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Silver(i)/base-promoted propargyl alcohol-
controlled regio- or stereoselective synthesis of
furan-3-carboxamides and (Z)-enaminones+
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A novel and facile regioselective synthesis of furan-3-carboxamides by a silver(l)/base-promoted reaction
of propargyl alcohol with 3-oxo amides has been demonstrated. This one-pot protocol provides a rapid
synthetic approach to diverse trisubstituted furan-3-carboxamides via cascade nucleophilic addition,
intramolecular cyclization, elimination, and isomerization reactions. Employing a substituted propargyl
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Introduction

Furans are one of the most important and versatile hetero-
cycles found in natural products, pharmaceuticals, agrochem-
icals, and functional materials." In addition, they have been
widely used as valuable building blocks in organic synthesis.”
As a consequence, numerous methods for the synthesis of sub-
stituted furans have been developed.® However, synthetic
approaches to substituted furans bearing amide groups have
been less explored so far. Furans bearing amide groups have
been recognized as important subunits in many biologically
active molecules (Fig. 1).* For example, proximicin A (I), iso-
lated from a marine actinomycete of the genus Verrucosispora,”’
displays potent antitumor activities against several carcinoma
cell lines.® Compound II shows ~1000-fold more potent trypa-
nocidal activity than nifurtimox, which is currently used for
the treatment of human African trypanosomiasis.” Compound
III exhibits potent inhibitory activity against Schistosoma
mansoni NAD® catabolizing enzyme (SmNACE),® and
Compound IV is a potent inhibitor of lethal H5N1 influenza A
viruses.® In addition, fenfuram (V), furcarbanil (VI), and
methfuroxam (VII) are well-known compounds belonging to
one of the most important class of agrochemical fungicides
for the control of most plant diseases in agriculture.’

Owing to their importance and usefulness, several synthetic
approaches for furan-carboxamides have been developed.
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reaction starting from 3-oxo amides via C—N bond cleavage.

Among these, a typical method for furan-3-carboxamides
involves a 5-step procedure starting from p-keto esters (method
a, Scheme 1)."° Other useful approaches include AgNO;-
mediated cycloisomerizations of N-propargylamide (method b,
Scheme 1) and PdCl,-catalyzed reactions of 3-alkyne-1,2-diols
with isocyanate (method c, Scheme 1).'> Although a variety of
methods for the synthesis of furan-3-carboxamides have been
developed, more facile and efficient synthetic strategies are
still desirable.

The regioselective reaction of silver salts with alkynes is an
important tool that has been widely used for the synthesis and
functionalization of the heterocycles."® In particular, the use
of combination of a silver salt with a base is a valuable
method for the synthesis of many heterocycles, especially
those containing oxygen and nitrogen atoms.'* We have
previously reported the silver-promoted cycloaddition of
1,3-dicarbonyls with alkenes for the synthesis of dihydrofurans
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Fig. 1 Biologically active compounds containing furan-carboxamides.

V R'= R2= H, fenfuram
VIR'= H, R= Me, furcarbanil
VIl R'= R2= Me, methfuroxam
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Scheme 1 Reported synthetic methods for furan-3-carboxamides.

and furans.'® In addition in 2012, Lei’s group reported the
silver carbonate-mediated reaction of ketoester with phenyl-
acetylene to provide furan rings via p-ketoalkyne intermediate
(method a, Scheme 2)."® More commonly, furan rings have
been synthesized from the ketoester and propargyl alcohol via
the formation of y-ketoalkyne intermediate in the presence of
metal catalysts e.g. Ru, Cu, Fe, Ag (AgSbFg), and Au (method b,
Scheme 2)."” In contrast to these common reports, this paper
describes silver/base-promoted regioselective synthesis of
furan-3-carboxamides via f-ketoalkene intermediate starting
from commercially available 3-oxo-N-alkylbutanamides or
3-oxo-N-arylbutanamides with propargyl alcohol (method c,
Scheme 2). Importantly, there was no any isolation of other
possible products via y-ketoalkyne (method d, Scheme 2) or
p-ketoalkyne intermediate (method e, Scheme 2).

Enaminones show a versatile reactivity in organic synthesis
and are important building blocks for the synthesis of biologi-
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Scheme 2 Regioselective synthetic strategies for substituted furan-3-
carboxylates.
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Scheme 3 Stereoselective synthetic strategies for (2)-enaminones.

cally interesting heterocycles and aromatic compounds.'® Over
the past decade, a number of methods have been developed
for the preparation of (E)- and (Z)-enaminones."® Typical
methods for (Z)-enaminones included the reaction of aniline
with p-ketoester in presence of metal catalyst Nb or Ni or metal
free condition by using IQGO (method a, Scheme 3),>° with
propargyl alcohol in presence of Ru catalyst (method b,
Scheme 3), or with but-3-yn-2-one under metal free condition
(method c, Scheme 3).>" However, despite the great advances
in (Z)-enaminones, herein we describe a new methodology
based on 3-oxo-N-arylbutanamides as a nitrogen source with
1-phenylprop-2-yn-1-ol in presence of silver carbonate (method
d, Scheme 3).

Results and discussion

To optimize the reaction conditions, the Ag(i)-catalyzed reac-
tion of 3-oxo-N-phenylbutanamide (1a) with propargyl alcohol
(2a) was first examined under different silver salts and bases
in several solvents (Table 1). The initial attempt with Ag,CO;
(1 equiv.) in the presence of 2 equivalents of NaOAc in aceto-
nitrile at room temperature for 24 h gave no product (entry 1).
Increasing the temperature upto reflux condition provided the
product 3a in 67% yield (entry 2). Encouraged by this result,
further reaction in other solvents such as toluene, 1,2-dichloro-
ethane (DCE), DMF, and DMSO were screened. In toluene,
product 3a was formed in 40% yield (entry 3), whereas in other
solvents of 1,2-dichloroethane, DMF and DMSO, no products
were isolated (entries 4-6). Screening the reaction with other
silver salts such as AgOAc (1 equiv.), AgOTf (1 equiv.) and
AgNO; (1 equiv.) in the presence of 2 equivalents of NaOAc in
acetonitrile at 80 °C for 12 h gave no products (entries 7-9).
With Ag,0 (1 equiv.) and NaOAc (2 equiv.) in acetonitrile at
80 °C for 12 h, product 3a was produced in 25% yield (entry
10). In an attempt to increase the yield of 3a, other inorganic
and organic bases such as Cs,COs3, K,CO3;, DBU, and TEA were
next screened. The reactions with 2 equivalents of Cs,COs3,
K,CO;, and DBU did not produce 3a (entries 11-13). Instead,

This journal is © The Royal Society of Chemistry 2018
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Table 1 Optimization of the reaction conditions for the synthesis of 3a?
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1a NHPh 2a solvent 3a o 3a'
Yield” (%)
Entry Ag salt Base Additive Solvent Temp. Time (h) 3a 3a’
1 Ag,CO;3 (1 eq.) NaOAc — CH;CN rt 24 0 0
2 Ag,CO; (1 eq.) NaOAc — CH;CN 80 °C 12 67 0
3 Ag,CO;3 (1 eq.) NaOAc — Toluene 80 °C 12 40 0
4 Ag,CO; (1 eq.) NaOAc — DCE 80 °C 12 0 0
5 Ag,CO;3 (1 eq.) NaOAc — DMF 80 °C 12 0 0
6 Ag,CO; (1 eq.) NaOAc — DMSO 80 °C 12 0 0
7 AgOAc (1 eq.) NaOAc — CH3;CN 80 °C 12 0 0
8 AgOTf (1 eq.) NaOAc — CH,CN 80 °C 12 0 0
9 AgNO:; (1 eq.) NaOAc — CH;CN 80 °C 12 0 0
10 Ag,0 (1 eq.) NaOAc — CH;CN 80 °C 12 0 0
11 Ag,CO; (1 eq.) NaOAc — CH,;CN 80 °C 12 25 0
12 Ag,CO; (1 eq.) Cs,CO; — CH,CN 80 °C 12 0 0
13 Ag,CO; (1 eq.) K,CO; — CH,;CN 80 °C 12 0 0
14 Ag,CO; (1 eq.) DBU — CH,CN 80 °C 12 71 0
15 Ag,CO; (1 eq.) TEA MS CH,;CN 80 °C 12 77 0
16 Ag,CO; (0.5 eq.) TEA MS CH,CN 80 °C 12 52 0
17 Ag,CO; (2 eq.) TEA MS CH,;CN 80 °C 12 75 0

“Reaction conditions: 1a (1.0 mmol), 2a (5.0 mmol) in the presence of sil

the combination of Ag,CO; with TEA provided 3a in 71% yield
(entry 14). Notably, a further improvement of the yield of 3a
(77%) was accomplished by the addition of molecular sieve
(4 A) (entry 15). Decreasing (0.5 equiv.) or increasing (2.0
equiv.) the loading of Ag,CO; did not improve the yield of 3a
(entries 16 and 17). Importantly, none of these conditions pro-
duced the product 3a’. The compounds 3a was isolated by
column chromatography and characterized by spectroscopic
analysis. The "H NMR spectrum of 3a exhibits a broad singlet
at § = 7.26 ppm characteristic of an -NH peak and a singlet at
& = 7.08 ppm corresponding to the vinylic proton at C-5 of the
furan ring. The regiochemistry was confirmed by X-ray crystal
structure of 4a (Fig. 2). The different regiochemistry of this
protocol compared to Lei’s work might be due to the presence
of free-alcohol functional group.

