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ABSTRACT: A novel transformation of primary amides to secondary
amides promoted by hypervalent iodine reagents was developed. The
hypervalent iodine reagent-mediated Hofmann-type rearrangement
generated an isocyanate intermediate, which was subsequently trapped
by an in situ generated carboxylic acid from the hypervalent iodine
reagent to provide the corresponding secondary amides. This method
provided a facile and efficient route for the synthesis of secondary
amides from primary amides and also revealed novel reactivities of
hypervalent iodine reagents.

■ INTRODUCTION

As easily accessible, stable, efficient, and environmentally
benign oxidants, hypervalent iodine reagents have been widely
used in organic synthesis in recent years.1 Among them,
trivalent iodine compounds such as (diacyloxyiodo)arenes
have been extensively studied and exhibited diverse reactivities
beyond oxidation including ligand exchange, ligand coupling,
reductive elimination, hemolytic cleavage, and single-electron
transfer (SET).1,2 Recently, it has also been revealed that these
reagents were able to promote a number of rearrangement
reactions.3 The Hofmann rearrangement is an important
process in organic synthesis, which can efficiently convert
primary amides to the corresponding amines through an
isocyanate intermediate.4 Traditional Hofmann-type rearrange-
ment required the use of halogen and a strong base that might
limit their practical applications. In 1984, Loudon and co-
workers first reported that the Hofmann rearrangement can be
promoted by hypervalent iodine reagents.5 Since then various
iodine(III) reagents have been successfully used in different
Hofmann-type rearrangements (Scheme 1a).6 Some of them
have even been applied in practical productions.7

Methodologies based on hypervalent iodine reagent-
promoted Hofmann rearrangement have also been developed
for the synthesis of other useful compounds other than amines.
Carbamates can be formed by nucleophilic addition of extra
alcohols to the isocyanate intermediate (Scheme 1b).8

Symmetrical ureas can be generated by addition of
Hofmann-rearranged amines to isocyanates.9 It can also be
used for the synthesis of asymmetrical ureas with external
amines (Scheme 1c).10 However, in these methods, hyper-
valent iodine reagents only act as stoichiometric auxiliaries,
which cannot be introduced to the products. On the other
hand, it was reported that isocyanates can react with carboxylic
acids to generate secondary amides.11 In our continuing
studies on hypervalent iodine chemistry,12 we envisioned that
trapping the isocyanate intermediate by an in situ generated
carboxylic acid can form a carboxylation product. After
intensive investigation, herein we reported the synthesis of
secondary amides from primary amides through hypervalent
iodine-promoted Hofmann-type rearrangement/carboxylation
(Scheme 1d).

■ RESULTS AND DISCUSSION

The reaction of benzamide (1a) with PhI(OAc)2 (PIDA) (2a)
was carried out for the initial study and examination of the
reaction parameters (Table 1). At first, it was found that the
rearrangement/carboxylation product acetanilide (3a) was
formed in 12% yield after reaction of 1a and 1.5 equiv of
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Scheme 1. Reactions Based on Hypervalent Iodine Reagent-
Promoted Hofmann Rearrangement
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PIDA in toluene at 100 °C for 24 h (Table 1, entry 1). After
investigating a variety of solvents (entries 2−11),13 1,2-
dichloroethane (DCE) showed the best result in which the
yield of the desired product was up to 83% (entry 11). The
yield decreased to 45 and 80% when the temperature was
reduced to 80 °C or elevated to 120 °C, respectively (entries
12 and 13). A lower yield (64%) was obtained within a shorter
reaction time (20 h) (entry 14). Reducing the amount of PIDA
to 1 equiv also led to a lower yield (entry 15). The reaction
provided 80% yield even in the dark, which indicates that light
has little effect on this reaction (entry 16). Thus, after
screening the reaction conditions, those shown in entry 11
were chosen as the optimized conditions.
With the optimized conditions in hand, the reactions of

benzamide (1a) with various (diacyloxyiodo)arenes (2) were
examined and the results are showed in Scheme 2. All of the
hypervalent iodine reagents were stable and easy to handle,
which can be readily prepared from PIDA and the
corresponding carboxylic acids. Trifluoromethylation and
difluoromethylation both proceeded efficiently with iodoben-
zene trifluoroacetate (2b) and difluoroacetate (2c), which
converted benzamide (1a) to trifluoroacetanilide (3ab) and
difluoroacetanilide (3ac), respectively. The reactions of other
(diacyloxyiodo)arenes also proceeded smoothly to give the
corresponding rearrangement/carboxylation products in good
yields (3ad−3ag). Even with a steric bulky alkyl group such as
isopropyl or adamantyl, the desired products were formed in
55−60% yields (3ah and 3ai). Iodobenzene dibenzoate (3j)
was also applicable in this reaction; however, the correspond-
ing product N-phenylbenzamide (3aj) was received in a lower
yield.
Subsequently, a series of primary amides (1) were

investigated in this reaction, as shown in Scheme 3. Various
substituted benzamides (1b−1k) reacted with PIDA (2a) to
give acetanilide derivatives in moderate to good yields (3ba−
3ka). Good functional group tolerance was exhibited with

benzamides. The substrates possessing an ortho-, meta-, or
para-substituent afforded similar results without a significant
steric hindrance effect (3ba−3da). But it showed an electronic
effect as the benzamides with electron-donating substituents
(3ba−3fa) provided higher yields than those with electron-
withdrawing substituents (3ha−3ka). Naphthyl and hetero-
cyclic amides were also applicable, which afforded the desired
products in moderate yields (3la−3na). Aliphatic amides (1o−
1s) were subsequently examined. Iodobenzene bis(3-phenyl-
propanoate) (2f) was used in these cases for easy monitoring
and isolation. To our delight, all of the alkyl amides reacted
smoothly in this method. The average yields were better than
aryl amides (3of−3sf). Even the long-chain fatty amide
stearamide (3r) and steric bulky cyclopropanecarboxamide
(3s) showed good reactivity in this method, which provided
the desired products in 71 and 73% yields, respectively.
However, tertiary alkyl amides such as pivalamide did not give
desired products in this reaction.
We also carried out several control experiments to clarify the

reaction mechanism. At first, presynthesized isocyanate (4a)
was tested in this reaction. The reaction of 4a under standard
conditions gave the desired product 3aa in 76% yield (Scheme
4a). But no reaction occurred between 4a and 2a under room
temperature (Scheme 4b). The reaction of 1a and 2a under
room temperature did not give any product 3aa, but isocyanate
4a can be detected (Scheme 4c). These results proved the
involvement of the isocyanate intermediate in this reaction. It
can be easily generated from 1a and 2a in the presence of
hypervalent iodine but heat was required for the formation of
3aa.13 Without the hypervalent iodine reagent, the reaction of
4a with acetic acid did not give product 3aa but only a
symmetrical urea 5a in 90% yield (Scheme 4d).9 It showed
that our conditions were essential for carboxylation and amide
formation.
Based on the above results and literature reports, a plausible

mechanism for this reaction was depicted as shown in Scheme
5. At first, the primary amide (1) reacts with the hypervalent

Table 1. Optimization of the Reaction Conditionsa

entry solvent T (°C) yield (%)

1 toluene 100 12
2 chlorobenzene 100 38
3 CH3CN 100 <5
4 dimethylformamide (DMF) 100 <5
5 acetone 100 <5
6 tetrahydrofuran (THF) 100 <5
7 1,2-dimethoxyethane (DME) 100 NR
8 1,4-dioxane 100 NR
9 CHCl3 100 60
10 dichloromethane (DCM) 100 46
11 DCE 100 83
12 DCE 80 45
13 DCE 120 80
14b DCE 100 64
15c DCE 100 50
16d DCE 100 80

aReaction conditions: benzamide (1a) (0.2 mmol) and PIDA (2a)
(0.3 mmol) in the solvent (2.0 mL) stirred under air for 24 h.
bReaction for 20 h. cWith 1 equiv of 2a. dReaction in the dark.

