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1. Materials and Methods

General Remarks

Unless otherwise noted, all syntheses were carried out in an argon-filled glove box or
using standard Schlenk techniques under an inert atmosphere of anhydrous argon.
Solvents were dried by refluxing under argon over Na (Et,0O, hexane, THF) or CaH
(DCM, CHCI3, MeCN) and stored under argon atmosphere over 4 A molecular sieves.
Dry deuterated benzene (C¢Ds), deuterated chloroform (CDCIls), and deuterated
dimethyl sulfoxide (DMSO-ds) purchased from J&K Scientific Ltd. were degassed and
stored over molecular sieves (4 A) for at least two days prior to use. MesSb, Et3Sb,
nPr3Sb, nBusSb and [#BusSb(u-O)]> were synthesized according to literature
procedures.S!l 4-(2-oxa-3-azabicyclo[2.2.2]oct-5-en-3-yl)benzonitrile  (3a)  was
synthesized according to literature procedures.S?! 4-Nitrosobenzonitrile (4a) was

s.1531 Commercial reagents were used

synthesized according to literature procedure
without further purification unless indicated otherwise. NMR spectra were obtained on
Bruker Avance 11 400 spectrometer. 'H and *C{'"H} NMR chemical shifts (5/ppm) are
referenced to the residual solvent resonance of the deuterated solvent. °F and "B NMR

chemical shifts (6/ppm) are referenced to CFClz and BF3-OEt,, respectively. Mass
spectroscopy (MS) studies were performed on an LCMS-IT-TOF (ESI).



2. Syntheses and Spectroscopic Data

2.1 Optimization of Reaction Conditions

The reduction of 1a with HBpin (3 equiv.) catalyzed by nBu3Sb in CDClj;

HBpin (3 equiv.) PBpin

NO,
/©/ nBusSb (10 mol%) /©/N\H
NC CDCly, rt, 180\

1a 2a'

4-Nitrobenzonitrile (1a) (29.6 mg, 0.20 mmol), mesitylene (24.0 mg, 0.20 mmol) and
HBpin (79.6 mg, 0.62 mmol) were combined in 0.6 mL of CDCls. The resulting reaction
mixture was transferred into an NMR tube and analyzed by NMR spectroscopy analysis.
Then nBu3Sb (6.0 mg, 0.02 mmol) was added to the reaction solution. The progress of
the reaction solution was monitored by NMR spectroscopy analysis. After 18 h, the
reaction finished. The yield of 4-(((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)oxy)amino)benzonitrile (2a") (93%) was calculated by 'H NMR using mesitylene as

internal standard as shown in Figure S1.
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Figure S1: 'H NMR spectrum of reaction solution of 1a and HBpin (3 equiv.) catalyzed

by nBuszSb with mesitylene as initial standard at r.t. for 18 h (400 MHz, CDCI3).



The characterization of 2a’

1a (14.8 mg, 0.10 mmol), HBpin (38.4 mg, 0.30 mmol) and nBu3Sb (3.0 mg, 0.01 mmol)
were combined in 0.6 mL of CDCIs. The resulting reaction mixture was transferred into

an NMR tube and monitored by NMR spectroscopy. After 18 h, 1a was consumed. The

predominant product 2a’ was characterized by NMR spectroscopy. 'H NMR (400 MHz,
CDCls, 25 °C):8 (ppm) 7.69 (s, 1H, Ar-NH), 7.50 (d, *Ju.n = 8.7 Hz, 1H, NCAr-m-H),

6.94 (d,>Jun = 8.7 Hz, 1H, NCAr-0-H), 1.29 (s, 12H, NOBpin-CH3). *C{'H} NMR
(100 MHz, CDCl3, 25 °C): 2a': 8 (ppm) 152.3 (s), 133.2 (s), 119.3 (s), 113.9 (s), 104.8

(s), 84.5 (s), 24.5 (s). "B{'H} NMR (128 MHz, CDCls, 25 °C): 2a’: & (ppm) 23.7 (s).

HRMS (ESI) [M+H] C13H18BN20O3 calc. 261.1405 m/z; found 261.1407 m/z.
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Figure S2: 'H NMR spectrum of 2a’ (400 MHz, CDCls).
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Figure S3: 3C{'H} NMR spectrum of 2a’ (100 MHz, CDCl3).
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Figure S4: ''B{'H} NMR spectrum of 2a’ (128 MHz, CDCl3).

The reduction of 1a with (MeQO)3SiH (3 equiv.) catalyzed by nBusSb in CDClj;

1a (14.8 mg, 0.10 mmol), mesitylene (12.0 mg, 0.10 mmol) and (MeO)3SiH (36.7 mg,
0.3 mmol) were combined in 0.6 mL of CDCls. The resulting reaction mixture was
transferred into an NMR tube and analyzed by NMR spectroscopy analysis. Then
nBu3Sb (3.0 mg, 0.01 mmol) was added to the reaction solution. The progress of the
reaction was monitored by NMR spectroscopy analysis. After 36 h, the color of the
reaction solution changed from colorless to orange and the conversion of 1a was 94%.
The yield of 2Si (30%) was calculated by 'H NMR using mesitylene as internal standard

as shown in Figure S5.
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Figure S5: 'H NMR spectrum of reaction solution of 1a and (MeO);SiH (3 equiv.)
catalyzed by nBu3Sb with mesitylene as initial standard at r.t. for 36 h (400 MHz,
CDCl).