With the optimized conditions in hand, the generality of
this reaction was further explored by reacting 2a with different
3-oxo-N-arylbutanamides 1b-1i bearing electron-donating and/
or withdrawing groups (Table 2). For example, reaction of 1b,
1c, 1d, 1e or 1f bearing electron-donating groups such as 4-Me,
2-OMe, 4-OMe, 4-OEt, and 2,4-OMe on the benzene ring pro-
vided products 3b-3f in 68-76% yields. Similarly, treatment of
1g or 1h bearing electron-withdrawing group on the benzene
ring with 2a afforded 3g and 3h in 70 and 72% yield, respect-
ively. Notably, 3-oxo-N-arylbutanamide 1i bearing both elec-
tron-donating and -withdrawing groups on the aromatic ring
was also transformed to the desired product 3i in 76% yield.

To demonstrate the versatility of this reaction, additional
reactions of B-oxo amides (1j-1r) bearing various substituents
at C-3 and N-alkyl or aryl groups were next examined (Table 3).

This journal is © The Royal Society of Chemistry 2018

ver salt and base (2.0 eq.) in 5 mL solvent. ”

Isolated yield.

Fig. 2 X-ray crystal structure of 4a.

The reaction of N-methyl-3-oxobutanamide (1j) and N-benzyl-
3-oxobutanamide (1k) with 2a provided products 4a and 4b in
78 and 75% yield respectively. The reaction of 1l and 1m
bearing alkyl substituents such as ethyl, and i-propyl at C-3
with 2a provided products 4c¢ and 4d in 68 and 75% yield,
respectively. Similarly, treatment of 1n bearing a long aliphatic
chain led to the corresponding product 4e in 74% yield. When
3-0x0-N,3-diphenylpropanamide  (10), 3-oxo-3-phenyl-N-(p-
tolyl)propanamide (1p) or 3-(4-methoxyphenyl)-3-oxo-N-phe-
nylpropanamide (1q) were reacted with 2a, the corresponding
products 4f, 4g and 4h were isolated in 69, 75 and 77% yields,
respectively. The reaction of N-(naphthalene-1-yl)-3-ox0-3-phe-
nylpropanamide (1r) with 2a afforded the product 4i in 68%
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Table 2 Formation of diverse furan-3-carboxamides 3b-3i by reaction
of 1b—1i with 2a
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Table 3 Formation of diverse furan-3-carboxamides 4a—4j by reaction
of 1j—1r and 2a

3
R3 R RZ
R? OH
)OJ\/l(JD\ . Ag,CO4/TEA o}
—_—
N | msaAcHCN NH g1
1b-1i R 2a 80°C,12h U\ 3p3i

1b R'=H,R?=Me R3=H 1fR'=R%= OMe, R®%= H °

1c R'=OMe, R=R3=H  1gR'=Cl, R%=R3=H

1d R'=H, R?= OMe, R3—H 1hR'=H, R?= Cl, R%= H
1eR'=H,R?=OEt,R%=H 4jR= OMe, R%= CI, R%= OMe

OMe
0 O
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yield. However, the treatment of 1a with 3-phenyl-2-propyn-1-ol
(2b) did not provide the desired furan product, instead, start-
ing materials were recovered. On the other hand, the use of
ethylacetoaceate instead of 1a did not provide any desired
product. In addition, reaction of 1a with propargyl amine did
not afford the desired product.

The versatility of this reaction for the synthesis of diverse
furan-3-carboxamides, prompted us to examine the reaction
with substituted propargyl alcohol, 1-phenylprop-2-yn-1-ol (2c).
Surprisingly, treatment of 1a with 2c in dry acetonitrile at
80 °C for 12 h provided unexpected product 5a in 57% yield.
Importantly, addition of a drop of water in dry acetonitrile, the
yield of 5a increased to 66%. With this optimized result, the
generalization of reaction was explored as shown in Table 4.
Reactions of 1b, 1s or 1d bearing electron-donating groups
4-Me, 4-i-Pr and 4-OMe respectively, on the N-phenyl ring
afforded 5b-5d in 65-68% yield; those of 1t, 1h, 1u, or 1v
bearing electron-withdrawing groups such as 3-Cl, 4-Cl, 3-Br
and 4-Br on the N-phenyl ring furnished 5e-5h in 64-67%
yields respectively. The reaction of N-(naphthalen-1-yl)-3-oxo-3-
phenylpropanamide (1r) led to the desired product 5i in 63%
yield. However, when aliphatic substituted propargyl alcohol
such as but-3-yn-2-ol was used instead of 2¢, the desired (2)-
enaminone was not produced. The (Z)-stereochemistry of the
synthesized compounds was confirmed by spectroscopic ana-
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lysis and comparison of their spectral data with those of the
reported (Z)-and (E)-enaminones."®" In the 'H NMR of 5a,
the characteristic N-H proton peak at § = 12.13 ppm is a broad
doublet (J = 10.8 Hz) due to the formation of a strong intra-
molecular hydrogen bond between the N-H proton and the
carbonyl oxygen in the (Z)-enaminone.

To elucidate the mechanism of the reaction, various control
experiments were performed (Scheme 4). The reaction of 1a
with silver acetylide 2a’ which was prepared from the reported
procedure,” in basic conditions provided 3a in 64% yield (eqn
(1), Scheme 4). The formation of 2a’ was confirmed by IR spec-
troscopy through the absence of C-H stretching absorption at
3287 em™" for terminal alkyne proton of 2a (see ESI, Fig. S4 &
S51). This result indicates that silver acetylide might be an
intermediate of the reaction. On the other hand, the treatment
of 1a with Ag,CO;/TEA in wet acetonitrile at 80 °C for 12 h pro-
vided aniline (1w), which was detected by GC/MS (see ESI,
Fig. S2 and S37) (eqn (2), Scheme 4). In addition, the reaction
of aniline (1w) with 1-phenylprop-2-yn-1-ol (2¢) in the presence
of Ag,CO; (1.0 equiv.)/TEA (2.0 equiv.) in acetonitrile provided
5a in 80% yield (eqn (3), Scheme 4). Treatment of 1w with 2c
in the presence of Ag,COj; (1.0 equiv.) without TEA provided 5a

This journal is © The Royal Society of Chemistry 2018
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Table 4 Formation of diverse (Z2)-enaminones 5a—-5i by reaction of 1la—
1b, 1d, 1h, 1r, 1s-1v and 2c

23 'R1
,_ AgzcongEA 0 NN !
: CH3CN (wet) )J\/l
80°C,12h pn~ ~F
1a-1b, 1d, 1h 1, 2¢ 5a-5i

1s-1v
1s R= Me, R'= 4-i-Pr 1u R= Me, R'=3-Br
1t R=Me, R'=3-CI 1v R=Me, R'=4-Br
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@ T e 1 ®
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2 80°C, 12 h PhM
5a, 80%

Scheme 4 Control experiments.

in 72% yield. However, when the reaction was carried out in
presence of 2 equivalents of TEA without Ag,CO3;, the desired
product 5a was not isolated. Further reaction in the presence
of a catalytic amount of Ag,CO; (20 mol%)/TEA (2.0 equiv.)
provided 5a in lower yield (36%).

Based on control experiments and observed products, a
plausible mechanism that accounts for the regioselective syn-
thesis of 3a is depicted in Scheme 5. Initially, silver acetylide
2a’ is formed by the reaction of propargyl alcohol (2a) with

This journal is © The Royal Society of Chemistry 2018
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Scheme 6 Plausible mechanism for stereoselective formation of 5a.

