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Abstract: lanthanide doped magnesium ferrite nanoparticles act as highly efficient
heterogeneous catalysts in the Groebke—Blackburn—Bienaymé (GBB) Synthetic approach,
promoting the annulation of 2-amino-1,3,4-thiadiazole with isocyanides and aldehydes to
synthesize imidazo[2,1-b][1,3,4]thiadiazoles and bond-forming efficiency and procedural
simplicity, enabling the rapid and economical construction of complex bioactive and
structurally diverse molecular scaffolds.. Under the optimized conditions, 10 mol%
MgCeo.4ErosFeOs in dichloromethane at 50 °C afforded the model product in 94% isolated
yield within 40 min. The catalyst could be separated readily and reused for six consecutive
cycles (with isolated yields of 94, 94, 92, 92, 90 and 87%, respectively) thereby making the
process economically viable, eco-compatible for large-scale and industrial implementation.
The protocol also provided a series of imidazothiadiazole derivatives in good to excellent
yields. UV—Visible, FT-IR, XRD and SEM measurements were used to characterize the

prepared nanomaterial.

Keyword: lanthanide doped magnesium ferrite; MgCeo.4ErosFeOs; nanopartical; Groebke—
Blackburn—Bienaymé reaction; imidazo[2,1-b][1,3,4]thiadiazole

INTRODUCTION

The development of novel heterocyclic scaffolds from simple building blocks through energy-

efficient and environmentally benign combinational chemistry has attracted significant interest
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in molecular synthesis and drug discovery. !l Isocyanides functional group exhibit unique and

versatile reactivity.
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Schemel: Showing isocyanide functional group reactivity

Isocyanides can react with both nucleophiles and electrophiles at the same carbon center. The
chemistry of isocyanides is characterized by three properties: the a-acidity, the a-addition and the
easy formation of radicals. (Scheme ')

Among isocyanide-based multicomponent processes, the Groebke—Blackburn—Bienaymé
(GBB) approach offers a direct route to nitrogen-containing heterocyclic frameworks through
the combination of an amino component, a carbonyl compound and an isocyanide. Such
transformations are attractive due to several structural modification can be incorporated in one
operation while avoiding lengthy sequences of separate functional-group manipulations.
Nanoparticle-supported catalytic systems have further expanded the applicability of
multicomponent GBB reactions by providing heterogeneous surfaces with accessible catalytic
sites. These sustainable approaches facilitate easy separation, catalyst recovery and reuse,

while reducing waste generation under mild reaction conditions. [¢!

Diverse range of catalysts have been used to catalyze Groebke—-Blackburn—Bienaymé (GBB)
reaction by Lewis acids such as SnCly[7a], Cu(OTf) [7b], Sc(OTf); [7¢c], In(OTf)3 [7d, Te],
In(OTf)3-HBF4 [7f], La(OTf)s [7g], RuCl3[7h], LaCl3.7H>O [7i], ZnCl; [7]], ZrCls [7k], and
other such as Cs2COs3 [8a], NH4Cl [8b], acetic acid [8c], perchloric acid [8d], tosylic acid [8e],

silicasulfuric acid [8f].

Imidazo[2,1-b][1,3,4]thiadiazoles represent a promising class of bioactive heterocycles owing to
their significant pharmaceutical and therapeutic potential such as antibacterial, antifungal,
anticancer, and anticonvulsant activities, potent tumor associated human carbonic anhydrase 1X
and XII inhibitors. Their distinctive structural features, including four heteroatoms, two fused
privileged heterocyclic systems, and extended m-conjugation, contribute to their diverse biological
activities. Notably, the imidazothiadiazole scaffold is incorporated into the structures of several

bioactive natural products and synthetic pharmaceuticals (Figure 1). [9a-9f]
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Figure 1: Bioactive molecules containing thiadiazole moeity.

