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ABSTRACT
The investigated reaction of 4-chloro-2H-chromene-3-carbaldehyde
1a with ethyl 3-oxobutanoate 2a in the presence of ammonium

ARTICLE HISTORY
Received 28 March 2019

acetate provided two compounds, 2H-chromenyldihydropyridine
dicarboxylate 3a and chromenopyridine carboxylate 4a. However,
the reaction of 1a with ethyl-3-aminocrotonate 5a in the presence
of p-TsOH provided selectively 2H-chromenyldihydropyridine dicar-
boxylate 3a with very good yield. The established method was
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applied for the preparation of series of 2H-chromenyldihydropyridine

dicarboxylates 3a-q.
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Introduction
Dihydropyridines'"*! are biologically important heterocyclic compounds and structural

motif present in various natural products and pharmaceuticals. 4-Chloro-2H-chromene-3-
carbaldehydes are useful chemical substrates!” having two reactive sites at C-3
(Conjugated carbonyl group) and C-4 (Chloro functional group) and have been prepared
various heterocyclic compounds which are well documented in the literature.*'*) As
part of our ongoing research work on 4-chloro-2H-chromene-3-carbaldehydes, author
group prepared 2H-chromenylacrylates,"") 2H-chromenylmethylene benzohydrizides''?!
and 2H-chromenyl azlactones,!"* by chemical modification of 2H-chromene-3-carbalde-
hydes. Generally, condensation of carbaldehyde compounds with ethyl-3-aminocrotonate
gives dihydropyridines. However, David and his research group reported
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Scheme 1. Reaction of 1a with 2a in presence of ammonium acetate.

5H-chromenopyridines'®’ by the condensation of 4-chloro-2H-chromene-3-carbaldehyde
with ethyl-3-aminocrotonate in methanol under reflux conditions. Michael addition of
ethyl-3-aminocrotonate to the reactant of 4-chloro-2H-chromene-3-carbaldehyde provided
the dihydropyridyl moiety with the elimination of HCl. We were delighted this
observation and the reaction of 4-chloro-2H-chromene-3-carbaldehydes have been rein-
vestigated with various ethyl-3-aminocrotonates in the presence of various catalysts.
Interestingly, these reactions provided 2H-chromenyldihydropyridines instead of
5H-chromenopyridines. The observations about these reactions and results obtained were
presented below.

Results and discussions

In an initial experiment, we have conducted three-component, one-pot reaction of
4-chloro-2H-chromene-3-carbaldehyde 1la (1 mmol) with ethyl 3-oxo-butanoate 2a
(2mmol) in the presence of ammonium acetate (4 mmol) in methanol at room tempera-
ture (Scheme 1). This reaction yielded two compounds, 2H-chromenyldihydropyridine
3a (65%) and 5H-chromenopyridine 4a (20%).”) We also observed the formation of
ethyl-3-aminocrotonate 5a in minor quantity (10%). This probably formed between
ethyl 3-oxo-butanoate and ammonium acetate during the reaction. These compounds
were isolated and characterized by spectral data.

In order to obtain the compound 3a selectively, next, the reaction of 1a with 2a has
been tested with various ammonium salts and the results are tabulated in Table 1. We
observed the formation of compound 3a in major quantity and 4a in minor quantity
with NH,F (3a 62%, 4a 22% yield) and (NH,),CO; (3a 70%, 4a 15% vyield, Table 1,
entry 2, 8). NH,Cl, NH,Br, (NH,),NO; and (NH,),SO, did not work (Table 1, entry
3-5 and 7) under these conditions. We believe that these ammonium salts are less react-
ive with 2a to form 5a to precede the reaction to give the final compound 3a. Next, we
have tested this reaction with various catalysts in the presence of (NH,),CO; (Table 1,
entry 9-22) in order to get the compound 3a with selectively. Among such catalysts,
AcOH, CaCl,, SnCl, CuCl,, ZnCl,, CeCl; and I, produced both the compounds (3a
40-70%) and (4a 26-38% yield, Table 1, entry 10, 12-16, 18). Interestingly, NH,SO;H
and H3;PW,0, selectively provided only compound 3a with poor yields and longer
reaction time (Table 1, entry 19-20). The remaining catalysts p-TSA, TFA, BiCl,,
ZrOCl, and Bi(OTf); did not work (Table 1, entry 9, 11, 17, 21-22) under
these conditions.

