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1. General information

"H NMR and *C NMR spectra were recorded on Bruker Avance III HD 600 or Avance 400 MHz
spectrometer. Chemical shifts are recorded in ppm relative to tetramethylsilane with the solvent
resonance as the internal standard. Data are represented as follows: chemical shift, multiplicity (s =
singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, m = multiplet), coupling constants
(J) are in Hertz (Hz), and integration. Enantiomer excesses were determined by chiral HPLC analysis on
Chiralcel IA/AS-H/ID/OD-H/IE/IG in comparison with the authentic racemates. Chiral HPLC analysis
was recorded on Thermo Scientific Dionex Ultimate 3000 and Agilent Technologies 1260 Infinity.
Optical rotations were recorded on Autopol Automatic Polarimeter, and were reported as follows: [o]p®
(c: g/100 mL, in CH,Cl,). High resolution mass spectra (HRMS) was recorded on an ABI/Sciex QStar
Mass Spectrometer (ESI). Single crystal X-ray crystallography data were obtained on Supernova Atlas
S2 CCD detector. Melting point (m.p.) data were obtained on X-5 micro melting point apparatus. For
column chromatography, silica gel (200-300 mesh) was used as the stationary phase. Unless stated
otherwise, all the solvent and reagents were purchased from commercial suppliers and used without

further purification.
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2. The preparation of starting materials

Synthesis of Variously (E)-S-heteroaryl Propenyl Ketone (1a-1aa)':
Method A:
General Procedure for the Synthesis of 1a-1d, 1j-1ad:

cl

cl SN
7

K,CO3, CH3CN <N ‘N/)

tBu 80°C

ZAZ
+
1
(o]
(o]
b

Purine, benzimidazole, imidazoles, (2.0 mmol), K»COs3 (1.0 mmol, 138 mg) and CH3CN (8.0 mL)
were mixed in a 15 mL flask. The mixture was stirred for 10 min at 80 °C, afterwards the acetylenic
ketone (2.2 mmol) was added. After the reaction was completed, which was determined by TLC,
the resulting mixture was filtered, and evaporated under reduced pressure. The mixture was directly
purified by flash chromatography on silica gel (Pet/EtOAc = 7:1 - 3:1) to afford the products (£)-f-
heteroaryl acrylates.

Method B:

General Procedure for the Synthesis of 1e-1i:

[

ﬁ/Z{tBu rt j\
o

tBu

R1
N A tBuONa, DMF NP o
I X NTR
H N/)\Rz N\

Purine, (2.0 mmol), sodium ferz-butoxide (1.0 mmol) and DMF (5 mL) were mixed in a 15 mL flask.
The mixture was stirred for 30 min at ambient temperature and then acetylenic ketone (2.2 mmol)
was added. The reaction was complete after 6-12 h, as monitored by TLC, and the resulting mixture
was partitioned between water and ethyl acetate, and the separated aqueous layer extracted with
ethyl acetate (10 mLx3). The combined organic layers were washed with brine (100 mLx3), dried
over anhydrous MgSQy, filtered, and evaporated under reduced pressure. The mixture was directly
purified by flash chromatography on silica gel (Pet/EtOAc = 7:1 - 1:1) to afford the products (E)-f-

heteroaryl acrylates.
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3. General procedure for the reaction

o]
s~ “OH DCM, 50°C

cl cl
NfN Nf |
7 % N
<N N/) +H0\[S]\ C2 (5 mol%) <N | N/) |
\ s |

o
tBu OH COftBu
1a 2 3a } c2
The synthetic procedure of 3a: (E)-1-(6-chloro-9H-purin-9-yl)-4,4-dimethylpent-1-en-3-one 1a
(13.2 mg, 0.05 mmol), 2 (4.8 mg, 0.03 mmol), C2 (1.58 mg, 5 mol %) in a reaction vessel. DCM
(3.0 mL) was then added and the reaction mixture was stirred in oil both at 50 °C for 48 h. Then the
resulting mixture was cooled down to room temperature. The solvent was removed under reduced

pressure. The residue was purified by column chromatography on a silica gel (eluent: Pet/EtOAc =

2:1-1:1) to give the pure product 3a.
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4. Scale-up synthesis and transformation of products

cl cl 3
.0 sol
N N |
4 Yy '
<N \ P <N \ Ao
N\ HO S C2 (5 mol %) .
+ — AT Eno~s S
DCM, 50 °C
o s~ “OH
Ad OH COAd

3s } c2

1.32g, 95% yield,
>20:1 dr, 90% ee

1s
1.10 g, 3.32 mmol

Scale-up Synthesis: To a round-bottom flask equipped with a stir bar was charged with (E)-1-(6-
chloro-9H-purin-9-yl)-4,4-dimethylpent-1-en-3-one 1s (1.10 g, 3.32 mmol), 2 (0.30 g, 1.99 mmol), C2
(105 mg, 5 mol%) in a reaction vessel. DCM (100 mL) was then added and the reaction mixture was
stirred in oil both at 50 °C for 48 h. Then the resulting mixture was cooled down to room temperature.
The solvent was removed under reduced pressure. The residue was purified by column chromatography

on a silica gel (eluent: Pet/EtOAc =2:1 - 1:1) to give the pure product 3s.

NfN NN
Bl 4 N
/) ¢ |
NTON DAST N N/)
S DCM s
OH COAd Lond
3s 5a

According to the literature,” In a test tube, 3s (0.05 mmol, 20.9 mg, 90% ee) was dissolved in
anhydrous CH>Cl, (1.0 mL), DAST (2.3 equiv., 0.13 mmol, 21.0 mg) was added under N
atmosphere. The resulting solution was stirred at room temperature for 1.5 h. After the reaction was
completed, which was determined by TLC, the mixture was directly purified by flash
chromatography on silica gel was purified by silica gel flash chromatography (Pet/EtOAc = 1:2) to
yield the product 5a as a colorless oil (75% yield, 15.8 mg, 90% ee).

Cl

cl
N
</N B CPBA N ij
N /) m- N N/
N DCM o, 0
s s
OH COAd OH COAd
3s 5b

According to the literature,’ In a test tube, 3s (0.05 mmol, 20.9 mg, 90% ee) was dissolved in CH>Cl,
(1.0 mL) and the reaction mixture was stirred at the room temperature. Then, m-CPBA (2.0 equiv,
0.1 mmol, 17.2 mg) was added. The reaction mixture was stirred overnight, After the reaction was
completed, which was determined by TLC, the mixture was directly purified by flash
chromatography on silica gel (Pet/EtOAc = 1:2) to afford product Sb as a white solid (85% yield,
19.2 mg, 90% ee).
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5. X-ray data of 3x

e

S

OH COtBu

3x 3x, CCDC 2322644

Table S1 Crystal data and structure refinement for 3x.

Identification code 3x

Empirical formula C17H22N20,8
Formula weight 318.42
Temperature/K 293(2)

Crystal system monoclinic

Space group P2,

alA 10.90480(10)

b/A 14.2184(2)

c/A 11.99560(10)

a/° 90

pre 110.3770(10)

v/° 90

Volume/A? 1743.51(3)

Z 4

Pealcg/cm’ 1.213

w/mm’! 1.713

F(000) 680.0

Crystal size/mm? 0.14 x 0.12 x 0.09
Radiation CuKa (A =1.54184)
20 range for data collection/®7.862 to 142.782
Index ranges -13<h<13,-16<k<17,-14<1<14
Reflections collected 44786

Independent reflections 6391 [Rine = 0.0746, Rsigma = 0.0345]
Data/restraints/parameters ~ 6391/1/407

Goodness-of-fit on F? 1.137

Final R indexes [[>=2c (I)] R;=0.0732, wR, =0.2000

Final R indexes [all data] R1=0.0768, wR, = 0.2085

Largest diff. peak/hole / ¢ A3 0.26/-0.55

Flack/Hooft parameter 0.01(3)/0.01(6)
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6. Characterization of compounds

(E)-1-(6-chloro-9H-purin-9-yl)-4,4-dimethylpent-1-en-3-one (1a)

Pale-yellow solid, m.p. = 233.2-236.6 °C, 56% yield.

R¢=0.13 (Pet/EtOAc, 5/1, v/v).

'H NMR (400 MHz, CDCl5) & 8.89 (s, 1H), 8.32 (s, 1H), 8.09 (d, /= 14.0 Hz, 1H), 7.92 (d, /= 14.0 Hz,
1H), 1.27 (s, 9H).

13C NMR (100 MHz, CDCl5) § 203.7, 153.3, 152.2, 151.6, 144.6, 133.1, 132.1, 114.1, 43.8, 26.2.
HRMS (ESI-TOF) m/z: [M+H]" caled for C12H14CIN4O m/z 265.0851, found 265.0845.

(E)-1-(6-bromo-9H-purin-9-yl)-4,4-dimethylpent-1-en-3-one (1b)

Br

Pale-yellow solid, m.p. 238.1-241.3 °C, 62% yield.

R¢=0.14 (Pet/EtOAc, 5/1, v/v).

'"H NMR (600 MHz, CDCIl5) 5 8.85 (s, 1H), 8.32 (s, 1H), 8.07 (d,J = 13.8 Hz, 1H), 7.92 (d, J= 13.8 Hz,
1H), 1.27 (s, 9H).

3C NMR (100 MHz, CDCls) 8 203.8, 153.2, 150.3, 144.5, 144.2, 135.7, 132.2, 114.1, 43.8, 26.2.
HRMS (ESI-TOF) m/z: [M+H]" calcd for C,H4BrN4O 309.0346, found 309.0342.

(E)-1-(6-iodo-9H-purin-9-yl)-4,4-dimethylpent-1-en-3-one (1c)
I
Nf"
!
<N 7
i\
o

Pale-yellow solid, m.p. 247.5-250.9 °C, 57% yield.

tBu

R¢=0.13 (Pet/EtOAc, 5/1, v/v).
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'H NMR (400 MHz, CDCl3)  8.77 (s, 1H), 8.33 (s, 1H), 8.06 (d,J = 14.0 Hz, 1H), 7.92 (d, J = 14.0 Hz,
1H), 1.27 (s, 9H).

13C NMR (100 MHz, CDCls) 8 203.8, 153.2, 147.9, 144.0, 144.6, 132.3, 123.0, 114.1, 43.8, 26.2.
HRMS (ESI-TOF) m/z: [M+H]" caled for C;,H4IN4O 357.0207, found 357.0200.

tert-butyl(E)-(tert-butoxycarbonyl)(9-(4,4-dimethyl-3-oxopent-1-en-1-yl)-9 H-purin-6-yl)carbamat

e (1d)
NBoc,
N N
2
<N 7

white solid, m.p. 37.6-46.4 °C, 39% yield.

Re=0.11 (Pet/EtOAc, 8/1, v/v).

'"H NMR (400 MHz, CDCl5)  8.98 (s, 1H), 8.23 (s, 1H), 8.08 (d,J = 14.0 Hz, 1H), 7.93 (d, J= 14.0 Hz,
1H), 1.46 (s, 18H), 1.27 (s, 9H).

13C NMR (100 MHz, CDCls) 8 204.0, 153.4, 150.4, 144.0, 132.4, 113.4, 84.2,43.8, 27.9, 26.3.

HRMS (ESI-TOF) m/z: [M+H] * calcd for C22H3,NsOs 468.2217, found 468.2209.

(E)-1-(6-methoxy-9H-purin-9-yl)-4,4-dimethylpent-1-en-3-one (1e)
NfN
(|
<N 7
i
o

Pale-yellow solid, m.p. 178.5-182.8 °C, 49% yield.

tBu

R¢= 0.10 (Pet/EtOAc, 3/1, v/v).
IH NMR (600 MHz, CDCls) § 9.22 (s, 1H), 9.13 (s, 1H), 8.27 (s, 1H), 8.10 (d, J = 13.8 Hz, 1H), 7.97
(d, J=14.4 Hz, 1H), 1.28 (s, 9H).

13C NMR (150 MHz, CDCl5) § 204.1, 153.9, 151.3, 149.5, 144.8, 135.4, 132.4, 113.4, 43.8,29.8, 26.3.
HRMS (ESI-TOF): [M+H]" caled for C1,HsN4O 231.1240, found 231.1239.

(E)-1-(6-methoxy-9H-purin-9-yl)-4,4-dimethylpent-1-en-3-one (1f)
o

2

<N 7

j:

o]

tBu
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white solid, m.p. 196.7-201.2 °C, 65% yield.

Re=0.11 (Pet/EtOAc, 5/1, v/v).

'H NMR (400 MHz, CDCls) § 8.66 (s, 1H), 8.11 (s, 1H), 8.08 (d, /= 14.0 Hz, 1H), 7.88 (d, J = 14.0 Hz,
1H), 4.22 (s, 3H) 1.27 (s, 9H).

13C NMR (100 MHz, CDCl3) § 204.1, 161.5, 153.5, 151.9, 141.7, 132.8, 113.0, 54.6, 43.8, 26.3.
HRMS (ESI-TOF): [M+H]" caled for C13H;7N40, 261.1346, found 261.1340.

