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Abstract

The present work deals with the synthesis of diester-dicarboxylic acid (DEDA)-Melamine co-crystal, characterized using UV-Visible 
absorption, scanning electron microscope and X-ray diffraction techniques. Single crystal X-ray analysis is carried out to confirm the 
formation of DEDA-Melamine co-crystal. Phthalic anhydride is used as the main source for synthesising the diesterdicarboxylic acid. 
By desymmetrizing phthalic anhydride, diester-dicarboxylic acid is synthesised. The synthesised diesterdicarboxylic acids are used for 
the reaction with melamine to obtain diesterdicarboxylic acid-Melamine co-crystal. The host-guest chemistry of diesterdicarboxylic acid, 
Melamine and their DEDA-Melamine co-crystal with β- cyclodextrin is also explored.
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Pharmaceutical Ingredients (API). Physiochemical properties of 
pharmaceuticals can also be improved by obtaining co-crystal using 
co-crystallization [4-6].

Cocrystallization with pharmaceutically acceptable compounds 
does not affect pharmacological activity of API, but can improve 
physical properties, Such as aqueous solubility, hygroscopicity 
etc., [7-9]. Hydrogen bonds are the basis of molecular recognition 
phenomena in pharmaceutical systems and are responsible for the 
generation of families of molecular networks with the same molecular 
components (single component crystals and their polymorphs) 
or with different molecular components (multiple component 
crystals or cocrystal) in the crystalline state [10]. Knowledge of the 

Introduction
The therapeutic efficacy of many pharmaceuticals is influenced 

by its characteristics like poor bioavailability, aqueous solubility, 
and chemical stability. The poor characteristics of the drugs lead 
to lowering its market value [1]. Many efforts have been adopted 
to increase the market value of drugs by overcoming the undesired 
properties of the drugs [2,3]. Multi-component crystals e.g. solvates, 
hydrates, cocrystal, salts play an important role in the design of new 
solids particularly in the pharmaceutical area [1]. Among them, 
cocrystal has regained attention as attractive alternate solid forms 
for drug development. Cocrystal incorporates pharmaceutically 
acceptable guest molecules into a crystal lattice along with the Active 
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intermolecular interactions and their effects on crystal packing 
allowed for the engineering of co-crystals with desired physical and 
chemical properties.

Complexes resulting from entrapment of one compound in 
the molecular framework of other are considered as complexes 
of occlusion or inclusion complexes [11]. Directing a drug to 
the required site of action, targeting a specific receptor without 
undesired interactions at other sites, and controlled release of drugs 
can be achieved by the formation of host – guest assemblies [12]. 
Among the various host structures, Cyclodextrins (CDs) (nontoxic 
macrocyclic sugars) are molecular receptors studied extensively 
for their complexation behaviour [13]. CDs have unique physico-
chemical properties such as good water solubility, low toxicity and 
low immune response [14]. The interactions of many therapeutic 
small molecules with CDs have focused on their ability to form supra-
molecular complexes for the development of new drug dosage forms 
with an improved bioavailability and increased therapeutic efficacy 
together with reduced dosing frequency to minimize the side effects 
and to make more cost effective dosage form [15-16]. Structurally, 
CDs consist of 6, 7, or 8 (α, β, and γ respectively) D-glucopyranosyl 
units, connected by alpha-(1, 4) glycosidic linkages [17] and contain 
a hydrophobic central cavity and a hydrophilic outer surface with a 
significant number of hydrogen donors and acceptors. Hydrophilic 
cyclodextrins are considered non-toxic at low to moderate oral 
dosages. About 30 different pharmaceutical products containing 
CDs are now on the market worldwide and numerous food products, 
cosmetics and other commercial products contain CDs [18]. In these 
products CDs are mainly used as solubilizing agents to increase the 
water-solubility of lipophilic compounds.  However, CDs can also be 
used to increase both the chemical and physical stability of various 
compounds, including proteins [19]. Cyclodextrin has also been used 
as tuner for the interaction of small molecules with DNA [20,21].

