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1. Introduction

Pyrazines are widely found in the naturally occurring compounds such as anti-cardiovascular and cerebrovascular Ligustrazine [1-2] and popular drugs [3] including Telaprevir [3a], Selexipag [3b,3d-3i], and Bortezomib [3c]. Fluorinated pyrazines [4] such as Favipiravir (T-705) [4a] and inhibitor of B-Raf kinase [4b] illustrate good biological properties.  Notably, the methods for the synthesis of fluorinated pyrazines are hardly reported so far.  Only aromatic nucleophilic substitution of pyrazines is reported, for example, chloropyrazines containing electron-withdrawing group was replaced by alkali fluoride. [5] The alternative method for introducing a fluorine atom into aryl compounds includes the Balz-Schiemann reaction, which involves the strongly acidic and oxidizing conditions to produce a diazonium salt. [6] (Fig. 1).
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Fig. 1. Drugs with either a pyrazine or a fluorinated pyrazine.
However, it is difficult to synthesize fluorinated pyrazines by the Balz-Schiemann reaction because of their poor stability under the strongly acidic and oxidizing conditions. [6] 2-Aminopyrazine derivatives are very important intermediates with respects to the drugs [3b,3d-3i] and their fluorination is a challenging task.  The direct fluorination of 2-aminopyrazines with F2 often leads to fluorinated pyrazines with poor regioselectivities owing to the distinctive electronic nature of the pyrazines. [7] The direct fluorination of heteroaromatic compounds remains a large unexplored area in the field of fluorine chemistry.  In this paper, we report a silver (Ag)-catalyzed fluorination of 2-aminopyrazines with Selectfluor, which gives fluorinated 2-aminopyrazines. 
2. Results and discussion
At the outset, we tested a reaction of 6-(3,5-dimethylphenyl)pyrazin-2-amine 1a (1.0 eq) with Selectfluor [8] 2a (2.0 eq) in acetonitrile (CH3CN) at 75 oC with the assistance of a catalyst such as Ag2CO3, [9] AgNO3, AgF2, [10] [Pd(MeCN)4](BF4)2, [11] and Cu(OAc)2, which is an effective catalyst in fluorination .[9,10,11]  To our delight, the formation of 6-(3,5-dimethylphenyl)-5-fluoropyrazin-2-amine 3a (20%) [13], 6-(3,5-dimethylphenyl)-3-fluoropyrazin-2-amine 3a' [13] (5%) 6-(3,5-dimethylphenyl)-3,5-difluoropyrazin-2-amine 3a''  (15%) was observed when Ag2CO3 was used (entry 1).  The use of AgNO3 led to trace fluorinated products (entry 2); the remaining metal species failed to catalyze this fluorination (entries 3-5).  This reaction was also conducted in the absence of Ag2CO3 and no fluorinated products were observed (entry 6). In order to inhibit the formation of the di-fluoropyrazine 3a'', excess of 1a was employed and we found that a ratio of 1a:2a in 4:1 gave a superior result (55% yield of 3a, 24% yield of 3a' and trace 3a'') (entry 7).  The fluorination of the activated aromatic compounds with Selectfluor generally gives a mixture of the ortho- and para-fluorinated products [8a,12]. Unexpectedly, the fluorination at the activated 3,5-dimethylbenzene ring have not observed yet in this case.  The reaction solvent has a significant influence on this fluorination reaction. Solvent examination revealed that CH3CN is suitable, whereas the other solvents such as dioxane 1,2-dichloroenthane (DCE) and toluene gave poor results (entries 7-10).  The reaction was explored in a range of reaction temperature (entries 11-13).  The reaction at 85 oC gave the best result (65% yield of 3a, 26% yield of 3a' and 1% yield of 3a'') (entry 12).  Furthermore, a set of the fluorinated reagent such as Selectfluor 2a, NFSI 2b and TBAF 2c was examined and 2a is proper for this fluorination reaction (entries 12, 14-15). 
To explore the generality and scope of this method, we examined a series of pyrazines under the optimized conditions presented in entry 12 of Table 1.  The results were summarized in Table 2 and it revealed that (a) aryl-substituted pyrazines 1a-1f with either an electron-donating group or various substituent pattern on the phenyl gave the fluorinated pyrazines 3a-3f [13]  with the good results; (b) for 1g, an unfaverable ortho effect was observed; (c) The aryl-substituted pyrazines 1i-1j with an electron-withdrawing group on the phenyl afforded the fluorinated pyrazines 3i-3j [13] with the fair results; (d) heteroaryl-substituted substrate such as 6-(thiophen-2-yl)pyrazin-2-amine 1k was used and it gave 5-fluoro-6-(thiophen-2-yl)pyrazin-2-amine 3k [13]  (50%) along with 3k' [13] (16%); (e) aliphatic substrate such as 6-methyl-2-aminopyrazine 1l also works well but gave the acceptable yields since 3l is volatile during the workup process; (f) the substates 1a-1g bearing the electron-rich fuctional group (e.g., 3,5-di-Me, 4,5-di-Me, 3-Me, 4-Me, 2-MeO, 3-MeO, and 4-MeO) on the phenyl ring and (thiophen-2-yl)-substituted substrate 1k were used and the fluorination at the phenyl ring and thiophene ring was not observed, which are not in accord with that of the known fluorination of actavited aromatic compounds. [12]  The identical structure of 3h, [13] 3h' [13] and 3h'' [14] was established by the X-ray analysis, respectively. In particular, 3h shows strong bioactivity. [4b]  Interestingly, both 3 and 3' can be separated by chromatographic column and have potential application in organic synthesis.  3a'-3h'[13] were obtained in 21-27% yields, however, 3g' was formed in a 39% yield since the 5-position is hindered by the ortho MeO on the phenyl ring; 3i'-3l' [13] were also achieved in 15-19% yields. 6-(4-Nitrophenyl)pyrazin-2-amine 1m was also examined and trace complex products were obtained.  These results revealed that the method disfavors the substrates with a strong electron-withdrawing substituent. Interestingly, 3-phenylpyrazin-2-amine 1n was examined and it gave the corresponding 3n in a 30% yield.   3-Phenylpyrazine 1o was tested and no fluorinated products were observed.  These results suggested that the amino group on the pyrazine ring is crucial for this fluorination reaction.  In addition, we explored 6-methylpyrazin-2-ol 1p under the optimal conditions and no fluorination occured as well (Table 2). 
Table 1

