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1. Introduction

Aryl amines are a ubiquitous structural motif in pharmaceu-
ticals, agrochemicals, and bioactive natural products [1-5].
Consequently, efficient synthetic procedures to access aryl
amines has been actively investigated [6-9], such as Buch-
wald-Hartwig coupling [10,11], Chan-Lam amination [12,13],
and the Ullmann reaction [14-17]. Owing to the accessibility of
starting material and high atom/step-economy, transition met-
al-catalyzed direct C-H activation and amination of arenes has
proved to be an advantageous strategy. Thus, Cu- [18-20], Pd-
[21-23], Ru- [24,25], Co- [26], and Rh/Ir- catalyzed C-N for-
mation reactions have been developed rapidly to access struc-
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turally diverse aryl amines [18-31].

Among the numerous C-H catalysts,
Cp*Rh(II)/Ir(1II) complexes have stood out as competent cat-
alysts for directing group-assisted direct C-H functionalization
with high catalytic activity, selectivity, and functional group
tolerance [32-39]. So far, the Rh(IlI)-catalyzed C-H amination
proceeded via chelation-assisted strategies [34-70] include the
following categories on the basis of the distinct mechanism: (1)
the nitrene insertion using nitrene precursors such as organic
azides, dioxazolones, anthranils, and TsNHz/PhI(OAc)2
(Scheme 1(a)) [34-48,61,68,69], (2) SN-type amination using
an electrophilic aminating reagent (Scheme 1b) [49-60] and
(3) the oxidative amination using a nucleophilic aminating re-
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Scheme 1. Rh(lll)-catalyzed chelation assisted C-H amination of
arenes.
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agent (Scheme 1(c)) [70]. Although amination has been real-
ized under redox-neutral conditions using nitrenoid reagents
[40-54] or electrophilic aminating reagents (N-halogen
[55-58] and N-O [59-62] reagents, nitrosobenzenes [63,64],
and amidobenziodoxolone [65,66]), they all rely on preactiva-
tion of a nucleophilic amine source. Thus, it will be desirable to
directly employ nucleophilic amines for C-N coupling. Recently,
Su et al. [67] and Chang et al. [68,69] realized Rh/Ir-catalyzed
C-H imidation using TsNH: as an efficient nitrenoid precursor.
Yu and co-workers [70] developed the first Rh(III)-catalyzed
direct oxidative C-H amination of arenes using a secondary
amine, leading to complementary tertiary amine products.
However, a stoichiometric amount of AgCO3 was used. We
reasoned that in-situ generation of highly electrophilic aminat-
ing reagent could be an alternative strategy for synthesis of
tertiary amines. Hypervalent iodine(Ill) reagents with their
high oxidation potential are a promising concept for oxidative
amination owing to their environmental benigness and practi-
cability [68,71-78]. Inspired by the chemistry of iodine(III)
imido in C-N formation [71-78], we now report direct imida-
tion of arenes via umpolung of NH saccharin.

2. Experimental
2.1. General information

Unless otherwise noted, all the coupling reactions were car-
ried out in flame-dried pressure tubes with a Teflon screw cap
under nitrogen atmosphere. Anhydrous solvents were purified
and dried by standard procedures. All chemicals were obtained
from commercial sources and were used as received unless
otherwise noted. Oximes [79], arenes [80-82], saccharin deriv-
atives [83] are prepared by following literature reports. H and
13C NMR spectra were recorded on a Bruker AV 400 spectrom-
eter (400 or 600 MHz for 1H, 100 or 150 MHz for 13C). All cou-

pling constants were reported in Hz. The residual solvent sig-
nals were used as references for 1H and 13C NMR spectra and
the chemical shifts were converted to the TMS scale {CDCls: 6§
1H = 7.26 ppm, 6 13C = 77.16 ppm}. HRMS data were obtained
using a TOF mode. Column chromatography was performed on
silica gel (300-400 mesh) using ethyl acetate (EA)/petroleum
ether (PE).

2.2. General procedure for synthesis of product 3

0-Me Oximes (1, 0.2 mmol), 2a (0.3 mmol), PhI(OAc)z (0.3
mmol), RhCp*(CH3CN)3(SbF¢)z (5 mol%), and TFE (2.0 mL)
were charged into a pressure tube. The reaction mixture was
stirred at 100 °C for 48 h. After the solvent was removed under
reduced pressure, the residue was purified by silica gel chro-
matography using PE/EA (3:1) to afford compound 3.

2.3. General procedure for synthesis of product 5 or 6

Arenes (1/4, 0.2 mmol), 2 (0.3 mmol), PhI(OAc): (0.3
mmol), [Cp*RhClz]z (4 mol%), NaOAc (0.06 mmol), and TFE
(1.0 mL), CHsCN (1.0 mL) were charged into a pressure tube.
The reaction mixture was stirred at 100 °C for 48 h. After the
solvent was removed under reduced pressure, the residue was
purified by silica gel chromatography using PE/EA (2:1) to
afford compound 5/6.

2.4. Spectral data for products

3a. White solid. 53.5 mg, 81%. NMR Spectroscopy: H NMR
(600 MHz, CDCl3) & 8.16 (d, ] = 7.4 Hz, 1H), 7.98 (d, ] = 7.5 Hz,
1H), 7.91 (dt, ] = 7.8, 1.2 Hz, 1H), 7.87 (dt, ] = 7.8, 1.2 Hz, 1H),
7.61-7.50 (m, 4H), 3.53 (s, 3H), 2.16 (s, 3H).13C NMR (150 MHz,
CDCls) 6 158.9, 153.0, 138.1, 138.0, 134.9, 134.3, 131.7, 130.8,
130.0, 129.8, 127.3, 125.5, 125.4, 121.2, 61.5, 14.7. Mass Spec-
trometry: HRMS (ESI-TOF) (m/z): Calcd. for C16H1sN204S+* ([M +
H]*), 331.0747, found, 331.0750.

3b. White solid. 51.8 mg, 75%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCls) 6 8.15 (dd, J = 7.2, 1.2 Hz, 1H), 8.01-7.92 (m,
1H), 7.92-7.83 (m, 2H), 7.64-7.48 (m, 4H), 3.49 (s, 3H), 2.67
(bs, 2H), 1.11 (t, J = 7.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) &
158.9, 157.5, 138.0, 136.9, 134.8, 134.2, 132.0, 130.7, 129.9,
129.7, 127.4, 125.7, 125.4, 121.2, 61.4, 21.7, 10.6. Mass Spec-
trometry: HRMS (ESI-TOF) (m/z): Calcd. for C17H17N204S+* ([M +
H]*), 345.0904, found, 345.0897.

3c. White solid. 54.9 mg, 77%. NMR Spectroscopy: H NMR
(400 MHz, CDCls) & 8.19-8.12 (m, 1H), 7.97 (d, J = 7.2 1.2 Hz,
1H), 7.90-7.85 (m, 2H), 7.60-7.51 (m, 4H), 3.50 (s, 3H), 2.61 (s,
2H), 1.60-1.52 (m, 2H), 0.93 (t, J = 7.2 Hz, 3H). 13C NMR (100
MHz, CDCls) 6 158.9, 156.6, 138.1, 137.1, 134.8, 134.2, 132.0,
130.7,130.1, 129.7, 127.4, 125.7, 125.4, 121.2, 61.4, 30.5, 19.6,
14.4. Mass Spectrometry: HRMS (ESI-TOF) (m/z): Calcd. for
C18H19N204S* ([M + H]*), 359.1610, found,. 359.1618.

3d. White solid. 63.1 mg, 80%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCl3) & 8.04 (d, ] = 7.4 Hz, 1H), 7.94 (d, ] = 7.5 Hz,
1H), 7.83 (dt, ] = 21.5, 7.1 Hz, 2H), 7.61-7.46 (m, 3H), 7.40-7.35
(m, 3H), 7.33-7.26 (m, 3H), 3.52 (s, 3H). 13C NMR (100 MHz,
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CDCls) 6 158.5, 154.0, 137.9, 137.4, 134.7, 134.1, 132.8, 132.5,
131.9, 130.5, 130.1, 129.5, 128.9, 127.8, 127.3, 126.2, 125.3,
121.1, 62.0. Mass Spectrometry: HRMS (ESI-TOF) (m/z): Calcd.
for C21H17N204S+ ([M + H]*), 393.0904, found, 393.0901.

3e. White solid. 59.2 mg, 86%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCl3) & 8.20-8.12 (m, 1H), 7.97 (d, ] = 7.1 Hz, 1H),
7.93-7.82 (m, 2H), 7.48 (d, ] = 7.9 Hz, 1H), 7.41-7.34 (m, 2H),
3.48 (s, 3H), 2.43 (s, 3H), 2.14 (s, 3H). 13C NMR (100 MHz,
CDCls) 6 159.0, 152.9, 140.2, 138.0, 134.9, 134.8, 134.2, 132.1,
131.5, 129.8, 127.4, 125.4, 125.0, 121.2, 61.4, 20.9, 14.6. Mass
Spectrometry: HRMS (ESI-TOF) (m/z): Calcd. for C17H17N204S*
([M + H]*), 345.0904, found, 345.0901.