Ag,CO;. Under basic conditions, the nucleophilic addition of
enolate of 1a’ to 2a’ gives intermediate 6, which undergoes
proton exchange with B:H' to furnish intermediate 7.
Subsequent intramolecular cyclization of intermediate 8 with
loss of water leads to the intermediate 9 followed by isomeriza-
tion to give the final product 3a.

The plausible reaction pathway for the stereoselective for-
mation of 5a is outlined in Scheme 6. The coordination of 1a
with Ag,CO; gives 1a” in which the carbonyl group undergoes
a subsequent nucleophilic attack by water to afford 1w. A
similar Cu(r)}-mediated synthesis of aniline starting from
B-arylacetoacetamide has been previously described.*
Conjugated addition of 1w with 2¢ in the presence of Ag,CO;
finally provide the product 5a.

Conclusions

In conclusion, we have developed a silver carbonate-promoted
one-pot protocol for the regioselective construction of diverse
furan-3-carboxamides starting from commercially available
f-oxo amides and propargyl alcohol. This methodology pro-
vides a rapid synthetic route to various substituted furan-3-car-
boxamides bearing N-aryl, N-alkyl, and N-polyaromatic substi-
tuents. Moreover, a novel approach for the stereoselective
preparation of (Z)-enaminones has been accomplished by the
Ag,CO;-promoted reaction of f-oxo amides and a substituted
propargyl alcohol through the C-N bond cleavage of amides.
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Experimental
General remarks

All experiments were carried out in open air. Merck-precoated
TLC silica gel plates (Art. 5554) with a fluorescent indicator
were used for TLC analysis. Column chromatography was per-
formed using silica gel (Merck, Art. 9385). Melting points are
uncorrected and were determined using micro-cover glasses
on a Fisher-Johns apparatus. "H NMR spectra were recorded
on a Varian-VNS (600 MHz) or Bruker (300 MHz) spectrometer,
and the residual solvent peak (6 = 7.24 ppm for CDCl;) or TMS
(6 = 0.00 ppm) was used as reference. 3C NMR spectra were
recorded on a Varian-VNS (150 MHz) or Bruker (75 MHz)
spectrometer using the residual solvent peak (§ = 77.0 ppm for
CDCl;) as reference. Chemical shifts (5) are expressed in ppm
and J values are given in Hz. Multiplicities are abbreviated as
follows; s = singlet, d = doublet, t = triplet, q = quartet, br s =
broad singlet, dd = doublet of doublets, td = triplet of doub-
lets, quint = quintet, sept = septet, and m = multiplet. IR
spectra were recorded on a FTIR (BIO-RAD) spectrometer, and
high-resolution mass spectra were obtained with a JEOL
JMS-700 spectrometer at the Korea Basic Science Institute.

General procedure for the preparation of furan-3-carboxamides
(3a-3i & 4a-4i)

To a solution of p-oxo amides (1) (1.0 mmol) and propargyl
alcohol (2a) (5.0 mmol, 5.0 equiv.) in dry acetonitrile (5 mL)
was added silver carbonate (1.0 mmol, 1 equiv.), triethylamine
(2.0 mmol, 2 equiv.), and molecular sieves 4 A (1.0 g). The
resulting mixture was stirred under a N, atmosphere at 80 °C
for 12 h. The progress of the reaction was monitored by TLC
with ethyl acetate and hexane (EtOAc/hexane 1:4) as eluents.
After completion, the reaction mixture was filtered through a
plug of silica gel (Et,O was used as eluent). The solvent was
removed in vacuo and the resulting crude material was sub-
jected to silica gel chromatography to give the desired products
(3a-3i & 4a-4i).

General procedure for the preparation of (Z)-enaminones
(5a-5i)

To a solution of B-oxo amides (1) (1.0 mmol) and 1-phenyl-
prop-2-yn-1-ol (2¢) (1.0 mmol) in a drop of water and aceto-
nitrile (5 mL) was added silver carbonate (1.0 mmol, 1 equiv.)
and triethylamine (2 equiv.). The resulting mixture was stirred
at 80 °C for 12 h. The progress of the reaction was monitored
by TLC with ethyl acetate and hexane (EtOAc/hexane 1:9) as
eluents. After completion, the reaction mixture was filtered
through a plug of silica gel (Et,0 was used as eluent). The
solvent was removed in vacuo and the resulting crude material
was subjected to silica gel chromatography to give the desired
products (5a-5i) as yellow solids.

Characterization data of synthesized compounds

2,4-Dimethyl-N-phenylfuran-3-carboxamide (3a). The title
compound (3a) was prepared according to the general pro-
cedure. The product was obtained as a white solid, mp
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140-142 °C. Yield: 77% (166 mg). "H NMR (600 MHz, CDCl;) §
7.54 (2H, d, J = 7.8 Hz), 7.33 (2H, t, J = 7.8 Hz), 7.26 (1H, brs),
7.11 (1H, t, J = 7.2 Hz), 7.08 (1H, s), 2.53 (3H, s), 2.20 (3H, s);
3C NMR (150 MHz, CDCl;) § 162.9, 156.1, 137.9, 137.8, 128.9,
124.2, 119.9, 118.4, 117.5, 13.7, 9.6; IR (ATR) 3293, 1642, 1504,
1413, 1228, 1109, 1046, 919, 810, 746 cm™'; HRMS m/z (M)
caled for C13H;3NO,: 215.0946. Found: 215.0944.
2,4-Dimethyl-N-(p-tolyl)furan-3-carboxamide (3b). The title
compound (3b) was prepared according to the general pro-
cedure. The product was obtained as a white solid, mp
123-125 °C. Yield: 68% (156 mg). 'H NMR (600 MHz, CDCI;)
5 7.42 (2H, d, J = 8.4 Hz), 7.20 (1H, brs), 7.13 (2H, d, J =
7.8 Hz), 7.07 (1H, s), 2.52 (3H, s), 2.31 (3H, s), 2.19 (3H, s); °C
NMR (150 MHz, CDCl;) § 162.8, 156.2, 137.9, 135.3, 133.9,
129.5, 120.1, 118.4, 117.5, 20.8, 13.8, 9.8; IR [ATR) 3296, 1642,
1503, 1411, 1230, 1107, 1036, 915, 811, 743 cm™*; HRMS m/z
(M") caled for C14,H;5NO,: 229.1103. Found: 229.1101.
N-(2-Methoxyphenyl)-2,4-dimethylfuran-3-carboxamide (3c).
The title compound (3c) was prepared according to the general
procedure. The product was obtained as a gummy liquid.
Yield: 72% (176 mg). "H NMR (600 MHz, CDCl;) & 8.48 (1H,
dd, = 7.8, 1.2 Hz), 8.10 (1H, brs), 7.06 (1H, s), 7.01 (1H, td, J =
7.2, 1.8 Hz), 6.96 (1H, td, J = 7.8, 1.2 Hz), 6.86 (1H, dd, J = 7.8,
1.2 Hz), 3.86 (3H, s), 2.56 (3H, s), 2.23 (3H, s); C NMR
(150 MHz, CDCl;) § 162.4, 156.9, 147.8, 137.9, 127.9, 123.4,
121.1, 119.5, 118.4, 117.5, 109.8, 55.7, 13.9, 9.8; IR (ATR) 3296,
1642, 1508, 1415, 1230, 1102, 1046, 918, 812, 745 cm™*; HRMS
m/z (M") caled for C,4,H;5NO;: 245.1052. Found: 245.1049.
N-(4-Methoxyphenyl)-2,4-dimethylfuran-3-carboxamide (3d).
The title compound (3d) was prepared according to the general
procedure. The product was obtained as a white solid, mp
153-154 °C. Yield: 75% (184 mg). 'H NMR (600 MHz, CDCI;)
57.43 (2H, d, J = 9.0 Hz), 7.28 (1H, s), 7.04 (1H, s), 6.84 (2H, d,
J = 9.0 Hz), 3.77 (3H, s), 2.48 (3H, s), 2.16 (3H, s); ">°C NMR
(150 MHz, CDCl,) 6 162.8, 156.5, 156.1, 137.9, 130.9, 121.9,
118.4, 117.4, 114.1, 55.5, 13.8, 9.8; IR (ATR) 3299, 1646, 1506,
1415, 1231, 1106, 1041, 917, 812, 745 cm™'; HRMS m/z (M)
calcd for C,H,5NO;: 245.1052. Found: 245.1049.
N-(4-Ethoxyphenyl)-2,4-dimethylfuran-3-carboxamide  (3e).
The title compound (3e) was prepared according to the general
procedure. The product was obtained as a white solid, mp
150-154 °C. Yield: 75% (194 mg). "H NMR (600 MHz, CDCI;)
57.42 (2H, d, J = 8.4 Hz), 7.16 (1H, brs), 7.06 (1H, s), 6.86 (2H,
d,J = 8.4 Hz), 4.01 (2H, q, ] = 7.2 Hz), 2.51 (3H, s), 2.19 (3H, s),
1.38 (3H, t, J = 7.2 Hz); "*C NMR (150 MHz, CDCl;) § 162.7,
156.3, 155.9, 138.0, 130.7, 121.9, 118.3, 117.4, 114.8, 63.7, 14.8,
13.9, 9.9; IR (ATR) 3298, 1640, 1502, 1411, 1236, 1108, 1040,
912, 816, 742 cm™'; HRMS m/z (M") caled for C;5H;;NOj;:
259.1208. Found: 259.1207.
N-(2,4-Dimethoxyphenyl)-2,4-dimethylfuran-3-carboxamide
(3f). The title compound (3f) was prepared according to the
general procedure. The product was obtained as a white solid,
mp 161 °C. Yield: 76% (209 mg). "H NMR (600 MHz, CDCl;)
58.34 (1H, d, J = 9.6 Hz), 7.86 (1H, brs), 7.05 (1H, s), 6.48-6.47
(2H, m), 3.84 (3H, s), 3.78 (3H, s), 2.52 (3H, s), 2.21 (3H, s);
3C NMR (150 MHz, CDCl,) § 162.4, 156.6, 156.2, 149.2, 137.9,
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121.5, 120.5, 118.5, 117.6, 103.8, 98.6, 55.8, 55.5, 13.9, 9.8; IR
(ATR) 3296, 1641, 1502, 1413, 1234, 1105, 1046, 917, 818,
749 cm™'; HRMS m/z (M") caled for C;sH;,NO,: 275.1158.
Found: 275.1159.

