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Abstract. Piperidine derivatives represent a structurally diverse and
pharmacologically significant class of nitrogen-containing heterocycles with broad
application in medicinal chemistry. This review provides an analysis of recent advances
in the synthesis of piperidine-based compounds, with a particular focus on two major
approaches: hydrogenation of heterocyclic precursors and intramolecular cyclization
strategies. The hydrogenation pathway includes catalytic methods utilizing metal
complexes such as Rh, Pd, and Ru, as well as organocatalytic approaches, enabling high
stereoselectivity and enantiomeric purity. Intramolecular cyclization is explored across
multiple substrate classes, including alkenes, alkynes, and dienes, under the influence of
(Pd), gold (Au), iron (Fe), nickel (Ni), and samarium (Sm) catalysts. Notable reactions
such as oxidative amination, hydroalkenylation, and cycloisomerization demonstrate the
versatility of modern cyclization techniques in building complex piperidine frameworks.
Additionally, case studies on novel compounds such as Kazcaine (1-(2-ethoxyethyl)-
4-ethynyl-4-benzoyloxypiperidine hydrochloride) emphasize the therapeutic potential
and synthetic accessibility of functionally rich piperidine analogues. Due to its defined
pharmacophore and ease of functionalization, Kazcaine serves as a valuable template
for designing analogues with improved pharmacokinetic or pharmacodynamic profiles.
It also provides a platform for testing synthetic methods, such as selective alkylation
and acylation. This review highlights the latest key achievements and methodological
innovations that facilitate the efficient synthesis of nitrogen-containing heterocyclic
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molecules with potential biological activity and emphasizes the importance of imple-
menting modern synthetic approaches grounded in the principles of green chemistry.

Keywords: kazcaine, piperidines, piperidinones, biological activity, pharmacological
activity
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Annorauus. [lunepuauH TyBIHABIIAPEl KYPBUIBIMBI OpPTYpPJi XoHE (apmako-
JOTHSIIBIK TYPFBIZIAH MaHBI3[bl a30TTHl TETEPOIMKIICD KIAChIHA JKaTaJbl >KOHE
MEITUITMHAIBIK XUMUIIa KeHIHCH KOJIaHbUIaabl. byl momyna murmepuanH Heri3iHaeri
KOCBUTBICTAP/IbI CHHTE3/ICY CAlaChIHJAFbl COHFBI JKETICTIKTEepre Tauay >Kacajbll, eKi
HeTi3ri OarblTKa — TeTepOLMKIAl MPEeKypcopiapabl THAPIEY KOHE MOJEKYJIailIiliK
LUKIJICHY CTpaTeTusuiapblHa — epeKile Ha3ap aynapbuiaasl. [uapiey OarbIThiHA POIUA
(Rh), mamtanuit (Pd) >xone pyrenuii (Ru) cekini mMeramun KelleHAEepiH KOJIaHAThIH
KaTaJTUTUKAJIBIK 9MIICTEP, COHAAN-aK KOFaphl CTEPEOCEICKTUBTLIIK ITeH YHAHTHOMEPITIK
Ta3alBIKTBl ~ KaMTaMachl3 €TETIH OPraHOKAaTATUTHKAIBIK  TOCUIAep  KaTajbl.
Morexynainminik MUKIIeHy ajKeHJep, aJKHHIEP KOHE JWEHAEpP CHAKTBI SPTYpIi
cyocrtparrap yuin nmamutaguii (Pd), anteia (Au), remip (Fe), aukens (Ni) xone camapuit
(Sm) karanu3aTOpIapbIHBIH KaTBICYbIMEH 3epTTelniefli. TOTBIFY apKbUIBl aMHHUPIEY,
THJIPOASTKCHUIIAIINS )KOHE IIUKIIOM30MEPH3aLIUs CHSIKTHI peaKUsIIap Ky pelli TUIepHInH
KYPBUIBIMAAPBIH KYpyZa Ka3ipri 3aMaHfbl IUKIJEHY OMICTEpiHIH oMOeOanThIFbIH
kepceteni. CoHpIMEH KaTap, ’kaHa KOChUTBICTap IbIH, COHBIH i1 H I AKBIH aHE CTE3USITBIK
JKOHE KapJIUOIMPOTEKTOPIBIK Oencenaiikke we KaskamnniH (1-(2-DTokcmaTni)-4-
TUHWI-4-0EH30MIIOKCUITUIIEPUINH THIPOXJIOPHU/i) CUHTE31 MBbICAJ PETiHIE KEATIpiIim,
(YHKIMOHAIABIK ToNTapra Oail MUMEePUINH aHaJOITapbIHBIH TEpPaNeBTiK dJeyeTi MeH
CHUHTETHKAJBIK KOJDKETIMAUIITIH alKbiHAalapl. DPapMako(opiblK KypbUTBIMBIHBIH
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AlKBIHJIBIFBI MEH (DyHKITMOHANIHM3AIMsIFa OHIMILTITiHIH apkackiHna Kaskann dgapmaxo-
KHHETUKAJIBIK JKOHE (DapMaKOIMHAMUKAIIBIK KaCUETTEPl KaKCAPThUIFAH aHAJIOrTapbl
o3ipyieyre apHaJifaH KYHIbl MOJENb 00jbill TaObutafsl. CoHmal-aK O CEJICKTHBTI
ATKWITUPIIEY MEH alWiIupiey CHSIKTH CHHTCTHKAIBIK OMICTEePHdi ChIHAyFa apHAJFaH
matopma peTiHie KbI3MET eTefli. ACHMMETPHSUITBIK KaTaIn3/I1, IMTaHITHIK OacKapy/Ibl,
paaukanapl Hemece (POTOXMMUSUIIBIK aKTHUBAIMSIHBI OipiKTIPy CHHTETHKAIBIK 9JIICTEP
apCeHAJbIH KCHEHUTIN, NHIICPUINH TYBIHIBUIAPBIH (apMaleBTHKAIBIK d3ipJiieyre
KOJDKETIMJIIPEK eTeli. Byt 11101y OMONIOTrHsTbIK OSJICEHAUTIT Oap a30TThl TETSPOIIMKIITI
MOJICKYJIaJIap bl THIM/II CHHTE3/ICY/11 KAMTaMacChl3 €TETIH COHFbI HET13I'1 )KETICTIKTEP MEH
OIICTEMEITIK WHHOBAIUSIAPIBI KOPCETIM, Kachll XUMHS KaFuaaTTapblHa HETI13ACe/ITeH
3aMaHayu CHHTETHKAIBIK TOCUIAEP/l SHT13y/liH MaHbBI3BUIBIFBIH aTal KOpCeTe/i.

