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TITLE OF THE INVENTION

'POLYMERIZATION CATALYST FOR“ALKYLENE'OXIDE COMPOUND

AND PRODUCTION PROCESS OF POLY(ALKYLENE OXIDE)

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates‘td a catalyst useful upon

polymerization of an alkylene oxide compound. The

present invention is also concerned with a process for

producing a poly(alkylene oxide) by pelymerizing an

alkylene oxide in the presence of an active hydrogen

compound and a phosphazene compound or- in the presence

of a phosphazenium salt of the active hydrogen com-

pound, said phosphazenium saitwbeing derived from the

active hydrogen compound and:tﬁg phosphazene compound.

A poly(alkylene oxide) is an;iﬁportant polymer for its

'utility as a raw material for the production of poly-
! urethane foams and elaStomers;fhrough its reaction with

organopolyisocyanate compoun@;fand also as_ a surfac-

tant.

2. Description of the Relate

As practical catalystsgfﬁ?tusé'in the production

of a- polyal(kylene oxide), b?S}T
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utility, for example. Concerning catalysts other than
éuch catalyst, U.S. Paﬁent No;?3,829,505 discloses to
obtain a polymer from propylene oxide in the presence
of an initiator while using, for example, a compound
represented by Zn;[Fe(CN)g] Z-HéQ-dioxane as a

catalyst. Japanese Patent Laid-Open No. 276821/1990
discloses to obtain a polymer by reacting sodium methy-
late with a polyol, which has been prepared using zinc
hexacyanocobaltate as a catalyst, and polymerizing
ethylene oxide in the presence.of the reaction product.
Further, Japanese Patent Laid-Open No. 232433/1987 dis-
closes to obtain a polymer by polymerizing ethylene
oxide while using a reaction product which has been ob-
tained by adding a solution of diethyl zinc in hexane
to a dispersion formed by adding 1,4-butanediol and a
nonionic surfactant to a slurry of fumed silica in
hexane.

It is however known that, when a poly(alkylene

ioxide) is produced using a metal-containing catalyst

such as those described above,:a residue of the metal
catalyst adversely affects a reaction upon production
of polyurethane or physical'prbperties of the resulting
polyurethane. A special proéeés or complex steps are
tﬁerefore needed fér the full.é;imination of such a

metal residue upon production of a poly(alkylene



oxide). .

Concérning metal-free catalysts, on the other
hand, Japanese Patent Laid-Open No. 159595/1975 dis-
closes thé preparation of a polymer from ethylene oxide
while using an ether adduct of boron trifluoride in the
presence of an alkanepolyol. This catalyst is however
alsé known to require extremely complex steps for the
thorough elimination of its residue and moreover, a
particulaf impurity in the polymer gives deleterious
effects on certain physical properties of urethane.
Further, according to Japanese Patent Laid-Open No.
12026/1982, a polymer of an alkylene oxide is obtained
in the presence of an alcohol while using aminophenol
or the like as a catalyst. According to Japanese
Patent Laid-Open No. 38323/1981, on the other hand,
propylene oxide is polymerized in the presence of sor-
bitol as an initiator and tetramethylammonium hydroxide
as a catalyst. These processes are however accompanied
{by probléﬁs such that the catalysts do not have suffi-
.cient poiymerization activities ang.an amine-like ocdor

remains in the resulting polymers.

SUMMARY OF THE INVENTION
An object of the present invention is therefore

to providé a catalyst system, which acts efficiently
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upon production of a poly(alkylene oxide) by polymeriz-
ing an alkylene oxide compound and does not cause an
odor to remain inlthe poly(alkylene oxide), and also a
process for producing a poly(alkylene oxide) by using
the catalyst system.

To achieve the above-described object, the pres-
ent inventors have proceeded with an extensive investi-
gation. As a result, it has been found extremely ef-
fective to produce a poly(alkylene oxide) by polymeriz-
ing an alkylene oxide compound in the presence of an
active hydrogén compound and a metal-free phosphazene
compound or in the presence of a phosphazenium salt of
the active hydrogen compound, said phosphazenium salt
having been derived from the active hydrogen compound
and the phosphazene compound, leading to the completion
of the present invention.

In one aspect of the present invention, there is

. thus provided a process for the production of a poly-

(alkylene oxide), which comprises reacting an alkylene
oxide (compound) in the presence of an active hydrogen
compound and a phosphazene compound represented by the

following partial structural formula (1):

—p=N—a - B
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wherein Q represents a hydrocarbon group having 1 to 20
carbon atoms, or in the presence of a phosphazenium
salt of said active hydrogen compound, said
phosphazenium salt having been derived from said active
hydrogen compound and said phosphazene compound and
being represented by the following partial structural

formula (2):

PN | = @

L Jx

wherein Q'represents a hydrocarbon group having 1 to 20
carbon atoms, x represents a number of phosph;zenium
cations, and Z¥X~ represents an x-valent anion of said
active hydrogen compound.

In another aspect of the present invention, there
is also provided a poly(alkylene oxide) which is ob~-

tainable by polymerizing an alkylene oxide compound in

‘ the presence of an active hydrogen compound and a phos-

phazene compound represented.by the partial structural

formula (1) or in the presence of a phoéphazenium salt
of thg active hydrogen compound, said phosphazenium
salt being represénted By the partial structural for-
mula (2) and having been derived_from the a;tive '

hydrogen compound and the phosphazene compound.
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- which are water; saturated or

"hexanol and allyl alcohol; pe

In a further aspect of.ﬁhe present invention,

there is also provided a catél§9£:usefu1 for the pro-

duction of a poly(alkylene oxi ‘ by pdlymerization of

an alkylene oxide compound, @h h comprises a
phosphazene compound represeé mdvbyjthe partial struc-
tural formula (1). .
In a still further aspee; of fhe present inven-
tion, there is also providedveicatalyst useful for the
production of a poly(alkylenefexide) by polymerization
of an alkylene oxide compound;?which comprises a
phosphazenium selt of an active hydrogen compound, said
phosphaienium salt being repfe;ented by the partial

structural formula (2).

DETAILED DESCRIPTION_ OF THE INVENTTYON

The term "“active hydrogef'compound" as used in
the process according to the present invention means a

compound containing active hydrogen, illustrative of

insaturated, monohydric
alcohol having 1 to 20 carbon oms, such as methanol,
ydric alcohols having 2

to 10 hydroxyl groups and 2 ﬁ 0 carbon atoms, such as

ethylene glycol, propylene glycol dipropylene glycol,
trlmethylolpropane, glycerln, glycerin, triglycerin,

pentaerythritol, dipentaerytﬁxunol, tripentaerythritol,
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1,4-butanediol, 2-butene-1,4-diol, 2-butyn-1,4-diol,
1,6~-hexanediol and 1,4-cyclohexanediol; aromatic com-
pound having 1 to 2 hydroxyl groups and 6 to 20Icarbon
atoms, such as phenol, nonylphenol, 2-naphthol, 2,6-
dihydroxynaphthalene, bisphenol F and bisphenol A; car-
boxylic acids having 1 to 6 carbon atoms, such as
formic acid, acetic acid, propionic acid, butyric acid,
isobutyric acid and caproic acid; saccharides and
derivatives thereof, such as sorbiﬁol, dextrose and
sucrose; aliphatic amine compounds having one or more
primary or secondary amino groups, such as N-hexyl-
amine, ethylenediamine, N,N'~dimethylethylenediamine
and hexamethylenediémine: aromatic amine compounds hav-
ing one or more primary or secondary amino groups, such
as aniline, 2,4-diaminotoluene, 2,6-diaminotoluene, N-
methylaniline, 4,4'-diaminodiphenylmethane and 1,3~

diaminobenzene; alkanolamines having a hydroxyl group

- and an amino group, such as ethanolamine, diethanol-

1 amine and triethanolamine; and oligo(alkylene oxide)s

and poly(alkylene oxide?s, which are obtained by
polymerizing alkylene oxides while using these active
hydrogen compounds described above as initiators.

Of these, preferred are water, saturated or un-
saturatéd, monohydric alcshols having 1.to 20.carbon

atoms, polyhydric alcohols having 2 to 10 hydroxyl
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groups and 2 to 20 carbon atoms, aromatic compounds
having 1 to 2 hydroxyl groups and 6 to 20 carbon atoms,
carboxylic acids having 1 to 6 carbon atoms, sac-
charides and derivatives thereof, oligoalkylene oxides,
and poly(alkylene oxide)s. More preferred are water;
methanol; ethanol; phenol; l1l-naphthol; acetic acid;
propionic acid; ethylene glycol; propylene glycol;
glycerin; pentaerythritol; sorbitol; dextrose; sucrose;
and poly(ethylene glycol), poly(propylene glycol) and
copolymers thereof, whose molecular weights range from
90 to 10,000. If necessary, two or more of these ac-
tive hydrogen compounds may be used in combination
without any inconvenience.

Illustrative of the alkylene oxide compound in
the process of the present invention are epoxy com-
pounds such as ethylene oxide, propylene oxide, 1,2~
butylene oxide, 2,3-butylene oxide, styrene oxide,

cyclohexene oxide, epichlorohyrin, epibromochydrin,

: methyl glycidyl ether, allyl glycidyl ether and phenyl

glycidyl ether. Two or more of these alkylene oxide
compounds may be used in combination. When employed in
combination, it is possible to use the plural alkylene

N

oxide compounds concurrently, successively or

" alternately.

Of these alkylene oxide compounds; ethylene
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oxide, propylene oxide, 1,2f§§tylene oxide and styrene
oxide are preferred. |

The term "phosphazene céﬁpound" as used herein
means a compound represented by the following partial

structural formula (1):

—pe—N—a R ¢ )

. . '. .
3 ..

wherein Q represents a hydrocarbon group having 1 to 20

carbon atoms; preferably a compound represented by the

following chemical formula (3):

. l _
| I

PN o "
D{—P=N}—P

VIR l%

D—P—D
-+

wherein ¢, m and n individuali?irepresent 0 or a posi-

tive integer of 3 or smaller} Ds may be the same or

different and individually represent a hydrocarbon

' group having 1 to 20 carbon atéms, an alkoxy group,-a

phenoxy group, a thiol residﬁai group, a thiophenol

residual group, a mono-substiﬁ?ted amino group, a di-
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substituted amino group or a 5- or 6-membered cyclic
amino group, Q represents a hydrocarbon group having 1
to 20 carbon atoms, and two D§ on the same phosphorus
atom or different phosphorus éfbms-may be linked to-
gether or D and Q may be linkeﬁ together ta form a ring
structure.

