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1. General remarks

Unless otherwise noted, commercially available reagents were purchased from
commercial suppliers (such as Adamas, Sigma-Aldrich Co., Energy Chemical.
Bidepharm etc), and used without further purification. All reactions were carried out
under air atmosphere with magnetic stirring unless otherwise noted. Solvents were
dried by passage through an activated alumina column under argon. Liquids and
solutions were transferred via syringe. All reactions were monitored by thin-layer
chromatography (TLC) with E. Merck silica gel 60 F254 pre-coated plates (0.25 mm).
Silica gel (particle size 0.032-0.063 mm) purchased from SiliCycle was used for flash
chromatography.

Proton ('H) and carbon ('3C) NMR spectra were recorded on a Bruker AV-500
spectrometer operating at 500 MHz for proton and 126 MHz for carbon nuclei using
CDCl3 or DMSO-ds as solvent, respectively. Fluorine magnetic resonance ('’F NMR)
spectra were recorded at 471 MHz. Chemical shifts are reported parts per million (ppm)
referenced to CDCIs (8 7.26 ppm), tetramethylsilane (TMS, 6 0.00 ppm), or DMSO-ds
(8 2.50 ppm) for 'H NMR; CDCI3 (8 77.16 ppm), or DMSO-ds (8 39.52 ppm) for *C
NMR. Proton signal data uses the following abbreviations: s = singlet, d = doublet, t =
triplet, q = quartet, m = multiplet and J = coupling constant. High Resolution Mass
Spectrometry was performed on a Bruker Apex Il mass instrument under the conditions
of electrospray ionization (ESI) in both positive and negative mode. **C1 was used to
calculate the theoretical m/z for all chlorine containing compounds. ”Br was used to

calculate the theoretical m/z for all bromine containing compounds.
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2. Initial attempt

We have previously reported that  N-arylhydroxylamines and
trifluoromethanesulfinic chloride underwent an unconventional cascade O-
trifluoromethanesulfinylation and concerted [2,3]-sigmatropic rearrangement to afford
synthetically useful ortho-trifluoromethanesulfonylated aniline derivatives [Angew.
Chem. Int. Ed. 2022, 61, €202115611]. Inspired by this work, we envisioned that
phenylhydroxylamine 1a might react with N-sulfinylaniline 2a to generate ortho-
sulfonylated aniline 3a through the similar [2,3]-sigmatropic rearrangement in the
presence of 2,6-di-tert-butylpyridine (path a). Interestingly, 10% yield of
diarylhydrazine 4a was obtained rather than the expected product 3a (path b).
Increasing the electrophilicity of N-sulfinylaniline by employing the para-CF3
substituted substrate 2b resulted in the higher yield (42%) of the corresponding N,N'-
diarylhydrazine product 4b (path b).

[2,3]
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3. Table for the optimization of reaction conditions
Table S1. Condition optimization of desulfurdioxidative  N-N coupling of N-
arylhydroxylamine 1a and N-sulfinylaniline 2b

CIJH B Solvent |;I ©Fs
N. .O ase, Solven
N. + 2g” N
H N
Temp., 30 min h
F1C H
4b

1a : 2b (1.0 eq.)

Entry? 1a (eq.) Solvent Base (eq.) Temp Yield (%)b
1 3.0 Et,O DTBP (6.0 eq.) -40 °C 42%
2 3.0 Et,0 DTBP (6.0 eq.) -60 °C 63%
3 3.0 Et,0 DTBP (6.0 eq.) -78 °C 75%
4 3.0 Hexane DTBP (6.0 eq.) -78 °C 34%
5 3.0 DCM DTBP (6.0 eq.) -78 °C 39%
6 3.0 Toluene DTBP (6.0 eq.) -78 °C 29%
7 3.0 THF DTBP (6.0 eq.) -78 °C 27%
8 3.0 Et,0 DIPEA (6.0 eq.) -78 °C 26%
9 3.0 Et,0 Imidazole (6.0 eq.) -78 °C 20%
10 3.0 Et,0 DMAP (6.0 eq.) -78 °C 48%
11 3.0 Et,O Pyridine (6.0 eq.) -78 °C 28%
12 3.0 Et,0 Et;N (6.0 eq.) -78 °C 20%
13 3.0 Et,0 KF (6.0 eq.) -78 °C 35%
14 3.0 Et,0 NaNO, (6.0 eq.) -78 °C 46%
15 3.0 Et,0 Na,S03(6.0 eq.) -78 °C 40%
16 3.0 Et,0 K,CO; (6.0 eq.) -78 °C 40%
18 3.0 Et,0 K,HPO, (6.0 eq.) -78 °C 70%
19 3.0 Et,0 Na,CO3 (6.0 eq.) -78 °C 39%
20 3.0 Et,0 no base -78 °C 28%
21 3.0 Et,O CsCOj3 (6.0 eq.) -78 °C 34%
22 3.0 Et,O KNO; (6.0 eq.) -78 °C 36%
23 3.0 Et,0 NaNO; (6.0 eq.) -78 °C 34%
24 3.0 Et,0 NaHCOs5 (6.0 eq.) -78 °C 36%
25 3.0 Et,O CH3COONa (6.0 eq.) -78 °C 34%
26 3.0 Et,0 KNO, (6.0 eq.) -78 °C 80%
27 1.2 Et,0 KNO, (2.0 eq.) -78 °C 47%
28 2.0 Et,O KNO, (2.0 eq.) -78 °C 55%
29 3.0 Et,0 KNO, (2.0 eq.) -78 °C 58%
30 3.0 Et,0 KNO, (8.0 eq.) -78 °C 73%
31 4.0 Et,0 KNO, (8.0 eq.) -78 °C 78%
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“Reaction conditions: all reactions were carried out with 1a (0.60 mmol, 3.0 equiv), 2 (0.20 mmol,
1.0 equiv), KNO> (1.2 mmol, 6.0 equiv), Et,O (2.0 mL) at -78 °C under N, for 30 minutes. “Isolated
yield.

4. General procedure for the synthesis of arylhydroxylamines

General procedure A:!"l

<, -OH
NO2  NH,NH,-H,0 (1.2 equiv) N
LS 5% RhIC (0.3 mol%) __ N
O THF, 0 °C R

s1 1
Under nitrogen atmosphere, a suspension of nitroarene S1 (1.0 equiv) and 5% Rh/C
(0.3 mol% Rh) in THF (0.32 M) was cooled to 0 °C. Hydrazine monohydrate (1.2 equiv)
was added dropwise. The reaction mixture was stirred at 0 °C for 1 hour and then slowly
warmed up to r.t. and stirred at r.t. for 3 hours. The reaction mixture was filtered through
a short pad of celite and concentrated in vacuo. Recrystallization from DCM/PE

afforded the title compound 1.

5. Previously reported arylhydroxylamines

NHOH /©/NHOH /©/NHOH /©/NHOH /©/NHOH
©/ Me’ Et F Cl

1altb2] 1pi2! qchdl 1ell 11l1b.21

Et
NHOH NHOH NHOH o} NHOH '
o T 9
Br |
1gl1b:2] 1pl1b.2] 1x1dl 1aaltdl 1abl'el

la-1c¢, 1e-1h, 1x, 1aa, 1ab were known compounds and were prepared according to
the literature-reported procedures. 12!

6. Analytical data of arylhydroxylamines 1
(1) N-(|1,1'-biphenyl]-4-yl)hydroxylamine (1d)
NHOH Followed General Procedure A on 10.0 mmol scale.
/©/ Recrystallization from DCM/PE to obtain the white solid 1d (1.517
o 1d g, 82% yield), m.p. = 97-99 °C; Rr=0.2 (PE:EtOAc = 3:1); 'HNMR
(500 MHz, DMSO-ds): 6 8.43 (s, 2H), 7.58 (d, J = 7.6 Hz, 2H), 7.50 (d, J = 8.3 Hz,
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2H), 7.40 (t, J = 7.6 Hz, 2H), 7.26 (t, J = 7.2 Hz, 1H), 6.94 (d, J = 8.2 Hz, 2H); 13C
NMR (126 MHz, DMSO-ds): 6 151.69, 140.41, 131.07, 128.84, 126.81, 126.30, 125.86,
113.38; HRMS (ESI) m/z caled for [C12H12NO]" [M+H]": 186.0913, found: 186.0922.

(2) N-(4-(trifluoromethyl)phenyl)hydroxylamine (1i)

NHOH Followed General Procedure A on 10.0 mmol scale.
F3C/©/ Recrystallization from DCM/PE to obtain the white solid 1i (1.152
g, 65% yield), m.p. = 100-102 °C; R¢ = 0.4 (PE:EtOAc = 3:1); 'H
NMR (500 MHz, CDClI3): 6 7.52 (d, J= 8.4 Hz, 2H), 7.01 (t, J =20.7 Hz, 3H), 5.70 (s,
1H); '3C NMR (126 MHz, CDCl3): & 152.7, 126.4 (q, Jcr = 3.8 Hz), 124.6 (q, Jc-r=
270.9 Hz), 124.0 (q, Jc-r = 32.6 Hz), 113.7; 'F NMR (471 MHz, CDCl3): 8 -61.64 (s);

HRMS (ESI) m/z calcd for [C7H7F3NO]" [M+H]": 178.0474, found: 178.0460.

1i

(3) N-(m-tolyl)hydroxylamine (1j)

NHOH Followed General Procedure A on 10.0 mmol scale. Recrystallization
Q/ from DCM/PE to obtain the white solid 1j (0.566 g, 42% yield), m.p. =
Me 91-93 °C; Rr= 0.3 (PE:EtOAc = 3:1); 'H NMR (500 MHz, DMSO-ds):
K 58.24 (d, J = 1.8 Hz, 1H), 8.16 (s, 1H), 7.04 (t, J = 7.7 Hz, 1H), 6.70—
6.60 (m, 2H), 6.56 (d, J = 7.4 Hz, 1H), 2.22 (s, 3H); *C NMR (126 MHz, DMSO-ds):
5152.1,137.5,128.3,120.1, 113.5, 110.3, 21.3; HRMS (ESI) m/z calcd for [C7H10NO]"

[M+H]": 124.0757, found: 124.0755.

(4) N-(3-fluorophenyl)hydroxylamine (1k)
Followed General Procedure A on 10.0 mmol scale. Recrystallization
Q/NHOH from DCM/PE to obtain the white solid 1k (1.045 g, 83% yield), m.p. =
L 85-87 °C; Rr = 0.3 (PE:EtOAc = 3:1); 'H NMR (500 MHz, CDCl3): &
1k 7.21 (td, J=8.1, 6.4 Hz, 1H), 6.76 (dt, J = 10.6, 2.2 Hz, 1H), 6.71-6.66
(m, 2H), 6.14 (s, 2H); 3*C NMR (126 MHz, CDCl3): § 163.7 (d, Jc-r= 244.8 Hz), 151.5
(d, Jcr=9.7 Hz), 130.3 (d, Jcr=9.5 Hz), 109.9 (d, Jcr= 2.2 Hz), 109.1 (d, Jcr=21.5
Hz), 102.2 (d, Jc-r=25.9 Hz); "’F NMR (471 MHz, CDCI3): & -112.07 (s); HRMS (ESI)
m/z calcd for [CsH7FNO]" [M+H]": 128.0506, found: 128.0498.
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(5) N-(3-chlorophenyl)hydroxylamine (11)
Followed General Procedure A on 10.0 mmol scale. Recrystallization
s from DCM/PE to obtain the white solid 11 (0.973 g, 68% yield), m.p. =
ol 90-92 °C; Rr= 0.3 (PE:EtOAc = 3:1); 'H NMR (500 MHz, CDCl3): §
1 7.18 (t, J = 8.0 Hz, 1H), 7.02 (d, J = 1.8 Hz, 1H), 6.96 (d, J = 7.9 Hz,
1H), 6.81 (dd, J=8.1, 1.2 Hz, 1H), 6.21 (s, 2H); 1*C NMR (126 MHz, CDCl3): § 150.8,
135.0, 130.1, 122.5, 114.9, 112.7; HRMS (ESI) m/z caled for [CsH7CINO]" [M+H]":

144.0211, found: 144.0227.

(6) N-(3-bromophenyl)hydroxylamine (1m)
/@\ Followed General Procedure A on 10.0 mmol scale.
Br NHOH Recrystallization from DCM/PE to obtain the white solid 1m (1.010
" g, 54% yicld); m.p. = 94-96 °C; Rr= 0.4 (PE:EtOAc = 3:1); 'H NMR
(500 MHz, CDCls): 87.17 (s, 1H), 7.16-7.04 (m, 2H), 6.86 (dt, J = 7.0, 2.1 Hz, 1H),
6.11 (s, 2H); '*C NMR (126 MHz, CDCls): § 150.9, 130.4, 125.4, 123.0, 117.7, 113.2;

HRMS (ESI) m/z calcd for [CsH7BrNO]" [M+H]": 187.9706, found: 187.9718.

(7) N-(2-chlorophenyl)hydroxylamine (1n)
nwoy Tollowed General Procedure A on 10.0 mmol scale. Recrystallization

from DCM/PE to obtain the white solid 1n (0.786 g, 55% yield), m.p. =

n ¢ 85-86 °C; Rt = 0.5 (PE:EtOAc = 3:1); '"H NMR (500 MHz, CDCI3): &
7.31-7.23 (m, 3H), 6.92 (t,J = 7.3 Hz, 1H), 6.40 (s, 2H); *C NMR (126 MHz, CDCI3):
8 145.6, 129.1, 127.8, 122.7, 119.5, 116.3; HRMS (ESI) m/z calcd for [CsH7CINO]"

[M+H]": 144.0211, found: 144.0214.

(8) ethyl 2-(hydroxyamino)benzoate (10)
nHon [Followed General Procedure A on 10.0 mmol scale. Recrystallization
@ from DCM/PE to obtain the white solid 10 (0.977 g, 54% yield), m.p.
CO,Et
10 = 89-91 °C; Rr= 0.5 (PE:EtOAc = 3:1); 'H NMR (500 MHz, DMSO-

ds): 69.17 (s, 1H), 8.88 (d, J = 1.5 Hz, 1H), 7.80 (dd, J = 7.9, 1.6 Hz, 1H), 7.54-7.43
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(m, 1H), 7.27 (dd, J = 8.5, 1.2 Hz, 1H), 6.86—6.70 (m, 1H), 4.27 (q, J = 7.1 Hz, 2H),
1.30 (t,J= 7.1 Hz, 3H); *C NMR (126 MHz, DMSO-ds): 6 166.7, 153.4, 134.3, 130.3,
117.7, 113.6, 110.7, 60.4, 14.1; HRMS (ESI) m/z calcd for [CoH12NO3]" [M+H]":
182.0812, found: 182.0811.

(9) N-(2,5-difluorophenyl)hydroxylamine (1p)
. NH Followed General Procedure A on 10.0 mmol scale.
\@ Recrystallization from DCM/PE to obtain the white solid 1p (1.116
1p F g, 77% yield), m.p. = 101-103 °C; Rr = 0.4 (PE:EtOAc = 3:1); 'H
NMR (500 MHz, DMSO-ds): 6 8.66-8.64 (m, 2H), 7.07-7.01 (m, 1H), 6.94—6.76 (m,
1H), 6.53-6.48 (m, 1H); *C NMR (126 MHz, DMSO-dp): 6 159.1 (d, Jc-r = 237.4 Hz),
145.9 (d, Jcr = 235.4 Hz), 141.5 (dd, Jer=12.6, 11.3 Hz) , 115.3 (dd, Jcr=20.2,
10.1 Hz) ,104.3 (dd, Jer=23.9, 6.3 Hz) , 101.5 (d, Jer= 29.2 Hz); '°F NMR (471
MHz, DMSO-ds): 6 -117.77 (s), -137.11 (s); HRMS (ESI) m/z caled for [CsHsF2NOT"
[M+H]": 146.0412, found: 146.0411.

(10) N-(5-fluoro-2-methylphenyl)hydroxylamine (1q)
E NHOH T ollowed General Procedure A on 10.0 mmol scale.
\@ Recrystallization from DCM/PE to obtain the white solid 1q (0.539
1q e g, 38% yield), m.p. = 84-86 °C; Rr= 0.4 (PE:EtOAc = 3:1); 'H NMR
(500 MHz, DMSO-dbs): 6 8.42 (s, 1H), 8.17 (s, 1H), 6.95 (t, /= 7.3 Hz, 1H), 6.78 (d, J
= 11.6 Hz, 1H), 6.44 (td, J = 8.5, 2.7 Hz, 1H), 2.02 (s, 3H); '3*C NMR (126 MHz,
DMSO-ds): 6 161.8 (d, Jer= 237.9 Hz), 151.6 (d, Jc-r= 9.9 Hz), 130.4 (d, Jcr=9.3
Hz), 117.4 (d, Jcr= 2.6 Hz), 104.4 (d, Jcr=21.1 Hz), 98.8 (d, Jc-r= 26.5 Hz), 16.12;
F NMR (471 MHz, DMSO-ds): § -116.39 (s); HRMS (ESI) m/z calcd for [CTHoFNO]*

[M+H]": 142.0663, found: 142.0671.

(11) N-(5-fluoro-2-methoxyphenyl)hydroxylamine (1r)
F nwoy TFollowed  General Procedure A on 10.0 mmol scale.
\@ Recrystallization from DCM/PE to obtain the white solid 1r (1.066 g,

OMe
r 68% yield), m.p. = 95-97 °C; R¢ = 0.5 (PE:EtOAc = 3:1); 'H NMR
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(500 MHz, DMSO-ds):  8.46 (d, J = 1.6 Hz, 1H), 7.99 (s, 1H), 6.79 (dd, J = 8.8, 5.0
Hz, 1H), 6.73 (d, J = 10.6 Hz, 1H), 6.48 (td, J = 8.6, 3.1 Hz, 1H), 3.72 (s, 3H); 1*C
NMR (126 MHz, DMSO-ds): 8 157.3 (d, Jor = 233.4 Hz), 142.5 (d, Jer = 10.3 Hz),
142.4 (d, Jer= 1.6 Hz), 110.6 (d, Jex= 9.6 Hz), 103.6 (d, Jex=22.9 Hz), 100.0 (d, Je.
r=28.4 Hz); ’F NMR (471 MHz, DMSO-dp): & -122.51 (s); HRMS (ESI) m/z calcd
for [C7HoFNO2]" [M+H]": 158.0612, found: 158.0612.

(12) N-(5-bromo-2-methylphenyl)hydroxylamine (1s)
Br NHOH Followed General Procedure A on 10.0 mmol scale.
\@ Recrystallization from DCM/PE to obtain the white solid 1s (1.744
is e g, 87% yield); m.p. = 110-112 °C; R = 0.3 (PE:EtOAc = 3:1); 'H
NMR (500 MHz, CDCl): 6 7.39 (d, /= 1.8 Hz, 1H), 7.11-6.36 (m, 3H), 5.62 (s, 1H),
2.06 (s, 3H); 3C NMR (126 MHz, CDCl3): § 148.7, 131.5, 124.6, 121.7, 120.6, 117.0,

16.5; HRMS (ESI) m/z calcd for [C7HoBrNO]* [M+H]": 201.9862, found: 201.9862.

(13) methyl 4-chloro-3-(hydroxyamino)benzoate (1t)

cl Followed General Procedure A on 10.0 mmol scale. Purified via
NHOH column chromatography on silica gel (eluted with PE:EtOAc = 5:1) to
obtain the pink solid 1t (0.824 g, 41% yield); m.p. = 103-105 °C; Re =
f:) A 03 (PE:EtOAc = 3:1): 'H NMR (500 MHz, DMSO-ds): & 8.76 (s, 1H).
8.53 (s, 1H), 7.86-7.66 (m, 1H), 7.49-7.17 (m, 2H), 3.84 (s, 3H); 1*C
NMR (126 MHz, DMSO-ds): 6 166.0, 148.0, 129.2, 129.1, 121.9, 120.6, 114.4, 52.3;

HRMS (ESI) m/z caled for [CsHoCINO3]" [M+H]": 202.0265, found: 202.0277.

