
DOI: to be inserted by editorial office  Page 1  ©AUTHOR(S) 

 

A Platinum Open Access Journal 

for Organic Chemistry 
Review 

Free to Authors and Readers DOAJ Seal 
Arkivoc 2025, part __, 0-0 

to be inserted by editorial office 

 

Synthetic approaches of the unsung members of the pyridocarbazole family 
 

Sarah J. Wright and Songeziwe Ntsimango* 

 

Molecular Sciences Institute, School of Chemistry, University of the Witwatersrand, PO Wits 2050, 

Johannesburg, South Africa 

Email: Songeziwe.ntsimango@wits.ac.za    

 

Dedication to Professor Hans-Günther Schmalz on the occasion of his retirement and his contribution to the 

advancement of organic chemistry in South Africa 

Received   mm-dd-yyyy Accepted   mm-dd-yyyy Published on line   mm-dd-yyyy 

Dates to be inserted by editorial office 

Abstract 

Pyridocarbazoles have enjoyed a sustained interest in the synthetic organic chemistry community. However, a 

review of such efforts has mostly been reserved for the pyrido[b]carbazole subfamily, and to a limited extent, 

the pyrido[jk]carbazole core. The pyrido[a]- and pyrido[c]carbazole subclasses have been neglected in review 

literature and only appear in scattered publications. This review summarized the synthetic contributions of the 

lesser known pyridocarbazole family members. The reviewed literature spans from 1949 to 2024. This works 

aims to highlight synthetic developments across all the pyridocarbazole subfamilies, encouraging future 

reviews to adopt a more comprehensive scope.  
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1. Introduction  
 
The chemical literature is replete with review articles on pyridocarbazoles.1-3 However, upon closer inspection, 
it becomes evident that these reviews focus almost exclusively on a single member of a four-member family. 
The other pyridocarbazole isomers are typically mentioned only in passing, often as unintended side products 
in the synthesis of pyrido[b]carbazoles, the more celebrated member of this family of compounds. One could 
easily be misled into thinking that pyrido[b]carbazole is the only representative of the pyridocarbazole family, 
as even publications describing the synthesis of other isomers often reference previous studies centred solely 
on this one subfamily. 

The pyridocarbazole framework could be described as arising from the fusion of the indole nucleus, in 
the 2,3-position, with an isoquinoline or quinoline fragment. Pyridocarbazoles are structurally related to 
indoloquinolines, where the nitrogen atom resides on the C ring, instead of ring D. Indoloquinolines have been 
regularly reviewed4-5 and fall outside the scope of this review; thus, they will be omitted. Thirteen 
constitutional isomers result from combining the two moieties in that fashion. These can be divided 
structurally into four subfamilies, namely, pyrido[a]-, pyrido[b]-, pyrido[c]- and pyrido[jk]carbazoles (Figure 1). 
The pyrido[jk]carbazole differs substantially from the other three subfamilies, and due to space limitations, its 
synthesis and bio-activities are omitted in this review. The reader is directed to a recent review for this 
subfamily.6 

 

Figure 1. Pyridocarbazole subfamilies.  



Arkivoc 2025, part _, 0-0    Wright, S. J. et al. 

 

 Page 3  ©AUTHOR(S) 

1.1 Bioactivity of pyridocarbazoles 

The synthesis and biological evaluation of this class was inspired by the naturally occurring alkaloids bearing a 
pyrido[b]carbazole core, such as Ellipticine (1), Olivacine (2), (-)-Janetinine (3), and (±)-Stritida B (4) (Figure 2); 
hence, it has received more attention than other sub-members.   

 

Figure 2. Naturally occurring pyridocarbazole. 

Ellipticine (1) and Olivacine (2) show significant anticancer properties.7-10 This is largely resultant of 
their ability to intercalate into DNA’s double helix due to their structural similarity to the DNA base pairs as 
well as their polycyclic nature, which allows them to penetrate the hydrophobic region of the cell.7,9,11 In 
addition, their ability to inhibit topoisomerase II results in the accumulation of unrepaired DNA damage in the 
cell, leading to apoptosis, adding another level to their cytotoxicity.7,9,12 Despite the promise shown in these 
compounds, side effects stopped their clinical trials and derivatives of these compounds had to be prepared to 
increase their potency and selectivity.13 This has led to the synthesis of derivatives of 1 and 2, with various side 
groups, dimers such as ditercalinium, which can bisintercalate DNA as well as coupling derivatives to steroids 
such as estradiol to increase the specificity of the target such as breast tumours.14-15 (-)-Janetinine (3) is much 
less researched, however, it has been shown to induce quinone reductase induction making it a cancer 
chemopreventive agent.16-17 No information on the properties of (±)-Stritida have been published to our 
knowledge.  

