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Salts of tetrahydrofuran polycarboxylic acids repre-

sented by the formula

o) .
HOOC
\\6/\b/£OOH
HOOC’/I I\\Rﬁ

.

wherein R,. Ry, Ry, R, and R; are hydrogen or carbox-
ylic acid groups, at least one of R,, R,. R; and R,
being a carboxylic acid group when R; is a carboxylic
acid group are useful as complexing agents and/or de-
tergency builders. The ester forms of such com-

e ga gy m—— e e Lt

pounds, as well as the acids are useful as intermediates _

for production of the salts.

16 Claims, No Drawings
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SALTS OF TETRAHYDROFURAN
POLYCARBOXYLIC ACIDS AS DETERGENT
BUILDERS AND COMPLEXING AGENTS

This is a division of application Ser. No. 385,131,
filed Aug. 2, 1973, now U.S. Pat. No 3,835,163.

BACKGROUND OF THE INVENTION

This invention relates to novel tetrahydrofuran poly-
carboxylic acids and salts useful as complexing agents
and detergency builders; to detergent formulations
containing such compounds and to ester forms of such
compounds useful, inter alia, as intermediates for prep-
aration of the salts and acids.

The utility of compounds characterized by the ability
to complex various metal and alkaline earth metal ions
(particularly ions such as calcium ions which contrib-
ute to “‘hardness” of water) in aqueous media and/or
provide, in combination with various detergent surfac-
tants, detergent formulations of enhanced cleansing
ability is well recognized by those skilled in the art.
Such compounds are used in water treating applica-
tions (e.g. to “soften’” water) and/or as detergency
builders.

Although many compounds having complexing and-
/or detergency builder functionality are known the pro-
vision of novel compounds composed of only carbon,
hydrogen and oxygen and having such functionality is
desirable.

Since most known complexing agents form com-
plexes with water hardness ions on a 1:1 mole basis,
novel compounds having the ability to complex greater
quantities of such ions are particularly desired.

SUMMARY OF THE INVENTION

It is an object of this invention to provide novel com-
pounds useful as complexing agents and/or detergency
builders and intermediates for the synthesis of such
compounds. A further object of the invention is to pro-
vide novel detergent formulations containing the
builder compounds of this invention.

The compounds of this invention are tetrahydrofuran

polycarboxylic acids, their salts and esters whose struc--

ture, synthesis, and use will be understood from the fol-
lowing description of the preferred embodiments.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The compounds of the present invention are repre-

sented by the formula

X00C /\ /coox

xooc/ \Rs

I"i )

wherein X is hydrogen, alkali metal, ammonium, alka- .
nol ammonium, (wherein the alkyl group contains from ;
1 to 4 carbon atoms) or an alkyl group containing from @
1 to 20 carbon atoms (it is not necessary that all X -
groups in the compound be identical) and R;, R;, R3, R, -

and R; are hydrogen or —COOX. At least one of the
R,, R,, R; and R, groups must be —COOX when R is
COOX. Thus, the formula is seen to encompass acid,.
salt and ester compounds. It is further apparent that
certain of the compounds, for example, those in which
R, and R, are —COOX and R, and R; are hydrogen in-
clude both cis and trans configurations.

The salt forms of the compounds of this invention are

B L g

useful as complexing agents and/or as detergency °

builders.

Tetrahydrofuran-2,2,3,4,5,5-hexacarboxylate  salts,

especially in the trans configurations and preferably the

pentasodium salts, are preferred compounds of the in-

vention in view of their ability to complex more than :
one mole of calcium ion per mole of hexacarboxylate ¢

salt.

