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1. Experimental Section

1.1 General Information. All reagents used for reaction, purification, and measurements
were purchased from Shanghai Bide Medical Technology Co., Ltd. All other reagents used for
device fabrication were purchased from Jilin Optical and Electronic Materials Co., Ltd. These
materials were received and used without further purification. The other reagents and solvents
were used as received from commercial sources without further purification. 'H NMR spectra
were measured by a Bruker Avance 400 MHz at room temperature in deuterated
dichloromethane and chloroform, respectively, with tetramethylsilane as the internal standard.
MALDI-TOF-MS data was performed on a Bruker rapifleX MALDI-TOF instrument in
positive detection modes. The thermogravimetric analysis (TGA) was performed on a
METTLER-TOLEDO TGA/DSC1/1600 thermal analyzer at a heating rate of 10 °C min™! in
nitrogen. Chiral high-performance liquid chromatography (HPLC) was implemented on a
SHIMADZU LC-30ADsf, column: Chiralpak IG-3, 50 x 4.6 mm, L.D., particle size 3 um.
Method: IG-3-EtOH (DEA)-20-60-3ML-35T.

1.2 Computational methods. The calculations were performed with the Gaussian 09
package, using the density functional theory (DFT) and time-dependent density functional
theory (TD-DFT) method with the B3LYP functional.l'-3! The structures were optimized using
DEFT (S, state) methods with a 6-31G(d) basis set. Natural transition orbital analyses!*l were
also performed to examine the nature of the excited states. Electron-hole analysis was carried
out using the Multiwfn software.>) On the basis of predicting the transition state in advance,
the transition state structure is optimized with the TS keyword, the first-order saddle point is
found, and the single point energy is calculated at PBE0/6-311G(d,p) level, and the Gibbs free

energy is further calculated.

1.3 Measurement of absorption and emission characteristics. The concentration of the
solution (1 x 107> M) was prepared by stepwise dilution for solution state measurements. Thin
films for photophysical characterization were prepared by thermal evaporation on quartz
substrates at 1-2 A sec™ in a vacuum chamber with a base pressure of < 1075 torr. UV-vis

absorption and PL spectra were measured using UV-2600 (Shimadzu) and FluoroMax-4P
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(Horiba) instruments at 77 and 298 K. The PLQYs were obtained with an absolute
photoluminescence quantum yield measurement system Hamamatsu C9920-03G in an
integrating sphere. The solution sample was bubbled with nitrogen for 10 minutes before
measurement, while the films were measured in air. The transient spectra were collected on an

Edinburgh Fluorescence Spectroscopy FLS1000.

1.4 Electrochemical measurements. Cyclic voltammetry was performed on a CHI
660 instrument, using a platinum (Pt) electrode as the working electrode, a Pt wire as
the auxiliary electrode and an Ag/Ag® electrode as the reference electrode. The
oxidation/reduction potentials were measured in dry dichloromethane/DMF solutions
with 0.1 M of TBAPF¢ (tetrabutylammonium hexafluorophosphate) as a supporting

electrolyte at a scan rate of 100 mV s

EHOMO = (E[onset,ox Vs. Fc+/Fc] + 48) (GV) ELUMO = (E[onset,red VSs. Fc+/Fc] + 48) (eV)

1.5 The calculation of rate constants. The prompt fluorescence and delayed fluorescence
quantum yield ratio (@prand @pf) were determined from the total PL quantum efficiency (®py)
and the proportion of the integrated area of each component in the transient spectra to the total
integrated area, rpr and rpr are individual component ratios for prompt and delayed
fluorescence. The quantum efficiencies and rate constants were determined using the following
equations according to Adachi’s method.!°!