Tyiiin ce3aep: Ka3kauH, MUNIEPUIUHICD, TATIEPUIUHOHIAD, OUOIOTHUSIBIK OSJICEH-
JiTiK, (apMaKoJIOTHUSIIBIK 9cep
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Annotanus. [Tpor3BoiHbIC MUTIEPUANHA TPECTABISIOT COO0M CTPYKTYPHO pa3Ho-
00pa3Hblii ¥ (HapMaKoJIOTHUECKH 3HAYMMBIA KITACC a30TCOMACPKAIIMX TETEPOIMKIIOB,
HAXOMSAIIMX [IMPOKOEC TPUMEHEHHEe B MEJAMIMHCKOW XuMmuu. Hacrosmmii 0030p
MPEJOCTABISACT aHAIN3 MOCIEIHUX JOCTHXKECHUN B OONACTH CHHTE3a COCIMHCHUN Ha
OCHOBE THMITEPUIHA ¢ 0COOBIM aKIIEHTOM Ha J[Ba& OCHOBHBIX MMOJXOJ/Ia: THAPHUPOBAHHE
TeTEePOIUKIMYECKUX — MPEANICCTBEHHUKOB M CTPaTerMH  BHYTPUMOICKYIISPHOM
nuku3anuu. [1yTh THAPUPOBAHUS BKJIIOYACT KATATUTHYECKUE METOIbl C HCIOIb-
30BaHMEM KOMILIEKCOB METAJIOB, Takux Kak poawii (Rh), mammammii (Pd) u pyrennit
(Ru), a Tarkke OpPraHOKATAIUTHYCCKUE TIOAXOIbI, OOCCIICUHMBAIOIINE BBICOKYIO
CTEPEOCEIICKTUBHOCTD ¥ JHAHTHOMEPHYIO YUCTOTY. BHYTpUMOIEKYISIpHAS [IMKITH3AIINS
paccMoTpeHa JUIs Pa3THuYHBIX KJIACCOB CYOCTPATOB — AJKEHOB, AIKHHOB W JIMCHOB
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— C ydacTHeM Karajau3aTtopoB Ha ocHoBe namwiagus (Pd), somora (Au), xenesa (Fe),
nukenst (Ni) u camapus (Sm). Takue peakiuu, Kak OKUCIUTEILHOS aMUHHPOBAHUE,
THIPOATIKEHUIIUPOBAHUE U LUKIOU30MEpHU3aLUs, IEMOHCTPUPYIOT YHUBEPCAIbHOCTh
COBPEMEHHBIX METOJI0B IUKIM3AIMM B MOCTPOEHMH CIOXKHBIX MHUIEPUANHOBBIX
cTpykTyp. Kpome Toro, mpuBeaeHsl MPUMEpPHl CHHTE3a HOBBIX COEIMHEHUH, TaKHX
kak Kaskawn (1-(2-DTOKCHATIIN)-4-3THHUI-4-0€H30MIOKCUITUTICPUIUH THIIPOXIOPH]T)
C BBIpAXEHHOW  aHecTe3upyroled U  KapAMONPOTEKTHBHON  aKTHBHOCTHIO,
MOJYEPKUBAIOLINE TEPANeBTUYECKUH TOTEHLMAl U CHHTETHYECKYI0 JOCTYIHOCTh
(DYHKIIMOHAJIEHO HACHIIIEHHBIX aHAJIOTOB MHIICPHIWHA. biiaromapst cBoed 4YeTko
BBIPXCHHON (DapMako(pOpHOU CTPYKType M JIETKOCTH (PYHKI[MOHATH3AINK, Ka3KauH
MpeACTaBIseT COOOH LEHHYI0 MOIENb Ul pa3padOTKH aHajJoOroB C YIyYIIEHHBIMH
(hapMaKOKMHETUYECKUMU U (hapMaKOJMHAMUYCCKUMU CBOMCTBaMU. OH TaKkKe CITYKUT
wiaTopMoil Uis OTpaObOTKM CHHTETHYECKHX METOAOB, TaKUX KaK CEJIEKTHBHOE
AIKWIMPOBaHUE U alnInpoBanue. IHTerpaius aCHMMETPUYHOTO KaTaliu3a, TUTaHHOTO
VIPaBICHUS U PAJAUKAIBLHOW Wi (OTOXUMHUYECKOW aKTHBAIMK PACHIMPSET apceHal
CHUHTETHYECKMX METOJIOB, Jejas MPOU3BOAHBIC MUIEPUINHA OOIee AOCTYIMHBIMH IS
(apmaneBTHYeCcKOi pazpaboTku. O030p OCBEIIaeT HOBEHIINE KIIOUEBbIE AOCTHKEHUS
U METOMOJOTMYECKHEe WHHOBAIMU, CIIOCOOCTBYMOImHME 3((PEKTHBHOMY IOIYyYCHHIO
A30TCOACPIKAIINX TEeTEPOLUKIMYECKUX MOJIEKYT C TIOTEHIHaIbHON OHOIOrnuecKon
AKTUBHOCTBIO, M TIOAYEPKUBAET BAKHOCTH BHEJPEHHUS COBPEMEHHBIX CHHTETHUYECKHUX
MIOJIX0/I0B, OCHOBAaHHBIX HA MPUHIUIAX 3€IEHON XUMUH.

