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ABSTRACT: An efficient synthesis of α-amidoketone derivatives
through the cascade reactions of carboxylic acids with vinyl azides
is presented. Compared with literature protocols, notable features
of this new method include catalyst-free conditions, broad
substrate scope, good tolerance of a wide range of functional
groups, and high efficiency. In addition, the synthetic potential of
this method as a tool for late-stage modification was convincingly
manifested by its application in the structural elaborations of a
number of carboxylic acid drug molecules.

■ INTRODUCTION

α-Amidoketone derivatives have attracted considerable atten-
tion because they are not only the essential motifs of a plethora
of pharmaceutically active compounds but also the indis-
pensable intermediates that are widely used in organic
synthesis.1,2 Due to their importance, a number of methods
for the preparation of α-amidoketone derivatives have been
developed, which mainly include condensation of ketone-
derived nitrones with N-methyl carboximidoyl chloride
followed by hydrolytic workup,3a aza-benzoin condensation
of aldehydes with N-acylimines promoted by organocata-
lysts,3b−d Rh-catalyzed denitrogenative hydration of N-
sulfonyl-1,2,3-triazoles,3e the radical cascade reaction of
alkynes with N-fluoroarylsulfonimides and alcohols,3f the
Dakin−West reaction of α-aminoacids with acid anhydrides,
Rh-catalyzed hydroformylation of vinyl ester followed by
condensation with primary amines and rearrangement, the Ru-
catalyzed cascade reaction of 1,2-azidoalcohols, and Cu-
catalyzed condensation of N-alkoxylbenzamids with 2H-
azirines. Although these literature methods are generally
efficient and reliable, some of them still suffer from the use
of expensive transition-metal catalysts, harsh reaction con-
ditions, poor atom economy, and/or limited substrate scope.
Therefore, the search for more general, efficient, and
sustainable methods for the preparation of α-amidoketone
derivatives is highly desirable.
Meanwhile, carboxylic acids are among the most abundant

naturally occurring compounds. In addition, they are relatively
cheap, easy-to-handle, and versatile in terms of reaction
patterns. Therefore, carboxylic acids are ideal starting materials
for the preparation of various classes of fine chemicals.4 In this
regard, Yamamoto et al. have developed an efficient

preparation method of α-amidoketone derivatives via a Pd-
catalyzed ring-opening reaction of methylene aziridines using
carboxylic acids as an efficient coupling partner (Scheme 1a).5a

In addition, Xu et al. reported an alternative method for this
purpose via a Pd-catalyzed coupling reaction of 2H-azirines
with carboxylic acids (Scheme 1b).5b Very recently, Majee et
al. reported an elegant self-catalyzed rapid synthesis of α-
amidoketones from the reaction of 3-aryl-2H-azirines with
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Scheme 1. Synthesis of α-Amidoketones Starting from
Carboxylic Acids
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carboxylic acids (Scheme 1c).5c Inspired by these elegant
pioneering studies and as a continuation of our own interest in
the economical construction of nitrogen-containing bio-
logically attractive compounds,6 especially using vinyl azides
as convenient three-atom synthons,7,8 we have studied the
reaction of vinyl azides with carboxylic acids. From this
reaction, we successfully developed a highly efficient and
general synthesis of α-amidoketones under catalyst-free
conditions (Scheme 1d). Herein, we wish to report our results
in this regard.

■ RESULTS AND DISCUSSION
Initially, (1-azidovinyl)benzene (1a) was treated with benzoic
acid (2a) in methanol at 90 °C for 6 h. From this reaction, the
desired N-(2-oxo-2-phenylethyl)benzamide (3a) was obtained
in a yield of 12% (Table 1, entry 1). Encouraged by this

preliminary result, we then tried different solvents such as
toluene, dichloromethane (DCM), 1,2-dichloroethane (DCE),
acetone, 2,2,2-trifluoroethanol (THF), dioxane, CH3CN, and
tetrafluoroethylene (TFE) to improve the reaction efficiency
(entries 2−9). Gratifyingly, the reaction carried out in DCE
afforded 3a in an enhanced yield of 49% (entry 4). This study
showed that the reaction temperature also played an important
role. To be specific, reducing the reaction temperature from 90
to 80 °C resulted in an obvious decline in the yield of 3a
(entry 10 vs 4). On the other hand, when the reaction
temperature was increased from 90 to 100, 110, or 120 °C, the
yield of 3a could be improved from 49 to 61, 71, or 70%
(entries 11−13 vs 4). Subsequent optimization in terms of
reaction time showed that prolonging the reaction period from
6 to 8 or 10 h could increase the yield from 71 to 74 or 76%
(entries 14 and 15 vs 12). It was also demonstrated that raising
the molar ratio of 1a to 2a from 1.2:1 to 1.5:1 did not lead to a
substantial improvement in the yield of 3a (entry 16).
With the establishment of the optimal reaction conditions,

the substrate generality of this novel synthesis of α-
amidoketones was explored. First, the scope of vinyl azides
(1) was tested using 2a as a model substrate. The results
included in Table 2 demonstrated that 1-phenyl-substituted
vinyl azides with either an electron-donating group (EDG)
such as methyl, tert-butyl, or methoxy, or an electron-
withdrawing group (EWG) such as fluoro, chloro, bromo,
trifluoromethyl, or phenyl attached on the para-site of the 1-
phenyl ring took part in this reaction smoothly to give the
corresponding products 3b−3i in yields ranging from 66 to
82%. It is worth noting herein that this reaction was
compatible with substrates bearing a reactive formyl or acetoxy
unit to give 3j and 3k in reasonably good yields. For substrates
bearing a meta-methyl, ortho-methyl, or 3,4-dimethoxy-
substituted phenyl moiety, the corresponding reactions took
place to give 3l, 3m, and 3n. Furthermore, 2-naphthyl-
substituted vinyl azide reacted with 2a to afford 3o.
Interestingly, vinyl azides bearing a heterocyclic unit such as
2-thienyl or 3-pyridinyl could also participate in this reaction to
give 3p and 3q. In addition to aromatic moieties, an alkyl unit-
substituted vinyl azide, 2-azidodec-1-ene, was found to be also
suitable for this reaction to afford 3r in 66% yield.

Table 1. Optimization Study for the Formation of 3aa

entry solvent T (°C) time (h) yield (%)b

1 MeOH 90 6 12
2 toluene 90 6 18
3 DCM 90 6 35
4 DCE 90 6 49
5 acetone 90 6 25
6 THF 90 6 12
7 dioxane 90 6 trace
8 CH3CN 90 6 40
9 TFE 90 6 trace
10 DCE 80 6 33
11 DCE 100 6 61
12 DCE 110 6 71
13 DCE 120 6 70
14 DCE 110 8 74
15 DCE 110 10 76
16c DCE 110 10 77

aConditions: 1a (0.36 mmol), 2a (0.3 mmol), solvent (2 mL), sealed
tube. bIsolated yield. cConditions: 1a (0.45 mmol), 2a (0.3 mmol).

Table 2. Scope of Substrate 1a,b

aConditions: 1 (0.36 mmol), 2a (0.3 mmol), DCE (2 mL), 110 °C, sealed tube, 10 h. bIsolated yield.
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Next, the generality of carboxylic acids (2) was explored
using 1a as a model substrate, and the results were listed in
Table 3. First, a number of aromatic carboxylic acids were
tried. It was thus observed that 2 bearing a 4-methyl, 4-tert-
butyl, 4-methoxy, 4-fluoro, 4-chloro, 4-bromo, 4-iodo, 4-
trifluoromethyl, 4-nitro, or 3-chloro-substituted phenyl ring
as the R2 moiety reacted with 1a smoothly to give 3s−3ab in
moderate to good yields. It is worth noting herein that even
the iodo unit could remain intact under the reaction
conditions, demonstrating remarkable advantages of this
novel method and allowing for versatile structural elaborations
of the products. Surprisingly, 2 bearing an ortho-halide-
substituted phenyl ring gave the corresponding products in
higher efficiency than their para- or meta-substituted counter-
parts, most likely due to the stronger acidity of ortho-
substituted benzoic acids. In addition, 2,4,6-trimethylbenzoic
acid and 1-naphthoic acid reacted with 1a smoothly to give 3af
and 3ag. Gratifyingly, furan-2-carboxylic acid and thiophene-2-
carboxylic acid showed excellent efficiency to afford 3ah and
3ai, while nicotinic acid and coumarin-3-carboxylic acid gave
their products 3aj and 3ak in moderate yields. Interestingly,
some alkenyl and alkynyl acids such as cinnamic acid, 2-
phenylacrylic acid, and 3-phenylpropiolic acid were found to
be also viable substrates to give 3al, 3am, and 3an. In addition,
the suitability of aliphatic carboxylic acids such as formic acid,
acetic acid, pivalic acid, hexanoic acid, cyclohexanecarboxylic
acid, and adamantane-1-carboxylic acid was also tested. It
turned out that the reactions of these aliphatic carboxylic acids
with 1a took place as efficiently as those of their aromatic

counterparts to afford 3ao−3at. Interestingly, aliphatic
carboxylic acids containing an EWG or an EDG on the α-
position of the carboxyl group, such as 2-cyanoacetic acid and
acetylglycine, showed moderate to good efficiency to give 3au
and 3av. On the other hand, trifluoroacetic acid and
trichloroacetic acid failed to give the corresponding α-
amidoketone products. In these cases, 1a underwent a
rearrangement to afford N-phenylacetamide. As described in
the Introduction section, Majee et al. developed a self-
catalyzed rapid synthesis of α-amidoketones from the reaction
of 3-aryl-2H-azirines with carboxylic acids.5c Despite being
highly facile, convenient, and catalyst-free, Majee’s method is
viable to formic acid, difluoroacetic acid, trichloroacetic acid,
bromoacetic acid, propiolic acid, and phenylpropiolic acid but
not applicable for more common carboxylic acids such as
acetic acid, benzoic acid, propionic acid, and pivalic acid.
Therefore, it might be reasonable to suggest that our method
could be considered as complementary to Majee’s method in
terms of the scope of acid substrates. By the way, the structure
of 3w was unambiguously established by single-crystal X-ray
crystallography (see the Supporting Information).
To further explore the generality of this α-amidoketone-

forming reaction and investigate its synthetic potential as a tool
for late-stage modifications, some carboxylic acid drug
molecules such as dehydrocholic acid, 18β-glycyrrhetinic
acid, adapalene, fenbufen, probenecid, oxaprozin, ibuprofen,
etodolac, indometacin, and sulindac were tried to react with
1a. It was thus found that all of them were compatible with the
reaction conditions to give the corresponding products 3aw−

Table 3. Scope of Substrate 2a,b

aConditions: 1a (0.36 mmol), 2 (0.3 mmol), DCE (2 mL), 110 °C, sealed tube, 10 h. bIsolated yield.
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3bf in moderate to good yields. Interestingly, an estrone-
derived carboxylic acid substrate was found to be also suitable
for this reaction to give 3bg. Notably, the presence of a free
hydroxyl group in glycyrrhetinic acid did not affect the reaction
efficiency in the formation of 3ax (Table 4). These results
demonstrated that this newly found transformation is a highly
general and versatile synthetic approach toward α-amidoke-
tone derivatives under catalyst- and metal-free conditions.
To gain some insight into the mechanism of this reaction, a

set of competition experiments were performed. First, 1-
phenylvinyl azide bearing an EDG or an EWG on the phenyl
ring was reacted with 2a (Scheme 2a). It turned out that the
para-OMe-substituted substrate 1d reacted with 2a slightly
faster than its CF3-substituted analogue 1h. Second, the
benzoic acid derivative (2) bearing an EDG or an EWG on the
phenyl ring was reacted with 1a (Scheme 2b). It was thus

found that the para-CF3-substituted substrate 2i reacted with
1a three times faster than its OMe-substituted analogue 2d.
Based on the above described experimental results and

literature reports,5 a plausible mechanism accounting for the
formation of 3 is proposed in Scheme 3. Initially, the vinyl

azide (1) is decomposed under the reaction conditions to give
an azirine intermediate A. A then reacts with the carboxylic
acid (2) to give an aziridine species B. Finally, the unstable
aziridine B undergoes a thermal rearrangement to give the α-
amidoketone product 3.
To illustrate the usefulness of the products obtained above,

the following transformations were conducted. First, 3a was
treated with H2SO4 in Ac2O.