(1) @pr= Dprrer  1pr = TIAY/(TIA] T T2A2)
(2) Ppr= PpLrpr  FpF = T2AY(T1A] + TA)
(3) k= DPrr/Tpr

(4) kisc =(1-Ppr)/tpr

(5) krisc =Por/(kisc.Ter-Tor. Prr)

1.6 OLED fabrication and measurement characteristics. All compounds were subjected
to temperature-gradient sublimation under a high vacuum before use. OLEDs were fabricated
on the ITO-coated glass substrates with multiple organic layers sandwiched between the

transparent bottom indium-tin-oxide (ITO) anode and the top metal cathode. Before device
2



fabrication, the ITO glass substrates were pre-cleaned carefully. All material layers were
deposited by vacuum evaporation in a vacuum chamber with a base pressure of 1076 torr. The
deposition system permits the fabrication of the complete device structure in a single vacuum
pump-down without breaking the vacuum. The deposition rate of organic layers was kept at
0.1~0.2 nm s™'. The doping was conducted by co-evaporation from separate evaporation
sources with different evaporation rates. The current density, voltage, luminance, external
quantum efficiency, electroluminescent spectra, and other characteristics were measured with
a Keithley 2400 source meter and an absolute EQE measurement system in an integrating
sphere at the same time. The EQE measurement system is Hamamatsu C9920-12, which is
equipped with Hamamatsu PMA-12 Photonic multichannel analyzer C10027-02, whose longest
detection wavelength is 1100 nm. The Lambertian distribution was measured under a constant

voltage of 4.5 V using a light distribution measurement system (Hamamatsu C9920-11).

1.7 Synthesis
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Scheme S1. The synthetic route of Hel-BNN.

Synthesis of 8-(tert-butyl)-5-methyl-6,6a,11,11a-tetrahydro-5SH-benzo[a]carbazole (1a).

In a 500 mL three-necked flask, 4-tert-butylphenylhydrazine hydrochloride (31.3 g, 0.16



mol) and 1-methyl-4-methylene-1,2,3,4-tetrahydronaphthalene (25.0 g, 0.16 mol) were added in
250 mL of acetic acid under nitrogen. The mixture was heated to 100 °C and stirred for 8 h.
Then, the mixture was poured into water, yielding a white precipitate. The solid was collected
by filtration and extracted with CH,Cl, three times. The organic phase was dried over MgSOy,
and the solvent was evaporated in vacuo. The crude product was purified by flash
chromatography on silica gel, giving 1a as a white solid, 33.54 g, yield of 71.9%. '"H NMR (400
MHz, DMSO-dg) 6 (ppm): 11.26 (s, 1H), 7.63 (d, J = 7.4 Hz, 1H), 7.44 (s, 1H), 7.32-7.25 (m,
3H), 7.18 (d, J=8.0, 2H), 3.38 (s, 1H), 3.20-2.97 (m, 2H), 2.75-2.69 (m, 1H), 1.35 (s, 9H), 1.25
(d, J=6.9 Hz, 3H).

Synthesis of 8-(tert-butyl)-5-methyl-11H-benzo[a]carbazole (2a).

To a 500 mL three-necked flask equipped with compound 1a (33.54 g, 0.12 mol) and
iodine (7.3 g, 28.8 mmol), 250 mL of DMSO was added under nitrogen. The mixture was heated
to 100 °C and stirred for 16 h. The reactant was poured into the sodium thiosulfate aqueous
solution and extracted with CH,Cl, three times. The solvent was evaporated in vacuo. The crude
product was purified by flash chromatography on silica gel with petroleum ether/CH,Cl, (5:1,
v/v), and the product was purified by recrystallization to get 2a as a white solid, 22.59 g, yield
of 65.5%. '"H NMR (400 MHz, CDCl;) 6 (ppm): 8.61 (s, 1H), 8.14 (dt, J = 7.5, 2.0 Hz, 2H),
8.10 (s, 1H), 8.01 (s, 1H), 7.63-7.56 (m, 2H), 7.51 (s, 2H), 2.82 (s, 3H), 1.48 (s, 9H).

Synthesis of 10-bromo-8-(tert-butyl)-5-methyl-11H-benzo[a]carbazole (3a).

