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General experimental methods

'"H NMR and 3C NMR spectra were obtained on Bruker 400 MHz or 300 MHz instrument at
400 MHz and 100 MHz or 300 MHz and 75 MHz respectively. Chemical shifts are reported
in parts per million (ppm) downfield from an internal TMS (tetramethylsilane) reference.
Coupling constants (J) are reported in hertz (Hz), and spin multiplicities are represented by
the symbols s (singlet), brs (broad singlet), d (doublet), t (triplet), q (quartet) and m
(multiplet). X-ray diffraction was done on a Bruker SMART diffractometer equipped with a
graphite monochromator and Mo-Ka (A = 0.71073 A) radiation. The progress of the reaction
was checked by TLC using 300-400 mesh silica gel. Column chromatography was performed
using 60-120 mesh silica gel. All the available reagents were purchased from commercial
sources and used without purification. The solvents used during reactions were distilled for
purity.

Experimental and characterization data
General synthesis of SH-pyrazino[2,3-bjindoles (4aa-4bi):

A mixture of isatin (1 mmol), benzylamine (2.2 mmol), ammonium acetate (1.1 equiv.) and
iodine (20 mol%) in 0.3 ml water was stirred at 90 °C for 6 hrs under air. The reaction
progress was monitored by TLC. Finally, after completion of the reaction the reaction
mixture was diluted with 5 ml dichloromethane and washed with brine (2x10 ml), dried and
concentrated under vacuum and the resulting crude product was purified by column
chromatography over 60-120 mesh silica gel [ethyl acetate/ petroleum ether (60-80°C)]. No
further purification was needed.

2,3-diphenyl-5H-pyrazino[2,3-bjindole (4aa)

O
Sea

H

Yield : 81 % ; White solid ; "TH NMR (300 MHz, DMSO-dg) : 8 (ppm) = 12.22 (s, 1H, N-H)
,825(d,J=9Hz, 1H), 7.63 (d,J=3 Hz, 2H) , 7.43-7.32 (m, 11H) ; 3C NMR ( 75 MHz,
DMSO-dg ) = 148.5, 145.3, 144.6, 141.6, 140.6, 140.2, 133.8, 130.5, 130.4, 129.5, 128.4,
128.0, 121.6, 121.1, 119.8, 112.7 ppm ; HRMS-ESI (m/z): calcd for C,H N3 [M + H]* :
322.1344 , found : 322.1332.
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8-chloro-2,3-diphenyl-5H-pyrazino[2,3-b]indole (4ba)

&
o frO

H

Yield : 86 % ; White solid ; 'TH NMR(400 MHz, DMSO-d¢) : & (ppm) = 12.42 (s,1H, N-H),
8.26 (d, J = 4 Hz, 1H), 7.65 (s, 2H), 7.45-7.41 (m, 4H), 7.35-7.33 (m, 6H) ; '3C NMR ( 100
MHz, DMSO-dg ) = 149.5, 146.0, 145.00, 140.3, 140.0, 139.9, 132.7, 130.5, 130.4, 129.3,
128.7, 128.5, 128.5, 128.1, 125.5, 121.0, 120.8, 114.5 ppm ; HRMS-ESI (m/z): calcd for
CyH;5sCIN3 [M + H]" : 356.0955 , found : 356.0959 .

8-bromo-2,3-diphenyl-5H-pyrazino[2,3-b]indole (4ca)

&
5O

H

Yield : 85 % ; White solid ; "H NMR(400 MHz, DMSO-dq) : & (ppm) = 12.43 (s, 1H, N-H),
839 (d,J= 4 Hz 1H), 7.45-7.41 (m, 5H), 7.35-7.33 (m, 7H); 3C NMR ( 100 MHz,
DMSO-dg ) = 149.5, 146.0, 144.8, 140.3, 140.2, 140.0, 132.5, 131.9, 130.4, 128.7, 128.5,
128.5, 128.1, 123.7, 121.6, 114.9, 113.2 ppm ; HRMS-ESI (m/z): caled for Co,H;sBrN3 [M +
H]* : 400.0449 , found : 400.0445 .

8-nitro-2,3-diphenyl-5H-pyrazino[2,3-bJindole (4da)

o ~ A
o
N

H

Yield : 65 % ; yellow solid ; "TH NMR(400 MHz, DMSO-dg) : 8 (ppm) = 13.07 (s, 1H, N-H),
9.05 (s, 1H), 8.49 (d, /=8 Hz, 1H), 7.81 (d, J= 12 Hz, 1H), 7.51-7.45 (m, 10H) ; 3C NMR
( 100 MHz, DMSO-d¢ ) = 149.1, 146.2, 145.7, 145.0, 141.9, 138.6, 138.3, 134.0, 133.9,
133.5, 132.3, 129.8, 128.8, 128.8, 124.7, 119.4, 117.9, 113.5 ppm ; HRMS-ESI (m/z): calcd
for CoH sN4,Op [M+H]™: 367.1195 , found : 366.1192 .
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2,3-di-p-tolyl-5H-pyrazino[2,3-bJindole (4ab)

Yield : 78 % ; White solid ; 'TH NMR(300 MHz, CDCl3) : 8 (ppm) = 10.06 (s, 1H, N-H),
8.40 (d, /=9 Hz, 1H), 7.49-7.43 (m, 5H), 7.34 (d, /= 6 Hz, 1H), 7.18 (t, /=9 Hz, 4H), 6.91
(d, J=9 Hz, 1H), 2.41 (d, J = 12Hz, 6H) ; 3C NMR ( 100 MHz, CDCl; ) = 147.9, 146.0,
144.3, 140.7, 138.2, 137.5, 137.2, 137.1, 134.9, 130.1, 130.1, 129.2, 128.9, 128.7, 121.7,
120.9, 120.3, 111.8, 21.3, 21.3 ppm ; HRMS-ESI (m/z): caled for C,4Hy0N3 [M + HJ" :
350.1657 , found : 350.1651 .

8-chloro-2,3-di-p-tolyl-5H-pyrazino[2,3-b]indole (4bb)

&
O

H

Yield : 81 % ; White solid ; "TH NMR(300 MHz, DMSO-dy) : & (ppm) = 12.36 (s, 1H, N-H),
8.21 (s, 1H), 7.61 (s, 2H), 7.34-7.29 (m, 4H), 7.14 (d, J=9 Hz, 4H ), 2.31 (s, 6H) ; 13C NMR
( 100 MHz, DMSO-d¢ ) = 149.4, 145.9, 144.9, 139.8, 138.1, 137.6, 137.4, 137.2, 132.4,
130.3, 130.3, 129.1, 129.1, 1254, 121.1, 120.7, 111.4, 21.3 ppm ; HRMS-ESI (m/z): calcd
for C4H;9CIN; [M+H]":384.1268 , found : 384.1262 .

8-bromo-2,3-di-p-tolyl-5H-pyrazino[2,3-b]indole (4cb)

(D
o O

H

Yield : 80 % ; White solid ; "TH NMR(400 MHz, DMSO-dy) : & (ppm) = 12.38 (s, 1H, N-H),
8.36 (s, 1H), 7.72 (s, 1H), 7.59 (s, 1H), 7.33 (t, J = 8 Hz, 4H), 7.15 (d, J = 8 Hz, 4H), 2.3 (s,
6H) ; *C NMR ( 100 MHz, DMSO-ds ) = 149.4, 146.0, 144.7, 140.1, 138.1, 137.6, 137.4,
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137.2,132.3, 131.7, 130.3, 130.3, 129.9, 129.1, 129.1, 123.6, 121.6, 114.8, 113.1, 21.3 ppm ;
HRMS-ESI (m/z): calcd for Co4H 19BrN3 [M + H]* : 428.0762 , found : 428.0761 .

