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General Information

All starting materials were purchased from TCI; the reagents were obtained from
J&K Chemical Company and used without further purification unless specified. The
dehydrogenative coupling reactions were monitored by thin layer chromatography
(TLC), and the products were purified by column chromatography on silica gel (300 ~
400 mesh). '"H NMR and °C NMR spectra were recorded on a Bruker Ultrashield™
400 spectrometer operating at 400 MHz and 100 MHz in DMSO-d6 or Chloroform.
Chemical shifts were reported in ppm with tetramethylsilane (TMS) as internal
standard. The following abbreviations were used to describe peak splitting patterns
when appropriate: s = singlet, d = doublet, t = triplet, m = multiple. Coupling
constants (J) are reported in Hertz (Hz). Melting points were recorded on a WRR
melting point apparatus. Elemental analyses of C, H, N were performed on a

Elementar Vario MICRO cube.

Characterization of the data

2-methyl-1H-benzo[d]imidazole!"

H White solid, m.p.:174-175°C, "H NMR (400 MHz, CDCl;) 6 =7.55 (dd, J=5.9,
©: />_ 3.2, 2H), 7.24-7.19 (m, 2H), 2.64 (s, 3H) (Figure S1). Anal.calcd for: CsHgN,: C
N



72.70,H 6.10, N 21.20. Found: C 72.73, H 6.13, N 21.23.
2-ethyl-1 H-benzo[d]imidazole!"

H White solid, m.p.:168-170°C, 'H NMR (400 MHz, CDCl5) & = 8.10 (s, 1H),
@ ) 7.38 — 7.65 (m, 4H), 3.56 (dt, J = 14.7, 7.1 Hz, 2H), 2.47 (s, 6H) (Figure S2).
N 3C NMR (101 MHz, CDCly) § = 157.3, 140.0, 126.6, 113.2, 113.1, 19.1, 12.7

(Figure S3). Anal.calcd for: CoH oN,: C 73.94, H 6.89, N 19.16. Found: C, 73.97; H, 6.90; N,
19.18.
2-butyl-1 H-benzo[d]imidazole'
H White solid, m.p.:162-176°C, 'H NMR (400 MHz, CDCly) & = 7.68 —
N 7.59 (m, 1H), 7.21 — 7.06 (m, 4H), 2.79 — 2.67 (m, 2H), 1.80 (dt, J = 15.5,
©:N/>_ nCato 1, 2H), 1.17 — 1.61 (m, 2H), 1.42 — 1.32 (m, 2H) (Figure S4). °C
NMR (101 MHz, CDCl;) 6 =152.3, 132.3, 132.1, 127.6, 114.0, 29.0, 28.2,
20.0, 13.6 (Figure S5). Anal.calcd for: C;;H4N,: C 75.82, H 8.10, N 16.08. Found: C 75.85, H
8.12, N 16.10.
Figure S4 2-hexyl-1H-benzo[d]imidazole
H White solid, m.p.:176-178°C, "H NMR (400 MHz, CDCl3) & = 7.63 (dd,
©:N/>_nC7H o J=59.3.1 Hz, 1H),7.23 - 7.08 (m, 4H), 3.97 (t, J = 7.5 Hz, 2H), 2.78 -
2.73 (m, 2H), 1.80 (dt, J =15.4, 7.7 Hz, 2H), 1.73-1.63 (m, 2H), 1.26 (dd,
J=17.0,3.5 Hz, 4H), 0.89 (1, J = 7.3 Hz, 3H) (Figure S6). °C NMR (101 MHz, CDCls) § = 157.3,
138.0, 137.9, 121.8, 115.0, 31.2, 29.2, 29.1, 28.8, 25.0, 22.8, 14.1 (Figure S7). Anal.calcd for:
Ci14HyNy: C 77.73, H9.32, N 12.95. Found: C 77.76, H 9.35, N 12.98.
2-cyclohexyl-1H-benzo[d]imidazole'!
H White solid, m.p.: 284-286°C, '"H NMR (400 MHz, CDCLy) & = 12.11 (s,
©:N/>_<:> 1H), 7.60 (dd, J = 5.9, 3.2Hz, 2H), 7.22-7.17 (m, 2H), 2.79 (tt, J = 10.8,
N 3.5Hz, 1H), 2.00 (d, J = 8.3, 2H), 1.77 (d, J = 11.7, 2H), 1.72-1.51 (m,
3H), 1.46 - 1.15 (m, 3H) (Figure S8). °C NMR (101 MHz, DMSO) & = 157.4, 138.4, 137.1,
123.2,122.9, 118.3, 114.7, 33.8, 29.9, 26.2, 26.0 (Figure S9). Anal.calcd for: C13H4Ny: C 77.96,
H 8.05, N 13.99 Found: C 78.01, H 8.08, N 14.03.
2-phenyl-1H-benzo[d]imidazole'
H Creamy-white solid, m.p.: 292-294°C. 'H NMR (400 MHz, DMSO) 8 =
©:N/>_© 12.88 (s, 1H), 8.24 — 8.14 (m, 2H), 7.64 — 7.47 (m, 5H), 7.27 — 7.15 (m,
N 2H) (Figure S10). Anal.caled for: Ci3HjoN,: C 80.39, H 5.19, N 14.42
Found: C 80.43, H 5.22, N 14.44.
2-(2-fluorophenyl)-1H-benzo[d]imidazole