The above reactions produced mixture of compounds 3a and 4a. In order to obtained
compound 3a, we have next planned the reaction of la with ethyl-3-aminocrotonate.
The required ethyl-3-aminocrotonate 5a was prepared by the reaction of ethyl
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Table 1. Reaction of 1a and 2a with various ammonium salts.

Cl
mCHO 6o O NH4X
o + H3CMOCZH5 CH3OH, rt
1a 2a
Entry NH,4X Catalyst Time (h) 3a (%)? 4a (%)?

1 NH,OH 24 66 28
2 NH,F 28 62 22
3 NH,CI 24
4 NH,Br 60
5 NH,NO3 72
6 NH,OAc 72 65 28
7 NH4(SO4), 51
8 (NH,),CO5 8 70 15
9 (NH,),CO4 p-TsOH 24
10 (NH4),CO5 AcOH 22 40 26
11 (NH,),CO5 TFA 48
12 (NH4),CO3 CaCl, 48 50 32
13 (NH4),CO3 SnCl, 8 50 30
14 (NH,),CO5 CuCl,.H,0 8 66 29
15 (NH,),CO3 ZnCl, 8 50 31
16 (NH,),CO3 CeCly 8 60 38
17 (NH,),CO3 BiCl3 24
18 (NH,),CO3 I2 8 70 18
19 (NH,),CO4 NH>SO3H 24 30
20 (NH4),CO3 H3PW12040 24 20 -
21 (NH,),CO3 ZroCl 6H0 24
22 (NH,),CO5 Bi(OTf), 24

?Isolated yields.

3-oxobutanoate 2a with ammonium hydroxide.!”) Initially, the reaction of 1a (1 mmol)
with 5a (2 mmol) carried out in methanol at room temperature without using any cata-
lyst. Interestingly, this reaction was provided compound 3a selectively in 48% vyield
(60h, Scheme 2).

Next, we have carried out the reaction of 1a (1 mmol) with 5a (2mmol) in the pres-
ence of various catalysts such as CaCl,, SnCl, CuCl,, I, ZnCl, H3;PW;,04 BiCls,
NH,SOsH, ZrOCl, and Bi(OTf); AcOH, CeCl;.7H,O (Table 2, entry 2-14) in methanol
at room temperature. All these catalysts provided the compound 3a in moderate to
good yields except AcOH and CeCl;.7H,0. However, we found p-TsOH is the best
catalyst and provided compound 3a in very good yield (75%, Table 2, entry 2). The
plausible mechanism for the formation of compound 3a is depicted in Scheme 3.

The result was encouraged us to establish the present protocol with various 4-chloro-2H-
chromene-3-carboxaldehydes with  ethyl-3-aminocrotonates to prepare series of
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Scheme 2. Preparation of 3a by the reaction of 1a with ethyl-3-aminocrotonate 5a.

Table 2. Preparation of 2H-chromenyldihydropyridine 3a.

cl

o ¥ H,e” N N0CHs Catalyst, it

1a 5a
Entry Catalyst Time (h) Yield (%)?
1 60 48
2 p-TsOH 4 75
3 AcOH 6
4 CaCl, 24 45
5 SnCl, 24 42
6 CuCl,.H,0 24 40
7 I2 24 42
8 ZnCl, 24 46
9 CeCl3.7H,0 24
10 H3PW42040 24 55
11 BiCl, 24 50
12 NH,SO3H 24 60
13 ZrOCl,.6H,0 24 48
14 Bi(OTf)3 24 57

%Isolated yields.

2H-chromenyldihydropyridines. Accordingly, the starting materials 4-chloro-2H-chromene-
3-carbaldehydes 1b-e were prepared from chroman-4-ones under Vilsmeier
reaction conditions.””! Similarly, various aminocrotonates such as methyl 3-aminobut-2-
enoate 5b, ethyl 3-amino-3-phenylacrylate 5¢ and ethyl 3-amino-4,4,4-trifluorobut-2-enoate
5d, ethyl 3-(phenylamino)but-2-enoate 5e, ethyl 3-(benzylamino)but-2-enoate 5f and 4-ami-
nopent-3-en-2-one (amino ketone) 5h were prepared starting from corresponding B-ketoest-
ers and 1,3-diketone as per the literature procedures."*?* Thus prepared carbaldehydes
1b-e were reacted with 5a-h in the presence of p-TsOH under optimized conditions. The
carbaldehydes 1b-e were preceded smoothly with 5a—c and provided the series of 2H-chro-
menyldihydropyridines 3b-q in moderate to very good yields (Table 3). The electron donat-
ing groups provided good yields when compared to withdrawing groups. However,



SYNTHETIC COMMUNICATIONS® 5

o)
R NH,
NH; C,Hs0 H A
H* NH 2Hs
0 o~ )\/cozcth3 . CaHs0,C Z N
)k p-TsOH | HsC H3C” “NH,
. /j\ RTN CHy ___ °~ =~ CO,C,H
R H R H H.C NH 2L2 s
CO,C,Hs 3
-NH;
R
C,H50,C CO,C,Hs
HaC™ "N “CHg

Scheme 3. Plausible mechanism.