1c From this reaction, 2,5-
diphenyloxazole (4) was obtained in 88% yield (Scheme 4).

Table 4. Structural Elaboration of Carboxylic Acid Drug Moleculesa,b

aConditions: 1a (0.36 mmol), 2 (0.3 mmol), DCE (2 mL), 110 °C, sealed tube, 10 h. bIsolated yield.

Scheme 2. Mechanistic Studies

Scheme 3. Plausible Mechanism Accounting for the
Formation of 3

Scheme 4. Structural Elaborations of 3
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Second, 3a was treated with phenol under the promotion of
tetrabutyl ammonium iodide (TBAI) and tert-butyl hydro-
peroxide (TBHP) to afford α-phenoxylated amidoketone (5)
in 70% yield.9 Third, 3bb, the α-amidoketone derivative of
oxaprozin, was treated with H2SO4 in Ac2O to afford a
structurally and biologically attractive bisoxazole derivative (6)
with good efficiency.10

Finally, to check the suitability of this protocol for large-scale
synthetic missions, 6 mmol of 1a was treated with 5 mmol of
2a under the standard reaction conditions (Scheme 5). It
turned out that the corresponding reaction proceeded
smoothly to afford 3a in 66% yield.

■ CONCLUSIONS
To conclude, we have developed a convenient and efficient
method for the synthesis of α-amidoketones through an
unprecedented cascade reaction of vinyl azides with carboxylic
acids. Using this method, a library of diversely substituted α-
amidoketone derivatives was obtained in good to excellent
yields. In addition, the synthetic potential of this method as a
tool for late-stage modification was well showcased by its
application on a number of complex carboxylic acid drug
molecules. With notable advantages such as catalyst-free
conditions, good tolerance of sensitive functional groups,
broad scope of both coupling partners, simple operation, and
high efficiency, this method is expected to find wide
applications in related areas.

■ EXPERIMENTAL SECTION
General Experimental Information. Commercial reagents were

used without further purification. Vinyl azides (1)11 were prepared
based on literature procedures. Melting points were recorded with a
micro melting point apparatus and uncorrected. The 1H nuclear
magnetic resonance (NMR) spectra were recorded at 400 or 600
MHz. The 13C NMR spectra were recorded at 100 or 150 MHz. The
19F NMR spectra were recorded at 376 MHz or 565 MHz. Chemical
shifts were expressed in parts per million (δ) and were reported as s
(singlet), d (doublet), t (triplet), q (quartet), dd (doublet of doublet),
m (multiplet), br s (broad singlet), etc. The coupling constant J was
given in Hz. High-resolution mass spectra (HRMS) were obtained via
electrospray ionization (ESI) mode using a micrOTOF mass
spectrometer. The conversion of starting materials was monitored
by thin-layer chromatography (TLC) using silica gel plates (silica gel
60 F254 0.25 mm), and components were visualized by observation
under UV light (254 and 365 nm).
Experimental Procedures and Spectroscopic Data. General

Synthetic Procedure for the Preparation of 3 and Spectroscopic
Data of 3a−3bg. To a reaction tube equipped with a stir bar were
charged with vinyl azides (1, 0.36 mmol), carboxylic acids (2, 0.3
mmol), and DCE (2 mL). The tube was then sealed and stirred at 110
°C (oil bath) under air for 10 h. Upon completion, it was cooled to
room temperature and concentrated under a reduced pressure. The
residue was purified by silica gel chromatography using petroleum
ether/ethyl acetate as an eluent to afford product 3.
N-(2-Oxo-2-Phenylethyl)Benzamide (3a). Eluent: petroleum

ether/ethyl acetate (5:1).12 White solid (54.5 mg, 76%), mp: 123−
124 °C (lit.12 124−125 °C). 1H NMR (400 MHz, CDCl3) δ 7.98 (d,
J = 7.6 Hz, 2H), 7.88 (d, J = 7.2 Hz, 2H), 7.60 (t, J = 7.2 Hz, 1H),

7.40−7.51 (m, 6H), 4.92 (d, J = 4.4 Hz, 2H). 13C{1H} NMR (100
MHz, CDCl3) δ 194.4, 167.4, 134.4, 134.2, 133.9, 131.7, 128.9, 128.6,
128.0, 127.2, 46.9. HRMS (ESI) m/z: [M + Na]+ calcd for
C15H13NNaO2

+ 262.0838; found, 262.0832.
N-(2-Oxo-2-(p-Tolyl)Ethyl)Benzamide (3b). Eluent: petroleum

ether/ethyl acetate (5:1). Yellowish solid (54.7 mg, 72%), mp:
107−109 °C. 1H NMR (400 MHz, CDCl3) δ 7.87−7.91 (m, 4H),
7.48−7.53 (m, 1H), 7.39−7.45 (m, 3H), 7.28 (d, J = 8.0 Hz, 2H),
4.90 (d, J = 4.4 Hz, 2H), 2.41 (s, 3H). 13C{1H} NMR (100 MHz,
CDCl3) δ 193.9, 167.4, 145.2, 134.0, 131.9, 131.7, 129.6, 128.6, 128.1,
127.2, 46.8, 21.8. HRMS (ESI) m/z: [M + Na]+ calcd for
C16H15NNaO2

+ 276.0995; found, 276.0991.
N-(2-(4-(tert-Butyl)Phenyl)-2-Oxoethyl)Benzamide (3c). Eluent:

petroleum ether/ethyl acetate (5:1). White solid (72.6 mg, 82%),
mp: 138−139 °C. 1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.4 Hz,
2H), 7.88−7.90 (m, 2H), 7.49−7.52 (m, 3H), 7.42−7.46 (m, 3H),
4.93 (d, J = 4.0 Hz, 2H), 1.35 (s, 9H). 13C{1H} NMR (150 MHz,
CDCl3) δ 193.9, 167.4, 158.2, 134.0, 131.9, 131.7, 128.6, 128.0, 127.2,
125.9, 46.8, 35.3, 31.0. HRMS (ESI) m/z: [M + Na]+ calcd for
C19H21NNaO2

+ 318.1465; found, 318.1448.
N-(2-(4-Methoxyphenyl)-2-Oxoethyl)Benzamide (3d). Eluent:

petroleum ether/ethyl acetate (5:1). White solid (56.5 mg, 70%),
mp: 106−107 °C. 1H NMR (400 MHz, CDCl3) δ 7.99−8.03 (m,
2H), 7.87−7.90 (m, 2H), 7.51−7.55 (m, 1H), 7.44−7.48 (m, 2H),
7.36 (br s, 1H), 6.97−7.00 (m, 2H), 4.90 (d, J = 4.0 Hz, 2H), 3.89 (s,
3H). 13C{1H} NMR (150 MHz, CDCl3) δ 192.6, 167.4, 164.4, 134.0,
131.7, 130.4, 128.6, 127.4, 127.2, 114.2, 55.6, 46.5. HRMS (ESI) m/z:
[M + Na]+ calcd for C16H15NNaO3

+ 292.0944; found, 292.0940.
N-(2-(4-Fluorophenyl)-2-Oxoethyl)Benzamide (3e). Eluent: pe-

troleum ether/ethyl acetate (5:1). White solid (55.5 mg, 72%), mp:
154−156 °C. 1H NMR (400 MHz, CDCl3) δ 8.03−8.08 (m, 2H),
7.87−7.90 (m, 2H), 7.53 (tt, J1 = 7.2 Hz, J2 = 2.0 Hz, 1H), 7.44−7.48
(m, 2H), 7.33 (br s, 1H), 7.16−7.21 (m, 2H), 4.92 (d, J = 4.4 Hz,
2H). 13C{1H} NMR (150 MHz, CDCl3) δ 192.8, 167.4, 166.4
(d,1JC‑F = 254.9 Hz), 133.8, 131.8, 130.9 (d,4JC‑F = 3.3 Hz), 130.8
(d,3JC‑F = 8.9 Hz), 128.7, 127.2, 116.2 (d,2JC‑F = 21.8 Hz), 46.8. 19F
NMR (565 MHz, CDCl3) δ −102.78. HRMS (ESI) m/z: [M + Na]+

calcd for C15H12FNNaO2
+ 280.0744; found, 280.0735.

N-(2-(4-Chlorophenyl)-2-Oxoethyl)Benzamide (3f). Eluent: petro-
leum ether/ethyl acetate (5:1). White solid (63.1 mg, 77%), mp:
150−152 °C. 1H NMR (400 MHz, CDCl3) δ 7.94−7.97 (m, 2H),
7.86−7.88 (m, 2H), 7.43−7.55 (m, 5H), 7.31 (br s, 1H), 4.92 (d, J =
4.0 Hz, 2H). 13C{1H} NMR (150 MHz, CDCl3) δ 193.3, 167.4,
140.8, 133.8, 132.7, 131.9, 129.40, 129.37, 128.7, 127.2, 46.9. HRMS
(ESI) m/z: [M + Na]+ calcd for C15H12ClNNaO2

+ 296.0449; found,
296.0444.