On the other hand, the térm "phosphazenium salt
of the active hydrogen compound" as used herein, said
phosphazenium salt being derived from the active
hydrogen compound and the phosphazene compound, means a
salt represented by the following partial structural

formula (2):

PN 7% | -2

wherein Q represents a hydrocarbon group having 1 to 20

' carbon atoms, x represents a number of phosphazenium

! cations, and Z¥~ represents aﬁjx—valent anion of said

active hydrogen compound; prefgrably a salt represented

by the following chemical forﬁnla (4):
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X

wherein t;;m and n individually represent 0 or a posi-
tive integgr of 3 or smaller, Ds may be the same or
different?and individually represent a hydrocarbon
group having 1 to 20 carbon atoms, an alkoxy group, a
phenoxy group, a thiol residual group, a thiophenol
residual Qroup, a mono-substituted amino group, a di-
substitutédfamino group or a 5- or 6-membered cyclic
amino groﬁb; Q represents a hydrocarbon group having 1

to 20 carpoh atoms, two Ds on the same phosphorus aton

i or different phosphorus atoms may be linked together or

D and Q may be linked together to form a ring struc-

ture, x répresents a number of phosphazenium cations,
and ZX~ represents an x-valent anion of said active
hydrogen dompound.

It is ﬁell known thaf, as a phosphazene compound

has strong basicity, it easily extracts a proton from
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- tion.

"ethyl, propyl, isopropyl, n

-tert-octyl, nonyl and decyﬁ.

- 12 -

an active hydrogen compound té_form a phosphazenium
salt of the active hydrogen ;gﬁpound. Further, the
above-described active hydrogéﬁ cbmpounds include com-
pounds containing plural actiﬁe hjdrogen atoms in their
molecules. Although such aq? ve hydrogen compounds may
form phosphazenium salts by;g_tiiély giving off their
active hydrogen atoms, theY-ﬁ;y aIéo partly give off
their active hydrogen atomS-té'ﬁorm salts. The letter
X which .indicates the valen¢§?hﬁ@ber varies depending
on the active hydrogeh compdﬁﬁdﬁénd cannot be defined
in any wholesale manner, but generally ranges from 1 to
10, with 1 being preferred.

Qs in the partial structural formula (1), partial
structurél formula (2), chém%ﬁ?l,formula (3) and chemi-
cal formula (4) and Ds in thé ﬁhemica1 formula (3) and
chemical formula (4) may conﬁain any substituent group

or groups provided that such substituent group or

he polymerization reac-

groups will not interfere wit

Examples of the hydroca bqﬁ group having 1 to 20
carbon atoms as D include a y-féroups such as methyl,

, isobutyl, sec-butyl,

tert-butyl, pentyl, neopent Xyl, heptyl, octyl,
1 groups containing

one or more unsaturated bonds ”afomatic groups, such
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as allyl, 2-methylallyl, benzyl, phenethyl, o-anisyl,
l-phenylethyl, diphenylmethyl, triphenylmethyl and cin-
namyl; alicyclic groups such as cyclopentyl, cyclo-
hexyl, 4-methylcyclohexyl, 3-propylcyclohexyl, 4-
phenylcyclohexyl, cycloheptyl and l-cyclohexenyl;
alkenyl groups such as vinyl, styryl, propenyl,
isopropenyl, 2—methyl-1-propenyl and 1,3-butadienyl;
alkynyl groups such as ethynyl and 2-propynyl: and
aromatic groups such as phenyl, o-tolyl, m-tolyl, p-
tolyl, 2,3-xylyl, 2,4-xylyl, 3,4-xylyl, mesityl, o-
cumenyl, m-cumenyl, p-cumenyl, 1l-naphthyl, 2-naphthyl
and p-methoxyphenyl.

Examples of the alkoxy group as D include alkoxy
groups containing 1 to 20 carbon atoms, such as
methoxy, ethoxy, propoxy, isopropoxy, butoxy, pentyl-
oxy, allyloxy, cyclohexyloxy and benzyloxy. Examples
of the phenoxy group as D include phenoxy groups having

6 to 20 carbon atoms, such as phenoxy, 4-methylphenoxy,

1:-3—propylphenoxy and l-naphthyloxy. Examples of the

thiol residual group as D include thiol residual groups

having 1 to 20 carbon atoms, such as methylthio, ethyl-

thio, propylthio, isopropylthio, butylthio, isobutyl-

" thio, tert-butylthio, pentylthio, hexylthio, heptyl-

thio, octylthio, tert-octylthio, nonylthio and

decylthio. Examples of the thiophenol residual group
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i diisoproﬁYiéﬁiﬁo, dibutylamin

- 14 -

include thlophenol residual groups having 6 to 20 car-

bon atoms, such as phenylthlo,hoﬁtolylthlo, m-tolyl-

thio, p-tolylthlo, 2, 3—xylyltf.o 2 ,4=-xylylthio, 3,4-
xylylthlo,;_-ethylphenylthlo and z-naphthylthlo. Exam-
ples of the ‘mono-substituted amlno group as D include
mono-subsp;tuted amino groups;hav1ng 1l to 20 carbon
atoms,'suéﬁ3as‘meﬁhylamino, ethylamino, propylamino,
1sopropy1am1no, butylamino, issgutylamino, tert-
butylamlno, pentylamlno, hexylamlno, heptylamino,
octylamlno,_tert-octylamlno, ngnylamlno, decylamino, 1-
ethylpropjlémino, l-ethylbutylamino, anilino, o-tolyl-
amino, m%tdlylémino, p-tolylamino, 2,3-xylylanmino, 2,4~
xylylamiﬁq and 3,4-xylylamino.: Examples of the di-
substitutsd amino group as D ;nclude.amino groups di-

substituted:by hydrocarbon grﬁups which may be the same

.or differsﬁt ahd individually have 1 to 20 carbon

atoms, sucp as dimethylamino, 'diethylamino, methyl-

ethylamino, dipropylamino, msﬁhylpropylamino,

:méthylbutylamino,

diisobutylgmino, di-sec-butylg ino, dipentylamino,

dihexylaminq, ethylhexylamino, diﬁeptylamino, dioc-

tylamino;fdi—tert-octylamino, ﬁhjl—tert-octylamino,
dinonylamino, didecylamino,-ﬁ phéﬁylamino, methyl-

phenylamino, ethylphenylamino di%o-tolylamino, di—2;3—

xylylamind and;phenyltolylamﬁp_;;énd 5- or 6-membered
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cyclic amino groups such as 1;pyrrolidiny1, 3-methyl-1-
pyrrolidinyl, 1l-pyrrolyl, 3-eﬁhyl-1-pyrroly1, 1-
indolyl, 1l-piperidyl, 3-methyl-l-piperidyl, 1-
piperazinyl, 4-methy1-1—pipe%§zinyl, l1-imidazolidinyl
and 4-morpholinyl.

Specific examples of Q}&fe the same as those ex-
emplified as the hydrocarbonf@roup D.

Examples of the divaleﬁt group {(D-D) on the same
phosphorus atom or different'phosphorus atoms when the
two Ds on the same phosphorué atom or different
phosphorus atoms are linked ﬁQgether to form a ring
structure wholly or partly include saturated or un-
saturated divalent aliphatic hydrocarbon groups such as
ethylene, vinylene, propylene, 1,2-cyclohexanylene,
1,2-phenylene, trimethylene, propenylene, tetra-~
methylene, 2,2'-biphenylene, lfbutenylene, 2-butenylene
and pentamethylene; and divalgnt groups in the form

that desired one or two atoms are inserted between one

: or both ends of said divalenﬁ?éliphatic hydrocarbon

groups and their associated Q:dsphorus atoms, said

desired one or two atoms bein_éselected from the group

consisting of an oxygen atoméf a sulfur atom, and a
nitrogen atom to which a hydrbéen atom or an aliphatic

or aromatic hydrocarboﬁ grou such as methyl, ethyl,

butyl, cyclohexyl, benzyl or: ényl group, is bonded.
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methyleneoxy, ethylene-2 —oxy,ﬁtr;methylene- 3~-oxy,

methylenedioxy, ethylenedio%x,ft;;methylene-l,B-dloxy,
cyclohexane~-1,2-dioxy, benzéne{;ﬁz—dioxy, methylene-
thio, ethylene-2-thio, trimethYlehe?3-thio, tetra-

methylene-4-thio, methYlenlefhi6jf

ethylenedithio,

trimethylene-1,3-dithio, amiﬁn lene, aminoethylene, -

aminotrimethylene, amlnotetramethylene, N-ethylamino-

methylene, —cyclohexylamlnoethylene, N—methylamlno—
trimethylene, N-benzylaminotetramethylene, diamino-
methylene, ethylenediamno, vinylenediamino,
trimethylenediamino, N,N'—dimethylmethylenediamino,
vinylenediamino, trimethylenediamino, N,N!'-dimethyl-
methylenediamino, N,N'-diphenYlethylenediamino, N,N'-
dimethylethylenediamino, N-methyl-N'-ethyltrimethylene-
diamino, N,N'-diethyltetramethylenediamino and N~
methyltrimethylenediamino.

Further, when D and Q are linked together to form
a ring structure wholly or partly, the associated
nitrogen atom and the assoqla;ed phosphorus atom are
connected to each other throﬁéhia so-formed divalent
group_(D-Q). Illustratives ;% ﬁhe divalent group (D-Q)
are the same saturated or un?étﬁrated aliphatic

divalent hydrocarbon groups i%zthose exemplified ébove

és divalent groups on the twmgphdsphorus atoms; and
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divalent groups with a desired atom inserted between
the above divalent hydrocarbon groups and their associ-
ated phosphorus atoms, said desired atom being selected
from the group consisting of an oxygen atom, a sulfur
atom, and a nitrogen atom to whiéh a hydrogen atom or
an aliphatic or aromatic hydrocarbon group such as
methyl, ethyl, butyl, cyclohexyl, benzyl or phenyl
group is bonded. Specific examples of these divalent
groups include groups such as methyleneoxy, ethylene-2-
oxy, methylenethio, ethylene-2-thio, aminomethylene,
aminoethylene, N-methylaminomethylene, N-ethylamino-
ethylene, N-methylaminotrimethylerie and N-phenyl-
amionethylene.