Anhydrides of aromatic acids are the precursor for various 
organic and supra-molecular syntheses. In the present work, 
phthalic anhydride is used as the main source for synthesising the 
diesterdicarboxylic acid (DEDA). P. Mosaeselvakumar et al. [22] 
deals that the synthesis of dicarboxylic bola-shaped compounds, 
possessing phthalyl head groups and diol spacers by desymmetrizing 
phthalic anhydride. Keeping phthalyl head group common for all 
three DEDA, the spacer moiety is systematically altered by two and 
four carbon atoms. The single crystal X-ray structure obtained for 
DEDA indicates the formation of self-assembled single stranded 
helical structure mediated through O–H…O interaction of the end 
carboxylic acid. According to World Health Organization, Melamine 
is not metabolized and is rapidly eliminated in the urine with a half 
life in plasma of around 3 hours (OECD 1998). The compound has 
a low acute toxicity, with an oral LD50 in the rat of 3161 mg/kg body 
weight (OECD 1998). No human data could be found on the oral 
toxicity of melamine.  Melamine is a widely used industrial chemical 
not considered acutely toxic with a high LD (50) in animals [23].

The present work deals with the synthesis of diesterdicarboxylic-
Melamine co-crystal from diesterdicarboxylic acid and melamine. 
The obtained co-crystal is characterized using various spectroscopic 
techniques. Single crystal X-ray Analysis is used as the main tool to 
confirm the DEAD-melamine co-crystal formation. The binding of 

DEDA, melamine, and their co-crystal with β-Cyclodextrin (Figure 
1) is also explored.

Experimental Section
Synthesis

Preparation of Diester-dicarboxylic Acid [22]

(2-({2-[(2-carboxybenzoyl)oxy]-ethoxy}carbonyl)benzoic acid, 
DEDA)

The DEDA is synthesised as given by P.Mosae selvakumar et al., 
using the pthalic anhydride (5.92 g, 0.04mol) and ethylene glycol 
(1.11 ml, 0.02 mol) in 2:1 ratio. It is characterised by Ultra-Violet 
Absorption (UV), Infra red (IR), Scanning Electron Microscope 
(SEM), X-Ray diffraction (XRD), 1H NMR, and 13 C NMR and Mass 
spectroscopic techniques.

Preparation of DEDA-Melamine Cocrystal (DEDAM)

2:3 ratio of Melamine in water and DEDA in ethanol mixed 
together and heated (60°C) with stirring to become clear solution and 
kept it for crystallization. Colourless crystals were obtained after two 
days, characterised X-ray crystal studies used for confirmation of co-
crystal formation. It is characterised by UV, SEM, XRD, X-Ray single 
crystal analysis techniques.

Preparation of solid inclusion complex of DEDA, Melamine 
and DEDAM with β-Cyclodextrin

DEDA, Melamine and DEDAM (0.01 M) was prepared in ethanol 
and an equimolar amount of β-CD was dissolved in doubly distilled 
water separately. A solution of DEDA, Melamine and DEDAM was 
added slowly to the solution of β-CD separately at room temperature 
in an Ultra-sonicator and maintained for 30 min. Then the mixture 
was warmed to 60°C for 10 min and kept at room temperature for 
two days. The colourless precipitate obtained was checked by TLC 
and analyzed by UV-Visible absorption and Scanning electron 
microscopic techniques.

Instrumentation

All the reactions are monitored by thin layer chromatography. 

Figure 1: (a) Molecular structure of β-Cyclodextrin (b) Bucket shape of 
β-Cyclodextrin.
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Electronic spectra were recorded on a Jasco UV-630 
spectrophotometer. IR spectra are recorded using KBr pellets on a 
Perkin–Elmer Spectrum GX FT-IR spectrometer. High-resolution 
mass analyses are performed using positive electron spray ionization 
(ESI) technique on a Water QT of micro mass spectrometer. 1H and 
13C NMR spectra are recorded (500 and 125 MHz respectively) on a 
BRUKER Advance DPX 500 NMR spectrometer using CDCl3. The 
surface topology of the solid inclusion complex is imaged by JEOL 
Model JSM 6360 scanning electron microscope. The diffraction 
pattern of the crystal structure of the inclusion complex was reported 
by Shimadzu XRD 6000 X-ray diffractrometer.

