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Abstract 

 

The works undertaken were to carry out kinetic studies of the reactions between 

triphenylphosphine, dialkyl acetylenedicarboxylates in the presence of NH-acid, such as 

2-acetylpyrrole or 2-pyrrolecarbaldehyde. To determine the kinetic parameters of the 

reactions, they were monitored by UV spectrophotometery. The second order fits were 

automatically drawn and the values of the second order rate constant (k2) were calculated 

using standard equations within the program. At the temperature range studied the 

dependence of the second order rate constant (Ln k2) on reciprocal temperature was in 

agreement with Arrhenius equation. This provided the relevant plots to calculate the 

activation energy of all reactions. Furthermore, useful information were obtained from 

studies of the effect of solvent, structure of reactants (different alkyl groups within the 

dialkyl acetylenedicarboxylates and NH-acids) and also concentration of reactants on the 

rate of reactions. Proposed mechanism was confirmed according to the obtained results 

and steady state approximation and first step (k2) of reaction was recognized as a rate 

determining step on the basis of experimental data. 

Keywords: Phosphorus ylide; NH-acid; UV spectrophotometry; Kinetic parameters; 

Rate constant. 

 

 
Introduction 

 

Phosphorous ylides are reactive systems, which take part in many valuable reactions 
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of organic synthesis.1-5 These are most often obtained in excellent yields from the 1:1:1 

addition reaction between triphenylphosphine, dialkyl acetylendicarboxylates, in the 

presence of strong CH, SH or NH-acids.6-10 A facile synthesis of the reaction between 

triphenylphosphine 1, dialkyl acetylendicarboxylates 2 and 2-acetylpyrrole 3a or 2- 

pyrrolecarbaldehyde 3b (as NH-acids) have been earlier reported10 but the kinetic studies 

of these reactions have not been investigated yet. In order to gain further insight into the 

reaction mechanism, a kinetic study of the reactions was undertaken by the UV 

spectrophotometer technique. Numerous kinetic investigations over a large area of 

different reactions have been previously reported using the UV instrument.11-14 On the 

basis of the well established chemistry of trivalent phosphorus nucleophiles, it is 

reasonable to assume that phosphorus ylide 4 results from the initial addition of 

triphenylphosphine to the acetylenic ester 2 (2c, 2d or 2e) and subsequent protonation of 

the 1:1 adduct by the NH-acids 3 (3a or 3b) to form phosphoranes 4 (4ac, 4ad, 4ae,   4bc, 

4bd or 4be) (see Figures 1 and 2). 

 

 

 

 

 

 

 

 

 

 

Figure 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 



 

 

Methods 

 

First it was necessary to find the appropriate wavelength in order to follow the kinetic study 

of the reaction. For this purpose, in the first experiment, 3×10-3M solution of compounds 1, 2e 

and 3a have been prepared in n-hexan as solvent. The reaction monitored by recording scans of 

the entire spectra every 12 min over the whole reaction time at the ambient temperature. The 

ultra-violet spectra shown in Figure 3 are typical. As can be seen from this Figure, the 

appropriate wavelength can be chosen 340 nm (corresponding mainly to the compound 4ae 

(product). In this wavelength, compounds 1, 2e and 3a have relatively no  absorbance value. 

This provided good opportunity in order to fully investigate the kinetic of the reaction between 

triphenylphosphine 1, di-tert-butyl acetylenedicarboxylate 2e and 2- acetylpyrrole 3a at 340 nm 

in the presence of n-hexan as solvent. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 
 

Conclusions 

 

Kinetic investigation of the reactions between triphenylphosphin 1, dialkyl 

acetylenedicaroxylates 2 (2c, 2d or 2e), with 2-acetylpyrrole 3a or 2- pyrrolecarbaldehyde 

3b were undertaken by the UV spectrophotometery. The results can be summarized as 

follow; 1. The appropriate wavelengths and concentrations were successfully determined 

to follow kinetic investigations. 2. The overall order of all six reactions followed second-

order kinetic and order of reaction with respect to triphenylphosphine, dialkyl 

acetylenedicarboxylate and 2-acetylpyrrole or 2- pyrrolecarbaldehyde were obtained 1, 1 

and zero respectively. 3. The values of second- order rate constant of all reactions were 

automatically calculated with respect to the standard equation within the software 

associated with Cary-300 UV equipment. 4. The rate of all reactions were increased in 

media of higher dielectric constant solvent, this can be related to differences in 

stabilization of the reactants and the activated complex 



 

 

in transition state by solvent. 5. The more steric factor in bulky alkyl groups 

accompanied by its more inductive effect within the structure of dialkyl 

acetylenedicarboxylate would tend to reduce the rate of overall reactions. 6. 

With respect to the experimental data first step of proposed mechanism was 

recognized as a rate determining step (k2) and reaction mechanism was 

confirmed based upon the obtained experimental results and also steady state 

approximation. 7. Reproductive experiments with different structure of NH-

acids (3a and 3b) were indicated that they participate in the fast step of 

reactions. 
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