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Abstract

Background-

In the wake of increasing awareness in environmentally benign techniques during the
past few decades, ofganic synthesis (for example; Carbon-carbon, carbon-heteroatom
bond forming reacti‘ons, functional group traﬁsformations etc.) through nanocat'alysiS
has received tremendous interests. Synthetic chemists aspire both to develop novel
chemical reactions, reagents/catalysts/additives and to improve reaction conditions to
‘maximize resource efficiency, energy efficiency, product selectivity, operational
simplicity, and environmental health and safety. C-C and C-Heteroatom bond forming
reactions are the central part Qf many chemiéal syntheses, and innovations in these
types of reactions,will‘ profoundly improve overall synthetic efficiency over existing
methods; Historically, hucleophilic additions, substitutions, and Friedel-Crafts-type
reactions are the central methbds of connecting two simpler molecules to generate a
more complex one via the formation of a 'C-C bond in acyclic structures. The
development in the domain of organic syntheses catalyzed by transition metals has |
increased the efficiency of C-C bond formations in modern organic chemistry and
extended their scopes tremendously. However, since state-of-the-art C-C bond
forming reactions must use prefunctionalized starting materials, transition metal
catalyzed C-H bond activation and subsequent C-C bond formations have attracted
much interests in recent years. Thé transition metal-catalyzed C-C bond forming
reaction by the cross coupling of organic substrates is another well known domain in
organic synthesis.

The nanoparticles have attracted a great deal of attention.in the last 10 years; their
prei)aration, structure determination, modiﬁcation and applications are topics of

current interest. Nanoparticles are defined as having 1-50 nm diameters at least in one
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dimension, a size range whére particles can show size dependent properties. The
émaller the cluster of atoms, the higher the percentage of atoms is on the surface,
rendering nénoparticles very interesting in catalysis. Thus, a nanoparticles of 10 nm
diameter has about 10% of its étoms in the surface, but one of 1 nm has 100%. In
recent times, interest in nanoparticle-catalysis has increased considefably because of
its improved efﬁcieﬁcy under mild and environmentally benign conditions in the
context of Green Chemistry.

The emer’giﬁg importance of nanoparticles in life processes as well as in other
catalytic reactions has been emphasized in the literature. Nano-cétalysis can be
considered as a bridgé between homogeneous and heterogeneous catalysis and is the_:
central field of nanoscience and nanotechnology. Nanoscale supports to create
catalysts with larger surface areas along with more edges and corners which can lead
to higher performance of the catalyst. Other parameters (e.g. oxygen mobility, etc.)
might play a key role in enhancing catalytic activity. Because of nano-size, i.e. high
surface area, the contact between feactants and catalyst increases dramatically ‘and
they can operate in the same ménner as homogeneous catalysts (close to
homogenéous catalysis), at the same time, due to-their insolubility in the reaction~
solvent, they can be separated out easily from the reaction mixture. Thus, Nano-
materials can combine the advantages of both the systems, and can offer unique
activity with high selectivity. Nanoparticles of transition metals have long been used
as quési-homogeneous catalysts in various types of chemical transformations such as
C-C bond formation reactions, which include Suzuki, Heck, Sonogashira, Hiyama and
Stille coupling reactions. These applications seem to be motivated by the intention to
enhance the catalytic efficiency by virtue of large surface areas of the nanoparticles.

However, a more intriguing aspect of the nanoparticle catalysis lies in the emergence

]



of novel catalytic activities and/or selectivities arising from their size specific
electronics and geomefric structures. Apart from the high surface area, the metal
nanoparticles often have distinct optical, magnetié, thermal and chemical properties.
In general, nanoparticles as a catalyst in organic synthesis have several advantages
over homogeneous organic catalysts and hence the ultimate goél to work with
némoparticles is (i) their high catalytic activity, (ii) reco;/erability, (1i1) simple product
isolation, (iv) recyclability, (v) improved selectivity, (vi) criteria of evolution and (vii)
role in green chemistry.l

Thus, the heterogeneous solid catalysts have been recognized as rqbust alternatives to
homogeneous organic catalyst.

Scopes and Objectives of the Present Investigation

Although various nanoparticles have several remarkable potential applications in the
field of medicine and material science but only a few reports described its utilization
as catalyst in organic transformati‘o_n's. Under th¢ “above background, the main
objectives of the present investigation are as follows:

(1) The main objective Iis to search for applications of nanoparticles as catalysts in
Carbon-Carbon, Carbon-Heteroatom and C-H boﬁd forming reactions.

(ii) Whether nanocatalyst can catalyze the synthesis of complex fused systems, given
that the ring systems are a feature of important compounds, including many of
pharmaceutical interest?

(1ii) To profnote economical and environmentally friendly experimental 'procedures.
By rethinking Cheniical design from the ground up, the green synthetic methodology
has tolbe_ developed in new ways to manufacture products that fuel the economy and
lifestyles, without the damages to the environment that have become all too evident in

recent years.
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(iv) To accomplish a comprehensive study of the scope and limitations of the
synthesis of C-C, C-N, C-H, and C-O bonded compounds in the domain of
nanocatalysis.
(v) To study and characterize the nano catalysts by spectroscopic and analytical
techniques.
(vi) To study and characterize the prepared compounds by spectroscopic (high
resolution 'H NMR and "°C NMR spectroscopy, Mass ‘spectrometr_y, IR
spectroscopy) methods and analytical methods (TGA, melting point/boiling point
determination, and elemental analysis etc.).
(vit) To evaluate and demonstrate the ‘green-nmess’ of the newly developed
protocols by considering the green metrics. |
(viil) To study the significance of these r‘eactioné as they relate to the literature and
will provide mechanistic insight into newly discovered and previously known
organic reactions.
(ix) To study the stability of nanoparticles under the reaction condition.
(x) To study the recyclability of nanocatalysts and to search for methods to regain
the activity of nanocatalysts in the case of decreasing acti{/ity in subsequent
recycling.
(xi) To address the issues which arise during the investigation.
Contents and Layout of the thesis

The thesis entitled “Studies On The Development Of Nanocatalysis For
Some Selected Organic Transformation” comprises of seven chapters. Chapter 1
deals with the general introduction of C-C and .C-Heteroatom bonded ‘organic
compounds along with tﬁeir syntheses. A brief review on nanoparticles, their

importance, and history, general techniques for preparation, characterization,
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properties and applications are described in this chapter. A brief literature survbey
on the various reactions catalyzed by nanoparticles has been incorporated in this
chapter. This chapter Valso focuses the scopes and objectives in conjunction with the
plans and methodologies of the present investigation.

Our experimental works start from chapter two and ends at chapter six.
Chapter 2 has been divided into two sections (I and II). Section I updates a brief
introductioﬁ on applications of nano-Al,O; as well as N-bonded organic
compounds (scheme 1). This -section also reports the characterization and
applications of nano-Al;Os. The An.ano-Aleg was characterized by several
techniques such as SEM, EDX, XRD, TEM, SAED, FTIR spectroscopy and BET
analyses. After its characterization,. it has been used as a catalyst for the synthesis

of N-bonded compounds.

~

o HCOOH .
0,
Su—20C oy SN——cHo
e e
2 1 R2 2

nano ALOs (7 15s1ation through
centrifugation
2.Recycling

| R, R? = H, alkyl, aryl

Scheme 1: N-Formylation of amines
The nano-Al,O; has successfully played a great role as a catalyst in N-formylation
of 1° amines, 2° amines (1) and indole derivatives. It also catalyzed the syﬁthesis
of acetamide derivatives under the optimized reaction condition. 36 examples of V-
formylation reaction and 14 for acetamide synthesis catalyzed by nano-Al;0O; have
been shown in this chapter. A mechanism has been proposed regzirding the action
of nano-Al,O3; in N-formylation reaction. Finally, the reusability sfudy of nano-
Al,O3 was performéd and it was found that it remained act‘ive from fresh up té the
st cycle.

Section II adumbrates the application of nano-Al,O3 as catalyst for the V-
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formylation of compléx bis-uracil derivatives (3) in good to high yield (scheme 2).
11 examples of different uracil dérivativeé are mentioned in this section. All the
compounds in both the sections are characterized by their Ry values, physical
appearance, melting/boiling point, FTIR spectra, 'H and °C NMR spectra, GC-MS
- and elemental analyses and confirmed by comparing these data with those reported
ones. The required data and spectra have been given in this chapter for the new
compounds. Herein, the recycling potential of nano-Al,O; was also evaluated. In
both the sections, the activities of reused catalyst after several runs were compared

with the fresher one by SEM images.

h - N
NH, R 0 NHCHO o)
M M HCOOH Me Me
VN | N 40 °C, SFRC j\\ | /L
O),\rr O HyN rl\l/go o) tlsl O OHCHN rl\l 0
3 and 4
Reused
\Q

Schéme 2: N, N-diformylation of bis-uracil derivatives

In chaptér 3, aﬁthor presents the synthesis of ﬁano-F6203 and it is used as a
catalyst for the oxidation of aldehydes (5) into corresponding carboxylic acid (6)
(scheme 3). The full characterization of nano-Fe;Os; has been carried out by
techniques as mentioned above. But it was observed that nano-Fe,0O4 as such could
not oxidize aldehydes efficiently and therefore, to enhance its catalytic activity bio-
silica i.e., diatomaceous earth (DE) was used as a support. Bio-silica acted as a
smart support by increasing the catalytic efficiency of nano-.F6203. Finally, nano- |
Fe,O; supported on bio-silica exhibited fascinating catalysis for the oxidation of"
aldehydes. 25 examples for different aldehydeé have been cited in this chapter

which is catalyzed to corresponding carboxylic acids by bio-silica supported nano-

Fe203.
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/ﬁ\mos NPs@DE/rcc)'c'ed )OJ\
R! H H0, R OH
5 CH;CN 6

R'=H, alkyl, aryl

| Scheme 3: Oxidation of aldehydes

All‘.the compounds are known in literature and ch'aracterizeld by their Ry values,
physical appearance, melting/bqiling point, FTIR spectra, 'H and "°C NMR spectra,
GC-MS and e]émentai aneilyses. The formation of these compounds was confirmed
by compéring these data with those reported ones. A Plausible mechanism has been
suggested for the oxidation. In the present study, it is observed that bio-silica
supported nano-Fe, O3 can be efficiently reused with a slight loss in its activity.

Chapter 4 is.split into two sections (I and II). Section I describes nano-MgO
éatalyzed synthesis of amide derivatives (9) (scheme 4). 40 examples have been
provided for nano-MgO catalyzed arﬁide synthesis and a probable mechanisfn is
also tailored in this chépter. The green-ness of the methodology was measured

using green metrics by comparing with those previously reported.

( V )
j\ ) SFRC, 70°C j\ " _
+ R“NH; ———————>» 1 P o
‘R™ “OH ¢ 5mol% MgQ, R™ N 65-98 % yield

7 8 9
R' = H, alkyl, ary!
R? = Alkyl, aryl

(i) Isolation by centrifugation (3,000 rpm)
(i) Reused upto 5t" cycle

“— —

Scheme 4: Representative scheme for the synthes‘is of amides
Section II of chapter 4 outlines the efficient synthesis of amidine derivatives
(12) catalyzed by nano-MgO (scheme 5). 10 different amidine derivatives have
been synthesized which are known in the literature. The compounds are
characterized by their Ry values, physical appearance, melting/boiling point, FTIR

" spectra, 'H and °C NMR spectra, GC-MS and elemental analyses and confirmed
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by comparing these data with those reported ones. In both the sections, reusability
test of nano-MgO is also experimented which showed that the catalyst remained

active for several cycles in the reaction.

' 0
1

NH-C—R' + R2—NH,—ano-MgO

70°C, SFRC

10

R! = Aryl, methyl, cyclohexyl and R = Aryl, cyclohexyl

Scheme 5: Synthesis of amidine

Chapter 5 delineates nano-S catalyzed synthesis of amidoalkyl naphthol
derivatives (16) (scheme 6). Nano-S has been prepared by our own greener method
and its full characterization is also presented in this chapter. Nano-S catalyzes the
synthesis of 20 numbers of amidoalkyl naphthol derivatives. All the compéuﬁds are
characterized by their Ry values, physical appearance, melting/boiling point, FTIR
spectra, 'H and '>C NMR spectra, GC-MS and elemental analyses and confirmed
by comparing these data with those reported ones. The required data and spectra
have been provided in this chapter for the new compounds. The catalyst is reused
up to 5™ cycles and after that its activity somewhat decreased. The slight loss in
activity of the catalyst was regenerated and it demonstrated potential performance

when it was reutilized.

ﬁ : o] R;
Y

RY{__NH
o
OH /u\ OH
Sg-NP
* R1_CHO * RZ NH _8_—’. OO
2 50°C
13 14 15 SPRC 16

Scheme 6: Synthesis of 1-amidoalkyl-2-naphthols-
Finally, the green-ness of the currently discovered methodology was measured by

making use of green parameters called green metrics.
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Chapter 6 enlightens the synthesis of uracil based compounds 6-Amino-1,3-
dimethyl-5-indolyl-1H-pyrimidine-2,4-dione derivatives (19) catalyzed by highly
proficient nano-Ag (scheme 7). The preparation of nano-Ag involves a very short
extension of the previously reported technique. In this éhapter, recyciébility test of
nano-Ag is démonstrated.-lt is found to be effective up to 31 cycle and after that its
activity decreased. The newly synthesized uracil based compounds were fully
characterized by their R¢ values, physical appearance, melfing/boiling point, FTIR
s.pectra,v 'H and 3C NMR spectra, GC-MS and elemental analyses. The spectra and '

data have been supplied in this chapter.
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Scheme 7: Synthesis of uracil based compound
Chapter seven, the last chapter of the thesis encloses the concluding remarks,

highlights of the findings and future scopes of the present investigation. The major

achievementé of the present investigation are as follows-
(i) A low cost and less toxic nanocatalyst (nanq-Al;>_'O3 and nano-MgO) was
- profitably utilized for the first time to industrially important N-formylation reactions
and amide synthesis. .
(i) The synthesis of nano-S and nano-Ag include procedures based on green .
chemistry principle which are safe in handling and were succéssfully characterized
by the analytical techniquesT

(iii) The utilization of the bio-silica as a smart support for nano-Fe,O3 boosts up its

catalytic efficiency dramatically.

- [ix]



(iv) The measurement of green-ness of the newly devised protocols using green

metrics will be a breakthrough in the avenue of organic synthesis.
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Chapter 1

Introduction




1. PREAMBLE

1.1 An overview of historical background and aspects of C-C and C-
Heteroatom bond forming reaction
The universal credence is that carbon compounds form the basis of all known

lifé on Earth. Cérbon-carbon bond formation represents the fundamental aspect of
organic chemistry, a sub discipline of chemistry involving the study of structure,
properties and reactions of carbon-based compéunds. The term “organic”, which
dates back to the 1 century, was used to describe complex ;:ompounds that could
- only be synthesized by “life fqrceé” using the classical elements viz., earth,
water, air and fire.! Today, we know organic compounds to be primarily
composed of C-C and C-H bonds. These types of bonds make up the skeletal
‘backbone of the materials required to sustain life. Hence, development of
reactions forming C-C and C-H bonds is essential fo.r producing many of the
pharmaceuticals, foods, dyes, polymers, and other materials needed in daily life.

~ Throughout the time, organic syntheses have been experiencing an explosive
development with an incredible acceleration within the domain of C-C and C-
Heteroatom bond forming reactions.” The main essence in this escalation is the
desire to discover or to improve what has already been invented, to achieve the’
best result possible for improvements in daily life, or the discovery of new drugs
to treat all kinds of diseases. Synthetic chemists aspire both to develop novel
chemical reactions and to improve reaction conditions to maximize resource
efficiency, energy efficiency, product selectivity, operational simplicity, and
environmental health and safety. The innovations in. the realm of C-C and C-
Heteroatom bond forming reactions will profoundly improve overall synthetic

efficiency over the existing methods. The skill to generate C-C bonds in a highly
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selective manner has transfigured the pharmaceutical and agricultural industries
as well as the field of material science.>* Historically, nucleophilic additions,
substitutions, and Friedel-Crafts-type reactions are the central methods of
‘connecting two simpler molecules to generate a more complex one via the
formation of a C-C bond in acyclic structures.’ To meet this quest, the association
.of novel and green technology has to play an endemic role 'mAthe development of:
synthetic strategies. Although a number of methodologies based on classic
organic reactions exist for ihe synthesis of C-C and C-Heteroatom containing
compounds, the.y are commonly plagued by difficulties associated with the
.isolation of the products, low yields, poor selectivities and limited substrate
scopes. These problems are further complicated by the trend in’developing more
.c()st effective and environmentally friendly alternatives. Thus, the development
of more efficient, selective and cost effective methodologies for the synthesis of
C-C and C-Hetéroatom containing compounds continues to be significant yet
daunting task for the modem' synthetic organic chemist. In this regard, the advent
of transition metal-catalyzed transformations in C-H bonds has enabled the
efﬁéient formation of a wide range of C-C and C-Heteroatom bonds from simple
C-H bonds.® Whilst these processes embody a chemical ideal from the standpoint
of atom economy and synthetic efficiency, the ubiquitous nature of C-H bonds
and their relative strengfh7 pose a significant challenge for selectivity and
reactivity that has been the focus of research efforts over the past decade. Another
breakthrough for the conversion of C-H bonds into C-C and C-Heteroatom boﬁds
is fascinated by metallic nanoparticles catalysis which is the heart of modem
organi;: synthesis and fine chemical industries.® In recént times, interest in

nanoparticle-catalysis i.e., “nanocatalysis” for the synthesis of C-C and C-
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Heteroatom containing units has increased considerably because of its improved
efficiency under mild and environ?nentaﬂy benign conditions in today’s context
of Green Chemistr.y.9 |
1.2 Development of environmentally benign techniques
1.2.1 Concept of green chgrﬁistry

Chemistry brought about the revolution in the field of Science and
Technology till about the middle of twentieth century in which drugs were 4
discovered. In keeping with pace of demand, the world food su‘pply also
increased enormously due to the discovery of improved hybrid varieties,
improved methods of farming, better seeds and use of insecticides, herbicides and
fertilizers. The quality of life on earth became mﬁph better due to the discovery of
dyes, plastics, cosmetics and other materials of comfort. Soon, in the darker side,
the ill effects of chemistry also became pronounced, main among them being the
pollution of land, water and atmosphere. This is caused mainly due to the effects
of different by-products of chgmical industries; which are being discharged into
the air, rivers/oceans émd the land. The hazardous wastes released add to the
problem. The use of toxic reactants and reagents make the situation worse. The
pollution reached such levels that different governments have to make laws to
minimize it. This marked the beginning of Green Chemistry by the ﬁiddle of 20"
century. Broadly, green chemistry'® is defined as environmentally benign
chemical synthesis. The synthetic schemes are designed in such a way that there
is least pollution to the environment. As on today, maXimum pollution to the
ehvironmen? is caused By the numerous chemical industries. On the other hand,
the cost involved in disposal of the waste product is also enormous. Therefore,

attempts have been made to design synthesis for manufacturing processes in such .
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a way that the wastes generated are minimum, either they have no effects on the
~ environment or their disposal is convenient. For carrying out reactions it is
necéssary that the starting materials, solvents and catalysts should be very
carefully chosen. For example, the use of benzene as a solvent must be avoided at
any cost since it is carcinogenic in naturé. [f possible, it is the best to carry out
reactions in the aqueous phase. With this view in rﬁind, synthetic methods should
be designed in such a way fhat the starting materials are consumed to the
maximum extent in the final product (concept of atom economy). The reactions
are also not expected to generate any toxic by-products.’

1.2.2 Advantage of solvent free reaction condition '(SFkC)

Due to the growing concern for the influence of the organic solvents on the
environment as well as on human bédy, organic reactions without' the use of
conventional organic solvents have attracted the aftention of synthetic organic
chemists."! Although a number of modemn solvents, such as fluorous media, ionic
liqu'ids and water have been extensivelyvstudied recenﬂy, not using a solvent at
all is definitely the best option. Development of solvent-free reaction condition
(SFRC) is thus gaining prominence.'? A solvent-freg or solvent less or solid state
reaction may be carried out using the reactants alone or incorporating them in
clays, zeolites, silica, alumina or other matrices. Thermal process or irradiation
with UV, microwave or ultrasound can be employed to bring about the reaction.
It reduces the use of .organic solvents and minimizes the formation of other
wastes. The reactions occur und;ar mild conditions and usuallyvrequire easier
workup procedures and simpler equipments. Moreover, it may allow a‘ccess to
compounds that require harsh réaction conditions under traditional approaches or

when the yields are too low to be of practical convenience. Because of economy
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and pollution, solvent-free reactions are of great interest in order to modernize
classical procedures makjng them cleaner, safer, easy to perform and saving in
labor. These wo:uld be especially important and significant during industrial
production. Often, the products of solid state reactions turn out to be different
from those obtained in solution phase reactions. This; is because of specific spatiéll
orientation or packing of the reacting molecules in the crystalline state. This is
true not oniy of the crystals of single compounds, but also of co-crystallized
solids of two or even more reactant molecules. The host-guest interaction
complexes obtained by simply mixing the components intimately also adopt
ordered structure. The orientational requiréments of the substrate molecules in the
crystalline state have provided excellent opportunities to achieve hi.gh degree of
stereo selectivity in the products. This has made it possib.le to synthesize chiral
molecules from prochiral ones either by complexation with chiral hosts or
formation of intermediates with chiral partners. Therefore, the following beneﬁté
could be mentioned for SFRC:

(i) Avoidance of large volumes of solvent reduces emission and needs for

distillation |

(ii) Simple work-up, by extraction or distillation

(ii1) The absence of solvents facilitates scale-up

(iv) Reactions are often cleaner, faster, and higher yielding

(v) Recyclable solid supports can be used instead of polluting mineral acids

(vi) Safety is enhanced by reducing risks of overpressure and explosions
1.3 Nanoéarticles— “The call for a century”

In the esteemed wake of increasing awareness on the theme of investigation

of science, nanotechnology is architecturing the synthesis and application of
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interesting nanomaterials'® and has mounted to a sort.of scientific rumor that is

being spread from culture to culture across the globe. It is vaguely described in

most circles; the average conversation .conceming nanotechnology dwell on

intangibles from innovative dreams to doomsday projections of tiny machines |
turning the entire world to a puddle of goo. In fact, nanoscience is simply the

study of matter at the lengtfl scale of one biliiont_h of a meter -_(‘10'9 m). To play

with these materials, is inherently complicated due to the small size of the

particles and high reactivity that arises from their high surface area and unusuai

morphologies. Uﬁdaunted by this involvedng:ss, exf)loration and creation of nano-

sized structures is the result of researchers’ never ending inquisitiveness and

constant probing of their universe to new limits. This inventive desire is’
epitomized by a challenge given to the scientific community by the brilliant

physicist ‘Richard Feynman’ who in 1959 charged scientists to find thel means

to write tfle encyclopédia on the head of a ‘Pin’."* The hype for this area of
science is not unfounded. Elements and compounds that researchers had

previously probed took on ne.w exciting properties when broken down to the

physical dimensions of the nano Iength scale.

The practice of utilizing 0-dimensional (0-D, nanoparticles), 1-D (nanowires,
nanotubes, etc.), and 2-D (thin film, graphene, etc.) nanoscale materials in our‘
real life, for instance the electric, photonic, catalytic, thermoelectric, magnetic,
and plasmonic applications,. have attracted enormous interests from both the
academia aﬁd industries.” The néw nano-sized products garmered exponéntially
higher reactivities as a large portion of the atoms composing the material reside
exposed on the surface of the sample. New features of materials were discovered

that could not be expresséd by a few atoms or the infinite model of solid state
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physics, but exist only in this new area in-between at compositions of hundreds to
thousands of atoms. Most interestingly, the properties and chemistry of the nano-
materials were found to change as the size of the sample was changed, leading to
adjustable features. '

Metal nanoparticles have received an immense consideration due to their
bromising and diversé applications ranging from their large surface area,
magnetic, thermal and chemical properties. Nanoparticles are the intermediates
between the bulk and atomic forms of such materials and thus expected to exhibit
novel eléctronic and optical propérties that differentiate them from their bulk and
atomic counterparts. Moreover, when the lithography-based "top;down" approach
has gradually reached its limit in creating patterns in the deep nanometer regime,
the "bottom-up" approach, with which material structures are hierarchically
assembled from individual nanoscale building blocks, can circumvent the
restrictions of lithography and lead to the formation of functional nanosystems
with molecular precision. Up -to now, 0-Dimensional nanoparticles (NPs),
including metallic, metal oxide, semiconducting, and rare-earth-containing NPs
are cqnsidered as the most'potential nanoscale materials to be incorporated in real
products, due to the easiness of preparation, mass production and processing, as
well as well-established property datal.)ase..l7

To deal with the detail ‘study of nanoparticles in general -and metal
nanopart‘icles. in particular is made possible only by the use of the latest
technological inventions in instrumental techniques. High resolution electron
microscopy (HR-TEM, SEM, STM and AFM) allows scientists in this field to
explore the structure, size, and shape of the nanosized objgcts, with the l?ltest

instruments being able to resolve individual atoms and give information on the
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atomic structure of the crystals. Even more impressive are spectroscopic
investigations that can be used in situ in the electron microscope to provide
" insight into the elemental composition and even chemical nature of the atoms
within the particles themselves.

| With these tools, it becomes effortless for the scientists to unde’rstand

formation mechanism, like, how synthetic éonditions affect the growth of

~ NPs, so that it may be possible to obtain nﬁore elaborate control over the sizes,
ﬁlorphologies, or structures of the NPs. For now, the ﬁnderstanding of the
synthesis is far from the capability to explain the evolution pathways that a
: precuisor compound may take to form metal atoms, nuclei, and then well-
defined NPs at the atomic level. Thus, at the existing stage, compared with the
developmeﬁt of classical and quantum physics, the synthesis of metal NPS
rémains an art rather than a science considering the limited generally accepted
fundamental knowledge we have on the growth mechanism of NPs. As a
résult, intensive efforts have been devoted to the explo;ation of hqw NPs
evblve from atoms to nanoscale particles.

Scrqunging the classical. crystallization theory developed for bulk materials,
the growth of fine metal NPs can be expressed in'a typical process with three
. distinct stages: (a) nucleation, (b) nuclei into seeds, and (c) growth of seeds
inté NPs.'® Owing to the small size of the nuclei as well as the difﬁculty of
capturing them, only seeds and .well developed NPs can be observed with
electron microsgépe (EM). Very recently, with the development of technologies
in in-situ observations in TEM, special TEM sample cells caﬁ be designed to
observe objecfs in solution. In this way, the formation of noble metal NPs in

solution can be directly visualized under TEM, which is one of the most
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important advaﬁcements in the study of NPs.'” Yet a long way to go before a
systematié theory can be developed as a guideline for the synthesis of NPs.

Nanoparticles are used or being evaluated for use in.many fields. Some of the
uses of nanoparticles in biology and medicine include; creating fluorescent
biological labels for important biological markers and molecules in research and -
diagnosis of diseases, drug delivery systems, gene delivery systems in gene
therapy, for biological detection of disease causing organisms and diagnosis,
detection of proteins, isolation and purification of biological mole@ules and cells
.in research, probing of DNA structure, genetic and tissue engineering, destruction
~of tumours with drugs or heat, in MRI studies and in pharmacokinetic studies. ‘
The ‘nano’ dimensionality is not only confmed.' to engineered materials or
technology; nature also creates NPs or nanostructures which are present as
functional components in an organism; either "in the form of enzymes which
catalyze most of the biological reactions or as ribosomes which act as the sites for
prc-)tein synthesis.20
1.4 Synthesis of metal nanoparticles

[n the current hour of interest, extensive research has been carried out where
the first critical.' step is the synthesis of metal nanoparticles with controlled
dimensions. For instance, the Brust methods®' have been successfully used to
synthesize metal nanoparticles with varied size and high monodispersity.
Thermolytic reduction of ruthenium and platinum salts in propanediol solution
has also been used to produce the corresponding metal nanoparticles with high
monodispersity.”> Dimethylformamide (DMF), as both a solvenf and reducing
agent, has also been used to prepare silver and platinum nanoparticies when

heated to high temperatures.”® In these endeavors, to synthesize metal
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nanpparticles, the nanoparticles are found to exhibit strong size-dependent
physical properties due to the quantum confinement effects. For example, gold
nanoparticles, when they are smaller than 2 nm in diametér, the nanéparticles
exhibit discrete energy levels? and when the diameter of the gold’nanoparticles is
larger than 3- nm, UV-VIS spectroscopic meésurementé exhibit a plasmon -
absorption peak around 510 am?> which may shift to a different wavélength
position depending on the exact size of nanoparticles.

At present period of time, two classes éf noble metal NPs have been widely -
studied, (a) mono-metallic NPs such as Pt, Pd, Ag, Au, Rh, etc., and (b) multi-
metallic NPs including alloy NPs such as Pt-Pd, Pt-Ru, Pt-Au, and Pt-Ni, eté.,
and heterogeneously structured NPs such as core-shell and dumbbell structures.
1.4.1 Synthesis of monometallic nanoparticles

The synthesis of mono-metallic NPs usually begins with a precursor
coﬁtaining the metal species, commonly a salt, or an organometallic precursor
dissolved in a solvent. If salt precursor is used, metal atoms are commonly
extracted by using reducing agent. Commonly used reducing agents are sodium
borohydride (NaBH,), hydrazine (N,H,4), hydrogen (H,), and carbon ménoxide
. (CO), which are strong reductants, or polyol, ascorbic acid, citric acid,
polyvinylpyrrolidone (PVP), etc., which are weak reductants, depending on ‘fhe :
activity of the precursofs, nature of the solvent, and the expected properties of the
NPs.2¢ While if organometallic precursor is used,‘ the reaction is usually
conducted in organic solvent at elevated temperature to extract the metal atoms

2 In .addition, stabilizing agent is also necessary in a

by thermal decomposition.
typical synthesis if one expects to avoid aggregation and obtain NPs well

dispersed in reaction solution. Commonly used stabilizing agents are some
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charged small molecules such as halides (KBr, Nal), citric acid, phosphine or
polarized - long-carbon-chain molecules and polymeric molecules such as
cetyltrimethylammonium bromide (CTAB), alkanethiol, oleic acid, PVP,
~ polyacrylic acid (PAA).Y |

Two mechanisms are commonly accepted on how metal species form nuclei
and grow into NPs. It used to be assumed that metal ions exist as monomeric
units through complexation with anions, ligands, or solvent molecules énd metal
atoms are then reduced from the complex and aggregated to form nuclei.?
Basically, in this theory, metal atoms are reduced first and then incorporated into
the nuclei, which we called a "reductic;n-incorporation" mechanism. Later on,
another pathway was found when studying the nucleation process of Ag NPs with
AgNO; as precursor in aqueous solution?® It was confirmed with mass
spectrometry (MS) that [Ag3(NO3)2]-+ is the stable intermediate species towards
nucleation, which means that Ag species are not in the atomic state before
forming the nuclei. [t was also discovered by simulation that in the synthesis of Pt
NPs, the energy barrier is 'lower if Pt complexes (with water molecule and the
anions) adsorb onto the Pt cluster first and then get reduced to zero valencé
directly on the surface, which we can call an "incorporation-reduction"
mechanism.*® In the syﬁthesis, mechanisms vary from case by case, debending on
the material system and the synthetic condition. So far, the two mechanisms can
explain most of the phenomena, s0 they are both accepted by the academia.
1.4.2 Synthesis of multi-metallic nanopart;'cles

To triumph over the drawbacks of certain elements or ‘incorporate more
functionalities into the NPQ, two or more elements can be used to synthesize

multi-metallic NPs. The more elements it contains, the more functionalities the
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-NP.s obtain, but the rﬁore complicate the system will be in terms of synthesis and
analysis. Generally, this type of NPs can be divided into two groups: alloy NPs,
and hierarchically-structured NPs. For bimetallic alloy NPs, the synthesis is more
complicated due to the. different natures or properties of individual components.
They can be synthesized either by co-reduction of bo(th precursor salts, or
reduction of one precursor salt followed by the thermal decomposition of the
other precursor and then annealed at elevated temperature in order for two
species to fully mix and achieve a high alloying degree.’' For some particular
applications, such as.magnetism, it‘rvequires chemically ordered lattice to achieve
expected properties, which requires a further step of post-annealing to obtain
chemically ordered crystalline structures.

For bimetallic NPs witH heterogeneous structures, the driving force of
synthesizing these structures is that the propénies can be appropriately predicted
and easily tuned by manipulating the indi\}idual component as long as each
component is.well studied..But' the synthesi;s is éven more complicated due to the
fact that they are usually synthesized with a two-step approach.* Génerally,
dépending on how the second component is incorporated, the final morphologies
of the bimetallic NPs include: core@shell structures, dumbbell structures, etc.>?
For the core@shell NPs, the synthesis attracts the most interests because there are
more parameters or factors that can be tuned. Depending on how the shell
material is formed, enormous work has been done to obtain :core@shell NPs with
fully covering shell with thickness elaborated to the atomic-level, or partially
covering shell 'w‘hich forms only on certain facets or locations of the core
particile:.34 For example, Ag and Au receive wide interesfs due to their superior

plasmonic responses. Large amount of works have been done to synthesize
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- Ag@Au or Au@Ag core@shell NPs, firstly, to take advantage of the Well-
established surface chemistry of the shell material, and secondly, to re;ain the
physical property of the core material.>> However, it is quite possible that‘ the
- core@shell NPs can show distinctly different, sometimes dramatically. enhanced
behavior compared. with individual materials because of the change of crystalline
structure, interaction of eleetronic structure, or the change of lattice induced by
the strain at the interface.
L5 Nano-catalysis- a vital area of modern science

[t has beeﬁ corroborated that for catalytic materials, the catalytic activity
depends strongly on the atomic arrangement on tﬁe exposed facets because the
atomic arrangement affects the adsorption of reacting molecules.*® Besides, it has
also been reported that the atoms at the corners and edges show higher catalytic
activity because atoms at these locations, may possess more dangling bond which
make them more active in 4binding with reacting molecules. For NPs whieh have
high surface-to-volume ratio, both factors, the atomic arrangement on the facets,
and the ratio of atoms at corners and edges, depend on the merphology. For
instance, for the tetrahedrons, cuboctahedrons, and cubes of 5 nm in size, the
ratios of atoms located at corners or edges are 35%, 13%, and 6%, respectively.
As a result, synthesizing NPs with uniform morphology is of great interest to
many chemists. |

Well, nanoparticles can be defined as particles with 1-50 nm diameters at
least in one dimension, a size range where it can show size dependent properties.
Smaller the cluster of atoms, the higher the percentage of atoms is on the surface,
rendering nanoparticles very interesting in catalysis. Hence, nanoparticles of 10

nm diameter have about 10% of its atoms in the surface, but one of | nm has
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100%.>” The interest in nanoparticle-catalysis i.e., nano-catalysis haé grown
significantly because of its improved efﬁéiency under mild and environmentally
benign conditions along the line of Green Chemistry. The term ‘nano-cafalysis’
can be considered as a bridge between homogeneous and heterogeneous catalysis.
On account of nano-size, i.e. high surface area, the contact between reactants and
catalyst increases vividly and they can dperate in the same manner as
homogeneous catalysts (close to homogeneous catalysis). Additionally, because
of their insolubility in the reaction solvent, the nanocatalysts can be separéte_:d out
easily from the reaction mixture. Thﬁs, nano-catalysis can unite the assistance of
both the systems, and can offer unique activity with high selectivity.’® Metal
nanoparticles have long been used as quasi-homogeneous catalysts®® in a variety
of chemical transformations such as C-C bond formation reaétions, which include |
Suzuki, Heck, Sonogashira, Hiyama and Stille coupling reactions.*® The stated
zlipplications bestow the impression to be motivated by the intention to enhance
the catalytic efficiency by virtue of large surface areas of the nanoparticles.
Nevertheless, a more fascinating aspect of the nanoparticle catalysis lies in the
emergence of novel batalytic activities and/or selectivities arising from their size
specific electronics and geometric structures. Nano-catalysis in organic syntheses
has several advantages over homogeneous organic éataly,sts, such as: (i) 1Easy
recovery of the catalyst, (ii) Simple product isolation and (iii) Recyclability.
Thus, the heterogeneous solid catalysts (nanocatalysts) have been recognized as
robust alternatives to homogeneous organic 'catalyst.‘“

The exercise of nanoparticles as catalysts in organic synthesis has by now
been highlighted in the literature and it is not a novel protocol. However, in order -

to study Nanoparticles-catalyzed . Organic  Synthesis  Enhancement
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comprehensively and systematically, akin to “MORE” (Microwave-assisted
| Organic Reaction Eﬁhancement) chemistry, we believe that a separate domain is
obligatory by looking at the number of increasing publications in this area, we are
confident that in the forthcoming years. Hence, we have proposed'the term
“NOSE” (Nanoparticles-catalyzed Organic Synthesis Enhancement).*> This will
help the researchers all over the world to study these and related issues under one
umbrella, i.e. “NOSE” chemistry.
1.6 A review of literature for the nano-catalysis in organic synthesis
The nano-catalysis has emerged as a hyﬁamic and burgeoning area in the field
of organic synthesis.*’ Of particular interest is the development of allowing
methodologies to efﬁcier;tly build up complex molecules using nano-catalysis.
Recently, SciFinder explored an exponential growth of literature reported on
nano-catalysis in organic synthesis during the past decade. This quickly growing
research theme has been built upon productive. multidisciplinary collaborations
between scientists in nanosciences and organic chemistry as well as the
remarkable catalytic activities and selectivities of nanometric materials. Besides,
even if extensively utilized homogeneous catalysts continue as synthetic
chemists’ most powerful resources, but then heterogeneous nanoparticle catalysis
features the opportunity for catalyst recycling, continuous processing, and ease of
separation, thereby offering green and cost-effective options.** Notwithstanding
the aforementioned promising attributes, nanocatalysts have not yet beeﬁ
established wide applications in the synthesis of complex molecule,*® with most
applications thus far limited to cross-couplings*® and oxidations/re(_iuctions.47
Thus, in this standpoint, we vare éutlining ‘some of the selected examples

employing nanoparticles as catalysts to create new-fangled chemical bonds (C-C
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and C-Heteroatom) along with the emphasis on apﬁlications and opportunities in
complex molecule synthesis.
1.6.1 Fe;O4@silica sulfuric acid nanoparticles catalyzed efficient solvent-free
synthesis of indazolo[2,1-b]phthalazine-triones and pyrazolo[],Z-b]phthalazine-
diones |

Oof léte, magnetically separablé and recyclable silica-coated magnetite
nanoparticles introduces an efficient solid acid catalyst for the one-pot three-
components condensation reaction of aromatic aldehydes 1, cyclic 2 or acyclic
1,3-diketones 3 and phthalhydraz‘ide 4 (scheme 1).** Easy reaction conditions,
high catalytic activity, reusability, and simple magnetically work-up, makes this
protocol an attractive alternative for the economic synthesis of indaéolo[Z,l-

b]phthalazinetriones S and pyrazolo[1,2-b]phthalazine-diones 6.

Scheme 1: Fe;Os@silica sulfuric acid catalyzed synthesis of indazolo(2,1-
b]phthalazine-triones and pyrazolo[l ,2-b]phthalazine-diones
1.6.2 Nanosized ruthenium particles decorated carbon ‘nanoﬁbers as active
catalysts fof the oxidation'of p-cymene by molecular oxygen

Makgwane et al., has developed highly dispersed, nanosized ruthénium (Ru).

particles anchored on carbon nanofibers (CNFs) with varying Ru loadings (1-7
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wt%) demonstrated efficient catalytic activity in the aerobic oxidation of p-
cymene 7 using molecular oxygen (scheme 2).*° The action of the Ru catalysts
was effected by the structural properties that resulted from the different metal
loadings and by various reaction variables, such as the temperature, the amount
of catalyst and the type of radical-initiator substrate. Under the staﬁdard reaction
conditions, the 3% Ru/CNF catalyst exhibited excellent performance wifh a
selectivity of 42% toward primary cymene hydroperoxide 8 and 33% towards
tertiary cymene hydroperoxide 9 at 55% p-cymene conversion achieved within 5
h at 90 °C. The catalyst was reusable for five consecutive reaction cycles without

appreciable loss of activity.

_
oH )
CH, o CHy
70% TBHP
Ruw/CNF (3%)
O‘OHJ
H,C CH3 HsC CHy HiC CH,y
CHsy CHs
7 8 9

Scﬁeme 2: Ru/CNF catalyzed oxidation of p-cymene by molecular oxygen
1.6.3 NiO nanoparticles catalyzed multicomponent one-pot synthesis of novel
spiro and condensed Indole derivatives

Sachdeva and co-workers presented an proficient catalytic protocol for the
synthesis of novel spiro[indoline-3,4'-pyrano[2,3-c]thiazole]carbonitriles 13 and
condensed thiazolo[5",4":5',6 ]pyrano[4’, 3':3,4]furo[2,3-b]indole derivative; 14
in a one-pot three-component approach involving substituted 1H-indole-2,3-
diones 10, acti&ated methylene reagent ‘11, and 2-thioxo-4-thiazolidin§ne 12
catalyzed by NiO nanoparticles (scheme 3) under conventionél heating and
microwave irradiation.”® The synfhesis of novel spiro and condensed indole
derivatives was ‘effected by Knoevenagel condensation followed by Michae]
addition. The operational simplicity, high yield éf the products, and easy
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handling of the catalyst are the beneficial aspects of this methodology. After
reaction course, NiO nanoparticles can be recycled and reused without any

apparent loss of activity.

H
N.
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R NF 0
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Scheme 3: Synthesis of spiro and condensed Indole derivati\-/es catalyzed by NiO
NPs
1.6.4 Cul nanoparticles as a reusable heterogeneous catalyst for the one-pot
synthesis of N-cyclohexyl-3-aryl-quinoxaline-2-amines under mild conditions
Very recently, Cul nanoparticles as an expedient and recyclable catalyst was
reported for the synthesis of N—cyclohexyl-3-ary1-quinoxaline-2-amiﬁes 18 in
ethanol (scheme 4) via a multi-component react'io;l amongst‘ o-phenylene diahine
15, aryl aldehydes 16 and cyclohexyl isonitrile 17.>' The catalyst could be
recycled and reused for several times without noticeably decreasing the_ catalytic

activity.

. CHO NC
15 16 17

“ 1
NHy R N \_'-R
? |‘/~ Cul NPs =
»Z EtOH, reflux Pz
NH, N~ TNH
O

Scheme 4: Synthesis of N-cyclohexyl-3-arylquinoxaline-2-amines catalyzed by

Cul NPs
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1.6.5 One-pot Synthesis of Dibenzyls and 3-Arylpropionic Acids Catalyzed by
Linear Polystyrene-Stabilized Palladium Oxide Nanoparticles in Water
Ohtaka and his research team described lineér, polystyrene-stabilized PdO
“nanoparticles (PS-PDONPS) as an active catalyst for one-pot, multistep reactions
in water (scheme 5).>2 The one-pot synthesis of dibenzyl 21 by sequential Suzuki
coupling of ,B-t;romostyrene 19 with arylboronic acid 20 and subsequent
hydrogenation was achieved. The same catalyst was also utilized for the synfhesis

of 3-arylprdpionic acid 24 from aryl iodide 22 and propionic acid 23.

-

PS-PdONPs _
1.5 mol% of Pd) H, (1 atm) AT
~\\Br+ Ar—B(OH), -
e 20 O == oH, 1,0 50°C, 20h o
80°C, 6h
% PS-PdONPs -9
Ar—I] + \/U\OH (1.5 mol% of Pd) H, (1 atm) Ar/\)J\O
22 23 KOH, H,0 50°C,20 h 24
L 80°C,6h

~Scheme 5: Polystyrene-stabilized palladium oxide nanoparticles catalyzed
synthesis of dibenzyls and 3-arylpropionic acids in water
1.6.6 ZnO nanoparticles as an efﬁcient and reusable catalyst for the synthesis
of quinoxaline under solvent free condition
More recently, Sadeghi et al., has reported that 1,2-Diketones ZS-When reacted
in one-pot with 1,2-diamines 26 at room temperature with ZnO nanoparticles as a

catalyst produced quinoxaline (scheme 6) in high yields.>

) NH, Ry N
. ZnO NPs (1.1 mol%) =
Solvent free X
Ry 0O Ry . NH2 R4 N Ry
25 26 27

r.t, 20 min

Scheme 6: ZnO nanoparticlés catalyzed synthesis of quinoxaline under solvent
free condition
1.6.7 Facile synthesis of palladium nanoparticles encapsulated in amine-

Sfunctionalized mesoporous metal-organic frameworks and their catalytic
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activity for dehalogenation of aryl chlorides

Huang et al., discovered a facile synthetic route for the synthesis of Pd
nanobarticles encapsulated in amine-functionalized mesoporous metal-organic
frameworks' MIL-101(Cr)}-NH, (part of the amine groups shown) under mild
conditions.>® The well-dispersed Pd nanoparticles confined in mesoporous cages
revealed high catalytic activity for the dehalogenation of aryl chlorides 28 in
water under mild conditions (scheme 7) to produce 29. The catalyst was easily

recoverable and reused several times.

Cl

| "XV Pd NPs@MIL-101(Cr}-NH, | =

X H,0, 25°C X
R HCOONH, R
28 29

Scheme 7: Pd NPs encapsulated in amine-functionalized mesoporous metal-
organic frameworks catalyzed dehalogenation of aryl chlorides in water
1.6.8 Magnetic nanoparticles catalyzed synthesis of diverse N-Heterocycles

Kidwai and his group synthesized a large library of diversified compounds
pyraﬁo[2,3-d]pyrimidines 33, pyrido[2,3-d]pyrimidines 35 and a variety of
spirooxindoles through a very efficient, economical and enviroﬁmentally benign
process utiliziﬁg magnetic Fe;O, nanoparticles as catalyst (scheme_ 8).> The
catalyst is magnetically separable aer reusable without much loss in its activity is
| an additional ecofriendly attribute of this catalytic system. The synthesized novel
compounds could be further explored for their pharmaceutical application.
Moreover, column chromatography and recrystallizatioﬁ of the products is not
required as the crude products are already highly.pure' and hence can be used for

target oriented synthesis on a wide scale.
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Schéme 8: Synthesis of various pyrano[2,3-d]pyrimidine and pyrido[2,3-
d]pyrimidine derivatives at-40 °C with Fe;O4-nanoparticles as catalyst
1.6.9 ZnO nanoparticles catalyzed synthesis of 4H-Chromenes in aqueous
mediun; via one-pot three component reactions : A Greener “NOSE” Approach
Ghosh et al., enlightened the synthesis of 4H-chromenes 39 in watér under
thermal condition by one-pot three component reaction mediated by ZnO
nanoparticles (scheme 9).° The highly product-selective three component
electrophilic reaction of 2-hydroxybenzaldehyde 36 with an active methylene
compound 37 and another carbon-based varied nature of nucleophile 38 has been
developed by a reversible alkylation procedure using greener “NOSE” approach.

The catalyst can be efficiently recycled up to the sixth run.

’ nano-ZnO .
10 S 2 _(10mol%) _
R4 + H5C ' +NuH—————
g TN H,0 (5 mL)

36 37 33 B¢

Scheme 9: Nano-ZnO catalyzed synthesis of 4 H-Chromenes
1.6.10 A novel aéproach to bis(indolyl)methanes hsing nickel nanoparticles

It has been recently established that nano-sized nickel as a catalyst is
developed for the electrophilic substitution reactions of indole 40 with various
aromatic aldehydes 41 unde.r solvent-free conditions to afford the corresponding
bis(indolyl)methanés 42 in high yields (scht;me 10).>” The described method has
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promising features, such as no hazardous organic solvents or catalysts, short
‘reaction time, high product yields, simple work-up procedure, reusable catalyst
and easy product separation without further purification with column

chromatography.

-

Ni- nanopartlcles
Solvent free

No chromatographlc
separation

\{

Scheme 10: Nano-Ni catal'yzed synthesis of bis(indolyl)methanes
1.6.11 Synthesis of indolizines and heterocyclic chalcones catalyzed by>
supported copper nanoparticles

Albaladejo and co-workers have probed that copper nanoparticles supported
on multi-walled carbon nano tubes worked smoothly as a catalyst for the
synthesis indolizines 46 via mu‘lti component reaction of aldehydes 43, amine 44
and an alkyne 45 (scheme 11). On the other hand, when aldehydes 43 aﬁd an
alkyne 45 reacted together it produced heterocyclic chalcones 47 in gqod to high

yields (scheme 11).%

) _ )
N—Rz
Cu NPs/C
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Scheme 11: Copper nanoparticles supported on multi-walled carbon nanotube
catalyzed synthesis of indolizines and heterocyclic chalcones

1.6.12 Total synthesis of (X)-sorocenol b employing nanoparticle catalysis
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Cong et al., presented an outstanding work for the total synthesis of (£)-
sorocenol B 50 which was accomplished by silver nanoparticle (AgNP)-catalyzed
Diels-Alder cyéloaddition and late-stage Pd(H)-catglyzed oxidatiye éyclization
(scheme 12).* The synthetic natural product exhibited low micromolar cytotoxic

~ activity against a number of human cancer cell lines.

{ OMOM OH W
w " QL
OMOM F g

Ag NPs (0.1 mol%)

+
OH O OAc
(o) QAc
49

-

Scheme 12: AgNPs catalyzed total synthesis of (¥)-sorocenol

1.6.13 Zinc Oxide nanoparticles catalyzed synthesis of bis-isoquinolinones .
Krishnakumar and his research group reported the synthesis of diversified bis-

isoquinolinonesA 55 in two steps, utilizing homophthalic acid 51 and various acid

chlorides 52 providing 3-substituted isocoumarins 53 in tﬁe first step which on

further condensatioﬁ with 1,7-heptadiamine 54 involving C-N bond formation

from the lactone (scheme 13) in.the presencé of zinc oxide nanoparticles (10

( o] o} T
O coct neat Q o . HZN/("L\NH2 ZnO NPs (10 mol%)
180°C S Toluene
51 52 s3 0 54 R
HO o] . R O
. o}
O NN NN TN

0, 7O

55

mol%).%°

R

Scheme 13: Synthesis of substituted bis-isoquinolinones by nano-ZnO
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1.6.14 Polymer-incarcerated Au-Pd nanoclusters with boron on c;zrbon as
catalyst for the aerobic oxidation-Michael addition of 1,3-dicarbonyl
-compounds to allylic alcohols
Yoo et al., demonstrated a tandem aerobic oxidation-Michael addition process
involving oxidation of allylic alcohol 57 followed by 1,4-addition of 1,3-
- dicarbonyl derivative 56 to Michael acceptor 58 catalyzed by polymer-
incarcerated Au-Pd nanoclusters with boron on carbon (scheme 14).6' It has been
found that bimetallic Au-Pd nanoclusters particularly effective fof the aerobic

oxidation of allylic alcohols under base and water-free conditions.

