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Experimental section

All solvents and reagents were obtained from commercial sources and were used without further
purification unless otherwise stated. Toluene and THF were dried using a solvent purification
system. Anhydrous dichloromethane and all acylating agents were pretreated with K,CO3 and
4 A molecular sieves. All reactions were performed in oven-dried glassware (either in round-
bottomed flasks or 25 mL vials fitted with rubber septa) under an atmosphere of nitrogen, and
the reaction progress was monitored by thin-layer chromatography, GC-MS (EI) and/or LC-MS
(ESI-APCI). Analytical thin-layer chromatography was performed on precoated 250 um layer
thickness silica gel 60 F254 plates and precoated 170-220 um layer thickness neutral aluminum
oxide Si 60 F254 plates. Visualization was done by ultraviolet light and/or by staining with
phosphomolybdic acid (PMA). Purifications were carried out on flash silica gel columns (230-
400 mesh) with EtOAc/hexanes mixtures as the eluent. The eluent was basified with 0.5-1.5%
triethylamine for the purification of all Grignard adducts. Melting points were measured on a
capillary melting point apparatus and are uncorrected. Proton nuclear magnetic resonance
(*H NMR) spectra and carbon nuclear magnetic resonance (**C NMR) spectra were recorded on
a 500 MHz spectrometer. Chemical shifts (5) for protons are reported in parts per million (ppm)
downfield from tetramethylsilane and are referenced to it (TMS, & = 0.0 ppm). Coupling
constants (J) are reported in hertz. Multiplicities are reported using the following abbreviations:
br = broad; s = singlet; d = doublet; t = triplet; g = quartet; m = multiplet. Chemical shifts () for
carbon are reported in parts per million (ppm) downfield from tetramethylsilane and are
referenced to residual solvent peaks (CDCl3, & = 77.0 ppm). Rotameric ratios of all compounds
were determined by *H NMR spectra. HRMS data was recorded on a LC-TOF.

Synthesis of mono- and disubsituted pyrazines: Compound la was purchased from a
commercial supplier. The known compound 1b and unknown compound 1c were prepared by
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following the general procedure reported in the literature [1]. The known compounds 1d [2], 1e
[2] and 1j [2] are prepared by adopting the procedure reported by Yang and coworkers [3].
Compounds 1f [4] and 1g [5] were prepared as reported. The known compound 1h was obtained
by a slightly modified procedure [6].

2-(4-Methoxybenzyloxy)pyrazine (1c). To a suspension of NaH (0.645 g, 26.875 mmol) in
anhydrous dimethoxyethane (30 mL) was slowly added dropwise 4-methoxybenzyl alcohol
(3.34 mL, 26.907 mmol) at 0 °C over a period of 5 min and stirring continued for 15 min. Then,
2-chloropyrazine (2 mL, 22.405 mmol) was added at 0 °C and the mixture heated at 45 °C
overnight. The reaction mixture was quenched with slow addition of water (10 mL) and
extracted with EtOAc (100 mL), washed with brine, dried over Na,SO,4, concentrated under
reduced pressure and the resulted crude syrup was purified by flash silica gel column
chromatography (Combiflash Rf) using EtOAc—hexanes (1:9) to obtain 1c (4.650 g, 99%) as a
white solid: mp: 69—71 °C; *H NMR (CDCl;, 500 MHz) 6 8.25 (s, 1H), 8.11 (d, 1H, J = 3.0 Hz),
8.08-8.10 (m, 1H), 7.39 (d, 2H, J = 8.5 Hz), 6.91 (d, 2H, J = 8.5 Hz), 5.32 (s, 2H), 3.81 (s, 3H);
3C NMR (CDCls, 125 MHz) § 160.1, 159.6, 140.4, 136.6, 136.1, 130.0, 128.3, 113.9, 67.7,
55.2; HRMS (ESI) m/z calcd for C1,H1oN,0, [M+H]" 217.09772, found 217.09715.

2-Methoxy-6-phenylpyrazine (1d). Starting with 2,6-dichloropyrazine, intermediate 2-chloro-6-
methoxypyrazine was prepared as a colorless crystalline solid in 86% vyield by adopting the
procedure as described above: mp: 26-27 °C; *H NMR (CDCls;, 300 MHz) § 8.14 (s, 1H), 8.13
(s, 1 H), 3.99 (s, 3H). *C NMR (CDCls, 125 MHz) 6 159.6, 145.5, 135.1, 133.1, 54.6; MS (ESI)
m/z calcd for CsHeCIN,O [M+H]" 144.01, found 145.10. The compound 1d was prepared from
2-chloro-6-methoxypyrazine, phenylboronic acid, Pd(OAc), and K3PO4*H,0 in 61% yield as a
white solid: mp: 46—48 °C; 'H NMR (CDCls, 500 MHz) & 8.60 (s, 1H), 8.16 (s, 1H), 8.04 (d, J =
7.5 Hz, 2H), 7.56-7.40 (m, 3H), 4.07 (s, 3H); *C NMR (CDCls, 125MHz) 6 159.8, 148.9, 136.3,
133.7, 133.0, 129.7, 128.9, 126.8, 53.4; APCI/ESI-MS m/z calcd for C1;H;3N,O [M+H]" 186.08,
found 187.10.

2-Methoxy-6-(4-methoxyphenyl)pyrazine (1e). The compound 1le was prepared from 2-chloro-6-
methoxypyrazine, 4-methoxyphenylboronic acid, Pd(OAc), and K3PO4-H,O in 65% vyield as a
white solid: mp: 92-93 °C; *H NMR (CDCls, 500 MHz) & 8.54 (s, 1H), 8.10 (s, 1H), 7.99 (d, J =
8.0 Hz, 2H), 7.01 (d, J = 8.0 Hz, 2H), 4.05 (s, 3H), 3.87 (s, 3H); *C NMR (CDCls, 125 MHz) ¢
160.9, 159.6, 148.5, 132.5, 132.2, 128.7, 128.0, 114.2, 55.2, 53.2; HRMS (ESI) m/z calcd for
C1oH13N205 [M+H]+ 217.09715, found 217.09715.

2-(Benzyloxy)-6-ethylpyrazine (1h). To a suspension of NaH (0.081 g, 3.375 mmol) in anhydrous
dimethoxyethane (10 mL) was slowly added dropwise benzyl alcohol (0.35 mL, 3.379 mmol) at
0 °C and stirring continued for 15 min. Then, 2,6-dichloropyrazine (0.500 g, 3.356 mmol) was
added at 0 °C and the mixture heated at 45 °C for 8 h. The reaction mixture was quenched with
slow addition of water (5 mL) and extracted with EtOAc (50 mL), washed with brine, dried over
Na, SO, concentrated under reduced pressure and the resulted crude syrup was purified by flash
silica gel column chromatography (Combiflash Rf) using EtOAc—hexanes (1:19) to obtain 2-
(benzyloxy)-6-chloropyrazine (0.560 g, 76%) as a colorless liquid: *H NMR (CDCls, 500 MHz)
6 8.17 (d, J = 5.0 Hz, 1H), 7.48-7.45 (m, 2H), 7.42-7.34 (m, 3H), 5.39 (s, 2H); *°C NMR
(CDCls, 125 MHz) 6 159.0, 145.3, 142.4, 135.5, 135.4, 133.3, 128.6, 128.4, 68.8; HRMS (ESI)

S2



m/z calcd for Ci3HyoCIN,O [M+H]" 221.0476, found 221.0484. Next, to a solution of 2-
(benzyloxy)-6-chloropyrazine (1.000 g, 4.532 mmol) in anhydrous toluene (20 mL) were added
first 1,3-bis(diphenylphosphino)propane nickel(Il) chloride (0.050 g, 0.092 mmol) and then
diethyl zinc (1.5 M in toluene, 3.4 mL, 5.510 mmol) at 0 °C slowly (dropwise), and stirred at
room temperature for 2 h. The reaction mixture was quenched with ag. NH4OH solution (5 mL),
extracted with EtOAc (50 mL), washed with brine, dried over Na,SO,4 and concentrated under
reduced pressure. The resulting crude material was purified by flash silica gel column
chromatography (Combiflash Rf, 0—10% EtOAc/hexanes) to obtain 1h (0.920 g, 95%) as a
colorless liquid: *H NMR (CDCls, 500 MHz) ¢ 8.08 (s, 1H), 8.00 (s, 1H), 7.48-7.45 (m, 2H),
7.39-7.35 (m, 2H), 7.34-7.30 (m, 1H), 5.40 (s, 2H), 2.74 (q, 2H, J = 7.5 Hz), 1.30 (dt, 3H, J =
1.0, 7.5 Hz); **C NMR (CDCls, 125 MHz) 6 159.3, 155.0, 136.7, 135.0, 132.6, 128.4, 128.0,
128.2, 67.5, 28.0, 13.1; HRMS (ESI) m/z calcd for CisHisN,O [M+H]" 215.11789, found
215.11782.

2-Benzyl-6-benzyloxypyrazine (1i). To a solution of 2-(benzyloxy)-6-chloropyrazine (0.200 g,
0.906 mmol) in anhydrous THF (4 mL) were added first 1,3-bis(diphenylphosphino)propane
nickel(Il) chloride (0.010 g, 0.018 mmol) and then benzylmagnesium chloride solution (2M in
THF, 0.5 mL, 0.994 mmol) at 0 °C slowly (dropwise), and stirred at room temperature for 2 h.
The reaction mixture was quenched with ag. NH4ClI solution (4 mL), extracted with EtOAc
(20 mL), washed with brine, dried over Na,SO, and concentrated under reduced pressure. The
resulted crude material was purified by flash silica gel column chromatography (Combiflash Rf,
0—-10% EtOAc/hexanes) to afford 1i (0.130 g, 52%) as a colorless syrup: *H NMR (CDCls, 500
MHz) 6 8.09 (s, 1H), 8.01 (s, 1H), 7.42-7.39 (m, 2H), 7.37-7.22 (m, 8H), 5.37 (s, 2H), 4.04 (s,
2H); *C NMR (CDCls, 125 MHz) § 159.3, 152.4, 138.4 (2), 136.6, 135.6, 133.1, 129.2, 129.1,
128.6, 128.5, 128.3, 128.0, 126.6, 67.7, 41.4; HRMS (ESI) m/z calcd for CigH17N,0 [M+H]"
277.13354, found 277.13347.

2-Benzyloxy-6-phenylpyrazine (1j). To a solution of 2-(benzyloxy)-6-chloropyrazine (0.600 g,
2.719 mmol) in 2-propanol (5 mL) were added phenylboronic acid (0.500 g, 4.101 mmol),
Pd(OAc), (0.030 g, 0.134 mmol, 5 mol %), K3PO4-H,O (1.200 g, 5.211 mmol) and water
(5 mL), and the mixture heated at 80 °C for 12 h. The reaction mixture was diluted with EtOAc
(30 mL), washed with brine, dried over Na,SO,4, concentrated under reduced pressure and the
resulted crude syrup was purified by flash silica gel column chromatography (Combiflash Rf,
0—-10% EtOAc/hexanes) to afford 1j (0.700 g, 98%) as a white solid: mp: 58—60 °C; *H NMR
(CDCl3, 500 MHz) ¢ 8.61 (s, 1H), 8.21 (s, 1H), 8.02 (d, J = 8.0 Hz, 2H), 7.52-7.43 (m, 5H), 7.40
(t, J = 7.0 Hz, 2H), 7.36-7.32 (m, 1H), 5.51 (s, 2H); *C NMR (CDCls, 125 MHz) § 159.2,
148.8, 136.6, 136.2, 133.8, 133.3, 129.7, 128.9, 128.5, 128.2, 128.1, 126.8, 67.8; HRMS (ESI)
m/z calcd for C17H15N,O [M+H]" 263.1179, found 263.1180.

Benzyl 6-(benzyloxy)pyrazine-2-carboxylate (1k). A stirred mixture of benzyl 4-

hydroxypyrazine-2-carboxylate (2.000 g, 8.69 mmol) in 10 mL of thionyl chloride was heated at
80 °C for 10 h. The volatiles were removed under reduced pressure, then the residue was
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quenched with saturated NaHCO3, extracted with CH,Cl, (3 x 30 mL), dried over Na,SQOy,
concentrated under reduced pressure and then purified by flash silica gel column
chromatography (Combiflash Rf, 0—10% EtOAc/hexanes) to afford benzyl 6-chloropyrazine-2-
carboxylate (1.700 g, 79%) as a white solid: mp: 64—65 °C; *H NMR (CDCls, 500 MHz) 6 9.19
(s, 1H), 8.76 (s, 1H), 7.52-7.45 (m, 2H), 7.44-7.33 (m, 3H), 5.47 (s, 2H); *C NMR (CDCl;,
125 MHz) 6 162.4, 149.1, 147.9, 143.5, 142.5, 134.7, 128.6, 128.5(2), 67.9; HRMS (ESI) m/z
calcd for Cy2HgCINaN,O, [M+Na]+ 271.02448, found 271.02494. Next, to a suspension of
sodium hydride (0.106 g, 2.65 mmol) in anhydrous dimethoxyethane (5 mL) was slowly added
(dropwise) benzyl alcohol (0.274 mL 2.65 mmol) at 0 °C and stirring continued for 15 min.
Then, benzyl 6-chloropyrazine-2-carboxylate (0.500 g, 2.01 mmol) was added at 0 °C and the
mixture was heated at 45 °C for 12 h. The volatiles were removed under reduced pressure and
the residue purified by flash silica gel column chromatography (Combiflash Rf, 0-50%
EtOAc/hexanes) to afford 1k (0.354 g, 55%) as clear colorless syrup: *H NMR (CDCls, 500
MHz) 6 8.86 (s, 1H), 8.41 (s, 1H), 7.54-7.45 (m, 4H), 7.45-7.28 (m, 6H), 5.47 (s, 2H), 5.44 (s,
2H); *C NMR (CDCl;, 125 MHz) ¢ 164.0, 159.3, 139.8, 139.4, 138.2, 135.8, 135.4, 128.8,
128.7, 128.6, 128.4, 68.6, 67.5; HRMS (ESI) m/z calcd for Ci9H17N,0O3 [M+H]+ 321.12337,
found 321.12332.

General procedure for the Grignard addition to 3-substituted N-acylpyrazinium salts to
synthesize substituted 1,2-dihydropyrazines 3a-3j, 4a,b, 5, 6, 7a,b, 8, 9a,b, 10, 11, 12, 13.
Representative procedure for the preparation of 1-phenoxycarbonyl-2-phenyl-3-methoxy-1,2-
dihydropyrazine (3a). To a stirred solution of 2-methoxypyrazine (0.200 g, 1.816 mmol) in
anhydrous THF (5 mL) was added phenylchloroformate (0.28 mL, 2.225 mmol) at 0 °C and
stirring was continued under nitrogen atmosphere until salt formation was completed (15 min, as
determined by TLC on neutral alumina, EtOAc/hexanes 1:19). The reaction mixture was cooled
to —41 °C, a 1 M solution of phenylmagnesium bromide in THF (2.4 mL, 2.4 mmol) was added
and the mixture stirred until reaction completion (40 min, as determined by TLC on neutral SiO»,
EtOAc/hexanes 1:9), and then quenched with 2 mL of aqueous 20% NH4OH/NH,CI 1:1 (w/w).
The mixture was extracted with dichloromethane (2 x 15 mL), dried over Na,SO4 and
concentrated in vacuo. Purification of the crude mixture by flash silica gel column
chromatography (0-15% EtOAc/hexanes) afforded 3a (0.488 g, 87%) as a white solid (3:2
mixture of rotamers): mp: 81-82 °C; 'H NMR (CDCls, 500 MHz) § 7.49—7.27 (m, 7H), 7.20 (t, J
= 7.5 Hz, 1H), 7.12 (d, J = 8.0 Hz, 1H), 6.99 (d, J = 7.5 Hz, 1H), 6.67 and 6.63 (2d due to
rotamers, J = 5.5 Hz, 1H), 6.16 and 6.14 (2d due to rotamers, J = 5.0 Hz, 1H), 5.89 and 5.87 (2s
due to rotamers, 1H), 3.84 and 3.83 (2s due to rotamers, 3H); **C NMR (CDCls, 125 MHz) 6
160.2, 160.0, 151.6, 151.5, 150.7, 150.4, 136.8, 135.9, 129.3, 128.8, 128.7, 128.6, 127.2, 126.6,
125.9, 125.8, 121.3, 118.2, 118.1, 112.5, 111.8, 56.0, 54.6, 54.0, 53.9; HRMS (ESI) m/z calcd
for C1gH17N,03[M + H]" 309.12337, found 309.123554.

