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Synthesis of pyridine derivatives. Pyridine synthesis. Synthesis of pyridine pdf.

Author links open overlay panel, rights and contentView full textCopyright © 2023 Elsevier Inc. All rights reserved. Chemical reaction Hantzsch pyridine synthesis Named after Arthur Rudolf Hantzsch Reaction type Ring forming reaction Identifiers Organic Chemistry Portal hantzsch-dihydropyridine-synthesis RSC ontology ID RXNO:0000268 The
Hantzsch pyridine synthesis or Hantzsch dihydropyridine synthesis is a multi-component organic reaction between an aldehyde such as formaldehyde, 2 equivalents of a B-keto ester such as ethyl acetoacetate and a nitrogen donor such as ammonium acetate or ammonia.[1][2] The initial reaction product is a dihydropyridine which can be oxidized in a
subsequent step to a pyridine.[3] The driving force for this second reaction step is aromatization. This reaction was reported in 1881 by Arthur Rudolf Hantzsch. A 1,4-dihydropyridine dicarboxylate is also called a 1,4-DHP compound or a Hantzsch ester. These compounds are an important class of calcium channel blockers[2] and as such
commercialized in for instance nifedipine, amlodipine or nimodipine. The reaction has been demonstrated to proceed in water as reaction solvent and with direct aromatization by ferric chloride, manganese dioxide or potassium permanganate in a one-pot synthesis.[4] Hantzsch reaction with ammonium acetate, ethyl acetoacetate, formaldehyde and
ferric chloride The Hantzsch dihydropyridine synthesis has been effected by microwave chemistry.[5] Mechanism At least five significant pathways have been proposed for the Hantzch reaction synthesis of 1,4-dihydropyridine. Low yield and unexpected products may arise under varying reactants and reaction conditions. Previous studies have tested
the reactions of preformed intermediates to determine the most likely mechanism and design successful syntheses.[6] An early study into the mechanism using 13C and 15N NMR indicated the intermediacy of the chalcone 6 and enamine 3. This data suggested the following route for the reaction.[7] Later research using mass spectrometry monitoring
with charge-tagged reactants supported intermediate pathway A as a likely route and showed evidence that the reaction followed two additional intermediate pathways which converge to precursor 7.[6] Reagents likely influence the route taken as when the methyl group of 1 is replaced by an electron-withdrawing group, the reaction instead proceeds
through a diketone intermediate.[8] Optimization of reaction conditions The classical method for synthesis of Hantzsch 1,4-dihydropyridines, which involves a one-pot condensation of aldehydes with ethyl acetoacetate and ammonia, have several drawbacks such as harsh reaction conditions, long reaction times, and generally low yield of products.

A synthesis of 1,4-dihydropyridines in aqueous micelles catalyzed by PTSA under ultrasonic irradiation. Using condensation of benzaldehyde, ethyl acetoacetate and ammonium acetate as a model, experiments have proven that when catalyzed by p-toluenesulfonic acid (PTSA) under ultrasonic irradiation, the reaction can have a product yield of 96% in
aqueous (SDS, 0.1M). The reaction had also been carried out in various solvent system, and it was discovered that the ultrasonic irradiation in aqueous micelles gave better yields than in solvents such as methanol, ethanol, THF. Using the optimized reaction conditions, a series of 1,4-dihydropyridine were synthesized, and they all have a reaction yield
above 90%.[9] Aromatization Oxidation of 1,4-DHPs accounts for one of the easiest ways of accessing pyridine derivatives.[10] Common oxidants used to promote aromatization of 1,4-DHPs are CrO3, KMnO4, and HNO3.[11] However, aromatization is often accompanied by: low chemical yields, strong oxidative conditions, burdensome workups, the
formation of side products, or the need of excess oxidant.[11][12] As such, particular attention has been paid to developing methods of aromatization to yield pyridine derivatives under milder and efficient conditions. Such conditions include, but are not limited to: iodine in refluxing methanol,[11] chromium dioxide(Cr02),[12] sodium chlorite,[13] and
under metal-free, photochemical conditions using both UV-light and visible light.[14] Upon metabolism, 1,4-DHP based antihypertensive drugs undergo oxidation by way of cytochrome P-450 in the liver and are thus converted to their pyridine derivatives.[11] As a result, particular attention has been paid to the aromatization of 1,4-DHPs as a means
to understand biological systems and so as to develop new methods of accessing pyridines.[13] Green chemistry As a multi-component reaction, the Hantzsch pyridine synthesis is much more atom efficient with a simpler number of reaction steps than a linear-strategy synthesis.In recent years, research has looked to make this an even more
environmentally friendly reaction by investigating "greener" solvents and reaction conditions.[15] One line of study has experimented with using ionic liquids as catalysts for room temperature reactions. Ionic liquids are an easy to handle and non-toxic option to replace traditional catalysts. Additionally, this catalyst lead to a high yield at room
temperature, reducing the impact of heating the reaction for an extended time. A second study used ceric ammonium nitrate (CAN) as an alternate catalyst and achieved a solvent-free room temperature reaction.[16] Knoevenagel-Fries modification The Knoevenagel-Fries modification allows for the synthesis of unsymmetrical pyridine compounds.
[17] See also Hantzsch pyrrole synthesis References ~ Hantzsch, A. (1881).

