
T H E  or* C O N S T A N T S  OF I O N I C  S U B S T I T U E N T S  

Y a .  L. Y a r v ,  T .  I .  P e k h k ,  
A.  A.  A a v i k s a a r ,  D.  I .  L o b a n o v ,  
a n d  N. N. G o d o v i k o v  

UDC 543.422.25:541.67:547.1,118 

The presence  of the kinetic salt effect in the alkaline hydrolysis  react ions of organophosphorus compounds 
+ 

[(C2H50) (CH3)P(O)S(CH2)mS(CH3)C2H5]CH3SO4 made it possible to obtain two sets of induction constants for the 
+ 

(CH2)mS(CH3)C2H5 substi tuents,  which corresponded to the rate constants at zero  ionic strength (~=0) and at 
high ionic s t rengths  * (o-~_~), where the rate constant is no longer dependent on the concentrat ion of the added 
e lect rolyte  [1]. In analyzing these ~* 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 a ~ _ ~ .  On this basis it was 
concluded that at  low ionic s t rengths  the interaction between the charged substituents and the react ion 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 react ion center  in the activated state contributes to the * , O'~t = 0  c o n -  

s t a n t s .  This effect becomes equal to ze ro  at a high ionic strength. In such case it must  be assumed that it is 
c o r r e c t  to use ~ _ ~  in the Taft  equation for the ~* constants of the charged substituents [1]. 

The resul ts  of a b roader  analysis  of the kinetic data confirmed this conclusion [2, 3]. Fo r  a di rect  so lu-  
tion of this problem the ~* constants  for the charged substituents must  be calculated by s tar t ing with p rocesses  
where coulomb interaction between the charges  of the substituents and the react ion center  is excluded. Exper i -  
mental  data for  the appropriate  calculation are  absent  in the l i terature.  In a number of cases  it was shown that 
linear relat ionships 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 31t) NMR spect ra  of the compounds 

+ 

(C2HsO)2P(O)SX , where X = (CH2)mS(CH3)C2H5 (m = 2-4, 6),(CH2)mSC2H 5 (m = 2-4, 6), and CnH2n+I (n = 6, 8). 
The obtained 5p values are  given in Table 1. In Fig. 1 these data were compared with the induction constants,  
which were calculated by star t ing with the rate constants  for the alkaline hydrolysis  of the compounds (C2H50)- 
(CH3)P(O)SX with the same X substituents [1]. F r o m  Fig. 1 it can be seen that a general  linear relationship is 
observed for the ionic and uncharged compounds when the * ~ p _ ~  values are  used for the sutfonium substituents: 

6~ = (28.85 ___ 0.06) --  (2.60 • 0.06) ~* ( or ~ )  r ---- 0.999 (1) 

The a~=0 constants  have c lear ly  high values,  and their compar ison with the 5p values leads to a separate 
function, in which case the ordinate intercept ,  equal to 29.27 • 0.09, is reliably different f rom the co r r e spond-  
ing values for the nonionic compounds. This shows that the a~=0 constants cannot be considered within the 
f r amework  of a single scale with the induction constants for  the uncharged electroncgat ive substituents. 

As a resul t ,  the data based on the 31p NMR spectra  confi rm the validity of selecting concentrated solu-  
tions of the e lec t ro ly tes  as the standard state for the experimental  determinat ion of the c~* constants of ionic 
substituents.  Here the salting out effect has to be taken into account when considering the rate of interioaic 
react ions ,  which in a number of cases  has a very  substantial  effect on the rate of the react ions.  

E X P E R I M E N T A  L 

The synthesis  and proper t ies  of the studied organophosphorus compounds were described previously [6]. 
The 31p NMR spect ra  were taken on a universal  spec t romete r  [7] at  a frequency of 24.29 MHz, with noise de -  
coupling f rom the protons;  the external  standard was 85~ H3PO 4. Fresh ly  prepared solutions of the studied 
compounds in abs. ethanol were  used. 
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Fig. 1. Cor re la t ion  of chemica l  - 
shifts 5p in '~:P NlVKt spec t ra  of 
(C2H50)2 P (O)S (CH2)mSC2H s and 
(CaHsO)2P(O)SCnH2n+I with a* 
constants  (1), and of compounds 

+ 

[ (C ~H 50)2 P (O)S (CH2)mS (CHu)C 2H 5] -- 
CHaSO~" with et~_~ (2) and (rt~= 0 (3) 
constants .  

$ 
TABLE i. 5p Values of C o m -  
pounds (C2HsO)2P(O)SX 

X 

(CH2)2SC~H5 
(CH~)aSC~Hs 
(CH~hSC~H5 
(CH~)~SC2H5 

+ 

(CHo.)~S(CHa)C~H5 
+ 

(CH~)aS(CHa)C2H~ + 
(CH~)4S(CHa)C2H5 

C~H1a 
CsH17 

28,24 0 
2s,42 Io 
2s, 66 ]o 
28,82 Io 
25,99 I 
27,5i I 
28,20/ 
28,72 I 
28,80 
28,84 

l-Relative to 85% HaPO4. 

i,I01 
0,55 l 
0,27 
0,06 

i ,, 60 
0,,91 
0,49 
0,28 

C O N C L U S I O N S  

1. We de termined  the chemica l  shifts in the alp NMR spec t ra  of the compounds (C2H~O)2P(O)SX (X = 
+ 

(CH2)mS(CH~)C2Hs, (CH2)mSC2H5 (m = 2-4 and 6)) and CnH2n+~ (n = 6, 8), and obtained a [ inear cor re la t ion  b e -  
tween 5p and the a* constants  of the X subst i tuents .  

2. The induction constants  of the charged subst i tuents ,  which were  obtained f rom the rate  of the inter-- 
ionic reac t ions  at a high ionic s t rength of the medium,  consti tute a single scale  with the ~* constants  for the 
uncharged e lectronega rive subst i tuents .  
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