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ABSTRACT OF THE DISCLOSURE

Phosphorus-containing compounds which are useful in
the preparation of polyurethanes and which are derived
from (1) phosphorus compounds containing at least one
active function, (2) alkylene oxides or epihalohydrin and
(3) dicarboxylic acid anhydrides are provided. Among
the compounds are those prepared by reacting a di-
carboxylic acid anhydride with a phosphorus acid which
has been partially or completely reacted with an alkylene
oxide or epihalohydrin, followed by reaction of the
carboxyl group thus formed with additional alkylene oxide
or epihalohydrin. Methods for preparation of the com-
pounds are also provided.

This invention relates to new and novel phosphorus
compounds and to a process for their manufacture. More
particularly, the invention is concerned with compouncds
prepared from compounds of phosphorus containing at
least one active site, dicarboxylic acid anhydrides, al-
cohols, phenols, and alkylene oxides or epihalohydrins.
Specifically the compounds of the present invention are
represented by the formulas
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wherein:

R is a member of the group consisting of (lower) alkoxy
(lower) alkyl, alkyl containing from 1 to 18 carbon
atoms, aryl, alkyl-substituted aryl, wherein the alkyl
contains from 1 to 18 carbon atoms, chloro-substituted
aryl bromo-substituted aryl, aralkyl, and
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wherein D and x are hereinafter defined;

R’ is a member of the group consisting of hydrogen,

alkyl containing from 1 to 18 carbon atoms, and phen-

vi;

R” is a member of the group consisting of alkyl contain-
ing from 1 to 13 carbon atoms and (lower) alkoxy
(lower) alkyl;

A is the nucleus of a member of the group consisting of
aromatic dicarboxylic anhydrides and aliphatic dicar-
boxylic anhydrides;

D is a member of the group consisting of hydrogen, lower

alkyl and chloro (lower) alkyl;

F is a member of the group consisting of hydrogen and

(R)a
—P(0)
(OR)p

G is a member of the group consisting of hydrogen and

(R}
—-1’ {0)
(6R)b

wherein R and R’ are as hereinabove defined and a and
b are as hereinafter defined;

aand b are each 0 to 2 their sum being 2;

r, 8, and t are, respectively, 0 to 2, 0 to 2 and 1 to 3, their
sum being 3;

W is the hydrocarbyl nucleus of a polyhydroxy com-
pound containing from 2 to 4 hydroxyls;

X has an average value of from about 1.0 to about 5.0;
and

2 is an integer corresponding to the number of hydroxyls
in W,

provided that when G is hydrogen, s is at least 1.
There are several categories of chemicals which fall

within the above generic definition, but for purposes of

illustrating this invention, three will be discussed in gen-

eral and specific terms, particularly with respect to

methods for their preparation.
The simplest class of products falling within the above

generic definitions may be represented by the compound

0

g OCHs

co (CHI;CIHO)Jl (OCHy)s
CHy

which is prepared by (1) reacting phthalic anhydride with
an equimolar quantity of methy! alcohol, (2) neutralizing
the acid function thus formed with propylene oxide, and
(3) reacting this neutral product with dimethyl phos-
phorochloridate, in the presence of a halogen acid accep-
tor, if desired. Whereas the particular phosphorus-contain-
ing compound shown is a derivative of phosphoric, the
class, as is evident from the generic formulas shown above,
includes phosphorus-containing compounds which have
one or two carbon-to-phosphorus bonds in the molecule,

The second class of compounds contemplated by the
present invention is prepared by the simultaneous reaction
of an aromatic or aliphatic dicarboxylic acid anhydride,
a compound of phosphorus containing at least one re-
active hydrogen atom, and an alkylene oxide. The com-
pounds of this class are monomeric with respect to each
reactive hydrogen and anhydride, they are neutral, and
they may contain as many anhydrides as there are active
hydrogens in the phosphorus compound used. The follow-
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ing members will illustrate the scope contemplated by
this second class.
[08] o) (CH; )

y:o JJHCH:O sP(0)(OCHys

CO(CH;CHO):H
H,

and the same type of compound wherein one [or both] of
the right-hand phosphorous ester portions may be re-
placed with one [or two] aromatic or aliphatic groups
bound to carbon.
[¢3] CH:

O(CHz(leO),H

o) CHs CHy O
Lo(Caremo) boxocmbmobe

CO(CH:CHO);H H:(OCHCH»OC—

Hy H,
and the same compound wherein
CH,
O{CHzéHO)xH
—P(0)—
may be replaced, for example, by
0CH; (‘JH; -
—P(0)—, ~P(0)—»[—1’(0)—]
or
CH: O
O(CH:(EHO)xEL
0=C [[:C‘HECHO)xH

Hy

The compounds of this class my be prepared in a
three-step process, involving (1) the oxyalkylation of the
phosphorus compound, (2) the reaction of the product
thus formed with the anhydride, and (3) the neutraliza-
tion of this product with additional alkylene oxide. For
example, (1) abve can be prepared using the three-step
process essentially in the following manner:
(a) (o)

é N
(CH;0):P (0)OH -+ cxcess CH;CH—CH; ——
(CH;30):P{0)0(CH,CI10):H
Ha
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CHjy

15

20

25

30

35

40

45

65

4

It is obvious from this series of steps that only discrete
molecules are possible, since under normal conditions the
carboxyl groups formed in step (b) will not react with
the remaining anhydride to open its ring, nor with alco-
holic OH groups present in the mixture to form additional
polyester links by splitting out water.

As mentioned previously, these compounds may be
prepared by the simultaneous reaction of a phosphorus
compound, an anhydride, and an alkylene oxide. The
products formed in this manner are similar to those ob-
tained using the above-outlined three-step process. This
was surprising in view of the normally expected sequence
of reactions in a system containing the named compo-
nents, since the very nature of these reactions would logi-
cally exclude any expectation of discrete chemicals.

