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Oxidative Aminocarbonylation of Organosilanes
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ABSTRACT: A general Pd-catalyzed synthesis of amides by oxidative aminocarbonylation of arylsilanes
under mild conditions has been accomplished for the first time. The reaction is promoted by a commercially
available copper(Il) fluoride, which acts as a dual silane activator and mild oxidant, enabling highly efficient
aminocarbonylation of versatile arylsilanes at atmospheric CO pressure. The reaction is tolerant of a wide
range of arylsilanes and various sensitive halide functional groups, as well as a broad scope of amines are
compatible with this oxidative process using cheap CO. A significant aspect involves the increased efficiency
by the catalyst system. The reaction represents a segue into the powerful Pd-catalyzed oxidative
transformations of organosilanes.
INTRODUCTION

The amide bond is an essential structural motif found ubiquitously in best-selling pharmaceuticals,

numerous agrochemicals and myriad natural products.’” Recent surveys demonstrate that the amid bond is
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present in more than 25% of pharmaceuticals, while amide bond forming reactions represent the most
common reaction performed by medicinal chemists.> Considering the key importance of the amide bond, it
comes as no surprise that various methods have been established for the preparation of amides.' Traditionally,
the synthesis of amides is based on coupling of activated carboxylic acids and derivatives with amines.**
However, these methods are restricted by harsh reaction conditions and low atom-economy.*s As a
consequence, an array of alternative methods for preparation of amides has been established.”” Pioneered by
Heck, aminocarbonylations of aryl halides represent an important class of amide bond forming reactions.®
Carbonylation reactions are particularly attractive as a method to prepare amides due to low price and
availability of carbon monoxide, which represents an important C1 building block in organic synthesis in both
academic and industrial settings.”®

The recent years have witnessed the emerging utility of powerful Pd-catalyzed oxidative transformations
in organic synthesis.” Among the advantages of oxidative manifold are (i) improved functional group tolerance,
especially with respect to halides, (ii) orthogonal Pd(II)/(0) mechanistic cycle, (iii) mild reaction conditions,
and (iv) broad availability of ancillary ligands and co-catalysts that promote direct oxidation of Pd(0). With
respect to amide bond formation, only few examples of aminocarbonylations of carbon nucleophiles have been
reported.'®'* In their seminal study, Wu’s group described a Pd-catalyzed electrophilic aminocarbonylation of
boronic acids with N-chloroamines under high CO pressure (Figure 1A).!° Oxidative addition of a N-Cl bond
to Pd(0), followed by transmetallation and CO insertion afforded acyl-Pd-amide intermediate. More recently,
Jiao and co-workers developed a direct synthesis of tertiary amides by Pd-catalyzed oxidative
aminocarbonylation of boronic acids with amines (Figure 1B)." The authors demonstrated a beneficial role of
copper on the cross-coupling. Recent examples of oxidative coupling include the use of isocyanides as carbon

monoxide equivalents. 12412
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Unfortunately, despite these important advances, Pd-catalyzed direct aminocarbonylation of
organosilanes remains elusive."*"S Organosilicon reagents have a number of unique advantages in organic
synthesis, including (i) low toxicity, (ii) high-functional group tolerance, (iii) ready availability, and a wide
range of organosilanes have been employed as cross-coupling partners in the Hiyama cross-coupling.'* While
organosilanes provide multiple alternative sources of carbon nucleophiles, the central challenge in developing

oxidative Hiyama cross-coupling reactions is low nucleophilicity of organosilicon reagents.

16a, 16¢,

Our interest in amide bond activation'®** and Hiyama cross-coupling'®*! led us to interrogate
organosilanes as potential carbon nucleophiles for the synthesis of amides. Herein, we report the successful
realization of this concept and present the first aminocarbonylation of arylsilanes with amines using cheap
carbon monoxide (Figure 1C).

The following features of our study are noteworthy: (1) the method represents the first example of an
oxidative carbonylation by Hiyama cross-coupling;'> (2) the method utilizes benign organosilane reagents,
which are less toxic than related organoboranes;'* (3) the method allows for broad functional group tolerance,
including aryl halides, which are not tolerated in related carbonylative cross-couplings of halides;” (4) the use
of CuF, as a dual silane activator and re-oxidant allows to obviate the use of flammable and non-commercial
mixtures of gases that are used in related methods.!’ The method is fundamentally different from previous
processes involving organoboranes as coupling partners under oxidative conditions.'"'**

The reaction exploits readily available copper(II) fluoride, which acts as a dual silane activator and mild
oxidant, enabling highly efficient aminocarbonylation of versatile arylsilanes at practical atmospheric CO
pressure. The method further enriches the powerful toolbox of oxidative reactions for the synthesis of amides

and opens the door to applications of versatile organosilicon reagents in Pd-catalyzed oxidative

transformations under mild and operationally-convenient reaction conditions. The method features a broad
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substrate scope with respect to the organosilane and amine component, allowing for the rapid synthesis of

amides in high to excellent yields.

A: Wu's work o
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Figure 1. Synthesis of amides by aminocarbonylation of organometallic reagents: (a) Wu’s work. (b) Jiao’s
work. (c) This study: the first aminocarbonylation of organosilanes and identification of CuF; as a viable co-
mediator.
RESULTS AND DISCUSSION

The reaction of trimethoxyphenylsilane (1a) and aniline (2a) was selected as our model system. Selected
optimization results are summarized in Table 1. To enhance the synthetic utility of the process, from the outset
we selected to perform the cross-coupling under operationally-convenient atmospheric pressure conditions.
We were delighted to find that the treatment of aniline with PhSi(OMe); in the presence of Pd(OAc), (10
mol%) and CuF, (2.0 equiv) as both fluoride source and oxidant under 1 atm CO pressure in CH;CN at 80 °C
afforded the desired N-phenylbenzamide coupling product in 27% yield (entry 1). Screening of other
palladium catalysts (entries 1-5) demonstrated that the cheap Pd(PPh;),Cl, proved to be best with 90% yield
for the cross-coupling product (entry 3). Control experiments established that the desired product was not
formed in the absence of either Pd(PPh;),CL, or CuF, (entries 6-7), indicating that both the palladium catalyst

