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1. General I nformation

Melting points were determined on a Kofler hot-stage apparatus. The *H, *C NMR spectra
were recorded on Bruker instruments (AC 200 and Avance 300). Microanalyses were
performed on a Carlo Erba CHNOS 1160 apparatus. The IR spectra were obtained from
potassium bromide pellets with a Perkin-Elmer FTIR 1650 spectrophotometer.

All reagents were of commercial quality purchased from Aldrich Co. and Acros. Pd-catalyst
was prepared according to the literature.

Procedure A for direct lithiation by lithium 2,2,6,6-tetramethylpiperidide. A solution of n-
butyllithium (1.6M or 2.5M in hexane) was added to cold (-50°C), stirred and anhydrous THF
(50 mL) under an atmosphere of dry nitrogen. Then 2,2,6,6-tetramethypiperidine (TMPH)
was added. The mixture was warmed to 0°C. After 20 min, the mixture was cooled to the
temperature 6; and a solution of pyrazine dissolved in 8 mL of THF, added. After atimet; at
01 , the electrophile was introduced and the stirring was continued for a time t, at 6-.
Hydrolysis was then carried out at 6, using a solution of ethanol and water (4 : 1). The
mixture was evaporated and the residue was extracted with dichloromethane (3x20 mL), the
combined organic extracts were dried over magnesium sulfate and evaporated. The crude
product was purified by column chromatography on silica gel.

Procedure B for cross-coupling of arylboronic acids with halodiazines under Suzuki
conditions.

A mixure of halodiazine, arylboronic acid (n equiv.), Pd(PPhg), (0.1 equiv.), agueous 2M
potassium carbonate (1 equiv.) and ethanol (1 mL) in degassed toluene (15 mL) was heated to
reflux under nitrogen for atime t. The reaction mixture was cooled, diluted with 20 mL of a
mixture of water and dichloromethane (1:1) and the organic layer separated. The aqueous
layer was extracted with dichloromethane (3x20 mL). The combined organic extracts were
dried over magnesium sulfate and evaporated. The crude product was purified by column
chromatography on silica gel.

2. Synthesis of Botryllazine B

2-chlor 0-6-tri-n-butylstannylpyr azine (4)
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A solution of n-butyllithium 2.5M (3.15 equiv., 10.83 mL) was added to cold (-50°C), stirred
and anhydrous THF (75 mL) under an atmosphere of dry nitrogen. Then 2,2,6,6-
tetramethypiperidine (3.15 equiv., 4.69 mL) was added. The mixture was warmed to 0°C.
After 20 min, the mixture temperature was carried to -78°C. Chloropyrazine (1 g, 8.73 mmoal)
was dissolved in 50 mL THF and tri-n-butyltin chloride (1 equiv., 2.63 mL) were
simultaneously introduced at -100°C into a solution containing the metalating agent (LTMP)
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The mixture was then stirred for 2.5 h, during this time, temperature was slowly increased
from -100°C at -40°C. Hydrolysis was then carried out at -40°C using a solution of 35%
aqueous hydrochloric acid, ethanol and THF (1:4:5). At room temperature, the mixture was
made slightly basic with saturated sodium hydrogenocarbonate solution. The mixture was
evaporated and the residue was extracted with dichloromethane (3x20 mL). The combined
organic extracts were then dried over magnesium sulfate and evaporated. The crude product
was purified by column chromatography and gave after purification by column
chromatography (silica gel, eluent: dichloromethane) 3.13 g (89%) of (4) as a yellow liquid.
'H NMR (CDCl5) : 6 8.36 (s, 1H, Hs), 8.27 (m, 1H, Hs), 1.53-0.77 (m, 27H, 3Bu); *C NMR
(CDCl3) : 6 170.0 (Cg), 151.2 (Cy), 148.7 (Cs), 142.7 (Cs), 28.9, 27.2, 10.0 (CHy), 13.5 (CHa);
IR : 2953, 2925, 2871, 2852, 1489, 1463, 1404, 1376, 1169, 1150, 1001, 876 cm™; IC : 405
(MH"), 371, 347.

2-chlor 0-6-(1-oxo-[4-methoxyphenyllmethyl)pyr azine (6)
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A solution of 4-methoxybenzoyl chloride (7.7 g, 3 equiv.), Pd(PPhs)4 (0.1 equiv.) in toluene
was heated to 80°C under a nitrogen atmosphere. 2-chloro-6-tri-n-butylstannylpyrazine (4)
(6.1 g, 15.1 mmol) was added and the solution was refluxed for 12 h. After cooling, a mixture
of water (30 mL) and dichloromethane (30 mL) was added. The agueous layer was extracted
with dichloromethane (3x20 mL). The combined organic extracts were then dried over
magnesium sulfate and evaporated. The crude product was purified by column
chromatography (silica gel, eluent : dichloromethane/cyclohexane (8:2)) and gave 2.63 g
(70%) of (6) as ayellow solid, mp : 98°C. *H NMR (CDCls) : & 9.08 (s, 1H, Hs), 8.76 (s, 1H,
Hs), 8.12 (d, 2H, J=8.7 Hz, Hpg), 6.97 (d, 2H, J=8.7 Hz, Hpgs), 3.89 (s 3H, OCH,). *C
(CDCl3) : 6 188.7 (Cy), 164.4 (Cpn), 149.8 (Cy), 147.6 (Cs), 146.7 (Cy), 143.6 (Cs), 133.7
(Cprze), 127.9 (Cpn1), 114.0 (Cpnas), 55.7 (OCHy). IR : 3048, 2984, 2939, 2844, 1651, 1594,
1511, 1324, 1268, 1179, 1160, 1021, 961, 841, 774 cm™. Anal. calcd for CioHgCIN,O,
(248.67) : C, 57.96; H, 3.65; N, 11.27. Found: C, 57.90; H, 3.73; N, 10.90.