At room temperature, NBS (12.39 g, 69.59 mmol) was dissolved in THF (250 mL). The
resulting solution was added dropwise to a 500 mL three-necked flask containing compound
2a (20 g, 69.59 mmol) under an ice-water bath. Then, removed the ice and wrapped it with
aluminum foil. The mixture was stirred for 16 h under nitrogen. Removing a portion of THF
under reduced pressure. The residue was extracted with CH,Cl, and water. The crude product
was purified by flash chromatography on silica gel with petroleum ether / CH,Cl, (5:1, v/v),
and the product was purified by recrystallization to get 3a as a white solid, 20.12 g, yield of
78.9%. 'TH NMR (400 MHz,CDCl3) 6 (ppm): 8.70 (s, 1H), 8.22 (d, /= 7.8 Hz, 1H), 8.14 (d, J

=8.1 Hz, 1H), 8.03 (d, /= 1.5 Hz, 1H), 7.96 (s, 1H), 7.66-7.59 (m, 3H), 2.81 (s, 3H), 1.46 (s,
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9H).

Synthesis of 8-(tert-butyl)-10-(((3-methoxy-2,3-dimethylbutan-2-yl)oxy)boraneyl)-5-methyl-
11H-benzo[a]carbazole (4a)

At room temperature, compound 3a (15.45 g, 42.18 mmol), bis(pinacolato)diboron
(B,Piny, 12.85 g, 50.60 mmol), Pd(dppf)Cl, (1.54 g, 2.10 mmol), and KOAc (8.28 g, 84.36
mmol) were added to a 500 mL three-necked flask. The system was evacuated and purged with
nitrogen three times. Then, 250 mL of DMF, previously degassed by bubbling nitrogen for 30
min, was added to the flask via syringe under nitrogen. The mixture was heated to 100 °C and
stirred for 18 h. The reactant was extracted with CH,Cl, three times. The crude product was
purified by flash chromatography on silica gel with petroleum ether / CH,Cl, (10:1, v/v), and
the product was purified by recrystallization to get 4a as a white solid, 12.34 g, yield of 70.7%.
'"H NMR (400 MHz, CDCl;) 8 (ppm): 9.75 (s, 1H), 8.24 (d, /= 1.8 Hz, 1H), 8.21 (d, J=8.2
Hz, 1H), 8.14 (d, J = 8.2 Hz, 1H), 8.03 (s, 1H), 7.93 (d, /= 1.9 Hz, 1H), 7.66-7.62 (m, 1H),
7.59 (td, J=7.6, 1.1 Hz, 1H), 2.83 (s, 3H), 1.49 (d, J= 5.0 Hz, 21H).

Synthesis of 2,6-bis(8-(tert-butyl)-5-methyl-11H-benzo[a]carbazol-10-yl)pyridine (5a)

At room temperature, compound 4a (0.87 g, 2.11 mmol), along with K,CO; (0.73 g, 5.28
mmol), Pd(PPh;), (24.27 mg, 21.00 umol), and 2,6-dibromopyridine (250.00 mg, 1.06 mmol),
was placed in a 100 mL three-necked flask. The system was evacuated and purged with nitrogen
three times. Then, 50 mL of DME and 10 mL water, previously degassed by bubbling nitrogen
for 30 min, was added to the flask via syringe under nitrogen. The mixture was heated to 100
°C and stirred for 3 h. After cooling to room temperature, the reaction mixture was poured into
water. After filtration, extracted with CH,Cl, three times. The crude product was purified by
flash chromatography on silica gel with petroleum ether/CH,Cl, (10:1, v/v), and the product
was purified by recrystallization to get 5a as a white solid, 1.11 g, yield of 80.9%. '"H NMR
(400 MHz, CD,Cl,) 6: 11.24 (s, 2H), 8.35 (s, 2H), 8.15 (d, J = 6.1 Hz, 5H), 8.08 (s, 2H), 7.77
(d, J=8.4 Hz, 2H), 7.03 (t, /= 7.0 Hz, 2H), 6.95 (d, J = 8.2 Hz, 2H), 6.40 (t, /= 7.2 Hz, 2H),
2.75 (s, 6H), 1.62 (s, 18H). 3C NMR (101 MHz, CD,Cl,) 3: 142.84, 138.22, 134.99, 134.84,

131.32, 125.90, 125.58, 124.42, 124.35, 124.00, 121.39, 121.31, 121.09, 120.58, 118.87,
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117.63, 117.39, 34.90, 31.91, 19.62.