3f. White solid. 59.4 mg, 80%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCl3) & 8.16 (d, J = 7.0 Hz, 1H), 7.99 (d, ] = 7.1 Hz,
1H), 7.91-7.87 (m, 2H), 7.51 (d, ] = 8.1 Hz, 1H), 7.44 (dd, ] = 8.1,
1.7 Hz, 1H), 7.38 (d, ] = 1.7 Hz, 1H), 3.50 (s, 3H), 3.10-2.93 (m,
1H), 2.14 (s, 3H), 1.26 (d, / = 6.9 Hz, 6H). 13C NMR (100 MHz,
CDCls) 6 159.0, 153.1, 151.1, 138.0, 135.2, 134.8, 134.2, 129.9,
129.8, 128.8, 127.4, 125.5, 125.1, 121.2, 61.5, 33.7, 23.6, 14.7.
Mass Spectrometry: HRMS (ESI-TOF) (m/z): Calcd. for
C19H21N204S* ([M + H]*), 373.1217, found, 373.1225.

3g. White solid. 68.3 mg, 84%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCl3) & 8.18 (d, J = 7.0 Hz, 1H), 8.00 (d, ] = 7.2 Hz,
1H), 7.94-7.86 (m, 2H), 7.82-7.74 (m, 2H), 7.67-7.62 (m, 3H),
7.46 (t,] = 7.4 Hz, 2H), 7.40 (d, ] = 7.2 Hz, 1H), 3.53 (s, 3H), 2.19
(s, 3H). 13C NMR (100 MHz, CDCls) 6 158.9, 152.8, 143.0, 138.9,
138.1, 136.3, 134.9, 134.3, 130.4, 130.3, 129.2, 129.0, 128.2,
127.4, 127.2, 125.8, 125.5, 121.3, 61.6, 14.6. Mass Spectrome-
try: HRMS (ESI-TOF) (m/z): Calcd. for C22H19N204S+* ([M + H]*),
407.1060, found, 407.1062.

3h. White solid. 63.9 mg, 89%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCl3) 68.15 (d, J = 7.1 Hz, 1H), 7.97 (d, ] = 7.3 Hz,
1H), 7.92-7.82 (m, 2H), 7.50 (d, J = 8.6 Hz, 1H), 7.13-7.03 (m,
2H), 3.85 (s, 3H), 3.47 (s, 3H), 2.12 (s, 3H). 13C NMR (100 MHz,
CDCls) 6 160.3, 158.9, 152.8, 138.1, 134.9, 134.3, 130.9, 130.1,
127.4,126.4, 125.6, 121.3, 116.8, 116.6, 61.4, 55.7, 14.7. Mass
Spectrometry: HRMS (ESI-TOF) (m/z): Calcd. for C17H17N20sS*
(IM + H]*), 361.0853, found, 361.0861.

3i. White solid. 33.6 mg, 48%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCl3) & 8.17 (d, ] = 7.1 Hz, 1H), 7.99 (d, ] = 7.2 Hz,
1H), 7.96-7.86 (m, 2H), 7.58 (dd, J = 8.5, 5.9 Hz, 1H), 7.37-7.27
(m, 2H), 3.53 (s, 3H), 2.14 (s, 3H). 13C NMR (100 MHz, CDCl3) 6
162.4 (d, ] =252.3),158.6,152.4,138.0, 135.1, 134.5, 134.4 (d,J
= 4.0 Hz), 131.4 (d, J = 9.0 Hz), 127.2, 1269 (d, J = 10.2 Hz),
125.7,121.4,119.0 (d, / = 23.4 Hz), 117.9 (d, ] = 21.0 Hz), 61.6,
14.8. Mass Spectrometry: HRMS (ESI-TOF) (m/z): Calcd. for
C16H14FN204S* ([M + H]*), 349.0653, found, 349.0646.

3j. White solid. 62.1 mg, 86%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCl3) & 8.17 (d, J = 7.1 Hz, 1H), 8.06-7.82 (m, 3H),
7.66-7.45 (m, 3H), 3.52 (s, 3H), 2.13 (s, 3H). 13C NMR (100 MHz,
CDCls) 6 158.7, 152.3, 138.0, 136.5, 135.2, 135.1, 134.5, 131.7,
131.0, 131.0, 127.2, 126.6, 125.7, 121.4, 61.7, 14.6. Mass Spec-
trometry: HRMS (ESI-TOF) (m/z): Calcd. for C16H14CIN204S* ([M
+H]*), 365.0357, found, 365.0343.

3k. White solid. 59.5 mg, 77%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCl3) & 8.31-8.14 (m, 3H), 8.00 (d, J = 7.4 Hz, 1H),
7.97-7.85 (m, 2H), 7.68 (d, / = 8.1 Hz, 1H), 3.94 (s, 3H), 3.55 (s,

3H), 2.17 (s, 3H). 13C NMR (100 MHz, CDCl3) § 165.3, 158.9,
152.5, 142.2, 138.1, 135.1, 134.4, 133.1, 131.8, 131.6, 130.2,
127.2,125.8, 125.6, 121.4, 61.8, 52.5, 14.6. Mass Spectrometry:
HRMS (ESI-TOF) (m/z): Calcd. for CisH17N20eS* ([M + H]*),
389.0802, found, 389.0801.

31. White solid. 52.3 mg, 64%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCl3) & 8.16 (d, ] = 7.2 Hz, 1H), 7.98 (d, ] = 7.1 Hz,
1H), 7.96-7.82 (m, 2H), 7.73 (d, ] = 2.2 Hz, 1H), 7.65 (dd, ] = 8.4,
2.2 Hz, 1H), 7.42 (d, ] = 8.4 Hz, 1H), 3.56 (s, 3H), 2.13 (s, 3H). 13C
NMR (100 MHz, CDCls) § 158.7, 152.0, 139.8, 138.1, 135.1,
134.4, 133.2, 133.0, 132.9, 127.2, 125.6, 125.2, 124.6, 121.4,
61.8, 14.6. Mass Spectrometry: HRMS (ESI-TOF) (m/z): Calcd.
for C16H14BrN204S* ([M + H]*), 408.9852, found, 408.9847.

3m. White solid. 56.3 mg, 82%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCl3) 68.14 (d, J = 7.1 Hz, 1H), 7.96 (d, ] = 7.1 Hz,
1H), 7.92-7.82 (m, 2H), 7.42 (d, ] = 8.0 Hz, 1H), 7.39 (s, 1H),
7.32 (d, ] = 8.0 Hz, 1H), 3.55 (s, 3H), 2.44 (s, 3H), 2.14 (s, 3H).
13C NMR (100 MHz, CDCls) 6§ 158.9, 153.2, 141.2, 138.0, 137.7,
134.8, 134.2, 131.4, 130.7, 130.4, 127.3, 125.4, 122.6, 121.2,
61.5, 21.3. Mass Spectrometry: HRMS (ESI-TOF) (m/z): Calcd.
for C17H17N204S+ ([M + H]*), 345.0904, found, 345.0911.

3n. White solid. 62.9 mg, 87%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCl3) & 8.14 (d, ] = 7.2 Hz, 1H), 7.96 (d, ] = 7.7 Hz,
1H), 7.92-7.82 (m, 2H), 7.44 (d, ] = 8.7 Hz, 1H), 7.08 (d, ] = 2.8
Hz, 1H), 7.01 (dd, J = 8.7, 2.9 Hz, 1H), 3.86 (s, 3H), 3.55 (s, 3H),
2.14 (s, 3H). 13C NMR (100 MHz, CDCls) 6 161.2, 159.1, 153.0,
139.4, 138.0, 134.9, 134.3, 133.1, 127.4, 125.5, 121.3, 117.4,
116.0, 114.7, 61.6, 55.7, 14.8. Mass Spectrometry: HRMS
(ESI-TOF) (m/z): Calcd. for C17H17N20sS* ([M + H]*), 361.0853,
found, 361.0846.

30. White solid. 40.5 mg, 58%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCl3) & 8.16 (d, J = 7.1 Hz, 1H), 7.99 (d, ] = 7.2 Hz,
1H), 7.95-7.86 (m, 2H), 7.51 (td, ] = 8.2, 5.9 Hz, 1H), 7.39 (d,] =
7.9 Hz, 1H), 7.35-7.29 (m, 1H), 3.56 (s, 3H), 2.16 (d, ] = 2.3 Hz,
3H). 13C NMR (100 MHz, CDCl3) & 13C NMR (100 MHz, CDCls) §
161.5 (d, J = 250.8 Hz), 158.7, 149.9, 137.9, 135.1, 134.5, 130.6
(d,J=9.7 Hz), 127.4 (d, ] = 5.8 Hz), 127.2 (d, ] = 3.3 Hz), 127.0,
125.6, 121.4, 118.7 (d, J = 22.2 Hz), 61.8, 15.9 (d, / = 4.0 Hz).
Mass Spectrometry: HRMS (ESI-TOF) (m/z): Calcd. for
C16H14FN204S* ([M + H]*), 349.0653, found, 349.0660.

3p. White solid. 58.1 mg, 81%. NMR Spectroscopy: H NMR
(400 MHz, CDCl3) & 8.13 (d, ] = 7.6 Hz, 1H), 7.96 (d, ] = 7.2 Hz,
1H), 7.93-7.82 (m, 2H), 7.47 (t, ] = 8.2 Hz, 1H), 7.16 (d, ]/ = 7.9
Hz, 1H), 7.11 (d, ] = 8.4 Hz, 1H), 3.86 (s, 3H), 3.59 (s, 3H), 2.12
(s, 3H). 13C NMR (100 MHz, CDCI3) 6 158.9, 158.7, 152.3, 137.8,
134.8, 134.2, 130.3, 128.1, 127.1, 126.9, 125.4, 122.9, 121.2,
113.4, 61.4, 55.9, 16.0. Mass Spectrometry: HRMS (ESI-TOF)
(m/z): Calcd. for Ci7H17N20sS* ([M + H]J*), 361.0853, found,
361.0862.

