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A B S T R A C T

An effortless and highly efficient strategy for the synthesis of ferrocene-appended azo-phenothiazines (PHz's)
under ultrasound irradiation has been developed. The said protocol allows for a more environmentally friendly
approach, such as operationally simple, tolerates a wide range of functional groups compared to conventional
methods, and is applicable on a gram scale without additional purification or other solvent waste. The synthesized
compounds 6(aa-ec) were tested for their antimicrobial activity in vitro. Off all the compounds tested, 6ca and 6da
showed maximum antibacterial against S. enteric and Bacillus cereus as well as excellent antifungal activity against
A. flavus and A. fumigatus.

1. Introduction

Phenothiazine (10H-dibenzo-[b,e]-1,4-thiazine; PHz) is an important
fused tricyclic ring system belonging to the thiazine family. It was first
prepared in the laboratory by the German chemist Bernthsen [1] in the
course of proving the structure of violet and methylene blue by in-
vestigations according to the Lauth's method. Since then, it has played an
important role in dye chemistry as the parent compound of thiazine dyes
such as methylene green, thionine (Th), azure dye (AZ) and toludine blue
[2]. Indeed in the last twenty years, PHz and its derivatives have found
numerous applications in other fields of electrochemistry [3], semi-
conductors [4] and chemical sensors [5], which stimulated further
research on these compounds. Further it serves as pharmacophores for
many molecules with significant biological and therapeutic value [6]. In
particular, azo-phenothiazine and its derivatives have received consid-
erable attention in recent years due to their considerable applications in
various fields viz. medicine [7], solar cells [8], organic synthesis [9].
Some examples of azo-phenothiazines (Fig. 1) show promising antimi-
crobial [10], antifungal [11a], anticancer [11b], anti-inflammatory ac-
tivities, reversal of multidrug resistance and many other effects [12]. Due
to the attractive biological properties of azo-phenothiazines, the devel-
opment of convenient synthetic methods from the readily available
starting materials is very reasonable. In this context, the improvement of
traditional diazotization and its coupling reaction in designing biologi-
cally active scaffolds by using simple, efficient and environment friendly

synthetic technique is an important challenge for the synthetic chemist.
In recent decades, ultrasonic irradiation has proven to be a very

powerful and efficient bond formation technique in organic chemistry,
providing a versatile and facile pathway for a variety of syntheses in the
context of green chemistry. It is a promising alternative technique for
modern organic syntheses and enables chemical transformations under
the phenomenon of “cavitation”, where gaseous and vaporous cavities of
irradiated liquids expand, forms and implodes through enhancing mass
transfer. In repertoire of studies, many diazo coupling reactions have
been carried out under ultrasonic irradiation, offering higher yields,
shorter reaction times and milder reaction conditions compared to con-
ventional methods [13]. Indeed the diazo functionalization and struc-
tural modification on PHz, articulate very useful scaffolds for industrial
and biological importance. However, there were no records in the liter-
ature where the PHz diazonium functionality was prepared and reacted
directly to the metallocene ultrasonically (Scheme 1). Based on the
experience of one of our authors [14] for the combined effect of
metallocene-containing hybrids of heteroaromatic ring could confer
labelled biological properties [15] as well as photoresponsive soft ma-
terials based applications. Thus in continuation of our efforts to develop
new approaches for the design and synthesis of S/N-containing hetero-
cyclic diazo compounds, we hypothesized rapid, more practical and
eco-friendly ultrasonication technique for the preparation of pendant
ferrocenyl phenothiazine azo dyes. The key theme of our synthetic
strategy is the construction of drug-like molecular libraries through the
creative reconstruction of core skeletons with privileged substituents.

For the feasibility of our chosen approach, it is primarily important to
find a suitable diazotizing agent that works under ambient conditions for
numerous amino compounds and promotes the azo-coupling reaction of
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Abstract
Mushroom-like mesoporous and hexagonal ZnO nanoparticles were synthesized 
from plant extract and chemical method respectively, by co-precipitation method in 
aqueous medium. Different morphological forms of ZnO NPs were characterized by 
XRD, TGA, FESEM, EDX, FTIR, UV–Vis and BET. Neem (Azadirachta indica) 
leaf extract and ultrasound irradiation have a crucial role in the formation of differ-
ent morphologies of ZnO NPs. ZnO NPs synthesized from plant extract and hydro-
trope show a synergistic effect that leads to efficient synthesis of benzylidenemaloni-
trile and tetraketone derivatives at room temperature in water. Simple preparation of 
the catalyst, excellent yields, reusability of catalyst with consistent activity and ease 
of product isolation are the most significant advantages of this green protocol.
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