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1.  Parallel competitive reaction
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Scheme S1

A solution of 2-phenyl-2H-indazole 1a (58 mg, 0.3 mmol), 1,2-di-p-tolylethyne 2b (62 mg, 0.3
mmol), AgBF4 (58 mg 0.3 mmol), [RhCp*Cl;]2 (9.0 mg, 5.0 mol %), and Cu(OAc), (54 mg 0.3
mmol) in 1,2-DCE (3 mL). The tube was sealed with a Teflon-coated screw cap and the
reaction solution was heated at 110 °C for 3 hours. At the same time, another solution of 2-
phenyl-2H-indazole 1a (58 mg, 0.3 mmol), 1,2-bis(4-chlorophenyl)ethyne 2d (74 mg, 0.3
mmol), AgBF4 (58 mg 0.3 mmol), [RhCp*Cl2]; (9.0 mg, 5.0 mol %), and Cu(OAc); (54 0.3 mmol)
in 1,2-DCE (3 mL). The tube was sealed with a Teflon-coated screw cap and the reaction
solution was heated at 110 °C for 3 hours. After cooling ambient temperature, the solvent
was removed from both the reaction mixtures under reduced pressure and the residues of
the reaction mixtures were separately purified by silica gel (100-200 mesh) column
chromatography using Methanol/DCM as the eluant to afford 3e 32% and 3g 24% (3e:3g =

~1.3:1).
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Scheme S2

A solution of 5,6-diphenylindazolo[2,3-a]quinoline 1a (111 mg, 0.3 mmol), 1,2-di-p-
tolylethyne 2¢ (61 mg, 0.3 mmol), AgBF4 58 mg (0.3 mmol), [RhCp*Cl2]2 (9 mg, 5.0 mol %), and
Cu(OAc)2 (0.3 mmol) in 1,2-DCE 3.0 mL. The tube was sealed with a Teflon-coated screw
cap and the reaction solution was heated at 110 °C for 3 hours. At the same time, another
solution of 2-phenyl-2H-indazole 1a (111 mg, 0.3 mmol), 1,2-bis(4- chlorophenyl)ethyne 2d
(74 mg, 0.3 mmol), AgBF4 58 mg (0.3 mmol), [RhCp*Cl,]2 (9 mg, 5.0 mol %), and Cu(OAc)2 (0.3
mmol) in 1,2-DCE 3 ml. The tube was sealed with a Teflon-coated screw cap and the
reaction solution was heated at 110 °C for 3 hours. After cooling ambient temperature, the
solvent was removed from both the reaction mixtures under reduced pressure and the
residues of the reaction mixtures were separately purified by silica gel (100-200 mesh) column
chromatography using Methanol/DCM as the eluant to afford 5b 30% and 5d 47% (5b:5d =

~1.7:1.0)



2. H to D exchange experiments
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To an oven-dried 20 mL reaction tube with septum containing were added 2-phenyl-2H-
indazole 1a 58.2 mg (0.3 mmol, 1.0 equiv), [RhCp*Cl;]2 (9.18 mg, 0.015 mmol, 0.05 equiv),
Cu(OAc)2 55.6 mg, (0.3 mmol, 1.0 equiv), Acetic acid-ds 0.38 ml (20.0 equiv) and 1,2-DCE 3.0
ml. The reaction mixture was heated at 110 °C for 12 h. After the reaction mixture was cooled
to room temperature diluted with CH)Cl,, filtered through celite and the filtrate was
concentrated under reduced pressure. After that, purification was performed by column
chromatography on silica gel using hexane and ethyl acetate (90:10) as eluent. Desired
product colourless solid 1a-d3 52 mg was obtained in 90% of yield. The H/D exchange was
found to be 76% at the protons attached to C-2 and C-5 in the recovered 2-phenyl-2H-indazole
1a-ds. Also found H/D exchange 25% at the indazole 2-H position. These results also clearly
reveal that the C-H bond activation as a key intermediate in the reaction as well as it is the
reversible process.