KiioueBble cioBa: KasKauH, NHICPUAMHBI, MUIEPHIUHOHBI, OMOJIOrHYECKas
AKTUBHOCTD, ()apMaKOJIOTHYECKasl aKTUBHOCTh

brazooaprocms, unancuposanue: paboma 6vINOIHEHA NpU QUHAHCOBOU NOO-
oepoicke Munucmepcmea Hayku u evicuwezo obpazoeanusi Pecnybnuxu Kazaxcman,
epanm AP19676539.

Introduction. Piperidine and its analogues form a family of nitrogen-containing
heterocycles with impact in synthetic and pharmaceutical chemistry. Piperidines exhibit
widespread utility in pharmacy, representing the molecular backbone of numerous
bioactive natural products and drugs. With development in synthetic protocols, including
transition-metal-catalyzed cyclization, multi-component cascade processes, and
enantioselective hydrogenation. Potent 4-ethynyl piperidine derivatives have become
accessible for assembly through efficient protocols. Not only 4-ethynyl piperidine
derivatives have such breakthroughs as increased piperidine frameworks' chemical
diversity but have enriched them with character relevant to drugs through stereochemical
fidelity and functional group diversity. In this review, current research in piperidine
derivatives synthesis with an emphasis on its 4-ethynyl containing piperidines has been
compiled, including state-of-the-art methodologies, mechanisms, and implications in
pharmacy.

In the last several years, many reviews and research articles about specific
methodologies for the preparation of piperidine, its functionalization and its use
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in pharmacy have been published. Herein, we focus on the synthesis of piperidine
derivatives shown in Figure 1.

Subsitiuted
piperidinines

Subsitiuted Subsitiuted Subsitiuted condensed
piperidines spiropiperidines piperidines

NH
R R R R —=—0
: ; "

Figure 1. Piperidine derivatives discussed in this review.

Object of the study. The primary objective of this review is to examine and
classify modern synthetic approaches for the preparation of piperidine derivatives,
with a special focus on 4-ethynyl-substituted analogues due to their pharmacological
relevance. The review seeks to identify novel catalytic systems and methodologies
employed in the formation of the piperidine core, to analyze stereoselective and
enantioselective strategies in the synthesis of bioactive piperidines; to highlight the
utility of intramolecular cyclization and hydrogenation as principal routes to structural
diversity and illustrate the synthetic accessibility and biological potential of specific
compounds, including Kazcaine.

