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Abstract 

The present study focuses on the kinetics of the Knoevenagel condensation reaction be-

tween 7-methoxy-1-tetralone (1) and glyoxylic acid (2), catalyzed by potassium tert-butox-

ide in tert-butanol as a solvent, using a batch-type system under nitrogen atmosphere. The 

objective of this study was to synthesize the product (E)-2-(7-methoxy-1-oxo-3,4-dihy-

dronaphthalen-2(1H)-ylidene) acetic acid (3). The reaction was conducted under con-

trolled temperature conditions (65 °C, 75 °C and 85 °C), considering five specified time 

intervals to monitor its progress by thin layer chromatography (TLC) and high-perfor-

mance liquid chromatography (HPLC). The kinetic data obtained was analyzed through 

three different mathematical methods: integral, differential, and nonlinear regression 

method, in order to determine the most suitable kinetic model. Applying the power law, 

the findings indicated that the pseudo-second order model, which was estimated via non-

linear regression, showed the best fit with the experimental data, characterized by mini-

mal discrepancy between the calculated and observed values. The kinetic constants (k) 

obtained at temperatures of 65 °C, 75 °C and 85 °C were 0.89, 1.77 and 3.42 mL mmol−1 

min−1, respectively. The pre-exponential factor (A) was calculated to be 2.194 × 1010 mL 

mmol−1 min−1, and the activation energy (Ea) was determined to be 67.22 kJ mol−1. The 

product yield at these temperatures was 17.01%, 81.40% and 72.59%, respectively. The 

final product was characterized by GC-MS, FTIR, and UV-Vis. In conclusion, the kinetic 

study of the reaction was able to determine the optimal Knoevenagel condensation reac-

tion conditions between (3) and (2) catalyzed by potassium tert-butoxide, and to facilitate 

understanding of the mechanism involved. 
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1. Introduction 

1-Tetralones are compounds widely used as raw materials in organic synthesis due 

to their molecular versatility for the design of molecules with applications in various in-

dustrial fields. In particular, 7-Methoxy-1-tetralone stands out for its pharmacological ac-

tivity and as an intermediate in the synthesis of compounds such as dyes, pesticides, 
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among others [1–3]. Based on this evidence, the present study aimed to investigate the 

kinetics of the Knoevenagel condensation reaction between 7-Methoxy-1-tetralone (1), 

glyoxylic acid (2), and potassium tert-butoxide as a catalyst. The reaction was carried out 

at three temperatures (65, 75, and 85 °C), monitoring the progress over time using TLC 

and HPLC for the production of (E)-2-(7-Methoxy-1-oxo-3,4-dihydronaphthalen-2(1H)-

ylidene)acetic acid (3). The experimental results allowed for the identification of the ki-

netic parameters of the reaction and the mathematical models that best fit and maximize 

the yield. Figure 1 shows the general reaction. 

 

Figure 1. Knoevenagel condensation reaction to obtain (3). 

2. Materials and Methods 

2.1. Materials 

All reagents used were purchased from Sigma Aldrich. 7-methoxy-1-tetralone (99%, 

CAS: 6836-19-7), freshly distilled tert-butanol (99%, CAS: 75-65-0), potassium tert-butox-

ide (98%, CAS: 865-47-4), glyoxylic acid (98%, CAS: 563-96-2), chloroform (99.5%, CAS: 

67-66-3), methanol (99.9%, CAS: 64-56-1), glacial acetic acid (99%, CAS: 64-19-7), and eth-

anol (96%, CAS: 64-17-5) were used. 

2.2. Synthesis and Characterization 

The reaction was carried out in a batch system under a nitrogen atmosphere. In a 

three-neck flask equipped with a thermometer, connectors, and a condenser, the reactants 

(1) (50 mg, 0.292 mmol) were dissolved in 60 mL tert-butanol, stirred at 600 rpm and 

heated to 50 °C for 10 min. Next, 180 mg (1.664 mmol) of tert-BuOK was added as a catalyst 

and maintained under stirring for 10 min. Subsequently, the monohydrate of glyoxylic 

acid (160 mg, 2.16 mmol) was added at this temperature. (2) The mixture was heated in 

an oil bath at the study temperatures (65, 75 and 85 °C) with constant stirring at 600 rpm. 

The conversion was monitored using thin-layer chromatography (TLC) (chloroform; 

methanol; glacial acetic acid 9; 0.9; 0.5) and high-performance liquid chromatography 

(HPLC) (UV-vis in ethanol [λmax (nm)]: 260) at defined time intervals (Figure 2). The final 

product (3) was recrystallized in ethanol, yielding yellow crystals. 
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Figure 2. Experimental setup. 

