Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2021

Supplementary Information

Three Component Photoredox 1,2-Alkylamination of
Styrenes with Alkanes and Nitrogen Nucleophiles via

C(sp?)-H bond Cleavage

Jing Huang, Yun-Yan Liang, Xuan-Hui Ouyang,* Yu-Ting Xiao, Jing-Hao Qin, Ren-
Jie Song* and Jin-Heng Li*

Key Laboratory of Jiangxi Province for Persistent Pollutants Control and Resources Recycle, Nanchang Hangkong
University, Nanchang 330063, State Key Laboratory of Applied Organic Chemistry, Lanzhou University, Lanzhou
730000, China; School of Chemistry and Chemical Engineering, Henan Normal University, XinxiangKaifeng, Henan
475004, China;

E-mail: xuanhuiouyvang@163.com, srj0731@hnu.edu.cn, jhli@hnu.edu.cn,

List of Contents

(A) Typical experimental procedure S2-S4
(C) Analytical data S4-S18
(D) Spectra S19-50

S1


mailto:xuanhuiouyang@163.com
mailto:jhli@hnu.edu.cn

(A) Typical experimental procedure

(a) General

The 'H and '3C NMR spectra were recorded in CDCl; solvent on a NMR
spectrometer using TMS as internal standard. HRMS was measured on an electrospray
ionization (ESI) apparatus using time-of-flight (TOF) mass spectrometry. Melting
points are uncorrected.

(b) General procedure for the synthesis of 4.

6 4 5
R & s Ru(bpy)sCly (1 mol%) _FORAR
R2 R R® 4-MeOCGH,N,BF, (2 equiv) R™-N X
R * %> x *+H-N .
\ Na,COj3 (2 equiv)
1 2 3 R Ar, rt, 12 h, Blue LEDs R! A R2

X =H, Cl, CN, COR

To a Schlenk tube were added Ru(bpy);Cl, (0.002 mmol, 1 mol%), Na,CO5 (0.4
mmol, 2 equiv), Nitrogen Nucleophiles 3 (0.4 mmol), alkanes 2 (1 mL). Finally, to
this Schlenk tube was successively added 4-MeOCsH4N,BF,4 (0.4 mmol, 2 equiv),
alkene 1 (0.2 mmol), and alkanes 2 (3 mL), the tube was then charged with argon. The
mixture was stirred under 18 W blue LEDs at room temperature until complete
consumption of starting material as monitored by TLC and/or GC-MS analysis (about
12 h). After the reaction was finished, the combined organic phases concentrated, and
the resulting residue was purified by silica gel column chromatography

(petroleum/ethyl acetate) to afford the desired product 4.
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(¢) Screening of optimal reaction conditions

Table S1. Screening of optimal reaction conditions”

Q\\l
,
N

H Ru(bpy);Cl,
/@& . cHol N\N 4-MeOCgH,N,BF, (g equiv) con
/ Na,COj; (2 equiv)
MeO 2a Ar, i, 12 h, Blue LEDs
" * MeO 4aaa
Entry Additive/10 mol% Ligand/20 mol% Solvent Yield (%)

1 CuTc Phen CHCl, 71
2 Cu(MeCN)4BF, Phen CHCl, 47
3 Cu(MeCN),PF¢ Phen CHCl; 46
4 \ Phen CHCl; 60
5 CuTc \ CHCl; 70
6 FeCl, \ CHCl; 67
7 B(CgFs); \ CHCl, 44
8 Yb(OTf); \ CHCl; 38
9 In(OTH); \ CHCl; 40
10 FeCl; \ CHCl; 61
115 \ \ PhCl 20
12 \ \ PhCF; 28

13% \ \ DMSO trace

14° \ \ DMA trace

15° \ \ DMF trace
16° \ \ toluene 12
17¢ \ \ CHCl; 22
184 \ \ CHCl; 60
19¢ \ \ CHCl; 80

@ Reaction conditions: 1a (0.2 mmol), CHCI; 2a (4 mL), 3a (2 equiv), Ru(bpy);Cl, (1 mol%),
Na,COs; (2 equiv), 4-MeOCgH4N,BF, (2 equiv), room temperature, 18 W blue LEDs, argon, and 12
h. » CHCl; (2 mmol), solvents (4 mL). ¢ 18 W White LEDs. ¢ 4-MeOCgH4N,BF, (1 equiv). ¢ 4-

MeOC¢H4N,BF, (3 equiv).
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Table S2. Screening of optimal reaction conditions for base “

( 2 \
Ru(bpy)sCl, N

N

H
A N, 4-MeOCgH4N,BF 4 (2 equiv)
+ CHCl; + N - CCl,
/ Na,COj; (2 equiv)
MeO Ar, rt, 12 h, Blue LEDs

1a 2a 3a

MeO 4aaa
Entry base Yield (%)
1 Cs,COj; instead of Na,CO; 14
2 K;3PO, instead of Na,COs 20
3 Et;N instead of Na,CO; 42
4 2,6-Lutidine instead of Na,CO; 41
5 NaHCOj instead of Na,CO; 44
6 t-BuONa instead of Na,CO; NR
7 NaOH instead of Na,COs3 8
8 K,COj instead of Na,CO; 56
9 KOACc instead of Na,CO; 46
10 DBU instead of Na,CO; 24
11 Without Na,CO; 34
12 Na,CO; (1 equiv) 70
13 Na,COs3 (3 equiv) 77

