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ABSTRACT: 

The research study discusses attitude of post-graduate students and research scholars 

towards information literacy. Attitude usually plays an important role in students’ skill in a 

learned area. Hence, the steer in information literacy could be persisted on the attitude of 

students to be versed in their information literacy skills. The important instrument used for 

data collection was structured questionnaire. The university has 23 government aided and 5 

self-financing departments. Cluster sampling technique has been used for data selection. This 

questionnaire was circulated amongst all the teaching departments. Out of the 320 

questionnaires distributed 241 were received so the response rate is 75.31%. It is 

recommended that, post-graduate students and research scholars’ and should be encouraged 

to have a positive attitude toward information literacy and interact with their peers in group 

discussions as it will increase their knowledge in studies. 
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1. INTRODUCTION 

Information literacy is a very basic element to students’ success in the digital age, 

particularly in higher education. It has therefore become a significant issue in many academic 

communities. Coming on the heels of rapidly emerging information and communications 

technologies (ICTs) and increasing quantities of information, but broader than fluency in the 

use of ICTs, it has been recognised globally by institutions of higher learning as a sine qua 

non for the information society, thereby making it imperative for students to accurately 
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Abstract 

This paper focuses on the use of mobile technology by the college librarian in 

Amravati district, Maharashtra. It is an attempt to find out the frequency of using mobile 

technology for library services. The college librarian plays an important role in delivering 

information services through mobile technology. Findings shows that, majority of the college 

librarian were used mobile technology for delivering library and information services to their 

users in Amravati district. The research paper highlights the current state of mobile 

technology and problems faced by college librarians in using this technology.  

Keywords 

Web Resources; Mobile Technology, Moblogging, Information Services, College 

Librarians; Amravati; Maharashtra; etc.  

 

 

1. Introduction 

Mobile technology is technology that goes where the user goes. It consists of portable 

two-way communications devices, computing devices and the networking technology that 

connects them. Currently, mobile technology is typified by internet-enabled devices like 

smartphones, tablets and watches. Mobile devices can help to start bringing the physical and 

virtual worlds together. They can bring electronic resources into our physical spaces or 

bringing physical items to like within the electronic world. Different technologies that can 

help the library to increase the visibility of its resources are Quick Response codes (QR 

codes), Near Field Communications (NFC) and Augmented Reality (AR) (Walsh, 2012). 

Applications of internet and mobile technology have changed the overall functions of 

college library. The operation of libraries changed and provides large number of information 

services tousers through mobile. The world of mobile technology has changed a great deal 

after mobile technology revolution. Increasing number of mobile devices is emerging day by 

day which are capable of accessing the internet and combining the capabilities of telephone 
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Abstract 

Now Internet has shown new paths to learning .The educational resources are 

accessible to students. Education is a means of empower their lives and future within 

workplace. In our country E-learning and digital information systems and online courses are 

already started. 

Keywords: E- learning, Digital learning, Distance education, Information service, Web-

based Education, Library’s Role. 

 

Introduction 

Technology has dominated all spheres of life. The education is also one of the fields 

where we can see the impact of information technology. Education and libraries are twin 

sisters. Libraries are the most effective tools in disseminating knowledge. Now a day’s 

libraries have become the increasingly IT based. 

The emergence of Internet is changing the function of library.  New concepts are 

taking the library to the learner. This paper is an attempt to study the role of libraries in E-

learning. E- Learning is life long process, which influence on everybody from an elementary 

school to a professional learner, from private sector to government. 
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1. INTRODUCTION: 

Information is considered as fifth need of human after ranking air, water food and 

shelter. It is the key factor in any kind of research and development. Information is very 

essential as a resource for national development, and also very essential for the success of 

libraries and information centers in India. The acquisition and application of ICT facilitates 

access to a wide range of information resources and databases irrespective of their 

geographical locations, distance impedance and time.  Application of ICT in libraries has 

helped librarians and information specialists, and researchers to improve their information 

products and services through enhanced search outcomes in terms of specificities of 

documents retrieval, provision/dissemination and use of requisite information retrieved or 

generated. ICT has become an important field for all information professionals; this is 

because of perceived relevance, and practical applications to tasks in libraries and 

information centre’s (Aina, 2004). 
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ABSTRACT 

The present research paper measures the impact of API (academic performance 

indicator) on the career development of college librarians’ in Amravati district. The API 

system and PBAS (Performance based appraisal system) has been applied in higher 

educational institutes in India since 2010. Academic performance indicator is quantitative 

approach to measure the quality of teaching and working of teachers and librarians, i.e. their 

proficiency level. It is an attempt to check the job status, security and satisfaction of college 

librarians. The impact of API system on procurement, organization of library resources, 

delivery of knowledge/information and on organizational changes is studied in this research 

paper.   