Materials and Methods. This review was conducted through a comprehensive
literature search and critical analysis of peer-reviewed scientific publications related
to the synthesis and pharmacological evaluation of piperidine derivatives, with a
focus on 4-ethynyl-substituted analogues such as Kazcaine. The primary sources
were obtained from scientific databases, including Scopus, Web of Science, PubMed
and Google Scholar. The search was conducted using combinations of the following
keywords: piperidine synthesis, 4-ethynyl piperidine, intramolecular cyclization,
hydrogenation, kazcaine, asymmetric catalysis, and bioactive heterocycles. The most
recent articles published up to 2024 were prioritized to ensure the inclusion of the most
recent developments. Earlier foundational works were also cited where necessary for
historical context. Each selected publication was examined for synthetic route (e.g.,
hydrogenation, cyclization), catalytic system and conditions, reaction scope and yields,
enantioselectivity or regioselectivity and reported biological activity (where it was
applicable). Comparative tables and mechanistic schemes were constructed based on
this data. Notable methodologies were categorized by reaction type and catalyst class.
A case study of Kazcaine was highlighted to exemplify the integration of synthesis and
pharmacological application.

Results and Discussion. Hydrogenation

Two routes for piperidine preparation have been identified and discussed:
hydrogenation of heterocyclic compounds and intramolecular cyclization (Figure 2).
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intramolecular

0 hydrogenation or reduction cyclization

H
N R
pG/ WA

=
=

Figure 2. Main routes to the piperidine cycle synthesis.

A substitued pyridine, with an unprotected or a protected nitrogen atom, is a general
starting compound. Often, a substrate in most cases already bears all substituents for a
target compound in its initial form in advance. In such a case the synthesis has become
shorter and less expensive under one of the newest protocols in contrast to the cases
when both hydrogenation and functionalization have been incorporated in one reaction
in one pot.

It is appreciative to mention the work of (Sandmeier, et.al.,2020) for careful reporting
of catalysts used in piperidine synthesis. The chapter by (Sandmeier, et.al.,2020)
presents new catalytic methodologies towards piperidine construction with high
enantioselectivity, animportantreaction in pharmaceutical development. Features include
chiral hydrogenation with chiral catalysts such as [Rh(NBD):]|BF4 (Bis(norbornadiene)
rhodium(I)tetrafluoroborate)and BINAP(2,2'-Bis(diphenylphosphino)-1,1'-binaphthyl),
generating high-enantiomeric excesses, and organocatalysis, in terms of Mannich and
Michael reaction processes with catalysts such as derivatives of proline. Additionally,
metal-catalysis cyclization with gold(I) and palladium(II) catalysts in combination with
chiral phosphoramidite ligands plays a key role. Examples include constructions of
complex structures such as (-)-sedamine, presenting useful methodologies for accessing
chiral piperidines effectively in drug development.

(Yu, etal., 2015) presents a straightforward one-pot method for synthesizing
N-substituted 4-methyl-1-oxa-8-azaspiro [4,5] deca-3-en-3-carboxylic acids. This
synthesis involves reacting 1-(2-ethoxyethyl)-4-acetyl-4-hydroxypiperidine or
1-(2-phenylethyl)-4-acetyl-4-hydroxypiperidine with acrylonitrile at room temperature
using an alkaline catalyst, leading to the formation of spirocyclic compounds. Subsequent
hydrolysis yields the desired carboxylic acids. The proposed mechanism suggests that
an initial cyanoethylation is followed by aldol condensation to form the spirocyclic
structure.

(Pitna, et al.,2021) developed a one-pot reaction with a Pd/C catalyst combining
hydrogenation with Suzuki-Miyaura cross-coupling in the modification of derivatives
of pyridine and thus presented an efficient and convenient path for complex heterocycle
preparation (Figure 4).
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Pd/C (3,5 mole%) Pd/C (16.5 mole%)
Na,;PO,*12H,0 AcOH(2x equiv)
(x equiv) /
- Dol
/ i- Propanol 80°C, 20, H;
48h N

Figure 4. Suzuki-Miyaura cross-coupling with a Pd/C catalyst.

(Tanaka, et.al., 2020) have documented hydrogenation of heteroarenes and arenes
with Pd/C under atmospheric pressure and have discovered a remarkably mild and
efficient catalytic reaction (Figure 5). The reaction is incredibly useful in terms of ease
of operation and application in bulk chemical processes. The authors pointed out the
utmost importance of maintaining the optimal starting material concentration for the
successful hydrogenation process. The mild hydrogenation method was studied in detail
on a broad spectrum of substrates. The authors concluded that the HOMO/LUMO states
and the bulkiness of the substituents majorly influenced the reaction rate.

