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An efficient and concise one-pot strategy for the synthesis of multisubstituted pyridones via one-pot three-component

cascade reaction catalyzed by Cs,CO; under solvent-free conditions has been developed. The substituent-controlled

chemoselective cycloaddition process involved steps including a Michael addition/ethanol elimination/intermolecular

cyclization sequence by utilizing anilines, diethyl acetylenedicarboxylate, and diethyl ethoxymethylenemalonate. In doing

so, various 2-pyridone and 4-pyridone species (41 examples) could be obtained in good to excellent yields.

Introduction

The pyridone core as a unique heterocyclic unit can be
commonly found in a variety of natural products and
biologically active molecules. In particular, pyridone-containing
derivatives often exhibit diverse biological activities such as
antifungal, antibacterial, insecticidal activities, antiviral, anti-
inflammatory, and anti-HIV activities etc. (Figure 1, a).! For the
past few decades, the pyridone keleton has attracted much
attention in the scientific community and a range of different
synthetic routes have been studied to obtain these molecules.?
Until now, synthetic strategies for the construction of pyridone
often involved routes such as the following: traditional
Guareschi-Thorpe reactions (Route 1),3 1,4-addition of malonic
esters with alkynyl imines (Route 2) or 1,4-addition of 2-
(phenylsulfinyl)acetamide  to  a.,B-unsaturated ketones
followed by cyclization/sulfoxide elimination (Route 3),*
intramolecular cyclization of N-(2-furanylmethyl)alkynamides
(Route 4),°> and our recent work involving a four-component
(Route 5).6° However, despite these
advances, the aforementioned methods
frequently require transition-metal catalysis (e. g. Pd, Cu)>,
strong bases (e. g. NaH)* and toxic as well as hazardous

cascade reaction

considerable

reagents3. Exploring new, effective, and practical protocols to
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access pyridones and their derivatives remains a critical, albeit
unmet, synthetic challenge.”

The one-pot multicomponent cascade reaction represents
one of the most powerful approaches for the preparation of
heterocyclic compounds and can be used to access multiple
bonds-formation and avoid  multi-steps  purification
procedures.® Recently, our group has developed a variety of
efficient and convenient strategies to construct functional
organic molecules,® including one-pot multicomponent
cascade reactions (MCRs).%19 Based on enaminones studied in
Wan’s work,'! we envisioned that this compound class may
also react with diethyl ethoxymethylenemalonateas or diethyl
acetylenedicarboxylate to result in the formation of multiple
bonds in one-pot. Herein, we report a substituent-controlled,
one-pot three-component procedure for the construction of
multi-substituted pyridones by utilizing aniline, diethyl
acetylenedicarboxylate and diethyl ethoxymethylenemalonate
as catalyzed by an inorganic base under solvent-free
conditions.

(a) Representative natural products and pharmaceuticals possessing pyridone unit
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Figure 1. Representative biologically active molecules and
synthetic strategies

Results and discussion

Initially, we carried out our study by investigating the model
involving  aniline 1a (1.0 mmol), diethyl
acetylenedicarboxylate 2a (1.0 mmol), and diethyl
ethoxymethylenemalonate 3a (1.0 mmol) catalyzed by Cs,CO3
under solvent-free conditions at room temperature. Importantly,
the reaction proceeded smoothly, providing 2-pyridone 4a in 70%
yield. However, 4-pyridone 5a could not be detected (Table 1, entry
1). The relative configuration of compound 4a was determined by
X-ray crystal analysis as shown in Table 2 (CCDC 1965346).
Following these promising results, other base-catalysts, including
strong inorganic bases (KOH, NaOH) were screened and product 4a
could be obtained in 20-35% vyields (Table 1, entries 2-6). Notably,
the reaction could not be carried out in the absence of any base
catalyst (Table 1, entry 7). In addition, a series of solvents were
screened, and solvent-free conditions proved to be the most
suitable (Table 1, entries 8-13). Subsequently, different raw
material ratios were investigated. Compounds 1a and 2a (1a:2a:3a
=1.2:1.2:1.0) used in excess proved to be beneficial for the reaction
progress (Table 1, entries 14-16). Additionally, an increase in
temperature adversely affected the product yields (Table 1, entry
17). Encouraged by these experimental results, we further
examined the reactions with different catalyst loadings (Table 1,

reaction

Table 1. Optimization of the reaction conditions?