(14) N-(3,5-dichlorophenyl)hydroxylamine (1u)
cI nHon Followed General Procedure A on 10.0 mmol scale.
Recrystallization from DCM/PE to obtain the pink solid 1u (1.852
cl g, 85% yield), m.p.=95-97 °C; Rr= 0.3 (PE:EtOAc =3:1); '"HNMR
" (500 MHz, CDCl3): 6 6.94 (t, J= 1.7 Hz, 1H), 6.87 (d, J = 1.7 Hz,
2H), 6.80 (s, 1H), 6.77 (d, J = 1.9 Hz, 1H), 5.45 (s, 1H); *C NMR (126 MHz, CDCl3):
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& 151.8, 135.5, 122.0, 112.7; HRMS (ESI) m/z caled for [CeHsCI2NO]" [M+H]™:
177.9821, found: 177.9825.

(15) N-(3,5-dibromophenyl)hydroxylamine (1v)
Br nHoy Followed  General Procedure A on 10.0 mmol scale.
Recrystallization from DCM/PE to obtain the pink solid 1v (1.110
Br g, 45% yield), m.p. = 107-109 °C; R = 0.3 (PE:EtOAc = 3:1); 'H
" NMR (500 MHz, DMSO-ds): 6 8.75 (d, /= 1.8 Hz, 1H), 8.69 (d, J
= 1.8 Hz, 1H), 7.06 (t,J = 1.7 Hz, 1H), 6.94 (d, J = 1.7 Hz, 2H); '*C NMR (126 MHz,
DMSO-ds): & 154.8, 122.9, 122.5, 113.9; HRMS (ESI) m/z calcd for [CsHsBraNO]"

[M+H]": 265.8811, found: 265.8814.

(16) N-(3-bromo-5-fluoro-2-methylphenyl)hydroxylamine (1w)
E NHOH Followed General Procedure A on 10.0 mmol scale.

Recrystallization from DCM/PE to obtain the white solid 1w (1.686

Br v g, 77% yield), m.p. = 104-106 °C; Rt = 0.2 (PE:EtOAc = 3:1); 'H

1w NMR (500 MHz, CDCls): 6 6.98 (dd, J=10.4, 2.6 Hz, 1H), 6.93 (dd,
J=18.1,2.6 Hz, 1H), 5.90 (s, 2H), 2.13 (s, 3H); '*C NMR (126 MHz, CDCl3): § 161.6
(d, Jcr=245.8 Hz), 149.8 (d, Jcr=10.3 Hz), 124.8 (d, Jcr=11.2 Hz), 117.9 (d, Jcr=
3.5 Hz), 112.5 (d, Jer= 24.7 Hz), 100.9 (d, Jc-r= 26.5 Hz), 15.6; '°F NMR (471 MHz,
CDCl3): 8 -113.96 (s); HRMS (ESI) m/z calcd for [C7HsBrFNO]™ [M+H]": 219.9768,

found: 219.9752.

(17) N-(isoquinolin-5-yl)hydroxylamine (1y)
Followed General Procedure A on 10.0 mmol scale.
nHon Recrystallization from DCM/PE to obtain the white solid 1y (0.944 g,
NZ Ty 59% yield), m.p. = 151-153 °C; Rr= 0.1 (PE:EtOAc = 1:1); 'H NMR
(500 MHz, DMSO-dbs): 6 9.20-9.19 (m, 2H), 8.64 (s, 1H), 8.42 (d, J =
5.9 Hz, 1H), 7.80 (d, J=5.8 Hz, 1H), 7.53 (t, /= 7.8 Hz, 1H), 7.46 (d, /= 8.0 Hz, 1H),

731 (d, J = 7.4 Hz, 1H); 3C NMR (126 MHz, DMSO-ds): § 152.2, 146.1, 141.59,
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128.5, 128.0, 1243, 117.7, 114.9, 109.8; HRMS (ESI) m/z caled for [CoHoN20]*
[M+H]": 161.0907, found: 161.0917.

(18) N-(6-methoxy-5-(thiophen-2-yl)pyridin-3-yl)hydroxylamine (1z)

Followed General Procedure A on 5.0 mmol scale.

S
/ _ - NHOH Recrystallization from DCM/PE to obtain the white solid 1z
I P (0.745 g, 68% yield); m.p. = 133-135 °C; Rr= 0.1 (PE:EtOAc =
MeO N
12 3:1); 'TH NMR (500 MHz, DMSO-ds): & 8.58 (s, 1H), 8.52 (s, 1H),

8.04 (s, 1H), 7.63 (t, J = 4.9 Hz, 1H), 7.25 (dd, J = 3.5, 1.1 Hz,
1H), 7.22-7.14 (m, 2H), 2.48 (s, 3H); *C NMR (126 MHz, DMSO-ds): 5 183.7, 183.1,
178.47, 171.7, 166.0, 165.6, 164.8, 164.3, 158.7, 60.6; HRMS (ESI) m/z calcd for
[C10H11N2028]" [M+H]": 223.0536, found: 223.0520.

(19) (1R,2R,45)-1,3,3-trimethylbicyclo[2.2.1]heptan-2-yl 4-(hydroxyamino)benz-
oate (lac)

Followed General Procedure A on 10.0 mmol scale.

OY©/NHOH Purified via column chromatography on silica gel (eluted

& with PE/EtOAc = 5/1) to obtain the white solid 1ac (2.226

H 1ac g, 77% yield); m.p. =96-98 °C; Rr= 0.4 (PE:EtOAc=3:1);

'H NMR (500 MHz, DMSO-ds) & 8.95 (s, 1H), 8.65 (d, J

= 1.6 Hz, 1H), 7.81 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 4.46 (d, /= 1.8 Hz,

1H), 1.91-1.85 (ddt, J=14.6, 8.2, 3.9 Hz, 1H), 1.76-1.67 (m, 2H), 1.64 (d, J=10.2 Hz,

1H), 1.51-1.39 (m, 1H), 1.20 (d, J = 10.2 Hz, 1H), 1.18-1.13 (m, 1H), 1.11 (s, 3H),

1.04 (s, 3H), 0.75 (s, 3H); *C NMR (126 MHz, DMSO-d5): 5 166.1, 156.0, 130.4, 119.5,

111.3, 85.0, 48.1, 47.8, 40.8, 29.5, 26.5, 25.6, 20.1, 19.3; HRMS (ESI) m/z calcd for
[C17H24NOs]" [M+H]": 290.1751, found: 290.1740.

(20) (3s,5s,7s)-adamantan-1-yl 3-(hydroxyamino)-4-methylbenzoate (1ad)
o Followed General Procedure A on 10.0 mmol scale.
@\o )‘\(:[ NHOH Purified via column chromatography on silica gel (eluted

1ad Me with (PE/EtOAc = 5/1) to obtain the white solid lad
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(2.710 g, 90% yield); m.p. = 122-124 °C; R = 0.3 (PE:EtOAc = 3:1); 'H NMR (500
MHz, DMSO-ds): & 8.36 (s, 1H), 8.13 (s, 1H), 7.62 (s, 1H), 7.25 (d, J = 7.5 Hz, 1H),
7.06 (d, J= 7.5 Hz, 1H), 2.17 (s, 9H), 2.10 (s, 3H), 1.66 (s, 6H); 3C NMR (126 MHz,
DMSO-ds): § 165.2, 149.7, 129.6, 129.4, 127.2, 120.0, 112.2, 79.8, 41.0, 35.7, 30.3,
17.0; HRMS (ESI) m/z caled for [CisH24NOs]* [M+H]*: 302.1751, found: 302.1770.

(21) (1R,2S5,5R)-2-isopropyl-5-methylcyclohexyl 3-(hydroxyamino)-4-methylben-
zoate (lae)
Followed General Procedure A on 10.0 mmol scale.
(5\ o Purified via column chromatography on silica gel (eluted
. 0)‘\@ NHOH  with PE/EtOAc = 9/1) to obtain the white solid 1ae (1.714
A we g 56% yield); mp. = 115-117 °C; Re = 0.3 (PE:EtOAc =
3:1); '"H NMR (500 MHz, DMSO-ds): & 8.41 (s, 1H), 8.17
(s, IH), 7.70 (s, 1H), 7.38-7.28 (m, 1H), 7.08 (d, /= 7.7 Hz, 1H), 4.82 (td, J=10.8, 4.2
Hz, 1H), 2.12 (s, 3H), 1.98 (d, /= 11.9 Hz, 1H), 1.92-1.78 (m, 1H), 1.64 (d, /=114
Hz, 2H), 1.49 (m, 2H), 1.07 (m, 2H), 0.87 (t, /= 7.2 Hz, 7H), 0.74 (d, J= 6.9 Hz, 3H);
13C NMR (126 MHz, DMSO-ds): § 165.8, 150.0, 129.5, 128.4, 127.6, 120.1, 112.3,

73.6, 46.7, 40.7, 33.8, 31.0, 26.2, 23.4, 21.9, 20.5, 17.0, 16.5; HRMS (ESI) m/z calcd
for [C1sH2sNO3]" [M+H]": 306.2064, found: 306.2066.

(22) ((3aS,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-bis([1,3]dioxolo)
[4,5-b:4',5'-d|pyran-3a-yl)methyl 3-(hydroxyamino)-4-methylbenzoate (1af)

Followed General Procedure A on 10.0 mmol
i NHoH scale. Purified via column chromatography on
MeXO/,,:(‘:l\\\? J\@m silica gel (eluted with PE/EtOAc = 9/1) to obtain
e o \,LOMG; 1af the white solid 1af (3.893 g, 92% yield); m.p. =
Me 121-123 °C; Rr = 0.3 (PE:EtOAc = 3:1); 'H NMR
(500 MHz, DMSO-dp): 6 8.43 (d, /= 2.0 Hz, 1H), 8.19 (s, 1H), 7.73 (s, 1H), 7.38 (dd,
J=1.7,19Hz, 1H), 7.12 (d, J= 7.7 Hz, 1H), 4.64 (dd, J= 7.9, 2.6 Hz, 1H), 4.56 (d, J
=11.7 Hz, 1H), 4.40 (d, J=2.6 Hz, 1H),4.27 (d, J="7.3 Hz, 1H), 4.14 (d, J=11.7 Hz,
1H), 3.80 (dd, J=13.1, 1.8 Hz, 1H), 3.65 (d, J = 13.0 Hz, 1H), 2.13 (s, 3H), 1.46 (s,

S13



3H), 1.37 (s, 3H), 1.30 (s, 3H), 1.29 (s, 3H); 1*C NMR (126 MHz, DMSO-ds): § 165.6,
149.9, 129.7, 128.0, 127.5, 120.3, 112.4, 108.3, 108.2, 101.1, 70.1, 70.0, 69.3, 64.5,
60.7, 26.3, 25.7, 25.3, 23.9, 17.0; HRMS (ESI) m/z calcd for [C20H2sNOs]" [M+H]":
410.1809, found: 410.1815.

(23) N-(2,5-dimethylphenyl)hydroxylamine (1ag)
Followed General Procedure A on 10.0 mmol scale.
/@m Recrystallization from DCM/PE to obtain the white solid 1ag (0.849
Me™ ag oM 5 62% yield); m.p. = 84-86 °C; Rr=0.3 (PE:EtOAc =3:1); '"HNMR
(500 MHz, DMSO-ds): 6 8.16 (d, J=2.0 Hz, 1H), 7.84 (s, 1H), 6.91
(d,/=1.8Hz, 1H), 6.84 (d,J= 7.4 Hz, 1H), 6.50 (d, J=7.5 Hz, 1H), 2.23 (s, 3H), 2.01
(s, 3H); '*C NMR (126 MHz, DMSO-ds): 5 149.4, 135.0, 129.3, 119.6, 118.9, 112.9,
21.2,16.5; HRMS (ESI) m/z caled for [CsH12NO]" [M+H]": 138.0913, found: 138.0925.

(24) N-ethyl-N-phenylhydroxylamine (1ah)

Followed Procedure: Under nitrogen atmosphere, a dry and argon
'E“OH flushed flask equipped with a magnetic stirring bar and a septum was
©/ charged with N-phenylhydroxylamine (327 mg, 3.00 mmol, 1.00 equiv)
1ah dissolved in dry methanol (10 mL). Acetaldehyde (264 mg, 6 mmol,
2.00 equiv) was added in at 0 °C. NaBH4 (114 mg, 3.00 mmol, 1.00 equiv) was added
into resulting mixture after stirred for 5 min at 0 °C. The mixture was stirred at 0 °C for
30min-50min and reaction was traced by TLC analysis (PE:EtOAc = 3:1). When
starting material of reaction was completely comsumed, with sat. aqueous NH4Cl
solution (10 mL) reaction was terminated. The organic layer was removed and the
aqueous phase was extracted from EtOAc (3 x 10 mL). The combined organic layers
were dried over MgSO4 and then solvent was removed under vacuum. Purification of
the crude product by flash chromatography (silica gel, isohexane/EtOAc =9:1) afforded
the title compound as a yellow oil (249 mg, 1.82 mmol, 61%); Rr= 0.3 (PE:EtOAc =
3:1); 'TH NMR (500 MHz, DMSO-ds) § 8.69 (s, 1H), 7.26-7.18 (m, 2H), 7.08-7.02 (m,
2H), 6.84-6.81 (m, 1H), 3.31 (q, J = 7.0 Hz, 2H), 1.10 (td, J = 7.0, 1.4 Hz, 3H); 1*C

NMR (126 MHz, DMSO-ds): 6 153.2, 128.4, 120.0, 115.4, 51.4, 11.0.
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7. General procedure for the synthesis of NV-sulfinylanilines 2

General procedure B1:!

N NH, SOCI, (3.0 equiv) R N N+g2©
— ’ |

= Benzene, 80~85 °C Z

5 2

Aniline 2' (24 mmol, 1.0 equiv) and benzene (170 mmol, 7.0 equiv) were first placed
in a three-neck round-bottom flask equipped with a Liebig condenser which was sealed
with a CaClz trap. Then, thionylchloride (72 mmol, 3.0 equiv) was added drop wise to
the mixture. To prevent the interaction with air humidity, the loading of the three
components was carried out under nitrogen atmosphere. Since a vigorous reaction took
place while thionyl chloride was added, the mixture was continuously stirred. Then, the
flask was closed and the mixture was heated at 80-85 °C for 8 h. Once the reaction was
over, the dark liquid obtained was subsequently purified by reduced pressure distillation.

2b, 2j were prepared according to General Procedure B1.

General procedure B2: 4]

O NH, SOClI, (2.0 equiv) f Nsg?©
- ' ]

= Benzene, 80~85 °C &

2 2

Aniline 2' (24 mmol, 1.0 equiv) and benzene (120 mmol) were first placed in a three-
neck round-bottom flask equipped with a Liebig condenser which was sealed with a
CaCl: trap. Then, thionylchloride (48 mmol, 2.0 equiv) was added drop wise to the
mixture. To prevent the interaction with air humidity, the loading of the three
components was carried out under nitrogen atmosphere. Since a vigorous reaction took
place while thionyl chloride was added, the mixture was continuously stirred. Then, the
flask was closed and the mixture was heated at 80-85 °C for § h. Once the reaction was
over, the dark liquid obtained was subsequently purified by reduced pressure distillation.

2a, 2¢-2i, 2k, 21 were prepared according to General Procedure B2.

General procedure B3: 15!
SOClI, (1.3 equiv)

N /o
/©/ NH, imidazole (2.6 equiv) /©/ N\S/
MeO,C CH,Cl,, -10~15 °C MeO,C

2g' 2g

To a three-necked flask equipped with a magnetic stirrer, gas inlet adapter, addition

funnel, and a temperature probe were charged imidazole (1.8 g, 26 mmol) and 25 mL
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of anhydrous CH2Cl2. The mixture was cooled to -10 °C, and SOCl: (0.48 mL, 6.5
mmol) was added dropwise while the internal temperature was maintained at ca. -10 °C.
The mixture was then warmed to 15 °C, stirred for 10 min, and filtered through an oven-
dried glass funnel. The solids were washed with 3 mL of dichloromethane, and the
filtrate was transferred to a flask equipped with a magnetic stirrer, gas inlet adapter,
addition funnel, and a temperature probe, and cooled to ca. -10 °C. Additional SOCl
(0.48 mL, 6.5 mmol) was added dropwise to the mixture, which was warmed to 15 °C
and stirred for an additional 10 min. This solution was transferred to an addition funnel
and added dropwise to a solution of the aniline (10 mmol) in 13 mL of anhydrous
CH2Cl2 and 3 mL of anhydrous THF cooled to -30 °C and contained in three-necked
flask equipped with a mechanical stirrer, gas inlet adapter, and a temperature probe
while the temperature was maintained between -15 and -25 °C. The mixture was then
warmed to 15 °C and stirred for an hour. The solids were removed by filtration and
washed with 2 X 4 mL of CH2Cl2. Argon was bubbled through the filtrate for about one
minute. The solvent was removed under reduced pressure, and CH2Cl2 was distillatively
replaced with heptane, which was removed under reduced pressure; the residual

yellowish solid was dried to give 2g.

8. Analytical data of N-sulfinylanilines 2
(1) (phenylimino)-A*-sulfanone (2a)
Ns 2O Followed General Procedure B2 on 5.0 mmol scale. Purified via
©/ > vacuum distillation to obtain the oily liquid 2a (0.336 g, 48% yield).
* "HNMR (500 MHz, CDCl3): & 7.88-7.86 (m, 2H), 7.44—7.39 (m, 3H);

Analytical data are in accordance with the literature values!®l.

(2) ((4-(trifluoromethyl)phenyl)imino)-A*-sulfanone (2b)
Ns .0 Followed General Procedure B1 on 20.0 mmol scale. Purified via
/©/ > vacuum distillation to obtain the oily liquid 2b (3.312 g, 80%
B yield); 'TH NMR (500 MHz, CDCls): § 7.92 (s, 1H), 7.90 (s, 1H),
7.69 (s, 1H), 7.68 (s, 1H); 3C NMR (126 MHz, CDCl3): § 144.5, 131.7 (q, Jcr = 33.0
Hz), 127.0, 126.6 (q, Jc-F = 3.8 Hz), 123.6 (q, Jc-r = 272.4 Hz); ’F NMR (471 MHz,
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CDCls): 6 -62.93 (s); HRMS (ESI) m/z calcd for [C7HsF3NOS]" [M+H]": 208.0038,
found: 208.0033.

(3) ((4-fluorophenyl)imino)-A*-sulfanone (2¢)
N 0 Followed General Procedure B2 on 20.0 mmol scale. Purified via
/©/ > vacuum distillation to obtain the oily liquid 2¢ (1.959 g, 62% yield);
S 'HNMR (500 MHz, CDCl3): § 7.93-7.90 (m, 2H), 7.11-7.08 (m, 2H);
13C NMR (126 MHz, CDCl3): § 162.9 (d, Jcr = 254.4 Hz), 139.5 (d, Jcr = 3.4 Hz),
129.7 (d, Jer = 8.9 Hz), 116.4 (d, Jc-r = 23.0 Hz); '°F NMR (471 MHz, CDCl3): § -
106.25 (s); HRMS (ESI) m/z calcd for [CeHsFNOS]™ [M+H]": 158.0070, found:
158.0074.

(4) ((4-chlorophenyl)imino)-A*-sulfanone (2d)
N 0 Followed General Procedure B2 on 5.0 mmol scale without
/©/ > further purification. "H NMR (500 MHz, DMSO-ds): & 8.75 (d, J
o = 1.8 Hz, 1H), 8.69 (d, J= 1.8 Hz, 1H), 7.06 (t, J = 1.7 Hz, 1H),
6.94 (d, J= 1.7 Hz, 2H); 3*C NMR (126 MHz, DMSO-ds) § 154.8,122.9, 122.5, 113.9

Analytical data are in accordance with the literature values!’l.

(5) ((4-bromophenyl)imino)-A*-sulfanone (2e)
Ns 20 Followed General Procedure B2 on 5.0 mmol scale without
/O/ > further purification. '"H NMR (500 MHz, CDCl3): § 7.74 (s, 1H),
S 7.73 (s, 1H), 7.55 (s, 1H), 7.53 (s, 1H); *C NMR (126 MHz,
CDCl3): 6 103.9, 95.0, 91.0, 87.0; HRMS (ESI) m/z calcd for [CsHsBrNOS]" [M+H]":
217.9270, found: 217.9277.