— -
Polymer and carbon black o W
0o 0 OH suuported Au-Pd nano-alloy Q
)J\/u\ . \/]\ with immobilized boron (1 mol%) Ry Re
Ry Ra R3 THEF, O, (1 atm), 30-60 °C
56 57 P R
2
59
Polymer-supported
Au-Pd nano-clay M
’ R R
_ o 1 56 2
A
38 3 Polymer and carbon black

immobilized boron

Scheme 14: Bimetallic Au-Pd nanoclusters catalyzed tandem aerobic oxidation-
Michael addition process
1.6.15 Cu;nanoparticles-catalyzed Mannich reaction

Kidwai et al., has reported that recyclable heterogeneous Cu-nanoparticles
efficiently catalyzed one-pot three-component Mannich reaction at room
temperature and afforded various B-amino carbonyl compounds 63 in good to

excellent yields.

o) ’ o} NHR,

RJ\CH3+ R,CHO + RyNH,—CuNPs (10 mole)_ R,

60 61 62 MeOH N, 63

Scheme 15: Cu NPs catalyzed Mannich reaction
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1.7 Scopes and Objectives of the Present Investigation

Although various nanoparticles have several remarkable potential applications
in the field of medicine and material science but only a few reports described ite
utilization as catelyst in organic transformations. Under the above background;
the main objectives of the present investigation are as follows:
(1) The main objective is to search for applications of nanoparticles as catalysts in
Carbon-Carbon, Carbon—Heteroatom and C-H bond forming reactions.
(ii) Whether nanocatalyst can cafalyze the synthesis of complex fused systems,
given that the ring systems are a feature of important compeunds, including many
of pharmaceutical interest? |
(iii) To promote economical and enviroﬁmentally friendly experimental
procedures. By rethinking chemicel design from the .ground up, the green
synthetic methodology has to be developed in new ways to manufacture products
that fuel the economy and lifestyles, withoet the damages to &e environment that
have become all too evident in recent years. Yes, we are talking about greener
nanocatalysts.
(iv) To accomplish a comprehensive study of the scope and limitations of the
synthesis of C-C, C-N, C-H, and C-O bonded compounds in the domain of
nanocatalysis.
) To sfudy and characterize the nano catalysts by spectroscopic and analytical
techniques.
(vi) To study and characterize the prepared compounds by spectroscopic (high
resol.ution 'H NMR and *C NMR spectroscopy, Mass spectrometry, IR
spectroscopy) methods and analytical methods (TGA, mel_ting point/boiling point

determination, and elemental analysis etc.).
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(vii) To evaluate and demonstrate the ‘green-ness’ of the newly developed
protocols by considering the green metrics.
(viii) To study the .signiﬂcance of these reactions as they relate to the literature
and will provide mechanistic insight into newly discovered and previously known
organic reactions. |
(ix) To study the stability of nanoparticles under the reaction condition.
(x) To study the recyclability of nanocatalysts and to search for methods to regain
the activity of nanocatalysts in the case of decreasing activity in subsequent
recycling.
(xi) To address the issues which arise during the investigation. -
1.8 Plan of Works |

To fulfill the above objectives, the following plan of works “has been
formulated:
(i) A state of the art literature survey on the field of nenoparticles and their
catalytic applications would be conducted.
(i) The nanoparticles would be either synthesized by standard procedure or
purchased or a new technique will be devised for its preparation.
(iii) The synthesized or purchased metal nanoparticles would be characterized by
different analytical and spectroscopic techniques such as UV-VIS spectroscopy,
FTIR spectroscopy, TGA, XRD, EDX, XPS, SEM and TEM etc.
(iv) The catalytic .performance of the characterized metal nanoparticles would be
investigated in some selected organic transformations e.g. N-formylation
reactions, oxidation of aldehydic motif, syntheses of amide etc.
(v) The desired -products obtained after reaction and purification would be fully

analyzed and characterized by spectroscopic and analytical means.
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(vi) The change in morphology of the nanocatalysts before and after reaction as
well as after recycling would be inspected.
(vii) Finally to compare the ‘green-ness’ of the newly discovered protocols with

the previously reported in terms of green metrics.

Page | 27



References:

1. Kinne-Saffran, E., & Kinne, R.K.H. Am. J. Nephrol. 19, 290--294, 1999.

2. Beccalli, E.M., et al. Chem. Rev. 107, 5318--5365, 2007.

3. For recent reviews on the impact of catalysis in the pharmaceutical industry,
see: (a) Magano, J., & Dunetz, J.R. Chem. Rev. 111, 2177--2250, 2011; (b)
Busacca, C.A., et al. Adv. Synth. Catal. 353, 1825--1864, 2011.

4. For a recent review on the application of cross-coupling in the synthesis of
functional materials, see: Carstén, B.et al'. Chem. Rev. 111, 1493--1528,2011.

5. (a) March, J. Advanced Organic Chemistry: Reactions, mechanisms énd
structure, 3 ed., John Wiley & Sons, New YL)rk, 1985; (b) March, J. -
Advanced Organic Chemistry: Reactions, mechanisms and structure, 4™ ed.,
Wiley, New York, 1992; (c) Wilkinson, M.C. Org. Lett. 13, 2232--2235, 2011.

6. (a) Dyker, G. Handbook of C-H T, ransformation;; Ed.; Wiley-VCH:

| Weinheim, 2005; (b) Li, H., et al. Cat. Sci. Technol. 1, 191--206, 2011; (c) '

Wasa, M., et al. Isr. J. Chem_. 50, 605--616, 2010;, (d) Lyons, T.W,, & Sanford,

M.S. Chem. Rev. 110, 1147--1169, 2010; () Jazzar, R., et al. Chem. Eur. J.

16, 2654--2672, 2010; (f) Giri, R., et al. Chem. Soc. Rev. 38, 3242--3272,

2009; (g) Chen, X., et al. Angew. Chem. Int. Ed. 48, 5094--5115, 2009; (h)
Scregin, L.V., & Gevorgyan, V. Chem. Soc. Rev. 36, 1173--1193, 2007.

7. Luo, Y.R. Handbook of Bond Dissociation Energies in Organic Compounds,
CRC Press: Boca Raton, FL, 2003,

8. (a) Dhakshinamoorthy, A., & Garcia, H. Chem. Soc. Rev. 41, 5262--5284,

2012; (b) Crooks, R. M., et al. Acc. Chem. Res. 34, 181--190, 2001.

Page | 28



9.

(a) Polshettiwar, V., & Varma, R.S. Green Chem. 12, 743--54, 2010; (b)
Polshettiwar, V., et al. Chem. Commun. 47, 6318--6320, 2008; (c) Min Han,
Y., et al. Chin. J. Org. Chem. 33, 492--503, 2013; (c) Nasir, R.B., & Varma,
R.S. Chem. Commun. 48, 2582--2584, 2012; (d) Huang, Y. et al. Journal of

Catalysis 292, 111--117,2012.

10. Anastas T.P. & Warner C.J. Green Chemistry: Theory and Practice, Oxford

11.
12.

13.

14.

- 15.

16.

17.

18.

Publication, New York, 1998.

Talea, R.H., et al. Eur. Chem. Bull. 2, 279--282, 2013.

Kaicharla, T. et al. Green Chem. 15, 1608--1614, 2013.

(a) Seil, J.T., & Webster, T.J. Int. J. Nanomedicine 7, 2767--2781, 2012; (b)
Jin, R. Nanotechnol. Rev. 1, 31--56, 2012; (c¢) Mahmoudi, M. Chem. Rev. .
112, 2323--2338, 2012; (d) Aragay, G., et al. Chem. Rev. 112, 5317--5338,
2012. | |

Feynman, R.P. Engineering and Science 23, 22--36, 1960.

(a) Talapin, D. V., et al. Nature 461, 964--967, 2069; (b) Bell, A.T. Science
299, 1688--.1691, 2003; (c) Hernandez, J., et al. J. Phys. Chem. C 111, 14078-
-14083, 2007. |

Klabunde, K.J. Nanoscale Materials in Chemistry, Wiley, Interscience, New
York, NY 2001. ‘

(a) Daniel, M.C., & Astruc, D. Chem. Rev. 104, 293--346, 2004; (b) Yan,
2.G., & Yan, C.H. J. Mater. Chem. 18, 5046--5059, 2008; (c) Niu, W., & Xu,
G. Nano Today 6, 2657-285., 2011; (d) Mazumder, V., et al. Adv. _Funct.
Mater. 20, 1224--1231, 2010.

Lamer, V.K., & Dinegar, R.H. J. Am. Chem. Soc. 72, 4847--4854, 1950.

Page | 29



- 19.

20.

21

22.

23.

24.

25.

26.

217.

28.
29.
30.

31.

(a) Zheng, H., et al. Science 324, 1309--1312, 2009; (b) Yuk, J., et al. Science
336, 61--64, 2012. |

Palashuddin, S.M., et. al. Scientific reports 2, 1--5,2012.

- Brust, M, et al. J. Chem. Soc., Chem. Commun. 7, 801--802; 1994.

Chakroune, N., et al. Langmuir 21, 6788-_—6796, 2005.
(a) Sanchez-Iglesias, A., et al. Adv. Mater. 18, 2529--2534, 2006; (b)
Pastoriza-Santos, 1., & Liz-Marzan, L.M. Langmuir 15, 948--951, 1999.

(a) Negishi, Y., et al. J. Am. Chem. Soc. 127, 5261--5270, 2005; (b) Lee, D.,

et al.. J. Am. Chem. Soc. 126, 6193--6199, 2004; (c) Hostetler, M.J., et al.

Langmuir 14, 17--30, 1998.

(a) Link, S. &. El-Sayed, M.A. J. Phys. Chem. B 103, 4212--4217, 1999; (b)
Alvarez, M.M., et al. J. Phys. Chem. B 101, 3706--3712, 1997.

(a) Huang, X., et al. Nature Nanotechnology 6, 28--32, 2011; (b) Huang, X.,
et al. J Am. Cherﬁ. Soc. 133, 4718--4721, 2011; (c)‘Ahmadi, T.S,, et al.
Science 272, 1924--1925, 1996.

(a) Chen, M., et al. Adv. Mater. 24, 862--879, 2012; (b) Huang, X, et al. J.
Am. Chem. Soc.131, 13916--13917, 2009, (c) Brust, M., et al. J. Chem. Soc.,
Chem. Commun. 7, 801--802, 1994; (d) Chen, Y.-H., et al. J. Am. Chem. Soc.
131, 9114--9121, 2009; (e) Bigall, N.C., et al. Nano Lett. 8, 4588--4592,
2008; (f) Xiong, Y., et al. J. Am. Chem. Soc. 129, 3665--3675, 2007.

Xia, Y., et al; Angew. Chem. Int. Ed. 48, 60;;103, 20009.

Xiong, Y., et al. Angew. Chem. Int. Ed. 46, 4917--4921, 2007.

Ciacchi, L.C., et al. J. Phys. Chem. B 107, 1755--1764, 2003.

(a) Sun, S.H,, et. al. J. Phys. Chem. B .107, 5419--5425, 2003; (b) Shevchenko,

E.V. etal.J Am. Chem. Soc. 125, 9090--9101, 2003.

Page | 30



32.

33.

34.
35.

36.

- 37.

38.

39,

40.

41

(a) Lim, B., et al. Science 324, 1302--1305, 2009; (b) Haba;, S.E., et al. Nat.
Mater. 6, 692--697, 2007, |

Wang, C., et al. Nano Lett. 9, 1493--1496, 2009.

(a) Zeng, J., et al. Angew. Che;n. Int. Ed. 51, 2354--2358, 2012; (b) Zhang,
J.L.,etal. J Am. Chem. SOC. 127, 12480--12481, 2005.

Cao, Y.W., etal. J. Am. Chem. Soc.123, 7961--7962, 2001.

Huang, C.C., et al. Langmuir 20, 6089--6092, 2004.

(a) Braunstein, P., Oro, L.,» & Raithby, P.R. In Metal Clusters in Chemistry,
Wiley-VCH: Weinheim, Germany, 1998; (b) Fendlgr, JH. In Nandparticles
and Nanostructured Films. Preparation, Characterization and Applicﬁtiéns,
Wiley-VCH: Weinheim, Germany, 1998; (c¢) Klabunde; K.J., & Mohs, C.
Nanoparticles. and Nanostructural Materials. In Chemistry of Advanced
Material&, An Overview, Interrante, L.V. et al. eds., Wiley-VCH, New York,
1998 271-327; (d) Rao, C.N.R,, et al. Chem. Soc. Rev. 29, 27--35, 2000; (e)
Roucoux, A., et al. Chem. Rev. 102, 3757-—3778 2002.

(a) Astruc, D. Inorg. Chem. 46, 1884--1894, 2007; (b) Astruc, D., et al.
Angew. Chem. Int. Ed. 44, 7852--7872, 2005; (c) Polsheﬁiwar, V, et al.
Chem. Commun. 35, 1837--1839, 2009. .

(a) Lewis, L.N. Chem. Rev. 93, 2693-;27.30, 1993; (b) Aiken, J.D., & Finke,
R.G.J Mol. Catal. A 145, 1--44, 1999.

(aj Suzuki, A. J. Organomet. Chem.‘576; 147--168, 1999; (b) Moreno-Manas,
M., & Pleixats, R. Acc. Chem. Res. 3("), 638--643, 2003; (c) Hiyama, T. J.
Organomet. Chem. 653, 58--61, 2002; (d) Espinet, P., & Echavarren, A.M.

Angew. Chem. Int. Ed. 43, 4704--4734, 2004.

. Churruca, F., et al. Tetrahedron Lett. 47, 3233--3237, 2006.

Page | 31



42.

43.

44,

45.

46.
47.

48.

49

50.
51,
52.

53.

54

55.

56.

57.

58.

(a) Das, V.K., et al. Green Chem. 14, 847--854, 2012; (bl) Das, V.K., et al.
Appl. Catal. A: Gen. 456, 118--125, 2013; (c¢) Das, V.K., et al. J. Org. Chem.
78, 3361--3366, 2013; (d) Das, QV.K., & Thakur, A.J. ISRN Organic
Chemistry 1--6, 2013; (e) Das, V.K., & Thakur, A.J. Tetrahedron Lett. 54,
4164--4166, 2013.

(a) Astru'lc, D. Nar.;oparticlés and Catalysis. Wiley-VCH; Weinheim: 2007;
(b) Corma A., & Garcia H. Chem. Soc. Rev. 37, 2096--2126, 2008; (c¢) Della
P.C., et al. Chem. Soc. Rev. 37, 2077--2095, 2008; (d) Shiju, N.R., &
Guliants, V.V. Appl. Catal. A-Gen. 356, 1--17,2009.

Astruc, D., et al. Angew. Chem. Int. Ed. 44, 7852--7872, 2005.

(a) Patil, N.T. ChemCatChem. 3, 1121--1125, 2011; (b) Myers, V.S, et al.
Chem. Sci. 2, 1632--1646, 2011,

Moreno-Manas, M., & Pleixats, R. Acc. Cherﬁ. Res. 36, 638--643, 2003.
Roucoux, A., et al. Chem. Rev.102, 3757--3778, 2002. |

Kiasat, A.R., & Davarpanah, J. J. Mol. Catal. A: Chem. 373, 46--54, 2013.

. Makgwane, P.R., & Ray, S.S.J. Mol. Catal. A: Chem. 373, 1--11, 2013.

Sachdeva, H., et al. Journal of Chemistry, 1--10, 2013.
Safaei-Ghomi, J., et al. JNVS 2, 79--83, 2012.
Ohtaka, A., et al. Asian Journal of Organic Chemistry, 2, 399--402, 2013.

Sadeghi, B., & Karimi, F. [ranian Journal of Catalysis, 3, 1--7, 2013.

.Huang, Y., et al. Journal ofCatalysis, 292, 111--117, 2012.

Kidwai, M. Mol. Divers. 16, 121--128, 2012.
Ghosh, P.P., & Das, A.R. J. Org. Chem. 78, 6170--6181, 2013.
Olyaei, A. etal. J. Sefb. Chem. Soc.78, 463--468, 2013.

Albaladejo, M.J. Chem. Eur. J 19, 5242--5245,2013.

Page | 32



59. Cong, H. & Porco, J.H. Org. Lett. 14, 2516--2519, 2012.
60. Krishnakumar, V. et al. The Scientific World Journal 1--7, 2012.

61. Yoo, W.J. etal. J Am. Chem. Soc.133, 3095--3103, 2011.

Page | 33



Chapter 2

Sections I & 11



Section I
Nano rod shaped and reusable basic Al,O; catalyst for V-
| formylation of amines under solvent free condition: A

novel, practical and convenient ‘NOSE’ approach

T HCOOH H—
ol - — :R:_
/
1. Isolation
through
centrifugation

2. Recycling




Section I

Nano rod shaped and reusable basic Al,O; catalyst for V-
formylation of amines under solvent free condition: A novel,

practical and convenient ‘NOSE’ approach

2.1.1 Introduction

[n the wake 6f increasing awareness in environmentally benign techniques
during the past few years, organAi'c synthesis under solvent free condition has
gained much popularity.' In this regard, the synthesis of N-bonded compounds
has received considerable attention from the sight of green chemistry.? There is
a growing appreciation for N-formylation of primary or secondary amines into
formamides which is a common meihodology in synthetic organic chemistry.
The reaction product, formamides serve either as a polarJSolvent or as an
important intermgdiate in several organic transvformations. since their skeletons
exist in pharmaceutically valuable compounds such as fluoroquinolines, >
imidazoles, * 1.,2-dihydro quinolines, ® nitrogen-bridged heterocycles, 6
oxazolidinones’ and cancer chemotherapeﬁtic agents.® They have also fouﬁd
signiﬁcant' applicatiéns as Lewis base .‘catalysts in various organic

transformations, ° synthesis of formamidines, '°

isocyanides '' and as N-
formylating agent in histone.proteins as a secondary modification arising from
oxidative DNA damage.'?

The literature is enumerated with several strategies'’ prescribed for N-
formylation of amines.. Regardless of the existing methodologies, most of them

suffer from different drawbacks such as thermal instability, sensitivity to

moisture, application of toxic and expensive formylating agents and catalysts,
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poor atom economy, high temperature, prolonged reaction time, harsh reaction
cohdition, formation of undesirable byproducts, low yields, leading to
diformylation and/or lack of regioselectivity and tedious work up. Therefore,
the synthesis of formamides still remains-as an active research area in terms of
operational simplicity\and economic viability. In the recent years, formic acid'*
has been continually accepted és a potent formylating agent owing to its‘less
toxicity, inexpensivity and easy practical applicability.

With the nanotechnology now available to the scientists, of late, Somorjai et
al erﬁphasizes that catalysis by transition metal nanoparticles is the central field
of nanoscience and nanotechnology, "> which are the frontiers between
homogeneous and heterogeneous catalysis. ' The growing interest on the
catalytic prc_)pertieé of transition metal nanoparticles is due to their large surface
area, distinct electronic, optical, magnetic, thermal and chemical properties.'’
The ultimate goal to work with nanoparticles is their high catalytic activity,
recoverability, improved selectivity, criteria of evolution and role in green
chemistry. '® Hence,. organic synthesis. catalyzéd by metal/metal oxide
nar‘lopartic_les19 has received tremendous importance in recent decades.

To cater the bufgeoning- needs and aspirations, we have been focusing in the
deveIOpment of a‘protocol named ‘NOSE’? (Nanoparticles-catalyzed Organic
Synthesis Enhancement) chemistry in our laboratory. Nanoscale supports to
create catalysts with larger surface area along with more edges and corners,
which can lead to higher performance of the catalyst. Other parameters (e.g.
oxygen mobility, etc.) might also play key role for enhancing catalytic activity.
There are few' reports that describe N-formylation of amiﬁes using -

nanoparticles. Preedasuriyachai and co-workers?' have presented nanogold
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catalyzed N-formylation of amines under aerobic conditions with MeOH or
formalin. However, in terms of disadvantage, nanogold itself is very expensive.
To the best of our knowledge, N-formylation of amine catalyzed by basic nano
crystalline Al,O; has not been reported. Very recently, a research group has
reported the nanocrystalline Al,O; catalyzed one-pot synthesis of poly-
substituted quinolines.” There is an extensive study on the preparation and
properties of Al,0; nanomaterial.”> The advantages™ of using basic nano-Al,Os
is in terms of its crystalline size and shape, abrasive and insulating properties,
less toxicity, large surface area and their basic surface characteristics, high
resistant towards bases and acids, compatibility to very high temperature
applications and has excellent wear resistance. Therefore, in this paper, we wish
to focus on an effective, convenient and practical procedure employing nano
rod-shaped basic Al,O; (specific surface area approximately 185.6 m’g™" and a
crystalline size of approximately 38 nm) to catalyze N-formylation of 1° and 2°

amines efficiently as a part of our "NOSE’ chemistry (Scheme 1) programme.

Rig HCOOH, 40°C R

N—CH
-~
RZ/ 1 2 2
nano-AlOs (4 isotation through
R4, Ry = H, alkyl, aryl centrifugation
2. Recycling

Scheme 1: N-Formylation of amines

2.1.2 Results and Discussion
2.1.2.1 Characterization of the pure nano-Al;0;

The SEM image of pure nano-Al,0; sample has shown agglomeration of
particles [figure | (a)]. The BET surface area of nano-Al,O; was found to be
185.6 m’g” and the total pore volume was 0.9 mLg"'. EDX analyses of pure

nano-Al,Oj; [figure 1 (b)] showed that the weight% of O and Al was 70.41 and
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29.59 and atomic% was 80.05 and 19.95 respectively, as expected. Since the
ratio of O to Al in the sample is 2:3, thus, it is obvious that percentage of O is
higher with respect to Al. Thus, the EDX suggests the presence of only O and

Al in the nano-Al,O5; sample.

,':'
&
6F o b
i - - £ 3 ‘9:" 3 1 4
15KV, X8000 “2pm’ 060 1639SEK" - ¥ FEREERNETe

Figure 1. (a) SEM image and (b) EDX of pure nano-Al,O4
The XRD pattern of pure nano- AL, Oj; (figure 2) shows that the peak of the
sample corresponds to those of y-alumina.” The crystalline sizes were
determined by using Scherrer equation and choosing the two highest peaks (4 0
0) and (I 0 0) from XRD pattern. The crystalline sizes were found to lie
between 39.7 and 37.4 nm. The average particle diameter calculated was 8.12

nm (Sger =185.6 m’g” and p =3.98 gem™).

30 40 50 80 70 80
2theta (scale)

Figure 2. XRD pattern of pure nano-Al,O3
Figures 3(a) and (b) show the TEM images of nano-Al,O;. The nano rod-
shape of the sample can be seen from these micrographs. The average length of

the nano-AlLO; from TEM image was found to be 25.5 nm and its average
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diameter was 7.18 nm. It can also be seen that some agglomeration was present

and this was attributed to the large surface area of these nano rod-shaped Al,0O;.

Figure 3. TEM images of nano rod-shaped Al,Oj; at (a) 50 nm scale and (b) 20
nm scale

Typical SAED pattern of the Al,O5 nano rod generated as an inset is shown
in figure 4 (a). It showed that the nano rods were well-crystallined. The SAED
patterns were calculated and identified using JCPDS data card 10-425,
indicating that these rings corresponded to the diffraction planes of y-Al,O;. No
un-assigned rings were left in the SAED patterns, eliminating the possibility of
formation of other types of metastable phases like 0-AlL,O3;, #-ALL O3, etc. The
FTIR spectrum of pure nano-Al,Os is shown in figure 4 (b). The peak at 3500

cm™ is attributed to the atmospheric water vapour or Al-OH in alumina.”

1620

%Transmittance E

21 am

Wavenumbers (cm')

Figure 4. (a) Corresponding size distribution with inset showing SAED patterns
and (b) FTIR spectrum of pure nano-Al,Os

An absorption band at ca. 1620 cm™' is characteristic of alumina which is in
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accordance with the literature.?” The peak at 1040 cm™ corresponds to the Al-O
stretching vibration.?®
2.1.2.2 Optimization of the reaction condition for N-formylation reaction

After the characterization of the nano-AlQOs, in order to optimize the
reaction condition, a control experiment'*® was carried out by taking formic acid
(98%, 0.11 mL, 3 mmol) and aniline (0.09 mL, | mmol) as a model substrate by
stirring at room temperature without using any catalyst and solvent (Table 1,
entry 1). Under this condition, the reaction did not proceed and starting
materials remained intact. Then we poured acetonitrile (5 mL) and continued
stirring for 18 h and isolated the product in 5% yield (Table 1, entry 2). In order
to improve the yield, we searched for the best experimental condition below 70
°C. By keeping this in mind, we performed the reactions at 40 °C in acetonitrile
and also by stirring under solvent free condition (Table 1, entry 3).
Interestingly, the reaction proceeded faster under solvent free condition
providing 28% yield (Table 1, entry 4). We also conducted the reaction at 70 °C
under solvent free condition and isolated 42% yield (Table 1, entry S).
Unsatisfied with these results, we felt the necessity of using a catalyst to
increase the yield. Therefore, we surveyed some Lewis acid and base catalysts
and out of them, we found dramatic increment in reaction rate and yield when
we used nano basic ALO; (5 mol%) at 40 °C (Table 1, entry 15). We also
attempted to compare the catalytic action of bulk basic and acidic Al,O; with
nano basic Al,Os for N-formylation of aniline and we found excellent yield
associated with lesser reaction time and low catalyst loading in case of nano-
Al,O; catalysis. We also tested the influence of solvents on reaction rate and

yield by screening several solvents at 40 °C in the presence of AlO;
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nanoparticles and found that formamide formation took place faster in solvent

free condition than in the presence of solvent (Table 1,-entries 17-24). The turn

over number (TON) was also calculated for each catalyst under different

Table 1. Optimization of the reaction conditions® for the N-formylation of

aniline
NH, NHCHO
© HCOOH ©
Catalyst
3 : 4
Scheme 2: N-Formylation of aniline (model reaction)
Entry Catalyst . Solvent . Temp. Time Yield TON TOF
‘ SOOI O - (h
1 None None rt 9 NR® 0 0
2 None MeCN rt 18 5% .0 0
3 None MeCN 40 15 12 0 0
4 None None 40 10 28 0 0
5 None None 70 7 42 0 0
6° H;BO; None = 40 8 39 156 1.95
74 Imidazole None 40 9 NR® 0 0
8 Et;N None 40 9 NR® 0 0
94 PPh; None 40 10 50 20 2
10° Pyridine None 40 9 NR® 0 0
11° TiO, None 40 7 5 2 0.285
12  Bulk basic ALO;  None 40 7 64 256  3.65
13°  Bulk basicAlL,O;  None 40 3 78 624  2.08
14°  Bulk acidic AlLO;  None 40 7 35 14 7
15°%  Nano basic ALO;  None 40 0.083 <98 784 94457
16" Nano basic Alb,O;  None = 70 1 75 60 60
17°®  Nano basic AlLO;  MeCN 40 8 25- 20 2.5
18" Nano basic ALL,O;  THF 40 9 29 232 257
19 Nano basic ALO; MeOH 40 4 68 544 136
20 Nano basic ALO;  EtOH 40 4 60 48 12
21%%  Nano basic ALO; DMF 40 3 73 584  19.46
22" Nano basic ALO; Toluene 40 6 58 464 71.73
23%  Nano basic ALO; DMSO 40 6 NR® 0 0
24" Nano basic Al,Os H,0O - 40 6 NR® 0 0

? Reaction conditions: Aniline (0.09 mL, 1 mmol), formic acid (0.11 mL, 3 mmol),
solvent free or solvent (5 mL), aerobic condition, » Isolated yields, © No reaction
was observed, ¢ 10 mol% catalyst was used, ¢ 50 mol% catalyst was used. /(15-24)
5 mol% catalyst was used, ¢ Particle size (37.4-39.7 nm)
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conditions (Table 1) and it is sho% graphicélly in figure 5. From this graph, it
can be seen that the TON is the highest when nano-Al,0; was used under
solvent free condition at 40 °C. The table 1 also displayed the turn ove.r
frequency (TOF) which was also maximum in case of nano rod-shaped Al,O3 as

catalyst under solvent free condition at 40 °C.

TON
838888388

oxide
umina B
umina |
umina
umina |
uming e
umina
umina
umina
umina |
umina
umina R

T2
o
B4
3 E

’  Pyridine

Titanjum

Tri ethy! amine
Bulk basic Al

Tri phenyl phosphine
Bulk basic A
Bulk acidic Al
Nanobasi
Nano ba:
Nano basi
Nano basi
Nano ba:
Nano basic Al
Nano basic Al
Nanobasic A
Nano basic Al
Nana basic A

Figure 5. TON of several catalysts from Table 1

These comparative studies led us to undertéke the reaction under solvent free
condition because the reaction was sluggish and provided poor yield in the
presence of solvent. The reactions were found to be mildly exothermic which
required initial cooling using ice bath while formic acid was added to the
reaction mixture cqntaining alkyl/aryl amine and Al,O3 nano rod. Subsequently,
the reaction was allowed to come to ambient temperature.

Triggered by these interesting results, we proceeded to repeat the model
reaction with different quantities of formic acid and catalyst ldading. As
indicated in table 2, by inc;,reasing the quantity of forrﬁic acid from 1.0 to 3.0
.e.quiv. and increasing the catalyst loading from 1 mol% to 5 mol%, the yield
was ciearly improved along with the reduction of reaction time. Eurther
increasing of the catalyst loading to 15 mol% and decreasing the quantity of

formic acid to 1.0 equiv. led to lower yield.
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Table 2. Optimization of catalyst loading and amount of formic acid®

Entry Formic acid Catalyst loading Time Yield
(equiv.) (mol%) (min) (%)"

1 1.0 1 50 60

2 1.0 3 30 78

2 1.0 5 .30 80

3 1.0 10 8% 70

4 1.0 15 130 61

5 20 5 © 20 85
5 3.0 s 5 <98

6 3.0 10 00 80

? Reaction was performed at 40 °C under solvent free and aerobic condition
using nano basic Al,0s,° Isolated yield

Realising this enhancement of N-formylation reaction by nano-Al,0s, ouf
‘NOSE’ chemistry approach was extended to other‘nanocatalys_,ts consideriné
the same model reaction. All these nanocatalysts were purchased from Sigma
Aldrich and were used without further puriﬁcatioﬁs. The results are summarised
in .table 3. From table 3, it is evident that using 5 mél% catalyst loading, only
basic Al,O3 nano rod showed better catalytic performance at 40 °C (Table 3,
entry 7). But, the other mentionéd naﬁocatalysts provided comparatively poorer
yield eithef at40 °C or at 70'°C (Table 3, entriés 1-6).

Table 3. Optimization with nanocatalysts

Entry Nanocatalyst® Temp. (°C)  Time (min)  Yield (%)

1 a-Fe,0s (19 nm) 40, 70 180 44, 60

2 v-Fe;05 (8 nm) . 40, 70 100 50,35

3 Fe,O;5 (12 nm) 40,70 90 40, 60

4 Fe;04 (<50 nm) 40, 70 60 70, 55

5 FeO(OH) (20-40 nm) 40, 70 80 74,36

6 TiO, (<80 nm) 40, 70 300 trace

6 MgO (<50 nm) 40,70 60 77, 68

7 Nano basic Al,O3 40, 70 5,60 >98, 75
(37.4-39.7 nm) '

“'5 mol% of catalyst was used, ” [solated yield.

2.1.2.3 Nano-Al;0; catalyzed N-formylation of 1° and 2° amines
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With this convenient experimental reaction condition in hand, we next assessed
the generality for various ar-omatic and aliphatic 1° and 2° amines under the
standardized condition and the results are summarized in table 4. Nano-Al,O; is
found to be highly effective in formylating both electron-rich and electroh-poor
anilines in excellent yields (Table 4, entries 1-10). Hosseini et al., recently
reported that ZnO catalyzed N-formylation of p-nitroaniline providing 77%
yie.ld.'3k Howevér, Choi and co-workers’ proce:durél4d failed to give the product
when p-nitroaniline was treated with fémic acid in toluene with Dean-Stark
trap. ‘But, in our protocol using Al,O; nano rod, the yield is comparatively
enhanced (Table 4, entry 6). Phenyl hydrazine also reacted efficiently affording |
the product (Table 4, entry 11). The reaction of p-phenylene diamine proceeded
with slower rate produéing the expected N-formylation product in 85% (Table
4, entry 12) yield. But when o-phenylene diamine was reacted, it underwent
‘ cyglization to give benzimidazole® as the product (Table 4, entry 13). The
formy.lation of diphenyl amine proceeded with faster rate yielding 97% (Table
4, entry 14) of the produ;:t. The N—formyléti'on of amino acid derivatives was
readily achieved using our protocol in very high yields (Table 4, entries 15 and
16), which was‘not found in the previous report.30 In the course of our studies,
the transformation of benzamide and acryl amide into the corresponding N-
formylation products was also investigated. Both furnished slightly lower yields
(70% in 3 and 4 h respectively). It might be due to the withdrawing of lone pair
of electrons over N- atom towards the cafbonyl group making N-atom electron
deficient for the nucleophilicg attack. The reaction of benzyl amine and
imidazole under the present reaction condition. also furnished N-formylation

products in satisfactory yields (Table 4, entries 17 and 18).
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Table 4. Nano rod-shaped basic ALOs catalyzed N-formylation of 1° and 2°

amines
Entry Amine 1 , Time (min) Yield (%)*°
1 CsHsNH, : 5 <98
2 4-CICsH4NH, 10 93
3 2-CICsHaNH, 0 90
4 2-NO,C¢H NH, 15 90
5 3-NO,C¢HNH, ' 10 - 93
6 4-NO,C¢H,NH, 10 90
7 4-MeOCH,NH, 20 .95
8 2-MeCgH,NH, 15 - 92
9 4-HOCgH,NH," 25 90
10 4-COOHCgH,NH, 30 92
11 CsHsNHNH, 45 90
12° 4-NH,CsH,NH, 260 85
134 2-NH,CsH,NH, 300 - 85
14 (CeHs),NH 12 - 97
15 NH,CH,COOH 30 98
16 CH;CH(Me)CH(NH,)COOH 30 98
17 CsHsCH,NH, 30 93
18 Imidazole 90 85
19° Piperazine : 50 95
20°  NHy(CH,),NH, 15 95
21 Pyrrolidine 55 63
22 CH;NH, 10 98
23 (CH;CHCH;);NH 240 43
24 CsHsOH NR°
25 C¢HsCH,OH NR®
26 C¢HsCHNOH 300 f
27 C¢HsCHNNH, 300 f
28 OHNH,'HCI NR®
29 H,NNH, NR®

“ Yields refer to the isolated pure products, ® Products were characterised by IR and
- NMR (‘H and 1*C) spectroscopy, MS- and also by comparing their melting
points/boiling points with the authentic ones, ° 6 mmol formic acid was used,
4 Benzimidazole was formed, ¢ No reaction, f Mixture of unknown compounds

For aliphatic 1° and 2° amines, and diamines, the reaction showed good
results towards the formation of N-formylation products. under the present
methodology (Table 4, entries 19-22). The N-formylation of sterically hindered

diisopropyl amine could generate only 43% yield of the product even after
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conducting the reaction for 6 h (Tablé.4, entry 23). In an attempt to transform
phenol, benzyl alcohol, benzaldoxime, benzaldehyde hydrazone, ‘hydroxyl
amine and hydrazine hydrate into corresponding N-formylation products under
our condition, the reactions failed even after stirring for 24 h and only starting
material was recovered (Table 4, entries 24-29).

The transformation of anilines carrying different electron withdrawing and
electron donating moieties into thé corresponding N-formylation products
proceeded smoothly under the present reaction condition that demo>nstrated-the
compatibility of those moieties towards the reaction condition. As a whole, the
aryl and alkyl amines were converted into the desired formamides with high
purities and yields and Qith no side product(s) formation.

Notably, previous report of N-formylation using KF-Al,0s,%" is associated
with some disadvantages, such as, (a) the system worked only for 2° amines and
not for the 1° amines, (b) highly carcinogenic, chloroform was used, (¢) KF-
AlLO5 system was not recyclable, which is a set back from the aspect of
economy and green chemi;try. Similarly, Al,O3supported formic acid* system
also (a) took longer reaction time, (b) provided poor yield, and (c) loading of
alumina as .a support was quite higher.
2.1.2.4 Nano-Al;0; catalyzéd N-formylation of indole and its derivatives

In order to broaden the scope of using nano basic Al,0; for N-formylation
reactions, we next attempted the reaction using indole as a starting material. In‘
this case, we could not obtain the expected product in goqd-yield at 40 °C. Of
particular signiﬁcance is that by raising temperature to 70 °C, N-formylation
product was obtained in excellent yield (Table 5, entry 1). Therefore, taking it to

be standard reaction condition for indole, the generality of the reaction was
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investigated for several indole derivatives and the results are presented in table
5. We were pleaged to find that indoles substituted with electron donating
groups at 2- and 3-positions underwent N-formylation reaction effectively akin
to indole giving desired products in good to high yields (Table 5, entries 2 and
3). 6-bromo indole having an ele‘ctfon withdrawing moiety also provid.ed high
yield under the present reaction condition (Table 5, entry 4). Indole-3-
acetonitrile also produceci N-formylation product in high yield (Table 5, entry
.5). Indole-3-acetic acid and Indole-3-butyric acid were also transformed into the
corresbonding N-formylation products with' somewhat lower yields (Table 5,.
entries 6 and 7). It might be due to the steric crowding at 3-position.

Table 5. Nano-Al,O; catalyzed N-formylation of indole and its derivatives®

Entry Substrate Time (min) Yield (%)°°
1 : Indole 0 98
2 2-methyl indole 45 92
3 3-methyl indole 45 .90
4 6-bromo indole . 30 90
5 Indol-3-acetonitrile 60 90
6 Indol-3-acetic acid 160 75
7 Indol-3-buyric acid 200 68

“ Reaction condition: 1 mmol indole, 3 mmol formic acid, 70 °C, © Yields refer to
the isolated pure products, © Products were characterised by IR and NMR ('H and
1*C) spectroscopy, MS and melting points. '

2.12.5 Nano-Al;0; catalyzed synthesis of acetamide
After gaining such versatile applications of nano basic Al,Os, we were
_curious to see what would happen if we replaced formic acid by acetic acid

under the standard condition (Scheme 3).

nano-Al,05
CH. H
R—NHzﬂ» R——N~——COCH,
5 70°C 6
R = alkyl, aryl

Scheme 3: Synthesis of acetamide derivatives

With this notion in mind, we checked the reaction with aniline (10.7526
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mmol, 1000 mg) and glacial acetic acid (10.7526 mmol, 0.61 mL) in the
preseﬁce of nano-Al,O; (5.0 mol%, 54.8 mg) and we observed the formation of
acetémide with high yield without any side product V(Table 6, entry 1). The
experimental conditions and details are described in table 6.

* In our studies, we found that both the aryl and alkyl amines underwent
reaction with acetic acid in the presence of nano-Al,0O; forming acetamide ‘
derivatives efﬁciéht]y. It is found that aryl amines substituted with electron
withdrawing méieties produced sign'iﬁcantly lower yield of products than those
substituted with electron donating moieties (Table 6, .entries 1-12). |

Table 6. Nano-ALQOs catalyzed synthesis of acetamide®

Entry R Time (min) Yield (%)™°
1 CeHs ' 10. 99
2 " 4-CIC¢H,4 18 90
3 2-CICgHs4 20 90
4 2-NO,CeHy 15 90
5 3-NO,CeH, 15 85
6 .4-NO,C¢H, - 35 70
7 4-MeOCgH, 20 95
8 2-MeCgH, 15 92
9 4-HOC¢H.4 45 80
10 4-COOHC¢H, 30 88
11 CeHsCH, 10 93
12 CH;, 25 : 98
13¢ 4-NH,CH,4 260 Trace
144 2-NH,CsH, 360 85°

* “ Reaction condition: 1 mmol aryl/alkyl amines, 1 mmol acetic acid, 5 mol%
nano basic Al,0s, 70 0C, ® Yields refer to the isolated pure products, ° Products
were characterised by IR, NMR (‘H and "*C), MS and melting points, ¢ 2 mmol
acetic acid was used. ° Benzimidazole was formed
Under the present reaction condition, p-phenylene diamine showed trace
yield (Table 6, entry 13) of product. However, with o-phenylene diamine,
instead of furnishing amide, cyclization occurred and 2-methylbenzimidazole

was obtained in good yield (Table 6, entry 14). Furthermore, the attempt to use

cyano acetic acid and trifluoro acetic acid for the synthesis of expectéd products
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- failed under-the present condition. ‘Our studies revealed that the treatment of
aniline with propionic acid and butanoic acid in the presence of nano basic
-ALOs Aproduced the corresponding amides-in moderate. yields (45% and 50%
respectively) upon heating at 70°C for 15 h.-However;:dicarboxylic acids (such
as adipic and malonic acid) and ‘the long chain moﬁdcarboxylic acids (such as
lauric and beheﬁic‘ 'aéid) remained unreactive with aniline even after stirring at
80-100 °C for more than 24 h.
2126 Plausible mechanism for tﬁé N-formylation of amines
To i)resént a mechanistic }ationale of this proto'(;ol, a plausible. mechaﬁism
for N—formylation-; of an'lines"éathlyzcnajd.byélano— Easic Al,O; is debicted in
schelﬁe 4. It has been proposed that the action of nano A1203 as Lewis base
. increases the electron density 6#7 carbo;cer;tre of fort;lic, acid, possibly via the
forméﬁdh of an intermediaté I This increase? zin electron density normally
- translates to enhanced nucleophilicity of the acceptor subunit. However, due to
wth_,e__gounterix}tuit'iyc‘_ consequence of the binding of a Lewis base, the
~ electrophilic character of the acceptor in the, reactive iqtermed\igte @ is

enhanced. Finally, elimination of water from (II) leads to the formation of N-

formylation product. - -: - o .. :

Scheme 4: Plausible mechanism for the N-fdnﬁylétion of amines
2.1.2.7 Investigation on recycling potential of nano-Al,0;
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It is.important to einphasize that catalyst recyclability. is an .essential aspect
_ of the green chemistry. Therefore, the recycling potential of the ;nano-AléO;was
also inspec'ted‘ during ‘our studi_es.of the model reaction (Scheme 2). It is our
pleasure to. mention that nano-ALQj is found. to be equally effective '_f.r,om». fresh
up to the 5® cycle without significant loss of activity (Table 7). It could also be
efficiently reused in the 6™ cycle, however, after that the yield of the product
started ‘to decrease. . ST |

Table 7. Recycling potential;of nano-Al,Q3 - i, .

Numberof . Fresh Run® Run Run _Run- Run :Run Run Run Run

cycles® 1 2 3 4 5 6 7 8 9
- Yield (%)b; 98. . 98 98 -; 98 .98 .. 98+ 90 8 . 75 60
Time 5 5 5 5 5 5 25 40 60 180
(mm) T el 3 oo . e
TON 784 784 784 784 784 784 72 68 60 48

4 Reaction condition: 3.225 'r’rim'd_l”aniljne's‘ ‘9.6774 mmol formic acid, 0.16129 mmol

6 mol%) nano basic Al,O;, 40 °C, ® Yields rpfer' to the isolated pure products. o
"The XRD pattern of thé fresh nano-Al;O; was compared with the recovered
" one after 5™ cycle (figuré 6). It was observed fromi the figure 6 that the intensity
of the two highest peak's in fresh Tiano-Al,O; decreased in the recycled one after

5™ run and it might be due to the dislocation of t'he:“c‘r‘y‘sftva.l planes which might

2theta (scate)

Figure 6. Comparison of XRD of (a) fresh and (b) the recovered nano-Al,O;

after 5 cyclé
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be the legitimate cause for the considerable lowering of yield of the N-
formylation prodﬁct in 6™ run and SO on.

SEM and TEM micrographs of recovered nano-AlL,O; after 5" run is shown
in figure 7 (a) and 7 (b). High agglomeration' of the nano-Al,O; was observed,
which might also play a rol¢ in reducing the yield and reaction rate. It is clear
from table 7 that the TON of the catalyst is retained from fresh fo the 5™ cycle

and then it starts declining.

Figure 7. (a) SEM and (b) TEM image of recovered nano- Al,Os after 5% cycle
The recyclability chart of catalytic potential of nano-Al,Oj; is shown in figure
8. It is thus clear from figure 8 that the catalytic activity was maintained up to

5" run and after that it started decreasing considerably.

Number of cycles

Figure 8. Catalyst recyclability chart
2.1.3 Conclusions
In conclusion, in a novel and convenient protocol we have shown that the N-

- formylation of amines occurs under solvent free condition using nano rod-
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shaped basic Al,Os3 as an efficient catalyst. The advantages offered by this
method include (a) simple experimental procedure and reaction setup only at 40
°C/70 °C, (b) does not require any specialized equipment, (c¢) high yields of
desired prodﬁcts, (d) proceeds under ambient conditions with diverse substrate
compatibility, (e) good chemo selectivity, (f) suitable recyclability, (g) moisture
stability of the catalyst, (g) cost effectiveness, and (h) environmentallyk benign
along the line of green chemistry. The application of nano-Al,O; in organic
synthesis is not fully explored. Hence, as communicated here, we are optimistic
that metal nanoparticles including ALO; nano rod would find increasing
applications for new chemical transformations, including those which e:nable the
synthesis of compléx natural products and derivatives. ‘Efforts are currently
underway in our research graup to apply ‘NOSE’ chemistry to the construction
of other potentially valuable organic rﬁolecules like pyrimidine derivatives.
2.1.4 Experimental
2.1.4.1 General Experimental Methods

Rod-shaped nano Al,0O3; (The average particle diameter 8.12 nm and average
length 25.5 nm, Sger =185.6 m’g" and p =3.98 gem>, purity, 99.99%) were
purchased from Sigma Aldrich and used as received. Tha chemicals and
reagents were purchased from Sigma-Aldrich, Merck, M/S S. D. Fine
Chemicals Pvt. Ltd. and Loba chemical, and usad' without further purification.
Transmission electron microscopy was performed by (TEM) [CM12, PHILIPS]
with energy dispersive spectroscopy (EDS) [OXF ORD] and sample preparation
facility. The surface morphology and EDX were studied using JEOL scanning
electron microscope (model JSM-6390LV SEM). The XRD pattern was

recorded with Rigaku-X-ray diffractometer. Melting points were determined in
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a Biichi 504 apparatus. IR spectfa were recorded as KBr pallets in a Nicolet
(I;*npact 410) FT-IR spéctrophotometer. 'H and "*C NMR spectra were recorded
in a 400 MHz NMR spectrophotometer (JEOL, JNM ECS) using
tetramethylsilahe (TMS) as the interﬁal standard and coupling constants are
-expressed in Hertz. Elemental analyses were carried out in a Perkin—Elmer
CHN analyser (2400 series [I). Mass spectraAwére recorded wiFh a Waters Q-
TOF Premier and Aquity UPLC- spectrometer. Visualization was accomplished
with UV lamp or I, stain. Reactions were monitored by thin-layer
chromatography using aluminium sheets with siiica gel 60 Fys4 (Merck).
2.1.4.2 General Procedure for the N-formylation of alky/aryl amines

[n an oven dried‘round bottomed flask (50 mL) rod-shaped nano basic Al,O;
(5.0 mol%) were added and then alky/aryl a'mines (5.0 mmol) and formic acid
(15.0 mmol) were added. The reaction was found to be mildly exothermic
which required initial cooling on ice bath while formic acid was added to the
reaction mixture containing alkyl/aryl amine and nano basic alumina. After that
it was allowed to stir on a pre heated oil bath at 40 °C under aerobic condition
till the required time (the progress of the reaction was judged by TLC). The
reaptio_n mixture was brought to room temperature after its completion and ethyl
acetate (3x10 mL) was added to. Having done this, the reaction mixture was -
washed with water and brine, dried over Na,SO,, concentrated 'in a rotary
evaporator and finally the crude product was charged to column
chromatography (30% ethyl a(.:letate: hexane as an eluent) for purification and
wherever necessary the products were recrystallized from hot ethanol.
2.1.4.3 General Procedure for the N-formylation of indole

To a two neck round bottomed flask (50 mL) rod-shaped nano basic Al,O4
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(5.0 mol%, 5.0 mg) were added and then indole (1.0 mmol, 117 mg) and formic
actd (98%, 3.0 mmol, 0.11 mL) were added. After that it was allowéd to stir on
a pre hgated oil bath at 70 °C till the required time (the progress of the reaction
was judged by TLC). The reaction mixture was brought_to room temperature
after its completion and ethyl acetafe (3x10 mL) was added to it. Having done
this, the reaction mixture was washed with wéter and brine, dried over Na;SOq,
concentrated in a rotary evaporator and finally the crude product was purified
by column chromatography (30% ethyl acetate: hexane as an eluent).
2.1.4.4 General Procedure for the synthesis of acetamide

To a 50 mL round bottomed flask, nano alumina (5.0‘ mol%, 54.8 mg) were
taken with aniline (10.7526 mmol, 1000 mg) and then acetic acid glacial
(10.7526 mmol, 0.61 mL) was added to it. Then the reaction mixture was heated
at 70 °C on a preheated oil bath‘till the product formation (monitored by TLC)_.
The reactio-n mixture was brought to room temperature after its completion and
ethyl acetate (3x10 mL) was added to. Having done this, the reaction mixture
was washed with water and brine, dried over Na;S0,, concentrated in a rotary
evaporator and finally subjected column chromatography (30% ethyl acetate:
hexane as an eiuent) for purification.
2.14.5 Recycliﬁg potential of rod-shaped néno alumina

After carrying out the experiment, ethyl acetate was poured and the reaction
mixture was centrifuged to pellet out the nano A1,0;. The particles were then‘
extracted by simple centrifugation (3,000-5,006 r.p.m) and washed with hot
ethanol (3x10 mL) to remove all the organic impurities. Finally, it was decanted
and dried in vacuo. The recovered nano alumina rod wasA used directly in the

next cycle. The nano alumina rod was found to be effective equally up to the
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fifth cygle and after that the yield of the product slightly decreased.
2.L5 Several équations used

The crystallite sizes were calculated from the X-ray line broadening (figure
2) by appiying full width half .méximum (FWHM) of characteristic peaks (4 0
0) and (1 0 0) to the Scherrer equation.

