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Copper-Catalyzed Decarboxylative Cross-Coupling of Carboxylic
Acids and Arylcarbamoyl Chlorides

Zhou, Dun Fan, Aihong Li, Xiang Chen, Chunxia® Sun, Peng Peng, Jinsong™
(College of Chemistry, Chemical Engineering and Resource Utilization, Northeast Forestry University, Harbin 150040)

Abstract A ligand-free copper-catalyzed decarboxylative cross-coupling reaction of carboxylic acids and carbamoyl
chlorides in the absence of base was developed. With CuCl, as the catalyst, the decarboxylative cross-coupling process could
be realized in benzene at 120 C in 48 h. Under the standard condition, the catalytic system had good functional group
tolerance, and diverse amides were obtained in good to high yields. The structures of products were elucidated by 'H NMR,
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13C NMR and HRMS spectra.
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1 Introduction

Amides are a highly important class of compounds with
a wide variety of applications in biochemistry, pharmacy
and material science. They are usually prepared through
the condensation of carboxylic acids or derivatives and
amines.!"! An alternative and less used approach to amides
is the cross-coupling of organometallic reagents and car-
bamoyl chlorides (Scheme 1, a, b).[*! For example,
Jousseaume et al.®™ reported the first palladium-catalyzed
cross-coupling reaction between aryl- and vinyl-organotins
and carbamoyl chlorides to give amide derivatives. Ni-
catalyzed cross-coupling reactions of carbamoyl chlorides
and Grignard reagents were developed for the synthesis of
tertiary amides by Lemoucheux er al.'¥ The palladi-
um-catalyzed cross-coupling reactions between organozinc
and carbamoyl chlorides also provided the corresponding
amides.””) Using organoboronic reagents (aryl boronic es-
ters! or acids,”” alkylboranes,[g] and potassium trifluoro-

(a) Transition metal-catalyzed cross-coupling using organometallic

reagents
R! R!
| Pd, Ni, Ru |
,,N_c + R-M ——F— N _R
R R
le} M = Sn, B, Zn, Mg, H O

(b) Transition metal-free cross-coupling of organometallic reagents

(c) This work: copper-catalyzed decarboxylative coupling
R’ R’

| Cu |
N_ _Cl + R3—CO,H — N_ _R®

RN RZTYT

e} @)
Scheme 1 Preparation of amides using carbamoyl chlorides

borates'”)), Pd-catalyzed Suzuki-type reactions have been
widely employed for the coupling reaction with carbamoyl
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chlorides in the presence of an appropriate base. Without
organometallic reagents, Kakiuchi et al!"" described ru-
thenium-catalyzed regioselective C—H aminocarbonyla-
tion using the carbamoyl chlorides to give tertiary amides.
Metal catalyst-free direct coupling of organolithiums!" or
organocuprates'> with carbamoyl chlorides is now fre-
quently used to synthesize secondary and tertiary amides
(Scheme 1, b). For example, Rouden et al.!' described the
preparation of tertiary amides via the coupling reactions of
organocuprates with carbamoyl chlorides.

Organolithium, magnesium and zinc reagents were used
as precursors to make the organocuprates in this reaction.
Over the past decades, the carboxylic acids are promising
alternatives to organic halides and organometallic reagents
in organic synthesis. Transition-metal-catalyzed decarbox-
ylative coupling reactions of carboxylic acids have
emerged as powerful tools for carbon-carbon bond for-
mation."! This synthetic strategy does not use expensive
and sensitive organometallic reagents, and generates CO,
instead of metal salts. Palladium,"* copper,''* silver,!'”
gold,"""" and rhodium!"® are capable of inducing the decar-
boxylation of carboxylic acids to generate organometallic
species in situ, which can be utilized in various cross-
coupling reactions. Inspired by Liu’s!"” report on the de-
carboxylative cross-coupling of potassium polyfluoroben-
zoates with aryl halides catalyzed by a Cul/Phen system,
herein, we are intrigued by ligand-free copper-catalyzed
direct C—C coupling of carboxylic acids with carbamoyl
chlorides in the absence of base and set out to explore this
possibility (Scheme 1, c).

2 Results and discussion

Using carbamoyl chloride 1a as the coupling partner, the
coupling of acetic acid 2a instead of acetate salts was ex-
amined (Table 1). The blank experiment (without the cata-
lyst) was examined in benzene at 80 ‘C for 24 h, and no
desired product 3aa was obtained. It was found that 3aa
was formed in 32% yield in the presence of 15 mol%
Cu(OAc), in benzene at 80 C for 24 h (Table 1, Entry 1).

Thus, to optimize reaction conditions, different catalysts,
solvents, reaction time and temperature were examined
(Table 1). The effect of copper sources [such as Cu(OAc),,
CuCl,, Cul, CuBr, CuCl, CuO, and Cu(OTf),] on the reac-
tion was first investigated, divalent CuCl, was found to
give the best result (53% yield, Entry 2), and Cul gave no
product (Entry 3). A higher ratio of CuCl, to 1a is prefera-
ble to afford a better yield [25% (5 mol%), 30% (10
mol%), and 53% (15 mol%); Entries 2, 6 and 7]. Secondly,
a survey of reaction media showed that non-polar solvents
(benzene, o-xylene, m-xylene and xylene, Entries §, 9, 11,
and 13) generally provided better yields than weak or
strong polar solvents [tetrahydrofuran (THF), acetonitrile,
N,N-dimethylformamide (DMF), and dimethyl sulfoxide
(DMSO), Entries 10, and 14~16). Finally, a series of ex-
periments were conducted to reveal the role of reaction
time (Entries 17 and 18) and temperature (Entries 2 and
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13) on the reaction. Generally, higher yields were obtained
with the reaction time and temperature increasing. In gen-
eral, CuCl, (15 mol%) was found to be the best catalyst for
decarboxylative cross-coupling reaction of carboxylic
acids and carbamoyl chlorides in benzene at 120 C for
48 h.