hhhhhhhhhhhhhhhhhhh

2
7
7
7:
6!
5!
5:
2!
2!
2!
2
2!
2:
2.
2
2
02
.00
98
0.00

;/ ;
\ D 25 %

N

75 %D i D75 %
—]___IM“ o~

T T T T T T T T T T T T
45 40 35 30 25 20 15 10 05 00 -05 -L0

T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50
1 (ppm)

Figure SI1: Preliminary mechanistic study
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To an oven-dried 20 mL reaction tube with septum containing were added 2-phenyl-2H-
indazole 1a 58 mg (0.3 mmol, 1.0 equiv), diphenylacetylene 2a 52 mg (0.3 mmol), AgBF4 58
mg (0.3 mmol%), [RhCp*Cl2]2 (9 mg, 0.015 mmol, 0.05 equiv), Cu(OAc)2 56 mg, (0.3 mmol, 1.0
equiv), acetic acid-ds 0.38 ml (20.0 equiv) and 1,2-DCE 3.0 ml. The reaction mixture was
heated at 110 °C for 12 h. After the reaction mixture was cooled to room temperature diluted
with CHCly, filtered through celite and the filtrate was concentrated under reduced pressure.
After that, purification was performed by column chromatography on silica gel using DCM
and Methanol (95:5) as eluent. Desired product colourless solid 3a was obtained in 78% of

yield.



3.  Photoluminescence spectrum
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Figure SI2: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 3a

1.0 5 Absorption in DCM
—— Emission in DCM

2 08-
0
c ] )
ﬁ 4 / \ BF4
£ 06 N- 1+
° |
) ]
N
® 04- O O
£
S 3b
P

0.2

0.0 T T T T T T T T T 1

350 400 450 500 550 600

Wavelength (nm)

Figure SI3: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 3b
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Figure SI4: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 3¢
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Figure SIS: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 3d
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Figure SI6: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 3f
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Figure SI7: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 4g
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Figure SI8: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 3h
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Figure SI9: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 5a
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Figure SI10: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 5b
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Figure SI11: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound S¢
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Figure SI12: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 5d
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Figure SI13: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound Se
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Figure SI14: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 5f
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Figure SI15: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 5g
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Figure SI16: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 5h
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Figure SI17: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 5i
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Figure SI18: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 5j
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Figure SI19: Normalized absorption (black), Fluorescence in DCM (red) spectra of compound 5k



Copy of *H, 3C and HRMS spectra
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Figure S20: 'H NMR spectrum of compound 3a in CDCl3
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Figure S21: 1*C NMR spectrum of compound 3a in CDCl3
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Figure S22:DEPT-135 NMR spectrum of compound 3a in CDCl3
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Figure S23: '°F spectrum of compound 3a
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Figure S24: !'B spectrum of compound 3a
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Figure S25: 'H NMR spectrum of compound 3b in CDCl;
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Figure S26: °C NMR spectrum of compound 3b in CDCl;

9T —

09°€ETT—

6F'LIT—
£0°'FCT
3.«2/
8L'9TT
09'£TT~\
L5821
S.mwﬁ.\
99'6ZT
TLOET
98'0ET
TOTET
0ETET
6T'EET

40

T T T T B
130 120 110 100 90 80
f1 (ppm)

T
140

T
150

Figure S27: DEPT-135 NMR spectrum of compound 3b in CDCl3
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Figure S29: 'H NMR spectrum of compound 3¢ in CDCl3



T0'9s—

ve8'9L

8¥'LL

IS ITT
€9'ETT
£€8'8TT
¥L6TT
€L'TTT
ETETT
09°€CT
60°¥TT
T9'+ZT
8T'STT

06°9ZT~

08°8TT

18'6CT
YT0ET
SLO0ET
T6'0ET
8T'IET
LTTET
V6'EET
£8'VET

w

9Z'T9T —

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

Figure S30: °C NMR spectrum of compound 3¢ in CDCl;
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Figure S31: DEPT-135 NMR spectrum of compound 3¢ in CDCl3
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Figure S32: HRMS spectrum of compound 3¢
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Figure S33: 'H NMR spectrum of compound 3d in CDCls
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Single Mass Analysis -
Tolerance = 100.0mDa / DBE: min =-15, max = 50.0
Element prediction: Off
Number of isotope peaks used for -FIT = 3 E
Monoisotopic Mass, Even Electron lons
790 formula(e) evaluated with 131 resuits within limits (all results (up to 1000) for each mass)
Elements Used -
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Figure S69: HRMS spectrum of compound Sd
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Single Mass Analysis B
Tolerance = 100.0 mDa / DBE: min =-1.5, max = 50.0

