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1. General information
'H NMR spectra were recorded on commercial instruments (400 MHz). Chemical

shifts are recorded in ppm relative to tetramethylsilane and with the solvent resonance
as the internal standard. Data are reported as follows: chemical shift, multiplicity (s =
singlet, d = doublet, t = triplet, m = multiplet, br = broad), coupling constants (Hz),
integration. °C NMR data were collected on commercial instruments (100 MHz) with
complete proton decoupling. Chemical shifts are reported in ppm from the
tetramethylsilane with the solvent resonance as internal standard. Enantiomer
excesses were determined by chiral HPLC analysis on Chiralcel IA/ASH/ODH/ADH
in comparison with the authentic racemates. Optical rotations were reported as
follows: [a]p’ (c: g/100 mL, in solvent). HRMS was recorded on a commercial
apparatus (ESI Source). All the solvents were purified by usual methods before use.
The chiral phosferrox ligands L1-L3, L8-L9 were synthesized according to the

reported literature.'

2. Synthesis methods of starting materials
2.1 General procedure for the synthesis of a-iminoesters

All the a-iminoesters mentioned in the paper were synthesized according to the
known procedure.” To a suspension of glycine methyl ester hydrochloride (1.1 equiv)
and MgS0Oy4 (2.0 equiv) in CH,Cl; was added Et;N (1.1 equiv). Then, this solution was
stirred at room temperature for 1 h. Subsequently, the aldehyde (1.0 equiv) was added
and the reaction was stirred at room temperature overnight. Work up: MgSO,4 was
removed by filtration and the filtrate was washed once with H,O. The aqueous phase
was extracted once with CH,Cl, and the combined organic layers were washed with
brine. The organic phase was dried over Na,SOs, filtered and concentrated. Due to
their instability, most of the a-iminoesters, once isolated, were immediately used in
the 1,3-dipolar cycloaddition reactions. But if necessary, further purification can be

obtained via recrystallization from ethanol.

S2



2.2 General procedure for the synthesis of ethynyl p-tolyl sulfone

AICI, _
TMS———TMS + TsCl » =Ts

DCM, N,

The ethynyl p-tolyl sulfone was synthesized according to the known procedure.’ In
a 100 mL round bottom flask equipped with a magnetic stir bar, fresh anhydrous
aluminum chloride (1.5 g, 11 mmol) and p-toluenesulfonyl choride (2.1 g, 11 mmol)
were dissolved in dry DCM (30 mL) at room temperature under argon atmosphere.
The mixture was stirred for 30 min to form an orange solution and then
bis(trimethylsilyl)acetylene (2.0 mL, 10 mmol) was added. Thereafter, the reaction
was complete as monitored by TLC, and then the reagent was concentrated to dryness.
The crude adducts were then purified by flash column chromatography (eluent: ethyl

acetate/petroleum ether = 1:20) to afford the product in 82% yield (1.46 g).

2.3 General procedure for the synthesis of dipolarophiles.

R4 R*
Xll\)jiN\>—R6 . — K>CO3 (1.0 equiv) _ 51)\)::%@
R X~ N DMF R® "X \Q\

X=N,C Ts
Purine or benzimidazole (10.0 mmol), K,CO3 (10.0 mmol, 1.38 g) and DMF (30.0
mL) were mixed in a 100 mL flask. The mixture was stirred for 30 min at ambient
temperature and then ethynyl p-tolyl sulfone (12.0 mmol, 2.16 g) was added. After the
reaction was complete as monitored by TLC, the resulting mixture was partitioned
between water and ethyl acetate, and the separated aqueous layer extracted with ethyl
acetate. The combined organic layers were washed with brine (100 mLx3), dried over

anhydrous MgSOy, filtered, and evaporated under reduced pressure. The residue was

purified by flash column chromatography with EtOAc/petroleum (1:3) as the eluant.
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Table S1. Synthesis of 9-(2-tosylvinyl)-9H-purine.’

cl cl c
T:LjI:N> y =75 01000 T:iiliz> . T:ij[:2>
N ﬁ solvent, time, rt g\ s
2 2 E3a '° Z-3a

entry solvent time (h) yield (%)° B/7°
1 CH;CN 4 90 1]
2 CH;CN 30 90 10
3 DMF 5 95 1:0
4 CH,Cl, 6 42 11
5 CH,Cl, 30 ’3 14

®Reaction conditions: 1a (10.0 mmol), K,CO; (1.0 equiv) and solvent (30.0 mL)
were stirred for 30 min at room temperature and then ethynyl p-tolyl sulfone 2 (1.2
equiv) was added. *Isolated yield. “Determined by the "H NMR spectra of the crude
products.

3. Typical procedure for the asymmertric [3+2] cycloaddition

3.1 General procedure for the asymmetric [3+2] cycloaddition

Cl
Cl
N
CU(CH3CN),CIO, (2 mol %) N)\I \

NS N\> PPN L9 (2 mol %) L N>
L + Ph N7 CO,Me > N T
N~ N K,COg, CH,Cly, rt, 10 h
\Q\ MeO,C

Ts N “ph
3a 4a 5aa

1) The preparation of the catalyst solution. L9 (3.0 mg, 0.005 mmol) and
Cu(CH3CN)4ClO4 (1.6 mg, 0.005 mmol) were dissolved in CH,Cl, (1.0 mL) and
stirred for 30 min at ambient temperature.

2) In a test tube, 200 pL (2 mol %) of the catalyst solution was added, and CH,Cl,
(0.5 mL) was added subsequently under N,. Then, N-benzylidene glycine methyl ester
4a (0.25 mmol), dipolarophile 3a (0.05 mmol) and K,CO; (20 mol %) were added.

The reaction mixture was stirred at ambient temperature for 10 h.
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3) Work up procedure: Upon consumption of dipolarophile 3a, the mixture was
filtered through Celite and the filtrate was concentrated to dryness. The ratio drvalue
was determined by the "H-NMR spectroscopic analysis of crude product. The crude
adducts were then purified by flash column chromatography (eluent: ethyl
acetate/petroleum ether = 1:2) to afford the cycloadduct 5aa in 90% yield (23.0 mg).

3.2 Gram-scaled synthesis of Saa

Cl
Cl N
N Cu(CHiCN),CIO; (2 mol %) N X N
NTS S PN L9 (2 mol %) .

(g + Ph” N7 CO,Me - N Ts
N~ N K,CO3, CH,Cly, rt, 10 h
\§\ MeO,C

Ts N “ph
3a 4a
5aa
2.0 mmol 10.0 mmol 0.95 g, 93% yield

>20:1 dr, 97% ee

In a 100 mL round bottom flask equipped with a magnetic stir bar, L9 (26.4 mg,
0.04 mmol) and Cu(CH;CN)4ClO4 (14.4 mg, 0.04 mmol) were dissolved in CH,Cl,
(30 mL) at room temperature under argon atmosphere. The mixture was stirred for 30
min and then dipolarophile 3a (668.0 mg, 2.0 mmol), N-benzylidene glycine methyl
ester 4a (1.4 g, 10.0 mmol) and K,COs3 (55.2 mg, 0.4 mmol) were added. The reaction
mixture was stirred until dipolarophile 3a was consumed (determined by TLC).
Subsequently, upon consumption of the dipolarophile 3a, the mixture was filtered
through Celite and the filtrate was concentrated to dryness. The drvalue was
determined by the 'H-NMR spectroscopic analysis of crude product. The crude
adducts were then purified by flash column chromatography (eluent: ethyl
acetate/petroleum ether = 1:2) to afford the cycloadduct 5aa (952.5 mg, 93% yield).

3.3 The synthetic procedure of 6aa
Cl

Cl
N
Cu(CH3CN),CIO4 (2 mol %) N7
Nl)\iN» PN Lg((zrs°'°/?3 3 ) L~ N\>
kN/ N + Ph N COMe - N
Ts
\Q/

K,COs3, CHoCly, rt, 10 h, air Ts
MeOzC

N
H Ph

Z-3a 4a 6aa

In a test tube, L9 (0.003 mmol) and Cu(CH3CN)4,CIO4 (0.003 mmol) were
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dissolved in CH,Cl, (2 mL) at room temperature. The mixture was stirred for 30 min
and then dipolarophile Z-3a (0.15 mmol), N-benzylidene glycine methyl ester 4a
(0.75 mmol) and K,CO3 (20 mol %) were added under air atmosphere. The reaction
mixture was stirred until dipolarophile Z-3a was consumed (determined by TLC).
Subsequently, upon consumption of the dipolarophile Z-3a, the mixture was filtered
through Celite and the filtrate was concentrated to dryness. The drvalue was
determined by the 'H-NMR spectroscopic analysis of crude product. The crude
adducts were then purified by flash column chromatography (eluent: ethyl
acetate/petroleum ether = 1:2) to afford the cycloadduct 6aa in 86% yield (65.8 mg).

3.4 The synthetic procedure of 7aa

cl cl
Nl)ﬁ:N» TsCl (2.0 equiv) N')\EN\>
kN/ N Et3N (2.0 equiv) kN/ N
TS T CH,Cly, reflux, 36 h T8
MeO,C MeO,C
N N

Ph
H ¢

5aa 7aa

Ph

Azacyclic nucleoside analogue 5aa (204 mg, 0.4 mmol) and p-toluenesulfonyl
chloride (153 mg, 0.8 mmol) were dissolved in CH,Cl, (5.0 mL). Then, Et;N (0.11
mL, 0.8 mmol) was added and the mixture was refluxed for 36 h. The solvent was
evaporated and the crude product was purified by column chromatography. The
excess p-toluenesulfonyl chloride was eluted with CH,Cl, and then the product was
eluted with Et;O to give 7aa in 75% yield (200.0 mg). Recrystallisation in a mixture

of DCM and pentane afforded crystal suitable for X-ray analysis.
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X-ray of 7aa

3.5 The synthetic procedure of 8aa
Cl

|k PN NaBH, (4.0 equiv) k
N
TS MeOH, rt, 30 min
MeOQC
HO N
N™ “pn H Ph
S5aa 8aa

To a solution of azacyclic nucleoside analogue Saa (76.6 mg, 0.15 mmol) in
MeOH (5.0 mL) at room temperature, NaBHy4 (22.7 mg, 0.6 mmol) was added. After
Saa was consumed (determined by TLC), saturated NH4Cl aqueous solution (5.0 mL)
was added. The aqueous phase was extracted with CH,Cl, (5.0 mLx3) and the
combined organic phases were dried and concentrated. The residue was purified by
silica gel flash chromatography (ethyl acetate/petroleum ether = 1:1) to afford product
8aa in 95% yield (68.5 mg).
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4. General procedure for the synthesis of uracil dipolarophile

(0] (0] 5
| NH BzCl fJ\N’BZ —Ts fj\i i
» »
o -

pyridine N
H

Bz = @A‘é Ts
9 10 11

Following the procedure of Zhou and co-workers{ benzoyl chloride (1.01 mL,

8.72 mmol, 2.2 equiv) and uracil 9 (0.45 g, 4.0 mmol, 1.0 equiv) were suspended in a
mixture of acetonitrile (4 mL) and pyridine (1.6 mL, 4.0 mmol, 1.0 equiv) in a
flame-dried flask under nitrogen. The reaction was stirred under nitrogen atmosphere
at room temperature for 12 h. Then, the reaction was partitioned between DCM and
water. The aqueous layer was extracted three times with DCM and the combined
organic layers were dried over anhydrous NaSOy4. The solvent was removed under
reduced pressure. The residue was purified by flash column chromatography with
EtOAc/petroleum (1:5) as the eluant to give the pure product 10 in 65% yield (560.0
mg).