1.2 Organisation of the review 

Due to the lack of reviews focusing on the synthesis of the pyrido[a]- and pyrido[c]carbazole families, the 
current review will focus on them, with the hope that in the future, all four subfamilies will be reviewed 
together. We chose to treat the two subclasses separately. The sub-sections are further divided based on the 
ring that is constructed last to form the pyridocarbazole nucleus. 

 

 

2. Discussion 
 

2.1 Synthesis of pyrido[a]carbazole 

2.1.1 Through the construction of Ring B 

The Borsche–Drechsel carbazole synthesis,18 a special case of the well-known Fischer-indole synthesis, is the 
most commonly used method for accessing the pyridocarbazole framework. The first reported syntheses of 
pyrido[a]carbazole, pyrido[b]carbazole, and pyrido[c]carbazole subclasses were achieved by Manske and Kulka 
using this method.19-20 Their syntheses involved cyclisation of the suitably substituted hydrazone 
intermediates, which were easily obtainable from the condensation of ketones and hydrazines.17-20 Since the 
Borsche–Drechsel carbazole synthesis leads to the formation of dihydro- or tetra-hydro-pyridocarbazoles, a 
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dehydrogenation step is necessary to form the fully aromatic scaffolds. However, it was found that the 
hydrazine derived from 6-aminoisoquinoline proved unstable, and therefore, the synthesis of 7H-pyrido[3,4-
c]carbazole, which would have required the condensation between 6-hydrazinylisoquinoline and 
cyclohexanone could not be achieved.21 The Borsche–Drechsel carbazole synthesis is reflected in the work by 
Lescot and co-workers, where hydrazinylquinoline or hydrazinylisoquinoline analogues 5 were reacted with 4-
methoxycyclohexanone (6) to give the corresponding tetrahydropyrido[a]carbazole derivatives 7 (Scheme 1).22 
Subsequent oxidation of compounds 7 with Pd/C in boiling decalin gave the fully aromatic pyrido[a]carbazole 
analogues 8. This strategy mirrors the synthesis of pyrido[a]carbazoles reported by other groups.23-25  

 

 
 

Scheme 1. Borsche–Drechsel carbazole synthesis of 8-methoxy-pyrido[a]carbazoles.  

Three tetrahydropyrido[a] carbazoles 10 containing an angular methyl group on the 6-position were 

synthesised from hydrazinylquinolines or hydrazinylisoquinoline 5 and 2-methylcyclohexanone (9), as shown 

in Scheme 2.26 The report does not offer any reason for the omission of the cyclisation between 8-

hydrazinylisoquinoline and 2-methylcyclohexanone (9).  

 

 
Scheme 2. Borsche–Drechsel carbazole synthesis of pyrido[a]carbazoles containing an angular methyl group.  

The reports discussed above employ the fully aromatic hydrazinylquinolines or hydrazinylisoquinolines 

to yield the corresponding pyridocarbazoles with unsaturation on ring A. It is also possible to synthesise 

pyridocarbazoles with aromatic ring A, with unsaturation on ring C, or on both rings C and D. The former 

approach was demonstrated by the group of Ferlin, which reported on the reaction between 3-

chlorophenylhydrazine 11 and dihydroisoquinolinone derivative 12 to form hydrazone 13. Subsequent 

cyclisation of hydrazone 13 in refluxing acetic and sulphuric acid mixture produced isomeric 

dihydropyrido[a]carbazole analogues 14a and 14b (Scheme 3).27 Subsequent DDQ oxidation of the inseparable 

mixture of 14a and 14b gave the corresponding fully aromatic pyrido[a]carbozole derivatives 15a and 15b, 

which could not be separated. The same report also discloses a synthesis of other pyrido[a]carbazole 

derivatives, which were further elaborated into dimethylamino-substituted derivatives that were investigated 

as potential antiproliferative agents, DNA intercalators, and topoisomerase II inhibitors.27  
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The group of Rutjes disclosed the synthesis of octahydro-1H-pyrido[3,2-a]carbazole analogues 18 

through the reaction of cis-decahydroquinoline derivative 26 and a range of phenylhydrazines 17 (Scheme 

4).28 The report also showed that the formation of the epimers 18 occurs as a result of the acid-induced retro-

aza-Michael ring-opening of the β-amino ketone fragment. The concomitant recyclization to the more stable 

epi-cis-decahydroquinoline and the subsequent reaction with phenylhydrazines 17 led to the corresponding 

diastereomers 18.28 

 

 
 

Scheme 3. The synthesis of chlorinated pyrido[a]carbazoles through the Borsche–Drechsel reaction. 

