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1. Materials and Methods

General Remarks

All manipulations were performed in a MB Unilab glove box produced by MBraun or
using standard Schlenk techniques under an inert atmosphere of anhydrous N,. All
glassware was oven-dried and cooled under vacuum before use. Dry, oxygen-free
solvents (dichloromethane, toluene, n-pentane and n-hexane) were prepared using an
Innovative Technologies solvent purification system. Other solvents (cyclohexane,
chloroform, benzene, 1,2-dichlorobenzene) were degassed and stored over molecular
sieves (4 A) for at least two days prior to use. Deuterated chloroform (CDCls),
dichloromethane (CD,Cl,) and benzene (C¢Dg) purchased from Cambridge Isotope
Laboratories Inc. were degassed and stored over molecular sieves (4 A) for at least
two days prior to use. Commercial reagents were used without further purification
unless indicated otherwise. Fluorene-9,3'-indazolelS!! was prepared according to
literature procedures. NMR spectra were obtained on a Bruker Avancelll-400 MHz
spectrometer or an Agilent DD2 500 MHz spectrometer. 'H, 3C{'H}, 3'P, '°F and
I"B{!H} NMR chemical shifts (8/ppm) are referenced to Me,;Si, Me4Si, H;PO4, CFCly
and BF;-OEt,, respectively. High-resolution mass spectra (HRMS) were obtained on
an Agilent 6538 Q-TOF (ESI) or a IMS-T100LC JOEL (DART).
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2. Syntheses and Spectroscopic Data

2: Dichloromethane solution (1 mL) of Ph,CHCI (203 mg, 1.0 mmol) was added to
dichloromethane solution (4 mL) of Ag[BF,] (195 mg, 1.0 mmol) and fluorene-9,3'-
indazole 1 (268 mg, 1.0 mmol), and the mixture was stirred at room temperature for
30 minutes. The suspension was filtered. The filtrate was reduced to 1.5 mL under
vacuum, and 5 mL of n-pentane was added with rigorous stirring to give a precipitate.
After decanting the supernatant, the precipitate was washed with a component solvent
(1 mL of dichloromethane and 4 mL of n-pentane) and dried under vacuum to give 2
as a yellow solid (502 mg, 96% yield). Single crystals of 2 were obtained by layering
of pentane on a dichloromethane solution. 'H NMR (400 MHz, CDCls): 8 (ppm) 8.89
(m, 1H, Ar-H), 8.05 (m, 4H, Ar-H), 7.63 (t, *Jy.y = 7.6 Hz, 2H, Ar-H), 7.38-7.25 (m,
7H, Ar-H), 7.13 (t, *Ji.n = 7.6 Hz, 2H, Ar-H), 7.02 (m, 4H, Ar-H), 6.51 (d, 3Ji.; = 8.0
Hz, 2H, Ar-H), 6.16 (s, 1H, Ph,CH). BC{!H} NMR (100 MHz, CDCl;): & (ppm)
152.5, 144.2, 141.1, 139.7, 133.9, 133.6, 133.3, 131.5, 130.5, 130.163, 130.159, 129.6,
128.1, 125.5, 123.7, 122.7 (Ar-C), 99.4 (fluorene-9C), 74.3 (Ph,CH). "B{'H} NMR
(128 MHz, CDCls): 6 (ppm) -0.9 (s). '°F NMR (377 MHz, CDCl;): 8 (ppm) -153.1 (s).
MS (ESI) [M] C3,H3N," cale. 435.1856 m/z found 435.1855 m/z.

=888
/8.059
18,045
7.650
7631
7.612

6522
6.502
—6.158

42_02{?_-
& oo —

= oy
= =
||||||||| VT—I T T INI T T T T T T T T T T T T T 1|
4 92 90 88 86 84 82 80 78 176 ; 68 606 64 6 60 58 5.
fl (ppm)

'"H NMR spectrum of 2 (400 MHz, CDCls).
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"B{'H} NMR spectrum of 2 (128 MHz, CDCl;).
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19F NMR spectrum of 2 (377 MHz, CDCls).