Optimization of the fluorination reaction conditions.a 
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	entry
	catalyst

20 mmo%
	[F] source  2
	solvent
	T oC
	3ab %
	3a'b %
	3a''b %

	1
	Ag2CO3
	Selectfluor
	CH3CN
	75
	20
	5
	15

	2
	AgNO3
	Selectfluor
	CH3CN
	75
	Trace.
	
	

	3
	AgF2
	AgF2
	CH3CN
	75
	-
	-
	-

	4
	[Pd(MeCN)4]
(BF4)2
	Selectfluor
	CH3CN
	75
	-
	-
	3

	5
	Cu(OAc)2
	Selectfluor
	CH3CN
	75
	-
	-
	3

	6
	-
	Selectfluor
	CH3CN
	75
	-
	-
	-

	7c
	Ag2CO3
	Selectfluor
	CH3CN
	75
	55
	24
	3

	8c
	Ag2CO3
	Selectfluor
	toluene
	75
	4
	6
	

	9c
	Ag2CO3
	Selectfluor
	dioxane
	75
	5
	5
	-

	10c
	Ag2CO3
	Selectfluor
	DCE
	75
	15
	15
	-

	11c
	Ag2CO3
	Selectfluor
	CH3CN
	80
	62
	25
	1

	12c
	Ag2CO3
	Selectfluor
	CH3CN
	85
	65 (60)
	26
	1

	13c
	Ag2CO3
	Selectfluor
	CH3CN
	90
	56
	28
	1

	14c
	Ag2CO3
	NFSI
	CH3CN
	85
	6
	3
	0

	15c
	Ag2CO3
	TBAF
	CH3CN
	85
	-
	-
	-


aReaction conditions: Cat. (0.02 mmol), 1a (0.10－0.40 mmol), 2 (0.10－0.20 mmol), and solvent (2 mL).
bThe yields were determined by 19F NMR using 1-fluoronaphthalene as an internal standard (isolated yield in parentheses). 
c1a (0.40 mmol) and 2 (0.10 mmol) were used. 
A large scale synthesis of the fluorinated pyrazine such as 3h was shown in Scheme 1.  The reaction of 4-phenyl-2-aminopyrazine 1h (1.9 g, 11.3 mmol) with 2a (1.0 g, 2.8 mmol) in the presence of Ag2CO3 (154.5 mg, 0.056 mmol) and CH3CN (40 mL) was conducted at 85 oC.  After the completion of this fluorination, 5-fluoro-6-phenyl-2-aminopyzane 3h (238 mg, 45% yield) and 3-fluoro-6-phenyl-2-aminopyzane 3h’ (84 mg, 16% yield) were obtained (Scheme 1). 
To demonstrate the potential utilization of 3h for the synthesis of bioactive 5-fluoro-N,6-diphenylpyrazin-2-amine [4b], an amination reaction [16] of the fluorinated 3h with benzene bromide 5a in the presence of Pd2(dba)3, XantPhox, Cs2CO3, and dioxane at 110 oC occurred and it provided 5-fluoro-N,6-diphenylpyrazin-2-amine 4a in a 75% yield, which is an inhibitor of B-Raf kinase [4b] (Scheme 1).
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Scheme 1. Large scale synthesis of 3h and its application in the synthesis of 4a.
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Scheme 2. Control experiment.
A control experiment was performed and illulstrated in Scheme 2. The fluorination of Ag(dppm)1n complex [for the detail data, see: 15 and SI], mdad from the reaction of Ag2O (1.5 mmol), dppm (1 mmol), 1n (1 mmol), and NaClO4·H2O (3 mmol) in DMF/CH3CN (3/5 v/v) under ammonia at 60 oC, under the optimal conditions gave 3n in a 12% yield (Scheme 2).
On the basis of our observations and others [17], a possible mechanism was outlined in Scheme 3. The reaction of pyrazine 1 with Ag2CO3 in CH3CN at 85 oC gives Int A that oxidized by Selectfluor 2a to form a silver(III) fluoride Int B.  The homolysis of Int B produces a silver(II) fluoride and a radical of 2-aminopyrazine Int C. The radical of Int D, which is a resonance form of Int C, reacts with the silver(II) fluoride to give 5-fluoro-2-aminopyrazine 3 and to reproduce Ag(I). 
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Scheme 3. A possible mechanism.
Table 2
Scope of the 2-amionpyrazine substrates 1a,b.
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aReaction conditions: Ag2CO3 (0.02 mmol), 1a (0.40 mmol), 2a (0.10 mmol), and CH3CN (2 mL) at 85 oC. 
bThe yields were determined by 19F NMR using 1-fluoronaphthalene as an internal standard (isolated yield in parentheses). 
3. Conclusion
In summary, we have developed Ag-catalyzed fluorination of 2-aminopyrazines with Selectfluor under mild conditions (85 ºC), affording 5-fluoro-2-aminopyrazines in fair to good yield.  This method allows the use of unprotected 4-substituted 2-aminopyrazines, tolerates various substrates, and provides important fluorinated 2-aminopyrazines.  This is the first example to synthesize 5-fluorinated 2-aminopyfrazines with Selectfluor under Ag catalysis.  