(6) ((4-iodophenyl)imino)-A*-sulfanone (2f)
Ns 20 Followed General Procedure B2 on 5.0 mmol scale without
/©/ > further purification. '"H NMR (500 MHz, CDCl3): § 7.77 (s, 1H),
U 7.75 (s, 1H), 7.59 (s, 1H), 7.58 (s, 1H); *C NMR (126 MHz,

S17



CDCls): 6 142.1, 138.7, 128.6, 96.9; HRMS (ESI) m/z calcd for [CsHsINOS]" [M+H]":
265.9131, found: 265.9132.

(7) methyl 4-((oxo-A*-sulfaneylidene)amino)benzoate (2g)
N .0 Followed General Procedure B3 on 10.0 mmol scale without
/©/ ® further purification. '"H NMR (500 MHz, CDCl3): § 7.92-7.71
o0t 29 (m, 2H), 6.71-6.43 (m, 2H), 3.84 (s, 3H); *C NMR (126 MHz,
CDCh): ¢ 167.3, 151.0, 131.7, 119.7, 113.9, 51.7, HRMS (ESI) m/z caled for
[CsHsNO2S]" [M+H]": 182.0270, found: 182.0277.

(8) ((3-fluorophenyl)imino)-A*-sulfanone (2h)

E Ns -0 Followed General Procedure B2 on 20.0 mmol scale. Purified via
\O/ > vacuum distillation to obtain the oily liquid 2i (1.507 g, 48% yield);
2h "H NMR (500 MHz, CDCl3): § 7.67-7.56 (m, 2H), 7.45-7.36 (m,
1H), 7.18-7.09 (m, 1H); '*C NMR (126 MHz, CDCl3): § 162.4 (d, Jc.r = 248.5 Hz),
143.4 (d, Jcr=9.7 Hz), 130.5 (d, Jcr = 8.8 Hz), 123.1 (d, Jcr=3.3 Hz), 117.8 (d, Jc-
F=21.4 Hz), 114.2 (d, Jcr = 23.2 Hz); "’F NMR (471 MHz, CDCl3): § -110.60 (s);

HRMS (ESI) m/z calcd for [CsHsFNOS]" [M+H]": 158.0070, found: 158.0074.

(9) ((3-bromophenyl)imino)-A*-sulfanone (2i)
Br Ns .0 Followed General Procedure B2 on 5.0 mmol scale without
\©/ ° further purification. "H NMR (500 MHz, CDCl3): § 8.02 (t, J=1.8
: Hz, 1H), 7.78 (ddd, J= 8.0, 1.7,0.9 Hz, 1H), 7.53 (ddd, J=8.1, 1.7,
0.9 Hz, 1H), 7.30 (t, J = 8.1 Hz, 1H); '*C NMR (126 MHz, CDCL3): § 143.3, 133.5,
130.6, 129.9, 125.7, 122.7; HRMS (ESI) m/z caled for [CsHsBrNOS]" [M+H]":
217.9270, found: 217.9274.

(10) ((3-(trifluoromethyl)phenyl)imino)-A*-sulfanone (2j)
FiC N< -0 Followed General Procedure B1 on 20.0 mmol scale. Purified via
\©/ vacuum distillation to obtain the oily liquid 2k (2.417 g, 77%
& yield): 'H NMR (500 MHz, CDCL3): § 8.06-8.05 (m, 2H), 7.65 (d,
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J=7.9 Hz, 1H), 7.58-7.54 (m, 1H). Analytical data are in accordance with the literature

values!8!.

(11) ((4-chloro-2-fluorophenyl)imino)-A*-sulfanone (2k)
E Ne .o Followed General Procedure B2 on 10.0 mmol scale. Purified via
\Q/ ) vacuum distillation to obtain the oily liquid 21 (1.406 g, 74% yield);
c " '"H NMR (500 MHz, CDCl3): § 7.62 (d, J = 1.0 Hz, 1H), 7.53-7.45
(m, 1H), 7.14 (dt, J= 8.1, 2.1 Hz, 1H); '*C NMR (126 MHz, CDCl3):
0162.3 (d, Jcr =251.6 Hz), 143.2 (d, Jcr = 11.0 Hz), 135.6 (d, Jcr = 11.7 Hz), 123.1
(d, Jer = 3.7 Hz), 118.2 (d, Jcr = 25.0 Hz), 112.6 (d, Jcr = 23.4 Hz); '°F NMR (471
MHz, CDCl3): & -108.72 (s); HRMS (ESI) m/z calcd for [CsH4FCINOS]"

[M+H]":191.9681, found:191.9677.

(12) ((2,4-dichlorophenyl)imino)-A*-sulfanone (21)

el Followed General Procedure B2 on 5.0 mmol scale without further
/©/N“s”° purification. 'H NMR (500 MHz, DMSO-ds): & 8.15 (d, J = 8.7 Hz,
cl 2l 1H), 7.81 (d, J= 1.8 Hz, 1H), 7.55 (dd, J=8.7, 2.3 Hz, 1H); *C NMR

(126 MHz, DMSO-ds): 6 137.6, 133.8, 129.8, 129.1, 128.3; HRMS
(ESI) m/z calcd for [CsH4CI2NOS] [M+H]": 207.9385, found: 207.9394.

(13)4-((oxo-14-sulfaneylidene)amino)benzonitrile (2m)
N 40 Followed General Procedure B2 on 5.0 mmol scale without
/O/ ° further purification. Yellow solid, m.p. = 210-212 °C '"H NMR
" 2m (500 MHz, DMSO-db): 6 8.02—7.92 (m, 2H), 7.82-7.70 (m, 2H);
B3C NMR (126 MHz, DMSO-ds): & 144.55, 133.79, 125.83, 118.32, 111.02; HRMS
(ESI) m/z calcd for [C7HsN20S]" [M+H]": 165.0117, found: 165.0124.

(14) N-(oxo-14-sulfaneylidene)benzamide (2n)
o Followed General Procedure B3 on 5.0 mmol scale without further

©)LN"S\\O purification. '"H NMR (500 MHz, DMSO-ds): § 7.90 (d, ] = 7.5 Hz,

2H), 7.51-7.48 (m, 1H), 7.45-7.42 (m, 3H); *C NMR (126 MHz,
2n
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DMSO-ds): 6 168.0, 134.3, 131.3, 128.2, 127.5. Analytical data are in accordance with

the literature values [3P!.

(15) N-(oxo0-14-sulfaneylidene)benzenesulfonamide (20)
Followed General Procedure B3 on 5.0 mmol scale without further
©/\\S\\Z)N\\S~‘o purification. 'H NMR (500 MHz, DMSO-ds): 6 7.39 (d, J= 7.5 Hz,
2H), 7.34 (t, J = 7.9 Hz, 2H), 7.04 (t, J = 7.2 Hz, 1H); 3C NMR

(126 MHz, DMSO-ds): 6 141.9, 129.4, 123.6, 114.8. Analytical data

20

are in accordance with the literature values [°°!,

(16)methyl (oxo-14-sulfaneylidene)carbamate (2p)

/O\H’N‘\ .0 Followed General Procedure B3 on 5.0 mmol scale without further
0 purification. 'H NMR (500 MHz, DMSO-ds): § 1.78 (s, 3H); *C NMR

2p (126 MHz, DMSO-ds): 6 172.2, 22.3. Analytical data are in accordance

with the literature values [°P!,

(17)tert-butyl (oxo0-14-sulfaneylidene)carbamate (2q)
_Ns.20 Followed General Procedure B3 on 5.0 mmol scale without further
Boe” 3 purification. 'H NMR (500 MHz, DMSO-ds): § 1.37 (s, 9H); 3C NMR
29 (126 MHz, DMSO-ds): 6 156.2, 77.0, 28.2. Analytical data are in

accordance with the literature values!?!.

9. General procedure for the synthesis of V,/N'-diarylhydrazine 4

General procedure C:

R2 R2
' L (j/ NsgzO KNO, (6.0 equiv) ! GR.»,
S “OH R3— > S ~
R1—I<;/ N Et,0, -78 °C, 30 min R1—!<)/ N
1, 3.0 equiv 2 4

To a Schlenk tube was added a small stir bar, the corresponding arylhydroxylamine
1 (0.6 mmol, 3.0 equiv), potassium nitrite (102.1 mg, 1.2 mmol, 6.0 equiv) unless

otherwise noted. Following evacuation and the introduction of nitrogen on a Schlenk
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line, diethyl ether (2.0 mL, 0.05 M) was added via syringe. The mixture is then stirred
at room temperature for 2 minutes and then transferred to -78 °C. N-
sulfinylbenzenamine 2 (0.2 mmol, 1.0 equiv) were added into the mixture via
microsyringe at -78 °C and then stirred for 30 minutes until the complete consumption
of 2, which was monitored by TLC analysis. Afterwards, the mixture (the temperature
in the rotary evaporator was maintained below 30 °C) was concentrated in vacuo and
the residue was purified by flash column chromatography (eluted with PE/EtOAc) to
afford the title compound 4. The same procedure was employed for the corresponding

gram-scale reaction.

10. Analytical data of N,N'-diarylhydrazine 4
(1) 1-(4-fluorophenyl)-2-phenylhydrazine (4a)
’ g Followed General Procedure C on 0.2 mmol scale. Purified
ON\N /©/ via column chromatography on silica gel (eluted with
H PE/EtOAc = 9/1) to obtain 4a: 21 mg, 52% yield; White solid,
4a m.p. = 78-79 °C; R = 0.6 (PE:EtOAc = 3:1);'H NMR (500
MHz, DMSO-ds): & 7.64 (s, 1H), 7.59 (s, 1H), 7.17-7.06 (m, 2H), 6.99-6.91 (m, 2H),
6.76-6.67 (m, 4H), 6.63 (it, J = 7.2, 1.1 Hz, 1H); *C NMR (126 MHz, DMSO-ds) &
155.3 (d, Jcr =232.2 Hz), 149.8, 146.5, 128.9, 117.7, 115.3 (d, Jcr =22.0 Hz), 112.7
(d, Jer=7.4 Hz), 111.7; ’F NMR (471 MHz, DMSO-ds) 6 -127.58 (s). Analytical data

are in accordance with the literature values [°!

(2) 1-phenyl-2-(4-(trifluoromethyl)phenyl)hydrazine (4b)
i CF, Followed General Procedure C on 0.2 mmol scale. Purified
©/;I\N /©/ via column chromatography on silica gel (eluted with
H PE/EtOAc =9/1) to obtain 4b: 40 mg, 80% yield; White solid,
4 m.p. = 78-79 °C; Rr = 0.6 (PE:EtOAc = 3:1);'H NMR (500
MHz, CDCIl3): & 7.46 (d, J = 8.5 Hz, 2H), 7.24 (t, J = 8.0 Hz, 2H), 6.89 (dd, J = 17.2,
8.0 Hz, 3H), 6.82 (d, J= 7.7 Hz, 2H), 5.86 (s, 1H), 5.69 (s, 1H). Analytical data are in

accordance with the literature values 1.
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(3) 1-(p-tolyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4c)

Followed General Procedure C on 0.2 mmol scale.

H CF,
N Purified via column chromatography on silica gel
S
/©/ E (eluted with PE/EtOAc =9/1) to obtain 4¢: 38 mg, 66%
Me
4c yield; White solid, m.p. = 78-80 °C; Rr= 0.5 (PE:EtOAc

= 3:1); 'H NMR (500 MHz, CDCl3): § 7.46 (d, J = 8.5 Hz, 2H), 7.06 (d, J = 8.0 Hz,
2H), 6.90 (d, J = 8.5 Hz, 2H), 6.75— 6.73 (m, 2H), 5.81 (s, 1H), 5.59 (s, 1H), 2.29 (s,
3H); 1*C NMR (126 MHz, CDCl:): § 151.8, 145.8, 130.1, 130.0, 126.9 (q, Jc-r = 3.8
Hz), 124.8 (q, Jcr = 270.9 Hz), 121.5 (q, Jcr = 32.8 Hz), 112.6, 111.7, 20.6; "’F NMR
(471 MHz, CDCIs): 6 -61.18 (s); HRMS (ESI) m/z caled for [C14H14F3N2]+ [M+H]":
267.1104, found: 267.1103.

(4) 1-(4-ethylphenyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4d)

CF, Followed General Procedure C on 0.2 mmol scale.
/©/N\N /O/ Purified via column chromatography on silica gel
Et H (eluted with PE/EtOAc =9/1) to obtain 4d: 50 mg, 89%
yield; White solid, m.p. = 48-49 °C; Rr= 0.5 (PE:EtOAc
= 3:1); 'TH NMR (500 MHz, CDCl3): § 7.47 (d, J = 8.5 Hz, 2H), 7.09 (d, J = 8.4 Hz,
2H), 6.91 (d, J = 8.5 Hz, 2H), 6.76 (d, J = 8.4 Hz, 2H), 5.81 (s, 1H), 5.60 (s, 1H), 2.59
(g, J = 7.6 Hz, 2H), 1.22 (t, J = 7.6 Hz, 3H); '*C NMR (126 MHz, CDCls): § 151.9,
146.0, 136.6, 128.9, 126.9 (q, Jcr = 3.7 Hz), 124.8 (q, Jcr = 270.9 Hz), 121.5 (q, Jc-F
=32.6 Hz), 112.7, 111.7, 28.1, 16.0; '°F NMR (471 MHz, CDCl3): § -61.19 (s); HRMS

(ESI) m/z calcd for [CisHi6F3N2]" [M+H]": 281.1260, found: 281.1274.

4d

(5) 1-(|1,1'-biphenyl]-4-yl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4e)

H cr, Followed General Procedure C on 0.2 mmol scale.
|

/©/N\N /©/ Purified via column chromatography on silica gel
Ph H (eluted with PE/EtOAc =9/1) to obtain 4e: 34 mg, 53%
de yield; White solid, m.p. = 69-71 °C; R¢ = 0.6
(PE:EtOAc = 3:1); 'H NMR (500 MHz, CDCl3): & 7.54 (dd, J = 8.2, 1.1 Hz, 2H), 7.51—
7.45 (m, 4H), 7.42 (t, J = 7.7 Hz, 2H), 7.33-7.27 (m, 1H), 6.98-6.84 (m, 4H), 5.90 (s,
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1H), 5.76 (s, 1H); *C NMR (126 MHz, CDCls): § 151.6, 147.5, 140.9, 133.7, 128.9,
128.3,126.9 (q, Jcr =3.8 Hz), 126.74, 126.67, 124.8 (q, Jc-r =270.9 Hz), 121.8 (q, Jc-
F=32.8 Hz), 112.8, 111.8; F NMR (471 MHz, CDCl3): § -61.24 (s); HRMS (ESI)
m/z caled for [C1oH16F3N2]" [M+H]": 329.1260, found:3293.1265.

(6) 1-(4-fluorophenyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4f)
H CF; Followed General Procedure C on 0.2 mmol scale.
/©/ N\N/©/ Purified via column chromatography on silica gel
F ; (eluted with PE/EtOAc = 9/1) to obtain 4f: 30 mg, 57%
yield; White solid, m.p. =77-78 °C; R¢= 0.5 (PE:EtOAc
=3:1); 'THNMR (500 MHz, CDCls): § 7.46 (d, J= 8.5 Hz, 2H), 6.94 (t, J = 8.7 Hz, 2H),
6.89 (d, J = 8.5 Hz, 2H), 6.79-6.76 (m, 2H), 5.87 (s, 1H), 5.63 (s, 1H); 3C NMR (126
MHz, CDCIl3): 6 157.6 (d, Jcr = 238.0 Hz), 151.5, 144.3 (d, Jcr = 2.0 Hz), 126.9 (q,
Jor = 3.8 Hz), 124.8 (q, Jcr = 270.9 Hz), 121.8 (q, Jc-r = 32.8 Hz), 116.1 (d, Jcr =
22.7 Hz), 113.6 (d, Jc-r = 7.6 Hz), 111.7; ’F NMR (471 MHz, CDCl3): & -61.27 (s), -
124.34 (s); HRMS (ESI) m/z calcd for [Ci3H11F3N2]" [M+H]": 271.0853, found:
271.0855.

4f

(7) 1-(4-chlorophenyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4g)

H cF; Followed General Procedure C on 0.2 mmol scale.
/@/N\v/g Purified via column chromato-graphy on silica gel
cl H (eluted with PE/EtOAc = 9/1) to obtain 4g: 27 mg, 48%
yield; White solid, m.p. = 73-75 °C; R¢= 0.7 (PE:EtOAc
= 3:1); '"H NMR (500 MHz, CDCl3): & 7.46 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.9 Hz,
2H), 6.87 (d, J = 8.4 Hz, 2H), 6.76 (d, J = 8.9 Hz, 2H), 5.88 (s, 1H), 5.70 (s, 1H).

4g

Analytical data are in accordance with the literature values.!%

(8) 1-(4-bromophenyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4h)

) /©/ “Fs Followed General Procedure C on 0.2 mmol scale.

N
S : . .
/©/ E Purified via column chromatography on silica gel
Br

ah (eluted with PE/EtOAc = 9/1) to obtain 4h: 36 mg, 54%
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yield; White solid, m.p. = 156-158 °C; Rr= 0.6 (PE:EtOAc = 3:1); 'H NMR (500 MHz,
CDCl) 6 7.46 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 6.87 (d, J = 8.4 Hz, 2H),
6.71 (d, J = 8.4 Hz, 2H), 5.87 (s, 1H), 5.70 (s, 1H); '3C NMR (126 MHz, CDCl3) §
151.2,147.2,132.4, 127.0 (q, Jc-r = 3.8 Hz), 124.7 (q, Jc-r = 270.9 Hz), 122.0 (q, Jc-F
=32.8 Hz), 114.1, 112.3, 111.7; ’F NMR (471 MHz, CDCl3) & -61.30; HRMS (ESI)
m/z calced for [C13H11BrFsN2]" [M+H]":331.0052, found:331.0052.

(9) 1-(4-iodophenyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4i)
H cr, Followed General Procedure C on 0.2 mmol scale.
/©/'E‘\N /©/ Purified via column chromatography on silica gel (eluted
: H with PE/EtOAc = 9/1) to obtain 4i: 46 mg, 61% yield;
4 White solid, m.p. =201-203 °C; R¢= 0.6 (PE:EtOAc = 3:1);
'H NMR (500 MHz, CDCl3): 6 7.49 (d, J = 8.8 Hz, 2H), 7.46 (d, J = 8.5 Hz, 2H), 6.86
(d, J= 8.5 Hz, 2H), 6.61 (d, J = 8.8 Hz, 2H), 5.86 (s, 1H), 5.70 (s, 1H); *C NMR (126
MHz, CDCls): 6 151.1, 147.9, 138.2, 127.0 (q, Jcr = 3.8 Hz), 124.7 (q, Jcr = 270.9
Hz), 122.0 (q, Jer = 32.8 Hz) , 114.6, 111.7, 81.8; ’F NMR (471 MHz, CDCl3): § -
61.29 (s); HRMS (ESI) m/z caled for [CisHiiF3IN2]" [M+H]": 378.9914, found:
378.9923.

(10) 1,2-bis(4-(trifluoromethyl)phenyl)hydrazine (4j)
Followed General Procedure C on 0.2 mmol scale.
z\ /©/CF3 Purified via column chromatography on silica gel (eluted
C/O/ E with PE/EtOAc = 9/1) to obtain 4j: 37 mg, 58% yield;
4 White solid, m.p. = 92-94 °C; R¢= 0.6 (PE:EtOAc = 3:1);
'H NMR (500 MHz, CDCl3): & 7.48 (d, J= 8.5 Hz, 4H), 6.88 (d, J= 8.5 Hz, 4H), 5.95

F3

(s, 2H). Analytical data are in accordance with the literature values.!

(11) 1-(m-tolyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4k)

Followed General Procedure C on 0.2 mmol scale.

H CF3
|
MG\O/N\ /O/ Purified via column chromatography on silica gel (eluted

N
a H with PE/EtOAc = 9/1) to obtain 4k: 30 mg, 56% yield;
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White solid, m.p. = 76-78 °C; Rt= 0.6 (PE:EtOAc = 3:1); 'H NMR (500 MHz, CDCl3):
07.48 (d,J=28.5Hz, 2H), 7.15 (t,J="7.7 Hz, 1H), 6.91 (d, J= 8.5 Hz, 2H), 6.73 (d, J
= 7.4 Hz, 1H), 6.66-6.63 (m, 2H), 5.81 (s, 1H), 5.62 (s, 1H), 2.32 (s, 3H); 1*C NMR
(126 MHz, CDClIs): 6 151.7, 148.2, 139.6, 129.5, 126.9 (q, Jcr = 3.8 Hz), 124.8 (q, Jc-
F=272.2 Hz), 121.5(q, Jc-r = 32.8 Hz), 113.1, 111.7, 109.6, 21.7; ’F NMR (471 MHz,
CDCl3): 8 -61.15 (s); HRMS (ESI) m/z caled for [C14H1aF3N2]" [M+H]": 267.1104,
found: 267.1111.

