A theoretical study of the tautomeric forms of hydrophosphorilic compounds
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The tautomeric equilibria between hydrophosphorylic compounds in the series Me,POH - (CF;),POH on the successive substitution
of hydrogen with fluorine were examined using both HFR + MP2 and DF calculations.

The diad prototropic rearrangement of hydrophosphorylic comsaple 1 Bond lengths (A) in the test compounds (the correspondir
pounds is a well-known phenomenon, which has attracted comperimental data are taken from ref. 8).

siderable attentioh? The following tautomeric equilibria, in :
which hydrophosphorylic compounds simultaneously exist agond (reaction) Experimental | \rp |\ vp2 DF

three-coordinated (I) and four-coordinated (Il) species, are of value
prime interest: P-C (1) 1.844 1.831 1.855
P-C (4) 1.904 1.866 1.922
P-O (5) 1.620 1.639 1.656
R @ R P=0 (1) 1.476 1.482 1.511
“h— OH “p=0 P-C (1) 1.809' 1.855 1.832
/ ) /N P=0 (4) 1517 1.475 1.495
R R H P-O (4) 1573 1.610 1.620
I I P=0 (5) 1.477 1.475 1.495
P-O (5) 1.581 1.639 1.656
Previously tautomerization reactions in the presence of symo-C (5) 1.433 1.443 1.450

metrical substituents R ='Rt the phosphorus atom were exam- b . 4 o ¢

ined. The energies of tautomerization calculated for the reactloﬁpigﬁe%m P(CR)s. In P(OMe). fn O=PMe, fn O=P(OH fin

(C4F5),POH~ (C4F5),P(O)H and (MeQPPOH - (MeO),P(O)H

in the framework of the density functional formalism (DF) weredemonstrate that in the gas phase the compoung-j(te)POH

guantitatively consistent with the experimental data. The energgnost closely approaches an equilibrium; in this case, the tauto-

of tautomerization was calculated as the difference between thaerization Gibbs energy calculated using the DF method is

energies of tautomers Il and | taking into account the zero-poirgqual to —1.1 kcal mol.

vibration energ\AE, = E,, — Ey, We attempted to take into account solvation effects in terms
In the current work, we theoretically examined the tautomeriof the polarizable continuum model of a solvent, because the

equilibria for hydrophosphorylic compounds with unsymmetricaltest reactions are known to proceed in nonpolar aprotic solvents

substituents R, R at about 300 K. In our calculations, we decided on tetrahydro-
furan as such a solvent.
(CH,F)(Me)POH = (CHP(Me)P(O)H @ At the same time, thAE, calculated by the DF technidue
(CHF,)(Me)POH === (CHR)(Me)P(O)H @ for the reaction in which R ='R MeO were consistent with
(CF;)(Me)POH = (CR)(Me)P(O)H 3) the results of a gas-phase experirhant an experiment on the
(CF))(CH,F)POH === (CR)(CH,F)P(O)H () liquid-phase rearrangement of bis(pentafluorophenyl)phosphinic
(CF3)(CHF,)POH == (CR)(CHF,)P(O)H ®) acid. As can be seen in Figure 1, the introduction of the com-

pounds into a solvent makes structures | more stable than struc-

It was found experimentally that at R =-RMe the tautomeric  tures Il, as compared to the behaviour of reactants in the gas phase.
equilibrium is completely shifted toward species I, whereas afccording to our study, at 300 K the species {{JEHF,)POH
R = R = CF; species | is predominahiThere is no experimen- is closer to the eqiulibrium than other test compounds in solu-
tal evidence concerning hydrophosphorylic structures (1)—(5).

The calculations were performed by the spin restricted 10
Hartree-Fock Roothaan (HFR) method on the 6-31G** basis 8r .
taking into account the correlation effects at the MP2 level
using the GAMESS progratas well as by the DF method i DE

6
with the use of the PBE formula for the correlation- exchange 4 —
functionaf and the program due to D. Laikev. 2r

Both methods adequately represent the bond lengths of theg
compounds as compared to the experimental values in similars

species (Table 1). The HFR + MP2 method systematically gave 3 =2
overestimated values for the Gibbs energies of tautomerization ~— —4 HER + MP2
as compared to DF (Figure 1). With symmetrical and unsym- -6 ¢

metrical substituents at the phosphorus atom, the difference be-  _g[

tweenAG calculated by the two methods is 4—6 or 3—10 kcat¥nol

respectively. At the same time, change\& upon the suc- T .

cessive replacement of hydrogen in methyl groups by fluorine  —-12 — L L L L .

atoms are similar, as found by both of the methods. R=CHF CHR, CF, CFy CFy
Previously? the data om\E, calculated by the DF method R=Me Me Me  CHF  CHF,

were found to be more reliable than the HFR + MP2 datagigyre 1 Comparative Gibbs energieA) of tautomerization for rea

According to our calculations, none of the test compounds is ifions (1)—(5) in the gas phase, at 300 K, according to HFR + MP2 a

a true equilibrium between two tautomers. The DF calculationgata.
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tion. Thus, the calculated solvation effects/dn (Figure 1) of 4 J. P. Perdew, K. Burke and M. Ernzerhdf, Chem. Phys 1996, 105,

the reaction for different compounds should be verified in an 9982.
experiment. 5 D. N. Laikov,Chem. Phys. Le{t1997,281, 151.
6 V. M. Mamaev, A.V.Prisyajnuk, D. N. Laikov, L.S. Logutenko and
Yu. V. Babin,Mendeleev Communl999, 240.
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