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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates to the preparation of phosphoramidates, and more particularly to their preparation from
nitrogen bases and diaryl chlorophosphates.
[0002] The use of sterically hindered phosphoramidates such as N,N'-bis[di-(2,6-xylenoxy)phosphinyl]piperazine
(hereinafter sometimes "XPP") as flame retardant additives for synthetic resins, especially thermoplastic resins such
as polycarbonates, ABS resins and blends thereof, has been discovered to have particular advantages including im-
proved high temperature stability of the resulting blends. Reference is made, for example, to U.S. Pat. 5,973,041 and
to copending WO-A-0 012 611 (published on 9-3-00).
[0003] XPP and analogous compounds may be conveniently prepared by the reaction of a diaryl chlorophosphate,
such as di-(2,6-xylyl) chlorophosphate, with a heterocyclic compound containing two basic N-H groups, such as pip-
erazine. According to the prior art as illustrated by Talley, J. Chem. Eng. Data, 33, 221-222 (1983), this reaction is
conducted in chloroform as solvent, in the presence of triethylamine as an acid acceptor. The triethylamine is employed
in stoichiometric amount or in excess, and reacts with the by-product hydrogen chloride to drive the reaction to com-
pletion.
[0004] The Talley paper describes the preparation of a number of analogous compounds including those derived
from such nitrogen compounds as benzylamine, cyclohexylamine, aniline, ethylenediamine and p-phenylenediamine
as well as piperazine. Reported yields were as high as 90% for the reaction with aniline, and as low as 61 % for the
reaction with p-phenylenediamine. Piperazine afforded XPP in a yield of only 68%, one of the lowest reported.
[0005] If the use of XPP as a flame retardant additive is to be commercially feasible, it is necessary to improve its
yield by a significant amount. Also, it is desirable to minimize the use of the relatively toxic solvent chloroform and
stoichiometric amounts of triethylamine on a commercial scale.
[0006] It is of interest, therefore, to develop high-yield methods employing relatively harmless materials for the prep-
aration of XPP and analogous compounds.

SUMMARY OF THE INVENTION

[0007] The present invention is based on the discovery that a relatively inexpensive basic inorganic compound,
calcium oxide, may be employed as an acid acceptor in the preparation of XPP and analogous compounds, provided
at least one dipolar aprotic solvent is employed entirely or in part. When so employed, product yield is high and the
reaction is rapid.
[0008] Accordingly, in one embodiment the invention is a method for preparing a sterically hindered phosphoramidate
which comprises contacting a sterically hindered diaryl chlorophosphate with a basic nitrogen compound containing
at least two basic N-H groups in the presence of calcium oxide as an acid acceptor and at least one dipolar aprotic
solvent.
[0009] In another embodiment the invention is a method for preparing a phosphoramidate which comprises contacting
a diaryl chlorophosphate with a basic nitrogen compound containing at least two basic N-H groups in the presence of
calcium oxide as an acid acceptor and at least one dipolar aprotic solvent, said phosphoramidate having a glass tran-
sition temperature of at least about 0°C, preferably of at least about 10°C, and most preferably of at least about 20°C.

DETAILED DESCRIPTION; PREFERRED EMBODIMENTS

[0010] Within the context of the present invention a sterically hindered phosphoramidate is one in which at least one
aryl substituent linked to heteroatom-phosphorus has at least one substituent on the aryl ring ortho to the aryl-heter-
oatom-phosphorus linkage. The sterically hindered diaryl chlorophosphates employed in the method of this invention
include those having the formula

wherein Ar is an aromatic group, each R1 is independently alkyl, aryl or halo, Q1 is oxygen of sulfur, Q2 is oxygen,
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sulfur, or NR1, and n has the value of 1 up to the. number of free valency sites on the aromatic ring and at least one
R1 substituent on the aryl ring is ortho to the heteroatom-phosphorus linkage. Preferably, Ar is a phenyl ring and n has
the value of 1-5. Preferably, each R1 is C1-4 primary or secondary alkyl; most preferably, methyl, and n is 2 with each
substituent ortho to the phosphorus linkage. Thus, preferred chlorophosphates are di-(2,4,6-trimethylphenyl) chloro-
phosphate and di-(2,6-dimethylphenyl) chlorophosphate, also known as di-(2,6-xylyl) chlorophosphate.
[0011] Any compound, acyclic or cyclic, containing at least two basic N-H groups may be employed. Suitable com-
pounds include those of the formula

