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(57) ABSTRACT 

The invention refers to nitrous bridged derivatives of 
6H-dibenzc.e. 1.2-oxaphosphorine-6-oxides, a process for 
the preparation thereof and their use as flameproofing agents 
for polymers such as polyesters, polyamides, polycarbonates, 
polystyrenes, polyethylene, polypropylene, phenolic and 
epoxy resins. The derivatives have the Formulae I or II: 
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NITROUS BRIDGED DERVATIVES OF 
6H-DIBENZC.E1.2-OXAPHOSPHORINE-6- 
OXIDES, PROCESS FOR THE PREPARATION 

AND USE THEREOF 

0001. The invention relates to nitrous bridged derivatives 
of 6H-dibenzc.e. 1.2-oxaphosphorine-6-oxides, a process 
for preparation thereof, their use as flameproofing agents for 
polymers, and products prepared therefrom. 
0002 Dibenzc.e. 1,2-oxaphosphorine-6-oxide, also 
called “DOPO, and derivatives thereof have been known for 
a long time as effective flameproofing agents for polymers 
(DT2034887 C3, DT 2646218 A1, DE 19522876 C1). 
0003) Amino derivatives of aryl phosphanoxides (J. Appl. 
Polym. Sci. 1997, 63, 895), phosphoric acid aryl esters (J. 
Polym. Sci. A: Polym. Chem. 1997, 35, 565) and phosp 
hazenes (J. Appl. Polym. Sci. 1998, 67, page 461; Progr. 
Polym. Sci. 2002, 27, page 1680) are known from the litera 
ture as reactive flameproofing agents (Polymer Degr. Stab. 
1998, 60, 160). 
0004. Due to the demonstrated flameproofing effect of 
dibenzc.e. 1.2-oxaphosphorine-6-oxides, there have been 
tested amino derivatives of said compounds, for example, a 
series of different 6-aminomethyl-derivatives (JP 2003 
105058, JP 2002-284850, U.S. Pat. No. 4,742,088) all of 
which have been produced by amino methylation of 
6H-dibenzc.e. 1,2-oxaphosphorine-6-oxide with formal 
dehyde and primary or secondary amines. A disadvantage of 
such 6-aminomethyl derivatives is that in the presence of 
water, a back reaction to educts develops with release of the 
6H-dibenzc.e. 1,2-oxaphosphorine-6-oxides. In fact, the 
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back reaction is favored at elevated temperatures used in the 
integration of flameproofing agents into thermoplastic poly 
mers. However, the undesired release of 6H-dibenzc.e. 1,2- 
oxaphosphorine-6-oxides in turn results in acid decomposi 
tion of many thermoplastic polymers. 
0005. However, there have not heretofore been described 
nitrous bridged derivatives of 6H-dibenzc.e. 1,2-oxaphos 
phorine-6-oxides which have more than one bridge carbon 
atom between the phosphorus atom of the phosphaox 
aphenanthrene annular system and the nitrogen atom of the 
bridge. Nor have polymeric nitrous bridged derivatives of 
6H-dibenzc.e. 1,2-oxaphosphorine-6-oxides heretofore 
been described. 
0006 An object of this invention is to provide nitrous 
bridged derivatives of 6H-dibenzc.e. 1,2-oxaphosphorine 
6-oxides, a process for the preparation thereof, and a process 
for the use thereof. A more particular object of the invention 
is to provide a process which overcomes the above mentioned 
disadvantages of the prior art, and more particularly, to pro 
vide a process that starts from commercially easily obtainable 
DOPO or derivatives thereof, a process that is as simple and 
cheap as possible and provides a route of synthesis which is as 
halogen-free as possible. 
0007 According to the invention the aforesaid problems 
are solved by the processes for the preparation of the com 
pounds according to claims 1 to 13, the compounds of claims 
14 to 17, with said compounds having the Formulae I and II, 
as well as the use thereofas flameproofing agents for poly 
mers and products made thereof. Preferred embodiments 
result from the dependant claims. 
0008. The present invention provides a process for prepar 
ing nitrous bridged derivatives of 6H-dibenzc.e. 1,2-ox 
aphosphorine-6-oxides of the Formulae (I) and (II) 

(I) 
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wherein R is one of the following radicals: 

( ), ( ). A. S-(CH2)CH \ Ž. t{ }. son, 
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whereinl is an integer from 2 to 10, mand pare integers from 
1 to 20, n and o are integers from 0 to 20 and R' is hydrogen 
or alkyl, in which 

0009 (a) a 6-alkoxy-6H-dibenzc.e. 1,2-oxaphospho 
rine is reacted with a bishydroxyalkyl amine or a poly 
valent alcohol formed by polycondensation of 1,3,5-tris 
(2-hydroxyethyl)cyanuric acid while forming an 
intermediate product, and 
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0.010 (b) said intermediate product obtained in step (a) 
is converted by adding a catalytic amount of an alkylat 
ing agent to a nitrous bridged 6H-dibenZIce 1,2-ox 
aphosphorine-6-oxide derivative of Formula I or II. 