Table 3. Preparation of 2H-chromenyldihydropyridines 3a—q.

CHO NH, O

3b, 78%

C,H50,C

3h, 68%

C,H50,C

3i, 51% 3j, 32% 31, 58%
Ph h
CyH50,C C,yH50,C CyH50,C
Cl NH CH3 ClI NH Cl

HsC
CO,C,H5 CO,CsH5

3n, 65% 30, 57% 3p, 46%
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aminocrotonates 5d-h did not provided the corresponding compounds. All the compounds
3a-q are unknown and well characterized by spectral data (see SI).

Conclusion

In conclusion, we have developed a convenient approach for the preparation of 2H-
chromenyldihydropyridines by the reaction of 4-chloro-2H-chromene-3-carbaldehydes
with ethyl-3-aminocrotonates in the presence of p-TsOH in methanol at room tempera-
ture. The mild reaction conditions and commercially available reagents are the notable
points. The prepared compounds are medicinally and pharmaceutically important
heterocycles.

Experimental

General procedure for the preparation of diethyl-4-(4-chloro-2H-chromen-3-yl)-
2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (3a)

Ethyl-3-aminocrotonate (5a, 2 mmol) was added to a stirred solution of 4-chloro-2H-
chromene-3-carbaldehyde (1a, 1 mmol), p-TsOH (1 mmol) in methanol at room tem-
perature. The contents were stirred until completion of the reaction (TLC, 4h). The
solvent was removed under reduced pressure and the reaction mass diluted with ethyl
acetate and washed with water. Layers were separated and the organic layer was dried
over sodium sulfate. The crude product was purified by column chromatography
(60:120 silica gel, 1:9 ethyl acetate: hexane) afforded 2H-chromenyldihydropyridine 3a
as colorless solid. The remaining compounds 3b-q were prepared from corresponding
2H-chromene-3-carbaldehydes 1b-e with ethyl-3-aminocrotonates 5a—-c under optimized
reaction conditions.

Spectral data for the synthesized compounds can be accessed on the publish-
er’s website.

Acknowledgment

The authors thank Director, CSIR-IICT for constant encouragement and support.

Funding

B. China Raju acknowledges SERB, New Delhi for financial support [EEQ/2017/000314]. IICT
manuscript communication no. IICT/Pubs./2018/265.

References

[1] David, M. S.;; Meyers, A. I. Recent Advances in the Chemistry of Dihydropyridines. Chem.
Rev. 1982, 82, 223. DOI: 10.1021/cr00048a004.

[2] Xiaonan, Y. Fei, L; Yuchen, Z; Cheng, M. Three-Component Functionalized
Dihydropyridine Synthesis via a Formal Inverse Electron-Demand Hetero-Diels-Alder
Reaction. Org. Lett. 2015, 17, 3536. DOI: 10.1021/acs.orglett.5b01622.


https://doi.org/10.1080/00397911.2019.1631850
https://doi.org/10.1021/cr00048a004
https://doi.org/10.1021/acs.orglett.5b01622

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

SYNTHETIC COMMUNICATIONS® 7

Kazuki, M.; Takuma, T. Takahiro, I.; Takuya, K. Seijiro, M. Ruthenium-Porphyrin-
Catalyzed [4+2] Cycloaddition of o,pB-Unsaturated Imines and Aldehydes. Org. Lett.
2015, 17, 5284.

Fernando, A. L.; Eugenia, M. L.; Concepcion, G.; Roghayeh, H.; Somayeh, M.; Raquel,
P. H. Asymmetric Organocatalytic Synthesis of Substituted Chiral 1,4-Dihydropyridine
Derivatives. J. Org. Chem. 2017, 82, 5516. DOI: 10.1021/acs.joc.7b00176.

Ramadas, S; David, K. G. L. A Facile Synthesis of Ethyl-2-Methyl-5h-Chromeno([3,4-
c]Pyridine-1-Carboxylates. ~ Synth. ~Commun. 2000, 30, 1103. DOI  10.1080/
00397910008087128.