1
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H White solid, m.p.: 180-183°C. "H NMR (400 MHz, DMSO) & = 12.59 (s,
©:N 1H), 8.25 (t, J = 7.6, 1H), 7.60 (dd, J = 23.0, 15.8, 3H), 7.49 — 7.36 (m,

N/ 2H), 7.25 (s, 2H) (Figure S11). Anal.caled for: Ci3HgFN,: C 73.57, H

F 4.27,F 8.95,N 13.20. Found: C 73.59, H 4.29, F 8.97.

2-(2-chlorophenyl)-1 H-benzo[d]imidazole'!

H White solid, m.p.: 229-232°C."H NMR (400 MHz, DMSO) & = 12.72 (s,
©:N 1H), 7.93 (s, 1H), 7.62 (d, 5H), 7.27 (s, 2H) (Figure S12). Anal.calcd for:

N/ Ci3HoCIN,: C 68.28, H 3.97, C1 15.50, N 12.25. Found: C 68.31, H 4.00,

Cl Cl115.53, N 12.28.



2-(2-bromophenyl)-1H-benzo[d]imidazole"

H White solid, m.p.: 210-212°C. "H NMR (400 MHz, DMSO) & = 12.74 (s,
©:N 1H), 7.85 — 7.74 (m, 2H), 7.60 (d, J = 17.5, 2H), 7.55 (d, J = 7.6, 1H),
N 7.49 — 7.44 (m, 1H), 7.24 (dd, J = 6.0, 3.1, 2H) (Figure S13). Anal.calcd

Br for: C;3HoBrN,: C, 57.17; H, 3.32; Br, 29.25; N, 10.26. Found: C 57.19,

H 3.34,N 10.28, Br 29.27.
2-(o-tolyl)-1H-benzo[d]imidazole"!
H White solid, m.p.: 215-218°C. 'H NMR (400 MHz, DMSO) & = 12.62 (s,
N 1H), 7.73 (dd, J = 24.3, 6.6, 2H), 7.54 (d, J = 6.8, 1H), 7.40 (s, 3H), 7.28
©:N/>_§j> —7.17 (m, 2H), 2.63 (s, 3H) (Figure S14). Anal.calcd for: C4H;N,: C
80.74, H 5.81, N 13.45. Found: C 80.76, H 5.83, N 13.47.

2-(3-nitrophenyl)-1H-benzo[d]imidazole'™

H White solid, m.p.: 234-239°C. "H NMR (400 MHz, DMSO) § = 9.03
©iN/ (s, 1H), 8.61 (d, J = 7.8, 1H), 8.37 (d, J = 8.1, 1H), 7.89 (t, J = 8.0,
N 1H), 7.70 (dd, J = 6.0, 3.1, 2H), 7.33 (dd, J = 6.0, 3.1, 2H) (Figure

