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ANALYSIS OF CH-ACIDITY 
OFORGANOPHOSPHORUSCOMPOUNDS 

MART1 N I .  KABACHNI K 
A. N. Nasmeyanov I n s t i  t u t e  o f  Organoel ement Compounds, 28 Vavi 1 ov 
s t r . ,  117813, MOSCOW, Russia 

Abs t rac t  The new "Three sigmas system" o f  ( T p - c o r r e l  a t i  on 
a n a l y s i s  b y  use o f  t h e  Hammett equa t ion  was a p p l i e d  t o  
organophosphorus CH- a c i  ds t o  yi e l  d good r e s u l t s .  

INTRODUCTION 

Many i m p o r t a n t  r e a c t i o n s  o f  o rgan ic  c h e m i s t r y  a r e  based on t h e  

C H - a c i d i t y  o f  compounds, and some a t tempts  were undertaken t o  make a 

( T p c o r r e l a t i  on employing Hammett-Taft equat ions.  However t h e  so 

c a l l e d  " S a t u r a t i o n  e f f e c t "  empeded c o n s t r u c t i n g  a system o f  such 

c o r r e l a t i o n .  The e f f e c t  o f  each s u b s t i t u e n t  depends on t h e  presence 

and t h e  number o f  t h e  o t h e r  ones. S o l u t i o n  o f  t h i s  p rob lem seemed 

p o s s i b l e  w i t h  t h e  h e l p  o f  a new sca le  o f  (T - constants.  

THREE SIGMAS SYSTEM 

I n  t h e  new scale, each s u b s t i t u e n t  X i s  c h a r a c t e r i z e d  b y  t h r e e  

cons tan ts  dependi ng on t h e  f i  r s t ,  secondary and t e r t i a r y  s u b s t i  t u t i  on, 

as i n  t h e  molecules XCH3, X C H ~ Y  o r  XCHYZ (de te rm ina t ion :  @CH37 

(T-CH2 and (T-CH).  3 Appl i c a t i  on o f  t h e  novel  " t h r e e  s i  gmas system" 

a l l owed  t o  employ i t  s u c c e s s f u l l y  i n  more than  175 c o r r e l a t i o n  se r ies ,  

i n c l u d i n g  about 50 s e r i e s  o f  organophosphorus CH-acids, as w e l l  as t o  

o b t a i  n 92% o f  exce l1  e n t  and good r e s u l t s  ( c o r r e l a t i o n  c o e f f i  c i  e n t  

0.999 - 0.980). I n  t h e  " t h r e e  sigmas system", c a l c u l a t i o n s  a r e  

performed b y  means o f  t h e  usual  Hammett equa t ion  pKa = pKao t@(TcHn 
[649]/97 
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THEO-CH, CONSTANTS OF ORGANOPHOSPHORUS GROUPS 

Table 1 presents some 0 - C #  values i n c l u d i n g  t h e  constants o f  

A l l  0 - c H 2  constants may be d i  v i  ded i n t o  organophosphorus groups. 

t h ree  groups. 

TABLE 1 Selected 0 - C H 2  data on 32-acceptor groups 

X CH2 X o- CH2 X CH2 

NO2 1.25 PhCO 0.98 CONEt2 0. 58 

Ph2St 1.23 MeCO 0. 88 Ph2P( 0) 0.58 
Ph3Pt 1.22 CN 0. 80 ( E tO)  2P( 0) 0.57 
CF3SO2 1.10 Me3Nt 0.79 BUpP( 0) 0.46 
Bu~P' 1.04 Ph2P(S) 0.60 CF3 0.40 

To the  f i  r s t  one be1 ong subst i  tuents  w i t h  t h e  h ighes t  a c i  d i  fyi  ng 

e f fec t ,  among them are d i f f e r e n t  R3Pt-groups. To t h e  groups o f  medium 

abi  1 i t y  be1 ong subst i  t u t e d  t h i  ophosphoryl groups. The ma j o r i  t y  o f  

organophosphorus subst i  tuents  belong t o  weak a c i d i f y i n g  groups. 

O f  i n t e r e s t  i s  t he  comparison o f  t he  a c i d i f y i n g  a b i l i t y  o f  t h e  

oni um groups - phosphoni um, ammoni urn, su l  f o n i  um and arsoni  um 

(Table 2) .5  

TAME 2 Selected 0-CH2 data on onium groups R,X+ 

RnXt N P As S 

MenXt 0. 79 0. 94 0. 90 1.02 
PhnXt (1.06) 1.22 0. 99 1.23 
C ~ H ~ N +  0.86 
NCqHqN' 1.23 

