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Summary
A survey on the use of organophosphorus compounds in the 

detergent field is given. In particular, the use of organophos­
phorus compounds as surface active agents, lime soap disper­
sants and deflocculating agents, stabilizers of bleaching solu­
tions, solubilizers of water in water immiscible solvents, bac- 
teriostates, corrosion inhibitors and sequestrants and builders is 
described. Methods for the syntheses of the individual com­
pounds are also reported.

Introduction

Whereas phosphates and polyphosphates have been 
used since a long time in the detergent field, the applica­
tion of organophosphorus compounds for this purpose 
has been developed only in the passed ten years. 
Organophosphorus compounds have been claimed to be 
useful as surface active agents, lime soap dispersants and 
deflocculating agents, stabilizers of bleaching solution, 
solubilizers of water in water immiscible solvents, 
bacteriostates, corrosion inhibitors, sequestrants and 
builders. It is the purpose of this review to summarize 
the known uses of organophosphorus compounds in the 
detergent field and to discuss the preparation of the indi­
vidual compounds.

Data and Discussion

A. Organophosphorus Surfactants

1. General Discussion

As the earliest surfactants (other than soap) the 
sulfated oils were extensively used by the textile indus­
try. Therefore it seems reasonable to assume that 
simple substitution of a phosphoric acid or oxide for sul­
furic acid might provide better materials since phospha­
tes can be good water conditioners, whereas the sulfated 
oils were unstable towards hard water. An early attempt 
at reacting condensed phosphoric acid with castor oil 
gave a polyphosphoric acid ester which, when neutralized 
with ammonia was said to be useful because of high 
wetting power and great stability to hard water 2. Other 
less expensive phosphating agents have been used and 
some improvements in hard-water resistance for the phos­
phated compounds appear to exist as shown in Table 
A-l, but even this leaves much to be desired in compar­
ison with really effective surfactants. Other phosphate 
derivatives have been evaluated and the most effective 
surfactants are those made from mixed long-chain 
alcohols but the choice of organic radicals must be 
carefully made to preserve water solubility8.

The results in Table A-l deserve some comment. 
Phosphated castor oil appears to be a superior product 
when compared to the corresponding sulfation product

Table A-l. Surfactant Properties of Organophosphorus Compounds

Compound Draves wetting 
time in sec of 
a 25% solution

Detergency 
(0.2% at300pprr 
water hardness)

Calcium salt 
i value (100 — 

excellent)

Surface tension Literature 
dynes/ cm con­
centration 0.25%

Phosphates :
Phosphated castor oil 180 70 42 39
Turkey red oil 180 18 3 44
Loralkyl phosphate 180 67 2 50
Lorol metaphosphate 180 70 100 47 1
Octyl phosphate ; 13.8 39 3 45
Octyl sulfate • 180 23 100 36
Na-octyl-tripolyphosphate 15.5 67 24 26

Phosphonic acid salts:
Dodecylbenzene sodium phosphonate 180 85 1 39
Dodecylbenzene sodium sulfonate 4.0 83 16 37
Kerosene sodium phosphonate 14 88 26 36
Lauryl sodium phosphonate 67 85 15 36
Nonyl sodium phosphonate 180 84 14 30
Oleyl sodium phosphonate 119 17 36

Phosphinates :
Dodecylbenzene sodium phosphinate 58 54 5 37
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Table 1-A continued

Surface tension in dynes/cm 
Concentration in %

0.1 0.0007

Literature

Substituted phosphonic acids and salts:
C16H26CH(OH)P(O)(OH)2 (pH 4, 50°) 

(pH 11, 50°)

R SCH2P(O)(OH)2
R ^^ C43 to C47

CH3 (CH2)nCNHCH2P (O) (OH)2

o
n = 10
n = 12
n = 14
n = 16

C12H25C8H4P(O)(OH)2 pH 3.3
7.5

12.0

40-46 3b

60
54
46
37

25
47
42

3C

3d

Concentration in %
1 0.1 0.01 0.001 0.0005 Literature

Phosphonic acid monoesters:
Capryl-P(O)OH(OEt) 26.3 4

Lauryl-P(O)OH(OEt) 31.4 4

Phosphonic acid diesters:
C12H25P(O)(OCH3)2 26.6 27.3 45.5 3

C14H29P(O)(OCH3)2 25.3 25.4 40.6 3

C12H26P(O)(OEt)2 27.7 27.8 28.7 3

Diphosphonic acids:
CH2[PO3Na2]2 50.6 52.3 5

C8H17CH[PO3Na2]2 49.2 32.3 5

C12H25CH[PO3Na2]2 28.4 32.6 5

C,H15C(OH)[PO3H2]2 28.0 4

C41H23C(OH)[PO3H2]2 29.1 4

Alkylamino bis (methylphosphonic acid)
trisodium salts:
RN (CH2PO3Na2) (CH2PO3HNa)
r = ch3 60 72

