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1. INTRODUCTION

A broad spectrum of medicinal applications of naturally occurring 
as well as synthesized tetrahydro-β-carboline (THBC) ring systems 
has been fascinating the attention of the researchers in this field [1]. 
This spectrum encompasses the antibacterial [2-3], antimalarial [4-6], 
antitumor [7-10], and anti-HIV [11-13] depending on substitutions 
and functionalization present on the C-1 carbon of the concerned 
THBCs [14]. Even though Pictet–Spengler (PS) and Bischler–
Napieralski reactions are available for the traditional synthesis of 
THBCs, PS reaction is the most captivating method for the synthesis 
of THBC ring that is a part of many natural products and drug 
molecules [15].

Since the discovery of PS reaction in 1911, by the chemists, Ame 
Pictet and Theodor Spengler, different reaction protocols with various 
conditions have been reported. Some examples of conventional and 
non-conventional acid catalysts utilized for the synthesis of THBCs 
through PS reaction are H2SO4 [16], HCl [17], HCO2H [18], AcOH [19], 
chloroacetic acid [20], TFA [21], Triflic acid [22], glyoxylic acid [23], 
benzoic acid [24], p-toluenesulfonic acid [25], benzenedisulfonimide [26], 
D-camphorsulfonic acid [27], and polyphosphoric acid [28]. Similarly, 
few Lewis acids such as titanium(IV) isopropoxide [29], trimethylsilyl 
chloride [30], BF3-OEt2 [31], InBr3 [32], ZnCl2 [33], SnCl4 [34], 
AlCl3 [35], [bmim]Cl-AlCl3 [36], AuCl3-AgOTf [37], Ytterbium(III) 
trifluoromethanesulfonate [Yb(OTf)3] [38], Sc(OTf)3 [39], 
In(OTf)3 [40], Sm(OTf)3 [41], and Y(OTf)3 [42] have been reported as 
catalysts for the PS reaction.

Other catalysts such as deep eutectic solvent of choline chloride-
urea [43], cyanuric chloride [44], AcCl [45], SOCl2/MeOH [46], 
trifluoroacetic anhydride [47], and molecular iodine as homogeneous 
catalyst [48] were also used for this PS reaction. Even though these 
are prompt with short reaction times and good yields, they are having 
some disadvantages. Hence, the identification of an eco-friendly and 
cost-effective catalyst is of current interest for this PS reaction.

In extension of our efforts in the development of some biologically 
important compounds by greener methods, we report here a highly 
efficient procedure for the synthesis of THBCs in good yields 
by the condensation of tryptamine and aldehydes through ferric 
dodecyl sulfonate (FDS), Fe[DS]3 (FDS) in catalytic amount in 
aqueous media under conventional heating. In the current organic 
chemistry research, it will be a good credential as the surfactants 
have identified as catalysts due to their inherent properties such as 
rapid dissolution, non-denaturing, chemical stability in the presence 
of dilute acids, bases, and salts, low aquatic toxicity, and readily 
biodegradable.

FDS is one of the most commonly used surfactants used as solubilizer 
for liquid membranes, an emulsifier, wetting agent, depressant, 
and complexing agent in both aqueous and non-aqueous media. 
In previous, it is used for the synthesis of bis(indolyl)methanes 
from indoles [49], bis-indolyl, tris-indolyl, di(bis-indolyl), tri(bis-
indolyl), tetra(bis-indolyl) methanes, and 3-alkylated indoles [50], 
quinoxalines from 1,2-diketones and 1,2-diamino compounds [51], 
chromeno[4,3-b]chromene derivatives from cyclohexane-1,3-dione, 
4-hydroxycoumarin, and benzaldehydes [52], and catalytic oxidation 
of benzene to phenol from the reaction of hydrogen peroxide [53]. To 
the best of our knowledge, this is the first report on the FDS catalyzed 
synthesis of THBCs from PS reaction.
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2. EXPERIMENTAL