In the present work examines the use of lanthanide doped magnesium ferrite nanoparticles
(MgCeo4Ero6FeOs) in a three-component GBB reaction involving 2-amino-1,3,4-thiadiazole,
isocyanides and diverse aldehydes building blocks under mild reaction conditions. The
catalytic protocol was optimized using a model reaction, followed by substrate-scope studies

and evaluation of catalyst recovery and reuse.
RESULTS AND DISCUSSION

A model transformation was selected to establish suitable conditions for the GBB annulation.
2-amino-1,3,4-thiadiazole, tert-butyl isocyanide and thiophene-2-carbaldehyde were reacted
in the presence of MgCeo4ErosFeOs nanoparticles. The optimized experiment employed 10
mol% catalyst in DCM at 50 °C and produced the desired imidazothiadiazole in 94% isolated
yield after 40 min (Scheme 2).
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Scheme 2: Model reaction
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Table 1: Optimization studies

Entry Deviation from standard conditions® Yield(%)¢
1. No catalyst trace

2. Ethanol instead of DCM 75°

3. THF instead of DCM 86°

4, Diethyl ether instead of DCM 62°

5. 80°C instead of 50°C 89

5. In(OTf); instead of MgCeo.4Ero¢FeOs NPs 754

6. Trifluoroacetic acid instead of MgCeo 4ErosFeOs NPs 724

7. PTSA instead of MgCeo.4Ero.cFeO4 NPs 624

8. MgFe:0s instead of MgCeo.4ErosFeOs NPs 80

# All the reactions were carried out using 2-amino-1,3,4-thidiazole (0.30 mmol), tert-butyl
isocyanides (0.30 mmol) and Thoiphene-2-carbaldehyde (0.30 mmol) using 10 mol% catalyst

in appropriate solvent (0.2M concentration) and stirred till completion, as indicated by TLC.
® 80% completion after 2h

¢ Isolated yield after purification.

480°C, 12h

The importance of the catalyst was first examined by carrying out the model reaction without
MgCeo.4ErosFeOs NPs. Only trace product formation was observed, showing that the
nanoferrite substantially promotes the transformation. The solvent was then varied.
Replacement of DCM by ethanol, THF or diethyl ether gave yields of 75%, 86% and 62%,
respectively. These observations identified DCM as the most suitable solvent among those

examined.

Temperature variation was subsequently investigated. Raising the temperature from 50 to 80

°C gave an 89% yield after 40 min, which was still lower than the 94% obtained at 50 °C. The
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MgCeo4ErosFeO4 catalyst was also compared with selected conventional catalytic systems.
In(OTf); and trifluoroacetic acid afforded 75% and 72% yields, respectively, while p-
toluenesulfonic acid provided 62% yield. Undoped MgFe>O4 nanoparticles gave an 80% yield
under the corresponding conditions. The Ce/Er-doped material therefore gave the highest yield

in the examined series.

The superior performance of the doped ferrite may be associated with changes in surface
characteristics and the availability of catalytically active sites produced by lanthanide
substitution. On the basis of the optimization experiments, MgCeo 4Ero.cFeOs NPs (10 mol%)
in DCM at 50 °C was selected as the standard condition for subsequent reactions. The complete

optimization data should be retained as Table 1.

The reusability of MgCeo4ErosFeOs NPs was assessed with the model reaction under the
selected standard conditions. Following completion, the solid catalyst was isolated by
filtration, washed three times with diethyl ether to remove retained organic material, dried
under vacuum and subsequently oven-dried. The recovered material was then introduced into

the next reaction cycle.

The catalyst remained active through six consecutive runs. The isolated yields recorded for
cycles 1-6 were 94%, 94%, 92%, 92%, 90% and 87%, respectively. Thus, although a gradual
decline in yield was observed over repeated use, the catalyst retained substantial activity

throughout the six-cycle experiment. The recycling profile is presented in Figure 2.

Catalyst Recycling

No. of recycles

Figure 2: Recyclability and reusability of MgCeo.4Ero.cFeO4 NPs.