Specific examples of the phosphazene compound
having the structure represented by the chemical for-
mula (3) or the phosphazene compound from which the
salt of the chemical formula (4) is derived will
hereinafter be described. Illustrative of cases where

Ds are alkyl groups of the same kind or different kinds

are l-tert-butyl-2,2,2-trimethylphosphazene and 1-

(1,1,3,3~tetrametylbutyl)-2,2,4,4,4-pentaisopropyl-
2A5,4A5-catenadi(phosphazene). Illustrative of cases
where each D is an alkyl group-confaining an un-
saturated boﬂa or aromatic group are l-tert-butyl-

2,2,2-triallylphosphazene, l-cyclohexyl-2,2,4,4,4-
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pentaallyl-ZAs,4A5-catenadi(phosphazene) and l-ethyl-
2,4,4,4-tribenzyl-2-tribenzylphosphoranilideneamino-
2)5,4)5-catenadi(phosphazene). Illustrative of cases
where each D is an alicyclic group are l-methyl-2,2,2-
tricyclopentylphésphazene and l-propyl-2,2,4,4,4-
cyclohexyl-ZAs,4A5-catenadi(phosphazene). Illustrative
of cases where each D is an alkenyl group are l-butyl-
2,2,2-trivinylphosphazene and l-tert-butyl-2,2,4,4,4-
pehtastyryl-zAS,4A5-catenadi(phosphazene). Illustra-
tive of cases where each D is an alkynyl group is 1-
tert-butyl-2,2,2-tri(2-phenylethynyl)phosphazene. Il-
lustrative of cases where each D is an aromatic group
are l-isopropyl-2,4,4,4-tetraphenyl-2-triphenyl-
phosphoranilideneamino—2A5,4A5—catenadi(phosphazene).
Further, illustrative of cases where each D is an
alkoxy group are l-tert-butyl-2,2,2-trimethoxyphos-

phazene, 1-(1,1,3,3-tetramethylbutyl)-2,2,4,4,4-penta-

' isopropoky—ZAs,4A5—catenadi(phosphazene) and l-phenyl-

{ 2,2,4,4,4-pentabenzyloxy-2A5,4A5-catenadi(phosphazene).

Illustrative of cases whg;e each D is a phenoxy group
are l-methyl-2,2,2-triphenoxyphosphazene and 1-tert-
butgl-z,z,4,4,4—penta(1—naphthyloxy)-2A5,445—catena-
di (phosphazene) .

Illustrative of caseé where each D is a tﬁiol

residual group are l-tert-butyl-2,2,2-trimethylthio-"



10

15

20 .

25

- 19 =

phosphazene and l-methyl-2,4, 4 4-tetralsopropylth10-2-
tr11sopropylthlophosphoranll1deneam1no—2A5 4)5-catena-
dl(phosphazene) Illustratlve of cases where each D is
a thiophenol residual group 1s 1-ally1 4,4,4-triphenyl-
thio-2 2-bls(tr1pheny1thlophosphoranll1deneam1no)-

2A5 4A5-catenad1(phosphazene)

Illustratlve of cases whgre each D is a mono-
substituted amino group are 1éééft-buty1-2,2,2-
tri(methquﬁino)phosphazeﬁe, 1—(1,1,3,3-tetramethyl-
butyl)--2,2,-4,4,4--penta(isopropylamino)-2A5 4)9-
catenadi(phosphazene), —tert-butyl 2,4,4,4-tetra~-
(methylamlno)—z-trl(methylamlno)phosphoranllldeneamlno-
2A5 4A5-catenad1(phosphazene), l-tert-butyl-2,4,4,4~
tetra(lsopropylamlno)-2-tr1(1sopropylamino)phosphor—
anilidenegﬁino-2A5,4A5-catenadi(phosphazene), l1-tert-
butyl-z,4,4,4-tetra(tert—butyla§ino)-2-tri(tert-butyl-
amino)phOSphoranilideneamino-zié;4A5-catenadi(phos-

phazene), 1etert—butyl-2,4,4,4étetra(ally1amino)-2-

i tri(allylamino)phosphoranilidenéamino-ZA5 4)9-

catenadl(phosphazene), 1- tert-butyl 4,4,4-tri(methyl-

amino) -2, 2-bls[tr1(methylamlnothosphoranll1deneam1no]—

2A5,4A5-ca;gnadi(phosphazene), tert-butyl-4,4,4-

tri(isopropylamino)—2,2-bis[£r isdpropylamino)-
phosphoranilideﬁeamino]-2A5,4X5: atenadi(phosphazene),'

1-tert-butyl-4,4,4-tri(tert-b§;_“amino)-z,z-bis[tri-
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tert-butylamino) phosp orani”i éneamino =2)2,4)°~
(tert-butylamino)phosph i1iq ]-223,425

catenadl(phosphazene), —tefi wﬁtyl 4 4'6 6, 6-penta-

(methylamlno) -2, 2—bls[trl(methylam1no)phosphor—
anllldeneamlno]-ZAs,4A5,6A5-q§tenatr1(phosphazene), 1~
tert-butyie4,4,6,6,6—penta(i$ép;opylamino)-2,2-bis[tri-
(isopropylamino)phosphoranifiéeﬁeamino]-2A5,4A5,6A5-
catenatri (phosphazene), l-tefﬁ;butyl-4,4,6,6,6-penta-
(tert-butylamino)-2,2—bis[triftert-butylamino)phosphor-
anilidenéamino]-2A5,4A5,6A5—cafenatri(phosphazene) and
1-tert-butylf4,4,6,6,6-penta(methy1amino)-2-[2,2,2—tri-
(methylamino)phosphazen-1-yl]-=2-{2,2,4,4,4-penta~-
(methylamino)—2A5,4A5-catenadi(phosphazen)—1-y1]-
2A5,4A5,6X5-catenatri(phosphazéne).

Illustrative of cases where each D is a di-
substituted:amino group are lftert-butyl-z,z,z-tris-
(dimethylamino)phosphazene,;i%fi,1,3,3-tetramethyle
butyl)-2,2,2-tris(dimethylamiﬁé)phosphazene, l-ethyl-

2,2,4,4,4-pentakis(dimethylaﬁinb)-ZAs,4)5-catena—

di (phosphazene), l-tert-butyl-2,4,4,4-tetrakis-

(dimethylamino) -2~ trls(dlmethy amlno)phosphoranllldene-

am1no-2A5 4A5-catenad1(phosphaze'e), l-tert-butyl-
) -2-tris(diisopropyl-
amino)phosphoranilideneamin 4)5-catena~-

di (phosphazene), 1l-tert-buty] ,4,4—tetrakis(di-n-

butylamino)-2-tris(di-n-butylamino)phosphoranilidene-
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amino-215 4A5-catenad1(phosphazene), l-tert~butyl-
4,4,4-tris(dimethylamino)-2, 2-bls[trls(dlmethylamlno)-

phosphoranllldeneamlno]-2A5 4A5-catenad1(phosphazene),

1-(1,1,3,3—tet:amethylbutyl)74={j4ftrls(d1methylam1no)-

2, 2—bis[tris(dimethylamino)phgéphranilideneamino]-

23 4)5-catenad1(phosphazene), 1-(1 1,3, 3-tetramethyl-
butyl)-4,4,4 trls(methylethylamlno)—z 2-bis[tris-
(methylethylamlno)phosphoranllldeneamlno] 2A5 4)5-
catenadi (phosphazene), 1-tert-puty1-4,4,4-trls(d1ethy1-
amino)-2,2-bis[tris(diethylamiho)phosphoranilidene-
amino]-2A5,4A5-catenadi(phospﬁéZgne), l-tert-butyl-
4,4,4-tris(diisopropylamino)¥é;z-bis[tris(diisopropyl-
amino)phosphoranilideneamino]¥éA5,4A5—catena-

di (phosphazene), 1-tert-butyl;; 4,4-tris(di-n-butyl-
amino) -2, 2-bls[trls(dl-n-butylamlno)phosphoranllldene-
amino]- 2A5 4A5—catenad1(phosphazene), l-tert-butyl-
4,4,6,6, 6-pentakls(dlmethylamlno)—2 2—bls[trls-

(dlmethylamlno)phosphoranllldeneamlno] 2)5 4A5 625-

ﬂ-butyl -4,4,6,6,6-penta-

kis(diethylamino)-2, 2-bis[tris" iethylamino)phosphor-

anilideneamino]- 2A5 4A5 6)5-catenatr1(phosphazene), 1-

tert-butyl-4,4,56,6, 6—pentakls(d‘ sopropylamlno)-z 2-
bls[trls(dllsopropylamlno)phosph ranllldeneamlno]-

2A5,4A5,6A5-catenatr1(phospha2e , 1l-tert-butyl-

4,4,6,6,Gfpentakis(di-n-butyi?m”pé)f2,2-bis[tris(di-n-
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butylaming)phosphoranilidenggm ﬁq]-2A5,4A5,6A5-
catenatri(phosphazene), 1l-tert-butyl-4,4,6,6,6~

pentakis(éimethylamino)-2-[2;%;2étris(dimethylamino)-

phosphazeHQI-yl]-z-[z 2, 4-4-¢* entakis (dimethylamino) -
2x5, 4A5-catenad1(phosphazen)- jl]-2A5 4)9,615-
catenatrl(phosphazene) and 1_;heny1 2,2-bis(dimethyl-
amino)-4, 4-d1methoxy- -phenylamlno-zA5 4)5-catena-
dl(phosphgzene).

