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Abstract. This review aims to bring light upon a very
interesting group of compounds, the 1,4-dihydropyridines
(1,4-DHPs). These structures are well-known
pharmacophores, used for many years to treat cardiovascular
diseases because of their activity as calcium channel
blockers. In addition, their potential as drugs to treat other
affections has been recently exposed. The racemic synthesis
of 1,4-DHPs has been well studied, while the asymmetric
approaches are mainly based on the use of chiral auxiliaries
or chiral resolutions. However, there are scarce examples
regarding enantioselective organocatalytic methods. 

Herein, we will summarize the existing examples in this 
field of research. 
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1 Introduction 

1,4-Dihydropyridine (1,4-DHP)[1] ring is one of the 
most researched scaffolds in chemistry due to the 
biological activity exhibited by these compounds.[2] 
The most remarkable use of this family of molecules 
is the treatment of various cardiovascular diseases 
because of their activity as calcium channel blockers 
(Figure 1).[3,4] Recently, new studies have exposed 
their activity as antioxidant, antidiabetic and 
antitumor agents.[5] Moreover, 1,4-DHPs are 
NAD(P)H mimetics and can be used in alkaloids 
synthesis.[6] 

 

Figure 1. Drugs belonging to the group of 1,4-
dihydropyridines that act as calcium channel blockers. 

Therefore, it is not surprising that 1,4-DHPs 
synthesis had attracted the attention of numerous 
researchers for many years.[7] The classical synthetic 
methodology of these molecules is the Hantzsch 
condensation (Scheme 1).[8] However, only 
symmetrical 1,4-DHPs can be obtained through this 
multicomponent (MCR) route. Otherwise, a mixture 
of different products could be found. 

 

Scheme 1. Hantzsch classical methodology to synthesize 
1,4-DHPs based on a MCR. 

The control of the enantioselectivity in biologically 
active compounds has proven to be crucial in their 
activity.[9] Thus, chemists have assumed the challenge 
of preparing enantiomerically enriched 1,4-DHPs, 
mainly using chiral reactants[10] or chiral 
resolution.[9a,11] Nevertheless, only a few examples of 
organocatalytic enantioselective syntheses of these 
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compounds have been developed so far (Figure 2 and 
Scheme 2), which are gathered on this review. These 
methods allow the preparation of unsymmetrical 1,4-
DHPs differently substituted, being 1,2,3,4-
tetrasubstituted molecules the most frequent case 
(Scheme 2, routes a, b and e). This is a strong 
example where the organocatalysis has succeed 

earlier and faster than the metal catalysis, since to the 
best of our knowledge there is not any metal-
catalyzed enantioselective method to obtain these 
compounds. Due to the biological importance of 
these products and their structural complexity, their 
asymmetric catalytic preparation is still an active 
challenging task in organic synthesis. 
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Figure 2. Enantioselective organocatalytic synthesis of 1,4-DHPs: Catalysts and results [I,[12] II,[13] III,[14] IV,[15] V,[16] 
VI,[17,18] VII,[19,20] VIII,[21] and IX[22,23]] 
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Scheme 2. Synthetic routes for chiral 1,4-DHPs [(a),[13,18-21] (b),[12] (c),[16] (d),[15] (e),[17] (f),[14] and (g)[21,23]]. 

The first method, developed by Renaud, dates from 
2007, and yielded a modest 50% ee, using a 
phosphoric acid derivative as catalyst (II; route a).[13] 
Since then, different organocatalysts have been tested 
for this purpose, such as other phosphoric acid 
derivatives following multicomponent strategies (I,[12] 
III[14] and V;[16] routes b, f and c, respectively). Chiral 
phosphoric acid IV has been also used together with 
Y(OTf)3 forming a dual catalytic system (route d).[15] 
Chiral (thio)ureas have been proved to be active 
catalysts for the synthesis of 1,4-DHPs (VII[19,20] 
routes a and b; VIII[21] and IX,[23] route g; IX,[22] a 
variant of route a). Jørgensen[17] and Kanger[18] 
employed aminocatalytic approaches using a 
diarylprolinol derivative as catalyst (VI; routes e and 

a, respectively), which leads to the formation of an 
iminium cation with the α,β-unsaturated carbonyl 
compound. Attending to the approach used to obtain 
the 1,4-DHPs, the current literature may be organized 
according to the type of organocatalyst, substrates, 
and synthetic route used. These three main aspects 
are highlighted in each case. 
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2 BINOL-derived phosphoric acid 
mediated organocatalysis 

In 2007, Renaud and coworkers published a 
methodology to synthesize  DHPs, following the 
synthetic route (a), as depicted in Scheme 2, based on 
the Michael addition of β-enaminoesters to α,β-
unsaturated aldehydes followed by a cyclization.[13] 

According to the literature, the authors anticipated 
that a Brønsted acid could promote the reaction 
through the activation of α,β-unsaturated aldehydes 
via hydrogen bonding.[24] Following this hypothesis, a 
variety of substituted 1,4-DHPs using a non-chiral 
phosphoric acid derivative as catalyst was first 
synthesized. Additionally, three chiral BINOL-
derived phosphoric acids (II, X and XI) were tested 
in a single reaction of (Z)-tert-butyl 3-
(benzylamino)but-2-enoate (1a) and cinnamaldehyde 
(2a), achieving the final product 3a with moderate 
enantioselectivity, up to 50% ee (Scheme 3). 