(12) 1-(3-fluorophenyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (41)

Followed General Procedure C on 0.2 mmol scale.

H CF3
F N ~ Purified via column chromatography on silica gel (eluted
N
\©/ b with (PE/EtOAc = 9/1) to obtain 4l: 28 mg, 50% yield;
4 White solid, m.p. = 63-65 °C; Rr= 0.5 (PE:EtOAc = 3:1);

'H NMR (500 MHz, CDCL3): & 7.47 (d, J = 8.5 Hz, 2H), 7.20-7.15 (m, 1H), 6.89 (d, J
= 8.4 Hz, 2H), 6.60-6.54 (m, 3H), 5.88 (s, 1H), 5.77 (s, 1H); 3C NMR (126 MHz,
CDCl3): § 164.2 (d, Jor = 244.4 Hz), 151.1, 150.2 (d, Jor = 10.0 Hz), 130.9 (d, Jor =
9.9 Hz), 127.0 (q, Jo-r = 3.8 Hz), 124.7 (q, Jr = 270.9 Hz), 122.0 (q, Jor = 32.8 Hz),
111.7, 108.0 (d, Jor = 2.5 Hz), 107.1 (d, Jer = 21.6 Hz), 99.7 (d, Je-r = 26.1 Hz); '°F
NMR (471 MHz, CDCL): § -61.31 (s), -111.82 (s); HRMS (ESI) m/z caled for
[Ci3Hi31FaN2]" [M+H]": 271.0853, found: 271.0855.

(13) 1-(3-chlorophenyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4m)
H cr, Followed General Procedure C on 0.2 mmol scale.
cl \©/'1‘\N /O/ Purified via column chromatography on silica gel (eluted
H with PE/EtOAc = 9/1) to obtain 4m: 40 mg, 70% yield;
White solid, m.p. = 64-66 °C; Rr= 0.7 (PE:EtOAc = 3:1);
'"H NMR (500 MHz, CDCl3): § 7.47 (d, J = 8.5 Hz, 2H), 7.16-7.13 (m, 1H), 6.88 (d, J
= 8.5 Hz, 2H), 6.85-6.84 (m, 2H), 6.71-6.69 (m, 1H), 5.87 (s, 1H), 5.73 (s, 1H); 1*C
NMR (126 MHz, CDCls): 6 151.1, 149.5, 135.5, 130.7, 127.0 (q, Jcr = 3.8 Hz), 124.7
(q, Jor = 270.9 Hz), 122.0 (q, Jc-r = 32.8 Hz), 120.5, 112.4, 111.7, 110.6; ’F NMR

4m
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(471 MHz, CDCl3): & -61.30; HRMS (ESI) m/z caled for [C13H11CIF3N20]" [M+H]":
287.0557, found: 287.0554.

(14) 1-(3-bromophenyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4n)
H cF; Followed General Procedure C on 0.2 mmol scale.
Br\@/hxv/O/ Purified via column chromatography on silica gel (eluted
H with PE/EtOAc = 3/1) to obtain 4n: 46 mg, 71% yield;

“n White solid, m.p. = 67-69 °C; Re= 0.5 (PE:EtOAc = 1:1);

"HNMR (500 MHz, CDCl3): 5 8.41 (s, 1H), 8.28 (s, 1H), 7.48 (d, J = 8.4 Hz, 2H), 7.12
(ddd, /=114, 8.8, 5.0 Hz, 1H), 6.92-6.82 (m, 2H), 6.52 (ddd, J = 10.3, 7.0, 3.1 Hz,
1H), 6.45 (tt, J= 8.5, 3.2 Hz, 1H; *C NMR (126 MHz, CDCl3): § 151.1, 149.6, 130.9,
127.0 (q, Jcr = 3.8 Hz), 124.7 (q, Jcr = 272.2 Hz), 123.6, 123.4, 122.1 (q, Jc-r = 32.8
Hz), 115.3, 111.7, 111.0; F NMR (471 MHz, CDCl3): § -61.30; HRMS (ESI) m/z

calcd for [C13H11BrN20O]" [M+H]": 331.0052, found: 331.0554.

(15) 1-(2-chlorophenyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (40)
ol H cr, Followed General Procedure C on 0.2 mmol scale. Purified
©/'E‘\N /©/ via column chromatography on silica gel (eluted with
H PE/EtOAc = 3/1) to obtain 40: 49 mg, 89% yield; White solid,
4o m.p. = 54-56 °C; Rr = 0.6 (PE:EtOAc = 3:1); 'H NMR (500
MHz, DMSO-ds): 6 7.47 (d, J = 8.5 Hz, 2H), 7.32 (dd, /= 7.9, 1.1 Hz, 1H), 7.16-7.12
(m, 1H), 6.94 (dd, J= 8.2, 1.1 Hz, 1H), 6.89 (d, J = 8.5 Hz, 2H), 6.81 (td, /=7.9, 1.3
Hz, 1H), 6.26 (s, 1H), 5.88 (s, 1H); °C NMR (126 MHz, DMSO-ds): § 151.1, 143.7,
129.7, 128.1, 127.0 (q, Jc-r = 3.8 Hz), 124.7 (q, Jcr = 270.9 Hz), 122.1 (q, Jc-r = 32.8
Hz), 120.6,118.1,113.0, 111.8; '’F NMR (471 MHz, CDCl3): 6 -61.33 (s); HRMS (ESI)
m/z calcd for [C13H11FNO2]" [M+H]": 287.0557, found: 287.0550.

(16) ethyl 2-(2-(4-(trifluoromethyl)phenyl)hydrazineyl)benzoate (4p)

CO,EH cr, Followed General Procedure C on 0.2 mmol scale. Purified
|
N\N /©/ via column chromatography on silica gel (eluted with
H PE/THF = 15/1) to obtain 4p: 36 mg, 55% yield; White solid,
ap
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m.p. = 127-129 °C; R¢ = 0.6 (PE:THF = 3:1); 'H NMR (500 MHz, CDCLz): 8 9.16 (s,
1H), 7.99 (dd,J=7.9, 1.6 Hz, 1H), 7.45 (d, /= 8.5 Hz, 2H), 7.36 (ddd, J=8.6, 7.1, 1.6
Hz, 1H), 7.05 (dd, J=8.5, 1.2 Hz, 1H), 6.86 (d,J = 8.4 Hz, 2H), 6.78 (ddd, /= 8.2, 7.1,
1.2 Hz, 1H), 5.92 (s, 1H), 437 (q, J = 7.1 Hz, 2H), 1.42 (t, J = 7.2 Hz, 3H); ’C NMR
(126 MHz, CDCL3): 5 168.4, 151.6, 151.2, 134.8, 131.6, 126.9 (q, Jer= 3.7 Hz), 124.8
(q, Jer=270.7 Hz), 121.8 (q, Jcr=32.6 Hz), 117.8, 112.2, 111.7, 111.2, 60.9, 14.5;
F NMR (471 MHz, CDCls):) & -61.28 (s); HRMS (ESI) m/z calcd for
[C16H16F3N202]" [M+H]": 325.1158, found: 325.1169.

(17) 1-(2,5-difluorophenyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4q)

H cr, Followed General Procedure C on 0.2 mmol scale.
SN° :

F\@N Purified via column chromatography on silica gel (eluted
F b with PE/EtOAc = 9/1) to obtain 4q: 24 mg, 42% yield;
4q White solid, m.p. = 68-70 °C; R¢= 0.6 (PE:EtOAc = 3:1);

'"H NMR (500 MHz, DMSO-ds): § 7.49 (d, J = 8.4 Hz, 2H), 6.98 (ddd, J = 11.0, 8.9,
4.8 Hz, 1H), 6.90 (d, J = 8.4 Hz, 2H), 6.68 (ddd, J=9.9, 6.8, 3.0 Hz, 1H), 6.46 (tt, J =
8.5, 3.3 Hz, 1H), 6.00 (s, 1H), 5.84 (s, 1H); *C NMR (126 MHz, DMSO-ds): § 159.2
(d, Jcr=237.6 Hz), 152.4, 146.1 (dd, Jc-r =234.8, 2.1 Hz), 138.6 (dd, Jcr=12.8, 10.7
Hz), 126.5 (q, Jcr=3.8 Hz), 125.1 (q, Jcr =270.2 Hz), 118.2 (q, Jcr=31.9 Hz), 115.9
(dd, Jcr=20.1, 10.3 Hz), 111.2, 103.2 (dd, Jc-r = 24.5, 7.2 Hz), 99.5 (dd, Jcr = 29.2,
4.0 Hz); "”F NMR (471 MHz, DMSO-ds): § -61.42 (s),-116.89 (d, J= 15.8 Hz), -141.33
(d, J=15.9 Hz); HRMS (ESI) m/z calcd for [C13H10FsN2]" [M+H]": 289.0759, found:
289.0747.

(18) 1-(5-fluoro-2-methylphenyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4r)
H /©/ “F: Followed General Procedure C on 0.2 mmol scale.
F\OiN\f;l Purified via column chromatography on silica gel (eluted
with PE/EtOAc = 9/1) to obtain 4r: 29 mg, 52% yield;
White solid, m.p. = 112-114 °C; Rr = 0.5 (PE:EtOAc =
3:1); '"H NMR (500 MHz, DMSO-ds): & 8.38 (s, 1H), 7.68 (s, 1H), 7.46 (d, J = 8.5 Hz,
2H), 7.05-6.94 (m, 1H), 6.85 (d, J= 8.4 Hz, 2H), 6.42—6.38 (m, 1H), 6.37 (s, 1H), 2.17
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(s, 3H); '3C NMR (126 MHz, DMSO-ds): 6 161.9 (d, Jcr = 237.8 Hz), 152.6, 148.4 (d,
Jcr=9.9 Hz), 131.2 (d, Jcr = 9.5 Hz), 126.4 (q, Jcr = 3.8 Hz), 125.1 (q, Jcr = 270.2
Hz), 117.7 (q, Je.r=31.8 Hz), 117.0 (d, Jcr =2.7 Hz), 111.0, 103.5 (d, Jcr = 21.1 Hz),
97.2 (d, Jer = 26.7 Hz), 16.7; '’F NMR (471 MHz, DMSO-ds): & -59.22 (s), -116.39
(s); HRMS (ESI) m/z calcd for [C14H13F3N2]" [M+H]™:285.1009, found: 280.1010.

(19) 1-(5-fluoro-2-methoxyphenyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4s)
Followed General Procedure C on 0.2 mmol scale. Purified via column
chromatography on silica gel (eluted with PE/EtOAc = 9/1) to obtain 4s: 24 mg, 40%

’ CF, yield; White solid, m.p. = 113-115 °C; Rr = 04
K@i&\" /O/ (PE:EtOAc = 3:1); 'H NMR (500 MHz, DMSO-ds): 5 8.27

omd! (s, 1H), 7.64 (s, 1H), 7.45 (d, J = 9.0 Hz, 2H), 6.85 (dd, J

4s =8.7, 5.0 Hz, 1H), 6.82 (d, J= 8.9 Hz, 2H), 6.42 (td, J =
8.5, 3.1 Hz, 1H), 6.37 (dd, J = 10.8, 3.1 Hz, 1H), 3.81 (s, 3H); *C NMR (126 MHz,
DMSO-ds): 6 157.5 (d, Jc-r = 233.5 Hz), 152.7, 142.4, 139.7 (d, Jcr = 10.4 Hz), 126.4
(q, Jer=3.8 Hz), 125.1 (q, Jcr =270.2 Hz), 117.7 (q, Jcr =31.8 Hz), 111.3 (d, Jo-r =
9.8 Hz), 111.0, 102.5 (d, Jcr = 22.8 Hz), 97.8 (d, Jc-r = 28.6 Hz), 56.0; '°F NMR (471
MHz, DMSO-ds): 8 -59.22 (s), -122.42 (s); HRMS (ESI) m/z calcd for [C14H13F3N20]"
[M+H]": 301.0959, found: 301.0954.

(20) 1-(5-bromo-2-methylphenyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4t)

|
B"\C[N Purified via column chromatography on silica gel
|

Me H (eluted with PE/EtOAc = 9/1) to obtain 4t: 35 mg, 51%
4t

H /Q/CFs Followed General Procedure C on 0.2 mmol scale.
SN

yield; White solid, m.p. =95-97 °C; R¢= 0.6 (PE:EtOAc
=3:1); '"H NMR (500 MHz, CDCl3): § 7.47 (d, J = 8.5 Hz, 2H), 7.03 (d, J = 1.5 Hz,
1H), 6.97 (d, J= 8.0 Hz, 1H), 6.92 (dd, J=7.9, 1.7 Hz, 1H), 6.87 (d, J = 8.4 Hz, 2H),
5.82 (s, 1H), 5.60 (s, 1H), 2.19 (s, 3H); 3C NMR (126 MHz, CDCls): § 151.1, 146.9,
132.0, 127.0 (q, Jcr= 3.8 Hz), 124.7 (q, J cr= 270.9 Hz), 122.1 (q, Jcr= 32.8 Hz),
121.0, 120.1, 114.0, 111.8, 16.9; '°F NMR (471 MHz, CDCls): & -61.31 (s); HRMS
(ESI) m/z calcd for [C14H13BrN2]" [M+H]": 345.0209, found: 345.0215.
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(21) methyl 4-chloro-3-(2-(4-(trifluoromethyl)phenyl)hydrazineyl)benzoate (4u)
Followed General Procedure C on 0.2 mmol scale.

H CF;
Meozc\@'&\N /©/ Purified via column chromatography on silica gel

o H (cluted with PE/EtOAc = 9Z/1) to obtain 4u: 45 mg,

4u 66% vyield; White solid, m.p. = 88-90 °C; Rr = 0.4
(PE:EtOAc = 3:1); '"H NMR (500 MHz, CDCL:): § 7.64 (d, J = 1.9 Hz, 1H), 7.50-7.45
(m, 3H), 7.37 (d, J = 8.3 Hz, 1H), 6.87 (d, J = 8.5 Hz, 2H), 6.31 (s, 1H), 5.99 (s, 1H),
3.85 (s, 3H); 1*C NMR (126 MHz, CDCl3): § 166.6, 150.7, 143.9, 130.2, 129.7, 127.0
(q, Jer = 3.8 Hz), 124.7 (q, Jer = 270.8 Hz), 122.6, 122.4 (q, Jor = 32.8 Hz), 121.6,
113.8, 111.9, 52.4; '°F NMR (471 MHz, CDCl3):  -61.40 (s); HRMS (ESI) m/z calcd

for [C1sH13CIFsN20,]" [M+H]": 345.0612, found: 345.0615.

(22) 1-(3,5-dichlorophenyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4v)

Followed General Procedure C on 0.2 mmol scale.

H CFs
|
C|\©/N\N /©/ Purified via column chromatography on silica gel

H (eluted with PE/EtOAc = 9/1) to obtain 4v: 50 mg, 79%

ch 4 yield; White solid, m.p. = 79-81 °C; Rr=0.5 (PE:EtOAc

= 3:1); 'H NMR (500 MHz, CDCl3): § 7.48 (d, J = 8.4 Hz, 2H), 6.96-6.80 (m, 3H),

6.73 (d, J = 1.3 Hz, 2H), 5.89 (s, 1H), 5.78 (s, 1H); 3C NMR (126 MHz, CDCl3): §

150.6, 150.2, 136.0, 127.0 (q, Jcr = 3.7 Hz), 124.6 (q, Jcr = 270.9 Hz) ,122.5 (q, Jc-F

= 32.6 Hz), 120.3, 111.8, 110.7; 'F NMR (471 MHz, CDCl3): § -61.36 (s); HRMS
(ESI) m/z calcd for [C13H10CL2F3N2]" [M+H]": 321.0168, found: 321.0164.

(23) 1-(3,5-dibromophenyl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4w)
Br N
Purified via column chromatography on silica gel

\©/ H (eluted with PE/EtOAc =9/1) to obtain 4w: 36 mg, 44%
o yield; White solid, m.p. = 121-123 °C; Rf = 0.6
(PE:EtOAc = 3:1); 'TH NMR (500 MHz, DMSO-ds):  8.46 (s, 1H), 8.40 (s, 1H), 7.48

(d, J= 8.5 Hz, 2H), 7.01 (s, 1H), 6.88 (t, J= 1.7 Hz, 2H), 6.85 (d, J = 8.4 Hz, 2H); °C
NMR (126 MHz, DMSO-ds): § 152.2, 152.2, 126.5 (q, Jor = 3.9 Hz), 125.0 (q, Jor =

H CFs  Followed General Procedure C on 0.2 mmol scale.
ST
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270.3 Hz), 123.1, 122.2, 118.3 (q, Jc-r = 31.9 Hz), 113.0, 111.2; "’F NMR (471 MHz,
DMSO-ds): 8 -59.38 (s); HRMS (ESI) m/z caled for [Ci3HioBr2F3N2]" [M+H]™:
408.9157, found: 408.9155.

(24) 1-(3-bromo-5-fluoro-2-methylphenyl)-2-(4-(trifluoromethyl)phenyl)

hydrazine (4x)
H /©/ " Followed General Procedure C on 0.2 mmol scale.
F N
S . . .
\@i E Purified via column chromatography on silica gel (eluted
Me with PE/EtOAc = 9/1) to obtain 4x: 36 mg, 50% yield;

White solid, m.p. = 84-86 °C; Rr= 0.7 (PE:EtOAc = 3:1);
'H NMR (500 MHz, DMSO-ds): 5 8.47 (s, 1H), 8.02 (s, 1H), 7.46 (d, J = 8.9 Hz, 2H),
6.88 (d, J=8.7 Hz, 2H), 6.79 (dd, J= 8.2, 2.7 Hz, 1H), 6.50 (dd, J=11.4, 2.7 Hz, 1H),
2.29 (s, 3H); 3C NMR (126 MHz, DMSO-ds): § 161.3 (d, Jcr = 242.1 Hz), 152.2,
149.5 (d, Jcr =10.5 Hz), 126.4 (q, Jc-r = 3.7 Hz), 125.1 (q, Jcr = 270.3 Hz), 124.6 (d,
Jer=12.0 Hz), 118.2 (q, Jcr=31.9 Hz), 116.4 (d, Jcr =2.8 Hz), 111.2, 107.9 (d, Jc-
F=24.7 Hz), 96.9 (d, Jcr = 26.4 Hz), 16.1; '’F NMR (471 MHz, DMSO-ds): & - 59.42
(s), - 114.81 (s); HRMS (ESI) m/z calcd for [C14H12BrFsN2]" [M+H]": 363.0115, found:
363.0114.

