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General:

All reagents and solvents were purchased from commercial sources and used without further
purification. For thin layer chromatography (TLC), silica gel plates VWR GL60 F254 were
used. Melting points were determined with an XRC-1 micro melting point apparatus and are
uncorrected. 'H and ?C NMR spectra were recorded in DMSO-ds solutions on a Bruker
DPX-400 spectrometer (at 400 MHz and 100 MHz, respectively) using TMS as internal
standard. Chemical shifts (J) were expressed in ppm and coupling constants (J) were given in
Hz. IR spectra were recorded for KBr tablets on a Bruker Vector 22 spectrometer with
absorptions expressed in cm™' . High resolution mass spectra were obtained on the electrospray
ionization (ESI) mass spectrometer. The nucleobase were obtained from Xinxiang Tuoxin

Biochemical Technology & Science Co. Ltd, P. R. China for free.
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All microwave irradiation experiments were carried out in the cavity of a commercially
available single-mode microwave synthesis apparatus equipped with a high sensitivity
infrared sensor for temperature control and measurement (MAS-I, Sineo Microwave
Chemical Technology Co. Ltd., Shanghai, P. R. of China) with continuous irradiation power
from 0 to 600 W. The reactions were carried out in 5 mL open glass vials. The temperature

was measured with an IR sensor on the outer surface of the process vial.

General Procedure:

Method a: 6-dichloropurine derivatives 1 (1 mmol) and piperidine 2a or 1-ethylpiperazine 2d
(4 mmol) were mixed in water (2 mL). The mixture was put into microwave synthesis
apparatus (MAS-I, sineo Microwave Chemical Techology Co.Ltd., Shanghai, China) and
irradiated at 400 w (100 °C). The reaction was monitored by TLC. 8 minutes later, the starting
material disappeared and the reaction mixture was cooled to the room temperature. For 3a and
6a-6¢c, the reactions were filtered, washed by water, dried in air and the pure products were
obtained. For 3b-3j and 6d-6f, the reactions were purified by flash column chromatography

(ethyl acetate/petroleum ether) to afford pure products.

Method b: 6-dichloropurine derivatives 1 (1 mmol) and pyrrolidine 2b or morpholine 2e, or
thiomorpholine 2f (1.2 mmol) were mixed in water (2 mL), and then NaOH (2 mmol) was
added. The mixture was put into microwave synthesis apparatus and irradiated at 400 w (100
°C). The reaction was monitored by TLC. 8 minutes later, the starting material disappeared
and the reaction mixture was cooled to the room temperature. For 4a-4c, 7a and 8a-8c, the
reactions were filtered, washed by water, dried in air and the pure products were obtained. For
4b-41, 7b-7; and 8d-8f, the reactions were purified by flash column chromatography (ethyl

acetate/petroleum ether) to afford pure products.
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2-Chloro-6-piperidin-1-yl-9H-purine (3a).
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Pale white crystal. mp 282-284 °C. '"H NMR (400 MHz, DMSO-dj): & ppm 1.56-1.67 (m, 6H),
3.93-4.28 (m, 4H), 8.10 (s, 1H), 13.12 (s, 1H). *C NMR (100 MHz, DMSO-dq): & ppm 24.5,
25.8, 45.7, 118.8, 137.9, 151.6, 152.0, 153.1. IR (KBr) vma /cm™: 782, 1126, 1361, 1464,
1590, 2856, 2941, 3107, 3456. HRMS: calcd for C;oH;3CINs [M+H"] 238.0859, found.
238.0850.

6-piperidino-9-g-furanosyl purine (3b). '

®
O

OH OH

HO

White powder. mp 179-181 °C. "H NMR (400 MHz, DMSO-d): & ppm 1.57-1.68 (m, 6H),
3.53-3.58 (m, 1H), 3.64-3.69 (m, 1H), 3.95-3.97 (m, 1H), 4.13-4.20 (m, 4H), 4.56-4.60 (m,
1H), 5.17-5.18 (m, 1H), 5.34-5.45 (m, 1H), 5.75-5.91 (m, 1H), 8.21 (s, 1H), 8.37 (s, 1H). °C
NMR (100 MHz, DMSO-ds): 6 ppm 24.4, 259, 459, 61.7, 70.7, 73.7, 86.0, 88.0, 120.0,
138.7, 150.3, 152.0, 153.3. IR (KBr) vma/cm™: 789, 1131, 1344, 1466, 1483, 1590, 2864,
2939, 3406. HRMS: calcd for CsH2oNsO4 [M+H '] 336.1672, found 336.1669.
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2-chloro-6-piperidino-9-g-furanosyl purine (3c). >
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White powder. mp 196-198 °C. '"H NMR (400 MHz, DMSO-d): & ppm 1.59-1.68 (m, 6H),
3.55-3.57 (m, 1H), 3.63-3.67 (m, 1H), 3.92-3.95 (m, 1H), 4.11-4.14 (m, 1H), 4.47-4.51 (m,
1H), 5.04-5.07 (m, 1H), 5.20-5.21 (m, 1H), 5.47-5.49 (m, 1H), 5.83-5.85 (m, 1H), 8.05 (s,
1H). *C NMR (100 MHz, DMSO-dq): & ppm 24.2, 25.8, 61.4, 70.5, 73.9, 85.8, 87.5, 118.4,
138.7, 151.7, 152.9, 153.4. IR (KBr) vma/em™: 782, 1153, 1363, 1442, 1480, 1527, 1600,
2863, 2942, 3111, 3424. HRMS: calcd for C;sH, CINsO4 [M+H'] 370.1282, found 370.1286.

