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(57) ABSTRACT 

To provide a catalyst composed of a salt of a phosphaZenium 
cation and an active hydrogen compoundanion, which can be 
easily synthesized, does not contain metal components at all, 

and does not leave any odor on a resulting product; a method 
for its production; and an economical and efficient method for 
producing a polyalkylene oxide by means thereof. 

A salt of a phosphaZenium cation and an active hydrogen 
compound anion, represented by the following formula (2): 

(2) 

R-N-N-R 
R i R 

R-N N-R, 
ji=N--N=y Yn 

R- -R, 
R C R 

R- -R 
R2 R2 

in the above formula (2), each of R and R, which are inde 
pendent of each other, is a Coalkyl group, an unsubstituted 
or Substituted Co-ophenyl group, or an unsubstituted or Sub 
stituted Co phenylalkyl group, provided that R and R2, or 
R’s, may be bonded to each other to form a ring structure, in 
is a real number of from 1 to 8, andY" is an anion of an active 
hydrogen compound which is obtained by removing n pro 
tons from an active hydrogen compound Y is used as a 
polyalkylene glycol producing catalyst. 
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POLYALKYLENE GLYCOL PRODUCING 
CATALYST, AND METHOD FOR PRODUCING 
POLYALKYLENE GLYCOLUSING SAME 

TECHNICAL FIELD 

0001. The present invention relates to a catalyst for eco 
nomically producing a polyalkylene glycol by ring-opening 
polymerization of an alkylene oxide. A polyalkylene oxide is 
reacted with an isocyanate compound to form an important 
polymer to be used as e.g. a raw material for e.g. a polyure 
thane foam or elastomer, or a surfactant. 

BACKGROUND ART 

0002. As a catalyst for producing a polyalkylene oxide by 
ring-opening polymerization of an alkylene oxide, for 
example, an active hydrogen compound and a compound 
represented by Zn,Fe(CN).H.O.dioxane are known (e.g. 
Patent Document 1). Further, it is known to use a zinc hexacy 
anocobaltate complex as the catalyst (e.g. Patent Document 
2). It is further known to use, as the catalyst, a product 
obtained by adding a solution of diethylzinc in hexane to a 
dispersion obtained by adding 1,4-butanediol and a non-ionic 
Surfactant to a slurry of fumed silica in hexane (e.g. Patent 
Document 3). However, each of the catalysts disclosed in 
these documents, contains a special metal component, and if 
Such a metal component remains in the formed polyalkylene 
oxide, it adversely affects the reaction during the production 
of a polyurethane or the physical properties of the polyure 
thane. Accordingly, in the production of a polyalkylene oxide, 
a special method or cumbersome steps are required to suffi 
ciently remove Such a metal component. 
0003. On the other hand, as a catalyst containing no metal, 
patent Document 4 discloses a catalyst which is combination 
of an alkane polyol being an active hydrogen compound and 
an ether adduct of borontrifluoride. However, it is known that 
a peculiar impurity in the polymer obtainable by this catalyst 
system adversely affects the physical properties of a polyure 
thane, and cumbersome steps are required to Sufficiently 
remove such an impurity. Further, Patent Document 5 dis 
closes to obtain a polymer of an alkylene oxide by using an 
alcohol and an amino phenol as catalysts, and Patent Docu 
ment 6 discloses to polymerize propylene oxide by using 
sorbitol and tetramethyl ammonium hydroxide. However, in 
each of the cases where the catalysts disclosed in these docu 
ments are used, the polymerization activity is not sufficient, 
and there is a problem such that an amine type odor remains. 
0004 Further, it is known that a phosphazenium salt of an 
active hydrogen compound represented by the following for 
mula: 

(I) 

pi 

in the above formula, n is an integer of from 1 to 8 and 
represents the number of phosphaZenium cations, Z is an 
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n-valent active hydrogen compound anion in the form 
obtained by removing n protons from an active hydrogen 
compound having at most 8 active hydrogenatoms on oxygen 
atoms or nitrogenatoms, and each of a, b, c and d is a positive 
integer of at most 3, or 0, provided that all of them are not 
simultaneously 0, and R's are the same or different Co 
hydrocarbon groups, provided that two R's on the same nitro 
gen atom may be bonded to each other to form a ring struc 
ture is obtained by reacting a salt of a phosphaZenium cation 
and an inorganic anion, represented by the following formula: 

(II) 
NR 
-- 

N 

R. F. R. 
R.-------N, Xin 

RN t NR 
RN-P-NR 

NR iii. 

in the above formula, m is an integer of from 1 to 3 and 
represents the number of phosphaZenium cations, X" is an 
m-valent inorganic anion, each of a, b, c and d is a positive 
integer of at most 3, or 0, provided that all of them are not 
simultaneously 0, and R's are the same or different Co 
hydrocarbon groups, provided that two R's on the same nitro 
gen atom may be bonded to each other to form a ring struc 
ture with an alkali metal salt of an active hydrogen com 
pound represented by M"Z" (wherein M", represents in 
alkali metal cations, n is an integer of from 1 to 8, and Z' is 
a n-valent active hydrogen compound anion in the form 
obtained by removing n protons from an active hydrogen 
compound having at most 8 active hydrogenatoms on oxygen 
atoms or nitrogen atoms and is the same as Z' in the above 
phosphaZenium salt), and the above phosphaZenium salt is 
useful as a catalyst for ring-opening polymerization of pro 
pylene oxide (e.g. Patent Document 7). However, this phos 
phaZenium salt has had an economical problem, since its 
production process requires many steps, and the operation is 
cumbersome. 
0005. Further, it has been reported that a nitrogen-contain 
ing phosphonium salt represented by the following formula 
(III): 

RP' YX- (III) 

(in the formula, n=2 to 4, m=0, 1 or 2, n+m=4, R is —N=C 
(NRR)(NRR), Y is N(Rs)(R), each of R to R which 
are independent of one another, is a Co cyclic, aliphatic or 
aromatic hydrocarbon which may have a Substituent, and 
contains at least one hetero atom or at least one chiral center, 
or (—CH2—CH2—O—). CHCH. Oalk (o=1 to 12), 
and X is an anion obtainable from an inorganic or organic acid 
having O, N or S bonded to active oxygen) is useful as a 
non-metallic catalyst for e.g. a halogen-exchange reaction or 
a phase-transfer catalytic reaction, production of a polyalky 
lene polyol polymer, polymerization of a lactam, a polyure 
thane or halogenated hydrocarbon polymerization reaction, 
or a halogen-deprotection reaction (e.g. Patent Document 8). 
0006. However, Patent Document 8 does not disclose any 
example for preparation of a polyalkylene polyol and teaches 
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nothing about how to prepare a polyalkylene polyol by means 
of a nitrogen-containing phosphonium salt of the above for 
mula (III) or what types of a polyalkylene polyol is thereby 
prepared. 

Prior Art Documents 

Patent Documents 

0007 Patent Document 1: U.S. Pat. No. 3,829,505 
0008 Patent Document 2: JP-A-2-276821 
0009 Patent Document 3: JP-A-62-232433 
0010 Patent Document 4: JP-A-50-159595 
0011 Patent Document 5: JP-A-57-12026 
0012 Patent Document 6: JP-A-56-38323 
0013 Patent Document 7:Japanese Patent No. 3,497,054 
(JP-A-10-77289) 
0014 Patent Document 8: German Patent No. 
102O06O1 OO34 

DISCLOSURE OF INVENTION 

Technical Problem 

0015 The present invention has been made in view of the 
above-described technical background, and its object is to 
provide a catalyst composed of a salt of a phosphaZenium 
cation and an active hydrogen compoundanion, which can be 
easily synthesized, does not contain metal components at all, 
and does not leave any odor on a product; a method for its 
production; and an economical and efficient method for pro 
ducing a polyalkylene oxide by means thereof. 

Solution to Problem 

0016. The present inventors have conducted an extensive 
study to accomplish the above object and as a result, have 
found it possible to produce extremely efficiently and eco 
nomically a polyalkylene glycol by ring-opening polymer 
ization of an alkylene oxide by means of a catalyst obtained 
by heat treatment of a specific phosphaZenium salt and an 
active hydrogen compound, and have finally accomplished 
the present invention. 
0017. That is, the present invention provides a catalyst for 
producing a polyalkylene glycol and a method for producing 
a polyalkylene glycol by means thereof, as described below. 
0018) 1 A polyalkylene glycol producing catalyst which 

is composed of a salt of a phosphaZenium cation and an 
active hydrogen compound anion, represented by the fol 
lowing formula (2): 

(2) 

R-N-N-R 
R C R 

| 
R-y N-R, 

ji=N--N=y Yn 

R- l -R, 
R C R 

R- -R 
R2 R2 

in the above formula (2), each of R and R, which are inde 
pendent of each other, is a Co alkyl group, an unsubstituted 
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or Substituted Co-ophenyl group, or an unsubstituted or Sub 
stituted Co phenylalkyl group, provided that R and R, or 
R’s, may be bonded to each other to form a ring structure, in 
is a real number of from 1 to 8, andY" is an anion of an active 
hydrogen compound which is obtained by removing n pro 
tons from an active hydrogen compound Y. 
0019 2. The polyalkylene glycol producing catalyst 
according to the above 1, wherein in the phosphaZenium 
cation represented by the formula (2), each of R and R is 
a methyl group, or R is a methyl group or an isopropyl 
group and R's are bonded to each other to form a dimeth 
ylene group thereby to form a ring structure. 

0020) 3 The polyalkylene glycol producing catalyst 
according to the above 1 or 2, wherein the active hydro 
gen compound Y is water or a compound selected from an 
organic compound having a partial structural formula of 
- OH or - NH . 

0021 4 The polyalkylene glycol producing catalyst 
according to the above 3, wherein the organic compound 
having a partial structural formula of -OH is one or more 
members selected from the group consisting of a Co 
alcohol, a Co polyhydric alcohol having from 2 to 8 
hydroxy groups, a saccharide or its derivative, and a poly 
alkylene oxide having from 2 to 8 terminals, having from 1 
to 8 hydroxy groups at the terminals and having a number 
average molecular weight of from 200 to 20,000. 

0022 5. The polyalkylene glycol producing catalyst 
according to the above 3, wherein the organic compound 
having a partial structural formula of —NH- is one or 
more members selected from the group consisting of a 
Co polyvalent amine having 2 or 3 primary or secondary 
amino groups, a Cao Saturated cyclic secondary amine, 
and a Co cyclic polyvalent amine having 2 or 3 second 
ary amino groups. 

0023 6A method for producing the polyalkylene glycol 
producing catalyst as defined in any one of the above 1 to 
5, which comprises mixing a phosphaZenium salt repre 
sented by the following formula (1): 

(1) 

R-N-N-R 
R i R 

R-N N-R, 
i=N--N= X 

R- -R | 
R C R 

R- -, 
R R 

in the above formula (1), each of R and R, which are inde 
pendent of each other, is a Coalkyl group, an unsubstituted 
or Substituted Co-ophenyl group, or an unsubstituted or Sub 
stituted Co phenylalkyl group, provided that R and R, or 
R’s, may be bonded to each other to form a ring structure, 
and X is a hydroxy anion, an alkoxy anion or a carboxy 
anion and an active hydrogen compound Y, followed by heat 
treatment. 
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0024 (7. The method for producing the polyalkylene gly 
col producing catalyst according to the above 6, wherein 
in the phosphaZenium salt represented by the formula (1), 
each of RandR is a methyl group, or R is a methyl group 
or an isopropyl group and R's are bonded to each other to 
form a dimethylene group thereby to form a ring structure. 

0025 8. The method for producing the polyalkylene gly 
col producing catalyst according to the above 6 or 7. 
wherein X in the phosphazenium salt represented by the 
formula (1) is one or more anions selected from the group 
consisting of a hydroxy anion, an alkoxy anion derived 
from a Ca Saturated alkyl alcohol or phenol, and a car 
boxy anion derived from a C carboxylic acid. 

0026 9. The method for producing the polyalkylene gly 
col producing catalyst according to any one of the above 6 
to 8), wherein X in the phosphazenium salt represented 
by the formula (1) is a hydroxyanion. 

0027 10. The method for producing the polyalkylene 
glycol producing catalyst according to any one of the above 
6 to 9), wherein the active hydrogen compound Y is 
water or a compound selected from an organic compound 
having a partial structural formula of OH or —NH-. 

0028 11. The method for producing the polyalkylene 
glycol producing catalyst according to the above 10. 
wherein the organic compound having a partial structural 
formula of OHis one or more members selected from the 
group consisting of a C-2 alcohol, a C-2 polyhydric 
alcohol having from 2 to 8 hydroxy groups, a saccharide or 
its derivative, and a polyalkylene oxide having from 2 to 8 
terminals, having from 1 to 8 hydroxy groups at the termi 
nals and having a number average molecular weight of 
from 200 to 20,000. 

0029 12 The method for producing the polyalkylene 
glycol producing catalyst according to the above 10. 
wherein the organic compound having a partial structural 
formula of NH- is one or more members selected from 
the group consisting of a C2-20 polyvalent amine having 2 
or 3 primary or secondary amino groups, a Co saturated 
cyclic secondary amine, and a Cao cyclic polyvalent 
amine having 2 or 3 secondary amino groups. 

0030 13. The method for producing the polyalkylene 
glycol producing catalyst according to any one of the above 
6 to 12, which comprises mixing the phosphaZenium 
salt represented by the formula (1) and the active hydrogen 
compound Y within Such a range that the active hydrogen 
compound Y is from 0.2 to 1,000 mol per 1 mol of the 
phosphaZenium salt, followed by heat treatment. 

