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ABSTRACT: Modern day research focuses on the development
of greener and eco-friendlier protocols to fabricate biologically
relevant targets with minimal waste generation. C−C bond
formation reactions are of prime importance in this regard. In a
typical photocatalytic hydrogen evolution reaction, three compo-
nents are used, viz, catalyst, photosensitizer, and sacrificial amine
donor. Among these, the photosensitizer and sacrificial amine
donors are wasted at the end of the reaction. Considering these
drawbacks, in this work, we have developed a methodology
targeted at the utilization of sacrificial amine donors for C−H
functionalization with MoS2 quantum dots (QDs) as the catalyst as
well as the photosensitizer. QDs indeed emerged to be an active
participant in the heterogeneous electron transfer process. This concept opens up new possibilities in the field of nanomaterial-based
photomediated organic transformations without the aid of any external photosensitizers via a clean and sustainable protocol with no
side product.
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■ INTRODUCTION

Quantum dots (QDs) are nanomaterials having a diameter in
the range of 2−10 nm and an enhanced surface-to-volume
ratio that generates a greater number of active sites. They
display a wide range of absorption and emission depending on
their size1−3 and surface property,4−7 which is a consequence
of the direct band gap8,9 in these materials, contrary to their
bulk counterparts. The most unique feature of these materials
is the ability to be confined in a small space, often referred to
as quantum confinement.10,11 This results in the quantization
of energy levels. In this regard, QDs are more closely related to
atoms than bulk materials and are popularly known as
“artificial atoms”.12 The band gap increases with a decrease
in the size of the nanomaterial.13 Commonly known QDs are
those of CdS and CdSe. However, these materials are
associated with an inherent toxicity.14,15 Various reports
discuss the catalytic applications of materials like CdSe or
InP/ZnS QDs.16,17 Nanostructures such as QDs are favored
over the bulk counterparts as one can exploit the properties of
lower dimensions such as a larger surface area in catalytic and
other relevant applications.13

Transition metal dichalcogenides (TMDs) are binary
compounds of the type MX2 with M being a transition metal
from groups 4−6 while X is a chalcogen atom (S, Se, Te).
Owing to the weak van der Waals forces that bind the layers,
the earth-abundant bulk forms can be converted to lower-
dimensional counterparts such as QDs and nanosheets, which

can be modified in terms of composition, morphology, etc. to
obtain the desired properties. Being heterogeneous participants
in electron-transfer processes,18 these solve the issue of lack of
recyclability. TMD QDs have exclusive semiconducting
properties, dictated by band gap, functionalization, size,
structure, etc. Owing to the easiness of preparation from
molybdenite precursors, MoS2 continues to be the most
suitable TMD for various catalytic,19,20 electronics,21 bio-
logical,22 and energy-related23,24 applications. Atomic defects
confer additional chemical and optoelectronic properties which
can also alter the catalytic activity.25 Despite the aforemen-
tioned advantages, until now, the catalytic activity of such
materials has not been explored extensively.
MoS2 QDs can be prepared with a bottom-up or a top-down

approach. In the second method, organic solvent(s) such as
N,N-dimethylformamide (DMF) are used typically.26 Using an
organic solvent comes with its own disadvantages such as
formation of carbon dots at high temperature or pressure.
Thus, protocols that rely on the use of water as the solvent are
advantageous. Synthesis of MoS2 QDs has recently drawn
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significant attention as these have a high extinction coefficient
in the visible region, hence they can harvest light efficiently.
Unlike the conventional organic dyes or commonly used
transition metal complexes, these are more stable in the
presence of radiation. They have been used extensively in the
hydrogen evolution reaction (HER),27−30 oxygen evolution
reaction (OER),31 bioimaging,32−36 degradation of dye,37

sensing,38−41 and therapeutic applications.42−44

Coupling reactions have emerged as crucial methodologies
for C−C bond formation.45 Cross-coupling reactions came
into the limelight when the 2010 Nobel Prize in Chemistry was
awarded for palladium-mediated cross-couplings reactions.46 A
serious drawback of many of these reactions is the use of an
expensive and mostly unrecyclable metal catalyst.47−49 Another
setback was the requirement of prefunctionalized coupling
partners which was overcome with the activation of C−H
bond. The cross-dehydrogenative coupling (CDC) reaction50

became advantageous for introducing various functional
groups. In situations where an oxidant was required, peroxides
were used mostly.51

