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TITLE OF THE INVENTION 

POLYMERIZATION CATALYST FOR-~LKYLENE"OXIDE COMPOUND 

AND PRODUCTION PROCESS OF<:POLY(ALKYLENE OXIDE) 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relatestO" a catalyst useful upon 

polymerization of an alkylene oxide compound. The 

10 present invention is also concerned with a process for 

producing a poly(alkylene oxide) by polymerizing an 

alkylene oxide in the presence of an active hydrogen 

compound and a phosphazene compound or· in.the presence 

of a phosphazenium salt of the active hydrogen com-

l.5 pound, said phosphazenium salt,being derived from the 

active hydrogen compound and the phosphazene compound. 

A poly(alkylene oxide) is an important polymer for its 

1 utility as a raw material for the production of poly-

'. urethane foams and elastomers through its reaction with 
' 20 organopolyisocyanate compound~.>and also as. a surfac-

25 

tant. 

2. "Description of the Relat~cf:Art 
. ·, ~ . 

As practical catalysts.· for. use in the production 

of a· polyal (kylene oxide), b~s'.i_p:· alkali metal compounds 

such as potassium hydroxide ~~~:~i .found wide-spread 
... ·'3 ::-· . 
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utility, for example. Concerning catalysts other than 

such catalyst, U.S. Patent No.·3,829,505 discloses to 

obtain a polymer from propylene oxide in the presence 

of an initiator while using, for example, a compound 

5 represented by zn3 [Fe ( CN} 6 ] 2·H20°dioxane as a 

catalyst. Japanese Patent Laid-Open No. 276821/1990 

discloses to obtain a polymer by reacting sodium methy­

late with a polyol, which has been prepared using zinc 

hexacyanocobaltate as a catalyst, and polymerizing 

10 ethylene oxide in the presence of the reaction product. 

Further, Japanese Patent Laid-Open No. 232433/1987 dis-

closes to obtain a polymer by polymerizing ethylene 

oxide while using a reaction product which has been ob­

tained by adding a solution of diethyl zinc in hexane 

15 to a dispersion formed by adding 1,4-butanediol and a 

nonionic surfactant to a slurry of fumed silica in 

hexane. 

It is however known that, when a poly(alkylene 

· oxide) is produced using a metal-containing catalyst 

20 such as those described above, a residue of the metal 

catalyst adversely affects a reaction upon production 

of polyurethane or physical.properties of t~e resulting 

polyurethane. A special process or complex steps are 

therefore needed for the full elimination of such· a 

25 metal residue upon production of a poly(alkylene 
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oxide). 

Concerning metal-free catalysts, on the other 

hand, Japanese Patent Laid-Open No. 159595/1975 dis­

closes the preparation of a polymer from ethylene oxide 

while using an ether adduct of boron trifluoride in the 

presence of an alkanepolyol. This catalyst is however 

also known to require extremely complex steps for the 

thorough elimination of its residue and moreover, a 

particular impurity in the polymer gives deleterious 

effects on certain physical properties of urethane. 

Further, according to Japanese Patent Laid-Open No. 

12026/1982, a polymer of an alkylene oxide is obtained 

in the presence of an alcohol while using aminophenol 

or the like as a catalyst. According to Japanese 

Patent Laid-Open No. 38323/1981, on the other hand, 

propylene oxide is polymerized in the presence of sor­

bi tol as an initiator and tetramethylammonium hydroxide 

as a catalyst. These processes are however accompanied 

'.by problems such that the catalysts do not have suffi­

cient pol.ymerization activities and.an amine-like odor . 
remains in the resulting polymers. 

SUMMARY OF THE INVENTION 

An object of .the present invention is therefore 

to provide a catalyst system, which acts efficiently 
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upon production of a poly(alkylene oxide) by polymeriz-

ing an alkylene oxide compound and does not cause an 

odor to remain in the poly(alkylene oxide), and also a 

process for producing a poly(alkylene oxide) by using 

5 the catalyst system. 