0031 14 A method for producing a polyalkylene glycol, 
which comprises Subjecting an alkylene oxide to ring 
opening polymerization in the presence of the polyalky 
lene glycol producing catalyst as defined in any one of the 
above 1 to 5. 

0032 15 A method for producing a polyalkylene glycol, 
which comprises Subjecting an alkylene oxide to ring 
opening polymerization in the presence of the polyalky 
lene glycol producing catalyst obtained by the method as 
defined in any one of the above 6 to 13. 

0033 16 A method for producing a polyalkylene glycol, 
which comprises mixing a phosphaZenium salt represented 
by the following formula (1): 
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(1) 

R-N-N-R 
R i R 

R-y N-R, 
ji=N--N=y X 

R- -R, 
R C R 

R- -R 
R2 R2 

in the above formula (1), each of R and R, which are inde 
pendent of each other, is a Coalkyl group, an unsubstituted 
or Substituted Co-ophenyl group, or an unsubstituted or Sub 
stituted Co phenylalkyl group, provided that R and R, or 
R’s, may be bonded to each other to form a ring structure, 
and X is a hydroxy anion, an alkoxy anion or a carboxy 
anion and an active hydrogen compound Y, followed by heat 
treatment, and then adding an alkylene oxide and Subjecting 
the alkylene oxide to ring-opening polymerization. 
0034 17. The method for producing a polyalkylene gly 
col according to any one of the above 14 to 16, wherein 
the alkylene oxide is one or more members selected from 
the group consisting of ethylene oxide, propylene oxide, 
1.2-butylene oxide and styrene oxide. 

0035. 18. A polyalkylene glycol having a total unsatura 
tion value of at most 0.07 med./g and a molecular weight 
distribution (Mw/Mn) of at most 1.1, obtained by the 
method as defined in any one of the above 14 to 17. 

0036) 19 A polyalkylene glycol having a hydroxy value 
of at most 60 mgKOH/g and a number average molecular 
weight within a range of from 3,000 to 50,000, obtained by 
the method as defined in any one of the above 14 to 17. 

ADVANTAGEOUSEFFECTS OF INVENTION 

0037. The polyalkylene glycol producing catalyst of the 
present invention does not use a special metal component and 
thus requires no special method or cumbersome steps to Suf 
ficiently remove such a metal component. 
0038. Further, in the method for producing a polyalkylene 
glycol using such a polyalkylene glycol producing catalyst of 
the present invention, the temperature control during the reac 
tion of an alkylene oxide becomes easy, and it is possible to 
produce a polyalkylene oxide having a narrow molecular 
weight distribution, a high molecular weight and a low total 
unsaturation value simply and efficiently without leaving an 
odor. 

0039 Thus, the present invention is industrially very use 
ful. 

DESCRIPTION OF EMBODIMENTS 

0040. The polyalkylene glycol producing catalyst of the 
present invention is obtained by heat-treating a phosphaze 
nium salt represented by the following formula (1): 
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(1) 

R-N-N-R 
R C R 

| 
R-y N-R, 

ji=N--N=y X 

R- l -R, 
R C R 

R- -R 
R2 R2 

in the above formula (1), each of R and R, which are inde 
pendent of each other, is a Co alkyl group, an unsubstituted 
or Substituted Co-ophenyl group, oran unsubstituted or Sub 
stituted Co phenylalkyl group, provided that R and R, or 
R’s, may be bonded to each other to form a ring structure, 
and X is a hydroxy anion, an alkoxy anion or a carboxy 
anion and an active hydrogen compoundY. The mixing ratio 
at that time is preferably within a range such that the active 
hydrogen compound Y is from 0.2 to 1,000 mol per 1 mol of 
the phosphazenium salt represented by the above formula (1). 
If the mixing ratio is Smaller than this range, although a high 
activity may be obtained, control of the reaction heat tends to 
be difficult, and the physical properties of the obtainable 
polyalkylene glycol tend to deteriorate. On the other hand, if 
the mixing ratio is larger than this range, there may be a case 
where no adequate activity can be obtained. With a view to 
securing a high activity, the mixing ratio is preferably within 
a range of from 1 to 500 mol. Further, from such a viewpoint 
that the reaction temperature can easily be controlled, the 
mixing ratio is more preferably within a range of from 10 to 
300 mol. 

0041. The catalyst of the present invention is composed of 
a salt of a phosphaZenium cation and an active hydrogen 
compound anion, represented by the following formula (2): 

(2) 
R2 R2 

R-sul-R, 
R i R 

R- N -R, 
Y=n-1-N=t/ Yn 

R-Y Y 
"-N-N-R R 

k . 
in the above formula (2), each of R and R, which are inde 
pendent of each other, is a Co alkyl group, an unsubstituted 
or Substituted Co-ophenyl group, oran unsubstituted or Sub 
stituted Co phenylalkyl group, provided that R and R2, or 
R’s, may be bonded to each other to form a ring structure, in 
is a real number of from 1 to 8, andY" is an anion of an active 
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hydrogen compound which is obtained by removing n pro 
tons from an active hydrogen compound Y, to be formed by 
the heat treatment of the phosphazenium salt represented by 
the above formula (1) and the active hydrogen compound. 
Here, n is preferably a real number of larger than 1 and at most 
6. 
0042. In the present invention, the substituent R or R in 
the above formula (1) or (2) each independently is a Co 
alkyl group, an unsubstituted or substituted Co phenyl 
group, or an unsubstituted or Substituted Co phenylalkyl 
group. 
0043 Specifically, an aliphatic or aromatic hydrocarbon 
group Such as a methyl group, an ethyl group, a n-propyl 
group, an isopropyl group, a n-butyl group, a sec-butyl group. 
a tert-butyl group, a 2-butyl group, a 1-pentyl group, a 2-pen 
tyl group, a 3-pentyl group, a 2-methyl-1-butyl group, an 
isopentyl group, a tert-pentyl group, a 3-methyl-2-butyl 
group, a neopentyl group, a n-hexyl group, a 4-methyl-2- 
pentyl group, a cyclopentyl group, a cyclohexyl group, a 
1-heptyl group, a 3-heptyl group, a 1-octyl group, a 2-octyl 
group, a 2-ethyl-1-hexyl group, a 1,1-dimethyl-3,3-dimeth 
ylbutyl group, a nonyl group, a decyl group, a phenyl group, 
a 4-toluyl group, a benzyl group, a 1-phenylethyl group or a 
2-phenylethyl group may be exemplified. Among them, a 
Coaliphatic hydrocarbon group Such as a methyl group, an 
ethyl group, a n-propyl group, an isopropyl group, a tert-butyl 
group, a tert-pentyl group or a 1,1-dimethyl-3.3-dimethylbu 
tyl group, is preferred, and a methyl group is particularly 
preferred. 
0044. In the present invention, with respect to the substitu 
ents R and R2 in the above formula (1) or (2), R and R2, or 
R’s, may be bonded to each other to form a ring structure. 
Specifically, they may be bonded to form a dimethylene 
group, a trimethylene group, a tetramethylene group, a pen 
tamethylene group or a hexamethylene group, preferably a 
dimethylene group, a trimethylene group or a tetramethylene 
group. With respect to the substituents R and R, for 
example, it is preferred that each of R and R is a methyl 
group, or R is a methyl group oran isopropyl group and in the 
moiety of N=C NRRR's are bonded to each other 
to form a dimethylene group thereby to form a ring structure. 
0045. In the present invention, X in the above formula (1) 

is one or more anions selected from the group consisting of a 
hydroxy anion, a hydrocarbon anion, a hydrogencarbonate 
ion, an alkoxy anion and a carboxy anion. 
0046. In the present invention, among such X in the for 
mula (1), the alkoxy anion may, for example, be an alkoxy 
anion derived from a Cls alcohol Such as methanol, ethanol, 
n-propanol, isopropanol, allyl alcohol, n-butanol, Sec-bu 
tanol, tert-butanol, cyclohexanol, 2-heptanol, 1-octanol or 
phenol. Whereas, the carboxy anion may, for example, be a 
carboxy anion derived from a C carboxylic acid such as 
formic acid, acetic acid, propionic acid, butyric acid, isobu 
tyric acid or caproic acid. 
0047. In the present invention, more preferred among 
them is a hydroxyanion; a methoxyanion or an ethoxyanion 
as an alkoxy anion; or an acetic anion as a carboxy anion. 
0048. In the present invention, as the phosphazenium salt 
represented by the formula (1), one type may be used alone, or 
two or more types may be used as mixed. 
0049. In the present invention, the active hydrogen com 
pound Y is a compound having active hydrogen and is water 
or a compound selected from an organic compound having a 
partial structural formula of —OH or —NH-. 
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0050. The organic compound having a partial structural 
formula of OH to be used in the present invention may, for 
example, be a Co carboxylic acid such as formic acid, 
acetic acid, propionic acid, butyric acid, isobutyric acid, lau 
ric acid, Stearic acid, oleic acid, phenylacetic acid, dihydro 
cinnamic acid, cyclohexanecarboxylic acid, benzoic acid, 
p-methylbenzoic acid or 2-carboxynaphthalene; 
0051 a Co polycarboxylic acid having from 2 to 6 car 
boxy groups, such as Oxalic acid, malonic acid, Succinic acid, 
maleic acid, fumaric acid, adipic acid, itaconic acid, butane 
tetracarboxylic acid, phthalic acid, isophthalic acid, tereph 
thalic acid, trimellitic acid or pyromellitic acid; 
0052 a carbamic acid such as N,N-diethylcarbamic acid, 
N-carboxypyrrolidone, N-carboxyaniline or N,N'-dicarboxy 
2,4-toluenediamine; 
0053 a Co alcohol such as methanol, ethanol, n-pro 
panol, isopropanol, n-butyl alcohol, sec-butyl alcohol, tert 
butyl alcohol, isopentyl alcohol, tert-pentyl alcohol, n-octyl 
alcohol, lauryl alcohol, cetyl alcohol, cyclopentanol, cyclo 
hexanol, allyl alcohol, crotyl alcohol, methyl vinyl carbinol, 
benzyl alcohol, 1-phenylethyl alcohol, triphenyl carbinol or 
cinnamyl alcohol; 
0054 a Co polyhydric alcohol having from 2 to 8 
hydroxy groups, such as ethylene glycol, propylene glycol, 
diethylene glycol, dipropylene glycol, 1,3-propanediol. 1.3- 
butanediol. 1,4-butanediol. 1,6-hexanediol. 1,4-cyclohex 
anediol, trimethylolpropane, glycerol, diglycerol, trimethy 
lolmelamine, pentaerythritol or dipentaerythritol; 
0.055 a saccharide such as glucose, sorbitol, dextrose, 
fructose or Sucrose, or its derivative; 
0056 a Co aromatic compound having from 1 to 3 
hydroxy groups, such as phenol, 2-naphthol. 2,6-dihydrox 
ynaphthalene or bisphenol A, or 
0057 a polyalkylene oxide having from 2 to 8 terminals, 
having from 1 to 8 hydroxy groups at the terminals and having 
a number average molecular weight of from 200 to 50,000, 
which is, for example, a polyethylene oxide, a polypropylene 
oxide or a copolymer thereof. 
0058. Further, in the present invention, an organic com 
pound having a partial structural formula of OH other than 
those exemplified above may be used unless such use is 
against the purpose of the present invention. 
0059. Whereas, the organic compound having a partial 
structural formula of NH to be used in the present inven 
tion may, for example, be a Coaliphatic or aromatic pri 
mary amine Such as methylamine, ethylamine, n-propy 
lamine, isopropylamine, n-butylamine, isobutylamine, sec 
butylamine, tert-butylamine, cyclohexylamine, benzylamine, 
3-phenylethylamine, aniline, o-toluidine, m-toluidine, or 
p-toluidine; 
0060 a Caliphatic or aromatic secondary amine such 
as dimethylamine, methylethylamine, diethylamine, di-n- 
propylamine, ethyl-n-butylamine, methyl-sec-butylamine, 
dipentylamine, dicyclohexylamine, N-methylaniline or 
diphenylamine; 
0061 a Co polyvalent amine having 2 or 3 primary or 
secondary amino groups, such as ethylene diamine, di(2- 
aminoethyl)amine, hexamethylene diamine, 4,4'-diamino 
diphenylmethane, melamine, tri(2-aminoethyl)amine, N,N'- 
dimethylethylene diamine or di(2-methylaminoethyl)amine: 
0062 a Cao Saturated cyclic secondary amine Such as 
pyrrolidine, piperidine, morpholine or 1.2.3,4-tetrahydro 
quinoline; 