The N-3-Bz-protected uracil 10 (2.0 mmol, 435 mg), potassium carbonate (2.0
mmol, 275 mg) and DMF (15.0 mL) were mixed in a 50 mL flask. The mixture was
stirred for 30 min at ambient temperature and then ethynyl p-tolyl sulfone (2.4 mmol,
432 mg) was added. After the reaction was complete as monitored by TLC, the
resulting mixture was partitioned between water and ethyl acetate, and the separated
aqueous layer extracted with ethyl acetate. The combined organic layers were washed
with brine (30 mLx3), dried over anhydrous MgSQy, filtered, and evaporated under
reduced pressure. The residue was purified by flash column chromatography with

EtOAc/petroleum (1:3) as the eluant to give the pure product 11 as a white solid.

O

B2 Cu(CH5CN),CIO, (2 mol %)

- 0,

| l + P SN Co,Me 22 mol%) >~ NR.
N @) K2C03, CH2C|2, rt
N
Ts

11 4a

S8



Unfortunately, in the presence of optimized reaction conditions, the asymmetric

[3+2] cycloaddition of uracil dipolarophile 11 to azomethine ylide 4a did not occur.

5. Characterization of compounds
(E)-6-Chloro-9-(2-tosylvinyl)-9H-purine (3a)
Cl
NN
O
N N\\\
Ts
White solid. "H NMR (400 MHz, CDCls): & 8.84 (s, 1H), 8.26 (s, 1H), 8.16 (d, J =
13.8 Hz, 1H), 7.94-7.83 (m, 3H), 7.39 (d, J = 8.2 Hz, 2H), 2.46 (s, 3H). *C NMR

(100 MHz, CDCl3): 6 153.3, 152.3, 151.2, 145.3, 144.0, 137.0, 132.9, 130.9, 130.3,
127.8,122.2,21.7.

(2)-6-Chloro-9-(2-tosylvinyl)-9H-purine (3a)
Cl
\§/TS
White solid."H NMR (400 MHz, CDCl;): § 9.24 (s, 1H), 8.78 (s, 1H), 7.80 (d, J = 8.3
Hz, 2H), 7.53 (d, J =10.2 Hz, 1H), 7.35 (d, J = 8.1 Hz, 2H), 6.43 (d, J = 10.2 Hz, 1H),
2.44 (s, 3H). ®C NMR (100 MHz, CDCl3): & 153.0, 151.9, 151.6, 145.9, 136.6, 131.0,
130.3, 127.6, 124.6, 122.2, 21.7.

(E)-6-(Piperidin-1-yl)-9-(2-tosylvinyl)-9H-purine (3b)

»
e,
H
Ts
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White solid."H NMR (400 MHz, CDCLy): & 8.32 (s, 1H), 8.08 (d, J = 13.7 Hz, 1H),
7.88-7.78 (m, 4H), 7.36 (d, J = 8.1 Hz, 2H), 4.20 (br, 4H), 2.44 (s, 3H), 1.79-1.64 (m,
6H). *C NMR (100 MHz, CDCl3): & 153.6, 150.9, 144.7, 137.8, 136.8, 132.1, 130.1,
127.7, 120.6, 119.6, 26.1, 24.7, 21.7.

(E)-6-(Pyrrolidin-1-yl)-9-(2-tosylvinyl)-9H-purine (3¢)

N
NN
|)\/E >
kN/ N\\\
Ts
White solid.'H NMR (400 MHz, CDCls): & 8.35 (s, 1H), 8.09 (d, J = 13.7 Hz, 1H),
7.86-7.80 (m, 4H), 7.35 (d, J = 8.1 Hz, 2H), 4.10 (br, 2H), 3.74 (br, 2H), 2.43 (s, 3H),

2.13-1.94 (br, 4H). *C NMR (100 MHz, CDCly): & 153.9, 152.9, 150.2, 144.7, 137.7,
132.2, 130.1, 127.7, 121.0, 119.6, 49.0, 47.6, 26.2, 24.3, 21.7.

(E)-4-(9-(2-Tosylvinyl)-9H-purin-6-yl)morpholine (3d)

0]
)
Y
\Q\

Ts
White solid."H NMR (400 MHz, CDCls): § 8.36 (s, 1H), 8.09 (d, J = 13.7 Hz, 1H),
7.87-7.82 (m, 4H), 7.36 (d, J = 8.2 Hz, 2H), 4.28 (br, 4H), 3.27-3.99 (m, 4H), 2.44 (s,
3H). *C NMR (100 MHz, CDCly): § 153.8, 153.5, 151.0, 144.7, 137.7, 137.4, 131.9,
130.1, 127.7, 120.8, 120.0, 66.9, 21.7.
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(E)-N, N-Dimethyl-9-(2-tosylvinyl)-9H-purin-6-amine (3e)

HaC.\-CHa
NTX—N
uﬁ >
N N\\\
Ts
White solid."H NMR (400 MHz, CDCl3): & 8.36 (s, 1H), 8.10 (d, J = 13.7 Hz, 1H),

7.86-7.81 (m, 4H), 7.37 (d, J = 8.2 Hz, 2H), 3.49 (br, 6H), 2.45 (s, 3H). *C NMR
(100 MHz, CDCls): 8 154.8, 153.5, 150.6, 144.7, 137.8, 137.1, 132.1, 130.1, 127.7,

120.9, 119.7, 21.7.
(E)-6-Methoxy-9-(2-tosylvinyl)-9H-purine (3f)
OMe

White solid."H NMR (400 MHz, CDCls): & 8.59 (s, 1H), 8.13 (d, J = 13.7 Hz, 1H),
8.05 (s, 1H), 7.90-7.84 (m, 3H), 7.37 (d, J = 8.0 Hz, 2H), 4.20 (s, 3H), 2.45 (s, 3H).
3C NMR (100 MHz, CDCLy): & 161.4, 153.5, 151.5, 144.9, 141.3, 137.4, 131.7,
130.2, 127.8, 122.7, 120.8, 54.6, 21.7.

(E)-6-Phenyl-9-(2-tosylvinyl)-9H-purine (3g)

Ph

White solid."H NMR (400 MHz, CDCL): § 9.07 (s, 1H), 8.76-8.73 (m, 2H), 8.25 (s,
1H), 8.20 (d, J = 13.7 Hz, 1H), 7.96 (d, J = 13.7 Hz, 1H), 7.89 (d, J = 8.3 Hz, 2H),
7.60-7.53 (m, 3H), 7.39 (d, J = 8.1 Hz, 2H), 2.45 (s, 3H). *C NMR (100 MHz,
CDCly): § 156.0, 153.6, 152.1, 145.0, 143.1, 137.4, 134.8, 132.0, 131.7, 131.4, 130.2,
130.0, 128.8, 127.8, 121.0, 21.7.
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(E)-6-Chloro-9-(2-tosylvinyl)-9H-purin-2-amine (3h)

o]
i
H,N” N7 N _
\\\Ts
Red solid."H NMR (400 MHz, DMSO): & 8.50 (s, 1H), 8.22 (d, J = 13.8 Hz, 1H),
7.81 (d, J = 8.3 Hz, 2H), 7.73 (d, J = 13.8 Hz, 1H), 7.48 (d, J = 8.2 Hz, 2H), 7.34 (s,
2H), 2.41 (s, 3H). *C NMR (100 MHz, CDCls):  155.6, 155.1, 154.7, 153.2, 152.3,

145.6, 144.9, 136.6, 131.6, 130.4, 127.9, 124.6, 123.1, 21.7.
(E)-1-(2-Tosylvinyl)-1H-benzo[d]imidazole (3i)

L

——

Ts
White solid."H NMR (400 MHz, CDCls): & 8.17 (d, J = 13.9 Hz, 1H), 8.11 (s, 1H),
7.90-7.79 (m, 3H), 7.59 (dd, J = 6.7, 2.0 Hz, 1H), 7.46-7.33 (m, 4H), 6.76 (d, J = 13.9
Hz, 1H), 2.45 (s, 3H). ®C NMR (100 MHz, CDCly): § 144.8, 144.6, 141.8, 137.8,
133.4,131.8, 130.2, 127.6, 125.3, 124.8, 121.4, 115.5, 111.1, 21.7.

(E)-2-Methyl-1-(2-tosylvinyl)-1H-benzo[d]imidazole (3j)

N
Lo
N

—

Ts
White solid."H NMR (400 MHz, CDCLs): § 8.10 (d, J = 13.9 Hz, 1H), 7.85 (d, J = 8.3
Hz, 2H), 7.71-7.64 (m, 1H), 7.46 (dd, J = 6.4, 2.5 Hz, 1H), 7.35 (d, J = 8.2 Hz, 2H),
7.33-7.23 (m, 2H), 6.79 (d, J = 13.9 Hz, 1H), 2.73 (s, 3H), 2.43 (s, 3H). °C NMR
(100 MHz, CDCl3): 6 152.3, 144.7, 143.5, 137.9, 133.8, 132.7, 130.2, 127.5, 124.6,
124.4,120.3, 115.6, 111.7,21.7, 14.8.
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(2R,3R,4R,5R)-Methyl
3-(6-chloro-9H-purin-9-yl)-5-phenyl-4-tosylpyrrolidine-2-carboxylate (Saa)

Cc

MeOOC

oIS

Colorless oil; 23.0 mg, 90% yield, >20:1 dr, 98% ee. [a]p> =-123.7 (¢ 0.97, DCM).
HPLC CHIRALCEL IA, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 31.642 min, 42.565 min.

"H NMR (400 MHz, CDCls): & 8.61 (s, 1H), 8.34 (s, 1H), 7.60 (d, J = 8.1 Hz, 2H),
7.54-7.48 (m, 2H), 7.29-7.27 (m, 3H), 7.13 (d, J = 8.1 Hz, 2H), 5.88 (dd, J = 6.6, 3.8
Hz, 1H), 4.81 (d, J = 7.9 Hz, 1H), 4.55 (d, J = 6.7 Hz, 1H), 4.18 (dd, J = 7.8, 3.7 Hz,
1H), 3.35 (s, 3H), 2.33 (s, 3H). C NMR (100 MHz, CDCl3): § 167.7, 151.7, 151.6,
151.0, 145.8, 144.9, 137.6, 134.0, 131.4, 130.0, 128.9, 128.5, 127.4, 74.4, 64.3, 62.1,
58.7, 52.6, 21.6. HRMS: exact mass calcd for Co4sH,,CINsO4S (M+Na)" 534.0973,
found 534.0970.