(E)-1-(6-amino-9 H-purin-9-yl)-4,4-dimethylpent-1-en-3-one (1g)

NH,

N X
N

7

<N \N/)

Pale-yellow solid, m.p. 227.7-230.0 °C, 42% yield.
R¢=0.15 (EtOAc).
'H NMR (400 MHz, DMSO-dy) 88.72 (s, 1H), 8.28 (s, 1H), 8.11 (d, J = 14.0 Hz, 1H), 7.79 (d, J = 14.0

Hz, 1H), 7.51 (br, 1H), 1.18 (s, 9H).
13C NMR (100 MHz, DMSO-ds) 4 203.3, 156.2, 153.8, 149.3, 140.0, 132.9, 119.3, 110.5, 43.0, 25.8.
HRMS (ESI-TOF): [M+Na]" calcd for Ci2H;sNsNaO 268.1169 found 268.1168.

(E)-1-(6-chloro-2-fluoro-9H-purin-9-yl)-4,4-dimethylpent-1-en-3-one (1h)

Cl

Pale-yellow solid, m.p. 196.7-201.2 °C, 52% yield.

R¢=0.11 (Pet/EtOAc, 5/1, v/v).

'H NMR (400 MHz, CDCl5) & 8.29 (s, 1H), 8.01 (d, /= 14.0 Hz, 1H), 7.76 (d, J= 14.0 Hz, 1H), 1.27 (s,
9H).

13C NMR (100 MHz, CDCls) § 203.5, 159.0, 156.8, 154.1, 145.1 (d, Jcr = 4.0 Hz, 1H), 131.7, 125.8,
114.5, 113.8, 43.9, 26.4, 26.1.

HRMS (ESI-TOF): [M+H]" caled for C1,H;3CIFN4O 283.0756, found 283.0751.

S9



(E)-1-(2-amino-6-chloro-9H-purin-9-yl)-4,4-dimethylpent-1-en-3-one (1i)
cl
N B
e
NT N A NH,
i\
o

Pale-yellow solid, m.p. 234.1-237.0 °C, 52% yield.

tBu

Re= 0.15 (EtOAC).
'H NMR (400 MHz, DMSO-d5) § 8.70 (s, 1H), 7.99 (d, J= 14.0 Hz, 1H), 7.69 (d, J = 14.4 Hz, 1H), 7.27

(br, 1H), 1.18 (s, 9H).
13C NMR (100 MHz, DMSO-ds) 4 203.3, 160.4, 153.5, 150.0, 141.2, 132.1, 123.8, 110.7, 39.9, 25.7.
HRMS (ESI-TOF): [M+Na]" calcd for Ci2H4CINsNaOS 302.0779 found 302.0775.

(E)-9-(4,4-dimethyl-3-oxopent-1-en-1-yl)-1,3-dimethyl-3,9-dihydro-1H-purine-2,6-dione (1j)
o

N -

s

N N/go

i \

o

Pale-yellow solid, m.p. 216.1-219.0 °C, 53% yield.

tBu

Re= 0.13 (Pet/EtOAc, 2/1, V/v).
H NMR (400 MHz, CDCl3) § 8.09 (d, J = 13.6 Hz, 1H), 7.96 (s, 1H), 7.79 (d, J= 14.0 Hz, 1H), 3.62 (s,

3H), 3.4 (s, 3H), 1.23 (s, 9H).
13C NMR (100 MHz, CDCls) § 203.7, 154.7, 151.4, 150.8, 141.9, 133.8, 114.4, 43.8, 30.3, 28.8, 26.2.
HRMS (ESI-TOF): [M+Na]" caled for C14HisNsNaOs 313.1271 found 313.1269.

(E)-1-(4-chloro-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-4,4-dimethylpent-1-en-3-one (1k)

White solid, m.p. 162.8-166.3 °C, 70% yield.

R¢=0.14 (Pet/EtOAc, 6/1, v/v).

'H NMR (400 MHz, CDCl3)  8.73 (s, 1H), 8.32 (d, /= 14.0 Hz, 1H), 7.51 (d, J= 4.0 Hz, 1H), 7.31 (d,
J=14.0 Hz, 1H), 6.75 (d, /= 4.0 Hz, 1H), 1.23 (s, 9H).

13C NMR (100 MHz, CDCl5) § 203.8, 152.9, 152.3, 152.0, 134.6, 126.9, 119.5, 109.6, 103.7, 43.5, 26 4.
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HRMS (ESI-TOF): [M+H]" caled for C13H;sCIN;O 264.0898, found 264.0893.

(E)-1-(6-chloro-9H-purin-9-yl)-4,4-dimethylhex-1-en-3-one (11)

Et
white solid, m.p. 155.3-157.0 °C, 68% yield.
R¢=0.14 (Pet/EtOAc, 5/1, v/v).
'"H NMR (600 MHz, CDCl5)  8.90 (s, 1H), 8.33 (s, 1H), 8.09 (d, /= 13.8 Hz, 1H), 7.91 (d, J= 13.8 Hz,
1H), 1.70 (q, J = 7.8 Hz, 2H), 1.22 (s, 6H), 0.85 (t, J= 7.8 Hz, 3H).
3C NMR (150 MHz, CDCl3) 6 203.7, 153.3, 152.1, 151.5, 144.7, 133.1, 132.1, 114.2, 47.6, 32.4, 23.6,
9.2.
HRMS (ESI-TOF): [M+H]" caled for Ci3Hi6CIN4O 279.1007, found 279.0999.

(E)-1-(6-chloro-9H-purin-9-yl)-4,4-dimethylhept-1-en-3-one (1m)

nPr
white solid; m.p. 130.3-135.5 °C; 69% yield.
R¢=0.12 (Pet/EtOAc, 5/1, v/v).
'"H NMR (600 MHz, CDCI3)  8.90 (s, 1H), 8.32 (s, 1H), 8.08 (d,J = 13.8 Hz, 1H), 7.91 (d, J= 13.8 Hz,
1H), 1.60-1.63 (m, 2H), 1.24-1.26 (m, 2H), 1.23 (s, 6H), 0.91 (t, /= 7.2 Hz, 3H).
3C NMR (150 MHz, CDCl3) 6 203.7, 153.3, 152.1, 151.5, 144.6, 133.1, 132.0, 114.2,47.4, 42.2, 24.1,
18.2, 14.8.
HRMS (ESI-TOF): [M+H]" calcd for Ci4HisCIN4O 293.1164, found 293.1159.
(E)-1-(6-chloro-9H-purin-9-yl)-4,4-dimethyloct-1-en-3-one (1n)

Cl
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white solid, m.p. 130.3-135.5 °C, 75% yield.

R¢=0.12 (Pet/EtOAc, 5/1, v/v).

'"H NMR (600 MHz, CDCl5) 5 8.89 (s, 1H), 8.35 (s, 1H), 8.10 (d,J = 13.8 Hz, 1H), 7.92 (d, J= 13.8 Hz,
1H), 1.62-1.65 (m, 2H), 1.26-1.31 (m, 2H), 1.22 (s, 6H), 1.16-1.20 (m, 2H), 0.86 (t, /= 7.2 Hz, 3H).
3C NMR (150 MHz, CDCl3) 6 203.8, 153.3, 152.1, 151.5, 144.7, 133.1, 132.1, 114.2, 47.3, 39.6, 27.1,
24.1,23.4, 14.1.

HRMS (ESI-TOF): [M+H]" caled for CisH20CIN4O 307.1320, found 307.1320.

(E)-1-(6-chloro-9H-purin-9-yl)-4,4-dimethylhepta-1,6-dien-3-one (10)
cl
!
<N 2
N\
o —

White solid, m.p. 110.9-114.5 °C, 71% yield.

R¢=0.12 (Pet/EtOAc, 5/1, v/v).

'"H NMR (600 MHz, CDCIl5) 5 8.89 (s, 1H), 8.35 (s, 1H), 8.09 (d,J = 13.8 Hz, 1H), 7.94 (d, J= 13.8 Hz,
1H), 5.67-5.74 (m, 1H), 5.05-5.09 (m, 2H), 2.39 (d, /= 7.2 Hz, 2H), 1.24 (s, 6H).

BC NMR (150 MHz, CDCls) $ 203.0, 153.3, 152.2,151.6, 144.7,133.7,133.1,132.2,118.6, 114.3,47.2,
43.8,23.9.

HRMS (ESI-TOF): [M+H]" calcd for Ci4Hi6CIN4O 291.1007, found 291.1003.
(E)-1-(6-chloro-9H-purin-9-yl)-4,4-diethylhex-1-en-3-one (1p)

Cl

Et
Et Et

White solid, m.p. 185.5-188.1 °C, 62% yield.

Re=0.18 (Pet/EtOAC, 5/1, V/v).

TH NMR (400 MHz, CDCl;) § 8.90 (s, 1H), 8.33 (s, 1H), 8.10 (d, J = 13.6 Hz, 1H), 7.94 (d, J = 14.0 Hz,
1H), 1.70 (q, J = 7.6 Hz, 6H), 0.78 (t, J = 7.6 Hz, 9H).

13C NMR (100 MHz, CDCl3) § 203.9, 153.3, 152.1, 151.6, 144.7, 133.1, 131.9, 114.5, 54.5, 25.1, 8.3.

HRMS (ESI-TOF): [M+Na]" caled for C1sHioCIN4 Na O 329.1140, found 329.1139.
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(E)-3-(6-chloro-9H-purin-9-yl)-1-(1-methylcyclohexyl)prop-2-en-1-one (1q)
cl
e
C
< J
\
o

White solid, m.p. 172.2-176.7 °C, 86% yield.

R¢=0.14 (Pet/EtOAc, 5/1, v/v).

'H NMR (600 MHz, CDCl5) & 8.90 (s, 1H), 8.32 (s, 1H), 8.09 (d, /= 13.8 Hz, 1H), 7.92 (d, /= 13.8 Hz,
1H), 2.04-2.07 (m, 2H), 1.58-1.62 (m, 2H), 1.48-1.51 (m, 1H), 1.36-1.44 (m, 5H), 1.20 (s, 3H).

13C NMR (150 MHz, CDCl3) § 203.8, 153.3, 152.1, 151.5, 144.6, 133.1, 132.1, 114.3, 47.8, 34.6, 26.0,
23.0.

HRMS (ESI-TOF): [M+H]" calcd for CisHisCIN4O 305.1164, found 305.1157.

(E)-3-(6-chloro-9H-purin-9-yl)-1-(1-methylcyclopentyl)prop-2-en-1-one (1r)
cl
»e
C
< A
\
o

white solid, m.p. 182.1-182.9 °C, 81% yield.

R¢=0.13 (Pet/EtOAc, 5/1, v/v).

'H NMR (400 MHz, CDCl5) & 8.89 (s, 1H), 8.31 (s, 1H), 8.10 (d, /= 14.0 Hz, 1H), 7.82 (d, /= 14.0 Hz,
1H), 2.13-2.19 (m, 2H), 1.69-1.79 (m, 4H), 1.52-1.55 (m, 2H), 1.32 (s, 3H).

13C NMR (100 MHz, CDCl3) § 202.9, 153.3, 152.2, 144.5, 133.1, 131.9, 115.2, 55.2, 36.5, 25.6, 24.5.
HRMS (ESI-TOF): [M+H]" calcd for Ci4Hi6CIN4O 291.1007, found 291.0998.

(E)-1-((3r,5r,7r)-adamantan-1-yl)-3-(6-chloro-9 H-purin-9-yl)prop-2-en-1-one (1s)

white solid, m.p. 280.8-283.0 °C, 75% yield.

R¢= 0.12 (Pet/EtOAc, 5/1, V/v).
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'H NMR (600 MHz, CDCls)  8.92 (s, 1H), 8.31 (s, 1H), 8.07 (d, J= 13.8 Hz, 1H), 7.91 (d, /= 14.4 Hz,
1H), 2.11-2.15 (m, 3H), 1.87-1.95 (m, 6H), 1.73-1.83 (m, 6H).

13C NMR (150 MHz, CDCls) § 203.3, 153.4, 144.6, 133.1, 132.1, 113.7, 46.1, 38.0, 36.6, 29.9, 29.9,
28.0.

HRMS (ESI-TOF): [M+H]" caled for C1sHa0CIN4O 343.1320, found 343.1313.

(E)-1-(1H-benzo|d]imidazol-1-yl)-4,4-dimethylpent-1-en-3-one (1t)

White solid, m.p. 151.9-155.6 °C, 76% yield.
R¢=0.10 (Pet/EtOAc, 4/1, v/v).
'"H NMR (600 MHz, CDCl;) & 8.24 (s, 1H), 8.15 (d, /= 13.8 Hz, 1H), 7.85 (d, J= 7.8 Hz, 1H), 7.63 (d,
J=7.8Hz, 1H), 7.38-7.45 (m, 2H), 6.97 (d, /= 13.8 Hz, 1H), 1.27 (s, 9H).
13C NMR (150 MHz, CDCl;) 6 203.6, 144.7,141.7,134.6,132.5,125.1,124.5,121.4,111.2,108.2, 43.6,
26.5.
HRMS (ESI-TOF): [M+H]" calcd for C14H;7N,0 229.1335, found 229.3025.
(E)-1-(2-chloro-1H-benzo[d]imidazol-1-yl)-4,4-dimethylpent-1-en-3-one (1u)

N
210

N

\

o

tBu
White solid, m.p. 151.9-155.6 °C, 68% yield.
Re=0.10 (Pet/EtOAC, 4/1, v/v).
'H NMR (600 MHz, CDCL) & 8.17 (d, J = 14.4 Hz, 1H), 7.71(d, J = 7.8 Hz, 1H), 7.59 (d, J = 8.4 Hz,
1H), 7.34-7.42 (m, 2H), 7.09 (d, J = 13.8 Hz, 1H), 1.26 (s, 9H).
13C NMR (150 MHz, CDCl3) § 203.4, 142.4, 141.4, 134.1, 133.3, 125.0, 124.8, 120.5, 111.8, 111.0, 43.6,
26.4.