2,3-bis(4-methoxyphenyl)-5H-pyrazino[2,3-b]indole (4ac)

Yield : 85 % ; yellow solid ; 'TH NMR(300 MHz, CDCl;) : & (ppm) = 10.93 (s, 1H, N-H), 8.3
(d, J=9 Hgz, 1H), 7.57 (d, J = 9 Hz, 2H), 7.50 (d, J = 9 Hz, 2H), 7.42-7.37 (m, 1H), 7.32-
7.28 (m, 1H) ,6.93 (t, J=9 Hz, 4H),6.63 (d, J= 6 Hz, 1H), 3.88 (d, /=9 Hz, 6H) ; 3C NMR
( 75 MHz, CDCl; ) = 159.8, 159.3, 147.5, 145.6, 144.3, 140.7, 134.7, 132.7, 132.4, 131.5,
131.4, 128.6, 121.7, 120.9, 120.3, 114.1, 113.8, 111.8, 55.4, 55.3 ppm ; HRMS-ESI (m/z):
caled for Cp4HpyoN3O, [M + H]*: 382.1556 , found : 382.1552 .

8-chloro-2,3-bis(4-methoxyphenyl)-5H-pyrazino[2,3-b]indole (4bc)
OMe

N= OMe
\(jjg\f’\ﬂ
N

H

Yield : 77 % ; yellow solid ; 'TH NMR(300 MHz, CDCl;) : & (ppm) = 11.14 (s, 1H, N-H),
8.34 (s, 1H), 7.56 (d, J= 6 Hz, 2H), 7.47 (d, J= 6 Hz, 2H), 7.32 (d, /=9 Hz, 1H ), 6.97-6.90
(m, 4H), 6.45 (d, J =9 Hz, 1H), 3.89 (d, /=9 Hz) ; 3C NMR ( 75 MHz, CDCl; ) = 160.0,
159.4, 148.2, 146.2, 144.6, 138.8, 133.8, 132.3, 132.1, 131.6, 131.4, 128.6, 126.5, 121.3,
121.3, 114.1, 113.8, 113.0, 55.5, 55.3 ppm ; HRMS-ESI (m/z): calcd for C,4H;9CIN;O, [M +
H]":416.1166 , found : 416.1165 .
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8-bromo-2,3-bis(4-methoxyphenyl)-5H-pyrazino[2,3-b]indole (4cc)
OMe

N=
Br\©jg\#’\1 O oMe
N

H

Yield : 74 % ; yellow solid ; "TH NMR(400 MHz, CDCl;) : & (ppm) = 10.53 (s, 1H, N-H),
8.51 (s, 1H), 7.55- 7.46 (m, 5SH), 6.95-6.90 (m , 4H), 6.66 (d, /=12 Hz, 1H ), 3.88 (d, /=8
Hz, 6H) ; B3C NMR ( 100 MHz, CDCl; ) = 159.9, 159.4, 146.4, 144.3, 139, 133.4, 132.3,
132.1, 131.5, 131.4, 131.3, 124.4, 122.0, 114.0, 113.9, 113.8, 113.3, 55.4, 55.3 ppm ; HRMS-
ESI (m/z): caled for C,4H19BrN;O, [M + H]" : 460.0661 , found : 460.0663 .

2,3-bis(4-chlorophenyl)-5H-pyrazino[2,3-bjindole (4ad)

Yield : 84 % ; White solid ; "TH NMR(300 MHz, DMSO-dy) : & (ppm) = 12.30 (s, 1H, N-H),
8.26 (d, J=9 Hz, 1H), 7.72-7.62 (m, 3H), 7.44 (s, 7H), 7.36-7.33 (m, 1H) ; 13C NMR ( 75
MHz, DMSO-d¢ ) = 147.2, 144.6, 143.9, 141.8, 139.2, 138.8, 134.2, 133.6, 133.0, 132.3,
129.8, 129.1, 128.7, 128.7, 121.7, 121.3, 119.6, 112.8 ppm ; HRMS-ESI (m/z): calcd for
C22H14C12N3 [M + H]Jr :390.0565 . found : 390.0566 .

8-chloro-2,3-bis(4-chlorophenyl)-5H-pyrazino[2,3-b]indole (4bd )

Cl

(D
. W@EQ;N/ e

H

Yield : 87 % ; White solid ; "TH NMR(300 MHz, DMSO-dy) : & (ppm) = 12.49 (s, 1H, N-H),
8.26 (s, 1H), 7.65 (s, 2H), 7.45-7.44 (m, 8H) ; 13C NMR ( 75 MHz, DMSO-ds ) = 148.2,
145.0, 144.6, 140.1, 138.9, 138.6, 133.7, 133.2, 133.1, 132.3, 129.6, 128.7, 128.7, 125.7,
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120.9, 120.8, 114.6 ppm ; HRMS-ESI (m/z): calcd for C,H;3CI3N; [M + H]* : 424.0175
found : 424.0175 .

2,3-bis(4-chlorophenyl)-8-methoxy-5H-pyrazino[2,3-b]indole (4ed)

Cl

N= Cl
MeO / O
mN
N

H

Yield : 78 % ; yellow solid ; 'TH NMR(400 MHz, CDCls) : & (ppm) = 9.88 (s, 1H, N-H), 7.86
(d, J=4 Hz, 1H), 7.48 (t, J= 8 Hz, 4H), 7.37 (t, J= 8 Hz,4H), 7.20-7.17 (m, 1H ), 6.89 (d, J
= 8 Hz, 1H), 3.95 (s, 3H) ; 3C NMR ( 100 MHz, CDCl; ) = 155.1, 146.6, 144.8, 144.4,
138.2, 138.0, 135.5, 135.2, 134.7, 134.1, 131.5, 128.9, 128.7, 120.4, 119.7, 112.7, 103.2,56.0
ppm ; HRMS-ESI (m/z): calcd for C,3H4C1,N5O [M + H]" : 420.0670 , found : 420.0674 .

8-chloro-2,3-bis(2-chlorophenyl)-5H-pyrazino[2,3-b]indole (4be)

o )
o L)
T
N Cl

H

Yield : 82 % ; white solid ; 'TH NMR(400 MHz, DMSO-d¢) : 6 (ppm) = 12.57 (s, 1H), 8.30
(d, J=4 Hz, 1H), 7.69 (s, 2H), 7.45-7.39 (m, 4H), 7.37-7.28 (m, 4H) ; '3*C NMR ( 100 MHz,
DMSO-ds ) = 148.2, 144.8, 144.6, 140.1, 138.1, 137.7, 133.3, 133.2, 132.9, 130.6, 130.5,
129.8, 129.8, 129.6, 127.0, 127.0, 125.8, 121.0, 120.7, 114.6 ppm ; HRMS-ESI (m/z): calcd
for CooH3CI3N; [M + H]* : 424.0175 , found : 424.0472 .

8-bromo-2,3-bis(2-chlorophenyl)-5H-pyrazino[2,3-b]indole (4ce)

g
Br Q—— / O
T~
N Cl

H

Yield : 80 % ; White solid ; 'TH NMR(300 MHz, DMSO-d¢) : & (ppm) = 12.57 (s, 1H), 8.42
(s, 1H), 7.79 (d, J = 6 Hz, 1H), 7.65 (d, J = 9 Hz, 1H), 7.45-7.25 (m, 8H) ; 3C NMR ( 75
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MHz, DMSO-d¢ ) = 148.3, 144.6, 144.6, 140.3, 138.0, 137.7, 133.3, 133.0, 132.9, 132.4,
130.7, 130.4, 129.8, 129.6, 127.0, 124.0, 121.3, 115.0, 113.5 ppm ; HRMS-ESI (m/z): calcd
for C;,H3BrCILN; [M + H]" : 467.9670 , found : 467.9676 .