CeH13 64 62
Cyclo-C6H11 61 61
C8H17 44 56
CioH21 40 44 6

C12H25 39 44
^14^-29 38 44
^16^33 34 36
^18^35 44 44

Phosphine oxides:
(CH3)2n-Ci2H25PO 25.3 25.3 7

(CH3)2(n-C14H29)PO 27.6 27.0
(n-C4H9)2(n-C12H25)PO 31.2
(C2H5)2n-C12H25PO 22.3 34.0

Phosphine sulfides:
(CH3)2(^C14H29)PS 35.5
Et2(n-C12H25)PS 36.1 7

Et2(n-C8H17)PS 40.0
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(Turkey red oil) but is more expensive. The effect of 
proper choice of hydrophobe chain lenght of optimum 
solubility with increased surface activity is shown by the 
octyl phosphate / sulfate comparison. Both are quite 
stable to hard water, neither possesses effective deter­
gent properties and, although the phosphate is a better 
wetting agent it has a higher surface tension than the 
sulfate. Comparison of octyl ortho-phosphate with the 
octyl tripolyphosphate shows improvement in the latter 
for detergency, surface tension and hard water stability. 
Phosphonation has given a product essentially equiva­
lent to dodecylbenzene sodium sulfonate but the phos­
phonate is more expensive which has prevented its 
adoption. Oleyl sodium phosphonate is one of the very 
few organic phosphorus compounds to have outstanding 
detergency, but the surfactancy is not completely satis­
factory. The surfactancy is markedly improved when the 
half-ester of phosphonates such as O-ethylesters of capryl 
or laurylphosphonic acids are used4 (see Table A-l). 
Substituted diphosphonic acids4’5 and alkylamino-bis- 
(methylphosphonic acid)trisodium salts6 do not seem 
to have as good surfactant properties as phosphonic 
acids and their esters, but show good properties as 
sequestering agents for Ca, Fe, and the like, ions4’5, and 
also deflocculating and dispersing properties5’6 (Table 2). 
In addition of not only being excellent surfactants, 
phosphonate diesters of general formula RP(O)(OR')2 
(R = C12 to C14 alkyl, R' = CH3 or C2H5) are also effec­
tive bacteriostates3. The same property is shared by 
phosphine oxides9’7 and phosphine sulfides7 of general 
formula RR'R"P=O (or S) (R = Clo to C18 alkyl, 
R', R" = Cx to C3 alkyl). Unsymmetrical tertiary 
phosphine oxides seem to be the most effective surfac­
tants so far found amongst the organophosphorus com­
pounds. Furthermore, the phosphine oxides, and in 
particular C12-C14 alkyl-, dimethyl- or diethylphosphine 
oxides show highly desirable properties such as excel­
lent detergency also in cold water, alkaline earth soap 
solubilization characteristics, resistance to hydrolysis, 
high thermal stability, low degree of hydroscopicity and 
bacteriostatic activity9. Heavy-duty laundering com­
positions are obtained which have outstanding effective­

+ C12H25OH . d/RX II3 R2NPC12 + 2 A1(CH3)3 — 3 R2NP(CH3)2 “ “ - (CH3)2POC12H25 —(CH3)2PC12H25

0
OH-/H2O2 II

C12H25PH2 + 2 CHJ -* [C12H25P(CH3)2] ■ HI -------— - C12H25P(CH3)2 »

0
solid II

C12H25PH2 + 3CH3C1 ^ [C12H25P(CH3)3]C1 ——- C12H25P(CH3)2 H’15
NaOH

Ô o
Il II R'X .