P mole%
\ d/C (10 1e%)

R ) R
N/ AcOH, Hy(baloom), 15h

N
H

Figure 5. hydrogenation of heteroarenes and arenes with Pd/C.

Further developments in pyridine reduction proceeded with (Clarke, et.al., 2021).
The authors reported a borenium-catalyzed hydrogenation and hydrogen or hydrosilane
mixed reductants protocol (Figure 6). The newness in the mechanism in the strategy
presented an effective route from the documented protocols for the hydrogenation
of pyridines to derivatives. In a documented article, (Yang et.al.,2021) developed a
borane-catalyzed cascade of hydrogenation and hydroboration. It presented an effective
mechanism for transforming pyridines to more saturated derivatives, opening more
avenues for functionalization of pyridines.

1-H (10 mole%)
N R2 [Ph}C][J(:’»(ge M(})O mole%) R H R

AN PhSiH,
| Toluene, 50-90 bar H,
F 40-100°C, 19h

R?

Figure 6. Borenium-catalyzed hydrogenation of 2,5-pyridine.
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Intramolecular Cyclization. Inintramolecular cyclization the initiation of cyclization
originates from the starting reactant in its full form. A variety of functional groups and
bond activation processes contribute to the reaction, with cyclization exhibiting an
intramolecular nature in its direction. The primary pathway of intramolecular cyclization
is presented in Figure 7.

% N NN

6-exo-tet 6-exo-tet 6-cxo-dig
-exo-di
Y Y
% RN
6-endo-trig 6-endo-dig

Figure 7. Main route of intramolecular cyclization.

For easier understanding, the chapter was divided by substrate classes.

Alkene cyclization. (Nevado et.al., 2009) have developed a synthetic route
for oxidative amination of unactivated alkenes for the preparation of piperidinyl-
substituted compounds (Figure 8). This reaction is facilitated through a gold(I)
catalyst and involves an iodine(IIl) oxidant in a one-step incorporation of an
N-heterocycle and an O-substituted group onto a double bond.

RZ
Ry R, R OR,
H Ph;PAUSbE (5mo1%) -
/ "\ ¢ MeOH, -780C to.t..2h
R = Me, Ph;
I'=COt-Bu, COCF | cO(4-NO -Ph),CO(3,5-MeOPh) N7 51 86%
2 3 2

|

Figure 8. Intramolecular aminations of N-tethered alkenes: gold(I)-catalyzed oxidative
amines-terification.

Their studies (Nevado, et.al., 2009)) revealed that substituted in C6 position with a
bulk group pyridine-oxazoline ligand modulates the contact between pyridine-nitrogen
donor site and Pd(II), and its increased electrophilicity promotes olefin activation.
Ligand engineering in azidation reaction was also effective (Figure 9).
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Na Pd(OAC)z(lOmol%)
_L2.0c2h
/\\/ ~T1s” PRCL, 0°C, 240 >

R = h, Me, n-Pr, Bn, Ph, 4-Me-Ph, iPr, CH,0OAc,

different cycles and heterocycles L2 = Ph

h

Figure 9. Intramolecular aminations of N-tethered alkenes: palladium(II) catalyzed azidation.

Expanding on ligand-controllable regioselectivity, regioselective diamination of
alkenes (Figure 10) was studied by (Li, et.al., 2013). Their work confirmed reaction
pathways to be determined via steric hinderance with a bulk ligand, controlling for
pyrrolidone formation. Regioselectivity was observed to occur via the steric influence
of the nucleophilic reagent, N-Fluorobenzenesulfonimide (NFSI), and its role in
controlling direction in transformation.

PhO,S

PhO,S
—S0,Ph (10 mol%), }\I—SOZPh
(10 mol%), Pd(OAc),
R Pg(((l)zAc)zl | (2’ ) L4(12 mol%)
L3(12 mol%)NFSI(2 equiv. NFSIQ equiv.) L
~ P i ——— /\/\/\/ \SOZA * R
MeCN, r.t.,overnight MeCN, r.t.,overnight
N R=Et, n-Pr, Bn, Ph; N
éO Ar
i,ozAr ?

Figure 10. Intramolecular aminations of N-tethered alkenes: palladium(II)catalyzed 6-endo diamination

(Shibata,et.al.,2019)exploredintramolecularaminotrifluoromethanesulfinyloxylation
(an amine group and a trifluoromethanesulfinyl (-SOCHF35) of alkenes using palladium
catalysis (Figure 11). Their work generated 6-endocyclized piperidines with satisfactory
diastereoselectivity and efficiency and underscores the utility of complexed Pd catalysts
in cyclization processes for heterocycle construction.

