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ABSTRACT

Novel classes of supramolecular gelators are synthesized from arjunolic acid which is
obtained from Terminalia arjuna. Self-assembly properties cf the derivatives have been
studies in a wide range of organic solvents. The supramolecuiar assembly of organogels
was examined by microscopy. The importance of aromatic ring and carboxylic acid
group on gelation are established. The SEM images of the xerogel of gelators reveal
defe:ent types of morphology depending upon the solvent systems and concentration of
gelator
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1. Introduction i

Supramolecular gels are formed by the self-assembly of low molecular ma i
coml?ounds in a medium have attracted considerable attention in recent vears
efﬁc‘1ent gelation has been reported with compounds of wide structural di . i ?,eafi and
studies in this area have been motivated not only to gain 2 better und IVersxt}es. The
self-assembly process in a medium but also because of t}; understanding of the

e g | | eir numerous technologi
applications.” Self-assembly has proved to be a powerful strategy to develop molec(l)f;l?

defined functi : fole T
assembi ar:; - (I:tlonal materials. The long range molecular order, obtained by self-
been utii,ize dto C:::t moilefcular mass organic compounds through gelation, has recently

' € sell-assembled nanowires. Alth, ’
v : . ough there ar S+
al _ . g € many definition

50 nStl ::me seems to erfcapsulate all of their properties. According to Flo);y 2 gef b :S oaf
ous structure with macroscopic dimensions that is permanent on the ::ime scale of
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ABSTRACT: Ten aliphatic and aromatic ketals of arjunolic
acid, a renewable, nanosized triterpenic acid which is
obtainable from Terminalia arjuna, have been synthesized

upon condensation with aldehydes. Self-assembly properties of

the ketals have been studied in a wide range of organic liquids.
With the exception of the p-nitrobenzylidene denvative, low
concentrations of the ketals self-assemble and form gel-like
dispersions in many of the organic liquids examined. The
morphologies of the assemblies, studied at different distance
scales by optical, electron, and atomic-force microscopies,

consisted of fibrillar networks and vesicles which were able to entrap 5(6)-carboxyfluorescein as a guest molecie Xoray
diffractograms indicate that the fibrillar objects are crystalline. A charge-transfer complex was formed from z 1-1 morure of keral
derivatives with electron-donating and electron-accepting groups, and the 9-anthrylidene derivatrve in i1ts fibrillar network
dimerized upon irradiation. Reésults demonstrate that subtle changes in the ketal structures can lead to very differzar sggregaticn

pathways.

B INTRODUCTION

Spontaneous self-assembly of low molecular mass organic
gelators (LMOGs), molecules leading to gels in liquids, has
become an area of intense research interest in recent years
because it affords a means to understand more deeply how and
why different supramolecular architectures are formed and
because ‘molecular gels’ have many potential and realized
technological applications. '2 Many of these architectures are in
the form of self-assembled fbrillar networks (SAFINs)’
LMOGs based on naturally occurring species (e.g, amino
acids, carbohydrates, fatty acids, steroids, and porphyrins), as
well as those produced industrially (e.g., fused-aromatics), have
been repc:n'lﬂac:],2 Plant metabolites, many of which are
structurally very complicated, are very attractive candidates as
new LMOGs because they are available in renewable supply
without extensive synthetic effort. One class of these
metabolites is triterpenoids. Their molecular structures are
rather rigid, with lengths exceeding 1 nm, and their 30 carbon
atoms are joined in very specific ways that include several
centers of chirality.’ The basic structures are complemented by
functional groups at different positions and orientations.
However, very few studies of the self-assembly of trterpenoids
have been reported."

Arjunolic acid, 1, is a pentacyclic triterpenoid with functional
groups (N. B, one carboxy and three hydroxy groups at
opposite ends of the triterpenoid backbone) that are amenable
to several types of easily accomplished structural modifications.
For example, alkyl esters of arjunolic acid are excellent gelators

A 4 ACS Publications ~ © 2013 Amedican Chemical Society
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of several organic I.iqub::i.s.S The cross secuons of mdividual
fibers within their SAFINs were found to be o the nanometsr
range, twisted in one sense only, and as 2 resulr, their gels
display intense induced drcular dichroism.