HRMS (ESI-TOF): [M+H]" caled for C14H 6CIN2O 263.0946, found 263.0947.
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(E)-1-(2-bromo-1H-benzo[d]imidazol-1-yl)-4,4-dimethylpent-1-en-3-one (1v)

N
T
N
\
(o]

tBu

White solid, m.p. 113.6-117.1 °C, 52% yield.
R¢=0.10 (Pet/EtOAc, 4/1, V/v).
'H NMR (400 MHz, CDCL3) & 8.19 (d, J = 14.0 Hz, 1H), 7.71-7.77 (m, 1H), 7.59-7.64 (m, 1H), 7.33-
7.43 (m, 2H), 7.11 (d, J = 14.0 Hz, 1H), 1.27 (s, 9H).
13C NMR (100 MHz, CDCl3) § 203.4, 144.1, 135.5,133.7,131.1, 125.0, 124.7,120.5, 111.8, 111.2,43.6,
26.4.
HRMS (ESI-TOF): [M+Na]" calcd for C14HsBrN,NaO 329.0260 found 329.0252.
(E)-1-(2-ethyl-1H-benzo|d]imidazol-1-yl)-4,4-dimethylpent-1-en-3-one (1w)

N
L

N

\

(o]

tBu

White solid, m.p. 99.8-102.5 °C, 76% yield.
R¢=0.12 (Pet/EtOAc, 4/1, v/v).
'H NMR (400 MHz, CDCl3) 8 8.11 (d, J = 14.0 Hz, 1H), 7.72-7.78 (m, 1H), 7.56-7.63 (m, 1H), 7.29-
7.38 (m, 2H), 7.00 (d, J= 14.0 Hz, 1H), 3.02 (q, J = 7.6 Hz, 2H), 1.48 (t, J= 7.6 Hz, 3H), 1.26 (s, 9H).
13C NMR (100 MHz, CDCl;) 6 204.0, 157.3,143.7,135.0, 133.3, 124.1,124.1, 120.3, 112.1, 109.2, 43.5,
26.5,21.8,11.6.
HRMS (ESI-TOF): [M+H]" calcd for Ci1sH19N2O 243.1492 found 243.1484.
(E)-4,4-dimethyl-1-(2-methyl-1H-benzo[d]imidazol-1-yl) pent-1-en-3-one (1x)

N
o

N

N\

o}

tBu
White solid, m.p. 73.3-76.9 °C, 58% yield.
R¢=0.12 (Pet/EtOAc, 4/1, v/v).
'H NMR (600 MHz, CDCl;) & 8.24 (d, J = 13.8 Hz, 1H), 7.65-7.69 (m, 1H), 7.53-7.58 (m, 1H), 7.27-

7.33 (m, 2H), 6.96 (d, J = 13.8 Hz, 1H), 2.68 (s, 3H), 1.24 (s, 9H).
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13C NMR (150 MHz, CDCl;) 6 203.8,152.8, 143.6,135.1, 133.1,124.1, 124.0,120.1, 111.9, 109.0, 43 .4,
26.4, 14.9.
HRMS (ESI-TOF): [M+H]" caled for C¢H21N,0 257.1648 found 257.1650.
(E)-4,4-dimethyl-1-(2-phenyl-1H-benzo[d]imidazol-1-yl)pent-1-en-3-one (1y)

N
e

N

N\

o

tBu
White solid, m.p. 157.8-161.8 °C, 66% yield.
R¢=0.20 (Pet/EtOAc, 5/1, v/v).
'"H NMR (600 MHz, CDCl;) 8 7.97 (d, J = 13.8 Hz, 1H), 7.53-7.60 (m, 2H), 7.45-7.50 (m, 3H), 7.40 (s,
1H), 7.22 (s, 1H), 6.67 (d, J=13.8 Hz, 1H), 1.19 (s, 9H).
13C NMR (150 MHz, CDCl;) § 203.5, 150.1, 136.4, 130.9, 129.9, 129.7, 129.2, 129.0, 116.6, 109.9, 43.5,
26.3.
HRMS (ESI-TOF): [M+H]" caled for C20H21N,0 305.1648 found 305.1645.
(E)-4,4-dimethyl-1-(2-(trifluoromethyl)-1H-benzo|d]imidazol-1-yl)pent-1-en-3-one (1z)

N
s

N

N\

(o]
tBu

White solid, m.p. 76.9-80.9 °C, 63% yield.
R¢=0.40 (Pet/EtOAc, 5/1, v/v).
'"H NMR (400 MHz, CDCl5) & 8.15 (dq, J=1.2, 14.0 Hz, 1H), 7.94 (d, /= 8.0 Hz, 1H), 7.69 (d, J = 8.4
Hz, 1H), 7.53-7.58 (m, 1H), 7.46-7.51 (m, 1H), 7.14 (d, /= 13.6 Hz, 1H), 1.27 (s, 9H).
13C NMR (100 MHz, CDCl3) § 202.9, 141.8, 133.8 (q, Jcr= 12.0 Hz, 1H), 133.5 (q, Jcr= 8.0 Hz, 1H),
127.2,125.4,122.7,114.5, 112.7,43.7,27.1, 26.2.
HRMS (ESI-TOF): [M+H]" calcd for C;sH;6F3N20 297.1209 found 297.1206.
(E)-1-(5,6-dimethyl-1H-benzo[d]imidazol-1-yl)-4,4-dimethylpent-1-en-3-one (1aa)

N

L
N
N\

[0}
tBu

white solid, m.p. 174.2-177.9 °C, 54% yield.

R¢= 0.10 (Pet/EtOAc, 3/1, v/v).
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'H NMR (600 MHz, CDCls) & 8.12 (s, 1H), 8.10 (d, J = 14.4 Hz, 1H), 7.57 (s, 1H), 7.36 (s, 1H), 6.90
(d, J=13.8 Hz, 1H), 2.42 (s, 3H), 2.37 (s, 3H), 1.26 (s, 9H).
BCNMR (150 MHz, CDCl3) $203.7, 143.2, 141.0, 134.8, 134.3,133.4,130.9, 121.3, 111.5,107.5,43.5,
26.5,20.9,20.4.
HRMS (ESI-TOF): [M+H]" calcd for Ci6H21N20 257.1648 found 257.1652.
(E)-1-(3H-imidazo[4,5-c]pyridin-3-yl)-4,4-dimethylpent-1-en-3-one (1ab)

W

N\

o

tBu

White solid, m.p. 203.0-207.1 °C, 62% yield.

R¢=0.10 (Pet/EtOAc, 2/1, v/v).

'"H NMR (600 MHz, CDCl3) 8 9.18 (s, 1H), 8.61 (d, J = 5.4 Hz, 1H), 8.29 (s, 1H), 8.11 (d, /= 13.8 Hz,
1H), 7.57 (d, J= 5.4 Hz, 1H), 7.00 (d, J = 14.4 Hz, 1H), 1.27 (s, 9H).

3C NMR (150 MHz, CDCl5) 8 203.1, 144.6, 144.2,142.5, 141.4, 137.5, 133.6, 110.2, 106.5, 43.7, 26 4.

HRMS (ESI-TOF): [M+H]" calcd for C13H N0 230.1288 found 230.1283.

(E)-4,4-dimethyl-1-(2-phenyl-1H-imidazol-1-yl)pent-1-en-3-one (1ac)

N
Ph%/N]

2

tBu

White solid, m.p. 85.1-88.3 °C, 71% yield.

R¢= 0.10 (Pet/EtOAc, 5/1, V/v).

'H NMR (600 MHz, CDCl3) § 7.97 (d, J = 13.8 Hz, 1H), 7.54-7.58 (m, 2H), 7.46-7.52 (m, 3H), 7.40 (s,
1H), 7.22 (s, 1H), 6.67 (d, J=13.8 Hz, 1H), 1.19 (s, 9H).

BC NMR (150 MHz, CDCl3) § 203.5, 150.1, 136.4, 130.9, 129.9, 129.7, 129.2, 129.0, 116.6, 109.9, 43.5,
26.3.

HRMS (ESI-TOF): [M+H]" calcd for CisH19N,O 255.1492 found 255.1484.

(E)-1-(4, S5-diphenyl-1H-imidazol-1-yl)-4, 4-dimethylpent-1-en-3-one (1ad)
N
|

¢
i\
o
tBu

White soild, m.p. 222.6-225.4°C, 65% yield.

Ph

Ph
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R¢= 0.10 (Pet/EtOAc, 5/1, v/v).

H NMR (400 MHz, CDCls) § 8.05 (s, 1H), 7.62 (d, J = 14.4 Hz, 1H), 7.46-7.52 (m, 5H), 7.32-7.39 (m,
2H), 7.16-7.25 (m, 3H), 6.54 (d, J = 14.0 Hz, 1H), 1.12 (s, 9H).

13C NMR (100 MHz, CDCl3) & 203.4, 135.4, 134.8, 131.2, 129.6, 129.6, 129.3, 128.4, 127.3, 127.1,
110.0, 43.4, 26.2.

HRMS (ESI-TOF): [M+H]" calcd for C2H23N>0 331.1805 found 331.1799.
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1-((2R, 38, 4S)-2-(6-chloro-9H-purin-9-yl)-4-hydroxytetrahydrothiophen-3-yl)-2, 2-dimethylpro

pan-1-one (3a)

Cl
N S
N
<
r‘ o
s N
OH

Pale yellow gum, 15.8 mg, 93% yield.

R¢=0.10 (Pet/EtOAc, 2/1, V/v).

[o]p?? = —85.1 (¢ = 0.53, CH.Cl).

HPLC CHIRALCEL IE, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 18.332 min (major), 25.393 min (minor), 91% ee, >20:1 dr.

TH NMR (400 MHz, CDCL3) & 8.77 (s, 1H), 8.23 (s, 1H), 6.66 (d, J = 8.4 Hz, 1H), 4.94-4.98 (m, 1H),
4.64 (dd, J= 3.6, 8.0 Hz, 1H), 3.98 (dd, J= 3.2, 11.6 Hz, 1H), 3.27 (dd, J = 1.6, 11.6 Hz, 1H), 0.93 (s,
9H).

13C NMR (150 MHz, CDCl;) & 212.5, 152.1, 151.8, 151.2, 145.0, 132.9, 77.0, 64.8, 59.2, 45.1, 43.5,
25.6.

HRMS (ESI-TOF): [M+H]" caled for C14H;5CIN4O,S 341.0834 found 341.0833.

Racemic sample of 3a 3a
2804
200
1504

1004

(117727 2-23207
100
50
50
[\ .U
] 1 —
. . - P

o 5o oo Py o 220 [ 50 00 180 200 /0 27

Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU*mIn mAU % % min mAU min mAL % %

1 17.727 73.937 108.283 50.37 50.25 1 18.007 101377 120878 05.56 05.02

2 23207 72840 107.223 4963 49.75 2 24778 4707 6.7e8 444 4908

Total: 146.777 215.505 100.00 100.00 Total: 106.084 136.475 100.00 100.00
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1-((2R, 3S, 45)-2-(6-bromo-9H-purin-9-yl)-4-hydroxytetrahydrothiophen-3-yl)-

2,2-dimethylpropan-1-one (3b)

Br
N
N
2
<N \N/)
OH0 Bu

Pale yellow solid, m.p. 129.2-134.6°C, 18.5 mg, 96% yield.

Rs=0.12 (Pet/EtOAc, 2/1, v/v).

[a]p?> =~-79.1 (c = 0.92, CH:CL).

HPLC CHIRALCEL IE, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 18.578 min (major), 31.713 min (minor), 90% ee, >20:1 dr.

'TH NMR (600 MHz, CDCl3) § 8.73 (s, 1H), 8.23 (s, 1H), 6.64 (d, J= 8.4 Hz, 1H), 4.96 (s, 1H), 4.63 (dd,
J=3.6,8.4 Hz, 1H), 3.98 (dd, J= 3.0, 11.4 Hz, 1H), 3.27 (dd, J = 1.8, 12.0 Hz, 1H), 3.01 (s, 1H), 0.94
(s, 9H).

13C NMR (100 MHz, CDCl;) & 212.6, 152.0, 149.9, 144.8, 144.0, 135.5, 77.0, 64.9, 59.2, 45.2, 43.6,
25.6.

HRMS (ESI-TOF): [M+Na]" calcd for C14H;7BrN4NaO,S 407.0148 found 407.0150.

Racemic sample of 3b 3b

400
1-18578

300

aimis
-103 - = = - - = = [ 50 0o o 200 240 ) 2
0.0 5.0 100 15.0 200 250 300 35.0
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU*min mAU % % min mAU"min mAU % %

1 20.035 200.470 220.450 4922 5221 1 18.578 3657320 3023.622 85.15 84.32

2 31.128 206.832 201.799 5078 47.79 2 31.713 186400 182.008 485 562

Total: 407.302 422219 100.00 100.00 Total: 3843.810 3205.928 100.00 100.00
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1-((2R, 3S, 45)-4-hydroxy-2-(6-iodo-9H-purin-9-yl)tetrahydrothiophen-3-yl)-2,2-dimethylpropan-

1-one (3¢)

1
sy,
. < \N/)

OHo Bu

Colorless oil, 21 mg, 96% yield.