The reduction of 1a with H3NBHj3 (2 equiv.) catalyzed by #nBu3Sb in CDCls;

1a (29.6 mg, 0.20 mmol), mesitylene (24.0 mg, 0.20 mmol) and H3NBHj3 (12.0 mg, 0.4
mmol) were combined in 1.2 mL of CDCIs. The resulting reaction mixture was stirred
and analyzed by NMR spectroscopy analysis. Then #BusSb (6.0 mg, 0.02 mmol) was
added to the reaction solution under stirring. After 18 h, the reaction solution turned red
with the formation of a white precipitate. The precipitate was separated by filtration,
and the reaction solution was transformed into an NMR tube. The progress of the
reaction solution was analyzed by NMR spectroscopy. 1a was fully consumed as shown

in Figure S6.
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Figure S6: 'H NMR spectrum of reaction solution of 1a and H;NBH; (2 equiv.)
catalyzed by nBu3Sb with mesitylene as initial standard at r.t. for 18 h (400 MHz,

CDCl).

The reduction of 1a with Et,SiH» (2 equiv.) catalyzed by nBu3Sb in CDCl3

1a (14.8 mg, 0.10 mmol), mesitylene (12.0 mg, 0.10 mmol) and Et;SiH> (26.5 mg, 0.2
mmol) were combined in 0.6 mL of CDCls. The resulting reaction mixture was
transferred into an NMR tube and analyzed by NMR spectroscopy analysis. Then
nBus3Sb (3.0 mg, 0.01 mmol) was added to the reaction solution. The NMR tube was
placed into an oil bath heated at 60 °C. The progress of the reaction was monitored by
NMR spectroscopy analysis. After 36 h, the conversion of 1a was 15% as shown in

Figure S7.
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Figure S7: 'H NMR spectrum of reaction solution of 1a and Et;SiH> (2 equiv.)
catalyzed by nBu3Sb with mesitylene as initial standard at 60°C for 36 h (400 MHz,
CDCl).

The reduction of 1a with HBpin catalyzed by Me3;Sb in CDCls

1a (14.8 mg, 0.10 mmol), mesitylene (12.0 mg, 0.10 mmol) and HBpin (38.4 mg, 0.30
mmol) were combined in 0.6 mL of CDCls. The resulting reaction mixture was
transferred into an NMR tube and analyzed by NMR spectroscopy analysis. Then
MesSb-46.7Et20 (33.9 mg, 0.01 mmol) was added to the reaction solution. The progress
of the reaction was monitored by NMR spectroscopy analysis. After 18 h, the
conversion of 1a was 13%, and the yield of 2a’ was 13% calculated by '"H NMR using

mesitylene as internal standard as shown in Figure S8.
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Figure S8: 'H NMR spectrum of reaction solution of 1a and HBpin (3 equiv.) catalyzed
by MesSb with mesitylene as initial standard at r.t. for 18 h (400 MHz, CDCl).

The reduction of 1a with HBpin catalyzed by Et3Sb in CDCl3

1a (14.8 mg, 0.10 mmol), mesitylene (12.0 mg, 0.10 mmol) and HBpin (38.4 mg, 0.30
mmol) were combined in 0.6 mL of CDCl;. The resulting reaction mixture was
transferred into an NMR tube and analyzed by NMR spectroscopy analysis. Then Et3Sb
(2.1 mg, 0.01 mmol) was added to the reaction solution. The progress of the reaction
was monitored by NMR spectroscopy analysis. After 18 h, the conversion of 1a was
84%, and the yield of 2a'was 84% calculated by '"H NMR using mesitylene as internal

standard as shown in Figure S9.
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Figure S9: 'H NMR spectrum of reaction solution of 1a and HBpin (3 equiv.) catalyzed
by Et:Sb with mesitylene as initial standard at r.t. for 18 h (400 MHz, CDCl5).

The reduction of 1a with HBpin catalyzed by nPr3Sb in CDCl3;

1a (14.8 mg, 0.10 mmol), mesitylene (12.0 mg, 0.10 mmol) and HBpin (38.4 mg, 0.30
mmol) were combined in 0.6 mL of CDCl;. The resulting reaction mixture was
transferred into an NMR tube and analyzed by NMR spectroscopy analysis. Then
nPr3Sb (2.5 mg, 0.01 mmol) was added to the reaction solution. The progress of the
reaction was monitored by NMR spectroscopy analysis. After 18 h, the conversion of
1a was 66%. The yield of 2a’ (66%) was calculated by 'H NMR using mesitylene as

internal standard as shown in Figure S10.
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Figure S10: 'H NMR spectrum of reaction solution of 1a and HBpin (3 equiv.)
catalyzed by nPr3Sb with mesitylene as initial standard at r.t. for 18 h (400 MHz,

CDCl).