[a] Reaction conditions: 1a (0.2 mmol), CHCI; 2a (4 mL), 3a (2 equiv), Ru(bpy);ClL, (1 mol%),
Na,CO; (2 equiv), 4-MeOC¢H4N,BF, (2 equiv), room temperature, 18 W blue LEDs, argon, and 12
h.
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(B) Analytical data
1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-indazole (4aaa)
@—\\ Yellow oil; '"H NMR (500 MHz, CDCl;) 6 8.01 (s, 1H), 7.76-
8 ccl, 7.74 (m, 1H), 7.61-7.59 (m, 1H), 7.36 (d, /=9.0 Hz, 2H), 7.27-
\O/©)\/ 7.24 (m, 1H), 7.07-7.05 (m, 1H), 6.85 (d, J = 9.0 Hz,, 2H),
6.00-5.98 (m, 1H), 4.54-4.49 (m, 1H), 3.75 (s, 3H), 3.57-3.54 (m, 1H); '3C NMR (125
MHz, CDCl;) & 159.6, 148.8, 131.4, 128.2, 126.0, 123.2, 121.9, 121.7, 120.2, 117.8,
114.2,97.1, 64.4, 58.7, 55.3; LRMS (EI, 70eV) m/z (%): 370 (M* + 2, 12), 368 (M",
212), 244 (25), 217 (100), 155 (48); HRMS m/z (ESI) calcd for Ci7H;sON,*Cl3

(IM+H]") 369.0323, found 369.0321.

1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-benzo[d][1,2,3]triazole (4aab)

\\

N
A co. 747 (d,J =85 Hz, 2H), 7.38-7.36 (m, 2H), 6.87 (d, J = 8.5
3
\o/ﬂj)V Hz, 2H), 6.48-6.46 (m, 1H), 4.60-4.57 (m, 1H), 3.77 (s, 3H),

3.63-3.59 (m, 1H); '3C NMR (125 MHz, CDCl;) 8 159.9, 144.3, 130.3, 128.4, 126.5,

QN Yellow oil; 'H NMR (500 MHz, CDCl;) & 7.87-7.85 (m, 2H),

-,

118.3, 114.4, 96.6, 67.5, 58.8, 55.3; LRMS (EL, 70eV) m/z (%): 371 (M* + 2, 16), 369
(M*, 16), 251 (48), 155 (100), 134 (10); HRMS m/z (ESI) caled for C,4H;5s0N33Cl;

(IM+H]*) 370.0275, found 370.0274.
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5-Chloro-1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-
benzo[d][1,2,3]triazole (4aac) and 5-chloro-2-(3,3,3-trichloro-1-(4-

methoxyphenyl)propyl)-2H-

cl
Cl Q benzo|d][1,2,3]triazole (4aac’)
O >
Y . NN 4aac:daac’ = 1:1; Yellow oil; '"H NMR
/©)\/CC|3 ccl,
o \OQ)\/ (500 MHz, CDCI;) 6 8.04 (s, 0.53H), 7.99
4aac 4aac’ (m, 0.48H), 7.54-7.44 (m, 2H), 7.37-7.27

(m, 2H), 6.92-6.82 (m, 2H), 6.20-6.16 (m, 1H), 4.61 (s, 1H), 3.77 (s, 3H), 3.67-3.65 (m,
1H); 3C NMR (125 MHz, CDCl3) 8 160.0, 146.7, 134.2, 129.9 128.6, 128.1, 125.5,
121.1, 119.5, 114.6, 110.2, 109.1, 96.6, 60.2 (2C), 58.4, 55.3; LRMS (EI, 70eV) m/z
(%): 405 (M™ + 2, 16), 403 (M*, 12), 251 (53), 201 (27), 155 (100); HRMS m/z (ESI)
caled for Ci6H;4ON3*3Cly ((M+H]") 403.9885, found 403.9886.
5-Nitro-1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-
benzo[d][1,2,3]triazole (4aad)
O,N Yellow oil; '"H NMR (500 MHz, CDCl;) & 8.68 (s, 1H),
QNN 8.33 (s, 1H), 8.09 (d, J= 8.0 Hz, 1H), 7.79 (d, J = 9.5 Hz,
N CCly 1H), 7.42 (d, J = 8.5 Hz, 2H), 6.90 (d, J = 8.5 Hz, 2H),
\O/©)\/ 6.05-6.03 (m, 1H), 4.52-4.47 (m, 1H), 3.79 (s, 3H), 3.58-
3.54 (m, 1H); 13C NMR (125 MHz, CDCl3) 8 160.0, 149.7, 143.2, 130.3, 128.4, 127.4,
120.4, 120.0, 119.5, 118.8, 114.5, 96.7, 65.2, 58.4, 55.3.
5,6-Dimethyl-1-(3,3,3-Trichloro-1-(4-

methoxyphenyl)propyl)-1H-benzo[d][1,2,3]triazole (4aae)

N
N S6
CCl,
\O/©)\/



Yellow oil; '"H NMR (500 MHz, CDCl3) 8 7.59 (s, 2H), 7.43 (d, J = 8.5 Hz, 2H), 6.85
(d, J= 8.5 Hz, 2H), 6.44-6.40 (m, 1H), 4.58-4.53 (m, 1H), 3.75 (s, 3H), 3.58-3.54 (m,
1H), 2.37 (s, 6H); '3C NMR (125 MHz, CDCls) $ 159.8, 143.7, 137.0, 130.5, 128.2,
116.7,114.3,96.7, 67.1, 58.8, 55.3, 20.8; LRMS (EIL, 70eV) m/z (%): 399 (M* + 2, 15),
397 (M*, 15), 238 (26), 215 (18), 155 (100); HRMS m/z (ESI) calcd for C;sH;9ON3*3Cl;
([M+H]") 398.0588, found 398.0586.
1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-1,2,3-triazole (4aaf)
[[}I‘N Yellow oil; 'TH NMR (500 MHz, CDCls) 6 7.70 (s, 1H), 7.59
N

/@)\/CCB (s, 1H), 7.33 (d, J=8.5 Hz, 2H), 6.89 (d, J= 8.5 Hz, 2H), 6.01-
o 5.99 (m, 1H), 4.39-4.34 (m, 1H), 3.79 (s, 3H), 3.56-3.53 (m,
1H); 3C NMR (125 MHz, CDCl;) § 160.0, 134.0, 130.2, 128.2, 123.8, 114.5, 96.5,
62.1, 58.6, 55.3; LRMS (EI, 70eV) m/z (%): 321 (M* + 2, 15), 319 (M", 15), 174 (61),
155 (77), 133 (100); HRMS m/z (ESI) calcd for C;,H;30N3*Cl; ([M+H]") 320.0119,
found 320.0115.
5-Phenyl-1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-1,2,3-triazole (4aag)