Michael, K.; Karthikeyan, P.; Olivier, B.; Jai, A. G.; Ramanathan, S.; Senthamaraikannan,
K. Kallupattu, K. B.; Koushik, V. Metal-Free Triplet Phosphors with High Emission
Efficiency and High Tunability. Angew. Chem. Int. Ed. 2014, 53, 6378. DOI: 10.1002/anie.
201402199.

Rabin, B.; Dhananjaya, G.; Shambu, N. S.; Ramu, B.; Sai, U. K.; Rajender, K. P.; Mukkanti,
K.; Manojit, P. Revisiting the reaction of P-chloroacroleins with 2-aminophenol: a new
observation. Tetrahedron 2008, 64, 582. DOI: 10.1016/j.tet.2007.10.101.

Zhuming, S.; Jihan, K.; Magdalena, M. G.; Minjia, Z.; Joon, H. C.; Chalada, S.; Pascal, V;
Deviprasad, R. G.; Youngchang, K.; Andrzej, J.; et al. Synthesis, in Vitro Evaluation and
Cocrystal Structure of 4-Oxo-[1]Benzopyrano[4,3-c]Pyrazole Cryptosporidium parvum
Inosine 5'-Monophosphate Dehydrogenase (CpIMPDH) Inhibitors. J. Med. Chem. 2014,
57, 10544. DOI: 10.1021/jm501527z.

Limi, G.; Kashmiri, N.; Kumud, S.; Pranjal, G. A Metal-Free Cascade Reaction of B-Halo-
o,B-Unsaturated  Aldehydes and 1,4-Dithiane-2,5-Diols: synthesis of Polycyclic
2-Formylthiophenes. Org. Biomol. Chem. 2017, 15, 6470. DOI: 10.1039/C70B01641G.
Ashwini, B; Pranjal, G. Cascade C-C and C-N Bond Formation: A Straightforward
Synthesis of Phenanthridines and Fused Quinol-Ines. Eur. J. Org. Chem. 2016, 2016, 2200.
DOLI: 10.1002/€joc.201600220.

Subhashini, N. J. P.; Ravi, M.; Cherupally, D.; Raju, B. C.; Reddy, E. V.; Bee, H. Synthesis,
Characterization, and Antimicrobial Activity of Novel Substituted 2H-Chromenyl
Acrylates. Russ. J. Gen. Chem. 2016, 86, 2900. DOI: 10.1134/S1070363216120586.

Shivaraj, B. B.; Hariprasad, K. S.; Rathod, B. B.; Prakasham, R. S.; Raju, B. C. Synthesis
and anti-Microbial Activity of 2H-Chromenylmethylene Benzohydrazides. Indian. J. Chem.
2019, 58B, 497. DOI: 123456789/47061.

Reddy, E. V.; Hariprasad, K. S.; Zehra, A.; Kumar, P. V; Tiwari, A. K;; Addlagatta, A,;
Raju, B. C. Synthesis, free radical scavenging and o-glucosidase inhibitory activities of
2H-chromenylphenyloxazolones. Indian J. Chem., Sec B, 2019, 58B, 680. DOI: 123456789/
48239

Rodrigo, P.; Rodrigo, A.; Jhon, C.; Rodolfo, M. F.; Alonso, J.; Angelina, H.; Alfonso, R;
Allan, K. A Mechanistic Study of the Ammonolysis of Alkyl Acetoacetates in Water.
Formation of 1,5-Dimethyl-2,6,9-Triaza-Bicyclo[3.3.1]Nonane-3,7-Dione as the Main
Product. Tetrahedron. 2002, 58, 55. DOI: 10.1016/S0040-4020(01)01127-9.

An-Hu, L; Stefano, M. Neli, M,; Xiao-Duo, J.; Kenneth, A. J. Structure-Activity
Relationships and Molecular Modeling of 3,5-Diacyl-2,4-Dialkylpyridine Derivatives
as Selective A3 Adenosine Receptor Antagonists. J. Med. Chem. 1998, 41, 3186.
DOIL: 10.1021/jm980093].

Xiaoxun, L.; Yunfei, D.; Zhidan, L.; Xiangke, L.; Yan, P.; Kang, Z. Simple Conversion of
Enamines to 2H-Azirines and Their Rearrangements under Thermal Conditions. Org.
Lett. 2009, 11, 2643. DOI: 10.1021/019006663.