Rs=0.12 (Pet/EtOAc, 2/1, v/v).

[a]p? =—67.8 (c = 0.70, CH,Cly).

HPLC CHIRALCEL IC, n-hexane/2-propanol = 80/20, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 17.593 min (minor), 19.765 min (major), 88% ee, >20:1 dr.

TH NMR (600 MHz, CDCl3) § 8.65 (s, 1H), 8.21 (s, 1H), 6.61 (d,J= 7.8 Hz, 1H), 4.95 (s, 1H), 4.64 (dd,
J=42,8.1Hz, 1H), 3.98 (dd, J = 3.0, 12.0 Hz, 1H), 3.27 (dd, J= 1.8, 11.4 Hz, 1H), 2.97 (d, J= 6.0 Hz,
1H), 0.94 (s, 9H).

3C NMR (150 MHz, CDCl;) § 212.7, 152.0, 147.4, 144.2, 139.8, 123.0, 77.1, 59.2, 45.2, 43.6, 25.6.

HRMS (ESI-TOF): [M+Na]" calcd for Ci4H7IN4NaO,S 455.0009 found 455.0006.

Racemic sample of 3¢ 3c
210785
400 400
300 fa0
1-17.308 3 2
200 A \2- 19,508 H *
100 100
‘/\ 175
"o 50 10.0 €0 260 280 oo 50 160 130 260 280
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU*min mAU % % min mAU*min mAU % %
1 17.306 146.127 199.474 51.08 52.75 1 17.593 20.198 25969 579 578
2 19.908 139,974 178 678 4892 4725 2 19.765 328670 423310 9421 94.22
Total: 286.100 378.151 100.00 100.00 Total: 348.869 449.279 100.00 100.00
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tert-butyl (tert-butoxycarbonyl)(9-((2R, 3S, 45)-4-hydroxy-3-pivaloyltetrahydrothiophen-2-yl)-

9H-purin-6-yl)carbamate (3d)

N(Boc),
N B
N
¢
NTON
S
OHo tBu

White solid, m.p. 52.5-55.4 °C, 21.1 mg, 81% yield.

R¢=0.14 (Pet/EtOAc, 2/1, v/v).

[a]p?? =—68.2 (c = 0.22, CH:CL,).

HPLC CHIRALCEL IF, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm, retention
time: 10.440 min (major), 13.827 min (minor), 91% ee, >20:1 dr.

'H NMR (400 MHz, CDCl;) & 8.87 (s, 1H), 8.13 (s, 1H), 6.62 (d, J = 8.4 Hz, 1H), 4.89-4.97 (m, 1H),
4.69 (dd, J=3.6, 8.0 Hz, 1H), 3.97 (dd, /= 3.0, 11.4 Hz, 1H), 3.27 (dd, J=1.6, 11.6 Hz, 1H),2.99 (d, J
=6.0 Hz, 1H), 1.42 (s, 18H), 0.91 (s, 9H).

3C NMR (100 MHz, CDCl3) § 213.1, 152.7, 152.2, 151.0, 150.3, 144.3, 130.1, 84.0, 77.0, 64.7, 58.9,
45.2,43.5,27.9,25.5.

HRMS (ESI-TOF): [M+Na]" calcd for C,4H3sNsNaOgS 544.2200 found 544.2200.

Racemic sample of 3d 3d

250.

i s

100
213707
50
-10d 00 20 40 6.0 80 100 120 140 160
0.0 20 a0 6.0 80 10.0 12.0 14.0 16.0
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU"min mAU % % min mAU*min mAU % %

1 10435 35670 101.193 49.07 56.70 1 10.440 45.407 132.856 95.70 96.29
2 13.787 37.021 77.268 50.93 4330 2 13.827 2042 5117 430 371
Total: 72.690 178.461 100.00 100.00 Total: 47.448 137.974 100.00 100.00
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1-((2R, 38, 4S5)-4-Hydroxy-2-(9H-purin-9-yl)tetrahydrothiophen-3-yl)-2,2-dimethylpropan-1-one

(3e)
/N =N
¢
:S:/I
OH

O tBu
Colorless oil, 21.1 mg, 84% yield.
R¢=0.10 (Pet/EtOAc, 1/1, v/v).
[a]p?* =—54.0 (c = 0.67, CH:CL,).
HPLC CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0 mL/min, A = 256 nm, retention
time: 10.348 min (major), 14.007 min (minor), 87% ee, >20:1 dr.
'H NMR (600 MHz, CDCI;) § 9.15 (s, 1H), 9.01 (s, 1H), 8.16 (s, 1H), 6.65 (d, J = 7.8 Hz, 1H), 4.92-
4.96 (m, 1H), 4.71 (dd, J=3.6, 7.8 Hz, 1H), 4.00 (dd, J=3.0, 12.0 Hz, 1H), 3.28 (dd, /J=1.2, 11.4 Hz,
1H), 2.97 (br, 1H), 0.91 (s, 9H).
3C NMR (100 MHz, CDCls) § 213.0, 152.7, 150.9, 149.4, 145.0, 135.3, 77.0, 64.5, 58.9, 45.2, 43.5,
25.6.

HRMS (ESI-TOF): [M+Na]" calcd for C14H;sN4NaO,S 329.1043 found 329.1037.

Racemic sample of 3e 3e

250- 250+
200 2004
150. 7150 I

i I
100- * 1004 |

" /
-10d — B — 104 T i ! _

ol 0 0 60 a0 9.0 0.0 20 4 80 a0 100 120 o 8o 180
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height

min mAU*min mAU % % min mAL"min mAU % %

1 10388 39.251 72001 5065 5597 1 10.348 88.040 177.212 93.39 05.05
2 13.800 38.247 56.647 49.35 4403 2 14 007 6207 8238 661 495
Total: 77.498 128.648 100.00 100.00 Total: 55246 J186.440 100.00 10000
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1-((2R, 38, 4S5)-4-Hydroxy-2-(6-methoxy-9H-purin-9-yl)tetrahydrothiophen-3-yl)-2,2-dimethylpr

opan-1-one (3f)

OMe
N ~
N
‘S
N —
s N
OH Bu

Colorless oil, 15.3 mg, 91% yield.

Rs=0.12 (Pet/EtOAc, 1/1, v/v).

[a]p? =—51.2 (c = 1.43, CH,Cl).

HPLC CHIRALCEL IA, n-hexane/2-propanol = 80/20, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 13.910 min (major), 17.356 min (minor), 80% ee, >20:1 dr.

TH NMR (400 MHz, CDCL3) & 8.56 (s, 1H), 7.97 (s, 1H), 6.57 (d, J = 8.0 Hz, 1H), 4.86-4.93 (m, 1H),
4.70 (dd, J= 3.6, 8.4 Hz, 1H), 4.18 (s, 3H), 3.98 (dd, J = 3.0, 11.4 Hz, 1H), 3.26 (dd, /= 1.2, 11.4 Hz,
1H), 3.07 (br, 1H), 0.91 (s, 9H).

13C NMR (100 MHz, CDCl;) & 213.5, 161.4, 152.4, 151.4, 141.9, 122.9, 77.1, 64.7, 58.7, 54.4, 45.2,
43.5,25.4.

HRMS (ESI-TOF): [M+Na]" calcd for CsHaoNsNaO3S 359.1148 found 359.1150.

Racemic sample of 3f 3f
14004
250
200 1000+
1504 800
800+
1004
400
0.
L T -
ol 255 50 75 100 125 150 175 200 230 0o 28 50 s 100 128 200 20
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAL"min mAU % % min mAU 'min mAU % %
1 14383 58.531 84.640 50.04 50.04 1 13810 470638 T45 544 8005 0058
2 17.511 58443 84404 49.96 4006 2 17.356 52570 77.746 10.05 044
Total: 116.974 169.134 100.00 100.00 Total: 523.208 823289 100.00 100.00
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1-((2R,35,4.5)-2-(6-Amino-9H-purin-9-yl)-4-hydroxytetrahydrothiophen-3-yl)-2,2-

dimethylpropan-1-one (3g)

NH,
N
Al
N N/)
S
OI-Io tBu

Light yellow oil, 15.1 mg, 94% yield.

R¢=0.10 (EtOAc).

[a]p®* =-27.6 (c = 0.32, CH:CL).

HPLC CHIRALCEL TIA, n-hexane/2-propanol = 60/40, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 14.127 min (minor), 16.215 min (major), 68% ee, >20:1 dr.

'H NMR (400 MHz, CD;0D) 4 8.28 (s, 1H), 8.21 (s, 1H), 6.75 (d, J = 9.2 Hz, 1H), 4.98-5.03 (m, 1H),
4.70 (dd, J = 3.6, 8.8 Hz, 1H), 3.93 (dd, J = 3.6, 11.2 Hz, 1H), 3.09 (dd, J = 1.6, 11.2 Hz, 1H), 0.97 (s,
9H).

13C NMR (100 MHz, CD;0D) 6 211.6, 157.4, 153.7, 150.4, 142.3, 76.8, 64.2, 61.0, 45.7, 43.1, 26.0.
HRMS (ESI-TOF): [M+Na]" calcd for C14H9NsNaO,S 344.1152 found 344.1150.

Racemic sample of 3g 3g
350 200
300 00
250 1500
200 400
150 300
0 AT 2 teas i
107 = oo 25 50 75 160 125
oo 25 50 75 160 125 180 175 200 230
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU*min mAU % % min mAU"min mAU % %
1 14.148 63.479 85.058 49.18 53.36 1 14127 63.054 91327 15.99 17.66
2 16.435 65601 74352 50.82 46.64 2 16.215 331.168 425 668 8401 8234
Total: 129.080 159.410 100.00 100.00 Total: 394.222 516.996 100.00 100.00
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1-((2R, 38, 45)-2-(6-Chloro-2-fluoro-9H-purin-9-yl)-4-hydroxytetrahydrothiophen-3-yl)-2,2-

dimethylpropan-1-one (3h)

Cl
AN
N —
s N~ °F
0Ho tBu

Light yellow oil, 16.1 mg, 90% yield.

R¢=0.13 (Pet/EtOAc, 1/1, v/v).

[a]p? =—70.6 (c = 0.74, CH,Cl,).

HPLC CHIRALCEL IE, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 11.898 min (major), 14.018 min (minor), 87% ee, >20:1 dr.

'H NMR (600 MHz, CDCl3) & 8.15 (s, 1H), 6.58 (d, J = 7.8 Hz, 1H), 4.97 (s, 1H), 4.53 (dd, J=3.6, 7.8
Hz, 1H), 4.18 (s, 3H), 3.97 (dd, /= 3.0, 12.0 Hz, 1H), 3.26 (dd, J= 1.8, 12.0 Hz, 1H), 2.85 (br, 1H), 0.99
(s, 9H).

13C NMR (150 MHz, CDCl;) § 212.2, 157.8, 156.3, 153.7 (d, Jer = 16.5 Hz), 152.9 (d, Jer = 16.5 Hz),

145.5 (d, Jox = 3.0 Hz), 131.6 (d, Jer = 6.0 Hz), 77.0, 64.9, 59.2, 45.1, 43.7, 25.7.
1F NMR (565 MHz, CDCL;) § -47.9.
HRMS (ESI-TOF): [M+Na]* caled for C14H1sCIFN4NaO,S 381.0564 found 381.0563.

Racemic sample of 3h 3h
mAU ] 2
] i ‘ﬁ g
I |
140 ‘I | 500 “‘
1 |
120 | |
‘ | 0] ‘ |
w00 ‘l \ \
| [ ] ‘
50 | k \
\ | w
60 ‘ |‘ \‘ 200 ‘ “‘
0] | A |
. \ s
| | [\ H
7 f ‘ \ | | \\ ;\
| \ | _ — o~ SNV
0] S A N N BN °
2 H 6 6 o P P
2‘5 5" 7‘5 1b 12‘5 1‘5
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area

t [min] [mAU] 3

1 11.89%8 BB
2 14.018 BV

570.90649 93.5984

37.30988 €.401¢
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1-((2R,35,45)-2-(2-Amino-6-chloro-9 H-purin-9-yl)-4-hydroxytetrahydrothiophen-3-yl)-2,2-

dimethylpropan-1-one (3i)

cl
AL
—
s N™ “N""NH,
OHO tBu

Light yellow oil, 16.2 mg, 91% yield.

R¢=0.10 (Pet/EtOAc, 1/1, v/v).

[o]p>* = —35.0 (c = 0.44, CH,Cl).

HPLC CHIRALCEL IE, n-hexane/2-propanol = 60/40, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 12.930 min (minor), 14.753 min (major), 95% ee, >20:1 dr.

'TH NMR (400 MHz, CDCl3) § 7.91 (s, 1H), 6.48 (d, J=8.0 Hz, 1H), 5.34 (s, 2H), 4.88 (s, 1H), 4.40 (dd,
J=13.6, 8.4 Hz, 1H), 3.84 (dd, J=3.2, 11.6 Hz, 1H), 3.27 (s, 1H), 3.24 (dd, J = 1.6, 11.6 Hz, 1H), 0.96

(s, 9H).

13C NMR (100 MHz, CDCl5) § 213.1, 159.1, 153.3, 151.9, 141.6, 126.0, 76.8, 63.9, 59.0, 45.2, 43.3,
25.5.

HRMS (ESI-TOF): [M+Na]" calcd for C14H;sCINsNaO,S 378.0762 found 378.0759.

