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Abstract: Bronsted acid-catalysed /mediated reactions of the 2-alkynylanilines are reported. While
metal-catalysed reactions of these valuable building blocks have led to the establishment of ro-
bust protocols for the selective, diverse-oriented syntheses of significant heterocyclic derivatives,
we here demonstrate the practical advantages of an alternative methodology under metal-free
conditions. Our investigation into the key factors influencing the product selectivity in Brensted
acid-catalysed /mediated reactions of 2-alkynylanilines reveals that different reaction pathways can
be directed towards the formation of diverse valuable products by simply choosing appropriate
reaction conditions. The origins of chemo- and regioselectivity switching have been explored through
Density Functional Theory (DFT) calculations.
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1. Introduction

The 2-alkynylanilines 1, readily available via Sonogashira cross-coupling of 2-haloanilines
with terminal alkynes [1,2], are growing in importance as building blocks for constructing
a wide variety of heterocyclic scaffolds [3-5]. Significantly, these substrates enable access to
challenging target skeletal diversity with good atom economy through product selectivity
control. Indeed, controlling chemoselectivity also avoids the tedious separation of the
desired reaction product from unwanted compounds, thereby further reducing waste and
the cost of the process. Therefore, there is a growing demand for developing alternative
strategies with high selectivity for producing pharmaceuticals and fine chemicals [6]. In
particular, the overcoming of the drawbacks of conventional methods [7] in the synthesis
of pharmaceutical agents [8] from 2-alkynylanilines is relevant in academia and pharma-
ceutical industries due to their various biological activities including anticancer [9] and
anti-neurodegenerative agents [10]. Moreover, cascade synthetic approaches continue to
be a focus of intensive research due to their unique features of reducing the time and
labour of the synthetic process and their potential to rapidly increase molecular complexity
in a single operation [11]. Our ongoing interest in the synthesis of target heterocyclic
scaffolds from aminoalkynes [12], encouraged us, supported by computational insights, to
explore Bronsted acid-catalysed /mediated reactions of 2-alkynylaniline derivatives [13,14]
as viable alternatives to the transition-metal catalysed methods (Scheme 1) [15-19].

The experimental results of this investigation, along with computational calculations
aimed at rationalising the product selectivity control of these reactions, are set out below.
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Scheme 1. Brensted acid-catalysed /mediated reaction of 2-alkynylanilines 1.

2. Discussion

Based on our investigations on divergent sequential reactions of the starting building
blocks 1, we have previously identified the key factors able to direct their reaction with
ketones towards the selective synthesis of 2,2,3-functionalised-2,3-dihydroquinolin-4 (1H)-
ones 2, functionalised quinolines 3, or N-alkenyl indoles 4 (Scheme 2) [20].
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Scheme 2. Product selectivity control in the sequential reaction of 2-alkynylanilines 1 with ketones.

During this study, side-reactions leading to the 2-aminoarylketone 6a, derived by the
hydration of the C-C triple bond of 1a, and to the highly dense quinoline 7a, derived by its
regioselective dimerization, were also observed. Yet, two control experiments highlighted
that p-TsOH-H,O promotes the formation of 6a and 7a in both EtOH at 80 °C and Toluene
at 110 °C, but a different ratio between the two derivatives is observed. (Scheme 3). These
findings suggested the possibility of directing the selectivity of the process through careful
tuning of the reaction conditions. Consequently, we decided to explore the reactivity
of the 2-phenylethynyl aniline 1a using Brensted acids as promoters under a variety of
reaction conditions.
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Scheme 3. Hydration vs dimerization reaction of 1a. Other products are given in Table 1.
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Table 1. Screening of the reaction conditions.
Entry ® Solvent Bronsted Acid/ T (°O)/ Products/
(Equiv.) Time (h) Yield (%) P
1 EtOH p-TsOH'H,O/1.0 110/24 6a (29) + 7a/8a (80/20) (70)
2 EtOH p-TsOH'H,0/0.2 110/24 6a (46) + 7a (53)
3 EtOH MsOH/1.0 110/24 6a (16) + 7a/8a (67/33) (53)
4 EtOH TfOH/1.0 110/24 5a (13) + 6a (22) + 7a/8a (44/66) (34)
5 Toluene TfOH/1.0 110/24 5a (7) + 6a (3) + 7a/8a (43/67) (50)
6 'PrOH p-TsOH-H,0/1.0 110/24 5a (5) + 6a (12) + 7a/8a (55/45) (48)
7 DCE p-TsOH-H,0/0.2 40/24 5a (54) + 1a (34%)
8 DCE p-TsOH'H,O0/1.0 40/24 6a (62)
9 DCE p-TsOH'H,O/0.2 60/3 5a (32) + 6a (8) + 8a (9)
10 DCE p-TsOH-H,0/0.2 80/3 5a (42) + 6a (13) + 8a (30)
11 DCE p-TsOH'H,0/1.0 110/4 6a (17) + 7a (19)+ 8a (49)
12 THF p-TsOH'H,O/1.0 60/24 6a (15) + 1a (56)
13 DMEF p-TsOH-H,0/1.0 110/17 5a (45) + 6a (22) + 9a (30)
14 DCE/DMM p-TsOH -H,O/traces 40/24 10a (76)

2 Reactions have been carried out on a 0.37-0.78 mmol scale. ? Yields refer to isolated products.

The results of our investigation are summarised in Table 1. As shown, reaction pa-
rameters such as the temperature, reaction medium, nature of the Brensted acid, and its
loading have a significant effect on directing the regio- and chemoselectivity of the reaction.
Performing the reaction in EtOH at 110 °C with a stoichiometric amount of p-TsOH-H,O
favoured the prevalent regioselective dimerization of 1a over its hydration, leading to
2-(2-aminophenyl)quinoline 7a with a good yield of 70% (7a/8a = 80/20) (entry 1). Surpris-
ingly, reducing the loading of p-TsOH-H,O resulted in a significant decrease in chemoselec-
tivity, and 1-(2-aminophenyl)-2-phenylethan-1-one 6a was isolated with a 46% yield nearly
comparable to 7a (entry 2). The use of methanesulfonic acid (MsOH) as a promoter afforded
a mixture of 7a and the regioisomeric 3-(2-aminophenyl)quinoline 8a in an overall yield
of 53% (Table 1, entry 3). Instead, the reaction mediated by trifluoromethanesulfonic acid
(TfOH) yielded 2-phenylindole 5a along with the dimerization products 7a/8a (entry 4).
Additionally, in this case, a partial inversion of regioselectivity was observed, with 8a
predominating over 7a (entry 4 vs. entries 1 and 3). Similar regioselectivity, with a slight
increase in the overall yield of 7a/8a, was observed when EtOH was replaced with Toluene
as the reaction medium (entry 5). By contrast, the change of solvent was critical in the case
of the p-TsOH-H,O acid-mediated reactions, where the use of i-PrOH instead of EtOH led
to a drastic decrease in chemo- and regioselectivity (entry 6). Intriguingly, p-TsOH-H,O
acid caused a puzzling change in reactivity when switching from the polar protic solvent
to the halogenated solvent DCE. In fact, albeit in a moderate 54% yield, the 2-phenylindole
5a (along with 34% of recovered starting material 1a) was isolated as the sole product
when performing the reaction at 40 °C in the presence of 0.2 equiv. of the p-TsOH H,O
(entry 7). Conversely, under identical temperature and solvent conditions, a stoichiometric
amount of p-TsOH-H,O selectively led to hydration product 6a (entry 8). In the presence of
0.2 equiv. of p-TsOH H,O, the formation of dimer 8a increased steadily as the temperature
increased (entries 9-10). Yet, in DCE at 110 °C, a stoichiometric amount of p-TsOH-H,O
promoted the formation of 8a in an appreciable 48% yield, along with a smaller amount of
the regioisomeric quinoline 7a, which was obtained to a lower extent (19%) (entry 11).

While in THF, poor reactivity was observed as it resulted in the recovery of 56% of
the starting material and a 15% yield of 6a (entry 12). Interesting results were achieved
by performing the reaction in DMF. In this latter solvent, the dimerization of 1a was
completely suppressed; however, in addition to 5a (45%) and 6a (22%), the formation of
3-phenylquinolin-4 (1H)-one 9a was observed to a significant extent (30%). This result
suggested that, under these conditions, DMF can act as a C1 synthon [21]. The 2-amino
phenyl ketones 6 were reported to afford the phenylquinolin-4 (1H)-one 9 by means of
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sequential iron (III)-catalysed oxidation of alcohol/methyl arene, followed by condensation
with amine/Mannich-type cyclisation/oxidation to complete the 4-quinolone ring [22].

Finally, in an attempt to improve the chemoselectivity of the reaction and rationalise the
formation of 9a, we also attempted the reaction in DCE/Dimetoxymethane (DMM) [23,24].
However, under the condition reported in entry 14, instead of 9a, the selective formation of
the bis-indole 10a occurred with a satisfactory 76% yield (entry 14) [25].

To shed light on the diverse reaction pathways, quantum chemical calculations were
performed in the framework of Density Functional Theory using the wB97XD functional,
making use of a version of Grimme’s D2 dispersion model [26] in conjunction with the
6-31G* basis set. [27] Notably, test calculations performed on some of the critical points
(see below) using a larger basis set (6-311 + G*) showed similar results. All the critical
points were located and characterised as true minima or first-order saddle points (hereafter
Transition Structures, TS) through the calculations of the molecular vibrations in harmonic
approximation. The eigenvectors with negative eigenvalues, obtained from the diagonal-
isation of the mass-weighted Hessian matrix, were also used to prove the actual role of
each TS along the reaction route. The bulk effect of the solvent, either ethanol (EtOH) or
1,2-dichloroethane (DCE), was included in calculations using the mean-field approximation
through the Polarisable Continuum Model [28] as implemented in the Gaussian16 software
C.01. [29]. Only in the case of EtOH (see below), the effect of one explicit solvent molecule
was taken into account. The standard molar free energy was calculated for each species
using standard statistical mechanical relations based on harmonic frequencies, moments
of inertia, and excess free energies as obtained from DFT calculations. The reference state
was established at 1.0 mol per litre for all species, except for the solvent, where its experi-
mental density under specific experimental conditions was utilized. For rationalising the
energy differences that emerged in the different reaction routes, additional calculations
were performed at the same level of theory on some of the key transition structures and
reaction intermediates using the Non-Covalent Interaction Index (NCI) analysis based
on promolecular density [30] and RESP atomic charges [31]. Both of these analyses were
performed with the Multwfn program [32].

The optimised geometries and harmonic frequencies of all species are provided in the
Supplementary Information.

We began the study by identifying the preferred protonation site in 1a and assessing
the relative stability of the N-protonated species (Ia) and the two C-protonated species (Ila
and IIIa) depicted in Figure 1 [33].

g ' :
4 NHz o NH, C
- c -
L, — —(y
NH3
la (98%) lla (2%) llla (0%)
DCE 0 kJ/mol +14 kJ/mol +78 kJ/mol
EtOH 0 kJ/mol +17 kJ/mol +84kJ/mol

Figure 1. Protonation site distribution and relative free-energies of Ia, Ila, and IIla in DCE and EtOH.