Jianheng, Y.; Chao, W.; Lin, C.; Xinjun, W.; Li, Z.; Jian, S. Chiral Lewis Base-Catalyzed,
Enantioselective Reduction of Unprotected B-Enamino Esters with Trichlorosilane. Adv.
Synth. Catal. 2016, 358, 1042. DOI: 10.1002/adsc.201501061.

Albert, W. L; H. T, S. Novel 6-(Trifiuoromethyl)Cytosines and 6-(Trifluoromethyl)
Uracils. J. Heterocyclic Chem. 1972, 9, 513. DOI: 10.1002/jhet.5570090309.


https://doi.org/10.1021/acs.joc.7b00176
https://doi.org/10.1080/00397910008087128
https://doi.org/10.1080/00397910008087128
https://doi.org/10.1002/anie.201402199
https://doi.org/10.1002/anie.201402199
https://doi.org/10.1016/j.tet.2007.10.101.
https://doi.org/10.1021/jm501527z
https://doi.org/10.1039/C7OB01641G
https://doi.org/10.1002/ejoc.201600220
https://doi.org/10.1134/S1070363216120586
https://doi.org/123456789/47061
https://doi.org/123456789/48239
https://doi.org/123456789/48239
https://doi.org/10.1016/S0040-4020(01)01127-9
https://doi.org/10.1021/jm980093j
https://doi.org/10.1021/ol9006663
https://doi.org/10.1002/adsc.201501061
https://doi.org/10.1002/jhet.5570090309

8 (&) S.MADHUNALA ET AL.

(19]

(20]

(21]

(22]

(23]

(24]

Maria, E. C; Olga, Y. B,; Alexander, Y. L; Pavel, S. L.; Dmitrii, V. D. Facile Synthesis of
Pyrido[2,3-d]Pyrimidines via Cyclocondensation of 4,6-Dichloro-2-Methy Isulfanylpyrimi-
dine-5-Carbaldehyde with [-Substituted P-Aminoacrylic Esters. Tetrahedron 2015, 71,
6196. DOI: 10.1016/j.tet.2015.06.085.

Jendralla, H.; Baader, E.; Bartmann, W.; Beck, G.; Bergmann, A.; Granzer, E.; Kerekjarto,
B. V,; Kesseler, K.; Krause, R.; Schubert, W.; Wess, G. Synthesis and Biological Activity of
New HMG-CoA Reductase Inhibitors. 2. Derivatives of 7-(1H-Pyrrol-3-yl)-Substituted-3,5-
Dihydroxyhept-6(E)-Enoic (-Heptanoic) Acids. J. Med. Chem. 1990, 33, 61. DOIL: 10.1021/
jm00163a011.

Zhan-Hui, Z.; Liang, Y.; Yong-Mei, W. A General and Efficient Method for the
Preparation of B-Enamino Ketones and Esters Catalyzed by Indium Tribromide. Adyv.
Synth. Catal. 2006, 348, 184. DOI: 10.1002/adsc.200505268.

Orazio, A. A, Gianfranco, F.; Fabio, M., Giada, M., Stefania, S. Synthesis of
Functionalized Pyrroles via Catalyst- and Solvent-Free Sequential Three-Component
Enamine-Azoene Annulation. J. Org.Chem. 2011, 76, 2860. DOI: 10.1021/j0200287k.
Joseph, G. C.; loannis, R. Synthetic Route to 4-(2-Aminoethyl)-5-Hydroxyindole
Derivatives. J. Hetetocyclic Chem. 1990, 27, 2093. DOI: 10.1002/jhet.5570270744.
Christophe, A.; Frederic, L. M. Jean, R; Thierry, C. Metal-Free Michael-Addition-
Initiated Three-Component Reaction for the Regioselective Synthesis of Highly
Functionalized Pyridines: Scope, Mechanistic Investigations and Applications. Eur. J. Org.
Chem. 2013, 2013, 4131. DOI: 10.1002/ejoc.201300246.


https://doi.org/10.1016/j.tet.2015.06.085
https://doi.org/10.1021/jm00163a011
https://doi.org/10.1021/jm00163a011
https://doi.org/10.1002/adsc.200505268
https://doi.org/10.1021/jo200287k
https://doi.org/10.1002/jhet.5570270744
https://doi.org/10.1002/ejoc.201300246

	Abstract
	Introduction
	Results and discussions
	Conclusion
	Experimental
	General procedure for the preparation of diethyl-4-(4-chloro-2H-chromen-3-yl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (3a)

	Acknowledgment
	References