Ill@étrative of cases wﬁére each D is a 5~ or 6-
membered-¢yclic amino group argzl-tert-butyl-z,z,z-
tri(l-pyrrolidinyl)phosphazene, l-tert-butyl-2,2,4,4,4-
penta(l-p?rrolidinyl)-2A5 4A5-éatenadi(phosphazene), 1-
tert—butyl 2,2,4,4,4-penta(4-morpholinyl)-215, 423~
catenadl(phosphazene), 1-tert-butyl-2 2,4,4,4-penta(1l-
plperldlnyl) 2A5 4)5-catenad1(phosphazene), l-tert-
butyl-2,2, 4 4, 4—penta(4—methyl -1-piperidinyl) - 2A5 425~
catenadl(phosphazene), —tert-butyl 2,2,4,4,4-penta(1-

imidazolyl)-z-)\5 4A5-catenad1(phosphazene), l-tert-

pyrrolldlnyl)phospporanlllden"”m1no-2A5,4A5

cateqadi(?hosphazene), 1-tert£5ﬁty1-2,4,4,4-tetra(1—

piperidinyl)-2—tri(1-piperidifi1)phosphoranilidene-

amino-ZA5 4A5-catenadi(ph05p; zene), l-tert-butyl-
2,4,4 4—tetra(4—morphollnyl)b2 tr1(4-morphollnyl)-

phosphoranll1deneam1no-2A5,43'“Latenadl(phosphazene),
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1-tert-bu;yl-2,4,4,4-tetraL4§methyl-1-piperazinyl)-2—
tri(4—methyl—1—piperazinyl)ﬁhééphoranilideneamino-
2A5,4A5-céfénadi(phosphazeney;.1-tert—buty1-2,4,4,4-
tetra(l—iﬁidazolyl)-2-tri(1-ihida201yl)phosphor-
anilideneaﬁino-ZAs,4A5-caten§di(phosphazene), l-tert-
butyl-4,414—tri(1-pyrrolidin§l)-2,2-bis[tri(1-
pyrrolidiﬁyl)phosphoranilideneamino]—2A5,4A5-

catenadi (phosphazene), 1-ter£—buty1-4,4,4-tri(4—
morpholingl)-2,2-bis[tri(4-m§rpholiny1)phosphor-
anilideneamino]-2A5,4)5-catenadi(phosphazene), l-tert-
butyl-4,4,4-tri(l-piperidinyl)-2,2-bis[tri(1-
piperidinji)phosphoranilideneamino]-2A5,4A5-catenaf
di (phosphazene), l-tert-butyl-4,4,4-tri(4-methyl-1-
piperazinjl)—2,2-bis[tri(4-methy1-l—piperazinyl)-
phosphoraﬁilideneamiho]-2A5;4A5—catenadi(phosphazene),
1-tert~butyl-4,4,4-tri(1-imidazolyl)-2,2-bis[tri (1~
imidazolyl)phosphoranilideneamino]=-215, 415~

catenadi (phosphazene), l-tert-butyl-4,4,6,6,6-penta(l-

‘ pyrrolidinyl)-2,2-bis[tri(1-§yrrolidinyl)phosphor—

anilidenegmino]-2A5,4A5,6A5—catenatri(phosphazene), i-

tert-butYl-4,4,6,6,6-penta(1jpiperidinyl)—2;2-

bis[tri(1—piperidiny1)phosphé"éniiideneamino]_
2)5,4A5,6A5-catenatri(phosphaggﬁe), 1-tert-butyl-~

4,4,6,6,6-pénta(4-morpholiny$)-2,2-bis[tri(4-

morpholinYl)phosphoranilidené§mino]-2A5,4A5,6A54
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catenatri (phosphazene), 1-te£§§butyl-4,4,6,6,6-penta(4-

-methyl-l-piperazinyl)-2,2-bisttri(4-methyl-1—

piperazinyl)phosphoranilidenéémino]—2A5,4A5,6A5-
catenatri (phosphazene) and l-tert-butyl-4,4,6,6,6-
penta(l-pyrrolidinyl)-2-[2,2;%,4,4-penta(1-
pyrrolidinyl)-2A5,4A5-catenadi{phosph§zen)—1-y1]-2-
[2,2,2-tri(1-pyrrolidinyl)phoéphazen—l-yl]-2A5,415,6A5-
catenatri (phosphazene).

Further, illustrative of'cases where two Ds on
the same phosphorus atom or different phosphorus atoms
are linked together to form a}fing structure is 2-
(tert—butylimino)-2-dimethylamino—1,3-dimethyl-1,3-
diaza-2)3-phosphinane.

Illustrative of cases where D and Q are linked
together to form a ring struééﬂre are 5,7,11-trimethyl-
1,5,7,11-tetraaza—6A5-phosphas§iro[5.5]undeca—1(6)-ene,
7-ethyl-5,11—dimethyl-l,5,7,117tétraaza-6A5-phospha-

spiro[5.5]undeca-1(6)-ene, 6,8,13~-trimethyl-1,6,8,13-

: tetraaza-7A5-phosphaspiro[6.61t ideca-1(7)-ene, 7-

phosphaspiro[5.5]~

undeca-1(6)-ene, 7-methyl-1,7 diaza-5-oxa-11l-thia-612-
phosphaspiro([5.5]undeca-1(6) - ; l-tert-butylimino-1-

dimethylamino-1,3-diphospha-2 5;a-3,3-dimethy1-2—cyclo-

?a-l(G)—ene and 1-

hexene-GAs-phosphaspirc[5.S]u;

dimethylamino-l-(2-dimethylaﬁ pq-z,z-trimethylene-
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diaminophosphazen-l-yl)-1A5-§h;spha-2,6—diaza-1-
cyclohexene.

Synthesis processes of these phosphazene com-
pounds are described in detaj;.;.; -int:er- alia in H.R.
Allcock, Phosphorus-Nitrogenféémpoﬁnds, Academic Press
1972, Reinhard Schwesinger, ﬁé?hr.-Chem. Tec. Lab.,
38(1990), Nr. 10, 1214-1226,iéhd'Reinhard Schwesinger,
Chem. Ber., 1994, 127, 2435-2454. For example, 1l-tert-
butyl-z,2,2-tria11y1phosphaz§¢§:Cah be readily
synthesized by reacting triail&iphosphine and tert-
butyl azide in ethyl ether as;aisclosed on page 114 of
the above reference book by HtR. Allcock. Further, 1-
phenyl-z,2-bis(dimethylamino)44,4—dimethoxy—4-phenylf ‘
amino-2A5,4A5-catenadi(phospha%ene) can be synthesized
as disclosed on page 115 ibidl;_hamely, by reacting
bis(dimethylamino)chlorophosphine with phenyl azide and

then with triethylammonium azide and further reacting

~ the resultant 1-pheny1-2—azidp;g,2—bis(dimethylamino)—

i phosphazene with dimethoxyphgh aminophosphine.

£, m and n in each of the compound represented
by the chemical formula (3) and 'the salt represented by
the chemical formula (4) indi; ually stand for 0 or a

positive integer of 3 or smaller, with 0 or a positive

integer of 2 or smaller bein eferred. More

preferably, ¢, m and n éan, lgreépgctive of the order
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thereof, be values of a combination selected from

(2,1,1), (1,1,1), (1,1,0), (3,0,0) or (0,0,0).

Preferably, Ds in eachfaf the phosphazene com-

pound represented by the cheﬁ;éél formula (3) and the

phosphazenium salt representéafby the chemical formula
(4) can be the same or diffeﬁ;nt and can be selected
from the group consisting of~ﬁydrocarbon groups having
1 to 20 carbon atoms, alkoxyiéroups having 1 to 20 car-
bon atoms, phenoxy groups having-s to 20 carbon atoms,
mono-substituted amino groupsihaving 1l to.20 carbon
atoms, amino groups di—snbstifuted by hydrocarbon
groups which have 1 to 20 caréon atoms and are the same
or different, and 5- or 6—mem5éred cyclic amino groups..
Of these, more preferred Ds are substltuent groups,
which are the same or dlfferent and are each selected,
for example, from amino groups dl-substltuted by alkyl
groups which are the same or dlfferent and have 1 to 6

carbon atoms, such as dlmethylamlno, diethylamino,

_methylpropylamino,

dllsopropylamlno, dlbutylamlno methylbutylamino,

diisobutylamino and dl-sec—bg _ m;no, and from 5- or
6-membered cyclic amino grouﬁs uch as l-pyrrolidinyl,

l-pyrrolyl, l-piperidyl, -plper 21ny1 and 4-

morpholinyl. Still more prefe'

substituted amino groups whlgh :;e?éaph selected from
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the group consisting of dimethylamino, methylethylamino
and diethylamino groups.

On the other hand, each_Q-ih each of the partial
structural formula (1), partiél_structural formula (2),
chemical formula (3) and cheéipal formula (4) may
preferably be an alkyl group;having 1 to 10 carbon
atoms, such as methyl, ethyl, propyl, isopropyl, n-
butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
neopentyl, hexyl, heptyl, octfl, tert-octyl, nonyl and
decyl. '

| Further, preferred examples of the divalent group
(D-D) on the same phosphorus atom or different
phosphorus atoms when the two Ds on the same phosbhorus
atom or different phosphorus atoms in each of the
chemical formula (3) and the chemical formula (4) are
linked together to form a ring structure are divalent
groups in each of which a methyl or ethyl group has

substituted to each of the twq;nitrogen atoms of an

‘ ethylenediamino, trimethylenediamino or tetramethylene-

diamino group.

Moreover,-preferred exaﬁé;es of the divalent
group (D-Q) connecting the aséﬁéiated nitrogen atom and
the associated phosphorué ato“;wﬁen the D and Q are
linked together to form a riné;structure‘in each of the

chemical formula (3) and the éyemical formula (4) are
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divalent N-methyl or ethyl-c-aminoalkylene groups in
each of which a methyl or ethyl group has substituted
to the nitrogen atom of an aminoﬁethylene,

aminoethyiéhe or aminotrimethf;ene group.

5 Ampng these phosphézené)épmpounds or these
phosphazene compounds from whigh.the phosphazenium
salts of active hydrogen compdunds are derived, the
following phosphazene compounds can be mentioned as
more preﬁérfed ones:

10 l-tert-butyl-2,2,2-tris(dimethylamino) phosphazene
[chemical formula (5)]
~ CH,
H,C CH,
: lle . . (5)
(HaC)oN— ll’-—N(CHs)z
N(CHy),
1-(1,1,3,3-tetramethylbutyl)-2,2,2-tris(dimethyl-
amino)phosphazene [chemical formula (6)]
HsC. CH,
15

(6)

(H3C)N "_‘T_N(CH3)2 '
N(CH,),
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1-ethyl-2 2,4,4 4—pentakls(dlmethylamlno)-2A5 4)5-
catenadl(phosphazene) [che ical formula (7))

CMy

- N(CHg), N N .

