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Methods for the synthesis of 3H-pyrrolo[2,3-c]quinolines
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The review examines methods for the preparation of compounds containing the 3H-pyrrolo[2,3-c]quinoline fragment, which have been

published mainly over the past 10-15 years.
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Heterocyclic compounds containing the 3H-pyrrolo-
[2,3-c]quinoline tricyclic system, for example, marino-
quinolines 1-11, are attracting considerable attention due to
the wide spectrum of biological activity shown.'”

A significant amount of data on the synthesis and use of
such compounds exists. Marinoquinolines are reported to
possess antibacterial, antifungal, and moderate anti-
neoplastic properties." These compounds are noted to be
effective against malaria, ™ and are also capable of
inhibiting acetylcholinesterase in the human CNS.** Some
compounds containing such fragments can be used to
detect Zn”" ions in the presence of various other cations,’
including Cd** and Hg**, as well as for selective detection
of water® and fluoride ions.” In general, these compounds
are attracting attention not only because of their potential
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Figure 1. Alkaloids of the marinoquinoline group.
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applications in medicine, but also because of their
successful use in analytical chemistry. This review
discusses contemporary methods for the preparation of
such heterocycles published over the past 10-15 years.

The methods for the synthesis of 3H-pyrrolo[2,3-c]-
quinolines can be roughly divided into three categories,
depending on the ring closed in the final step.

Annulation of the benzene ring

A sole example of the formation of the benzene ring as
the last step in the preparation of such compounds can be
found. According to this method, the intramolecular Diels—
Alder reaction'’ of a 5-amino-4-methyloxazole derivative
containing a propargyl fragment is employed to construct
the condensed pyrrolo[2,3-c]pyridine fragment (Scheme 1).
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Marinoquinoline A (1) is formed in the final step as aresult ~ Spengler reaction accompanied by cyclization and

of the closure of the benzene ring in a Ru-catalyzed
transformation (Scheme 2).

Annulation of the pyridine ring

Most of the studies describing the preparation of pyrrolo-
[2,3-c]quinolines and published in recent years present
synthetic routes involving annulation of the pyridine ring in
the final step of the synthesis. In particular, the synthesis of
marinoquinolines' >’ was carried out using the Pictet—

oxidation in the final step (Scheme 3)."'

Similar transformations were carried out in the synthesis
of substituted (for example, with a halogen atom)
marinoquinolines® and pyonitrins'? labeled with the N
isotope in the quinoline fragment (Scheme 4).

A method for the synthesis of such compounds was
also described involving a Pd-catalyzed reaction of
o-bromonitrobenzene with 3-iodopyrrole-2-carbaldehyde
(Scheme 5)."

Scheme 3
Pd(OAc), NO> TFAA NO,
NO, (4 mol %) 2 4-Lutidine
—_— —_—
NCOzEt N,BF, HeO:tt OH PhMe A PhMe A \ N
NCO,Et 61% NCO,Et sealed tube NCO,Et
HCOR
O, Hy (1 atm) Ha TFA (2 equiv) — _
1R = Me (46%)
NH
_ NaOH L MgS0, (250 mg/mmol) 2R = i-Bu (50%)
MeOH rt MeOH rt | N CH4Cly, 0.15 M _ 3R =Bn (27%)
93% NH 91% NH sealed tube N~ "R 5R=indol-3-yl (26%)
60°C, 3 h
Scheme 4
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Sch 5
cheme . Cu(ly/Cu(0) —
):;NTS " PdCh(dppf), AT Raney N NaOMe §
—_— —_—
DMSO, 75°C CHO THF 22°C MeOH, 22°C _
CHO N02 74% NO, 80% 95% N
Scheme 6
NO, = Dess—Martin -
MeL| ~NTs _periodinane N NH
THF —78°C CH,CI,, 0°C MeOH 18°C _
me” OH 74% 85% N~ “Me
Scheme 7 )j: Marinoquinoline A
N/
TosMIC — \H
@\CHQ +-BUOK x _08NHCI_ N HCl “cho
DMSO EtOH AcOH, DMF \8\(
100°C, 4 h NO, 80°C,1.5h 60°C, 16 h N=/
51% 71% 62%
° ° ’ Aplidiopsamine A
Scheme 8 PdCl,(dppf)
CF; | (10 mol %) FsC CF; =
Ba(OH), NTs
+ E\S—CHO _ > NH; —_ X
B(OH), N DMF-H,0, 4:1 | S—cHo 26% P
NH, Ts 80°C N N
Ts
Scheme 9
Me
NO, —
N0, N7 COEL CN COzEt <N Fe powder
Me co Et choa Cul CO,Et AcOH, A, 1.5h
A, 4h NO, 65%

