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Synthesis of biologically important
tetrahydroisoquinoline (THIQ) motifs using
quantum dot photocatalyst and evaluation of their
anti-bacterial activity†

Jiteshkumar P. Deore and Mrinmoy De *

Our study introduces an efficient photocatalytic approach for synthesizing biologically significant C1-sub-

stituted tetrahydroisoquinoline (THIQ) motifs, employing WS2 quantum dots (QDs) as catalysts. This

method enables the formation of C–C and C–P bonds at the C1 position of the THIQ motif. The resulting

compounds exhibit substantial antimicrobial activity against methicillin-resistant Staphylococcus aureus

(MRSA) bacteria, with low minimum inhibitory concentration (MIC) values. Notably, the WS2 QD catalyst

demonstrates recyclability and suitability for gram-scale reactions, underscoring the sustainability and

scalability of our approach. Overall, our research presents a versatile and cost-effective strategy for

synthesizing C1-substituted THIQ derivatives, highlighting their potential as novel therapeutic agents in

biology and medicinal chemistry.

Introduction

The tetrahydroisoquinoline (THIQ) based alkaloids, specifi-
cally 1-substituted THIQs have emerged as a crucial class of
compounds with significant biological and pharmacological
importance.1 These alkaloids, found both in natural sources
and through synthetic means, exhibit diverse biological activi-
ties and have been utilized in the development of drugs for the
treatment of cancer, pain, gout, and neurodegenerative dis-
eases.2 (Fig. 1) The THIQ moiety, forming the backbone of
these compounds, has attracted considerable attention in the
scientific community, leading to the discovery of novel THIQ
analogs with potent biological activity. Consequently, the
development of synthetic methodologies for the synthesis of
THIQ motifs holds immense biological significance and offers
opportunities for the exploration of new therapeutic agents.3

Cross-coupling reactions are vital tools for the construction
of biologically important organic molecules.4 In the past,
several methods, such as the Friedel–Crafts reaction, Michael
addition, Aldol reaction, and nucleophilic substitution reac-
tions, have been employed for C–C bond formation. However,
the emergence of pericyclic reactions and transition metal-
catalyzed reactions have revolutionized the field, boosted the
efficiency of C–C bond formation, and substantially broadened

their scope.5 Nevertheless, the high cost and toxic nature of
some metals and the requirement of a specific activating
group limit their applicability. In the last decade, photocataly-
sis has emerged as a promising alternative for transition
metal-catalyzed reactions due to its energy-saving and environ-
mentally friendly approach making it an attractive area of
research in modern organic synthesis.6

Semiconductor quantum dots (QDs) have revolutionized
photocatalysis by offering unique optoelectronic properties.
Their exceptional photostability, high extinction coefficient,
broad absorption spectra, and long-lived excited states make

Fig. 1 Biologically important THIQ motif.
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them attractive alternatives to traditional organic dyes and
metal-based photocatalysts.7 Moreover, the size-dependent
reduction and oxidation potentials of QDs can be adjusted,
allowing tailored utilization for specific photochemical reac-
tions.8 QDs efficiently interact with organic molecules through
charge transfer and/or energy transfer, rendering them highly
effective for photocatalytic applications.9 Among the exten-
sively studied QDs, CdS, CdSe, WS2, and MoS2 stand out for
their high quantum yield, stability and improved photo-
catalytic efficiency through enhanced light absorption, charge
separation, and surface area.10

The functionalization of the C1 position of THIQ is a
crucial step with significant implications in biology and med-
icinal chemistry.11 Although numerous synthetic methods
have been developed to accomplish this task, many of them
rely on expensive catalysts and necessitate pre-functionalized
starting materials or specific activating groups. Consequently,
there is a pressing need for more cost-effective and versatile
approaches. In this study, we demonstrate the efficient photo-
catalytic approach for synthesizing biologically important C1-
substituted THIQ motifs, involving the formation of C–C and
C–P bonds, leveraging the unique properties of semiconductor
QDs. Furthermore, we assess the synthesized compounds
through bioassays to evaluate their anti-bacterial activity, shed-
ding light on their potential as novel therapeutic agents.

Results and discussion

CdSe, CdS, MoS2, and WS2 QDs were synthesized following
established protocols to obtain their optimum size for
enhanced catalytic performance. The synthesized QDs were
characterized using transmission electron microscopy (TEM),
UV-vis absorption, and fluorescence spectra analysis, confirm-
ing their expected coherence and properties (ESI†).