3: THF solution of PMes (0.40 mL, 1M, 0.40 mmol) was added to dichloromethane
solution (3 mL) of 3 (104 mg, 0.20 mmol), and the mixture was stirred at room
temperature for 30 minutes. The solution was reduced to 1 mL under vacuum, and 4
mL of n-pentane was added with rigorous stirring to give a precipitate. After
decanting the supernatant, the precipitate was washed with n-pentane (4 mL x 2) and
dried under vacuum to give 3-(n-pentane)y,s as a pale green solid (118 mg, 96%
yield). Single crystals of 3 were obtained by slow diffusion of cyclohexane into a 1,2-
dichlorobenzene solution at room temperature. '"H NMR (400 MHz, CDCl;): 6 (ppm)
7.60-6.50 (br/m, 22H, Ar-H), 5.68 (s, 1H, Ph,CH), 1.76 (d, 2Jyp = 12.8 Hz, 9H,
PMes), 1.30 (m, 1.5H, n-pentane-CH,), 0.88 (t, 3Jyy = 7.2 Hz, 1.5H, n-pentane-CHj).
BC{'H} NMR (100 MHz, CDCl3): & (ppm) 148.3 (br), 143.0 (d, Jcp= 5.9 Hz), 142.7
(br), 140.7 (br), 139.6 (br), 139.3 (br), 135.1 (d, Jcp = 2.1 Hz), 132.1 (br), 130.4,
129.9 (br), 129.2 (br), 128.1 (br), 127.7 (br), 127.5 (br), 127.1 (br), 126.5 (br), 126.3,
125.2, 122.4 (br), 120.7 (br), 119.8 (br), 114.8 (Ar-C); 82.8 (d, Jcp = 1.2 Hz,
fluorene-9C); 73.4 (Ph,CH); 34.2, 22.4, 14.1 (n-pentane-C); 11.5 (d, Jc.p = 63.0 Hz,
PMe;). 3'P{'H} NMR (162 MHz, CDCl;): & (ppm) 71.9 (s). MS (ESI) [M]
C35H3NLP* cale. 511.2298 m/z found 511.2291 m/z.
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3SIP{TH} NMR spectrum of 3 (162 MHz, CDCl;).

4: 2 (261 mg, 0.50 mmol) and KO7Bu (56 mg, 0.50 mmol) were mixed in 4 mL of
toluene and the mixture was stirred at room temperature for 1 hour. The suspension
was filtered. The volatiles of the filtrate were removed under vacuum, and the residue
was washed with n-pentane (1.5 mL x 3) and dried under vacuum to give 4 as a red
solid (186 mg, 86% yield). Single crystals of 4 were obtained by slow diffusion of n-
pentane into a chloroform solution at room temperature. 'H NMR (400 MHz, CDCl;):
d (ppm) 8.00 (d, 3Jy.y = 7.6 Hz, 2H, Ar-H), 7.32-7.11 (m, 13H, Ar-H), 6.84 (t, 3Jq.p =
7.6 Hz, 1H, Ar-H), 6.54 (t, 3Jy.n = 7.6 Hz, 2H, Ar-H), 6.45 (m, 1H, Ar-H), 6.20 (d,
3Jun = 7.2 Hz, 1H, Ar-H), 6.17 (d, 3Ju.qp = 7.2 Hz, 2H, Ar-H). BC{'H} NMR (100
MHz, CDCl;): 6 (ppm) 156.0, 146.7, 140.4, 136.8, 132.5, 132.1, 130.5, 129.8, 129.4,
129.1, 128.4, 127.8, 127.7, 127.0, 126.0, 124.6, 120.5, 120.2, 118.2, 110.5 (Ar-C and
Ph,CN), 90.5 (fluorene-9C). MS (DART) [M+H] C;Hp;N,* cale. 435.18612 m/z
found 435.18582 m/z.
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BC{'H} NMR spectrum of 4 (100 MHz, CDCl5).