: . .
Racemic sample of 3i 3i
350 as0]
300 300]
250 250
200 200

150 1504
100 1004

(112800
50 0]
2- 14883 2- 14753
] Ll iyf\
5 T
0 25 50 75 100 125 180 175 200 230 0 25 50 5 6o e 80 o 280 20
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU*min mAU % % min mAU*min mAU % %

1 12.800 32826 70403 51271 73.52 1 12.930 1.149 2523 27 6.81

2 14883 31.196 25359 4873 2648 2 14753 41292 34518 97.29 93.19

Total: 64.022 95.761 100.00 100.00 Total: 42.441 37.041 100.00 100.00
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9-((2R,35,4S5)-4-Hydroxy-3-pivaloyltetrahydrothiophen-2-yl)-1,3-dimethyl-3,9-dihydro-1H-

purine-2,6-dione (3j)

(o)
/”ﬁw/
AR
OH

0 “tBu

Colorless oil, 15.4 mg, 84% yield.

R¢=0.20 (Pet/EtOAc, 1/1, v/v).

[a]p®* =-21.5 (c = 0.38, CH:CL).

HPLC CHIRALCEL IE, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 31.978 min (major), 46.225 min (minor), 71% ee, >20:1 dr.

'TH NMR (400 MHz, CDCl3) 8 7.62 (s, 1H), 6.46 (d, J=9.2 Hz, 1H), 4.90 (dd, J=3.2, 8.8 Hz, 1H), 4.83-
4.88 (m, 1H), 4.08-4.14 (m, 1H), 3.84 (dd, J= 3.2, 11.6 Hz, 1H), 3.57 (s, 3H), 3.45 (s, 3H), 3.14 (dd, J

= 1.6, 11.2 Hz, 1H), 2.90 (d, J = 4.8 Hz, 1H), 0.99 (s, 9H).

13C NMR (100 MHz, CDCl;) $ 213.9, 155.0, 151.5, 151.1, 142.4, 106.4, 77.1, 67.1, 59.2, 45.2, 43.1,
30.1,28.7,25.5.

HRMS (ESI-TOF): [M+Na]" calcd for C;sH2N4NaO4S 389.1254 found 389.1250.

Racemic sample of 3j 3j
400 400
300 300
200- 200-
i
100 f\ |2-43.047 100 1-31978
4 AN I A
"o 00 200 — w0 o R0 % 00 0o 280 ED 3o B0 5
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAUmin mAU % % min mAU*min mAU % %
1 31.162 181507 127.851 4978 61.27 1 31978 105737 71842 8639 8899
2 43.047 183.112 80.817 50.22 38.73 2 46.225 18.089 8.886 14.61 11.01
Total: 364.620 208.668 100.00 100.00 Total: 123.826 80.728 100.00 100.00

S28



1-((2R, 38, 4S)-2-(4-Chloro-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-4-hydroxytetrahydrothiophen-3-

yD)-2,2-dimethylpropan-1-one (3k)

cl
~
N
7 ‘ /)
NN
S
OHo Bu

Colorless oil, 17.9 mg, 90% yield.

Rs=0.12 (Pet/EtOAc, 1/1, v/v).

[a]p?? = —48.6 (c = 0.76, CH,Cly).

HPLC CHIRALCEL IF, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 14.480 min (major), 16.372 min (minor), 88% ee, >20:1 dr.

'TH NMR (600 MHz, CDCl3) & 8.65 (s, 1H), 7.44 (d, J= 3.6 Hz, 1H), 6.75 (d, J = 8.4 Hz, 1H), 6.62 (d,
J=13.6 Hz, 1H), 4.79-4.84 (m, 1H), 4.42 (dd, J=3.6, 8.4 Hz, 1H), 3.85 (dd, /= 3.0, 11.4 Hz, 1H), 3.26
(dd, J=1.2, 11.7 Hz, 1H), 3.23 (br, 1H), 0.84 (s, 9H).

13C NMR (150 MHz, CDCl3) & 214.2, 152.7, 151.1, 150.9, 128.2, 118.7, 100.9, 65.6, 59.0, 45.3, 43.0,
25.2.

HRMS (ESI-TOF): [M+Na]" caled for CisHisCINsNaO,S 362.0700 found 362.0692.

Racemic sample of 3k 3k
875
250
750
200
625
80
150 500
75
100]
AT s 250
50
125
I
oo 20 70 50 o0 00 20 a0 oo 80 200 oo 20 40 60 80 160 120 140 160 180 20.0|
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAUmin mAU % % min mAU*min mAU % %
1 14618 27.327 69.847 4995 53.60 1 14 480 215805 540.016 9403 94 48
2 16.343 27.377 60.454 50.05 46 .40 2 16.372 13702 31575 597 552
Total: 54.704 130.300 100.00 100.00 Total: 229.507 571.591 100.00 100.00
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1-((2R, 3S, 45)-2-(6-Chloro-9H-purin-9-yl)-4-hydroxytetrahydrothiophen-3-yl)-2,2-dimethylbutan

-1-one (31)
cl
N B
ST
s NN
OH Z -
o

Et

Colorless oil, 16.9 mg, 95% yield.

Rs=0.12 (Pet/EtOAc, 1/1, v/v).

[a]p? = —58.4 (c = 0.90, CH,Cl,).

HPLC CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 10.493 min (major), 12.543 min (minor), 88% ee, >20:1 dr.

'TH NMR (600 MHz, CDCl5) 5 8.78 (s, 1H), 8.20 (s, 1H), 6.68 (d, J=7.8 Hz, 1H), 4.95 (s, 1H), 4.69 (dd,
J=3.0,7.8 Hz, 1H), 3.99 (dd, J= 3.0, 11.6 Hz, 1H), 3.26 (dd, J= 1.2, 11.4 Hz, 1H), 3.10 (br, 1H), 1.24-
1.38 (m, 2H), 0.94 (s, 3H), 0.85 (s, 1H), 0.47 (q, J= 7.2 Hz, 1H).

13C NMR (150 MHz, CDCl;) & 212.8, 152.1, 151.8, 151.2, 145.0, 132.9, 64.9, 59.0, 48.9, 43.6, 31.6,
23.2,22.6, 8.6.

HRMS (ESI-TOF): [M+Na]" calcd for C;sH;9CINsNaO,S 377.0809 found 377.0809.

Racemic sample of 31 31

1200
1750
1000 1500
800
600

400

200

oo 20 40 6.0 8.0 10.0 1200 14.0 15.0 oo 20 40 50 i s—ﬂ foo 'iﬂ ‘ACI i
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU*min mAU % % min mAU min mAL % %
1 10508 328796 872436 4983 54.41 1 10.483 448521 1205413 8402 8471
2 12463 331.041 731.128 5017 4559 2 12.543 28412 B7.303 598 529
Total: 659.836 1603.564 100.00 100.00 Total: 474.933 1272.718 100.00 100.00
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1-((2R, 3S, 45)-2-(6-Chloro-9H-purin-9-yl)-4-hydroxytetrahydrothiophen-3-yl)-2,2-dimethylpentan-1-

one (3m)
Cl
2
<N 7
S
OH
o]
nPr

Colorless oil, 15.9 mg, 86% yield.

R¢=0.13 (Pet/EtOAc, 1/1, v/v).

[a]p? = —85.3 (c = 0.63, CH,Cly).

HPLC CHIRALCEL IF, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 15.738 min (major), 21.033 min (minor), 88% ee, >20:1 dr.

TH NMR (600 MHz, CDCL3) & 8.79 (s, 1H), 8.17 (s, 1H), 6.62 (d, J = 8.4 Hz, 1H), 4.90-4.94 (m, 1H),
4.70 (dd, J = 3.6, 8.4 Hz, 1H), 4.00 (dd, J = 3.0, 12.0 Hz, 1H), 3.27 (dd, J= 1.2, 11.4 Hz, 1H), 2.95 (d, J
=6.0 Hz, 1H), 1.21-1.27 (m, 1H), 1.13-1.19 (m, 1H), 0.98 (s, 3H), 0.93-0.96 (m, 1H), 0.87 (s, 3H), 0.57-
0.64 (m, 1H), 0.53 (t, J= 7.2 Hz, 3H).

13C NMR (150 MHz, CDCl3) § 212.8, 152.1, 151.9, 151.2, 145.0, 133.0, 77.0, 64.9, 58.8, 48.8, 43.6,
41.4,23.8,23.1,17.8, 14.3.

HRMS (ESI-TOF): [M+Na]" calcd for CisH21CIN4sNaO,S 391.0966 found 391.0964.

Racemic sample of 3m 3m

875
500-

750
400
- 625
+300- 500

s

! 375
200

250
100

125

0.0 25 5.0 75 10.0 125 15.0 175 200 225 240 00 25 50 75 100 125 150 75 200 235 230
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU*min mAU % % min mAU*min mAU % %

1 15793 167.842 319.947 4974 5462 1 16.738 211.652 397.556 9397 94.88
2 20.780 169.631 265.860 50.26 45.38 2 21.033 13.582 21445 6.03 512
Total: 337.473 585.806 100.00 100.00 Total: 225233 419.000 100.00 100.00
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1-((2R, 3S, 45)-2-(6-Chloro-9H-purin-9-yl)-4-hydroxytetrahydrothiophen-3-yl)-2,2-dimethylhexan-1-

one (3n)
cl
N
N
</N »
s N
OH
o
nBu

Colorless oil, 17.6 mg, 92% yield.

R¢=0.18 (Pet/EtOAc, 1/1, v/v).

[a]p? = —35.8 (c = 0.54, CH,Cl)

HPLC CHIRALCEL IE, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 14.435 min (major), 18.947 min (minor), 88% ee, >20:1 dr.

'TH NMR (600 MHz, CDCl5) & 8.79 (s, 1H), 8.17 (s, 1H), 6.67 (d, J = 8.4, 1H), 4.94 (s, 1H), 4.72 (dd, J
=3.6, 8.4 Hz, 1H), 4.00 (dd, J=3.0, 11.4 Hz, 1H), 3.26 (dd, J= 1.2, 11.4 Hz, 1H), 2.95 (d, /J=4.8 Hz,
1H), 1.22-1.28 (m, 2H), 1.14-1.20 (m, 1H), 1.00 (s, 3H), 0.90-0.97 (m, 1H), 0.88 (s, 3H), 0.71-0.80 (m,
1H), 0.63 (t, J = 7.2 Hz, 1H), 0.45-0.53 (m, 1H).

13C NMR (150 MHz, CDCl3) § 212.8, 152.1, 151.9, 151.2, 145.0, 133.0, 77.0, 64.9, 58.9, 48.6, 43.6,
39.1,29.8,26.6,24.0,23.1,23.1, 13.8.

HRMS (ESI-TOF): [M+H]" calcd for C17H,4CIN4O,S 383.1303 found 383.1304.

Racemic sample of 3n 3n
1200
4004
1000
"0 800

2-10.04
B B J LA
% s ) E 10 35 o s 200 [ 25 50 75 160 125 150 s 200
Peak Retention Time el Height Arsa Height Peak Retention Time Area Height Area Height

min mALmin mAll % % min mAU*min mAU % %

1 14.802 96785 200.384 5033 3.7 1 14435 361.394 760.181 9317 93.97
2 18.828 95518 173.644 4067 4643 2 18.047 26512 48770 683 603
Total: 192.302 374.029 100.00 100.00 Total: 387.906 808.951 100.00 100.00
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1-((2R, 38, 45)-2-(6-Chloro-9H-purin-9-yl)-4-hydroxytetrahydrothiophen-3-yl)-2,2-dimethylpent-

4-en-1-one (30)

Cl
N
N
2
<N \N/)
OH =

Colorless oil, 17.8 mg, 97% yield.

R¢= 0.3 (Pet/EtOAc, 5/1, v/v).

[a]p? =—73.8 (c = 0.69, CH,Cl,).

HPLC CHIRALCEL IE, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 16.237 min (major), 21.788 min (minor), 90% ee, >20:1 dr.

'H NMR (600 MHz, CDCl;) & 8.78 (s, 1H), 8.17 (s, 1H), 6.68 (d, J = 7.8 Hz, 1H), 5.31-5.40 (m, 1H),
5.00 (s, 1H), 4.68-4.78 (m, 2H), 4.65 (dd, J=3.6, 7.8 Hz, 1H), 4.02 (dd, J=3.0, 11.4 Hz, 1H), 3.25 (dd,
J=1.2, 11.4 Hz, 1H), 2.90 (d, J= 6.6 Hz, 1H), 2.03-2.14 (m, 2H), 0.97 (s, 3H), 0.95 (s, 3H).

13C NMR (150 MHz, CDCl3) § 211.9, 152.1, 151.9, 151.2, 145.0, 133.0, 132.8, 118.6, 76.9, 64.6, 59.8,
48.3,43.7,43.5,23.6,23.5.

HRMS (ESI-TOF): [M+Na]" caled for C16H1sCINsNaO,S 389.0809 found 389.0804.