(2R,3R4R,5R)-Ethyl

3-(6-chloro-9H-purin-9-yl)-5-phenyl-4-tosylpyrrolidine-2-carboxylate (5ab)

C

Colorless oil; 25.0 mg, 98% yield, >20:1 dr, 99% ee. [o]p>" = -51.5 (¢ 3.70, DCM).
HPLC CHIRALCEL IA, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 28.679 min, 33.667 min.

"H NMR (400 MHz, CDCl3): & 8.62 (s, 1H), 8.36 (s, 1H), 7.59 (d, J = 8.3 Hz, 2H),

7.50 (dd, J = 6.4, 2.9 Hz, 2H), 7.30-7.26 (m, 3H), 7.13 (d, J = 8.1 Hz, 2H), 5.90 (dd, J
S13



= 6.8, 3.9 Hz, 1H), 4.79 (d, J= 8.0 Hz, 1H), 4.52 (d, J= 6.8 Hz, 1H), 4.18 (dd, J = 8.0,
3.8 Hz, 1H), 3.79 (dd, J = 12.4, 7.1 Hz, 2H), 3.33(s, 1H), 2.33(s, 3H), 0.77 (t,J=7.1
Hz, 3H). *C NMR (100 MHz, CDCl;): & 167.3, 151.7, 151.5, 151.1, 145.7, 144.9,
138.0, 134.1, 130.0, 128.8, 128.5, 127.3, 74.8, 64.6, 62.1, 61.7, 58.7, 21.6, 13.6.
HRMS: exact mass calcd for C,sHy4CIN5O4S (M+H)Jr 526.1310, found 526.1301.

(2R,3R,4R,5R)-Tert-butyl
3-(6-chloro-9H-purin-9-yl)-5-phenyl-4-tosylpyrrolidine-2-carboxylate (Sac)
Cl
N -
]

N

t-BuOOC

Colorless oil; 25.5 mg, 93% yield, >20:1 dr, 97% ee. [a]p>" = -123.0 (¢ 0.67, DCM).
HPLC CHIRALCEL ODH, n-hexane/2-propanol = 60/40, flow rate = 0.5 mL/min, A=
254 nm, retention time: 16.069 min, 24.214 min.

"H NMR (400 MHz, CDCl3): & 8.66 (s, 1H), 8.40 (s, 1H), 7.58(d, J = 8.3 Hz, 2H),
7.46 (dd, J = 6.6, 2.9 Hz, 2H), 7.26 (t, J = 3.2 Hz, 3H), 7.11 (d, J = 8.1 Hz, 2H), 5.89
(dd, J=6.9,3.9 Hz, 1H), 4.72 (d, J = 8.1 Hz, 1H), 4.44 (d, J = 6.7 Hz, 1H), 4.16 (dd,
J = 8.1, 3.8 Hz, 1H), 3.30 (s, 1H), 2.32 (s, 3H), 0.97 (s, 9H). C NMR (100 MHz,
CDCl): 06 166.2, 151.7, 151.5, 151.2, 145.6, 145.0, 138.0, 134.2, 131.4, 130.0, 128.8,
128.5, 128.4, 127.4, 83.2, 75.1, 65.3, 62.3, 58.7, 27.4, 21.6. HRMS: exact mass calcd
for Co7H23CINsO,4S (M+Na)" 576.1443, found 576.1437.
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(2R,3R,4R,5R)-Methyl
3-(6-chloro-9H-purin-9-yl)-5-(2-chlorophenyl)-4-tosylpyrrolidine-2-carboxylate
(5ad)

Colorless oil; 26.5mg, 98% yield, >20:1 dr, 99% ee. [o]p>" = -82.3 (¢ 3.10, DCM).
HPLC CHIRALCEL ODH, n-hexane/2-propanol = 60/40, flow rate = 0.5 mL/min, A=
254 nm, retention time: 30.779 min, 58.954 min.

'"H NMR (400 MHz, CDCls): & 8.73 (s, 1H), 8.28 (s, 1H), 7.61-7.48 (m, 3H),
7.30-7.21 (m, 1H), 7.15 (dd, J = 6.4, 2.9 Hz, 2H), 7.01 (d, J = 8.1 Hz, 2H), 6.00 (dd, J
=17.5,5.3 Hz, 1H), 5.10 (t, J=9.3 Hz, 1H), 4.67 (dd, J=9.5, 5.2 Hz, 1H), 4.49 (t, J =
8.3 Hz, 1H), 3.42(s, 1H), 3.30(s, 3H), 2.24(s,3H). *C NMR (100 MHz, CDCl;): &
167.7, 151.8, 151.0, 145.6, 145.5, 134.8, 134.2, 133.6, 131.9, 130.0, 129.7, 129.6,
128.2, 127.7,127.3, 72.6, 65.0, 60.0, 59.8, 52.5, 29.7, 21.5. HRMS: exact mass calcd
for Co4HyC1,N504S (M+Na)'™ 568.0584, found 568.0577.

(2R,3R,4R,5R)-Methyl
3-(6-chloro-9H-purin-9-yl)-5-(3-chlorophenyl)-4-tosylpyrrolidine-2-carboxylate
(5ae)

Colorless oil; 25.8 mg, 95% yield, >20:1 dr, 98% ee. [o]p>" = -34.9 (c 7.53, DCM).
HPLC CHIRALCEL ODH, n-hexane/2-propanol = 60/40, flow rate = 0.5 mL/min, A=
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254 nm, retention time: 31.651min, 45.603 min.

"H NMR (400 MHz, CDCl3): & 8.65 (s, 1H), 8.29 (s, 1H), 7.59 (d, J = 8.2 Hz, 2H),
7.49-7.42 (m, 1H), 7.38 (s, 1H), 7.21 (dd, J = 4.8, 1.0 Hz, 2H), 7.15 (d, J = 8.1 Hz,
2H), 5.90 (dd, J = 6.8, 4.0 Hz, 1H), 4.68 (d, J= 7.6 Hz, 1H), 4.52 (d, J = 7.2 Hz, 1H),
4.23 (dd, J = 8.0, 4.0 Hz, 1H), 3.38(s, 1H), 3.35(s, 3H), 2.35 (s,3H). C NMR (100
MHz, CDCl;): 6 167.7, 151.8, 151.7, 151.0, 146.1, 144.9, 140.0, 134.6, 133.8, 131.5,
130.1, 128.5, 127.7, 125.5, 74.4, 64.5, 62.0, 59.0, 52.6, 21.6. HRMS: exact mass
caled for Co4H, CLLN5O4S (M+Na)™ 568.0584, found 568.0580.

(2R,3R,4R,5R)-Methyl
3-(6-chloro-9H-purin-9-yl)-5-(4-chlorophenyl)-4-tosylpyrrolidine-2-carboxylate

(Saf)
Cl

Colorless oil; 24.5 mg, 90% yield, >20:1 dr, >99% ee. [a]p™" = -27.47 (¢ 2.77,
DCM).

HPLC CHIRALCEL IA, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 29.577 min, 54.932 min.

"H NMR (400 MHz, CDCls): & 8.60 (s, 1H), 8.27 (s, 1H), 7.59 (d, J = 8.3 Hz, 2H),
7.48 (d, J=8.5 Hz, 2H), 7.28-7.26 (m, 2H), 7.16 (d, J = 8.0 Hz, 2H), 5.84(dd, J = 6.8,
4.1 Hz, 1H), 4.79 (d, J = 7.8 Hz, 1H), 4.53 (d, J = 6.7 Hz, 1H), 4.15 (dd, J = 8.0, 4.0
Hz, 1H), 3.35(s, 3H), 3.33(s, 1H), 2.36 (s,3H). *C NMR (100 MHz, CDCl5): & 167.8,
151.7, 151.0, 146.0, 144.7, 136.6, 134.4, 134.0, 131.4, 130.1, 129.0, 128.8, 128.4,
74.4, 64.3, 61.4, 58.8, 52.5, 21.6. HRMS: exact mass calcd for Cy4H,;Cl,N504S
(M+Na)" 568.0584, found 568.0582.
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(2R,3R,4R,5R)-Methyl

5-(4-bromophenyl)-3-(6-chloro-9H-purin-9-yl)-4-tosylpyrrolidine-2-carboxylate

Br

Colorless oil; 28.9 mg, 99% vyield, >20:1 dr, >99% ee. [a]p”" = -106.3 (¢ 1.90,
DCM).

HPLC CHIRALCEL IA, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 30.407 min, 53.696 min.

"H NMR (400 MHz, CDCls): & 8.60 (s, 1H), 8.27 (s, 1H), 7.58 (d, J = 8.2 Hz, 2H),
7.42 (s, 4H), 7.16 (d, J = 8.1 Hz, 2H), 5.84 (dd, J = 6.8, 4.1 Hz, 1H), 4.77 (t, J=7.3
Hz, 1H), 4.53 (t, J = 6.3 Hz, 1H), 4.16 (dd, J = 8.0, 4.0 Hz, 1H), 3.35 (s, 3H), 3.30 (s,
1H), 2.37 (s, 3H). ®C NMR (100 MHz, CDCls): § 167.8, 151.7, 151.0, 146.1, 144.7,
137.1, 133.9, 131.9, 131.4, 130.1, 129.1, 128.4, 122.5, 74.3, 64.3, 61.5, 58.8, 52.6,
21.6. HRMS: exact mass calcd for CosHy BrCINsO4S (M+Na)™ 612.0078, found
612.0073.

(2R,3R 4R,5R)-Methyl

3-(6-chloro-9H-purin-9-yl)-5-(4-fluorophenyl)-4-tosylpyrrolidine-2-carboxylate

Colorless oil; 25.8 mg, 98% yield, >20:1 dr, >99% ee. [a]p>" = -73.4 (c 4.33, DCM).
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HPLC CHIRALCEL IA, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 26.119 min, 44.094 min.

"H NMR (400 MHz, CDCls): & 8.61 (s, 1H), 8.28 (s, 1H), 7.59 (d, J = 8.2 Hz, 2H),
7.52 (dd, J = 8.6, 5.3 Hz, 2H), 7.15 (d, J = 8.1 Hz, 2H), 6.98 (t, J = 8.6 Hz, 2H), 5.85
(dd, J=6.8, 4.0 Hz, 1H), 4.80 (d, J = 6.1 Hz, 1H),4.53 (d, J = 5.0 Hz, 1H), 4.16 (dd,
J = 8.0, 4.0 Hz, 1H), 3.35 (s, 3H), 3.31 (s, 1H), 2.35 (s, 3H). *C NMR (100 MHz,
CDCl): 6 167.9, 151.7, 151.6, 145.9, 144.7, 130.0, 129.1, 128.5, 115.8, 115.6, 74.5,
64.3, 61.5, 58.9, 52.5, 21.6. HRMS: exact mass calcd for C,4H,;CIFN;504S (M+Na)+
552.0879, found 552.0871.