0011 Where in this application polyvalent molecular radi 
cals are referred to, the bonding value of said molecular 
radicals is meant. Regarding alcohols, Valence means the 
number of OH groups of the alcohol. 
0012. The use of polyvalent alcohols in the instant inven 
tion makes possible the production of polyvalent (“bridged') 
derivatives which during Subsequent use as flameproofing 
agents in polymer networks can be more advantageously 
bonded in the polymers than non-bridged derivatives and can 
have an improved flameproofing effect. 
0013 For preparing the nitrous bridged 6H-dibenzc.e. 1, 
2-oxaphosphorine-6-oxides of Formulae I and II, in a first 
step (a) a 6-alkoxy-6H-dibenzc.e. 1.2-oxaphosphorine is 
reacted with a bishydroxyalkyl amine of Formula III or a 
polyvalent alcohol of Formula IV which previously was 
formed by polycondensation of 1,3,5-tris(2-hydroxyethyl) 
cyanuric acid, the bishydroxyalkyl amine and the polyvalent 
alcohol which have the formulae that follow, to form an 
intermediate product. 
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0014. As educt is used in step (a) of the process a 6-alkoxy 
6H-dibenzc.e. 1.2-oxaphosphorine prepared by the process 
disclosed in DE 10206982 A1. Starting from 6H-dibenzc, 
e1,2-oxaphosphorine-6-oxide, 6-alkoxy-6H-dibenzc.e. 
1,2-oxaphosphorines are obtained by acid catalyzed reac 

tion with orthocarbonic acid esters and suitable alcohols. 
Preferably used is 6-ethoxy 6H-dibenzc.e. 1,2-oxaphos 
phorine as educt. 
0015 Suitable as bishydroxyalkyl amines are compounds 
of Formula III wherein R is one of the following radicals: 

—V /—V 
A. A. S-(CH2)CH K . ( ), "- 

O o 

M I \ Žs 

specially a phenyl or p-toluenesulfonyl group, where 1 is an 
integer from 2 to 10, and p is an integer from 1 to 20 and R' 
hydrogen or alkyl. Examples of suitable bishydroxyalkyl 
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(III) 

(IV) 

OH 

OH 

amines are bis(2-hydroxyethyl)-toluenesulfonyl amine and 
bis(2-hydroxyethyl)phenyl amine. 
0016 Suitable as polyvalent alcohols are compounds of 
the Formula IV wherein m is an integer from 1 to 20 and n and 
o are integers from 0 to 20. Particularly suitable are polyva 
lent alcohols of the Formula IVa derived from polyvalent 
alcohols of the Formula IV in which m is an integer from 1 to 
20 and n and o=0. 

"----------- 
as so | 1.1, 

If alcohols of the Formula IVa are used in the process, there 
are obtained nitrous bridged derivatives of 6H-dibenzc.e. 1, 
2-oxaphosphorine-6-oxides IIa which are derived from the 
derivatives of the Formula II in which m is an integer from 1 
to 20 and n and o=0. 
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(IIa) 

0017. In a preferred embodiment the alcohol developing in 
step (a), which is ethanol if 6-ethoxy-6H-dibenzc.e. 1,2- 
oxaphosphorine is used, is continuously removed from the 
reaction vessel. This has an advantage in that by removal of 
the alcohol the reaction balance is shifted to favor the inter 
mediate product. 
0018. The intermediate product obtained in step (a) can be 
described by the following Formulae III' and IV or IVa' (when 
a polyvalent alcohol of the Formula IVa is used) 

(III) 
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(IV) 
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wherein the radicals R and R' and l, m, n, o and p, have the 
above given meanings. 
0019. In a preferred embodiment of the invention, after 
termination of the reaction in step (a), the 6-alkoxy-6H 
dibenzc.e. 1,2-oxaphosphorine in excess is distilled off 
under a medium-high vacuum in the range (0.01-0.001 mbar). 
0020. The intermediate products which are formed in the 

first step (a) are then, in a second step (b), converted by adding 
catalytic amounts of an alkylating agent to the nitrous bridged 
derivatives of 6H-dibenzc.e. 1,2-oxaphosphorine-6-oxides 
of the Formulae I, II or IIa by means of an intramolecular 
Michaelis-Arbusov reaction. A halogen-free alkylating agent 