N-(2-Chlorophenyl)-2,4-dimethylfuran-3-carboxamide  (3g).
The title compound (3g) was prepared according to the general
procedure. The product was obtained as a white solid, mp
160-162 °C. Yield: 70% (174 mg). "H NMR (600 MHz, CDCl;) &
8.54 (1H, d, J = 8.4 Hz), 7.92 (1H, brs), 7.37 (1H, d, ] = 7.8 Hz),
7.28 (1H, t, J = 7.8 Hz), 7.08 (1H, s), 7.02 (1H, t, J = 7.2 Hz),
2.58 (3H, s), 2.27 (3H, s); >*C NMR (150 MHz, CDCl3) § 162.6,
157.7, 138.1, 134.9, 128.9, 127.8, 124.3, 122.4, 121.4, 118.3,
117.1, 14.2, 10.2; IR (ATR) 3299, 1648, 1507, 1416, 1235, 1104,
1043, 912, 811, 740 cm™'; HRMS m/z (M") caled for
C13H1,CINO,: 249.0557. Found: 249.0558.

N-(4-Chlorophenyl)-2,4-dimethylfuran-3-carboxamide  (3h).
The title compound (3h) was prepared according to the
general procedure. The product was obtained as a white solid,
mp 163-165 °C. Yield: 72% (179 mg). 'H NMR (600 MHz,
CDCl;) 6 7.49 (2H, d, J = 8.4 Hz), 7.30 (1H, brs), 7.28 (2H, d, J =
9.0 Hz), 7.07 (1H, d, J = 1.2 Hz), 2.51 (3H, s), 2.18 (3H, s); °C
NMR (150 MHz, CDCl;) 6 162.8, 156.8, 138.2, 136.4, 129.3,
129.1, 121.2, 118.1, 117.2, 13.9, 9.9; IR (ATR) 3298, 1649, 1507,
1413, 1230, 1104, 1049, 912, 816, 742 cm™'; HRMS m/z (M")
caled for C;3H;,CINO,: 249.0557. Found: 249.0560.

N-(4-Chloro-2,5-dimethoxyphenyl)-2,4-dimethylfuran-3-car-
boxamide (3i). The title compound (3i) was prepared according
to the general procedure. The product was obtained as a white
solid, mp 155-156 °C. Yield: 76% (235 mg). 'H NMR
(600 MHz, CDCl;) § 8.34 (1H, s), 8.07 (1H, brs), 7.06 (1H, s),
6.88 (1H, s), 3.89 (3H, s), 3.83 (3H, s), 2.55 (3H, s), 2.22 (3H, s);
13C NMR (150 MHz, CDCl,) § 162.5, 157.3, 149.2, 141.8, 138.1,
127.3,118.2, 117.2, 115.3, 112.2, 104.7, 56.7, 56.5, 14.0, 9.9; IR
(ATR) 3292, 1642, 1509, 1411, 1238, 1103, 1040, 916, 819,
748 cm™'; HRMS m/z (M) caled for C,5H;6CINO,: 309.0768.
Found: 309.0764.

N,2,4-Trimethylfuran-3-carboxamide (4a). The title com-
pound (4a) was prepared according to the general procedure.
The product was obtained as white crystals, mp 130-133 °C.
Yield: 78% (119 mg). 'H NMR (600 MHz, CDCl3) § 6.97 (1H, s),
5.74 (1H, brs), 2.88 (3H, d, J = 4.8 Hz), 2.41 (3H, s), 2.06 (3H,
s); *C NMR (150 MHz, CDCl;) § 165.5, 155.4, 137.7, 118.4,
117.0, 26.2, 13.6, 9.7; IR (ATR) 3285, 1645, 1518, 1433, 1203,
1142, 1072, 917, 826, 758 cm™'; HRMS m/z (M") caled for
CgH;1NO,: 153.0790. Found: 153.0788.

X-Ray crystallographic data of compound 4a

Empirical formula - CgH;,NO,, M = 153.18, space group P21, a
=5.0234(15) A, b = 12.137(4) A, ¢ = 13.751(4) A, V = 826.2(4) A%,
Z=4,T=296K, pearca = 1.232 g M ™, 20,4« = 25.048°, refine-
ment of 213 parameters on 2772 independent reflections with
WR, = 0.1007 and S = 1.011. The crystal structure has been de-
posited at the Cambridge Crystallographic Data Centre (CCDC
18506437).