To achieve the above-described object, the pres­

ent inventors have proceeded with an extensive investi­

gation. As a result, it has been found extremely ef-

fective to produce a poly(alkylene oxide) by polymeriz-

10 ing an alkylene oxide compound in the presence of an 

active hydrogen compound and a metal-free phosphazene 

compound or in the presence of a phosphazenium salt of 

the active hydrogen compound, said phosphazenium salt 

having been derived from the active hydrogen compound 

15 and the phosphazene compound, leading to the completion 

of the present invention. 

In one aspect of the present invention, there is 

thus provided a process for the production of a poly-

(.alkylene oxide), which comprises reacting an alkylene 

20 oxide (compound) in the presence of an active hydrogen 

compound and a phosphazene compound represented by the 

following partial structural formula (1): 

I 
-P=N-Q 

·I 

(1) 
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wherein Q represents a hydrocarbon group having 1 to 20 

carbon atoms, or in the presence of a phosphazenium 

salt of said active hydrogen compound, said 

phosphazenium salt having been derived from said active 

5 hydrogen compound and said phosphazene compound and 

being represented by the following partial structural 

formula (2): 

I H 
. I 

-p+-N. 

. I 'a (2) 

wherein Q represents a hydrocarbon group having 1 to 20 

10 carbon atoms, x represents a number of phosphazenium 

cations, and zx- represents an x-valent anion of said 

active hydrogen compound. 

In another aspect of the present invention, there 

is also provided a poly(alkylene oxide) which is ob-

15 'tainable by polymerizing an alkylene oxide compound in 

'.the presence of an active hydrogen compound and a phos­

phazene compound represented.by the partial structural 

formula {l) or in the presence of a phosphazenium salt 

of the active hydrogen compound, said phosph.azenium 

20 salt being represented by the partial structural for­

mula (2) and having been derived from the active 

hydrogen compound and the phosphazene compound. 
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In a further aspect of .the present invention, 

there is also provided a cata1y.st useful for the pro­

duction of a poly ( alkylene ox.l<i~l by polymerization of 
.':_';·:>·::=. 

an alkylene oxide compound, wh.iCh. .comprises a 
-. '~<:: :;'_-... 

5 phosphazene compound represent;~d·by.the partial struc-
. . ': .• · 

tural formula (1). 

In a still further aspeqt of the present inven­

tion, there is also provided a catalyst useful for the 

production of a poly(alkylene oxide) by polymerization 

10 of an alkylene oxide compound/· which comprises a 

phosphazenium salt of an active.hydrogen compound, said 

phosphazenium salt being represented by the partial 

15 

structural formula (2). 

DETAILED DESCRIPTION.OF THE INVENTION 
.. /.: .. 

The term "active hydrog~:fi compound" as used in 

the process according to the present invention means a 

compound containing active hyd:r:ogen, illustrative of 
.. ·.··._.,:· 

which are water; saturated or \~·nsaturated, monohydric 

20 alcohol having 1 to 20 carbot)_:~·toms, such as methanol,, 
- . . ; ··,~·· 

: ·. ;'; 

hexanol and allyl alcohol; polyl'lydric alcohols having 2 
·.: ~ : :.· 

to 10 hydroxyl groups and 2 t·6.;o carbon atoms, such as 

ethylene glycol, propylene gt§do1, dipropylene ·glycol, 
_;·:: 

trimethylolpropane, glycerin/'.~:iglycerin, triglycerin, 
.; ~ .. f .·:. 

25 pentaerythri tol, dipentaerytl-dd.tol, tripentaerythri tol, 
.,_ ;:'.:". 