KEYWORDS 

Academic Performance, Career Development, API (Academic Performance 

Indicator), Appraisal System, higher educational institutes, PBAS (Performance based 

appraisal system) etc.  

 

1. INTRODUCTION  

Librarians the world over are faced with the constant challenge of remaining abreast 

of developments in their field. Rapid changes in technology and workplace roles threaten to 

make their skills obsolete unless they undertake constant career development. This 

international collection presents a comprehensive overview of current continuing career 

development practices for those who manage and work in library and information services. 
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Biodiesel production via esterification of oleic acid catalyzed
by Brønsted acid-functionalized porphyrin grafted
with benzimidazolium-based ionic liquid
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Abstract
The production of ethyl oleate was explored using novel metal-free Brønsted acid-functionalized porphyrin, grafted with
benzimidazolium-based ionic liquid (BAPBIL) as a recyclable photocatalyst. The synthesized photocatalyst was characterized
by FT-NMR and FT-IR spectroscopy techniques. The esterification reaction was carried out under a homemade photoreactor
equipped with a 5WLED as a visible light source. In this work, BAPBIL displayed as an efficient photocatalyst for esterification
of oleic acid and levulinic acid using different alcohols such as methanol, ethanol, propanol, and octanol at ambient conditions.
The mechanism of the photocatalyst was studied to confirm the role of the catalyst. Moreover, a scavenger study showed the
effect of the scavenger on the rate of esterification of oleic acid. The heterogeneous recyclable photocatalyst (BAPBIL) presented
recyclability up to five successive runs without losing its activity. The maximum conversion of the esterification product was
achieved at 96% at optimized reaction conditions.

Keywords BAPBIL . Ethyl oleate . Porphyrin . Photocatalyst . Esterification

1 Introduction

The availability of fossil fuel feedstock is gradually decreasing
with increasing fuel demand due to an upsurge in the popula-
tion. The energy deficiency and environmental threats pro-
duced by the emission of greenhouse gases have supported
the demand for clean and renewable energy. Biodiesel is an
effective and green alternative to fossil fuel due to its greater
environmental value, low cost, cleaner engine emission, supe-
rior lubricant properties, biodegradable, and renewability
[1–4]. Biodiesel is an alkyl ester derived from triglycerides
(TGs) by transesterification reaction or free fatty acid with
lighter alcohol (ethanol, methanol) in the presence of strong
acid or alkali catalyst [5–8]. It is usually carried out in the
presence of strong mineral acid catalysts such as H2SO4.
The liquid catalyst caused many problems such as product
separation, corrosion of the equipment, and environmental
pollution. Certain homogeneous catalyst also reported excel-
lent activity for esterification of oleic acid such as heteropoly
acid anion ionic liquid (HPA-IL) [9], H3PW12O40 heteropoly
acid, SnCl2 [10], and tris(2,4,6-trimethoxyphenyl)-phospho-
nium ILs [11].

Highlights
• Brønsted acid-functionalized porphyrin grafted with benzimidazolium-
based ionic liquid (BAPBIL) synthesized.

• BAPBIL photocatalyst explored for biodiesel production using
homemade photoreactor under visible light.

• Scavenger study confirmed the formation of holes and electrons during
photocatalytic esterification of oleic acid.