and fluoride source are indispensable in this transformation, in agreement with our design. Subsequently,
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1
2
3
4 evaluation of a series of fluoride sources, such as CsF, KF, NaF and TBAF, further demonstrated that CuF, is
5
6
7 the optimal promoter for the cross-coupling (entries 8-11). A brief optimization of solvents revealed CH;CN
8
9 to be the best solvent (12-20), while further optimization indicated that temperature of 80 °C provided the
10
1
12 optimum yield of the product (entries 21-22). In agreement with previous studies,'* the use of NMP, DMSO,
13
1: DME, toluene and 1,4-dioxane is not compatible with the oxidative Hiyama cross-coupling. It should be noted
16
17 that 2.0 equiv of CuF; are required for the efficient coupling, which is analogous to previous studies on the use
18
19 . . 16d . . . 1
20 of CuF, as silane activator.'® Our ongoing studies are focused on expanding the scope of oxidative cross-
21
22 couplings of organosilanes. Finally, examination of different carbon monoxide sources demonstrated that
23
24
25 replacement of CO with Co,(CO)s or Mo(CO)s provided inferior results (entries 23-24); however, the
26
;ZB promising result using the in situ CO-releasing Mo(CO)s should be noted (entry 24).
;g Table 1. Optimization of Aminocarbonylation Reaction’
31 cat. [Pd], additive o
32 Ph—Si(OMe); + H,N—Ph Ph)J\N,Ph
CO (1 atm) H

33 1a 2a 3a
34
35 entry catalyst additive solvent yield (%)"
36
37 1 Pd(OAc) CuF, CH:CN 27
38 2 PdClL CuF, CH:CN 45
39 3 Pd(PPh;),Cl, CuF, CH;CN 90
40
41 4 Pd(dppf)CL CuF, CH:CN 65
42

5 Pd(TFA), CuF, CH;CN 45
43
44 6 - CuF, CHiCN 0
45 7 Pd(PPh;),Cl, - CH;CN 0
46
47 8 Pd(PPhs),CL CsF CH;CN 27
48 9 Pd(PPh;),ClL KF CH;CN 23
49
50 10 Pd(PPhs),ClL NaF CHi:CN 10
51 11 Pd(PPhs),CL TBAF CH;CN 0
52
53 12 Pd(PPh;),ChL CuF, anisole 40
54 13 Pd(PPhs),Cl, CuF, NMP 0
55
56 14 Pd(PPhs),CL CuF, DMSO 0
57 15 Pd(PPh;),ClL CuF, DMF 0
58
59 16 Pd(PPh;),Cl, CuF, DCE 13
60
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17 Pd(PPh3),Cl CuF, toluene 8
18 Pd(PPhs),Cl, CuF, CH:CH,OH 20
19 Pd(PPhs),ClL CuF, 2-propanol 17
20 Pd(PPhs)Cl, CuF, 1,4-dioxane 0
21¢ Pd(PPhs),Cl, CuF, CH;CN 35
224 Pd(PPhs),Cl, CuF, CH;CN 50
23¢ Pd(PPhs)Cl, CuF, CH3CN 0
247 Pd(PPh3),Cl, CuF, CH;CN 2

“Conditions: PhNH, (0.50 mmol), PhSi(OMe); (0.75 mmol), [Pd] (10 mol%), additive (2.0 equiv), solvent
(3.0mL), CO (1 atm), 80 °C, 24 h. *Yield of isolated product. <100 °C. %60 °C. *Co,(CO)s (0.75 mmol) instead

of CO."Mo(CO)s(0.75 mmol) instead of CO.

Experiments to probe the scope of the amine component in our oxidative aminocarbonylation protocol
are summarized in Schemes 1 and 2. Most notably, we were pleased to find that a broad range of aromatic
amines bearing electron-donating, electron-withdrawing and sterically-hindered substituents at para-, meta-
and ortho-positions coupled in high yields. Since anilines are not tolerated the related

aminocarbonylations,'*!! the capacity to form synthetically-useful anilides'®

provides an important advantage
of the present method. Furthermore, a variety of anilines bearing sensitive halide functional handles (3e, 3f,
31, 3m) as well as nitro groups (3g, 3n) and medicinally-relevant fluoro-substituents (3d, 3h, 3k) poised for
further functionalization are suitable substrates for this protocol. Moreover, various aliphatic amines, such as
primary and secondary amines can be successfully applied in this protocol (Scheme 2). Notably, these
reactions include simple long-chain, benzyl and  -branched primary amines, such as n-propylamine (3p),
benzylamine (3q), cyclopentylamine (3r), and cyclohexylamine (3s), as well as various secondary amines,
such as acyclic diethylamine (3t), sterically-hindered Bn,NH (3u) and BnMeNH (3v), and alicyclic
pyrrolidine (3w), indoline (3x) and morpholine (3y). It is worthwhile to note that the amide products of these

reactions constitute some of the most privileged pharmacophores in medicinal chemistry research.*" At

present stage of the reaction development the synthesis of non-planar amides, including N-carbazoles and
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N,N-diphenyl amides has not been tested. The use of HN(TMS), is not compatible with the reaction

conditions. Future studies will focus on expanding the scope of oxidative Hiyama cross-couplings.
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9 Scheme 1. Aromatic Amine Scope in Pd-Catalyzed Aminocarbonylation of Arylsilanes“”

Pd(PPhs),Cl, (10 mol%)

12 CuF, (2.0 equiv)
13 Ph—Si(OMe); + H,N—Ar Ph)k

N,Ar
CH3CN, 80 °C, 24 h H
2 CO (1 atm)

Me

1a 3
o o o OMe
16 O o Ly
N N N
H H H
18 3a: 90% yield 3b: 92% yield 3c: 83% yield

: AT T

3d: 81% yield 3e: 85% yield 3f: 79% yield

L, 2T 20
2 W Y Oy
26 Me

27 3g: 65% yield 3h: 69% yield 3i: 85% yield

: Ol XL, LD
: e e oy

31 3j: 83% yield 3k: 76% yield 31: 71% yield Me

: L3, L3, 22
34 @ﬁ B @J\ﬁ NOz ©)kﬁ Me

3m: 80% yield 3n: 63% yield 30: 82% yield

38 “ArNH, (0.50 mmol), PhSi(OMe); (0.75 mmol), [Pd] (10 mol%), CuF, (2.0 equiv), CH;CN (3.0 mL), CO
40 (1 atm), 80 °C, 24 h. "Isolated yields.