1-Phenoxycarbonyl-2-methyl-3-methoxy-1,2-dihydropyrazine (3b). Compound 3b was prepared
in 67% vyield as a yellowish syrup (3:2 mixture of rotamers): *H NMR (CDCls, 500 MHz) ¢
7.43—7.34 (m, 2H), 7.28=7.19 (m, 1H), 7.14 (dd, J = 1.0, 8.5 Hz, 2H), 6.50 and 6.46 (2d due to
rotamers, J = 5.5 Hz, 1H), 6.13 and 6.07 (2d due to rotamers, J = 5.5 Hz, 1H), 4.91 and 4.86 (2m
due to rotamers, 1H), 3.83 and 3.82 (2s due to rotamers, 3H), 1.35 and 1.28 (2d due to rotamers,

sS4



J=7.0 Hz, 3H): ®°C NMR (CDCls, 125 MHz) § 162.3, 161.9, 151.2, 150.9, 150.7, 150.5, 129.4,
129.3 (2), 125.8, 125.7, 121.4, 121.3, 121.1, 118.4, 118.1, 111.1, 110.7, 53.7, 53.6, 48.6, 47.7,
15.5, 14.6; HRMS (ESI) m/z calcd for Ci3H1sN,03 [M + H]* 247.10772, found 247.10770.

1-Phenoxycarbonyl-2-ethyl-3-methoxy-1,2-dihydropyrazine (3c). Compound 3c was prepared in
73% yield as a white solid (3:2 mixture of rotamers): mp: 80-82 °C; *H NMR (CDCls, 500
MHZz) 6 7.45-7.33 (m, 2H), 7.28-7.19 (m, 1H), 7.14 (d, J = 8.0 Hz, 2H), 6.53 and 6.49 (2d due
to rotamers, J = 5.0 Hz, 1H), 6.13. and 6.07 (2d due to rotamers, J = 5.5 Hz, 1H), 4.81 and 4.76
(2t due to rotamers, J = 7.0 Hz, 1H), 3.83 and 3.82 (32s due to rotamers, 3H), 1.81-1.61 (m, 2H),
1.01 and 0.96 (2t due to rotamers, J = 7.0 Hz, 1H); *C NMR (CDCls, 125 MHz) 6 161.9, 161.4,
151.8, 151.7, 150.9, 150.6, 129.5, 129.4, 125.9, 125.8, 121.5, 121.4, 119.2, 118.7, 111.9, 111.4,
54.0, 53.7, 53.6, 53.0, 23.7, 23.3, 9.7; HRMS (ESI) m/z calcd for Ci14H16NaN,Os [M + Na]”
283.10531, found 283.10509.

1-Phenoxycarbonyl-2-isopropyl-3-methoxy-1,2-dihydropyrazine (3d). Compound 3d was
prepared in 48% yield as an off-white solid (3:2 mixture of rotamers): mp: 45—47 °C;'H NMR
(CDCls3, 500 MHz) 6 7.43-7.35 (m, 2H), 7.30—7.18 (m, 1H), 7.16—7.10 (m, 2H), 6.55 and 6.52
(2dd due to rotamers, J = 1.5, 5.0 Hz, 1H), 6.17 and 6.09 (2d due to rotamers, J = 5.0 Hz, 1H),
3.84 and 3.82 (2s due to rotamers, 3H), 2.15-2.00 (m, 1H), 1.05-0.99 (m, 1H), 0.97 (t, J =7.0
Hz, 6H); *C NMR (CDCls, 125 MHz) § 161.1, 160.6, 152.2, 152.1, 151.0, 150.9, 150.6, 129.6,
129.5, 129.4, 126.3, 125.9, 125.8, 121.5, 121.4, 120.9, 120.0, 119.5, 112.2, 111.8, 58.2, 57.1,
53.6, 53.5, 30.0, 29.9, 19.4, 19.3, 18.6; HRMS (ESI) m/z calcd for CisHigN,O3 [M + H]”
275.13902, found 275.13901.

1-Phenoxycarbonyl-2-cyclopentyl-3-methoxy-1,2-dihydropyrazine (3e). Compound 3e was
prepared in 65% yield as a white solid (3:2 mixture of rotamers): mp: 7880 °C; ‘H NMR
(CDCls3, 500 MHz) ¢ 7.45-7.34 (m, 2H), 7.30—7.19 (m, 1H), 7.13 (d, J = 8.5 Hz, 2H), 6.53 and
6.50 (2d due to rotamers, J = 5.0 Hz, 1H), 6.19 and 6.12 (2d due to rotamers, J = 5.0 Hz, 1H),
4.70 and 4.67 (2dd due to rotamers, J = 1.5, 9.0 Hz, 1H), 3.84 and 3.83 (2s due to rotamers, 3H),
2.37-2.19 (m, 1H), 1.82-1.60 (m, 4H), 1.60—1.41(m, 4H); **C NMR (CDCls, 125 MHz) ¢
161.7, 161.2, 152.1, 152.0, 151.0, 150.9, 150.6, 129.6, 129.5, 129.4, 126.3, 125.9, 125.7, 121.5,
121.4, 120.9, 120.0, 119.5, 112.0, 111.5, 56.2, 55.0, 53.7, 53.6, 40.9, 40.8, 29.6, 29.5, 28.6 (2),
24.9, 24.7, 24.3, 24.2; HRMS (ESI) m/z caled for C17H2:1N,O3 [M + H]* 301.15467, found
301.15502.

1-Phenoxycarbonyl-2-benzyl-3-methoxy-1,2-dihydropyrazine (3f). Compound 3f was prepared in
54% vyield as a colorless syrup (1:1 mixture of rotamers): *H NMR (CDCls;, 500 MHz) &
7.41-7.08 (m, 8H), 6.96 (d, J = 7.5 Hz, 1H), 6.58 (d, J = 7.5 Hz, 1H), 6.55 and 6.22 (2d due to
rotamers, J = 5.5 Hz, 1H), 6.49 and 6.04 (2d due to rotamers, J = 5.5 Hz, 1H), 5.11-4.99 (m,
1H), 3.82 and 3.74 (2s due to rotamers, 3H), 3.02—2.80 (m, 2H); *C NMR (CDCls, 125 MHz) 6
161.0, 160.8, 151.5, 151.2, 150.7, 150.1, 135.8, 135.7, 129.5, 129.2, 129.0, 128.5, 128.2, 126.9,
126.7, 125.6, 121.3, 121.2, 119.6, 118.6, 111.3, 111.1, 53.9, 53.8, 53.5, 52.8, 35.3. 35.1; HRMS
(ESI) m/z calcd for C1gH19N203 [M + H]* 323.13902, found 323.13932.

1-Phenoxycarbonyl-2-(2-bromobenzyl)-3-methoxy-1,2-dihydropyrazine (3g). Compound 3g was
prepared in 49% vyield as a white solid (1:1 mixture of rotamers): mp: 124126 °C; *H NMR
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(CDCl3, 500 MHz) 6 7.52 (t, J =9.0 Hz, 1H), 7.30 (t, J= 8.0 Hz, 1H), 7.21-7.08 (m, 3H), 6.80
(d, J =8.0 Hz, 1H), 6.67 (d, J = 8.0 Hz, 1H ), 6.55 (t, J = 4.0 Hz, 1H), 6.26 and 6.09 (2d due to
rotamers, J = 5.5 Hz, 1H), 5.34-5.27 (m) and 5.21 (t, J = 6.5 Hz), (total 1H), 3.82 and 3.77 (2s
due to rotamers, 3H), 3.21 and 3.18 (2d, J = 5.5 Hz, 1H ), 3.14 and 3.11 (2d, J = 5.0 Hz, 1H),
3.07-2.96 (m, 2H); *C NMR (CDCls, 125 MHz) § 160.7, 160.6, 151.4, 151.3, 150.7, 150.2,
135.5, 135.3, 132.9, 131.9, 131.6, 129.3, 129.1, 128.8, 128.6, 127.6, 127.2, 125.8, 125.6, 125.3,
1252, 121.4,121.1, 119.7, 118.7, 111.5, 111.3, 53.9, 53.8, 51.8, 51.3, 35.2, 35.1; HRMS (ESI)
m/z calcd for C19H1gBrN,O3 [M + H]* 401.04953, found 401.05022.

1-Phenoxycarbonyl-2-(4-chlorophenyl)-3-methoxy-1,2-dihydropyrazine (3h). Compound 3h was
prepared in 62% vyield as a colorless syrup (3:2 mixture of rotamers): *H NMR (CDCls, 500
MHz) ¢ 7.46—7.28 (m, 6H), 7.28—7.18 (m, 1H), 7.12 (d, J = 8.5 Hz, 1H), 7.00 (d, J = 8.5 Hz,
1H), 6.67 and 6.63 (2d due to rotamers, J = 5.5 Hz, 1H), 6.16 and 6.14 (2d due to rotamers, J =
5.5 Hz, 1H), 5.84 (s, 1H), 3.85 and 3.84 (2s due to rotamers, 3H); **C NMR (CDCls, 125 MHz)
o 159.8, 159.7, 151.6, 151.5, 150.7, 150.4, 135.5, 134.7, 134.6, 129.5, 129.1, 129.0, 128.8,
128.2, 126.1, 126.0, 121.4, 118.2, 118.1, 112.5, 111.8, 55.5, 54.2, 54.1; HRMS (ESI) m/z calcd
for C1gH16CIN,O3 [M + H]" 343.08440, found 343.08453.

1-Phenoxycarbonyl-2-(4-methoxyphenyl)-3-methoxy-1,2-dihydropyrazine (3i). Compound 3i
was prepared in 74% vyield as a white solid (3:2 mixture of rotamers): mp: 102-104 °C; *H
NMR (CDCls, 500 MHz) § 7.40—7.29 (m, 4H), 7.22 (t, J = 7.5 Hz, 1H), 7.12 (d, J = 8.5 Hz, 1H),
7.03 (d, J =8.0 Hz, 1H), 6.87 (t, J = 10.5 Hz, 2H), 6.64 and 6.61 (2d due to rotamers, J = 5.5
Hz, 1H), 6.17 and 6.14 (2d due to rotamers, J = 5.5 Hz, 1H), 5.83 and 5.82 (2s due to rotamers,
1H), 3.85 and 3.84 (2s due to rotamers, 3H), 3.81 and 3.79 (2s due to rotamers, 3H); °C NMR
(CDCl3, 125 MHz) 6 160.6, 160.5, 159.9, 151.7, 151.6, 150.8, 150.6, 129.5, 129.4, 129.1, 128.8,
128.3, 128.2, 126.0, 125.9, 121.5, 118.3, 118.2, 114.2, 112.5, 111.8, 55.5, 55.3, 54.2, 54.1, 54.0;
HRMS (ESI) m/z calcd for C19H19N204 [M + H]* 339.13393, found 339.13412.

1-Phenoxycarbonyl-2-(2,4-dimethylphenyl)-3-methoxy-1,2-dihydropyrazine (3j). Compound 3j
was prepared in 76% yield as a colorless syrup (3:2 mixture of rotamers): *H NMR (CDCls, 500
MHz) ¢ 7.44 and 7.37 (2d due to rotamers, 1H), 7.34—7.21 (m, 2H), 7.21-6.91 (m, 4H),
6.84-6.72 (m), 6.56 (br s) and 6.32 (br s), (total 2H), 6.10 (dd, J = 1.0, 5.5 Hz, 1H), 5.99-5.92
(m, 1H), 3.76-3.69 (m, 3H), 2.52 (s), 2.46-2.41 (m) and 2.31-2.25 (m) (total 6H); **C NMR
(CDCls, 125 MHz) ¢ 161.7, 161.4, 151.4, 151.3, 150.6, 150.3, 138.2, 138.0, 135.9, 135.6, 134.9,
134.3, 131.1, 130.8, 129.2, 129.1, 129.0, 127.6 (2), 127.2, 126.4, 126.3, 125.6 (2), 121.4, 121.1,
117.1,116.6, 113.7, 113.2, 112.6, 53.7, 52.5, 51.5, 20.9, 20.2, 19.3, 19.2; HRMS (ESI) m/z calcd
for CyoH»1N,O3 [M + H]+ 337.15467, found 337.15505.

1-Phenoxycarbonyl-2-methyl-3-benzyloxy-1,2-dihydropyrazine (4a). Compound 4a was prepared
in 68% yield as a white solid (3:2 mixture of rotamers): mp: 60-62 °C; ‘H NMR (CDCls,
500 MHz) 6 7.45-7.32 (m, 7H), 7.29-7.21 (m, 1H), 7.17-7.11 (m, 2H), 6.53 and 6.48 (2d due to
rotamers, J = 5.5 Hz, 1H), 6.15 and 6.09 (2d due to rotamers, J = 5.5 Hz, 1H), 5.24 and 5.23 (2s
due to rotamers, 2H), 4.98 and 4.92 (2q due to rotamers, J = 7.0 Hz, 1H), 1.38 and 1.31 (2d due
to rotamers, J = 7.0 Hz, 3H): *C NMR (CDCls, 125 MHz) ¢ 161.6, 161.2, 151.3, 151.0, 150.7,
150.5, 136.0, 135.9, 129.4 (2), 128.5 (2), 128.2 (2), 128.1, 128.0, 125.8 (2), 121.5, 121.4, 118.4,
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118.1, 111.4, 110.9, 68.3, 68.1, 48.8, 47.9, 15.6, 14.7, HRMS (ESI) m/z calcd for C19H19N203
[M + H]" 323.13902, found 323.13861.

1-Phenoxycarbonyl-2-phenyl-3-benzyloxy-1,2-dihydropyrazine  (4b). Compound 4b was
prepared in 88% yield as a white solid (3:2 mixture of rotamers): mp: 95-96 °C; ‘H NMR
(CDCl3, 500 MHz) 6 7.46—7.26 (m, 12H), 7.26—7.18 (m, 1H), 7.17-7.10 (m, 1H), 6.99 (d, J =
8.0 Hz, 1H), 6.70 and 6.65 (2d due to rotamers, J = 5.5 Hz, 1H), 6.18 and 6.15 (2d due to
rotamers, J = 5.5 Hz, 1H), 5.95 and 5.94 (2s due to rotamers, 1H), 5.38-5.18 (m, 2H); *C NMR
(CDCl3, 125 MHz) ¢ 159.4, 159.3, 151.8, 151.7, 150.8, 150.5, 136.9, 136.0, 135.9, 129.4, 128.9
(2), 128.7, 128.5 (2), 128.2 (2), 128.1, 128.0, 127.3, 126.7, 126.0, 125.9, 121.5 (2), 118.4, 118.2,
112.8, 112.1, 68.6, 68.4, 56.1, 54.8; HRMS (ESI) m/z calcd for CyHxN,O3 [M + H]
385.15467, found 385.15394.

1-Phenoxycarbonyl-2-phenyl-3-(4-methoxybenzyloxy)-1,2-dihydropyrazine (5). Compound 5
was prepared in 68% vyield as a white solid (3:2 mixture of rotamers): mp: 90-91 °C; *H NMR
(CDCls3, 500 MHz) ¢ 7.44-7.29 (m, 7H), 7.29-7.17 (m, 3H), 7.13 (d, J = 8.5 Hz, 1H), 6.90—6.82
(m, 2H), 6.69 and 6.63 (2d due to rotamers, J = 5.5 Hz, 1H), 6.18 and 6.15 (2d due to rotamers, J
= 5.5Hz, 1H), 5.92 and 5.91 (2s due to rotamers, 1H), 5.30-5.11 (m, 2H), 3.79 (2s due to
rotamers, 3H); *C NMR (CDCls, 125 MHz) 6 159.6, 159.5, 159.4, 159.3, 151.7, 151.6, 150.7,
150.4, 136.7, 135.9, 129.9, 129.8, 129.3 (2), 128.7 (2), 128.6 (2), 127.9 (2), 127.2, 126.6, 125.9,
125.8, 121.4 (2), 118.4, 118.2, 113.8 (2), 112.6, 111.9, 68.3, 68.2, 56.0, 55.2, 54.7; HRMS (ESI)
m/z calcd for CasH23N204 [M + H]* 415.16523, found 415.16468.

1-Phenoxycarbonyl-2,5-diphenyl-3-methoxy-1,2-dihydropyrazine (6). Compound 6 was prepared
in 93% vyield as an yellow solid (3:2 mixture of rotamers): mp: 118—120 °C; *H NMR (CDCls,
500 MHz) 6 7.85-7.76 (m, 2H), 7.46—7.27 (m, 9H), 7.27-7.19 (m, 2H), 7.19-7.11 (m, 2H), 7.03
(d, J =7.5 Hz, 1H), 5.95 and 5.93 (2s due to rotamers, 1H), 3.99 and 3.98 (2s due to rotamers,
3H); °C NMR (CDCls, 125 MHz) § 159.4, 151.8, 150.7, 150.5, 136.7, 136.4, 136.3, 135.8,
129.3 (2), 128.8 (2), 128.6, 128.4, 128.3, 127.3 (2), 127.2, 126.7, 125.9, 125.8, 124.5, 124.4,
121.4,121.3, 108.1, 107.3, 55.5, 54.3, 54.0, 53.9; HRMS (ESI) m/z calcd for C4H21N,03 [M +
H]* 385.15467, found 385.15462.