NO, S15). Anal.calcd for: C13HoN3O,: C 65.27, H 3.79, N 17.56, O 13.38.
Found: C 65.29, H 3.81, N 17.58.
2-(3-fluorophenyl)-1H-benzo[d]imidazole
H White solid, m.p.: 252-255°C. "H NMR (400 MHz, DMSO) & = 13.03 (s,
©:N 1H), 8.05 (d, J = 7.8, 2H), 7.98 (d, J = 10.2, 0H), 7.62 (dd, J = 13.9, 7.4,
N)_Q 3H), 7.35 (t, J = 8.2, 3H), 7.24 (dd, J = 5.8, 3.0, 1H) (Figure S16).
F Anal.caled for: C;3HoFN,: C 73.57, H 4.27, F 8.95, N 13.20. Found: C
73.58, H4.28, F 8.96, N 13.21.
2-(3-chlorophenyl)-1H-benzo[d]imidazole'
H White solid, m.p.: 231-235°C. 'H NMR (400 MHz, DMSO) 5 = 13.00 (s,
©:N 1H), 8.14 (d, J = 7.2, 2H), 7.78 (d, J = 7.3, 2H), 7.62 (d, J = 47.5, 2H),
N)_Q 7.24 (s, 2H) (Figure S17). Anal.calcd for: C;3HoCIN,: C 68.28, H 3.97,
Cl Cl115.50,N 12.25. Found: C 68.30, H 3.99, CI 15.52, N 12.27.
2-(m-tolyl)-1H-benzo[d]imidazole!”
H White solid, m.p.: 234-237°C. 'H NMR (400 MHz, DMSO) & = 12.85 (s,
©:N 1H), 8.06 — 7.94 (m, 2H), 7.59 (s, 2H), 7.44 (t, J = 7.6, 1H), 7.31 (d, J =
N)_Q 7.5, 1H), 7.20 (dd, J = 5.8, 2.9, 2H), 2.42 (s, 3H) (Figure S18).

Anal.calcd for: Ci4H,N»: C 80.74, H 5.81, N 13.45. Found: C 80.76, H
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5.83, N 13.47.
2-(4-fluorophenyl)-1H-benzo[d]imidazole

H Yellow solid, m.p.: 241-242 °C. 'H NMR (400 MHz, DMSO) 6 =
©:N/>_©,F 8.25 (dd, J = 8.7, 5.4, 2H), 7.74 (dd, J = 5.9, 3.0, 2H), 7.52 (t, ] = 8.7,

N 2H), 7.43 — 7.36 (m, 2H) (Figure S19). Anal.calcd for: C;3HoFN,: C
73.57,H4.27,F 8.95, N 13.20. Found: C 73.59, H4.29, F 8.97, N 13.22.
2-(4-chlorophenyl)-1H-benzo[d]imidazole'

H White crystal, m.p.: 288-290°C. 'H NMR (400 MHz, DMSO) & =
(:EN/)—@Q 12.99 (s, 1H), 8.21 (d, J = 8.5, 2H), 7.73 — 7.51 (m, 4H), 7.24 (d, J =
N 6.7, 2H) (Figure S20). Anal.calcd for: C3HoCIN,: C 68.28, H 3.97,

C115.50, N 12.25. Found: C 68.30, H 3.99, C1 15.52, N 12.27.
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2-(4-methoxyphenyl)-1 H-benzo[d]imidazole"

H White crystal, m.p.: 222-225°C. 'H NMR (400 MHz, DMSO) &
©:N/>_©,OCH3 = 12.75 (s, 1H), 8.14 (d, J = 8.0, 2H), 7.58 (d, J = 52.4, 2H), 7.26

N — 7.02 (m, 4H), 3.85 (s, 3H) (Figure S21). Anal.caled for:
CraH1N,O: C 74.98, H 5.39, N 12.49. Found: C 74.99, H 5.40, N 12.50.