As expected, calculations indicated that the N-protonated species Ia is, by far, the most
abundant protomer, with a relative population exceeding 98% at 110 °C in both solvents at
equilibrium. In fact, compared to IIa, the free energy of the anilinium ion Ia is lower by
—14 kJ/mol (in DCE) and —17 kJ/mol (in EtOH) and lower by —78 kJ /mol (in DCE) and
—84 kJ/mol (in EtOH) when compared to IIla. Notably, these findings effectively explain
the observed formation of the (insoluble) anilinium salt Ia when a stoichiometric amount
of Brensted acid is used.

To rationalise the distribution of the products under the various conditions of Table 1,
we proceeded by calculating the energy profiles for the 1a dimerization reaction in DCE
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and EtOH (Figure 2). When the reaction is performed in DCE, the addition of 1a to Ia
can originate the regioisomeric intermediates I'Va (Figure 2, «’-attack, black lines) and Va
(Figure 2, a-attack, black lines), with the latter species being largely preferred from a kinetic
point of view with a AAG* of 17 kJmol. Va should be likely responsible for the formation of
the regioisomer 8a isolated as the major product under the conditions of Table 1, entry 11.
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Figure 2. (A) Reaction scheme for 1a dimerization under acid conditions and relative free energies in
kJ/mol at 110 °C in DCE (black lines) and EtOH (red lines). (B) Possible reaction pathways for the
formation of 8a and (C) 7a.

By computing the reaction in EtOH as a solvent, the formation of Va remains kinetically
favourable, albeit with a lower AAG* of 9 kjmol (Figure 2, red lines). Therefore, the selective
formation of regioisomer 7a under the conditions described in Table 1, entry 1, appears to
be justified only if these conditions favour thermodynamic control of the reaction.

It has to be noted that a potential alternative reaction pathway to 7a through the
condensation of 1a with 6a to give I'Va was ruled out by the control experiment illustrated
in Scheme 4 [34]. In fact, the ketone 6a, intentionally added to the reaction mixture at the
beginning, was quantitatively recovered at the end of the reaction.

Moreover, a further control experiment conducted by using p-toluidine as a proton
scavenger confirmed the need for the presence of both 1a and anilinium salt Ia to eventu-
ally achieve the dimer 7a under the Bronsted acid-promoted reaction in EtOH at 110 °C
(Scheme 5).

On the other hand, from a theoretical point of view, other scenarios become possible
in EtOH. In fact, as shown in Figure 3, in this solvent, another quite irreversible addition of
an alcohol molecule could take place through a reaction with a very negative AG®, yielding
the two enol ethers VIa and VIIa (with the H and OEt groups in nearly degenerate syn or
anti positions; see Supplementary Material for details) (Figure 3A).
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Scheme 5. Control experiment to suppress the dimerization of 1a (Reaction conditions: Table 1,
entry 1).
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Figure 3. Possible reaction pathways and relative free energies in kJ /mol in EtOH (110 °C) and DCE
(40 °Q).

Although the formation of I'Va and Va from these intermediates is still conceivable,
albeit with very high barriers (respectively 250 kJ/mol for I'Va and 292 kJ/mol for Va
(Figure 3B red lines), reactive channels with significantly lower energy profiles through
the TS-C and TS-C’ have been identified starting from VIa and VIlIa (Figure 3B blue lines).
The proximity of the ammonium and OEt groups in these intermediates allows the proton
to transfer, facilitating the subsequent formation of the enol by the nucleophilic attack of a
second EtOH molecule. Analogous pathways towards the hydration products could be
found for the reaction in DCE at 40 °C (Figure 3C). While these findings help to rationalise
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the acid-catalysed hydration of the triple bond (Table 1, entries 1-2 and 8), conversely to the
Au-catalysed one [35], the origin of the high regioselectivity of the hydration reaction (only
the ketone 6a is observed experimentally in both EtOH and DCE) remains to be clarified.

As indicated below (Figure 4, left side), DFT calculations also provided the possible
mechanism producing the indole 5a, which was obtained with the maximum yields of 54%
under the conditions reported in Table 1, entry 7. Based on calculations, the formation
of 5a is expected by a concerted pathway involving the proton transfer from p-TsOH to
1a with sinchronous cyclisation, through TS-D. The formation of the indole 5a could also
account for the attainment of the bis-indole 10a by oxidative coupling when performing
the reaction under the condition reported in Table 1, entry 14, where the in situ-generated
formaldehyde could act as an oxidant [36]. On the other hand, DFT calculations suggest the
intermediate VIIIa as an alternative possible precursor of the bis-indole 10a. The relative
energy profile leading to VIIIa is indicated in Figure 4, right side.

TS-E
NH,
TS0 Ph—o |* /Ph
P, # la+1a ----» N . Q
S o s
Z Ph—% i
Ph—=. H N Ph™ N
HyN 2 N
/ ‘ (AG = +198) Villa
; +116.0 ‘
/ H heterocycl. V
/ \ p-TsOH N Y
. iy + o ) N__Ph
1a + p-TsOH | mph 77777777 . - O
' | N oxidative coupling ph— O oxidation O
0.0 \ H N 4
5a H PATON
10a
-40.0

Figure 4. Reaction pathways to 5a (Reaction conditions: Table 1, entry 7) and VIIIa (Reaction
conditions: Table 1, entry 14) with relative free energies (kJ /mol) at 40 °C in DCE.

This Brensted acid-catalysed domino cycloisomerization/coupling/oxidation to fur-
nish pharmaceutically relevant 3,3’-biindolyl products may represent an alternative to
the heterogeneous cycloisomerization of 2-alkynylanilines to indoles catalysed by carbon-
supported gold nanoparticles and subsequent homocoupling to 3,3’-biindoles [25]. Substrate-
controlled regioselective synthesis of 3,3'-bisindole derivatives has been also established by
the p-TsOH H,O catalysed reaction of 2-indolylmethanols with indoles of CHCl; [37].

To test the generality of the procedure leading to the quinolines 7, selected 2-arylalkyny
lanilines 1b—e were reacted under the optimized conditions reported in Table 1, entry 1. As
indicated in Scheme 6, expected 2-(2-aminophenyl)quinolines 7b—d were predominantly
obtained in satisfactory yields under aerobic conditions. The analogous regioselective outcome
was reported in the Bronsted acid-promoted sequential hydration/condensation/double
cyclization of pyridine-substituted 2-alkynylanilines [38]. Only the 2-arylalkynylaniline 1e
bearing the strong withdrawing p-CF3 substituent in the aniline moiety gave in our cases
as a main product the carbonyl derivative 5e [39]. It is worth noting that the dimerization
of 2-alkynylanilines into the corresponding 2-(2-aminophenyl)quinoline derivatives 7 was
previously reported to occur only under anaerobic conditions via a Bi (OTf)3 /MesCOOH-
catalysed process, with the outcome being highly dependent on the solvent used. In fact, in
such a procedure, hexafluoroisopropanol was found to be a crucial solvent and promoter
for the success of the reaction [40].

However, in our procedure, the divergent hydration reaction also prevailed by
performing the reaction on the alkyl and the trimethylsilyl-substituted alkynylanilines
(Scheme 7). Conversely, the 2-phenyl-4-methyl-2-(2-aminophenyl)quinoline 7g,h was
isolated in high yield through the Bi(OTf)3/MesCOOH-catalysed or InBr; promoted
processes of 2-ethynylanilines 1g,h [41]. Moreover, gold(IlI)/silver (I)-based catalysts [42],
heterobimetallic catalysts of the type CpRu(PPhs)Cl(p-dppm)Aul [43], and dinuclear gold
catalytic systems [44] with no silver co-catalysts allowed the dimerization of a broad range
of 2-ethynylaniline substrates under mild conditions. Interestingly, as shown in Scheme 7,
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Equations (2) and (3), by carrying out the reaction on the substrates 1g,h, the side-products
7-azabicyclo[4.2.0]octa-1(6),2,4-trien-8-ol derivatives 11g,h were isolated as a consequence
of the intramolecular aminocyclization. Their formation, albeit in a low yield, seems to
be promising for further research towards the synthesis of challenging 4-membered cyclic

hemiaminals 11.
yZ
@ Z p-TsOH*H,0 (1 equiv) @ BN @

- .
NH, EtOH, 110 °C N @
1a-e 7a-e N

A g Q g Q

O N O A O a O X O F O B O FsC O X O
N O O e NS O cl NZ O F = O CFs
HzN HoN O HzN HoN HaN
7a? 7b° 7cc 7d¢ 7e®

3(7al8a = 1:0.25; 6a was isolated in 29% yield. ° (7a/8a = 1:0.4; 5h; 50%)  5b (6%) and 6b (27%) were also isolated; © (7¢/8¢ = 1:0.25; 17h; 50%); 5¢ (18%) and
6c (27%) were also isolated; ¢ (7d/8d = 1:0.40; 15h; 65%); 5d (16%) and 6d (17%) were also isolated; ¢7e, 3h (15%);' 5 (19%) and 6e (55%) were also isolated.

Scheme 6. Synthesis of 2-(2-aminophenyl)quinoline derivatives 7.

(CHp)sCH rths
o
Z ?I'OH'HO1 i Ny (el
eq 1) p-TsOH"H;0 (1 equiv) CiHis O P + mceHn
BT ——— N
NH, EtOH, 110 °C, 2 h NH, N O N
HoN
1 6f (56 %) 7f (18%) 5F (7%)
. o
/ SIM83 ) HO CcH
Z2 p-TsOH*H,0 (1 equiv) O X 3
2 —_— +
®a2) EOH, 110 °C, 5 NH N7 ' NH
NH, 2
H,N
19 69 (66%) 79 (16%) g (8%)
. o
SiMe;
|
cl 7 p-TsOH H,0 (1 equiv) C'\@\)k ¢ O X al HO cH,
_—
eq3) EtOH, 110 °C, 1 h NH, N7 a o+ \©j;
NH,
H,N
1h 6h (46%) 7h (16%) 1h (12%)

Scheme 7. Hydration vs. dimerization of 2-alkynyl and 2-ethynyltrimethylsilyl anilines in EtOH at
110 °C.

Finally, according to the data reported in Table 1, we proceeded with the synthesis of rep-
resentative regioisomeric structures 8 by switching to DCE as the solvent (Scheme 8). Nicely,
in DCE at 110 °C, the use of 1 equivalent of p-TsOH acid resulted in reverse regioselectivity,
yielding quinoline derivatives 8c and 8d in satisfactory 55% and 64% yields, respectively
(Scheme 8, Equations (1) and (2)). These results are in line with those observed with the
Rh (Il)-catalysed dimerization under anaerobic conditions in hexafluoroisopropanol [45].
Notably, as demonstrated in Scheme 8, Equation (3), in our procedure, the amount of
p-TsOH-H,O resulted in being essential to controlling the regioisomeric outcome.
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Q

p-TsOH - H,O (1 equiv) Cl
—_— O
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NH, DCE, 110 °C, 7 h N/
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NH,
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> S
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P F
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HoN

bl

'|1

A
P
N

Scheme 8. Synthesis of 2-(2-aminophenyl)quinoline derivatives 8 in DCE at 110 °C and influence of
the amount of p-TsOH on the regioselectivity.

