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4H-quinolizin-4-one’s is an important heterocyclic compound due to its wide range of applications in
medicinal chemistry and material science. Despite of the attractive physicochemical properties and
interesting biological activities, due to the non-availability of a general method of the synthesis, 4H-
quinolizin-4-one’s small molecule library under-represented in medicinal chemistry programs. There-
fore, the development of the general methods for the constructions of this core is an area of interest.

Which continue to attract from the synthetic organic community and many protocols for the synthesis of
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functionalized 4H-quinolizin-4-one were appeared in the literature since 2000. In this review, the results
of the synthetic efforts towards the synthesis of the quinolizinone since 2000 are reviewed.

© 2020 Elsevier Ltd. All rights reserved.
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1. Introduction

4H-quinolizin-4-one is a unique class of heterocyclic bicyclic
compound, which contain a nitrogen atom at the ring junction
having polar zwitterionic character. It possess attractive physico-
chemical properties, as well studied for treatment of variety of the
biological activities, such as, treatment of spinal muscular atrophy,
type-2 diabetes, Alzheimer’s disease, HIV integrase inhibitory ac-
tivity, Mg2+ fluorescent probe for intracellular 3d imaging,

* Corresponding author.
E-mail addresses: gaikwad.chemistry@gmail.com, gaikwad_nd17@yahoo.co.in
(N.D. Gaikwad).

https://doi.org/10.1016/j.tet.2020.131409
0040-4020/© 2020 Elsevier Ltd. All rights reserved.

anticancer, antibacterial, antimicrobial, anti-allergic, etc. [1—10]
Structure of the representative biologically active 4H-quinolizin-4-
one is illustrated in Fig. 1.

Moreover, this scaffold is considered as an important starting
material for the synthesis of other heterocycles [11]. Despite of the
range of the biological activities and attractive physicochemical
properties, the method for the construction of the 4H-quinolizin-4-
one is very limited. Due to the non-availability of the general
methods of the synthesis of the functionalized 4H-quinolizin-4-
ones, this scaffold is poorly investigated in medicinal chemistry
programs. Hence, the discovery of the new method for the syn-
thesis of the functionalized 4H-quinolizin-4-one is an area of in-
terest. In this direction, in the recent years, the general method for
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Fig. 1. Molecular structure of 4H-quinolizin-4-one and representative biologically important 4H-quinolizin-4-one’s.

the synthesis of the functionalized 4H-quinolizin-4-one reported in
literature. Despite of the usefulness of 4H-quinolizin-4-one in
medicinal chemistry and material science no detailed review article
in this field with exceptions of a short review by Alnajjar et al. [12]
In this review, we have summarized the new methods of synthesis
of this 4H-quinolizin-4-one published since 2000. This helps the
researcher to have the literature available methods at a glance and
give the direction to discover the new methodology for the syn-
thesis of functionalized 4H-quinolizin-4-one which could be
explored for the development of pharmacological agent.

2. Metal catalyzed intramolecular cyclocarbonylation using
CO as C1 precursor

Metal catalyzed intramolecular aminocarbonylation is an
important method for synthesis of the lactam, Hui Yu et al. used
this strategy for the synthesis of the 4H-quinolizin-4-ones. The

palladium catalyzed intramolecular cyclocarbonylation of the
azaarene substituted allyl amine 7 gives access to the 4H-quinoli-
zin-4-ones 8 in good to excellent yield (Scheme 1). This is an
example of the dearomative carbonylation and Heck reaction by
palladium catalyst [13].

Zeqiang Xie et al. synthesized the pyridoisoquinolinones 10 by
Pd-Catalyzed C(sp2)—H carbonylation of 2-benzylpyridines 9. The
pyridyl group in the starting material serves both as a nucleophile
as well the directing group in the palladium catalyzed pyr-
idocarbonylation (Scheme 2) [14].

Xibing Zhou et al. synthesized the quinolizinones 12 in 41-98%
yield with wide substrate scope. This method involves, palladium
catalyzed hydrocabonylative cyclization of the aryl tethered alkene
or dienes 11 (Scheme 3). The reaction proceeds via sequential
insertion of a C=C, CO, and a C=N bond into palladium-hydride
bonds [15].

