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INTRODUCTION: From last two decades and 
nowadays tetrahydropyridines are centre of attraction 
and have received significant attention for their di-
verse biological activities as well as fundamental con-
structive contribution to the structure of many natural 
and synthetic molecules [1]. All six active sites present 
in tetrahydropyridines can be decorated by substitut-
ing with wide range of substrates hence make their 
all-round presence in many natural products such as 
core nucleus of many naturally occurring bioactive 
alkaloids [2]. So much importance gained by tetrahy-
dropyridine credited to their broad range of pharma-
cological activities such as antiviral, antidepressant, 
antimalarial activities [3], anti-HIV [4], anticancer [5], 
anti-insecticidal [6], anti-influenza [7], hyperglycaemic 
[8], anticonvulsant [9]. Tetrahydropyridine derivatives 
find many applications against several metabolic dis-
orders and human ailments [10]. Apart from this, some 
of the derivatives have been emerged as inhibitors of 
farnesyl transferase [11], dihydroorate dehydrogenase 
[12], M5 muscarinic acetylcholine receptors [13] and 
MAO based mechanism in Parkinson’s diseases.  

Due to such unparallel fascinating medicinal proper-
ties tetrahydropyridine become most glamorous mole-
cule in the field of organic synthesis. Hence research-
ers throughout the world are engaged in development 
of novel and efficient strategy to synthesize THPDs. 

Multicomponent coupling reaction (MCRs) represent 
highly valuable synthetic tic-tacs for the construction 
of complex molecular structure in minimum efforts. 
Multicomponent coupling reactions had revolution-
ized area of organic synthesis. This newer way has 
advantages over conventional linear synthesis such as 
high level of atom efficiency, lower costs, shorter 
reaction time and totally avoid time consuming isola-
tion and purification of reaction intermediates. Hence 
acknowledge to their fascinating advantages multi-
component coupling reactions have emerged as effi-
cient and powerful tools in modern synthetic organic 
chemistry. Due to the favourable attributes of this 
MCRs, are the most attractive, robust, promising and 
efficient way to construct library of tetrahydropyridi-
nes (THPDs) derivatives. THPDs are synthesized by 
using various amino sources and active methylene 
groups making their way through Knoevenagel reac-
tion, Mannich reaction, isomerization, cycloaddition 
reactions and ring-closing metathesis (RCM).  

This review is mainly an attempt to present the re-
search work devoted to the development of library of 
THPDs in the recent scientific literature and continu-
ous improvement made in the way of synthesizing 
novel compounds of the same. 

WAY TO TETRAHYDROPYRIDINES: It is be-
cause THPDs has shown extraordinary ubiquitous 

The Novel Emerging Approaches for the Synthesis of   
Tetrahydropyridine Motifs: An Overview 

 
Ajeet A. Yelwande1*, Jaysing M. Dinore1, Pritam A. Mule1 and Bhagwansing S. Dobhal2 

 
 1 Indraraj Arts, Commerce and Science College, Sillod, Aurangabad, Maharashtra, INDIA 

1 Badrinarayan Barwale Mahavidyalaya, Jalna, Maharashtra, INDIA  
* Correspondence: E-mail:  ajeetye@gmail.com         

 
(Received 10 Dec, 2018; Accepted 11 Jan, 2019; Published 18 Jan, 2019) 

 
ABSTRACT: Tetrahydropyridine scaffold is key step in the synthesis of wide variety of natural products, pharma-
ceuticals and biologically important moieties. This bioactive core has maintained the interest of researchers in gain-
ing the most suggestive and conclusive access in the fields of novel tetrahydropyridine derivatives of medicinally 
importance from the last few decades. The researchers group are quite engaged with the challenge of developing the 
simple and facile direct access to the vast libraries of THPDs. However, this review would expectantly shed light on 
ways to raise the therapeutic worth and recent advancement made in the multicomponent synthesis of THPDs re-
ported in the recent scientific literature. 
 
Keywords: Tetrahydropyridines; Multicomponent reaction; antimicrobial; anti-inflammatory. 
 