2-(1-oxo-[4-methoxyphenyl]methyl)-6-(4’ -methoxyphenyl)pyrazine (8)

Coupling of 4-methoxyphenylboronic acid (470 mg, 2 equiv.) with (6) (385 mg, 1.54 mmol)
according to the procedure B (t=8 h) gave after purification by column chromatography (silica
gel, eluent: cyclohexane/ethyl acetate (6:4)) 446 mg (90%) of (8) as a yellow solid, mp :
114°C.'H NMR (CDCl3) : § 9.14 (s, 1H, H3), 9.04 (s, 1H, Hs), 8.24 (d, 2H, J=8.7 Hz, Hpog),
8.21 (d, 2H, J=8.7 Hz, Hpr26), 7.03 (M, 4H, Hpnss and Heyss), 3,90 (M, 6H, 2xOCH3). °C
(CDCl3) : 6 190.9 (Cy), 164.1 (Cpra), 161.6 (Cprra), 150.3 (Cy), 149.6 (Cs), 143.0 (C3 and Cs),
133.8 (Cprzs), 128.8 (Cpy1), 128.6 (Cprvze), 128.2 (Cpra), 114.8 (Cpas), 113.8 (Cprgs), 55.7
(OCHy). IR : 3075, 2997, 2938, 2913, 2835, 1649, 1604, 1516, 1342, 1274, 1249, 1164, 1036,
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952, 842, 829, 774 cmi*. Anal. caled for CioH1sN,Os (320.35) : C, 71.24; H, 5.03; N, 8.74.
Found: C, 70.91; H, 5.02; N, 8.72.

Botryllazine B (1)

OH

Pyridine hydrochloride (10 g) was heated at 220°C for 15 min, and (8) (100 mg, 0.31 mmol)
was added. The mixture was maintained at this temperature for 1h, then poured ontoice. The
solution was extracted with ether (3x20 mL), the combined organic extracts were then dried
over magnesium sulfate and evaporated. The crude product was purified by column
chromatography (silica gel, eluent: cyclohexane/ethyl acetate (5:5)) and gave 83 mg (91%) of
(1) as a yellow solid, mp >250°C. *H NMR (CD;OD) : 8 9.19 (s, 1H, Hs), 8.85 (s, 1H, Ha),
8.07 (d, 2H, J=8.7 Hz, Hpze), 8.00 (d, 2H, J=8.7 Hz, Hpv26), 6.92 (M, 4H, Hprgs and Hprz5).
3C (CD40D) : & 192.7 (C;), 165.0 (Cp), 161.6 (Cprrs), 152.7 (Cg), 151.8 (C,), 143.9 (Cs),
143.1 (C3), 135.3 (Cprze), 130.2 (Cprize), 128.9 (Cpr), 128.4 (Cpry), 117.4 (Cpryas), 116.6
(Cprgs)- IR : 3165, 1644, 1603, 1563, 1515, 1421, 1340, 1275, 1250, 1152, 946, 833, 774 cm’
! Anal. caled for Ci7H1N,05 (292.30) : C, 69.86; H, 4.14; N, 9.58. Found: C, 69.88; H, 3.89;
N, 9.27.

3. Metalation of ketal derivatives

2-(2-(4-methoxyphenyl)-1,3-dioxolan-2-yl)-6-(4' -methoxyphenyl)pyrazine (9)
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In a flask equipped with a dean stark apparatus, was placed a solution of (8) (843 mg, 2.63
mmol), glycol (10 equiv.) and APTS (0.1 equiv.) in toluene and heated under reflux for 12 h.
After cooling, a saturated solution of sodium bicarbonate (30 mL) and dichloromethane (30
mL) was added. The agueous layer was extracted with dichloromethane (3x20 mL). The
combined organic extracts were then dried over magnesium sulfate and evaporated. The crude
product was purified by column chromatography (silica gel, eluent : dichloromethane) and
gave 939 mg (98%) of (9) as a colorless liquid. *H NMR (CDCls) : § 8.87 (s, 1H, Hs), 8.77 (s,
1H, Hs), 7.95 (d, 2H, J=8.7 Hz, Hpn26), 7.62 (d, 2H, J=8.7 Hz, Hpze), 6.98 (d, 2H, J=8.7 Hz,
Henss), 6.89 (d, 2H, J=8.7 Hz, Hprg ), 4.18 (m, 4H, 2xCHy,), 3.84 (s, 3H, OCHj3), 3.78 ( s, 3H,
OCHy). **C (CDCl3) : 8 161.2 (Cpiy4), 159.8 (Cpra), 154.8 (Cy), 151.3 (Cs), 140.4 (C3), 139.0
(Cs), 132.9 (Cpra), 128.8 (Cpr1), 128.6 (Cprv2e), 127.8 (Cprze), 114.4 (Cpryzs), 113.6 (Cpnzs),
108.1 (C7), 65.5 (CHy), 55.5 (OCHj3). IR : 2958, 2894, 2836, 1609, 1513, 1422, 1251, 1172,
1032, 834 Cm_l. Anal. calcd for C21H20N204, 1]2H20 (36440+1/2X1802) . C, 6755, H, 567,
N, 7.50. Found: C, 67.65; H,5.84; N, 6.94.
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2-chlor 0-6-(2-[4-methoxyphenyl]-1,3-dioxolan-2-yl)pyrazine (12)

In a flask equipped with a Dean Stark apparatus, was placed a solution of (6) (740 mg, 2.98
mmol), glycol (10 equiv.) and APTS (0.1 equiv.) in toluene and heated to reflux for 8 h. After
cooling, a solution of saturated of sodium bicarbonate (30 mL) and dichloromethane (30 mL)
were added. The agueous layer was extracted with dichloromethane (3x20 mL). The
combined organic extracts were then dried over magnesium sulfate and evaporated. The crude
product was purified by column chromatography (silica gel, eluent : dichloromethane) and
gave 854 mg (98%) of (12) as ayellow liquid. *H NMR (CDCls) : & 8.79 (s, 1H, Hs), 8.48 (s,
1H, Hs), 7.52 (d, 2H, J=8,7Hz, Hpnz6), 6.87 (d, 2H, J=8.7 Hz, Hpnzs), 4.11 (M, 4H, 2xCH,),
3.78 (s, 3H, OCHs). 3C (CDCl5) : § 159.9 (Cpr), 155.9 (Cg), 148.8 (Cy), 144.0 (C3), 139.7
(Cs), 131.9 (Cprg), 127.6 (Cprze), 113.8 (Cpras), 107.2 (Cy), 65.6 (CHy), 55.4 (OCHy). IR :
2958, 2895, 2837, 1610, 1511, 1390, 1304, 1250, 1175, 1099, 1032, 966, 947, 835 cm™. Anal.
calcd for Ci4H13CIN,O5 (292.72) - C, 57.45; H, 4.48; N, 9.57. Found: C, 57.49; H, 4.46; N,
9.68.