8-bromo-2,3-bis(4-bromophenyl)-5H-pyrazino[2,3-b]indole (4cf)

Br

N=
Br \ Br
N
N

H

Yield : 81 % ; yellow solid ; "TH NMR(400 MHz, DMSO-dg) : & (ppm) = 12.51 (s, 1H, N-H),
8.38 (s, 1H), 7.77 (d, J = 9 Hz, 1H), 7.61-7.57 (m, 5H), 7.40-7.37 (m, 4H) ; 13C NMR ( 75
MHz, DMSO-d¢ ) = 147.4, 144.6, 144.2, 141.7, 136.9, 136.9, 136.5, 136.5, 133.9, 132.6,
132.6, 132.5, 132.5, 129.6, 121.6, 121.2, 119.7, 115.7, 115.6, 1154, 115.3, 112.7 ppm ;
HRMS-ESI (m/z): calcd for C,,H 3Br3N; [M + H]": 555.8660 , found : 555.8665 .

2,3-bis(4-fluorophenyl)-5H-pyrazino[2,3-bJindole (4ag)

Yield : 86 % ; white solid ; "TH NMR(300 MHz, DMSO-dg) : 6 (ppm) = 12.26 (s, 1H, N-H),
8.26 (d, /=9 Hz, 1H), 7.62 (d, J = 3 Hz, 2H), 7.49-7.42 (m, 4H), 7.37-7.32 (m, 1H), 7.24-
7.16 (m, 4H) ; *C NMR ( 75 MHz, DMSO-ds ) = 162.4 (C-F, 1Jcr = 244.5 Hz), 162.2 (C-F,
1Jcr=243.8 Hz) , 147.4, 144.6, 144.2, 141.7, 136.7 (C-F, 2Jcr = 29.5 Hz ), 136.7 (C-F,
2Jcr =29.3 Hz), 133.9, 132.6, 132.6, 132.5, 132.5, 129.6, 121.6, 121.2, 119.7, 115.5 (C-F,
3Jcr = 21.7 Hz), 115.5 (C-F, 3Jcr = 21.0 Hz), 112.7 ppm ; HRMS-ESI (m/z): calcd for
CpH4FoN; [M +H] @ 358.1156 , found : 358.1153 .
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8-chloro-2,3-bis(4-fluorophenyl)-5H-pyrazino[2,3-bJindole (4bg)

N= F
: )
T
N

H

Yield : 88 % ; white solid ; 'TH NMR(400 MHz, CDCl;) : 6 (ppm) = 10.10 (s, 1H, N-H), 8.38
(d, /=4 Hz, 1H), 7.55-7.52 (m, 2H), 7.50-7.47 (m, 3H), 7.13-7.05 (m, 4H), 6.90 (d, J = 8 Hz,
1H) ; *C NMR ( 100 MHz, CDCl; ) = 163.0 (C-F, 1Jcr = 248 Hz), 162.7 (C-F, 1Jcr = 246
Hz), 147.7, 145.6, 144.6, 138.8, 135.5 (C-F, 2Jcr = 10 Hz), 135.4 (C-F, 2Jcr =9 Hz), 134.1,
132.0, 132.0, 131.9, 129.4, 127.1, 121.6, 121.3, 115.7 (C-F, 2Jc¢ = 27 Hz), 115.5 (C-F, 2JcF

=26 Hz), 112.8 ppm ; HRMS-ESI (m/z): calcd for C,,H3CIF,N; [M + H]* : 392.0766 , found
:392.0761 .

8-bromo-2,3-bis(4-fluorophenyl)-5H-pyrazino[2,3-b]indole (4cg)
F

. O i
Br
\©\/g\f'\1
N

H

Yield : 85 % ; white solid ; "TH NMR(400 MHz, DMSO-dg) : 6 (ppm) = 12.54 (s, 1H, N-H),
8.38 (d, J =4 Hz, 1H), 7.75 (d, J = 8 Hz, 1H), 7.60 (d, J = 8 Hz, 1H), 7.48-7.43 (m, 4H),
7.23-7.18 (m, 4H) ; 3C NMR ( 100 MHz, DMSO-dg ) = 162.5 (C-F, 1Jcr = 245 Hz), 162.2
(C-F, 1Jcr = 243 Hz), 148.4, 144.9, 144.8, 140.2, 136.5 (C-F, 2Jcr = 35 Hz), 136.4 (C-F,
2Jcr = 35 Hz), 132.6, 132.6, 132.5, 132.0, 123.8, 121.5, 115.6 (C-F, 3Jcr = 22 Hz), 115.5
(C-F, 3Jcr = 22 Hz), 114.9, 113.3 ppm ; HRMS-ESI (m/z): caled for CoH3BrF,N; [M + HJ*
:436.0261, found : 436.0265 .

4,4'-(5H-pyrazino[2,3-bJindole-2,3-diyl)dibenzonitrile (4ah)
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Yield : 87 % ; White solid ; 'TH NMR(400 MHz, DMSO-dy) : 8 (ppm) = 12.44 (s, 1H, N-H),
8.29 (d, J =8 Hz, 1H), 7.86-7.83 (m, 4H), 7.67-7.61 (m, 6H), 7.40-7.36 (m, 1H) ; *C NMR (
100 MHz, DMSO-dg ) = 146.9, 144.7, 144.7, 144.3, 143.6, 142.1, 134.8, 132.6, 132.6, 131.5,

130.3, 121.9, 121.5, 119.5, 119.2, 119.0, 112.9, 111.4, 110.9 ppm ; HRMS-ESI (m/z): calcd
for Co4H14Ns [M + H]" : 372.1249 , found : 372.1245 .

4,4'-(8-chloro-5H-pyrazino[2,3-bJindole-2, 3-diyl)dibenzonitrile (4bh)
CN

N=
e O)on
N

H

Yield : 89 % ; White solid ; 'H NMR(300 MHz, DMSO-dg) : & (ppm) = 12.62 (s, 1H, N-H),
8.30 (s, 1H), 7.86 (d, J = 6 Hz, 4H), 7.68 (s, 2H), 7.63 (d, J = 9 Hz, 4H) ; 13C NMR ( 75
MHz, DMSO-ds ) = 147.9, 145.1, 144.4, 144.2, 144.1, 140.4,133.7, 132.7, 132.6, 131.5,
130.0 125.9, 121.1, 120.7, 119.2, 119.1,114.7, 111.5, 111.0 ppm ; HRMS-ESI (m/z): calcd
for C24H;3CINs [M + HJ* : 406.0859 , found : 406.0857 .

4,4'-(8-bromo-5H-pyrazino[2,3-bJindole-2,3-diyl)dibenzonitrile (4ch)
CN

(O
Br\©j§:'\/l O “
N

H

Yield : 86 % ; White solid ; TH NMR (400 MHz, DMSO-dg) : & (ppm) = 12.64 (s, 1H, N-H),
8.43 (s, 1H), 7.87-7.84 (m, 5H), 7.64-7.61 (m, 5H) ; 3C NMR ( 100 MHz, DMSO-d¢ ) =
147.9, 144.9, 144.4, 144.2, 144.1, 140.7, 133.5, 132.7, 132.6, 131.5, 124.1, 121.3, 119.2,

119.1, 115.1, 113.6, 111.6, 111.0 ppm ; HRMS-ESI (m/z): calcd for Co4H3BrNs [M + H]* :
450.0354 , found : 450.0352 .
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8-chloro-2,3-di(naphthalen-1-yl)-5H-pyrazino/2,3-bJindole (4bi)

2
Reatas

H

Yield : 83 % ; White solid ; 'TH NMR(400 MHz, DMSO-dg) : 8 (ppm) = 12.51 (s, 1H, N-H),
8.29 (s, 1H), 7.84 (d, J = 8 Hz, 3H), 7.76 (d, J = 8 Hz, 3H), 7.71 (s, 1H), 7.70 (s, 1H ), 7.46-
7.22 (m, 8H) ; *C NMR ( 100 MHz, DMSO-d¢ ) = 150.3, 146.5, 145.0, 140.1, 137.5, 137.1,
133.4, 133.2, 129.5, 128.7, 1284, 126.5, 126.3, 126.2, 125.6, 125.1, 125.0, 121.1, 121.0,
114.5 ppm ; HRMS-ESI (m/z): calcd for C50H9CIN; [M + H]" : 456.1268 , found : 456.1267 .