 



[The Novel Emerging Approaches for the Synthesis of Tetrahydropyridine Motifs: An Overview]  

 
                                                J. Biol. Chem. Chron. 2019, 5(3), 163-171 (Special Issue: ETCMS-2019)                       164 

nature to be key scaffold of the novel heterocyclic 
system used as building block for the next generation 
of pharmaceuticals as anticancer, anti-HIV and anti-
tuberculosis etc. Researchers from all over the world 
are motivated and started developing different method 
for the synthesis of these privileged molecules. Sev-
eral methodologies for realization THPDs are came in 
light because of extensive efforts of researcher’s 
community. The most straight forward and accepted 
routes for the synthesis of THPDs is multicomponent 
cyclocondensation of Anilines, Aromatic Aldehydes, 
and β-ketoesters in one-pot employing massive range 
of catalyst such as SbCl3 

[14], DABCO [15], TfO2 
[16], 

DIBAL-H [17], TiCl4/SiO2 [18], Sulfamic acid [19], CAN 
[20], ZrOCl2.8H2O [21]. 

 
Scheme 1: one-pot five component synthesis of 

THPDs. 

However, some of the fascinating and exciting strate-
gies for the synthesis of THPDs have been developed. 
In this review some of the recent methodologies here 
have been selected for the discussion. 

The modular assembly reaction in which 3,4-
dihydropyran as dual substrate and template for the 
synthesis of tetrahydropyridine is developed by Shao-
huan Sun and Co-workers. New library containing 
1,2,3,4-tetrahydropyridine [THPD] 3 is synthesized 
that involves 2-alkoxy-3,4-dihydropyran 1 which re-
acts with aniline 2. Here nitromethane works as both 
solvent and substrate in presence of LiBr.H2O proved 
to be best catalyst [22]. 
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[Scheme 2] 

Yuanyuan An And Jie Wu reported radical reaction 
utilizing 1,6-enynes 4, sulfur dioxide 5 and aryldia-
zonium tetrafluoroborates 6 to access Sulphonated 
THP derivatives 7. 1,6-enynes can easily participates 
in the reaction by virtue of C=C and Carbon triple 
bond in the structure. The radical cyclization process 
is initiated by the insitu generated sulfonyl radicals 
generated from interaction between aryldiazonium 
tetrafluoroborates and DABCO.(SO2)2. Catalyst and 
additive free transformation is distinct advantage of 
this protocol [23]. 
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[Scheme 3[ 

Experimentally convenient, user and environmentally 
friendly procedure for the synthesis of 6-alkoxy-
1,4,5,6-THP 12 was described. The compound synthe-
sized by four component reaction between primary 
amine 8, β-Ketoester 9, α, β-unsaturated aldehydes 10 
and alcohol 11, Cerium (IV) ammonium nitrate 
(CAN) employed as a catalyst in acetonitrile. The 
compound No 12 is used as building block for the 
synthesis of homoquinolizines 13 derivatives in two 
step reaction pathway comprised of regioselective γ-
deprotonation alkylation and Ring Closing Metathesis 
(RCM) protocols [24]. 

CH3

R3

O

O
+

R1

NH2

R4
R5

O

R6-OH

CAN (5 mol %)
CH3CN

-2H2O N

O

R3

CH3

R4
R5

O
R6

R1

1. LDA, THF, 0OC
30 min.
2. R2-X, 0OC, 2h N

O

R3

O
R6

R7

8

9 10

11
12 13

[Scheme 4] 

On the other hand, acetoacetanilides were employed 
as building blocks for the construction of substituted 
N-phenyl-6-methyl-2-oxo-4-phenyl-1,2,3,4-
tetrahydropyridine-5-carboxamides derivatives dem-
onstrated by Vijay Virsodia et.al. Proposed protocol 
was carried out in two step (a). In first step various 
substituted acetoacetanilide 16 were prepared by re-
acting substituted amines 14 and Ethylacetoacetate 15 
in toluene with catalytic amount of NaOH or KOH. In 
next step (b) acetonilides obtained were used as sub-
strate for Biginelli reaction product 17. The pharma-
ceutical potential of developed library of THPD were 
subjected to antitubercular activity, which showed 2% 
to 63% inhibition M. tuberculae [25]. 
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[Scheme 5] 