3-chlor o-2-deuter 0-5-(2-[4-methoxyphenyl]-1,3-dioxolan-2-yl)pyr azine (13)

Cl N
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Metalation of (12) (710 mg, 2.43 mmol) according to procedure A with n-BuLi 1.6M (1.1
equiv., 1.70 mL), TMPH (1.2 equiv., 0.46 mL), t;=30 min, 6,=-78°C, followed by addition of
ethyl alcohol-d (5 equiv., 0.46 mL) t,=5 min, 6,=-78°C gave after purification by column
chromatography (silica gel, eluent : dichloromethane) 700 mg (98%) of (13) as a yellow
liquid. '"H NMR (CDCl3) : & 8.78 (s, 1H, He), 7.54 (d, J=8.7 Hz, 2H, Hegs), 6.88 (d, J=8.7
Hz, 2H, Hengs), 4.11 (m, 4H, 2xCHy), 3.77 (s, 3H, OCHs). *C NMR (CDCls) : 8 159.9 (Cpn),
155.9 (Cs), 148.7 (C3), 143.9 (Cy), 139.6 (Cs), 131.8 (Cpry), 127.5 (Cprze), 113.7 (Cpras),
107.2 (Cy), 65.5 (CH,), 55.3 (OCHj3). IR : 2957, 2895, 2836, 1610, 1511, 1313, 1250, 1172,
1135, 1099, 1033, 1015, 834, 810, 783, 458 cm'™*. Anal. calcd for Cy4H1,CIDN,O3 (293.73)
C, 57.25; H, 4.12; N, 9.54. Found : C, 57.16; H, 4.31; N, 9.56.

2-deuter 0-3-(4' -methoxyphenyl)-5-(2-[4-methoxyphenyl]-1,3-dioxolan-2-yl)pyrazine (14)

S5



Coupling of 4-methoxyphenylboronic acid (680 mg, 1.1 equiv.) with (13) (1.20 g, 4.08 mmol)
according to procedure B (t=8 h) gave after purification by column chromatography (silica
gel, eluent: dichloromethane) 1.34 g (90%) of (14) as a yellow liquid. *"H NMR (CDCls) : &
8.79 (s, 1H, He), 7.96 (d, J=8.7 Hz, 2H, Hpn26), 7.62 (d, J=8.7 Hz, 2H, Hpzg), 6.90 (M, 4H,
Henss and Hpss), 4.10 (M, 4H, 2xCHy), 3.77 (s, 3H, OCHs), 3.72 (s, 3H, OCHs). *C NMR
(CDCl3) : 6 160.9 (Cpra), 159.5 (Cpru), 154.5 (Cs), 150.8 (C3), 138.8 (Ce), 132.6 (Cy), 128.4
(Cphl and Cphl'), 128.2 (Cphz,s and Cph'z,s), 114.1 (Cph3y5 and Cph'3,5), 107.8 (C7), 65.2 (CHz),
55.1 (OCHs). IR : 2958, 2895, 2837, 1711, 1608, 1581, 1514, 1373, 1302, 1253, 1174, 1125,
1073, 834, 812 cm™. Anal. calcd for CyH19DN,O, (365.41) : C, 69.03; H, 5.24; N, 7.67.
Found: C, 68.98; H, 5.22; N, 7.63.

2-(1-hydroxy-[4’’-methoxyphenyl]methyl)-3-(4' -methoxyphenyl)-5-(2-[4-
methoxyphenyl]-1,3-dioxolan-2-yl)pyrazine (20) and 2-(1-hydroxy-[4" -
methoxyphenyl]methyl)-3-(2-[4-methoxyphenyl]-1,3-dioxolan-2-yl)-5-(4' -
methoxyphenyl)pyrazine (11)
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Metalation of (9) or (14) (200 mg, 0.55 mmol) according to procedure A with n-BuLi 1.6M
(3.1 equiv., 1.06 mL), TMPH (3.1 equiv., 0.29 mL), t;=30 min, 6,=-78°C, followed by
addition of p-anisaldehyde (3.1 equiv., 0.2 mL) in THF (10 mL) t,=60 min, 6,=-78°C gave
after purification by column chromatography (silica gel, eluent : cyclohexane/ethyl acetate
(6:4)) 192 mg (70%) of (10) and (11) as yellow liquids. (10) *"H NMR (CDCls) : § 8.75 (s, 1H,
He), 7.50 (d, 2H, J=8.7 Hz, Hmpge), 7.20 (d, 2H, J=8.7 Hz, Hpy26), 6.90 (d, 2H, J=8.7 Hz,
HPh”2.6)1 6.78 (m, 6H, th3’5‘ th3‘5 and th'3’5), 5.84 (d, lH, JCH,OH:8-7 HZ, CH), 4.55 (d, 1H,
Jen,on=8.7 Hz, OH), 4.10 (m, 4H, 2xCHy), 3.77 (m, 9H, OCHs).(11) *H NMR (CDCls) : &
8.84 (s, 1H, He), 7.90 (d, 2H, J=8.7 Hz, Hpnze), 7.33 (d, 2H, J=8.7 Hz, Hpr26), 7.05 (d, 2H,
J=8.7 Hz, HPh"2,6)1 6.92 (m, 6H, th3,5 th'3‘5 and th’3’5), 6.25 (d, 1H, JCH,OH:8-7 Hz, CH),
4.35 (d, 1H, Jon,0n=8.7 Hz, OH), 4.10 (m, 4H, 2xCH,), 3.77 (m, 9H, OCHy). (10 and 11) *C
NMR (CDClj) : & 160.6-159.9 (Cptu, Cpva, Cprva ), 154.3-152.3 (Cpyr), 138.6 (Cg10) and
Ce(11)), 136.2-129.1 (Cpnt, Cav1 @nd Cpry1), 129.9-128.1 (Cpriz6,Crtv 2.6 and Crtiv26), 114.1 (Cergs,
Cergs and Cpryzs), 108.1 (Cyag) and Cr1yy), 77.2 (CH), 65.7 (CHy), 55.7 (OCHg). IR : 3449,
3002, 2957, 2934, 2897, 2836, 1609, 1512, 1463, 1379, 1308, 1251, 1174, 1096, 1033, 883
755 cm™. HRMS (IC) calculated for CagH29N2Og : 501.2025. Found : 501.2061.