wherein each R2 is a C1-4 primary or secondary alkyl radical or both R2 radicals taken together are ethylene. Illustrative
acyclic compounds are N,N'-dimethylethylenediamine and N,N'-diethylethylenediamine. Heterocyclic compounds are
generally preferred; they are illustrated by piperazine and 1,2,3,4-tetrahydroquinoxaline, both unsubstituted and sub-
stituted. Piperazine is most preferred.
[0012] In a preferred embodiment, the method of the invention may be used to produce a phosphoramidate having
a glass transition temperature of at least about 0°C, preferably of at least about 10°C, and most preferably of at least
about 20°C. In particular, the method of the invention may be used to produce a phosphoramidate of the formula III:

wherein each Q1 is independently oxygen or sulfur; and each of A1-4 is independently an alkyloxy, alkylthio,
aryloxy, or arylthio residue, or an aryloxy or arylthio residue containing at least one alkyl or halogen substitution, or
mixture thereof; or an amine residue. In an especially preferred embodiment of the invention, each Q1 is oxygen, and
each A1-4 moiety is a 2,6-dimethylphenoxy moiety or a 2,4,6-trimethylphenoxy moiety. These phosphoramidates are
piperazine-type phosphoramidates. In the above formula wherein each Q1 is oxygen, and each A 1-4 moiety is a
2,6-dimethylphenoxy moiety, the glass transition temperature of the phosphoramidate is about 62°C and the melting
point is about 192°C.
[0013] In another preferred embodiment, the method of the invention may be used to produce a phosphoramidate
having a glass transition temperature of at least about 0°C, preferably of at least about 10°C, and most preferably of
at least about 20°C, of the formula IV:

wherein each Q1 is independently oxygen or sulfur; and each of A5-9 is independently an alkyloxy, alkylthio,
aryloxy, or arylthio residue, or an aryloxy or arylthio residue containing at least one alkyl or halogen substitution, or
mixture thereof; or an amine residue; and n is from 0 to about 5. In a more preferred embodiment, each Q1 is oxygen,
and each A5-9 moiety is independently phenoxy, 2,6-dimethylphenoxy, or 2,4,6-trimethylphenoxy, and n is from 0 to
about 5.
[0014] In another embodiment the method of the invention may be used to produce a phosphoramidate having a
glass transition temperature of at least about 0°C, preferably of at least about 10°C, and most preferably of at least
about 20°C, of the formula V :

(II) R2NH-CH2CH2-NHR2 ,
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wherein each Q1 is independently oxygen or sulfur; and each of A10-15 is independently an alkyloxy, alkylthio,
aryloxy, or arylthio residue, or an aryloxy or arylthio residue containing at least one alkyl or halogen substitution, or
mixture thereof; or an amine residue. In a more preferred embodiment, each Q1 is oxygen, and each A10-15 moiety is
independently phenoxy, 2,6-dimethylphenoxy, or 2,4,6-trimethylphenoxy.
[0015] In another embodiment the method of the invention may be used to produce a phosphoramidate having a
glass transition temperature of at least about 0°C, preferably of at least about 10°C, and most preferably of at least
about 20°C, of the formula VI:

wherein each Q1 is independently oxygen or sulfur; each of A16-19 is independently an alkyloxy, alkylthio, aryloxy,
or arylthio residue, or an aryloxy or arylthio residue containing at least one alkyl or halogen substitution, or mixture
thereof; or an amine residue; and each R3 is an alkyl radical, or both R3 radicals taken together are an alkylidene or
alkyl-substituted alkylidene radical. In a preferred embodiment, each Q1 is oxygen; both R3 radicals taken together are
an unsubstituted (CH2)m alkylidene radical, wherein m is 2 to 10; and each A16-19 moiety is independently phenoxy,
2,6-dimethylphenoxy, or 2,4,6-trimethylphenoxy. In a more preferred embodiment, each Q1 is oxygen; each R3 is me-
thyl; and each A16-19 moiety is independently phenoxy, 2,6-dimethylphenoxy, or 2,4,6-trimethylphenoxy.
[0016] In another embodiment the method of the invention may be used to produce a phosphoramidate having a
glass transition point of at least about 0°C, preferably of at least about 10°C, and most preferably of at least about
20°C, of the formula VII:

wherein Q1 is oxygen or sulfur, and R4 is of the formula VIII:
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wherein each Q1 is independently oxygen or sulfur; each of A20-22 is independently an alkyloxy, alkylthio, aryloxy,
or arylthio residue, or an aryloxy or arylthio residue containing at least one alkyl or halogen substitution, or mixture
thereof: or an amine residue: each Z1 is an alkyl radical, aromatic radical, or aromatic radical containing at least one
alkyl or halogen substitution or mixture thereof; each X1 is an alkylidene radical, aromatic radical, or aromatic radical
containing at least one alkyl or halogen substitution or mixture thereof; n is from 0 to about 5; and R5 and R6 are each
independently an alkyloxy, alkylthio, aryloxy, or arylthio residue, or an aryloxy or arylthio residue containing at least
one alkyl or halogen substitution, or mixture thereof; or an amine residue. In a preferred embodiment, each Q1 is
oxygen; each A20-22 moiety is independently phenoxy, 2,6-dimethylphenoxy, or 2,4,6-trimethylphenoxy; each Z1 is
methyl or benzyl; each X1 is an alkylidene radical containing 2-24 carbon atoms; n is from 0 to about 5; and R5 and
R6 are each independently phenoxy, 2,6-dimethylphenoxy, or 2,4,6-trimethylphenoxy.
[0017] In another embodiment the method of the invention may be used to produce a phosphoramidate having a
glass transition point of at least about 0°C, preferably of at least about 10°C, and most preferably of at least about
20°C, of the formula IX:

wherein Q1 is oxygen or sulfur; and R7 is of the formula X:

wherein each Q1 is independently oxygen or sulfur, each X2 is an alkylidene or alkyl-substituted alkylidene res-
idue, aryl residue, or alkaryl residue; each Z2 is an alkylidene or alkyl-substituted alkylidene residue; each of R10, R11,
and R12 is independently an alkyloxy, alkylthio, aryloxy, or arylthio residue, or an aryloxy or arylthio residue containing
at least one alkyl or halogen substitution, or mixture thereof; or an amine residue; n is from 0 to about 5; and R8 and
R9 are each independently an alkyloxy, alkylthio, aryloxy, or arylthio residue, or an aryloxy or arylthio residue containing
at least one alkyl or halogen substitution, or mixture thereof; or an amine residue. In a preferred embodiment, each Q1

is oxygen: each X2 is an alkylidene or alkyl-substituted alkylidene residue; each Z2 is an alkylidene or alkyl-substituted
alkylidene residue; each of R8, R9, R10, R11, and R12 is independently phenoxy, 2,6-dimethylphenoxy, or 2,4,6-trimeth-
ylphenoxy; and n is from 0 to about 5. In a more preferred embodiment, each Q1 is oxygen; each X2 and Z2 is inde-
pendently an unsubstituted alkylidene residue of the form (CH2)m, wherein m is 2 to 10; each of R8, R9, R10, R11, and
R12 is independently phenoxy, 2,6-dimethylphenoxy, or 2,4,6-trimethylphenoxy; and n is from 0 to about 5. In an es-
pecially preferred embodiment, the phosphoramidate is derived from piperazine (i.e. X2 and Z2 are each -CH2-CH2-).
[0018] In another preferred embodiment, the method of the invention may be used to produce a cyclic phosphoram-
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idate having a glass transition point of at least about 0°C, preferably of at least about 10°C, and most preferably of at
least about -20°C of the formula XI :

wherein each of R13-16 is independently a hydrogen or an alkyl radical, X3 is an alkylidene radical, Q1 is oxygen
or sulfur, and A23 is a group derived from a primary or secondary amine.having the same or different radicals that can
be aliphatic, alicyclic, aromatic, or alkaryl, or A23 is a group derived from a heterocyclic amine, or A23 is a hydrazine
compound. Preferably Q 1 is oxygen. It should be noted that when n is 0, then the two aryl rings are linked together at
that site (i.e. where X3 is absent) by a single bond in the positions ortho,ortho' to the phosphoryl bonds.
[0019] In another preferred embodiment, the method of the invention may be used to produce a bis(cyclic) phospho-
ramidate having a glass transition point of at least about 0°C, preferably of at least about 10°C, and most preferably
of at least about 20°C of the formula XII:

