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1. General Information

NMR spectra were recorded on a Bruker Avance DRX-500 (500 MHz) and DPX-400
(400 MHz) instrument. Column chromatography was carried out employing Merck silica
gel (Kieselgel 60, 63-200 um). Precoated silica gel plates F-254 were used for thin-layer
analytical chromatography. HRMS(ESI) analysis was performed at the Mass

Spectrometry Laboratory, School of Chemical Sciences, University of Illinois.

2. Synthetic Details for Heteroaryl Chlorides 13*
1-Chloropyrrolo[1,2-flpyrimidine ~ (20):  1-Chloropyrrolo[1,2-f]pyrimidine  was

constructed via Cu(l)-assisted cycloisomerization? of propynyl pyrimidine 19, which was

derived from regioselective Sonogashira coupling reaction® of 2,4-dichloropyrimidine.

[
cl M

L= — L
N >l N >l N >l
18 19 20

Using a high pressure tube, propyne (5 mL) was condensed in a mixture of 2,4-
dichloro-pyrimidine (1.71g, 11.47 mmol), Cul (228 mg, 1.20 mmol), Pd(PPhs).Cl, (0.57
mmol), and Et3N (50 mL) at -78 °C. The mixture was slowly warmed up and stirred at

(1) (a) For the synthesis of chloro-azaindoles, see: Zhang, Z.; Yang, Z.; Meanwell, N. A.; Kadow, J. F.;
Wang, T. J. Org. Chem. 2002, 34, 2345-2347. (b) For the synthesis of chloro-furopyridines, see:
Shiotani, S.; Morita, H. J. Heterocycl. Chem. 1982, 19, 1207-1209. (c) For the synthesis of chloro-
pyrrolopyrazines, see Romero, R. S.; Franco, F.; Castaneda, A. C.; Muchowski, J. M. US 5041442 A
19910820.

(2) (a) Kel’in, A. V.; Sromek, A. W.; Gevorgyan, V. J. Am. Chem. Soc. 2001, 123, 2074-2075. (b) Kim, J.
T.; Gevorgyan, V. Org. Lett. 2002, 4, 4697-4699. (c) Kim, J. T.; Butt, J.; Gevorgyan, V. J. Org. Chem.
2004, 69, 5638-5645.

(3) For selective mono cross-coupling reactions of pyrimidine dihalides, see: (a) Tullis, J. S.; VanRens, J.
C.; Natchus, M. G.; Clark, M. P.; De, B.; Hsieh, L. C.; Janusz, M. J. Bioorg. Med. Chem. Lett. 2003,
13, 1665. (b) Simkovsky, N. M.; Ermann, M.; Roberts, S. M.; Parry, D. M.; Baxter, A. D. J. Chem.
Soc., Perkin Trans. 1 2002, 1847. (c) Gong, Y.; Pauls, H. W. Synlett. 2000, 829. (d) Mangalagiu, I.;
Benneche, T.; Undheim, K. Acta Chem. Scand. 1996, 50, 914.
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room temperature for 12 h. After this period, the mixture was quenched with aqueous
NH.CI. The aqueous phase was thoroughly extracted with hexanes. The combined
organic extracts were washed with brine, dried over anhydrous Na,SO,, and concentrated
under reduced pressure. The residue was purified by silica gel chromatography with 5%-
15% EtOAc/hexanes to give 19 (1.64 g, 94%).

'H NMR (400 MHz, CDCls, 8): 8.48 (d, J = 5.0 Hz, 1H), 7.17 (d, J = 5.0 Hz, 1H), 2.06
(s, 3H). *C NMR (100 MHz, CDCls, 8): 161.4, 159.3, 153.7, 121.5, 95.1, 77.3, 4.64.
LRMS (ES) calcd for C;HeCIN, [M+1]" 153, found 153.1.

The compound 19 (1.03 g, 6.75 mmol) and CuBr (0.969 g, 6.75 mmol) in DMA-Et;N

(7:1 mixture, 0.02M) was heated at 130 °C for 12 h. The reaction was protected from
light by covering the flash with aluminum foil. After this period, the mixture was
quenched with aqueous NH4Cl. The aqueous phase was thoroughly extracted with
hexanes. The combined organic extracts were washed with brine, dried over anhydrous
Na,SOy4, and concentrated under reduced pressure. The residue was purified by silica gel
chromatography with 10% EtOAc/hexanes to give 20 (125 mg, 12%).
'H NMR (400 MHz, CDCls, 8): 7.44 (dd, J = 3.7, 1.8 Hz, 1H), 7.21 (d, J = 6.3 Hz, 1H),
7.14 (d, J = 6.3 Hz, 1H), 6.84 (t, J = 3.1 Hz, 1H), 6.49 (d, J = 3.7 Hz, 1H). LRMS (ES)
calcd for C;HgCIN, [M+1]" 153, found 153.1. MS m/z (relative intensity) 152 (M*, 100),
117 (32), 90 (14).