"Condensationprodukte aus Aldehydammoniak und Ketonartigen Verbindungen". Chemische Berichte. 14 (2): 1637-8. doi:10.1002/cber.18810140214. ~ a b Li, Jie Jack (19 July 2006). Name Reactions (3rd ed.). ISBN 3-540-30030-9. ~ Li, Jie Jack (11 October 2004). Name reactions in heterocyclic chemistry. p. 304. ISBN 0-471-30215-5. ™ Xia, J. J.;
Wang, G. W. (2005).

"One-Pot Synthesis and Aromatization of 1,4-Dihydropyridines in Refluxing Water". Synthesis. 2005 (14): 2379-83. doi:10.1055/s-2005-870022. ~ van den Eynde, ]J. J.; Mayence, A. (2003).

"Synthesis and Aromatization of Hantzsch 1,4-Dihydropyridines under Microwave Irradiation. An Overview" (PDF). Molecules. 8 (4): 381-91. do0i:10.3390/80400381. S2CID 98443099.

~ a b Santos, Vanessa G. (2014). "The Multicomponent Hantzsch Reaction: Comprehensive Mass Spectrometry Monitoring Using Charge-Tagged Reagants". Chemistry - A European Journal.

20 (40): 12808-12816. doi:10.1002/chem.201303065. PMID 25179028. ~ Katrinsky, Alan R.; Ostercamp, Daryl L.; Yousaf, Taher I. (1986). "The mechanism of the hantzsch pyridine synthesis: A study by 15N and 13C NMR spectroscopy". Tetrahedron. 42 (20): 5729-5738. doi:10.1016/S0040-4020(01)88178-3. ~ Saini, Anil (February 2008). "Hantzsch

reaction: Recent advances in Hantzsch 1,4-dihydropyridines" (PDF). Journal of Scientific and Industrial Research. 67: 95-111. ©~ Kumar, Atul (5 August 2008). "ChemInform Abstract: Efficient Synthesis of Hantzsch Esters and Polyhydroquinoline Derivatives in Aqueous Micelles". ChemInform. 39 (32). doi:10.1002/chin.200832145. ~ Mashraqui, Sabir
H. (1998).
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The reaction has been demonstrated to proceed in water as reaction solvent and with direct aromatization by ferric chloride, manganese dioxide or potassium permanganate in a one-pot synthesis.[4] Hantzsch reaction with ammonium acetate, ethyl acetoacetate, formaldehyde and ferric chloride The Hantzsch dihydropyridine synthesis has been
effected by microwave chemistry.[5] Mechanism At least five significant pathways have been proposed for the Hantzch reaction synthesis of 1,4-dihydropyridine. Low yield and unexpected products may arise under varying reactants and reaction conditions. Previous studies have tested the reactions of preformed intermediates to determine the most
likely mechanism and design successful syntheses.[6] An early study into the mechanism using 13C and 15N NMR indicated the intermediacy of the chalcone 6 and enamine 3. This data suggested the following route for the reaction.[7] Later research using mass spectrometry monitoring with charge-tagged reactants supported intermediate pathway
A as a likely route and showed evidence that the reaction followed two additional intermediate pathways which converge to precursor 7.[6] Reagents likely influence the route taken as when the methyl group of 1 is replaced by an electron-withdrawing group, the reaction instead proceeds through a diketone intermediate.[8] Optimization of reaction
conditions The classical method for synthesis of Hantzsch 1,4-dihydropyridines, which involves a one-pot condensation of aldehydes with ethyl acetoacetate and ammonia, have several drawbacks such as harsh reaction conditions, long reaction times, and generally low yield of products. A synthesis of 1,4-dihydropyridines in aqueous micelles catalyzed
by PTSA under ultrasonic irradiation. Using condensation of benzaldehyde, ethyl acetoacetate and ammonium acetate as a model, experiments have proven that when catalyzed by p-toluenesulfonic acid (PTSA) under ultrasonic irradiation, the reaction can have a product yield of 96% in aqueous (SDS, 0.1M). The reaction had also been carried out in
various solvent system, and it was discovered that the ultrasonic irradiation in aqueous micelles gave better yields than in solvents such as methanol, ethanol, THF.

Using the optimized reaction conditions, a series of 1,4-dihydropyridine were synthesized, and they all have a reaction yield above 90%.[9] Aromatization Oxidation of 1,4-DHPs accounts for one of the easiest ways of accessing pyridine derivatives.[10] Common oxidants used to promote aromatization of 1,4-DHPs are CrO3, KMnO4, and HNO3.[11]
However, aromatization is often accompanied by: low chemical yields, strong oxidative conditions, burdensome workups, the formation of side products, or the need of excess oxidant.[11][12] As such, particular attention has been paid to developing methods of aromatization to yield pyridine derivatives under milder and efficient conditions. Such
conditions include, but are not limited to: iodine in refluxing methanol,[11] chromium dioxide(Cr02),[12] sodium chlorite,[13] and under metal-free, photochemical conditions using both UV-light and visible light.[14] Upon metabolism, 1,4-DHP based antihypertensive drugs undergo oxidation by way of cytochrome P-450 in the liver and are thus
converted to their pyridine derivatives.[11] As a result, particular attention has been paid to the aromatization of 1,4-DHPs as a means to understand biological systems and so as to develop new methods of accessing pyridines.[13] Green chemistry As a multi-component reaction, the Hantzsch pyridine synthesis is much more atom efficient with a
simpler number of reaction steps than a linear-strategy synthesis.In recent years, research has looked to make this an even more environmentally friendly reaction by investigating "greener" solvents and reaction conditions.[15] One line of study has experimented with using ionic liquids as catalysts for room temperature reactions. Ionic liquids are an
easy to handle and non-toxic option to replace traditional catalysts. Additionally, this catalyst lead to a high yield at room temperature, reducing the impact of heating the reaction for an extended time. A second study used ceric ammonium nitrate (CAN) as an alternate catalyst and achieved a solvent-free room temperature reaction.[16] Knoevenagel-
Fries modification The Knoevenagel-Fries modification allows for the synthesis of unsymmetrical pyridine compounds.[17] See also Hantzsch pyrrole synthesis References ~ Hantzsch, A. (1881).