POCI,

wﬁi@

A4h
N

The cyclization of nitrophenylpyrrolecarbaldehyde was
also successfully used for the synthesis of marinoquinoline A
(1) (Scheme 6)."

o-Nitrostyrene and toluenesulfonylmethyl isocyanide
(TosMIC) were used as starting compounds for the
synthesis of aplidiopsamine A."> The resulting 3-(o-nitro-
phenyl)pyrrole was reduced to o-aminophenylpyrrole and
introduced into a reaction with the corresponding carbonyl
compound (Scheme 7).

Pyrrolo[2,3-c]quinoline structures can also be obtained
using the Suzuki cross coupling (Scheme 8).'®

The Barton—Zard reaction was successfully used to form
the pyrrole fragment in the preparation of 2-chloro-
5-methyl-3-phenyl-3H-pyrrolo[2,3-c]quinoline (Scheme 9)."
The mechanism of the Barton—Zard reaction was discussed
in detail elsewhere.'®

A radical method of pyridine ring closure using Togni
reagent (1-trifluoromethyl-1,2-benziodoxol-3(1H)-one) in
the presence of tetramethylammonium iodide (TMALI) is
also known (Scheme 10)."” The mechanism proposed for
this cyclization is shown in Scheme 11.
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Scheme 11
£Fs |
N TMAI
0O ——> CF3; + o + 121,
CO,
e}
NBoc 'CF, ~NBoc -’C/\NBOC @NBOC NBoc
—_— H —_— —_—
~Co Pz Pz P
NC N"">CF; N~ “CF, N~ “CF, N~ “CF;
Scheme 12 3 R2
TosMIC R°B(OH); __
K2C03 ™ NH POC|3 NH Na,CO3, Pd(PPh3)s A NH
80E°E:OF3ih STH H,0-14-dioxane, 1:3 R’ P
85% 43-80% N~ °R®
70-88% ° °
R'=H, Me, OMe, F, CI, Br, NOy; RZ-COZMe CO,Et, Ar, COAr; R® = Ar

Marinoquinolines were synthesized on the basis of an
oxindole derivative using TosMIC (Scheme 12).2%%'
Experiments have shown that cyclization occurs with both
electron donor and electron acceptor substituents R' (the
yields varied within 70-88%). Various substituents at the
olefinic position of oxindole (R2 = CO,Et, CO,Me,
substituted aryl and phenacyl) led to target products with
yields in the range from 43 to 80%.

When isocyanates containing a cycloalkylidene
substituent were used, the corresponding 4-substituted
derivatives of 3H-pyrrolo[2,3-c]quinolin-4(5H)-one were
formed in high yields (Scheme 13).%

In order to access marinoquinoline E (5), the synthesis
of the pyrrolo[2,3-c]quinoline skeleton was proposed using
thermal electrocyclization (Scheme 14)> On its
implementation, the sequence of the Suzuki-Miyaura
reaction, deprotection of the nitrogen atom, hydrolysis of
the ester with the formation of 2-(1H- pyrrol 3-yl)benzoic