N-Benzyl-2,4-dimethylfuran-3-carboxamide (4b). The title
compound (4b) was prepared according to the general pro-
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cedure. The product was obtained as a white solid, mp
149-151 °C. Yield: 75% (165 mg). "H NMR (600 MHz, CDCl;) &
7.34-7.30 (4H, m), 7.28-7.25 (1H, m), 7.01 (1H, s), 5.85 (1H,
brs), 4.58 (2H, d, J = 10.8 Hz), 2.47 (3H, s), 2.09 (3H, s); **C
NMR (150 MHz, CDCl;) § 164.6, 156.0, 138.4, 137.8, 128.8,
127.7,127.5, 118.4, 116.8, 43.5, 13.8, 9.9; IR (ATR) 3023, 1646,
1583, 1447, 1401, 1305, 1242, 1209, 1016, 977, 786 cm %
HRMS m/z (M') caled for C;4H;sNO,: 229.1103. Found:
229.1104.
2-Ethyl-4-methyl-N-phenylfuran-3-carboxamide (4c). The title
compound (4c) was prepared according to the general pro-
cedure. The product was obtained as a white solid, mp
112-115 °C. Yield: 68% (155 mg). "H NMR (600 MHz, CDCl;) §
7.54 (2H, d, J = 8.4 Hz), 7.33 (2H, t, J = 7.8 Hz), 7.29 (1H, brs),
7.11 (1H, t, J = 7.2 Hz), 7.08 (1H, s), 2.92 (2H, q, J = 7.8 Hz),
2.19 (3H, s), 1.25 (3H, t, J = 7.8 Hz); *C NMR (150 MHz,
CDCl;) 6 162.8, 161.2, 138.2, 137.9, 129.1, 124.4, 119.9, 118.2,
116.7, 21.3, 12.4, 9.8; IR (ATR) 3298, 1645, 1514, 1412, 1229,
1129, 1046, 910, 811, 746 cm™'; HRMS m/z (M") caled for
C14H;5NO,: 229.1103. Found: 229.1104.
2-Isopropyl-4-methyl-N-phenylfuran-3-carboxamide (4d). The
title compound (4d) was prepared according to the general pro-
cedure. The product was obtained as a gummy liquid. Yield:
75% (182 mg). "H NMR (600 MHz, CDCl3) § 7.55 (2H, d, J = 8.4
Hz), 7.34 (1H, brs), 7.32 (2H, t, J = 7.8 Hz), 7.10 (1H, t, ] = 7.8
Hz), 7.08 (1H, d, J = 1.2 Hz), 3.55 (1H, sept, J = 6.6 Hz), 2.17
(3H, s), 1.26 (6H, d, J = 7.2 Hz); *C NMR (150 MHz, CDCl;)
0 164.1, 162.9, 137.9, 137.8, 129.0, 124.3, 119.9, 117.9, 115.8,
27.3, 20.9, 9.7; IR (ATR) 3292, 1606, 1500, 1411, 1228, 1109,
1039, 918, 812, 740 cm™'; HRMS m/z (M*) caled for C;5H;,NO,:
243.1259. Found: 243.1256.
4-Methyl-N-phenyl-2-undecylfuran-3-carboxamide (4e). The
title compound (4e) was prepared according to the general pro-
cedure. The product was obtained as a gummy liquid. Yield:
74% (241 mg). 'H NMR (600 MHz, CDCl;) § 7.54 (2H, d, J =
7.8 Hz), 7.38 (1H, brs), 7.32 (2H, td, = 7.2, 7.2 Hz), 7.11-7.08
(1H, m), 7.07 (1H, d, J = 1.8 Hz), 2.87 (2H, t, J = 7.8 Hz), 2.17
(3H, s), 1.66 (2H, quint, J = 7.8 Hz), 1.33-1.23 (12H, m), 0.85
(3H, t, J = 6.6 Hz); *C NMR (150 MHz, CDCl;) § 162.8, 160.1,
138.1, 137.9, 128.9, 124.3, 119.9, 118.2, 117.3, 31.8, 29.9, 29.3,
29.25, 29.21, 28.1, 22.6, 14.0, 9.7; IR (ATR) 3285, 1646, 1515,
1435, 1305, 1243, 1063, 916, 877, 751 cm™'; HRMS m/z (M)
caled for C,;H,9NO,: 327.2198. Found: 327.2197.
4-Methyl-N,2-diphenylfuran-3-carboxamide (4f). The title
compound (4f) was prepared according to the general pro-
cedure. The product was obtained as a white solid, mp
130-132 °C. Yield: 69% (191 mg). 'H NMR (600 MHz, CDCl;) &
7.66 (2H, d, J = 7.2 Hz), 7.41-7.38 (4H, m), 7.36-7.34 (2H, m),
7.29 (2H, t, J = 7.8 Hz), 7.25 (1H, s), 7.09 (1H, t, J = 7.2 Hz),
2.19 (3H, s); *C NMR (150 MHz, CDCl;) 6 162.7, 152.5, 139.3,
137.7,129.7, 129.0, 128.9, 127.1, 124.4, 122.1, 119.7, 118.6, 8.9;
IR (ATR) 3285, 1646, 1515, 1435, 1305, 1243, 1063, 877,
751 cm™'; HRMS m/z (M") caled for C;gH;sNO,: 277.1103;
found: 277.1100.
4-Methyl-2-phenyl-N-(p-tolyl)furan-3-carboxamide (4g). The
title compound (4g) was prepared according to the general
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procedure. The product was obtained as a white solid, mp
133-134 °C. Yield: 75% (218 mg). "H NMR (300 MHz, CDCl;) 6
7.65 (2H, dd, J = 8.1, 1.5 Hz), 7.42-7.31 (6H, m), 7.24 (1H, s),
7.09 (2H, d, J = 8.4 Hz), 2.29 (3H, s), 2.18 (3H, s); >°C NMR
(75 MHz, CDCl;) 6 162.6, 152.3, 139.3, 135.1, 134.1, 129.7,
129.5, 128.9, 128.8, 127.0, 122.1, 119.7, 118.7, 20.9, 8.9; IR (ATR)
3287, 1647, 1514, 1432, 1325, 1245, 1163, 875, 756 cm™*; HRMS
m/z (M) caled for C1oH;,NO,: 291.1259. Found: 291.1258.

2-(4-Methoxyphenyl)-4-methyl-N-phenylfuran-3-carboxamide
(4h). The title compound (4h) was prepared according to the
general procedure. The product was obtained as a white solid,
mp 155-156 °C. Yield: 77% (236 mg). '"H NMR (600 MHz,
CDCl;) 6 7.59 (2H, d, J = 9.0 Hz), 7.41 (2H, d, J = 7.8 Hz), 7.35
(1H, brs), 7.28 (2H, t, J = 7.8 Hz), 7.21 (1H, s), 7.08 (1H, t, J =
7.2 Hz), 6.92 (2H, d, J = 9.0 Hz), 3.81 (3H, s), 2.19 (3H, s);
3C NMR (150 MHz, CDCl;) § 162.8, 160.2, 152.9, 138.8, 137.8,
129.0, 128.9, 124.3, 122.3, 122.0, 119.6, 117.3, 114.3, 55.3, 9.1;
IR (ATR) 3287, 1642, 1545, 1430, 1315, 1240, 1163, 878,
756 cm™'; HRMS m/z (M") caled for C;oH;,NO;: 307.1208.
Found: 307.1205.

4-Methyl-N-(naphthalen-1-yl)-2-phenylfuran-3-carboxamide (4i).
The title compound (4i) was prepared according to the general
procedure. The product was obtained as a white solid, mp
130-133 °C. Yield: 68% (222 mg). "H NMR (600 MHz, CDCl;) 6
8.74 (1H, s), 7.84 (1H, d, J = 6.6 Hz), 7.71 (1H, d, J = 7.8 Hz),
7.55 (1H, d, J = 8.4 Hz), 7.47 (2H, d, J = 7.2 Hz), 7.36-7.24 (7H,
m), 7.19-7.17 (1H, m), 2.16 (3H, s); *C NMR (150 MHz, CDCI,)
6 171.2, 159.6., 149.7, 136.6, 135.7, 133.9, 130.9, 130.2, 129.1,
128.7, 126.5, 126.4, 126.3, 126.1, 125.7, 125.5, 120.2, 120.0,
104.6, 10.3; IR (ATR) 3285, 1648, 1518, 1436, 1304, 1242, 1073,
917, 870, 758 cm™'; HRMS m/z (M") caled for Cy,H;,NO,:
327.1259. Found: 327.1257.

(2)-1-Phenyl-3-( phenylamino)prop-2-en-1-one (5a). The title
compound (5a) was prepared according to the general pro-
cedure. The product was obtained as a yellow solid, mp
130-132 °C. Yield: 66% (147 mg). "H NMR (600 MHz, CDCI;)
612.13 (1H7 d,/=10.8 HZ), 7.92 (ZH, d, J= 7.8 Hz), 7.53-7.47
(2H, m), 7.45-7.42 (2H, m), 7.33 (2H, t, ] = 7.8 Hz), 7.09 (2H, d,
J = 8.4 Hz), 7.06 (1H, t, J = 7.2 Hz), 6.01 (1H, d, J = 7.8 Hz); °C
NMR (150 MHz, CDCl;) 6 191.0, 144.9, 140.2, 139.2, 131.6,
129.7, 128.4, 127.3, 123.7, 116.3, 93.7; IR (ATR) 3237, 3057,
2997, 1657, 1602, 1545, 1471, 1260, 961 cm™"; HRMS m/z (M)
caled for C;5H;3NO: 223.0997. Found: 223.0996.

(2)-1-Phenyl-3-( p-tolylamino)prop-2-en-1-one (5b). The title
compound (5b) was prepared according to the general pro-
cedure. The product was obtained as a yellow solid, mp
120-122 °C. Yield: 65% (154 mg). "H NMR (600 MHz, CDCI;)
512.13 (1H, d, J = 12.0 Hz), 7.92 (2H, d, J = 7.2 Hz), 7.49-7.41
(4H, m), 7.13 (2H, d, J = 7.8 Hz), 6.99 (2H, d, J = 7.8 Hz), 5.98
(1H, d, J = 7.8 Hz), 2.30 (3H, s); *C NMR (150 MHz, CDCI;)
5 190.8, 145.3, 139.3, 137.8, 133.4, 131.4, 130.2, 128.4, 127.2,
116.4, 93.2, 20.7; IR (ATR) 3235, 3050, 2990, 1648, 1600, 1540,
1473, 1258, 961, 816, 759 cm '; HRMS m/z (M") caled for
C16H15NO: 237.1154. Found: 237.1151.

