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Esters of phosphinylacetic acids are used in synthesis in the form of the corresponding metallic
derivatives [3,4]. And yet, there are no data on the CH acidity of the indicated compounds, possessing
an active mathylene group, which does not permit an estimation of the influence of structural factors on
the reactivity of carbanions of derivatives of phosphinylacetic acids., The ionization constants of phos-
phinylacetic acids have been used for these purposes [5]; however, as will be shown below, such an in-
direct method of estimating CH acidity is extremely approximate,

In this work the CH acidity of a number of esters of phosphinylacetic acids in diglyme (DG) and
DMSO was studied by the method of transmetallation 1, 2].

The compounds studied were produced by esterification of the corresponding phosphinylacetic acids,
by the Michaelis — Becker reaction or the Arbuzov rearrangement of esters of P(III) acids with ethyl
bromoacetate.

The values of pK of ethylphosphinyl acetates in DG (Li* cation) and in DMSO (K* cation),{ related to
the pK of 9-phenylfluorene, which was assumed equal to 18.5 in both solvents, are cited in Table 1. The

*For the pre—(—zéding communications of this series, see [1, 2].
tFor the causes of the selection of different cations, see [1].

TABLE 1. Equilibrium CH Acidity of Esters of Phos-
phinylacetic Acids RR'P(O)CH,COOC,H; in Diglyme and Di-
methyl Sulfoxide

Com-~
pound R B PEDG PPpmso | APE
(1) CHs CH; 13,6 — —
(1) Calls CeHs 13,8 21,3 7,5
(LIT) CsHz CsHz 13,9 21,1 7,2
avj CiHy CsHy 14,1 21,1 7,0
(V) CHs C2Hs0 13,0 19,9 6,9
(Vi) Cails CeHsO 12,8 19,7 6,9
(VID) CoH:0 C2H:0 12,2 19,2 7.0
(VIID) CsH50 CiHsO 12,2 19,2 7,0
(IX) i-CsHu: O i-CsHu O 12,2 19,1 6,9
(X) (CHs)oN (CHs)aN 13.3 21 7.8
(X1) (CzHs)2N {CaHg)oN 1304 206 8.2
(XII) CeHs CoHs 13,1 20,2 74
(XIII) CsHy CeHs 13,2 20,2 7,0
(XIV) CoHsO CeHs 1212 18,9 6.7
(XV) CsHs CsHs 12,1 18,9 6,8
(XVD) | p-CICeH, p-CiCsHy 11,4 17.8 6.4
(XVII) m-02NCsHs | m-02NCgHi 10,2 15,9 5,7
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values of pK, determined by the method of transmetallation,
characterize the relative CH acidity of the substances in the
given medium according to their ability for conversion to the
corresponding organometallic compounds and are only con-
ditionally related to the pKy scale in water.

For the compounds studied, a strong 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 relative to
the standard acidity scale, at which the scale of pK of ali-
phatic-aromatic hydrocarbons is taken [8, 7], by 6-8 units of
pK (see ApK, Table 1). When the polarity of the solvent and
radius of the cation are decreased, probably there is an in-
crease in the strength .of the bond of carbanions of the acids
studied to the cations in the ion pairs in comparison with the
carbanions of the indicator acids. The cause of this is ap~
parently the chelate coordination of the cation with the phos-
phoryl and carbethoxy groups in the contact ion pair, together
with interaction 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].

Fig. 1. Relationship between pK of
ethylphosphinyl acetates in diglyme
and DMSO. Here and in Figs. 2 and
3, the numeration of the points corre-
sponds to the compounds in Table 1,

Between the values of pK measured in DG and DMSO there is a linear relationship, from which the
points corresponding to amide derivatives deviate somewhat (Fig. 1)
PKpg= — 1.6 + 0.73 pEppy50t 0.2; s, = 0.03; r =0.989; n = 14
pKpymso= 2.6 + 1.34 pKpg=+ 0.2; s, = 0.06; r = 0.989; n = 14

