0.687 Q89T 0914 0.050 17364
4 0854 876552 80,969 0.035 1172720
Peak Tablke
PDA Ch2 254nm_ o
Peak#  Ret. Time Height Height® USSP Width Arca Ara
| 0511 02065 11.781 0.025 Ba936 8.655
2 0854 689417 83.219 0.034 017488 91.345
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miz
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1H NMR 9-((2R,3R,4R,5S)-3,4-Bis((tert-butyldimethylsilyl)oxy)-5-(((1-methyl-1H-benzo[d]imidazol-2-
yh)thio)methyl)tetrahydrofuran-2-yl)-9H-purin-6-amine (45j)

N
TBSO QTBs

- T 7y e
g8 8 g8 § 88888 S8 38B% %
T 58 40 IO O orood [ U R
=] 8 T (i} 5 4 3 2 1 i} Chemical Shift (ppm)

LCMS 9-((2R,3R,4R,5S)-3,4-Bis((tert-butyldimethylsilyl)oxy)-5-(((1-methyl-1H-benzo[d]imidazol-2-
yhthio)methyl)tetrahydrofuran-2-yl)-9H-purin-6-amine (45j)

DADT A, Sig=220.4 Hef=cf [EWH 12-85-P1C1.0)
mid - .\\ a’.
\ 3|
10003 [N |\
e =
oo — _ N I N
T
05 nts i 125 i
DAD1 B, Sig=284.4 Ref=of [EW347T12-06-P1C1.0)
mal o
3 =]
1000 s
00 =
I:|_| —r T T T T T T T T T T T T —T T |. -.|.‘| — T T T T T T T
025 0.5 075 1 1.25 ir]
WSO TIC, WS File (EFDATALN AN ZHEWHTTA-EG-PTCT O] ES-APL Pos, Scan, Frag: 70
30000004
2000000
1000000
o
0 s 05 ors i 125 i
Report
Signal 1 : DADL A, Sig=220,4 Ref-off
# M=as. Ret. Height Width Area Brea %
1 0.972 2073.677 0.020 2E6B.364 90.738
2 1.027 220.629 0.018 262.159 9.262

Signal 2 : DAD1 B, Sig=254,4 Ref-off

# M=as. Ret. Height Width Arsa Area %
1 0.972 1939387 0.018 2162.18B0 89.32&
2 1.027 214.088 0.018 2EB_357 10.674
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LCMS 9-((2R,3R,4R,5S)-5-((Benzo[d]oxazol-2-ylthio)methyl)-3,4-bis((tertbutyldimethylsilyl) oxy)tetrahydrofuran-
2-yl)-9H-purin-6-amine (45k)

Chromatogram
mALT
2500 mw:z;m:m
_ (=
k |
] [
- : : & i
000 025 0.50 075 (1] 115 150
mn
mALT
2500 pnﬁgam_-!_xmzm
| [
i I
i & Al \

- | \
T
0.bo 0ls 050 0 bo 15 150

mn
1 PDAMulG 1/ 220nm 4nm
2 PDAMulG 2/ 254nm 4nm
M5 Chromatosam
1,000,000
585 pB46s40 n
0.0 3enin Delay) / \
I
{o
J 1
o _,_,:”J UKL__ e
ey = s FTRERE
000 025 030 0.75 1.00 1325 :D
Integrztion Result
Peak Table
P%Aihl JEEEMT Heugh Heaght®s  USP Width Area Area?
'eak® t. Tune eght g 1 : Area
1 0344 1963 U.[??'-‘ - 0.100 6715 U.D1l54
2 0.869 2955 0.115 0.043 5135 0.125
3 0978 4117 0.160 0.064 8736 0213
4 1.303 2556725 99643 0.043 4076287 99.498
Paak Takle
PDACh? 254mm_ _ . _
Peak#  Fet Time Height Height¥es USP Width Arez Area%s
1 0859 4142 0.174 0.044 6144 0.119
2 1.304 2375088 00826 0.059 5163276 09281
mss 5
PetTime: 343 Datafile: DO DATA 2022/ 2207220701 EW34712-102-P1C1 1cd
]C'I."C."L"—-
1
T =]
el
1
L L T T T A T T T T
204} 300 400 500 GO0 TO0 200 SO0
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BetTime: 0.870 Datafile: DODATA0222207 220701 EW34712-102-P1C] 1ed
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LCMS 9-((2R,3R,4R,5S)-5-(((1H-Benzo[d]imidazol-2-yl)thio)methyl)-3,4-bis((tertbutyldimethyl
silyl)oxy)tetrahydrofuran-2-yl)-9H-purin-6-amine (45l)

Chromatesram
mATT
1 = POA NS | 120em 2o
2500H | =
] | ||
7 < & oo A
o = o = = _i-/'ln‘ |
0.00 0.5 050 075 100 135 150
I
mAL
15 o POANEE T S
. | I~
- | |
i o | |
p E i [
1 : AR
I}m T T T T D-E: T T T ﬂ.l-:'ﬂ T T T T I:I I:|i T T T -.ho T T T T ].l;-j T T T T 1 |5I:I
man
1 DDAMl 1/ 220um dam
3 DDA Multi 2/ 2540m 4nm
M5 Chromatosram
£10,000,000
o 11,358,368
100 3 01 3min Delay) 'I
] | J,-"“'l,
] _'__--"'-H-f \ﬂ— S SRy
(S — S— — e w0
0.00 035 0.50 0.75 100 135 150
min
Integrzhon Resalt
Peak Table
PI;AEE]:}I :zﬁ.ztm'l" Hegh Heighi®s  USP Widih Area Area?
ezk# . Time e1ght % i eate
] 0316 5662 0179 0.109 31695 0281
2 0827 17028 0540 0045 37134 0481
3 0.972 35702 1.132 0087 138947 1.798
4 1.035 41918 1.329 0.230 95377 1235
5 1.197 3054270 96.820 0224 T432714 06,206
Peak Tahle
PFDA Ch? 254nm
Peal# Fet. Time Height Heaight®s  USE Width Area Area%
1 0800 Q089 03re 0.091 17746 0.303
2 0.BBS 5920 0247 0258 2382 0.407
3 1.193 2384051 0037 0.058 5815172 09200
Mz 5
FetTime: 0317 Datafile: D\ DATA 2022 2207220701 EW34712-103-P1C1 Icd
10000
b
T T T T T T T T
00 300 400 500 600 T00 DD 900
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EetTime: 0.827 Datafile: D DATA0221 2207220701 EW34712-103-P1C] 1od
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LCMS 9-((2R,3R,4R,5S)-5-(((1H-Indazol-7-yl)thio)methyl)-3,4-bis((tert-butyldimethylsilyl)oxy) tetrahydrofuran-2-
yl)-9H-purin-6-amine (45m)

DADT A, Sig=2204 Ref=off (EW34712-87-P1B3.0)
1506 | 9§
1000 = B2 w
5003 LN 3 7%
03 | = o -
e e e e L B e e e L I B e e e B e N B S E
D25 . D75 1 125 miry
DADT B, Sip=It4 4 Ref=off (EWHT1IET-F1B30)
mALl =
53
01—
200 2 3
° =
[i] — S . N _I a
T e e B e e e I e B e e o e e I s m e e e e e e B L
025 0.5 0.75 1 1.25
*MSD1 TIC, MS File (DADATAZ20620220627 3EWMT12-97-P1B3.D) ES-API, Pos, Scan, Frag: 70
300000 i
200000 |
100000 .
: — - —— - - E—
0 D25 0.5 075 1 125 min¥
Report
Signal 1 : DAD1 A, Sig=220,4 Ref=off
# M=as. Ret. Height Width Area Area ¥
1 0.838 135.808 0.01% 168.799 14.T768
2 0.894 24 .034 0.021 34 284 2.999
3 0.970 372.8911 0.018 443779 3B.825
4 1.004 343.672 0.01% 425.769 37.249%8
= 1.055 46.438 0.022 T0.403 6.1589
Signal 2 : DAD]1 B, 5ig=254,4 Ref=off
# M=as. Ret. Height Width Area Area ¥
1 0D.838 35.049 0.01% 40638 L.668
2 0.970 446.271 0.018 532.231 &0.T778
3 1.004 2032.776 0.01%9 257.435 29.398
4 1.054 24 .235 0.022 36.381 4.155
MSD1 SPC, time= 0,938
=)
922 E
322 3 -
bid
=k o
622 3
522 3
423 =
4= i
g =
aEa] = _ i
o o™
2E3I4 B
1£2 5 j { {
B Iy I.iJ|.|i| “n.l..‘llllilnhl. J.Jlthul et | b h|lul uLl.u|.I|. Ll Lty
100 200 300 400 500 600 700 200 200 m/g
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1H NMR 9-[(2R,3R,4R,5S5)-3,4-bis[[tert-butyl(dimethyl)silylloxy]-5-(imidazo [1,5-a]pyridin-7-
ylsulfanylmethyl)tetrahydrofuran-2-yl]purin-6-amine (45n)

O NoL® TO NEOONEY TN0OEOORORArFUNULOD VNOVIUIOVTNVEON =D W ‘,‘.‘%
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LCMS 9-[(2R,3R,4R,5S)-3,4-bis[[tert-butyl(dimethyl)silyl]Joxy]-5-(imidazo [1,5-a]pyridin-7-
ylsulfanylmethyl)tetrahydrofuran-2-yllpurin-6-amine (45n)
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Chromatogram
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Integration Result
Peak Table
PDA Chl 22nm
Peaks# Ret. Time Height Height®%  USPWidth Area Ancafe
1 0.251 14041 1.628 0068 34180 2610
2 0.668 4342 0504 (065 11039 0.843
3 04921 833221 6636 0.038 12328635 04.145
-+ 1.124 3272 0380 0286 13568 1.189
5 1.198 7355 0.853 0.9 15821 1213
Peak Tablke
PDA Ch2 234nm
Peak# Ret. Time Height Height%  USP Width Amca Arca®
| 0.251 ﬁ 1043 058 0.068 20469 |.45]
2 0.670 3003 0280 0068 10322 0.508
3 0.921 1367846 DE.1T9 0.037 1960629 D540
4 1127 2830 0203 0000 2108 0.399
3 1.195 665 0481 0109 22376 l.102
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RetTime: 0.253 Datafile: DADATAZO2ZAI 0TI 207 260EW 26049-970-P151 led
50000 P
_ q
m—i
30000 =
] £l
zm—é
S I o
ENE
'Tllllllllll. Nl r r T T T r
200 ki 400 500 [t TO0 B L]
mr

126



Wz
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1H NMR 9-[(2R,3R,4R,5R)-5-(1,3-Benzothiazol-2-yloxymethyl)-3,4-bis[[tert-butyl(dimethyl)silyl]
oxy]tetrahydrofuran-2-yl]purin-6-amine (450)
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LCMS 9-[(2R,3R,4R,5R)-5-(1,3-Benzothiazol-2-yloxymethyl)-3,4-bis[[tert-butyl(dimethyl)silyl]
oxy]tetrahydrofuran-2-yl]purin-6-amine (450)
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FetTime: 0.040 Datafile: DO DATA 20222201 2201 20 EW26040-T18-P152 Ied
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LCMS N-[[(2R,3R,4R,5R)-5-(6-Aminopurin-9-yl)-3,4-bis[[tert-butyl(dimethyl)silyl]oxy] tetrahydrofuran-2-
yllmethyl]-1,3-benzothiazol-2-amine (45p)

Chromatogram
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Integration Result
Peak Table
PDA Chl 220nm
Pealks Ret. Time Height Height%  USP Widih Arca Arca%
1 0.249 351253 14.042 0077 1063423 37939
2 0.372 0852 0.394 0.029 10086 0360
3 0.811 | 8509 0740 0027 18464 0.659
4 0.859 2115149 84.550 0.023 1705112 60.832
5 1.080 6626 0.263 0024 5860 0.209
Peak Tabk
PDA Ch2 254nm
Peaks# Ret. Time Height Height®%  USP Width Ama Areadc
| 0.249 167004 ES6l 0.077 501190 25976
2 0.371 4364 0.249 0.035 T3H 0379
3 0811 20137 1.032 0.026 18101 0.038
4 0859 1753802 80852 0.023 1397283 72419
5 1.OBD 5084 0307 0.025 4T 0.288
Mass Spectrum
ReiTime: 0252 Datafile: DADATA02A22012 201 ITMEW 2604%9-T12-P1C2 Jcd
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IH NMR (2R,3R,4S,5S)-2-(6-aminopurin-9-yl)-5-(1,3-benzothiazol-2-ylsulfanylmethyl) tetrahydrofuran-3,4-diol (1)
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13C NMR (2R,3R,4S5,55)-2-(6-aminopurin-9-yl)-5-(1,3-benzothiazol-2-ylsulfanylmethyl) tetrahydrofuran-3,4-diol
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HPLC (2R,3R,45,55)-2-(6-aminopurin-9-yl)-5-(1,3-benzothiazol-2-ylsulfanylmethyl) tetrahydrofuran-3,4-diol (1)

mAL
= oA M
350 =z
]
251
2]
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1] ‘
s |
& ) E
= fd' 1'1"EL . T =
obo  ob  okr o ars iba aks i ks zhe 2B 2k abs T abo 3k ik aks i
1 PO Mt 1/ e i
Inte gration result
PeakTable
PDA Chl 22nm
Peals# Ret. Time  USPWidth  Resolution Height Area Arca %
1 1076 0.070 0000 1021 2006 0051
2 1.592 0.090 6433 6] 1368 0024
3 L6487 0036 0860 3609456 Ja66061 09.744
4 3.191 0.050 35.004 5442 10272 {181
Total 3616520 5680607 100 OO0
mAll
A PIMA Mt
2000
1500
100
] J|| £
[N LS S |
abe ok ok o T i ik TR T T T zhe TR T2 TR T ale ik 3R T Ak Tam
1 PDA Muks 7/ 25 rm drm -
Integration result
Peak Table
PDA Ch2 234nm
Peal# Ret. Time  USPWidth  Resolution Height Area Area %
| 1645 0,044 L] 2207104 3741542 09068
2 1063 0.051 6.742 5046 1183 0,032
Total 2207700 3747726 1 0.0

HRMS (2R,3R,4S5,55)-2-(6-aminopurin-9-yl)-5-(1,3-benzothiazol-2-ylsulfanylmethyl) tetrahydrofuran-3,4-diol (1)
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Compound Table

Label Tgt Score ""E:‘m‘;";"' Tat Formula Obs. BT Ref, Mass Obs. Mass
|G 1: C17 H16 NE O3 52, LEI7 [57.92 | (EE | T | LEE7| 4160725 416.0733)
Tt Mass |
Obs. Tyl Obs. RT Obs. Mass Tgt Formula Tt Mass Error .:"d (_:pd':
{ppm)
1706 18 k] (17 F16 MG 08 oF 160 TH T by Formmuls
Compound Chromatograms
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A5 1 STHEE FE[(F+H+
N ZRCE AT | (PR
#80.0637] 1 B2 13](M+Ma)+
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Tgt Mass
Obs. mpe | Charge Abund Lon [ Isobope B (oom)
105,065 & FELF1|[M+aH]+5 -JETL L
HI8.1710 X JEL M+ B8 11
2090453 1103 F5 (MM )+ L. 15|
20,5443 z ZATE 12| (M+2H)+2 16|
A0 F T |F+ I+ 4.41
41 3 1 AL [ M+ HH -L.14|
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e R [ il
s ] S
#40.0617] 1 62213 |(M+Na+ 130
Ened OF Regant
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SFC (2R,3R,45,5S)-2-(6-aminopurin-9-yl)-5-(1,3-benzothiazol-2-ylsulfanylmethyl) tetrahydrofuran-3,4-diol (1)
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1 PDA Multi 1/ 220nm 4nm

Integration Results

PeakTable
PDA Chl 220nm
Peak# Ret Time USP Width Resolution Height Area Area %
1 2.048 0.057 0.000 276739 603800 99.391
2 2.167 0.034 2.579 2385 3697 0.609
Total 279124 607496 100.000

IH NMR (2R,3R,4S,55)-2-(6-aminopurin-9-yl)-5-[(6-methyl-1,3-benzothiazol -2-yl)sulfanylmethyl]
tetrahydrofuran-3,4-diol (2)
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13C NMR (2R,3R,4S,55)-2-(6-aminopurin-9-yl)-5-[(6-methyl-1,3-benzothiazol -2-yl)sulfanylmethyl]

tetrahydrofuran-3,4-diol (2)
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HPLC (2R,3R,45,5S)-2-(6-aminopurin-9-yl)-5-[(6-methyl-1,3-benzothiazol -2-yl)sulfanylmethyl] tetrahydrofuran-

3,4-diol (2)

mAll

] = TR e
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15+
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] | EEg 3
I Fh L F 4 F ¢
] T T T
L WL L LA WL WL LA L WL WL LR B AL NI LN LI LI WAL WL
0 i a1 050 aTs 100 125 1.5 175 200 15 15 75 30 k Rl 350 175 1.05!
1 P Muti | / 20l dren -
Inte gration result
PeakTable
PDA Cal 220nm
Peaks# Ret. Time  USPWidth  Resolution Height Arnca Area %
1 1317 0.126 0,000 4624 17873 0438
2 1.405 0.049 0.999 2174873 4050027 09268
3 1.700 0.043 6315 1309 2157 0.053
4 1.795 0.052 1.960 1584 3148 0.077
h] 1.892 0.041 2099 1740 2600 0.064
G 2l 0.0s9 4.957 lal4 4085 0.100
Total 2185753 AT IR0 100000
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1 PDA Muts 2/ 215 dnm =
Integration result
PeakTable
PDA Ch2 215nm
Peaks# Ret. Time  USPWidih  Resolution Height Arca Arca %
I 1317 0117 0.000 5603 21767 0.451
2 1.405 0.049 1.062 2563316 4790900 09355
3 1700 0.045 6302 DR} 1627 0.034
4 1.794 0.050 1977 1090 1938 0.040
3 1.892 0.040 2172 1766 2558 0.053
6 2166 0.065 5216 1329 3180 0.066
Total 2574182 482060 100000

HRMS (2R,3R,4S,5S)-2-(6-aminopurin-9-yl)-5-[(6-methyl-1,3-benzothiazol -2-yl)sulfanylmethyl] tetrahydrofuran-

3,4-diol (2)
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Compound Table

Label | Tgt Score | MEE_QEW | Tt Formula Obs. RT | Ref. Mass I Obs. Mass
o T CIE RIB RE D3 5F; 1850 972 [EE [CIEHIE ME 02 5 | T2 EENEEN | I3,
Tot Hazs
Obs. mfz Obs. RT Obs. Mass Tat Formula Tt Mass Error Fullnd‘;pdl s
[TIE051E 13T F30.0555 CIEHIENE 03 52 [TI0.0887 1.e;gaE Find By Formula

Compound Chromatograms

x10 2 Cpd 1: C18 H18 N6 O3 52 1.452- +ESI EIC(86.0171. 86.2176, 87.0245, 87 2254 ) Scan Frag=7 -
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Counts vz. Acquizition Time (min)
MS Zoomed Specum
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1 -
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=
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05{ 5 =2 ;2“ 22
05| 27 ~E ==
gz | g3
ol = =

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 90
Counts vs. Mass-to-Charge (m/z)

7] z
431 1
X 1
A 1
45307 1
. 1
1
MS Zoomed Specrum
%10 B Cpd 1: C18 H18 NE 03 52: 1.452- +ES| Sean (rt: 1.418. 1.485. 1.501. 1518 __ min, 6 scans) Frag .
’ -
1.75 &L
= T
1.5 pgiil
==
1.25 4 1=
11 o
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ES B 58
0asd 2% N - =
N l g8
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Counts vs. Mass-to-Charge (m/z)
MS 5 m Peak List
Obs. mz | Charge
160618 1
55, z
3
1
1
. 1
45307 1
X 1
1
T

IH NMR 2R,3R,4S,55)-2-(6-aminopurin-9-yl)-5-[(5-methyl-1,3-benzothiazol -2-yl)sulfanylmethyl]
tetrahydrofuran-3,4-diol (3)
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HPLC 2R,3R,4S,55)-2-(6-aminopurin-9-yl)-5-[(5-methyl-1,3-benzothiazol -2-yl)sulfanylmethyl] tetrahydrofuran-
3,4-diol (3)

mAl
2 A Wik 1)
‘:.
b
s
25 |
\
9
I iy
T
L R R TR Y ST TR AT TN AR A1 VAT T AT AR TTARET T AT TR

1 PDA Mutti |/ 2 0inm 4nem

Integration result

PeakTable
PDA Chl 220nm
Peak# Ret. Time  USPWidth  Resolution Height Area Area &%
1 1157 0.077 0,000 117 3310 0.180
2 1.830 0.051 1447 17291 1840677 99.820
Total HTR408 1843087 1000 000
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P Muls

LS

oo "ok Tk as il ks & ks ke Rk TRk T TRRs T 3l 3k 3% 3k a
min
1 POAMuks 2/ 299 dmm

L
=

Integration result

PeakTable
PDA Ch2 154nm
Peald# Ret. Time  USPWidth  Resolution Height Area Area %
1 1760 0.073 0.000 830 1335 0.167
2 1850 0.051 1451 662071 1395204 09.833
Total 662002 1397629 100.000

HPLC 2R,3R,4S,55)-2-(6-aminopurin-9-yl)-5-[(5-methyl-1,3-benzothiazol -2-yl)sulfanylmethyl] tetrahydrofuran-
3,4-diol (3)

Compound Table
Label Tgt Score "‘;;n&;“ Tyt Formula Obs. RT Ref. Mass Obs. Mass
[Cpd 1= C1B 1B NG 03 52; 1455 [97.84 36 C18 H18 NG 03 52 1455 430.0887| A30.0501]
Tgt Mass
Obs. my Obs. RT Obs. Mass Tyt Formula Tgt Mass Ceror Find Cpds
{ppem)
BT 078 T3S 90901 CIE HIE NG O3 52 50 haEs Ex Find by Formua|
Compound Chromatograms
x10 2 |Cpd 1: C18 H18 NE O3 S2: 1.455: +ESI EIC(86.0171, 86.2176, 87.0249, 87 2254 ..) Scan Frag=7 -
N 1455 i
081 | '|
0.6 | |
|
i
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\
0.2 |
|
0 | \M,_ -

02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 3.4 356 3.8 4 42 44
Counts vs. Acquisition Time (min)

MS Zoomed Spectrum
x10 & |Cpd 1: €18 H12 N6 O3 52: 1.455: + FBF Spectrum (rt 1.405-1.588 min) EW33709-16-P1A1.d
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MS Spectrum Peak List
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— End OF Report —

13C NMR (2R,3R,45,5S)-2-(6-amino-9H-purin-9-yl)-5-((hexylthio)methyl)tetrahydrofuran-3,4-diol (4)
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13C NMR (2R,3R,4S,5S)-2-(6-amino-9H-purin-9-yl)-5-((naphthalen-2-ylthio)methyl)tetrahydrofuran-3,4-diol (6)
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IH NMR (2R,3R,4S,55)-2-(6-aminopurin-9-yl)-5-(2-quinolylsulfanylmethyl) tetrahydrofuran-3,4-diol (7)
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13C NMR (2R,3R,45,55)-2-(6-aminopurin-9-yl)-5-(2-quinolylsulfanylmethyl) tetrahydrofuran-3,4-diol (7)
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HPLC (2R,3R,4S,55)-2-(6-aminopurin-9-yl)-5-(2-quinolylsulfanylmethyl) tetrahydrofuran-3,4-diol (7)
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HRMS (2R,3R,45,55)-2-(6-aminopurin-9-yl)-5-(2-quinolylsulfanylmethyl) tetrahydrofuran-3,4-
diol (7)
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IH NMR (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-[(6-methyl-2-quinolyl) sulfanylmethyl] tetrahydrofuran-3,4-diol
(8)
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13C NMR (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-[(6-methyl-2-quinolyl) sulfanylmethyl] tetrahydrofuran-3,4-diol
(8)
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HPLC (2R,3R,4S,5S5)-2-(6-Aminopurin-9-yl)-5-[(6-methyl-2-quinolyl) sulfanylmethyl] tetrahydrofuran-3,4-diol (8)
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PeakTable
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HRMS (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-[(6-methyl-2-quinolyl) sulfanylmethyl] tetrahydrofuran-3,4-diol (8)
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Compound Table

Mass Error
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— End OF Report —
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I1H NMR (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-[(7-methyl-2-quinolyl) sulfanylmethyl] tetrahydrofuran-3,4-diol
(9)
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HPLC (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-[(7-methyl-2-quinolyl) sulfanylmethyl] tetrahydrofuran-3,4-diol (9)
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HRMS (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-[(7-methyl-2-quinolyl) sulfanylmethyl] tetrahydrofuran-3,4-diol (9)
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Compound Table
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— End OF Report —

IH NMR (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-(7-quinolylsulfanylmethyl) tetrahydrofuran-3,4-diol (10)
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13C NMR (2R,3R,45,55)-2-(6-Aminopurin-9-yl)-5-(7-quinolylsulfanylmethyl) tetrahydrofuran-3,4-diol (10)
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HPLC (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-(7-quinolylsulfanylmethyl) tetrahydrofuran-3,4-diol (10)
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HRMS (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-(7-quinolylsulfanylmethyl) tetrahydrofuran-3,4-diol (10)
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Compound Table
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— End OF Report —

1H NMR (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-(thiazol-2-ylsulfanylmethyl) tetrahydrofuran-3,4-diol (11)
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13C NMR (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-(thiazol-2-ylsulfanylmethyl) tetrahydrofuran-3,4-diol (11)
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HPLC (2R,3R,45,55)-2-(6-Aminopurin-9-yl)-5-(thiazol-2-ylsulfanylmethyl) tetrahydrofuran-3,4-diol (11)
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Integration result

PDA Chl 22(nm

PeakTable

Peald# Ret. Time  USPWidth  Resolution Height Arca Area %
1 1211 0.050 0000 G6E3586 1329817 100000
Total GBISEG 1329817 100000
mU
™ FOA Muks
12504 o
100
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i ‘
2504 |
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o . 'l._fr 4
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1 PO Muls 2/ 253mm 4nm