N-(2-(4-Bromophenyl)-2-Oxoethyl)Benzamide (3g). Eluent: pe-
troleum ether/ethyl acetate (5:1). White solid (74.2 mg, 78%), mp:
149−150 °C. 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 8.4 Hz,
4H), 7.65 (d, J = 8.4 Hz, 2H), 7.53 (t, J = 7.2 Hz, 1H), 7.45 (t, J = 7.2
Hz, 2H), 7.31 (br s, 1H), 4.91 (d, J = 4.0 Hz, 2H). 13C{1H} NMR
(150 MHz, CDCl3) δ 193.5, 167.4, 133.8, 133.1, 132.4, 131.9, 129.6,
129.5, 128.7, 127.2, 46.8. HRMS (ESI) m/z: [M + Na]+ calcd for
C15H12BrNNaO2

+ 339.9944; found, 339.9926.
N-(2-Oxo-2-(4-(Trifluoromethyl)Phenyl)Ethyl)Benzamide (3h).

Eluent: petroleum ether/ethyl acetate (5:1). White solid (60.8 mg,
66%), mp: 167−168 °C. 1H NMR (400 MHz, CDCl3) δ 8.14 (d, J =
8.0 Hz, 2H), 7.87−7.89 (m, 2H), 7.79 (d, J = 8.4 Hz, 2H), 7.53−7.56
(m, 1H), 7.47 (t, J = 6.8 Hz, 2H), 7.27 (s, 1H), 4.99 (d, J = 4.4 Hz,
2H). 13C{1H} NMR (150 MHz, CDCl3) δ 193.6, 167.5, 137.0, 135.5
(q,2JC‑F = 32.7 Hz), 133.7, 131.9, 128.7, 128.4, 127.2, 126.1 (q,3JC‑F =
3.3 Hz), 123.4 (q,1JC‑F = 271.2 Hz), 47.2. 19F NMR (376
MHz,CDCl3) δ −63.27. HRMS (ESI) m/z: [M + Na]+ calcd for
C16H12F3NNaO2

+ 330.0712; found, 330.0709.
N-(2-([1,1’-Biphenyl]-4-yl)-2-Oxoethyl)Benzamide (3i). Eluent:

petroleum ether/ethyl acetate (3:1). Yellow solid (64.3 mg, 68%),
mp: 168−170 °C. 1H NMR (400 MHz, CDCl3) δ 8.07−8.09 (m,
2H), 8.88−8.91 (m, 2H), 7.71 (m, 2H), 7.60−7.63 (m, 2H), 7.50−
7.54 (m, 1H), 7.37−7.49 (m, 6H), 4.97 (d, J = 4.4 Hz, 2H). 13C{1H}
NMR (100 MHz, CDCl3) δ 193.9, 167.5, 146.9, 139.5, 133.9, 133.1,

Scheme 5. Gram-Scale Synthesis of 3a
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131.8, 129.1, 128.7, 128.64, 128.57, 127.6, 127.3, 127.2, 47.0. HRMS
(ESI) m/z: [M + Na]+ calcd for C21H17NNaO2

+ 338.1151; found,
338.1138.
N-(2-(4-Formylphenyl)-2-Oxoethyl)Benzamide (3j). Eluent: petro-

leum ether/ethyl acetate (1:1). Orange solid (46.4 mg, 58%), mp:
120−122 °C. 1H NMR (400 MHz, CDCl3) δ 10.13 (s, 1H), 8.18 (d, J
= 8.4 Hz, 2H), 8.02−8.04 (m, 2H), 7.87−7.89 (m, 2H), 7.54 (tt, J1 =
7.2 Hz, J2 = 2.0 Hz, 1H), 7.45−7.49 (m, 2H), 7.29 (br s, 1H), 5.00 (d,
J = 4.4 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 194.0, 191.4,
167.5, 139.8, 138.5, 133.7, 132.0, 130.1, 128.7, 128.6, 127.2, 47.3.
HRMS (ESI) m/z: [M + Na]+ calcd for C16H13NNaO3

+ 290.0788;
found, 290.0777.
4-(Benzoylglycyl)Phenyl Acetate (3k). Eluent: petroleum ether/

ethyl acetate (1:1). White solid (59.7 mg, 67%), mp: 145−147 °C. 1H
NMR (400 MHz, CDCl3) δ 8.02−8.05 (m, 2H), 7.86−7.89 (m, 2H),
7.49−7.53 (m, 1H), 7.42−7.46 (m, 2H), 7.36 (br s, 1H), 7.22−7.26
(m, 2H), 4.91 (d, J = 4.4 Hz, 2H), 2.32 (s, 3H). 13C{1H} NMR (100
MHz, CDCl3) δ 193.1, 168.7, 167.4, 155.2, 133.9, 131.9, 131.8, 129.7,
128.6, 127.2, 122.3, 46.8, 21.1. HRMS (ESI) m/z: [M + Na]+ calcd
for C17H15NNaO4

+ 320.0893; found, 320.0884.
N-(2-Oxo-2-(m-Tolyl)Ethyl)Benzamide (3l). Eluent: petroleum

ether/ethyl acetate (5:1). White solid (57.7 mg, 76%), mp: 105−
106 °C. 1H NMR (400 MHz, CDCl3) δ 7.87−7.90 (m, 2H), 7.80−
7.83 (m, 2H), 7.50−7.54 (m, 1H), 7.43−7.47 (m, 3H), 7.36−7.41
(m, 2H), 4.93 (d, J = 4.0 Hz, 2H), 2.42 (s, 3H). 13C{1H} NMR (100
MHz, CDCl3) δ 194.5, 167.4, 138.9, 135.0, 134.4, 134.0, 131.8, 128.9,
128.6, 128.5, 127.2, 125.2, 46.9, 21.3. HRMS (ESI) m/z: [M + Na]+

calcd for C16H15NNaO2
+ 276.0995; found, 276.0994.

N-(2-Oxo-2-(o-Tolyl)Ethyl)Benzamide (3m). Eluent: petroleum
ether/ethyl acetate (5:1). White solid (45.6 mg, 60%), mp: 107−
108 °C. 1H NMR (400 MHz, CDCl3) δ 7.88−7.91 (m, 2H), 7.80 (d,
J = 8.0 Hz, 2H), 7.52 (tt, J1 = 7.2 Hz, J2 = 2.4 Hz, 1H), 7.44−7.47 (m,
3H), 7.29−7.34 (m, 3H), 4.86 (d, J = 4.4 Hz, 2H), 2.58 (s, 3H).
13C{1H} NMR (100 MHz, CDCl3) δ 197.0, 167.4, 139.7, 134.1,
134.0, 132.8, 132.5, 131.8, 128.9, 128.6, 127.2, 126.2, 48.3, 21.8.
HRMS (ESI) m/z: [M + Na]+ calcd for C16H15NNaO2

+ 276.0995;
found, 276.0996.
N-(2-(3,4-Dimethoxyphenyl)-2-Oxoethyl)Benzamide (3n). Elu-

ent: petroleum ether/ethyl acetate (3:1). Yellowish solid (59.2 mg,
66%), mp: 151−152 °C. 1H NMR (600 MHz, CDCl3) δ 7.89 (d, J =
7.2 Hz, 2H), 7.66 (d, J = 8.4 Hz, 1H), 7.51−7.54 (m, 2H), 7.46 (t, J =
7.2 Hz, 2H), 7.38 (br s, 1H), 6.93 (d, J = 8.4 Hz, 1H), 4.91 (d, J = 3.6
Hz, 2H), 3.95 (d, J = 8.4 Hz, 6H). 13C{1H} NMR (150 MHz,
CDCl3) δ 192.7, 167.4, 154.2, 149.3, 134.0, 131.7, 128.6, 127.5, 127.1,
122.8, 110.4, 109.9, 56.2, 56.1, 46.5. HRMS (ESI) m/z: [M + Na]+

calcd for C17H17NNaO4
+ 322.1050; found, 322.1039.

N-(2-(Naphthalen-2-yl)-2-Oxoethyl)Benzamide (3o). Eluent: pe-
troleum ether/ethyl acetate (3:1). Brown solid (59.8 mg, 69%), mp:
117−118 °C. 1H NMR (400 MHz, CDCl3) δ 8.55 (s, 1H), 8.04 (dd,
J1 = 8.4 Hz, J2 = 1.6 Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.87−7.93 (m,
4H), 7.51−7.65 (m, 3H), 7.44−7.48 (m, 2H), 7.39 (br s, 1H), 5.08
(d, J = 4.4 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 194.2,
167.5, 136.1, 134.0, 132.5, 131.8, 131.7, 130.1, 129.8, 129.1, 128.9,
128.7, 127.9, 127.2, 123.2, 47.0. HRMS (ESI) m/z: [M + Na]+ calcd
for C19H15NNaO2

+ 312.0995; found, 312.0987.
N-(2-Oxo-2-(Thiophen-2-yl)Ethyl)Benzamide (3p). Eluent: petro-

leum ether/ethyl acetate (3:1). White solid (55.9 mg, 76%), mp:
149−150 °C. 1H NMR (400 MHz, CDCl3) δ 7.85−7.88 (m, 3H),
7.72 (dd, J1 = 5.2 Hz, J2 = 0.8 Hz, 1H), 7.50−7.53 (m, 1H), 7.44 (t, J
= 6.8 Hz, 2H), 7.29 (br s, 1H), 7.17−7.19 (m, 1H), 4.88 (d, J = 4.8
Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 187.4, 167.4, 140.9,
134.7, 133.8, 132.7, 131.8, 128.65, 128.57, 127.2, 46.9. HRMS (ESI)
m/z: [M + Na]+ calcd for C13H11NNaO2S

+ 268.0403; found,
268.0396.
N-(2-Oxo-2-(Pyridin-3-yl)Ethyl)Benzamide (3q). Eluent: petrole-

um ether/ethyl acetate (1:2). White solid (37.5 mg, 52%), mp: 127−
128 °C. 1H NMR (400 MHz, CDCl3) δ 9.23 (d, J = 1.6 Hz, 1H), 8.84
(dd, J1 = 4.8 Hz, J2 = 2.0 Hz, 1H), 8.28 (dt, J1 = 8.0 Hz, J2 = 2.0 Hz,
1H), 7.87−7.89 (m, 2H), 7.53 (tt, J1 = 7.2 Hz, J2 = 2.0 Hz, 1H),
7.43−7.49 (m, 3H), 7.37 (br s, 1H), 4.97 (d, J = 4.8 Hz, 2H).