Li et al. developed a protocol to couple activated methylene
compounds52 and other nitroalkanes53 with tetrahydroisoqui-
noline using the CuBr/TBHP system, whereas Schnurch et al.
carried out the iron-catalyzed indolation of N-protected
tetrahydroisoquinolines.54 CDC reactions resulting in indola-
tion of tetrahydroisoquinoline reported previously mostly
required higher temperatures or could also lead to side
product(s); for instance, in the CuBr-mediated indolation of
tetrahydroisoquinoline, trace amounts of the peroxide product
were observed.55

Recently, strategies involving the direct transformation of a
C−H bond to a C−C bond efficiently without any harsh
conditions have been of great interest. In a parallel field,
scientists have realized the importance of hydrogen as a
renewable and sustainable source of energy. Consequentially,
HER has continued to gain momentum in the research
community. In a typical photocatalytic HER, sacrificial amine
donors are used along with a semiconducting catalyst and a
photosensitizer.56 At the end of the process, the byproduct
from the donor amines is rendered useless and the photo-
sensitizer is wasted. We envisioned that the same could be used
for a coupling reaction in a milder protocol, using MoS2 QDs
but without the use of any additional photosensitizer. Such a
merger of catalysis and HER was reported using an external
photosensitizer or based on a photoelectrochemical setup
previously.57−59 In continuation of our efforts for developing
better and efficient strategies for transforming C−H bonds to
C−C bonds, we now targeted the coupling reaction of N-
aryltetrahydroisoquinolines with other nucleophiles using
MoS2 QDs (Scheme 1). N-Aryltetrahydroisoquinolines are
important core structures in many pharmaceutical products. 1-
Aryltetrahydroisoquinoline analogues are known to possess
anti-HIV activity.60 Indoles are important motifs in biologically
relevant molecules,61 and the coupled analogues such as
STOCK1N-17958 are also well-documented in the litera-
ture.62,63 Devising such strategies could open new horizons in
synthetic chemistry.

■ RESULTS AND DISCUSSION
Following the discussed protocol, MoS2 QDs were prepared.
The biggest challenge in preparing MoS2 QDs using a bottom-
up approach is to prevent the formation/contamination with
carbon dots. The prepared material was characterized by

various methods before their potential as a catalyst was
explored.
Among all of the characterization techniques employed,

transmission electron microscopy (TEM) imaging can give
concrete evidence of the crystallinity and layered morphology
of the material. A dilute solution of the material was drop-
casted on a Formvar/carbon 200 mesh copper grid. The d-
spacing was 0.26 nm, which also confirms that the material is
not C-dot (C-dots typically have a d-spacing of around 0.21
nm).64 From the TEM pattern, the size of the dots lies in the
range of 6−8 nm. The uniformity is also confirmed by the
TEM and a high-resolution TEM (HRTEM) pattern. From
the selected area electron diffraction (SAED) pattern, we
concluded that the QDs were trigonal prismatic (2H-
polymorph or semiconducting type) in nature (Figure 1).
To substantiate the formation of MoS2 QDs, the UV−visible

spectrum was recorded. In a 1 mL quartz cuvette with a 10 mm
optical path, the diluted sample was taken and scanned from
200 to 800 nm with a step duration of 0.5 nm. The peak at 264
nm corresponds to MoS2 QDs (C-dots give a characteristic

Scheme 1. Photomediated Oxidation and Reduction Cycle
of MoS2 QDsa

aThe reduction cycle produces H2 from water, and the oxidative cycle
culminates in the CDC product.