9Cs,CO; loading (60 mol%). "Cs,CO;3 loading (40 mel%).i/C2G0s
loading (30 mol%). /Cs,CO; loading (20 mol%)\: K0sLTO4deadives 50
mol%).

(o]
NH,  COEt EOC PO | Eo,c COEL
. IIl N EtOZC>:/OEt Solvent-free Eto/c"fh‘lIo ur)z(:'fwj/
COEt  Et0,C C82C0g, it Ph Ph
1a 2a 3a 4a 5a
Entry Catalyst Solvent t/h yield%®?
1 C52C03 - 5 70
2 K,CO3 - 5 20
3 KOH - 5 40
4 NaOH - 5 35
5 EtsN - 5 -
6 DABCO - 5 -
7 - - 5 -
8 Cs,C0O3 CH5CN 5 32
9 Cs,C0O3 EtOH 5 34
10 Cs,CO; THF 5 -
11 Cs,CO; Toluene 5 -
12 Cs,CO3 CHCl; 5 -
13 Cs,C0O3 H,0 5 -
14¢ Cs,C0O5 - 5 76
154 Cs,CO3 - 4 82
16¢ Cs,CO;3 - 4 85
17f Cs,CO3 - 4 58
189 Cs,C0O3 - 5 80
19" Cs,COs3 - 5 83
200 Cs,CO3 - 5 75
21 Cs,C0O3 - 5 40
22k Cs,CO; - 5 trace

%The reaction was performed: 1a, 2a and 3a in one-pot, catalyst (50
mol%). tlsolated yield based on 3a. cThe molar ratio of 1a:2a:3a =
1.1:1.1:1.0. 9The molar ratio of 1a:2a:3a = 1.1:1.2:1.0. ¢The molar
ratio of 1a:2a:3a = 1.2:1.2:1.0. The reaction temperature was 40 °C.
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entries 18-22). When the catalyst loading was decreased from
50 to 10 mol%, the yield of the product decreased obviously.
Remarkably, 4-pyridone 5a could not be detected in all cases.
Ultimately, the optimal reaction conditions were as follows:
aniline 1a (1.2 mmol), diethyl acetylenedicarboxylate 2a
(1.2mmol), diethyl ethoxymethylenemalonate 3a (1.0 mmol)
catalyzed by Cs,COs; (50 mol%) under solvent-free conditions
at room temperature (Table 1, entry 16).

With the optimized reaction conditions in hand, we then
shifted our focus to the investigation of the scope and
generality of this one-pot, three-component cascade
transformation. As shown in Table 2, various substituted
anilines were screened. For anilines, electron-donating
substituents (Me, OMe, 'Bu) in para-, ortho-, or meta-positions
of the aromatic ring were demonstrated to provide the
corresponding 2-pyridones in yields ranging between 75 and
83% (4b-4h). A range of disubstituted anilines were tested and
delivered compounds 4i-4n in yields ranging between 65 and
76%, respectively. Notably, trisubstituted anilines with
sterically hindered groups also proved to be suitable
substrates for this reaction type (40-4p). In addition, a-
naphthyl- and B-naphthylamines were compatible with this
cascade transformation type (4q-4r). Subsequently, electron-
withdrawing (F, Cl, Br, I, CN, CF3) groups in para-position of the
aromatic aniline ring were investigated, resulting in the
desired products 4s-4y obtained in yields of 54-80%. An
electron-withdrawing group in meta-position of the anilines
could provide the corresponding 2-pyridones 4aa-4dd in good
yields. Additionally, dimethyl acetylenedicarboxylate 2b as well
as dimethyl 2-(methoxymethylene)malonate 3b as the
substrates in this transformation could also provide the
corresponding 2-pyridone species 4ee and 4ff with satisfactory
yields, respectively.

Table 2. Substrate scope?