OH 

O S. O O N O Y l r iii. r 

N 

is added in catalytic amounts of preferably 1 to 10 mmole/ 
mole in the presence of which a triple-bond intermediate 
product related to phosphorus is converted to a five-bond 
phosphorous compound. As alkylating agents can be used 
sulfuric acid esters and sulfonic acid esters. Preferred are 

Sulfonic acid esters of aromatic Sulfonic acids such as alkyl 
p-toluene Sulfonic acid ester, for example, p-toluene Sulfonic 
acid methyl ester. Reaction (b) preferably is carried out at 
elevated temperatures of above 170° C. and under a protective 
gas such as argon or nitrogen. 
0021. Unlike a classic Michaelis-Arbusov reaction, the 
process of the present invention has the advantage that it is 
possible to eliminate halogen, since halogen-free alkylating 
agents such as Sulfuric acid esters and Sulfonic acid esters are 
used in catalytic amounts. 
0022. After the catalytic reaction in step (b) the product 
obtained is separated and optionally cleaned and dried. 
0023 Preferred compounds of the Formula I compounds 
are those in which R is an aryl group especially phenyl, or an 
aryl Sulfonyl group especially p-toluenesulfonyl group and 1 
is 2. 
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0024. The process of the present invention has the particu 
lar advantage in that it can be carried out in a one-receptacle 
synthesis, that is, in a single reaction vessel with good yields 
without expensive cleaning operations between the reaction 
steps. 
0025. The nitrous bridged derivatives of 6H-dibenzc.e. 
1.2-oxaphosphorine-6-oxides of Formulae I or II and IIa are 
Suitable as flameproofing agents for polymers, especially 
polyesters, polyamides, polycarbonates, polystyrenes, poly 
ethylenes, polypropylenes, phenolic and epoxy resins. 
0026. The present invention also provides oligomers of the 
1,3,5-tris(2-hydroxyethyl)cyanuric acid of the Formula IV 

(IV) 
OH 

- 
r 
ra 

r 
rrn 

wherein m is an integer from 1 to 20 and n and o are integers 
from 0 to 20, and especially oligomers of the Formula IVa 

(IVa) 

ul--------- 
---.S. 1s-s 

which derive from the oligomers of the Formula IV in which 
m is an integer from 1 to 20 and n and o=0. 
0027. The oligomers of Formula IV or IVa are reacted in 
step (a) together with the 6-alkoxy-6H-dibenzc.e. 1,2-ox 
aphosphorine to prepare derivatives of Formula II or IIa. 
0028. The oligomers are prepared starting from 1,3,5-tris 
(2-hydroxyethyl)cyanuric acid which is subjected to an acid 
catalyzed polycondensation. 
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0029 Preferred embodiments and advantages of the 
present invention are particularly shown in the examples. 

EXAMPLE1 

Preparation of IVa 
0030 

O O 

HO N ls 1n-O N 1. 1n-OH 

1s-so 1s-so 

0031 0.25 mole of 1,3,5-tris(2-hydroxyethyl)cyanuric 
acid and 7 g of a catalyst (p-toluene Sulfonic acid bonded on 
a polymer carrier with about 0.003 mole SOH groups per 
gram) are heated to 170° C. in a round-bottom flask equipped 
with an inner thermometer, a reflux cooler and an effective 
magnetic mixer. A light nitrogen flow is passed over the 
mixture which after melting of the 1,3,5-tris(2-hydroxyethyl) 
cyanuric acid is vigorously stirred. At 1 hour intervals the 
water generated is removed by brief application of vacuum. 
The reaction speed is at first low but gradually rises detectably 
to an increased separation of water droplets in the reflux 
cooler. After a reaction lasting from 10-15 hours at 170° C. the 
viscosity of the melt clearly increases. The reaction is inter 
rupted when the melt even though semi-fluid still can be 
stirred (during further continuation of the condensation cross 
linked insoluble products would be obtained). Prior to the 
cooling, vacuum is again applied (about mbar, for a few min). 
At about 80°C., 250 ml absolute dioxane are added and the 
mixture is heated under nitrogen until the solvent boils. It is 
kept boiling until complete Solution of the product, and after 
cooling the product is filtered through a 10 mm thick layer of 
kieselguhr to entirely remove the catalyst. To the clear filtrate, 
50 ml toluene was added and then the solvents, together with 
still contained water residues, are essentially completely 
removed at about 50 mbar, being gradually heated up to about 
110° C. The still hot residue is then again solved in 130 ml 
absolute dioxane and a few drops of triethanole amine and 3 
g orthoformic acid ethyl ester are added so as to remove any 
remaining acid or water traces. By concentrating to about half 
of the starting Volume at 50 mbar, a concentrated solution is 
obtained of the oligomerized 1,3,5-tris(2-hydroxyethyl)cya 
nuric acid. 