This indicates that the relative 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 atom in the compounds studied are analogous to those ob-
served previously in the series of a-phosphorus-substituted toluenes [2]. A quite satisfactory linear cor-
relation exists between the values of pK of phosphinyl acetates, classed as phosphine oxides, and the P
constants of the substituents at the P atom (Fig. 2)

pEp; =10.5—1.49 S0P £ 0.2; s, = 0.06; r = 0.9%4;n =9
PRppso= 16.5—2.02 Zop 4 0.3; 5, = 0.12; r = 0.988; n =8

Compounds with alkoxyl groups at the P atom in most cases cannot satisfy the correlations cited.
Deviations for amides are noted only in the case of pKpgG.

A comparison of the values that we found for pKpg of ethylphosphinyl acetates and pK, of phos-
phinylacetic acids, measured in aqueous solution (Fig. 3), show that there is no single relationship be-
tween these quantities. This hinders the prediction of the reactivity of carbanions of esters of phosphinyl-
acetic acids according to the ionization constants of the corresponding acids. For example, the compounds
1) and (XVI) differ by more than two orders of magnitude in CH acidity in DG, while pKgq of the corre-
sponding carboxylic acids are the same; at the same time, though the CH acidity is close for ethyl-
phosphinyl acetates (V) and (XI), the pKq values of phosphinylacetic acids differ by almost one unit of pK.
In addition, the entire aggregate of points in Fig, 3 can be divided into several groups, in each of which a
linear relationship is observed: A represents compounds with other alkyl radicals at the P atom; B rep-
resents compounds with one alkyl radical and a group capable of conjugation; C represents compounds
with two substituents, capable of conjugation; D represents compounds with two aryl radicals at the P
atom. This complex dependence is to some degree analogous to the correlation of pKq of phosphinylacetic
acids with the constants aP of the substituents at the P atom. Probably other causes of the construction
of the subdependences are also possible; however, in any case the correlation is not unambiguous.

A comparison of the values of pKDMSO Of ethylphosphinyl acetates (see Table 1) and diethyl malonate
(EKpMSO = 16.7 [7]) permits us to judge the difference in the electronic effects of substituted phosphoryl
and carboxyethyl groups. In all cases [with the exception of the nitro derivative (XVII)], substituted phos-
phinyl groups are inferior 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. 2. Relationship between pK of ethylphosphinyl acetates in di-
glyme (@) and dimethyl sulfoxide (b) and the oP constants of the sub-
stituents at the phosphorus atom., The dark points correspond to
phosphinyl acetates, belonging to the group of phosphine oxides.

Fig. 3. Relationship between pK of ethylphosphinyl acetates in di-
glyme and pK, of phosphinylacetic acids in water,

EXPERIMENTAL METHOD

The determination of the acidity of phosphinylethyl acetates was performed according to [1,2]. In
this case the spectrophotometric determination of the values of the equilibrium constants (K) of the reac-
tions of transmetallation was facilitated by the fact that the carbanions of the investigated compounds do
not absorb light in the visible region of the spectrum. The average values of K, average deviations from
them, and number of measurements of the value of K(n) are cited in Table 3 (log K is equal to the differ-
ence of the values of pK of the indicator and investigated compounds.

The indicators used (with the exception of 9-carbomethoxyfluorine and phenyl-p-biphenylylaceto-
nitrile) and the spectra of their organometallic derivatives were described in [1, 6,7]. 9-Carbomethoxy-
fluorene was produced by esterification of fluorinecarboxylic acid, mp 66.0° (compare with [9], mp 64-65°);
phenyl-p-biphenylylacetonitrile was synthesized according to [10], recrystallized from a mixture of toluene
and petroleum ether, mp 132-133° (cf. [10]). The acidity of 9-carbomethoxyfluorene in DG was determined
relative to diethyl-(VII) and diphenylphosphinyl acetate (XV) as indicators (for the values of their pK, see
Table 1): K =48 + 3, n= 2 [according to (VII)] and K=52 + 5, n=5 [according to (XV)]; the acidity of
phenyl-p-biphenylylacetonitrile in DMSO was established according to diethylmalonate @K = 16.7): K=
0.35 + 0.04; n=5,

The values of Amax, nm (e -1073, liters - mole~! .cm™!) of the spectra of the carbanions were: 390
@4.3) — 9-carbomethoxyfluorene in DG; 460 (35) — phenyl-p-biphenylylacetonitrile in DMSO.

