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Abstract: Indole ring is widely represented in natural compounds, as well as in a great variety
of drugs. In this paper, the synthesis of a 5-hydroxybenzoindole derivative carrying a pyridyl
substituent on position 1 is reported. The method involved no chromatography for purification and
used solvents and catalysts of very low toxicity.
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1. Introduction

Indole ring is a common heterocycle found in thousands [1] of natural products,
e.g., tryptophan and indole-3-carbinol, as well as synthetic drugs like tadalafil and suma-
triptan. The oxidation of tryptophan via hydroxylase [2] leads to serotonin, melatonin,
and other important metabolites carrying the 5-hydroxyindole moiety, as well as several
active pharmaceutical ingredients such as indomethacin [3], umifenovir [4], anlotinib [5],
and atevirdine [6]. The possibility of synthesizing multifunctional compounds based on
5-hydroxyindole scaffold is therefore highly desirable and has been implemented by apply-
ing a variety of procedures, e.g., Fischer synthesis [7], Stille coupling [8], and amino-Claisen
rearrangement [9]. In this regard, Nenitzescu synthesis [10] is particularly attractive since
the starting materials, enamines, and quinones are relatively cheap and of limited toxicity
compared to phenylhydrazines or other precursors commonly employed in other pathways.
Several advancements have been proposed to develop Nenitzescu synthesis, viz. the use
of nitromethane as a solvent [11], as well as the application of Lewis acid catalysts [12,13]
or enantioselective catalysts [14]. Herein, for the first time, we report on the synthesis of
a 5-hydroxybenzoindole with a pyridyl substituent based on the slight modification of a
procedure that we recently developed [15].

2. Results

The procedure consisted in two steps: first, 2-picolylamine was added to ethyl ace-
toacetate in equimolar amounts without the addition of any solvent or catalyst; second, the
resulting enaminoester (1 in Scheme 1) was treated with naphthoquinone in cyclopentyl
methyl ether (CPME) with the aid of zinc chloride in catalytic amounts. The first step gave
an isolated yield of 50%, while the second involved isolating the product (2 in Scheme 1) in
a 21% yield. The overall yield was therefore 11%.
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over that could interfere with the second step. On the other hand, the reported synthesis 

[17] for compound 1 involved the use of 10 mol% of iodine, a heavy and rare [18] element 

with toxicity issues [19,20]. At variance with our experience with Neni�escu synthesis, 

this particular enamine gave small amounts of product when the reaction was left for 40 

minutes, as previously reported [15], probably because of the heterogenous nature of the 

mixture and the ability of 1 to chelate zinc, therefore depressing its Lewis acidity. The 

reaction mixture turned to a dark orange color that did not fade with time; this is a sign 

of the formation of highly conjugated intermediates derived from additions to quinone (3 

in Figure 1) that do not react further, as already pointed out in the literature [11,12].  
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Scheme 1. Two-step synthesis of ethyl 5-hydroxy-2-methyl-1-(pyridin-2-ylmethyl)benzo[g]indole-3-
carboxylate.

3. Discussion

The condensation of primary amines with beta-ketoesters is quite a straightforward
reaction. Thus, we omitted the use of a catalyst (e.g., acetic acid [16]) to avoid any carry-over
that could interfere with the second step. On the other hand, the reported synthesis [17] for
compound 1 involved the use of 10 mol% of iodine, a heavy and rare [18] element with
toxicity issues [19,20]. At variance with our experience with Nenitzescu synthesis, this
particular enamine gave small amounts of product when the reaction was left for 40 min, as
previously reported [15], probably because of the heterogenous nature of the mixture and
the ability of 1 to chelate zinc, therefore depressing its Lewis acidity. The reaction mixture
turned to a dark orange color that did not fade with time; this is a sign of the formation of
highly conjugated intermediates derived from additions to quinone (3 in Figure 1) that do
not react further, as already pointed out in the literature [11,12].
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Figure 1. Structure of one of the possible intermediates.