The reduction of 1a with HBpin catalyzed by Ph3Sb in CDCl;

1a (14.8 mg, 0.10 mmol), mesitylene (12.0 mg, 0.10 mmol) and HBpin (38.4 mg, 0.30
mmol) were combined in 0.6 mL of CDCls. The resulting reaction mixture was
transferred into an NMR tube and analyzed by NMR spectroscopy analysis. Then Ph3Sb
(3.5 mg, 0.01 mmol) was added to the reaction solution. The progress of the reaction
was monitored by NMR spectroscopy analysis. After 18 h, no reaction was observed as

shown in Figure S11.
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Figure S11: 'H NMR spectrum of reaction solution of 1a and HBpin (3 equiv.)
catalyzed by Ph3Sb with mesitylene as initial standard at r.t. for 18 h (400 MHz, CDCl3).

The reaction of 1a and HBpin
1a (14.8 mg, 0.10 mmol), mesitylene (12.0 mg, 0.10 mmol) and HBpin (38.4 mg, 0.30

mmol) were combined in 0.6 mL of CDCls. The resulting reaction mixture was
transferred into an NMR tube and analyzed by NMR spectroscopy analysis. The NMR
tube was placed into an oil bath heated at 60 °C. The progress of the reaction was
monitored by NMR spectroscopy analysis. After 18 h, no reaction was observed as

shown in Figure S12.
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Figure S12: '"H NMR spectrum of reaction solution of 1a and HBpin (3 equiv.) with
mesitylene as initial standard at 60°C for 18 h (400 MHz, CDCI3).

The reduction of 1a with 3 equiv. of HBpin catalyzed by nBu3Sb in CHCI;

?H 1a (148.4 mg, 1.0 mmol), HBpin (385.3 mg, 3.0 mmol) and nBuzSb

/©/ N “H (29.8 mg, 0.10 mmol) were combined in 5 mL of CHCl3 in a Schlenk

NC tube. The tube was sealed and placed into an oil bath heated at 25 °C.

The reaction solution was stirred at 25 °C for 18 h. All volatiles were removed under

reduced pressure using a rotary evaporator. 4-(Hydroxyamino)benzonitrile (2a) was

obtained as a white solid (125 mg, yield 93%) after purification by column

chromatography on silica gel (hexane/DCM = 100:15, v/v). 'TH NMR (400 MHz,

CDCls, 25 °C): & (ppm) 7.54 (d, *Juu = 8.7 Hz, 2H, NHAr-H), 7.00 (d, *Ju.n = 8.7 Hz,

2H, CNAr-H), 7.00 (s, 1H, ArNOH), 5.54 (s, 1H, AtNH). BC{'H} NMR (100 MHz,
CDCls, 25 °C): & (ppm) 153.6 (s), 133.4 (s), 119.5 (s), 113.6 (s), 104.1 (s).
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Figure S13: '"H NMR spectrum of 2a (400 MHz, CDCl5).
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Figure S14: ’C{'H} NMR spectrum of 2a (100 MHz, CDCls).

The reduction of 1a with 3 equiv. of HBpin catalyzed by nBu3Sb in DCM

la (147.8 mg, 1.0 mmol), HBpin (386.0 mg, 3.0 mmol) and #nBus3Sb (29.6 mg, 0.10
mmol) were combined in 5 mL of DCM in a Schlenk tube. The tube was sealed and
placed into an oil bath heated at 25 °C. The reaction solution was stirred at 25 °C for
18 h. All volatiles were removed under reduced pressure using a rotary evaporator. 2a
was obtained as a white solid (118 mg, yield 88%) after purification by column

chromatography on silica gel (hexane/DCM = 100:15, v/v).

The reduction of 1a with 3 equiv. of HBpin catalyzed by nBu3Sb in THF

1a (148.1 mg, 1.0 mmol), HBpin (384.8 mg, 3.0 mmol) and nBu3Sb (29.3 mg, 0.10
mmol) were combined in 5 mL of THF in a Schlenk tube. The tube was sealed and
placed into an oil bath heated at 25 °C. The reaction solution was stirred at 25 °C for

18 h. All volatiles were removed under reduced pressure using a rotary evaporator. 2a



was obtained as a white solid (81 mg, yield 60%) after purification by column

chromatography on silica gel (hexane/DCM = 100:15, v/v).

The reduction of 1a with 3 equiv. of HBpin catalyzed by nBu3Sb in MeCN

1a (148.0 mg, 1.0 mmol), HBpin (384.8 mg, 3.0 mmol) and #BuzSb (30.1 mg, 0.10
mmol) were combined in 5 mL of MeCN in a Schlenk tube. The tube was sealed and
placed into an oil bath heated at 25 °C. The reaction solution was stirred at 25 °C for
18 h. All volatiles were removed under reduced pressure using a rotary evaporator. 2a
was obtained as a white solid (62 mg, yield 46%) after purification by column

chromatography on silica gel (hexane/DCM = 100:15, v/v).