• BAPBIL showed good recyclability up to five successive runs.
• Photocatalytic protocol applied for esterification of levulinic acid with
different alcohols.
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Visible-light mediated sustainable route for conversion of biomass derived 
levulinic acid to value added compounds by porphyrin photocatalyst 
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Pundlik Rambhau. Bhagat * 
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A B S T R A C T   

Photocatalytic esterification of levulinic acid to different levulinates by reaction with ROH (R=CH3, CH3CH2, 
CH3CH2CH2- CH3-CH2-CH2CH2-) and to tri-, di, and monoglycerides of levulinic acid, was studied by porphyrin- 
based photocatalyst. The influence of various reaction conditions including loading of photocatalyst, time of 
reaction, the intensity of light, and the ratio of the reactants on the model reaction was scrutinized, by exposure 
to visible light in a homemade photo-catalytic reactor. Using optimization reactions, an admirable yield of the 
alkyl levulinates (76%) and glycerides (81%) of levulinic acid, were achieved under visible light irradiations. 
Moreover, ethyl levulinate was further converted to γ-valerolactone under photocatalytic conditions using a 5 W 
LED light. The porphyrin photocatalyst was further explored for etherification of biomass-derived glycerol with 
alcohols (methanol/ethanol) (88%) under photocatalytic conditions. Both esterification and etherification re-
actions carried out under ambient conditions furnished appreciable product formation, illustrating the impor-
tance of porphyrin as a highly reactive, steady, and reusable heterogeneous photocatalyst.   

1. Introduction 

Levulinic acid (LA) is an ample replenishable resource considered as 
an appropriate platform chemical for the production of industrially 
important compounds [1,2]. The existence of two CO and COOH groups 
in LA makes it an significant precursor for the synthesis of a variety of 
essential intermediates [3]. To meet the growing requirement, new 
methods have been developed promoting industrial-scale production of 
LA. Catalytic conversions of LA to such value-added intermediates have 
been widely described in the literature in current years including 
continuous and batch reactor flow settings. By noting the key contri-
butions of LA in various fields, a number of value-added compounds 
such as [4], γ-valerolactone [5–7], 1,4-pentane diol [8] and 5-nonanone 
[9] have been established. Recently, in order to convert LA into vital 
compounds such as alkyl levulinates, esterification of LA with various 
alcohols, in presence of acid catalyst was reported. [10]. The esterifi-
cation reaction can proceed via liquid-phase esterification like other 
reported reactions catalyzed by homogeneous as well as heterogeneous 
solid acid catalysts. 

Girisuta et al. [11] proposed hydrolysis of cellulose to LA by acid 
catalyst (1 M sulfuric acid), at 150 ◦C. The major drawbacks of this 

method are the expensive method of acid recovery and the prevention of 
reactor from highly acidic medium. Li and his group [12] examined ti-
tanium nanorods and zirconium oxide blended with titanium nano-
composites for the esterification of LA with ethanol as the easily 
recoverable catalyst with excellent yield in 3 h at 105 ◦C. 

Bunrit et al. [13] have established a protocol for the synthesis of alkyl 
levulinates (AL) and subsequent conversion of AL to γ-valerolactone 
(GVL) in the presence of titanium oxide loaded with Pt photocatalyst. 
The same blended catalyst was found effective using mild thermal re-
action conditions. Another group [14] has investigated UV-mediated, 
synthesis of GVL, viable niobic acid photocatalyst. This technique 
could achieve 44.7% GVL selectivity using ethanol as sacrificial 
hydrogen donor by longer exposure to UV radiations. During 
vapor-phase hydrogenation, the performance of the catalyst depends on 
the adherence of LA and H2 on the catalyst surface. Zhang and 
co-workers [15] demonstrated the role of Cu-ZnO interface sites that 
favor the transformation of LA to GVL under normal conditions. 

Xue et al. [16] have reflected a variety of approaches for the pro-
duction of GVL from the LA, by avoiding expensive metal catalysis. This 
appraisal emphasizes the effective and careful conversion of LA into 
different value-added compounds using catalysts comprising easily 

* Corresponding author. 
E-mail address: drprbhagat111@gmail.com (P.Rambhau. Bhagat).  

Contents lists available at ScienceDirect 

Catalysis Today 

journal homepage: www.elsevier.com/locate/cattod 

https://doi.org/10.1016/j.cattod.2022.08.013 
Received 17 May 2022; Received in revised form 14 July 2022; Accepted 7 August 2022   

mailto:drprbhagat111@gmail.com
www.sciencedirect.com/science/journal/09205861
https://www.elsevier.com/locate/cattod
https://doi.org/10.1016/j.cattod.2022.08.013
https://doi.org/10.1016/j.cattod.2022.08.013
https://doi.org/10.1016/j.cattod.2022.08.013
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cattod.2022.08.013&domain=pdf