Table 1 Optimization of Cu-catalyzed decarboxylative cou-
pling”
Zh . OH copper salt \/Eh CH,
e Y * H3C—<\o solvent, 120 °C, time \([)(
1aO 2a ligand and base-free coupling 3aa
Entry Cu Solvent Time/h  Yield®/%

1€ Cu(OAc), Benzene 24 32

2¢ CuCl, Benzene 24 53

3¢ Cul/CuBr/CuCl  Benzene 24 0

4¢ CuO Benzene 24 0

5¢ Cu(OTf), Benzene 24 0
6 CuCl, Benzene 24 25
7%¢ CuCl, Benzene 24 30

8 CuCl, o-Xylene 24 38

9 CuCl, m-Xylene 24 11

10 CuCl, THF 24 Trace
11 CuCl, Xylene 24 60
12 CuCl, Toluene 24/48 Trace
13 CuCl, Benzene 24 69

14 CuCl, CH;CN 24 Trace
15 CuCl, DMF 24 0

16 CuCl, DMSO 24 Trace
17 CuCl, Benzene 36 79

18 CuCl, Benzene 48 81

“ Conditions: 1a (0.2 mmol), 2a (0.4 mmol), catalyst (15 mol%), and solvent
(1.0 mL), 120 °C, 24 h. " Isolated yield. ©80 ‘C. “5 mol% of catalyst. ¢ 10
mol% of catalyst.

With the optimized reaction conditions in hand, the
scope and limitations of this decarboxylative C—C cou-
pling reaction was then explored, a variety of diversely
substituted amides 3 were obtained (Tables 2 and 3). First-
ly, the generality of carboxylic acids was investigated in
the process (Table 2). It was found that aliphatic carbox-
ylic acids (2a~2¢), 2-arylacetic acids (2d~2j),
3-phenylpropiolic acid (2Kk), benzoic acids (21~~2n) and
heteroaromatic acid (20) could be converted into the am-
ides 3 in moderate to good yields (38%~81%). However,
when isonicotinic acid 2p was used, the reaction could not
proceed to give the corresponding product 3ap. For ali-
phatic carboxylic acids, the length of the carbon chain
(from C3 to C14, 3ab and 3ac) seemed not have any effect
on the yield. The standard conditions were compatible with
various groups such as methyl, trifluoromethyl, fluorine,
chlorine, and nitro functionality at the ortho-, meta-, and
para-position of the aromatic ring. In general, both the
para- and meta-substituted aromatic carboxylic acids af-
forded a superior yield than ortho-substituted analogues

http://sioc-journal.cn/ 1147
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Table 2 Variation of the carboxylic acids™®

CuCl, (15 mol%) 4R

O
1a 2

Fh 0
~ N Clv R o
\ﬂ/ «O benzene, 120 °C, 48 h Wg

3aa ~ 3ap

Ph Ph Ph

Ph Me

Ph Ph
| |
N H N_ _CoH N -Cq5H _N N Me N
CoHs™ YC > oCHTY 20 oy Yn 13 CoHs CoHs CaHs
o) 0 0 0 e 0 o

3aa, 81% 3ab, 68% 3ac, 68% 3ad, 73% 3ae, 66% 3af, 38%
Ph
Ph Ph Ph N Ph__Ph
N _N N F CaHs N
Csz/ m C,Hs Y\@\ C,He Y\©/ C,He
o) 0 0
o NO .
3ag, 46% CFs 3ah, 70% 2 3ai, 48% 3aj, 66% 3ak, 48%
Ph oh cl oh NO, Ph B Ph I XN
| |
N N N N _N ¥
C2Hs C,Hs~ C,Hs~ CoHs O CoHs
0 0 0 0 0
3al, 45% 3am, 73% 3an, 54% 3ao0, 76% 3ap, 0%

“Reaction conditions: 1a (0.2 mmol), carboxylic acid 2 (0.4 mmol), 15 mol% of CuCl,, benzene (1.0 mL), 120 C, 48 h. "Isolated yield.

Table 3 Variation of the arylcarbamoyl chlorides®”

Ar CuCl, (15 mol%) ﬁr
u mol _
1-N__Cl + p-MeCgH,CH,COH 2 2 . R
R
benzene, 120 °C, 48 h o)
1 © 2d Me
3bd ~ 3md, 3na
Me I\(Ie I\(Ie l\llle I\Ille
i Tt
© Me © Me Me Me MeO Me
3bd, 64% 3cd, 50% 3dd, 81% 3ed, 89%
Cl Me Me Me I\I/Ie
! ISR AT JORAS!
© Me Cl Me F3C Me NC © Me
3fd, 35% 3gd, 63% 3hd, 57% 3id, 64%

M

C
Ne En Ny Zh e 0/\
'l '! ) \n/\©\ Ph” Y\@\ Ph~ \ﬂ/\©\ Ph” m/\@\ Ph/N\IfCHs &Nrph
Me Me Me Me C o)

3jd, 75% 3kd, 85%

3ld, 80%

3md, 43% 3na’, 68% 3o, 76%

“Reaction conditions: arylcarbamoyl chlorides 1 (0.2 mmol), 2d (0.4 mmol), 15 mol% of CuCl,, benzene (1.0 mL), 120 C, 48 h. bIsolated yield. © Acetic acid was

used.