Like to palladium, the dicobalt octacarbonyl serves as the

co
Pdly(5 mol%), Ry
Xantphos (6 mol%), R,
Toluene, 120 °C, 1" 24 h Y
> R |
8 O

16 Examples
Yield = 42-93%

R =H, Me, CI, F, CH,0OH, CH,OMOM
R4 =H, Me
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s N=
N N |
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Scheme 1. Cyclocarbonylation of the aza-arene substituted allyl amine to 4H-quinolizin-4-ones.
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Scheme 2. Pd-Catalyzed C(sp2)—H carbonylation of 2-benzylpyridines.
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Scheme 4. Dicobalt octacarbonyl catalyzed hydrocabonylative cyclization.
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efficient catalyst for the carbonylative cyclization of pyridinyl
diazoacetate 13 to pyridoisoquinolinone 15 (Scheme 4). The reac-
tion proceeds at room temperature under balloon pressure of the
carbon monoxide with a wide variety of the substituent tolerated
under the optimized reaction conditions. Moreover, Yonghyeon
Baek et al. demonstrated diazotization and cyclocarbonylation to
pyridoisoquinolinone 15 in one pot procedure (Scheme 4) [16].

3. CO free cyclocarbonylation

Most commonly CO gas is used as the CO source for carbonyl-
ation reaction. Rui Yang et al. developed the CO free palladium
catalyzed carbonative cyclization of benzylpyridine 16 to the
pyridoiso-quinolinones 17(Scheme 5).

This procedure makes the use of the formic acid and acetic
anhydride as CO source instead of the CO gas. The reaction involves
CH-activation of the 16 followed by dearomative cyclization. Ben-
zylpyridine 16 first from palladocyles which underwent dear-
omative cyclocarbonylation to pyridoiso-quinolinones 17 in
35-91% yield [17].

4. Tandem catalysis approach for CO; fixation as C1 precursor

Tandem catalysis involve use of the more than one catalyst in
one pot and is one of the most important approach in organic
synthesis. Moreover, the use of the CO, in for the construction of
the complex molecular skeleton is an emerging area. In view of the
these facts the Chao-Chen Dong et al. developed the new method
for the synthesis of the 4H-quinolizin-4-ones 19 using the CO; as a
carbon precursor via multicomponent reaction. The Ag,O and
Cs,CO3 serves as the effective orthogonal tandem catalyst for the
construction of the 2 C—C and one C—N bond under mild reaction
conditions in one pot to give access to 4H-quinolizin-4-ones 19
(Scheme 6) [18].

5. Metal catalyzed/(double) C—H activation protocol

The metal catalyzed C—H activation by directing groups is an
attractive strategy for the synthesis of many heterocyclic com-
pounds. The primary benzamide 20 on reaction with the two
molecules of the alkynes 21 gives access to the 4H-quinolizin-4-
ones derivatives 22. This reaction proceeds by double C—H activa-
tion by Rh(III) catalyst followed by oxidative coupling to give 4H-
quinolizin-4-ones. Ag;CO3 serves as internal oxidant and
[Cp*RhCly]; as an efficient catalyst for C—H activation and the re-
action proceeds smoothly in acetonitrile. The benzamide bearing
both electron withdrawing and electron donating substituents at
various positions gave access to corresponding product in good
yields. On using 1-phenyl-1-propyne as the alkyne instead of the
1,2-diphenylethyne, only the exclusive product 22C over the four
possible regioisomers (Scheme 7) [19].

The rhodium catalyzed reaction of the primary benzamide 20
(Scheme 8) with 2 molecules of alkyne 23 to give quinolizinone 24.
The reaction proceeds with the double C—H activation and annu-
lation with alkyne, the Cu(OAc),.HO serves as internal oxidant
[20].

The double cascade reaction of the benzoylhydrazine 25 with
the 2 molecules of the alkyne produces the quinolizinone 26 in
good yield. The reaction proceeds via C—H activation by the Rh(III)
catalyst directed by the hydrazide functionality. If one equivalent of
the alkyne is used, then isoquinolones is the major product under
these reaction conditions (Scheme 9) [21].

Juan Li et al. used the Rh(IIl)-catalyzed oxidative annulation of
pyridin-2(1H)-ones 27 with alkynes via double C—H activation with
alkyne to construct the highly functionalized 4H-quinolizin-4-ones
(Scheme 10) [22].

Furthermore, this method extended successfully for the annu-
lation of N-arylpyridin-2(1H)-ones 29 with alkynes which gave
access to the library of the 1H-pyrido[1,2-a]quinolin-1-one 30
(Scheme 11).