"Condensationprodukte aus Aldehydammoniak und Ketonartigen Verbindungen". Chemische Berichte. 14 (2): 1637-8. doi:10.1002/cber.18810140214. ~ a b Li, Jie Jack (19 July 2006). Name Reactions (3rd ed.). ISBN 3-540-30030-9. ~ Li, Jie Jack (11 October 2004). Name reactions in heterocyclic chemistry. p. 304. ISBN 0-471-30215-5.
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From 1,5 dicarbonyl compounds and ammonia
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Previous studies have tested the reactions of preformed intermediates to determine the most likely mechanism and design successful syntheses.[6] An early study into the mechanism using 13C and 15N NMR indicated the intermediacy of the chalcone 6 and enamine 3. This data suggested the following route for the reaction.[7] Later research using
mass spectrometry monitoring with charge-tagged reactants supported intermediate pathway A as a likely route and showed evidence that the reaction followed two additional intermediate pathways which converge to precursor 7.[6] Reagents likely influence the route taken as when the methyl group of 1 is replaced by an electron-withdrawing
group, the reaction instead proceeds through a diketone intermediate.[8] Optimization of reaction conditions The classical method for synthesis of Hantzsch 1,4-dihydropyridines, which involves a one-pot condensation of aldehydes with ethyl acetoacetate and ammonia, have several drawbacks such as harsh reaction conditions, long reaction times,
and generally low yield of products. A synthesis of 1,4-dihydropyridines in aqueous micelles catalyzed by PTSA under ultrasonic irradiation. Using condensation of benzaldehyde, ethyl acetoacetate and ammonium acetate as a model, experiments have proven that when catalyzed by p-toluenesulfonic acid (PTSA) under ultrasonic irradiation, the
reaction can have a product yield of 96% in aqueous (SDS, 0.1M). The reaction had also been carried out in various solvent system, and it was discovered that the ultrasonic irradiation in aqueous micelles gave better yields than in solvents such as methanol, ethanol, THF. Using the optimized reaction conditions, a series of 1,4-dihydropyridine were
synthesized, and they all have a reaction yield above 90%.[9] Aromatization Oxidation of 1,4-DHPs accounts for one of the easiest ways of accessing pyridine derivatives.[10] Common oxidants used to promote aromatization of 1,4-DHPs are CrO3, KMnO4, and HNO3.[11] However, aromatization is often accompanied by: low chemical yields, strong
oxidative conditions, burdensome workups, the formation of side products, or the need of excess oxidant.[11][12] As such, particular attention has been paid to developing methods of aromatization to yield pyridine derivatives under milder and efficient conditions. Such conditions include, but are not limited to: iodine in refluxing methanol,[11]
chromium dioxide(Cr02),[12] sodium chlorite,[13] and under metal-free, photochemical conditions using both UV-light and visible light.[14] Upon metabolism, 1,4-DHP based antihypertensive drugs undergo oxidation by way of cytochrome P-450 in the liver and are thus converted to their pyridine derivatives.[11] As a result, particular attention has
been paid to the aromatization of 1,4-DHPs as a means to understand biological systems and so as to develop new methods of accessing pyridines.[13] Green chemistry As a multi-component reaction, the Hantzsch pyridine synthesis is much more atom efficient with a simpler number of reaction steps than a linear-strategy synthesis.In recent years,
research has looked to make this an even more environmentally friendly reaction by investigating "greener" solvents and reaction conditions.[15] One line of study has experimented with using ionic liquids as catalysts for room temperature reactions. Ionic liquids are an easy to handle and non-toxic option to replace traditional catalysts. Additionally,
this catalyst lead to a high yield at room temperature, reducing the impact of heating the reaction for an extended time.

A second study used ceric ammonium nitrate (CAN) as an alternate catalyst and achieved a solvent-free room temperature reaction.[16] Knoevenagel-Fries modification The Knoevenagel-Fries modification allows for the synthesis of unsymmetrical pyridine compounds.[17] See also Hantzsch pyrrole synthesis References ~ Hantzsch, A. (1881).
"Condensationprodukte aus Aldehydammoniak und Ketonartigen Verbindungen". Chemische Berichte. 14 (2): 1637-8. doi:10.1002/cber.18810140214. ~ a b Li, Jie Jack (19 July 2006). Name Reactions (3rd ed.). ISBN 3-540-30030-9. ~ Li, Jie Jack (11 October 2004). Name reactions in heterocyclic chemistry. p. 304. ISBN 0-471-30215-5. ™ Xia, J. J.;
Wang, G. W. (2005). "One-Pot Synthesis and Aromatization of 1,4-Dihydropyridines in Refluxing Water". Synthesis. 2005 (14): 2379-83. d0i:10.1055/s-2005-870022. ~ van den Eynde, J. J.; Mayence, A.