0941 : . )
D e e e
hki Boost Q)

The theoretical particle size was also calculated from the surface area
assuming particles to be spherical. The equation for calculating the average

particle diameter in nanometers is:

6000
Dy = (—)
Seer X P

where Dpggr is the equivalent particle diameter in nanometers, p is the density of

the material in gem?, and S is the specific surface area in m’g"' (Sger =185.6
2.1 - 3

m°g" and p =3.98 gcm™).

2.1.6 Physical and spectroscopic data of selected compounds

N-(4-Formylamino-phenyl)-formamide (Table 4, entry 12)

EHCHN—@—NHCH%

Light brown solid; R¢= 0.30 (30% AcOEt:hexane); mp 135-140 °C; 'H NMR

(400 MHz, DMSO, TMS): § 8.22 (s, 1H), 7.53 (d, J = 2.76, 2H, Ar-H), 7.13 (d,
J =276, 2H, Ar-Hj; BC NMR (100 MHz, DMSO, T™MS): & 159.8', 134.8,
120.7, 120.1; IR (KBr pellets) vmax: 3380 cm™ (NH), 1710 cm™' (CO), 2790 crﬁ"

-(CH); m/z (GC-MS) 164.10 [M']; Anal. Calcd (%) for CsgHsN,O,: C, 58.53; H,
491;N, 17.06. Found C, 58.12, H, 4.51, N, 16.66.

N,N-Diphenyl-formamide (Table 4, entry 14)
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HO

oo

Yellow solid; R¢= 0.76 (30% AcOEt:hexane); mp 68-73 °C;.'H NMR (400

z—0

MHz, CDCl;, TMS): & 8.69 (s, 1H), 7.16-7.7.39 (m, 10H, Ar-H); *C NMR
(100 MHz, DMSO, TMS): & 161.8, 141.8, 139.7, 129.7, 129.2, 127.1, 126.9,
126.2, 125.1; IR (KBr pellets) Vysax: 1700 cm” (CO), 2820 cm™ (CH); m/z (GC-
MS) 197.00 [M*]; Anal. Calcd (%) for C(3H;\NO: C, 79.16; H, 5.62; N, 10.00. -
Found C, 78.75, H, 5.21, N, 9.60.

Formylamino-acetic acid (Table 4, entry 15)

0.
H
N
OHC OH

White solic‘i; Rf= 0.53 (30% AcOEt:hexane); mp 133-138 °C; 'H NMR (400
MHz, D,0, TMS): & 7.98 (s, 1H), 3.86 (s, 3H); *C NMR (100 MHz, D0,
TMS): § 173.1, 164.6, 40.6; IR (KBr pellets) vimax: 3400 cm™ (NH), 1720 em™
(CO); 1690 (CO), 2800 cm™" (CH); m/z (GC-MS) 103.03 [M']; Anal. Calcd (%)
for C3HsNOs: C, 34.96; H, 4.89; N, 13.59. Fqund C,34.56,H,4.48 N, 13.19.

2-Formylamino-3-methyl-butyric acid (Table 4, entry 16)

White solid; R¢= 0.45 (30% AcOEt:hexane); mp 203-208 °C; 'H NMR (400
MHz, D,0, TMS): & 8.17 (s, 1H), 3.99 (d, J = 5.04, 3H), 3.41 (d, /= 5.04, 3H), -
1.96-2.09 (m, 1H); *C NMR (100 MHz, D,0, TMS): 8 177.7, 169.6, 60.2, 29.7,
16.5, 16.4; IR (KBr pellets) Vpa: 3410 cm™ (NH), 1725 cm’ (CO); 1685-(CO),
2810 cm™ (CH); m/z (GC-MS) 145.07 [M*]; Anal. Calcd (%) for CsH;{NO;: C,

49.65; H, 7.64; N, 9.65. Found C, 49.23, H, 7.24, N, 9.25.
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Piperazine-1,4-dicarbaldehyde (Table 4, entry 21)

u
OHC—N  N—CHO
\__/

Light yellow tinted powdér; R¢= 0.43 (30% AcOEt:hexane); mp 123-128 °C;

'H NMR (400 MHz, DMSO, TMS): & 8.30 (s, 1H), 3.10 (s, 8H); "*C NMR (100
MHz, DMSO, TMS): 6 167.9, 33.6; IR (KBr pellets) vimax: 1735 cm”! (CO);
2815 cm™ (CH); m/z (GC-MS) 142.03 [M']; Anal. Calcd (%) for CeHioN,Oy:
'C, 50.69; H, 7.09; N, 19.71. Found C, 50.29, H, 6.69, N, 19.31.
4N-(2-F0rmylamino-éthyl)—formamide (Table 4, entry 22)
NHCHO
-
Off white powder; R¢= 0.48 (30% AcOEt:hexane); mp 110-115 °C; 'H NMR
(400 MHz, DMSO, TMS): & 8.14 (s, 1H), 3.42 (s, 4 H); >C NMR (100 MHz,
DMSO, TMS): § 167.9, 35.5; IR (KBr pellets) Vmax: 3435 cm™ (NH), 1715 cm’™
(CO), 2825 cm™ (CH); m/z (GC-MS) .116.00 [M*]; Anal. Caled (%) for

C4sHsN>O,: C, 41.37; H, 6.94; N, 24.12. Found C, 40.97, H, 6.52, N, 23.71.

N-Methyl-formamide (Table 4, entry 24)

H,C” CHO
- Light yellow slightly viscous liquid; R¢= 0.84 (30% AcOEt:hexane); 'H NMR
(400 MHz, CDCl,, TMS): & 8.45 (br,. 1H), 8.26 (s, 1H), 2.78 (d, J = 11.44, 3H);
BC NMR (100 MHz, CDC13,' TMS): 8 167.9, 24.6; IR (KBr pellets) vyax: 3455
cm™ (NH), 1738 cm™' (CO), 2820 cm™ (CH); m/z (GC-MS) 59.05 [M']; Anal.
Calced (%) for CzﬁsNO: C, 40.67; H, 8.53; N, 23.71. Found C, 40.23, H, 8.11,
N, 23.31. |

Indole-1-carbaldehyde (Table S, entry 1)
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(10

OHC{
Off white powder; R¢= 0.67 (30% AcOEt:hexane); mp 90-95 °C; '"H NMR (400
MHz, CDCl;, TMS): & 8.94 (s, 1H), 6.99-7.32 (m, 6H, Ar-H); '*C NMR (100
MHz, CDCl,, TMS): 6 160.7, 137.0, 137.9, 127.9, 124.9, 124.7, 122.9, 122.7,
122.5,120.3, 119.3, 119.2, 116.4, 111.7; IR (KBr pellets) vamay: 1727 cm™ (CO),
2822 cm™' (CH); m/z (GC-MS) 145.05 [M'}; Anal. Calcd (%) for CoH,NO: C,
| 7447, H, 4.86; N, 9.65. Found C, 74.07, H, 4.45, N, 9.25.

(1-Formyl-1H-indol-3-yl)-acetonitrile (Table 5, entry 5)

Brown oil; Ry= 0.24 (30% AcOEt:hexane); 'H Nl\/[R (400 MHz, CDCl;, TMS):
5 8.03 (s, 1H), 7.10-7.17 (m, 4H, Ar-H), 6.70 (s, 1H, Ar-H), 2.98 (s, 2H); °C
'NMR (100 MHz, CDCl;, TMS): 8 161.6, 1364, 127.4, 122.0, 121.6, 1193,
118.9, 115.4, 115.2, 111.2, 35.5; IR (KBr pellets) vpa: 1705 cm™ (CO)F,. 2815
cm’! (CH), 2200 (CN); m/z (GC-MS) 184.06 [M']; Anal. Calcd (%) for
Ci1HgN,0: C, 71.73; H, 4.38; N, 15.21. Found C, 71 43 H, 3.98, N, 14.81.

4-(1-Formyl-1H—ind0|—3-yl)-butyric acid (Table §, entry 7)

OH,

Light yellowish brown solid, R¢= 0.20 (30% AcOEt:hexane); mp 111-116 °C;
'H NMR (400 MHz, CDCly, TMS): & 9.3 (br, 1H), 9.0 (s, 1H),.7.11-7.59 (m,
4H, Ar-H), 6.97 (s, 1H, Ar-H), 2.81 (q, J = 7.28, 2H), 2.42 (t, J = 7.32, 2H),
2.06 (d, J = 7.32, 2H); >C NMR (100 MHz, CDCi;, TMS): & 180.0, 167.6,
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136.4, 127.4, 122.0, 121.6, 119.3, 118.9, 115.4, 111.2,33.6,33.5,25.1, 24.4; IR

(KBr pellets) Vmac: 1720 cm™ (CO), 1685 cm™ (CO), 2807 cm™ (CH), 3420

(OH); m/z (GC-MS) 231.09 [M']; Anal. Calcd (%) for C1sH,3NOy: C, 67.52; H,
5.67; N, 6.06. Found C, 67.12, H, 5.27, N, 5.66.

N-(4-Chloro-phenyl)-acetamide (Table 6, entry 2)

a )
(o]
S LT

Off white crystalline needle; R¢= 0.26 (30% AcOEt:hexane); mp 177-182 °C;

'H NMR (400 MHz, CDCl5, TMS):  7.45 (d, J = 8.72,2H, Ar-H), 727 (d, J =
8.72, 2H, Ar-H), 7.34 (br, 1H), 2.17 (s, 3H); *C NMR (100 MHz, CDCl;,
TMS): & 168.4, 136.4, 129.3, 129.0, 121.1, 29.7, 24.6; IR (KBr pellets) vpay:

3406 cm™ (NH), 1702 cm™' (CO); m/z (GC-MS) 169.03 [M*]; Anal. Calcd (%)
for CsHgCINO: C, 56.65; H, 4.75; N, 8.26. Found C, 56.25, H, 4.35, N, 7.85.

N-(4-Methoxy-phenyl)-acetamide (Table 6, entry 7)

Light purple powder; R¢= 0.32 (30% AcOEt:hexane); mp 134-139 °C; '"H NMR

(400 MHz, CDCl3, TMS): 8 7.67 (br, 1H), 7.36 (d, J = 7.80, 2H, Ar-H), 7.09 (d,
J =1.76, 2H), 2.29 (s, 3H), 2.12 (s, 3H); '*C NMR (100 MHz, ‘CDCl3, TMS): &
168.5, 135.4, 133.9, 129.4, 120.1, 24.4, 20.8; IR (KBr pellets) Vmax: 3378 cm™
(NH), 1674 cm™ (CO); m/z (GC-MS) 165.08 [M']; Anal. Caled (%) for
CoH,NO,: C, 65.44; H, 6.71; N, 8.48. Found C, 65.04, H, 6.31, N, 8.08.
N-Mefhyl-acetamide (Tablei6, entry 12)

o

HSC\ N/U\

CH
N 3
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"Colorless solid; R¢=0.38 (30% AcOEtfhexane); mp 134-139 °C; 'H NMR (400
MHz, CDCl3, TMS): 8 5.52 (br, 1H), 2.82 (d, J = 5.04, 3H), 2.04 (g,- 3H); BC
NMR (100 MHz, CDCl;, TMS): 6 170.8, 26.4, 2‘3.1; [R (KBr pellets) viax: 3332°
cm™ (NH), 1690 cm™ (CO); m/z (GC-MS) 73.05 [M']; VAnal. Caled (%) for

C3H;7NO: C, 49.30; H, 9.65; N, 19.16. Found C, 48.90, H, 9.23, N, 18.86.
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Section 11

Nano rod-shaped basic AL,O; catalyzed N,N-diformylation of bis-
uracil Derivatives: A greener ‘NOSE’ approach

2.11.1 Introduction

The exercise of metal/metal oxide nanoparticles as .a frontier between the
homogeneous and heterogeneous catallysis’ in organic sypthesis has invok@d
tremendous 'mtefestsz in the recent times. The interesting features inherited with
these small particle sizes are their large surface area along with more edges and
corners, distinct electronic, optical, magneti(;, thermal and chemical proper’ties.3
The crucial role of nanoparticles in organic transformations is theif excellent
‘catalytic activity, straightforward recoverability, better selectivity, criteria of
evolution and their versatile role in greén chemi,stry.-4 Thus, the domain of metal
nanoparticle catalysis® should offer opportunities for mining: ﬁew chemical
reactions® which include the synthesis of biologically important and syﬁtﬁetically
challenging natural products. In the context of green cher‘nis_try,7 organic
synthesis in solvent free reaction condition® has occupied a significant position in
the recent years since so_li/ent free reaction condition involves the best reaction
medium with ‘no medium’.’

One of the- key motifs present in the biopolymer RNA'® is uracil,va nucleobase
»of the pyrimidine family which participates in various functions in our life
processes.'' Uracil derivatives also have several potent medicinal properties such
as bronchodilators and anticancer,'? antiallergic," antiviral,'* antihypertensive
and adenosine receptor antagonists.'> Recently, our research( group reborted a
- greener protoéol for ’the synthesis of bis-uracil derivati\{evs."6 Bis-uracil and their

analogues have also been isolated from marine sea hare Dolabella auricularia."”
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Some of the N-substituted bis-uracil -analogues have been screened for
bioactivities against several diseases.'®

To explore the possibie applications of the metal/metal oxide nanoparticles in
organic synthesis, we have been focusing on the advancement of a protocol
termed “NOSE” (Nanoparticles-catalyzed Organic‘ Synthesis Enhancement)'
chemistry in our laboratory. To the best of our knowledge, there has been no
report on nano rod shaped Al,O; catalyzed N,N-diformylation of bis-uracil
derivatives. Recently, we reported N-formylation of amines catalyzed by nano-
ALOj; under solvent free reaction condition.'* This work inspired us to focus on
nano-Al,O; catalysisl for the N,N-diformylation of bis-uracil analogous.

Therefore, in this report we wish to account for the same (scheme 1).

-
( ’ R R
NH: NHCHO (o]
2 ? " HCOOH Ve "
ME\N NS | N e 40 °C, SFRC J\ X | N”
—
O)\ll‘l O HxN ril/&o 07 "'N” “O OHCHN rlq/go
Me Me -nano—A1203 Isolated] Me Me
: 1(a-k) and .. 2(a-k)
Reused

Scheme 1. N,N-diformylation of bis-uracil derivatives 1(a-k)
Nano-Al,03 draws our 'attention due to its crystalline size and shape, abrasive
and insulating properties, less toxicity, large surface area, basic surface
charécteristics, high resistant towards bases and acids and éxcellent wear
resistance.”’
2.11.2. Results and Discussion
211.2.1 Optimizdtion of the.reaction condition for N,N-diformylation reaction
With the previously reported catalyst characterizations in hand,"*® to begih
with, reaction of  6,6'-Diamino-1,1",3,3"-tetramethyl-5,5'-(benzylidene)
bis[pyrimidine-2,4(1 H, 3H)-dion<:]I6 (1a, 1 mmol) with formic acid (6 mmol) was

chosen as the model reaction (Scheme 2). The optimization of the various
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parameters of this reaction is elaborated in Table 1. Initially, the reaction was
"~ carried out without using catalyst under solvent free reaction condition at 40 °C
and 80 °C which did not yield any product (Table 1, entries 1 and 2).

. Table 1. Optimization of the reaction conditions for the N, N-diformylation of 1a

NHa 0 : NHCHO 0
RN | nM°_HOOOH Mes ' M
Catalyst
o)\th 0 HoN ril’go . 0&'\7 0 OHCHN r!l/go
Me Me Me Me
L 1a 2b

Scheme 2. Optimization of reaction condition

Entry Catalyst Solvent Temp. Time Yield (%)
(°C) (h)
1 None - Solvent free .40 9 NR®
2 None Solvent free 80 9 NR°
3 None H,0 40 - 12 NR®
4 None CH;CN 40 12 NR®
5 None MeOH 40 12 NR°®
6 None EtOH 40 12 NR*
7 None ~ THF 40 12 NR°®
8 None Toluene ‘ 40 12 NR®
9 None -~ DMSO 40 12 NR®
10 None Xylene 40 12 NR®"
11 None ‘ DMF 40 12 NR°®
12¢ K,COs Solvent free 40 12 NR®
13¢ PPh; Solvent free 40 12 NR®
14 Imidazole Solvent free - 40 10 - Trace
15 Nano-ALL,O;'  Solvent free 40 45'min 70
16  Nano-MgO’ Solvent free 40 3 34
17 Nano-Fe;0;*  Solvent free 40 5 12
18°  Nano-TiO;  Solvent free 40 4 8
19 Nano-ALO;'  Solvent free 80 2 43
20° Nano-ALO;' Solvent free 40 3 25
21° Nano-ALO;' Solvent free 40 4 17
228 Nano-Al,Q5' Solvent free 40 6 8

Reaction condition: Bis-uracil 1a (1 mmol, 0.454 g), formic acid (6 mmol, 0.66
mL), solvent (5 mL). ® Isolated yields. © No reaction was observed. ¢ 7 mol%
catalyst was used. ¢ 5 mol% catalyst was used. /3 mol% catalyst was used. £ 10
mol% catalyst was. used. ”.1 mol% catalyst was used. ’ Particles size (17.4-16.4
nm)./ Particles size (<50 nm). * Particles size (12 nm).,’ Particles size (<80 nm).

Various solvents were also tested under the mentioned condition but all failed

(Table 1, entries 3-11) to provide any product. These negative results suggested
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us to look for an effective catalyst in the present study. Next, various Lewis acid-
base catalysts (Table 1, entries 12-14) along with the nanocatalysts (Table 1,
entries 15-18) Were surveyed to observe the influence on rate and yield of N,N-
diformylation of 1a which were not fruitful. Interestingly, nano rod shaped basic
Al,O; stood-out as a choice of catalyst at 7 mol% loading (Table 1, entry 15)
under solvent free vreaction condition at 40 °C. During the course of our
experiment, we observed that at higher temperature (Table 1, entry 19) and at
lower/higher catalyst loading the yield of the products were poor (TableA 1, entries
20-22). Thus, the yield of N,N—difonnylation product of bis-uracil derivatives is
“highly dependent upon the temperature and catalyst loading. |

2.11.2.2 Nano-Al;0; catalyzed N,N-diformylation of bis-uracil derivatives

With this supportive optimized reaction condition in hand, a series of bis-
uracil derivatives (entrieé 1-11) bearing different aliphatic, aromatic and
heterocyclic moieties were examined to explore the scope and limitations of this
reaction and the outcomes are presented in table 2.

Table 2. Nano-ALOj; catalyzed N,N-diformylation of bis-uracil derivatives

Entry . ‘R’in1 Product 2 Time (min) _ Yield (%)~
1 CesHs(1a) 2a _ 45 70
2 p-OMeCgH, (1b) 2b 60 68
3 p-CIC¢H,-(1c) 2c - 75 58
4 p-OHC¢H, (1d) 2d 90 55
5 p-NO,CeH, (1e) 2e 90 52
6 p-MeCgH, (11) 2f 70 60
7 0-OHCGH, (1g) sg 100 52
8 m-NO,CsH, (1h) 2h 90 65
9 CH; (1i) 2 100 52
10 CH3(CH,)s (1) 2j 120 44
11 - 2-furyl (1K) 2k 150 57

6 mmol of formic acid was used. ” Isolated yield. ¢ Products were characterized
by IR and NMR (‘H and °C) spectroscopy, MS and also by melting points.

It is clear from table 2 that bis-uracil derivatives carrying both _eleétron

donating and electron withdrawing groups in benzene ring underwent N,N-
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diformylation ‘reaction: soothly producing. good yields (Table 2, entries 1-8).
ﬁ'oWev‘é'r,I longer ! reaction. - times - were required. for. bis-uracil: derivatives
substituted with' furan:and -alkyl groups (Table 2, entries 9-11). It is worth
-mentioning that.6-amino-1,3<dimethyluracil when treated with formic acid under
the ‘current condition ‘gave N, N-diforiylation. product in lower yield (26%, 9 h).
The reactions were. found to be ‘clean and no side products were formed. -
é.[I.Z..? ‘Invéstigiztibh on recycling potential of nano-Al;0; -
To test the x;ec'yclability (vide scheme 2) of nano-Al,03, it was separated from
the ;gaaaaa, mixture by adding ethyl acetate (10 mL), centrifuged at 3,000 r.p.m.
to ﬁellet,out tﬁe catalyst. The seeejr:ated paqicles were washed with het-e'thanol
(3x10 mL) to refnoile th'e iorganie hr;;:)uﬁties, deearited, dried in'an oven ‘at»’ 80 °C
for 6 h and reused fqr. further réactio‘ns.The efﬁciepcy of the eatalyst was found
to be uﬁaﬁfected up te 4th run and after that its action started decreasing as shown
i_n ktebleﬂ 3The TONs \.v’veﬁre aiso fetain‘ed, fro? fresh up te tﬁe 5t chele and after
that it decreased con51derably | |

‘I'{f«"-‘:/f""

Table 3. Recycling study of nano-Al,O;

Entty No. of cycles Tlme (mm) Yield (%) TONs
1 Fresh® 45 70 88

2 1* run 45 70 . 88

R E 2™ un vt o 450 2 70 88
4 3" run 45 70 - 88
5 4®run £ 45.00 0 70 . 88
6 5" run 60 58 76
c70c . 6% LS -, 180 0 . . 40 70

"Reactlon condmons 2 mmol of 2b, 12 mmol formic acid, 7 mol% nano basic
.. ALO;,-40 °C. " Yields refer to the isolated pure products. :

The recovered catalyst' was also ih&estigéte‘d‘ through powder XRD and it was’
compared with the fresh nano-Al,O; [figure 1(a)]. In the powder XRD of the
recovered catalyst after 6" run (ﬁgure' 1), the iri_tensity of the peaks (4 0 0) and (1 -
0 0) weakened and becamé broad: It might be due to the blockage of the pores of
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the catalyst whichi caused a decrease ‘ineffective. active- sites .and also by the
'disl-o.cation of-the crystal planes-after each.run:which.in;turn decreased the_yield.
The ‘SEM micrograph of thé freshinano-Al,O3. previousty.reported by us;t was
‘also-compared ‘with the recycled- one- [figuré:.I+(b)] under the present. study. As
indicated in-figure .2, the recycledinano-Al,Oj3 revealed: the aggregation, of the
particles [also see the- TEM image of recycled niano-Al,Qs; figure 7 (b) in chapter

2, section I, page no- 50] resporisible: for reducing. its ;surface. area; and hence,

deactivated the catalyst after 4® run which caused the lower yield.of product..

| Flgure 1 (a} Companson of XRD of fresh nano-A1203 with the recovered ones
and (b) SEM image of recovered nano-Ailizj63{)z;fier 4;h un”

2.IL3 Conclusions

In conclusion, we\ha"\'/’e demonsﬁfilzfédf::‘é 'novel ‘Method “for~the’ N.N-
diformylation of bis-uracil derivatives in good yield under solvent free reaction
condition rat 40 °C catalyzed by recycl;lgle nano-Al,0; rods. Nano-Al,O3;
catalyz_eci organic transformations‘are,less‘-“é#pl'ored.‘ We Bcﬁeve that thi; work
would find wide applications for néw chemical transformations, including those
. which enable the syptl}egis of complex natyral p;qc}qgts 'E}Iid ‘sl_'etgygtiyg\s.v 1
: 2,.II-4\Experimentqlr,_ co ,
: 2114.1 General Experimental Methods .
Rod shaped nano-ALO; (The average particle diameter 8.12 nm and average .
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len;gth 25.5 nm, Sger =185.6 m’g’ and p =3.98 gem?, purity, 99.99%) were
purchased from Sigma Aldfich and used as received. The chemicals and reageﬁts
were purchased from Sigma-Aldrich, Merck, M/S S. D. Fine Chemicals Pvt. Ltd.
and Loba chemical, and used without further purification. The XRD pattern was
recordéd with Rigaku X-ray diffractometer. Melting points were determined in a
Biichi 504 appafams. IR spectra were recorded as KBr pallets in a Nicolet
(Impact 410) FT-IR spectrophotometer. 'H and BC NMR spectra were recorded
in a 400 MHz NMR spectrophotometer (JEOL, JNM ECS) using
tetramethylsilane (TMS) as the internal standard- and coupling constants are
expressed in Hertz. Elemental analyses were carried out in a Perkin—Elmer CHN
analyser (2400 series I[[). Mass spectra were recorded with a Waters Q-TOF
Premier and Aquity UPLC spectrometer. Visualization was accomplished with.
UV lamp or I, stain. Reactions Were monitored by thin-layer chromatography
using aluminium sheets with silica gel 60 Fys4 (Merck).
2.11.4.2 General procedure for N,N-diformylation of bis-uracil derivatives

In a two neck round bottom flask (50 mL), nano rod shaped basic Al,0O5 (7.0
mol%, 7.12 mg) were taken and then 1g (1.0 mmoi, 414 mg) and formic acid
(98%, 6.0 mmol, 0.23 mL) were added. After that it was allqwed to stir on a pre
heated oil bath at 40 °C till the‘ required time (the progress of the reaction was
judged by TLC). The reaction mixture was brought to room temperature after its
completion. and ethyl acetate (3x10 mL) was added and then centrifuged (3,000
r.p.m) to recover the nano catalyst. Having done this, the reaction mixture was
washed with water and brine, dried over anhydrou_s Na,SO,, concentrated in a
rotary evaporator and finally the crude product was purified by column

chromatography (30% ethyl acetate: hexane as an eluent). The recovered catalyst
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was washed with hot ethanol (3x10 mL) to remove the'i-organic impurities,
decanted, dried in an oven at 80 °C for 6 h and reused for evaluating the
performanées in the next run in the reaction as shown in scheme 2.

2.IL5 Ph ys;'cal and Spectroscopic Data of compoimds
6,6'-Diformamide-1,1',3,3'-tetramethyl-5,5'-(benzylidene)bis[pyrimidine-

2,4(1H,3H)-dione] (Table 2, entry 1)

NHCHO (o]

Me{ _Md]
BRIV | N
O)\tr O OHCHN rla/ko

Me Me

Pale yellow powder; R¢ = 0.42 (30% AcOEt:hexane); mp 252-254 °C; 'H NMR
~ (400 MHz, CDCl;, TMS): 8 3.19 (s, 3H, NCH3), 3.31 (s, 3H, NCH3), 3..47 (s, 3H,
NCH3), 3.54 (s, 3H, NCH3), 4.95 (s, 1H, CH), 6.56 (br, s, 2H), 7.11-7.27 (m, S H, .
Ar-H), 8.67 (s, 2H, CHO); °C NMR (100 MHz, CDCl;, TMS): § 27.8, 28.1,
28.8, 28.9, 354, 87.1, 88.3, 1252, 126.3, 127.2, 137.5, 150.4, 153.1, 154.2,
162.8, 164.2, 170.1, 170.8; IR (KBr pellets) vpa (cm™): 3450 (NH), 2830 (CH),
2810 (CH), 17l10 (CO), 1680 (CO); m/z 454.16 [M'); Anal. Calcd (%) for
Ca1H2NgO5: C, 55.50; H, 4.88; N, 18.49. Found C,-55.27, H, 4.50, N, 18.36.

6,6'-D_ifofmamide-l,l’,3,3'-tetramethyl-S,'S'-(4-methoxybenzylidene)bis—

[pyrimidine-2,4 (1H,3H)-dione] (Table 2, entry 2)

-

OMe

|
O OHCHN rll’go
M

)
Me
-

White solid; R¢= 0.34 (30% AcOEt:hexane); mp 243-245 °C; 'H NMR (400
MHz, CDCl;, TMS): 6 3.21 (s, 3H, NCH3), 3.32 (s, 3H, NCH3), 3.39 (s, 3H,
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NCH;), 3.43 (s, 3H, NCHs), 3.49 (s, 3H, OCH;), 4.48 (s, 1H, CH), 6.51 (br, s,
2H, NH), 7.18 (d, J = 8.12 Hz, 2H, Ar-H), 721 (4, J = 8.12 Hz, 2H, ArH), 9.51
(s, 1H, CHO), 9.13 (s, IH, .CHO); 3C NMR (100 MHz, CDCls, TMS): § 29.1,
29.4,29.6, 29.8, 32.8, 58.6, 87.1, 88.7, 114.2, 128.1, 130.3, 152.1, 154.6, 157.7,
158.7, 164.5, 166.1, 170.7; IR (KBr pellets) vmax (cm™'): 3394 (NH), 2953 (CH),
2822 (CH), 1725 (CO), 1679 (CO); m/z 484.17 [M*]; Anal. Calcd (%) for
CyHauNeO-: C, 54.54; H, 4.99; N, 17.35. Found C, 54.28, H, 4.71, N, 17.13.
6,6'—Diformamide-1,l',3,3'-tetramethyl-5,5f¥(4-chlorobenzylidene)bis-

[pyrimidine-2,4(1H, 3H)-dione] (Table 2, entry 3)

Off white solid; Ry = 0.38 (30% AcOEt:hexane); mp 185-188 °C; 'H NMR (400
MHZ, DMSO, TMS): & 3.25 (s,'3H,'NCH3), 3.3]‘ (s, 3H, NCHs), 3.48 (s, 6H,
NCHs), 5.68 (s, 1H, CH), 7.48-7.68 (m, 4H, Ar-H), 8.35 (s, 2H, CHO); *C NMR
(iOO MHz, DMSO, TMS): & 29.1, 29.3,‘29.5, 29.7,36.5, 88.3, 88.7, 127.8, 128.3,
131.5,136.7, 151.2, 153 .8, '155.4, 164.8, 165.7, 171.1; IR (KBr pellets) Vmax (cm’
1)1 3376 (NH), 2948 (CH), 2834 (CH), 1732 (CO), 1687 (CO); m/z 488.12 M];
Anal. Calcd (%) f_or C21HCINgOg: C, 51.59; H, 4.33; N, 17.19. Found C, 51.27,
H, 4.08, N, 16.87.
6,6'-Diformamide-1,1',3,3'-tetramethyl-5,5'-(4-hydroxybenzylidene)bis-

[pyrimidine-2,4(LH, 3H)-dione] (Table 2, entry 4)
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OH

NHCHO (o}

O OHCHN I
e Me

)
M

\\

Light brown solid; R¢ = 0.24 (30% AcOEt:hegane); mp 217-218 °C; 'H NMR
(400 MHz, DMSO, TMS): 5-2.97 (s, 3H, NCHas), 3.03 (s, 3H, NCH3), 3.07 (s,
43[-[, NCH3), 3.22 (s, 3H, NCH3), 4.88 (s, 1H, CH), 6.72 (br, 2H, NH), 7.81-8.02
(m, 4H, Ar-H), 8.87 (d, J = 7.52 Hz, 2H, CHO) 1021 (br, 1H, OH); B¥C NMR
(100 MHz, DMSO, TMS): & 29.4, 29.6,34.8,114.7, 127.3, 127.7, 129.6, 151.7,
155.6, 168.9, 169.2, 170.6; IR (KB_r pellets) Viax (cm"): 3398 (NH), 1705 (CO),
2957 (CH), 2827 (CH), 1655 (CO); m/z.470.15 [M']; Anal. Caled (%) for
C2iH»N6O: C, 53.62; H, 4.71; N, 17.86. Found C, 53.28, H, 4.42, N, 17.54.
6,6'-Diformamide-1,l',3,3'-tetramethyl-S,S'-(4—nitrobenzylidene)bis-

[pyrimidine-2,4(1H, 3H)-dione] (Table 2, entry 5)

NOz )
NHCHO 0
M Me
N | N
dﬁl\v 0 OHCHN T/l§b
g Me Me
A

Light brown solid; R¢ = 0.29 (30% AcOEt:hexane); mp 205-208 °C; 'H NMR
(400 MHz, CDCl;, TMS): 8 3.33 (s, 3H, NCH3), 3.41 (s, 3H, NCH3), 3.43 (s, 3H,
NCHj3), 3.51 (s, 3H, NCHj3), 6.61 (br, s, 2H, NH), 8.02-8.3,1 (m, 4H, Ar-H), 9.45
(s, 2H, CHO); *C NMR (100 MHz, CDCls, TMS): & 28.4, 29.5, 29.8, 30.2, 36.7,
. 87.6, 88.7, 122.8, 128.3, 141.5, 149.7, 152.1, 154.3, 156.3, 165.1, 167.2, 173.3,

173.7; IR (KBr pellets) vmax (cm™): 3433 (NH), 2933 (CH), 2818 (CH), 1728
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(CO), 1678 (CO); m/z 499.15 [M']; Anal. Calcd (%) for C31HyN7Oq: C, 50.50;
H, 4.24; N, 19.63. Found C, 50.16, H, 3.91, N, 19.35.
6,6'-Diformamide-1,l',3,3'-tetramethyl-5,5'-(4—methylbehzylidene)bis-

[pyrimidine-2,4(1H,3H)-dione] (Table 2, entry 6)

White solid; Ry = 0.56 (30% AcOEt:héxane); mp 239-242 °C; 'H NMR (400
MHz, CDCI3, TMS):  2.23 (s, 3H, CHs), 2.38 (s, 3H, NCHj), 2.77 (s, 3H,
- NCH3), 2.94 (s, 3H, NCH3), 3.19 (s, 3H, NCH3), 5.19 (s, 1H, CH), 6.39 (br, s,
2H, NH), 7.34 (d, 2H, J = 8.35 Hz, Ar-H), 7.57 (d, 2H, J = 8.35 Hz, Ar-H), 8.87
(s, 2H, CHO); '3C NMR (100 MHz, CDCl;, TMS): 8 19.8, 27.3, 27.7, 29.1, 29.6,
35.8, 87.7, 88.5, 127.4, 129.0, 135.5, 136.8, 151.1, 153.4, 154.8, 162.8, 163.6,
169.1, 169.8; IR (KBr pellets) Vmax (cm™'): 3441 (NH), 2928 (CH), 2870 (CH),
1713 (CO), 1632 (CO); m/z 468.18 [M']; Anal. Calcd (%) for CpHsNgOs: C,
56.40; H, 5.16; N, 17.94. Found C, 56.13, H, 493, N, 17.73.
6,6'-Dif0rmamide-1,l',3,3'-tetrametl;yl-5,5'-(2-hydroxybenzylidene)bis-

[pyrimidine-2,4(1H,3H)-dione] (Table 2, entry 7)

OH
NHCHO (o]

M _Me
ERTVIGEN | N
O)\Iil O OHCHN FII/KO

L Me Me

Off white powder; Ry = 0.35 (30% AcOEt:heAxane); mp 210-214 °C; 'H NMR

(400 MHz, CDCls, TMS): 3.1 (s, 3H, NCHs), 3.35 (s, 3H, NCH), 3.50 (s, 3H,
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NCH3), 3.59 (s, 3H, NCH3), 4.85 (s, 1H, CH), 5.77 (s, 1H, OH), 6.39 (br, s, 2H,
NH), 7.10-7.26 (m, SH, Ar-H), 8.59 (s, 2H, CHO); '*C NMR (100 MHz, CDCl,,
TMS): & 27.6, 28.3, 29.3, 294, 30.1, 879, 93.4, 115.7, 123.5, 125.3, 128.0,
128.4, 150.5, 150.6, 151.4, 151.6, 154.4, 161.3, 164.2, 168.9; IR (KBr pellets)
Ve (cm™): 3430 (NH), 2830 (CH), 2812 (CH), 1710 (CO), 1680 (CO); m/z
470.15 [M']; Anal. Caled (%) for CyH»NgO7: C, 53.62; H, 4.71; N, 17.86.
Found C, 53.31, H, 4.40, N, 17.52.
6,6'-Diformamide-1,1',3,3'-tetramethyl-5,5'-(3-nitrobenzylidene)bis-

[pyrimidine-2,4(1H, 3H)-dione] (Table 2, entry 8)

( No, )
NHCHO : o
Me\N X l N/Me
(o] N O OHCHN N/go
| |
L Me -Me

Pale brown solid; R¢= 0.30 (30% AcOEt:hexane); mp 197-198 °C; 'H NMR (400
MHz, CDCl;, TMS): & 3.37 (s, 3H, NCH3), 3.50 (s, 3H, NCH3), 3.52 (s, 3H,
NCH3), 3.55 (s, 3H, NCH3), 4.88 (s, IH, CH), 6.68 (br, s, 2H, NH), 7.37-7.83 (m,
4H, Ar-H), 8.35 (s, 2H, CHO); '*C NMR (100 MHz, CDCls;, TMS): § 28.8, 29.3,
29.8, 30.2, 35.6, 85.8, 87.3, 121.5, 122.3, 129.3, 134.2, 142.5, 148.8, 152.3,
154.3, 154.7, 164.7, 166.3, 169.3, 170.'1; IR (KBr pellets) Vimax (cm™): 3414 (NH),
3095 (CH), 2902 (CH), 1713 (CO), 1696 (CO); m/z 499.15 [M"]; Anal. Calcd
(%) for C,HyN;Og: C, 50.50; H, 4.24; N, 19.63. Found C 50.28, H, 4.02, N,
19.38.
6,6'—Diformamide-l,l',3,3'-tetramethyI-5,5'-(ethylidene)bis-[pyrimidine-

2,4(1H, 3H)-dione] (Table 2, entry 9)
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NHCHO
O OHCHN N

White solid; Ry = 0.64 (30% AcOEt:hexane); mp- 288-290 °C; 'H NMR (400
MHz, CDCl3;, TMS): 8 1.28 (d, J = 6.83 Hz, 3H, CH3), 2.71 (s, 3H, NCH3), 2.86
(s, 3H, NCH3), 2.88 (s, 3H, NCHy), 2.92 (s, 3H, NCH3), 3.77-4.13 (m, 1H, CHj,
6.01 (br, s, 2H, NH), 8.15 (s, 2H, CHO); ">)C NMR (100 MHz, CDCl;, TMS): &
12.4, 21.3, 28.1, 28.3, 29.3, 29.9, 88.5, 89.1, 148.0, 149.2, 152.2, 159.6, 161.3,
165.3, 167.6; IR (KBr pellets) vpa (cm™): 3409 (NH), 3041 (CH), 2989 (CH),
1705 (C-O), 1688 (CO); m/z 392.14 [M']; Anal. Calcd (%).for Ci6H20NgOs: C,
48.98; H, 5.14; N, 21.42. Found C 48.63, H, 4.82, N, 21-.08. |

' 6,6‘-Diformamide-1,1',3,3'-tetramethyl—S,S'-(p_entylidene)bis—[pyrimidine—

2,4(1H, 3H)-dione) (Table 2, entry 10)

White solid; Rf = 0.68 (30% AcOEt:hexane); mp 108-111 °C; 'H NMR (400
MHz, CDCl;, TMS): & 0.98-1.02 (m, 3H, CHs), 1.38-1.42 (m, 4H, CH,CH,),
2.38-2.51 (m, 2H, CHy), 3.37 (s, 3H, NCH), 3.42 (s, 3H, NCH3) 3.47 (s, 3H,
NCHS), 3.49 (s, 3H, NCH;) 4.25-4.31 (m, 1H, CH), 6.69 (br 2H, NH), 8.82 (s,
2H, CHO); °C NMR (100 MHz, CDCls, TMS): § 14.1, 22.7, 26.5, 27.1, 28.8,
29.2,29.8,30.8, 35.2, 88.7, 89.6, 151.2,}151.8, 152.3, 154;4,.164.4, 165.6, 170.7,

171.0; Vamax (cm™): 3455 (NH), 3012 (CH), 2882 (CH), 1722 (CO), 1693 (CO);
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m/z 434.19 [M']; Anal. Calcd (%) for Ci19Hy¢NgOs: C, 52.53; H, 6.03; N, 19.34.
Found C 52.24, H, 5.82, N, 19.11.
6,6'-Diformamide-1,1',3,3'-tetramethyl-5,5'-(2-furyl)bis-[pyrimidine-2,4

(1H,3H)-dione] (Table 2, entry 11)

Yellow viscous o0il; Rg=0.12 (30% AcOEt:hexane); '"H NMR (400 MHz, CDCl;,
TMS): & 2.71 (s, 3H, NCH3), 2.75 (s, 3H, NCHs), 2.87 ('s, 3H, NCHs), 2.91 (s,
3H, NCH;), 5.11 (s, 1H, CH), 5.88 (d, 1H, Furan-H), 6.18 (d, 1H, Furan-H), 6.27
(d, 1H, Furan-H), 6.55 (br, 2H, NH), 9.22 (s, 2H, CHO); >C NMR (100 MHz,
CDCL, TMS): & 28.3, 28.5, 29.1, 30.2, 87.1, 105.2, 110.5, 141.3, 151.2, 152.6,
153.6, 164.4, 170.3; viax (cm™): 3348 (NH), 2974 (CH), 2862 (CH), 1996 (CO),
1636 (CO); m/z 444 14 [M+]; Anal. Calcd (%) for CgHyoNgO7: C, 51.35; H,

4.54; N, 18.91. Found C 51.12, H, 5.33, N, 18.68.
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that DE played the role of support which enhanced the catalytic activity of Fe;O;

NPs.

Table 2. Optirriization of reaction condition® with DE supported IONPs

Entry Supported IONPs catalysts Time (min) Yield (%)"
1 a-Fe,O;NPs@DE (19 nm) 50 30
2 v- Fe;OsNPs@DE (8 nm) 60 - 85
3 Fe,OsNPs@DE (12 nm) 25 94
4 Fe;04,NPs@DE (< 50 nm) 85 _ 80
5 FeO(OH)NPs@DE (<40nm) 120 75

? Reaction condition: 3 (5 mmol, 755 mg), 30% H,0, (5 mmol, 0.15 mL), DE

supported IONPs (3 mol%,0.18 mmol, 12 mg) CH;CN (3 mL), RT, 5 isolated

yield. ’ . '

The smartness of DE as support was evident by the diminution of the clinging
of Fe;03 NPs to the magnetic needle while stifring. This modification brought
about the appropriate dispersion of Fe,O; NPs into the reaction media which
increased the yield and decreased the scavenging time. The low catalyst loading
is a key point in the realm of green chemistry; therefore, we studied the model
reaction at different Fe,O;NPs@DE loading (Table 3) to understand its role in the

oxidation of 3.

Table 3..Optimization of catalyst loading *

Entry Mol% of catalyst  Time (min) Yield (%)
1 1 80 78
2 2 50 85
3 3 25 94
4 5 45 - 80
5 7 50 75
6 10 50 60

? Reaction condition: 3 (5 mmol, 755 mg), 30% H,O, (5 mmol, 0.15 ‘mL), b
isolated yield. '

The significant increase in formation of 4 was found using 3 mol% of
Fe,O3sNPs@DE which gave 94% yield (Table 3, entry 6). The results of catalyst

loading are depicted in figure 1 (Table 3, entries 1-5). The profile of the curve
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condition but thesc.too could n(;t improve the yield (Table- 1, entries 6-10). The
ultimate difficulty to work with IONPs is that they clinged to the magnetic needle
for which they did not undergo proper disperéion into the reacti(-)n media causing
lower yield. Facing this practical difficulty we thought to perform the experiment
using bulk iron qontaining catalysts for comparing the catalytic activity and
resolving the clinging problem. With this notion in mind we ihspected a series of
bulk iron containing catalysts (10 mol %) in various so[vents_ but none of them
showed bgtter performance in terms of yieldé and reaction time (Table 1, entries
11-18) than the [ONPs. We also examined Fe;O; NPs in various solvents to
observe the effect on yiéld and rate of- produét formation but -no furfher
improvement wa;s seen (Table 1, entriés 19-21). Thus, we noted that the reaction
was influenced to a coﬁsiderable extent by the solvent utilized; CH3;CN, in
- particular, was found to be more favorable solvent than others.

Overall, our data showed that Fe,O; NPs was comparatively little bit more
efficient in prbmoting this reacﬁon as c'dmparéd with others. These outcomes led
us to opt for supported IONPs for the model reaction. Recently, Zhang et al
“reported diatomite supported Pd NPs as catalyst for Heck and Suzuki
Reactions.28 Therefore, éssuming DE td be an smart support for [ONPs, we
prepared five sets of DE supported IONPs and investigated their role in the
optimization of model reaction at 3 mol% catalslst loading in acetonitrile at room
temperature. As indicated in table 2, Fe203NPs@DE stood out the choice of
catalyst in CH3CN with much better improvéd yield of the product (4) and
shorter reaction time at room temperature (Table 2, ent‘:ry 3). It is important to
mention that when the oxidation of 3 was ca_rried out using only DE (10 mol%)

as catalyst, it could not give 4 even after stirring for 16 h. Thus, it was revealed
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in presence of acetonitrile at RT and also at 70 °C which produced very less yield
(Table 1, entries 3 and 4). Unsatisfied with these results, the need for a catalyst
was realised. With this idea we startcd the model reaction under the same reaction
condition with 3 mol% of Fe,O3; NPs (maghemite form) which was synthesized
according to a report in the literature®” and it gave a yield of 68% (Table 1, entry
5). We also tested the influence of a-Fe;O; NPs, y-Fe,O3 NPs, FeO(OH) NPs and
Fe;04 NPs (procured from Sigma Aldrich) for the model rcaction under the same

Table 1. Optimization of reaction condition®

('):O

HZOZ II

“H catalyst
Tsolvent

RT, stlmn ZN

Scheme 2: Model reaction

Entry Catalysts Solvent Temp. (°C). Time (h)  Yield(%)"
1 None CH:CN RT 12 -
2% None None RT 2 trace
3 None CH;CN RT 10 17
4 None CH5CN 70 9 31
5 Fe,O;NPs (12nm)  ‘CH;CN RT 3 68
6 a-Fe;O3NPs (19 nm)  MeOH RT 7 40
7 o-Fe;03NPs (19 nm)  CH;CN RT 7 45
8¢ y- Fe;OsNPs (8 nm) CH;CN RT 7 48
9° Fe;0sNPs (<50 nm)  CH;CN RT 5 50
10" FeO(OH) NPs (<40 nm) CH;CN RT 7 45
11° FeCl; (anhydrous) CH;CN RT/reflux 12 trace
12° FeCly6H,0 H,O RT/70 15 trace
13¢ FeSO47H,0 H,O RT/70 15 trace
14° : FeS MeOH RT 18 trace
15° Fe,0; THF RT 20 - 12
g Fe,0s neat 70 24 trace
17° Fe,0; CH;CN 70 . 18 18
18° Fe,0; CH;CN RT 12 43
19 Fe;OsNPs(12nm)  CH,;OH RT 5 44
20" Fe,0sNPs (12nm)  THF RT 6 50
21f Fe,O3; NPs (12 nm) DMSO RT "5 52

Reactlon condition: 3 (5 mmol, 755 mg), 30% H,0, (5§ mmol, 0.15 mL), solvent (3
mL), ? isolated yleld no reaction, “ 7 mol% of catalyst was used, ° 10 mol% of
catalyst was used,” 15 mol% of catalyst was used, * Grinded using mortar and pestle.
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Therefore, economical, efﬁcient, mild, practical, convenient, catalytic and
benign alternative pfactice is still in demand for the oxidation. of aldehydes to
corresponding carboxylic acids.

To develop the domain of nanocatalysis underneath single scabbard, our effort
for the advancement of a protocol called ‘NOSE’ (Nanoparticles-catalyzed
 Organic Synthesis Enhar.lcement),chemistry26 is in progress in our laboratory.
Therefore, in this paper, we wish to report a green oxidation method involving
bio-silica supported Fe,O; NPs catalyzed oxidation of aldehydes into the
corresponding carboxylic acid by stirring at room temperatufe (RT) using
environmentally benign H,O, as a séle_oxidént in acetonitrile under aerobic

condition (scheme 1).

» recycied

)j\l: e203 NPs@DE )l\
Hzoz

CH,CN
RT
R'=H, alkyl, aryl

Scheme 1: Oxidation of aldehydes
3.2 Results and Discussion
3.2.1 Optimization of the reaction condition for the oxidation of aldehyde

In order to search for th.e best operétive experimental conditions for the
oxidation of aldehydes into corresponding carboxylic acids, a control experiment
was performed by considering the model reaction (scheme 2) of 3 (5 mmol, 755
mg) in acetonitrile in air under stirring condition to check up to what S,xtent. it can
yield product. But unfortunately it could not give any product upon stirring for 12
h (Table 1, entry 1).. We then used 30% H,0, (5 mmol, 0.15 mL) in absence of
solvent and grinded with mortar-pestle which was also not fruitful (Table 1, entfy-

2). This mixture was then transferred to a round bottom flask (50 mL) and stirred
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of 87-91% Si0,, with significant quantities of Al,O; and Fe,05.12 Due to its
porous structure, high silica content, low density, low conductivity coefficient,

etc.,'’ it has widely been applied as filter aid,"* adsorbenit,l5 insulating material,16

7

catalyst support or carrier'” and natural insecticide or grain protectant.'® It is

noted that DE has excellent absorption power because of its macroporous
strﬁcture.I9

Oxidation of aldehydes to the corresponding carboxylic acid using oxidizing
agent is a fundamental reaction in organic synthesis.”® Hence, from the ecological
sight, qsing clean, cheap and less toxic oxidant such as hydrogen peroxide2I
towards green oxidations of aldehydes is of great significance. H,O; is an ideal
waste-avoiding oxidant, since water is the only by-product, and is very attractive
as an oxidant for liquid-phase reactions because of its solubility in water and
many organic solvents. In the recent years, a range of methodologies using H,0,
as an oxidant Lmder harsh basic conditions® or in cémbination with other
reagents and transition metals have been stated in the literature.”> A few of the
pioneer works in the green oxidation of aldehydes to carboxylic acids have been
explored in the literature®* Very recently, our group also reported the oxidation
of aldehydes into the corresponding carboxylic acid in the presence qf aqueous
H,0; catalyzed by VO(acac),.?* Despite the existing tactics, most of them endure
different shortcomings such as production of abundant amounts of undesirable
wastes, poor atom economy, high temperatures, prolonged reaction times, harsh
reaction conditions, requirement of strong acidic conditions, and stoichiometric
or super stoichiometric amounts of costly or hazardous oxidants, utilization of
toxic and heavy metals, longer reaction times high cost, and lower yields of the

desired products, formation of unwanted by-products, and tedious work up.
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Greener oxidation of aldehydes over bio-silica supported Fe;05

nalnoparticles: A convenient ‘NOSE’ approach

3.1 Introduction

In the receht period, metal oxide nanoparticles have attracted increasing
interests for their applications such as cellular delivery carriers,' magnetic storage
media? and MRI.contrast agents.3 The nanoparticles show features contradictory
to the bulk metal due to quantum size effects, including novel electronic, optical
and chemical 'behaviour.“ The tuning in the properties may be achieved via
control of shape, size, inter-particl-e spacing and dielectric environment, and
methods to vary thes'eA paraméters have been developed.” The mefal oxide
nanocatalysis | are considered as a bridge between homogeneohs and
. heterogeneous catalysis because of their growing interest on the cétalytic »
properties.® Hence, the field of metal oxide nanocatalysis- shoul.d recommend
prospects for miﬁin’g new chemical reactions.” Consequently, it is noteworthy that
the combination of safe supported-catalysis with the use of solvent-ffee technique
represents a suitable way towards the so-called “ideal synthesis”.® Over the past
few years, iron oxide nanoparticles (IONPs) have found tremendous attentions
due to their high magnetic moment, low toxicity and ease of synthesis.” IONPs
have glso been applied in drug and gene delivery systems, separation and
purification technology, magnetic resonance irhaging and hyperthermia.'® They
have also found significant importance in the extraction of heavy metal ions and
in the treatment of cancer cells through the application of external magnetic
fields.""