2-amino-6-piperidino-9-#-furanosyl purine (3d). 3
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White powder. mp 120-122 °C. "H NMR (400 MHz, DMSO-ds): & ppm 1.55-1.65 (m, 6H),
3.50-3.55 (m, 1H), 3.60-3.65 (m, 1H), 3.88-3.89 (m, 1H), 4.08-4.11 (m, 1H), 4.45-4.49 (m,
1H), 5.08-5.10 (m, 1H), 5.32-5.36 (m, 1H), 5.74-5.76 (m, 1H), 5.79 (s, 2H), 7.94 (s, 1H). °C
NMR (100 MHz, DMSO-d): 6 ppm 24.6, 25.9, 45.5, 61.8, 70.8, 73.4, 85.6, 87.0, 113.9,
135.1, 152.9, 153.7, 159.5. IR (KBr) vma/cm™: 786, 1126, 1375, 1490, 1580, 1620, 2855,
2933, 3378. HRMS: calcd for C;sH3NgO4 [M+H '] 351.1781, found 351.1780.
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3-(6-Piperidin-1-yl-purin-9-yl)propionitrile (3e).

»
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White powder; mp 118-120 °C. '"H NMR (400 MHz, DMSO-d): 8 ppm 1.58-1.68 (m, 6H),
3.16 (t, 2H, J = 6.4 Hz), 4.19 (brs, 4H), 4.45 (t, 2H, J = 6.4 Hz), 8.21 (s, 1H), 8.23 (s, 1H).
BC NMR (100 MHz, DMSO-ds): & ppm 18.1, 24.0, 25.6, 45.1, 117.6, 117.8, 140.1, 151.6,
152.7, 153.3. IR (KBr) vmay /cm™: 790, 1070, 1343, 1481, 1587, 1592, 2250, 2862, 2939.
HRMS: caled for Cj3H;7Ng [M+H'] 257.1514, found 257.1521.

3-(2-Chloro-6-piperidin-1-yl-purin-9-yl)propionitrile (3f).
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H
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white powder; mp 136-138 °C. '"H NMR (400 MHz, DMSO-d¢): & ppm 1.59-1.74 (m, 6H),
3.13 (t, 2H, J = 6.4 Hz), 3.87-4.14 (m, 4H), 4.41 (t, 2H, J = 6.4 Hz), 8.23 (s, 1H). °C NMR
(100 MHz, DMSO-dq): 6 ppm 18.2, 24.1, 25.7, 117.9, 118.3, 140.0, 151.7, 152.9, 153.3. IR
(KBr) vma/em™: 790, 1120, 1385, 1481, 1483, 1582, 2270, 2876, 2921. HRMS: m/z calcd for
C13H;5CINg: 290.1047; found: 290.1057.

9-Allyl-6-piperidin-1-yl-9H-purine (3g).
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white powder; mp 54-56 °C. "H NMR (400 MHz, DMSO-ds): & ppm 1.57-1.67 (m, 2H), 4.19
(brs, 4H), 4.79 (d, 2H, J = 4.8 Hz), 5.05 (d, 1H, J =7.2 Hz), 5.20 (d, 1H, J = 7.2 Hz),
6.00-6.08 (m, 1H), 8.12 (s, 1H), 8.20 (s, 1H). °C NMR (100 MHz, DMSO-ds): & ppm 24.3,
25.7, 44.9, 45.6, 117.5, 118.8, 133.4, 139.4, 150.4, 151.9, 153.2. IR (KBr) Vi /cm™: 792,
1120, 1370, 1479, 1585, 2852, 2936, 3080. HRMS: m/z calcd for Ci3H}7Ns: 243.1484; found:
243.1476.

9-Allyl-2-chloro-6-piperidin-1-yl-9H-purine (3h).
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white powder; mp 56-57 °C. 'H NMR (400 MHz, DMSO-dg): & ppm 1.59-1.67 (m, 6H),
4.00-4.34 (m, 4H), 4.75 (d, 2H, J= 5.2 Hz), 5.04 (d, 1H, J=9.6 Hz), 5.21 (d, 1H, J=9.6 Hz),
5.98-6.08 (m, 1H), 8.14 (s, 1H). *C NMR (100 MHz, DMSO-dq): & ppm 24.0, 25.6, 45.1,
117.6, 117.8, 133.0, 140.1, 151.6, 152.7, 153.3. IR (KBr) vimae /om™: 798, 1112, 1450, 1608,
2862, 2930, 3078. HRMS: m/z calcd for Ci3H;¢CINs: 277.1094; found: 277.1085.