Scheme 2. Substrate Scope of Hypervalent Iodine Reagents
(2)a

aReaction conditions: benzamide (1a) (0.2 mmol) and
(diacyloxyiodo)arenes (2) (0.3 mmol) in DCE (2.0 mL) stirred
under air for 24 h at 100 °C.
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iodine reagent (2) to generate an amidoiodane intermediate A.
Then, intermediate A undergoes reductive elimination to form
a nitrenium cation B and releases iodobenzene and a
carboxylate anion. Nitrenium B converts to isocyanate C

through rearrangement with the assistance of the carboxylate
anion.6−8 Then, addition of the in situ generated carboxylic
acid to isocyanate C generates carbamic anhydride D. Finally,
decarboxylation of D converts to the final product 3 along with
extrusion of CO2.

■ CONCLUSIONS
In summary, we have reported a novel transformation of
primary amides to secondary amides promoted by hypervalent
iodine reagents. A mechanistic study suggested that the
reaction was initiated by the hypervalent iodine reagent-
mediated Hofmann-type rearrangement to generate an
isocyanate intermediate. It was subsequently trapped by the
carboxylic acid, which was in situ generated from the
hypervalent iodine to provide the corresponding secondary
amides. The reaction proceeded using hypervalent iodine
reagents as both rearrangement auxiliaries and carboxylation
reagents without any metal, acid/base, or additives. It also
showed broad substrate scope and good functional group
compatibility, affording the corresponding secondary amides in
moderate to good yields. It provided a facile and efficient route
for the synthesis of secondary amides from primary amides and
also revealed novel reactivities of hypervalent iodine reagents.

■ EXPERIMENTAL SECTION
General Experimental Methods. 1H nuclear magnetic reso-

nance (NMR) and 13C NMR spectra were recorded on a Bruker
DPX-400 spectrometer with CDCl3 as the solvent and tetramethylsi-
lane (TMS) as an internal standard, operating at 400 MHz for 1H
NMR and 100 MHz for 13C NMR. Melting points were measured by
an SGW X-4A microscopic apparatus. High-resolution mass
spectrometry-electrospray ionization (HRMS-ESI) was measured by
a Q Exactive Hybrid Quadrupole-Orbitrap LC/MS spectrometer.

Ethyl acetate and hexane were used for column chromatography
without further purification. All solvents and chemicals were obtained
from commercial sources and used as received unless otherwise noted.
Hypervalent iodine reagents 2a and 2b were obtained from
commercial sources and the others were prepared according to
known methods.14

General Procedure for Preparation of Hypervalent Iodine
Reagents (2c−2j). A mixture of PhI(OAc)2 (2a) (3.22 g, 10 mmol,
1.0 equiv) and corresponding carboxylic acid (20 mmol, 2.0 equiv)
were added into a round-bottom flask containing a stirring bar. Then,
xylene (50 mL, 0.2 M) was introduced. The resulting mixture was
stirred at 65 °C in an oil bath for 4 h. After the reaction was complete,
xylene was removed under reduced pressure. Petroleum ether was
used to wash the residuals three times and the white solid was filtered
and dried in vacuum. The product can be used in the next reaction
without further purification.

Phenyl-λ3-iodanediyl bis(2,2-difluoroacetate) (2c). White solid,
mp 99−101 °C; 1H NMR (400 MHz, CDCl3): δ 5.91−5.71 (m, 2H),
7.56−7.51 (m, 2H), 7.68−7.65 (m, 1H), 8.16 (d, J = 5.32 Hz, 2H);
13C{1H} NMR (100 MHz, CDCl3): δ 105.5 (t, J = 166.84 Hz), 122.4,

Scheme 3. Substrate Scope of Amides (1)a

aReaction conditions: amide (1) (0.2 mmol), 2a, or 2f (0.3 mmol) in
DCE (2.0 mL) stirred under air for 24 h at 100 °C.

Scheme 4. Control Experiments

Scheme 5. Plausible Mechanism
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131.7, 135.1, 133.1, 166.9 (t, J = 18.18 Hz). HRMS-ESI (m/z): calcd
for C10H8F4IO4 [M + H]+: 394.9398, found 394.9401.
Phenyl-λ3-iodanediyl dipropionate (2d). White solid, mp 80−82

°C; 1H NMR (400 MHz, CDCl3): δ 1.07 (t, J = 7.56 Hz, 6H), 2.27
(dd, J1 = 7.56 Hz, J2 = 7.52 Hz, 4H), 7.47−7.52 (m, 2H), 7.57−7.60
(m, 1H), 8.07−8.10 (m, 2H); 13C{1H} NMR (100 MHz, CDCl3): δ
9.9, 27.3, 121.7, 130.9, 131.6, 134.8, 179.6. HRMS-ESI (m/z): calcd
for C12H16IO4 [M + H]+: 351.0088, found 351.0091.
Phenyl-λ3-iodanediyl dioctanoate (2e). White oil; 1H NMR (400

MHz, CDCl3): δ 0.80−0.83 (m, 6H), 1.19 (s, 16H), 1.48−1.50 (m,
4H), 2.19−2.22 (m, 4H), 7.44 (t, J = 5.08 Hz, 2H), 7.53 (t, J = 4.88
Hz, 1H), 8.03 (d, J = 5.32 Hz, 2H); 13C{1H} NMR (100 MHz,
CDCl3): δ = 14.0, 22.5, 25.6, 28.8, 29.1, 31.6, 34.0, 121.8, 130.7,
131.5, 134.8, 178.9. HRMS-ESI (m/z): calcd for C22H36IO4 [M +
H]+: 492.1653, found 492.1655.
Phenyl-λ3-iodanediyl bis(3-phenylpropanoate) (2f). White oil;