43 Scheme 2. Aliphatic Amine Scope in Pd-Catalyzed Aminocarbonylation of Arylsilanes“”
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+bSee Scheme 1.
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The scope of aminocarbonylation reactions with representative arylsilanes is shown is Scheme 3. We were

pleased to find that the arylsilane scope is also very broad and accommodates organosilanes bearing various

electron-donating, electron- withdrawing and sensitive halide functional groups. Triethoxyphenylsilane was

similarly effective as trimethoxyphenylsilane without modification of the reaction conditions (3a). Arylsilanes

bearing various substituents, including electron-rich (3ab, 3ac) and electron-deficient substituents (3ad, 3ae,

3af) at the conjugating para as well as at the meta position (3ag-3ak) performed well in the reaction. Notably,

2-(trimethoxysilyl)naphthalene also worked smoothly to give the corresponding naphthylamide product in

goodyield (3al). It is particularly noteworthy that the reaction tolerates halides suitable for conventional cross-

coupling protocols.

Scheme 3. Organosilane Scope in Pd-Catalyzed Aminocarbonylation of Arylsilanes*”
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Pd(PPh3),Cl, (10 mol%)

CuF, (2.0 equiv)
Ar—Si(OMe); + H,N—Ph Ar)kN,Ph
CH3CN, 80 °C, 24 h H
(1 atm

1 2a co ) 3
2 2 9
H H H
Me MeO

3a: 82% yield® 3ab: 88% yield 3ac: 78% yield

oA A AR

Me

3ad: 75% yield 3ae: 80% yield 3af: 78% yield

4,0 w40 - 1,0

3ag: 83% yield 3ah: 73% yield 3ai: 70% yield

A0 TR0

Me
3aj: 70% yield 3ak: 82% yield 3al: 65% yield

25 “*See Scheme 1. “Using PhSi(OEt)s.

30 experiment using BHT as a radical scavenger gave the desired product in 85% yield under standard conditions,

35 demonstrate that electron-deficient organosilanes are inherently more reactive (4-F:4-Me = 85:15) (Figure

38 2B). (3) Furthermore, electron-deficient amines react preferentially (4-F:4-Me = 87:13) (Figure 2C). Overall,

43 exchange. We propose that electron-deficient amines react preferentially due to coordination to the silicon

46 during the ligand exchange step.

In order to gain insight into the mechanism, preliminary studies were conducted (Figure 2). (1) A control

33 suggesting that the reaction does not involve a radical process (Figure 2A). (2) Competition experiments

these findings strongly support amine deprotonation and coordination to the silicon atom to facilitate ligand

16¢
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A. Radical Inhibition

Si(OMe); NH, o /@
standard conditions N
+ _— H

BHT (50 mol%)
1a 2a 3a: 85% yield

B. Electron-Deficient vs. Electron-Rich Nucleophile

PhNH,

Si(OMe); (4 o equ|v _Ph
N
X standard H

1b:1d (X = Me:F) conditions

(1.0 equiv each) 3ab:3ad = 15:85
C. Electron-Deficient vs. Electron-Rich Amine
PhSi(OMe)3 E
/@/NHz (1 0 equw) /©/ /©/
X standard P
conditions

2b:2d (X = Me:F)

(1.0 equiv each) 3b 3d =13:87

Figure 2. Mechanistic studies

A tentative mechanism for the Pd-catalyzed aminocarbonylation with arylsilanes is proposed.'®!*!”
Transmetalation of Pd(II) with arylsilane assisted by CuF, could afford arylpalladium, which undergoes CO
insertion, ligand exchange and reductive elimination. However, we detected the formation of 1,3-
diphenylurea;'® thus, the alternative pathway could also involve imidoyl-Pd(II) species followed by CuF,-
assisted transmetallation with arylsilane and reductive elimination. The key point involves the use of CuF,,
which dramatically promotes the efficiency of this transformation due to ease of Pd(0) re-oxidation to Pd(II)
to complete the catalytic cycle.
CONCLUSION

In summary, these studies present the first efficient protocol for Pd-catalyzed synthesis of amides by
oxidative aminocarbonylation of arylsilanes. A key aspect involves the use of copper(1I) fluoride, which acts as
a dual silane activator and mild oxidant, and permits highly efficient aminocarbonylation at atmospheric CO
pressure. The presented method is versatile, high yielding, and has a broad substrate scope. Remarkably, the

aminocarbonylation was successfully demonstrated with both aliphatic and aromatic amines, which is

advantageous over related aminocarbonylation protocols. In a general sense, we expect that the catalyst system
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reported herein will facilitate the development of powerful Pd-catalyzed oxidative transformations of
organosilanes. Further studies on the mechanism and carbonylation reactions of organosilanes are in progress.
EXPERIMENTAL SECTION

General Information. All reaction yields represent isolated yields after flash column chromatography on
silica gel 300-400 mesh. 'H and *C {1H} NMR spectra were recorded on Bruker Avance III 400 MHz
(chemical shifts (ppm)) are given relative to solvent residual peaks. Spectral data are reported in ppm relative
to tetramethylsilane (TMS) as internal standard in CDCl; or DMSO-dj as solvent. Data are reported as follows:
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet and dd = doublet doublet). HRMS
analysis was carried out with gradient elution (5% CH;CN to 100% CH3CN) on an Agilent 1200 RRLC with
aphotodiode array UV detector and an Agilent 6224 TOF mass spectrom. All reactions were carried out under
an atmosphere of CO (1 atm) in oven-dried Schlenk tubes. All reagents were purchased from Meryer or Energy
chemical company and used without further purification. Functionalized silanes were prepared according to
the literature.

General Procedure for Synthesis of Amides (3). Trimethoxyphenylsilane (148.55 mg, 0.75 mmol),
Pd(PPh;),Cl, (35.1 mg, 0.05 mmol) and CuF, (0.101 g, 2.0 equiv.) were added to a 10 mL schlenk tube. The
tube was then equipped with a magnetic stir-bar. After air-evacuation and refilled with CO (1 atm.) mixture
for three times, amines (2, 0.5 mmol) and CH;CN (3.0 mL) was added via syringe. The reaction mixture was
stirred at 80 °C for 24 h. The solution was then cooled to room temperature followed by diluting with ethyl
acetate (10 mL). After being extracted with saturated NaCl aqueous solution (10 mL), the organic portion was
separated. The aqueous portion was combined and extracted with ethyl acetate (5 mL). Then the organic
portions were combined, dried over anhydrous MgSO,, filtered, and evaporated under vacuum. The residue

was purified through flash column chromatography on silica gel (petroleum ether: ethyl acetate) to afford
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amides 3.