 

Scheme 3. Pioneering enantioselective organocatalytic 
synthesis of 1,4-DHP 3a catalyzed by the chiral BINOL-
phosphoric acid derivatives II, X and XI.[13] 

This work represents one of the first developed 
attempts following an asymmetric catalytic approach 
to obtain this kind of promising molecules. Although 
with a narrow scope, the authors successfully applied 
the potential of Brønsted acid catalysts, setting a 
significant precedent for many other scientists in this 
field of research.  

One year later, Gong’s group reported another 
procedure using the chiral BINOL-derived 
phosphoric acid I for the three component synthesis 
of enantiomerically enriched 1,4-DHPs 3 with good 
yields (31-93%) and good to excellent 
enantioselectivity (66-98% ee) (Scheme 4).[12] 
Furthermore, the authors provided possible outputs to 
their products such as the synthesis of other 
interesting chiral heterocyclic compounds (a 
tetrahydropyridine and two piperidines).[25] The 
selected route (b), shown in Scheme 2, is based on a 
three-component cyclization of 1,3-dicarbonyl 
compounds 4, primary amines 5 and α,β-unsaturated 
aldehydes 2. 
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Scheme 4. Enantioselective organocatalytic synthesis of 
1,4-DHPs 3 catalyzed by the chiral BINOL-phosphoric 
acid derivative I.[12] 

The proposed mechanism would begin with the 
condensation between the α,β-unsaturated aldehyde 2 
and the primary amine 5 to form a conjugated imine 6 
(Scheme 5). Later, the acidic catalyst I would activate 
the imine 6 by means of hydrogen bonding and, then, 
the 1,3-dicarbonyl compound 4 would attack the β 
position of the imine 6. Finally, a cyclization 
followed by dehydration would produce the optically 
active DHP ring.  
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Scheme 5. Plausible reaction mechanism. 

Additionally, the authors enhanced the importance 
of their methodology applying the resulting 1,4-DHPs 

3 in the synthesis of other optically active 
heterocyclic compounds. 

Gestwicki and coworkers reported in 2009 a third 
way for the synthesis of important DHPs catalyzed by 
chiral BINOL-phosphoric acid derivatives III. They 
developed an enantioselective organocatalytic 
Hantzsch synthesis starting from two different 
dicarbonyl compounds (dimedone 4a and ethyl 
acetoacetate 4b), giving rise to non-symmetric 
products 3 with good to excellent yields (66-94%) 
and excellent enantioselectivity (87->99% ee) in very 
short reaction times (3-5 hours, Scheme 6).[14] The 
reactants together with ammonium acetate (NH4OAc, 
7) and benzaldehyde derivatives 8 would react for 
instance through the route (f), as depicted in Scheme 
2. The best enantioselectivities were reached using 
aromatic aldehydes, in contrast to the lack of 
enantioselectivity observed with aliphatic ones.  
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Scheme 6. Hantzsch synthesis of 1,4-DHPs 3 catalyzed by 
the chiral BINOL-phosphoric acid derivative III.[14] 

Interestingly, the structural core of 4-aryl-
functionalized products obtained in this approach 
could provide many synthetic and pharmaceutical 
applications. The most relevant aspect of this work 
lies in the fact that this procedure represents the first 
enantioselective catalytic four-component Hantzsch 
reaction to afford the non-symmetric chiral products.  

In 2015, Zhang’s group reported an 
enantioselective cyclization between β,γ-unsaturated 
α-ketoesters 9, arylamines 5 and acetylacetone 4c, 
giving rise to penta-substituted 1,4-DHPs 3 with 
moderate yields (34-61%) and good to excellent 
selectivity (75-97% ee, Scheme 7).[16] The reaction is 
catalyzed by the H8-BINOL type chiral 
imidodiphosphoric acid V with better activity than a 
normal chiral phosphoric acid.[26]  
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Scheme 7. 1,4-DHPs synthesis developed by Zhang’s 
group.16 

Better values of enantioselectivity were achieved 
when enones with electron-withdrawing groups on 
the aromatic ring were used in the process. Although 

the enantioselectivity could be further improved 
decreasing the reaction temperature to 40 ºC, the 
yield of the process was negatively affected. 

