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1. Synthetic experiment
Typical experimental procedure (3a) Bis(indol-3-yl)(phenyl)methane [1]. To a mixture of
CuBr (3.6 mg, 0.025 mmol) and indole (59 mg, 0.5 mmol), N-benzyl-piperidine (88 mg, 0.5 mmol)
was added. Then tert-butyl hydroperoxide (0.6 mmol, 5-6 M in decane) was added dropwise into the
mixture under nitrogen at room temperature. The resulting mixture was stirred at 80 °C for 18 h. Then,
the cooled reaction mixture was dissolved in water (5 mL) and extracted with CH,Cl, (3x5 mL). The
combined organic layer was dried with anhydrous MgSO,, and the product was further purified by
silica gel column chromatography and eluted with cyclohexane and petroleum ether mixture to afford
the product. Pink solid; mp 122-124 °C; '"H NMR (400 MHz, CDCls): & 7.91 (br s, 2H, NH),
7.34-7.39 (m, 6H), 7.25-7.29 (m, 2H), 7.14-7.17 (m, 3H), 7.00 (t, J = 6.8 Hz, 2H), 6.66 (s, 2H), 5.88
(s, 1H, Ar-CH); C NMR (50 MHz, CDCly): & 144.2, 136.9, 128.9, 128.4, 127.3, 126.3, 123.8, 122.1,
120.1, 120.0, 119.5, 111.2, 40.4; IR (KBr) vipa/cm™ 3410, 3051, 2924, 2858, 1612; HRMS (EI) calcd.
for Co3H sN»: 322.1470; found 322.1472.

[3b] Bis(6-chloroindol-3-yl)(phenyl)methane. Pink solid; mp 128-130°C; '"H NMR (200 MHz,
CDCl3): 6 7.96 (br s, 2H, NH), 7.34 (s, 2H), 7.28-7.30 (m, 4H), 7.23-7.26 (m, 3H), 6.96 (d, J= 8.4 Hz,
2H), 6.61 (s, 2H), 5.78 (s, 1H, Ar-CH); °C NMR (50 MHz, CDCly): & 143.5, 137.2, 128.8, 128.6,
128.2, 126.7, 125.8, 124.3, 120.9, 120.3, 119.8, 111.2, 40.3. IR vp/cm™ 3423, 3026, 2927, 2858,
1610; HRMS (El) caled. for Cp3H;6N,Cly: 390.0691; found 390.0694.

[3¢] Bis(6-fluoroindol-3-yl)(phenyl)methane. Pink solid; mp 133-135°C; 'H NMR (400 MHz,
CDCl): 6 7.87 (br, s, 2H, NH), 7.19-7.31 (m, 7H), 6.98-7.00 (dd, J = 1.8, 9.8 Hz, 2H), 6.74(dt, J = 2.0,
9.2 Hz, 2H), 6.58 (s, 2H), 5.78 (s, 1H, Ar-CH); *C NMR (50 MHz, CDCl3): 5 162.5, 157.8, 143.8,
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136.9, 136.7, 128.8, 128.6, 126.6, 124.0, 123.9, 123.8, 120.9, 120.7, 119.8, 108.5, 108.0, 97.8, 97.3,
40.4. IR vy /cm’ 3421, 3064, 3030, 2929, 1624; HRMS (El) calcd. for Cy3H ¢N,F;: 358.1282; found
358.1284.

[3d] Bis(5-methylindol-3-yl)(phenyl)methane.[2] Red solid; mp 193-194°C; "H NMR (400 MHz,
CDCls): 8 7.74 (br, s, 2H, NH), 7.32 (d, J = 7.2 Hz, 2H), 7.26 (t, J= 7.2 Hz, 2H), 7.20-7.22 (m, 3H),
7.18 (s, 2H), 6.98 (d, J = 8.0 Hz, 2H), 6.54 (s, 2H), 5.81 (s, IH, Ar-CH); ’C NMR (50 MHz, CDCl;):
8 144.4,135.3,128.9, 128.7, 128.4, 127.5, 126.3, 124.1, 123.8, 119.7, 119.5, 110.9, 40.3, 21.7. IR
Vma/em™ 3408, 3022, 2920, 2856, 1597; HRMS (El) caled. for C;sH,,Na: 350.1783; found 350.1786.

