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A B S T R A C T  

This work was done employing theoretical and experimental methodologies to show synthesis process of new 
compounds in addition to evaluating their features. In this case, phosphorus ylide intermediates were initially 
resulted from the three-component reaction between dialkyl acetylenedicarboxylate and theophiline in the 
presence of phosphits ((R’O)3P). Next, they were converted to stable diastereoisomeric beta-
amidophosphonates. Density functional theory (DFT) calculations at the B3LYP/6-311+G* level of theory 
indicated that (2S, 3S) and/or (2R, 3R) diastereomers of phosphonates were about 18-28 kcal/mol more stable 
than (2R, 3S) and/or (2S, 3R) diastereomers. As a consequence, the targeted compounds were synthesized 
and they very confirmed by performing DFT calculations as an advantage of combinations of experimental and 
theoretical approaches for solving the problems in chemistry. 
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 I N T R O D U C T I O N .  

Organophosphorus compounds are important substrates in the study of biochemical processes.1, 2 Phosphorus 

analogues of amino acids, in which the carboxylic acid group is replaced with phosphonate group, P(O)(OR)2, have 

attracted particular interest in preparing analogues of numerous natural products.3-5 In this area beta (β-

amidophosphonates as isosteres of β-amino acids occupy an important place and reveal diverse and interesting 

biological and biochemical properties.6, 7 There are several methods for synthesis of β-amidophosphonates. In most of 

them, nucleophilic trivalent phosphorus has been attached to electrophilic carbon.8 Multicomponent reactions have 

proven highly efficient in the assembly of diversified molecules.9, 10 Zwitterionic species often result from addition of 

nucleophiles to activated alkynes. Triphenylphosphine (Ph3P) has been the most studied nucleophilic species.11 

Considering these strategies and importance of multicomponent reactions in organic synthesis, and as a part of our 

earlier studies on the development of new routes to organophosphorus compounds,12, 13 we now report on the 

reaction of (R’O)3P and dialkyl acetylenedicarboxylates in the presence of theophiline to produce β-

amidophosphonates. Synthesis of new compounds are always important regarding their roles for developing new 

materials in various aspects of science and engineering to reach new products. Additionally, recognition of mechanism 

of synthesis and evaluation of related features are important due to their role of developing for further applications, 

in which the computational works could also help to achieve the purpose. 
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 M A T E R I A L S  &  M E T H O D S .  

Details and descriptions of synthesis and mechanism features would be discussed through next section. For 

characterizations, melting points were measured on an Electrothermal 9100 apparatus. Elemental analyses for C, H, 

and N were performed using a Heraeus CHN-O-Rapid analyzer. These data were in good agreement with the calculated 

values. IR spectra were measured on a Shimadzu IR 460 spectrometer. 1H and 13C NMR spectra were measured with 

BRUKER DRX-500 AVANCE spectrometer at 500.1 and 125.8 MHz, respectively. Mass spectra were recorded with a 

Finnigan-Matt 8430 mass spectrometer operating at an ionization potential of 70 eV. Triphenylphosphine, 

triphenylphosphite, theophiline, dimethyl acetylenedicarboxylate were obtained from Fluka (Buchs, Switzerland) and 

were used without further purification. Additionally, Full optimizations were performed for geometries of the 

structures at the B3LYP/6-311+G* level of theory without any constrains using Gaussian 98 program.14 The obtained 

results of measurements and characterizations of this work in both of experimental and computational aspects were 

summarized in the supplementary file. 

 

 R E S U L T S  &  D I S C U S S I O N .  

Reaction of dialkyl acetylenedicarboxylate 2 and theophiline 3 in the presence of trialkylphosphite 1 in 

dichloromethane as solvent and at ambient temperature proceeded to produce β-amidophosphonates 4 in good yields 

(Scheme 1). 
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Scheme 1: Reaction of dialkyl acetylenedicarboxylate and theophiline in the presence of trialkylphosphite in CH2Cl2. 