The ester forms of the compounds of this invention !

are useful as intermediates for preparation of the salt

forms as will be apparent from the subsequent descrip-
tion of methods of preparing compounds of this inven-
tion. In addition, certain of the esters (particularly

g

those having more than 4 carbon atoms in the ester
alkyl groups) will be found to exhibit plasticizer prop- ‘
erties or, in the case of the higher alkyl (9 to 20 carbon .

atoms) esters, surfactant properties.
The ester forms of the compounds of this invention:

can be prepared by reactions represented by the equa-

tions:

Ry’ NC_C O CN
=c/ —_ \c/ \c/
Nee AN

R'—C——C—R/’

NC, o) CN
\ /\ /
C——C +
/ AN
NC Y

NC

Ry Ry

NC\C/ }:{<Y

+ 4H,0 + 4R'OH + 4HCl ~——>

NC

R;'~C——C—R/¢

Ry’ Ry
+ R’'00C o] COOR’
/\/
R'O0C—C C—Ry’

R,/'—C——C—R/

R Ry

Y
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In the formulae of the above equations Y s hydrogen
or CN. R,, Ry. Ry'. R," and Ry’ arc hydrogen or
COOR, at least one of R,’. R,’. Ry’ and R, being
COOR when Ry’ is COOR and R and R’ are alkyl
groups containing from 1 to 20 carbon atoms.

The number and position of carboxylate groups in
the ester product is determined by the choice of the

. Ry’
~c=c_

R, ¥

compound.
For example: the use of dimethyl maleate will yield a
mixture of the cis and trans configurations of

H;CO0C-—-C——C—COOCH,
H H

whereas the use of dimethyl fumarate will yield the
trans form of this compound.
The use of methyl acrylate will yield

/O\ /COOR'

C\
COOR’
i —COOCH,

H

R'O0C

wooc”

H—

Y

r——

The use of methylene malonic ester CH, = C (COO0
CH,), will yield

R'0OC. [o] COOR'’

e

H— —COOCH,

H COOCH,

The use of ethene 1,1,2 trimethylcarboxylate will
yield

COOR'’

R'O0C, O
NN

R'OOC/l \COOR'

H—C————C-—~COOCH,
'OOCH, COOCH,

The use of cthene 1,1,2,2 tetramethylcarboxylate
yields

RrOOC>/O\<COOR'
R'00OC ' COOR’
CH;OOC-—('.‘ C—COOCH,

COOCH, COOCH,
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Higher osters arc obtained by use of higher alkyl car-
boxylate esters in the reaction or by transesterifying the
lower esters with the appropriate alcohol. The R’ in the
COOR’ groups occupying the 2.2,5,5 positions corre-
sponds to the R’ in the alcohol (R'OH) used in the sec-
ond reaction.

The reaction shown in the first equation can be con-
veniently- conducted in an inert solvent, e.g., I,2-
dibromoethane, at a temperature sufficiently high to
promote a reasonable rate of reaction, e.g. about 120°C
in the case of dimethyl fumarate. Preferably, the reac-
tion is conducted under reflux and a nitrogen blanket
to prevent volatilization or oxidation of the reactants.
The product is recovered by conventional crystalliza-
tion and filtration techniques. Reactions of this general
type are fully understood by those skilled in the art, and
are discussed, for example, in U.S. Pat. No. 3,317,567.

The alcoholysis reaction shown in the second equa-
tion is preferably conducted by mixing the product of
the first reaction with the requisite amount of water
and alcohol cooling to about 0° to 40°C; adding gaseous
HCI; filtering to remove NH,CI; adding concentrated
sulfuric acid as a catalyst and refluxing to complete the
reaction.

The corresponding alkali metal salts are readily ob-
tained by conventional saponification techniques
(using less than stoichimetric amounts of alkali metal
hydroxide if a partial salt such as the preferred pentaso-
dium tetrahydrofuran 2,2,3,4,5,5-hexacarboxylate is
desired). The corresponding ammonium and alkanol
ammonium salts are more easily obtained by neutral-
ization of the acid forms of the compounds of this in-
vention.

Acidulation of the salt with a strong acid, e.g., HCI,
H,SO,, or a strong acid ion exchange resin, will yield
the acid forms of the compounds of this invention.

The tetrahydrofuran polycarboxylate salts of this in-
vention are useful as agents for complexing metal and-
for alkaline earth metal ions in aqueous media. The
amount of polycarboxylate required to effectively com-
plex the ions in a given system will depend, to some ex-
tent, on the particular polycarboxylate salt being used
and the particular metal or alkaline earth metal ions in
the aqueous media. Generally, complexing is more ef-
fective in basic solution. Optimum conditions and
amounts of complexing agent can readily be deter-
mined by routine experimentation.