Racemic sample of 30 30
1400-
2504
2004
o]
600
1004
400
509 200
, ‘
, — 0.0 25 5.0 75 100 125 15.0 175 200 225 25
0.0 50 10.00 15.0 200 250
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU*min mAU % % min mAU*min mAU % %
1 16.645 75522 131605 49.05 5223 1 16.237 536217 897.847 95.03 95.01
2 21.675 78434 120365 50.95 47.77 2 21.788 28.065 47131 497 4.99
Total: 153.957 251.970 100.00 100.00 Total: 564.282 944,978 100.00 100.00
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1-((2R, 38, 45)-2-(6-Chloro-9H-purin-9-yl)-4-hydroxytetrahydrothiophen-3-yl)-2,2-diethylbutan-

1-one (3p)

OH g Et
Et

Et
White solid, m.p. 125.1-128.6 °C, 16.3 mg, 85% yield.
R¢=0.32 (Pet/EtOAc, 10/1, v/v).
[a]p? = —42.6 (c = 0.52, CH,Cly).
HPLC CHIRALCEL IE, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 18.068 min (major), 21.178 min (minor), 88% ee, >20:1 dr.
'H NMR (600 MHz, CDCl;) & 8.80 (s, 1H), 8.12 (s, 1H), 6.65 (d, J = 7.8 Hz, 1H), 4.88-4.92 (m, 2H),
4.02 (dd, J = 3.0, 11.4 Hz, 1H), 3.25 (dd, J = 1.2, 11.4 Hz, 1H), 2.93 (br, 1), 1.42-1.50 (m, 3H), 1.30-
1.37 (m, 3H), 0.43 (t, J= 7.8 Hz, 9H).
13C NMR (150 MHz, CDCl;) & 213.5, 152.1, 151.9, 151.2, 145.1, 133.0, 77.1, 65.3, 58.1, 56.2, 43.8,

24.7,7.8.

HRMS (ESI-TOF): [M+Na]" calcd for C7H,3CINsNaO,S 405.1122 found 405.1120.

Racemic sample of 3p 3p

350

150 1118427
12-20925

0o 50 160 180 200
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU"min mAU % % min mAU*min mAU % %
1 18.127 84.183 153512 49.66 53.99 1 18.068 149,537 271.005 94.06 9482
2 20.925 85.332 130.839 50.34 46.01 2 21.178 9.439 14.812 5.94 5.18
Total: 169.514 284.351 100.00 100.00 Total: 158.976 285816 100.00 100.00
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((2R, 38, 45)-2-(6-Chloro-9H-purin-9-yl)-4-hydroxytetrahydrothiophen-3-yl)(1-methylcyclohexyl)

methanone (3q)
cl
<1 )
s N
OH
o

Colorless oil, 16.6 mg, 87% yield.

R¢=0.18 (Pet/EtOAc, 2/1, V/v).

[a]p? = —82.7 (c = 0.57, CH,Cly).

HPLC CHIRALCEL IE, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 20.653 min (major), 29.555 min (minor), 91% ee, >20:1 dr.

'H NMR (600 MHz, CDCl;) & 8.78 (s, 1H), 8.18 (s, 1H), 6.65 (d, J = 8.4 Hz, 1H), 4.90-4.94 (m, 1H),
4.68 (dd, J=3.6, 8.4 Hz, 1H), 3.99 (dd, J=3.0, 11.4 Hz, 1H), 3.27 (dd, J=1.2, 11.4 Hz, 1H), 3.01 (d, J
= 6.0 Hz, 1H), 1.72-1.79 (m, 1H), 1.52-1.58 (m, 1H), 1.42-1.50 (m, 1H), 1.23-1.29 (m, SH), 1.10-1.15
(m, 1H), 0.91-1.01(m, 1H), 0.74 (s, 3H).

13C NMR (100 MHz, CDCl3) § 213.1, 152.1, 151.9, 151.2, 144.9, 132.9, 77.1, 65.1, 58.7, 49.0, 43.7,
34.0,33.7,25.6,22.6,22.3.

HRMS (ESI-TOF): [M+Na]" calcd for Ci7H»;CIN4sNaO,S 403.0966 found 403.0959.

Racemic sample of 3q 3q

175+
600

150]
500

125]
400

1004
300 12-28.800

75]
200 0]
100 25]

12-20888
00 50 100 160 200 20 300 T 50 100 150 200 250 300
Peak Retention Time Fied Feight Area Feight Peak Retention Time Area Height Area Height
min mAU*min mAU % % min mAU*min mAU % %

1 20.330 272348 373.989 29.99 56.60 1 20653 54651 75.989 9561 96.25
2 28.800 272454 285.724 50.01 4331 2 29,555 2508 2962 439 375
Total: 544.802 659.713 100.00 100.00 Total: 57.159 78.951 100.00 100.00
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((2R, 38, 45)-2-(6-Chloro-9H-purin-9-yl)-4-hydroxytetrahydrothiophen-3-yl)(1-methylcyclopenty

Dmethanone (3r)

cl
AN
N
¢
N 7
. N
OH
o

Colorless oil, 15.6 mg, 85% yield.

Rs=0.21 (Pet/EtOAc, 1/1, v/v).

[a]p? = —66.4 (c = 0.59, CH,Cly).

HPLC CHIRALCEL IE, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 20.998 min (major), 28.325 min (minor), 87% ee, >20:1 dr.

'TH NMR (600 MHz, CDCl3) § 8.77 (s, 1H), 8.23 (s, 1H), 6.67 (d, J= 8.4 Hz, 1H), 4.96 (s, 1H), 4.57 (dd,
J=13.6,7.8 Hz, 1H), 3.97 (dd, J = 3.0, 12.0 Hz, 1H), 3.27 (dd, J= 1.8, 12.0 Hz, 1H), 3.13 (br, 1H), 1.76-
1.82 (m, 1H), 1.44-1.63 (m, 4H), 1.34-1.42 (m, 1H), 1.19-1.29 (m, 2H), 0.97 (s, 3H).

13C NMR (150 MHz, CDCl3) & 211.8, 152.1, 151.8, 151.2, 145.0, 132.9, 64.7, 60.0, 56.5, 43.5, 35.8,
35.7,24.8,24.6,23.3.

HRMS (ESI-TOF): [M+H]" caled for C1sH20CIN4O,S 367.0990 found 367.0989.

Racemic sample of 3r 3r
700 700
600 600
11-20.988
500 500
- 12-27.607 400
300 300
200 200
100 100]
a5

; bt N

00 50 160 150 200 250 360 00 50 100 150 200 280 300
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height

min mAU*min mAU % % min mAU*min mAU % %

1 21.097 370.364 438.902 50.20 5257 1 20.998 460,557 543418 9338 9322
2 27.607 367.446 395925 49.80 47.43 2 28.3%5 32638 39553 662 6718
Total: 737.810 834.827 100.00 100.00 Total: 493.195 582.971 100.00 100.00
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((3S, 58, 7S)-Adamantan-1-yl)((2R,3S,4S)-2-(6-chloro-9H-purin-9-yl)-4-hydroxytetrahydrothioph

en-3-yl)methanone (3s)

Cl
N ~N
N
<
N ~
s N
oH L

Colorless oil, 19.1mg, 91% yield.

R¢=0.19 (Pet/EtOAc, 1/1, v/v).

[a]p?? = —45.3 (c = 1.1, CH,CLy).

HPLC CHIRALCEL IE, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm,

retention time: 27.793 min (minor), 29.548 min (major), 92% ee, >20:1 dr.

TH NMR (600 MHz, CDCl3) § 8.78 (s, 1H), 8.23 (s, 1H), 6.68 (d, J = 8.4 Hz, 1H), 4.92-4.97 (m, 1H),

4.62 (dd, J=3.6, 7.8 Hz, 1H), 3.98 (dd, J = 3.6, 12.0 Hz, 1H), 3.26 (dd, J= 1.2, 11.4 Hz, 1H), 3.03 (br,

1H), 1.88-1.95 (m, 3H), 1.60-1.70 (m, 3H), 1.46-1.57 (m, 9H), 1.19-1.29 (m, 2H), 0.97 (s, 3H).

3C NMR (150 MHz, CDCl3) 8 212.0, 152.1, 151.8, 151.2, 144.98, 144.96, 132.9, 76.9, 64.6, 58.7, 47.3,

43.6,37.2,36.2,27.5.

HRMS (ESI-TOF): [M+Na]" calcd for C20H24CINsNaO,S 419.1303 found 419.1299.

Racemic sample of 3s 3s

700
400

600
300 500

1-27.070
00
2-20581

200

300

200
100

100

00 50 100 180 200 280 300 0.0 50 100 180 200 250 300 340
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU*min mAU % % min mAU*min mAU % %

1 27.070 220774 246.201 4970 53 67 1 27.793 18.037 21759 424 540
2 20581 223478 212557 50.30 46.33 2 29.548 407133 380.818 9576 94 60
Total: 444.253 458.758 100.00 100.00 Total: 425171 402.577 100.00 100.00
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1-((2R, 38, 45)-2-(1H-Benzo[d]imidazol-1-yl)-4-hydroxytetrahydrothiophen-3-yl)-2,2-

dimethylpro pan-1-one (3t)
N
12
N
OH

O tBu

S

White solid, m.p. 161.0-164.8 °C, 12.8 mg, 84% yield.

R¢=0.08 (Pet/EtOAc, 1/1, v/v).

[a]p? =—2.7 (c = 0.78, CHCl,).

HPLC CHIRALCEL ID, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 13.078 min (major), 17.572 min (minor), 95% ee, >20:1 dr.

'H NMR (600 MHz, CDCl;) & 8.14 (s, 1H), 7.75-7.79 (m, 1H), 7.46-7.50 (m, 1H), 7.26-7.32 (m, 2H),
6.63 (d, J=9.0 Hz, 1H), 4.75-4.78 (m, 1H), 4.04 (dd, J = 3.0, 9.6 Hz, 1H), 3.75 (dd, J = 3.0, 12.6 Hz,
1H), 3.31 (dd, J= 1.8, 12.0 Hz, 1H), 0.75 (s, 9H).

13C NMR (100 MHz, CDCl3) § 214.7, 144.4, 142.1, 132.7, 123.6, 123.0, 121.0, 111.0, 76.2, 65.1, 59.8,
454,42.2,24.9.

HRMS (ESI-TOF): [M+H]" calcd for C16HaN>0,S 305.1318 found 305.1318.

Racemic sample of 3t 3t
700
1000
600
800
1500
500 400
300
400
200
200
100
R
olo 2o 4o 6o 160 180 ol Z5 50 75 100 125 150 175
Peak Retention Time Area Height Area He\ghl Peak Retention Time Area Height Ama THeight
min mAU*min mAU % min mAU*min mAU %
1 11.653 226.140 623 681 5015 56,95 1 13078 180669 360.388 97 32 9856
2 13.995 24781 471445 4985 43.05 2 17572 4973 5262 268 144
Total: 450.921 1095.126 100.00 100.00 Total: 185.643 365.650 100.00 100.00
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1-((2R, 38, 45)-2-(2-Chloro-1H-benzo[d]imidazol-1-yl)-4-hydroxytetrahydrothiophen-3-yl)-2,2-
dimethylpropan-1-one (3u)

_e

S

OH O tBu

Colorless oil, 14.6 mg, 86% yield.

R¢=0.24 (Pet/EtOAc, 2/1, v/v).

[a]p? = —22.8 (c = 0.96, CH,Cly).

HPLC CHIRALCEL ID, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 7.493 min (major), 8.555 min (minor), 95% ee, >20:1 dr.

'TH NMR (400 MHz, CDCl3) § 7.67-7.71 (m, 1H), 7.59-7.64 (m, 1H), 7.27-7.37 (m, 2H), 6.82 (d, /= 9.6
Hz, 1H), 4.72-4.78 (m, 1H), 4.32 (dd, J=3.2, 9.6 Hz, 1H), 3.75 (dd, J= 3.2, 11.6 Hz, 1H), 3.42 (br, 1H),
3.35(dd,J=1.2,11.6 Hz, 1H), 0.80 (s, 9H).

13C NMR (150 MHz, CDCl3) & 214.6, 142.2, 140.2, 123.7, 123.5, 120.4, 111.2, 76.4, 65.1, 56.2, 45.5,
429,249, 18.6.

HRMS (ESI-TOF): [M+Na]" caled for C16H1sCIN;NaO,S 361.0748 found 361.0745.

Racemic sample of 3u 3u
2000
2500
2000 1500,
1250. 1-7.403
1500
1000
1000 780,
500
500
250
0.00 125 280 375 5.00 825 750 875 10.00 - ——
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU*min mAU % % min mAU*min mAU % %
1 7228 472128 1855.654 50.01 50.11 1 7493 266.928 1204.757 97.62 97.89
2 8382 471.982 1847.184 49.99 49.89 2 8.555 6.271 25.969 2.38 2.1
Total: 944110 3702.838 100.00 100.00 Total: 263.199 1230.725 100.00 100.00
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1-((2R, 38, 45)-2-(2-Bromo-1H-benzo[d]imidazol-1-yl)-4-hydroxytetrahydrothiophen-3-yl)-2,2-
dimethylpropan-1-one (3v)

_e

S

OHo Bu

Colorless oil, 16.6 mg, 87% yield.

R¢=0.27 (Pet/EtOAc, 2/1, v/v).

[a]p??* =—24.2 (c = 0.76, CH:Cl,).

HPLC CHIRALCELID-H, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm, retention
time: 8.417 min (major), 9.680 min (minor), 94% ee, >20:1 dr.

'TH NMR (600 MHz, CDCl3) & 7.71 (d, J = 7.2 Hz, 1H), 7.65 (s, 1H), 7.27-7.35 (m, 2H), 7.26-7.32 (m,
2H), 6.83 (d, J=9.6 Hz, 1H), 4.76 (s, 1H), 4.34 (d, /= 7.2 Hz, 1H), 3.75 (dd, /= 3.0, 12.0 Hz, 1H), 3.50
(br, 1H), 3.36 (d, J=12.0 Hz, 1H), 0.78 (s, 9H).