1H NMR (400 MHz, CDCl3): δ 2.73−2.76 (m, 4H), 3.01−3.03 (m,
4H), 7.13−7.16 (m, 1H), 7.27 (d, J = 4.92 Hz, 6H), 7.35−7.37 (m,
4H), 7.51 (t, J = 5.04 Hz, 1H), 7.76 (d, J = 5.08 Hz, 1H), 10.06 (s,
2H); 13C{1H} NMR (100 MHz, CDCl3): δ = 30.6, 35.7, 126.4, 128.3,
128.6, 130.2, 130.3, 133.9, 137.5, 140.2, 179.4. HRMS-ESI (m/z):
calcd for C24H24IO4 [M + H]+: 503.0714, found 503.0716.
Phenyl-λ3-iodanediyl bis(3-methylbutanoate) (2g). White solid,

mp 85−87 °C; 1H NMR (400 MHz, CDCl3): δ 0.85 (d, J = 4.52 Hz,
12H), 1.94−1.99 (m, 2H), 2.11 (d, J = 4.8 Hz, 4H), 7.44−7.46 (m,
2H), 7.53−7.56 (m, 1H), 8.05 (d, J = 5.4 Hz, 2H); 13C{1H} NMR
(100 MHz, CDCl3): δ = 22.4, 26.1, 43.1, 121.8, 130.8, 131.5, 134.8,
178.2. HRMS-ESI (m/z): calcd for C16H24IO4 [M + H]+: 407.0714,
found 407.0716.
Phenyl-λ3-iodanediyl bis(2-methylpropanoate) (2h). White solid,

mp 88−90 °C; 1H NMR (400 MHz, CDCl3): δ 1.05 (d, J = 4.68 Hz,
12H), 2.45−2.49 (m, 2H), 7.44−7.46 (m, 2H), 7.54 (t, J = 5Hz, 1H),
8.02 (d, J = 5.2 Hz, 2H); 13C{1H} NMR (100 MHz, CDCl3): δ =
19.5, 33.9, 121.9, 130.7, 131.4, 134.5, 182.1. HRMS-ESI (m/z): calcd
for C14H20IO4 [M + H]+: 379.0401, found 379.0405.
Phenyl-λ3-iodanediyl bis(adamantane-1-carboxylate) (2i).White

solid, mp 146−148 °C; 1H NMR (400 MHz, CDCl3): δ 1.61−1.71
(m, 12H), 1.78 (s, 8H), 1.91 (d, J = 12.24 Hz, 8H), 2.01 (s, 2H),
7.45−7.47 (m, 2H), 7.52−7.54 (m, 1H), 7.99 (d, J = 5.48 Hz, 2H);
13C{1H} NMR (100 MHz, CDCl3): δ = 27.8, 28.1, 36.4, 36.5, 38.6,
39.4, 121.9, 130.6, 131.1, 134.2, 182.6. HRMS-ESI (m/z): calcd for
C28H36IO4 [M + H]+: 563.1653, found 563.1648.
Phenyl-λ3-iodanediyl dibenzoate (2j). White solid, mp 152−154

°C; 1H NMR (400 MHz, CDCl3): δ 7.34−7.37 (m, 4H), 7.47−7.49
(m, 2H), 7.51−7.55 (m, 2H), 7.60−7.62 (m, 1H), 7.93 (d, J = 5.44
Hz, 4H), 8.23(d, J = 5.52 Hz, 2H); 13C{1H} NMR (100 MHz,
CDCl3): δ = 128.2, 130.0, 131.0, 131.7, 132.5, 134.8, 171.3. HRMS-
ESI (m/z): calcd for C20H16IO4 [M + H]+: 447.0088, found
447.0092.
General Procedure for the Hypervalent Iodine Reagent-

Promoted Rearrangement/Carboxylation of Primary Amides.
A mixture of amide (1) (0.2 mmol, 1.0 equiv) and (diacyloxyiodo)-
arenes (2) (0.3 mmol, 1.5 equiv) was added into a vial containing a
stirring bar. Then, DCE (2 mL) was introduced. The resulting
mixture was stirred at 100 °C in an oil bath for 24 h. After the
reaction, the mixture was added into H2O (25 mL) and extracted with
ethyl acetate (10 mL) three times. The combined organic layer was
dried over anhydrous MgSO4 and filtered. After removal of the
solvent in vacuo, the residue was purified by column chromatography
(ethyl acetate/hexane = 1:5) to afford the pure product.
Gram Scale Experiment for the Synthesis of 3aa. A mixture

of the benzamide (1) (1.21 g, 10 mmol), PhI(OAc)2 (2a) (4.82 g, 15
mmol), and DCE (100 mL) was added into a round-bottom flask
containing a stirring bar. The resulting mixture was stirred at 100 °C
in an oil bath for 24 h. After the reaction, the mixture was added into
200 mL of H2O. The organic layer was separated and the aqueous
layer was extracted with ethyl acetate (100 mL) three times. The
combined organic layer was washed with H2O and then dried over
anhydrous MgSO4. After filtration and removal of the solvent in

vacuo, the residue was purified by column chromatography (ethyl
acetate/hexane = 1:5) to afford 3aa (1.14 g, 84%).

Acetanilide (3aa). Purification by column chromatography (ethyl
acetate/hexane = 1:5), light yellow solid, mp 107−109 °C, 83% yield
(22.4 mg); 1H NMR (400 MHz, CDCl3): δ 2.15 (s, 3H), 7.09 (t, J =
7.38 Hz, 1H), 7.27−7.31 (m, 2H), 7.50 (d, J = 7.84 Hz, 2H), 7.83 (s,
1H); 13C{1H} NMR (100 MHz, CDCl3): δ 24.5, 120.0, 124.3, 128.9,
138.0, 168.8. HRMS-ESI (m/z): calcd for C8H10NO [M + H]+:
136.0757, found 136.0764.

2,2,2-Trifluoro-N-phenylacetamide (3ab). Purification by column
chromatography (ethyl acetate/hexane = 1:5), brown yellow solid, mp
78−80 °C, 77% yield (29.1 mg); 1H NMR (400 MHz, CDCl3): δ
7.23−7.27 (m, 1H), 7.38−7.43 (m, 2H), 7.55−7.58 (m, 2H), 7.93 (s,
1H); 13C{1H} NMR (100 MHz, CDCl3): δ 115.7 (q, J = 286.92 Hz),
120.6, 126.4, 129.4, 135.1, 154.9 (q, J = 37.04 Hz). HRMS-ESI (m/
z): calcd for C8H5F3NO [M − H]−: 188.0329, found 188.0327.

2,2-Difluoro-N-phenylacetamide (3ac). Purification by column
chromatography (ethyl acetate/hexane = 1:5), light yellow solid, mp
53−55 °C, 79% yield (27.0 mg); 1H NMR (400 MHz, CDCl3): δ
6.02 (t, J = 54.35 Hz, 1H), 7.21 (t, J = 7.44 Hz, 1H), 7.35−7.39 (m,
2H), 7.57 (d, J = 8.05 Hz, 2H), 7.99 (s, 1H); 13C{1H} NMR (100
MHz, CDCl3): δ 108.5 (t, J = 252.39 Hz), 120.4, 125.9, 129.3, 135.6,
160.4 (t, J = 24.38 Hz). HRMS-ESI (m/z): calcd for C8H6F2NO [M
− H]−: 172.0423, found 172.0421.