1-Phenoxycarbonyl-2-phenyl-3-methoxy-5-(4-methoxyphenyl)-1,2-dihydropyrazine (7a).
Compound 7a was prepared in 78% yield as a yellow solid (3:2 mixture of rotamers): mp: 48—50
°C; 'H NMR (CDCls, 500 MHz) & 7.80-7.69 (m, 2H), 7.42-7.28 (m, 8H), 7.26-7.20 (m, 1H),
7.18=7.11 (m, 1H), 7.05 and 7.03 (2s due to rotamers, 1H), 6.96—6.89 (m, 2H), 5.94 and 5.92 (2s
due to rotamers, 1H), 3.98 and 3.97 (2s due to rotamers, 3H), 3.83 (2s due to rotamers, 3H); *C
NMR (CDCl3, 125 MHz) 6 159.6, 159.5, 159.3, 159.2, 152.0, 151.9, 150.9, 150.7, 136.8, 135.9,
129.5, 129.4, 129.2, 128.9 (2), 128.7(3), 128.4, 127.5, 126.9, 126.0, 125.9 (2), 125.8, 121.6,
121.5, 114.0, 113.9, 106.6, 105.9, 55.6, 55.4, 54.4, 54.2, 54.0; HRMS (ESI) m/z calcd for
CasH23N,0,4 [M+H]" 415.16523, found 415.16442.

1-Phenoxycarbonyl-2-methyl-3-methoxy-5-(4-methoxyphenyl)-1,2-dihydropyrazine (7b).
Compound 7b was prepared in 88% vyield as a colorless syrup (3:2 mixture of rotamers):
'H NMR (CDCl;, 500 MHz) 6 7.77-7.68 (m, 2H), 7.44—7.36 (m, 2H), 7.29-7.21 (m, 1H),
7.21-7.15 (m, 2H), 6.96—6.89 (m, 3H), 4.96 and 4.91 (2q due to rotamers, J = 6.5 Hz, J = 7.0
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Hz, 1H), 3.96 and 3.95 (2s due to rotamers, 3H), 3.83 and 3.82 (2s due to rotamers, 3H), 1.37
and 1.30 (2d due to rotamers, J = 6.5 Hz, 3H); *C NMR (CDCls, 125 MHz) § 161.7, 161.4,
159.2, 159.1, 151.6, 151.4, 150.9, 150.7, 129.5, 129.4, 129.3 (2), 128.5, 128.3, 125.9, 125.8,
125.7 (2), 1215, 121.4, 113.9, 113.8, 105.4, 104.9, 55.3, 53.8, 53.7, 48.3, 47.4, 16.1, 15.2;
HRMS (ESI) m/z calcd for CoH2:N204 [M+H]" 353.14958, found 353.14900.

1-Phenoxycarbonyl-2-phenyl-3,5-dimethoxy-1,2-dihydropyrazine (8). Compound 8 was prepared
in 45% vyield as a colorless syrup (3:2 mixture of rotamers): *H NMR (CDCls, 500 MHz) ¢
7.43—7.30 (m, 6H), 7.27-7.18 (m, 1H), 7.14 (d, J = 7.5 Hz, 1H), 7.04 (d, J = 7.5 Hz, 1H), 5.98
and 5.89 (2s due to rotamers 1H), 5.93 and 5.92 (2s due to rotamers 1H), 6.01-5.87 (m, 2H),
3.91 (2s due to rotamers, 3H), 3.69 (2s due to rotamers, 3H); **C NMR (CDCls, 125 MHz) ¢
161.6, 161.4, 152.2, 151.5, 150.8, 150.6, 148.0, 147.8, 135.7, 135.0, 129.3 (2), 128.8, 128.7 (3),
127.1, 126.6, 125.7 (2), 121.5, 121.4, 87.5, 87.1, 55.6, 55.1 (2), 54.6, 54.5, 54.4; HRMS (ESI)
m/z calcd for C1gH1gNaN,O4 [M+Na]* 361.11588, found 361.11560.

1-Phenoxycarbonyl-2-phenyl-3,5-dibenzyloxy-1,2-dihydropyrazine (9a). Compound 9a was
prepared in 88% yield as a colorless syrup (3:2 mixture of rotamers): *H NMR (CDCls, 500
MHz) 6 7.39-7.24 (m, 17H), 7.22-7.15 (m, 1H), 7.13-7.09 (m) and 7.04-6.99 (m) (total 2H),
6.14 and 6.10 (2s due to rotamers, 1H), 5.94 and 5.91 (2s due to rotamers, 1H), 5.41-5.27 (m,
2H), 5.02-4.90 (m, 2H); *C NMR (CDCls, 125 MHz) 6 160.5, 160.3, 152.1, 151.5, 150.9,
150.6, 145.9, 145.6, 136.5, 136.4, 135.8, 135.5, 135.4, 135.2, 129.3 (2), 128.8, 128.7, 128.6 (2),
128.5, 128.4 (2), 128.3, 128.2, 128.1, 128.0, 127.9, 127.1, 126.6, 125.7, 125.6, 121.5, 121.4,
91.2, 90.9, 69.8, 69.7, 69.2, 69.0, 55.7, 54.6; HRMS (ESI) m/z calcd for C3;H2N,O4 [M+H]"
491.19653, found 491.19661.

1-Phenoxycarbonyl-2-(4-methoxyphenyl)-3,5-dibenzyloxy-1,2-dihydropyrazine (9b). Compound
9b was prepared in 77% yield as a colorless syrup (3:2 mixture of rotamers): *H NMR (CDCls,
500 MHz) ¢ 7.38—-7.29 (m, 11H), 7.24-6.96 (m, 6H), 6.83 and 6.78 (2d due to rotamers, J = 8.0
Hz), 6.10 and 6.07 (2s due to rotamers, 1H), 5.88 and 5.85 (2s due to rotamers, 1H), 5.40-5.27
(m, 2H), 5.04-4.93 (m, 2H), 3.81 and 3.78 (2s due to rotamers, 3H); *C NMR (CDCls, 125
MHz) ¢ 166.8, 160.7, 159.8, 152.1, 151.5, 151.0, 150.8, 146.0, 145.7, 136.6, 136.5, 135.6 (2),
132.2, 129.4 (2), 128.7, 128.6, 128.5 (2), 128.4, 128.3, 128.2, 128.1 (3), 127.4, 125.8, 125.7,
121.6, 121.5, 114.2, 114.1, 113.5, 91.0, 90.8, 69.8, 69.7, 69.2, 69.0, 55.3(2), 55.2, 54.1; HRMS
(ESI) m/z caled for C3H29N,05 [M+H]™ 521.20710, found 521.20718.

1-Phenoxycarbonyl-2-methyl-3-(benzyloxy)-5-ethyl-1,2-dihydropyrazine (10). Compound 10
was prepared in 81% yield as a colorless syrup (3:2 mixture of rotamers): *H NMR (CDCls, 500
MHz) 6 7.46—7.30 (m, 7H), 7.30-7.19 (m, 1H), 7.17-7.10 (m, 2H), 6.29 and 6.24 (2s due to
rotamers, 1H), 5.26 and 5.25 (2s due to rotamers, 2H), 4.91 and 4.86 (2q due to rotamers, J = 6.5
Hz, 1H), 2.33-2.21 (m, 2H), (2d due to rotamers, J = 7.0 Hz, 3H), 1.20—1.10 (m, 3H); *C NMR
(CDCl3, 125 MHz) ¢ 161.3, 160.9, 151.4, 151.3, 151.0 (2), 150.8, 136.3, 132.5, 132.2, 129.6,
129.4 (2), 128.5 (2), 128.4, 128.2 (2), 128.1, 126.3, 125.7 (2), 121.6, 121.5, 120.9, 105.2, 104.7,
68.1, 67.9, 48.3, 47.5, 26.9, 15.7, 14.8, 12.4 (2); HRMS (ESI) m/z calcd for C,1H23N,03 [M +
H]* 351.17032, found 351.17015.
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1-Phenoxycarbonyl-2-phenyl-3-benzyloxy-5-benzyl-1,2-dihydropyrazine (11). Compound 11 was
prepared in 81% vyield as a colorless syrup (3:2 mixture of rotamers): *H NMR (CDCls, 500
MHz) ¢ 7.44-7.08 (m) and 7.00 (d, J = 8.0 Hz) (total 20H), 6.52 and 6.46 (2s due to rotamers,
1H), 5.89 and 5.86 (2s due to rotamers, 1H), 5.33-5.15 (m, 2H), 3.65-3.49 (m, 2H); *C NMR
(CDCl3, 125 MHz) ¢ 158.9, 151.8, 150.8, 150.6, 139.0, 136.0, 135.5, 130.4, 130.2, 129.4, 129.3,
129.1 (2), 128.7, 128.6, 128.5 (2), 128.4, 128.3 (2), 128.2 (2), 128.0 (2), 127.4, 126.8, 126.2 (2),
125.8, 125.7, 121.5, 121.4, 108.2, 107.4, 68.3, 68.2, 55.4, 54.0, 40.0 (2); HRMS (ESI) m/z calcd
for Ca1H27N,03 [M+H]" 475.20162, found 475.20297.

1-Phenoxycarbonyl-2,5-diphenyl-3-benzyloxy-1,2-dihydropyrazine (12). Compound 12 was
prepared in 100% yield as an yellow syrup (3:2 mixture of rotamers): *H NMR (CDCls, 500
MHz) ¢ 7.80 (d, J = 7.5 Hz, 2H), 7.47-7.20 (m, 16H), 7.20-7.13 (m, 2H), 7.03 (d, J = 8.5 Hz,
1H), 6.00 and 5.99 (2s due to rotamers, 1H), 5.53—5.37 (m, 2H); *C NMR (CDCls, 125 MHz) ¢
158.7, 151.9, 150.8, 150.6, 136.6, 136.4 (2), 136.1, 135.8, 129.2 (2), 128.9, 128.8, 128.7 (2),
128.5, 128.4 (2), 128.2 (2), 128.1, 127.2 (2), 127.3, 126.8, 126.0, 125.9, 124.6, 124.5, 121.5,
121.4, 108.4, 107.6, 68.6, 68.5, 55.7, 54.4; HRMS (ESI) m/z calcd for CzpHsN,O3 [M+H]"
461.18597, found 461.18689.

1-Phenoxycarbonyl-2-phenyl-3-benzyloxy-5-(benzyloxycarbonyl)-1,2-dihydropyrazine (13).
Compound 13 was prepared in 49% yield as a white solid (3:2 mixture of rotamers): *H NMR
(CDCl3, 500 MHz) ¢ 7.97 and 7.90 (2br s due to rotamers, 1H), 7.48—7.43 (m, 2H), 7.41-7.22
(m, 16H), 7.14-7.09 (m, 1H), 6.96-6.92 (m, 1H), 5.90 (s, 1H), 5.45-5.31 (m, 4H); *C NMR
(CDCls, 125 MHz) ¢ 164.6, 158.7, 158.6, 151.4, 151.1, 150.4, 150.2, 136.6, 136.1, 135.6, 129.5,
129.0, 128.5 (2), 128.4, 128.3, 128.2, 127.8, 127.3, 126.7, 126.3, 122.1, 121.3, 121.2, 120.2,
69.0, 66.5, 56.3, 55.0; HRMS (ESI) m/z calcd for CsHy7N,Os [M+H]" 519.19145, found
519.19150.

General procedure for the conversion of substituted 1,2-dihydropyrazines to A°-2-
oxopiperazines using 1 M HClq/methanol. Representative procedure for the preparation of
phenyl 3-oxo-2-phenyl-3,4-dihydropyrazine-1(2H)-carboxylate (14a). To a solution of phenyl 3-
(benzyloxy)-2-phenylpyrazine-1(2H)-carboxylate (4b, 0.100 g, 0.260 mmol) in anhydrous THF
(1 mL) was added 1M HCl,q) in methanol (1 mL) at 0 °C. Stirring was continued under nitrogen
for 45 minutes until hydrolysis was completed as determined by TLC (silica gel, EtOAc/hexanes
2:3). The reaction mixture was quenched with saturated NaHCO; (2 mL), extracted with
dichloromethane (3 x 10 mL), dried over Na,SO4and concentrated in vacuo. Purification of the
crude mixture by flash silica gel column chromatography (10-75% EtOAc/hexanes) afforded
15a as a white solid (0.058 g, 61%, 1:1 mixture of rotamers): mp: 164-166 °C; *H NMR (CDCls,
500 MHz) ¢ 8.28 and 8.02 (2br s due to rotamers, 1H), 7.58—7.43 (m, 2H), 7.43—7.29 (m, 5H),
7.29-7.18 (m, 1H), 7.14 (d, J = 8.5 Hz, 1H), 6.98 (d, J = 8.5 Hz, 1H), 5.96 and 5.93 (2s due to
rotamers, 1H), 5.83—5.68 (m, 1H); **C NMR (CDCls, 125 MHz) § 166.1, 165.8, 151.8, 151.4,
150.6, 150.4, 136.5, 135.9, 129.4, 128.9, 128.8, 128.7, 126.9, 126.4, 126.0, 125.9, 121.3, 108.9,
108.7, 108.2, 60.9, 59.8; HRMS (ESI) m/z calcd for C17H14NaN,Os [M + Na]* 317.08966, found
317.08968.

Ring-opened side product methyl 2-((2-oxoethyl)(phenoxycarbonyl)amino)-2-phenylacetate (16).
'H NMR (CDCls, 500 MHz, 4:1 mixture of rotamers) ¢ 3.81 and 3.84 (2s due to rotamers, 3H),
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3.91-4.17 (m, 2H), 6.22 and 6.27 (2s due to rotamers, 1H), 7.12-7.26 (m, 3H), 7.28-7.32 (m,
2H), 7.35-7.44 (m, 5H), 9.40 and 9.49 (2s due to rotamers, 1H); *C NMR (CDCls, 125 MHz,
mixture of rotamers) ¢ 52.5, 52.6, 53.8, 54.0, 62.0, 62.7, 121.4, 125.8 (2), 128.8 (2), 129.3 (2),
133.3, 133.6, 150.7, 150.8, 154.4, 154.8, 170.8, 171.0, 197.7, 197.9; HRMS (ESI) m/z calcd for
C1gH1sNOs [l\/H'H]Jr 328.11795, found 328.11758.

General procedure for the conversion of substituted 1,2-dihydropyrazines to A°-2-
oxopiperazines using 4 M HCl/dioxane. Representative procedure for the preparation of phenyl
3-0x0-2-phenyl-3,4-dihydropyrazine-1(2H)-carboxylate (14a). To a solution of of phenyl 3-
(benzyloxy)-2-phenylpyrazine-1(2H)-carboxylate (4b, 0.100 g, 0.260 mmol) in anhydrous THF
(1 mL) was added 4 M HCI in dioxane (1 mL) at 0 °C. Stirring was continued under nitrogen for
20 minutes until hydrolysis was completed as determined by TLC (silica gel, EtOAc/hexanes
2:3). The reaction mixture was quenched with water (2 mL) and extracted with dichloromethane
(3 x 15 mL). The organic phase was washed with saturated NaHCO3 (25 mL), dried over Na,SO,
and concentrated in vacuo. Purification of the crude mixture by flash silica gel column
chromatography (10-75% EtOAc/hexanes) afforded 14a as a white solid (0.259 g, 100%).

Phenyl 2-benzyl-3-oxo-3,4-dihydropyrazine-1(2H)-carboxylate (14b). Compound 14b was
prepared in 95% vyield as a white crystalline solid (3:2 mixture of rotamers): mp: 128-130 °C; *H
NMR (CDCl3, 500 MHz) ¢ 8.44 and 8.39 (2s due to rotamers, 1H), 7.43—7.10 (m, 8H), 6.93 (d, J
= 8.0 Hz, 1H), 6.55 (d, J = 8.0 Hz, 1H), 6.55 (d, J = 8.0 Hz, 1H), 6.55 (d, J = 8.0 Hz, 1H), 6.44
and 6.37 (2d due to rotamers, J = 5.5 Hz, 1H), 5.20-5.05 (m, 1H), 5.80 and 5.60 (2d due to
rotamers, J = 4.5 Hz, 1H), 3.21-2.97 (m, 2H); *C NMR (CDCls;, 125 MHz) § 167.0, 166.9,
151.7, 151.2, 150.6, 150.1, 135.7, 135.5, 129.7, 129.3, 129.1, 128.7, 128.4, 127.1, 127.0, 125.8,
125.7, 121.3, 121.2, 110.4, 109.1, 108.0, 107.8, 59.1, 57.8, 36.0, 35.9; HRMS (ESI) m/z calcd
for C1gH1sNaN,03 [M+Na]* 331.10531, found 331.10499.

Phenyl 2-(2-bromobenzyl)-3-oxo-3,4-dihydropyrazine-1(2H)-carboxylate (14c). Compound 14c
was prepared in 85% vyield as a white solid (1:1 mixture of rotamers): mp: 40—42 °C; *H NMR
(CDCl3, 500 MHz) ¢ 8.34 and 8.30 (2br s due to rotamers, 1H), 7.54 (t, J = 8.5 Hz, 2H),
7.35-7.10 (m) and 6.93 (d, J = 7.5 Hz) (total 5H), 6.62 (d, J = 7.5 Hz, 1H), 6.48-6.40 (m, 1H),
5.86 and 5.65 (2t due to rotamers, J = 5.0 Hz, 1H), 5.38-5.32 (m) and 5.29-5.24 (m) (total 1H),
3.79-3.74 (m) and 3.68—-3.61 (m) (total 1H), 3.42 and 3.39 (dt, J = 5.0 Hz), 3.35 and 3.34 (dd, J
= 4.0 Hz, (total 1H), 3.17-3.08 (m, 1H); **C NMR (CDCl;, 125 MHz) ¢ 166.6, 166.4, 151.5,
151.2, 150.6, 150.1, 135.3, 135.2, 133.0,132.9, 131.8, 131.7, 129.4, 129.3, 129.1, 128.9, 128.8,
127.6, 127.2, 125.8, 125.7, 125.4,125.3, 121.4, 121.3, 121.0, 110.4, 109.2, 108.1, 108.0, 72.2,
71.1, 61.6, 57.1, 56.5, 42.8, 36.0, 35.7; HRMS (ESI) m/z calcd for CygH15BrN,O3 [M + H]*
387.03388, found 387.03360.