The tetrahydrofuran polycarboxylate salts are also
useful as builders in detergent formulations. Generally,
the use of the alkali metal salts, particularly the sodium
salt'is preferred. However, in some formulations (such
as liquid formulations where greater builder solubility
is required) the use of ammonium or alkanol ammo-
nium salts may be desirable.

The detergent formulations of this invention wiil con-
tain at least 1% by weight and preferably at least 5% by
weight of the polycarboxylate salts of this invention. In
order to obtain the maximum advantages of the builder
compositions of this invention, the use of from 5 to
75% of these polycarboxylate salts is particularly pre-
ferred. The tetrahydrofurna polycarboxylic salt com-
pounds of this invention can be the sole detergency
builder or these compounds can be utilized in combina-
tion with other detergency builders which may consti-
tute from O to 95% by weight of the total builders in the
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formulation. By way of example, builders which can be
employed in combination with the novel builder com-
pounds of this invention include water soluble inor-
ganic builder salts such as alkali metal polyphosphates,
i.e., the tripolyphosphates and pyrophosphates, alkali
metal carbonates, borates, bicarbonates and silicates
and water soluble organic builders including amino
polycarboxylic acids and salts such as alkali metal ni-
trilotriacetates, cycloalkane polycarboxylic acids and
salts, ether polycarboxylates, alkyl polycarboxylates,
epoxy polycarboxylates, other tetrahydrofuran poly-
carboxylates such as 1,2,3,4 or 2,2,5,5 tetrahydrofuran
tetracarboxylates, benzene polycarboxylates, oxidized
starches, amino (trimethylene phosphonic acid) and its
salts, diphosphonic acids and salts (e.g., methylene di-
phosphonic acid; 1-hydroxy ethylidene diphosphonic
acid) and the like.

The detergent formulations of this invention will gen-
erally contain from 5 to 95% by weight total builder
(although greater or lesser quentities may be employed
if desired) which, as indicated above, may be solely the
tetrahydrofuran polycarboxylic acids and/or salts com-
pounds of this invention or mixtures of such com-
pounds with other builders. The total amount of builder
employed will be dependent on the intended use of the
detergent formulation, other ingredients of the formu-
lation, pH conditions and the like. For example, gen-
eral laundry power formulations will usually contain 20
to 60% builder; liquid dishwashing formulations 11 to
12% builder; machine dishwashing formulations 60 to
90% builder. Optimum levels of builder content as well
as optimum mixtures of builders of this invention, with
other builders for various uses can be determined by
routine tests in accordance with conventional deter-
gent formulation practice.

The detergent formulations of this invention will gen-
erally contain a water soluble detergent surfactant al-
though the surfactant ingredient may be omitted from
machine dishwashing formulations. Any water soluble
anionic, nonionic, zwitterionic or amphoteric surfac-
tant can be employed.

Examples of suitable anionic surfactants include
soaps such as the salts of fatty acids containing about 9
to 20 carbon atoms, e.g. salts of fatty acids derived
from coconut oil and tallow; alkyl benzene sulfonates--
-particularly linear alkyl benzene sulfonates in which
the alkyl group contains from 10 to 16 carbon atoms;
alcohol sulfates; ethoxylated alcohol sulfates; hydroxy
alkyl sulfonates; alkyl sulfates and sulfonates; mono-
glyceride sulfates; acid condensates of fatty acid chlo-
rides with hydroxy alkyl sulfonates and the like.

Examples of suitable nonionic surfactants include al-
kylene oxide (e.g., ethylene oxide) condensates of
mono and polyhydroxy alcohols, alkyl phenols, fatty
acid amides, and fatty amines; amine oxides; sugar de-
rivatives such as sucrose monopalmitate; long chain
tertiary phosphine oxides; dialkyl sulfoxides; fatty acid
amides, (e.g., mono or diethanol amides of fatty acids
containing 10 to 18 carbon atoms), and the like.

Examples of suitable zwitterionic surfactants include
derivatives of aliphatic quaternary ammonium com-
pounds such as 3-(N,N-dimethyl-N-hexadecyl am-
monio) propane-l-sulfonate and 3-(N,N-dimethyl-N-
hexadecylammonio)-2-hydroxy propane-1-sulfonate.