Diatomaceous earth (DE) or diatomite also called bio-silica, typically consists
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Greener oxidation of aldehydes over bio-silica supported

Fe,O; nanoparticles: A convenient ‘NOSE’ approach
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indicates that catalytic activity of Fe;OsNPs@DE increased from | to 2 mol%, it
attains the maximum activity at 3 mol% and after that it starts decreasing. The
decrease in yield with increasing catalyst loading may be attributed to the
reduction in the surface area due to the aggregation of the particles. The decrease
in the yield of 4 with increase in the catalyst loading might be due to the
aggregation of Fe,O3 NPs in CH3;CN which in turn reduced its surface area. It
was also observed that the addition of hydrogen peroxide in one portion gave a
poor yield of the desired product while its drop wise addition gave the maximum

yield of the product in a shorter reaction time.

4
04
ey
04

=

-

ER:?

]

- ™04

54

0

£ Y

1 i i
Molc% of catalyst

Figure 1. Graph of isolated yield of 3 versus mol% of IONPs@DE
3.2.2 Characterization of Fe;O;NPs@DE
EDX analyses of Fe;OsNPs@DE [Fig. 2(a)] showed that the weight% of O,

Al, Siand Fe was 55.88, 0.88, 35.85 and 4.89 and atomic% was 69.89, 0.23,

Figure 2. (a) EDX analysis of Fe;OsNPs@DE, (b) SEM image of Fe;O3;NPs@DE
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25.52 and 3.46 respectively. The SEM image of Fe,OsNPs@DE [Fig. 2(b)]
explained that the material has relatively uniform morphology and particle size
distribution. In addition, some particle clusters may be observed due to the
magnetic interaction between the particles.

Transmission electron microscopy (TEM) analysis of Fe;O3NPs@DE [Fig.
3(a)] displayed the particles with an average diameter of 12+3 nm (modeled as
spheres). Figure 3(b) unveiled several diffraction rings which were the sum of
diffraction patterns of different Fe;O3 NPs and DE as shown in the SAED [Fig.
3(c)] pattern and the great majority of the particles have sizes between 7 to 10 nm

in diameter.

Figure 3. (a) and (b) TEM micrographs of Fe;O3NPs@DE, (¢) SAED pattern of

Fe,OsNPs@DE

The powder X-ray diffraction pattern of Fe,O3NPs, DE and Fe;O3;NPs@DE s
are assembled in figure 4. Fe,O3NPs produced peaks corresponding to (0 1 2), (1
04),(110),(024)and (I 1 6) planes with their relative intensities 24.044°,
33.063°, 35.581°, 49.389° and 53.960 respectively. It also gave a clear indication
of the rhombohedral system with rhomb-centered lattice sites having lattice
constant 0.5023 nm (JCPDS data card no: 89-8104). The crystalline sizes
Fe,O3NPs were determined by using Scherrer equation by considering the three
intense peaks (0 1 2), (1 0 4) and (1 1 0) from XRD pattern. The crystalline sizes

were found to be 19.7 nm calculated from the X-ray line broadening by applying
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full width half maximum (FWHM) of characteristic peaks (0 1 2), (1 0 4) and (1
1 0) to the Scherrer equation. The X-ray diffraction pattern of DE revealed the
lines (100),(101),(110),(102),(200),(201)and (11 2) with their relative
intensities 20.810, 26.594, 36.577, 39.313, 42361, 45.657 and 50.104
respectively. The DE is hexagonal system having primitive lattice sites with a
lattice constant 0.4996 nm (JCPDS data card no: 89-8949). The XRD of
Fe,O3NPs@DE showed some significant changes. The intensities of the planes (0
12),(104),(110),(024)and (11 6) of Fe;O3NPs diminished when it was
entrapped into the pores of DE which clarified the strong covalent interaction
between them. The intensities of (1 00), (101),(110),(102),(200),(201)
and (1 1 2) planes of DE also got decreased during the course of strong
interactions. Thus, it was found that DE performed as a smart support for holding

Fe,O3NPs tightly in its pores.

FeO:NPs [l DE

Figure 4. Powder X-ray diffraction pattern of (A) Fe,O3;NPs, (B) DE and (C)
Fe,O3NPs@DE

Furthermore, the strong interaction was supported by Fourier transform
infrared (FTIR) spectroscopy analysis used for the observation of changes
occurred before and after loading FezOgNPs'/ on the surface of DE and these

modifications are collected in figure 5. Fe;O3NPs presented two absorption bands
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at 400 and 600 cm™ which were assigned to the Fe-O stretching modes.*’ The
weak band at 1640 cm™ was due to the stretching frequency of carbonyl group of

! were due

stearic acid. The characteristic bands ranging from 1400 and 400 cm™
to silicates structure.’® The wide band centered at ca. 1090 ¢cm™' might be due to
Si—O-Si in-plane vibration (asymmetric stretching). Similar observations could

be seen at ca. 795 cm”’

, which was also a feature of silica. Again, the weak
absorption peak at 616 cm™' was possibly attributed to Si-O deformation. An
absorption band at ca. 1620 cm™ is characteristic of Al-O stretching whieh-was

according to the literature.’'

Fe:OuN\NPsa DE

Wavenumbers (cm )

Figure 5. FTIR spectra of Fe;O3NPs, DE and Fe,O;NPs@DE

Some significant changes were observed in the IR bands of Fe,O3NPs when
supported on bio-silica. The shifting in the values of IR stretching bands of both
DE and Fe,O;NPs and weakening in their intensities represented that the strong
covalent interaction hold between them making DE a smart support.
3.2.3 Fe;O;NPs@DE catalyzed oxidation of aldehydes

With this encouraging experimental condition and catalyst characterization in
hand, we next assessed the generality for various aromatic and aliphatic
aldehydes under the standardized conditions and the results are summarized in

Table 4. As stated in table 4 the benzene substituted with both electron donating
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and withdrawing groups were oxidized efficiently (Table 1, entries 1-14).

. Table 4. Fe,OsNPs@DE catalyzed oxidation of aldehydes

Entry =~ R - Time (min) Yield (%)*® Melting point (°C) © TON
1 - C¢Hs 10 98 118.5-119.8 65.3
2 2-CIC¢H, 18 9% 139.3-140.6 64.0
3 3-CIC¢H, 20 94 154.2-157.3 62.6
4 4-CIC¢H, 15 96 2412-242.4 64.0
5 2-NO,CcH, 45 90 147.5-148.2 60.0
6 - -3-NO,CsH, 55 - 90 . 139.0-140.4 60.0
7 4-NO,C¢H,4 25 94 235.4:236.8 62.6
8 2-OHCsH, 35 90 . 156.2-158.0 60.0
9 4-OHC:H, 25 90 214.32175 60.0
10 4-NH,CéH, 25 92 187.4-188.9 61.3
11 2-OCH;C¢H, 25 - 94 98.7-100.7 64.0
12 4-OCH;CeH,4 25 97 182.1-185.3 64.0
13 2-CH;C¢H, 25 9% - 104.3-105.2 64.0
14  4-CH;CH, 25 96 179.0-182.5 64.3
15 CeHsCH=CH ~ 45 95 131.5-133.2 63.3
16° CHOCH; 55 96 298.7-299.8 64.0
17 Thiophen 80 92 127.2-130.7 =~ 613
18 Furan 70 94 126.1-129.3 62.6
19¢ CH,. 10 . 98  117.8-1190 65.3
20 CH;CH, 2 - 9% © T 626
21  CH,CH,CH, 30 90 e 60.0
22 CHy(CH,); '50 90 e 60.0

. 23¢ H _ 50 85 99.1-100.8 56.6

. 24 CeHi 50 96 30.0-32.8 64.0
25 C4HsCH, 50 93 - 76.3-77.2 62.0

“ Yields refer to the isolated pure products, ° Products were characterised by IR
and NMR ('H and "’C) spectroscopy, MS and also by comparing their melting
points and boiling points with the authentic ones, ¢ 2 eqv. of 30% H,0, were
used, ? Liquid compound, ° Colourless oil.

Several reports’” presented the low yield and difficulty in oxidizing 4fmethoxy
benzaldehyde, but Fe203NPs@DE made this-oxidation faster with excellent y1e1d
(Table 4 entry 12). 7 rans-cmnamaldehyde was also oxidized smoothly
furnishing excellent yleld (Table 4 entry 15). Teseghthaldehyde furan-2-
carbaldehyde and thiophene-2-carbaldehyde were also oxidized to the
corresponding carboxyli“\c'.zieids with elevated yields (Table 4, entries 16-18). The
potential scope of this hlethod was. evident when'the ‘protocl was extended to

simple aliphatic aldehydes (Table 4, entries 19-22). In most cases, the oxidation

3 H - L3
- Al T
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proceeds with high efficiency and yields of greater than 90% were obtained.
While affording cleén reactions, smaller aliphatic aldehyde (Table 4, entry.23)
providéd éhéhtly lower yield but cyclic aldehyde gave higher yield (Table 4,
entry 24). The oxidatioﬁ of phenyl-acetaldehyde also took place‘\ readily giving
96% yield ‘(Tagle 4, entry 25). The oxidation of aidehydes carrying different
electron withdréwing and electron-donating moieties into fhe- corresponding
carboxylic acids proceeded smoothly under the current reaction conditions, which
demo;lstrated the compatibility of those moieties fowards the reaction conditions.
As a whole, the aryl -and alkyl aldehydes were converted into the desired
carboxylic acids w1th ‘high puritiesv and yields and w1th no side product(s)
formation.

324 ‘Plausible mechanism of oxidation of aldehyde

To rationalize the oxidation product, a tenfative rﬁechanisni has been proposed
_(scher\ne 3). It has been hypothesized that the complexation of F6203NPS@DE to
the aldehyde (I) makes the carbpnyl:r éarbbn highly electron deficient to which
when H,0, is added gi;opwisel 1t forms éhyd£0perdxo speéiqs as an intermediate
(ID). Finally, elimination of water from (II) leads to the formation of carboxylic -

acid (1),

. Scheme 3: Plausible mechanism of oxidation of aldehydes,

3.2.5 Investigation on recycling potential of Fe,0;NPs@DE
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"fh%"'catalyst recyclability is an indispensable theme in the zone of green
chemlstry Therefore; to examine the feasibility of recycling of Fe,O;NPs@DE,
the dxidatibn of 4-methoxy behz'aldehyde’was carried out (scheme 4) as a test
reaction. The reaction mixture was centrifuged (3,500 rpm) to p'elletlout :the
Fe203NPs@DE after its completron The extracted partlcles were washed with
hot ethanol (5x10 mL) to remove: all the organic 1mpunt1es Fmally, it was
decanted and dried in an oven at 80 °C for 7 h Then the catalyst was reused for
evaluating the performances in the next run m the reactlon as shown in scheme 4.
Table S. Reusablhty of Fe203NPs@DE on the y1eld of 4-methoxyben201c acid 6

. Fe,0 NP E
MeO-@—CHo 2 4 S@D eo—.—COOH

5 CH3CN
RT

Scheme 4: Catalyst recyclability test

" Number  Fresh 1% 2™ 3¢ 4 s e "

of cycles® un rygn run  run  ran run run
Yield 97 97 97 97 97 94 90 ° 84
(%) \ ' :
Time 25 25 25 . 25 35. 50 .70 85
* (min) '

TON 538 538. 538 538 538 522 50.0 46.6
? Reaction condition: 4-methoxybenzaldehyde (5 mmol, 680 mg), H,O, (5 mmol,
0.15 mL), Fe;O;NPs@DE (3 mol%, 0.18 mmol, 12 mg), ® Yields refer to the isolated
pure 4-methoxy benzoic acid

It is-noteworthy to mention th_at Fe,O;NPs@DE js eq\rally effecﬁr(e’ from fresh
up to the 3™ cycle, a bit longer‘tir_n'e was required’ih the 4}h cycle to achieve the
similar result and after that the yield of 4-methoxybenzoic acid slightlyll decreased
(Table 5). N

To demonstrate the margmal loss of activity of Fe203NPs@DE after 5™ run,

we performed the comparatrve study from XRD pattern of fresh and reused

Fe;O3sNPs@DE (figure 6). The XRD pattern for fresh and reused Fe,O3NPs@DE
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could not show important changes.v-prevevr, the intensit_yr of (0 1 2) peak of
Fe,O;3NPs slightly diminished aﬁer 3™ and 5% run. The lowering in yielgl of 4-
methoxybenzoic acid might be due to, the blockage of the active s’ite's of (tl_i’e

catalyst after 5™ run. -

Fresh FaOsNPS@DE' -

-~
3
=)

~—

=

&
=}

—

o83 EBBEEEEEE8E3

216 LJ
. 2 theta (deg)

Figure 6. XRD pattern of fresh énid reused i?e203NPs@DE' after 3" and 5® runs
The TEM micrographs (figure 7) of Fe,O;NPs@DE after 3™ and 5% cycles
showed the agglomeration of the Fe;O3;NPs which Ihight play a key role in the

loss of its activity and lower yiéld of product after 5™ run.

¢ ) .

Figure 7. TEM micrographs 'of Fe;O3;NPs@DE (a) after 3 run and (b) after 5

run

Further to confirm the loss in activity of Fe;O;NPs@DE after 4™ run, leaching
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study waé performed using atomic absorption spectrophotometer (Lab India AA
7000). It was found that only 0.007% of iron got leached from DE‘after 4" run
which might have slightly deactivated the catalysis of Fe203NPs@DE in the
present reaction.
3.2.6 Measurement and comparisons of green-ness of the present protocol with
some reported methods

In the present work, the ‘‘green-ness’’ of our protocdl was measured using
several parameters of green chemistry. The assessment of *‘green-ness’” is shown
in table 6. The superiority of our protocol could be evident amongst the reported
ones. As indicated in the table 6, the waste produced is the least in the present
methodology and Fe,OsNPs@DE is found to be much “cleaner and more
competent than the others. Moreover, the-_issues like solvent reusability and
catalys;t recyclability are neglected by E-factor which absolutely raises the
accuracy. |
Table 6. A comparision of ‘‘green-ness’’ among the catalysts/reagents in the

oxidation of 4-methoxybenzaldehyde

Catalysts/reagents. E- Mass Atom Atom Yield (%)°
factor®  intensity Economy  Efficiency (%)
(%)
SeO, 20.9 22.0 89.4 41.1 46>"@
H,O./[CH; | 154 ° 16.4 89.4 8.04 9@
(nCsH,7):]HSO,
Oxone 312 - 316 52.7 16.3 31%2°®
Bi,0; 5.9 7.0 67.2 86.7 977
H,0»/HCland | 7.5 8.5 55.1 53.3 93%2@
H,NOH.HCI
Fe,O:.NPs@DE 3.3 43 89.4° 86.7 gr7ou work

“ E-factor shown does not account for the waste produced in the synthesis of
reagents/ catalysts, ” yield refer to the isolated pure 4-methoxybenzoic acid

3.3 Conclusion

In conclusion, in the convenient “‘NOSE’ chemistry approach, we demonstrate
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a novel Fe203NPs@DE catalyst for the green oxidation of aldehydes. DE acts as
a smart support for Fe,OsNPs and enhances its oxidative catalytic action. The
method offers several advantages including excellent yields of the products, safe
handling, expérimental simplicity and ‘‘green-ness’’ which make it a useful,
attractive and benign altema-tive over the éxisting methodologies. Fe,OsNPs@DE
works efficiently at room temperature without using any additive or ligands.
3.4 Experimental
3.4.1 General Experimental Methods

The chemicals and reagenfs were purchased from Sigma-Aldrich, Merck, M/S
S. D. Fine Chemicals Pvt. Ltd. and Loba chemical, and used without further
purification. Transmission electron microscopy was performed by (TEM)
[CM12, PHILIPS] with energy dispersive spectroscopy (EDS) [OXFORD] and
“sample preparation facility. The surface mbrphology and EDX were studied using -
JEOL scanning electron microscope (model JSM-6390LV SEM). The XRD
pattern was recorded with Rigaku X-ray diffractometer. Melting points were
determinéd in a Biichi 504 apparatus. IR spectra were recorded as KBr pallets in
a Nicolet (Impact 410) FT-IR spectrophotometer. 'H and '*C NMR spectra were
recorded in a 400 IMHz NMR spectrophotometer (JEOL, JNM ECS) using
tetramethylsilane (TMS) as the internal standard and coupling constants are
eXpressed in Hertz. Elemental analyses were carried out in a Perkin—Elmer CHN
analyser (2400 series [). Mass spectra were recorded with a Waters Q-TOF
Premier and Aquity UPLC spectrometer. Visualization was accomplished with
UV lamp dr [, stain. Reactions were monitored by thin-layer chromatography
using aluminium sheets with silica gel 60 F,s4 (Merck).

3.4.2 Typical procedure for the preparation of diatomite supported F. e203 NPs
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In a two necked round bottomed flask (250 mL), Fe;O3 NPs (700 mg) and
| diatomite (1400 mg) were taken followed by the addition of THF (30 mL). The
‘mixture was mechanically stirred at 60 °C for about 3 h to get a single phase.
After the completion, THF was concentrated using rotary evaporator and finally
dried in an oven at 80 °C f0-r 6 h.
3.4.3 General procedure for the oxidation of aldehydes

In an oven dried round bottomed flask (50 mL) FezO3NPs@DE (3.0 mol%) -
was }put in distilled CH3CN (3 mL) and then alky/aryl aldehyde (1.0 mmol) was
added. After that it was allowéd to stir at robm temperature under aerobic
’ ~ condition with the drop wise addition of HZO;_. (1 mmol) till the required time (the
progress of the reaction was judged by TLC). After the completion, CH3CN was
removed using rotary evaporator and ethyl acetate (3x10 mL) was added to it.
Then the reaction mixture was centrifuged at 3,500 rpm to recover
Fe,O;NPs@DE. Having done this, the reaction mixture was washed with water
and brine, dried over anhydrous Na;SOq, concentrated in a rotary evaporator and
finally the crude product was charged -to column chromatography (30% ethyl
‘acetate: hexane as an eluent) for purification and whérever necessary the products
were récrystallized from hot ethanol.

The recovered catalyst was washed with hot ethanol (5x10 mL) to remove all
the organic impurities. Finally, it was decanted and dried in an oven at 80 °C for
7 h. Then the catalyst was reused for evaluating the performances in fhe next run

in the reaction.
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3.5 Calculation for Turn Over Number (TON) for Fe;O;NPs@DE in scheme 4

Entry

[nput -

mmol

1
2
3

4-methoxy benzaldehyde
30% H,0,
F6203NPS@DE

5
5
0.18 (3 mol%)

TON from fresh upto 4th —(5+5)x(097)—538
om fresh upto 4th run = (018) .97) = 53.
TON in 5th —(5+5)><(094)—522

in run = 018) 94) = 52.
TON in 6th —(5+5)x(090)—500

in run = 018) .90) = 50.
o - (5+05) '
TON in 7th run = x (0.84) = 46.6

(0.18)
3.6 Calculation of Green metrics
3.6.1 Calculation of green metrics for the oxidation of 4-methoxy benzaldehyde

using Se0,%*®@

H,0,(10 mmol)
THF (7.5 mL)
Se0, (025 mmol) |

MeO-@-CHO MeO—@-COOH

S mmol
5

46% yield
6

Scheme 5: Oxidation of 4-methoxy benzaldehyde using SeO,

Entry [nput Output
1 4-methoxy benzaldehyde 680 mg 6 349.6 mg
2 30% H,0, 340 mg  Se0, 28 mg
3 THF 6669 mg
Total 7686 mg " Total 377.6 mg
E — Factor = (7686 — 377.6) 20.9
e VY
] - (680 + 340 + 6669 + 28)
Mass intensity = =220

(349.6)
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(152)
Atom economy = m X 100 = 89.4%

Atom efficiency = 89.4% % 46% = 41.1%
3.6.2 Calculation of green metrics for the oxidation of 4-methoxy benzaldehyde

using H0y/[CH3(n-CsH 7);JHSO,**®

H202(125 mmol)
MCOO‘CHO > 'M€O‘©’COOH
[CH3(n-C8H]7)3|HSO4 (005 mmol)

5 mmol 9% yield
5 ' ' 6

Scheme 6: Oxidation of 4-methoxy benzaldehyde using H,O,/[CH3(n-

CgH,7)3]JHSO4

_Entry Input Output
i 4-methoxy benzaldehyde 680 mg 6 68.4 mg
2 30% H,0, 425 mg
3 CH3(I’]-C8H|7)3]HSO4 23 mg
- Total 1128 mg V Total 68.4 mg
E — Fact _(1128-68.4)_154
actor = 68.0) = 15.
Mass intensi — (1128) =16.4
ass intensity = O
Atom - (152) X 100 = 89.4%
om economy = (136 + 33) = 89.4%

Atom efficiency = 89.4% x 9% = 8.04%
3.6.3 Calculation of green metrics for the oxidation of 4-methoxy benzaldehyde
using Oxone

MeO cHo—xone S mmob)_ COOH
¢ DMF (02 M) = ¢

5 mmol 31% vyield
5 ’ 6
.

3200

Scheme 7: Of(idation of 4-methoxy benzaldehyde usiﬁg Oxone
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Entry [nput Output
1 4-methoxy benzaldehyde 680 mg - 6 235.6 mg
2 Oxone 760 mg
3 DMF , 73050 mg
Total . 74490 mg Total - 235.6mg

(74490 — 235.6)

Atom efficiency = 52.7% % 31% = 16.3%

3.6.4 Calculation of green metrics for the oxidation of 4-methoxy benzaldehyde

32(c)

using Bi,O; ] :
Bi,0; (0.1 mmol)
MeO CHO » MeO COOH
: EtOAc (2.5 mL)
5 mmol 70% t-BuOOH (25 mmol) 97% yield
5 6

Scheme 8: Oxidation of 4-methoxy benzaldehyde using Bi,O3

Entry . [nput Qutput
1 4-methoxy benzaldehyde 680 mg 6 737.2 mg
2 70% ¢-BuOOH 2250 mg Bi,O, 46.6 mg
3 EtOAc 2242 mg
Total 5172 mg Total 783.8 mg
£ — Factor = (5172 —783.8)
acor=""m372y
Mass intensity — (5172 + 46.6) . 0
ass intensity = 737.2) =7.
At ' _ (152 x 100 = 67.2%
om economy = (136 + 90) =67.2%

Atom efficiency = 67.2% X 97% = 65.2%
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3.6.5 Calculation of green metrics for the oxidation of 4-methoxy benzaldehyde
using H,0/HC! and H,NOH HCI**@.
, H,NOH.HCI (12.5 mmol)
MeOQCHO %0, S MeOO—COOH

5 mmol 37% HCI (15 mmol) 93% yield
5 CH,CN (5mL) 6

Scheme 9: OXidatidn of 4-methoxy benzaldehyde using HZOZ/HCI and

H,NOH HCI
Entry Input Output
1 4-methoxy benzaldehyde 680 mg | 6 707 mg
3 H,NOH'HCI 863 mg
4 HCl1 548 mg
5. CH;CN 3930 mg .
Total - 6020 mg Total 707 mg
E — Fact _(6020—707)_75
actor = 707) =7.
Mass intensity = ©020) _
ass intensity = 707 -
(152)

— % 100 = 55.1%

At =
om econowy (136 + 34 + 69 + 36.5)

Atom efficiency = 55.1% X 93% = 51.3%

3.6.6 Calculation of green metrics for the oxidation of 4-methoxy benzaldehyde

using Fe;O;NPs@DE " *°*
Fe;O;NPs@DE (3 mol%)
MeO CHO » MeO COOH
30% H,0, (5 mmol)
5 mmol CH;CN (3 mL) 97% yield
5. 6

Scheme 10: Oxidation of 4-methoxy benzaldehyde using Fe,O;NPs@DE
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Entry [nput : - - Output
1 4-methoxy benzaldehyde 680 mg 6 737.2 mg
2 - HyO, 170 mg Fe,O3;NPs@DE 12 mg
3 CH;CN 2358 mg
Total 3208 mg Total T 7492 mg
£ Facto = 3208-7492)
aor="m37y _~
Mass intensi (3208 + 12)
inte == =
ass intensity - 737.2)
(152)

Atom economy = X 100 = 89.4%

(136 + 34)

Atom efficiency = 89.4% x 97% = 86.7%

3.7 Physical and spectroscopic data for all carboxylic acids

Benzoic acid (Table 4, entry 1)

o
White solid; R¢= 0.36 (20% AcOEt:hexane); mp 118.5-119.8 °C; '"H NMR (400
MHz, CD;0D, TMS): & 8.00-7.40 (m, 5H, Ar-H), 4.93 (br, s, 1H, OH); °C NMR
(100 MHz, CD;0D, TMS): & 168.5, 312.7, 130.5, 129.3, 128.1; R (KBr pellets)
Vmax: 2661 cm™ (OH), 1684 cm™ (CO); m/z (LC-MS) 122.04 [M].

2-Chloro-benzoic acid (Table 4, entry 2)

White solid; R¢= 0.32 (20% AcOEt:hexane); mp 139.3-140.6 °C; "H NMR (400
MHz, CD;0D, TMS): 6 7.84 (d, /= 6.88 Hz, 2H, Ar-H), 7.51-7.47 (m, 2H, Ar-

H) 4.81 (br, s, 1H, OH); "*C NMR (100 MHz, CD;0D, TMS): § 167.1, 132.3,
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132.4, 130.6, 130.1, 126.7; IR (KBr pellets) viax: 2722 cm™' (OH), 1688 cm”™
(CO); m/z (LC-MS) 156.00 [M"].

3-Chloro-benzoic acid (Table 4, entry 3)

White solid; R¢= 0.34 (20% AcOEt:hexane); mp 154.2-157.3 °C; 'H N]V[R (400
MHz, CD;0D, TMS): 6 7.89 (d, J = 6.88 Hz, 2H, Ar-H), 7.58-7.51 (m, 2H, Ar-
H) 4.85 (br, s, 1H, OH); *C NMR (100 MHz, CD;0D, TMS):-S 166.4, 133.1,
1329, 131.1, 129.8, 127.2; IR (KBr pellets) vy 2776 cm’! (OH), 1682 cm’
(CO); m/z (LC-MS) 156.00 [M'].

4-Chloro-benz0ic acid (Table 4, entry 4)

O
I

o
Cl
White solid; R¢= 0.32 (20% AcOEt:hexane); mp 241.2-242 °C; 'H NMR (400
MHz, CD;0D, TMS): & 7.83 (d, J = 6.88 Hz, 2H, Ar-H), 7.48-7.46 (m, 2H, Ar-
H) 4.89 (br, s, 1H, OH); °C NMR (100 MHz, CD;0D, TMS): & 167.6, 132.8,
132.2, 130.9, 130.6, 126.5; IR (KBr pellets) vmax: 2784 cm’ (OH), 1690 cm’
(CO); m/z (LC-MS) 156.00 [M]. |

2-Nitro-benzoic acid (Table 4, entry 5)

0]
n

L
NO.

2

Yellow solid; R¢= 0.30 (20% AcOEt:hexane); mp 147.5-148.2 °C; "H NMR (400

MHz, CD;0OD, TMS): 6 8.71-7.73 (m, 4H, Ar-H), 4.90 (br, s, 1H, OH); '>C NMR
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(100 MHz, CD;0D, TMS): 5 166.9, 148.8, 1354, 132.9, 130.2, 127.3, 123.5; IR
(KBr pellets) vipax: 2804 cm’' (OH), 1694 cm™! (CO); m/z (LC-MS) 167.02 [M];
Anal. Calcd (%) for C;HsNOg: C, 50.31; H, 3.02; N, 8.38; Found C, 52.-91, H,
2.62,N, 7.98.

3-Nitro-benzoic acid (Table 4, entry 6)

Pale yellow solid; R¢= 0.34 (20% AcOEt:hexane); mp 139.0-140.4 °C; 'H NMR
(400 MHz, CD;0D, TMS): & 8.74-7.76 (m, 4H, Ar-H), 4.96 (br, s, 1H, OH); "°C
NMR (100 MHz, CD;OD, TMS): 8 166.3, 148.5, 135.1, 132.7, 129.9, 127.0,
123.3; [R (KBr pellets) vyax: 2848 cm’ (OH), 1691 cm™ (CO); m/z (LC-MS)
167.02 fM+]; Anal. Calcd (%) for C;HsNO4: C, 50.31; H, 3.02; N, 8.38; Found C,
5291, H,2.62, N, 7.98.

4-Nitro-benzoic acid (Table 4, entry 7)

o
OzN

Light yellow solid; R¢= 0.31 (20% AcOEt:hexane); mp 235.4-236.8°C; 'H NMR
(400 MHz,; CD3;0D, TMS): & 8.78-7.74 (m, 4H, Ar-H), 4.92 (br, s, 1H, OH); "*C
NMR (100 MHz, CD;0D, TMS): & 166.0, 148.3, 135.0, 132.5, ‘129.7, 126.9,
123.9; IR (KBr pellets) Vima,: 2866 cm™ (OH), 1698 cm™ (CO); m/z (LC-MS)
167.02 [M*]; Anal. Calcd (%) for C;HsNO,: C, 50.31; H, 3.02; N, 8.38; Found C,
5291, H,2.62,N, 7.98.

2-Hydroxy-benzoic acid (Table 4, entry 8)
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‘.é
CL
OH
Colorless solid; Rg= 0.27 (20% AcOEt:hexane); mp 156.2-158.0 °C; '"H NMR
(400 MHz, CD;0D, TMS): & 10.18 (br, s, 1H, OH ), 8.00-7.62 (m, 4H, Ar-H),
4.92 (br, s, |H, OH); °C NMR (100 MHz, CD;0D, TMS): § 169.1, 134.0, 131.1,

130.4, 129.7; IR (KBr pellets) vmax: 2896 cm™ (OH), 1708 cm™ (CO); m/z (LC-

MS) 138.03 [M"].

-4-Hydroxy-benzoic acid (Table 4, ehtry 9)

(ON
o
| Ho

White solid; R¢= 0.24 (20% AcOEt:hexane); mp 214.3-217.5 °C; '"H NMR (400

MHz, CD;0D, TMS): & 10.23 (br, s, 1H, OHl-), 8.10-7.42 (m, 4H, Ar-H), 4.98
(br, s, 1H, OH); '>C NMR (100 MHz, CD;0D, TMS): & 169.6, 134.2, 131.3,
130.0, 129.2; IR (KBr pellets) Vma: 2921 cm™ (OH), 1727 cm” (CO); m/z (LC-
MS) 138.03 [M"]. |

"4-Amino-benzoic acid (Table 4, entry 10)

Grayish whitc solid; Rf = 0.36 (20% AcOEt:hexane); mp 187.4-188.9 °C; 'H
NMR 400 MHz, CD;0D, TMS): & 8.85-7.78 (m, 4H, Ar-H), 5.6.9 (br, s, 1H,
OH), 4.62 (br, s, 1H, NH); '*C NMR (100 MHz, CD;0D, TMS): 5 169.3, i48.6,
136.6, 133.2, 129.9, 127.9, 124.3; IR (KBr pellets) vm;,x: 2578 cm™' (OH), 1696
cm™ (CO); m/z (LC-MS) 137.05 [M']; Anal. Caled (%) for C;H,NO,: C, 61.31;

H, 5.14; N, 10.21; Found C, 60.91, H, 4.74; N, 9.81.
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2-Methoxy-benzoic acid (Table 4, entry 11)

Pale yellow solid; R¢= 0.35 (20% AcOEt:hexane); mp 98.7-100.7 °C; 'H NMR
(400 MHz, CDCls, TMS): 8 10.51 (br, s, 1H, OH), 7.31 (d, J=7.80 Hz, 2H, Ar-
H), 7.03 (d, J=7.80 Hz, 2H), 3.31 (s, 3H, OCHz); *C NMR (100 MHz, CDCl,,
TMS): § 172.3, 168.1, 135.2, 133.4, 129.3, 56.5; IR (KBr pellets) vmax: 2556 cm’'
(OH), 1686 cm™ (CO); m/z (LC-MS) 152.05 [M"].

4-Methoxy-benzoic acid (Table 4, entry 12)

0]
fn

(6N
H,CO

Pale crimson solid; R¢= 0.33 (20% AcOEt:hexane); mp 182.1-185.3 °C; 'H NMR

(400 MHz, CDCls, TMS): & 10.59 (br, s, 1H, OH), 7.36 (d, J=7.80 Hz, 2H, Ar-
H), 7.09 (d, J=7.80 Hz, 2H), 3.39 (s, 3H, OCH3); '*C NMR (100 MHz, CDCl;,
TMS): 5 172.0, 168.5, 135.4, 133.9, 129.4, 56.1; [R (KBr pellets) vinax: 2575 cm’
(OH), 1697 em” (CO); m/z (LC-MS) 152.05 [M"].

2-Methyl-benzoic acid (Table 4, entry 13)

White solid; R¢= 0.39 (20% AcOFEt:hexane); mp 104.3-105.2 °C; 'H NMR (400
MHz, CDCls, TMS): 8 10.48 (br, s, 1H, OH), 7.43 (d, J=7.80 Hz, 2H, Ar-H),
7.12 (d, J=7.80 Hz, 2H), 2.35 (s, 3H, CH3); '*C NMR (100 MHz, CDCl;, TMS):

51714, 167.8,134.6, 132.4, 128.0, 19.8; IR (KBr pellets) Vma: 2732 cm’!
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(OH), 1715 cm™ (CO); m/z (LC-MS) 136.05 [M"].

4-Methyl-benzoic acid (Table 4, entry 14)

: 0
|(l:
~0
HsC

White solid; R¢= 0.36 (20% AcOEt:hexane); mp 179.0-182.5 °C; 'H NMR (400

MHz, CDCl;, TMS): & 10.43 (br, s, 1H, OH), 7.48 (d, J=7.80 Hz, 2H, Ar-H),
7.18 (d, J=7.80 Hz, 2H), 2.29 (s, 3H, CH;); ">C NMR (100 MHz, CDCl;, TMS):
5 171.8, 167.6, 134.8, 132.7, 1282, 21.3; IR (KBr pellets) Vmax: 2738 cm™ (OH),
1720 cm™ (CO); m/z (LC-MS) 136.05 [M"]. |

3-Phenyl-acrylic acid (Table 4, éntry 15)

White solid; Rg= 0.21(20% AcOEt:hexane); mp 131.5-133.2 °C; 'H NMR (400

MHz, CD0D, TMS): 8 7.48-7.29 (m, SH, Ar-H), 6.41 (d, /= 7.21 Hz, IH, CH),
6.37 (d,J=7.21 Hz, 1H, CH), 4.80 (br, s, ‘lH, OH); *C NMR (100 MHz, CDCl,,
TMS): § 169.1, 144.9, 134.5, 130.0, 128.6, 1218..1, 127.8, 118.0; IR (KBr pellets)
Venae: 2869 cm! (OH), 1727 cm™ (CO); m/z (LC-MS) 136.05 [M"].

Terephthalic acid (Table 4, entry 16)

White solid; Ry = 0.25 (20% AcOEt:hexane); mp 298.7-299.8 °C; 'H NMR (400
MHz, CD;0D, TMS): & 7.45 (d, J = 8.75 Hz, 2H, Ar-H), 7.27 (d, J = 8.75 Hz,

2H, Ar-H), 5.36 (br, s, 1H, OH); '>*C NMR (100 MHz, CDCl;, TMS): & 170.2,
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135.7, 130.5; IR (KBr pellets) vima: 3123 cm’ (OH), 1725 cm™ (CO); m/z (LC-

MS) 166.03 [M'].

~ Thiophene-2-carboxylic acid (Table 4, entry 17)

Light brown solid; R¢= 0.42 (20% AcOEt:hexane); mp 1 27.2-130.7 °C; '"H NMR
(400 MHz, CD;0D, TMS): & 7.74-7.10 (m, 3H, Ar-H), 4.82 (br, s, 1H, OH); °C
NMR (100 MHz, CDCl;, TMS): & 164.0, 134.3, 1332, 132.4, 127.5; IR (KBr
pellets) Vimae: 3156 cm™ (OH), 1729 cm™ (CO); m/z (LC-MS) 127.99 [M'].

Furan-2-carboxylic acid (Table 4, entry 18)

Light yellow solid; Re= 0.39 »(20% AcOEt:hexane); rﬁp 126.1-129.3 °C; '"H NMR
(400 MHz, CD;0D, TMS): & 7.85-7.45 (m, 3H, Ar-H), 4.94 (br, s, 1H, OH); "°C
NMR (100 MHz, CDCl;, TMS): 6 164.8, 134.7, 133.6, 132.7, 127.6; [R (KBr
pellets) viax: 3160 cm™ (OH), 1735 cm’ (CO); m/z (LC-MS) 112.02 M1].
Acetic acid (Table 4, entry 19)
o

H3C/U\OH
Colorless liquid; Ry = 0.41 (20% AcOEt:hexane); 'H _NN[R (400 MHz, CDCls,
TMS): & 5.52 (br, s, 1H, OH), 2.04 (s, 3H, CH3); >C NMR (100 MHz, CDCl,,
TMS): & 170.8, 23.1; IR (KBr pellets) Vmax: 2957 cm™ (OH), 1711 cm™ (CO); m/z
(LC-MS) 60.02 [M™]. | |

Propionic acid (Table 4, entry 20)
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e

w1
8 OH

Colorless oil; Rf = 0.43 (20% AcOEt:hexane); 'H NMR (400 MHZ CDCl,,
TMS): & 11.25 (br, s, 1H, OH), 2.48-2.41 (m, 2H, CHy), 1.17 (t, J = 56Hz 3H,
CH3); *C NMR (100 MHz, CDCl;, TMS): & 178.6, 27.8, 9.1; IR (KBr pellets)
Vot 2971 cm™ (OF), 1738 cm” (CO); m/z (LC-MS) 74.04 [M'].

Butyric acid (Table 4, entry 21)

(0]

ch/\)I\OH

Colorless oil; R¢ = 039 (20% AeOEt hexane) 'H NMR (400 MHz, CDCl;,
TMS): 6 11.61 (br, s, 1H, OH), 2.32 (t, /= 6.7 Hz, 2H, CH2)~, 1.71 (m, 2H, CHy),
1.05 (t, J=6.7 Hz, 3H, CH;) 3C NMR (100 MHz, CDCls, TMS): 8 179.8, 37.6,
18.9, 13.5; IR (KBr pellets) Vmax: 2978 cm’ (OH) 1741 cm’ (CO) m/z (LC- MS)
88.05 [M™]. |

Pentanoic acid (Table 4, entry 22) |

o]
H3C\/\)J\0H
Colorless oil; Rf = 0.36 (20% AcOEt:hexane); 'H NMR (400 MHz, CDCl;,
TMS): & 11.70 (br, s, 1H, OH), 2.30 (t, J = 7.3 Hz, 2H, CH,), 1.68-1.64 (m, 2H,
CH,), 1.39-1.34 (m, 2H, CH,), 0.94 (t, J = 7.3 Hz, 3H, CH;); ’C NMR (100
MHz, CDCl;, TMS): § 180.2, 34.4, 27.9, 22.5, 14.6; IR (KBr pellets) Vmax: 3012
cm” (OH), 1743 cm™ (CO); m/z (LC-MS) 102.07 [M].

Formic acid (Table 4, entry 23)
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Colorless liquid; Rf= 0.47 (20% AcOEthexane); 'H NMR (400 MHz, CD;OD,
TMS): & 8.05 (s, 1H, CH), 5.39 (br, s, 1H, OH); '*C NMR (100 MHz, CDCls,
TMS): 6 174.2; IR (KBr pellets) vyax: 2949 cm’ (OH), 1718 cm’ (CO); m/z (LC-
MS) 46.01 M. |
Cyélohexanecarboiylic acid (Table 4, entry 24)
(¢]

O/N\OH
Pale yellow solid; Rf% 0.42 (20% AcOEt:hexane); mp 30.0-32.8 °C; 'H NMR
(400 MHz, CDCls, TMS): & 11.75 (br, s, IH, OH), 2.37-2.31 (m, 1H, CH), 1.84-
1.82 (m, 2H, €H,), 1.62-1.54 (m, 2H, CH,), 1.36-1.29 (m, 2H, CH,), 1.14-1.07
(m, 2H, CH,), 1.04-0.98 (m;, 2H, CH,); '*C NMR (100 MHz, CDCl;, TMS): &
182.1, 43 4, 28.3, 25.3, 24.3; IR (KBr pellets) vma,.(: 3119 ¢m’! (OH),. 1729 cm’™
(CO); m/z (LC-MS) 128.08 [M"].

Phenyl-acetic acid (Table 4, entry 25)

OH
oY
- Off white solid; R¢= 0.46 (20% AcOEt:hexane); mp 76.1-77.3 °C; 'H NMR (400
MHz, CDCl;, TMS): & 11.05 (br, s, 1H, OH), 7.86-7.77 (m, SH, Ar-H), 3.49 (s,
2H, CH,); “C NMR (100 MHz, CDCls, TMS): § 178.8, 135.1, 132.4, 130.0,
128.5, 48.9 ; IR (KBr pellets) vgay: 3180 cm™ (OH), 1748 cm™ (CO); m/z (LC-

MS) 136.05 [M].
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Section I

Recyclable, highly efficient and low cost nano-MgO for amide
synthesis under SFRC: A convenient and greener ‘NOSE’

approach

4.1.1. Introduction

Recently, in the domain of catalysis, nano magnesium oxide (MgO) has
gained a respectable status as catalyst.' MgO has a basic property which is
exploited in the high-yield synthesis of important molecules.” Its adsorptive
propertiesr3 can be used in toxic waste remediation.” It has a high activity against
bacteria, spores and viruses because of its large surface area.’

The widespread importance of amide moiety as one of the most versatile
functionalities in chemistry and biology has been acknowledged.® Several
catalysts and reagents’ have been reported to effect the amidation reaction. The
drawbacks inherited with these reagents and catalysts are their instability,
sensitivity to moisture, harsh reaction condition, prolonged reaction time,
modest yield, toxic/corrosive by-products and costly waste streams. More
recently, hydroxyapatite-supported silver NPs has been used for the synthesis of
amides via selective hydration of nitriles in water.” Kobayashi et al reported
gold or gold/iron NPs catalyzed amide synthesis.® Mizuno and coworkers
synthesized amides by hydration of nitriles promoted by amorphous MgO using
reduced amounts of water.” Mizuno et al also reported the synthesis of amides
by MgO promoted liquid-phase aerobic oxidation of methylarenes using
ammonia surrogates.'’ In the recent work,'' amide synthesis was achieved by

water-soluble Gold/DNA Catalyst. However, main difficulties associated with
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these cited works were very high reaction temperature, longer reaction time and
application of expensive catalysts. Therefore, the synthesis of amide eliminating
these drawbacks is still a demanding and challenging work for the chemists.
Our group recently reported the synthesis of N-methylamides catalyzed by

1." Reddy and his co-workers have

water tolerant zirconyl chloride under MW
reported an acknowledgeable work on nano-MgO catalyzed N-formylation of
aryl/alky] amines using formic acid under MWL " As a part of our ongoing
research program for the development of the ‘NOSE' ' (Nanoparticles-
catalyzed Organic Synthesis Enhancement) chemistry in our laboratory, we

herein report recyclable nano-MgO for the synthesis of amides 3 in good to

excellent yields under SFRC by reacting carboxylic acids 1 with amines 2

(scheme 1).
( Q SFRC C /ﬁ\
,70°
+ RZ—NH —_— K /R2 _ o, .
R1/U\OH 2 |l‘ 5 moi% MgO(‘. Rj u 65-98 % yield

1 2 3
Ry = H, alkyl, aryl
Ry = Alkyl, aryl

(i) Isolation by centrifugation (3,000 rpm)
(ii) Reused upto 5" cycle

\\

Scheme 1: General representative scheme for the synthesis of amides
4.1.2. Results and Discussion
4.1.2.1 Characterization of the nano-MgO
To characterize nano-MgO (procured from Sigma Aldrich), at first EDX

analyses (figure 1) were performed to determine the elemental constituents of it.

 Scede 1961 At Cursie 000

Figure 1. EDX analysis of pure nano-MgO
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It shows that weight% of Mg and O are 57.29 and 42.71 and atomic% are
50.12 and 50.88 respectively. Thus, the EDX suggests the presence of only Mg
and O in the nano-MgO sample.

For the identification of functional groups, bonding information, study of
strength and fraction of hydrogen bonding, the FT-IR spectrum (figure 2) was
recorded. It is revealed from figure 2 that there are two types of OH bonding
exist in these spectra. First, is the O-H stretching and bending bonded with Mg
and secondly, O-H stretching and bending attached at the surface of the samples.
The O-H stretching bonded with Mg appeared as a sharp peak at 3703 cm |,
bending bond at 1443 cm™ . For the second, O-H stretching appeared as a broad

band at 3430 cm™ while the bending at 1630 cm™. These bands had been

. . 1
previously characterized by several researchers. :
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Figure 2. FTIR spectrum of nano-MgO
The result from X-ray diffractogram (figure 3) presented the peaks
corresponding to (21 1),(220),(311),(4 1 1)and (3 3 1) planes that gave a
clear indication of the existence of cubic primitive MgO with a lattice constant a,
of 0.4839 nm and the peaks can be assigned to the pure phase of MgO (JCPDS
PDF # 76-1363). The crystalline sizes were determined by using Scherrer

equation by considering the two intense peaks (2 2 0) and (3 1 1) from XRD
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pattern. The crystalline sizes were found to lie between 17.4 and 16.4 nm
calculated from the X-ray line broadening by applying full width half maximum

(FWHM) of characteristic peaks (2 2 0) and (3 1 1) to the Scherrer equation.
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Figure 3. XRD pattern of MgO nanoparticles

The theoretical particle size was also calculated from the surface area
assuming particles to be spherical in shape and the average particle diameter
calculated was 18.12 nm (Sgpy =92.4 ng" and p =3.58 gem™). The total pore
volume of MgO nanopowder was found to be 0.4313 mLg™".

The surface morphology of nano-MgO was studied using scanning electron
microscope [figures 4(A) and 4(B)]. It is evident from figures 4(A) and 4(B)
that the MgO NPs has an irregular shape and poor microstructure resulting from

agglomeration of MgO particles.

Figure 4. SEM images of nano-MgO at (A) lower and (B) higher resolution
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Particle size and external morphology of nano-MgO particles were observed
on a Transmission Electron Microscope (figure 5). Figure 5(A) shows isolated
particles with an average diameter of 4542 nm as well as a network of
connected particles. The particles with an average diameter of 15+2 nm and 6+2
nm can be evident from figures 5(B) and 5(C). It can also be seen that some

agglomeration was present and this was attributed to the large surface area of

nano-MgO.

Figure 5. TEM images of nano-MgO at (A) 0.5um, (B) 50 nm and (C) 20 nm
The TGA curve measures the compositional changes associated with the
calcinations processes and is shown in figure 6. The two step pattern of weight

loss has been indicated in figure 6 in the temperature range of around 110 °C

and 345 °C.

T —
00 w0 0

Temperatare ( )

Figure 6. TGA curve of nano-MgO
4.1.2.2 Optimization of the reaction condition for amide synthesis

To optimize the reaction condition (Table 1), a model reaction (scheme 2)
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between benzoic acid 1a (I mmol, 122 mg) and aniline 2a (I mmol, 0.09 mL)
was considered. The reaction progress was monitored initially at room
temperature and then by heating on a preheated oil bath up to 120 °C. Under this
condition the reaction did not proceed and the starting materials remained intact
(Table 1, entry 1). Then we increased the temperature up to 150 °C maintaining
the same reaction condition but it also failed to yield the product (Table 1, entry
2). Observing these negative results, the importance of catalyst was realized.
With this notion in mind, we started the reaction with 10 mol% of nano-MgO at
120 °C that provided 32% yield (Table 1, entry 3). Next, we carried out the
same reaction at 70 °C expecting a better outcome with shorter rate. To our
delight, a yield of 70% was obtained (Table 1, entry 4). For further
improvement in the yield of amide and to understand the role of nano-MgO, the
model reaction was performed at low catalyst loading. Significant increase in
product formation was observed using 5 mol% of nano-MgO which gave 96%
yield in 10 mins (Table 1, entry 6). Increasing the catalyst loading to more than
5 mol% might have reduced the surface area due to the aggregation of the
particles which in turn decreased the yield of the desired products. The results
of catalyst loading (Table 1, entries 4-8) indicate that catalytic activity of nano-
MgO increases from 1 to 3 mol%, attains the maximum activity at 5 mol% and
after that it starts decreasing. Increasing the catalyst loading to more than 5
mol% might have reduced the surface area due to the aggregation of the
particles which in turn decreased the yield of the desired products. It is
important to note that when the model reaction was performed at different
mol% (other than 5 mol%) of nano-MgO by keeping the scavenging time

constant (10 min), poor yields (5-19%) were obtained.
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Table 1. Catalyst screening and optimization®

o}
COOH H,N )
© . ©_Cmt__. N
2a 3a

1a

Scheme 2: Model reaction

En Catalyst Solvent  Temp. Time (h Yield TON
try y ¢ cf (h) ( (,/‘j)b
1 None SFRC 120 9 NR® 0
2 None SFRC 150 9 NR° 0

3 Nano-MgO'  SFRC 120 2 32 12.8
4 Nano-MgO'  SFRC 70 1 70 28

5 Nano-MgO'  SFRC 70 50min 74 29.6
6  Nano-MgO'  SFRC 70 10min 96 38.4
7* Nano-MgO'  SFRC 70 1.5 64 25.6
8"  Nano-MgO'  SFRC 70 3 30 12

9 Et;N SFRC 70 7 5 2

10 Imidazole SFRC 70 7 12 48
11 Pyridine SFRC 70 7 5 2

12f PPh, SFRC 70 7 trace 0

13 K:CO; SFRC 70 7 trace 0

14 Nano-MgO' CH,CN 70 3 35 14

15 Nano-MgO' H,0 70 5 30 12

16  Nano-MgO' CH,OH 70 5 >27 108
17 Nano-MgO' THF 70 4 40 16

18 Nano-MgO'  Toluene 70 6 44 17.6
19  Nano-MgO'  DMSO 70 2 20 8

20 Nano-MgO'  Xylene 70 5 60 24

21 Nano-MgO'  DMF 70 8 64 25.6
22" Bulk-MgO SFRC 70 8 23 92

? Reaction condition: 2a (0.2 mL, 3 mmol), 1a (366 mg, 3 mmol), SFRC or
solvent (5 mL). * Isolated yields. © No reaction, 410 mol% catalyst was
used. ¢ 7 mol% catalyst was used. / 5 mol% catalyst was used. ¢ 3 mol%
catalyst was used. ” 1 mol% catalyst was used. ' Particles size (17.4-16.4
nm).