 
1H, 13C, and 31P NMR spectra of these crude products clearly indicated the formation of phosphonates 4 in good yields 

(Scheme 1, Tables S1 and S2). Structures of ylides 4a-i were deduced from their elemental analysis and IR, 1H, 13C, and 
31P NMR spectra. The mass spectra of these compounds displayed molecular ion peaks. In spite of theophiline 3, IR 

didn’t show N-H stretching absorption for 4. 1H NMR spectra indicate four peaks for N-CH3. The 1H NMR spectra of 

phosphonates 4 display signals for vicinal methine protons at δ = 4.22 – 5.62 ppm, which appear as doublet of doublets 

for each isomer with 2JPH = 23.8, 3JPH = 18.0 and 3JHH = 5.6 Hz for (2R, 3S) or (2S, 3R)-4 isomer, and 2JPH = 24.0, 3JPH = 9.0 

and 3JHH = 3.5 Hz for (2R, 3R) or (2S, 3S)-4 isomer. 
13C NMR spectra of 4 showed four NCH3 groups. Resonance of CH-P groups appeared at about 31 ppm as douplets (1JPC 

= 92 Hz). 31P NMR indicated two peaks at about 9.5 and 11.5 ppm for two phosphonate structures (4, C-P(=O)(OR’)2) 

(See experimental section in supporting information). 

The presence of 31P nucleus in compounds 4 contributes in asignment of signals by coupling with 1H and 13C nuclei (See 

experimental section in supporting information). The vicinal proton-proton coupling constant (3JHH) as a function of 

torsion angle can be obtained from Karplus equation.15, 16 Typically, 3Jgauche varies between 1.5-6 Hz, and 3Janti between 

10-16 Hz. The observation of 3JHH = 3.5 and 5.6 Hz for vicinal protons in two isomers of 4 indicated a gauche 

arrangement for this protons. 

The three-bond carbon-phosphorus coupling, 3JPC, depends on the configuration and as expected, transoid couplings 

are larger than the cisoid ones. The Karplus relation can be derived from the data for organophosphorus compounds 

with tetra and pentavalent phosphorus.16 The observation of 3JPC = 4 Hz is in agreement with cisoid arrangement of P 

with C=O of ester. Accordingly, (2R, 3S) or (2S, 3R) configuration was represented for one isomer. 3JPC = 22 Hz value 
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indicated transoid arrangement, which was in agreement with (2R, 3R) or (2S, 3S) configuration for other isomer 

(Scheme 2). 
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Scheme 2: Configuration for other isomer. 

 

We have not yet established the mechanism of the formation of ylides 4 on the basis of chemistry of trivalent 

phosphorus nucleophiles.17-19 It is reasonable to assume that phosphorus ylides 4 resulted from the initial addition of 

trivalent phosphorus 1 to the acetylenic ester 2. Subsequent protonation of the 1:1 adduct followed by attacking the 

nitrogen atom of the anion of NH-acid 3 on the vinylphosphonium cations 5 to generate ylides 6. In the presence of 

moisture, H2O attacked to phosphorus atom of 6, which underwent R’OH elimination to form phosphonate 4 

compound (Scheme 3). 
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Scheme 3: The proposed mechanism of the reaction. 

 

To investigate on diastereoselectivity of the reaction of trivalent phosphits, studies on the diastereomeric 

phosphonates of 4 were carried out at B3LYP/6-31+G* level of theory using the Gaussian 98 software.14, 20 Each 

structure was optimized without any constrain. Relative energies (Erel) along with structural parameters are 

summarized in Table S3 and S4. Results indicated that (2S, 3S) and/or (2R, 3R) isomers of 4 are more stable than (2R, 

3S) or (2S, 3R) ones about 18-28 kcal/mol. According to the calculated and experimental NMR studies vicinal H-atoms 

of H-C-C-H moieties occupy gauche positions except for (2R, 3S) and/or (2S, 3R) 4a-c (R’ = Ph) which prefer anti 

conformations. 

 

 C O N C L U S I O N .  

In conclusion, the present method features the advantages that the reaction can be performed under neutral 

conditions, and the starting materials and reagents can be mixed without any modifications. Phosphorus ylides can be 

considered as potentially useful synthetic intermediates. Although three component reactions between trivalent 

phosphorus, acetylenic esters, and N-H acids are well studied, prediction of final product is complicated, and should 

be considered while paying attention to solvent, temperature, presence or absence of moisture, type of solvent, as 

well as functionality of starting materials. The procedure described here provides an acceptable method for 

preparation of phosphorus ylides and diastereomeric phosphonates in good yields. Theoretical calculations indicated 

that distribution of diastereomeric isomers of phosphonates 4 is according to kinetic control.  
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 S U P P O R T I N G  I N F O R M A T I O N .  

Tables S1-S5, explanations of experimental and computational methods of optimized structures for all the molecules 

studied in this work, and the evaluated spectra were presented in a supplementary file available at the article page 

(https://sciengpub.com/adv-j-sci-eng/article/view/advjscieng21022099) in the journal website. 
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