2,3-di(furan-2-yl)-5H-pyrazino[2,3-b]indole (4aj)

~
\O
C
N

Yield : 71 % ; Yellow solid ; 'TH NMR (300 MHz, DMSO-d¢) : 6 (ppm) = 10.57 (s, 1H, N-
H),837(d,J=9Hz 2H), 7.34-7.23 (m, 4H) , 7.04-6.99 (m, 1H) , 6.88 (d, /=9 Hz, 1H),
6.81 (d, J=3 Hz, 1H) ; 3C NMR ( 75 MHz, DMSO-d¢ ) = 151.2, 147.7, 146.7, 143.1,
130.2, 125.0, 122.7, 121.8, 121.7, 121.3, 119.8, 114.0, 110.2 ppm ; HRMS-ESI (m/z): calcd
for CigH 1N;0,[M + H]* : 302.0930, found : 302.0935 .

8-chloro-2,3-di(furan-2-yl)-5H-pyrazino[2,3-b]indole (4bj)

x
\O

Clm,ﬁ 0
N

H

Yield : 74 % ; Yellow solid ; 'TH NMR (400 MHz, DMSO-dg) : 6 (ppm) = 10.72 (s, 1H, N-
H), 829 (d,J=12 Hz,2H ), 7.41-7.30 (m, 3H) , 7.22-7.18 (m, 1H) , 6.89 ( d, J = 8 Hz,
1H), 6.85-6.84 (m, 1 H), 6.80 (d, J =8 Hz, 1H ) ; 3C NMR ( 100 MHz, DMSO-d¢ ) = 151.0,
148.5, 147.4, 141.7, 129.6, 127.7, 125.8, 125.0, 124.3, 123.4, 122.7, 121.4, 121.2, 114.3,
111.5 ppm ; HRMS-ESI (m/z): calcd for CigH;CIN;O,[M + H]" : 336.0540 , found :
336.0542 .
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2,3-di(pyridin-3-yl)-5H-pyrazino[2,3-b]indole (4ak)

Yield : 74 % ; Yellow solid ; 'TH NMR (300 MHz, DMSO-dg) : & (ppm) = 10.72 (s, 1H, N-
H), 8.61-8.55 (m, 4 H), 8.31 (d, J =9 Hz, 1H), 7.88-7.84 (m, 2H), 7.67-7.65 (m, 2H), 7.44-
7.38 (m, 3H) ; 3C NMR ( 75 MHz, DMSO-dg ) = 151.0, 150.9, 149.4, 149.0, 146.0, 144.9,
142.7, 141.9, 137.9, 134.7, 130.1, 123.7, 121.9, 121.4, 119.5, 112.9 ppm ; HRMS-ESI (m/z):
calcd for Cyo0H3Ns[M + HJ* : 324.1249 , found : 324.1245 .

2,3-di(pyridin-4-yl)-5H-pyrazino[2,3-b]indole (4al)

Yield : 74 % ; Yellow solid ; '"H NMR (300 MHz, DMSO-dg) : 6 (ppm) = 12.49 (s, 1H, N-
H) , 8.60-8.57 (m , 4H), 8.31 (d, J = 9 Hz, 1H), 7.69-7.68 (m, 2H), 7.45-7.43 (m, 5H) ; 13C
NMR (75 MHz, DMSO-d¢ ) = 150.1, 150.0, 147.3, 147.1, 146.2, 144.8, 142.8, 135.0, 130.4,
125.2, 125.0, 122.0, 121.6, 119.4, 113.0 ppm ; HRMS-ESI (m/z): calcd for CaoH,3Ns[M +
HJ" : 324.1249 , found : 324.1249 .
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'H and 3C NMR spectra of compounds

18€—

SE'e

L

mmL,
AN
79/

mﬁw
4N
e’

[0 oo

4aa

S

Fornl

f=lof

F oot

F 80

T
0.5

T T
25 2.0

T T T T
55 50 45 4.0 35

T T
7.0 6.5

T T
8.5 8.0

T T T T T T T T T T T T
15.0 14.5 14.0 13.5 13.0 12.5 12.0 11.5 110 10.5 10.0 9.5

T
0.0

T
1.0

T
1.5

T
3.0

T
6.0

7.5

T
9.0

1 (ppm)

'H NMR (300 MHz, DMSO-dg) spectrum of compound 4aa

9T'6e
#p'6E
(A3

870k
S5°0F

£8'0F

1,71
6611
e
85Tzl
96LT1
bi8zT
Hm_mﬂ%
P 0ET
Ioer
181/

0T'0bT—>
oo_ovﬂ“

POTHT
65t
£€'SPT

Sh'8rl

&

e

J

~Z

ZT

4aa

S—

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100

T
210

T
i0

T
20

T
30

T
50

T
60

T
70

T
80

T
90

1 (ppm)

13C NMR (75 MHz, DMSO-dg) spectrum of compound 4aa

S13



15—

it
€L
be'L
S€7]
SEL
.
]
Wi
WL
£/

'L
soc/
T8

mw.mv

el —

Cl

4ba

» 509

At

061

=001

FS60 L

T T T
A:5 0.5 0.0

T T T
3.0 25 20

T
3.5

T T T T T T
7.0 6.0 5.5 5.0 45 4.0

T
8.5

—
9.0

T T T T T T T T T
15.0 14.5 14.0 13.5 13.0 125 12.0 11,5 11.0 105 100 9.5

T
1.0

T
6.5

7.5

T
8.0

1 (ppm)

'H NMR (400 MHz, DMSO-dg) spectrum of compound 4ba

pE'6E
95'6E
9.'6E

81°0F
6¢°0F
65°0%

LP'PIT
8L°0CT
66'0CT
79'9tt
AR:14¢
98T
6v'8CT
L9'8TT
0e'6eT7
Nv_omﬂ%
mvdmﬂ\
69°CET
16'6ET
96'6ET
TE0vT
00'5PT

L6'SPT
6Pl

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100

T
200

T T T T T T T
80 70 60 50 40 30 20 10

T
90

210

f1 (ppm)

13C NMR (100 MHz, DMSO-d¢) spectrum of compound 4ba

S14



@ G O LW LW $ M Ao LW [salns) up i
(] LAR s e B M- ML B Sl W32 s B e M R o) 9 i
— (- o0~ o B i S R T e e N i B e N [y o~
| & S E e e e P T ;

N=

Br N /

4ca
a y e
22 &5 X
=)l [=1 w0 O
2 5 e

15.0 145 14.0 13.5 13.0 12.5 12.0 115 11.0 10.5 10.0 9.5 9.0 8.5 Z3 70 &5 ©60 55 50 45 40 35 3.0 25 200 1.5 10 0.5 0.0

8.0 5
1 (ppm)

'H NMR (400 MHz, DMSO-dg) spectrum of compound 4ca

Br \
4ca
210 200 190 180 170 160 150 140 130 120 110 100 Q0 80 70 60 50 40 30 20 10 0

1 (ppm)

13C NMR (100 MHz, DMSO-d¢) spectrum of compound 4ca

S15



~
o N QRN HAIRLW e —
o3 9 MmN ooy 1 =
1—|| c‘\ [C-NC-T N o rT

N=
02N \ /
N
N
H
4da
—_ ¥ f f :L"
& 8 = =
S = e = 2
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 T T T
15.0 14.5 14.0 135 130 125 12.0 115 11.0 105 100 95 S 85> 80 75 70 65 b60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

H NMR (400 MHz, DMSO-d;) spectrum of compound 4da

|
4da
' ' A
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)