3-chlor o-2-trimethylsilyl-5-(2-[4-methoxyphenyl]-1,3-dioxolan-2-yl)pyr azine (15)
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Metalation of (12) (620 mg, 2.12 mmol) according to procedure A with n-BuLi 2.5M (1.1
equiv., 0.93 mL), TMPH (1.1 equiv., 0.42 mL), t;=30 min, 6,=-78°C, followed by addition of
trimethylsilyl chloride (1.1 equiv., 0.30 mL) t,=60 min, 6,=-78°C gave after purification by
column chromatography (silica gel, eluent : dichloromethane) 603 mg (78%) of (15) as
colorless liquid. *H NMR (CDCl3) : & 8.91 (s, 1H, He), 7.55 (d, J=8.7 Hz, 2H, Hprz6), 6.88 (d,
J=8.7 Hz, 2H, Hmgs), 4.11 (m, 4H, 2xCH,), 3.78 (s, 3H, OCHs), 0.39 (s, 9H, 3XCHs). *C
NMR (CDCly) : 8 161.8 (Cpra), 159.9 (Cy), 154.5 (C;s and Cs), 140.0 (Cs), 132.2 (Cpry), 127.6
(Cprze), 113.7 (Cprgs), 107.2 (C7), 65.5 (CH,), 55.3 (OCHj3), -1.6 (SiMe3). IR : 2956, 2898,
1611, 1510, 1250, 1172, 1098, 1053, 1034, 845, 790, 587 cm™ . Anal. calcd for
C17H2:CIN2OsSi (364.91) : C, 55.96; H, 5.80; N, 7.68. Found : C, 56.24; H, 6.12; N, 7.45.

2-trimethylsilyl-3-(4' -methoxyphenyl)-5-(2-[4-methoxyphenyl]-1,3-dioxolan-2-
yl)pyrazine (16)
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Coupling of 4-methoxyphenylboronic acid (160 mg, 1.1 equiv.) with (15) (360 mg, 0.98
mmol) according to procedure B (=12 h) gave after purification by column chromatography
(silica gel, eluent: dichloromethane) 263 mg (61%) of (16) as a yellow solid, mp : 116°C. *H
NMR (CDCl3) : & 8.96 (s, 1H, Hg), 7.60 (d, J=8.7 Hz, 2H, Hppg), 7.40 (d, J=8.7 Hz, 2H,
Hproe), 6.94 (d, J=8.7 Hz, 2H, Hpy3s), 6.88 (d, J=8.7 Hz, 2H, Hpngs), 4.13 (M, 4H, 2XCH,),
3.84 (s, 3H, OCHs), 3.78 (s, 3H, OCHz), 0.10 (s, 9H, 3xCHs). *C NMR (CDCls) : § 160.3-
158.9 (Cprv4, Cpru, C2 and C3), 152.4 (Cs), 139.7 (Cs), 133.2 (Cpnp and Cprva), 130.8 (Cprize),
127.7 (Cpnz), 113.5 (Cpnzs and Cpryz ), 107.9 (Cy), 65.4 (CHy), 55.4 (OCH3), -0.2 (SMey). IR
: 2957, 2884, 2840, 1608, 1507, 1464, 1364, 1300, 1252, 1170, 1077, 1031, 836 cm™. Anal.
calcd for CaaH2sN204S (436.59) : C, 66.03; H, 6.46; N, 6.42. Found: C, 65.83; H, 6.52; N,
6.37.

4. Nucleophilic substitution

2-chlor 0-6-(4-methoxyphenyl)pyrazine (18)

N
N
QLL
N Cl
7

Coupling of 4-methoxyphenylboronic acid (917 mg, 0.9 equiv.) with 2,6-dichloropyrazine (1
g, 6.71 mmol) according to procedure B (t=8 h) gave after purification by column
chromatography (silica gel, eluent: dichloromethane/cyclohexane (7:3)) 1.03 g (70%) of (18)
as a white solid, mp : 86°C. *H NMR (CDCls) : § 8.82 (s,1H, Hs), 8.40 (s, 1H, Hs), 7.94 (d,
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2H, J=8.7 Hz, Hpnze), 6.97 (d, 2H, J=8.7 Hz, Hpss), 3.84 (s, 3H, OCHs). **C (CDCly) : &
161.7 (Cpra), 152.3 (Cg), 148.8 (Cy), 141.4 (C3), 138.7 (Cs), 128.6 (Cprzg), 127.2 (Cpry), 114.6
(Cenas), 55.5 (OCH3). IR : 3058, 2971, 2928, 2835, 1605, 1519, 1326, 1260, 1163, 1150,
1027, 929 cm™. Anal. calcd for C13HeCIN,O (220.66) : C, 59.88; H, 4.11; N, 12.70. Found: C,
59.58; H, 4.27; N, 12.64