3. Materials and Methods
Chemistry—General Part

Flash chromatography was carried out using silica gel 60 (70-230 mesh, Merck, Darm-
stadt, Germany). Yields are given for isolated products showing one spot on a TLC plate,
and no impurities were detectable in the NMR spectrum. 'H NMR spectra were recorded at
400.13 MHz on a Bruker Avance Il spectrometer using the standard Bruker “zg30” sequence.
Chemical shifts (in ppm) were referenced to TMS (8 = 0.00 ppm), CDCl3 (6 = 7.26 ppm), or
DMSO (5 = 2.49 ppm) as an internal standard. 1*C NMR spectra were taken on the same
machine at 100.613 MHz, using the standard Bruker “zgpg30” proton-decupled sequence.
Carbon spectra were calibrated with TMS (8 = 0.0 ppm) or CDCl; (6 = 77.0 ppm) as an inter-
nal standard. F-NMR spectra were taken on the same machine at 376.498 MHz using the
standard Bruker “zgcigqn” proton-decupled sequence and calibrated with trifluoroacetic
acid (8 = —76.55 ppm) with the substitution method. Coupling constants (J) are quoted in
Hertz. Mass measurements were performed using a MALDI-TOF spectrometer AB SCIEX
TOF/TOF 5800 (SCIEX, Framingham, MA, USA) using a matrix in combination with KI for
the ionisation.

4. Experimental Procedures and Compounds Characterization
Procedure for the Synthesis of 2-Alkynylanilines 1a, 1c-h

Representative procedure: preparation of the 2-alkynylanilines 1a [46]. A 50 mL round-bottomed
flask containing a magnetic stir bar was charged with 2-iodoaniline (1.900 g, 8.674 mmol,
1.0 equiv) and 5 mL of piperidine. The resulting solution was added with Pd (PPhs),
(100.00 mg, 0.0870 mmol, 0.01 equiv), followed by Cul (16.0 mg, 0.87 mmol, 0.01 equiv).
After degassing, phenylacetylene (1.14 mL, 1.060 g, 10.440 mmol, 1.2 equiv) was added
to the reaction mixture. The resulting mixture was allowed to stir at room temperature
under N for 5 h. Upon completion, the mixture was diluted by the addition of EtOAc
and aqueous HCl (0.1 M). The separated aqueous phase was extracted with EtOAc, dried
over anhydrous NaySQy, filtered, and concentrated under reduced pressure to give the
crude material, which was purified by silica gel column chromatography eluting with
n-hexane/EtOAc 99/1 to provide 2-(phenylethynyl)aniline (1a) (1.404 g, 85% yield). White
solid. 'H NMR (400 MHz, CDCl3) &: 7.53-7.52 (m, 2H), 7.37-7.33 (m, 4H), 7.16-7.12 (m,
1H), 6.73-6.71 (m, 2H), 4.27 (br, 2H) ppm.

Preparation of the 2-(p-Tolylethynylaniline (1b) [46]. A 50-mL round-bottomed flask contain-
ing a magnetic stir bar was charged with 2-iodoaniline (2.240 g, 10.2 mmol, 1.0 equiv),
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7.1 mL of Et3N, and 3 mL of DMF. The resulting reaction mixture was then added with Pd
(PPh3)4 (294.5 mg, 0.255 mmol, 0.025 equiv) and Cul (96.9 mg, 0.510 mmol, 0.050 equiv).
The heterogeneous mixture was degassed by passing through a steady stream of nitrogen
before the addition of ethynyltrimethylsilane (2.20 mL, 1.500 g, 15.300 mmol, 1.5 equiv) via
a syringe. The reaction mixture was allowed to stir at room temperature under nitrogen
overnight (18-20 h). Upon completion, the mixture was diluted by the addition of aqueous
HCI (0.1 M). The mixture was extracted with EtOAc, and the combined organic phases
were dried over anhydrous Na;SOy, filtered, and concentrated under reduced pressure
to give the crude material. The crude product was taken up in 10 mL of MeOH, followed
by the addition of K;COj3 (282.0 mg, 2.040 mmol, 0.2 equiv). The resulting mixture was
stirred at room temperature for 2 h. Then, the reaction mixture was diluted with aqueous
HC1 (0.1 M) and extracted with CHCI3. The combined organic phases were dried over
anhydrous NaSOy, filtered, and concentrated in vacuo to afford the crude product, which
was purified by silica gel column chromatography eluting hexane/EtOAc 99/1 to provide
2-ethynylaniline (734.0 mg, 62% over 2 steps).

A 25-mL round-bottomed flask containing a magnetic stir bar was charged with 4-
iodotoluene (0.125 g, 1.06 mmol, 1.2 equiv) and 2 mL of piperidine. The resulting solution
was added with Pd (PPh3), (20.0 mg, 0.088 mmol, 0.01 equiv), followed by Cul (4.0 mg,
0.088 mmol, 0.01 equiv). The mixture was degassed by passing through steady nitrogen.
After degassing, 2-ethynylaniline (191.8 mg, 0.88 mmol, 1.0 equiv) was added to the reaction
mixture. The resulting mixture was allowed to stir at room temperature under nitrogen
(5 h). Upon completion, the mixture was diluted by the addition of aqueous HCI (0.1 M).
Then the mixture was extracted with CHCl3, and the combined organic phases were dried
over anhydrous NaySOy, filtered, and concentrated under reduced pressure to give crude
material, which was purified by silica gel column chromatography eluting hexane/EtOAc
to provide 2-(p-Tolylethynyl)aniline (1b) (163.8 mg, 90%). Yellow solid. 'H NMR (400 MHz,
CDCl,) 6: 7.41-7.39 (m, 2H), 7.35-7.33 (m, 1H), 7.13-7.08 (m, 3H), 6.71-6.66 (m, 2H), 4.22
(br, 2H), 2.33 (s, 3H) ppm.

4-Chloro-2-(phenylethynyl)aniline (1c) [46]. (415.1 mg, 95%). White solid. 'H-NMR (400 MHz,
CDCl3) 4: 7.50-7.49 (m, 2H), 7.35-7.32 (m, 4H), 7.06 (dd, ] = 8.6, 1.7 Hz, 1H), 6.60 (d,
] =8.6 Hz, 1H), 4.24 (br, 2H) ppm.

4-Fluoro-2-(phenylethynyl)aniline (1d) [46]. (1.565 g 85%). Brown solid. 'H-NMR (400 MHz,
CDCly) d: 7.52-7.51 (m, 2H), 7.36-7.34 (m, 3H), 7.06 (d, | = 8.9 Hz, 1H), 6.85 (t, ] = 8.9 Hz,
1H), 6.61 (dd, ] = 8.7, 4.7 Hz, 1H), 4.14 (br, 2H) ppm.

2-(phenylethynyl)-4-(trifluoromethyl)aniline (1e) [46]. (743 mg, 72%). Brown solid. 'H NMR
(400 MHz, CDCl3) &: 7.63-7.62 (m, 1H), 7.53-7.51 (m, 2H), 7.36-7.33 (m, 4H), 6.73 (d,
] = 8.5 Hz, 1H), 4.56 (br, 2H) ppm.

2-(oct-1-yn-1-yl)aniline (1£) [47]. (1.858 g, > 99%). Oil. '"H-NMR (400 MHz, CDCl3) 5: 7.22

(d,] =74 Hz, 1H), 7.03 (t, ] = 7.6 Hz, 1H), 6.64-6.60 (m, 2H), 4.11 (br, 2H), 2.43 (t, ] = 7.1 Hz,
2H) 1.63-1.55 (m, 2H), 1.50-1.40 (m, 2H), 1.37-1.26 (m, 4H), 0.89 (t, ] = 6.9 Hz, 3H) ppm.

2-((Trimethylsilyl)ethynyl)aniline (1g) [46]. (3.50 g, 94%). Oil. 'H-NMR (400 MHz, CDCl;)
6:726(d, ] =77Hz, 1H), 7.06 (t, ] = 7.7 Hz, 1H), 6.63-6.59 (m, 2H), 4.18 (br, 2H), 0.25 (s,
9H) ppm.

4-Chloro-2-((trimethylsilyl)ethynylaniline (1h) [48]. (1.271 g, 70%). Oil. 'H-NMR (400 MHz,
CDCl;) 6: 7.24 (d, ] =2.3 Hz, 1H), 7.02 (dd, ] = 8.7, 2.3 Hz, 1H), 6.55 (d, ] = 8.7 Hz, 1H), 4.21
(s, 2H), 0.25 (s, 9H) ppm.

The typical procedure for the cycloisomerization reaction of 2-alkynylanilines 1 to the corresponding
2-substituted indoles 5: p-TsOH-H,O catalysed the cycloisomerization of 1a to the 2-phenyl indole
5a. To a small vial was added 2-phenylaniline 1a (100 mg, 0.52 mmol), p-TsOH-H,O
(19 mg, 0.10 mmol), and 1,2-DCE (2 mL). The reaction mixture was stirred at 40 °C for 24 h.
Then, the mixture was diluted with a saturated solution of NaHCOj3; and extracted with
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CHCl3. The combined organic phases were dried over anhydrous Na,;SOy, filtered, and
concentrated under reduced pressure to give crude material, which was purified by silica
gel column chromatography eluting with hexane/EtOAc 99/1 to provide the 2-phenyl-1H-
indole (5a) [49]. (54 mg, 54%). White solid. 'H-NMR (400 MHz, CDCls) &: 8.27 (br, 1H,
NH), 7.64-7.61 (m, 3H), 742 (t,] = 7.6 Hz, 2H), 7.37 (d, ] = 8.1 Hz, 1H), 7.31 (t, ] = 7.3 Hz,
1H),7.19 (t,] =7.5Hz,1H),7.12 (t, ] = 7.4 Hz, 1H), 6.81 (d, ] = 1.9 Hz, 1H) ppm.

2-(p-tolyl)-1H-indole (5b) [49]. (37 mg, 90% yield). White solid. 'H-NMR (400 MHz, CDCl5)
5: 8.28 (br, 1H), 7.60 (dt, ] = 7.8, 1.0 Hz, 1H), 7.56-7.54 (m, 2H), 7.38 (d, ] = 8.1 Hz, 1H),
7.25-7.23 (m, 2H), 7.17 (td, ] = 7.6, 1.3 Hz, 1H), 7.10 (td, ] = 7.5, 1.2 Hz, 1H), 6.77 (s, 1H), 2.38
(s, 3H) ppm.

5-chloro-2-phenyl-1H-indole (5¢c) [49]. (30 mg, 65% yield). White solid. 'H-NMR (400 MHz,
CDCl3) &: 8.36 (br, 1H, NH), 7.66-7.63 (m, 2H), 7.58 (d, ] = 1.9 Hz, 1H), 7.47-7.43 (m, 2H),
7.34 (tt,] =7.4,1.2 Hz, 1H), 7.13 (dt, | =8.6, 0.7 Hz, 1H), 7.25 (s, 1H), 7.14 (dd, ] = 8.6, 2.0 Hz,
1H), 6.76 (dd, ] = 2.2, 0.9 Hz, 1H) ppm.