N-Phenylpropionamide (3ad). Purification by column chromatog-
raphy (ethyl acetate/hexane = 1:5), white solid, mp 98−100 °C, 81%
yield (24.1 mg); 1H NMR (400 MHz, CDCl3): δ 1.21 (t, J = 7.56 Hz,
3H), 2.37 (q, J = 15.12 Hz, J = 7.56 Hz, 2H), 7.08 (t, J = 7.38 Hz,
1H), 7.26−7.30 (m, 2H), 7.52 (d, J = 7.88 Hz, 2H), 7.87 (s, 1H);
13C{1H} NMR (100 MHz, CDCl3): δ 9.8, 30.6, 120.1, 124.1, 128.9,
138.0, 172.6. HRMS-ESI (m/z): calcd for C9H12NO [M + H]+:
150.0913, found 150.0917.

N-Phenyloctanamide (3ae). Purification by column chromatog-
raphy (ethyl acetate/hexane = 1:5), yellow solid, mp 42−44 °C, 90%
yield (39.4 mg); 1H NMR (400 MHz, CDCl3): δ 0.86−0.89 (m, 4H),
1.17−1.27 (m, 7H), 1.68−1.75 (m, 2H), 2.33−2.37 (m, 2H), 7.09 (t,
J = 7.32 Hz, 1H), 7.28−7.32 (m, 2H), 7.48 (s, 1H), 7.52 (d, J = 7.88
Hz, 2H); 13C{1H} NMR (100 MHz, CDCl3): δ 14.1, 22.6, 25.7, 29.1,
29.2, 31.7, 37.8, 119.8, 124.1, 128.9, 138.0, 171.7. HRMS-ESI (m/z):
calcd for C14H22NO [M + H]+: 220.1696, found 220.1695.

N,3-Diphenylpropanamide (3af). Purification by column chroma-
tography (ethyl acetate/hexane = 1:5), brown yellow solid, mp 90−91
°C, 73% yield (32.9 mg); 1H NMR (400 MHz, CDCl3): δ 2.61−2.65
(m, 2H), 3.01−3.04 (m, 2H), 7.08 (t, J = 7.36 Hz, 1H), 7.19−7.22
(m, 3H), 7.24−7.30 (m, 4H), 7.33 (s, 1H), 7.42 (d, J = 7.80 Hz, 2H);
13C{1H} NMR (100 MHz, CDCl3): δ 31.6, 39.4, 120.1, 124.3, 126.4,
128.4, 128.6, 128.9, 137.8, 140.6, 170.6. HRMS-ESI (m/z): calcd for
C15H16NO [M + H]+: 226.1226, found 226.1229.

3-Methyl-N-phenylbutanamide (3ag). Purification by column
chromatography (ethyl acetate/hexane = 1:5), brown red solid, mp
89−92 °C, 65% yield (23.0 mg); 1H NMR (400 MHz, CDCl3): δ
1.01 (d, J = 5.48 Hz, 6H), 1.25 (s, 1H), 2.21 (s, 2H), 7.08−7.11 (m,
1H), 7.29−7.32 (m, 2H), 7.36−7.40 (m, 1H), 7.52 (d, J = 7.80 Hz,
2H); 13C{1H} NMR (100 MHz, CDCl3): δ 22.5, 26.3, 47.4, 119.9,
124.2, 129.0, 137.97, 171.0. HRMS-ESI (m/z): calcd for C11H16NO
[M + H]+: 178.1226, found 178.1227.

N-Phenylisobutyramide (3ah). Purification by column chromatog-
raphy (ethyl acetate/hexane = 1:5), brown yellow solid, mp 77−79
°C, 55% yield (17.9 mg); 1H NMR (400 MHz, CDCl3): δ 1.24 (d, J =
6.88 Hz, 6H), 2.46−2.57 (m, 1H), 7.09 (t, J = 7.40 Hz, 1H), 7.28−
7.32 (m, 2H), 7.43 (s, 1H), 7.53 (d, J = 7.80 Hz, 2H); 13C{1H} NMR
(100 MHz, CDCl3): δ 19.6, 36.6, 119.9, 124.1, 128.9, 138.1, 175.5.
HRMS-ESI (m/z): calcd for C10H14NO [M + H]+: 164.1070, found
164.1076.

N-Phenyladamantane-1-carboxamide (3ai). Purification by
column chromatography (ethyl acetate/hexane = 1:5), light yellow
solid, mp 154−156 °C, 60% yield (30.6 mg); 1H NMR (400 MHz,
CDCl3): δ 1.72−1.80 (m, 6H), 1.91 (d, J = 2.76 Hz, 1H), 1.96 (d, J =
2.56 Hz, 5H), 2.09 (s, 3H), 7.08 (t, J = 7.40 Hz, 1H), 7.30 (t, J = 7.90
Hz, 2H), 7.38 (s, 1H), 7.54 (d, J = 7.63 Hz, 2H); 13C{1H} NMR (100
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MHz, CDCl3): δ 28.1, 36.4, 39.3, 41.5, 119.9, 124.1, 128.9, 138.0,
176.1. HRMS-ESI (m/z): calcd for C17H22NO [M + H]+: 256.1696,
found 256.1700.
N-Phenylbenzamide (3aj). Purification by column chromatog-

raphy (ethyl acetate/hexane = 1:5), brown solid, mp 91−94 °C, 45%
yield (17.7 mg); 1H NMR (400 MHz, CDCl3): δ 7.15 (t, J = 7.42 Hz,
1H), 7.37 (t, J = 7.91 Hz, 2H), 7.47 (t, J = 7.45 Hz, 2H), 7.53−7.57
(m, 1H), 7.65 (d, J = 7.82 Hz, 2H), 7.85−7.87 (m, 2H), 7.91 (s, 1H);
13C{1H} NMR (100 MHz, CDCl3): δ 120.3, 124.6, 127.0, 128.8,
129.1, 131.8, 135.0, 138.0, 165.8. HRMS-ESI (m/z): calcd for
C13H12NO [M + H]+: 198.0913, found 198.0907.
N-(4-Methoxyphenyl)acetamide (3ba). Purification by column

chromatography (ethyl acetate/hexane = 1:5), light yellow solid, mp
120−122 °C, 78% yield (25.7 mg); 1H NMR (400 MHz, CDCl3): δ
2.15 (s, 3H), 3.78 (s, 3H), 6.83−6.87 (m, 2H), 7.27 (s, 1H), 7.37−
7.41 (m, 2H); 13C{1H} NMR (100 MHz, CDCl3): δ 24.3, 55.5,
114.1, 122.0, 131.0, 156.5, 168.3. HRMS-ESI (m/z): calcd for
C9H12NO2 [M + H]+: 166.0863, found 166.0866.
N-(3-Methoxyphenyl)acetamide (3ca). Purification by column

chromatography (ethyl acetate/hexane = 1:5), red oil, 65% yield (21.5
mg); 1H NMR (400 MHz, CDCl3): δ 2.15 (s, 3H), 3.37 (s, 3H), 6.65
(dd, J = 8.20 Hz, J = 1.92 Hz, 1H), 6.98 (d, J = 7.40 Hz, 1H), 7.19 (t,
J = 8.12 Hz, 1H), 7.27 (s, 1H), 7.71 (s, 1H); 13C{1H} NMR (100
MHz, CDCl3): δ 24.6, 55.3, 105.8, 110.0, 112.1, 129.6, 139.2, 160.1,
168.7. HRMS-ESI (m/z): calcd for C9H12NO2 [M + H]+: 166.0863,
found 166.0868.
N-(2-Methoxyphenyl)acetamide (3da). Purification by column