The steric dispositions of the hydrexyl and hydroxymethyi
groups at C2-C4 of arjunclic aad have enantiomerphic
resemblance to those at C3-C5 of the o-glucopyranase
skeleton (Figure 1). Molecules with relared backbones, such
as p-sorbitol, are known to form ketal derrvatves (N B,
dibenzylidene sorbitol), which are excellent gelators of 1 wids
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Figare 1. Structure of anunolic aad, 1. Inset: Corresponding aray of
three hydroxy groups in 0-glucepyranose in a projection emphaszing
the correspondence of the patterns
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ARTICLE INFO ABSTRACT
Article ?ﬂﬂ:l?f _— A benzylidene derivative of arjunolic acid, namely, para-nitro benzylidene methyt arjunolate (3) have
Received in‘hm‘ ) A - been synthesized and chara_cteﬁzed by X-ray structural studies and the electronic structure was
Received 3 ]unel“ "‘dm 5 ca.lculated'at the DFT level with a detailed analysis of Hirshfeld surface and fingerprint plot facilitating
mm‘ : m": ted onfine 13 June 2011 a comparison of intermolecular interactions. The aystal packing of (3) exhibits intermolecular
0-H-- -0 and C-H-- -0 hydrogen bonds forming linear chains propagating parallel to [100] and [0 1 0]
2 directions, respectively, which are further linked through C-H- - -n (arene) bonds to generate two-dimen-
'l:""', e ""k. 5 sional framework. Investigation of intermolecular interactions and crystal packing via Hirshfeld surface

analysis reveals that more than two-thirds of the close contacts are associated with weak interactions.
Hirshfeld surface analysis for visually analyzing intermolecular interactions in crystal structures employ-

Hirshfeld surface

Fingerprint plot ing molecular surface contours and 2D fingerprint plots have been used to examine molecular shapes.
DFT studies The large HOMO-LUMO energy gap indicates a high kinetic stability for the title compound (3).
HOMO-LUMO energies © 2011 Elsevier B.V. All rights reserved.
1. Introduction Molecular self-assembly through weak non-covalent forces is the

hallmark of biological systems. Among a number of non-covalent

Arjunolic acid, a terpenoid, is the major component of the
extracts of the heavy wood of Teminalia arjuna [1] in the form of
a colorless crystalline solid and belongs to the family of combreta-
ceae and is an important medicinal plant found in India [2.3].
Medicinal activities of arjunolic acid and other extraneous constit-
uents of T. arjuna have been reported [4,5]. Clinical investigation of
T. arjuna displayed the benefit in the treatment of coronary artery
disease, heart failures and it has also been found to have antibac-
terial and antimutagenic properties [6]. The extract of the plant
have antibacterial activity against periodontopathic bacteria [7].
Terminalia has also been prescribed as an antidysenteric antimi-
crobial agent and useful in the last phase of AIDS [8]. The arjunolic
acid having a rigid lypophilic backbone offers a great opportunity
for the construction of molecular receptors, supramolecular archi-
tectures, and functional nanomaterials [9].

The properties of crystailine material strongly depend on how
the constituent components are organized with respect to one
another and a control over this organization directly provides a
handle over the functional properties of the material. Crystals are
assembled in spontaneous process called self-assembly that
proceedsmm;haseriesofmuleuﬂarmmitionmms.

* Corresponding author. Tel.ffax: +91 33 2473 2805.
E-mail address; mstk@iacs.res.in (T. Kar).

0022-2860($ - see front matter © 2011 Elsevier B.V. All rights resesved.
doi:10.101 6/j.molstruc.2011.06.003

forces such as hydrogen bonding [10], C-H...x [11] and n-- -t
[12] interactions, hydrogen bonding and C-H- - -rt interactions have
been widely utilized in directing molecular self-assembly for the
construction of various supramolecular architectures.

Investigation of the structural stability of compounds by both
experimental techniques and theoretical methods is of great inter-
est. With the development of computational methods, theoretical
modeling of drug design, functional material design, has become
possible [13]. In recent years, density functional theory (DFT) has
been favourite in theoretical modeling. Literature search shows
that the DFT has a great accuracy in reproducing the experimental
values of in geometry, dipole moment, vibrational frequency, etc.
[14-18]. During our ongoing phytochemical investigations on this
plant, we have isolated the title derivative of arjunolic acid and to
investigate the molecular structure, the possibilities for intra- and
intermolecular hydrogen bonding in the solid state, the X-ray
structure analysis was undertaken along with the DFT calculations
to investigate the molecular geometry and electronic structure.
The novel chiral para-nitro benzylidene methyl arjunolate deriva-
tive (3) of arjunolic acid has the potential to be used as a structural
framework for molecular recognition in supramolecular chemistry.
An investigation of close intermolecular contacts between the
molecules via Hirshfeld surface analysis is also presented in order
to quantify the interactions within the crystal structure.
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Abstract:-