(2003). "Synthesis and Aromatization of Hantzsch 1,4-Dihydropyridines under Microwave Irradiation. An Overview" (PDF). Molecules. 8 (4): 381-91. d0i:10.3390/80400381. S2CID 98443099. ™ a b Santos, Vanessa G. (2014).

"The Multicomponent Hantzsch Reaction: Comprehensive Mass Spectrometry Monitoring Using Charge-Tagged Reagants". Chemistry - A European Journal. 20 (40): 12808-12816. d0i:10.1002/chem.201303065. PMID 25179028. ~ Katrinsky, Alan R.; Ostercamp, Daryl L.; Yousaf, Taher I. (1986). "The mechanism of the hantzsch pyridine synthesis: A
study by 15N and 13C NMR spectroscopy". Tetrahedron.



* Katritzky's synthesis of pyridines via a [3+2+1] approach is not revolutionary.
‘The vields are generally a little lower than Krohnke but the scope is greater.

« Krohnke's review is from 1976.
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The reaction has been demonstrated to proceed in water as reaction solvent and with direct aromatization by ferric chloride, manganese dioxide or potassium permanganate in a one-pot synthesis.[4] Hantzsch reaction with ammonium acetate, ethyl acetoacetate, formaldehyde and ferric chloride The Hantzsch dihydropyridine synthesis has been
effected by microwave chemistry.[5] Mechanism At least five significant pathways have been proposed for the Hantzch reaction synthesis of 1,4-dihydropyridine. Low yield and unexpected products may arise under varying reactants and reaction conditions. Previous studies have tested the reactions of preformed intermediates to determine the most
likely mechanism and design successful syntheses.[6] An early study into the mechanism using 13C and 15N NMR indicated the intermediacy of the chalcone 6 and enamine 3. This data suggested the following route for the reaction.[7] Later research using mass spectrometry monitoring with charge-tagged reactants supported intermediate pathway
A as a likely route and showed evidence that the reaction followed two additional intermediate pathways which converge to precursor 7.[6] Reagents likely influence the route taken as when the methyl group of 1 is replaced by an electron-withdrawing group, the reaction instead proceeds through a diketone intermediate.[8] Optimization of reaction
conditions The classical method for synthesis of Hantzsch 1,4-dihydropyridines, which involves a one-pot condensation of aldehydes with ethyl acetoacetate and ammonia, have several drawbacks such as harsh reaction conditions, long reaction times, and generally low yield of products.
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« Common methed used for the [3+2+1] disconnection approach is the base-
promoted Michael addition which forms a 1,5-dicarbonyl intermediate.
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« When x is a pyridinium, quinolinium or picolinium salt the reaction is called a
Krithnke synthesis.