The reaction pathway would be understood as 
depicted in the route (c) of Scheme 2, which is 
analogous to route (b) but with β,γ-unsaturated α-
ketoesters 9 instead of α,β-unsaturated aldehydes 2. 
The authors suggested a bifunctional activation of the 
imine β,γ-unsaturated α-iminoester intermediate 10 
and the enol form of the acetylacetone 4c, as shown 
in Scheme 8 (A). After the Michael addition between 
both reagents, the new generated intermediate B is 
activated through the carbonyl group of the 
acetylacetone 4c. Subsequently, the amino group 
attacks the carbonyl group to produce the cyclic 
intermediate C. Finally, optically active 1,4-DHPs 3 
are generated via dehydration of intermediate C 
(Scheme 8). Taking in mind the lack of procedures 
affording greater variety on the substitution patterns 
and the important role played by the C6 substituent 
on the conformation of 1,4-DHPs, the authors 
introduced this new imidophosphoric acid derivative 
V as a plausible solution to the limited 
enantioselectivities obtained with common chiral 
phosphoric acids. 

 

Scheme 8. Mechanism for the cyclization reaction in the presence of catalyst V. 

3 (Thio)urea mediated organocatalysis 

In 2010, Takemoto et al. published two key works 
introducing an organoammonium salt formed by a 
Brønsted acid (HX) and a thiourea catalyst, a new 

family of bifunctional catalysts.[27] This catalytic 
complex was used to afford the desired chiral 1,4-
DHPs extending the procedures reported so far.[19,20] 
The authors described a Brønsted acid (difluoroacetic 
acid, DFA)-thiourea VII co-catalyzed asymmetric 
cycloaddition of β-enaminoesters 1 and α,β-
unsaturated aldehydes 2 through the route (a) shown 
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in Scheme 2. With the optimal conditions in hand, 
this strategy afforded functionalized 5,6-unsubstituted 
1,4-DHPs 3 with good to excellent yields (55-96%) 
and good enantioselectivities (38-80% ee, Scheme 9). 

 

Scheme 9. Thiourea VII catalyzed 1,4-DHPs synthesis.[19] 

The authors hypothesized that a mixture of 
thiourea VII and a Brønsted acid in a 1:1 ratio, could 
produce an ammonium salt complex A (Scheme 10). 
In this salt A, the conjugate base would be anchored 
to the thiourea moiety by hydrogen bonds,[28] and it 
could represent a new family of bifunctional catalysts. 
In the proposed mechanism the α,β-unsaturated 
aldehyde 2 and β-enaminoester 1 would be activated 
by both the ammonium proton and the conjugate base 
(X–), respectively, promoting a 1,4-conjugated 
addition in a chiral environment. A further 
intramolecular cyclization and dehydration would 
furnish the desired optically active 1,4-DHP 3. The 
interest of this strategy relies on the possibility of 
modulating the acidity-basicity of the catalytic 
species just changing the strength of the acid.  

 

Scheme 10. Proposed reaction mechanism through the 
formation of an ammonium salt complex A. 

Later, the same research group reported an 
expanded study of the effect of the catalytic complex 
(thiourea:Brønsted acid) in a pseudo three-component 
version of the previous cyclization reaction (Scheme 
11).[20] In this case, the β-ketoester (ethyl acetoacetate, 
4b) reacts with the α,β-unsaturated imine, previously 
formed from the α,β-unsaturated aldehyde 2 and the 
amine 5, following the route (b) depicted in Scheme 2. 
It is noteworthy to remark that both enantiomers of 
the final product can be obtained using the same 
thiourea catalyst and changing the Brønsted acid, as 
shown in Scheme 11. 
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Scheme 11. Effect of the catalytic complex 
(thiourea:Brønsted acid) in a pseudo three-component 
version of the Takemoto’s 1,4-DHPs synthesis.[20] 

To shed light, the authors proposed different 
transition states (TS) involved in two plausible 
reaction pathways, routes (a) (TS-A, Figure 3) and 
(b) (TS-B, Figure 3), when a weaker Brønsted acid 
(DFA) is used as an additive, where the true catalytic 
species is an ammonium salt complex, formed with 
the thiourea and the acid. A new mechanism for the 
route (b) is also introduced when a stronger Brønsted 
acid is used (HBF4, TS-C, Figure 3), taking place 
through the formation of an ion pair complex of the 
acid with the thiourea. Thus, in the case of TS-A, the 
starting aldehyde and the enamine are activated in a 
bifunctional way through the ammonium proton and 
the conjugate base of the additive (X−), respectively. 
Then, the obtained Michael product would undergo 
an intramolecular cyclization and dehydration to give 

the final DHP. A similar bifunctional activation is 
described for TS-B, but in this case, coordinating the 
preformed α,β-unsaturated imine 6 and the β-
ketoester 4, respectively. In both cases, (S)-product is 
obtained. Regarding TS-C, the nucleophile is 
approached from the less-hindered upper side (re-
face) to the (Z)-imine 6, which is coordinated with 
the ammonium proton of the ion-pair complex as well 
as proposed for weaker Brønsted acids such as DFA 
in TS-B. This pathway would lead to the (R)-product. 

Takemoto et al. have completed a very remarkable 
work in many aspects. They have envisioned a 
pioneering approach to the synthesis of 
unsymmetrical 1,4-DHPs using the novel thiourea 
catalysts as described above. Their co-catalyzed 
system has both complexity in its structure and 
simplicity on the subjacent idea, making it a nice 
methodology from our point of view. They have 
performed a very detailed work, with high versatility 
and effectiveness. 