3-chlor 0-2-(1-hydr oxy-4-methoxyphenylmethyl)-5-(4' -methoxyphenyl)pyrazine (19)

o

Metalation of (18) (530 mg, 2.40 mmol) according to procedure A with n-BuLi 2.5M (1.1
equiv., 1.06 mL), TMPH (1.1 equiv., 0.46 mL), t;=30 min, 6,=-78°C, followed by addition of
p-anisaldehyde (1.2 equiv., 0.35 mL) in THF (10 mL) t;=60 min, 6,=-78°C gave after
purification by column chromatography (silica gel, eluent : cyclohexane/ethyl acetate (7:3))
728 mg (85%) of (19) as a yellow solid, mp : 100°C. *H NMR (CDCls) : & 8.87 (s, 1H, He),
7.98 (d, J=8.7 Hz, 2H, Hpr26), 7.29 (d, J=8,7Hz, 2H, Hprpe), 7.01 (d, J=8.7 Hz, 2H, Hpzs),
6.85 (d, J=8.7 Hz, 2H, Hpnzs), 5.99 (d, Jon,on=7.5 Hz, 1H, CH), 4.60 (d, Jchon=7.5 Hz, 1H,
OH), 3.87 (s, 3H, OCHs), 3.77 (s, 3H, OCHs). *C NMR (CDCls) : & 161.8 (Cprrs), 159.6
(Cpra), 151.7 (Cs), 151.3 (Cy), 146.6 (Cs), 137.3 (Ce), 133.2 (Cpra), 128.6 (Cprzs and Cepr2),
127.0 (Cpra), 114.7 (Cprzs), 114.1 (Cprgs), 71.7 (CH), 55.5 (OCHy); IR : 3360, 2932, 2837,
1608, 1579, 1520, 1437, 1418, 1303, 1280, 1256, 1174, 1158, 1042, 1027, 837, 801, 773, 552
cm™ . Anal. calcd for CyoH17CIN,O; (356.81) : C, 63.96; H, 4.80; N, 7.85. Found : C, 63.82;
H, 4.88; N, 7.83.

3-chlor 0-2-(1-oxo-4-methoxyphenylmethyl)-5-(4’-methoxyphenyl)pyrazine (20)

o

o
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To a solution of (19) (450 mg, 1.26 mmol) in 50 mL of THF was added MnO, (10 equiv.,
1.09 g). The solution was stirred at room temperature for 8 h. The mixture was filtered
through celite, and the filtrate was evaporated. After purification by column chromatography
(silica gel, eluent : cyclohexane/ethyl acetate (7:3)) 407 mg (91%) of (20) was obtained as a
white solid, mp : 202°C. *H NMR (DMSO) : § 9.32 (s, 1H, Hg), 8.20 (d, J=8.7 Hz, 2H,
Hpnze), 7.89 (d, J=8.7 Hz, 2H, Hpy26), 7.14 (d, J=8.7 Hz, 2H, Hpngs), 7.10 (d, J=8.7 Hz, 2H,
Hetvss), 3.87 (s, 6H, 2xOCHs). *C NMR (DM SO) : § 190.1 (C;), 164.8 (Cpra), 162.1 (Cprv 4),
152.6 (Cs), 147.3 (C3), 144.5 (Cy), 139.1 (Cs), 133.1 (Cprze), 129.4 (Cprze), 127.8 (Cpra),
126.5 (Cpr1), 115.1 (Cpgs and Cpras), 56.1 (OCHg). IR : 3015, 2974, 2935, 2840, 1667,
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1605, 1519, 1311, 1299, 1256, 1173, 1164, 1081, 1014, 936, 832, 795 cm* . Anal. calcd for
C19H15CIN,O5 (354.80) : C, 64.32; H, 4.26; N, 7.90. Found : C, 64.07; H, 4.34; N, 7.80.

3-chlor 0-2-(1-hydr oxy-t-butyldimethylsilyl-4-methoxyphenylmethyl)-5-(4' -
methoxyphenylmethyl)pyrazine (21)

Imidazole (1.6 equiv., 280 mg) and tert-butyldimethylsilyl chloride (1.2 equiv., 460 mg) were
added to asolution of (19) (900 mg, 2.52 mmol) in 50 mL of CH,Cl,. The solution was stirred
at room temperature for 8 h, and then washed with 30mL of water. The aqueous layer was
extracted with dichloromethane (3x20 mL). The combined organic extracts were then dried
over magnesium sulfate and evaporated. The crude product was purified by column
chromatography (silica gel, eluent : dichloromethane) and gave 880 mg (74%) of (21) as a
yellow liquid. *H NMR (CDCl3) : & 8.88 (s, 1H, Hg), 7.96 (d, J=8.7 Hz, 2H, Hp26), 7.46 (d,
J=8.7 Hz, 2H, Hprze), 7.00 (d, J=8.7 Hz, 2H, Hp35), 6.86 (d, J=8.7 Hz, 2H, Hpgs), 6.32 (S,
1H, CH), 3.86 (s, 3H, OCHj3), 3.78 (s, 3H, OCHj3), 0.92 (s, 9H, 3xCH3), 0.08 (s, 3H, CHy),
0.02 ( s, 3H, CHa). ©°C (CDCly) : § 161.6 (Cptya), 159.1 (Cpn), 152.7 (Cs), 150.8 (Cy), 146.2
(Cs), 138.9 (Ce), 133.9 (Cpru), 127.6 (Cprzs and Cepr2g), 127.2 (Cprr), 114.6 (Cpnzs), 113.8
(Cprgs), 73.3 (CH), 55.5 (OCHs3), 26.0 (CH3), 18.5 (C), -4.6 (CHs). IR : 2955, 2930, 2856,
1608, 1511, 1439, 1374, 1251, 1176, 1158, 864, 836, 778 cm™. Anal. calcd for
CxsH3CIN,O5Si (471.08) : C, 63.74; H, 6.63; N, 5.95. Found: C, 63.63; H, 6.28; N, 5.84.

5. Synthesis of an analogue of Botryllazine A

3-chlor 0-2-(1-hydr oxy-4-methoxyphenylmethyl)-5-(2-[4' -methoxyphenyl]-1,3-dioxolan-
2-yl)pyrazine (24)

