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ABSTRACT

In this study, we used DFT B3LYP/6-31G(d) to deteeneertain thermodynamic properties, global indicend
chemical potentials of the reaction between phasplaind bromotrimethylsilane (McKenna Reaction). @sults
show that phosphine behaves as a nucleophile, wirbenotrimethylsilane behaves as an electrophilee T
nucleophilic attack takes place preferentially a¢ toxygen atom of the double bond of phosphiner&dstion is
exothermic, regioselective astereoselectivite

Keywords: DFT B3LYP/ 6-31(d), regioselectivity, stereoseleityi, nucleophilicity, Parr functions.

INTRODUCTION

Phosphonic acids having a hetero atom in posiii@ndp have attracted much attention in recent yearsuseca
they are involved in many biological processes simttibitors, these compounds have been widely edpin
medicine and biochemistry, as antibacterial agemsymes renin, thrombin, and anti-HIV agents. [1]

Acid bis-naphthyB-ketophosphonate, for example, appears as a newpepude inhibitor of neutrophil cathepsin G
(Ki = 38uM) and chymase (Ki = 2y@M). [2] The glutamylp-ketophosphonate adenosine (Glu-KPA) is a
competitive inhibitor of glutamyl-tRNA synthetas®im Escherichia coli (GIuRS) with the Ki &, while thea, a-
difluoro-B-cetophosphonates serve as 'effective inhibitopratiein tyrosine phosphatage).

Regarding similara-a-cétophosphonates of glutarate, they are knowmlibit the activity of the isolated-
cétoglutaratedéshydrogénase complex from the lraircultured cells. [4]

For these reasons, the development of simple aréastelective methods to prepare phosphonates dtasnb
important in organic synthesj&] Even though there are numerous methods for #yithesegg] those relying on
the formation of silicon-phosphorous bonds by titaors metal catalyzed cross coupling or additioacteons are
particularly noteworthy due to their overall eféoicy and selectivity. [7] Our aim in this work i present a
theoretical study of McKenna Reaction, Which Oxyg@dtacks Bromotrimethylsilane? (Figure 1) and conepathe
results of our calculations with experimental r&salailable in the literature. [8]
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Fig. 1: Reaction between bromotrimethylsilane

MATERIALS AND METHODS

COMPUTATIONAL METHODS

DFT computations were carried out using the B3LVYiRctional, [9] together with the standard 6-31@sis set.
[10] The optimizations were carried out using thermy/ analytical gradient optimization method. [IThe
stationary points were characterized by frequermyutations in order to verify that TSs have oné anly one
imaginary frequency. The IRC paths [12] were tratedrder to check the energy profiles connectiagheTS to
the two associated minima of the proposed mechanisimg the second order Gonzalez—Schlegel integrati
method. [13]

Solvent effects of acetonitrile were taken intocaot through single point energy calculations ushegpolarisable
continuum model (PCM) as developed by Tomasi's grid4] in the framework of the self-consistent t&a field
(SCRF). [15] The electronic structures of statigrnamints were analyzed by the natural bond orlfi&O) method.
[16] All computations were carried out with the Gaian 09 suite of programd7] The global electrophilicity
index [18]w, is given by the following expression,= (1?/2n), in terms of the electronic chemical potentizhnd
the chemical hardnesg Both quantities may be approached in terms ofotte-electron energies of the frontier
molecular orbital HOMO and LUMO, eH and eL, as |&H (- eL)/2 andh= (eL - eH), respectively. [19] Recently,
we introduced an empirical (relative) nucleophifiagndex N, [20] based on the HOMO energies obthiwéhin the
Kohn-Sham schemg21] and defined as N = {gmo(NU) - Eiomo(TCE). The nucleophilicity is referred to
tetracyanoethylene (TCE), because it presentsawest HOMO energy in a large series of moleculesaaly
investigated in the context of polar cycloadditiomkis choice allows us to handle conveniently alemphilicity
scale of positive values. ElectrophylR™ and nucleophilicP; Parr functions[22] were obtained through the
analysis of the Mulliken atomic spin density (ASa@f)the radical anion and radial cation of the redgeThe local
electrophilicity indices and local nucleophilicitydices,[22] were evaluated using the following expressians=
o.Pf , Ne=N.P; .[22]

RESULTS AND DISCUSSION

3.1. Analysis of the reactivity indices of the reactars.

The static global properties, namely electronicnaical potentialy, chemical hardness, global electrophilicity
index® and global nucleophilicity index N of phosphiteddiromotrimethylsilane are the chemical propentvbgch
we used to analyse reactivity at the various sitélse reactants (Tablel).

Table 1: DFT/B3LYP/6-31G(d) Electronic chemical pogntial, 4, chemical hardnessy, electrophilicity , and nucleophilicity N values, in

ev
n p (0] N
phosphite 6.90 -343 0.8p 264
Bromotri-methylsilane| 8.04 -3.52 0.76 1.96

We can deduce from table 1 that:
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» The electronic chemical potential of phosphiterisager than that of the bromotrimethylsilane, whitplies that
electron transfer takes place from phosphite tdtenotrimethylsilane.