Synthesis of Hel-BNN

At room temperature, compound 5a (1.0 g, 1.538 mmol) was added to a 100 mL high-
pressure reaction tube, followed by PhBCl, (0.22 mL, 0.26 g, 1.64 mmol) and NEt(i-Pr), (0.50
mL, 0.398 g, 3.06 mmol). The system was evacuated and purged with nitrogen three times. An
0-DCB solution (20 mL) was degassed with nitrogen for 30 min and then injected into the tube.
The mixture was heated to 90 °C, and a blast shield was installed outside the reactor. The
reaction was stirred under nitrogen protection for 24 h. After removing the solvent in vacuo,
the crude product was purified by flash chromatography on silica gel with petroleum
ether/CH,Cl, (10:1, v/v), and the product was purified by recrystallization to get Hel-BNN as
an orange solid, 0.69 g, yield of 61%. "H NMR (400 MHz, CD,Cl,) & (ppm): 8.47 (s, 1H), 8.43
(s, 1H), 8.26 (s, 1H), 8.06 (d, J = 7.9 Hz, 2H), 7.99 (s, 1H), 7.95 (d, J = 7.8 Hz, 1H), 7.90 (s,
1H), 7.42 (d, J = 8.2 Hz, 1H), 7.35 (s, 1H), 6.73 (t, J = 7.6 Hz, 1H), 6.65 (t, J= 7.6 Hz, 1H),
6.55 (s, 1H), 6.46 (t, J = 7.5 Hz, 2H), 6.00-5.91 (m, 2H), 2.56 (s, 6H), 1.60 (s, 9H), 1.54 (s,
9H). 3C NMR (101 MHz, CD,Cl,) & (ppm): 151.98, 148.56, 145.69, 144.64, 143.95, 142.46,
140.56, 136.53, 131.82, 131.59, 126.78, 126.68, 126.51, 125.74, 125.71, 125.45, 124.93,
124.85, 123.64, 123.44, 123.40, 123.18, 122.78, 122.10, 121.26, 120.45, 120.26, 120.14,
119.97, 118.89, 118.84, 118.37, 118.09, 117.77, 113.12, 35.19, 35.04, 32.02, 31.95, 29.69,
19.78, 19.46. MALDI-TOF: Calculated: 735.3785, Found: 735.3866.

2. Supplementary figures and tables



(a) Previously reported chiral tetracoordinate boron compounds featuring bidentate chelated ligand
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(b) Previously reported chiral tetracoordinate boron compounds featuring tridentate chelated ligand
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Scheme S2. Representative chiral tetracoordinate boron compounds.

Figure S1. Optimized ground-state molecular conformation and dihedral angle of the helical

configuration.
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Figure SS. gg; factors of CP-OLEDs based on M-and P-Hel-BNN.
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Figure S12. '"H NMR spectrum of 5a in CD,Cl,.
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Figure S13. 3C NMR spectrum of 5a in CD,Cl,.
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Figure S14. '"H NMR spectrum of Hel-BNN in CD,Cl,.
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Figure S15. 3C NMR spectrum of Hel-BNN in CD,Cl,.