Jul. 21, 2011 

0063 a Co unsaturated cyclic secondary amine Such as 
3-pyroline, pyrrole, indole, carbazole, imidazole, pyrazole or 
purine; 
0064 a Co cyclic polyvalent amine containing 2 or 3 
primary amino groups, such as piperazine, pyrazine or 1.4.7- 
triazacyclononane; 
0065 a Co unsubstituted or N-mono-substituted acid 
amide such as acetamide, propionamide, N-methylpropion 
amide, N-methylbenzoic acid amide or N-ethylstearic acid 
amide; 
0.066 a cyclic amide having a 5 to 7-membered ring, such 
as 2-pyrrolidone or e-caprolactam; or 
0067 an imide of a Codicarboxylic acid, such as Suc 
cinic acid imide, maleic acid imide or phthalimide. 
0068. Further, in the present invention, an organic com 
pound having a partial structural formula of —NH- other 
than those exemplified above may be used so long as such use 
is not against the purpose of the present invention. 
0069. The organic compound having a partial structural 
formula of —OH to be used in the present invention may 
preferably be, for example, a Co alcohol Such as methanol, 
ethanol, n-propanol, isopropanol, n-butyl alcohol, Sec-butyl 
alcohol, tert-butyl alcohol, isopentyl alcohol, tert-pentyl 
alcohol, n-octyl alcohol, lauryl alcohol, cetyl alcohol, cyclo 
pentanol, cyclohexanol, allyl alcohol, crotyl alcohol, methyl 
vinyl carbinol, benzyl alcohol, 1-phenylethyl alcohol, triph 
enylcarbinol or cinnamyl alcohol; 
0070 a Co polyhydric alcohol having from 2 to 8 
hydroxy groups. Such as ethylene glycol, propylene glycol, 
diethylene glycol, dipropylene glycol, 1,3-propanediol. 1.3- 
butanediol. 1,4-butanediol. 1,6-hexanediol. 1,4-cyclohex 
anediol, trimethylolpropane, glycerol, diglycerol, pen 
taerythritol or dipentaerythritol; a saccharide Such as glucose, 
sorbitol, dextrose, fructose or sucrose or its derivative; or a 
polyalkylene oxide having from 2 to 8 terminals, having from 
1 to 8 hydroxy groups at the terminals and having a number 
average molecular weight of from 200 to 50,000, which is a 
polyethylene oxide, a polypropylene oxide or a copolymer 
thereof. 
0071. Further, in the catalyst of the present invention or in 
the method for its production, the organic compound having 
a partial structural formula of NH may preferably be, for 
example, a Co polyvalent amine having 2 or 3 primary or 
secondary amino groups, such as ethylenediamine, di(2-ami 
noethyl)amine, hexamethylenediamine, 4,4'-diaminodiphe 
nylmethane, tri(2-aminoethyl)amine, N,N'-dimethylethyl 
enediamine, N,N'-diethylethylenediamine or di(2- 
methylaminoethyl)amine; a Co saturated cyclic secondary 
amine Such as pyrrolidine, piperidine, morpholine or 1.2.3,4- 
tetrahydroquinoline; or a Co cyclic polyvalent amine hav 
ing 2 or 3 secondary amino groups, such as piperazine, pyra 
Zine or 1.4.7-triazacyclononane. 
0072. In the present invention, among these active hydro 
gen compounds, more preferred is an organic compound hav 
ing a partial structural formula of —OH. Such as a Co 
polyhydric alcohol having from 2 to 8 hydroxy groups, such 
as ethylene glycol, propylene glycol, 1,4-butanediol, trim 
ethylolpropane, glycerol, pentaerythritol or dipentaerythri 
tol; a saccharide Such as glucose, Sorbitol, dextrose, fructose 
or Sucrose, or its derivative; or a polyalkylene oxide having 
from 2 to 6 terminals, having from 2 to 6 hydroxy groups at 
the terminals and having a number average molecular weight 
of from 200 to 10,000, which is a polyethylene oxide, a 
polypropylene oxide or a copolymer thereof. 
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0073. In the method for producing the catalyst of the 
present invention, the heat treatment is carried out usually 
under a reduced pressure of at most 1.3 kPa preferably within 
a range of from 1.0 to 0.05 kPa, more preferably within a 
range of from 0.5 to 0.01 kPa. If the reduced pressure degree 
is low, not only the heat treatment time tends to be long, but 
also formation of the desired salt of a phosphazenium cation 
and an active hydrogen compound anion will not sufficiently 
proceed, whereby no adequate polymerization activity may 
be obtainable. On the other hand, if the reduced pressure 
degree is higher than necessary, Such becomes uneconomical 
although there may be no influence over the formation of the 
salt of a phosphaZenium cation and an active hydrogen com 
pound anion. 
0074. In the method for producing the catalyst of the 
present invention, the treating temperature in the heat treat 
ment is usually at a temperature of at least 60°C., preferably 
at a temperature within a range of from 70 to 110°C., more 
preferably from 80 to 100° C. If the treating temperature if 
low, formation of the desired salt of a phosphaZenium cation 
and an active hydrogen compound anion will not sufficiently 
proceed, whereby no adequate polymerization activity will be 
obtainable, and on the other hand, if the treating temperature 
is too high, deterioration of the polymerization activity may 
be led due to thermal degradation of the active hydrogen 
compound or the formed salt of a phosphaZenium cation and 
an active hydrogen compound anion. 
0075. In the production of the catalyst of the present inven 

tion, the time required for the heat treatment is not particu 
larly limited, but it is usually sufficient when the heat treat 
ment is carried out for at least 1 hour, preferably from 2 to 10 
hours, more preferably from 3 to 6 hours. If the treating time 
is short, formation of the desired salt of a phosphaZenium 
cation and an active hydrogen compound anion will not suf 
ficiently proceed, thus leading to deterioration of the poly 
merization activity, and on the other hand, if the treating time 
is longer than necessary, such is not only uneconomical but 
also likely to lead to deterioration of the polymerization activ 
ity due to thermal degradation of the active hydrogen com 
pound or the formed salt of a phosphaZenium cation and an 
active hydrogen compound anion. 
0076. At the time when the salt of a phosphazenium cation 
and an active hydrogen compound anion, represented by the 
above formula (2) is led from the phosphazenium salt repre 
sented by the above formula (1) and the active hydrogen 
compound Y, the active hydrogen compound is used usually 
in excess, and the excess amount of the active hydrogen 
compound will remain as it is, and in addition, water, an 
alcohol or a carboxylic acid will be formed as a byproduct 
depending upon the type of the phosphaZenium salt. In the 
method for producing the catalyst of the present invention, 
Such a byproduct may be removed prior to the polymerization 
reaction of an alkylene oxide compound. As such a method, a 
method of distillation under heating or under reduced pres 
Sure, a method of Supplying an inert gas or a method of 
employing an adsorbing agent may, for example, be 
employed depending upon the nature of Such a byproduct. 
0077. In the method for producing the catalyst of the 
present invention, the method for producing the phosphaze 
nium salt represented by the above formula (1) is not particu 
larly limited. However, it may, for example, be produced by 
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reacting a phosphorus pentahalide represented by the follow 
ing formula (3): 

P Xs (3) 

in the formula (3), X is a chlorine atom or a bromine atom 
with 4 equivalents of a guanidine derivative represented by 
the following formula (4): 

(4) 
R 

R-N 

)=NH 
R 

R 

in the formula (4), each of R and R, which are independent 
of each other, is a Co alkyl group, an unsubstituted or 
Substituted Co phenyl group, or an unsubstituted or substi 
tuted Co phenylalkyl group, provided that R and R2, or 
R’s, may be bonded to each other to form a ring structure. 
0078. The phosphorus pentahalide represented by the 
above formula (3) to be used in the above reaction may be 
phosphorus pentachloride orphosphoruspentabromide, pref 
erably phosphorus pentachloride. 
0079. Each of substituents R and R of the guanidine 
derivative represented by the above formula (4) to be used in 
the above reaction, which are independent of each other, is a 
Coalkyl group, an unsubstituted or substituted Cophe 
nyl group, or an unsubstituted or Substituted Co phenyla 
lkyl group, and R and R, or R's, may be bonded to each 
other to form a ring structure. 
0080. In the above reaction, the substituents RandR in 
the above formula (4) are not particularly limited. However, 
specifically, each of them independently is a Co alkyl 
group, an unsubstituted or Substituted Co phenyl group, or 
an unsubstituted or Substituted Co-ophenylalkyl group. Spe 
cifically, an aliphatic or aromatic hydrocarbon group is exem 
plified Such as a methyl group, an ethyl group, a n-propyl 
group, an isopropyl group, a n-butyl group, a sec-butyl group. 
a tea-butyl group, a 2-butyl group, a 1-pentyl group, a 2-pen 
tyl group, a 3-pentyl group, a 2-methyl-1-butyl group, an 
isopentyl group, a tert-pentyl group, a 3-methyl-2-butyl 
group, a neopentyl group, a n-hexyl group, a 4-methyl-2- 
pentyl group, a cyclopentyl group, a cyclohexyl group, a 
1-heptyl group, a 3-heptyl group, a 1-octyl group, a 2-octyl 
group, a 2-ethyl-1-hexyl group, a 1,1-dimethyl-3,3-dimeth 
ylbutyl group, a nonyl group, a decyl group, a phenyl group, 
a 4-toluyl group, a benzyl group, a 1-phenylethyl group or a 
2-phenylethyl group. Among them, a Coaliphatic hydro 
carbon group Such as a methyl group, an ethyl group, a n-pro 
pyl group, an isopropyl group, a tert-butyl group, a tert-pentyl 
group or a 1,1-dimethyl-3.3-dimethylbutyl group is pre 
ferred, and a methyl group is particularly preferred. 
I0081. In the above reaction, with respect to the substitu 
ents R and R in the above formula (4), R and R, or R's, 
may be bonded to each other to form a ring structure. Spe 
cifically, they may be bonded to form, for example, a dimeth 
ylene group, a trimethylene group, a tetramethylene group, a 
pentamethylene group or a hexamethylene group, preferably 
a dimethylene group, a trimethylene group or a tetramethyl 
ene group. The guanidine derivative represented by the for 
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mula (4) may preferably be, for example, one wherein each of 
R and R is a methyl group, or R is a methyl group or an 
isopropyl group and R's are bonded to each other to form a 
dimethylene group thereby to form a ring structure. 
0082. The amount of the guanidine derivative represented 
by the above formula (4) to be used, is usually within a range 
of from 6 to 20 mol, preferably within a range of from 8 to 12 
mol, per 1 mol of the phosphorus pentahalide. If the amount 
of the guanidine derivative to be used, is Small, the amount of 
the desired phosphaZenium salt tends to Substantially 
decrease, and on the other hand, if the amount to be used is too 
much, Such will be uneconomical although Such will not 
substantially influence the reaction. 
0083. In the above reaction, the solvent to be used for the 
reaction of the phosphorus pentahalide with the guanidine 
derivative may be any solvent so long as it will not hinder the 
reaction and is not particularly limited. It may, for example, 
be an aromatic hydrocarbon Such as benzene, toluene or 
Xylene, or a halogenated aromatic hydrocarbon Such as chlo 
robenzene or o-dichlorobenzene. Preferred is an aromatic 
hydrocarbon Such as toluene or Xylene. Such solvents may be 
used alone or in combination as a mixture of two or more of 
them. It is preferred that the reaction proceeds in a uniform 
state, but there is no problem even if the reaction proceeds in 
a non-uniform state. Further, the solvent to be used is prefer 
ably used after subjected to dehydration treatment. 
0084. In the above reaction, the amount of the solvent to be 
used for the reaction of the phosphorus pentahalide with the 
guanidine derivative is usually within a range of from 0.1 to 
80 L (liter), preferably within a range of from 0.5 to 40 L, 
more preferably within a range of from 1 to 20 L, per 1 mol of 
the phosphorus pentahalide. If the amount of the solvent is 
small, control of the temperature tends to be difficult, and a 
side-reaction may be induced, and on the other hand, if the 
amount of the solvent is too much, not only the treatment after 
the reaction tends to be cumbersome, but also such is uneco 
nomical. 
0085. In the above reaction, the reaction of the phosphorus 
pentahalide with the guanidine derivative is carried out usu 
ally in an atmosphere of an inert gas such as helium, nitrogen 
or argon. 
I0086. In the above reaction, the reaction temperature in the 
reaction of the phosphorus pentahalide with the guanidine 
derivative is usually within a range of from-50° C. to 150°C., 
preferably within a range of from -30° C. to 120° C. If the 
reaction temperature is high, it is likely that the heat genera 
tion cannot be controlled, and a side-reaction may take place, 
and if the reaction temperature is too low, the reaction rate 
tends to below, and the reaction time tends to be long. Further, 
the reaction temperature is preferably controlled in two 
Stages. 
0087. With respect to the reaction pressure in the above 
reaction, the reaction may be carried under any of reduced 
pressure, normal pressure and elevated pressure, but it is 
preferably within a range of from 0.01 to 1 MPa, more pref 
erably from 0.05 to 0.3 MPa. 
0088. The reaction time in the above reaction may vary 
depending upon the reaction temperature, the State of the 
reaction system, etc., but it is usually within a range of from 
1 minute to 48 hours, preferably from 1 minute to 24 hours, 
more preferably from 5 minutes to 10 hours. 
0089. In order to separate the desired phosphazenium salt 
from the reaction solution of the above reaction, a common 
method composed of a combination of conventional means is 
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employed. The separation method is not particularly limited, 
as the separation method varies depending upon the type of 
the salt to be formed, the type or amount of the solvent used, 
etc. For example, the desired salt may be obtained by remov 
inga byproduct hydrogen halide Saltofaguanidine derivative 
by a method such as washing, extraction, filtration or the like. 
In a case where a byproduct salt is included in the desired salt, 
it may be, as it is or after being re-dissolved, extracted with a 
suitable another solvent to separate it from the byproduct. 
Further, purification may be carried out by re-crystallization 
or column chromatography, as the case requires. 
0090. In order to convert the obtained halogen anion to a 
salt with another anion species, ion exchange may be carried 
out by a common method Such as a method of treatment with 
a salt of an alkali metal cation and a desired anion, or a method 
by means of an ion exchange resin. 
0091. By subjecting an alkylene oxide to ring-opening 
polymerization in the presence of the above-described cata 
lyst of the present invention, a polyalkylene glycol is pro 
duced. 
0092. Otherwise, in the present invention, a polyalkylene 
glycol may be produced by adding an alkylene oxide after 
mixing and heat-treating the phosphaZenium salt represented 
by the above formula (1) and an active hydrogen compound, 
and Subjecting the alkylene oxide to ring-opening polymer 
ization. 
0093. That is, it is considered that by the above heat treat 
ment, a salt of a phosphazenium cation represented by the 
above formula (2) and an anion of the active hydrogen com 
pound Y (i.e. the catalyst of the present invention) is formed 
from the phosphazenium salt represented by the above for 
mula (1) and the active hydrogen compound, whereby it 
becomes easy to control the temperature for the reaction of an 
alkylene oxide, and a polyalkylene oxide can be prepared 
simply and efficiently. 
0094. The above heat treatment can be carried out under 
the same conditions as in the method for producing the cata 
lyst of the present invention, but is preferably carried out 
under a reduced pressure of at most 1.3 kPa at a temperature 
of at least 60° C. for at least 1 hour. 
(0095. The alkylene oxide to be used in the method for 
producing a polyalkylene glycol of the present invention may, 
for example, be an epoxy compound Such as ethylene oxide, 
propylene oxide, 1.2-butylene oxide, 2,3-butylene oxide, Sty 
rene oxide or cyclohexene oxide. Among them, ethylene 
oxide, propylene oxide, 1.2-butylene oxide or styrene oxide is 
preferred, and ethylene oxide or propylene oxide is more 
preferred. 
0096. In the method for producing a polyalkylene glycol 
of the present invention, the above alkylene oxides may be 
used alone or in combination as a mixture of two or more of 
them. In a case where two or more alkylene oxides are used in 
combination, a combination of propylene oxide and ethylene 
oxide is particularly preferred. In a case where a plurality of 
alkylene oxides are to be used in combination, it is possible to 
employ a method of adding them simultaneously, a method of 
adding them sequentially, or a method of repeating sequential 
addition. 
0097. In the method for producing a polyalkylene glycol 
of the present invention, the manner of the ring-opening poly 
merization reaction is not particularly limited. For example, 
the phosphazenium salt represented by the above formula (1) 
and the active hydrogen compound Y are heat-treated to pre 
pare a salt of the phosphaZenium cation represented by the 
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above formula (2) and the active hydrogen compound anion, 
which is charged into a reactor after applying treatment to 
remove the active hydrogen compound Y which usually 
remains and, if necessary, a byproduct, from the obtained 
reaction Solution, and if a solvent is to be used, such a solvent 
is further charged, followed by a method of Supplying an 
alkylene oxide all at once, or a method of Supplying the 
alkylene oxide intermittently or continuously. 
0098. In the method for producing a polyalkylene glycol 
of the present invention, the reaction temperature for the 
ring-opening polymerization reaction varies depending upon 
the type or amount of the phosphaZenium salt represented by 
the above formula (1), the active hydrogen compound or the 
salt of a phosphaZenium cation and an active hydrogen com 
pound anion, represented by the above formula (2) and can 
hardly be defined, but if exemplified, it is usually at most 150° 
C., preferably within a range of from 20 to 130° C., more 
preferably from 80 to 130° C., particularly preferably from 90 
to 110° C. 
0099. In the method for producing a polyalkylene glycol 
of the present invention, the pressure during the ring-opening 
polymerization reaction varies depending upon the type or 
amount of the alkylene oxide to be used, the phosphaZenium 
salt represented by the above formula (1), the active hydrogen 
compound or the salt of a phosphaZenium cation and an active 
hydrogen compoundanion, represented by the formula (2), or 
the polymerization temperature, etc., but it is usually at most 
3 MPa, preferably within a range of from 0.01 to 1.5 MPa, 
more preferably from 0.1 to 1.0 MPa, as the pressure during 
the polymerization reaction. The reaction time varies depend 
ing upon the type or amount of the alkylene oxide to be used 
or the catalyst material, or the polymerization temperature or 
pressure, but it is usually at most 40 hours, preferably from 
0.1 to 30 hours, more preferably from 0.5 to 24 hours. 
0100. In the method for producing a polyalkylene glycol 
of the present invention, the catalyst of the present invention 
may be used in combination with a conventional initiator for 
the purpose of e.g. reducing a load for removing the initiator 
after the polymerization. 
0101. In the method for producing a polyalkylene glycol 
of the present invention, a solvent may be used as the case 
requires, in the ring-opening polymerization reaction of an 
alkylene oxide. The solvent to be used is not particularly 
limited so long as it does not hinder the ring-opening poly 
merization reaction. Specifically, it may, for example, be an 
aliphatic hydrocarbon Such as pentane, hexane, heptane or 
cyclohexane, an aromatic hydrocarbon Such as benzene or 
toluene, an ether such as diethyl ether, tetrahydrofuran, 1.3- 
dioxane oranisol, or an aprotic polar solvent such as dimeth 
ylsulfoxide, N,N-dimethylformamide, hexamethylphos 
phoramide or N,N'-dimethylimidazolidinone. 
0102. In the method for producing a polyalkylene glycol 
of the present invention, the polymerization reaction of the 
alkylene oxide may be carried out in the presence of an inert 
gas such as nitrogen or argon, as the case requires. 
0103). By the method for producing a polyalkylene glycol 
of the present invention, it is possible to produce a high 
molecular weight polyalkylene glycol having a hydroxy 
value of from 60 to 4 mgKOH/g and a molecular weight 
(number average molecular weight) of from 3,000 to 50,000, 
preferably a high molecular weight polyalkylene glycol hav 
ing a hydroxy value of from 40 to 9 mgKOH/g and a molecu 
lar weight (number average molecular weight) of from 4,500 
to 20,000. 
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0104 Further, the polyalkylene glycol obtained by the 
method for producing a polyalkylene glycol of the present 
invention exhibits a low total unsaturation value of at most 
0.07 med/g. In addition, the obtained polyalkylene glycol has 
a narrow molecular weight distribution (Mw/Mn) of at most 
1.1 and thus has excellent physical properties as a polyalky 
lene glycol. 
0105. The polyalkylene glycol obtained by the method for 
producing a polyalkylene glycol of the present invention may 
Sometimes be used, as it is, as a starting material for a poly 
urethane foam or an elastomer, or as a Surfactant, simply by 
removing a solvent when the solvent was used in the poly 
merization reaction. However, usually, it is treated 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, carbon dioxide, or an acid-form 
ion exchange resin, and then may be used as the above starting 
material or the Surfactant. Further, a common purification 
may be carried out Such as washing with water, an organic 
solvent or a mixture thereof. 