13C NMR (100 MHz, DMSO-d¢) spectrum of compound 4da

S16



6E'T
e

689
7691
ST
8L
1L
871
€L
5621
e'¢
'

'L
.gi
ft'L

88~
'8~

900T—

4ab

09

%01
vy
FS80

105

=001

Fi60

T T T T T

15.0 14.5 14.0 13.5 13.0 125 12.0 11.5 11.0 105 10.0 9.5

0.0

0.5

30 25 20 15 1.0

3.5

6.0 55 50 45 40

6.5

8.5 8.0

9.0

1 (ppm)

H NMR (300 MHz, DMSO-dg) spectrum of compound 4ab

0e'1¢
mm._Hv

PRTTT—
(T0TT
88°07T L
aracd
£9'821
b6'821]
10621
80°0ET
FT'0ET ﬁ
S8'ET
0T'LET ﬁ
0T'LET
Sh'LET
e
£9°0%T
1EbbT
€0'9bT
76'LbT

N
\

4ab

10

T
40

T T T
110 100 90

T
120

T
140

T
200

T
210

1 (ppm)

13C NMR (100 MHz, DMSO-d¢) spectrum of compound 4ab

S17



12.36

21

61

34

31

29

15

12
3.35
~2.50
~2.31

4bb

Bl o

B iy i i il
o (=] gy M —
S S =g =
o — o o w
r T T T T T T T T . T T T T . . T . T T T T T T T T T T T r r
150 145 140 13.5 13.0 12.5 12.0 11.5 11.0 10.5 10.0 95 90 85 80 7.5 7.0 65 60 55 50 45 40 3.5 3.0 25 20 15 1.0 05 00
1 (ppm)

H NMR (300 MHz, DMSO-dg) spectrum of compound 4bb

~N~Nogoun—unmadoonNans O

MAORODMNTAN—OT OB M ggag’gmg ]

T oo~ SNOoOOOTOIIN = O - - - -

STTETOOMOOOMM NN oo @O O —

A A A A A A A A A A A A A A <o M (o]

N—_— O

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 a

f1 (ppm)

13C NMR (100 MHz, DMSO-d¢) spectrum of compound 4bb

S18



€€~
15—

144
@ﬂ.m%
IeL
mm.mv
Heid
mm.m\
L
9’8 —

8E'Cl—

Br

Hig

0k
Ferp

FRTT [

e

Foot

Fsg0 |

0.0

0.5

3.5

4.5 4.0

5.5

7.0 6.5

15.0 145 14.0 13.5 13.0 12.5 12.0 11.5 11.0 105 100 9.5

1.0

15

25 20

3.0

5.0

6.0

80 75

8.5

9.0

f1 (ppm)

'H NMR (400 MHz, DMSO-d;) spectrum of compound 4cb

8TTL—

9E'6E
L5'6E
8/'6E

(o] 4
(0-00] 4

19°0%

OTETT
2011
PO T2
£9°€2T
60621
£1'62T
16671
82°0¢T
0£°0€T
0L TET~
zer’
et
LE4ET
09°2€T
90'8ET
£0°04T
ypets
S6°SHT
0b6HT

Br-

4cb

40 30

50

T
90

T
110

140

T
200

T
210

f1 (ppm)

13C NMR (100 MHz, DMSO-d¢) spectrum of compound 4cb

S19



97—

9ge
68
799
b9
069
£6'9
9%'9
87'L
67'L1
e
£
65,
Ly
A
15°¢
557
85L
9e'g~,
6587

£6'0T—

o

L

o9

¥ 260
86'
P

07
Mom.ﬁ
81'¢

007

EZ6'0

15.0 145 14.0 135 13.0 12.5 12.0 115 110 10.5 10.0 9.5

3.0 25 20 15 1.0 05 0.0

3.5

4.0

5.0 45

6.0 5.5

85 80 75 7.0 65

9.0

f1 (ppm)

H NMR (300 MHz, CDCl;) spectrum of compound 4ac

w5,
H55”

BETIL
8Ll

mn+ﬂnﬁ
LTOTT
SEOCTL
nwiﬂﬁ#
19821
¥ILl

BSTED
TFILI
E9TELY
ToHT
soupl
TR
E5HT

£v il
06851,
BLEST

T . - 1
110 1000 ] 80 ] ) 50 &l 1] F i 10
11 {ppei])

120

T - T
1] 1/ i85

160

20

13C NMR (75 MHz, CDCl;) spectrum of compound 4ac

S20



=
B HRHhPPIHAEIGERT &5 @
— OSSN ISNININNY OWY WY OO m m —
I | e\ 3 |
OMe
N= OMe
Cl N /
N
N
H
4bc
i e b L | T
X g 5858 5 o
S = P R ©
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
f1 (ppm)

H NMR (300 MHz, CDCl;) spectrum of compound 4bc

OMe

N= OMe
mN
N

13C NMR (75 MHz, CDCl;) spectrum of compound 4bc

S21



£9°0T—

)

N

I

Br.

ZT

4cc

109 |

FE01

F06¢E |

Fz0s

007

E860

T
10

T
11

T
12

13

T
14

T
15

f1 (ppm)

'H NMR (400 MHz, CDCl;) spectrum of compound 4cc

Br

13C NMR (100 MHz, CDCl;) spectrum of compound 4cc
522



12.30

27
24
72
70
67
7.63
7.62
7.44
7.36
7.35
7.33
3136
—2.51

\N

o

i =

i

0%6] =—0

1.004
3.02

~

1.05

T T T T T T T T T T T T T T T . T T : T . T . T . T
150 145 140 135 13.0 125 120 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

'H NMR (300 MHz, DMSO-d;) spectrum of compound 4ad

O ITNOTONMWOO LN WM 0

HOUOWANOANIWNONNGWOWOMNWYN [l el — Mo
N MAoO T Mmoo g~ uka £ O Bs e
B s e e o e T o e o T o T o N o R o I o e i COoOO@E OO
A A A A A A A A A A A A Tt <t PPN MMM

T T T T T T T T T T T T T T | T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
f1 (ppm)

13C NMR (75 MHz, DMSO-dg) spectrum of compound 4ad

S23



—8.26
7.65
745
745
7.44

2.2
—2.50

&

—1249

N= cl
mN
N

H
4bd
A - \JLJLR,_,\_L
! A ¥
~ (=3 ™~ v
& S S 9
o — ™ oo
15.0 14.5 140 135 13.0 12.5 12.0 11.5 11.0 105 100 9.5 90 85 80 7.5 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)
1
H NMR (300 MHz, DMSO-d¢) spectrum of compound 4bd
OTOQMHT OO QT 00 a T LN
Howo ool o N oW o 0N SIS el l]
UL GBMMMmodwwn oo CEVLEY O O Dl v
FTETTFOAMMMMmAANC NS cocfloaa
A A A A A A A A A A A A A < ™Moo
e e e : ;
C
N= Cl
Cl \ /
N
N
H
4bd
I
T r T T T T T T T T T i T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

T T r T T T
210 200 190 180 170 160
f1 (ppm)

13C NMR (75 MHz, DMSO-dg) spectrum of compound 4bd

S24



[4: ey

S6'€—

889
069
e
81
61L
0zL
87\
mz\ﬁ
(€1

6€'L
'L
8h'L
08¢
8%
98

88'6—

MeO

FEQE -

Ro1|

660

{1
wf [

FS0T

Foot

T
0.0

T
0.5

T T T T
25 2.0 1.5 1.0

T
3.0

T
3.5

T
4.5

T T T
6.0 5.5 5.0

T
6.5

T
8.0

8.5

T
2.0

T T T T T T T T T T
15.0 145 14.0 13.5 13.0 12.5 12.0 11.5 11.0 10.5 100 9.5

7.0

7.5

f1 (ppm)