It is well-known that alkylene oxides will react with
the acid functions of a phosphorus acid to yield a com-
pound which is terminated with one or more hydroxyl
groups. It is further known that the active hydrogen thus
formed will react with an anhydride, opening its ring to
give an ester group and a carboxyl group. In the presence
of alkylene oxide, one would expect this carboxyl to com-
pete with the phosphorus acid for oxide addition. If this
were to occur there would exist a different ester capable
of reacting with the anhydride present, the ester portion
being attached to one position of the ruptured ring and
another carboxyl being formed at the other position. If
this process were repeated many times during the course
of a reaction involving the named materials, one would
obtain a polymeric product, not one which is essentially
monomeric, i.e. one similar to a product obtained from
the three step [stop] process given hereinbefore.

The single-step, or simultaneous, process for the pro-
duction of the chemicals of this class does not necessarily
mean that all of the anhydride, phosphorus compound
and alkylene oxide are brought together initially. This
may be impracticable in view of the extreme reactivity of
the phosphorus acid and oxide. Thus, the preferred reac-
tion order involves mixing the anhydride and phosphorus
acid, followed by the step-wise addition of oxide to this
mixture. It will be obvious, however, that any equivalent
variation of this, such as mixing anhydride and oxide,
with subsequent addition of phosphorus acid to this mix-
ture, can be used and still be within the one-step process
contemplated by the present invention,

In practicing the preferred form of the process for pro-
ducing this second class of chemicals, a dicarboxylic acid
anhydride and acid of phosphorus are placed together
within a pressure apparatus. Alkylene oxide is then fed
into the mixture, the addition thereof is begun at room
temperature, and the heat of reaction is allowed to carry
the temperature to 80—95° C., the temperature of re-
action being maintained at or near the top of this range
until all of the oxide is added. Alternatively, the mixture
may be heated to [form] from 70° to 90° C, prior to be-
ginning addition of oxide. Upon the completion of this
initial reaction, excess oxide, preferably in a total molar
ratio of (2 to 2.5) times the number of acid functions to be
neutralized is fed into the reaction vessel, the temperature
is raised to 120-125° C. and maintained there for from 1
to 8 hours to complete neutralization of the carboxyl hy-
drogens formed upon the reaction between the alkoxylated
acid and anhydride. Excess oxide is removed in vacuo.
The mixture is continously stirred throughout the reac-
tion.

The temperature of reaction may be as high as about
160° C. during the process without any adverse effects on
the desired product, but is usually, and preferably, with-
in the range of about 80° to about 125° C. The times to
complete the reaction will vary with the temperature used,
and with the kind and amount of anhydride employed, but
will generally run from about 1 to 8 hours. If the temper-
ature of the reaction is permitted to exceed about 160°
C., it will have a detrimental effect on the product. Since
it is known that high temperatures are required for ester-
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ification, it follows that the higher the temperature the
greater the chance for a carboxyl group to be esterified
by reaction with the alkoxylated phosphorus acid. There-
fore, temperatures where esterification will occur must be
avoided. 5
The third general class of members contemplated by
this invention are those in which the active hydrogens
of the class (2) compounds are capped off by reacting
them with a phosphorus compound of the type
10
(R'}a
(0)Hal
(OR)

wherein R, R’, a and b is as defined hereinbefore and Hal 15

is halogen. Generally, this is done by reacting a quantity
of

(R

%(O)Hnl

(OR)M

equivalent to the amount of hydroyls present in the
compound in question.

Included among the dicarboxylic acid anhydrides which
are suitable for the purposes of this invention are:

ALIPHATIC ANHYDRIDES

Adipic, azelic, glutaric, suberic, itaconic, pimelic, suc-
cinic, acetonedicarboxylic, maleic, chloromaleic, dichioro-
maleic {(and other halo-substituted aliphatic), dimethyl-
maleic, n-decylsuccinic (and other alkylsubstituted anhy-
drides wherein the alkyl has from 1 to 12 carbon atoms),
hydrophthalic (as dihydrophthalic, tetrahydrophthalic and
hexahydrophthalic), endomethylene phthalic, camphoric,
S-norbornene-2, and chlorendic [1,4,5,6,7,7-hexachloro-
bicyclo-(2,2,2)-5-heptene-2,3-dicarboxylic];

AROMATIC ANHYDRIDES

Phthalic, 3-chlorophthalic, 4-chlorophthalic, tetrachlo-
rophthalic, 3-bromophthalic, 4-bromophthalic, tetrabro-
mophthalic, 3-iodophthalic, 4-iodophthalic (and other
halo-substituted phthalics), 3-nitrophthalic (and other
nitro-substituted phthalics), 3-methylphthalic, 4-methyl-
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phthalic (and other alkyl-substituted), homophthalic, and 45
naphthalic.
Included among the phosphorus acids are:
PHOSPHORUS ACIDS
[ Unsubstituted phosphoric, pyrophosphoric, and 50
polyphosphoric acids]

Monoalkyl and [alkyl] dialkyl esters of phosphoric
acid: methyl, ethyl, propyl, butyl, pentyl, hexyl, decyl,
dodecyl, octadecyl, and 2-butoxyethyl;

Monoaryl and diaryl esters of phosphoric acid: phenyl,
Cl-phenyl, Br-phenyl, 2,4-Clg-phenyl, 2,5-Clz-phenyl, 2,4,
6-Cls-phenyl, and naphthyl;

Monoalkaryl and dialkaryl esters of phosphoric acid:
methylphenyl, ethylphenyl, propylphenyl, butylphenyl,
octylphenyl, nonylphenyl, decylphenyl, dodecylphenyl,
octadecylphenyl, 1-methyl naphthyl, and xylyl;

Monoaralkyl and diaralkyl esters of phosphoric acid:
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benzyl and phenethyl.
Included are the following phosphonic and phosphinic o5
acids:
PHOSPHONIC ACID
RP{O)OH(OR’)

where R is methyl, ethyl, propyl, butyl, pentyl, hexyl,

octyl, decyl, dodecyl, octadecyl, and phenyl;
RP{O)OH(OR")

where R and R’ are selected from methyl, ethyl, propyl,

butyl, pentyl, hexyl, octyl, nonyl, decyl, dodecyl, octa-

decyl, and phenyl.
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PHOSPHINIC ACID

Rg(O)OH
where R is methyl, ethyl, propyl, butyl, pentyl, hexyl,
octyl, decyl, dodecyl, and octadecyl;

R,P(O)OH
where R is methyl, ethyl, propyl, butyl, pentyl, hexyl,
and phenyl.