 

 

 
Scheme 4. The synthesis of chiral octahydro-1H-pyrido[3,2-a]carbazole using Borsche–Drechsel reaction. 

 

Quéguiner and co-workers achieved the synthesis of pyrido[2,3-a]carbazole analogues 22 via C–N bond 

forming reaction of biaryl aniline-quinoline intermediates 21 on reflux in pyridinium chloride (Scheme 5).29 The 

requisite biaryl intermediates 21 were obtained in two steps through the Suzuki-Miyaura coupling between 

ortho-phenyl-carbamate boronic esters 19 and 7-bromo-8-methoxyquinoline (20), giving biaryl carbamates, 

which were hydrolysed to biaryl aniline-quinoline intermediates 21. This strategy is also reflected in the work 

of Håheim et al., where it was used to synthesise 11H-pyrido[2,3-a]carbazole, 11H-pyrido[3,2-a]carbazole, 7H-

pyrido[2,3-c]carbazole, and 7H-pyrido[3,2-c]carbazole.30 

 

De Koning and colleagues achieved the synthesis of 11H-pyrido[2,3-a]carbazole derivatives via the 

synthetic sequence displayed in Scheme 6.31 Their synthesis relied on the Suzuki-Miyaura coupling reaction 
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between Boc-protected 2-indolyl boronic acid derivatives 23 and 2-bromo-3-methylpyridine (24), subsequent 

deprotection gave 2-pyridyl-indole 25. Vilsmeier-Haack formylation of 25 gave aldehyde 26, followed by N-

alkylation to yield 27 that was transformed to 11H-pyrido[2,3-a]carbazole derivatives 28 upon UV irradiation.31 

The mechanism of the photo-induced cyclization is unclear. However, on an earlier report, the authors 

speculated that the aldehyde intermediates undergo photoenolization, followed by 6π-electrocyclic process 

forming an alcohol intermediate that undergoes dehydration to afford fully aromatised benzene ring.32 

 
Scheme 5. Pyridinium chloride mediated C–N bond formation in the synthesis of pyrido[2,3-a]carbazole core. 

 

 

 
Scheme 6. Photochemical cyclisation leading to the formation of pyrido[2,3-a]carbazole core. 

 

Yoshida and colleagues reported on a concise synthesis of pyrido[3,2-a]carbazole derivative via a two-

step sequence that involved oxidative coupling of quinoline-5,8-dione (29) and m-acetylamino-N,N-

diethylaniline (30) in the presence of copper(II) acetate and acetic acid, forming 6-aryl-quinolinedione 31 

(Scheme 7).33 Treatment of biaryl 31 with hydrochloric or hydrobromic acid facilitated cyclisation, giving 

chlorinated or brominated pyrido[3,2-a]carbazole analogues 32, respectively. These were then oxidised and 

metallated to give complexes that absorb light in the near-IR region for applications in information recording 

systems.33 

 
Likewise, Blache and colleagues disclosed the synthesis of reduced pyrido[4,3-a]carbazol-7-one framework 

employing the B ring formation approach.34 Their synthetic route involved the condensation of 5-

aminoisoquinoline (33) and 1,3-cyclohexanedione 34, yielding secondary vinylogous amide, which was 
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converted into the tertiary vinylogous amide 35 on N-alkylation with benzyl chloride (Scheme 8). Enaminone 

35 was photocyclized on irradiation at 290-350 nm in acetonitrile, furnishing 11-benzyl-8,9,10,11-tetrahydro-

7H-pyrido[4,3-a]carbazol-7-one (36). The same group described a similar synthesis of pyrido[2,3-c]carbazole 

core and the isomeric indolo[2,3-c]quinoline framework.35 

 

 

Scheme 7. Hydrochloric or hydrobromic acid facilitated cyclisation to yield the pyrido[3,2-a]carbazole 

framework. 
 