EXAMPLE 2 

Preparation of Ia, (R-p-toluenesulfonyl, 1-2) 
0032 

f 
P P in 11 N1i 
O O 

OFSFO 

CH 
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0033. A mixture of 20.75 g (0.080 mole) N,N-bis(2-hy 
droxyethyl)-p-toluene sulfonamide and 44.96 g (0.184 mole) 
6-ethoxy-6H-dibenzc.e. 1.2-oxaphosphorine is stirred 
under a vacuum (about 10 mbar) for 18 hours at 120° C. 
Excess 6-ethoxy-6H-dibenzc.e. 1,2-oxaphosphorine is 
then distilled off under a vacuum of 0.001 mbar. The distill 
lation residue is heated under argon to 180° C. after adding 
1.3 g (0.007 mole)-p-toluene sulfonic acid methyl ester. This 
temperature is maintained for 24 hours. After cooling, the 
product is dissolved in methylene chloride. Diethyl ether is 
then added, and the raw product precipitated. The raw product 
is then filtered off and dissolved in hot methanol. On cooling 
of the methanolic Solution, the product separates in finely 
crystalline form. The product is then filtered off and dried 
under vacuum at about 80°C. The yield amounts to 14.1 g 
(30%) Ia. 

EXAMPLE 3 

Preparation of Ib, (R-phenyl, 1-2) 
0034 

O O 

O O 

0035. A mixture of 10.98 g (0.045 mole) 6-ethoxy-6H 
dibenzc.e. 1,2-oxaphosphorine and 2.85 g (0.0157 mole) 
N-phenyl diethanolamine is stirred for 18 hours at 120° C. 
under a vacuum (about 10 mbar). Excess 6-ethoxy-6H-dibenz 
c.e. 1.2-oxaphosphorine is distilled off under a medium 
high vacuum (0.001 mbar). After adding 0.3 g (0.0016 mole) 
p-toluene sulfonic acid methyl ester, the distillation residue is 
heated to 190° C. under argon and held for 19 hours at this 
temperature. After cooling the Substance is dissolved in meth 
ylene chloride. The raw product is precipitated by adding 
diethyl ether. The diethyl ether is pulled off and the product is 
then dissolved in methanol. The methanolic solution is slowly 
cooled downto about -30°C. The methanol is then pulled off, 
and the product heated to 70° C. in vacuum (yield 4.98 g or 
55%). 

EXAMPLE 4 

Preparation of IIa 
0036. A compound of Formula IVa solution in dioxane is 
heated under nitrogen to about 100° C. and 139 g (0.57 mole) 
of likewise heated 6-ethoxy-6H-dibenzc.e. 1,2-oxaphos 
phorine is added with vigorous stirring. The dioxane is then 
removed at about 50 mbar, the mixture being gradually heated 
to 135° C. The pressure is then lowered to 1 mbar and the 
mixture is vigorously stirred. The temperature is gradually 
raised over the course of 10 hours from 135°C. to 160°C. The 
mixture is then stirred for 2 more hours at 160° C. and 1 mbar. 
Ethanol product is distilled offunder vacuum and is collected 
in a low-temperature trap. The initially two-phase mixture 
gradually becomes homogeneous and its viscosity clearly 
increases. After terminating the reaction, the excess ethoxy 
6H-dibenzc.e. 1,2-oxaphosphorine is distilled off under 
medium-high vacuum (0.001 mbar), while being heated to a 
maximum of 175°C. After adding 0.74 g (0.004 mole)p-tolu 
ene sulfonic acid methyl ester, the distillation residue 
becomes thickly viscous when heated under nitrogen for 15 
hours at 175°C., but after heating to about 220° C. it can be 
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poured from the flask. After cooling to room temperature the 
product can be easily pulverized and has a medium mole mass 
of M-2000-5000 g/mole spending on the oligomerization 

) de: of the starting material). 
-21. (canceled) 

22. An oligomer of the 1,3,5-tris(2-hydroxyethyl)cyanuric 
acid of the Formula (IV) 

OH 

- 
r 

OH r OH 

h O O N O 

r 
N 
r 
r 

wherein m is an integer from 1 to 20 and n and o are 0 or 
integers from 1 to 20. 

23. The oligomer according to claim 22, having the For 
mula (IVa) 

HO --- ---- 
as so 1-1, 

the structure of which derives from Formula (IV) in which m 
is an integer from 1 to 20 and n and o are 0. 

c c c c c 

(IV) 
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