3q. White solid. 61.0 mg, 85%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCl3) & 8.19-8.12 (m, 1H), 7.97 (d, ] = 7.1 Hz, 1H),
7.93-7.81 (m, 2H), 7.35 (s, 1H), 7.29 (s, 1H), 3.51 (s, 3H), 2.33
(s, 3H), 2.32 (s, 3H), 2.13 (s, 3H). 13C NMR (100 MHz, CDCl3) &
159.0, 153.1, 139.8, 138.8, 138.1, 135.1, 134.7, 134.2, 132.4,
131.1, 127.4, 125.4, 122.4, 121.2, 61.4, 19.7, 19.5, 14.7. Mass
Spectrometry: HRMS (ESI-TOF) (m/z): Calcd. for C1g8H19N204S*
(IM + H]*), 359.1060, found, 359.1059.
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3r. White solid. 59.1 mg, 78%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCl3) 6 8.17 (dd, J = 6.8, 1.2 Hz, 1H), 8.09 (s, 1H),
8.05 (s, 1H), 7.99 (dd, J = 6.9, 1.0 Hz, 1H), 7.94 - 7.81 (m, 4H),
7.65-7.54 (m, 2H), 3.48 (s, 3H), 2.27 (s, 3H). 13C NMR (100 MHz,
CDCls) 6159.2, 153.1, 138.1, 134.8, 134.2, 133.8, 133.6, 132.8,
131.9, 130.1, 128.2, 128.1, 128.0, 127.6, 127.5, 125.5, 122.9,
121.2, 61.4, 14.78. Mass Spectrometry: HRMS (ESI-TOF) (m/z):
Calcd. for C20H17N204S* ([M + H]*), 381.0904, found, 381.0912.

3s. White solid. 51.3 mg, 76%. NMR Spectroscopy: H NMR
(400 MHz, CDCl3) & 8.16 (d, J = 7.3 Hz, 1H), 7.99 (d, ] = 7.4 Hz,
1H), 7.96-7.82 (m, 2H), 7.41 (d, ] = 5.3 Hz, 1H), 7.18 (d, ] = 5.3
Hz, 1H), 3.66 (s, 3H), 2.15 (s, 3H). 13C NMR (100 MHz, CDCl3) §
158.3, 148.5, 139.5, 138.2, 135.1, 134.4, 128.7, 127.3, 125.6,
125.3, 121.3, 121.2, 62.0, 13.8. Mass Spectrometry: HRMS
(ESI-TOF) (m/z): Calcd. for C14H13N204Sz* ([M + H]*), 337.0311,
found, 337.0315.

3t. White solid. 47.1 mg, 64%. NMR Spectroscopy: 'H NMR
(600 MHz, CDCl3) & 8.22 (d, ] = 7.5 Hz, 1H), 8.05 (d, ] = 7.6 Hz,
1H), 7.97 (t,] = 7.5 Hz, 1H), 7.93 (t, ] = 7.5 Hz, 1H), 7.71 (d, ] =
7.7 Hz, 1H), 7.60 (d, ] = 8.3 Hz, 1H), 7.43 (t, ] = 7.7 Hz, 1H), 7.36
(t,J=7.5 Hz, 1H), 3.61 (s, 3H), 2.28 (s, 3H). 13C NMR (150 MHz,
CDCls) 6 158.2, 153.4, 149.8, 146.9, 138.4, 135.1, 134.5, 127.6,
126.5, 126.2, 125.6, 124.46, 121.25, 119.96, 112.02, 106.85,
62.35, 11.23. Mass Spectrometry: HRMS (ESI-TOF) (m/z):
Calcd. for CisH14N2NaOsS* ([M + Na]*), 393.0516, found,
361.0510.

3u. White solid. 52.1 mg, 73%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCl3) & 8.16 (d, ] = 7.2 Hz, 1H), 7.98 (d, ] = 7.4 Hz,
1H), 7.92-7.85 (m, 2H), 7.37 (t, ] = 8.0 Hz, 1H), 7.19 (d,/ = 7.5
Hz, 1H), 7.12 (d, ] = 8.4 Hz, 1H), 4.36-4.11 (m, 2H), 3.18 (s, 3H),
3.04-291 (m, 1H), 2.85-2.71 (m, 1H). 13C NMR (100 MHz,
CDCl3) 6159.0, 158.5, 146.6, 138.3, 134.6, 134.1, 130.4, 128.2,
125.4, 125.2, 124.6, 121.0, 120.9, 117.7, 64.7, 61.2, 23.6. Mass
Spectrometry: HRMS (ESI-TOF) (m/z): Calcd. for C17H15sN20sS+
(IM + H]*), 359.0696, found, 359.0699.

5a. White soild.58.4 mg, 87%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCl3) & 8.48 (d, ] = 4.7 Hz, 1H), 8.06 (d, ] = 7.1 Hz,
1H), 7.92-7.81 (m, 4H), 7.71-7.55 (m, 5H), 7.15-7.12 (m, 1H).
13C NMR (100 MHz, CDCls) 6§ 158.7, 156.3, 149.5, 141.1, 137.8,
136.4, 134.9, 134.3, 131.6, 131.2, 131.0, 129.9, 127.1, 126.0,
125.6, 123.0, 122.4, 121.2. Mass Spectrometry: HRMS
(ESI-TOF) (m/z): Calcd. for C1sH13N203S* ([M + H]+), 337.0641,
found, 337.0632.

5b. White soild. 65.2 mg, 93%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCl3) & 8.44 (d, ] = 4.6 Hz, 1H), 8.06 (d, ] = 7.0 Hz,
1H), 7.91-7.80 (m, 3H), 7.72 (d, ] = 7.9 Hz, 1H), 7.60-7.54 (m,
2H), 7.49-7.40 (m, 2H), 7.15-7.05 (m, 1H), 2.47 (s, 3H). 13C
NMR (100 MHz, CDCls) § 158.9, 156.4, 149.4, 140.3, 138.0,
137.8, 136.3, 134.8, 134.3, 131.8, 131.6, 131.4, 127.2, 125.7,
125.5, 1229, 122.2, 121.2, 21.1. Mass Spectrometry: HRMS
(ESI-TOF) (m/z): Calcd. for C19H1sN203S+ ([M + H]*), 351.0798,
found, 351.0810.

5c¢. White solid. 62.6 mg, 71%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCl3) & 8.42 (d, ] = 4.4 Hz, 1H), 8.05 (d, ] = 7.0 Hz,
1H), 7.92-7.80 (m, 3H), 7.76 (d, ] = 8.4 Hz, 1H), 7.59-7.52 (m,
2H), 7.46 (d, ] = 7.0 Hz, 2H), 7.41 (t,] = 7.0 Hz, 2H), 7.37 - 7.31
(m, 1H), 7.26-7.23 (m, 2H), 7.11-7.05 (m, 1H), 5.14 (s, 2H). 13C

NMR (100 MHz, CDCls) § 159.6, 158.6, 156.1, 149.3, 137.7,
136.3, 136.1, 134.8, 134.2, 133.4, 132.4, 128.6, 128.2, 127.6,
127.1, 126.8, 125.5, 122.6, 121.9, 121.2, 117.5, 116.9, 70.4.
Mass Spectrometry: HRMS (ESI-TOF) (m/z): Calcd. for
C2sH19N204S* ([M + H]*), 443.1060, found, 443.1053.

5d. White solid. 68.0 mg, 83%. NMR Spectroscopy: H NMR
(400 MHz, CDCl3) & 8.48 (d, ] = 4.7 Hz, 1H), 8.06 (d, ] = 7.1 Hz,
1H), 7.90-7.79 (m, 6H), 7.68-7.59 (m, 4H), 7.47 (t, ] = 7.5 Hz,
2H), 7.39 (t, ] = 7.3 Hz, 1H), 7.18-7.10 (m, 1H). 13C NMR (100
MHz, CDCls) 6 158.8, 156.0, 149.6, 143.1, 139.5, 139.1, 137.9,
136.5, 134.9, 134.3, 132.0, 129.7, 129.5, 129.0, 128.2, 127.3,
127.2, 126.5, 125.6, 1229, 122.4, 121.3. Mass Spectrometry:
HRMS (ESI-TOF) (m/z): Calcd. for C2saH17N203S* ([M + H]¥),
413.0954, found, 413.0957.

5e. White solid. 33.4 mg, 46%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCI3) 6 10.12 (s, 1H), 8.52 (d, ] = 4.7 Hz, 1H), 8.23 -
8.12 (m, 2H), 8.08 (d, J = 7.2 Hz, 1H), 8.02 (d, / = 8.0 Hz, 1H),
7.96-7.84 (m, 3H), 7.66-7.63 (m, 2H), 7.22-7.18 (m, 1H). 13C
NMR (100 MHz, CDCls) § 190.4, 158.6, 155.1, 149.8, 146.4,
137.8, 137.3, 136.7, 135.1, 134.5, 1329, 132.6, 131.0, 127.2,
1269, 125.7, 123.2, 121.4. Mass Spectrometry: HRMS
(ESI-TOF) (m/z): Calcd. for C19H13N204S* ([M + H]*), 365.0591,
found, 365.0598.