2-([1,1'-biphenyl]-4-yl)-1H-benzo[d]imidazole"!
Brown soild, m.p.: 276-277°C. 'H NMR (400 MHz, DMSO) 6 =

H
©:N/>_©7Ph 12.99 (s, 1H), 8.31 (d, J = 8.2, 2H), 7.89 (d, J = 8.2, 2H), 7.78 (d, J
N =17.3,2H),7.71 (d, J = 5.4, 1H), 7.58 (d, J = 5.7, 1H), 7.51 (t, J =
7.4, 3H), 7.45 — 7.38 (m, 1H), 7.24 (s, 2H) (Figure S22). Anal.calcd for: C;oH4N,: C 84.42, H
5.22, N 10.36. Found: C 84.44, H 5.24, N 10.38.
2-(pyridin-2-yl)-1H-benzo[d]imidazole!!
H White crystal, m.p.: 218-220°C. 'H NMR (400 MHz, DMSO) & = 13.09
©:N/>_® (s, 1H), 8.74 (d, J = 4.2, 1H), 8.34 (d, J = 7.9, 1H), 8.01 (td, J = 7.7, 1.7,
N N 1H), 7.72 (d, J = 7.6, 1H), 7.58 — 7.49 (m, 2H), 7.29 — 7.18 (m, 2H)
(Figure S23). Anal.caled for: C;p;HoN3: C 73.83, H 4.65, N 21.52. Found: C 73.85, H 4.67, N
21.54.
2-(thiophen-2-yl)-1H-benzo[d]imidazole!""!
H White crystal, m.p.: 341-343°C. '"H NMR (400 MHz, DMSO) & 12.82 (s,
©:N/>_® 1H), 7.88 — 7.78 (m, 1H), 7.70 (d, J = 4.9 Hz, 1H), 7.55 (s, 2H), 7.28 — 7.12
N (m, 3H) (Figure S24). Anal.calcd for: C;;HgN,S: C 65.98, H 4.03, N 13.99,
S 16.01. Found: C 65.99, H 4.04, N 14.00, S 16.02.
5-methyl-2-phenyl-1H-benzo[d]imidazole"
H White crystal, m.p.: 243-245°C."H NMR (400 MHz, CDCl;) & = 8.06
/@:N)_@ (dd, J = 6.5, 3.0, 2H), 7.52 (d, J = 7.8, 1H), 7.46 — 7.35 (m, 4H), 7.08
N (d, J = 8.2, 1H), 2.45 (s, 3H) (Figure S25). Anal.calcd for: C;4H;,No:
C 80.74, H 5.81, N 13.45. Found: C 80.76, H 5.83, N 13.48.
5-chloro-2-phenyl-1H-benzo [d]imidazole*!
H Light yellow crystal, m.p.: 214-216°C. 'H NMR (400 MHz, DMSO) &
/@:N)_@ = 13.13 (s, 1H), 8.20 (dd, J = 5.2, 1.5, 2H), 7.77 — 7.50 (m, 5H), 7.25
Cl N (s, 1H) (Figure S26). Anal.calcd for: C;3HoCIN,: C 68.28, H 3.97, Cl
15.50, N 12.25. Found: C 68.29, H 3.98, CI 15.51, N 12.26.
1-benzyl-2-phenyl-1H-benzo[d]imidazole'
White solid, m.p.: 116-118°C. "H NMR (400 MHz, CDCLy) & = 8.55 (d, J

= 4.7 Hz 1H), 8.42 (d, J = 8.0 Hz, 1H), 7.86 (d, J = 7.9 Hz, 1H), 7.74 (td,
J=79,1.7 Hz,1H), 7.28 (dd, J = 12.1, 7.8 Hz, 2H), 7.17 (dt, J = 20.8,

N — 7.7 Hz, 7TH), 6.14 (s, 2H) (Figure S27). Anal.caled for: C;oH;sN3: C
©:N/ \N /) 79:98,H5.30,N 14.73. Found: C 79.99, H 5.31, N 14.74.
2-(benzylideneamino) aniline 121

White solid, m.p.: 63-64°C. '"H NMR (400 MHz, DMSO) & = 8.30 (d, J =

\Q 1.2Hz, 1H), 7.63 — 7.48 (m, 5H), 7.13 (td, J = 7.5, 2.0 Hz, 1H), 7.04 (dd, J

N= = 7.4, 2.0 Hz, 1H), 6.66 — 6.54 (m, 2H), 5.60 (s, 2H) (Figure S28).
©i Anal.calcd for: Ci3sHoN,: C 79.56,H 6.16, N 14.27. Found: C 79.58, H 6.18,

NH,



N 14.29.