(for example, 3af, 38% yield) as the result of the steric
hindrance of substituents.

Secondly, the scope of arylcarbamoyl chlorides was then
explored using p-tolyl acetic acid 2d as the coupling part-
ner (Table 3). A variety of substituents on the aryl moiety
were applicable, affording the corresponding products
3bd~3md in 35%~89% yields (Table 3). Both electron-
donating (Me, OMe) and -withdrawing groups (CF;, Cl,
and CN) were tolerant under the reaction conditions. The
electronic nature of aniline skeleton seemed to affect the
efficiency to some extent, arylcarbamoyl chlorides con-
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taining electron-donating groups underwent the reaction
smoothly and afforded good yields (3bd~3ed, 50%~
89%). N-Methyl arylcarbamoyl chlorides containing
groups at the para-position of aniline (1d, 1g) were gener-
ally more reactive than those bearing substituents at the
ortho- or meta-position (1b, 1¢, and 1f) and provided
higher yields. In addition, S-naphthylcarbamoyl chloride
could also be transformed into the desired products 3jd in
75% yield. Phenylcarbamoyl chlorides 1k~ 1n were final-
ly investigated to elucidate the influence of different
N-substituted groups (methyl, benzyl, cyclohexyl, and

Chin. J. Org. Chem. 2021, 41, 1146~1152
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phenyl) on the reaction. N-Aliphatic substituted substrates
generally provided high yields (68%~85%), however, the
introduction of the aromatic substituent on the N atom (for
example, dipheylcarbamoyl chloride 1m) decreased reac-
tivity and the product 3md was obtained in 43% yield.
Two alkyl substituted carbamoyl chloride has been exam-
ined, for example, the decarboxylative C—C coupling re-
action of morpholine-4-carbonyl chloride and benzoic acid
gave the corresponding product 3ol in 76% yield.

To gain insight into the mechanism of the reaction,
2,2,6,6-tetramethylpiperidinooxy (TEMPO) as a radical
probe was added to the reaction of morpholine-4-carbonyl
chloride and benzoic acid, the decarboxylation step was
not blocked and gave the product 3ol in 72% yield. On the
basis of the above results, a plausible pathway was pro-
posed for this Cu(Il)-catalyzed decarboxylative C—C cou-
pling reaction. Scheme 2 shows a simplified sequence of
events beginning with the active Cu(Il) catalyst. The ex-
trusion of HCI took place between carboxylic acid 2 and
CuCl, to give copper(Il) carboxylate 4, which would un-
dergo the decarboxylative reaction to afford organo-copper
species 5 with nucleophilic reactivity via the extrusion of
carbon dioxide. The carbon dioxide and HCl generated
from the above process were detected by headspace gas
chromatography (HS-GC). The subsequent step involved
the coordination of arylcarbamoyl chloride 1 to the or-
gano-Cu(Il) center to form 6, which was followed by a
nucleophilic addition of organo-copper species across the
C=0 bond to provide an intermediate complex 7.
F-Chlorine elimination afforded the amide 3 and regener-
ated the Cu(Il) catalyst.

‘ O

R E)/ wcbx

)\/CU\

Cl—Cu
|
R! 7 ¢
\ CI *
N—/=0 CO;
Ay, /R1
R=Cug|| ge-y Ri=Gu g
6 =0 Cl
- \ <._,< 1
_Cu. R
c lll Cl
2/
RO
(0]

Scheme 2 Proposed catalytic pathway

3 Conclusions

In summary, a ligand-free Cu(Il)-catalyzed decarboxyla-
tion reaction that can use directly different types of car-
boxylic acids has been developed. Under the mild condi-
tion, a broad range of functional groups is compatible with
this C—C coupling reaction, and diverse amides can be
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obtained in good to high yields.

4 Experimental section

4.1 General experimental methods

Melting points were determined on a melting point ap-
paratus in open capillaries and uncorrected. Infrared spec-
tra of samples were recorded from 4000 to 500 cm ™' in
ATR (attenuated total reflectance) mode using an FT-IR
instrument. "H NMR spectra were recorded on a 500 MHz
spectrometer, and *C NMR spectra were recorded at 126
MHz. Unless otherwise stated, deuterochloroform (CDCls)
was used as a solvent. Chemical shifts (J) are given rela-
tive to tetramethylsilane (TMS, oy 0) or CHCl; (¢ 77.16).
High-resolution mass spectra were recorded on a BIO TOF
Q mass spectrometer equipped with an electrospray ion
source (ESI), and operated in the positive mode.

Chemicals were all purchased from commercial supplies
and used without further purification unless otherwise
stated. Solvents were dried and purified according to the
standard procedures before use. Reactions were monitored
by analytical thin-layer chromatography (TLC). All reac-
tions were conducted in dried glassware. Purification of
reaction products was done by flash chromatography with
230~400 mesh silica gel. All the arylcarbamoyl chloride
substrates were prepared according to literature meth-
ods.["

