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ABSTRACT 

(2E,5E)2,5-Bis(3R,5R-4-hydroxy benzylidene)cyclopentanone (BHCP: R=H and BrBHCP: 

R=Br) was synthesized by reacting 4-hydroxybenzaldehyde with cyclopentanone using boric acid (in 

hydrochloric acid) as a catalyst at 60-70 °C for 1h. BHCP was brominated in glacial acetic acid at reflux 

temperature for 1h. The structures of BHCP and BrBHCP were supported by spectral techniques: UV-

Visible, FTIR, 1HNMR, 13CNMR, and MS. DSC analysis did not show distinct melting transitions which 

means they started decomposing before their melting points. BHCP and BrBHCP followed two-step 

degradation kinetics with fractional order degradation reactions. BHCP displayed much more thermal 

stability than Br BHCP. High magnitudes of the energy of activation indicated their rigid nature. 
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1.  INTRODUCTION 

 

In the literature, lots of work has been reported on the synthesis of chalcone-based 

bioactive molecules [1-16]. They find their applications in the treatment of viral disorders, 

cardiovascular diseases, parasitic infections, pain, gastritis, and stomach cancer. They find their 

usefulness as food additives and cosmetic ingredients, artificial sweeteners, scintillators, 

polymerization catalysts, fluorescent whitening and brightening agents, and stabilizers against 
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heat, visible light, ultraviolet light, and aging. Keeping in mind the properties of the chalcones, 

we synthesized new photo-sensitive monomers for the synthesis of specialty high-performance 

polymers. To the best of our knowledge, no report has been found on (2E,5E)2,5-bis(3R,5R-4-

hydroxy benzylidene)cyclopentanone, The present work reports synthesis, the spectral and 

thermal study of the said compounds. 

 

 

2.  MATERIALS AND METHODS 

2. 1. Materials 

All the chemicals and solvents used in the present work were of LR grade and were used 

as received. 4-Hydroxybenzaldehyde was supplied by Spectrochem Pvt. Ltd. Mumbai. Boric 

acid (99.5%) was supplied by Allied Chemical Corporation, Vadodara. Hydrochloric acid 

(37%) was supplied by RENKEM and cyclopentanone was supplied by Sisco Pvt. Ltd. Mumbai. 

 

2. 2. Synthesis of monomers 

Synthesis of (2E,5E)2,5-bis(4-hydroxy benzylidene)cyclopentanone 

(2E,5E)2,5-bis(4-hydroxy benzylidene)cyclopentanone was synthesized by condensing  

0.5 mol cyclopentanone with 1.0 mol 4-hydroxybenzaldehyde using 1.0 mol boric acid in 500 

mL hydrochloric acid as a catalyst at 60-70 °C for 1 h. The product was isolated from chilled 

water. The green-colored product was filtered, washed well with hot distilled water, sodium 

bicarbonate solution, and finally with boiling water and dried in an oven at 50 °C. The product 

was crystallized three times from the THF-Hexane system to get pure green powder. The yield 

was 83 % and highly soluble in common organic solvents namely N, N’-dimethylformamide, 

dimethylsulfoxide, tetrahydrofuran, 1,4-dioxane, etc. Hereafter (2E,5E)2,5-bis(4-hydroxy 

benzylidene)cyclopentanone is designated as BHCP. The reaction scheme is shown as under. 

