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E s t e r s  of phosph iny lace t i c  ac ids  a r e  used in syn thes i s  in the fo rm of the co r re spond ing  m e t a l l i c  
d e r i v a t i v e s  [3, 4]. And yet ,  t h e r e  a r e  no data  on the CH ac id i ty  of the indica ted  compounds,  p o s s e s s i n g  
an ac t ive  m~thylene group,  which does not p e r m i t  an e s t ima t ion  of the influence of s t r u c t u r a l  f ac to rs  on 
the r e a c t i v i w  of ca rban ions  of d e r i v a t i v e s  of phosphinylace t ic  a c i d s .  The ionizat ion constants  of phos -  
ph iny lace t ic  ac ids  have been  used for  t he se  purposes  [5]; however ,  as  wil l  be shown below, such an in-  
d i r e c t  methzd of e s t ima t ing  CH ac id i ty  is  e x t r e m e l y  a p p r o x i m a t e .  

In this  work  the CH ac id i ty  of a number  of e s t e r s  of phosph iny laee t i c  ac ids  in d ig lyme if)G) and 
DMSO was s tudied by the method of t r a n s m e t a l l a t i o n  [1,2]. 

The compounds s tudied were  p roduced  by e s t e r i f i c a t i on  of the co r r e spond ing  phosphinytacet ic  a c id s ,  
by the Michael is  - - B e c k e t  r e a c t i o n  or  the Arbuzov  r e a r r a n g e m e n t  of e s t e r s  of P(III) ac ids  with ethyl 
b r o m o a c e t a t e .  

The values  of pK of e thylphosphinyl  ace t a t e s  in DG (Li + cation) and in DMSO (K + ca t ion) , j  r e l a t e d  to  
the pK of 9-phenyl f luorene ,  which was a s s u m e d  equal to  18.5 in both so lven t s ,  a r e  c i ted  in Table  1. The 

* Fo r  the p reced ing  communica t ions  of th is  s e r i e s ,  see  [1, 2]. 
? F o r  the causes  of the s e l ec t ion  of d i f fe ren t  ca t ions ,  see  [1]. 

TABLE 1. Equ i l ib r ium CH Acidi ty  of E s t e r s  of Phos -  
ph iny lace t ic  Acids  R1R'P(O)CH2COOC2H 5 in Diglyme and Di -  
methyl  Sulfoxide 

Com- 
pound a R' P/CDG I~FDMsO Apg 

(I) 
(it) 

(III) 
(Iv) 
(v) 

(vi) 
(wl) 

(vm) 
(ix) 
(x) 

(XI) 
(xu) 

(XIII) 
(XIV) 
(xv) 
(xw) 

(xvH) 

CH3 
C2H5 
C3H7 
C,H9 
CH3 
C2H5 
C2HBO 
C~H~O 

i-CsHnO 
(Ct-h)2N 
(CzHs)2N 
C2H5 
C~H9 
C2H50 
C~H5 

p-C|C6H~ 
m-O2NC6H~ 

CH3 
CeHs 
C3H7 
C4H9 
C2H50 
C~HsO 
C2H50 
C~HgO 

i-CsHztO 
(CH~).~N 
(C2H~)~N 
C6H5 
C6H5 
C6H5 
C~H5 

p-CtCsth 
m-O2NCsH~ 

t3,6 
13,,8 
t3,9 
14,1 
t3,0 
12,8 
t2,2 
12,2 
12,2 
13,3 
t3,4 
t3,t 
13,2 
t2,2 
12,t 
t l  ,4 
t0,2 

2:,3 
2t ,t 
2t,t 
19,9 
19,7 
i9,2 
t9,2 
t9,t 
2i ,i ' 
21,6 
20,2 
20,2 
t8,9 
t8,9 
t7,8 
t5,9 

7,5 
7,2 
7,0 
6,9 
6,9 
7,0 
7,0 
6,9 
7,8 
8,2 
7,t 
7,0 
6,7 
6,8 
6,4 
5,7 
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Fig. 1. Relationship between pK of 
ethylphosphiw1 acetates  in diglyme 
and DN[SO. Here and in Figs.  2 and 
3, the numerat ion of the points c o r r e -  
sponds to the compounds in Table 1. 

values of pK, determined by the method of t ransmetal la t ion,  
charac te r i ze  the relat ive CH acidity of the substances in the 
given medium according to their  ability for convers ion to the 
corresponding organometal l ic  compounds and a re  only con- 
ditionally re la ted to the pKa scale  in water .  