A Metal/Solvent/Additive Free Compliant Route to
Ullmann-Type C � N Coupling using Ionic Liquid Entangled
Porphyrin Heterogeneous Photocatalyst
Shital Haribhau Barange[a] and Pundlik Rambhau Bhagat*[a]

N-Substituted pyrrole derivatives have been attracted as a
prime source of biologically active compounds as therapeutic
agents including antimicrobial, analgesic, and familiar antiproli-
ferative agents in cancer treatment. Several metal-free reports
have been documented for photocatalytic C� C/C� N bond
formation to facilitate the synthesis of intermediates in
pharmaceutical industries. In this protocol, we develop the
scope of such methods, creating a green approach to achieve
Ullmann-type C� N coupling. Particularly, we reveal a metal/
solvent/additive-free route, for the synthesis of N-substituted
pyrroles using novel Brønsted acid-functionalized porphyrin
grafted on 1,2,4-triazole-based ionic liquid (BAFPcTzIL) compris-
ing donor-acceptor moiety. This new stable photocatalyst was

confirmed by FT-IR, 1HNMR, UV-Vis spectra to know Hammett
acidity and energy bandgap by DR spectra. The optimized
protocol was used significantly for reactions of morpholine,
indole, pyrazole, imidazole, and benzimidazole with various
inactivated aryl halides with good to excellent yields, under
irradiations of 5 W LED in a homemade photocatalytic reactor.
Moreover, the BAFPcTzIL could be readily separated by simple
filtration and reused for 6 consecutive runs with admirable
yield. The leaching test confirmed that porphyrin behaved like
a perfect heterogeneous photocatalyst for C� N bond formation
and might be attracted toward the synthesis of intermediates/
scaffolds in the pharma and fine chemical industry.

Introduction

N-heterocyclic compounds and analog have been attracted by
researchers for their varied pharmacological actions, herbicidal,
dyes, and building blocks of natural compounds and
polymers.[1] There are several techniques presented for the
synthesis of heterocycles and their derivatives.[2] E. Abele and R.
Abele[3] have reported, NH-arylation of various heteroaromatic
compounds by using alkaline CuI with proline ligand and
Andogen 464 as an additive. Subsequently, N-arylation of N-
heterocycles was achieved by reusable Cu-nanoparticles sup-
ported on various solid supports, with good to excellent
yield.[4–6] Joseph et al.[7] employed a heterogeneous sulfonic
acid-based INDION-770 resin with cuprous ion salts, for the
preparation of N-phenyl substituted heterocyclic compounds
with admirable yields. Other approaches of using Cu (II)
anchored SBA-15[8] and Cu (0)-Quebrachitol[9] had been studied
for the synthesis of N-substituted heterocycles with a high
degree of efficiency. Numerous C� N cross-coupling of aryl
halides with imidazole by copper nanoparticles have been
developed with good to admirable yield.[10–13] The performance
of Cu-nano particles was further tested for Ullmann-type C� N

coupling reactions of aryl halides and indoles/other amines,
affording commendable yield of N-substituted com-
pounds..[14,15,16,17] One more prominent air/moisture resistant
heterogeneous Pd-nano particle, reinforced on carbon-nano-
tubes demonstrated as a very effective catalyst in C� N bond
formation of aryl iodides and indoles/imidazoles to afford
excellent yield of N-heterocycles.[18] Recently, the N-substituted
heterocycles like indoles, pyrroles, and aliphatic primary amines
were reported by a ligand-free Pd nanocatalyst. The protocol
tolerated Ar� X comprising both electron-attracting and elec-
tron-repelling groups during the C� N coupling even though
afforded lower yield with aryl chlorides.[19] Another prominent
achievement was made for the N-arylation of heterocyclic
compounds via aryl halides using Cu2O as a heterogeneous
catalyst.[20–24] Some Cu (I)-catalyzed C� N bond formation of
imidazole, secondary amines, and different substituted aryl
bromides have been developed, indicating good tolerance of
other functional groups.[25–29] Additionally, a number of
copper(I) complexes,[30,31] and copper(II) complexes[32–36] have
been reported as pioneering contributions to the development
of N-aryl bonds using amines/N(H)-heterocycles with admirable
yields. Xiao et al.[37] verified an alternate technique for N-
arylation of heterocyclic compounds using MCM-41-immobi-
lized copper(I) complex under slight reaction conditions.
Another breakthrough has been achieved by Babu and
Karvembu[38] for CuO-nanoparticles catalyzed N-arylation of
benzimidazole reaction with Ar� F Ar� Cl Ar� Br in the presence
of K2CO3 at modest temperature. The producibility of the
heterogeneous catalyst has been investigated for preparing N-
arylated benzimidazole affording appreciable yield ranging
from 55–92 %. The conversion of a variety of secondary amines
to N-arylated compounds has been demonstrated by Zahedi
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z Sustainable Chemistry