 
Scheme 8. Formation of pyrido[4,3-a]carbazole derivative through enaminone photocyclisation. 

2.1.2 Through the construction of Ring C 

The synthesis of the pyrido[a]carbazole via the formation of ring C relies on the elaboration of the indole unit 
tethered with the pyridine fragment. A case in point is the two-step synthesis of pyrido[a]carbazole nucleus as 
reported by Labriere and co-workers (Scheme 9).36 Their synthesis relied on the Knœvenagel condensation 
between indol-3-ylacetonitrile derivatives 37 and formylpyridine analogues 38 to form indolyl-pyridinyl-
acrylonitrile 39 in poor to excellent yields. The Knœvenagel adducts 39 were subsequently transformed to 
their corresponding pyrido[a]carbazole analogues 40 on irradiation with halogen lamp (150 W). However, the 
photocyclization step lacks regioselectivity, as the target pyrido[a]carbazole 40 is produced alongside other 
regioisomers.36 Despite this lack of regioselectivity, this method is versatile, as it was used to prepare other 
polycyclic heteroarene compounds such as benzo-carbazole and pyrido-pyrroloisoquinolines.36 

 
Scheme 9. Synthesis of the pyrido[a]carbazole derivatives through Knoevenagel condensation and 

photocyclization.  
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Lemster and colleagues reported the synthesis of methyl 11H-pyrido[3,2-a]carbazole-5-carboxylate 
derivatives 46 (Scheme 10).37 The first step in their reaction sequence involved the condensation of 
phenylhydrazine derivatives 41 and commercially available acylated pyridines 42 to give hydrazone 
intermediates 43, followed by heating in PPA to give 2-pyridyl-indole analogues 44. Formylation and 
subsequent Wittig reaction of the resulting aldehydes with methyl 2-(triphenylphosphoranylidene)acetate 
produced methyl vinyl esters 45. Photochemical 6π-electrocyclisation of 2-pyridyl-3-vinylindoles 45, followed 
by aromatization, resulted in pyrido[a]carbazole analogues 46. The ester moiety was further transformed into 
an amide functionality. The resulting compounds were investigated for their antitumor activity alongside 
thieno[2,3-a]-carbazole, which was accessed via the same reaction sequence as the related pyrido-carbazole 
derivatives.37 

 
Scheme 10. Photochemical 6π-electrocyclisation of 2-pyridyl-3-vinylindoles. 

 

Routier and his team reported the synthesis of maleimide annulated pyrido[a]carbazole analogues.38 
Their synthetic route is delineated in Scheme 11. Their synthesis commenced with the phenylsulfonyl-directed 
lithiation of 1-(phenylsulfonyl)-1H-indole (47), followed by lithium-metal exchange with 
chlorotrimethylstannane, yielding 2-trimethylstannyl-indole 48, which then participated in a Stille coupling on 
reacting with 2-bromo-6-methoxypyridine, furnishing 2-pyridyl-indole intermediate 49. Removal of the 
benzenesulfonyl group, followed by hydrobromic acid/acetic acid facilitated demethylation, yielding 
hydroxypyridine 50. Ring C was constructed through a two-step direct (het)arylannulation sequence that 
involved the reaction between 2-hydroxypyridyl-indole 50 and 3,4-dibromo-maleimide 51 to form 
pyrido[a]carbazole derivative 52. A related strategy was reported by the group of Meggers to access 
maleimide annulated pyrido[a]carbazole, which were further elaborated to metallo-pyridocarbazole 
complexes and were investigated as protein kinase inhibitors.39-40 
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Scheme 11. Ring C construction via a two-step direct (het)arylannulation sequence. 
 

Lescot and colleagues disclosed a synthesis of pyrido[3,4-a]carbazole as shown in Scheme 12.22 Their 
strategy relied on N-acylation/condensation reaction between 3-formylindole derivatives 53 and 4-
ethylpyridine (54) to form N-acylated vinyl-pyrido indoles, which were treated with ethanolic sodium 
hydroxide giving deprotected vinyl-pyrido indoles 55. Photochemical induced 6π-electrocyclization, and 
subsequent aromatisation produced pyrido[3,4-a]carbazole analogues 56.22 

 

Scheme 12. Photocyclisation of vinyl-pyrido indoles, forming pyrido[3,4-a]carbazole derivatives. 