9-Benzyl-6-piperidin-1-yl-9H-purine (3i). 4
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white powder; mp 66-68 °C. 'H NMR (400 MHz, DMSO-dg): & ppm 1.56 (s, 4H), 1.67 (s,
2H), 4.18 (brs, 4H), 5.37 (s, 2H), 7.27-7.31 (m, 5H), 8.21 (s, 1H), 8.27 (s, 1H). >C NMR (100
MHz, DMSO-ds): & ppm 24.3, 25.7, 45.5, 46.2, 118.9, 127.6, 127.7, 128.7, 137.1, 139.6,
150.5, 152.0, 153.2. IR (KBr) vna/cm™': 704, 732, 791, 1130, 1334, 1479, 1585, 2830, 2926,
3115. HRMS: m/z calcd for C;7H 9Ns: 293.1640; found: 293.1649.
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9-Benzyl-2-chloro-6-piperidin-1-yl-9H-purine (3j).

white powder; mp 96-98 °C. '"H NMR (400 MHz, DMSO-ds): & ppm 1.58 (s 4H), 1.65-1.74
(m, 2H), 3.93-4.36 (m, 4H), 5.34 (s, 2H), 7.03-7.37 (m, 5H), 8.27 (s, 1H). >C NMR (100
MHz, DMSO-dg): 6 ppm 24.0, 25.6, 46.3, 117.9, 127.4, 127.8, 128.7, 136.7, 140.1, 151.7,
152.9, 153.3. IR (KBr) vima/em™: 702, 745, 783, 1106, 1369, 1458, 1495, 1596, 2823, 2939,
3100. HRMS: m/z calcd for C17H;sCINs: 327.1251; found: 327.1262.

6-pyrrolidyl purine (4a).’
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White powder. mp 284-286 °C. 'H NMR (400 MHz, DMSO-d¢): & ppm 1.95 (s, 4H),
3.63-4.05 (m, 4H), 8.05 (s, H), 8.16 (s, H), 12.88 (s, 1H). C NMR (100 MHz, DMSO-ds):
Sppm 25.0, 47.7, 119.2, 138.2, 150.8, 152.2, 152.6. IR (KBr) vpa/em™:781, 1130, 1258, 1335,
1454, 1496, 1628, 2862, 3362. HRMS: calcd for CoH;,Ns [M+H'] 190.1092, found 190.1090.

2-chloro-6-pyrrolidyl purine (4b). 6
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White powder. mp 288-289 °C.'H NMR (400 MHz, DMSO-d): & ppm 1.83-1.98 (m, 4H),
3.57-4.05 (m, 4H), 8.07 (s, H), 13.06 (s, 1H). >°C NMR (100 MHz, DMSO-dq): & ppm 25.7,
472, 118.2, 138.9, 151.7, 152.7, 152.8. IR (KBr) vma/cm™: 784, 1127, 1383, 1457, 1492,
1601, 2869, 2976, 3464. HRMS: calcd for CoHy,CINs [M+H "] 224.0703, found 224.0709.
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2-amino-6-pyrrolidyl purine (4c). ’
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White needle crystal. mp 268-270 °C. '"H NMR (400 MHz, DMSO-dg): & ppm 1.90 (s, 4H),
3.51-3.92 (m, 4H), 5.61 (s, 2H), 7.61 (s, 1H), 12.04 (s, 1H). >*C NMR (100 MHz, DMSO-dy):
8 ppm 24.7, 47.2, 113.8, 134.9, 153.0, 159.9. IR (KBr) vmay /cm™: 782, 1110, 1259, 1347,
1449, 1483, 1586, 2974, 3350. HRMS: calcd for CoH;3Ng [M+H'] 205.1201, found 205.1206.

6-pyrrolidyl-9-f-furanosyl purine (4d). 8
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white powder. mp 112-114 °C. "H NMR (400 MHz, DMSO-d¢): & ppm 1.94-1.97 (m, 4H),
3.45-3.57 (m, 2H), 3.65-3.70 (m, 2H), 3.95-3.97 (m, 1H), 4.05-4.10 (m, 1H), 4.13-4.16 (m,
1H), 4.55-4.69 (m, 1H), 5.16-5.18 (m, 1H), 5.35-5.44 (m, 2H), 5.85-5.91 (m, 1H), 8.20 (s,
1H), 8.37 (s, 1H). *C NMR (100 MHz, DMSO-de): & ppm 25.1, 47.6, 62.0, 71.0, 73.9, 86.2,
88.3, 120.4, 139.5, 150.0, 152.5, 153.0. IR (KBr) vma/cm™: 788, 1110, 1383, 1469, 1481,
1572, 1603, 2885, 2930, 3113, 3595. HRMS: calcd for C4HaNsO4 [M+H'] 322.1515, found
322.1508.