5f. White solid. 40.6 mg, 52%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCls) 6 8.50 (d, J = 4.6 Hz, 1H), 8.39-8.25 (m, 2H),
8.08 (d, J = 7.0 Hz, 1H), 7.95-7.81 (m, 4H), 7.71-7.56 (m, 2H),
7.19-7.16 (m, 1H), 3.96 (s, 3H). 13C NMR (100 MHz, CDCl3) §
165.5, 158.7, 155.4, 149.7, 145.2, 137.8, 136.6, 135.0, 134.4,
132.7, 131.9, 131.8, 131.7, 127.0, 126.4, 125.6, 123.2, 123.0,
121.3, 52.6. Mass Spectrometry: HRMS (ESI-TOF) (m/z): Calcd.
for C20H15sN20sS+ ([M + H]*), 395.0696, found, 395.0682.

5g. White solid. 54.0 mg, 76%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCl3) 6 8.48-8.47 (m, 1H), 8.05 (d, ] = 7.3 Hz, 1H),
7.95-7.78 (m, 4H), 7.60-7.54 (m, 2H), 7.40 - 7.35 (m, 2H),
7.16-7.14 (m, 1H). 13C NMR (100 MHz, CDCl3) & 162.6 (d, ] =
252.8 Hz), 158.3, 155.4, 149.6, 137.7, 137.3 (d, /] = 3.7 Hz),
136.5, 135.0, 134.4,133.0 (d, / = 9.0 Hz), 127.2 (d, ] = 10.5 Hz),
126.8, 125.6, 122.8, 122.4, 121.3, 118.3 (d, J = 15.7 Hz), 118.0
(d, J = 12,9 Hz). Mass Spectrometry: HRMS (ESI-TOF) (m/z):
Calcd. for C1s8H12FN203S* ([M + H]*), 355.0547, found, 355.0560.

5h. White solid. 43.1 mg, 58%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCl3) & 8.47 (d, ] = 4.3 Hz, 1H), 8.05 (d, ] = 7.2 Hz,
1H), 7.93-7.88 (m, 2H), 7.86-7.82 (m, 1H), 7.78 (d, ] = 8.2 Hz,
1H), 7.69-7.53 (m, 4H), 7.16-7.13 (m, 1H). 13C NMR (100 MHz,
CDCls) 6 158.4, 155.3, 149.6, 139.5, 137.8, 136.5, 135.3, 135.1,
134.4, 132.6, 131.2, 131.1, 127.1, 126.9, 125.7, 122.9, 122.6,
121.3. Mass Spectrometry: HRMS (ESI-TOF) (m/z): Calcd. for
C18H12CIN203S* ([M + H]*), 371.0252, found, 371.0249.

5i. White solid. 62.0 mg, 89%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCls) 6 8.55-8.47 (m, 1H), 8.08-8.01 (m, 1H),
7.92-7.78 (m, 3H), 7.64 (d, ] = 1.6 Hz, 1H), 7.62-7.54 (m, 2H),
7.50 (d, ] = 8.0 Hz, 1H), 7.39 (dd, ] = 8.1, 1.5 Hz, 1H), 7.14-7.11
(m, 1H), 2.49 (s, 3H). 13C NMR (100 MHz, CDCl3) 6 158.8, 156.4,
149.6, 141.4, 140.8, 137.8, 136.3, 134.8, 134.3, 132.3, 130.9,
130.6,127.1, 125.5,123.2,122.9, 122.3, 121.2, 21.4. Mass Spec-
trometry: HRMS (ESI-TOF) (m/z): Calcd. for C19H1sN203S+* ([M +
H]*), 351.0798, found, 351.0807.
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5j. White solid. 56.5 mg, 68%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCl3) & 8.51 (d, ] = 4.5 Hz, 1H), 8.05 (d, ] = 7.2 Hz,
1H), 7.99 (d, ] = 2.3 Hz, 1H), 7.92-7.88 (m, 2H), 7.83 (td, ] = 7.3,
1.6 Hz, 1H), 7.71 (dd, ] = 8.4, 2.3 Hz, 1H), 7.64-7.56 (m, 2H),
7.50 (d, ] = 8.4 Hz, 1H), 7.20 - 7.13 (m, 1H). 13C NMR (100 MHz,
CDCls) 6 158.4, 155.3, 149.6, 139.5, 137.8, 136.5, 135.3, 135.1,
134.4, 132.6, 131.2, 131.1, 127.1, 126.9, 125.7, 122.9, 122.6,
121.3. Mass Spectrometry: HRMS (ESI-TOF) (m/z): Calcd. for
C18H12BrN203S* ([M + H]*), 414.9747, found, 414.9754.

5k. brown solid. 41.2 mg, 60%. NMR Spectroscopy: NMR
Spectroscopy: 1H NMR (400 MHz, CDCl3) 6 8.49 (d, J = 4.3 Hz,
1H), 8.13 (d, ] = 7.4 Hz, 1H), 8.01 (d, ] = 7.4 Hz, 1H), 7.98-7.83
(m, 2H), 7.68-7.47 (m, 3H), 7.23 (d, ] = 5.3 Hz, 1H), 7.17-7.10
(m, 1H). 13C NMR (100 MHz, CDCl3) §158.2, 150.3, 149.6, 143.9,
138.0, 136.9, 135.3, 134.6, 128.8, 127.1, 126.5, 125.8, 123.0,
121.5, 120.8, 120.4. Mass Spectrometry: HRMS (ESI-TOF)
(m/z): Calcd. for Ci6H11N203Sz* ([M + H]J*), 343.0206, found,
343.0193.

51. white solid. 48.4 mg, 65%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCls) 6 8.47-8.41 (m, 1H), 8.10-8.05 (m, 1H),
7.95-7.82 (m, 3H), 7.79 (dd, ] = 7.5, 1.1 Hz, 1H), 7.68-7.53 (m,
5H). 13C NMR (100 MHz, CDCls) 6 158.6, 154.4, 148.4, 139.9,
137.8, 136.2, 135.0, 134.4, 131.5, 131.3, 131.13, 131.06, 130.2,
127.0, 126.0, 125.7, 123.8, 121.3. Mass Spectrometry: HRMS
(ESI-TOF) (m/z): Calcd. for CisH12CIN203S* ([M + H]¥),
371.0252, found, 371.0249.

5m. Colorless oil. 56.7 mg, 74%. NMR Spectroscopy: H
NMR (400 MHz, CDCl3) § 8.15 (d, ] = 6.9 Hz, 1H), 7.97 (d,] = 7.2
Hz, 1H), 7.92-7.82 (m, 2H), 7.68-7.49 (m, 4H), 4.58 (apparents,
1H), 3.53-3.22 (m, 1H), 3.05-2.86 (m, 1H), 1.70 (apparent s,
1H), 1.57-1.45 (m, 1H), 1.29 (apparent s, 4H), 0.86 (apparent s,
3H). 13C NMR (100 MHz, CDCls) 6 158.9, 153.5, 138.0, 134.9,
134.4, 132.4, 130.9, 130.6, 130.2, 127.5, 125.8, 125.6, 121.3,
81.1, 41.4, 34.6, 27.6, 22.5, 13.9. Mass Spectrometry: HRMS
(ESI-TOF) (m/z): Calcd. for C20H21N204S* ([M + H]*), 385.1217,
found, 385.1221.

5n. White solid. 67.4 mg, 84%. NMR Spectroscopy: 1H NMR
(400 MHz, ds-DMSO) & 8.43 (d, J = 7.6 Hz, 1H), 8.26 (d, ] = 7.3
Hz, 1H), 8.21-8.07 (m, 3H), 7.93-7.81 (m, 4H), 7.81-7.76 (m,
1H), 7.61-7.50 (m, 4H). 13C NMR (100 MHz, ds-DMSO0) 6 169.5,
160.8, 158.9, 137.5, 136.5, 135.9, 132.8, 132.1, 132.0, 131.5,
131.1, 130.3, 129.8, 127.0, 126.9, 126.1, 126.0, 125.9, 122.5,
100.6. Mass Spectrometry: HRMS (ESI-TOF) (m/z): Calcd. for
C22H15N204S* ([M + H]*), 403.0747, found, 403.0752.

50. White solid. 58.7 mg, 73%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCl3) 6 853 (d, / = 8.0 Hz, 1H), 850 (s, 1H),
8.18-8.11 (m, 1H), 8.04 (s, 1H), 7.87 (d, ]/ = 2.7 Hz, 3H), 7.56 (d,]
= 8.0 Hz, 1H), 7.52 (s, 1H), 3.86 (s, 3H), 2.52 (s, 3H). 13C NMR
(100 MHz, CDCls) 6 159.5, 154.3, 152.6, 151.5, 145.2, 142.2,
137.9, 134.7, 134.2, 133.8, 132.9, 131.8, 131.48, 131.45, 127.7,
126.6, 125.5, 121.1, 29.8, 21.3. Mass Spectrometry: HRMS
(ESI-TOF) (m/z): Calcd. for C20H16Ns03S* ([M + H]*), 406.0968,
found, 406.0963.

5p. yellow oil. 50.8mg, 78%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCl3) & 8.05 (d, ] = 7.4 Hz, 1H), 7.96 (d, ] = 7.5 Hz,
1H), 7.90 (t, ] = 7.5 Hz, 1H), 7.86-7.82 (m, 2H), 7.75-7.63 (m,
3H), 7.58-7.52 (m, 2H), 6.33-6.27 (m, 1H). 13C NMR (100 MHz,

CDCls) 6 156.0, 139.7, 137.8, 135.9, 133.2, 132.6, 129.8, 129.6,
128.0, 126.8, 125.0, 124.8, 123.8, 119.9, 119.9, 105.6. Mass
Spectrometry: HRMS (ESI-TOF) (m/z): Calcd. for C16H12N303S*
(IM + H]*), 326.0594, found, 326.0585.