 

2.1.3 Through the construction of Ring D 

Generally, the synthesis of pyridocarbazoles via the construction of ring D is very rare. Indeed, to date, most of 
the reports that delineate the construction of pyrido[a]carbazoles emanate from the group of Prasad. The only 
exception is the improbable report by Saravanabhavan et al.41 The reaction sequence cannot result in the 
claimed products. In addition, the NMR spectra presented do not match the claimed compounds.41 

Generally, the strategy of the Prasad group relied on annulation reactions of tetrahydrocarbazolones 
with aldehydes or alkynes and nitriles or vinyl amines as nitrogen atom sources.42-49 For example, the reaction 
between tetrahydrocarbazolones 57, aldehyde 58, and gave compound 59, which formed pyrido[a]carbazoles 
60 upon cyclisation with malononitrile in the presence of NaOH in refluxing methanol (Scheme 13).50 
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Scheme 13. Step-wise condensation and cyclisation leading to dihydropyrido[2,3-a]carbazole nucleus. 

 

The same group also reported on the one-pot synthesis of similar 6,11-dihydro-5H-pyrido[2,3-

a]carbazole analogues from the reaction of 1-oxo-tetrahydrocarbazole, aldehydes, and malononitrile.43-45 
 

2.2 The synthesis of pyrido[c]carbazole 

2.2.1 Through the construction of Ring B 

The synthesis of this subfamily through ring B formation as the final step in constructing the 

pyrido[c]carbazole skeleton relies on the cyclisation of N,N-phenylquinoline amine or biaryl phenylquinoline. 

The former strategy was demonstrated by Sakuma et al.51 Their expedient synthesis is depicted in Scheme 14 

below. The Combes quinoline synthesis between m-phenylenediamine 61 and hexafluoroacetylacetone 62 led 

to 7-aminoquinoline derivative 63, which was subjected to Buchwald-Hartwig coupling by reacting with 

phenylbromide using Pd(dppf)Cl2·CH2Cl2 complex as a catalyst, yielding N,N-phenylquinoline amine 64. 

Diarylamine 64 was again subjected to similar reaction conditions to form pydiro[c]carbazole analogues 65, in 

what is presumably a second Buchwald-Hartwig amination, followed by intramolecular oxidative coupling of 

the resulting triarylamines to form the pyrido[c]carbazole skeleton.51 

 

 
Scheme 14. Buchwald-Hartwig amination/intramolecular oxidative coupling cascade in the synthesis of 

pyrido[3,2-c]carbazole nucleus.  

 

Queguiner and colleagues demonstrated the biaryl phenylquinoline cyclisation strategy to access the 

pyrido[c]carbazole framework, as shown in Scheme 15 below.52 This approach relied on the Suzuki-Miyaura 

coupling reaction between O-phenylenecarbamate boronic acid 66 and 5-bromoquinoline derivatives 67, to 

form biaryl carbamates 68. Boc group removal yields aniline analogues, which were converted to azide 69. The 

ring B-forming reaction involved heating the azides 69 in 1,2-dichlorobenzene, yielding pyrido[2,3-c]carbazole 

derivatives 70. 
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Scheme 15. Buchwald-Hartwig amination/intramolecular oxidative coupling cascade to access the pyrido[3,2-

c]carbazole nucleus.  

 
2.2.2 Through the construction of Ring C 

The photocyclisation of 2-(pyridinylvinyl)-indole intermediates has been exploited in furnishing the central 
benzene ring (ring C) of the pyrido[c]carbazole skeleton. The earliest example of this approach was reported 
by Husson et al.53 This approach has found utility in the synthesis of ditercalinium chloride (NSC335153) 76. 
This anticancer agent contains the pyrido[4,3-c]carbazole structural fragment (Scheme 16).54 The requisite 2-
(pyridinylvinyl)-indole intermediate 74 was obtained in three steps from 5-methoxy-indole 71. The first step 
involved the sulfonation of 5-methoxy-indole 71 to give sulfonamide 72, followed by treatment with nBuLi and 
quenching with ketone 73, resulting in a tertiary alcohol. Refluxing the resulting alcohol in ethanolic sodium 
hydroxide achieved both the dehydration and desulfination to form 2-(pyridinylvinyl)-indole 74. Subsequent 
iodine mediated photocyclisation/oxidation, yielded pyrido[c]carbazole 75, which was subjected to further N-
alkylation on the nitrogen atom of the pyridine moiety, furnishing the target ditercalinium chloride 76. The 
same group employed the photoannulation/oxidation of 2-pyridinyl vinyl-indole derivatives approach in other 
reports.55-57 

