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1.! Introduction 
The organic synthesis has become a widely used technique in some of the thrust areas such as drug 

discovery and drug development processes. Where, structural diversity of compounds is crucial for the small 
molecule library design intended for high throughput screening against macromolecular targets in lead 
identification and subsequent lead optimization process [1]. To meet this increasing demand, the efficiency of 
chemistry is considered to be the most preferred rapid procedure for the creation libraries.  

Due to polar functional groups formation,water-soluble di-carboxylic acids organic material, including 
diphenyl groups, diether part were determined as the most abundant organic aerosol (OA) compounds [2].  
The di-carboxylic acid and its derivatives are very important, for example, diamides of di-carboxylic can be 
used as a new class of material for insecticides against lepidopteron insects [2-6]. The diamides of di-carboxylic 
were effective in animal models ofasthma, inflammation,cancer and infective [4].  

In this context, and as a part of our on-going research on such molecules, we have made an attempt to 
synthesize [3-9] a dimer of para-hydroxyl-benzaldehyde, and its structure was confirmed by X-ray diffraction 
studies. Further DFT and Hirshfeld analyses were carried out in order to optimized and understand the inter-
molecular interactions of the molecule. 

 
2. Experimental 
2.1 Materials and method 
The melting points were measured on a Boetius-Mikroheiztisch the company “VEB” weighing. 
RapidoRadebeul/VEB NAGEMA. TLC was used for monitoring the reaction mixture which is aluminium foil 
fluorescent indicator from Merck KGaA (silica gel 60 F254, layer thickness 0.2 mm). Rf -values (run level 
relative to the solvent front).   
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Abstract 
 
In the present work, an efficient method to dimerize the parahydroxybenzaldehyde 
using two carbon linker 1,2-dibromo ethane is reported. The synthetic scheme was 
optimized to get good yields and the product was purified to get good quality crystals. 
Further, the molecular structure was confirmed by single crystal X-ray diffraction 
studies. The 4,4'-(ethane-1,2-diylbis(oxy))dibenzoic acid crystallizes in the monoclinic 
crystal system, in C2/c space group with unit cell parameters, a = 16.233(6) Å, b = 
11.448(4) Å, c = 7.920(3) Å, β = 115.597(13)° and Z = 4. The crystal structure of the 
title compound exhibits π···π and C—H···π interactions and contributes to the structural 
stability. Further, the DFT-structure optimization and Hirshfeld surface analysis were 
performed for the structure of the desired compound; fingerprint plot reveals the 
percentage contribution from each individual molecular contact, and it shows that the 
H···H interactions has the major contribution (30.8%).  
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2.2 Synthesis of dimer of p-hydroxybenzaldehyde 
1,2-Dibromo ethane (1 mmol), K2CO3, acetone was stirred at 35-40 °C for 36 h. Two units of p-
hydroxybenzaldehyde(2 mmol)were inter linked using 1,2-dibromo ethane by taking proportionately more 
amounts of p-hydroxybenzaldehyde using K2CO3 as base and dry acetone as solvent to form the product as 
according to the Scheme 1(44 %).   
 
2.3 Synthetic Procedure and crystallisation 

Four equivalents of p-hydroxybenzaldehyde were taken in a flat bottomed flask containing four 
equivalents of finely powdered anhydrous potassium carbonate and sufficient quantity of dry acetone was added 
to dissolve p-hydroxybenzaldehyde. The solution was allowed to stir for 1 h. One equivalent of 1,2-dibromo 
ethane was added to this. A condenser and a calcium chloride guard tube were then fitted and stirring was 
continued for about 35 h at 35-40 °C. The reaction was monitored through TLC using 10% ethyl acetate and 
pet.ether as mobile phase. After the completion of the reaction, the mixture was allowed to cool and the acetone 
was evaporated. The resulting solid was suspended in sufficient quantity of water and extracted three times with 
ethyl acetate in a separating funnel. The ethyl acetate layer was washed thrice with 10 % sodium hydroxide 
solution. The resulting ethyl acetate layer was washed with brine solution and dried over anhydrous sodium 
sulphate to yield crude solid product. The crude product was separated from the mono substituted product by 
column chromatography using 5% ethyl acetate in pet ether as mobile phase over silica gel to yield fine needle 
shaped crystals of the product (44 %). 