'(Hsc)zN——-P——N-—P—N(cHa)z IR ¢
N(CH;), N(CHs)z-: o

l-tert-butyl-4,4 4-trls(d1methy1am1no)-2 2-bis[tris~
(dlmethylamlno)phosphoranllldeneamlno]-2A5 4)5-
catenadi(phosphazene) [chemlcal formula (8)]

CH,
H,C CHy =
N(CHj), N N(CHa); ol
(Hsc)z-l\j i—t‘°———N—-—||’J——N=_-——'P.¥:-—N(CHs)2_ L (8)
| N(CHj), N N(CHs)z' | |
(Hsc)zN"—P"“N(CH:;)z
N(CHg), .
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1-(1,1,3, 3-tetramethylbutyl) -4,4,4-tris(dimethyl-
amlno)-z 2-bls[trls(dlmethylamlno)phosphoranllldene-
amino]- 2A5 4A5-catenad1(phosphazene) [chemical

formula (9)]

(3H3‘;H3 '

N(CHJ N N(CH), ,
(HCN—P=N—P—N=P—N(CH); (9
T r!l(cua)z N N(CHa), a
(HyC);.N—P—N(CHj),

N(CHa).

l-tert-butyl-2,2, 2-tr1(1—pyrrolldlnyl)phosphazene
[chemical formula (10) ] _

CH,
" HC—}—CHj,

uS
O

(10)
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-ethyl 5,11-dimethyl-1,5,7, 11-tetraaza-6A5-phospha-
sp1ro[5 5]undeca-1(6)-ene [chemlcal formula (11)]

Hs(T | '(I?sz

¥ (11)
74\

N N

- CHj

In the process accordlng to the present inven-

5 tion, these phosphazene compounds can be used either
singly or-;n-comblnatlon.

Although the alkylene oxide compound is
polymeriiediin the presence of the above-mentioned ac-
tive hydrogen_compound and phosphazene compound in the

10 process of this invention, the polymerization is in-
itiated viazthe phosphazenium salt of the active
hydrogen compound, said phosphazenium salt being formed
from the ective hydrogen compound and the phosphazene

compound in the system. It iegtherefore possible to

15 _initiate the ~polymerization by¢u51ng the phosphazenium
salt of the actlve hydrogen compound prepared be-

forehand from the active hydrogen compound and the

phosphazene compound. 1In thlsﬁcase, an active hydrogen

compound, which is the same a% or different -from the

20 salt-forming active hydrogen .co ?ound, may exist in the
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polymerization reaction system.; No particular limita-
tion is imposed on the formatlon of the phosphazenium
salt of the active hydrogen compound from the active
hydrogen compound and the phosphazene compound. In
general, a solution of the phosphazene compound is
added to the active hydrogen cénpound or its solution,
followed by a reaction usualii;in a temperature range
of from -50 to 150°C. The reecfion.mixture can be used
for the polymerization reaction either as is or after
removing the solvent. 1In some instances, the reaction
product can be used for the'polymerization reaction
after its separation and purification.

In the process of this invention, two or more
alkylene oxide compounds may also be used in combina-
tion. When plural alkylene oXide compounds are used
and polymerized in combination .at the same time, a
copolymer of relatively highgrandomness is obtained al-
though the randomness varies depending on a difference
in reactivity between such compounds. When two or more

alkylene oxide compounds are; ucce551vely polymerized,

a block copolymer contalnlngvplocks of two or more

poly(alkylene oxide) compound s obtained. For exam-

ple, when a second alkylene ox e compound is succes-

51ve1y polymerlzed subsequent toﬁthe completion of a

polymerization reaction of a: 1;st alkylene oxide com-
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pound, a block copolymer conﬁaining two kinds of blocks

- is obtained. Further, an alternating block copolymer

can be obtained by polymeriz#hg the first alkylene
oxide compound again subsequénﬁ ﬁo the completion of
the polymerization of the seéﬁéd.alkylene oxide com-
pound or by repeating such aﬁtgrnate polymerization of
the first and second alkylené'éxide compounds. If
three or more alkylene oxide-ﬁompounds are used in com-
bination in such a manner as'described above, a more
complex block copolymer can be:obtained. Among these
copolymerization processes, it is preferred to obtain a
block copolymer, which contaihé_blocks of poly- |

(propylene oxide) (also called-"polyoxypfopylene")-and

poly(ethylene oxide) (also called "polyoxyethylene"),

by successively polymerizing propylene oxide and
ethylene oxide as alkylene oxide compounds.
Although no particular limitation is imposed on

the amount of the alkylene ox1de compound, the alkylene

 oxide compound may generally be used in an amount of

2.5 x 105 moles or less, prefexably in a range of from

2 to 1.0 x 10° moles, more pr Eerab1y in a range of

from 4 to 5 x 104 moles per mole of the co-existing ac-
tive hydrogen compound when the polymerlzatlon is con~

ducted in the presence of the. actlve hydrogen compound

and the phosphazene compound per mole of the sum of
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the active hydrogen compound ?prming the phosphazenium
salt of the active hydrogen céﬁpoﬁnd and any active
hydrogen compound, which may éxist'in the system, when
the polymerization is conductéd in the presence of the
phosphazenium salt of the acﬁ#ve hydrogen compound.

No particular 1imitatioﬁ is imposed on the amount
of the phosphazene compound or the phosphazenium salt
of the active hydrogen compouﬁd, but it can be used
generally in a range of from 1 x 10715 to 5 x 1071
mole, preferably in a range of from 1 x 107 to 1 x
10”2 mole per mole of fhe alkylene oxide compound.

The polymerization temperature varies depending
on the kinds and amounts of the raw material, initiator
and catalyst. It is however generally 150°C or lower,
preferably from 10 to 130°C, @gre preferably from 50 to
120°C.

The reaction pressure upon polymerization of the

alkylene oxide compound is dependent on the kinds and

| amounts of the raw material, iﬁitiator and catalyst and

and cannot be defined

in a wholesale manner. In gen al, the pressure at the

time of the reaction is 30 kg émz or lower (absolute

pressure, this will hereinaftgp_apply equally), with a
range of from 0.1 to 10 kg/cm 7being preferred and a .

range of from 1 to 5 kg/cm2 b__ng more preferred.
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The reaction time is déééndént on the kinds and
amounts of the raw material;ﬁihitiator and catalyst and
the polymerization temperatggég;and cannot be defined
in a wholesale manner. It ig@ﬁowéVer generally 40
hours or less, preferably 30fﬁours_or less, more
preferably 0.5 to 24 hours. B

The phosphazene compound or the phosphazenium
salt catalyst in the process Qf the present invention
can be used in combination with a conventionally-known
catalyst with a view to reducing the work load which
will be required for the reméﬁél-of the catalyst sub-
sequent to the polymerizatioﬁL

In the process of the present invéntion, no- par-
ticular limitation is imposed-on the method by which
the polymerization reaction iéécarried out. However it
is generally practiced to feedrthe alkylene oxide com-
pound in an amount as much asiﬁeeded at once, inter-

mittently or continuously to

-reactor which contains

‘ the active hydrogen compound andithe phosphazene com-

‘ pound or the phosphazenium saﬂﬁiqf the active hydrogen

compound.

In the process of the ptgsent invention, a sol-

" for the dilution or

dissolution of the active -hydrogen compound and the

_pbazenium salt of the

phosphazene compound or the é
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active hydrogen compound and the alkylene oxide com-
pound or as a medium for the-polymérization reaction.
Usable examples of such a solQent include hydrocarbon
compounds such as pentane, hexane,'hepténe and cyclo-
hexane; aromatic hydrocarbonsféuch;éé benzene and
toluene; and ether compounds QUCh'aé diethyl ether,
dioxane and anisole. Any othér'éoiyents can also be
used insofar as they do not iﬁféffére with the
polymerizatibn reaction in the proéess bf the present
invention. Further, the polymerization reaction in the
process of this invention can also be conducted in the
presence of an inert gas such as nitrogen or argon if
necessary.

The poly(alkylene oxide) obtained in accordance
with the process of the present invention can be used,
as is, as a raw material for a polyufethane foam or
elastomer or as a surfactant but, if necessary, can

also be used after treating it with a mineral acid such

‘as hydrochloric acid, phosphoric acid or sulfuric acid,

an organic carboxylic acid such as formic acid, acetic

acid or propionic acid, carbor dioxide gas, an acid-
form ion-exchange resin, or.tﬁé like. Further, it can
also be subjected to conventioﬁal_purification such as
washing‘in water, an organiciéélvént or a mixture

thereof.
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The*”réSent invention will hereinafter be de-~

scribed by ﬁhe'following examples.

In a:300-m¢ autoclave connected with a feed pump

and a floL'eter, fitted with .a temperature measuring

tube, a preesure gauge and a'stirrer, and purged with

dry nitrdéeﬁ;uwere charged 254 mmol of glycerin and

0.50 mmol :of 1-(1,1,3,3-tetramethylbutyl)-4,4,4-tris-

(dimethyléﬂino)f2,2-bis[tris(dimethylamino)phosphor—

anilidenee ino]-2A5,4A5-catenadi(phosphazene) {chemical

formula (f%;

referred'ﬁfﬂas the "cetalyst AM].,

‘product of Fulka Corp.; hereinafter

Propylene oxide was

polymerize “at a reaction temperature of 100°C for 17.5

hours whlle 1nterm1ttent1y charging it to maintain a

reaction pressure of around 3.0

sure; thls

kg/cm2 (absolute pres-

-11 hereinafter apply equally). Polyoxy-

propylenetrlol having a hydroxyl number of 358

(KOH mg/g polymer, this will herelnafter apply equally)

ess clear odorless

Example 2j”

In ﬁhe.same autoclave;ar
1, were cﬁérged 50 mmol of.pe
(hereinaftér abbreviated as th

been indusﬁrially produced in

in an amount of x;g.g. It was in the form

that employed in Example

xypropylenetriol
triol AY), whicﬁ had

e presence of potassium
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hydroxiqé' sﬁa_catalyst whilﬁ“nsing glycerin as an in-

itiator .and had a hYdroxyl ngnbor of 337, as an in-

itiator'an 0.50 mmol of 1-té§tﬁbutyl-4 4,4~tris-

.(dlmethyla 1no)-2 2-bls[tr1s(dlmethylamlno)phosphor—

anllldeneamlno] 2A5 4)5—catenad1(phosphazene) [chemical

formula Ko : product of Fulka Corp., hereinafter
referredf ‘as the #catalyst:@“]. Propylene oxide.was
polymeri? fatja reaction prsssure of around 3.0 kg/cm2
and a réactionltemperature of%lOO%: for 4.8 hours as in
Example:: jéolyoxypropylenétriol having a hydroxyl
number o 4fnas obtained in:an'amount of 75 g. It was
in the forh-of'a colorloss cléar odorless liquid.

Example

In the'same autoclave as that employed in Example

1, were ch rged 28.4 mmol of?rolyoxypropylenetrlol
(herelna_:er'abbrev1ated as the "triol B"), which had

been indus ¢1ally produced 1n the presence of potassium

5 a. catalyst whlle 'ang glycerin as an in-

of 168, and 0.50 mmol

‘of the catalyst B. Propyleneiox1de was polymerized at

a reaction pressure of aroun kg/cm and a reaction

temperatur %off10GCAfor 2.3 hours as in Example 1.