(R0)2PH + 3 MgXR -* RsPMgX -—► R2R'P=0 imi.is

ness in both cool and hot water detergency when these 
phosphine oxides are combined with water soluble 
inorganic alkaline builder salts or organic alkaline sé­
questrant builder salts in the ratio of 1 : 1 to 1 : 10. It 
has been claimed that in the cool water detergency effec­
tiveness these phosphine oxides are much more effective 
than soap, such as coconut oil soap, and are also more 
effective than commonly used laundering active deter­
gents such as alkylbenzenesulfonates9. Only the high 
cost of preparation has so far prevented commerciali­
zation of these phosphine oxides.

2. Preparation of Some Phosphorus Containing Surfactants

a) Phosphates:

One of the oldest and cheapest methods for the syn­
thesis of mixtures of primary and secondary phosphates 
is the reaction of hydroxycompounds with P2O510’xl.

3 ROH + P2O5 -> (RO)P(0)(OH)2 + (R0)2P(0)0H

H,0
(RO)3PO + P2O5 -* 3ROPO2 —3ROP(O)(OH)2

(RO)2P(O)C1 + H2O -* (R0)2P(0)0H

The pentaoctyl tripolyphosphate is obtained in the same 
way.

5 C8H17OH + 3 P2O5 - (C8H17)5H5(P3O10)2

b) Phosphonates:

Phosphonates are obtained either by the Michaelis- 
Becker or Arbuzov reaction10’ u.

(R0)2P0Na + RX ^ (RO)2P(O)R + NaX

(R0)3P + R'X -> (R0)2P(0)R' + RX

c) Phosphine oxides and sulfides:

Although several methods exist for the preparation of 
phosphine oxides10’11 and sulfides13 good synthetic pro­
cedures for unsymmetrical phosphine oxides and sulfides 
have been developed only recently.

Phosphine Oxides:

O

(CH3)2PH + dodecene -> C12H25P(CH3)2

[C12H25P(CH3)2C6H61C1 + NaOH - C12H25P(O)(CH3)2 + C6H6 19
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Table 2. Deflocculating Properties of Some Organophosphorus Compounds

Compound

RN [CH2P (0)(ONa)J [CH2P (0) (0Na)0H] concentration

Apparent Viscosity (Cp) at 300 rpm. Stormer at indicated weight percent of 
deflocculation on a dry clay basis
0 0.1 0.15 0.2 Ref.

R = CH3 Plastic 180 180 180
c4h9 Plastic 220 210 200
c6h13 Plastic 220 210 200
c8h17 Plastic 180 180 180
C 14^29 Plastic 380 370 390
^18^-85 Plastic 1400 1000 1100

RCH[PO3Naa]2
R = H Plastic 230 230 230

c,h15 Plastic 270 370 270
Plastic 350 350 350

Sodium tripolyphosphate Plastic 180 180 180

Phosphine sulfides :
S S

tetradecene 
(CH3)2PNR2 + HaS -> (CH3)2P-H——— C„H29P(CH3)2 *0

AIBN

(CH3)2P(S)C1 + RMgBr -* (CH3)2P(S)R + MgClBr 12

(CH3)2PClaHaB -|- S -> (CH3)2P(S)C12H25

B. Organophosphorus Compounds as Lime Soap 
Dispersants and Deflocculating Agents

1. General Discussion

When straight soaps are used in hard water, insoluble 
soaps form gummy, flocculant precipitates until the cal­
cium and magnesium ions are essentially used up. It is 
only then that foaming is observed. When a good lime 
soap dispersant together with a soap regenerating agen t is 
added foaming ability is immediately observed and the 
“bath-tub ring” is not formed. Trisodium phosphate 
and condensed phosphates act as lime-soap dispersants 
and regenerants because of their ability to complex metal 
ions1. In the past few years it has been found that sub­
stituted methylenediphosphonic acids of the type21’5’22

X

H,O3PCPO3H2

Y

X, Y = Br, Cl, H, OH, NH2, C7 to Ca0 alkyl, at least one of X or Y 
being other than hydrogen

alkylaminodi (methylenephosphonic acids)6

RN(CH2PO3H2)2

and organoaminopoly (methylphosphonic acids),

(H2O3PCH2)2N (CH^N (CH2PO3H2)222- 22

exhibit good properties as lime soap dispersants, de­
flocculating agents and complexing agents (Table 2). In 
comparison with the condensed phosphates they have 
the advantage of not hydrolyzing in aqueous solution. 
It has also been claimed that dimethyldodecylphosphine

oxide is an outstanding foam stabilizer and lime soap 
dispersant9,19. Some results are tabulated in Table 2.