Table S1 TD-DFT calculated electronic transitions for Hel-BNN along with their

corresponding excitation energies and oscillator strengths.
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HOMO-1 — LUMO+1 (37%)
HOMO-2 — LUMO (36%)
Ss 438.65 (2.83) 0.0099
HOMO-1 —» LUMO+1 (60%)
Se HOMO-3 — LUMO (83%) 430.79 (2.88) 0.0361
HOMO-3 — LUMO+1 (47%)
S; 381.90 (3.25) 0.0249
HOMO-2 — LUMO+1 (47%)
HOMO-3 — LUMO+1 (47%)
Sg 376.31 (3.29) 0.1163
HOMO-2 — LUMO+1 (48%)
Se HOMO-4 — LUMO (84%) 365.89 (3.39) 0.0787
Sio HOMO-5— LUMO (91%) 355.96 (3.48) 0.0100
Table S2. Summary of the device performances of the OLEDs based on Hel-BNN.
Device AL®  Vu? Lipax © CEY PE® EQED CIE (x,y) ¥
[nm] [V] [cd m™2] [ed A1 [lm W] [%]
Swt.% (0.437,
Hel-BNN 567 2.6 3658 17.57/5.25/— 21.23/3.58/— 7.19/1.81/— 0.520)
7 wt.% (0.493,
Hel-BNN 572 2.6 2571 14.91/3.86/— 18.02/2.42/— 5.72/1.48/— 0.490)
20 wt.%
PO-01 :2 (0.501,
Wit.% Hel- 567 2.5 68300 59.44/55.77/50.17  74.69/48.67/34.26  21.92/17.78/15.96 0.490)
BNN

3 Value taken at a L = ca.1000 ¢d m™%;® V,: turn-on voltage; © Max. luminescence; 9 Current efficiency (CE):

maximum, and values at 100 and 1000 c¢d m™2; ® Power efficiency (PE): maximum, and values at 100 and 1000 cd

m2; D External quantum efficiency (EQE): maximum, values at 100 and 1000 ¢d m2.

Table S3. Summary of the representative CPL-active B,N-based emitters reported in literature.

Apr?

. FWHMPL PLQY |gPL| )"EL FWHMEL EQEmax |gEL|
Emitters Refs.
[nm] [nm] [%]  [x107°] [nm] [nm] [%]  [x1077]
DB-O 443 24 91 1.4 445 24 27.5 0.22 [7]
DB-S 444 23 95 1.5 447 24 29.3 0.26 [7]
(R/S)-DOBN 453 21 91 1.0 459 38 239 0.9 [8]
(R/S)-DOBNT 459 21 96 0.9 464 35 25.6 1.0 [8]
R/S)-Czp-
(RIS)-Cap 478 0 98 16 479 24 321 154 [9]
tBuCzB
R/S)-OBN-
®/S) 493 22 99 0.9 496 30 294 1.3 [10]
2CN-BN
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(R/S)-BN-MelAc 497 30 96 032 504 33 372 027 [11]
(R/S)-Czp-POAB 498 36 93 14 513 48 287 130 [9]
(RIS}-OBN-— 51 27 96 1.0 508 33 245 05  [10]
4CN-BN
(P,P"P")-
(MM"M")- 497 44 87 13 506 48 22.0 1.9 [12]
BN5
(P,P"P")-
(MM"M")- 500 43 88 1.1 510 49 20.6 37 [12]
BN4
(PM)helicene- o) 4 98 20 524 50 307 22 [13]
BN
(P/M)-BN-Py 527 35 90 052 532 38 3.0 0435 [14]
MM-RBNN 617 38 96 140 617 48 366 191 [15]
R-DOBP 536 - 1 025 716 - 1.9 - [16]
R-HDOBP 534 - 2 0.15 700 - 0.7 - [16]
Hel-BNN 572 95 60 212 567 62 219 0463 IS
work
a Measured in solution.
Table S4. Cartesian coordinates of optimized S state structure.
P-Hel-BBN M-Hel-BBN
Atom X Y V4 C X Y z
C 42314 -0.5544 1.2849 C 472574  -0.09824  -0.8379
C -0.0172 1.2797 -2.2358 C -1.33474 226134 1.38398
C -0.4162 2.3913 -2.8996 C 224879 330673  1.75134
C -1.7239 2.5944 -3.188 C -3.66683 3.171 1.55553
C -6.4743 29989 -0.2458 C -6.02664  -436039  -0.34371
C -0.4064 -4.7108 1.4575 C 047359  -492666  -0.48315
C -1.3912 -4.1771 0.7292 C -0.77414  -433236  -0.51471
C -1.2214 -2.9835 0.1271 C -0.89813  -2.94979  -0.35676
N -0.1051 -2.3484 0.2411 N 020492  -2.18803  -0.11715
C 0.8656 -2.8454 0.9104 C 1.4521 -2.754 -0.1764
C 0.7371 -4.0261 1.5464 C 1.59578  -4.12884  -0.34706
C 2.0214 -2.1506 1.0052 C 260229  -1.86336  -0.21147
C -2.2361 -2.4358 -0.5892 C 219199 -228819  -0.41123
C 3.2329 -2.6345 1.3509 C 393875  -2.26409  -0.11281
C 4.3509 -1.8838 1.468 C 500727  -1.39833  -0.39607
C 3.0259 -0.0478 1.0096 C 340601 033766  -0.94403
C 1.9545 -0.8226 0.8436 C 236695  -0.53793  -0.58188
C -1.9752 -1.2551 -1.1578 C 22927  -0.94821  -0.02355
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-2.8711
-4.1136
-4.4385
-3.4923
2.5685
1.2366
0.9254
3.2592
2.6134
1.27
0.5781
-0.8616
-0.9414
-2.2077
-2.6153
-0.3458
5.6903
6.0535
6.876
5.5711
3.4328
-2.2201
-5.8474
-6.821
-5.7592
0.6036
-0.7264
-1.4178
-0.7577
1.2985
2.2254
1.8325
0.5254
-1.294
-0.7881
-1.5194
-2.8019
-3.3321