The prepared MgCeo.4ErosFeO4 material was examined using complementary spectroscopic
and microscopic techniques. In the UV—Visible spectrum, the nanoferrite showed a maximum

absorption at approximately 222 nm. [Figure 3(a)] The FT-IR spectrum recorded between 400
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and 4000 cm™! displayed characteristic metal-oxygen vibrations associated with the ferrite
framework. Bands near 561 and 437 cm™! were assigned to metal-oxygen vibrations at
tetrahedral and octahedral sites, respectively. Additional absorptions in the 1544—1549, 1404
and 1107-1147 cm™! regions were attributed to O—H, C=0 and nitrate-related vibrations,

respectively. [Figure 3(b)]
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Figure 3 (a) Showing UV-Vis absorption spectrum of MgCeo.4ErocsFeO4 nanoparticles
(b) Showing FT-IR spectrum of MgCeo.4ErocsFeOs4 nanoparticles (c) Showing XRD of
MgCeo.4Ero.cFeOs nanoparticles (d) Showing SEM of MgCeo.4ErosFeO4 nanoparticles

Powder X-ray diffraction measurements were carried out with Cu Ka radiation (A = 1.5406
A). Reflections assigned to the (220), (311), (400) and (422) planes were observed, consistent
with the reported spinel ferrite structure. The dominant (311) reflection was used with the
Scherrer equation to estimate crystallite size. For MgCeo4ErosFeOs, the reported average

crystallite size was approximately 1.31 nm. The manuscript attributes changes in lattice
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parameters after Ce*"/Er’" substitution to differences in ionic radii and the preferential

occupation of tetrahedral and octahedral positions. [Figure 3(c)]

SEM examination showed relatively uniform nanoparticles accompanied by some
agglomeration. The particles displayed an approximately cubic morphology and dimensions
below 40 nm. [Figure 3(d)] These observations were reported to be consistent with the
nanoscale character indicated by the XRD analysis. The original UV—Visible, FT-IR, XRD
and SEM plots should be retained as Figure 3.

Under the optimized reaction conditions, the isocyanide based three- component reaction was
extended for the synthesis of structurally diverse imidazothiadiazoles to explore the scope and
generality of the reaction protocol. To our delight, the reaction proceeds smoothly and the
structurally diverse imidazothiadiazoles were obtained in excellent yields. The results are
summarized in Scheme 3.
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Scheme 3: Synthesis of imidazothiadiazole derivatives?

# Reaction conditions: 2-amino-1,3,4-thiadiazole (1 mmol), cycohexyl/tert.butyl isocyanides

(1 mmol), and  thiophene-2-carbaldehyde/4-pyridinecarboxaldehyde/4-hydroxy-3-
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methoxybenzaldehyde (1 mmol); catalyst: MgCeo.4ErosFeO4 NPs (10 mol%); Solvent: (0.2M

concentration) ; Temperature: 50°C and stirred till completion, as indicated by TLC.
® 15 mol% MgCexEryFes.xyOs NPs at 70°C.

A plausible pathway for formation of the imidazothiadiazole products is illustrated in Scheme
4. The proposed sequence begins with activation of the aldehyde carbonyl group by
MgCeo4ErosFeOs, followed by condensation with 2-amino-1,3,4-thiadiazole to generate the
corresponding imine intermediate. Reaction of this intermediate with tert-butyl isocyanide can

then proceed through two suggested routes.

In pathway A, the isocyanide participates in a [4+1] cycloaddition. In the alternative pathway
B, a-isocyanide addition is followed by 5-exo-dig cyclization and a subsequent 1,3-H shift,
leading to the fused heterocyclic product. The nanoferrite MgCeo 4ErosFeO4 is proposed to
assist the sequence through surface sites capable of activating and stabilizing reaction
intermediates. These pathways are presented as plausible mechanistic interpretations rather

than experimentally established elementary steps.

a—isocyanide
addition

S
N Q’ -
-~
,,—ND 5-exo-dig %
\ '— \7< annulation N—
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Scheme 4: Plausible reaction mechanism