2. Preparation of Some Organophosphorus Compounds 
Effective as Lime Soap Dispersants and Deflocculating 
Agents

Methylenediphosphonates are readily obtained by an 
Arbuzov reaction from tri-isopropylphosphite and 
CH2Br224. Halogenation, or alkylation of methylene­
diphosphonates yields the substituted derivatives which 
on hydrolysis yield the corresponding acids

0 0
II II

CH2Br2 + 2 P(OPr-iso)3 -* (iso-Pro)2PCH2P (O-Pr-iso)a 24

0 0 0 0
II II II II

(RO)2PCHaP(OR)2 + K ^ (R0)2PCHKP0R

o o
RX II II

-------► (RO)2PCHRP(OR)2 25>26’21

0 0 0 0
II II II II

(R0)2PCH2P(0R)2 + Br, -> (RO)aPCHBrP(OR2) 21>26

0 0
II II

(R0)2PCHRP(0R)2 + 4 HC1 -> H2O3PCHRPO3H2 + 4 RC1

a-Aminomethylphosphonic acids and aminopolymethyl- 
phosphonic acids are readily prepared by a Mannich 
type reaction with ortho-phosphorous acid27 or directly 
from white phosphorus and N-hydroxymethyl dialkyl­
amines28.

RNHa 4- 2 CH20 + 2 HP(0)(0H)2

-* RN [CH2PO3H2]2 + 2 Ha0 27

HaNCH2CH2NH2 + 4 CH2O + 4 H3P03

-* [H2O3PCH2]2NCH2CH2N[PO3H2]2 27

2 P„ + 20 R2NCHa0H -* RaNCHaP03H2

+ 2 (R2NCH2)2PO2H + 5 (RaNCHa)3P=O + 8 Ha0 28
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C. Stabilization of Bleaching Solutions by
Organophosphorus Compounds

1. General
Although bleaching processes are widely used in the 

textile industry beaching compositions are universally 
used in laundering and frequently are accepted for their 
sanitizing value. Bleaching is usually achieved by either 
using hypochlorite or percompounds such as sodium or 
hydrogen peroxides of other persalts. In order to keep 
up the effectiveness of the bath, stabilizers such as so­
dium silicates or tetrasodium pyrophosphate are added.

Alkylenediphosphonic acid and salts of formula 
H2O3P (CXY)nP03H2 (n = 1 to 10, X = H or lower alkyl, 
Y = H, OH, NH2, lower alkyl)29,30 and aminotri (lower 
alkylidenephosphonic acids) or their salts of formula 
N (CXYPO3H2)331 are effective of not only stabilizing 
peroxide bleaching solutions but also chlorine bleaching 
solution. The mechanism of stabilization of these com­
pounds is believed to involve sequestration of heavy­
metal cations which catalyze bath decomposition. 
Perhydrates of hydroxyalkylidene diphosphonic acids, 
H2O3PC(OH)RPO3H2 • xH2O2 have been said to be 
storable in solid form without addition of further stabili­
zers over a long period without appreciable loss of 
oxygen32; they also have the property of sequestering 
heavy-metal cations in solution.

Table 3. Stabilization of Bleaching Solutions by Organophos­
phorus Compounds

Compound added 
(concentration in %)

Time 
in min

Residual H2O2 present after 
indicated time (in %)

Control
(no stabilizing agent) 15 0
N(CH2PO3H2)3 0.001 20 98

40 13
0.002 20 100

40 91
0.01 20 100

40 99
60 98

Residual chlorine­
releasing agent (in %) 
Na-hypo- K-dichloro- 
chlorite iso­

cyanurate

N(CH2COONa)3 • H2O 3.0 (pH 10) 180 0.7
Na2O3PCH2PO3Na2 3.0 (pH 10) 180 98.6 76.2
Na2O3PC(OH)CH3PO3Na2 3.0 (pH 10) 180 92.0 30.4

2. Préparation of Phosphorus Containing Stabilizers for 
Bleaching Solutions

The preparation of methylenediphosphonic acids has 
been described under section B2. Nitrilotri (methylene-

phosphonic acid) may be prepared by the following 
three routes

N [CH2P(O)(OR)2]3 + 6 HC1 -> N (CH2PO3H2)3 + 6 RC1 33

NH3 + 3 C1CH2PH(O)OH -* N(CH2PH(O)OH)3

h2o2
- 2-- N(CH2PO3H2)3 34

NH3 + 3 CH2O + 3 H3PO3 — N (CH2PO3H2)3 27

D. Solubilization of Water in Water Immiscible Solvents 
by Organophosphorus Compounds

The ability of some organophosphorus compounds to 
impart a solubilizing action to water in water immiscible 
solvents such as hexane, CC14 or perchloroethylene, 
renders them useful as dry cleaning agents, particularly 
if they also show surfactancy properties.