Phenyl  5-(4-methoxyphenyl)-3-oxo-2-phenyl-3,4-dihydropyrazine-1(2H)-carboxylate  (15a).
Compound 15a was prepared in 73% yield as a white solid (1:1 mixture of rotamers): mp: 206—
208 °C; *H NMR (CDCls, 500 MHz) 6 7.87 and 7.70 (2br s due to rotamers, 1H), 7.48 (t, J = 6.0
Hz, 2H), 7.41-7.30 (m, 7H), 7.26—7.21 (m, 1H), 7.17 (d, J = 8.0 Hz, 1H), 7.01 (d, J = 8.0 Hz,
1H), 6.93 (dd, J = 4.0, 8.5 Hz, 1H), 6.84 and 6.77 (2s due to rotamers, 1H), 6.02 (d, J =11.5 Hz,
1H), 3.82 (s, 3H); *C NMR (CDCls, 125 MHz) 6 166.0, 165.8, 160.1 (2), 152.0, 151.8, 150.8,
150.6, 136.3, 135.8, 129.5, 129.3, 129.2, 129.0, 128.9, 128.8, 128.7, 126.9, 126.4, 126.1, 126.0
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(2), 124.6, 122.1 (2), 121.5, 121.4, 114.5, 104.7, 104.2, 60.6, 59.5, 55.4; HRMS (ESI) m/z calcd
for Co4H21N204 [M]* 400.14958, found 400.14878.

General procedure for the one-pot Grignard addition/hydrolysis reaction to synthesize
substituted 4°-2-oxopiperazines 15b—d. Representative procedure for the preparation of phenyl
5-ethyl-3-oxo0-2-phenyl-3,4-dihydropyrazine-1(2H)-carboxylate (15b). To a solution of 2-
(benzyloxy)-6-ethylpyrazine (0.100 g, 0.467 mmol) in anhydrous THF (4 mL) was added phenyl
chloroformate (0.07 mL, 0.556 mmol) at 0 °C and stirred under a nitrogen atmosphere until salt
formation was completed (15 min, as determined by TLC on neutral alumina, EtOAc/hexanes
1:19). The reaction mixture was cooled to —41 °C, phenylmagnesium bromide solution (1 M in
THF, 0.56 mL, 0.556 mmol) was added and the mixture stirred for 2 h. Then, the reaction was
quenched with 1 M HCI solution in MeOH (2 mL) at —41 °C, allowed to reach room temperature
and stirred for 1 h. The reaction mixture was neutralized with agueous NaHCO3 solution,
extracted with EtOAc (20 mL), washed with brine, dried over Na,SO4 and concentrated under
reduced pressure. The resulted crude material was purified by flash silica gel column
chromatography (Combiflash Rf) using EtOAc/hexanes 1:3 to obtain 15b (0.120 g, 80%) as a
colorless syrup (1:1 mixture of rotamers): *H NMR (CDCls, 500 MHz) 6 7.58 and 7.82 (2br s
due to rotamers, 1H, NH), 7.42 (t, J = 7.5 Hz, 2H), 7.32-7.40 (m, 5H), 7.18-7.24 (m, 1H), 7.14
(d, J =8.0 Hz, 1H), 7.00 (d, J = 8.5 Hz, 1H), 6.31 and 6.35 (2s due to rotamers, 1H), 5.94 and
5.96 (2s due to rotamers, 1H), 2.18-2.26 (m, 2H), 1.12-1.18 (m, 3H). **C NMR (CDCls, 125
MHz) ¢ 166.6, 166.5, 151.8, 151.7, 150.7, 150.5, 136.3, 135.8, 129.3, 128.8, 128.7, 128.5 (2),
126.8, 126.3, 125.8, 125.7, 123.9, 123.8, 121.4, 121.3, 103.4, 103.0, 60.2, 59.0, 23.3, 11.5, 11.4;
HRMS (ESI) m/z calcd for C1gH19N,03 [M+H]" 323.13902, found 323.13895.

Phenyl 5-benzyl-3-oxo-2-phenyl-3,4-dihydropyrazine-1(2H)-carboxylate (15c). Compound 15c
was prepared in 72% yield as an orange solid (1:1 mixture of rotamers): mp: 88-90 °C; *H NMR
(CDCl3, 500 MHz) ¢ 8.49 and 8.14 (2br s due to rotamers, 1H), 7.40-7.13 (m, 14H), 7.01 (d, J =
8.0 Hz, 1H), 6.50 and 6.47 (2s due to rotamers, 1H), 5.90 (d, 1H, J = 4.5 Hz), 3.48-3.54 (m, 2H);
3C NMR (CDCls, 125 MHz) 6 165.9, 165.6, 151.8, 151.6, 150.7, 150.5, 136.0, 135.8, 135.7,
135.5, 129.4, 128.8, 128.7 (3), 128.6, 128.5, 127.2, 126.9, 126.3, 125.9, 125.8, 121.4 (2), 121.2,
105.5, 104.9, 60.3, 59.1, 36.4 (2); HRMS (ESI) m/z calcd for CigHigN,NaOs [M+Na]”
407.13661, found 407.13640.

Phenyl 3-oxo-2,5-diphenyl-3,4-dihydropyrazine-1(2H)-carboxylate (15d). Compound 15d was
prepared in 71% vyield as a white solid (1:1 mixture of rotamers): mp: 208-210 °C; *H NMR
(CDCls3, 500 MHz) 6 7.63—7.34 (m, 13H), 7.25-7.21 (m, 1H), 7.17 and 7.01 (2d due to rotamers,
J = 8.0 Hz, 2H), 6.97 and 6.90 (2s due to rotamers, 1H), 6.03 (d, J = 12.5 Hz, 1H); **C NMR
(CDCls3, 125 MHz) ¢ 59.7, 60.8, 105.5, 106.0, 121.4, 1215, 121.8 (2), 124.4, 124.5, 126.0,
126.1, 126.3, 126.8, 128.8, 129.0 (2), 129.3, 129.5, 132.2, 135.8, 136.2, 148.7, 150.5, 150.7,
151.7, 152.0, 165.2, 165.3; HRMS (ESI) m/z calcd for C,3H1sN2NaO3z [M+Na]® 393.1215, obsd
393.1206.
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Sample: DBR-4-593
Sample ID: s_20120319_04

File: s_20120319_04/data/cdc13_

Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 26.0 C / 299.1 K
Operator: walkup

File: cdcl13_01
VNMRS-500 *'NMRS500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 2.049 sec

width 8012.8 Hz

8 repetitions
OBSERVE H1, 499.7316307 MHz
DATA PROCESSING

Resol. enhancement -0.0 Hz
FT size 65536
Total time 0 min, 31 sec

2-(4-Methoxybenzyloxy)pyrazine (1c)

OPMB
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Sample: DBR-4-593
Sample ID: s_20120319_05
File: s_20120319_05/data/cdci13_

Pulse Seguence: s2pul

Solvent: cdecl3

Temp. 26.0 C / 299.1 K
Operator: walkup

File: cdcl13_01
VNMRS-500 "NMRS500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acgq. time 1.300 sec

Width 30487.8 Hz

256 repetitions
OBSERVE C13, 125.6576224 MHz
DECOUPLE H1, 499.7341220 MHz
Power 42 dB

continuously on

WALTZ2-16 modutated
DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072
Total time 9 min, 51 sec

2-(4-Methoxybenzyloxy)pyrazine (1¢)
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Band 1

Sample: VRS-6-111
Sample ID: s_20120926_07
File: s_20120926_07/data/cdc13_01.f1id

Pulse Sequence: s2pul

Solvent: cdcl13

Temp. 26.0 C / 299.1 K
Operator: walkup

File: cdc13_01
VNMRS-500 'NMR500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 2.049 sec

width 8012.8 Hz

8 repetitions
OBSERVE H1, 499.7316167 MHz
DATA PROCESSING

Resol. enhancement -0.0 Hz
FT size. 65536
Total time 0 min, 31 sec

2-Chloro-6-methoxypyrazine

Cl N._-OMe
~N
\ﬂ: ;]/
N

54.50
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Band 1

Sample: VRS-6-111
Sample ID: s_20120926_08
File: s_20120926_08/data/cdc13_01.fid 2_Chlor0_6_methoxypyrazine

Pulse Sequence: s2pul
Solvent: cdcl3

Temp. 26.0 C / 299.1 K Cl N\ OMe
Operator: walkup \T[ :I/
File: cdc13_01 P

. . N~

VNMRS-500 "NMR500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acg. time 1.300 sec

width 30487.8 Hz

256 repetitions
OBSERVE C13, 125.6576166 MHz
DECOUPLE H1, 499.7341220 MHz
Power 42 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072
Total time 9 min, 51 sec

<
3 23
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; 2 ” 2
& 3
| l , . .
T]V!]lllllllI\}I\ll[lIII|I]KI'IlII|Illlillll|III||llll\Illllkll!|llll|llll]lll\lI!II|I\I<llllIyIIII}IIII[IIK‘}|01I||
200 180 160 140 120 100 80 60 40 20 0 ppm
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2-Methoxy—-6-phenylipyrazine

Sample: VRs=-6-114
Sample ID: s_20120930_01
File: s_20120930_01/data/cdc13_01.f1id

Pulse Sequence: s2pul

Solvent: cdcl13

Temp. 26.0 C / 299.1 K .

Operatorn: valkup 2-Methoxy-6-phenylpyrazine (1d)
VNMRS-500 “"NMR500"

Relax. delay 1.000 sec Ph N\ OMe
Pulse 45.0 degrees
Acg. time 2.049 sec ~
Width 8012.8 Hz N

8 repetitions
OBSERVE H1, 499.7316268 MHz

DATA PROCESSING

Resol. enhancement —-0.0 Hz

FT size 65536
Total time 0 min, 31 sec

11 T

- T T T T | T T T T I T T T T | T T T T | T
9 8 7 6 5 4 3 2 1 0 ppm
1.00 1.93 3.19
1.08 2.95
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Purified (suzuki)

eI 1B b 0gsn oz 2-Methoxy-6-phenylpyrazine (1d)

File: s_20120930_02/data/cdc13_01.Fid

Pulse Seguence: s2pul

Ph N OMe
Solvent: cdcl3 ' \H: jj/
Temp. 26.0 C / 299.1 K —
N

Operator: walkup
File: cdc13_01
VNMRS—-500 "NMR500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acqg. time 1.300 sec

Width 30487.8 Hz

256 repetitions
OBSERVE C13, 125.6576166 MHz
DECOUPLE H1, 489.7341220 MHz
Power 42 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072
Total time 9 min, 51 sec
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Sample: DBR-3-447-R
Sample ID: s_20120111_62

2-(Benzyloxy)-6-chloropyrazine

File: s_201206111_02/data/cdci3_01.Fid

Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 26.8 C / 299.1 K
Operator: walkup

File: cdcl13_01
VYNMRS—-500 ""NMRSga"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acg. time 2.049 sec

Width 8012.8 Hz

8 repetitions
OBSERVE Hl, 499.7316295 MHz
DATA PROCESSING

Resol. enhancement -0.0 Hz
FT size 65536
Total time 0 min, 31 sec

CI~-Ng_-OBn
»l
N

8
P et
87 1.93
89 2.90



Sample: DBR-3-447
Sample ID: s_20101203_08
File: 00772.fid

Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 26.0 C / 239.1 K
Operator: walkup

File: 00772

VNMRS-500 “NMRS500"

Relax. delay 1.000 sec

Puise 45.0 degrees

Acg. time 1,300 sec

Width 30487.8 Hz

256 repetitions

OBSERVE C13, 125.6576217 MHz
DECOUPLE H1, 499.7341220 MHz

2-(Benzyloxy)-6-chloropyrazine

CI\[:j/OBn

Power 42 dB @
continuously aon 2@ e
WALTZ-16 modulated L] .
DATA PROCESSING w m 2
Line broadening 0.5 Hz MO o
FT size 131072 TTes |
Total time 8 min, 51 sec | < S
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Sample: DBR—-4-611
Sample ID: s_20120705_02
File: 5_20120705_02/data/cdc13_01.f1d

Pulse Sequence: szpul Z_IBCHZ e S ’
Solvent: cdci3 yloxy 6 CthYlpyl azme (]h)
Temp. 26.0 C / 298.1 K )
Operator: walkup

File: cdc13_01 . Ny -OBn
VNMRS—-500 "NMRS500" ’
S
N

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 2.043 sec
Width 8012.8 Hz
8 repetitions
OBSERVE Hi, 499.7316322 MHz
DATA PROCESSING »
Resol. enhancement —0.0 Hz
FT size 85536
Total time 0 min, 31 sec

10 9 8 7 6 5 4 3 2 1
e e ! ! e -
1.01 1.0089 1.96
1.01 1.78 2,00 2.93
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Sample: DBR—-4-611

Sample ID: s_20120705_03
File: s_20120705_03/data/cdc13_01.fid

Pulse Sequence: s2pu

Solvent: cdcl3d
Temp. 26.0 C / 299.
Operator: walkup
File: cdc13_01
VNMRS~500 "“NMR500"

Relax. delay 1.000
Pulse 45.0 degrees
Acg. time 1.300 sec
Width 30487.8 Hz
256 repetitions

OBSERVE (€13, 125.6576199 MHz
DECOUPLE H1l, 498.7341220 MHz

Power 42 dB
continuously on
WALTZ-16 modulated
DATA PROCESSING

Line hroadening 0.5
FT size 131072

Total time 9 min, 51 sec

1

1K

sec

Hz

159.348

155.053

2-Benzyloxy-6-cthylpyrazine (1h)

Ng_OBn
U

77.248
76.887

\__76.741

128.453
28.242

/1

\128.027
§7.552

135.002
132.622

/__136.718

28.048

13.130

60




Sample: DBR-4-613
Sample ID: s_20120712_03
File: s_20120712_03/data/cdc13_01.fid

Pulse Sequence: s2pul . .
solvent: cdcl3 2-Benzyl-6-benzylozypyrazine (1i)
Temp. 26.0 € / 299.1 K

Operator: walkup

File: cdci3_01 Bn N OBn
VUNMRS-500 "NMR500" \ ~

P

N

Relax. delay 1L.000 sec

Pulse 45.0 degrees

Acg. time 2.049 sec

wWidth 8012.8 Hz

8 repetitions
0BSERVE Hi, 499.7316304 MHz
DATA PROCESSING

Resol. enhancement —0.0 Hz
FT size 65536
Total time 0 min, 31 sec

10 9 8 7 6 5 4 3 2 1 ppm
e e [ "
0.84 1.87 2.00
0.87 8.95 2.03
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&3

Samn1E 10s s 20120705_05 2-Benzyl-6-benzylozypyrazine (1i)

File: 5,20120705_05/data/cdc13_01.fid

Pulse Sequence: s2pul

Bn N.__OBn
Solvent: cdcl3 ~
Temp. 26.0 C / 299.1 K | _
Operator: walkup N

File: cdcl13_01
VNMRS~500 *NMR500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 1.300 sec

Width 30487.8 Hz

256 repetitions
DBSERVE C13, 125.6576208 MHz
DECOUPLE H1, 499.7341220 MHz Y
Power 42 dB
continuously on
WALTZ~16 modulated

DATA PROCESSING

l.ine broadening 0.5 Hz
FT size 131072
Total time 9 min, 51 sec

77.245
76.988

\_76.738

N

o

., M
on ®g
o wnoN 3
awmw g
T
ox? )
~ o0
- -

1
28.283
128.050

\\E'
126.569
67.671

135.628
133.155
129.187
41.356

138.434
136.557

152.417
/e
e

138.423

158.267




Sample: DBR-3-453
Sample ID: $_20101214_08
File: 00851.fid

Pulse Seguence: s2pul

Solvent: cdcl3

Temp. 26.0 C / 299.1 K
Operator: walkup

File: 00851

VNMRS~500 “NMR500"

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 2.049 sec
Width 8012.8 Hz

8 repetitions

Z-Benzyi()xy~~6-'phmjylpf;u rzine (1)

OBSERVE H1, 499.7316366 MHz

DATA PROCESSING

Resol. enhancement =0.,0 Hz

FT size 65536
Total time 0 min, 31 sec

1.06 2.00

1.02



Sample: DBR—-3-453

e D Spagratatayt 2-Benzyloxy-6-phenylpyrazine (1j)

Pulse Sequence: s2pul

Solvent: cdcl3 Ph._-Ng .OBn
Temp. 26.0 C / 288.1 K h ’
Operator: walkup § dJ
File: 00850 "N

VNMRS-500 "NMRSO00"

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 1.300 sec

Width 30487.8 Hz

256 repetitions
DBSERVE C13, 125.6576228 MHz
DECOUPLE H1, 439.7341220 MHz d
Power 42 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131672