Element prediction: OFf

Number of isotope peaks used for (1T = 3

Monoisotopic Mass, Even Electron lons

458 formula(e) evaluated with 66 results within limits (all results (up to 1000) for each mass)
Elements Used
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Figure S73: HRMS spectrum of compound Se
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Single Mass Analysis B
Tolerance = 100.0 mDa / DBE: min =-1.5, max = 50.0

Element prediction: OFf

Number of isotope peaks used for (1T = 3

Monoisotopic Mass, Even Electron lons

83 formula(e) evaluated with 17 results within limits (all results (up to 1000) for each mass)
Elements Used
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5752672 182 36 255 C36 HAL Ng 6255 1766 004 R

55273 248 433 285 <45 H35 6243 658 014 4535

51520% 254 M2 05 CALHT N4 6181 0328 7203 a7 4 -
20112018_357_6413
KB-8_20112019_003 114 (2.938) AN2 (4;30000.0,556.30,0.00,L8 1); Cm (111:114) 1: TOF NS ES+
100 575.2490 1.606+008

*1 576.2562
577.2628
5751917
5751298575 5717
o [pasas721 010 1704275 870975 2220841 164020 90138 gpyqopp 4852130 5749526 541,26543°0-25%8 9411473 987.2508 resdzs
S0 400 10 200 | 250 | 300 3o 400 @0 0| st 500 550 | 700 | 750 8o | w0 a0 9% do00 | 4050 100 | 4150
ress F1

Figure S76: HRMS spectrum of compound 5f
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DEPT-135 NMR spectrum of compound Sg in CDCl3

B Etemental Cor

File Edit View Process Help

B meE s Mo X

Single Mass Analysis =
Tolerance = 100.0 mDa / DBE: min =-1.5, max
Element prediction: OFf

Number of isotope peaks used for iFIT =3 E
Monoisotopic Mass, Even Electron lans

83 formula(e) evaluated with 17 results within limits (all resuls (up to 1000) for each mass)
Elements Used
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Figure S80: HRMS spectrum of compound Sg
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Single Mass Analysis

Tolerance = 100.0 mDa / DBE: min = -1.5, max = 50.0

Element prediction: OFf

Number of isotope peaks used for iFIT =3

Monaisotopic Mass, Even Electron lans

1304 formula(e) evaluated with 271 results within limits (all results (up to 1000) for each mass)
Elements Used
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Figure S84: HRMS spectrum of compound Sh



£6'S
66'G1
TL'91
v£'91
6491
08'91
¥8'9
§8'91
£6'91
£6'91
5691
£6"91
£6"9
869
00°L
102
90°£1
£0°£7
10°2
802
60°L
0T"£
o012
T2
T
LA
P2
V'L
91°2
o1
61°2-
0z°£
17
ves]
se°L
9€"L
£€°2
6€°L
o'z
oL
L]
e
€574
£5°21

S§S°L7
§S°L7

00°T

80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -05
f1 (ppm)

8.5

9.5 9.0

10.0

"H NMR spectrum of compound 5i in CDCl;

Figure S85

ver9L

8V'LL
0Z'ETT
6E'ETT
£6°STT
T9LTT
£5°TLT
95°TZT
£0°STT
£€'STT
59'5ZT
£8°5ZT
§6'SZT
89°£Z1
9€'8ZT
0v'8TT |
15°8TT
58'8ZT
£0°6ZT
£T'6ZT
L1°6ZT
95°6ZT
19'6ZT
$9'6Z1
80°0ET
PT°0ET
9E°0ET
¥9°0ET
£8'0ET
Z0'IET
€T'IET
TZTET
L8'EET
T0'¥ET
L0'PET
00°SET
TEErT
¥8'SYT