4.2 General procedure for Copper-catalyzed de-
carboxylative coupling

A 10 mL vial equipped with a magnetic stirring bar was
charged with arylcarbamoyl chloride 1 (0.2 mmol, 1.0
equiv.), carboxylic acid 2 (0.4 mmol, 2.0 equiv.), and then
CuCl, (0.03 mmol, 4.0 mg) were added. Finally, benzene
(1.0 mL) was added to the mixture via syringe at room
temperature under air. The tube was sealed and put into a
preheated oil bath at 120 ‘C for 48 h. The mixture was
cooled to room temperature, quenched with water (5 mL),
and diluted with ethyl acetate (5 mL). The layers were
separated, and the aqueous layer was extracted with ethyl
acetate (5 mLX2). The combined organic extracts were
dried over anhydrous magnesium sulfate, filtered, and
concentrated in vacuo. The crude product was then purified
by flash chromatography on silica gel (H) with ethyl ace-
tate/petroleum ether (V' : V=1 : 3) as eluent. N-Ethyl-
N-phenylacetamide (3aa): Yield 81% (26.1 mg), yellow
solid. m.p. 55~56 C (lit.?"" 55 “C); '"H NMR (500 MHz,
CDCly) o: 7.40 (t, J=7.8 Hz, 2H), 7.33 (t, J=7.4 Hz, 1H),
7.16~7.13 (m, 2H), 3.73 (q, J=7.2 Hz, 2H), 1.80 (s, 3H),
1.09 (t, J=7.1 Hz, 3H); “C NMR (126 MHz, CDCL,) §:
169.9, 1429, 129.7, 128.2, 127.8, 43.8, 22.8, 13.1; IR
(KBr) v: 2980, 1642, 1494, 1401, 1297, 768, 709 cm .

N-Ethyl-N-phenylpropionamide (3ab):** Yield 68%
(24.1 mg), yellow liquid. '"H NMR (500 MHz, CDCl;) ¢:
7.40 (t, J=7.5 Hz, 2H), 7.33 (t, J/=7.2 Hz,1H), 7.16~7.12
(m, 2H), 3.74 (q, J=7.1 Hz, 2H), 2.01 (q, J=7.5 Hz, 2H),
1.09 (t, J=7.1 Hz, 3H), 1.02 (t, J=7.3 Hz, 3H); °*C NMR
(126 MHz, CDCly) o: 172.4, 141.5, 128.6, 127.4, 126.8,
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42.9, 26.9, 12.1, 8.6; IR (KBr) v: 2970, 1658, 1496, 1404,
1261, 702 cm™ .

N-Ethyl-N-phenyltetradecanamide (3ac): Yield 68%
(45.0 mg), light yellow liquid. "H NMR (500 MHz, CDCl5)
0:7.39 (t, J=17.5 Hz, 2H), 7.32 (t, J=7.5 Hz, 1H), 7.12 (d,
J=1.7 Hz, 2H), 3.72 (q, J=7.2 Hz, 2H), 1.98 (t, J=7.6
Hz, 2H), 1.54~1.51 (m, 2H), 1.30~1.11 (m, 20H), 1.08
(t, J=17.3 Hz, 3H), 0.85 (t, J=6.8 Hz, 3H); °C NMR (126
MHz, CDCl;) o: 171.8, 141.6, 128.6, 127.4, 126.8, 42.9,
33.5,30.9, 28.7, 28.6, 28.5, 28.4, 28.34, 28.30, 28.25, 24.5,
21.7, 13.1, 12.1; IR (KBr) v: 2925, 1662, 1496, 1261, 768
cm~'; HRMS-ESI caled for C»H3;NONa [M + Na]*
354.27674, found 354.27679.

N-Ethyl-N-phenyl-2-(p-tolyl)acetamide (3ad):'*’! Yield

73% (36.9 mg), light yellow liquid. "H NMR (500 MHz,
CDCl;) o: 7.41~7.34 (m, 3H), 7.09 (d, J/=7.0 Hz, 2H),
7.04 (d, J=7.6 Hz, 2H), 6.94 (d, J=7.7 Hz, 2H), 3.75 (q,
J=17.2 Hz, 2H), 3.36 (s, 2H), 2.30 (s, 3H), 1.10 (t, J=7.2
Hz, 3H); "C NMR (126 MHz, CDCl3) §: 169.5, 141.3,
135.0, 131.4, 128.5, 127.9, 127.9, 127.7, 126.9, 43.2, 39.8,
20.0i 12.0; IR (KBr) v: 3483, 2928, 1660, 1494, 1130, 769
cm .
N-Ethyl-N-phenyl-2-(m-tolyl)acetamide (3ae): Yield
66% (33.4 mg), yellow liquid. "H NMR (500 MHz, CDCl;)
0: 7.44~7.32 (m, 3H), 7.19~7.01 (m, 6H), 3.78 (q, J=
7.2 Hz, 2H), 3.40 (s, 2H), 2.02 (s, 3H), 1.14 (t, J=7.2 Hz,
3H); *C NMR (126 MHz, CDCl3) §: 169.4, 141.3, 135.4,
133.4, 129.0, 128.6, 128.4, 127.5, 127.0, 125.7, 124.8,
43.3,38.2, 18.4, 12.0; IR (KBr) v: 3490, 2971, 1660, 1494,
1131, 746 cm™'; HRMS-ESI caled for C,;H;yNONa [M+
Na]" 276.13589, found 276.13538.

N-Ethyl-N-phenyl-2-(o-tolyl)acetamide  (3af):  Yield
38% (19.3 mg), light red liquid. '"H NMR (500 MHz,
CDCl;) ¢6: 7.41~7.34 (m, 3H), 7.14~7.04 (m, 6H), 3.78
(q, J=17.2 Hz, 2H), 3.38 (s, 2H), 2.02 (s, 3H), 1.14 (t, J=
7.2 Hz, 3H); >C NMR (126 MHz, CDCI3) 0: 169.4, 141.3,
135.4, 133.4, 129.0, 128.6, 128.4, 127.5, 127.0, 125.7,
124.9, 43.3, 38.2, 18.4, 12.1; IR (KBr) v: 3482, 2970,
1659, 1494, 1131, 746 cm '; HRMS-ESI caled for
CysH;yNONa [M+Na]" 276.13589, found 276.13550.