Visible-Light Aided C� H activation: Metal/Base-Free
Generation of C� C bonds using Porphyrin Photocatalyst
Darpan Vijaykumar Bhuse,[a] Subodh Uttamrao Raut,[a] Shubham Avinash Deshmukh,[a]
Kamlesh Rudreshwar Balinge,[b] Shital Haribhau Barange,[a] Bhairav Chandroday Mataghare,[a]
Prashant Narayan Muskawar,[c] and Pundlik Rambhau Bhagat*[a]

Herein, we report the application of a meso-substituted
porphyrin dyad entangled with carboxyl functionalized benzi-
midazolium moieties (CPDCFBM) as a heterogeneous photo-
catalyst for C� H activation of various electron-donating and
withdrawing aromatic compounds with highly inactivated aryl
fluoride, chlorides, and other aryl bromides. A simple method-
ology adopted to synthesize the corresponding product has
received an outstanding yield from (69–88%) under 5 W
illumination using a homemade photoreactor assembly.
CPDCFBM tolerated various functional groups with recyclability

up to five runs without much decline in photocatalytic activity.
Photogenerated excitons vitality in the reaction was analyzed
using K2S2O8 and KI. CPDCFBM was shown a Hammett acidity
value of 0.77. The reaction conditions were optimized as; time
(18 h), catalyst (15 mg), and light illumination (5 W) from an
LED source using ethanol as an eco-friendly solvent. The
products obtained were crystalline and therefore need no
further purification. The electroanalytical study revealed HOMO
and LUMO energy of � 5.841 and � 4.066 respectively account-
ing for an energy gap of, 1.7 eV.

Introduction

The C� H activation using transition metal complexes has been
widely used for the synthesis of the biaryl compounds.[1–5] The
direct transformation of the aromatic C� H activation has
fascinated the researchers owing to the advantages such as
one step reaction, good atom economy, and environmentally
benign process. The traditional cross-coupling reactions usually
produce unwanted side products, involve multi synthetic steps,
and have unusual regio-selectivity.[6,7]

At present, during the direct arylation process, C� H bond
activation is achieved by using Ar2H nucleophile with an aryl
halide.[8] The key structural motif; the biaryl subunit establishes an
extensive range of compounds such as ligands, polymers, and
natural products for transition metal catalysts.[9] The catalytic C� H
bond cleavages by using the transition and post-transition metal
substances have developed a platform for chemical transforma-

tions in organic synthesis.[8] Various transition and post-transitional
metal systems such as Pd,[10–14] Ru,[15,16] Fe,[17,18] Co,[2] Cu,[19] Mn,[3]

Rh,[20,21] Ir,[22] and Bi[1,23] based catalytic systems have been shown
the potential role in the direct C� C coupling via C� H activation.

At present, significant development has been achieved in
cross-coupling reactions with the quest of using metal-free
catalytic systems. The economic sense and environmentally
benign methods exhibit advantageous prospects for metal-free
photocatalytic systems over the metal-catalyzed systems. Metal-
free Bronsted-acid catalysts play a significant role in the C� H
activation of 2-naphthol to offer the regio- and chemo-selective
C� C coupling product.[24–26]

These methodologies, however, face some limitations such as
poor regeneration of catalysts, elevated reaction temperature, and
use of toxic solvents. Consequently, the development of a more
appropriate, simple, sustainable and environmentally benign
protocol is a necessity. The heterogeneous photocatalytic systems
are appropriate alternatives with a suitable choice yielding
selective and dynamic catalytic reactions. Fundamentally, hetero-
geneous photocatalytic systems possess salient features such as
easy isolation of the catalyst from the reaction medium and its
reusability. The photocatalytic reactions are the energy-sensitive
and environmental perspective that can be supportable to the
C� H activation of a series of aromatic compounds with aryl
halides.[27]