5-fluoro-2-phenyl-1H-indole (5d) [49]. (22 mg, 51% yield). White solid. 'H-NMR (400 MHz,
CDCls) 6: 8.29 (br, 1H, NH), 7.64 (d, ] = 8.1 Hz, 2H), 7.44 (t, ] = 7.6 Hz, 2H), 7.35-7.24 (m,
3H), 6.93 (td, ] =9.1, 2.3 Hz, 1H), 6.77 (d, ] = 0.8 Hz, 1H) ppm.

2-phenyl-5-(trifluoromethyl)-1H-indole (5e) [50]. (26 mg, 16% yield). White solid. 'H-NMR
(CDCl3, 400 MHz) 6: 8.50 (br, 1H), 7.91 (s, 1H), 7.66-7.64 (m, 2H), 7.47-7.42 (m, 4H),
7.40-7.34 (m, 1H), 6.87 (d, | = 1.3 Hz, 1H) ppm.

2-hexyl-1H-indole (5f) [50]. (13 mg, 7% yield). White solid. "H-NMR (400 MHz, CDCl3) 6:
7.86 (br, 1H), 7.51 (d, ] =7.2 Hz, 1H), 7.30 (d, ] = 7.9 Hz, 1H), 7.14 (t, ] = 7.0 Hz, 1H), 7.09 (t,
J=7.3Hz, 1H), 6.20 (s, 1H), 2.76 (t, | = 7.7 Hz, 2H), 1.75-1.67 (m, 2H), 1.40-1.24 (m, 6H),
0.88 (t, ] =7.1 Hz, 3H) ppm.

The typical procedure for the p-TsOH-H,O promoted hydration of 2-alkynylaniline 1: synthesis
of 1-(2-aminophenyl)-2-phenylethan-1-one 6a. To a small vial was added 2-phenylaniline 1a
(96 mg, 0.49 mmol), p-TsOH-H,O (93 mg, 0.49 mmol), 4-toluidine (268 mg, 2.5 mmol) and
ethanol (2 mL). The reaction mixture was stirred at 110 °C for 20 h. Then, the mixture was
diluted with a saturated solution of NaHCO3; and extracted with CHCl3. The combined or-
ganic phases were dried over anhydrous NaySOy, filtered and concentrated under reduced
pressure to give crude material which was purified by silica gel column chromatogra-
phy eluting with hexane/EtOAc 95/5 to provide the 1-(2-aminophenyl)-2-phenylethan-1-one
(6a) [51]. (62 mg, 60% yield). Oil. 'H-NMR (400 MHz, CDCl3) &: 7.82 (d, ] = 8.0 Hz, 1H),
7.34-7.30 (m, 2H), 7.25-7.24 (m, 4H), 6.64-6.60 (m, 2H), 6.28 (br, 2H), 4.24 (s, 2H) ppm.

1-(2-aminophenyl)-2-(p-tolyl)ethan-1-one (6b) [22] (38 mg, 26% yield). White solid. 'H-NMR
(400 MHz, CDCl3) 6: 7.83 (d, ] = 8.2 Hz, 1H), 7.24 (t, ] = 7.6 Hz, 1H), 7.14-7.12 (m, 4H),
6.65-6.61 (m, 2H), 6.27 (br, 2H), 4.21 (s, 2H), 2.32 (s, 3H) ppm.
1-(2-amino-5-chlorophenyl)-2-phenylethan-1-one (6¢) [52]. (25 mg, 27% yield). White solid.
H-NMR (400 MHz, CDCl3) &: 7.79 (d, ] = 2.3 Hz, 1H), 7.36-7.32 (m, 2H), 7.28-7.26 (m, 1H),
7.24-7.22 (m, 2H), 7.19 (dd, | = 8.8, 2.4 Hz, 1H), 6.58 (d, | = 8.9 Hz, 1H), 6.28 (br, 2H), 4.21 (s,
2H) ppm.

1-(2-amino-5-fluorophenyl)-2-phenylethan-1-one (6d). (30 mg, 17% yield). Oil. 'H-NMR
(400 MHz, CDCl3) 6: 7.49 (dd, ] =9.9, 2.9 Hz, 1H), 7.34-7.31 (m, 2H), 7.27-7.22 (m, 3H),
7.03 (ddd, ] =9.0,7.7,2.9 Hz, 1H), 6.64 (dd, ] = 9.1, 4.6 Hz, 1H), 5.75 (br, 2H), 4.19 (s, 2 H)
ppm; YF{'H} NMR (376 MHz, CDCl3) §: —127.64 (s, 1F) ppm; 13C {'H} NMR (150 MHz,
CDCl3) 6: 199.1 (d, ] = 2.8 Hz, Cq), 153.6 (d, ] = 235.3 Hz, Cq), 146.8 (Cq), 134.8 (Cq), 129.4
(2CH), 128.7 (2CH), 126.9 (CH), 122.6 (d, ] = 23.5 Hz, CH), 118.9 (d, ] = 7.0 Hz, CH), 117.2
(d, ] =5.3Hz, Cq), 116.1 (d, ] = 22.2 Hz, CH), 46.2 (CH,) ppm; HRMS: m/z (MALDI-TOF)
positive ion, calculated for C14H1,FKNO: [M + K]* 268.0540, Found: 268.0538.
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1-(2-amino-5-trifluoromethyl)phenyl)-2-phenylethan-1-one (6e). (51 mg, 50% yield). Oil. 'H-
NMR (400 MHz, CDCl3) é: 8.10 (s, 1H), 7.43 (dd, ] = 8.7, 1.9 Hz, 1 H), 7.36-7.32 (m, 2H),
7.28-7.23 (m, 3H), 6.68 (d, ] = 8.7 Hz, 1H), 6.61 (br, 2H), 4.27 (s, 2H) ppm; F{'H} NMR
(376 MHz, CDCl3) &: —127.64 (s, 3F) ppm; 13C {{H} NMR (150 MHz, CDCl3) &: 119.5 (Cq),
152.9 (Cq), 134.6 (Cq), 130.7 (q, ] = 3.2 Hz, CH), 129.5 (2CH), 129.2 (q, ] = 4.1 Hz, CH),
128.8 (2CH), 127.1 (CH), 124.3 (q, ] = 270.4 Hz, CF3), 117.68 (CH), 117.67 (q, ] = 33.3 Hz,
Cq), 116.2 (Cq), 46.1 (CHy) ppm; HRMS: m/z (MALDI-TOF) positive ion, calculated for
C15H1,F3KNO: [M + K]* 318.0508, Found: 318.0510.

1-(2-aminophenyl)octan-1-one (6f) [53]. (98 mg, 56% yield). Oil. H NMR (400 MHz, CDCl3)
5:7.72(d, ] =8.3 Hz, 1H), 7.22 (t, ] = 7.6 Hz, 1H), 6.63-6.60 (m, 2H), 6.26 (br, 2H), 2.90 (t,
] =7.5Hz, 2H), 1.72-1.67 (m, 2H), 1.35-1.29 (m, 8H), 0.88 (t, ] = 6.6 Hz, 3H) ppm.

1-(2-aminophenyl)ethan-1-one (6g) [Commercial Product]. (96 mg, 66% yield); 'H NMR
(400 MHz, CDCl3) 6: 7.70 (dt, ] = 8.0, 1.5 Hz, 1H), 7.29-7.24 (m, 1H), 6.69-6.64 (m, 2H), 6.23
(bz, 2H), 2.56 (s, 3H) ppm.

1-(2-amino-5-chlorophenyl)ethan-1-one (6h) [Commercial Product]. 'H NMR (400 MHz,
CDCl3) 6: 7.65 (d, ] = 2.7 Hz, 1H), 7.19 (m, 1H), 6.59 (d, ] = 8.8 Hz, 1H), 6.27 (s, 2H),
2.54 (m, 3H) ppm.

The typical procedure for the regioselective p-TsOH-H,O promoted dimerization reaction of 2-
alhynylaniline 1 to quinolines 7. To a small vial was added 2-phenylaniline 1a (150 mg,
0.78 mmol), p-TsOH-H,O (148 mg, 0.78 mmol),) and ethanol (2 mL). The reaction mixture
was stirred at 110 °C for 20 h. Then, the mixture was diluted with a saturated solution
of NaHCOj3 and extracted with CHCl;. The combined organic phases were dried over
anhydrous NaySOy, filtered and concentrated under reduced pressure to give crude mate-
rial which was purified by silica gel column chromatography eluting with hexane/EtOAc
90/10 to provide the 2-(4-benzyl-3-phenylquinolin-2-yl)aniline (7a) [40] and 2-(4-Benzyl-2-
phenylquinolin-3-yl)aniline (8a) [41] ratio 1:0.25 calculated by 'H NMR (104 mg, 70% yield).
Oil. 'H-NMR (400 MHz, CDCl3) &: 8.23 (d, | = 8.4 Hz, 1H, 8a), 8.16 (d, ] = 8.4 Hz, 1H,
7a),8.01 (d, ] =8.4Hz, 1H, 8a), 7.93 (d, ] = 8.4 Hz, 1H, 7a), 7.72-7.66 (m, 1H, 7a + 1H, 8a),
7.51-7.45 (m, 1H, 7a + 3H, 8a), 7.22-7.08 (m, 8H, 7a + 6H, 8a), 7.03-6.92 (m, 3H, 7a + 3H,
8a), 6.80 (dt, ] =7.6,1.3 Hz, 1H, 8a), 6.71 (dt, ] = 7.7 Hz, 1.4 Hz, 1H, 7a), 6.67 (dt, | = 8.1 Hz,
1.1 Hz, 1H, 7a), 6.60-6.55 (m, 2H, 8a), 6.41 (tt, ] = 7.5 Hz, 1.1 Hz, 1H, 7a), 4.45 (d, ] = 15.6 Hz,
1H, AB system 8a), 4.39 (s, 2H, 7a), 4.34 (br, 2H, 7a), 4.29 (d, ] = 15.6 Hz, 1H, AB system 8a),
3.29 (br, 2H, 8a) ppm.