It should be pointed out that the procedure, despite the low yield which is often
encountered in Nenitzescu synthesis, works entirely at room temperature. Moreover,
purification is simple because the product precipitates completely and selectively from the
reaction mixture, and the use of solvents is quite scarce and limited (only environmentally
friendly ones, like ethanol and ethyl acetate [21], are typically used for work-up and
CPME) [22].
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4. Materials and Methods
4.1. Materials

Ethyl acetoacetate 99+% and zinc chloride 99+% were purchased from Alfa Aesar, 2-
picolylamine 99% was purchased from Sigma Aldrich (Merck KGaA, Darmstadt, Germany),
naphthoquinone >98% was purchased from TCI Chemicals (Tokyo, Japan), cyclopentyl
methyl ether >99.9% was purchased from ZEON (Tokyo, Japan), ethyl acetate >99%, and
ethanol absolute was purchased from VWR Chemicals (Radnor, PA, USA).

All materials were used as received. 1H-NMR (400 MHz) and 13C-NMR (101 MHz)
spectra were recorded in CDCl3 with a Bruker Ascend 400 spectrometer (Bruker, Ettlingen,
Germany) in CDCl3 or DMSO d6 solutions, and residual solvents peaks were used for
calibration at 7.26 ppm and 2.50 ppm, respectively. Mass spectra were acquired using a
Thermo Finnigan Q Exactive spectrometer (Thermo Fisher Scientific, Waltham, MA, USA)
with an API-HESI source and a Fourier transform orbital trap (Orbitrap). Samples were
introduced as acetonitrile solutions at a 0.1 mg/L concentration.

4.2. Synthesis of Ethyl 3-[(Pyridin-2-ylmethyl)amino]but-2-enoate 1

Ethyl acetoacetate (2.50 mL, 0.0198 mol, 1.02 eq) was mixed with 2-picolylamine
(2.0 mL, 0.0194 mol, 1.00 eq) in a glass vial, sealed, and stirred at room temperature for 48 h.
The mixture was dissolved in 10 mL of ethyl acetate, washed with water (3 × 10 mL), dried
with sodium sulfate, and evaporated under vacuum. The resulting yellow viscous oil was
left under vacuum overnight (2.14 g, 50.0% yield). 1H NMR (400 MHz, CDCl3), δ ppm 9.15
(br. s., 1 H), 8.58 (dq, J = 4.88, 0.70 Hz, 1 H), 7.68 (td, J = 7.69, 1.82 Hz, 1 H), 7.31–7.27 (m,
1 H), 7.19 (dd, J = 7.26, 5.12 Hz, 1 H), 4.55–4.60 (m, 3 H), 4.13 (q, J = 7.14 Hz, 2 H), 1.94 (s,
3 H), 1.27 (t, J = 7.14 Hz, 3 H).

13C NMR (101 MHz, CDCl3), δ ppm 170.6 (C), 161.6 (C), 158.3 (C), 149.5 (CH), 136.9
(CH), 122.2 (CH), 120.7 (CH), 83.7 (CH), 58.4 (CH2), 48.5 (CH2), 19.5 (CH3), 14.6 (CH3).