Single crystal X-ray analysis

A crystal of suitable size is selected and mounted on the tip of a 
glass fibre and cemented using epoxy resin.  Intensity data for both 
crystals are collected using Mo-K (= 0.71073Å) radiation on a Bruker 
SMART APEX diffractometer equipped with CCD area detector at 
100K. The data integration and reduction are processed with SAINT 
software [24]. An empirical absorption correction are applied to the 
collected reflections with SADABS [25].  The structures are solved 
by direct methods using SHELXTL [26] and are refined on F2 by 
the full-matrix least-squares method using the SHELXL-97 [27] 
package. Graphics are generated using PLATON  and MERCURY 1.3 
[Mercury 1.3 Supplied with Cambridge Structural Database; CCDC: 
Cambridge, U.K., 2003-2004].  All non-hydrogen atoms are refined 
anisotropically till convergence is reached. Hydrogen atoms are fixed 
at idealized positions steriochemically.

Chemicals and Working solutions

All chemicals are of commercial quality (Aldrich) and are used as 
received. All reagents and solvents used are of spectral grade which are 
used without further purification.β-Cyclodextrin is purchased from 
Hi-Media, India. Working solutions for the inclusion of molecules 
with β-CD are prepared by appropriate dilution of a stock solution 
of DEDA, Melamine and DEDAM and/or β-CD. The test solutions 
are having the concentration of ethanol as 3 %. Doubly distilled water 
was used throughout. All experiments are carried out at an ambient 
temperature of 25 ± 2°C. The test solutions are homogeneous after 
all additives were added and the absorption are recorded against 
appropriate blank solutions.

Results and Discussion
Interaction between DEDA and Melamine for the formation 
of DEDAM, a co-crystal

The interaction of diesterdicarboxylic acid with melamine 
molecule is characterised by UV-Visible absorption technique. 
The UV-Visible electronic spectra recorded in ethanol  for all these 
compounds shown in Figure.2. The electronic spectrum for all of 
these compounds behaves very similar in UV region and shows 
characteristic band at 240-280 which is corresponds to π-π* transitions. 
The absorption maximum, λmax of Melamine is found as 275 nm 
(Figure 2) shows the existence of n-σ* and n-π* transition that takes 
place during the excitation of ground state electron of Melamine by 
UV light. The absorption maximum, λmax of diesterdicarboxylic acid 

is found as 278 nm. The n-σ*, n-π* and π-π* transition occurrence 
can be seen for diesterdicarboxylic acid molecules excitation. The 
interaction of Melamine to diesterdicarboxylic acid resulted into the 
shift of the absorption maxima of diesterdicarboxylic acid towards 
considerable red region with the increase in the absorbance of 

Figure 2: Ultraviolet spectroscopy of melamine, DEDA and DEDAM

Figure 3: Scanning electron microscopic images of (a) DEDA (Inset: 10μm 
resolution) (b) DEDAM (Inset: 5μm resolution).
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diesterdicarboxylic acid, which shows the existence of hydrogen 
bonding  between Melamine and diesterdicarboxylic acid. The 
difference in the Morphology of the diesterdicarboxylic acid and 
diesterdicarboxylic acid-Melamine cocrystal  is also observed (Figure 
3 (a) and (b)). DEDA shows clumps of rectangular shaped crystals 
with the approximate width of ~10 μm , whereas DEDAM cocrystal 
exhibit clumps (rod like shape) with the width of ~ 5μm.

The XRD pattern of the DEDA and DEDAM is given in Figure 
4. DEDA contains of a number of intense peaks, indicating the 
sharp crystal structures of the compound.  The three strongest peaks 
observed are at 2θ, 16.87, 19.54 and 32 degrees. Similarly, DEDAM 
also contains a number of intense peaks, indicating the sharp crystal 
structures of the complex.  The three strongest peaks observed are at 
2θ, 26.06, 21.6 and 28.88 degrees for DEDAM. Using Debye-Scherrer 
formula (as given in Equation (1)), the average size of the crystals of 
DEDA and DEDAM are calculated as 27 and 21 nm respectively.

D = 0.9 λ/(β cos θ)               (1)

Where D is the size of the crystal, λis the wavelength of the 

radiation,(=1.5418 Å), θ is the diffraction angle, and β is the broadening 
factor (half width measured at half its maximum intensity).