 

Figure 3. Activation of the substrates by the thiourea: Brønsted acid complex following both routes, (a) and (b).  

Singh and coworkers reported an asymmetric 
synthesis of 1,4-DHPs using chiral urea VIII 
(Scheme 12),[21] following a 2-steps strategy (route 
(g), Scheme 2). The first step is the synthesis of the 
Michael adduct 12, catalyzed by chiral urea VIII, and 

after purification and treatment with NH4OAc (7) the 
DHP ring is formed to give the corresponding final 
products 3 with good yields (70-90%) and very good 
enantioselectivity (92-96% ee). 
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Scheme 12. Two steps synthesis of chiral 1,4-DHPs 3, catalyzed by urea VIII.[21] 

Herrera and coworkers reported in 2015 one of the 
most recent asymmetric organocatalytic example of 
1,4-DHPs synthesis. They performed a strategy 
which is a variant of route (a) of Scheme 2, where an 
α,β-unsaturated malononitrile 13 is used as Michael 
acceptor instead of the commonly used α,β-
unsaturated carbonyl compound (Scheme 13).[22] 
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Scheme 13. Synthesis of highly substituted chiral 2-
oxospiro-1,4-DHPs 3.[22] 

Specifically, the authors described the reaction of 
enamines 1 with isatin-derived 
methylenemalononitriles 13, catalyzed by 
Takemoto’s thiourea IX, which would activate the 
substrates in a bifunctional fashion as depicted in 
Scheme 14. The formation of hydrogen bonds 
between the thiourea moiety and the Michael 
acceptor is suggested, while the basic tertiary amine 
of the catalyst would interact with the acidic 
hydrogen of the enamine, enhancing its 
nucleophilicity (Scheme 14, A). Final products are 
obtained after cyclization (B) and tautomerization (C). 
This method allows the preparation of spirooxyndoles 
3, a structural motif present in numerous natural 
products with intriguing biological activity. The 
presence of both scaffolds confers a high complexity 
to the structure, creating a new spirocycle on the C4, 

a family of molecules which has attracted much 
attention in the last years.[29] 

 

Scheme 14. Mechanistic hypothesis proposed by 
Herrera.[22] 

In 2016, Bressy, Bugaut, Rodriguez et al. 
developed a two steps synthesis of DHPs, following 
route (g, Scheme 2),[23] analogous to that developed 
by Singh (Scheme 12).[21] The first step is an 
enantioselective Michael addition of dimedones 4 to 
β-aryl-2-enoylpyridines 11 catalyzed by means of 
hydrogen bonding with the same thiourea used before 
for Herrera’s group (IX) (Scheme 15). The purified 
Michael adduct was then submitted to a second step, 
reacting with NH4OAc (7) in ethanol at 37 ºC to give 
the corresponding chiral DHPs 3 with moderate to 
good yields (25-84%) and good to excellent ee (58-
96% ee) (Scheme 15). However, the actual goal of 
their work was to try a chirality conversion towards 
axially chiral 4-arylpyridines 14. This kind of 
processes was postulated long ago and nowadays is 
attracting further attention. The authors have taken 
advantage of the dihydropyridine-pyridine REDOX 
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reaction and, fortunately, they have developed an 
efficient synthetic route to axially chiral 4-
arylpyridines 14. Thus, the obtained DHPs 3 were 
later oxidized with manganese dioxide (MnO2) to the 
corresponding axially chiral 4-arylpyridines 14 
(Scheme 15).[30] Regarding this objective, the authors 

achieved total conversions in some cases and high 
enantioselectivities (50-96% ee). Moreover, 
variations on the substitution pattern of the 2-pyridyl 
group (R2) with different electron-donating or 
electron-withdrawing groups were also possible.  

 

Scheme 15. Synthesis of axially chiral 4-arylpyridines 14.[23] 

The working hypothesis was to carry out a 
conversion of the classic chirality from the 1,4-DHPs 
3 to the axial chirality of the 4-aryl-pyridines 14, by 
means of an oxidation (Figure 4). The authors 
envisioned that the chirality conversion depended on 
the ability of the oxidant to efficiently discriminate 
between the two conformers, which were in a fast 
equilibrium (Figure 4). The absolute configuration 
observed in the final chiral 4-aryl-pyridines 14 is in 
agreement with a preferred oxidation for the less 
stable conformer ap-(S)-3, presumably because of a 
greater accessibility to the hydride on position 4 of 
the 1,4-dihydropyridine.  

 

Figure 4. Chirality conversion explanation.[23] 
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4 Aminocatalysis 

In 2008, Jørgensen et al. investigated a different 
approach using aminocatalysis instead of hydrogen 
bonding catalysis to promote the synthesis of 1,4-
DHPs (Scheme 16).[17] They developed a one-pot 
protocol using α,β-unsaturated aldehydes 2, β-
diketones or β-ketoesters 4 and primary amines 5, 
catalyzed by diarylprolinol derivative VI and benzoic 
acid (PhCO2H) as additive, that would proceed 
through route (e) of Scheme 2. A wide range of chiral 
DHPs 3 was synthesized and the properties as 
reducing agents were tested for some of them. 