Integration result

PeakTable
PDA Ch2 254nm
Peaks# Ret. Time  USPWidth  Resolution Height Area Area %
1 1.212 0.049 0.000 1775983 2410010 99930
2 1.371 0.040 36l 1169 1685 0.070
Total 1777152 2411695 100000

HRMS (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-(thiazol-2-ylsulfanylmethyl) tetrahydrofuran-3,4-diol (11)
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Compound Table

Label Tat Score | ”féﬁ“" Tgt Formula | Obs. RT
T 05 o8 1 3 |ER:H [t R e 03 o2 | T2

TatMass [ b opds
Obs. miz Obs. RT Obs. Mass Tat Formula Tt Mass Error Algorith
1355 E k] CISHIE NG 05 52 50569 19?'@ Find By Formulal

Compound Chromatograms
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Counts (%) vs. Acguisition Time (min)

MS Zoomed Spectum
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10 6 |Cpd 1:C13 H14 N6 03 52; 1.425: +ESI Scan (rt: 1.375, 1.392. 1.408, 1425 __ min. 9 scans) Frag -
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IH NMR (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-(imidazo[1,5-a]pyridin-8- ylsulfanylmethyl) tetrahydrofuran-3,4-
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diol (12)
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13C NMR (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-(imidazo[1,5-a] pyridin-8- ylsulfanylmethyl) tetrahydrofuran-3,4-

diol (12)
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HPLC (2R,3R,4S5,55)-2-(6-Aminopurin-9-yl)-5-(imidazo[1,5-a] pyridin-8- ylsulfanylmethyl) tetrahydrofuran-3,4-diol
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(12)

HRMS (2R,3R,45,55)-2-(6-Aminopurin-9-yl)-5-(imidazo[1,5-a]pyridin-8-

diol (12)
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Integration result
PeakTable
PDA Chl 220nm
Peaks# Ret. Time  USPWidth  Resolution Height Arca Arca %
1 0.535 0.109 0.000 4051 14007 0.6
2 0656 0.0 1.582 1156 1387 0.032
3 0674 0.052 0365 1362 2175 0.050
4 0067 0.085 43255 428 1002 0.023
5 1.005 0.048 0569 571 1063 0.025
£ 1196 0.065 3382 12166 26572 0.6l6
7 1.274 0.076 1101 1333985 4254352 08614
8 1917 0.084 8073 4177 2668 0.204
Total 1357840 4314127 100000
=
;"". P Mk
12504 n”'
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1| POA Mui 2/ 254 g i
Integration result
Peak Table
PDA Ch2 254nm
Peak# Ret. Time  USPWidth  Resolution Height Arca Arca %
1 0.559 0.098 0.000 1360 4519 0114
2 1196 0.070 7.620 4743 10395 0.263
k] 1.274 0.073 1083 1314521 3030312 09.5089
4 1.014 0.072 BE1D 1563 4516 0114
Total 1322187 3058742 100.000

ylsulfanylmethyl) tetrahydrofuran-3,4-
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Compound Table

Label Tt Score ”EET" | Tgt Farmula Obs. RT | Ref. Mass | Obs. Mass
03 5 1 G AL N7 O3 1 T2 111 X
Togt Mass
Ltl Obs. mz Obs. RT 1Dbs. Mass Tgt Formula Tgt Mass Error Fillndi;pdl =
L1201 L2545 335,110 C1/ HIANA O35 3931114 llf Find by Formula
Compound Chromatograms
10 2 [Cpd 1: C17HIT N7 03 5: 1.258: +ESI EIC(79.8217. 80.8295, 93,7773, 100.7851 ...) Scan Frag=1 -
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IH NMR (2R,3R,4S,55)-2-(6-Amino-9H-purin-9-yl)-5-(((1-methyl-1H-benzo[d]imidazol-2-yl)thio)
methyl)tetrahydrofuran-3,4-diol (13)

161



NESnOVENBOWI- cwowwy
FEBRHTERECER HE3HIC
«Ia?rrﬁ“f?hhhr‘,h:_h I.Inlnlnlnlnln
= N/ F,f:N &
H
. ~OPT
TS -
N R Ny N
HO  GH
I
|
. |
|
i |
| il
L ' "ljl i
‘ l L—i‘jl\u_
g8 & 2R3 3 8 88 2] g5 8956
22 299 q e @9 2 —@ eq-x
[ ToH g T °vQo [0 DT oofw
g5 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 Chemical Shift (ppm)

HPLC (2R,3R,4S,5S)-2-(6-Amino-9H-purin-9-yl)-5-(((1-methyl-1H-benzo[d]imidazol-2-yl)thio)

methyl)tetrahydrofuran-3,4-diol (13)
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Inte gration result
PeakTable
PDA Chl 220nm
Pealat Ret. Time  USPWidith  Resolution Height Area Area %
1 0.682 0.067 0000 030 2773 0050
2 1.314 0.078 8.700 4803 12506 0.275
3 1.368 0.071 0718 19126 40212 0886
4 1.423 0.051 0806 T0026 141471 3115
5 1.577 0.045 2 160 2521338 4344684 05.674
Total 2616332 4541146 100 OO0
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Integration result

PeakTable
FDA Ch2 254nm

Peal# Ret. Time  USPWidith  Resolution Height Area Area %
1 1314 0076 0000 3z 7581 0244
2 1.367 0062 0775 18220 37337 1.200
3 1.423 0.051 0.4978 38317 116609 ENCT)
4 1.517 0047 2118 1650937 2050604 04810

Total 173078 3112221 100,000

HRMC (2R,3R,4S,55)-2-(6-Amino-9H-purin-9-yl)-5-(((1-methyl-1H-benzo[d]imidazol-2-yl)thio)
methyl)tetrahydrofuran-3,4-diol (13)
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Compound Table

Label Tgt Score | "EWEG‘"’ | Tgt Formula Obs. RT Ref. Mass | Obs. Mass
TS T 03 5 1253 [y k23 BRI Ry OF I T LSENbY | L5E5)
Tot Mass
Obs. mfz Obs. RT Obs. Mass Tqt Formula Tgt Mass Error F,'I“d‘?"dl =
i jBeick] ESERE:] CIEAENT 035 LiEKkr) zé‘m Find By Formul|

Compound Chromatograms
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MS Zoomed Spectrum
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IH NMR (2R,3R,4S,55)-2-(6-Amino-9H-purin-9-yl)-5-((benzo[d]oxazol-2-ylthio)methyl) tetrahydrofuran-3,4-diol
(14)
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13C NMR (2R,3R,4S,55)-2-(6-Amino-9H-purin-9-yl)-5-((benzo[d]oxazol-2-ylthio)methyl) tetrahydrofuran-3,4-diol
(14)
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HPLC (2R,3R,4S,5S)-2-(6-Amino-9H-purin-9-yl)-5-((benzo[d]oxazol-2-ylthio)methyl) tetrahydrofuran-3,4-diol (14)
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HRMS
(14)

mAll

A TPA Mk
12504
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; £ 3| L —
oo 0% 050 ajs 100 125 18 L35 200 205 25 275 b0 325 350 375 4m
1 PDA Mt |/ 22 -
Integration result
PeakTable
PDA Chl 22Inm
Pealk# Ret. Time  USPWidth  Resolution Height Area Area %
1 06Tl 0.000 0,000 1265 3002 0.155
2 0.720 0.067 0.000 3067 6431 0.250
3 0936 0054 3568 2280 4041 0.192
4 1.128 0043 3958 1300751 2548165 99.230
5 2168 0.067 19,003 1747 440 0.172
Total 1399110 2567936 L0 OO
mu
= DA Vs
20
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o A ‘
8
o TE " ;TJK i ':—1
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1 PDA Muts 2/ 215nm, 4nm

Integration result

Peak Table
PDA Ch2 21 5nm

Peaks Ret. Time  USPWidth  Resolution Height Area Area %
1 0672 0.000 000 2448 5476 0134
2 0720 0.112 1.000 5050 1412 0362
3 0835 0052 2631 M7 (] 0.169
4 1123 0043 L4079 102921 4060572 99.237
3 2167 0.067 18.840 1561 4054 0.099

Total 216357 409IRI0 100,000

(2R,3R,4S,5S)-2-(6-Amino-9H-purin-9-yl)-5-((benzo[d]oxazol-2-ylthio)methyl)

tetrahydrofuran-3,4-diol
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Compound Table

Label Tgt Scare ”ﬁ;&:’s"" Tgt Formula Obs. RT | Ref. Mass I Obs. Mass
TH 5 1 C | X3S [CT7 BTG 0 T4 0.0 !
Tgt Mass
Obs. mz Obs. RT Obs. Mass Tgt Formula Tot Mass Error Fgllnd?pdl =
230844 Lt 400,056 CITHIEME (45 00,0554 J\Jf Find by Formudal
Compound Chromategrams
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MS Zoomed Spectrum
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- End OF Report —

IH NMR (2S,3S,4R,5R)-2-(((1H-Benzo[d]imidazol-2-yl)thio)methyl)-5-(6-amino-9H-purin-9-yl) tetrahydrofuran-

3,4-diol (15)
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13C NMR (25,3S,4R,5R)-2-(((1H-Benzo[d]imidazol-2-yl)thio)methyl)-5-(6-amino-9H-purin-9-yl) tetrahydrofuran-
3,4-diol (15)
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HPLC (2S,3S,4R,5R)-2-(((1H-Benzo[d]imidazol-2-yl)thio)methyl)-5-(6-amino-9H-purin-9-yl) tetrahydrofuran-3,4-

diol (15)
e=ALT
500 = TOATRE
300 ‘ ‘
o] 1
100 % | | 3
- ! a
w | &
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P I _1,.=._J, ’F/ \4_7_&_‘_,-} R _YL;J S
000 0% 050 @75 10 135 150 L7 200 2% 15 278 306 325 350 30
1 POA NS |/ 2 4rem
Intesration result
PeakTable
FDA (hl 220nm
Paak= Eet. Tome USPWadth FResohiion Harzht Area Area %o
1 0.575 0.057 0.000 886 1572 0.071
2 0.585 0.064 0332 951 1130 0.051
3 0848 0.143 2449 4925 27014 1212
4 1214 0.106 2932 479310 2150445 98.284
5 1589 0.047 4891 1010 1949 0.087
& 1920 0054 6.520 1638 3246 0.146
T 3.301 0.087 19.565 890 1420 0.064
8 33 0119 0.610 673 1915 0.086
Total 480233 2228692 100,000
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Inte prztion result
PeakTable
FDA (h? 254nm
Paaks= Ret. Time USPWidth FResolution Haught Area Area %o
1 0.541 0.151 0.000 4303 23862 1292
2 1.214 0.105 2523 412223 1822897 98.708
Total 416328 1846758 100.000

HRMC (2S,3S,4R,5R)-2-(((1H-Benzo[d]imidazol-2-yl)thio)methyl)-5-(6-amino-9H-purin-9-yl) tetrahydrofuran-3,4-

diol (15)
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Compound Table
Label Tgt Score | Hass E:_;or Tat Formula Obs. RT Ref. Mass Obs. Mass
035 1 0z | rr('E (o8l Ll A 5 | L | i =BEAE |

Tot Mass
Obs. mz Obs. RT Obs. Mass Tat Formula Tgt Mass Error Find ‘;pds
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Compound Chromatograms
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— End Of Report —

'H NMR (25,3S,4R,5R)-2-(((1H-Indazol-7-yl)thio)methyl)-5-(6-amino-9H-purin-9-yl)tetrahydrofuran-3,4-diol (16)
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HPLC (2S,3S,4R,5R)-2-(((1H-Indazol-7-yl)thio)methyl)-5-(6-amino-9H-purin-9-yl)tetrahydrofuran-3,4-diol (16)

mAl

T A ME
=
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]
Eo
a0
]
kI
|l
1005 -
E
" Tt =
o ok ok ks il ks % ks Take T RE iR T aks Tl Ak ke 3k k
1 POA Mt 1/ 220t i
Integration result
PeakTable
PDA Chl 220nm
Peals Ret. Time  USPWidih  Resolution Height Arca Arca %
1 100 0.061 000 1226 2823 0.182
2 1199 0045 2235 3607 G006 0387
3 1.262 0.073 1066 glal 23077 | 487
4 1408 0.050 2389 T44300 1498579 06580
3 1.49] 0.038 1874 10411 14230 0917
G 656 0047 3855 1963 336 0.225
7 2073 0.052 8426 1868 348 0.222
Total 71627 1551640 100000
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Integration result
PeakTable
PDA Ch2 254nm
Peals# Ret. Time  USPWidth  Fesolution Height Area Area %
1 1085 0.065 0000 TG 1792 0.151
2 1.201 0.051 1.988 1362 2224 0187
3 1.251 0.072 0973 5480 15103 1270
4 1400 0.04% 2451 503115 1158041 07 489
3 1.491 0.037 1918 3700 TT04 .636
3 l.636 0.047 3933 11 1904 0. 160
7 2073 0.046 9.012 502 1M1 (.08
Total B33 1185798 100.000

HRMC (2S,3S,4R,5R)-2-(((1H-Indazol-7-yl)thio)methyl)-5-(6-amino-9H-purin-9-yl)tetrahydrofuran-3,4-diol (16)

Ci d Table
Label Tgt Score HEEIE“- | Tat Formula | 0bs. RT Ref. Mass Obs. Mass
: 035 1, L [QYHIANS D35 1 1544 .11

Tot Mass
Obs. myz Obs. RT Olbrs. Mass Tgt Formula Tot Mass Error Fmd‘;pds
157 E:cBHEEY [0 vl 1l A 5L _&%EJ_ {Find By Formulal

Compound Chromatograms

10 2 |Ced 1: C17H17 N7 03 S: 1.547: +ESI EIC(79.8217. 80,8295, 99.7773, 100.7851 ..) Scan Frag=1 -
1 1547
0.8
06
04
0.2
ﬂ T T T T T T T T T T T T T T T T T T T T T T
02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 35 38 4 42 44
Counts vs. Acquisition Time (min)
MS Zoomed Specium
10 5 |Cpd 1: C17 H17 N7 03 5: 1.547: + FBF Spactrum (rt 1.514-1.597 min) EW34712-101-P1A1.d
5 5y
=¥
* g=
1]
3_
= 5
21 & T 3
N -
11 s gt &
. 2z 2 . 23
100 150 200 250 300 350 400 450 500 G550 G600 650 700 750 800

Counts vs. Mass-to-Charge (m/z)
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M5 Zoomed Spedum
«10 5 Cpd 1: C17 H17 N7 03 5: 1.547: +ESI Scan (rt: 1.514. 1.531. 1.547, 1.564 _ min. & scans) Frag= -
r~
LR o+
~-T
-
24 2=
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3
- =% "
2 = ST <
14 < il ™
E [; 8= 2z
0 1 — T |l T 1 1 T = T T T T T T T = IN
o0 150 200 250 300 350 400 450 500 550 600 650 V0O VS0 300
Counts vs. Mass-to-Charge (mz)
MS Spectrum Peak List
Obs.mz | Charge|  Abund llﬁtnhsowpe e (v
. 3 1616.592) %
20562 1 2565 [MEHES 4]
. 2 S04 1L(M=HEL 5
. 1 2437 325 + i
LS i Erigie o |
A 1 2968547 + 0.%
7%, i TR TH[FRalF T
3 T e T [
TEEE] 1 B[Rl T
FE.ZHS' 1 1554 26[ 3 LR
— End Of Feport —

IH NMR (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-(imidazo[1,5-a]pyridine-7-ylsulfanylmethyl) tetrahydrofuran-3,4-
diol (17)

- P 6O - t Q- T NeERRETTR D=~ q DO
sRaNeE {8e BEER 28 HBRHLEICEERIYIRY B8
@ e W W W M~~~ OO vuwm TSSO OMO NN
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N 0N, Nz
N L g NN Tr
N |
S N N
HG  BH
]_J I _J“\'\i k )l — (.
N [ [
2=288 22y =] T3 5
5553 S @5 S 8 > &
[T Too 0 [ g
LS s B e R IR IR A PP PP T T T e
85 0 75 6.0 30 25 20 15 1.0 Chemical Sift (ppm)

13C NMR (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-(imidazo[1,5-a]pyridine-7-ylsulfanylmethyl) tetrahydrofuran-
3,4-diol (17)
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HPLC (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-(imidazo[1,5-a]pyridine-7-ylsulfanylmethyl) tetrahydrofuran-3,4-

diol (17)
A T TR WE
30
2500
2000
1500
100e]
] 2|
LIV A ;
’ ¥ T T
L A A T R T R LT R R T R R A R TR T R R R T
1 FIA Mutti 1/ 20 =
Integration result
PeakTable
PDA Chl 220nm
Peals# Ret. Time  USPWidth  Resolution Height Arca Area %
1 (.662 0163 0000 10342 62083 1.037
2 1.003 0.153 2,158 22271 109086 1.822
3 1048 0364 0174 15616 33664 0.562
4 1.172 0040 el 3348087 5781330 05357
5 3490 0.057 47911 o7 1206 0022
Total EETTETE] 5087438 100000
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Integration result

PeakTable
PDA Ch2 254nm
Peak# Rer. Time  USPWidth  Resolution Height Arca Area &
1 0654 0.180 0.000 10105 68263 1112
2 1002 0.143 2149 31580 184339 3.004
3 1.175 0.036 1.929 3516010 S8E5003 05.884
Total 35576935 G13T7715 1000 000

HRMC (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-(imidazo[1,5-a]pyridine-7-ylsulfanylmethyl) tetrahydrofuran-3,4-

diol (17)
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Compound Table

Tgt Mass Find Cpds
Obs. mfz Dbs. RT Obs. Mass Tat Formula Tgt Mass [Em:.{-:I Algorith
ppm
@I L EEEBlGE] CITATNT 035 TR Ev Fird By Formida
Compound Chromatograms
x10 2 Cpd 1: C17 H17 N7 O3 5: 1.195: +ESI EIC(79.8217, 80.8295. 99.7773. 100.7851 ...) Scan Frag=1 -
14 1 1'!?5
[
0.8 I'I ||
[
0.6 | |
0.4 ||
B
0.2 | \
pas,
0 | T — - - —
T T T T T T T T T 1 T T T T T T T T T T T T
02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44
Countz v=. Acquisition Time (min)
M5 Zoomed Spectrum
«10 6 |Cpd 1: C17H17 N7 03 5; 1.195: + FBF Spectrum (rt 1.112-1.361 min) EW26043-974-P1C1.d
2 ©
gl &
-z
+
15 E=
14
™ +
@ 4 x
0s{ & 2T T3
= . n o o
=t S= o
— = ™ = o D
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Counts vs. Mass-to-Charge (m/z)
MS Spectrum Peak List
z. Mz | Cha Abund IDMI&%
. 7 I =
U521 2 ) =
[ eI 1 TI6E7 T4 F+
Y TS| =
@] 1 THIT. =
S | +
IO 1 L[|y
[ 78T 1 AIEE[IF
AT 1 TIRO I Ra
IDAHE 1 T[N
M5 Zoomed Specrum
%10 & Cpd 1: C17 H17 N7 03 5; 1.195: +ESI Sean (r: 1,112, 1,128, 1.145, 1.162 ... min, 16 scans) Frag -
| L
1.75 4 -z
15 g é
1.25 4
14
0.75 - 2 ‘:{ w A
051 2] 2T rz
= w3 & oot
0.254 o? =53 o=
p &= S
L S e —
100 150 200 250 300 350 400 450 500 550 600 650 TO0 750 800
Counts vs. Mass-to-Charge (mfz)
Ms m Peak List
Obz. miz | Charge Abund Ton/ Isotope] Erl?)tr
O b Eres T [T _LBE;
; ) B [T .o
. fal i3
- L + i
=i T L |
A . + 2.5
A11055]] 1 1562 | [MHRa]+ 5.
[ 7820 1 AIEE[ T 1064
v L) [ TIFR AL al 1.5
BIHE 1 D 1.
— End (¥ Report —

IH NMR (2R,3R,4S,5R)-2-(6-aminopurin-9-yl)-5-(1,3-benzothiazol-2-yloxymethyl)tetrahydrofuran-3,4-diol (23)
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LR Lada LAt L e e LRa] s i S L L Rl LLALR LA R
8 75 70 40

mAL
2 LS T
73 [
pli iy |‘ ‘
250 5 | |
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&
s [ .
L '“"—"r'_#lr — r'j \\' L 'rki'l T L
T T T T T T T T T T T T T T T
oo 0X 0% 07 100 125 1% 17 200 15 WM 275 30 335 3% 3T
1 POANM 1 / 22 4o =
Integztion result
PeakTable
FDA Chl 220nm
Peaks= Ret Time TUSPWidth Resoliion — Heght Area Area %o
1 0759 0152 0.000 1900 11739 0.305
2 0792 0.081 0287 1500 2633 0.05%
3 0817 0.094 0250 952 1554 0.040
4 1410 0119 3.568 Taisa4 3795218 98.735
5 2507 0.042 13.607 531 1082 0.023
] 2791 0.087 4388 o081 30844 0.803
Total TT7658 3843060 100.000
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Infegrztion result
PeakTable
FDA Ch2 254nm
Peak=s Fet Time USPWidth Resohion — Height Area Area %o
1 0.755 0156 00000 77 6723 0.299
2 1410 0114 4858 476220 2243465 99.701
Total 476991 2250188 100,000

HRMC (2R,3R,4S,5R)-2-(6-aminopurin-9-yl)-5-(1,3-benzothiazol-2-yloxymethyl)tetrahydrofuran-3,4-diol (23)

Compound Table
Label Tyt Score ”"(‘;SPE:;‘“" Tgt Formula Obs. RT Ref. Mass Obs. Mass
[Cpd 1: C17 A NG 8 o 1305 [ooan To1 [ S 3 T oI
Tgt Mass
Obs. miz Obs. RT Obs. Mass Tat Formula Tot Mass Error Find Cpds
{ppm) lgorithm
TI051 T35 00,0559 [ 5 A i) 31 Find By Formda

Compound Chromatograms

«10 2 |Ced 1: C17H16 N6 O4 S; 1.465: +ESI EIC(80.0185, 81.0264, 100.0233, 101.0311 ...) Scan Frag= —
1 1.465 1
14
0.8
0.6
0.4
0.2+
ﬂ_ T T T T T T T T T T T T T T T T T T T T T T
02 04 06 08B 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44
Counts (%) v=. Acquistion Time (min)
M5 Zoomed Specirum
x10 5 Cpd 1: C17 H16 N& O4 S; 1.465: + FBF Spectrum (- 1.432-1.531 min) EW2604%-723-P1C1.d
25 22
24 2=
154
-
1{ wx - -t
- @ (= o
3% 8 =z
051 &3 3¢ v =
0 SE 2= . oo
100 150 200 250 300 350 400 450 500 S50  ©00 650 VOO Y30 8OO
Counts vs. Mass-to-Charge (m'z)
M5 Spectrum Peak List
b=, myz__| Charge Ehund Ton] Isotops]
X oo e
L TEIE M T
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MS Zoomed Spedirum
£10 5 Cpd 1: C17 H16 NE 04 5; 1.465: +ESI| Scan (rt: 1432, 1.449, 1.465, 1.482 _ min, 7 scans) Frag= -
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M5 Spectrum Peak List
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51 4.5§
5 T
— End OF Report —

IH NMR 2R,3R,4S,5R)-2-(6-Aminopurin-9-yl)-5-[(1,3-benzothiazol-2-ylamino)methyl] tetrahydrofuran-3,4-diol

(24)
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a5 8 75 7D
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HPLC 2R,3R,4S5,5R)-2-(6-Aminopurin-9-yl)-5-[(1,3-benzothiazol-2-ylamino)methyl] tetrahydrofuran-3,4-diol (24)

Al
3 TORTES
10004 ' -
T+
500
250
‘ B
000 Di‘f C'.IED O.I.TS 1.&)0 153 lI.TS 3'0) 3.'25 3 !50 3!“‘ .
1 PDANMES 1 / X2en S =
Intepration result
PeakTable
PDACRI 22(om
Peaks Ret Time USPWidth Resolufion Haight Area Area¥e
1 1569 0.066 0000 1063984 2851502 97489
2 1.714 0.053 2433 18519 35180 1202
3 1318 0.035 1902 5814 11687 0.399
4 1395 0.051 1430 1468 278 0.093
5 1.950 0.049 1093 683 1065 0.037
6 2098 0.066 2387 2040 4651 0159
7 2243 0.059 233 3383 6906 0236
8 2298 0.101 0.686 27 7191 0246
El 3.151 0.063 10.388 1743 4079 0.139
Total 1095891 2035974 100.000
mAlT
3 FOA NG ]
12504 I =
1ooc] ‘
7
50 |
2504
0 L B FITARRT"2R1T AR RAR 1T AR
1 POLA M 2/ 254 dom =
Inte sration result
PeakTzhle
FDA (h? 254nm
Paak# Ret Trme USPWidth Resoluion Heght Area Area %
1 1372 0.052 0.000 05 1086 0.030
2 1407 0.076 0.549 795 1746 0043
3 1569 0.068 2267 1269004 3549920 97422
4 1.714 0.051 2442 25487 45291 1.243
5 1818 0.057 1.920 2014 16255 046
& 1.895 0030 1445 2257 4291 0.118
T 1950 0044 1.165 47 1247 0,034
3 2094 0054 2954 1593 0e 0.083
o 2301 0101 26T 3897 14466 0397
10 2392 0.205 0.592 1664 4689 0129
11 2419 0824 0.073 1111 1831 0,050
Total 1315256 3643541 100,000
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HRMC 2R,3R,4S5,5R)-2-(6-Aminopurin-9-yl)-5-[(1,3-benzothiazol-2-ylamino)methyl] tetrahydrofuran-3,4-diol (24)

Compound Table
Label Tat Score | ”‘}5;)51’]"‘" Tat Formula I Obs. RT Ref. Mass Obs. Mass
51 ¥ == ETAT R O35 | T R NAE
Togt Mass
Obs. mz Obs. RT Obs. Mass Tgt Fermula Tgt Mass Error F,Ilnd.;pdl =
ETZ 1002 1565 E R CI7 FL7 W7 03 FHEIE m?-m—m
Compound Chromatograms
x10 2 |Cpd 1: C17 H17 N7 O3 5; 1.595: +ESI EIC(79.8217. 80.8295, 99.7773, 100.7851 ...) Scan Frag=1
1 1.595
" |
Il
0.8 I !
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I
04 (l
)
0.2 (1
" o