Radical Inhibition Procedure. Trimethoxyphenylsilane (1a) (148.55 mg, 0.75 mmol), Pd(PPh;),ClL,
(35.1 mg, 0.05 mmol), CuF, (0.101 g, 2.0 equiv.) and BHT (50 mol%, 110.2 mg) were added to a 10 mL
schlenk tube. The tube was then equipped with a magnetic stir-bar. After air-evacuation and refilled with CO
(1 atm) mixture for three times, aniline (2a) (46.56 mg, 0.5 mmol) and CH;CN (3.0 mL) was added via
syringe. The reaction was purified through flash column chromatography on silica gel (petroleum ether: ethyl
acetate) to afford 3a (85 % yield).

Competition Experiments Procedure

Procedure A: Trimethoxy(p-tolyl)silane 1b (106.04 mg, 0.5 mmol), (4-fluorophenyl)trimethoxysilane
1d (108.03 mg, 0.5 mmol), Pd(PPh;),CL, (35.1 mg, 0.05 mmol), CuF, (0.101g, 2.0 equiv.) were added to a 10
mL Schlenk tube. The tube was than equipped with a magnetic stir-bar, after air-evacuation and refilled with
CO (1 atm) for three times, aniline 2a (46.56 mg, 0.5 mmol) and CH;CN (3.0 mL) was added via syringe.
The formed mixture was stirred at 80 °C for 24 h. The mixture was cooled and analyzed by GC-MS, the result
showed 3ab/3ad = 15%/85%, which revealed that arylsilanes with electron-withdrawing groups are more
efficient substrates.

Procedure B: Trimethoxy(phenyl)silane 1a (148.55 mg, 0.5 mmol), Pd(PPh;),Cl (35.1 mg, 0.05
mmol), CuF, (0.101g, 2.0 equiv.) were added to a 10 mL Schlenk tube. The tube was than equipped with a
magnetic stir-bar, after air-evacuation and refilled with CO (1 atm) for three times, p-toluidine 2b (53.58 mg,
0.5 mmol), p-fluoroaniline 2d (55.56 mg, 0.5 mmol) and CH;CN (3.0 mL) was added via syringe. The formed
mixture was stirred at 80 °C for 24 h. The mixture was cooled and analyzed by GC-MS, the result showed that
3b/3d = 13%/87%, which revealed that anilines with electron-withdrawing groups are more efficient

substrates.
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Physical Properties and Characterization Data of the Synthesized Compounds. Characterization
data for arylsilanes and amides products have been previously reported'*»'®!*2° All arylsilanes were

19a

comparison with literature data: trimethoxy(p-tolyl)silane!*, trimethoxy(4-methoxyphenyl)silane'®, (4-

19¢

, (4-chlorophenyl)trimethoxysilane

19a

fluorophenyl)trimethoxysilane , (4-bromophenyl)trimethoxysilane!*,

trimethoxy(m-tolyl)silane'®, trimethoxy(3-methoxyphenyl)silane!®, (3-fluorophenyl)trimethoxysilane's,

19b

(3-chlorophenyl)trimethoxysilane'®, (3,5-dimethylphenyl)trimethoxysilane'”, trimethoxy(naphthalen-2-
yl)silane!®s.

N-phenylbenzamide (3a).* White solid, petroleum ether/ethyl acetate = 10/1, yield 90 % (88mg), 'H
NMR (400 MHz, DMSO-ds) § 10.27 (s, 1H),7.96 (d,] = 7.1 Hz,2H), 7.79 (d, ] = 7.8 Hz, 2H), 7.66 - 7.48 (m,
3H),7.36 (t, ] = 7.9 Hz, 2H), 7.11 (t, ] = 7.4 Hz, 1H). C {1H} NMR (101 MHz, DMSO-d) 8 165.5, 139.2,
135.0,131.5,128.6,128.4,127.6,123.6,120.3. HR-MS (ESI, positive): m/z calculated for C;sH;,NO [M+H]*
198.0913, found: 198.0910.

N-(p-Tolyl)benzamide (3b).'>* White solid, petroleum ether/ethyl acetate = 10/1, yield 92 % (97mg),
'"H NMR (400 MHz, CDCl;) § 7.86 (d, ] = 7.3 Hz,2H), 7.51 (tt, ] = 14.9,7.3 Hz, 5H), 7.17 (d, ] = 8.2 Hz, 2H),
2.34 (s, 3H). *C {1H} NMR (101 MHz, CDCL;) § 165.1,134.9, 134.6, 133.7,131.2, 129.1, 128.3, 126.5, 119.8,
20.4. HR-MS (ESI, positive): m/z calculated for C,;H,NO [M+H]*212.1070, found: 212.107S5.

N-(4-Methoxyphenyl)benzamide (3¢).2* White solid, petroleum ether/ethyl acetate = 10/1, yield 83 %
(94mg), '"H NMR (400 MHz, DMSO-ds) § 10.15 (s, 1H), 7.95 (d, ] = 7.1Hz, 2H) 7.69 (d, ] = 9.0 Hz, 1H),
7.60 - 7.51 (m, 3H), 6.94 (d, ] = 8.9 Hz, 1H), 3.75 (s, 3H). *C {1H} NMR (101 MHz, DMSO-ds) § 165.1,
155.5, 135.0, 132.2, 131.4, 128.3, 127.5, 121.9, 113.7, 55.1. HR-MS (ES]I, positive): m/z calculated for

Ci4sHuNO, [M+H]* 228.1019, found: 228.1027.

N-(4-Fluorophenyl)benzamide (3d).!* White solid, petroleum ether/ethyl acetate = 10/1, yield 81 %
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(87mg), 'H NMR (400 MHz, DMSO-ds) § 10.33 (s, 1H), 8.00 - 7.92 (m, 2H), 7.81 (dd, ] = 9.1, 5.1 Hz, 2H),
7.57 (dt, ] = 14.7,7.1 Hz, 3H), 7.21 (t, ] = 8.9 Hz, 2H). *C {1H} NMR (101 MHz, DMSO-ds) & 165.4, 159.4
(d,J=241.4Hz),135.5(d,J=3.0 Hz), 134.8,131.6,128.4,127.6,122.2 (d,] = 7.1 Hz), 115.3 (d, ] = 22.2 Hz).
HR-MS (ES], positive): m/z calculated for C;;H;;FNO [M+H]* 216.0819, found: 216.0811.