13C{1H} NMR (100 MHz, CDCl3) δ 193.7, 167.5, 154.5, 149.4,
135.3, 133.7, 131.9, 130.0, 128.7, 127.2, 123.9, 47.0. HRMS (ESI) m/
z: [M + H]+ calcd for C14H13N2O2

+ 241.0972; found, 241.0972.
N-(2-Oxodecyl)Benzamide (3r). Eluent: petroleum ether/ethyl

acetate (5:1). White solid (54.5 mg, 66%), mp: 89−90 °C. 1H NMR
(400 MHz, CDCl3) δ 7.81−7.83 (m, 2H), 7.49−7.53 (m, 1H), 7.41−
7.45 (m, 2H), 7.08 (br s, 1H), 4.33 (d, J = 4.4 Hz, 2H), 2.50 (t, J =
7.6 Hz, 2H), 1.61−1.66 (m, 2H), 1.28 (d, J = 6.8 Hz, 10H), 0.88 (t, J
= 6.8 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 205.8, 167.3,
133.8, 131.7, 128.6, 127.1, 49.6, 40.4, 31.8, 29.3, 29.2, 29.1, 23.8, 22.6,
14.1. HRMS (ESI) m/z: [M + Na]+ calcd for C17H25NNaO2

+

298.1778; found, 298.1767.
4-Methyl-N-(2-Oxo-2-Phenylethyl)Benzamide (3s). Eluent: petro-

leum ether/ethyl acetate (5:1). White solid (53.2 mg, 70%), mp:
122−124 °C. 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.0 Hz,
2H), 7.79 (d, J = 8.0 Hz, 2H), 7.64 (t, J = 7.2 Hz, 1H), 7.52 (t, J = 7.6
Hz, 2H), 7.25−7.29 (m, 3H), 4.95 (d, J = 4.4 Hz, 2H), 2.41 (s, 3H).
13C{1H} NMR (100 MHz, CDCl3) δ 194.4, 167.4, 142.2, 134.4,
134.3, 131.1, 129.3, 129.0, 128.0, 127.2, 46.9, 21.5. HRMS (ESI) m/z:
[M + Na]+ calcd for C16H15NNaO2

+ 276.0995; found, 276.0988.
4-(tert-Butyl)-N-(2-Oxo-2-Phenylethyl)Benzamide (3t). Eluent:

petroleum ether/ethyl acetate (5:1). Yellowish solid (70.8 mg,
80%), mp: 136−137 °C. 1H NMR (400 MHz, CDCl3) δ 8.04 (d, J
= 7.6 Hz, 2H), 7.83 (d, J = 8.4 Hz, 2H), 7.64 (t, J = 7.6 Hz, 1H),
7.47−7.54 (m, 4H), 7.30 (br s, 1H), 4.97 (d, J = 4.0 Hz, 2H), 1.35 (s,
9H). 13C{1H} NMR (100 MHz, CDCl3) δ 194.4, 167.4, 155.3, 134.4,
134.3, 131.1, 129.0, 128.0, 127.0, 125.6, 46.9, 35.0, 31.2. HRMS (ESI)
m/z: [M + Na]+ calcd for C19H21NNaO2

+ 318.1465; found, 318.1454.
4-Methoxy-N-(2-Oxo-2-Phenylethyl)Benzamide (3u). Eluent: pe-

troleum ether/ethyl acetate (3:1).12 Yellowish solid (59.7 mg, 74%),
mp: 133−135 °C (lit.12 133−134 °C). 1H NMR (600 MHz, CDCl3)
δ 8.04 (d, J = 7.2 Hz, 2H), 7.85−7.87 (m, 2H), 7.65 (t, J = 7.2 Hz,
1H), 7.53 (t, J = 7.8 Hz, 2H), 7.21 (br s, 1H), 6.95−6.97 (m, 2H),
4.96 (d, J = 4.2 Hz, 2H), 3.87 (s, 3H). 13C{1H} NMR (150 MHz,
CDCl3) δ 194.5, 166.9, 162.4, 134.4, 134.3, 129.0, 128.0, 126.2, 113.8,
55.4, 46.9. HRMS (ESI) m/z: [M + Na]+ calcd for C16H15NNaO3

+

292.0944; found, 292.0935.
4-Fluoro-N-(2-Oxo-2-Phenylethyl)Benzamide (3v). Eluent: petro-

leum ether/ethyl acetate (5:1). White solid (57.8 mg, 75%), mp:
124−126 °C (lit.13 122−126 °C). 1H NMR (400 MHz, CDCl3) δ
8.03 (d, J = 8.0 Hz, 2H), 7.90 (dd, J1 = 8.4 Hz, J2 = 5.6 Hz, 2H), 7.65
(t, J = 7.2 Hz, 1H), 7.53 (t, J = 8.0 Hz, 2H), 7.29 (br s, 1H), 7.14 (t, J
= 8.4 Hz, 2H), 4.95 (d, J = 4.0 Hz, 2H). 13C{1H} NMR (100 MHz,
CDCl3) δ 194.3, 166.3, 164.9 (d,1JC‑F = 250.7 Hz), 134.34, 134.32,
130.1 (d,4JC‑F = 2.8 Hz), 129.5 (d,3JC‑F = 8.6 Hz), 129.0, 128.0, 115.7
(d,2JC‑F = 21.7 Hz), 46.9. 19F NMR (376 MHz, CDCl3) δ −107.76.
HRMS (ESI) m/z: [M + Na]+ calcd for C15H12FNNaO2

+ 280.0744;
Found 280.0743.

4-Chloro-N-(2-Oxo-2-Phenylethyl)Benzamide (3w). Eluent: pe-
troleum ether/ethyl acetate (5:1). White solid (59.0 mg, 72%), mp:
139−140 °C. 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 7.6 Hz,
2H), 7.83 (d, J = 8.4 Hz, 2H), 7.66 (t, J = 7.2 Hz, 1H), 7.53 (t, J = 7.6
Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H), 7.29 (br s, 1H), 4.95 (d, J = 4.4 Hz,
2H). 13C{1H} NMR (100 MHz, CDCl3) δ 194.2, 166.3, 138.1, 134.4,
134.3, 132.3, 129.1, 128.9, 128.6, 128.0, 46.9. HRMS (ESI) m/z: [M
+ Na]+ calcd for C15H12ClNNaO2

+ 296.0449; found, 296.0442.
4-Bromo-N-(2-Oxo-2-Phenylethyl)Benzamide (3x). Eluent: petro-

leum ether/ethyl acetate (5:1). White solid (69.4 mg, 73%), mp:
150−151 °C. 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.0 Hz,
2H), 7.76 (d, J = 8.4 Hz, 2H), 7.65 (t, J = 7.2 Hz, 1H), 7.60 (d, J = 8.0
Hz, 2H), 7.53 (t, J = 7.6 Hz, 2H), 7.31 (br s, 1H), 4.95 (d, J = 4.0 Hz,
2H). 13C{1H} NMR (100 MHz, CDCl3) δ 194.1, 166.4, 134.4, 134.3,
132.7, 131.9, 129.1, 128.8, 128.0, 126.6, 46.9. HRMS (ESI) m/z: [M
+ Na]+ calcd for C15H12BrNNaO2

+ 339.9944; found, 339.9929.
4-Iodo-N-(2-Oxo-2-Phenylethyl)Benzamide (3y). Eluent: petro-

leum ether/ethyl acetate (3:1). White solid (63.5 mg, 58%), mp:
171−173 °C. 1H NMR (400 MHz, CDCl3) δ 8.01−8.03 (m, 2H),
7.80−7.82 (m, 2H), 7.60−7.67 (m, 3H), 7.52 (t, J = 7.6 Hz, 2H),
7.31 (br s, 1H), 4.94 (d, J = 4.0 Hz, 2H). 13C{1H} NMR (100 MHz,
CDCl3) δ 194.2, 166.6, 137.9, 134.4, 134.3, 133.3, 129.0, 128.8, 128.0,
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98.9, 46.9. HRMS (ESI) m/z: [M + Na]+ calcd for C15H12INNaO2
+

387.9805; found, 387.9806.
N-(2-Oxo-2-Phenylethyl)-4-(Trifluoromethyl)Benzamide (3z).

Eluent: petroleum ether/ethyl acetate (2:1). White solid (64.5 mg,
70%), mp: 171−173 °C. 1H NMR (600 MHz, CDCl3) δ 8.04 (d, J =
7.2 Hz, 2H), 8.00 (d, J = 7.2 Hz, 2H), 7.74 (d, J = 7.8 Hz, 2H), 7.66−
7.67 (m, 1H), 7.55−7.56 (m, 2H), 7.36 (br s, 1H), 4.98 (d, J = 3.0
Hz, 2H). 13C{1H} NMR (150 MHz, CDCl3) δ 194.0, 166.1, 137.2,
134.5, 134.2, 133.5 (q,2JC‑F = 32.9 Hz), 129.1, 128.0, 127.7, 125.7
(q,3JC‑F = 4.5 Hz), 123.7 (q,1JC‑F = 271.4 Hz), 46.9. 19F NMR (565
MHz, CDCl3) δ −62.95. HRMS (ESI) m/z: [M + Na]+ calcd for
C16H12F3NNaO2

+ 330.0712; found, 330.0701.
4-Nitro-N-(2-Oxo-2-Phenylethyl)Benzamide (3aa). Eluent: petro-

leum ether/ethyl acetate (2:1). White solid (58.8 mg, 69%), mp:
170−172 °C. 1H NMR (400 MHz, CDCl3) δ 8.33 (d, J = 8.4 Hz,
2H), 8.05 (t, J = 7.0 Hz, 4H), 7.68 (t, J = 7.2 Hz, 1H), 7.55 (t, J = 7.6
Hz, 2H), 7.39 (br s, 1H), 4.98 (d, J = 3.6 Hz, 2H). 13C{1H} NMR
(100 MHz, CDCl3) δ 193.8, 165.3, 149.9, 139.4, 134.6, 134.1, 129.1,
128.4, 128.1, 123.9, 47.0. HRMS (ESI) m/z: [M + Na]+ calcd for
C15H12N2NaO4

+ 307.0689; found, 307.0685.
3-Chloro-N-(2-Oxo-2-Phenylethyl)Benzamide (3ab). Eluent: pe-

troleum ether/ethyl acetate (5:1). White solid (62.3 mg, 76%), mp:
134−135 °C. 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.0 Hz,
2H), 7.88 (s, 1H), 7.75 (d, J = 7.6 Hz, 1H), 7.65 (t, J = 7.6 Hz, 1H),
7.52 (q, J = 7.6 Hz, 3H), 7.40 (t, J = 7.6 Hz, 1H), 7.31 (br s, 1H),
4.95 (d, J = 4.0 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 194.1,
166.1, 135.7, 134.9, 134.4, 134.3, 131.8, 130.0, 129.0, 128.0, 127.6,
125.2, 46.9. HRMS (ESI) m/z: [M + Na]+ calcd for
C15H12ClNNaO2