Rs

R3 CF2S02Na(5.0equiv.),PD(0Ac)2(10mol%), Rj 0 CE
Ry R, H PIDA(2.0equiv.),t-BuOCI(1.0equiv), R \S/ 3
PivOH(5.0equiv.) 1
~7 _ > g
S MeCN,0°C,18h

Ry N

: |
=H, Me; R = H,Me, Ph; R =H, Me; S

I —cH 2 —(CH
Ry/R, «© z)n;Rl/R4 « 3)n

Figure 11. Intramolecular aminations of N-tethered alkenes: palladium (II)-catalyzed
aminotrifluoromethanesulfinyloxylation.
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Meanwhile, (Zawisza et.al., 2020) presented a diastereoselective, ligand-free
palladium-catalyzed intramolecular allylic amination (Figure 12). A stereochemically
defined protecting group participated in controlling product stereochemistry, behaving
in a similar manner to a chiral auxiliary in mechanism.
or (pdC1(C

sHs))s
(2,5mol%),PPh3(2,5mol%)

H
N CcOooiB
R \/\/\/\/ =y CHCl30°C or 60°C, 24h > 7

N

R=(S)-CH(Me)Phy(R)-CHOOPR(S)- ;L

CH(CH,Ph)CO, 2)COMe

Pd,(dba)s

Figure 12. Intramolecular aminations of N-tethered alkenes: palladium(0)-catalyzed allylic amination.

Further expanding the reaction range of palladium-catalysis, (Engle, et.al.,2013) have
utilized 8-aminoquinoline as a guiding group for intramolecular alkene hydroamination
(Figure 13). This reaction enables five- and six-membered heterocycle preparation
through a mechanism of syn-addition and subsequently, proto-depalladation.

(0]
o PJ(OAW),(10mol%);
H 1-AdaCO,H(1,0equiv.)
A RSN e m—r— N
H R CHCI;"°C or 60°C, 24h H
-1-napht 0 7 N R/N

g;gggpﬁlzgé/l ) Il%p%%:h?/?SO -cyclopropyl
3 2 2

OH

Figure 13. Intramolecular aminations of N-tethered alkenes: palladium(II)-catalyzed
hydrofunctionalization.

Lastly, (Cox, et.al., 2022) have revealed a carboamination of alkenes with
stereocontrol, in which cyclization is initiated via an in situ-formed carbocation derived
from an alcohol precursor (Figure 14).

R, COOMe
OH
= + )\ R N
—_— >
cooMe Rz Rs i
H ~ R, \\\\\‘
R1=PMP, CHCHPMP, Ph; \;‘{3

R2=H, Ph, Me, PMP,

R3=H,Ph,Me, PMP, CHCHPMP, CHCHPh,
CHCHMe

R2/23=CH2CH, CH2CH(Ph);

HFIP = hexafluoroisopropanol

Figure 14. Intramolecular aminations of N-tethered alkenes:cation-induced alkylation/amination.
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This reaction enables both C-N (carboamination) and C—C (alkylation) bond
constructions in a single reaction.

Diene cyclization. (Li, et.al., 2018) published a highly enantioselective nickel-
catalyzed intramolecular hydroalkenylation reaction of N and O-tethered 1,6-dienes
(Figure 15). This enables the construction of six-membered heterocyclic skeletons.
According to this routine, chiral piperidines and also tetrahydropyrans were efficiently
gained in a fully enantioselective matter. Mechanistically, it involves nucleation of
terminal alkyne with nickel(0), thereby resulting in selective intramolecular cyclization. It
can be considered further to illustrate strategies developed in reaching nickel catalysis of
the title transformation with the emphasis on complexity and enantiomeric purity targets.

| 2 [Ni(methallyl)Cl]2(5%mole)
L (10% molg
| NaBAr, ?ﬂ )nmole)
N DCM, 30°C, 16h
Rl
R2=Ph, 4-BrCgH,, 4-MeCyHy, 4-OMeCgH,, 4- 41-98%
NO,LCgHy, 4-COOMeCqHy, 4-CHOHCH,, 3- up to 99% ee

BrCgHy, 3-MeCgHy, 2-naphtyl
R!=H, Me, n-C(H, 3

Ar=9-phenantyl

stable allyc intermediate

Figure 15. Highly enantioselective nickel-catalyzed intramolecular hydroalkenylation of 1,6-ene-dienes.

(Cui, et.al.,2019) described a rhodium-catalyzed cycloisomerization of 1,7-ene-dienes
directed toward the synthesis of trans-divinylpiperidines (Figure 16). The process involves a
formal intramolecular addition reaction, wherein an allylic C-H bond adds across a diene system.
The process gives rise to the high selectivity toward the formation of trans-divinylpiperidine
derivatives and has proved the great capability of rhodium catalysis in controlling
regioselectivity and stereochemistry for the construction of complex piperidine structures.