2-chloro-6-pyrrolidyl-9-#-furanosyl purine (4e). ’
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White pale crystal. mp 216-218 °C. "H NMR (400 MHz, DMSO-de): & ppm 1.88-2.02 (m, 4H),
3.46-3.69 (m, 4H), 3.93-3.96 (m, 1H), 4.02-4.06 (m, 1H), 4.11-4.14 (m, 1H), 4.47-4.52 (m,
1H), 5.04-5.07 (m, 1H), 5.19-5.20 (m, 1H), 5.46-5.49 (m, 1H), 5.83-5.85(m, 1H), 8.41 (d,
1H, J = 7.6 Hz).">C NMR (100 MHz, DMSO-d¢): & ppm 25.5, 47.8, 61.7, 70.7, 74.2, 86.1,
87.8, 119.3, 139.1, 151.6, 153.2, 154.9. IR (KBr) vma/cm™: 783, 1127, 1353, 1403, 1534,
1603, 2850, 2929, 3342. HRMS: calcd for C14HoCINsO4 [M+H'] 356.1125, found 356.1129.

2-amino-6--pyrrolidyl-9-B-furanosyl purine (4f). 10
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White column crystal. mp 125-127 °C. "H NMR (400 MHz, DMSO-de): & ppm 1.91 (s, 4H),
3.51-3.68 (m, 4H), 3.88-3.89 (m, 2H), 4.08-4.11 (m, 1H), 4.44-4.47 (m, 1H), 5.08-5.10 (m,
1H), 5.34-5.35 (m, 2H), 5.74-5.79 (m, 3H), 7.94 (s, 1H). >*C NMR (100 MHz, DMSO-dy): &
ppm 24.2, 47.6, 62.1, 71.0, 73.7, 85.8, 87.3, 114.4, 135.5, 152.9, 153.5, 159.6. IR (KBr) Vinax
fem™: 785, 1123, 1349, 1456, 1494, 1698, 2861, 2929, 3321, 3377. HRMS: calcd for
C14H21NgO4 [M+H"] 337.1624, found 337.1627.

9-Allyl-2-chloro-6-pyrrolidin-1-yl-9H-purine (4g).
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white powder; mp 65-66 °C; "H NMR (400 MHz, DMSO-d;): 8ppm 1.91-1.98 (m, 4H), 3.58
(s, 2H), 4.04 (s, 2H), 4.75 (d, 2H, J = 4.8 Hz), 5.02 (d, 1H, J = 7.2 Hz), 5.20 (d, 1H, J = 7.2
Hz), 5.99-6.09 (m, 1H), 8.08 (s, 1H). °C NMR (100 MHz, DMSO-dq): & ppm 25.6, 45.0, 47.3,
117.5, 118.4, 133.1, 140.6, 150.8, 152.8, 152.9. IR (KBr) vima, /cm™: 784, 1123, 1360, 1456,
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1475, 1596, 2875, 2972, 3084. HRMS: m/z calcd for Ci,H4CINs: 263.0938; found: 263.0949.

3-(2-Chloro-6-pyrrolidin-1-yl-purin-9-yl)propionitrile (4h).
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white needle crystal; mp 176-178 °C; '"H NMR (400 MHz, DMSO-d;): & ppm 1.89-1.98 (m,
4H), 3.11 (t, 2H, J = 6.4 Hz), 3.56-3.64 (m, 2H), 4.03 (t, 2H, J= 6.4 Hz), 4.41 (t, 2H, J= 6.4
Hz), 8.19 (s, 1H). >C NMR (100 MHz, CDCl3): & ppm 18.9, 26.1, 39.7, 47.7, 116.6, 117.3,
138.4, 150.9, 153.4, 154.4. IR (KBr) vmex /cm™: 1119, 1362, 1417, 1604, 2252, 2887, 2910.
HRMS: m/z calcd for C1,H3CINg: 276.0890; found: 276.0899.

9-Benzyl-2-chloro-6-pyrrolidin-1-yl-9 H-purine (4i).
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white column crystal; mp 98-100 °C. "H NMR (400 MHz, DMSO-d): & ppm 1.89-1.96 (m,
4H), 3.57 (s, 2H), 4.03 (s, 2H), 5.34 (s, 2H), 7.25-7.34 (m, 5H), 8.20 (s, 1H). °C NMR (100
MHz, DMSO-dg): 6 ppm 25.7, 46.3, 47.4, 118.5, 127.4, 127.9, 128.7, 136.8, 140.7, 151.0,
152.9, 153.1. IR (KBr) vinax/cm™: 703, 761, 1122, 1377, 1458, 1594, 2854, 2955. HRMS: m/z
calcd for CigH¢CINs. 313.1094; found: 313.1102.