5: 4 (44 mg, 0.10 mmol) and GaCl; (18 mg, 0.10 mmol) were mixed in 2 mL of
toluene, the mixture was stirred at room temperature for 1 hour. The volatiles of the
solution were removed under vacuum, and the residue was washed with n-pentane
(0.5 mL x 2) and dried under vacuum to give 5-(PhMe), s(n-pentane), »s as a red solid
(56 mg, 83% yield). Single crystals of 5 were obtained by slow diffusion of n-pentane
into a benzene solution at room temperature. '"H NMR (500 MHz, C4Dg): & (ppm)
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8.04 (d, 3Jy.n = 7.5 Hz, 1H, Ar-H), 7.64 (d, 3Jun = 8.0 Hz, 1H, Ar-H), 7.59 (br, 2H,
Ar-H), 7.13 (m, 1H, PhMe), 7.08-6.95 (m, 7.5H, Ar-H and PhMe), 6.89 (m, 3H, Ar-
H), 6.80 (m, 2H, Ar-H), 6.70 (t, >*Ji.u = 7.0 Hz, 1H, Ar-H), 6.59 (t, *Ji.u = 7.5 Hz, 1H,
Ar-H), 6.49 (td, 3Jyu = 7.5 Hz, *Juq = 1.0 Hz, 1H, Ar-H), 6.26 (td, 3Jyy = 7.5 Hz,
4Jin = 3.0 Hz, 2H, Ar-H), 6.12 (d, *Ji.n = 7.5 Hz, 1H, Ar-H), 5.69 (d, 3Ji.z = 8.0 Hz,
1H, Ar-H), 2.11 (s, 1.5H, PhMe), 1.26 (m, 1.5H, n-pentane-CH,), 0.87 (t, 3Jy.y = 7.0
Hz, 1.5H, n-pentane-CH3). *C{!H} NMR (126 MHz, C¢Dg): & (ppm) 161.9, 147.6,
147.5, 143.9, 142.1, 138.5, 137.9, 137.0, 133.0, 132.7, 131.0, 130.7, 130.6, 130.1,
130.0, 129.9, 129.3, 128.6, 128.5, 128.4, 128.2, 128.0, 127.7, 127.5, 126.5, 126.0,
125.7, 123.2, 121.8, 121.1, 120.1, 113.7 (Ar-C, PhMe and Ph,CN), 88.9 (fluorene-
90), 34.4,22.7, 14.3 (n-pentane-C), 21.4 (PhMe).
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'H NMR spectrum of 5 (500 MHz, C¢D).
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6: Dichloromethane solution (0.5 mL) of MeOTf (18 mg, 0.11 mmol) was added to
dichloromethane solution (1.5 mL) of 4 (44 mg, 0.10 mmol), and the mixture was
stirred at room temperature for 30 minutes. The solution was reduced to 0.5 mL under
vacuum, and 3 mL of n-pentane was added with rigorous stirring to give a precipitate.
After decanting the supernatant, the precipitate was washed with 2 mL of n-pentane
and dried under vacuum to give 6-(CH,Cl,)o,5 as a pale orange solid (58 mg, 94%
yield). Single crystals of 6 were obtained by slow diffusion of n-pentane into a
toluene solution at room temperature. "H NMR (400 MHz, CDCl;): 6 (ppm) 7.65 (m,
3H, Ar-H), 7.56 (m, 2H, Ar-H), 7.48 (t, >Jy.y = 7.6 Hz, 1H, Ar-H), 7.42-7.35 (m, 6H,
Ar-H), 7.34-7.25 (m, 3H, Ar-H), 7.15 (t, 3Juu = 7.6 Hz, 1H, Ar-H), 7.03 (t, 3Jyn =
7.6 Hz, 1H, Ar-H), 6.75 (t, >Ju.x = 8.0 Hz, 2H, Ar-H), 6.50 (d, 3Jy.y = 7.6 Hz, 1H, Ar-
H), 6.37 (d, 3Juu = 7.2 Hz, 2H, Ar-H), 5.30 (s, 0.5H, CH,Cl,), 3.58 (s, 3H, NMe).
BC{'H} NMR (100 MHz, CDCls): & (ppm) 169.1, 145.5, 144.4, 140.1, 135.4, 134.0,
132.0, 131.3, 131.1, 130.7, 130.3, 129.9, 129.8, 129.6, 127.3, 126.1, 125.8, 124.9,
122.6, 121.1, 112.2 (Ar-C and Ph,CN), 89.6 (fluorene-9C), 53.6 (CH,Cl,), 45.8
(NMe). '°F NMR (377 MHz, CDCls): & (ppm) -78.1 (s). MS (ESI) [M] C33H,s5N," calc.
449.2012 m/z found 449.2008 m/z.
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19F NMR spectrum of 6 (377 MHz, CDCls).