02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44
Counts (%) vz. Acquisition Time (min)

M5 Zoomed Specium
»1o & |Cpd 1: C17 H17 N7 03 5: 1.595: + FEF Spectrum (- 1.562-1.661 min) EW26043-716-P1C1.d
1.2 4 5 .
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041 e e3 2%
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o= wE Ny
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Counts vs. Mass-to-Charge {m/z)
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.0 T e T
IO 1 BT 23| e
7362195 1 T916.53 29
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B ITH] 1 X )+
MS Zoomed Spedium
«10 6 |Cpd 1: C17 H17 N7 03 5; 1.585: +E5I Scan (rt: 1,362, 1.378, 1.585. 1.611 ... min. 7 seans) Frag= -
1.24 ~
2%
1 5 T
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Bz bz 2z
024 9w 9o ™o
2z 8= a=
ol == . . r i r . . . . . ==
100 150 200 250 300 350 400 450 500 550 600 650 700 7500 800
Counts vs. Mass-to-Charge (miz)
MS m Peak List
Obs. mfz | Charge Abund Ion/ Isotop<y ET'?;?;S_I_I
9. 111 1 973,15 [M+ -1
—m'rrﬂ. T e A [ e 7
WLLE 1 jEl ST g
EoREEE I e [ R
. 1% T TR MRal™ '3
- T B 1.
4341017 1 1857 3[[M=laj+ =179
736,215 1 101653 !
itk D i (R P EBL
BEHE 1 TSR pEE
— End O Feport —
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SFC 2R,3R,4S,5R)-2-(6-Aminopurin-9-yl)-5-[(1,3-benzothiazol-2-ylamino)methyl] tetrahydrofuran-3,4-diol (24)

mATU
400 2 PDA Maulti 1
300 ‘
200+ ‘
100 |
. |
- ||I
1 NS
(S A | N ————— U
D.LTICII o IU.IEiI o ID.If()I o IU.IT_"II o Il.IDUI o Il.|l5l o Il.lﬁ[)I o Il.ITSI o Il.!fl[)I o IE.IEEI o Il.I5CII o IE.LJ'EI I I3.‘0[)
min
1 PDA Multi 1 / 220nm 4nm
Integration Results
PeakTable
PDACHI 220nm ) _ _
Peak# Ret. Time USP Width Resolution Height Area Area%
1 1.494 0.048 0.000 370703 662295 100.000
Total 370703 662295 100.000
IH NMR 6-Methylquinoline-2-thiol (73)
=+
8 CE¥BEC-RNERY ¢e 388
o NR0E DYoo @O w60
- [ N N N A g e el ooded
N SH
99
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[MJ |
|
A ) N Y,
8 223 2
@ 2o a @
[l Tarw
R L AR Ao o e E Raaam e AR A el
8 7 & 5 4 3 2 Chemical Shift (ppm)

LCMS 6-Methylquinoline-2-thiol (73)
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mn
mALl
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1 |

3,00
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Integrztion Result
Peak Table
PDAChl 220mm
Peak#  Ret. Time Height Height®a  USP Width Area Area%s
1 0471 3T20 0.134 0.069 10372 0.230
2 0.508 14380 0517 0.021 11374 0.307
3 0.540 2661842 95.668 0027 3610215 97363
4 0.638 49637 1784 0.016 25549 0.639
5 0.638 14118 0.507 0.015 6832 0.185
6 0.764 33669 1.390 0.026 43637 L1177
Peak Table
PDA Ch2 254nm
Peak#  Fet. Time Height Height?a  USP Width Area Area¥s
1 0.537 2687593 98.323 0.016 1699781 97.208
2 0.659 9647 0353 0.016 5595 0320
3 0.764 36192 1324 0.026 43228 2472
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Mass 5
RetTime: 0470 Datafile: DI DATA 2022220422002 1 EW26049-1048-P1D1 1cd
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mz
RetTime: 0.662 Datafile: D/ DATA 202222082 20021 EW26049-1043-P1D1 lcd
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IH NMR 7-Methyl-1-oxido-quinolin-1-ium (75)
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LCMS 7-Methyl-1-oxido-quinolin-1-ium (75)

Chromatogram
mALT
]5'}0—- I’_‘@ POA MG | 220om Snm
] [ F
- | |
1 = |
i 5 II |
—_—
000 025 0.50 075 (1] 115 150
mun
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1 Ir.,'!’! POAMulE T 75 9om Snnj
] H
1M+ | r
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] ] [
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000 0ls 05 ols 1ho 1hs 150
mEn
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000, 000)
J456383 s
30,01 3min Delay) A
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3 | \
E / — TN e Ty
0005 T T T T T T Tl
0.00 02s 0350 075 100 125 L3
min
Intezration Result
Peak Table
PIBALE]}I :zng H Height?s USP Width Area®
eak= t. Time eizht i 1 Areats
1 0471 0 0384 0181 BE b 0,658
2 0.653 2959336 99616 0.080 10567329 99312
Peak Table
PDACh2 254mm_ ) ] ,
Peak# Eet Time Height Height®s  USP Width Area Aveas
1 0.461 4803 0304 0.181 30554 0.85%
2 0.638 1573636 99,696 0.068 3524642 93141
Mazs 5
PetTime: 0470 Datafile: D DATA' 20222208 22002 7 EW26048-1052-P1C1 1cd
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30000
20000
100004 =]
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'H NMR 2-Chloro-7-methyl-quinoline (76)
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LCMS 2-Chloro-7-methyl-quinoline (76)
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Chromatogram

1.0 Chemical Shift (ppm)
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2500 | ||_
7 r i W e
] gl 2
] P A5 5 S
LMy I:\.!’_i Dl‘l!‘ U_ITS 'I.:J] l.IIS 150
min
mALl
- ] PO Muli 2 254nm 4nm
] =
o] [
] 2 l'\\- o
4 X [
T—_——
[ 0.25 L] 035 1.00 25 |;?|:'
min
1 PDA Muls 7 220nm,4nm
2 PDA Mult 27 254nm,4nm
M Chromeiogram.
1,000, Doy
307 [.069.08R
(0058 min Delay) j\
] thﬁf \
o= T — T T T T
A0.00 0.25 0.50 0Is 1Mk 115
mim
Integration Result
Peak Table
PDA Chl 220nm
Peak# Ret. Time Height Height%  USP Width Area Arcath
| 0567 P]3Ut’:2 0347 0.057 22856 0187
2 0630 3085057 09.108 0.056 12179344 29510
3 0705 14429 0359 0.037 18133 148
4 0773 3833 0.095 0.7 189490 0153
Peak Table
PDA Ch2 254nm,
Peak#  Ret. Time Height Height%e  USP Width Arca Arca%
| 0561 6217 0373 0.037 8222 0.323
2 0613 1673305 09 438 0041 2528900 99.403
3 0713 3188 0.189 0.084 6962 0.274
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RetTime: 0.567 Datafile: DAData 022
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1H NMR 7-Methylquinoline-2-thiol (77)

5 BESL85EHBEE 8 885
o ERG8an e ¥ @xI
= Ll ikl t") oded o
T il
N. _SH
(s
L
]
Il '
||
|
| L\ g
4
=] S8F 8 8
& 5393 &
g TOUT ¢ )
et e 1 M AL

LCMS 7-Methylquinoline-2-thiol (77)

Lnromamgram

mAL
25004 N& POA Muls | 220nm.inm
] - =
1 = [
1 n A E
1 |
.ll\ I =
(0 0.!‘_‘ EI.IS{I IF.L-S 'I.III 1.25 130
min
mAL
4 F& PDA Muld I 254nm.£nm
1000 | IE
] A
1 = i -
] 4 E
JIF\L | L. =
000 ns 050 oS 1 125 150
min
1 PDA Muls 17 220nm,dnm
2 PDA Mulsi 27 254nm,dnm
M5 Chromatogram
1,000, D00)
10.00 765529 M\
{0017 min Delayy | '|I
|I \
[
1 |
R _ _ __ _ i __)'l \— — ———————~—TIC(+)@1
o 0ls 050 ors 1500 15 15
min
Integration Result
Peak Table
PDAChl 220nm
Pealst Ret. Time Height Height®e  USPWidth Arca Arca
| 0.120 081276 26.708 0.047 1764832 20,097
2 0.953 2689178 73.102 0.056 7008323 79.806
3 1.484 3677 0.100 0.067 8550 0.097
Peak Table
PDA Ch2 254nm
Peak#  Ret. Time Height Heighte  USP Width Ara Arca®e
1 0.120 346312 21304 0.047 616222 21838
2 0045 1268178 T8.343 0.045 2191839 T1.676
3 1483 4260 0263 0.082 13710 0486
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'H NMR 8-[(4-methoxyphenyl)methylsulfanyl]imidazo[1,5-a]pyridine (79)

VOOTOOQMEOMO N =W P o~ ~ w o =3
VERIRKNBIIRYBELEY & g 88 3
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8.0 7. 70 6.5
LCMS 8-[(4-methoxyphenyl)methylsulfanyl]limidazo[1,5-a]pyridine (79)
AL &, Sig=2204 Fef=or [EWZE080-000-FicT 0]
mAlLl
500 " £
= g
0 | = _ : o
b o5 1 105 i
DADT B, 5ig=254 4 Ref=oit (EW
mAL
e — I [ S e S
0 0.25 05 075 1 125 il
WSO TIC, TS Fie (BT TACE & 200801 SOEW AT 0PI  0)  ES-AFT, Fos, Sean, Frag: 70
) Ir|'\ir

DAD1 A, Sig=220,4 Ref=off

# M=as. Ret. Height Width Arsa Brea %
1 D.215 20.078 0.016 22.19% 1.759
2 0.228 15.674 0.008 9.549 0.757
3 0.236 15.6B7 0.008 7.1E8 0.567
4 0.664 1152.937 0.014 1074.950 B8-.184
& 0.807 22.970 0.015 22.04& 1.747
& 1.023 111.341 0.017 126.014 9.986

Eignal 2 DAD]1 B, Sig=2t54,4 Ref=off

# Me=as. Ret. Height Width Area Brea %
1 0.664 E21.269 0.014 465.063 91.003
2 0.BE2 17.640 0.017 15.783 3.873
3 1.023 24 .55 0.016 26.1BE £E.124
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!H NMR 7-Bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-indazole (82)

NEEEERBsREE288R3 Ny S ERRr BEEBIBRA
WRMT~f~lf~~~~ 00O OO w T ST L or o Mor Mor Hor Mor Ko}
Etf SEM
S )
[/:IJ/N
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LCMS 7-Bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-indazole (82)

- ‘Chromstogram
] PDA Muls 1 220nm o
1000+
1 .
I z a
Jd SN B 2 3
0.00 0.25 100 125 150
min
mALT
mt . m_: TDA Mula 2 254nm Jor
] [T
] [\
] /o 3
= T j T \_ = T T T T
0.00 025 0.50 0.75 100 135 50
min
1 PDAMulti 1/ 220nm dam
2 PDAMulti 2/ 254nm 4am
M5 Chromatogram
€1,000,000)
. 3,662,727
3.0 (0,01 7min Delay) I./_—A\\
E / \ _/\
1.005 -
] - _J N N — e
0.00 025 050 ol 100 15 150
min
Integration Result
Peak Table
PDA Chl 22(nm
Peak#  Ret Time Height Height*  USP Width Area Area%s
1 0.513 1348759 97208 0.114 6037321 97814
2 0.684 22531 1.624 0.243 81431 1315
3 1.050 12340 0.889 0.004 44505 0.719
4 1.124 1866 0.279 0.106 9442 0.152
Peak Table
PDA Ch? 254nm
Peak# Ret. Time Height Height%s  USP Width Area Area%
1 0.513 260850 0B.559 0.097 949349 00188
2 0.685 3814 1441 0.059 7770 0.812
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LCMS S7-((4-Methoxybenzyl)thio)-1H-indazole (84)

DADT A, Sig=220.4 Fef=off [Evia47 12-BeFCa.0)

mAL -, =
- ] A =
1000 [N - Uy o =
500 . 2 g I 8
i | — = e s =
b obs s 078 i 155 i
DADT B, Sig=254.4 Ref=off (EW34712-82-P1C3.0)
mAL il
4004 =
200 -I. E
u||||'-||||||||||-|_|-|.||--||-|||||||||
1] 025 0.5 0.75 1 mir|
WE0T TIC, M= File (E'DATAZZ0TZ2NGI0 TEWAT T30 P13 0) EZ-APL Pos, Scan, Frag: 70
) I||'\|'r
Signal 1 : DAD1 A, Sig=220,4 Ref=off
# M=as. Ret. Height Width Area Area %
1 0.699 35.876 0.018 44.023 1.9839
2 0.B&D 1777.898 0.018 2020.1B5 91.741
3 0.8594 20.543 0.01& 23.068 1.042
4 0.945 23.152 0.021 31.548 1.42¢
1 1.007 B3.924 0.015 B4.138 3.802
Signal 2 : DAD1 B, Sig=254,4 Ref=off
£ Meas. Ret. Height Width Erea Brea %
1 0.849 E43 . 465 0.01& ET2.278 95.748B
2 1.007 24.332 0.016 25.413 4_.2E2
MEDT SPC. tme= 085
hd
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45
o
355 =
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!H NMR 1H-Indazole-7-thiol (85)
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LCMS 1H-Indazole-7-thiol (85)

65 6.0 55 50 45 40 35 30 25 20 15 1.0 Chemical Shift (ppm)

DADT A, Sig=ZI03 Ref=off [EWHTTIEI-FIALID]

mALl )
&
dﬁ -
1000 [
0.25 0.5 i i 125 |
DADT B, Sig=254 4 Ref=off [EW347 12-03-F1A3.0)
mALl - al
a
1000 9 o
-1 ™~
E 53
e % ==
T T T T
0.75 i 125 i
"MED1 TIC 0623 3EW34T12-83-P1A3 D) ES-API, Pos, Scan, Frag: 10
600000 ~
min$

Signal 1 : DAD1 A, Sig=220,4 Ref=off

# Meas. Ret. Height Width Area Area %
1 0.700 2242 .561 0.030 4175.400 7Te.9574
2 0.733 594 .393 0.020 B25.402 15.216
3 0.812 51.604 0.016 57.294 1.056
4 0.842 230.986 0.022 366.334 6.753

Signal 2 : DAD]1 B, Sig=254,4 Ref=off

# M=as. Ret. Height Width Area Area %
1 0.701 2089 . 253 0.013 2522.993 B83.574
2 0.734 157.485 0.021 230.486 7.635
3 0.812 20.125 0.017 23.690 0.785
4 0.842 T4.143 0.042 241 .720 B.007
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'H NMR (4-Bromo-2-pyridyl)methanamine (87)
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LCMS (4-Bromo-2-pyridyl)methanamine (87)

Corpound ID : 1
Sample ID : EW26049-913-P1C1
Injection Vol  : Sul

Location al64
Aeg Method \method \0-60CD_F._220&254 POS lem
Oz DataFile  : D/DATA20 26049-913-PICLL

Injection Date : 2022-06-14 18:01:
Instrument  LCMS-O 13-103

mAL
] TDA Ml 1 220e 2o
100¢]
] ]
= —=
————— — T
0.00 05 115 150
mun
mAL
s00H TOA Muld T 7540 Zom
250
0.0 0.3 115 1350

1 PDAMult 1/ 2200m 4nm
2 PDAMulG 2/ 2540m 4nm

L7040
2,00 (-0.013min Delay) f

.
T )al

000 035 050 075

Integration Result

Peak Table
PDAChl 220nm
eak# . Time Area Areas
1 0.771 2414574 96.401
2 0.871 11159 0445
3 1.087 7198 0.287
4 1124 66713 2663
5 1.220 3076 0.203
PDACh? 254nm
Peak#  Ret Time Height Height?s  USP Width Area Area’:
1 0.771 518067 95740 0.037 764959 97058
2 1124 23054 4.260 0.026 23189 1942
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Mass 5
RetTime: 0.770 Datafile: D! DATA2022 2206 220614 EW26049-213-P1C1 Ied
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IH NMR N-[(4-Bromo-2-pyridyl)methyl]formamide (88)
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!H NMR 7-Bromoimidazo[1,5-a]pyridine (89)
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!H NMR 7-[(4-Methoxyphenyl)methylsulfanyllimidazo[1,5-a]pyridine (90)
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LCMS 7-[(4-Methoxyphenyl)methylsulfanyl]imidazo[1,5-a]pyridine (90)

TADT A, 5ig=2004 Ref—of [EW R0 T PICT )
Al )
&\
- =29
1000 T (o=
g =
0 - R _l®es
3 025 05 07s i 105 i
DADT B, 5ig=254 4 Rief=off (EWZS040-624-F1C1 D)
mAL ol
4|
e
0 = . L
T USSR E———
0 .25 05 0.75 1 1.5 ]
WSOTTIC, WS Fie (EDATAIT S AN TR EW A FICTD) ESAPT, Pos, Saan, Frag 70
rmir]

Cignal 1 : DAD1 A, S£ig=220,4 Ref=off
# Meas. Ret. Height Width Arsa Ares %
1 0.124 253.178 0.02% 447.109 9.82%
2 0.172 E9._TBE .03z 16l.664 3.552
3 0.821 2268.042 o.027 3732.8982 82.027
4 0.873 ET7.333 0.019 TE.903 1.668
5 0.908 T&. 055 0.025 133.2581 2.928

Cignal 2 : DAD1 B, Sig=254,4 Ref=off

£ Meas. Ret. Height Width Area Area %
1 0.130 16.372 0.045 E6.535 1.344
2 0.821 2578.774 0.025 3990.766 94.887
3 0.872 44 .519 0.018 E3.897 1.281
4 0.908 EE.T45 0.027 104.626 2.488
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1H NMR 9-[(2R,3R,4R,55)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis[[tert-butyl(dimethyl)

silylloxy]tetrahydrofuran-2-yl]-N-methyl-purin-6-amine (93)
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LCMS 9-[(2R,3R,4R,55)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis[[tert-butyl(dimethyl)

silylJoxy]tetrahydrofuran-2-yl]-N-methyl-purin-6-amine (93)
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Compound ID - ]

Samplk 1D : EW216049-722-P151

Injection Vol : Sul

Location sviald4

Acg Method  : Dimethod\50- 100CD R 2204254 POS.lcm

Org DataFile  : DADATA\2022\ 220102201 21"EW 26049-722-P1S Lic
Injection Date - 2022-01-21 19:30:41

Instrument LCMS-W

Chromatogram

mAL
5”05 Iﬁ; PO Multi 1 220rm 4nm]
: It
q |
2304 | II
] |
| )
. — . \\-_
T T T T
0.00 025 050 035 1.00 1.25 150
min
mAL
] ,«E PO Multi 2 254nm. Ao
] s
250 II |
b \
- [
B |
7 .II I\
o — T e S e e e e s m e e e e e B e s e e |
000 035 0350 075 1.0 125 150
min
1 PDA Mult |/ 22nm,dnm
2 PDA Mult 2/ 254nm,dnm
MS Chromatogram
(M)
] [
74-0.02Tmin Delay) M it
¥
100+ |
] | |
| )
L ——— e e L L_ T @
T T T T T T T
040 0:25 050 035 1.00 125 1.50
min

Integration Result

Peak Tabke
PDA Chl 220nm

Peaks# Ret. Time Height Height%  USP Widih Area Areale
I 1.194 335080 100000 0063 1369331 100,000
Peak Table
PDA Ch2 254nm
Peaks# Ret. Time Height Height%e USSP Width Amca Arcate
1 1.194 372151 100,000 0.065 919959 100.000

Mass Spactrum
RetTime: 1.193 Datafile: DADATA'202A2201' 2201 21VEW 26049-722-P15 Llcd

=

TO0- &

G000

500

L

mz

IH NMR 9-[(2R,3R,4R,55)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis[[tert-butyl(dimethyl)
206



silylJoxy]tetrahydrofuran-2-yl]-N,N-dimethyl-purin-6-amine (94)
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1 |
|
Il | ; Iy |
’I l [ ' 1 Ly 1 ! il | J
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S@®@89 a9 ] =] o8 © N - =] ©a g9
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LCMS 9-[(2R,3R,4R,55)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis[[tert-butyl(dimethyl)

silylJoxy]tetrahydrofuran-2-yl]-N,

,N-dimethyl-purin-6-amine (94)

Compound 1D : |

TIC(+)@1

Sample 1D : EW26040-T54-PI1CI
Injection Vol : Sul
Location rvial6l
Acg Method  : DAmethod\30-100AB_R_220&254.lcm
Org DataFile  : DADATA\Z0Z, pa) 2EW 26049-T34-PICLI
Injection Date : 2022-02-22
Instrument 1 LOMS-AA
Chromatogram
mAl
] Inlﬁ PDA Muls | 22nm 4nm
1 &
SI’O: |I Il
] | | _
] {1
] J\ =
T T T T T T
0.00 025 0.50 0.75 oo 115 150
min
mAl
so] I!\Iﬁ PDA Muls 2 254nm 4nm
] [
] || ,I
& II |
] =
°—........—.....:...."’..l\.—..—........
0.00 025 0.50 0.75 L0 115 150
min
1 PDAMuls 1/ 220nm,4nm
2 PDAMuls 2/ 254nm,4nm
MS Chromatogram
(10, 000.000)
M\
I
| \
] / \
np=— ———~
0.00 02s 050 0.75 1.00 125
min
Integration Result
Peak Table
PDA Chl 220nm
Peak#  Ret. Time Height Height®%  USP Width Arca Arca%
1 0.926 E7010: 99.321 0.038 1890220 09348
2 1.131 6012 0679 0.057 12402 0.632
Peak Table
PDA Ch2 254nm
Peak#  Ret. Time Height Height®e  USP Width rea Areaf
1 0,620 5654 0.998 0,085 17247 1.421
2 0.926 560008 99.002 0057 1196730 98.579



Moass Spectrum
RetTime: 00925 Datafile: DADATA202A22022 2022 1EW 26049-754-P1C1 led
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IH NMR (2S,3S,4R,5R)-2-(1,3-Benzothiazol-2-ylsulfanylmethyl)-5-[6-(methylamino)purin-9-yl]tetrahydrofuran-
3,4-diol (18)
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HPLC (2S,3S,4R,5R)-2-(1,3-Benzothiazol-2-ylsulfanylmethyl)-5-[6-(methylamino)purin-9-yl]tetrahydrofuran-3,4-

diol (18)
mALl
1 & POAMuE
100 "
73::
s
2]
M FL— Ly
G Y A TR Y "R T T A" BT =AY AR T 1™ RAET TAREY "R T TR AT F R T
1 PDA Mutii 1 2 mdmm -
Inbegration result
PeakTable
PDA Chl 220nm
Praks# Ret. Time  USPWidih  Resolution Height Arca Area 5
I 1497 0043 0000 026 1468 0.095
2 1684 0.039 4558 5830 B404 0541
3 1.740 0104 0779 2140 4374 0282
L 1.787 0.039 D63l 1020359 1538600 09083
Total 1029255 1552936 1HD.000
mAll
= A Wl
H h
S0H
A0H
30H
H
i j
™ "Il'\-"—' rit - —
T L A T "R T AR T RART ST T T AT T " AT AL AT AT
1 PDA Muls 2/ 25%3mm 4nm -
Inte gration result
PeakTable
PDA Ch2 254nm
Peak# Ret. Time USPWidth  Resolution Height Area Area %
1 1684 0.039 0.000 4448 6454 0.647
2 1.741 0. 108 0764 1350 1765 0377
3 1.785 0039 bal? 636410 JRBSH 09075
Total 652217 PTIE2 100N
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HRMS (25,3S,4R,5R)-2-(1,3-Benzothiazol-2-ylsulfanylmethyl)-5-[6-(methylamino)purin-9-yl]tetrahydrofuran-3,4-

diol (18)

Compound Table
Label Tyt Scare “:;“&;" Tgt Fomuila Obs. BT Ref. Mass Obs. Mass
Tpd 1- C18 MIB NG 03 52; 1710 [38.7 708 18 1B NG 03 52 71 [ [N
Tgt M
Obs. myz Obs. BT Obs. Mass Tyt Formula Tot Mass o | Find Cpds
Erwﬂ} ¢
P 171 TI0.051 C15 A1E NE 03 =2 RS T Find by Farimila
Compound Chromatograms
x10 2 |Cpd 1: C13 H18 N6 O3 52: 1.710: +E5I EIC(86.0171, 86.2176, 87.0249, §7.2254 ) Scan Frag=1 -
b 1 ?ﬁm 1
0.8 | |
& [
0.4+ I
02/ [
0 l l\_
02 04 06 08 1 12 14 186 18 2 22 24 26 28 3 32 34 36 38 4 42 44
Counts (%) vs. Acquisttion Time (min)
MS Zoomed Spectrum
x10 & |Cpd 1: €18 H18 N6 O3 52; 1.710: + FBF Spectrum (i 1.676-1.792 min) EW26043-727-P1C1.d
2
154 =
=] r
125 BE
14
0.75 A
T - T *
05{ 5% BT 5T
- =M =
051 2% © 2 &=
R i — 3.
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 &850 900
Counts vs. Mass-to-Charge {m/z)
MS Spectrum Peak List
[ Obs.myz | Charge TTsotope)
TE05H| 32 754 G| M2
TESSm| 2 T (e

10 & |Cod 1:C18 H18 N6 03 52: 1.710: +ES! Scan (- 1676, 1693, 1710.1.726 _ min. 85cans) Frag -
15 Bz
; 2%
125 o3
14
075 |
wr -9 +
05{ 3@ 5T ]
52 23 gz
0529 5 5 %
e N —— 1
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 B850 900

Counts vs. Mass-to-Charge (m/z)

Tgt Mass

Abund Error (ppm}
57524630 M+aH)+2 -D.él
13750.6) M+ 2k +-2 0.78]
T395.06){M+2H)+2 -0.19]
1137331 TS M+H)+ -3 48]
] e EES|
13624298 M+H)}+ 0.35]
21746, M+Naj}+ 2.3
11364 44 M+Ha)+ 1.3
3790.F1)[2M-+Na)+ 21.47|
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IH NMR (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-(1,3-benzothiazol-2-ylsulfanylmethyl) tetrahydrofuran-3,4-diol