(2)-3-((a-Isopropylphenyl)Jamino)-1-phenylprop-2-en-1-one (5c).
The title compound (5¢) was prepared according to the general
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procedure. The product was obtained as a yellow solid, mp
132-133 °C. Yield: 68% (180 mg). 'H NMR (600 MHz, CDCl;) &
12.14 (1H, d, J = 11.4 Hz), 7.92 (2H, d, J = 7.2 Hz), 7.50-7.46
(2H, m), 7.43 (2H, t, J = 7.2 Hz), 7.19 (2H, d, J = 8.4 Hz), 7.03
(2H, d, J = 7.8 Hz), 5.98 (1H, d, J = 7.8 Hz), 2.87 (1H, sept, J =
6.6 Hz), 1.23 (6H, d, J = 7.2 Hz); ">*C NMR (150 MHz, CDCl;) §
190.7, 145.3, 144.6, 139.3, 138.0, 131.4, 128.4, 127.6, 127.2,
116.4, 93.2, 33.5, 23.9; IR (ATR) 3237, 2923, 1639, 1606, 1545,
1471, 1260, 1023, 961, 815, 735 cm™"'; HRMS m/z (M) caled for
C,3H1oNO: 265.1467. Found: 265.1464.
(2)-3-((4-MethoxyphenylJamino)-1-phenylprop-2-en-1-one (5d).
The title compound (5d) was prepared according to the general
procedure. The product was obtained as a yellow solid, mp
135-136 °C. Yield: 67% (169 mg). 'H NMR (600 MHz, CDCl;) &
12.17 (1H, d, J = 12.6 Hz), 7.91 (2H, d, J = 7.2 Hz), 7.48-7.46
(1H, m), 7.45-7.39 (3H, m), 7.03 (2H, d, J = 8.4 Hz), 6.88 (2H,
d, J = 7.2 Hz), 5.95 (1H, d, J = 7.8 Hz), 3.78 (3H, s); >*C NMR
(150 MHz, CDCl;) § 190.6, 156.4, 145.9, 139.3, 133.8, 131.3,
128.4, 127.2, 117.9, 114.9, 92.8, 55.5; IR (ATR) 2923, 1621,
1509, 1469, 1283, 1227, 1023, 815, 735 cm™'; HRMS m/z (M")
caled for C;6H;5NO,: 253.1103. Found: 253.1103.
(2)-3-((3-Chlorophenyl)amino)-1-phenylprop-2-en-1-one (5e).
The title compound (5e) was prepared according to the general
procedure. The product was obtained as a yellow solid, mp
135-136 °C. Yield: 64% (164 mg). "H NMR (600 MHz, CDCl;) &
12.07 (1H, d, J = 11.4 Hz), 7.91 (2H, d, J = 7.8 Hz), 7.50-7.48
(1H, m), 7.45-7.42 (3H, m), 7.24 (1H, t, J = 7.8 Hz), 7.09-7.08
(1H, m), 7.02 (1H, dd, J = 7.8, 1.8 Hz), 6.95 (1H, dd, J = 7.2, 1.8
Hz), 6.04 (1H, d, J = 7.8 Hz); *C NMR (150 MHz, CDCl;) 6
191.4, 144.1, 141.5, 138.9, 135.6, 131.8, 130.8, 128.5, 127.4,
123.5, 116.1, 114.6, 94.6; IR (ATR) 3249, 1644, 1531, 1455,
1250, 1032, 971, 811, 755 cm™'; HRMS m/z (M") caled for
C;15H;,CINO: 257.0607. Found: 257.0605.
(2)-3-((4-Chlorophenyl)amino)-1-phenylprop-2-en-1-one (5f).
The title compound (5f) was prepared according to the general
procedure. The product was obtained as a yellow solid, mp
162-163 °C. Yield: 66% (169 mg). "H NMR (600 MHz, CDCl;) &
12.11 (1H, d, J = 12.0 Hz), 7.91 (2H, d, J = 7.2 Hz), 7.50-7.47
(1H, m), 7.44-7.39 (3H, m), 7.27 (2H, d, J = 9.0 Hz), 7.00 (2H,
d, J = 9.0 Hz), 6.02 (1H, d, J = 7.8 Hz); *C NMR (150 MHz,
CDCl;) 6 191.2, 144.5, 138.9, 138.8, 131.7, 129.7, 128.6, 128.4,
127.3, 117.4, 94.2; IR (ATR) 3250, 1640, 1504, 1448, 1235, 1016,
970, 811, 756 cm '; HRMS m/z (M) caled for C;5H;,CINO:
257.0607. Found: 257.0604.
(2)-3-((3-Bromophenyl)amino)-1-phenylprop-2-en-1-one (5g).
The title compound (5g) was prepared according to the general
procedure. The product was obtained as a yellow solid, mp
162-164 °C. Yield: 63% (189 mg). "H NMR (600 MHz, CDCl;) &
12.07 (1H, d, J = 12.0 Hz), 7.90 (2H, dd, J = 7.8, 1.8 Hz),
7.50-7.48 (1H, m), 7.45-7.42 (3H, m), 7.25 (1H, s), 7.19-7.16
(2H, m), 7.00-6.98 (1H, m), 6.04 (1H, d, J = 7.8 Hz); *C NMR
(150 MHz, CDCl;) & 191.4, 144.1, 141.7, 138.9, 131.8,
131.0, 128.5, 127.4, 126.4, 123.5, 119.0, 115.1 94.6; IR
(ATR) 3256, 1640, 1538, 1457, 1252, 1033, 970, 808, 762 cm™;
HRMS m/z (M') caled for C;5H;,BrNO: 301.0102. Found:
301.0099.
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(2)-3-((4-Bromophenyl)amino)-1-phenylprop-2-en-1-one (5h).
The title compound (5h) was prepared according to the
general procedure. The product was obtained as a yellow solid,
mp 172-173 °C. Yield: 67% (201 mg). '"H NMR (600 MHz,
CDCl;) 6 12.10 (1H, d, J = 10.8 Hz), 7.90 (2H, d, J = 8.4 Hz),
7.50-7.47 (1H, m), 7.44-7.39 (5H, m), 6.95 (2H, d, J = 7.8 Hz),
6.02 (1H, d, J = 7.8 Hz); *C NMR (150 MHz, CDCl;) § 191.2,
144.3, 139.3, 138.9, 132.6, 131.7, 128.4, 127.3, 117.7, 116.1,
94.3; IR (ATR) 3258, 1648, 1534, 1458, 1255, 1036, 972, 811,
758 cm™'; HRMS m/z (M") caled for C;5H;,BrNO: 301.0102.
Found: 301.0099.

(2)-3-(Naphthalen-1-ylamino)-1-phenylprop-2-en-1-one  (5i).
The title compound (5i) was prepared according to the general
procedure. The product was obtained as a yellow solid, mp
130-133 °C. Yield: 63% (171 mg). "H NMR (600 MHz, CDCl;)
5 13.06 (1H, d, J = 11.4 Hz), 8.24 (1H, d, J = 8.4 Hz), 7.99 (2H,
d, J = 8.4 Hz), 7.85 (1H, d, J = 7.8 Hz), 7.71-7.67 (1H, m),
7.62-7.59 (2H, m), 7.53 (1H, t, J = 7.2 Hz), 7.50 (1H, d, J =
6.6 Hz), 7.47-7.42 (3H, m), 7.26 (1H, d, J = 7.2 Hz), 6.14 (1H, d,
J = 7.8 Hz); *C NMR (150 MHz, CDCl;) § 191.4, 146.1, 139.2,
136.4, 134.3, 131.6, 128.4, 127.4, 126.7, 126.6, 125.8, 124.8,
124.1, 121.0, 110.9, 94.7; IR (ATR) 3248, 1641, 1564, 1468,
1305, 1225, 1026, 971, 811, 767 cm™"; HRMS m/z (M*) calcd for
C10H;5NO: 273.1154. Found: 273.1153.

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

This work was supported by the National Research Foundation
of Korea (NRF) grant funded by the Korea government (MSIT)
(2018R1A2B2004432) and the Priority Research Centers
Program (2014R1A6A1031189). This research was supported by
the Nano Material Technology Development Program of the
Korean National Research Foundation (NRF) funded by the
Korean Ministry of Education, Science, and Technology
(2012M3A7B4049675).