2.1. General
All the reagents and solvents were purchased from Sigma-Aldrich 
and were used for the purpose. Double distilled water generated in the 
laboratory was used as solvent in the reactions; heating reactions were 
performed on Remi heating stirrers. Melting points were determined in 
open capillaries using Guna melting point apparatus. The infrared (IR) 
spectra were recorded on Bruker Fourier transform IR spectrometer 
with single reflection sampling module and the absorptions were 
reported in wavenumbers (cm−1). Nuclear magnetic resonance (NMR) 
spectra were recorded on Bruker 500 MHZ NMR spectrometer 
operating at 500 MHZ for 1H NMR and 125 MHZ for 13C NMR by 
recording in CDCl3 and referenced to TMS (1H and 13C). Mass spectra 
were recorded on a JEOL GCMATE II GC-MS spectrophotometer 
at SAIF, IIT Chennai. Elemental analysis for C, H, and N elements 
was performed on a Thermo Finnigan Instrument. All solvents used 
for chromatographic, spectroscopic, and other physical studies were 
reagent grade and used in the study.

2.2. Synthetic Procedure for the Synthesis of THBC Derivatives (4a-j)
Tryptamine (1, 1mmol) and aldehydes (2a-j, 1mmol) with 5 mol% of 
FDS (3) in 10 mL of double distilled water were heated at 75°C in a 
round bottomed flask on a magnetic stirrer for a period of 1–2 h until 
completion of the reaction, as monitored by thin-layer chromatography. 
After completion of the reaction, contents were extracted into ethyl 
acetate and the portion was dried over anhydrous sodium sulfate, 
filtered and the filtrate was evaporated under reduced pressure. The 
crude product was collected, purified by column chromatography 
on silica gel as absorbent with ethyl acetate and hexane (1:2) as an 
eluent to get pure products (Scheme 1). Tryptamine (1) reacts well 
with aryl aldehydes (2a-j) having both electron-donating and electron-
withdrawing substituents to furnish THBCs (4a-j). FDS is proved to 
be effective in catalyzing the 6-endo cyclization of aldehydes such 
as salicylaldehyde (2b), 4-bromo benzaldehyde (2h), and 4-dimethyl 
amino benzaldehyde (2j) under conventional heating, where these 
are failed by Bronsted acids. This disadvantage has been overcome 
by FDS catalyst. Further, these synthesized compounds (4a-j) were 

characterized by spectral and elemental analysis and provided in the 
following sections.

2.3. Spectral and Elemental Characterization Data of THBC 
Derivatives (4a-j)
1-(p-Tolyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (4a): Yield: 
93%; Pale yellow solid; m.p.: 135–137°C; IR (ZnSe): 3347 (NH), 2936 
(CH) cm−1; 1HNMR (500 MHz, CDCl3): δ 12.24 (s, 1H), 7.56–7.51 (m, 
2H), 7.45–7.39 (m, 3H), 7.34–7.22 (m, 3H), 5.39 (s, 1H), 3.40–3.37 
(m, 2H), 3.23–3.20 (m, 2H), 2.43 (d, 2H), 2.26 (s, 1H), 1.94 (s,1H) 
ppm; 13C NMR (125 MHz, CDCl3,): δ 138.43, 137.55, 136.23, 134.14, 
130.45, 129.36, 126.74, 122.85, 120.22, 116.45, 113.55, 108.41, 64.24, 
51.16, 22.83, 21.53 ppm; LCMS m/z: 262 (M+); Anal. calculated for 
C18H18N2 (%): C, 82.41; H, 6.92; N, 10.68; Found: C, 82.38; H, 6.89; 
N, 10.65.