N-Ethyl-N-phenyl-2-(4-(trifluoromethyl)phenyl)aceta-
mide (3ag): Yield 46% (28.2 mg), light yellow liquid. 'H
NMR (500 MHz, CDCl;) d: 7.48 (d, J=8.1 Hz, 2H),
7.44~7.37 (m, 3H), 7.17 (d, J=7.9 Hz, 2H), 7.12~7.07
(m, 2H), 3.76 (q, J=7.1 Hz, 2H), 3.45 (s, 2H), 1.11 (t, J=
7.1 Hz, 3H); *C NMR (126 MHz, CDCl;) J: 168.4, 141.0,
138.6, 128.7, 128.4, 127.8 (128.2, 128.0, 127.7, 127.5, q,
Jer =32 Hz), 127.6, 127.2, 124.1 (124.17, 124.14,
124.11, 124.08, q, *Jer=4 Hz), 1232 (126.5, 124.3,
122.1, 120.0, q, 'Jep=272 Hz), 43.4, 40.1, 11.9; IR (KBr)
v 2972, 1659, 1495, 1326, 1126, 1067, 701 cm ';
HRMS-ESI caled for C;;H;¢FsNONa [M + Na] *
330.10762, found 330.10773.

N-Ethyl-2-(4-nitrophenyl)-N-phenylacetamide (3ah):*"
Yield 70% (39.8 mg), red oil. IR (KBr) v: 3490, 2974,
1659, 1346, 856, 732, 560 cm '; 'H NMR (500 MHz,
CDCl;) 6: 8.15~8.02 (m, 2H), 7.48~7.34 (m, 3H), 7.22
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(d, J=8.6 Hz, 2H), 7.10 (d, J=7.6 Hz, 2H), 3.76 (q, J=
7.1 Hz, 2H), 3.49 (s, 2H), 1.11 (t, J=7.1 Hz, 3H); "°C
NMR (126 MHz, CDCLy) o: 167.8, 145.8, 142.1, 140.8,
129.1,128.9, 127.5, 127.4, 122.4, 43.4,40.2, 11.9.

N-Ethyl-2-(3-fluorophenyl)-N-phenylacetamide  (3ai):
Yield 48% (24.7 mg), light yellow liquid. '"H NMR (500
MHz, CDCLy) d: 7.44~7.33 (m, 3H), 7.17 (q, J=7.8 Hz,
1H), 7.08 (d, J=6.9 Hz, 2H), 6.87 (td, J=8.5, 2.1 Hz,
1H), 6.81 (d, J=7.6 Hz, 1H), 6.77 (d, J=9.9 Hz, 1H), 3.75
(q, J=17.1 Hz, 2H), 3.39 (s, 2H), 1.11 (t, J=7.2 Hz, 3H);
C NMR (126 MHz, CDCl;) d: 168.7, 161.6 (162.6, 160.7,
d, 'Jer=246 Hz), 141.0, 136.9 (136.91, 136.85, d, *Jer=
8 Hz), 128.6, 128.5, 127.6, 127.1, 123.7 (123.72, 123.70,
d, YJer=3 Hz), 115.0 (115.1, 114.9, d, “Jer=21 Hz),
112.4 (112.5,112.3, d, %Jc.s=20 Hz), 43.3, 40.0 (d, *Jor=
1 Hz), 12.0. IR (KBr) v: 2973, 1657, 1593, 1267, 1132,
769, 702 cmfl; HRMS-ESI caled for C;sH;(FNONa [M+
Na]" 280.11081, found 280.11093.

N-Ethyl-2-(naphthalen-2-yl)-N-phenylacetamide  (3aj):
Yield 66% (38.2 mg), light yellow liquid. '"H NMR (500
MHz, CDCl3) J: 7.72~7.66 (m, 1H), 7.62 (t, J=7.9 Hz,
2H), 7.38~7.31 (m, 3H), 7.30~7.22 (m, 3H), 7.20~7.07
(m, 1H), 7.02~6.94 (m, 2H), 3.68 (q, J=7.1 Hz, 2H),
3.49 (s, 2H), 1.03 (t, J=7.1 Hz, 3H); °*C NMR (126 MHz,
CDCly) J: 169.3, 141.2, 132.4, 132.0, 131.2, 128.5, 127.7,
127.0, 126.8, 126.6, 126.54, 126.52, 126.4, 124.8, 124.4,
43.3, 40.6, 12.0; IR (KBr) v: 3482, 3055, 2971, 2932,
1654, 1494, 1129, 701, 561 cm™'; HRMS-ESI caled for
C,H;)NONa [M+Na]* 312.13589, found 312.13593.

N-Ethyl-N,3-diphenylpropiolamide (3ak): Yield 48%
(23.9 mg), white solid, m.p. 100~101 C (lit.** 100~
101 ‘C); 'H NMR (500 MHz, CDCI3) ¢: 7.39~7.28 (m,
3H), 7.26~7.17 (m, 3H), 7.15~7.08 (m, 2H), 7.00 (d, J=
7.4 Hz, 2H), 3.78 (q, J=7.0 Hz, 2H), 1.09 (t, J=7.1 Hz,
3H); *C NMR (126 MHz, CDCl;) 8: 152.9, 140.7, 131.4,
128.8, 128.1, 127.7, 127.3, 127.1, 119.5, 89.7, 81.8, 42.4,
12.0; IR (KBr) v: 2964, 2213, 1632, 1492, 1347, 1310,
1261, 1025, 759, 700, 529 cm ™.