The following examples will illustrate the compounds
of the present invention. It is to be understood, however,
that they are merely for the purpose of illustration, and
are not necessarily to limit the invention.

EPOXIDES

o
crﬁ—\cnn
where D is hydrogen, CH;, C;Hs and CICH,, that is,

where the epoxides may be ethylene oxide, propylene
oxide, butylene oxide and epichlorohydrin.

EXAMPLE 1
o]
gOCnHﬂ
+ (C1Hyy0)sP(0)C1 4+ l —_

C O(CH;CH; O)1.»H N

0

PJOC“Hu

, -HC1

CO(CH;CH;0)1.P (0) (0 CgHu)s +

Ethoxylated tridecyl acid phthalate, 344.6 parts, pyri-
dine, 69.6 parts, and hexane, 395 parts, were placed in
means for cooling. 274.2 parts of bis(2-ethylhexyl) phos-
phorochloridate was added to this solution, with stirring,
at 10° C. or below. When the addition was completed, the
cooling means was removed, and the mixture was stirred
for 2 hours and 15 minutes, after which it was washed
with 1000 parts of water, then with 500 parts of 8%
sodium carbonate solution, and finally with two portions
of water, 1000 parts of each wash.

The hexane was removed in vacuo to a final pot tem-
perature of 125° C. and a final pressure of 10 mm. of
Hg. The product, a clear, light golden yellow liquid, had
the following properties:

Total acid 3.2 mg. KOH/g.
P(calculated) 4.2%; P (found) 4.3%

EXAMPLE 2

0o
—-80 CuHzn
+ (CH;0)3P (0)C1 +

CO(CH;CH,) O1.0H N7

—

[+
—gOCan

+ I |.EC1
ﬁO(CHaCHsO)t.uP(O) (OCH,)s N7

In a process similar to that of Example 1, 430.7 parts
of the ethoxylated acid phthalate, 151.7 parts of dimethyl
phosphorochloridate, 87.0 parts of pyridine, and 378 parts
of benzene gave a product which was light yellow in color,
and which had a total acid of 2.5 mg. KOH/g. Theoretical
phosphorus was calculated as 5.8%; 5.1% phosphorus
was detected in the product.

The following table summarizes other compounds
which have been prepared using a process similar to that
of Example 1.
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Total acid, P, percent
mg. KOH! Density, Refractlve
Caompound gm. 20/4 index at® C. Caled. Found
Exampile:
F: S, [¢] 0.62 1.280 1.4994at 28 .. iaiimeaias
gOCH,
CO(CH,CH;0)2.yP(0)(0CHys
[ S | 1.18 1,235 140068t 28 it
t/\—-E 0CH;
\/—C O (CH:CH;0):.4P(0) (0 CHy):
|
[ S (%? 0.44 1163 1484080 27 e cicrmeeeee
/\—COCan
\/—g O (CH;CH30)1sP(0) (OCHa)s
[ T, (o] 2,39 1,243 14958t 27,5 ereierniiaiaaeeees
HOCHI
CO{(CH;CHO):.5P{0) (0OCHy)s
g éHl
i (I) 150 1198 148788t 27 o eiiiecrncnrenaann
éOC.H.
CO(CH:CHO)1.uP(0) (OCH))s
3 B,
[ S, [} 3.59 1134 14846 at 27 e eeaannnn
N\
—C OCsHur
\/——("'}0 (CH3:CHO):P(0){OCHy)s
[s] Ha
[+ T 0 111 1.087 1481181 27 emmcecmemmmeme
/\——CO CusHyr
\/—(EO(CH:CHO)MP(O) (OCHa)s
(o] Hs
) Ui T 0 7.1 1.024 14726t 24 .. 4.20 4.38
COCulx
(T‘O(CHaCHO)l-uP(O) (0CsHi)a
(I) éHl
) TN (") 0.54 1.228 1487788 25 e
COCH;CH;0C4Hs
(’|3 0O (CH:CH;0)1.8P(0) (OCH2)a
60  Phthalic anhydride, 145.2 parts and 322.4 parts of bis

EXAMPLE 12
o

0
0 + (CsHy0):P(0)0H + C}hgﬂlﬂz -—_—

(B
é o éHCH:O s P (0)(0C¢Hy)

CO(CH;,CHO):H
CHy
where x=1.34 (average).
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(2-ethylhexyl) hydrogen phosphate were placed into a
pressure apparatus equipped with a stirrer, thermometer
and means for adding oxide. The mixture was heated to
70° C., and while stirring, 232.3 parts of propylene oxide
was added over a period of 8 minutes. During the addi-
tion of oxide, the temperature increased to a maximum
of 91° C., and the pressure increased to 26 p.s.i. Imme-
diately after completing the addition, the temperature
dropped to 68° C. During a two hour stirring period,
the temperature was carried, by external heating means,
to a maximum of 102° C., the last one hour being within
the range of $0-102° C. The maximum pressure, which
increased gradually over this period, was 69 p.s.i.

At the end of this heating period, the product had an
acid number of 126 mg. KOH/gm. The product was
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heated for a further hour at 119-123° C., after which the EXAMPLE 20

acid content was 0.9 mg. KOH/gm. Excess oxide was re-
moved in vacuo, the final pot temperature being 110°

i
C.,at 10 mm., Hg, \ o\ H
The product, a golden brown, viscous liquid, had the 0 + H}PGH + CHCHCH O —t
c/

(512

following properties:
OH (calculated), 89 mg. KOH/gm.; OH (found), 104.5

mg. KOH/gm. o som _I
P (calculated), 5.02%; P (found), 4.96%. 10 ( )=
Density 20/4, 1.093. ’ bo\buemo ), L Fo

Refractive index at 26° C., 1.4790.
Total acid 0.14 mg. KOH/gm.

In a manner similar in all material aspects to Example CH :
12, the following compounds were prepared: 15 where x=2.25 (average).