3C NMR (150 MHz, CDCl5) & 214.6, 171.3, 143.9, 123.6, 123.4, 120.4, 111.2, 76.4, 66.3, 60.5, 56.0,
45.5,42.9,24.8,21.2,14.3.

HRMS (ESI-TOF): [M+Na]" calcd for C;6H19BrN2NaO,S 405.0243 found 405.0245.

Racemic sample of 3v 3v
1400 400,
1200 1200
1000 1000-
.
600 80D
”
200 200
2 - 0.830
0.00 125 250 375 5.00 625 750 875 00 | 1100 0.00 B3 250 %8 sh” " Tals ko a5 1000 1100
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Arsa Height
min mAU*min mAU % % min mALmin mAL % %
1 8.422 206212 838179 50.19 56.09 1 8417 340284 1461.247 06.08 o752
2 9.600 204,662 656.254 49.81 43.91 2 8,680 10 942 37.231 304 248
Total: 410.874 1494 433 100.00 100.00 Total: 360.226 1498 479 100.00 100.00
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1-((2R, 38, 45)-2-(2-Ethyl-1H-benzo|d]imidazol-1-yl)-4-hydroxytetrahydrothiophen-3-yl)-2,2-
dimethylpropan-1-one (3w)

T

s

OH By
White solid, m.p. 201.9-205.2 °C, 11.8 mg, 71% yield.
Rs=0.12 (Pet/EtOAc, 1/1, v/v).
[a]p?? = —=55.7 (c = 0.38, CH,Cl).
HPLC CHIRALCEL OD-H, n-hexane/2-propanol = 80/20, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 5.813 min (minor), 7.348 min (major), 94% ee, >20:1 dr.
'TH NMR (600 MHz, CDCls) § 7.70-7.74 (m, 1H), 7.61-7.67 (m, 1H), 7.23-7.29 (m, 2H), 6.69 (d, /= 9.6
Hz, 1H), 4.76 (s, 1H), 4.43 (dd, J= 3.0, 10.2 Hz, 1H), 3.77 (dd, /= 3.0, 12.0 Hz, 1H), 3.34 (d, /= 12.0
Hz, 1H), 2.82-2.85 (m, 2H), 1.41 (t,J= 7.2 Hz, 1H), 0.75 (s, 9H).
3C NMR (150 MHz, CDCl5) § 215.5, 156.2, 143.5, 122.6, 122.5, 120.3, 111.5, 76.0, 64.3, 58.6, 56.2,

45.5,42.5, 24.9, 20.9, 18.6, 12.0.

HRMS (ESI-TOF): [M+H]" calcd for C1sHasN>0,S 333.1631 found 333.1630.

Racemic sample of 3w 3w
1400
250
1200
200 1000
H 2-7.348
3150 800
H 600
" 100 T
387
400
50
200
“obo 135 250 a5 550 825 750 8fs 10! 0.0 125 250 375 500 655 750 875 101
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU*min mAU % % min mAU*min mAU % %
1 5817 30479 87519 4912 5222 1 5.813 11.103 30770 3.20 353
2 7.367 31.568 80.082 50.88 47.78 2 7.348 336.275 840.420 96.80 96.47
Total: 62.047 167.600 100.00 100.00 Total: 347.378 871.190 100.00 100.00
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1-((2R, 38, 4S5)-4-Hydroxy-2-(2-methyl-1H-benzo[d]imidazol-1-yl)tetrahydrothiophen-3-yl)-2,2-
dimethylpropan-1-one (3x)

-

S

OHO Bu

White solid, m.p. 199.7-204.5 °C, 13.7 mg, 86% yield.

R¢=0.10 (Pet/EtOAc, 1/1, v/v).

[a]p? = —55.5 (c = 0.61, CH,Cly).

HPLC CHIRALCELID-H, n-hexane/2-propanol = 80/20, flow rate = 0.8 mL/min, A = 256 nm,
retention time: 13.162 min (major), 17.343 min (minor), 94% ee, >20:1 dr.

'TH NMR (600 MHz, CDCl3) & 7.61-7.70 (m, 2H), 7.23-7.28 (m, 2H), 6.68 (d, J = 9.6 Hz, 1H), 4.77 (s,
1H), 4.37 (dd, J = 3.0, 10.2 Hz, 1H), 3.76 (dd, J = 3.0, 11.4 Hz, 1H), 3.50 (br, 1H), 3.33 (d, /= 11.4 Hz,
1H), 2.54 (s, 3H), 0.75 (s, 9H).

13C NMR (150 MHz, CDCl3) § 215.1, 151.7, 143.4, 132.8, 122.7, 122.5, 120.1, 111.5, 75.9, 64.6, 56.5,
45.5,42.5,24.9, 14.2.

HRMS (ESI-TOF): [M+Na]" calcd for C;7H2N>NaO,S 341.1294 found 341.1290.

Racemic sample of 3x 3x
875 875
780 750
625 625
500 500
113162
s \2-17 102 375
250 250,
125 125
) 2.3
. E

“ob 25 50 75 0o 25 150 175 20, 0o 28 50 78 100 125 160 s 2
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height

min mAU*min mAU % % min mAU*min mAU % %
1 13.155 189.764 423437 4958 5485 1 13.162 173.719 404.782 97.08 97.40
2 17.102 192.946 348516 50.42 4515 2 17.343 5234 10.786 2.92 2.60
Total: 382.710 771.953 100.00 100.00 Total: 178.953 415.568 100.00 100.00
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1-((2R, 38, 4S5)-4-Hydroxy-2-(2-phenyl-1H-benzo[d]imidazol-1-yl)tetrahydrothiophen-3-yl)-2,2-
dimethylpropan-1-one (3y)

-

S

OH O tBu

White solid, m.p. 204.9-208.0 °C, 13.0 mg, 68% yield.

R¢=0.25 (Pet/EtOAc, 2/1, v/v).

[a]p?* =—48.3 (¢ = 0.39, CH:CL,).

HPLC CHIRALCEL IE, n-hexane/2-propanol = 80/20, flow rate = 0.8 mL/min, A = 256 nm, retention
time: 13.187 min (major), 14.562 min (minor), 89% ee, >20:1 dr.

'H NMR (600 MHz, CDCl3) & 7.77-7.86 (m, 2H), 7.57 (s, 5H), 7.32-7.38 (m, 2H), 6.72 (d, J= 9.6 Hz,
1H), 4.63-4.68 (m, 1H), 4.46 (dd, J = 3.0, 9.6 Hz, 1H), 3.74 (dd, /= 3.0, 12.0 Hz, 1H), 3.30 (d, J=12.0
Hz, 1H), 3.23 (s, 1H), 0.68 (s, 9H).

13C NMR (150 MHz, CDCl3) & 215.0, 154.3, 144.1, 133.1, 130.4, 129.5, 129.4, 129.1, 123.3, 123.2,
121.2,112.3,76.2, 66.0, 58.6, 55.3, 45.4, 42.4, 24.8, 18.6.

HRMS (ESI-TOF): [M+H]" caled for C22HasN>0,S 381.1631 found 381.1628.

Racemic sample of 3y 3y
400 3.
214447
300 »
200 0,
100 »
| T
00 20 40 80 80 10.0 120 14.0 16.0 0.0 20 40 6.0 8.0 10.00 12.0 16.0
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAUmin mAU % % min mAU"min mAU % %
1 13.175 155.840 378281 4976 51.84 1 13.187 185.547 481713 93 9504
2 14.447 157364 351460 5024 4816 2 14562 11.137 25.164 566 4.96
Total: 313.204 729.742 100.00 100.00 Total: 196.684 506.877 100.00 100.00
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1-((2R, 38, 4S5)-4-Hydroxy-2-(2-(trifluoromethyl)-1H-benzo[d]imidazol-1-yl)tetrahydrothiophen-
3-yl)-2,2-dimethylpropan-1-one (3z)

N
e
N

S

OHO Bu

White solid, m.p. 169.9-173.8 °C, 17.9 mg, 96% yield.

R¢=0.30 (Pet/EtOAc, 2/1, v/v).

[a]p?*=—65.1 (¢ = 0.61, CH:CL,).

HPLC CHIRALCEL OD-H, n-hexane/2-propanol = 90/10, flow rate = 1.0 mL/min, A = 256 nm,
retention time: 6.375 min (minor), 7.653 min (major), 93% ee, >20:1 dr.

'H NMR (600 MHz, CDCl3) 8 7.91 (d, J = 8.4 Hz, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.50 (t, J = 7.8 Hz,
1H), 7.43 (t,J = 7.2 Hz, 1H), 6.72 (d, J=9.0 Hz, 1H), 4.77 (s, 1H), 4.44 (dd, J= 3.6, 9.6 Hz, 1H), 3.77
(dd,J=1.8,12.0 Hz, 1H), 3.70 (br, 1H), 3.40 (dd, /= 1.8, 12.0 Hz, 1H), 0.74 (s, 9H).

BC NMR (150 MHz, CDCl;) § 214.8, 142.0, 140.8 (d, Jcr =39.0 Hz), 133.2, 125.8, 124.4,122.9, 121.5,
119.7,117.9,112.9, 76.8, 65.8, 58.6, 55.4, 45.5, 42.8, 24.6, 18.6.

F NMR (565 MHz, CDCl;) § -60.8.

HRMS (ESI-TOF): [M+Na]" calcd for C;7HoFsN,NaO,S 395.1012 found 395.1011.

Racemic sample of 3z 3z

175
175.
150
150.

125

100

75

i eame

0.00 155 250 375 560 625 750 875 10! 000 1k 2% ats 550, 825 75 8% fot

Retention Time Area Height Area Height Peak Retenton Time Area gt = Feigt

min mAU*min mAU % % min mAU"min maU % 3%
1 6343 31.686 98330 4978 5277 1 6375 1518 5343 353 427
2 7627 31.967 87.995 5022 47.23 2 7.653 NA417 110.882 08.47 9573
Total: 63.653 186.325 100.00 100.00 Total- 42834 125225 100.00 100.00
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1-((2R, 38, 45)-2-(5,6-Dimethyl-1H-benzo[d]imidazol-1-yl)-4-hydroxytetrahydrothiophen-3-yl)-
2,2-dimethylpropan-1-one (3aa)
L
s N
OH By
White solid, m.p. 116.8-118.6 °C, 13.3 mg, 80% yield.
R¢=0.10 (Pet/EtOAc, 1/1, v/v).
[a]p?*=—10.7 (c = 0.93, CH:CL,).
HPLC CHIRALCEL ID, n-hexane/2-propanol = 80/20, flow rate = 0.8 mL/min, A = 256 nm, retention
time: 18.733 min (major), 21.970 min (minor), 98% ee, >20:1 dr.
'H NMR (600 MHz, CDCI;) § 8.00 (s, 1H), 7.51 (s, 1H), 7.22 (s, 1H), 6.56 (d, J = 9.6 Hz, 1H), 4.75-
4.78 (m, 1H), 4.03 (dd, J=3.0, 9.6 Hz, 1H), 3.73 (dd, J= 3.0, 12.0 Hz, 1H), 3.30 (dd, /= 1.8, 12.0 Hz,
1H), 2.39 (s, 3H), 2.35 (s, 3H), 0.78 (s, 9H).
3C NMR (150 MHz, CDCl3) § 214.9, 142.9, 141.3, 132.8, 132.0, 131.1, 120.9, 111.0, 76.3, 65.2, 59.6,
45.4,42.2,25.0,20.9,20.4.

HRMS (ESI-TOF): [M+H]" calcd for C1sHasN>0,S 333.1631 found 333.1627.

Racemic sample of 3aa 3aa

700]
600
+500]
400
300
2004

100

00 50 16.0 150 200

Peak Retention Time ‘ Area ‘ Height ‘ Area ‘ Height Peak Retention Time Area Fleight Area Height
min mAU*min mAU % % min mAU*min mAU % %

1 18733 264314 396.197 9879 98.91 1 18733 264314 396.197 98.79 9891

2 21970 3245 4369 121 109 2 21970 3245 4369 121 109

Total: 267,559 400,566 100.00 100.00 Total: 267.559 400.565 100.00 100.00
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1-((2R, 3S, 4S5)-4-Hydroxy-2-(3H-imidazo[4,5-c]pyridin-3-yl)tetrahydrothiophen-3-yl)-2,2-dimeth

ylpropan-1-one (3ab)
N
I
N ~
s
OH O tBu

Colorless oil, 13.0 mg, 85% yield.

R¢=0.10 (Pet/EtOAc, 1/1, v/v).

[a]p?? = —4.44 (¢ = 0.50, CH:CL,).

HPLC CHIRALCEL OD-H, n-hexane/2-propanol = 90/10, flow rate = 1.0 mL/min, A = 256 nm,
retention time: 20.916 min (major), 29.566 min (minor), 96% ee, >20:1 dr.

'H NMR (400 MHz, CDCl3) § 9.09 (s, 1H), 8.46 (d, J = 5.6 Hz, 1H), 8.21 (s, 1H), 7.46 (d, J= 5.6 Hz,
1H), 6.64 (d, J=9.2 Hz, 1H), 4.82 (br, 1H), 3.97 (dd, J = 2.8, 9.2 Hz, 1H), 3.77 (dd, /= 3.2, 11.6 Hz,
1H), 3.51 (br, 1H), 3.33 (dd, J= 1.2, 11.6 Hz, 1H), 0.78(s, 1H).