Scheme 13
R2 R' =H, 4-Cl, 5-Me, 5-OMe, 5-Cl, 5-Br, 6-Br
) R?= Me, OEt, Ph, 2-MeCgH,, 3-CICgH.,
4-MeCgH,4,4-MeOCgH,, 4-FCgHy, 4-CICgH,,
R' O  4-BrCgHy, 4-O,NCgH,
N
H
+
Cs, +
~ N\KQ
n
n=1,2

)n

t-BuOK (2 equiv) R2
THF, —-40°C tort - \H
82-94% A
R1
N~ ~O
H

acid was carried out. A further attempt to synthesize
isocyanate 12 by the Curtius rearrangement was
accompanied by tandem electrocyclization proceeding at
the same temperature and leading to the formation of
product 13, which was then transformed into triflate 14 to
obtain the target marinoquinoline E (5).

Scheme 14 N TIps  KaPOs, SPhos _ N-TIPS
©i Me, o\ Pd(OAc), = TBAF
-BUOH-H,0 THF
CO,Me n 2
2 AS< 80°C, 1.5 h CO,Me rt, 30 min
77% 99%
I MNaOH ~NH  DPPA Et;N ~_ NH
—_— > —_—
T Eon 1,2-DCB, 60°C, 30 min __0
COMe  60°C. 24 h COH 99% N
84% 12
Me Me
&Me
O, Me
%g-O
N
\
SEM —
~ \H = K,COs, LiCI, Pd(PPh3)s NH
N TfO, Py ANH 14-dioxane, A, 12 h O X O
~
N o CH,Cl, o 2 TBAF, NHoCH,CHoNH, N
H t, 30 min THF, A, 12 h NH
13 61% 14 yield in 2 steps 48% 5

Marinoquinoline E
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Experiments have shown that it is not possible to attain
the replacement of the triflate in compound 14 with 2,3-di-
hydro-1H-quinolin-4-one. Therefore, for the synthesis of
trigonoine B, a similar synthesis was carried out where the
fragments of the required substituent were present already
before electrocyclization (Scheme 15).%*

A method was developed for the preparation of

startlng compounds by closing the pyridine ring by the
Bischler—Napieralski reaction (Scheme 16).”

The alkaloid aplidiopsamine A was synthesized as a
result of the formation of a pyrrolo[2,3-c]quinoline fragment
via pyridine ring closure employing a Pd-containing
catalyst (Scheme 17).%

Marinoquinoline A (1) was also synthesized by acid-

marinoquinolines A-C from commercially available  catalyzed cyclization of an N-ethynyl-substituted arene
Scheme 17 derivative (Scheme 18).
Pd(OAc), (2 mol %) —
-
©i' ES\iSOZPh PTSA @ E\ NSOPhpph;, Ag,CO; NSO,Ph
+ —
PhMe, MS 4 A 1,4-dioxane
NH Me 0 A, 18 h Me sealed tube
80% 120°C, 10 h
93%
NSOzPh
NBS = K2CO3
benzoyl peroxide NSO2Ph  6-chloropurine NH3/MeOH
B ——_ —_—
CCly4, A, 80 DMF sealed tube
75% N>BT s0ic6h ,}l i \7 150°C, 24 h
70% —N 69%
HoN HzN
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The I,-catalyzed cyclization of B-enaminoesters with
o-azidochalcones™ obtained by the condensation of
o-azidobenzaldehyde with the corresponding acetyl(het)-
arenes (Scheme 19) present another method for the
preparation of such heterocycles.

In order to obtain the alkaloid aplidiopsamine A, the
biomimetic synthesis of the 3H-pyrrolo[2,3-c]quinoline
fragment was carried out in five steps (Scheme 20).”’ The
total yield of the target alkaloid was 21%.

Annulation of the pyrrole ring

Only a small number of publications can be found on the
formation of the pyrrole ring at the final step of the
synthesis of the pyrrolo[2,3-c]quinoline skeleton. One of
the methods for the preparation of such compounds is the
Fischer reaction (Scheme 21).%%!