Alkynes are activated by substitution with electron 
withdrawing groups. Double conjugate adduct pro-
duced by conjugate addition of aniline to electron 
deficient acetylene dicarboxylate . This adduct is 
proved to be useful as a potential synthon for the con-
struction of highly functionalized THPDs, 21 by the 
tandem reaction involving dialkyl acetylene dicar-
boxylate 18, aryl amines 19 and aryl aldehyde 20, is 
described by Sun et.al. Surprisingly same methodol-
ogy yielded different product in presence of aq. Etha-
nol and absolute ethanol as shown in the scheme [26]  
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[Scheme 6] 

It is not only method, to utilize electron deficient al-
kynes for the synthesis of THPDs. Zhou and et.al. 
have developed efficient one pot synthesis of polysub-
stituted THPDs via proton promoted route. The prac-
tical approach includes readily accessible starting 
materials such as ethylbut-2-ynedioate 22, aniline 23 
and formaldehyde 24 along with AcOH in methanol. 
Mechanistic study proposed two different routes heat 
and proton  25 promoted synthesis of THPDs [27]. 
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[Scheme 7] 

The aza-Michael addition is one of the most important 
protocol especially for the synthesis of C-N heterocy-
cles. Lele Huo etal. employed TFA for organocatalytic 
Michael addition of protected 2-amino-1-
nitroethane(26) to α,β-unsaturated aldehyde 27 in first 
step. Which is followed by treatment with TFA gives 
4-substituted-3-nitro-1,2,3,4-tetrahydropyridines 28 
with excellent distereoselectivity and enantioselectiv-
ity. Both electron withdrawing and donating groups 
co-operate well for the synthesis. It was observed that 
with 2-substituted aryl α,β-unsaturated aldehyde dis-
tereoselectivity could be enhanced compared to alkyl 
group substitution credit to the influence of steric 
hindrance [28]. 
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It is very difficult to readily access the chiral 2,4,5-
trisubstituted THPDs. One pot very efficient 6π-
azaelectrocyclization strategy for the synthesis of 
2,4,5-trisubstituted 2,5-chiral 1,2,5,6-
tetrahydropyridines established by Kobayashi etal. 
One pot tandem 6π-electrocyclization assymetric mul-
ticomponent reaction was carried out involving vari-
ous vinyl stannanes 29, tetra substituted vinyl iodides 
with tertiary butyl ester group 30 and 7-isopropyl-cis-
aminoindanol 31 to afford tetracyclic product 32 with 
satisfactory yield and stereoselectivity. Which is fur-
ther reduced to   produced 2,5-chiral 1,2,5,6-
tetrahydropyridines 33 by DIBAL [29]. 
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[Scheme 9] 

Beside these methods Kavala etal. explored enamine 
chemistry to describe three component protocol for 
the construction of  scaffold of THPDs. Present proto-
col includes aromatic aldehydes 34, ammonoia as 
nitrogen source and enolizable 2-hydroxy acetophe-
none 35. Methanol worked as a solvent and I2 em-
ployed as catalyst. Aldehyde undergoes condensation 
with ammonia to form imine and 1,2-addition of later 
to enolizable 2-hydroxy acetophenone moiety is an-
other way to build substituted THPDs 36 [30]. 
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Apart from these, various groups working in this fas-
cinating area also reported interesting results. Jiang 
etal. Investigated L-Proline or L-Proline/FeCl3 for 
one-pot multicomponent synthesis of multifunctional-
ized  1,2,3,4- THPDs (41). Substrates composed of 
alkynones 37, amines 38, active methylene com-
pounds 39 and formaldehyde 40 in DMF solvent. 
Prins reaction is addition of aldehyde/ketone to alkene 
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to form allylic alchohol and Mannich type reaction are 
in focus to develop C-C bond formation. Praposed 
synthetic strategy undergo completion of reaction 
through four sequential steps 1) two component hy-
droamination 2) two component Prins reaction 3) 
three component Mannich type reaction and 4) in-
tramolecular dehydration cyclization [31]. 
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[Scheme 11] 