4. Experimental
4.1. General
 All manipulations were carried out under air atmosphere using standard Schlenk techniques. All glassware was oven- or flame-dried immediately prior to use. All solvents were purified and dried according to standard methods prior to use, unless stated otherwise. All reagents were obtained from commercial sources, and used without further purification; 1H NMR spectra were obtained at 600 MHz and recorded relative to tetramethylsilane signal (0 ppm) or residual protio solvent. 13C NMR spectra were obtained at 151 MHz, and chemical shifts were recorded relative to the solvent resonance (CDCl3, 77.0 ppm; DMSO, 40.0). 19F NMR spectra were obtained at 565 MHz with CFCl3 as an internal standard. Infrared (IR) spectra were recorded on an IR spectrometer with KBr wafers or a film on a KBr plate. High-resolution mass spectra (HRMS) were recorded on a microTOF II mass spectrometer using electrospray ionization (ESI). Data collections for crystal structures were performed at room temperature (293 K) or 150 K using an X-ray single-crystal diffractometer (D8 VENTURE). Melting point temperatures were measured at a heating rate of 5 °C/min and are uncorrected. Data for 1H NMR are recorded as follows: chemical shift (δ, ppm), multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet or unresolved, br = broad singlet, coupling constant(s) in Hz, integration). Data for 13C NMR are reported in terms of chemical shift (δ, ppm).  
4.2. General Procedure for the Synthesis of 3a−p.  
6-Substituted-2-aminepyrazines 1 (0.4 mmol), Selectfluor 2a (35.4 mg, 0.10 mmol), and Ag2CO3 (5.5 mg, 0.02 mmol) were dissolved in MeCN (2.0 mL) in a sealed tube, and the reaction mixture was stirred at 85 °C for 12 h. After concentration of the filtrate to dryness and purification of the residue by silica gel column chromatography (petroleum ether/ethyl acetate = 5/1), the desired products 3a−p were obtained.
4.2.1. 6-(3,5-Dimethylphenyl)-5-fluoropyrazin-2-amine (3a):