+ 296.0449; found, 296.0441.
2-Chloro-N-(2-Oxo-2-Phenylethyl)Benzamide (3ac). Eluent: pe-

troleum ether/ethyl acetate (5:1). White solid (73.7 mg, 90%), mp:
100−102 °C. 1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 7.6 Hz,
2H), 7.73 (d, J = 7.2 Hz, 1H), 7.64 (t, J = 7.2 Hz, 1H), 7.52 (t, J = 8.0
Hz, 2H), 7.42−7.44 (m, 2H), 7.32−7.40 (m, 2H), 4.99 (d, J = 4.4 Hz,
2H). 13C{1H} NMR (100 MHz, CDCl3) δ 193.8, 166.5, 134.5, 134.3,
131.6, 131.1, 130.4, 130.3, 129.00, 128.0, 127.1, 47.1. HRMS (ESI)
m/z: [M + Na]+ calcd for C15H12ClNNaO2

+ 296.0449; found,
296.0439.
2-Bromo-N-(2-Oxo-2-Phenylethyl)Benzamide (3ad). Eluent: pe-

troleum ether/ethyl acetate (5:1). White solid (86.5 mg, 91%), mp:
104−106 °C. 1H NMR (600 MHz, CDCl3) δ 8.01 (d, J = 7.2 Hz,
2H), 7.59−7.65 (m, 3H), 7.51 (t, J = 7.8 Hz, 2H), 7.36 (t, J = 7.2 Hz,
1H), 7.27−7.30 (m, 1H), 7.24 (br s, 1H), 4.97 (d, J = 4.2 Hz, 2H).
13C{1H} NMR (150 MHz, CDCl3) δ 193.7, 167.6, 137.2, 134.3,
133.5, 131.5, 129.7, 129.0, 128.0, 127.6, 119.6, 47.0. HRMS (ESI) m/
z: [M + Na]+ calcd for C15H12BrNNaO2

+ 339.9944; found, 339.9936.
2-Iodo-N-(2-Oxo-2-Phenylethyl)Benzamide (3ae). Eluent: petro-

leum ether/ethyl acetate (4:1). White solid (96.4 mg, 88%), mp:
107−108 °C. 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 7.6 Hz,
2H), 7.85 (d, J = 7.6 Hz, 1H), 7.62 (t, J = 7.2 Hz, 1H), 7.45−7.52 (m,
3H), 7.36 (t, J = 7.6 Hz, 1H), 7.08 (td, J1 = 7.6 Hz, J2 = 1.2 Hz, 2H),
4.94 (d, J = 4.4 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 193.8,
169.3, 141.6, 140.0, 134.3, 131.3, 129.0, 128.5, 128.2, 128.0, 92.7,
46.9. HRMS (ESI) m/z: [M + Na]+ calcd for C15H12INNaO2

+

387.9805; found, 387.9805.
2,4,6-Trimethyl-N-(2-Oxo-2-Phenylethyl)Benzamide (3af). Elu-

ent: petroleum ether/ethyl acetate (5:1). White solid (63.3 mg,
75%), mp: 148−150 °C. 1H NMR (400 MHz, CDCl3) δ 8.01 (d, J =
7.6 Hz, 2H), 7.64 (t, J = 7.2 Hz, 1H), 7.52 (t, J = 7.6 Hz, 2H), 6.86 (s,
2H), 6.74 (br s, 1H), 4.98 (d, J = 4.4 Hz, 2H), 2.31 (s, 6H), 2.29 (s,
3H). 13C{1H} NMR (100 MHz, CDCl3) δ 194.0, 170.9, 138.7,
134.41, 134.38, 134.3, 129.0, 128.3, 128.0, 46.4, 21.1, 19.2. HRMS
(ESI) m/z: [M + Na]+ calcd for C18H19NNaO2

+ 304.1308; found,
304.1300.
N-(2-Oxo-2-Phenylethyl)-1-Naphthamide (3ag). Eluent: petrole-

um ether/ethyl acetate (5:1). Yellowish solid (78.0 mg, 90%), mp:
124−126 °C. 1H NMR (400 MHz, CDCl3) δ 8.39 (d, J = 8.0 Hz,
1H), 8.03 (d, J = 8.0 Hz, 2H), 7.93 (d, J = 8.4 Hz, 1H), 7.87 (d, J =
8.0 Hz, 1H), 7.73 (d, J = 6.8 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 7.45−
7.58 (m, 5H), 7.14 (br s, 1H), 5.04 (d, J = 4.4 Hz, 2H). 13C{1H}

NMR (100 MHz, CDCl3) δ 194.1, 169.6, 134.4, 134.3, 133.8, 133.7,
131.0, 130.2, 129.0, 128.4, 128.0, 127.3, 126.5, 125.52, 125.47, 124.8,
46.9. HRMS (ESI) m/z: [M + Na]+ calcd for C19H15NNaO2

+

312.0995; found, 312.0985.
N-(2-Oxo-2-Phenylethyl)Furan-2-Carboxamide (3ah). Eluent:

petroleum ether/ethyl acetate (5:1). Yellowish solid (58.4 mg,
85%), mp: 138−139 °C. 1H NMR (600 MHz, CDCl3) δ 8.00 (d, J
= 7.2 Hz, 2H), 7.62 (t, J = 7.8 Hz, 1H), 7.46−7.51 (m, 4H), 7.15 (d, J
= 3.6 Hz, 1H), 6.51 (q, J = 1.8 Hz, 1H), 4.92 (d, J = 4.8 Hz, 2H).
13C{1H} NMR (150 MHz, CDCl3) δ 193.9, 158.4, 147.7, 144.3,
134.4, 134.2, 128.9, 128.0, 114.5, 112.1, 46.1. HRMS (ESI) m/z: [M
+ Na]+ calcd for C13H11NNaO3

+ 252.0631; found, 252.0628.
N-(2-Oxo-2-Phenylethyl)Thiophene-2-Carboxamide (3ai). Elu-

ent: petroleum ether/ethyl acetate (5:1). Yellowish solid (69.1 mg,
94%), mp: 140−141 °C. 1H NMR (400 MHz, CDCl3) δ 8.01 (d, J =
8.0 Hz, 2H), 7.62−7.66 (m, 2H), 7.50−7.53 (m, 3H), 7.19 (br s, 1H),
7.10 (t, J = 4.4 Hz, 1H), 4.94 (d, J = 4.0 Hz, 2H). 13C{1H} NMR
(100 MHz, CDCl3) δ 194.1, 161.9, 138.3, 134.3, 130.4, 129.0, 128.6,
128.0, 127.8, 46.8. HRMS (ESI) m/z: [M + Na]+ calcd for
C13H11NNaO2S

+ 268.0403; found, 268.0403.
N-(2-Oxo-2-Phenylethyl)Nicotinamide (3aj). Eluent: petroleum

ether/ethyl acetate (1:1). Brown solid (37.5 mg, 52%), mp: 129−130
°C. 1H NMR (400 MHz, CDCl3) δ 9.12 (d, J = 1.6 Hz, 1H), 8.76
(dd, J1 = 4.4 Hz, J2 = 1.2 Hz, 1H), 8.19 (dt, J1 = 8.4 Hz, J2 = 1.6 Hz,
1H), 8.02−8.05 (m, 2H), 7.66 (t, J = 7.6 Hz, 1H), 7.54 (t, J = 7.6 Hz,
2H), 7.40−7.43 (m, 2H), 4.98 (d, J = 4.0 Hz, 2H). 13C{1H} NMR
(150 MHz, CDCl3) δ 194.0, 165.6, 152.5, 148.3, 135.1, 134.4, 134.2,
129.6, 129.1, 128.0, 123.5, 46.8. HRMS (ESI) m/z: [M + H]+ calcd
for C14H13N2O2

+ 241.0972; found, 241.0980.
2-Oxo-N-(2-Oxo-2-Phenylethyl)-2H-Chromene-3-Carboxamide

(3ak). Eluent: petroleum ether/ethyl acetate (1:1). Brown solid (37.8
mg, 41%), mp: 192−193 °C. 1H NMR (400 MHz, CDCl3) δ 9.67 (br
s, 1H), 8.93 (s, 1H), 8.03−8.05 (m, 2H), 7.62−7.71 (m, 3H), 7.52 (t,
J = 7.2 Hz, 2H), 7.43 (d, J = 8.4 Hz, 1H), 7.39 (t, J = 7.6 Hz, 1H),
4.98 (d, J = 4.8 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 193.4,
161.8, 161.1, 154.6, 148.5, 134.7, 134.2, 134.0, 129.9, 128.9, 128.0,
125.3, 118.6, 118.3, 116.8, 47.0. HRMS (ESI) m/z: [M + Na]+ calcd
for C18H13NNaO4

+ 330.0737; found, 330.0730.
N-(2-Oxo-2-Phenylethyl)Cinnamamide (3al). Eluent: petroleum

ether/ethyl acetate (5:1). Yellowish solid (56.5 mg, 71%), mp: 133−
134 °C. 1H NMR (600 MHz, CDCl3) δ 8.00 (d, J = 7.8 Hz, 2H), 7.69
(d, J = 16.2 Hz, 1H), 7.61 (t, J = 7.8 Hz, 1H), 7.47−7.52 (m, 4H),
7.34−7.36 (m, 3H), 6.98 (br s, 1H), 6.62 (d, J = 15.6 Hz, 1H), 4.92
(d, J = 4.2 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 194.4,
166.0, 141.6, 134.8, 134.4, 134.2, 129.8, 129.0, 128.8, 128.0, 127.9,
120.2, 46.8. HRMS (ESI) m/z: [M + Na]+ calcd for C17H15NNaO2

+

288.0995; found, 288.0983.
N-(2-Oxo-2-Phenylethyl)-2-Phenylacrylamide (3am). Eluent: pe-

troleum ether/ethyl acetate (5:1). Orange solid (54.1 mg, 68%), mp:
77−79 °C. 1H NMR (400 MHz, CDCl3) δ 7.95−7.97 (m, 2H),
7.59−7.63 (m, 1H), 7.36−7.50 (m, 7H), 6.84 (br s, 1H), 6.20 (d, J =
0.8 Hz, 1H), 5.69 (d, J = 0.8 Hz, 1H), 4.85 (d, J = 4.4 Hz, 2H).
13C{1H} NMR (150 MHz, CDCl3) δ 194.0, 167.4, 144.4, 136.8,
134.4, 134.2, 129.0, 128.8, 128.7, 128.2, 128.0, 122.6, 46.8. HRMS
(ESI) m/z: [M + Na]+ calcd for C17H15NNaO2

+ 288.0995; found,
288.0989.