Notes and references

1 (@) Y. L. Lin, Y. L. Tsai, Y. H. Kuo, Y. H. Liu and M. S. Shiao,
J. Nat. Prod., 1999, 62, 1500-1503; (b) D. ]J. Faulkner, Nat.
Prod. Rep., 2001, 18, 1-49; (c) A. Firstner, Angew. Chem., Int.
Ed., 2003, 42, 3582-3603; (d) O. Z. Ye, S. X. Xie, M. Huang,
W. J. Huang, J. P. Lu and Z. Q. Ma, J. Am. Chem. Soc., 2004,
126, 13940-13941; (e) J. B. Sperry and D. L. Wright, Curr.
Opin.  Drug  Discovery Dev., 2005, 8, 723-740;
(f) V. Srivastava, A. S. Negi, J. K. Kumar, U. Faridi,
B. S. Sisodia, M. P. Darokar, S. Lugman and
S. P. S. Khanuja, Bioorg. Med. Chem. Lett., 2006, 16, 911-
914; (g) B. A. Keay, J. M. Hopkins and P. W. Dibble,
Comprehensive Heterocyclic Chemistry 111, ed. A. R. Katrizky,

This journal is © The Royal Society of Chemistry 2018

View Article Online

Paper

C. A. Rams-den, E. F. V. Scriven and R. J. K. Taylor, Elsevier,
Oxoford, 2008, ch. 3.08; (%) Y. Nakamura and S. Mitani and
T. Yoneda, Fungicidal Composition Containing Acid Amide
Derivative, US 20080318779A1, 2008; (i) A. Boto and
L. Alvarez, Heterocycles in Natural Product Synthesis, Wiley-
VCH Verlag GmbH & Co. KGaA, 2011, pp. 97-152;
(/) J. Zeng, Y. Bai, S. Cai, J. Ma and X.-W. Liu, Chem.
Commun., 2011, 47, 12855-12857; (k) A. F. Pozharskii,
A. R. Katritzky and A. T. Soldatenkov, Heterocycles in Life
and Society: An Introduction to Heterocyclic Chemistry,
Biochemistry, and Applications, Wiley, Chichester, West
Sussex, 2nd edn, 2011; (I) W. Kramer, U. Schirmer,
P. Jeschke and M. Witschel, Modern Crop Protection
Compounds, 2nd edn, 2012, p. 628; (m) C. Mitsui, J. Soeda,
K. Miwa, H. Tsuji, J. Takeya and E. Nakamura, J. Am. Chem.
Soc., 2012, 134, 5448-5451.

(@) B. H. Lipshutz, Chem. Rev., 1986, 86, 795-820;
() B. A. Keay, Chem. Soc. Rev., 1999, 28, 209-215;
(c) M. Harmata, Adv. Synth. Catal., 2006, 348, 2297-2306;
(d) L. Yuhua, S. Feijie, J. Xueshun and L. Yuanhong, Prog.
Chem., 2010, 22, 58-70; (e) R. Yan, J. Huang, J. Luo, P. Wen,
G. Huang and Y. Liang, Synlett, 2010, 1071-1074;
(f) H. Cao, H. Zhan, J. Wu, H. Zhong, Y. Lin and H. Zhang,
Eur. J. Org. Chem., 2012, 2318-2322; (g) W. J. Moran and
A. Rodriguez, Org. Prep. Proced. Int., 2012, 44, 103-130;
(h) A. V. Gulevich, A. S. Dudnik, N. Chernyak and
V. Gevorgyan, Chem. Rev., 2013, 113, 3084-3213.

(@) A. S. K. Hashmi, L. Schwarz, J.-H. Choi and
T. M. Frost, Angew. Chem., Int. Ed., 2000, 39, 2285-2288;
(b) T. Yao, X. Zhang and R. C. Larock, J. Am. Chem. Soc.,
2004, 126, 11164-11165; (c) R. C. D. Brown, Angew. Chem.,
Int. Ed., 2005, 44, 850-852; (d) S. Cui, Y. Zhang and
Q. Wu, Chem. Sci., 2013, 4, 3421-3426; () A. V. Gulevich,
A. S. Dudnik, N. Chernyak and V. Gevorgyan, Chem. Rev.,
2013, 113, 3084-3213; (f) H. Cao, H. Zhan, J. Cen, J. Lin,
Y. Lin, Q. Zhu, M. Fu and H. Jiang, Org. Lett., 2013, 15,
1080-1083; (g) T. Tomakinian, R. Guillot, C. Kouklovsky
and G. Vincent, Angew. Chem., Int. Ed., 2014, 53, 11881-
11885; (k) M. Buccini and M. J. Piggott, Org. Lett., 2014,
16, 2490-2493; (i) S. Hosseyni, Y. Su and X. Shi, Org. Lett.,
2015, 17, 6010-6013; (j) R. Dorel and A. M. Echavarren,
Chem. Rev., 2015, 115, 9028-9072; (k) S. Manna and
A. P. Antonchick, Org. Lett., 2015, 17, 4300-4303;
() P. Tharra and B. Baire, Chem. Commun., 2016, 52,
14290-14293; (m) Y. Feng, N. Tian, Y. Li, C. Jia, X. Li,
L. Wang and X. Cui, Org. Lett, 2017, 19, 1658-1661;
(n) S. Sultana, N. R. Devi and A. K. Saikia, Asian J. Org.
Chem., 2015, 4, 1281-1288; (0) P. Gogoi, V. K. Das and
A. K. Saikia, J. Org. Chem., 2014, 79, 8592-8598;
(p) R. C. D. Brown, Angew. Chem., Int. Ed., 2005, 44, 850-
852; (q) S. F. Kirsch, Org. Biomol. Chem., 2006, 4, 2076-
2080; (r) D. M. D’Souza and T. J. J. Miille, Chem. Soc. Rev.,
2007, 36, 1095-1108; (s) A. V. Gulevich, A. S. Dudnik,
N. Chernyak and V. Gevorgyan, Chem. Rev., 2013, 113,
3084-3213; (¢) J.-M. Weibel, A. Blanc and P. Pale, Chem.
Rev., 2008, 108, 3149-3173.

Org. Biomol. Chem.


http://dx.doi.org/10.1039/c8ob01791c

Published on 06 September 2018. Downloaded by University of Newcastle on 9/6/2018 10:59:25 AM.

Paper

4

10

11
12

13

14

K. M. Felsenstein, L. B. Saunders, J. K. Simmons, E. Leon,
D. R. Calabrese, S. Zhang, A. Michalowski, P. Gareiss,
B. A. Mock and J. S. Schneekloth Jr., ACS Chem. Biol., 2016,
11, 139-148.

N. Yi-Lei, W. Yun-Dan, W. Chuan-Xi, L. Ru, X. Yang,
F. Dong-Sheng, J. Hong and L. Yun-Yang, Nat. Prod. Res.,
2014, 28, 2134-2139.

(@) H.-P. Fiedler, C. Bruntner, J. Riedlinger, A. T. Bull,
G. Knutsen, M. Goodfellow, A. Jones, L. Maldonado,
W. Pathom-aree, W. Beil, K. Schneider, S. Keller and
R. D. Sussmuth, J. Antibiot., 2008, 61, 158-163;
(b) K. Schneider, S. Keller, F. E. Wolter, L. Roglin, W. Beil,
O. Seitz, G. Nicholson, C. Bruntner, ]J. Riedlinger,
H.-P. Fiedler and R. D. Stissmuth, Angew. Chem., Int. Ed.,
2008, 47, 3258-3261; (c) F. E. Wolter, K. Schneider,
B. P. Davies, E. R. Socher, G. Nicholson, O. Seitz and
R. D. Siissmuth, Org. Lett., 2009, 11, 2804-2807;
(d) K. A. Muzikar, J. L. Meier, D. A. Gubler, J. A. Raskatov
and P. B. Dervan, Org. Lett., 2011, 13, 5612-5615;
(e) F. Brucoli, A. Natoli, P. Marimuthu, M. T. Borrello,
P. Stapleton, S. Gibbons and A. Schitzlein, Bioorg. Med.
Chem., 2012, 20, 2019-2024.

L. Zhou, G. Stewart, E. Rideau, N. J. Westwood and
T. K. Smith, . Med. Chem., 2013, 56, 796-806.

S. A. Jacques, I. Kuhn, O. Koniev, F. Schuber, F. E. Lund,
A. Wagner, H. Muller-Steffner and E. Kellenberger, J. Med.
Chem., 2015, 58, 3582-3592.

(@) C. Tomlin, The Pesticide Manual, British Crop Protection
Council and Royal Society of Chemistry, UK, 10th edn,
1994, p. 295; (b) H. Wang, X. Gao, X. Zhang, H. Jin,
K. Tao and T. Hou, Bioorg. Med. Chem. Lett., 2017, 27,
90-93.