CO(CH:?HO) H

oH eldy
mg, acld,
KOH/gm. P, pereent X
X, £ 4 Density, Refractive K(l)xig/
Ex. Compound avg. Caled, Found Caled. Found 20/4 index at®° C. gm,
13..... 0 120 9% 125 58 517 L3 14819at25.... o, 12
—y}O( CH;CH20):P(0) (0 CyHps
—gowmcmohﬁ
M. Br o L3¢ 6L 70.4 3.47 348 1536 1.5285at255.. 0.05
Br— gO(CHzCHIO).P(O)(OCAHﬂ):
Br. ﬁO(CHzCHzO){H
r
15 O CH L5 131 107 63 631 1124 148348t 24 __. 015
gO(éHCHzO),P(O)(OCdio)z
CO(CH,CHO).H
g ((JH:
[s..... O CH; 145 633 ... 528 515 ... 153358t 24 ... 011
y:odmcmo),mw(o@cm)
]
CO(CHzCHO).H]
2 Y
18 o c¢H )
!
g—O(JJHCHzO).P(O)(O—®—CHa)
]
(f—O(CH,CHO).H ‘
H, 3
... [R5 : H 188 1262 1320 668 679 ... 0.01
gméncmo»hm@
CO(CH:CHO),H
H,
8. Br Lol e et et e
0 CH;
Br O((JJHCHzO),P(O)(OCHx)a
B CO(CH;CHO),H
H,
>y
9. cl o | 3.82 389 ... 148581 25._.  0.60
Cl gO(CHaCHaO).P(O)(OC.Hn)x
cl-ct

Cl J(iO(CHzCHzO);H
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Phthalic anhydride, 296.2 parts, 82.0 parts of phos-
phorus acid and 0.04 part of sodium formate were placed o /CH: OCH,
in a pressure apparatus equipped with a stirrer, ther- & o(t’: - cmo)-| —o

mometer and oxide addition means, and the mixture was
heated to 70° C. 548.5 parts of propylene oxide was added
to the mixture, with stirring, over a period of 412 hours,
the temperature varying from about 90° C. to 134° C.
The reaction mixture was then stirred for 5 hours at 120~
125° C., after which the excess oxide was removed by
stripping at 120-125° C. at 10 mm. of Hg, giving a slight- 10
ly yellow, viscous product having the following proper-
ties: Four hundred forty-two and seven-tenths parts of
P (calculated) 3.44%; P (found 3.35%. p!lthalic anhydride, 238.1 parts of a mixture of methyl
Toﬁal acid, 3.1)7 mg. KOH /(gm.] ) dihydrogen phosphate and dimethyl hydrogen phosphate
‘Additional compounds, summarized in the following 15 having a total acid of 12.55 meg./gm., and 0.17 part of
table, were prepared [[by a process similar to that outlined  sodium formate werg placed in a suitable pressure ap-

5 CO(CH; CHO):H

in Example 20.3 paratus equipped as outlined in previous examples. The
Total
Qgﬁ/ ; P, percent acid:
s Lo d ensity, Refractive Kggl
Compound z,8vg. Caled. Found Caled. Found 20/4 index at° C. gm.
E“'I’:‘.ﬁ]_’_:- - 0 CHs -I ?H, 1.34 189 16.5 4.42 L1 Gosmsessissdasiassess G113
O(&KGH:O). P=0
CO(CHCHO);H
L (‘.'! éﬂs ]
[’%].- [~ 0O CH -I QCH, L8 146. 4 148.5 4.08 4,05 sszs—=mseees 1.6080at 24 0.08
gO(éHCHaO)z i’=0
CO(CH,CHO),H
L 8 éﬂn ]
- B QCH; .21 =
ct " o om _l l
B yJO((l}HGKsO)x =0
Br CO(CH;CHO):H
L 8 éHl
Br s
©oa.-r 0 1 ocm 1.0 = e P T
" gO(CHaCH:O)x——{’=O
l_ CO(CH;CH;0).H
) !
0s...- T 0 CHy ] 175 145 151 2,84 2,08 issssssaass L5072 ab 26.5.. 1.3]
lJ}(O(‘}HCHa);O———P=O
CO(CH;CHO):H
L. Hs .

As is apparent from the generic formula set forth
hereinbefore, reaction products of mixtures of phosphoric
acids (such as those obtained from the reaction of alco- mixture was heated to a temperature of 80° C., and
hols or phenols with P;05) with anhydrides and oxides 347.1 parts of propylene oxide were added thereto, with
are embodied herein. This is in addition to the individual 60 stirring, over a period of 1 hour and 17 minutes at 80-
members of the mixtures which are set forth in the ex-  100° C, and at pressures not exceeding 60 ps.i. After
amples which follow. heating at 96-100° C. for 2 hours, with stirring, the total
acid was 102.5 mg. KOH/gm. A further 347.1 parts of
o EXAMPLE [26] 23 65 propylene oxide was similarly added, after which it was
g (CH,0)P3(0)OH further aged to complete the reaction and strippfd of
AN 0+ ¥ ¥ cn.EH_CE-(') —_ excess oxn.;ie. The prod-qct was a c_'.lear yellow, viscous
o CH,OP (0)(0H)s liquid having the following properties:

70 OH (calculated), 146 msg. KOH/gm.; OH (found) 149

2 (¢ ) mg. KOH/
g gm.
30(&1"*"0 sP(OXOCH:N P (czlculated), 5.4%; P (found), 5.08%
+ Density 20/4, 1.235
O(CH'?HO)'H Specific gravity at 24° C., 1.5006

CHa 75 Total acid, 0.16 mg. KOH/gm.
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The following table summarizes other mixtures ob-
tained by processes similar in all material respects to
Example {26.] 23.

o ol
xoﬁﬁ‘-ﬂ. P, Percent mlgf
Density, Refractive  KOH/

gm.

Compound X, avg. Caled. Found Caled. Found 20/4 indexat®°C.