N .
o /[ N Yellow oil; 'H NMR (500 MHz, CDCLy) & 7.86 (s, 1H), 7.79
v

/@)\/CCB (d,J=7.5Hz, 2H), 7.42-9.39 (m, 4H), 7.35-7.32 (m, 1H), 6.87
~o

(d,J=9.0 Hz, 2H), 6.23-6.20 (m, 1H), 4.41-4.36 (m, 1H), 3.76
(s, 3H), 3.49-3.45 (m, 1H); '3C NMR (125 MHz, CDCl;) & 159.7 147.9, 131.2, 130.7,
130.2, 128.8, 128.5, 128.1, 126.0, 114.3, 96.7, 65.8, 58.8, 55.2; LRMS (EI, 70eV) m/z
(%): 397 (M* + 2, 14), 395 (M, 14), 264 (38), 251 (36), 155 (100); HRMS m/z (ESI)
caled for CisH;7ON33Cls ([M+H]") 396.0432, found 396.0435.
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5-Methyl-1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-1,2,4-triazole (4aah) and  3-

Methyl-1-(3,3,3-trichloro-1-(4-methoxyphenyl)propyl)-1H-1,2,4-triazole (4aah’)

N—\ }N (4aah:4aah’ = 4:1)Yellow oil; 'H
/QN/N N\N»
/©)\/CCI3 + /@)V con NMR (500 MHz, CDCl3) § 8.00 (s,
~0 ~0 0.8H), 7.86 (s, 0.2H), 7.35 (d, J=8.5
4aah 4aah’

Hz, 2H), 6.90 (d, J = 9.0 Hz, 2H),
5.73-5.71 (m, 1H), 4.29-4.24 (m, 0.2H), 4.15-4.10 (m, 0.8H), 3.80 (s, 3H), 3.41-3.37
(m, 1H), 2.52 (s, 0.6H), 2.42 (s, 2.4H); 3C NMR (125 MHz, CDCls) § 159.8, 150.4,
143.5, 130.3, 128.4, 128.0, 114.4, 96.7, 60.7, 58.3, 55.3, 14.1; LRMS (EL 70eV) m/z
(%): 335 (M* + 2, 17), 333 (M*, 17), 202 (100), 155 (55), 134 (51); HRMS m/z (ESI)
caled for Cy3H;sON3¥Cls ([M+H]") 334.0275, found 334.0279.
1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-pyrazole (4aai)

@N Yellow oil: 'H NMR (500 MHz, CDCly) & 7.59-7.58 (m, 1H),

/Q)VCCL% 7.46-7.45 (m, 1H), 7.28 (d, J = 8.5 Hz, 2H), 6.86 (d, J = 8.5
o

Hz, 2H), 6.24-6.23 (m, 1H), 5.74-5.72 (m, 1H), 4.30-4.25 (m,

1H), 3.77 (s, 3H), 3.43-3.40 (m, 1H); °*C NMR (125 MHz, CDCl;) § 159.5, 139.7,

132.0, 129.6, 128.0, 114.2, 105.8, 97.2, 62.7, 58.6, 55.3; LRMS (EL, 70eV) m/z (%):

320 (M* +2, 11), 318 (M, 11), 215 (18), 187 (100), 155 (48); HRMS m/z (ESI) calced

for C13H,4N,035Cl; ([M+H]") 319.0166, found 319.0169.

5-Phenyl-2-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-2H-tetrazole (4aaj)
Ph
N

N

/©)\/CCI3
o

Yellow oil; "TH NMR (500 MHz, CDCl3) 8 8.16 (d, /= 7.0 Hz,
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2H), 7.48-7.46 (m, 5H), 6.91 (d, J= 7.5 Hz, 2H), 6.48 (d, J = 8.5 Hz, 1H), 4.39-4.34
(m, 1H), 3.79 (s, 3H), 3.56 (d, J = 15.5 Hz, 1H); 3*C NMR (125 MHz, CDCl;) § 165.2,
160.2, 130.4, 128.9, 128.8, 128.42 (s), 127.2, 126.9, 114.6, 96.0, 64.7, 58.5, 55.3;
HRMS m/z (ESI) calcd for C7H;s0ON4*Cl; ([M+H]") 397.0384, found 397.0384.
1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-benzo[d]imidazole (4aak)

QN Yellow oil; 'H NMR (500 MHz, CDCls) 8 8.07 (s, 1H), 7.82

\

N) ccl, (t, J=8.5 Hz, 1H), 7.38 (t, /= 8.5 Hz, 1H), 7.28 (d, J = 8.5
\o/©/K/ Hz, 2H), 7.23 (d, J = 8.5 Hz, 2H), 6.89 (d, J = 8.0 Hz, 2H),
6.05-6.01 (m, 1H), 3.88-3.83 (m, 1H), 3.78 (s, 3H), 3.75-3.71 (m, 1H); '3C NMR (125
MHz, CDCl;) & 159.6, 144.0, 141.9, 129.4, 127.8, 123.2, 122.5, 120.6, 114.5, 110.5,
96.6, 57.1, 56.7, 55.2; LRMS (EI, 70eV) m/z (%): 370 (M* + 2, 12), 368 (M*, 12), 251
(34), 157 (32), 155 (100), 91 (12); HRMS m/z (ESI) calcd for C;7H;s0ON,*Cl;
([M+H]+) 369.0323, found 369.0319.
2-(Methylthio)-1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-
benzo|d]imidazole (4aal)