As nano-MgO is basic in nature, therefore, we compared the catalytic
activity of nano-MgO with several base catalysts (Table 1). It is evident from
the table 1 that nano-MgO showed the best performance amongst all as some of
the catalysts decomposed at 70 °C (Table 1, entry 9). In some cases, catalyst
isolation was noticeably tedious (Table 1, entries 10 and 11) and a few of them
provided trace yield (Table 1, entry 12). We have also checked the effect of
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solvent on the yield and the rate of the amide formation. However, application
of solvent could not dramatically enhance both the rate and yield of amide at 70
°C using 5 mol% of nano-MgO (Table 1, entries 14-21). When bulk MgO was
introduced in the model reaction for comparing its activity with the nano-MgO,
it was observed that bulk MgO could catalyze the reaction by giving poor yield
and longer reaction time (table 1, entry 22). The crucial breakthrough was

observed under SFRC (Table 1, entry 6).
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Figure 7. TON of various catalysts form Table 1

The turn over number (TON) was also calculated for each catalyst and the
graph is shown in the figure 7. From the graph it is seen that the TON was the
highest under SFRC at 70 °C. These outcomes provoked us to continue the
reaction under SFRC using our ‘NOSE’ approach.
4.1.2.3 Basicity measurement of nano-MgQ

The basicity of nano-MgO was determined using Hammett indicator and
benzoic acid titration method.'® The following Hammett indicators with their
base strength (H_) were used for the basicity determination: Bromothymol Blue
(H_=7.2), phenolphthalein (H =9.8), 2.4-dinitroaniline (H =15.0) and 4-
mtroaniline (H_=18.4). With all these indicators except for 4-nitroaniline a
change in color was observed. Thus, the strength of basicity of nano-MgO used

in this study is in the range 9.8<H <15.0. The basic strength and total basicity
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of various loading of nano-MgO is presented in table 2. Nano-MgO has the
stronger base strength and a higher amount of basicity at 5 mol% loading (Table
2, entry 3) than the mentioned ones (Table 2, entries 1,2,4 and 5).

Table 2. Basicity and yield of amide using different amdunt of loading of nano-

MgO
Entry Catalyst Basicity - Total Yield
loading (mmol/g) basicity (%)°
(mol%) 7.2<H <9.8 9.8<H <150 15.0<H <18.4 (mmol/g)
1 1 ©0.83 2.5 : 33 6.6 30
2 3 1.6 3.8 52 10.6 64
3 5 2.2 53 7.1 14.6 96
4 7 1.9 ' 4.1 5.7 11.7 74
5 10 1.7 3.3 4.7 9.7 70
“ Isolated yield.

As suggest-ed by the results in table 2, stroﬁg base sites are difficult to
generate with low loading of nano-MgO (Table 2, entries 1 and 2). When the
loading of nano-MgO was increased to 7 mol% and 10 mol%, the base strength
also got decreased which might be attributed to the aggregation of particles
reducing the activé sites and surface area. Hence,n nano-Mgé a&ained the
maximum basicity at 5 mol% loading for synthesizing amide in excellent yield
(96%). |

Table 3. Optimization of model! reaction (scheme 2) with nanocatalysts®

Entry Nanocatalysts (size) Temp. (°C) Time (min) Yield (%)b
1 a-FepO; (19 nm) | 70 180 44
2 v-Fe,05 (8 nm) 70 . 100 35
3 . Fe;05 (12 nm) 70 90 40
4 Fe;04 (<50 nm) 70 60 55
5. FeO(OH) (20-40 nm) 70 80 36
6 © TiO; (<80 nm) 70 300 Trace
7 ‘MgO (17.4-16.4. nm) 70 10 96
8 Basic Al,O; (37.4-39.7 nm) 70 60 15

~ “5 mol% of catalyst was used. ” Isolated yield.

With this encouraging catalysis by nano-MgO in the amidation reaction, we

then extended our ‘NOSE’ approach to other nanocatalysts considering the
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" same model reaction (Scheme 2) to investigate the efficiency of the different
nanocatalysts in the amide synthesis. The results summarised in table 3 evident
that at 5 mol% catalyst loading, only nano-MgO showed the best catalytic
performance at 70 °C (Table 3, entry 7). But, the other mentioned nanocatalysts
provided comparatively poorer yield at 70 °C with longer reaction time.
4.1.2.4 Nano-MgO catalyzed synthesis of amide derivatives

Prompted by “this convenient experimental reaction condition, we next
approached to asséss the generaiity of various aromatic, heterocyclic and
aliphatic amines with carboxylic acids under the étandardized condition and the
outcomes are summarized in table 4. It can be seen frorﬁ table 4 that nano-MgO
exhibits outstanding activity in the amide synthesis for both electron rich and
electron poor anilines and benzoic acids (Table 4, entries 1-15).

However, anilines substituted with electron withdrawing groups gave

-slightly lower yields (Table 4, entries 4, 5 and 8-10) than those substituted with
electron donating moieties (Table 4, entries 11-15). Benzoic acid having
electron donating groups produced higher yield (Table 4, entry 3) than those
with electron pulling motifs (Table 4, entries 2, 6 and 7). Benzylamine also
reacted with several aromatic acids providing good tq excellent yields (Table 4,
entries 16-18). Aliphatic amines under the present reaction condition when
treated with benzoic acid gave .excellent yields'(Table 4, entries 19 and 20). 2,6-
Diméthyl-4-nitro-phenylamine having both electron pulling and pushing groups
on the benzene ring also provided high yield. (Table 4, entry 21). Benzylamine
underwent reaction readily with phenylacetic acid producing good );ield (Table -
4, entry 22). We also studied the reaction of acetic acid with aniline substituted

with both electron donating and electron withdrawing groups and we obtained
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Table 4. Nano-MgO catalyzed synthesis of amides 3

En R R Time  Yiel Meltin
i ' ’ (min) (%)“fE Doint (°8)
1 CgHs CsHs 10 96 162.5-163.5
2 4-CIC¢H, CsHs 18 92 200.3-201.3

3 2-OHCH, CsHs 15 94 137.2-138.3
4 CeHs 3-CICeH, 15 90 - 172.2-1734
5 CgHs 4-CIC4H, 17 90 177.0-178.7
6 3-NO,CgH,4 CeHs 20 92 93.1-94.6
7 4-NO,CeH, CeHs 22 92 98.0-100.4
8 CeHs 2-NO,CeH, 20 90 95.4-96.8
9 CsHs 3-NO,C¢H, 19 90 156.2-157.2
10 CeHs 4-NO,CsH, 25 90 196.8-198.5
11 CgHs 2-OCH;C¢Ha 10 96 58.1-59.8
12 CeHs 3-OCH;CeHy 10 96 104.1-105.3
13 CsHs; 4-OCH;C¢H, 10 96 155.3-156.3
14 CeHs 2-CH;C¢H, 10 95 144.5-145.5
15 CeHs 4-CH3CgH, 10 95 156.5-157.2
16 CeHs C¢HsCH, 12 98 106.6-107.5
17 4-OCH;C4H, C¢HsCH, 16 91 ©
18 v, CeHsCH, - 27 88 d
19 CsHs CH, 10 98 76.1-78.1
20 CsHs CeHui 30 92 144.7-145.2
21 CeHs 2,6-(CH3),-4-NO,CeH, 22 90 195.1-197.1
22 C¢HsCH, CeHsCH, 33 90 118.1-119.5
23 CH, CeHs 10 98 111.0-112.8
24 CH; 2-Cl1CgH. 20 96 88.7-89.1
25 CH, 3-CIC¢H,4 17 92 179.3-180.9

- 26 CH; 2-NO,CsH, 20 90 93.3-94.2
27 CH; 3-NO,CsH, 30 90 156.6-158.0
28 CH, 4-NO,C¢H, 33 88 208.4-209.8
29 CH, 4-OCH;CsHa 15 97 137.7-138.4
30 CH, 4-CH;CgH, 15 97 154.0-155.0
31 CH, 4-OHC4H, 10 93 170.5-171.8
32 CH; 4-COOHC¢H,4 35 91 259.3-261.9
33 " CH; C¢HsCH, 25 95 60.5-62.0

34%f CH; 2-NH,CsH, 30 94 175.6-177.1
35 CH; CH, 60 98 26.1-27.5
36 CH; CsHyy 80 96 101.0-103.3
37 CH;CH; CsHsCH, 90 89 128.3-129.1
38  CH; CH,CH, CeHs 120 90 93.6-94.8
39 CH;CH; CH, 85 92 d
40 CeHyy . CeHs 30 . 90 148.2-149.5

“ Yields refer to the isolated pure products. > Products were characterised by IR '
and NMR ('H and l3C) spectroscopy, MS and also by comparing their melting
points with the authentic ones. ° Colourless oil.  Liquid compound. ¢ 2 equivalent
of acetic acid was used.” 2-methylbenzimidazole was formed.

acetamide derivatives in good to excellent yields (Table 4, entries 23-33). It is

interesting to note that when o-phenylenediamine was treated with acetic acid
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instead of amide bond formation, cyclization occurred giving 2-methyl
benzimidazole in excellent yield (Table 4, entry 34). Aliphatic amines also
reacted with acetic acid to furnish the products in excellent yields (Table 4,
entries 35 and 36). The reaction of propanoic acid and butanoic acid with aryl
amines also afforded the expected products in-elevated yields (Table 4, entries
37 and 38). The reaction of methylamine with propanoic acid, and aniline with
cyclohexanoic acid also proceeded efﬁc'iently giving the cofresponding products
in good yields (Table 4, entries 39 and 40). The attempts of producing amides
using cyanoacetic acid and trifluoroacetic a;:id failed under the current
methodology. It might‘be due to the fast decarboxylation under the -reacti(_)n
conditioﬁ and rapidly formed éarboxylate salts of aniline decomposed
kinetically before condensation with amines. However, dicarboxylic acids (such
as adipic and malonic acid) and the long chain monocarboxylic acids (such as
lauric and behenic acid) remained unreactive with aniline even after stirring at
80-100 °C for more than 24 h. The tolerability of different electron withdrawing
and electron donating groups in the amines established the compatibilbity of
those moieties towards the reaction condition. |
4.1.2.5 Probable mechanism for the synthesis of amides

In ihe plausible mechanism, it has been hypothesized &at nano-MgO

activates the aryl/alkyl carboxylic acid on its surface throughout the formation

; \ |
HoooH o F'{\Rz OH r, )

12+
£

2. D 2. - ' 2. i . ‘ 2+ 2.
oE—igE—0E—M ot — 0’

Scheme 3: Tentative mechanism for the synthesis of amides
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of amides (scheme 3). A mechanism akin to this has been reported previously.13
4.1.2.6 Investigation on recycling potential of nano-MgO

The recyclability of a catalyst is a key point in the framework of green
chemistry. The recycling experiment for nano-MgO was carried out by
considering the model reaction under the standardized condition (Scheme 2).

Table 5. Reusability of nano-MgO on the yield of N-phenylbenzamide

No.of  Fresh g 2 39 4 s ¢ 7P
cycles® run run ruh Tun run run run
Yield 96 96 96 96 96 96 88 80
[%)°
Time 10 10 10 10 10 10 30 60
[min]
TON 38.4 384 38.4 384 384 384 352 32

“Reaction condition: 5 mmol aniline, 5 mmol benzoic acid, 0.25 mmol (5 mol%)
nano basic MgO, 70 °C. * Yields refer to the isolated pure N-phenylbenzamide.

After the reaction, ethyl acetate was poured into the reaction mixture and
then ultra centrifuged (3,500 r.p.m.) to pellet out the nano-MgO. The separated
particles were washed with hot ethanol (5x10 mL) to remove all the organic
impurities. Finally, it was decanted and dried in an oven at 100 °C for 7 h. Then
the catalyst was reused in the next run in the reaction as shown in scheme 4. It is
demonstrated in the table 5 that nano-MgO maintained its catalytic activity up
to the 5" cycle and after that yield of N-phenylbenzamide went down markedly.

In the present work, we also conducted a comparative study on FTIR spectra
of fresh and reused nano-MgO (after 5 run). It is found that there are shifts in
the values of stretching frequencies as depicted in figure 8(a) which may be the
reason for lower yield of N-phenylbenzamide (scheme 4) after 5" run.
Moreover, there is an appearance of a new peak at 1121 em™ which might be
due to the presence of impurity after 5" run. The scanning electron micrograph

of recycled nano-MgO after 5" run [figure 8(b)] was also recorded. The
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recovered nano-MgO after 5 cycle showed a clear picture of highly
agglomerated particles whose omnipresence in the reaction system might play a

key role in reducing the yield of the product and in increasing time.

Figure 8. (a) Comparison of FTIR spectrum of fresh nano-MgO with the
recycled one after 5" run, (b) SEM micrograph of reused nano-MgO after 5"
run

The TEM image of reused nano-MgO after 5 run [figure 9(a)] manifested
the rupture in the network of connected particles which might have taken part in
the marginal loss of its activity. The network structure of nano-MgO may have
tailored its high catalytic activity. The XRD pattern of fresh nano-MgO was
also compared with reused one (after 5™ run) and is shown in figure 9(b). It

showed some important changes.

intensity (counis)

Figure 9. (a) TEM image of reused nano-MgO after 5™ run, (b) Comparison of

XRD pattern of fresh nano-MgO with the reused one after 5™ run
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Thus, it is evident [figure 9(b)] that the intensity of the highest peak (2 2 0)

in fresh nano-MgO:is decreased completely.in the re‘c_ycljed'one.
| Apart from. this, the intensities of the peaks (3 1 1), (4 .1 1) and (3 3 1) also

diminished in fhe reused nano-MgO. It may be due to either the leaching of
Mg* f'rbm,Mg(.). or blockage of the active. pores which in turn perhaps reduced
the yield of N-phenylbenzamide after 5" run (sgheme 4). Moreover, there is an
apf)earance of a ﬁew peak at about 62° which might be referred to the impurity
stuck into tt;le caté.lyst duﬁhg the consecutive cycles.
4.12.7 Leaching study of nano-MgO

To verify the amount of Mg2+ lost from nano-MgO during its recycling (after
éth Eycle) which c;iuse& decrease in the yiéld Qf am<i';1ation product, the leaching
studly was performed 0;1 ‘a UV visible spectrophotoxﬂetlé:r (figure 10). The reused
nap(?:MgO e'xperienc‘ehd 34.7% Mg”" leaching fron; ‘(its surface whi‘ph might

. . Par b
have reduced its catalytic activity after 5" run (scheme 2).  .© - °
. e . B . .

i Lt . Syl . Wavelength (nm)

' “"Fig:ure 10 UV-Visible §f)ec&a of fresh and reused nano-MgO
4.1.2.8 Measurement of “green-ness” by using green metrics

The “‘green-ness’’ of the present methodology was evaluated by makin_g use

of different parameters of green chemistry (table 6), that shows the superiority

Page | 126



"of nano-MgO over other catalysts. The waste produced during the course of the

reaction is the least’'in our protocol compared to.the other methodologies. >
Moreover, the issues like solvent "redsabilit‘yf and catalyst recyclability are
~ omitted by E-factor which absolutely raises the accuracy.

‘Table 6.'A comparison -of ‘‘green-ness’ among the catalysts/reagents in the

synthesis of N-benzylbenzamide (scheme 4):

' 1,HO0C S
Nano- “H
70 °C N
0

Scheme 4: Measurement of green metrics

Catalysts/reagents  E-factor” . Mass Atom economy (%)  Yield (%)'J
oot - 1atensity R R
IBA® 251.7 3973 9213 50"
- cpr 318 0t 329 53.9.. Co92
DCC 226 67 : 48.5 82"
. socCl, .. . .17~ . . 25 . 853 .- 725
Sulfated tungstate 93 26.3 92.13 g1
Nano-MgO 107 1.09 L9213, . 98%Twx

¢ E-factor shown does not account for the waste produced in the syntheS1s of reagents/
catalysts. ° Yield refers fo the isolated pure N-benzylbenzamlde Ortho-N,N-
dusopropylbenzylaxmnoboromc acid catalyst, ¢ N, N~carbonyldiimidazole.

| 413 Conclusiod . :

In conclusmn v§e have developed a practlcal and éreener ‘NOSE’ protocol
for the clean synthesxs of both ahphatlc and aromatic am1des utilizing nano-

.

MgO as an efﬁcwnt reusable and cheap catalyst under SFRC. Simple
experimental condmon vaned substrate compatibility, hlgh yields of the
products, chemo salgct‘lylt,y,‘ pqn}-hygros‘qoplc n,ature_w gf qatalyst ~make . our
protocol a more potent benign altérnative over conventional dnaa for amide
syhthesis
414 Expertmental

4.14. 1 General Expenmental Methods
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Nano-MgO (The average particle diameter 18.12 nm, Sger=92.4 m’g’, pore -
volume.0.4 mLg"' and p =3.58 gem>, purity: 99.99%) was purchased from
Sigma-Aldrich arrd used as received. The chemicals and reagents were
Vp'urchased from Sigma-Aldrich, Merck, M/S S. D. Fine Chemicals Pvt. Ltd. and
Loba chemical, and used without further purrﬁcation. Transmission electron-
microscopy was performed in (TEM) [CM12, PHILIPS] with energy dispersive
spectroscopy (EDS) [OXFORD] and sample preparation facility. The surface
morphology and EDX were studied using JEOL scanning electron microscope
(model JSM-6390LV SEM). The XRD pattern was recorded with a Rigaku X-
ray diffractometer. Melting points were determi'ned in a Biichi 504 apparatus
and are uncorrected. The leaching study wris performed on a UV visible
spectrophotometer (Hitachi, U-2001, Tokyo, Japan). IR spectra were recorded
as KBr pellete in a Nicolet (Impact 410) FT-IR spectrophotometer. 'H and "°C
NMR spectra were recorded in a 400 MHz NMR spectrophotometer (IEOL,
JNM ECS) using tetramethylsilane (TMS) as the internal standard and coupling
constants are expressed in Hertz. Elemental analyses were earried out in a
Perkin—Elmer CHN analyser (2400 series.IT). Mass spectra were recorded with a
Waters Q-TOF Premier and Aquity IUPLC sbectrometer. The thermal analysis,
TGA was done on a Shimadzu, USA thermal analyzer, TG50, with a nitrogen
flow rate of 30 mL/min at heating rate of 10 °C/min. Visualization was
accomplished with UV lamp or I, stain. Reactions were monitored by thin-layer
chromafography using aluminium sheets with silica gel 60 Fase (Merck). |
4.1.4.2 General proeedure Jor the synthesis of amides

In an oven dried round bettomed flask (50 mL) nano-MgO (5.0 mol%) were

.added and then alky/aryl amines (5.0 mmol) and aromatic/aliphatic acid (5.0
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mmol) was added. After that it was allowed to stir on a pre heated oil bath at
70 °C under aerobic condition till the réquired time (the progress of the reaction
was judged by TLC). After the'completion, the reaction mixture was brought to
room temperature and ethyl acetate (3x10 mL) was added to it and then
centrifuged at 3,500 r.p.m. to recover the nano catalyst. Having done this, the
reaction mixture was washed with water and brine, dried over anhydrous
NaySOy, concentrated in a rotary evaporator and finally the crude product was
charged to column chromatography [ethylacetate: hexane (3:7) as an eluent] for
purification and wherever'nécessary the products were recrystallized from hot
ethanol. |

4.1.4.3 Calculation of TON for scheme 2

Entry Input mmol
1 Benzoic acid 3
2 Aniline 3
3 Nano-MgO | 0.15 (5 mol%)

(3+3)

TON =
(0.15)

x (0.96) = 38.4

4.1.4.4 Calculation of TON for scheme 4

Entry [nput mmol
1 Benzoic acid 5
2 Benzylamine 5
3 Nano-MgO | 0.25 (5 mol%)

(5+5)

TON =
(0.25)

x (0.98) = 39

4.1.4.5 Calculations of green metrics for the synthesis of N-benzylbenzamide

using nano-MgO (scheme 4)
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Entry [nput Output

1 Benzoic acid 122 mg | N-benzylbenzamide 211 mg

2 Benzylamine 107 mg Nano-MgO 2mg
Total 229 mg Total 213 mg
E — Factor = =2 _ 107
— ractor = —(ZT = L
Mass intensi (10741224 2) 109
a = =1.
ss intensity ZiD
(211)

Atom economy = m x 100 = 92.1

4.14.6 Phjsical and spectroscopic data of selected compounds

N-Phenylbenzamide (Table 3, entry 1)

o

(o)

White solid; R¢= 0.32 [AcOEt:hexane (3:75]; mp 4150.6-'153.4 °C; 'H Nl\/[R (400
MHz, CDCl;, TMS): & 7.92-7.46 (rﬁ,. 10H, Ar-H), 6.87 (br, s, 1H, NH); *C
NMR (100 MHz, CDCL;, TMS): & 165.2, 146.5, 137.4,.'13_5.3; 131.2, 129.7,
129.3, 129.0, 128.3, 126.4, 125.4, 1214, 119.5, 116.7; IR (KBr pellets) Vi
3410 cm™ (NH), 1682 cm™ (CO); m/z (LC-MS) 197.08 [M']; Anal. Caled (%) -
for C13H,NO: C, 79.16; H, 5.62; N, 7.10; Found C, 79.17, H, 5.60, N, 7.09.

* 4-Chloro-N-phenylbenzamide (Table 3, entry 2)

o

White solid; R¢= 0.35 [AcOEt:hexane (3:7)]; mp 200.3-201.3 °C; 'H NMR 400

MHz, CDCl;, TMS): § 8.02-7.66 (m, 9H, Ar-H), 6.82 (br, s, 1H, NH); *C NMR
(100 MHz, CDCl;, TMS): 5 164.6, 140.5, 138.3, 137.4, 133.5, 131.5, 129.9,

129.1, 128.8, 128.4, 124.7, 120.2; IR (KBr pellets) vmax: 3417 cm™ (NH), 1708
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cm (CO); m/z (LC-MS) 231.05 [M']; Anal. Calcd (%) for C3H,oCINO: C,
© 67.39; H, 4.35; N, 6.05; Found C, 67.43, H, 4.34, N,.6.09.

2-Hydroxy-N-phenylbenzamide®" *°™ (Table 3, entry 3)

H

Milky white solid; R¢= 0.33 [AcOEt:hexane (3:7)]; mp137.2-138.3 °C; 'H
NMR (400 MHz, CDCl;, TMS): 8 10.14 (br, 1H, OH), 7.85-7.31 (m, 9H, Ar-
H), 6.77 (br, s, 1H, NH); '>*C NMR (100 MHz, CDCl;, TMS): & 167.3, 141.2,
139.1, 138.3, 1342, 132.3, 130.3, 129.8, 129.5, 128.8, 125.2, 120.8; R (KBr
pellet;) Vmax: 3420 cm’ (NH), .1712 cm’ (CO); m/z (LC-MS) 2]'3.08[1\/1*];
Anal. Calcd (%) for C3H, NO;: C, 73.23; H, 5.20; N, 6.57; Found C, 73.23, H,
5.24, N, 6.54.

N-(3-Chlorophenyl)benzamide (Table 3, entry 4)

5]

Pale yellow solid; R¢= 0.30 [AcOEt:hexane (3:7)]; mp172.2-173.4 °C; 'H NMR

(400 MHz, CDCl;, TMS): § 7.82-7.61 (m, 9H, Ar-H), 7.10 (br, s, 1H, NH); °C -
NMR (100 MHz, CDCI3, TMS): & 162.4, 1402, 138.6, 134.4, 133.3, 131.8,
129.4, 129.3, 128.5, 126.1, 122.2; IR (KBr pellets) vyax: 3420 cm’ (NH), 1717
cm™ (CO); m/z (LC-MS) 231.05 [M']; Anal. Calcd (%) for CIQHIOCINO: C,
67.39; H, 4.35; N, 6.05; Found C, 67.42, H, 439, N, 6.02.

N-(4-Chlorophenyl)benzamide (Table 3, entry 5)

]
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Slightly pale yellow solid; R¢= 0.31 [AcOEt:hexane (3:7)]; mp 177.Q-178.7 °C;
'H NMR (400 MHz, CDCl;, TMS): 6 7.86-7.54 (m, SH, Ar-H), 7.02 (br,'s, 1H,
NH) C NMR ('100 MHz, CDCl;, TMS): § 162.7, 140.3, 138.5, 134.7, 133.2,
131.6, 129.7, 129.0, 128.1, 126.3, 122.3; IR (KBr pellets) vimax: 3418 cm’! (NH),
1720 cm™ (éO); m/z (LC-MS) 231.05 [M']; Anal. Calcd (%) for C;3H;(CINO:
C, 67.39; H, 4.35; N, 6.05; Found C, 67.37, H, 4.38, N, 6.04.

3-Nitro-/N-phenylbenzamide- (Table 3, entry 6)

Off white solid; R¢= 0.46 [AcOEt:hexane (3:7)]; mp 93.1-94.6 °C; 'H NMR

(400 MHZ, CDCl;, TMS)f 0 8.41 (br, s, 1H, NH), 8.04-7.12 (m, 9H, Ar-H); e
NMR (100 MHz, CDCl;, TMS): 6 163.2, 158.3, 141.3, 137.9, 133.1, 1294,
127.8, _127.3, 123.3, 121.6, 119.6; IR (KBr pellets) vyax: 3382 crﬁ" CNH), 1650
cm™! (CO); m/z '(LC—MS) 242.07 [M']; Anal. Caled (%) for C3H oN,Os: C,
64.46; H, 4.16; N, 11.56; Found C, 64.48, H, 4.19, N, 11.52.

4-Nitro-N-phenylbenzamide (Table 3, entry 7)

exeul

Off white solid; R¢= 0.48 [AcOEt:hexane (3:7)]; mp 98.0-100.4 °C; '"H NMR

(400 MHz, CDCl;, TMS): & 8.47 (br, s, 1H, NH), 8.07-7.37 (m, 9H, Ar-H); °C
NMR (100 MHz, CDCls, TMS): & 164.3, 159.2, 142.4, 139.2, 135.6; 130.2,
128.3, 128.8, 124.5, 121.8, 119.8; IR (KBr pellets) vyax: 3380 cm™’ (NH), 1648
cm’! (CO); m/z'(LC-MS) 242.07 [M']; Anal. Calcd (%) for C3HoN,O;3: C,

64.46; H, 4.16; N, 11.56; Found C, 64.44, H, 4.14, N, 11.56.
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N-(2-Nitrophenyl)benzamide (Table 3, entry 8)

Light yellow solid; R¢= 0.47 [AcOEt:hexane (3:7)]-; mp 95.4-96.8 °C; 'H NMR o

(400 MHz, CDCl,, TMS): & 8.40 (br, s, 1H, NH), 7.78-7.33 (m, 9H, Ar-H); "*C
NMR (100 MHz, CDCl;, TMS): § 167.8, 140.7, 1389, 13435, 132.8, 130.7;
129.7, 128.7, 127.6, 125.7, 120'.7; IR (KBr pellets) vmax: 3384 cm™ (NH), 1648
em™ (CO); m/z (LC-MS) 242.07 [M']; Anal. Calcd (%) for C3H;oN2Os: C,
64.46; H, 4.16; N, 11.56; Found C, 64.47, H, 4.20, N, 11.54. |

N-(3-Nitrophenyl)benzamide (Table 3, entry 9)

Iy

Pale yellow solid; R¢= 0.44 [AcOEt:hexane (3:7)]; mp 156.2-157.2 °C; 'H

NMR (400 MHz, CDCl;, TMS): 6 8.37 (br, s, 1H, NH), 8.04-7.41 (m, 9H, Ar-
H); *C NMR (100 MHz, CDCls, TMS): 8 167.2, 140.6, 138.5, 1.34.3, 132.1,
130.0, 129.6, 128.2, 127.3, 125.5, 120.1; IR (KBr pellets) vimax: 3391 cm™ (NH),
1654 cm’™ (CO); m/z (LC-MS) 242.07 [M']; Anal. Calcd (%) for C;3HoN,O;:
C,64.46; H,4.16; N, 11.56; Found C, 64.50, H, 4.12, N, 11.59.

N-(4-N itrophenyl)benzamide (Table 3, entry 10)

SEa

Yellow solid; R¢= 0.41 [AcOEt:hexane (3:7)]; mp 196.8-198.5 °C; 'H NMR

(400 MHz, CDCl;, TMS): & 8.01 (br, s, 1H, NH), 7.75-7.31 (m, 9H, Ar-H); *C
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NMR (100 MHz, CDCl;, TMS): 6 168.2, 141.8, 139.1, 135.3, 133.9, 131.8,
130.3, 129.8, 128.7, 126.6, 121;8; IR (KBr pellets) Vi 3394 cm™ (NH), 1658
cm™ (CO); m/z (LC-MS) 242.07 [M']; Anal. Calcd (%) for Cy3HoN2Os: C,
64.46; H, 4.16; N, 11.56; Found C, 64.44, H, 4.18, N, 11.56.

N-(2-Methoxyphenyl)benzamide (Table 3, entry 11)

orgl

Light brown solid; R¢= 0.45 [AcOEt:hexane (3:7)]; mp 58.1-59.8 °C; 'H NMR

(400 MHz, CDCl,, TMS): §8.01-7.41 (m, 9H, Ar-H), 7.33 (br, s, |H, NH), 3.64
(s, 3H, OCHs); *C NMR (100 MHz, CDCl;, TMS): & 163.3, 154.5, 134.7,
131.6, 130.6, 128.7, 127.5, 121.4, 113.2, 55.3; IR (KBr pellets) viax: 3363 cm’
(NH), 1668 cm™ (CO); m/z (LC-MS) 227.09 [M']; Anal. Caled (%) for
C14H;3NO;,: C, 73.99; H, 5.77; N, 6.16; Found 'c, 73.96, H, 5.73, N, 6.13.

N-(3-Methoxyphenyl)benzamide (Table 3, entry 12)

Pale brown solid; R¢= 0.43 [AcOEt:hexane (3:7)]; mp 104.1-105.3 °C; '"H NMR
(400 MHz CDCl;, TMS): & 8.05-7.43 (m, 9H, Ar-H), 7.38 (br, s, 1H, NH), 3.73
(s, 3H, OCH3); "°C NMR (100 MHz, cbc13, TMS): & 164.5, 156.6, 136.8,
133.8, 132.7, 130.9, 129.7, 123.6, 115.4, 57.1; IR (KBr pellets) vmax': 3368 cm’™'
(NH), 1671 cm™ (CO); m/z (LC-MS) 227.09 [M']; Anal. Caled (%) for
CisH3NO,: C, 73.99; H, 5.77; N, 6.16; Found C, 73.96, H, 5.76, N, 6.19.

" N-(4-Methoxyphenyl)benzamide (Table 3, entry 13)
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Yellowish white solid; Re= 0.42 [AcOEt:hexane (3:7)]; mp 155.3-156.3 °C; 'H
NMR (400 MHz, CDCls, TMS): 8 8.27-7.45 (m, 9H, Ar-H), 7.32 (br, s, 1H,
NH), 3.78 (s, 3H, OCH;); '*C NMR (100 MHz, CDCls, TMS): & 165.2, 155.4,
135.6, 132.5, 131.5, 1284, 1276, 1223, 114.1, 56.2; IR (KBr pellets) Vimax:
3365 cm™ (NH), 1670 cm™ (CO); m/z (LC-MS) 227.09 [M*]; Anal. Calcd (%)
for C14H3sNO,: C, 73.99; H, 5.77; N, 6.16; Found C, 73.98, H, 5.75, N, 6.15.

N-o-Tolylbenzamide (Table 3, entry 14)

o)

Milky white solid; R¢= 0.50 [AcOEt:hexane (3:7)]; mp 144.5-145.5 °C; 'H

NMR (400 MHz, CDCl;, TMS): & 8.08-7.69 (m, 9H, Ar-H), 7.36 (br, s, 1H,
NH), 2.10 (s, 3H, CH); 3C NMR (100 MHz, CDCl3, TMS): & 164.6, 134.7,
134.3, 133.3, 130.8, 128.7, 127.6, 126.3, 119.3, 19.5; IR (KBr pellets) Vimax:
3426 cm™ (NH), 1670 cm™ (CO); m/z (LC-MS) 211.10 [M']; Anal. Calcd (%)
for C14Hy3NO: C, 79.59; H, 6.20; N, 6.63; Found C, 79.58, H, 6.24, N, 6.65.

N-p-Tolylbenzamide (Table 3, entry 15)

Off white solid; Re= 0.47 [AcOEt:hexane (3:7)]; mp 156.5-157.2 °C; 'H NMR

(400 MHz, CDCls, TMS): & 8.19-7.73 (m, 9H, Ar-H), 7.44 (br, s, LH, NH), 2.12

(s, 3H, CHy); >C NMR (100 MHz, CDCls, TMS): § 165.7, 135.8, 135.1, 134.4,

Page | 135



131.9, 129.8, 128.7, 127.4, 1204, 20..6; IR (KBr pellets) Vimax: 3423 cm™ (NH),
1667 cm’’ (CO); m/z (LC-MS) 21 1.10 [M']; Anal. Calcd (%) for Ci4H3NO: C,
79.59; H, 6.20; N, 6.63; Found C, 79.62, H, 6.23, N, 6.64.

N-Benzylbenzamide (Table 3, entry 16)

550

O

Whife solid; R¢= 0.28 [AcOEt:hexane (3:7)]; mp 106.6-107.5 °C; 'H NMR (400
MHz, CDCl3, TMS): 6 8.05-7.23 (m, 10H, Ar-H), 6.84 (br, s, 1H, NH), 4.01 (s,
2H, CHy); "*C NMR (100 MHz, CDCl;, TMS): & 168.4, 142.4, 133.5, 131.2,
128.6, 128.3, 127.5, 127.1, 126.5, 49.3; IR (KBr pellets) vpax: 34437cm‘1 (NH),
1675 cm’™ (CO); m/z (LC-MS) 211.10 [M']; Anal. Calcd (%) for C;4H;sNO: C,
79.59; H, 6.20; N, 6.63; Found C, 79.56, H, 6.19, N, 6.67.

N-Benzyl-4-methoxybenzamide (Table 3, entry 17)

O

Colourless oil, Re= 0.23 [AcOEt:hexane (3:7)]; 'H NMR (400 MHz, CDCls, -

TMS): & 7.46 (d, J = 8.27 Hz, 2H, Ar-H), 7.35-7.30 (m, 4H, Ar-H), 7.18-7.25
(m, 3H, Af—H), 6.78 -(br, s, 1H, NH), 4.02 (s, 2H, CH,); '>*C NMR (100 MHz,
CDCl;, TMS): 6 170.2, 164.2, 144.5, 131.1, 129.7, 127.6, 127.4, 126.1, 113.1,
55.1, 50.2; IR (KBr pellets) vpax: 3389 ¢cm™ (NH), 1685 cm™ (CO); m/z (LC-
MS) 241.11 [M']; Anal. Caled (%) for C sH,sNO,: C, 74.67; H, 6.27; N, 5.81;
Found C, 74.63, H, 6.25,.N, 5.82.

Furan-2-carboxylic acid benzylamide (Table 3, entry 18)
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o)

Liquid compound, R¢= 0.19 [AcOEt:hexane (3:7)]; 'H NMR (400 MHz, CDCl,,
TMS): & 8.08 (br, s, 1H, NH), 7.95-6.52 (m, 8H, Ar-H), 4.02 (s, 2H, CH,); *C
NMR (100 MHz, _CDCI3‘, TMS): 5 164.9, 148.7, 144.4, 137.6, 129.3, 124.5,
119.8, 115.3, 112.5, 54.8; IR (KBr pellets) vma: 3470 cm” (NH), 1730 cm’
(CO); m/z (LC-MS) 201.08 [M']; Anal. Calcd (%) for C;,H;NO,: €, 71.63; H,
5.51; N, 6.96; Found C, 71.65, H, 5.50, N, 6.97.

N-Methylbenzamide™ "™ (Table 3, entry 19)

O

' N/CH3
H

Pale yellow solid; R¢= 0.64 [AcOEt:hexane (3:7)]; mp 76.1-78.1 °C; 'H NMR
(400 MHz, CDCl;,TMS) 5 7.88-7.11 (m, SH Ar-H), 692(br s, 1H, NH), 2.52
(s, 3H, CH3); *C NMR (100 MHz, CDCls, TMS): § 168.2, 140.3, 135.2, 130.4,
128.6, 127.2, 126.8, 44.8; IR (KBr pellets) vpma: 3451 cm’ (NH), 1668 cm’
(CO); m/z (LC-MS) 135.07 [M+].; Anal. Caled (%) for CgHyNO: C, 71.09; H,
6.71; N, 10.36; Found C, 71.11, H, 6.72, N, 10.32.

.N-Cyclohexylbenzamide (Table 3, entry 20)

o

Yellow powder; R¢= 0.39 [AcOEt:hexane (3:7)]; mp 144.7-145.2 °C; '"H NMR

(400 MHz, CDCl;, TMS): & 7.85-7.73 (m, 2H, Ar-H), 7.52-7.48 (m, 3H, Ar-H),
5.27 (br, s, LH, NH), 3.54 (m, |H, CH), 1.84-1.82 (m, 2H, CH,), 1.62-1.54 (m,
2H, CH,), 1.36-1.29 (m, 2H, CH,), 1.14-1.07 (m, 2H, CHy), 1.04-0.98 (m, 2H,
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‘CHy); 3¢ NMR (100 MHz, CDCl;, TMS): 8 170.0, 138.2, 133.4, 129.4, 128.9,
127.2,48.2,41.3,32.9,25.5,24.7, R (KBr pellets) vmax: 3454 cm™ (NH), 1661 |
cm’ (CO); m/z-(LC-MS) 203.13 [M']; Anal. Caled (%)‘ for C;3H\7NO: C,
76.81; H,8.43; N, 6.89; Found C, 76.80, H, 8.41, N, 6.91. |

N-(2,6—Dihlethyl-4-nitrophenyl)benzamide“" work (Table 3, entry 21)

CH
> u
N
0
0N CHg

Pale yellow solid; R¢= 0.21 [AcOEt:hexane (3:7)]; mp 195.1-197.1 °C; 'H

NMR (400 MHz, CDCly, TMS): & 7.95-7.44 (m, 7H, Ar-H), 7.13 (br, s, 1H,
NH), 2.35 (s, 3H, CHj), 2.15 (s, 3H, CHy); '*C NMR (100 MHz, CDCls, TMS):
5 1632, 148.7, 147.8, 1438, 137.3, 133.6, 131.8, 130.6, 128.6, 127.5, 121,
18.5, 20.7; IR -(KBr pellets) Vmax: 3445 cm™ (NH), 1725 cm™ (CO); m/z (LC-
MS) 270.10 [M']; Anal. Caled (%) for C;sHisN,O3: C, 66.66; H, 5.22; N,
10.36; Found C, 66.64, H, 5.26, N, 10.35.

N—Benzyl-2-phenylacetamide (Table 3, entry 22)

o

White solid; R¢= 0.48 [AcOEt:hexane (3:7)}; mp 118.1-119.5 °C; '"H NMR (400

MHz, CDCls, TMS): & 8.61 (br, s, 1H, NH), 7.71-7.27 (m, 10H, Ar-H), 4.43 (s,
2H, CHy), 3.45 (s, 2H, CHy); C NMR (100 MHz, CDCls, T™MS): & 170.6,
148.3, 141.3, 138.4, 135.1, 132.6, 129.7, 127.5, 121.8, 542, 41.7; IR (KBr
pellets) vma: 3451 cm™ (NH), 1669 cm™ (CO); m/z (LC-MS) 225.12 [M'];
Anal. Calcd (%) for CysHsNO: C, 79.97; H, 6.71; N, 6.22; Found C, 79.94, H,

6.69, N, 6.20.
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N-Phenylacetamide (Table 3, entry 23)

e
H3CJJ\”

White solid;‘Rf= 0.28 [Acht:hexane (3:7)]; mp 111.0-112.8-°C; '"H NMR (400
MHz, CDCI;, TMS): & 7.41-7.38 (m, 2H, Ar-H), 7.22-7.12 (m, 3H, Ar-H), 5.34
(br, s, 1H, NH), 2.07 (s,,3ﬁ, CHj3); *C NMR (100 MHz, CDCl3, TMS): & 168.7,
140.8, 129.1, 124.4, 120.4, 19.6; IR (KBr pellets) vma: 3410 cm™ (NH), 1706
cm™' (CO); m/z (LC-MS) 135.07 [M]; Anal. Calcd (%) for CsHoNO: C, 71.09;
H, 6.71; N, 10.36. Found C, 71.06, H,6.72, N, 10.34.

N-(2-Chlorophenyl)acetamide (Table 3, entry 24)

Colourless solid; R¢= 0.22 [AcOEt:hexane (3:7)]; mp 88.7-89.1 °C; 'H NMR
(400 MHz, CDCls, TMS): & 7.91-7.32 (m, 4H, Ar-H), 7.08 (br, s, 1H, NH), 2.03
(s, 3H, CHs); *C NMR (100 MHz, CDCl;, TMS): § 169.2, 142.1, 134.1, 128.7,
1242, 121.5, 18.4; IR (KBr pellets) vmax: 3415 cm™ (NH), 1711 ecm™ (CO); m/z
(LC-MS) 169.03 [M']; Anal. Calcd (%) for CsHsCINO: C, 56.65; H, 4.75; N,
8.26. Found C, 56.65, H, 4.72, N, 8.22.

N-(3-Chlorophenyl)acetamide (Table 3, entry 25)

QENSS

Off white crystalline needle; R¢= 0.26 [AcOEt:hexane (3:7)]; mp 179.3-180.9

°C; 'H NMR (400 MHz, CDCls, TMS): 7.45 (br, s, LH), § 7.34 (s, 1H, Ar-H),

7.27-7.19 (m, 3H, Ar-H), 2.17 (s, 3H); *C NMR (100 MHz, CDCl3, TMS): &
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168.4, 136.4, 129.3, 129.0, 121.1, 29.7, 24.6; IR (KBr pellets) Vmax: 3406 cm™
- (NH), 1702 cm’ (CO); m/z (LC-MS) 169.03 [M']; Anal. Calcd ‘(%) for
CgHsCINO: C, 56.65; H, 4.75; N, 8.26. Found C, 56.62, H, 4.79, N, 8.25.
N-(2-Nitrophenyl)acetamide (Table 3, entry 26)

0
H3CJJ\H

NO,

Milky white SIOIid;.Rf= 0.23 [AcOEt:hexane (3:7)]; mp 93.3-94.2 °C; 'H NMR
(400 MHz, CDCls, TMS): §7.93-7.41 (m, 4H, Ar-H), 7.19 (br, s, 1H, NH), 2.08
(s, 3H, CH3); °C NMR (100 MHz, CDCl3, TMS): & 167.1, 141.0, 133.0, 127.6,
123.1, 120.4, 17.6; IR (KBr pellets) Vmax: 3435 cm™ (NH), 1725 cm"' (CO); m/z
(LC-MS) 180.05 [M']; Anal. Calcd (%) for C8H8N20'3: C, 53.33; H, 4.48; N,
15.55. Foﬁnd C, 53.34, H, 4.50, N, 15.52.

N-(3-Nitrophenyl)acetamide (Table 3, entry 27)

Light yellow solid; R¢= 0.25 [AcOEt:hexane (3:7)]; mp 156.6-158.0 °C; 'H
NMR (400 MHz, CDCl;, TMS): 6 7.90-7.38 (m, 4H, Ar-H), 7.17 (br, s, 1H,
-NH), 2.10 (s, 3H, CH3); >°C NMR (100 MHz, CDCl;, TMS): § 167.6, 141.5,
133.7, 128.1, 123.6, 120.9, 18.1; IR (KBr pellets) vmax: 3440 cm™ (NH), 1730
cm’ (CO); m/z (LC-MS) 180.05 [M']; Anal. Calcd (%) for CgHgN,Os: C,
53.33; H, 4.48; N, 15.55. Found C, 53.31, H, 4.48, N, 15.52.

N-(4-Nitrophenyl)acetamide (Table 3, entry 28)

NO.
e
HC” N
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Pale yellow solid; R¢= 0.29.[AcOEt:hexane t3:7)]; rﬁp 208.4-209.8 °C; 'H
NMR (400 MHz, CDCl;, TMS): 6 7.67 (d, J = 6.78 Hz, 2H, Ar-H), 7.41 (d, J =
6.78 Hz, 2H, Ar-H), '6.87 (br, s, 1H, NH), 2.34 (s, 3H, CHs); >C NMR (100
MHz, CDCls, TMS): & 169.5, 142.4, 134.6, 129.0, 124.5, 121.8, 19.0; IR (KBr
pellets) Vma: 3443 cm™ (NH), 1733 em™' (CO); m/z (LC-MS) 180.05 '[N[*];
Anal. Calcd (%) for CgHgN,O5: C, 53.33; H, 4.48; N, 15.55. Found C, 53.35, H,

4.46, N, 15.58.

N-(4-Methoxyphenyl)acetamide (Table 3, entry 29)

H\n/cHa
o

MeQ

Light purpleAlp,owder; R¢= 0.32 [AcOEt:hexane (3:7)]; mp 137.’)—138.4 °C; 'H
NMR (400 MHz, CDCls, TMS): 8 7.67 (b, s, |H, NH), 7.36 (d, J = 7.80 Hz,
2H, Ar-H), 7.09 (d, J = 7.76 Hz, 2H), 2.29 (s, 3H, OCHj3), 2.12 (s, 3H, CH3);
C NMR (100 MHz, CDCls, ’fMS): § 168.5, 135.4, 133.9, 129.4, 120.1, 24.4,
120.8; IR (KBr pellets) Ve 3378 cm™' (NH), 1674 cm™ (CO); m/z (LC-MS)
1‘65.08 [M']; Anal. Calcd (%) for CoH; NO,: C, 65.44; H, 6.71; N, 8.48. Found
C,65.44, H,6.74, N, 8.44.

N-p-Tolylacetamide (Table 3, entry 30)

» Me
i 7
H3C)J\u

Off white solid; R¢= 0.36 [AcOEt:hexane (3:7)]; mp 154.0-155.0 °C; 'H NMR

(400 MHz, CDCl3, TMS): 5 8.51 (b, s, IH, NH), 7.82 (d, J = 5.92 Hz, 2H, Ar-
H), 7.64 (d, J = 5.92 Hz, 2H, Ar-H), 2.38 (s, 3H, CHy), 2.16 (s, 3H, CHs); "°C

NMR (100 MHz, CDCl;, TMS): & 168.8, 137.3, 133.4, 129.8, 129.3, 120.4,
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120.1, 21.9, 19.3; IR (KBr pellets) Vmax: 3389 cm™ (NH), 1673 cm™' (CO); m/z
(LC-MS) 149.08 [M']; Anal. Caled (%) for CoH;\NO: C, 72.46; H, 7.43; N,
9.39. Found C, 72.45, H, 7.48, N, 9.37.

N-(4-Hydroxyphenjl)acetainide (Table 3, entry 31_)

OH
i 7
Hac/,U\

N
H

| Light reddish solid; R¢= 0.16 [AcOEt:hexane (3:7)]; mp 170.5-171.8 °C; 'H
NMR (400 MHz, CDCl3, TMS): 6 10.22 (br, s, 1H, OH), 8.33 (br, s, 1H, NH),
7.80-7.47 (m, 4H; Ar-H), 2.10 (s, 3H, CHs); '*C NMR (100 MHz, CDCls,
TMS): 8 170.1, 152.9, 134.3, 127.2, 127.9, 120.8, 119.8, 17.6; IR (KBr pellets)
Vmax: 3396 cm” (NH), 1679 cm™' (CO); m/z (LC-MS).151.06 [M']; Anal. Caléd
(%) for CsHgNO,: C, 63.56; H, 6.00; N, 9.27. Found C, 63.52, H, 6.01, N, 9.30.

4-Acetylaminobenzoic acid (Table 3, entry 32)

White solid; R¢= 0.61 [AcOEt:hexane (3:7)]; mp 259.3-261.9 °C;.'"H NMR (400
MHz, CDCly, TMS): 8 11.02 (br, s, 1H, OH), 8.98 (br, s, 1H, NH), 8.11 (d, J=
7.68 Hz, 2H, Ar-H), 7.85 (d, J = 7.68 Hz, 2H, Ar-H), 2.21 (s, 3H, CH;); "°C -
NMR (100 MHz, CDCI3, TMS): & 173.0, 169.3, 150.2, 139.6, 132.2, 123.3,
21.7; IR (KBr pellets) vma: 3408 ecm” (NH), 1666 cm’ (CO); m/z (LC-MS)
179.06 [M']; Anal. Caled (%) for CoHgNO;: C, 60.33; H, 5.06; N, 7.82. Found
C, 60.30, H, 5.09, N, 7.84.