The synthesis of the esters (I)-(V), (VII), (X), and (XI) was described in [11-13]. The ethyl ester of
ethylethoxyphosphinylacetic acid (VI) was produced by an Arbuzov rearrangement of diethyl ethylphospho-
nite with ethyl bromoacetate (@n exothermic reaction when the reagents are mixed under a vacuum of 70-80
mm). The constants and yields are cited in Table 2, The esters (VIII), (IX), and (XIV) were produced
according to [15,16]. The esters (XII), (XIIT), (XV)-(XVII) were synthesized by esterification of the cor-
responding phosphinylacetic acids [12,18], according to the following procedure: 0.1 mole of substituted
phosphinylacetic acid [12,18] in 150 ml abs, aleohol and 5 ml conc. Hy80, was boiled for 5 h. The mixture
was evaporated under vacuum, A solution of the residue in 100 ml of benzene was washed with water
{twice with 20-ml portions) and saturated with NaHCO; (twice with 15-ml portions), dried with Na,SO,,
and evaporated under vacuum. The residue was recrystallized. The yields and constants of the esters
obtained are cited in Table 2,
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TABLE 3. Equilibrium Constants (K} of the Reactions
of Transmetallation of Esters of Phosphinylacetic Acids
in Diglyme and DMSO

gg’]ﬁid Kpga n EpMso n |Indicator?

(I) | 0,038+0,045 | 8 — — —
(II) | 0,027+0,004 8 3,540,3 6 | BF
(IT1) | 0,020%0,003 5 5,8+0,5 6 | BF
Iv) — C — 3,9+0,3 6 BF
(V) 0,15+0,045 6 0,04%0,005 { 6 | PF
(VD) 0,280,045 6 0,070,003 6 | PF
(VII§ 1,07+0,13 8 0,23+0,02 6 | PF
(VIII 1,040,1 6 0,200,015 6 | PF
(1X) 1,05+0,13 6 0,25+0,03 6 | PF
(X) 0,085+0,12 6 3,8+0,4 6 | BF
(XI) | 0,063%0,01 8 1,6+0,15 6 | BF
(XII) 0,13+0,02 8 | 0,020+0,002 4 | PF
(X111 0,41+0,01 5 190 09210 002 3 | PF
(XIV) 1,05+0,13 8 0,40+0,05 6 | PF
(XV) 1,2240,15 9 0,48 +0, 04 5 | pF

0,20+0,01 2 | DPAN

(XVI) 7,4£20,7 5 3,2%0.2 5 | DPAN

(XVII) 1,43+0,144d | 6 23,5+2 6 | PBAN

175512 3 | DPAN

21n 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) {63; PF) 9~phenylfluorene (18.5) {6]; DPAN) diphenylacetonitrile
(18.3) [6]; PBAN) phenylbiphenylylacetonitrile (17.2).

CDetermined previously accerding to DPAN [13.

dindicator 9-carbomethoxyfluorene (pK 10.4).

CONCLUSIONS

1. The equilibrium CH acidity of esters of phosphinylacetic acids was determined relative to 9-
phenylfluorere in diglyme and in DMSO by the method of transmetallation,

2. The values of pK of ethylphosphinyl acetates in diglyme (Li* cation) are 6-8 units of pK lower
than in DMSC (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 correlation of the values of pK of ethylphosphinyl acetates in both solvents with the 7P con-
stants of alkyl and aryl substituents at the phosphorus atom was established.

4. There is no single correlation between the values of pK of ethylphosphinyl acetates in diglyme
and the ionization constants of phosphinylacetic acids in water,

5. The diethoxyphosphinyl group is inferior 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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