The reduction of 1a with 3 equiv. of HBpin catalyzed by MesSb in CHCl;

la (148.4 mg, 1.0 mmol), HBpin (385.3 mg, 3.0 mmol) and Mes;Sb (33.6 mg, 0.20
mmol) were combined in 5 mL of CHCI3 in a Schlenk tube. The tube was sealed and
placed into an oil bath heated at 40 °C. The reaction solution was stirred at 40 °C for
24 h. All volatiles were removed under reduced pressure using a rotary evaporator. 2a
was obtained as a white solid (104 mg, yield 77%) after purification by column

chromatography on silica gel (hexane/DCM = 1:1, v/v).

2.2 The transformations of nitroarenes to hydroxylanilines

Synthesis of 2b

?H 2-Fluoro-4-(hydroxyamino)benzonitrile (2b) was synthesized as

N N
/©/ H white solid (147 mg, yield 97%) following the synthetic protocol for
NC

2a. The reaction involved the use of nBu3Sb (29.5 mg, 0.10 mmol),
2-fluoro-4-nitrobenzonitrile (1b) (166.3 mg, 1.0 mmol), and HBpin
(387.0 mg, 3.0 mmol). The reaction solution was stirred at 25 °C for 18 h. 2b was
purified by column chromatography on silica gel (hexane/EtOAc = 100:5, v/v). 'H
NMR (400 MHz, DMSO-ds, 25 °C): 6 (ppm) 9.51 (s, 1H, AtNOH), 9.04 (s, 1H, ArNH),
7.55 (t,*Jun = 7.8 Hz, 1H,F-Ar-0-H), 6.63 (m, 2H, NCAr-o-H, NCAr-m-H). 3C{'H}



NMR (100 MHz, DMSO-ds, 25 °C): § (ppm) 165.8 163.3 (d, Jcr = 251.1 Hz), 158.0
(d, Jeor = 11.4 Hz), 134.2 (d, Jcr = 2.5 Hz), 115.9 (s), 108.3 (s), 97.7 (d, Jc-r = 24.1
Hz), 87.2 (d, Jcr = 15.9 Hz). YF{{H} NMR (376 MHz, DMSO-ds, 25 °C): § (ppm)
108.3 (s). HRMS (ESI) [M+H] C7HsFN2O calc. 153.0459 m/z; found 153.0460 m/z.
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Figure S15: '"H NMR spectrum of 2b (400 MHz, DMSO-dj).
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Figure S16: *C{'H} NMR spectrum of 2b (100 MHz, DMSO-ds).
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Figure S17: °F{'H} NMR spectrum of 2b (376 MHz, DMSO-ds).

Synthesis of 2¢




oH  2-Chloro-4-(hydroxyamino)benzonitrile (2¢) was synthesized as

N
NC ;

Cl

~y white solid (153 mg, yield 91%) following the synthetic protocol for

2a. The reaction involved the use of #nBusSb (29.5 mg, 0.10 mmol),

2-chloro-4-nitrobenzonitrile (1¢) (182.3 mg, 1.0 mmol), and HBpin

(386.0 mg, 3.0 mmol). The reaction solution was stirred at 25 °C for 13 h. 2¢ was

purified by column chromatography on silica gel (hexane/DCM = 2:3, v/v). 'TH NMR

(400 MHz, DMSO-ds, 25 °C): 5 (ppm) 9.45 (s, 1H, AtNOH), 9.02 (s, 1H, ArNH), 7.62

(d, *Juu = 8.7 Hz, IHNCAr-0-H), 6.90 (d, *“Jun = 2.1 Hz, 1H, ClAr-0-H), 6.75 (dd,

3Jun = 8.7 Hz, *Jun = 2.1 Hz, 1H, NCAr-m-H). *C{'H} NMR (100 MHz, DMSO-d&,

25°C): & (ppm) 156.5 (s), 136.9 (s), 135.3 (s), 117.8 (s), 111.4 (s), 110.6 (), 99.3 (s).

HRMS (ESI) [M+H] C7HsCIN:O calc. 169.0163 m/z; found 169.0164 m/z.
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Figure S18: "H NMR spectrum of 2¢ (400 MHz, DMSO-dp).
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Figure S19: 3C{'H} NMR spectrum of 2¢ (100 MHz, DMSO-dbs).

Synthesis of 2d

T
20



?H (4-(Trifluoromethyl)phenyl)hydroxylamine (2d) was synthesized
/©/ N\H as white solid (76 mg, yield 45%) following the synthetic protocol
CF3 for 2a. The reaction involved the use of #BusSb (29.3 mg, 0.10
mmol), 1-nitro-4-(trifluoromethyl)benzene (1d) (191.2 mg, 1.0 mmol), and HBpin
(384.6 mg, 3.0 mmol). The reaction took 20 h at 25 °C, 2d was purified by column
chromatography on silica gel (hexane/DCM = 1:5, v/v). 'TH NMR (400 MHz, CDCl3,
25 °C): § (ppm) 7.53 (d, *Jun = 8.5 Hz, 2H, NAr-0-H), 7.04 (d, *Jun = 8.5 Hz, 2H,
NAr-m-H), 6.95 (s, 1H, A-tNHOH), 5.53 (s, 1H, ArNH). BC{'H} NMR (100 MHz,
CDCl3, 25 °C): 6 (ppm) 152.5 (s), 126.3 (q, Jcr = 3.8 Hz), 125.7 (s), 123.7 (m), 113.6
(s). F{IH} NMR (376 MHz, CDCl3, 25 °C): & (ppm) 61.7 (s).
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Figure S20: '"H NMR spectrum of 2d (400 MHz, CDCl;).
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Figure S21: ’C{'H} NMR spectrum of 2d (100 MHz, CDCl5).
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Figure S22: ’F{'H} NMR spectrum of 2d (376 MHz, CDCl5).