Complex: Co (C;9H1(NO,),.2C,Hs;OH

Pale pink crystal. '"H NMR (400 MHz, DMSO-dg) §=8.50 (d, J= 7.6Hz,
1H), 8.32 (dd, J=7.4,1.5Hz, 1H), 8.19 (td, J=7.4, 1.4Hz, 2H), 8.01 (qd,
Z J=7.7,1.5,1H), 7.72 (td, J=7.5,1.5Hz, 1H) (Figure S29). BC NMR
(100 MHz, DMSO-d6) & 170.22, 148.01, 146.50, 134.82, 130.50,
128.35, 128.23, 127.90, 125.68, 122.27 (Figure S30). FTIR (KBr, C=0,
Z cm'l): 1613, 1401, 1383, 1350. Anal.calcd for: C,oH;,CoN,O4 C 59.57,
H 3.00, N 6.95. Found: C 59.52, H 3.12, N 6.97. UV-vis spectra
absorption peak: 274.60nm. HRMS: C,)H;;CoN,O, for [M+H]:
403.0129. Found:403.0121. m.p.:241-243°C.
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Figure S9 C NMR spectum of 2-cyclohexyl-1H-benzo[d]imidazole
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Figure S13 '"H NMR spectum of 2-(2-bromophenyl)-1H-benzo[d]imidazole
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'H NMR (400 MHz, DMSO) 8 = 12.62 (s, 1H), 7.73 (dd, HC
J=24.3. 6.6, 2H). 7.54 (d, J=6.8, 1H), 7.40 (s, 3H), 7.28 -

7.17 (m, 2H), 2.63 (s, 3H).
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Figure S14 "H NMR spectum of 2-(o-tolyl)-1H-benzo[d]imidazole
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'H NMR (400 MHz, DMSO) 6 = 9.03 (s, 1H), 8.61 (d. /=7.8.

1H), 8.37 (d, /=8.1, 1H), 7.89 (t, /=8.0, 1H), 7.70 (dd, J=6.0,
3.1, 2H), 7.33 (dd, /=6.0, 3.1, Z2H).
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Figure S15 "H NMR spectum of 2-(3-nitrophenyl)-1H-benzo[d]imidazole
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'H NMR (400 MHz, DMSO) & = 13.03 (s, 1H), 8.05 (d. J=7.8. C[ )—G
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2H), 7.98 (d, /~10.2, 0H), 7.62 (dd, /~13.9, 7.4, 3H), 7.35 (1.
J=8.2,3H), 7.24 (dd, /=5.8, 3.0, 1H).
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Figure S16 'H NMR spectum of 2-(3-fluorophenyl)-1H-benzo[d]imidazole
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'H NMR (400 MHz, DMSO) &= 13.00 (s, 1H), 8.14 (d, /=7.2,

2H), 7.78 (d, J=7.3, 2H), 7.62 (d, /=47.5, 2H), 7.24 (s, 2H).
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Figure S17 '"H NMR spectum of 2-(3-chlorophenyl)-1H-benzo[d]imidazole
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'H NMR (400 MHz, DMSO) 6 = 12.85 (s, 1H), 8.06 — 7.94 (m,
2H), 7.59 (s, 2H), 7.44 (t, =7.6, 1H), 7.31 (d, J=7.5, 1H), 7.20
(dd, /=58, 2.9, 2H), 2.42 (s, 3H).
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Figure S18 "H NMR spectum of 2-(m-tolyl)-1H-benzo[d]imidazole
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'H NMR (400 MHz, DMSO) & = 8.25 (dd, J=8.7, 5.4, 2H),

7.74 (dd, J=5.9, 3.0, 2H), 7.52 (t, J=8.7, 2H), 7.43 — 7.36 (m,
2H).
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Figure S19 '"H NMR spectum of 2-(4-fluorophenyl)-1H-benzo[d]imidazole
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'H NMR (400 MHz, DMSO) 6 = 12.99 (s, 1H), 8.21 (d, N
J=8.5,2H), 7.73 — 7.51 (m, 4H), 7.24 (d, /=6.7, 2H).
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Figure S20 '"H NMR spectum of 2-(4-chlorophenyl)-1H-benzo[d]imidazole