@_N Yellow oil; '"H NMR (500 MHz, CDCl3) 8 7.69 (d, J = 8.0

\
N)\S/
/©/K/CC' Hz, 1H), 7.23-7.19 (m, 4H), 7.14 (t, J = 7.5 Hz, 1H), 6.86 (d,
3
o J=8.5 Hz, 2H), 6.179-6.16 (m, 1H), 4.12-4.07 (m, 1H), 3.77
(s, 3H), 3.75-3.71 (m, 1H), 2.81 (s, 3H); 13C NMR (126 MHz, CDCl;) & 159.4, 144.0,

129.2,127.8,122.0,121.9,118.7, 114.3, 110.6, 97.0, 55.8, 55.3, 55.3, 15.5; LRMS (EI,

70eV) m/z (%): 414 (M* + 2, 11), 414 (M*, 11), 251 (32), 155 (100), 134 (13), 119
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(11); HRMS m/z (ESI) caled for C;gHgN,OS3Cl; ([M+H]+) 415.0200, found
415.0201.
N-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)aniline (4aam)

Yellow oil; "TH NMR (500 MHz, CDCl3) 8 7.35 (d, J = 8.0 Hz,

NH

o 2H)7.26 (s, 1H), 7.13 (t,J = 8.0 Hz, 2H), 6.89 (d, /= 8.0 Hz,
3

~o 2H), 6.70 (t, J= 7.5 Hz, 1H), 6.57 (d, J = 8.0 Hz, 2H), 4.85 (t,
J=4.5Hz, 1H), 4.31 (br, 1H), 3.80 (s, 3H), 3.21 (d, J = 7.0 Hz, 2H); '3C NMR (125
MHz, CDCl;) 6 159.1, 146.5, 134.4,129.2, 127.5,118.0, 114.4, 113.6,97.4, 61.7, 56 4,
55.3; LRMS (EIL 70eV) m/z (%): 345 (M* + 2, 12), 343 (M*, 12), 251 (19), 212 (90),
155 (100), 104 (22); HRMS m/z (ESI) calcd for C;¢H;NO*Cl; ([M+H]") 344.0370,
found 344.0373.
4-methyl-NV-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)aniline (4aan)
Yellow oil; "TH NMR (500 MHz, CDCl3) 8 7.34 (d, J = 8.0 Hz,
NH 2H), 7.26 (s, 1H), 6.93 (d, J= 8.0 Hz, 2H), 6.88 (d, /= 8.0 Hz,

CCl;
~ 2H), 6.49 (d, J = 8.0 Hz, 2H), 4.82-4.80 (m, 1H), 4.22 (br, 1H),

(@)
3.79 (s, 3H), 3.19 (d, J = 7.0Hz, 2H), 2.20 (s, 3H); 1*C NMR (125 MHz, CDCl;) &
159.0, 144.2, 134.6, 129.7, 127.5, 114.3, 113.7, 100.0, 97.8, 61.7, 56.7, 55.3, 20.4;
LRMS (EIL 70eV) m/z (%): 359 (M*+ 2, 3), 357 (M+, 3), 269 (100), 254 (20), 226 (38),
191 (45); HRMS m/z (ESI) calcd for C;7H;oON3Cl; ([M+H]+) 358.0527, found

358.0526.

1-(3,3,3-Trichloro-1-(4-ethoxyphenyl)propyl)-1H-indazole (4baa)

S10
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Yellow oil; 'TH NMR (500 MHz, CDCl3) 8 8.01 (s, 1H), 7.75 (d, J= 9.0 Hz, 1H), 7.61
(d, J=8.5 Hz, 1H), 7.34 (d, J = 8.5 Hz, 2H), 7.29-7.27 (m, 1H), 7.07-7.04 (m, 1H),
6.85 (d, J = 9.0 Hz, 2H), 6.00-5.98 (m, 1H), 4.53-4.49 (m, 1H), 4.01-3.96 (m, 2H),
3.58-3.54 (m, 1H), 1.38 (t, J = 7.0 Hz, 3H); '3C NMR (125 MHz, CDCl3) 3 159.0,
148.8, 131.2, 128.2, 126.0, 123.2, 121.9, 121.7, 120.2, 117.8, 114.8, 97.1, 64.5, 63.5,
58.7, 14.7; LRMS (EI, 70eV) m/z (%): 384 (M* + 2, 10), 382 (M*, 10), 265 (18), 217
(24), 155 (100); HRMS m/z (ESI) calcd for CgH;sON,3Cl; ([M+H]") 383.0479, found
383.0483.
1-(1-(4-(Benzyloxy)phenyl)-3,3,3-Trichloropropyl)-1H-indazole (4caa)
@ Yellow oil; 'H NMR (500 MHz, CDCl;) & 8.00 (s, 1H),
- col, 775 (&= 9.0 Hz, IH), 7.60 (d, J = 85 Hz, 1H), 7.39-
Ph/\o/©)\/ 7.34 (m, 5H), 7.30 (d, /= 7.0 Hz, 1H), 7.28-7.23 (m, 2H),
7.07-7.04 (m, 1H), 6.92 (d, J= 9.0 Hz, 2H), 6.00-5.97 (m, 1H), 5.01 (s, 2H), 4.53-4.49
(m, 1H), 3.56-3.53 (m, 1H); 3C NMR (125 MHz, CDCl;)  158.8, 148.8, 136.6, 131.7,
128.6, 128.2, 128.0, 127.4, 126.0, 123.2, 121.9, 121.9, 120.2, 117.8, 115.2, 97.1, 70.0,
64.4, 58.7; HRMS m/z (ESI) calcd for Cp3Hp0ON,*Cl; ([IM+H]") 445.0636, found
445.0640.
4-(3,3,3-Trichloro-1-(1H-indazol-1-yl)propyl)phenyl acetate (4daa)
@—\\ Yellow oil; '"H NMR (500 MHz, CDCl;) & 8.05 (s, 1H), 7.76
N
5 /©)\/CCI3 (d,J=9.0Hz, 1H), 7.62 (d,J=8.5Hz, 1H), 7.44 (d,J=9.0
)J\O Hz, 2H), 7.31-7.28 (m, 1H), 7.09 (s, 1H), 7.06 (d, J = 8.5
Hz, 2H), 6.05-6.03 (m, 1H), 4.61-4.56 (m, 1H), 3.55-3.52 (m, 1H), 2.27 (s, 3H); 13C
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NMR (125 MHz, CDCl;) 6 169.2, 150.6, 148.9, 136.9, 128.0, 126.2, 123.5, 122.1,
122.0, 121.8, 120.2, 117.9, 100.0, 97.0, 64.3, 58.7, 21.1; LRMS (EIL, 70eV) m/z (%):
398 (M* + 2, 5), 396 (M*, 5), 265 (7), 237 (8), 118 (100); HRMS m/z (ESI) calcd for
C1sH160,N,*3Cl3 ([M+H]Y) 397.0272, found 397.0270.
1-(3,3,3-Trichloro-1-(2-methoxyphenyl)propyl)-1H-indazole (4eaa)
Q_\\ Yellow oil; "H NMR (500 MHz, CDCls) 8 8.07 (s, 1H), 7.76 (d, J=
8 cCly 8.5Hz, 1H), 7.61 (d, J= 8.5 Hz, 1H), 7.38 (d, /= 8.0 Hz, 1H), 7.26-
(;foj/ 7.24 (m, 2H), 7.06-7.03 (m, 1H), 6.91-6.88 (m, 2H), 6.57-6.54 (m,
1H), 4.50-4.45 (m, 1H), 3.91 (s, 3H), 3.52-3.49 (m, 1H); *C NMR (125 MHz, CDCl;)
0 155.5, 148.6, 129.7, 128.0, 127.5, 125.9, 123.9, 121.7, 121.6, 121.0, 120.2, 117.8,
110.6, 97.4, 58.4, 57.1, 55.5; LRMS (EI, 70eV) m/z (%): 370 (M* + 2, 23), 368 (M",
23), 337 (50), 155 (100), 118 (81); HRMS m/z (ESI) caled for Ci;H;s0ON,*Cl;