Synthesis of 2e

(I)H (3,5-Bis(trifluoromethyl)phenyl)hydroxylamine (2e) was

CF3\©/N\H synthesized as white solid (144 mg, yield 59%) following the

synthetic protocol for 2a. The reaction involved the use of nBu3Sb

oFs (29.3 mg, 0.10 mmol), 1-nitro-3,5-bis(trifluoromethyl)benzene (1e)
(191.2 mg, 1.0 mmol), and HBpin (384.6 mg, 3.0 mmzol). The reaction took 20 h at
25 °C, 2e was purified by column chromatography on silica gel (hexane/DCM = 1:5,
v/v). 'TH NMR (400 MHz, CDCl3, 25 °C): & (ppm) 7.44 (s, 1H, NHAr-p-H), 7.40 (s,
2H, NHAr-0-H), 7.04 (s, 1H, ArNHOH), 5.55 (s, 1H, ArNH). BC{'H} NMR (100 MHz,
CDCl3, 25 °C): 6 (ppm) 150.9 (s), 132.3 (q, Jcr = 33.3 Hz), 123.1 (q, Jcr = 273.1 Hz),
115.3 (p, Jor = 3.9 Hz), 113.8 (d, Jo-r = 15.1 Hz). PF{!H} NMR (376 MHz, CDCls,

25°C): 3 (ppm) 63.2 ().
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Figure S23: '"H NMR spectrum of 2e (400 MHz, CDCI;).
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Figure S24: 3C{'H} NMR spectrum of 2e (100 MHz, CDCl5).
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Figure S25: PF{'H} NMR spectrum of 2e (376 MHz, CDCl5).

Synthesis of 2f

OH  Methyl-2-bromo-4-(hydroxyamino)benzoate (2f) was synthesized

| N\H as white solid (170 mg, yield 69%) following the synthetic protocol
O\y(©/ for 2a. The reaction involved the use of #BuzSb (29.2 mg, 0.10
mmol), methyl 2-bromo-4-nitrobenzoate (1f) (260.2 mg, 1.0

mmol), and HBpin (388.0 mg, 3.0 mmol). The reaction took 20 h at 25 °C, 2f was
purified by column chromatography on silica gel (DCM/EtOAc= 10:1, v/v). 'TH NMR
(400 MHz, DMSO-ds, 25 °C): 8 (ppm) 9.12 (s, 1H, ArNOH), 8.82 (s, 1H, ArNH), 7.72
(d, *Jun = 8.6 Hz, 1H, OCAr-0-H), 7.06 (d, *Ju.n = 2.2 Hz, 1H, BrAr-o-H), 6.78 (dd,
3Jun = 8.7 Hz, “Jun = 2.2 Hz, 1H, BrAr-p-H), 3.76 (s, 3H, O-CH3) *C{'H} NMR (100
MHz, DMSO-ds, 25 °C): & (ppm) 165.6 (s), 155.9 (s), 133.3 (s), 123.0 (s), 119.6 (s),

116.7 (s), 110.8 (s), 52.2 (s). HRMS (ESI) [M+H] CsHoBrNOs calc. 245.9760 m/z;
found 245.9759 m/z.
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Figure S26: '"H NMR spectrum of 2f (400 MHz, DMSO-dp).
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Figure S27: 3C{'H} NMR spectrum of 2f (100 MHz, DMSO-ds).

Synthesis of 2¢g

?H 2-Chloro-4-(hydroxyamino)benzamide (2g) was synthesized as

N\H white solid (120 mg, yield 65%) following the synthetic protocol

HZN\[KQ/ for 2a. The reaction involved the use of nBus3Sb (29.6 mg, 0.10
° ¢ mmol), 2-chloro-4-nitrobenzamide (1g) (200.2 mg, 1.0 mmol),

and HBpin (514.0 mg, 4.0 mmol). The reaction took 20 h at 25 °C, 2g was purified by
column chromatography on silica gel (hexane/EtOAc = 1:1, v/v). 'TH NMR (400 MHz,
DMSO-ds, 25 °C): 6 (ppm) 8.72 (s, 1H, ArNOH), 8.61 (s, 1H, ArNH), 7.59 (s, 1H, OC-
NH>), 7.32 (d, *Jun = 8.4 Hz, 1H, ClAr-m-H), 7.32 (s, 1H, OC-NH>) 6.82 (d, *Ju.n =
1.9 Hz, 1H, ClAr-0-H), 6.72(dd, *Ju.u = 8.4 Hz, “Juu = 1.9 Hz, 1H, ClAr-p-H). 3C{'H}
NMR (100 MHz, DMSO-ds, 25 °C): & (ppm) 168.6 (s), 154.4 (s), 131.2 (s), 130.3 (s),
126.8 (s), 113.1 (s), 111.0 (s). HRMS (ESI) [M+H] C7H3CIN20; calc. 187.0269 m/z;

found 187.0270 m/z.
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Figure S28: '"H NMR spectrum of 2g (400 MHz, DMSO-dy).
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Figure S29: PC{'H} NMR spectrum of 2g (100 MHz, DMSO-ds).