2-Chloro-6-(4-ethyl-piperazin-1-yl)-9H-purine (6a).
Et
)
N

N X

T

N N)\CI
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white needle crystal; mp 210-211 °C. "H NMR (400 MHz, DMSO-dq): & ppm 1.02 (t, 3H, J =
7.2 Hz), 2.35 (q, 2H, J = 7.2 Hz), 2.45-2.50 (m, 4H), 4.00-4.56 (m, 4H), 8.13 (s, 1H), 13.16
(brs, 1H). *C NMR (100 MHz, DMSO-dq): & ppm 11.9, 51.6, 52.3, 117.7, 138.8, 152.5, 152.6,
153.3. IR (KBr) vima/em’™: 635, 762, 1110, 1381, 1480, 1490, 1584, 2817, 2980, 3103, 3440.
HRMS: m/z calcd for C1;H15CINg: 266.1047; found: 266.1051.

6-(4-Ethyl-piperazin-1-yl)-9H-purine (6b). '

Et

N
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</: | N\ 0
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White needle crystal. mp 254-255 °C. '"H NMR (400 MHz, DMSO-dq): & ppm 1.01 (t, 3H, J =
7.2 Hz), 2.32 (q, 2H, J = 7.2 Hz), 2.42-2.49 (m, 4H), 4.19 (s, 4H), 8.10 (s, 1H), 8.18 (s,1H),
13.03 (s, 1H). °C NMR (100 MHz, DMSO-dq): & ppm 12.1, 44.7, 51.9, 52.6, 119.0, 138.3,
151.6, 152.0, 153.3. IR (KBr) vma/cm™: 791, 1110, 1378, 1481, 1490, 1518, 1584, 2808, 2974,
3072, 3457. HRMS: calcd for C;H;7Ng [M+H ] 233.1514, found 233.1516.

6-(4-Ethyl-piperazin-1-yl)-9H-purin-2-ylamine (6¢).

I‘Et

N

»

N

/N SN
<NiN/A

N NH,

white powder; mp 196-198 °C. '"H NMR (400 MHz, DMSO-ds): & ppm 1.02 (t, 3H, J = 7.2
Hz), 2.34 (q, 2H, J =7.2 Hz), 2.41-2.50 (m, 4H), 4.10 (brs, 4H), 5.70 (s, 2H), 7.65 (s, 1H),
12.14 (s, 1H). °C NMR (100 MHz, DMSO-de): & ppm 11.9, 44.3, 51.7, 52.5, 113.3, 134.7,
153.6, 153.8, 159.5. IR (KBr) vim /om™: 788, 1123, 1276, 1303, 1487, 1574, 2851, 2966,
3220, 3309. HRMS: calcd for C; H gN7 [M+H '] 248.1623, found 248.1629.
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9-Allyl-2-chloro-6-(4-ethyl-piperazin-1-yl)-9H-purine (6d).
Et
)
N
N X
T
N N/)\CI

r

yellow oil. '"H NMR (400 MHz, DMSO-ds): & ppm 1.03 (t, 3H, J = 7.2 Hz), 2.38 (q, 2H, J =
7.2 Hz), 2.49 (brs, 4H), 4.18 (brs, 4H), 4.76 (d, 2H, J = 5.2 Hz), 5.06 (d, 1H, J = 10 Hz), 5.22
(d, 1H, J= 10 Hz), 5.99-6.08 (m, 1H), 8.14 (s, 1H). °C NMR (100 MHz, DMSO-d;): & ppm
11.8, 45.1, 51.5, 52.2, 117.7, 117.9, 133.0, 140.4, 151.7, 152.7, 153.4. IR (KBr) Vipa, /cm™:
784, 1136, 1380, 1453, 1678, 1588, 2813, 2972, 3087, 3450. HRMS: m/z calcd for
C14H19CINg: 306.1360; found: 306.1367.

3-[2-Chloro-6-(4-ethyl-piperazin-1-yl)purin-9-yl]propionitrile (6e).

I‘Et
N

>
NCH

white powder; mp 100-102 °C. '"H NMR (400 MHz, DMSO-d): & ppm1.01 (t, 3H, J = 6.8
Hz), 2.30 (q, 2H, J = 6.8 Hz), 2.47-2.48 (m, 4H), 3.11 (t, 2H, J = 6.4 Hz), 3.85 (brs, 4H), 4.40
(t, 2H, J = 6.4 Hz), 8.24 (s, 1H). *C NMR (100 MHz, CDCls): & ppm 11.7, 18.8, 36.2, 44.5,
52.2, 52.6, 117.8, 118.3, 138.2, 151.7, 153.8, 154.1. IR (KBr) vma /cm™: 763, 1115, 1359,
1420, 1589, 1679, 2252, 2883, 3406. HRMS: calcd for C14HoCIN; [M+H"] 320.1390, found
320.1377.
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9-Benzyl-2-chloro-6-(4-ethyl-piperazin-1-yl)-9H-purine (6f).