Adenine and its different derivatives have so many antibacterial activities which encouraged
us to synthesize unsymmetrical bi-heterocyclic azo compound containing one N-heterocyclic
nucleic acid as adenine and other pyridine spacer by azo group. Designed compound of 3-
pyridyl azo adenine is to be synthesis by diazotization of 3-aminopyridine and then link with
adenine in KOH solution. We search out two types of azo products by chromatographic
separation: 2,8-[bis-{(3'-pyridyl)azo}]adenine (la) and 2-[(3'-pyridyl)azo]adenine (1b).
Synthesized compounds were characterized by elemental analysis, conductance, melting
point, IR, UV-Vis and "HNMR spectral data. Both compounds were tested for antimicrobial
activities against some common gram-positive and gram-negative bacteria. One of the
synthesized compounds (1a} exhibits a little bit antimicrobial activity.

Keywords: Adenine, 3-aminopyridine, diazotization, Antimicrobial activity.

1. Introduction:

Symmetrical bi-heterocyclic compounds linked by azo-imine groups (-N=N-C=N-)"" are
found in literature(Figure-1) and such type of azo com[%ounds have so many activities
compared to other non-heterocyclic azo compounds!™ ™ Design and synthesis of
unsymmetrical azo compounds containing N-heterocyclic rings are very much scarce V'™,
Nucleic acid related study has so much enthuse as seem to biological activities. Such nucleic
acid component adenine and its derivative cover too much application in different fields like,
biological activities ™™ agrochemicals activities like: fungicides, insecticides and
herbicides ¥ and also work as multimodal ligands [XI-XV1 - Another heterocyclic compound
pyridine has too much potentiality in their different form with variable activities such as
phote-physical, photochemical, antimicrobial, redox and anticancer [ XO-X¥E, The 0
imine group in 3-pyridyl-azo-adenine has controlling power over the two biologically active
adenine and pyridine compounds. Synthesis of unsymmetrical azo compound containing
biologically active N-heterocyclic rings are great confront to us. Finally, we were distinctly
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ABSTRACT:

Azo-imine group containing Pyridine and benzimidazole in mixed bi-heterocyclic azo
compound should have activities in biological fields. We are convinced from literature survey
of pyridine and benzimidazole derivatives for synthesis of mixed bi-heterocyclic azo
compound, 2—-[(3’-pyﬁdyl)azo]benzimidazole. Synthesis has been carried out by the reaction
between diazonium salt of 3-aminopyridine and benzimidazole in alkaline solution at low
temperature. After purification, structure of the newly synthesized compound has been
characterized on the basis of IR, UV-Vis, 'HNMR and Elemental analysis. Investigation of
invitro anti-microbial activity of synthesized compound was done by well diffusion method
against some common gram positive and gram negative bacteria. The successfully
synthesized compound exhibited highest to moderate inhibitory effect against Gram-negative
bacteria.

KEYWORDS: Pyridine, Benzimidazole, Bi-heterocyclic azo, Antimicrobial activity.

1. INTRODUCTION:

With change in environment microbes can change their activities on Living things. Chemists
are also deliberately engaged to discover new chemical compounds which are most effective
to destroy such type of new microbes. Benzimidazole is one of the most important N-
heterocyclic rings containing chemical compound which has valuable diverse activities in
biological fields. We have searched out virtual activities of benzimidazole and its derivatives.
Benzimidazole or its different derivatives have been successfully used as drugs in different
fields, like: Anticancer™” and Antidiabatic agents.H It has also different biological activities,
such as: Antiviral, " Antifungal,w Anthelmintic,”*” Antibacterial, "™ Antagonist,m and
Selective Inhibitor. "*” Benzimidazole or its different derivatives also have ability to use as
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Green Synthesis of Bi-heterocyclic Azo