2-(4-(4-methylbenzyl)-3-(p-tolyl)quinolin-2-yl)aniline (7b) and 2-(4-(4-methylbenzyl)-2-(p-tolyl)
quinolin-3-yl)aniline (8b) [45] ratio 1:0.40 calculated by 'H NMR (65 mg, 50% yield). Oil.
TH-NMR (400 MHz, CDCl3) 5 8.21 (d, ] = 8.4 Hz, 1H, 8b), 8.14 (d, ] = 8.4 Hz, 1H, 7b), 7.97 (d,
J=84Hz, 1H, 8b),7.90 (d, ] =8.5Hz, 1H, 7b), 7.70 (t, ] = 7.1 Hz, 1H, 8b), 7.65 (dd, | = 8.2,
71Hz,1H,7b), 748 (t,] =7.2 Hz, 1H, 8b), 7.43 (t, ] =7.1 Hz, 1H, 7b), 7.38 (d, ] = 7.9 Hz, 2H
8b), 7.04-6.88 (m, 7H, 7b + 5H, 8b), 6.83-6.81 (m, 3H, 8b), 6.74 (d, | =7.7 Hz, 1H, 7b), 6.66 (d,
] =8.0 Hz, 1H, 7b), 6.62-6.55 (m, 2H, 8b), 6.43 (t, ] = 7.5 Hz, 1H, 7b), 4.39 (d, | = 15.57 Hz,
1H, 8b, AB system), 4.34 (s, 2H, 7b), 4.33 (br, 2H, 7b), 4.22 (d, ] = 15.57 Hz, 1H 8b, AB
system), 3.29 (br, 2H, 8b), 2.27 (s, 3H, 7b), 2.26 (s, 3H, 8b), 2.23 (s, 3H, 8b), 2.23 (s, 3H, 7b)
ppm; 13C {'H} NMR (150 MHz, CDCl3) 8: 159.59 (8b), 158.78 (7b), 147.86 (8b), 146.94 (7b),
145.90 (8b), 144.85 (7b), 144.72 (7b), 144.10 (8b), 138.10 (8b), 137.60 (8b), 137.14 (7b), 136.63
(8b), 135.95 (7b), 135.44 (7b), 135.40 (8b), 135.17 (7b), 131.40 (8b), 131.18 (7b), 131.10 (8b),
130.27 (8b), 129.90 (7b), 129.73 (7b), 129.19 (8b), 129.16 (7b), 129.14 (8b), 129.01 (7b), 128.99
(8b), 128.75 (8b), 128.49 (7b), 128.45 (7b), 128.30 (8b), 128.19 (8b), 128.07 (7b), 127.97 (7b),
126.81 (8b), 126.80 (7b), 126.70 (7b), 126.48 (8b), 126.31 (8b), 125.30 (7b), 125.18 (7b), 124.02
(8b), 118.37 (8b), 117.60 (7b), 116.28 (7b), 115.35 (8b), 35.22 (7b), 34.71 (8b), 21.22 (8b), 21.16
(7b), 20.95 (7b), 20.93 (8b) ppm; HRMS: m/z (MALDI-TOF) positive ion, calculated for
C3oHpsNoNa: [M + Na]* 437.1994, Found: 437.1998.
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2-(4-Benzyl-6-chloro-3-phenylquinolin-2-yl)-4-chloroaniline (7c) and 2-(4-Benzyl-6-chloro-2-pheny
lquinolin-3-yl)-4-chloroaniline (8c) ratio 1:0.25 calculated by 'H NMR (43 mg, 50% yield). Oil.
Eluent: hexane/ethyl acetate (90:10). 'H-NMR (400 MHz, CDCl3) 5: 8.16 (dd, ] = 8.9, 0.6 Hz,
1H, 8c), 8.07 (dd, ] = 9.0, 0.6 Hz, 1H, 7c), 8.04 (d, ] = 2.2 Hz, 1H, 8¢), 7.92 (d, ] = 2.1 Hz,
1H, 7¢), 7.68 (ddd, ] = 9.0, 2.4, 1.1 Hz, 1H, 8c), 7.64 (ddd, ] = 8.8, 2.2, 1.1 Hz, 1H, 7c), 7.44
(dd,J=7.8,2.0 Hz, 2H, 8c), 7.25-7.15 (m, 8H, 7c, 6H, 8c), 6.96 (d, ] = 7.6 Hz, 2H, 7c), 7.01
(dd, ] =8.6,2.2 Hz, 1H, 8c), 6.82 (d, J1 = 8.9 Hz, 1H, 7c), 6.89 (d, ] = 6.2 Hz, 2H, 8c), 6.72 (d,
J =22 Hz, 1H, 8c), 6.70 (d, ] = 2.3 Hz, 1H, 7c), 6.59 (d, ] = 8.6 Hz, 1H, 7c), 6.49 (d, ] = 8.4 Hz,
1H, 8c), 4.40 (d, ] = 15.8 Hz, 1H, 8c, AB system), 4.34 (s, 2H, 7c), 4.20 (d, ] = 15.8 Hz, 1H, 8&c,
AB system), 4.31 (br, 2H, 7c), 3.25 (br, 2H, 8c) ppm.

2-(4-(4-Fluorobenzyl)-3-(4-fluorophenyl)quinolin-2-yl)aniline (7d) and 2-(4-Benzyl-6-fluoro-2-
phenylquinolin-3-yl)-4-fluoroaniline (8d) ratio 1:0.40 calculated by 'H NMR. (105 mg, 65%
yield). Oil. Eluent: hexane/ethyl acetate (90:10). I'H NMR (400 MHz, CDCl3) 6: 8.22 (dd,
J=9.2,5.6 Hz, 1H, 8d), 8.14 (dd, ] =9.2,5.6 Hz, 1H, 7d), 7.61 (dd, | = 10.2, 2.8 Hz, 1H, 8d),
7.53 (dd, ] =10.3,2.7 Hz, 1H, 7d), 7.49 (ddd, ] = 9.2, 8.0, 2.8 Hz, 1H, 8d), 7.48-7.43 (m, 3H 7d
+2H 8d), 7.24-7.08 (m, 6H 7d, 6H 8d), 6.99 (d, ] = 1.7 Hz, 1H, 7d), 6.97 (d, ] = 1.0 Hz, 1H,
7d), 6.90 (d, ] = 1.8 Hz, 1H, 8d), 6.83 (d, ] = 1.1 Hz, 1H, 8d), 6.77 (td, ] = 8.5, 2.9 Hz, 1H, 8d),
6.68 (td, ] =8.5,2.9 Hz, 1H, 7d), 6.59 (dd, | = 8.78, 4.82 Hz, 1H, 7d), 6.51 (dd, ] = 8.8, 1.4 Hz,
1H, 8d), 6.50 (d, ] = 8.8 Hz, 1H, 8d), 6.47 (dd, ] = 9.53,2.98 Hz, 1H, 7d), 4.36 (d, ] = 15.72 Hz,
1H, AB system, 8d), 4.33 (s, 2H, 7d), 4.23 (d, ] = 15.72 Hz, 1H, AB system, 8d), 4.14 (br, 2H,
7d), 3.16 (br, 2H, 8d) ppm; F{'H} NMR (376 MHz, CDCl3) : —111.32 (s, 1F, 7d), —111.63
(s, 1F, 8d), —126.39 (s, 1F, 8d) —127.68 (s, 1F, 7d) ppm; *C {'H} NMR (150 MHz, CDCl3) &:
160.9 (d, ] =248.4 Hz, Cq, 7d), 160.8 (d, ] = 248.3 Hz, Cq, 8d), 158.8 (d, ] = 2.8 Hz, Cq, 8d),
156.8 (dd, ] =2.7,2.03 Hz, Cq, 7d), 155.8 (d, ] = 237.4 Hz, Cq, 8d), 155.5 (d, ] = 235.9 Hz,
Cq, 7d), 145.5 (d, ] =5.6 Hz, Cq, 8d), 145.1 (Cq, 8d), 144.3 (d, ] = 5.7 Hz, Cq, 7d), 144.2 (Cq,
7d),141.0(d, ] =2.1 Hz, 1 Cq, 7d), 140.4 (d, ] = 2.0 Hz, Cq, 8d), 140.3 (Cq, 8d), 139.3 (Cq,
7d), 138.8 (Cq, 8d), 137.4 (Cq, 7d), 136.5 (d, ] = 0.5 Hz, Cq, 7d), 132.9 (d, ] = 9.3 Hz, CH, 8d),
132.3(d, ] =9.3 Hz, CH, 7d), 130.9 (d, ] = 1.0 Hz, Cq, 8d), 129.8 (2CH, 7d), 129.1 (2CH, 8d),
128.7 (2CH, 7d), 128.6 (2CH, 8d), 128.2 (CH, 8d), 128.1 (2CH, 8d), 128.04 (2CH, 7d), 128.01
(2CH, 7d), 127.9 (d, ] = 9.5 Hz, Cq, 7d), 127.8 (2CH, 8d), 127.71 (d | = 8.9 Hz, Cq, 8d), 127.70
(dJ=12.7Hz, CH, 7d), 126.8 (d, ] =7.13 Hz, Cq, 7d), 126.4 (CH, 8d), 126.3 (CH, 7d), 124.6
(d,J=7.4Hz, Cq, 8d), 1199 (d, ] = 25.8 Hz, CH, 8d), 119.6 (d, ] = 25.9 Hz, CH, 7d), 117.4 (d,
J=225Hz,CH, 8d),117.3 (d, ] = 12.1 Hz, CH, 7d), 117.1 (d, ] = 3.7 Hz, CH, 7d), 116.5 (d,
J=7.8Hz, CH, 8d),115.8 (d, ] =22.4 Hz, CH, 8d), 115.5 (d, ] =22.4 Hz, CH, 7d), 108.9 (d,
J =228 Hz, CH, 7d), 108.7 (d, | =22.9 Hz, CH, 8d), 35.71 (CH,, 7d), 35.2 (CH,, 8d) ppm;
HRMS: m/z (MALDI-TOF) positive ion, calculated for CogHygFoKNy: [M + K]* 461.1232,
Found: 461.1231.

2-(4-(4-(Trifluoromethyl)benzyl)-3-(4-(trifluoromethyl)phenyl)quinolin-2-ylaniline (7e) (21 mg,
20% yield). Oil. Eluent: hexane/ethyl acetate (90:10). 'H NMR (400 MHz, CDCl3) &: 8.30
(s, 1H),8.24 (d, ] = 9.1 Hz, 1H), 7.89 (d, ] = 8.2 Hz, 1H), 7.34-7.18 (m, 7H), 7.06-7.04 (m,
2 H), 6.97-6.95 (m, 3 H), 6.72 (d, ] = 8.7 Hz, 1H), 4.79 (br, 2H), 4.44 (s, 2H) ppm; F {1H}
NMR (376 MHz, CDCl3) : —61.58 (s, 3F), —62.46 (s, 3F) ppm; HRMS: m/z (MALDI-TOF)
positive ion, calculated for C3yHpoFsKNy: [M + K]* 561.1168, Found: 561.1170.