(19)
NOTWUNTFTUNLRNONT NODONMND OO0 =0 =~=0NODODOOD =T O
BN583389E638883 35858 328858R3B8LBRERR 28
?7631?,FI-‘F:-I:- :“r: l‘:l‘-:r—dl‘-rr- [T R N Ts] ln Wy ‘riﬁ‘“f“r r‘r TN f:".!"i(:-’;f-").ﬂrl") !l‘IN
O o 5
S 3 F
MN/)\'E’AU Nk'lh
HG  BH !
|
]
HDO
|
i | Iy !
| T I
[ e
| |l. “/\JL /
I U U U 1, SE—— S ¥ R _J|_,u‘| — N
|
S5 RS 2 g8 =88 H HBod
S& %8 SS9 S RR S ===
0260 og o ga i g i

a0 75 70 6.5 6.0 55 50 45

HPLC (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-(1,3-benzothiazol-2-ylsulfanylmethyl) tetrahydrofuran-3,4-diol (19)

mAll
3500 a POA Futs
3+
250+
20+
1500
100
S+ _ ‘ E
! T T L A L N
om0 |3 H‘.ISGI U!_'S I.IUJ ].I]S ]ISIF I.!_'_‘ "_{IHI "IH 1‘93 l!_'S im 3 !'_‘ }.Iﬂl 3|_’5
1 PDA Mutti 1/ THnmdnm i
Integration result
PeakTable
PDA Chl 2Hnm
Peak# Ret. Time  USPWidth  Resolution Height Area Area %
1 0513 045 0.000 2666 4483 0.090
2 684 0056 3175 6727 S6430 1.133
3 0.898 0067 3500 1261 054 0.061
4 1.260 0042 6.707 14542 22571 0433
5 1476 0035 3636 00065 487430 o7.901
fi 1621 0043 3683 1262 1941 0.039
7 | 08% 0048 B087 1557 1687 0054
g 2052 046 1353 280 1408 0.028
g 1372 008D 5084 1178 3370 0.068
10 21639 0060 3604 653 1759 0.035
11 78 0051 2479 041 1788 0.036
12 2068 0063 3170 2024 SO0 0.101
Total 1543758 4079342 100.000




3 O Wi
17509 5
1500
1250]
1000
]
o]
250
NI
o 3 Lk ¥
T T
L R A R AR D R R R R E R T R Y R R
mn

1 PDA Muts 2/ 2540, 4nm

Integration result

PeakTable
PDA Ch2 254nm

Pealk# Ret. Time  USPWidih  Resolution Height Arca Arca &
1 1.251 0.042 0.000 6344 0836 0.358
2 1476 0.042 5.087 1758970 1734198 09 560
3 L6192 0.042 3388 T4 1125 0.041
4 1.745 0.045 2018 674 1111 0.040

Total 1766734 46270 100000

HRMS (2R,3R,4S,55)-2-(6-Aminopurin-9-yl)-5-(1,3-benzothiazol-2-ylsulfanylmethyl) tetrahydrofuran-3,4-diol (19)

Compound Table

Label Tgt Score | EE_!:""I | Tgt Formula | Obs. RT Ref. Mass Obs. Mass
g ook L. ey 5L o5 0 e 03 o | 1

Tgt Mazs
Obs. mfz Obs. RT Obs. Mass Tat Formula | Tagt Mass Fullnd‘;’pdl s

Error
5 81 105 CITHZ0 MG 05 52 m&“"—")—mg
Compound Chromatograms

110 2 | Cpd 1: C19 H20 N6 03 52 1.810: +ES| EIC(88.8202, £9.0207, 89,6280, 90.0286 .. Scan Frag=1
10 1810
f
0.8 [l
05- _|i
04 A
Bl 1 1
[
. )
0 | -
02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44
Counts (%) vs. Acquisition Time (min)

M5 Znomed Spectrum
x10 & Cpd 1: C19 H20 N& 03 52; 1.810: + FBF Spectrum (r= 1.777, 1.843-1.909 min) EW2604%-757-P1 -
254 8.,
T
¥
“ iz
1.5
4 o~
L . 2+ o L
= 2T -
051 B, % 23
g 8= 53
o - - ! 2
150 200 250 300 350 400 450 500 550 600 650 7FOO 750 BOO 850 900

Counts vs. Mass-to-Charge (m/z)
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10 © |Ced 1: C19 H20 NE 03 52: 1.810: +ESI Scan (r: 1.777. 1.843, 1.860. 1.876 ... min, & scans) Frag -
25 2.
-z
2 g ¥
3=
15
I - =3 m X
23 g2
054 = 2 ¢ - é
e o= -
ol == Y& | &
T T T T T T ' T T T T T T T T T
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900

M5 Spectrum Peak Li

Counts vs. Mass-to-Charge (mfz)

gt
Error
-3.. .
pa|

'H NMR
yllmethoxy-tert-butyl-dimethyl-silane (96)

[(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5-(6-

chloropurin-9-yl)

tetrahydrofuran-2-

. o - e Rt T L= woroONODNBWOOO AR DT
LR 5] To SBGHFREES5YH IGRRIEREHgRLLee B
oo ~ o o R I R ] A---r-coccococodos 99
=N
O N . Gl
G| |
\l
TBSO/\LK g
TBSG  DTBS
|
BT l L._L;LL
) Y 7
85 2 d-red SEB888ERZH
S S e ccaoga ®mD QW a0 aC
[ 1) Goroég FTRPYYYTUCO
e L = = S I R e = E R e AR AR
5 4 1 0 Chemical Shift (ppm)
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1H NMR [(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]Joxy]-5- (6-chloropurin-9-yl)tetrahydrofuran-2-

yllmethanol (46)

- ~ o WL OO OUTOVONT® o=wo 0Ll P
7 ] ] 8 BESBBEBIRBREER KRET Ixu=T B
] o ~ Gl WoFFFF Lo eIedoded cogs 96577 T
FN
HO 0
A qu/N
TBST  OTBS
u | ) ik B N S
g 8 28 & g2r8e g2 o8 8
S @ S = & S@aa == o @
o g o=, § ©fgd ag gg d
RN e e e e e A R TS e e e S ARRRERS nEe
I ; I é fl> 4 ‘ I ‘1I Cnem%cal Shift (ppm]‘

LCMS [(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]Joxy]-5- (6-chloropurin-9-yl)tetrahydrofuran-2-

yllmethanol (46)

Chromatogram

mAL
] - PDA Muld | 22mm.£nim
] E e
5o | [
h - i
] 2 | '\_
T T T T T
H 025 0.50 07s 1.0 1.25 150
min
mAL
] |5 PDAMulS 2 354am i
500 = =
] =
1 I|‘. | \
] \ |
] !
N o _ I A
0.00 U.!E [I.If{l '_1-'2 'I.IC(I |.!5 l_liﬂ
1 PDAMult |/ 220nm,4nm o
2 PDAMulti 2/ 254nm,4nm
M5 Chromatogram
€100, D00y
10,00 15 315,390
(=005 0min Delay I|
o~
e -~ T
o I
LI B e e L s e o e e e e e e L LI s s py e B e
-0.00 025 )54l o7s 1.00 135
min
Integration Result
Peak Tabk:
PDAChI 220nm
Peald# Ret. Time Height Height®  USPWidth Area Areat%
1 0,941 2600 0.382 0.084 14131 1160
2 1.097 261386 37.121 0.031 3303533 27.132
3 1.182 440076 62407 0.052 E73570 71708
Peak Table
PDA Ch2 254nm
ak# Ret. Time Height Height®%s  USP Width Amra
| L7 361084 37.089 0.031 452505
2 1182 614003 62911 0.052 1210427

TIC(+ @1
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Mass Spectrum
RetTime: 0.940 Datafile: DADATA 20222206\ 22063MEW 34358-155-P1 B led
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1H NMR [(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]-5- (6-chloropurin-9-yl)tetrahydrofuran-2-yl]methyl

methanesulfonate (97)

o © o =+ o @ M~OOONDMPQD w0 = oM = NW"“-EDES’DI""—DDI"‘-IB@F‘-DD
= 3 & 58 SRRBITHERAECC I8 28 XEIBLISPRINSYZES
«© < ~ © o T I TTTAS A A e G ~--oococococococccoo
=N
0 N{)\(Cl
kL) |
/\(_7/ I}JWN
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I \L L e | _
g 8 5 8888 2 8y L gege
= 2 e = === ] o - o=
T T oW 7 7T TF%77
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5.0 5 1.0 Chemical Shift (ppm)

LCMS [(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silylloxy]-5- (6-chloropurin-9-yl)tetrahydrofuran-2-yllmethyl

methanesulfonate (97)

TG+ @1

Chromatogram
mAl
1 PLy ulti 1 220nm 4nm
500 ﬁ?‘
1 3 = JIA
5 ~ =
(LMY U.!E [I.If(l I:\_lu'S l.:!ﬂ 'I.IES I.ISI}
min
mAl
1000 Pl T 25 nr]
S0 ﬁ
] £
: = "T \
= J
G||||||||||||||||||||||||||||
L] 01 0.50 075 (K] 115 I.SI:‘_
min
1 PDA Muls 1/ 220nm,4nm
2 PDA Mulsd 2/ 254nm dam
M5 Chromiatogram
1,006,000
I '”‘I
a
|
v ]
e "
{EHF 025 U.ISU o. LS l.IKI 'I.IJS 'I.If{l
min
Integration Result
Peak Table
PDAChl 220nm_ . )
Peak# t. Time Height Height®% USSP Width Area
! 0,953 38ET 0681 0.035 7356
2 1.025 4075 0376 0043 7642 |
3 1.273 1Tac48 20435 0 183282 15499
4 1.205 676046 TE.300 0. 792270 T9.967
Peak Table
PDA Ch2 254nm . o .
Peaks Ret. Time Heighi Height%e  USP Width Arca Arca%
| 0666 37 0275 0071 8982 0.570
2 1.273 287287 21.079 0.039 294613 18706
3 1.295 1071906 T8.647 0.032 1271330 80723
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Re(Time: 0.950 Datafile: DADATA\Z02242

Mass Spectrum
WT220T0INEW 34358-160-P1B2. led
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1H NMR [(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]-5-[6- (cyclopentylamino)purin-9-
yl]tetrahydrofuran-2-ylJmethyl methanesulfonate (98a)

< =] DO~ DO =D~ =0 =MW © RrNRO@oR~OULREOoNmE oD
s 8 5] RIS BBBRT YIS ® IC3YURERERBRAIZs 29cH
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| |
2 8 22 c 88sk g 5 T 88 88 g 88E
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60 50 LY 40 a5 30 25 5 10 0.5 Chemical Shift (ppm)

LCMS [(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]Joxy]-5-[6- (cyclopentylamino)purin-9-yl]tetrahydrofuran-
2-yllmethyl methanesulfonate (98a)

DADT A, Sig=2204 Fef=on [EW RS0 Ficin)
mAll b |
Y
1
500 i it
o = — — ]
! obs s ofs i 155 i
DADT B, Sig=25%44 Ref=off (EW20040-043-P1C1.0)
mAll o
3
=0 (2
a T T T T T [ T T T T [ T — T T |'_| T 1 T T T T
0 0.25 05 075 1 125 il
WD TIC, 4G File (B DA TR0 220708 J0EW R 0SaPICi 0] ES-APT, Pos, Sean, Frag: 70
3000000
2000000
1000000
0
b ols o's ks 1 105 i
Report
Signal 1 : DAD1 A, Sig=220,4 Ref=off
# M=as. Ret. Height Width Arsa Area %
1 1.042  1193.730 0.017 1272.045 100.000

Cignal 2 : DAD1 B, Sig=254,4 Ref-off

# M=ae. Ret. Height Width Arsa Area %
1 1.042 1282.981 0.017 1355.217 98.286
2 1.104 19.359 0.018 23.638 1.714
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IH NMR ((2R,3R,4R,5R)-3,4-bis((tert-butyldimethylsilyl)oxy)-5-(6-(isopropylamino)-9H-purin-9-

yl)tetrahydrofuran-2-yl)methyl methanesulfonate (98b)
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LCMS ((2R,3R,4R,5R)-3,4-bis((tert-butyldimethylsilyl)oxy)-5-(6-(isopropylamino)-9H-purin-9-yl)tetrahydrofuran-
2-yl)methyl methanesulfonate (98b)
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Eignal 1 : DAD1 A, Eig=220,4 Ref=off

£ Meas. Ret. Height Width Area Brea %
1 0.%950 45.8902 0.015 46.440 1.855
2 0.999 2329.513 0.012 1B81.405 7.246
3 1.024 1824.052 0.020 2275.589 90.899

Signal 2 : DAD1 B, Sig=254,4 Ref=off

# Meas. Ret. Height Width Arsa Area %
1 0.950 19.879 0.016 20.378 0.707
2 0.999 2E1.806 0.012 197.907 &.BEE
3 1.024 2149.022 0.019 2637.716 B51.503
4 1.1032 31.182 0.019 26,654 0.925
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IH NMR [(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]Joxy]-5-[6-(oxetan -3-ylamino)purin-9-
yl]tetrahydrofuran-2-ylimethyl methanesulfonate (98c)
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LCMS [(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5-[6-(oxetan -3-ylamino)purin-9-yl]tetrahydrofuran-

2-yllmethyl methanesulfonate (98c)
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Integration Result
Peak Table
PDA Chl 220mm
Peak# Rt Tone Heaght Heizht%s  USP Width Arez Areats
1 0.634 21291 2064 0.018 12874 2408
2 0.741 1010192 97.936 0.013 521661 97.592
Paak Table
PDACH2 254nm_ _ ] )
Peak#  Fet Time Heaght Heght?s  USP Wadth Area Areas
1 0.634 19927 1871 0.019 13277 1449
2 0.741 10435336 98.129 0.014 528851 97.551
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Mass 5
RetTime: 0.637 Datafile: D)DATA2022 30T 220708 EW25049-247-P1C1 led
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1H NMR 9-[(2R,3R,4R,55)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis [[tert-butyl(dimethyl)
silylJoxy]tetrahydrofuran-2-yl]-N-cyclopentyl-purin-6-amine (99a)
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LCMS 9-[(2R,3R,4R,55)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis [[tert-butyl(dimethyl)

silylloxy]tetrahydrofuran-2-yl]-N-cyclopentyl-purin-6-amine (99a)

DAD1 A, Sig=220.4 Ref=off (EW26049-248-P1C1.D)
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DADT B, Sig=Z54.4 ReFof (EWZG040-M0-F1CTD)

1.137

T
0.75

1.25 i}

1000000 -

500000

D
*MED1 TIC, M5 File (DADATAZ20T02207 12 17\EW26040-240-P1C1

ES-API, Pos, Sean, Frag: 70
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Signal 1 DAD1 A, Sig=220,4 Ref=off
# M=as. Ret. Height Width Brea Area %
1 1.137 1146.083 0.021 1555.363 100.000
Sigmal 2 DAD1 B, Sig=254,4 Ref=off
# M=as. Het. Height Width Area Arsa %
1 1.137 733.089 0.021 951.781 100.000
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IH NMR 9-((2R,3R,4R,5S)-5-((Benzo[d]thiazol-2-ylthio)methyl)-3,4-bis((tert-butyldimethylsilyl)
oxy)tetrahydrofuran-2-yl)-N-isopropyl-9H-purin-6-amine (99b)
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LCMS 9-((2R,3R,4R,5S)-5-((Benzo[d]thiazol-2-ylthio)methyl)-3,4-bis((tert-butyldimethylsilyl)
oxy)tetrahydrofuran-2-yl)-N-isopropyl-9H-purin-6-amine (99b)
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Integration Result
Peak Takble
PDAChI 220mnm
Pezk#  Ret Time Height Height®s USPWidth
1 0.430 4972 0.096 0.168 21712
2 0.5 1251280 24182 0.022 1155805
3 0.612 37196 0.719 0.040 65123
4 0.655 8850 0171 0.701 11215
5 0.678 TH2 014 0152 21279
] 0.741 111391 2153 0.025 114520
7 0.795 3753388 721536 0.025 3899128
Peak Table
PDA Ch2 2540m
Peak#  Fet Time Height Haight'a USP Width Area Areas
1 0.463 14669 0.530 031 73035 21129
2 0.509 586325 21.186 0.023 49717 159.830
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Mass Spe
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mz
EeetTime: .743 Datafile: DY DATA 2022220722071 JEW34712-112-P1AS led
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IH NMR 9-[(2R,3R,4R,55)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis [[tert-butyl(dimethyl)
silylJoxy]tetrahydrofuran-2-yl]-N-(oxetan-3-yl)purin-6-amine (99c)
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LCMS 9-[(2R,3R,4R,55)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis [[tert-butyl(dimethyl)
silylJoxy]tetrahydrofuran-2-yl]-N-(oxetan-3-yl)purin-6-amine (99c)

DAD1 A, Sig=220.4 Ref=off (EW28042-250-P1C1.0)
mALl 2
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250
7
0 0.25 0.5 0.75 1 1.25 miiny
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2004
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Report
Signal 1 DAD1 A, S5ig=220,4 Ref=off
# Meas. Ret. Height Width Area Area %
1 1.162 B61l.984 0.022 1245.0%3 100.000
Signal 2 DAD1 B, S5ig=254,4 Ref=off
# Meas. Ret. Height Width Area Area %
1 1.162 504.668 0.022 724 .241 100.000
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1H NMR (2S,3S,4R,5R)-2-(1,3-Benzothiazol-2-ylsulfanylmethyl)-5- [6-(cyclopentylamino)purin-9-
yl]tetrahydrofuran-3,4-diol (20)
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HPLC (25,3S,4R,5R)-2-(1,3-Benzothiazol-2-ylsulfanylmethyl)-5- [6-(cyclopentylamino)purin-9-yl]tetrahydrofuran-
3,4-diol (20)
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Inte gration result
PeakTable
PDA Chl 22nm
Peak# Ret. Time  USPWidth  Resolution Height Arca Area G
1 1174 0.305 0.000 5003 26154 0427
2 1386 0044 0ed3 3267417 G970 09.573
Total 372420 6125904 100,000
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Integration result
PeakTable
PDA Ch? 254nm
Peaks# Ret. Time  USPWidth  Fesolution Height Area Area %
| 1776 0.156 0.000 219 13658 0.434
2 L3RG 0056 1.040 1463004 3132168 00566
Tostal 1466014 3145826 100,000

HRMS (2S,3S,4R,5R)-2-(1,3-Benzothiazol-2-ylsulfanylmethyl)-5- [6-(cyclopentylamino)purin-9-

yl]tetrahydrofuran-3,4-diol (20)

Compound Table
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MS Zoomed Spedirum
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1H NMR (2S,3S,4R,5R)-2-((benzo[d]thiazol-2-ylthio)methyl)-5-(6-(isopropylamino)-9H-purin-9-

yhtetrahydrofuran-3,4-diol (21)
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HPLC (2S,3S,4R,5R)-2-((benzo[d]thiazol-2-ylthio)methyl)-5-(6-(isopropylamino)-9H-purin-9-yl)tetrahydrofuran-

3,4-diol (21)
ALY
z TR
500 ‘
250
|
e5g |
o PrH——
abd 0¥ 050 075 1o 135 1% 175 200 235 25 275 360 33 150 375 400
1 POAMSE |/ 22 o -
Interation result
PeakTable
PDACh] 22(nm
Peal# et Time USPWidth Resoliion Height Area Area %
1 0580 0.105 0.000 1047 1749 0.084
2 0.610 0.083 032 1237 1869 0.090
3 1.773 0.070 15.234 1507 648 0.175
4 1287 0.071 1620 2577 6517 0312
5 1988 0112 1.106 3452 5442 0.405
& 2113 0.066 1.399 781317 2063561 92934
Total 791636 2085786 100.000
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Integration result
PeakTahle
PDA (h? 254nm
Peak# et Time USPWidth Resolufion Height Area Area %
1 1.885 0.065 0.000 1635 3m7 0.278
2 2113 0.066 3452 513140 1359565 99.712
Total 514794 1363362 100,000
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HRMS (25,3S,4R,5R)-2-((benzo[d]thiazol-2-ylthio)methyl)-5-(6-(isopropylamino)-9H-purin-9-yl)tetrahydrofuran-
3,4-diol (21)
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Label Tgt Score | Fass E‘T" | Tgt Formula
T O3 o 1.%‘\%.29 |4.%'{EE [0 s e 08 52 |
Tgt Mass
Obs. miz Obs. RT Obs. Mass Tat Formula Tgt Mass Error F!' I“d del =
158 FEEIIE o H2 G 03 52 EiNEL 4&?‘@ [Find by Formadal

Compound Chromatograms

410 2 |Ced 1: C20 H22 N§ 03 52 1.966: +ES| EIC(458.1189, 459.1215, 4591268, 460.1294 .. Scan Fr
|I|
0.8 f|
054 [

| |
041 |

|
02 | |

0 | —

02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44
Counts vs. Acquisition Time (min)

MS Zoomed Spectrum
x10 6 |Cpd 1: C20 H22 N6 03 52: 1.966: + FBF Spectrum (- 1.932-2.065 min) EW34712-114-P1A1d
I
ax
24 s
P
o =
15 1T
14
~ 4
=30
0.5+ i z
o =
- =
l I

430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 505 510
Counts vs. Mass-to-Charge (m/z)
MS Spectrum Peak List
bz, mz [ Charge

Abund Ton/Tsotop

0.1 T 7.5
B T TR (e
/LA T TT7085.18) (MeHa)™
AL PR
253,10 1 1308, TR [M=ha ]+
M5 Zoomed Spedrum
x10 B Cpd 1: C20 H22 N& 03 52: 1.966: +ES| Sean (rt: 1.932. 1949, 1.966. 1982 .. min. 9 scans) Frag —
o
il
24 =T
B3
1.5 e
14
5L
o m
0.5 =z
| 2=
e —
430 435 440 445 450 455 460 465 470 475 430 485 450 485 500 505 510
Counts vs. Mass-to-Charge (m/z)
MS Spectrum Peak List
Tot Mass
Obs. m'z | Charge Abund Tonf Isotops] Error (ppm)
S7L.2| M+ 7oAl
iy T
TEOEIE| B |
o [ pr
159663524 + -3.1
TT7085.18) (M Ra)™ P
0| (MR ™ S
p e I L Y Rz

232



IH NMR (25,3S,4R,5R)-2-(1,3-Benzothiazol-2-ylsulfanylmethyl)-5- [6-(oxetan-3-ylamino)purin-9-
yl]tetrahydrofuran-3,4-diol (22)
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HPLC (25,3S,4R,5R)-2-(1,3-Benzothiazol-2-ylsulfanylmethyl)-5- [6-(oxetan-3-ylamino)purin-9-yl]tetrahydrofuran-
3,4-diol (22)
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Integration result

PeakTable
PDA Chl 220nm

Peaks# Ret. Time  USPWidth  Resolution Height Arca Arca %
1 1.520 0.052 (1L.000 11404 22626 0.494
2 1603 0.057 1.524 11343 2466 0534
3 1663 0.107 0719 4431 1797 0.258
B 1.813 0.6 1966 2346174 4515052 08617
5 21383 0.063 10.284 1836 4454 0.097

Total 2575210 4579296 100.000
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Integration result

PeakTable
PDA Ch2 254nm

Peak# Bet. Time  USPWidth  Resolution Height Arca Arca %
1 1.520 0.052 0.000 G736 13329 0.487
2 |64 0.057 1.530 6548 13936 0.509
3 1663 0.097 0.776 2085 7863 0.287
4 1813 0.052 2010 1352967 2609705 08.628
3 2381 0.062 0.987 1038 2433 0.089

Total 1370343 2737267 100.000

HRMC (2S,3S,4R,5R)-2-(1,3-Benzothiazol-2-ylsulfanylmethyl)-5- [6-(oxetan-3-ylamino)purin-9-
yl]tetrahydrofuran-3,4-diol (22)

Compound Table
Label Tt Score ME@ Tat Formula | Obs. RT | Ref. Mass Obs. Mass
HILT 3 55 1 R | ErrX 3
Tot Mazs
Obs. miz Obs. RT Obs. Mass Tat Formula Tgt Mass Freor | FindCpds
R 1.501 ErpAlil] 0 H20 NG 0F 52 370567 ﬁlm Find by Formuls
Compound Chromategrams
%10 2 |Cpd 1: C20 H20 N6 O4 52; 1.901: +ESI EIC(472.0982. 473.1008. 473.1050, 474.1086 ...) Scan Fr -
1 1.901 1
4 i
Il
0.8 il
il
0.6 | k
|
044 1719 [ l
|
02 [\
0 A -

D2 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44
Counts vz. Acquisition Time (min)

MS Zoomed Spectrum
»10 & |Cpd 1: C20 H20 NE 04 52; 1.901: + FBF Spectrum (r: 1.851-1.868, 1.934-2.000 min) EW26049-9 -
24 ] s
=T
o
154 T E
14
E -
0.54 E 2
w t
| gz
0 I Il

445 450 455 460 465 470 475 480 485 490 4% 300 505 510 515 520 525
Counts vs. Mass-to-Charge (miz)

MSs Peak List
s mz_JCha Fhund Ton/
[ EICBS I | TR |
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MS Zoomed Spectrum

»10 & [Cpd 1: C20 H20 N6 04 52: 1.901: +E51 Sean (rt 1.857, 1.868. 1.934, 1.951

0.5

473.1092
(M+H)+

l

495.0896
(M+Na)+

... min, 7 scans) Frag

445 450 455 460 465 470 475
Counts vs. Mass-to-Charge (m/z)

450 485

LCMS (2S,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]Joxy]-5- (6-chloropurin-9-yl)tetrahydrofuran-2-

carbaldehyde (47)

430

il
435 500 505 510 515 520 525

DAD1 A, Sig=220.4 Ref=off (EW26045-000-P1A1.0)

4| 0881

=
&
=1

T
025

1] 0.5 1 mir{
MSD1 TIC, MS File (ENDATAR2031220815 26EW26040-000-P1A1.0)
1000000
500000 -
7 ———T——
1] 025 0.5 A 1 1.25 min|
Report
Signal 1 : DAD1 A, Sig=220,4 Ref=off
# Meas. Ret. Height width Area Area %
1 0.256 210.044 0.037 459.425 6.435
2 0.266 211.443 0.015 206.461 2.892
3 0.279 191.610 0.014 159.638 2.236
4 0.30 130.858 0.018 160.967 2.255
= 0.814 E5.720 0.022 79.615 1.115
& 0.961 23,451 0.025 37.717 0.528
7 1.053 Se1.657 0.022 1471.560 20.611
a8 1.10 1981.939 0.032 4216.002 £9.051
9 1.301 136.826 0.038 348.233 4.877
Signal 2 : DAD1 B, Sig=254,4 Ref-off
# Meas. Ret. Height width Area Area %
1 0.815 17.101 0.032 39.699 0.519
2 0.967 23.487 0.026 42.230 0.552
3 1.053 1259.1895 0.022 1903.633 24.898
4 1.094 2148.858 0.017 2478.554 32.418
5 1.114 2063.022 0.022 2772.413 36.261
6 1.301 153 .644 0.039 409.161 5.352
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IH NMR [(2R,3R,4R,5R)-2-[(E)-2-(1,3-Benzothiazol-2-yl)vinyl]-4-[tert-butyl (dimethyl)silyl]Joxy-5-(6-chloropurin-9-
yl)tetrahydrofuran-3-ylJoxy-tert-butyl-dimethyl-silane (48)

BEEE28SNRSEeeRYE 85 3INC2EEgeL83]y g rigeghy 38588
SRESRBURITI[NEE 88 SOCIERHEHIC20S g8 TREIG8E =957
B o N e R e e e g A =R L R R R S o ~-r-odoo Soa97T

—N
o NGNS
S AT
— M gy A
TBSO"  DTBS

L e

_

| T —
g 8 B8r T & 2 & $ 8 9 3= ES5BH
k=1 o oo oo - = = =1 =1 -——— o @ ;m;
O ToO0 oo d i O o o g ¢voe

9 a T 70 65 60 55 50 45 40 35 30 25 20 15 10 0.5 Chemical Shift (ppm)
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LCMS [(2R,3R,4R,5R)-2-[(E)-2-(1,3-Benzothiazol-2-yl)vinyl]-4-[tert-butyl (dimethyl)silylJoxy-5-(6-chloropurin-9-
yl)tetrahydrofuran-3-ylJoxy-tert-butyl-dimethyl-silane (48)

DADT A, Sig=220.4 Fef=cff [EW20020-0E0-F 13710

mALl -,
3 E.
500 @ i
250 2 |
E . = AN
b 025 s als 1 1.05 i
DAD1 B, Sig=264.4 Ref=gff (EW26040-280-P1510)
mal — ::
400 a0
200 14
I:I_| —r— T T T T T T T T T T T T T T .‘llu l‘|_| T T
0 025 05 075 i 1.25 mir
MEDT TIC, M5 File (ETDATAZZOEZ20000 JAEW DO 080-F151.0)  ES-AFI, Pos, Sean, Frag: 10
400000 -
200000 -]
il
b 025 s .
Signal 1 : DAD1 A, Sig=220,

£ Meas. Ret. Height

1 0.BS5 15.2E9 0.028 29.316 2.000
2 1.214 987.10%5 0.022 1436.830 9B.000

Signal 2 : DAD1 B, Sig=254,4 Ref=off
£ Meas. Rst. Height Width BRrea Area %

WE0T SPC, tme= 1215
1E5] 5
1E5-]
B2
= E
424 . o
: 3.