The synthesis of similar structures based on 3-formyl-
amino-4-methylquinoline (Scheme 22), which is of

Scheme 21
Cu(OAc), Ph Ph
Boc<, 2N Boc i
CN*"Boc (5 mol %) No O pp, H J/ "
+ X NHBoc — "' NN - N NH
N B(OH),  MeOH _ 4 N HCI overall yield
©\/j/ 65°C, 1h N in 1,4-dioxane N" 61% N
NG 80°C, 18 h
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Scheme 22
Me Me Me H —
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Scheme 23 1
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DBN (30 mol % NH4CI —
NH
MeCN rt, 10 min EtOAc-H;0,5:3  » N
48% (R = Ph, R? = H) R 40°C =
90% (R! = Ph, RZ = H) N
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Scheme 24
- CHO CO,Et
2 PhSe0),0 N3 CO,Et —
CH, ? POCls ( )2 N ~ NH
A, 24 h 1,2- DCB _ NaOEt, EtOH A
NH; oc 2h 69-98% 140°C, 1 h N" R -10°C,3h p
81-99% 52-77% then 0°C, 1 h N R
52-65% R = Ar, Hetar

exclusively historical interest and has no preparative value,
has also been reported.*

Pyrrolo[2,3-c]quinolines can be obtained by reductive
cyclization of 3-nitro-4-oxomethyl-substituted quinolines
(Scheme 23).%

An approach (Scheme 24) to the synthesis of pyrrolo-
[2,3-c]quinolines based on the Hemetsberger—Knittel
reaction (thermal decomposition of a-azidoacrylates) was
also developed and described.*

3H-Pyrrolo[2,3-c]quinolin-4(5H)-ones were obtained in
high yields using Pd-catalyzed cross coupling and
subsequent cyclization as a result of transformations given
in Scheme 25.%

An alternative approach to the synthesis of such
compounds is based on a cascade process encompassing
Pd-catalyzed N-arylation and subsequent cyclization
(Scheme 26) leading to 3-substituted 3H-pyrrolo[2,3-c]-

quinolin-4(5H)-ones.

Scheme 25
HC=—R?2

Pd(PPhs),Cl, (10 mol %)
Cul (20 mol %)
EtsN (3 equiv)

HC=R
Pd(PPhs),Cl, / Cul
(10 mol %)
K,CO;

THF, 1t, 24 h
N° 0 70-88%

R =Alk, Ar

Scheme 26

DMF, rt, 24 h
! 72-92%

R' = Me, Ph; R? = Ar; R® = Ph, Bn, Ar

An approach to the preparation of pyrrolo[2,3-c]-
quinolines employing the Bartoli indole synthesis was
described (Scheme 27).*’

Scheme 27

©\/j m-CPBA ©\/j ¢-BUONO
CHzclz MeCN
0°Ctort, 16 h Ie 80°C, 16 h
82% 69%
Nz pocly NO; H,c” MgBr
—_— —_—
©\/j/ A, A4n Nl THF
91% —78°Ctort, 4 h
49%

NH
- = N
Z DIPEA, S-BuOH
N~ Cl

MW, 190°C, 90 min

85%
R
R
_ Fepowder I PdCl, (10 mol %) ~ NH
NH, —————> N
ACOH H,0 X 2 DMF
CH.Cly, 1t 160°C, 2 h N X0
—959, |
84-95% N0 65-95% Me
Me
R2
R3-NH, (1.2 equiv) R2
| | Pd(OAc), (5 mol %) _
gr  (R)-BINAP (10 mol %) ~N=R?
K3POy4 (3 equiv)
N (@) DMA, 130°C N (o)
R 53-99% R
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Similar transformations”™ were involved in the
preparation of marinoquinolines C and E (Scheme 28).