N-Ethyl-N-phenylbenzamide (3al):** Yield 73% (20.3
mg), black liquid. '"H NMR (500 MHz, CDCl;) J: 7.20 (t,
J=17.7 Hz, 2H), 7.17~7.11 (m, 3H), 7.10~7.03 (m, 3H),
6.95 (d, J=17.6 Hz, 2H), 3.91 (q, J=7.2 Hz, 2H), 1.15 (t,
J=7.1 Hz, 3H); “C NMR (126 MHz, CDCl;) d: 169.3,
142.1, 1352, 1284, 128.1, 127.6, 126.9, 126.7, 125.6,
44.4,11.9; IR (KBr) v: 3483, 2973, 1638, 1493, 1118, 699,
585 cm ™.

4-Chloro-N-ethyl-N-phenylbenzamide (3am):'**! Yield
73% (37.8 mg), light yellow liquid. "H NMR (500 MHz,
CDCly) 6: 7.20~7.13 (m, 4H), 7.13~7.08 (m, 1H), 7.05
(d, J=8.3 Hz, 2H), 6.94 (d, J=8.0 Hz, 2H), 3.90 (q, J=
7.1 Hz, 2H), 1.14 (t, J=7.1 Hz, 3H); >C NMR (126 MHz,
CDCly) 6: 168.0, 142.0, 134.5, 133.7, 129.2, 128.3, 126.93,
126.85, 125.9, 44.5, 11.8; IR (KBr) v: 2973, 1647, 1493,
1091, 754, 583 cm ™.

N-Ethyl-4-nitro-N-phenylbenzamide (3an): Yield 54%
(29.2 mg), light yellow solid. m.p. 117~119 C (lit.*”
119~120 ‘C); '"H NMR (500 MHz, CDCl;) d: 7.99 (d,
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J=8.1 Hz, 2H), 7.42 (d, J/=7.9 Hz, 2H), 7.28~7.13 (m,
3H), 7.01 (d, J/=7.6 Hz, 2H), 3.98 (q, /=7.0 Hz, 2H), 1.22
(t, J=7.1 Hz, 3H); >C NMR (126 MHz, CDCl;) J: 167.9,
147.9, 142.6, 142.1, 129.52, 129.49, 128.0, 127.5, 123.0,
45.4, 12.8; IR (KBr) v: 2976, 1651, 1347, 846, 763, 699,
580 cm .

N-Ethyl-N-phenylfuran-2-carboxamide (3a0): Yield
76% (32.7 mg), white solid. m.p. 174~177 C (lit.*
175~176 °C); '"H NMR (500 MHz, CDCl;) 6: 7.44~7.32
(m, 3H), 7.30 (d, J=1.0 Hz, 1H), 7.21~7.14 (m, 2H),
6.16 (dd, J=3.5, 1.7 Hz, 1H), 5.72 (d, J/=2.7 Hz, 1H),
3.90 (q, J=7.1 Hz, 2H), 1.20 (t, J=7.1 Hz, 3H); *C NMR
(126 MHz, CDCl;) J: 158.8, 147.2, 144.2, 142.4, 129.5,
128.5, 128.0, 116.1, 110.9, 45.4, 12.8; IR (KBr) v: 3127,
3107, 2984, 1628, 1469, 1412, 1309, 1120, 1028, 704, 581

-1

cm .
N-Methyl-N-(o-tolyl)-2-(p-tolyl)acetamide (3bd): Yield
64% (32.4 mg), light yellow liquid. '"H NMR (500 MHz,
CDCl;) 0: 7.23~7.13 (m, 3H), 6.98 (d, J=7.6 Hz, 1H),
6.94 (d, J=17.8 Hz, 2H), 6.81 (d, /=7.9 Hz, 2H), 3.23 (s,
2H), 3.09 (s, 3H), 2.20 (s, 3H), 1.99 (s, 3H); *C NMR
(126 MHz, CDCl;) 4: 170.3, 141.5, 135.1, 134.8, 130.9,
130.4, 128.0, 128.0, 127.4, 126.3, 39.4, 35.2, 20.0, 16.2; IR
(KBr) v: 3482, 2923, 1657, 1493, 1376, 1103, 727, 569
cm ~'; HRMS-ESI caled for C;;HyNO [M + H] "
254.1539, found 254.1532.

N-Methyl-N-(m-tolyl)-2-(p-tolyl)acetamide (3ed): Yield
50% (25.3 mg), light yellow liquid. '"H NMR (500 MHz,
CDCl;) 6: 7.19 (t, J=7.7 Hz, 1H), 7.07 (d, J/=7.6 Hz, 1H),
6.96 (d, J/=7.7 Hz, 2H), 6.91~6.82 (m, 3H), 6.80 (s, 1H),
3.32 (s, 2H), 3.16 (s, 3H), 2.26 (s, 3H), 2.21 (s, 3H); "°C
NMR (126 MHz, CDCl;) ¢: 170.2, 142.9, 138.6, 135.0,
131.5, 128.4, 127.9, 127.6, 127.3, 123.5, 39.5, 36.5, 20.2,
20.0; IR (KBr) v: 3483, 2924, 1659, 1117, 1047, 794, 706
em ~'; HRMS-ESI caled for C;;HyNO [M + H] "
254.1539, found 254.1534.

N-Methyl-N,2-di-p-tolylacetamide (3dd): Yield 81%
(41.0 mg), light yellow liquid. "H NMR (500 MHz, CDCl5)
o: 7.11 (d, J=8.0 Hz, 2H), 6.96 (d, /=7.8 Hz, 2H), 6.93
(d, /=7.8 Hz, 2H), 6.88 (d, J/=7.9 Hz, 2H), 3.32 (s, 2H),
3.16 (s, 3H), 2.30 (s, 3H), 2.21 (s, 3H); >C NMR (126
MHz, CDCl;) ¢: 170.3, 140.5, 136.8, 135.0, 131.4, 129.2,
128.1, 127.9, 126.3, 124.5, 39.2, 36.6, 20.1, 20.0; IR (KBr)
v: 3483, 2924, 1659, 1514, 1434, 1377, 1121, 826, 780,
557 c¢m”'; HRMS-ESI caled for C;H,)NO [M+H]"
254.1539, found 254.1533.