For  the compounds studied, a s t rong influence of the 
medium on pK is observed.  When DMSO is replaced by DG, 
and, correspondingly,  the K + cation is replaced by Li +, the 
values of pK of ethylphosphinyl acetates  decrease  relat ive to 
the standard acidity scale ,  at which the scale of pK of ali-  
pha t i c -a romat i c  hydrocarbons  is taken [6, 7], by 6-8 units of 
pK (see ApK, Table 1). When the polari ty of the solvent and 
radius of the cation a re  decreased ,  probably there  is an in- 
c r ea se  in the s t rength ~of the bond of carbanions of the acids 
studied to the cations in the ion pairs  in compar ison  with the 
carbanions of the indicator acids.  The cause of this is ap- 
parent ly  the chelate coordination of the cation with the phos-  
phoryl  and carbethoxy groups in the contact ion pair ,  together  
with interact ion in the carbanion center .  If there  is only a 

phosphoryl  group in the carbanion, then the differentating effect is decreased  to 3-5 units of pK [1, 
2]. 

Between the values of pK measured  in DG and DMSO there  is a l inear relationship,  f rom which the 
points corresponding to amide der ivat ives  deviate somewhat (Fig. 1) 

PKDG = --  t.6 + 0.73 PKDMsO_ 0.2; s~ = 0.03; r = 0;989; n = i4 

PKDMsO--= 2,6 -t- t,34 pKDG4- 0.2; sp = 0.06; r = 0.989; n = 14 

This indicates that the relat ive CH acidity of the investigated compounds (with the exception of 
amides) is the same in both solvents.  

The effects of the substituents at the P a tom in the compounds studied a re  analogous to those ob- 
served  previously in the ser ies  of ~-phosphorus-subs t i tu ted  toluenes [2]. A quite sa t i s fac tory  l inear cor -  
re la t ion exists between the values of pK of phosphinyl aceta tes ,  c lassed as phosphine oxides, and the -P 
constants of the substituents at the P atom (Fig. 2) 

PKDG = 10.5--1.49 E o'P 4- 0.2; sp = 0,06; r = 0.994; n = 9 

PKDMsO = 16.5--2.02 E ap 4- 0.3; sp = 0.t2; r = 0.988; n = 8 

Compounds with alkoxyl groups at the P a tom in most  cases  cannot sat isfy the corre la t ions  cited. 
Deviations for amides are  noted only in the case of PKDG. 

A compar ison  of the values that we found for PKDG of ethylphosphinyl acetates  and PKa of phos-  
phinylacetic acids,  measured  in aqueous solution (Fig. 3), show that there  is no single relat ionship be-  
tween these quantit ies.  This hinders the predict ion of the react ivi ty  of carbanions of es te rs  of phosphinyl- 
acet ic  acids according to the ionization constants of the corresponding acids .  For  example, the compounds 
{I) and (XVI) differ by more  than two orders  of magnitude in CH acidity in DG, while pKa of the c o r r e -  
sponding carboxylic acids a re  the same;  at the same t ime,  though the CH acidity is close for ethyl- 
phosphinyl acetates  (V) and (XI), the pKa values of phosphinylacetic acids differ by a lmost  one unit of pK. 
In addition, the entire aggregate  of points in Fig. 3 can be divided into severa l  groups,  in each of which a 
l inear relat ionship is observed:  A represen t s  compounds with other alkyl radicals  at the P atom; B rep-  
resents  compounds with one alkyl radica l  and a group capable of coniugation; C represen t s  compounds 
with two substituents,  capable of conjugation; D represen t s  compounds with two a ry l  radicals  at the P 
atom. This complex dependence is to some degree analogous to the cor re la t ion  of pKa of phosphinylacetic 
acids with the constants ~P of the substituents at the P atom. Probably o the r  causes of the construct ion 
of the subdependences a re  a lso possible;  however,  in any case the cor re la t ion  is not unambiguous. 