In photocatalytic reactions, the organic dyes having a suitable
energy gap have been employed as photocatalysts for organic
transformations. Among the range of organic dyes, porphyrin and
phthalocyanine are prime contenders due to their potential to get
functionalized at their meso and β positions and good stability.
The functionalization of donor-acceptor moieties on porphyrin
and phthalocyanine scaffolds has been shown to enhance the
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Sulphonic acid functionalized porphyrin anchored
with a meso-substituted triazolium ionic liquid
moiety: a heterogeneous photo-catalyst for
metal/base free C–C cross-coupling and
C–N/C–H activation using aryl chloride
under visible light irradiation†

Karan Bhansali,‡ Subodh Raut,‡ Shital Barange‡ and Pundlik Bhagat *

We report an easy process to synthesize sulphonic acid functionalized porphyrin, anchored with a

meso-substituted triazolium ionic liquid moiety (SAFPTILM) for metal/base free C–C cross-coupling and

C–N/C–H activation using aryl chloride under visible light irradiation. The acid strength has been mea-

sured based on the Hammett indicator. The SAFPTILM photocatalyst comprising 18 p-conjugated

electronic systems with the chromophore substituents in the meso-position can provide rapid electronic

conducting channels during photocatalysis under the irradiation of visible light. It was found that

SAFPTILM is an efficient photocatalyst for the Heck, Sonogashira, Buchwald, Ullmann/Fittig coupling and

C–H activation of phenols with different aryl chlorides in the absence of a base/noble metal, using 5 W

LED (yellow) light under ambient conditions. The photocatalyst with low band gap (1.55 eV) comprising

conjugation, favors coupling reaction of unactivated aryl chlorides, by easy excitation of electrons and

transfer to the conjugated benzimidazolium based phenylenediamine support delaying the recombina-

tion of photoinduced electron–hole pairs.

1. Introduction

Photosynthesis is the only important solar energy harnessing
process, promoting animal and plant life on the Earth. It is the
source of all of our food and most of the energy resources
acquired by absorbing light energy by chlorophyll. Chlorophyll
is one of the key biological molecules of all phototrophic
organisms which contains tetra-pyrrolic porphyrin units with
a magnesium atom at its center,1 motivated by natural photo-
synthesis, various technologies have emerged making use of
synthetic chlorins or porphyrins to imitate photosynthesis
artificially, needing molecules with good absorption in the
visible range and other photophysical and redox charac-
teristics.2,3 Besides, with the rapid development of different
photocatalytic processes over the past few decades, bio-inspired
photosensitizers containing porphyrin/phthalocyanine4,5 have
also attracted tremendous interest aiming to continuously

refine their performance in the production of reactive oxygen
species (ROS), especially singlet oxygen,6 photodynamic cancer
therapy, artificial light harvesting, optoelectronic devices,
various sensor technologies7 and light energy conversion.8

Hasobe et al. have reported porphyrin-based nanoarchitectures
applicable for light energy conversion.9 Moreover, they have
reported CTAB-assisted TiO2 doped zinc meso-tetra(4-pyridyl)-
porphyrin hexagonal nanocylinders which are effective under
visible light for the generation of hydrogen.10 McHale and
co-workers have described that self-assembled structures of
porphyrin have a prospective role in solar cells and light
harvesting devices.11 Additionally, surfactant aided nanospheres
and nanorods of zinc meso-tetra(4-pyridyl)porphyrins have also
been testified recently for photocatalytic applications.12 Accord-
ingly, porphyrins, porphyrinoids and their metal complexes have
been widely used in the process of photocatalysis and environ-
mental remediation, playing the key role of tentacles for light-
sensing probes. The spectacular performance is due to their
slight singlet–triplet splitting, the high quantum yield for the
intersystem channel, and the extensive triplet-state life span.
Consequently, they aremagnificent chemical stabilizers and photo-
sensitizers under visible light irradiation.13 Porphyrin molecules
are identified to form aggregates even in homogeneous solutions.14
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Solvent/metal-free benzimidazolium-based
carboxyl-functionalized porphyrin photocatalysts
for the room-temperature alkylation of amines
under the irradiation of visible light†