N-(4-Chlorophenyl)benzamide (3e). White solid, petroleum ether/ethyl acetate = 10/1, yield 85 %
(98mg), '"H NMR (400 MHz, DMSO-ds) § 10.38 (s, 1H), 7.96 (d, ] = 7.3 Hz, 2H), 7.83 (d, ] = 8.8 Hz, 2H),
7.57 (dt,J=26.3,7.2 Hz,3H),7.42 (d,] = 8.8 Hz,2H). “C {1H} NMR (101 MHz, DMSO-ds) § 165.6,138.1,
134.7, 131.7, 128.5, 128.4, 127.6, 127.2, 121.8. HR-MS (ES], positive): m/z calculated for C;;H;;CINO
[M+H]* 232.0524, found: 232.0531.

N-(4-Bromophenyl)benzamide (3f).!* White solid, petroleum ether/ethyl acetate = 10/1, yield 79 %
(108mg), '"H NMR (400 MHz, DMSO-ds) § 10.39 (s, 1H), 7.95 (d, ] = 7.2 Hz, 2H), 7.78 (d, ] = 8.8 Hz, 2H),
7.70 - 7.49 (m, SH). *C {1H} NMR (101 MHz, DMSO-d;s) § 165.6,138.6,134.7,131.7,131.4,128.4,127.7,
122.2,115.3. HR-MS (ES]J, positive): m/z calculated for CisH;;BrNO [M+H]* 276.0019, found: 276.0015.

N-(4-Nitrophenyl)benzamide (3g).2 White solid, petroleum ether/ethyl acetate = 10/1, yield 65 %
(78mg), 'H NMR (400 MHz, DMSO-ds) § 10.83 (s, 1H), 8.27 (t, ] = 6.0 Hz, 2H), 8.08 (d, ] = 9.3 Hz, 2H),
8.04 - 7.95 (m, 2H), 7.61 (dt, ] = 14.9, 7.2 Hz, 3H). *C {1H} NMR (101 MHz, DMSO-ds) § 166.3, 145.5,
142.4, 134.2, 132.1, 128.5, 127.9, 124.7, 119.8. HR-MS (ES], positive): m/z calculated for C;;H;1N,O;
[M+H]* 243.0764, found: 243.0751.

N-(4-(Trifluoromethyl) phenyl)benzamide (3h).2* White solid, petroleum ether/ethyl acetate = 10/1,
yield 69 % (91mg), 'H NMR (400 MHz, DMSO-ds) § 10.61 (s, 1H), 8.01 (dd, J = 20.4, 7.8 Hz, 4H), 7.73 (d,
J = 8.6 Hz, 2H), 7.67 - 7.51 (m, 3H). “C {1H} NMR (101 MHz, DMSO-ds) § 166.0, 142.8, 134.5, 131.9,

128.4,127.8,1259 (q,J=3.8Hz) 1244 (q,J=270.1Hz) ,123.6 (q,J=32.1Hz) ,120.1. HR-MS (ESI,
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positive): m/z calculated for C,;H,,FsNO [M+H]* 266.0787, found: 266.0769.

N-(o-Tolyl)benzamide (3i).">* White solid, petroleum ether/ethyl acetate = 10/1, yield 85 % (89mg), 'H
NMR (400 MHz, DMSO-ds) §9.89 (s, 1H), 7.99 (d, ] = 7.1 Hz, 2H), 7.62-7.51 (m, 3H), 7.39 - 7.12 (m, 4H),
2.24 (s,3H). *C {1H} NMR (101 MHz, DMSO-ds) § 165.2, 136.4, 134.5,133.7,131.5, 130.3, 128.4, 127.6,
126.6,125.9,17.9.HR-MS (ESI, positive): m/z calculated for C;;H,NO [M+H]*212.1070, found: 212.1075.

N-(m-Tolyl)benzamide (3j)." White solid, petroleum ether/ethyl acetate = 10/1, yield 83 % (87mg),
'"H NMR (400 MHz, DMSO-ds) § 10.19 (s, 1H), 7.96 - 7.94 (m, 2H), 7.64 - 7.51 (m, SH), 7.23 (t,] = 7.8 Hz,
1H),6.93 (d,J=7.5Hz,1H),2.31 (s, 3H). *C {1H} NMR (101 MHz, DMSO-ds) § 165.4,139.1,137.7,135.0,
131.5, 128.4, 128.3, 127.6, 124.3, 120.9, 117.5, 21.2. HR-MS (ES], positive): m/z calculated for C;sHi;NO
[M+H]*212.1070, found: 212.1081.

N-(3-Fluorophenyl)benzamide (3k).!* White solid, petroleum ether/ethyl acetate = 10/1, yield 76 %
(81mg), 'H NMR (400 MHz, DMSO-de) § 10.46 (s, 1H), 7.96 (d, ] = 7.1 Hz, 2H), 7.77 (d, ] = 11.8 Hz, 1H),
7.59 (dq, ] = 21.2, 7.2 Hz, 4H), 7.40 (q, ] = 8.2 Hz, 1H), 6.97-6.92 (m, 1H). *C {1H} NMR (101 MHz,
DMSO-dq) 8§ 165.8,163.2 (d, J = 241.4 Hz), 141.0 (d, ] = 11.1 Hz), 134.6, 131.8, 130.3 (d, ] = 10.1 Hz), 128.4,
127.7,115.9 (d, ] = 3.0 Hz), 1102 (d, ] = 20.2 Hz), 107.0 (d, ] = 27.3 Hz). HR-MS (ESI, positive): m/z
calculated for C;3H,,FNO [M+H]* 216.0819, found: 216.0824.

N-(3-Chlorophenyl)benzamide (31).1>* White solid, petroleum ether/ethyl acetate = 10/1, yield 71 %
(82mg), 'H NMR (400 MHz, CDCl;) § 7.86 - 7.84 (m, 2H), 7.78 (t,] = 2.0 Hz, 1H), 7.56 (t, ] = 7.4 Hz, 1H),
7.48 (t,]=7.4Hz,3H),7.29 (d,]=8.1 Hz,1H),7.11 (d,] = 8.0 Hz, 1H). “C {1H} NMR (101 MHz, CDCl;)
§ 165.4, 138.6, 134.2, 134.0, 131.6, 129.5, 128.3, 126.6, 124.1, 119.9, 117.7. HR-MS (ES], positive): m/z
calculated for C;3H,; CINO [M+H]* 232.0524, found: 232.0518.