Synthesis of 2h

(I)H (Tert-butyl)-4-(hydroxyamino)benzenesulfonamide (2h) was
N
o /@/ “H synthesized as white solid (178 mg, yield 73%) following the
\

tBU\H/S\b synthetic protocol for 2a. The reaction involved the use of

nBusSb (293 mg, 0.10 mmol), n-(tert-butyl)-4-
nitrobenzenesulfonamide (1h) (258.1 mg, 1.0 mmol), and HBpin (512.3 mg, 4.0 mmol).
The reaction took 64 h at 25 °C, 2h was purified by column chromatography on silica
gel (hexane/EtOAc = 1:1, v/v). 'TH NMR (400 MHz, DMSO-ds, 25 °C):  (ppm) 8.88
(s, IH, ArNOH), 8.63 (s, 1H, ArNH), 7.58 (d, *Ju.u = 8.6 Hz, 2H, SAr-0-H), 7.17 (s,
1H, S-NH), 6.86 (d, *Ju.u = 8.6 Hz, 2H, SAr-m-H). 3C{'H} NMR (100 MHz, DMSO-
ds, 25 °C): & (ppm) 155.1 (s), 133.6 (s), 128.1 (s), 111.8 (s), 53.3 (s), 30.2 (s). HRMS
(ESI) [M+H] C10H17N203S: calc. 245.0954 m/z; found 245.0958 m/z.
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Figure S30: '"H NMR spectrum of 2h (400 MHz, DMSO-dj).
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Figure S31: ’C{'H} NMR spectrum of 2h (100 MHz, DMSO-dy).

Synthesis of 2i
| (3,5-Difluorophenyl)hydroxylamine (2i) was synthesized as white

F\©/N\H solid (55 mg, yield 38%) following the synthetic protocol for 2a. The

reaction involved the use of #nBusSb (29.4 mg, 0.10 mmol), 1,3-
difluoro-5-nitrobenzene (1i) (161.1 mg, 1.0 mmol), and HBpin (386.5
mg, 3.0 mmol). The reaction took 24 h at 25 °C, 2i was purified by column
chromatography on silica gel (hexane/DCM = 1:1, v/v). 'TH NMR (400 MHz, CDCl3,
25°C): 8 (ppm) 6.86 (s, 1H, NHOH), 6.50 (m, 2H, NHAr-0-H), 6.39 (tt, *Ju.r = 8.9 Hz,
*Jun =2.3 Hz, 1H, NHAr-p-H), 5.55 (s, 1H, ArNH). BC{'H} NMR (100 MHz, CDCls,
25 °C): 6 (ppm) 163.5 (dd, Jcr = 246.5 Hz, Jc.r = 14.7 Hz), 152.5 (t, Jc-r = 12.3 Hz),
97.1 (dd, Je-r = 23.0 Hz, Jcr = 8.8 Hz), 97.0 (t, Jcr = 26.0 Hz). YF{'H} NMR (376
MHz, CDCls, 25 °C): § (ppm) 109.3 (t, *Jr.r = 8.8 Hz).
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Figure S32: '"H NMR spectrum of 2i (400 MHz, CDCl5).
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Figure S33: C{'H} NMR spectrum of (2i) (100 MHz, CDCl;).
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Figure S34: °F{'H} NMR spectrum of (2i) (376 MHz, CDCl5).

Synthesis of 2j

OoH (3,5-Dichlorophenyl)hydroxylamine (2j) was synthesized as white
|

Cl N\H solid (59 mg, yield 33%) following the synthetic protocol for 2a.

The reaction involved the use of nBu3Sb (29.4 mg, 0.10 mmol), 1,3-
Cl dichloro-5-nitrobenzene (1j) (161.1 mg, 1.0 mmol), and HBpin

(386.5 mg, 3.0 mmol). The reaction took 24 h at 25 °C, 2j was purified by column



chromatography on silica gel (hexane/DCM = 1:1, v/v). 'TH NMR (400 MHz, CDCl3,
25 °C): 6 (ppm) 6.93 (s, 1H, NHAr-p-H), 6.88 (s, 2H, NHAr-0-H), 6.80 (s, 1H,
ArNHOH), 5.29 (s, 1H, AINH). BC{'H} NMR (100 MHz, CDCl3, 25 °C): § (ppm)
151.7 (s), 135.4 (s), 121.8 (s), 112.5 (s).
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Figure S35: '"H NMR spectrum of 2j (400 MHz, CDCls).
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Figure S36: *C{'H} NMR spectrum of 2j (100 MHz, CDCl5).