7: Toluene solution (0.5 mL) of PhNCO (16 mg, 0.13 mmol) was added to toluene
solution (1.5 mL) of 4 (54 mg, 0.12 mmol), and the mixture stood at room
temperature for 30 minutes. The volatiles of the solution were removed under vacuum,
and the residue was washed with 2 mL of n-pentane and dried under vacuum to give
7-(PhMe), 5 as a pale solid (72 mg, 96% yield). Single crystals of 7 were obtained by
slow diffusion of n-pentane into a toluene solution at room temperature. 'H NMR
(400 MHz, CDCl): & (ppm) 7.71 (d, 3Jy.q = 8.0 Hz, 1H, Ar-H), 7.43 (m, 2H, Ar-H),
7.31 (t, 3Jy.n = 7.6 Hz, 1H, Ar-H), 7.28-7.11 (m, 11.5H, Ar-H and PhMe), 7.03-6.86
(m, 9H, Ar-H), 6.76 (t, 3Ju.y = 7.6 Hz, 4H, Ar-H), 6.35 (d, 3Ji.y = 7.6 Hz, 1H, Ar-H),
2.35 (s, 1.5H, PhMe). BC{'H} NMR (100 MHz, CDCl3): 8 (ppm) 160.1, 147.3, 139.4,
139.1, 138.3, 138.0, 130.4, 129.9, 129.2, 128.6, 128.5, 128.4, 128.3, 127.69, 127.68,
127.64, 126.3, 126.2, 125.4, 121.5, 119.8, 117.2 (O=CN,, Ar-C and PhMe), 87.8,
80.3 (fluorene-9C and Ph,CN), 21.6 (PhMe). MS (ESI) [M+H] C39HsN;O" calc.
554.2227 m/z found 554.2223 m/z.
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3. Crystallographic Details

Single crystals were coated with Paratone-N oil, mounted using a glass fibre pin and
frozen in the cold nitrogen stream of the goniometer. Data sets were collected on a
Siemens Smart System CCD diffractometer which was equipped with a rotation
anode using graphite-monochromated MoKa radiation (A = 0.71073 A). Data
reduction was performed using the Bruker SMART software package. Data sets were
corrected for absorption effects using SADABS routine (empirical multi-scan
method). The structures were solved by direct methods and refined on F? by full-
matrix least-squares techniques with anisotropic thermal parameters for nonhydrogen
atoms. Hydrogen atoms were placed at calculated positions and were included in the
structure calculation. Calculations were carried out using the SHELXL-97, SHELXL-

2014 or Olex2 program.[$?]



Table S1 Crystallographic data and refinement parameters for 2-7.

2 0.53-1,2-dichlorobenzene
formula C3Hy3N,BF, Ca3.5H20Bo sFoNCLP 5
formula Mass 522.33 446.19
color yellow colorless
cryst system Orthorhombic Triclinic
space group P2,2,2, Pl
a, A 9.9397(16) 10.6050(13)
b, A 12.0611(19) 10.7240(12)
c, A 21.140(3) 18.967(2)
a, deg 90.00 89.741(4)
B, deg 90.00 87.191(4)
y, deg 90.00 87.511(4)
v, A3 2534.3(7) 2152.5(4)
Z 4 4
Dealed, (mg/m?) 1.369 1.377
F(000) 1080 920
T(K) 150(2) 150(2)
0 range, deg 2.264 to 25.359 1.075 to 27.199

no. of reflns measured
no. of independent reflns
no. of obsd reflns (/> 2o(1))
No. of params
final R;, wR (I > 20(1))
goodness of fit on F?

Apmax, mins GA_3

10881
4592
3221
352
0.0445, 0.0725
0.989

0.167,-0.182

31682
9505
6785

535
0.0492, 0.1143
1.012

0.628, -0.626
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4 5-0.5n-pentane
formula Cs,H»nN, C;75sH;3;N,GaCl;
formula Mass 434.51 685.71
color red red
cryst system Monoclinic Triclinic
space group P2\/c Pl

a, A
b, A
c, A
a, deg
p, deg
y> deg
v, A3
Z
Deaiea, (mg/m?)
F(000)
T(K)
6 range, deg
no. of reflns measured
no. of independent reflns
no. of obsd reflns (/ > 26(/))
No. of params
final R;, wR (1> 205(1))
goodness of fit on F?