R3 __ (5 mole%)
[Rh(coe)@%']&mle%)
AgSbFe
(4-CF3CgHy)3P (25 mole%)

DCE,60°C, sh

\ 38-81%

X=Ts, Bs, Ns;
R!=H, Me, Ph;
R2=H, Me;
R3=H, Me;
R4=H, Me;
RYR’~(CHa)4

Figure 16. Rhodium(I)-catalyzed cycloisomerization of 1,7-ene-dienes.
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(Shcherbakova, et.al., 2021) have analyzed bicyclic piperidines prepared through
a [2+2] photocycloaddition path (Figure 17). In a photochemical reaction of such a
kind, piperidine derivatives produce bicyclic structures through a high-strain bicyclic
arrangement via a reaction of cycloaddition. What is exciting about such a reaction
is that bicyclic frameworks, not accessible with conventional thermal routes, can be
prepared through such a reaction. underlines the utility of photochemistry in accessing
new and complex molecular architectures.

R

N

hv (365 nm),
Ph,CO (0.1 equiv)

MeCN, r.t., 72-144h

(0) N

L

R= Ph, 4-FC¢H,, 4-MeCgHy, 4-Pyr, 3-
Pyr, 2-Pyr, difference heterocycles

Figure 17. Bicyclic piperidines obtained via [2+2] intramolecular cycloaddition.

Alkyne Cyclization. Alkyne cyclization involves the transformation of alkynes into
nitrogen-containing heterocycles. An intramolecular cyclization reaction with N-tethered
alkyne benzyl alcohols, prompted by FeCl,, has been documented by (Borah, et.al.,
2018) (Figure 18). Through a path via early carbenium ion development, it induces its
subsequent cyclization towards complex N-heterocycle frameworks. Remarkably, such
a tool introduces an alternative for rapid assembling cyclonic rings under mild reaction
conditions for use in supporting nitrogen-enriched product fabrication.

Ts

FeCly

% HO R2 DCE, 60°C., 2h - ‘

R2

R1
R?
R!=Ph, 4-CIC(H,;
R2:Ph, 4-C1C6H4’ 4-BI’C6H4;
Figure 18. Intramolecular cyclization reaction with N-tethered alkyne benzyl alcohols prompted by
FeCl,
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(Takahashi, et.al., 2018) have discussed Samarium(Il) iodide-promoted
intramolecular cyclization of haloalkynals to yield five- and six-membered nitrogen-
containing heterocycles with an exo-olefin terminus (an alkene functional group
positioned outside a ring system) (Figure 19). Sml.-promoted reaction is particularly
useful in assembling heterocycles with high stereocontrol.

Br R,

o [ Br 7] Br OH

R : R
' 0 DIBAL-H, I-PrOH (10 equiv.) ‘ Ry i, © €auiv) AN R
\ 2
s . [ [,
0, .

N toluene, -78°C, 30min 0%, 10 min N

J | |

s l .

s 73-76%

1=
R'=H, Me — - anti:syn=68:32
Z-isomer prevalent

Figure 19. Samarium-catalyzed intramolecular radical cyclization of haloalkynals.

(Ding, et.al.,2020) have accomplished a gold-catalyzed intramolecular dearomatization
reaction for spironaphthalenone preparation starting with f-naphthol derivatives (Figure
20). With B-naphthol activation with a gold catalyst, cyclization creates a spirocyclic
compound. The reaction is important in terms of incorporation of structural diversity
and spirocyclic frameworks preparation, in general, via traditional routes, proving to be
challenging in most cases.

PGN/\

ZOT

P'Bu,AuCl
oH JohnPhosAuCl (5 mole%) o
AaNTE (5 mole%)
g 2
Ry DCM, r.t., open-flask Ry JohnPhosAuCl

Figure 20. General procedure for gold-catalyzed intramolecular dearomatization reaction of B-naphthol
derivatives.

(Kamimura, et.al.,2020) disclosed a cumulated radical cascade reaction of aza-1,6-
enynes for stereoconvergent preparation of exo-methylene piperidines (Figure 21). It
consists of a sequence of radical processes that form piperidine with high stereocontrol.
The reaction highlights the efficacy of radical processes in assembling stereostructurally
complex N-containing heterocycles.
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\\ R, 1, (0.5 equiv), 70% \ R,
(B) aq. TBHP (3 equiv.) OH
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Figure 21. Radical stereoselective cyclization of 1,6-enynes initiated through borane addition.