-0.5401
-0.9973
-2.1996
-2.8818
1.2003
1.1474
-0.0998
2.3406
3.5095
3.4941
2.3261
-0.6547
0.4179
0.5619
1.6343
-0.8509
-2.5441
-3.5964
-1.5544
-3.2256
4.7849
3.8216
-2.7935
-1.9007
-4.1475
4.661
4.7125
3.5692
2.4099
1.0249
1.9031
3.0525
3.2776
-0.6174
-0.86
-0.7287
-0.3493
-0.1009

-1.8356
-2.0093
-1.4893
-0.8005
0.8784
0.6856
0.646
0.9455
0.8102
0.6477
0.6026
-1.0755
-1.7706
-2.1987
-2.8813
0.3382
1.8275
0.7556
1.9077
3.2089
0.8653
-3.9268
-1.6434
-2.4479
-2.3824
0.5245
0.372
0.3524
0.4717
-2.1162
-2.5223
-3.0838
-3.2822
1.6146
2.8409
3.9583
3.8797
2.6746

OO0 00a0w a0 za000n0oa0zon0anannan

-3.54964
-4.7083
-4.63259
-3.37413
2.7394
1.35983
1.13375
3.23103
2.37
0.95642
0.43392
-1.28267
-1.89223
-3.2794
-4.15223
0.16806
6.44209
6.66746
7.4838
6.66919
2.90292
-4.60573
-5.8662
-7.15099
-5.69791
0.04333
-1.29796
-1.78714
-0.93631
0.04576
0.52297
-0.36845
-1.72016
0.71107
1.93934
2.29937
1.43754
0.21014

-0.32123
-1.0003
-2.31293
-2.93299
1.54576
1.31792
0.05351
2.77781
3.77014
3.50644
2.25328
-0.11907
1.06274
0.96749
2.01618
-0.60694
-1.91333
-3.12783
-0.8504
-2.32792
5.0925
4.27796
-3.10005
-2.27592
-3.51013
4.45449
4.1726
2.9088
1.97193
2.48634
3.65803
4.67277
4.49418
-0.67349
-0.20003
-0.32042
-0.93224
-1.41166

0.09031
-0.28357
-0.75389
-0.7912
-1.35191
-1.22155
-0.65482
-1.83192
-2.22394
-2.23037
-1.76893
0.38236
0.83585
0.65063
1.00577
0.38613
-0.23033
-1.14574
-0.58997
1.23259
-2.69707
1.9423
-1.20927
-1.08962
-2.68134
-2.74907
-2.87372
-2.50329
-1.96463
1.57256
2.11211
249144
2.3094
1.92677
2.40855
3.74833
4.65291
4.20488
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-2.5849
5.0795
-5.9137
-6.5147
-7.5145
-0.5335
-2.3196
1.5299
3.3488
-4.8218
-3.798
4.3486
-3.6712
6.1124
5.3191
7.0403
7.0515
6.728
7.8257
5.2856
4.814
6.536
3.1174
3.3442
4.5198
-1.9859
-1.7697
-3.3233
-6.4662
-6.9841
-7.8257
-5.2854
-5.17
-6.7688
1.1164
-1.2477
-2.5143
-1.3791