I‘Et
N

)
o

yellow oil. 'H NMR (400 MHz, DMSO-dg): & ppm 1.02 (t, 3H, J = 6.8 Hz), 2.36 (q, 2H, J =
6.8 Hz), 2.46 (brs, 4H), 4.18 (brs, 4H), 5.35 (s, 2H), 7.26-7.36 (m, 5H), 8.27 (s, 1H). °C
NMR (100 MHz, DMSO-ds): 8 ppm 11.91, 48.3, 51.5, 52.2, 118.0, 127.4, 127.8, 128.7, 136.6,
140.5, 151.8, 152.8, 153.4. IR (KBr) vmax /om™: 710, 730, 763, 1120, 1469, 1587, 1665, 2832,
2981, 3436. HRMS: m/z caled for CisHa  CING: 356.1516; found: 356.1523.

2-Chloro-6-morpholin-4-yl-9H-purine (7a). '*
()
N

N X

T X

N N)\CI

H

Pale white crystal. mp > 300 °C. '"H NMR (400MHz, DMSO-ds ): & ppm 3.64-3.72 (m, 4H),
4.15-4.17 (m, 4H), 8.15 (s, 1H), 13.19 (s, 1H). *C NMR (100 MHz, DMSO-d;): & ppm 45.5,
66.2, 118.0, 139.1, 152.6, 152.8, 153.6. IR (KBr) vma /em™: 759, 1113, 1270, 1374, 1449,
1603, 2823, 2972, 3450. HRMS: calcd for CoH;,CIN5O [M+H'] 240.0652, found 240.0660.

6-morpholinyl-9-f-furanosyl purine (7b). 13
o

L)
O

OH OH

HO

S13



White needel crystal. mp 136-138 °C. '"H NMR (400MHz, DMSO-de ): & ppm 3.11-3.14 ( m,
2H), 3.21-3.24 (m, 2H), 3.30-3.32 (m, 4H), 3.81-3.82 (m, 1H), 3.83-3.84 (m, 1H), 3.93-3.94
(m, 1H), 3.97-3.98 (m, 1H), 4.01-4.10 (m, 4H), 7.03 (s, 1H), 7.14 (s, 1H). >C NMR (100
MHz, DMSO-ds): 6 ppm 44.5, 61.6, 66.0, 70.3, 73.1, 85.3, 86.8, 117.7, 132.0, 145.4, 151.7.
152.3. IR (KBr) vinax /om™: 786, 1137, 1259, 1390, 1480, 1523, 1595, 2871, 2939, 3024, 3397,
3487. HRMS: caled for Ci4Hy9N505 [M+H+] 338.1464, found 338.1457.

2-amino-6-morpholinyl-9-f-furanosyl purine (7c). ’
o

)
/N N
<NfN\/)\NH2

o

OH OH

HO

White powder. mp 152-154 °C. '"H NMR (400MHz, DMSO-d¢): & ppm 3.51-3.54 (m, 2H),
3.62-3.67 (m, 4H), 3.89 (s, 1H), 4.11 (s, 4H), 4.46-4.47 (m, 1H), 5.07-5.08 (m, 1H), 5.25 (s,
1H), 5.33-5.34 (m, 1H), 5.76 (d, 1H, J = 6 Hz), 5.88 (s, 2H), 7.98 (s, 1H). °C NMR (100
MHz, DMSO-dg): & ppm 45.2, 61.8, 66.4, 70.7, 73.5, 85.5, 87.0, 113.9, 135.5, 153.2, 153.8,
159.5. IR (KBr) vima/em’™: 786, 1119, 1241, 1332, 1450, 1489, 1584, 2858, 2923, 3506, 3389.
HRMS: caled for C14H,NgOs [M+H"] 353.1573, found 353.1566.

3-(6-Morpholin-4-yl-purin-9-yl)propionitrile (7d).
0

[
NC/J N

white needle crystal; mp 116-118 °C. '"H NMR (400 MHz, DMSO-d): & ppm 3.17 (t, 2H, J =
6.4 Hz), 3.71-3.73 (m, 4H), 4.21-4.33 (m, 4H), 4.47 (t, 2H, J = 6.4 Hz), 8.26 (s, 1H), 8.29 (s,
1H). °C NMR (100 MHz, CDCl;): & ppm 18.8, 39.8, 45.6, 67.0, 116.6, 120.1, 127.8, 150.6,
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152.6, 154.0. IR (KBr) vinax /em™': 796, 1120, 1386, 1448, 1476, 1586, 2270, 2856, 2926, 3050.
HRMS: caled for C,H;5sN¢O [M+H'] 259.1307 found 259.1298.

3-(2-Chloro-6-morpholin-4-yl-purin-9-yl)propionitrile (7e).
o}

)
NCH

white column crystal; mp 168-170°C. 'H NMR (400 MHz, DMSO-dq): & ppm 3.13 (t, 2H, J =
6.4 Hz), 3.70 (t, 6H), 4.21 (brs, 2H), 4.41 (t, 2H, J = 6.4 Hz), 8.21 (s, 1H). *C NMR (100
MHz, DMSO-dg): 6 ppm 18.3, 45.2, 66.2, 118.1, 118.4, 139.1, 151.8, 152.8, 153.5. IR (KBr)
Vmax /om’': 784, 1117, 1266, 1358, 1448, 1469, 1583, 2260, 2868, 2940. HRMS: m/z calcd for
Ci12H3CINGO: 292.0839; found: 292.0831.