 
Scheme 16. The synthesis of ditercalinium chloride via photoannulation/oxidation sequence.  
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The earlier work by Silva and Snieckus had established the versatility of this strategy when they 

demonstrated the synthesis of all four pyrido[c]carbazole isomers 78a-d, through photocyclisation of suitably 
substituted 2-pyridinyl vinyl-indoles 77 (Scheme 17).58 

Verma et al. disclosed an expedient method to access the tetrahydropyridocarbazole nucleus that 

depends on a C–C and C–N bond-forming decarboxylation/cyclisation cascade (Scheme 18).59 Their reaction 

sequence involved the Sonogashira functionalisation of the commercially available 2-bromoinodole-3-

carbaldehyde derivatives 79 and terminal alkynes 80 to give ortho-alkynylaldehydes 81, which then 

participated in an annulation reaction on heating in the presence of L-proline or trans-4-hydroxy-L-proline 82 

and benzoic acid using DMF as solvent, resulting in the formation of tetrahydropyridocarbazole derivatives 83. 

This reaction is of wider scope concerning the alkyne moiety. 

 
 

Scheme 17. The Snieckus synthesis of pyrido[c]carbazoles through iodine-mediated photocyclisation.  

 

 
Scheme 18. The decarboxylation/cyclisation cascade to access the tetrahydropyrido[3,2-c]carbazole core. 
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The authors suggested two possible pathways for the union of 81 and 82 to give tetrahydropyrido[3,2-
c]carbazole nucleus in 83. One of the pathways is shown in Scheme 19. The union between the aldehyde 
functionality of 81 and 82 followed by decarboxylation of the putative imine leads to azomethine ylide I. 
Intramolecular annulation of the azomethine ylide leads to the formation of azabicyclo[3.1.0]hexane, which 
undergoes an acid induced fragmentation forming enamine III. An acid-assisted intramolecular annulation 
between the enamine functionality and the alkyne group leads to the formation of ring C, completing the 
tetrahydropyrido[3,2-c]carbazole framework in intermediate IV. Aromatisation of ring C forms 83. An 
alternate suggested pathway involves the formation of 1,4-dihydrocyclopenta[b]indole intermediate, which 
undergoes ring expansion to form hexahydropyrrolo[1',2':1,7]azepino[4,3-b]indole, followed by ring 
contraction to form the tetrahydropyrido[3,2-c]carbazole backbone. Isomerizations lead to 83.59 

 

Scheme 19. The proposed mechanism for annulation reaction between indole derivative 81 and proline 82 to 
tetrahydropyrido[3,2-c]carbazole core. 

2.2.3 Through the construction of Ring D 

The pyrido[c]carbazole skeleton can be viewed as an indole fused with a quinoline nucleus. Therefore, 
synthesizing the pyrido[c]carbazole nucleus via the construction of ring D as the final step mostly relies on 
classical quinoline or isoquinoline synthesis methods. Named reactions like Bischler-Napieralski, Skraup, 
Conrad–Limpach, Povarov, and Combes quinoline synthesis have been employed in the pyrido[c]carbazole 
skeletal synthesis context, with suitably functionalised carbazole motifs serving as advanced intermediates. 
The two-step synthesis of 7H-pyrido[3,4-c]carbazole (86) from 2-carbazol-4-yl-ethylamine (84), reported by 
Manske and Kulka, is exemplary (Scheme 20).17 The formylation of 84 gave the β-carbazolylethylformamide 
85, which was followed by a Bischler-Napieralski cyclisation on treatment with POCl3 in boiling benzene, 
presumably via dihydropyrido[3,4-c]carbazole intermediate, which is oxidised at some point during the 
operation to the fully aromatic product 86. The harsh reaction conditions reflect the technology of that time.  
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Scheme 20. The Bischler-Napieralski cyclisation in the synthesis of 7H-pyrido[3,4-c]carbazole. 