» The nucleophilicity index of the phosphite (2.64)a¥ greater than that of the bromotrimethylsil{hé6 eV),
implying that in this reaction phosphite behavesaasiucleophile while the bromotrimethylsilane behaas
electrophiles.

3.2. Prediction of the regioselectivity of the reactionusing local electrophilicity and local nucleophiltity
indices.

According to Chattaraj's polar model, the localiptty indices (@, and N) can be used to reliably predict the most
favoured interaction between two polar centfés The most favourable attack is that which is asgedi with the
highest local electrophilicity indewk of the electrophile and the highest local nucheligty index N, of the
nucleophile. We calculated the valuesftr phosphite andy for bromotrimethylsilane in order to predict thesh
likely electrophile/nucleophile interaction through the reaction pathway and so explain the refgoseity of the
reaction.

AL,

P*(Br)=0.16
/OP (0)=094 W(Br)=0.13
] 5’&\* N,=2.48 |
\|| Si\.m
b P(0)=002 +\_
/" N=005 P*(Si)=0.80
H3C W(Si)=0.68

v

Figure 2: Local nucleophilicity Nk (eV) of phosphine and local electrophilicitywk (eV) of bromotrimethylsilane
The silane atom of bromotrimethylsilane is the moselectrophilic active site ps= 0.68 eV). The O1 o= 2.48 eV) atom of the double
bond of phosphine is more nucleophilic and more aise than O2 (No= 0.05 eV) atom. Figure 2 shows the most activeesitof phosphine
and bromotrimethylsilane. We can therefore deducehat the most favored interaction will take place beveen the O1 atom of the double
bond of phosphine and the Si atom of bromotrimethydilane.

3.3.Kinetic study of the two modes of attack (Determintion of the kinetic parameters).

Calculation of the enthalpies, free energies anpies of the reactants, the products obtained, ar#l TS2. Show
that the attack is kinetically preferred at oxyggom O1 (Table 2). Using the data given in Tablevd can sketch
the energy profile of the reaction (Fig. 3).

Table 2: B3LYP/ 6-31(d) Gibbs free energiesAG in kcalmol?, enthalpies AH in kcal mol™?), entropies AS in cal mol* K™), and),
computed at gaz and in acetonitrile for the reactins S and R

Reaction S Reaction R
Gaz acetinitrile Gaz acetinitrile
AG" | 11.92 10.66 30.74 22.59

AG | -56.47 -48.94 -52.08] -48.31
AH” | 89.10 87.22 108.55 101.02
AH | -91.61 +40.78 -35.76 +40.78
AS' | -30.30 -31.87 -27.164 -27.34
AS 9.21 11.33 10.68 9.33

This shows that: The activation Gibbs free energ@sesponding to the attack at the two oxygen at@h and O2

of the phosphine are 11.92 kcal Mait O1 and 30.74 kcal molat O2. The difference between the activation Gibbs
free energies of P1 and P2 is around 20.82 kcalInahowing that the formation of S isomers is kualy
preferred to the formation of R isomers. This re®iin agreement with experimental results. Thengttion of P1
and P2 is exothermic, by —-56.47 and -48.31 kcal -tholrespectively. The formation of P1 and P2 is
thermodynamically favorable.
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Fig.3: B3LYP/6-31G(d) Gibbs free energy profile AG, in kcal/mol) of the reaction between phosphinand bromotrimethylsilane.
Relative Gibbs free energies, in kcal/mol, are irtalics

The geometries of the TSs involved in the regioisompathways of these reactions between phospdiie
bromotrimethylsilane are given in Fig. 4. The ldrgyof the O1-Si and C-Br forming bonds at the gamfition R
are 3.026 and 2.001 A, while the lengths of the ®2nd C—Br forming bonds at the configuration & 2312 and
2.643 A. Some appealing conclusions can be draam fthese geometrical parameters: (i) the most fade
configuration R is more asynchronous than the igordition S; (ii) the TSs involved in the configtiom R
reaction are more asynchronous than those invaéfvéte configuration S.

2.934 2.001

CONFIGURATION R CONFIGURATION S

Fig. 4: Geometries of the TSs involved in the regigomeric pathways associated between phosphine abdmotrimethylsilane. Distances
are given in Angstroms

CONCLUSION

The regio- and stereoselectivity of the reactiobwmeen phosphine and bromotrimethylsilane was studiging
DFT/B3LYP/6-31G(d). Analysis of the global electhilcity and nucleophilicity indices showed thatgsphine
behaves as a nucleophile, while bromotrimethylsildoehaves as an electrophile. The regioselectigtynd
experimentally was confirmed by local indices afattophilicity and nucleophilicityyk andNk. Calculation of the
transition states shows that the formation of tteelpct S is most favored than product R.
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