(IM+H]") 369.0323, found 369.0319.

1-(3,3,3-Trichloro-1-(3,4-dimethoxyphenyl)propyl)-1H-indazole (4faa)

Qj\ Yellow oil; 'H NMR (500 MHz, CDCls) & 8.09 (s, 1H), 7.74
_N
N
cop. (7 =9.0 Hz, 1H), 7.60 (d, J = 8.0 Hz, 1H), 7.27-7.25 (m,
3
~o 1H), 7.15-7.14 (m, 1H), 7.05-7.02 (m, 2H), 6.87-6.85 (m, 1H),
(¢
~

6.60-6.57 (m, 1H), 4.54-4.49 (m, 1H), 3.95 (s, 3H), 3.85 (s,
3H), 3.55-3.52 (m, 1H); *C NMR (125 MHz, CDCls) § 152.5, 148.7, 145.7, 132.7,
125.9, 124.4,123.7,121.7 (2C), 120.2, 119.6, 117.8, 112.6, 97.3, 61.0, 58.1, 57.5, 55.8;
LRMS (EL 70eV) m/z (%): 400 (M* + 2, 3), 398 (M, 3), 367 (100), 185 (38), 91 (45);
HRMS m/z (ESI) caled for C5H502N,35Cl; ([M+H]") 399.0428, found 399.0431.
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1-(3,3,3-Trichloro-1-(4-methoxy-3-methylphenyl)propyl)-1H-indazole (4gaa)

@ Yellow oil; 'H NMR (500 MHz, CDCls) § 8.01 (s, 1H), 7.76

_N

N oo, (@7 =80Hz 1H), 760 (d,J =85 Hz, 1H), 7.29:7.26 (m,
3

~ 1H), 7.24-7.22 (m, 2H), 7.07-7.04 (m, 1H), 6.76 (d,.J= 9.0 Hz,

1H), 5.97-5.95 (m, 1H), 4.53-4.49 (m, 1H), 3.79 (s, 3H), 3.58-
3.54 (m, 1H), 2.19 (s, 3H); '3C NMR (125 MHz, CDCl;) é 157.9, 148.8, 130.9, 129.2,
127.3,126.0,125.5,123.1,121. 8 (2C), 120.2,117.8, 110.0, 97.2, 64.5, 58.6, 55.3, 16.3;
LRMS (EIL 70eV) m/z (%): 384 (M* + 2, 7), 382 (M*, 7), 265 (23), 251 (17), 169 (100);
HRMS m/z (ESI) calcd for C;sH30ON,3Cl; ([M+H]") 383.0479, found 383.0483.
1-(1-(6-Bromobenzo[d][1,3]dioxol-5-yl)-3,3,3-Trichloropropyl)-1H-indazole
(4haa)

@j\ Yellow oil; '"H NMR (500 MHz, CDCl;) & 8.13 (s, 1H), 7.73
_N
N

5 ooy, (@7=9.0Hz, 1H),7.60(d,/=8.0Hz, 1H), 7.42 (5, 1H), 7.28-
<Om 7.25 (m, 1H), 7.07-7.04 (m, 1H), 6.98 (s, 1H), 6.59-6.57 (m,
1H), 5.96 (s, 1H), 5.89 (s, 1H), 4.46-4.43 (m, 1H), 3.49-3.45 (m, 1H); 3C NMR (125
MHz, CDCly) & 148.8, 148.6, 148.0, 131.3, 126.2, 123.7, 121.9, 121.6, 120.3, 117.8,
113.6, 112.4, 109.0, 102.1, 96.7, 62.8, 57.9; LRMS (EL 70eV) m/z (%): 464 (M* + 4,

2), 462 (M* + 2, 3), 460 (M*, 2), 381 (50), 345 (28), 249 (100); HRMS m/z (ESI) caled

for C17H1302N235Cl380Br ([M+H]+) 4609220, found 460.9221.