N-(2-Oxo-2-Phenylethyl)-3-Phenylpropiolamide (3an). Eluent:
petroleum ether/ethyl acetate (3:1). Yellow solid (69.5 mg, 88%),
mp: 147−149 °C. 1H NMR (600 MHz, CDCl3) δ 7.98 (dd, J1 = 8.4
Hz, J2 = 1.2 Hz, 2H), 7.62 (t, J = 7.2 Hz, 1H), 7.54−7.55 (m, 2H),
7.49 (t, J = 7.8 Hz, 2H), 7.40−7.42 (m, 1H), 7.34 (t, J = 7.2 Hz, 2H),
7.21 (br s, 1H), 4.86 (d, J = 4.2 Hz, 2H). 13C{1H} NMR (100 MHz,
CDCl3) δ 193.3, 153.4, 134.3, 134.2, 132.6, 130.2, 129.0, 128.6, 128.0,
120.1, 85.5, 82.7, 46.7. HRMS (ESI) m/z: [M + Na]+ calcd for
C17H13NNaO2

+ 286.0838; found, 286.0835.
N-(2-Oxo-2-Phenylethyl)Formamide (3ao). Eluent: petroleum

ether/ethyl acetate (1:1). Yellowish solid (36.7 mg, 75%), mp: 74−
75 °C. 1H NMR (600 MHz, CDCl3) δ 8.36 (s, 1H), 7.98 (d, J = 7.2
Hz, 2H), 7.64 (t, J = 7.8 Hz, 1H), 7.51 (t, J = 7.8 Hz, 2H), 6.92 (br s,
1H), 4.82 (d, J = 4.2 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ
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193.6, 161.3, 134.3, 134.2, 129.0, 128.0, 45.0. HRMS (ESI) m/z: [M
+ Na]+ calcd for C9H9NNaO2

+ 186.0525; found, 186.0527.
N-(2-Oxo-2-Phenylethyl)Acetamide (3ap). Eluent: petroleum

ether/ethyl acetate (1:1). Yellowish solid (35.1 mg, 66%), mp: 85−
86 °C. 1H NMR (400 MHz, CDCl3) δ 7.97−7.99 (m, 2H), 7.62 (tt, J1
= 7.6 Hz, J2 = 1.6 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 6.75 (br s, 1H),
4.78 (d, J = 4.4 Hz, 2H), 2.11 (s, 3H). 13C{1H} NMR (150 MHz,
CDCl3) δ 194.3, 170.4, 134.4, 134.2, 128.9, 127.9, 46.6, 23.0. HRMS
(ESI) m/z: [M + Na]+ calcd for C10H11NNaO2

+ 200.0682; found,
200.0680.
N-(2-Oxo-2-Phenylethyl)Pivalamide (3aq). Eluent: petroleum

ether/ethyl acetate (3:1). Brown oil (50.6 mg, 77%). 1H NMR
(400 MHz, CDCl3) δ 7.97−7.99 (m, 2H), 7.60−7.64 (m, 1H), 7.50
(t, J = 7.6 Hz, 2H), 6.82 (br s, 1H), 4.74 (d, J = 4.4 Hz, 2H), 1.28 (s,
9H). 13C{1H} NMR (150 MHz, CDCl3) δ 194.5, 178.7, 134.5, 134.1,
128.9, 127.9, 46.5, 38.8, 27.6. HRMS (ESI) m/z: [M + Na]+ calcd for
C13H17NNaO2

+ 242.1151; found 242.1152.
N-(2-Oxo-2-Phenylethyl)Hexanamide (3ar). Eluent: petroleum

ether/ethyl acetate (3:1). Yellowish solid (43.4 mg, 62%), mp: 69−71
°C. 1H NMR (400 MHz, CDCl3) δ 7.97−8.00 (m, 2H), 7.60−7.64
(m, 1H), 7.50 (t, J = 7.6 Hz, 2H), 6.65 (br s, 1H), 4.78 (d, J = 4.0 Hz,
2H), 2.31 (t, J = 8.0 Hz, 2H), 1.66−1.73 (m, 2H), 1.32−1.37 (m,
4H), 0.89−0.92 (m, 3H). 13C{1H} NMR (150 MHz, CDCl3) δ
194.5, 173.4, 134.4, 134.1, 128.9, 127.9, 46.4, 36.5, 31.5, 25.4, 22.4,
13.9. HRMS (ESI) m/z: [M + Na]+ calcd for C14H19NNaO2

+

256.1308; found, 256.1306.
N-(2-Oxo-2-Phenylethyl)Cyclohexanecarboxamide (3as). Eluent:

petroleum ether/ethyl acetate (3:1). Yellowish solid (50.7 mg, 69%),
mp: 111−113 °C. 1H NMR (400 MHz, CDCl3) δ 7.97−7.99 (m,
2H), 7.62 (tt, J1 = 7.6 Hz, J2 = 1.2 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H),
6.63 (br s, 1H), 4.76 (d, J = 4.4 Hz, 2H), 2.25 (tt, J1 = 12.0 Hz, J2 =
3.6 Hz, 1H), 1.93 (dd, J1 = 13.2 Hz, J2 = 1.6 Hz, 2H), 1.80−1.84 (m,
2H), 1.67−1.71 (m, 1H), 1.50 (qd, J1 = 12.0 Hz,J2 = 3.2 Hz, 2H),
1.21−1.36 (m, 3H). 13C{1H} NMR (150 MHz, CDCl3) δ 194.6,
176.3, 134.5, 134.1, 128.9, 127.9, 46.3, 45.3, 29.7, 25.75, 25.72.
HRMS (ESI) m/z: [M + Na]+ calcd for C15H19NNaO2

+ 268.1308;
found, 268.1303.
(3R,5R,7R)-N-(2-Oxo-2-Phenylethyl)Adamantane-1-Carboxa-

mide (3at). Eluent: petroleum ether/ethyl acetate (3:1). Yellowish
solid (58.8 mg, 66%), mp: 127−128 °C. 1H NMR (400 MHz,
CDCl3) δ 7.97−8.00 (m, 2H), 7.60−7.64 (m, 1H), 7.50 (t, J = 7.2
Hz, 2H), 6.78 (br s, 1H), 4.74 (d, J = 4.4 Hz, 2H), 2.07 (s, 3H), 1.94
(d, J = 2.8 Hz, 6H), 1.71−1.79 (m, 6H). 13C{1H} NMR (150 MHz,
CDCl3) δ 194.7, 178.2, 134.5, 134.1, 128.9, 127.9, 46.3, 40.8, 39.2,
36.5, 28.1. HRMS (ESI) m/z: [M + Na]+ calcd for C19H23NNaO2

+

320.1621; found 320.1612.
2-Cyano-N-(2-Oxo-2-Phenylethyl)Acetamide (3au). Eluent: pe-

troleum ether/ethyl acetate (5:1). Yellowish solid (47.3 mg, 78%),
mp: 156−157 °C. 1H NMR (400 MHz, CDCl3) δ 7.97−7.99 (m,
2H), 7.66 (t, J = 7.6 Hz, 1H), 7.53 (t, J = 7.6 Hz, 2H), 7.14 (br s,
1H), 4.80 (d, J = 4.4 Hz, 2H), 3.50 (s, 2H). 13C{1H} NMR (150
MHz, CDCl3) δ 193.0, 161.1, 134.6, 134.0, 129.1, 128.0, 114.2, 46.8,
25.9. HRMS (ESI) m/z: [M + Na]+ calcd for C11H10N2NaO2

+

225.0634; found 225.0634.
2-Acetamido-N-(2-Oxo-2-Phenylethyl)Acetamide (3av). Eluent:

petroleum ether/ethyl acetate (1:2). White solid (38.6 mg, 55%), mp:
177−178 °C. 1H NMR (400 MHz, CDCl3) δ 7.96−7.98 (m, 2H),
7.63 (tt, J1 = 7.6 Hz, J2 = 2.0 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H), 7.15
(br s, 1H), 6.56 (br s, 1H), 4.78 (d, J = 4.4 Hz, 2H), 4.08 (d, J = 5.2
Hz, 2H), 2.08 (s, 3H). 13C{1H} NMR (150 MHz, CDCl3) δ 193.8,
170.8, 169.2, 134.30, 134.27, 129.0, 128.0, 46.4, 43.1, 23.0. HRMS
(ESI) m/z: [M + Na]+ calcd for C12H14N2NaO3

+ 257.0897; found
257.0893.
(R)-4-((5S,8R,9S,10S,13R,14S,17R)-10,13-Dimethyl-3,7,12-Trioxo-

hexadecahydro-1H-Cyclopenta[a]Phenanthren-17-yl)-N-(2-Oxo-2-
Phenylethyl)Pentanamide (3aw). Eluent: petroleum ether/ethyl
acetate (1:1). White solid (101.3 mg, 65%), mp: 189−190 °C. 1H
NMR (400 MHz, CDCl3) δ 7.97−7.99 (m, 2H), 7.62 (t, J = 7.2 Hz,
1H), 7.50 (t, J = 7.6 Hz, 2H), 6.67 (t, J = 4.0 Hz, 1H), 4.77 (d, J = 4.4
Hz, 2H), 2.82−2.95 (m, 3H), 2.11−2.46 (m, 10H), 1.81−2.04 (m,

6H), 1.62 (td, J1 = 14.4 Hz, J2 = 4.4 Hz, 1H), 1.21−1.50 (m, 7H),
1.08 (s, 3H), 0.88 (d, J = 6.4 Hz, 3H). 13C{1H} NMR (100 MHz,
CDCl3) δ 212.0, 209.2, 208.8, 194.4, 173.6, 134.4, 134.1, 128.9, 127.9,
56.9, 51.7, 49.0, 46.8, 46.4, 45.6, 45.5, 45.0, 42.8, 38.6, 36.5, 36.0,
35.6, 35.2, 33.5, 31.1, 27.6, 25.1, 21.9, 18.8, 11.9. HRMS (ESI) m/z:
[M + Na]+ calcd for C32H41NNaO5

+ 542.2877; found, 542.2869.
(2S,4aS,6aS,6bR,8aR,10S,12aS,12bR,14bR)-10-Hydroxy-

2,4a,6a,6b,9,9,12a-Heptamethyl-13-Oxo-N-(2-Oxo-2-Phenylethyl)-
1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-Icosahydro-
picene-2-Carboxamide (3ax). Eluent: petroleum ether/ethyl acetate
(1:1). Yellowish solid (142.6 mg, 81%), mp: 143−145 °C. 1H NMR
(400 MHz, CDCl3) δ 7.97−8.00 (m, 2H), 7.61 (t, J = 7.2 Hz, 1H),
7.49 (t, J = 8.0 Hz, 2H), 6.86 (t, J = 4.4 Hz, 1H), 5.78 (s, 1H), 4.77
(qd, J1 = 12.8 Hz, J2 = 4.0 Hz, 2H), 3.23 (dd, J1 = 11.2 Hz, J2 = 5.2
Hz, 1H), 2.77−2.81 (m, 1H), 2.35 (s. 1H), 2.26 (dd, J1 = 13.2 Hz, J2
= 3.2 Hz, 1H), 1.58−2.08 (m, 10H), 1.40−1.46 (m, 8H), 1.18−1.25
(m, 4H), 1.12 (d. J = 5.2 Hz, 6H), 0.96−1.05 (m, 5H), 0.81 (d, J =
0.4 Hz, 6H), 0.70 (d, J = 11.2 Hz, 1H). 13C{1H} NMR (100 MHz,
CDCl3) δ 200.1, 194.6, 176.2, 169.0, 134.5, 134.1, 128.9, 128.6, 128.0,
78.6, 61.8, 54.9, 47.9, 46.3, 45.4, 43.8, 43.2, 41.6, 39.2, 39.1, 37.5,
37.1, 32.8, 31.9, 31.5, 29.6, 28.4, 28.2, 27.3, 26.5, 26.4, 23.4, 18.7,
17.5, 16.4, 15.7. HRMS (ESI) m/z: [M + H]+ calcd for C38H54NO4