He etal have proposed a protocol for preparation of 
densely functionalized chiral 4,5,6-trisubstituted 
1,4,5,6-tetrahydropyridines 44. Proposed protocol was 
accessed through the inverse-electron demand aza-
Diels-Alder of azadiens 42 along with β-
enacarbamates 43 using a chiral bifunctional phospho-
ric acid catalyst. This cycloaddition reaction is carried 
out in presence of DCM as a solvent with good to 
excellent diastereoselective and enantioselective 
product yield. Mechanistic study revealed that reac-
tion proceeds by an asynchronous concerted mecha-
nism [32]. 
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An efficient synthesis of diastereoselective fused 
THPDs 48 have been established. The assembly of 
simple starting material enaminone 45, nitroenamines, 
ortho-aminophenol 46 and α, β-unsaturated aldehyde 
47 resulted in structurally diverse products in the 
presence of lactic acid in water-ethanol media. Use of 
green media and application of bio-available catalyst 
in organic synthesis are some merits of this tactic [33]. 
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[Scheme 13] 

Mohammad A. Ghaffari etal. Developed a novel strat-
egy for the synthesis of N-substituted carbonylamino-
1,2,3,6,- THPDs. In this strategy generated pyridinium 
ylide 51 was reduced by employing sodium boro-
hydride to corresponding THPDs. They cameup with 
two schemes for the synthesis of N-substituted car-
bonylamino-1,2,3,6,- THPDs and N-substituted sul-
fonylamino-1,2,3,6-THPDs respectively 52. The iso-
lated novel derivatives resulted in significant anti-
inflammatory activities [34]. 
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Further  an efficient and convenient Aza-Rauhat-
Currier reaction was employed to obtained thiazole-
containing THPDs 56 by Zhau etal. In proposed pro-
tocol thiazole aldehyde 53 reacted with corresponding 
vinyl ketones 54 and generated α,β-unsaturated car-
bonyl compound 55 reacted with benzenesulfonamide. 
Then resulted product undergoes phosphine catalysed 
[4+2] annulation Aza-Rauhat-Currier reaction. 
Triphenyl phosphate played the role of catalyst and 
then methoxy phenol acted ad an additive. The target 
nucleus shows potential fungicidal and insecticidal 
activity [35]. 
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[Scheme 15] 

Das etal. have demonstrated 3-amino-coumarin can 
acts as amino source in the synthesis of THPDs 60. 
They carried out the synthesis of fused furo and 
pyrano-tetrahydropyrido[2,3] coumarin derivatives 
using one-pot three component reaction between aro-
matic aldehyde 57, 3-aminocoumarin 58 and cyclic 
enol ether 59. Hydrated ferric sulfate proved to be 
efficient catalyst for inducing Povaro reaction for the 
synthesis of target molecules, in presence of acetoni-
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trile solvent. The advantages proposed for this proto-
col includes good yields, high distereoselectivity, use 
of inexpensive and readily available catalyst [36]. 
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[Scheme 16] 

Of course not these are the only methods for synthetic 
approach for THPDs synthesis. Bioinspired methods 
have developed for conversion of cyclohexanones 61 
into 2,6-disubstituted 2,3,4,5,-tetrahydropyridine 62 
which were subsequently subjected to diastereoselec-
tive reduction to 2,6-syn-disubstituted piperidine 63 is 
described by Cuthberston etal. Further purification of 
the resulted compounds were done by silica gel col-
umn chromatography [37]. 
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[Scheme 17] 