Examples of suitable amphoteric surfactants include
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betains, sulfobetains and fatty acid imidazole carboxyl-
ates and sulfonates.

It will be understood that the above examples of sur-
factants are by no means comprehensive and that nu-
merous other surfactants are known to those skilled in
the art. It will be further understood that the choice and
use of surfactants will be in accordance with well un-
derstood practices of detergent formulation. For exam-
ple, anionic surfactants, particularly linear alkyl ben-
zene sulfonate are preferred for use in general laundry
formulations, whereas low foaming nonionic surfac-
tants are preferred for use in machine dishwashing for-
mulations.

The quantity of surfactant employed in the detergent
formulations of this invention will depend on the sur-
factant chosen and the end use of the formulation. In
general, the formulations will contain from 5 to 50%
surfactant by weight, although as much as 95% or more
surfactant may be employed if desired. For example,
general laundry powder formulations normally contain

5 to 50%, preferably 15 to 25% surfactant; machine

dishwashing formulations 0.5 to 5%; liquid dishwashing
formulations 20 to 45%. The weight ratio of surfactant
to builder will generally be in the range of from 1:12 to
2:1.

In addition to builder and surfactant components, de-
tergent formulations may contain fillers such as sodium
sulfate and minor amounts of bleaches, dyes, optical
brightners, soil anti-redeposition agents, perfumes and
the like.

A b e———— e v 2 1 L g g e e o

In machine dishwashing compositions the surfactant
will be a low-foaming anionic surfactant which will .

constitute 0 to 5% of the formulation. _

The term “low-foaming™ surfactant connotes a sur-
factant which, in the foaming test described below, re-
duces the revolutions of the washer jet-spray arm dur-
ing the wash and rinse cycles less than 15%, preferably
less than 10%.

In the foaming test, 1.5 grams of surfactant is added
to a 1969 Kitchen-Aid Home Dishwasher, Model No.
KOS-16, manufactured by Hobart Manufacturing

Company which is provided with means for counting .

revolutions of the washer jet-spray arm during wash °

and rinse cycles. The machine is operated using dis-
tilled water feed at a machine entrance temperature of
40°C. The number of revolutions of the jet-spray arm
during the wash and rinse cycles is counted. The results
are compared with those obtained by operation of the

machine using no surfactant charge and percentage de-

crease in number of revolutions is determined.

The surfactant should, of course, be compatible with
the chlorine containing component hereinafter dis-
cussed. Examples of suitable nonionic surfactants in-

clude ethoxylated alkyl phenols, ethoxylated alcohols :
(both mono- and di-hydroxy alcohols), polyoxyalkyl- :

ene glycols, aliphatic polyethers and the like. The
widely commercially utilized condensates of polyoxy-
propylene glycols having molecular weights of from

about 1,400 to 2,200 with ethylene oxide (the ethylene )
oxide constituting 5 to 35 weight percent of the con-
densate) are, for example, advantageously used in the .

machine dishwashing formulations of this invention.

Suitable low-foaming anionic surfactants include al-
kyldiphenyl ether sulfonates such as sodium dodecyl!
diphenyl ether disulfonates and alkyl naphthalene sul-
fonates.
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Mixtures of suitable low-foaming surfactants can be
utilized if desired.

In addition. machine dishwashing formulations will
contain sufficient chlorine providing compound to pro-
vide 0.5 to 2% available chlorine. For example, the for-
mulation may contain from 0.5 to 5%, preferably 1 to
3% of a chlorocyanurate or from 10 to 30% chlorinated
trisodium phosphate. Suitable chlorocyanurates are so-
dium and potassium dichlorocyanurate: [(monotri-
chloro) tetra-(mono  potassium  dichloro)] penta-
isocyanurate; (mono-trichloro) (monopotassium di-
chloro) di-isocyanurate:

Machine dishwashing compositions should addition-
ally contain from 5 to 30% soluble sodium silicate hav-
ing an Si0O, to Na,O mole ratio of from 1:1 to 3.2:1
preferably about 2.4:1 to inhibit corrosion of metal
parts of dishwashing machines and provide over-glaze
. protection to fine china.-

Muachine dishwashing compositions will generally
contain at lcast 10%. preferably at least 20% builder,
up to a maximum of about 90% builder. The new
builder compounds of this invention should constitute
;at least 5% of the weight of the machine dishwashing
;formulation in order to obtain the full effects of their
.inherent characteristics.