1-Choropyrrolo[1,2-a]pyrazine (23): 1-Choropyrrolo[1,2-a]pyrazine was prepared by
chlorination of pyrrolo-pyrazinone 22 with phosphorus oxychloride.

ref. 1c NP~ N~

/ \ —, |

N CN —

H H @) N~ ~Cl
21 22 23

Pyrrolo-pyrazinone 22 (2.14g, 16.0 mmol) in phosphorous oxychloride (20 mL) was

stirred at room temperature for 16 h. After this period, the mixture was quenched with ice

and neutralized with NaHCOs3;. The aqueous phase was thoroughly extracted with
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CH.CI,. The combined organic extracts were washed with brine, dried over anhydrous
Na,SO,, and concentrated under reduced pressure. The residue was purified by silica gel
chromatography with 10% EtOAc/hexanes to give 23 (1.1 g, 45%).

'H NMR (500 MHz, CDCls, 8): 7.62 (d, J = 4.5 Hz, 1H), 7.34 (dd, J = 2.5, 1.5 Hz, 1H),
7.12 (d, J = 4.5 Hz, 1H), 6.74-6.71 (m, 2H). **C NMR (125 MHz, CDCls, 8): 154.4,
126.0, 125.6, 118.3, 117.4, 115.6, 105.2. LRMS (ES) calcd for C;HgCIN, [M+1]" 153,
found 153.2.

4-Chlorofuro[2,3,d]pyrimidine (26): 4-Chlorofuro[2,3,d]pyrimidine was obtained via
modified Sandmeyer reaction* with 4-amino-furopyrimidine 25.°

Tl — é? 9

The mixture of 4-amino-furopyrimidine 25 (303 mg, 2.24 mmol), tert-butyl nitrite (5.3
mL, 44.6 mmol), TMSCI (1.4 mL, 11.07 mmol) in acetonitrile (5.0 mL) was stirred at
50 °C for 1.5 h. After this period, the mixture was quenched with 1IN NaOH and the
aqueous phase was thoroughly extracted with EtOAc. The combined organic extracts
were washed with brine, dried over anhydrous Na,SO,4, and concentrated under reduced
pressure.  The residue was purified by silica gel chromatography with 10%
EtOAc/hexanes to give 26 (139 mg, 40%).

'H NMR (500 MHz, CDCls, 8): 8.68 (s, 1H), 7.72 (d, J = 2.5 Hz, 1H), 6.84 (d, J = 2.5
Hz, 1H). **C NMR (125 MHz, CDCls, 8): 167.1, 154.0, 153.5, 146.0, 177.9, 104.7. MS
m/z (relative intensity) 154 (M*, 100), 119 (37), 98 (21).

(4) (a) For the modified Sandmeyer reaction, see: (a) Bracher, F.; Daab, J. Eur. J. Org. Chem. 2002, 2288.
(b)Doyle, M. P.; Siegfried, B.; Dellaria, J. F. J. Org. Chem. 1977, 42, 2426.
(5) Nakano, M.; Maeda, Y. WO 2005061516 A1 20050707 CAN 143:115566.



SI5

3. 'Hand *C NMR Spectra Data

/\)\ 'H NMR (400 MHz, CDCls, 8): 8.10 (d, J = 6.4 Hz, 1H), 7.54

o\ 9 7 (d, J = 2.0 Hz, 1H), 7.34 (d, J = 2.4 Hz, 1H), 7.29 (bs, 1H),

| t /©/Cl 7.28 (d, J = 8.8 Hz, 1H), 7.05 (dd, J = 6.4, 0.8 Hz, 1H), 6.95

N H 5 (dd, J = 8.8, 2.8 Hz, 1H), 6.58 (dd, J = 2.4, 1.2 Hz, 1H), 5.51

(m, 1H), 458 (d, J = 6.4 Hz, 2H), 1.77 (s, 3H), 1.71 (s, 3H). **C NMR (100 MHz,

CDCls, 6): 161.4, 155.0, 150.7, 143.7, 143.8, 140.6, 138.7, 130.4, 119.7, 116.9, 113.6,

111.6, 107.0, 104.4, 101.5, 66.4, 26.2, 18.6. LRMS (ES) calcd for C1gH1sCIN,O, [M+1]"

329, found 329.1. HRMS (ES) calcd for CygHigCIN,O, [M+1]" 329.1057, found
329.1061.