 

 
Scheme 1. Synthesis of (2E,5E)2,5-bis(4-hydroxy benzylidene)cyclopentanone 

 

 

Synthesis of (2E,5E)2,5-bis(3, 5-dibromo-4-hydroxy benzylidene)cyclopentanone 

A 250 mL three-neck round-bottomed flask was equipped with a mechanical stirrer, a 

condenser, and an ice bath. To this flask, 0.05 mol of BHCP and 100 mL glacial acetic acid 

were transferred and stirred well to get a homogeneous solution. To this solution, 0.25 mol of 

bromine in 40 mL glacial acetic acid was added dropwise with stirring. After the addition of 

bromine solution entire assembly was shifted into an oil bath. The reaction mass was refluxed 
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for 1h and cooled to room temperature. The product was isolated from water, filtered, washed 

well with hot water, and dried in an oven at 50 °C. The product was crystallized three times 

from the THF-Hexane system to get pure light brown powder, which is soluble in common 

solvents namely N,N’-dimethylformamide, chloroform, tetrahydrofuran, 1,4-dioxane, 

methanol, etc. The yield was 90 % and mp 157 °C. Hereafter (2E, 5E)2,5-bis(3,5-dibromo-4-

hydroxy benzylidene)cyclopentanone is designated as BrBHCP. The reaction scheme is shown 

below. 

 

 
 

Scheme 2. Synthesis of (2E, 5E)2,5-bis(3, 5-dibromo-4-hydroxy benzylidene)cyclopentanone 

 

 

2. 3. Characterization methods 

Ultraviolet-Visible (UV-Vis.) spectra of BHCP and BrBHCP in THF were scanned on a 

Shimadzu UV1700 over the wavelength range from 250-500 nm. The FTIR spectra were 

acquired on a Shimadzu 1S-IR affinity FTIR spectrometer over the frequency range from 4000-

600 cm-1. The 1HNMR and 13CNMR spectral measurements were made on a Bruker AVANCE 

II (400MHz) spectrometer by using DMSOd6 as a solvent and TMS as an internal standard. 

Differential Scanning Calorimetric (DSC) measurements were made on a Shimadzu DSC-60 at 

a 10 °C min-1 heating rate in a nitrogen atmosphere (flow rate 100 mL min-1) over the 

temperature range from room temperature to 400 °C. The known mass of the samples was taken 

in aluminum pans, covered by empty aluminum lids, and sealed using a crimper. Thermo 

Gravimetric (TG) thermograms were scanned on a Shimadzu DTG60 at a 10 °C min-1 heating 

rate in a nitrogen atmosphere (flow rate 100 mL min-1) over the temperature range from room 

temperature to 700 °C.  

 

 

3.  RESULTS AND DISCUSSION 

 

The reaction schemes are shown in Schemes 1 and 2 and the detailed experimental 

procedures of the monomers are described in the corresponding synthetic sections. The 

structure of the monomers is supported by various spectral techniques as described below. 

 

3. 1. Spectral analysis 
 

The structure of the monomers is supported by various spectral techniques as described 

below. 
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UV-Visible spectral analysis 

UV-Vis spectra of BHCP and BrBHCP in THF are shown in Figure 1. BHCP and 

BrBHCP showed two absorption peaks at 246 and 380 nm (BHCP) and 290 and 336 nm 

(BrBHCP). BrBHCP showed a considerable redshift over BHCP. These absorption peaks are 

assigned as →* and n→* transitions due to the presence of double bonds and lone pairs of 

electrons on the oxygen atom, respectively. 

 

FTIR spectral analysis: FTIR spectra (KBr) of BHCP and BrBHCP are presented in Figure 2. 

Characteristic IR absorption frequencies (cm-1) are assigned as follows:  

 

BHCP: 3298.38 (O-H str.), 2916.47 (C-H str.), 1666.55 (C=O str.), 1597.11, 1566.25, and 

1512.24 (C=C str.), 1386.86 (C-H def.), 1265.35 and 1249.61 (O-H def.) and 1168.90 (C-O str. 

and C-H ipd), 987.59, 927.79, 837.13 and 700.18 (C-H oopd) and 651.96 (C-H def., alkene). 

 

BrBHCP: 3475.84 (O-H str.), 2953.12 (C-H str.), 1755.88 (C=O str.), 1591.33, 1562.39, and 

1475.59 (C=C str.), 1410.01 (C-H def.), 1327.07 and 1278.92 (O-H def.), 1161.19 (C-O str. 

and C-H ipd), 947.08, 927.79, 895.00, 875.71 and 750.33 (C-H oopd) and 688.61 (C-Br str.). 