—1275

'H NMR (400 MHz, DMSO) § = 12.75 (s, 1H), 8.14 (d, /=8.0,
2H), 7.58 (d, /=52.4, 2H), 7.26 — 7.02 (m, 4H), 3.85 (s, 3H).
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Figure S21 "H NMR spectum of 2-(4-methoxyphenyl)-1H-benzo[d]imidazole
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'HNMR (400 MHz, DMSO) § = 12.99 (s, 1H), 8.31 (d. /=8.2,

2H), 7.89 (d, J=8.2, 2H), 7.78 (4, /=7.3, 2H), 7.71 (d, J=5.4,
1H), 7.58 (d, J=5.7, 1H), 7.51 (t,J=7.4, 3H), 7.45 - 7.38 (m,
1H), 7.24 (s, 2H).
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Figure S22 '"H NMR spectum of 2-([1,1'-biphenyl]-4-yl)-1H-benzo|d]imidazole
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'H NMR (400 MHz, DMSO) 6 = 13.09 (s, 1H), 8.74 (d,
J=4.2,1H), 8.34 (d, J=7.9. 1H), 8.01 (td, J=7.7. 1.7. 1 H).
7.72 (d, J=7.6, 1H), 7.58 — 7.49 (m. 2H), 7.29 — 7.18 (m,
2H).
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'H NMR (400 MHz, DMSO-d) § 12.82 (s, 1H), 7.88
—7.78 (m, 1H), 7.70 (d, J = 4.9 Hz, 1H), 7.55 (s, 2H),
7.28 —7.12 (m, 3H).
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Figure S24 "H NMR spectum of 2-(thiophen-2-yl)-1H-benzo[d]imidazole
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'H NMR (400 MHz, CDCl;) 6 =8.06 (dd. J=6.5, 3.0, 2H). 7.52
(d, J=7.8, 1H), 7.46 — 7.35 (m, 4H), 7.08 (d, /=8.2, 1H), 2.45
(s, 3H).
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Figure S25 '"H NMR spectum of 5-methyl-2-phenyl-1H-benzo[d]imidazole
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'H NMR (400 MHz, DMSO) & = 13.13 (s, 1H). 8.20 (dd, J=5.2,
1.5, 2H), 7.77 — 7.50 (m, 5H), 7.25 (s, 1H).
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'H NMR (400 MHz, CDCL) 3 8.55 (d, J = 4.7 Hz, |
1H), 8.42 (d, J= 8.0 Hz, 1H), 7.86 (d, /= 7.9 Hz, |
1H), 7.74 (td, J= 7.9, 1.7 Hz, 1H), 7.28 (dd, J=12.1, |
7.8 Hz, 2H), 7.17 (dt, J= 20.8, 7.7 Hz, 7H), 6.14 (s, i
2H). I
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Figure S27 "H NMR spectum of 1-benzyl-2-phenyl-1H-benzo[d]imidazole

= E S Bl i S S R AR R Bl A3 S s Bl A AN A i
RV R B R Rt et Bt Bt Bt Bt B B et Bt i B D D e B -2 v I B B N
e N e L o L L el el el ol el ol el Sl ol ol ol ol oull ol el sl ol B~ B B B R e R e R e R TP o)
~ —

'H NMR (400 MHz, DMSO-d;) 6 8.30 (d. /= 1.2 Hz, 1H),
7.63 —7.48 (m, 5H). 7.13 (td, /= 7.5, 2.0 Hz. 1H), 7.04 (dd,
J=7.4,2.0Hz, 1H), 6.66 — 6.54 (m, 2H), 5.60 (s, 2H).
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Figure S28 'H NMR spectum of 2-(benzylideneamino) aniline
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'H NMR (400 MHz, DMSO-ds) 3 8.50 (d, J= 7.6 Hz,
1H), 8.32 (dd, J=7.4, 1.5 Hz, 1H), 8.19 (td, J= 7.4,
1.4 Hz, 2H), 8.01 (qd, J=7.7. 1.5 Hz, 1H), 7.72 (td, J
=7.5,1.5 Hz, 1H).
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Figure S29 '"H NMR spectum of Complex
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Table S1 The optimized intermediates and transition states and their Cartesian
coordinates