1-(3,3,3-Trichloro-1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)propyl)-1H-indazole
(4iaa)
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Q_\\ Yellow oil; 'H NMR (500 MHz, CDCl;) 6 8.02 (s, 1H), 7.75
5 N/N - (d, J=9.0 Hz, 1H), 7.60 (d, J = 8.0 Hz, 1H), 7.28-7.25 (m,
EOD)\/ 1H), 7.07-7.04 (m, 1H), 6.96 (s, 1H), 6.90-6.88 (m, 1H), 6.81
(d, J= 8.5 Hz, 1H), 5.94-5.91 (m, 1H), 4.53-4.48 (m, 1H), 4.20 (s, 4H), 3.55-3.51 (m,
1H); 3C NMR (125 MHz, CDCl3) 8 148.8, 143.7, 143.6, 132.6, 126.0, 123.2, 121.9,
121.8,120.2,119.9,117.9,117.69, 116.0, 97.2, 64.4, 64.3, 58.6; LRMS (EI, 70eV) m/z
(%): 398 (M* + 2, 10), 396 (M*, 10), 265 (20), 243 (14), 183 (100); HRMS m/z (ESI)
caled for CigH;60,N,3Cl; ([M+H]") 397.0272, found 397.0269.
1-(3,3,3-Trichloro-1-(4-methoxyphenyl)-2-methylpropyl)-1H-indazole (4jaa)
Yellow oil; 'TH NMR (500 MHz, CDCl;) 6 8.02 (s, 1H), 7.74

\

1 _N

/©)N\(CCI (d,J=9.0 Hz, 1H), 7.61 (d, J = 8.5 Hz, 1H), 7.49 (d, J = 8.5
3

~

o Hz, 2H), 7.28-7.26 (m, 1H), 7.07-7.04 (m, 1H), 6.86 (d,J= 8.5

Hz, 2H), 6.08 (d, J = 6.0 Hz, 1H), 3.77 (s, 3H), 3.735-3.73 (m, 1H), 1.41 (d, J="7.0 Hz,
3H); 3C NMR (125 MHz, CDCly) § 159.5, 149.0, 130.7, 129.3, 125.9, 124.3, 121.8,
121.1, 120.2, 118.0, 114.0, 103.4, 67.9, 58.4, 55.2, 14.0; LRMS (EI, 70eV) m/z (%):
384 (M* +2, 8), 382 (M, 8), 265 (35), 251 (23), 169 (100); HRMS m/z (ESI) calcd for

C1sH1s0N,3Cl; ([M+H]") 383.0479, found 383.0484.

1-(3,3,3-Trichloro-1-(3-methylthiophen-2-yl)propyl)-1H-indazole (4kaa)
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Q—\\ Yellow oil; 1H NMR (500 MHz, CDCI13) 6 8.02 (s, 1H), 7.76 (d, J
N
s / cCls = 8.5 Hz, 1H), 7.60 (d, J = 8.5 Hz, 1H), 7.28-7.26 (m, 1H), 7.21 (d,
J=5.0 Hz, 1H), 7.06 (d, J = 8.0 Hz, 1H), 6.79 (d, J= 5.0 Hz, 1H),

6.40-6.38 (m, 1H), 4.39 (dd, J=15.0, 7.0 Hz, 1H), 3.57 (dd, /= 15.0, 4.0 Hz, 1H), 2.36
(s, 3H); BC NMR (125 MHz, CDCl;)  148.9, 135.2, 135.0, 129.8, 126.2, 125.2, 122.7,
122.0, 121.7, 120.2, 117.9, 96.5, 59.5, 58.7, 14.0; LRMS (EI, 70eV) m/z (%): 360 (M*
+ 2, 8), 358 (M", 8), 242 (22), 145 (100), 118 (46); HRMS m/z (ESI) calcd for
C15H 14N, S33Cl; ([M+H]Y) 358.9938, found 358. 9940.
1-(3,3-dichloro-1-(4-methoxyphenyl)propyl)-1H-indazole (4aba)

©\/\\N Yellow oil; 'H NMR (500 MHz, CDCl3) § 7.92 (s, 1H), 7.74

/©)N/\)C\IC| (d, J=9.0 Hz, 1H), 7.61 (d, J = 8.5 Hz, 1H), 7.33 (d, /= 8.5
~o Hz, 2H), 7.30-7.25 (m, 1H), 7.09-7.06 (m, 1H), 6.87 (d, J =
8.5 Hz, 2H), 5.80-5.77 (m, 1H), 5.48-5.46 (m, 1H), 3.78 (s, 3H), 3.66-3.60 (m, 1H),
3.07-3.01 (m, 1H); 3C NMR (125 MHz, CDCl;) 8 159.8, 149.0, 130.3, 128.2, 126.1,
123.0, 122.0, 121.6, 120.2, 117.8, 114.4, 70.3, 64.0, 55.3, 48.8; LRMS (EI, 70eV) m/z
(%): 336 (M* + 2, 12), 334 (M, 18), 217 (98), 181 (47), 155 (100); HRMS m/z (ESI)
caled for Cj7H;7ON,*3Cl, ((M+H]") 335.0712, found 335.0711.
1-(3,4-dichloro-1-(4-methoxyphenyl)butyl)-1H-indazole (4aca)

@E\\N dr = 3:2; Yellow oil; 'TH NMR (500 MHz, CDCl;) § 8.02 (s,
N Cl

J@MCI 0.6H), 7.87 (s, 0.4H), 7.74 (d, J = 8.5 Hz, 1H), 7.64-7.57 (m,
~o

1H), 7.43 (d, J = 8.5 Hz, 1H), 7.32 (d, J = 8.5 Hz, 1H), 7.28-
7.25 (m, 1H), 7.09-7.06 (m, 1H), 6.91 (d, J= 8.5 Hz, 0.8H), 6.85 (d, J = 8.5 Hz, 1.2H),
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5.90-5.88 (m, 0.6H), 5.85-5.82 (m, 0.4H), 3.80 (s, 2H), 3.77 (s, 3H), 3.73-3.67 (m, 1H),
3.42-3.41 (m, 0.6H), 3.25-3.22 (m, 0.4H), 2.86-2.81 (m, 0,4H), 2.45-2.40 (m, 0.6H);
3C NMR (125 MHz, CDCl3) 6 160.0, 159.5, 149.0, 148.7, 131.6, 129.5, 128.9, 128.0,
126.0,123.4,122.1,121.9,121.8, 121.5,120.3, 120.1, 117.9, 117.6, 114.5, 114.1, 64.2,
63.7, 58.0, 57.7, 55.3,48.7, 48.1, 41.3, 40.9; LRMS (EI, 70eV) m/z (%): 350 (M" + 2,
7), 348 (M*, 12), 237 (45), 155(100); HRMS m/z (ESI) calcd for C;sH;9ON,*Cl,
([M+H]") 349.0869, found 349.0868.
1-(3,4,4-Trichloro-1-(4-methoxyphenyl)butyl)-1H-indazole (4ada)