Ammoni um groups are substant i  a1 1 y weaker than t h e  phosphoni urn 

ones. This r e s u l t s  f rom t h e  absence o f  t he  resonance c o n t r i b u t i o n  i n  
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t h e  e f f e c t .  Phosphoni um and su l  f o n i  um groups a r e  approxi matel y equal, 

and arsonium are somewhat i n f e r i o r  t o  them. The r e l a t i o n s  are 

c o n t r o l l e d  b y  t h e  j o i n t  e f f e c t  o f  t h ree  fac to rs :  i n d u c t i v e  and 

resonance e f f e c t s  and b u l k  o f  groups. The pure i n d u c t i v e  e f f e c t  o f  t h e  

Me3" group i s  responsib le  f o r  t h e  O-CH2 value o f  0,79. However a 

c o n t r i b u t i o n  f rom resonance carbani on s tab i  li s a t i  on causes a 

subs tan t i a l  increase o f  t h e  O-CH2 value (see t h e  data f o r  p y r i d i n i u m  

and pyraziniunr. ,groups). 

constants o f  some s u b s t i t u t e d  Table 3 presents (r-CH2 and 
phosphoryl groups 5 . 

TABLE 3 Selected 0 C H 2  data on phosphoryl con ta in ing  groups X 

X O-CH2 O-CH @CH2 O- CH 

Me2P( 0) 0. 47 0. 35 E t (  E t O )  P( 0) 0. 52 

Et2P( 0) 0.46 0.36 Ph( E t O )  P( 0) 0. 56 

Bu2P( 0) 0. 46 0. 34 ( E t O )  2P( 0) 0. 57 0. 44 
t- Bu~P( 0) 0.44 - ( PhO) 2P( 0) 0.60 0.47 
EtPhP( 0) 0.51 0. 40 ( BuO) 2P( 0) 0. 55 0. 43 

Ph2P( 0) 0.58 0. 46 Ph2P 0. 43 0. 44 

Approxi matel y equal ac i  d i  fyi ng e f f e c t s  o f  t h e  grops Ph2P( 0) and 

( Et0)2P( 0) a t t r a c t  a t t e n t i  on. These groups substant i  a l l y  d i  f f e r  i n 

b a s i c i t y ,  i. e. the  a b i l i t y  t o  add proton. I n  t h e  case o f  b a s i c i t y ,  t he  

major r o l e  i s  played b y  t h e  value o f  t he  e f f e c t i v e  negat ive charge a t  

t h e  oxygen atom, b u t  i n  t h e  case o f  a c i d i f y i n g  e f f e c t  - t h e  a b i l i t y  t o  

de l  ocal i ze t h e  carbani oni c charge: 

Fu r the r  note t h e  a c i d i f y i n g  a c t i o n  o f  th iophosphoryl  groups i s  

somewhat s t ronger  than t h a t  o f  the corresponding phosphoryl groups. I t  
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i s i n t e r e s t i n g  t h a t  t h e  a - c H - c o n s t a n t s  o f  d i  phenyl  phosphoryl  and 

d i  phenylphosphi ne groups a r e  approxi  mate1 y equal, b u t  0 - c . ~  cons tan ts  

a r e  n o t  equal. Some p a r t i c u l a r  b u t  i n s t r u c t i v e  r e l a t i o n s  w i l l  be 

pub1 i shed. 

With t h e  h e l p  o f  t h e  novel  @ c o r r e l a t i o n  system we succeeded i n  

a n a l y s i n g  t h e  l i t e r a t u r e  da ta  on t h e  pKa va lues  o f  d i f f e r e n t  

organophosphorus CH-aci ds and k i  n e t i  cs  o f  t h e  W i t t i n g  r e a c t i o n .  Thi s 

system o f  c o r r e l a t i o n s  was success fu l1  y appl  i ed by us i n t h e  f o l  l o w i  ng 

s t u d i  es: t h e  phosphoryl group enol i z a t i  on ( phosphoryl  - phosphaenol i c 

tau tomer i  sm) and CH- ac i  d i  t y  o f  t h e  correspondi  ng phosphoryl  compounds: 

R2P( O)-CHY-PtPh3X- w R2P( OH)=CY-PtPh3X- 6, t h e  Michael a d d i t i o n  

o f  v iny lphosph ina tes  t o  S h i f f  bases ', a c i d i c  p r o p e r t i e s  o f  

phosphory lace t i  c ac i  d ami des, i. e. q u i t e  i n t e r e s t i  ng e x t r a t i  on 

reagents, R2P( O)CHR'-CONR"2 8, and so on. 

The a p p l i c a t i o n  o f  t h e  cons tan ts  0 - c ~ ~  and 0 - c ~  (and o - C ~ 3 )  

f o r  phosphorus-contai  n i  ng groups a1 lows t o  e v a l u a t e  q u a n t i t a t i v e l y  t h e  

ac i  d i  fy i  ng e f f e c t  and, consequent1 y, a re1  a t i  ve s t r e n g t h  o f  organo- 

phosphorus CH-aci ds, i r r e s p e c t i  ve o f  medi urn, and r e s p e c t i  v l  y, 

s t a b i  1 i t y  and nuc l  eophi 1 i c r e a c t i  v i  t y  o f  t h e  cor respond ing  carban i  ons. 
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