Ju Hyun Kim et al. constructed the isoquinolinone by the Rh(III)
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Scheme 5. CO free Cyclocarbonylation.
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Scheme 6. One-Pot multicomponent synthesis of 4H-quinolizin-4-ones using the Ag>0/Cs,CO3; Orthogonal Tandem Catalysis and CO, as C1 precursor.
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Scheme 7. Synthesis of the polycyclic 4H-quinolizin-4-ones by Rh(IlI)-Catalyzed double oxidative coupling of primary benzamides and alkynes.
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Scheme 8. Synthesis of the polycyclic 4H-quinolizin-4-ones by Rh(Ill)-Catalyzed double C—H activation of benzamide.
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Scheme 11. Rh (IIl) Catalyzed Synthesis of quinolizinones.

catalyzed C—H activation of 2-arylpyridine 31 and the pyrido-
triazole 32 was used as a carbene source to give access to iso-
quinolinone 33 in 50—99% yield (Scheme 12). The synthesized
derivative are fluorescent in nature and studied for the application
in metal detection [23].

Ruthenium catalyzed reaction of the benzamide 20 and
diphenyl acetylene 21 gives access to isoquinolinone 22 in mod-
erate yield (18—56%) (Scheme 13). The Cu(OAc).HO serves as in-
ternal oxidant. Frist C—H activated by ortho amide group undergoes
ruthenocycle formation which further coordinated with alkyne
followed by reductive elimination to give corresponding iso-
quinoline [24,25].

Bin Li et al. have optimized the ruthenium catalyzed method for
the coupling of isoquinoline 34 and alkyne to quinolizinone de-
rivatives 35. The reaction proceeds smoothly with wide substrate

scope and proceeds via C—H, N—H activation. In this first step for-
mation of the cyclometalated compound assisted by the acetate
which undergoes mono alkyne insertion to Ru—C bond of the
metalocycle then oxidative coupling of C—N bond insertion
(Scheme 14) [26].

The Amitava Rakshit et al. developed one pot protocol for the
synthesis of isoquinolinone 37 from the a-ketomalonitrile deriva-
tive 36 (Scheme 15). First one of the nitrile undergoes the selective
hydrolysis by copper acetate monohydrate give corresponding
amide which underwent dehydrative cyclization and annulation
with alkyne in the presence of the ruthenium catalyst in one pot.
This transformation involves one C—C, two C— N, two C=C and a
C=0 bonds in one pot [27].

Cobalt catalyzed C—H functionalization with diazo compound
39 gives access to the quinolizinone 40 in good to excellent yield.
The diazo compound 39 is generates the carbene which undergoes
annulation to yield polycyclic compound 40 (Scheme 16) [28].

Zhengwang Chen et al. developed the one pot protocol for the
synthesis of the highly functionalized 4H-quinolizin-4-ones 44
using the Sonogashira coupling of the variety of the aryliodide 41
with methylpropiolate 42 gave alkyne derivative which undergo
the cyclization with the B-pyridyl analogues 43. The both electrons
withdrawing and donating substituent on the aryl iodide 41 as well
as the variety of the 2-pyridyl derivatives 43 were tolerated under
optimized reaction condition (Scheme 17) [29].

René den Heeten et al. constructed the 4H-quinolizin-4-ones
derivatives by using multicomponent alkylation, Heck reaction
procedure. This protocol gives access to highly functionalized 4H-
pyrido[2,1-alisoquinolin-4-one in three steps (Scheme 18) [30].

Popat S. Shinde et al. developed the gold catalyzed amino-
alkenylation protocol for the synthesis of the quinolizinone 50.
The gold catalyzed reaction of the 2-pyridylalkyne 49 with 1-
[(triisopropylsilyl)-ethynyl]-1,2-benziodoxol-3(1H)-one (TIPS-EBX)
gives access to the quinolizinone 50 in 48—87% yield. The reaction
proceeds smoothly at 50 °C (Scheme 19) [31].