N-Benzylacetamide (Table 3, entry 33)
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O .
HBC/U\N/\©J
Yellow solid; R¢= 0.25 [AcOEt:hexane (3:7)]; mp 60.5-62.0 °C; 'H NMR (400
MHz, CDCl;, TMS): & 7.36-7.28 (m, 5H, Ar-H), 6.19 (br, s, 1H, NH), 4.09 (s,
2H, CHZ), 1.89 (s, 3H, CH3); >°C NMR (100 MHz, CDCl;, TMS): & 170.9,
135.1, 129.4, 129.0, 127.3, 47.9, 13.7; IR (KBr pellets) Vmay: 3416 cm™ (NH),
1671 cm™ (CO); m/z (LC-MS) 149.08 [M*]; Anal. Calcd (%) for CoH, NO: C,
72.46; H, 7.43; N, 9.39. Found C, 72.44, H, 742, N, 9.42.

. 2-Methyl-1H-benzimidazole (Table 3, enfry 34)

. .
N
H

White solid; Re=0.31 [AcOEt:hexane (3:7)]; mp 175.6-177.1 °C; 'H NMR (400
MHz, CDCls, TMS): & 7.50 (d, J = 6.69 Hz, 2H, Ar-H), 7.41 (d, 2H, J = 6.69
Hz, 2H, Ar-H), 5.42 (br, s, 1H, NH), 3.12 (s, 3H, CH;); *C NMR (100 MHz,
CDCl3, TMS): 6 150.2, 134.3, 132.7, 130.0, 126.5, 125.5, 122.9, 19.5; IR (KBr
pellets) vmax: 3610 (NH), 2988 (CH), 1558 (CN); m/z (LC-MS) 132.07 [M'];
Anal. Calcd (%) for CgHgN;: C, 72.70; H, 6.10; N, 21.20. Found C, 72.74, H,
6.15, N, 21.24.

N-Methylacetamide (Table 3, entry 35)

Colourless solid; R¢= 0.38 [AcOEt:hexane (3:7)]; mp 26.1-27.5 °C; 'H NMR
(400 MHz, CDCls, TMS): 8 5.52 (br, s, 1H, NH), 2.82 (s, 3H, CHs), 2.04 (s, 3H,

CHs); 3C NMR (100 MHz, CDCls, TMS): § 170.8, 26.4, 23.1; IR (KBr pellets)
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Vmax: 3332 cm™ (NH), 1690 cm™ (CO); m/z (LC-MS) 73.05 [M"]; Anal. Calcd
(%) for C3H;NO: C, 49.30; H, 9.65; N, 19.16._ Found C, 49.34, H, 9.63, N,
19.15.

N-Cyclohexylacetamide (Table 3, entry 36)

Yellow solid; Rf= 0.32 {AcOEt:hexane (3:7)}; mp 101.0-103.3 °C; .'H NMR
(400 MHz, CDCl;. TMS): & 5.29 (br, s, 1H, NH), 4.05 (m, lH, CH), 2.54 (s, 3H,
CHj3), 1.95-1.23 (m, 10H, CH2), 1c NMR (100 MHz, CDCls, TMS): & 172.5,
51.6, 43.9, 43.2, 33.0, 32.2, 23.6, 22.3; IR (KBr pellets) vmasx: 3334 ¢cm™ (NH),
1691 cm™ (CO); m/z (LC-MS) 141.12 [M"]; Anal. Calcd (%) for CgHsNO: C,
68.04; H, 10.71; N, 9.92. Found C, 68.03, H, 10.69, N, 9.95.

N-Benzylpropionamide (Table 3, entry 37)

Sac

White solid; R¢= 0.53 [AcOEt:hexane (3:7)]; mp 128.3-129.1 °C; 'H NMR (400

MHz, CDCls, TMS): § 8.27 (br, s, 1H, NH), 7.87-7.36 (m, SH, Ar-H), 2.17 (q,
2H, J=17.5 Hz, CH,), 1.83 (t, J = 7.5 Hé, 3H, CH;), 1.23 (s, 3H, CH;); °C
NMR (100 MHz, CDCls, TMS): & 170.2, 140.6, 129.8, 126.4, 122.3, 52.8, 28.1,
,11.5; IR (KBr pel.lets) Vmax: 3432 cm™ (NH), 1713 ecm™ (CO); m/z (LC-MS)
163.10 [M*]; Anal. Calcd (%) for C1oH,3NO: C, 73.59; H, 8.03; N, 8.58. Found

C, 73.55, H, 8.06, N, 8.62.

N-Phenylbutyramide (Table 3, entry 38)
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White solid; R¢= 0.57 [AcOEt:hexane (3:7)]; mp 93.6-94.8 °C; 'H NMR (400

MHz, CDCl;, TMS): & 8.53 (br, s, 1H, NH), 7.93-7.44 (m, 5H, Ar-H), 228 (1, /
= 7.6 Hz, 2H, CH,), 1.68 (sextet, J = 7.6 Hz, 2H, CH,;), 0.97 (t, J= 7.6 Hz, ZH,
CH3); ¥C NMR (100 MHz, CDCls, TMS): 8 172.2, 138.5, 129.3, 123.5, 120.0,
118.2, 114.4,39.3, 18.3, 13.9; IR (KBr pellets) Vinax: 3434 cm’! (NH), 1720 cm™t
(CO); m/z (LC-MS) 163.10 [M']; Anal. Caled (%) for CioHy3NO: C, 73.59; H,
8.03; N, 8.58. Found C, 73.57, H, 8.62, N, 8:57.

N-Methylpropionamide®” "™ (Table 3, entry 39)

H

N
H3c/\“/ “CH,

(S
Colourless liquid; Re=0.27 [AcOEt:hexane (3:7)]; 'H NMR (400 MHz, CDCl;,
TMS): 6 8.76 (s, 1H, NH), 2.74 (q, J = 5.77 Hz, 2H, CHy), 2.21 (t, J = 5.77 Hz,
3H, CH;), 1.15 (s, 3H, CH;3); '*C NMR (100 MHz, CDCl;, TMS): 5 175.7, 27.6,
26.4, 12.8; IR (KBr bellets) Vmax: 3443 cm™ (NH), 1737 cm’! (CO); m)z (LC-
MS) 87.07 [W]; Anal. Caled (%) for C4HgNO: C, 55.15; H, 10.41; N, 16.08.
Found C, 55.14, H, 10.44, N, 16.07.

Cyclohexanecafboxylic acid phenylamide (Table 3, entry 40)

i O
e
Yellow solid; R¢= 0.31 [AcOEt:hexane (3:7)]; mp 148.2-149.5 °C; 'H NMR
(400 MHz, CDCl3, TMS): 8 7.61-7.41 (m, 5H, Ar-H), 5.33 (br, s, 1H, NH), 3.58 -
(m, 1H, CH), 1.87-1.84 (m, 2H, CH,), 1.72-1.69 (m, 2H, CH,), 1.38-1.31 (m,

2H, CH,), 1.17-1.03 (m, 4H, CH,); °C NMR (100 MHz, CDCl;, TMS): &
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172.3, 139.4, 134.5, 130.2, 129.4, 128.3, 47.9, 42.4, 33.2, 26.4, 24.0; IR (KBr
pellets) Vma: 3459 ecm™ (NH), 1665 cm™ (CO); m/z (LC-MS) 203.13 [M'];
Anal. Calcd (%) for C3H7NO: C, 76.81; H, 8.43; N, 6.89; Found C, 76.80, H,

8.43, N, 6.87.
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Section 11
Highly active nano-MgO catalyzed, mild and efficient synthesis of

amidines via electrophilic activation of amides

4.11.1 Introduction

More recently, nano magnesium oxide (MgO) has been utilized extensively
becélise of its potential applications as catalyst.' In the domain of catalysis, MgO
has a potent basic property which is exploited in 'various organic transformations?
and also allows the high-yield synthesis of the significant molecules. 3
Synchronizing with the theme of “ green chemistry, * syntheses of N-bonded
compounds under solvent-free condition have received much att'e:ntion.'5

Amidines are Signiﬁcant intermediates in the synthesis of many biologically
active compounds6 and there are many strategies reported in the literature for its
synthesis.” They also serve as important synthons for the preparation of azacyclic
compounds.8 Thus, the synthesis of amidines is still a topic of immense scope.
Here wé disclose a ‘practical,‘ convenient and greener procedure for the synthesis
of amidines under solvent-free condition at 70 °C catalyzed by nano-MgO

(Scheme 1).

‘0 N
1l Nano- MgO
NH-C—R'+ RZ—NH, ————> N—C R
Q * 2"70°C, SFRC Q !
2

1
R' = Aryl, methyl, cyclohexyl and R? = Aryl, cyclohexyl

Scheme 1: Synthesis of amidine
Ogata et al,’ reported the synthesis of amidines in the presence of
polyphosphoric acid tri-methylsilyl ester by treating amine -and amide in
equimolar ratio at 160 °C under nitrogen atmosphere. But lower yield of the

products, high reaction temperature, application of corrosive reagent and its non
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reusability, and tiresome reaction condition made the methodology less
advantagebus. To the best of our knoWledge, there is no report on nano-MgO
catalyzed synthesis of amidines. |
4.11.2 Result and diséussion
4.11.2.1 Optimization of the reaction condition for amidine synthesis

The study was initiated by the model reaction (Scheme 2) between 4 (5 mmol,
680 mg) and 5 (5 mmol, 0.45 mL) to give 6 without using a;ly catalyst/solvent at
120 °C (Tablc;, 1). Under this condition, a mixture of unknown éompouﬁds was -
detected (Table 1, entry 1). Utilizing 5 mL of solvents (Table 1, entries 2-7) and
conducting the reaction at lower temperature could not lead to product formation.
As iﬁdicated in Table 1, when pyridine (10 mol%) was used as catalyst at 70 °C‘
for this transformation then 6 was isolated in 7% yield (Table 1, entry 8). This
observation prompted ﬁs to opt for the best base catalyst for the synthesis of 6.
Several base catalysts were tested under the current condition but the reaction
could not be improved both in terms of yields and time (Table 1, éntries 9-14).
When fully characterized nano-MgO ' was used under the present ;onditions, it
increased the yield to a reasonable extent (Table 1, entry 15). To obtain bette?
yield of 6, the catalyst loading was optimized (Table 1, entrie;s 15-18) and 1t was
found that nano-MgO worked efficiently at 5 mol% (Table 1, entry 17). When the
catalyst was changed to nano-Al,O; and bulk MgO at 5 mol% loading under the
similar conditions, low yields were recorded and were found to be inferior to
nano-MgO (Table 1, entries 19 and 20). Buik MgO having larger particles with
smaller surface area was fo.und to be less reactive than r;ano-MgO' under the
present reaction conditions. Overall, the reaction with nano-MgO was found to be

very clean and no side product/by product (s) was formed.
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Table 1. Optimization of reaction condition®

|
b Lo @ e OEG)

Scheme 2: Model reaction

Entry Catalyst Solvent Temp. Time Yield
: &Y) (h) (%)
1 None None 120 20 ¢
2 None EtOH 70 23 NR*
3 None MeOH 70 18 NR?
4 None CH,CN 80 20 NR¢
5 None THF 70 22 NR¢
6 None H,0 80 24 NR®
7 None. DMSO 100 16 NRY
8° Pyridine SFRC 70 12 7
9° K,CO;s SFRC 70 15 .5
10° NaOH SFRC 70 19 15
11° KOH SFRC 70 24 10
12° Et;N SFRC 70 13 Trace
13° PPh, SFRC 70 17 ¢
14° Imidazole SFRC 70 17 ¢
15° Nano-MgO' SFRC 70 7 80
16 Nano-MgO' SFRC 70 5 85
172 Nano-MgO' SFRC 70 3 94
18" Nano-MgO' SFRC 70 9 80
198 Bulk MgO SFRC 70 12 68
208, Nano-AlL,05 SFRC 70 7 70

“ Reaction condition: 4 (p mmol, 680 mg) and 5 (5 mmol, 0.45 mL), SFRC or
solvent (5 mL) stirring > Isolated yields, ¢ Mixture of unknown compounds, ¢
No reaction; ° 10 mol% catalyst was used, /7 mol% catalyst was used, *5 mol%
catalyst was used, ” 3 mol% catalyst was used Particles size (17.4-16.4 nm), /
Particle size (37.4-39.7 nm).

4.11.2.2 Nano-MgO catalyzed synthesis of amidine derivatives

With this efficient system in hand, we next extended the scope of the substrate
to various alkyl/aryl amines (Table 2). We found that the reaction was applicable
to a broad range of derivatives. However, a careful analysis of the results from
the Table 2 indicate that amines wifh electron donating moiety reacted smoothly
requiring less time (Table 2, entries 1-3), but amines substituted with electron-
withdrawing functionality required more time to react (Table 2, entries 4 and 5)
providing comparable yields. However, under the present conditions, in
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comparrsron to aryl amines, cyclohexylamme fumrshed the desrred amrdme in

good yleld (Table 2, entry 6) In our studies, amlme was used to accomplish the

correspondmg amidine derivatives. when treated with prhe,nylacetamlde and

“+

cyclohexanecarboxylic acid phen"ylamide' under: the- current reaction conditions

(Table 2, entrles 7 and 8) When electron w1thdrawmg groups were present in the

gt

am1de structure the reactlon took Ionger trme for the formatlon of product (Table

2, entries 9 and- 10) This mrght be due to the steric hlndrance prov1ded by the

substituted phenyl groups ‘ in amlde to the incoming- nucleophrle When the
i

reaction was performed involving both ‘R' »'and R?>asa methyl group, it furnished

very poor yield (7%).

" Table 2. Nano- MgO catalyzed synthesrs'; of amidine derivatives® vide Scheme 1
' R

Entry R' - R* . . TFime Yield Melting point
| IO NN AT GS A
1 CeHs- CeHs 3 94 142.8-144.8.
2 CeHs- 4-OCH3C¢H, . '3 94. 108.1-109.6
3 C¢Hs 4-CH3C¢H,4 ‘3 - 93. 130.8-1312 -
4 CeHs 4-NO,C¢H,4 5 90 182.7-183.5
5 CeHs - 4-CIC¢H,4 6 91 140.1-141.3
6 CeHs Ce¢Huy B 85 142.0-142.8
T CH; CeHy . ) 92 126.3-127.87.
8 . CeHii CeHs : 1.6n 88 110.0-1117. -
9 4-NO,CeH4 CeHs - 5 89 150.6-153.4 -
10 © 4-CIEgHy - CgHs - " 5. o 488 149.1-149:3 -

“ Reaction condltlon 1 (1 mmol) and 2 (1 mmol),* Nano- MgO & mol%)
SFRC, stirring, ® Yields refer to the 1solated pure products, © Products were
characterized by, [R and NMR ('H and "C) spectroscopy, MS and also by
comparing their meltmg points with the authentic-Ones.

4.11.2.3 Possible mechanism for the synthesis of amidine .
A tentative mechanism has been proposed for. the synthesis, of amidine

. derivatives.(Scheme 3). It is hypothesized that the non-bonded pair of electron on

..~ oxygen atom of carbonyl moiety in amide possibly co-ordinates.to the vacant 3p

orbital of Mg®* of nano-MgO facilitating the electrophilic activation of amide (1).

Now (II) can attack as-a nucleophilic to form ;anq‘!intennedi:ate (1), Finally the

Page | 152



elimination of water from (IV) gave rise to the formation of amidine (V). The

activation of the substrate by nano-MgO has been reported previously.-lo "o

~ Scheme 3: Tentative mcchagisrﬁ_ for the synthesis of amidine K

4. II 2.4 Investigation on recycling poiéntial of nano-MgO
In this heterogeneous process,“t'he (;;talyst was recyclable with a'slié,ht loss in
_its‘lzacti_vi,ty (Table 3). After compléﬁoxil of thé }eééﬁoﬁ ”('é'c;heme 2),“ the‘catalys}
was recovered from the reaction mixture by adding ethyl acetate (IIO'mL) under
centrifugation (3,500' r.p:m.). The extr:;cted catalyst'in thls way was deca;lted and
finally dried in an'oven at 100 °C for 7 h. It was then reused for the fresh reaction
(Figure 1). A slight decrease in c‘a'tal'yti‘é:“acﬁvity was observed with recyclization

(Table 3).

' A i Reaction i
Catrifugaton | )
Renedon mktnre ; mixture .
etion misture | 3,600 rpm) | ._MM._ Dried uv ﬂ
in dhvlncetnte

_‘Ianocamlyst‘

) Figure 1. Flow;sheet-representation of catalyst isolation -

In addition, the'powder X-ray diffraction analysis exhibited identical peaké for
both the_fresh and recovered nano-MgO [Figure 2(b)]. However, the intensity of
the peaks (220), 311),(411)and (3“;3‘;.,1)‘dim_i,nishgd slightly which might be
due to loss duﬁng centrifugation and .subsequent removal of -the supernatant

| liquid. The loss (15.4%) of the catalyst'® [Figure 2(a)] was determined by UV
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visible spectroscopy.. This might be the reason for slight decrease in catalytic
activity of the catalyst.

Table 3. Recyclability® of nano-MgO

Entry Catalyst recovery (%) Time (h) Yield (%)°
1¥ run® S99 , '3 94
“2" run® 96 : 4 94
3™ run® 90 , 6 ) |
4% run® 84 : 7 . 88

“Reaction condltlon Nano-MgO (5 mol%), 4 (5 mmol 680 mg), 5 (5 mmol,
0.45 mL), SFRC, ° Yields refer to the isolated 6, ° The recovered catalyst was
used under identical reaction conditions to those for the 1% run.

re

re

{atensity (counts)

L B8 B8EB a8 EE

Wavelength (am)

Figurg 2.(a) _UV-Visible spectra‘and (b) Powder XRD pattern Qf ﬁ¢§h and reused
nano-MeQ) |
4113 Conclusiqn
In_conclusion, we have ‘,demonst_r_ated -thg\t» nano-Mg0O. is: highly active in
catalyzing the mild and efficient-synthesis of amidine derivatives undsf solvent-
- free condition at 70 °C. The method offers several-advantages ihcluci}ng"é;cellent
yields of the ‘products, safe handlingj*“experimental simplicity, catalyst
recyclability and cost effectiveness which make it useful.
4.11.4 Experimental
4.11.4.1 General Experimental Methods -
Nano-MgO (The average particle diameter 18.12 nm, Sppr=92.4 m’g” and 0.4

mLg' and p.=3.58 gem™, purity: 99.99%) was purchased from Sigma Aldrich
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and used as received. The chemicals and reagents were purchased from Sigma-
Aldrich, Merck, M/S S. D. Fine Chemicals Pvt. Ltd. and Loba chemical, and used
without further purification. The XRD pattern was recorded with a Rigaku X-ray
diffractometer. Melting points were determined in a Biichi 504 apparatus and are
uncorrected. The leaching study was performed on UV  visible
spectrophotometer, Hitachi (U-2001, Tokyo, Japan). IR spectra were recorded as
KB'r pellets in a Nicolet (Impact 410) FT-IR spectrophotometer. 'H and '*C NMR
spectra were recorded in a 400 MHz NMR spectrophotometer (JEOL, JNM ECS)
using tetramethylsilane (I;MS) as the internal standard and coupling constants are
expressed in Hertz. Elemental analyses were carried out in a Perkin—Elmer CHN
analyser (2400 series [I). Mass spectra were fecérded_with a Waters Q-TOF
Premier and Aquity UPLC spectrometer. The thermal analysis, TGA was done on
a Shimadzu, USA thermal analyzer, TGSO, with a nitrogen flow rate of 30
mL/min at heating rate of 10- °C/min. Reactions were monitored by thin-layer

chrqmatography using aluminium sheets with silica gel 60 F;sq -(Merck). .
Visualization was accomplished with UV lamp or I, stain.
4.11.4.2 ARepresentative Procedure for the synthesis of N,N'-Diphenyl-
benzamidine

To a two necked round bottomed -ﬂask (50 mL), nano-MgO (5.0 mol%, 2.0
mg) was added along with the addition of N-phenylbenzamide (1.Q mmol, 197
mg) and stirred (30 min) on a preset oil bath at 70 °C. After that aniline (I mmol,
0.91 mL) was added, stirring ;’vas continued till the required time (the progress of
the reaction was judged by TLC). The reaction mixture was brought to room
femperature and ethyl acetate (3x10 mL) was added and centrifuged at 3500 rpm

to pellet out the nanocatalyst. It was then- washed with hot ethanol (5x10 mL) to
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remove all the organic impurities. Finally, it was decanted and dried in an oven at
100 °C for 7 h. Then the catalyst was reused in the next run in the reaction.
Having done this, the reaction mixture (in ethyl acetate) was washed with water
and brine, dried over anhydrous Na,SQ,, concentrated in a rotary evaporator and
finally the crude product was purified by column chromatography (30% ethyl
acetate: hexane as the eluent). All the products listed in Table 2 are known
compounds and have been characterized by comparing with’ those reported
ones.'”

4.IL5 Physical and Spectroscopic data of selected compounds

N,N'-Diphenyl-benzamidine (Table 2, entry 1)

7
Daaal,

Off white solid; R¢= 0.35 (30% AcOEt: hexane); mp 142.8-144.8.°C; 'H NMR
(400 MHz, CDCl;, TMS): 6 8.45 (br, 1H, NH), 7.46L7.52 (m, 15H, Ar-H); "*C
NMR (100 MHz, CDCl;, TMS): 3 163.7, 153.4, 146.1, 1325, 131.8, 130.2,
129.3, 128.1,:127.3, 125.0, 122.3, 118.4, 115.7; IR (KBr pellets) vmax: 3356 cm’!
(NH), 1618 cm”' (CN); m/z (GC-MS) 272.13 [MJ'].; Anal. Caled (%) for
CioH6Na: C, 83.7§; H, 5.92; N, 10.29%. Found C, 83.73, H, :5.87, N, 10.26%.

N,N-Diphenyl-formamidine (Table 2, entry 2)

t | QOCH,
O+LO

Pale yellow solid; Rg=0.37 (30% AcOEt:hexane); mp 108.1-109.6 °C; '"H NMR

=Z

(400 MHz, CDCls, TMS): 5 8.78 (br, 1H, NH), 3.46 (s, 3H, CHs), 7.40-7.58 (m,
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14H, Ar-H); *C NMR (100 MHz, CDCls, TMS): § 163.3, 153.1, 146 .4, 132.1,
131.2, 130.0, 129.2, 128.7, 127.5, 125.3, 122.6, 118.2, 115.3, 56.7; IR (KBr
pellets) Vmax: 3360 cm™ (NH), 1621 cm™ (CN); m/z (GC-MS) 302.14 [M']; Anal. -
Calcd (%) for CyoHsN2O: C, 79.44; H, 6.00; N, 9.26; Found C, 79.31, H, 5;81,
N, 8.94. |

N-Phenyl-N'-p-tolyl-benzamidine (Table 2, entry 3)

[ o
OO

Light brown solid; R¢= 0.45 (30% AcOEt:hexane); mp 130.8-131.2 °C; '"H NMR

=Z

(400 MHz, CDCl;, TMS): 6 8.70 (br, 1H, NH), 2.46 (s, 3H, CH3), 6.58-7.25 (m,
14H, Ar-H); *C NMR (100 MHz, CDCl;, TMS): 6 163.8, 154.1, 146.6, 133.2,
132.5, 131.4, 130.3, 129.6, 127.7, 125.8, 122.7, 118.8, 115.7, 21.3; IR (KBr
pellets) vmax: 3343 cm”' (NH), 1627 cm"I (CN); m/z (GC-MS) 286.15 [M']; Anal.
Calcd (%) for CyoH gN,: C, 83.88; H, 6.34; N, 9.78. Found C, 83.53; H, 6.27; N,
9.45.

4-Nitro-N,N ‘-diphenyl-benzamidine (Table 2, entry 9)

| @n_i‘%_mz

Off white solid; Ry= 0.67 (30% AcOEt:hexane); mp 150.6-153.4 °C, "H NMR

(400 MHz, CDCls, TMS): § 8.03 (br, 1H, NH), 7.70-7.98 (m, 14H, Ar-H); ‘3c'
NMR (100 MHz, CDCl;, TMS): § 164.2, 153.5, 149.7, 146.2, 139.4, 129.6,
127.1, 126.6, 123.4, 122.2, 118.1, 115.1, 114.3; IR (KBr pellets) vma: 3420 cm™
| (NH), 1538 (NO), 1642 cm™ (CN); m/z (GC-MS) 317.12 [M"]; Anal. Calcd (%)
for C1gHisN;Op: C, 71.91; H, 4.76; N, 13.24. Found C, 71.69, H, 4.45, N, 12.93.
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4-Chloro-N,N'-diphenyl-benzamidine (Table 2, entry 10)

@
Qn_i‘@a

Light yellowish brown solid, R¢= 0.76 (30% AcOEt:hexane); mp 149.1-149.3 °C;

— -

'H NMR (400 MHz, CDCls, TMS): 8 9.3 (br, 1H, NH), 7.39-7.89 (m, 14H, Ar-
H); *C NMR (100 MHz, CDCl;, TMS): & 164.4, 153.6, 149.8, 146.5, 13’6.5,
129.7, 127.3, 126.8, 123.6, 122.4, 118.3, 115.4, 114.7; IR (KBr pellets) Via:
3388 cm™ (NH), 1626 (CN); m/z (GC-MS) 306.09 [M*];Arial. Caled (%) for

C,oH,sCIN,: C, 74.38; H, 4.93; N, 9.13. Found C, 74.16, H, 4.66, N, 8.87.
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Piper-Betle-Shaped Nano-S Catalyzed Synthesis of 1-Amidoalkyl-
2-naphthols under Solvent-Free Reaction Condition: A Greener
“Nanoparticle-Catalyzed Organic Synthesis Enhancement”

Approiach

5.1 Introduction

In the modern theme of;’i:r_llvestigation of science, nanotechnology is mastering

intricacies for the syntﬁesis and app‘lication of interesting nanomaterials.' In thé '

field of hanotechnology, nanoparticles has been traced the tremendous awareness
as nanocatalysis > which car; be modeled as the .frontiers between the
homogeneous and hetgrogeneous catalysis.® Hence, nanocatalysis should proffer
the prospects for the synthesis of biologically important and synthetically
challenging compounds.*

Over the past few years synthesis and appliAcation of sulfur in bulk or micro or
nano form has been persi'sting significance due to its remarkable applications in
phosphatic fértilizers, plastics, enamels, antimicrobial agents, gun powders,
petroleum refining, ore leaching processes; pulp and paper -industries, and in
agrochemical industries.’ its nanostructures are valuable for.the synthesis of

® modification of carbon

sulfur nanocomposites for Iithiﬁm batteries,
nanostructures,’ in the synthesis of sulfur nanowires with carbon to form'h)"brid
materials with useful prbperﬁes for gas serisor and catalytic applications.® There
are some reports on the preparation and properties of sulfur nanoparticles.’

The multi component reactions (MCRs) are promising as a constructive source
for devising small drug-like holecules with several levels of structural diversity -

owing to the fact that these involve three or more.compounds reacting in a singlé

event, but in a row to form new products. 'O These reactions are also being greeted
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in terms of pfactical considerations and economic viability."' In the premise of
green chemistry,'>MCRs under solvent free reaction condition (SFRC)"*** are
fascinating sinée it involves the best reaction medium with ‘no medium’.'*

In the current hours of interest, the synthesis of 1-amidoalkyl-2-naphthol
derivatives'* have been continued under hot topic of research on account of
bearing 1,3-amino-oxygenated functional groups which are ubiquitous to a
variety of biologically important natural products and potent drugs, including a
" number of nucleoside antibiotics and HIV protease inhibitofs, such as ritona\;ir |
and lipinavir.'> Additionally, a-amidomethyl-B-naphthol also exhibit depressor'®®

% as a ligand in asymmetric synthesis'® and

and bradycardia effects in humans,’'
as a catalyst.'®® Thus, the synthesis of a-amidomethyl--naphthol is sfill in
demand.

There are numerous approaches described in‘the literature for the synthesis of 1-
amidoalkyl-2-naphthols. These protocols '7 suffer from shortcomings such as
large waste pro‘duction, higher reaction temperature, prolonged reaction time, low
yields, harsh conditions, undesirable byproducts, toxicity, low recovery, and
reusabiiity of the catalyst. Therefore, to overcome those drawbacks and in our
continual interest in the growth of “NOSE” (Nanoparticle-catalyzed Organic -
Synthesis Enhancement) chemistry,'® we herein repot a convenient protocol fo-r-‘

novel sulfur nanoparticle-catalyzed synthesis of 1-amidoalkyl-2-naphthols under

SFRC at 50 °C (Scheme 1). To the best of our knowledge, nano-S-catalyzed

OsR: |
Ry _NH
OH 0 oHj
50 °C
1 2 3 SFRC 4 ’

Scheme 1: Synthesis of l-amidoalkyl-z-naphtihols
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synthesis of 1-amidoalkyl-2-naphthols is not yet reported.
5.2 Results and discussion
5.2.1 Characterization of nano-Ss

The preparation of nano-S was accomplished by annealing of elemental
sulfur which in turn was achieved by catalytic con.version of H,S." To
characterize the sulfur nanoparticles synthesized at 120 °C and 180 °C, the
EDX analysis was performed to find the elemental composition. EDX
confirmed the presence of sulfur element only [figure 1(a)]. Both atomic and
weight percent for pure nano-S was found 100%. SEM image [figure 1(b)] of
pure nano-S explored its sheet like structure that might be due to the stronger
intermolecular forces of attraction amongst the sulfur molecules. The TGA
curve [figure 1(c)] indicated the thermal stability having two step pattern of
weight loss within 180-290 °C. The first weight loss (<180 °C) is attributed to
the evaporation of physically absorbed water and the second weight loss at

290 °C is accompanied by the active liberation of H,S [figure 1(c)].

v r - +
0 L £ 00 % w0 o

Temperature ("C)

Figure 1. a) EDX analysis, b) SEM image, and ¢) TGA curve of pure nano-S

The X-ray diffraction patterns (figure 2) for (a) bulk-S, (b) nano-Sg
synthesized at 120 °C and (c) at 180 °C revealed that the samples (a), (b) and (c)
showed peaks corresponding t0 (22 2),(026),(117),(313),(044),(062),(0
66),(357)and (5 5 1) planes indicating the presence of cubic orthorhombic face

centered Sg (i.e. a-form) with face centred lattice sites (JCPDS PDF # 78-1889).
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The sharp XRD peaks of bulk sulfur (figure 2a) got broadened on annealing to
120 °C and 180 °C [fig. 2(b) and 2(c)] which confirmed the transformation into
the nano form. The crystallite sizes were found to lie between 13.8-25.6 nm in (b)
and 7.3-5.4 nm in (c¢) calculated from the X-ray line broadening by applying full
width half maximum (FWHM) of characteristic peaks (2 2 2) and (1 1 7) to the
Scherrer equation. These sizes are consistent with those measured from the TEM

images, indicating the single crystal structure of nanoparticles.

A’O
2theta (degree)

Figure 2. XRD pattern of (a) pure bulk sulfur, (b) nano sulfur annéaled at 120 °C
and (¢) nano sulfur annealed at 180 °C

High-resolution TEM (figure 3) showed that the majority of isolated particles

were having piper betle shape and a very few were of spherical structure with an

average diameter of 5.2 nm [Figure 3(a)] and 18.3 nm [figure 3(b)] respectively.

Figure 3. TEM micrographs of nano-S at a) 25 nm and b) 50 nm scale
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5.2.2 Optimization of the reaction conditions

With the idea of developing a green procedure with almost no waste produced
for the synthesis of amidoalkyl-naphthol derivatives, the optimization of the
reaction condition (Table 1) was performed by considering the model reaction
(scheme 2) among 2-naphthol 5, urea 6 and benzaldehyde 7 at room temperature
under neat condition by grinding with mortar and pestle but the reaction did not
proceed (Table I, entry ). Stirring the reaction mixture at 50 °C/ 70 °C/ 120 °C
aerobically (16 h) also could not form any product (Table 1, entries 2-4). These
negative results sensed the necessity of a catalyst.

Table 1. Optimization of reaction condition®

(0]
OH )(l)\
H  caalvs Ol
OO + 1N Nil, + Catalyst I
8 7 O O)\
8

5 NI,

Scheme 2: Model reaction

Entry Catalyst Solvent T (°C) T (h) Yield (%)b
1 None SFRC " 3 NR®
2 None SFRC 50 16 NR*®
3 None SFRC 70 16 NR®
4 None SFRC 120 16 NR°®
5 “Nano-MgO SFRC 50 5 32
6 “Nano-Al,0; SFRC 50 5 25
7 "Nano-TiO; . SFRC 50 6 !
8 ¥Nano-Sg SFRC 50 30 98
9 ¥Nano-Sg SFRC 60' 30 52
10 ¥*Nano-S; EtOAc 50 6 48
11 ENano-Sg MeOH 50 7 24
12 ENano-Sg EtOH 50 7 26
13 ¥Nano-S; THF 50 9 44
14 ¥Nano-S;g Toluene 50 5 1
15 tNano-Sg H,O 50 12 12
16 Pyridine SFRC 50 8 17
17 Imidazole SFRC 50 8 17
18 Et;N SFRC 50 8 15
19 PPh; SFRC 50 8 17

“ Reaction condition: Benzaldehyde (0.3 mL, 3mmol), urea (0.180 g, 3mmol),
naphthol (0.432 g, 3mmol), SFRC or solvent (5mL).” Isolated yields. ¢ No reaction
was observed, 3.5 mol% catalyst was used. Particles sizes: “(17.4-16.4nm), © (37.4—
39.7nm),” (<80 nm), ¥ (5.2-18.3 nm).” Grinded. ' Ultrasound. ’ Trace. * Minute.
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Next, we investigated the reaction by using nanocatalysts (3.5 mol%) under
SFRC at 50 °C (Table 1, entries 5-9). To our surprise, the mentioned
nanocatalysts furnished the products in trace to poor yields but nano sized Sg
showed outstanding activity in the formation of desired product 8 (Table 1, entry
8) in excellent yields within much shorter time. The reaction was very clean with
no side product formation. In order to check the effect of solvents (if any) in the
reaction, several solvents were screened. The reactions were sluggish, gave poor
yield with longer reaction time and tiresome catalyst isolation in the presence of
solvents (Table 1, entries 10-15). This may be attributed to the aggregation of
sulfur nanoparticles which might reduce its surface area and blocked the active
sites. Notably, the bulk basic catalysts were not effective in the reaction (Table I,
entries 16-19).

We also examined the influence of catalyst loading in the model reaction
(scheme 2). The results are summarised in the table 2 and graphically in figure 4
which indicated that the catalytic efficiency of nano-Sg increased from | to 3
mol% and showed the maximum efficiency at 3.5 mol% loading.

Table 2. Optimization of catalyst loading®

Entry Catalyst loading (mol%) Time (h) Yield (%)
1 1 5 44
2 2 3 58
3 3 2 70
4 3.5 30 min 98
5 4 50 min 80
6 5 1 74
7 7 2 60
8 2 30 min 17
9 4 30 min 22
10 6 30 min 38
11 7 30 min 40
12 8 30 min 43

“ Reaction was performed at 50 °C under SFRC and aerobic conditions
using nano-Sg. ” Isolated yield.
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Increasing catalyst loading keeping the reaction time constant (30 min), did

not improve the yield (Table 2, entries 8-12).

Mol of nano-S,

Figure 4. Graph of isolated yield of 8 versus mol% of nano-Sg

5.2.3 Nano-S catalyzed synthesis of 1-amidoalkyl-2-naphthol derivatives

To generalise the reaction, various benzaldehyde derivatives were tested with
naphthol and urea/acetamide under the standardized condition and the outcomes
were summarized in table 3. Vaghei et. al reported the synthesis of (4-
Hydroxyphenyl)-(2-hydroxynaphthalen-1-yl)methyl using catalytic amount of
TBBDA.'” Since then and before there was no report involving 4-hydroxy
benzaldehyde as a starting material but using nano-S it reacted efficiently with
urea/acetamide/benzamide and naphthol furnishing the desired product in
excellent yields (Table 3, entries 5, 15 and 20). No by-products were formed.
Overall, the aldehydes which were in the liquid state favoured the product
formation efficiently due to best the possible mixing although the reactions were
conducted under SFRC. The transformation of benzaldehydes carrying different
electron withdrawing and electron donating moieties into the corresponding
amidoalkyl naphthol products proceeded smoothly under the present reaction
condition that demonstrated the compatibility of those moieties towards the

reaction condition.
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Table 3. Nano-S catalyzed synthesis of amidoalkyl naphthols

Entry R' R’ Time (min)  Yield (%)™
1 CeHs NH, 30 98
2 4-CIC¢H,4 NH, 15 94
3 3-NO,CsH,4 NH, 15 94
4 4-OCH;CeH,4 NH, 35 92
5 4-OHC¢H,4 NH, 45 92
6 trans-CsH,CHCH NH, 30 92
7 2-Furyl NH, 30 94
8 2-Thienyl NH, 30 95
9 2-CH;CeHy CH; 30 91
10 CH;CH; CH; 60 84
11 CH;CH,CH, CH; 60 85
12 3-NO,CsH,4 CH, 10 90
13 2-CICsH,4 CH; 23 91
14 CsHs CH; 30 95
15 4-OHCGH, CH; 25 90
16 trans-C¢H,CHCH CH; 45 90
17 CeHs CsHs 30 95
18 4-CH;C¢H, CsHs 30 95
19 4-CIC¢H, CsHs 30 95
20 4-OHC4H, CeHs 25 95
21 CH;CH,CH, CeHs 40 90

“ Yields refer to the isolated pure products. ” Products were characterized by
IR and NMR (‘H and "C spectroscopy, MS and also by comparing their
melting points with the authentic ones. © Mixture of unknown products.

5.2.4 Possible mechanism for the formation of I1-amisoalkyl-2-naphthol

derivatives

Figure 5. Plausible mechanism for nano-S catalyzed synthesis of 1-amidoalkyl-2-

naphthol
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A plausible mechanism explaining the sequence of the events is tailored in
figure 5. We presumed that the reaction proceeded via ortho-quinone methides(o-
QMs)? (1) formed by the nucleophilic addition of 2-naphthol to an aldehyde
which was activated by nano-S. Finally, (I) reacted with amides/urea via Michael
addition to produce amidoalkyl naphthols. The activation of the aldehydes akin to
it, have been previously reported with the sulphur containing catalysts.' 742!

5.2.5 Investigation of recycling potential of nano-Sg

The data assembled from the catalyst recyclability test (Table 4) delineated that
the nano-S was equally active in the synthesis of 8 (scheme 2) from fresh up to
the 5™ cycle and after that its yield slightly decreased with a bit longer reaction
time. The TONSs (turn over numbers) were also maintained from fresh up to the

5t cycle and then dropped off to some extent.

Table 4. Catalyst recyclability test

Entry Number of cycles®  Time (min) Yield (%) TONs
1 Fresh 30 98 84.0
2 Ist cycle 30 98 84.0
3 2nd cycle 30 98 84.0
4 3rd cycle 30 o8 84.0
5 4th cycle 30 98 84.0
6 Sth cycle 45 98 84.0
7 6th cycle 60 90 77.1
8 7th cycle 90 85 72.8

“ Reaction condition: Benzaldehyde (1.02 mL, 10 mmol), urea (0.6 g, 10 mmol),
naphthol (1.44 g, 10 mmol), SFRC. P Isolated yields.

The XRD pattern of the reused nano-$ after 3 and 5" run were compared
with the fresh one [figure 6 (a)]. The reused nano-S after 3" run demonstrated
unchanged morphology but after 5" run showed a slight diminution in the
intensity of the highest peak (2 2 2) and an increase in the intensity of (5 5 1)
peak. It might be due to the dislocation in the crystal planes'® during the

consecutive cycles. The TEM micrograph [figure 6 (b)] after 5" run portrayed the
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aggregation of the particles that might have reduced the activity of nano-S

affording poorer yield.

100 nm
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Figure 6. a) XRD pattern of reused nano-S after 3" and 5" run and b) TEM
micrograph of reused nano-S after 5" run
5.2.5.1 Regeneration of activity of reused nano-S;

The recycled catalyst could not be used directly because some organic matter
may get adsorbed on its surface. Therefore, the regeneration of the activity of
nano-S after 5" run was accomplished. To verify the decomposition of catalyst
after 5" run (if any), EDX analysis was performed. Interestingly. nano-S after 5"
run confirmed the existence of sulfur only [figure 7 (a)]. With this pleased
observation the recycled catalyst was first washed with hot deionized water to
acquit most organic adsorbates and impurities. Calcination was then performed at
60 °C under sonication (45 min) by putting in distilled THF to reactivate the
catalyst by collapsing the agglomeration.

The XRD pattern [figure 7 (b)] of reactivated nano-S after calcination under
sonication revealed the enhancement in the intensity and broadening of the peaks
026),(117),(313),(044),(062),(066)and (35 7) while a slight decrease

in the intensity of (2 2 2) and (5 5 1) planes.
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Figure 7. a) EDX analysis of reused nano-S after 5" reused and b) XRD pattern
of regenerated nano-S after 5" run
The TEM image (figure 8) of reactivated nano-S explored the spherical
particles with an average diameter of 37 nm. The reusability test of reactivated
nano-S was performed from the model reaction (scheme 2) and the consequences

are shown in the table 5.

Figure 8. TEM image of reactivated nano-S after 5" reused

Table 5. Reusability test” of reactivated nano-S

Entry Number of cycles® Time (min) Yield (%)"
| Reactivated 30 96
2 [* run 30 91
3 2" run 40 90
4 3" run 50 90
5 4™ run 90 86
6 5™ run 120 72

“Reaction condition: Benzaldehyde (1.02 mL, 10 mmol), urea (0.6 g, 10
mmol), naphthol (1.44 g, 10 mmol), SFRC. ? Isolated yields.
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Our data (collected in table 5) showed that the reactivated nano-S could be
reused up to the 3" consecutive runs without significant loss in its activity and
after that its action slowed down.

The ‘“‘green-ness’” of the present methodoiogy was evaluated by different
parameters of green chemistry (Table 6) by considering scheme 2 that established
the supremacy of nano-S over other catalysts. The waste produced during the
course of the reaction is the least in our protocol compared to the other
methodologies. Moreover, the issues like solvent reusability and catalyst
recyclability are omitted by E-factor which absolutely raises the accuracy.

Table 6. A comparison of ‘‘green-ness’” among the catalysts/reagents in the

synthesis of [(2-Hydroxynaphthalen-1-yl)-phenylmethyl]urea 8

Catalysts E-factor® Mass Atom Efficiency Yield
Intensity (%) (%)°
Cu; sPMo,0q 0.93 2.62 89.48 95%
[TEBSAC][HSOq] 0.43 1.58 68.75 737
Sulfamic acid 0.24 1.66 75.35 80'7®
KHSO, 0.12 1.28 84.77 90%
TBBDA® 0.20 1.24 84.77 90"
[bmim]HSO, 0.13 1.22 86.65 92'7®
I, 2.68 3.78 85.71 912
ZrOCly8H,0 1.26 2.53 78.17 g3'0®
Dual acidic IL @SiO,*  0.32 1.49 76.29 g1
Nano-S 0.05 1.11 92.31 ggourvork

¢ E-factor shown does not account for the waste produced in the synthesis of
catalysts. * Isolated pure yield. ¢ N-(4-sulfonic acid)butyltriethyl ammonium
hydrogen sulfate. “ N.N,N’.N -tetrabromobenzene-1,3-disulfonamide. ¢ 3-sulfobutyl-
1-(3-propyltriethoxysilane) Imidazolium hydrogen sulfate onto sitica gel.

5.3 Conclusion

In conclusion, we have introduced a potent, benign, highly active and reusable
nano-S for the one pot synthesis of [-amidoalkyl-naphthols under ‘SFRC" using
our ‘NOSE’ approach. The method for the synthesis of nano-S is cheaper and its

utilization in industry will leave almost zero waste production along with easy
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isolation and regeneration of its activity. The chemistry of nano-S as a catalyst is
not explored yet in organic synthésis, therefore, we believe, this protocol is going
to -be a breakthrough on its catalytic applicatibn.
5.4 Experimental
5.4.1 General Experimental Methods

The chemicals and reagents were purchased from Sigma-Aldrich, Merck, M/S
S. D. Fine Chemicals Pvt. Ltd. and Loba chemical, and used without further
purification. Transmission electron microscopy was performed by (TEM)
[CMmiz, PHILIPS] with energy dispersive spectroscopy (EDS) [OXFORD].and
sample preparation fécility. The surface morphology and EDX were studied using
JEOL scanning electron microscope (model JSM-6390LV SEM). The XRD
pattern was fec;)rded with Rigaku X-ray diffractometer. Meltiﬁg points were
~ determined in a Biichi 504 apparatus. IR spe;:tra were recorded as KBr pallets in
a Nicolet (Impact 410) FT-IR spectrophotoﬁeter. | 'H and '*C NMR spectra were
recorded in .a 400 MHz NMR spectrophotometer (JEOL, JNM ECS) using
tetramethylsilane (TMS) as the internal standard‘ and coupling constants are
expressed in'Hertz. Elemental analyses were carried out in a Perkin—Elmér CHN
analyser (2400 series II). Mass spectra were recorded with a Waters Q-TOF
Premier and Aquity UPLC spectrometer. Visualization was accomplished with
“UV lamp or I, stain. Reactions were monitored by thin-layer chromatography
using aluminium sheets with silica gel 60 F,s4 (Merck). '
5.4.2 Typical Procedure for the Synthesis of Nano-S

Elemental sulfur (1 g) was taken in a silica crucible and heated in an oven
preset at 120 °C for 25 min. The melted substance was brought down to room

temperature and then placed over an ice bath. Finally, it was grinded with mortar
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and pestle. This process was repeated thrice. After that, it was washed with
double distilled water (3%x15 mL) and dried in oven at 100 °C. The synthesis of
nano-S at 180 °C was accomplished akin to the above.

5.4.3 Representative Procedure for Synthesis of Amidoalkyl Naphthols (Table
3, entry 1)

A 1:1:1 mixture of 2-naphthol (0.144 g, 1 mmol), benzaldehyde (0.102 mL, 1
mmol), urea (0.060 g, 1 mmol), and nano-S (Sg-NP) (0.00896 g, 3.5 mol%) was
taken in a mortar and grinded with a pestle. The grinded mixture was transferred
in a round-bottom flask (50 mL) and placed in a preheated oil bath at 50 °C under
SFRC by stirring under aerobic condition for the required time. The progress of
the reaction was monitored by TLC. After completion (confirmed by TLC), the
reaction mixture was bfought doWn to room temperature and ethyl acetate (S mL)
was added to it. It was then ultracentrifuged (3,500 r.p.m.) to pellet out the nano-
S. The Separated catalyst was washed with hot ethanol (3x10 mL), decanted, and
finally dried in an oven at 100 °C. The reaction mixture containing the desired
product was purified either by column chromatography or TLC preparative or in
few cases by recrystallization from hot ethanol. The analytical data of this
product (0.28616 g, 98% yield) are in good accord with the reported data. This
procedure was followed for all of the products listed in Table 3.

5.4.4 Recycling potential of nano-S

After carrying out the experiment, dry methanol was poured into the reaction
mixture and centrifuged (3,000 r;p.m.) to pellet out the nano-S. The separated
particles were washed with hot distilled ethanol (5x10 mL) to remove organic
impurities. Then the ethanol was evaporated and the catalyst V\"as dried in an oven

at 100 °C for 3 h. The catalyst was recycled in the next run.
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5.4.5 Turn Over Number (TON) for nano-S (Table 5)

Entry Input mmol
1 Naphthol : 10
2 Urea 10
3 benzaldehyde 10
4 Nano-S 3.5 mol% (0.35 mmol)

, (10 + 10 + 10) :
TONs forentries 1 to 6 = (035 x (0.98) = 84.0

(10 + 10+ 10)

TONs forentry 7 = (035

x (0.90) =771

(10 + 10 + 10)

TONs for entry 8 = (035)

x (0.85) = 72.8

5.4.6 Calculation of Green metrics

5.4.6.1 Calculation of green metrics for Cu;.sPMo ;204 catalyzed synthesis of

[(2-Hydroxy-naphthalen-I-yl)phenylmethyl]urea”

100°C OO oH
BuyNBr (10 mmel)
H7N NH, +
Cu; sPMo0;,040 (5 mol%) O NH

A

10 mmol 10 mmol 10 mmo! 07 "NH,
5 6

Yield 95%

Scheme 3: Cu,.sPMo ;04 catalyzed synthesis of 8

Entry Input : Output
1 Naphthol 1440 mg 8 2774 mg
2 Urea " 600 mg CuysPMo012040 959 mg
3 Benzaldehyde 1060 mg
4 BusNBr 3220 mg
Total 6320 mg Total "3733 mg

(6320 — 3733)

i i —_ — .
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(292)
= X = .1909
Atom economy (106 + 60 + 144) 100 = 94.19%

Atom efficiency = 94.19% x 95% = 89.41%
5.4.6.2 Calculation of green metrics for [TEBSA ][HSO4] catalyzed synthesis of

[(2-Hydroxy-naphthalen-1-yl)phenylmeth yl]urea”g

~

O ©/N\ 120-°C OH
112N
|1 EBSA|[HSO,)

10 mmol 12 mmol 10 mmol (0.05S mmol) NH
5 6

\’leld 73%

Scheme 4: [TEBSA][HSO,] catalyzed synthesis of 8

Entry Input Output
1 Naphthol 1440 mg 8 : 2132 mg
2 Uea 720 mg [TEBSA][HSO,] 168 mg
3 Benzaldehyde' 1060 mg '
Total 3220 mg | Total 2300 mg

(3220 — 2300)

E — Factor = 2132) = 0.43
Mass intensity = (3220 + 168) 158
ass intensity = (2132) =1
(292)
Atom economy = X 100 = 94.19%

(106 + 60 + 144)
Atom efficiency = 94.19% X 73% = 68.75%
5.4.6.3 Calculation of green metrics for sulfamic acid catalyzed synthesis of

[(2-Hydroxynaphthalen-1 ;yl)phen ylmeth yl]urea' 7a

~
Ultrasonic OH
O A NHZ __ at28-30°C
Sulhmlc acid
10 mmol 15 mmol 10 mmol (0.5 mmol) O NH,

5 6 8
Yield 80%

Scheme 5: Sulfamic acid catalyzed synthesis of 8
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Entry ' Input » Output
1 Naphthol 1440 mg 8 2336 mg
2 " Urea 900 mg Sulfamic acid 485 mg’
3 Benzaldehyde 1060 mg
Total 3400 mg Total 2821 mg

E — Fact _(3400-—2821)_024
— Factor = (2336) = 0.