wherein Q1 is oxygen or sulfur, each of R17-24 is independently a hydrogen or an alkyl radical; X4 is an alkylidene
radical; m and n are each independently 0 or 1; and A24 is
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wherein G1 is sulfur, an alkylidene radical, alkyl-substituted alkylidene radical, aryl radical, or alkaryl radical, and
each Z3 is independently an alkyl radical, an aryl radical, or an aryl radical containing at least one alkyl or halogen
substitution, or mixture thereof; or wherein A24 is

wherein G2 is alkylidene, aryl, or alkaryl, and Y2 is alkylidene or alkyl-substituted alkylidene. Preferred phospho-
ramidates are those wherein Q1 is oxygen, A24 is a residue of piperazine, and the phosphoramidate has a plane of
symmetry through A24. Highly preferred phosphoramidates include those wherein Q1 is oxygen; A24 is a residue of
piperazine; the phosphoramidate has a plane of symmetry through A24; at least one R substituent on each aryl ring is
a methyl adjacent to the oxygen substituent; n and m are each 1; and X4 is CHR25 wherein R25 is a hydrogen or an
alkyl residue of from about 1 to about 6 carbon atoms. It should be noted that when either or both of m or n is 0, then
the two aryl rings are linked together at that site (i.e. where X4 is absent) by a single bond in the positions ortho,ortho'
to the phosphoryl bonds.
[0020] The method may also be used to make phosphoramidates with intermediate glass transition temperatures by
using a mixture of various substituted and non-substituted aryl moieties within the phosphoramidate.
[0021] According to the invention, the acid acceptor and solvent which may be employed for preparation of the
phosphoramidate are calcium oxide and a dipolar aprotic solvent, as illustrated by dimethylformamide, dimethylaceta-
mide, dimethyl sulfoxide, sulfolane, hexamethylphosphoramide, and N-methylpyrrolidinone. Dimethylformamide is
generally the preferred dipolar aprotic solvent, by reason of its relatively low cost. Other solvents, including, but not
limited to, chloroform, dichloromethane, or toluene, may be used in admixture with the dipolar aprotic solvent and their
presence is sometimes beneficial from the standpoint of yield. It is preferred that water be excluded from the reaction
mixture.
[0022] The method of the invention is typically conducted at temperatures in the range of about 20-100°C, preferably
about 20-60°C. An inert atmosphere, such as nitrogen or argon, is preferably employed. Various methods of blending
the reagents may be employed. Preferably, the acid acceptor, solvent and basic nitrogen compound are introduced in
sequence, or all three are introduced together. When a catalyst is employed, it may accompany the other reagents or
may be added subsequently.
[0023] Molar ratios of diaryl chlorophosphate to basic nitrogen compound are generally in the range of about 2.0-2.5:
1, preferably about 2.05-2.2: 1. Calcium oxide is present in at least stoichiometric amount for use as an acid acceptor,
i.e., a molar ratio of calcium oxide to diaryl chlorophosphate in the range of about 0.5-1.0:1 since calcium is divalent.
The dipolar aprotic solvent typically constitutes about 15-100% by volume of total solvent.
[0024] The progress of the reaction may be monitored by art-recognized analytical methods. In general, a reaction
time on the order of 0.5-15 hours is adequate for the reaction to progress to effective completion. The phosphoramidate
may then be isolated by conventional operations.
[0025] Product yields afforded by the invention are generally comparable to those obtained by the use of triethylamine
as an acid acceptor, as known in the art.
[0026] The invention is illustrated by the following examples.

EXAMPLE 1

[0027] A 50 milliliter (ml) three-necked flask equipped with a mechanical stirrer and condenser connected to a nitro-
gen bubbler was charged, in a nitrogen atmosphere, with 860 milligrams (mg) (10 millimoles [mmol]) of piperazine,
560 mg (10 mmol) of anhydrous calcium oxide, 50 mg of o-terphenyl (internal standard) and 20 ml of dry dimethylfor-
mamide. Stirring was commenced while 6.20 grams (g) (20 mmol) of di-(2.6-xylyl) chlorophosphate was added at once.
The reaction mixture was sampled periodically until no change in product composition was noted. A 70.3% yield of
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XPP was obtained.
[0028] A control reaction run using triethylamine as the base gave a 70.2% yield of XPP.