Figure 1. TEM characterization of MoS2 blue QDs: (a) TEM image
(inset: magnified image of the area enclosed in the rectangle); (b)
HRTEM image; (c) SAED pattern confirming the crystalline nature
of the QDs and a trigonal prismatic arrangement of the atoms.
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peak above 305 nm; we have observed from the control study
done with L-cysteine, subjected to the same conditions
excluding the molybdate precursor) (Figure 2a, red line).

From the UV−visible spectrum, we calculated a band gap of
4.7 eV, which is relatively higher than that of C-dots.65 In
contrast, the monolayered 2H-nanosheet possesses a band gap
of 1.7−1.9 eV.66 The increase in band gap for the QDs is an
indication of the successful breakdown of dimensionality. The
energy levels become discrete consequentially. Upon excitation
at 264 nm, the emission spectrum was obtained with the
maxima at 423 nm (Figure 2a, blue line). The IR spectrum
gave the characteristic Mo−S vibration peak at 480 cm−1,
confirming the existence of MoS2 in the material. The
spectrum was recorded by dissolving the lyophilized sample
in MeOH (Figure 2b).67

To obtain the powder X-ray diffraction (PXRD) pattern, the
solid material was spread on the glass surface. With bulk MoS2,
a strong diffraction peak is observed at 2θ = 14.4°,
corresponding to the (002) plane, which generally indicates
the presence of a multilayered structure with layer-to-layer
interaction. However, as we can see in Figure 3a, no
interference peaks are observed, which confirms the formation

of thin or single-layered material. Additionally, the presence of
the assigned planes (001), (100), and (103) corresponding to
2θ = 13.85, 41.86, and 43.57°, respectively, reconfirms the
presence of hexagonal 2H-MoS2 (Figure 3a).

3,68 The colloidal
stability and nonaggregation nature of these synthesized QDs
also can be justified through their surface charge measurement.
For that, a zeta-potential measurement was carried out, and a
value of −39.5 mV was observed for the QDs. A higher value
of zeta-potential for nanomaterials enhances the stability by
preventing aggregation (Figure 3b). More significantly, the
solution was found to retain stability for over a year with no
change in optical and microscopic properties. This was an
important advantage of TMD QDs over exfoliated single-
layered TMDs. Quantum yield (QY) measurements were
carried out using 7-hydroxycoumarin as the reference. The
prepared QDs were found to possess a QY of 2.6% (details in
section 9 of the Supporting Information (SI)), which is
comparable to that of other nanodots.69

Following the preparation and characterization of MoS2
QDs, we proceeded to explore the utility of this semi-
conducting nanomaterial for broadly relevant coupling
reactions, as stated in the Introduction. We initiated our

Figure 2. (a) UV−visible spectrum (red) and fluorescence spectrum
(blue) of MoS2 blue QDs: the former confirms the absence of a C-dot
(inset: naked eye visualization of the as-prepared QDs in (i) white
light and (ii) UV light). (b) Fourier transform infrared spectrum
showing the Mo−S vibration peak.

Figure 3. (a) PXRD pattern of MoS2 QDs confirms the presence of
discrete layered material and hexagonal arrangement of Mo and S. (b)
Zeta-potential measurement explaining the exceptional stability of the
MoS2 QDs solution.
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study by taking 2-phenyl-1,2,3,4 tetrahydroisoquinoline 1a
with indole 2a as model substrates (Table 1). We were glad to