4.3. Synthesis of Ethyl 5-Hydroxy-2-methyl-1-(pyridin-2-ylmethyl)benzo[g]indole-3-carboxylate 2

Ethyl 3-[(pyridin-2-ylmethyl)amino]but-2-enoate (1.032 g, 4.685 mmol, 1.00 eq) was
dissolved in 25 mL of CPME. ZnCl2 (0.11 g, 0.81 mmol, 17 mol%) was dissolved with 1,4-
naphthoquinone (0.754 g, 4.77 mmol, 1.02 eq) in 25 mL of CPME and the resulting solution
was mixed with the one containing enamine. Upon mixing, yellow solid precipitations
were found. The mixture was left to be stirred at 20 ◦C in a sealed flask for 72 h, and it
then turned dark orange and was kept at 4 ◦C for 16 h. The solid was then filtered and
washed with 10 mL of CPME. The obtained solid was dissolved in 25 mL of ethyl acetate
and was then washed with water (3 × 20 mL), dried with sodium sulfate, and evaporated
under vacuum conditions. The product was recrystallized from absolute ethanol to give a
pale-yellow solid (0.350 g, 0.97 mmol, and 20.7% yield). 1H NMR (400 MHz, (CD3)2SO), δ
ppm 9.78 (s, 1 H, H25), 8.51–8.61 (m, 1 H, H19), 8.18–8.26 (m, 1 H, H8), 8.01–8.10 (m, 1 H,
H7), 7.75 (s, 1 H, H4), 7.70 (td, J = 7.71, 1.78 Hz, 1 H, H17), 7.31–7.37 (m, 2 H, H18+H9), 7.27
(ddd, J = 7.20, 5.30, 1.00 Hz, 1 H, H16), 6.90 (d, J = 7.85 Hz, 1 H, H6), 5.92 (s, 2 H, H14), 4.35
(q, J = 7.11 Hz, 2 H, H23), 2.77 (s, 3 H, H21), 1.42 (t, J = 7.10 Hz, 3 H, H24).

13C NMR (101 MHz, (CD3)2SO) d ppm 165.2 (C22), 156.4 (C), 149.7 (C19), 148.4 (C),
143.5 (C), 137.5 (C17), 126.0 (C9), 124.4 (C), 123.5 (C), 123.3 (C8), 123.0 (C), 122.7 (C16), 122.5
(C18), 122.0 (C), 120.3 (C7), 120.1 (C6), 104.3, 101.6 (C4), 59.1 (C23), 50.7 (C14), 14.5 (C24),
11.7 (C21). (Carbon atoms are labeled according to Figure 2)



Molbank 2024, 2024, M1840 4 of 5
Molbank 2024, 2024, x FOR PEER REVIEW 4 of 5 
 

 

Figure 2. Atom labelling for compound 2; numbers are used for reference in 13C NMR spectrum. 

5. Conclusions 

Ethyl 5-hydroxy-2-methyl-1-(pyridin-2-ylmethyl)benzo[g]indole-3-carboxylate was 

synthesized for the first time. The compound is highly functionalized and of potential 

interest in the field of medicinal chemistry. Despite the low yield, the method described 

entails no chromatography for purification and uses solvents and catalysts of very low 

toxicity. 

Supplementary Materials: The following supporting information can be downloaded at: 

www.mdpi.com/xxx/s1, Figure S1: 1H-NMR of ethyl 5-hydroxy-2-methyl-1-(pyridin-2-

ylmethyl)benzo[g]indole-3-carboxylate. Figure S2: 13C-NMR of ethyl 5-hydroxy-2-methyl-1-

(pyridin-2-ylmethyl)benzo[g]indole-3-carboxylate. Figure S3: HSQC spectrum of ethyl 5-hydroxy-

2-methyl-1-(pyridin-2-ylmethyl)benzo[g]indole-3-carboxylate. Figure S4: HRMS ESI spectrum of 

ethyl 5-hydroxy-2-methyl-1-(pyridin-2-ylmethyl)benzo[g]indole-3-carboxylate. 

Author Contributions: Conceptualization, G.S. and M.C.; methodology, G.S. and M.C.; validation, 

S.G.; formal analysis, M.C.; investigation, G.S.; resources, M.C. and L.D.L.; data curation, G.S.; 

writing—original draft preparation, G.S.; writing—review and editing, G.S. and M.C.; visualization, 

L.D.L., S.G., and L.P. All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Data Availability Statement: The data presented in this study are available in the article and 

Supplementary Materials. 

Acknowledgments: The authors would like to thank CeSAR (Centro Servizi d’Ateneo per la Ricerca) 

of the University of Sassari for HRMS. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. Umer, S.M.; Solangi, M.; Khan, K.M.; Saleem, R.S.Z. Indole-Containing Natural Products 2019–2022: Isolations, Reappraisals, 

Syntheses, and Biological Activities. Molecules 2022, 27, 7586. https://doi.org/10.3390/molecules27217586. 

