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The presence of the kinetic salt effect in the alkaline hydrolysis reactions of organophosphorus compounds

+
[(CZHSO_Z(CH3)P(O)S (CH;)mS(CH4)CoH;]CH;SO, made it possible to obtain two sets of induction constants for the
(CH,)m S (CH,)C,H; substituents, which corresponded to the rate constants at zero ionic strength (o;f:o) and at

high ionic strengths ((r,j_.oo), where the rate constant is no longer dependent on the concentration of the added
electrolyte [1]. In analyzing these o™ constants it was shown that a constancy in the damping factor of the in-
duction effect of the sulfonium group when m is increased is observed only when O'Ij——ao. On this basis it was
concluded that at low ionic strengths the interaction between the charged substituents and the reaction center
is not uniform and, together with the induction effect, another effect, presumably the coulomb interaction of
the ionic charges of the substituent and the reaction center in the activated state, contributes to the a[jzo con-
stants. This effect becomes equal to zero at a high ionic strength. In such case it must be assumed that it is
correct to use a[j._.w_ in the Taft equation for the ¢* constants of the charged substituents [1].

The results of a broader analysis of the kinetic data confirmed this conclusion [2, 3]. For a direct solu-
tion of this problem the o* constants for the charged substituents must be calculated by starting with processes
where coulomb interaction between the charges of the substituents and the reaction center is excluded. Experi-
mental data for the appropriate calculation are absent in the literature. In a number of cases it was shown that
linear relationships are observed between the chemical shift of various nuclei and the induction constants [4,5].
Consequently, in the present paper we determined the chemical shifts in the 3P NMR spectra of the compounds

(C,H;0), P(0)SX, where X = (CHz)mg(CHg)C2H5 (m =2-4, 6),(CHy)ynSCoHs (m = 24, 6), and CyHyp4 (0 = 6, 8).

The obtained 6p values are given in Table 1. In Fig. 1 these data were compared with the induction constants,
which were calculated by starting with the rate constants for the alkaline hydrolysis of the compounds (C,H;0)-
(CH;)P(O)SX with the same X substituents [1]. From Fig. 1 it can be seen that a general linear relationship is
observed for the ionic and uncharged compounds when the o[f_,,c values are used for the sulfonium substituents:

8p = (28.85 = 0.06) — (2.60 == 0.06) 0* (or Op.e) r = 0.999 @)

The 0;7:0 constants have clearly high values, and their comparison with the 6p values leads to a separate
function, in which case the ordinate intercept, equal to 29.27 + 0.09, is reliably different from the correspond-
ing values for the nonionic compounds. This shows that the o*:0 constants cannot be considered within the
framework of a single scale with the induction constants for the uncharged electronegative substituents.

As a result, the data based on the *'P NMR spectra confirm the validity of selecting concentrated solu-
tions of the electrolytes as the standard state for the experimental determination of the ¢* constants of ionic
substituents. Here the salting out effect has to be taken into account when considering the rate of interionic
reactions, which in a number of cases has a very substantial effect on the rate of the reactions.

EXPERIMENTAL

The synthesis and properties of the studied organophosphorus compounds were described previously [6].
The *'P NMR spectra were taken on a universal spectrometer [7] at a frequency of 24.29 MHz, with noise de-
coupling from the protons; the external standard was 85% H;PO,. Freshly prepared solutions of the studied
compounds in abs. ethanol were used.
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TABLE 1. §p Values of Com-~
pounds (C4H;0),P(0)SX
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Fig. 1. Corrlelation of chemical gggggg:ﬁ: gg:gg gr}g i
shifts 6p in *'P NMR spectra of (CHL)sSCoHs 282007l — | -
(CyH;0),P(O)S(CH,)mSC,H; and (CH2)S(CHs)CoHs 125,99| — 14,10 1,60
(CoH, 0), P (0)SC pHpp + With o* (CHaS(CHs)CoHs | 27,54| — [0,55) 0,91
constants (1), and of compounds (CHz)aS(CHs)CaHs  28,20| — 10,27} 0,49
+ (CHe)eS(CH5)CoHs  [28,72] — 10,08] 0,28
[{CH;5 )y P(O)S(CHy)mS (CH3)C2H5] - CeHis 28,801 0} — —
* x_ g CsHiy 28840 0] — | —
CH,S0; with i (2) and UM:O( )
constants. TRelative to 85% HyPO,,

CONCLUSIONS
1. We determined the chemical shifts in the *'P NMR spectra of the compounds (C,H;0),P{(O)SX X =

(CHZ)mS(CH )CoHs, (CH},SCyH; (m -4 and 6)) and CyHyp+ (0 = 6, 8), and obtained a linear correlation be-
tween 6p and the o* constants of tbe X substituents.

2. The induction constants of the charged substituents, which were obtained from the rate of the inter-

ionic reactions at a high ionic strength of the medium, couastitute a single scale with the ¢* constants for the
uncharged electronegative substituents.
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