chromatography (ethyl acetate/hexane = 1:5), brown solid, 73% yield
(24.1 mg), mp 75−77 °C; 1H NMR (400 MHz, CDCl3): δ 2.20 (s,
3H), 3.87 (s, 3H), 6.87 (d, J = 7.92 Hz, 1H), 6.93−6.97 (m, 1H),
7.01−7.05 (m, 1H), 7.78 (s, 1H), 8.35 (d, J = 7.72 Hz, 1H); 13C{1H}
NMR (100 MHz, CDCl3): δ 24.9, 55.6, 109.9, 119.8, 121.1, 123.6,
127.7, 147.7, 168.2. HRMS-ES (m/z): calcd for C9H12NO2 [M +
H]+: 166.0863, found 166.0865.
N-(p-Tolyl)acetamide (3ea). Purification by column chromatog-

raphy (ethyl acetate/hexane = 1:5), light yellow solid, mp 131−133
°C, 86% yield (25.6 mg); 1H NMR (400 MHz, CDCl3): δ 2.14 (s,
3H), 2.30 (s, 3H), 7.10 (d, J = 8.20 Hz, 2H), 7.37 (d, J = 8.48 Hz,
2H), 7.40−7.41 (m, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 20.9,
24.5, 120.1, 129.5, 133.9, 135.4, 168.4. HRMS-ESI (m/z): calcd for
C9H12NO [M + H]+: 150.0913, found 150.0918.
N-(m-Tolyl)acetamide (3fa). Purification by column chromatog-

raphy (ethyl acetate/hexane = 1:5), yellow oil, 70% yield (20.9 mg);
1H NMR (400 MHz, CDCl3): δ 2.15 (s, 3H), 2.31 (s, 3H), 6.91 (d, J
= 7.56 Hz, 1H), 7.16−7.20 (m, 1H), 7.26−7.35 (m, 2H), 7.55 (s,
1H); 13C{1H} NMR (100 MHz, CDCl3): δ 21.5, 24.5, 117.1, 120.6,
125.1, 128.8, 137.9, 138.9, 168.6. HRMS-ESI (m/z): calcd for
C9H12NO [M + H]+: 150.0913, found 150.0918.
N-(3,4-Dimethylphenyl)acetamide (3ga). Purification by column

chromatography (ethyl acetate/hexane = 1:5), light yellow solid, mp
84−86 °C, 74% yield (24.1 mg); 1H NMR (400 MHz, CDCl3): δ
2.13 (s, 3H), 2.20 (d, J = 2.88 Hz, 6H), 7.04 (d, J = 8.04 Hz, 1H),
7.21 (d, J = 7.92 Hz, 1H), 7.27 (s, 1H), 7.59 (s, 1H); 13C{1H} NMR
(100 MHz, CDCl3): δ 19.2, 19.9, 24.4, 117.6, 121.5, 129.9, 132.6,
135.7, 137.1, 168.5. HRMS-ESI (m/z): calcd for C10H14NO [M +
H]+: 164.1070, found 164.1076.
N-(4-Fluorophenyl)acetamide (3ha). Purification by column

chromatography (ethyl acetate/hexane = 1:5), brown red solid, mp
141−144 °C, 56% yield (17.1 mg); 1H NMR (400 MHz, CDCl3): δ
2.16 (s, 3H), 6.97−7.01 (m, 2H), 7.45 (s, 2H), 7.59 (s, 1H); 13C{1H}
NMR (100 MHz, CDCl3): δ 24.4, 115.6 (d, J = 22.35 Hz), 121.8 (d, J
= 7.82 Hz), 133.8 (d, J = 2.87 Hz), 159.4 (d, J = 241.96 Hz), 168.3.
HRMS-ESI (m/z): calcd for C8H9FNO [M + H]+: 154.0663, found
154.0665.
N-(4-Chlorophenyl)acetamide (3ia). Purification by column

chromatography (ethyl acetate/hexane = 1:5), light yellow solid,
mp 156−157 °C, 52% yield (17.6 mg); 1H NMR (400 MHz, CDCl3):
δ 2.17 (s, 3H), 7.26−7.28 (m, 2H), 7.45 (d, J = 8.27 Hz, 3H);
13C{1H} NMR (100 MHz, CDCl3): δ 24.6, 121.1, 129.0, 129.3, 136.4,

168.4. HRMS-ESI (m/z): calcd for C8H9ClNO [M + H]+: 170.0367,
found 170.0372.

N-(4-Bromophenyl)acetamide (3ja). Purification by column
chromatography (ethyl acetate/hexane = 1:5), brown red solid, mp
147−150 °C, 45% yield (19.3 mg); 1H NMR (400 MHz, CDCl3): δ
2.17 (s, 3H), 7.32 (s, 1H), 7.39−7.44 (m, 4H); 13C NMR (100 MHz,
CDCl3): δ 24.6, 116.9, 121.4, 132.0, 136.9, 168.3. HRMS-ESI (m/z):
calcd for C8H7BrNO [M − H]−: 211.9717, found 211.9715.

N-(4-(Trifluoromethyl)phenyl)acetamide (3ka). Purification by
column chromatography (ethyl acetate/hexane = 1:5), white solid,
mp 147−149 °C, 58% yield (23.5 mg); 1H NMR (400 MHz, CDCl3):
δ 2.21 (s, 3H), 7.56 (d, J = 8.56 Hz, 2H), 7.64 (d,J = 8.24 Hz, 3H);
13C{1H} NMR (100 MHz, CDCl3): δ 24.7, 119.4, 124.1 (q, J =
269.85 Hz), 125.9, 126.3 (q, J = 3.74 Hz), 140.9, 168.7. HRMS-ESI
(m/z): calcd for C9H9F3NO [M + H]+: 204.0631, found 204.0638.

N-(Naphthalen-2-yl)acetamide (3la). Purification by column
chromatography (ethyl acetate/hexane = 1:5), brown solid, mp
124−125 °C, 53% yield (19.6 mg); 1H NMR (500 MHz, CDCl3): δ
2.20 (s, 3H), 7.36−7.46 (m, 3H), 7.73−7.76 (m, 3H), 7.81 (s, 1H),
8.17 (s, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 24.6, 116.7,
120.0, 125.0, 126.5, 127.5, 127.6, 128.7, 130.6, 133.8, 135.4, 168.8.
HRMS-ESI (m/z): calcd for C12H12NO [M + H]+: 186.0913, found
186.0907.

N-(Pyridin-2-yl)acetamide (3ma). Purification by column chro-
matography (ethyl acetate/hexane = 1:5), yellow oil, 57% yield (15.5
mg); 1H NMR (400 MHz, CDCl3): δ 2.22 (s, 3H), 7.03−7.06 (m,
1H), 7.70−7.74 (m, 1H), 8.23 (d, J = 8.44 Hz, 1H), 8.25−8.27 (m,
1H), 8.81 (s, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 24.7, 114.2,
119.7, 138.6, 147.4, 151.6, 168.9. HRMS-ESI (m/z): calcd for
C7H9N2O [M + H]+: 137.0709, found 137.0707.