The MgCeo4ErosFeOs nanoparticles play a crucial catalytic role by providing accessible
surface-active sites for the activation and stabilization of reaction intermediates, thereby

promoting the sequential bond-forming steps under mild conditions.
Synthesis of MgCeo.4Ero.cFeOs Nanoparticles

Controlled synthesis is crucial for lanthanide doped magnesium ferrite nanoparticles we use
the sol-gel auto-combustion route offers good compositional homogeneity, low energy
consumption. Accordingly, Ce*- and Er**-substituted magnesium ferrite nanoparticles with
the general composition MgCexEryFesxyO4 (x = 0.4 y = 0.6) were synthesized by this method.
Stoichiometric amounts of Mg(NOs)::6H20, Fe(NOs);-9H.O, [Ce(NO3)2.6H20] and
[Er(NO3)3.5H20] precursors were dissolved in double-distilled water, followed by the addition
of citric acid as a complexing/fuel agent. The resulting solution was stirred and heated at 80
°C, and its pH was adjusted to 7 using aqueous ammonia. Subsequent heating at 100-140 °C
produced a viscous gel, which underwent self-propagating combustion to yield a voluminous
powder. The obtained powder was ground and calcined at 220 °C for 4 h to obtain the desired

spinel ferrite phase.

Compounds names and spectral details:

5- (tertiarybutylamino) -6- (pyridin-4-yl) imidazo [2,1-b] [1,3,4] thiadiazole (3¢): M.p. 125-127°C.
IR (KBr1) (Vipax cm'):. 3299, 3050, 2945, 2930, 1580, 1530, 1492, 1470, 1421, 1348, 1055, 905, 720,
645. 'H NMR (DMSO0-d%) & (ppm): 1.02 (s, 9H, CHjy), 4.55 (Br s, 1H, NH), 7.99-8.95 (m, 5H, ArH).
13C NMR (DMSO0-d®) &(ppm): 30.2, 56.1, 121.3, 132.9, 140.2, 141.5, 149.8, 152.5, 158.4. Anal. calcd.
For C;3H;sNsS: C 57.12, H 5.53, N 25.62%; found: C 57.01, H 5.42, N 25.55 %.

5-(Cyclohexylamino)-6-(pyridin-4-yl)imidazo[2,1-b][1,3,4|thiadiazole (3d): M.p. 138-140°C. IR (KBr)
(Vimax €M)z 3310, 3055, 2950, 2930, 1585, 1530, 1490, 1470, 1420, 1350, 1050, 905, 720, 645. 'H NMR
(DMSO0-d®) & (ppm): 1.21-1.85 (m, 10H, CH,), 2.56-2.75 (m, 1H), 4.70 (Br s, 1H, NH), 7.90-8.92 (m, 5H,
ArH). 3C NMR (DMSO0-d%) & (ppm): 24.6, 25.3, 34.5, 56.6, 121.5, 133.2, 140.2, 141.5, 149.8, 152.8,
158.3. Anal. calcd. For C;sH;NsS: C 60.18, H 5.72, N 23.39%); found: C 60.10, H 5.66, N 23.33 %.
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CONCLUSION

In conclusion, an MgCey.4ErosFeO4 nanoparticle-catalyzed GBB protocol has been developed
for the preparation of imidazo[2,1-b][1,3,4]thiadiazole derivatives through a Groebke—
Blackburn—Bienaymé annulation . The reaction proceeds under mild conditions and provides
structurally diverse broad range products in excellent yields. The heterogenous nanocatalyst
offers several advantages, including high catalytic efficiency, facile recovery, and good
recyclability. The enhanced catalytic performance MgCeo4ErosFeOs NPs can be attributed to
the accessible active sites and modified surface properties arising from lanthanide doping.
Furthermore, the heterogeneous nature of the catalyst facilitates its separation and reuse,
making this methodology attractive from both synthetic and sustainability perspectives.
Overall, the present approach provides a practical and greener platform for the construction of

biologically relevant heterocyclic frameworks through multicomponent synthesis.
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