224 \

1 Lk | l " k

100 2bo o abo sbo abo 700 abo clo o
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LCMS 9-[(2R,3R,4R,5R)-5-[(E)-2-(1,3-Benzothiazol-2-yl)vinyl]-3,4-bis [[tert-
butyl(dimethyl)silyl]Joxyltetrahydrofuran-2-yl]purin-6-amine (49)

Uhromatogram

mAll
[ PDA Muls 1 2Hom 4nim
1000 1=
] {
] | |
] AN
o — L — -
T T T T T T
.00 05 .50 075 1.0 1.25 150
min
mAll
4 1s PDA Muls T 254nm 4nim
g 1=
500 |||
] |
. __J\
L I e e e e R e e e e e S DL e m e e e e e
0.0l 0.as .50 075 1.00 1325 150
min
1 PDAMult 1/ 220nm, 4nm
2 PDAMult 27 254nm,4nm
MS Chromatogram
& 10, DN, 000
Ji6, 400,081 lf'\l
H4-0.033min Delay ) |
100 /o
1 fo
L _——J p— LT+ @1
o T T T T T T T
-0 n2s 0so 035 1.00 1.25 1.5
min
Integration Result
Peak Table
PDA Chl 220nm_
Peakst Ret. Time Height Height%  USP Widih Area
| 1045 3825 0497 0.038 M8
2 1.146 1146419 97.862 0036 1558756
3 1.228 16314 1.393 0.0alk 36815
4 1335 20409 0248 0.553 15632
Peak Tablke
PDA Ch2 254nm
Peaks# Ret. Time Height He lfluE\”r USP Width Ama Arealc
1146 B31413 (4000 0.036 1160600 100,000
Mass Sgg;cu:um
ReiTime: 1.042 Datafile: DADATA\202ZAIIEID08 | BEW 26049-988-P1C 2L led
s 3
=
i
1000
[ =+ o
% 7 i3
. . IO || A .
200 300 A0 S04 &0 700 ROD pui i)
m'z
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RetTime: 1.142 Datafile: DADATAN
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'H NMR (2R,3R,4S,5R)-2-(6-Aminopurin-9-yl)-5-[(E)-2-(1,3-benzothiazol-2-yl) vinyl]tetrahydrofuran-3,4-diol (33)

P OREPELONROgNarE TRt RNSenEECBoCS G se3 a3
TNEE5EUREYINEE0E SRBUBRREINEIBHIFH 8 aLY 8=
B A A N N e R L T T T R R R R R e R a kT oi oo ==

/ 1
E88 8 2R28& 8 93 83 B
oo ® o8 -a a ae @ e @
BF0D B D OD8O § 8¢ 28 8

T
a5 a 5 70 65 6

=

55 50 45 40 35 30 25 20 15 1.0 Chemical Shift (ppm)

HPLC (2R,3R,4S,5R)-2-(6-Aminopurin-9-yl)-5-[(E)-2-(1,3-benzothiazol-2-yl) vinyl]tetrahydrofuran-3,4-diol (33)

POA Muls

1.741

L= % R F AT " BT TR AT TR "R TR " AT TRRET "R T TR MR T TR T
men
1 PIA Matti 1/ T e

Integration result

PeakTable
PDA Chl 220nm
Pealk# Ret. Time  USPWidth  Resolution Height Arca Area %
I 1.587 0.053 (000 1563 k] 0237
2 1.637 0,100 0662 1055 1736 0.133
3 1.731 0.051 1.238 6A4T133 1300375 099 630
Total 6497512 1305202 100K
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1 PO Muts 2/ 254 nm 4nm

= P M 3
“

SRR R AT AR TR E" AR T TR AR 1 EAE 1 VAR T Y HR TR 1" AR T AT

mn

Integration result

PeakTable
PDA Ch2 254nm
Peal# Bet. Time  USPWidth  Resolution Height Arca Arca %
1 1.731 0.051 (.0 494603 JB4589 1 DL
Ttal 494603 QR4S 100000

HRMC (2R,3R,4S5,5R)-2-(6-Aminopurin-9-yl)-5-[(E)-2-(1,3-benzothiazol-2-yl) vinyl]tetrahydrofuran-3,4-diol (33)

Compound Table

Label | Tgt Score | m&;“ | Tyt Formula | Obs. RT | Ref. Mass | Obs. Mass
|G L CiBHIE N6 03 S; 1768 [99.29 528 [CIEAIGNE 035 [ 1768 3961005 396.1018
Tgt M
Obs. myz Obs. RT Obs. Mass Tgt Formula Tgt Mass o Fina Cpas
BTN 758 KR ] CIE AIE NG 03 & TS 1005 11{;“-’ Find By Formla
Compound Chromatograms
%10 2 [Cpd 1: C18 H16 N6 O3 S: 1.768: +ESI EIC(79.2195, 80.2274, 09.0246, 'IFH].[BZ! ...} Sean Frag=1 -
765
i 1768 1
081 [
06 [
0.4 [
0.2 |
.I I\.
02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44
Counts vs. Acgquisition Time (min}
M5 Zoomed Spectrum
%10 & [Cpd 1: €18 H16 N6 O3 5; 1.768: + FBF Spectrum (rt: 1.718-1.884 min) EW26043-994-P1C1.d
] 2
+
144 2 T
¥
124 E =
1
034
064 -+ ™ +
@ 4 =
0sf 83 BT g2
02 o= a9 ¥
<1 21 == Z=
) o/ U —
100 150 200 250 300 350 400 450 500 S50 600 650 700 7S50 8OO
Counts vs. Mass-to-Charge (miz)
MS Spectrum Peak List

[ Obs.mr_|Charge | Albund
2

[fon [ Tsotope]
Mz 2
[ =10 +.
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I AEE] T

398.1113| 1 248296.41)
. 1 ¥
419.0899]
320,004
B15.1907] B0B.8|(2M+Na) +
B16.1937] 5505 78] M+ Na) -
Tae 1 & ik
MS Zoomed Spectrum
%10 & |Cpd 1: C18 H18 N6 O3 5; 1.768: +ES| Scan (rt 1.718, 1.735, 1.751, 1.768 ... min, 11 scans) Frag -
| 2
> 4
144 ‘g T
+
21 -
14
0.3
0.6 - - +
= X o=
183 EF H
024 = ¢+ = + =
N S (U
100 150 200 250 300 350 400 450 500 G550 600 650 7T0O 7S50 800
Counts ws. Mass-to-Charge (m/z)
MS m Peak List
Tt Mass
Obs. my> | Charge Abund Ervor (ppes)
199.0578| 291B7.93)[M: -1.63]
195.555| FOB7.T5) M 0181}
397.1095] 10666830 M+H -4 45|
398.1113| 24820641/ M+H -2.35}
;ié 2166 M+H E
EFENEEE] JE5E2.63) M+ Na) EEs
] T [Pz = 3.
B15.1902| 1 B206.4)2M+Na)+ 0.06|
816.1932| 1 369578 2M+Na)+ =0.5]
817.1763| 1 24156 IM-+Na)+ 18.15}
[ e —

IH NMR 9-[(2R,3R,4R,5R)-5-[2-(1,3-Benzothiazol-2-yl)ethyl]-3,4-bis [[tert-butyl(dimethyl)silyl]oxy]
tetrahydrofuran-2-yl]purin-6-amine (50)

HOEr N TOBNO ‘#CﬂvhmthGlﬂhCD@NCﬂD'-CQOOF‘-DDODOQDVNVLDDWHDVDOGNME§§%
BIRE3EIITIRBIN BE BN E R R RN B RN e BB E88A8EsRE229Y
L e A A BUUoUUGy Tfffrfafrd omoodacnNr e = -000cSTTTT
=N
N Ty
Q\ O a2 ?
SW 7
S N
TBS  TBS
i
| |
r I ML AR R
3 882%H 5¢ g o 88 3 3 B & 38 3
S Sdeow~-ao-~ S x ] - o~ ] o © oo ©
U 07000 o g g i s TE LR
95 9.0 85 8.0 75 70 6.5 6.0 55 5.0 45 40 35 30 25 20 15 1.0 Chemical Shift (ppm)
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LCMS 9-[(2R,3R,4R,5R)-5-[2-(1,3-Benzothiazol-2-yl)ethyl]-3,4-bis [[tert-butyl(dimethyl)silylJoxy]tetrahydrofuran-
2-yl]purin-6-amine (50)

Chromatosram
mATT
1 e i 1 120nm Snf
] &
250] [
] | |
b = 3 \
] > o I
. ) oo N _—
i S e e . e I e e e e L e s e e e
000 033 0.30 s 100 115 150
min
wmAl
q PD.iI’x'&‘qﬁ:lln_-]_\Eim
2504 ||'
] [
] [
] I
L= o LS
T s v e Y ™
1 PDAMulG 1/ 2200m 4nm
2 PDAMulG 2/ 254nm 4nm
M5 Chromatesram
000, 000)
7.88 778409
o {-0.01 3min Delay)
0005 = -
0o 025 05

Integrzhion Result

Peak Table
PDA Chl 220mm

Peak®  Ret. Tune Heght Height?s  USP Width Area
1 0916 ﬁﬁﬁﬂ? 1397 0.081 18435
2 0984 3107 0.657 0.0535 5752
3 1.295 463318 97847 0.046 730841
Peak Table
PDACh2 254nm
Peak#  Fet Time Height Height's  USP Width Area Areats
1 1.295 342660 100.000 0.045 347623 100.000

Mass 5
EFetTime: 0920 Datafile: D DATA2022 2208 220820 EW26049-1008-P1C1 Icd
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2000000 a2}
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EetTime: 1 205 Datafile: Do DATA 2022 2208 220820 EW26040-1008-P1C1 lod
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'H NMR (2R,3R,4S,5R)-2-(6-Aminopurin-9-yl)-5-[2-(1,3-benzothiazol-2-yl) ethyl]tetrahydrofuran-3,4-diol (25)
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HPLC (2R,3R,4S,5R)-2-(6-Aminopurin-9-yl)-5-[2-(1,3-benzothiazol-2-yl) ethyl]tetrahydrofuran-3,4-diol (25)

1,707

PDA Murs

mAl
iEN
s
9]
[
ol ol ok

1 PDA Muti 1/ 2 dnm

ks

o ks Tk ks Tzl T2k

PR TRRET SRR T BT TR T TR T

Integration result

PeakTable
PDA Chl 220nm
Peak# Bet. Time  USPWidih  Resolution Height Arca Arca %
| 1.514 0.103 L] 1264 3218 0211
2 1634 0.077 1345 3528 9421 0.618
3 L.7a7 0.051 1.137 TT8638 1511865 09171
Tstal TEI43] 15243505 100000
AU
] E P\ Muls
oo
oo
]
100 |
] | o
] 4
':’E_‘IL“L T #E L L
R R R T Y R TR L AR T T AR R R R T AT R T Y T T

1 PO Mus 2/ 253 mm dnm

Integration result

Peak Table
PDA Chl 234nm
Peal# Ret. Time  USPWidth  Resolution Height Arca Arca %
1 1.635 0.077 0.000 2550 6853 0.629
2 L7a7 0.051 1.122 550197 1081077 99279
3 132 0.052 31.750 512 1547 0.142
Total 362570 1089482 100,000
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HRMC (2R,3R,4S,5R)-2-(6-Aminopurin-9-yl)-5-[2-(1,3-benzothiazol-2-yl) ethyl]tetrahydrofuran-3,4-diol (25)

Compound Table
Label Tyt Score aradeiiad Tgt Formula | Obs. RT | Ref, Mass Obss. Mass
T [EE] 1 O | ;
Tt Mas=
Obs. miz Obs. RT Obs. Mass Tot Formula Tgt Mass Error | pieaCeds
[HzLans 566 EERTe] ClE I8 NG O3 5 361161 EEH Find bry Formula
Compound Chromatograms
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Counts vs. Acquisition Time (min)
MS Zoomed Spectrum
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'H NMR (1R,4S,5R,6S)-5,6-Dihydroxy-2-azabicyclo[2.2.1]heptan-3-one (52)
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LCMS (1R,4S,5R,65)-5,6-Dihydroxy-2-azabicyclo[2.2.1]heptan-3-one (52)

Uhromatogram

mALl
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4 s
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min
1 PDAMuls 1/ 220nm,4nm
2 PDAMuls 2/ 254nm,4nm
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min
Integration Result
Peak Table
PDAChl 220nm o
Peals# Ret. Time Height Height®%  USP Widih Area Arcalt
1 0.121 316263 80204 0041 B72473 80301
2 0420 9172 1586 0.193 37956 3R89
3 0453 11901 2.058 0.060 24618 2522
4 0518 30231 3229 0.026 27963 2865
5 0.840 10592 1.832 0.030 13011 1333
Peak Table
]"I).i\ Ch2 234nm
Peaks# Ret. Time Height Height%  USP Width Ama Area%o
1 0.399 1629 5432 0.241 5179 17.148
2 0.453 5198 17334 0031 5330 17648
3 0518 23lsl 77.234 0.025 19603 63.203



Mass Spectrum
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'H NMR (1R,4S5,5R,6S)-5,6-Bis[[tert-butyl(diphenyl)silyl]oxy]-2-azabicyclo [2.2.1]heptan-3-one (53)
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LCMS (1R,4S,5R,65)-5,6-Bis[[tert-butyl(diphenyl)silylloxy]-2-azabicyclo [2.2.1]heptan-3-one (53)
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LCMS  Benzyl  (1R,4S,5R,6S)-5,6-bis[[tert-butyl(diphenyl)silylJoxy]-3-oxo-2-azabicyclo[2.2.1]
carboxylate (54)
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1H NMR Benzyl N-[(1R,2S,3R,4R)-2,3-bis[[tert-butyl(diphenyl)silyl]oxy]-4 (hydroxymethyl) cyclopentyl]carbamate
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LCMS Benzyl N-[(1R,2S,3R,4R)-2,3-bis[[tert-butyl(diphenyl)silyl]Joxy]-4 (hydroxymethyl) cyclopentyllcarbamate
(55)
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IH NMR [(1R,2R,3S,4R)-4-Amino-2,3-bis[[tert-butyl(diphenyl)silyl]oxy] cyclopentyl]methanol (56)
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LCMS [(1R,2R,3S,4R)-4-Amino-2,3-bis[[tert-butyl(diphenyl)silyl]loxy] cyclopentyllmethanol (56)

Chromatogram
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!H NMR N-(4,6-dichloropyrimidin-5-yl)formamide (57a)
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IH NMR [(1R,2R,3S,4R)-2,3-Bis[[tert-butyl(diphenyl)silyl]oxy]-4-(6-chloropurin-9-yl)cyclopentyl] methanol (58a)
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LCMS [(1R,2R,3S,4R)-2,3-Bis[[tert-butyl(diphenyl)silyl]oxy]-4-(6-chloropurin-9-yl)cyclopentyl] methanol (58a)
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Peak Table
PDA Chl 220nm
Peals Ret. Time Height Height®%  USP Width Area Areafe
1 0.623 20126 £2 0042 45011 0938
2 0.680 11007 h6l5 0.029 10774 0220
3 0.735 5426 (303 0.0335 7038 0144
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[ 1139 1621265 04520 0.064 4752648 97.067
7 1.254 11778 638 0041 18707 0382
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Peak# Ret. Time Hcigahl Height%%  USP Width Amra Arcaf
| 0.623 28614 4917 0041 43739 3358
2 0681 4593 0791 0.036 Sa60 0433
3 0.736 1850 0452 0.052 5677 0436
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14 NMR
yl)cyclopentyllmethanol (58b)

[(1R,2R,3S,4R)-2,3-Bis[[tert-butyl(diphenyl)silyl]oxy]-4-(4-

chloropyrrolo[2,3-d]pyrimidin-7-
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LCMS [(1R,2R,3S,4R)-2,3-Bis[[tert-butyl(diphenyl)silyl]oxy]-4-(4-
yl)cyclopentyllmethanol (58b)
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Integration Result
Peak Table
PDA Chl 220nm
Peak#  Ret. Time Height Height®s  USP Width Area Area%o
1 0.243 10742 2059 0.073 28396 729
2 0.850 7754 2136 0.084 23277 4.696
3 1210 4749 1.308 0.042 6334 1278
4 1.268 339802 93.597 0.035 437637 88297
Peak Table
PDA Ch? 254nm
Peak# Ret. Time Height Height®s  USP Width Area Area%
1 1.268 21948 100,000 0.035 28302 100.000
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1H NMR [(1R,2R,35,4R)-4-(6-Aminopurin-9-yl)-2,3-bis[[tert-butyl(diphenyl) silylloxy]cyclopentyl] methanol (59a)
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LCMS [(1R,2R,3S,4R)-4-(6-Aminopurin-9-yl)-2,3-bis[[tert-butyl(diphenyl) silylloxy]lcyclopentyl] methanol (59a)

Chromatogram

mAl
] nE DA Mals 1 220nm Anm]
2500+ d
] 35 z 23
1 = it 2 o 2
R = = = =
T T T T T T T T T T
oo 1 0.2 03 04 0 [ 07 [ix3 0 10
min
mAl
b PDA Muls 2 254nm dnm]
2500
R = Sg =
T T T T T T T e
il 1 0.2 03 0.4 ] 06 07 i3 0. 10
min
1 PDAMulti |/ 220nm,dnm
2 PDAMulti 2/ 25dnm dam
MS Chromatogram
x10,000,00
T
0.023min Delay )
= - h_—-& ~Tice@t
L i I B o L e
o0 01 02 03 0.7 09 10
min
Integration Result
Peak Table
PDA Chl 220nm_
Peals# Ret. Time Height Height®s  USP Widih Arca
| 0.334 21694 0.498 0.070 62427
2 0427 4895 0112 0176 17195
3 0.660 7537 0173 0.024 5890
4 0.710 3345641 0.025 4058045
5 0.763 140749 0.012 63744
6 (.788 101841 0.013 52753
7 0813 23496 0014 11959
B 0.8al 37883 0.017 25472
9 0.921 500027 0.021 485661
10 0,949 TO444 0.024 616309
Peak Tablke:

PDA Ch2 254nm
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ReiTime: 0.918 Datafile: DADATA\2022 220217, EW 26049-T53-PLC] led
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H NMR
oxy]cyclopentyllmethanol (59b)

[(1R,2R,3S,4R)-4-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-2,3-bis

[[tert-butyl(diphenyl)silyl]
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LCMS [(1R,2R,3S,4R)-4-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-2,3-bis
oxy]cyclopentyllmethanol (59b)

[[tert-butyl(diphenyl)silyl]

DAD1 A, Sig=220.4 Ref=off (EW28040-843-P1C1.0)
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o
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250
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025 0.5 0.75 1 1.25 mir{
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L e e e e e e e e e L B e o e e e L e s e e e
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300000
200000 | A
100000 | o e
VS e — , : i
1] 0.25 0.5 0.rs 1 1.25 min
Report
Signal 1 DAD1 A, Sig=220,4 Ref=off
# Me=as. Ret. Height Width Area Area &
1 1.010 964 .532 0.018 1091.277 100.000
Signal 2 DAD1 B, Sig=254,4 Ref=off
# Mesas. Ret. Height Width Area Ar=z &
1 i1.010 130.812 0.018 151.883 100.000
WMSD1 SPC, time= 1.011
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IH NMR [(1R,2R,3S,4R)-4-(6-Aminopurin-9-yl)-2,3-bis[[tert-butyl(diphenyl) silylJoxy]cyclopentyl] methyl
methanesulfonate (60a)
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LCMS [(1R,2R,3S,4R)-4-(6-Aminopurin-9-yl)-2,3-bis[[tert-butyl(diphenyl) silylloxy]cyclopentyl] methyl
methanesulfonate (60a)

L nTomagTam

mAlLl
:(IﬂO—- ‘E PDA Muls | 22em. 4nm
1000
] o w |
] = = | |
o] = S L
T T T T T T T T T T
o 01 02 03 HE ] 0s 1K a7 [1k:3 0.9 (B
min
mAlLl
B ‘5 PDA Muls 2 154mm.4nm
5o =
1 |
] [
i _ e — — —
L B o o o o e o o e e e e L o e s o e e L e e o o
0 01 02 03 nd s (1K (1) [1k:3 [ (K1)
min
1 PDA Muld 1 f 220nm,4nm
2 PDA Muld 2 f 254nm,4nm
M5 Chromatosram
10,000,000 )
Jis.426.369
L0] 002 3mmin Delay ) ,;'h\
] / \
] ____ / S — ——TIC{+}a@1
T B o e L I o L o o L L T I B
40 ol 0z 03 04 05 VL] w7 08 0g (0]
min
Integration Result
Peak Table
PDA Chl 220nm__ . )
Pealst Ret. Time Height Height®%  USPWidih Area Areale
| 0.318 11191 0510 0134 £7540 3601
2 0.415 LEL (L3590 0036 16666 1.262
3 0.707 2135871 29122 0015 1255957 05.136
Peak Table

PDA Ch2 254nm )
Peaks# Ret. Time Height Ilci.FhL':\'— USP Width Arca Areao
1 0707 309679 040,000 0014 338533 100.000
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1H NMR [(1R,2R,3S,4R)-4-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-2,3-bis [[tert-butyl(diphenyl)
silyl]Joxy]cyclopentyllmethyl methanesulfonate (60b)
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1H NMR 9-[(1R,2S,3R,45)-4-(1,3-benzothiazol-2-ylsulfanylmethyl)-2,3- bis[[tert-butyl(diphenyl)
silylJoxy]cyclopentyl]purin-6-amine (61a)
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LCMS 9-[(1R,2S,3R,45)-4-(1,3-benzothiazol-2-ylsulfanylmethyl)-2,3- bis[[tert-butyl(diphenyl)
silylloxy]cyclopentyl]purin-6-amine (61a)

Chromatogram

mAU
2e0] |,§ POA Ml 1 Z2lnm fnm
] f‘?|
] g & = Cl | 3 2
1 = = s/ 2 =
T T T T T T T T
(] L8| 02 03 L7 s ab a7 0.8 L] 10
min
mAll
1oue] | PDA Ml 2 Bdum tnn]
sn0] |
] E 3 3|
R e e e e
o 01 02 03 hd oS L) ar 0.8 L] [ K1)
min
1 PDA Multi 1/ 220nm,dnm
2 PDAMulsd 2/ 254nm,dnm
M5 Chmmatogram
10,0500 000
Fasasgir
0012 3emin Dielay)
200
3 - . — T
L L e LALLM e )
20 L] 02 ) o 0s L] 17 08 09 1o
min
Integration Result
Peak Table
PDACh1 220nm_ o
Peal# Ret. Time Height Height®%  USP Width Area Area®
1 0325 12737 0411 0.071 30615 1932
2 0.505 41506 1343 0013 20613 1.005
3 0.728 17178 0.555 0.013 9817 0479
4 0.749 7089 2.166 0.012 32022 1606
5 0.781 2047073 95.132 0.017 1928779 04078
1] 0.844 9266 0.299 0.044 13018 0.635
7 0.925 2952 0.003 0.026 3419 0264
~ Peak Table
PDA Ch2 2534nm_ )
Peak#  Ret. Time Height Heighte  USP Width Amra Areat
1 0331 T 0340 0.050 7380 1.199
2 0.505 13047 1225 0.013 6402 1.026
3 0740 20319 1907 0.012 9260 1464
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LCMS 7-[(1R,2S,3R,4S5)-4-(1,3-benzothiazol-2-ylsulfanylmethyl)-2,3-bis [[tert-butyl(diphenyl)
silylJoxy]cyclopentyl]pyrrolo[2,3-d]pyrimidin-4-amine (61b)