(2R,3R,4R,5R)-Methyl
3-(6-chloro-9H-purin-9-yl)-4-tosyl-5-(4-(trifluoromethyl)phenyl)pyrrolidine-2-ca

rboxylate (5ai)

C

MeOOC

oIS

CFs
Colorless oil; 28.5 mg, 99% yield, >20:1 dr, 99% ee. [o]p>" = -58.3 (¢ 6.00, DCM).
HPLC CHIRALCEL IA, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 20.897 min, 26.945 min.

"H NMR (400 MHz, CDCls): & 8.61 (s, 1H), 8.27 (s, 1H), 7.68 (d, J = 8.2 Hz, 2H),
7.56 (dd, J =11.8, 8.3 Hz, 4H), 7.13 (d, J = 8.1 Hz, 2H), 5.87 (dd, J = 6.9, 4.2 Hz,
1H), 4.85 (t, J = 7.9 Hz, 1H), 4.56 (t, J = 7.2 Hz, 1H), 4.25 (dd, J = 8.1, 4.1 Hz, 1H),
3.39 (s, 1H), 3.35 (s, 3H), 2.33 (s, 3H). C NMR (100 MHz, CDCl;): & 168.7, 151.7,
151.0, 146.1, 144.8, 142.0, 133.8, 131.4, 130.1, 128.4, 127.9, 125.7, 125.2, 74.2, 64 .4,
61.7, 59.0, 52.6, 21.5. HRMS: exact mass calcd for C,sHy1CIF3N504S (MJrNa)+
602.0847, found 602.0839.
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(2R,3R,4R,5R)-Methyl

3-(6-chloro-9H-purin-9-yl)-5-(p-tolyl)-4-tosylpyrrolidine-2-carboxylate (5aj)

Cl
N o’ N
| \
N

MeOOC

CH;
Colorless oil; 25.0 mg, 95% yield, >20:1 dr, 98% ee. [a]p> = -97.57 (¢ 1.53, DCM).
HPLC CHIRALCEL IA, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 28.931 min, 35.204 min.

"H NMR (400 MHz, CDCls): & 8.60 (s, 1H), 8.33 (s, 1H), 7.60 (d, J = 8.3 Hz, 2H),
7.39 (d, J= 8.1 Hz, 2H), 7.11 (dd, J = 18.2, 8.0 Hz, 4H), 5.85(dd, J = 6.7, 3.9 Hz, 1H),
4.79 (t,J=5.8 Hz, 1H), 4.53 (t, J =5.1 Hz, 1H), 4.14 (dd, J = 7.9, 3.9 Hz, 1H), 3.34(s,
3H), 3.28 (s, 1H), 2.33 (d, J = 7.1 Hz, 6H). *C NMR (100 MHz, CDCl3): & 167.9,
151.7, 151.5, 151.1, 145.7, 144.8, 138.3, 135.0, 134.2, 131.3, 130.0, 129.5, 128.5,
127.2, 74.7, 64.3, 61.8, 58.8, 52.4, 21.6, 21.1. HRMS: exact mass calcd for
C,5H24CIN504S (M+Na)" 548.1130 , found 548.1129.

(2R,3R,4R,5R)-Methyl
3-(6-chloro-9H-purin-9-yl)-5-(4-methoxyphenyl)-4-tosylpyrrolidine-2-carboxylat
e (5ak)

Cl

MeOOC

oIS

OMe
Colorless oil; 24.0 mg, 90% yield, >20:1 dr, 99% ee. [a]p>" =-15.2 (¢ 6.97, DCM).

HPLC CHIRALCEL OD-H, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min,

A= 254 nm, retention time: 28.722 min, 46.967 min.
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"H NMR (400 MHz, CDCl3): & 8.62 (s, 1H), 8.32 (s, 1H), 7.59 (d, J = 8.2 Hz, 2H),
7.42 (d,J=8.7 Hz, 2H), 7.14 (d, J = 8.1 Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H), 5.85(dd, J
=6.7,4.1 Hz, 1H), 4.76 (d, J = 7.8 Hz, 1H), 4.51 (d, J = 6.7 Hz, 1H), 4.15 (dd, J = 8.0,
4.0 Hz, 1H), 3.79 (s, 3H), 3.34 (s, 3H), 3.25 (s, 1H), 2.34 (s,3H). *C NMR (100 MHz,
CDCl): 6 167.9, 159.6, 151.7, 151.5, 151.0, 145.7, 144.8, 134.2, 131.3, 130.0, 128.5,
114.1, 74.6, 64.3, 61.7, 58.9, 55.3, 52.5, 21.6. HRMS: exact mass calcd for
C»5H24CIN5OsS (M+Na)" 564.1079, found 564.1076.

(2R,3R,4R,5R)-Methyl

3-(6-chloro-9H-purin-9-yl)-5-(naphthalen-2-yl)-4-tosylpyrrolidine-2-carboxylate

Colorless oil; 24.5 mg, 89% yield, >20:1 dr, 99% ee. [o]p>" = -84.5 (c 3.47, DCM).
HPLC CHIRALCEL IA, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 40.687 min, 79.443 min.

'"H NMR (400 MHz, CDCls): & 8.67 (s, 1H), 8.41 (s, 1H), 7.86-7.75 (m, 3H),
7.75-7.65 (m, 2H), 7.56 (d, J = 8.3 Hz, 2H), 7.49 (dt, J=5.4, 3.3 Hz, 2H), 6.99 (d, J =
8.0 Hz, 2H), 5.96 (dd, J = 6.9, 4.0 Hz, 1H), 4.90 (d, J = 8.1 Hz, 1H), 4.60 (d, J = 6.9
Hz, 1H), 4.32 (dd, J = 8.1, 4.0 Hz, 1H), 3.36 (s, 3H), 2.11 (s, 3H). ®C NMR (100
MHz, CDCl;): 6 167.9, 151.8, 151.6, 151.1, 145.8, 145.0, 135.0, 133.9, 133.1, 133.0,
131.4, 129.9, 128.9, 128.0, 127.7, 127.1, 126.5, 124.2, 74.4, 64.5, 62.6, 58.8, 52.5,
29.7, 21.3. HRMS: exact mass calcd for CogH4CIN5O4S (M+Na)+ 584.1130, found
584.1127.
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(2R,3R,4R,5S)-Methyl
3-(6-chloro-9H-purin-9-yl)-5-(thiophen-2-yl)-4-tosylpyrrolidine-2-carboxylate
(5am)

Cl

MeOOC

N

Colorless oil; 23.0 mg, 90% yield, >20:1 dr, 97% ee. [o]p> =-111.2 (¢ 1.13, DCM).
HPLC CHIRALCEL IA, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 33.299 min, 55.483 min.

"H NMR (400 MHz, CDCls): & 8.60 (s, 1H), 8.48 (s, 1H), 7.69 (d, J = 8.2 Hz, 2H),
7.25-7.19 (m, 3H), 6.96 (d, J = 3.3 Hz, 1H), 6.88 (dd, J = 5.0, 3.6 Hz, 1H), 5.90 (dd, J
= 6.3, 3.0 Hz, 1H), 5.16 (s, 1H), 4.54 (s, 1H), 4.01 (dd, J = 7.3, 3.0 Hz, 1H), 3.47 (s,
1H), 3.37 (s, 3H), 2.38 (s, 3H). *C NMR (100 MHz, CDCl3): § 167.5, 151.8, 151.4,
151.1, 146.0, 144.7, 142.1, 134.0, 131.1, 130.1, 128.7, 127.2, 126.5, 125.5, 75.9, 64 .4,
57.8, 57.5, 52.5, 21.7. HRMS: exact mass calcd for C,,HyoCIN504S, (M+Na)+
540.0537, found 540.0529.

(2R,3R,4R,5R)-Ethyl
3-(6-chloro-9H-purin-9-yl)-2-methyl-5-phenyl-4-tosylpyrrolidine-2-carboxylate

(Sap)

Cl
NN
P
N N
~Is
EtOZC\gj‘\
HsC" N
N Ph

Colorless oil; 23.0 mg, 87% yield, >20:1 dr, 97% ee. [o]p>" = -156.0 (¢ 0.33, DCM).
HPLC CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 0.5 mL/min, A=

254 nm, retention time: 32.291 min, 69.952 min.
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"H NMR (400 MHz, CDCl3): § 8.72 (s, 1H), 8.14 (s, 1H), 7.58-7.50 (m, 2H), 7.39 (d,
J =8.2 Hz, 2H), 7.33-7.24 (m, 3H), 6.94 (d, J = 8.1 Hz, 2H), 5.48 (d, J = 7.0 Hz, 1H),
4.84 (s, 2H), 3.76-3.71 (m, 1H), 3.63-3.51 (m, 1H), 2.24 (s, 3H), 1.78 (s, 3H), 0.76 (t,
J=17.1 Hz, 3H). ®C NMR (100 MHz, CDCLs): § 171.0, 151.5, 151.3, 151.0, 145.3,
134.0, 129.4, 128.5, 128.2, 127.7, 127.3, 69.4, 61.9, 29.5, 21.3, 13.2. HRMS: exact
mass calcd for CogHasCINsO4S (M+Na)™ 540.1467, found 540.1464.

(2R,3R,4R,5R)-Methyl
5-phenyl-3-(6-(piperidin-1-yl)-9H-purin-9-yl)-4-tosylpyrrolidine-2-carboxylate
(Sba)

Colorless oil; 26.0 mg, 93% yield, >20:1 dr, >99% ee. [a]p>" = -75.5 (¢ 2.00, DCM).
HPLC CHIRALCEL IA, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 24.555 min, 42.088 min.

"H NMR (400 MHz, CDCl3): & 8.20 (s, 1H), 7.75 (s, 1H), 7.52 (dd, J = 9.2, 5.9 Hz,
4H), 7.24-7.18 (m, 3H), 7.07 (d, J = 8.1 Hz, 2H), 5.78 (dd, J = 7.2, 4.3 Hz, 1H), 4.61
(d, J=8.6 Hz, 1H), 4.45-4.37 (m, 2H), 4.19 (br, 3H), 3.35 (s, 3H), 2.30 (s, 3H), 1.70
(dd, J=11.4, 5.8 Hz, 7H). *C NMR (100 MHz, CDCl5): & 168.0, 153.8, 152.0, 149.9,
145.3, 138.1, 137.9, 134.3, 129.8, 128.5, 128.3, 128.1, 127.7, 119.7, 74.5, 65.1, 63.6,
59.7, 52.2, 26.1, 24.7, 21.6. HRMS: exact mass calcd for CyoH3,N¢O4S (M+H)Jr
561.2279, found 561.2286.
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(2R,3R,4R,5R)-Methyl
5-phenyl-3-(6-(pyrrolidin-1-yl)-9H-purin-9-yl)-4-tosylpyrrolidine-2-carboxylate
(5ca)

-

MeOOC

oIS

I=

Colorless oil; 25.5 mg, 95% vyield, >20:1 dr, >99% ee. [a]p”" = -137.9 (c 3.80,
DCM).

HPLC CHIRALCEL IA, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 29.846 min, 44.969 min.