2.4. 2-(2,3,4,9-Tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenol (4b)
Yield: 94%; Yellow solid; m.p.: 211–213°C; IR (ZnSe): 3357 (OH), 
3276 (NH), 2945 (CH) cm−1; 1HNMR (500 MHz, CDCl3): δ 12.64 
(s, 1H), 7.81–7.77 (m, 4H), 7.63 (s, 1H), 7.43 (s, 1H), 6.95 (s, 1H), 
6.87 (s, 1H), 5.43 (s, 1H), 3.95 (s, 1H), 3.07–2.98 (m, 2H), 2.85–2.80 
(m, 2H), 1.89 (s, 1H) ppm; 13C NMR (125 MHz, CDCl3,): δ 158.46, 
138.50, 134.66, 131.04, 130.44, 127.83, 126.33, 122.35, 120.25, 
119.66, 118.84, 118.47, 111.55, 108.26, 56.64, 45.22, 20.82  ppm; 
LCMS m/z: 264 (M+); Anal. calculated for C17H16N2O (%): C, 77.25; 
H, 6.10; N, 10.06; Found: C, 77.24; H, 6.08; N, 10.05.

2.5. 4-(2,3,4,9-Tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenol (4c)
Yield: 92%; pale yellow solid; m.p.: 192–193°C; IR (ZnSe): 3382 
(OH), 3317 (NH), 2927 (CH) cm−1; 1HNMR (500 MHz, CDCl3): δ 
12.38 (s, 1H), 7.93 (d, 2H), 7.34 (d, 2H), 6.95–6.92 (m, 4H), 5.45 (s, 
1H), 4.22 (s, 1H), 3.07–3.05 (m, 2H), 2.85–2.80 (m, 2H), 1.94 (s, 1H) 
ppm; 13C NMR (125 MHz, CDCl3,): δ 153.36, 140.86, 136.54, 132.45, 
130.66, 127.43, 121.34, 120.41, 118.47, 115.71, 110.29, 108.33, 
60.14, 45.22, 22.09 ppm; LCMS m/z: 264 (M+); Anal. calculated for 
C17H16N2O (%): C, 77.25; H, 6.10; N, 10.60; Found: C, 77.24; H, 6.09; 
N, 10.56.

Scheme 1: Synthesis of ferric dodecyl sulfonate catalyzed tetrahydro-β-carboline derivatives.
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2.6. 1-(4-Methoxyphenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (4d)
Yield: 90%; pale yellow solid; m.p.: 204–205°C; IR (ZnSe): 3297 
(NH), 2939 (CH) cm−1; 1HNMR (500 MHz, CDCl3): δ 12.44 (s, 1H), 
8.12 (d, 2H), 7.53 (d, 2H), 6.93–7.34 (m, 4H), 5.42 (s, 1H), 3.88 (s, 
3H), 3.35 (m, 1H), 3.06 (m, 1H), 2.63–2.86 (m, 2H), 1.97 (s, 1H) 
ppm; 13C NMR (125 MHz, CDCl3,): δ 159.45, 136.53, 134.95, 132.29, 
130.07, 127.56, 121.88, 120.52, 118.33, 113.97, 111.24, 109.17, 62.22, 
55.99, 45.25, 22.09 ppm; LCMS m/z: 278 (M+); Anal. calculated for 
C18H18N2O (%): C, 77.67; H, 6.52; N, 10.06; Found: C, 77.66; H, 6.48; 
N, 10.05.

2.7. 2-Methoxy-4-(2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenol 
(4e)
Yield: 91%; yellow solid; m.p.: 185–187°C; IR (ZnSe): 3334 (NH), 
2982 (CH) cm−1; 1HNMR (500 MHz, CDCl3): δ 12.38 (s, 1H), 7.85–
7.80 (m, 3H), 7.66 (s, 1H), 7.45 (s, 1H), 7.26 (s, 1H), 7.03 (s, 1H), 
5.25 (s, 1H), 4.26–4.22 (m,1H), 3.96 (s, 3H), 3.16–3.12 (m, 2H), 
2.65–2.61 (m, 2H), 1.99 (s, 1H) ppm; 13C NMR (125 MHz, CDCl3,): 
δ 156.43, 145.52, 138.48, 136.25, 133.33, 128.07, 121.86, 120.95, 
119.16, 118.83, 117.34, 116.24, 112.38, 109.75, 62.25, 56.83, 43.42, 
22.74 ppm; LCMS m/z: 294 (M+); Anal. calculated for C18H18N2O2 
(%): C, 73.45; H, 6.16; N, 9.52; Found: C, 73.42; H, 6.15; N, 9.50.