(25) 1-(naphthalen-2-yl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4y)
H CFs  Followed General Procedure C on 0.2 mmol scale.
SN

O N \ Purified via column chromatography on silica gel (eluted
O . with PE/EtOAc = 9/1) to obtain 4y: 42 mg, 71% yield;

nd White solid, m.p. = 113-115 °C; Re= 0.7 (PE:EtOAc = 3:1);
'H NMR (500 MHz, CDCl3): § 7.80-7.70 (m, 2H), 7.63 (d, J = 8.2 Hz, 1H), 7.48 (d, J
= 8.6 Hz, 2H), 7.43-7.38 (m, 1H), 7.35-7.28 (m, 1H), 7.12-7.02 (m, 2H), 6.92 (d, J =
8.6 Hz, 2H), 5.87 (s, 1H), 5.79 (s, 1H); *C NMR (126 MHz, CDCl3): § 151.4, 145.7,
134.7,129.7,129.2,127.9, 126.9 (q, Jcr = 3.8 Hz), 126.8, 126.6, 124.8 (q, Jcr =270.7
Hz), 123.4,121.7(q, Jc-r=32.6 Hz), 115.4, 111.8, 106.2; ’F NMR (471 MHz, CDCls):
8 -61.17 (s); HRMS (ESI) m/z caled for [C17H14F3N2]" [M+H]": 303.1104, found:

303.1105.
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(26) 7-(2-(4-(trifluoromethyl)phenyl)hydrazineyl)isoquinoline (4z)
Followed General Procedure C on 0.2 mmol scale. Purified
N via column chromatography on silica gel (eluted with
N “'N\©\ PE/EtOAc = 1/1) to obtain 4z: 31 mg, 51% yield; White solid,
“Fs m.p.=154-156 °C; Rr= 0.1 (PE:EtOAc = 1:1); 'H NMR (500
MHz, CDCl3): 6 9.21 (s, 1H), 8.51 (d, J= 2.7 Hz, 1H), 7.66 (d, J = 3.8 Hz, 1H), 7.50—
7.42 (m, 4H), 7.13 (d, J = 6.9 Hz, 1H), 6.93 (d, J = 8.1 Hz, 2H), 6.58 (s, 1H), 6.13 (s,
1H); 3*C NMR (126 MHz, CDCl3): § 153.2, 150.9, 142.6, 141.8, 129.4, 128.1, 127.0 (q,
Jer=3.8Hz), 125.7,125.0, 124.7 (q, Jcr =270.9 Hz), 122.2 (q, Jcr = 32.6 Hz), 119.6,
113.2,111.9, 110.0; ’F NMR (471 MHz, CDCl3): § -61.34 (s); HRMS (ESI) m/z calcd
for [C16H13F3N3]" [M+H]"™: 304.1056, found: 304.1058.

(27) 2-methoxy-3-(thiophen-3-yl)-5-(2-(4-(trifluoromethyl)phenyl)hydrazineyl)
pyridine (4aa)
/s H CF, Followed General Procedure C on 0.2 mmol scale.
= LN /©/ Purified via column chromatography on silica gel
N (eluted with PE/EtOAc = 9/1) to obtain 4aa: 32 mg,
44% yield; White solid, m.p. = 134-136 °C; Rf= 0.5
(PE:EtOAc = 3:1); 'TH NMR (500 MHz, CDCl3): § 7.69 (d, J= 2.7 Hz, 1H), 7.53 (dd, J
=3.7,0.9 Hz, 1H), 7.50-7.44 (m, 3H), 7.35 (dd, /= 5.1, 0.9 Hz, 1H), 7.08 (dd, /= 5.1,
3.7 Hz, 1H), 6.92 (d, J = 8.5 Hz, 2H), 5.91 (s, 1H), 5.56 (s, 1H), 4.01 (s, 3H); 3C NMR
(126 MHz, CDCIl3): 6 154.9, 151.4, 139.2, 137.7,129.4, 127.4, 127.0 (q, Jc-r = 3.7 Hz),
126.6, 126.5, 124.7 (q, Jc-r =270.8 Hz), 122.2, 122.1 (q, Jc-r = 32.8 Hz), 118.2, 111.9,
53.8; F NMR (471 MHz, CDCl3): & -61.33 (s); HRMS (ESI) m/z calcd for
[C1sH16F3N20S]" [M+H]": 365.0930, found: 365.0941.

(28) 1-(dibenzo[b,d]furan-2-yl)-2-(4-(trifluoromethyl)phenyl)hydrazine (4ab)

Followed General Procedure C on 0.2 mmol scale.

O (o} H CF; . . .
| /O/ Purified via column chromatography on silica gel
N
O N (eluted with PE/EtOAc = 9/1) to obtain 4ab: 37 mg,
H
4ab 54% yield; White solid, m.p. = 78-80 °C; R = 0.6
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(PE:EtOAc = 3:1); '"H NMR (500 MHz, CDCls): § 7.96 (d, J = 7.6 Hz, 1H), 7.60 (d, J
= 8.2 Hz, 1H), 7.53-7.44 (m, 4H), 7.42-7.33 (m, 1H), 7.21 (t, J = 7.8 Hz, 1H), 6.97-
6.94 (m, 3H), 6.32 (s, 1H), 5.94 (s, 1H); *C NMR (126 MHz, CDCl3): § 156.2, 151.4,
143.5, 133.6, 127.3, 126.9 (q, Jcr = 3.7 Hz), 124.8, 124.8 (q, Jcr = 270.7 Hz), 124.6,
123.9, 123.1, 121.9 (q, Jcr = 32.6 Hz), 121.1, 112.0, 111.9, 111.8, 109.7; 'F NMR
(471 MHz, CDCI3): 8 -61.25 (s); HRMS (ESI) m/z calcd for [C1oH14F3N20]" [M+H]":
343.1053, found: 343.1055.

(29) 1-ethyl-1-phenyl-2-(4-(trifluoromethyl)phenyl)hydrazine (4ac)
Followed General Procedure C on 0.2 mmol scale. Purified via column
chromatography on silica gel (eluted with PE/EtOAc =20/1) to obtain 4ac: 40 mg, 71%
Et /©/ CFs yield; viscous oily liquid, Rf = 0.5 (PE:EtOAc = 10:1); 'H
©/N\l;l NMR (500 MHz, CDCls): 6 7.44 (d, J = 8.5 Hz, 2H), 7.26-
43:I 7.23 (m, 2H), 6.89-6.83 (m, 5H), 5.78 (s, 1H), 3.57 (d, J =
6.5 Hz, 2H), 1.22 (t, J = 7.1 Hz, 3H); 3C NMR (126 MHz,
CDCl3): 6 151.0, 149.2, 129.5, 127.0 (q, Jc-r = 3.8 Hz), 124.9 (q, Jc-r = 270.4 Hz),
121.3 (q, Jer=32.6 Hz), 119.5,113.4,111.5, 46.5, 11.0; ’F NMR (471 MHz, CDCl3):

8 -61.36 (s); HRMS (ESI) m/z caled for [CisHi6F3N2]" [M+H]": 281.1260, found:
281.1266.

30) (1R,2R,45)-1,3,3-trimethylbicyclo[2.2.1]heptan-2-yl 4-(2-(4-(trifluoromethyl)
phenyl)hydrazineyl)benzoate (4ad)

Followed General Procedure C on 0.2 mmol
CF
) /©/ * scale. Purified via column chromatography on

ho Y©/ N\E silica gel (eluted with PE/EtOAc = 9/1) to
3 obtain 4ad: 45 mg, 53% yield; White solid, m.p.
H 4ad — 104-106 °C; Re = 0.7 (PE:EtOAc = 3:1); 'H
NMR (500 MHz, DMSO-ds): 5 8.60-8.51 (m, 2H), 7.81 (d, J = 8.6 Hz, 2H), 7.46 (s,
2H), 6.95-6.47 (m, 4H), 4.44 (d,J=7.8 Hz, 1H), 1.86 (s, 1H), 1.70-1.63 (m, 3H), 1.45
(s, 1H), 1.21-1.17 (m, 2H), 1.11-1.09 (m, 3H), 1.04-1.03 (m, 3H), 0.74 (d, /= 7.5 Hz,
3H); '*C NMR (126 MHz, DMSO-dp): § 166.0, 153.5, 152.4, 131.1, 126.5, 125.1 (q, Jc-
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r = 270.8 Hz), 119.0, 118.0 (q, Jcr = 32.0 Hz), 111.1, 110.6, 85.0, 48.1, 47.8, 40.8,
29.5,26.4,25.5,20.1, 19.3; '°F NMR (471 MHz, DMSO-ds): § -59.32 (s); HRMS (ESI)
m/z calcd for [C24H2sF3N202]" [M+H]": 433.2097, found: 433.2099.

(31) (3s,5s,7s)-adamantan-1-yl 4-methyl-3-(2-(4-(trifluoromethyl) phenyl) hydra-

zineyl)benzoate (4ae)

o H cF; Followed General Procedure C on 0.2 mmol
@\0)‘\@['{‘\"‘0 scale. Purified via column chromatography on
Me 3 silica gel (eluted with PE/EtOAc = 9/1) to
4ae obtain 4ae: 46 mg, 52%
yield; White solid, m.p. = 133-135 °C; Rr= 0.7 (PE:EtOAc = 3:1); 'H NMR (500 MHz,
DMSO-ds): 6 8.39 (s, 1H), 7.60 (s, 1H), 7.45 (d, J = 8.6 Hz, 2H), 7.23 (d, J = 1.0 Hz,
1H), 7.18 (dd, J= 7.6, 1.3 Hz, 1H), 7.12 (d, J= 7.8 Hz, 1H), 6.86 (d, J = 8.5 Hz, 2H),
2.25 (s, 3H), 2.12-2.08 (m, 9H), 1.61 (s, 6H); *C NMR (126 MHz, DMSO-ds): § 165.0,
152.9, 146.7, 130.2, 129.8, 126.8, 126.5, 126.4, 125.2 (q, Jcr=270.6 Hz), 119.0, 117.5
(q, Jer = 31.7 Hz), 110.9, 110.7, 79.8, 40.9, 35.6, 30.2, 17.6; °F NMR (471 MHz,
DMSO-ds): & -59.15(s); HRMS (ESI) m/z calcd for [C2sH2sF3N202]" [M+H]":
445.2097, found: 445.2082.

(32) (1R,2S5,5R)-2-isopropyl-5-methylcyclohexyl 4-methyl-3-(2-(4-(trifluoromet-
hyl)phenyl)hydrazineyl)benzoate (4af)

Followed General Procedure C on 0.2 mmol

|| /©/ scale. Purified via column chromatography on

silica gel (eluted with PE/EtOAc = 9/1) to

k%

obtain 4af: 36 mg, 40% yield; White solid, m.p.

= 149-151 °C; Rr = 0.6 (PE:EtOAc = 3:1); 'H
NMR (500 MHz, CDCl3): 8 7.57-7.40 (m, 4H), 7.17 (d, J= 7.7 Hz, 1H), 6.89 (d, J =
8.4 Hz, 2H), 5.92 (s, 1H), 5.69 (s, 1H), 4.82 (td, J = 10.8, 4.3 Hz, 1H), 2.29 (s, 3H),
2.06 (d, J=11.9 Hz, 1H), 1.82 (dq, J = 11.4, 3.4 Hz, 1H), 1.74-1.64 (m, 2H), 1.56—
1.40 (m, 2H), 1.06 (ddt, J=31.3,23.4, 11.1 Hz, 2H), 0.89 (d, /= 6.5 Hz, 4H), 0.83 (d,
J=7.0 Hz, 3H), 0.70 (d, J= 6.9 Hz, 3H); *C NMR (126 MHz, CDCl3): § 166.4, 151.3,
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145.7,130.7, 130.2, 126.9 (q, Jox = 3.8 Hz), 126.7, 124.8 (q, Jor = 270.7 Hz), 121.8
(q, Jcr = 32.6 Hz), 111.9, 111.8, 74.9, 47.3, 41.0, 34.4, 31.5, 26.7, 23.9, 22.2, 20.7,
17.5, 16.7; F NMR (471 MHz, CDCl3): & -61.28 (s); HRMS (ESI) m/z calcd for
[CasH32F3N205]" [M+H]": 449.2410, found: 449.2411.

(33) ((3aS,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-bis([1,3]dioxolo)
[4,5-b:4',5'-d|pyran-3a-yl)methyl 4-methyl-3-(2-(4-(trifluoromethyl)phenyl)
hydrazineyl)benzoate (4ag)

o H CF; Followed General Procedure C on 0.2

Me  Ou o ?J\@&\,ﬂ/@ mmol scale. Purified via column
Mexo\\\s(‘\)ﬁ“;) me M chromatography on silica gel (eluted
O\ILMe sag with PE/EtOAc = 5/1) to obtain 4ag:
75 mg, 67% yield; White solid, m.p. =

144-146 °C; R = 0.4 (PE:EtOAc = 3:1); 'H NMR (500 MHz, DMSO-dps): & 8.44 (s,

1H), 7.68 (s, 1H), 7.45 (d, J= 8.6 Hz, 2H), 7.37 (d, /= 1.8 Hz, 1H), 7.34 (dd, J = 7.6,

1.8 Hz, 1H), 7.18 (d, J = 7.7 Hz, 1H), 6.88 (d, J = 8.5 Hz, 2H), 4.60 (dd, J= 7.9, 2.6

Hz, 1H), 4.51 (d,J=11.7 Hz, 1H), 4.28 —4.16 (m, 2H), 4.06 (d, /= 11.8 Hz, 1H), 3.77

(d, /=113 Hz, 1H), 3.62 (d, /= 13.0 Hz, 1H), 2.29 (s, 3H), 1.36 (d, /= 16.4 Hz, 6H),

1.27 (s, 3H), 1.03 (s, 3H); 3C NMR (126 MHz, DMSO-ds): § 165.5, 152.8, 146.9, 130.5,

127.8, 127.5, 126.4 (q, Jcr = 3.9 Hz), 125.2 (q, Jc-r = 278.5 Hz), 119.4, 117.7 (q, Jc-F

= 31.8 Hz), 113.0, 111.0, 110.6, 108.22, 108.18, 101.0, 70.1, 69.8, 69.3, 64.1, 60.6,

26.2,25.7, 25.0, 23.8, 17.7; '°F NMR (471 MHz, CDCls): & -61.28 (s); HRMS (ESI)
m/z caled for [C27H32F3N207]" [M+H]": 533.2156, found:533.2167.

(34) 1-(3,5-dichlorophenyl)-2-phenylhydrazine (4ah)
Followed General Procedure C on 0.2 mmol scale. Purified via column
chromatography on silica gel (eluted with PE/EtOAc = 9/1) to obtain 4ah: 21mg, 42%
yield; White solid, m.p. = 85-87 °C; Rr= 0.5 (PE:EtOAc = 3:1); 'H NMR (500 MHz,
H CDCl): 6 7.27-7.22 (m, 2H), 6.89 (t, J = 7.3 Hz, 1H), 6.80-
ci ’!‘\ /© 6.77 (m, 5H), 5.66 (s, 1H), 5.63 (s, 1H); *C NMR (126 MHz,
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CDCl3): 6 151.0, 147.9, 135.9, 129.6, 120.8, 119.7, 112.5, 110.7; HRMS (ESI) m/z
caled for [C12H11CIN2]" [M+H]": 253.0294, found: 253.0299.

(35) 1-ethyl-2-(4-fluorophenyl)-1-phenylhydrazine (4ai)
Bt ¢ Followed General Procedure C on 0.2 mmol scale. Purified
i
©/N\N /O/ via column chromatography on silica gel (eluted with
4ai|!| PE/EtOAc =20/1) to obtain 4ai: 31 mg, 67% yield; viscous oily
liquid, Rf = 0.5 (PE:EtOAc = 10:1); 'H NMR (500 MHz,
CDCl): 6 7.13 (t, J= 8.0 Hz, 2H), 6.81 (t, J = 8.8 Hz, 4H), 6.72-6.64 (m, 3H), 5.39 (s,
1H), 3.45 (q, J= 7.0 Hz, 2H), 1.10 (t, J = 7.1 Hz, 3H); 3C NMR (126 MHz, CDCl3): §
157.1 (d, Jcr = 236.6 Hz), 149.6, 144.3 (d, Jcr = 2.0 Hz), 129.4, 116.0 (d, Jc-r = 22.6
Hz), 113.3 (d, Je-r = 7.5 Hz), 113.2,46.1, 10.9; "F NMR (471 MHz, CDCl3): & -125.62
(s); HRMS (ESI) m/z calcd for [C1aH16FN2]" [M+H]": 231.1292, found: 231.1299.

(36) 1-(3,5-dichlorophenyl)-2-(4-fluorophenyl)hydrazine (4aj)

g Followed General Procedure C on 0.2 mmol scale.

H
C|\©/rll ~\ /©/ Purified via column chromatography on silica gel (eluted

H with PE/EtOAc = 9/1) to obtain 4aj: 23 mg, 42% yield;

¢ 4 White solid, m.p. = 72-74 °C; Rr = 0.7 (PE:EtOAc = 3:1);
'H NMR (500 MHz, CDCl3): 5 6.98-6.90 (m, 2H), 6.81 (t, J = 1.7 Hz, 1H), 6.76-6.74
(m, 4H), 5.69 (s, 1H), 5.58 (s, 1H); *C NMR (126 MHz, CDCl3): & 157.6 (d, Jc-r =
238.2 Hz), 150.8, 144.1 (d, Jcr=2.1 Hz), 135.9,119.8, 116.2 (d, Jc.r =22.7 Hz), 113.6
(d, Jer = 7.7 Hz), 110.6; '°F NMR (471 MHz, CDCls):  -124.04 (s); HRMS (ESI) m/z
calcd for [C12H10CI2FN2]" [M+H]*: 271.0200, found: 271.0211.

(37) 1-(4-chlorophenyl)-2-phenylhydrazine (4ak)
Followed General Procedure C on 0.2 mmol scale. Purified
E /O/CI via column chromatography on silica gel (eluted with
©/ \']‘ PE/EtOAc =9/1) to obtain 4ak: 27 mg, 61% yield; White solid,
4akH m.p. = 79-81 °C; R = 0.7 (PE:EtOAc = 3:1); '"H NMR (500
MHz, CDCl3): 67.23 (dd, J = 8.4, 7.5 Hz, 2H), 7.19-7.13 (m,
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2H), 6.89— 6.77 (m, 5H), 5.62 (s, 2H); Analytical data are in accordance with the

literature values [°!.

(38) 1-(4-chlorophenyl)-2-(3,5-dichlorophenyl)hydrazine (4al)
H ci Followed General Procedure C on 0.2 mmol scale.
I
CI\Q/N\N /©/ Purified via column chromatography on silica gel (eluted
H with PE/EtOAc = 9/1) to obtain 4al: 32 mg, 57% yield;
ci White solid, m.p. = 79-81 °C; Rr= 0.7 (PE:EtOAc = 3:1);
'"H NMR (500 MHz, CDCl3): § 7.23-7.15 (m, 2H), 6.82 (t, J= 1.8 Hz, 1H), 6.76-6.70
(m, 4H), 5.69 (s, 1H), 5.64 (s, 1H); 3C NMR (126 MHz, CDCl3): § 150.5, 146.5, 135.9,
129.5, 125.3,120.0, 113.7, 110.7; HRMS (ESI) m/z calcd for [C12H10CI3N2]" [M+H]":
286.9904, found: 286.9901.

(39) 1-(4-bromophenyl)-2-(3,5-dichlorophenyl)hydrazine (4am)

Followed General Procedure C on 0.2 mmol scale.

H Br
CI\Q/'!‘\N /©/ Purified via column chromatography on silica gel (eluted

H with PE/EtOAc = 9/1) to obtain 4am: 28 mg, 42% yield;

Cl  4am White solid, m.p. = 239-241 °C; Rf=0.7 (PE:EtOAc = 3:1);
'H NMR (500 MHz, CDCls): 6 7.32 (d, J = 8.7 Hz, 2H), 6.82 (s, 1H), 6.72 (d, J= 1.5
Hz, 2H), 6.69 (d, J = 8.7 Hz, 2H), 5.69 (s, 1H), 5.64 (s, 1H); *C NMR (126 MHz,
CDCIl3): 6 150.5, 147.0, 135.9, 132.4, 120.0, 114.1, 112.5, 110.6; HRMS (ESI) m/z
calcd for [C12H10CL.BrN2]" [M+H]": 330.9399, found: 330.9384.

(40) 1-(3,5-dichlorophenyl)-2-(4-iodophenyl)hydrazine (4an)

H | Followed General Procedure C on 0.2 mmol scale.
|

CI\Q/N\N /O/ Purified via column chromatography on silica gel (eluted
H with PE/EtOAc = 9/1) to obtain 4an: 37 mg, 49% yield,
ci White solid, m.p. = 134-136 °C; Rr= 0.6 (PE:EtOAc = 3:1);
'H NMR (500 MHz, CDCls): § 7.53-7.43 (m, 2H), 6.81 (t,J= 1.8 Hz, 1H), 6.72 (d, J
= 1.8 Hz, 2H), 6.62-6.55 (m, 2H), 5.69 (s, 1H), 5.65 (s, 1H); 3C NMR (126 MHz,
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CDCly): 8 150.4, 147.7, 138.3, 135.9, 120.0, 114.6, 110.7, 82.1; HRMS (ESI) m/z calcd
for [C12H10CLIN:]* [M+H]": 378.9260, found: 378.9264.