A 1,4-dihydropyridine dicarboxylate is also called a 1,4-DHP compound or a Hantzsch ester. These compounds are an important class of calcium channel blockers[2] and as such commercialized in for instance nifedipine, amlodipine or nimodipine. The reaction has been demonstrated to proceed in water as reaction solvent and with direct
aromatization by ferric chloride, manganese dioxide or potassium permanganate in a one-pot synthesis.[4] Hantzsch reaction with ammonium acetate, ethyl acetoacetate, formaldehyde and ferric chloride The Hantzsch dihydropyridine synthesis has been effected by microwave chemistry.[5] Mechanism At least five significant pathways have been
proposed for the Hantzch reaction synthesis of 1,4-dihydropyridine. Low yield and unexpected products may arise under varying reactants and reaction conditions. Previous studies have tested the reactions of preformed intermediates to determine the most likely mechanism and design successful syntheses.[6] An early study into the mechanism using
13C and 15N NMR indicated the intermediacy of the chalcone 6 and enamine 3. This data suggested the following route for the reaction.[7] Later research using mass spectrometry monitoring with charge-tagged reactants supported intermediate pathway A as a likely route and showed evidence that the reaction followed two additional intermediate
pathways which converge to precursor 7.[6] Reagents likely influence the route taken as when the methyl group of 1 is replaced by an electron-withdrawing group, the reaction instead proceeds through a diketone intermediate.[8] Optimization of reaction conditions The classical method for synthesis of Hantzsch 1,4-dihydropyridines, which involves a
one-pot condensation of aldehydes with ethyl acetoacetate and ammonia, have several drawbacks such as harsh reaction conditions, long reaction times, and generally low yield of products. A synthesis of 1,4-dihydropyridines in aqueous micelles catalyzed by PTSA under ultrasonic irradiation. Using condensation of benzaldehyde, ethyl acetoacetate
and ammonium acetate as a model, experiments have proven that when catalyzed by p-toluenesulfonic acid (PTSA) under ultrasonic irradiation, the reaction can have a product yield of 96% in aqueous (SDS, 0.1M). The reaction had also been carried out in various solvent system, and it was discovered that the ultrasonic irradiation in aqueous micelles
gave better yields than in solvents such as methanol, ethanol, THF. Using the optimized reaction conditions, a series of 1,4-dihydropyridine were synthesized, and they all have a reaction yield above 90%.[9] Aromatization Oxidation of 1,4-DHPs accounts for one of the easiest ways of accessing pyridine derivatives.[10] Common oxidants used to
promote aromatization of 1,4-DHPs are CrO3, KMnO4, and HNO3.[11] However, aromatization is often accompanied by: low chemical yields, strong oxidative conditions, burdensome workups, the formation of side products, or the need of excess oxidant.[11][12] As such, particular attention has been paid to developing methods of aromatization to
yield pyridine derivatives under milder and efficient conditions. Such conditions include, but are not limited to: iodine in refluxing methanol,[11] chromium dioxide(Cr0O2),[12] sodium chlorite,[13] and under metal-free, photochemical conditions using both UV-light and visible light.[14] Upon metabolism, 1,4-DHP based antihypertensive drugs undergo
oxidation by way of cytochrome P-450 in the liver and are thus converted to their pyridine derivatives.[11] As a result, particular attention has been paid to the aromatization of 1,4-DHPs as a means to understand biological systems and so as to develop new methods of accessing pyridines.[13] Green chemistry As a multi-component reaction, the
Hantzsch pyridine synthesis is much more atom efficient with a simpler number of reaction steps than a linear-strategy synthesis.In recent years, research has looked to make this an even more environmentally friendly reaction by investigating "greener" solvents and reaction conditions.[15] One line of study has experimented with using ionic liquids
as catalysts for room temperature reactions. Ionic liquids are an easy to handle and non-toxic option to replace traditional catalysts. Additionally, this catalyst lead to a high yield at room temperature, reducing the impact of heating the reaction for an extended time. A second study used ceric ammonium nitrate (CAN) as an alternate catalyst and
achieved a solvent-free room temperature reaction.[16] Knoevenagel-Fries modification The Knoevenagel-Fries modification allows for the synthesis of unsymmetrical pyridine compounds.[17] See also Hantzsch pyrrole synthesis References ™~ Hantzsch, A. (1881). "Condensationprodukte aus Aldehydammoniak und Ketonartigen Verbindungen".
Chemische Berichte. 14 (2): 1637-8. doi:10.1002/cber.18810140214. ~ a b Li, Jie Jack (19 July 2006).