Subodh Uttamrao Raut,a Kamlesh Rudreshwar Balinge,b

Shubham Avinash Deshmukh,a Shital Haribhau Barange,a

Bhairav Chandroday Matagharea and Pundlik Rambhau Bhagat *a

The improvement of novel sustainable catalytic methods for green chemical production is an emergent

area in chemical science. Herein, for the first time, a sustainable catalytic process was developed for the

direct N-alkylation of primary and secondary amines with alcohols using efficient metal-free

benzimidazolium-based carboxyl-functionalized porphyrin (MFBBCFPc) heterogeneous photocatalysts in a

home-made photocatalytic reactor in the presence of LED light. In this context, the current protocol

demonstrated metal-free conditions tolerating extensive substrate scope comprising primary amines,

phenylenediamine, and secondary amines such as pyrrole, morpholine, and various alcohols, with water

being the only by-product. The metal-free protocol was further supported by the ICP-OES data, indicating

the negligible quantity of Pd/Ru in the photocatalyst and the product. The photocatalytic competence was

studied under ambient conditions using 5 W LED light with high stability and substantial reusability for six

runs without significant loss in the yield of alkylated products. The formation of alkylated amines proceeded

via (i) the formation of aldehydes from the oxidation of alcohols on the surface of MFBBCFPc

photocatalysts and (ii) the condensation of the amine with the aldehyde on the photocatalyst surface,

followed by the hydrogenation of the obtained imine by hydrogen atoms on the surface of MFBBCFPc.

1. Introduction

The synthesis of chemicals or essential materials from the
existing feedstock by transition metal catalysis under green
conditions is a developing field of catalysis.1 In particular, the
direct construction of C–N bonds or N-alkylated amines has
attracted increasing interest due to the significant
applications of amine functionality in the pharmaceutical
industry for the design and synthesis of a range of drugs,
agrochemicals, polymers, bioactive compounds, and dyes,
and in materials chemistry and chemical industry.2,3

Therefore, the design and development of novel selective and
highly efficient techniques to afford N-alkylated amines have
drawn significant attention from both academic and

industrial communities. In this regard, some conventional
routes such as nucleophilic substitution, the Ullmann
reaction, the Buchwald–Hartwig reaction, and
hydroamination or direct alkylation of amines via amination
of alkyl halides and reductive amination of carbonyl
compounds were reported for the synthesis of different
N-alkylated amines.4,6 Moreover, these protocols were not
successful in achieving the required amines due to the
inadequate yield, by-product salts, and undesired alkylated
products.5

Emayavaramban et al. reported Cp*Co active species for
N-alkylation with secondary alcohols.7 Tao et al. demonstrated
ligands with an indole-based di-acid moiety comprising
polymer materials coordinated with cobalt for the preparation
of benzimidazole using aromatic amines and alcohols over
hydrogen and dehydrogenation strategies.8 Gour et al. have
studied samarium iodide-catalyzed N-alkylation of aniline
with alcohols and achieved good to excellent product yields
under microwave irradiation.9 The hydrogen borrowing
methodology plays a potential role in the N-alkylation reaction
using various catalysts such as solvent-free Ru catalysis
systems under microwave conditions,9 Ru@amino amide
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1  Introduction:

Acrylates and polyacrylates are one of the most common 
types of industrial valuable compounds obtained from 
acrylic acid by esterification with corresponding alcohols 
[1, 2]. These esters found versatile applications in making 
artificial teeth [3], cosmetics gel [4], artificial nails, oil-
sealants, packing materials [5], varnishes [6], and other 
fields. Amongst the widespread classes of esters, polym-
ethylmethacrylate (PMMA) is attracted to medical fields 
to fabricate non-metallic human organs, blood pumps, 
hard contact lenses, sweat absorption mats, and dialyz-
ers [7, 8]. Alkyl acrylates are synthesized by the reaction 

of equimolar concentration of acrylic acid and alcohol in 
presence of an acid catalyst. The rate of esterification reac-
tion can be enhanced, by shifting the equilibrium towards 
the right side, if the by-product, water removed from the 
reaction mixture. The accumulation of water in the reaction 
mixture leads to the formation of undesired products. Simi-
larly, other possible side reactions also occurred to Michael’s 
addition of ROH to the C = C double bond (Scheme 8). To 
avoid these side reactions and augment the yield of alkyl 
acrylate, other concepts such as continuous flow reaction 
Similarly, other concepts such as continuous flow reac-
tion [9], reactive extraction [10], and reactive distillation 
[11], are adopted.
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