IMA -2.07954700
c 1.77315500 2.11662100 C 0.66522900 -5.43326800
-1.31813800 -0.79194600
c 0.61736300 1.21938700 C 4.91118000 1.91508400
-1.55159300 0.59707600
0] 0.77522900 0.00808200 C 6.04445400 2.69742500
-1.07992600 0.81380100
Co 2.33305300 -0.23727200 C 6.18970200 3.97322700
0.05778200 0.19890900
N 2.73479700 1.59170800 C 5.18306500 4.45842600
-0.49876600 -0.62641600
N 2.10247200 -2.14772200 H 1.64942200 -5.81188800
0.35357800 1.72979300
c 2.62014500 -2.54140900 H 2.91324500 -4.03470400
1.54705100 3.05203300
C 3.43723100 -1.48993900 H 3.05671800 5.16325000
2.26031400 -2.16986800
o] 3.53299500 -0.37492700 H 1.01050800 3.70165400
1.55277200 -2.54663200
0] 3.96835400 -1.73216000 H 1.23449700 -1.80558900
3.37606200 -2.13513000
0] -0.44314100 1.63455000 H 0.18681500 -3.53275000
-2.15626200 -3.58928500
c 1.48080000 -3.11978400 H -0.20370100 -5.84814600
-0.44146000 -2.71902300
c 1.29820600 -4.46580600 H 0.53083500 -6.44440200
0.04847800 -0.41217100
c 1.78922200 -4.80319000 H 4.77733300 0.96492200
1.34840700 1.09393000
c 2.47209800 -3.84432800 H 6.82626700 2.32419600
2.07973100 1.47056600
C 3.86980500 2.38659300 H 7.08411000 4.56453000
-0.25631700 0.38086600
C 4.00687800 3.68846900 H 5.27460100 5.43423400
-0.87220500 -1.09960800
c 2.96013600 4.18210700 C -3.06458200 2.68701100
-1.71158000 1.20193100
c 1.84309500 3.39376000 C -2.84522400 1.80696700
-1.92411800 2.27973200
c 1.07312300 -2.81145400 C -3.94494300 1.24191500
-1.77161900 2.95762600
c 0.48033900 -3.78254100 C -5.25732400 1.55305100
-2.57275300 2.55481500

c 0.26138200 -5.10165200



C
1.73760800
C
0.46218400
0
-0.12507200
Co
0.58224600
N
2.10048100
N
-0.80672600
C
-0.34841300
c
0.98039600
0
1.47299700
0
1.47073500
0
0.06364100
C
-2.06057800
C
-2.82043800
C
-2.26500100
C
-1.03282900
C
3.31212300
C
4.07415300
C
3.59361400
C
2.44772600
C
-2.63791200
C
-3.89566200
C

TS1

2.07605800

2.68497900

1.93230000

0.23163300

0.91680500

-0.24288000

-1.23112100

-1.82734800

-1.27369600

-2.74657500

3.77225200

0.27740000

-0.22271500

-1.24650500

-1.75492700

0.36473700

0.96407300

2.14404000

2.72530700

1.29133600

1.77829100

-0.10554800

-0.62767300

-1.52014100

-1.80989700

-0.67184500

-3.20380300

-3.97703200

-3.57288600

-2.50577200

-4.21535600

-0.23634600

-3.48822000

-4.60054000

-5.40554600

-5.08997800

-0.27990500

0.77761300

1.39819700

0.91347300

-2.68135100

-2.96773400

-4.06265100

-4.64324400
C
-4.10956500
C
3.83626900
C
5.04132700
C
5.78051700
C
5.29853500
H
-2.83096300
H
-0.54851400
H
4.14379900
H
2.03476500
H
-2.04730500
H
-4.31263500
H
-5.63095200
H
-4.66439200
H
3.27207800
H
5.42524300
H
6.72257200
H
5.84185000
C
-0.96604600
C
-0.36485800
C
0.62045700
C
1.15505900
C