N-(3-Bromophenyl)benzamide (3m).* White solid, petroleum ether/ethyl acetate = 10/1, yield 80 %
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(109mg), 'H NMR (400 MHz, DMSO-ds) § 10.41 (s, 1H), 8.12 (s, 1H), 7.99 - 7.91 (m, 2H), 7.77 (dt, ] = 7.6,
1.7 Hz, 1H), 7.66 - 7.50 (m, 3H), 7.38 - 7.26 (m, 2H). *C {1H} NMR (101 MHz, DMSO-d;) § 165.7, 140.9,
134.5, 131.8, 130.6, 128.4, 127.7, 126.2, 122.5, 121.4, 118.9. HR-MS (ESI, positive): m/z calculated for
C13H, BrNO [M+H]* 276.0019, found: 276.0021.

N-(3-Nitrophenyl)benzamide (3n).'** Yellow solid, petroleum ether/ethyl acetate = 10/1, yield 63 %
(76mg), 'H NMR (400 MHz, DMSO-ds) & 10.72 (s, 1H), 8.82 (t, ] = 2.1 Hz, 1H), 8.20 (d, ] = 7.0 Hz, 1H),
8.07 - 7.94 (m, 3H), 7.62 (ddd, ] = 27.4, 15.6, 7.6 Hz,4H).7.69 - 7.62 (m, 2H), 7.59 - 7.55 (m, 2H). *C {1H}
NMR (101 MHz, DMSO-ds) 8 166.0, 147.9, 140.3, 134.2,132.0, 130.0, 128.5, 127.7,126.1,118.1, 114.3. HR-
MS (ESI, positive): m/z calculated for C;3H;1N,O3 [M+H]* 243.0764, found: 243.0769.

N-(3,5-Dimethylphenyl)benzamide (30).>* White solid, petroleum ether/ethyl acetate = 10/1, yield 82 %
(92mg), '"H NMR (400 MHz, DMSO-d;) § 10.10 (s, 1H), 7.95 (d,] = 7.1 Hz, 2H), 7.64 - 7.48 (m, 3H), 7.43
(s,2H), 6.80 (s, 1H), 2.27 (s, 6H). *C { 1IH} NMR (101 MHz, DMSO-ds) § 165.4, 138.9, 137.5,135.0, 131.4,
128.3, 127.6, 125.2, 118.1, 21.1. HR-MS (ES]I, positive): m/z calculated for C;sH;(NO [M+H]* 226.1226,
found: 226.1221.

N-Propylbenzamide (3p).'* White solid, petroleum ether/ethyl acetate = 10/2, yield 67 % (54mg), 'H
NMR (400 MHz, DMSO-d;) & 8.46 (s, 1H), 7.94 - 7.72 (m, 2H), 7.48 (dt, ] = 24.6, 7.7 Hz,3H), 3.21 (dd, ] =
13.4,6.5Hz,2H),1.53 (dd, ] = 14.4,7.3 Hz,2H), 0.89 (t,] = 7.4 Hz, 3H). *C {1H} NMR (101 MHz, DMSO-
ds) §166.1,134.7,130.9, 128.2, 127.1, 40.9, 22.4, 11.4. HR-MS (ES], positive): m/z calculated for C;oH,NO
[M+H]* 164.1070, found: 164.1065.

N-Benzylbenzamide (3q)."** White solid, petroleum ether/ethyl acetate = 10/1, yield 63 % (66mg), 'H
NMR (400 MHz, DMSO-ds) §9.10 (s, 1H), 7.51 (dt, ] = 25.7,7.1 Hz, 3H), 7.37 - 7.29 (m, 4H), 7.25 (dd, ] =

8.8,3.8 Hz, 1H),4.49 (d, ] = 6.0 Hz, 2H). *C {1H} NMR (101 MHz, DMSO-ds) § 166.2,139.7,134.3,131.2,
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128.3, 128.2, 127.2, 127.2, 126.7, 42.6. HR-MS (ES], positive): m/z calculated for C;;H,NO [M+H]*
212.1070, found: 212.1072.

N-Cyclopentylbenzamide (3r).2*! White solid, petroleum ether/ethyl acetate = 10/1, yield 80 % (75mg),
'"H NMR (400 MHz, DMSO-ds) § 8.28 (d,]=7.0 Hz,1H), 7.83 (dd, ] = 8.2, 1.2 Hz, 2H), 7.53 - 7.37 (m, 3H),
422 (dd, ] = 14.0,7.1 Hz, 1H), 1.95 - 1.80 (m, 2H), 1.70 (d, ] = 2.0 Hz, 2H), 1.54 (dt, ] = 13.8,9.2 Hz, 4H).
13C {1H} NMR (101 MHz, DMSO-ds) 8 165.9, 134.8, 130.9, 128.1, 127.3, 50.9, 32.1, 23.6. HR-MS (ES],
positive): m/z calculated for C;,H;sNO [M+H]* 190.1226, found: 190.1225.

N-Cyclohexylbenzamide (3s).2% White solid, petroleum ether/ethyl acetate = 10/1, yield 84 % (85mg),
'H NMR (400 MHz, DMSO-ds) 8 8.20 (d, ] = 7.8 Hz, 1H), 7.84 - 7.82 (m, 2H), 7.47 (dt, ] = 25.8,7.1 Hz, 3H),
3.76 (d,] = 3.6 Hz, 1H), 1.77 (dd, ] = 32.1, 6.2 Hz, 4H), 1.61 (d, ] = 12.2 Hz, 1H), 1.41-1.20 (m, 4H), 1.20-
0.82 (m, 1H). 3C {1H} NMR (101 MHz, DMSO-d) § 165.3, 134.9,130.9, 128.1, 127.2, 48.3, 32.4,25.2, 24.9.
HR-MS (ESI, positive): m/z calculated for C13H;sNO [M+H]* 204.1383, found: 204.1385.

N,N-Diethylbenzamide (3t).!* Colorless oil, petroleum ether/ethyl acetate = 100/15, yield 65 % (38mg),
'H NMR (400 MHz, CDCl;) § 7.31 (s, SH), 3.48 (s,2H), 3.18 (s, 2H), 1.18 (s, 3H), 1.03 (s, 3H). '*C {1H}
NMR (101 MHz, CDCL) § 171.3, 137.3, 129.1, 1284, 126.3, 43.3, 39.2, 14.2, 12.9. HR-MS (ESI, positive):
m/z calculated for C;;H;sNO [M+H]* 178.1226, found: 178.1231.