2. McKinney, J.; Teigen, K.; Frøystein, N.Å.; Salaün, C.; Knappskog, P.M.; Haavik, J.; Martínez, A. Conformation of the Substrate 

and Pterin Cofactor Bound to Human Tryptophan Hydroxylase. Important Role of Phe313 in Substrate Specificity. Biochemistry 

2001, 40, 15591–15601. https://doi.org/10.1021/bi015722x. 

3. Schwenker, G.; Stiefvater, K. Prodrugs Nichtsteroidaler Antirheumatika, 3. Mitt.: Synthese Und Hydrolyse von Acyloxy-2-

Oxopropanen. Arch. Pharm. 1991, 324, 547–550. https://doi.org/10.1002/ardp.2503240905. 

4. Haviernik, J.; Štefánik, M.; Fojtíková, M.; Kali, S.; Tordo, N.; Rudolf, I.; Hubálek, Z.; Eyer, L.; Ruzek, D. Arbidol (Umifenovir): 

A Broad-Spectrum Antiviral Drug That Inhibits Medically Important Arthropod-Borne Flaviviruses. Viruses 2018, 10, 184. 

https://doi.org/10.3390/v10040184. 

5. Syed, Y.Y. Anlotinib: First Global Approval. Drugs 2018, 78, 1057–1062. https://doi.org/10.1007/s40265-018-0939-x. 

Figure 2. Atom labelling for compound 2; numbers are used for reference in 13C NMR spectrum.

HRMS (ESI+) m/z calculated for C22H21N2O3 [M+H]+: 361.15467, found: 361.15387
(∆ = −2.2 ppm).(Figures S1–S4)

5. Conclusions

Ethyl 5-hydroxy-2-methyl-1-(pyridin-2-ylmethyl)benzo[g]indole-3-carboxylate was
synthesized for the first time. The compound is highly functionalized and of potential inter-
est in the field of medicinal chemistry. Despite the low yield, the method described entails
no chromatography for purification and uses solvents and catalysts of very low toxicity.

Supplementary Materials: Figure S1: 1H-NMR of ethyl 5-hydroxy-2-methyl-1-(pyridin-2-ylmethyl)
benzo[g]indole-3-carboxylate. Figure S2: 13C-NMR of ethyl 5-hydroxy-2-methyl-1-(pyridin-2-ylmethyl)
benzo[g]indole-3-carboxylate. Figure S3: HSQC spectrum of ethyl 5-hydroxy-2-methyl-1-(pyridin-2-
ylmethyl)benzo[g]indole-3-carboxylate. Figure S4: HRMS ESI spectrum of ethyl 5-hydroxy-2-methyl-
1-(pyridin-2-ylmethyl)benzo[g]indole-3-carboxylate.

Author Contributions: Conceptualization, G.S. and M.C.; methodology, G.S. and M.C.; validation,
S.G.; formal analysis, M.C.; investigation, G.S.; resources, M.C. and L.D.L.; data curation, G.S.;
writing—original draft preparation, G.S.; writing—review and editing, G.S. and M.C.; visualization,
L.D.L., S.G. and L.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data presented in this study are available in the article and
Supplementary Materials.

Acknowledgments: The authors would like to thank CeSAR (Centro Servizi d’Ateneo per la Ricerca)
of the University of Sassari for HRMS.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Umer, S.M.; Solangi, M.; Khan, K.M.; Saleem, R.S.Z. Indole-Containing Natural Products 2019–2022: Isolations, Reappraisals,

Syntheses, and Biological Activities. Molecules 2022, 27, 7586. [CrossRef] [PubMed]
2. McKinney, J.; Teigen, K.; Frøystein, N.Å.; Salaün, C.; Knappskog, P.M.; Haavik, J.; Martínez, A. Conformation of the Substrate and