N-(4-Methoxyphenyl)-N-methyl-2-(p-tolyl)acetamide
(3ed): Yield 89% (47.9 mg), light yellow liquid. '"H NMR
(500 MHz, CDCl;) d: 7.08~7.00 (m, 4H), 6.96 (d, J=7.7
Hz, 2H), 6.90 (d, /=28.8 Hz, 2H), 3.83 (s, 3H), 3.40 (s,
2H), 3.23 (s, 3H), 2.29 (s, 3H); “C NMR (126 MHz,
CDCl;) 0: 170.6, 157.9, 135.8, 135.0, 131.4, 128.0, 127.9,
127.7, 113.7, 54.5, 39.3, 36.7, 20.0; IR (KBr) v: 3483,
2933, 2837, 1651, 1513, 1248, 916, 730, 563 cm ';
HRMS-ESI caled for C;;H,NO, [M+H]" 270.1489,
found 270.148]1.

N-(2-Chlorophenyl)-N-methyl-2-(p-tolyl)acetamide
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(3fd): Yield 35% (19.1 mg), light red solid. m.p. 56~
58 C (1it*” 66~67 °C); '"H NMR (500 MHz, CDCl5) ¢:
743 (dd, J=7.9, 1.5 Hz, 1H), 7.30~7.17 (m, 2H), 7.08
(dd, J/=7.6, 1.7 Hz, 1H), 6.96 (d, /=7.9 Hz, 2H), 6.85 (d,
J=8.0 Hz, 2H), 3.25 (dd, J=50.2, 14.9 Hz, 2H), 3.13 (s,
3H), 2.22 (s, 3H); C NMR (126 MHz, CDCl;) 6: 170.2,
140.1, 135.1, 132.2, 130.8, 129.6, 129.3, 128.6, 128.0,
127.9, 127.1, 39.5, 35.0, 20.0; IR (KBr) v: 2918, 1670,
1480, 1370, 1125, 1063, 771, 568, 466 cm '

N-(4-Chlorophenyl)-N-methyl-2-(p-tolyl)acetamide
(3gd): Yield 63% (34.4 mg), light yellow liquid. "H NMR
(500 MHz, CDCl;) 0: 7.36 (d, J/=8.5 Hz, 2H), 7.05 (d, J=
7.8 Hz, 4H), 6.94 (d, J=7.2 Hz, 2H), 3.41 (s, 2H), 3.24 (s,
3H), 2.30 (s, 3H); *C NMR (126 MHz, CDCl;) 6: 171.1,
142.6, 136.3, 133.7, 132.0, 129.9, 129.1, 129.0, 128.8,
40.6, 37.6, 21.1; IR (KBr) v: 2924, 1660, 1490, 1374,
1120, 1014, 722, 554 cmfl; HRMS-ESI calcd for Ci¢H;7-
CINO [M+H]" 274.0993, found 274.0991.

N-Methyl-2-(p-tolyl)-N-(4-(trifluoromethyl)phenyl)acet-
amide (3hd): Yield 57% (35.0 mg), light yellow liquid. 'H
NMR (500 MHz, CDCls) o: 7.57 (d, J=8.3 Hz, 2H), 7.17
(d, J/=6.4 Hz, 2H), 6.97 (d, /=7.4 Hz, 2H), 6.86 (br, 2H),
3.37 (s, 2H), 3.21 (s, 3H), 2.22 (s, 3H); °C NMR (126
MHz, CDCl;) 6: 169.9, 146.1, 135.4, 130.7, 128.2, 127.7,
127.0, 125.7, 122.7, 125.9, 123.8, 121.6, 119.5, q, 'Jer=
272 Hz), 39.7, 36.6, 20.0; IR (KBr) v: 2925, 1664, 1326,
1124, 852, 612 cm™'; HRMS-ESI caled for Cy;H;;F;NO
[M-+H]" 308.1257, found 308.1255.

N-(4-Cyanophenyl)-N-methyl-2-(p-tolyl)acetamide
(3id): Yield 64% (33.8 mg), light yellow liquid. '"H NMR
(500 MHz, CDCl;) d: 7.60 (d, J=8.4 Hz, 2H), 7.20~7.14
(m, 2H), 6.98 (d, /=7.7 Hz, 2H), 6.86 (d, J/=6.3 Hz, 2H),
3.42 (s, 2H), 3.21 (s, 3H), 2.23 (s, 3H); >C NMR (126
MHz, CDCl;) 6: 169.8, 146.9, 135.5, 132.5, 130.4, 128.3,
128.2, 127.6, 127.1, 117.0, 39.9, 36.6, 20.0; IR (KBr) v:
3507, 2924, 2228, 1667, 1505, 1118, 851, 576 cm ';
HRMS-ESI calcd for C;;H;sN,ONa [M+Na]" 287.11548,
found 287.11569.