13C NMR (150 MHz, CDCl3) § 213.8, 144.0, 143.4, 142.7, 141.4, 137.7, 106.4, 76.1, 64.9, 60.4, 45 4,
42.3,25.0, 18.6.

HRMS (ESI-TOF): [M+H]" calcd for CsH20N30-S 306.1271 found 306.1269.

Racemic sample of 3ab 3ab
""""" g o o
§ 400
1a0] ‘ |
|
250
0] E |
‘ 2 200 ‘
0] i E |
i =0 I
0] ‘ “: 200 ] |‘
o \ o |
i ‘ \ \ |
@ I 3 \
Il ‘ \ * \
» 1 ‘ ‘ \\\ 50 \ -
/| \. \ g
o S NS — - P AN V| AN,
T ® 5 ES % % * % P B 3 o
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
3 [min] [min] [maU*s] [mAaU] % # [min] [min] [mAU* =] [maU] %
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1-((2R, 38, 45)-4-Hydroxy-2-(2-phenyl-1H-imidazol-1-yl)tetrahydrothiophen-3-yl)-2,2-dimethylpr

opan-1-one (3ac)
N
Ph—< |
~ ]

s
OHZ

O 'tBu

White solid, m.p. 161.6-169.0 °C, 12.1 mg, 73% yield.

R¢=0.10 (Pet/EtOAc, 1/1, v/v).

[0]p?2=—117.1 (c = 1.02, CH,CL).

HPLC CHIRALCEL ID, n-hexane/2-propanol = 80/20, flow rate = 0.8 mL/min, A = 256 nm, retention

time: 13.272 min (major), 15.257 min (minor), 99% ee, >20:1 dr.

H NMR (600 MHz, CDCl3) § 7.42-7.49 (m, 5H), 7.42 (d, J = 1.2 Hz, 1H), 7.18 (s, 1H), 6.43 (d, J=9.0

Hz, 1H), 4.62-4.65 (m, 1H), 3.85 (dd, J = 3.0, 9.0 Hz, 1H), 3.59 (dd, J=3.6, 11.4 Hz, 1H), 3.14 (dd, J =

1.8, 12.0 Hz, 1H), 0.91 (s, 9H).

3C NMR (150 MHz, CDCl3) 5 214.0, 148.7, 130.1, 129.7, 129.4, 129.2, 128.9, 117.4, 76.1, 65.1, 60.9,

45.3,41.9, 25.1.

HRMS (ESI-TOF): [M+Na]" calcd for C;sH2N>NaO,S 353.1294 found 353.1291.

Racemic sample of 3ac

875
760
625
500
375
250

125

|1 - 13272

| 215357
o 2l b &0 8o 100 4o 80 o 2 40 B a0 00 ED) {o wo
Peak Retention Time Area Height Height Paak Ratantion Time| Area Height Area Height
min mAU*min mAU % min mAU"min maU k.1 %
1 12272 146.693 371.732 5295 1 13272 372447 801.153 00 36 oa42
2 14.208 147.049 330.374 47.05 2 15.257 2407 4.884 0.64 0.58
Total: 293.742 702.106 100.00 Total: 374.853 805.817 100.00 100.00
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1-((2R, 38, 45)-2-(4,5-Diphenyl-1H-imidazol-1-yl)-4-hydroxytetrahydrothiophen-3-yl)-2,2-

dimethylpropan-1-one (3ad)

N
¢ I

S

Ph

Ph

OH Ay

White solid, m.p. 156.5-161.3°C, 15.0 mg, 74% yield.

R¢=0.10 (Pet/EtOAc, 1/1, v/v).

[0]p? = —88.2 (c = 0.62, CH,CL).

HPLC CHIRALCEL ID, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm, retention

time: 10.873 min (major), 11.917 min (minor), 97% ee, >20:1 dr.

H NMR (600 MHz, CDCL;) & 8.05 (s, 1H), 7.45-7.51 (m, 3H), 7.37-7.41 (m, 2H), 7.22-7.26 (m, 2H),

7.16-7.20 (m, 2H), 7.11-7.15 (m, 1H), 6.00 (d, J = 9.6 Hz, 1H), 4.61-4.65 (m, 1H), 3.94 (dd, J=3.6,9.0

Hz, 1H), 3.52 (dd, J= 3.0, 11.4 Hz, 1H), 3.11 (dd, J = 1.8, 11.4 Hz, 1H), 0.9 (s, 9H).

13C NMR (150 MHz, CDCl3) & 213.6, 138.4, 135.5, 134.1, 131.2, 129.4, 129.4, 129.3, 128.7, 128.3,

126.8, 126.8, 76.2, 63.3, 61.0, 45.3, 41.9, 25.2.

HRMS (ESI-TOF): [M+H]" caled for C2sH2N>0,S 407.1788 found 407.1784.

Racemic sample of 3ad 3ad

1600 2000

1400

1200 1500
1000
1 211880

110888

800 1000

400

400 500

200

E - :

) 200 4o ) ) 100 120 00 20 40 60 e 100 120 14
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU*min mAU % % min mAU*min mAU % %

1 10668 329926 832885 4893 4832 1 10.873 9777 26.511 209 217
2 11.950 344287 890.947 51.07 5168 2 11.917 457618 1196 416 97 91 9783
Total: 674.213 1723.832 100.00 100.00 Total: 467.395 1222.927 100.00 100.00
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((BR,5R,7R)-Adamantan-1-yl)((2R,3R,4R)-2-(6-chloro-9H-purin-9-yl)-4-fluorotetrahydroth

iophen-3-yl)methanone (5a)

cl
NN
N
4
<N \N/)
SZ
0" Mad

Colorless oil, 15.8 mg, 75% yield.

R¢=0.13 (Pet/EtOAc, 4/1, v/v).

[a]p?*=—1.8 (¢ = 0.37, CH:CL,).

HPLC CHIRALCEL IE, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm, retention
time: 18.005 min (minor), 20.735 min (major), 90% ee, >20:1 dr.

'TH NMR (600 MHz, CDCls) 5 8.76 (s, 1H), 8.51 (s, 1H), 6.29 (d, /= 3.0 Hz, 1H), 5.31 (dq, /=4.2, 50.4
Hz, 1H), 4.33 (dt, J=3.6, 17.4 Hz, 1H), 3.67-3.75 (m, 1H), 3.51 (ddd, J = 4.2, 12.0, 28.2 Hz, 1H), 2.00
(s, 3H), 1.64-1.75 (m, 9H), 1.58-1.63 (m, 3H).

3C NMR (100 MHz, CDCl3) § 210.4 (d, J= 7.0 Hz, 1H), 152.25, 151.4 (d, J = 12.0 Hz, 1H), 145.1 (d,
J=17.0 Hz, 1H), 132.20, 96.7 (d, J = 187.0 Hz), 62.0 (d, J= 3.0 Hz), 60.1 (d, J = 20.0 Hz), 47.76, 39.0
(d, J=21.0 Hz), 37.38, 36.22, 27.56.

F NMR (376 MHz, CDCls) § -170.3.

HRMS (ESI-TOF): [M+Na]" calcd for C0H2CIFNsNaOS 443.1079 found 443.1073.

Racemic sample of 5a 5a
175 350
150, 3004
125 250]
117030 2-20735
100 200
2-20.985

75

150
50

100
25

&0

o] 1- 18005
A
0.0 2.5 50 75 0.0 125 150 7.5 200 225 240 L
o 50 100 180 200
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU*min mAU % % min mAL"min mAU % %

1 17.838 50.288 101.998 50.16 56.67 1 18.005 7.332 14.811 477 6.43
2 20995 49972 77.990 4984 4333 2 20.735 146.528 215.904 85.23 83.57
Total: 100.261 179.987 100.00 100.00 Total: 153 853 230215 100.00 100.00
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((38,5S,75)-Adamantan-1-yl)((2R,35,4S5)-2-(6-chloro-9H-purin-9-yl)-4-hydroxy-1,1-

dioxidotetrahydrothiophen-3-yl)methanone (5b)
cl
N X
<f)
op|
°s
HO O™ ™ad

Colorless oil, 19.2 mg, 85% yield.

R¢=0.10 (Pet/EtOAc, 1/1, v/v).

[a]p?? = 1.71 (c = 0.35, CH,Cl).

HPLC CHIRALCEL IE, n-hexane/2-propanol = 70/30, flow rate = 0.8 mL/min, A = 256 nm, retention
time: 26.106 min (major), 43.673 min (minor), 90% ee, >20:1 dr.

'H NMR (600 MHz, CDCl;) & 8.79 (s, 1H), 8.41 (s, 1H), 6.58 (d, J = 10.8 Hz, 1H), 5.31 (dd, /= 4.2,
10.8 Hz, 1H), 5.16 (s, 1H), 4.06-4.16 (m, 1H), 3.76-3.89 (m, 2H), 1.96 (s, 3H), 1.60-1.74 (m, 9H), 1.53-
1.58 (m, 3H).

13C NMR (150 MHz, CDCl3) & 208.5, 152.5, 152.1, 151.9, 145.9, 132.1, 71.9, 65.9, 59.6, 51.0, 47.9,

37.5,36.1,27.5.

HRMS (ESI-TOF): [M+Na]" calcd for C20H23CINsNaO4S 473.1021 found 473.1020.
Racemic sample of 5b 5b

1400 1400

1200 1200

1000 1000
+ 800

i 600

2 aem

400 400

200 L 200
s L

o0 oa 200 L300 400 508 57 60 100 280 280 480 580 EA
Peak Retention Time Area Height Area Height Peak Retention Time Area Height Area Height
min mAU*min mAU % % min mAU*min mAU % %
1 26.106 1004380 887911 50.04 6542 1 26123 1034.850 909.736 95.14 96.80
2 43673 1002 840 469395 49 96 3458 2 46401 52.853 30.079 486 3.20
Total: 2007.220 1357.306 100.00 100.00 |T0la|: 1087.703 939.816 100.00 100.00
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7. Copies of 'H, *C NMR and "F NMR spectra

'H NMR of 1a (400 MHz, CDCl3)
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'H NMR of 1b (600 MHz, CDCl5)
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'TH NMR of 1¢ (400 MHz, CDCl3)
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'TH NMR of 1d (400 MHz, CDCI5)
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'TH NMR of 1e (600 MHz, CDCl3)
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'TH NMR of 1f (400 MHz, CDCl5)
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'H NMR of 1g (400 MHz, DMSO-d;)
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'H NMR of 1h (400 MHz, CDCI5)
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'H NMR of 1i (400 MHz, DMSO-d;)
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'TH NMR of 1j (400 MHz, CDCl3)
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'H NMR of 1k (400 MHz, CDCI5)
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TH NMR of 11 (600 MHz, CDCls)
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'TH NMR of 1m (600 MHz, CDCl3)
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'H NMR of 1n (600 MHz, CDCl3)
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'H NMR of 1p (400 MHz, CDCI5)
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'TH NMR of 1q (600 MHz, CDCl5)
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'TH NMR of 1r (400 MHz, CDCl3)
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'TH NMR of 1s (600 MHz, CDCl3)
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TH NMR of 1t (600 MHz, CDCl3)
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'H NMR of 1u (600 MHz, CDCI5)
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TH NMR of 1v (400 MHz, CDCl3)
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'TH NMR of 1w (400 MHz, CDCl3)
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TH NMR of 1x (600 MHz, CDCl3)
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TH NMR of 1y (600 MHz, CDCl3)
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'TH NMR of 1z (400 MHz, CDCl3)
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'TH NMR of 1aa (600 MHz, CDCl3)
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'TH NMR of 1ab (600 MHz, CDCI;)
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'TH NMR of 1ac (600 MHz, CDCI;)
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'TH NMR of 1ad (400 MHz, CDCI;)
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'H NMR of 3a (400 MHz, CDCl3)
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'H NMR of 3b (400 MHz, CDCI5)
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TH NMR of 3¢ (600 MHz, CDCl3)
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'TH NMR of 3d (400 MHz, CDCI5)
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'TH NMR of 3e (600 MHz, CDCl3)
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'TH NMR of 3f (400 MHz, CDCl3)
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'H NMR of 3g (400 MHz, CD;0D)
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'H NMR of 3h (600 MHz, CDCl3)
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19 F NMR of 3h (565 MHz, CDCI3)
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TH NMR of 3i (400 MHz, CDCls)
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'TH NMR of 3j (400 MHz, CDCl3)
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'H NMR of 3k (600 MHz, CDCl5)
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TH NMR of 31 (600 MHz, CDCls)
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'"H NMR of 3n (600 MHz, CDCI5)
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TH NMR of 30 (600 MHz, CDCl3)
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'TH NMR of 3p (600 MHz, CDCl5)
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'TH NMR of 3q (600 MHz, CDCI5)
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'TH NMR of 3r (600 MHz, CDCl3)
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TH NMR of 3t (600 MHz, CDCl3)
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'"H NMR of 3u (400 MHz, CDCI5)
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TH NMR of 3x (600 MHz, CDCl3)
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YF NMR of 3z (565 MHz, CDCl3)
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'TH NMR of 3aa (600 MHz, CDCl3)
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'TH NMR of 3ab (400 MHz, CDCI;)
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'TH NMR of 3ac (600 MHz, CDCI;)
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TH NMR of 3ad (600 MHz, CDCI5)
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1F NMR of 5a (376 MHz, CDCl3)
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'H NMR of 5b (600 MHz, CDCl5)
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