N-(Thiophen-2-yl)acetamide (3na). Purification by column
chromatography (ethyl acetate/hexane = 1:5), black solid, mp 133−
135 °C, 51% yield (14.4 mg); 1H NMR (400 MHz, CDCl3): δ 2.20
(s, 3H), 6.65 (dd, J = 3.68 Hz, J = 1.36 Hz, 1H), 6.82−6.85 (m, 1H),
6.88 (dd, J = 5.52 Hz, J = 1.00 Hz, 1H), 8.27 (s, 1H); 13C{1H} NMR
(100 MHz, CDCl3): δ 23.3, 111.9, 118.1, 123.9, 138.9, 166.8. HRMS-
ESI (m/z): calcd for C6H8NOS [M + H]+: 142.0321, found
142.0316.

3-Phenyl-N-propylpropanamide (3of). Purification by column
chromatography (ethyl acetate/hexane = 1:5), light yellow oil, 74%
yield (28.3 mg); 1H NMR (400 MHz, CDCl3): δ 0.84 (t, J = 7.42 Hz,
3H), 1.39−1.48 (m, 2H), 2.45−2.48 (m, 2H), 2.93−2.97 (m, 2H),
3.13−3.18 (m, 2H), 5.56 (s, 1H), 7.18−7.21 (m, 3H), 7.22−7.26 (m,
1H), 7.27−7.30 (m, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 11.3,
22.7, 31.8, 38.5, 41.3, 126.2, 128.3, 128.5, 140.9, 172.4. HRMS-ESI
(m/z): calcd for C12H18NO [M + H]+: 192.1383, found 192.1391.

N-Butyl-3-phenylpropanamide (3pf). Purification by column
chromatography (ethyl acetate/hexane = 1:5), light yellow oil, 84%
yield (34.4 mg); 1H NMR (400 MHz, CDCl3): δ 0.88 (t, J = 7.28 Hz,
3H), 1.20−1.29 (m, 2H), 1.36−1.43 (m, 2H), 2.44−2.48 (m, 2H),
2.94−2.98 (m, 2H), 3.17−3.22 (m, 2H), 5.42 (s, 1H), 7.18−7.23 (m,
3H), 7.27−7.30 (m, 2H); 13C{1H} NMR (100 MHz, CDCl3): δ 13.7,
20.0, 31.6, 31.8, 38.6, 39.3, 126.2, 128.4, 128.5, 140.9, 172.2. HRMS-
ESI (m/z): calcd for C13H20NO [M + H]+: 206.1539, found
206.1544.

N-Pentyl-3-phenylpropanamide (3qf). Purification by column
chromatography (ethyl acetate/hexane = 1:5), light yellow oil, 87%
yield (38.1 mg); 1H NMR (400 MHz, CDCl3): δ 0.87 (t, J = 7.18 Hz,
3H), 1.17−1.24 (m, 2H), 1.26−1.31 (m, 2H), 1.37−1.45 (m, 2H),
2.44−2.48 (m, 2H), 2.94−2.98 (m, 2H), 3.16−3.21 (m, 2H), 5.40 (s,
1H), 7.18−7.21 (m, 3H), 7.27−7.30 (m, 2H); 13C{1H} NMR (100
MHz, CDCl3): δ 14.0, 22.3, 29.0, 19.2, 31.8, 38.6, 39.5, 126.3, 128.4,
128.5, 140.9, 172.1. HRMS-ESI (m/z): calcd for C14H22NO [M +
H]+: 220.1696, found 220.1701.

N-Heptadecyl-3-phenylpropanamide (3rf). Purification by col-
umn chromatography (ethyl acetate/hexane = 1:5), white solid, mp
56−58 °C, 71% yield (55.0 mg); 1H NMR (400 MHz, CDCl3): δ
0.86−0.90 (m, 3H), 1.26−1.33 (m, 28H), 1.36−1.43 (m, 2H), 2.44−
2.48 (m, 2H), 2.94−2.99 (m, 2H), 3.16−3.21 (m, 2H), 5.38 (s, 1H),
7.19−7.20 (m, 3H), 7.27−7.31 (m, 2H); 13C{1H} NMR (100 MHz,
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CDCl3): δ 14.1, 22.7, 26.9, 29.3, 29.4, 29.5, 29.6, 29.7, 29.7, 31.8,
31.9, 38.6, 39.6, 126.2, 128.4, 128.5, 140.9, 172.1. HRMS-ESI (m/z):
calcd for C26H46NO [M + H]+: 388.3574, found 388.3557.
N-Cyclopropyl-3-phenylpropanamide (3sf). Purification by col-

umn chromatography (ethyl acetate/hexane = 1:5), white solid, mp
126−129 °C, 73% yield (27.6 mg); 1H NMR (400 MHz, CDCl3): δ
0.37−0.41 (m, 2H), 0.69−0.73 (m, 2H), 2.40−2.43 (m, 2H), 2.62−
2.67 (m, 1H), 2.94 (t, J = 7.66 Hz, 2H), 5.63 (s, 1H), 7.17−7.21 (m,
3H), 7.27−7.31 (m, 2H); 13C{1H} NMR (100 MHz, CDCl3): δ 6.6,
22.5, 31.7, 38.3, 126.2, 128.4, 128.5, 140.9, 173.5. HRMS-ESI (m/z):
calcd for C12H16NO [M + H]+: 190.1226, found 190.1232.

■ ASSOCIATED CONTENT
*sı Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.joc.0c02767.

Optimization process data and copies of 1H and
13C{1H} NMR spectra (PDF)

■ AUTHOR INFORMATION
Corresponding Author
Dong Li − School of Materials and Chemical Engineering,
Hubei University of Technology, Wuhan 430068, China;
Hubei Key Laboratory of Drug Synthesis and Optimization,
Jingchu University of Technology, Jingmen 448000, China;
orcid.org/0000-0002-1246-1926; Email: dongli@

mail.hbut.edu.cn

Authors
Xia Wang − School of Materials and Chemical Engineering,
Hubei University of Technology, Wuhan 430068, China

Peng Yang − School of Materials and Chemical Engineering,
Hubei University of Technology, Wuhan 430068, China

Bo Hu − School of Materials and Chemical Engineering, Hubei
University of Technology, Wuhan 430068, China

Qian Zhang − School of Materials and Chemical Engineering,
Hubei University of Technology, Wuhan 430068, China

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.joc.0c02767

Author Contributions
§X.W. and P.Y. contributed equally.
Notes
The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
The authors are grateful to the National Natural Science
Foundation of China (NSFC, No. 21702054) and Hubei
Provincial Department of Education Foundation (D20201405
and T2020023) for financial support.