Table 4. Gram Water Dissolved in 50 ml Hexane Containing 3 
Grams of the Compound Shown

Compound Gram H2O dissolved

C16H33N[CH2P(O)(OC2H5)2]2 3.0 .
C12H25N[CH2P(O)(OC2H6)2]2 1.0
C8H„N[CH2P(O)(OC2H6)2]2 0.7
iso-C4H8N [CH2P (O) (OC2H5)2] 2 Several drops
CH3N[CH2P(O)(OC2H5)2]2 0.0

Gram water dissolved in 50 ml 
hexane containing 25 ml of the 
esters shown

C7H16CH[P(O)(OC2H5)2]2 2.5
C12H25CH[P(O)(OC2H5)2]2 12.5

The preparation of these compounds has been discus­
sed in previous sections.

E. Bacteriostatic Properties of Some Organophosphorus 
Compounds

Detergents of themselves are not effective in prevent­
ing or arresting the growth or action of micro-organisms 
such as the Staphylococcus aureus. Thus, when such 
action is desired as is always in the detergent field, bac­
teriostatic agents must be incorporated. However, none

Table 5. Bacteriostatic Properties of Organophosphorus Com­
pounds

Compound Concentration (in ppm) required to 
stop multiplication of 
Staphylococcus aureus

Ref.

C12H25P(O)(OC2H5)2 1 to 20 3

C12H25P(O)(CH3)2 17.5 to 19 9

C14H29P(O)(CH3)2 10 ' 7

CsH17P(S)(C2H5)2 10 7

C12H25P(S)(C2H6)2 10 7
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of the known bacteriostatic agents aids in the cleansing 
action. Therefore the finding that some highly active 
phosphorus containing surfactants also exhibit bacterio­
static properties is of importance. Among the compounds 
tested diethyldodecylphosphonate3 some unsymmetri- 
cal tert, phosphine oxides7,9 and unsymmetrical tert, 
phosphine sulfides7 exhibited the highest activity. The 
results are shown in Table 5.

F. Organophosphorus Containing Corrosion Inhibitors

In order to reduce corrosion of metals and erosion of 
vitreous enamel surfaces corrosion inhibitors such as 
sodium silicate are added to the detergent composition. 
Some organophosphorus compounds have also been found 
useful for this purpose and in particular phosphonic acids 
such as the half-ester of caprylphosphonic acid, hydroxy­
alkylidenediphosphonic acids, RC (OH) [PO3H2] 2 4 and 
phenylphosphinic acid C8H5P (O)H(OH) have been said 
to be highly effective as corrosion inhibitors.

G. Organophosphorus Containing Sequestrants
and Builders

1. General
The use of builders to improve detergency levels of 

synthetic detergents is well known, The exact behaviour 
and mechanics of how builders perform their function 
has never been fully explained, however1. This may be 
due in part to the complex nature of detergency itself 
and the number of factors which are involved. Among the 
many properties of built detergency systems on which 
builder materials are thought to have some effect are: 
stabilization of solid soil suspensions, ability to soften 
water, prevention of discoloration of clothes by iron, 
emulsification of solid particles, peptization of gums 
and solid particles of soil, rate of wetting of oily cloth 
by water, solubilization of water insoluble materials, 
foaming characteristics of washing solutions, neutrali­
zation of acid soil, surface activity of the aqueous 
detergent solution and complexing and peptization of 
inorganic constituents.

The major effects of the polyphate builders appear to 
be directly attributed to their ability to soften water. 
Since sodium tripolyphosphate hydrolyzes slowly in 
aqueous solution it is not suitable for liquid detergent 
formulations; therefore mainly sodium or potassium 
pyrophosphates are used as builders in these formula­
tions. In recent years several organophosphorus com­
pounds have been found which show outstanding 
sequestering ability not only for Ca- and Mg-ions but 
also for many other metal ions, and are therefore excel­
lent detergent builders.