 
Scheme 1: Schematic diagram of the 4,4'-(ethane-1,2-diylbis(oxy))dibenzoic acid. 

 
2.4.Single crystal X-Ray diffraction studies 

Needle shaped defect free single crystal of approximate dimension 0.33×0.28×0.24 mm was chosen for 
X-ray diffraction studies. X-ray intensity data for the title compound were collected at temperature 293 K on 
RigakuXtaLAB Mini diffractometer with X-ray generator operating at 50 kV and 12 mA, using MoKα radiation 
of wavelength 0.71073 Å.Data were collected with χ fixed at 54° and for different settings of φ(0° and 360°), 
keeping the scan width of 0.5°, exposure time of 3 s, the sample to detector distance of 50 mm. The compound 
C16H14O6crystallized in the monoclinic crystal system, inC2/cspace group. The complete intensity data sets were 
processed usingCRYSTAL CLEAR [10]. All the frames could be indexed by using a primitive monoclinic lattice. 
The crystal structure was solved by direct method and refined by full-matrix least squares method on F2 using 
SHELXS and SHELXL programs [11]. The details of the crystal data and structure refinement are as given in 
Table 1.  All the non-hydrogen atoms were refined anisotropically and the hydrogen atoms were positioned 
geometrically, with C-H = 0.93 – 0.97 Å and refined using a riding model with Uiso(H) = 1.2 Ueq(C), Uiso(H) = 
1.5 Ueq(Cmethyl). A total of 101 parameters are refined with 1476 unique reflections of 3675 observed reflections. 
After several cycles of refinement, the final difference Fourier map showed peaks of no chemical significance 
and the residual is saturated to 0.1252. The geometrical calculations were carried out using the program 
PLATON [12]. The molecular and packing diagrams were generated using the software MERCURY [13].  

 
3. Results and discussion 

Single crystal X-ray diffraction and DFT-analysis confirms the molecular structure of the title 
compound C16H14O6. The XRD-ORTEP and DFT-B3LYP/6-311++G(d) DFT-optimized diagrams of the 
complex are presented in Figure 1. Selected XRD and computed bond lengths and angles are illustrated in Table 
2. The list of torsion angles is given in Table 3.   

The XRD and DFT reflected the molecule as non-planar. The crystal structure showed the inversion 
dimers are connected by the c-c bond and are almost perpendicular to each other which is indicated by the 
torsion angle values of −73.9(4)° for O2-C1-C1-O2. The torsion angle values of −179.7(4)° and 179.9(4)° for 
C4-C5-C6-C9 and C9-C6-C7-C8 confirms that the substituted COOH functional group to the phenyl ring is in 
the same plane of the ring. The structure exhibits C–H···πinteractions; C(4)–H(4)···Cg1 (Cg1 is the centroid of 
the ringC3/C4/C5/C6/C7/C8), with a C—Cg distance of 3.7491 Å, H···Cg distance of 2.92  Å,C—H···Cg angle 
of 150°, and with a symmetry code X,-Y,-1/2+Z. The molecular structure is also involving π···πstacking 
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interactions; Cg(1)—Cg(1) with  Cg—Cg distance of 3.7197 Å and symmetry code 1/2-X,1/2-Y,-Z . These 
interactions contribute to the structural stability. The packing of the molecules viewed along b and c-axis are as 
shown in Figure 2. 