N,N-Dibenzylbenzamide (3u).2 White solid, petroleum ether/ethyl acetate = 10/2, yield 85 % (127mg),
'"H NMR (400 MHz, DMSO-ds) § 7.51-7.11 (m, 15H), 4.49 (d, ] = 78.6 Hz,4H). *C {1H} NMR (101 MHz,
DMSO-ds) § 171.2,137.0,136.6,136.2,129.5,128.7,128.5,127.6,127.4,127.2,126.8,126.4, 51.4,46.8. HR-
MS (ES], positive): m/z calculated for C,;HxNO [M+H]* 302.1539, found: 302.1532.

N-benzyl-N-methylbenzamide (3v).!* Colorless oil, petroleum ether/ethyl acetate = 10/1, yield 85 %

(95mg), "H NMR (400 MHz, CDCl;) § 7.38 (d,] = 7.2 Hz, 2H), 7.30 (d, ] = 18.6 Hz, 6H), 7.22 (d, ] = 5.8 Hz,
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1H),7.09 (s, 1H), 4.69 (s, 1H), 4.43 (s, 1H),2.95 (s, 1.5H), 2.78 (s, 1.5H). *C {IH} NMR (101 MHz, CDCl;)
8172.3,171.6,137.1,136.6, 136.3,136.2, 129.6, 128.8, 128.7, 128.5, 128.4, 128.2, 127.6, 127.6, 127.5, 127.0,
126.8,126.8,55.2,50.8,37.0, 33.2. HR-MS (ES], positive): m/z calculated for C;sHi;sNO [M + H]* 226.1226,
found: 226.1229.

Phenyl(pyrrolidin-1-yl)methanone (3w).'* Colorless oil, petroleum ether/ethyl acetate = 2/1, yield 78 %
(68mg), 'HNMR (400 MHz, CDCl;) § 7.80 - 7.33 (m, SH), 3.54 (d, ] = 68.9 Hz, 4H), 1.92 (m, 4H). *C {1H}
NMR (101 MHz, CDCL) § 169.7, 137.3, 129.8, 128.2, 127.1, 49.6, 46.2, 26.4, 24.5. HR-MS (ESI, positive):
m/z calculated for C;;H,sNO [M+H]* 176.1070, found: 176.1073.

Indolin-1-yl(phenyl)methanone (3x).2®® White solid, petroleum ether/ethyl acetate = 10/2, yield 69 %
(76mg), 'H NMR (400 MHz, DMSO-ds) § 8.29 - 6.77 (m, 9H), 3.99 (t, ] = 8.2 Hz, 2H), 3.08 (t, ] = 8.3 Hz,
2H). B¥C {1H} NMR (101 MHz, DMSO-ds) § 167.9, 142.5, 136.9, 132.6, 129.9, 128.4, 126.9, 126.7, 124.9,
123.6, 116.3, 50.2, 27.6. HR-MS (ES], positive): m/z calculated for C;sH,,NO [M+H]* 224.1070, found:
224.1072.

Morpholino(phenyl)methanone (3y).'*¢ Colorless oil, petroleum ether/ethyl acetate = 4/1, yield 87 %
(83mg), 'H NMR (400 MHz, CDCl;) § 7.42 (d,J = 6.3 Hz, SH), 3.98 - 3.35 (m, 8H). *C {1H} NMR (101
MHz, CDCl;) §170.4,135.3,129.9, 128.6,127.1,66.9. HR-MS (ES], positive): m/z calculated for C;;H,NO,
[M+H]* 192.1019, found: 192.1013.

4-Methyl-N-phenylbenzamide (3ab).!* White solid, petroleum ether/ethyl acetate = 10/1, yield 88 %
(92mg), 'H NMR (400 MHz, DMSO-d;) § 10.14 (s, 1H), 7.87 (d, ] = 8.2 Hz, 2H), 7.77 (d, ] = 7.6 Hz, 2H),
7.34 (t,]=7.1Hz,4H),7.09 (t,]= 7.4 Hz, 1H). *C {1H} NMR (101 MHz, DMSO-ds) § 165.3,141.5,139.2,
132.0,128.9, 128.5, 127.6, 123.5, 120.3,21.0. HR-MS (ES]J, positive): m/z calculated for C;;H1,NO [M+H]*

212.1070, found: 212.1079.
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4-Methoxy-N-phenylbenzamide (3ac).?’ White solid, petroleum ether/ethyl acetate = 10/1, yield 78 %
(88mg), '"H NMR (400 MHz, DMSO-dq) § 10.08 (s, 1H), 7.97 (d, ] = 8.8 Hz, 2H), 7.77 (d, ] = 7.7 Hz, 2H),
7.34 (t,]=7.9 Hz,2H), 7.08 (dd, ] = 10.7, 8.1 Hz, 3H), 3.84 (s, 3H). *C {1H} NMR (101 MHz, DMSO-ds)
§ 164.8, 161.8, 139.3, 129.5, 128.5, 127.0, 123.4, 120.3, 113.6, 55.4. HR-MS (ES]I, positive): m/z calculated
for C;,H14,NO, [M+H]* 228.1019, found: 228.1025.

4-Fluoro-N-phenylbenzamide (3ad).'>* White solid, petroleum ether/ethyl acetate = 10/1, yield 75 %
(80mg), '"H NMR (400 MHz, DMSO-dq) § 10.26 (s, 1H), 8.04 (dd, ] = 8.8, 5.5 Hz, 2H), 7.76 (d, ] = 8.6 Hz,
2H),7.61 -7.19 (m, 4H), 7.11 (t,] = 7.3 Hz, 1H). *C {1H} NMR (101 MHz, DMSO-d;) § 165.2, 164.3 (d, ]
=161.6 Hz),138.9,131.3 (d,]=3.0 Hz), 130.3 (d, ] =9.1 Hz), 128.5,123.6,120.3,115.3 (d,] =22.2 Hz). HR-
MS (ESI, positive): m/z calculated for C;3H;;FNO [M+H]* 216.0819, found: 216.0823.

4-Chloro-N-phenylbenzamide (3ae).!* White solid, petroleum ether/ethyl acetate = 10/1, yield 80 %
(92mg), '"H NMR (400 MHz, DMSO-ds) § 10.32 (s, 1H), 8.20 - 7.88 (m, 2H), 7.77 (d, ] = 7.6 Hz, 2H), 7.61
(d,J=8.5Hz,2H),7.36 (t,]=7.9 Hz,2H), 7.12 (t,] = 7.4 Hz, 1H). “C {1H} NMR (101 MHz, DMSO-d;) §
164.4, 138.9, 136.3, 133.6, 129.6, 128.6, 128.4, 123.8, 120.4. HR-MS (ESI, positive): m/z calculated for
Ci3H CINO [M+H]* 232.0524, found: 232.0523.