5q. White solid. 34.5 mg, 46%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCI3) 6 8.90 (d, ] = 8.5 Hz, 1H), 8.73 (d, / = 4.8 Hz,
2H), 8.68 (s, 1H), 8.21 (d,J = 7.2 Hz, 1H), 8.04 (d, / = 7.3 Hz, 1H),
7.99-7.86 (m, 2H), 7.56 (d, ] = 7.9 Hz, 1H), 7.43 (t, ] = 7.7 Hz,
1H), 7.30 (t, / = 7.5 Hz, 1H), 7.13 (t, ] = 4.8 Hz, 1H). 3C NMR
(100 MHz, CDCl3) § 158.5, 158.3, 157.3, 138.1, 135.1, 134.8,
134.5, 127.4, 127.2, 125.9, 125.7, 125.0, 123.2, 121.5, 118.6,
117.1, 116.9, 108.1. Mass Spectrometry: HRMS (ESI-TOF)
(m/z): Calcd. for C19H13N4O3S* ([M + H]J*), 377.0703, found,
377.0706.

5r. White solid. 73.2 mg, 94%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCl3) & 8.59 (d, J = 8.5 Hz, 1H), 8.41 (d, ] = 4.8 Hz,
2H), 8.25-8.23 (m, 1H), 7.99-7.86 (m, 3H), 7.68 (d, / = 7.8 Hz,
1H), 7.48-7.40 (m, 1H), 7.32 (t, ] = 7.5 Hz, 1H), 6.93 (t, ] = 4.8
Hz, 1H), 2.45 (s, 3H). 13C NMR (100 MHz, CDCl3) §155.2, 153.0,
152.4, 133.5, 131.1, 1304, 129.6, 123.4, 122.7, 121.1, 121.0,
117.5, 117.0, 116.7, 114.9, 112.7, 112.1, 111.0, 3.8. Mass Spec-
trometry: HRMS (ESI-TOF) (m/z): Calcd. for C20H1sN403S+* ([M +
H]J*), 391.0859, found, 391.0848.

5s. White solid. 73.3 mg, 86%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCl3) & 8.41 (d, J = 4.8 Hz, 2H), 8.30 (d, J = 7.0 Hz,
1H), 8.23 (d, ] = 8.3 Hz, 1H), 7.14-7.10 (m, 2H), 7.93-7.76 (m,
3H), 7.58 (d, ] = 7.0 Hz, 1H), 7.53 (d, ] = 7.6 Hz, 1H), 7.46 (t, ] =
7.6 Hz, 1H), 7.38 (t, ] = 7.4 Hz, 1H), 6.81 (t, ] = 4.8 Hz, 1H). 13C
NMR (100 MHz, CDCls) 6§ 158.2, 157.8, 157.4, 140.5, 1374,
136.1, 134.2, 134.3, 130.1, 129.1, 127.5, 127.3, 125.0, 124.1,
122.5,122.5,122.4,121.1, 119.8, 117.4, 113.4. Mass Spectrom-
etry: HRMS (ESI-TOF) (m/z): Calcd. for C23HisN4O3S+ ([M +
H]*), 427.0859, found, 427.0852.

6a. White solid. 55.6 mg, 65%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCls) 6 8.62-8.58 (m, 3H), 7.75-7.65 (m, 3H),
7.57-7.49 (m, 3H), 7.47-7.42 (m, 1H), 7.34-7.30 (m, 1H), 7.04
(t,] = 4.8 Hz, 1H), 2.47 (s, 3H), 2.37 (s, 3H). 13C NMR (100 MHz,
CDCl3) 6 162.0, 157.8, 157.1, 145.4, 135.8, 132.6, 131.5, 129.4,
129.2, 128.1, 125.8, 125.1, 122.3, 121.7, 119.7, 117.5, 117.0,
115.8, 10.6, 8.5. Mass Spectrometry: HRMS (ESI-TOF) (m/z):
Calcd. for C23H19N403S* ([M + H]*), 431.1172, found, 431.1181.

6b. White solid. 71.7 mg, 87%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCl3)§7.71 (dd, ] = 6.6, 2.8 Hz, 2H), 7.57-7.45 (m,
4H), 7.40 (dd, J = 8.1, 1.5 Hz, 1H), 7.36 (s, 1H), 3.83 (s, 3H),
3.00-2.93 (m, 1H), 2.24 (s, 3H), 2.17 (s, 3H), 1.28 (s, 3H), 1.26
(s, 3H). 13C NMR (100 MHz, CDCI3) 6 161.1, 153.3, 151.1, 144.9,
135.1, 132.3, 131.4, 130.0, 129.6, 129.4, 129.2, 128.8, 125.6,
125.1, 61.8, 33.7, 23.7, 14.8, 10.4. Mass Spectrometry: HRMS
(ESI-TOF) (m/z): Calcd. for C22H2sN204S+ ([M + H]*), 413.1530,
found, 413.1541.

6c. White solid. 71.2 mg, 75%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCl3) 6 7.58-7.56 (m, 2H), 7.51-7.34 (m, 11H), 3.85
(s, 3H), 3.02-2.95 (m, 1H), 2.20 (s, 3H), 1.29 (s, 3H), 1.28 (s,
3H). 13C NMR (100 MHz, CDCls) § 160.1, 153.3, 151.1, 144.3,
135.0, 132.6, 131.4, 130.4, 130.3, 130.0, 129.5, 129.5, 129.4,
128.8,127.3,125.6, 125.1, 61.9, 3.7, 23.7, 14.8. Mass Spectrom-
etry: HRMS (ESI-TOF) (m/z): Calcd. for C27H27N204S* ([M +
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H]+), 475.1686, found, 475.1686.

6d. White solid. 69.2 mg, 69%. NMR Spectroscopy: 'H NMR
(400 MHz, CDCls) 'H NMR (400 MHz, CDCl3) & 8.39 (d, ] = 8.5
Hz, 1H), 8.17 (d, ] = 4.8 Hz, 2H), 8.06 (d, ] = 7.7 Hz, 4H), 7.64 (t, ]
= 7.4 Hz, 2H), 7.56-7.48 (m, 5H), 7.41 (t,] = 7.7 Hz, 1H), 7.28 (d,
] = 7.5 Hz, 1H), 6.86 (t, ] = 4.8 Hz, 1H), 1.77 (s, 3H). 13C NMR
(100 MHz, CDCl3) 6 157.3, 156.5, 139.3, 135.2, 133.7, 129.8,
128.4,127.6,125.7,123.6,121.9,121.3,119.7, 117.0, 115.1, 9.0.
Mass Spectrometry: HRMS (ESI-TOF) (m/z): Calcd. for
C2s5H21N403S2* ([M + H]*), 505.0999, found, 505.1004.

6e. White solid. 97.8 mg, 92%. NMR Spectroscopy: 1H NMR
(400 MHz, CDCl3) & 837 (d, ] = 8.5 Hz, 1H), 8.22 (d, ] = 4.8 Hz,
2H), 7.92 (d, ] = 8.3 Hz, 4H), 7.55 (d, ] = 7.8 Hz, 1H), 7.40 (t, ] =
7.4 Hz, 1H), 7.28-7.25 (m, 5H), 6.87 (t, ] = 4.8 Hz, 1H), 2.45 (s,
6H), 1.80 (s, 3H). 13C NMR (100 MHz, CDCls) 6 157.2, 156.6,
144.7, 136.5, 135.1, 129.8, 129.0, 127.6, 125.6, 123.9, 121.8,
121.1,119.7,116.9, 115.1, 21.7, 9.1. Mass Spectrometry: HRMS
(ESI-TOF) (m/z): Calcd. for C27H2sN403S2* ([M + H]+), 533.1312,
found, 533.1305.

3. Results and discussion

We commenced our studies by screening the reaction con-
ditions of the coupling between an oxime ether (1e) and sac-
charin 2a (Table 1). With [Cp*RhClz]2/AgSbFs as a catalyst and
PhI(OAc): as an oxidant, a coupling occurred in CH3CN (100 °C)
to give the desired product 3e in 28% yields. Solvent screening
revealed that TFE was the best choice, and the yield of 3e was
increased to 75% (Table 1, entry 7). The yield was improved to

Table 1
Optimization studies.?
NOMe Qo MeON 0
s/ Rh(lll)
/@)& + @NH + PhI(OAc), W N\g&j
o i
1e 2a 3e
Entry Catalyst (mol%) Solvent  Yield ® (%)
1 [Cp*RhCl2]2 (4)/AgSbFs (16) MeCN 28
2 [Cp*RhClz]2 (4)/AgSbFs (16) DCE <5
3 [Cp*RhCl2]2 (4)/AgSbFs (16) THF nr.
4 [Cp*RhCl2]2 (4)/AgSbFs (16) PhCF3 nr.
5 [Cp*RhClz]2 (4)/AgSbFs (16) acetone <5
6 [Cp*RhCl2]2 (4)/AgSbFs (16) HFIP 37
7 [Cp*RhCl2]2 (4)/AgSbFs (16) TFE 75
8 RhCp*(CH3CN)3(SbFs)2(8) TFE 87
9c RhCp*(CH3CN)3(SbFe)2 (8) TFE <5
104 RhCp*(CH3CN)3(SbFe)2 (8) TFE 83
11 RhCp*(CH3CN)3(SbFs)2 (5) TFE 86
12 [Cp*RhCl2]2(4) TFE 61
13 AgSbFs(16) TFE 0
14 Pd(0Ac)2 (10) TFE 0
15 CoCp*(CO)I12(10)/AgSbF¢ (20) TFE 0
16 Ru(p-cymene)2(SbFe)2 (5) TFE 0

aReaction conditions: 1e (0.2 mmol), 2a (0.3 mmol), PhI(OAc). (0.3
mmol), Rh Catalyst, solvent (2.0 mL) at 100 °C under air for 48 h. Iso-
lated yield after column chromatography (Yields <5% was determined
by TLC and conformed by 'H NMR spectroscopy using
1,3,5-trimethylbenzene as an internal standard). ¢80 °C. 4120 °C.