2-(3-hexyl-4-octylquinolin-2-yl)aniline (7f) (32 mg, 18% yield). Oil. Eluent: hexane/ethyl
acetate (90:10). 'H NMR (400 MHz, CDCl3): & 8.00 (d, ] = 8.3 Hz, 1H), 7.67 (t, ] = 7.6 Hz,
1H),7.50 (t,] =7.6 Hz, 1H), 7.23 (t, ] = 8.6 Hz, 1H), 6.99 (d, ] =7.3 Hz, 1H), 6.85 (t, ] = 7.5 Hz,
1H), 6.80 (d, ] = 8.1 Hz, 1H), 3.38 (br, 2H), 2.93 (td, ] = 12.1, 4.89 Hz, 1H), 2.75-2.60 (m, 3H),
1.69-1.43 (m, 3H), 1.29-1.16 (m, 15H), 0.84 (t, ] = 6.8 Hz, 3H), 0.81 (t, ] = 7.1 Hz, 3H) ppm;
13C {TH} NMR (150 MHz, CDCl3): & 162.5 (Cq),148.0 (Cq), 147.7 (Cq), 143.8 (Cq), 130.8 (CH),
130.3 (Cq), 129.7 (CH), 128.9 (CH), 128.8 (CH), 126.1 (Cq), 125.6 (CH), 124.1 (CH), 123.7
(Cq), 1184 (CH), 115.2 (CH), 37.1 (CH,), 31.6 (CH>), 31.5 (CH), 30.5 (CHy), 30.0 (CH)),
29.5 (CHy), 29.4 (CHy), 29.3 (CHy), 28.7 (CHy), 22.6 (CHy), 22.5 (CHy), 14.1 (CH3), 14.0



Molecules 2024, 29, 3693

14 of 18

(CH3) ppm; HRMS: m/z (MALDI-TOF) positive ion, calculated for CogH3zgNyNa: [M + Na]*
425.2933, Found: 425.2930.

2-(4-Methylquinolin-2-yl)aniline (7g) [45]. Eluent: petroleum ether/ethyl acetate (20:1).
(25.6 mg, 73%). Yellow solid. 'H NMR (400 MHz, CDCl3) &: 8.02 (d, ] = 8.5 Hz, 1H), 7.92 (d,
] =8.3Hz, 1H), 7.64-7.62 (m, 2H), 7.47 (t, ] = 7.6 Hz, 1H), 7.22-7.15 (m, 1H), 6.80-6.75 (m,
1H), 6.61-6.57 (m, 2H), 6.18 (br, 2H), 2.67 (s, 3H) ppm.

4-chloro-2-(6-chloro-4-methylquinolin-2-yl)aniline (7h) [44]. Eluent: petroleum ether/ethyl
acetate (20:1). (28 mg, 16%). Yellow solid. 'H NMR (400 MHz, CDCl3) 6: 7.93 (d, ] = 7.2 Hz,
1H), 7.92 (s, 1H), 7.62-7.59 (m, 3H), 7.13 (dd, ] = 8.6, 2.4 Hz, 1H), 6.70 (d, ] = 8.6 Hz, 1H),
6.15 (br, 2H), 2.68 (d, | = 0.9 Hz, 3H) ppm.

The typical procedure for the regioselective p-TsSOH-H,O promoted the dimerization reaction of
2-alhynylaniline 1 to quinolines 8. To a small vial was added 2-phenylaniline 1a (101 mg,
0.52 mmol), p-TsOH-H,0 (99 mg, 0.52 mmol), and DCE (2 mL). The reaction mixture was
stirred at 110 °C for 4 h. Then, the mixture was diluted with a saturated solution of NaHCO;
and extracted with CHCl;. The combined organic phases were dried over anhydrous
NaySOy, filtered and concentrated under reduced pressure to give crude material which
was purified by silica gel column chromatography eluting with hexane/EtOAc 90/10
to provide 2-(4-Benzyl-2-phenylquinolin-3-yl)aniline (8a) (48 mg, 48% yield). Unseparable
mixture 8a:7a Ratio 9:2 calculated by 'H NMR.

2-(4-Benzyl-6-chloro-2-phenylquinolin-3-yl)-4-chloroaniline (8c) (45 mg, 55% yield). Oil. hex-
ane/EtOAc 90/10. Unseparable mixture 8c:7c Ratio 9:1 calculated by 'H NMR.

2-(4-Benzyl-6-fluoro-2-phenylquinolin-3-yl)-4-fluoroaniline (8d) (64 mg, 64% yield) hexane/EtOAc
90/10. Oil. 'H NMR (400 MHz, CDCl3) &: 8.25 (dd, ] = 9.2, 5.6 Hz, 1H), 7.60 (dd, ] = 10.2,
2.8 Hz, 1H), 7.49 (ddd, ] = 9.2, 8.0, 2.8 Hz, 1H), 7.44-7.43 (m, 2H), 7.24-7.20 (m, 3H),
7.18-7.12 (m, 3H), 6.90 (d, ] = 1.8 Hz, 1H), 6.83 (d, ] = 1.1 Hz, 1H), 6.77 (td, ] = 8.5, 2.9 Hz,
1H), 6.51 (dd, ] = 8.8, 1.4 Hz, 1H), 6.50 (d, ] = 8.8 Hz, 1H), 4.36 (d, | = 15.72 Hz, 1H, AB
system), 4.23 (d, ] = 15.72 Hz, 1H, AB system), 3.16 (br, 2H) ppm; *F{!H} NMR (376 MHz,
CDCl3) 8: —111.41 (s, 1F), —126.38 (s, 1F) ppm; 3C{'H} NMR (150 MHz, CDCl3) &: 160.8 (d,
J = 248.3 Hz, Cq), 158.8 (d, ] = 2.8 Hz, Cq), 155.8 (d, ] = 237.4 Hz, Cq), 145.5 (d, ] = 5.6 Hz,
Cq), 145.1 (Cq), 140.4 (d, 4] = 2.0 Hz, Cq), 140.3 (Cq), 138.8 (Cq), 132.9 (d, ] = 9.3 Hz, CH),
130.9 (d, J = 1.0 Hz, Cq), 129.1 (2CH), 128.6 (2CH), 128.2 (CH), 128.1 (2CH), 127.8 (2CH),
127.7 (d ] = 8.9 Hz, Cq), 126.4 (CH), 124.6 (d, ] = 7.4 Hz, Cq), 119.9 (d, ] = 25.8 Hz, CH),
117.4 (d, ] = 22.5 Hz, CH), 116.5 (d, ] = 7.8 Hz, CH), 115.8 (d, ] = 22.4 Hz, CH), 108.7 (d,
] =22.9 Hz, CH), 35.2 (CH,) ppm; HRMS: m/z (MALDI-TOF) positive ion, calculated for
CogH0FoKNo: [M + K]* 461.1232, Found: 461.1235.

Synthesis of the 3-phenylquinolin-4(1H)-one 9a [54]. To a small vial was added 2-phenylaniline
1a (72 mg, 0.37 mmol), p-TsOH-H,O (71 mg, 0.37 mmol), and DMF (2 mL). The reaction
mixture was stirred at 110 °C for 18 h. Then, the mixture was diluted with a saturated
solution of NaHCOj; and extracted with CHCl;. The combined organic phases were
dried over anhydrous NaySOy, filtered and concentrated under reduced pressure to give
crude material which was purified by silica gel column chromatography eluting with
hexane/EtOAc 70/30 to provide 3-phenylquinolin-4(1H)-one 9a (41 mg, 33% yield). Yellow
solid. 'H NMR (400 MHz, DMSO) &: 12.04 (s, 1H), 8.20 (d, | = 8.3 Hz, 1H), 8.15 (s, 1H),
7.73-7.71 (m, 2H), 7.65 (t, ] = 7.6 Hz, 1H), 7.58 (d, ] = 8.3 Hz, 1H), 7.40-7.32 (m, 3H), 7.27 (t,
J=72Hz, 1H) ppm.

Synthesis of the 2,2'-Diphenyl-1H,1'H-3,3'-biindole 10a [25]. To a small vial was added 2-
phenylaniline 1a (98 mg, 0.5 mmol), p-TsOH-H,O (20 mg, 0.10 mmol), dimethoxymethane
(190 mg, 2.50 mmol), and DCE (2 mL). The reaction mixture was stirred at 40 °C for 4
h. Then, the mixture was diluted with a saturated solution of NaHCQOj3; and extracted
with CHCI;3. The combined organic phases were dried over anhydrous NaySOy, filtered
and concentrated under reduced pressure to give crude material which was purified by
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silica gel column chromatography eluting with hexane/EtOAc 90/10 to provide the 2,2'-
Diphenyl-1H,1’H-3,3'-biindole (10a) (73 mg, 76% yield). White solid. 'H NMR (400 MHz,
CDCly) &: 8.02 (s, 2H), 7.58-7.56 (m, 4H), 7.40 (t, | = 6.9 Hz, 4H), 7.34-7.19 (m, 6H), 7.07 (t,
J=7.2Hz, 2H) 6.85 (t, ] = 7.2 Hz, 2H) ppm.

8-methyl-7-azabicyclo [4.2.0]octa-1,3,5-trien-8-ol (11g). (8 mg, 8% yield). Oil. 'H NMR
(400 MHz, CDCl3) é: 7.19 (d, ] = 7.7 Hz, 1H), 7.03 (t, ] = 7.6 Hz, 1H), 6.80 (t, ] = 7.5 Hz,
1H), 6.62 (d, ] = 8.0 Hz, 1H), 4.49 (br, 1H), 1.86 (s, 3H), 1.57 (br, 1H) ppm; HRMS: /z
(MALDI-TOF) positive ion, calculated for CsHoKNO: [M + K]* 174.0321, Found: 174.0317.

3-chloro-8-methyl-7-azabicyclo [4.2.0]octa-1,3,5-trien-8-0l (11h). (11 mg, 12% yield). Oil. H
NMR (400 MHz, CDCl3) 6: 7.16 (d, ] = 2.3 Hz, 1H), 7.01 (dd, | = 8.6, 2.3 Hz, 1H), 6.58
(d, ] = 8.6 Hz, 1H), 4.48 (br, 1H), 1.83 (s, 3H), 1.54 (br, 1H) ppm; *C{'H} NMR (150 MHz,
CDCl3) 6: 139.1 (Cq), 129.5 (Cq), 128.4 (CH), 125.6 (CH), 125.3 (Cq), 119.2 (CH), 81.4 (Cq),
27.0 (CH3) ppm; HRMS: m/z (MALDI-TOF) positive ion, calculated for CgHgCINNaO:
[M + Na]* 192.0195, Found: 192.0195.

Control experiment ruling out the formation of 7a from 6a. To a small vial was added 1-(2-
aminophenyl)-2-phenylethan-1-one 6a (87 mg, 0.78 mmol), 2-(phenylethynyl)aniline 1a
(80 mg, 0.41 mmol), p-TsOH-H,O (148 mg, 0.41 mmol), and ethanol (2 mL). The reaction
mixture was stirred at 110 °C for 20 h. Then, the mixture was diluted with a saturated
solution of NaHCO3; and extracted with CHCl3;. The combined organic phases were
dried over anhydrous NaySQOy, filtered and concentrated under reduced pressure to give
crude material which was purified by silica gel column chromatography eluting with
hexane/EtOAc 90/10 to provide 1-(2-aminophenyl)-2-phenylethan-1-one 6a (95 mg; 84 mg
recovered + 11 mg, 13% from 1a), 2-phenyl-1H-indole 5a (21 mg from 1a, 24% from 1a) and
2-(4-benzyl-3-phenylquinolin-2-yl)aniline 7a (36 mg, 45% from 1a).