NH, CO,Et Et0,C. o -CO-EL
I EtO,C  OEt  Solventfree 1
R N . =/ N" o

EtO,C”
CO,Et E10,C Cs,COg, rt.
3a

1 2a R

4
nofc_ﬁcoga on/c\f\Icoza Hofc_&cozst
N >N o

Et0,C” 0 Et0,C” o Et0,c~ N
R

R
4g, R = 3-Me, 80%
4h, R = 3-OMe, 79%

4d, R = 2-Me, 83%

R
4a,R=H, 85%
2, R =1, 85% 4e, R = 2-OMe, 80%

4b, R = 4-Me, 82% X-ray of 4a C
4c, R = 4-OMe, 80% (CCDC:1965346) 4f, R = 2-'Bu, 75%
E10,C. o -COZE
FOC oo fI EtO,C. CO,Et
i p 2C 2
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R=23
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[ B R 4, R=2 6-(Me), 65% R
4m, R = 3, 5-(Me),, 76% ©)3, 66% 4q, R = a—Naphthyl, 70%
4 4n, R =3, 4-(Me),, 73% )5, 75%  4r, R = B-Naphthyl, 72%

E10,C. o -COREL E10,C._x_-COGEL
Q 4s,R = 4-F, 79% EI
N 4t R =4-Cl, 78% -

Et0,C o) - N
’ 4u, R = 4-Br, 80% EtOC O 4aa,R=3.8r,75%

4 R- 41, 60% 4bb, R = 3-CF3, 70%

4w, R = 4.CFy 68% dcc, R =3-CN, 68%

4x, R = 4-CN, 54% 4 4dd, R = 3-NOy, 52%

R
4 4y, R =3, 4-(Cl),, 70%

coMe Me()/(l\fICOQEt Et0,C._-CO:Me
w €Y
\‘\ MeO,C OMe
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%All reactions were performed with 1, 2 and 3 in one-pot, Cs,CO3
(50 mol%), isolated yield based on 3, the molar ratio of 1:2:3 =
1.2:1.2:1.0.

Interestingly, electron-withdrawing substituents (F, Cl, Br, |,
CF3, CN) in ortho-position of the aniline ring could produce the
corresponding 4-pyridone species with good yields of 56-70%
(6a-6f). Moreover, aniline bearing dielectron-withdrawing
substituents (2-F-3-Cl) could provide the desired product 6g
with good vyield. Dimethyl acetylenedicarboxylate 2b and
dimethyl 2-(methoxymethylene)malonate 3b as substrates
were reacted with 2-bromo aniline and underwent this
cascade reaction, producing the 4-pyridone 6h with 72% yield
(Table 3). However, 2-nitroaniline could not be used to
produce the corresponding 4-pyridone, only intermediate IV
was obtained (details in Supporting Information).

Table 3. Substrate scope®

o
NH, COuEt E'.U,C;é/COQEt
Ii Et0,C__ OFt  Solventfree |
R _
Coutt Etozg TosCOp L
1 2a 3a
6
o o o
EtO,C._ COLE EtO,C._ COEt Et0,C.. COLE
] @ @
Et0,c”~ N Et0,c”~ N Et0,C~
@Br @,ca @,cw
6a, 70% 6b, 66% 6c, 60%
Et0,C.. COsEt  EtO,C.. COsEt EtO,C.. CO,Et EtOL CO.Et
] @ @ L |
Et0,c7 N Et0,c~ N Et0,c7 N Et0,C” N

@rF@/@j

o
a
=3
1
R
=3
kS

@
Q
X
2
=)
a
x
o

g, 550/

NH, CO,Me
Br ‘ ‘ MeO,C o OMe

t CO,Me MeO,C Br
Tee 2b 3b

9All reactions were performed with 1, 2 and 3 in one-pot, Cs,CO;
(50 mol%), isolated yield based on 3, the molar ratio of 1:2:3 =
1.2:1.2:1.0.

To further investigate this one-pot three-component cascade
reaction process to form 4-pyridones, the reagent addition order
was investigated (Scheme 1, a, b, c). Initially, the substitution
reaction of aniline 1 (1a, 1b, 1ee) with compound 3a led to the
formation of intermediates 7, 8, and Il under solvent-free
conditions at room temperature for 4-6 h. Then, the intermediates
7, 8, Il were individually reacted with compound 2a via aza-Michael
addition/ethanol elimination/intermolecular cyclization sequence,
providing the 4-pyridones 6a, 6i, 6j with good yields, respectively. In
addition, the corresponding 2-pyridones could not be detected.
Notably, the overall efficiency of this one-pot cascade reaction was
demonstrated to be improved over that of a two-step reaction
process.