The invention is further illustrated by the following
cxamples which deal with the preparation and use of
.the particularly preferred tetrahydrofuran 2.2-trans-
;3.4.5.5-hexacarboxylate compounds. It will be recog-
'gnizcd by those skilled in the art that other compounds
“of this invention can be prepared and utilized in a simi-
ilar manner pursuant to the preceding discussion. In the
.examples, all parts and percentages are by weight un-
:less otherwise indicated.

EXAMPLE |

Tetracyanocthylene oxide (56.6 grams); dimethyl fu-
marate (56.6 grams); cthylene dibromide solvent (450
ml.) are maintained at about 120°C with stirring for

-about 22 hours under nitrogen atmosphere in a glass
'ﬂusk fitted with a reflux condenser. A dark brown solu-
“tion forms which is filtered while hot to remove minor
famounts of unidentified solid impurities. The filtrate is
jdried on a rotary cvaporator and the residue washed
“with dicthylether and dried under nitrogen. The residue
‘product is purificd by dissolution in and crystallization
‘from methyl alcohol followed by vacuum drying. The
identity of the product as dimcethyl tetrahydrofuran-
trans-3.4-dicarboxylate-2.2.5 5 -tetranitrile . is  con-
“firmed by clemental analysis and a H nuclear magnetic
resonance spectrum in deuterated acetone inwhich the
1 and 4 protons appear as a singlet at 545 ppm; the
ester CH, protons as a singlet at 4.10 ppm vs. TMS (rel-
ative arcas 1:3).

Nincty grams of the dimethyl tetrahydrofuran-trans-
3. d-dicarboxylate-2.2,5 S-tetranitrile: 21 grams water:
'1.000 ml. methyl alcohol are charged to a glass flask
‘and the temperature of the mixture is held between 0°
10 40°C while SO grams of hydrogen chloride gas is bub-
ibled into the mixture. The reaction mxiture is filtered
to remove ammonium chloride: 1.5 ml. concentrated
sulfuric acid is added as catalyst to the filtrate which is
then refluxed for about 30 hours. Upon cooling. solid
product separates from the solution and is removed by
filtration. The solid is dissolved in chloroform; washed
with 8% sodium bicarbonate and water. The chloro-
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form solution is dried over magnesium sulfate and the
chloroform cvaporated to leave an oily residue. Disso-
lution of the residue in methanol followed by crystalli-
zation yields a pure crystalline product. The identity of
the product as hexamethyl tetrahydrofuran 2.2-trans-
3.4.5.5 hexacarboxylate is confirmed by elemental
analysis and a H nuclear magnetic resonance spectrum
in deuterated chloroform which exhibits. a singlet at
4.50 ppm corresponding to the 3 and 4 protons; a sin-
glet-at 4.02 ppm corresponding to the two CH; ester
groups at the 3 and 4 positions: a singlet at 3.88 ppm
corresponding to the four ester CHj; groups at the 2 and
5 positions (relative areas 1:3:4).

EXAMPLE 11

A mixture of 55.4 grams 50% sodium hydroxide: 1060
ml. water; 48.5 grams hexamethyl tetrahydrofuran 2.2-
trans-3,4.5.5 hexacarboxylate is heated under reflux at
90°C for 24 hours in a glass flask. The solution is con-
centrated by distillation of methanol and water from
the flask. The reaction mixture is cooled to room tem-
perature and product precipitated by addition of 1,000
ml. methanol. The identity of the product as pentaso-
dium monohydrogen tetrahydrofuran 2,2-trans-3,4.5.5
hexacarboxylate is confirmed by chemical analysis and
a H nuclear magnetic resonance spectrum in deuterium
oxide cxhibiting a singlet at 4.1 ppm.