2.8. 1-(4-Fluorophenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (4f)
Yield: 93%; pale yellow liqid; m.p.: 138–140°C; IR (ZnSe): 3346 
(NH), 2955 (CH) cm−1; 1HNMR (500 MHz, CDCl3): δ 12.43 (s, 1H), 
7.49–7.42 (m, 4H), 7.25–7.20 (d, 2H), 6.83–6.81 (d, 2H), 5.85 (s, 1H), 
3.41–3.38 (m, 2H), 2.85–2.83 (m, 2H), 1.77 (s, 1H) ppm; 13C NMR 
(125 MHz, CDCl3,): δ 164.23, 141.31, 136.63, 134.26, 130.45, 128.22, 
123.13, 121.90, 120.55, 118.88, 115.03, 114.33, 112.29, 110.09, 
60.85, 45.93, 22.26 ppm; LCMS m/z: 266 (M+); Anal. calculated for 
C17H15FN2 (%): C, 76.67; H, 5.68; N, 10.52; Found: C, 76.65; H, 5.67; 
N, 10.50.

2.9. 1-(4-Chlorophenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (4g)
Yield: 91%; white solid; m.p.: 165–167°C; IR (ZnSe): 3297 (NH), 2973 
(CH) cm−1; 1HNMR (500 MHz, CDCl3): δ 12.45 (s, 1H), 7.42–7.38 
(m, 3H), 7.23–7.02 (m, 5H), 5.25 (s, 1H), 3.95–3.92 (m, 1H), 3.25–3.21 
(m, 1H), 2.69–2.88 (m, 2H), 1.65 (s, 1H) ppm; 13C NMR (125 MHz, 
CDCl3,): δ 139.28, 136.46, 136.28, 134.76, 129.23, 128.86, 127.55, 
122.12, 121.96, 119.26, 118.94, 114.06, 111.14, 107.53, 62.03, 43.44, 
26.82  ppm; LCMS m/z: 282 (M+); Anal. calculated for C17H15ClN2 
(%): C, 72.21; H, 5.35; N, 9.91; Found: C, 72.19; H, 5.34; N, 9.88.

2.10. 1-(4-Bromophenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (4h)
Yield: 89%; yellow solid; m.p.: 227–229°C; IR (ZnSe): 3286 (NH), 
2967 (CH) cm−1; 1HNMR (500 MHz, CDCl3): δ 12.35 (s, 1H), 7.55–
7.50 (d, 2H), 7.48–7.36 (m, 4H), 7.24–7.19 (d, 2H), 5.54 (s, 1H), 
3.25–3.20 (m, 2H), 2.88–2.85 (m, 2H), 1.73 (s, 1H) ppm; 13C NMR 
(125 MHz, CDCl3,): δ 140.24, 137.03, 134.54, 132.63, 131.44, 129.83, 
127.35, 126.90, 125.73, 122.85, 120.47, 119.03, 112.20, 109.81, 
58.03, 46.35, 22.46 ppm; LCMS m/z: 326 (M+); Anal. calculated for 
C17H15BrN2 (%): C, 62.40; H, 4.62; N, 8.56; Found: C, 62.38; H, 4.60; 
N, 8.55.