compounds and its Complex formation
Tanmay Mathur

Introduction

There have been several occasions in the history of Chemistry
community focused on goals, developing different reaction types
to specific application. Now it is the turn of green chemistry
towards sustainable development via pollution prevention and
resource conservation. Azo compounds are an important class of
organic colorants which consist of a conjugated chromophore azo
(-N=N-) group in association with onc or more aromatic or
heterocyclic systems.' Azo function is photochromic, redox active,
pll-responsive and their complexes act as efficient molecular
switch.” liconomic synthetic methodologies designed by use of
Safer solvents’ and auxiliaries substances for synthesis of pyridyl-
azo-imidazole is a new class of unsymmetric bi-heterocycles azo
-compounds and have been synthesized by coupling diazonium salt
of 3-aminopyridine with imidazole in aqueous Na,CO, solution. A
new class of [Ru(CO) (3-Pyail [)XPPh,),| Prepared by solution of
[Ru(CO),(PPh,),] in McOH was added to the 3-Pyail in
methanol.

Synthesis of 3-Pyaill . .
Pyridylazoimidazole is a new class of unsymmetric bi-

heterocycles and have been synthesized by coupling diazonium

Green Synthesis of Bi-heteroc clic Azo compounds. .

salt of 3-aminopyridine with imidazole in Na,CO, solution
(Scheme 1).

: w

\z ._

O

/ 710
NH, Ny* Na

1) ZmZON-IQ, 0-5%C; ii} Imidazole, Na,CO, solution, pH - 6.5-7.5;
Scheme 1

Synthesis of Winovmu\.mv%u:cam.mruv“u
In extremely moisture free condition under dinitrogen atmosphere
_NEOOVUQ%FVW has been reacted with 3'-PyaiR in MeOH under a
reflux of 2-2.5 hrs. The product isolated afier filtration has been
purified by chromatography process. The complexes are
extremely stable and remain unchanged upon exposure to air even
in solution for a week. The composition of the complexes,
xiOOxuﬁEmmew;LM has been supported by microanalytical
data. The complexes are nonclectrolyte and diamagnetic.
RWCO)(PPhy),

1 ¥-Pyal{ T Ru(COY3-PyaiH)(PPhy),

= mfuﬁm

<m1,\l\/z Nmmg
T 4

Symmetric biheterocyclic azo

X-N=N-X

Unsymmetric biheterocyclicazo

Y-N=N.Z
P, Pen,
\m‘ i H & .A.f.\.
4 N
\.mn=\\/ J .,ra..; Vi
0G| Ny i \ﬂt o
N
N N
PPh, P, PR, ﬁ L. N
" i /:
5
Molecular Structure ¥ -PyaiH

i) X-Ray structure of 3-PyaiH:
Molecular structure of 3-Pyaill with atom numbering scheme is
shown in Figure-1. Both imidazole and pyridy! fragments are
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Joseph Black, a Scottish chemist and physician, first identi-
mrhon dioxide in the 1750s. Carbon dioxide can be found mainly
W #t, but also in water as a part of the carbon cycle. A substance so

.. Huvial to all life forms would not be likely to cause climate change
8.  Evaluation of Performance of Sono 3-Kolshi Filter for Arseny i what naturally occurs in the climate mwmﬁB.?nBooamwoﬁm

" Removal from Groundwater Using Zero Valent Iron .E_E_ﬁ%_t. warming trend of 0.8°C per year has started 300 years ago; long
g‘ Laboratory and Field Studies PDF (272 KiB) : Sahiyw the increase in greenhouse gas emissions. Global warming did

, : ¥4 vause any severe impact on the human population in the past. How-
it 9. SONO ARSENIC FILTER FROM BANGLADESH #1#4, global cooling has been known to have been a great threat over
1 PDF (102 KiB) - pictures with descriptions. W4 it 5000 years. Warmer temperatures that would occur as a result

+ ylobal warming would only manifest during the night and at lower
10. Newspaper article (in Hungarian) published by Magyar Nemz awperuture ranges. Increasing concentrations of carbon dioxide may
mw on April 15, 2012. ‘wise plants to grow more easily. It is also believe that areas lost to
I #mght and other impacts that stop plant growth may become more
M 11. Wikipedia. #uttle ugain because of increased atmospheric CO, concentrations. Stud-
{ e by NASA suggest that the earth has become about 6% greener over
M ¥+ bt two decades. More plants have grown in warm regions, whereas

« +whler regions plant growth decreased. The positive impact of global
+ wnung should
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