Metalation of (12) (820 mg, 2.80 mmol) according to procedure A with n-BuLi 1.6M (1.1
equiv., 1.95 mL), TMPH (1.1equiv., 0.54 mL), ;=30 min, 6,=-78°C, followed by addition of
p-anisaldehyde (1.1 equiv., 0.39 mL) t,=60 min, 6,=-78°C gave after purification by column
chromatography (silica gel, eluent : cyclohexane/ethyl acetate (5:5)) 985 mg (82%) of (24) as
yellow solid, mp : 106°C. 'H NMR (CDCl3) : 06 8.72 (s, 1H, Hg), 7.46 (d, J=8.7 Hz, 2H,
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th'z‘s), 7.17 (d, J=8.7 Hz, 2H, thzye), 6.77 (m, 4H, thg'5 and Hp|q'3y5), 5.87 (d, JCH,OH=7-5 Hz
, 1H, CH), 4.47 (d, Jcn.on=7.5 Hz, 1H, OH), 4.04 (m, 4H, CH,), 3.70 (s, 3H, OCHy), 3.68 (s,
3H, OCHg); *C NMR (CDCl3) : § 160.3 (Cprva), 159.9 (Cpna), 155.3 (Cs), 154.1 (Cy), 146.9
(Cs), 138.6 (Cg), 132.9 (Cpru), 132.2 (Cprv1), 129.2 (Cprzg), 127.9 (Cpr2g), 114.2 (Cprgs and
Cpv3s), 107.5 (C7), 72.0 (CH), 65.9 (CHy), 55.6 (OCH3); IR : 3994, 2995, 2933, 2896, 2835,
1611, 1510, 1250, 1154, 1092, 1031, 995, 826, 593 cm™ . Anal. calcd for CxH1CIN2Os
(428.88) : C, 61.61; H, 4.94; N, 6.53. Found : C, 61.55; H, 4.95; N, 6.46.

3-chlor 0-2-(1-oxo-4-methoxyphenylmethyl)-5-(2-[4' -methoxyphenyl]-1,3-dioxolan-2-
yl)pyrazine (25)

~o
‘
N (@]
o AN
‘ o
[olNe]
L]

To asolution of (24) (1.50 g, 3.50 mmol) in 50 mL of THF was added MnO, (10 equiv., 3.00
0). The solution was stirred at room temperature for 8 h. The mixture was filtered through
celite, and the filtrate was evaporated. The crude product gave after purification by column
chromatography (silicagel, eluent : cyclohexane/ethyl acetate (5:5)) 1.36 g (91%) of (25) asa
yellow solid, mp : 124°C. 'H NMR (CDCl3) : 6 8.86 (s, 1H, Hg), 7.78 (d, J=8.7 Hz, 2H,
thz‘e), 7.58 (d, J=8.7 HZ, 2H, HPh’2,6): 6.94 (m, 4H, th3’5 and th’3’5), 4.17 (m, 4H, CHz),
3.87 (s, 3H, OCHs3), 3.80 (s, 3H, OCHs). ®*C NMR (CDCl3) : 8 189.8 (C;), 164.8 (Cp), 160.1
(Cpra), 156.6 (Cs), 150.3 (Cy,), 145.7 (C3), 138.6 (Cs), 132.9 (Cprpe), 131.7 (Cpry), 127.8
(Cer1), 127.6 (Cpr2e), 114.0 (Cprgs and Cprss), 107.3 (Cg), 65.7 (CH,), 55.6 (OCHy). IR :
3003, 2963, 2936, 2838, 1666, 1575, 1320, 1256, 1177, 1103, 999, 937, 916, 832, 642, 549
cm™ . Anal. calcd for CxH19CIN,Os (426.86) : C, 61.90; H, 4.49; N, 6.56. Found : C, 61.68;
H, 4.57; N, 6.46.

2-(1-oxo-4-methoxyphenylmethyl)-3-(4 -methoxyphenyl)-5-(2-[4’’ -methoxyphenyl]-1,3-
dioxolan-2-yl)pyrazine (26)

Coupling of 4-methoxyphenylboronic acid (930 mg, 2 equiv.) with (25) (1.30 g, 3.04 mmol)
according to procedure B (t=8 h) gave after purification by column chromatography (silica
gel, eluent: cyclohexane/ethyl acetate (7:3)) 1.32 g (87%) of (26) as awhite solid, mp : 68°C.
'H NMR (CDCl3) : & 8.83 (s, 1H, He), 7.83 (d, 2H, J=8.7 Hz, Hppe), 7.64 (d, 2H, J=8.7 Hz,
Hpnoe), 7.54 (d, 2H, J=8.7 Hz, Hpy26), 6.83 (M, 4H, Hpzs and Hpn3s), 6.81 (d, 2H, J=8.7
Hz, Henzg), 4.21 (M, 4H, CHy), 3.90-3.70 (m, 9H, OCHz3). **C (CDCls) : § 193.2 (C,), 164.3
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(Cpra), 160.9 (Cpra), 159.9 (Cpryia), 155.3 (Cg), 151.5 (C3), 149.5 (Cy), 137.5 (Cg), 132.9
(Crrze), 132.5 (Cpny), 130.8 (Cprzg), 129.0 (Cpy1 and Cpyv1), 127.8 (Cprizp), 114.1 (Cprgs,
Cprssand Cprirgs), 107.9 (Cg), 65.6 (CH,), 55.5 (OCHj3). IR : 2958, 2985, 2838, 1664, 1598,
1510, 1376, 1306, 1256, 1175, 1150, 1094, 1029, 929, 839 cm™*. Anal. calcd for CagH26N206
(498.54) : C, 69.87; H, 5.26; N, 5.62. Found: C, 69.85; H, 5.22; N, 5.61.
2,5-di-(1-oxo-4-methoxyphenylmethyl)-3-(4'-methoxyphenyl)pyrazine (27)

o
|
N 0
O\
‘/
(J
o)
7

A solution of hydrochloric acid 6N (6 equiv., 2.8 mL) was added to a solution of (26) (1.30 g,
2.61 mmol) in 50 mL of methanol. The solution was stirred at reflux for 2 h. After cooling, a
mixture of a saturated sodium hydrogenocarbonate solution (30 mL) and dichloromethane (30
mL) was added. The agueous layer was extracted with dichloromethane (3x20 mL). The
combined organic extracts were then dried over magnesium sulfate and evaporated. The crude
product gave after purification by column chromatography (silica gel, eluent :
cyclohexanel/ethyl acetate (6:4)) 1.04 g (88%) of (27) as a white solid, mp : 162°C. *H NMR
(CDCl3) : 8 9.09 (s, 1H, Hg), 8.24 (d, 2H, J=8.7 Hz, Hprz6), 7.90 (d, 2H, J=8.7 Hz, Hpn'26),
7.64 (d, 2H, J=8.7 Hz, HPh'Z,G)’ 6.97 (m, 6H, HPhS,S, th3y5 and th"3y5), 3.92-3.79 (m, 9H,
OCHs). 3C (CDCl5) : § 192.8 (C;), 190.3 (Cg), 164.6 (Cors and Cppy-a), 161.3 (Carys), 151.8
(Cs), 150.6 (Cg), 149.8 (C»), 141.4 (Ce), 133.8 (Cprzs and Cpry26), 130.8 (Cpir26), 128.5 (Cpra,
Cphvland Cph”l), 114.3 (Cphg5, Cph'3‘5 andeh35), 55.7 (OCH3) IR : 2961, 2933, 2837, 1661,
1598, 1510, 1373, 1333, 1310, 1253, 1208, 1173, 1151, 1029, 921, 837, 760 cm™ . Anal.
calcd for C7H2oN2O0s (454.49) : C, 71.36; H, 4.88; N, 6.16. Found : C, 71.11; H, 4.89; N,
6.14.