EXAMPLES 

0106 Now, the present invention will be described in fur 
ther detail with reference to Examples. However, it should be 
understood that the present invention is by no means thereby 
restricted. In the following Examples, the NMR spectrum, 
GC-MS and the hydroxy value were measured as follows. 

Measurement of NMR Spectrum: 
0107 The measurement was made by means of a nuclear 
magnetic resonance spectrum-measuring apparatus (trade 
name: GSX27OWB, manufactured by JEOL Ltd.) by using 
tetramethylsilane (TMS) as the internal standard and deuter 
ated chloroform as a deuterated solvent. 

Measurement of Number Average Molecular Weight: 
0108. A standard polystyrene-calculated value was 
obtained from an elution curve as measured by means of gel 
permeation chromatography (GPC) (tradename: 
HLC8020GPC, manufactured by TOSOHCORPORATION) 
by using tetrahydrofuran as a solvent at 40°C. 

Measurement of GC-MS: 

0109 The measurement was carried out by means of a gas 
chromatography mass analyzer (tradename: JMS-700, manu 
factured by JEOL Ltd.) by using "FAB as the ionization 
mode. 

Measurement of Hydroxy Value and Total Unsaturation 
Value: 

0110 Measured in accordance with the measuring meth 
ods disclosed in JIS K1557. 

Ethylene Oxide Content: 
0111 Calculated based on the proton ratio of the peak 
attributable to the polyol obtained by means of nuclear mag 
netic resonance spectrum-measuring apparatus (tradename: 
GSX270WB, manufactured by JEOL Ltd.) 

Initiation Materials to be Used: 

0112 polyalkylene glycol A: a glycerol-type polypropy 
lene glycol having a molecular weight of 400, 
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0113 polyalkylene glycol B: a propylene glycol-type 
polypropylene glycol having a molecular weight of 400, 
0114 polyalkylene glycol C: a glycerol-type polypropy 
lene glycol having a molecular weight of 1,000. 

Preparation Example 1 
0115 Tetrakis(tetramethylguanidino)phosphonium chlo 

ride: (MeN),C=NP"Cl (wherein Me represents a methyl 
group, and the same applies hereinafter) was prepared as 
follows. 
0116 Into a 300 ml four-necked flask provided with a 
thermometer, a dropping funnel, a condenser and a magnetic 
stirrer, 4.01 g (10.0 mmol) of phosphorus pentachioride was 
introduced, and 60 ml of dehydrated toluene (manufactured 
by Wako Pure Chemical Industries, Ltd.) was added thereto to 
obtain a slurry Solution. This slurry Solution was immersed in 
a cooling bath cooled to -30°C. by dry ice-acetone to bring 
the internal temperature to be -30°C., and then, with stirring 
strongly, 22.2 g (20 mmol) of 1,1,3,3-tetramethylguanidine 
was dropwise added from the dropping funnel over a period 
of 1 hour. Stirring was continued at -30°C. for 1 hour, and 
then, the cooling bath was removed, and the temperature was 
slowly raised to room temperature. This slurry Solution was 
further heated at 100° C. for 10 hours to obtain a white slurry 
Solution. After cooling to room temperature, the slurry was 
filtrated, and the filtration residue was washed with acetone. 
The acetone solution was concentrated, followed by extrac 
tion by means of chloroform and water. The chloroform phase 
was dried over sodium sulfate. After the drying, chloroform 
was removed to obtain 7.9 g of tetrakis(tetramethylguanidi 
no)phosphonium salt: (MeN)C—NP"Cl as a white 
powder. The yield was 78%. 
Results of H-NMR measurement (deuterated solvent: 
CDC1, internal standard: tetramethylsilane): 
0117 Chemical shift: 2.83 ppm (methyl group). 

Results of GC-MS (FAB+) Measurement: 
0118 m/z. 487 (agreed to tetrakis(tetramethylguanidino) 
phosphonium cation). 
0119 The results of the elemental analysis of the product 
are shown in Table 1. 

TABLE 1. 

Elemental analysis (wt % 

C H N 

Theoretical values 46.0 9.2 32.2 
Measured values 46.0 9.0 32.3 

Preparation Example 2 
0120 Tetrakis(tetramethylguanidino)phosphonium 
hydroxide: (Me...N)-C=NP"OH' was prepared as follows. 
0121 3.2 g (6 mmol) of tetrakis(dimethylamino)imino 
phosphonium chloride was dissolved in 100 ml of deionized 
water to prepare a 0.06 mol/L solution. This solution was 
passed through a column (diameter: 30 mm, height: 600 mm) 
packed with 100 ml of a hydroxy group-type anion exchange 
resin (AMBERLITE IRA4100H, manufactured by Organo 
Corporation) at room temperature at a flow rate of 300 ml/hr, 
and 150 ml of deionized water was further passed there 
through at the same flow rate. The effluent was concentrated 
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and evaporated to dryness at 40°C. under 1 mmHg to obtain 
3.1 g of tetrakis(tetramethylguanidino)phosphonium hydrox 
ide: (MeN)C—NP'OH as white crystals. The yield was 
99%. 
Results of H-NMR measurement (deuterated solvent: 
CDC1, internal standard: tetramethylsilane): 
0.122 Chemical shift: 2.83 ppm (methyl group). 

Results of GC-MS (FAB+) Measurement: 
I0123 m/z. 487 (agreed to tetrakis(tetramethylguanidino) 
phosphonium cation). 
0.124. The results of the elemental analysis of the product 
are shown in Table 2. 

TABLE 2 

Elemental analysis (wt % 

C H N 

Theoretical values 47.6 9.7 33.3 
Measured values 47.3 9.4 33.3 

Preparation Example 3 
0.125 Tetrakis(1,3-diisopropylimidazolidineimino)phos 
phonium chloride was prepared as follows. 
0.126 Into a 200 ml four-necked flask provided with a 
thermometer, a dropping funnel, a condenser and a magnetic 
stirrer, 2.3 g (11 mmol) of phosphorus pentachioride was 
introduced, and 23 ml of dehydrated toluene (manufactured 
by Wako Pure Chemical Industries, Ltd.) was added thereto to 
obtain a slurry Solution. This slurry Solution was immersed in 
a cooling bath cooled to -30°C. by dry ice-acetone to bring 
the internal temperature to be -30°C., and then, with stirring 
strongly, 18.5 g (110 mmol) of 1,3-diisopropylimidazolidi 
neimine was dropwise added from the dropping funnel overa 
period of 1 hour. Stirring was continued at -30°C. for 1 hour, 
and then, the cooling bath was removed, and the temperature 
was slowly raised to room temperature. This slurry Solution 
was further heated at 100° C. for 10 hours to obtain a white 
slurry Solution. After cooling to room temperature, the slurry 
was filtrated, and the filtration residue was washed with 
acetone. The acetone solution was concentrated, followed by 
extraction by means of chloroform and water. The chloroform 
phase was dried over sodium sulfate. After the drying, chlo 
roform was removed to obtain 5.5 g of tetrakis(1,3-diisopro 
pylimidazolidineimino)phosphonium salt as a white powder. 
The yield was 67%. 
Results of 'H-NMR measurement (deuterated solvent: 
CDC1, internal standard: tetramethylsilane): 
I0127 Chemical shift: 1.04 ppm (48H.d.methyl), 3.28 ppm 
(16H.S.methylene), 4.46 ppm (m,8H.methine). 