Total time 9 min, 51 sec

128.864
128.538
\_128.197
\__128.138

126.817
77.237

76/.981

\__76.730
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IPC 10 hr
Sample: VRS- 7"§”)’
Sample ID: s$_20140113 01 .
FiE: s 20147115 01 /data/cdca_pi. id : Benzyl 6-chloropyrazine-2-carboxylate
Puise ‘Sequence: sz2pul .
Solvent: cdci3
Temp. 26.0 C/ 299.1 K O
‘Operator: walkup Cl N
File: cdc13_01 N OBn
- VNMRS=500:: "NMR500" - | _
i N
Relax. delay 1.000 sec
Pulse 45.0 degrees, R . . - E S
Acg.-time 2.043 sec e . v
width: 8012.8 Hz S
8 repetitions . E
OBSERVE HL, 499.7316285 MHz .. : . B
DATA PROCESSING
Resol. enhancement -0.0 Hz - A

FT size 65536
Total. time 0 min, 31 sec

g 8 7 6 5 4 3 2 1 0 ppm
— l..(J L'_L..r_ L\,_l
1.00 2.24 2.53

1.01 3.37
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2-CBZ—-6—chloropyrazine ' -

Sample: VRS—7:—$:%1

Sample T0: s Z0LALLS02 o rtid Benzyl 6-chloropyrazine-2-carboxylate

Pulse Seqguence: s2pul

Solvent: cdecl3 -~ 0
Temp. 26.0 C / 299.1 K cl N
.. Operator: walkup = :% : AN OBn
File: cdcl13_01 S | P
- VNMRS-500 "NMRS0 A Loere N

Relax. delay 1,000 sec
.Pulse 45.0 degrees B R I
Acg. time 1.300 sec . S K
Width - 30487.8 Hz. - . S R
256 repetitions ' : Pt e
Lo OBSERVE C13, 125.6576166 MHz . O
: DECOUPLE H1, 498.7341228 MHz
Power 42 dB
continuously on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size 131072 :
Total time 9 min, 51 sec

77,278
77.026

VA
-,

\_.76.771

128.764
128.727
\_128.698

—-148.027
~—143.692
68.178

—149.315
142.677

162.643
134.877

D i D B A | {2 A | ’ LR [ T T | LIt B B A B B LI 1 T T T I LA S N I T 7T ! L AL T T L B R | 1 £t S R R R B B T ‘ LI O A N I R B l L T L ‘ L2 O N B 1 ! LA N S N R B R | T 1T T

200 180 160 140 120 100 810 60 40 20 0 ppm
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Band from ISCO

Sample: VRS-7-54
Sample ID: s_20140815_02
File: s_20140815_02/data/cdc]

Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 26.0 C / 299.1 K
Operator: walkup

File: cdcl13_01
VNMRS~-500 '""NMR500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acg. time 2.049 sec

Width 8012.8 Hz

8 repetitions
OBSERVE H1, 499.7316363 MHz
DATA PROCESSING

Resol. enhancement =0.0 Hz
FT size 65536
Total time 0 min, 31 Ssec

“7.351

Benzyl 6—(benzyloxy)pyrazine-2-carb0xylatc (1k)

%_.7.335

—5.487
—-5.439
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Purified

Sample: VRS-7-54
Sample ID: s_20140815 03
File: s_20140815_03/data/cdci3,

pulse Sequence: szpul Benzyl 6—(benzyloxy)pyrazinc-2~carb0xylate (1k)

solvent: cdcl3

Temp. 26.0 C / 289.1 K
Operator: walkup
Fite: cdc13_01 o)
VNMRS-500 ''NMR500" BnO N

N OBn

Relax. delay 1.000 sec

Pulse 45.0 degrees N/
Acg. time 1.300 sec

width 30487.8 Hz

256 repetitions
DBSERVE €13, 125.6576260 MHz

DECOUPLE H1, 499.7341220 MHz

Power 41 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072
Total time 9 min, 51 sec
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Purified

Sample xb: s fotenosi s 1-Phenoxycarbonyl-2-phenyl-3-methoxy-1,2-dihydropyrazine (3a)

File: s_20120611_08/data/cdcl3_01.Fid

Pulse Seguence: s2pul N o)
Me
Solvent: cdcl3 I =
Temp. 26.0 C / 299.1 K
Operator: walkup N
File: cdcl3_ga1 /L§
VNMRS~500 "NMR500" PhO” SO

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acg. time 2.049 sec

Width 8012.8 Hz 3

8 repetitions &

OBSERVE Hl, 4983.73168441 MHz ®

DATA PROCESSING

Resol. enhancement -0.0 Hz

FT size 65536

Total time 0 min, 31 sec
o0
o
00
]

=
o
o
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|
_ . = L,,)JM J N . Ku@-_%, —— — . -
A E i S r”'* L ﬁ"ﬁf"‘j‘*r_*r—‘i“*"’r‘]_‘"r—_l—‘r“—r— _"v‘l—ﬁ_—]_*'ﬁ' [ L T T I ﬁ“ﬁ‘[‘*"l""—l 'ﬁf"‘ﬁﬁ‘r‘ﬁ*' hvﬁ‘y_f‘i'ﬁ‘l—'jﬁr' R A
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b i e (-
7.061.20 0.34 0.86 3.00
1.19.66 0.53 0.80
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Purified

Sample: WH-1-4

File: exp . .
1-Phenoxycarbonyl-2-phenyl-3-methoxy-1,2-dihydropyrazine (3a)

Pulse Sequence: s2pul )

Solvent: cdcl3

Temp. 26.0 C / 2988.1 K

Operator: walkup W

VNMRS-500 ""NMR500" h

o No OMe

B

" 2N
N P72
Relax. delay 1.000 sec /th\[:/ﬂ
Pulse 45.0 degrees ) PhO” 0 =
Acq. time 1.300 sec

width 30487.8 Hz

1280 repetitions
OBSERVE C13, 125.6576247 MHz

DECOUPLE H1, 488.7341220 MHz

Power 42 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072
Total time 16 hr, 25 min, 21 sec

.712
~—77.273
77.018

125.820

121.41¢
-76.766

125.934

128.663
127.275
126

\5

129,388

/ —129.359
/—128.818
/ _128.767

/

118.1680

118.304
\.—112.566

__111.862
54.718
[ _54.083
\__.53.,883

__160.243
. -160.102
151.602
150,743
. 136.882
136.008
N N
— 56.034

— 151.665
\.-150.472

/
/
/
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l~Phenoxycarbbny1—2—methy1—3—methoxy—l,Z—dihydropyrazine

Sample: WH-1-21 ; ) ’ o

sample ID: s_20110703_04 . .

File: /home/walkup/vnmrsys/d 1-Phenoxycarbonyl-2-methyl-3-methoxy-1,2-dihydropyrazine (3b)
Pulse Sequence: s2pu)

solvent: cdcl3

Temp. 26.0 C./ 299.1 K N OMe
Operator: walkup’ Lo l =
File: cdcl13_01 -

. VNMRS-=500--“NMR500!": : S /E§ Me

Relax. delay 1.000 sec. ..
Pulse 45.0 degrees

Acq. time 2.049 sec

width 8012.8-Hz

8 repetitions : AR
OBSERVE H1,4998.7316304 MHz
DATA PROCESSING L . & . .
Resol. enhancement —0.0 Hz R B : ©onoH:
FT size 65536 N : -
Total time 9.min, 31 sec .

_PRO” O

— T T T T T T T T T l T T T T ‘ T T T ] T T T T 1 T T T T | T T T T I T T T T | T T T T T T T T
9 8 7 6 5 4 3 2 1
A_‘_,J L_!_L'\' 3 I_'__l l_'_l..‘ I_r._,.l l_‘l‘j LV‘\"V‘J
2.202.01 0.36 0.97 1.22
1.26 1.00 0.63 3.31 2.32
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1—Phenpxycarb0ny1—2—methy]—3—methoxy—1,2~d1hydr0pyrazine

sample: WH-1- 21
Sample ID: s_20110703_03 PR .
File: /home/wa]kup/vnmrsys/data/

Pulse Sequence: s2pul - : 1—Phenoxycarbonyl—Z-methyl-3—methoxy—l,2-dihydr0pyrazine (3b)

Solvent: cdcl3
Temp. 26.0 C / 299.1 K

* Operator.z: walkup B
File: cdcl13_01 ’ :
VNMRS=50 0:75- 7 IR TE SR

Re]ax ;delay '1.000 7
Pulse, 45 8- degrees: .«
Acg. -time’ 1.300 sec.’ .
width 30487.8 Hz . -
256 repetitions N '
OBSERVE- - C13, 125. 6575325 MHZ
DECOUPLE - H1, 489.7341220 MHz
Power 42 dB
continuously on
WALTZ-16. modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size 131072 .
Total time 9 min, 51 sec
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purified (Reaction with Ethyl Grianard) n . c

Sample: VRS-5-74B L
sample ID: s 2011113202 1-Phenoxycarbonyl-2-ethyl-3-methoxy-1,2-dihydropyrazine (3¢)

File: /home/wa]kup/ynmrsys/dat

Pulse Seguence: SZpui

Solvent: cdcl3 :
Temp. 26.0 C / 299.1 K
Operator: walkup o0
File: cdcl13_01 ’

< VNMRS—500 "NMR500.!

Relax. delay 1,00

Pulse 45.0 degree

. Acq. time 2.043:se
width 8012.8 Hz _
8 repetitions T -

OBSERVE H1, 499.7316314 MHz ;

DATA PROCESSING .. ... - .
Resol. enhancement-=0.0 Hz

FT size 65536 Lo

Total time 0 min, 31 sec

SR r*’*‘l"""r‘"'”v'_r-' *r’"‘ﬁ’ T M T - i | Sy T T 1 T T i T T T 7 T T T
g 8 7 6 5 4 3 2
) [ S R Lt [E— L [EE—
2.18 1.94 0.38 0.96 2.32
1.18 1.00 0.61 3.34
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Pur1f1ed (Reaction with Ethyl Gr1gnc' . -

sample: VRS—-5-74B

Sample ID: s 20111122 03 . 1-Phenoxycarbonyl-2-ethyl-3-methoxy-1,2-dihydropyrazine (3c)

File: /home/wa]kup/vnmrsys/data/aut

Pulse Sequenceﬁ s2pul

Solvent: cdcl3 .
Temp. 26.0 G/ 299.1.K
Operator: walkup ° U
File: cdc13 01

. VNMRS—SUG

OMe £

EL

PhO O

: .Sech.
Pulse~45.0 degrees—
Acq.-- time 1:300"secC
Width '30487.8 Hz
256 repetitions - '
OBSERVE-> C13,.125.6576166 MHZ -
DECUUPLEu'Hl, 499,7341220 MHz
Power. 42 dB )
continuously on
WALTZ-16 modulated -
DATA PROCESSING
Line broadening 0.5 Hz
FT size 131072
Total time 9 min, 51 sec

f—-77.319
77.063

\_76.812
;

129.397
—125.880

\—125.766
~—121.471

—129.457
\__121.427
\_119.220
\__118.743
.337
23.256
__9.706

111.873
111
. 53.636
\__52.984

\
X

~—161.880
53.958
53.736
23.711

_161.447
—9.747

«—-150.870

,—151.699
\_150.633

151.844

\
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Fractions 17-25

Samp1e- YM-1-10 .
sample ID: s_201208067_07 - =
File: /home/wa1kup/vnmrsys/dat:

fasC T

riton semnzes sz L 1~Phenoxycarbonyl—Z-isopropy1—3-methoxy—l,Z-dihydropyrazine (?;d)

" solvent: cdcl3

Temp. 26.6 C / 299.1 K OMe
Operator: walkup
. File: cdecl13_01
- VNMRS=500:: "NMREOD"

.. Relax. de1ay‘1 000 sec
:“Pulse 45.0. degrees -
AcCg.-time 2.049 sec .
width 8012.8 Hz . ;
8" repet1t10ns :
OBSERVE. H1, 439. 7316334 M
- DATA PROCESSING
Resol. enhancement —0.0 Hz'
FT size 65536
_ Total time 0 min, 31 sec. .

PhO

B B e e S R N s s B R T T T T T 1 T T T - T T T T T | E— T 7 T T T

9 8 7 6 5 4 3 2 1
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Fractions 17-25 : —

: s - -2-i 1-3-methoxy-1,2-dihydropyrazine (3d)
3223%5 IE'? é éguosw 08. 1—Phenoxycarb0nyl 2 lSOpl‘Opy y-1, ) y h
File: /home/wa]kup/vnmrsys/ EAE DG

: Ny, -OMe
*7 Pulse Sequence: sZpu1 e B:
. solvent: cdcl3 R N
- Temp. 26.0 C / 299.1 K’ JY
.5 : .

‘Operator: walkup
" File: cdci3_01
"VNMRS-500 V"NMRSOO"

121467« =

Re]ax.'de]ay 1.000;53
- Pulse 45.0 degrees
Acrg. time 1,300 sec
. Width 30487.8 Hz
256 repetitions ; :
OBSERVE C13, 125. 6576166 MHz
DECOUPLE Hl, 498.7341220 MHz
Power 42 dB T
continuously on
. wALTZ-16 modulated .
DATA PROCESSING
Line. broadening 0.5 Hz
FT size 131072 R “
Total time 9 min, 51 Sec )

126.273 %
125.877

\__125.751 %
- e

~—129.386

C

—77.374
76.863

77.119

AN

N

129.453
119.468

121.427
\__
\—_

Y 112.234

N _111.771

\—120.905

Ay

120.038
18,317
\..18.554

—18.539

/

57.101
-53.535
"53.4899
—29.990

~—129.557

~—-161.066
58.227

—160.592
152.144

29,835
/—719v417

~—-152.166

ya

—150.822

-150.644

~—-151.033

\
\
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:.»VNMRS 500 ”NMRSUU"--'

Band 1

Sample: YM—-1-13
Sample ID: s_20120926_05 .
File: /home/walkup/vnmrsys/da

Pulse Seguence: s2pul

Solvent: cdcl3

Temp. 26.0 C / 299.1 K
‘Operator: walkup -

File: cdcl3_01

R % de1ay 1 000 secf
-Pulse. 45.0 degrees:
Acg. - -time 2,049 sec
Width 8012.8 Hz -

8 repetitions

OBSERVE H1, 499.7316295 MHZ@‘D

DATA PROCESSING .
Resol. enhancement -0.0 Hz‘“
FT.size 65536

Total time 0 min, 31 sec

.

1-Phenoxycarbonyl-2-cyclopentyl-3-methoxy-1,2-dihydropyrazine (3e)

N\ OMe
[)N}O

e R
2.592.1¢0
1.94

[ER—

1.02

!
0.36
06.65

1.01

1.14

L
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Band 1 : 1—Phenoxycarbonyl—2-cyclopentyl—3—methoxy-1,2-dihydropyrazine (3e)

Sample: YM—-1-13

Sampie ID: s_20120926_06 Ny OMe
File: /home/wa]kup/vnmrsys/d. I
Pulse Sequence: sZpu]l C /E}

. o)

solvent: cdcl13-5%
Temp. 26.0 C / 299
Operator: walkup

. File: cdcl13_01 -
. VNMRS~500 "NMR500

.. Relax. delay-1.00
. Pulse 45.0 degrees;
Acg:. time 1.300 se
Width 30487.8 Hz:
© 256 repetitions.’
OBSERVE . C13, 125 6576166 MHz .
DECOUPLE H1, 499+,7341220 MHz -
power 42 dB S )

77.293
77.037

\_76.782"°

continuously on 7 .- . : R .
WALTZ-16 modulated ! R ~
DATA PROCESSING Lo S . e
Line broadening 0. 5 Hz
FT size 131072 . " -
Total time 9 m1n,,51 sec

<.

~—128.383
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125.862

\_125.729 _
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—__121.467 .
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1-Phenoxycarbonyl—-2—-henzyl1-3

Sample: VRS-6—-49B
Sampie ID: $_20120611_10
File: s_20120611_10/data/cdc

Pulse Seguence: s2pul

solvent: cdcl3

Temp. 26.0 C / 299.1 K
Operator: walkup

File: cdc13_01
YNMRS—-500 "NMR500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acg. time 2.049 sec

Width 8012.8 Hz

8 repetitions
OBSERVE Hi, 499.7316502 MHz
DATA PROCESSING

Resol. enhancement —-0.0 Hz
FT size 65536
Total time 0 min, 31 sec

1-Phenoxycarbonyl-2-benzyl-3-methoxy-1,2-dihydropyrazine (3f)

1
A

-

. ) ﬂ_ﬁ - M 'mk#_r_ﬂi»»—n»

PhO

o]

OMe

Bn

R Rl e S "j—"*r“'*v'—WﬁT*‘r—‘ﬁ‘xg—rf T

9

8

1
7

[ IS, S

9.37

1.