[27].:. 0O CH; 13 17t 100.5 .82 6.25 1.238 1.46658t255.. 0,87
Hc—gO(éHCIhO).P(O)(OOHa):
HC—CO(CH;CHO):H
l Hy
plus
0 CH
Hc—gO(éHGH:O):
Hg—CO(CHgCHO);HJ’
H,
[g].. O CHs L2 155 158 5.85 5.53 L175 146480t2l...c  0.15
HC— O(éHCHaOJ.P(O)(O(JaH.)n
HC—~CO(CH;CHO):H
H,
plus

P(O)OCH;

0 CH,
Hc—gocéncmoh
H —coccmcnm.ﬂJ
H, 1]
[201.. Br 0 CHy L2 818 720 802 A0 .cecoiiciiiteiemasiion.ss 018
* god:ncmom(oxocm)-

P(0)0CH)

B CO(CH:CHO):H
Hy

plus
™~ Br 0 CH;
Br gO(éHCH:O);

P(0)OCH,

B CO(CHsCHO)H

L r H ]

F30l.. 0 CH, 1.38 115 188 4.4 416 1217 14875at20.5.. 0.28
gO(éHCHnO):P(O) (OCsHyl)s

CO(CH3;CHO)H
Hs
plus

r 0 CH, 'I
gO(éncmO).——P(O)oc.Em

CO(CH;CHO)H
L H, ]
5‘3’1].- O CH; LI 1328 M5 5.10 4.60 1101 14610at26.... 0.21
HC— O(éHOH:O)xP(O)(OClHﬂ-DI
HC—~CO(CH;CHO)H
Hy
plus
0 CHy
Hc-gO(éHCH:O) -IP(O)OCnHu-l
Hg—CO(CH:CHO):H]'
]

H
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TABLE—Continued
Total
OH, mg. acid,
KOH/gm. P, Percent mg.
Density, Refractive KOIf/
Compound x,avg. Caled. Found Caled. Found 20/4 index at® C. gm.
[’32]-- (I:; 0.94 143 131.5 5,47 5.53 0.18
coccmcmom«m(o@cm)
3
CO(CHi:CH;30):H
plus
gommcmm. _' P(O)O@CH.
CO(CH;CH;0).H
L 3
5303]-_ (I) CHj 1.42 118 88 4,55 4,62 1.35
éou‘:ucmoumo;(o@cm)
]
CO(CH;CHO):H
H;
plus
B 0 CH "l
dodmomo. P(O)O@CH:
CO(CH;CHO)x
R S
(o] Hs 3
o C 1.3 135 111 5,18 5.07 - 0.19

L W
HE-Co HOH:O)J’(O)(O@CH:)’

HC—CO(CH:CHO):H
l H,
plus
0O CHs
HC-—(‘Z‘J o (éHCH:O) ;—lP [Co)] 0©CH|
HC—CO(CH:CHO),HJ

Hs 1

Other new and useful compounds may be prepared from
the compounds of Examples 12-I31] 28 by reacting one
or more of the reactive centers thereof with a compound of
the formula M,P(O) Hal, wherein M and Hal are as
hereinabove defined, substantially as follows.

o (CH: )
EO éHCHsO 2P (OXO CeHy

0)P(0)Cl + CGHIN ——
CO(CH:(EHO);H + (CHi0),P(0)C1 + CiHy

CH
(Compound of Example 12)

O(CH: )
!3 éHCHa sP(0)(OCsHuhs

CO(CHsCHO):P(0)(0CHsh
Hy

4+ C:HN-HC1

This type of compound may also be obtained from
oxyalkylated dicarboxylic acids and the appropriate
chloridate. Thus, by reacting 373 parts of

L]
EO (CH;CH; 0)e.uH

CO(CH,CH;0)1.H

50

65

60

70

in methylene chloride with 146.2 parts of (CH;0),P(0)Cl
at 10° C. or below, there is obtained the compound

o]
!JJO (CH;CH;30)4.1P (0) (OCHs)2

C O (CH;CH30)1.uP (0) (OCH:)s

having a total acid number of 0.55 and a refractive index
of 1.4966 at 25° C.

Additional non-limiting examples of this general class
compounds are summarized in the following table.

Moles of
R'

l"(O)Hal
R

Rl
%(O)Hal
R

................... (C1H30)2P{0)CL. .cco -

- (CsHpQ)sP(0)CL

_ (CsHs0)7P(0)C1

- (CaHs)aP(OlgI 1

(CsH;O?C: sP(0)C1
CH;P(0)Cl1

}sP(0)Cl

%CanO]zP%O Cl

_ (CsHn0)sP(0)Cl

- (CsHpO)P(0)Cl

Compound of
Example

unwj&s##nw

The following will illustrate those compounds which
come within the scope of this invention, and in which
there is found an organic radical having a valence of at
least two. It is to be understood that the compound shown
is merely for the purpose of illystrating the type of com-
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pounds contemplated, and it is not to be considered as a
limitation on the invention with respect thereto.

r OCH, CHs O
C(CHa—)r——O—J’ 0) OCHnéHO !JJ—
HO ('JHCHJOC
CH, N

In this compound, C(CH,), corresponds to W, defined
hereinabove, and is derived from tetravalent pentaerythri-
tol. Other radicals which are at least divalent may be
derived from ethylene glycol, propylene glycol, butylene
glycol, glycerol, trimethylol ethane, trimethylol propane,
and similar compounds.

The new compounds, especially those containing at
least one active hydrogen per molecule, have been found
to be useful as flame retardants for polyurethane foams
and resins. They markedly improve the flame properties
of polyurethanes without any adverse effect on the poly-
mer itself. The degree of fire-retardance will depend upon
the amount of phosphorus per se in the finished poly-
urcthane, but as a general statement the compounds of
the present invention will be effective at phosphorus con-
centrations of about 0.5% to about 5.0%, with the pre-
ferred amount falling with the range of from about 1.0%
to about 3.0%.

Briefly, in using the active hydrogen-containing com-
pounds of the invention to obtain fire-retardant poly-
urethanes, the compound, or a mixture thereof with a
normally used polyol, is mixed with a catalyst and a sur-
factant, and this is blended with a polyisocyanate, where-
upon reaction occurs to produce a polyurethane polymer.
If a foam is desired, a slight excess of polyisocyanate will
be present in the mixture to be reacted with water (which
produces CO; upon reaction with the excess NCO, there-
by supplying the foaming agent). As an alternative, stoi-
chiometric NCO may be used, and a low boiling inert
liquid, such as a chlorofluorocarbon, may take the place
of the internally produced COs. In using the compounds
of this invention which contain active hydrogens with
conventional polyols, it will be obvious to those skilled
in this art that the substitution must be done on the basis
of active hydrogen equivalents. That is, the amount of
phosphorus compound substituted must contain an amount
of active hydrogen equivalent to that in the removed con-
ventional polyol.