Since they are stable towards hydrolysis they may also 
be used in liquid detergent formulations. Among the 
many organophosphorus compounds, claimed to be useful

for this purpose, methylene and substituted methylene­
diphosphonic acids of formula H203PCXYP03H2 
(X, Y = H, R, OH, Cl, Br, NH235, 36>37,21>30) some poly­
phosphonic acids 5O’S1, nitrilo tri (methylene-phosphonic 
acid) N(CH2PO3H2)327’38’39’40, ethylenediaminetetra- 
(methylenephosphonic acid),

[H2O3PCH2] 2NCH2CH2N [CH2PO3H,1 "’42 *, LAO 4-14 4 AL 4 o 4 "

bis (phosphonylmethyl)phosphinic acid

[H2O3]PCH2]2PO2H43,

tris (phosphonylmethyl) phosphine oxide

[H2O3PCH2]3PO44

and a polyphosphinic acid,

" O '

-pch2- 7
_ OH _

have shown outstanding properties as sequestering 
agents. The results are summarized in Tables 6 to 9.

The results in Table 6 indicate that methylene and 
substituted methylenediphosphonic acids are better 
complexing agents than pyrophosphates. The stability 
constants for the Ca-complexes decrease, however, 
rapidly with increasing chain length between the two 
end-phosphonate groups.

Table 6. Dissociation Constants for Ca- and Mg-Complexes of 
Organophosphorus Containing Complexing Agents, Containing 
two Phosphorus Atoms (at 25 °C)

Compound Ionic 
strength

— log p CaL — log /?MgL Ref.

P2<V 0.1 5.39 45

O3PNHPO34
O3PCXYPO“4

0.1 5.36 40

X = Y=H 0.1 6.0 36

0.5 4.70 5.78 47

X= CH3, Y = H 0.5 5.21 6.26 47

X = Y = CH3 0.5 6.33 6.83 47

X = ch3, y = oh 0.5 5.74 6.39 47

0.1 7.09 40

x= ch3, y = nh2 0.1 6,71
o3pch2ch2po;4 0.1 2.8 2.9 36

The values of the Ca-dissociation constants of complex­
ing agents containing three phosphorus atoms decrease 
in the order expected upon considering the distance 
between the phosphorus atoms (Table 7),

* The subject of “organophosphorus Complexones” has recently 
been reviewed42^.
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Table 7. Dissociation Constants for Ca-Complexes of Organo­
phosphorus Compounds Containing Three Phosphorus Atoms 
(at 25 °C)

Compound Ionic strength — log fi CaL Ref.

(o3popopo3) 6 0.1 6.41 45

^O3PNHPNHPO3^
0.1 6.74 46

(o3pch2pch2po3) 0.1 6.87 40

Table 8. Dissociation Constants for Ca- and Mg-Complexes of 
X(CH2CO2H)n(CH2PO3H2)3_„; (X = N, N-O, P-O) (at25°C). 
n = 0 to 3

Compound Ionic 
strength

— log P CaL -log/3MgL Ref.

N(CH2CO2H)3 0.1 6.41“ 5.41 48,40

N(CH2C02H)2(CH2P03H2) 0.1 7.18 6.28 48

N(CH2CO3H)(CHsPO3H2)2 0.1 6.17 — 42

N(CH2PO3H2)3 1.0 6.68 6.49 38

ON(CH2PO3Hj)3 1.0 5.69 8.29 39

OP(CH2PO3H2)3 0.1 6.83 6 — 40

0N(CH,C02H)3 0.1 2.46 2.83 39

(H2O3PCH2)2NCH2CH2N 0.1 5.74 — 42

(CH2PO3H2)2

a: —log ^Ca3L = 3.40; 6: —log ^Ca2L — 5.70.

Table 9. Dissociation Constants of Ca-Complexes of Polymeric 
Phosphorus Containing Complexing Agents (0.1 M Ionic 
Strength at 25°C)

Compound — log /3 Cal Moles of phos­
phorus per bond 
Ca ion

Ref.

r o o ]-*
-POPO- Na+
Loo Jo

n = 3 6.80 - 45

r o o I-3
—PCH2PO- Na+ 

L o o Jo
n ^ 5 7.21 3.9 40

r o o I-3
-PCH2PCH2 tm a+ n ‘—-5 7.38 4.2 40

phosphonates which différenciâtes them from their 
carboxyl analogs (Table 8). Ca-complex formation by 
the phosphonic acid derivatives is less sensitive to the 
bridging substituents.