PolyoxypropYIenétriol havingg droxyl number of 78

wvas obtalned 1n an amount o] 61 g . It was in the form

llquld. Further, using a

of a colorless clear odorles'
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PLgel CdiwﬁﬂZCSp "Mixed-D" 'itade name; manufactured

by Polymer Laboratorles Inc__ ffqombination with a GPC

molecularf eight (Mw) to a number average molecular

weight (Mn)]'

Example 4
Inqthe-same autoclave as that employed in Example

1, were dﬁatged 254 mmol of propylene glycol and 0.50

mmol of tﬁé}qatalyst B. Propyiene oxide was polymeriz-
ed at a reaétion pressure of around 3.0 kg/cm2 and a

reaction- temperature of 100c:for 16 hours as in Exanm-

ple 1. P: yoxypropylenetrlol hav1ng a hydroxyl number

. of 200 was obtalned in an amount of 123 g. It was in

ia'colorless clearw"dorless liquid.

Example Sff;

In the same autoclave a fpat employed in Example

1, were charged 167 mmol of g ;erin together with

83 mmol of sorbltol and 2.5 mmol of the catalyst A,

'_-.at a reaction pressure
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of around 3.0 kg/cm2 and a r§ tiqn temperature of

120°C for 1.1 hours as in Ex é 1. Polyoxypropylene-

triol having a hydroxyl'numb gf'izs was obtained in

an amount of 181 g. It was ;gﬁﬁhe;form of a colorless
clear odorless liquid. e
Example 6 _
The autoclave of Examp { was additionally
fitted with a piping to perm .eeding of ethylene
oxide in a liquid form under;pressure from an ethylene
oxide tank, which was designeggto be maintained under a
pressure of 5 kg/cm2 with nit%éggn, through a flowmeter
arranged exclusively for ethgiéne oxide. The autoclave
was charged with 150 mmol of;éihylene glycol and 3.0
nmol of 1-ethy1—2,2,4,4,4—peﬁ§ékis(dimethylamino)-
2A5,4A5-catenadi(phosphazene)fgghemical formula (5),

product of Fulka Corp.:; hereiﬁéfter referred to as the

"catalyst C"] and further witﬁgz,o kg/cm? of nitrogen.

t a temperature of 80°C

' for 2.3 hours while intermittently charging it from the

$ure of around 4.0
kg/cmz. Polyoxyethylenedioli ‘ng a hydroxyl number
of 197 was obtained in an amdﬁhf of ‘76 g. It was in

the form of a white odorlessz. -
Example 7

In the same autoclave a§\5 at employed in Example
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1, were charged 125 mmol of ethylene glycol and 2.5
mmol of the catalyst A. 1, 2+ Butylene ox1de was
polymerized at a reaction pressure of around 2.0 kg/cm2
and a reaction temperature °§¢19WC for 2.3 hours as in
Example 1. Polyoxybutylenediéi;having a hydroxyl num-
ber of 184 was obtained in aﬁ?eﬁgunt_of'Gg g. It was
in the form of a colorless cfeer odorless liquid.
Example 8

In the same autoclave ae that employed in Example
1, were charged 125 mmol of erpylene glyceol and 2.5
mmol of the catalyst B. Furﬁher, 321 mmol of styrene
oxide were'added at once, follewed by polymerization at
a reaction temperature of 120°C and a reaction pressure
of around 1.1 kg/cm2 for 2.3 hpurs; Polyoxystyrenediol
having a hydroxyl number of 3Q3 was obtained in an
amount of 38 g. It was coloriess, clear and odorless.
Example 9

In the same autoclave as that employed in Example

{ 6, 50 mmol of the triol A and 0. 50 mmol of the catalyst

‘B were charged. Propylene oxfde and ethylene oxide

were polymerized at a reactlofgtemperature of 100°C for

2.3 hours while continuocusly fée@ing them at a molar

ratio of 7:3 so that a reacti bressure of around 4.0

kg/cm2 was-maintaineé. Polyoxypropylenepolyoxy-

fhydroxyl number of 105

ethylenetriol copolymer hav1ng
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was obtained in an amount 0?239 g. It was colorless,
clear and odorless. o
Example iO

Inrﬁhe same autoclaveﬁééjthat employed in Example
6, 254 mmol of trimethylolp?ééane and 0.50 mmol of the
catalyst A_were charged,;follﬁwed by further charging
of nitroéén to 2.0 kg/cm2. ;Ag:in Example 6, ethylene
oxide was po1ymerized at a reéction temperature of 80°C
for 2.3 hburs while intermitténtly feeding it to
maintaiﬁ a reaction pressure éf around 4.0 kg/cmz.
Polyoxyethylenetriol having -a hydroxyl number of 580
was obtained in an amount of 45 g. It was a white
odorless solid. |
Example 11

In the same autoclave géfthat employed in Example
1, 100 mmol of N,N'-dimethylééhylenediamine and 0.50

mmol of the catalyst A were charged. Propylene oxide

was polymerized at a reaction;pressure of around
3.0 kg/cm? and a reaction temﬁgrature of 100°C for 2.3

" hours as in.Example 1. Pbly@xﬁpropylenediol having a

hydroxyl humber of 590 was bbt ined in an amount of 69

g. It was in the form of_a_éé}orless clear cdorless

Example 12

In the same autoclave25 ¢that employed in Example
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1, 502 mmol of pentaerythritp;_and 1 mmol of the
catalyst A were charged. Prppylene oxide was
polymerized at a reaction pressure of around 3.0 kg/cm?
and a reaction temperature of 100°C for 8.0 hours as in
Example 1. Polyoxypropylenetétraol having a hydroxyl
number of 662 was obtained in an amount of 69 g. It
was in the form of a colorless clear odorless liquid.
Example 13 :

In the same autoclave as that employed in Example
1, 50 mmol of the polyoxypropylenetriol obtained in Ex-
ample 1 and 0.42 mmol of the catalyst A were charged.
Propylene oxide was polymerized at a reaction pressure
of around ‘3.0 kg/cm2 and a reaction temperature of
100°C for 4.é hours as in Example 1. Polyoxypropylene-
triol having a hydroxyl number of 78 was obtained in -an
amount of 84 g. It was in the form of a colorless
clear odorless liquid.
Example 14

In the same autoclave as: that employed in Example

.6, 20 mmol of 2-naphthol, 10-n@ of toluene and 2.0

mmol of 1—tert-buty1—2,2,2-t£i§§dimethy1amino)-
phosphazene [chemical formuléfié), product of Fulka
Corp.; hereinafter abbreviatedias the "catalyst D"],
followed by fﬁrther charging of nitrogen to 2 kg/cmz.

As in Example 6, ethylene oxidgﬂwas polymerized af a
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reaction temperature of smcéfgrf :-héurs while inter-
mittently feeding it to maiﬁééiqf -éaétion pressure of
around 4.0 kg/cm?. Polyoxyéﬁﬁylén§p§pool having a
hydroxyl number of 5.8 was oééaiﬁ;é;ih an amount of 192
g. It was a white odorless ggiid,; :
Comparétive Example 1. _l . 

In the same autoclave_qé-fh@tagyployed in.Example
1, 1 mole of glycerin and a fip:w;;é)TSOIution of
2 mmol of tetramethylammonium;hYé%é?iﬁe in methanol
were charged. While heating £hexéoﬁténts at 110°C un-
der stirring, the methanol was removea under reduced
pressure. Propylehe oxide was_polymerized at a reac-
tion pressure of around 3.0 kg)cmz and a reaction
temperature of 100°C for 36 ho@rs as in Example 1.
After that, the contents were'heated at 150°C for 5
hours while eliminating volatiles under reduced pres-
sure. The thus-obtained polyoxypropylehetriol still

had a substantial amine odor. .Its hydroxyl number was

1100, and its yield was 153 g..

Comparative Example 2

In the same autoclave aéfthat-employed in Example

1, 106 mmol of the triol B employed in Example 3 and a

(10 wt.%) solution of 1.9 mmol ‘of tetramethylammonium
hydroxide in methanol were chﬂﬁgéd. While heating the

contents at 110°C under stirriég,;the methanol was
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removed under reduced pressuré} ' Propylene oxide was
polymerized at a reaction préééﬁré of around 3.0 kg/cmz
and a reaction temperature of:}bo%:fbr 9 hours as in
Example 1. After that, the cén#ents were heated at

150°C for 5 hours while elimin ting volatiles under

reduced pressure. The thus—oi ;f
polyvoxypropylenetriol had an %ﬁ;ﬁé odor. Its hydroxyl
number was 110, and its yield;iés 56 g.
Comparative Example 3 .

In the same autéclavé as that employed in Example
6, 425 mmol of trimethylolprop;ne and 1.8 mmol of
2,4,6-tris(dimethylaminomethyijphenol_(hereinafter ab-
breviated as "DMP-30") were c&;rged, followed by fur-
ther charging of nitrogen to ztkg/cmz. As in Example
6, ethylene oxide was polymeriied at a reaction
temperature of 80°C for 12 houré while intermittently
feeding it to maintain a reacgépn pressure of around

4.0 kg/cmz. The contents wergf&hen cooled to 90°C,

olution of 4 mg of 2,6-
f methanol. After

that, volatiles were eliminat ﬁnder reduced pressure.
The thus-obtained polyoxyethy gtriol had an amine
odor. Its hydroxyl number wa 47; and its yield was
67 g. . '

Polymerization activiti of the catalysts in Ex-
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amples 1 to 14 and ComparativegExamples 1 to 3 are sum-

marized in Table 1.