2.11. 1-(4-Nitrophenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (4i)
Yield: 92%; yellow solid; m.p.: 174–175°C; IR (ZnSe): 3308 (NH), 
2948 (CH) cm−1; 1HNMR (500 MHz, CDCl3): δ 12.28 (s, 1H), 8.33 (m, 
2H), 7.54 (m, 2H), 7.36–7.33 (m, 4H), 5.45 (s, 1H), 3.45–3.39 (m, 2H), 
2.93–2.88 (m, 2H), 1.96 (s, 1H) ppm; 13C NMR (125 MHz, CDCl3,): 
δ 146.88, 145.46, 136.25, 134.16, 128.24, 123.52, 120.53, 118.92, 
110.24, 109.63, 62.24, 46.43, 24.27 ppm; LCMS m/z: 293 (M+); Anal. 

calculated for C17H15N3O2 (%): C, 69.61; H, 5.15; N, 14.33; Found: C, 
69.59; H, 5.13; N, 14.32.

2.12. N,N-Dimethyl-4-(2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-
yl)aniline (4j)
Yield: 92%; yellow solid; m.p.: 143–145°C; IR (ZnSe): 3356 (NH), 
2923 (CH) cm−1; 1HNMR (500 MHz, CDCl3): δ 12.38 (s, 1H), 7.77 
(d, 2H), 7.24 (d, 2H), 6.85–6.83 (m, 4H), 5.67 (s, 1H), 3.43–3.40 (m, 
2H), 3.27 (s, 6H), 2.73–2.70 (m, 2H), 2.03 (s, 1H) ppm; 13C NMR 
(125 MHz, CDCl3,): δ 152.23, 138.63, 135.25, 132.05, 128.24, 127.88, 
122.39, 120.41, 118.55 112.70, 111.45, 108.05, 60.23, 44.54, 40.04, 
22.83 ppm; LCMS m/z: 291 (M+); Anal. calculated for C19H21N3 (%): 
C, 78.32; H, 7.26; N, 14.42; Found: C, 78.29; H, 7.24; N, 14.40.

2.13. In Situ Preparation Procedure of FDS Catalyst
Effective stirring of sodium dodecyl sulfate (SDS) and ferric 
chloride solutions in 3:1 molar ratio at room temperature yields 
the desired FDS catalyst [5] (Scheme 2). This is a combined 
Lewis acid-surfactant catalyst (LASC) which exhibits both effects, 
namely, Lewis acidity of Fe3+ and surfactant effect of dodecyl 
sulfonyl group. This helps a lot to activate aldehyde molecule as a 
Lewis acid and increases the concentration of organic reactants to 
form micelles.

3. RESULTS AND DISCUSSION

The experimental parameters for the synthesis of THBCs (4a-j) from 
tryptamine (1) and various substituted benzaldehydes (2a-j) were 
optimized for the typical reaction of tryptamine (1) with 4-methyl 
benzaldehyde (2a) in terms of catalyst selection, catalyst concentration, 
and effective reaction temperature that are needed to accomplish the 
products in good yields.

Scheme 2: In situ preparation of ferric dodecyl sulfonate 
catalyst.

Table 1: Optimization of catalyst source for the synthesis of 
compound 4a.

Catalyst Temperature (°C) Reaction time (h) Yield (%)
PBDP 90 14 82
Yb (OTf) 3 80 15 80
Triton X‑100 85 16 84
DBSA 90 8 85
DDAB 90 9 83
PFOSA‑BASC 80 5 89
FDS‑LASC 75 2 93
FDS: Ferric dodecyl sulfonate, DBSA: Dodecylbenzene sulfonic 
acid, Yb (OTf) 3: Ytterbium (III) trifluoromethanesulfonate, 
PBDP: 10‑(4‑perfluorobutylsulfonaminosulfonyl phenyl) 
decylpolystyrene, DDAB: Didodecyl dimethyl‑ammonium bromide, 
PFOSA‑BASC: Perfluorooctanesulfonic acid‑based Brønsted 
acid‑surfactant‑combined catalyst, LASC: Lewis acid‑surfactant 
catalyst
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3.1. Optimization of the Catalyst
Synthesis of 4a has been taken as a model reaction to investigate the 
efficacy of some acid catalysts, surfactant catalysts, and surfactant-based 
catalysts and optimized the effective catalyst (Table 1). In such, we have 
investigated the activity of 10-(4-perfluorobutylsulfonaminosulfonyl 
phenyl) decylpolystyrene a polymer-supported sulfonimide which is 
a water-tolerant Brønsted acid catalyst, [Yb(OTf)3] a water-tolerant 
Lewis acid catalyst, Triton X-100 a non-ionic surfactant catalyst, 
dodecylbenzene sulfonic acid an anionic surfactant, didodecyl dimethyl-
ammonium bromide a cationic surfactant, and perfluorooctanesulfonic 
acid-based Brønsted acid-surfactant-combined catalyst which is 
combined with SDS and FDS a combined LASC [FDS-LASC] in 10 
mol%. The yields of compound 4a obtained against selected catalysts 
are comparatively good, but FDS-LASC catalyst accomplished in 
high yield (93%). As this is a cost-effective, eco-friendly protocol 
with simple operating procedures, we have selected FDS-LASC as an 
effective catalyst for this methodology.