Name Reactions (3rd ed.). ISBN 3-540-30030-9. ~ Li, Jie Jack (11 October 2004). Name reactions in heterocyclic chemistry. p. 304. ISBN 0-471-30215-5. ~ Xia, J. J.; Wang, G. W. (2005). "One-Pot Synthesis and Aromatization of 1,4-Dihydropyridines in Refluxing Water". Synthesis. 2005 (14): 2379-83. d0i:10.1055/s-2005-870022. ~ van den Eynde, J. J.;
Mayence, A. (2003). "Synthesis and Aromatization of Hantzsch 1,4-Dihydropyridines under Microwave Irradiation. An Overview" (PDF). Molecules. 8 (4): 381-91. d0i:10.3390/80400381. S2CID 98443099. ™ a b Santos, Vanessa G.
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All rights reserved. Chemical reaction Hantzsch pyridine synthesis Named after Arthur Rudolf Hantzsch Reaction type Ring forming reaction Identifiers Organic Chemistry Portal hantzsch-dihydropyridine-synthesis RSC ontology ID RXNO:0000268 The Hantzsch pyridine synthesis or Hantzsch dihydropyridine synthesis is a multi-component organic
reaction between an aldehyde such as formaldehyde, 2 equivalents of a B-keto ester such as ethyl acetoacetate and a nitrogen donor such as ammonium acetate or ammonia.[1][2] The initial reaction product is a dihydropyridine which can be oxidized in a subsequent step to a pyridine.[3] The driving force for this second reaction step is aromatization.
This reaction was reported in 1881 by Arthur Rudolf Hantzsch. A 1,4-dihydropyridine dicarboxylate is also called a 1,4-DHP compound or a Hantzsch ester. These compounds are an important class of calcium channel blockers[2] and as such commercialized in for instance nifedipine, amlodipine or nimodipine. The reaction has been demonstrated to
proceed in water as reaction solvent and with direct aromatization by ferric chloride, manganese dioxide or potassium permanganate in a one-pot synthesis.[4] Hantzsch reaction with ammonium acetate, ethyl acetoacetate, formaldehyde and ferric chloride The Hantzsch dihydropyridine synthesis has been effected by microwave chemistry.[5]
Mechanism At least five significant pathways have been proposed for the Hantzch reaction synthesis of 1,4-dihydropyridine. Low yield and unexpected products may arise under varying reactants and reaction conditions. Previous studies have tested the reactions of preformed intermediates to determine the most likely mechanism and design
successful syntheses.[6] An early study into the mechanism using 13C and 15N NMR indicated the intermediacy of the chalcone 6 and enamine 3. This data suggested the following route for the reaction.[7] Later research using mass spectrometry monitoring with charge-tagged reactants supported intermediate pathway A as a likely route and
showed evidence that the reaction followed two additional intermediate pathways which converge to precursor 7.[6] Reagents likely influence the route taken as when the methyl group of 1 is replaced by an electron-withdrawing group, the reaction instead proceeds through a diketone intermediate.[8] Optimization of reaction conditions The classical
method for synthesis of Hantzsch 1,4-dihydropyridines, which involves a one-pot condensation of aldehydes with ethyl acetoacetate and ammonia, have several drawbacks such as harsh reaction conditions, long reaction times, and generally low yield of products. A synthesis of 1,4-dihydropyridines in aqueous micelles catalyzed by PTSA under
ultrasonic irradiation. Using condensation of benzaldehyde, ethyl acetoacetate and ammonium acetate as a model, experiments have proven that when catalyzed by p-toluenesulfonic acid (PTSA) under ultrasonic irradiation, the reaction can have a product yield of 96% in aqueous (SDS, 0.1M). The reaction had also been carried out in various solvent
system, and it was discovered that the ultrasonic irradiation in aqueous micelles gave better yields than in solvents such as methanol, ethanol, THF. Using the optimized reaction conditions, a series of 1,4-dihydropyridine were synthesized, and they all have a reaction yield above 90%.[9] Aromatization Oxidation of 1,4-DHPs accounts for one of the
easiest ways of accessing pyridine derivatives.[10] Common oxidants used to promote aromatization of 1,4-DHPs are CrO3, KMnO4, and HNO3.[11] However, aromatization is often accompanied by: low chemical yields, strong oxidative conditions, burdensome workups, the formation of side products, or the need of excess oxidant.[11][12] As such,
particular attention has been paid to developing methods of aromatization to yield pyridine derivatives under milder and efficient conditions. Such conditions include, but are not limited to: iodine in refluxing methanol,[11] chromium dioxide(Cr0O2),[12] sodium chlorite,[13] and under metal-free, photochemical conditions using both UV-light and
visible light.[14] Upon metabolism, 1,4-DHP based antihypertensive drugs undergo oxidation by way of cytochrome P-450 in the liver and are thus converted to their pyridine derivatives.[11] As a result, particular attention has been paid to the aromatization of 1,4-DHPs as a means to understand biological systems and so as to develop new methods of
accessing pyridines.[13] Green chemistry As a multi-component reaction, the Hantzsch pyridine synthesis is much more atom efficient with a simpler number of reaction steps than a linear-strategy synthesis.In recent years, research has looked to make this an even more environmentally friendly reaction by investigating "greener" solvents and
reaction conditions.[15] One line of study has experimented with using ionic liquids as catalysts for room temperature reactions. Ionic liquids are an easy to handle and non-toxic option to replace traditional catalysts. Additionally, this catalyst lead to a high yield at room temperature, reducing the impact of heating the reaction for an extended time. A
second study used ceric ammonium nitrate (CAN) as an alternate catalyst and achieved a solvent-free room temperature reaction.[16] Knoevenagel-Fries modification The Knoevenagel-Fries modification allows for the synthesis of unsymmetrical pyridine compounds.[17] See also Hantzsch pyrrole synthesis References ~ Hantzsch, A. (1881).
"Condensationprodukte aus Aldehydammoniak und Ketonartigen Verbindungen". Chemische Berichte. 14 (2): 1637-8. doi:10.1002/cber.18810140214. ~ a b Li, Jie Jack (19 July 2006). Name Reactions (3rd ed.). ISBN 3-540-30030-9. ~ Li, Jie Jack (11 October 2004). Name reactions in heterocyclic chemistry. p. 304. ISBN 0-471-30215-5. ™ Xia, J. J.;
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¢ Proposed synthetic strategy of substituted pyridines with diverse functional groups (esters/sulfones/phosphonates). Reactions > Organic Synthesis Search Categories: Synthesis of N-Heterocycles > Name Reactions Bohlmann-Rahtz Pyridine Synthesis Hantzsch Dihydropyridine (Pyridine) Synthesis Recent Literature Addition of Grignard reagents to
pyridine N-oxides in THF at room temperature and subsequent treatment with acetic anhydride at 120°C afforded 2-substituted pyridines in good yields. By exchanging acetic anhydride for DMF in the second step, 2-substituted pyridine N-oxides were obtained, enabling the synthesis of 2,6-disubstituted pyridines. H. Andersson, F. Almqvist, R.
Olsson, Org. Lett., 2007, 9, 1335-1337. The success of a one-step transformation of heterocyclic N-oxides to 2-alkyl-, aryl-, and alkenyl-substituted N-heterocycles hinges on the combination of copper catalysis and activation by lithium fluoride or magnesium chloride.

The utility for the scaffold decoration of a broad range of complex N-heterocycles is exemplified by syntheses of new structural analogues of several antimalarial, antimicrobial, and fungicidal agents. O. V. Larionov, D. Stephens, A. Mfuh, G. Chavez, Org. Lett., 2014, 16, 864-867. Cross-coupling of aryl bromides with 2-thienyl, 3-thienyl, 2-pyridyl, and
3-pyridyl aluminum reagents in the presence of Pd(OAc)2 and (o-tolyl)3P provides useful biaryl building blocks.