A compar ison  of the values of pKDMSO of ethylphosphinyl acetates  (see Table 1) and diethyl malonate 
(pKDMSO = 16.7 [7]) permits  us to judge the difference in the e lect ronic  effects of substituted phosphoryl  
and carboxyethyl groups.  In all cases  [with the exception of the nitro derivat ive (XVII)], substituted phos- 
phinyl groups a re  infer ior  to the carbethoxyl group in their  acidifying effect.  For  the diethoxyphosphinyl 
group (an analog of the carbethoxyl group), this difference is 2.5 units of pK. 
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Fig. 3 
Fig.  2. Relat ionship between pK of ethylphosphinyl ace ta tes  in di -  
g lyme (a) and dimethyl  sulfoxide (b) and the ~P constants  of the sub-  
st i tuents  at the phosphorus a tom.  The da rk  points co r r e spond  to 
phosphinyl ace ta tes ,  belonging to the group of phosphine oxides.  

Fig. 3. Relat ionship between pK of ethylphosphinyl ace ta tes  in di -  
g lyme and pKa  of phosphinylacet ic  acids in wate r .  

E X P E R I M E N T A L  M E T H O D  

The de te rmina t ion  of the acidi ty of phosphinylethyl ace ta tes  was p e r f o r m e d  accord ing  to [1, 2]. In 
this  case  the spec t ropho tome t r i e  de te rmina t ion  of the values  of the equi l ibr ium constants  (K) of the r e a c -  
t ions of t r a n s m e t a l l a t i o n  was faci l i ta ted by the fact  that the carbanions  of the invest igated compounds do 
not ab so rb  light in the v is ib le  reg ion  of the s p e c t r u m .  The a v e r a g e  values of K, ave r age  deviat ions f r o m  
them,  and number  of m e a s u r e m e n t s  of the value of K(n) a r e  cited in Table  3 (log K is equal to the d i f fe r -  
ence of the values  of pK of the indicator  and invest igated compounds.  

The indica tors  used  (with the except ion of 9 -carbomethoxyf luor ine  and phenyl -p-b iphenyly lace to-  
ni t r i le)  and the s pec t r a  of t he i r  o rganometa l l i c  de r iva t ives  were  desc r ibed  in [1, 6, 7]. 9 -Carbomethoxy-  
f luorene was produced by es t e r i f i ca t ion  of f luor inecarboxyl ic  acid,  mp 66.0 ~ (compare  with [9], mp 64-65~ 
phenyl -p-b iphenyly lace ton i t r i l e  was synthes ized  accord ing  to [10], r e c r y s t a l l i z e d  f r o m  a mix ture  of toluene 
and pe t ro l eum e ther ,  rap 132-133 ~ (cf. [10]). The acidi ty  of 9 -ca rbomethoxyf luorene  in DG was de te rmined  
r e l a t ive  to d ie thyl -  (VII) and diphenylphosphinyl ace ta te  (XV) as indicators  ffor the values  of the i r  pK, see  
Tab le  1): K =  48 ~ 3, n = 2 [according to (VII)] and K = 52 ~ 5, n = 5 [according to (XV)]; the acidi ty  of 
phenyl -p-b iphenyly lace ton i t r i l e  in DMSO was es tabl i shed accord ing  to die thylmalonate  (pK = 16.7): K = 
0 .35~  0.04; n = 5 .  

The values of hmax,  nm (a �9 10 -3, l i t e rs  �9 mole  - I  �9 cm -1) of the s p e c t r a  of the carbanions  were :  390 
(4.3) --  9 -ca rbomethoxyf luorene  in DG; 460 (35) --  phenyl -p-b iphenyly lace toni t r i l e  in DMSO. 