Results of GC-MS (FAB+) Measurement: 
I0128 m/z. 704 (agreed to tetrakis(1,3-diisopropylimida 
Zolidineimino)phosphonium cation). 

Preparation Example 4 
I0129 Tetrakis(1,3-diisopropylimidazolidineimino)phos 
phonium hydroxide was prepared as follows. 
0.130 1.5 g (2 mmol) of tetrakis(1,3-diisopropylimidazo 
lidineimino)phosphonium chloride was dissolved in 200 ml 
of deionized water to prepare a 0.01 mol/L solution. This 
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Solution was passed through a column (diameter: 30 mm, 
height: 600 mm) packed with 50 ml of a hydroxy group-type 
anion exchange resin (AMBERLITE IRA4100H, manufac 
tured by Organo Corporation) at room temperature at a flow 
rate of 200 ml/hr, and 150 ml of deionized water was further 
passed therethrough at the same flow rate. The effluent was 
concentrated and then evaporated to dryness at 40°C. under 
1 mmHg to obtain 1.5 g of tetrakis(1,3-diisopropylimidazo 
lidineimino)phosphonium hydroxide as white crystals. The 
yield was 98%. 
Results of 'H-NMR measurement (deuterated solvent: 
CDC1, internal standard: tetramethylsilane): 
0131 Chemical shift: 1.04 ppm (48H.d.methyl), 3.28 ppm 
(16H.S.methylene), 4.46 ppm (m,8H.methine). 

Results of GC-MS (FAB+) Measurement: 
0132 m/z. 704 (agreed to tetrakis(1,3-diisopropylimida 
Zolidineimino)phosphonium cation). 

Preparation Example 5 
0.133 Tetrakis(1,3-dimethylimidazolidineimino)phos 
phonium chloride was prepared as follows. 
0134 Into a 200 ml four-necked flask provided with a 
thermometer, a dropping funnel, a condenser and a magnetic 
stirrer, 2.3 g (11 mmol) of phosphorus pentachloride was 
introduced, and 40 ml of dehydrated toluene (manufactured 
by Wako Pure Chemical Industries, Ltd.) was added thereto to 
obtain a slurry Solution. This slurry Solution was immersed in 
a cooling bath cooled to -30°C. by dry ice-acetone to bring 
the internal temperature to be -30°C., and then, with stirring 
strongly, 13 g (110 mmol) of 1,3-dimethylimidazolidine 
imine was dropwise added from the dropping funnel over a 
period of 1 hour. Stirring was continued at -30°C. for 1 hour, 
and then, the cooling bath was removed, and the temperature 
was slowly raised to room temperature. This slurry Solution 
was further heated at 100° C. for 10 hours to obtain a white 
slurry Solution. After cooling to room temperature, the slurry 
was filtrated, and the filtration residue was washed with 
acetone. The acetone solution was concentrated, followed by 
extraction by means of dichloromethane and water. The 
dichloromethane phase was dried over sodium sulfate. After 
drying, dichloromethane was removed to obtain 4.7 g of 
tetrakis(1,3-dimethylimidazolidineimino)phosphonium salt 
as a white powder. The yield was 84%. 
Results of 'H-NMR measurement (deuterated solvent: 
CDC1, internal standard: tetramethylsilane): 
0135 Chemical shift: 2.91 ppm (24H, methyl group), 3.39 
ppm (16H, methylene group). 

Results of GC-MS (FAB+) Measurement: 
0.136 m/z. 479 (agreed to tetrakis(1,3-diisopropylimida 
Zolidineimino)phosphonium cation). 

Preparation Example 6 
0.137 Tetrakis(1,3-dimethylimidazolidineimino)phos 
phonium hydroxide was prepared as follows. 
0138 2.0 g (4 mmol) of tetrakis(1,3-dimethylimidazolidi 
neimino)phosphonium chloride was dissolved in 40 ml of 
deionized water to prepare a 0.1 mol/L solution. This solution 
was passed through a column (diameter: 30 mm, height: 600 
mm) packed with 40 ml of a hydroxy group-type anion 
exchange resin (AMBERLITE RA410OH, manufactured by 
Organo Corporation) at room temperature at a flow rate of 150 
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ml/hr, and 150 ml of deionized water was further passed 
therethrough at the same flow rate. The effluent was concen 
trated and then evaporated to dryness at 40°C. under 1 mmHg 
to obtain 1.9 g of tetrakis(1,3-dimethylimidazolidineimino) 
phosphonium hydroxide as white crystals. The yield was 
99%. 
Results of H-NMR measurement (deuterated solvent: 
CDC1, internal standard: tetramethylsilane): 
I0139 Chemical shift: 2.91 ppm (24H, methyl group), 3.39 
ppm (16H, methylene group). 

Results of GC-MS (FAB+) Measurement: 
0140 m/z. 479 (agreed to tetrakis(1,3-dimethylimidazo 
lidineimino)phosphonium cation). 

Preparation Example 7 
0141 5.04 g of the phosphonium hydroxide prepared in 
Preparation Example 2 and 5 g of polyalkylene glycol C were 
mixed, and heat treatment was carried out at 80° C. under a 
reduced pressure of 1.3 kPa for 3 hours. Water formed by the 
treatment was collected, and as a result, it was 0.18 g. From 
this result, it was found that 2 equivalents of the phosphonium 
salt was reacted to the polyalkylene glycol C, and 9.8g of a 
catalyst of the above formula (2) wherein n=1.5 (n-1) was 
obtained. 

Preparation Example 8 
0142. 5.04 g of the phosphonium hydroxide prepared in 
Preparation Example 2 and 3.3 g of polyalkylene glycol C 
were mixed, and heat treatment was carried out at 80° C. 
under a reduced pressure of 1.3 kPa for 3 hours. Waterformed 
by the treatment was collected, and as a result, it was 0.18 g. 
From this result, it was found that 3 equivalents of the phos 
phonium salt was reacted to the polyalkylene glycol C, and 
8.2 g of a catalyst of the formula (2) wherein n=3 was 
obtained. 

Preparation Example 9 
0.143 5.04 g of the phosphonium hydroxide prepared in 
Preparation Example 2 and 10 g of polyalkylene glycol C 
were mixed, and heat treatment was carried out at 80° C. 
under a reduced pressure of 1.3 kPa for 3 hours. Waterformed 
by the treatment was collected, and as a result, it was 0.18 g. 
From this result, it was found that 3 equivalents of the phos 
phonium salt was reacted to the polyalkylene glycol C, and 
14.8 g of a catalyst of the formula (2) wherein n=1 was 
obtained. 

Preparation Example 10 
0144 5.04 g of the phosphonium hydroxide prepared in 
Preparation Example 2 and 2 g of polyalkylene glycol B were 
mixed, and heat treatment was carried out at 80° C. under a 
reduced pressure of 1.3 kPa for 3 hours. Water formed by the 
treatment was collected, and as a result, it was 0.18 g. From 
this result, it was found that 2 equivalents of the phosphonium 
salt was reacted to the polyalkylene glycol B, and 6.9 g of a 
catalyst of the formula (2) wherein n=2 was obtained. 

Preparation Example 11 
0145 5.04 g of the phosphonium hydroxide prepared in 
Preparation Example 2 and 0.3 g of glycerol were mixed, and 
heat treatment was carried out at 80° C. under a reduced 
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pressure of 1.3 kPa for 3 hours. Waterformed by the treatment 
was collected, and as a result, it was 0.18 g. From this result, 
it was found that 3 equivalents of the phosphonium salt was 
reacted to glycerol, and 5.1 g of a catalyst of the formula (2) 
wherein n=1 was obtained. 

Preparation Example 12 
0146 5.04 g of the phosphonium hydroxide prepared in 
Preparation Example 2 and 0.9 g of glycerol were mixed, and 
heat treatment was carried out at 80° C. under a reduced 
pressure of 1.3 kPa for 3 hours. Waterformed by the treatment 
was collected, and as a result, it was 0.18 g. From this result, 
it was found that 1 equivalent of the phosphonium salt was 
reacted to glycerol, and 5.7 g of a catalyst of the formula (2) 
wherein n=1 was obtained. 

Example 1 
0147 0.2 g (0.4 mmol) of the phosphazenium salt in the 
above formula (1), each of R and R is a methyl group, and 
X is a hydroxyanion obtained in Preparation Example 2 and 
4.0 g (10 mmol) of polyalkylene glycol A were charged into 
a glass autoclave having an effective capacity of 200 ml and 
equipped with athermocouple, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80° C., and heat treatment was carried out under 
reduced pressure for 3 hours. 
0148. After the heat treatment, the pressure was returned 
to normal pressure by nitrogen, the temperature was raised to 
90°C., and while 30 g of propylene oxide was intermittently 
Supplied into the reactor So as to maintain the reaction pres 
sure to beat most 0.3 MPa, the reaction was carried out at 90° 
C. for 6 hours. The content was cooled to room temperature, 
and then returned to normal pressure to obtain 31 g of color 
less and odorless polyoxypropylene triol. The obtained poly 
oxypropylene triol had a hydroxy value of 37 mgKOH/g and 
a total unsaturation value of 0.028 med/g, and the molecular 
weight distribution (Mw/Mn) obtained by GPC was 1.03. 

Comparative Example 1 

014.9 The operation was carried out in the same manner as 
for the polymerization reaction in Example 1 except that 5 
mmol of potassium hydroxide was used instead of the phos 
phaZenium salt used in Example 1, and the reaction tempera 
ture was 105°C. The content was cooled to room temperature 
and then returned to normal pressure to obtain 30 g of color 
less and odorless polyoxypropylene triol. The obtained poly 
oxypropylene triol had a hydroxy value of 39 mgKOH/g and 
a total unsaturation value of 0.114 med/g, and the molecular 
weight distribution (Mw/Mn) obtained by GPC was 1.7. 

Example 2 
0150 0.2 g (0.4 mmol) of the phosphazenium salt pre 
pared in Preparation Example 2 and 4.0 g (4 mmol) of poly 
alkylene glycol C were charged into a glass autoclave having 
an effective capacity of 200 ml and equipped with a thermo 
couple, a pressure gauge, a stirrer and an alkylene oxide 
supply tube. Then, the interior of the reactor was substituted 
by dry nitrogen, the temperature was raised to 80°C., and heat 
treatment was carried out under reduced pressure for 3 hours. 
0151. After the heat treatment, the pressure was returned 
to normal pressure by nitrogen, the temperature was raised to 
90°C., and while 78 g of propylene oxide was intermittently 
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Supplied into the reactor So as to maintain the reaction pres 
sure to beat most 0.3 MPa, the reaction was carried out within 
a temperature range of from 88 to 92° C. for 6 hours. The 
pressure was returned to normal pressure by nitrogen, and the 
content was cooled to room temperature to obtain 78 g of 
colorless and odorless polyoxypropylene triol. The obtained 
polyoxypropylene triol had a hydroxy value of 8 mgkOH/g 
and a total unsaturation value of 0.067 med/g, and the 
molecular weight distribution (Mw/Mn) was 1.05. 

Example 3 

0152 0.2 g (0.4 mmol) of the phosphazenium salt pre 
pared in Preparation Example 2 and 4.0 g (10 mmol) of 
polyalkylene glycol A were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80° C., and heat treatment was carried out under 
reduced pressure for 3 hours. 
0153. After the heat treatment, the pressure was raised to 
90°C., and while 72 g of propylene oxide was intermittently 
Supplied into the reactor So as to maintain the reaction pres 
sure to beat most 0.3 MPa, the reaction was carried out within 
a temperature range of from 88 to 92° C. for 6 hours. The 
pressure was returned to normal pressure by nitrogen, and the 
content was cooled to room temperature. Remaining propy 
lene oxide was removed under reduced pressure, and then, 74 
g of colorless and odorless polyoxypropylene triol was 
obtained. The obtained polyoxypropylene triol had a hydroxy 
value of 22 mgkOH/g and a total unsaturation value of 0.072 
med/g, and the molecular weight distribution (Mw/Mn) was 
105. 

Example 4 
0154 0.1 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 2 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80° C., and heat treatment was carried out under 
reduced pressure for 3 hours. 
0.155. After the heat treatment, the temperature was raised 
to 90° C., and while 55 g of propylene oxide was intermit 
tently supplied into the reactor So as to maintain the reaction 
pressure to be at most 0.3 MPa, the reaction was carried out 
within a temperature range of from 88 to 92°C. for 6 hours. 
The pressure was returned to normal pressure by nitrogen, 
and the content was cooled to room temperature. Remaining 
propylene oxide was removed under reduced pressure, and 
then, 61 g of colorless and odorless polyoxypropylene triol 
was obtained. The obtained polyoxypropylene triol had a 
hydroxy value of 20 mgKOH/g and a total unsaturation value 
of 0.028 meq/g, and the molecular weight distribution (Mw/ 
Mn) was 1.04. 