EXAMPLE Il

Pentasodium monohydrogen tetrahydrofuran 2.2-
trans-3.4.5.5 hexacarboxylate (289.2 mg.) is dissolved
in 10 ml. deionized water and passed through a column
packed with a strong acid ion exchange resin (sulfo-
nated polystyrene marketed by Fisher Scientific Com-
pany under the trademark Rexyn 101). This procedure
yields tetrahydrofuran 2,2-trans-3.4.5.5 hexacarboxylic
acid. The titration curve of the acid with sodium hy-
droxide exhibits three breaks and indicates that four
protons are highly acidic (apparent pKa's equal to or
less than 5.7); a fifth proton is less acidic (apparent
pKa of about 6.8): and the sixth proton has an apparent
pKa of about 9.1.

EXAMPLE 1V

Pentasodium monohydrogen tetrahydrofuran 2,2-
trans-3.4.5.5 hexacarboxylate is tested for sequestra-
tion function using the procedures described by
Matzner et al. *Organic Builder Salts as Replacements
tor Sodium Tripolyphosphate™ Tenside Detergents, 10,
Heft 3. pages 119 through- 125 (1973). In this test, the
divalent ion clectrode shows. two separate end points
for titration of calcium ion with a solution of the hex-
acarboxylate salt. This is duc to the formation of 2:1
and 1:1 (Cat++/ligand) complexes. The average seques-
tration values (intensity multiplied by capacity cx-
pressed as a percentage of sodium tripolyphosphate se-
questration value are in the range of 138 to 188% de-
pending upon the complex formed.

EXAMPLE V

Detergent * formulations  containing  the  percent
builder shown in Table 1 below: 17% lincar alkyvlben-
zene sulfonate having an average molecular weight of
about 230; 12% sodium silicate:; remainder, sodium sul-
fate are prepared. The formulations are tested by wash-
ing identically soiled fabric swatches (indicated in the
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table) in water of 200 ppm hardness at 40°C containing
0.15% detergent formulation using identical washing
techniques. The reflectivity of the soiled swatches be-
fore and after washing is measured instrumentally and
the difference reported in Table I as A Rd. High A Rd
values are indicative of correspondingly high deter-
gency effectiveness.

10
washing machine. Excellent cleaning is obtained and,
in particular, the glassware is found substantially free
from filming and spotting. .

EXAMPLE VIII

Three machine dishwashing formulations are pre-
pared which are identical to that of Example VII except

TABLE I
Cotton Fabric — A Rd Polyester/Cotton Fabric — Rd
50% 37.5% 25% 50% 37.5% 25%
Builder Builder Builder  Builder Builder Builder Builder
Pentasodium monohydrogen 28.7 271 213 13.5 10.1 9.8
tetrahydrofuran
2,2-trans-3,4,5,5-hexacarboxylate
Sodium Tripolyphosphate 26.2 19.0 14.5 12.0 8.7 5.7
that the following surfactants are substituted for the
EXAMPLE VI s '

Three pentasodium monohydrogen tetrahydrofuran
2,2-trans-3,4,5,5-hexacarboxylate built detergent for-
mulations corresponding to those shown in Example V
except that linear alkylbenzene sulfonate surfactant is
replaced with:

1. a nonionic surfactant - a condensate of 7 molecu-
lar proportions of ethylene oxide with linear sec-
ondary alcohols containing 11 to 15 carbon atoms

2. an amphoteric surfactant - sodium hydroxyalkyl
(alkyl group contains an average of 15 carbon
atoms) N-methyl taurate

3. a zwitterionic surfactant -cocodimethylsulfo-
propylbetaine

are prepared and tested. All three formulations exhibit
effective detergency.

EXAMPLE VII

A machine dishwashing formulation containing 50%
pentasodium monohydrogen tetrahydrofuran 2,2-
trans-3,4,5,5-hexacarboxylate; 35% of an aqueous so-
lution containing 47% sodium silicate having an SiO, to
Na,O mole ratio of 2.4; 3% of a condensate of ethylene
oxide with polyoxypropylene glycol marketed by Wy-
andotte Chemical Corporation as Pluronic L-62; 1.2%
potassium dichlorocyanurate; 10.8% sodium sulfate is
prepared. The formulation is used to wash soiled dishes
and glassware in a conventional automatic home dish-
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ethylene oxide-polyoxypropylene glycol:
1. condensate of an internal, vicinal, linear diol hav-
ing an average chain length of 16 carbon atoms
“with 3 molecular proportions of ethylene oxide
2. condensate of N-decanol with 2-% molecular pro-
portions ethylene oxide
3. sodium decydiphenyl ether disulfonate.
All three formulations provide excellent performance
in cleaning dishes and glassware in a conventiona} auto-
matic home dishwashing machine.
Other compounds of this invention can be prepared
by techniques similar to those disclosed in Example I.
For example, Table II, below, indicates the esters
which are obtained by reaction of various