IR spectral data confirmed the expected stretching and bending vibration frequencies of both 

compounds. 

 
1HNMR and 13CNMR spectral analysis: 1H NMR and 13CNMR spectra of BHCP and 

BrBHCP in DMSO-d6 are shown in Figures 3 and 4, respectively. The spectral data are 

interpreted as under. 

 

BHCP: 1HNMR chemical shifts (ppm) of different types of protons, their multiplicities, and 

coupling constant (J) are assigned as follows: 3.010 [s, 4H(c)], 6.881-6.903 [d, 4HArH(g), 

J=8.4], 7.351 [s, 2H(d)], 7.534-7.556 [d, 4HArH(f), J=8.4], 10.083 [s, 2H(i)]. 

 

BrBHCP: 13CNMR chemical shifts (ppm) of different types of carbon atoms are assigned as 

follows: 25.89 (c), 115.88 (g), 126.61 (e), 132.33 (f), 132.69 (d), 134.51 (b), 158.92 (h), 194.83 

(a). 

 

Mass spectral analysis 

The mass spectra of BHCP and BrBHCP are displayed in Figure 5. Important mass 

fragments (m/z )are listed as follows: 

 

BHCP: 294 (M+2), 293 (M+1), 292 (M+), 291 (M-1), 290 (M-2), 275, 197, 185, 157, 147, 146, 

142, 132, 131, 115, 107, 102, 91, 77, 63 and 44. 

 

BrBHCP: 607 (M+2), 606 (M+1), 605 (M+), 604 (M-1), 526, 418, 355, 344, 331, 314, 288, 

279, 264, 251, 229, 211, 183, 170, 160, 144, 100, 80, 63 and 44. 

FTIR spectral examination furnished expected stretching and bending vibrations in BHCP 

and BrBHCP. 1HNMR and 13CNMR spectral analysis revealed the expected number of protons 

and carbon atoms in the compounds. The mass spectral analysis supported the molecular masses 

of  BHCP and BrBHCP. 



World Scientific News 174 (2022) 161-176 

 

 

-165- 

 
(A) 

 
(B) 

Figure 1(A,B). UV-Vis spectra of 10-4 % BHCP and BrBHCP in THF. 
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(A) 

 
(B) 

Figure 2(A,B). FTIR (KBr) spectra of BHCP and BrBHCP. 
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(A) 

 
(B) 

Figure 3(A,B). 1HNMR (400 MHz) spectra of BHCP and BrBHCP in DMSO-d6. 

 

BHCP 

BrBHCP 
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(A) 

 
(B) 

Figure 4A,B). 13C NMR (400 MHz) spectra of BHCP and BrBHCP in DMSO-d6. 

 

BrBHCP 

BHCP 
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(A) 

 

 

BHCP 
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(B) 

Figure 5(A,B). Mass spectra of BHCP and BrBHCP. 

 

BrBHCP 



World Scientific News 174 (2022) 161-176 

 

 

-171- 

3. 2. Thermal analysis  

 
(A) 

 
(B) 

Figure 6(A,B). DSC thermograms of BHCP and BrBHCP at the heating rate of 10 °C min-1 in  

a nitrogen atmosphere. 
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(A) 

 
(B) 

Figure 7(A,B). TG-DTG thermograms of BHCP and BrBHCP at the heating rate  

of 10 °C min-1 in a nitrogen atmosphere. 
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DSC thermograms of BHCP and BrBHCP at the heating rate of 10 °C min-1 in a nitrogen 

atmosphere are depicted in Figure 6. BHCP started decomposing at about 275 °C before its 

melting transition. BrBHCP showed one endothermic transition centered at 199.17 °C. This 

transition is probably due to debromination and confirmed by weight loss at the temperature in 

its TG thermogram. 