'H NMR (400 MHz, CDCl;) spectrum of compound 4ed

96'55—

CLOLN

CO L

SELL

CCE0T—

PLTTT—
CL6TT
Hv.oNHV
L9°8TT
98'8¢T
09'TET—
ETHETf
PLPET
£C9ET
159°SET
66'LET
TZ'8ET
6EFPT
LT
29'9%T
01957

MeO

40 30 20 10

50

200 190 180 170 160 150 140 130 120 110 100 90 80 70

210

1 (ppm)

13C NMR (100 MHz, CDCl;) spectrum of compound 4ed

S25



197
9%t
8T'¢L
8T'¢L
6C'L
0L
€L
€L

w7
€L
bEL
se'L
se'L
oL
[£L
[£L
6e'L
6€°L]
'L
'L
SbLy
Sb'L
LA
8¢
%_hw
69'L
0£'8—

87—

Cl

J

ﬁ

Cl

Tt
€l

60T ¢

=007

E9%0

15.0 14.5 14.0 13.5 13.0 125 12.0 11.5 11.0 10.5 10.0 9.5

65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

70

8.0

8.5

9.0

1 (ppm)

'H NMR (400 MHz, DMSO-d¢) spectrum of compound 4be

8L°6€

9¢°6¢
nm.mmw

19°0F

£9%TT
690271
SO'TTT
6£'STT
L6'9TT
10221
09'62T
9,61
£8'67TY

SE'OET ¢

$9'0ET
(8751
D_mﬁ
97 'EET

£LUET
S0'8€T-
S0°0PT
LSbT

61°0%
0" 0b

e

|
;
f

=S———

64 pb1]
zz'8pT

Cl

40

60

80

T
200

T
210

1 (ppm)

13C NMR (100 MHz, DMSO-d¢) spectrum of compound 4be

S26



05—

STl
Vel
67,
L
bE'L]
L€
8€'L]
'L
&4
'L W
€9,

PN
8LL

8L

ws—

£57C1—

)

Br

)

T T T T T T T T T T T T T T
60 55 50 45 4.0 35 30 25 20 15 1.0 05 00

6.5

7.0

Fso8
28T
Fort

T

80 7.5

oot L

T T T T
9.0 85

12,5 120 115 11.0 105 10.0 935

Tsso

T
150 145 14.0 13.5 13.0

T

f1 (ppm)

H NMR (400 MHz, DMSO-d;) spectrum of compound 4ce

oT'6¢
bb'6E
use
2w
<5'0p
£9'0p

SHETT
205114
i tal
1041
6971 f
09621
9671
PP OET
SYOET{
0P TEI
(87e1]
00°€ET ﬁ
97'ecT
eer
PO'SET
£E06T
65'bbT
19T
ST8KT

Br:

T T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

T
210

T T
20 i0

T
30

T T T T T
90 80 70 60 50

100

1 (ppm)

13C NMR (100 MHz, DMSO-d¢) spectrum of compound 4ce

S27



10

20

30

40

o
- s£'6¢
95'6¢
157 G R_L
< =
o 8T'0b
s c 6E°0b
E = 090k
o
L 4
o
O
w0
[T
€1 o
8e'L
6L s m
'L 5
5
g/ o 9LElT
65, L o 96bT1
09'/ ; Gl (7] 0F'1e1
19 e & - 16721
s/t USRI -] [AF4as
o te ; peezl
88— =007 ®) 79'871
(2] LPOET
. 2 ISTET
a 19°7€T
- 89'1€1
N 8TZEl
s X mm.wm%
b T6°TET
96'8¢T
Q 87'6eT
La o .
5 = < LEOVT
- 0bh1
o S8pbT
O o S 17861
@ 2
1571— ——— g0
| Fa -
22 8
L,
m 's]

120 110 100 90 80 70 60 50
f1 (ppm)
528

130

13C NMR (75 MHz, DMSO-d¢) spectrum of compound 4cf

210




05t
SE'E
aL
(e
/1l By
61°L
0T'L
(e
[
el

bT'L
L
gL
€L
9L
[£'L
'L
£'L
phL]
St'L ]
%L
s
8L
8t'L
6"
9.
9L
T8
s’

9zt — O

ZT

4ag

T T
5.5

6.0

6.5

7.0

JL0%
Fe01

o'k
Agp1

7.5

8.0

=001

T T T T T
9.0 85

E160

T T T T Y
15.0 145 14.0 135 13.0 125 120 115 11.0 105 100 95

453 40 35 36 25 206 15 1.0 05 00

5.0

1 (ppm)

'H NMR (300 MHz, DMSO-dg) spectrum of compound 4ag

bLTIT
£ESTT
6ESTT
0511
[9STT
89611
61121
gl
9671,
9bzET
2zer]
szt
€97€T
z6'5ET
8b'9€T
z5'0€T
(89T
T6'0€1
69T
STHbT
65 bbT
Ob 2t
75097
££00T
£L59T
00T

30

50

60

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90

T
210

f1 (ppm)

13C NMR (75 MHz, DMSO-d¢) spectrum of compound 4ag

S29



91
689
169
0L
0L
oyl
80,
80'¢
60'L
60,
or'e
or'e
e
e
e
L
£rL
8L
e
e
8L
6L
6L
05°L
051
5L
YA
€5
b5'L
beL
st
S5t
L£8
Y

or'oT—

|

Cl

ZT

4bg

*=60'T
T8l
€0t
L2

=00'T

=650 |

14.0 135 13.0 125 120 115 11.0 105 10.0

60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

6.5

9.0 85 8.0

95

'H NMR (400 MHz, CDCl;) spectrum of compound 4bg

T£9L
mo.nnw
£CLL

=7
08711
SE'STT
95'STT
19911
£8'STT
0E'TZT
09’121
or/eT
m¢dwﬁﬁ
68'TET
96'TET|
PO'ZET
eTHET
0p'SET
SH'SET
mmmmﬁﬁ
LL8ET
(SPPTT
85'SHT
69'LpT
8’191
££'191
¥6'€9T
12%91

110

120

150

170

200

90 80 70 60 50 40 30 20 10

100

130

140

160

180

190

210

f1 (ppm)

13C NMR (100 MHz, CDCl;) spectrum of compound 4bg

S30



18°¢
%'t
8T'L
6T°L
0T'L

b

0Tz
1L
wl
wl
€L
&L
w'L

S¥'L
b/
%L
L
Raa
8L
65°L |
194
L
ot
[£8

82’8

Sber—

Br-

4cg

T
0.0

0.5

1.0

1.5

T T
25 2.0

3.0

35

4.0

50 45

55

6.0

=50'b
AR
=707
a0T

7.5

8.0

=007

T T T T T
15.0 14.5 140 135 13.0 125 12.0 11.5 11.0 105 100 9.5 9.0

=660

T

7.0 6.5

8.5

1 (ppm)

'H NMR (400 MHz, DMSO-d;) spectrum of compound 4cg

szEn
6apT!
obSTT
ST
29511
69'STT
1T
e’
LETET
LrTETT
95°ZETYf
poZET
s
LT
6501
7901
£T0pT
8L |
b
syt
1079
L7191
pbEoT
20801

Br:

50

13C NMR (100 MHz, DMSO-d¢) spectrum of compound 4cg

S31



19'¢—

S €

9L
9L
[£L
8L
8¢/
65'L
0b'LA
197 _.
19'/
€9/
£9°¢
99/
9L
£8'/1
WL
mwl
9L
87’8
0’8

—

bl —

CN

)

H/mm,o r

Rpee

Roge |

J0T

F60

T T T
1.0 0.5 0.0

T
1.5

T
2.0

T T T
35 30 25

T
4.0

T
4.5

T
5.5

T
6.5

T
7.0

T
8.5

T
9.0

T T T T T T T T T T T
15.0 145 14.0 135 13.0 125 12.0 115 11.0 105 10.0 9.5

5.0

6.0

7.5

8.0

1 (ppm)

