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(57) Abstract

The present invention is a process for forming hydroxy-terminated aromatic oligomeric phosphates by the initial reaction of a
monoaryl dihalophosphate, such as monopheny] dichlorophosphate, with an aromatic diol, such as resorcinol, to form a halo-terminated
aromatic oligomeric phosphate and the subsequent reaction of that halo-terminated phosphate with aromatic diol to form the hydroxy-
terminated aromatic oligomeric phosphate. The initial and subsequent reactions preferably employ a Lewis acid catalyst, such as magnesium

dichloride.
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PROCESS FOR MAKING HYDROXY-TERMINATED
AROMATIC OLIGOMERIC PHOSPHATES

Backaround of the Invention

Aromatic oligomeric phosphéte compositions which are not
hydroxy-terminated are known to persons of ordinary skill in the
art with representative examples being described in European Patent
Publication Nos. 509,506 and 521,628 and Japanese Patent
Publication No. 227,632/1988.

A hydroxy-terminated aromatic oligomeric phosphate is depicted
as one of the products formed by the processes described in
Japanese Patent Publication No. 223,158/1989. The product that is
desired is a mixture of 22%-65%, by weight, of a reactive, hydroxy-
terminated monophosphate ester, 15%-30% of a non-reactive, non-
hydroxy-terminated phosphate ester, and 5%-63% of the hydroxy-
terminated oligomeric phosphate ester. The process used to
synthesize the product desired by the patentees of Japanese Patent
Publication No. 223,158/1989 relies, for example, upon the reaction
of a mixture of phenol and aromatic diol (e.g., resorcinol) with
phosphorus oxychloride in the presence of a catalyst (e.g.,
aluminum chloride) .

Summary of the Invention

The present invention is a process for forming hydroxy-
terminated aromatic oligomeric phosphates by the initial reaction
of a monoaryl dihalophosphate, such as monophenyl
dichlorophosphate, with an aromatic diol, such as resorcinol, to
form a halo-terminated aromatic oligomeric phosphate and the
subsequent reaction of that halo-terminated phosphate with aromatic
diol to form the hydroxy-terminated aromatic oligomeric phosphate.
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The initial and subsequent reactions preferably employ a Lewis acid
catalyst, such as magnesium dichloride.

o ¢ pref 1 Embod;

The initial process step in the instant process for forming
hydroxy-terminated aromatic oligomeric phosphates is the initial
reaction of a monophenyl dihalophosphate with an aromatic diol to
form a halo-terminated aromatic oligomeric phosphate. The
monophenyl dihalophosphate is of the formula ArOP(O)X,, where Ar
stands for substituted or unsubstituted phenyl and X stands for
halo, such as chloro or bromo. A preferred reagent to use is
monophenyl dichlorophosphate. The aromatic diol is of the formula
HOROH, with R being a hydrocarbyl group such as phenyl, diphenyl,

4,4'-isopropylidenediphenyl, and the 1like. A particularly
preferred diol is resorcinol. Others which can be used include
hydroquinone, bisphenol A, bisphenol S, and 4,4-diphenol. This

initial reaction step is preferably conducted at an elevated
temperature of about 50°C to about 130°C using an effective amount
(about 0.1% to about 0.5%, by weight of the dihalophosphate) of a
Lewis acid catalyst, such as magnesium dichloride. The resulting
halo-terminated product from this reaction is an aromatic
oligomeric phosphate of the following formula:

0] o)

X-(P-0-R-0-),-P-X

OAr OAr

with Ar and X being defined as earlier described and n ranging from
1 to about 10. Mixtures where n is a decimal number are alsc contemplated.

This halo-terminated reaction product is then reacted with
additional diol in a subsequent reaction step to substitute the
halo-termination with the HO-R-0O- group from the diol to yield the
desired hydroxy-terminated aromatic oligomeric phosphate product:
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HO-R-O- (P-O-R-0-),-P-O~-R-OH
1 1

OAxr OAr

This second reaction step is also preferably conducted at an
elevated temperature of about 110°C to about 180°C.

The resulting product can be used as a reactive flame
retardant in forming polycarbonate resin compositions. It can
also be used as an additive flame retardant in polycarbonate
resin compositions such as described and claimed in copending
U.S. Serial No. 350,601, filed on even date herewith.

The present invention is further illustrated by the
Examples which follow.
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EXAMPLE 1

To 1403 g (6.65 moles) of monophenyl dichlorophosphate was
added 3.5 g of magnesium chloride and 366 g of resorcinol.
The reaction mixture was heated with stirring to 110°C over
thirty minutes and kept at this temperature for an additional
two hours. At the end of this time all the hydroxy groups were
reacted. The reaction mixture was cooled to 50°C and an
additional 750 g (6.82 moles) of resorcinol was added to the
reaction mixture. The temperature was increased to 110°C, and
the mixture became dark purple. The temperature was gradually
increased to 150°C over six hours and was kept there for an
additional two hours. At the end, the reaction mixture was
orange. It was cooled to 70°C and was washed twice with a 5%
sodium carbonate solution and three times with water.

After removal of traces of water at 80°C under vacuum,
there was left 1380.5 g of an extremely viscous orange oil that
did not flow at room temperature. The percent yield was 82%.
The material had the following composition:

P,- (OH),: 2%

P,- (OH),: 22%

P,- (OH),: 29%

P,- (OH),: 14%

P,- (OH),: 9%

P,- (OH),: 5%

P,- (OH), to P,,(OH),: 5%



WO 96/17854 PCT/US95/15868

We Claim:

1. A process for forming hydroxy-terminated aromatic
oligomeric phosphates which comprises the initial reaction of
a monoaryl dihalophosphate with an aromatic diol to form a
halo-terminated aromatic oligomeric phosphate and the
subsequent reaction of that halo-terminated phosphate with
aromatic diol to form the hydroxy-terminated aromatic
oligomeric phosphate.

2. A process as claimed in Claim 1 wherein the monoaryl
dihalophosphate is monophenyl dichlorophosphate.

3. The process as claimed in Claim 1 wherein the aromatic
diol is resorcinol.

4. The process as claimed in Claim 1 wherein the monoaryl
dihalophosphate 1is wmonophenyl dichlorophosphate and the
aromatic diol is resorcinol.

5. The process as claimed in Claim 1 wherein the initial
and subsequent reactions employ a Lewis acid catalyst.

6. A process as claimed in Claim 5 wherein the catalyst
is magnesium dichloride.

7. The process as claimed in Claim 5 wherein the monoaryl
dihalophosphate is monophenyl dichlorophosphate and the
aromatic diol is resorcinol.

8. A process as claimed in Claim 5 wherein the catalyst
is magnesium dichloride, the monoaryl dihalophosphate 1is
monophenyl dichlorophosphate, and the aromatic diol is

resorcinol.
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