Alfredo Rosas-Sanchez et al. synthesized the 3-substituted 4H-
quinolizin-4-ones using (n4-vinylketene)-Fe(CO); complexes un-
der mild reaction condition in good yield (Scheme 20). The key
intermediate (n4-vinylketene)-Fe(CO); complex 55 synthesized as
per the reaction sequence depicted in Scheme 20 starting from 2-
formyl pyridine derivative 52. 2-formylpyridine’s on reaction with
ketone 51 gave the chalcone’s 53 which on reaction with Fe;(CO)qg
followed by treatment with methyl lithium in the presence of the
CO balloon gave (n4-vinylketene)-Fe(CO)3 complex 55 which on
refluxing in benzene for 4 h gave 4H-quinolizin-4-ones 56 and 57 in
59—-93%. These compounds studied for important photo lumines-
cent which could give opportunities to design the novel organic
light emitting diodes [32].
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Scheme 12. Synthesis of the 4H-quinolizin-4-ones by Rh(Ill) catalyzed C—H activation of 2-arylpyridine and the pyridotriazole.

[RuCl,(p-cymene)],, 7.5 mol%

Cu(OAc).H,0, 2.2 Eq. o Ph
o] Ph  Na,COs, 2 eq. N ik
Chlorobenzene, Ar, 110 °C R
N il e 1
Rl NHz 5 Eqll - 7 O
=
Ph Ph
20 21 22
7 Examples

R4 =H,Me, NO,, CI, OMe, F

Yield: 18-56%

Scheme 13. Synthesis of the 4H-quinolizin-4-ones by Ru(IV) catalyzed C—H activation of benzamide.
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Scheme 14. Synthesis of the 4H-quinolizin-4-ones by ruthenium coupling of isoquinoline and alkyne to quinolizinone.

Fe3;04-MNPs (magnetic iron oxide nanoparticles) serves as
catalyst for the synthesis of 4H-pyrido[2,1-a]isoquinolin-4-one 63
via multicomponent reactions of the phthalaldehyde, methyl
amine, methyl malonyl chloride, alkyl bromides, and triphenyl-
phosphine. The reaction proceeds in aqueous sodium hydroxide at
80 °C. Alternatively the 2-aminobenzaldehyde is and acetaldehyde
is used as substrates instead of the phthalaldehyde and methyl

amine which gave access to 4H-pyrido[2,1-a]isoquinolin-4-one 63A
(Scheme 21) [33].

Baek Y. et al. synthesized acylmethyl-substituted 2-arylpyridine
by rhodium catalyzed C—H activation reaction of 2-arylpyridines
with 3-aryl-2H-azirines. Acylmethyl-substituted 2-arylpyridine 2-
arylpyridine can be used as the starting material for the synthesis
of isoquinoline using one pot procedure. Acyldiazo group can be
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Scheme 15. Synthesis of the 4H-quinolizin-4-ones by coupling of a-ketomalonitrile and alkyne to quinolizinone.
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Scheme 17. The synthesis of 4H-quinolizin-4-ones via one-pot Sonogashira coupling and annulation reaction.
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R3

15 Examples
30 - 94%

Scheme 18. The synthesis of 4H-quinolizin-4-ones by multicomponent alkylation, Heck reaction procedure.
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Cat. AuCl,
N TIPS-EBX,
| ACN: MeOH ~
= 19:1), 50 °C, ——Si
MeO N ( ) /|
24-30 h (0]
_— O
// (TIPS-EBX)
R 49 1-[(triisopropylsilyl)-ethynyl]-
1,2-benziodoxol-3(1H)-one
TIPS
22 Examples
Yield: 48-87%
Scheme 19. Gold catalyzed synthesis of 4H-quinolizin-4-ones.
Fe(CO),
LiOH.H,0 10 mol%
fo) N Ether: EtOH; 10:1 Fe,(CO)g, Ether, (0]
N
R)J\+ OAEj rt4h RS Arrt, 4 h e |N\
= - o, 049
51 o 79- 95% 53 N 79-94% 54 o
1) MeLi, DCM, Ar,
-78°C,0.5h
_ 47-90% 5)'0 (balloon), -78 °C
R Yield % R -rt.3h
Yield % '
Ph 77 4-Ph-CgHy 78 o Fe(CO);
4-Me-CoH 75 2-Napthyl 79 2 Benzene, &
6 R N reflux, 4 h N
72 58 | ‘ R™ /7 S
4-Br-CgH, 2-Furyl ONF 12 Examples |
o 56 Yield: 58-93% 55 NS
41-CoHy 93 2-(N-Methyl)pyrrolyl
2-Thienyl 71
4-OMe-CgHy 82
4-CF3-CeH, 77

Scheme 20. 3-substituted 4H-quinolizin-4-ones via (n4-vinylketene)-Fe(CO); complexes.