Yellow solid; m.p. 137 – 139 oC; 60% yield (13.0 mg); 1H NMR (600 MHz, CDCl3) δ 7.59 (s, 2H), 7.45 (d, J = 2.1 Hz, 1H), 7.09 (s, 1H), 4.54 (s, 2H), 2.39 (s, 6H); 19F NMR (565 MHz, CDCl3) δ -92.26 (s).
4.2.2. 6-(3,5-Dimethylphenyl)-3-fluoropyrazin-2-amine (3a'):
Yellow solid; m.p. 137 – 140 oC; 25% yield (5.40 mg); 1H NMR (600 MHz, CDCl3) δ 7.82 (d, J = 2.5 Hz, 1H), 7.47 (s, 2H), 7.06 (s, 1H), 4.86 (s, 2H), 2.38 (s, 6H); 19F NMR (565 MHz, CDCl3) δ -92.30 (s).
4.2.3. 6-(3,4-Dimethylphenyl)-5-fluoropyrazin-2-amine (3b): 
Yellow solid; m.p. 129 – 131 oC; 55% yield (12.0 mg); 1H NMR (600 MHz, CDCl3) δ 7.78 (s, 1H), 7.73 (d, J = 7.8 Hz, 1H), 7.44 (d, J = 2.2 Hz, 1H), 7.24 (d, J = 7.9 Hz, 1H), 4.51 (s, 2H), 2.33 (d, J = 11.7 Hz, 6H); 19F NMR (565 MHz, CDCl3) δ -92.12 (s).
4.2.4. 6-(3,4-Dimethylphenyl)-3-fluoropyrazin-2-amine (3b'):
Yellow solid; m.p. 131 – 134 oC; 23% yield (4.90 mg); 1H NMR (600 MHz, CDCl3) δ 7.82 (d, J = 2.4 Hz, 1H), 7.65 (s, 1H), 7.59 (d, J = 7.8 Hz, 1H), 7.21 (d, J = 7.8 Hz, 1H), 4.85 (s, 2H), 2.32 (d, J = 15.1 Hz, 6H); 19F NMR (565 MHz, CDCl3) δ -92.70 (s).
4.2.5. 5-Fluoro-6-(m-tolyl)pyrazin-2-amine (3c): 
Yellow solid; m.p. 114 – 117  oC; 50% yield (10.0 mg); 1H NMR (600 MHz, CDCl3) δ 7.81 (s, 1H), 7.79 (d, J = 7.8 Hz, 1H), 7.47 (d, J = 2.2 Hz, 1H), 7.36 (d, J = 7.7 Hz, 1H), 7.27 (d, J = 6.0 Hz, 1H), 4.53 (s, 2H), 2.43 (s, 3H); 19F NMR (565 MHz, CDCl3) δ -92.35 (s).
4.2.6. 3-Fluoro-6-(m-tolyl)pyrazin-2-amine (3c'): 
Yellow solid; m.p. 112 – 115 oC; 24% yield (4.90 mg); 1H NMR (600 MHz, CDCl3) δ 7.84 (d, J = 2.5 Hz, 1H), 7.69 (s, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.35 (t, J = 7.6 Hz, 1H), 7.23 (d, J = 7.5 Hz, 1H), 4.86 (s, 2H), 2.43 (s, 3H); 19F NMR (565 MHz, CDCl3) δ -92.15 (s).
4.2.7. 5-Fluoro-6-(p-tolyl)pyrazin-2-amine(3d):
Yellowish brown solid; m.p. 138 – 140 oC; 56% yield (11.4); 1H NMR (600 MHz, CDCl3) δ 7.91 (d, J = 7.3 Hz, 2H), 7.44 (d, J = 2.2 Hz, 1H), 7.28 (d, J = 8.0 Hz, 2H), 4.52 (s, 2H), 2.41 (s, 3H); 19F NMR (565 MHz, CDCl3) δ -92.23 (s).
4.2.8. 3-Fluoro-6-(p-tolyl)pyrazin-2-amine (3d'): 
Yellowish brown solid; m.p. 116 – 118 oC; 23% yield (4.66 mg); 1H NMR (600 MHz, CDCl3) δ 7.83 (d, J = 2.4 Hz, 1H), 7.76 (d, J = 8.1 Hz, 2H), 7.26 (d, J = 5.3 Hz, 2H), 4.86 (s, 2H), 2.40 (s, 3H); 19F NMR (565 MHz, CDCl3) δ -92.54 (s).