-<. 
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l,4~butanediol, 2-butene-1,4-diol, 2-butyn-1,4-diol, 

1,6-hexanediol and 1,4-cyclohexanediol; aromatic com-

pound.having 1 to 2 hydroxyl groups and 6 to 20 carbon 

atoms, such as phenol, nonylphenol, 2-naphthol, 2,6-

5 dihydroxynaphthalene, bisphenol F and bisphenol A; car-

boxylic acids having 1 to 6 carbon atoms, such as 

formic acid, acetic acid, propionic acid, butyric acid, 

isobutyric acid and caproic acid; saccharides and 

derivatives thereof, such as sorbitol, dextrose and 

10 sucrose; aliphatic amine compounds having one or more 

primary or secondary amino groups, such as N-hexyl-

amine, ethylenediamine, N,N'-dimethylethylenediamine 

and hexamethylenediamine; aromatic amine compounds hav-

ing one or more primary or secondary amino groups, such 

15 as aniline, 2,4-diaminotoluene, 2,6-diaminotoluene, N-

methylaniline, 4,4 1 -diaminodiphenylmethane and 1,3-

diaminobenzene; alkanolamines having a hydroxyl group 

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

amine and triethanolamine; and oligo(alkylene oxide)s 

20 and poly(alkylene oxide)s, which are obtained by 

polymerizing alkylene oxides while using these active 

hydrogen compounds described above as initiators. 

Of these, preferred are water, saturated or un­

saturated, monohydric alcohols having 1 to 20 carbon 

25 atoms, polyhydric alcohols having 2 to 10 hydroxyl 
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groups and 2 to 20 carbon atoms, aromatic compounds 

having 1 to 2 hydroxyl groups and 6 to 20 carbon atoms, 

carboxylic acids having 1 to 6 carbon atoms, sac­

charides and derivatives thereof, oligoalkylene oxides, 

5 and poly(alkylene oxide)s. More preferred are water; 

methanol; ethanol; phenol; 1-naphthol; acetic acid; 

propionic acid; ethylene glycol; propylene glycol; 

glycerin; pentaerythritol; sorbitol; dextrose; sucrose; 

and poly(ethylene glycol), poly(propylene glycol) and 

10 copolymers thereof, whose molecular weights range from 

90 to 10,000. If necessary, two or more of these ac­

tive hydrogen compounds may be used in combination 

without any inconvenience. 

Illustrative of the alkylene oxide compound in 

15 the process of the present invention are epoxy com­

pounds such as ethylene oxide, propylene oxide, 1,2-

butylene oxide, 2,3-butylene oxide, styrene oxide, 

' cyclohexene oxide, epichlorohyrin, epibromohydrin, 

methyl glycidyl ether, allyl glycidyl ether and phenyl 

20 glycidyl ether. Two or more of these alkylene o~ide 

compounds may be used in combination. When employed in 

combination~ it is possible to use the plural alkylene 

oxide compounds concurrently, successively or 

alternately~ 

25 Of these alkylene oxide compounds, ethylene 
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oxide, propylene oxide, 1,2-}jlitylene oxide and styrene 

oxide are preferred. 

The term 11 phosphazene compound" as used herein 

means a compound represented by the following partial 

5 structural formula (1): 

10 

. I 
. ...--P=N-Q .• (1) 

I 
wherein Q represents a hydrocarbon group having 1 to 20 

carbon atoms; preferably a compound represented by the 

following chemical formula (3): 

Q 
I 

. D N . D 

0t-f =t-~-f=f1 
D ~ D 

II 
D-P-D 
~ 

D 

(3) 

wherein t, m and n individually: represent o or a posi­

tive integer of 3 or smaller) ips may be the same or 

different and individually r~p~esent a hydrocarbon 

group having 1 to 20 carbon atoms, an alkoxy group,· a 

15 phenoxy group, a thiol residual group, a thiophenol 

residual group, a mono-subst,~t~ted amino group, a di-
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substituted amino group or a 5- or 6-membered cyclic 

amino group, Q represents a hydrocarbon group having 1 

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

atom or different phosphorus atoms may be linked to-

5 gether or D and Q may be linke(,i together to form a ring 

structure. 