0o

6
L o
1.0150  0.43

0.43 0.51

1.

|
5
o

00

i
1.53
1.68
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1—Phen0xycarb0ny1—2—benzy1—5

Sample: VRS~6-43B
Sample ID: s_20120611 11
File: s_ZDlZUBll_ll/data/cd(

pPulse Sequence:

solvent: cdcl3

Temp. 26.0 C / 299.1 K
gperator: walkup

File: cdc13_601
VNMRS=-500 ‘“"NMR500"

sz2pul

Relax. delay 1.000 sec

pulse 45.0 degrees

Acg. time 1.300 sec

width 30487.8 Hz

256 repetitions
OBSERVE C13, 125.6576344 MHz
DECOUPLE H1, 499.7341220 MHz
power 42 dB

continuously on

WALTZ—-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072
Total time 9 min, 51 sec

[ sl et ke A S S L B
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Rex’d

Sample: VRS-6—-99B
Sample ID: s_20120823_01

File: s _20120823_01/data/cdc13_01.

Pulse Seguence: s2pul

Solvent: cdcl3

Temp. 26.0 C / 298.1 K
Operator: walkup

File: cdcl13_01
VNMRS~500 '""NMR500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acr. time 2.048 sec

width 8012.8 Hz

8 repetitions

OBSERVE H1, 499.7316336 MHz
DATA PROCESSING

Resol. enhancement —-0.0 Hz
FT size 65536

Total time 0 min, 31 sec

1—Phenqucarbonyl-2-(2-br0m0benzyl)-3-methoxy-l,2-dihydr0pyrazine (3g)

Lv*,_‘l \_er L..jr - L_.r._l
1.85 4.37 1.84
2.06.19

P
1.95
2.00

A Br

[ r_ILA‘_.J
0.94
1.04

T T I T S B ‘ T T T T | T T T l T T T ] T T i TR
5 4 3 2 1 0 ppm
(_'_ l-'_l l‘l’J rJ I_‘,AL‘.J — —J
0.89 3.00 1.14
1.05 3.35 1.0@.21
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Rexd 1-Phenoxycarbony]-Z—(Z—bromobenzyl)—3—methoxy-1,2-dihydr0pyrazine (3g)
Sample: VRS-6-398B
P Ps12Ta25 07 aata cdc

- : N. OMe
Automation directory: /home/ ﬂ: TI:\/
Pulse Sequence: s2pul N d
Solvent: cdecl13 /L§ B
Temp. 26.0 C / 293.1 K Pho” Yo r
Operator: walkup

File: cdc13_01
VNMRS~500 "NMR500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acg. time 1,300 sec

width 30487.8 Hz

256 repetitions
OBSERVE €13, 125.6576166 MHz
DECOUPLE M1, 499.7341220 MHz
Power 42 dB

continuously on

WALTZ-16 modulated

—77.311
\_.76.804

= 77.060

DATA PROCESSING w8 aa
Line broadening 0.5 Hz oo @wd
FT size 131072 NeSS NG
Total time 9 min, 51 sec i N s R
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Target (ISCO)

Samp1e- VRS-6-48B o
Sample: ID: $_20140307_01 : . ) e
File::s 20140307 ﬂl/data/Cdc13 0‘ Fid e E

Pulse.Seguence: s2pul

solvent: cdcl3
Ambient temperature
Operator: walkup
File:: cdcli3_01
aVNMRS 500 v"NMRSDO"

1—Phenoxycarbonyl—Z-(4-chlorophenyl)—3-meth0xy-1,2-dihydr0pyrazine (3h)

C

N

A

PhO” O cl

OMe

.Rel_v.,deiay 1 000 sec
Pulse 45.0 degrees
Acq,itime 2.049 sec
width 8012.8 Hz
8 repetitions.
OBSERVE H1, 498.7316361 MHz
DATA PROCESSING
Resol. enhancement ~0.0 Hz -
FT size 65536
Total time 0 min, 31 sec

T Lo : -
6.14.31 0.36 1.00 3.27
1.10.66 0.66 .94
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Ta-rge't'i_(lsco) - ‘ & 1~Phen0xycarb0nyl-2—(4-chlor0phenyl)-3-meth0xy-1,2-dihydr0pyrazine (3h)

Samp1e- VRS~-6-48B

Sample’ ID: 5_20140307_02 Ne _OMe
F11‘e"_s-_20140307 DZ/data/cdc13 01 fid [ X
Pulse Sequence: szpul i N

Solvent: cdcl3
Ambient temperature
Operator: walkup - :
File: .cdc13_01
VNMRS 5ouu~"NMR5DU"

PhO" "0 C

77.262
77.007
76.751

Pu]se 45.0 degrees
Acq.i-time 1.300 sec-
W1dth 30487.8 -Hz
256. repetitions - .
DBSERVE Cc13, 125. 6576247 MHz
DECOUPLE. - Hl, 499.,7341220 MHz:
Power .42 dB o
continucusly on v
WALTZ-16 modulated R Co- i
DATA PROCESSING - R ;
Line broadening 0.5 Hz
FT.size 131072
Total time 9 min, 51 sec

\

w
@ &N ™~
S N o N ;I
~N® o M
-« cnl’\.u;u-,’—; =
bR o) o~
2 To00 NN
N . o NN g ]
: -
22571
Sa | |
- Z ~
Ny
-
] ~
© O @ "
™~
u::qq: LN M ™ (=]
4 - o - N, o o
ot o o e g~ o o
- M- 0w . - .
— - [t
I o B B oV J <t
B R I o
I

/
/-
/

/
\\

.

150.617

,—159.787
__150.325

- 159.625
54.198

—-151.554
55.397

T

135.353

*1*\"‘[“1‘T"T’T!“)'T“I*T"I"T']"1'—r"'v‘l‘r‘r‘rﬁ‘"f]‘"v—ﬁx‘l—[“l—v‘T_F{1||l|‘|llx||||11|l||1‘|11]);||||1|‘rr||||1F|i||l|v||\|||1||v|1|r»l||||||||\11|1|7

200 180 160 140 120 100 80 60 40 20 0 ppm

S46



Purified

sample: VRS—6-48A
Sample ID: s_20120613_02
File: s_20120613_02/data/cdc13_01.F"

Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 26.0 C / 298.1 K
Operator: walkup

File: cdcl13_01
VNMRS-500 "NMR500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acy. time 2.049 sec

width 8012.8 Hz

8 repetitions
OBSERVE H1, 499.7316493 MHz
DATA PROCESSING

Resol. enhancement —-0.0 Hz
FT size 65536
Total time 0 min, 31 sec

1—Phendxycarbonyl—Z-(4-methoxyphenyl)~3-methoxy—l,2—dihydr0pyrazine (3i)

[N\ OMe

N

A

PhO™ O OMe

@!T

i v t‘i .
L Ut UAWJ ) L —

7 B 5 4 3 2 1
L'""l*“—v—"r““‘rj ed L bt D e e
4.301.282.140.62 0.94 3.48
1.12.73 0.37 1.00 3.21
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purified

Sample: VRS-6-48A 1-Phenoxycarbonyl—Z—(4—methoxyphenyl)—3—methoxy-l,Z—dihydI'Op'yraZine (31)
Samp e I Taln 05 dRta/cdcls 01, Tic [N OMe B

Pulse Sequence: s2pul

solvent: cdcl3
Temp. 26.0 C / 299.1 K /&
Operator: walkup PhO” O OMe
File: cdcl13_01

VNMRS—500 "NMR500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acg. time 1.300 sec

width 30487.8 Hz

256 repetitions
OBSERVE C13, 125.6576166 MHz
DECOUPLE Hl, 499.7341220 MHz
Power 42 dB

continuously on

WALTZ~16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072
Total time 9 min, 51 sec

< \_128.235
\\—125.991
\—125.862
\_121.515

114.237
-114.204

129.416

\__159.977
—151.722
L_151.622
129.194
128.809
128.348
\__118.313
\_118.250
111.849
—77.434
_77.182
76.926

112.548

/
=

~—129.475
55.254

54.258
54.085

\__.54.003

160.522
150.837
~55.276

—160.585
\__150.603
__55.520
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Target (ISCO) ,;'

Sample: VRS-6-— 4§A

Sam e R 0140228 07 1—Phenoxycarbbnyl—2—(2,4-dimethylphenyl)—3-meth0xy-1,2-dihydropyrazine 3ij)

File:z. s 20140228 07/data/cdc13 ‘0L.Ti

Pulse Seguence: sZpu]

Solvent. cdel13™ ’ . |
Ambient temperature N
Operator: walkup' .o, " R
File: cdc13_01"
-VNMRS 500 :"NMRSD

'Relax de1ay 0. sec
.-Pulse 45.0 degrees
. . Acg.-time 2.048;: sec
©. width 8012.8 Hz L

8 repet1t10ns [
. OBSERVE 499 7316767 MHzf
DATA PROCESSING

Resol. enhancement ~0. 0 Hz
FT size 65536 ' I
Total time 0 m1n, 31 sec

PO O Me

e g ) ) b b RS e
0.33.91.30.54 0.20 0.78 ' 2.42 : 1.60 2.55
0.571.38.30.03 0.25 1.00 0.81 2.48
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Target (ISCO)

Ssample: VRS-6—- 49A >
Sample ID: s 20140228 06
File: s 20140228 Uﬁ/data/cdcl3 01.

Pulse Seguence: sZpul

Solvent: cdcl3d
Ambient temperat
Operator: wa1kup
File: cdc13_61--
-vVNMRS -500 "NMRSOU

Re]ax. de]ay l 000, sec
.- Pulse a5.0 degrees
.7 Acg.-time . 1.300-s5€C ¢

. width 30487.8 Hz
- 256 repetitions co

:. OBSERVE- C13, 125, 6576499 MHz

. DECOUPLE Hl, 495‘7341220 MHZ

Power 42 dB -

continuously on -
WALTZ-16 modu]ated
DATA PROCESSING: ..

tine broadening 0% 5 Hz
FT size 131072 L
Total time 9 min, 51 sec

1wPhenoxycarbonyl—Z—(Z,4—dimethylphenyl)—3—methoxy—l,Z-dihydropyrazine 3y
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purified

Sample: VRS—7-113A . . : :
sample ID:. s 20131121 01 . Lo
File: /home/wa]kup/vnmrsys/data/auto 2012. 02.Uz/s_z0131121__01/da1:a/cdc13v_01.fid

Pulse Seguence: sZpu] ) II]Pll P .

o =Phenoxycarbonyl-2- . .
solvent: cdcl3 -2-met -3-benz - -
Temp. 26.0 C / 299,1 K y y yloxy-1,2-dihydropyrazine (4a).
Operator: walkup e "
File: cdc13_01 -
+ VNMRS—=500:- "“NMRSU !

Relax. delay 1.0 PR Ny ~0Bn
Pulse 45.0 degrees RIS [ I
Acg. time 2.048 g

Width 8012.8 Hz - N

8 repetitions:

OBSERVE - Hl1, 4883. 7316355 MHz'

DATA PRDCESSING . .
Resol. enhancement —0 0 Hz ’

_ FT size B5536 .
Total time 0 min, 31 ‘sec

I L Al- T i e A|A SR Baa I s ! 7 T T I T T T T — T 7 T T T T T L T T T e ]‘ T T i T ] T T .
9 8 7 5 5 4 3 2 1
e . L Ll bt
7.261.89 0.36 2.24 . : 1LFZL;—‘
1.66 1.0 0.64 0.87 2.52
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Target

Sample: VRS—7—113A

Sample ID: §-20140226_01

File: 5_20140226_01/data/cdc13_01.f

Pulse Seﬁuence; s2pul

L N._-OBn
solvent: cdcl3 . . X
Ambient temperature ’ ﬂ: :I:\
Operator: walkup o ’ . N
File: cdc13_01 L§
ot p— e LI L L, e
~VNMRS 500 NMR590|*3"‘ : PhO{ ~

‘Relax. delay 1.000 sec
Pulse 45.0 degrees.. -

. Acqg. time 1.300.sec et
- \Width 30487.8 Hz"
256 repetitions N '
OBSERVE - C13;'125.8576318-MHZ
. DECOUPLE H1,.499.7341220 MHz
power 42 dB. . R
continuously on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size 131072 . : . R . :
Total time 9 min, 51 sec Lo i

-TZ;ﬁiéﬂi?LS:Belizylonyl,2-dihydr0pyrazine (4a).

B T b
. [ I I

qe

o
o o X
o~y
. w
. P o
: oo @@
: o~ N ~wen
, ,_‘)H ¢°c‘,
: ~ -
i) o
’ NE
~
a @
5] n
. o < cc;<" o
. o - - o 5 n
@ M .o - 9 [ -
w0 o~ 0 M wm N L] «
no"‘.m-—i:ﬂm—{ J,..{ J ég ~
o o~ h N
“efpoe - | > J,! <
“"v—llﬂ‘:'l .o P /’ - ™~ —
e awe L § L ) < ]
Hml- - W0 - o~ 1) o
- - .
ot ~ y o .
d 2 ~ w
3 ee) w
) T

— T T ’|'4l"""I—T'—\'_T_T-\ﬂ'-r"]fl'_'l_“\'_‘flfm‘"r‘mﬁj‘ﬁ—r]_‘—]_m—r_rﬂ—ﬂ_ﬁhﬁﬁ—ﬁf TTWTﬂ_\ﬁ>WﬁFTﬁ—]TﬁWﬁﬁ‘Wlflﬁﬁ 'r‘T_Y-]’_‘I N S N

200 180 160 140 120 100 - 80 60 40 20 0 ppm

S52



Cpurified S

" sample: VRS—4- ' ‘
-2 gSample ID: §_20140212 02
. File: s_20140212_ 02/data/cdc13 o1 f1d

pulse Sequence: s2pul .’

. Solvent: cdcl3 o )
Temp. 26.0 C / 299.1 K7 : N
", Operator: walkup :
S File: cdc13_01 .
VNMRS-500 - YNMR5D0"

“Relax..delay 1.000 se
Pulse 45.0 degrees...
Acg. time 2.049 sec

"Width 8012.8 Hz v
-8 repetitions

- -"OBSERVE H1, 499. 7316410 MHz
. DATA PRUCESSING
2 Resol. enhancement —0% n Hz
. FT size 65536 .
" “Total time 0 min, 31 sec,jf

s II,-Phi é-no'xycarbonj%l-z-ﬁhé‘ 'i‘5-b¢nzy]0xy-1,Z-dihydropyrazine (4b)

| A i
L T ™ 1 ’ 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 T ‘ T i) T T l T T
9 8 7 [§) 5 4 3 2 1
N (IR [
12.03.25 0.39 1.00 2.25
1.2@.74 0.61 0.90
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jburified

'Sample: VRS-4-98 ,
.- sample ID: s_20140211 08" _—
-‘F11e- s 20140211 08/data/cdc13_01.fid

Pulse Sequence s2pul -

.Solvent: cdcl3
uTBmp 26.0 C / 299.1 K-
‘Operator: walkup ’
File: cdcl13_01 -

‘VNMRS—500 - "NMRSOU“.

Relax: delay,
Pulse 45.0. degrees
Acy. time-1.306 sec.:

1-P)

.:7r256 repetitions
~'OBSERVE €13, 125. 657616
DECOUPLE Hl, 499.734122
... Power 42 dB" e
.‘continuously on
. -WALTZ-16 modulated
.. DATA PROCESSING :
.Line broadening 0. 5 Hz

S FT.size 131072 i o ) 5 w
Total time 8 min, 51 sec o Ce Coain o e
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purified = L' o

Sample: WH-1-28 (2}
Sample ID: S 20121805_02
F11e—-/home/wa]kup/vnmrsysﬂ

Pulse Sequence sZpulﬂ

solvent: cdcl3d 50 .
Temp. 26.0 C / 233.1°K’ -
Operator: wa]kup” o
File: cdc13_01 -
;r‘VNMRS 500 "NMRSD

OPMB

»

Relaxs de1ay 1. 000 sec . /l§

(*r“

y

. Pulse 45.0 degrees: P
Acg,. time:2.043:-s8C" ey PhO
. 8 repet1t1ons o
. OBSERVE - H1, 499
Resol. enhancemeﬁt —D 0 Hz
FT size 65536

W 'W1dth 8012.8 Hz
CLoRSERVE  Hi, 4897310370 MH;I "'1'P henﬂxycarbonyl- -phe 1-3- (4 methoxybenzyloxy) -1,2-dihydropyrazine (5)
Total time O mln; 31 sec

8 7 6 5 4 3 2 1 0 ppm
b L e L it
7.431.482.270.74 1.00 1.32
3.760.95 0.47 1.12 .21 3.42
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Pufifiéd

Samp]e- WH-1-28 (2) o
Sample ID: s_20121003_ 07
File: /home/wa]kup/Va1 NMRS/WH 1 28- : [:N\ OPMB

Pu]se Sequence: s2pul

solvent: cdcl3
Temp. 26.0 C / 2388.1 K
Operator: walkup ’
SFiles WH-1-28-2 - .
- .VNMRS—SDD - "NMRSUD" s

‘l.PhenoxycarbonyIZ

N g de]ay 1 uﬂn sec'
-Pulse 45.0.degrees ”
Acg.- time:1.300 sec

Swidth 30487.8 Hz

5¢Ed 1

7360 repetitions. : © S,
.. OBSERVE C13, 125+ 5576274 MHZ Now
DECOUPLE . H1, 483.7341220 MHz -
Power 42 dB L R
continuously on S O C : i ~
WALTZ-16 modulated ' BTN . s e
. DATA 'PROCESSING ' . ;
Line broadening 0.5 Hz
FT size 131072 ’ R )
Total time 16 hr, 25 min, 21 sec o . ?
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purity