=0 NH, Fe;04,-MNPs (10 mol%),
0 et NaOH (10 mol%),

58 + . R 80°C,6h -
o o r/smor 5 Examples
Yield: 80- 89%
CIMOMe
59
X0 Fe304-MNPs (10 mol%),
o NaOH (10 mol%), N
NH, 80°C,6h N
62 + R >
Br/\ﬂ/ 3 Examples P
O O Yield: 70- 75% O R
J
63A
Cl OMe

Scheme 21. Multicomponent reaction for the synthesis of pyrido[2,1-a]isoquinoline.

easily obtained from the diazotization of the corresponding
acylmethyl-substituted 2-arylpyridine, which undergoes intra-
molecular cyclization of in situ generated diazo intermediate via
Curtious rearrangement in presence of 1 mol% of copper triflate
catalyst, leading to formation of pyridoisoquinolinone 65 (40%) and
pyridoisoindole 65A (45%) (Scheme 22) [34].

Dialkylthioether gold complexes serves as the source for the
formation of the gold catalyst of the different oxidation states
through photo reduction, which serves as an efficient catalyst for
the synthesis of indolino-4H-benzoquinolizin-4-one 69 from 66 via
the two sequential chemo-selective cyclization. The mono-
substituted alkyne is activated by the gold (Ill) chloride catalyst
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1. TsN3, DBU, DCE,
40°C,0.5h
2. Cu(OTf),, 80°C, 1h

'

65A

45%

Scheme 22. One pot synthesis of 4H-quinolizin-4-ones.

whereas the disubstituted alkyne reacts in the presence of cationic
gold (I). The first step is a 6-exo-dig cyclization followed by isom-
erization leading to the new B—carbolinone derivative 67 which
undergoes 6-endo-dig cyclization towards 4H-quinolizin-4-one 69.
Different dialkylthioether gold complexes proved the effective for
the transformation, however, we have shown below representative
ligand 68 which yield the highest yield of 4H-quinolizin-4-one 69
(Scheme 23) [35].

6. RCM metathesis

Thomas A. Alanine et al. used the Ring-Closing Metathesis
strategy for the construction of quinolizin-4-ones. The required key
intermediate 75 was synthesized via Scheme 24. This involves the
regioselective N-alkylation followed by Stille coupling. This proto-
col gives access to substituted quinolizin-4-ones 76 which were
difficult to prepare by another method [36].

Hue Thi My Van et al. constructed quinolizin-4-ones 84 using
the RCM strategy which is the starting material of 8-
oxypseudopalmatine and 8-oxypseudoberberine (Scheme 25) [37].

7. Metal free protocol

Calum W. Muir et al. used the one pot Hor-
ner—Wadsworth—Emmons olefination/cyclization strategy for the
construction of the 4H-quinolizin-4-ones 87 starting from B-keto-
pyridine 85 and triethylphosphinoacetate 86. p-ketopyridine 85
undergo the Horner—Wadsworth—Emmons olefination by trie-
thylphosphinoacetate 86 in the presence of the sodium hydride in
toluene at 0 °C — rt in 15 min, the formed olefin cyclized to 4H-
quinolizin-4-ones 87 on heating to reflux for 20 h (Scheme 26). This
process offers the 2-substituted-4H-quinolizin-4-ones in good to
excellent yield with range of the substituent tolerated [38].

a-hydroxy ketones 88 and dimethyl but-2-ynedioate undergoes

O )

6-exo dig /

AN 67

A 0\\ 2AuCly, 68 = AgOTf
- = N R
N\ N 99% N 83%
o
66

cascade cyclization in the presence of the DBU as a base in DMF to
gives access to pyrano[4,3-a]quinolizine-1,4,6(2H)-triones 89 in
40—94% yield (Scheme 27) [39].

Iwao Hachiya et al. have synthesized 4H-quinolizin-4-ones 92
and 93 in 14—77% yield by the addition reactions of malonic esters
91 to alkynylpyridines 90 (Scheme 28) [40].

The condensation of 2-pyridylderivative 95 with methyl-
bis(methylsulfanyl)methylene -cyanoacetate 94 in the presence of
potassium carbonate at room temperature for 4—5 h yields 3-
cyano-4-oxo-4H-quinolizine 96 while the condensation of the 94
With the 3 equivalent of 95 formation of 97 is observed (Scheme
29) [41].

Hue T.B. Bui et al. used the one pot Stobbe condensation fol-
lowed by cyclization strategy for the synthesis of the 4-Oxo-4H-
quinolizine 199 from the commercially available pyridine 2-
carboxaldehyde 98 (Scheme 30)[42].