DADT A, Sig=Z20 4 Ref=off [EW2GH0-000-PTCID
mAL 3
1000 -
L
| =
u_ J — — : T
b 005 05 ors ]
DAD1 B, Sig=254.4 Ref=off (EW25040-053-P1C2.0}
mALl
2000
10004 E4
B
I:|_|||'||||||||||||'|||||||||||||
0.25 0.5 075 1 1.25 mir]
WSDOT TIC, TS File (ETDATARO N0 15 I3 EWHEEI56-PTCID)  ES-AFL Pos, Scan, Frag: 70
7500003
5000003
250000
b 055 o's ors i 125 i

Signal 1 : DADL A, Sig=220,4 Ref=off

# Meas. Ret. Height Width Areas Area %
1 0.811 220.230 0.018 2E1.464 3.1285
2 1.009 E1.364 0.013 43.223 0.537
3 1.032 138.683 0.01& 135.898 1.689
4 1.063 1823.765 0.013 1461.010 18.156
-1 1.074 2049.524 0.009 1394 962 17.33%5
& 1.091 2155.928 0.01& 2324.598 28.888
T 1.108 1817.417 0.017 2049.738 25.472
] 1.215 35.014 0.026 66.348 0.825
9 1.257 175.943 0.027 319.715 3.873

Signal 2 : DADL B, Sig=254,4 Ref=off

§ Meas. Ret. Height Width Area Brea %
1 1.034 21.738 0.017 23.470 0.487
2 1.061 459,130 0.008 245,248 4.878
3 1.084 2601.377 0.028 4643.146 92.361
4 1.256 44 536 0.036 115.307 2.294
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'H NMR (1R,2S,3R,5S)-3-(6-aminopurin-9-yl)-5-(1,3-benzothiazol-2-ylsulfanylmethyl) cyclopentane-1,2-diol (26)
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13C NMR (1R,2S,3R,55)-3-(6-aminopurin-9-yl)-5-(1,3-benzothiazol-2-ylsulfanylmethyl) cyclopentane-1,2-diol (26)
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HPLC (1R,2S,3R,55)-3-(6-aminopurin-9-yl)-5-(1,3-benzothiazol-2-ylsulfanylmethyl) cyclopentane-1,2-diol (26)

mAll
T TR Wi
1
T5H ‘
S0 ‘
250 ||
; s 3 | \
|1 I r-\-_‘ . _TJr_i
k] ] I'_‘ [ ISI :ll_'f I.ICl:l '..!."5 1 |5| 1 I_.‘ '-_ixl 1‘." "_Iﬁj ll_'i 3]‘:0 3.25 3 !.‘IZ ".I_'." 4100
1 PIMA Matti 1/ Pl dren -
Integration result
PeakTable
PDA Chl 22Inm
Peaks# Ret. Time  USPWidth  Resolution Height Area Arca %
1 0477 0.085 0,000 18134 61258 1.834
2 1.209 0.087 8511 g72 3238 0.7
3 1.340 0073 L.s43 3517 a774 0.293
< 1766 0.150 3.809 3712 9135 0274
3 1.853 0.072 0.786 1130604 3256019 07 502
Total 1165949 333023 100.000
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Integration result

PeakTable
PDA Ch2 254nm
Peak# Ret. Time  USPWidith  Resolution Height Arca Arca %
1 1.338 0.070 0.000 1558 4177 0177
2 1.766 0.083 5508 3563 BRST
3 1.833 0.0 1142 A5R441 2350682 09.449
Total 863362 2363716 100,000

HRMC (1R,25,3R,55)-3-(6-aminopurin-9-yl)-5-(1,3-benzothiazol-2-ylsulfanylmethyl) cyclopentane-1,2-diol (26)
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Compound Table
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1H NMR (1R,2S,3R,55)-3-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-5- (1,3-benzothiazol-2 -

ylsulfanylmethyl)cyclopentane-1,2-diol (28)
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HPLC

(1R,2S,3R,55)-3-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-5-

ylsulfanylmethyl)cyclopentane-1,2-diol (28)

(1,3-benzothiazol-2

3 TORTE |
2500
2000
1500
1000 |
i
] =l 2
= %g#Ef o
] N =t 4 bk RN el
T L TR T
o ok ol 15 TR 1= AT T TR A1 T AT " AT
1 PDA Mt 1/ T trm i
Integration result
PeakTable
PDA Chl 220nm
Peak# Ret. Time  USPWidth  Resolution Height Arca Arca %
1 66T 0.086 0000 10725 34642 0.722
2 1.210 0.068 T.060 1283 2158 045
3 1.237 0310 0144 B9 163 0.024
4 1.503 0.047 1487 34428 61622 1.284
5 a7 0.046 2240 5755 Lk 0203
3 1758 0.058 2878 Q308 20233 0422
7 1801 0.221 0311 2374 26 0.063
8 1.846 0.050 0333 21108 38373 0800
] 1.599 0.051 1.030 19016 35022 0.730
10 1976 0.070 1.288 20050 3776l 0.787
11 2026 0.041 0.EDS 2835412 4543360 04742
12 2358 0.07% 3ETR 2674 4127 0.086
13 2284 0102 0.280 2500 4376 0.091
Total 2065302 4197608 100,000
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Integration result
PeakTable
PDA Ch2 254nm
Peals# Ret. Time  USPWidth  Resolution Height Area Area %
1 1.503 0.047 0.000 10837 18901 1.257
2 a0’ 0.045 2206 1779 287 0188
3 1759 0.050 3178 1918 3515 0.134
4 1.847 0.047 LBI3 4866 B135 0.541
5 1.899 0.046 LIIE 6456 10951 0.728
6 1.975 0.076 1243 3751 7379 0491
7 2026 0.049 0813 782352 1449925 06431
8 1238 0.076 3.738 [ 1040 0.130
Total 812765 1503583 100000
HRMC (1R,2S,3R,5S)-3-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-5- (1,3-benzothiazol-2 -

ylsulfanylmethyl)cyclopentane-1,2-diol (28)

Compound Table

Label Tat Score | ”‘}‘5‘5“!5 | Tat Formula | EI:s.RTA Ref. Mass Dbs. Mass
T 358 L. 3 == [CTE RIS TG s 5 1 T LwicX .

TgtMass
Obs. m/z Obs. RT Dbs. Mass Tgt Formula Tge Mass g::mss F,'I"d‘.:"'dl =
X 7% EraJizi CITATG NG 03 52 i p] 4&&‘1 Find By Formidal
‘Compound Chromatograms
x10 2 |Cpd 1: C13H19 N5 O3 S2; 1.796: +ESI EIC(85.8180. 85.0186, 86.8259, 87.0264 ...) Scan Frag=1 ~
1 1 1.796 1
n A
I
I
0.8 |',
|
064 | |
|
0.4 | |
0.2 | l'.
0 e -
02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44
Counts (%) v=. Acquisition Time (min)
MS Zoomed Spectrum
10 & |Cpd 1: C19 H13 NS 03 52: 1.796: + FBF Spectrum (r- 1.762-1.878 min) EW26049-856-P1C1.d
254 5.
g%
24 S
2E
15
1{ = % o *
~= o= ok - =
o+ ot BF -=
UEIE:‘EEIN,EI - 3%
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

Counts vs. Mass-to-Charge (mfz)
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MS Zoomed Spechrum
x10 € Cpd 1: C19 H19 N5 03 52; 1.796: +ESI Scan {rt: 1.762. 1.779. 1.796. 1.612 ... min, & scans) Frag -
25 r~
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R
(= =
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Counts vs. Mass-to-Charge (m/z)
MS Spectrum Peak List
Obs. myz | Charge Abund Ton/ Isotops] E"gt' It
L] ) : s &
s B [ 3 7
R, TRLE| ML |
I 1 174 . l%
. X +
43..% T T S06| AT 550|
457 1 07 AL [MRa]+ 7
538 1 7356257 [[M=Ra)+ ?%
2507 1 SEUSI|[FFRal+ G
LI 1 5682 I+ Naj+ 5.7
- [End Of Report —

IH NMR [(2R,3R,4R,5R)-3,4-Dibenzoyloxy-5-(4-chloropyrrolo[2,3-d] pyrimidin-7-yl)tetrahydrofuran-2-yllmethyl
benzoate (101)

NECIEONICEOIEOLO0CLon DERFCOTINEA S ) 2exa
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LCMS [(2R,3R,4R,5R)-3,4-Dibenzoyloxy-5-(4-chloropyrrolo[2,3-d]
benzoate (101)
DADT A, Sig=120.4 Ref=off [(EW200H-120-F1BD0)
mal 3 g’
20 2
100 g E
04— _ == R B S -
025 a5 0 i 15s i
DAD1 B, Sig=254.4 Ref=off (EW28034-120-P1B.0)
mal
404
20
04— _— _ — - —
I e e e e e e e e TR B B e e e e e e e e e | —
a 0.25 0.5 0.rs 1 125 mir|
WEDOT TIC, WS File (E'DATAZIOTZZ0T05 FEWIEIH-T20-F1ED) ES-AFL Pos, Scan, Frage 70
200000
100000
u_
g 0bs i
Signal 1 : DADL A, Sig=220,4 Ref=off
£ Meas. Ret. Height Width Area Brea %
1 0.909 9.563 0.062 44_034 4. 364
2 1.018 325,182 0.048 950.210 94.168
3 1.197 4475 0.048 14 809 1.468
Signal 2 : DAD1 B, Sig=254,4 Ref=off
# M=a=. Ret. Height Width Area Rrea &
1 1.018 £7.387 o.047 172.272 100.000
ME0T5PC. time= 0.000
453 2
3
223 ]
223 ]
223
223
2234 7 s - o
8 § 2 8
- - w B
13
=00
oL Loal l - o
100 2 30 4bo 500
MSD1 SPC, time= 1.018
TE< %
EE4
=S
4E4
254 a
)
254 o
4] - ™
8 3
L T iy f S e T i
100 200 300 200 500 600 700 200 000 w4

pyrimidin-7-yl)tetrahydrofuran-2-ylimethyl
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LCMS (2R,3R,4S,5R)-2-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-5-(hydroxymethyl)tetrahydrofuran-3,4-diol (102)

Chromatosram
mATS
E 1 0 "PDA N 1 2300 4]
50 (I |
. I |
] JI \ |
] g
o2 N _
0.00 03 050 o5 1ho 135 15
mn
mAU
k || ] TOA MR T 1530m 2o
151 [ /
i) / \
[
i — B i
L e T s v s o
mn
1 PDAMul |/ 220nm, 4nm
2 PDAMuls 2/ 2540 dnm,
M5 Chromatozram
&10,000)
780 [FTREE
1 :-U.D'.BmiﬁDel.ny:. "
I A
I r'\f\f[v\}
- 'n'wJ l"\_,-'\,._. ‘J\/W/‘www“m TICEH@E]
000 035 o050 07 100 13 150
mn
Integration Result
Peak Table
e e Height Heizht%  USP Width Area®
aak# . Time e1ght % i ea’s
1 0.363 3132 5016 0.080 474 1626
2 0.436 100718 96984 0130 512634 98374
Paak Table
FDACh? 254pm
Peak#  Ret Time Height Height?o  USF Width Area Area¥s
1 0.486 48023 100.000 0.130 241560 100.000

1H NMR 7-[(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]-5-[[tert- butyl(dimethyl)silyl]
oxymethyl]tetrahydrofuran-2-yl]pyrrolo[2,3-d]pyrimidin-4-amine (103)
5 2&8 T8E3 B28N388858253 g 283%3F 82rER
3 2B Seos  o99Eg8cIogsER S BN3EI5 S55se
TBSOL\ 0 [T
A AN b NH
\_?“‘ \,‘J, if
TBSG 'bmg“"’
T Y LA
i ' LM I
3 z 55 g B3333 ggs bBEg
g T 7T | 0 oooo FFPE FTU
LR L L L Ll L L R L L L L L L L L L Ll I L L L) L L L I L Ll L I R L LN LR LR L) LY LLLLE LLLLN LR R LLLR L
6.5 45 -0 0 05 0
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LCMS 7-[(2R,3R,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silylloxy]-5-[[tert- butyl(dimethyl)silyl]

oxymethyl]tetrahydrofuran-2-yl]pyrrolo[2,3-d]pyrimidin-4-amine (103)

Chromatogram

mALl
I(IHO—_
500
R
T T T T
000 0.Is 0.50 075 1.00
mALl
sno POA Muld 7
250
D_-uu'_uu..|||||||||||||||||||'||||
000 0.5 050 075 1.00 1.25 150
min
1 PDA Muld 1/ 220nm,4nm
2 PDA Multi 2/ 254nm,4nm
M5 Chromatogram
10,000
6.99 [FT5d
I|| \
] (I
- | '
s I U o, ARV SURDAY el SO Yncerer
J!IO |3 ::.IS:: lfl_l-'S 1 :II 1 I'J l.lilJ
min
Integration Result
Peak Table
PDA Chl 220nm
Peals Ret. Time Height Height%  USP Width Area Arca
| 1468 973077 100,000 0.072 2664930 100000
Peak Table
PDA Ch2 254nm
Peaks# Ret. Time Height Height% USSP Width Ama Arca¥e
1468 525019 100000 [ilip)} 1419429 100,000
Mass Spectrum
RetTime: 1.470 Datafile: DADATA20212201'2201 2 NEW 26049- 120-P1C1 lcd
E
10—
T T T T T l | T T T
200 300 400 500 6 700 B0 000
m'z
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14 NMR [(2R,3R,4R,5R)-5-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-3,4- bis[[tert-butyl(dimethyl)silyl]
oxy]tetrahydrofuran-2-yllmethanol (104)

2 ST L B NEgearsrogo-tooortoooEtano0n Nete o 2 8
2 25 8 Bh 2REEREFEERNNAEcEEIEEENARREERYS SEBES=2 T %
B M M G0 WEHEEEE S T T 090309030303 09 09 03 03 0d od o oo e doco oo § 9

HO -
=
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5 2 8 g 2 3 28 R ¥8C 58 £9 8
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g 8§ 5 & i S 8 88g g 84 d
9.0 8.0 0 40 35 o 0 -0
LCMS [(2R,3R,4R,5R)-5-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-3,4- bis[[tert-butyl(dimethyl)silyl]
oxy]tetrahydrofuran-2-ylJmethanol (104)
Chromatozram
mAL
] Iqi POAMulg 1 220om Snm
500H |I|_
] i
] I\
e ————
000 025 0.50 075 0 125 150
man
mAL
250 |'||;E TOA Muld T T5om fond
] e
1 I
| M
_ JEN
T T P e PRy
1 PDAMuls I/ 2200m 4nm
2 PDAMuld 2/ 254pm 4nm
M5 Chromatosmm
x1,000,000)
720 [7,201303 \
J{0.01 7min Delay) /
] | \
: II
0.00-5 - - = = — -TicE @l
000 025 050 075 00 25 150
min
Intezration Result
Peak Table
PDA Chl 220um
Pals “Ref Time = Haghi Hagho USPWidh A Area
1 1.090 3282 0,000 0051 1284214 100.000
Peak Table
PDA Ch2 254mm
Peak¥  Ret Time  Heicht Heights USPWidth  Ares Area
1 1.090 776360 100.000 0.051 546044 100.000
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Mazs SEEcmr:u
RetTime: 1.080 Datafile: Do DATA' 2022122012201 2T EW26049-126-P1C1 Icd

Gl
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1H NMR ((2R,3R,4R,5R)-5-(4-Amino-7H-pyrrolo[2,3-d] pyrimidin-7-yl)-3,4-
bis((tertbutyldimethylsilyl)oxy)tetrahydrofuran-2-yl)methyl methanesulfonate (105)
-e o O~ o ROV TOOOTE ONG B0 WOMNEOD NO T &
g B3 g ggen 2333558033388 858 35 028338 L2 T 8
M~ [R5 =N AT T T T T LTI ool —— —r oo oo 99
MSQ 7
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NN o
TBSC bTBS =
|
l_;l. | | A Lth J L/ LW
2 2 2 2 9 Y ER8 2 g8 932 8
=] (=1 oy @ @ o oo w = =1 0 o= o W
g o ooog g gg vrod
a0 a0 75 70 65 60 55 50 5 40 a5 30 25 20 15 10 05 [i] -05
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LCMS ((2R,3R,4R,5R)-5-(4-Amino-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-3,4-
bis((tertbutyldimethylsilyl)oxy)tetrahydrofuran-2-yl)methyl methanesulfonate (105)

Chromertosram

120nm 4nm

" ols o5o ohs

22{nm 4nm
254nm 4nm

ME Chromatoeram
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el
_ _ — _ STHC()@l

=
B

Integzration Result

Peak Table

Heish®%  USP Width
0085 0.109

FDA Chl 220mm
wal= t. Tume
0.265
2 1.168

Hexght
#1811
2107121

Areato

6978 0.174

3

1.410

PDACH? 234om
Peak#  Ret Time
1 1.168

12477

Height
1375637

99326
0.588

0.053
0.054

Peak Table

Height
100.000

USP Width
0.049

Mass Spectrm
PetTime: 0.267 Datafile: DI'\DATA'2022'2202'220209 EW26049-733-P1C1 led
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14 NMR 7-[(2R,3R,4R,55)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis [[tert-butyl(dimethyl)
silylloxy]tetrahydrofuran-2-yl]pyrrolo[2,3-d]pyrimidin-4-amine (106)

THNONTCTOON - TOoONOTW NN~ r OO O TOUNTOO~ O e oo BE
EEEE R R A L =L 3‘:8S&"c-%3ﬁ8858%EF:5388388@%383:3%5{6[:83}3:35""g
Bl e e e A S A s =] R R R R e s o K R R = = R - R = =R =R R-F-Ar
i
L )
NH
k/ ;.. 1// 2
Hi"xO ()“;;,
| | A # U uLJ JL» L
£883%8% & 2 g 8838 88 8E3
TEEOLTEOD T g g 0o og g7 f 0o
EABEEN LD N Ly E e N DR Ly Y LSy L ey e s e T L L A RN s Ll b LRy s i LA A v e L a1 e
80 5 0 50 45 40 0 -0
LCMS 7-[(2R,3R,4R,55)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl)-3,4-bis [[tert-butyl(dimethyl)

silyl]Joxy]tetrahydrofuran-2-yl]pyrrolo[2,3-d]pyrimidin-4-amine (106)

Chromatogram

mA
: |q"l'f; PDA Mult 1 220nm. 2nm
2500 |
1 - e
1 g oA | £
s = / E
T T T T
0.0 03 0.50 015 100 125 150
min
mA
B ﬁg PDA Multi 2 254nm 4nm|
1000+ I
i | 4
] - = -
] § 4 | \ f
S 5 J S _
e e e R e S
.00 0.3 0.50 015 100 125 150

1 PDAMuls 17 220nm,4nm
2 PDAMuld 27 254nm,4nm

558974

0Emin Delay )

_/MJ \\ — — TIC(+ @1
T

T I T L
. 15 o, ‘(I 0.75 1.00 125 1.50
min

M Chromastogram
10,000,000}

Integration Result

Peak Table
PDAChl 220nm
Peak®#  Ret Time Height Height®% USSP Width Arca
| . 17634 0437 0.046 07
2 75571 1.871 0061 16 g
3 3034164 - 0.063 1039 1.986
4 12078 0.299 0.035 15204 0.143
Peak Tahle
PDA Ch2 254nm
Peak# Ret. Time Height Height®% USSP Width Amra Arealc
| 0.221 5615 0.380 0.043 8592 0.233
2 (2B 24480 1.657 0.060 53604 1.458
3 0.456 1442377 07.588 0.063 3612922 9E.119
4 0776 55346 0.375 0.035 6969 0.189
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Mass Spactrum
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'H NMR (2R,3R,4S,55)-2-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-5-(1,3-benzothiazol-2-
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (27)

OOUVNNDMO DTV =F~DWNO w0 COFTUNORODROVOOTIW O~DOE =M~
828589 $383855888 ¢ BBI2EBI88T8338 85588%H
WO~ OO OO w T T T LTI NNOI NN
P
! N A\
\\\//Z\_\ Do N b _NH;
s
Y =N
HO' o M
I
| |\ "
U U S S O O | U )
i : " .
1
g¥e g2 3 ¥ 8 % 8 8 zo
gT= =8 & = = & = = =3
oo oo @ 1] i O 0O oo
e
8.0 75 70 6.5 6.0 5.5 50 45 4.0 35

HPLC (2R,3R,45,55)-2-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-5-(1,3-benzothiazol-2-
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (27)

AT
B TOATEE
T304 |
iy ‘
2504 ||
o B | =
2F 2
: e
T T T T T T T T T T T T T T T
el 1] {1 s 030 Q.73 1 25 130 113 plii] 275 13 7 300 325 330 kN .
1 PO Ml 1 7 20w Srm =
Infegration result
PeakTable
PDA Ckl 22(nm
Pazk= Ret Time USPWidth Resoluion — Height Area Avea %o
1 1.759 0.081 0.000 7310 20055 0.779
2 1344 0.131 0.805 9363 29156 1.133
3 1912 0.063 0.695 946992 2521889 98012
4 2282 0.056 5755 914 1933 0.075
Total 9643581 2573033 100.000
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Infepration result
PeakTzhle
PDA Ch? 254nm

Peaks= Fet Time USPWidth Resolution Hexght Area Area %
1 1.759 0.078 0.000 3714 10596 0909
2 1844 0.170 0688 3882 11969 1.027
3 1912 0.063 0.582 450566 1143310 08.065

Total 458161 1165904 100000

HRMC (2R,3R,45,55)-2-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-5-(1,3-benzothiazol-2-
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (27)

[ d Table
Label | Tat Score | ”EE_!:“"'I | Tqt Formula | Obs. RT Ref. Mass Obs. Mass
T T3 58 LB [902L | [T AL e 03 52 | 1 L L
Tgt Mass
Dbs. miz Dbs. RT Obs. Mass Tat Formula Tgt Mass Eror | o I"d 1_:de s
1763 50776 CIEALT NG 03 52 F50773 u??‘ﬂl_m

Compound Chromatograms

x10 2 |Cpd 1: C18H17 N5 03 52 1.763: +ESI EIC(83.0143, 832154, 84.0227, 84.2233 ...) Scan Frag=1 -
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Countz (%) v=. Acquisition Time (min)

MS Zoomed Spectrum
«10 & |Cpd 1: C18 H17 N5 03 S2: 1.763: + FBF Spectrum (r: 1.730-1.846 min) EW26049-738-P1C1.d
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MS Zoomed Spectrum
x10 6 |Cpd 1: C18 H17 N5 03 52: 1.763: +E5I Scan (rt: 1.730. 1.747. 1.763, 1.780 ... min, 8 scans) Frag -
1.24 B s
o
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Counts vs. Mass-to-Charge (m/z)
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SFC (2R,3R,4S5,5S5)-2-(4-Aminopyrrolo[2,3-d]pyrimidin-7-yl)-5-(1,3-benzothiazol-2-
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (27)
mAU
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1 i
i |1
150+ || ||
] I
. [
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] P
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min
1 PDA Multi 1 / 22{0nm 4nm
Integration Results
PeakTable
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Total 184561 1155126 100.000

IH NMR (2R,3R,4R,5R)-2-((Benzoyloxy)methyl)-5-(4-chloro-5-iodo-7H-pyrrolo[2,3-d] pyrimidin-7-
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yl)tetrahydrofuran-3,4-diyl dibenzoate (64)
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1H NMR (2R,3R,4S,5R)-2-(4-Amino-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-5-(hydroxymethyl)tetrahydrofuran-
3,4-diol (65)
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IH NMR 7-((2R,3R,4R,5R)-3,4-Bis((tert-butyldimethylsilyl)oxy)-5-(((tert-

butyldimethylsilyl)oxy)methyl)tetrahydrofuran-2-yl)-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-4-amine (66)
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LCMS 7-((2R,3R,4R,5R)-3,4-Bis((tert-butyldimethylsilyl)oxy)-5-(((tert-
butyldimethylsilyl)oxy)methyl)tetrahydrofuran-2-yl)-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-4-amine (66)
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Peak# Ret. Time Height Height%  USP Width a Ama®
1 0534 20708 1.089 0.038 20401 0558
2 06ls 6303 0.043 7400 142
3 0.637 3420 0.044 3345 0.105
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= o
o =
- o
uf |
] - -
— [ )
= =
10000
<
@
el o
] it o
- -+ v =
= - - o og [ o oG o
oy uy ] T |IIJI..-|....I.||I| bby i 1, i e wo el bbb Fun wpepd T
200 300 400 500 600 700 500 900
miz
RefTime: 1,208 Datafile: DADat 202202062206 28 EW35062-T5-P1 A led
11000 L
10000 T
9000
80004
7000
6000
5000
ANH
3000
. o = i -+ v e - - o -
MY 02 nEx ¥ 3 S dg B 2 § ¢
1000 = o oo A b & G & = 8 H = & =
200 300 400 500 600 700 800 900
miE