[3e] Bis(indol-3-yl)(4-chlorophenyl)methane.[1] Pink solid; mp 76-77°C; 'H NMR (400 MHz,
CDCl3): 3 7.88 (br, s, 2H, NH), 7.35 (t, J=7.2 Hz, 4H), 7.21-7.27 (m, 4H), 7.17 (t, /= 7.4 Hz, 2H),
7.01 (t,J= 7.4 Hz, 2H), 6.61 (s, 2H), 5.85 (s, 1H, Ar-CH); >C NMR (50 MHz, CDCl5): & 142.8,
136.9, 132.0, 130.3, 128.6, 127.1, 123.8, 122.3, 120.1, 119.6, 119.4, 111.4, 39.8. IR vpa/cm™ 3410,
3051, 2923, 2858, 1614; HRMS (EI) calcd. for Cy3H;7CIN,: 356.1080; found 356.1075.

[3f] Bis(6-fluoroindol-3-yl)(4-chlorophenyl)methane. Pink solid; mp 98-100°C; 'H NMR (400 MHz,
CDCls): 8 7.94 (br, s, 2H, NH), 7.21-7.24 (m, 6H), 7.02 (d, J= 9.6 Hz, 2H), 6.77 (dt, J=1.1,9.2 Hz,
2H), 6.60 (s, 2H), 5.77 (s, 1H, Ar-CH); C NMR (50 MHz, CDCl;): § 162.6, 157.8, 142.3, 136.9,
136.7, 132.3, 130.2, 128.7, 124.1, 124.0, 123.6, 120.8, 120.6, 119.3, 108.7, 108.2, 98.0, 97.4, 39.8. IR
Vm/em™' 3427, 3066, 2864, 1624; HRMS (El) caled. for Co3H,sF,CIN,: 392.0892; found 392.0892.

[3g] Bis(5-bromoindol-3-yl)(4-chlorophenyl)methane.[3] Pink solid; mp 212-214°C; '"H NMR (400
MHz, CDCl;) 6 8.02 (br s, 2H), 7.44 (s, 2H), 7.18-7.24 (m, 8H), 6.59(d, J = 1.6 Hz, 2H), 5.71 (s, 1H)
5C NMR (50 MHz, CDCl3): 5 141.8, 135.5, 132.4, 130.1, 128.8, 128.7, 125.3, 125.1, 122.4, 118.7,
113.0, 39.5. IR vpa/cm™ 3431, 3130, 2856, 1616; HRMS (El) caled. for Co3H,;sBr,CIN,: 511.9291;
found 511.9297.

[3h] Bis(5-methylindol-3-yl)(4-chlorophenyl)methane. Pink solid; mp 148-150°C; 'H NMR (400
MHz, CDCl3): 8 7.78 (br, s, 2H, NH), 7.21-7.23 (m, 6H), 7.15 (s, 2H), 7.00 (d, J= 8.8 Hz, 2H), 6.54
(s, 2H), 5.78 (s, 1H, Ar-CH), 2.35 (s, 6H, CH3); °C NMR (50 MHz, CDCl3): & 143.0, 135.2, 131.9,
130.3, 128.8, 128.6, 127.3, 124.1, 123.9, 119.6, 119.0, 111.0, 39.7, 21.7. IR Vpe/cm™ 3408, 3026,
2922, 2858, 1622; HRMS (El) calcd. for C,sH, N,Cl: 384.1393; found 384.1389.

[3i] Bis(5-bromoindol-3-yl)(3-methylphenyl)methane. Pink solid; mp 155-157°C; 'H NMR (400 MHz,
CDCly): 7.97 (br, s, 2H, NH); 7.47 (s, 2H), 7.14-7.23 (m, 6H), 7.09 (s, 1H), 7.02-7.05 (m, 3H), 6.58
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(s, 2H), 5.68 (s, 1H, Ar-CH), 2.28 (s, 3H, CHz); BC NMR (50 MHz, CDCl3): 6 143.2, 138.2, 135.5,
129.5, 128.9, 128.5, 127.6, 125.8, 125.1, 125.0, 122.5, 119.3, 112.8, 40.0, 21.8. IR v, /om’ 3421,
3024, 2922, 2864, 1602; HRMS (EIl) calcd. for C,4H gN,Br,: 491.9837; found 491.9840.