observe the formation of the desired product in the presence of
the 1 wt % of MoS2 QDs, 0.1 mmol of 1a, and 0.25 mmol 2a in
5 mL of water. Upon screening various proportions of MoS2
QDs, we obtained the highest yield at 2 wt % (relative to 1a)
(Table 1, entries 1−3) in water under 10 W blue LED
irradiation. The lowering of yield at 3 wt % may be attributed
to the aggregation phenomena exhibited by nanomaterials
beyond a certain concentration.70 We tried various other light
sources, but each furnished lower yield than a 10 W blue LED
(Table 1, entries 4−6). The possible explanation of reduction
in yield with an increase in the power of blue LED is the
greater collisional quenching of the fluorophores in the latter
case. Upon screening a different solvent system, such as
acetonitrile (which is the solvent of choice for photoredox
transformations), we concluded that water was the optimal
solvent for our protocol. Surprisingly, the water−acetonitrile
solvent system reduced the yield (Table 1, entry 7) despite
being a common choice for many photoredox transformations.
The use of water as a solvent was yet another addition to the
development of a benign strategy. We now proceeded with the
control reactions. First, the above-mentioned reaction does not
proceed satisfactorily under thermal conditions solely, hence
only a trace amount of product formation was observed with

heating at 50 °C for 30 h (Table 1, entries 8 and 9). To
demonstrate the synergistic role of light and QDs, we
performed the control experiments in the absence of light
and QDs separately. The product formation was significantly
less in either case (Table 1, entries 10 and 11). The
background reaction can be explained by considering the
aerial oxidation of 1a (Table 1, entry 11). Instead of using
H2O2, we employed O2 for our reaction to serve as an oxidant.
The reaction gave a low yield in the absence of O2 (Table 1,
entry 12). No product formation was observed in the absence
of light and QDs at room temperature under an O2
atmosphere (Table 1, entry 13). In summary, the optimal
condition for our protocol was achieved at 2 wt % of QDs in
water solvent at room temperature, subjected to an irradiation
to a 10 W blue LED for 30 h (Table 1, entry 2).
We directed our efforts further to understand the generality

of our protocol through substrate scope (Chart 1). No side

product(s) was observed in this developed method (section 5,
SI); even in those cases where the yields of the derivatives were
low, we could recover the starting material 1a. A common
trend that was observed for substitution on the nitrogen center
of indole was a decrease in the yield with increasing
crowdedness or sterically demanding substituents on the N-
center of indole; that is, the yields followed the trend: R = H >
R = Me > R = Et > R = Bn > R = Ph (3a,d,e and sections 7.7
and 7.8, SI). Thus, steric effects predominated over inductive
or resonance effects. Substitution on the second position of
indole with a phenyl moiety gave an unstable product owing to
the steric bulkiness (section 7.1, SI), whereas introduction of
the methyl moiety gave the target in good yield (3c).
Substitution on the phenyl ring of indole gave the desired

Table 1. Optimization of Reaction Conditionsa

entry

QDs wt %
(relative to

1a) oxidant
power
(W)

time
(h) solvent

NMR
yield
(%)b

1 1 O2 10B 30 H2O 63
2 2 O2 10B 30 H2O 86 (94)
3 3 O2 10B 30 H2O 50
4 2 O2 20B 30 H2O 41
5 2 O2 45W 30 H2O 35
6 2 O2 7B 30 H2O 32
7 2 O2 10B 30 H2O:

CH3CN
(4:1)

50

8c O2 30 H2O 04
9d 2 O2 30 H2O 06
10e 2 O2 30 H2O 06
11f O2 10B 30 H2O 28
12 2 Ar 10B 30 H2O 20
13 O2 30 H2O n.d.

aReaction conditions: 0.1 mmol of 2-phenyl-1,2,3,4-tetrahydroisoqui-
noline 1a, 0.25 mmol of indole 2a, hydrothermally prepared MoS2
QDs at a strength of 4 mg/mL (except entries 8 and 11) with total
volume adjusted to 5 mL with H2O (except entry 7); solution was
ultrasonicated for dispersing the substrates in the solvent, followed by
irradiation with the aforesaid lamp (except entries 8−10) for the
mentioned time under O2 (except entry 12) atmosphere at room
temperature (except entries 8 and 9). bNMR yields were determined
using terephthalaldehyde as reference (number in bracket, if any,
indicates % conversion as for entry 2). All reactions were carried out
for 30 h (B, blue LED; W, white LED). cHeating at 50 °C without
light or QDs. dHeating at 50 °C without light but with QDs. eWithout
light. fWithout QDs.