Scheme 28

£BUONO H,C” MgBr
X B(OH) (3 equiv) NO, (108equ|v)
N/ cl PhMe THF -78°C
110°C,4.5h 40%
39%

— A, Pd(PPhj3), —
NH NH
N Na,COj3 AN
_ THF, PhMe, H,O _
N~ °Cl A, 24 h N
13% Marinoquinoline C

—

B, Pd(PPh3)s

Na,COj3 O X
E—
THF, PhMe, H,O N" \

A 24 h
80% —\u |
SO,Ph
K,CO3 O X 2
—_—
MeOH, H,0 N7 O
45% |
NH

Marinoquinoline E

NMe \Q QNMe

Pyrrolo[2,3-c]quinolines with aryl substituents were also
obtained in high yields (57-78%) by tandem bicyclization
with the participation of azomethine ylides and methylene-
aminochalcones (Scheme 29).”

o
SOzPh

Scheme 29

R1
0 R*
o R4/\ /\CN NH
DBU (2 equiv) R2
]
R DDQ NT O R? "
= +
5 THF, 60°C, 26 h o R*
R - 57-78%
N" R NH
R'=R?=R3=R*=4-CICgH, or Ph R? CN
N~ °R®
H

A similar tandem cyclization was also carried out using
TosMIC (Scheme 30).*” In this case, position 4 of the
pyrrolo[2,3-c]quinoline  fragment is  unsubstituted.
Depending on the substituent R” the yields of the target
pyrroloquinoline varied from 52 to 78%.

Scheme 30 O
(o] RZ
DBU —
NCOR2 4 1SN wecn L NH
N R (1.5equv) i 41n _
52-78% N~ "R!

R' = Ph, 4-CICgHj, 4-Tol
R2 = Ph, 3-CICgH,, 2-CICgH,, 2-naphthyl, 2-furyl

Nonsynthetic methods of preparation

The literature also describes nonsynthetic methods for
the preparation and isolation of such heterocycles, for
example, from bacteria or their metabolic products."**

Thus, marinoquinolines A-K, pyonitrins A-D were
obtained from  bacteria  Mooreia  alkaloidigena,
Cytophagales, Pseudomonas protegens, Ohtaekwangia

kribbensis. Experiments were also carried out to establish
the route of biosynthesis. For example, the biosynthesis
route proposed for Pseudomonas protegens is shown in

Scheme 31.
Scheme 31
Pyrrolnltrln B
forR'=
—»
NH Pyrrolnltrln C NH2
forR' =
Reduction HO
N —_—

H2N
? o Pyrrolnitrin A
—_—

HO  HO
Oxidation
S SNTT T

=z
V.

(\f[

The alkaloid aplidiopsamine A was isolated from the
Australian ascidian Aplidiopsis confluata.** Experiments
showed that it has antimalarial activity.

The alkaloid trigonoine B was isolated from the leaves
of Trigonostemon lii.** The probable biogenetic route of
synthesis is given in Scheme 32.

Scheme 32

HCHO
A —
N Mannlch
H reaction

O

»@fﬁw@@fia
@i @&g

Trigonoine B
O R = OMe
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To conclude, the plethora of synthetic approaches to the
preparation of pyrrolo[2,3-c]quinolines developed over the
past decade indicates a significantly increased interest in
this potential pharmacophore fragment in the search for
new medicinal compounds. Generally, approaches with the
closure of the pyridine ring dominate among the methods
for the synthesis of these structures; however, annulation
of the pyrrole ring is also of considerable interest.
Simultaneously with the preparation of this review, a
review article was published devoted to the methods of
synthesis of marinoquinoline alkaloids, as well as their
biological properties,” but it considers the synthesis
methods in the chronological order of their appearance in
the literature, whereas in this review the classification is
carried out according to the method of forming the ring
which is closed in the final step of the formation of the
3H-pyrrolo[2,3-c]quinoline tricyclic system.

References

1. Okanya, P. W.; Mohr, K. I.; Gerth, K.; Jansen, R.; Miiller, R.
J. Nat. Prod. 2011, 74, 603.

2. Aguiar, A. C. C.; Panciera, M.; Simao Dos Santos, E. F.;
Singh, M. K.; Garcia, M. L.; de Souza, G. E.; Nakabashi, M.;
Costa, J. L.; Garcia, C. R. S.; Oliva, G.; Correia, C. R. D.;
Guido, R. V. C. J. Med. Chem. 2018, 61, 5547.