F. Wen, H. Jin, K. Tao and T. Hou, Eur. J. Med. Chem., 2016,
120, 244-251.

G. Verniest and A. Padwa, Org. Lett., 2008, 10, 4379-4382.
M. Rajesh, S. Puri, R. Kant and M. S. Reddy, Org. Lett.,
2016, 18, 4332-4335.

(@) J. Zeng, Y. Bai, S. Cai, ]J. Ma and X.-W. Liu, Chem.
Commun., 2011, 47, 12855-12857; (b) M.-B. Zhou,
R.-J. Song, C.-Y. Wang and ].-H. Li, Angew. Chem., Int. Ed.,
2013, 52, 10805-10808; (c¢) K. Yan, D. Yang, W. Wei,
F. Wang, Y. Shuai, Q. Li and H. Wang, J. Org. Chem., 2015,
80, 1550-1556.

(@) J. Ke, C. He, H. Liu, M. Lia and A. Lei, Chem. Commun.,
2013, 49, 7549-7551; (b) J.-Q. Liu, Z.-X. Fang, Q. Zhang,
Q. Liu and X.-H. Bi, Angew. Chem., Int. Ed., 2013, 52, 6953-
6957; (¢) M. Gao, C. He, H.-Y. Chen, R.-P. Bai, B. Cheng and
A-W. Lei, Angew. Chem., Int. Ed., 2013, 52, 6958-6961;
(d) X.-C. Tan, Y. Liang, F.-P. Bao, H.-S. Wang and Y.-M. Pan,
Tetrahedron, 2014, 70, 6717-6722; (e) R. R. Tata and
M. Harmata, Org. Lett., 2016, 18, 5684-5687; (f) A. Palisse
and S. F. Kirsch, Eur. J. Org. Chem., 2014, 7095-7098;
(2) H. Cao, H.-F. Jiang, H.-W. Huang and J.-W. Zhao, Org.
Biomol. Chem., 2011, 9, 7313-7317; (k) Z.-W. Chen,
M.-T. Luo, D.-N. Ye, Z.-G. Zhou, M. Ye and L.-X. Liu, Synth.
Commun., 2014, 44, 1825.

Org. Biomol. Chem.

15

16

17

18

19

20

View Article Online

Organic & Biomolecular Chemistry

(@) Y. R. Lee and B. S. Kim, Tetrahedron Lett., 1997, 38,
2095-2098; (b) Y. R. Lee, N. S. Kim and B. S. Kim,
Tetrahedron Lett., 1997, 38, 5671-5674; (¢) Y. R. Lee,
B. S. Kim and H. C. Wang, Tetrahedron, 1998, 54, 12215~
12222; (d) Y. R. Lee, J. Y. Suk and B. S. Kim, Org. Lett., 2000,
2, 1387-1389; (e) Y. R. Lee, B. S. Kim and H. I. Kweon,
Tetrahedron, 2000, 56, 3867-3874.

C. He, S. Guo, J. Ke, J. Hao, H. Xu, H. Chen and A. Lei,
J. Am. Chem. Soc., 2012, 134, 5766-57609.

(@) V. Cadierno, J. Gimeno and N. Nebra, Adv. Synth. Catal.,
2007, 349, 382-394; (b) Y.-m. Pan, S.-y. Zhao, W.-h. Ji and
Z.-p. Zhan, J. Comb. Chem., 2009, 11, 103-109; (c¢) A. Arcadi,
M. Alfonsi, M. Chiarini and F. Marinelli,
J. Organomet. Chem., 2009, 694, 576-582; (d) S. Gujarathi
and G. Zheng, Tetrahedron, 2015, 71, 6183-6188;
(e) W.-h. Ji, Y-m. Pan, S.-y. Zhao and Z.-p. Zhan, Synlett,
2008, 3046-3052.

(@) N. S. V. M. R. Mangina, V. Kadiyala, R. Guduru,
K. Goutham, B. Sridhar and G. V. Karunakar, Org. Lett.,
2017, 19, 282-285; (b) H. Xu, B. Zhou, P. Zhou, J. Zhou,
Y. Shen, F.-C. Yu and L.-L. Lu, Chem. Commun., 2016, 52,
8002-8005; (¢) X. Yang, F. Hu, Y. Wang, C. Yang, X. Zou,
J. Liu and Q. Zhang, Chem. Commun., 2017, 53, 7497-7500;
(d) F. Wang, L. Jin, L. Kong and X. Li, Org. Lett., 2017, 19,
1812-1815; (e) H. Xiang, Q. Zhao, Z. Tang, J. Xiao, P. Xia,
C. Wang, C. Yang, X. Chen and H. Yang, Org. Lett., 2017,
19, 146-149; (f) J.-P. Wan, S. Cao and Y. Liu, Org. Lett.,
2016, 18, 6034-6037; (g) G. Fang, J. Liu, J. Fu, Q. Liu and
X. Bi, Org. Lett., 2017, 19, 1346-1349; (h) J.-P. Wan, Y. Jing,
C. Hu and S. Sheng, J. Org. Chem., 2016, 81, 6826-6831;
() Q. Zhang, X. Liu, X. Xin, R. Zhang, Y. Liang and
D. Dong, Chem. Commun., 2014, 50, 15378-15380;
(j) F. Zhang, Z. Qin, L. Kong, Y. Zhao, Y. Liu and Y. Li, Org.
Lett., 2016, 18, 5150-5153; (k) S. Zhou, ]J. Wang, L. Wang,
C. Song, K. Chen and J. Zhu, Angew. Chem., Int. Ed., 2016,
55, 9384-9388.

(@) X. Yu, L. Wang, X. Feng, M. Bao and Y. Yamamoto,
Chem. Commun., 2013, 49, 2885-2887; (b) S. Ueno,
R. Shimizu and R. Kuwano, Angew. Chem., Int. Ed., 2009,
48, 4543-4545; (C] D. Yu, Y. N. Sum, A. C. C. Ean,
M. P. Chin and Y. Zhang, Angew. Chem., Int. Ed., 2013, 52,
5125-5128; (d) Z. Zhu, X. Tang, J. Li, X. Li, W. Wu, G. Deng
and H. Jiang, Chem. Commun., 2017, 53, 3228-3231;
(e) Y.-Y. Xie, Y.-C. Wang, H.-E. Qu, X.-C. Tan, H.-S. Wang
and Y.-M. Pana, Adv. Synth. Catal., 2014, 356, 3347-3355;
(f) E. Gayon, M. Szymczyk, H. Gérard, E. Vrancken and
J.-M. Campagne, J. Org. Chem., 2012, 77, 9205-9220;
(2) Y.-W. Kang, Y. J. Cho, S. J. Han and H.-Y. Jang, Org.
Lett., 2016, 18, 272-275; (h) S. M. Kim, D. Lee and
S. H. Hong, Org. Lett., 2014, 16, 6168-6171.

(@) Y.-H. Liu, P. Wang and G.-T. Cheng, Monatsh. Chem.,
2013, 144, 191-196; (b) J.-Y. Liu, G.-E. Cao, W. Xu, J. Cao
and W.-L. Wang, Appl. Organomet. Chem., 2010, 24, 685-
691; (¢) D. Deng, L. Xiao, L.-M. Chung, I. S. Kim and
M. Gopiraman, ACS Sustainable Chem. Eng., 2017, 5, 1253-
1259.

This journal is © The Royal Society of Chemistry 2018


http://dx.doi.org/10.1039/c8ob01791c

Published on 06 September 2018. Downloaded by University of Newcastle on 9/6/2018 10:59:25 AM.

View Article Online

Organic & Biomolecular Chemistry Paper

21 (@) M. Jebari, K. Pasturaud, B. Picard, ]J. Maddaluno, 22 E. A. Dikusar, N. G. Kozlov, S. S. Koval’skaya, L. A. Popova

F. Rezgui, 1. Chataigner and J. Legros, Org. Biomol. Chem., and K. L. Moiseichuk, Russ. J. Gen. Chem., 2001, 71, 290~
2016, 14, 11085-11087; (b) D. R. Chisholm, R. Valentine, 293.

E. Pohl and A. Whiting, J. Org. Chem., 2016, 81, 7557-7565; 23 L.-Q. Tan, W.-B. Liu, P. Zhou, C. Chen and Q. Zhang,
(¢) E. Haak, Eur. J. Org. Chem., 2007, 2815-2824. J. Saudi Chem. Soc., 2016, 20, 220-226.

This journal is © The Royal Society of Chemistry 2018 Org. Biomol. Chem.


http://dx.doi.org/10.1039/c8ob01791c

	Button 1: 