■ REFERENCES
(1) (a) Zhdankin, V. V.; Stang, P. J. Recent Developments in The
Chemistry of Polyvalent Iodine Compounds. Chem. Rev. 2002, 102,
2523. (b) Wirth, T. Hypervalent Iodine Chemistry in Synthesis:
Scope and new Directions. Angew. Chem., Int. Ed. 2005, 44, 3656.
(c) Zhdankin, V. V.; Stang, P. J. Chemistry of Polyvalent Iodine.
Chem. Rev. 2008, 108, 5299. (d) Yusubov, M. S.; Zhdankin, V. V.
Hypervalent Iodine Reagents and Green Chemistry. Curr. Org. Synth.
2012, 9, 247. (e) Brown, M.; Farid, U.; Wirth, T. Hypervalent Iodine
Reagents as Powerful Electrophiles. Synlett 2013, 24, 424.
(f) Yoshimura, A.; Zhdankin, V. V. Advances in Synthetic
Applications of Hypervalent Iodine Compounds. Chem. Rev. 2016,
116, 3328. (g) Zhdankin, V. V. Hypervalent Iodine Chemistry; John

Wiley & Sons Ltd.: New York, 2014. (h) Wirth, T., Ed. Hypervalent
Iodine Chemistry. In Topics in Current Chemistry; Springer-Verlag:
Berlin, 2016; Vol. 373.
(2) (a) Zhdankin, V. V. Hypervalent Iodine(III) Reagents in
Organic Synthesis. Arkivoc 2009, 2009, 1. (b) Dohi, T.; Ito, M.;
Yamaoka, N.; Morimoto, K.; Fujioka, H.; Kita, Y. Hypervalent
Iodine(III): Selective and Efficient Single-Electron-Transfer (SET)
Oxidizing Agent. Tetrahedron 2009, 65, 10797. (c) Kita, Y.; Dohi, T.
Pioneering Metal-Free Oxidative Coupling Strategy of Aromatic
Compounds using Hypervalent Iodine Reagents. Chem. Rec. 2015, 15,
886. (d) Narayan, R.; Manna, S.; Antonchick, A. P. Hypervalent
Iodine(III) in Direct Carbon−Hydrogen Bond Functionalization.
Synlett 2015, 26, 1785. (e) Budhwan, R.; Yadav, S.; Murarka, S. Late
Stage Functionalization of Heterocycles Using Hypervalent Iodine-
(III) Reagents. Org. Biomol. Chem. 2019, 17, 6326.
(3) (a) Singh, F. V.; Wirth, T. Oxidative Rearrangements with
Hypervalent Iodine Reagents. Synthesis 2013, 45, 2499. (b) Maertens,
G.; Canesi, S. Rearrangements Induced by Hypervalent Iodine. Top.
Curr. Chem. 2016, 373, 223. (c) Zhang, B.; Li, X.; Guo, B.; Du, Y.
Hypervalent Iodine Reagent-Mediated Reactions involving Rearrange-
ment Processes. Chem. Commun. 2020, 56, 14119.
(4) (a) Hofmann, A. W. Ueber Die Einwirkung Des Broms in
Alkalischer Lösung Auf Amide. Ber. Dtsch. Chem. Ges. 1881, 14, 2725.
(b) Aube,́ J.; Fehl, C.; Liu, R.; McLeod, M. C.; Motiwala, H. F.
Comprehensive Organic Synthesis, 2nd ed., Elsevier: Amsterdam, 2014;
Vol. 6, p 598.
(5) (a) Loudon, G. M.; Radhakrishna, A. S.; Almond, M. R.;
Blodgett, J. K.; Boutin, R. H. Conversion of Aliphatic Amides into
Amines with [I,I-Bis(trifluoroacetoxy)iodo]benzene. 1. Scope of the
Reaction. J. Org. Chem. 1984, 49, 4272. (b) Boutin, R. H.; Loudon, G.
M. Conversion of Aliphatic Amides into Amines with [I,I-
Bis(trifluoroacetoxy)iodo]benzene. 2. Kinetics and Mechanism. J.
Org. Chem. 1984, 49, 4277.
(6) (a) Lazbin, I. M.; Koser, G. F. Direct Conversion of Aliphatic
Carboxamides to Alkylammonium Tosylates with [Hydroxy-
(tosyloxy)iodo]benzene. J. Org. Chem. 1986, 51, 2669. (b) Lazbin,
I. M.; Koser, G. F. N-Phenyliodonio Carboxamide Tosylates:
Synthesis and Hydrolysis to Alkylammonium Tosylates. J. Org.
Chem. 1987, 52, 476. (c) Vasudevan, A.; Koser, G. F. Direct
Conversion of Long-chain Carboxamides to Alkylammonium
Tosylates with Hydroxy(tosyloxy)iodobenzene, A Notable Improve-
ment over the Classical Hofmann Reaction. J. Org. Chem. 1988, 53,
5158. (d) Berkessel, A.; Glaubitz, K.; Lex, J. Enantiomerically Pure β-
Amino Acids: A Convenient Access to Both Enantiomers of Trans-2-
aminocyclohexanecarboxylic Acid. Eur. J. Org. Chem. 2002, 2002,
2948. (e) Tohma, H.; Maruyama, A.; Maeda, A.; Maegawa, T.; Dohi,
T.; Shiro, M.; Morita, T.; Kita, Y. Preparation and Reactivity of
1,3,5,7-Tetrakis[4-(diacetoxyiodo)phenyl]-adamantane, A Recyclable
Hypervalent Iodine(III) Reagent. Angew. Chem., Int. Ed. 2004, 43,
3595. (f) Yusubov, M. S.; Funk, T. V.; Chi, K.-W.; Cha, E.-H.; Kim,
G. H.; Kirschning, A.; Zhdankin, V. V. Preparation and X-Ray
Structures of 3-[Bis(trifluoroacetoxy)iodo]-benzoic Acid and 3-
[Hydroxy(tosyloxy)iodo]benzoic Acid: New Recyclable Hypervalent
Iodine Reagents. J. Org. Chem. 2008, 73, 295.
(7) (a) Zhang, L.-H.; Chung, J. C.; Costello, T. D.; Valvis, I.; Ma, P.;
Kauffman, S.; Ward, R. The Enantiospecific Synthesis of an
Isoxazoline. A RGD Mimic Platelet GPIIb/IIIa Antagonist. J. Org.
Chem. 1997, 62, 2466. (b) Zhang, L.-H.; Kauffman, G. S.; Pesti, J. A.;
Yin, J. Rearrangement of Nα-protectedL-asparagines with Iodosoben-
zene Diacetate. A practical Route to β-Amino-L-Alanine Derivatives. J.
Org. Chem. 1997, 62, 6918. (c) Moriarty, R. M.; Enache, L. A.; Zhao,
L.; Gilardi, R.; Mattson, M. V.; Prakash, O. Rigid Phencyclidine
Analogues. Binding to the Phencyclidine and σ1 Receptors. J. Med.
Chem. 1998, 41, 468.
(8) (a) Moriarty, R. M.; Chany, C. J., II; Vaid, R. K.; Prakash, O.;
Tuladhar, S. M. Preparation of Methyl Carbamates from Primary
Alkyl- and Arylcarboxamides using Hypervalent Iodine. J. Org. Chem.
1993, 58, 2478. (b) Prakash, O.; Batra, H.; Kaur, H.; Sharma, P. K.;
Sharma, V.; Singh, S. P.; Moriarty, R. M. Hypervalent Iodine