(41) methyl 4-(2-(3,5-dichlorophenyl)hydrazineyl)benzoate (4a0)

Followed General Procedure C on 0.2 mmol scale.

H CO,Me
|
CI\Q/N\N /©/ Purified via column chromatography on silica gel

H (eluted with PE/EtOAc = 9/1) to obtain 4a0: 34 mg, 54%
¢ 4ao yield; White solid, m.p. = 100-102 °C; Rt = 0.5
(PE:EtOAc = 3:1); '"H NMR (500 MHz, DMSO-ds): & 8.55 (s, 1H), 8.46 (s, 1H), 7.78
(d, J= 8.8 Hz, 2H), 6.83-6.76 (m, 3H), 6.67 (d, J= 1.8 Hz, 2H), 3.76 (s, 3H); *C NMR
(126 MHz, DMSO-ds): 6 166.1, 153.2, 151.8, 134.7, 131.2, 118.9, 116.9, 110.7, 109.7,
51.4; HRMS (ESI) m/z caled for [CiaH13CI2N202]" [M+H]™: 311.0349, found:

311.0358.

(42) 4-(2-phenylhydrazineyl)benzonitrile (4ap)
H cn Followed General Procedure C on 0.2 mmol scale. Purified
|
©/N\N /©/ via column chromatography on silica gel (eluted with
H PE/EtOAc = 7/1) to obtain 4ap: 25 mg, 59% yield; White
4ap solid, m.p. = 100-102 °C; R¢= 0.3 (PE:EtOAc = 3:1); 'H NMR
(500 MHz, DMSO-db): 6 8.57 (s, 1H), 7.90 (s, 1H), 7.57-7.47 (m, 2H), 7.17 — 7.06 (m,
2H), 6.83-6.76 (m, 2H), 6.72-6.67 (m, 3H); *C NMR (126 MHz, DMSO-ds) & 153.7,
148.9, 133.6, 129.1, 120.3, 118.5, 111.8, 111.2, 97.9; HRMS (ESI) m/z calcd for
[Ci3H12N3]" [M+H]": 210.1026, found: 210.1037.

(43) 1-(3,5-dichlorophenyl)-2-(3-fluorophenyl)hydrazine (4aq)
H Followed General Procedure C on 0.2 mmol scale.
cl N\N/©\F Purified via column chromatography on silica gel (eluted
\©/ g with PE/EtOAc = 9/1) to obtain daq: 22 mg, 41% yicld;
¢ dag White solid, m.p. = 85-87 °C; Re = 0.6 (PE:EtOAc = 3:1);

'H NMR (500 MHz, CDCls): & 7.18 (td, J = 8.1, 6.6 Hz, 1H), 6.83 (t,J= 1.7 Hz, 1H),
6.74 (d, J= 1.7 Hz, 2H), 6.59-6.51 (m, 3H), 5.70 (d, J = 5.7 Hz, 2H); 3C NMR (126
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MHz, CDCl3): 6 164.1 (d, Jcr =244.6 Hz), 150.4, 149.9 (d, Jcr = 9.9 Hz), 135.9, 130.9
(d, Jr = 9.8 Hz), 120.0, 110.7, 108.0 (d, Jo.r = 2.5 Hz), 107.2 (d, Jer = 21.5 Hz), 99.7
(d, Jer=26.1 Hz); ’F NMR (471 MHz, CDCl3): § -111.62 (s); HRMS (ESI) m/z calcd
for [C12H10CLEN2]" [M+H]': 271.0200, found: 271.0215.

(44) 1-(3-bromophenyl)-2-(3,5-dichlorophenyl)hydrazine (4ar)
H Followed General Procedure C on 0.2 mmol scale.
cl N\N/©\Br Purified via column chromatography on silica gel (eluted
\©/ g with PE/EtOAc = 3/1) to obtain 4ar: 42 mg, 64% yield,;
¢t White solid, m.p. = 111-113 °C; Re= 0.8 (PE:EtOAc = 3:1);
'H NMR (500 MHz, CDCl3): § 7.09 (t,J = 8.0 Hz, 1H), 7.02-6.95 (m, 2H), 6.82 (t, J =
1.7 Hz, 1H), 6.75-6.68 (m, 3H), 5.70 (s, 1H), 5.67 (s, 1H); *C NMR (126 MHz, CDCl3):
0 150.4, 149.3, 136.0, 131.0, 123.6, 120.1, 115.3, 111.1, 110.7; HRMS (ESI) m/z calcd
for [C12H10C12BrN2]" [M+H]": 330.9399, found: 330.9402.

(45) 1-(3,5-dichlorophenyl)-2-(3-(trifluoromethyl)phenyl)hydrazine (4as)
H Followed General Procedure C on 0.2 mmol scale.
N’ : “CF

cl \©/N\ Purified via column chromatography on silica gel (eluted
3
|

H with PE/EtOAc = 9/1) to obtain 4as: 35 mg, 54% yield;
¢ das White solid, m.p. = 88-90 °C; R¢= 0.7 (PE:EtOAc = 3:1);
'H NMR (500 MHz, CDCl3): 8 7.34 (t, J = 7.9 Hz, 1H), 7.13 (d, J = 7.7 Hz, 1H), 7.06
(s, 1H), 6.97 (dd, /= 8.2, 1.6 Hz, 1H), 6.84 (t, /= 1.7 Hz, 1H), 6.75 (d,J= 1.7 Hz, 2H),
5.79 (s, 1H), 5.75 (s, 1H); °C NMR (126 MHz, CDCl3): 6 150.3, 148.3, 135.9, 132.0
(q, Jor = 32.2 Hz), 130.2, 124.2 (q, Jor = 272.5 Hz), 120.2, 117.2 (q, Jer = 3.9 Hz),
115.37, 110.7, 108.9 (q, Jer = 3.9 Hz); '°F NMR (471 MHz, CDCL3): § -62.73 (s);

HRMS (ESI) m/z caled for [Ci3Hi0CLF3N2]" [M+H]*: 321.0168, found: 321.0166.

(46) 1-(4-chloro-2-fluorophenyl)-2-(3,5-dichlorophenyl)hydrazine (4at)

Followed General Procedure C on 0.2 mmol scale. Purified via column
chromatography on silica gel (eluted with PE/EtOAc = 9/1) to obtain 4at: 34 mg, 57%
yield; White solid, m.p. = 99-101 °C; Rf= 0.5 (PE:EtOAc = 3:1); '"H NMR (500 MHz,
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cl CDCL): & 6.84 (t, J= 1.7 Hz, 1H), 6.84 (t, J= 1.7 Hz, 1H),

H /@\ 6.71 (d, J = 1.7 Hz, 2H), 6.60-6.57 (m, 2H), 6.43 (dt, J =

¢ "y F 10.4,2.1 Hz, 1H), 5.76 (s, 1H), 5.73 (s, 1H); 3C NMR (126
MHz, CDCL3): & 163.9 (d, Jo-r = 247.4 Hz), 150.3 (d, Je-r
= 11.3 Hz), 149.9, 136.1 (d, Jcr = 13.0 Hz), 136.0, 120.4,
110.7, 108.2 (d, Jor = 2.8 Hz), 108.0 (d, Jer = 25.4 Hz), 98.1 (d, Jcr = 26.2 Hz); '°F

NMR (471 MHz, CDCL): § -109.75 (s); HRMS (ESI) m/z caled for [Ci2HoCIsFN2]*
[M+H]": 303.0937, found: 303.9395.

Cl 4at

(47) 1-(2,4-dichlorophenyl)-2-(2,5-dimethylphenyl)hydrazine (4au)
Me H ci Followed General Procedure C on 0.2 mmol scale. Purified
N\N/Q/ via column chromatography on silica gel (eluted with
Hooc PE/Et20 =20/1) to obtain 4au: 24 mg, 42% yicld; White solid,
Me dau m.p. = 96-98 °C; Rr = 0.8 (PE:EO = 3:1); 'H NMR (500
MHz, DMSO-ds) 6 7.69 (s, 1H), 7.40 (d, J = 2.4 Hz, 1H), 7.27 (s, 1H), 7.16 (dd, J =
8.8,2.4 Hz, 1H), 6.90 (d, /= 7.8 Hz, 1H), 6.80 (d, /= 8.8 Hz, 1H), 6.48-6.42 (m, 2H),
2.15 (s, 3H), 2.12 (s, 3H); *C NMR (126 MHz, DMSO-ds) § 146.1, 144.5, 135.3,130.1,
128.4, 127.8, 120.6, 118.8, 118.3, 116.6, 113.7, 110.9, 21.2, 17.0; HRMS (ESI) m/z

calcd for [C14H15CaN2]" [M+H]"™: 281.0607, found: 281.0600.

11. Synthetic applications of the N, N'-diarylhydrazines

(i) General procedure for the synthesis of 5 11l

H - Et
EtOH, 60 °C, 12 h

CF,
H
/©/N\N/©/ TEMPO (10 mol%)
Et
4d
To a solution of N,N'-diarylhydrazine 4d (0.2 mmol) in EtOH (2 mL) was added
TEMPO (10 mol%). The reaction mixture was open to air and stirred at 60 °C for 18 h.

After completion of the reaction (indicated by TLC), the solution was concentrated in

vacuum. The residue was purified by column chromatography using a mixture of
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petroleum ether and ethyl acetate as eluent to give the desired product 5 (53 mg, 97%
yield).

(ii) General procedure for the synthesis of 6 12!

o NH
HCI (aq.), 0 °C to 55 °C O 2
6h

FiC
6,61%

CF;
H /©/ NH,CI (11.0 equiv)
@ o
H
4b

To a Schlenk flask equipped with a stir bar was added the N, N'-diarylhydrazine 4b
(0.22 mmol, 1.0 equiv, 56 mg) and ammonium chloride (2.45 mmol, 11.0 equiv, 130
mg) in sequence. Followed by evacuation and the introduction of nitrogen on a Schlenk
line, 2 mL of water was added via syringe. The mixture was then stirred at room
temperature for 2 minutes and then transferred into the ice-water bath at around 0 °C.
Subsequently, 2 mL of concentrated hydrochloric acid were added via microsyringe at
0 °C and the reaction mixture was stirred for 30 minutes. Afterwards, the mixture was
transferred to 55 °C oil bath, which was monitored by TLC analysis. The reaction
mixture was neutralized to pH = 7 using 1M NaOH solution, and the resulting mixture
was extracted by EtOAc (3x10 mL). The combined organic layer was washed with brine
(20 mL) and dried over Na2SOu. Finally, the mixture was concentrated in vacuo and the
residue was purified by flash column chromatography (eluted with PE/EtOAc) to afford
the title compound 6 (34 mg, 61% yield) .

(iii) General procedure for the synthesis of 7 1191,

CO,Et o
©: N NaHMDS (1.5 equiv)
L' -
N > N—<i>7c1=3
H THF, 25°C, 1h N
CF, H
4p 7,63%

Under air atmosphere, a solution of sodium bis(trimethylsilyl)amide (5 M, 1.5 equiv,
122 uL) was added slowly to the solution of N, N'-diarylhydrazine 4p (0.2 mmol, 1.0
equiv, 64.8 mg) in ImL of THF at room temperature and stirred it for 1 h. The reaction
mixture was then poured into 10 mL of saturated ammonium chloride solution, and the

resulting mixture was extracted by EtOAc (3x10 mL). The combined organic layer was
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washed with brine (20 mL) and dried over NaxSOa. After concentration in vacuo, the
crude product was purified by column chromatography with petroleum ether/EtOAc
(4/1) on silica gel (35 mg, 63% yield).

12. Analytical data of synthetic application products

(1) (E)-1-(4-ethylphenyl)-2-(4-(trifluoromethyl)phenyl)diazene (5)

5: 53 mg, 97% yield. Yellow solid, m.p. = 75-77 °C; Rt

=0.7 (PE:EtOAc = 10:1); '"H NMR (500 MHz, CDCls):

§7.99 (d,J= 8.2 Hz, 2H), 7.89 (d, J = 8.3 Hz, 2H), 7.77
5 (d, J= 8.4 Hz, 2H), 7.37 (d, J = 8.3 Hz, 2H), 2.75 (q, J

= 7.6 Hz, 2H), 1.31 (t, J = 7.6 Hz, 3H); 13C NMR (126 MHz, CDCls): § 154.7, 150.9,

149.0, 132.0 (q, Jor = 32.4 Hz), 128.8, 126.4 (q, Jor = 3.8 Hz), 124.1 (q, Jor = 272.2

Hz); 123.4, 123.0, 29.1, 15.5; 19F NMR (471 MHz, CDCl3): § -62.47 (s); HRMS (ESI)

m/z calcd for [C1sH14F3N2]" [M+H]": 279.1104, found: 279.1117.

CF;
W T
/©/ Sy
Et

(2) 5-ethyl-5'-(trifluoromethyl)-[1,1'-biphenyl]-2,2'-diamine (6)
NH Purified via column chromatography on silica gel (eluted with
O PE/EtOAc = 3/1) to obtain 6: 34 mg, 61% yield. White solid; m.p. =
91-93 °C; Rr= 0.2 (PE:EtOAc = 3:1); 'H NMR (500 MHz, CDCls):
O 6 7.34 (d, J=6.9 Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H), 6.76 (t,J = 9.5
6 Hz, 3H), 3.97 (s, 4H); 3*C NMR (126 MHz, CDCl3): § 146.9, 146.2,
130.0, 128.1, 127.7 (q, Jc-r = 3.8 Hz), 127.3, 125.1 (q, Jcr = 3.8 Hz),
125.0 (q, Jo-F = 270.7 Hz), 120.3 (q, Jcr = 32.5 Hz), 115.6, 114.7; 'F NMR (471 MHz,
CDCl3): 8 -61.04 (s); HRMS (ESI) m/z caled for [C13H12F3N2]" [M+H]": 253.0947,

found: 253.0944.

NH,

CFj

3) 2-(4-(trifluoromethyl)phenyl)-1,2-dihydro-3H-indazol-3-one (7)

o Purified via column chromatography on silica gel (eluted
@f@N—@—c&, with PE/EtOAc = 5/1) to obtain 7: 35 mg, 63% yield. White

N

H < solid, m.p. = 106-108 °C; R = 0.3 (PE:EtOAc = 3:1); 'H

NMR (500 MHz, DMSO-ds): & 10.77 (s, 1H), 8.16 (d, J =
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8.6 Hz, 2H), 7.88 (d, /= 8.7 Hz, 2H), 7.78 (d, J= 7.8 Hz, 1H), 7.68-7.60 (m, 1H), 7.40
(d, J=8.2 Hz, 1H), 7.23 (t, /= 7.4 Hz, 1H). Analytical data are in accordance with the

literature values [1°!

13. Experimental procedure for the gram scale reaction

N~ -0 . H CF;
H 87 KNO, (6.0 equiv) ’I“
“oH * [ \N
FyC Et,0, -78 °C, 30 min \
H
1a 2b

4b, 77%

To a Schlenk flask equipped with a stir bar was added the corresponding
arylhydroxylamine 1a (15 mmol, 3.0 equiv, 1.635 g) and potassium nitrite (30 mmol,
6.0 equiv, 2.553 g). Followed by evacuation and the introduction of nitrogen on a
Schlenk line, diethyl ether (50.0 mL, 0.05 M) was added via syringe. The mixture was
then stirred at room temperature for 2 minutes and then transferred to -78 °C bath. Then,
N-sulfinylaniline 2b (5 mmol, 1.0 equiv, 1.035 g) was added via microsyringe at -78 °C
and stirred for 30 minutes until the complete consumption of 2b, which was monitored
by TLC analysis. Afterwards, the mixture (the temperature in the rotary evaporator was
maintained below 30 °C) was concentrated in vacuo and the residue was purified by
flash column chromatography (eluted with PE/EtOAc) to afford the title compound 4b
(970 mg, 77% yield) .

14. General procedure for one-pot, two-step synthesis of hydrazine 4

R AN
—R
N NHz sSOCI, (2.0 equiv) N N\\S/,o 1u (3.0 equiv) CI N\N P
R3-—- — 3 g3 >
& benzene ©/ KNO, (6.0 equiv) H
85°C,12h Et,0, -78 °C, 30 min
2 2 C 4
| | | |
Cl N /©/ Cl N /©/ Cl N /©/ Cl N /©/
n N o o
H H H H
Cl Cl Cl Cl
4v, 62% 4ak, 51% 4am, 48% 4an, 40%

Step one: Aniline 2' (0.2 mmol, 1.0 equiv) and benzene (2.0 mL) were first placed
in a Schlenk tube.Then, thionylchloride (0.4 mmol, 2.0 equiv) was added drop wise to

the mixture. To prevent the interaction with air humidity, the loading of the three
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components was carried out under nitrogen atmosphere. Since a vigorous reaction took
place while thionyl chloride was added, the mixture was continuously stirred. Then the
mixture was heated for 12 h at 85 °C. Afterwards, the mixture was concentrated in vacuo
without further purification.

Step two: To a Schlenk flask equipped with a stir bar was added the corresponding
arylhydroxylamines 1 (0.6 mmol, 3.0 equiv, if solid), potassium nitrite (102.1 mg, 1.2
mmol, 6.0 equiv) unless otherwise noted. Following evacuation and the introduction of
nitrogen on a Schlenk line, diethyl ether (2.0 mL, 0.05 M) was added via syringe. The
mixture is then stirred at room temperature for 2 minutes and then transferred to -78 °C.
Lastly, N-Sulfinylbenzenamine 2 from step one were added via microsyringe at -78 °C
then stirred for 30 minutes until the complete consumption of 2, which was monitored
by TLC analysis. Afterwards, the mixture (the temperature in the rotary evaporator was
maintained below 30 °C) was concentrated in vacuo and the residue was purified by

flash column chromatography (eluted with PE/EtOAc) to afford the title compound 4 .

15. Experimental procedure for control experiments

15.1 General procedure for free radical capture experiment
TEMPO (1.5 equiv)

Ns -0 . H CF;
H ~s” KNO, (6.0 equiv) N
“OH + : ~
H N
F3C Et,0, -78 °C, 30 min |-'|
1a 2b

4b, 71%

To a Schlenk Flask was added a small stir bar, the corresponding arylhydroxylamines
1a (0.6 mmol, 3.0 equiv, 65.4 mg), potassium nitrite (1.2 mmol, 6.0 equiv, 102.0 mg)
and 2,2,6,6-tetramethylpiperidinooxy (0.3 mmol, 1.5 equiv, 46.9 mg). Following
evacuation and the introduction of nitrogen on a Schlenk line, diethyl ether (2.0 mL,
0.05 M) was added via syringe. The mixture is then stirred at room temperature for 2
minutes and then transferred to -78 °C. Lastly, 2b (0.2 mmol, 1.0 equiv, 41.4 mg) were
added via microsyringe at -78 °C then stirred for 30 minutes until the complete
consumption of 2b, which was monitored by TLC analysis. Afterwards, the mixture
(the temperature in the rotary evaporator was maintained below 30 °C) was
concentrated in vacuo and the residue was purified by flash column chromatography

(eluted with PE/EtOAc) to afford the title compound 4b (36 mg,71%) .
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15.2 General procedure for competition experiment

H

H CF;
N |
Oy
Me Me H

1b, 0.5 mmol /©/N\\s//° KNO; (1.5 mmol) 4c, 33%
- -
- +
H F,C Et,0, -78 °C, 30 min H CF,3
i ! Q
OH
/©/ 2b, 0.5 mmol /O/ \N
[}
FsC FsC H
1i, 0.5 mmol 4j, 12%

To a Schlenk Flask was added a small stir bar, the corresponding arylhydroxylamines
1b (0.5 mmol, 1.0 equiv, 61.5 mg), 1i (0.5 mmol, 1.0 equiv, 88.5 mg) and potassium
nitrite (1.5 mmol, 3.0 equiv, 127.7 g) unless otherwise noted. Following evacuation and
the introduction of nitrogen on a Schlenk line, diethyl ether (4.0 mL) was added via
syringe. The mixture is then stirred at room temperature for 2 minutes and then
transferred to -78 °C. Lastly, 2b (0.5 mmol, 1.0 equiv, 103.5 mg) were added via
microsyringe at -78 °C then stirred for 30 minutes, diluted in DCM and evaporated
under reduced pressure (the temperature in the rotary evaporator was maintained below
30 °C) and the residue was purified by flash column chromatography (eluted with
PE/EtOAc) to afford the title compound 4¢ (41 mg, 33%) and 4j (19 mg, 12%) .