PT6VT

-10

180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10
f1 (ppm)

90

3C NMR spectrum of compound 5i in CDCl3

Figure S86



md‘ﬂNao#gvonl\m-ﬂamagmw

SNINANOSI CONMANNLNDM®E NS

L R=E-E-k=] B awe e

RRARRRRRARRRRRELLRA[EAD

R R R R R R R R e s e R R R R R
———

R LY,

T T T T T T T T T T 1

T T T T
50 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 C
1 (ppm)

Figure S87: DEPT-135 NMR spectrum of compound 5i in CDCl;

[ Elemental com
File Edit View Process Help

B meE s Mo X

Single Mass Analysis 5
Tolerance = 100.0 mDa / DBE: min =-1.5, max = 50.0 T
Element prediction: Off
Number of isotope peaks used for i-FIT = 3 £
Monoisctopic Mass, Even Electron lons
83 formula(e) evaluated with 17 results within limits (all results {up to 1000) for each mass)
Elements Used L
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Figure S88: HRMS spectrum of compound Si



£€1°9
91’9
689
169
60°L
60°L
oT°L
vZ'L
9T°L
8T°L
TEL
TEL
[45%'
€E€°L
EEL
ve'L
SEL
9€°L
9€°L
LEL
8EL
8€°L
6EL
ov'L
WL
s
wL

= 00'F

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -10
f1 (ppm)

00

CDCIs

j in

"H NMR spectrum of compound 5

Figure S89

¥8'9L

8V LL

EV'ETT
T6'VIT
ET'STT
vS'L1T
86'TTT
68'vCT
08°'STT
£9°LTT
¥8'8TT
96'8TT
S0°6TT
B80'6CT
TT'6TT
TT6IT
BE'6TT
VP 6TT -]
99°6CT
69°6CT
9/'6TT
9T'0ET
TE'OET
60°TET
V9'IET
T6'IET
TP TET
TP'EET
VI9'EET
T9'VET

LE'OET
STYFT

50 40 30 20 10

60

190 180 170 160 150 140 130 120 110 100 %0 80
f1 (ppm)

00

CDCl;

j in

3C NMR spectrum of compound 5

S90

Figure



131.52
130.96
130.19
130.13
129.57
129.53
129.32
129.25
129.10
128.95
128.92
128.83
128,71
125.68
122.85
115.10
114.78
113,31

e e e

<

140 130 120 110 100 90

80
f1 (ppm)

70 60 50 40 30 20 10

Figure S91: DEPT-135 NMR spectrum of compound 5j in CDCl3

Spectrum - [B-27_26112019 02:
ile Edit Display

rocess Tools Window Help

F AR GREB LD @ABR XA « » B n
[p6112019_361_6482

B-27_26112019_023 117 (3.014) AM2 (Ar.30000.0,556.32,0.00,LS 1); Cm (113:123)

1 TOF MS ES+

100+ 632.2072 5.06e8
6311408
=
554.1720 32 0150
631.0530
5561768
7
5541075 6342238
3001042 3301283377.1285 4261807 4871676 53077174 _6662004 7492079 8032474865 2792.9813922 977.4683 10838347 4547 g10g mssso
B e e B s AL
50 100 150 200 260 300 360 400 450 500 560 600 660 700 750 800 860 900 960 1000 1050 1100 1150

w0

11/26/2019

Figure S92: HRMS spectrum of compound §j



9T'T
SET
e
8L'E
08'9
189
89
68'9
16’9
7L
ST'L
aT'L
9aT'L
9aT'L
Lr'e
LYL
8T'L
8T'L
6T°L
6T°L
0T'L
0z'L
1T°L
€T°L
ETL
YL
ST'L
ST'L
oT’L
LT'L
LT'L
8T°L
8T°L
6T°L
6T°L
0E'L
0EL
(49
e'L
€EL
PEL