 

Table 1: Crystal data and structure refinement details 
Parameter Value 
CCDC No. 1811804 

Empirical formula C16H14O6 

Formula weight 302.27 
Temperature 293 K 
Wavelength 0.71073 Å 

Crystal system, space group Monoclinic, C2/c 
Unit cell dimensions a= 16.233(6) Å, b = 11.448(4) Å 

c = 7.920(3) Å, α = 90 o 

β = 115.597(13) o,γ = 90o Volume 1327.4(9) Å 3 

Z 4 
Density (calculated) 1.513 Mg m −3 

Absorption coefficient 0.117 mm −1 

F000 632 
Crystal size 0.33 × 0.28 × 0.24 mm 

θ range for data collection 3.13o to 27.48o 

Index ranges −9 ≤ h ≤ 21, −13 ≤ k ≤ 14, −10 ≤ l ≤ 10 
Reflections collected 3675 

Independent reflections 1471 [R int = 0.0889] 
Absorption correction multi-scan 
Refinement method Full matrix least-squares on F2 

Data / restraints / parameters 1476/ 0 / 101 
Goodness-of-fit on F2 1.091 

Largest diff. peak and hole 0.477 and −0.538 e Å -3 

 

 
Figure 1. ORTEP of the molecule with thermal ellipsoids drawn at 50% probability. 
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Table 2:Selected DFT and XRD angles and bond lengths. 
Bond 
no.!

Bond type 
!

DFT![Å]!
!

XRD![Å]!
!

Angle  
no.!

Angle type 
!

XRD!(o)!
!

DFT!(o)!
!

1! O1! C7! 1.3582! 1.367! 1! C3! O2! C1! 117.7! 119.22!
2! O1! C14! 1.4227! 1.423! 4! C7! C8! C3! 119.9! 120.18!
4! C2! C4! 1.381! 1.372! 6! C8! C7! C6! 120.8! 120.91!
5! C2! C7! 1.403! 1.389! 8! C7! C6! C5! 119.1! 118.44!
7! C4! C6! 1.4037! 1.388! 9! C7! C6! C9! 119.9! 117.92!
8! C6! C8! 1.3963! 1.399! 10! C5! C6! C9! 121! 123.59!
9! C6! C12! 1.4949! 1.481! 11! O2! C3! C8! 115.5! 115.7!
10! C7! C10! 1.398! 1.384! 12! O2! C3! C4! 124.2! 124.64!
12! C8! C10! 1.3934! 1.387! 13! C8! C3! C4! 120.3! 119.65!
14! C12! O13! 1.201! 1.25! 15! C6! C5! C4! 120.2! 121.3!
15! C12! O17! 1.363! 1.3! 17! C3! C4! C5! 119.7! 119.5!
18! C14! C32! 1.5104! 1.52! 20! C6! C9! O10! 123.1! 123.6!
20! O19! C25! 1.3582! 1.367! 21! C6! C9! O11! 121.7! 116.54!
21! O19! C32! 1.4227! 1.423! 22! O10! C9! O11! 113.8! 119.86!
23! C20! C22! 1.381! 1.372! 25! O2! C1! C1! 107.6! 107.91!
24! C20! C25! 1.403! 1.389! 30! C3! O2! C1! 117.7! 119.22!
26! C22! C24! 1.4037! 1.388! 33! C7! C8! C3! 119.9! 120.18!
27! C24! C26! 1.3962! 1.399! 35! C8! C7! C6! 120.8! 120.91!
28! C24! C30! 1.4949! 1.481! 37! C7! C6! C5! 119.1! 118.44!
29! C25! C28! 1.398! 1.384! 38! C7! C6! C9! 119.9! 117.92!
31! C26! C28! 1.3934! 1.387! 39! C5! C6! C9! 121! 123.59!
33! C30! O31! 1.201! 1.25! 40! O2! C3! C8! 115.5! 115.7!
34! C30! O35! 1.363! 1.3! 41! O2! C3! C4! 124.2! 124.64!

! ! ! ! !
42! C8! C3! C4! 120.3! 119.65!

! ! ! ! !
44! C6! C5! C4! 120.2! 121.3!

! ! ! ! !
46! C3! C4! C5! 119.7! 119.5!