Characterization was performed using Fourier-transform infrared spectroscopy 

(FTIR) with a Perkin-Elmer Spectrum Two spectrometer, covering a range of 500 to 4000 

cm−1. UV-Vis spectra were recorded using an Agilent Technologies Cary 60 spectrometer. 

Reaction monitoring and concentration data were obtained using an Agilent Technologies 

1260 Series Infinity HPLC, employing a 150 × 4.6 mm RP-18 column. Finally, gas chroma-

tography coupled with mass spectrometry (GC-MS) was conducted using an Agilent 

Technologies 5977E MSD (NIST 2014). Reaction monitoring was carried out via thin-layer 

chromatography (TLC) using silica plates with a mobile phase of chloroform, methanol, 

and glacial acetic acid in the ratios of 9:0.9:0.5. Product purification was achieved through 

recrystallization in ethanol. 

The kinetic data were analyzed using the following mathematical methods: integral, 

differential, and nonlinear regression. 

3. Results and Discussion 

The unsaturated acid (3) was obtained under experimental conditions at a tempera-

ture of 75 °C over a period of 28 h, with a total yield of 81.40%. In contrast, at temperatures 

of 65 °C and 85 °C, the yields were 17.01% and 72.59%, respectively, and total conversion 

was not achieved. 
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In Figure 3, the monitoring of the reaction by TLC at the three studied temperatures 

is shown. It can be observed that at 75 °C, after 28 h of reaction, only compound (3) is 

detected, while at 85 °C, high conversion occurs within 6 h. At the temperature of 85 °C. 

In Figure 4, the monitoring of the condensation reaction by HPLC under the conditions of 

T = 75 °C (t = 0, 6, and 28 h) is presented, clearly and quantitatively illustrating the for-

mation of compound (3). 

 

Figure 3. Reaction monitoring using TLC. 

 

Figure 4. Monitoring of the condensation reaction by HPLC to obtain (3) at the conditions of T = 75 

°C (t = 0, 6 and 28 h). 

The characterization of the unsaturated acid compound (3) was conducted using 

FTIR (Figure 5), GC-MS (Figure 6), and UV-Vis spectroscopy, providing detailed infor-

mation about its structure and purity. In this GC-MS analysis, the mass fragmentation 

corresponding to the product, which is 214 g mol−1, is observed. Two significant signals 

are identified in the chromatogram: the first, with a retention time of 12.943 min, repre-

sents an intermediate compound or a possible impurity, while the second, with a more 

abundant signal at 17.230 min, corresponds to the product (3). 
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Figure 5. Characterization of (3) via FTIR. 

 

Figure 6. Characterization of product (3) by GC-MS. 

The kinetic study showed that the model that best fitted was the pseudo-second order 

model, determined through nonlinear regression, with a rate constant of 1.77 mL mmol−1 

min−1 a 75 °C. The calculated activation energy was 67.22 kJ mol−1, and the pre-exponential 

factor was 2.19 × 1010 mL mmol−1 min−1, indicating that the reaction is favorable (see Table 

1). In Figure 7, the degree of conversion of reactant (1) to product (3) as a function of time 

at various temperatures is presented. 
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Table 1. Results of the kinetic parameters. 

Parameters 1 2 3 

Temperature [°C] 65 75 85 

Time [h] 28 28 6 

Yield [%] 17.01 81.40 72.59 

Reaction Order [α] 2.01 2.05 2.00 

k [mL mmol−1 min−1]α−1 0.89 1.77 3.42 

Ea [kJ mol−1] 67.22 

A [mL mmol−1 min−1]α−1 2.19 × 1010 

 

Figure 7. Conversion to (3) as a function of time at various temperatures. 

4. Conclusions 

The synthesis of (E)-2-(7-methoxy-1-oxo-3,4-dihydronaphthalen-2(1H)-ylidene)ace-

tic acid (3) was achieved through the Knoevenagel condensation of 7-methoxy-1-tetralone 

with glyoxylic acid using tert-BuOK at a temperature of 75 °C, yielding 81.40%. The kinetic 

analysis allowed us to conclude that the reaction follows a pseudo-second order model. 

The results obtained provide valuable information about the kinetics of this reaction and 

establish a foundation for future studies in the synthesis and evaluation of derivatives 

with potential biological activity. 
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