'H NMR (400 MHz, DMSO-dg) spectrum of compound 4ah

9£'6€
L5'6E
LL'6E

61 0b
0F'0b
19'0t

AR BYEMRY

88011
L£TT1
6211
80611
12611
SpeTT
£5TTT~
w1’
9T0ET
05TET+
(5T
19261 \
6LbET
E_NE\
o5'epT
£CpbT
(91
o
06961

60

70

90

T
100

T
110

T
120

CN

)

T
130

T
140

T T T T T T
200 190 180 i70 160 150

T
210

f1 (ppm)

13C NMR (100 MHz, DMSO-d;) spectrum of compound 4ah

S32



~

o AIszVWIT =)
i ™ O 0 o [rs]
— CO M~ P~~~ I~ o (o]
[ N |

H
4bh
i bL J I
— g e
& 8 =8
o — T — T

T T T —— T T T T T T T T T T . T T T T
15.0 14.5 14.0 13.5 13.0 125 12.0 11.5 11.0 10.5 100 9.5 9.0 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0
f1 (ppm)

H NMR (300 MHz, DMSO-dg) spectrum of compound 4bh

147.92
14512
144.40
144,23
144.10
140.42
133.68
132,66
13261
13151
130.07
125.94
121.14
120.69
119.19
119.06
11472
111,54
111.04

|
|

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 %0
f1 (ppm)

80 70 60 50 40 30 20 10 0

13C NMR (75 MHz, DMSO-d¢) spectrum of compound 4bh

S33



15¢—

9%
'L
'L
'L
'L
bo'L
b9'L]
$8'L1
8L
'L
%L
08'L
8L
!
€b'g—

P9l —

Br

=805 |
Fasp |

=007 |

Feso

0.0

0.5

4.0

4.5

150 145 14.0 135 130 125 120 115 11.0 105 100 9.5

25 20 15 1.0

3.0

3.5

60 55 50

6.5

80 75 70

8.5

9.0

f1 (ppm)

H NMR (400 MHz, DMSO-d;) spectrum of compound 4ch

9E'6E
L5'6E
8/'6E

61°0b
0b'0t

19'0F

PO'TTT
S5'TTT
09°€TT
or'STT
S0'6TT
81611
97'TeT~
80bTT—
05'TET
S.Nﬂw
59°Z€T
TS'EET
TL0pT
60'bbT
£TbbT
6EbbT
£6'bbT
6°LbT

Br.

10

50

70

80

90

T
i10

140

T
200

f
210

f1 (ppm)

13C NMR (100 MHz, DMSO-d¢) spectrum of compound 4ch

S34



19¢—

w!
W
'L
@]
9L
&L
'L
me
0L
0Lt ﬁ
1L
b
st
i
R.&
€811
Q'L
628

18T —

Cl

o

ju

=£60

T
0.0

T
3.0

T T T
4.5 40 3.5

T
5.0

T
5.5

T
6.5

T
8.5

T S T T T T T T T T
15.0 145 14.0 13.5 13.0 125 12.0 11.5 110 105 100 95

T T T
20 1.5 1.0 05

T
2.5

6.0

T
75 7.0

8.0

T
9.0

f1 (ppm)

'H NMR (400 MHz, DMSO-d;) spectrum of compound 4bi

Cl

20

30

60

90

130

200

T
210

f1 (ppm)

13C NMR (100 MHz, DMSO-d;) spectrum of compound 4bi

S35



05'C—

08'9
189
98'9
68'9
66'9
'L

ECE
9L
s
8L
vm.m.\
91’8
18
9E'8T
mm.m\

L50T—

J

T T T T T T T T
13:5 130 125 120 115 110 105 100 95

2Ll
ﬂm:

Rert [

88'¢

EO0'T

Fhoz |

EBpe0 [

T
0.5

T
3.0

T T T
50 45 40

T
5.5

T
0.0

T T T
20 15 1.0

T
2.5

3.5

T
6.0

T
6.5

1 (ppm)

'H NMR (300 MHz, DMSO-d;) spectrum of compound 4aj

T T
8> 80 75 7.0

T
9.0

oT'6¢
£5'6€
1066
Jed\e
50y
£8'0p

81011
86°€TT
LL6TT
SCra
mh.ﬂNHW
6LTCT
5971
L6%CT
@H.oﬂ\

SOEPT
LT,
wiwr
(rst”

160 150 140 130 120 110 100
f1 (ppm)

T
170

T
180

T
190

T
200

10

T
20

T
30

T
50

T
70

T
80

T
Q0

13C NMR (75 MHz, DMSO-d¢) spectrum of compound 4aj

S36



19—

SE'E
mm_m/

¥O J

89
89
589
889
06'9
81,
61,
0z
0L
]
L
0€'4
0cL
7L
€674
Ye'L
SeL
1194
878~
1€8”

T

Cl

890
%Nmo |
060

€07
H/mm,m r

Fest|

001

T
0.0

T T T T
408: 35 3.0 2.0

T
4.5

5.5

T
8.0

T
9.0

T T T T T T T T
3.5 130 125 120 115 110 10.5 100

T T
1.0 0.5

T
15

T
25

T
5.0

T
7.0 6.5 6.0

7.5

8.5

T
9.5

1 (ppm)

1H NMR (400 MHz, DMSO-d;) spectrum of compound 4bj

SE'6E
95'6€
LL'6E

61'0F
6£'0F

09'0%

7SI
9T PII
NN.E/
iR ral
so7zl
seezl
[ThTTE
mm.x%
08'571 \
69'L21 \
95621
€L THI~
o bl
0sgbT
56051

Cl

T
100

lél] 1%0 lf‘)O 15‘10 lﬂll[l léO 12‘0 11‘[} o
13C NMR (100 MHz, DMSO-d¢) spectrum of compound 4bj

T
190

T T T T T T T T
80 70 60 50 40 30 20 10

T
90

200

S37



05'C—

-

8e'L
6€'L
ob'L
L]
'L
'L
b
oL

s_L
90

Bl
wi
B
08/
;8L
8
88,
88/
6781
)
58

658
198

Ire—

Ll

Fael

Fe0e
F80c

=007

Feov

BE0 L

T
0.0

T
0.5

T T T
3.0 2.0 1.0

T
4.0

f
4.5

T
5.0

T
5:5

T
6.5

f1 (ppm)

'H NMR (300 MHz, DMSO-d;) spectrum of compound 4ak

T
7.0

—T
9.0

T T T
11.0 10.5 10.0

T
11.5

T
12.0

T
13.0

T
135

T
15

2.5

T
3.5

T
6.0

T
8.0 7.5

8.5

T
9.5

2.5

9T'6€n
il
°'6e

=55eE
LT0b
SS'0F

£8'0p

hm.mﬁﬁ
ﬁm.m:/
PP ICT
98'T¢CT
69'€CT
LO0ET

mn.vmﬁ/
om.hmﬁ/
E.HE/
B.E/
06'bbT

0PI
06T~
£H6HT[
Nm.omi\
L6°0ST

60

90

T
100

f1 (ppm)

13C NMR (75 MHz, DMSO-d¢) spectrum of compound 4ak
S38

T T T T T T T T
180 170 160 150 140 130 120 110

190

200

10

20

30

40

50

70

80



05—

&L
L
St'L
Sb'L
99°L
89°L
69°L
6C'8
ce'8
(5'8
85'8
09'8

O

6k ¢l —

Ei6p
=661

Fort
Footy

007

T T T T T T T T T

140 135 13.0 125 120 115 11.0 105 100 9.5

30 25 20 15 10 05 0.0

3.5

45 40

65 6.0 55 5.0

7.0
f1 (ppm})

'H NMR (300 MHz, DMSO-dg) spectrum of compound 4al

8.0

8.5

9.0

FI'6E
[4 413
0L'6E

9z'or
£5°0F
1800

96211
ov.m:/
09'TeT
86'TCT
20’52t
9T'STT
8E0ET
bO'SET
6TTHT
9L THT
£8'pbT
8T9pT~L
90T
€ELpT
00'0ST
£0'0ST

20

40

60

80

90

T
140

T
190

T
200

1 (ppm)

13C NMR (75 MHz, DMSO-dg) spectrum of compound 4ak

S39



Control experiments : Control experiments were carried out to gain more insight into
the reaction mechanism (Scheme SI-1, Scheme SI-2, Scheme SI-3 and Scheme SI-5).