EXAMPLE 2

[0029] The flask of Example 1 was charged, in a nitrogen atmosphere, with 860 mg (10 mmol) of piperazine, 0.560
mg (10 mmol) of anhydrous calcium oxide, 50 mg of o-terphenyl (internal standard) and 20 ml of dry chloroform. Stirring
was commenced while 6.20 g (20 mmol) of di-(2,6-xylyl) chlorophosphate was added at once. The reaction mixture
was stirred for 3 hours, at which time a 16% conversion to XPP was observed. Dimethylformamide, 5 ml, was then
added and the mixture was stirred an additional 30 minutes. Analysis then showed production of XPP in 80.4% yield.
[0030] While typical embodiments have been set forth for the purpose of illustration, the foregoing descriptions and
examples should not be deemed to be a limitation on the scope of the invention. Accordingly, various modifications,
adaptations, and alternatives may occur to one skilled in the art without departing from the spirit and scope of the
present invention.

Claims

1. A method for preparing a sterically hindered phosphoramidate which comprises contacting a sterically hindered
diaryl chlorophosphate with a basic nitrogen compound containing at least two basic N-H groups in the presence
of calcium oxide as an acid acceptor and at least one dipolar aprotic solvent.

2. A method according to claim 1 wherein the diaryl chlorophosphate has the formula

wherein Ar is an aromatic group, each R1 is independently alkyl, aryl or halo, Q1 is oxygen of sulfur, Q2 is oxygen,
sulfur, or NR1, and n has the value of 1 up to the number of free valency sites on the aromatic ring and at least
one R1 substituent on the aryl ring is ortho to the heteroatom-phosphorus linkage.

3. A method according to claim 2 wherein Ar is phenyl, Q2 is oxygen, n is 2 or 3, and each R1 is methyl.

4. A method according to claim 1 wherein the basic nitrogen compound has the formula

wherein each R2 is a C1-4 primary or secondary alkyl radical or both R2 radicals taken together are ethylene.

5. A method according to claim 4 wherein the basic nitrogen compound is piperazine.

6. A method according to claim 1 wherein the dipolar aprotic solvent is dimethyiformamide, dimethylacetamide, dime-
thyl sulfoxide or N-methylpyrrolidinone.

7. A method according to claim 6 wherein another solvent is also present.

8. A method according to claim 1 wherein contact is effected at a temperature in the range of about 20-100°C in an
inert atmosphere.

9. A method for preparing a phosphoramidate which comprises contacting a diaryl chlorophosphate with a basic
nitrogen compound containing at least two basic N-H groups in the presence of calcium oxide as an acid acceptor
and at least one dipolar aprotic solvent, said phosphoramidate having a glass transition temperature of at least
about 0°C.

R2NH-CH2CH2-NHR2 ,
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10. A method for preparing N,N'-bis[di-(2,6-xylenoxy)phosphinyl]piperazine which comprises contacting di-(2,6-xylyl)
chlorophosphate with piperazine in the presence of calcium oxide as an acid acceptor and dimethylformamide or
a mixture of dimethylformamide and chloroform as solvent.

Patentansprüche

1. Verfahren zur Herstellung eines sterisch gehinderten Phosphoramidats, in welchem ein sterisch gehindertes Dia-
rylchlorophosphat mit einer mindestens zwei basische NH-Gruppen enthaltenden basischen Stickstoffverbindung
in Gegenwart von Calciumoxid als Säurefänger und mindestens einem polaren aprotischen Lösungsmittel in Kon-
takt gebracht wird.

2. Verfahren nach Anspruch 1, in welchem das Diarylchlorophosphat die Formel

aufweist, in welcher Ar eine aromatische Gruppe, R1 jeweils unabhängig Aryl, Alkyl oder Halogenid, Q1 Sauerstoff,
Schwefel oder NR1 sind und n den Wert von 1 bis zur Anzahl der freien Valenzstellen auf dem aromatischen Ring
hat und sich mindestens ein R'-Substituent auf dem Aryl-Ring in ortho-Stellung zur Heteroatom-Phosphor-Bindung
befindet.

3. Verfahren nach Anspruch 2, in welchem Ar Phenyl, Q2 Sauerstoff, n 2 oder 3 und R1 jeweils eine Methylgruppe sind.

4. Verfahren nach Anspruch 1, in welchem die basische Stickstoffverbindung die Formel

aufweist, in welcher R2 jeweils eine primäre oder sekundäre C1-4-Alkylgruppe oder beide R2 zusammen Ethylen-
gruppen sind.