Biginelli reaction is one of the most famous multi-
component reaction which results in synthesis of bio-
logically active pyridine derivatives. Gein etal. Ex-
plored potential β-ketoamide in place of β-dicarbonyl 
compounds approach to the synthesis of THPDs. 
Three component condensation carried out between 
N,N-diethyl-3-oxobutanamide 64 with thiourea 65 and 
aromatic aldehyde 66 and solvent free condition and 
obtained corresponding 6-aryl-N,N-diethyl-4-methyl-
2-sulfanylidene-1,2,3,6-tetrahydropyridines-5-
carboxamides 67. This was single step, three compo-
nent condensation approach to access target molecule 
[38]. 
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In continuation with this Muskinja etal. developed a 
small library of novel 2-oxo-tetrahydropyridines 71 
via one-pot multicomponent Biginelli reaction. This 
one-pot multicomponent domino reaction carried out 
between Vanillic aldehyde 68, ethyl acetoacetate 
(EAA) 69 and urea 70 under solvent free condition. 
This facile and efficient protocol was developed in 
presence of Copper complex (PhNH3)2CuCl4 as ho-

mogeneous catalyst. An advantage of proposed syn-
thetic protocol includes mild reaction condition, sim-
ple workup procedure and good to excellent yield of 
products [39]. 
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Monocyclic or bicyclic 1,2,3,4-THPDs derivatives 
have been synthesized by Ishmiyarov etal. An interac-
tion of  EAA 72 with methoxy methanal 73  and pri-
mary amines or diamines 74 was reported in methanol 
and in presence of tert-butyl alcohol. Large number of 
amines were employed as an amino source to generate 
fused bicyclic polysubstituted 1,2,3,4-THPDs 75 [40]. 
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The group of Wen etal. Utilized reactivity of function-
alized N-S keteneacetals to generate THPDs. It proved 
to be important building block to generate target 
THPDs, attributed to 3 or 4 active centre present in α-
oxoketene N,S acetals, such as Nitrogen atom , Sul-
phur atom, C=O and particularly significant to poten-
tial leaving halogen group. The new domino and mul-
ticomponent procedure was designed and developed 
to synthesize 1,2,3,4-THPDs. Derivatives from β-
aroylthioacetanilides 76, aldehydes 77 and aroyl ace-
tonitrile 78 via DABCO catalysed annulation reaction. 
This proved to be facile and efficient protocol for 
synthesis of THPDs derivatives 79,80 [41]. 
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[Scheme 21] 

A new and stereoselective [4+2] cycloaddition reac-
tion affording trans-2-substituted 3-amino-1,2,3,6-
tetrahydropyrimidines is presented. Treatment of Ni-
trosoarenes with 2-substituted 1,2-dihydropyridines  
generates cycloadduct 81 which on chemo selective 
reduction furnishes 3-amino-1,2,3,6-THPDs 82,83, in 
high yield. Here nitroarenes functioned as reactive 
dienophiles to introduced stereocentre at C-3 and 
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alane proved to be effective reducing agent for reduc-
tion of adduct to the desired transformation [42]. 
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A different protocol proceeding with steadily available 
Mortia-Baylis-Hilman (MBH) carbonates as the start-
ing material to access the array of synthetically valu-
able THPDs have been developed. In this method 
different MBH carbonates 84 reacted with 1,3-
ketoesters 85 and primary amines  in presence of 
DABCO (1,4-diazabicyclo [2.2.2] octane leading to 
the synthesis of substituted 4-aryl-1,2,3,4-
tetrahydropyridines 86. The product obtained in good 
to excellent yield. Operational simplicity, good func-
tionality tolerance and excellent efficiency are the 
advantages of proposed protocol [43]. 
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N-Boc-pyrrolidinone, find synthetic importance par-
ticularly in construction of N-heterocyclic compound 
such as THPDs. Dai etal first time exploited  N-Boc-
pyrrolidinone in the synthesis of 6-Alkyl-2,3,4,5-
THPDs, in two step. In this reported strategy commer-
cially available N-Boc-pyrrolidinone 87 reacted with 
Grignard Reagent R-Mg-Br or R-Mg-Cl and TMEDA 
in THF or hexane to afford N0Boc-w-aminoketones 
88. In next step aminoketones on treatment with TFA 
and NaOH in DCM furnished the final product 6-
alkyl-2,3,4,5-THPD 89 were synthesized which has 
shown potential antifungal activity [44]. 