Chart 1a

aReaction conditions: 0.1 mmol of 2-aryl-1,2,3,4-tetrahydroisoquino-
line 1, 0.25 mmol of indole or phosphite (or its derivative) 2, 2 wt %
(relative to 1) of hydrothermally prepared MoS2 QDs at a strength of
4 mg/mL with total volume adjusted to 5 mL with H2O or H2O/
CH3CN= 4.5:0.5 (for 3b, 3c, 3f−k); solution was ultrasonicated to
disperse the substrates in the solvent, followed by irradiation with a 10
W blue LED for 30 h at room temperature under an O2 atmosphere.
Yields reported are isolated ones except for 3n. bNMR yield was
determined using terephthalaldehyde as reference.
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product in moderate to good yields (3b,f−j). We further
modified the phenyl ring at the N-center of 1a with a −NO2
substituent at the para position. The yield was considerably
low (3k). This observation substantiated the formation of an
iminium cation (as illustrated in Scheme 2), which was
unstable due to an electron-withdrawing resonance effect of
the −NO2 group, thus explaining the drastic reduction in yield.
Various diorganophosphites furnished the desired target in
moderate to good yields (3l−p), thus elucidating the
application of our protocol. We further tried to prepare the
starting material with −OMe substitution at the para position.
The substrate is unstable during the purification process and
decomposes over time at room temperature; hence, we could
not proceed in that direction.71

The involvement of MoS2 QDs in the electron transfer
process was confirmed by cyclic voltammetry (CV) studies.
The ferrocyanide−ferricyanide system (sensitive to the
electrode surface) was used with KCl as the electrolyte. The
rate of heterogeneous electron transfer (HET) is higher when
the anodic−cathodic peak separation (ΔEp) is narrow,
resulting in a better electrocatalytic performance.72 The
voltammogram plot of current versus potential in Figure 4a
clearly indicates that the QDs are involved in a HET process.
As the peak-to-peak separation decreases in the presence of the
material, the reversibility of the process is enhanced in the
presence of QDs (ΔEp without QDs = 0.090 V and ΔEp with
QDs = 0.077 V).
The recyclability of a nanomaterial is an important aspect

with regard to its heterogeneity.73,74 Ideally, the material
should retain its function without appreciable loss of catalytic
activity in subsequent runs. We thus examined the reusability
of the MoS2 QDs for the successive cycles of CDC reactions of
1a with 2a subjected to the optimized condition. After each
run, the reaction mixture was subjected to an ethyl acetate
workup, and the aqueous part bearing the nanomaterial was
used for the next cycle. The reusability was carried out for up

Scheme 2. Proposed Mechanism for the Catalytic Activity of MoS2 Blue QDs in CDC Reaction Synchronized with HER

Figure 4. (a) CV studies for HET analysis of hydrothermally prepared
MoS2 QDs. (b) Recyclability of the MoS2 QDs for the CDC reaction.
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to four cycles, and quantitative conversions were obtained. The
recyclability test was carried out three times in this way, and
the average value was plotted in Figure 4b.
Finally, we studied the scalability of the reaction. When the

reaction mixture was scaled up by a factor of 10 (i.e., 1 mmol
of 1a, 2.5 mmol of 2a, and 2 wt % of MoS2 QDs in water
relative to 1a irradiated with 10 W blue LED for 30 h), we
obtained the desired product in 65% NMR yield.
We were now interested in understanding the mechanism