Synthesis of 2k

(I)H N-(3,5-dibromophenyl)hydroxylamine (2k) was synthesized as

Br\©/N >4 white solid (123 mg, yield 46%) following the synthetic protocol for

2a. The reaction involved the use of #Bu3Sb (29.5 mg, 0.10 mmol),

o 1,3-dibromo-5-nitrobenzene (1k) (280.2 mg, 1.0 mmol), and HBpin
(387.2 mg, 3.0 mmol). The reaction took 24 h at 25 °C, 2k was purified by column
chromatography on silica gel (hexane/DCM = 1:1, v/v). 'TH NMR (400 MHz, CDCl3,

25 °C): & (ppm) 7.23 (t, *Jun = 1.7 Hz, 1H, NHAr-p-H), 7.07 (d, *Jun = 1.7 Hz, 2H,



NHAr-0-H), 6.78 (s, 1H, AtNHOH), 5.43 (s, IH, ArNH). BC{'H} NMR (100 MHz,
CDClL, 25 °C): § (ppm) 149.7 (s), 135.9 (s), 120.4 (s), 110.6 (s).
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Figure S37: '"H NMR spectrum of 2k (400 MHz, CDCls).
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Figure S38: C{'H} NMR spectrum of 2k (100 MHz, CDCl5).

Synthesis of 21
?H (4-Chlorophenyl)hydroxylamine (21) was synthesized as white solid

/©/ N\H (38 mg, yield 27%) following the synthetic protocol for 2a. The
Cl reaction involved the use of nBusSb (59.5 mg, 0.2 mmol), 1-chloro-
4-nitrobenzene (11) (157.2 mg, 1.0 mmol), and HBpin (386.6 mg, 3.0 mmol). The
reaction took 18 h at 25 °C, 21 was purified by column chromatography on silica gel
(hexane/DCM = 5:1, v/v). The product of 21 was not stable at room temperature, the
impurity composition was marked in the NMR spectrum. 'TH NMR (400 MHz, CDCl3,
25 °C): & (ppm) 7.24 (d, *Juu = 8.8 Hz, 2H, NHAr1-0-H), 6.93 (d, *Ju.n = 8.8 Hz, 2H,
NHAr-m-H), 5.52 (s, 1H, AtNH). BC{'H} NMR (100 MHz, CDCl3, 25 °C): & (ppm)
149.7 (s), 135.9 (s), 120.4 (s), 110.6 (s).
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Figure S39: '"H NMR spectrum of 21 (400 MHz, CDCl5).
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Figure S40: ’C{'H} NMR spectrum of 21 (100 MHz, CDCl5).

Synthesis of 2m

(I)H (4-Bromophenyl)hydroxylamine (2m) was synthesized as white

/©/ N\H solid (42 mg, yield 30%) following the synthetic protocol for 2a. The

Br reaction involved the use of #Bu3Sb (59.5 mg, 0.2 mmol), 1-bromo-

4-nitrobenzene (1m) (157.2 mg, 1.0 mmol), and HBpin (386.6 mg, 3.0 mmol). The

reaction took 18 h at 25 °C, 2m was purified by column chromatography on silica gel

(hexane/DCM = 5:1, v/v). '"H NMR (400 MHz, CDCls, 25 °C): § (ppm) 7.38 (d, *Ju.n

=8.5Hz, 2H, NHAr-0-H), 6.87 (d, *Ju-u = 8.5 Hz, 2H, NHAr-m-H), 6.77 (s, |H, ArNH),

5.77 (s, 1H, ArNOH). BC{'H} NMR (100 MHz, CDCl3, 25 °C): & (ppm) 148.6 (s),
131.8 (s), 116.2 (s), 114.5 (s).
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Figure S41: '"H NMR spectrum of 2m (400 MHz, CDCIs).
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Figure S42: ’C{'H} NMR spectrum of 2m (100 MHz, CDCl5).

2.3 Stoichiometric reaction studies

The reduction of 1a with #BusSb in the presence of 1.3-cyclohexadiene

1a (7.4 mg, 0.05 mmol) and mesitylene (6.0 mg, 0.050 mmol) were combined in 0.6
mL of CDCIs. The resulting reaction mixture was transferred into an NMR tube and
analyzed by NMR spectroscopy. Then nBuszSb (44.0 mg, 0.15 mmol) and 1,3-
cyclohexadiene (20.0 mg, 0.25 mmol) were added to the reaction solution at 25 °C. The
progress of the reaction was monitored by NMR spectroscopy analysis, 1a was
completely consumed after 24 h. The yield of 3a (55%) was calculated by "TH NMR

spectrum as shown in Figure S43.
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Figure S43: 'H NMR spectrum of reaction solution of 1a, nBusSb and 1,3-
cyclohexadiene at r.t. for 24 h (400 MHz, CDCI3).

