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SHORT  
COMMUNICATIONS 

We have recently studied by quantum chemical 
methods the mechanism of the reaction of 3,3-dimeth-
yl-2-trimethylsiloxy-1-trimethylsilyl-1-phosphabut-1-
ene (I) with diethyl phosphite [1]. There are no pub-
lished data on mechanisms of reactions of compound I 
with electrophilic reagents. We previously reported [2] 
that compound I reacts with an equimolar amount of 
chlorobis(o-phenylenedioxy)phosphorane under mild 
conditions to give the product of electrophilic replace-
ment at the two-coordinate phosphorus atom, 3,3-di-
methyl-1-bis(o-phenylenedioxy)-λ5-phosphanyl-2-tri-
methylsiloxy-1-phosphabut-1-ene (III), and chlorotri-
methylsilane (Scheme 1).  

of the initial reactants, intermediate products, transition 
states, and final products were optimized. The struc-
tures localized on the potential energy surface were 
identified as minima or transition states by calculating 
the corresponding Hessian matrices (all positive eigen-
values for stable molecules and intermediates or at 
least one negative eigenvalue for transition states). The 

Scheme 1. 
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In the present work we performed a theoretical 
study of this reaction in terms of the density functional 
theory using the B3PW91 hybrid functional [3, 4] and 
standard 6-31G(d) basis set. All geometric parameters 

Energy profile (kJ/mol) of the reaction of 3,3-dimethyl-2-
trimethylsiloxy-1-trimethylsilyl-1-phosphabut-1-ene (I) with 
chlorobis(o-phenylenedioxy)phosphorane (II). 
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Scheme 2. 
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calculations were carried out at the Kazan Branch  
of the Joint Supercomputer Center of the Russian 
Academy of Sciences (http://wt.knc.ru) using 
GAUSSIAN 09 software package [5]. 

The theoretical reaction mechanism is shown in 
Scheme 2 (bond lengths in the initial reactants, inter-
mediate products, transition states, and final products 
are given in Å). The reaction includes three steps. In 
the first step, compound I reacts with II through transi-
tion state IV≠ with an energy of activation of 80.7 kJ× 
mol–1 to produce intermediate V with a P–P=C triad 
where the P–Cl bond is longer than in initial com-
pound II (see figure). The second step is rearrange-
ment of V into intermediate VII with a P–P–C triad 
(transition state VI≠; energy of activation 110.8 kJ× 
mol–1). The P–C bond in VII is considerably longer 
(1.940 Å), and the P–P bond is shorter (2.184 Å), than 
in intermediate V. The rearrangement is accompanied 
by elimination of chlorotrimethylsilane. In the third 
state, intermediate VII undergoes rearrangement into 
the final product through transition state VIII≠ in 
which the P–P and P–C bonds are shorter than in VII; 
the energy of activation of this step is 81.8 kJ/mol. The 

P–C bond length in molecule III (1.730 Å) is typical 
of standard P=C bond (1.64–1.77 Å for two-coordinate 
phosphorus compounds, according to the X-ray dif-
fraction data [6]). Correspondingly, the P–P bond 
extends to 2.208 Å. The energy of the E isomer of III 
is higher by 8.9 kJ/mol than the calculated energy of 
the most favorable conformer of the Z isomer of III. 

In summary, our DFT B3PW91/6-31G(d) quantum 
chemical study of the reaction of a stable two-coor-
dinate phosphorus compound, 3,3-dimethyl-2-tri-
methylsiloxy-1-trimethylsilyl-1-phosphabut-1-ene, 
with chlorobis(o-phenylenedioxy)phosphorane showed 
that the process includes three steps and that the prod-
uct is not the most energetically favorable isomer (its 
structure was not studied in [2]). In order to rationalize 
this result it is necessary to localize transition state for 
the transformation of the E isomer into Z isomer. 
Furthermore, it is reasonable to search for other pos-
sible conformations of transition states IV≠, VI≠, and 
VIII≠,  which could lead to the more favorable  
Z isomer of III. 

This study was performed under financial support 
by the Russian Foundation for Basic Research (project 
no. 13-03-00 067-a).  
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