IH NMR ((2R,3R,4R,5R)-5-(4-amino-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-3,4-bis((tert-
butyldimethylsilyl)oxy)tetrahydrofuran-2-yl)methanol (67)
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LCMS ((2R,3R,4R,5R)-5-(4-amino-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-3,4-bis((tert-
butyldimethylsilyl)oxy)tetrahydrofuran-2-yl)methanol (67)
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IH NMR ((2R,3R,4R,5R)-5-(4-Amino-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-3,4-bis((tert-
butyldimethylsilyl)oxy)tetrahydrofuran-2-yl)methyl methanesulfonate (68)
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LCMS ((2R,3R,4R,5R)-5-(4-Amino-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-3,4-bis((tert-
butyldimethylsilyl)oxy)tetrahydrofuran-2-yl)methyl methanesulfonate (68)
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'H NMR 7-((2R,3R,4R,5S)-5-((Benzo[d]thiazol-2-ylthio)methyl)-3,4-bis((tert-
butyldimethylsilyl)oxy)tetrahydrofuran-2-yl)-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-4-amine (69)
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LCMS 7-((2R,3R,4R,5S)-5-((Benzo[d]thiazol-2-ylthio)methyl)-3,4-bis((tert-
butyldimethylsilyl)oxy)tetrahydrofuran-2-yl)-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-4-amine (69)
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!H NMR 4-Amino-7-[(2R,3R,4R,55)-5-(1,3-benzothiazol-2-ylsulfanylmethyl)- 3,4-bis[[tert-
butyl(dimethyl)silyl]Joxyltetrahydrofuran-2-yl]pyrrolo[2,3-d]pyrimidine-5-carbonitrile (70)
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LCMS 4-Amino-7-[(2R,3R,4R,55)-5-(1,3-benzothiazol-2-ylsulfanylmethyl)- 3,4-bis[[tert-
butyl(dimethyl)silyl]Joxy]tetrahydrofuran-2-yl]pyrrolo[2,3-d]pyrimidine-5-carbonitrile (70)
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§ Meas. Eet. Height Width Area Area
1 0.632 23.478 0.028 40.938 5.6B4
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3 1.425 28.17% 0.068 159.042 2Z.0BZ

Signal 2 : DADI B, Sig=254,4 Ref=off
# M=as. Ret. Height Width Are=a Ares %
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IH NMR 4-Amino-7-[(2R,3R,45,55)-5-(1,3-benzothiazol-2-ylsulfanylmethyl) -3,4-dihydroxy-tetrahydrofuran-2-
yllpyrrolo[2,3-d]pyrimidine-5-carbonitrile (29)
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HPLC  4-Amino-7-[(2R,3R,45,55)-5-(1,3-benzothiazol-2-ylsulfanylmethyl)  -3,4-dihydroxy-tetrahydrofuran-2-
yllpyrrolo[2,3-d]pyrimidine-5-carbonitrile (29)
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Integration result
PeakTable
PDA Chl 220nm
Peak# Ret. Time  USPWidth  Resolution Height Arca Arca %
1 1487 0.03 0000 1684335 2406612 09765
2 1602 0.037 1459 1836 0076
3 1.635 0048 1227 1595 0.066
4 1.687 0.035 04y 1093 0045
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PeakTable
PDA Ch2 234nm
Peals# Ret. Time  USPWidth  Resolution Height Area Area %
1 1487 0.040 000 6R5202 1006213 100000
Total 6R3202 1006213 [ITTVET)
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HRMC 4-Amino-7-[(2R,3R,4S,55)-5-(1,3-benzothiazol-2-ylsulfanylmethyl)  -3,4-dihydroxy-tetrahydrofuran-2-
yllpyrrolo[2,3-d]pyrimidine-5-carbonitrile (29)
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1H NMR 7-[(2R,3R,4R,55)-5-(1,3-benzothiazol-2-ylsulfanylmethyl)-3,4-bis [[tert-

butyl(dimethyl)silyl]Joxy]tetrahydrofuran-2-yl]-5-(2-trimethylsilylethynyl)pyrrolo[2,3-d]pyrimidin-4-amine (71)
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IH NMR (2R,3R,4S5,55)-2-(4-Amino-5-ethynyl-pyrrolo[2,3-d]pyrimidin-7-yl) -5-(1,3-benzothiazol-2-

ylsulfanylmethyl)tetrahydrofuran-3,4-diol (30)
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HPLC (2R,3R,45,5S5)-2-(4-Amino-5-ethynyl-pyrrolo[2,3-d]pyrimidin-7-yl) -5-(1,3-benzothiazol-2-

ylsulfanylmethyl)tetrahydrofuran-3,4-diol (30)

mAL _
150 5 POAMurs
3000
2500
200
1500
100
En = |
& z gl g
] =4 g T L
T T LA
obo ol TRkl ks Tl Tk T s T ks T2k TRl TRk TRl Tl Tk Tk TRl T
1 PDA Mt 1/ P2l drm i
Integration result
PeakTable
PDA Chl 220nm
Peaks# Ret. Time  USPWidth  Resolution Height Arca Arca %
1 .65 0.109 0.000 12357 51635 0883
2 l.eda 0054 12,138 1711 3Zre 0.056
3 1.543 0047 4719 1622 1724 0047
4 2.7 0081 1.947 HTBS 19846 0339
5 2036 1134 0.047 6l84 11813 0.202
6 2120 0.038 0143 3404132 ST3B4ET 08421
7 2.259 0.4 3413 1880 3102 0.053
Total 3326670 RERIER] 100.000
U
= FOA Vs
10 o
e
] ‘
=0 ‘
i E= L 3
" Tt
abe ok ok o el ik uds kT Ek T ik T ls T il ks i Ak a
1| P Muik 2/ Sdomm, drm i
Integration result
PeakTable
FDA Ch2 254nm
Pealst Bet. Time  USPWidih  Resolution Height Arca Arca %
1 645 0.049 0.000 643 1086 0.054
2 1.8%3 0.049 4864 1097 1500 0.004
3 L7 0.076 1975 3673 7350 0377
4 1040 0.300 0178 2657 5476 0273
5 1118 0.051 0444 103408 1985331 00.146
6 2264 0.043 il Tl 1091 0.054
Total 1022240 202424 (MO0
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HRMS (2R,3R,45,55)-2-(4-Amino-5-ethynyl-pyrrolo[2,3-d]pyrimidin-7-yl)
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (30)

G Table

Tgt Fermula

Obs. méz Obs. RT Obs. Mass Tt Formula Tgt Mass

TotMass [ g cpds
Eror | ROC

1957 EECN] ATTE 032 LEEN ] ssm

[Find By Formia!

Compound Chromatograms

410 2 |Cpd 1: C2OHT7 N5 03 52 1.522: +ESI EIC(E7.8149, 88.0154. 88.8227. 89.0233 ..) Scan Frag=1
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M5 Zoomed Spectum
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!H NMR (2R,3R,4S,55)-2-(4-amino-5-ethyl-pyrrolo[2,3-d]pyrimidin-7-yl) -5-(1,3-benzothiazol-2-
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (31)

NGO~ OOMNTVLYL O ©o — MO ROHNMOON D RNOTOINS0O0 T O~
855833938828 8 &8 BEBI U EBEEB0ERRERRSY e==
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TTEOCET O T 1 § 0 BF o
TP T FE T[T T T P F I PP F PP T TP T T T T T I T I T e
80 75 10 65 60 5 1.0 Chemical Shift (ppm)

HPLC (2R,3R,45,55)-2-(4-amino-5-ethyl-pyrrolo[2,3-d]pyrimidin-7-yl) -5-(1,3-benzothiazol-2-
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (31)

mAL _
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1 PO Mutti 1/ Pl drem -
Integration result
PeakTable
PDA Chl 220nm
Peaks Ret. Time  USPWidth  Resolution Height Arca Arca %
1 1.372 0.047 0000 013 1624 0.022
2 2104 0.179 6491 4171 20937 0.288
3 1% 0.043 0.837 3454420 7239225 09.689
Total 3489513 7261786 100000
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| PDAMuts 2/ 254mm, 4 "
Inte gration result
PeakTable
PDA Ch2 254nm
Peak# Ret. Time  USPWidth  Resolution Height Arca Arca %
1 1.360 0.047 0,000 893 1521 0.072
2 2100 0.165 6.997 1561 6337 0308
3 2190 0.051 746 1074831 2113036 09,620
Total 1077283 2121004 100.000

HRMC
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (31)

(2R,3R,45,55)-2-(4-amino-5-ethyl-pyrrolo[2,3-d]pyrimidin-7-yl)

© | Table
Label Tgtscore | "‘fﬂ%‘" [ Tgt Formula [ obsrr | Refimass | obsmass
T (RN 3 = T2 L G 0 52 | PR | Eox EEenicy|
Tat Mass
Dbs. mfz Obs. RT Obs. Mass Tot Formula Tgt Mass Error "_,'I“d‘.:"dl o
CEENNRE] 153 EEERlCH ORI G 03 =2 3106 a&m Find By Formula)
Compound Chromatograms
x10 2 Cpd 1: C20 H21 N5 03 52; 1.953: +ESI EIC(88.6212, 88.8217, 89,6250, 89.8295 ..) Scan Frag=1 —
W 1.953
0.84
0.6
044
0.2
1]
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Counts vs. Acquisition Time (min)
MS Zoomed Spectrum
«10 & |Cpd 1: C20 H21 N5 03 52 1.853: + FEF Spectrum (rt: 1.904-2.020 min) EW26043-987-P1C1.d
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IH NMR 9-[(2R,3R,4R,5R)-5-(azidomethyl)-3,4-bis[[tert-butyl(dimethyl)silyl] oxy]tetrahydrofuran-2-yl]purin-6-
amine (107)
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LCMS
amine (107)

9-[(2R,3R,4R,5R)-5-(azidomethyl)-3,4-bis[[tert-butyl(dimethyl)silyl]

DCADT A, Sip=230 4 Ref=off (ZI00T20078 Z0EWRHE-TIE-FICTD)

AL '
mAl 3 Eﬁ"
500 Tz
| =
250 e
o4 - — S . AT S—
b ks s ors i 105 i
DADT B, Sig=054.4 Rief=off [ 001220018 20EW M- 1033 P1CT )
mal ] 5@."
E‘ 1
500 |8
=
LE ; L
T T T T T T
025 s 0.5 1 125 ]
W07 TIC, WS Fie (EDATA G A0TE WEW BT EFICT D) ESAP Fos, Soan, Frag 70
In'\ir

oxyltetrahydrofuran-2-yl]purin-6-

1 0.584 B9T7.489 0.022 1325.514 B9.852
2 1.033 107.453 0.021 149.712 10.148
Eignal 2 : DAD1 B, Sig=254,4 Ref=ocff
g Meas. Ret. Height Width Area Brea %
1 0.384 1102.536 0.021 1545.263 97.18B0
2 1.030 35.657 0.019 44,847 2.820
TS SPC, Tme= 0058
600000 hic
]
400000
300000 A
g
200000
100000 =
b o L - Bs 3
E 2 | BB |k g
- 2o o &lo o i
WEDT SPC. tme=1.03%
80000 b
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70000
50000
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LCMS 9-[(2R,3R,4R,5R)-5-(Aminomethyl)-3,4-bis[[tert-butyl(dimethyl)silyl]

amine (108)
Chromatogram
mAl
1 (|5 POA M T Z2em ool
2500 |—'
] |'n
] a 2|0
= = |
i
T T T T T T
000 0.5 0.50 075 L0 135 1.50
min
mAU
2000 rE PDA Multi 2 154nm. dnm]
1000 | \
] - - !
— =
R _ S
— 1T
0.00 0.5 0.50 075 L0 115 150
min
1 PDAMulti 1/ 220nm dam
2 PDAMult 2/ 254nmdam
M5 Chrmatogram
10000, 000)
200 TS0.575 )
J 000 Tmin Delayy n /
l.IJO—: ||I \ | VJ\
] [
3 S ——~ \ .
of I_ —— T —— _I ___HI_\_ — T T _I - TICLIEL
0.00 D25 0.50 0.5 LI 135 1.50
min
Integration Result
Peak Table
PDA Chl 220nm
Peak# Ret. Time Height Height%  USPWidith Arca
1 0.755 7103 0.203 038 12201
2 0.920 73487 2,103 028 TA3ET
3 0.957 10037 0.287 0076 17928
4 1.090 3079 0.171 0057 11961
5 1.201 3307060 097.235 0040 6018098
Peak Tablke
PDA Ch2 2534nm
Peak# Ret. Time Height Height®%  USP Width Ama Arca%
| 0.958 4517 0226 0,050 7994 0.156
2 117 4008 0246 0042 8461 0.1 66
3 1194 1986579 99528 0054 5095933 90678

oxy]tetrahydrofuran-2-yl]purin-6-

313



RatTime: 0.758 Datafile: DADATA'2022

Mass Spectrum
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LCMS N-[[(2R,3R,4R,5R)-5-(6-Aminopurin-9-yl)-3,4-bis[[tert-butyl (dimethyl)silyl]oxy]tetrahydrofuran-2-

yllmethyllnaphthalene-2-sulfonamide (109)

Chromatogram
mAT
1500
] 2 g
] ] S
=
0.00 025 0.50 o7
mAT
100
] g B % g
olo S v — T
1 PDAMulG 1/ 220nm 4nm
2 PDAMul 2
M5 Chromatozram
10,000,000
13,083,805

(-0.01 3min Delay)

000 T T
000 023 050
Integration Result
Peak Table
PDA Chl 220nm
Peak#  Ret Time Height Height’a  USP Width Area Areats
1 0.279 T98% 0.398 0.118 74548 0.956
2 0.796 108598 2408 0.037 134718 1718
3 0.88% 1327751 28348 0.034 1531207 19.529
4 0.967 63866 1412 0.040 83583 1.066
5 1027 5821 0.131 0.043 8531 0.109
6 L1150 154581 0342 0.045 21584 0.288
7 1185 11042 0244 0.060 17132 0.218
g 1.256 2967055 65582 0.055 3960087 76.013
9 1.347 6 0.135 0.042 8056 0.103
Peak Table
PDACK? 254nm
Mass 5
RetTime: 0278 Datafile: D:'DATA'2022'2200'220020 EW26049-1043-P1C1 lcd
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IH NMR N-[[(2R,3S5,4R,5R)-5-(6-Aminopurin-9-yl)-3,4-dihydroxy-tetrahyd rofuran-2-ylimethyllnaphthalene-2-

sulfonamide (32)
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a5 a0 T 55 3 1.0 Chemical Shift (ppm)

HPLC
sulfonamide (32)

N-[[(2R,3S,4R,5R)-5-(6-Aminopurin-9-yl)-3,4-dihydroxy-tetrahyd

rofuran-2-yllmethyl]naphthalene-2-

mAL
e = A Wi
0]
2000+
100
- s
T T T T T T T T T T T T
oM 0l s 75 0 125 1S L3S 10 95 300 33 350 305 400
1 PO Mali 1/ 2l -
Integration result
PeakTable
PDA Chl 220nm
Peald# Ret. Time  USPWidth  Fesolution Height Arca Arca %
1 1.148 0.096 0.000 6504 20683 0174
2 0.086 n&l4 7084 24836 0320
3 0.050 1.375 IR0RZR0 7490537 09.306
4 0.043 16.227 1620 15435 0.034
3 0.076 1900 1548 4263 0.057
Total INNEN33  TH4IE63 100.000
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Integration result
PeakTable
PDA Ch2 215nm
Peak# Ret. Time  USPWidih  Resolution Height Area Area %
1 1148 0.0498 0N 6377 20772 0.2
2 1.224 0.086 0821 TEO2 23905 0341
3 1.308 0.050 1.238 3655501 DEE233 00282
4 2055 0.042 16.225 le62 2619 0.037
5 2168 0.0 2029 1232 3115 044
Total 3672664 T Baed [T

HRMC N-[[(2R,3S,4R,5R)-5-(6-Aminopurin-9-yl)-3,4-dihydroxy-tetrahyd
sulfonamide (32)

rofuran-2-ylmethyl]naphthalene-2-

Compound Table
Label Tgt Score radmiial Tgt Formula Obs. RT Red. Mass | Obs, Mass
O - (20 HZ0 NG 05 5; 1382 |55.63 037 30 FZ0 NG 055 I T30 456, 1206] 356,509
Tot Mass
Obs. myz Obs. RT Obs. Mass Tgt Formula Tgt Mass “;'mr F""'“r""ﬂm s
{ppm)
e RELE] 1382 456, 1304 20 HAI NG 05 5 4561216 .37 [Fird by Formla
Compound Chromatograms
«10 2 Cpd 1: C20 H20 NG 05 5; 1.382: +ESI EIC(91.2235, 91.4243, 92.2316. 92.4321 ...) Scan Frag=70 -
i 1.382 1
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Counts vs. Acquisition Time (min)
MS Zoomed Spectrum
x10 © Cpd 1: C20 H20 N6 05 5; 1.382: + FBF Spectrum (n: 1.348-1.481 min) EW26045-1047-P1C1_01.d
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Counts vs. Mass-to-Charge (mfz)

MS m Peak List
Obd. m/E & Abund Lo,
. T ESEERH e
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458.1397] 1 24669472 (M+H 1+
2 T T[RRI
460, 1 14403.13|(M+H )+
479.1183) 1 B718.25|(M+MNa)+
X T TS| (Meha) T
935.2447) 1 14602.82((2M-+Na)+
93624 1 T317.42](ZM+Na)+
937.2: 1 79[ (2M-+Na)+
938.2402 1 48| (2M-+Na)+
M5 Zoomed Spectrum
xip & |Cpd 1: C20 H20 N6 05 5; 1.382: +ESI Scan (rt: 1.348, 1.365, 1.382, 1.398 .__ min, 9 scans) Frag=
144 =
- i
12 oF
¥
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Counts vs. Mass-to-Charge (mfz)
M5 m Peak List
oObs mz | Charge Abund Ton/Isatope| o

G388 31| (M

i sl 2 S S
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IH NMR (2S,3R,4R,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4- dibenzyloxy-5-
(benzyloxymethyl)tetrahydrofuran-2-ol (111)
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LCMS (2S,3R,4R,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4- dibenzyloxy-5-
(benzyloxymethyl)tetrahydrofuran-2-ol (111)
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Peak#  Ret Time Height Haight®o  USP Width Area Area%
1 0.209 36619 1.727 0.052 119341 3.795
2 0.747 2360 0.111 0.052 5190 0.165
3 0.518 61569 2903 0.037 76247 2424
Mass 5
BetTime: 0.212 Datafile: D:'DATA'20222210: 221019 EW26049-1082-P1E] lced
120000+
110000-
100000 =
=
20000 =
B0000-
TO000-;
G000
S0000-
40000
30000
20000 ; g =
10000 - - =
ol I|q‘ T T T T T T T T
200 300 400 500 600 T00 800 900
EetTime: 0 745 Datafile DI'DATA'2022 2210221019 EW26049-1082-P1E] led e
] T
&
S00000-]
400000
300000
200000-]
100000 2 ™ 2
E T = g
e DL 2D s
00 300 400 500 600 700 200 900
FetTime: 0.828 Datafile: D:'DATA'2022 22101221010 EW26040-1022-P1E] 1ed me
2000000-] 5
i
1000000
T T T T T T T T
200 300 400 500 600 700 800 200
m'z

320



FetTime: 0.920 Datafile: D:DATA'202212210'22 1019 EW26049-1082-P1EL 1cd

=
i
9 T
o
3000000
2000000
1000000 -
[ o
E = r =
v =
<
T T T b+ L T T T |‘l
200 300 400 500 600 To0 800 200
mz
PeetTime: 0.978 Datafile: D: DATA2022221022 1019 EW26049-1082-P1EL 1cd
=
] di
-
M
2000000 -
o
1000000
7 -+
i
-
C'el
T T — T ey T T +
200 300 400 500 600 To0 800 200
mz

1H NMR 7-[(2S,35,4R,5R)-3,4-Dibenzyloxy-5-(benzyloxymethyl) tetrahydrofuran-2-yl]pyrrolo[2,1-f][1,2,4]triazin-
4-amine (112)
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LCMS 7-[(2S,3S,4R,5R)-3,4-Dibenzyloxy-5-(benzyloxymethyl) tetrahydrofuran-2-yl]pyrrolo[2,1-f][1,2,4]triazin-4-
amine (112)
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IH NMR (2S,3R,4S,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl) -5-(hydroxymethyl)tetrahydrofuran-3,4-diol
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LCMS (2S,3R,4S,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl) -5-(hydroxymethyl)tetrahydrofuran-3,4-diol (113)
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1H NMR [(3aS,4S,6R,6aR)-4-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2,2 -dimethyl-3a,4,6,6a-

tetrahydrofuro(3,4-d][1,3]dioxol-6-yllmethanol (114)
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LCMS [(3aS,4S,6R,6aR)-4-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2,2 -dimethyl-3a,4,6,6a-tetrahydrofuro[3,4-

d][1,3]dioxol-6-yl]methanol (114)
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Peak Table
FDA Chl 220nm
Peak#  Ret Time Height Height®s  USP Width Areas
1 0.393 89246 3873 0.093 297792 12565
2 0.430 1981008 85966 0.027 1851247 78110
3 0.488 53281 2312 0.035 65554 2768
4 0.513 173677 7.537 0.024 145220 6.256
5 0.625 7198 0312 0.025 6201 0.262
Peak Table
PDA Ch2 254nm.
Peak#  Ret. Time eight Height®as  USP Wadth ez %
1 0.393 46381 3.567 0.078 150081 11.103
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3 0.487 29100 2238 0.034 35048 1445
4 0.513 100846 1763 0.025 87773 6.454
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LCMS 7-[(3aS,4S,6R,6aR)-6-(Azidomethyl)-2,2-dimethyl-3a,4,6,6a-tetrah ydrofuro[3,4-d][1,3]dioxol-4-
yllpyrrolo[2,1-f][1,2,4]triazin-4-amine (115)
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LCMS

yllpyrrolo[2,1-f][1,2,4]triazin-4-amine (116)

7-[(3aS,4S,6R,6aR)-6-(Aminomethyl)-2,2-dimethyl-3a,4,6,6a-

tetrahydrofuro(3,4-d][1,3]dioxol-4-
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P%Aihl JE_E'I;‘IIII_ Heghi Height%  USP Width Araa Area?
eak# . Time eight % 51 a%e
1 0.302 £335 1935 008 17758 1576
2 0.747 152720 46593 0.063 477623 50468
3 0.810 130811 39.909 0.059 241949 25.363
4 0.895 11397 3477 0.189 33166 3.504
5 0.942 15254 1654 0.137 61302 5477
[ 1.041 11256 3434 0.507 114598 12.109
Peak Table
PDA Ch2 254mm
Peakt  Ret Time  Height Heizht%e USPWidh  Ares Arex%
1 0.748 75044 25 4386 0.063 277406 36.494
2 0.810 206166 T0.016 0.057 363034 58260
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LCMS (2R,3S,4R,55)-2-(Aminomethyl)-5-(4-aminopyrrolo[2,1-f][1,2,4] triazin-7-yl)tetrahydrofuran-3,4-diol (117)

DADT A, Sig=220 4 Ref=off [EW2EHEE-TIE-FICIO)
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Eignal 2 : DAD1 B, Sig=254,4 Ref-off
g Me=as. Ret. Height Width Area Brea %
1 0.111 386,627 0.019 541.805 92,847
2 0.733 16.556 0.035 41.748 7.153

332



WE0T SPC, me= 0112

454

130.3
267.2

4]

224

266.3

254

254

288.2

2

1E4-

gl

sbo

[8E4

BE4

4E4

224

130.3

3521

— o
i

R

a71.0

T
200

IH NMR N-[[(2R,3S5,4R,55)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-

yllmethyllnaphthalene-2-sulfonamide (34)

dihydroxy-tetrahydrofuran-2-
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HPLC N-[[(2R,3S,4R,5S)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4- dihydroxy-tetrahydrofuran-2-

yllmethyllnaphthalene-2-sulfonamide (34)
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Integration result
PeakTable
PDA Chl 220nm
Peak# Ret. Time  USPWidth  Resolution Height Area Area %
1 1.307 0.043 0.000 T2 1066 0.019
2 630 0125 27192 3571 10488 0.193
3 1.703 0.535 0.220 7029 14760 0. 260
4 1.745 0.079 0.137 33197 GR4110 1203
] 1.784 0.079 0498 40412 125124 2.199
] 1861 0.045 1.236 2893192 5466601 06,094
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Total 2087EE] 368ER0G [T
=AU
B A Vs
0]
o]
- ‘
= |
100 |
T
It
I -
abo 0k ok ohs i 1k ik ke ahe ke ake T TRhs Tale 3k ik ke 4
ma

1 PDA Muts 2/ 254rem dnm

Integration result

PeakTable
PDA Ch2 254nm
Peals Ret. Time  USPWidith  Resolution Height Area Area %
1 1744 0.079 0.000 956 13230 0.935
2 1.783 0.07 0.506 12972 33163 135
3 1.861 0.060 1.090 345778 1367928 9672
Total 365707 1414320 100.000
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HRMS N-[[(2R,3S,4R,5S)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4- dihydroxy-tetrahydrofuran-2-

yllmethyllnaphthalene-2-sulfonamide (34)

C 1 Table
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IH NMR 7-[(2S,3S5,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5-[[tert-

butyl(dimethyl)silylJoxymethyl]tetrahydrofuran-2-yllpyrrolo[2,1-f][1,2,4]triazin-4-amine (118)

o= ChLrPO®Ur TOLLI-OLEA--LOD0 ORDO NTOworROoDTowoR=NE
58 ReXPr280 3KIQNFRINCELLRCRTE 883 KYN2Y55588885838S
o Moo ooOwod W of o o o of o o o 0dodoed cicicici - =+~ O0000C00coSoo??
o AN nH,
TBSO My ||\I b
S My~
TBSO  OTBS
I !
l 1 )LJ; S A . A_A-JL_‘..__JL..J’ L4|_‘J L)
| u’f\ [
1 83 8 L s RE8 84 BE 28
< 2Q s N NS T - T NN ® &
) 1 T houow T _TTITY
L B o o e L i i o LA L
L 4 1 1] Chemical Shift (ppm]