A)\ 'H NMR (400 MHz, CDCls, §): 8.14 (d, J = 6.0 Hz, 1H), 7.70

oy 9 C/N (d, J = 2.0 Hz, 1H), 7.62 (d, J = 2.4 Hz, 1H), 7.42 (d, J = 8.4

h /©/ Hz, 1H), 7.13 (s, 1H), 7.11 (s, 1H), 7.03 (dd, J = 8.4, 1.6 Hz,

NT N 5CN | 1H), 6.82 (d, J = 1.6 Hz, 1H), 5.48 (t, J = 6.8 Hz, 1H), 4.64 (d,

J = 6.4 Hz, 2H), 1.75 (s, 3H), 1.73 (s, 3H). '3C NMR (100 MHz, CDCls, 5): 161.9,

160.8, 148.7, 146.3, 144.2, 142.7, 138.6, 134.0, 118.9, 117.7, 112.4, 110.5, 103.3, 102.4,

102.2, 93.9, 65.9, 25.8, 18.4. LRMS (ES) calcd for CioH1sNsO, [M+1]* 320, found
320.1. HRMS (ES) calcd for C1oH1N30, [M+1]" 329.1399, found 329.1402.

/\)\ 'H NMR (500 MHz, CDCls, 8): 8.39 (s, 1H), 8.93 (bs, 1H),

0 o _ _ _

\ o 7.37 (d, J = 2.5 Hz, 1H), 7.27 (d, J = 8.5 Hz, 1H), 7.17 (d, J =

'\i o /©/ 2.5 Hz, 1H), 6.88 (dd, J = 8.5, 2.5 Hz, 1H), 6.26 (d, J = 2.5
N/ H 6

Hz, 1H), 5.40 (m, 1H), 4.50 (d, J = 7.0 Hz, 2H), 1.68 (s, 3H),

1.62 (s, 3H). 3 NMR (125 MHz, CDCls, 8): 167.8, 156.4, 155.2, 154.0, 141.8, 139.1,
138.2, 130.8, 120.1, 119.3, 116.3, 109.7, 104.4, 102.1, 66.6, 26.2, 18.7. LRMS (ES)
calcd for C17H17CIN3O, [M+1]" 330, found 330.1. HRMS (ES) calcd for C;7H;7CIN3O;
[M+1]" 330.1009, found 330.1019.
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/\)\ 'H NMR (500 MHz, CDCls, 8): 8.03 (d, J = 5.5 Hz, 1H), 7.73
=
o (d, J = 2.4 Hz, 1H), 7.66 (d, J = 2.1 Hz, 1H), 7.28 (d, J = 8.5

O Cl
| N Hz, 1H), 7.13 (dd, J = 8.5, 2.4 Hz, 1H), 7.07 (d, J = 5.4 Hz,
N7 N 7 1H), 6.94 (s, 1H), 6.77 (d, J = 2.0 Hz, 1H), 5.57 (m, 1H), 4.66

(d, J = 6.6 Hz, 2H), 1.80 (s, 3H), 1.77 (s, 3H). **C NMR (125 MHz, CDCls, 8): 155.0,
146.7, 142.0, 140.5, 140.4, 140.1, 138.5, 133.6, 130.3, 119.9, 115.9, 112.0, 109.2, 107.5,
105.5, 66.4, 26.3, 18.7. HRMS (ES) calcd for C1gH1sCIN,O, [M+1]* 329.1057, found
329.1063. LRMS (ES) calcd for C1gH15CIN,O, [M+1]* 329, found 329.1. HRMS (ES)
calcd for C1gH15CIN,O, [M+1]" 329.1057, found 329.1063.

A)\ 'H NMR (500 MHz, CDCls, 8): 8.05 (d, J = 5.2 Hz, 1H), 7.93
o (s, 1H), 7.69 (d, J = 2.0 Hz, 1H), 7.42 (d, J = 8.8 Hz, 1H), 7.15-
7.10 (m, 3H), 6.61 (d, J = 1.6 Hz, 1H), 5.50 (m, 1H), 4.68(d, J
N 7-CN | = 6.4 Hz, 2H), 1.77 (s, 6H). *C NMR (125 MHz, CDCls, 8):
162.3, 147.0, 146.2, 141.0, 140.5, 140.4, 138.9, 134.4, 134.1, 119.4, 118.0, 110.6, 110.4,
107.6, 102.4, 94.4, 66.3, 26.28, 18.8. LRMS (ES) calcd for CigH1gN30, [M+1]* 320,
found 320.1. HRMS (ES) calcd for C19H1gN30; [M+1]* 329.1399, found 329.1399.