Mass spectrum of raction mixture

The reaction was quenched after 4 hours and the compounds were detected through mass
spectrum of the crude reaction mixture (Scheme SI-1). From the mass spectrum it was
noticeably observed that there is the presence of intermediates (C1, D1 and E1) along with
the product 4aa (Figure SI-1).

O
[ :[ E \/Ph
N~ ~O PR
H 0,
a (1.0 equiv.) I2 (20 mol%)
+ NH4OAc >
+ H,0 (0.3 mL), Air
H H 3(1.1equiv.) ghoc 4p m I
HoN
4aa
2a (2.2 equiv.)

Scheme SI-1 An investigation of the reaction after 4 hours under optimized reaction
condition

T 30l

<— [D:+ H]+

[C,+H]"

1320423

!

1081107

18510285

3502004

[4aa + H]"

|

3221332
284.1423

!

432 2068

3002038

327 1500

[E, + H]+

180.0017

\HI

‘Cl

#1.0505
ol Ll

50 1DCI

||||':|
200

s 400

450

500 750

Figure SI-1 The reaction was quenched after 4 hours and the compounds were detected
through mass spectra.
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Control experiment carried out in presence of radical scavengers.

The reaction involving radical scavengers, such as BHT, TEMPO and hydroquinone were
also carried out, and we have successfully obtained the product 4aa in 72%, 70% and 75%
yields respectively (Scheme SI-2).

o) I, (20 mol%)

H H radical |nh|b|tors
¥ HzN‘k +  NH40Ac
N (@) Ph HZO (0 3 mL) AII’
H 3 (1.1 equiv.) 90°C,6h
1a (1.0 equiv.)  2a (2.2 equiv.) BHT 72% 4aa
TEMPO 70%
Hydroquinone 75%

Scheme SI-2 Experiment carried out in presence of radical scavengers.

Control experiment carried out without ammonium acetate (NH;OAc).

The control experiment shown in Scheme SI-3, we consider the reaction of isatin 1a and 2-
aminomethylfuran 2j without NH4OAc under the optimized reaction condition. Here, we got
53% 4H-oxazolo[5,4-b]indole 5aj instead of the desired SH-pyrazino[2,3-b]indole 4aj.

O N
I, (20 mol%)
s - L
N0 o~ H,0 (0.3 mL), Air N
H

90°C,6h H
1a (1.0 equiv.) 2j (2.2 equiv.) 4aj (0%) 5aj (53%)

Scheme SI-3 Experiment carried out without ammonium acetate (NH4;OAc)

In the absence of ammonium acetate formation mechanism of 4H-oxazolo[5,4-b]indole by
water given below (Scheme SI-4).
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HoN 7 I HNTGA > ATN Ar
- H
2 Ar A 5 c
Ar
O N
.M 7 (I H
R +  HoN — » R J H
N (o) -H,O
Ar 2 N° O
1 H 9 . H
®
-H, +H l Ar
~ ® H N
NSA el NGy )=<H
o= ~EAr “
N @) - ArCH,NH, N O HN N O—H
F E " h D @J @
A PO
ino r | Ar tH Ar
C
H
R ThE NS H, +H N
P BT S AN S Y
H K

2HI + 1/202 = |2 + H20

Scheme SI-4 Proposed formation mechanism of 4H-oxazolo[5,4-b]indole by water in the
absence of ammonium acetate

In this proposed formation mechanism of 4H-oxazolo[5,4-b]indole by water in the absence of
ammonium acetate (Scheme SI-4), we have discussed step by step the formation of 4H-
oxazolo[5,4-b]indole instead of the desired product 5SH-pyrazino[2,3-b]indole. In this case the
intermediate F decomposed by water and furnished more stable aromatic 4H-oxazolo[5,4-
blindole 5. Here, water (H,O) attack on the intermediate F to furnish intermediate H. After
that, removal of one molecule of aromatic aldehyde from H gives the intermediate J. Finally
J undergoes cyclisation to K followed by aromatization of 4H-oxazolo[5,4-b]indole 5.
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Control experiment carried out with benzyl alcohol 6a or benzaldehyde 7a.

The reaction of isatin 1a with benzyl alcohol 6a or benzaldehyde 7a instead of benzylamine
2a produces no desired product 4aa (Scheme SI-5). These results imply that, benzyl amine
and ammonium acetate both are important to construct the pyrazine ring of 5SH-pyrazino[2,3-
blindole moiety.

O

Ph—CH,0H I, (20 mol%) Ny P
+ o + NH,O0Ac - | I
N (@) HZO (0.3 mL), Air N N Ph
Ph—CHO i
H 3 (1.1 equiv.) 90 °C, 6 h H
1a (1.0 equiv.) 6a or 7a (2.2 equiv.) 4aa (0%)

Scheme SI-5 Experiment carried out with benzyl alcohol 6a or benzaldehyde 7a.

Characterization data of 5aj

2-(furan-2-yl)-4H-oxazolo[5,4-b]indole (5aj)

0™\
O
$ae
N

H

Yield : 54 % ; Yellow solid ; 'TH NMR (300 MHz, DMSO-d¢) : 6 (ppm) = 10.70 (s, 1H, N-
H), 8.29 (d, J = 15 Hz, 2H), 7.40-7.29 (m, 3H), 6.90-6.83 (m, 2H) ; '3C NMR ( 75 MHz,
DMSO-dgs ) = 169.5, 151.0, 148.5, 141.7, 129.6, 125.8, 124.3, 123.4, 122.6, 121.4, 121.2,
114.3, 114.5 ppm ; HRMS-ESI (m/z): caled for C;3HgN,O, [M + HJ" :225.0664, found
:225.0661.
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Crystallographic Information of 4ba and 4ag

Figure: Molecular geometries of (a) 4ba and (b) 4ag in crystals (40% thermal ellipsoids,

hydrogen atoms are omitted for clarity).

Crystallographic table

Complexes 4ba 4ag
CCDC 2246524 2246525
formula C22H14N3C1 C22H13N3F2
fw 355.81 357.35
crystal color yellow yellow
crystal system monoclinic monoclinic
space group C2/c P21/
a(A) 17.4509(7) 9.5735(4)
b (A) 12.4727(5) 12.6239(5)
c(A) 17.6236(7) 28.8448(12)
a() 90 90
B() 112.121(2) 93.918(2)
y() 90 90
V(A3 3553.6(3) 3477.9(2)
Z 8 8
T (K) 273(2) 273(2)
20 50.70 47.72
calcd (g cm?) 1.330 1.365
reflections collected 20048 50271
uniquereflections 3136 6482
reflection (I>24(1)) 2226 4570
2 (A)/u 0.71073 0.71073
(mm™) /0.225 /0.097
F(000) 1472 1472
R13[I>20(1)]/GOF ® 0.0573/1.025 0.0559/ 1.028
R12 (all data) 0.0878 0.0861
wR2¢ 0.1464 0.1561
(I>20 (1))
no. of parameters/restr. 235/0 487/0
residual density (eA-) 0.283 0.188

observation criterion: *R1 = Z||F |-[F|//Z[F,|. °GOF = {Z[w(F,2-F:2)*)/(n-p)}'?,
‘WR2 = [Z[w(F,>-F2)?)/Z[w(F,?)?]]"> where w = 1/[c*(F,2)+(aP)?*+bP], P = (F,>+2F 2)/3.
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