4-Bromo-N-phenylbenzamide (3af).!* White solid, petroleum ether/ethyl acetate = 10/1, yield 78 %
(107mg), "H NMR (400 MHz, DMSO-d;) § 10.32 (s, 1H), 7.92 (d, ] = 8.5 Hz, 2H), 7.76 (t, ] = 7.1 Hz, 4H),
7.36 (t,]=7.9Hz,2H),7.12 (t,]= 7.4 Hz, 1H). *C {1H} NMR (101 MHz, DMSO-ds) § 164.5,138.9, 133.9,
131.4, 129.8, 128.6, 125.3, 123.8, 120.4. HR-MS (ESI, positive): m/z calculated for C;;H;;BrNO [M+H]*
276.0019, found: 276.0023.

3-Methyl-N-phenylbenzamide (3ag).* White solid, petroleum ether/ethyl acetate = 10/1, yield 83 %

(87mg), "H NMR (400 MHz, DMSO-ds) § 10.22 (s, 1H), 7.77 (t, ] = 10.8 Hz, 4H), 7.56 - 7.29 (m, 4H), 7.10
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(t,J=7.3 Hz, 1H), 2.40 (s, 3H). *C {1H} NMR (101 MHz, DMSO-ds) 8§ 165.6, 139.2, 137.6, 134.9, 132.1,
128.5,128.2,128.1, 124.8, 123.5, 120.3, 20.9. HR-MS (ES], positive): m/z calculated for C;;H,NO [M+H]*
212.1070, found: 212.1085.

3-Methoxy-N-phenylbenzamide (3ah).2* White solid, petroleum ether/ethyl acetate = 10/1, yield 73 %
(82mg), 'H NMR (400 MHz, DMSO-ds) § 10.22 (s, 1H), 7.78 (d, ] = 8.1 Hz, 2H), 7.62 - 7.41 (m, 3H), 7.36
(t,J=7.8 Hz,2H), 7.26 - 6.96 (m, 2H), 3.84 (s, 3H). *C {1H} NMR (101 MHz, DMSO-ds) § 165.2,159.1,
139.1,136.4,129.5,128.5,123.7,120.4,119.8,117.2, 112.9, 55.3. HR-MS (ESI, positive): m/z calculated for
CisHuNO, [M+H]*228.1019, found: 228.1027.

3-Fluoro-N-phenylbenzamide (3ai).'*® White solid, petroleum ether/ethyl acetate = 10/1, yield 70 %
(75mg), '"H NMR (400 MHz, DMSO-dq) § 10.32 (s, 1H), 7.80 (dd, ] = 18.2, 7.8 Hz, 4H), 7.63 - 7.56 (m, 1H),
7.45 (td, ] = 8.6, 2.6 Hz, 1H), 7.37 (t, ] = 7.9 Hz, 2H), 7.12 (t, ] = 7.4 Hz, 1H). *C {1H} NMR (101 MHz,
DMSO-ds) § 164.1 (d,]=3.0Hz), 161.9 (d,J=2454Hz) ,160.7,138.8,137.2 (d,J=7.1 Hz), 130.6 (d,] =
8.1 Hz),128.6,123.9 (d,J=2.1 Hz), 123.8,120.4, 118.5 (d, ] = 21.2 Hz), 114.5 (d, ] = 22.2 Hz). HR-MS (ES],
positive): m/z calculated for C;;H;;FNO [M+H]* 216.0819, found: 216.0824.

3-Chloro-N-phenylbenzamide (3aj).!* White solid, petroleum ether/ethyl acetate = 10/1, yield 70 %
(80mg), 'H NMR (400 MHz, DMSO-ds) § 10.36 (s, 1H), 8.01 (s, 1H), 7.92 (d,] = 7.7 Hz, 1H), 7.77 (d, ] =
7.9Hz,2H),7.67 (d,]=7.1 Hz, 1H), 7.58 (t,] = 7.8 Hz, 1H), 7.37 (t, ] = 7.8 Hz,2H), 7.12 (t, ] = 7.4 Hz, 1H).
BC {1H} NMR (101 MHz, DMSO-ds) § 164.0, 138.8, 136.9, 133.2, 131.4, 130.4, 128.6, 127.4, 126.5, 123.9,
120.4. HR-MS (ESI, positive): m/z calculated for Ci3H;;CINO [M+H]* 232.0524, found: 232.0522.

3,5-Dimethyl-N-phenylbenzamide (3ak).’* White solid, petroleum ether/ethyl acetate = 10/1, yield 82 %
(92mg), '"H NMR (400 MHz, DMSO-ds) § 10.16 (s, 1H), 7.77 (d, ] = 7.6 Hz, 2H), 7.55 (s, 2H), 7.34 (t, ] =

7.9 Hz, 2H), 7.22 (s, 1H), 7.09 (t, ] = 7.4 Hz, 1H), 2.36 (s, 6H). *C {1H} NMR (101 MHz, DMSO-ds) §
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165.7,139.2,137.5,135.0, 132.7,128.5,125.3,123.5, 120.3, 20.8. HR-MS (ESI, positive): m/z calculated for

C1sHiNO [M+H]* 226.1226, found: 226.1229.
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9 N-Phenyl-2-naphthamide (3al).** White solid, petroleum ether/ethyl acetate = 10/1, yield 65 % (80mg),
12 '"H NMR (400 MHz, CDCl;) § 8.36 (s, 1H), 7.91 (q,] = 8.2 Hz,4H), 7.70 (d, ] = 7.6 Hz, 2H), 7.57 (d, ] = 6.9,
14 1.4 Hz, 2H), 7.39 (t, ] = 8.0 Hz, 2H), 7.17 (t, ] = 7.4 Hz, 1H). *C {IH} NMR (101 MHz, CDCL) § 165.8,
17 138.0, 134.9, 132.6, 132.2, 129.1, 128.9, 128.8, 127.9, 127.8, 127.5, 126.9, 124.6, 123.5, 120.3. HR-MS (ES]I,
positive): m/z calculated for C;;H;sNO [M+H]* 248.1070, found: 248.1078.
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