A)\ 'H NMR (500 MHz, CDCls, 8): 10.89 (bs, 1H), 10.16 (bs, 1H),

T \H ? o 7.33 (d, J = 6.0 Hz, 1H), 7.24 (d, J = 3.0 Hz, 1H), 6.99 (d, J =

| j ©/ 6.0 Hz, 1H), 6.94 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 3.0 Hz, 1H),
N©ON 9 6.65 (dd, J = 8.5, 2.5 Hz, 1H), 6.44 (d, J = 3.0 Hz, 1H), 5.29

(m, 1H), 4.30 (d, J = 6.5 Hz, 2H), 1.65 (s, 3H), 1.56 (s, 3H). *C NMR (125 MHz,
CDCls, 8): 115.5, 141.7, 139.1, 137.7, 134.8, 130.8, 130.5, 128.9, 120.1, 119.4, 119.2,
114.6, 109.2, 108.3, 104.1, 66.4, 26.2, 18.6. LRMS (ES) calcd for C1gH19CIN3O [M+1]*
328, found 328.1. HRMS (ES) calcd for CigH1oCIN3O [M+1]" 328.1217, found
328.1215.

A)\ 'H NMR (500 MHz, CDCl3, 8): 7.50-7.68 (bs, 3H), 7.17 (dd, J
N 9 o = 8.5, 1.5 Hz, 1H), 6.89-6.48(bs, 4H), 6.31 (s, 1H), 5.54 (m,




SI7

1H), 4.46 (d, J = 6.0 Hz, 2H), 1.67 (s, 3H), 1.62 (s, 3H). LRMS (ES) calcd for
C1gH19CIN3O [M+1]" 328, found 328.1. HRMS (ES) calcd for CigH19CIN3O [M+1]"
328.1217, found 328.1203.

A)\ 'H NMR (500 MHz, CDCls, 8): 7.67 (d, J = 2.5 Hz, 1H), 7.45

N? Q o (d, J = 4.5 Hz, 1H), 7.33 (dd, J = 2.5, 1.0 Hz, 1H), 7.29 (d, J
[ ) /©/ = 8.5 Hz, 1H), 7.21 (s, 1H), 7.10 (dd, J = 8.5, 2.5 Hz, 1H),
NoON 11 6.75 (dd, J = 3.5, 2.5 Hz, 1H), 6.66 (d, J = 4.0 Hz, 1H), 5.56
(m, 1H), 4.67 (d, J = 7.0 Hz, 2H), 1.81 (s, 3H), 1.78 (s, 3H). *C NMR (125 MHz,
CDCls, 8): 154.9, 148.2, 139.8, 138.6, 130.3, 125.7, 120.3, 119.8, 116.9, 116.6, 113.3,
113.2, 113.0, 106.9, 100.1, 66.5, 26.3, 18.7. LRMS (ES) calcd for C1gH1sCIN3O [M+1]"

328, found 328.1. HRMS (ES) calcd for CigH1oCIN3O [M+1]" 328.1217, found
328.1225.

/\)\ 'H NMR (500 MHz, CDCls, §): 7.83 (s, 1H), 7.43 (d, J = 4.5
— (@)
N on | Hz 1H),7.36 (d, 3 =85 Hz, 1H), 7.28 (t, J = 1.0 Hz, 1H), 7.13
[ _ (d, J = 4.5 Hz, 1H), 7.04 (dd, J = 8.5, 1.5 Hz), 6.70-6.66 (m,
N N
H

11-CN | 2H), 5.42 (m, 1H), 4.60 (d, J = 7.0 Hz, 2H), 1.70 (s, 3H), 1.69

(s, 6H). *C NMR (125 MHz, CDCls, 8): 162.2, 147.5, 146.0, 139.0, 134.3, 125.3, 120.4,
119.3, 117.9, 116.9, 113.8, 113.6, 111.6, 103.7, 100.4, 95.0, 66.3, 26.2, 18.8. LRMS
(ES) calcd for C1gH19N4O [M+1]" 319, found 319.2. HRMS (ES) calcd for Ci9H19N4O
[M+1]" 319.1559, found 319.1568.

A)\ IH NMR (500 MHz, CDCls, 8): 8.61 (bs, 1H), 7.49 (d, J =
/Q 0 o | 20Hz 1H), 779 (d, 3 =25 Hz, 1H), 733 (bs, 1H), 721 (d
/©/ J =85 Hz, 1H), 7.01 (dd, J = 8.0, 2.5 Hz, 1H), 6.65 (d, J =

~N
LA
NN 12| 2.5 Hz, 1H), 5.48 (m, 1H), 4.59 (d, J = 7.0 Hz, 2H), 1.75 (s,

3H), 1.69 (s, 3H). *C NMR (125 MHz, CDCls, §): 168.0, 157.2, 154.6, 151.7, 142.6,
139.0, 138.3, 130.0, 119.5, 116.3, 111.8, 110.5, 105.3, 104.7, 66.1, 25.9, 18.4. LRMS
(ES) calcd for Ci7H317CIN3O, [M+1]" 330, found 330.1. HRMS (ES) calcd for
C17H17CIN3O, [M+1]" 330.1009, found 330.1024.
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4. 'H and *C NMR Spectra Charts
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