Additionally, the catalytic system was also suited well for the coupling reaction of benzyl halides with pyridyl aluminum reagents to afford a series of pyridylarylmethanes. X. Chen, L. Zhou, Y. Li, T. Xie, S. Zhou, J. Org. Chem., 2014, 79, 230-239. Mechanochemically activated magnesium(0) metal is a highly active mediator for the direct C-4-H
alkylation of pyridines with alkyl halides. The reaction offers excellent regioselectivity and substrate scope, including those containing reducible functionalities, free amines, and alcohols, as well as biologically relevant molecules. C. Wu, T. Ying, H. Fan, C. Hu, W.

Su, J. Yu, Org. Lett., 2023, 25, 2531-2536.

A nickel-catalyzed reductive coupling of bromopyridines with tertiary alkyl bromides provides alkylated pyridines bearing an all-carbon quaternary center. This strategy features mild conditions, broad substrate scope, and high functional group tolerance. Q. Lin, H. Gong, F. Wu, Org. Lett., 2022, 24, 8996-9000. A simple maleate-derived blocking group
for pyridines enables exquisite control for Minisci-type decarboxylative alkylation at C-4 that allows for inexpensive access to a broad range of valuable building blocks. The method is operationally simple and scalable, and is applied to access known structures in a rapid and inexpensive fashion. J. Choi, G. Laudadio, E.

Godineau, P. S. Baran, J. Am. Chem. Soc., 2021, 143, 11927-11933. A photochemical cross-coupling between N-amidopyridinium salts and various alkyl bromides under photocatalyst-free conditions provides various C4-alkylated pyridines. The photochemical activity of electron donor-acceptor (EDA) complexes between N-amidopyridinium salts and
bromide generates silyl radicals and drives the alkylation process. S. Jung, S. Shin, S. Park, S.

Hong, J. Am. Chem. Soc., 2020, 142, 11370-11375. A photoinduced intermolecular charge transfer between 1,4-dihydropyridines and N-amidopyridinium salts induces a single-electron transfer event without requiring a photocatalyst for the facile C4-functionalization of pyridines. Alkyl, acyl, and carbamoyl radicals can be generated from 1,4-
dihydropyridines, that provide facile access to synthetically valuable substituted pyridines. I. Kim, S. Park, S. Hong, Org. Lett., 2020, 22, 8730-8734. A Pd-catalyzed decarbonylative Suzuki cross-coupling of widely available heterocyclic carboxylic acids with arylboronic acids enabled the straightforward preparation of >45 heterobiaryl products using
pyridines, pyrimidines, pyrazines, and quinolines in very good yields. A. Cervantes-Reyes, A. C.

Smith, G. M. Chinigo, D. C. Blakemore, M. Szostak, Org. Lett., 2022, 24, 1662-1667. A copper-catalyzed reaction of acetophenones and 1,3-diaminopropane provides direct access to 2-arylpyridines. A range of electronically diverse acetophenones undergo this transformation, affording 2-arylpyridines in good yields. L.-Y. Xi, R.-Y. Zhang, S. Liang, S.-Y.
Chen, X.-Q. Yu, Org. Lett., 2014, 16, 5269-5271.

Primary amines can be transformed into their corresponding pyridinium salts in the presence of glutaconaldehyde in acidic medium, including those substrates that remain unreactive toward the typically used Zincke salt. G. Asskar, M. Rivard, T. Martens, J. Org. Chem., 2020, 85, 1232-1239. Two new varieties of solid, moderately air-stable 2-
pyridylzinc reagents are alternatives to unstable or unreliable 2-pyridylboron reagents. Both reagents can be manipulated in air and are competent nucleophiles in Negishi cross-coupling reactions. J. R. Colombe, S. Bernhardt, C. Stathakis, S. L. Buchwald, P. Knochel, Org. Lett., 2013, 15, 5754-5757.

Suzuki reactions of electron-deficient 2-heterocyclic boronates generally give low conversions and remain challenging. A successful copper(I) facilitated Suzuki coupling of 2-heterocyclic boronates is broad in scope and affords greatly enhanced yields of these notoriously difficult couplings.

Furthermore, mechanistic investigations suggest a possible role of copper in the catalytic cycle. J. Z. Deng, D. V. Paone, A. T. Ginnetti, H. Kurihara, S. D. Dreher, S.

A. Weissman, S. R. Stauffer, C. S. Burgey, Org. Lett., 2009, 11, 345-347. A nickel-catalyzed reductive cross-coupling between aryl iodides and difluoromethyl 2-pyridyl sulfone provides facile access to biaryls under mild reaction conditions without pregeneration of arylmetal reagents. The new reactivity of the 2-PySO2CF2H reagent enables C(sp2)-
C(sp2) bond formation through selective C(sp2)-S bond cleavage. W. Miao, C. Ni, P. Xiao, R. Jia, W. Zhang, J. Hu, Org. Lett., 2021, 23, 711-715.

A Suzuki-Miyaura cross-coupling of tetrabutylammonium 2-pyridyltriolborate salts with various aryl and heteroaryl chlorides produces the corresponding desired coupling products with good to excellent yields in the presence of catalytic amounts of PdCI2dcpp and Cul/MeNHCH2CH2OH in anhydrous DMF without bases. Tetrabutylammonium 2-
pyridyltriolborate salts are more reactive than the corresponding lithium salts. S. Sakashita, M. Takizawa, J. Sugai, H. Ito, Y. Yamamoto, Org. Lett., 2013, 15, 4308-4311. Heteroaromatic tosylates and phosphates are suitable electrophiles in iron-catalyzed cross-coupling reactions with alkyl Grignard reagents.