3. Feng, L.-S.; Xu, Z.; Chang, L.; Li, C.; Yan, X.-F.; Gao, C.;
Ding, C.; Zhao, F.; Shi, F.; Wu, X. Med. Res. Rev. 2020, 40, 931.

4. Sangnoi, Y.; Sakulkeo, O.; Yuenyongsawad, S.; Kanjana-
opas, A.; Ingkaninan, K.; Plubrukarn, A.; Suwanborirux, K.
Mar. Drugs 2008, 6, 578.

5. Stoddard, S. V.; Hamann, M. T.; Wadkins, R. M. Mar. Drugs
2014, 12, 2114.

6. Akula, M.; El-Khoury, P. Z.; Nag, A.; Bhattacharya, A. RSC
Adv. 2014, 4, 25605.

7. Pawar, S. V.; Akula, M.; Labala, S.; Venuganti, V. V.
Bhattacharya, A.; Nag, A. ChemPlusChem 2016, 81, 1339.

8. Pawar, S. V.; Togiti, U. K.; Bhattacharya, A.; Nag, A. ACS
Omega 2019, 4, 11301.

9. Akula, M.; Thigulla, Y.; Nag, A.; Bhattacharya, A. RSC Adv.
2015, 5, 57231.

10. Osano, M.; Jhaveri, D. P.; Wipf, P. Org. Lett. 2020, 22, 2215.

11. Schwalm, C. S.; Correia, C. R. D. Tetrahedron Lett. 2012, 53,
4836.

12. Shingare, R. D.; Aniebok, V.; Lee, H.-W.; MacMillan, J. B.
Org. Lett. 2020, 22, 1516.

13. Bolte, B.; Bryan, C. S.; Sharp, P. P.; Sayyahi, S.; Rihouey, C.;
Kendrick, A.; Lan, P.; Banwell, M. G.; Jackson, C. J.; Fraser, N. J ;
Willis, A. C.; Ward, J. S. J. Org. Chem. 2020, 85, 650.

14. Ma, X.; Vo, Y.; Banwell, M. G.; Willis, A. C. 4sian J. Org.
Chem. 2012, 1, 160.

15. Akula, M.; Sridevi, J. P.; Yogeeswari, P.; Sriram, D
Bhattacharya, A. Monatsh. Chem. 2014, 145, 811.

16. Ghosez, L.; Franc, C.; Denonne, F.; Cuisinier, C.; Touillaux, R.
Can. J. Chem. 2001, 79, 1827.

17. Guillon, J.; Moreau, S.; Desplat, V.; Vincenzi, M.; Pinaud, N.;
Savrimoutou, S.; Rubio, S.; Ronga, L.; Rossi, F.; Marchivie, M.
J. Chem. Crystallogr. 2019, 49, 106.

18.

19.
20.

21

23.

24.

25.

26.

217.

28.

29.
30.

31.

32.
33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44

45.

46.

1163

Barton, D. H. R.; Kervagoret, J.; Zard, S. Z. Tetrahedron
1990, 46, 7587.

Patel, B.; Hilton, S. T. Synlett 2015, 79.

Ramu, G.; Ambala, S.; Nanubolu, J. B.; Babu, B. N. RSC Adv.
2019, 9, 35068.

. Kumar, K. ChemistrySelect 2020, 5, 10298.
22.

Wang, R.; Wang, S.-Y.; Ji, S.-J. Tetrahedron 2013, 69,
10836.

Nishiyama, T.; Murakami, M.; Taninaka, K.; Hamada, E.;
Endo, M.; Kinou, D.; Hatae, N.; Choshia, T. Heterocycles
2021, 103, 300.

Nishiyama, T.; Hamada, E.; Ishii, D.; Kihara, Y.; Choshi, N.;
Nakanishi, N.; Murakami, M.; Taninaka, K.; Hatae, N.;
Choshi, T. Beilstein J. Org. Chem. 2021, 17, 730.