We initiated the optimization of reaction conditions for the
functionalization of the C1 position of THIQ using a model
substrate, N-phenyl THIQ, and 6-bromo-2-naphthol (Table 1).
In our investigation, we screened various synthesized QDs
including CdSe, CdS, MoS2, and WS2 to identify the most suit-
able catalyst for our reaction. Notably, we observed that WS2
QDs exhibited a higher yield compared to the other tested
QDs. Furthermore, we did a solvent screening experiment and
determined that H2O was the most compatible solvent with
WS2 QDs, leading to improved yield. Intriguingly, we observed
no reaction yield in the absence of QDs, light source, or an O2

atmosphere. This suggests that the reaction is mediated by
visible light and that the QDs act as photocatalysts, while O2

plays a vital role in regenerating the catalyst. We also deter-
mined that a 5 w/w% concentration of WS2 QDs is sufficient to
catalyze the reaction with a high yield.

After establishing an optimized condition, we proceeded to
functionalize the THIQ motif using various naphthols, includ-
ing 7-bromo and 6-methoxy derivatives. These reactions
resulted in good yields of the desired products. Additionally,
we explored the use of indoles with different substitutions to

forge a C–C bond at the C1 position of the THIQ motif, and
observed high yields of the desired C1-functionalized pro-
ducts. The results indicate that double substitution occurred
on the pyrrole moiety under the optimized conditions, likely
due to the higher reactivity of the pyrrole at both the 2nd and
5th positions. Furthermore, we extended our optimized con-
ditions to explore the formation of carbon-heteroatom (C–P)
bonds at the C1 position of THIQ. Various phosphites were
subjected to these reactions, resulting in the desired C1-func-
tionalized products with satisfactory yields. This successful
formation of C–P bonds further expands the synthetic versati-
lity of the THIQ motif and offers additional opportunities for
functionalization. These results collectively demonstrate the
versatility and efficiency of our optimized conditions for the
functionalization of the THIQ motif. The successful synthesis
of C1-substituted THIQ derivatives using diverse substrates
highlights the potential of our methodology for accessing
structurally diverse compounds with potential biological activi-
ties (Scheme 1).

Several control experiments were conducted to gain insights
into the reaction mechanism of our established methodology
(Table 2). Initially, the reaction was performed in the presence
of the radical scavenger 2,2,6,6-tetramethylpiperidine-1-oxyl
(TEMPO) under standard optimized conditions (a). The results
revealed that TEMPO slightly suppressed the reaction, leading
to a yield of 56%. This observation suggests that the reaction
proceeds through a Single Electron Transfer (SET) mechanism.
On the other hand, the addition of electron scavenger Na2CrO4

and hole scavenger N,N-diisopropylethylamine (DIPEA) to the
reaction did not significantly affect the yield (b & c). When the
hole quencher N,N-diisopropylethylamine (DIPEA) was intro-
duced into the standard optimized condition (c), a slight
decrease in reaction yield was observed. Increasing the equi-

Table 1 Optimization of reaction condition

Sr. No. Deviation from standard condition Yield

1 None 82
2 3 w/w% QD 76
3 7.5 w/w% QD 83
4 1 equiv. of naphthol 74
5 2 equiv. of naphthol 83
6 H2O :MeCN (1 : 1) 74
7 MeCN solvent 61
8 CdSe QD in chloroform 46
9 CdS QD in chloroform 52
10 Colloidal MoS2 QD in MeCN 67

Reactions were carried out on 0.3 mmol scale of N-Ph THIQ and NMR
yield are reported against terephthaldehyde internal standard.
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valent of DIPEA correspondingly decreased the reaction yield,
suggesting that WS2 QD generates electron–hole pairs upon
photo irradiation, and the hole quencher DIPEA acts as a cata-
lyst poison for WS2 QD.

Furthermore, the reactions were performed under different
limiting conditions (e, f, g and h). Interestingly, the reactions
ceased when any of the parameters were absent, indicating
that WS2 QD acts as a photocatalyst in the wavelength region
of blue LED, and molecular oxygen is crucial for regenerating
the catalyst. To further elucidate whether the reaction involves
photo-redox catalysis or photo-energy transfer process, we per-
formed the reaction in the presence of singlet oxygen
quencher 1,4-diazabicyclo[2.2.2]octane (DABCO) (i).
Surprisingly, we did not observe any significant changes in the
reaction yield. This finding suggests that the formation of
singlet oxygen does not occur during the reaction, thus ruling
out the possibility of a photo-energy transfer process. It was
found that reaction proceeding only when blue light was ON
while it became ceased once the light OFF. It implies that reac-
tion is mediated by visible light radiation and possibility of
Chain Propagation pathway is ruled out. (Table 2, d).