'"H NMR (400 MHz, CDCLs): & 8.23 (s, 1H), 7.73 (s, 1H), 7.57-7.50 (m, 4H),
7.24-7.18 (m, 3H), 7.07 (d, J = 8.0 Hz, 2H), 5.77 (dd, J = 7.2, 4.3 Hz, 1H), 4.62 (d, J
=8.6 Hz, 1H), 4.42 (dd, J =8.5,4.2 Hz, 2H), 4.11 (d, J="7.1 Hz, 2H), 3.76 — 3.68 (m,
2H), 3.35 (s, 3H), 2.29 (s, 3H), 2.03 (br, 4H). *C NMR (100 MHz, CDCl3): § 168.0,
153.0, 152.4, 149.3, 145.3, 138.9, 137.9, 134.4, 129.8, 128.6, 128.3, 128.1, 127.7,
120.1, 74.5, 65.1, 63.7, 59.8, 52.2, 29.7, 21.5. HRMS: exact mass calcd for
CasH30N604S (M+Na)" 569.1941, found 569.1950.

(2R,3R,4R,5R)-Methyl
3-(6-morpholino-9H-purin-9-yl)-5-phenyl-4-tosylpyrrolidine-2-carboxylate (5da)

)

)

MeOOC

oIS

I=
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Colorless oil; 26.0 mg, 93% yield, >20:1 dr, 99% ee. [a]p>" = -55.1 (c 4.10, DCM).
HPLC CHIRALCEL IA, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 45.010 min, 60.022 min.

'"H NMR (400 MHz, CDCLs): & 8.22 (s, 1H), 7.81 (s, 1H), 7.56-7.46 (m, 4H),
7.23-7.16 (m, 3H), 7.07 (d, J = 8.1 Hz, 2H), 5.80 (dd, J = 7.1, 4.2 Hz, 1H), 4.62 (d, J
= 8.6 Hz, 1H), 4.44 (d, J = 7.2 Hz, 1H), 4.37 (dd, J = 8.5, 4.2 Hz, 1H), 4.26 (br, 4H),
3.85-3.77 (m, 4H), 3.35 (s, 3H), 2.30 (s, 3H). ®C NMR (100 MHz, CDCl3): & 167.9,
153.8, 151.9, 150.1, 145.3, 138.7, 137.8, 134.3, 129.8, 128.6, 128.4, 128.1, 127.7,
119.8, 74.5, 67.0, 65.0, 63.5, 59.5, 52.3, 21.6. HRMS: exact mass calcd for
CasH30N6OsS (M+H)" 563.2071, found 563.2072.

(2R,3R,4R,5R)-Methyl
3-(6-(dimethylamino)-9H-purin-9-yl)-5-phenyl-4-tosylpyrrolidine-2-carboxylate
(Sea)

H3C\N/CH3
| \
N

MeOOC

oIS

Iz

Colorless oil; 24.3 mg, 96% yield, >20:1 dr, >99% ee. [a]p>" = -53.0 (c 6.40, DCM).
HPLC CHIRALCEL IA, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 28.193 min, 77.964 min.

"H NMR (400 MHz, CDCls): & 8.21 (s, 1H), 7.75 (s, 1H), 7.53 (d, J = 8.2 Hz, 4H),
7.24-7.19 (m, 3H), 7.07 (d, J = 8.1 Hz, 2H), 5.77 (dd, J = 7.2, 4.4 Hz, 1H), 4.61 (d, J
= 6.9 Hz, 1H), 4.41 (dd, J = 8.5, 4.3 Hz, 2H), 3.83 (s, 1H), 3.50(br, 5H), 3.34 (s, 3H),
2.29 (s, 3H). *C NMR (100 MHz, CDCls): & 168.0, 154.9, 152.0, 149.7, 145.3, 138.3,
137.9, 134.3, 129.8, 128.6, 128.3, 128.1, 127.7, 120.0, 74.5, 65.1, 63.6, 59.7, 52.2,
21.5. HRMS: exact mass calcd for CosHysNgO4S (MJrNa)Jr 543.1785, found 543.1782.
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(2R,3R,4R,5R)-Methyl

3-(6-methoxy-9H-purin-9-yl)-5-phenyl-4-tosylpyrrolidine-2-carboxylate (5fa)

OMe

Colorless oil; 23.5 mg, 93% yield, >20:1 dr, 95% ee. [a]p>" = -126.6 (¢ 2.87, DCM).
HPLC CHIRALCEL ODH, n-hexane/2-propanol = 60/40, flow rate = 0.5 mL/min, A=
254 nm, retention time: 29.198 min, 40.576 min.

"H NMR (400 MHz, CDCl3): & 8.43 (s, 1H), 7.95 (s, 1H), 7.54 (dd, J = 9.5, 5.1 Hz,
4H), 7.32-7.22 (m, 3H), 7.09 (d, J = 8.1 Hz, 2H), 5.82 (dd, J = 7.1, 4.3 Hz, 1H), 4.70
(d, J=8.3 Hz, 1H), 4.47 (d, J = 6.9 Hz, 1H), 4.37 (dd, J = 8.5, 4.3 Hz, 1H), 4.16 (s,
3H), 3.30 (s, 3H), 2.30 (s, 3H). ®C NMR (100 MHz, CDCl3): § 167.9, 161.2, 151.9,
151.1, 145.5, 142.1, 137.8, 134.3, 129.9, 128.7, 128.3, 127.6, 121.5, 74.4, 64.9, 63.2,
59.7, 54.4,52.3, 21.5. HRMS: exact mass calcd for C,5sH,5N505S (MJrNa)+ 530.1469,
found 530.1480.

(2R,3R4R,5R)-Methyl

5-phenyl-3-(6-phenyl-9H-purin-9-yl)-4-tosylpyrrolidine-2-carboxylate (5ga)

Colorless oil; 26.0 mg, 95% yield, >20:1 dr, 99% ee. [o]p>" = -106.4 (¢ 2.50, DCM).
HPLC CHIRALCEL IA, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 31.553 min, 44.134 min.

"H NMR (400 MHz, CDCl3): 5 8.88 (s, 1H), 8.73 (dd, J = 7.7, 1.9 Hz, 2H), 8.28 (s,
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1H), 7.65-7.50 (m, 7H), 7.34-7.22 (m, 3H), 7.11 (d, J = 8.1 Hz, 2H), 5.92 (dd, J = 6.9,
4.1Hz, 1H), 4.80 (d, J = 8.2 Hz, 1H), 4.55 (d, J = 7.0 Hz, 1H), 4.34 (dd, J = 8.2, 4.1
Hz, 1H), 3.30 (s, 3H), 2.30 (s, 3H). °C NMR (100 MHz, CDCls): & 168.0, 155.3,
152.0, 151.7, 145.6, 144.1, 138.1, 135.2, 134.2, 131.3, 130.8, 130.0, 129.8, 128.8,
128.4, 128.3, 127.5, 74.5, 64.6, 62.5, 59.0, 52.3, 21.6. HRMS: exact mass calcd for
C30H27N504S (M+Na)" 576.1676, found 576.1675.

(2R,3R,4R,5R)-Methyl
3-(2-amino-6-chloro-9H-purin-9-yl)-5-phenyl-4-tosylpyrrolidine-2-carboxylate
(Sha)

Colorless oil; 23.2 mg, 90% yield, >20:1 dr, 99% ee. [a]p> = -102.9 (¢ 3.50, DCM).
HPLC CHIRALCEL ODH, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 15.843 min, 25.663 min.

"H NMR (400 MHz, CDCl3): § 7.83 (s, 1H), 7.63 (d, J = 8.3 Hz, 2H), 7.49 (dd, J =
7.3,2.1 Hz, 2H), 7.32-7.26 (m, 3H), 7.17 (d, J = 8.0 Hz, 2H), 5.62 (dd, J=6.7, 3.7 Hz,
1H), 4.93 (s, 2H), 4.80 (d, J = 8.0 Hz, 1H), 4.46 (d, J = 6.7 Hz, 1H), 4.24 (dd, J=7.9,
3.6 Hz, 1H), 3.43 (s, 3H), 2.34 (s, 3H). *C NMR (100 MHz, CDCl;): & 168.0, 158.6,
152.8, 151.8, 145.7, 141.7, 138.3, 134.3, 130.0, 128.7, 128.5, 128.2, 127.3, 124.9,
74.2, 64.8, 62.5, 59.3, 52.5, 29.7, 21.6. HRMS: exact mass calcd for Co4H»3CINgO4S
(M+Na)" 549.1082, found 549.1077.
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(2R,3R,4R,5R)-Methyl

3-(1H-benzo[d]imidazol-1-yl)-5-phenyl-4-tosylpyrrolidine-2-carboxylate (Sia)

QI

MeOOC

oIS

Colorless oil; 23.0 mg, 98% yield, >20:1 dr, >99% ee. [a]p>" = -18.6 (¢ 7.67, DCM).
HPLC CHIRALCEL ODH, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 14.683 min, 30.872 min.

"H NMR (400 MHz, CDCl5): & 8.40 (s, 1H), 7.71 (d, J = 7.9 Hz, 1H), 7.64 (d, J="7.8
Hz, 2H), 7.31 (dd, J = 6.3, 2.9 Hz, 2H), 7.25-7.13 (m, 8H), 5.52 (dd, J = 6.1, 2.2 Hz,
1H), 4.84 (s, 1H), 4.62 (d, J = 5.1 Hz, 1H), 3.79 (d, J = 5.6 Hz, 1H), 3.32 (s, 3H), 2.90
(s, 1H), 2.37 (s, 3H). ®C NMR (100 MHz, CDCl;): & 168.3, 145.9, 138.9, 134.1,
130.2, 128.7, 128.5, 128.3, 127.2, 123.2, 122.6, 120.3, 109.8, 64.1, 60.7, 56.7, 53.5,
52.2, 21.6. HRMS: exact mass calcd for CrsHysN3O4S (M+H)Jr 476.1639, found
476.1649.

(2R,3R 4R,5R)-Methyl

3-(2-methyl-1H-benzo[d]imidazol-1-yl)-5-phenyl-4-tosylpyrrolidine-2-carboxylat

e (5ja)

N
L
N

Colorless oil; 22.3 mg, 94% yield, >20:1 dr, 97% ee. [a]p>" = -78.2 (c 4.83, DCM).
HPLC CHIRALCEL ODH, n-hexane/2-propanol = 60/40, flow rate = 0.5 mL/min, A=
254 nm, retention time: 15.248 min, 21.406 min.

"H NMR (400 MHz, CDCl3): & 8.20-8.13 (m, 1H), 7.69-7.62 (m, 1H), 7.29 (dd, J =
5.8,4.2 Hz, 3H), 7.25-7.10 (m, 6H), 6.88 (d, J = 8.1 Hz, 2H), 5.90 (dd, J=8.8, 6.3 Hz,
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1H), 4.56-4.40 (m, 3H), 3.14 (s, 3H), 2.76 (s, 3H), 2.21 (s, 3H). *C NMR (100 MHz,
CDCl): 6 168.6, 153.3, 145.1, 143.1, 137.0, 134.3, 132.1, 129.5, 128.6, 128.4, 127.9,
127.8,127.1, 122.4, 122.1, 119.4, 112.4, 70.4, 63.4, 62.1, 56.9, 52.2, 29.7, 21.4, 14.4.
HRMS: exact mass calcd for C,7H»7N304S (M+H)+ 490.1795, found 490.1801.