+

588.4047; found, 588.4030.
6-(3-((3r,5r,7r)-Adamantan-1-yl)-4-Methoxyphenyl)-N-(2-Oxo-2-

Phenylethyl)-2-Naphthamide (3ay). Eluent: petroleum ether/ethyl
acetate (3:1). Brown solid (87.3 mg, 55%), mp: 200−202 °C. 1H
NMR (400 MHz, CDCl3) δ 8.40 (s, 1H), 8.00−8.05 (m, 3H), 7.93−
7.98 (m, 3H), 7.79 (dd, J1 = 8.8 Hz, J2 = 1.6 Hz, 1H), 7.60−7.63 (m,
2H), 7.47−7.54 (m, 4H), 6.98 (d, J = 8.4 Hz, 1H), 5.00 (d, J = 4.4
Hz, 2H), 3.88 (s, 3H), 2.19 (s, 6H), 2.11 (s, 3H), 1.80 (s, 6H).
13C{1H} NMR (100 MHz, CDCl3) δ 194.4, 167.5, 158.9, 140.9,
139.0, 135.4, 134.4, 134.3, 132.6, 131.4, 130.6, 129.4, 129.0, 128.6,
128.1, 127.6, 126.6, 126.0, 125.7, 124.7, 124.0, 112.1, 55.2, 47.1, 40.7,
37.24, 37.17, 29.2. HRMS (ESI) m/z: [M + Na]+ calcd for
C36H35NNaO3

+ 552.2509; found, 552.2503.
4-([1,1 ’-Biphenyl]-4-yl)-4-Oxo-N-(2-Oxo-2-Phenylethyl)-

Butanamide (3az). Eluent: petroleum ether/ethyl acetate (3:1). Pink
solid (75.7 mg, 68%), mp: 169−171 °C. 1H NMR (400 MHz,
CDCl3) δ 8.06 (d, J = 8.4 Hz, 2H), 7.96−7.98 (m, 2H), 7.67 (d, J =
8.4 Hz, 2H), 7.59−7.63 (m, 3H), 7.47 (q, J = 8.4 Hz, 4H), 7.37−7.41
(m, 1H), 6.88 (br s, 1H), 4.79 (d, J = 4.4 Hz, 2H), 3.43 (t, J = 6.4 Hz,
2H), 2.80 (t, J = 6.8 Hz, 2H). 13C{1H} NMR (150 MHz, CDCl3) δ
198.4, 194.2, 172.3, 145.9, 139.9, 135.3, 134.5, 134.1, 128.98, 128.95,
128.7, 128.3, 128.0, 127.30, 127.27, 46.6, 33.9, 30.1. HRMS (ESI) m/
z: [M + Na]+ calcd for C24H21NNaO3

+ 394.1414; found, 394.1403.
4-(N,N-Dipropylsulfamoyl)-N-(2-Oxo-2-Phenylethyl)Benzamide

(3ba). Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid
(88.1 mg, 73%), mp: 108−109 °C. 1H NMR (400 MHz, CDCl3) δ
7.99−8.01 (m, 4H), 7.87 (d, J = 8.4 Hz, 2H), 7.64 (t, J = 7.2 Hz, 1H),
7.51 (t, J = 8.0 Hz, 3H), 4.95 (d, J = 4.8 Hz, 2H), 3.09 (t, J = 7.6 Hz,
4H), 1.50−1.59 (m, 4H), 0.87 (t, J = 7.6 Hz, 6H). 13C{1H} NMR
(100 MHz, CDCl3) δ 194.0, 166.0, 143.0, 137.3, 134.32, 134.26,
129.0, 127.98, 127.95, 127.2, 49.9, 46.9, 21.9, 11.1. HRMS (ESI) m/z:
[M + Na]+ calcd for C21H26N2NaO4S

+ 425.1505; found, 425.1496.
3-(4,5-Diphenyloxazol-2-yl) -N-(2-Oxo-2-Phenylethyl)-

Propanamide (3bb). Eluent: petroleum ether/ethyl acetate (1:1).
White solid (82.4 mg, 67%), mp: 105−106 °C. 1H NMR (400 MHz,
CDCl3) δ 7.95 (d, J = 7.2 Hz, 2H), 7.63−7.65 (m, 2H), 7.54−7.59
(m, 3H), 7.45 (d, J = 7.6 Hz, 2H), 7.28−7.36 (m, 6H), 7.08 (br s,
1H), 4.78 (d, J = 4.4 Hz, 2H), 3.24 (t, J = 7.6 Hz, 2H), 2.91 (t, J = 7.6
Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 194.2, 171.5, 162.3,
145.5, 135.1, 134.4, 134.1, 132.5, 129.0, 128.9, 128.7, 128.6, 128.5,
128.1, 127.98, 127.97, 126.5, 46.6, 32.8, 24.0. HRMS (ESI) m/z: [M
+ H]+ calcd for C26H23N2O3

+ 411.1703; found, 411.1690.
2-(4-Isobutylphenyl)-N-(2-Oxo-2-Phenylethyl)Propanamide

(3bc). Eluent: petroleum ether/ethyl acetate (5:1). White solid (85.3
mg, 88%), mp: 81−82 °C. 1H NMR (600 MHz, CDCl3) δ 7.92−7.93
(m, 2H), 7.59 (t, J = 7.8 Hz, 1H), 7.47 (t, J = 7.8 Hz, 2H), 7.26 (d, J
= 8.4 Hz, 2H), 7.14 (d, J = 7.8 Hz, 2H), 6.51 (br s, 1H), 4.64−4.77
(m, 2H), 3.67 (q, J = 7.2 Hz, 1H), 2.46 (d, J = 6.6 Hz, 2H), 1.83−
1.89 (m, 1H), 1.56 (d, J = 7.2 Hz, 3H), 0.91 (d, J = 6.6 Hz, 6H).
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13C{1H} NMR (150 MHz, CDCl3) δ 194.2, 174.6, 140.8, 138.2,
134.4, 134.1, 129.7, 128.9, 127.9, 127.4, 46.7, 46.5, 45.1, 30.2, 22.4,
18.5. HRMS (ESI) m/z: [M + Na]+ calcd for C21H25NNaO2

+

346.1778; found, 346.1766.
2-(1,8-Diethyl-1,3,4,9-Tetrahydropyrano[3,4-b]Indol-1-yl)-N-(2-

Oxo-2-Phenylethyl)Acetamide (3bd). Eluent: petroleum ether/ethyl
acetate (3:1). White solid (87.3 mg, 72%), mp: 195−196 °C. 1H
NMR (600 MHz, CDCl3) δ 9.51 (s, 1H), 7.97 (d, J = 7.8 Hz, 2H),
7.62 (t, J = 7.8 Hz, 1H), 7.49 (t, J = 7.8 Hz, 3H), 7.34 (d, J = 7.8 Hz,
1H), 7.03 (t, J = 7.2 Hz, 1H), 6.97 (d, J = 7.2 Hz, 1H), 4.74 (qd, J1 =
19.2 Hz, J2 = 4.8 Hz, 2H), 4.11 (t, J = 5.4 Hz, 2H), 3.06 (d, J = 15.6
Hz, 1H), 2.97 (d, J = 15.6 Hz, 1H), 2.79−2.92 (m, 4H), 2.11−2.17
(m, 1H), 2.00−2.06 (m, 1H), 1.30 (t, J = 7.8 Hz, 3H), 0.89 (t, J = 7.8
Hz, 3H). 13C{1H} NMR (150 MHz, CDCl3) δ 194.0, 171.4, 136.0,
134.8, 134.4, 134.2, 129.0, 128.0, 126.9, 126.3, 120.2, 119.5, 115.9,
108.1, 75.6, 60.8, 46.5, 44.6, 31.0, 24.1, 22.3, 13.9, 7.8. HRMS (ESI)
m/z: [M + Na]+ calcd for C25H28N2NaO3

+ 427.1992; found,
427.1977.
2-(1-(4-Chlorobenzoyl)-5-Methoxy-2-Methyl-1H-Indol-3-yl)-N-(2-

Oxo-2-Phenylethyl)Acetamide (3be). Eluent: petroleum ether/ethyl
acetate (1:1). Yellowish solid (109.5 mg, 77%), mp: 108−109 °C. 1H
NMR (600 MHz, CDCl3) δ 7.90 (d, J = 7.8 Hz, 2H), 7.70 (d, J = 8.4
Hz, 2H), 7.58 (t, J = 7.2 Hz, 1H), 7.44−7.48 (m, 4H), 6.99−6.71 (m,
2H), 6.81 (t, J = 4.2 Hz, 1H), 6.71 (dd, J1 = 9.0 Hz, J2 = 2.4 Hz, 1H),
4.70 (d, J = 4.2 Hz, 2H), 3.83 (s, 3H), 3.72 (s, 2H), 2.38 (s, 3H).
13C{1H} NMR (150 MHz, CDCl3) δ 193.9, 170.2, 168.3, 156.3,
139.4, 136.1, 134.3, 134.1, 133.8, 131.3, 131.1, 130.4, 129.2, 128.9,
127.9, 115.2, 112.9, 112.4, 100.9, 55.7, 46.4, 32.1, 13.5. HRMS (ESI)
m/z: [M + Na]+ calcd for C27H23ClN2NaO4

+ 497.1239; found,
497.1230.
(E)-2-(5-Fluoro-2-Methyl-1-(4-(Methylsulfinyl)Benzylidene)-1H-