The polyisocyanates which are useful are those which
are well-known in the polyurethane art, and no elaborate
discussion of them is believed necessary. As examples,
however, the following polyisocyanates may be used to
advantage with the inventive compounds. They are:
tolylene diisocyanate (a commercial mixture of the 2,4-
and the 2,6-isomers); polymethylene polyphenyl isocy-
anate, having the formula

gL,

where n is greater than zero: hexamethylene diisocyanate;
naphthalene-1,5-diisocyanate; naphthalene triisocyanate;
dichloro diphenyl methane diisocyanate; dimethyl di-
phenylmethane diisocyanate, and other aromatic or ali-
phatic polyisocyanates containing 2 or more functional
or isocyanate groups.

The example which follows will illustrate the usefulness
of the compounds of this invention as flame retardants
for polyurethane foams.

EXAMPLE [35] 32

One hundred and eighty-four parts of propoxylated
sucrose having about 1.2 OXypropylenes per equivalent of
hydroxyl, 139 parts of the mixture of Example £27,3 24,
4 parts of a silicone-type surfactant L-5310, 3 parts of tri-
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18

ethylencdiamine catalyst and 87 parts of trichlorofluoro-
methane were blended together by stirring. To this mix-
ture was added 250 parts of PAPI (polymethylene poly-
phenyl isocyanate), and this total mixture was stirred
vigorously for 23 seconds and poured into a container
for foaming. The foam was fully risen and tack free in
98 seconds. It was allowed to stand overnight.

The product, a rigid foam, was fine-celled, and had a
density of 2.5 pounds per cubic foot. It had good hy-
drolytic and dimensional stability at both high humidities
(up to 100%) and high temperatures (100-120° CJ).
The foam burned less than one inch when tested accord-
ing to ASTM D-1692.

A control, prepared from the agents of this example,
less the phosphorus-containing compound, was non-self-
extinguishing when tested in accordance with ASTM
D-1692.

In addition to their utility as flame retardant agents
for polyurethanes, the chemicals of this invention are
also useful as flame retardants and plasticizers for vinyl
resins, polyesters, and the like.

It is understood that various other modifications will
be apparent to and can be made by those having skill
in this art without departing from the spirit and scope
of the invention. Accordingly, it is not intended that the
scope of the claims appended hereto be limited to the
description and examples set forth herein, but rather that
the claims be construed as encompassing all of the fea-
tures of patentable novelty which reside in the present
invention, including all features which would be treated
as equivalents thereof by those skilled in the art to which
the invention pertains,

With respect to the value of x in Examples 12 through
L31,7 28, it will be further understood that the value as-
signed may not be the exact number of oxyalkyl units
attached at the designated center. The values given for x
in the various compounds, however, will not vary widely
from these actual values. Each x was determined by divid-
ing the total equivalents of alkylene oxide reacted by the
number of equivalents of acid hydrogen in the reaction
mixture. As an illustration, in Example 13 a total of 2.58
equivalents of ethylene oxide reacted, and this was as-
sumed to be divided equally between the two acid hydro-
gens present—one from the phosphorus moiety and one
from the opening of the anhydride ring, Thus x is an
average value which, when multiplied by the number of
X’s in the molecule, will enable one to determine the
actual amount of oxyalkyl present in the chemical in
question, The values of X in the appended claims are to
be interpreted in view of this explanation,

We claim:

1. An organo-phosphorus compound selected from the
formulas

O o
AOR" (R")a
LCO(CH)CHO—P (0)
ll) (OR)
@ 0O /D (R),
co(dueno) 1To
LCO(CH;CHO):G | (OR),
l t
and
(3 [ OR D o
W——OII’(O)(OCH,JJH),——O(UJ
G{O CHCHj),—0 C-
| b 4

(i)R D 0o =
W——0P(OX0OCH, éHJ.—O!IQ'?
F(O (IL‘HCH:)x—O(IIJ

- D l)_Lz
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wherein:

R is a member of the group consisting of (lower) alk-
oxy (lower) alkyl, alkyl containing from 1 to 18 car-
bon atoms, aryl, alkyl-substituted aryl wherein the
alkyl contains from 1 to 18 carbon atoms, chloro-
substituted aryl, bromo-substituted aryl, aralkyl, and

—(CHzEHO),H

wherein D and x are as hereinafter defined,

R’ is 2 member of the group consisting of hydrogen,
alkyl containing from 1 to 18 carbon atoms, and
phenyl;

R” is a member of the group consisting of alkyl con-
taining from 1 to 13 carbon atoms and (lower) alk-
oxy {lower) alkyl;

A is the nucleus of a member selected from the group
consisting of aromatic dicarboxylic acid anhydrides
and aliphatic dicarboxylic acid anhydrides;

D is a member of the group consisting of hydrogen,
lower alkyl, and chloro (lower) alkyl;

F is @ member of the group consisting of hydrogen and
(E’).
—P(0)
(J)R)b
G is a member of the group consisting of hydrogen and
(R)a
-—%’(0)
{OR)

wherein R and R’ are as hereinbefore defined, and
a and b are as defined hereinafter;
a and b are each 0 to 2, their sum being 2;
t, s, and t are, respectively, 0 to 2, 0to2and1to3,
their sum being 3;

W is the hydrocarbyl nucleus of a polyhydroxy com-

pound containing from 2 to 4 hydroxyls;

x has an average value of from about 1.0 to about 5.0;

and

z is an integer corresponding to the number of hy-

droxyls in WL.1,
provided that where G is hydrogen, s is at least 1.

2. The compound of claim 1 wherein A is the nucleus
of a dicarboxylic acid anhydride selected from the group
consisting of (1) phthalic, halogen-substituted phthalic,
nitro - substituted phthalic, alkyl - substituted phthalic,
homophthalic, naphthalic, (2) adipic, azelaic, glutanic,
suberic, itaconic, pimelic, succinic, maleic, (3) the halo-
gen-substituted and alkyl-substituted members of the
aforesaid group (2), (3) chlorendic, hydrophthalic, and
endomethylene phthalic anhydrides.