 

Scheme 16. Aminocatalytic 1,4-DHPs synthesis. TBDMS 
= tert-butyldimethylsilyl.17 

This approach represents a different strategy, 
considering the type of catalyst used. This was the 
first method using this family of catalysis on the 
synthesis of chiral unsymmetrical 1,4-DHPs. First, 
the prolinol catalyst derivative VI would activate the 
aldehyde 2 and then, the dicarbonyl compound 4 
would attack the β position of the iminium ion A in 
an enantioselective style (Scheme 17). The absolute 
stereochemistry in final products 3 is controlled by a 
Re-face attack of the nucleophile. Subsequently, the 
iminium ion B would be hydrolyzed and the catalyst 
released. The primary amine 5 would condensate on a 
second step with the intermediate 15. Finally, a 
cyclization would close the DHP ring. This protocol 
produces chiral 1,4-DHPs 3 with moderated yields 
(33-60%) and moderate to excellent 
enantioselectivity (38-95% ee). 

 

Scheme 17. Proposed reaction mechanism by 
Jørgensen.[17] 

It is worth noting that the produced DHPs 3 were 
tested for their reductive abilities in asymmetric 
hydride-transfer reactions.[31] The authors tried to 
reduce ethyl benzoylformate (16) in the 
corresponding alcohol 17, achieving full conversions 
and good enantioselectivity (up to 82% ee, Scheme 
18).  

 

Scheme 18. Reduction of ethyl benzoylformate (16) using 
DHPs. 

In 2011, Kanger and coworkers reported another 
approach by means of aminocatalysis, using the same 
catalytic system reported by Jørgensen’s group,[17] i.e., 
VI:PhCO2H (Scheme 19).[18] However, in this new 
example the β-enaminones and the β-enaminoesters 1 
were preformed previously to the reaction with α,β-
unsaturated aldehydes 2. The authors developed a 
general procedure giving access to unsymmetrical 
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1,4-DHPs 3 with good yields (45-86%) and excellent 
enantioselectivities (62-96% ee). 

 

Scheme 19. Aminocatalytic 1,4-DHPs synthesis developed 
by Kanger’s group.[18] 

As previously proposed in Scheme 17, the 
stereoselectivity of the reaction would be determined 
in the first Michael addition reaction of enaminones 1 
over the α,β-unsaturated aldehydes 2 (Scheme 20). 
The following hydrolysis of the iminium intermediate 
A leads to a further intramolecular cyclization, 
yielding a six-membered heterocycle B. After a 
proton transfer and a final dehydration, the most 
favored 1,4-DHPs 3 are obtained. Although this work 
is based on the previous one reported by Jørgensen’s 
group,[17] this method  differs in its approach. Herein, 
the reagents are preformed to have a better control 
over the enantioselective step of the process and for a 
better understanding of the system (route a, Scheme 
2). 

 

Scheme 20. Proposed cascade reaction by Kanger.[18] 

5 Dual catalysis 

In 2015, Wang’s group reported an interesting system 
with a high complexity to obtain 1,4-DHPs through 
route (d) of Scheme 2.[15] The goal was to combine 
three types of catalysis (enamine, Brønsted acid and 
Lewis acid catalysis) −named that as a "trio catalytic 
system"− on a cooperative manner to promote an aza-
Diels-Alder (ADA) reaction. The desired DHPs 3 
were obtained with good yields (59-84%) and 
excellent enantioselectivities (91-99% ee) as shown 
in Scheme 21. 
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Scheme 21. "Trio catalytic system" to promote DHPs 3. 
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In the proposed mechanism, first, the aniline 5 
would condensate with the aldehyde 2 and with the 
ketone 18 (Scheme 22). Thus, an activated enamine 
20 (enamine catalysis) and a conjugated imine 6 
would be formed in this initial step. Next, both 
species would be activated by a dual catalytic system 
A, composed of the BINOL derived phosphoric acid 
IV as a Brønsted acid, and Y(OTf)3, as a Lewis acid 
(Scheme 22). Both acidic species would work in a 
synergic way as a sole catalyst, promoting the aza-
Diels-Alder reaction.  

 

Scheme 22. "Trio catalytic system" to promote the 
synthesis of DHPs 3. 

However, a Mannich reaction could take place on 
the same conditions as shown in Scheme 21, 
therefore, the authors tried to minimize the Mannich 
product 19 and, in the meantime, to maximize the 
yield and the ee of the ADA product 3. This is the 
most complex system developed to date on the search 
of chiral unsymmetrical 1,4-DHPs. 

The authors have confronted several challenges in 
addition to improving their results. Their system 
involves a delicate equilibrium between three types of 
catalysts working as a single and flawless machine. 
They have introduced a very challenging concept on 
this field and we believe that their hypothesis will be 
of great help in forthcoming asymmetric 
transformations. 