The two-carbon tether linking the preformed carbazole fragment and the incipient pyridine ring does 

not have to be saturated. A vinyl tether is, in fact, desirable as it negates the requisite oxidation step to form 

the fully aromatic ring. Ray and colleagues reported on this approach starting from aldehyde 87, as delineated 

in Scheme 21.60 The Doebner modification of the Knoevenagel condensation/decarboxylation between 

aldehyde 87 and malonic acid led to the formation of 3-carboxyethenylcarbazole 88. The reaction of 88 with 

sodium azide gave acryloyl azide 89, which, on boiling in diphenyl ether, in the presence of tributylamine, 

underwent the Curtius rearrangement, presumably forming the corresponding formamide. Concomitant 

cyclisation of the putative formamide fashioned a pyridone intermediate, dehydration with POCl3 gave 

chloride 90, which was reduced with metallic zinc in refluxing acetic acid to give pyrido[3,4-c]carbazole 

derivative 91. A similar synthetic route starting with a 4-methyl derivative of 87 led to the pyrido[b]carbazole 

skeleton.60  

 

 
 
Scheme 21. The Curtius rearrangement/cyclisation sequence in the synthesis of pyrido[4,3-c]carbazole 
framework. 

In a similar vein, Molina and co-workers achieved the synthesis of pyrido[3,4-c]carbazole analogues 96 

as shown in Scheme 22.61 Knoevenagel condensation between aldehyde 87 and ethyl azidoacetate 92 gave 

ethyl α-azido acrylate 93. Staudinger decomposition of the azide functionality of 93 on treatment with 

triphenylphosphine, furnished iminophosphorane 94, which were subjected into an aza-Wttig type reaction 

with various aliphatic or aromatic isocyanates to their corresponding carbodiimides 95. The carbodiimides 

could be isolated pure after column chromatographic operation, or could be telescoped directly to the 

subsequent thermal cyclisation on heating, neat at 160 °C to fashion pyrido[3,4-c]carbazole analogue 96. 

Unsurprisingly, the corresponding pyrido[b]carbazole isomers that could have resulted from cyclisation on C-2 

were not detectable by thin layer chromatography or 13C-NMR analysis.61 Similarly to the example by Ray and 
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colleagues,60 it was necessary to block C-4 of the carbazole nucleus with a methyl group to obtain the 

pyrido[b]carbazole framework using this route.61  

 

 
Scheme 22. Thermal cyclisation of carbodiimide derivatives forming the pyrido[4,3-c]carbazole skeleton. 

A strategy that has attracted considerable attention and utility in the context of pyridocarbazole core 

syntheses involves cyclisation reactions between 3-amino-9H-carbazole and its derivatives, with three carbon 

surrogates; these include β,γ-unsaturated α-ketocarboxylic acid,62 crotonaldehyde,63 glycerol,64 and diethyl 

malonate.65 The report by Perche and Saint-Ruf, as depicted in Scheme 23, serves as an example.66 Their work 

involved the condensation of ethyl acetoacetate with 9-ethyl-9H-carbazol-3-amine (97) or 9-ethyl-6-methyl-

9H-carbazol-3-amine (98) to form pyridocarbazoles 100. 

 

 
Scheme 23. Condensation of 3-amino-carbazole derivative and ethyl acetoacetate. 

This strategy has been extended to annulated 7H-pyrido[2,3-c]carbazole motifs as reflected in recent 

reports.67-69 

The utility of 3-amino-9H-carbazole derivatives is by no means confined to preformed 3-C reactants, 

but could participate in other types of reactions. For example, the use of the Povarov reaction to access 7-

ethyl-3-methyl-7H-pyrido[2,3-c]carbazole (102) from the reaction of 9-ethyl-9H-carbazol-3-amine (97) and two 

mole equivalents of ethyl vinyl ether 101, using p-toluenesulfonic acid as a catalyst has been reported 

(Scheme 24).70 This work is based on an earlier report by Viji and Nagarajan, which demonstrated the utility of 

this method in the synthesis of pyrido[a]carbazole and pyrido[b]carbazole subfamilies.71  
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Scheme 24. Reaction of 3-amino-carbazole derivative with ethyl vinyl ether. 

Xiang et al. reported on iodine-mediated decarboxylation and oxidative deamination of phenylglycine 

103 and phenylalanine 104 to the corresponding aldehydes, which were then trapped with 9-ethyl-9H-

carbazol-3-amine (97), to construct new C−N and C−C bonds selectively, giving 7-ethyl-2,3-diphenyl-7H-

pyrido[2,3-c]carbazole (105) as the sole product (Scheme 25).72 

 
Scheme 25. Multicomponent synthesis of the pyrido[2,3-c]carbazole nucleus between N-ethyl-3-amino-
carbazole and amino acids.  