Example 5 

0156 0.2 g (0.4 mmol) of the phosphazenium salt pre 
pared in Preparation Example 2 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
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temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80° C., and heat treatment was carried out under 
reduced pressure for 3 hours. 
0157. After the heat treatment, the temperature was raised 

to 90° C., and while 55 g of propylene oxide was intermit 
tently supplied into the reactor So as to maintain the reaction 
pressure to be at most 0.3 MPa, the reaction was carried out 
within a temperature range of from 88 to 92°C. for 7.5 hours. 
The pressure was returned to normal pressure by nitrogen, 
and the content was cooled to room temperature. Remaining 
propylene oxide was removed under reduced pressure, and 
then, 65 g of colorless and odorless polyoxypropylene triol 
was obtained. The obtained polyoxypropylene triol had a 
hydroxy value of 21 mgKOH/g and a total unsaturation value 
of 0.026 med/g, and the molecular weight distribution (Mw/ 
Mn) was 1.05. 

Example 6 

0158 0.1 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 2 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and dehydration treatment was carried out 
under reduced pressure for 3 hours. 
0159. After the dehydration treatment, the temperature 
was raised to 90° C., and while 46 g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92° C. for 6 hours. Then, 
remaining propylene oxide was removed under reduced pres 
sure at 90° C. over a period of 1 hour. After the removal of 
propylene oxide, 12 g of ethylene oxide was supplied at 90° 
C. so as to bring the reaction pressure to be at most 0.4MPa 
(gauge). After Supplying ethylene oxide, aging was carried 
out at the same temperature for 2 hours. After the aging, the 
pressure was returned to normal pressure by nitrogen, and the 
content was cooled to room temperature. Remaining ethylene 
oxide was removed under reduced pressure, and then, 63g of 
colorless and odorless polyalkylene oxide was obtained. The 
obtained polyalkylene oxide had an ethylene oxide content of 
15.1 wt %, a hydroxy value of 22 mgKOH/g and a total 
unsaturation value of 0.026 med/g, and the molecular weight 
distribution (Mw/Mn) was 1.05. 

Example 7 

0160 0.15 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 4 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and dehydration treatment was carried out 
under reduced pressure for 3 hours. 
0161. After the dehydration treatment, the temperature 
was raised to 90° C., and while 55 g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
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temperature range of from 88 to 92° C. for 6 hours. The 
pressure was returned to normal pressure by nitrogen, and the 
content was cooled to room temperature. Remaining propy 
lene oxide was removed under reduced pressure, and then, 64 
g of colorless and odorless polyoxypropylene triol was 
obtained. The obtained polyoxypropylene triol had a hydroxy 
value of 22 mgkOH/g and a total unsaturation value of 0.024 
med/g, and the molecular weight distribution (Mw/Mn) was 
1.06. 

Example 8 

0162 0.1 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 6 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and dehydration treatment was carried out 
under reduced pressure for 3 hours. 
0163. After the dehydration treatment, the temperature 
was raised to 90° C., and while 58 g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92° C. for 6 hours. The 
pressure was returned to normal pressure by nitrogen, and the 
content was cooled to room temperature. Remaining propy 
lene oxide was removed under reduced pressure, and then, 65 
g of colorless and odorless polyoxypropylene triol was 
obtained. The obtained polyoxypropylene triol had a hydroxy 
value of 22 mgkOH/g and a total unsaturation value of 0.025 
med/g, and the molecular weight distribution (Mw/Mn) was 
105. 

Example 9 
0164 0.8 g (0.4 mmol) of the phosphazenium salt pre 
pared in Preparation Example 7 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and heating was carried out under reduced 
pressure for 3 hours. 
0.165. After the dehydration treatment, the temperature 
was raised to 90° C., and while 60 g of propylene oxide was 
intermittently Supplied into the reactor so as to maintain the 
reaction pressure to be at most 0.3 MPa, the reaction was 
carried out within a temperature range of from 88 to 92°C. for 
7.5 hours. The pressure was returned to normal pressure by 
nitrogen, and the content was cooled to room temperature. 
Remaining propylene oxide was removed under reduced 
pressure, and then, 67g of colorless and odorless polyoxypro 
pylene triol was obtained. The obtained polyoxypropylene 
triol had a hydroxy value of 20 mgKOH/g and a total unsat 
uration value of 0.025 meq/g, and the molecular weight dis 
tribution (Mw/Mn) was 1.04. 

Example 10 

0166 0.8 g (0.4 mmol) of the phosphazenium salt pre 
pared in Preparation Example 7 and 3.5 g (8.7 mmol) of 
polyalkylene glycol A were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
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temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and heating was carried out under reduced 
pressure for 3 hours. 
0167. After the dehydration treatment, the temperature 
was raised to 90° C., and while 65 g of propylene oxide was 
intermittently Supplied into the reactor so as to maintain the 
reaction pressure to be at most 0.35 MPa, the reaction was 
carried out within a temperature range of from 88 to 92°C. for 
7.5 hours. The pressure was returned to normal pressure by 
nitrogen, and the content was cooled to room temperature. 
Remaining propylene oxide was removed under reduced 
pressure, and then, 66 g of colorless and odorless polyoxypro 
pylene triol was obtained. The obtained polyoxypropylene 
triol had a hydroxy value of 20 mgKOH/g and a total unsat 
uration value of 0.027 meq/g, and the molecular weight dis 
tribution (Mw/Mn) was 1.04. 

Example 11 

0168 0.5 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 7 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and dehydration treatment was carried out 
under reduced pressure for 3 hours. 
0169. After the dehydration treatment, the temperature 
was raised to 90° C., and while 48g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92° C. for 6 hours. Then, 
remaining propylene oxide was removed under reduced pres 
sure at 90° C. over a period of 1 hour. After the removal of 
propylene oxide, 12 g of ethylene oxide was Supplied so that 
the reaction pressure became at most 0.45 MPa (gauge). The 
pressure was returned to normal pressure by nitrogen, and the 
content was cooled to room temperature. Remaining ethylene 
oxide was removed under reduced pressure, and then, 67 g of 
colorless and odorless polyalkylene oxide was obtained. The 
obtained polyalkylene oxide had an ethylene oxide content of 
14.9 wt %, a hydroxy value of 22 mgKOH/g and a total 
unsaturation value of 0.024 med/g, and the molecular weight 
distribution (Mw/Mn) was 1.06. 

Example 12 

0170 0.3 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 8 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and dehydration treatment was carried out 
under reduced pressure for 3 hours. 
0171 After the dehydration treatment, the temperature 
was raised to 90° C., and while 48g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92° C. for 6 hours. Then, 
remaining propylene oxide was removed under reduced pres 
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sure at 90° C. over a period of 1 hour. After the removal of 
propylene oxide, 12 g of ethylene oxide was Supplied so that 
the reaction pressure became at most 0.4 MPa (gauge). The 
pressure was returned to normal pressure by nitrogen, and the 
content was cooled to room temperature. Remaining ethylene 
oxide was removed under reduced pressure, and then, 66 g of 
colorless and odorless polyalkylene oxide was obtained. The 
obtained polyalkylene oxide had an ethylene oxide content of 
15.3 wt %, a hydroxy value of 23 mgKOH/g and a total 
unsaturation value of 0.024 med/g, and the molecular weight 
distribution (Mw/Mn) was 1.05. 

Example 13 

0172 0.3 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 10 and 3.5 g (8.7 mmol) of 
polyalkylene glycol B were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and dehydration treatment was carried out 
under reduced pressure for 3 hours. 
0173. After the dehydration treatment, the temperature 
was raised to 90° C., and while 48g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92° C. for 6 hours. Then, 
remaining propylene oxide was removed under reduced pres 
sure at 90° C. over a period of 1 hour. After the removal of 
propylene oxide, 12 g of ethylene oxide was Supplied so that 
the reaction pressure became at most 0.4 MPa (gauge). The 
pressure was returned to normal pressure by nitrogen, and the 
content was cooled to room temperature. Remaining ethylene 
oxide was removed under reduced pressure, and then, 63g of 
colorless and odorless polyalkylene oxide was obtained. The 
obtained polyalkylene oxide had an ethylene oxide content of 
14.5 wt %, a hydroxy value of 17 mgKOH/g and a total 
unsaturation value of 0.024 med/g, and the molecular weight 
distribution (Mw/Mn) was 1.07. 

Comparative Example 2 

0.174. The operation was carried out in the same manner as 
in Example 2 except that 0.8 mL (0.4 mmol) of a 0.5 mol/L 
hexane solution of a phosphaZene catalyst 1-tert-butyl-4.4.4- 
tris(dimethylamino)-2,2-bistris(dimethylamino)phosphora 
nilideneamino-2.5.405-catenadi(phosphaZene) was used 
instead of 0.2 g (0.4 mmol) of the phosphazenium salt 
obtained in Preparation Example 2. The temperature was 
raised to 90° C., and propylene oxide was intermittently sup 
plied so as to maintain the reaction pressure to be at most 0.3 
MPa. At that time, propylene oxide was supplied slowly in 
order to control the temperature at 90° C., but due to heat 
absorption at the time of Supplying propylene oxide or heat 
generation by the reaction heat, the reaction temperature fluc 
tuated between 88 and 95° C., whereby it was difficult to 
control the temperature. Further, in order to control the tem 
perature within the above range, the Supply rate was further 
reduced, and as a result, the reaction time became 7 hours i.e. 
longer by 1 hour than in Example 1. 
0.175. Then, the pressure was returned to normal pressure 
by nitrogen, and the content was cooled to room temperature. 
Remaining propylene oxide was removed under reduced 
pressure, and then, 74 g of colorless and odorless polyoxypro 
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pylene triol was obtained. The obtained polyoxypropylene 
triol had a hydroxy value of 25 mgKOH/g and the total unsat 
uration value of 0.072 meq/g, and the molecular weight dis 
tribution (Mw/Mn) was 1.11. 

Example 14 

0176 0.3 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 9 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and dehydration treatment was carried out 
under reduced pressure for 3 hours. 
0177. After the dehydration treatment, the temperature 
was raised to 90° C., and while 55 g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92°C. for 6 hours. Then, the 
pressure was returned to normal pressure by nitrogen, and the 
content was cooled to room temperature. Remaining propy 
lene oxide was removed under reduced pressure, and then, 52 
g colorless and odorless polyalkylene oxide was obtained. 
The obtained polyalkylene oxide had a hydroxy value of 28 
mgKOH/g and a total unsaturation value of 0.031 med/g, and 
the molecular weight distribution (Mw/Mn) was 1.06. 

Example 15 
0.178 0.3 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 9 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and dehydration treatment was carried out 
under reduced pressure for 3 hours. 
0179. After the dehydration treatment, the temperature 
was raised to 90° C., and while 55 g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92° C. for 6 hours. Then, 
remaining propylene oxide was removed under reduced pres 
sure at 90° C. over a period of 1 hour. After removal of 
propylene oxide, 12 g of ethylene oxide was Supplied so that 
the reaction pressure became at most 0.4 MPa (gauge). The 
pressure was returned to normal pressure by nitrogen, and the 
content was cooled to room temperature. Remaining ethylene 
oxide was removed under reduced pressure, and then, 51 g of 
colorless and odorless polyalkylene oxide was obtained. The 
obtained polyalkylene oxide had an ethylene oxide content of 
13.1 wt %, a hydroxy value of 25 mgKOH/g and a total 
unsaturation value of 0.030 meq/g, and the molecular weight 
distribution (Mw/Mn) was 1.07. 

Example 16 

0180 0.6 g (0.4 mmol) of the phosphazenium salt pre 
pared in Preparation Example 11 and 5.0 g (54 mmol) of 
glycerol were charged into a glass autoclave having an effec 
tive capacity of 200 ml and equipped with a temperature 
measuring tube, a pressure gauge, a stirrer and an alkylene 
oxide-supply tube. Then, the interior of the reactor was sub 
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stituted by dry nitrogen, the temperature was raised to 80°C., 
and dehydration treatment was carried out under reduced 
pressure for 3 hours. 
0181. After the dehydration treatment, the temperature 
was raised to 90° C., and while 65 g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92° C. for 6 hours. Then, 
remaining propylene oxide was removed under reduced pres 
sure at 90° C. over a period of 1 hour, and then 64 g of 
colorless and odorless polyalkylene oxide was obtained. The 
obtained polyalkylene oxide had a hydroxy value of 150 
mgkOH/g, a total unsaturation value of 0.005 meq/g, and the 
molecular weight distribution (Mw/Mn) was 1.07. 

Example 17 

0182 0.24 g (0.4 mmol) of the phosphazenium salt pre 
pared in Preparation Example 12 and 5.0 g (54 mmol) of 
glycerol were charged into a glass autoclave having an effec 
tive capacity of 200 ml and equipped with a temperature 
measuring tube, a pressure gauge, a stirrer and an alkylene 
oxide-supply tube. Then, the interior of the reactor was sub 
stituted by dry nitrogen, the temperature was raised to 80°C., 
and dehydration treatment was carried out under reduced 
pressure for 3 hours. 
0183. After the dehydration treatment, the temperature 
was raised to 90° C., and while 55 g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 95° C. for 8 hours. Then, 
remaining propylene oxide was removed under reduced pres 
sure at 90° C. over a period of 1 hour, and then 54 g of 
colorless and odorless polyalkylene oxide was obtained. The 
obtained polyalkylene oxide had a hydroxy value of 156 
mgKOH/g, a total unsaturation value of 0.011 med/g, and the 
molecular weight distribution (Mw/Mn) was 1.07. 