6 Summary and outlook 

We have described and discussed the existent reports 
involving asymmetric organocatalysis in the 
preparation of optically active 1,4-DHPs. We expect 
to have disclosed to the reader the wide variety of 
approaches and routes, which can lead to these 

important compounds and the stunning complexity of 
their structure. 

Until now, there were only scarce methods 
exploiting asymmetric catalysis to produce chiral 
unsymmetrically substituted 1,4-DHPs. Thanks to the 
efforts done, not only by the researchers mentioned 
on this review, this scientific field has begun to boost 
interest and investigation. Nevertheless, with the 
recent advances over the potential properties of these 
molecules in medicinal chemistry and regarding the 
evident advantages of the catalytic methodologies 
over other approaches, there is a long road to go and 
a chief development of new catalytic asymmetric 
processes is needed. We expect a raise on the number 
of publications on this field in the near future and we 
would like that this review encourages other 
researchers to investigate and to contribute in this 
promising area. 

Acknowledgements 

We thank the Government of Aragon DGA (Research Group E-
104) for financial support of our research.  

References 

[1] For reviews about the 1,4-DHPs chemistry, see: a) U. 
Eisner, J. Kuthan, Chem. Rev. 1972, 72, 1-42; b) D. M. 
Stout, A. I. Meyers, Chem. Rev. 1982, 82, 223-243; c) 
A. Sausins, G. Duburs, Heterocycles 1988, 27, 269-
289; d) R. Lavilla, J. Chem. Soc., Perkin Trans. 1 2002, 
1141-1156. 

[2] For selected examples, see: a) K. K. Borowicz, M. 
Gasior, Z. Kleinrok, S. J. Czuczwar, Eur. J. Pharmacol. 
1997, 323, 45-51; b) I. O. Donkor, X. Zhou, J. Schmidt, 
K. C. Agrawal, V. Kishore, Bioorg. Med. Chem. 1998, 
6, 563-568; c) A.-H. Li, S. Moro, N. Forsyth, N. 
Melman, X.-d. Ji, K. A. Jacobson, J. Med. Chem. 1999, 
42, 706-721; d) C. O. Kappe, Eur. J. Med. Chem. 2000, 
35, 1043-1052; e) G. M. Reddy, M. Shiradkar, A. K. 
Chakravarthy, Curr. Org. Chem. 2007, 11, 847-852; f) 
A. Mai, S. Valente, S. Meade, V. Carafa, M. Tardugno, 
A. Nebbioso, A. Galmozzi, N. Mitro, E. D. Fabiani, L. 
Altucci, A. Kazantsev, J. Med. Chem. 2009, 52, 5496-
5504; g) P. Ioan, E. Carosati, M. Micucci, G. Cruciani, 
F. Broccatelli, B. S. Zhorov, A. Chiarini, R. Budriesi, 
Curr. Med. Chem. 2011, 18, 4901-4922; h) E. Carosati, 
P. Ioan, M. Micucci, F. Broccatelli, G. Cruciani, B. S. 
Zhorov, A. Chiarini, R. Budriesi, Curr. Med. Chem. 
2012, 19, 4306-4323. 

[3] For the first case where the pharmacology of these 
compounds is described, see: B. Loev, M. Goodman, K. 
Snader, R. Tedeschi, E. Macko, J. Med. Chem. 1974, 
17, 956-965. 

[4] M. Bruncko in Bioactive Heterocyclic Compound 
Classes: Pharmaceuticals (Eds. C. Lamberth, J. 
Dinges), Wiley-VCH Verlag, 2012, pp. 135-151. 

[5] N. Edraki, A. R. Mehdipour, M. Khoshneviszadeh, R. 
Miri, Drug Discov. Today 2009, 14, 1058-1066. 



 14

[6] R. P. Herrera, Top. Curr. Chem. 2016, 374, 29; and 
references therein cited. 

[7] For reviews, see: a) J.-P. Wan, Y. Liu, RSC Adv. 2012, 
2, 9763-9777; b) H. T. Pham, I. Chataigner, J.-L. 
Renaud, Curr. Org. Chem. 2012, 16, 1754-1775 and 
references cited therein. For selected more recent 
examples, see: c) L.-J. Zhang, Q. Wu, J. Sun, C.-G. 
Yan, Beilstein J. Org. Chem. 2013, 9, 846-851; d) P. P. 
Ghosh, P. Mukherjee, A. R. Das, RSC Adv. 2013, 3, 
8220-8226; e) S. Pal, L. H. Choudhury, T. Parvin, 
Synth. Commun. 2013, 43, 986-992; f) S. Pal, V. Singh, 
P. Das, L. H. Choudhury, Bioorg. Chem. 2013, 48, 8-
15; g) C. Wang, Y.-H. Jiang, C.-G. Yan, Beilstein J. 
Org. Chem. 2014, 10, 2671-2676; h) H. S. P. Rao, A. 
Parthiban, Org. Biomol. Chem. 2014, 12, 6223-6238; i) 
S. E. Kiruthika, P. T. Perumal, RSC Adv. 2014, 4, 
3758-3767; j) Y.-H. Jiang, C.-G. Yan, Mol. Divers. 
2014, 18, 809-820; k) H.-S. Chen, R.-Y. Guo, Monatsh. 
Chem. 2015, 146, 1355-1362; l) N. Shabalala, S. 
Maddila, S. B. Jonnalagadda, New J. Chem. 2016, 40, 
5107-5112. 