(3400 + 485)

Mass intensity = (2336)

' (292)
= = 4‘ 0
Atom economy (106 + 60 + 144) x 100 = 94.19%

Atom efficiency = 94.19% X 80% = 75.35%
5.4.6.4 Calculatton of green metrics for KHSO, catalyzed synthesis of [(2-

H ydraxynaph thalen-1-yl)phenylmeth yl]urea

(~ D

O i O

_OH

M H 100°C_ . O

+ H,N” "NH, + —_—

2 2 . KHSO, O j’\“
10 mmol 11 mmol 10 mmol (0.15 mmol) 07 "NH,
5 6 7 '

Yield 90%

Scheme 6: KHSO, catalyzed synthesis of 8

Entry Tnput Output _

1 Naphthol 1440 mg 8 2628 mg
2 Urea 660 mg KHSO,4 204 mg
3 Benzaldehyde 1060 mg

Total 3160 mg- Total _ 2832 mg

E — Factor = o100 —2832) _ 10
, (2628)
Mass intensity = (3—16—()—+£Qi)- = 1.28
. (2628)
Atom économy = (292) x 100 = 94.19%

(106 + 60 + 144)
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Atom efficiency = 94.19% X 90% = 84.77%
5.4.6.5 Calculation of green metrics for TBBDA catalyzed synthesis of [(2-

H ydroxy-naphthalen-1-yl)phenylmethylurea'

( - ™\
| ‘ j O
0 T
OH JJ\ H lBBDoA OH
(1 mol%)
+ H;NT TNH, + U mot)
Room O NH
10 mmol 12 mmol 10 mmol temperature O)\NHZ
5 6 7 8 .
Yield 90%

Scheme 7: TBBDA catalyzed synthesis of 8

Entry Input Output
| Naphthol 1440 mg 8 2628 mg
2 Urea 720 mg TBBDA 55.2 mg
3 Benzaldehyde 1060 mg
Total 3220 mg Total 2683.2 mg
E — Factor = (3220 — 2683.2) — 0.20
actor = (2628) =0.
Mass intensi (3220 + 55.2) 124
inten =——=1.
ass Intensity (2628)
(292)

Atom economy =

(106 + 60 + 144)

X 100 = 94.19%

Atom efficiency = 94.19% X 90% = 84.77%

5.4.6.6 Calculation of green metrics for [bmim[HS O catalyzed synthesis of [(2-

Hydroxynaphthalen-1-yl)phenylmethylurea’ 7b

~

10 mmol

Oll
+ H, N

11 mmol 10 mmol

: Ibmlm]llSO4

(5 mol™”%)

: ! Oll
O NH,

5

6

7

8

L '  Yield 2%

Scheme 8: [bmim]HSOy, catalyzed synthesis of 8
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Entry Input Output
1 Naphthol 1440 mg 8 2686 mg-
2 Urea 660 mg [bmim]HSO, 118 mg
3 Benzaldehyde 1060 mg V
Total 3160 mg Total 2804 mg

(3160 — 2804)

x 100 = 94.19%

A ' =
{om economy = 106+ 60 + 144)

Atom efficiency = 94.19% X 92% = 86.65%
5.4.6.7 Calculation of green metrics for dual acidic IL @SiO; catalyzed

synthesis of [(2-Hydroxynaphthalen-1-yl)phenylmeth yl]urea’ da

g A 3
oM O
OH /U\ 4 H N OH
+ H,N” TNH, + __85°C _ i
Catalyst O NH
10 mmol! 14 mmol 10 mmol (200 mg) O)\ NH,

5 6 7 8
L Yield 81% J ‘

Scheme 9: Dual acidic IL @SiO,catalyzed synthesis of 8

Entry Input Output
1 Naphthol 1440 mg ‘ 8 2365 mg
2 Urea 840 mg Catalyst 200 mg
3 Benzaldehyde 1060 mg
Total 3340 mg Total 2565 mg

r Factor o (3340 -256) _
- ctor = = U.
2 (2365)

(3340 + 200) _

Mass intensity = (2365) =149
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: (292) .
At = - X = 4. 0
om economy (106 + 60 + 140 100 = 94.19%

Atom efficiency = 94.19% x 81% = 76.29%
5.4.6.8 Calculation of green metrics for I catalyzed synthesis of [(2-

Hydroxynaphthalen-1-pl)phenylmethyljurea®™

(0]
OH
. H N/U\NH _DCM (5mL)_
2 2 1,(5 mol /o)

10 mmol 13 mmol 10 mmol 0

5 6 7
\ ield 91%

Scheme 10: 1, catalyzed synthesis of 8

Entry Input Output
1 Naphthol 1440 mg 8 2657 mg
2 Urea 780 mg I, 127 mg
3 Benzaldehyde 1060 mg
4 DCM 6650 mg
Total 9930 mg | Total 2784 mg

E — Factor = (9300 — 2784) — 268
actor = 2657) = 2.

(9930 + 127)

Mass intensity = —W)—— =3.78

(292)
(106 + 60 + 144)

Atom economy = X 100 = 94.19%

Atom efficiency = 94.19% x 91% = 85.71%
5.4.6.9 Calculation of green metrics for ZrOCl; 8H,0 catalyzed synthesis of [(2-

Hydroxynaphthalen-1-yl)phenylmeth yl]urealo"

- : OG
OH
Oe oy N)LNH “ _DCM 2 mL)_ :
z 2 7r0c|2 8H,0
10 mmol 11 mmol 10 mmol (0.1 mmol) o

5 6 7
\ ield 83%

Scheme 11: ZrOCl, 8H,0 catalyzed synthesis of 8
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Entry Input | , Output
1 Naphthol 1440 mg , 8 - 2424 mg
Urea 660 mg : [bmim]HSO, 322 mg

2
'3 Benzaldehyde 1060 mg
4 DCM 2660 mg

Total 5820 mg Total 2746 mg

(5820 — 2746)

E — Factor = (2429 =1.26
M intensi _(5820+127)4_253
ass ?n ensity = (2424) =2
(292) '
X 100 = 94.19%

At -
M economy =706 + 60 + 144)

Atom efficiency = 94.19% % 83% = 78.1%

5.4.6.10 Calculation of green metrics for nano-§ catalyzed synthesis of [(2-

our work

Hydroxynaphthalen-1-yl)phenylmethyl]urea

- -
Loose 0O
(0] 50 °C
of I H  SFRC . OH
+ H,N NH, + — NH
Nano-S Q J\
- 10 mmol 10 mmol 10 mmol (3.5 mol%) 0" "NH,

5 6 7 8
Yield 98%

~

Scheme 12: Nano-S catalyzed synthesis of 8

" | Entry Input - Output
1 Naphthol 1440 mg 8 ' 2862 mg
2 Urea 6000 mg Nano-S 90 mg -
3 Benzaldehyde 1060 mg v
Total 3100 mg "~ Total 2952 mg
E — Factor = (8100 — 2952) = 0.05
(2862)

(3100 +90)

Mass intensity = 2862) 1.11

(292)

X 100 = 94.19¢
(106 + 60 +:144) ' %

Atom economy =
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Atom efficiency = 94.19% x 98% = 92.31%
5.5 Physical and Spectroscopfc data for all products

[(2-Hydroxynaphthalen-1-yl)phenylmethylJurea (Table 2, entry 1)

White solid; R¢= 0.37 (50% AcOELt: hexane); mp 171 .2-]73;5' °C; '"H NMR (400
MHz, DMSO-ds, TMS): 8 9.99 (br, s, 1H, OH), 7.75-7.70 (m, Ar-H), 7.35 (br, s,
1H, NH), 7.17-7.13 (m, Ar-H), 6.90 (s, 1H, CH), 5.79 (s, 2H, NH,); '>’C NMR
(100 MHz, DMSQ-d6,. TMS): 6 159.1, 153.3, 144.7, 132.5, 131.1, 129.5, 129.1,
128.3, 126.4, 126.2, 122.9, 121.2,119.7, 48.6; IR (KBr pellets) Vi (cm™): 3453
(NH), 3382 (OH), 3231 (NHy), 2956 (CH), 1661 (CO); m/z (GC-MS) 292.12
[M']; Anal. Calc& (%) for CigHsN2O,: C, 73.95; H, 5.52; N, 9.58; Found C,
74.04; H, 5.22; N, 9.64.

[(4-Chlorophenyl)-(2-hydroxynaphthalen-1-yl)methyljurea (Table 2, entry 2)

White solid; Rg= 0.35 (50% AcOEt: hexane); mp 210.6-212.7 °C; 'H NMR (400
MHz, DMSO-ds, TMS): 8 9.96 (br, s, 1H, OH), 7.79-7.71 (m, Ar-H, 6H), 7.36
(br, s, TH, NH), 7.24-7.10 (m, Ar-H, 4H), 6.86 (s, IH, CH), 5.80 (s, 2H, NH);
3C NMR (100 MHz, DMSO-ds, TMS): § 159.0, ‘153.4,4144.0, 132.5, 130.8;
]29.7, 129.1,128.3, 128.1, 127.1, 123.0, 118.9, 49.9; IR (KBr pellets) vy (cm™'):
3485 (NH), 3390 (OH), 31>92 (NHy), 2955(CH), 1650 (CO); ﬁ1/z (GC-MS)

326.08 [M*]; Anal. Caled (%) for CgHisCIN,Oy: C, 66.16; H, 4.63; N, 8.57:

Page | 182



Found C, 66.08; H, 4.43; N, 8.67.

[(2-Hydroxynaphthalen-1-yl)-(3-nitrophenyl)methyljurea (Table 2, entry 3)

e
NO
"

0% NH,

Light yellow powder; Rf= 0.31 (50% AcOEt:-hexane); mp 186.6-188.1 °C; 'H
NMR (400 MHz, DMSO-ds, TMS): 8 9.91 (br, s, 1H, OH), 8.11-8.07 (m, 6H, Ar-
H), 7.91-7.85 (m, 4H, Ar-H), 7.34 (br, s, 1H, NH), 6.84 (s, 1H, CH), 5.82 (s, 2H,
NH,); °C NMR (100 MHz, .DMSO-d(s, TMS): 6 161.7, 153.4, 147.3, 145.0,
133.4, 132.1, 130.2, 1292, 128.9, 128.6, 128.1, 127.3, 123.3, 119.1, 49.4; IR
(KBr pelle.ts) Vmax (c™): 3484 (NH), 3374.(OH), 3260 (NH,), 2971 (CH), 1632
(C=0); m/z _(GC—MS) 337.11 [M"]; Anal. Calcd for CisHisN3Oq4: C, 64.09; H,
4.48; N, 12.46. Found: C, 64.14; H, 4.49; N, 12.66. |

[(2-Hydroxynaphthalen-l-yl)-(4-methoxyphenyl)methyl]urea (Table 2, entry

Ho

?
CH;

4

AWhite solid; R¢= 0.38 (50% AcOEt: hexane); mp 182.3-184.7 °C,; 'H NMR (400 |
'MHz, DMSO-ds, TMS): & 10.03 (br, s, 1H, OH), 7.95-7.89 (m, 6H, Ar-H), 7.44
(br, s, 1H, NH), 7.28-7.23 (m, 4H, Ar-H), 6.88 (s, 1H, CH), 5.79 (s, 2H, NH,),
3.57 (s, 3H, CHs); '>)C NMR (100 M‘.Hz, DMSO-ds, TMS): § 162.2, 153.4, 142.5,
]35.5,'133.6, 129.5, 128.9, 128.2, 126.1,123.5,122.1, 118.6, 56.1, 50'.1; IR (KBr
pellets) Vimax (cm™): 3481 (NH), 3370 (OH), 3265 (NH,), 2977 (CH), 1637 (CO);
m/z (GC;MS) 322.13 [M*]; Anal. Calcd for Ci9HgN,O5: C, 70_.79; H, 5.63; N,
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8.69. Found: C, 70.73; H, 5.33; N, 8.61.
[(2-Hydroxynaphthalen-1-yl)-(4-hydroxyphenyl)methyljurea (Table ‘2, entry

3)

HO [i li
T O
' oél\NH2 OH

White solid; Re=0.31 (50% AcOEL: hexane); mp 146.7-148.6 °C; "H NMR (400

MHz, DMSO-ds, TMS): 6 10.51 (br, s, 1H, OH), 8.13-7.95 (m, 6H, Ar-H), 7.57
(br, s, 1H, NH), 7.20-6.98 (m, 4H, Ar-H), 6.69 (s, 1H, CH), 5.79 (s, 2H,'NH2);
3C NMR (100 MHz, DMSO-d;, TMS): § 160.7, 150.5, 143.5, 132.5, 129.0,
129.6, 128.1, 127.8, 127.3, 125.6, 124.8, ]22.6, 122.1, 119.8, 47.5; IR (KBr
pellets) Vmax (cm™') 3458 (NH), 3340 (OH), 3287 (NH,), 2965 (CH), 1656 (C=0);
m/z (GC-MS) 308.12 [M™]; Anal. Calcd for CsH¢N,05: C, 70.12; H, 5.23; N,
9.09. Found: C, 70.]9;. H, 4.93; N, 9.03.

[1-(2-Hydroxynaphthalen-1-yl)-3-phenylallylJurea®” "™ (Table 2, entry 6)

Pale yellow solid; Ry= 0.25 (50% AcOELt: hexane); mp 169.7-173.2 °C; 'H NMR

(400 MHz, DMSO-dg, TMS): 6 10.54 (br, s, 1H, OH), 8.11 (d, J=7.5Hz, 1H),

8.35(d, J=17.5 Hz, 1H), 7.75-7.71 (m, 6H, Ar-H), 7.55 (br, s, 1H, NH), 6.91 (s,

1H, CH), 5.82 (s, 2H, NH,); *C NMR (100 MHz, DMSO-ds, TMS): & 168.6,
153.3, 150.6, 144.8, 136.3, 132.3, 129.3, 128.6, 128.0, 127.5, 127.1, 126.6, 126.1,

123.5, 122.1, 118.9, 118.1, 49.8; IR (KBr pellets) vmax (cm’'): 3418 (NH), 3353
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(OAH), 3278 (NH,), 2970 (CH), 1653'(C'O); m/z (GC-MS) 318.14 [M"]; Anal.
Calcd for CooHsN2O,: C, 75.45; H, 5.70; N, 8.80. Found: C, 75.30; H, 5.96; N,
8.89.

[Furan-2-yl-(2-hydroxynaphthalen-l-.yl)methyl]urea (Table 2, entry 7)

Off white solid; R¢=0.35 (50% AcOEL: hexane); mp 162.5-163.7 °C; '"H NMR
(400 MHz, DMSO-ds, TMS):  9.97 (s, 1H, OH), 7.75-7.69 (m, 6H, Ar-H), 7.39
(s, 1H, NH), 6.86-6.88 (m, 3H, Ar-H), 6.02 (s, IH, CH), 5.76 (s, 2H, NH,); *C
NMR (100 MHz, DMSO-ds, TMS): 5 159.6, 156.8, 153.7, 141.8, 132.8, 129.7,
-129.0, 128.7, 126.9, 122.9, 119.0, '1 18.2, 110.8, 105.6, 50.2; IR (KBr pellets) Vimax
(cm™): 3471 (NH), 3392 (OH), 3254 (NH,); 2987 (CH), 1669 (CO); m/z (GC-
MS) 282.10 [M*]; Anal. Caled (%) for C6Hi4sN,03: C, 68.07; H, 5.00; N, 9.92;
‘Found C, 68.45; H, 4.93; N, 10.12.

{(2-Hydroxynaphthalen-1-yl)-thiophen-2-yl-methyljurea (Table 2, entry 8)

Light yellow solid; R¢=0.36 (50% AcOEt:héxanc); mp 159.2-161.7 °C; 'H NMR
(400 MHz, DMSO-ds, TMS): & 9.95 (S’, IH, OH), 7.77-7.71 (m, 6H, Ar-H), 7.33
(s, TH, NH), 6.83-6.88 (m, 3H, Ar-H), 6.22 (s, 1H, CH), 5.80 (s, 2H, NH,); "*C
NMR (100 MHz, DMSO-ds, TMS): 6 160.1, 157.3, 154.4, 141.9, 133.4, 129.8,
129.2, 128.8, 126.2,122.7, 119.2, 118.5, 110.3, 105.9, 49.8; IR (KBr pellets) vpax

(em™): 3474 (NH), 3398 (OH), 3258 (NH,), 2982 (CH), 1672 (CO); m/z (GC-
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MS) 298.08 [M*]; Anal. Calcd (%) for CigH14N20,S: C, 64.41; H, 4.73; N, 9.39;
Found C, 64.58; H, 4.99; N, 9.43, .

N-[(2-Hydroxynaphthalen-1-yl)-o-tolylmethyljacetamide (Table 2, entry 9)

Off white solid; Rg= 0.38 (50% AcOEt: hexane); mp 200.3-202.7 °C; 'H NMR ,
(400 MHz, DMSO-d,;, TMS): 6-9.98 (br, s, 1H, OH), 8.04-7.89 (m, 6H, Ar-H),
7.30-7.21 (m, 4H, Ar-H), 6.65 (br, s, 1H, NH), 5.77 (sv, 1H, CH), 2.27 (s, 3H,
CH5), 1.89 (s, 3H, CH3); >C NMR (100 MHz, DMSO-ds, TMS): '8167.5, 152.7,
© 143.5, 139.5, 13_4.3, 132.4,129.2,128.6, 128.1, 126.3, 125.4, 123.4, 122.0, 118.3,
50.1,22.7, 19.4; IR (KBr pellets) vpax (cm™): 3422 (NH), 3322 (OH), 2993 (CH),
1625 -(CO); m/z (GC-MS) _305.]4 [M']; Anal. Caled (%) for CyH;gNO,: C,
78.66; H, 6.27; N, 4.59; Foqnd C, 78.60; H, 6.57; N, 4.64.

N-[1-(2-Hydroxy-haphthalen-l-yl)-propyI]-acetamide (Table 2, entry 10)

White solid; Rr= 0.42 (50% AcOEt: hexane); mp 172.9-174.4 °C; 'H NMR (400
MHz, DMSO-ds, TMS): § 10.05 (br, s, 1H, OH), 8.64 (br,A s, |H, NH), 7.82-7.75
(m, 6H, Ar-H), 6.24 (t, 1H, J=13 Hz, CH), 2.17 (s, 3H, CHj), 1.91-1.97 (m, 1H,
CH2), 0.93 (t, 3H, J = 7.3 Hz, CH;); >C NMR (100 MHz, DMSO-d;, TMS): &
166.4, 152.3, 134.6, 132.0, 131.3, 128.6, 128.1, 127.7, 127.2, 126.8, 126.1, 122.6,
119.4, 118.0, 48.6, 36.2, 19.8, 13.7; IR (KBr pellets) vmax (cm™): 3418 (NH),
3228 (OH), 3004 (CH), 1636 (CO); m/z (GC-MS) 243.13 [M*]; Anal. Calcd (%)
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for CysH7NO,: C, 74.05; H, 7.04; N, 5.76; Found C, 74.12; H, 7.37; N, 5.56.

N-[l-(2-Hydroxynaphthalen-l-yl)butyl]acetamide' (Table 2, entry 11)

White solid; R¢= 0.40 (50% AcOEt: hexane); mp 221.3-223.8 °C; H NMR'(460
ivmz, DMSO-ds, TMS): § 10.15 (br, s, 1H, OH)l, 8.60 (br, s, 1H, NH), 7.80-7.73
(m, 6H, Ar-H), 6.04 (t, 1H, J = 7.7 Hz, CH), 2.12 (s, 3H, CH3), 1.81-1.73 (m, 1H,
CHy), 1.36-1.29 (m, 1H, CHy), 0.96 (t, 3H, J = 7.7 Hz, CH3);."*C NM:R (100
MHz, DMSO-ds, TMS): & 163.4, 152.1, 134.6, 132.4, 131.3, 129.1,128.7, 1282, |
127.3, 126.7, 126.1, 122.0, 119.1, 118.3, 47.9, 36.6, 19.8, 13.7; IR (KBr pellets)
Vamax (cm™): 3451 (NH), 3234 (OH), 3041 (CH), 1636 (CO); ﬁ/z (GC-MS) 257.14
[M]; Anal. Caled (%) for CigHigNOy: C, 74.68; H, 7.44; N, 5.44; Found C,
74.93; H, 7.62; N, 5.74. |

N-[(Z-Hydroxynaphthalen-l-yl)-(3—nitrophenyl)methyl]acetamide- (Table 2,

HO ! ! ‘ .
CH

T

0)'\CH3- .

Pale yellow solid; mp 240.2-241.6 °C; Ry= 0.36 (50% AcOEt: hexane); 'H NMR

entry 12)

(400 MHz, DMSO-dg, TMS): & 10.03 (br, s, 1H, OH), 8.03-7.73 (m, 6H, Ar-H),
7.51 (br, s, 1H, NH), 7.11-7.02 (m, 4H, Ar-H), 6.10 (s, 1H, CH), 1.95 (s, 3H,
CHy); °C NMR (100 MHz, DMSO-ds, TMS) 8: 162.3, 154.2, 132.5, 130.1,

129.4, 128.8, 128.1, 127.3, 126.4, 123.3, 122.9, 122.1, 118.3, 117.0, 115.3, 114.1,
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43.9, 22.3; IR (KBr pellets) vinax (cm™'): 3436 (NH), 3258 (OH), 2997 (CH), 1644
(CO); m/z (GC-MS) 336.11 [M']; Anal. Calcd (%) for CyoH¢N2O4: C, 67.85; H,
4.79; N, 8.33; Found C, 67.49; H, 4.86; N, 8.40.

N-[(2-Chlorophenyl)-(2-hydroxynaphthalen-1-yl)methyljacetamide (Table 2,

entry 13)

Off white solid; R¢= 0.38 (50% AcOEt: hexane); mp 212.8-214.5 °C; 'H NMR
(400 MHz, DMSO-ds, TMS): 6 9.98 (br, s, 1H, OH), 7.94-7.88 (m, 6H, Ar-H),
7.47 (br, s, 1H, NH), 7.29-7.36 (m, 4H, Ar-H), 6.03 (s, 1H, CH), 1.91 (s, 3H,
CHs); *C NMR (100 MHz, DMSO-ds, TMS): & 165.6, 154.1, 140.4, 133.5,
133.4, 132.8, 132.1, 130.3, 129.8, 129.1, 128.7, 127.6, 127.0, 123.1, 123.6, 119.2,
117.4, 48.6, 23.5; IR (KBr pellets) Vg (cm™): 3440 (NH), 3251 (OH), 2990
(CH), 1645 (CO); m/z (GC-MS) 325.09 [M"]; Anal. Caled (%) for CisHi6CINO,:
C, 70.05; H, 4.95; N, 4.30; Found C, 69.96; H, 4.55; N, 4.45. |

N-[(2-Hydroxynaphthalen-1-yl)-phenylmethyl]acetamide (Table 2, entry 14)

HchO
NH
U

White solid; R¢= 0.46 (50% AcOEt: hexane); mp: 228.3-229.5 °C; 'H NMR (400
(br, s, 1H, CH), 7.21-7.07 (m, 5H, Ar-H), 2.01 (s, 3H, CH;); °C (100 MHz,
DMSO-ds, TMS): 8 167.6, 152.7, 144.7, 134.6, 128.9, 128.7, 128.1, 127.8, 127.1,

125.5, 124.7, 123.6, 122.3, 122.1, 118.2,43.6, 21.7; IR (KBr pellets) vy (cm™):
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3459 (NH), 3388 (OH), 3007 (CH), 1660 (CO); m/z (GC-MS) 291.13 [M+];
Anal. Caled (%) for C\oH{7NO,: C, 78.33; H, 5.88; N, 4.81; Found C, 78.70; H,
5.93; N, 4.91.

our work

N-[(2-Hydroxynaphthalen-1-yl)-(4-hydroxyphenyl)methyl]acetamide

. (Table 2, entry 15)

HO™” l [
O |
0.)\CH3 OH

A light crimson solid; R¢= 0.29 (50% AcOEt:hexane); mp 185.8-189.6 °C; 'H

NMR (400 MHz, DMSO-ds, TMS): & 10.07 (br, s, 1H, OH), 7.71-7.68 (m, 6H,
Ar-H), 7.44 (br, s, 1H, NH), 7.22-7.17 (m, 4H,, Ar-H), 6.41 (s, 1H, CH), 1.97 (s,
3H, CHs); "°C NMR (100 MHz, DMSO-ds, TMS): 8 167.2, 148.1, 140.3, 130.4,
129.7, 129.1, 128.4, 127.7, 127.2, 125.6, 124.1, 122.7, 122.1, 120.5, 119.0, 493
22.1; IR (KBr pellets) Vmax (cm™): 3480 (NH), 3365 (OH), 2992 (CH), 1675
(CO); m/z (GC-MS) 307.12 [M"]; Anal. Caled (%) for C\oH7NO;: C, 74.25; H,
5.58; N, 4.56; Found C, 74.33; H, 5.52; N, 4.26. |

N-[l-(Z-Hydroxynaphthalen;l-yl)-3-phenylallyl]acetamide (Table 2, entry

16)

H;,C o

I

L

Off white solid; Ry= 0.28 (50% AcOEt:hexane); mp 174.5-176.0 °C; 'H NMR 'H

\

NMR (400 MHz, DMSO-dgs, TMS): §11.03 (br, s, 1H, OH), 8.29 (d, /= 6.9 Hz, -

1H), 8.17 (d, J= 6.9 Hz, 1H), 7.80-7.74 (m, 6H, Ar-H), 7.51 (br, s, IH, NH), 6.23
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(s, 1H, CH), 2.05 (s, 3H, CH3); "°C NMR (100 MHz, DMSO-ds, TMS): & 169.1,
155.2,151.4, 1452, 134.4, 133.0, 130.2, 129.1, 128.7, 128.0, 127.5, 126.7, 126.2,
123.4, 122.3, 118.7, 118.2, 48.7, 21.3; IR (KBr pellets) vimax (cm™): 3411 (NH),
3350 (OH), 2989 (CH), 1659 (CO); m/z (GC-MS) 317.14 [M*]; Anal. Calcd for
CaiHsNOy: C, 79.47; H, 6.03; N, 4.41. Found: C, 79.51; H, 6.09; N, 4.77.

N-[(Z-Hydroxynaphthalen-l-yl)-phenylmethyl]benzamide (Table 2, entry 17).

White solid; R¢= 0.25 (50% AcOEt: hexane); mp 235.1-237.5 °C; 'H NMR (400
MHz, DMSO-ds, TMS): & 10.34 (br, s, 1H, OH), 8.17-8.11 (m, 6H, Ar-H), 7.92-
7.87 (m, SH, Ar-H), 7.40 (b, s, 1H, NH), 7.20-7.14 (m, SH, Ar-H), 6.07 (s, 1H,
CH); '>C NMR (100 MH'z, DMSO dg, TMS): & 169.5, 153.4, 148.2, 145.2, 134.8,
133.4, 132.8, 132.2, 130.8, 130.3, 129.7, 128.4, 128.1, 127.7, 127.1, 123.8, 122.6,
122.6, 121.0, 119.3, 118.1, 49.7; IR (KBr pellets) Vmax (cm™): 3475 (N-H), 3361
(OH), 2984 (CH), 1656 (CO); m/z (GC-MS) 353.14 [M*]; Anal. Calcd for
CaaHisNOy: C, 81.56; H, 5.42; N, 3.96. Found: C, 81.73; H, 5.51; N, 3.90.

N-[(2-Hydroxynaphthalen-l-yl)-p-tolylmethyl] benzamide (Table 2, entry 18)

CO
HO
LT
o

\\

—

Light yellow solid; Re= 0.27 (50% AcOEt:hexane); mp 207.5-209.8 °C; 'HNMR
(400 MHz, DMSO-dg, TMS): 6 9.91 (br, s, 1H, OH), 8.04-7.98 (m, 6H, Ar-H),

7.63 (br, s, 1H, NH), 7.23-7.14 (m, 9H, Ar-H), 6.07 (s, 1H, CH), 1.91 (s, 3H,
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CHj3); l'3C NMR (100 MHz, DMSO-ds, TMS): 8 167.8, 153.1, 143.3, 139.5,
134.7, 132.9, 129.1, 128.8, 128.2, 1A26.3, 125.5,123.4, 122.6, 119.4, 118.1, 48.7,
20.3; IR (KBr pellets) vmax (cm™'): 3419 (NH), 3317 (OH), 3071 (CH), 1623
(CO); m/z (GC-MS) 367.16 [M"]; Anal. Calcd for C,5HNO,: C, 81.72; H, 5.76;
N, 3>.8l. Found: C, 81.53; H, 6.11; N, 3.87.

N-[(4-Chlorophenyl)-(2-hydroxynaphthalen-1-yl)methyl]benzamide (Table

2, entry 19)

Off white solid; R¢= 0.24 (50% AcOEt: hexane); mp ']79..0-181.6 ‘;C; 'H NMR
(400 MHz, DMSO-dg, TMS): 6 10.06 (br, s, 1H, OH), 8.06-7.97 (m, 6H; Ar-H),
7.43 (br, s, 1H, NH), 7.28-7.23 (ﬁ, 4H, Ar-H), 7.07-7.01 (m, 5H, Ar-H), 6.12 (s,
1H, CH); *C NMR (100 MHz, DMSO-ds, TMS): & 165.0, 153.3, 138.7, 134.1,
132.5, 132.1, ]3].2, 130.6, 129.7, 128.4, 128.2, 128.0, 127.8, 127.3, 126.7, 126;2,
122.9, 122.4, 118.7, 116.6, 48.9; IR (KBr pellets) vmax (cm™): 3440 (NH), 3325
(OH), 3070 (CH), 1644 (CO); m/z (GC-MS) 387.10 [M"]; Anal. Calcd for
CyH3CINO,: C, 74.32; H, 4.68; N, 3.61. Found: C, 74.26; H, 4.60; N, 3.86.

our work "

N-[(2-Hydroxynaphthalen-1-yl)-(4-hydroxyphenyl)methyl]benzamide

O

Light brown solid; R¢= 0.21 (50% AcOEt :hexane); mp 191.3-193.3 °C; 'HNMR

(Table 2, entry 20)
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(400 MHz, DMSO-d,, TMS): & 11.24 (br, s; 1H, OH), 8.94 (br, s, 1H, NH), 8.11-
8.05 (m, 6H, Ar-H), 7.81-7.76 (m, 4H, Ar-H), 7.21-7.15 (m, 5H, Ar-H), 6.79 (s,
1H, CH); °C NMR (100 MHz, DMSO-ds, TMS): & 169.6, 156.4, 152.4, 149.2,
144.7, 139.2, 134.5, 132.5, 132.1, 130.0, 129.6, 129.2, 128.8, 128.1, 127.9, 127.1,
125.2, 124.4, 122.9, 122.2, 120.8, 119.3, 50.3 ; IR (KBr pellets) vamax (cm™'): 3488
(NH), 3366 (OH), 2955 (CH), 1655 (CO); m/z (GC-MS) 369.14 [M*]; Anal.
Caléd for C24H|9NO3.: C, 78.03; H, 5.18; N, 3.79. Found: C, 77.67; H, 5.22; N,
4.08.

N-[1-(2-Hydroxynaphthalen-1-yl)butyl]benzamide (Table 2, entry 21)

White solid; Ry= 0.33 (50% AcOELt: hexane); mp 240.1-242.7°C; '"H NMR (400
MHz, DMSO-ds, TMS): & 10.08 (br, s, 1H, VOH), 8.11-8.05 (m, 6H, Ar-H); 7.83-
7.79 (m, 5H, Ar-H), 7.31 (br, s, IH, NH), 6.34 (t, IH, J = 6;5 Hz, CH), 2.15 (s,
3H, CHj), 1.84-1.78 (m, 1H, CH,), 1.39-1.33 (m, 1H, CH,), 0.97 (f, 3H,J=16.5
Hz, CHs); *C NMR (100 M;HZ,‘DMSO'dé, TMS): 6 162.7, 155.3, 148.1, 144.6,
139.7, 139.2, 135.1, 133.7, 132 4, 1.29.3,_ 128.8, 128.3, 127.7, 126.2, 125.3, 122.8,
119.6, 118.4, 48.7, 36.3, 19.4; 13.3; IR (KBr pellets) vmax (cm™): 3469 (NH),
3239 (OH), 3010 (CH), 1659 (CO); m/z (GC-MS) 319.16 [M™]; Aﬁal. Calcd (%)

for Cy;H2 NOy: C, 78.97; H, 6.63; N, 4.39; Found C, 79.11; H, 6.92; N, 4.45.
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Amino-1,3-dimethyl-5-indolyl-1 H-pyrimidine-2,4-dione

derivatives catalyzed by nano-Ag




A convenient ‘NOSE’ approach for the synthesis of 6-Amino-1,3-
dimethyl-SQindolyl-lH-pyrimidine-2,4-di0he derivatives catalyzed
| | by nano-Ag |

6.1 Introduction

Apart from its multifarious involvements ' in the field of science and
technology, nanoparticles have been spaArking an explosive growth as
nanocatalysis® in consequence of the frontiers between the homogeneous and -
heterogeneous catalysis.” Recently, the distingﬁished catalyﬁc actions® of Ag NPs
have been investigated for several organic transformations. Nano sized Ag has
also been broadly used as antimicrobial agent as’well as retarding the growth of
mold, harmful spores and germ.’ Silver nonmaterial are seriously engaged in the
manufécture of consumer commodities involving mobile phones, refrigerators,
and clothes to médical devices like catheters, implant surfaces, and plasters.® Ag
NPs have also occupied place in imaging and immune detecfion.7 In the recent
- years, synthesis of Ag NPs by employing benign bio-surfactants as pétential
gfeener stabilizers® have been under the hot topic of research due to their unique
structural diversity, high specificity, higher biodegradability, biocompatibility
and digestibility, ecofriendly, reusability, stability over the different extreme
cbnditions such as high temperature, pH aﬁd salinity, less toxicity, widespread
applicability and production from the renewable sources, mainly from wastes.’
Uracil anélo‘gues and its derivatives have magnetized the organic chemists due to
their interesting biological and chemotherapeutic - importances. ' The vital
synthesis of uracil derivatives can be worked out at its nucleophilic C-5 position'’

and the presence of amino group at C-6 position enhances its nucleophilicity
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dramatically.'

In our research program for the advancement of ‘NOSE’ (Nanoparticles-
catalyzed Organic Synthesis Enhancehent)”chemistry in our laboratory, we
herein account the synthesis of uracil based compounds (6-Amino-1,3-dimethyl-
5-indolyl-lH—pyrimidine-2,4-dione derivatives) in one pot having 6-Amino-1,3-
dimethyl-uracil and indole derivatives catalyzed by biosurfactant capped Ag NPs
at 7“0 °C in DMSO (scheme 1). Recently, our group reported the synthesis of

uracil based compounds.'*

r - R W

<I>

-

AgNPs O NH,
E:E \|, _TBAB _
“DMSO
N M M
T “ve H o og00c T ¢

]a 2 (a-h)

3(a h)

Scheme 1: Synthesis of uracil based compound
6.2 Results and discussion
6.2.1 Characterization of nano-Ag
In our attempt for the synthesis of uracil based compounds, we first prepared
| AgNPs using biosurfactant under mild condition'® and characterized it. The
thermal decomposition was studied by thermo-gravimetric analysis [figure 1(a)].
The plot showed that the two steps thermal degradatioh began at 160 c.’C and
completed above 310 °C. The first weight loss above 160 ‘°C' was attributed to the
evaporation of physically absorbed water in the air and the second weight loss at
310 °C may be due to the decomposition of precursor which was completed at
this temperature. Figure 1(b) represented the X-ray diffraction pattern of AgNPs.
The sample produced peaks corresponding to (0 0 4), (10 0); 101),(103),00

6), (1 1 0) and (1 1 2) planes. AgNPs exhibited hexagonal primitive lattice
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structure (JCPDS data card no 87-0598). The crystalline sizes of AgNPs were
determined by Scherer equation considering the two highest peaks (0 0 4) and (1

0 1), and were found to lie between 11 and 16 nm respectively.

W (mg)
Intensity (counts)

: R O A S R T T —— —— . ,
I e (.( ) 0 10 20 30 40 50 60 70 80
Fmpers 2theta (degree)

Figure 1. (a) TGA curve of AgNPs and (b) XRD pattern of AgNPs
The external morphology studied by SEM (figure 2) presented an overview of
spherical shaped AgNPs in the network of each other. In addition the material has

uniform morphology and particle size distribution.

Figure 2. SEM image of AgNPs (a) at 2um scale and (b) at | pum scale
TEM investigations of nano-Ag disclosed that the particles were spherical in
shapes (figure 3). The average particle sizes from the TEM images were
calculated manually. Figure 3a revealed the presence of both smaller and larger
size particles with an average diameter of 1.67 nm and [1.1]1 nm respectively.
The particles having average diameter of 22.51 nm could be seen in figure 3b

with a bit of agglomerations. The single and magnified particles were observed in
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figure 3c and 3d at 10 nm scale. The SAED pattern (embedded in figure 3b)

presented an overview of crystallinity of nano-Ag.

Figure 3. TEM images of nano-Ag at (a) 50 nm, (b) 100 nm, (¢) 10 nm and (d) 10
nm scale

6.2.2 Optimization for the reaction condition for the synthesis of uracil based
compound

With an idea of synthesizing uracil based compounds, we considered a model
reaction between N,N-dimethyl-6-amino uracil 1 and indole 2 in the presence of
K,COs to form 3 (not yet reported) and optimized the reaction condition (Table
1). Performing the reaction in neat using 1, 2 and K,COj; by grinding with mortar
and pestle, stirring in water at room temperature/70 °C could not yield 3 (Table 1,
entries 1-3). Varying the solvents (Table 1, entries 4-10) at 70 °C to check the
effect on formation of 3 in neat, provided the formation of unknown mixtures in
DMSO (Table 1, entry 6) and THF (Table 1, entry 10). These results indicated

the requirement of a catalyst for the maximum conversion of 1 and 2 into 3.
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Table 1. Catalyst Screening and optimization®

4 - | / W

N :

NH.

@ catalyst Yl\( ’
\n/ Me

solvent Me” \n/ Me

\.1 2 3

Scheme 2: Model reaction

Entry - Conditions® Yield (%)°
1 No catalyst K,COs, no solvent, room temperature, grmded 3h
No catalyst, K,CO3, no solvent, room temperature, 19h
No catalyst, K,COs, H,O, room temperature/70 °C, 15h
No catalyst, K,CO3, MeOH, 70 °C, 12h

. No catalyst, K,COs, EtOH, 70 °C, 12h
No catalyst, K,CO3, DMSO, 70 °C, 16h
No catalyst, K,CO;, DMF, 70 °C, 16h
No catalyst, K,COs3, MeCN, 70 °C, 16h

9 No catalyst, K,COs, Toluene, 70 °C, 16h

10 No catalyst, K,COs;, THF, 16h

11°  Nano-Ag, K,CO;, DMSO, 70 °C, 10h

127 Nano-Ag, K,CO3, DMSO, 70 °C, 7h

138 Nano-Ag, K,CO;, DMSO, 70 °C, 9h

14" Nano-Ag, K,COs, DMSO, 70 °C, 6h

15" Nano-Ag, TBAB (5 mmol), K,COs, DMSO, 70 °C, 6h

16"  Nano-Ag, TBAB (30 mol%), K,COs, DMSO, 70 °C, 6h

17" Nano-Ag, TBAB (20 mol%), K,COs, DMSO, 70 °C, 6h

18" Nano-Ag, TBAB (10 moi%), K,CO;, DMSO, 70 °C, 6h

19" Nano:Ag, TBAB (7 mol%), K,CO;, DMSO, 70 °C, 4h

20"  Nano-Ag, TBAB (5 mol%), K,COs, DMSO, 70 °C, 6h

21" Nano-Ag, TBAB (5 mol%), K,COs, DMSO, 70 °C, 8h

22" Nano-Ag, TBAB (3 mol%), K2CO3;, DMSO, 70 °C, 10h

23 No catalyst, TBAB (7 mol%), K,CO;, DMSO, 70 °C, 8h

0 ~ON WL bW

L =] 00 \O 0000 00~ B A L ;
TN OSSP > 7 @ &6 6 0 o o

24" Nano-Ag, TBAB (7 mol%), Na,CO3;, DMSO, 70 °C, 4h ' 88
25" Nano-Ag, TBAB (7 mol%), NaOH, DMSO, 70 °C, 4h 85
26"  Bulk-AgNOs;, TBAB (7 mol%), K,CO3, DMSO, 70 °C, 4h 44
27" Nano-MgO, TBAB (7 mol%), K,COs, DMSO, 70 °C, 4h 7
28" Nano-S, TBAB (7 mol%), K,COs, DMSO, 70 °C, 4h Trace
29" Nano-Al,O;, TBAB (7.mol%), K,COs, DMSO, 70 °C, 4h 5
30"  Nano-Ag, TBAB (7 mol%), K,COs, DMSO, 120 °C, 4h 78

“ Reaction condition: 1 (5 mmol, 775 mg), 2 (5 mmol, 586 mg), K,CO3/Na,COs/
NaOH (5 mmol, 690/530/200 mg), solvent (5 mL), ® Isolated yield, ¢ No reaction, ¢
Unknown mixture, © 10 mol% catalyst, /15 mol% catalyst, ¥ 20 mol% catalyst, * 7
mol% catalyst, ' 5 mol% catalyst, / 3mol% catalyst.

When nano-Ag (10 mol%) was used, only 57% of 3 was obtained (Table 1,

entry 11). Extension of éatalyst loading to 15 and 20 mol% decreased the yield of
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3 (Table 1, entries 12, 13) due to the aggregation of AgN.Ps which might have
reduced the surface area by blocking the active sites. When the catalyst loading
was minimized to 7 mol%, better yield (Table 1, entry 14) was noticed. Whén
tetrabutylammon.ium bromide (TBAB) was used in same equivalent with respect
to 1, 2 and K,COs, yield of 3 was further slightly enhanced (Table 1, entry 15).
When the loading of TBAB was decreased to 30 mol% the yieid of 3 was again
increased (Table 1, entry 16) and the best result was obtained while it was used in |
7 mol% akin to Ag nanoparticles (Table 1, entries 17-19). It is noteworthy to
mention that keeping nano-Ag loading constant (7 mol%) and reducing the
amount of TBAB (5 mol%) could not further improve the yield of 3 (Table 1,
entry 20). Declining the loading of both nano-Ag and TBAB in an equal mol%
(1:1) also could not raise fhe yield of 3 (Table 1, entries 21, 22). It was élso
observed ihat TBAB alone could not catalyze >the formation of 3 (Table 1, entry
23). Thus, it was deduced that TBAB enhanced the catalytic activity of nano-Ag
for the maximum conversion of 1 and 2 into 3 when 7 mol% of both of them
were utilized but below that optimum level the Iyield of 3 was found lower which
mighbt be attributed to the decrease in number of active sites on the surface of the
catalyst. Next, the action of Na,CO; and NaOH were not preferable on the rate of
the reaction and yield of 3 (Tablé 1, entries 24, 25). To verify the fc;rmation of 3
the model reaction was performed in the presence of AgNO; but it could not
furnish 3 in high yield as done by nano-Ag (Table 1, entry 26) confirming its
omni requirement. Testing the formation of 3 with other nanocatalysts expressed
the trace to poor yield in DMSO at 70 °C (Table 1, entries 27-29). Fiqally,
performing the reaction in the presence of nano-Ag at A120 °C bestowed 3 in

lower yield (Table 1, entry 30). Overall, the reaction was observed clean using
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7 mol% néno-A’g in DMSO at 70 °C and no side product formation took place.
6.2.3 Nano-Ag catalyzed synthesis of uracil based compounds

Incited with these outcomes, we next gen'eralized the reaction considering a
panel of different indole derivatives and the consequences are summarized in
table 2. It is apparent that both electron donating and withdrawing groups
participated in promoting good yields for the synthesis of uracil based
compounds. Indole, 2-methyj indole and 3-methyl indole underwent reaction with
1 to produce the desire producté in good yields (table 2, entries 1-3).

Table 2. Nano-Ag catalyzed synthesis of uracil based compounds

Entry  Indole derivatives Products  Time Yield

- (h) (%)™
1 Indole (2a) : 3a 4 84
2 2-methyl indole (2b) 3b 7 80
3 3-methyl indole (2¢) 3c 7 80
4° Indole-3-carboxylic acid (2d) 3d 10 70
5° Indol-3-propanoic acid (2e) 3e 10 64
6° Indol-3-butanoic acid (2f) 3f 10 62
7 Indol-3-acetonitrile (2g) 3g 8 78
8 - 5-bromo indole (2h) 3h 5 81
9 Indol-3-0l(2i) 3i - 56
10 Indol-4-ol (2j) 3j i 55

“ Isolated yield, ° Products were characterized by IR and NMR ('H and °C)

spectroscopy, MS, and also by comparing their melting points with the authentic
ones, ° 10 mol% (nano-Ag and TBAB) was used, ¢ Brownish yellow viscous oil.

lndole-3-carboxyl>ic acid, Indole-3-propanoic and indole-3-butyric acid when
treated with 7 moi%.nano-Ag and TBAB, 26%, 30% and 34% yields of the
compounds were recorded under ‘the present reaction condition which was not
satisfactory, therefore, loading of both of them were iﬁcr‘eased to 10 mol% that
enhanced the yields (table 2, entries 4-6). The possible cause for this outcome
might be the presence of bulky groups in the substrate. Indole-3-acetonitrile also
smoothly underwent reaction with 1 furnishing the product (table 2, entry 7). 5-

Bromo indole bestowed the preferred product in good yield when it was treated
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with 1 (table 2, entry 8). Indol-3-0l and Indol-4-ol when treated .with‘ 1
bequeathed the desire compounds in slightly lower yields (table 2, entries 9, 10).
6.2.4 Plausible mechanism for the formation of 3a

| The mechanism of the reaction is not clear, however, a plausible mechanism
has been proposed (scheme 3). It is hypothesized that nano-Ag has activated (I),
first, for the abstraction of proton by base and further, for the nucleophilic attack
by (IV) to form the intermediate (III). It is thought that DMSO has played a
dramatic role by solvating (III) but not (IV) thereby separating them. This leaves
a relatively free (IV) which would be expected to be more reactive nucleophile.'®

Finally, deprotonation by TBAB afforded the desired producf.

©394©3—~ }
o - @ "
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®

o
ey
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Scheme 3: Tentative mechanism for the formation of 3a
6.2.5 Investigation on recycling potential of nano-Ag
Next, we focused on investigating the reusabilivty of nano-Ag by considering
the model reaction (schefne 2). As indicated in table 3, the nano-Ag was found to
be active from fresh up to the 3" run and after that its activity slightly declined.
The TONS also remained constant up to the 3 run and after that it lowered. To

detect the cause for poorer yield of the product and deactivation of the catalyst,
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~ Table 3. Catalyst reusability test

No. of cycles®  Fresh Run 1 Run 2 Run 3 Run 4 Run5 Runé6 |

Yield (%)° 90 90 % = 90 88 84 80

Time (h) 4 4 4 4 7 10 14
TON 25.7 25.7 25.7 25.7 25.1 . 24.0 22.8

TOF (h™") 6.42 6.42 6.42 6.42 3.58 2.40 1.62

? Reaction conditions: 1 (10 mmol, 1550 mg), 2 (10 mmol, 1170 mg), K,COs (10
mmol, 1380 mg), DMSO (10 mL), TBAB (7 mol%, 225 mg), nano-Ag (7 mol%, 76
mg), 70 °C. b Yields refer to the isolated pure products.

the TEM images of nano-Ag after 3" and 6" runs were recorded. It could be
6bserved from figures 4 (a) and 4 (b) that nano-Ag started aggregating giving
larger particles which might have reduced the surface area and blocked the active

sites and hence deactivated the catalyst.

Figure 4. TEM images of nano-Ag after (a) 3" run and (b) 6" run
6.3‘ Conclusion
In conclusion; we have developed an efficient protocol for the synthesis of
uracil based compoundé at 70 °C in DMSO catalyzed by heterogeneous,
recyclable and moisture stable nano-Ag as catalyst. The reaction was optimized
. with respect to various parameters and could be employed for the synthesis of
aminoindolyl dimethyl pyrimidindione derivatives. We consider that this work
would find 5road applicatioﬁs for new chemical transformations including the
synthesis of challenging bioactive compounds and complex naturél producis.

6.4 Experimental
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6.4.1 General experimental methods

The chemicals and reagents were purchased from Sigma-Aldrich, Merck, M/S
S. D. Fine Chemicals Pvt. Ltd. and Loba chemical, and used without further
purification. Transmission electron microscopy was performed by (TEM)
[CM12, PHILIPS] with energy dispersive 'spectroscopy (EDS) [OXFORD] and
sample preparation facility. The surface morphology and EDX were studied using
JEOL scanning electron microscope (model JSM-6390LV SEM).A The XRD
pattern was recorded with Rigaku X-ray diffractometer. Melting points were
determined in a Biichi 504 apparatus. IR spectra wére recorded as KBr pallets in
a Nicolet (Impact 410) FT-IR spectrophotometer. 'H and '>C NMR spectra were
" recorded in a 400 MHz NMR spectrophotométer (JEOL, JNM ECS) using
tetramethylsilane (TMS) as the internal standard and cou'pling constants are
expressed in Hertz. Elemental analyses were carried out in a Perkin—Elmer CHN
analyser (2400 series 11). Mass spectra were recorded with a Waters Q-TOF
Premier and Aquity UPLC spectrometer. Visualization was accomplished with
UV lamp or I, stain. Reactions were rﬁonitored by thin-layer chromatography
using aluminium sheets with silica gel 60 Fys4 (Merck). |
6.4.2 Representative procedure for the synthesis of 3a

A 1:1 mixture of 1,3-dimethyl-6-amino uracil 1a (0.155 g, 1 mfnol), indole 2a
(0.1 17 g, 1 mmol), TBAB (0.023 g, 7 mol%), and nano-Ag (0.0074 g, 7 mol %) -
was taken in a mortar where DMSO (5 mL) was added and grinded wi-th a pestle
to ensure proper mixing. The grinded mixture was transferred in a round-bottom
flask (50 mL) and placed in a preheated oil bath at 70 °C under SFRC by stirring
under aerobic condition fo.r the required time. The progress of the reaction was

monitored by TLC. After completion (confirmed by TLC), the reaction mixture
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was brought down to room temperature and DMSO was removed in vacuo. Then
ethy‘l acetate (5 mL) was added to it. It was then ultracentrifuged (3,500 rpm) to
pellet out the nano-Ag. The separated catalyst was washed with hot ethanol (3 x
10 mL), decanted, and finally dried in an oven at 100 °C. The reaction mixture
containing the desired product was purified either by column chromatography or
TLC. Thi§ procedure was followed for all of the products listed in Table 2.