Other Cyclization. (Anderson, et.al., 2021) have also employed the use of
the nitro Mannich reaction in asymmetries in piperidines' synthesis (Figure 22). The
most significant reaction processes involve the addition of amines with nitroalkanes and
cyclization that forms a piperidine ring.

e

PMP PMP

N
o’ (3 equiv.)
PMP. LiHDMS H% ceﬂm)) BF,*OEt, ’ .
N N CuOTh: " W . COOEt  EtySi (1.5 equiv.) W COOE
— R H —_—>» R H
R ‘K THF, -78°C, 1h No, DCM, 0°C to r.t., 5,5h No,
NO, COOEt

19-57%
drup to 95:5

R=H, 3-Me, 4-OMe, 4-Br, 4-F, 4-NO,,
2-OMe, 2-Br, 2-furyl, 2-thophenyl

Figure 22. Asymmetric synthesis of piperidines by nitro-Mannich/reduction cyclization.

(Cheng, et.al., 2021) performed a desymmetrization strategy for preparation of
piperidinyl acetic acid derivatives (Figure 23). Piperidinyl acetic acid derivatives
represent a group of y-secretase modulators, drugs with therapeutic value for application
in Alzheimer's disease therapy. The synthetic sequence features the use of N-tert-
butanesulfinyl imine reduction and a diastereoselective lactam formation to set up the
chiral centers.
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Figure 23. A desymmetrization-based approach for the synthesis of piperidinyl acetic acid y-secretase
modulators.

Kazcaine (Kemelbekov et.al.,2010), chemically 1-(2-ethoxyethyl)-4-ethynyl-
4-benzoyloxypiperidine, is a piperidine analogue prepared for its anesthetic and
antiarrhythmic activity. It possesses a 4-ethynyl piperidine backbone, whose
physicochemical and pharmacologic profiles, such as its lipophilicity, its receptor
binding capacity, and its metabolical stability, are specifically determined. Possession
of an ethynyl group at position 4 in its piperidine backbone profoundly modulates its
electronic character and its target bio-molecular interaction capacity towards sodium
and potassium ion channels.

The synthesis is initiated with 1-(2-ethoxyethyl)-4-oxopiperidine and acetylene in
liquid ammonia, with potassium hydroxide (KOH) acting as a catalyst for insertion
of an ethynyl (-C=CH) substituent at position 4 of the piperidine ring through
regioselective addition, with the intermediate anionic species stabilized in a liquid
ammonia environment (Figure 24).

COOCH5 © ©
COOCH5 COOC ,Hs
2CH2=CHCOOC2H5 CH,COONa PhCOCI
RNH,
toluene
N N
R = C,H,0C,H, R Ph

Figure 24. Insertion of an ethynyl (-C=CH) substituent at position 4 of the piperidine ring.
The intermediate 1-(2-ethoxyethyl)-4-ethynylpiperidine then acylated with benzoyl

chloride (CsHsCOCI) to produce the target compound 1-(2-ethoxyethyl)-4-ethynyl-4-
benzoyloxypiperidine hydrochloride (Figure 25).
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Figure 25. 1-(2-ethoxyethyl)-4-ethynyl-4-benzoyloxypiperidine hydrochloride synthesis.

The addition of a benzoyl ester group strengthens the compound’s stability
and modulates its lipophilicity. The crude compound is then crystallized with
isopropanol (i-PrOH) for purification.

Kazcaine represents a synthetically new piperidine analogue with considerable
anesthetic and cardioprotective activity. Its availability through synthetic
preparation, together with its novel pharmacologic profiles, warrants further
investigation into its therapeutic potential. Innovation in synthetic manipulation,
computer simulation, and clinic evaluation will become paramount in shaping its
position in present-day pharmaceutical applications.

Conclusion. This review discussed 4-ethynyl piperidine derivatives'
preparation, diversity in structure, and pharmaceutical value, with a
specific consideration for compound Kazcaine. Transition-metal catalysts,
intramolecular cyclization, radical conversions, and hydrogenation routes have
amplified piperidine skeletons' availability, and piperidine skeletons can become
increasingly functionalized and stereochemically regulated. Kazcaine, as an
example, mirrors the value of piperidine-containing compounds in anesthetic
and antiarrhythmic activity. Preparation, via efficient condensation and acetylene
coupling methodologies, is a model for minimizing synthetic routes towards new
bioactivities.

Latest development in the field of synthesis of 4-ethynyl piperidine
derivatives were studied and analyzed. Future research will have to focus
towards improvement in environmentally friendly and sustainable processes,
search for new catalysts, and ongoing studies of new piperidine derivatives'
bioapplications. A wider application of computational modelling and high-
throughput screening will necessarily boost piperidine drugs' discovery at an
even rapid pace, enhancing its role in drug development.
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