involved in this reaction. Our first target was to determine if a
radical propagation mechanism was operative. Thus, we carried
out a series of sequential light on−off experiments. If a radical
chain pathway governed the process, the reaction would
proceed to achieve the yield that we had obtained under the
optimal conditions even if the light source was removed after a
certain time interval.75 On the contrary, the yields did not
increase when the irradiation was shut down. In other words,
the yields up to the time of irradiation and beyond that (until
the completion of 30 h) were almost the same. The slight
increase was attributed to thermal collision (trace amount of
product is formed even in the absence of light; Table 1, entries
8 and 9). Thus, the possibility of a chain mechanism is ruled
out (section 6, SI).
We further observed a bathochromic shift in the λmax of the

mixture of MoS2 QDs and 1a (at 342 nm) compared to the
unmixed components (spectrum recorded in water medium).
This supports the fact that the QDs are interacting with 1a and
the resultant bathochromic shift enables them to harvest blue
light more efficiently (section 8.a, SI). The emission spectrum
of the blue LED used during the experiment was recorded and
found to have a broad peak centered around 282 nm,
explaining the facile absorption of light (section 8.b, SI). From
the visual representation in Figure 2a, it is clear that the
material absorbs blue light and emits yellow light.
The decrease in the yields of the reaction upon the use of

Na2CrO4 and DIPEA confirms the involvement of electrons
and holes in the process (Table 2, entries 1 and 2); the use of

TEMPO also resulted in a drastic reduction of the yield (Table
2, entry 3). Na2CrO4 acts as an electron scavenger by blocking
the transfer of electrons to the QD from 2-phenyl-1,2,3,4-
tetrahydroisoquinoline 1a. The reaction thus proceeds through
the excitation of an electron to the conduction band,
generating a hole in the valence band. In the presence of
DIPEA, the hole generated in the valence band is quenched.
TEMPO reduces the yield by forming the intermediate 1a-
TEMP, the presence of which was confirmed by HRMS

(section 10, SI). Since the step leading to the desired iminium
cation 1+ is blocked in the presence of TEMPO, the yield
decreases.

Based on these results, we propose a mechanistic pathway
for the CDC reaction parallel to the photochemical HER
mediated by MoS2 QDs (Scheme 2). Upon irradiation, an
electron is excited to the conduction band (CB) from the
valence band (VB). 2-Aryl-1,2,3,4-tetrahydroisoquinoline 1 is
oxidized to radical cation 1+• by transferring an electron to the
VB to regenerate the ground state of the QD in the presence of
O2. Any external photosensitizer is not required for the
oxidation of 1. The radical cation of 1 will form the iminium
intermediate 1+ by losing a H•. The nucleophile 2 attacks the
iminium intermediate 1+ to give the targeted cross-coupled
product 3. Simultaneously, H2 evolution occurs as reported in
our previous work.20 Thus, QDs act as a photosensitizer as well
as a catalyst and also transfer electron for the water-splitting
process. The QDs are further regenerated in the process. In the
proposed mechanism, we have stated that the source of H2 can
be from H2O as well as the nucleophile NuH. As our target was
to design a methodology for the CDC reaction, we did not
carry out any deuterated experiments to confirm the source of
H2. To confirm the source of H2, one needs to carry out the
experiments with D incorporated at the coupling site of the
starting materials, for which the relevant precursor as well as
the facility for detection of H2/D2 was beyond our reach.

■ CONCLUSION
In conclusion, we have developed an efficient green method
based on the use of MoS2 QDs as the photosensitizer and
catalyst for C−C bond formation in the presence of O2 at
room temperature in moderate to good yields under light
irradiation. The scope of the protocol is broad, and the
material is stable over a prolonged period. Unlike the
conventional metal catalysts, our material is recyclable in
subsequent runs. No side product has been observed. We hope
that the aforesaid strategy paves the way for further
developments and innovations in the field of material-mediated
catalysis with respect to the fabrication of greener, sustainable,
benign, and atom-economical protocols.