Pterin Cofactor Bound to Human Tryptophan Hydroxylase. Important Role of Phe313 in Substrate Specificity. Biochemistry 2001,
40, 15591–15601. [CrossRef] [PubMed]

3. Schwenker, G.; Stiefvater, K. Prodrugs Nichtsteroidaler Antirheumatika, 3. Mitt.: Synthese Und Hydrolyse von Acyloxy-2-
Oxopropanen. Arch. Pharm. 1991, 324, 547–550. [CrossRef]

4. Haviernik, J.; Štefánik, M.; Fojtíková, M.; Kali, S.; Tordo, N.; Rudolf, I.; Hubálek, Z.; Eyer, L.; Ruzek, D. Arbidol (Umifenovir): A
Broad-Spectrum Antiviral Drug That Inhibits Medically Important Arthropod-Borne Flaviviruses. Viruses 2018, 10, 184. [CrossRef]
[PubMed]

5. Syed, Y.Y. Anlotinib: First Global Approval. Drugs 2018, 78, 1057–1062. [CrossRef] [PubMed]

https://doi.org/10.3390/molecules27217586
https://www.ncbi.nlm.nih.gov/pubmed/36364413
https://doi.org/10.1021/bi015722x
https://www.ncbi.nlm.nih.gov/pubmed/11747434
https://doi.org/10.1002/ardp.2503240905
https://doi.org/10.3390/v10040184
https://www.ncbi.nlm.nih.gov/pubmed/29642580
https://doi.org/10.1007/s40265-018-0939-x
https://www.ncbi.nlm.nih.gov/pubmed/29943374


Molbank 2024, 2024, M1840 5 of 5

6. Romero, D.L.; Morge, R.A.; Biles, C.; Berrios-Pena, N.; May, P.D.; Palmer, J.R.; Johnson, P.D.; Smith, H.W.; Busso, M. Discovery,
Synthesis, and Bioactivity of Bis(Heteroaryl)Piperazines. 1. A Novel Class of Non-Nucleoside HIV-1 Reverse Transcriptase
Inhibitors. J. Med. Chem. 1994, 37, 999–1014. [CrossRef] [PubMed]

7. Dillard, R.D.; Bach, N.J.; Draheim, S.E.; Berry, D.R.; Carlson, D.G.; Chirgadze, N.Y.; Clawson, D.K.; Hartley, L.W.; Johnson,
L.M.; Jones, N.D.; et al. Indole Inhibitors of Human Nonpancreatic Secretory Phospholipase A2. 2. Indole-3-Acetamides with
Additional Functionality. J. Med. Chem. 1996, 39, 5137–5158. [CrossRef]

8. Mukai, C.; Takahashi, Y. A New Entry to the Synthesis of 2,3-Disubstituted Indoles. Org. Lett. 2005, 7, 5793–5796. [CrossRef]
[PubMed]

9. Saito, A.; Kanno, A.; Hanzawa, Y. Synthesis of 2,3-Disubstituted Indoles by a Rhodium-Catalyzed Aromatic Amino-Claisen
Rearrangement of N-Propargyl Anilines. Angew. Chem. Int. Ed. 2007, 46, 3931–3933. [CrossRef] [PubMed]

10. Nenitzescu, C.D. Derivatives of 2-methyl-5-hydroxyindole. Bull. Soc. Chim. Rom. 1929, 11, 37.
11. Patrick, J.B.; Saunders, E.K. Studies on the Nenitzescu Synthesis of 5-Hydroxyindoles. Tetrahedron Lett. 1979, 20, 4009–4012.