5. Conclusions

In summary, we have explored the key factors that influence product selectivity
in Brensted acid-catalysed /mediated reactions of 2-alkynylanilines. The methodologies
presented here provide viable alternatives to metal-catalysis approaches, often offering
complementary selectivity through simple adjustments such as changing the solvent, vary-
ing the amount of the Brensted acid promoter, and/or modifying the reaction temperature.
Using essentially the same catalytic system, we established optimal conditions for selec-
tively producing dimerization products 7 or 8, directing the reaction towards hydration
product 6, or achieving cycloisomerization to indoles 5 and bis-indoles 10. Mechanistic
insights into the origins of chemo- and regioselectivity were obtained through quantum
chemical calculations using Density Functional Theory.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/molecules29153693 /s1, Computational Details; Copies of IH, g 13¢C
NMR Spectra; Optimized Cartesian contributes of all investigated species; Details of NCI analysis
and RESP analysis.

Author Contributions: V.M.: experiments, acquisition and analysis of the original data and tables,
writing of the experimental section. M. A.: quantum-chemical calculations, mechanism elucidation.
M.C.: structure determination, NMR experiments, manuscript revision. C.M.: experiments. L.P.:
research, supervision, A.A.: conceptualization, writing. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in the study are included in the
article/supplementary material, further inquiries can be directed to the corresponding author/s.


https://www.mdpi.com/article/10.3390/molecules29153693/s1
https://www.mdpi.com/article/10.3390/molecules29153693/s1

Molecules 2024, 29, 3693 16 of 18

Acknowledgments: We gratefully acknowledge the University of L’ Aquila for financial support; M.A.
thanks Cineca—Italy for an IscraC project.

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

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Nasseri, M.A.; MShahabi, M.; Alavi, S.A.; Allahresani, G.A. A novel, efficient and magnetically recyclable Cu-Ni bimetallic alloy
nanoparticle as a highly active bifunctional catalyst for Pd-free Sonogashira and C-N cross-coupling reactions: A combined
theoretical and experimental study. RSC Adv. 2023, 13, 22158-22171. [CrossRef] [PubMed]

Chinchilla, R.; Ngjera, C. Recent advances in Sonogashira reactions. Chem. Soc. Rev. 2011, 40, 5084-5121. [CrossRef] [PubMed]
Vavsari, V.E; Nikbakht, A.; Balalaie, S. Annulation of 2-Alkynylanilines: The Versatile Chemical Compounds. Asian J. Org. Chem.
2022, 11, €202100772. [CrossRef]

Festa, A.A.; Raspertov, P.V.; Voskressensky, L.G. 2-(Alkynyl)anilines and Derivatives—Versatile Reagents for Heterocyclic
Synthesis. Adv. Synth. Catal. 2022, 364, 466—486. [CrossRef]

Kamble, O.S.; Khatravath, M.; Dandela, R. Applications of Ethynylanilines as Substrates for Construction of Indoles and
Indole-Substituted Derivatives. ChemistrySelect 2021, 6, 7408-7427. [CrossRef]

Kotha, S.; Ansari, S.; Gupta, N.K. Selectivity: A Goal for Synthetic Economy. Synlett 2023, 34, 535-551. [CrossRef]

Mondal, D.; Kalar, P.L.; Kori, S.; Gayen, S.; Das, K. Recent Developments on Synthesis of Indole Derivatives Through Green
Approaches and Their Pharmaceutical Applications. Curr. Org. Chem. 2020, 24, 2665-2693. [CrossRef]

Zeng, W,; Han, C.; Mohammed, S.; Li, S.; Song, Y.; Sun, E; Du, Y. Indole-containing pharmaceuticals: Targets, pharmacological
activities, and SAR studies. RSC Med. Chem. 2024, 15, 788-808. [CrossRef]

Vinod, A.; Mouli, HM.C.; Jana, A.; Peraman, R. Unlocking therapeutic potential: Exploring indole scaffolds and their structural
insights as pharmacophores in designing anti-breast cancer agents. Med. Chem. Res. 2024, 33, 1100-1132. [CrossRef]

Barresi, E.; Baglini, E.; Poggetti, V.; Castagnoli, ].; Giorgini, D.; Salerno, S.; Taliani, S.; Da Settimo, F. Indole-Based Compounds in
the Development of Anti-Neurodegenerative Agents. Molecules 2024, 29, 2127. [CrossRef]

Shivam; Tiwari, G.; Kumar, M.; Chauhan, A.N.S.; Erande, R.D. Recent advances in cascade reactions and their mechanistic
insights: A concise strategy to synthesize complex natural products and organic scaffolds. Org. Biomol. Chem. 2022, 20, 3653-3674.
[CrossRef] [PubMed]

Arcadi, A.; Morlacci, V.; Palombi, L. Synthesis of Nitrogen-Containing Heterocyclic Scaffolds through Sequential Reactions of
Aminoalkynes with Carbonyls. Molecules 2023, 28, 4725. [CrossRef] [PubMed]

Brambilla, E.; Gritti, A.; Pirovano, V.; Arcadi, A.; Germani, R.; Tiecco, M.; Abbiati, G. Acidic Deep Eutectic Solvents as Active
Media for Sustainable Synthesis of Biindoles Starting from 2,2’-Diaminotolanes and Aldehydes. Eur. J. Org. Chem. 2023,
26, €202300204. [CrossRef]

Arcadi, A.; Chiarini, M.; D’anniballe, G.; Marinelli, F.; Pietropaolo, E. Brensted Acid Catalyzed Cascade Reactions of 2-[(2-
Aminophenyl)ethynyl]phenylamine Derivatives with Aldehydes: A New Approach to the Synthesis of 2,2’-Disubstituted
1H,1'H-3,3'-Biindoles. Org. Lett. 2014, 16, 1736-1739. [CrossRef] [PubMed]

Arcadi, A. Au-Catalyzed Synthesis and Functionalization of Heterocycles; Bandini, M., Ed.; Topics in Heterocyclic Chemistry; Springer
International Publishing: Cham, Switzerland, 2016; Volume 46, pp. 53-85.

Ohno, H. Recent Advances in the Construction of Polycyclic Compounds by Palladium-Catalyzed Atom-Economical Cascade
Reactions. Asian J. Org. Chem. 2013, 2, 18-28. [CrossRef]

Ohno, H. Gold-Catalyzed Cascade Reactions of Alkynes for Construction of Polycyclic Compounds. Isr. J. Chem. 2013, 53, 869-882.
[CrossRef]

Abbiati, G.; Marinelli, F; Rossi, E.; Arcadi, A. Synthesis of Indole Derivatives from 2-Alkynylanilines by Means of Gold Catalysis.
Isr. . Chem. 2013, 53, 856-868. [CrossRef]

Cacchi, S.; Fabrizi, G.; Goggiamani, A. Copper catalysis in the construction of indole and benzo[b]furan rings. Org. Biomol. Chem.
2011, 9, 641-652. [CrossRef]

Marsicano, V.; Arcadi, A.; Chiarini, M.; Fabrizi, G.; Goggiamani, A.; Iazzetti, A. Synthesis of functionalised 2,3-dihydroquinolin-
4(1H)-ones vs. quinoline or N-alkenylindole derivatives through sequential reactions of 2-alkynylanilines with ketones. Org.
Biomol. Chem. 2021, 19, 421-438. [CrossRef]

Li, S;; Ren, J.; Ding, C.; Wang, Y.; Ma, C. N,N-Dimethylformamide as Carbon Synthons for the Synthesis of N-Heterocycles:
Pyrrolo/Indolo[1,2-a]quinoxalines and Quinazolin-4-ones. J. Org. Chem. 2021, 86, 16848-16857. [CrossRef]

Lee, S.B.; Jang, Y.; Ahn, J.; Chun, S.; Oh, D.-C.; Hong, S. One-Pot Synthesis of 4-Quinolone via Iron-Catalyzed Oxidative Coupling
of Alcohol and Methyl Arene. Org. Lett. 2020, 22, 8382-8386. [CrossRef] [PubMed]

Cox, E.D.; Cook, ].M. The Pictet-Spengler condensation: A new direction for an old reaction. Chem. Rev. 1995, 95, 1797-1842.
[CrossRef]

Gao, Z.; Davis, L.; Chiang, Y.; Munson, R.; Hendrix, J.A. Regioselective assembly of 3,4-dihydroisoquinoline derivatives.
Tetrahedron Lett. 2012, 53, 4429-4432. [CrossRef]


https://doi.org/10.1039/D3RA01965A
https://www.ncbi.nlm.nih.gov/pubmed/37492518
https://doi.org/10.1039/c1cs15071e
https://www.ncbi.nlm.nih.gov/pubmed/21655588
https://doi.org/10.1002/ajoc.202100772
https://doi.org/10.1002/adsc.202101363
https://doi.org/10.1002/slct.202101437
https://doi.org/10.1055/a-1978-0394
https://doi.org/10.2174/1385272824999201111203812
https://doi.org/10.1039/D3MD00677H
https://doi.org/10.1007/s00044-024-03241-z
https://doi.org/10.3390/molecules29092127
https://doi.org/10.1039/D2OB00452F
https://www.ncbi.nlm.nih.gov/pubmed/35416224
https://doi.org/10.3390/molecules28124725
https://www.ncbi.nlm.nih.gov/pubmed/37375280
https://doi.org/10.1002/ejoc.202300204
https://doi.org/10.1021/ol500401p
https://www.ncbi.nlm.nih.gov/pubmed/24588108
https://doi.org/10.1002/ajoc.201200128
https://doi.org/10.1002/ijch.201300054
https://doi.org/10.1002/ijch.201300040
https://doi.org/10.1039/C0OB00501K
https://doi.org/10.1039/D0OB02106G
https://doi.org/10.1021/acs.joc.1c02067
https://doi.org/10.1021/acs.orglett.0c03011
https://www.ncbi.nlm.nih.gov/pubmed/33058675
https://doi.org/10.1021/cr00038a004
https://doi.org/10.1016/j.tetlet.2012.06.047

Molecules 2024, 29, 3693 17 of 18

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Perea-Buceta, J.E.; Wirtanen, T.; Laukkanen, O.; Mikeld, M.K.; Nieger, M.; Melchionna, M.; Huittinen, N.; Lopez-Sanchez,
J.A.; Helaja, J. Cycloisomerization of 2-Alkynylanilines to Indoles Catalyzed by Carbon-Supported Gold Nanoparticles and
Subsequent Homocoupling to 3,3'-Biindoles. Angew. Chem. Int. Ed. 2013, 52, 11835-11839. [CrossRef] [PubMed]

Chali, ].-D.; Head-Gordon, M. Long-range corrected hybrid density functionals with damped atom-atom dispersion corrections.
Phys. Chem. Chem. Phys. 2008, 10, 6615-6620. [CrossRef] [PubMed]

Lin, Y.-S.; Li, G.-D.; Mao, S.-P.; Chali, J.-D. Long-Range Corrected Hybrid Density Functionals with Improved Dispersion
Corrections. . Chem. Theory Comput. 2013, 9, 263-272. [CrossRef] [PubMed]

Tomasi, J.; Mennucci, B.; Cammi, R. Quantum Mechanical Continuum Solvation Models. Chem. Rev. 2005, 105, 2999-3093.
[CrossRef] [PubMed]

Frisch, M.].; Trucks, G.W.; Schlegel, H.B.; Scuseria, G.E.; Robb, M.A.; Cheeseman, ].R.; Scalmani, G.; Barone, B.; Petersson, G.A;
Nakatsuji, H.; et al. Gaussian 16; Revision C.01; Gaussian, Inc.: Wallingford, CT, USA, 2016.