87% when the catalyst was switched to RhCp*(CH3CN)3(SbFs)2
(Table 1, entry 8). Reactions performed at 80 or 120 °C all lead
to lower yields (Table 1, entries 9 and 10). Gratifyingly, the
yield of 3e was essentially unaffected even under lower catalyst
loading (5 mol%, entry 11). The rhodium catalyst proved to be
indispensable, and no reaction occurred when it was omitted
(Table 1, entry 13). Other transition metals such as Pd, Co, or
Ru were proved to be inefficient (Table 1, entries 14-16).

With the optimal reaction conditions in hand, we next ex-
plored the scope and limitation of this system. As given in
Scheme 2, a range of substituted oxime ethers were examined
in the coupling with saccharin 2a. Various substituted 0-Me
oximes readily coupled with 2a under the standard conditions
to afford the imidation products (3a-3t) in 48%-89% yields.
Different electron-donating, -withdrawing and halogen groups
at para position of oximes were well tolerated. The reaction
also tolerated electron-withdrawing and -donating me-
ta-substituents (11-1n) and C-H imidation occurred selectively
at the less hindered ortho site. Oximes bearing ortho OMe and F
groups also provide the desired products 30 and 3p in moder-
ate yields (58%, 81%). Furthermore, di-substituted oxime (1q),
naphthalene (1r) and heterocyclic oxime (1s, 1t) are also via-
ble substrates with good coupling efficiency (76%-85%).
Moreover, the oxime substrate was not limited to that of ace-
tophenone, and the reaction proceeded smoothly when the
carbon chain in the oxime was elongated (1b, 1c) or when the
oxime of benzophenone (1d) or a cyclic ketone (1u) was used
(73%-80%).

The C-H substrate was not restricted to oximes. It was
found that the directing group could be smoothly extended to
different heterocycles under modified conditions (Conditions
B). As shown in Scheme 3, various 2-arylpyridines bearing a
para substituent (5a-5h) coupled with saccharin in consist-
ently good to high yields, where both electron-donating and
-withdrawing groups were tolerated. Introduction of a methyl
or bromine group into the meta position of benzene ring

MeON
NOMe Q0

(o}
s -
A
o O
3

1 2a
MeON MeON
3a, R=Me, 81% 3e, R=Me, 86%
3b, R =Et, 75% 3f, R=/-Pr, 80%

3¢, R=n-Pr,77%
3d, R =Ph, 80%

3g,R=Ph, 84%
3h, R = OMe, 89%

o]
t@
S
R O

o5 o
31, X = 3-Br, 64%
MeON o MeON o 3m, X = 3-Me, 82%
i X =F, 48 3n, X = 3-OMe, 879
N g: § = (F:'|,4886/°2 X\ N 3:: X= g? 5?3’“/53 *
. 3k, X = coome, 77% /N 3p, X = 2-OMe, 81%
y % % 3q, X = 3,4-diMe, 85%
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Q o] o] Q N o
a®sslsYselesaglas
O 5 s s d s oS
0% 0% o6 o
3r, 78% 3s, 76% 3t, 76% 3u,73%

Scheme 2. Scope of Coupling of Oxime Ethers with Saccharin. Reaction
conditions A: oxime ether (1, 0.2 mmol), saccharin (2a, 0.3 mmol),
RhCp*(CH3CN)3(SbFs)2 (5 mol %), PhI(OAc) (0.3 mmol), TFE (2.0 mL)
at 100 °C under air for 48 h.
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Scheme 3. Scope of coupling of arenes with N-H imides. Conditions B:
arene (0.2 mmol), 2 (0.3 mmol), PhI(OAc)2 (0.3 mmol), [Cp*RhClz]. (4
mol %), NaOAc (0.06 mmol), TFE (1.0 mL), CHsCN (1.0 mL) at 100 °C,
under air for 48 h. 2Under Conditions A.

6b, 87% 6c, 75%7

>

caused the reaction to occur at the less steric hindered ortho
site. A thiophene ring was also compatible (5k). Other hetero-
cycles such as dihydroisoxazole, isoxazole, pyrazole, purine,
and pyrimidine were suitable directing groups (5m-5s). Fur-
thermore, the amination source was further extended to other
saccharin analogues and to dibenzenesulfonimide derivatives,
and the coupled products were isolated in 65%-92% yields
(6a-6e). Unfortunately, N-OMe benzamide (4t), phe-
nyl(pyrrolidin-1-yl)methanone (4u), benzoate (4v),
2-(1H-pyrrol-1-yl)pyrimidine (4w) and 3-pivaloylindole (4x)
were not suitable for this aminating system.

To demonstrate the synthetic utility of the imidation reac-
tion, a larger-scale (5 mmol) synthesis has been performed for
the coupling of 2-phenylpyridine under a reduced catalyst
loading, and product 5a was isolated in 71% yield (Scheme 4).
Treatment of 5a with concentrated H2SOs afforded primary
amine 7 [78].

To gain mechanistic insight into this coupling system, sever-
al experiments have been conducted and the results are sum-
marized in Scheme 5. The coupling of oxime 1a-ds and 2a un-
der standard conditions afford 3a-d» with 87% H/D exchange
at the ortho position (Scheme 5(a)), suggesting reversibility of
C-H activation. As a catalyst precursor, rhodacycle 10 [65]

conditions B

ar

4a (5 mmol)

0.94 9, 71%

[CP*RhCly], (2 mol %)
_ (opTRhGRl2 (2 mol)

H,S0,, 100°C, 2.5 h

1729

58% (0.2 mmol scale)

o
NH,

7

Scheme 4. Gram-scale synthesis and derivatization.

successfully catalyzed the coupling of 4a and 2a to give 5a in
71% yield, indicated the relevancy of C-H activation. A kinetic
isotope effect (KIE) of 3.0 was obtained from parallel experi-
ments using 1a and 1a-ds in the coupling with 2a at a low
conversion under the standard conditions, indicating that C-H
bond activation might be involved in the turnover-limiting step.
Without NH saccharin, no reaction occurred, indicating the
transformation may not processed via diaryliodonium salt 8
[85,86]. Furthermore, iodine(Ill) imido compound 9 was pre-
pared according to the literature report [75], which reacted
smoothly with oxime 1a in comparably high yield. It follows
that compound 9 is easily generated under the catalytic condi-
tions from PhI(OAc)z and saccachrin [75], and this represents
rare in situ umpolung of the imidating reagent. Though similar
work has been reported by DeBoef [77] and co-workers using
iodine(IlI) imido and copper salts, stoichiometric metal was
inescapable to achieve high reactivity.

Theoretical calculation was conducted using Gaussian 09
program at the density functional theory level (M11-L) to gain
a better understanding of the reaction mechanism. Based on
our experimental observation, the species
[PhC(CH3)=NOCH3)]2Cp*Rh2+ (Cat.) was regarded as the start-
ing point in the current systems (Scheme 6). Firstly, the C-H
activation occurs via a concerted metalation-deprotonation
(CMD) transition state TS-1 (AG*= 18.4 kcal/mol) to form a
5-membered rhodacycle intermediate INT-1 exoergic by 2.3
kcal/mol. This is followed by coordination of O atom in 9 to the
Rh center to form INT-2. There are two distinct pathways have
been taken into account for the cleavage of I-N bond and the
formation of C-N bond in complex INT-2, namely, oxidation
addition/reduction elimination pathway and I-C bond inter-
mediate formation pathway.

87%H HD  NOMe

NOMe 2 PhI(OA conditions A 320
+ 2a + C) a-
@ cens (OAc)e 100°C,8h  Ds "
NSac
Cp <
Rh
Py 7N (8 mol %)
— 10
(b) + 2a + PhI(OAc), 5a
conditions B, 71 %
NOMe NOMe  2a, Phi(OAc), KIE = 3.0
or -
© CeDs CeHs conditions A (parallel experiments)
100°C, 1 h
Py Py OAc
conditions B
(d) @ PhI(OAc), ©/I\Ph 8 (n.d)
NOMe NOMe
conditions A
(e) + PhI(NSac), 3a
48 h, 90%
1a 9 (1.5 equiv) ’ NSac

Scheme 5. Mechanistic investigations.
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We first computed the feasibility of oxidation addi-
tion/reduction elimination pathway. From INT-2, with the
breaking of I-N bond, a weak I-0 bond is forming via a transi-
tion state TS-2 with a barrier of 6.4 kcal/mol, leading to an
intermediate INT-3. From INT-2, TS-2 to INT-3, the I-N dis-
tances are increased from 2.43, 2.82 to 3.60 A, whereas the I-0
distance are decreased from 4.52, 3.00 to 2.47 A, respectively.
Thereafter, accompanied with the broken of the weak I-0
bond, a stable high-valent Rh(V) intermediate INT-4 is formed
by release of 11 and 12, which is exergonic by 24.3 kcal/mol.
The Rh(V) species INT-4 then undergoes reduction elimination
(via TS-3 with a barrier of 16.1 kcal/mol) to produce INT-5,
which upon formation of C-N bond leads to the final product 3¢
and realizes the regeneration of catalyst. The barrier for reduc-
tion elimination is 16.1 kcal/mol and the whole process is ex-
tremely exergonic by 52.9 kcal/mol.