Quinolizinone 103 is synthesized in excellent yield using the
flow technique, 2-Pyridiocyclobuenone 102 underwent the rear-
rangement at 100 °C in 10 min (Scheme 31)[43].

(E)-ethyl 3-(dimethylamino)-2-(1,3-dioxoisoindolin-2-yl)acry-
late synthesized 105 from the ethyl 2-(1,3-dioxoisoindolin-2-yl)
acetate 104 which on refluxing with 2-pyridylacetonitrile or ethyl
2-(pyridin-2-yl)acetate in acetic acid gives access to quinolizinones
106 (Scheme 32) [44].

N-hetaryl substituted heptynone esters 107 undergo ring
closure to give 108 which undergo a further anionic cyclization to
provide tri- and tetracyclic quinolizinone derivatives 109 (Scheme
33) [45].

Anton J. Stasyuk et al. synthesized the naphthoquinolizines 111
via intramolecular Houben—Hoesch reaction of the 110 which
showed interesting optical properties and high fluorescence
quantum yield (Scheme 34) [46].

The orthoalkylnylaniline 112 and B-keto ester 113 on refluxing in
ethanol in the presence of PTSA yields tetracyclic isoquinolinone

R
Sht
oD’
O

0O g SCiaas
68

SCi2Hzs

Scheme 23. Gold catalyzed synthesis of 4H-quinolizin-4-ones.
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73 R,
BusSn. AL
1) NaH, DME: DMF; Pd,(dba)s, N
R 4:1, 0°C, 15 mi i ine, N
~C 1, X min Ry~ X tri(2-furyl)phosphine,
/t 2) LiBr, 20 min, rt /m MeCN, 80 °C N f6)
Br H O Br N~ 0 >
iy 3)65°C, 19 h Rs R,
Ry 72 3Ro 74
X\A
71
Grubb's 1 gen/
Grubb's 2" gen./
Hoveyda-Grubbs 2" gen.
DCM, rt,12-16 h
Rs Ry R Ry 30 mol% Pd/C, R,
7Y I . NN | 150°C,2h Ry
-
RS X N N | |
2 Rs 11 Examples R N
76 0 7 0 Ratio: 10:0 to 1:1 " 2
Major Minor Yield = 22 - 81% 75 O
Ry = H, CO,Et
R, = H, Me, Ph, CO,Me
R; = H, Me

Scheme 24. Synthesis of substituted quinolizin-4-ones by Ring-Closing Metathesis.

R
4 R Sn(/\)4

3
] O Cu(OAc),, Oy,
R n-BuLi, THF,
R4 Me . RSO/jCE 8 .78 °C ! O N w,
> NH
NEt, NC R R7 ORs
Rz 79 80 O
78 O
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10% HCI

PPhyCH3Br,
n-BuLi, THF

Grubb's 2nd gen,
DCM, reflux

Rq
Ry, Ry, Ry, Ry= H; 42%
R; = Me, Ry, Ry, Ry= H; 38%

<8

R4, R3, Ry =H, R, = Me; 24%
R4, Ry, R3, Ry = OMe; 91%

PDC, DCM

Ry, Ry = OMe, Rs, Ry = MOM; 76%

Ry N
O N
Ry &
o)

84

Scheme 25. Synthesis of polycyclic quinolizin-4-ones by Ring-Closing Metathesis.

114 in 35-96% yield. The reaction proceeds via hydration,
condensation and double cyclization in one pot (Scheme 35) [47].

8. Conclusion

In this review, we have summarized the methods for the syn-
thesis of 4H-quinolizin-4-one which is an important heterocyclic

compound having nitrogen atom at the ring junction having polar
zwitterionic character. Despite of the attractive physicochemical
properties and interesting biological activities, due to the non-
availability of a general method of the synthesis, 4H-quinolizin-4-
one’s small molecule library under-represented in medicinal
chemistry programs. Therefore, the development of the general
methods for the constructions of this core is an area of interest.
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12
NaH, toluene, o)
0 °C-rt, 15 min.,
m * () OP\)(l reflux, 20 h Z>N
—_—
N R 2 OEt NN
85 86 14 Examples 87
21-97%
R Yield R Yield
71,1(\/\/ 95%, -4-F-CgHy 99%
-4-Cl-CgH, 97%
0,
é < 83% -4-Br-CgH, 96%
%\Q 1% -4-OMe-CgH, 97%
-4-OTBS-CgH,4 21%

/\C\N Ph 48%
4
~4-n-Bu-CgH, 76%
0,
/\EO/) 62% -4-N(Bn),-CeHs 92%
78%
-CeHs 92% -2-Me-CeH,

Scheme 26. Horner—Wadsworth—Emmons olefination/ cyclization strategy for the construction of the 4H-quinolizin-4-ones.