9-Allyl-6-morpholin-4-yl-9H-purine (7f).
o}

L]
r

white powder; mp 122-124 °C. "H NMR (400 MHz, DMSO-dq): & ppm 3.70-3.75 (m, 4 H),
4.20 (brs, 4H), 4.80 (d, 2H, J =5.6 Hz), 5.04 (dd, 1H, J=16 Hz, 1.2 Hz), 5.20 (d, 1H,J=10.4
Hz), 6.01-6.10 (m, 1H), 8.18 (s, 1H), 8.25 (d, 1H, J = 5.6 Hz). °C NMR (100 MHz,
DMSO-dg): 6 ppm 45.0, 66.2, 117.5, 119.1, 133.4, 140.1, 150.1, 151.9, 153.3. IR (KBr) vmax
fem™: 779, 1114, 1251, 1332, 1476, 1587, 2866, 2965, 3073. HRMS: calcd for C,H 6NsO
[M+H"] 246.1355, found 246.1348.
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9-Allyl-2-chloro-6-morpholin-4-yl-9H-purine (7g).
)
N
N X
¢TI
N N/)\CI

r

white powder; mp 128-130 °C. '"H NMR (400 MHz, DMSO-ds): & ppm 3.70-3.77 (m, 4H),
4.25 (brs, 4H), 4.76 (d, 2H, J = 5.2 Hz), 5.03 (dd, 1H, J=17.2 Hz, 1.2 Hz), 5.21 (dd, 1H, J =
17.2 Hz, 1.2 Hz), 5.99-6.08 (m, 1H), 8.18 (s, 1H).">’C NMR (100 MHz, DMSO-d¢): 8 ppm
45.1, 66.1, 117.6, 118.0, 133.0, 140.6, 151.7, 152.6, 153.4. IR (KBr) vime /cm™: 779, 1110,
1245, 1332, 1470, 1590, 2866, 2975, 3050. HRMS: m/z calcd for C1,H4CINsO: 279.0887;
found: 279.0879.

9-Benzyl-6-morpholin-4-yl-9H-purine (7h). '*
(0]

()
o

White powder, mp 82-83 °C. '"H NMR (400 MHz, DMSO-ds): & ppm 3.70-3.72 (m, 4H),
4.06-4.35 (m, 4H), 5.40 (s, 2H), 7.22-7.35 (m, 5H), 8.27 (m, 1H), 8.34 (s, 1H). °C NMR (100
MHz, DMSO-d¢): & ppm: 45.2, 46.3, 66.2, 119.1, 127.6, 127.8, 128.7, 137.1, 140.2, 150.7,
152.0, 153.3. IR (KBr) vnac /em™: 697, 778, 793, 1111, 1263, 1380, 1476, 1496, 1588, 2857,
2974, 3108. HRMS: calcd for C;¢HsNsO [M+H+] 296.1511, found 296.1515.

9-Benzyl-2-chloro-6-morpholin-4-yl-9H-purine (7i).

™)
o
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White powder, mp 108-110 °C. '"H NMR (400 MHz, DMSO-dq): & ppm 3.70-3.72 (m, 4H),
3.90-4.20 (m, 4H), 5.35 (s, 2H), 7.25-7.36 (m, 5H), 8.30 (s, 1H). °C NMR (100 MHz,
DMSO-dg): & ppm 46.4, 66.1, 118.1, 127.4, 127.9, 128.8, 136.6, 140.7, 151.8, 152.8, 153.5.
IR (KBr) vinax /cm’': 708, 807, 1110, 1250, 1340, 1454, 1486, 1591, 2820, 2940, 3070. HRMS:
caled for Cj¢H;7CIN5O [M+H] 330.1121, found 330.1120.

9-(2-Chloro-benzyl)-6-morpholin-4-yl-9H-purine (7j).

o

[
o

Cl

White needle crystal, mp 138-140 °C. '"H NMR (400 MHz, DMSO-ds): & ppm 3.71-3.73 (m,
4H), 4.21 (brs, 4H,), 5.49 (s, 2H,), 6.96 (d, 1H, J = 7.2 Hz), 7.26-7.36 (m, 2H), 7.50 (d, 1H, J
= 7.6 Hz), 8.24 (s, 1H), 8.26 (s, 1H). °C NMR (100 MHz, DMSO-ds): & ppm 44.3, 45.2, 66.2,
119.0, 127.6, 129.2, 129.6, 129.7, 132.0, 134.0, 140.4, 150.8, 152.1, 153.3. IR (KBr) vimax
fem™: 757, 794, 1110, 1197, 1331, 1420, 1481, 1600, 2854, 2971, 3009. HRMS: calcd for
C6H;-,CINsO [M+H"] 330.1121, found 330.1121.