3.2. Optimization of Catalyst Concentration
Synthesis of 4a loaded with various concentrations of FDS catalyst 
(3) operated at uniform reaction conditions has accomplished it in 
81, 88, 93, 93, and 93% yields, respectively. It is noticed that 5 mol% 
of FDS catalyst is effective in producing 4a in 93% yield and higher 
concentrations have not shown any effect (Table 2).

3.3. Optimization of Reaction Temperature
Synthesis of 4a varying at different temperatures in the range of 60–
90°C with 5°C variation has accomplished in 69, 80, 88, 93, 93, 93, 

and 93% yields (Table 3). From the results, we have identified the 
effective temperature (75°C) had produced 4a with 93% yield and 
there is no increment in the yield beyond 75°C as the yield remained 
unaltered.

Figure 1: Mechanistic approach for ferric dodecyl sulfonate-mediated synthesis of tetrahydro-β-carboline derivatives.

Table 2: Catalyst concentration optimization studies 4a.

Catalyst (mol%) Time (h) Yield (%)
1.0 5 81
2.5 4 88
5.0 2 93
7.5 2 93
10.0 2 93

Table 3: Temperature optimization studies.

Temperature (°C) Time (h) Yield (%)
60 4 69
65 4 80
70 4 88
75 2 93
80 3 93
85 3 93
90 4 93
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3.4. Mechanistic Action of FDS Catalyst
In PS reaction, tryptamine condenses with aldehyde to afford 
corresponding imine, which further on 6-endo cyclization by C-2 
attack of imine accomplishes the THBC. Here, the Fe3+ ion (Lewis 
acidic) electronically binds with carbonyl oxygen and promotes the 
condensation reaction with tryptamine to form an imine. Similarly, 
the imine gets activated through binding with Fe3+ ion and promotes 
the 6-endo cyclization by donating its π-electrons and subsequent 
hydrogen ion migration fulfills the formation of THBC (Figure 1).

3.5. Catalytic Activity of FDS Catalyst
Here, the dual nature of FDS catalyst, namely, surfactant activity 
and Lewis acidity makes it to gets hydrolyzed and the ferric ions get 
hydrated and then binds with carbonyl oxygen (aldehyde) as well as 
with the electron density (tryptophan ring) and enables the system to 
enter into the micellar sphere next (Figure 2). Here, the substrates get 
reacted faster than the uncatalyzed reaction, as the micellar spheres 
create an independent environment to them to react and form the 
product by eliminating other possibilities such as backward reaction, 
formation of unnecessary by-products, and retaining of unreacted 
intermediates.

4. CONCLUSION

This is the first report on the eco-friendly synthesis of THBCs obtained 
by catalytic action of FDS. The merit of this protocol is the formation 
of FDS micellar spheres under conventional heating and to host 
the reactant aggregates to react and form the product, whose size is 
larger than the micellar size to get transferred from micellar vicinity 

to aqueous system after its immediate formation. Hence, this protocol 
with FDS-LASC catalytic activity for PS reaction has a beneficial with 
short reaction times, good yields and categorized as an environment 
benevolent one.
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