[8] A. Hantzsch, Ber. Dtsch. Chem. Ges. 1881, 14, 1637-
1638. 

[9] For a review about the effects of 1,4-DHPs quirality 
and conformation over their activity, see: a) S. 
Goldmann, J. Stoltefuss, Angew. Chem. 1991, 103, 
1587-1605; Angew. Chem. Int. Ed. Engl. 1991, 30, 
1559-1578. For some examples, see: b) A. D. Hughes, 
S. Hering, T. B. Bolton, Br. J. Pharmacol. 1990, 101, 
3-5; c) W. A. Carroll, R. J. Altenbach, H. Bai, J. D. 
Brioni, M. E. Brune, S. A. Buckner, C. Cassidy, Y. 
Chen, M. J. Coghlan, A. V. Daza, I. Drizin, T. A. Fey, 
M. Fitzgerald, M. Gopalakrishnan, R. J. Gregg, R. F. 
Henry, M.W. Holladay, L. L. King, M. E. Kort, P. R. 
Kym, I. Milicic, R. Tang, S. C. Turner, K. L. Whiteaker, 
L. Yi, H. Zhang, J. P. Sullivan, J. Med. Chem. 2004, 47, 
3163-3179; d) R. Shan, C. Velazquez, E. E. Knaus, J. 
Med. Chem. 2004, 47, 254-261. 

[10] For selected examples, see: a) I. Ashworth, P. Hopes, 
D. Levin, I. Patel, R. Salloo, Tetrahedron Lett. 2002, 
43, 4931-4933; b) A. Dondoni, A. Massi, E. Minghini, 
V. Bertolasi, Tetrahedron 2004, 60, 2311-2326; c) D. R. 
B. Ducatti, A. Massi, M. D. Noseda, M. E. R. Duarte, 
A. Dondoni, Org. Biomol. Chem. 2009, 7, 1980-1986; 
d) S. Fustero, S. Catalán, M. Sánchez-Roselló, A. 
Simón-Fuentes, C. del Pozo, Org. Lett. 2010, 12, 3484-
3487. 

[11] For selected examples, see: a) R. Peri, S. 
Padmanabhan, A. Rutledge, S. Singh, D. J. Triggle, J. 
Med. Chem. 2000, 43, 2906-2914; b) A. Sobolev, M. C. 
R. Franssen, B. Vigante, B. Cekavicus, R. 
Zhalubovskis, H. Kooijman, A. L. Spek, G. Duburs, A. 
de Groot, J. Org. Chem. 2002, 67, 401-410; c) G. 
Boatto, M. Nieddu, M. V. Faedda, P. de Caprariis, 
Chirality 2003, 15, 494-497; d) A. B. Baranda, N. 
Etxebarria, R. M. Jiménez, R. M. Alonso, J. 
Chromatogr. Sci. 2005, 43, 505-512; e) B.-l. Zhang, W. 
He, X. Shi, M.-l. Huan, Q.-j. Huang, S.-y. Zhou, 
Bioorg. Med. Chem. Lett. 2010, 20, 805-808; f) Z. 
Andzans, A. Krauze, I. Adlere, L. Krasnova, G. Duburs, 

Chem. Heterocycl. Comp. 2013, 49, 421-427; g) S. Y. 
Torres, Y. Verdecia, F. Rebolledo, Tetrahedron 2015, 
71, 3976-3984. 

[12] J. Jian, J. Yu, X.-X. Sun, Q.-Q. Rao, L.-Z. Gong, 
Angew. Chem. Int. Ed. 2008, 47, 2458-2462. 

[13] J. Moreau, A. Duboc, C. Hubert, J.-P. Hurvois, J.-L. 
Renaud, Tetrahedron Lett. 2007, 48, 8647-8650. 

[14] C. G. Evans, J. E. Gestwicki, Org. Lett. 2009, 11, 
2957-2959. 

[15] Y. Deng, S. Kumar, K. Wheeler, H. Wang, Chem. 
Eur. J. 2015, 21, 7874-7880. 

[16] D. An, Z. Zhu, G. Zhang, Y. Gao, J. Gao, X. Han, L. 
Zheng, S. Zhang, Tetrahedron: Asymmetry 2015, 26, 
897-906. 

[17] P. T. Franke, R. L. Johansen, S. Bertelsen, K. A. 
Jørgensen, Chem. Asian J. 2008, 3, 216-224. 