These reactions are performed at low temperature allowing good functional group tolerance with full conversion within minutes. T. M. Gggsig, A. T. Lindhardt, T. Skrydstrup, Org. Lett., 2009, 11, 4886-4888. A simple skeletal editing protocol "inserts" a nitrogen atom into arylcycloalkenes to form the corresponding N-heterocycles. The use of an
inexpensive cobalt catalyst under aqueous and open-air conditions makes this protocol very practical.

Examples include late-stage modification of compounds of pharmaceutical interest and complex fused ring compounds. J. Wang, H. Lu, Y. He, C. Jing, H. Wei, J. Am. Chem. Soc., 2022, 144, 22433-22439. A visible-light-enabled biomimetic aza-6u electrocyclization provides diverse pyridines. In a subsequent Minisci-type reaction, a broad spectrum of
polysubstituted picolinaldehydes were readily constructed with high efficacy and good functional group tolerance under metal- and oxidant-free conditions under visible light irradiation. Q.-L. Zahng, Q.-q. Yu, L. Ma, X. Lu, Q.-T. Fan, T.-S. Duan, Y. Zhou, F.-L. Zhang, J.



Org. Chem., 2021, 86, 17244-17248. A reaction sequence involving a Wittig reaction, a Staudinger reaction, an aza-Wittig reaction, a 6m-3-azatriene electrocyclization, and a 1,3-H shift enables a quick one-pot synthesis of polysubstituted pyridines in very good yields from aldehydes, phosphorus ylides, and propargyl azide. H. Wei, Y. Li, K. Xiao, B.
Cheng, H.

Wang, L. Hu, H. Zhai, Org. Lett., 2015, 17, 5974-5977.

An efficent cyclization of readily available «,B,y,6-unsaturated ketones with ammonium formate under air atmosphere provides asymmetrical 2,6-diarylpyridines. The reaction is metal-free and operationally convenient. Y. Gao, R. Chen, Y. Ma, Synthesis, 2019, 51, 3875-3882. The combination of iodine and triethylamine triggers an oxime-based
synthesis of 2-aryl-substituted pyridines with high chemo-selectivity and wide functional group tolerance. A broad range of functional pyridines were prepared in good yields using this metal-free protocol. While neither iodine nor triethylamine could trigger this transformation, mechanistic experiments indicated a radical pathway for the reaction. H.
Huang, J. Cai, L. Tang, Z. Wang, F. Li, G.-]. Deng, J. Org. Chem., 2016, 81, 1499-1505. A redox-neutral, [3+3]-type condensation of O-acetyl ketoximes and «,B-unsaturated aldehydes, that is synergistically catalyzed by a copper(I) salt and a secondary ammonium salt (or amine), allows modular synthesis of a variety of substituted pyridines under mild
conditions with tolerance of a broad range of functional groups. The reaction is driven by a merger of iminium catalysis and redox activity of the copper catalyst.

Y.

Wei, N. Yoshikai, J.

Am. Chem. Soc., 2013, 135, 3756-3759.

Cationic half-sandwich rare-earth catalysts provide an efficient, general and atom-economical method for the synthesis of 2-alkylated pyridine derivatives via C-H addition to olefins. A wide range of pyridine and olefin substrates including a-olefins, styrenes, and conjugated dienes are compatible with the catalysts.

B.-T. Guan, Z. Hou, J. Am. Chem. Soc., 2011, 133, 18066-18089. The use of Pd2(dba)3 and X-Phos as a ligand enables a mild Negishi cross-coupling of 2-heterocyclic organozinc reagents and aryl chlorides providing 2-aryl-substituted pyridines and thiophenes in high yields. An efficient method to generate the organozinc reagents at room temperature
is also demonstrated. M. R. Luzung, J. S.

Patel, J. Yin, J. Org. Chem., 2010, 75, 8330-8332. An efficient lithiation/isomerization/intramolecular carbolithiation sequence provides a divergent and straightforward entry to a wide range of polysubstituted dihydropyridines and pyridines starting from readily available N-allyl-ynamides.
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readily available starting materials. Z. Song, X. Huang, W. Yi, W. Zhang, Org. Lett., 2016, 18, 5640-5643.
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intermediate. O. De Paolis, J. Baffoe, S. M. Landge, B. Torok, Synthesis, 2008, 3423-3428. Stable 1,2,3-triazine 1-oxides are remarkably effective substrates for inverse electron demand Diels-Alder reactions. Base-catalyzed reactions with amidines provide pyrimidines, with B-ketocarbonyl compounds and related nitrile derivatives polysubstituted
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This cascade reaction generates 1 equiv of H20 as the sole byproduct. G. Cheng, L. Xue, Y. Weng, X. Cui, J. Org. Chem., 2017, 82, 9515-9524. A K2CO3-mediated cyclization and rearrangement of y,6-alkynyl oximes for the synthesis of pyridols employs readily accessible starting materials, tolerates a wide range of functional groups, and gives various
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