TG Thermograms of BHCP and BrBHCP at the heating rate of 10oC min-1 in a nitrogen 

atmosphere is given in Figure 7. Initial decomposition temperature (To), decomposition range, 

% weight loss, and temperature of maximum weight loss (Tmax) are reported in Table 1. BHCP 

is thermally stable up to 300 °C and followed two-step degradation reactions, which resulted in 

a distorted sigmoidal TG curve with 49% residues at 700 °C. BrBHCP is thermally stable up to 

193 °C and followed by distinct two-step degradation reactions with 21% residues at 700 °C. 

Bromination of BHCP resulted in much lowering in its thermal stability. 

 

Table 1. Thermal and kinetics parameters of BHCP and BrBHCP. 

 

T0, 
o C 

Decomp. 

Range, °C 

Tmax, 

°C 

Wt. loss, 

% 

Ea, 

kJ mol-1 
n 

A, 

s-1 
S*, 

JK-1 mol-1 
R2 

BHCP 

300 300-600 332.5 42.6 196.2 1.37 8.98 × 1014 35.5 0.968 

BrBHCP 

193 
193-206 

300-600 

198 

333 

31.2 

20.2 

171.3 

79.8 

0.53 

2.66 

1.51 × 1017 

3.3 × 104 

80.1 

-164.3 

0.956 

0.951 

 

 

Associated kinetic parameters such as the order of the reaction (n), the energy of 

activation (Ea), and frequency factor (A) were determined according to Anderson – Freedman 

method [17]: 

 

∆𝑙𝑛
𝑑𝑤

𝑑𝑡
= 𝑛∆𝑊 − (

𝐸𝑎

𝑅
) ∆ (

1

𝑇
 ) … (1)  

 

𝐴 =  
𝐸𝑎𝛽

𝑅𝑇2
 𝑒

𝐸𝑎
𝑅𝑇⁄  … (2) 

 

∆S∗ = R ln 
Ah

kT
 … (3) 

 

where dw/dt is the rate of decomposition, W is the active mass, β is the heating rate, R is the 

gas constant, h is Planck's constant, T is the temperature and k is the Boltzmann constant.  

The least-squares values of the above-mentioned parameters along with regression 

coefficients (R2) are reported in Table 1. Both compounds showed high energy of activation. In 
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the case of BrBHCP, the energy of activation is more than two times that of the first-step 

reaction. High values of Ea indicated the rigid nature of both compounds. By theory, the larger 

the Ea larger is the A and a similar fact is observed in the present case. BHCP (1.37) and 

BrBHCP (0.53 and 2.66) followed fractional-order degradation kinetics. The entropy change 

ΔS* was determined at the corresponding Tmax and also reported in Table 1.  

The large and positive values of ΔS* signified that the transition state is in a less orderly 

state than the original reactant and vice versa [18, 19]. Degradation of the material is a complex 

reaction and involves a variety of reactions such as rearrangement, branching, cross-linking, 

recombination, etc. C=O, C-OH, C-Br, and pendant C-C bonds are weak linkages in the 

molecules. Generally, degradation proceeds from weak linkages in the molecule and leads to 

the formation of free radicals and the release of low molecular mass substances. The formed 

free radicals may undergo all possible reactions and further degrade at high temperatures. 

BHCP(49%) and BrBHCP (21%) showed considerably large residues at 700 °C indicating the 

formation of cross-linked products. 

 

 

4.  CONCLUSIONS 

 

(2E,5E)2,5-bis(3R,5R-4-hydroxy benzylidene)cyclopentanone was synthesized and 

characterized by spectral and thermal techniques. BHCP is more thermally stable than BrBHCP 

and followed fractional-order degradation kinetics. The considerably large residue (21-49%) at 

700 °C indicated the formation of cross-linked products. 
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