Different from the oxidation addition/reduction elimination
pathway, we also consider another pathway for formation of
C-N bond final product, in which an I-C bond intermediate is
formed. From INT-2, rather than formation of -0 bond, with
the breaking of I-N bond, a Rh-N bond is forming via a transi-
tion state TS-4 with a barrier of 2.9 kcal/mol, leading to an
intermediate INT-6. Then, accompanied with the dissociation
of N(OMe)-Rh bond, INT-6 can isomerize into INT-7 by rota-
tion of the C-C single bond endergonically by 16.3 kcal/mol.

OMe Cp ¥
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Subsequently, through TS-5 with a barrier of 20.0 kcal/mo], in
which the C-Rh bond is breaking and the I-C bond is forming,
an I-C bond intermediate INT-8 formed. From INT-7, TS-4 to
INT-8, the Rh-C distances are increased from 2.06, 2.14 to 3.07
A, whereas the I-C distance are decreased from 2.93, 2.64 to
2.19 A, respectively. Thereafter, the I atom of the dissociated [
moiety is closing to the Rh atom of the dissociated Rh moiety,
which leads to an [-Rh bond intermediate INT-9. Accompanied
with the broken of I-C bond and the formation of a new C-N
bond via TS-6 with a barrier of 19.4 kcal/mol, an intermediate
INT-10 formed by release of the final product 3c. Finally, the
dissociation of 11 and 12 could lead to the regeneration of cat-
alyst. Based on the above studies, the oxidation addi-
tion/reduction elimination pathway is significantly more fa-
vored than the I-C intermediate formation pathway, due to it
requires to overcome lower barrier (16.1 vs 20.0 kcal/mol).
Moreover, our calculation shown that the C-H activation is the
rate-determining step.

A plausible catalytic cycle is proposed on the basis of our
experimental results and our DFT calculations (Scheme 7).
Starting from an oxime coordinated Cp*Rh(III) catalyst, cy-
clometalation of 1a via CMD mechanism gives a rhodacyclic
intermediate INT-1 with 18.4 kcal/mol barrier. Interactions of
INT-1 and the active imidating reagent 9 renders elongation of
the N-I bond with concurrent formation of a weak O-I bond,
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Scheme 6. Theoretical calculation on the possible reaction pathways.
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Scheme 7. Proposed pathway of C-H imidation.

leading to formation of an O-bound intermediate Int-3 with a
low activation barrier (6.4 kcal/mol). Subsequent oxidative
Rh-0 bond formation with displacement of the Phl and saccha-
rin co-procucts produces a Rh(V) [87-97] species Int-4. C-N
reductive elimination of Int-4 was calculated to occur via a
five-membered ring transition state at an activation free energy
of 16.1 kcal/mol. Dissociation of the coupling product 3a re-
generates the active catalyst for the next cycle.

4. Conclusions

In summary, we have realized Rh(III)-catalyzed oxidative
C-H imidation of arenes with saccharin using PhI(OAc)z as an
environmentally benign oxidant avoiding stoichiometric metal
complexes. This transformation provided efficient synthesis of
tertiary amines under operationally simply conditions and
exhibited a broad substrate scope with good functional toler-
ance. DFT studies suggest that the C-N coupling occurs via a
Rh(III)-Rh(V)-Rh(III) cycle.

References

[1] R.Hili, A. K. Yudin, Nat. Chem. Biol.,, 2006, 2, 284-287.

[2] C. Sanchez, C. Méndez, ]. A. Salas, Nat. Prod. Rep., 2006, 23,
1007-1045.

[3]1 A. Ricci, Amino Group Chemistry, From Synthesis to the Life Scienc-
es, Wiley-VCH, Weinheim, 2007.

[4] J. Yamaguchi, A. D. Yamaguchi, K. Itami, Angew. Chem. Int. Ed.,
2012, 51,8960-9009.

[5] J.Kim, M. Movassaghi, Acc. Chem. Res., 2015, 48,1159-1171.

[6] T.E.Miller, M. Beller, Chem. Rev., 1998, 98, 675-704.

(7]
(8l

[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]

[25]

[26]

J. F. Hartwig, Acc. Chem. Res., 2008, 41, 1534-1544.

D. S. Surry, S. L. Buchwald, Angew. Chem. Int. Ed, 2008, 47,
6338-6361.
J. Bariwal,
9283-9303.
F. Paul, J. Patt, ]J. F. Hartwig, ]| Am. Chem. Soc, 1994, 116,
5969-5970.

A. S. Guram, S. L. Buchwald, ] Am. Chem. Soc, 1994, 116,
7901-7902.

P.Y.S. Lam, G. Vincent, C. G. Clark, S. Deudon, P. K. Jadhav, Tetra-
hedron Lett., 2001, 42, 3415-3418.

K. Sanjeeva Rao, T.-S. Wu, Tetrahedron, 2012, 68, 7735-7754.

F. Ullmann, Ber. Dtsch. Chem. Ges., 1903, 36, 2382-2384.

J. Niu, H. Zhou, Z. Li, J. Xu, S. Hu, J Org. Chem., 2008, 73,
7814-7817.

W. Zhou, M. Fan, ]. Yin, Y. Jiang, D. Ma, J. Am. Chem. Soc., 2015, 137,
11942-11945.

J. Gao, S. Bhunia, K. Wang, L. Gan, S. Xia, D. Ma, Org. Lett,, 2017, 19,
2809-2812.

T. Xiong, Q. Zhang, Chem. Soc. Rev., 2016, 45, 3069-3087.

H. Xu, X. Qiao, S. Yang, Z. Shen, J. Org. Chem., 2014, 79, 4414-4422.
J. Hu, X. Zuo, H. Huang, Chin. J. Catal., 2013, 34, 1644-1650.

K. Sun, Y. Li, T. Xiong, J. Zhang, Q. Zhang, J. Am. Chem. Soc., 2011,
133,1694-1697.

E.]. Yoo, S. Ma, T.-S. Mej, K. S. L. Chan, J.-Q. Yu, J. Am. Chem. Soc.,
2011, 133,7652-7655.

M. Anand, R. B. Sunoj, H. F. Schaefer, J. Am. Chem. Soc., 2014, 136,
5535-5538.

V. S. Thirunavukkarasu, S. I. Kozhushkov, L. Ackermann, Chem.
Commun., 2014, 50, 29-39.

K. Raghuvanshi, D. Zell, K. Rauch, L. Ackermann, ACS Catal., 2016,
6,3172-3175.

M. Moselage, . Li, L. Ackermann, ACS Catal., 2016, 6, 498-525.

E. Van der Eycken, Chem. Soc. Rev., 2013, 42,



1732 Guangfan Zheng et al. / Chinese Journal of Catalysis 41 (2020) 1723-1733

Graphical Abstract

Chin. J. Catal, 2020,41: 1723-1733  doi: 10.1016/S1872-2067(20)63587-2

Rhodium(III)-catalyzed chelation-assisted C-H imidation of
arenes via umpolung of the imidating reagent

Guangfan Zheng, Jiagiong Sun, Youwei Xu, Xukai Zhou, Hui Gao *,
Xingwei Li*

Shaanxi Normal University; Guangzhou Medical University;
Dalian Institute of Chemical Physics, Chinese Academy of Sciences