Ni, L.; Li, Z.; Wu, F.; Xu, J.; Wu, X.; Kong, L.; Yao, H.
Tetrahedron Lett. 2012, 53, 1271.

Mabhajan, J. P.; Suryawanshi, Y. R.; Mhaske, S. B. Org. Lett.
2012, /4, 5804.

Yamaoka, Y.; Yoshida, T.; Shinozaki, M.; Yamada, K.-i.;
Takasu, K. J. Org. Chem. 2015, 80, 957.

Zou, F.; Pei, F.; Wang, L.; Ren, Z.; Cheng, X.; Sun, Y.; Wu, J;
He, P. Synlett 2019, 717.

Panarese, J. D.; Lindsley, C. W. Org. Lett. 2012, 14, 5808.
Govindachari, T. R.; Rajappa, S.; Sudarsanam, V.
Tetrahedron 1961, 16, 1.

Beveridge, R. E.; Gerstenberger, B. S. Tetrahedron Lett.
2012, 53, 564.

Eiter, K.; Nagy, M. Monatsh. Chem. 1949, 80, 607.

Bao, L.; Liu, J.; Xu, L.; Hu, Z.; Xu, X. Adv. Synth. Catal.
2018, 360, 1870.

Molina, P.; Alajarin, M.; Sanchez-Andrada, P. Synthesis
1993, 225.

Wang, Z.; Xing, X.; Xue, L.; Gao, F.; Fang, L. Org. Biomol.
Chem. 2013, 11, 7334.

Wang, Z.; Xue, L.; He, Y.; Weng, L.; Fang, L. J. Org. Chem.
2014, 79, 9628.

Penjarla, T. R.; Kundarapu, M.; Baquer, S. M.; Bhattacharya, A.
ChemistrySelect 2018, 3, 5386.

Lindsay, A. C.; Sperry, J. Synlett 2013, 461.

Men, Y.; Dong, J.; Wang, S.; Xu, X. Org. Lett. 2017, 19,
6712.

Dong, J.; Wang, X.; Shi, H.; Wang, L.; Hu, Z.; Li, Y.; Xu, X.
Adv. Synth. Catal. 2019, 361, 863.

Choi, E. J.; Nam, S.-J.; Paul, L.; Beatty, D.; Kauffman, C. A.;
Jensen, P. R.; Fenical, W. Chem. Biol. 2015, 22, 1270.
Linares-Otoya, L.; Liu, Y.; Linares-Otoya, V.; Armas-
Mantilla, L.; Crusemann, M.; Ganoza-Yupanqui, M. L.
Campos-Florian, J.; Konig, G. M.; Schdberle, T. F. ACS
Chem. Biol. 2019, 14, 176.

Mevers, E.; Sauri, J.; Helfrich, E. J. N.; Henke, M.; Barns, K. J;
Bugni, T. S.; Andes, D.; Currie, C. R.; Clardy, J. J A4m.
Chem. Soc. 2019, 141, 17098.

Carroll, A. R.; Duffy, S.; Avery, V. M. J. Org. Chem. 2010,
75, 8291.

Li, S.-F.; Di, Y.-T.; He, H.-P.; Zhang, Y.; Wang, Y.-H.; Yin, J.-L.;
Tan, C.-J.; Li, S.-L.; Hao, X.-J. Tetrahedron Lett. 2011, 52, 3186.
do Espirito Santo, R. D.; Capitdo, R. M.; Santos Barbosa, P.;
dos Santos, E. F. S.; Duarte Correia, C. R. Asian J. Org.
Chem. 2021, 10, 1938.



	Keywords: marinoquinoline, pyrrolo[2,3-c]quinoline, heterocycles, natural compounds
	Annulation of the benzene ring
	Annulation of the pyridine ring
	Annulation of the pyrrole ring
	Nonsynthetic methods of p
	References