Based on control experiments and previous literature
reports, we have proposed a plausible mechanism for the
observed reaction (Scheme 2). Upon photoirradiation, the
ground state WS2 quantum dots (QDs) are excited to the
excited state WS2 QD*. This excited state WS2 QD* undergoes
single electron transfer (SET) with the N-phenyl THIQ sub-
strate (1a), resulting in the formation of the N-phenyl THIQ
radical cation (1b). Concurrently, molecular oxygen (O2) assists
in the regeneration of the QDn− to its ground state QD, while
being reduced to the superoxide O2

•− radical anion.
Furthermore, the superoxide O2

•− radical anion abstracts a
hydrogen atom from the N-phenyl THIQ radical cation,
leading to the formation of the N-phenyl THIQ iminium ion
intermediate (1c) along with the generation of hydrogen per-
oxide (H2O2), which was confirmed by the starch iodine test.
Subsequently, the desired nucleophile, β-naphthol (2a), attacks
the iminium ion, resulting in the formation of the desired C1
functionalized product (3a).

Following the completion of the reaction, the WS2 quantum
dot (QD) catalyst was successfully recycled by transferring it

Scheme 1 Substrate scope. Reactions were carried out on 0.5 mmol
scale of N-Ph THIQ at optimized condition and isolated yield are
reported after column chromatography.

Table 2 Mechanistic study

Expt.
No. Reaction Condition

Product yield
(%)

a In presence of 1 equiv. of TEMPO 56
b In presence of 1 equiv. of Na2CrO4 79
c In presence of 1 equiv. of DIPEA 74
d Initial 1 h under light irradiation followed

by 23 h under dark condition
<10

e In absence of Blue LED NR
f In absence of MoS2 QD NR
g In absence of Blue LED & WS2 QD NR
h In absence of O2 source NR
i In presence of 1 equiv. of DABCO 79

Equiv. Of DIPEA 0 1 2 3 4 6 8 9 10

Yield (%) 82 74 62 49 35 18 12 10 8

Condition: yield were determined by crude NMR against
terephthaldehyde as internal standard.
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from the organic ethyl acetate (EtOAc) layer into the aqueous
layer. The recycled catalyst was then reused for subsequent
reactions. The recyclability of the catalyst was assessed, and it
demonstrated excellent sustainability for up to five cycles
without any noticeable loss in reaction yield (Fig. 2.) and QD
morphology (ESI S4†). Additionally, the methodology proved to
be effective for gram-scale reactions, as illustrated in (Fig. 2).

At last, the antibacterial activity of the synthesized C1-func-
tionalized THIQ motifs against Gram-positive bacteria methi-
cillin-resistant Staphylococcus aureus (MRSA) was assessed
using the broth dilution method. The minimum inhibitory
concentration (MIC) values were determined by analyzing the
growth curves (Fig. S2†). Among the nine compounds that are
soluble in the aqueous solvent system, compounds 3c, 3d and
3f exhibited notable antibacterial activity, with the lowest MIC
value of 60 μg ml−1. Additionally, compounds 3g, 3i and 3l
demonstrated antibacterial activity, albeit with a slightly
higher MIC value of 80 μg ml−1. However, compounds 3e, 3j
and 3k did not exhibit any significant antibacterial activity at
concentrations up to 80 μg ml−1. These findings highlight the

potential of specific C1-functionalized THIQ compounds, such
as 3c, 3d, and 3f, as promising candidates for further develop-
ment as antibacterial agents against MRSA (Table 3).

Conclusions

In conclusion, our study demonstrates the efficient photo-
catalytic approach for synthesizing biologically important C1-
substituted THIQ motifs. By leveraging the unique properties
of semiconductor QDs, specifically WS2 QDs, we achieved the
formation of C–C and C–P bonds at the C1 position of the
THIQ motif. The optimized conditions enabled the
functionalization of THIQ with various naphthols, indoles and
phosphites, resulting in the synthesis of desired C1-functiona-
lized products with good yields. Furthermore, the synthesized
compounds were evaluated for their antibacterial activity
against Gram-positive MRSA, with compounds 3c, 3d, 3f exhi-
biting significant antimicrobial effects at low MIC values. The
recyclability of the WS2 QD catalyst for multiple reaction cycles
and its applicability in gram-scale reactions highlight the sus-
tainability and scalability of our methodology. Overall, this
study presents a versatile and cost-effective approach for the
synthesis of C1-substituted THIQ derivatives and underscores
their potential as novel therapeutic agents in biology and med-
icinal chemistry.
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Scheme 2 Proposed mechanism.

Fig. 2 (a) Recyclability test for catalyst (b) reaction scalability.

Table 3 Bioactivity assay

Sr. No. Compound MRSA MIC (µg ml−1)

1 3c 60
2 3d 60
3 3e No bioactivity
4 3f 60
5 3g 80
6 3i 80
7 3j No bioactivity
8 3k No bioactivity
9 3l 80
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