This journal is © The Royal Society of Chemistry 20xx
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Scheme 1. The reagents addition order was investigated of the
cascade reaction

Several control experiments were conducted to investigate the
two different cyclization routes (Scheme 2). Firstly, enamine | was
prepared from reaction of compound 1a with 2a, which was then
reacted with compound 3a under standard conditions, providing
the expected 2-pyridone 4a in 87% yield (Scheme 2, a). In addition,
the intermediate enamine Il could be obtained via substitution
reaction of 2-bromo aniline 1ee with compound 3a. Ultimately, 4-
pyridone 6a was formed via reaction of intermediate Il with
compound 2a (Scheme 2, b). Another control experiment was
carried out between 2-bromo aniline 1ee and compound 2a. Then,
intermediate Il was reacted with compound 3a to provide
compound 6a with almost identical yield (Scheme 2, c).

- EtO,G
NH, CO4Et 2 EtO,C_ COsEt
P — 1 N
i it Eoc. A Et0,C OEt P
@ + Loe -t 2CFSco,Et 3a Et0,C” "N o
2 Standard Ph
1a 2a | conditions 4a, 87%

o
NH, Et0,C

,C_COREL EtO,C. CO,Et
Et0,C I Standard T
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(b) + -

HN —_condlons ko, N

o Et0,C—==—CO,Et Br
(]/ 2a

n 6a, 65%
EtO,C,

o
NH, COLEt _CooEt )= EOC. fﬁ/cozst
EtO,C OEt
B, \‘\ rt [ " 3a «" ’
©

NH —— EtO,C N
COEt g Standard Br
conditions

n 6a, 70%

Scheme 2. Control experiments to investigate the cyclization
process

Based on the aforementioned experimental results and related
literatures,1112 3 plausible reaction mechanism involving a
substituent-controlled one-pot cascade process could be depicted
as shown in Scheme 3. For 2-pyridone 4a, initially, Int-l was
generated after reaction of compound 1a with 2a, which then
underwent Michael reaction with compound 3a. Then, an alcohol
elimination process took place to provide intermediate D (tautomer
of C). Finally, product 4a formed after cyclization/ethanol
elimination reaction (Scheme 3, Path I). In addition, there are two
possible routes for the formation of 4-pyridone 6a. For one of the
possible routes, Int-Il was formed via substitution reaction of 2-
bromo aniline 1ee with compound 3a, which then underwent aza-
Michael reaction with compound 2a to generate the vinylic anion
species corresponding to intermediate H. Ultimately, the 4-
pyridone 6a was constructed after intramolecular attack to the
ester carbonyl group and subsequent ethanol elimination reaction
(Scheme 3, Path Il, a). For another possible route, Int-lll was
generated after reaction of compound lee with 2a, which then
underwent aza-Michael reaction with compound 3a to generate the
intermediate H. Finally, the 4-pyridone 6a was formed after
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intramolecular attack to the ester carbonyl group and subsequent
ethanol elimination reaction (Scheme 3, Path Il, b). For the 4-
pyridone 6i, the path is similar to a Path Il (a) (Scheme 3).

Path | OEt
OEt
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N a
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OFEt Imine-enamine  OEt \ _H Cyaizaton &0 . O —>4a
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(a) Control of reagent addition order/ Step by step feeding
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0
Et0,C._EtO o} OEtOEt
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Scheme 3. The proposed mechanism

Conclusions

In summary, we have successfully developed an efficient and
practical one-pot three-component cascade reaction catalyzed by
Cs,CO;5 under solvent-free conditions. The transformation involved
steps including Michael addition/ethanol elimination/
intermolecular cyclization utilizing anilines, diethyl
acetylenedicarboxylate and diethyl ethoxymethylenemalonate. This
chemoselective, one-pot, three-component cascade reaction
process was controlled by substitution of anilines, providing the
multisubstituted 2-pyridones and 4-pyridones in good to excellent
yields. Further studies on the applicability of the multisubstituted
pyridones obtained through this process for the preparation of new
potent bioactive molecules are currently ongoing in our laboratory.
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The substituent-controlled chemoselective cycloaddition reaction which provided various of

2-pyridones and 4-pyridones with good to excellent yields, respectively.


https://doi.org/10.1039/c9ob02456e