The synthes is  of the e s t e r s  (I)-(V), (VII), (X), and (XI) was desc r ibed  in [11-13]. The ethyl e s t e r  of 
e thylethoxyphosphinylacet ic  acid (VI) was produced by an Arbuzov r e a r r a n g e m e n t  of diethyl e thylphospho- 
nite with ethyl b r o m o a e e t a t e  (an exo the rmic  r eac t i on  when the r eagen t s  a r e  mixed under  a vacuum of 70-80 
mm) .  The constants  and yie lds  a r e  cited in Table  2. The e s t e r s  (VIII), (IX), and (X-IV) were  produced 
accord ing  to [15, 16]. The e s t e r s  (XII), (XIII), (XV)-(XVII) were  synthes ized by es t e r i f i ca t ion  of the c o r -  
responding phosphinylacet ic  acids [12, 18], accord ing  to the following p rocedure :  0.1 mole  of subst i tuted 
phosphinylacet ie  acid [12, 18] in 150 ml  abs .  alcohol and 5 ml  conc. H2SO4 was boiled for  5 h. The mix tu re  
was evapora ted  under  vacuum. A solut ion of the res idue  in 100 ml of  benzene was washed with wa te r  
(twice with 20-ml  por t ions)  and sa tu ra ted  with NaHCO~ (twice with 15-ml  port ions) ,  dr ied  with Na2SO4, 
and evapora ted  under  vacuum.  The res idue  was r e c r y s t a l l i z e d .  The yields  and constants  of the e s t e r s  
obtained a r e  cited in Table  2. 
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TABLE 3. Equil ibrium Constants (K) of the Reactions 
of Transmeta l la t ion  of Es ters  of Phosphinylacetic Acids 
in Diglyme and DMSO 

Com- 
pound 

(I) 
(II) 

(III) 
(IV) 
(V) 

'(VI) 
(VII) 

(VIII) 
(iX) 
(X) 

(xI) 
(xH) 

(xHI) 
(XlV) 
(xv) 

(XVI) 
(XVII) 

KDG a 

0,038 • 
0,027• 
0,020• 

- - C  

0,t5• 
0,28 • 
1,07• 
1,0• 

t,05• 
0,085• 
0,063• 
0,132=0,02 
0.II+0,01 
1,05• 
i,22• 

7,i +20 7 
t,~3_;0,i# 

n KDMSO 

3,5-~0,3 
5,8• 
3,92=0,3 

0,04• 
0,07• 
0,23• 
0,20• 
0,25• 
3,8• 
t,6• 

0,020• 
0,022• 
0,40• 
0,48• 
0,20• 
3,2• 
23,5• 
175+12 

n Indicator b 

BF 
8F 
BF 
PF 
PF 
PF 
PF 
PF 
BF 
BF 
PF 
PF 
PF 
PF 
DPAN 
DPAN 
PBAN 
DPAN 

aIn all cases except for (XVII), the indicator was diphenylfluorenyl-9- 
phosphine oxide, pK 12.2 [1]. 
bAbbreviations (pK) are given in parentheses: BF) 9-benzylfluorene 
(21.8) [6]; PF) 9-phenylfluoTene (18.5) [6]; DPAN) diphenytacetonitrile 
(18.3) [6]; PBAN) phcnylbiphenylyiacetonitrile (17.2). 
CDetermined previously according to DPAN [1]. 
dIndicator 9-carbomethoxyfluorene (pK 10.4). 

C O N C L U S I O N S  

1. The equil ibrium CH acidity of e s t e r s  of phosphinylacetic acids was determined relat ive to 9- 
phenylfluorer,.e in diglyme and in DMSO by the method of t ransmetat la t ion.  

2. The values of pK of ethylphosphinyl acetates  in diglyme (Li + cation) a re  6-8 units of pK lower 
than in DMSO (K + cation). This is explained by the chelate coordination of the metal  cation with the phos-  
phoryl  and carbethoxyl groups of the carbanion in the contact ion pair ,  formed in diglyme. 

3. A c3rre la t ion  of the values of pK of ethylphosphinyl acetates in both solvents with the vP con- 
stants of alkyl and a ry l  substituents at the phosphorus atom was established. 

4. There  is no single cor re la t ion  between the values of pK of ethylphosphinyl acetates  in diglyme 
and the ionizMion constants of phosphinylacetic acids in water .  

5. The diethoxyphosphinyl group is infer ior  to its analog -- the carbethoxyl group, with a value of 
the acidifying effect in dimethyl sulfoxide approximately  2.5 units of pK lower.  
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