Preparation Example 13 

Preparation of tetrakis(dimethylamino)iminophos 
phonium chloride 

(0.184 (MeN)C=MP"C1 (wherein Me represents a 
methyl group, the same applies hereinafter) 
0185. Into a 300 ml four-necked flask provided with a 
thermometer, a dropping funnel, a condenser and a magnetic 
stirrer, 4.01 g (10.0 mmol) of phosphorus pentachloride was 
introduced, and 60 ml of dehydrated toluene (manufactured 
by Wako Pure Chemical Industries, Ltd.) was added thereto to 
obtain a slurry Solution. This slurry Solution was immersed in 
a cooling bath cooled to -30°C. by dry ice-acetone to bring 
the internal temperature to be -30°C., and then, with stirring 
strongly, 22.2 g (20 mmol) of tetramethylguanidine was drop 
wise added from the dropping funnel over a period of 1 hour. 
Stirring was continued at -30°C. for 1 hour, and then, the 
cooling bath was removed, and the temperature was slowly 
raised to room temperature. Further, this slurry solution was 
heated at 100° C. for 10 hours to obtain a white slurry solu 
tion. After cooling to room temperature, the slurry was fil 
trated, and the filtration residue was washed with acetone. 
The acetone solution was concentrated to obtain 9.6 g of 
tetrakis(dimethylamino)iminophosphonium salt: (MeN) 
C—NLPCI. The yield was 98%. 
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Results of H-NMR measurement (deuterated solvent: 
CDC1, internal standard: tetramethylsilane): 
0186 Chemical shift: 2.51 ppm (24H, methyl group). 

Results of GC-MS (FAB+) Measurement: 
0187 m/z 487 (agreed to 
iminophosphonium cation). 
0188 The results of the elemental analysis of the product 
are shown in Table 3. 

tetrakis(dimethylamino) 

TABLE 3 

Elemental analysis (wt % 

C H N 

Theoretical values 46.0 9.2 32.2 
Measured values 46.0 9.0 32.3 

Preparation Example 14 
Preparation of tetrakis(dimethylamino)iminophos 

phonium hydroxide 

(MeN),C=NPOH 
0189 3.2 g (6 mmol) of tetrakis(dimethylamino)imino 
phosphonium chloride was dissolved in 100 ml of deionized 
water to prepare a 0.06 mol/L solution. This solution was 
passed through a column (diameter: 30 mm, height: 600 mm) 
packed with 100 ml of a hydroxy group-type anion exchange 
resin (tradename: AMBERLITE IRA410OH, manufactured 
by Organo Corporation) at room temperature at a flow rate of 
300 ml/hr, and 150 ml of deionized water was further passed 
therethrough at the same flow rate. The effluent was concen 
trated and then evaporated to dryness at 40°C. under 1 mmHg 
to obtain 3.1 g of tetrakistris(dimethylamino)iminophos 
phonium hydroxide: (MeN)C—NPOH as white crys 
tals. The yield was 99%. 
Results of 'H-NMR measurement (deuterated solvent: 
CDC1, internal standard: tetramethylsilane): 
0190. Chemical shift: 2.51 ppm (methyl group). 

Results of GC-MS (FAB+) Measurement: 
0191 m/z. 487 (agreed to tetrakis (dimethylamino) 
iminophosphonium cation). 
0.192 The results of the elemental analysis of the product 
are shown in Table 4. 

TABLE 4 

Elemental analysis (wt % 

C H N 

Theoretical values 47.6 9.7 33.3 
Measured values 47.3 9.4 33.3 

Example 18 
0193 0.2 g (0.4 mmol) of the phosphazenium salt in the 
above formula (1), each of R and R is a methyl group, and 
X is a hydroxy anion obtained in Preparation Example 14 
and 5.0 g (58 mmol) of glycerol were charged into a glass 
autoclave having an effective capacity of 200 ml and 
equipped with a temperature-measuring tube, a pressure 
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gauge, a stirrer and an alkylene oxide-supply tube. Then, the 
interior of the reactor was substituted by dry nitrogen, the 
temperature was raised to 80°C., and dehydration treatment 
was carried out under reduced pressure for 3 hours. After the 
dehydration treatment, the pressure was returned to normal 
pressure by nitrogen, and while 48g of propylene oxide was 
intermittently supplied at 90° C. so as to maintain the reaction 
pressure to be at most 0.3 MPa, the reaction was carried out 
for 6 hours. The content was cooled to room temperature, and 
33 g of colorless and odorless liquid polyoxypropylene triol 
was obtained. The obtained polyoxypropylene triol had a 
hydroxy value of 131 mgKOH/g. 

Example 19 

0194 0.2 g (0.4 mmol) of the phosphazenium salt in the 
above formula (1), each of R and R is a methyl group, and 
X is a hydroxy anion obtained in Preparation Example 14 
and 4.0 g (10 mmol) of polyalkylene glycol A were charged 
into a glass autoclave having an effective capacity of 200 ml 
and equipped with a temperature-measuring tube, a pressure 
gauge, a stirrer and an alkylene oxide-supply tube. Then, the 
interior of the reactor was substituted by dry nitrogen, the 
temperature was raised to 80°C., and dehydration treatment 
was carried out under reduced pressure for 3 hours. 
0.195. After the dehydration treatment, the pressure was 
returned to normal pressure by nitrogen, the temperature was 
raised to 90° C., and while 30 g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out at 90° C. 
for 6 hours. The content was cooled to room temperature, and 
then, the pressure was returned to normal pressure. 31 g of 
colorless and odorless polyoxypropylene triol was obtained. 
The obtained polyoxypropylene triol had a hydroxy value of 
37 mgKOH/g and a total unsaturation value of 0.03 meq/g, 
and the molecular weight distribution obtained by GPC was 
1.03. 

Comparative Example 3 

0196. The operation was carried out in the same manner as 
for the polymerization reaction in Example 18 except that the 
phosphaZenium salt used in Example 19 was not employed. 
Propylene oxide was not consumed at all, and the content in 
the reactor was 4.01 g, which was substantially equal to the 
weight of the glycerol charged into the reactor itself, and no 
polyoxypropylene triol was obtained. 

Example 20 

0.197 1.0 g (2 mmol) of the phosphazenium salt prepared 
in Preparation Example 14 and 4.0 g (10 mmol) of polyalky 
lene glycol B were charged into a glass autoclave having an 
effective capacity of 200 ml and equipped with a temperature 
measuring tube, a pressure gauge, a stirrer and an alkylene 
oxide-supply tube. The interior of the reactor was substituted 
by dry nitrogen, the temperature was raised to 90° C., and 
while 38g of propylene oxide was intermittently supplied so 
as to maintain the reaction pressure to be at most 0.3 MPa, the 
reaction was carried out within a temperature range of from 
88 to 92°C. for 6 hours. Then, the pressure was returned to 
normal pressure by nitrogen, and the content was cooled to 
room temperature. 39 g of colorless and odorless polyoxypro 
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pylene diol was obtained. The obtained polyoxypropylene 
diol had a hydroxy value of 32 mgKOH/g. 

Example 21 

0198 0.2 g (0.4 mmol) of the phosphazenium salt pre 
pared in Preparation Example 14 and 4.0 g (10 mmol) of 
polyalkylene glycol A were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and dehydration treatment was carried out 
under reduced pressure for 3 hours. 
0199 After the dehydration treatment, the temperature 
was raised to 90° C., and while 72 g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92°C. for 6 hours. Then, the 
pressure was returned to normal pressure by nitrogen, and the 
content was cooled to room temperature. Remaining propy 
lene oxide was removed under reduced pressure, and then, 74 
g of colorless and odorless polyoxypropylene triol was 
obtained. The obtained polyoxypropylene triol had a hydroxy 
value of 22 mgKOH/g. 

Example 22 

0200 0.2 g (0.4 mmol) of the phosphazenium salt pre 
pared in Preparation Example 2 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and dehydration treatment was carried out 
under a reduced pressure of 0.2 kPa for 3 hours. 
0201 After the dehydration treatment, the temperature 
was raised to 100° C., and while 58g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 98 to 102°C. for 6 hours. Then, the 
pressure was returned to normal pressure by nitrogen, and the 
content was cooled to room temperature. The remaining pro 
pylene oxide was removed under reduced pressure, and then, 
64 g of colorless and odorless polyoxypropylene triol was 
obtained. The obtained polyoxypropylene triol had a hydroxy 
value of 24 mgKOH/g. 

Example 23 

0202 The operation was carried out in the same manner as 
in Example 22 except that the reaction was carried out within 
a temperature range of from 78 to 82°C. for 6 hours. 28 g of 
colorless and odorless polyoxypropylene triol was obtained. 
The obtained polyoxypropylene triol had a hydroxy value of 
56 mgKOH/g. 

Example 24 

0203 The operation was carried out in the same manner as 
in Example 22 except that the reaction was carried out within 
a temperature range of from 108 to 112°C. for 6 hours. 66 g 
of colorless and odorless polyoxypropylene triol was 
obtained. The obtained polyoxypropylene triol had a hydroxy 
value of 23 mgKOH/g. 
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Example 25 

0204 The operation was carried out in the same manner as 
in Example 22 except that the reaction was carried out within 
a temperature range of from 118 to 122°C. for 6 hours. 44g 
of colorless and odorless polyoxypropylene triol was 
obtained. The obtained polyoxypropylene triol had a hydroxy 
value of 40 mgKOH/g. 

Example 26 

0205 0.1 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 2 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and dehydration treatment was carried out 
under a reduced pressure of 0.2 kPa for 3 hours. 
0206. After the dehydration treatment, the temperature 
was raised to 90° C., and while 58 g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92° C. for 6 hours. Then, 
remaining propylene oxide was removed under reduced pres 
sure at 90° C. over a period of 1 hour. After the removal of 
propylene oxide, ethylene oxide was supplied at 90° C. so that 
the reaction pressure became at most 0.4MPa. After supply 
ing ethylene oxide, aging was carried out at the same tem 
perature for 2 hours. After the aging, the pressure was 
returned to normal pressure by nitrogen, and the content was 
cooled to room temperature. Remaining ethylene oxide was 
removed under reduced pressure, and then, 64 g of colorless 
and odorless polyalkylene oxide was obtained. The obtained 
polyalkylene oxide had an ethylene oxide content of 15.8 wit 
% and a hydroxy value of 22 mgKOH/g. 

Example 27 

0207 0.1 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 2 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and dehydration treatment was carried out 
under a reduced pressure of 0.2 kPa for 3 hours. 
0208 After the dehydration treatment, the temperature 
was raised to 90° C., and while 46 g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92° C. for 6 hours. Then, 
remaining propylene oxide was removed under reduced pres 
sure at 90° C. over a period of 1 hour. After the removal of 
propylene oxide, 12 g of ethylene oxide was supplied at 90° 
C. so that the reaction pressure became at most 0.4MPa. After 
Supplying ethylene oxide, aging was carried out at the same 
temperature for 2 hours. After the aging, the pressure was 
returned to normal pressure by nitrogen, and the content was 
cooled to room temperature. Remaining ethylene oxide was 
removed under reduced pressure, and then, 58 g of colorless 
and odorless polyalkylene oxide was obtained. The obtained 
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polyalkylene oxide had an ethylene oxide content of 9.4 wt % 
and a hydroxy value of 27 mgkOH/g. 

Example 28 
0209 0.1 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 2 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and dehydration treatment was carried out 
under a reduced pressure of 0.2 kPa for 3 hours. 
0210. After the dehydration treatment, the temperature 
was raised to 90° C., and while 46 g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92° C. for 6 hours. Then, 
remaining propylene oxide was removed under reduced pres 
sure at 90° C. over a period of 1 hour. After the removal of 
propylene oxide, 24 g of ethylene oxide was supplied at 90° 
C. so that the reaction pressure became at most 0.4MPa. After 
Supplying ethylene oxide, aging was carried out at the same 
temperature for 2 hours. After the aging, the pressure was 
returned to normal pressure by nitrogen, and the content was 
cooled to room temperature. Remaining ethylene oxide was 
removed under reduced pressure, and then, 65 g of colorless 
and odorless polyalkylene oxide was obtained. The obtained 
polyalkylene oxide had an ethylene oxide content of 32.6 wt 
% and a hydroxy value of 20 mgKOH/g. 

Example 29 
0211 0.3 g (0.4 mmol) of the phosphazenium salt pre 
pared in Preparation Example 4 and 3.5 g (8.7 mmol) of 
polyalkylene glycol A were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and heating was carried out under a reduced 
pressure of 0.2 kPa for 3 hours. 
0212. After the dehydration treatment, the temperature 
was raised to 90° C., and while 65 g of propylene oxide was 
intermittently Supplied into the reactor so as to maintain the 
reaction pressure to be at most 0.3 MPa, the reaction was 
carried out within a temperature range of from 88 to 92°C. for 
7.5 hours. Then, the pressure was returned to normal pressure 
by nitrogen, and the content was cooled to room temperature. 
Remaining propylene oxide was removed under reduced 
pressure, and then, 64 g of colorless and odorless polyoxypro 
pylene triol was obtained. The obtained polyoxypropylene 
triol had a hydroxy value of 22 mgkOH/g. 

Example 30 

0213 0.15 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 4 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 80°C., and dehydration treatment was carried out 
under a reduced pressure of 0.2 kPa for 3 hours. 
0214. After the dehydration treatment, the temperature 
was raised to 90° C., and while 46 g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 

Jul. 21, 2011 

to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92° C. for 6 hours. Then, 
remaining propylene oxide was removed under reduced pres 
sure at 90° C. over a period of 1 hour. After the removal of 
propylene oxide, 11 g of ethylene oxide was supplied at 90° 
C. so that the reaction pressure became at most 0.4MPa. The 
pressure was returned to normal pressure by nitrogen, and the 
content was cooled to room temperature. Remaining ethylene 
oxide was removed under a reduced pressure of 0.2 kPa, and 
then, 64 g of colorless and odorless polyalkylene oxide was 
obtained. The obtained polyalkylene oxide had an ethylene 
oxide content of 14.8 wt % and a hydroxy value of 22 
mgkOH/g. 