Analogue of Botryllazine A :  2,5-di-(1-oxo-4-hydroxyphenylmethyl)-3-(4 -
methoxyphenyl)pyrazine (28)

OH

N OH
o ‘\
pZ
Sk
HO

o
Pyridine hydrochloride (10 g) was heated to 220°C for 15 min, (27) (200 mg, 0.44 mmol) was
added, and the mixture was kept at this temperature for 1 h then poured into ice. The solution
was extracted with ether (3x20 mL), the combined organic extracts were then dried over
magnesium sulfate and evaporated. The crude product was purified by column
chromatography (silica gel, eluent: ether) and gave 163 mg (90%)of (28) as a yellow solid,
mp : 200°C. *H NMR (CDsOD) : & 8.96 (s, 1H, He), 8.12 (d, 2H, J=8.7 Hz, Hp-26), 7.75 (d,
ZH, J=8.7 Hz, Hp|12’6), 7.52 (d, 2H, J=8.7 Hz, th'z‘e), 6.86 (m, 6H, th3’5‘ th3’5 and th'3,5).
3C (CDs0OD) : & 194.5 (C;), 191.7 (Cs), 165.1 (Cprs and Cpra), 160.7 (Cpiva), 152.8 (Ca),
151.8 (C2 and C5), 141.9 (Ce), 1345 (Cpnge and CPh”Z‘B), 131.8 (Cph'zye), 128.4 (Cphl, Cpn’l and
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Crniv1), 116.5 (Cprg 5, Conzs and Cprgs). IR 1 3392, 2812, 2703, 1662, 1647, 1582, 1513, 1375,
1251, 1209, 1157, 971, 845 cm™. Anal. calcd for CosHigN20s (412.41) : C, 69.90; H, 3.91; N,
6.79. Found: C, 69.98; H, 3.83; N, 6.73.

6. Synthesis of Botryllazine A

2,3-Dichloropyrazine (29)
N Cl
‘ N
(L,

Metalation of chloropyrazine (1 g, 8.73 mmol) according to procedure A with n-BuLi 2.5M
(2.1 equiv., 3.84 mL), TMPH (1.2 equiv., 1.65 mL), t;=30 min, 6,=-78°C, followed by
reaction with hexachloroethane (1.2 equiv., 2.8 g) in THF (10 mL) t,=60 min, 6,=-78°C gave
after purification by column chromatography (silica gel, eluent : dichloromethane) 1.17 g
(90%) of (29) as a colorless liquid. *"H NMR (CDCls) : § 8.28 (s, 2H, Hs and He); *C NMR
(CDCls) : & 147.9 (Cg); 141.8 (CH); IR : 1359, 1194, 1153, 1051, 865, 801, 485 cm™ . Anal.
cacd for C4H,CIoN, (148.98) : C, 32.25; H, 1.35; N, 18.80. Found : C, 32.26; H, 1.32; N,
18.84.

2,3-Dichlor o-5-(1-hydr oxy-4-methoxyphenylmethyl)pyrazine (30)

N Cl

L
HO 7

N Cl

Metalation of (29) (1 g, 6.71 mmol) according to procedure A with n-BuLi 2.5M (1.2 equiv.,
5.03 mL), TMPH (1.2 equiv., 1.38 mL), t;=30 min, 6,=-78°C, followed by addition of p-
anisaldehyde (1.2 equiv., 1 mL) t,=60 min, 6,=-78°C gave after purification by column
chromatography (silica gel, eluent : cyclohexane/ethyl acetate (7:3)) 1.55 g (81%) of (30) asa
white solid, mp : 118°C. 'HNMR (CDCl3) : 6 8.26 (s, 1H, He), 7.18 (d, J=8.7Hz, 2H, Hppp),
6.78 (d, J=8.7Hz, 2H, Hpnss), 5.70 (d, Jenon=3.4 Hz, 1H, CH), 3.70 (s, 3H, OCHg), 3.59 (d,
Jenon=3.4 Hz, 1H, OH); *C NMR (CDCl5) : § 159.8 (Cpr), 156.1 (Cs), 146.3 (C, and Cy),
139.7 (C¢), 133.0 (Cpn1), 128.2 (Cprze), 114.4 (Cprgs), 73.7 (CH), 55.4 (OCHg); IR : 3309,
2968, 2879, 1609, 1511, 1461, 1388, 1155, 1025, 849, 786, 546 cm™ . Anal. calcd for
C12H10Cl2N20; (285.13) : C, 50.55; H, 3.54; N, 9.82. Found : C, 50.52; H, 3.62; N, 9.79.