4.2.9. 5-Fluoro-6-(3-methoxyphenyl)pyrazin-2-amine (3e): 
Light yellow solid; m.p. 125 – 128 oC; 60% yield (13.1 mg); 1H NMR (600 MHz, CDCl3) δ 7.60 (d, J = 7.1 Hz, 1H), 7.56 (s, 1H), 7.48 (d, J = 2.2 Hz, 1H), 7.39 (t, J = 8.0 Hz, 1H), 7.03 – 6.96 (m, 1H), 4.54 (s, 2H), 3.88 (s, 3H); 19F NMR (565 MHz, CDCl3) δ -91.92 (s).
4.2.10. 3-Fluoro-6-(3-methoxyphenyl)pyrazin-2-amine (3e'): 
Light yellow solid; m.p. 108 – 110 oC; 20% yield (4.38 mg); 1H NMR (600 MHz, CDCl3) δ 7.85 (d, J = 2.2 Hz, 1H), 7.44 (d, J = 7.4 Hz, 2H), 7.37 (t, J = 8.0 Hz, 1H), 6.97 (d, J = 9.0 Hz, 1H), 4.89 (s, 2H), 3.88 (s, 3H);  19F NMR (565 MHz, CDCl3) δ -91.71 (s).
4.2.11. 5-Fluoro-6-(4-methoxyphenyl)pyrazin-2-amine (3f):
Yellow solid; m.p. 152 – 155 oC; 67% yield (14.7 mg); 1H NMR (600 MHz, CDCl3) δ 8.00 (d, J = 8.2 Hz, 2H), 7.41 (s, 1H), 6.99 (d, J = 8.9 Hz, 2H), 4.51 (s, 2H), 3.87 (s, 3H); 19F NMR (565 MHz, CDCl3) δ -92.13 (s).
4.2.12. 3-Fluoro-6-(4-methoxyphenyl)pyrazin-2-amine (3f'): 
Yellow solid; m.p. 143 – 147 oC; 20% yield (4.38 mg); 1H NMR (600 MHz, CDCl3) δ 7.82 (d, J = 8.8 Hz, 2H), 7.79 (d, J = 2.6 Hz, 1H), 6.98 (d, J = 8.8 Hz, 2H), 4.84 (s, 2H), 3.86 (s, 3H); 19F NMR (565 MHz, CDCl3) δ -93.16 (s).
4.2.13. 5-Fluoro-6-(2-methoxyphenyl)pyrazin-2-amine (3g): 
Light yellow solid; m.p. 130 – 134 oC; 45% yield (9.9 mg); 1H NMR (600 MHz, CDCl3) δ 7.52 (d, J = 2.0 Hz, 1H), 7.42 (dd, J = 17.0, 7.3 Hz, 2H), 7.07 (t, J = 7.5 Hz, 1H), 7.00 (d, J = 8.3 Hz, 1H), 4.50 (s, 2H), 3.84 (s, 2H); 19F NMR (565 MHz, CDCl3) δ -91.53 (s).
4.2.14. 3-Fluoro-6-(2-methoxyphenyl)pyrazin-2-amine (3g'):
Light yellow solid; m.p. 102 – 106 oC; 35% yield (7.69 mg); 1H NMR (600 MHz, CDCl3) δ 8.01 (d, J = 2.3 Hz, 1H), 7.71 (dd, J = 7.6, 1.5 Hz, 1H), 7.38 (t, J = 8.6 Hz, 1H), 7.06 (t, J = 7.5 Hz, 1H), 7.00 (d, J = 8.3 Hz, 1H), 4.81 (s, 2H), 3.88 (s, 3H); 19F NMR (565 MHz, CDCl3) δ -92.71 (s).
4.2.15. 5-Fluoro-6-phenylpyrazin-2-amine (3h):
Light yellow solid; m.p. 130 – 132 oC; 50% yield (9.5 mg); 1H NMR (600 MHz, CDCl3) δ 8.00 (d, J = 8.0 Hz, 2H), 7.52-7.42 (m, 4H), 4.54 (s, 2H); 19F NMR (565 MHz, CDCl3) δ -92.51 (s).
4.2.16. 3-Fluoro-6-phenylpyrazin-2-amine (3h'): 