Inden-3-yl)-N-(2-Oxo-2-Phenylethyl)Acetamide (3bf). Eluent: petro-
leum ether/ethyl acetate (1:3). Yellow solid (110.7 mg, 78%), mp:
169−170 °C. 1H NMR (600 MHz, CDCl3) δ 7.81 (dd, J1 = 8.4 Hz, J2
= 1.2 Hz, 2H), 7.62 (d, J = 8.4 Hz, 2H), 7.57 (d, J = 7.8 Hz, 2H), 7.48
(t, J = 7.8 Hz, 1H), 7.35 (t, J = 8.4 Hz, 2H), 7.07−7.10 (m, 2H),
6.83−6.86 (m, 2H), 6.46 (td, J1 = 9.0 Hz, J2 = 2.4 Hz, 1H), 4.63 (d, J
= 4.8 Hz, 2H), 3.52 (s, 2H), 2.71 (s, 3H), 2.17 (s, 3H). 13C{1H}
NMR (150 MHz, CDCl3) δ 194.1, 169.5, 163.4 (d,1JC‑F = 245.1 Hz),
146.6 (d,3JC‑F = 8.7 Hz), 145.5, 141.6, 139.5, 138.7, 134.3, 134.1,
132.5 (d,4JC‑F = 2.1 Hz), 130.3, 129.6 (d,4JC‑F = 2.1 Hz), 128.9, 128.6,
127.9, 123.85, 123.77 (d,3JC‑F = 8.9 Hz), 111.0 (d,2JC‑F = 23.0 Hz),
106.2 (d,2JC‑F = 23.0 Hz), 46.5, 43.8, 33.5, 10.6. 19F NMR (565
MHz,CDCl3) δ −112.45. HRMS (ESI) m/z: [M + Na]+ calcd for
C28H24FNNaO3S

+ 496.1353; found, 496.1346.
(8R,9S,13S,14S)-13-Methyl-17-Oxo-N-(2-Oxo-2-Phenylethyl)-

7,8,9,11,12,13,14,15,16,17-Decahydro-6H-Cyclopenta[a]-
Phenanthrene-3-Carboxamide (3bg). Eluent: petroleum ether/ethyl
acetate (1:1). White solid (89.7 mg, 72%), mp: 177−178 °C. 1H
NMR (400 MHz, CDCl3) δ 8.03−8.06 (m, 2H), 7.64−7.67 (m, 3H),
7.54 (t, J = 7.6 Hz, 2H), 7.39 (d, J = 8.0 Hz, 1H), 7.26 (br s, 1H),
4.97 (d, J = 4.0 Hz, 2H), 2.97−3.01 (m, 2H), 2.45−2.56 (m, 2H),
2.36 (td, J1 = 10.8 Hz, J2 = 3.6 Hz, 1H), 1.98−2.21 (m, 4H), 1.62−
1.68 (m, 2H), 1.47−1.58 (m, 4H), 0.93 (s, 3H). 13C{1H} NMR (150
MHz, CDCl3) δ 194.4, 167.4, 143.9, 137.1, 134.4, 134.3, 131.3, 129.0,
128.0, 127.9, 125.7, 124.4, 50.5, 47.9, 46.9, 44.6, 37.9, 35.8, 31.6, 29.3,
26.3, 25.6, 21.6, 13.8. HRMS (ESI) m/z: [M + Na]+ calcd for
C27H29NNaO3

+ 438.2040; found, 438.2026.
Structural Elaborations of 3. Synthesis of 2,5-Diphenyloxazole

(4) from 3a. To a round-bottom flask equipped with a stir bar were
added N-(2-oxo-2-phenylethyl) benzamide (3a, 478 mg, 2 mmol) and
acetic anhydride (5 mL) followed by dropwise addition of conc.
H2SO4 (50 μL, 0.9 mmol) with stirring.1c It was then stirred at 90 °C
(oil bath) under air and monitored by TLC. Upon completion, it was
cooled to room temperature and diluted with water and DCM. The
organic layer was separated and washed with saturated sodium
bicarbonate, brine, and then dried over sodium sulfate, filtered, and
concentrated under a reduced pressure. The crude mixture was
purified on a silica gel column, eluting with petroleum ether/ethyl
acetate (5:1) to yield 4.

2,5-Diphenyloxazole (4). Eluent: petroleum ether/ethyl acetate
(5:1). Yellowish solid (389.1 mg, 88%), mp: 73−74 °C. 1H NMR
(400 MHz, CDCl3) δ 8.08−8.11 (m, 2H), 7.69−7.72 (m, 2H), 7.40−
7.49 (m, 6H), 7.32 (tt, J1 = 7.2 Hz, J2 = 2.0 Hz, 1H). 13C{1H} NMR
(100 MHz, CDCl3) δ 161.2, 151.3, 130.3, 129.0, 128.9, 128.5, 128.1,
127.5, 126.3, 124.2, 123.5. HRMS (ESI) m/z: [M + H]+ calcd for
C15H12NO

+ 222.0913; found, 222.0914.
Synthesis of N-(2-Oxo-1-Phenoxy-2-Phenylethyl)Benzamide (5)

from 3a. To a solution of N-(2-oxo-2-phenylethyl)benzamide (3a,
120 mg, 0.5 mmol) in ethyl acetate (3 mL) were added with phenol
(236 mg, 2.5 mmol), TBAI (37 mg, 0.1 mmol), and TBHP (0.23 mL,
1.75 mmol, 70% aqueous solution).9 The resulting mixture was stirred
at 80 °C (oil bath) for 20 min. Upon completion, it was cooled to
room temperature, quenched with a saturated aqueous solution of
Na2S2O3 (10 mL), and extracted with ethyl acetate. The organic layer
was dried over anhydrous Na2SO4, filtered, and concentrated under a
reduced pressure. The residue was purified by column chromatog-
raphy on silica gel with petroleum ether/ethyl acetate (20:1) to give
5.

N-(2-Oxo-1-Phenoxy-2-Phenylethyl)Benzamide (5). Eluent: pe-
troleum ether/ethyl acetate (20:1). White solid (115.9 mg, 70%), mp:
150−151 °C. 1H NMR (600 MHz, CDCl3) δ 8.04 (d, J = 7.8 Hz,
2H), 7.87 (d, J = 7.8 Hz, 2H), 7.67 (d, J = 9.0 Hz, 1H), 7.62 (t, J = 7.2
Hz, 1H), 7.53 (t, J = 7.2 Hz, 1H), 7.43−7.49 (m, 4H), 7.30−7.34 (m,
3H), 7.23 (d, J = 8.4 Hz, 2H), 7.05 (t, J = 7.2 Hz, 1H). 13C{1H}
NMR (150 MHz, CDCl3) δ 191.3, 167.3, 155.7, 134.5, 133.5, 133.2,
132.4, 129.9, 129.5, 129.0, 128.8, 127.4, 122.9, 116.7, 76.1. HRMS
(ESI) m/z: [M + Na]+ calcd for C21H17NNaO3

+ 354.1101; found,
354.1110.

Synthesis of 4,5-Diphenyl-2-(2-(5-Phenyloxazol-2-yl)Ethyl)-
Oxazole (6) from 3bb. To a round-bottom flask equipped with a
stir bar were added 3-(4,5-diphenyloxazol-2-yl) -N-(2-oxo-2-
phenylethyl)propanamide (3bb, 205 mg, 0.5 mmol) and acetic
anhydride (1 mL) followed by dropwise addition of conc. H2SO4 (10
μL, 0.18 mmol) with stirring.1c It was then stirred at 90 °C (oil bath)
under air and monitored by TLC. Upon completion, it was cooled to
room temperature and diluted with water and DCM. The organic
layer was separated and washed with saturated sodium bicarbonate,
brine, and then dried over sodium sulfate, filtered, and concentrated
under a reduced pressure. The crude mixture was purified on a silica
gel column, eluting with petroleum ether/ethyl acetate (5:1) to yield
6.

4,5-Diphenyl-2-(2-(5-Phenyloxazol-2-yl)Ethyl)Oxazole (6). Elu-
ent: petroleum ether/ethyl acetate (5:1). Yellowish solid (147.0 mg,
75%), mp: 108−110 °C. 1H NMR (600 MHz, CDCl3) δ 7.64 (d, J =
7.2 Hz, 2H), 7.57 (m, 4H), 7.27−7.37 (m, 9H), 7.25 (s, 1H), 3.41 (t,
J = 13.2 Hz, 4H). 13C{1H} NMR (150 MHz, CDCl3) δ 162.4, 161.5,
151.4, 145.6, 135.3, 132.5, 129.0, 128.9, 128.7, 128.6, 128.5, 128.3,
128.14, 128.05, 128.0, 126.5, 124.1, 122.0, 25.8, 25.7. HRMS (ESI)
m/z: [M + H]+ calcd for C26H21N2O2

+ 393.1598; found, 393.1601.
Gram-Scale Preparation of 3a. To a reaction tube equipped with

a stir bar were charged (1-azidovinyl)benzene (1a, 0.87 g, 6 mmol),
benzoic acid (2a, 0.61 g, 5 mmol), and DCE (20 mL). The tube was
then sealed and stirred at 110 °C (oil bath) under air for 10 h. Upon
completion, it was cooled to room temperature and concentrated
under a reduced pressure. The residue was purified by silica gel
chromatography using petroleum ether/ethyl acetate (5:1) as an
eluent to afford product 3a (0.813 g, 66%).

Mechanism Studies. To a reaction tube equipped with a stir bar
were charged 1-(1-azidovinyl)-4-methoxybenzene (1d, 52.5 mg, 0.3
mmol), 1-(1-azidovinyl)-4-(trifluoromethy)benzene (1h, 64.0 mg, 0.3
mmol), benzoic acid (2a, 36.6 mg, 0.3 mmol), and DCE (3 mL). The
tube was then sealed and stirred at 110 °C (oil bath) under air for 10
h. Upon completion, it was cooled to room temperature and
concentrated under a reduced pressure. The residue was purified by
silica gel chromatography using petroleum ether/ethyl acetate (5:1)
as an eluent to afford N-(2-(4-methoxyphenyl)-2-oxoethyl)- benza-
mide (3d, 29.9 mg, 37%) and N-(2-oxo-2-(4-(trifluoromethyl)-
phenyl)ethyl)benzamide (3h, 22.1 mg, 24%). Thus, the ratio of 3d
to 3h was calculated as about 1.5:1.

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

https://dx.doi.org/10.1021/acs.joc.0c01871
J. Org. Chem. XXXX, XXX, XXX−XXX

I

pubs.acs.org/joc?ref=pdf
https://dx.doi.org/10.1021/acs.joc.0c01871?ref=pdf


To a reaction tube equipped with a stir bar were charged 4-
methoxybenzoic acid (2d, 45.6 mg, 0.3 mmol), 4-(trifluoromethyl)-
benzoic acid (2i, 57.0 mg, 0.3 mmol), (1-azidovinyl)benzene (1a,
43.5 mg, 0.3 mmol), and DCE (3 mL). The tube was sealed and
stirred at 110 °C (oil bath) under air for 10 h. Upon completion, it
was cooled to room temperature and concentrated under a reduced
pressure. The residue was purified by silica gel chromatography using
petroleum ether/ethyl acetate (5:1) as an eluent to afford 4-methoxy-
N-(2-oxo-2-phenylethyl)benzamide (3u, 13.7 mg, 17%) and N-(2-
oxo-2- phenylethyl)-4-(trifluoromethyl)benzamide (3z, 48.8 mg,
53%). Thus, the ratio of 3u to 3z was calculated as about 1:3.
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