309 ORTEP diagram with atom numbering scheme for this 
cocrystal depicted in Figure 5 and the packing diagram of the same 
depicted in Figure 6. The crystal structures data is available in Table 
1. The flexibility at the central - CH2-CH2-spacer and an intern 
molecular H-bonding influenced COOH-NH2 units are observed. 
while the intermolecular interaction bringing two molecules 
through the terminal carboxylic acid and amine into closer contact 
the carboxylate groups are locked with intermolecular H- bonding 

Figure 4: The -Xray Diffraction Pattern of the (a) DEDA and (b) DEDAM.

Figure 5: ORTEP Diagram of the DEDAM with 50% probability for the 
thermal ellipsoid.

Figure 6: Packing diagram of DEDAM.

Figure 7: UV-Visible absorption spectra for the inclusion complexationof 
DEDAM with β-CD.

Molecular formula C48 H25 N24 O20

Formula weight 1257.92

Crystal system Monoclinic

Space group 'C c'

Unit cell dimensions a = 6.7593(10)A   alpha = 90 deg.

b = 20.286(3)A    beta = 90 deg.

c = 42.625(7)A   gamma = 93deg.

Volume 5835.16 A^3

Z 4

Density (calculated) 1.432 Mg/m^3

Absorption coefficient 0.116 mm^-1

Table1:  Crystal data for DEDAM.
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interaction with almost parallel with little twist on the corresponding 
phenyl rings are oriented almost perpendicular. Supramolecular 
assembly through N-H…O Hydrogen bonding interactions plays 
important role in building the cocrystal structure. Functional groups 
involved in hydrogen bindings are amine, acid and ester .Water 
molecules are encapsulated in crystal lattice. Hydrogen bonding is 
the driving force for co crystal formation.

Binding of Deda and its Melamine cocrystal, Dedam  with 
β- Cyclodextrin

The inclusion complexation of Melamine with β-cyclodextrin (β-
CD) was characterized by UV-Visible adsorption spectroscopy. The 
concentration of Melamine was fixed at 1×10-3, M.

The addition of β-CD from 0 M to 0.8 ×10-2 M results into the 
enhancement in the absorbance of Melamine in the absorption 
maximum λmax of 275 nm. The absorption maximum which is not 
prominent in the absence of β-CD became prominent considerably 
with the addition of   β-CD. This shows the interaction of Melamine 
with β-CD.

In the case of the interaction of diesterdicarboxylic acid with 
β-CD, the concentration of DCA is fixed at 1×10-3, M. The addition 
of β-CD from 0, M to 1×10-2 M results into the decrease in the 
absorbance of DEDA in the absorption maximum λmax of 278 nm 
(Figure 7). The absorption maximum is prominent in the absence 
of β-CD. In the presence of β-CD, DEDA shows more prominent 
band with the increase in the concentration of β-CD. This shows 
the interaction of DCA with β-CD. The cocrystal (3.41×10-4 M) also 
interacted with β-CD which exhibited increase in the absorbance of 
cocrystal ( figure 8). The change in the absorbance of cocrystal shows 
the interaction of the molecules present in cocrystal with β-CD. The 
absorption maximum is observed at 279 nm for the cocrystal.

SEM images of DEDA-β-CD, Melamine-β-CD and DEDAM-β-
CD inclusion complexes are shown in Figure 9. It shows the difference 
in the surface morphology of the inclusion complex with respect to 
DEDA, Melamine and DEDAM co-crystal. The structures are more 
ordered in the case of DEDAM cocrystal. 

Conclusion
Hydrogen bonding is the driving force for the co-crystal formation. 

The functional groups involved in hydrogen bonding interactions 
are amine, acid and ester groups. Supramolecular assembly through 
N-H…O hydrogen bonding interactions between amine hydrogen 
atom of Melamine and oxygen atom of carboxylic acids plays a role in 
building the diesterdicarboxylic acid-Melamine co-crystal structure. 
It is found that the water molecules are encapsulated in crystal lattice.  
The average crystallite size of DEDAM is calculated as 21 nm. The 
host-guest inclusion complexation of diesterdicarboxylic acids, 
melamine and their co crystals with β- cyclodextrin is explored.
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