H

Ns 20 Cl N
s~ \'I‘l
H

H cl
cl N on 2a, 0.5 mmol KNO, (1.5 mmol) 4ah, 4%
+ > +
Et,0, -78 °C, 30 min H CFs
cl N\\S//O cl NQ
1v, 0.5 mmol /©/ 'I‘l
FsC H

Cl
2b, 0.5 mmol 4v, 31%

To a Schlenk Flask was added a small stir bar, the corresponding arylhydroxylamines
1v (0.5 mmol, 1.0 equiv, 89.0 mg) and potassium nitrite (1.5 mmol, 3.0 equiv, 127.7 g).
Following evacuation and the introduction of nitrogen on a Schlenk line, diethyl ether
(4.0 mL) was added via syringe. The mixture is then stirred at room temperature for 2
minutes and then transferred to -78 °C. Lastly, the mixture of 2a (0.5 mmol, 1.0 equiv,
69.5 mg) and 2b (0.5 mmol, 1.0 equiv, 103.5 mg) were added via microsyringe at -78
°C then stirred for 30 minutes, diluted in DCM and evaporated under reduced pressure

(the temperature in the rotary evaporator was maintained below 30 °C) and the residue
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was purified by flash column chromatography (eluted with PE/EtOAc) to afford the
title compound 4ah (5 mg, 4%) and 4v (49 mg, 31%)) .

15.3 Evaluation of other type of substrates

. CF3
NHOH Nsg?© KNO, (6.0 equiv) o E
* > ~UN
F3C

3 Et,O |
2 H

12, 3.0 equiv 2b, 0.2 mmol -78°C,1h; 13,0%
-20°C,1h; 13,0%
0°C,1h; 13,0%

NHOH Ph\n/N\\s”o KNO, (6.0 equiv) H o
* (o] Ph\/N\ J\

Y

Et,0 N Ph
H
12, 3.0 equiv 2n, 0.2 mmol -78°C,1h; 14,0%

-20°C,1h; 14,0%
0°C,1h; 14,0%

NHOH Ph\n/N\\s’/O KNO, (6.0 equiv) H o
+ Ph/N\ )J\
o N Ph
Etzo |
H
1a, 3.0 equiv 2n, 0.2 mmol -78°C,1h; 15,0%

-20°C,1h; 15,0%
0°C,1h; 15,0%

(o)
“ N: 20 o_ _Ns -0 Me. O _Ns -0
s s - N N
QW/N\\S//O \b Me \n/ S Me>|/ \n/ S
o Me O
(o]
2n

20 2p 2q

It was found that N-alkylhydroxylamine 12 did not react with N-arylsulfinylaniline
2b or N-sulfinylbenzamide 2n, and the simple phenylhydroxylamine 1a did not react
with N-sulfinylamines 2n or 20-2q as well under similar conditions (even at higher

temperatures), which means that both aromatic substrates are really required.

15.4 Evaluation of the role of KNO;

In order to investigate the role of KNO: in this novel transformation, we tried to set
up several control experiments. Those experimental results were shown in the following
equations and schemes:

Based on these experimental results, we do not have any evidence to support that
KNO:z is an oxidant in our reaction system. In addition, phenylhydroxylamine 1a or N-
sulfinylamine 2b did not react with KNO2 under standard conditions or even high

temperature at r.t., and we did not find any isolatable intermediates in both reactions.
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NHOH KNO, (2.0 eq.), Et,0 then -40 °C then r.t.

©/ : - NR —m8Mm N.R. —_— N.R.
-78°C,1h 1h 1h
1a, 0.2 mmol
NHOH
KNO, (2.0 eq.), Et,0
- N.R.
1a, 0.2 mmol rt, 1h
Ns 20  KNO, (2.0 eq.), Et,0 then -40 °C thenr.t.
/©/ S I N.R. —_— N.R. . N.R.
FsC -78°C,1h 1h 1h
2b, 0.2 mmol
Ns 20
S KNO, (2.0 eq.), Et,O
E.C : N.R.
3
2b, 0.2 mmol rt, 1h

With regards to the solubility of KNO2 in Et2O, we also carried out the corresponding
test under -78 °C and 25 °C, respectively. The results revealed that around 6.5 mg of
KNO:2 could be dissolved in 100 mL of Et20 at -78 °C and 10.5 mg of KNO2 could be
dissolved in 100 mL of Et20 at 25 °C in the absence of N-arylhydroxylamine 1a and N-
arylsulfinylaniline 2b. Interestingly, 8.8 mg of KNO:2 could be dissolved in 100 mL of
Et20 at -78 °C in the presence of 30 mmol N-arylhydroxylamine 1a and 10 mmol N-
arylsulfinylaniline 2b. These results were consistent with our proposed mechanism and
indicated that the hydrogen bonding between KNO2 and substrates or products might
be helpful to increase the solubility of KNO:2 in Et20.

As we mentioned in the newly revised main text, it was a serendipitous finding for
using KNO:2 and there was no specific reason for using KNO2.We proposed that the
hydrogen bonding interactions exist between NO2 anion and the hydrogen bond donors,
since such complex has been widely used in supramolecular chemistry, see
10.1016/j.chempr.2016.08.004 (Chem 2016, I, 351-422.), 10.1021/01402819m (Org.
Lett. 2014, 16, 334-337.), the NO2 anion could form a complex through hydrogen-
bonding even with C-H bonds of hosts.
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17. X-ray crystal structures and data

Suitable crystals of compound 4af was obtained by slowly evaporating a mixture
of diethyl ether and hexane solution at ambient temperature. Single crystal was chosen
under an optical microscope and quickly coated with high vacuum grease (Dow
Corning Corporation) to prevent decomposition. Intensity data and cell parameters of
4af was recorded at 293 K on an Agilent Supernova X-Ray diffractometer equipped
with a large area CCD detector, employing a Cu K, radiation (A = 1.54184 A). The raw
frame data were processed using SAINT and SADABS to yield the reflection data file.!
The structure was solved using the charge-flipping algorithm, as implemented in the
program SUPERFLIP? and refined by full-matrix least-squares techniques against Fo’
using the SHELXL program® through the OLEX2 interface.* Hydrogen atoms at carbon
were placed in calculated positions and refined isotropically by using a riding model.
Appropriate restraints or constraints were applied to the geometry and the atomic
displacement parameters of the atoms in the cluster. All structures were examined using

the Addsym subroutine of PLATON? to ensure that no additional symmetry could be
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applied to the models. CCDC 2236222 (4af) contains the supplementary

crystallographic data for this paper. These data can be obtained free of charge from the

Cambridge Crystallographic Data Centre.
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Table S4 Crystal data and structure refinement for 4af

Identification code

4af

Empirical formula

Ca5H31F3N20,

Formula weight 448.52
Temperature/K 293
Crystal system orthorhombic
Space group P21212;
a/lA 7.30380(10)
b/A 14.6308(2)
c/A 22.9973(3)
a/° 90
pr° 90
v/° 90
Volume/A? 2457.50(6)
Z 4
Pealemg/mm’ 1.212
wmm'! 0.768
F(000) 952.0
Crystal size/mm’ 0.3x0.2x0.1

Radiation

CuKa (A= 1.54184)

20 range for data collection

7.162 to 133.176

Index ranges

-8<h<8,-17<k<17,-27<1<27

Reflections collected

36468

Independent reflections

4357 [Rint= 0.0402, Rgigma = 0.0181]

Data/restraints/parameters

4357/10/293

Goodness-of-fit on F?

1.057

Final R indexes [[>=2c (I)]

R;=0.0525, wRy=0.1462

Final R indexes [all data]

R1=0.0554, wR>=0.1502

Largest diff. peak/hole / e A~

0.35/-0.32

Flack parameter

-0.14(8)




18. Computational part

18.1 General information

DFT calculations were performed with the Gaussian 09 software package, E.O1
version unless otherwise specified.! Geometric optimizations of intermediates and
transition states were calculated in gas phase at the (U)B3LYP-D3(BJ)**/6-311+G(d,p)*
(5d was used) level. Diradical species were located using the key words: guess=(mix,
always). The wave function stability of the stationary points was carried out with the
key words stable=opt to confirm that the wavefunctions were stable. Frequency
calculations at the same level were performed to validate each structure as either a
minimum or a transition state. IRC calculations were carried out to confirm that the
transition state structures connect corresponding reactants and products. Solvation
effect was evaluated by calculating the single-point energy in solution (AGsol=Esol-Egas)
at SMD’(Et20)/(U)B3LYP-D3(BJ)/6-311+G(d,p) (5d). For the formation of A, high
level single-point energies were calculated at the ®B97M-V®ma-def2-QZVP’ level,
®B97M-V was used because it is a good functional for close-shell main group
chemistry according to several benchmark studies.® For the retro-[2n+2c] reaction, high
level single-point energies were calculated at (U)B3LYP-D3(BJ)/ma-def2-QZVP.
DLPNO-CCSD(T)/cc-PVTZ (with cc-PVTZ/C auxiliary basis set and tight thresholds)’
and ®B97M-V/ma-def2-QZVP (with RIJCOSX/autoaux) were performed with Orca
4.2.1."° DMRG-PDFT: tPBE!! using cc-PVTZ basis set with a large active space
DMRG(22e, 190) including o(N-O), o(O-S), o(N-S) orbitals and n(N), n(O),
n(aromatic rings) orbitals, was performed with OpenMolcas 23.10 software package
and QCMaquis software suite therein.!? 3D structures were prepared with CYLview."
IBO analysis was prepared with IboView.!* All discussed energy differences were

based on Gibbs energies at 298 K (standard states are the hypothetical states at 1 mol/L).

S51



18.2 Benchmark study

Different methods and functionals for the key step (N-O homolysis of A via TS2,
and the close-shell concerted transition state TS2) with large basis sets were tested.
B3LYP-D3(BJ), which performs well for weak interactions'®> and broken-symmetry
(U)DFT!'®, with 6-311+G(d,p) basis set were used for optimization. Then (U)DFT of
different functionals including pure functional BP86'7, PBE'8, TPSS', and hybrid
functionals, B3LYP?, PBE0?°, BMK?!, ®B97X-D?? and ®B97M-V®, M06-2X?}, M06>*
with or without D3 correction® were used to calculated the single-point energies based
on the optimized structures. DLPNO-UCCSD(T)’ were also tested, but note that
DLPNO-UCCSD(T) could lead to unphysical behavior when preceding symmetry-
broken self-consistent field (SCF) calculations®* and is not a good method for open shell
radicals.'®®?% Therefore, the multi-reference approach DMRG-PDFT!! with a large
active space DMRG(22e, 190) were also used to study this key step. MC-PDFT
combined with DMRG wave functions'!, called DMRG-PDFT, gives good results in
previous studies compared to other multi-reference method such as CASPT2 at a
significantly lower computational cost.?®

The results are shown in Table S5. For the open-shell singlet transition state TS2, the
GGA functionals PBE, BP86, and meta-GGA functionals TPSS, TPSS-D3(BJ) give
very low activation free energies (-4.8-2.3 kcal/mol), while hybrid functionals B3LYP-
D3(BJ), BMK, PBEO, PBE0-D3(BJ), ®B97X-D, ®B97M-V, M06-2X, M06 give higher
activation free energies around 7.9-21.6 kcal/mol. It’s not surprised that (U)DFT gives
quite different results, because the single-reference method (U)DFT has shortcomings
on the open-shell singlet diradicals.'* Among these functionals, the hybrid functional
B3LYP, which considers more about static electron correlation effects, has been shown
to perform better than pure DFT functionals for open shell singlet species.'® In this case,
B3LYP with D3(BJ) dispersion correction gives a 7.9 kcal/mol of activation free energy,
which is consistent with the reaction temperature (-78°C). DLPNO-UCCSD(T) based
on UHF gives a high activation free energy of 23.1 kcal/mol, this is overestimated
probably due to the limitations of the single-reference method such as the large spin
contaminant (<$?>=2.13 for TS2 using UHF-DLPNO-CCSD(T))* or the unphysical
behavior of DLPNO-CCSD(T) when proceeding symmetry-broken SCF calculations.?*
Finally, the multi-reference approach DMRG-PDFT, using a large active space (22e,
190), suggests an activation free energy of 14.3 kcal/mol, which is consistent well with
the experiments (t12=0.18 hour at -78 °C with 14 kcal/mol of activation free energy).

While for the close-shell concerted transition state TS2’, the state-of-art methods
DMRG-PDFT and DLPNO-CCSD(T) give similar results (27.9 kcal/mol and 29.6
kcal/mol), indicating a high activation free energy of this concerted pathway. For the
DFT calculations, ®B97M-V, M06-2X are also good functionals for the close-shell

main group chemistry, as shown in many benchmark studies.® On the other hand,
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B3LYP-D3(BJ) underestimates the activation free energy of this concerted pathway via
TS2’ by more than 14 kcal/mol (6 kcal/mol for TS2).?” But among all methods and
functionals, TS2’ is less favored over TS2 by 5.2-15.4 kcal/mol. Thus, the retro-[2n+20]

reaction could happen through a stepwise diradical mechanism at -78 °C.

Table S5. Benchmark study of the retro-[2n+26] reaction.

Metho | DMR | DLPNO | BP | PBE | TPS | TPSS | B3LY | PB | PBE | BM | 0B97 | wB97 | MO | MO
d G- - 86 S - P- EO0 | o- K |XD |MV |6 |6
PDFT | (U)CCS D3(B | D3(B D3(B 2X
b D(T) i) i) i)
AGE | 143 | 231 - 26 | 48 |23 7.9 67 | 121 | 113 | 165 | 209 | 21. | 10.
(TS2) 4.7 6 2
AGE | 279 | 296 97 | 103 |96 |75 135 | 221 | 206 | 234 | 255 | 284 | 28. | 17.
(TS2’ 7 5
)
AAGY | 136 | 65 14. | 129 | 144 | 52 5.6 154 | 85 12.1 | 9.0 75 71 | 73
4

¥The single point energies are calculated with ma-def2-QZVP basis set based on the
optimized structures at (U)B3LYP-D3(BJ)/6-311+G(d,p) (5d) unless otherwise
specified. The DFT functionals are unrestricted for symmetry-broken wavefunctions.
bwith cc-PVTZ basis set.

18.3 IBO analysis along IRC for the pseudo-pericyclic transition state TS2’

For the concerted pathway via TS2’, IBO analysis along IRC was carried out,
showing the electron flow from o(N-O) orbital (red) to n(S=0) orbital, c(N-S)
orbital (blue) to n(N) orbital, and n(N) orbital (green) to o(N-N) orbital. Thus, TS2’
could be regarded as a 6¢” pseudo-pericyclic reaction.

IboView.
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18.4 The retro-[2nt+20] reaction for other substrates.

Other substrates were also studied by DFT calculations. Our calculations found that
the N-N coupling proceed through a stepwise diradical mechanism, which firstly
undergoes 6 bond homolysis via TS2 to obtain the diradical species. Thus, the aromatic
rings are required to stabilize the nitrogen radical through conjugation effect. For the
N-alkyl substrates A-Bn, the alkyl nitrogen radical is not stable enough and the
activation free energy of ¢ bond homolysis via TS2-Bn (<$?>=0.68) is 21.5 kcal/mol,
which is much higher than N-phenylhydroxylamine 2b and very slow at -78 °C (note
that (U)B3LYP-D3(BJ) may underestimate the activation free energy of this step by 6
kcal/mol, see benchmark study and ref. 27). The concerted transition state could not be
located probably due to the lack of n-w stacking, which makes the N-*N distance longer.

DFT calculations were carried out to study the effects of SO3 and CO:z (Figure S3).
For the SO3 intermediate A-SQj3, the N-O homolysis via TS2-SOs is easy, requiring an
activation free energy of 6.3 kcal/mol, while the concerted pathway via TS2’-SO3
requires an activation free energy of 8.3 kcal/mol, though A-SO; could not be
synthesized experimentally. For the COz intermediate A-COz (if it can be obtained),
the N-O homolysis via TS2-CO; requires a higher activation free energy of 17.6
kcal/mol. This could be understood because the nitrogen atom (blue) in A-CO; is
conjugated well with carbonyl group (C-N bond in A-CO; is as short as 1.37 A while
S-N bond in A is 1.71 A), making it more difficult to simultaneously break the N-O
bond, C-N bond, and release COz than extrusions of SOz and SOs.

¥ Q

Q (S) 0=S
H - N
N-oS'NH 2.24 A/O “NH Q/ oN

© RN N/H i — = I;IH i

CF3 CF3 CF3
A-Bn TS2-Bn
AG¥ =21.5 keal/mol
QP
0-8 P Q0

HN NH

NP o
g NH
@ © - N296A - Q
CFy @

A-SO; CFs

TS2-S0,

NH ﬁ“‘)
N
CF4
\ AG* = 6.3 keal/mol
//O +

o8 CF.

235A/7 G Qs H /©/ ¢
HN-¢--- N g' N
- ™

AG* = 8.3 keal/mol
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o=C
H g 208A 0 F . .
0" “NH S . o N
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Ao, CFs

TS2-CO,
AG¥ = 17.6 kcal/mol

Figure S3 The retro-[2n+2c] reaction for other substrates.
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18.5 Computed energies of the stationary points
Table S6. Thermal Corrections to Gibbs Energies (TCGs) and Single-Point Energies (SPEs)

Stationary point ll:r;lei;ilggg SPE SPE? Tea SPE
(cm™) (hartree) (hartree) (hartree) (hartree)

1a none -362.89804 -362.90984 0.089947 -362.7935029
2b none -1097.059966 -1097.073832 0.063558 -1096.964582
HNO: none -205.772146 -205.774962 -0.003918 -205.7533002
NO2 none -205.226518 -205.299117 -0.015846 -205.2051854
Int1 none -1459.985584 -1460.006796 0.176106 -1459.775916
Int2 none -1665.264011 -1665.324035 0.176917 -1665.033528
Int3 none -1665.260239 -1665.317709 0.175853 -1665.032221
Int4 none -1459.456099 -1459.517271 0.161856 -1459.251992
TS1 27548 -1665.25901 -1665.316122 0.174174 -1665.028938
A none -1459.982062 -1460.004098 0.177965 -1459.787082

“Computed at the B3LYP-D3(BJ) /6-311+G(d,p) level.
b Computed at the SMD(Et,0)/B3LYP-D3(BJ) /6-311+G(d,p) level.
‘Computed at the ®@B97M-V/ma-def2-QZVP//B3LYP-D3(BJ)/6-311+G(d,p) level.

Table S6. Thermal Corrections to Gibbs Energies (TCGs) and Single-Point Energies (SPEs)

Stationary ;rr“eaglgﬁgy SPE¢ SPE* TCG* SPE¢ SPE?
point (3111111) Y (hartree) (hartree) (hartree) (hartree) (hartree)
A none -1459.982062 | -1460.004098 0.177965 1459787082 | 1458.39294839
SO: none -548.667407 -548.675019 -0.017507 -548.749867
Int5 none -1459.968785 | -1459.989666 0.169214 1460210561
4b none -911.338574 -911.357028 0.174167 -911.503585
TS2 -137.55 -1459.948972 | -1459.974209 0.168696 1460.195833 | 1458.35770189
TS2 -128.60 -1459.952085 | -1459.976474 0.17573 -1460.19486 1458.34397612
TS3 -34.20 -1459.96276 | -1459.984852 0.167753 1460205773
A-Bn none -1499.309354 | -1499.33378 0.204663 1499 555751
A-SOs none -1535.211921 | -1535.235164 0.183528 1535492382
A-CO2 none -1099.951491 | -1099.97267 0.182822 1100.150755
TS2-Bn -226.99 -1499.259632 | -1499.283729 0.196536 -1499.51363
TS2-S0s -13.90 -1535.180087 -1535.2112 0.174689 1535.465648
TS2’-S0s -49.94 -1535.188652 | -1535.21941 0.181721 1535.469863
TS2-CO2 -60.43 -1099.915093 | -1099.943503 0.177528 -1100.110249

“Computed at the (U)B3LYP-D3(BJ) /6-311+G(d,p) level.

bComputed at the SMD(Et,0)/(U)B3LYP-D3(BJ) /6-311+G(d,p) level.