(2R,3R,4S,5R)-methyl

3-(6-chloro-9H-purin-9-yl)-5-phenyl-4-tosylpyrrolidine-2-carboxylate (6aa)

Cl
N
k\N | N>

MeOOC

N
Colorless oil; 65.8 mg, 86% yield, >20:1 dr, 94% ee.
HPLC CHIRALCEL IA, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 20.390 min, 26.206 min.
"H NMR (400 MHz, CDCl3): & 8.46 (s, 1H), 8.40 (s, 1H), 7.51 (d, J = 7.2 Hz, 2H),
7.41-7.32 (m, 3H), 7.16 (d, J = 8.2 Hz, 2H), 6.86 (d, J = 8.1 Hz, 2H), 5.52-5.44 (m,
1H), 5.38 (d, J=3.8 Hz, 1H), 5.07 (d, J = 9.3 Hz, 1H), 4.34 (dd, J = 7.8, 5.0 Hz, 1H),
3.74 (s, 3H), 2.90 (s, 1H), 2.22 (s, 3H). *C NMR (100 MHz, CDCl;): & 170.5, 151.7,
151.6, 150.8, 145.0, 144.4, 140.8, 134.0, 130.8, 129.1, 129.0, 128.4, 126.9, 126.7,
69.7, 61.0, 60.6, 57.4, 53.1, 21.3. HRMS: exact mass calcd for Cy4H»,CINsO4S
(M+Na)" 534.0973, found 534.0976.

(2R,3R,4S,5R)-Methyl
3-(6-chloro-9H-purin-9-yl)-5-phenyl-1,4-ditosylpyrrolidine-2-carboxylate (7aa)
C

k >

NE
Me 02 C
N

/ Ph
Ts
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White solid; 200.0 mg, 75% yield, [a]p>" = -81.8 (¢ 0.73, DCM).

"H NMR (400 MHz, CDCls): & 8.64 (s, 1H), 8.00 (s, 1H), 7.59-7.48 (m, 2H),
7.26-7.14 (m, 7H), 7.08 (d, J = 8.1 Hz, 2H), 6.85 (d, J = 8.1 Hz, 2H), 5.73 (dd, J =
11.0, 9.3 Hz, 1H), 5.49-5.23 (m, 3H), 3.22 (s, 3H), 2.36 (s, 3H), 2.23 (s, 3H). *C
NMR (100 MHz, CDCly): § 168.9, 151.9, 151.4, 145.9, 144.1, 136.8, 135.4, 133.8,
131.3, 129.4, 129.3, 129.0, 128.6,128.4, 127.7, 127.6, 62.9, 61.7, 55.5, 52.9, 21.6,
21.4.

(2R,3R,4R,5R)-3-(6-chloro-9H-purin-9-yl)-5-phenyl-4-tosylpyrrolidin-2-yl)metha
nol (8aa)

Cl
NN
mﬁ )
N
Nrgjfs
HO N
H

Colorless oil; 68.5 mg, 95% yield, >20:1 dr, >99% ee. [a]p>" = -49.3 (¢ 1.12, DCM).

Ph

HPLC CHIRALCEL AS, n-hexane/2-propanol = 50/50, flow rate = 0.5 mL/min, A=
254 nm, retention time: 84.709 min, 123.198 min.

'"H NMR (400 MHz, CDCls): & 8.65 (s, 1H), 8.22 (s, 1H), 7.49-7.47 (m, 4H),
7.34-7.24 (m, 3H), 7.08 (d, J = 8.1 Hz, 2H), 5.74 (dd, J = 6.5, 4.5 Hz, 1H), 4.81 (d, J
= 8.0 Hz, 1H), 4.22 (dd, J = 7.8, 4.3 Hz, 1H), 3.89 (q, J = 6.3 Hz, 1H), 3.47 (dd, J =
11.2, 5.6 Hz, 1H), 3.29 (dd, J = 11.2, 6.5 Hz, 1H), 2.29 (s, 3H). *C NMR (100 MHz,
CDCl): 6 151.7, 151.4, 145.7, 145.6, 138.6, 134.2, 131.3, 129.9, 128.8, 128.3, 127.2,
74.8, 62.8, 62.1, 60.6, 58.6, 21.5. HRMS: exact mass calcd for Cy3;HyCINsO5S
(M+Na)" 506.1024, found 506.1031.
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7. Copies of 'H and *C NMR spectra.
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'"H NMR of 3a
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'H NMR of 3b
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'H NMR of 3¢
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'H NMR of 3d
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'H NMR of 3e
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'H NMR of 3f
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'"H NMR of 3g
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'H NMR of 3h
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'H NMR of 3i
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"H NMR of 3j
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'"H NMR of 11
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'H NMR of 5aa
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'H NMR of 5ab
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'H NMR of 5ac
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'H NMR of 5ad
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'H NMR of 5ae
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'H NMR of 5af
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"H NMR of 5ag
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'H NMR of 5ah
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'H NMR of 5ai
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"H NMR of 5aj
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'"H NMR of 5ak
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'H NMR of 5al
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'H NMR of 5am
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"H NMR of 5ap
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'H NMR of 5ba
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'H NMR of 5da
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'H NMR of 5fa
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'H NMR of 5ha
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'H NMR of 5ia

s = = 8 & = 8 g =

T s ! T il 7 v 7 T <
£00°0-— -
08— 50
£06'2— = €60
Lee— ri0¢
982~ - :
008'€ 860
v~ _ .
szov » < 3 =00k
6e8y = 0 = T00L
£0§°S N
€15'S z ZT « _ .
£25' z° Zz in = =00
L[0T L muu
vz L o)
€2z L D
09z, =
1oL
10§, ) ,
SKEL - == P5.
929'L \ e
9v9 L\ - 706
VoL 'L €01
e
G6£'8 — - Foso

0.0

0.5

2.0

o

3.0

6.5

7.0

(ppm)

fl

BC.NMR for 5ia

8000
7500

7000

6500

6000
5500

5000

4500

4000
3500
3000
2500
2000
1500
1000
500

=500

66G° L —

£2TTG\
SLr'ES —
9€L'95
S0L°09~
S50%9

8LL°9L

9604
Viv.LL

el
€952l /
cslect /
891°/2L \

182'8C1 ~
616821

§.9'8Cl
€lLeoel \
vl vel \
¥88'8¢€1
[4 44
L98°CrL
6.8'GyL

cre89l —

MeOOC

5ia

Wiy

190 180 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10
fl

200

(ppm)

S64



'"H NMR of 5ja
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'H NMR of 6aa
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'H NMR of 7aa
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'H NMR of 8aa
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"H NMR of D-5ag
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8. Copies of HPLC spectra for Racemic and Chiral Compounds

VWD1 A, Wavelength=250 nm (201511017ZDJ\PYRIMIDINEQS095.D)

mAU | %
500—_
C
400 4 N
N/
:I,\P
300 N NE
] MeOOC
] N
200 H
] 5aa
100;
0__
0 R Y T
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
- |- | === =====—- | === | === | ======== |
1 36.159 BB 1.1930 4.38862e4 534.13165 50.6052
2 48.36l1 BBA 2.9331 4.28365e4 185.08942 49,3948
VWD1 A, Wavelength=250 nm (201511017ZDJ\PYRIMIDINE05096.D)
mAU e
cl
] N
8001 ’\L >
] N~ N
500 - N
] MeOOC
] N
4-007: H
300_2 5aa
200
1005
o &
;JI‘I"llnl"‘zlnllI‘alnl‘l‘atln"I‘s‘n““s‘n“‘n‘ﬁr
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

el EEEE |-===]-=----- | -—mm oo | -==m - | --—---- |
1 36.589 BB 0.8075 270.20737  4.88107 0.1310
2 44.762 BB 3.2668 2.06026e5 797.63435 99.8690
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Scale up of cycloadduct 5aa

VWD1 A, Wavelength=250 nm (20151124ZDJ\PYRIMIDINEO5184.D)

mAU =
350
] Cl
300 4
] K
] k| N>
2504
E N .\\\\TS
200 MeOOC
] N
H
150
Saa
100
0-
QEM j\\ —-
T T R T
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== | === | === | === | === |
1 37.035 VB 1.3477 1726.75623 17.95458 1.7692

2 44.970 BBA 3.1203 9.58735e4 393.94504 98.2308
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VWD1 A, Wavelength=250 nm (20150108\PYRIMIDINED3257.D)

mAU | @
1200;
] Cl
oo L] :\>
: N .\\\\Ts
7 EtOOC
4 N "‘5
4 H :
600 — ]
] 5ab
400 —
2007-
I I |
R A T A T AT A
Peak RetTime Type Width Area Height Area
4 [min] [min] [mAU*s] [mAT] %
=== |-——=]-—=——— | === | === | === |
1 28.679 BB 0.8083 7.03847e4 1284.28735 5l1.6266
2 33.667 BB 1.5182 6.59495e4 568.38080 48.3734
VWD1 A, Wavelength=250 nm (20160106ZDJ\PYRIMIDINEOS683.D)
mAU &
1750 .
] Cl
1500{ N N
] L
1250 N oTs
] EtOOC
] N
1000 ] H
750 ] 5ab
500 -
250{
0 8
T R T T T AR TR 45
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e et | ==== | =mmmmme | ==mmmmm—ee R | ===mmmm |
1 28.681 BB 0.6767 84.94687  1.79222  0.0306

2 32.522 VB 1.9574 2.7755%e5 1843.61169 99.9694
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VWD1 A, Wavelength=250 nm (20150113\PYRIMIDINED3291.D)
mAU a

— T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 3£

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
——== |- | === === | =======— | === | ======= |
1 16.069 BB 1.1511 3.17778e4 410.94614 52.32597

2 24.214 MM 2.4064 2.89482e4 200.49828 47.6703

VWD1 A, Wavelength=250 nm (20150126\PYRIMIDINED3344.D)

mAU | =4
1400 ]
1200 —: CI
] N
1000 Nk T
] NN
] N NE]
™7 t+BuOOC
] N
600 4 H
Sac
400
200 —- ]
07 o
0 é 1I0 IIS 2‘0 I 2I5 3|D n
Peak RetTime Type Width Area Height Area
4 [min] [min] [mAU*s] [mAU] %

1 16.843 BB 1.0101 3577.65283 51.39939 1.6942
2 22.910 BBA 2.1115 2.07593e5 1414.18B652 98.3058
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VWD1 A, Wavelength=250 nm (20150205\PYRIMIDINEQ3386.D)