CN\ /_ /CN

o Ty

compounds with various
e
N

compounds followed by alcoholysis with methanol.

TABLE I

CN R,

O CN
\
/C/<Y C

CN Ry

R,
Nee”
/TN

Product

R,

tetracyano ethylene oxide

tetracyano ethylene oxide
tetracyano ethylene oxide

tetracyano ethylene oxide trimethyl

ethene-1,1,2-tricarboxylate
tetramethy!
ethene-1,1,2,2-tetracarboxylate

tetracyano ethylene oxide

tricyano ethylene oxide
tricyano ethylene oxide

ethylene

tricyano ethylene oxide

tricyano ethylene oxide

dimethyl malonate

methyl acrylate

dimethyl/methylene malonate

methyl acrylate

dimethyl methylene malonate

dimethyl fumarate

mixtures of hexamethyl

tetrahydrofuran 2,2-cis-3,4,5,5
hexacarboxylate and hexamethyl
2,2-cis-3,4,5,5 hexacarboxylate

pentamethyl .
tetrahydrofuran-2,2,3,5,.5-pentacarboxylate
hexamethyl
tetrahydrofuran-2,2,3,3,5,5-hexacarboxylate
heptamethyi
tetrahydrofuran-2,2,3,3,4,5,5-heptacarboxylate
octamethyl-tetrahydrofuran-2,2,3,3,4,4,5,5-octacar-
boxylate
trimethyl-tetrahydrofuran-2,2,5-tricarboxylate
mixture of cis and trans tetramethyl
tetrahydrofuran-2,2,3,5 and

2,2.4,5 tetracarboxylates

mixture of penta methyl
tetrahydrofuran-2,2.3,3.5 and

2.2.4.4.5 penta carboxylate

mixture of pentamethyl
tetrahydrofuran-2.2.-trans-3-cis-

4.5 and 2.2-cis-3,5-trans-4

B T

R
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11
TABLE ll-continued
CN o) N R, R, Product
N/ -\C/C Ne”
CN/ \Y R,/ \R.

tricyano ethylene oxide dimethyl maleate

e -

trimethyl
ethene-1,1,2-tricarboxylate

tricyano ethylene oxide

tetramethyl
ethene-1,1,2,2-tetracarboxylate

pentacarboxylate

mixture of pentamethyl
tetrahydrofuran-cis-2,2,3,4,5 and
2,2-cis-3,4-trans-5
pentacarboxylate

mixture of cis and
trans-hexamethyl
tetrahydrofuran-2,2,3,3,4,5 and
2.2,3.4,4,5 hexacarboxylate
heptamethyl
tetrahydrofuran-2,2,3,3.4.4.5
heptacarboxylate

Acids corresponding to the esters shown in Table II,
above, and their corresponding totally or partially neu-
tralized salts can be prepared by saponification and
-acidulation techniques comparable to those exempli-
fied in Examples Ii and 1L

What is claimed is:

1. A detergent formulation comprising (a) from 1 to
95% by weight of an alkali metal, ammonium or alka-
nol ammonium salt of a compound represented by the

formula

o]

HOOC\C/ \‘c _COOH

HOOC/ \R,
R.-cl:_—cl:—n.

R, R.

wherein R,, Ry, Re, Ry, and R, are selected from the
group consisting of hydrogen and COOH, at least one
of R,, R;, R and Ry being COOH when R, is COOH
and (b) from 0.5 to 95% by weight of a surfactant se-
lected form the group consisting of water soluble ani-
onic, nonionic, amphoteric and zwitterionic surfac-

tants.