[18] A. Noole, M. Borissova, M. Lopp, T. Kanger, J. Org. 
Chem. 2011, 76, 1538-1545. 

[19] K. Yoshida, T. Inokuma, K. Takasu, Y. Takemoto, 
Synlett 2010, 1865-1869. 

[20] K. Yoshida, T. Inokuma, K. Takasu, Y. Takemoto, 
Molecules 2010, 15, 8305-8326. 

[21] N. Molleti, S. Allu, S. K. Ray, V. K. Singh, 
Tetrahedron Lett. 2013, 54, 3241-3244. 

[22] F. Auria-Luna, E. Marqués-López, S. Mohammadi, R. 
Heiran, R. P. Herrera, Molecules 2015, 20, 15807-
15826. 

 [23] O. Quinonero, M. Jean, N. Vanthuuyne, C. Roussel, 
D. Bonne, T. Constantieux, C. Bressy, X. Bugaut, J. 
Rodriguez, Angew. Chem. Int. Ed. 2016, 55, 1401-1405. 

[24] P. M. Pihko, (Ed.), in Hydrogen Bonding in Organic 
Synthesis, Wiley-VCH: Weinheim, 2009. 

[25] P. M. Weintraub, J. S. Sabol, J. M. Kane, D. R. 
Borcherding, Tetrahedron. 2003, 59, 2953-2989. 

[26] For pionering uses of this family of catalysts, see: a) I. 
Čorić, B. List, Nature 2012, 483, 315-319; b) Y.-Y. 
Chen, Y.-J. Jiang, Y.-S. Fan, D. Sha, Q. Wang, G. 
Zhang, L. Zheng, S. Zhang, Tetrahedron: Asymmetry 
2012, 23, 904-909; c) S. Liao, I. Čorić, Q. Wang, B. 
List, J. Am. Chem. Soc. 2012, 134, 10765-10768; d) K. 
Wu, Y.-J. Jiang, Y.-S. Fan, D. Sha, S. Zhang, Chem.-
Eur. J. 2013, 19, 474-478; e) J. H. Kim, I. Čorić, S. 
Vellalath, B. List, Angew. Chem., Int. Ed. 2013, 52, 
4474-4477; f) D. An, Y.-S. Fan, Y. Gao, Z.-Q. Zhu, L.-
Y. Zheng, S.-Q. Zhang, Eur. J. Org. Chem. 2014, 301-
306; g) M.-H. Zhuo, Y.-J. Jiang, Y.-S. Fan, Y. Gao, S. 
Liu, S. Zhang, Org. Lett. 2014, 16, 1096-1099; h) Y.-S. 
Fan, Y.-J. Jiang, D. An, D. Sha, J. C. Antilla, S. Zhang, 
Org. Lett. 2014, 16, 6112-6115. 

[27] For selected reviews, see: a) H. Miyabe, Y. Takemoto, 
Bull. Chem. Soc. Jpn. 2008, 81, 785-795; b) S. J. 
Connon, Chem. Commun. 2008, 2499-2510; c) P. 
Chauhan, S. S Chimni, RSC Adv. 2012, 2, 737-758; d) 
S. Narayanaperumal, D. G. Rivera, R. C. Silva, M. W. 



 15

Paixão, ChemCatChem 2013, 5, 2756-2773; e) Y. Xi, 
X. Shi, Chem. Commun 2013, 49, 8583-8585; f) O. V. 
Serdyuk, C. M. Heckel, S. B. Tsogoeva, Org. Biomol. 
Chem. 2013, 11, 7051-7071; g) X. Fang, C.-J. Wang, 
Chem. Commun. 2015, 51, 1185-1197; h) I. G. Sonsona, 
E. Marqués-López, R. P. Herrera, Beilstein J. Org. 
Chem. 2016, 12, 505-523. 

[28] For the pionering works of a similar mode of 
activation, see also: a) I. T. Raheem, P. S. Thiara, E. A. 
Peterson, E. N. Jacobsen, J. Am. Chem. Soc. 2007, 129, 
13404-13405; b) S. E. Reiseman, A. G. Doyle, E. N. 
Jacobsen, J. Am. Chem. Soc. 2008, 130, 7198-7199; c) 
R. S. Klausen, E. N. Jacobsen, Org. Lett. 2009, 11, 
887-890. 

[29] a) B. M. Trost, M. K. Brennan, Synthesis 2009, 3003-
3025; b) L. Hong, R, Wang, Adv. Synth. Catal. 2013, 
355, 1023-1052; c) M. J. James, P. O’Brien, R. J. K. 
Taylor, W. P. Unsworth, Chem. Eur. J. 2016, 22, 2856 
-2881. 

[30] J. Clayden, W. J. Moran, P. J.; Edwards, J. R. 
LaPlante, Angew. Chem. Int. Ed. 2009, 48, 6398-6401. 

[31] K. Kanomata, T. Nakata, Angew. Chem. 1997, 109, 
1263-1266; Angew. Chem. Int. Ed. Engl. 1997, 36, 
1207-1211. 

 

 