7%, O Direct C-HIN-H oxidative coupling

DG Q.0 Y . o
Rh(I1)-catalyzed oxidative C-H imidation of arenes has been real- @z“ . Sy % 5,D < g :;Z:;::T::f:tfg;:,:";:,:gem
ized via umpolung of saccharin using PhI(OAc): as an oxidant. The o 4 2 00 O DFT studies; Rh(V) intermediate
reaction features a wide scope of substrate and operational sim-
plicity. DFT studies suggest that the C-N coupling occurs via a
Rh(III)-Rh(V)-Rh(III) cycle.
[27] M.-L. Louillat, F. W. Patureau, Chem. Soc. Rev., 2014, 43,901-910. 2016, 55, 8696-8700.
[28] ].Jiao, K. Murakami, K. Itami, ACS. Catal.,, 2015, 6, 610-633. [54] L.Shi, B. Wang, Org. Lett., 2016, 18, 2820-2823.
[29] H.Kim, S. Chang, ACS. Catal, 2016, 6, 2341-2351. [55] C.Grohmann, H. G. Wang, F. Glorius, Org. Lett,, 2012, 14, 656-659.
[30] H.Kim, S. Chang, Acc. Chem. Res., 2017, 50, 482-486. [56] K.-H.Ng,Z.Zhou, W.-Y. Yu, Org. Lett,, 2012, 14, 272-275.
[31] Y.Park, Y.Kim, S. Chang, Chem. Rev., 2017, 117,9247-9301. [57] R-J. Tang, C-P. Luo, L. Yang, C-J. Li, Adv. Synth. Catal, 2013, 355,
[32] D. A. Colby, R. G. Bergman, J. A. Ellman, Chem. Rev., 2010, 110, 869-873.
624-655. [58] F.-N.Ng,Z.Y.Zhou, W.-Y. Yu, Chem. Eur. ]., 2014, 20, 4474-4480.
[33] T.Satoh, M. Miura, Chem.-Eur. J., 2010, 16, 11212-11222. [59] C.Grohmann, H. Wang, F. Glorius, Org. Lett,, 2013, 15,3014-3017.
[34] D. A. Colby, A. S. Tsai, R. G. Bergman, J. A. Ellman, Acc. Chem. Res., [60] B.J.Zhou,]. Dy, Y.X. Yang, H.]. Feng, Y. C. Li, Org. Lett, 2014, 16,
2012, 45,814-825. 592-595.
[35] G.Song, F. Wang, X. Li, Chem. Soc. Rev., 2012, 41, 3651-3678. [61] K. Wu, Z. L. Fan, Y. Xue, Q. Z. Yao, A. Zhang, Org. Lett,, 2014, 16,
[36] F.W. Patureau, ]. Wencel-Delord, F. Glorius, Aldrichim. Acta., 2012, 42-45,
45,31-44. [62] G. Ju, G. Li, G. Qian, ]J. Zhang, Y. Zhao, Org. Lett, 2019, 21,
[37] N. Kuhl, N. Schroder, F. Glorius, Adv. Synth. Catal, 2014, 356, 7333-7336.
1443-1460. [63] W.Yang, J. Q. Sun, X. X. Xu, Q. Zhang, Q. Liu, Chem. Commun., 2014,
[38] G.Song, X. Li, Acc. Chem. Res., 2015, 48,1007-1020. 50, 4420-4422.
[39] W. Dai, Y. Liu, T. Tong, X. Li, F. Luo, Chin. . Catal, 2014, 35, [64] B. Zhou, J. Du, Y. Yang, H. Feng, Y. Li, Org. Lett, 2013, 15,
1012-1016. 6302-6305.
[40] J. Y. Kim, S. H. Park, J. Ryu, S. H. Cho, S. H. Kim, S. Chang, J. Am. [65] F.Xie, Z.Qi, X. Li, Angew. Chem. Int. Ed., 2013, 52, 11862-11866.
Chem. Soc., 2012, 134,9110-9113. [66] X.H.Hu,X.F.Yang, T.P. Loh, ACS Catal,, 2016, 6, 5930-5934.
[41] J. Ryu, K. Shin, S. H. Park, J. Y. Kim, S. Chang, Angew. Chem,, Int. Ed., [67] H.Zhao,Y.Shang, W. Su, Org. Lett., 2013, 15, 5106-5109.
2012,51,9904-9908. [68] H.Kim, K. Shin, S. Chang, J. Am. Chem. Soc., 2014, 136, 5904-5907.
[42] D. G. Yu, M. Suri, F. Glorius, | Am. Chem. Soc., 2013, 135, [69] H.Kim, S.Chang, ACS. Catal, 2015, 5, 6665-6669.
8802-8805. [70] H.W.Wang, Y. Lu, B. Zhang, J. He, H. ]. Xu, Y. S. Kang, W. Y. Sun, J. Q.
[43] Y. Lian, ]. R. Hummel, R. G. Bergman, J. A. Ellman, J. Am. Chem. Soc., Yu, Angew. Chem. Int. Ed., 2017, 56, 7449-7453.
2013,135,12548-12551. [71] A.Yoshimura, V. V. Zhdankin, Chem. Rev., 2016, 116, 3328-3435.
[44] K. Shin, Y. Baek, S. Chang, Angew. Chem. Int. Ed, 2013, 52, [72] J. A. Souto, D. Zian, K. Muiiiz, ] Am. Chem. Soc., 2012, 134,
8031-8036. 7242-7245.
[45] S. H. Park, J. Kwak, K. Shin, J. Ryu, Y. Park, S. Chang, J. Am. Chem. [73] J. A. Souto, P. Becker, A. Iglesias, K. Muiliz, J. Am. Chem. Soc., 2012,
Soc.,2014, 136, 2492-2502. 134,15505-15511.
[46] Y. Park, K. T. Park, J. G. Kim, S. Chang, J. Am. Chem. Soc., 2015, 137, [74] . A. Souto, C. Martinez, I. Velilla, K. Muiiiz, Angew. Chem. Int. Ed.,
4534-4542. 2013, 52,1324-1328.
[47] H. Wang, G. Tang, X. Li, Angew. Chem. Int. Ed, 2015, 54, [75] A.Yoshimura, S. R. Koski, . M. Fuchs, A. Saito, V. N. Nemykin, V. V.
13049-13052. Zhdankin, Chem.-Eur. J., 2015, 21, 5328-5331.
[48] M.A.Alj X. Yao, G. Li, H. Lu, Org. Lett., 2016, 18, 1386-1389. [76] A. Pialat, ]. Berges, A. Sabourin, R. Vinck, B. Liégault, M. Taillefer,
[49] Q.Wang, X. Li, Org. Lett,, 2016, 18, 2102-2105. Chem.-Eur. J., 2015, 21,10014-10018.
[50] J. Wang, S. Zha, K. Chen, F. Zhang, C. Song, ]. Zhu, Org. Lett.,, 2016, [77]1 A. A. Kantak, L. Marchetti, B. DeBoef, Chem. Commun., 2015, 51,
18,2062-2065. 3574-3577.
[51] Q. Wang, F. Wang, X. Yang, X. Zhou, X. Li, Org. Lett, 2016, 18, [78] K. Kiyokawa, T. Kosaka, T. Kojima, S. Minakata, Angew. Chem. Int.
6144-6147. Ed., 2015, 54,13719-13723.
[52] F.Wang, L. ]in, L. Kong, X. Li, Org. Lett., 2017, 19, 1812-1815. [79] Y. K. Liy, S. J. Lou, D. Q. Xu, Z. Y. Xu, Chem.-Eur. ], 2010, 16,

(53]

S. Yu, G. Tang, Y. Li, X. Zhou, Y. Lan, X. Li, Angew. Chem. Int. Ed.,

13590-13593.



Guangfan Zheng et al. / Chinese Journal of Catalysis 41 (2020) 1723-1733 1733

[80] I Cerna, R. Pohl, B. Klepetarova, M. Hocek, J. Org. Chem., 2008, 73, [89] C. R. Turlington, J. Morris, P. S. White, W. W. Brennessel, W. D.
9048-9054. Jones, M. Brookhart, J. L. Templeton, Organometallics, 2014, 33,
[81] H. Kim, J. Park, J. G. Kim, S. Chang, Org. Lett, 2014, 16, 4442-4448.
5466-5469. [90] T.Zhou, W. Guo, Y. Xia, Chem.-Eur. J., 2015, 21, 9209-9218.
[82] J.A. Leitch, C. L. McMullin, M. F. Mahon, Y. Bhonoabh, C. G. Frost, ACS [91] W. Guo, Y.Xia,J. Org. Chem., 2015, 80,8113-8121.
Catal, 2017,7,2616-2623. [92] W. Aij, Y. Wy, H. Tang, X. Yang, Y. Yang, Y. Li, B. Zhou, Chem. Com-
[83] B.Schulze, G. Kirsten, S. Kirrbach, A. Rahm, H. Heimgartner, Helvet. mun., 2015, 51,7871-7874.
Chim. Acta, 1991, 74, 1059-1070. [93] J.Li, Z.Qiu, /. Org. Chem., 2015, 80, 10686-10693.
[84] L. Song, L. Zhang, S. Luo, ]J. P. Cheng, Chem.-Eur. J., 2014, 20, [94] J.Chen, W. Guo, Y. Xia, J. Org. Chem., 2016, 81, 2635-2638.
14231-14234. [95] J.-Q. Wu, S.-S. Zhang, H. Gao, Z. Qi, C.-]. Zhou, W.-W. Ji, Y. Liu, Y.
[85] F. Xie, Z. Zhang, X. Yu, G. Tang, X. Li, Angew. Chem. Int. Ed., 2015, Chen, Q. Li, X. Li, H. Wang, ] Am. Chem. Soc, 2017, 139,
54, 7405-7409. 3537-3545.
[86] F.Wang, X. Yu, Z. Qi, X. Li, Chem.-Eur. J., 2016, 22, 511-516. [96] X. G. Liu, H. Gao, S. S. Zhang, Q. Li, H. Wang, ACS Catal, 2017, 7,
[87] L. Xu, Q. Zhu, G. Huang, B. Cheng, Y. Xia, J. Org. Chem., 2012, 77, 5078-5086.
3017-3024. [97] S. Vasquez-Céspedes, X. Wang, F. Glorius, ACS Catal, 2018, 8,
[88] F.Xie, Z.Qj,S. Yu, X. Li, . Am. Chem. Soc., 2014, 136, 4780-4787. 242-257.

R (L) FEA 22 T A 70U k0 e SRS ) 78 o7 28 3 B 5 S C-HBR AL [ BT

A, IES, FHES AR 5 B, Exate
T AFMFALER, RESFEANFRFIELLLRE, BEHEEL710062
PNEMAFEER&EEIWBEER, 2 TRASHERGESEEIRE, &) M511436
op [E] A e K AL A AR BT, T A% 116023

WE: RGN ZAAE TR BG4, PR R A A YR & T2 BIE LG R T AR
[ 32 7. Buchwald-Hartwig {8, Chan-Lam/f% b A1 Ulmann 58 45 (1) 5 & 55 e AL S Wi & gt 7 Bk, o
VE & TR AL I C—HERE B3 A S B DRI S 48 JEORHET 0 50 45 a1 D IR DR MR SO0 38 B B 05 e 284k & W T s 25 7%,
Cp*Rh(IID/Ir(I) S5 AL I C-HEE LR R A T PRI R R, A R T RS B 05 R &, (R 1% 28 B SR BR T L
FA 753 72X SR B TR e Ak 1) 5 R I AL 7R, 6 T S i M R R S B ) C—HABR A Jse I 48 5% L. Su/MTChang i 2H 512
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