[3j] Bis(6-fluoroindol-3-yl)(3-methylphenyl)methane (3j). Pink solid; mp 141-143°C; "H NMR (400
MHz, CDCls): 6 7.88 (br, s, 2H, NH), 7.23-7.27 (m, 2H), 7.14-7.18 (m, 2H), 7.09 (d, J = 8.0 Hz, 1H),
6.98-7.03 (m, 3H), 6.75 (dt, /= 1.2, 9.1 Hz, 2H), 6.60 (s, 2H), 5.75 (s, 1H, Ar-CH), 2.28 (s, 3H, CH3);
C NMR (50 MHz, CDCLy): & 162.5, 157.8, 143.7, 138.1, 136.9, 136.6, 129.6, 128.4, 127.4, 125.8,
124.0, 123.8, 120.9, 120.7, 119.9, 108.5, 108.0, 97.8, 97.3, 40.3, 21.8. IR vye/cm™ 3419, 3061, 2920,
2858, 1624; HRMS (El) calcd. for Co4H gNoF,: 372.1438; found 372.1435.

[3Kk] Bis(5-methylindol-3-yl)(3-methylphenyl)methane. Pink solid; mp 140-142°C; 'H NMR (400
MHz, CDCl;): § 7.70 (br, s, 2H, NH), 7.09-7.21 (m, 8H), 6.96-7.01 (m, 2H), 6.52 (s, 2H), 5.77 (s, 1H,
Ar-CH), 2.34 (s, 6H, CH3), 2.27 (s, 3H, CH3); >C NMR (50 MHz, CDCLy): & 144.3, 137.8, 135.2,
129.7, 128.6, 128.3, 127.6, 127.1, 125.9, 124.1, 123.7, 119.7, 110.9, 40.1, 21.8, 21.7. IR vya/cm’’
3408, 3022, 2918, 2858, 1601; HRMS (El) calcd. for Co6H24N,: 364.1940; found 364.1945.