N-Methyl-N-(naphthalen-2-yl)-2-(p-tolyl)acetamide
(3jd): Yield 75% (43.4 mg), light yellow solid, m.p. 65~
68 C; 'HNMR (500 MHz, CDCl;) §: 7.78 (d, J=8.6 Hz,
2H), 7.71~7.63 (m, 1H), 7.52~7.36 (m, 3H), 7.14 (d, J=
6.3 Hz, 1H), 6.93 (d, J/=7.3 Hz, 2H), 6.85 (d, /=6.8 Hz,
2H), 3.36 (s, 2H), 3.25 (s, 3H), 2.20 (s, 3H); °C NMR
(126 MHz, CDCly) o: 170.3, 140.3, 135.1, 132.5, 1314,
131.3, 128.8, 128.0, 127.9, 126.8, 126.7, 125.8, 125.7,
125.1, 124.4, 39.6, 36.6, 20.0; IR (KBr) v: 3053, 2917,
1651, 1504, 1381, 1107, 863, 781, 581, 504 cm'; HRMS-
ESI caled for C,0H;oNONa [M+Na]" 312.13589, found
312.13574.

N-Benzyl-N-phenyl-2-(p-tolyl)acetamide (3kd): Yield
85% (53.6 mg), light yellow solid. m.p. 71~74 C; 'H
NMR (500 MHz, CDCl;) ¢: 7.24~7.18 (m, 3H), 7.18~
7.13 (m, 3H), 7.11~7.07 (m, 2H), 6.96 (d, J=7.7 Hz,
2H), 6.87 (d, J=17.7 Hz, 2H), 6.85~6.79 (m, 2H), 4.80 (s,
2H), 3.33 (s, 2H), 2.22 (s, 3H); “C NMR (126 MHz,
CDCl;) 0: 170.0, 141.2, 136.4, 135.1, 131.3, 128.4, 128.0,
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127.93, 127.85, 127.7, 127.3, 127.0, 126.3, 52.2, 39.7,
20.0; IR (KBr) v: 2980, 1642, 1596, 1494, 1401, 1297,
768,709 cm '. HRMS-ESI calcd for C;,H; NONa [M+
Na]® 338.15154, found 338.15109.
N-Cyclohexyl-N-phenyl-2-(p-tolyl)acetamide (31d):
Yield 80% (49.1 mg), yellow solid. m.p. 68~70 C; 'H
NMR (500 MHz, CDCly) d: 7.41~7.30 (m, 3H), 7.07~
6.98 (m, 4H), 6.91 (d, J=7.9 Hz, 2H), 4.61 (i, J=12.1,
3.5 Hz, 1H), 3.26 (s, 2H), 2.29 (s, 3H), 1.82 (d, J=11.5
Hz, 2H), 1.70 (d, J=13.6 Hz, 2H), 1.55 (d, J=13.1 Hz,
1H), 1.38 (qt, J/=13.2, 3.3 Hz, 2H), 1.01 (qd, /=124, 3.5
Hz, 2H), 0.89 (qt, J=13.1, 3.7 Hz, 1H); *C NMR (126
MHz, CDCl;) d: 170.5, 139.1, 135.9, 132.6, 130.7, 129.0,
128.9, 128.2, 54.3, 41.5, 31.6, 25.8, 25.4, 21.1; IR (KBr) v:
2926, 2853, 1655, 1592, 1492, 1258, 1067, 767, 713, 486
cm l; HRMS-ESI caled for C, HyNO [M + H] *
308.2009, found 308.2001.
N,N-Diphenyl-2-(p-tolyl)acetamide (3md): Yield 43%
(25.9 mg), yellow solid. m.p. 72~76 ‘C (m.p.”® 74~
77 C); 'H NMR (500 MHz, CDCl;) d: 7.34 (br, 5H),
7.25~7.12 (m, 5H), 7.07 (d, J=7.9 Hz, 2H), 7.01 (d, J=
7.9 Hz, 2H), 3.61 (s, 2H), 2.32 (s, 3H); *C NMR (126
MHz, CDCl;) d: 170.2, 141.8, 135.2, 131.0, 128.4, 128.0,
127.9, 126.8, 125.3, 40.7, 20.0; IR (KBr) v: 2935, 1671,
15891, 1352, 1308, 1279, 1148, 805, 759, 703, 581, 490
cm .
N-Methyl-N-phenylacetamide (3na): Yield 68% (20.3
mg), light red solid. m.p. 100~102 ‘C; '"H NMR (500
MHz, CDCly) d: 7.41 (t, J=7.5 Hz, 2H), 7.32 (t, J=7.2
Hz, 1H), 7.18 (d, J=7.6 Hz, 2H), 3.25 (s, 3H), 1.86 (s,
3H); *C NMR (126 MHz, CDCl5) §: 169.5, 143.6, 128.7,
126.7, 126.1, 36.1, 21.4; IR (KBr) v: 3046, 1656, 1598,
1496, 1297, 707, 559 cm ~'; HRMS-ESI caled for
CoH;;NONa [M+Na]" 172.07329, found 172.07333.
Morpholino(phenyl)methanone (3ol): Yield 76% (29.0
mg), white solid, m.p. 73~74 C; 'H NMR (500 MHz,
CDCly) §: 7.40~7.28 (m, 5H), 4.06~3.10 (m, 8H); "*C
NMR (126 MHz, CDCl;) o: 169.41, 134.30, 128.86,
127.54, 126.07, 65.87; IR (KBr) v: 3414, 1621, 1436,
1274, 1109, 1012, 731, 709 cm'; HRMS-ESI calcd for
Ci H;35NO,Na[M~+Na]" 214.08385, found 214.08389.

Supporting Information '"H NMR and ?C NMR spectra
of 3aa~3ao0, 3bd~3md, 3na, 30l and HRMS spectra of
3ac, 3ae~—3ag, 3ai, 3aj, 3bd~3ed, 3gd~—~3ld, 3na, 3ol are
available free of charge via the Internet at http://sioc-
journal.cn/.
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