5. Verfahren nach Anspruch 4, in welchem die basische Stickstoffverbindung Piperazin ist.

6. Verfahren nach Anspruch 1, in welchem das dipolare aprotische Lösungsmittel Dimethylformamid, Dimethylace-
tamid, Dimethylsulfoxid oder N-Methylpyrrolidon ist.

7. Verfahren nach Anspruch 6, in welchem noch ein weiteres Lösungsmittel vorkommt.

8. Verfahren nach Anspruch 1, in welchem der Kontakt bei einer Temperatur im Bereich von ca. 20-100°C unter
Inertgasatmosphäre erfolgt.

9. Verfahren zur Herstellung eines Phosphoramidats, in welchem ein Diarylchlorophosphat mit einer mindestens
zwei basische NH-Gruppen enthaltenden basischen Stickstoffverbindung in Gegenwart von Calciumoxid als Säu-
refänger und mindestens einem polaren aprotischen Lösungsmittel in Kontakt gebracht wird, wobei das Phosph-
oramidat eine Glasübergangstemperatur von mindestens ca. 0°C aufweist.

10. Verfahren zur Herstellung von N,N'-Bis[di-(2,6-xylenoxy)phosphinyl]piperazin, in welchem Di-(2,6-xylyl)chloro-
phosphat mit Piperazin in Gegenwart von Calciumoxid als Säurefänger und Dimethylformamid oder einer Mischung
von Dimethylformamid und Chloroform als Lösungsmittel in Kontakt gebracht wird.

(II) R2NH-CH2CH2-NHR2,
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Revendications

1. Procédé de préparation d'un phosphoramidate à empêchement stérique, qui comprend la mise en contact d'un
chlorophosphate de diaryle à empêchement stérique avec un composé azoté basique, contenant au moins deux
groupes basiques N-H, en présence d'oxyde de calcium comme accepteur d'acide et d'au moins un solvant apro-
tique dipolaire.

2. Procédé selon la revendication 1, dans lequel le chlorophosphate de diaryle répond à la formule :

dans laquelle Ar représente un groupe aromatique, chaque R1 représente indépendamment un groupe alkyle ou
aryle ou un atome d'halogène, Q1 représente un atome d'oxygène ou de soufre, Q2 représente un atome d'oxygène
ou de soufre ou un groupe NR1, et n a une valeur allant de 1 jusqu'au nombre de sites de valence libres sur le
noyau aromatique, au moins un substituant R1 sur le noyau aromatique étant en position ortho par rapport à la
liaison avec le groupe hétéroatome-phosphore.

3. Procédé selon la revendication 2, dans lequel Ar représente un groupe phényle, Q2 représente un atome d'oxy-
gène, n est égal à 2 ou 3, et chaque R' représente un groupe méthyle.

4. Procédé selon la revendication 1, dans lequel le composé azoté basique répond à la formule

dans laquelle chaque R2 représente un groupe alkyle, primaire ou secondaire, en C1 à C4, ou bien les deux
groupes R2, pris ensemble, forment un groupe éthylène.

5. Procédé selon la revendication 4, dans lequel le composé azoté basique est la pipérazine.

6. Procédé selon la revendication 1, dans lequel le solvant aprotique dipolaire est le diméthylformamide, le diméthy-
lacétamide, le diméthylsulfoxyde ou la N-méthylpyrrolidinone.

7. Procédé selon la revendication 6, dans lequel un autre solvant est également présent.

8. Procédé selon la revendication 1, dans lequel on réalise la mise en contact à une température comprise dans
l'intervalle allant d'environ 20 °C à environ 100 °C, dans une atmosphère inerte.

9. Procédé de préparation d'un phosphoramidate, qui comprend la mise en contact d'un chlorophosphate de diaryle
avec un composé azoté basique, contenant au moins deux groupe basiques N-H, en présence d'oxyde de calcium
comme accepteur d'acide et d'au moins un solvant aprotique dipolaire, ledit phosphoramidate ayant une tempé-
rature de transition vitreuse d'au moins environ 0°C.

10. Procédé pour préparer la N,N'-bis[di(2,6-xylènoxy)phosphinyl)pipérazine, qui comprend la mise en contact du
chlorophosphate de di(2,6-xylyle) avec de la pipérazine, en présence d'oxyde de calcium comme accepteur d'aci-
de, et de diméthylformamide ou d'un mélange de diméthylformamide et de chloroforme comme solvant.

R2NH-CH2CH2-NHR2,
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