The reduction of [#Bu3Sb(u-O)]» with HBpin in C¢De

[#BusSb(u-O)]> (10.3 mg, 0.017 mmol) and HBpin (9.1 mg, 0.071 mmol) were
combined in 0.6 mL of CsDs. Effervescence was observed immediately. The resulting
reaction mixture was immediately transferred into a J. Young NMR tube. The progress
of the reaction was monitored by NMR spectroscopy analysis. After 15 minutes, the
reaction was completed. The NMR spectrum of the reaction solution confirmed the
formation of nBu3Sb, H,, pinBOBpin, and residual HBpin as shown in Figure S44. 'H
NMR (400 MHz, C¢Ds, 25 °C): nBuzSb: 6 (ppm) 1.53 (m, 6H, Sb-CH>), 1.37 (m, 12H,
CH»-CH>-CH>), 0.90 (t, *Jc.u = 7.3 Hz, 9H, CH>-CH3); pinBOBpin: § (ppm) 1.01 (s,
18H, CHs); HBpin: & (ppm) 0.99 (s, 18H, CHz); Ha: 8§ (ppm) 4.47 (s, 2H, H>); "B{'H}
NMR (128 MHz, C¢Dg, 25 °C): pinBOBpin: & (ppm) 21.8 (s); HBpin: 6 (ppm) 28.5
().
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Figure S44: 'H NMR spectrum of reaction solution of [#BusSb(u-O)]. with HBpin at
r.t. for 15 min (400 MHz, C¢Dg).
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Figure S45: "B{'H} NMR spectrum of reaction solution of [#BusSb(x-O)]> with
HBpin at r.t. for 15 min (128 MHz, CsDs).

The reaction of 4a and HBpin
4a (6.6 mg, 0.05 mmol) and HBpin (64.0 mg, 0.5 mmol) were combined in 0.6 mL of

CDCls at -35 °C. The resulting reaction mixture was then transferred into an NMR tube
and kept at -35 °C. Once returning the solution to room temperature, the progress of the
reaction was immediately monitored by NMR spectroscopy analysis. At room
temperature, 4a was completely consumed after 3.5 h. The ratio of 2NNQO/2a’ (88:12)

was calculated by 'H NMR spectrum as shown in Figure S46.
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Figure S46: '"H NMR spectrum of reaction solution of 4a with HBpin at r.t. for 3.5 h

(400 MHz, CDCl3).

The reaction of 4a and HBpin in presence of nBu3Sb

The solution of nBus3Sb (15.0 mg, 0.5 mmol) and HBpin (64.2 mg, 0.5 mmol) in 0.3
mL of CDCI3 was added to the solution of 4a (6.6 mg, 0.05 mmol) in 0.3 mL of CDCI;
at -35 °C. The resulting reaction mixture was then transferred into an NMR tube and
kept at -35 °C. Once returning the solution to room temperature, the progress of the
reaction was immediately monitored by NMR spectroscopy analysis. 4a was consumed
within 5 min. The ratio of 2NNO/2a’ (7:93) was calculated by 'H NMR spectrum as

shown in Figure S47.
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3. Computational Details

Calculations were carried out with the Gaussian 16 package.[5) Geometry
optimizations were performed with the M06-2X functional.[>*) The Def2-SVP basis set
was used for all the atoms. Frequency calculations at the same level of theory were
performed to identify the number of imaginary frequencies (zero for local minimum
and one for transition states). Transition states were submitted to intrinsic reaction
coordinate (IRC) calculations to determine two corresponding minima. The single-
point energy calculations were performed at the M06-2X-D3/Def2-TZVP level of
theory in solution-phase (benzene for optimized structures of 1 and 2, chloroform for
the mechanism considerations). The SMD method was used with the corresponding
solvent, while Bondi radii®®* were chosen as the atomic radii to define the molecular
cavity. The Gibbs energy corrections from frequency calculations were added to the
single-point energies to obtain the Gibbs free energies in solution. All the solution-
phase free energies reported in the paper correspond to the reference state of 1 mol/L,

298K. Optimized structures were visualized by the Avogadro program!S3],



Table S1. Energy of Intermediates and Transition States.

Species Thermal Corrections of Gibbs Solvation Energies
Free Energies (Hartree) (Hartree)
MesSb 0.075774 -359.879520060
la 0.068928 -528.999204802
TS1 0.163044 -888.854239892
IN1 0.164480 -888.886899546
TS2 0.161525 -888.857604110
4a 0.064155 -453.781778472
[Me3Sb(u-0)]2 0.177498 -870.231777194
TS3’ 0.242103 -865.577001891
TS3" 0.421881 -1277.46728352
TS3 0.161514 -813.651141352
IN2 0.160896 -813.666228950
HBpin 0.15864 -411.858031135
IN3 0.347621 -1225.56355858
TS4 0.346484 -1225.55081010
IN4 0.343666 -1225.589403
INS 0.343449 -1225.58600
TS5 0.341616 -1225.572043
2a’ 0.247074 -865.743220080




Figure S48: Optimized structure of TS3'.

e,

o

Figure S49: Optimized structure of TS3"".
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0.95861700
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0.88886000
1.97073600
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0.72858600
-0.33503400
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