Johnson, E.R; Keinan, S.; Mori-Sanchez, P.; Contreras-Garcia, J.; Cohen, A].; Yang, W. Revealing Noncovalent Interactions. J. Am.
Chem. Soc. 2010, 132, 6498-6506. [CrossRef] [PubMed]

Zhang, J.; Lu, T. Efficient evaluation of electrostatic potential with computerized optimized code. Phys. Chem. Chem. Phys. 2021,
23,20323-20328. [CrossRef]

Lu, T.; Chen, F. Multiwfn: A Multifunctional Wavefunction Analyzer. . Comput. Chem. 2012, 33, 580-592. [CrossRef]

Asahara, H.; Mukaijo, Y.; Muragishi, K.; Iwai, K.; Ito, A.; Nishiwaki, N. Metal-Free and syn-Selective Hydrohalogenation of
Alkynes through a Pseudo-Intramolecular Process. Eur. |. Org. Chem. 2021, 2021, 5747-5755. [CrossRef]

Peng, C.; Wang, Y,; Liu, L.; Wang, H.; Zhao, J.; Zhu, Q. p-Toluenesulfonic Acid Promoted Annulation of 2-Alkynylanilines with
Activated Ketones: Efficient Synthesis of 4-Alkyl-2,3-Disubstituted Quinolines. Eur. J. Org. Chem. 2010, 2010, 818-822. [CrossRef]
Marsicano, V.; Arcadi, A.; Aschi, M.; Michelet, V. Experimental and computational evidence on gold-catalyzed regioselective
hydration of phthalimido-protected propargylamines: An entry to 3-amino ketones. Org. Biomol. Chem. 2020, 18, 9438-9447.
[CrossRef] [PubMed]

Saidi, O.; Bamford, M.].; Blacker, A.J.; Lynch, J.; Marsden, S.P.; Plucinski, P.; Watson, R.J.; Williams, ].M. Iridium-catalyzed
formylation of amines with paraformaldehyde. Tetrahedron Lett. 2010, 51, 5804-5806. [CrossRef]

He, Y.-Y.; Sun, X.-X,; Li, G.-H.; Mei, G.-].; Shi, F. Substrate-Controlled Regioselective Arylations of 2-Indolylmethanols with
Indoles: Synthesis of Bis(indolyl)methane and 3,3'-Bisindole Derivatives. J. Org. Chem. 2017, 82, 2462-2471. [CrossRef] [PubMed]
Peng, L.; Wang, H.; Peng, C.; Ding, K.; Zhu, Q. Sequential Hydration-Condensation-Double Cyclization of Pyridine-Substituted
2-Alkynylanilines: An Efficient Approach to Quinoline-Based Heterocycles. Synthesis 2011, 2011, 1723-1732. [CrossRef]
Politanskaya, L.; Shteingarts, V.; Tretyakov, E.; Potapov, A. The p-toluenesulfonic acid-catalyzed transformation of polyfluorinated
2-alkynylanilines to 2-aminoarylketones and indoles. Tetrahedron Lett. 2015, 56, 5328-5332. [CrossRef]

Jia, R.; Li, B.; Zhang, X.; Fan, X. Selective Synthesis of 2-Indolyl-3-oxoindolines or 2-(2-Aminophenyl)quinolines through Cu(II)-
or Bi(Ill)-Catalyzed Tunable Dimerizations of 2-Alkynylanilines. Org. Lett. 2020, 22, 6810-6815. [CrossRef] [PubMed]

Sakai, N.; Annaka, K ; Fujita, A.; Sato, A.; Konakahara, T. InBrs-Promoted Divergent Approach to Polysubstituted Indoles and
Quinolines from 2-Ethynylanilines: Switch from an Intramolecular Cyclization to an Intermolecular Dimerization by a Type of
Terminal Substituent Group. J. Org. Chem. 2008, 73, 4160-4165. [CrossRef]

Perumal, P; Praveen, C.; Jegatheesan, S. Gold(III) Chloride Catalyzed Intermolecular Dimerization of 2-Ethynylanilines: Synthesis
of Substituted Quinolines. Synlett 2009, 2009, 2795-2800. [CrossRef]

Shelton, P.A.; Hilliard, C.R.; Swindling, M.; McElwee-White, L. Dimerization of ethynylaniline to a quinoline derivative using a
ruthenium/gold heterobimetallic catalyst. ARKIVOC 2010, viii, 160-166. [CrossRef]

Praveen, C.; Perumal, P.T. Revisiting the Gold-Catalyzed Dimerization of 2-Ethynylanilines: A Room-Temperature and Silver-Free
Protocol for the Synthesis of Multifunctional Quinolines. Synthesis 2016, 48, 855-864. [CrossRef]

Jia, R.; Li, B,; Liang, R.; Zhang, X.; Fan, X. Tunable Synthesis of Indolo[3,2-c]quinolines or 3-(2-Aminophenyl)quinolines via
Aerobic/ Anaerobic Dimerization of 2-Alkynylanilines. Org. Lett. 2019, 21, 4996-5001. [CrossRef] [PubMed]

Punjajom, K.; Ruengsangtongkul, S.; Tummatorn, J.; Paiboonsombat, P.; Ruchirawat, S.; Thongsornkleeb, C. Mn(OAc)3-Mediated
One-Pot Condensation-Oxidative Annulation of 2-Alkynylanilines and 1,3-Ketoesters: Synthesis of 2-Substituted Quinolines.
J. Org. Chem. 2023, 88, 6736—6749. [CrossRef]

Alvarez, R.; Martinez, C.; Madich, Y.; Denis, ].G.; Aurrecoechea, ].M.; de Lera, R. A General Synthesis of Alkenyl-Substituted
Benzofurans, Indoles, and Isoquinolones by Cascade Palladium-Catalyzed Heterocyclization/Oxidative Heck Coupling. Chem.-A
Eur. ]. 2010, 16, 12746-12753. [CrossRef]

Liang, S.; Hammond, L.; Xu, B.; Hammond, G.B. Commercial Supported Gold Nanoparticles Catalyzed Alkyne Hydroamination
and Indole Synthesis. Adv. Synth. Catal. 2016, 358, 3313-3318. [CrossRef]

Yang, Y.-S.; Lee, S.; Son, S.H.; Yoo, H.-S.; Jang, Y.H.; Shin, J.-W.; Won, H.-J.; Sim, J.; Kim, N.-J. Ligand-controlled regiodivergent
direct arylation of indoles via oxidative boron Heck reaction. Org. Chem. Front. 2022, 9, 5906-5911. [CrossRef]

Shen, M.; Leslie, B.E.; Driver, T.G. Dirhodium(II)-Catalyzed Intramolecular C-H Amination of Aryl Azides. Angew. Chem. Int. Ed.
2008, 47, 5056-5059. [CrossRef] [PubMed]

Ferrini, S.; Ponticelli, F.; Taddei, M. Rapid Approach to 3,5-Disubstituted 1,4-Benzodiazepines via the Photo-Fries Rearrangement
of Anilides. J. Org. Chem. 2006, 71, 9217-9220. [CrossRef]


https://doi.org/10.1002/anie.201305579
https://www.ncbi.nlm.nih.gov/pubmed/24123549
https://doi.org/10.1039/b810189b
https://www.ncbi.nlm.nih.gov/pubmed/18989472
https://doi.org/10.1021/ct300715s
https://www.ncbi.nlm.nih.gov/pubmed/26589028
https://doi.org/10.1021/cr9904009
https://www.ncbi.nlm.nih.gov/pubmed/16092826
https://doi.org/10.1021/ja100936w
https://www.ncbi.nlm.nih.gov/pubmed/20394428
https://doi.org/10.1039/D1CP02805G
https://doi.org/10.1002/jcc.22885
https://doi.org/10.1002/ejoc.202101134
https://doi.org/10.1002/ejoc.200901257
https://doi.org/10.1039/D0OB01598A
https://www.ncbi.nlm.nih.gov/pubmed/33057554
https://doi.org/10.1016/j.tetlet.2010.08.106
https://doi.org/10.1021/acs.joc.6b02850
https://www.ncbi.nlm.nih.gov/pubmed/28155278
https://doi.org/10.1002/chin.201144157
https://doi.org/10.1016/j.tetlet.2015.07.078
https://doi.org/10.1021/acs.orglett.0c02323
https://www.ncbi.nlm.nih.gov/pubmed/32794759
https://doi.org/10.1021/jo800464u
https://doi.org/10.1055/s-0029-1217961
https://doi.org/10.3998/ark.5550190.0011.813
https://doi.org/10.1055/s-0035-1561305
https://doi.org/10.1021/acs.orglett.9b01534
https://www.ncbi.nlm.nih.gov/pubmed/31247806
https://doi.org/10.1021/acs.joc.3c00027
https://doi.org/10.1002/chem.201001535
https://doi.org/10.1002/adsc.201600804
https://doi.org/10.1039/D2QO01326F
https://doi.org/10.1002/anie.200800689
https://www.ncbi.nlm.nih.gov/pubmed/18512215
https://doi.org/10.1021/jo0614442

Molecules 2024, 29, 3693 18 of 18

52. Patterson, S.; Alphey, M.S.; Jones, D.C.; Shanks, E.J.; Street, I.P,; Frearson, J.A.; Wyatt, P.G.; Gilbert, .H.; Fairlamb, A.H.
Dihydroquinazolines as a Novel Class of Trypanosoma brucei Trypanothione Reductase Inhibitors: Discovery, Synthesis, and
Characterization of their Binding Mode by Protein Crystallography. . Med. Chem. 2011, 54, 6514-6530. [CrossRef]

53. Mamidala, R.; Subramani, M.S.; Samser, S.; Biswal, P.; Venkatasubbaiah, K. Chemoselective Alkylation of Aminoacetophenones
with Alcohols by Using a Palladacycle-Phosphine Catalyst. Eur. J. Org. Chem. 2018, 2018, 6286-6296. [CrossRef]

54. i, F; Li, X.;; Wu, W,; Jiang, H. Palladium-Catalyzed Oxidative Carbonylation for the Synthesis of Polycyclic Aromatic Hydrocar-
bons (PAHs). J. Org. Chem. 2014, 79, 11246-11253. [CrossRef] [PubMed]

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/jm200312v
https://doi.org/10.1002/ejoc.201801155
https://doi.org/10.1021/jo502013s
https://www.ncbi.nlm.nih.gov/pubmed/25353393

	Introduction 
	Discussion 
	Materials and Methods 
	Experimental Procedures and Compounds Characterization 
	Conclusions 
	References