-0.2326
0.1325
-3.7282
-2.038
-3.3891
-5.6789
-4.7638
4.4754
-3.7154
-0.3764
-3.8452
2.3189
1.7223
-3.1302
-4.4293
-4.067
-1.0375
-0.7888
-2.0793
24872
-4.04
-3.6877
5.4264
5.354
4.5951
4.7471
3.8859
3.8206
-1.7314
-0.9146
23731
-4.0232
-4.9081
-4.5895
5.6357
5.6789
3.5832
1.5153

1.5673
1.4006
0.3789
0.3164
-0.3212
1.9698
0.6734
2.1637
1.5099
-2.5732
-0.3735
1.1018
-3.1803
-0.2544
0.6981
0.9668
0.937
2.7026
2.1583
3.9926
3.2249
3.5177
1.7193
-0.0882
1.0082
-3.3528
-4.9432
-4.0717
-3.4898
-1.957
-2.5351
-3.3829
-1.8249
-2.541
0.5427
0.2707
0.2333
0.4433
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-0.14073
5.53406
-5.15854
-6.15175
-6.90695
0.57249
-1.66458
2.59059
4.16147
-5.66702
-3.322
4.3049
-5.22147
6.51262
5.98691
7.69114
7.39985
7.39695
8.48908
6.52197
5.98114
7.69063
2.51143
2.63659
3.99309
-4.38756
-5.63848
-4.54828
-7.11272
-7.34939
-8.00308
-5.58943
-4.81593
-6.5724
0.41609
-1.97331
-2.83629
-1.30838

-1.27685
0.57741
-5.02237
-4.09612
-4.93118
-6.00186
-4.93257
-4.5499
-3.2794
-0.49983
-3.95797
2.94177
1.89765
-2.85961
-3.95102
-3.50327
-0.5343
0.03596
-1.26034
-1.47769
-3.11993
-2.70065
5.9247
5.29225
5.11545
5.20648
3.99876
4.50726
-1.37203
-1.97921
-2.87269
-2.62912
-4.14059
-4.07566
5.42021
4.91873
2.66617
0.98848

2.86531
-1.09649
-0.42104
0.71114
-0.66017
-0.5966
-0.64235
-0.41236
0.20099
-0.19873
-1.14231
-1.88414
0.84633
-2.19569
-0.90717
-1.03608
-1.63508
0.0471
-0.44955
1.9061
1.54346
1.36971
-2.10042
-3.74178
-2.62293
1.40181
1.71865
3.01287
-1.70652
-0.05435
-1.43048
-3.32181
-2.83085
-3.02263
-3.07448
-3.28269
-2.64241
-1.70788
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1.6539

3.2986

2.5842

0.2675

0.2572
-1.0684
-3.4101
-4.384
-3.0819

0.0697
1.6797
3.7858
4.2157
-1.1836
-0.9369
-0.2391
0.2227
0.0156

-1.6999
-2.4025
-3.4209
-3.799
2.964
4.9432
4.7926
2.5968
0.6202

T T DT @O T T

0.75065
1.59294
0.0058
-2.40328
2.6359
3.25764
1.71664
-0.47885
-1.11309

1.72013

3.7922
5.59763
5.28658
0.28425
0.06648
-1.02887
-1.88307
-1.64549

1.29113
2.2394
2.92115
2.59653
1.72868
4.08507
5.69863
4.90088
2.54292

Table S5. Cartesian coordinates of optimized transition state structure.