Example 31 

0215 0.1 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 2 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 100°C., and dehydration treatment was carried out 
under a reduced pressure of 1.3 kPa for 3 hours. 
0216. After the dehydration treatment, the temperature 
was adjusted to 90°C., and while 46 g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92° C. for 6 hours. Then, 
remaining propylene oxide was removed under reduced pres 
sure at 90° C. over a period of 1 hour. After the removal of 
propylene oxide, 12 g of ethylene oxide was supplied at 90° 
C. so that the reaction pressure became at most 0.4MPa. After 
Supplying ethylene oxide, aging was carried out at the same 
temperature for 2 hours. After the aging, the pressure was 
returned to normal pressure by nitrogen, and the content was 
cooled to room temperature. Remaining ethylene oxide was 
removed under reduced pressure, and then, 63 g of colorless 
and odorless polyalkylene oxide was obtained. The obtained 
polyalkylene oxide had an ethylene oxide content of 14.5 wt 
% and a hydroxy value of 22 mgKOH/g. 

Example 32 

0217 0.1 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 2 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 100°C., and dehydration treatment was carried out 
under a reduced pressure of 0.2 kPa for 1 hour. 
0218. After the dehydration treatment, the temperature 
was adjusted to 90°C., and while 46 g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92° C. for 6 hours. Then, 
remaining propylene oxide was removed under reduced pres 
sure at 90° C. over a period of 1 hour. After the removal of 
propylene oxide, 12 g of ethylene oxide was supplied at 90° 
C. so that the reaction pressure became at most 0.4MPa. After 
Supplying ethylene oxide, aging was carried out at the same 
temperature for 2 hours. After the aging, the pressure was 
returned to normal pressure by nitrogen, and the content was 
cooled to room temperature. Remaining ethylene oxide was 
removed under reduced pressure, and then, 53 g of colorless 
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and odorless polyalkylene oxide was obtained. The obtained 
polyalkylene oxide had an ethylene oxide content of 15.5 wt 
% and a hydroxy value of 33 mgKOH/g. 

Example 33 

0219 0.1 g (0.2 mmol) of the phosphazenium salt pre 
pared in Preparation Example 2 and 8.7 g (8.7 mmol) of 
polyalkylene glycol C were charged into a glass autoclave 
having an effective capacity of 200 ml and equipped with a 
temperature-measuring tube, a pressure gauge, a stirrer and 
an alkylene oxide-supply tube. Then, the interior of the reac 
tor was Substituted by dry nitrogen, the temperature was 
raised to 60° C., and dehydration treatment was carried out 
under a reduced pressure of 0.2 kPa for 5 hours. 
0220. After the dehydration treatment, the temperature 
was raised to 90° C., and while 48g of propylene oxide was 
intermittently supplied so as to maintain the reaction pressure 
to be at most 0.3 MPa, the reaction was carried out within a 
temperature range of from 88 to 92° C. for 6 hours. Then, 
remaining propylene oxide was removed under reduced pres 
sure at 90° C. over a period of 1 hour. The pressure was 
returned to normal pressure by nitrogen, and the content was 
cooled to room temperature to obtain 55 g of colorless and 
odorless polyalkylene oxide. The obtained polyalkylene 
oxide had a hydroxy value of 28 mgKOH/g. 

Comparative Example 4 

0221) The operation was carried out in the same manner as 
in Example 21 except that 0.2 g (0.4 mmol) of the phosphaze 
nium salt obtained in Preparation Example 13 was used 
instead of 0.2 g (0.4 mmol) of the phosphazenium salt 
obtained in Preparation Example 14. The temperature was 
raised to 90° C., and propylene oxide was intermittently sup 
plied so as to maintain the reaction pressure to be at most 0.3 
MPa. The obtained polyol had substantially the same weight 
as the polyol A before the initiation, and the reaction did not 
proceed at all. 

Comparative Example 5 

0222. The operation was carried out in the same manner as 
in Comparative Example 2 except that 0.3 g (0.4 mmol) of 
tetrakistris(dimethylamino)phosphoranilideneamino 
phosphonium hydroxide was used instead of 0.8 mL (0.4 
mmol) of a 0.5 mol/L hexane Solution of phosphaZene cata 
lyst 1-tert-butyl-4,4,4-tris(dimethylamino)-2.2-bis(tris(dim 
ethylamino)phosphoranilideneamino-2.5.405-catenadi 
(phosphazene). The temperature was raised to 90° C., and 
propylene oxide was intermittently Supplied so as to maintain 
the reaction pressure to be at most 0.3 MPa. 
0223) At that time, propylene oxide was slowly supplied in 
order to carry out the temperature control at 90°C., but due to 
heat absorption at the time of Supplying propylene oxide or 
heat generation by the reaction heat, the reaction temperature 
fluctuated between 88 and 95°C., whereby it was difficult to 
control the temperature. Further, in order to control the tem 
perature within the above range, the Supply rate was further 
reduced, and as a result, the reaction time became 8 hours i.e. 
longer by 2 hours than in Example 18. 
0224. As is evident from the foregoing Examples and 
Comparative Examples, in the method for producing a poly 
alkylene glycol of the present invention, it is easy to control 
the temperature during the reaction. 
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INDUSTRIAL APPLICABILITY 

0225. The polyalkylene glycol producing catalyst of the 
present invention can easily be synthesized, and does not 
contain special metal components. Further, in the method for 
producing a polyalkylene glycol using Such a polyalkylene 
glycol producing catalyst, it is easy to control the temperature 
during the reaction of an alkylene oxide, and it is possible to 
produce a polyalkylene oxide having a narrow molecular 
weight distribution and having a high molecular weight and a 
low total unsaturation value simply and efficiently without 
leaving any odor. Thus, the industrial applicability of the 
present invention is high. 
0226. The entire disclosures of Japanese Patent Applica 
tion No. 2008-257286 filed on Oct. 2, 2008 and Japanese 
Patent Application No. 2008-296909 filed on Nov. 20, 2008 
including specifications, claims and Summaries are incorpo 
rated herein by reference in their entireties. 

1. A polyalkylene glycol producing catalyst which is com 
posed of a salt of a phosphaZenium cation and an active 
hydrogen compound anion, represented by the following for 
mula (2): 

(2) 

R-N-N-R 
R i R 

R-y N-R, 
ji=N--N= Yn 

R- -R 
R C R 

R- - 
R2 R2 

in the above formula (2), each of R and R, which are inde 
pendent of each other, is a Coalkyl group, an unsubstituted 
or Substituted Co-ophenyl group, or an unsubstituted or Sub 
stituted Co phenylalkyl group, provided that R and R, or 
R’s, may be bonded to each other to form a ring structure, in 
is a real number of from 1 to 8, andY" is an anion of an active 
hydrogen compound which is obtained by removing n pro 
tons from an active hydrogen compound Y. 

2. The polyalkylene glycol producing catalyst according to 
claim 1, wherein in the phosphaZenium cation represented by 
the formula (2), each of R and R is a methyl group, or R is 
a methyl group or an isopropyl group and R's are bonded to 
each other to form a dimethylene group thereby to form a ring 
Structure. 

3. The polyalkylene glycol producing catalyst according to 
claim 1, wherein the active hydrogen compound Y is water or 
a compound selected from an organic compound having a 
partial structural formula of —OH or —NH-. 

4. The polyalkylene glycol producing catalyst according to 
claim3, wherein the organic compound having a partial struc 
tural formula of OH is one or more members selected from 
the group consisting of a C-2 alcohol, a C2-20 polyhydric 
alcohol having from 2 to 8 hydroxy groups, a saccharide or its 
derivative, and a polyalkylene oxide having from 2 to 8 ter 
minals, having from 1 to 8 hydroxy groups at the terminals 
and having a number average molecular weight of from 200 to 
20,000. 

5. The polyalkylene glycol producing catalyst according to 
claim3, wherein the organic compound having a partial struc 
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tural formula of —NH is one or more members selected 
from the group consisting of a Co polyvalent amine having 
2 or 3 primary or secondary amino groups, a Cao Saturated 
cyclic secondary amine, and a Co cyclic polyvalent amine 
having 2 or 3 secondary amino groups. 

6. A method for producing the polyalkylene glycol produc 
ing catalyst as defined in claim 1, which comprises mixing a 
phosphaZenium salt represented by the following formula 
(1): 

(1) 

R-N-N-R 
R C R 

| 
R-y N-R, 

ji=N--N=y X 

R- l -R, 
R C R 

R- -R 
R2 R2 

in the above formula (1), each of R and R, which are inde 
pendent of each other, is a Co alkyl group, an unsubstituted 
or Substituted Co-ophenyl group, oran unsubstituted or Sub 
stituted Co phenylalkyl group, provided that R and R2, or 
R’s, may be bonded to each other to form a ring structure, 
and X is a hydroxy anion, an alkoxy anion or a carboxy 
anion and an active hydrogen compound Y, followed by heat 
treatment. 

7. The method for producing the polyalkylene glycol pro 
ducing catalyst according to claim 6, wherein in the phosp 
hazenium salt represented by the formula (1), each of R and 
R is a methyl group, or R is a methyl group or an isopropyl 
group and R's are bonded to each other to form a dimethyl 
enegroup thereby to form a ring structure. 

8. The method for producing the polyalkylene glycol pro 
ducing catalyst according to claim 6, wherein X in the phos 
phaZenium salt represented by the formula (1) is one or more 
anions selected from the group consisting of a hydroxyanion, 
analkoxyanion derived from a Ca Saturated alkyl alcohol or 
phenol, and a carboxy anion derived from a C carboxylic 
acid. 

9. The method for producing the polyalkylene glycol pro 
ducing catalyst according to claim 6, wherein X in the phos 
phaZenium salt represented by the formula (1) is a hydroxy 
a1O. 

10. The method for producing the polyalkylene glycol 
producing catalyst according to claim 6, wherein the active 
hydrogen compound Y is water or a compound selected from 
an organic compound having a partial structural formula of 
- OH or - NH . 

11. The method for producing the polyalkylene glycol 
producing catalyst according to claim 10, wherein the organic 
compound having a partial structural formula of OH is one 
or more members selected from the group consisting of a 
Co alcohol, a Co polyhydric alcohol having from 2 to 8 
hydroxy groups, a saccharide or its derivative, and a poly 
alkylene oxide having from 2 to 8 terminals, having from 1 to 
8 hydroxy groups at the terminals and having a number aver 
age molecular weight of from 200 to 20,000. 
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12. The method for producing the polyalkylene glycol 
producing catalyst according to claim 10, wherein the organic 
compound having a partial structural formula of —NH- is 
one or more members selected from the group consisting of a 
Co polyvalent amine having 2 or 3 primary or secondary 
amino groups, a Cao Saturated cyclic secondary amine, and 
a Co cyclic polyvalent amine having 2 or 3 secondary 
amino groups. 

13. The method for producing the polyalkylene glycol 
producing catalyst according to claim 6, which comprises 
mixing the phosphaZenium salt represented by the formula 
(1) and the active hydrogen compound Y within Such a range 
that the active hydrogen compound Y is from 0.2 to 1,000 mol 
per 1 mol of the phosphazenium salt, followed by heat treat 
ment. 

14. A method for producing a polyalkylene glycol, which 
comprises subjecting an alkylene oxide to ring-opening poly 
merization in the presence of the polyalkylene glycol produc 
ing catalyst as defined in claim 1. 

15. A method for producing a polyalkylene glycol, which 
comprises subjecting an alkylene oxide to ring-opening poly 
merization in the presence of the polyalkylene glycol produc 
ing catalyst obtained by the method as defined in claim 6. 

16. A method for producing a polyalkylene glycol, which 
comprises mixing a phosphaZenium salt represented by the 
following formula (1): 

(1) 

R-N-N-R 
R i R 

R-y N-R, 
ji=N--N=y X 

R- -R, 
R C R 

R- - 
R2 R2 

in the above formula (1), each of R and R, which are inde 
pendent of each other, is a Coalkyl group, an unsubstituted 
or Substituted Co-ophenyl group, or an unsubstituted or Sub 
stituted Co phenylalkyl group, provided that R and R2, or 
R’s, may be bonded to each other to form a ring structure, 
and X is a hydroxy anion, an alkoxy anion or a carboxy 
anion and an active hydrogen compound Y, followed by heat 
treatment, and then adding an alkylene oxide and Subjecting 
the alkylene oxide to ring-opening polymerization. 

17. The method for producing a polyalkylene glycol 
according to claim 14, wherein the alkylene oxide is one or 
more members selected from the group consisting of ethylene 
oxide, propylene oxide, 1.2-butylene oxide and styrene 
oxide. 

18. A polyalkylene glycol having a total unsaturation value 
of at most 0.07 meq/g and a molecular weight distribution 
(Mw/Mn) of at most 1.1, obtained by the method as defined in 
claim 14. 

19. A polyalkylene glycol having a hydroxy value of at 
most 60 mgKOH/g and a number average molecular weight 
within a range of from 3,000 to 50,000, obtained by the 
method as defined in claim 14. 

c c c c c 