C
S L
N~ N
““\TSCI
150 MeOOC
N
H
100 5ad
50_
0-
0 1‘!] 2I0 3‘0 4‘0 5|D E)‘D '.’ICI I‘;'IiP'I
Peak RetTime Type Width Area Height Area
¥  [min] [min] [mAU*s] [mAU] %
=== |- | === | === | ========== | ======—- |
1 30.779 MM 3.1098 4.62800e4 248.03557 49.5639
2 58.954 MM 5.8528 4.70944e4 134.10724 50.4361
VWD1 A, Wavelength=250 nm (20150205\PYRIMIDINEQ3387.D)
mAU g N
4 P 4\9&

500

300

Cl
oI
k\N | N>

NE]

MeOOC ¢l

N
H

10

40 50 60 70 milr
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
———=|m—————- |====]======= | === | === | =======- |
1 28.509 BB 1.1940 1181.64307 13.33465 0.6542
2 56.246 MM 5.0205 1.79441e5 595.69922 99.3458
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VWD1 A, Wavelength=250 nm (20150205\PYRIMIDINED3388.D)

mAlU

300
250 1

200

T T T T T T — T — — — — T T T T T T T —
0 10 20 30 40 50 60 miny

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 31.651 BB 2.6132 ©.03367e4 317.08069 49,2811
2 45.603 BBA 4.7192 ©.20972e4 174.75948 50.7189

VWD1 A, Wavelength=250 nm (20150205\PYRIMIDINE03389.D)
mAU _|

700
600 —
500
400

300

0 ‘ I ‘ I 10 20 30 40 50 I I I ]
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
———=| == | === === | =======—— | ======———- | ======== |
1 28.625 BB 1.8586 2441.14063 17.048633 1.0411

2 42.336 BB 3.8791 2.32028e5 776.53326 98.9589
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VWD1 A, Wavelength=250 nm (2015031 1\PYRIMIDINEO3412.D)

mAU ] &
400 + CI
350—; 1/ | N\>
300 N Ts
oo MeOOC
] N
H
200 —
5af Cl >
150 8 ,'L@@
: =
100
501
0]
OIII‘1IO‘IIIZIOI‘IISIDIII‘4IDIIIISIO“IIBIOI“mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

- | - | -=—=|——————- | --———————- | == - | -——————- |
1 29.577 BB 0.8030 2.38687e4  439.14648 49.3062
2 54.932 MM 3.6789 2.45404e4  111.17626 50.6938

VWD1 A, Wavelength=250 nm (20150312\PYRIMIDINE03413.D)

mAU |
?U_,
] Cl
0]
NN
L LD
50 N Ts
] MeOOC
40+ N
] H
30—: 5af Cl
20—:
10{
0
R T T T T T "
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAlU] %

el R |-===]-=-—-—- | -———mm - e O |
1 54.707 BBA  2.5140 1.37233e4  69.61293 100.0000

Totals : 1.37233e4 69.61293
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VWD1 A, Wavelength=250 nm (20150130\PYRIMIDINE03367.D)

mAU | 5]
Cl
400 N? N
k. &9
] N NE
300 MeOOC
] N
H
200—- 5ag Br ‘i\ﬁb
' g &
g?_\lb
100;
o] [
0 2 0 a4 " s " " somn
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [MAU] %
—————————— | === === | ==——————— | =====————- | ===———— |
1 30.407 VB 0.8836 2.94109e4 485.03812 50.5874
2 53.696 MM 3.5087 2.87278e4 136.46175 49.4126
VWD1 A, Wavelength=250 nm (20150128\PYRIMIDINE03358.D)
mAU _| E
Cl
800 N N
k| &9
N .\\\\TS
600 MeOOC
N
H
400 4 5ag Br
200
JL 2
e w7 T 30 ' w0 s e T T
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== m————— | === === | === | =======——- | === |
1 31.280 BB 0.9744 541.03845 7.85094 0.2364
2 49,775 BB 2.9349 2.2B34Beb 983.85114 99.7636
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VWD1 A, Wavelength=250 nm (20141230\PYRIMIDINED3221.D)

mAU | g
2500 3
] Cl
2000 Nk\/ I N\>
] N NI
1500 MeOOC
] N
H
1900; 5ah F
]
500—_ r
0
T T Y T
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAl] %

e L e e | -—mm oo O |
1 26.119 VB 0.7749 1.32179e5 2550.98853 53.3593
2 44,094 BBA 2.7120 1.15536e5 534.62323 46.6407

VWD1 A, Wavelength=250 nm (20141230\PYRIMIDINE03220.D)
mAlU

81

00 ci

] N7Z N

1 >
500 S

] N

] N oIS
400 MeOOC

] N

] H
30077 5ah F
200{

100+

0 10 20 30 40 50 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
- |- |====]====== | === | === | === |
1 26.835 BB 0.7510 281.51147 5.45122 0.1783

2 43.981 BBA 2.9443 1.57604e5 674.53168 99.8217
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VWD1 A, Wavelength=250 nm (20150107\PYRIMIDINE03248.D)

mAU | 5
1200 -] Cl
] SN
N
| I
1000 N
] N
N oIS "
800 MeOOC 3
i N o
H
600°] 5ai CF3
400
200
.
0 R 20 2 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT) %
e EEEEEE | === | ======= | ==mmmmm - R R |
1 20.897 BV 0.5866 5.24962e4 1310.82031 53.2076
2 26.945 VBA 0.8612 4.61668e4 749.65228 46.7924
VWD1 A, Wavelength=250 nm (20150107 \PYRIMIDINED3252.D)
mAU £
2000 .
] Cl
1750 - N
7 LY
1500—E N '\\\\TS
1250 MeOOC
] N
] H
1000
] 5ai CF3
750
500
250 o
0 Z
0 5 w1 20 2 30 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %
e EEEEEEE | === | === R R R |
1 19.918 BV 0.6896 858.92578 17.84866 0.6805
2 26.976 BBA 0.8905 1.25359%e5 2081.50610 99.3195
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VWD1 A, Wavelength=250 nm (20150105\PYRIMIDINE03236.D)
mAU |

=931

16001

1400{ CIN
] N~ \
3 k\N|N>
1000+ MeOOC

100.]

0—34-%#-/.\

————— E———

—T— T
0 ] 10 15 20 25 30 35 40 min

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %

1 28.931 BV 0.8606 9.8109% 4 1607.48621 51.2472
2 35.204 VBA 1.7135 9.33345e4 705.64984 48.7528

VWD1 A, Wavelength=250 nm (20150105\PYRIMIDINEQ3237.D)
mAU - ©
400
] Cl
350 z N
1 N
] L L
300 N
] .\\\\TS
250 MeOOC
1 N
200 H
3 5aj CHs
150 7
100
W{M
=
;J""él"'1|u""1|5‘HIzlu""z‘s"“alolll 35 40 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 30.004 BB 1.1247 663.81818 7.98108 1.1902
2 35.816 BBA 1.6779 5.51093e4 433.16971 98.8098
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VWD1 A, Wavelength=250 nm (20160106ZDJ\PYRIMIDINE05694.D)

mAU ]

175
125
100

75

25

0 10 20 30 40 50 60 70 min
Peak RetTime Type Width Area Height Area
4 [min] [min] [mAU*s] [mAU] %

———— |- |- -—————- | -————————- e | --—————- |
1 28.722 MM 2.6050 2.92795e4  187.32590 52.6871
2 46.967 MM  12.3207 2.62930e4  35.56739 47.3129

VWD1 A, Wavelength=250 nm (20160106ZDJ\PYRIMIDINE05695.D)

mAU
30+

25

20

S B s e e s e e e e e L e e e s e e L e s e e e e B L
0 10 20 30 40 50 60 70 80 miry

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAl] %

- | - — - | -] —=————- e | == - | -————-—- |
1 30.518 MM 2.6229  65.40939 4.1562%e-1  0.2751
2 48.050 MM  12.8035 2.37095e4  30.86339 99.7249
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VWD1 A, Wavelength=250 nm (20150611ZDJ\PYRIMIDINE04146.D)

mAU ] 5
2250 ]
] Cl
2000 _ N
] N
1750 N
] oTs
1500 7 MeOOC

] N
1250 H O
10005 5al O

750

A AN .

S S e e
Peak RetTime Type Width Area Height Area

# [min] [min] [MAU*s] [mAU] %

e |--—=|——————- | —————m———- | -—————— - | -——————- |
1 40.687 BB 1.3497 2.10377e5 2235.64209 50.2675
2 79.443 BBA  5.9190 2.08137e5  434.28821 49.7325

VWD1 A, Wavelength=250 nm (20150611ZDJ\PYRIMIDINED4147.D)

mAU |
800 -
] Cl
700—: N7 N 5
] N .\\\\TS
500
400+
300
200 4
100
S
T Y T T T ™,
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAlU] %

———— | - |-——=|-—-———- e | -————————- | -———--—- |
1 41.717 BB 1.0688 1082.24353 15.56786  0.3607
2 77.197 BBA  6.1042 2.98965e5  607.01428 99.6393
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VWD1 A, Wavelength=250 nm (20151016ZDJ\PYRIMIDINED4894.D)

mAU A 2
400 5F
Cl
3504
NN
L LD
300 N
NE
2504 MeOOC
N S
2007 H | Y/
] S5am
150
] 8
100—_ %
J ' \ '
R A Y A T T
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e R |-===]--—-—- e e e |
1 33.299 BB 0.9710 2.62922e4  404.47333 50.8241
2 55.483 BBA 4.5467 2.54395e4 ©6B8.80209 49.1759

VWD1 A, Wavelength=250 nm (20151028ZDJ\PYRIMIDINE04923.D)

mAU | g
- o '{)3:3
] Cl &
30 N7 N
] s |
25 N oIS
] MeOOC
20 N S
] H | p
15 5am
10{
] g
o
0 T N Y T T T T
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e e | -=—=|=—-———- | -=—m—m——- | === | -———-——- |
1 32.450 BB 0.8606 185.17905  2.95536  1.3499
2 57.332 MM 6.0790 1.35330e4  37.10332 98.6501
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VWD1 A, Wavelength=250 nm (20150330 ZDJ\PYRIMIDINED3532.D)

mAU? é
] $
2000 —
] Cl
1750 z N
] N
] K M »
1500 N~ N
] NE
] EtOOC\gj:
1250 H C\\\\‘ \
] 3
1000 5 H Ph
] a
] P &
7507 g v
] g
500
ZSO:QLJM&___J
—
o 1w 2 s a4 s e 72 s e
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 32.291 VB 1.2664 2.13504e5 2136.46973 49.1314
2 ©9.952 MM 6.5263 2.21054e5 564.51770 50.8686

VWD1 A, Wavelength=250 nm (20150327ZDJ\PYRIMIDINEO3511.D)
mAU 4

=751

250

| of

| N~ N

* :I >

j EtOOC\gj:\ ®
150- HiCY '\

y Ph
5ap

0 10 20 30 40 50 60 70 80 90
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [m&U] %