TS
Atom X Y Z
C 4.17837 -0.82454  0.17467
C -1.74588 2.86387  -0.91356
C -2.2717 3.78212  -0.07118
C -2.90821 3.39159 1.05627
C -4.53121 -4.29943 1.14664
C 0.0272 -4.0904  -3.08614
C -1.10352 -3.5214  -2.64739
C -1.04827 -2.31534  -2.0527
N 0.06457 -1.71421  -2.00691
C 1.1762 -2.29654  -2.16774
C 1.18875 -3.50202  -2.76876
C 2.20718 -1.69399  -1.51769
C -2.01949 -1.72921  -1.30374
C 3.28635 -2.44219  -1.17857
C 427748 -2.05695  -0.34775
C 3.17686 -0.04121  -0.22748
C 2.20229 -0.41101  -1.07378
C -1.97996 -0.44889  -0.85787
C -2.85974 -0.07805  0.08722
C -3.81301 -0.86757  0.58661
C -3.97171 -2.09153  0.05734
C -3.06241 -2.47435  -0.86403
C 2.99271 1.24667 0.04792
C 2.00728 1.60051  -0.78009
N 1.43437 0.59524  -1.34711
C 3.63363 2.09369 0.85681
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3.34168
2.57138
1.95169
-1.24849
-1.76593
-2.65049
-3.19117
0.12848
5.47341
5.45627
6.77274
5.51279
4.03154
-3.4692
-5.11094
-6.09794
-5.94041
2.461
1.90048
1.43878
1.42523
-1.36718
-1.43756
-1.79697
-2.21067
0.21454
0.33536
0.4193
0.3751
0.25349
0.17988
4.94532
-3.89253
-3.91395
-5.34241
0.01139
-2.03089
2.10634

3.4045
3.81955
2.92119
0.55269
1.55505
1.21447
2.08232

0.4257

-2.93731
-4.35098
-2.24567
-3.11343
4.35649
4.36745
-3.0306
-2.39566
-3.41865
5.13254
5.55138

4.6451
3.34696
3.24337
4.53057
546111
5.08362
-0.0392
0.87231
0.49135

-0.81052
-1.72973
-1.3409
-0.42588
-4.89157
-4.03583
-4.98184
-5.08865
-4.10337
-4.06949

0.79334
-0.23785
-1.03969
-1.22387
-0.60957
0.33008
1.19015
-0.59558
0.03939
-0.58411
-0.43502
1.57432
1.74885
2.06939
0.4849
1.49346
-0.76128
-0.52213
-1.66553
-2.5346
-2.19933
-2.14468
-2.52195
-1.63031
-0.41322
0.92979
1.90992
3.19436
3.51691
2.54861
1.26762
0.85392
0.45482
2.03587
1.48866
-3.55444
-2.75996
-2.98222
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3.3557
-4.49783
-3.17097
4.39796
-3.85966
5.47646
4.56942
6.35106
6.75811
6.93427
7.67106
5.66202
4.56563
6.35025
3.28269
4.76558

4.5921
-2.65417
-4.27004
-3.91013
-6.58515
-5.60247
-6.92211
-6.33994
-5.3532
-6.80886
2.90487
1.88842
1.07805
1.07043
-1.09693
-1.19765
-1.82489
-2.58514
0.36852
0.52314

0.4415

0.2165

-3.48184
-0.46291
-3.51527
1.72405
1.72963
-4.31532
-4.9386
-4.93783
-2.0851
-1.25454
-2.8586
-2.15501
-3.5664
-3.77808
4.99436
5.00403
3.82525
5.01448
5.00649
3.85478
-1.48398
-2.13463
-3.09827
-2.51149
-3.99223
-4.05986
5.91392
6.62276
4.9743
2.61784
2.49223
4.8179
6.52434
5.88267
1.944
1.24991
-1.12499
-2.80304

-1.51588
1.34286
-1.1941
1.55657
1.98904

-1.69685

-0.25552

-0.27629

-1.53734
0.04353

-0.19642
2.11836
1.94634
1.88493
2.27279
1.21845
2.54988
2.46792
1.63503
2.95355
1.07858
2.45575
1.75231

-1.27023

-1.51148

-0.48877
0.11412

-1.92575
-3.5223

-2.94567

-2.90343

-3.55747

-1.92399
0.24849
1.65686
3.98847
4.57203
2.8061
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H 0.08479 -2.12246  0.50047
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