[CrossRef]
12. Suryavanshi, P.A.; Sridharan, V.; Menéndez, J.C. Expedient, One-Pot Preparation of Fused Indoles via CAN-Catalyzed Three-

Component Domino Sequences and Their Transformation into Polyheterocyclic Compounds Containing Pyrrolo [1,2-a]Azepine
Fragments. Org. Biomol. Chem. 2010, 8, 3426–3436. [CrossRef] [PubMed]

13. Teymori, A.; Sedaghat, A.; Kobarfard, F. Ca-Mediated Nenitzescu Synthesis of 5-Hydroxyindoles. Chem. Pap. 2023, 77, 1791–1795.
[CrossRef]

14. Thönnißen, V.; Atodiresei, I.L.; Patureau, F.W. Atroposelective Nenitzescu Indole Synthesis. Chem.—Eur. J. 2023, 29, e202300279.
[CrossRef] [PubMed]

15. Satta, G.; Usala, E.; Solinas, A.; Römer, M.; Livesi, M.; Pira, G.M.; Beccu, A.; Carboni, S.; Gaspa, S.; De Luca, L.; et al. Nenitzescu
Synthesis of 5-Hydroxyindoles with Zinc, Iron and Magnesium Salts in Cyclopentyl Methyl Ether. Eur. J. Org. Chem. 2021, 2021,
5835–5842. [CrossRef]

16. Defant, A.; Mancini, I. A Study on the Regioselectivity in N,C-Acylation of β-Enamino-Esters. Tetrahedron 2013, 69, 4586–4590.
[CrossRef]

17. Xu, P.; Huang, K.; Liu, Z.; Zhou, M.; Zeng, W. An Efficient and Convenient Synthesis of 1,2,3-Trisubstituted Pyrroles via
Iodocyclization from Ethyl Acetoacetate. Tetrahedron Lett. 2013, 54, 2929–2933. [CrossRef]

18. Muramatsu, Y.; Hans Wedepohl, K. The Distribution of Iodine in the Earth’s Crust. Chem. Geol. 1998, 147, 201–216. [CrossRef]
19. Pennington, J.A. A Review of Iodine Toxicity Reports. J. Am. Diet. Assoc. 1990, 90, 1571–1581. [CrossRef] [PubMed]
20. Southern, A.P.; Anastasopoulou, C.; Jwayyed, S. Iodine Toxicity. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA,

2024.
21. Capello, C.; Fischer, U.; Hungerbühler, K. What Is a Green Solvent? A Comprehensive Framework for the Environmental

Assessment of Solvents. Green Chem. 2007, 9, 927–934. [CrossRef]
22. Azzena, U.; Carraro, M.; Pisano, L.; Monticelli, S.; Bartolotta, R.; Pace, V. Cyclopentyl Methyl Ether: An Elective Ecofriendly

Ethereal Solvent in Classical and Modern Organic Chemistry. ChemSusChem 2019, 12, 40–70. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1021/jm00033a018
https://www.ncbi.nlm.nih.gov/pubmed/7512142
https://doi.org/10.1021/jm960486n
https://doi.org/10.1021/ol052179u
https://www.ncbi.nlm.nih.gov/pubmed/16354068
https://doi.org/10.1002/anie.200605162
https://www.ncbi.nlm.nih.gov/pubmed/17427902
https://doi.org/10.1016/S0040-4039(01)86490-X
https://doi.org/10.1039/C004703A
https://www.ncbi.nlm.nih.gov/pubmed/20532396
https://doi.org/10.1007/s11696-022-02463-y
https://doi.org/10.1002/chem.202300279
https://www.ncbi.nlm.nih.gov/pubmed/36725685
https://doi.org/10.1002/ejoc.202101045
https://doi.org/10.1016/j.tet.2013.04.012
https://doi.org/10.1016/j.tetlet.2013.03.094
https://doi.org/10.1016/S0009-2541(98)00013-8
https://doi.org/10.1016/S0002-8223(21)01843-5
https://www.ncbi.nlm.nih.gov/pubmed/2229854
https://doi.org/10.1039/B617536H
https://doi.org/10.1002/cssc.201801768

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Materials 
	Synthesis of Ethyl 3-[(Pyridin-2-ylmethyl)amino]but-2-enoate 1 
	Synthesis of Ethyl 5-Hydroxy-2-methyl-1-(pyridin-2-ylmethyl)benzo[g]indole-3-carboxylate 2 

	Conclusions 
	References