The Journal of Organic Chemistry pubs.acs.org/joc Article

https://dx.doi.org/10.1021/acs.joc.0c02767
J. Org. Chem. 2021, 86, 2820−2826

2825

https://pubs.acs.org/doi/10.1021/acs.joc.0c02767?goto=supporting-info
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.0c02767/suppl_file/jo0c02767_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dong+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0002-1246-1926
http://orcid.org/0000-0002-1246-1926
mailto:dongli@mail.hbut.edu.cn
mailto:dongli@mail.hbut.edu.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xia+Wang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Peng+Yang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Bo+Hu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Qian+Zhang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02767?ref=pdf
https://dx.doi.org/10.1021/cr010003+
https://dx.doi.org/10.1021/cr010003+
https://dx.doi.org/10.1002/anie.200500115
https://dx.doi.org/10.1002/anie.200500115
https://dx.doi.org/10.1021/cr800332c
https://dx.doi.org/10.2174/157017912799829021
https://dx.doi.org/10.1055/s-0032-1318103
https://dx.doi.org/10.1055/s-0032-1318103
https://dx.doi.org/10.1021/acs.chemrev.5b00547
https://dx.doi.org/10.1021/acs.chemrev.5b00547
https://dx.doi.org/10.3998/ark.5550190.0010.101
https://dx.doi.org/10.3998/ark.5550190.0010.101
https://dx.doi.org/10.1016/j.tet.2009.10.040
https://dx.doi.org/10.1016/j.tet.2009.10.040
https://dx.doi.org/10.1016/j.tet.2009.10.040
https://dx.doi.org/10.1002/tcr.201500020
https://dx.doi.org/10.1002/tcr.201500020
https://dx.doi.org/10.1055/s-0034-1379912
https://dx.doi.org/10.1055/s-0034-1379912
https://dx.doi.org/10.1039/C9OB00694J
https://dx.doi.org/10.1039/C9OB00694J
https://dx.doi.org/10.1039/C9OB00694J
https://dx.doi.org/10.1055/s-0033-1339679
https://dx.doi.org/10.1055/s-0033-1339679
https://dx.doi.org/10.1039/D0CC05354F
https://dx.doi.org/10.1039/D0CC05354F
https://dx.doi.org/10.1002/cber.188101402242
https://dx.doi.org/10.1002/cber.188101402242
https://dx.doi.org/10.1021/jo00196a031
https://dx.doi.org/10.1021/jo00196a031
https://dx.doi.org/10.1021/jo00196a031
https://dx.doi.org/10.1021/jo00196a032
https://dx.doi.org/10.1021/jo00196a032
https://dx.doi.org/10.1021/jo00364a010
https://dx.doi.org/10.1021/jo00364a010
https://dx.doi.org/10.1021/jo00364a010
https://dx.doi.org/10.1021/jo00379a039
https://dx.doi.org/10.1021/jo00379a039
https://dx.doi.org/10.1021/jo00256a051
https://dx.doi.org/10.1021/jo00256a051
https://dx.doi.org/10.1021/jo00256a051
https://dx.doi.org/10.1021/jo00256a051
https://dx.doi.org/10.1002/1099-0690(200209)2002:17<2948::AID-EJOC2948>3.0.CO;2-E
https://dx.doi.org/10.1002/1099-0690(200209)2002:17<2948::AID-EJOC2948>3.0.CO;2-E
https://dx.doi.org/10.1002/1099-0690(200209)2002:17<2948::AID-EJOC2948>3.0.CO;2-E
https://dx.doi.org/10.1002/anie.200454234
https://dx.doi.org/10.1002/anie.200454234
https://dx.doi.org/10.1002/anie.200454234
https://dx.doi.org/10.1021/jo702112s
https://dx.doi.org/10.1021/jo702112s
https://dx.doi.org/10.1021/jo702112s
https://dx.doi.org/10.1021/jo702112s
https://dx.doi.org/10.1021/jo9612537
https://dx.doi.org/10.1021/jo9612537
https://dx.doi.org/10.1021/jo9702756
https://dx.doi.org/10.1021/jo9702756
https://dx.doi.org/10.1021/jm970059p
https://dx.doi.org/10.1021/jm970059p
https://dx.doi.org/10.1021/jo00061a022
https://dx.doi.org/10.1021/jo00061a022
https://dx.doi.org/10.1055/s-2001-12346
pubs.acs.org/joc?ref=pdf
https://dx.doi.org/10.1021/acs.joc.0c02767?ref=pdf


Oxidative Rearrangement of Anthranilamides, Salicylamides and some
β-Substituted Amides: A New and Convenient Synthesis of 2-
Benzimidazolones, 2-Benzoxazolones and Related Compounds. Syn-
thesis 2001, 2001, 0541. (c) Yoshimura, A.; Luedtke, M. W.;
Zhdankin, V. V. (Tosylimino)phenyl-λ3-Iodane as a Reagent for the
Synthesis of Methyl Carbamates via Hofmann Rearrangement of
Aromatic and Aliphatic Carboxamides. J. Org. Chem. 2012, 77, 2087.
(d) Yoshimura, A.; Middleton, K. R.; Luedtke, M. W.; Zhu, C.;
Zhdankin, V. V. Hypervalent Iodine Catalyzed Hofmann Rearrange-
ment of CarboxAmides using Oxone as Terminal Oxidant. J. Org.
Chem. 2012, 77, 11399. (e) Zagulyaeva, A. A.; Banek, C. T.; Yusubov,
M. S.; Zhdankin, V. V. Hofmann Rearrangement of Carboxamides
Mediated by Hypervalent Iodine Species Generated In Situ from
Iodobenzene and Oxone: Reaction Scope and Limitations. Org. Lett.
2010, 12, 4644. (f) Moriyama, K.; Ishida, K.; Togo, H. Hofmann-
Type Rearrangement of Imides by In Situ Generation of Imide-
Hypervalent Iodines(III) from Iodoarenes. Org. Lett. 2012, 14, 946.
(9) Kalesse, M.; Landsberg, D. Synthesis of Symmetrical Ureas by
(Diacetoxyiodo)benzene-induced Hofmann Rearrangement. Synlett
2010, 2010, 1104.
(10) (a) Angelici, G.; Contaldi, S.; Lynn Green, S.; Tomasini, C.
Synthesis of Imidazolidin-2-one-4-carboxylate and of (Tetrahydro)-
pyrimidin-2-one-5-carboxylate via an Efficient Modification of the
Hofmann Rearrangement. Org. Biomol. Chem. 2008, 6, 1849. (b) Liu,
P.; Wang, Z.; Hu, X. Highly Efficient Synthesis of Ureas and
Carbamates from Amides by Iodosylbenzene-induced Hofmann
Rearrangement. Eur. J. Org. Chem. 2012, 2012, 1994.
(11) (a) Blagbrough, I. S.; Mackenzie, N. E.; Ortiz, C.; Scott, A. I.
The Condensation Reaction between Isocyanates and Carboxylic
Acids. A Practical Synthesis of Substituted Amides and Anilides.
Tetrahedron Lett. 1986, 27, 1251. (b) Gürtler, C.; Danielmeier, K. A
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