1.28885200

0.30789300

-0.79170200

-1.32464500

-0.75007000

0.37350800

-1.62165000

-2.55033900

2.57569400

3.64697800

1.71160900

2.56305000

1.69066800

-0.08233900

-1.24875500

-2.20671100

-1.19341900

0.83430500

0.10460600

-0.83332900

-1.73719700

-1.51340400

-4.86475600

-0.91204600

-0.50511600

0.55353700

1.18238900

-6.25490500

-5.64396400

2.22611400

1.30503300

-1.87969400

-2.34260900

-4.27038300

-5.71429200

-1.71230400

-1.01095400

0.86433400

2.00262400

0.62796400

-0.32134700

0.27366700

1.50309100

2.33754200



0.70196500
c
-0.42783500
H
-1.82360300
H
0.98530900
-
194518200
H
-0.83666900
C
131162700
-
3.05672200
0
0.74731800
-
-1.08451400
c
-4.26106900
C
-4.13607100
C
-3.20133500
c
-2.31164600
c
-2.34933000
c
-3.38431700
-
-5.03739400
H
-4.79867500
-
-3.10149400
H
-2.75207400
-
-3.42587500
N
-1.35580900
-

-0.41984400

0.34589400

0.68566500

-2.56131300

-2.15924900

1.11549500

-0.14850500

1.25701900

0.72084200

-1.32587900

0.00344700

0.47983900

-0.03720300

-1.18547300

-1.44333800

-0.91549200

0.42265200

1.27136100

0.30618300

-2.09066000

-1.18247100

-2.18090700

1.85362200

0.30114400

-0.33000500

1.88152500

2.50018100

3.54337200

4.03246900

4.43930100

-0.97836700

3.93648800

5.28932200

6.11803100

5.70533100

4.20575800

3.40326000

3.30341500

5.62729300

7.14448600

6.17002400

2.35203300

3.73391300

4.37881900

-0.58760100
-
-1.18837000
N
-0.90959200
H
-0.42987400
-
-0.84088500
H
1.57536600
b
2.15835400

-2.36042000

-2.28668400

-1.15689100

-0.32106100

-1.17679900

1.20647700

-0.73201400

2.73899700

6.13744200

5.78598800

7.15162800

4.72818400

3.88500300



c
-0.24739500
c
-0.54331300
0]
-1.13650200
Co
-1.44757200
N
-0.60349600
N
-2.41035400
c
-2.83647600
c
-2.51166400
0]
-1.84519200
0]
-2.85137100
0]
-0.24151000
c
-2.67930700
c
-3.38987300
c
-3.81528200
c
-3.54071000
c
-0.34915300
c
0.27978600
o
0.63439600
c
0.37054300
c
-2.26422000
c
-2.53688100
c

IMB

1.89513300

2.71095700

1.99916400

0.15987300

0.59190100

-0.24159800

-1.52577700

-2.34967600

-1.65896200

-3.55135200

3.92359700

0.55970600

0.00416500

-1.35503200

-2.11901800

-0.20538600

0.37295300

1.75327000

2.51400100

1.92340000

2.68990400

-2.99403000

-1.75809100

-0.80501700

-1.14429100

-2.95007400

0.61966500

0.63319700

-0.59163700

-1.51059000

-0.67644600

-1.68879200

1.73848600

2.87106900

2.82785800

1.70790900

-4.07353900

-5.24199900

-5.23090300

-4.10698600

1.79525200

2.92239700

4.04112700

-3.23227400
c
-3.65138800
C
-0.70164100
C
-0.44142400
c
0.17935500
C
0.53270300
H
-4.34791800
H
-3.82963200
H
1.10733800
H
0.61220900
-
-1.74755700
b
-2.21241000
H
-3.43178100
b
-4.18388900
H
-1.17880800
H
-0.72205600
b
0.36915200
H
1.00421600
c
1.86504800
C
1.13607900
c
1.56323000
c
2.68958700
C

2.14507500

0.82352900

-1.58737000

-2.35144300

-1.78585500

-0.44486100

-1.77548400

-3.15835800

2.19072300

3.56715200

2.34314800

3.72694800

2.76691000

0.38830200

-2.01733400

-3.40162700

-2.40553200

0.00783800

0.71704200

-0.49267900

-1.64683200

-1.59574400

4.01089000

-4.10266500
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