P gample: VRS-§-123a
- Sample ID: s 20121025_ UG
File: /home/wa1kup/vnmrsys/data/at

“puise Seguence: s2pul

;. Solvent: cdci3
“Temp. 26.0 G / 299.1 K
Operator: .walkup
File: cdclB 0l .
“UNMRS— 500 “NMRSOU“‘V

Re]ax de]ay 1 000" se
Pulse 45.0 degrees -
Acg.  time 2.049 sec.
width 8612.8 Hz
8 repetitions
‘OBSERVE -~ H1, .498. 7316436 ‘MHz
DATA PRDCESSING .
© Resol..enhancement —0 U Hz
FT size 65536
~Total time 0 min, 31 sec

"1-Phenoxycarbonyl-Z,S-digﬁ'_e'nylei’)#ﬁiethoxy-1,2-dihydr0pyrazine (6)

’:".TT"':': SR TSNS l,f
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Target

sample: VRS-6-—123A
Sample ID: s_20140217_04-
File: 8;20140217 uA/data/cdc]S 01. fid

Pulse Sequence: sZpuT

Solvent: cdcl3 .. -
Temp. 26.0 C / 299 1 K
operator: waikup -~ :
. File: cdci3_01 - ~
’VNMRS 500 "NMRSDW

Re]ax. de1ay 1. 000-

pulse 45.0 degrees:

- pAcyg. -time 1.300.sec
width 30487.8 Hz
256, repetitions - .- :

OBSERVE - Cl13, 125, 8578533 MHz

DECOUPLE ~ Hl, 489.7341220 MHz -
Power 42 dB P :

continuously on .
WALTZ=16 modulated
DATA -PROCESSING .
Line broadening 0. 5 Hz
FT size 131072 .
Total time 9 min, 51 sec
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Target for ID

Sample: VRS—6-126A:
Sample ID: 5_20140220_01
File: s_20140220_D1/data/cd

Pulse Sequence: szpul

solvent: cdcl3 = - - e -

Aambient temperature MeO
operator: watkup..-’ '

File: cdc13_01 -

UNMRS—500 TNMR5D \N\ OMe
Relax. delay 1.050 sec ) : N

Pulse 45.0 degrees . /L§

Acg. time 2.049:.sec s PRO” O

oé;géggﬂ%?%::'sxy315314 wiz 1 Phen}von').(’ycarbon 1-2 hIIl 3 h V

- e B '. -z-phenyl-3-me -5-(4- i R

opta vRocessie 5 o yl-2-pheriyl-3-methoxy-5-(4-methoxyphenyl)-1,2-dihydropyrazine (7a)
FT size 65536 " - - :

Total time 0 min, 31 sec

i
k ML ) U, v S 4_)[
s R B “"\""T"""V"‘ L r‘ﬁ“!ﬁﬁ'ﬁ_A“‘I*'_“(”#T##ﬁﬁﬂﬁﬁ-ﬁﬁ"fﬁTwﬁﬁrﬁ‘ﬁ#ﬁﬁﬁﬁ‘ﬁﬁﬁﬁﬁ‘ﬁ
9 8 7 6 5 4 3 2 1 0 ppm
Lo e = b
1.99 0.95.29 0.83 3.02
6.681.52.92 3.00
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Target

Sample: VRS=6-126A
File: exp -

pulse Seguence: szpul

1-Phenoxycarbonyl-2-phenyl-3-methoxy-S-(4-meth0xyphenyl)-1,2-dihydr0pyrazine (7a)

Solvent: cdcl13
Ambient temperature’ MeO
Operator: walkup
VNMRS—SOO‘i"NMRSDU" I N\ OMe
“Relax. d87ay 1.000 sec’ | N :
Pulse 45.0 degrees : ’
Acg. time.1.300 sec. ... /LQO
width 30487.8 Hz PhO
1856 repetitions -
DBSERVE. Cl13, 125.6576166 MHz BN
DECOUPLE. Hl, 499.7341220 MHz RIS
Power 42 dB
continuously on
WALTZ-16 modulated o N o o
DATA PROCESSING - . . -e g -
Line broadening 0.5 .Hz ™= B
©FT size 131072 o NS
Total time 16 hr, 25 min; 21 sec ~ J
i 3 : :
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Purified

Sample: VRS-7-125B

Sample ID:

s_20140531_01

File: §_20140531_01/data/cdci3_0

pulse Sequence: s2pul

Salvent:
Temp. 26.
Operator:
File: cdcl
VNMRS-500

cdcl3
0C/ 299.1 K
walkup
3_01
"NMR500"

Relax. delay 1.000 sec

Pulse 4S.

0 degrees

Acg. time 2.049 sec

Width 801
8 repetit
OBSERVE
DATA PROCE
Resol. en
FT size 65
Total time

2.8 Hz

ions
H1, 499.7316334 MHz
SSING

hancement -0.0 Hz
536

0 min, 31 sec

’ |
__J{_M_J U’UL JL ok %LJML__.,_A_ _ l il

MeO
\[::LW:N\ OMe
e
/T§ Me
PhO™ O

1-Phenoxycarbonyl-2-methyl-3-methoxy-5-(4-methoxyphenyl)-1,2-dihydropyrazine (7b)

R

ek
T R ’ T T T 1 I T ¥ T | T 7T 1 T l T T L | T T T ¥ —[ T T T l'v'I T T [ «177‘71" A
7 6 5 4 3 2 1 0 ppm
[= 7{,».._1 \"‘!" I...'. Ayt L_ﬁl L,y,,,,l L,,J L,J Lr.L;J
2.17 1.20 3.189 3.22 1.32
2.131.99 1.00 3.27 2.28
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1-Phenoxycarbonyl-2-methyl-3-methoxy-5-(4-methoxyphenyl)-1,2-dihydropyrazine (7b)

purified

Sample: VRS~7-125B
File:z exp

MeO
Pulse Seguence: s2pul

solvent: cdcl3 X

Temp. 26.0 C / 299.1 K | S
Operator: walkup
UNMRS—-500 “NMR500" /'L

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acg. time 1.300 sec
width 30487.8 Hz

10112 repetitions
OBSERVE C13, 125.6576196 MHz
DECOUPLE H1, 498.7341220 MHz ™
Power 42 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072
Total time 16 hr, 25 min, 21 Sec
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purified

sample: VRS—6-108
Sample ID: s_20140416_05
File: 5_20140416_05/data/cdc13_01.fid

Pulse Seguence: s2pul

soivent: cdcl3
Ambient temperature
Operator: walkup
File: cdc13_01
YNMRS—500 *“NMR500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 2.049 sec

width 8012.8 Hz

8 repetitions

OBSERVE H1, 499.7316392 MHz
DATA PROCESSING

Resol. enhancement —0.0 Hz
FT size 65536
Total time 0 min, 31 sec

MeO._-Ny _-OMe
1
A
PhO (6]

1-Phenoxycarbonyl-2-phenyl-3,5-dimethoxy-1,2-dihydropyrazine (8)

e o

I S ¥ R S
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6.721.14 0.B.635 3.08
1.0a.70 1.10 3.00
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purified

sample: VRS—E-108
sample ID: s_20140416_04
File: 5_20140415_04/data/cdc13_01.fid

pulse Seguence: szpul
MeO.

solvent: cdcl3 Ny -OMe
Ambient temperature \IE
Operator: walkup
File: cdc13_01 N
UNMRS—500 "NMR500* /L§

PhO™ ~O

Retax. delay 1.000 sec

Pulse as.oldegrees : 1 ]?ll

Acg. time 1.300 SecC - enOX ca b 12 . o

Width 30487.8 Hz - ycarbonyli-z- henyl-3,5-dimeth -1.2- i
vidin 30de7.5 ¥ yl-z-phenyl-5, oxy-1,2-dihydropyrazine (8)
OBSERVE C13, 125.6576335 MHz

DECOUPLE H1l, 499.7341220 MHz

pPower 42 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072
Total time 9 min, 51 sec
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Purifieﬂ

Sample: VRS 6~133
Sample ID:.s 20121214

Pu1se Sequence- sZpu1

solvent: cdcl3
Temp..26.0 C / '299: 1
- Operator: ‘walkup
File:-cdc13.01 -
VNMRS—-500

- Relax.:delay-1.000
‘Pulse 45.0 degrees
Acqg. “time 2.049 se
width 8012.8 Hz"
8 .repetitions

© DATA PRUCESSING :

. Resol..’enhancement. —0 0 Hz
FT size 65536 :

~_ Total .time 0-min, 31 sec

“File: /home/wa1kup/vnmrsys/data/auto 201

OBSERVE,.  H1, 489. 7316659 MHz 'g

PR

2.02.Di/s_zulzlz14_06/data/cd61Snai.fid

BnO\ﬂ: N

1_-Piv,h;enoxycarbonyl-}gh’eny]%,5'-dibenzyloxy-1,2-dihydr0pyrazine (9a)

‘57ﬁ**ﬁ~*f*;ﬁ;*ﬁ“ I— Ml s e O
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1-Phgpoxycarb0nyl-2-phenyl-3,S-dibenzyloxy-l,2-dihydr0pyrazine (9a)
purified

sample: VRS-6-133""
Sample ID: s_20121214_07

‘File: shome/walkup/vnmrsyt BnO._ Ny ~OBn
- pulse Seguence: s2pul : \T[
. S N =
solvent: cdcl3 > l
“Temp.. 26.0 C /7299.1 K . ,L§ o
=, _ PRO™ O

Operator: walkup
. File::cdci3.0L
VNMRS—=500 " "NMR

¥

128,097 §

...-Relax: delay 000" sec.
pulse 45.0 .degrees
.. Acg. -time '1.300;sec
+ \Width. 30487.8 ‘H :
256 repetitions i .. RN
DBSERVE C13,',125=.6576345 MHz . ..
DECOUPLE *"Hl, 489.7341220 MHz -
power 42 dB e i

6
-0
(=}
o
[-¢}
o
)

- 127.937°

77.007
Z_76.751
§9.7657 77
APEARI

77.262

[

continuously on: '

.. WALTZ-16 modulated

. "DATA PROCESSING .:. "~

. Line -broadening-0.5 Hz
FT size 131072 = ..

Total time 8 min, 51 sec.

—129.278

129,300
\_121.403

/
\

—160.454
152.079
150.624
135.153
Ay
\__89.165
\_.68.973"

197
%]
w
)
wn

|

90.942

55.688

—91.1738
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target (ISCU)

Samp]e. VRS 7—-108A
Sample IDr s_20140227_10 .
File: 8 20140227 1D/data/cdc13 0

Pulse Seguence: s2pul

Solvent: ‘cdci3 :
Ambient. temperature
Operator.'wa1kup o
File: cd
=7 VNMRS=500

ReTax; 'd81ay 1.000.
Pulse.45:.0 degrees
Acq.-time; 2.049- se
Width. 8612.8- Hz - - :
8 repetitions - . :
OBSERVE - -H1; 499, 7316378 MHz-
DATA'PRDCESSING
Resol.-enhancement -0.0 Hz.
FT size 65536
Total time 0 min, 31_sep

5%_,1-Phen0xycarb0nyl’-2-(4-méth0xyphenyl)—3,5-’dibenzyloxy-1,2-dihydrdpyrazine (9b)

OMe

[y :

0.08

7 6 5 4 3 2 1
R s b e ) N
2.18.11 0.45 1.00 0.13
5.42 0.350.94 0.43 0.99 1.43
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=i VNMRS=500

1-Phenoxycarbonyl-2-(4-methoxyphenyl)-3,5-dibenzyloxy-1,2-dihydropyrazine (9b)

Target

Sample: VRS~7-109A
Sample ID: s_20140222_02
File: s_20140222_02/data/cd.

. B Na-OBn
Pulse Sequence: s2pul © n\u: =

Solvent:. cdcl3
Ambient temperature N
Operator . walkup T /l§

Fite: cdcl13_01 PhO~ O OMe
SNMR500"!

e

Relax."'delay. '1.000 sec:
Pulse 45.0-degrees: ... -
Acg. time- 1.300 sec
Width 30487.8 Hz .
256 repetitions s
OBSERVE . G13, 125.6576493 MHz
DECOUPLE “HL1, 4989.7341220 MHz -
power 42 dB . ’
continuocusly on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size 131072

127.871

128.101:
~128.005 - :

128.164

Total time 9 min, 51 sec -
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/[ s3.525
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- 160.617
\_—68.892

\__53.957

\\__113.318
30.927
_.90.720
$5.253
/ 55.083
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purified Sec I

sample: VRS~7-116
Sample ID: s_20131126_03
File: 5_20131128_03/data/cdcl3_01.fid

Pulse Sequence: szpul

Salvent: cdcl3

Temp. 26.0 C / 288.1 K
Operator: walkup

File: cdc13_01
VNMRS-500 "NMR500"

Relax. delay. 12000 sec
Pulse 45.0 degrees .

Acg. time 2.0439 sec

Width 8012.8 Hz

8 repetitions
OBSERVE H1, 499.7316405 MHz
DATA PROCESSING

Reso). enhancement -0.0 Hz
FT size 65536
Total time ¢ min, 31 sec

1-Phenoxycarbonyl-2-methyl-3-(benzyloxy)-5-ethyl-1,2-dihydropyrazine (10)

N -OBn
g

PhO™ "0

\ HJ LJ__J Lk

]
-
-

S 1
SEnls ety R S R i T T T ] 3 T T T | T T T IA"’—_|.—|7 T T | T T T T ‘ T ¥ T ¥ l 3 T T ] T T i l T
9 8 7 B 5 4 3 2 1
\_|A_L_.'_A“AJ I__‘_l LT) L’Y"' L_'_) L],JLKJ L
7.462.03 2.14 2.29 2.46
1.56 0.99 1.00 1.33.42
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l_l?lli . 'v )
enoxycarbonyl-2-methyl-3-(benzyloxy)-5-ethyl-1,2-dihydropyrazine (10)

Isolated

sampie: VRS-7-116
sample ID: S 20140108 03
File: s 20149108 03/data/cdch

Pulse Sequence: sZpu1 : - I N\ OBn
SoIvent' cdc13.': R . .
IR /Z§ Me

Temp. 26.0 C / 29
operator: walkup
File: cdc13 0L -

VNMRS-500" ¢ NMRSDO

-W1d1:h 30487 '8 Hz i
. 258 repet1t1o R :

- OBSERVE -C13, 125, 6576166 MHZ': R
DECOUPLE. - H1, 499 7341220 MHz:"' :
power 42 dB »
continuously on-
WALTZ—-16 modu1ated
DATA PROCESSING 2
Line broadening’ 0. 5 Hz

"FT size 131072 e
Total time 9 m1n, 51 sec’
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'vTafget (1sCO0)

Samp1e. VRS—-6-
Sampie ID: s_2
sFile: s _201403

:Pque Seguence:

- golvent: cdcl
.- Temp. 26.0 C
Dperator walk
“File: cdci3_01
RS 0 u'NM

ax;. de]ay
Pulse 45.0 de
Acg. time 2.0
LheWidth 8012.8
'8 repetitions
. DBSERVE HL,
DATA PRUCESSIN
Resol. enhanc
FTsize 65536
»tha1_t1me 0-m

126B

0140317 _06- .
17 Dﬁ/datalcd 132

szpul
3
/. 2989.1 K.
up

RSUD" .-

1 DUU sec’
grees
49. -sec
Hz:

499. 7316517 MHZ

G
ement —0. 0 Hz

in, 31 sec

1_-Phen0xycarb0nyl-2-ph'enyl-3-benzyloxy-S-benzyl—l,2-dihydr0pyrazine an
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1'-'Phenoxycarb0ny}l-72f_-.phenyl-3-benzyloxy-S-benzyl—l,2-dihydr0pyrazine an

Target (ISCU)

Sample: VRS 6~126B .
.Sample ID: s_20140317_ 07
" File: s_20140317 07/data/cdc13 01. f1

« Pulse’ Sequence. sZpu]

Solvent: cdcl3 ’
Temp. 26.0 G / 299. 1
Operator: walkup
File: cdcl13_01
VYNMRS=500" "NMR500

"Relax, .delay 1.000
Pulse 45.0 degrees
-Acg. time-1.300 sec-
width:'30487.8 Hz
256 repetitions -
OBSERVE - C13, 125. 8576285 MHZ::"v—f
DECOUPLE - H1, 499.7341220 MHz . ' 2"

" Power- 42 dB - PR

continuousliy on .
WALTZ~16 modulated
DATA PROCESSING -
Line hroaden1ng 0.5. Hz
FT size 131072
Total time 8 min, 51 sec
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Purify

eomitor vS—g-tzsn i L 1-P hen".X)’cal’bOHyl—Z,S-dip}_}enyl-3-benzyloxy-l,2-dihydr0pyrazine (12)
Sample ID: s_20121025.05 .