! ! ! ! !
49! C6! C9! O10! 123.1! 123.6!

! ! ! ! !
50! C6! C9! O11! 121.7! 116.54!

! ! ! ! !
51! O10! C9! O11! 113.8! 119.86!

! ! ! ! !
52! C1! C1! O2! 107.6! 107.91!

 
Table 3: XRD torsion angles ( o). 

Atoms Angle Atoms Angle 

C3-O2-C1-C1 −172.1(3) C4-C5-C6-C7 −0.1(7) 

C1-O2-C3-C4 −3.7(5) C4-C5-C6-C9 −179.7(4) 

C1-O2-C3-C8 176.5(4) C5-C6-C7-C8 0.3(7) 

O2-C1-C1-O2 −73.9(4) C9-C6-C7-C8 179.9(4) 

O2-C3-C4-C5 178.2(4) C5-C6-C9-O10 166.3(6) 

C8-C3-C4-C5 −2.0(6) C5-C6-C9-O11 0.7(8) 

O2-C3-C8-C7 −177.9(4) C7-C6-C9-O10 −13.3(8) 

C4-C3-C8-C7 2.2(6) C7-C6-C9-O11 −178.9(6) 
C3/C4/C5/C6! 0.9(7)! C6-C7-C8-C3 −1.4(7) 
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Figure 2. The packing of the molecules when viewed down the b-axis (a) and c-axis (b). The dotted lines 
indicating the molecular interactions 

 
Good harmony between XRD and DFT data like angles and bond lengths were recorded as seen in 

Figure. Most of the experimental and calculated bonds are close in their values (Figure 3a). Very good matching 
between XRD and DFT angles are reported with R2 = 0.92, as illustrated in Figure 3b.  

 

 
Figure 3. (a) XRD vis. DFT-bonds lengths relations and (b) XRD-anglesvis.DFT-anglesgraphical correlation. 
 
Hirshfeld surface studies 

Hirshfeld surface analysis (HSA) is a computational tool, which helps to understand intermolecular 
forces apart from their graphical visualization. Analysis and calculations of the HSA were carried out and 
fingerprints were plotted using CrystalExplorer 3.0 program [10]. The dnorm plots were mapped with color scale 
in between −1.105 au (blue) to 0.901 au (red) respectively. The expanded 2D fingerprint plots [11, 12] were 
displayed in the range of 0.6–2.8 Å with the de and di distance scales displayed on the graph axes. diis the closest 
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internal distance from a given point on the Hirshfeld surface and de is the closest external contacts [13-16].The 
finger-print plots reveal the percentage contribution of intermolecular contacts to the surface which can be 
represented in terms of color codes. The H···H (30.8%) contacts has maximum and C···O (4.7%) has minimum 
contributions. Similarly the O···H (30.5%), C···H (19.9%), C···C (7.2%)and O···O (6.8%) contacts contribute 
to the total area of the surface as shown in Figure 4. These contacts are highlighted on the molecular surface 
using conventional mapping of dnorm, shape index and curvedness as shown in the Figure 5. The regions with red 
and blue color represent the shorter and longer inter contacts [16-24]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Fingerprint plots and corresponding surface area of the title compound. 

 
Figure 5. dnorm, , shape index and curvedness mapped on Hirshfeld surface visualizing the molecular contacts. 
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Conclusions 
The 4,4'-(ethane-1,2-diylbis(oxy))dibenzoic acidhas been synthesized and the single crystals were 

grown by the slow evaporation method usingethyl acetate in ether as a solvent. The molecular structure of the 
compound was confirmed by the single crystal X-ray diffraction studies, which revealed that the compound 
crystallized in the monoclinic crystal system, in C2/c space group. The crystal and molecular structure of the 
compound is stabilized by the π···π andC—H···πinteractions. The DFT-optimization structure was found to be 
consistent with the XRD solved one. The analysis of the Hirshfeld surface; fingerprint plots of the molecule 
confirms the presence of these interactions, the major share for the surface being from H···H (30.8%). 
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