3. An organo-phosphorus compound selected from the
formulas

)
(o]
Lorm (B
I-CO((JH:CHO),—-I’(O)
{OR)
(2)
(B":
[o] D
Lo(Baomo) 1
0 HCH;0 / » J)
K (OR),
LCO(CHCHO).G
t.
and

I'OR D 2]
——(!)P (0) (OCH:!)H) 0 1!‘1
F(OCHCH;),—0C
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20
3)
r ?R D o
W—OP(O)(OCH:&IJH).—OP:
G(O CHCH,y):—0C-
b .
wherein:

R is a member of the group consisting of (lower)
alkoxy (lower) alkyl, alkyl containing from 1 to 18
carbon atoms, aryl, alkyl-substituted aryl wherein
the alkyl contains from 1 to 18 carbon atoms, chloro-
substituted aryl, bromo-substituted aryl, aralkyl, and

-—(CH:EHO) H

wherein D and x are as hereinafter defined;

R’ is a member of the group consisting of hydrogen,
alkyl containing from 1 to 18 carbon atoms, and
phenyl;

R’ is a member of the group consisting of alkyl con-
taining from 1 to 13 carbon atoms and (lower)
alkoxy (lower) alkyl;

A is the nucleus of a member selected from the group
consisting of phthalic, chloro-substituted phthalic,
bromo-substituted phthalic, iodo-substituted phthal-
ic, nitro-substituted phthalic, alkyl-substituted phthal-
ic wherein the alkyl contains from 1 to 12 carbon
atoms, homophthalic and naphthalic anhydrides;

D is a member of the group consisting of hydrogen,
CHg, C2H5 and ClCHz;

F is a member of the group consisting of hydrogen and

(R)a
—P(0)
(OR»

G is a member of the group consisting of hydrogen and

(R")a
—P(0)
(OR)

wherein R and R’ are as hereinbefore defined, and
a and b are as defined hereinafter;
a and b are each 0 to 2, their sum being 2;
t, s, and t are, respectively, 0 to 2, 0to 2 and 1 to 3,
their sum being 3;
W is the hydrocarbyl nucleus of a polyhydroxy com-
pound containing from 2 to 4 hydroxyls;
x has an average value of from about 1.0 to about
5.0; and
z is an integer corresponding to the number of hy-
droxyls in W.
provided that where G is hydrogen, [S] is at least 1.
4. The compound of claim 3, Formula 2, in which r
is 0, R is methyl, G is hydrogen, D is CHj;, and A is the
nucleus of tetrabromophthalic anhydride.

5, The compound as defined in claim 4, having the

structure
Br O (CH. )"
Br go éHCHzO »—1—P (0)OCH;

B CO(CH:(}HO);H

Br CHa =iy

Br O (CHI ) .
Br 4]30 éHCHaO 15—P(0)0CH,

B

CO(CH;(EHO)MHJ

Br CH;
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7. The compound of claim 4, having the structure

Br O yCH; )
Br go (éHCH;O +—P{0)(OCH;»

Br
Br

CO(CH, ?HO);’H
CHs

Br O /CH, )
Br, gO(éHCH:O 1.9—P (0){(OCH;)

Br CO(CH;(IJHO)LAH
Br CH,

9. The compound of claim 1 wherein A is the nucleus
of a member selected from the group consisting of hydro-
phthalic, endomethylene phthalic, camphoric, 5-norbor-
nene-2, and chlorendic anhydrides, and D is a member of
the group consisting of hydrogen, CH;, CgH; and CICH;.

10. The compound of claim 1, having the structure

Cl 0o
C ]\ gocmcn,o-r(oxo CsHu)s
, Cl—C1
ci | COCH;CH:0H
T4

11. The compound of claim 1 wherein A is the nacleus
of a member selected from the group consisting of: (1)
adipic, azelaic, glutaric, suberic, itaconic, pimelic, and
succinic acid anhydrides; (2) the chloro-substituted mem-
bers of (1); and (3) the alkyl-substituted members of
(1), wherein alkyl contains from 1 to 12 carbon atoms;
and D is selected from the group consisting of hydrogen,
CH;;, C2H5, and Cchg.

12. The compound of claim 1, Formula 2, wherein r
is 0, R is methyl, G is hydrogen, D is CH; and A is the
nucleus of maleic anhydride.

13. The compound as defined in claim 12, having the

structure

F [o} (CH: )"

Hc—go éHCH;O x»5—P(0)0CH;

H —CO(CH,CHO).HJ

L Hs 2

14. The compound of claim 12, having the structure

- O /CHs
HC—PJO((f)HCHzO)l.:———P(O)OCHs
HC—CO(CH;CHO).H

L (‘JH; 2

15. The compound as defined in claim 12, having the
structure

(¢} CH,
HC-—-H‘O(JZHCH:O),—P(O)(OGH;):
HC—CO(CH;CHO),H

dmy
16. The compound of claim 12, having the structure

o (Femo)
Hc—go (‘JHCH:O 15—P (0)(OCHy)s
H —CO(CH:(IJHO)I.sH
CH;

L17. A process for the manufacture of an organo-phos-
phorus compound as defined in claim 1, Formulas 2 and 3,
which comprises the simultaneous reaction of the appro-
priate phosphorus compound having at least one acid
function, a dicarboxylic acid anhydride having A as its
nucleus, and a compound selected from the group con-
sisting of ethylene oxide, propylene oxide, butylene oxide
and epichlorohydrin.]

L18. A process for the manufacture of an organophos-
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phorus compound as defined in claim 3, Formulas 2 and 3,
which comprises the simultaneous reaction of the appro-
priate phosphorus compound having at least one acid
function, a dicarboxylic acid anhydride selected from the
group consisting of phthalic, chloro-substituted phthalic,
bromo-substituted phthalic, iodo-substituted phthalic,
nitro-substituted phthalic, alkyl-substituted phthalic
wherein the alkyl contains from 1 to 12 carbon atoms,
homophthalic and naphthalic anhydrides, and a compound
selected from the group consisting of ethylene oxide,
propylene oxide, butylene oxide, and epichlorohydrin.]