N

O

O

O
RmgX

TMEDA R NHBoc

O
TFA, DCM

NaOH NR
87 88 89  

[Scheme 24] 
Grob fragmentation is yet another path to proceeds 
THPDs scaffold. Lemonnier etal. explored stereose-
lective synthesis of 2,3,6-trisubstituted THPDs from 
Grob fragmentation of γ-amino hydroxide containing 
bicyclo[2.2.2] octene scaffold. Here triflic anhydride 
used as an activating agent for aza-bicyclo[2.2.2] oc-
tene 90 which in turn undergo Grob fragmentatiom to 
generate dihydro pyridinium ion. Which can react 
with a wide variety of G.R. giving access to 2,3,6-
trisubstituted THPDs 91.  Excellent product yield with 

high regio and stereoselectivities under mild reaction 
condition were reported [45]. 
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[Scheme 25] 

With variety amines substrate available, suitably pro-
tected aldimines are fairly useful to synthesize 
THPDs. Using this amino source, Barber etal have 
developed a facile and novel one-pot enantioselective 
synthesis of N-Boc and N-Cbz protected THPDs 94 
derivatives using Nitro Mannich/ hydro amination 
cascade. This novel methodology included synthesis 
of protected THPDs using readily available nitroal-
kynes 92 which undergo nitro Mannich reaction with 
suitably protected aldimines 93. Resulted β-
nitroamines undergoes cyclization under influence of 
metal catalysis by hydroamination ultimately yielded 
final product protected THPDs desirably. Here Au salt 
employed as metal catalyst to activate alkynes to-
wards intramolecular hydroamination reaction [46]. 
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The successful synthesis of various highly substituted 
5-Iodo-1,2,3,4-THPDs 97 involving intramolecular 
nucleophilic attack and intramolecular substitution has 
been reported. The reaction is carried out between 
sterically and electronically different arylsulfonyl 
substituted triazole 95 with potential leaving group 
and NaI 96 catalysed by Rhodium. It is the first time 
NaI is used as nucleophile to attack α-imino rhodium 
carbene as a straight forward access to target mole-
cule. The reaction optimization condition revealed that 
chloroform is excellent solvent to carried out present 
protocol [47]. 
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Wang etal. investigated [4+2]/[2+2] reaction sequence 
to approach chiral THPDs 100 synthesized by [4+2] 
annulation reaction between α-substituted allene ke-
tone 98 and 1-azadienones 99.  The reaction optimiza-
tion condition with solvent screening revealed that 
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CH2Cl2 was the solvent of choice. The variation of α-
substituents of allene ketones and had little effects on 
the enantioselectivity of the reaction [48]. 
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In the search of environment friendly synthesis of 
polysubstituted THPD Gein etal developed solvent 
and catalyst free method. In mentioned protocol a 
series of N, 6-diaryl-2-thioxo-4methyl-1,2,3,6-
tetrahydropyridines-5-carboxamide 104 is furnished 
by three component reaction between acetoacetanilide 
(2-methylacetoacetanilide, 2,4-
dimehylacetoacetanilide, 4-chloroacetanilide 101 with 
aromatic aldehyde 102 and thiourea 103. These syn-
thesized compounds were screened for their antim-
icrobial activity against St. aureus and E.Coli [49]. 
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The THPDs and their novel analogues have been syn-
thesized utilizing C-H activation/ alkenylation/ elec-
trocyclization cascade, in one pot. The reaction se-
quence includes C-H activation of α, β-unsaturated 
imines 105, followed by coupling with alkynes 106 
which generates azatrienes 107. 1,2 – dihydropyridi-
nes (--) is generated by 6-π electrocyclization of 
azatrienes in situ which is subsequently delivered 
THPDs 108. A variety of diverse groups with variety 
of Nitrogen substituents were added to explore the 
scope of  this methodology [50]. 
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CONCLUSION: The multicomponent synthesis of 
tetrahydropyridine having massive incentives to re-
place traditional linear synthesis. The novel drug de-
signing using this molecule as a scaffold is inspired by 
its biological and pharmaceutical properties. Credits 
to their pharmaceutical worth chemists are putting 
their sweat to develop easy access to this privileged 
motif. In this review we highlighted tremendous scope 
of MCRs for the construction of THPDs. We are op-

timistic this review will serve as stepping stone for the 
researchers for investigating novel routes for the syn-
thesis of THPDs derivatives. 
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