LCMS 7-[(2S,3S,4R,5R)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5-[[tert-

butyl(dimethyl)silylJoxymethyl]tetrahydrofuran-2-yl]pyrrolo[2,1-f][1,2,4]triazin-4-amine (118)
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Integrztion Result
Peak Table
el R Heigh Height®s TSP Width Ar
eak# . Tumne e1ght v} i ea?
1 0.631 5178 0173 0052 5101 2324
2 1299 2916589 97511 0025 2735515 97.409
3 1378 69272 2316 0.026 63658 2267
Peak Table
PDA Ch2 254mm
Peakt  Ret Time  Height Height% USPWidth  Area Area%
1 0.633 3275 0.202 0.047 5580 0366
2 1297 1556053 96.100 0027 1464376 96.159
3 1378 59874 3.698 0.025 52920 3475
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1H NMR [(2R,3R,45,55)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl) -3,4-bis[[tert-
butyl(dimethyl)silylJoxy]tetrahydrofuran-2-yljmethanol (119)
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LCMS [(2R,3R,4S,5S)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl) -3,4-bis[[tert-

butyl(dimethyl)silyl]Joxy]tetrahydrofuran-2-yllmethanol (119)
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Peak Table
P%Aihllzl%gm'l" zh Heighi®%  USP Width Area Area?
wak#® t. Tume eight % 1 Areas
1 0357 3051 0107 0107 11086 0366
2 0.778 2858 0.100 0.041 5460 0.180
3 0.999 3307 0.116 0.052 3484 0.181
4 1.215 2838256 99.676 0.032 3006108 99272
Peak Table
PDACH? 254nm
eaks . Time Height Height®e  USP Width Area Area%
12315 2193116 100.000 0.030 2192481 100.000
s 5
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IH NMR [(2R,3R,45,55)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis [[tert-
butyl(dimethyl)silyl]Joxy]tetrahydrofuran-2-yllmethyl methanesulfonate (120)
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LCMS [(2R,3R,4S,5S)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis [[tert-
butyl(dimethyl)silyl]Joxy]tetrahydrofuran-2-yllmethyl methanesulfonate (120)
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Integration Result
Peak Table
FDAChl 220nm
Pezks#  Ret Time Height Heighi®  USP Width Area Area®s
1 0.869 26688 1.585 0.038 37424 2091
2 0.969 49083 2914 0.081 12 3710
3 1.21% 1608495 95.501 0.201 1686154 94159
Peak Table
FDA Ch? 254nm
Peak#  Fet Time Height Height®e  USP Width Avea Area¥s
1 0.868 68327 6.610 0.036 92225 2016
2 0.969 52250 5.055 0.076 68228 5930
3 1.218 913088 88.335 0210 900033 86.033
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IH NMR 7-[(2S,35,4R,55)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl) -3,4-bis[[tert-
butyl(dimethyl)silyl]Joxy]tetrahydrofuran-2-yl]pyrrolo[2,1-f][1,2,4]triazin-4-amine (121a)
OrrrNOOVORODOAE NTOrORcDRDO MW NN NoowrororrasrNono NS
S8IRTIARLANERIE BUILRRIGIRIN2EIRNR C2EBREREBEEBEREC858Y
FEREEEREEERERRNGOOE UouSS S S S F oo ol R R == === 1-1-k- e
Ci 3
8] NH It
) z
Sm i
tAsd  OTAs
U_*_,\_L_J__UJJ S 4
e ) (. I
4 | | lll 4 N
gc8gc RSB s g R gk 28 ge ®Ipg
Sggaonm @S I @ a0 9 o Qo & oo o
ToUoooD 7o s B B0 O 7% 771w Qg
s,
85 8.0 7. 6 45 40 35 30 25 20 15 1.0

0.5 Chemical Shift (ppm)

341



LCMS 7-[(2S,3S,4R,5S)-5-(1,3-Benzothiazol-2-ylsulfanylmethyl) -3,4-bis[[tert-
butyl(dimethyl)silyl]Joxy]tetrahydrofuran-2-yl]pyrrolo[2,1-f][1,2,4]triazin-4-amine (121a)
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Peak Table
P%Aihl ngzm'l" Heaghi Height®  USP Width Area Area?
eak= t. Timne enght p H Areato
1 0.334 3086 0217 0102 18409 0774
2 0.829 2309 0.099 0277 5476 0230
3 0.9381 7994 0341 0.034 9183 0387
4 1372 2325600 99343 0.199 2343870 98.609
Paak Table
PDA Ch? 254nm
Peak#  Eet. Time Height Height¥s  USF Width Area %
1 1.227 2675 0271 0.000 3723 0.540
2 1.372 984651 99729 0.147 1053628 99.460
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IH NMR 7-[(2S,3S,4R,55)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5-[(6-methyl -1,3-benzothiazol-2-

yl)sulfanylmethyl]tetrahydrofuran-2-yl]pyrrolo[2,1-f][1,2,4]triazin-4-amine (121b)

ChENOODEITE CONON-ORURNOCNNONE CYNEES-NNSCRToNCoNST
EERANREERIN ESUCRIVIRRITUERBE FHRTLIRRLIRBRLLNER88Y
[ e N N el e = R R e} Wk w of o of o o o F o F o oFododod coininir~=00000000coo TS
il
,Q*»\ 0 /N\ NHs .
5 5 I‘\l
< x =
TESG OTBS
‘—.ﬁ_-_.l_,LLLH_ﬁ__ﬁ___uﬁ,L luJ W
[ k—/
289 BE 2 8 8 88 28 88 ©83 8
e <9 Q 2 S =g o= = —ar o
0oy In T 0 00 OO T TTT W
R mEEE e R RE T T T T T T T T T T e
] 8 T 5 4 0 Chemical Shift (ppm)

343



LCMS 7-[(2S,3S,4R,55)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5-[(6-methyl -1,3-benzothiazol-2-
yl)sulfanylmethyl]tetrahydrofuran-2-yl]pyrrolo[2,1-f][1,2,4]triazin-4-amine (121b)
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Peak Table
P%Aihl El%.emT zh Height*s  USP Width Area Area?
eak= t. Tume ezht Yo U H s Area®e
1 0327 4505 0.758 0.108 16986 2457
2 1.093 2712 0456 0.034 5561 0.804
3 1.404 582526 98.039 0.034 662893 95887
4 1.478 4435 0.746 0.043 5887 0.852
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IH NMR 7-[(2S,3S,4R,55)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]-5- (2-naphthylsulfanylmethyl)tetrahydrofuran-2-
yllpyrrolo[2,1-f][1,2,4]triazin-4-amine (121c)
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LCMS 7-[(2S,3S,4R,55)-3,4-Bis[[tert-butyl(dimethyl)silyl]Joxy]-5- (2-naphthylsulfanylmethyl)tetrahydrofuran-2-
yllpyrrolo[2,1-f][1,2,4]triazin-4-amine (121c)
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Peak Table
P%AihlﬂgzmT Hengh Height®a  USP Width Area Area?
eak t. Tune enght W U 1 Area¥e
1 0.320 4646 1.074 0.109 17982 3927
2 1.08% 3361 1.239 0.031 6016 1247
3 1.257 14684 3.394 0,035 20843 4.341
4 1377 407918 94293 0156 437546 90686
Peak Table
PDACh? 254nm
Peak#  Eet Time Herghs Height?s  USP Width Avea e
1 1257 4944 1661 0.038 6989 2171
2 1377 292657 98.339 0.139 314987 97.829
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IH NMR 7-[(2S5,3S,4R,55)-3,4-Bis[[tert-butyl(dimethyl)silyl]oxy]- 5-(2-quinolylsulfanylmethyl) tetrahydrofuran-2-

yllpyrrolo[2,1-f][1,2,4]triazin-4- amine (121d)
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LCMS 7-[(2S,3S,4R,5S)-3,4-Bis[[tert-butyl(dimethyl)silylJoxy]- 5-(2-quinolylsulfanylmethyl) tetrahydrofuran-2-
yllpyrrolo[2,1-f][1,2,4]triazin-4- amine (121d)
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Integrzhion Fesult
Peak Table
P]%‘-'Lihll:ﬁm_r_ Heagh Height®s  USP Width Arex Area?
eak= t. Tume arzht i 1 Areate
1 0334 4333 0312 0104 16164 1os4
2 0.649 4334 0312 0.038 5366 0373
3 1.236 47013 3387 0.045 84665 5576
4 1.158 1332160 95083 0.119 1385270 928687
Peak Table
PDA Ch? 254nm
Peak®  Ret Time  Height Height®s USPWidth  Area Area%
1 1.236 23167 1.535 0.056 50256 3.048
2 135 1436112 95465 0032 1599631 98.954
Mass Spectrum
FetTime: 0.337 Datxfile: D DATA20232301 2301 16 EW26040-1226-P1C1 1cd
o
s F
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E e
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s
RetTime: 1. 237 Datafile: DI DATA20232301' 230116 EW26040-1226-P1C1 1ed

] -
o
=
100000+
W -+ -
v o &
"y [ ] —
- L ¢ [ et
* T T T 7 4 T T
200 300 400 500 500 700 800 200
mz
FetTime: 1.352 Damsfile: DX DATA 20232301 2301 LS EW26049-1226-P1C1 1ed
] 4
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200000-]
100000
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200 300 400 500 600 700 200 900
mz

IH NMR (2S,3R,4S,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- (1,3-benzothiazol-2-
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (35)
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13C NMR (25,3R,45,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- (1,3-benzothiazol-2-
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (35)

2
2
3 83X 3 §R$28 3 8 R s2ey sl
€ BG5S § 88888 % & 8 gy alk
/0N FOSNSVA [N |
X | o Lol | [ . |
I . — L
90 T80 170 ToU 130 130 T30 120 110 T0U U [slo) L ou Is10) 40 v L9) 10 L)
1 (ppm)
HPLC (2S,3R,4S5,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- (1,3-benzothiazol-2-
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (35)
mAll
'f: POA Mus
|5|:-: -
IZIZIZ—_ ‘
75«:-: |
i} |
] |
H:—_ |
& | '
{1 S _T_:L_ —y LL
1 A A AR T " AT A" AR T AR A1 A1 AT T AR T A1t AR AR T A T
1 POA Maiti |/ 22lem dnm -

Integration nesult

PeakTable
FDA Chl 220nm
Peak# Ret. Time  USPWidth  Fesolution Height Area Area %
1 1068 0.075 0.0 523 15723 0491
2 1885 0.056 12.449 1362005  318E16D 99500
Testal 1367347 3203802 100000
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Integration result

PeakTable
PDA Ch2 254nm
Peak# Ret. Time  USPWidth  Resolution Height Area Area i
1 170 0.05 0.000 06 2263 0.135
2 |.B&3 0.060 13.713 679112 1669071 09 865
Total GE0109 167 1333 100.000

HRMS (2S,3R,45,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- (1,3-benzothiazol-2-
ylsulfanylmethyl)tetrahydrofuran-3,4-diol (35)
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«10 2 |Cpd 1: C18H17 N5 03 52; 1.718: +ESI EIC(83.0149, 83 2154, 84.0227, 84.2233 .. ) Scan Frag=1
1 1718
i |
0.8 |
|
06+ |
|
04 {
I 1
0.2 |
02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44
Countz vz. Acquizition Time (min)
M5 Zoomed Spectrum
%10 Cpd 1: C18 H17 N5 03 S2; 1.718: + FBF Spectrum (rt: 1.701-1.784 min) EW26049-1232-P1C1.d
LR 3 4
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IH NMR (2S,3R,4S,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- [(6-methyl-1,3-benzothiazol-2-

yl)sulfanylmethyl]tetrahydrofuran-3,4-diol (36)
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HPLC (2S,3R,4S5,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- [(6-methyl-1,3-benzothiazol-2-

yl)sulfanylmethyl]tetrahydrofuran-3,4-diol (36)

mAL
% FOA Murs
1000 -
750
Ev |
2504 |
I
l .|.‘
oo ok ob o ors ife 1k 15 1¥s zhe 2% 2ho o 2fs 0 3l 3k 3ko o afs 4mo
1 PDA Mutti |/ 2?8l -
Inte gration result
PeakTable
PDA Chl 220nm
Peak# Bet. Time  USPWidth  Resolution Height Arca Arca %
1 2047 0.057 0.000 1060182 26446473 100000
Testal 1060182 2646473 100,000
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Inte gration result
PeakTable
PDA Ch2 254nm
Peak# Ret. Time  USPWidth  Resolution Height Area Area G
1 1.983 0.449 0000 5882 12794 0.874
2 2003 0,000 L] 6154 5875 0.401
3 2047 0,060 0000 550244 1444700 08.635
b 2199 0043 2056 [aa] 1021 0.070
Total 571924 1464300 100,000

HRMS (2S,3R,4S5,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- [(6-methyl-1,3-benzothiazol-2-

yl)sulfanylmethyl]tetrahydrofuran-3,4-diol (36)

Compound Table
Label Tgt Score H.a{;spﬂEﬁw Tat Formula Obs. RT | Ref. Mass Obs. Mass
TISE TRETIST I b | pra ;
Tgt Mass
Obs. mfz Obs. RT Obs. Mass Tgr Formula Tge Mass {iﬂm} Find Cpds
pm,
(430, 1006 1550 70531 CIGHIG NG 03 &2 EeleT ] 45 Find by Formulal

Compound Chromategrams

«10 2 |Cpd 1: C1SH19 N5 03 52 1.859: +ESI EIC(8

14
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0.24
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==}
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5.8180. 86.0186. 86.8259, 87.0264 ...) Scan Frag=1

02 04 06 08 1

12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44

Counts vz. Acquisition Time (min)

MS Zoomed Spectrum
x10 6 |Cpd 1: C19 H19 N5 O3 52: 1.859: + FEF Spectrum (r: 1.826-1.942 min) EW26043-1230-P1C1_0 -
1.24 §:
-
1] st
0.8 1=
0.64 e 2
5T -t
o X
044 = 5 g e
g, B’ e
127 23
=3 r : I

150 200 250 300 350 400 450 500 550

Counts vs. Mass-to-Charge (m/z)
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1H NMR (2S,3R,4S,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)- 5-(2-naphthylsulfanylmethyl)

tetrahydrofuran-3,4-diol (37)

MOODM=D®T O 0 NODD D DO OO ON =T DO=00NID DONOW
BBBI2ETTT 8IRSB ECCB 8HESBEIYTIHAEER BRERR
L O A A X K -] R T R e o g e e R R R R o s R
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a0 70 65 4,
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HPLC (2S,3R,4S,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)- 5-(2-naphthylsulfanylmethyl)tetrahydrofuran-
3,4-diol (37)

E TIA, s
B -
251
200
1500 |
1o |
s ||
= = %
o F| I\_L ¥ ¥
T T T
o oE ok ok e Tk ik ke T2k 2B T 2k TRk ik ek TRk ek T
1 PIIA Mati 1/ 2 frum i
Integration result
PeakTable
PDA Chl 220nm
Peal# Ret. Time  USPWidth  Resolution Height Arca Arca
1 2001 0103 0000 1210 3018 045
2 218l 0.050 2106 3225123 8687268 09021
3 2610 0.052 8.8 380 1692 0009
4 2048 0.050 6.634 702 1232 0014
Total 3227925 3594109 100000
=l
= TOA Vs
s "
1500
1o ‘|
] |
N A
abo ok ok ob ke aks ik ks 2k kT ik TRk il ks ik ik T
1 P Muts 2/ 254mm dnm o
Integration result
PeakTable
PDA Ch2 254nm
Peak# Bet. Time  USPWidth  Resolution Height Area Area %
1 2151 0.060 0.0 2076332 5203085 100000
Total 2076332 320085 100000
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HRMS (2S,3R,4S5,5S)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)- 5-(2-naphthylsulfanylmethyl)tetrahydrofuran-

3,4-diol (37)
x10 2 Cpd 1: C21 H20 N4 O3 S; 1.934: +ESI EIC(81.6246, 81.8252, 82,6324, 82.8330 ...) Scan Frag=17
14 1 1534
|'I|
0.8 |
0.6 [l
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0.4
|
02- [}
0 Eite,
T T T T T T T T T T T T T T T T T T T T T T
02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44
Counts ve. Acguizition Time (min)
MS Zoomed Spedum
<10 & |Cpd 1: C21H20 N4 03 S; 1.934: + FBF Spectrum (r- 1.901-1.984 min) EW26049-1229-P1C1.d
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1H NMR (2S5,3R,4S,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- (2-quinolylsulfanylmethyl)tetrahydrofuran-

3,4-diol (38)
DWW TN rOu~~QO~~ROO® TROOrm—OITTNIEOEOTODOOQ g9
CrH353RRBEIREERE CEE58888558R880LBANN B
OO0 M= P PP P P PP P P OO OO VWOV TTTTTTOOOOMDODM ooy
/\‘ o % NH,
=N TE mo
R My -
HO OH
| |
* i l “ v
J U\\“'“ JUL i .___,/ UL\ YA n "
{ RN [
IcHE8E 88 28 288 =8 5]
g2 g88s 3= S S 83 538 S
CHUTHODD ©F [T Oof oo T
95 90 485 8D 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 Chemical Shift (ppm)

HPLC (2S,3R,4S5,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- (2-quinolylsulfanylmethyl)tetrahydrofuran-
3,4-diol (38)
mAl
2 T3 Wi |
200 B
1500 ‘
1000 ‘
Er |
{
I||
! )
! L&
T 1 R TR T " AR T AT AT T AT " 1T ] 185 Al abs 3k ar
1 PDAMutti | / 2endrm i
Integration result
PeakTable
PDA Chl 220nm
Peak# Ret. Time  USPWidih  Resolution Height Arca Arca %
1 1.829 0360 0.000 mnn 5049 0.105
2 1885 0.052 0.270 2207403 48260809 09.895
Tistal 2210125 4831138 100,000

358



[

1R

P, Muks

abo " ok obe ols
1 POIA Muksi 2/ 254mm dmm

s a3k ik Ak

Integration result

PeakTable
PDA Ch2 254nm
Peaks Ret. Time  USPWidth  Resolution Height Arca Arca %
1 1.831 0.189 0,000 3022 5123 0.131
2 1.885 0.058 0443 1700424 4357031 00 860
Total 1802445 4372754 100.000

HRMS (2S,3R,45,55)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- (2-quinolylsulfanylmethyl)tetrahydrofuran-

I e

Cpd 1: C20 H19 N5 03 5; 1.582: +ESI EIC(81.8236, 82.0242. 82,8314, 83.0320 ...) Scan Frag=17

12 14 16 18 2 22 24 26 28

Counts v=. Acguizition Time (min)

3 32 34 36 38 4

42 44

Cpd 1: C20 H15 N5 03 5; 1.582: + FBF Spectrum (r: 1.549-1.658 min) EW26043-1231-P1C1.d

841,2279
Ti2M+Na)+

S00 550 600
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L] 1 2070.933) (M +Haj+
MS Zoomed Spectrum
%10 & Cpd 1: C20 H19 N5 O3 5; 1.582: +ES| Secan (r: 1.549, 1.565, 1.582, 1.598 . min, 10 scans) Frag —
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02 2= = 8%
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MS Spectrum Peak List
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— End Of Report —
1H NMR (2S,3R,4S,55)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis [[tert-
butyl(dimethyl)silyl]Joxy]tetrahydrofuran-2-carbaldehyde (122)
@ BB~ -~D=0WYTFTMODOEE OWMO=0c N T o OOV OWOER
5 HoBRAGRRRBEIBERCEB: BELRAHRINE BE GRRIRERRNEI-CFS
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i | Il
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10 8 T 6 5 1 Chemical Shift (ppm)
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LCMS (2S,3R,4S,5S)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis [[tert-
butyl(dimethyl)silyl]Joxyltetrahydrofuran-2-carbaldehyde (122)

Chromatogram
mAlT
2504 I Muld 1 2om “nm
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I
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] |
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mun
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= Shuln T 3 ¥om Innd
2
Iﬂl i
I
||I | |\
_ / L ]
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mun
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T8
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T T T T T T
0.00 025 050 0.7 100 115 L3
min
Integration Result
Peak Table
PDA Chl 220nm_ ) -
eak# t. Time Height Height% TSP Widih Arvea Areats
1 1.162 175202 40.862 0.036 216793 33969
2 1241 253567 59138 0.046 421417 66.031
Peak Table
PDACh2? 254pm
Peak#  Fet Time Height Haight?s TSP Width Area Area%
1 1.162 140119 42548 0.036 172054 35564
2 1241 186854 57152 0.046 311728 64.436
Mz 5
FetTime: 1162 Datsfile: D) DATA2023:3301' 230131 EW26048-1237-PIC1 led
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1H NMR 7-[(2S,3S5,4R,5R)-5-[(E)-2-(1,3-Benzothiazol-2-yl)vinyl]-3,4-bis [[tert-
butyl(dimethyl)silyl]Joxyltetrahydrofuran-2-yl]pyrrolo[2,1-f][1,2,4]triazin-4-amine (123)

SENEOBR8eIRIBRLE B8y 85 28383883 8 88GSEsYS 5288
SEB8THNTITAINREE  BLIRB ST Ee 8 SNE48858K 8583
SRR Il iiEEcres Com Yy veveevae 4 +Tr-ccddce coso9
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B L e N
T830°  OTBS
I /\
22 B8z 82 8 5 R g2 9 28 = 2RE8
a0 oo oo @ [T =N-1 o (=11 o ~w@ o
0L oopBoffl O R ] TE IR
95 490 a5 80 75 70 65 6.0 55 50 45 40 ka} 30 25 20 15 1.0 Chemical Shift (ppm)

LCMS 7-[(2S,3S,4R,5R)-5-[(E)-2-(1,3-Benzothiazol-2-yl)vinyl]-3,4-bis [[tert-
butyl(dimethyl)silyl]Joxy]tetrahydrofuran-2-yl]pyrrolo[2,1-f][1,2,4]triazin-4-amine (123)

Chromatogram
mAT
2] DA l"l__;omr_am
] 2 = 3 23 & # || l,
] Z e 3 & & H |
o B = = = = = )
e e e e e
0.00 025 0.50 07s W 15 1.50
man
mAT
2500 FOAS 154om Znmj
| T
] I
i 3 B 8 [
o S = el BN
T e e I NIy e s e
man
1 PDAMuls 1/ 220mm dm
2 POAMul 2/ 254mm dam
M Chromatosmm
1.000.000)
P E e
(-0.013min Delay) /\
. _
0. - A TICEH@E!
000 035 050 0% 10 135 150
mn
Integration Result
Peak Table
PI;ALE]?I :Elgztm'f' Heugh Haighi%s USSP Widih Area Area?
aak#s . Time e1ght % i eal
1 0364 5345 0173 0123 2903 0289
2 0.731 3391 0.110 0311 8368 0.106
3 0.844 18885 0.610 0.037 225219 0284
4 0.939 19380 0626 0.035 23579 0285
5 1.047 23326 0.754 0052 50026 0643
6 1.222 168259 5436 0.054 370884 4683
7 1.338% 2856913 92292 0.062 T421135 93709
Peak Table
PDA Ch? 254mm
eak®  Fet Time Height Heights  USP Width Area Areas
1 0.845 7004 0273 0,035 8121 0142

362



[a]
-
o
ol
3000 o
oe
E -
2000
1000
T T T T T T T T
00 300 400 500 600 T00 800 800
mz
EetTime: 0845 Datafile: D:'DATA'20233302'230210EW26049-1245-P1C1 led
TO000-
G000
50000
200004
™
oe
-+
-+
-
~ =] r
10000-; = . ~
= P =
&
. “'.'l I \ i, . . , :
00 500 600 T00 800 800
mz
FeetTime: (.37 Diatafile: D DATA 2023123022302 10 EW26049-1245-P1C1 Ied -
70000 T
o
E +
60000-]
3 “
50000 C o
| ©~ ﬁ
400003
E [ag]
300003 L
3 =
20000 I = "
E e T :’: 2 1
10000 s 5 o F z b 2
AT (V1 Y TR
|||I|” plll L L:l | I|“I 1l ot ITllhl L
200 300 400 500 600 700 800 900
mz

363
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H NMR (2S,3R,4S5,5R)-2-(4-aminopyrrolo(2,1-f1[1,2,4]triazin-7-yl)-5-[(E)-2- (1,3-benzothiazol-2-
yl)vinyl]tetrahydrofuran-3,4-diol (40)
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HPLC (2S,3R,4S,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-[(E)-2- (1,3-benzothiazol-2-

yl)vinyl]tetrahydrofuran-3,4-diol (40)

mAL
] = A Wi
] l
]
] ‘
kT |
] |
100 |
I|
i I TJ Ay —
L R A TR T R T T AL DR T TR AT AT AR AR T AR " A" AT T A
1 POA Mutti 1/ T dmm i
Integration result
PeakTable
PDA Chl 220nm
Peals# Ret. Time  USPWidih  Resolution Height
1 1.865 0.055 0000 02840
Total [EOEEET]
AU
3 A Vs
" ‘
E |
100
|
I|
el _ - Ay )
abo ok ok ubs e ks ik ks 2l ks b aks a

1 PDA Muls 2/ 254mm, 4nm-

Inte gration result

PeakTable
PDA Chl 234nm
Peak# Ret. Time  USPWidth  Resolution Height
1 1865 0.056 0000 4157090
Total 415790
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HRMC (2S,3R,4S5,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-[(E)-2- (1,3-benzothiazol-2-

yl)vinyl]tetrahydrofuran-3,4-diol (40)
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1H NMR 7-((2S,3S5,4R,5R)-5-(2-(benzo[d]thiazol-2-yl)ethyl)-3,4-bis((tert-butyl dimethylsilyl)oxy)tetrahydrofuran-

2-yl)pyrrolo[2,1-f][1,2,4]triazin-4-amine (124)
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yl)pyrrolo[2,1-f][1,2,4]triazin-4-amine (124)
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((25,3S,4R,5R)-5-(2-(benzo[d]thiazol-2-yl)ethyl)-3,4-bis((tert-butyl dimethylsilyl)oxy)tetrahydrofuran-2-
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1H NMR (2S,3R,4S,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- [2-(1,3-benzothiazol-2-
yl)ethyl]tetrahydrofuran-3,4-diol (39)
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13C NMR (2S5,3R,4S5,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- [2-(1,3-benzothiazol-2-
yl)ethyl]tetrahydrofuran-3,4-diol (39)
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HPLC (2S,3R,4S,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- [2-(1,3-benzothiazol-2-

yl)ethyl]tetrahydrofuran-3,4-diol (39)
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Integration result
PeakTable
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HRMS (2S,3R,4S,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5- [2-(1,3-benzothiazol-2-

yl)ethyl]tetrahydrofuran-3,4-diol (39)
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