Apmax, mins GA'3

13.2204(15)
10.9447(12)
17.0214(18)
90.00
112.336(3)
90.00
2278.1(4)
4
1.267
912
150(2)
2.266 to 30.998
21404
7238
5524
307
0.0527, 0.1302
1.017

0.485,-0.339

10.1320(16)
11.6757(18)
15.355(2)
85.260(4)
78.703(4)
68.857(5)
1661.2(4)

2
1.371
704
150(2)
3.963 t0 27.103
35986
7277
5641
415
0.0367, 0.0874
1.027

0.617,-0.426
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6 7
formula Cs34H5N,05F; C39H27N30
formula Mass 598.62 553.63
color colorless colorless
cryst system Monoclinic Monoclinic
space group P2,/c P2,/c
a, A 8.4490(6) 16.697(4)
b, A 17.2112(9) 9.825(2)
c, A 19.6802(11) 16.948(4)
a, deg 90.00 90.00
p, deg 91.062(3) 91.627(8)
y, deg 90.00 90.00
v, A3 2861.4(3) 2779.0(10)
Z 4 4
Deajed, (mg/m?) 1.390 1.323
F(000) 1240 1160
T(K) 150(2) 150(2)
0 range, deg 2.686 t0 26.373 2.396 t0 27.106

no. of reflns measured
no. of independent reflns
no. of obsd reflns (1 > 2o(/))
No. of params
final R;, wR (I > 20(1))
goodness of fit on F?

Apmax, mins GA'3

17762
5831
3271

389
0.0606 0.1262
1.004

0.606, -0.532

16132
5688
3948

388
0.0440, 0.0879
1.012

0.212,-0.244
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4. Computational Details

Calculations were carried out with the Gaussian 09 package.S3] Optimizations of the
structures with frequency calculations were carried out with the M06-2X functional!S#
with SVP basis set for all atoms, using crystallographic coordinates as the starting

geometry. Natural bond orbital (NBO) calculations were carried out using NBO 5.9

program!S3l at the M06-2X/TZVP level of theory.

»

A OO & O & o o N

—

0.337273
0.687941
-1.590299
-0.443601
-1.364696
-1.893734
-2.089369
-1.143585
2.599613
-1.694806
1.345945
1.287206
0.789142

Fig. S1 HOMO of 2.

-0.498300
-1.079359
-1.326955
-1.616472
-1.187866
-0.235450
1.033910
-0.549754
-0.498446
0.858446
1.689270
0.253119
0.247914

0.503304
1.542411
1.409472
2.159875
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-0.471273
0.444132
-2.575897
-2.889961
-2.150683
-2.565610
-1.094333
-0.692938
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-2.073322
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1.195712
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4.351169
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-2.764175
-3.360966
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(o) (o) (o) (o)} (o) (o)} (o) (o)} (o) | 3 N
L]

—

-1.809171
3.759611
3.759735

-2.877772

-3.841295

-2.660152

-3.038265
1.164057
1.006627
3.798840
3.814616
4.934245
5.839760
4.955191
5.877172

-0.547010
-0.759237
1.370688
-1.141532
1.432139
2.096850
-1.511424
0.950158
0.457778
2.127939
-0.899228
-0.926081

-3.345517
-0.090849
0.812858
-2.490246
-2.847900
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4.279009
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4.847260
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-3.264288
-0.830945
-0.505268
-1.974765
-2.547600

1.041065
2.346450
0.006923
-1.322297
-0.268533
-1.155935
0.127556
0.696604
2.972441
-1.332309
-2.043813
-1.530031

4.703242
0.175391
0.785137
3.033093
3.399481
-0.797537
-1.110961
-0.376906
-1.101993
-1.426878
-2.063580
0.036870
0.550096
-0.757566
-0.865116

-0.070370
-0.102534
1.243779
-0.060780
-1.107492
0.950915
-0.027596
-0.041707
-0.174540
-0.512140
1.111723

2.074553
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1.535266
1.139327
0.578055
-2.949158
1.306048
0.783815
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3.876988
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-1.549558
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-1.288423
-2.201263
-1.304578
-0.852916
-3.275242
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-0.253506
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-0.264368
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-0.341490
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S22



2.730184
2.522157
2.939245
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-4.876946
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-0.038140
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-0.044701
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