The isomeric 7-ethyl-1,3-diphenyl-7H-pyrido[2,3-c]carbazole (108) was similarly produced in a single 

multicomponent reaction between 9-ethyl-9H-carbazol-3-amine (97), benzaldehyde (106) and 

phenylacetylene (107) under iodine catalytic conditions (Scheme 26).73  

 

 
Scheme 26. Three-component reaction between N-ethyl-3-amino-carbazole, benzaldehyde, and 
phenylacetylene.  

This approach is not limited to one-pot reactions, but is also reflected in multistep syntheses. A case in 

point is the synthesis of the pyrido[2,3-c]carbazole skeleton by Ferlin and co-workers.74 Their synthetic route 

involved the Borsche–Drechsel carbazole synthesis between phenyl hydrazine analogue 109 and 

cyclohexanone 110, resulting in tetrahydrocarbazole derivative 111 (Scheme 27). This compound was also 

obtained in two steps, via the initial isolation of the intermediate hydrazone, followed by cyclisation in a 

separate synthetic step.74 Tetrahydrocarbazole derivative 111 was oxidised with DDQ in boiling benzene to 

form the fully aromatised carbazole core, part of which was N-methylated to 112. The nitro groups of the 

carbazole derivatives 111 and 112 were reduced with palladium on carbon under a hydrogen atmosphere to 
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give aniline derivatives 113 in excellent yield. Subsequent N-alkylation of the aniline nitrogen gave β-

aminoacrylates 114 in good yields. The β-aminoacrylates 114 were subjected to the Conrad–Limpach quinoline 

synthesis on boiling in diphenyl ether to fashion 7H-pyrido[2,3-c]carbazol-1-ol derivatives 115, which were 

further elaborated to the more decorated pyrido[2,3-c]carbazole analogues 116 that were shown to 

intercalate DNA. In addition, some of the compounds that were tested contained sub-micromolar activities 

against topoisomerases I and II. 

 

 
Scheme 27. Utilisation of the Conrad–Limpach quinoline synthesis to obtain 7H-pyrido[2,3-c]carbazole 
derivatives.  

The choice of the three-carbon alkylating agent for Jella and Nagarajan75 was the propargyl group, 

which was appended to the sulfonamide 117 to give compound 118, followed by the conversion to an internal 

alkynes 119 through the Sonogashira coupling on reacting with various aryl iodides (Scheme 28). Compounds 

119 underwent iodocyclisation to give iodo-dihydropyrido[2,3-c]carbazoles 120. The phenyl-substituted 

substrate was further oxidised to the fully aromatic iodopyrido[2,3-c]carbazole 121. 

 

The group of Granik demonstrated the synthesis of the 6,7-dihydro-5H-pyrido[3,4-c]carbazole core 

through the reaction sequence shown in Scheme 29.76 Their synthesis commenced with the reaction of β,γ-

enone 122 with 4-methoxyaniline (123), to give extended enamine 124. Enamine 124 then underwent 

Nenitzescu reaction when treated with equimolar amounts of p-benzoquinone and TsOH in acetone, yielding 

tetrahydrocarbazole derivative 125, followed by the acylation of the hydroxyl functionality, giving ester 126. 

Compound 126 was then condensed with DMF diethyl acetal, producing the corresponding 3-

dimethylaminomethylidene intermediate, followed by pyridine cyclisation of the adjacent nitrile and the 

enamine functionalities, and concomitant O-deacetylation, furnishing pyrido[3,4-c]carbazole derivative 127. 
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The resulting amino and nitrile functional groups of compounds 127 were used as handles for further 

elaboration to the annulated pyrido[c]carbazole analogues.76  

 

  
 
Scheme 28. Iodocyclisation of propargyl sulphonamides to access the pyrido[2,3-c]carbazole core.  

 
Scheme 29. Condensation of methylenemalononitrile derivative and DMF diethyl acetal to produce the 7H-
pyrido[3,4-c]carbazole framework.  

 

 

Conclusions 
 
This review highlights that pyridocarbazole synthesis remains an active research area, employing a wide range of 

synthetic strategies. We anticipate that continued innovation will yield new synthetic approaches to access these 

biologically significant scaffolds.  
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