Thus the stability constant of the Ca-complex drops 
upon oxidation of nitrilotri (methylenephosphonic acid) 
to nitrilotri (methylenephosphonic acid) N-oxide from 
6.68 only to 5.69, whereas that of nitrilotri (acetic acid) 
upon oxidation to nitrilotri (acetic acid) N - oxide de­
creases from 6.41 to 2.46 (Table 8). This suggests that 
binding of Ca- and Mg-ions in compounds containing 
the NCH2PO|~-moiety is principally by the phosphonate 
group with little or no interaction by the tertiary nitro­
gen38. The most striking feature is the ability of tris- 
(dihydroxyphosphonylmethyl) phosphine oxide (II) to 
form Ca2L-complexes under conditions where nitrilotri- 
(methylenephosphonic acid) does not40 (Table 8).

And finally in comparing the dissociation constants of 
calcium-complexes of polymeric phosphorus containing 
complexing agents one again observes an order which is 
expected upon considering the distance between the 
phosphorus atoms (Table 9). Thus the Ca-complex of the 
polyphosphinic acid is more stable than that of the 
polyphosphonic acid, which in turn is more stable than 
that of the polyphosphoric acid (Table 9).

2. Preparation

The preparation of methylene- and substituted meth­
ylene diphosphonic acids (section B2) and of nitrilotri- 
(methylenephosphonic acid) (section C2) has been de­
scribed previously.

Hydroxy- and amino-ethylidencdiphosphonic acid are 
obtained by the following routes :

H,0
CH3COOH + 2PC13 ---- H2O3PC(OH)(CH3)PO3H2 37

(CH3CO)2O + 2 H3PO3------- » H2O3PC(OH)(CH3)PO3H2 37

CH2=C=O + 2 H3PO3 ------- * H2OsPC(OH)(CH3)PO3H2 373

80°
P+CH3COOH + O2-------- ► H2O3PC(OH)(CH3)PO3H2 49

h2o
RCN+2PC13 ---- RC(NH2)(PO3H2)2 30

Thus the Ca-complex of bis (phosphonylmethyl) - 
phosphinic acid is more stable than that of diiminotri­
phosphate which in turn is more stable than that of tri­
polyphosphate. Since, however, the electronegativity of 
the groups -CH2-, -NH-, -0- increases in the same 
manner as the distance between the atoms, it is not 
possible to indicate which of these phenomena are most 
important in determining the Ca-complexing ability40.

The calcium complexing behaviour of the nitrilo- 
methylenphosphonic acid series and the corresponding 
P-analogs illustrates an important feature of these

Hydrolysis of bis (phosphonylmethyl) phosphinates and 
tris (phosphonylmethyl) phosphine oxides, which are 
obtained by the Arbuzov reaction, with concentrated 
HC1 yields the corresponding acids.

(HOCH2)2P(O)OH+3SOC12 -* (C1CH2)2P(O)C1

ROH 2P(OR),
-------» (C1CH2)2P(O)OR --- '—^ [(RO)2(O)PCH2]2P(O)OR

HC1
(H2O3PCH2)2PO2H 43
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and

(HOCH2)3P=O + PC15 -* (C1CH2)3P=O

3 (RO)3P HC1
---------—- [(RO)2(O)PCH2]3P=O —► [H2O3PCH2]3P=O «

Some polyphosphonic acids, also claimed to be useful as 
Ca-sequestering agents, were synthesized by the follow­
ing routes:

OH
I

H2O3PCH2COOH + H3PO3 + PC13 -* H2O3PCH2C(PO3H2)2 50

toluene
2[(RO)2(O)P]aCHNa + CH2C12 ---------- > [(R2O3P)2CH]2CH2

HC1
----- -- [H2O3P]2CHCH2CH[PO3H2]2 5i

And finally a polyphosphinic acid is also obtained by an 
Arbuzov rearrangement from chloromethylphosphoni­
tes:

R3N
C1CH2PC12 + 2 ROH ---- ► C1CH2P(OR)2

0 0

-------- > ClCH2PlCH2P]xCH2P(OR)2

OR OR

O2/HC1
---------- * (C1CH2)(HO2)P[CH2PO2H]xCH2PO3H2 x~9 7
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