Table 1 -
...  Polymerization
Exaﬁgle Catalyst Initiator: ' activities
‘ i (g/mol=-catalyst. Hy)
Ex. 1 A Glycerin' = 13,600
Ex. 2 B Triol A 31,000
Ex. 3 B Triol B~ | 53,000
Ex. 4 B Propylene glycol 15,400
Ex. 5 A Glycerin + Sorbitol 66,000
Ex. 6 C Ethylene glycol 11,000
Ex. 7 A Ethylene glycol . 12,000
Ex. 8 B Ethylene Glycol 6,700
Ex. 9 B Triol A. 51,000
Ex. 10 A Trimethylolpropane 41,300
: " N,N-dimethyl-
Ex. 11 A ethylenediamine 27,500
Ex. 12 A Pentaerythritol 12,700
Triol obtained
Ex. 13 A in Example 1 35,000
Ex. 14 D 2-Naphthol ~ 4,000
. SomP: (CH3)4N-OH  Glycerin 850
FComp- (cH.),N-OH Triol B 3,300
Ex. 2 3’4
Comp. _ Trimethylo
Ex. 3 DMP-30 ' propane 3,100
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Example 15

In a polymerization rgéétor similar to the
autoclave in Example 6, 254 mmql of glycerin and 0.50
mmol of the catalyst A were éharged. 100 g of
propylene oxide was polymeriégd at a reaction tempera-
ture of 100°C for 20 hours wh{;é intermittently feeding
it to maintain the reaction_bféssure around 3.0 kg/cm?.
After the reaction system was maintained at 10 mmHg for
30 minutes, the pressure of ﬁhe reaction system was al-
lowed to rise back to normal pressure with dry
nitrogen. 80 g of ethylene ogide was then polymerized
at a reaction temperature of 100°C for 15 hours while
intermittgntly feeding it to ﬁaintain a reaction pres-
sure of approximately 4.0 kg/cmz. After the reaction
system was maintained at 10 mﬁHg for 30 minutes, the
pressure of the reaction systeﬁ was allowed to rise

back to normal pressure with dry nitrogen. A block

' copolymer was obtained as a colorless clear odorless
: liquid in an amount of 192 g.f Its hydroxyl number was

221. This block cbpolymer waéépolyoxypropylene-

polyoxyethylenetriol which contalned poly(propylene

oxide) blocks and poly(ethyle e ox1de) blocks. The
molar ratio of the monomer un;ps in the respective

blocks is about 1:1;
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Example 16

In a polymerization reaétor similar to the
autoclave in Example 1, 96 ¢ Qfathe catalyst-containing
polyoxypropylenepolyoxyethyleneﬁriol obtained in Exam-
ple 15 were charged. While 1nterm1ttent1y feeding
49 g of propylene oxide again to the reactor to
maintain the reaction pressure”around 3.0 kg/cm , it
was polymerized at a reactionltemperature of 110°C for
20 hours. After the reaction sYstem was maintained at
10 mmHg for 30 minutes, the pressure of the reaction
system was allowed to rise back'to normal pressure with
dry nitrogen and the contents were allowed to cooled
down to room temperature.‘ A block copolymer was ocb-
tained as a colorless clear'oaorless liquid in an
amount of 144 g. Its hydroxyl number was 147. This
block copolymer was polyoxypropylenepolyoxyethylene-
polyoxypropylenetriol which éqﬁtained poly(propylene

oxide) blocks, poly(ethylene oxide) blocks and poly-

: propylene oxide blocks. The molar ratio of the monomer

units in respective blocks is 1:1:1 in this order.
Example 17
By reactlng the catalyst A and methanol, 1,1,3,3-

tetramethylbutylamlnotrls[trls dlmethylamlno)phosphranl

lideneamino]phosphonium methox“de (herelnafter called-

the "catalyst E") was syntngsL aq as a phosphazenium
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salt.

In a 300-m¢ of an eggplant type flask fitted
with a reflux condenser, 10 mmol of the above-
synthesized phosphazenium salt, 50 m¢ of toluene and
116 g of propylene oxide were charged. The propylene

oxide was polymerized for 20 hours while maintaining

the reaction temperature within a range of from 35 to

40°C. The contents were washed twice with 50 m¢ por-
tions of 1 N HCl solution, and the toluene layer was
concentrated to'dryness. Polyoxypropylenemonool having
a hydroxyl number of 5.4 was obtained in an amount of
112 g. It was a colorless clear odorless liquid.
Example 18

By reacting the catalyst B and phenol, tert-
butylaminotris[tris(dimethylamino)phosphranilidene-
amino]phosphonium phenoxide was synthésized as a
phosphazenium salt.

In a 300-m¢ of an eggplant type flask fitted

. with a reflux condenser, 10 mmol of the above-

' synthesized phosphazenium salt, 50 m¢ of toluene and

116 g of propylene oxide were charged. The propylene
oxide was polymerized for 20 @ours while maintaining
the reaction temperature-within a range of from 35 to
40°C. The contents were subjected to similar post

treatment as in Example 17. Poiyoxypropylenemonool




e

10

15

20

25

1, 254 mmol of glycerin and 0O

- 50 -

having a_hYdroxyl number of 5%6 was obtained in an
amount of 108 g. It waé a cé}quess clear odorless
liquid.
Example 19

In the same autoclave é#-that employed in Example
1, 254 mmol of methanol and é4$° mmol of the catalyst E
were charQéd. Propylene oxié_fwas polymerized at a
reaction pressure of around 3;Q‘kg/cm2 and a reaction
temperaturé:of 100°C for 16 héﬁfs as in Example 1.
Polyoxypropylenemonool havingha.hydroxyl number of 170
was obtaihed in an amount of?sé g. It was in the form
of a coloriess clear odorless liquid.
Example 20

'By reacting the cétalyét A and water, 1,1,3,3,-
tetramethflbutylaminotris[(tris(dimethylamino)phosphora
nilideneamino)phosphonium hyd}oxide (hereinafter called
the "cataljst F") was synthesized as a phosphazenium

salt.

In the same autoclave as:'hat employed in Example

synthesized phosphazenium sal ;ere charged. Propylene

oxide was polymerized at a re ction pressure of around
3.0 kg/cm2 and a reaction tempgﬁature of 100°C for 19

hours as in:Example 1. Poly@imﬁropylenetriol having a

hydroxyl number of 342 was ob -ned in an amount of

}
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125 g. It was in the form dfee colorless clear odor-
less liquid. ..
Example 21 _

By reacting 1-tert—butylf2,4,4,4-tetra-
(pyrrolidin-i—yl)—z-tri(pyrrgiidin-l-yl)phosphr-
anilideneamino-ZA5 4A5-catenaai(phosphazene) and acetic
acid, tert-butylamlnopyrrol1d1n-1—ylbls[tr1(pyrrolldln-

-yl)phosphoranllldeneamlno]phosphonlum acetate was
synthesized as a phosphazenluq"salt.

In the same autoclave aéithat employed in'Example
1, 254 mmol.of glycerin and 5;10 mmol of the above
phosphazenium salt were charged. Propylene oxide was
polymerized at a reaction pressure of around 3.0 kg/cm2
and a reaction temperature of:ilmc for 17 hours as in
Example 1. _Polyoxypropylenetriol having a hydroxyl
number of 464 was obtained in an amount of 95 g. It
was in the form of a colorless clear odorless liquid.
Example 22

In a polymerization reactor similar to the

autoclave in Example 6, 254 m@él of glycerin and 3.05

mmol of the catalyst F were c arged. While inter-
mittently feeding 100 g of pr iiene oxide to maintain
the reaction pressure around 3_ozkg/cm it was

polymerized at a reaction temperature of 80°C for 12

hours. After the reaction sys;ep;was maintained at 10
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mmHg for 30 minutes, the prg%éﬁpé’i:fthe.reaction sys-

tem was allowed to rise back;;oﬂﬁd ihl_pressure with

dry nitrogen. While intermfﬁféntl _feeding 80 g of

ethylene oxide again to the reactor to maintain the

reaction pressure around 4.0 kg/cmzf-lt was polymerized
at a reaction temperature of 10WC for 15 hours. After

the reaction system was malntalnedﬁgt 10 mmHg for 30

minutes, the pressure of the;géaééigp system was al-
lowed to rise back to normal preééﬁfé with dry nitrogen
and the contents were allowed_to cool down to room
temperature. A block copolymer was obtained as a
colorléss.clear odorless liquid in an amount of 103 g.
Its hydroxyl number was 213. This block copolymer was
polyoxyprOpylenepolyoxyethylenetriol which contained
poly(propylene oxide) blocks and poly(ethylene oxide)
blocks. The molar ratio of the monomer units in the
respective blocks is about 1:1.

Example 23

In a polymerization reactor similar to the

autoclave in Example 1, 101 g;of the catalyst-

containing polyoxypropylenepoiyaxyethylenetriol ob-

tained in Example 22 were cha#ééd._ While intermittent-
ly feeding 50 g of propylene ékideyagain to the reactor
to ﬁaintain the réactioﬁ presépge around 3.0 kg/cmz, it

was polymerized at a reactionftemperature of 80°C for
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12 hours. After the reaction §ystem was maintained at
10 mmHg for 30 minutes, the pressure of the reaction
system was allowed to rise baék to normal pressure with
dry nitrogen and the contents were allowed to cooled
down to room temperature. A biock copolymer was ob-
tained aé_a'colorless clear Qd§rless_liquid in an
amount of 150 g. Its hydroxy}inumber was 145. This
block copolymer was polyoxyp;béylenepolyoxyethylene—
polyoxypropylenetriol which cbhtained poly(propylene
oxide) blocks, poly(ethylene Qxide) blocks and poly-
propylene oxide blocks. The molar ratio of the monomer
units in the respective blocks is about 1:1:1 in this
order. |

By the present invention, a polyalkylene oxide
can be efficiently produced by polymerizing an alkylene
oxide compound in the presence of an active hydrogen
compound and a phosphazene coﬁpound or in the presence
‘of a phosphazenium salt of the:active hydrogen compound
{derived from;the active hydroggn compound and the
Iphosphazene compound. Furthef?ithe thus-obtained
polymer has the excellent feaéé;es that it is free of
any metal component and haS'béén significantly improved
in odor over polymers obtainea”ﬁsing'the conventional

amine-base catalysts.
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CLAIMS:
1. 3§ﬁprocess for the'prdduction of a poly-
alkylene i;de, which comprlses ‘reacting an alkylene

oxide comnound in the presence of an active hydrogen
compound and a phosphazene compound represented by the
follow1ng part1a1 structural- formula (1):
| .

—P==N—Q o | (1)

| LLE - -
wherein Qiﬁépresents a hydrocarbon group having 1 to 20
carbon até@%, or in the presence of a phosphazenium
salt of séid:active hydrogen compound, said
phosphazenigm ealt having been derived  from said active
hydrogen-conpound end said phosphazene compound and
being represented by the follow1ng partial structural

formula (2)°

Ix
wherein Qtfepresents a hydrocéﬁbon group having 1 to 20

carbon atoms, X represents a'number of phosphazenium

cations, and ZX represents an_x—valent anion of said

active hydrogen compound.