L19. The process as defined in claim 18 wherein the
compound produced falls within Formula 2 in which r is
0, R is methyl, G is hydrogen, D is CH,, and A is the
nucleus of tetrabromophthalic anhydride.]

[20. The process as defined in claim 19 wherein the
organo-phosphorous compound obtained is

Br O CHy
e N-bo (Gomo) L coroem

B CO(CH;(I')HO);H
Br CHs 2
L21. The process as defined in claim 20 wherein x is

1.2.3
I[22. The process as defined in claim 19 wherein the
organo-phosphorus compound is

Br O (CH; )
Br, gO J)HCH:O —P(0)(OCH;);

By CO(CH;('JHOJXH
Br CH,

L23. The process as defined in claim 22 wherein x is
1.2.]

[24. The process as defined in claim 18 which com-
prises mixing the dicarboxylic acid anhydride and phos-
phorus compound, subsequently adding thereto an excess
of said oxide at a temperature of from about 70° C. to
about 95° C., heating at a temperature sufficiently high
to complete neutralization of the carboxyl acid functions
formed, but not higher than about 160° C., and then re-
moving the excess oxide from the said organo-phosphorus
compound.}

[25. The process of claim 18 which comprises the steps
of mixing the dicarboxylic acid anhydride and phosphorus
compound and subsequently adding said oxide thereto,
the oxide being in excess of the amount necessary to react
with all of the acid functions of the said phosphorus com-
pound and the subsequently formed carboxyl group, at
temperatures sufficiently high to react the said oxide and
the said acid functions, and removing the excess oxide
from the organo-phosphorus compound thus formed.J

26. An organo-phosphorus compound formula

o
X&OR” (R")a
LCO /CH,CHOY — (0)
( ]’) y (OR)n

wherein:

R is a member of the group consisting of (fower) alk-
oxy (lower) alkyl, alkyl containing from 1 1o 18
carbon atoms, aryl, alkyl-substituted aryl wherein
the alkyl contains from I to 18 carbon atoms, chlo-
ro-substituted aryl, bromo-substituted aryl, aralkyl,
and

D
- CH;(EHO);H

wherein D and X are as hereinafter defined;

R’ is a member of the group consisting of hydrogen,
alkyl containing from 1 to 18 carbon atoms, and
phenyl;

R” is a member of the group consisting of alkyl con-
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taining from 1 to 13 carbon atoms and (lower) alkoxy
(lower) alkyl;

A is the nucleus of a member selected from the group
consisting of aromatic dicarboxylic acid anhydrides
and aliphatic dicarboxylic acid anhydrides;

D is a member of the group consisting of hydrogen,
lower alkyl, and chloro (lower) alkyl;

a and b are each 0 to 2, their sum being 2; and

2 has an average value of from about 1.0 to about 5.0.

27. An organo-phosphorus compound of the formula:

[ (o) ob
W——0P(0)\OCH;CH x—O(‘):\

F /OCHCH;}—0C-
3.8
D . s
wherein:

R is a member of the group consisting of (lower) alk-
oxy (lower) alkyl, alkyl containing from 1 to 18
carbon atoms, aryl, alkyl-substituted aryl wherein
the alkyl contains from 1 to 18 carbon atoms, chlo-
ro-substituted aryl, bromo-substituted aryl, aralkyl,
and

D

!
—(CH;CHO):H

wherein D and x are as hereinafter defined;

R’ is a member of the group consisting of hydrogen,
alkyl containing from I to 18 carbon atoms, and
phenyl;

R’ is @ member of the group consisting of alkyl con-
taining from 1 io 13 carbon atoms, and (lower)
alkoxy (lower) alkyl;

A is the nucleus of a member selected from the group

20

26
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consisting of aromatic dicarboxylic acid anhydrides
and aliphatic dicarboxylic acid anhydrides;
D is a member of the group consisting of hydrogen,
lower alkyl, and chloro (lower) alkyl;
F is a member of the group consisting of hydrogen and
(R
—r(0)
(OR)w
wherein R and R’ are as hereinbefore defined, and
a and b are as defined hereinafter;
a and b are each 0 to 2, their sum being 2;
W is the hydrocarbyl nucleus of a polyhydroxy com-
pound containing from 2 to 4 hydroxyls;
x has an average value of from about 1.0 to about 5.0;
and
z is an integer corresponding to the number of hy-
droxyls in W.
References Cited

The following references, cited by the Examiner, are
of record in the patented file of this patent or the original
patent.

UNITED STATES PATENTS

3,419,642 12/1968 McGary et al, cee- 260—952
3,092,543 6/1963 Richter 260—952 X

LORRAINE A. WEINBERGER, Primary Examiner
R. L. RAYMOND, Assistant Examiner

US. CL X.R.

252 8.1; 260—2.5 FP, 77.5 AR, 453 AM, 928, 929, 930,
971, 973, 978



‘;’/ \\ :

'zg;;gf)m UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION
Patent No. RE 27,069 Dated April 16, 1974
Inventor(s) Vasco G. Camacho, James J. Anderson & Wendell M. Byrd
J
It is certified that error appears in the abova-identified patent
and that said Letters Patent are hereby corructa%)as shown below!
D
r 1" ” 1" ! -i
Column 1, line 59, CH" should read --CH=--.
Column 3, line 45, "abve" should read --above--.
Column 5, line 23, "hydroyls" should read --hydroxyls--.
Column 5, line 37, "(2,2,2)" should read --(2,2, )-—.
Column 5, line 15, "(and other alkyl-substituted)” should
read --(and other alkyl-substltuted phthalics
where the alkyl has from 1 to 12 carbon
atoms),-~.
Column 5, line 52, "dialkyl" should read --dialkyl--.
Column 5, line 67, "RP(O)OH(OR‘)” should read --RP(0)(Ol),--.
Column 6, line 36-37, "were placed in means for cooling'
should read --were placed in a reaction vessel
provided with a sfirrer, thermometer
and means for coolin%-—.
Column 6, line 44, "1000 parts of each wash' should read
--1000 parts for each wash--.
Signed and sealed this 8th day of October 1974,
(SEAL)
Attest:

MeCOY M. GIBSON JR.
Attesting Officer

C. MARSHALL DANN
Commissioner of Patents

.