© File: /home/walkup/vnmrsy

Pulse Sequence: s2pul..
"Solvent: cdcl3 S
Temp. 26.0 C / 299.1
“Operator: walkup
_File: cdcl13_01 :
“ YNMRS~500- - "NMR500""

‘Relax,.-.delay '1.000
- Pulse 45.0 degrees:
Acg. time 2.049 se
Width-8012.8 Hz. ‘'
- 8 repetitions s I
OBSERVE - H1l, 499.7316366 MHz
" DATA PROCESSING ' 7 =7+
Resol. enhancement =0,0 Hz
FT size 65536 o
Total time 0 min, 31 sec

A A Al
N T T T l T T T " I T T T T >|‘. T T T T [ T T T T " T T T T l T T T T ] T T T T l T T T | T T T
g 8 7 6 5 4 3 2 1
T s -
2.44 2.18 1.00 1.20
19.69 0.90
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Purified (18C0) 1-Phenoxycarbonyl-2,5-diphenyl-3-benzyloxy-1,2-dihydropyrazine (12)
Sample: VRS-6-123b

File: exp

Pulse Sequence: s2pul

Solvent: cdcl13

Temp. 26.0 C / 299.1 K
Operator: walkup

VNMRS—-500 "NMR500" N<_-OBn

Relax. delay 1.000 sec N
Pulse 45.0 degrees /l§
Acg. time 1.300 sec PhO 0

Width 30487.8 Hz

10048 repetitions

OBSERVE C13, 125.6576214 MHz
DECOUPLE H1i, 4899.7341220 MHz
Power 42 dB

continuously on

WALTZ~16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072
Total time 16 hr, 25 min, 21 sec
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Target (ISCO)

sample: VRS-7-60
sample ID: s_20140313_01
File: /home/wa1kup/vnmrsys/stuc

pulse Seguence: s2pul

solvent: cdcl3
Aamhient temperature
Operator: walkup
File: cdcl13_01

VNMRS-500 "NMR500"

Relax. delay 1.000 sec

pulse 45.0 degrees

Acgq. time 2.049 sec

width 8012.8 Hz

8 repetitions

OBSERVE H1, 499.7316331 MHz
DATA PROCESSING

Resol. enhancement —0.0 Hz
FT size 65536

1-Phenoxycarbonyl-2-phenyl-3-benzyloxy-5-(benzyloxycarbonyl)-1,2-dihydropyrazine (13)

Total time 0 min, 30 sec
|
I ¢
1 1 - I |
9 8
iy
0.40
0.60

2.
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172.250.30
16.22.58
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1-Phenoxycarbonyl-2-phenyl-3-benzyloxy-5-(benzyloxycarbonyl)-1,2-dihydropyrazine (13)

purified

Sample: VRS—7-60(2)

Sample ID: s_20140i22_02 Q

Filte: /home/wa1kup/Va1~NMRs/VR5 N. OB
OBn N n

pulse Seguence: s2pul

solvent: cdcl3

Temp. 26.0 C / 299.1 K /L§
Operator: walkup PRO™ O
File: VRS—7—60_2_CNMR

VNMRS-500 "NMRS500"

1.2.8.

__76.772

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acg. time 1.300 sec

Width 30487.8 Hz

25600 repetitions
OBSERVE C13, 125.6576184 MHz
DECOUPLE H1, 499,7341220 MHz
power 42 dB

continuously on

WALTZ—~16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072

—-77.283
77

;

8.977
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Total time 16 hr, 21 min, 36 sec
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Purified VR — 6/!07

Sample: VRS-6-1A

Sample: vRszoiA Phgnyl 3-0x0-2-p_henyl—3?1?thydr0pyrazine-1(2H)-carb0xylate (14a)

. F11e /home/wa1kup/vnmrsys/data/ﬁ“+" fesm Tt

””Pu1se Sequence.,sZpu]

.Solvent: cdcl13 *

S Temp. 26.0-C /.2839.1 K

. 0perator: walkup \

File: cdci3_01 -
VNMRS 500 ”NMRSDO"w

B de1ay 1 onu sec
Ru]se 45-.0 degrees
_oAcg. time 2.049.sec

CWidth 8012.8 Hz :
: 8 repet1t1ons
.- "OBSERVE " H1,: 499. 731832
- DATA PRDCESSING
:Resol. enhancement —=0. U Hz
"FT. size 65536 .
‘Total time 0 min, 31 sec

9 8 7 6 5 4 3 2 1 0 ppm
L__r-_l \_'___J I_’__L'.L_r_l I-‘l—_( LA_‘_I l_.'fl L-.(__-l
0.60 2.10 2.33 1.00 1.07
0.54 4.99 0.93 0.90
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:Purified

-,'Samp]e- VRS-6-109 v
“-Sample ID: s _20140214_ 03*19
File: s_20140214_ US/data/cd(

'qu1se sequence:. s2pul

Solvent: cdcl3
- Temp. 26.0 G-/ 299, 1 K
“Uperator. walkup
File: cdc13_01
NMRS—500- - "NMR500 "~

elax. delay. 1.000 sec
‘pulse 45.0.degrees .;
Acq. time: 12300 sec
idth 30487.8 Hz
256 repetitions
OBSERVE. - C13,
- DECOUPLE H1,
Power 42 .dB
continuous]y on
' WALTZ-16- modulated
DATA PROCESSING
. Line broadening 0.5 Hz
“FT size 131072
Total time 9 min,

51 sec
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200 180

125 6578310-MHZ_
488, 7341220;-MHz *

—166.068

Phenyl 3-oxo-2-phenyl-3,4-dihydropyrazine-1(2H)-carboxylate (14a)

165.798
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purified (ISCO)

Sample: VRS-6-51
Sample ID: s_20140421_01
File: s_20140421_01/data/cdc13_01.fid

Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 26.0 C / 299.1 K
Operator: walkup

File: cdc13_01
VNMRS—500 'NMR500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acg. time 2.049 sec

Width 8012.8 Hz

8 repetitions
OBSERVE H1, 499.7316300 MHz
DATA PROCESSING

Resol. enhancement —0.0 Hz
FT size 65536
Total time 0 min, 31 sec

Phenyl 2-benzyl-3-0x0-3,4-dihydropyrazine-1(2H)-carboxylate (14b)

.

[ S S

10.99 0.81
0.70

[ —
0.57
1.18.43
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Phenyl 2-benzyl-3-0x0-3,4-dihydropyrazine-1(2H)-carboxylate (14b)
Purified (ISCO)

Sample: VRS-6-51
Sample ID: 5_20140422_02
File: $_20140422_02/data/cdc13_01.Tid

Pulse Sequence: s2pul
Solvent: cdcl3
Temp. 26.0 C / 299.1 K H
ODperator: walkup N_.O
File: cdc13 01 [ f
VNMRS-500 "NMR500"

N Bn

Relax. delay 1.000 sec

Pulse 45.0 degrees PhO™ ~O
Acg. time 1.300 sec

width 30487.8 Hz

256 repetitions
OBSERVE C13, 125.6576245 MHz
DECOUPLE H1, 488.7341220 MHz
Power 42 dB

continuously on

WALTZ~16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072 [0
Total time 9 min, 51 sec o 2
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Terget (ISCO)

sample: YM-1-22
Sampie ID: s _20140312_01
File: s_20140312_01/data/cdc13_01

Pulse Seguence: s2pul
Solvent:. cdcl13
.- Ambient, temperature
" Operator i walkup
- File: cdcl3_01 . .
¢ .VNMRS~500-¢'"NMR500", -7ov . )

Relax.;delay. 1.000 sec .-
Pulse. 45,0 degrees . R
Acg. time 2.048 sec
Width-8012.8 Hz ‘
. 8 repetitions . :
~ OBSERVE".'H1,:499.7316302 MHz
DATA PROCESSING

Resol. 'enhancement -0.0 Hz
FT size 65536

“ Total time 0 min, 31 sec

,.F:i.l.»

L

Phenyl 2-(2-br0m0benzyl)-3-QXO-3,4-dihydr0pyrazine-1(2H)-carb0xylate (14¢)

Br




_ Phenyl 2-(2-bromobenzyl)-3-0x0-3,4-dihydropyrazine-1(2H)-carboxylate (14¢)
Hydrolysis [baﬁd I1)

Sample: YM-1-227: ,
Sample ID: 5_20121205_
File: /home/walkup/Val

Pulse Sequence ‘Zpul

. ‘solvent: cdcl3 i
Temp. 26.0 C / 299)1

Operator: walkup:

: File: YM-1—-22-CNMR -
U..VNMRS 500 "NMR500"J~

Re1ax. de]ay 1 000,

;:Pulse 45.0 degrees ... o o ! :
. -Acq. time L: 300:'sec n <o g
- wWidth 30487.8 Hz - Nae™
25280 repet1t1ons : NN e -
.- DBSERVE C13, 125. 6576264 MHz ~ N -

. .DECOUPLE H1, .499 7341220 MHz

" Power 42 dB VY“' ’ ' ’
continuousiy on:
‘WALTZ-16 modu]ated

DATA PROCESSING:
Line broaden1ng 0.5 Hz

FT size 131072: '

Total time 16 hn 25 min, 21 sec
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- Phenyl 5-(4-methoxyphenyl)-3-o0xo-2-phenyl-3,4-dihydropyrazine-1(2H)-carboxylate (15a)

Purified

Sample: VRS-7-108
Sample ID: $_20131112_01 .
File: /home/walkup/vnmrsys/

Pulse Sequence: s2pul

Solvent: cdcl3
Temp. 26.0 C / 28%.1 K
Operator: walkup
File: cdcl13_01
. VNMRS—-500-- "NMR500"

Relax. delay 1.000 sec
Pulse 45.0 degrees .

. ‘Acg. time 2.049 sec
'width 8012,8-Hz

- B repetitions

OBSERVE . H1, 499.7316339 MHz.

DATA PROCESSING
Resol. enhancement =0.0 Hz

FT'size 65536 )

Total time 0 min, 31 sec

.
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e e b Lt
0.71 2.392.38.18.71
0.88 8.33.272.3058
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Phenyl 5-(4-methoxyphenyl)-3-oxo-2-phenyl-3,4-dihydropyrazine-1(2H)-carboxylate (15a)

Target

Sample: VRS-7-108
rF11e. exp ’

Pu]se SequenCE"SZpu

. Sglvent: cdcl3
Ambient temperature

Operator: walkup-
VNMRS 500 "NMR500"

OMe

eTax ‘delay- 1 ‘000 S o
“Pulse 45.0 degrees o é P
(AGHs time 1,300 sec. ™ g
-Wldth 30487.8 Hz ~ N @
.25024 repetitions . ~S
.-OBSERVE C13, . 128. 657SIES_MHZ_ . /J
'DECQUPLE = H1, '489.7341220° MHz. - '
QvPower 42 dB~ T : B
" coptinuously on
. WALTZ-16 modulated
DATA. PROCESSING '
Line broaden1ng 0.5 Hz
. FT'.size 131072 et
Total time 16 hr, 25 m1n,,21_;ec_ .
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Sample: DBR-4-615
sample ID: s_20120725_02
File: s_20120725_02/data

Pulse Seguence: s2pul

Solvent: cdcl3

Temp. 26.0 C / 299.1 K
Operator: walkup

File: cdcl13_01
VNMRS-500 "NMRS500"

Relax. delay 1.000 sec

Pulse 45.90 degrees

Acr. time 2.049 sec

Width 8012.8 Hz-

8 repetitions
OBSERVE Hi, 499,7316285 MHz
DATA PROCESSING

Resol. enhancement —-0.0 Hz
FT size 655386
Total time 0 min, 31 sec

Phenyl 5-ethyl-3-0x0-2-phenyl-3.,4-dihydropyrazine-1(2H)-carboxylate (15b)

PhO/L§O

e Ll by
1.20 5.29.11
2.08.10.94
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Phenyl 5-ethyl-3-0x0-2-phenyl-3.,4-dihydropyrazine-1(2H)-carboxylate (15b)
Sample: 0OBR-4-615 ST
Sample ID: s_20120724_1
F11g: /home/walkup/vnmr
Pulse Seguence: sZpullL
Solvent: cdcl3
Temp. 26.0 C / 298.1 (S _ e N.__O
Operator: walkup . Cot ol Lt
File: cdcl13_01 o . j: ‘:'.' //\WE

VNMRS—500 ~~ "NMR50 02

Relax. delay 1.00
.~ Pulse 45.0 degrees:
- Acqg. time 1.300 se
Width 30487.8 Hz .-
- 256 repetitions L B
-OBSERVE C13, 125. 8575352 MHz . . L
DECOUPLE " HL, 499.7341220 MHz : B I S
Power 42 dB _‘-_ﬂ S . o
continuousty on : : L5

WALTZ2-16 modulated’
DATA PROCESSING .
Line broadening 0. 5 Hz
FT size 131072

PhO

126.310

Total time 9 min, 51 sec o . n
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Sample: DBR-4-635
Sample ID: s_20120905_02
File: s_20120905_02/data/cdcli

Pulse Seguence: s2pul

Solvent: cdcl3

Temp. 26.0 C / 2399.1 K
Operator: walkup

File: cdcl13_01
VNMRS~500 "NMRS500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acg. time 2.048 sec

Width 8012.8 Hz

8 repetitions
OBSERVE H1, 489.7316473 MHz
DATA PROCESSING

Resol. enhancement -0.0 Hz
FT size 65536

Total time 0 min, 31 sec

Phenyl 5-benzyl-3-0x0-2-phenyl-3,4-dihydropyrazine-1(2H)-carboxylate (15c¢)

PhO
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Phenyl 5-benzyl-3-0x0-2-phenyl-3,4-dihydropyrazine-1(2H)-carboxylate (15¢)

Sampie: DBR-4-635
Sample ID: s_20120905_03
File: s_20120905_03/data/cdc13_61." &n H o

Pulse Seguence: s2pul \I[
Solvent: cdel3 N
Temp. 26.0 C / 293.1 K /Lt

Operator: walkup PhO” 0

File: cdci3_01

VNMRS—-500 “NMR500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acg. time 1.300 sec

Width 30487.8 Hz

256 repetitions
OBSERVE C13, 125.6576314 MHz
DECOUPLE H1, 499.7341220 MHz
Power 42 dB

continuouslty on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072
Total time 9 min, 51 sec

129.357
128.813
128.750
~.128.724
' 128.680
77.253
76.997
76.742

/-
S

121.4186
121.364

—125.814

104.938
36.451

105.519
—_36.410

135.877
135.825
135.74¢0
35.507
\

/i
\
\\

~—151.844
151.6189
150.748
150.4886
A\
6§0.315
59.138

N

165.883
165.654
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Sample: DBR-4-599R
Sample ID: s_20140703_01
File: s_20140703_01/data/cdc13_01.fid

Pulse Seguence: s2pul

Solvent: cdcl13

Temp. 26.0 C / 299.1 K
Operator: walkup

File: cdcl13_01
VNMRS—-500  "NMR500"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acg. time 2.049 sec

Width 8012.8 Hz

8 repetitions
OBSERVE H1, 4938.7316290 MHz
DATA PROCESSING

Resol. enhancement —-0.0 Hz
FT size 65536
Total time 0 min, 31 sec

Phenyl 3-o0xo0-2,5-diphenyl-3,4-dihydropyrazine-1(2H)-carboxylate (15d)

SO

14.73

RN Lot

1.071.09

1.10.05 1.00
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Phenyl 3-0x0-2,5-diphenyl-3,4-dihydropyrazine-1(2H)-carboxylate (15d)
Sample: DBR-4-533R
File: exp

Pulse Sequence: s2pul
Solvent: cdcl3

Temp. 26.0 € / 299.1 H o
Operator: walkup
VNMRS-500 “NMR500" |
1 del N o
Relax. elay 1.000 sec 1
Pulse 45.0 degrees Ph0/£i3 kxﬁa 3
. d

Acg. time 1.300 sec
Width 30487.8 Hz
25152 repetitions
OBSERVE C13, 125.6576166 MHz L\
DECOUPLE H1, 499.7341220 MHz
Power 42 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hz
FT size 131072
Total time 16 hr, 25 min, 21 sec
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Methyl 2-((2-oxoethyl)(phenoxycarbonyl)amino)-2-phenylacetate (16)

DBR-5-856

Sample Name DBR-5-856
Date collected 2017-09-01

Pulse sequence  PROTON
Solvent cdcl3

Temperature 25
Spectrometer NMR500-vhmrs500

Study owner walkup
Operator walkup

0 Q

H\ﬁ OMe
N .
Pho/&o
L a
| - |
T ‘ T T T T ‘ T T T T \ T T T T ‘ T T 1 | 1 t ‘ [ t | ‘ T T T ] T 1 i T | T T | T T T I T
10 9 8 7 5 4 3 2 1 ppm
= I e —y
0.99 2.15 .00 3.56
5.63.26 2.00
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Data file /home/walkup/vnmisys/data/DBR-5-856_20170901_07/PROTON_01

Plot date 2017-09-01



Methyl 2-((2-oxoethyl) (phenoxycarbonyl)amino)-2-phenylacetate (16)

DBR-5-856
Sample Name DBR-5-856 Pulse sequence CARBON Temperature 25 Study owner walkup
Date collected 2017-09-01 Solvent cdcl3 Spectrometer NMR500-vnmrs500 Operator walkup
H\ﬁ) Q oMe
X
PhO O

129.280

29.173
128.794
128.756
125.827
125.759
121.374
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Data file /nome/walkup/vnmrsys/data/DBR-5-856_20170901_08/CARBON_01 Plot date 2017-09-01
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