Light yellow solid; m.p. 138 – 141 oC; 20% yield (3.74 mg); 1H NMR (600 MHz, CDCl3) δ 7.92 – 7.83 (m, 3H), 7.50 – 7.29 (m, 3H), 4.88 (s, 2H); 19F NMR (565 MHz, CDCl3) δ -91.97 (s).
4.2.17. 6-(3-Chlorophenyl)-5-fluoropyrazin-2-amine (3i):
Light yellow solid; m.p. 123 – 126 oC; 43% yield (9.6 mg); 1H NMR (600 MHz, CDCl3) δ 8.03 (s, 1H), 7.91 (d, J = 7.1 Hz, 1H), 7.51 (d, J = 2.1 Hz, 1H), 7.46 – 7.36 (m, 2H), 4.59 (s, 2H); 19F NMR (565 MHz, CDCl3) δ -92.09 (s).
4.2.18. 6-(3-Chlorophenyl)-3-fluoropyrazin-2-amine (3i'): 
Light yellow solid; m.p. 141 – 143 oC; 15% yield (3.47 mg); 1H NMR (600 MHz, CDCl3) δ 8.03 (s, 1H), 7.91 (d, J = 6.8 Hz, 1H), 7.50 (d, J = 2.0 Hz, 1H), 7.40 (d, J = 6.3 Hz, 2H), 4.59 (s, 2H); 19F NMR (565 MHz, CDCl3) δ -92.10 (s).
4.2.19. 6-(4-Chlorophenyl)-5-fluoropyrazin-2-amine (3j): 
Light yellow solid; m.p. 144 – 148 oC; 46% yield (10.3 mg); 1H NMR (600 MHz, CDCl3) δ 7.97 (d, J = 8.3 Hz, 2H), 7.49 (s, 1H), 7.44 (d, J = 8.3 Hz, 2H), 4.56 (s, 2H); 19F NMR (565 MHz, CDCl3) δ -92.03 (s).
4.2.20. 6-(4-Chlorophenyl)-3-fluoropyrazin-2-amine (3j'): 
Light yellow solid; m.p. 165 – 168 oC; 17% yield (3.91 mg); 1H NMR (600 MHz, CDCl3) δ 7.83 (d, J = 2.5 Hz, 2H), 7.81 (s, 1H), 7.42 (d, J = 8.6 Hz, 2H), 4.88 (s, 2H);  19F NMR (565 MHz, CDCl3): δ -91.32 (s).