2. Spectroscopy
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~ NToeomammow o @~
13C OBSERVE 3 IZIIGISSRe BEE 2 8
SAMPLE SPECTAL J L
date Nov 13 2009 temp not used
solvent CcDCI3 gain 20
file sexport/home/~ spin not used
vnmrl/vnmrsys/y192~ hst 0.008
/091116-c13-21.Fid pw90 11.400
ACQUISITION alf 20.000
sw 15015.0 FLAG
at 0.639 11 n
np 19190 in n
fb not used dp %
bs 64 hs nn
d1 1.000 PROCESSING
d2 1.000000 1b .
nt 6e+07 fn not used
ct 87104 DISPLAY
TRANSMITTER sp -600.2
tn €13 wp 10767.3
sfrq 50.236 rfl 1982.2
tof 646.4 rfp 0
tpwr 55 rp -3.
pw 4.000 1p -198.0
DECOUPLER PLOT
dn we 50
dof sc 0
dm yyy vs 68
dmm th a
dpwr 32 nm no ph
dmf 5700
HaC CHa
H
HN NH
Cl
e T L o M LTS L e o I e B o L A o
180 160 140 120 100 80 60 40 20 0 ppm
SonNnmonnNB O o ) <
IRIIINTIALBTIE P 4 3
13C OBSERVE qmmEmenenTeTas® aNe < “
fgwosernnnde o e e 4
expl s2pul IaaaoNasNsans e
SPECIAL L |\KL\L J»J
date Nov 26 2009 temp not used | |[F~
solvent gain 30
file /export/home/~ spin not used
vnmr1/vnmrsys/ymz~ hst 6.00:
/081127-¢13-24.Fid pw90 11.400
ACQUISITION 1 20.000
sw 15015.0 FLAGS
at 0.639 i1 n
np 19190 in n
fb not used dp y
bs 64 hs nn
d1 1.000 PROCESSING
d2 1.000000 1.
nt 8e+06 not used
ct 28416 DISPL
TRANSMITTER sp -345.4
n wp 13212.4
sfrq 50.236 rf1 1982.2
tof 646.4 rfp ]
tpwr 55 rp 5.3
oW 4.000 1p 197.8 f
DECOUPLER PLOT
n we 50
dof sc L]
dm yyy vs 54
dmm th 5 Br Br
dpwr 32 nm no ph
dmf 5700
H
HN NH
CH3
i
|
J l
"
L e i A B i o T L I e B L o s s e s e e
240 220 200 180 160 140 120 100 80 60 40 20 ppm
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> w CoOBANAEN OB BN D © o -o 0~ - ©
S @ ARl mNaBORN e s DD Bo 3 ST b3 B
13C OBSERVE won neRensagnenes 9 < aNe « ~
o ITRCcoosINLNOS o ®wo ~~ ~ e g g
expl s2pul S 9 SSS888885998T g8 "i“’ "“'j
| |
SAMPLE SPECIAL ]\L \_\L\I\L L L /J Jou) ]
date Nov 27 2003 temp not used R i
solvent CcDC13 gain 30 | i
file sexport/home/~ spin not used i
vnmri/vomrsys/yjg2~ hst 0.008
/091127-c13-25.Fid  pws0 11.400
ACQUISITION alfa 20.000
sw 15.0 FLAGS
at 0.639 i1 n
np 19190 in n
fb not used dp Yy
bs 64 hs nn
d1 1.000 PROCESSING
d2 1.000000 1b 1.00
nt 8e+06 fn not used
ct 7168 DISPLAY
TRANSMITTER sp -241.8
tn C13 wp 12259.3
sfrg 50.236 rfl 1982.2
tof 646.4 rfp [
tpwr rp -7.6
4.000 1p 220.9
DECOUPLER PLO
dn wc 250
dof 0 sc [
dm yyy vs 51
dmm W th 3
dpwr 32 nm no ph
dmf 5700
F F
H
HN NH
CH3
|
|
L e LA B R O 2 o o A e e B L B o LA T B S e B
220 200 180 160 140 120 100 a0 60 40 20 ppm
N~ ONTOm D o P o o=
13C OBSERVE 3 SN8s888 @ 588 3 PR
expl  s2pul EEE;gégé ; ":‘:ﬁ 5 S
SAMPLE SPECIAL L |\LL L) ~ | o
date Nov 25 2009 temp not used Yy i
solvent CDC13 gain 0
file /export/home/~ spin not used [
vnmrl/vnmrsys/yjg2~ hst 0.00
7091126-c13-27_.Fid pw3o 11.400
ACQUISITION alf, 20.000 I
sw 15015.0 FLAGS
at 0.632 i1 n i !
np 19190 in n #
fb not used dp Yy
bs §4 hs nn
d1 1.000 PROCESSING
d2 1.000000 1b 1.00
nt Be+06 fn not used
ct 23936 DISPLAY
TRANSMITTER sp -122.7
tn wp 10869.8
sfrg 50.236 rf1l 1982.2
tof 646.4 rfp
tpwr 55 rp -13.7
4.000 1p -155.8
DECOUPLER PLOT
H wc 50
lof 0 sc 0
dm yyy vs 100 CHs CHa
dmm W th 5
dpwr 32 nm no ph
dmf 5700
H
HN NH
CH3
o i st [ J "
ﬁ—r,,m“.”.wH.H.Hr‘,u‘H.‘.H.“H[w.‘,y”‘u.,.‘.y]H(;‘.‘,H,Hv‘u,Hy‘.,‘.uq—r
0o 180 160 140 120 100 80 60 40 20 ppm
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20100309 ]
20100309 3433 (28.816) Scan ES+
100 175.660 9.87e5
—[ 85.166
205.610
C\ O 290.648
N.
T~
306.612
el 276.697
272,610
173.586
84.648 1
171.707 O 7
l 206.064— < _
- N
90 345 ‘ H 291.686
96.108 189597 ‘
|
307.715
142,287 206.972 267. 614 ‘ K
§9.471 l 2052 129\914 r [ 210603 i E r \ | 310.60
- 126.480. 162.763 ! "
72.997 ‘ ’ [ ” | |
o Y8 S 7 O W ’ 1 W ! oy hJIIU\ ‘ i L !nm I : UH‘\L‘I‘]HJ wHHH ‘ il 22“102\6\ \ | H 1“ ! 1L \H L L \‘H‘ i‘ l edlld myz
60 80 100 120 140 160 180 200 220 240 260 280 300 320
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