2,3-Dichlor 0-5,6-di-(1-oxo0-4-methoxyphenylmethyl)pyrazine (32)
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Metalation of (30) (1.7 g, 5.96 mmol) according to procedure A with n-BuLi 1.6M (4.1
equiv., 15.30 mL), TMPH (4.1 equiv., 4.20 mL), ;=30 min, 6,=-78°C, followed by addition
of p-anisaldehyde (1.2 equiv., 1 mL) t,=60 min, 6,=-78°C. the crude product was treated with
a solution of saturated sodium hydrogenosulfite. The mixture was filtrated and the precipitate
was washed with ether. The agueous layer was extracted with ether (3x20 mL). The combined
organic extracts were then dried over magnesium sulfate and evaporated. The crude product
and 2 g of manganese oxide were added to 50 mL of THF. The solution was stirred at room
temperature for 12 h. The mixture was filtered through celite and the filtrate was then dried
over magnesium sulfate and evaporated. The crude product was purified by column
chromatography (silica gel, eluent : cyclohexane /ethyl acetate (7:3)) and gave 1.76 g (71%)
of (32) as ayellow solid, mp : 174°C. '"H NMR (CDCl5) : 8 7.96 (d, J=8.7Hz, 4H, 2xHpzg),
6.97 (d, J=8.7Hz, 4H, 2xHpgs), 3.87 (s, 6H, 2xOCH3). °C (CDCl3) : § 188.3 (Cy), 164.7
(Cpra), 150.5 (Cs), 146.4 (Cy), 133.2 (Cpzp), 127.7 (Cpnr), 117.4 (Cprzs), 55.7 (OCHy). IR :
2985, 2941, 2841, 1656, 1592, 1508, 1315, 1253, 1174, 1129, 1024, 991, 937, 845, 811, 791,
769, 616, 552 cm™. Anal. calcd for CyH14CloN20, (417.25) @ C, 57.57; H, 3.38; N, 6.71.
Found: C, 57.93; H, 3.48; N, 6.67.
2-chloro0-3-(4"’-methoxyphenyl)-5,6-di-(1-oxo-4-methoxyphenylmethyl)pyr azine (33)

o

Coupling of 4-methoxyphenylboronic acid (430 mg, 0.9 equiv.) with (32) (1.30 g, 3.11 mmol)
according to procedure B (t=8 h) gave after purification by column chromatography (silica
gel, eluent: cyclohexane/ethyl acetate (7:3)) 1.07 g (70%) of (33) as a yellow solid, mp :
176°C. '"H NMR (CDCl3) : & 8.21 (m, 6H, 3xHprze), 7.14 (M, 6H, 3xHprzs), 4.05 (M, 9H,
3xOCHs). *C (CDCls) : 6 190.1 (C; and Cg), 164.4 (Cars and Cprys), 161.6 (Cpriva), 151.3 (Cs
and Ce), 149.0 (C3), 144.8 (Cz), 133.4 (CPh2,6 and Cph’zye), 131.8 (CPh”Z,G); 128.2 (Cphl and
Cph’l), 127.3 (Cphl), 114.0 (Cph3,5, Cph’3y5 and Cph"3y5), 55.7 (OCHg) IR : 3010, 2937, 2839,
1667, 1650, 1509, 1308, 1294, 1255, 1160, 1025, 975, 848, 828, 617 cm*. Anal. calcd for
C,7H2:CIN,Os (488.93) : C, 66.33; H, 4.33; N, 5.73. Found: C, 66.57; H, 4.29; N, 5.65.

2,3-di-(1-oxo-4-methoxyphenylmethyl)-5-(4" -methoxyphenyl)pyrazine (34)
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In aflask, was placed a solution of (33) (700 mg, 1.43 mmoal), triethylamine (10 equiv, 2 mL),
formic acid (5 equiv, 0.28 mL) and Pd/C (10%) (0.1 equiv) in acetone and heated at reflux for
3 h. After cooling, a saturated sodium hydrogenocarbonate solution (30 mL) and
dichloromethane (30 mL) were added. The aqueous layer was extracted with dichloromethane
(3x20 mL). The combined organic extracts were then dried over magnesium sulfate and
evaporated. The crude product was purified by column chromatography (silica gel, eluent :
dichloromethane) and gave 488 mg (75%) of (34) as a yellow solid, mp : 85°C. *H NMR
(CDC|3) o 9.09 (S, 1H, He), 8.04 (m, 6H, thz,e, th'z,e and th"z,e), 7.01 (m, 6H, th3’5,
Hetvss and Herss), 3.88 (s, 9H, 3xOCHs). **C (CDCls) : § 191.3-190.9 (C; and Cg), 164.2
(Cpra @nd Cprra), 162.1 (Cprg+), 153.3 (Cs), 150.9 (C3), 149.3 (Cy), 139.1 (Ce), 133.2 (Cprzs
and Cphvz,e), 129.1 (Cph”z'e,), 128.6 (Cphl and Cpy 1), 1275 (Cphl”), 114.8 (Cph”3’5), 113.9 (Cph3’5
and Cpry35), 55.7 (OCHa). IR : 2934, 2838, 1654, 1598, 1510, 1307, 1256, 1172, 1119, 1026,
958, 932, 841 cm™*. Anal. calcd for Cx7H2,N,Os (454.49) : C, 71.36; H, 4.88; N, 6.16. Found:
C,71.14;H,4.98; N, 6.11.

Botryllazine A (2)

OH

Pyridine hydrochloride (10 g) was heated to 220°C for 15 min, (34) (200 mg, 0.44 mmol) was
added, and the mixture was kept at this temperature for 1h and then poured on to ice . The
solution was extracted with ether (3x20 mL), the combined organic extracts were then dried
over magnesium sulfate and evaporated. The crude product was purified by column
chromatography (silica gel, eluent: ether) and gave 163 mg (90%) of (2) as ayellow solid, mp
: 144°C. *H NMR (CD30D) : 8 9.20 (s, 1H, Hg), 8.07 (d, 2H, J=8.7 Hz, Hp26), 7.87 (d, 2H,
J=8.7 Hz, Hpn2p), 7.85 (d, 2H, J=8.7 Hz, Hpnze), 6.94 (d, 2H, J=8.7 Hz, Hpy'35), 6.85 (M, 4H,
Henss and Hpras). °C (CD3OD) : § 193.2 (Cy), 192.7 (Cg), 164.5 (Cer), 164.3 (Ceva), 161.7
(Cpnra), 153.7 (C3), 152.8 (Cs), 149.7 (C,), 140.5 (Cs), 134.5 (Cprze), 134.4 (Cprze), 130.2
(Cerr26), 128.6 (Cpr1), 128.5 (Cpra), 127.4 (Cprvv1), 117.1 (Cprzs), 116.2 (Cpngs and Cpryas).
IR : 3274, 2926, 1648, 1590, 1259, 1165, 959, 846 cm™. Anal. calcd for CpyHigNOs
(412.41) : C, 69.90; H, 3.91; N, 6.79. Found: C, 69.84; H, 4.08; N, 6.71.
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