2. The pgocess of claim:1, wherein said alkylene
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oxide compound is ethylene oxide, propylene oxide, 1,2-
butylene oxide or styrene oxide. |

3. The process of claim 1 or 2, wherein said ac-
tive hydrogen compouhd is water, a saturated or un-
saturated, monohydric alcohol having 1 to 20 carbon
atonrs, a polyhydric alcohol having 2 to 10 hydroxyl
groups and 2 to 20 carbon atoms, an aromatic compound
having 1 to 2 hydroxyl groups and 6 to 20 carbon atoms,
a carboxylic acid having 1 to 6 carbon atoms, a sac-
charide or a derivative thereof, ‘an oligoalkylene
oxide, or a poly(alkylene oxide).

4. The process of claim 1 or 2, wherein said ac-
tive hydrogen compound is water; methanol; ethanol:;
phenol; 2-naphthol; acetic acid; propionic acid;
ethylene glvcol; propylene glycol; glycerin;
pentaerythritol; sorbitol; dextrose; sucrose; or
poly(ethylene glycol), poly(propylené glycol) or a
'copolymer thereof, whose molecular weight ranges from
‘90 to 10,000.

- 5. The process of any one of claims 1 to 4,
wherein said phosphazene compound is a compound

represented by the following chemical formula (3):
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D —ll? D (3)
D'rm‘

wherein e;f and n individually represent 0 or a posi-
tive inteQéf of 3 or smaller, Ds may be the same or

different

;d individually represent a hydrocarbon
group haviﬁé-ltto 20 carbon atoms, ah'alkoxy group, a
phenoxy g#éﬁb,.a thiol residual group, a thiophenol
residua1 §£éﬁp; a mono-substituted amino group, a di-
substitutea  ﬁino group or a 5- or 6-membered cyclic
amino gréﬁp{:Q.represents a hydrocarbon group having 1

to 20 carbéﬁ”atoms, and two Ds on the same phosphorus

atom or différent phosphorus atoms may be linked to-

‘ gether or-ﬁkand Q may be linked together to form a ring

ﬁd said phosphazenium salt of said active
hydrogenrqémﬁound is a salt represented by the follow-

ing chemigéifformula (4):
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y A ‘ (4)

X

wherein ¢, m and n individually represent 0 or a posi-
tive integer of 3 or_smaller,_bs may be the same or
different and individually represent a hydrocarbon
group having 1 to 20 carbon atoms, an alkoxy group, a
phenoxy group, a thiol residual group, a thiophenol
residual group, a mono-substituted amino group, a di-
substituted amino group or a 5- or 6-membered cyclic
amino group, Q represents a hYdrocarbon group having 1

to 20 carbon atoms, two Ds on the same phosphorus atom

' or different phosphorus atoms @ay be linked together or

.D and Q may be linked together to form a ring struc-

ture, x represents a number of;phosphazenium cations,
and z¥~ represents an x-valentfanion of said active
hydrogen compound. -

6. The process of.claim2$, wherein ¢, m and.n

in each of the chemical form@l$;(3) and the chemical



T

formula (4) are, irrespective.of the order thereof,
values of a combination selected from (2,1,1), (1,1,1),
{(1,1,0), (1,0,0) or (0,0,0).

7. The process of claim 5 or 6, wherein Ds in
each of the chemical formuia (3) and the chemical for-
mula (4) are the same or different and are selected
from the group consisting of hYdrocarbon groups having
1 to 20 carbon atoms, alkoxy groups having 1 to 20 car-
bon atoms, phenoxy groups having 6 to 20 carbon atonms,
mono-substituted amino groups having 1 to 20 carbon

atoms, amino groups di-substituted by hydrocarbon

groups which have 1 to 20 carbon atoms and are the same

or different, and 5- or 6-membered cyclic amino groups.

8. The process of claim 5 or 6, wherein Ds in
each of the chemical formula (3) and the chemical for-
mala (4) are the same or différent and are selected
from the group consisting of amino groups di-

substituted with alkyl groups, which are the same or

" different and have 1 to 6 carbon atoms, and 5- or 6-

membered cyclic amino groups.

9. The process of claim 5 or 6, wherein Ds in
each of the chemical formulé (3) and the chemical for-
mula (4) are selected from.tne%g?qup consisting of
'diméthylamino,-methyiethylaﬁ;pﬁ.;nd diethylamino

groups.
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10. The process of any one of claims 1 to 9,
wherein each Q in each of the partial structural for-
mula (1), partial structural}fbrmula (2), chemical for-
mula (3) and chemical formula (4) is a hydrocarbon
group selected from the group consisting of methyl,
ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-ﬁutyl, pentyl, neopentyl, hexyl, heptyl, octyl,
tert-octyl, nonyl and decyl._ |

11. The_process of any one of claims 5 to 10,
wherein, when two Ds on the same phosphorus atom or
different phosphorus atoms aré linked together to form
a ring s;ructure in each of the chemical formula (3)
and the chemical formula (4), a divalent group (D-D) so
formed on tﬁe_same phosphorus atom or the different
phosphorus atéms is a divalent group selected from the
group consisting of ethylenediamino, trimethylene-
diamino and tetramethylene diaﬁino groups, the two

nitrogen atoms of each of said groups having been sub-

‘ stituted individually by a methyl or ethyl group.

12. The process of any 9@? of claims 5 to 11,
wherein, when D and Q are 1in£§a-together to form a
ring structure in each pf_the? hemical formula (3) and
the chemical formula (4), a sé;formed divalent group
(D-Q) connecting tﬁe associatéégnitrbgen atom- and the

associated phosphorus atom is;gidivalent group selected



10
11
12
13
14
15
16

17

- 60 -

from the group consistiné of gminomethylene, amino-
ethylene and aminotrimethylene;groups, the nitrogen
atom of each of said groups haVing been substituted by
a methyl or ethyl group.

13. The process of any oﬁe of claims 1 to 4,
wherein said phosphazene compognd is selected from 1-
tert-butyl-z,z,2-tris(dimethyi;mina)phosphazene, 1~
(1,1,3,3-tetramethylbutyl)-2,Zézftris(dimethylamino)-
phosphazene, 1-ethy1—2,2,4,4,4;pentakis(dimethylamino)-
2A5,4A5—catenadi(phosphazene),'1-tert-butyl-4,4,4-
tris(dimethylamino)-2,2-bis{tris(dimethylamino)-
phosphoranilideneamino]-2A5,4A5—catenadi(phosphazene),
1-(1,1,3,3~-tetramethylbutyl)-4,4,4-tris(dimethylamino) -
2,2-bis[tris(dimethylamino)phosphoranilideneamino]~
2A5,4A5-catenadi(phoSphazene), i—tért-butyl—z,z,z-
tri(1i-pyrrolidinyl)phosphazene, or 7-ethyl-5,11-

dimethyl—1,5,7,11—tetraaza-6A5—phosphaspiro[5.5]undeca-

'1(6)-ene; and said phosphazenig@_salt of said active

‘hydrogen compound is a phospha%%hium salt derived from

'said active hydrogen compound ﬁnd the thus-selected

phosphazene compound.

l14. The process of any qﬁéﬁof claims 1 to 13,
wherein two or more kinds of an §1ene oxide compounds
are successiveiy polymerized.to prdduce a block

said two or more

copolymer which contains blocké
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kinds of aikylene oxide compounds.

15. b?he process of any one of claims 1 to .14,
wherein asiélkylene oxides, propylene oxide and
ethylene ggide are successively polymerized to produce'
a block cqpblymer which contains poly(propylene oxide)
and poly(gﬁhylene oxide) blocks.

le. -A¢poly(alky1ene oxide) obtainable by the pro-
duction pfé@ess of any one of claims 1 to 15.

17. -Azcatalyst useful for the production of a
poly(alkyleﬁe oxide) by polymerization of an alkylene
oxide compbﬁnd, which comprises a phosphazene compound
representedﬁby the following partial structural formula

(1): : e .
T his Sheet Has Been Re laced

_.F:,_—.-.N_a HIIIII IIIIIH IH W

wherein Q represents a hydrocarbon group having 1 to 20

carbon atonms.

18. A catalyst useﬁﬁl;fgr the production of a

.poly(alkylene oxide) by 'ﬁization of an alkylene

oxide compound, which- comp:

s a phosphazenium salt of

an active hydrqgen compgu d, .said phosphazenium salt

being represented by th' wing partial structural

formula (2):
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Whereln Q represents a hydrocarbon group having 1 to 20
carbon- atoms, X represents a number of phosphazenium
catlons, and ZX~ represents an x-valent anion of said

active hydrogen compound.

A catalyst useful for the production of a

poly(alkylene oxide) by polymerization of an alkylene
oxide compound which comprises a phosphazene compound

representeg by the follow1ng chemical formula (3):

D (3)
m

_This Sheet Has Been Rei ced

Hllllll- i lll-l-ll

Whereln t,-m and n individually represent 0 or a posi-

tlve 1nteger of 3 or smaller, Ds may be the same or
dlfferent and individually represent a hydrocarbon
group hav1ng 1 to 20 carbon atoms, an alkoxy group, a

phenoxyagpoup, a thiol residual group, a thiophenol
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11 residuélpgroup, a mono-substituted amino group, a di-
12 substiﬁgﬁed amino group or a 5- or é6-membered cyclic

13 amino grpup, Q represents a hydrocarbon group having 1
14 to 20 é?fbon atoms, and two Ds on the same phosphorus
15 atom oﬁf@ifferent phosphorus atoms may be linked to-
16 gether br D and Q may be linked together to form a ring
17 structu?é.

1 20;_-A catalyst useful for the production of a

2 poly(algylene oxide) by poiymerization of an alkylene

3 oxide céﬁpound, which comprises a phosphazenium salt of
4 an actiYe hydrogen compound, said phosphazenium salt

5 being represented by the following chemical formula

6 (4): . |

7 = @

i n
L JX

8 wherein?z;-m and n individually represent 0 or a posi-
9  tive inﬁéger of 3 or smaller, Ds may be the samé or

10 differeﬁffand individuall§ represent a hydrocarbon

This Sheet Has Been Repl
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11 group having 1 to 20 carbon atoms, an alkoxy group, a

12 phenoxy group, a thiol residual group, a thiophenol

13 residual group, a mono-substituted amino group, a di-

14 .lsubstituted amino gfoup or a 5- or 6-membered cyclic

15 amino group, Q represents a hydrocarbon group having 1

16 to 20 carbon atoms, two bs on ﬁhe same phosphorus atom
_ 17 or different phosphorus atoms may be linked together or

18 D and Q may.be linked together;to form a ring struc-

19 ture, x represents a number of phosphazenium cations,

20 and zX~ represehts an x-valent anion of said active

21 hydrogen compound. |
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