@E\\FN o, Yellow oil; '"H NMR (500 MHz, CDCl;) 6 8.00 (s, 1H), 7.74 (d,
\Oml J=28.5Hz, 1H), 7.60 (d, J = 8.5 Hz, 1H), 7.37 (d, J = 9.0 Hz,

2H), 7.29-7.25 (m, 1H), 7.07-7.04 (m, 1H), 6.86 (d, J = 9.0 Hz,

2H), 6.03-6.01 (m, 1H), 3.95-3.91 (m, 1H), 3.85-3.79 (m, 2H), 3.76 (s, 3H), 3.29-3.25
(m, 1H); BC NMR (125 MHz, CDCl;) 8 159.7, 148.7, 131.5, 128.3, 126.0, 122.8, 121.9,
121.8,120.2,117.8, 114.2, 88.8, 63.9, 55.3, 54.4, 48.9; LRMS (EI, 70eV) m/z (%): 384
(M*+2, 11), 382 (M, 11), 265 (43), 237 (55), 155 (100); HRMS m/z (ESI) calcd for
C1sHi1sON,3Cl; ([M+H]") 383.0479, found 383.0480.

1-(3,3,4,4-Tetrachloro-1-(4-methoxyphenyl)butyl)-1H-indazole (4aea)

©\/\\N Yellow oil: 'H NMR (500 MHz, CDCl5) § 7.99 (s, 1H), 7.74
N ¢l
o (d,J=8.5Hz 1H),7.60 (d,J= 8.5 Hz, 1H),7.37 (d,J=9.0
Cl
~o Cl Hgz 2H),7.28-7.23 (m, 1H), 7.07-7.04 (m, 1H), 6.85 (d, J =

9.0 Hz, 2H), 6.10-6.08 (m, 1H), 5.87 (s, 1H), 4.09-4.04 (m, 1H), 3.75 (s, 3H), 3.34-3.31

(m, 1H); 13C NMR (125 MHz, CDCl;) § 159.6, 148.7, 131.5, 128.3, 126.0, 122.8, 121.8
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(20), 120.2, 117.8, 114.2,92.1, 78.1, 63.8, 55.2, 47.3; LRMS (EI, 70eV) m/z (%): 418
(M* + 2, 12), 416 (M*, 9), 301 (51), 237 (68), 155 (100); HRMS m/z (ESI) calcd for
C3H17,0N,Cly ([M+H]") 417.0090, found 417.0089.
4-(1H-indazol-1-yl)-4-(4-methoxyphenyl)butanenitrile (4afa)
@N Yellow oil; 'H NMR (500 MHz, CDCl3) 3 7.96 (s, 1H), 7.73
N
WCN (d,J=8.5Hz, 1H), 7.62 (d, J= 8.5 Hz, 1H), 7.34 (d, J=8.5
~o
Hz, 2H), 7.70-7.27 (m, 1H), 7.10-7.06 (m, 1H), 6.88 (d, J =
8.5 Hz, 2H), 5.66-5.63 (m, 1H), 3.78 (s, 3H), 3.06-3.02 (m, 1H), 2.60-2.53 (m, 1H),
2.41-2.35 (m, 2H), 2.33-2.26 (m, 2H); '3C NMR (125 MHz, CDCl;) 8 159.8, 149.0,
130.5, 128.2, 126.2, 123.0, 122.0, 121.6, 120.3, 118.7, 117.7, 114.4, 65.1, 55.3, 31.1,
14.7; LRMS (EL, 70eV) m/z (%): 291 (24), 237 (23), 174 (100), 134 (53); HRMS m/z
(ESI) calcd for C;sH;sON; ([M+H]") 292.1444, found 292.1447.
5-(1H-indazol-1-yl)-5-(4-methoxyphenyl)pentan-2-one (4aga)
Q_‘\\N Yellow oil; "HNMR (500 MHz, CDCl3) 6 7.89 (s, 1H), 7.73
/©)l\i/\[( (d, J=9.0 Hz, 1H), 7.61 (d, J = 8.5 Hz, 1H), 7.34-7.28 (m,
~o © 3H), 7.06 (t, J= 7.5 Hz, 1H), 6.86 (d, J = 7.5 Hz, 2H), 5.60
(t,J=6.5Hz, 1H), 3.78 (s, 3H), 2.81-2.75 (m, 1H), 2.58 (dd, J = 14.1, 7.0 Hz, 1H), 2.42
(d, J=17.0 Hz, 2H), 2.07 (s, 3H); '*C NMR (125 MHz, CDCls) 4 207.7, 159.5, 131.7,
128.2,125.8,121.9,121.7,120.2,117.7, 114.1, 65.9, 55.3, 40.0, 30.1, 29.3; LRMS (EI,
70eV) m/z (%): 308 (M* + 25), 237 (46), 191 (100), 173 (36), 147 (28); HRMS m/z
(ESI) calced for Ci9H;,;0,N, ([M+H]*) 309.1598, found 309.1597.