PE'L

SEL
SEL
9E'L
LEL
oL
e
L
oL
0s’L
0s’L
1S°L
6S'L

5k+5Kk'

8t
00°€

66°C
€8°C

15 10 05 00 -05 -L0

2.0

2.5

3.0

3.5

4.0

60 55 50 45
f1 (ppm)

6.5

80 75 7.0

8.5

9.0

10.0 95

"H NMR spectrum of compound 5k in CDCl;

Figure S93

91z,
81z
LE°SS
5SS
¥8'9L
orLL
8Ll
0SETT
STHTT
S9HTT
90°STT
(14043
L0zt
98771
£THET
85°H1
8T'STT
szl
8t°STT
9g'szT
£rLTT
6€°L3T
££°821
98871
81671
87671
vE'6TT
8561
8621
566211
ST0ET
£€°0€T
TH0ET
TS'0ET

G6'0ET

90°TET
LYTET
99'TET
85°ZET
S9"EET |
TTYET
THPET
6b'bET ]
ﬁ.m.qi
YhSET
£€°8€T
6E°6ET
oT'THT
1SbbT
LS PT

|

95°6ST
€T'T9T

-—

Sk+5k'

-10

9 80 70 60 50 40 30 20 10

f1 (ppm)

210 200 190 180 170 160 150 140 130 120 110 100

3C NMR spectrum of compound 5k in CDCl3

S94

igure

F



[BE Elemental Compositior fal
File Edit View Process Help

B meE s Mo X

Single Mass Analysis 5
Tolerance = 100.0 mDa / DBE: min =-1.5, max = 50.0 T
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Monoisctopic Mass, Even Electron lons
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Figure S95: HRMS spectrum of compound Sk+5k’
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Figure S96: 'H NMR spectrum of compound 51 in CDCl3
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Figure S97: °C NMR spectrum of compound 51 in CDCl;
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Figure S98: HRMS spectrum of compound SI+5I’



5. DFT Calculations

Table 2. Data of DFT studies'

Method B3LYP/6-311G*
Compound LUMO (¢V) HOMO (eV) Gap (eV)

3a -5.6346 -9.2603 3.6257
3b -5.6934 -9.1038 3.4104
3c -5.6850 -9.0847 3.3997
3d -5.7168 -9.3781 3.6613
3e -5.7206 -9.0012 3.2806
3f -5.8308 -9.1160 3.2852
3g -5.7962 -9.3231 3.5269
3h -5.7775 -9.1544 3.3769
S5a -5.1511 -8.5408 3.3897
5b -5.1040 -8.4167 3.3127
Sc¢ -5.0251 -8.1794 3.1543
5d -5.3217 -8.6695 3.3478
Se -5.3013 -8.6377 3.3364
5f -5.0958 -8.4758 3.38

S¢g -5.0039 -8.3479 3.344
5h -5.0814 -8.1149 3.0335
5i -4.605 -7.466 2.86

5j -5.31873 -8.6741 3.3553
Sk -5.0436 -8.3190 3.2754
5k’ -5.12689 -8.48288 3.3559
51 -5.2531 -8.5745 3.3214

Sr -5.2466 -8.5773 3.3307
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Figure S100: HOMO-LUMO of the compound 3b
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Figure S102: HOMO-LUMO of the compound 3d
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Figure S103: HOMO-LUMO of the compound 3e

LUMO

Figure S104: HOMO-LUMO of the compound 3f




Figure S106: HOMO-LUMO of the compound 3h




Figure S108: HOMO-LUMO of the compound 5b
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Figure S109: HOMO-LUMO of the compound 5¢
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Figure S110: HOMO-LUMO of the compound 5d
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Figure S112: HOMO-LUMO of the compound 5f




Figure S114: HOMO-LUMO of the compound 5h




Figure S115: HOMO-LUMO of the compound 5i
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Figure S116: HOMO-LUMO of the compound 5j
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Figure S118: HOMO-LUMO of the compound 51
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