1 34.664 BB 0.9395 1249.18237 18.62208 1.3450
2 70.751 BB 4.0095 9.16238e4 280.77615 98.6550
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VWD1 A, Wavelength=250 nm (20150311\PYRIMIDINE03407.D)

()
A~ N

- N
f k\)I >
300—7 N N ‘\\\\TS
] MeOOC>21

N
N™Ph
5ba

mAU
500+

200 4

100+

0 5 10 15 20 25 30 35 40 45 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %

———m | = |-===]----—-- | -=—-mmm——- e e |
1 24.555 BB 0.7774 2.77021e4d 500.03015 49.9497
2 42.088 MM 1.4536 2.77579%e4  318.26947 50.0503

VWD1 A, Wavelength=250 nm (20150402ZDJ\PYRIMIDINE03551.D)

maU o

3000

2500 — (Nj
i ) N
] N
2000 K)I N\>
] N oIS
1500 ] MeOOC
] N

7 y Ph
1000 5ba
500—:
S
R Y T Y
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e |---=]-----—- o et | ---—-—-- |
1 24.413 VB 0.9728 2.27938e5 3197.83081 100.0000

Totals : 2.27938e5 3197.83081

S85



VWD1 A, Wavelength=250 nm (20150417ZDJ\PYRIMIDINE03671.D)

mAU__
4 -z N
N
: k\&l[\>
1500_, N N «Ts
- MeOOC—d
1 N
_ N Ph
1000_, 5ca
500 +
0__
T T T
Peak RetTime Type Width Area Height Area
4 [min] [min] [mAU*s] [mAU] %

1 29.846 MM 1.5464 2.15312e5 2320.50366 52.8755

2 44,969 BB 1.4681 1.918%4e5 1860.834%6 47.1245
VWD1 A, Wavelength=250 nm (20150414ZDJ\PYRIMIDINEO3647.D)
mAU 1 a
1750—2 O
1500—? N
] Z N
N
1250 s | N\>
] N oTS
1000 ] Meooc—d
] N pnh
750: H
] 5ca
500{
250
04
T R A T T T T Y Y "
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*=3] [mAl] %
—————————— |====|===———- | === | =====————- | ====———- |
1 29.329 BB 1.1611 1.67035e5 1881.28284 100.0000
Totals : 1.67035e5 1881.28284
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VWD1 A, Wavelength=250 nm (20150915ZDJ\PYRIMIDINEQ4650.D)

mAU ] =
700*_ .
] o)
| ® :
600 8
] N
500 - ~~-N
| Y
400_: N N .\\\\TS
: Meooc—d
] N
300 H Ph
] 5da
200*_
100—:
0]
o I T T Y T T
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] 5
- |- | === === | === | === | ======-=
1 45.010 BB 1.6367 8.85941e4 724.,30029 49.9632
2 60.022 BB 2.0734 8.87245e4 569.19043 50.0368
VWD1 A, Wavelength=250 nm (20150916ZDJ\PYRIMIDINEO4651.D)
mAU
1000 [Oj
800 N
NN
:EN»
600 N A\\\TS
MeOOC>21
] N
100 H Ph
1 5da
200—-
OQJJL_/«J\
o I T Y 50 e
Peak RetTime Type Width Area Height Area
#  [min] [min] [MAU*s] [mAU] %
- | === |====]====== | ======———- | ======———= | ======—- |
1 44.570 BB 1.7303 1.32413e5 1043.92615 99.4264

2 £63.696 MM 2.0429 763.85925 6.23191 0.5736
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VWD1 A, Wavelength=250 nm (201506027ZDJ\PYRIMIDINE04273.D)

mAU | g

1200 *

IDﬂG;

BOO—-

BOO*-

400 — <+

2
200*-
I I VO AN
N A A A A A R A ™

Peak RetTime Type Width Area Height Area

] [min] [min] [mAU*s] [mAU] %

1 28.193 BB 1.1101 9.97141e4 1230.33826 50.6432
2 77.964 BB 4.5159 9.71812e4 262.39972 49.3568

VWD1 A, Wavelength=250 nm (201506027ZDJ\PYRIMIDINE04274.D)

mAU i
o HaC.-CHs
NEl
300i N N “\\\Ts
MeOOC»d
] N™*Ph
2007 5ea
100;
OLM
0 ' ' N ‘ w ‘ " s ' " s ' T
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e L | -===]===—--- | -———mm - e | --——--—- |
1 28.508 BB 1.0204 3.46850e4  465.66098 100.0000

Totals : 3.46850e4 465.66098
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VWD1 A, Wavelength=250 nm (20150416ZDJ\PYRIMIDINE03661.D)

rnAU: E ébﬁ,ﬂ,
1200_, OMe 5
] ~_N
1000 - Nk | N
i N N
| N oIS
800~ MeOOC
1 N
: H Ph
600 | 5fa
400+
R R A Y R T N
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAl] %

e | ==== | =====mn | ==mmmmmm | ===mmmm | ====mnm- |
1 29.198 MM 2.5678 1.93522e5 1256.07385 51.5227
2 40.576 BBA 5.1675 1.82084e5 435.38025 48.4773

VWD1 A, Wavelength=250 nm (201504 16ZDJ\PYRIMIDINE03662.D)
mAU |

1200
1000
800

600

200

0 10 20 30 40 50 60 mir

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %

e e |-===]-=—-——- e e e |
1 30.626 BB 1.7961 9816.48926  74.65852  1.9650
2 37.347 MM 6.1619 4.89761e5 1324.71216 98.0350
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VWD1 A, Wavelength=250 nm (20150521ZDJ\PYRIMIDINE04001.D)
mAU —

=553

300‘3 Ph
] N
700 N N
k\N | N>
600 | NE]
] MeOOC
] N
500 ; H Ph E
400 5ga 3

0 I 1|C| I I 20 30 40 80
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
——==| === |====] === | ======——- | =======—=- | =======- I
1 31.553 vV 1.0692 b6.45664e4 870.43182 49,8493
2 44.134 BB 2.1275 6.49569%4 396.64944 50.1507
VWD1 A, Wavelength=250 nm (20150521ZDJ\PYRIMIDINE04002.D)
mAU &
400—_ Ph
| N7 N
1 :I,\P
i N NE]
07 Meooc—gtL
N
| H Ph
i 5ga
200+
100—_
o™
<
o o
—r ‘T 1 ‘* r~ ‘' ‘' [ ‘' ‘'t ' ‘'t [ ‘' ‘Tt T Tt 1 T T T Tt T T T T T 1
0 10 20 30 40 50 60
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

el EEERE |--==]--—---- | —=—mmm - | -m— o |---—-—-- |

1 31.872 BB 0.8885 391.00476  6.23862 0.5102

2 43.831 BB 2.1172 7.62515e4  463.88309 99.4898
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VWD1 A, Wavelength=250 nm (20150604ZDJ\PYRIMIDINE04061.D)

mAU | b
00 Cl
NN
Py N>
400 —
H2N N &\\TS
Meooc—gtl
200.] N™“Ph
| 5ha
200;
100—_ =
OQMJ\_,\_A_L___
o s T4 T a5 20 25 30 3 4o
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
- |- | === === | —==——————- | === | === I
1 15.834 BB 0.9299 3.18423e4 524.,25403 51.7738
2 25.663 BB 3.7330 2.96604e4 106.72488 48.2262
VWD1 A, Wavelength=250 nm (20150804ZDJ\PYRIMIDINE04062.D)
mAU ] ]
300—_
] Cl
250
, NN,
O LY
200_: H2N N \ ~\\\\TS
MeOOC~2tL
150 N™“Ph
5ha
100—:
5o.]
] g
o] ~
0 R N A A A a0 min)
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
——==| === | ==========- | === | =====————- | === |
1 16.205 BB 0.9459 345.38071 5.26505 0.4472
2 23.858 BBA  3.3192 7.68822e4 306.99438 99.5528
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VWD1 A, Wavelength=250 nm (20160106 ZDJ\PYRIMIDINE05651.D)

mAU 2

2000

1750—2 @:N\>
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1250 N
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o] -
6""1‘0""2'0"":;0""4|0""5|0
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] %
——== |- |====|=====—- | === | === | ======== I
1 14,683 BV 0.7576 1.11001e5 2167.72559 50.9868

2 30.872 BB 2.6164 1.06704e5 545.28204 49.0132

VWD1 A, Wavelength=250 nm (20150514ZDJ\PYRIMIDINE(Q3937.D)
mAU ]
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] N
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500—:
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Peak RetTime Type Width Area Height Area
] [min] [min] [mAU*s] [mAU] %

1 30.226 MM 4.1122 7.82626e5 3171.97900 100.0000

Totals : T7.82626e5 3171.97900
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VWD1 A, Wavelength=250 nm (20150508ZDJ\PYRIMIDINE03871.D)
mAU ]
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T T T T T T T T T T T T T T T T T T T T
0 10 20 30 40

Peak RetTime Type Width Area Height Area
¥  [min] [min] [mAU*s] [mAU] %
- |- | === | ===—————— | ======———- | === |
1 15.248 BB 0.8025 2.17431e5 3207.59717 48.5039
2 21.406 VB 2.8710 2.30844e5 1048.68042 51.4961

VWD1 A, Wavelength=250 nm (20150508ZDJ\PYRIMIDINEO3872.D)
mAU 7] a8
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0 10 20 30 40
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

———— | - | -] -—————- | -——— - | -————————- R |
1 16.068 VB 0.8680 2125.13843 36.45349 1.6179
2 22.958 BB 3.4438 1.29228e5 495.15305 98.3821
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WV D1 A, Wavelength=250 nm (20151 124Z2D.NPYRIMIDINEOQOS344.D)
mAl | =

| T ;B;
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e e | -————————- | —————————- | -——————- |
1 20.390 BV 0.6993 6.17268e4 1270.52747 49.8507
2 24.206 VB 0.7914 6.20966e4 1163.80212 50.1493

VWD A, Wavelength=250 nm (20160106ZDNPYRIMIDINEOS685.D)

mAU &
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Peak RetTime Type Width Area Height Area
k] [min] [min] [mAU*s] [mAU] %

] EEEEEE |-===]==--—-- e | ——— - e |
1 20.397 BV 0.7089 1.43478e5 3010.81274 97.2098
2 24.681 VB 0.8937 4118.20313  66.29218  2.7902
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VWD1 A, Wavelength=250 nm (20160106ZDJ\PYRIMIDINEQ5697.D)

mAU ]
40
] Cl
35 N
] N7
30 l pZ N\>
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
——==| === | === === | === | === | ======== |
1 84.708 MF 15.1754 3.65958e4 40.19185 52.6468

2 123.198 FM 19.5275 3.2916le4d 28.09374 47.3532

VWD1 A, Wavelength=250 nm (20160106ZDJ\PYRIMIDINE0S698.D)

mAUi
m{ Cl
: NN
30 m z N\>
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20 HO N
] H Ph
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o
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R R T A A T
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %

e et |-===]==—-—-- | -=mmmm - e e |
1 121.191 FM  18.9128 5.27286e4  46.46641 100.0000

Totals : 5.2728¢6e4d 46.46641
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