■ EXPERIMENTAL SECTION

Preparation of MoS2 Blue QDs
MoS2 QDs were prepared using a bottom-up approach reported
previously with some required modification.67 Briefly stated, 0.16 g of
Na2MoO4·2H2O was dissolved in 16 mL of H2O. The pH of this
solution was then adjusted to 6.5 using 0.1 N HCl. In a separate
beaker, 0.32 g of L-cysteine was dispersed in 32 mL of H2O by
ultrasonication. The two solutions were mixed and further transferred
to Teflon-lined autoclave chambers. The setup was subjected to a
temperature of 200 °C in an autoclave for 36 h. The resulting solution
was finally centrifuged at 12,000 rpm for 30 min, and the supernatant
was retrieved (schematic illustration in section 4, SI). In the bottom-
up approach, slight differences in reaction conditions or even
differences in starting concentrations can produce very different

Table 2. Quenching Experimentsa

entry
QDs wt %

(relative to 1a) oxidant
power
(W)

time
(h) solvent

NMR yield
(%)b

1c 2 O2 10B 30 H2O 24
2d 2 O2 10B 30 H2O 42
3e 2 O2 10B 30 H2O 28

aReaction conditions: 0.1 mmol of 2-phenyl-1,2,3,4-tetrahydroisoqui-
noline 1a, 0.25 mmol of indole 2a, hydrothermally prepared MoS2
QDs at a strength of 4 mg/mL with total volume adjusted to 5 mL
with H2O; solution was ultrasonicated for dispersing the substrates in
the solvent, followed by irradiation with a 10 W blue LED (10B) for
30 h at room temperature under O2 atmosphere. bNMR yields were
determined using terephthalaldehyde as reference. cNa2CrO4 electron
scavenger (0.55 mmol). dDIPEA hole scavenger (0.1 mmol).
eTEMPO radical scavenger (0.1 mmol).
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QDs with different defect states; hence, the preparation of the
quantum dots was optimized at the initial stages, and the
concentrations of all the starting materials as well as subsequent
reaction conditions were maintained precisely at every step. In all
experimental cycles, we followed the optimized conditions to obtain
materials with identical optical and microscopic properties.
The concentration was determined by lyophilization, and the

material was characterized spectroscopically (PXRD, UV−visible, and
IR spectroscopy) and microscopically (TEM, HRTEM, and SAED).

General Procedure for the CDC Reaction

After the synthesis and characterization of MoS2 QDs, its catalytic
activity for the cross-dehydrogenative coupling reaction was explored.
2-Phenyl-1,2,3,4 tetrahydroisoquinoline 1a with indole 2a was taken
in the ratio 1:2.5 in a reaction tube equipped with a magnetic stirring
bar. The solution was sonicated to disperse the substrates in the
solvent and further subjected to conditions discussed in the
optimization table (Table 1). Finally, the reaction mixture was
extracted with ethyl acetate (10 mL × 3), dried over anhydrous
sodium sulfate, and concentrated by rotary evaporation. The reference
was added wherever required to obtain the NMR yield. The crude
product was purified on a silica gel (100−200 mesh) column using
ethyl acetate/hexane eluent to get the pure product.
For mechanistic investigations, we employed Na2CrO4 as the

electron scavenger, DIPEA (N,N-diisopropylethylamine) as the hole
scavenger, and TEMPO ((2,2,6,6-tetramethylpiperidin-1-yl)oxyl) as
the radical scavenger. Specified amounts (discussed in Table 2) of
each were added in the reaction mixture, keeping the other optimal
conditions intact. After the ethyl acetate workup and concentration of
the crude mixture, the effects on the NMR yields were quantified
separately with a reference compound.

Cyclic Voltammetry Study

Ten milliliters of 5 mM [Fe(CN)6]
4− in 0.1 (M) KCl was taken with

and without MoS2 QDs. CV studies were carried out using Pt wire as
the counter electrode (cleaned by dipping in concentrated HNO3 and
heating over a burner for a few seconds), glassy carbon electrode as
the working electrode, and Ag/AgCl as the reference electrode.
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