R
o) R,
o)

NP 0

mRRon

89 0]
20 Examples
Yield: 40 - 94%

R =H, Me, OMe, F, CI, Br, CN, COMe, CF3

CO,Et, NO,
o)

R1, Ry = Me, Et, (CH,)sCHj, Ph o 0

O
O

s | o i

~_N

N 74% 83%
0 (e

Scheme 27. Synthesis of pyrano[4,3-a]quinolizine-1,4,6(2H)-triones.

Over the year the traditional approaches are replaced with the new intramolecular cyclocarbonylation, metal catalyzed/(double) C—H
methods for synthesis of functionalized 4H-quinolizin-4-one. activation protocol and metal free methods such as Hor-
ner—Wadsworth—Emmons olefination/cyclization strategy, base

Mostly the procedure for the synthesis involves metal catalyzed



M.R. Kulkarni, N.D. Gaikwad / Tetrahedron 76 (2020) 131409

COM NaH, diglyme,
l\ . )\29 150 °C, 8-23 h SN ®
/
N MeOC™ "Ry 7 Examples NN NN

=
R op 91 Yield= 14-77% 92 Cone
MeO 0
A
NS A
NG NS NG
389 COMe 369 CO2Me 77%  CO,Me 20% Co,Me 76%

Scheme 28. Synthesis of 4H-quinolizin-4-ones base promoted annulation of 2-alkyl pyridine.

A
A
1.1E.Ej\/
|N/ R q N7 R

95 R 95
! GN | KiCOSDMSO o A\ SMe  K;CO5, DMSO
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s © CN
g 94 96 © 97 O
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R= CO,Me, 84% CO,Et, 57%
\ CO,EL, 71% CN, 62%
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™ COLEt, 57%
CN. 74%

Scheme 29. Synthesis of 4H-quinolizin-4-ones by base promoted condensation of 2-pyridylderivative 95 with methyl-bis(methylsulfanyl)methylene —cyanoacetate.

Diethyl succinate,

13

KO-t-BU. £.BUOH 0 and acid catalyzed annulation reactions. In this review, the results

SN Ac -O- ltlla O AL:: of the synthetic efforts towards the synthesis of the quinolizinone
@\/O 2> 3 2\ | since 2000 are reviewed. This helps the researcher to have the
N & X OEt literature available methods at a glance and may helpful to re-
98 99 searchers to explore the 4H-quinolizin-4-one scaffold for the

43% development of pharmacological agent.

Scheme 30. Synthesis of 4H-quinolizin-4-ones by reaction of pyridyl-2-
carboxyldehdye and diethylsuccinate

n-BuLi, -78 °C
MeO o)
ji QMe 1,4-Dioxane,
N 100 °C, o~
| MeO” 491 O MeO under flow
= > N
N Br - _{ OH
N
100 \_ 7" 102 103

Scheme 31. Synthesis of 4H-quinolizin-4-ones from 2-Pyridiocyclobuenone using flow technique.

NMe2 X
A | R
o 0 t+BuO” “NMe, 0 0 NT SR
}OEt DMF, 120 °C OEt AcOH, reflux 2 |
N — = N N\ / > N
N NHPhth
\

104 © 105 O 106 O
R=CN, CO,Et

Scheme 32. Synthesis of 4H-quinolizin-4-ones from (E)-ethyl 3-(dimethylamino)-2-(1,3-dioxoisoindolin-2-yl)acrylate.
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Scheme 33. Synthesis of 4H-quinolizin-4-ones from N-hetaryl substituted heptynone esters.
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Scheme 34. Synthesis of 5H-benzo[d]pyrido[3,2,1-i]quinolin-5-one.

<R
= >-Ro — J
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R, = H, Me, CI, F, CN

R3 = Me, n-Pr, CH,CH,Ph,CH,Ph,
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Scheme 35. Synthesis of 4H-quinolizin-4-ones by reaction of orthoalkylnylaniline and p-keto ester.
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