2,6-Di-tert-butyl-4-(2,2,2-trichloroethyl)phenol (5a)
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OH Light yellow oil; 'H NMR (500 MHz, CDCl3)  7.22 (s, 2H), 5.26 (s,
1H), 3.83 (s, 1H), 1.45 (s, 18H); 1*C NMR (125 MHz, CDCls) &
cCl;  153.9,135.4,128.4, 124.14,99.9,59.9, 34.3, 30.3; LRMS (EI, 70eV)

m/z (%): 336(M*+2, 5), 336(M*, 6), 321 (18.87), 220 (17), 219 (100), 203 (7).

(2-(4-Methoxyphenyl)ethene-1,1-diyl)dibenzene (Sb)
\o Yellow oil; "H NMR (500 MHz, CDCl3) 6 7.36-7.28 (m, 8H), 7.22

O O (d, J=7.0 Hz, 2H), 6.95 (d, J= 8.5 Hz, 2H), 6.92 (s, 1H), 6.67 (d, J

113.4, 55.1; 286 (M*, 100), 253 (8), 243 (9), 228 (9), 165 (31).

= 8.0 Hz, 2H), 3.75 (s, 3H); 13C NMR (125 MHz, CDCLy) § 158.3,

143.6, 140.6, 140.6, 130.8, 130.4, 130.0, 128.7, 128.1, 127.6, 127 .4,

(C) Spectra

1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-indazole (4aaa)
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1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-benzo[d][1,2,3]triazole (4aab)
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5-Chloro-1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-

benzo[d][1,2,3]triazole (4aac) and 5-Chloro-2-(3,3,3-trichloro-1-(4-

methoxyphenyl)propyl)-2H-benzo[d][1,2,3]triazole (4aac’)
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5-Nitro-1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-

benzo[d][1,2,3]triazole (4aad)
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5,6-Dimethyl-1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-

benzo[d][1,2,3]triazole (4aae)
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1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-1,2,3-triazole (4aaf)
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5-Phenyl-1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-1,2,3-triazole (4aag)
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5-Methyl-1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-1,2,4-triazole (4aah)

and  3-Methyl-1-(3,3,3-trichloro-1-(4-methoxyphenyl)propyl)-1H-1,2,4-triazole
(4aah’)
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1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-pyrazole (4aai)
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S-phenyl-2-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-2H-tetrazole (4aaj)
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1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-benzo[d]imidazole (4aak)

Q’N =52 S e =
. R e &
_— e Rk

o
| .
[}

Mo & el
11..10 10.0 9.0 8.0 5.0 4.0 3.0 2.0 1.0 0.0 =1

A2
159. 631
64

24

96. 578

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

S29



2-(methylthio)-1-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)-1H-

benzo|d]imidazole (4aal)
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N-(3,3,3-Trichloro-1-(4-methoxyphenyl)propyl)aniline (4aam)

0. 000

Bl gl T T

10.5 9.5 8.5 1.5 6.5 .5 0.5 -0.5
@ & 5 N5y
NH ; < :;:;':]
CClg i n T%T

~o
1 Iy
o N
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

S31



4-Methyl-N-(3,3,3-trichloro-1-(4-methoxyphenyl)propyl)aniline (4aan)
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1-(3,3,3-Trichloro-1-(4-ethoxyphenyl)propyl)-1H-indazole (4baa)
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1-(1-(4-(benzyloxy)phenyl)-3,3,3-Trichloropropyl)-1H-indazole (4caa)
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4-(3,3,3-Trichloro-1-(1H-indazol-1-yl)propyl)phenyl acetate (4daa)
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1-(3,3,3-Trichloro-1-(2-methoxyphenyl)propyl)-1H-indazole (4eaa)
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1-(3,3,3-Trichloro-1-(3,4-dimethoxyphenyl)propyl)-1H-indazole (4faa)
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1-(3,3,3-Trichloro-1-(4-methoxy-3-methylphenyl)propyl)-1H-indazole (4gaa)
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1-(1-(6-bromobenzo|d][1,3]dioxol-5-yl)-3,3,3-Trichloropropyl)-1H-indazole (4haa)
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-6-yl)propyl)-1H-indazole

ioxin

1-(3,3,3-Trichloro-1-(2,3-dihydrobenzo[b][1,4]d
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1-(3,3,3-Trichloro-1-(4-methoxyphenyl)-2-methylpropyl)-1H-indazole (4jaa)
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1-(3,3,4,4-tetrachloro- al-(4-methoxyphenyl)butyl)-1H-indazole (4aea)
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4-(1H-indazol-1-yl)-4-(4-methoxyphenyl)butanenitrile (4afa)

gee

08z
86T
zLee
PLET
8257
55T
59571
BIET
86T
VST
8557
LG

P85 €|
L1852

9L0¢e
Nmo,mv

9£0'¢

V

=

sroed

8L e—

9295
L89G
Sv9'GY
159G

69897
988'9
Z90 L
9.i0°L

wmo,.\_ﬂ_ﬁ

652 L
AR
682 L

pOg £
mmmi
ore .

809 L+
529 L
Ll
PELL
556 L1

B

\

E—

CN

+00')
.ﬁmooe
00t

=001

=00'¢

=00

=007
=00’}
ot
o'
+00'}
00}
=00’}

50

40 35 30 25 20 15 10

45
1 (ppm)

65 60 55

70

90 85 80

9.5

10

6LOVL—

8L0'Le—

90e'85—

9LlEe—

opL'9L
DDD.E_.W.
¥ST LL

99E iiy
€L94L
9zL'8hA|
85z om;:r
0L LZL~E
995 R%
zZe0 MN%
L9l mN;
98l 871

8k 0El

L56'8Y | —

LE8'65L—

CN

L

|

210 200

140

120 110 100 90 80 70 60
1 (ppm)

130

180 170 160 150

190

S47



5-(1H-indazol-1-yl)-5-(4-methoxyphenyl)pentan-2-one (4aga)
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2,6-Di-tert-butyl-4-(2,2,2-trichloroethyl)phenol (5a)
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(2-(4-Methoxyphenyl)ethene-1,1-diyl)dibenzene (Sb)
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