6.5 Physical and spectrb;copic data for the compounds
6—Amin0-5-indol-_l-yl-1,3-dimethyl-1H-pyrimidine~2,4-di0ne (Tab_le 2, entry

1)

White solid; R¢= 0.44 ‘(30% AcOEt:hexane); mp 98.3-]01.8 °C; 'H NMR (400
MHz, CDCl; TMS): 6 7,63-7.07 (m, SH, Ar-H), 6.52 (d, J = 1.2 Hz, 1H, Ar-H),
6.32 (br, 2H, NH,), 2.97 (s, 3H, N-CHs), 2.77 (s, 3H, N-CH3); '*C NMR (100
MHz, éDCIg, TMS): & 164.5, 161.0, 152.1, 141.1, 135.7, 127.7, 124.1, 121.9,
120.6, 119.7, 110.0, 102.4, 81.4, 28.7, 28;1; m/z (GC-MS) 270.11 [M']; Anal.
Caled (%) for Ci4H14N4O2: C, 62.21; H, 5.22; N, 20.73. Found C, 62.24., H, 5.27,
N, 20.71.
6-Amino-1,3-dimethyl-5-(2-methyl-indol-1-yl)-1H-pyrimidine-2,4-dione

(Table 2, entry 2)
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Off white solid; R¢= 0.48 (30% AcOEt:hexane); mp .]]4.2-118.6 °C; '"H NMR
(400 MHz, CDCl; TMS): 6 7.51 (d, J = 8.23 Hz, IH, Ar-H), 7.16-7.08 (m, 3H,
Ar-H), 6.52 (br, 2H, NHy), 6.13 (s, 1H, Ar-H), 3.18 (s, 3H, N-CH3), 3.01 (s, 3H,
N-CH3), 2.33 (s, 3H, CH3); '*C NMR (100 MHz, CDCl;, TMS): § 162.0, 160.4,
152.2, 142.5, 136.1, 135.3, 129.1, 121.0, 119.7, 116.2, 110.4, 100.4, 81.3, 29.7,
27.5, 13.9—; m/z (GC-MS) 284.13 [M']; Anal. Calcd'(%) for C5H;sN4O,: C,
63.37; H, 5.67; N, 19.71. Found C, 63.40, H, 5.70, N, 19.75.
6-Amino-1,3-dimethyl-S-(3-methyl-indol-l-yl)-lH-pyrimidine—2,4-di0ne

-(Table 2, entry 3)

Off white solid; R¢= 0.47 (30% AcOEt:hexane); mp 150.4-153.0 °C; 'H NMR
.(400 MHz, CDCI; TMS): § 7.58-7.13 (m, 4H, Ar-H), 6.96 (s, 1H, Ar-H), 6.54
(br, 2H, NH;), 2.89 (s, 3H, N-CH;), 2.70 (s, 3H, N-CHs3), 2.35 (s, 3H, CH3); "°C .
NMR (100 MHz, CDCl;, TMS): & 165.4, 162.1, 152.2, 142.7, 136.1, 135.3,
1292, 121.2, 119.6, 116.3, 110.3, 100.5, 82.6, 29.8, 27.6, 13.7; m/z (GC-MS)
284.13 [M']; Anal. Caled (%) for CisH|gN4O,: C, 63.37; H, 5.67; N, 19.71..
Found C, 63.39, H, 5.69, N, 19.74. A
1-(6-Amin0-1,3—dimefhyl-2,4—di0x0-1,2,3,4-tetrahydro-pyrimidin-.S-yl)-lH-

indole-3-carboxylic acid (Table 2, entry 4)
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White solid; R¢= 0.41 (30% AcOEt:hexane); mp 222.4-225.3 °C; 'H NMR (400
MHz, CDCl; TMS): 6 8.12 (br, 1H, OH), 7.41-7.38 (m, 4H, Ar-H), 6.87 (s, 1H,
Ar-H), 6.39 (br, 2H, NH,), 3.41 (s, 3H, N-CH3), 3.39 (s, 3H, N-CH;); >C NMR
(100 MHz, CDCl3, TMS): § 173.4, 164.6, 161.3, 152.7; 136.4, 123.3, 122.7,
119.3, 118.4, 111.3, 107.7, 82.1, 29.8, 23.6; m/z '(GC~MS) 314.10 [M+j; Anal.
Calcd (%) for C14H4N4O3: C, 57.32; H, 4.49; N, 17.83. Found C, 57.11, H, 4.35,
N, 17.54. |

' [i-(6-Amino-1,3-dimethyl-2,4—dioxo-l,~2,3,4-tetrahydro-pyrimidin-S-yl)-lH-
indol-3-yl]-acetic acid (Table 2, entry §)

)
o]

N

OW NH §

N N
Me” \n/ “Me
\ 0

Pale yellow solid; R¢= 0.39 (30% AcOEt:hexane); mp 210.3-214.5 °C; 'H NMR
(400 MHz, CDC]; TMS): 8 8.07 (br, 1H, OH), 7.34-7.13 (m, 4H, Ar-H), 6.75 (s,
IH, Ar-H), 6.45 (br, 2H, NH;), 3.80 (s, 2H, CHy), 3.57 (s, 3H, N-CH3), 3.33 (s,
3H, N-CH3); >C NMR (100 MHz, €DCls, TMS): & 176.3, 164.4, 160.0, 152.3,
136.1, 123.2,122.4, 119.9, 118.8, 111.2, 107.9, 81.7, 35.8, 29.2, 28.7; m/z (GC-
MS) 328.12 [M']; Anal. Calcd (%) for CisHi1sN4O4: C, 58.53; H, 4.91; N, 17.06.
Found C, 58.14, H, 4.55, N, 10.73.
4-[1-(4—Amin0-l,3—dimethyl-2,6-dioxo—hexahydro-pyrimidin-S-yl)-lH-indol-

3-yl]-butyric acid (Table 2, entry 6)
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Yellow solid; R¢= 0.37 (30% AcOEt:hexane); mp 186.6-189.8 °C; 'H NMR (400
MHz, CDCl; TMS): 6 8.09 (br, 1H, OH), 7.60-7.11 (ﬁ, 4H, Ar-H), 6.96 (s, 1H,
Ar-H), 6.40 (br, 2H, NH,), 3.18 (s, 3H, N-CHs), 3.08 (s, 3H, N-CH3), 2.82 (t', J=
7.32 Hz, 2H, CH,), 2.42 (t, J = 7.32 Hz; 2H, CH,), 2.07-2.03 (m, 2H, Csz; Bc
NMR.(]OO MHz, CDCl;, TMS): & 180.0, 165.1, 163.0, 152.9, 136.4, 127.4,
122.0, 121.6, 119.3, 118.9, 115.4, 111.2, 81.8, 33.6, 29.4, 28.6, 25.1, 24.4; m/z
(GC-MS) 328.12 [M™]; Anal. Caled (%) for CigHyNsO,: C, 60.66; H, 5.66; N,
15.'72. Found C, 60.32, H, 5.41, N, 15.58.
1-(6-Amino-1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl)-1H-

indole-3-carbonitrile (Table 2, entry 7)

Brownish yellow viscous oil; Rg=0.51 (30% AcOEt:hexane); 'H NMR (400
MHz, CDCl; TMS): 8 7.49 (d, J = 7.8 Hz, IH, Ar-H), 7.24-7.11 (m, H, Ar-H),
6.92 (s, 1H, Ar-H), 6.57 (br, 2H, NH,), 2.99 (s, 3H, N-CH;), 2.69 (s, 3H, N-CH3);
C NMR (100 MHz, CDCl3, TMS): & 164.8, 162.3, 151.0, 136.6, 126.3, 123.5,
©123.1, 1204, 119.1, 118.6, 118.4, 118.0, 112.1, 111.8, 104.4, 84.2, 34.5, 31.1;
m/z (GC-MS) 295.11 [M*]; Anal. Calcd (%) for CisH13NsO,: C, 61.01; H, 4.44;
N, 23.72. Found C, 60.70, H, 4.12, N, 23.41.
6-Amino-5-(5-bfomo-indol-l-yl)-1,3-dimethyl-lH-pyrimidine-2,4—dione

(Table 2, entry 8)
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Yellow solid; Re= 0.38 (30% AcOEt:hexane); mp 106.0-109.7 °C; ]H'N'MR (400
MHz, CDCI; TMS): 6 7.80 (d, J = 6.4 Hz, 1H, Ar-H), 7.29-7.22 (m, 3H, Ar-H),‘
6.08 (br, 2H, NH,), 2.80 (s, 3H, N-CH3), 2.70 (s, 3H, N-CH;); *C NMR (100
MHz, CDCls, TMS): & 164.1, 162.5, 152.7, 142.1, 134.4, 129.7, 125.4, 124.9,
123.2, 113.1, 112.5, 102.3, 84.2, 29.5, 27.3; m/z (GC-MS) 348.02 [M?]; Anal.
Calcd (%) for C4H3BrN4O,: C, 48.16; H, 3.75; N, 16.05. Found C,v 47.77, H,
3.48, N, 15.71. N N
6-Amino-5-(3-hydroxy-indol-1-yl)-1,3-dimethyl-1H-pyrimidine-2,4-dione

(Table 2, entry 9)

Pale yellow solid; R¢= 0.51 (30% AcOEt:hexane); mp 171.2-175.6 °C; 'H NMR
(400 MHz, CDCl; TMS): § 9.52 (br, 1H, OH), 7.45 (d, J = 7.8 Hz, 1H, Ar-H),
7.28-7.14 (m, H, Ar-H), 6.93 (s, TH, Ar-H), 6.52 (br, 2H, NH,), 3.11 (s, 3H, N-
CH;); 2.95 (s, 3H., N-CH3); 3C NMR (100 MHz, CDCl;, TMS): & 164.6, 162.4,
152.2,142.4,130.5, 128.4, 125.7, 111.6, 104.8, 100.4, 84.2, 33.5, 31.7; m/z (GC-
MS) 286.11 [M™]; Anal. Calcd (%) for C 4H,4N4Os: C, 58.73, H, 4.93, N, 19.57.

Found C, 58.61, H, 4.88, N, 19.41. |

6—Amino-5-(4-hydroky-indol-l-yl)—l,3—dimethyl-1H—pyrimidine-2,4-dioné
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"(Table 2, entry 10) -

Faint yellow solid; 'R}= 0.54 (30% AcOEt:hexane); mp 120.4-123.4 °C; '"H NMR
(400 MHz, CDCl; TMS): & 9.49 (br, 1H, OH), 8.14-8.04 (m, 1H, Ar-H), 7.18-
6.74 (m, 3H, Ar-H), 6.32 (d, J = 6.4 Hz, 1H, Ar-H), 5.84 (br, 2H, NH,), 3.01 (s,
3H, N-CH), 2.79 (s, 3H, N-CH); *C NMR (100 MHz, CDCls, TMS): § 164.0,
162.0, 150.4, 142.2, 130.7, 128.5, 125.0, 111.7, 11.6, 104.5, 100.9, 84.0, 33.7,
31.5; m/z (GC-MS) 286.11 [M"]; Anal. Calcd (%) for C,4HsN4O5: C, 58.73; H,

4.93; N, 19.57. Found C, 58.42, H, 4.67, N, 19.25.
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Chapter 7

Conclusion & Future Scope



7.1 Overall Cbnclusion
7..1.1 Conclusion from chapter 2 (sections I & II)

We have shown that the N-formylation of amines and N,N-diformylation of
bis-uracil derivatives occur under solvent free chditions using nano rod-shaped
basic Al;Oj3 as an efficient catalyst in ‘NOSE’ approach.

The advantages offered by these methods include:

(a) Si.mple experimental procedure and reaction setﬁp only at 40 °C/70 °C.
(b) Does not require any specialized equipment.

(c) High yields of 'desired products.

(d) Proceeds under ambient conditions with diverse substrate compatibility.
(e) Moistufe stability of the catalyst.

(f) Suitable recyclability.

(g) Cost effectiveness.

(h) Enviro@entally benign along the line of green chemistry.

7.1.2 Conclusion from chapter 3

The following findings can be drawn from chapter 3:

(a) A convenieﬁt ‘NOSE’ chemistry approach involving a novel Fe,O3NPs@DE
catalyst for the greener oxidation of aldehydes.

(b) DE acts as a smart support for Fe,O3NPs and enhances its oxidative cataiytic
action. Fe,O3 NP having particle size 12 nm completely fitted into its pores and
due to which a strong interaction took place between them and the active sites on
the surface of Fe;O; NP get exposed for catalysis.

(c) The method offers several advantages including excellent yields of the
produéts, safe handling, and experimental simplicity.

<{
(d) The measurement of ‘green-ness’ of the protocol using green metrics make it
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a useful, attractive and benign alternative over the existing methodologies. .
7.1.3 Conclusion from chapter 4

Chapter 4 (sections I & II) summarizes:
(a) We have developed a practical and greener ‘NOSE’ protocol for the clean
synthesis of both aliphatic and aromatic amides as well as amidines utilizing
nanofMgO as an efficient, reusable and cheap catalyst under SFRC at 70 °C. |
(b) Simplé experimental condition, varied substrate compatibility, high yields of
the products, chemo selectivity. |
(c) Non-hygroscopic nature of catalyst makes our protocol a more potent beﬁign
alternative over conventional ones for amide synthesis.
(d) The ‘green-ness’ of this protocol makés it a benign al_temative for the large
scale synthesis. Hence, we believe that nano-MgO would find increasing
applications for those which enable the synthesis of complex natural products and
derivatives.
7.1.4 Conclusion from chapter 5

Chapter 5 derives the following outcomes;
| (a) We have introduced a potent, benign; highly active and reusable nano-S for
the one pot synthesis of 1-amidoalkyl-naphthols under SFRC using our ‘NOSE’
approach.
(b) The method for the éynthesis of nano-S is cheaper and its utilization in
industry will leave almost zero waste production along with easy isolation and
regeneration of its activity.
(c) The chemistry of nano-S as a catalyst is not explored yet in organic synthesis,
therefore, we believe, this protocol is going to be a breakthrough on its catalytic

application.
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7.1.5 Conclusion from chapter 6

Chapter 6 enlightens:
(2) We have developed an efﬁcient protocol for the synthesis of uracil based
compounds at 70 °C in DMSO catalyzed by hetefogen_eous, recyclable and
moisture stable nano-Ag as catalyst.
(b) The reaction was optimized with respect to various parameters and could be
employed for the synthesis of aminoindolyldimethyl pyrimidindione derivatives.
(c) We consider that _this work would find broad applications for new chemical
transformations including the synthesis of challenging bioactive compounds "c]nd

complex natural products.

7.2 Future Scopes '

The following future scopes can be drawn frbm the current investigation:
1. To search for new synthetic methods which will eliminate the aséociated
drawbacks of previously reported reaction schemes with added advantages.
2. Application of the newly discovered catalysts for sulfide oxidation reaction.
3. To synthesize hydrophilic nanoparticles and its application as catalyst in water
for the synthesis of organic compounds.
4. Fuﬁher development of ‘NOSE’ chemistry approach for the synthesis of uséful
nanomaterials (carbon dots) from the available useless biomass and its

application as éatalyst for the pfoduction of green fuel.
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A recyclable, robust and highly active Fe,03 nanoparticles supported over bio-silica, i.e. diatomaceous
earth (Fe;O3NPs@DE) catalyzed oxidation of aryl/alkyl/heteroaryl aldehydes at room temperature has
been developed. The DE enhanced the catalytic activity of Fe,03 NPs dramatically by serving itself as a
smart support. Fe;O3NPs@DE could be efficiently reused with a slight loss in its catalytic activity. The
novel supported catalyst is air stable and hence all the reactions can be conducted under aerobic condition.
By the measurement of the “green-ness” our protocol emerges as a benign alternative over the existing

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

In the recent period, metal oxide nanoparticles have attracted
increasing interests for their applications such as cellular delivery
carriers |1}, magnetic storage media [2] and MRI contrast agents
[3,4]. The nanoparticles show features contradictory to the bulk
metal due to quantum size effects, including novel electronic, opti-
cal and chemical behaviour [5,6]. The tuning in the properties
may be achieved via control of shape, size, inter-particle spacing
and dielectric environment, and methods to vary these param-
eters have been developed (7-9]. The metal oxide nanocatalysis
is considered as a bridge between homogeneous and heteroge-
neous catalysis because of their growing interest on the catalytic
properties [10]. Hence, the field of metal oxide nanocatalysis
should recommend prospects for mining new chemical reactions
[11-13]. Consequently, it is noteworthy that the combination of
safe supported-catalysis with the use of solvent-free technique
represents a suitable way towards the so-called ideal synthesis
[14-16]. Over the past few years, Fe;03 NPs have found tremen-
dous attentions due to their high magnetic moment, low toxicity
and ease of synthesis [17]. Fe,03 NPs have also been applied in drug
and gene delivery systems, separation and purification technology,
magnetic resonance imaging and hyperthermia [18,19]. They have
also found significant importance in the extraction of heavy metal

* Corresponding author. Tel.: +91 3712 275059, fax: +91 3712 267005/6.
E-mail address: ashim@tezu.ernet.in (AJ. Thakur).
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ions and in the treatment of cancer cells through the application of
external magnetic fields [20-22].

Diatomaceous earth (DE) or diatomite also called bio-silica, typ-
ically consists of 87%-91% SiO,, with significant quantities of Al; 03
and Fe;03 [23]. Due to its porous structure, high silica content,
low density, low conductivity coefficient, etc. [24], it has widely
been applied as filter aid {25}, adsorbent [26], insulating material
[27], catalyst support or carrier 28] and natural insecticide or grain
protectant [29]. It is noted that diatomaceous earth has excellent
absorption power because of its macroporous structure [30,31].

Oxidation of aldehydes to the corresponding carboxylic acid
using oxidizing agent is a fundamental reaction in organic synthesis
[32]. Classically, this has been accomplished with the help of oxi-
dants such as KMnOyg4 [33], Jone's reagent [34], bromine [35], HNO3
[36] etc., which are not acceptable in present day’s scenario. Hence,
from the ecological sight, using clean, cheap and less toxic oxidant
such as hydrogen peroxide [37| towards green oxidations of alde-
hydes [38] is of great significance. H,0; is an ideal waste-avoiding
oxidant, since water is the only by-product, and is very attractive
as an oxidant for liquid-phase reactions because of its solubility in
water and many organic solvents. In the recent years, a range of
methodologies using H,0, as an oxidant under harsh basic con-
ditions [39] or in combination with other reagents and transition
metals have been stated in the literature [40-46]. A few of the pio-
neering works in the green oxidation of aldehydes to carboxylic
acid have been explored in the literature [47-52]. Very recently,
our group also reported the oxidation of aldehydes into the corre-
sponding carboxylic acid in the presence of aqueous H, 0, catalyzed
by VO(acac), [53]. Despite the existing tactics, most of them endure
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A feasible “NOSE” (nanoparticles-catalyzed organic synthesis enhancement) protocol has been developed for N,N-diformylation
of bisuracil derivatives using nano-Al,O; rods as an efficient, inexpensive, and recyclable catalyst under solvent-free reaction
condition at 40°C. The catalyst was reused up to the 4th cycle without affecting the rate and yield of the N,N-diformylation products

appreciably.

1. Introduction

The exercise of metal/metal oxide nanoparticles as a frontier
between the homogeneous catalysis and heterogeneous catal-
ysis [1] in organic synthesis has invoked tremendous interests
[2] in the recent times. The interesting features inherited
with these small particle sizes are their large surface area
along with more edges and corners and distinct electronic,
optical, magnetic, thermal, and chemical properties [3-5].
The crucial role of nanoparticles in organic transformations is
their excellent catalytic activity, straightforward recoverabil-
ity, better selectivity, criteria of evolution, and their versatile
role in green chemistry [6-10]. Thus, the domain of metal
nanoparticle catalysis [11-13] should offer opportunities for
mining new chemical reactions [14-16] which include the
synthesis of biologically important and synthetically chal-
lenging natural products. In the context of green chemistry
[17], organic synthesis in solvent-free reaction condition
[18-21] has occupied a significant position in the recent
years since solvent-free reaction condition involves the best
reaction medium with “no medium” [22].

One of the key motifs present in the biopolymer RNA
[23-26] is uracil, a nucleobase of the pyrimidine family which
participates in various functions in our life processes [27].
Uracil derivatives also have several potent medicinal proper-
ties such as bronchodilators and anticancer [28, 29], antialler-
gic [30, 31], antiviral [32, 33], antihypertensive, and adenosine
receptor antagonists [34, 35]. Recently, our research group

reported a greener protocol for the synthesis of bisuracil
derivatives [36]. Bisuracil and their analogues have also been
isolated from marine sea hare Dolabella auricularia [37].
Some of the N-substituted bisuracil analogues have been
screened for bioactivities against several diseases [38].

To explore the possible applications of the metal/metal
oxide nanoparticles in organic synthesis, we have been
focusing on the advancement of a protocol termed “NOSE”
(nanoparticles-catalyzed organic synthesis enhancement)
[39-41] chemistry in our laboratory. To the best of our
knowledge, there has been no report on nano-rod-shaped
Al,O; catalyzed N,N-diformylation of bisuracil derivatives.
Recently, we reported N-formylation of amines catalyzed by
nano-Al,O; under solvent-free reaction condition [39]. This
work inspired us to focus on nano-Al,O; catalysis for the
N,N-diformylation of bisuracil analogous. Therefore, in this
paper, we wish to account for the same (Scheme 1).

Nano-Al, O, draws our attention due to its crystalline size
and shape, abrasive and insulating properties, less toxicity,
large surface area, basic surface characteristics, high resistant
towards bases and acids and excellent wear resistance [40-
44].

2. Materials and Methods

2.1. General Experimental Methods. Rod-shaped nano-Al,0O,
(the average particle diameter is 8.12 nm and average length
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ABSTRACT: Nano-S prepared by an annealing process showed excellent _
catalytic activity for the synthesis of 1-amidoalkyl-2-naphthols under solvent-free _ &l \ é
reaction condition at 50 °C. The catalyst could be reused up to the fifth cycle 3 ) r
without loss in its action. The green-ness of the present protocol was also

measured using green metrics drawing its superiority.

Recently, nanotechnology is mastering intricacies for the
synthesis and application of interesting nanomaterials.'
Nanoparticles have evoked tremendous awareness as nano-
catalysts,” bridging the homogeneous and heterogeneous
catalysis.> Hence, nanocatalysis should proffer the prospects
for the synthesis of challenging compounds.”

The synthesis of sulfur in bulk or micro- or nanoform has
been pursued significantly due to its remarkable applications in
sulfur mmocomposites,6 modified carbon nanostructures,” and
sulfur nanowires,” etc. There are some reports for the
preparation and properties of sulfur nanoparticles.”

The multicomponent reactions'® (MCRs) are promising
constructive sources for devising large molecules with economic
viability."' In the premise of green chemistry,'” MCR under
solvent-free reaction condition (SFRC)BJ‘b are fascinating
since it involves the best reaction medium with “no
medium”."* The synthesis of amidoalkyl naphthols'* is
important as the 1,3-amino-oxygenated moiety is ubiquitous
to a variety of biologically significant compounds.'’

There are numerous approaches described in the literature
for the synthesis of 1l-amidoalkyl-2-naphthols. These proto-
cols'® suffer from shortcomings such as large waste production,
higher reaction temperature, prolonged reaction time, low
yields, harsh conditions, undesirable byproducts, toxicity, low
recovery, and reusability of the catalyst. Therefore, to overcome
those drawbacks and in our continual interest in the growth of
“NOSE” (nanoparticle-catalyzed organic synthesis enhance-
ment) chemistry,'  we herein report a convenient protocol for
novel sulfur nanoparticle-catalyzed synthesis of 1-amidoalkyl-2-
naphthols under SFRC at 50 °C (Scheme 1). To the best of our
knowledge, nano-S-catalyzed synthesis of I1-amidoalkyl-2-
naphthols is not yet reported.

" 4 ACS Publications = © Xxxx American Chemical Society

Scheme 1. Synthesis of 1-Amidoalkyl-2-naphthols

Osx Ry
R4 NH
OH Jo]\ NP OH

SFRC

The preparation of nano-S was accomplished by annealing
elemental sulfur, which in turn was achieved by catalytic
conversion of H,S.'® To characterize the sulfur nanoparticles
synthesized at 120 and 180 °C, the EDX analysis was
performed to find the elemental composition. EDX confirmed
the presence of sulfur element only (Figure la). Both atomic
and weight percent for pure nano-S was found to be 100%.
SEM image (Figure 1b) of pure nano-S explored its sheet-like
structure that might be due to the stronger intermolecular
forces of attraction among the sulfur molecules.

The TGA curve (Figure lc) indicated the thermal stability
having a two-step pattern of weight loss within 180—290 °C.
The first weight loss (<180 °C) is attributed to the evaporation
of physically absorbed water, and the second weight loss at 290
°C is accompanied by the active liberation of H,S (Figure lc).

The X-ray diffraction patterns (Figure 2) for (a) bulk-S, (b)
nano-Sg synthesized at 120 °C and (c) at 180 °C revealed that
the samples (a), (b), and (c) showed peaks corresponding to
(222), (026), (117), (313), (044), (062), (066), (357), and
(551) planes, indicating the presence of cubic orthorhombic
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38' NPs

annealing
elemental sulfur Ps 1
x-S
R!
OH Sg-NPs (3.5 moi%)
SeaEN o«
A H 50 °C, neat
(1 equiv) (1 equiv) (1 equiv)
1 2 3R2=NH;
4R2=Me 6

5R%=Ph

&
SO

6a (R = NH) 30 min, 98% yield g4 35 min, 82% yield
6b (R? = Me) 30 min, 95% yield
6c (R? = Ph) 30 min, 85% yield

HO.
A al
o
coT oo
61 (R2 = NHp) 45 min, 92% yleld 61 30 min, 94% yleld

6] (R? = Me) 25 min, 90% yield
6k (R? = Ph) 25 min, 95% yield

selicey

6e (R? = NH,) 15 min, 94% yield 6g (R2 = NH,) 15 min, 94% yield
6t (R? = Me) 10 min, 90% yield  6h (R? = Ph) 30 min, 85% yield

P
5 5

6m (R2 = Me) 60 min, 85% yield 60 (R2 = NH,) 30 min, 82% yield
6n (R2= Ph) 40 min, 90% yiekd  6p (R = Me) 45 min, 90% yield

Significance: Sulfur nanoparticles (Sg-NPs) were
prepared by annealing of elemental sulfur at

120 °C (eq. 1). Sg-NPs catalyzed the three-com-
ponent reaction of 2-naphthol (1), aldehydes 2,
and amides (3-8) at 50 °C under solvent-free con-
ditions to give the corresponding 1-amidoalkyl-2-
naphthols 6 in up to 98% vield (21 examples, eq.
2). In the formation of 6a, the catalyst was recov-
ered by centrifugation and reused seven times (15!
reuse: 98% yield, 5" reuse: 98% yield, 6% reuse:
90% yield, 7% reuse: 85% yield).

SYNFACTS Contributors: Yasuhiro Uozumi, Noboru
Synfacts 2013, 9(7), 0794 Published online: 17.06.2013
DOk 10.1055/5-0033-1339271; Reg-Me.: YO6113SF

Comment: In the recycling experiments, the cata-
lytic activity of Sg-NPs was slightly decreased at
the 6t reuse run. Reactivation of the recovered
catalyst was performed by washing with hot de-
ionized water followed by sonication in THF at

80 °C. The reactivated catalyst was recycled five
times in the formation of 6a (15! cycle: 96% yield,
2" cycle: 91% yield, 3™ cycle: 90% yield, 4™ cy-
cle: 90% yield, 5 cycle: 86% yield, 6™ cycle:
72% yield). The catalytic activity of Sg-NPs was
superior to that of metal oxide nanoparticles
(MgO-NPs, Al,O3-NPs, and TiO,-NPs) and organ-
ic bases (pyridine, imidazole, Et;N, and Ph,P).
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Nano-MgO catalyzed synthesis of amidine derivatives is developed under solvent-free reaction condition
at 70 °C. Reusability of the catalyst and shorter reaction time as well as high yields are the advantages of

© 2013 Elsevier Ltd. All rights reserved.

More recently, nano magnesium oxide (MgO) has been utilized
axtensively because of its potential applications as catalyst.! In the
lomain of catalysis, MgO has a potent basic property which is
:xploited in various organic transformations® and also allows the
1igh-yield synthesis of the significant molecules.> Synchronizing
with the theme of green chemistry,* syntheses of N-bonded com-
»ounds under solvent-free conditions have received much
ittention.®

Amidines are significant intermediates in the synthesis of many
siologically active compounds® and there are many strategies re-
sorted in the literature for their synthesis.” They also serve as
mportant synthons for the preparation of azacyclic compounds.?
Thus, the synthesis of amidines is still a topic of immense scope.
Jere we disclose a practical, convenient, and greener procedure
or the synthesis of amidines under soivent-free conditions at
70 °C catalyzed by nano-MgO (Scheme 1). Ogata et al.® reported
‘he synthesis of amidines in the presence of polyphosphoric acid
rimethylsilyl ester by treating amine and amide in equimolar ratio
it 160 °C under nitrogen atmosphere. But lower yield of the prod-
icts, high reaction temperature, application of corrosive reagent
ind its non reusability, and tiresome reaction condition made the
nethodology less advantageous. To the best of our knowledge,
‘here is no report on nano-MgO catalyzed synthesis of amidines.

The study was initiated by the model reaction (Scheme 2) be-
‘ween 4 (5 mmol, 680 mg) and 5 (5 mmol, 0.45 mL) to give 6 with-
Jut using any catalyst/solvent at 120°C (Table 1). Under this

* Corresponding author. Tel.: +91 267008x5059; fax: +91 (3712) 267005/6.
E-mail address: ashim@tezu.ernet.in (A.]. Thakur).
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condition, a mixture of unknown compounds was detected (Ta-
ble 1, entry 1). Utilizing 5 mL of solvents (Table 1, entries 2-7)
and conducting the reaction at lower temperature did not lead to
product formation. As indicated in Table 1, when pyridine
(10 mol %) was used as catalyst at 70 °C for this transformation
then 6 was isolated in 7% yield (Table 1, entry 8). This observation
prompted us to opt for the best base catalyst for the synthesis of 6.
Several base catalysts were tested under the current condition but
the reaction could not be improved both in terms of yields and
time (Table 1, entries 9-14). When fully characterized nano-
MgO0°® was used under the present conditions, it increased the yield
to a reasonable extent (Table 1, entry 15). To obtain better yield of
6, the catalyst loading was optimized (Table 1, entry 15-18) and it
was found that nano-MgO worked efficiently at 5 mol % (Table 1,

8 ﬁ—n‘ RE—NH, —eno-MgO R :':1/—':
— + —_—
i . 2 70 °C,SFRC 5 !

R' = Aryl, methyl, cyclohexyl and R? = Aryl, cyclohexyl

Scheme 1. Synthesis of amidine.

-
H 9 Catalyst H Ilq
N-C + =S IN=(C
4 5

Scheme 2. Model reaction.
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A clean synthesis of amide derivatives has successfully been accomplished utilizing reusable nano-MgO
under ‘SFRC’ (solvent free reaction condition). The ‘green-ness’ of this protocol makes it a benign alter-
native for the large scale synthesis.
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1. Introduction

Recently, in the domain of catalysis, nano magnesium oxide
(MgO) has gained a respectable status as catalyst [1,2]. MgO has
a basic property which is exploited in the high-yield synthesis of
important molecules [3]. Its adsorptive properties {4] can be used in
toxic waste remediation [5]. It has a high activity against bacteria,
spores and viruses because of its large surface area [6].

The widespread importance of amide moiety as one of the
most versatile functionalities in chemistry and biology has been
acknowledged [7]. Several catalysts and reagents [8-10] have been
reported to effect the amidation reaction. The drawbacks inherited
with these reagents and catalysts are their instability, sensitivity to
moisture, harsh reaction condition, prolonged reaction time, mod-
est yield, toxic/corrosive by-products and costly waste streams.
More recently, hydroxyapatite-supported silver NPs have been
used for the synthesis of amides via selective hydration of nitriles
in water [10]. Kobayashi et al. reported gold or gold/iron NPs cat-
alyzed amide synthesis [11]. Mizuno and coworkers synthesized
amides by hydration of nitriles promoted by amorphous MgO using
reduced amounts of water [12]. Mizuno et al. also reported the syn-
thesis of amides by MgO promoted liquid-phase aerobic oxidation

* Corresponding author.

E-mail address: ashim@tezu.ernet.in (A.J. Thakur).
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of methylarenes using ammonia surrogates [13]. In the recent work
[14], amide synthesis was achieved by water-soluble Gold/DNA cat-
alyst. However, main difficulties associated with these cited works
were very high reaction temperature, longer reaction time and
application of expensive catalysts. Therefore, the synthesis of amide
eliminating these drawbacks is still a demanding and challenging
work for the chemists. Our group recently reported the synthesis of
N-methylamide catalyzed by water tolerant zirconyl chloride under
MWI [15]. Reddy et al. have reported an acknowledgeable work
on nano-MgO catalyzed N-formylation of aryl/alkyl amines using
formic acid under MWI [16]. As a part of our ongoing research pro-
gram for the development of the ‘NOSE’ (Nanoparticles-catalyzed
Organic Synthesis Enhancement) [17] chemistry in our laboratory,
we herein report recyclable nano-MgO for the synthesis of amides 3
in good to excellent yields under SFRC by reacting carboxylic acids
1 with amines 2 (Scheme 1).

2. Experimental
2.1. General procedure for the synthesis of amides

In an oven dried round bottomed flask (50mL) nano-MgO
(5.0 mol%) were added and then alky/aryl amines (5.0 mmol) and
aromatic/aliphatic acid (5.0mmol) was added. After that it was
allowed to stir on a pre heated oil bath at 70 °C under aerobic condi-
tion till the required time (the progress of the reaction was judged
by TLC). After the completion, the reaction mixture was brought
to room temperature and ethyl acetate (3 x 10 mL) was added to
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An expeditious, simple, highly efficient, practical and green protocol for the N-formylation of alkyl/aryl
amines and indole derivatives catalyzed by novel nano rod-shaped basic Al,O; under solvent-free
conditions has been developed. The catalyst is efficiently recycled up to the 5th run, an important point in
the domain of green chemistry. The methodology provides cleaner conversion, shorter reaction times and

high selectivity which makes the protocol attractive.

Introduction

In the wake of increasing awareness in environmentally benign
techniques during the past few years, organic synthesis under
solvent-free conditions has gained much popularity.' In this
regard, the synthesis of N-bonded compounds has received con-
siderable attention from the sight of green chemistry.” There is a
growing appreciation for N-formylation of primary or secondary
amines into formamides which is a common methodology in
synthetic organic chemistry. The reaction product, formamides
serve either as a polar solvent or as an important intermediate in
several organic transformations since their skeletons exist in
pharmaceutically valuable compounds such as fluoroquinolines,’
imidazoles,® 1,2-dihydro quinolines,’ nitrogen-bridged hetero-
cycles,® oxazolidinones’ and cancer chemotherapeutic agents.®
They have also found significant applications as Lewis base cata-
lysts in various organic transformations,®™* synthesis of forma-
midines,' isocyanides'® and as N-formylating agents in histone
proteins as a secondary modification arising from oxidative
DNA damage.'’

The literature is enumerated with several strategies'>>* pre-
scribed for N-formylation of amines. Regardless of the existing
methodologies, most of them suffer from different drawbacks
such as thermal instability, sensitivity to moisture, application of
toxic and expensive formylating agents and catalysts, poor atom
economy, high temperatures, prolonged reaction times, harsh
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cedure, recycling potential of the nano alumina rods, physical and
spectroscopic data of compounds, 'H NMR and '*C NMR spectra of
compounds, reference. See DOI: 10.1039/c2gc16020j

reaction conditions, formation of undesirable by-products, low
yields, while also leading to diformylation and/or lack of regio-
selectivity and tedious work up. Therefore, the synthesis of
formamides still remains an active research area in terms of oper-
ational simplicity and economic viability. In the recent years,
formic acid?®>>* has been continually accepted as a potent for-
mylating agent owing to its lower toxicity, inexpensivity and
easy practical applicability.

With the nanotechnology now available to the scientists, of
late, Somorjai ef al. emphasizes that catalysis by transition metal
nanoparticles is the central field of nanoscience and nanotechnol-
ogy,>* which are the frontiers between homogeneous and hetero-
geneous catalysis.>> The growing interest on the catalytic
properties of transition metal nanoparticles is due to their large
surface area, distinct electronic, optical, magnetic, thermal and
chemical properties.*® The ultimate goal to work with nanoparti-
cles is their high catalytic activity, recoverability, improved selec-
tivity, criteria of evolution and role in green chemistly.37 Hence,
organic synthesis catalyzed by metal/metal oxide nanoparticles®
has received tremendous importance in recent decades.

To cater the burgeoning needs and aspirations, we have been
focussing on the development of a protocol named ‘NOSE'*’
(nanoparticles-catalyzed organic synthesis enhancement) chem-
istry in our laboratory. Nanoscale supports to create catalysts
with larger surface areas along with more edges and corners,
which can lead to higher performance of the catalyst. Other par-
ameters (e.g. oxygen mobility, efc.) might also play key role for
enhancing catalytic activity. There are few reports that describe
N-formylation of amines using nanoparticles. Preedasuriyachai
and co-workers*® have presented nanogold catalyzed N-formyla-
tion of amines under aerobic conditions with MeOH or formalin.
However, in terms of disadvantage, nanogold itself is very
expensive. To the best of our knowledge, N-formylation of
amine catalyzed by basic nano crystalline Al,O; has not been
reported. Very recently, a research group has reported the nano-
crystalline Al,O; catalyzed one-pot synthesis of poly-substituted

This journal is © The Royal Society of Chemistry 2012
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Protection and deprotection chemistry catalyzed by zirconium oxychloride octahydrate
(Zl’OClz 8H20)
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An efficient, chemoselective, convenient, and straightforward methodology has been developed for the protection
of C=0 group of aldehydes/ketones as C=N moiety of hydrazones catalyzed by ZrOCl,-8H,0 (10 mol%) in
acetonitrile and the same catalyst in methanol oxidatively cleaves C=N moiety of hydrazones to provide parent
carbonyl compounds in high yields. The reactions have been performed in aerobic condition. The catalyst is
inexpensive, readily available, easy to handle, insensitive to air and moisture, easily recoverable and can be reused

and importantly less toxic.

Keywords: protection; deprotection; catalyst; hydrazone; zirconium oxychloride octahydrate

Introduction

As far as the synthesis of complex target molecules
is concerned, protection—deprotection is essential (/)
and hence serves as a central theme in organic
chemistry (2). Hydrazone is regarded as one of the
important protective moieties for carbonyl com-
pound in multi-step synthesis of many target mole-
cules (3). Apart from carbonyl! protection they also
serve as carbanion equivalents in C-C bond forming
reactions (4,5). Accordingly, lots of efforts have been
exercised for the development of a mild and efficient
methodology for masking carbonyl moiety of alde-
hydes/ketones in the form of hydrazone and the
subsequent oxidative cleavage of hydrazones to
regenerate the parent carbonyl compounds. But,
some of the reported methods (6-21) have one or
the other limitations such as requirement of strongly
oxidizing or reducing acidic or basic reagents, use of
reagents in stoichiometric amounts or more, tedious
work up procedure, low yield, longer reaction time,
harsh reaction condition, lack of selectivity, asso-
ciated with environmental hazard and importantly,
tolerability to other functional groups. It is also
likely that by product formed in the reaction may
block the active sites of the catalyst thereby reducing
its activity. Importantly, presence of sensitive struc-
tural features in molecules restricts the choice of
reagents. Hence, there has been considerable interest
in this area and still scope is there for further
development.

The application of ZrOCl;-8H,0 as a catalyst in
organic synthesis has attracted our attention as it is
relatively cheaper, readily available, easy to handle,
insensitive to air and moisture (22) and importantly
less toxic (23). This octahydrate of Zirconium oxy-
chloride is a mild Lewis acid having some distinct
differences (24,25) from other metal hydrates. An
account by Zhang et al. recently reviewed effective-
ness of Zirconium-based compounds in many organic
transformations, for example addition reaction, re-
arrangement reaction, protection of common func-
tional groups such as carbonyl, carboxylic acid,
amino and hydroxy groups (26) and their subsequent
deprotection. Zoifigol et al. described the application
of zirconium compounds in deprotection, oxidation,
C-C, C-N, and C-O bond forming reactions (27).
Catalytic activity of ZrOCl,-8H,0 has been described
for the oxidation of alcohols (28); acylation of
alcohols, phenols, amines, and thiols (29); esterifica-
tion of long chain carboxylic acids and alcohols (30);
enaminones and enamino ester synthesis (3/);
chemoselective synthesis of 2-aryloxazolines and
bis-oxazolines (32); and synthesis of benzoxazoles,
benzothiazoles, benzimidazoles, and oxazolo[4,5-b}-
pyridines (33).

Results and discussion

In continuation to our interest in protection and
deprotection (34) and zirconium chemistry (35), we
want to divulge herein a new and convenient protocol
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Introduction

The Danishefsky’s diene, trans-1-methoxy-3-trimethyl-
siloxy-1,3-butadiene (also known as Kitahara diene), was
first introduced by Danishefsky and Kitahara in 1974.!
Since the diene is very electron-rich it is used as a very re-
active reagent in Diels—Alder reactions. The methoxy
group accounts for the regiospecificity observed in the
Diels—Alder reaction, since the electrophilic carbon to
which it is attached will react preferentially with the most
nucleophilic atom of the dienophile. The electron-donat-
ing nature of this diene confers high reactivity and orien-
tational specificity in its reaction with unsymmetrical
dienophiles.

Abstracts

focus on the application of nanoparticles in organic synthesis.

The high reactivity coupled with the easy availability
makes 1-methoxy-3-trimethylsiloxy-1,3-butadiene a po-
tentially very important reagent in organic synthesis. Its
first synthesis was reported by Danishefsky and Kithara
starting from 4-methoxy-3-buten-2-one in the presence of
trimethylsilyl chloride and zinc chloride (Scheme 1).2

(A) The enantioselective hetero-Diels—Alder reaction of Danishef-
sky’s diene with benzaldehyde has been achieved both experimen-
tally and theoretically, incorporating a series of a,a,a’,a’-tetraaryl-
1,3-dioxolane-4,5-dimethanol (TADDOL) derivatives as catalysts,
affording 2-phenyl-2,3-dihydro-4H-pyran-4-one (1).>
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(B) After acetylation, condensation between Danishefsky’s diene
and benzoquinone afforded a stable methoxytriacetoxydihydronaph-
thalene intermediate 2, which was subsequently transformed into the
regiospecific 7-naphthylboronic acid 3 by the Snieckus DOM proto-
col.*
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(C) Mandai and co-workers delineated the reaction of Danishefsky’s
diene with aryl-/alkyl-substituted aldimine catalyzed by silver in the
presence of a ligand leading to the formation of pyridinone 4.
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Environment-friendly and solvent-free synthesis of symmetrical bis-imines under microwave
irradiation
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A short library of symmetrical bis-imines has been constructed efficiently from the reaction between dialdehydes
and mono amines or diamines and mono aldehydes under microwave irradiation catalyzed by p-toluenesulphonic
acid. The methodology is associated with shorter reaction time, good yields and simple workup.
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Introduction

Imines are valuable functional groups or chemical
compounds containing a carbon nitrogen double
(C=N) bond. Condensation reaction of aldehydes
and primary amines resulting imines, commonly
called Schiff bases (first discovered by Schiff in
1864) or azomethines are well known in organic
synthesis. In inorganic chemistry, these versatile
Schiff bases are used as chelate for metal ion
complexation (/-6). Some of these metal complexes
are used as catalysts in various organic reactions
(7.8). Biologically, imines show anti-convulsant, anti-
depressant, analgesic, anti-inflammatory, antiplatelet,
antimalarial, antimicrobial, antimycobacterial, and
antiviral activity (9—17). Similar to imines, bis-imines
(bis-Schiff bases) also finds use as analytical, medic-
inal, polymer, and liquid crystalline materials (/2—
14). Most of the biologically active nitrogen contain-
ing heterocyclic compounds and biologically active
inorganic metal complexes are synthesized using bis-
imines as starting materials and as synthetic inter-
mediates (/5-19).

The C=N bond in imines often suffers exchange
reaction (20) as well as hydrolysis. Such reversible
C=N bond formation (21,22) is very useful to
synthesize the most thermodynamically stable macro-
cyclic (23-27) and interlocked compounds (28,29).
Also, literatures are available on the heterocyclic
substituted bis-imines and some of these fused bis-
imines showed bio-activity (30), for example, bis-
imines of isatin and their derivatives are known to
possess a wide spectrum of pharmacological proper-

ties including antibacterial, antifungal, anti-HIV, and
antiviral activity (3/-39).

Different types of bis-imines were required in one
of our ongoing programs. The conventional synthesis
of such compounds involves longer reaction time
using volatile organic solvents followed by extensive
separation and/or purification (40-49). Moreover,
the methods are not general. As a part of our green
chemistry program and practice (50-52), in embra-
cing the principles of green chemistry (53—55), herein
we want to divulge a simple and general approach for
the synthesis of bis-imines 3 and 6, by using 5 mol%
p-toluenesulphonic acid (TSA) as a cheap catalyst
under microwave irradiation (MWI) without using
any solvent (Scheme 1), thereby paving the way for an
environmentally benign condition. As shown in
Scheme 1, synthesis of bis-imines involves the reac-
tion between either diamine and mono aldehydes or
dialdehyde and mono amines.

Use of Microwave energy for the enhancement of
organic reactions, that is Microwave Organic Reac-
tions Enhancement provides greener reaction condi-
tion coupled with clean product, increase yield and
better time economy (56-63). The present investiga-
tion is aimed at looking alternative conditions for the
synthesis of bis-imines with the following objectives:
(1) search for milder reaction condition, (2) to reduce
the reaction time, (3) to increase the yield, (4) to
promote economical and environmental friendly
experimental (green procedures) by performing the
reaction under microwave and solvent-less/free con-
dition, (5) to use cost-effective, mild, and economical
catalysts.
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Coconut water was processed through 2-stage microfiltration system and L-ascorbic acid (25 mg/100 ml)
was added to it, and then stored at 4 °C. Micro-filtered coconut water, with (AS) or without (US) added ascor-
bic acid was analyzed on 0 and 21 days of storage, using 'H-NMR, FTIR and GC-MS. The spectral analyses
revealed that the addition of L-ascorbic acid to micro-filtered coconut water was able to retain methyl-a-
D-rhamnopyranoside (prime glycoside detected in micro-filtered coconut water) better in AS than US, and
also controlled the formation of free fatty acids and delayed rancidity in AS. Good correlation was found be-
tween these spectral results. PCA for both FTIR and 'H-NMR data sets presented the separation of fresh and
stored micro-filtered coconut water samples. While still in the early stages of investigation, this work showed
the potentiality of 'H-NMR, FTIR and GC-MS tools for monitoring the changes in micro-filtered coconut water.
Industrial relevance: Recently, microfiltration of coconut water has been found to be an alternative to thermal
sterilization. A preliminary study was undertaken to study the effect of addition of L-ascorbic acid on the quality
of micro-filtered coconut water, by using 'H NMR, FTIR and GC-MS, mainly to detect the tentative chemical
changes occurring in it during low temperature storage (4 °C for 21 days). High correlation was found between
the results of these instrumental methods, the use of which can be used as key determinants for assessing the

quality of such processed coconut water during routine inspection and also in further in-depth research.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Water of green coconut is largely consumed worldwide, not only
as a refreshing drink but also because of its various therapeutic qual-
ities (Loki & Rajamohan, 2003). Preservation process is necessary to
increase its shelf-life to enable commercialization. The water when
taken out from the nut spoils within a day because of external
contamination by microorganisms (Reddy, Das, & Das, 2005). The
commercial production of canned coconut water has employed a
high-temperature/short-time preservation process, which results in
elimination of not only microbes, but also almost the entire delicate
flavor. This severely limits the marketability of the product (Jayanti,
Rai, Dasgupta, & De, 2010). Selecting technological processes to pre-
serve the natural wholesome properties of the drink still remains a
challenge. Recently, microfiltration has been found to be an alterna-
tive to thermal sterilization, to obtain processed coconut water,
which can be as good as fresh coconut water (Anonymous, 2007;
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Barrett, Somogyi, & Ramaswamy, 2004; Reddy, Das, & Das, 2007). As
such, micro-filtered coconut water was taken as the base material
for our present study.

Coconut water contains a considerable amount of fats and oils, which
depends upon the cultivar and maturation stage of the coconut (Campos,
Souza, Coelho, & Gloria, 1996; Fonseca et al., 2009; Jackson, Gordon,
Wizzard, McCook, & Rolle, 2004; Reddy et al., 2007). These fats and oil,
with increasing storage duration of coconut water, results in free fatty
acid formation (Rolle, 2007). The increase in free fatty acid content affects
the aroma and thereby the quality of either fresh or processed product.
Reddy et al. (2007) observed that microfiltration technique is not suffi-
cient to completely filter lipids from the processed coconut water. This
necessitates the addition of antioxidants into the processed coconut
water. Even if the coconut water is extracted aseptically, its exposure to
air initiates some reactions such as oxidation promoted by enzymes poly-
phenol oxidase (PPO) and peroxidase (POD), which are naturally present
in the coconut water (Duarte, Coelho, & Liete, 2002). Also coconut water
is rich in minerals and electrolytes (Jackson et al., 2004; Reddy et al,
2007) which catalyzes lipid oxidation and formation of volatile com-
pounds. These reactions have a negative effect on sensorial and nutrition-
al qualities of the coconut water (Campos et al., 1996; Duarte et al., 2002).
In order to reduce these problems, Rolle (2007) recommended that the