2. A formulation according to claim 1 containing
from 5 to 75% of said salt.

3. A formulation according to claim 1 wherein Ra, Ry
and R, are COOH and R, and R, are hyd.ogen.

4. The formulation of claim 1 wherein said salt is pen-
tasodium monohydrogen tetrahydrofuran 2,2,3,4,5,5-
hexacarboxylate.

5. The formulation of claim 1 wherein said salt is pen-
tasodium monohydrogen tetrahydrofuran 2,2-trans-
3,4,5,5-hexacarboxylate.

6. The formulation of claim 1 wherein said salt is hex-
asodium tetrahydrofuran 2,2-trans-3,4,5,5-hexacar-
boxylate.

7.The formulation of claim 1 wherein said salt is hex-
asodium tetrahydrofuran 2,2-trans-3,4,5,5-hexacar-
boxylate.

8. A machine dishwashing composition comprising
(a) from O to 5% by weight of a surfactant selected
from the group consisting of low-foaming anionic and
non-jonic surfactants and mixtures thereof, (b) a chlo-
rine providing material selected from the group consist-
ing of potassium dichlorocyanurate; sodium di-
chlorocyanurate; [(mono-trichloro) tetra-(monopotas-
sium dichloro)] penta-isocyanurate; (mono-trichlor)
(mono-potassium dichloro) -diisocyanurate; culori-
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nated trisodium phosphate, said chlorine providing ma-
terial being present in an amount sufficient to provide
from 0.5 to 2% by weight available chlorine, (c) from S
to 30% by weight soluble sodium silicate having an 8iO;
to Na,O mole ratio of from 1:1 to 3.2:1 and (d) from 5
to 90% by weight of an alkali metal, ammonium or al-
kanol ammonium salt of a compound represented by
the formula

o]
HOOC\C/ \C _COOH
Hooc”” SR,
S
R, R.

wherein R,, Ry, R, Rq and R, are selected from the
group consisting of hydrogen and COOH, at least one
of R,, Ry, R and R, being COOH when R, is COOM.

9. A formulation according to claim 8 containing
from 20 to 75% of said salt.

10. A formulation according to claim 8 wherein R,,
R, and R, are COOH and R, and R, are hydrogen.

11. The formulation of claim 8 wherein said salt is
pentasodium monochydrogen tetrahydrofuran
2,2.3,4,5,5-hexacarboxylate.

12. The formulation of claim 8 wherein said salt is
pentasodium monohydrogen tetrahydrofuran - 2,2,-
trans-3,4,5,5-hexacarboxylate.

13. The formulation of claim 8 wherein said salt is
hexasodium tetrahydrofuran 2,2,3,4,5,5-hexacarboxy-
late.

14. The formulation of claim 8 wherein said salt is
hexasodium tetrahydrofuran 2.2-trans-3,4,5,5-hexacar-
boxylate.

15. A formulation according to claim 8 containing at
least 0.5% surfactant.

16. A method of complexing ions selected from the
group consisting of metal ions and alkaline earth metal
jons in an aqueous medium containing said ions by pro-
viding in said aqueous medium a quantity of an alkali
metal, ammonium or alkanol ammonium salt of a com-
pound represented by the formula

0
HooC._ / \ _~-COOH
¢ e
HOOC I TR,
|
R,—~C——C—Ry
R, R.
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wherein R, R,, R, Ry and R, are selected from the
group consisting of hydrogen and COOH, at least one
of R,, Ry, R. and R4 being COOH when R, is COOH,

sufficient to form complexes with said ions.
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It is certified that error appears in the above—identified patent and that said Letters Patent
are hereby corrected as shown below:

Column 2, line 48, last structure of Equation 1:

"NC 0 CN" NC 0 CN
\C C/ \C/ \C/
\ should be --- // \\ --
NC//l Y NC | | Y
t (C— —(-R! ' e ——C-R!
R | C‘ R4 Rl (ll (IT R4
R' R Ry  R3
2 3

Columns 9 and 10, Table I, first line:

"Cotton Fabric - ARd Polyester/Cotton Fabric - Rd"

should be --- Cotton Fabric - A Rd Polyester/Cotton Fabric -

ARd ---.

" 1"

HOOC/l \\Re
S
Rb Re
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