6-Thiomorpholin-4-yl-9H-purine (8a).
()
N
N X
I 2
N™ N
white powdwr; mp 285-287°C. 'H NMR (400 MHz, DMSO-ds): & ppm 2.66 (m, 4H), 4.49
(brs, 4H), 8.13 (s, 1H), 8.21 (s, 1H), 13.07 (s, 1H). *C NMR (100 MHz, DMSO-d¢): & ppm
26.5, 117.8, 138.9, 152.4, 152.8, 153.2. IR (KBr) vma /cm™: 1149, 1258, 1336, 1455, 1513,

1576, 1604, 2804, 2960, 3070, 3451. HRMS: m/z caled for CoH;NsS: 221.0735; found:
221.0746.
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2-chloro-6-thiomorpholinyl purine (8b). °
)
N
N A
1]
N N)\CI

H

White needle crystal. mp 248-249 °C. 'H NMR (400 MHz, DMSO-ds): & ppm 2.70-2.71 (m, 4
H), 4.08-4.78 (m, 4 H), 8.16 (s, 1 H), 13.20 (s, 1 H). >C NMR (100 MHz, DMSO-d): & ppm
26.6, 47.5, 119.1, 138.5, 151.7, 152.0, 153.1. IR (KBr) vimax /em™': 635, 757, 938, 1148, 1261,
1360, 1460, 1571, 2980, 3420. HRMS: calcd for CoH;;CINsS [M+H'] 256.0423, found
256.0420.

6-Thiomorpholin-4-yl-9H-purin-2-ylamine (8c).
)
N

N X

T X

N N)\NHZ

H

white column crystal; mp 250-251 °C. "H NMR (400 MHz, DMSO-ds): & ppm 2.63-2.65 (m,
4H), 4.41 (brs, 4H), 5.70 (s, 2H), 7.67 (s, 1H), 13.17 (s, 1H). *C NMR (100 MHz, DMSO-ds):
8 ppm 26.4, 47.0, 113.2, 134.9, 153.3, 154.0, 159.6. IR (KBr) vy /cm™: 785, 932, 1135, 1396,
1479, 1568, 1620, 2845, 2916, 3093, 3348, 3452. HRMS: calcd for CoH;3NsS [M+H']
237.0922, found 237.0913.

3-(2-Chloro-6-thiomorpholin-4-yl-purin-9-yl)propionitrile (8d).
s

)
NCH

white needle crystal; mp 130-132 °C. "H NMR (400 MHz, DMSO- ds): 8 ppm 2.70-2.78 (m,
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4H), 3.12 (t, 2H, J = 6.4 Hz), 4.20 (brs, 2H), 4.41 (t, 2H, J = 6.4 Hz), 4.60 (brs, 2H), 8.27 (s,
1H). >C NMR (100 MHz, DMSO-ds): & ppm 18.1, 18.2, 26.7, 48.1, 118.2, 118.4, 140.6,
151.9, 152.8, 153.4. IR (KBr) vmay /cm™': 763, 958, 124, 1479, 1583, 2252, 2823, 2980, 3428.
HRMS: m/z calcd for C,H3CINgS: 308.0611; found: 308.0602.

9-Allyl-2-chloro-6-thiomorpholin-4-yl-9H-purine (8e).
S

)
.

white needle crystal; mp 88-89 °C. '"H NMR (400 MHz, DMSO-ds): & ppm 2.71-2.72 (m, 4H),
4.45 (brs, 4H), 4.77 (d, 2H, J = 4.8 Hz), 5.07 (d, 1H, J = 7.2 Hz), 5.21 (d, 1H, J = 7.2 Hz),
5.99-6.09 (m, 1H), 8.18 (s, 1H). >C NMR (100 MHz, DMSO-dq): & ppm 26.5, 45.2, 117.8,
118.1, 132.9, 140.6, 151.8, 152.6, 153.3. IR (KBr) vma /cm™: 780, 956, 1123, 1373, 1469,
1479, 1595, 2922, 3010. HRMS: m/z calcd for C1,H4CIN5S: 295.0658; found: 295.0665.

9-Benzyl-2-chloro-6-thiomorpholin-4-yl-9H-purine (8f).
S

)
o

white powder; mp 46-48 °C. "H NMR (400 MHz, DMSO-dj): & ppm 2.69 (brs, 4H), 4.18-4.69
(m, 4H), 5.34 (s, 2H), 7.26-7.35 (m, 5H), 8.32 (s, 1H). °C NMR (100 MHz, DMSO-dy): &
ppm 26.7, 46.5, 118.2, 127.6, 128.0, 128.9, 136.7, 140.8, 152.0, 152.9, 153.4. IR (KBr) vmax
fem™: 687, 733, 784, 1122, 1368, 1477, 1496, 1595, 2918, 2957, 3090. HRMS: calcd for
C16H7CINsS [M+H'] 346.0893, found: 346.0891.
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