“Computed at the (U)B3LYP-D3(BJ)/ma-def2-QZVP//(U)B3LYP-D3(BJ)/6-311+G(d,p) level.
dComputed at the DMRG-PDFT:tPBE/cc-PVTZ with the (22¢,190) active space.
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18.6 DMRG-PDFT calculations
Sample Inputs of A:
&GATEWAY

Coord
32

Angstrom

T T T o@mn oz o000 @m o Z0owZzmH o@D @D oD E OO0

1.31856300
-0.03615800
-0.63700200

0.14362700

1.50266400

2.09298300

1.77862800
-0.62796700
-0.32000400

2.09542300

3.53469400
3.68827200
4.13432200
4.25469700
-2.01873400
-3.21568200
-4.47317000
-2.07036700
-3.27961500
-2.36148300
-2.33371400
-1.23352300
-1.62453000

0.04997200
-0.72325000
-2.62013000

0.93541400

0.35908500

0.55556500
-1.02928900

1.93431800

1.25229500

Basis=cc-pVTZ

-1.73565600
-1.89440500
-1.21039700
-0.40654700
-0.26216600
-0.91672800
-2.25914800
-2.53902500
0.13498200
0.37787400
-0.68460400
0.28754100
-1.78987900
-0.28810300
-1.33316200
-1.36379100
-1.51911700
0.59109900
0.33424000
-0.85941800
0.88651400
1.53578700
2.20491800
1.71951400
3.05873400
2.05288800
2.58195100
1.15827300
3.25219800
3.57839000
2.70672000
3.91442900

-0.58823000
-0.34326100
0.71909800
1.55235800
1.31306200
0.23551300
-1.41668300
-0.97953900
2.36726600
1.95227300
-0.09347000

-1.03756400
-0.59369300
0.97908500
0.97372700
-0.24341600
0.50127200
-1.41493100
-0.72247800
1.80495500
-2.34955000
-0.75125100
0.40729700
-1.27116500
1.04108500
0.80018200
-0.63722000
-2.14509100
0.52589500
1.94201400
-1.03727800
1.02546000
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&SEWARD

&DMRGSCF
ActiveSpaceOptimizer= QCMaquis
Fiedler= ON

DMRGSettings
nsweeps= 5
max_bond_dimension= 1000

EndDMRGSettings

OOptimizationSettings
Charge=0
Spin=1
FILEORB=20231124 ZY diffuse Int-1-2_rot.INPORB
nActEl= 22
RAS2=19
CIRoot=11; 1
EndOOptimizationSettings

&MCPDFT
KSDFT=T:PBE

Sample Active Space: (22¢, 190) of A
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18.7 Cartesian coordinates of the stationary points
1a

C 1.338598 1.347348 0.013149
C  -0.025093 1.067239 0.068631
C  -0.457883 -0.259912 0.067556
C 0.482613 -1.296045 0.004815
C 1.839722 -1.002498 -0.045354
C 2.278667 0.321722 -0.040739
H 1.664921 2.381191 0.008910
H  -0.753691 1.865098 0.095053
H 0.147931 -2.328431 0.003873
H 2.557438 -1.813409 -0.093287
H 3.337002 0.547960 -0.083777
N  -1.822822 -0.605448 0.208702
H  -2.049244 -1.433085 -0.333520
O  -2.706053 0.416521 -0.249502
H  -3.235931 0.619524 0.529504

[
=2

0.691310 -1.079100 0.178998
-0.683822 -0.930240 0.292368
-1.261575 0.348164 0.224327
-0.435041 1.471896 0.076011
0.936466 1.316721 -0.048909
1.501707 0.040617 -0.001697
1.134614 -2.064671 0.235296
-1.306352 -1.798010 0.472484
-0.891559 2.452599 0.048682
1.569846 2.184602 -0.179456
2.994276 -0.117390 -0.065059
3.571713  0.820271 -0.848309
3.359098 -1.325303 -0.548305
3.563350 -0.001700 1.161602
-2.638741 0.583513 0.350168
-3.656646 -0.384925 -0.311291
-5.054550 -0.055466 0.016417

CwvnZ=TT™THOoOIITIITOOOOooao

S
=2

C 1.652118 0.037431 -1.070425
0.390683 -0.531217 -0.958539
C 0.019940 -1.181473 0.223642

@)
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0.931211
2.187321
2.556403
1.929482
-0.318755
0.649841
2.881023
3.931713
4.392502
3.992271
4.844637
-1.225968
-1.536681
-2.236407
-2.676544
-3.119363
-4.378813
-2.751693
-5.252115
-4.667772
-3.639381
-1.774838
-4.890397
-6.223722
-3.341397
-5.574466

T D@D o@Dnozraoaoacoaoz@zzzz™"™®TTTOoOD DTS T OO0

A-Bn

1.077703
-0.296810
-0.895198
-0.087092

1.294548

1.881534

1.530993
-0.908840
-0.540432

1.909426

3.362481
3.683455
3.896400
4.020742
-2.285147

Z ™D DT OoO@IDIZDIZIZOOOoaoaaon

-1.245233
-0.673684
-0.025388
0.545398
-0.469538
-1.745496
-0.722222
0.545679
1.062885
1.532601
-0.389925
-1.800384
-1.906985
-1.464851
-2.285080
-0.416088
-0.377037
0.608038
0.670312
-1.169210
1.650732
0.602773
1.692272
0.685384
2.439293
2.506210

-1.849907
-1.934486
-1.686456
-1.373602
-1.303281
-1.531500
-2.037195
-2.194702
-1.183707
-1.053957
-1.419904
-0.420273
-2.551186
-1.164834
-1.795023

1.288731
1.169721
-0.010971
-1.985143
-1.771727
2.209161
1.999542
-0.148703
1.016931
-1.072432
-0.530603
0.364434
1.325598
-0.530144
-0.922327
-0.210771
-0.824162
0.668490
-0.560699
-1.507412
0.926426
1.133478
0.317854
-1.040938
1.607789
0.523321

-0.947328
-0.810220
0.434054
1.531068
1.391462
0.151586
-1.912987
-1.663437
2.497254
2.245614
-0.041351
-0.908785
-0.564412
1.107982
0.598362
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S -3.427470
O  -4.712919
N -2.305577
O -3.545977
H -2.642117
H  -2.576456
C  -1.775602
H  -2.519900
H  -1.541429
C  -0.528353
C 0.544935
C  -0.419148
C 1.711833
H 0.459127
C 0.749848
H  -1.248764
C 1.817262
H 2.539169
H 0.824569
H 2.727393

A-CO;

2.229579
1.040487
0.868598
1.908701
3.093527
3.257263
2.352789
0.259595
1.781552
3.884037
4.556193
5.447828
5.157489
4.401247
-0.287266
-2.481747
-3.059126
-1.701416
-0.216654
-3.553946
-3.628675

O D OzOo0oZTmMMHMAOQIITIITOOOOOAON

-1.255991
-1.778568
1.047821
0.425346
-1.709898
1.725381
1.760276
2.441172
1.004690
2.512569
1.835534
3.884046
2.515659
0.776360
4.568130
4.418517
3.884619
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19. NMR spectra

NMR spectra for the starting materials
'H NMR of Compound 1d (500 MHz, DMSO-dy)

2.50 DMSO-d6

: NHOH
Ph

I
1
|
u U |

= S on e

S °Scs33

& ddd=d

O TS OO SO0 9T 59T 8 TS 8T0—— TS5 TT0— 67567057 ro——tr5——t0 o ro—— TS0 OT5 oo ——0r

f1 (ppm)

13C NMR of Compound 1d (126 MHz, DMSO-dy)

g
b
2
2
=
o o DY =290 ®© a
2 3 8%x88 X a
= S SxEgn @ o
a J oggaaq = a
A I

: NHOH
|
1O 200190507060 T50— 40— T30 120 TT0 10090 o oS0t o100

f1 (ppm)

S77



'TH NMR of Compound 1i (500 MHz, CDCl5)
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19F NMR of Compound 1i (471 MHz, CDCl3)
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13C NMR of Compound 1j (126 MHz, DMSO-dy)
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13C NMR of Compound 1k (126 MHz, CDCl3)
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'TH NMR of Compound 11 (500 MHz, CDCl5)
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'"H NMR of Compound 1m (500 MHz, CDCl3)
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'"H NMR of Compound 1n (500 MHz, CDCl3)
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'H NMR of Compound 10 (500 MHz, DMSO-ds)
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'H NMR of Compound 1p (500 MHz, DMSO-dj)

NHOH

9P-OSINA 0§°T
P

A

e,
p

7O

5

5T0

6T0

BT

9TO

T O™ tOr5 T~ 1000 ™ 975

TS

o

£1 (ppm)

13C NMR of Compound 1p (126 MHz, DMSO-dy)

9P-OSINA TS 6€

8THO1
wrol
LY'¥01

0TI
STSIL
€ECIT

sin

6€7101
(Rt
NN&O_W

Nw,:lv.
_m.—v_\
19°1¢1

3,31\

v8oP1

~
LI'8ST_~
S0091

NHOH

=

o,

%

M-

=10

0

20

iy

7O

1O

£1 (ppm)

S86



19F NMR of Compound 1p (471 MHz, DMSO-dj)
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13C NMR of Compound 1q (126 MHz, DMSO-dy)

©
?
]
2
=
- —cn Ll v oo T Q
58 8@ e 29 I¥n« o a
g Zo S i n =
88 ©an 23 SRR S 9] o <
2% =an 22 = 22%8% a =
VeV % v NV I
NHOH
,_;'H._,-
"‘x_
|
20097 TG0 T§0—— 00— T2 TTo—— 0090 50 o——t0 50 to——0 o 10 o 10

£1 (ppm)

19F NMR of Compound 1q (471 MHz, DMSO-d5)

o
2
©
NMHCOH
—
"‘x..
10 OO0 30100 TO——$0—T—§0— 00O TZ0—— B0 IO 60— ITo——S0——T9o——200——aTo——2t

f1 (ppm)

S88



'H NMR of Compound 1r (500 MHz, DMSO-d5)
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19F NMR of Compound 1r (471 MHz, DMSO-dy)
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13C NMR of Compound 1s (126 MHz, CDCl3)
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13C NMR of Compound 1t (126 MHz, DMSO-d5)
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13C NMR of Compound 1u (126 MHz, CDCl3)
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13C NMR of Compound 1v (126 MHz, DMSO-d5)

8
g
2
=
o [ =N =3 a
= RV o
2 a8 2 8
W |
Br. -, -NHOH
I,JJ
\,l.-"
Br
v
1 (ppm)
'H NMR of Compound 1w (500 MHz, CDCl3)
L}
19
A
o
Coansyoas g -
daaaa a9 & =
RgZggges:, 4 S
m—_—
Fo s _NHOH
E j
g
T Me
Br
Tw
m
|
0 T B T
-4 = o
- < ) =

£1 (ppm)

S94



13C NMR of Compound 1w (126 MHz, CDCl;)
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'H NMR of Compound 1y (500 MHz, DMSO-d5)
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'"H NMR of Compound 1z (500 MHz, DMSO-d;)
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'"H NMR of Compound 1ac (500 MHz, DMSO-d;)
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'H NMR of Compound 1ad (500 MHz, DMSO-ds)
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'H NMR of Compound 1ae (500 MHz, DMSO-d;)
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'"H NMR of Compound 1af (500 MHz, DMSO-dy)
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'"H NMR of Compound 1ag (500 MHz, DMSO-ds)
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'"H NMR of Compound 1ah (500 MHz, DMSO-dj)
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'H NMR of Compound 2a (500 MHz, CDCl3)
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13C NMR of Compound 2b (126 MHz, CDCl3)
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'H NMR of Compound 2¢ (500 MHz, CDCl5)
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19F NMR of Compound 2¢ (471 MHz, CDCls)
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13C NMR of Compound 2d (126 MHz, DMSO-dy)
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13C NMR of Compound 2e (126 MHz, CDCl3)
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13C NMR of Compound 2f (126 MHz, CDCl3)
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13C NMR of Compound 2g (126 MHz, CDCls)
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13C NMR of Compound 2h (126 MHz, CDCl3)
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'TH NMR of Compound 2i (500 MHz, CDCl5)
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'H NMR of Compound 2j (500 MHz, CDCl3)
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13C NMR of Compound 2k (126 MHz, CDCl3)
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'H NMR of Compound 21 (500 MHz, DMSO-ds)
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'H NMR of Compound 2m (500 MHz, DMSO-dy)
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'"H NMR of Compound 2n (500 MHz, DMSO-dy)
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"H NMR of Compound 20 (500 MHz, DMSO-ds)

—_2.50 DMSO-d6

QN

S\’ \S\\O
‘o
20

——
&g
To " 1ls 1o 15 1do 95  9fo 8’5  s8lo 75 70 65 60 55 50 45 40 3’5 3o 275 200 15 1o o5 0o 05 -1
£1 (ppm)
13C NMR of Compound 20 (126 MHz, DMSO-dj)
5
3
=
= ®x o w a
> a8 = A
5 &8 = 2
[ I |
o
\\S,N\\
I\ ~O0
20
L I
2fo " 200 T 1%0 T 1B T ito T ibo T iBo T tho T il T ido T oifo T ido T b ED 70 60 50 £ B 20 10 [) o

f1 (ppm)

S119



'"H NMR of Compound 2p (500 MHz, DMSO-dy)
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'"H NMR of Compound 2q (500 MHz, DMSO-dy)
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'H NMR of Compound 4a (500 MHz, DMSO-d5))
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19F NMR of Compound 4c¢ (471 MHz, DMSO-d))
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'H NMR of Compound 4¢ (500 MHz, CDCl3)
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19F NMR of Compound 4¢ (471 MHz, CDCl3)
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13C NMR of Compound 4d (126 MHz, CDCl3)
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'H NMR of Compound 4e (500 MHz, CDCl5)
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19F NMR of Compound 4e (471 MHz, CDCl3)
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13C NMR of Compound 4f (126 MHz, CDCl)
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'H NMR of Compound 4g (500 MHz, CDCl3)
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13C NMR of Compound 4h (126 MHz, CDCl3)

€1DAD 9T LL

TLIIT
8TTIT]
oryITy
87121
Ls1zl]
mx._m_#

60Tl
sezen
€9°€21
w».mmiw
0691\
mo.oﬁuw

96'9Cl |
@m.cﬁ\

$6'LT1
8ETEL

WLyl
SIS

Br

190 180 " 1to ' 1bo | 1bo

260

£1 (ppm)

19F NMR of Compound 4h (471 MHz, CDCl3)

0€'19-—

Br

S0 " b0 " —1bo " -0 " 120 " —180 ~ —140 = -1k0 = —160 = -170 = -180 ~ -1e0 = -Zoo = -Zio = -2
£1 (ppm)

~To

S131



'TH NMR of Compound 4i (500 MHz, CDCl5)
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19F NMR of Compound 4i (471 MHz, CDCl3)
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'"H NMR of Compound 4k (500 MHz, CDCl3)
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19F NMR of Compound 4k (471 MHz, CDCl3)
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13C NMR of Compound 41 (126 MHz, CDCls)
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'"H NMR of Compound 4m (500 MHz, CDCl3)
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19F NMR of Compound 4m (471 MHz, CDCl5)
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13C NMR of Compound 4n (126 MHz, CDCl3)
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'H NMR of Compound 40 (500 MHz, CDCl3)
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19F NMR of Compound 40 (471 MHz, CDCl3)
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13C NMR of Compound 4p (126 MHz, CDCl3)
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'H NMR of Compound 4q (500 MHz, DMSO-dj)
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1F NMR of Compound 4q (471 MHz, CDCl3)
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13C NMR of Compound 4r (126 MHz, DMSO-ds)
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'H NMR of Compound 4s (500 MHz, DMSO-ds)

9P-OSINA 05T

CF,

9¢€9
9¢9
8¢9
8¢9
or'9
or'9
w9
w9
€9

89
€89
89
$8°9
989
L89
PrLN
oL
vo'L

LT8 ™

F60¢

Moo.c

ort
Acm.ﬁ

o1t

Froc
Feot

M\oo;

£1 (ppm)

13C NMR of Compound 4s (126 MHz, DMSO-dy)

9P-OSINT TS6

2095

TLL6Y

16°L6
0r' 2oL
65701
007111
9oTI11Y
PETTTY

99°TS1
SS9ST™
17851

"
=
—

260 " 180 T 1o T ito

210

£1 (ppm)

S146



19F NMR of Compound 4s (471 MHz, DMSO-d5)
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13C NMR of Compound 4t (126 MHz, CDCl3)
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'"H NMR of Compound 4u (500 MHz, CDCl3)
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19F NMR of Compound 4u (471 MHz, CDCl3)
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H _CF,
Cl.. N
- \N,
1
H
Gl v

T ol ey
A P 2
E s s3
2 A a i
1.5 1.0 105 1do o5 oo  s8's 8o 75 70 65 60 55 50 a5 40 35 30 25 200 15 1o o5 00 -05 -1
£1 (ppm)



13C NMR of Compound 4v (126 MHz, CDCl5)
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'TH NMR of Compound 4w (500 MHz, DMSO-ds)
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19F NMR of Compound 4w (471 MHz, DMSO-dy)
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13C NMR of Compound 4x (126 MHz, DMSO-d5)
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'H NMR of Compound 4y (500 MHz, CDCl3)
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19F NMR of Compound 4y (471 MHz, CDCl5)
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13C NMR of Compound 4z (126 MHz, CDCl3)
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TH NMR of Compound 4aa (500 MHz, CDCl;)
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19F NMR of Compound 4aa (471 MHz, CDCls)

€C19

S0 " b0 " —1bo " -0 " 120 " —180 "~ —40 = -1s0 = —160 = -170 = -180 = -190 = -Zoo = -Jio = -2
£1 (ppm)

~To

o " -do T o

2o

'TH NMR of Compound 4ab (500 MHz, CDCl5)

v6'S

9T

169
+6'9
969
L69

6L f

IcL
wL
€1DAd 9T'L
9€°L
LeL
8EL
6€°L
6L
ov'L
'L
Ly'L
Ly'L
Ly'L
Ly'L
8¥'L
8¥°L
6L
0s'L
IsL
6S°L
19°L
96'L
Leo'L

S

—— L L L

i

|

[N PR

Feot

660

e
Fo0'1
Frrn
Ry

[481
=101

1 (ppm)

S159



13C NMR of Compound 4ab (126 MHz, CDCls)
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'H NMR of Compound 4ac (500 MHz, CDCls)
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19F NMR of Compound 4ac (471 MHz, CDCl;)
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13C NMR of Compound 4ad (126 MHz, DMSO-dy)
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'"H NMR of Compound 4ae (500 MHz, DMSO-d;)
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19F NMR of Compound 4ae (471 MHz, DMSO-ds)
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13C NMR of Compound 4af (126 MHz, CDCL3)
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'"H NMR of Compound 4ag (500 MHz, DMSO-ds)
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19F NMR of Compound 4ag (471 MHz, CDCl;)
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13C NMR of Compound 4ah (126 MHz, CDCL3)
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13C NMR of Compound 4ai (126 MHz, CDCl;)
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'"H NMR of Compound 4aj (500 MHz, CDCl3)
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1F NMR of Compound 4aj (471 MHz, CDCl3)
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'H NMR of Compound 4al (500 MHz, CDCl5)
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'"H NMR of Compound 4am (500 MHz, CDCls)
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TH NMR of Compound 4an (500 MHz, CDCl5)
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TH NMR of Compound 4ao (500 MHz, CDCl;)
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'H NMR of Compound 4ap (500 MHz, DMSO-ds)
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TH NMR of Compound 4aq (500 MHz, CDCl5)
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1F NMR of Compound 4aq (471 MHz, CDCl3)
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13C NMR of Compound 4ar (126 MHz, CDCL3)
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13C NMR of Compound 4as (126 MHz, CDCl;)
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'"H NMR of Compound 4at (500 MHz, CDCl5)
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19F NMR of Compound 4at (471 MHz, CDCl5)
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13C NMR of Compound 4au (126 MHz, DMSO-dy)
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13C NMR of Compound 5 (126 MHz, CDCl5)
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'H NMR of Compound 6 (500 MHz, CDCl3)
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19F NMR of Compound 6 (471 MHz, CDCl3)
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'H NMR of Compound 7 (500 MHz, DMSO-d5)
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