4.2.21. 5-Fluoro-6-(thiophen-2-yl)pyrazin-2-amine (3k):
Brown solid; m.p. 126 –128 oC; 44% yield (8.6 mg); 1H NMR (600 MHz, CDCl3) δ 7.81 (s, 1H), 7.48 (d, J = 4.9 Hz, 1H), 7.36 (s, 1H), 7.15 (s, 1H), 4.56 (s, 2H); 19F NMR (565 MHz, CDCl3) δ -90.37 (s).
4.2.22. 3-Fluoro-6-(thiophen-2-yl)pyrazin-2-amine (3k'):
Brown solid; m.p. 130 – 133 oC; 14% yield (2.74 mg); 1H NMR (600 MHz, CDCl3) δ 7.80 (s, 1H), 7.52 (s, 1H), 7.39 (d, J = 4.8 Hz, 1H), 7.13 – 7.07 (m, 1H), 4.90 (s, 2H); 19F NMR (565 MHz, CDCl3): δ -91.65 (s).

4.2.23. 5-Fluoro-6-methylpyrazin-2-amine (3l): 
White solid; m.p. 164 – 167 oC; 25% yield (3.2 mg); 1H NMR (600 MHz, CDCl3) δ 7.33 (s, 1H), 4.42 (s, 2H), 2.39 (s, 3H); 19F NMR (565 MHz, CDCl3) δ -96.36 (s).
4.2.24. 3-fluoro-6-methylpyrazin-2-amine (3l'):
White solid; m.p. 127 – 131 oC, 21% yield (2.2 mg); 1H NMR (600 MHz, CDCl3) δ 7.27 (s, 1H), 4.80 (s, 2H), 2.34 (s, 3H); 19F NMR (565 MHz, CDCl3): δ -93.85 (s).
4.2.25. 5-Fluoro-3-phenylpyrazin-2-amine (3n):

Yellow solid, m.p. 102 – 104 oC, 30% yield (5.7 mg); 1H NMR (600 MHz, CDCl3): δ 7.86 (d, J = 8.5 Hz, 1H), 7.76 (d, J = 8.2 Hz, 2H), 7.54 – 7.49 (m, 2H), 7.48 – 7.42 (m, 1H), 4.73 (s, 2H); 13C NMR (151 MHz, CDCl3): δ 154.78 (d, J = 239.9 Hz), 150.13 (d, J = 2.4 Hz), 135.78 (d, J = 8.6 Hz), 135.73, 129.52, 129.11, 128.13, 127.49 (d, J = 39.7 Hz); 19F NMR (565 MHz, CDCl3): δ -97.03 (s); IR (KBr): νmax (cm-1) = 3428, 3403, 3307, 3196, 2922, 1633, 1464, 1436, 1410, 1329, 1299, 1197, 1058; HRMS (ESI-TOF) m/z calcd. for C10H9FN3+ [M+H]+: 190.0781; found: 190.0791.
4.2.26. 3-(4-Nitrophenyl)-2-pyrazinamine (1m)

Yellow solid; m.p. 240 – 241 oC;
1H NMR (400 MHz, DMSO-d6) δ 8.42 (s, 1H), 8.32 (d, J = 8.8 Hz, 2H), 8.26 (d, J = 8.9 Hz, 2H), 7.95 (s, 1H), 6.71 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ 155.3, 147.6, 146.1, 143.0, 132.9, 129.2, 127.4, 123.8; IR (KBr): 3459, 3281, 1635, 1550, 1259, 1012, 796 cm-1; HRMS (ESI): m/z [M + H]+ calcd for C10H8N4O2: 217.0726; Found: 217.0720.
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