On the other hand, the term "phosphazenium salt 

of the active hydrogen compound" as used herein, said 

phosphazenium salt being derived from the active 

10 hydrogen compound and the phosphazene compound, means a 

salt represented by the following partial structural 

formula (2): 

. I /H 
-p+-N 

I .'a 

: , 

(2) 

wherein Q represents a hydroca~bon group having 1 to 20 

15 ' carbon atoms,. x represents a nu1llber of phosphazenium 

cations, and zx- represents ai:i' x-valent anion of said 

active hydrogen compoufl:d; preferably a sal~ .represented 

by the following chemical formula (4): 
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zx-· (4) 

x 

wherein I., m and n individually represent o or a posi-

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

different and individually represent a hydrocarbon 

5 group having 1 to 20 carbon atoms, an alkoxy group, a 

phenoxy grpup, a thiol residual group, a thiophenol 

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

substituted amino group or a 5- or 6-membered cyclic 

amino group, Q represents a hydrocarbon group having 1 

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

or different phosphorus atoms may be linked together or 

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

ture, x represents a pumber of phosphazenium cations, 

and zx- represents an x-valent anion of said active 

15 hydrogen compound. 

It is well known that, as a phosphazene compound 

has strong basicity, it easily extracts a proton ~rom 
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an active hydrogen compound to.form a phosphazenium 

salt of the active hydrogen compound. Further, the 

above-described active hydrog(:!n compounds include com­

pounds containing plural actfye hydrogen atoms in their 

5 molecules. Although such act·:L,ve .q.ydrogen compounds may 
.. ::: .. 

form phosphazenium salts by ·~htirely giving off their 

active hydrogen atoms, they may also partly give off 
-· 

their active hydrogen atoms tq f.orm salts. The letter 

x which.indicates the valence h:umber varies depending 
• = .• :_:· .. ; 

10 on the active hydrogen compouhd arid cannot be defined 

in any wholesale manner, but generally ranges from 1 to 

10, with 1 being preferred. 

Qs in the partial structural formula (1), partial 

structural formula (2), chemi.ca],_ formula (3) and chemi-
·.::·:' . 

15 cal formula (4) and Ds in the chemical formula (3) and 

chemical formula (4) may cont.ain any subst;i.tuent group 

or groups provided that such substituent group or 

20 

groups will not interfere with .. the polymerization reac-. · .. ·._,·:.: . 

tion. 

Examples of the hydroc~~·bon group having 1 to 20 

carbon atoms as D include al·~~~ ':groups such as methyl, 

- ethyl, propyl, isopropyl, rt...;.b~-~y't, isobutyl, sec-buty.l, 

tert-butyl, pentyl, neopentyf:ij ~:exyl, heptyl, octyl, 
. . . . . . ; . 

.. :.,·:: 

·tert-octyl, nonyl and decyI;-~ik~l·groups containing 
: ·': ."\'··.' .·· . 

25 one or more unsaturated borids:':,q~: aromatic groups, such 
. .. . , .. '~ : .. 
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as allyl, 2-methylallyl, benzyl, phenethyl, o-anisyl, 

1-phenylethyl, diphenylmethyl, triphenylmethyl and cin­

namyl; alicyclic groups such as cyclopentyl, cyclo-

hexyl, 4-methylcyclohexyl, 3-propylcyclohexyl, 4-

5 phenylcyclohexyl, cycloheptyl and 1-cyclohexenyl; 

alkenyl groups such as vinyl, styryl, propenyl, 

isopropenyl, 2-methyl-1-propenyl and 1,3-butadienyl; 

alkynyl groups such as ethynyl and 2-propynyl; and 

aromatic groups such as phenyl, o-tolyl, m-tolyl, p-

10 tolyl, 2,3-xylyl, 2,4-xylyl, 3,4-xylyl, mesityl, o-

cumenyl, m-cumenyl, p-cumenyl, 1-naphthyl, 2-naphthyl 

and p-methoxyphenyl. 

Examples of the alkoxy group as D include alkoxy 

groups containing 1 to 20 carbon atoms, such as 

15 methoxy, ethoxy, propoxy, isopropoxy, butoxy, pentyl-

oxy, allyloxy, cyclohexyloxy and benzyloxy. Examples 

of the phenoxy group as D include phenoxy groups having 

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

;. 3-propylphenoxy and 1-naphthyloxy. Examples of the 

20 thiol residual group as D include thiol residual groups 

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

thio, propylthio, isopropylthio, butylthio, isobutyl­

thio, tert-butylthio~ pentylthio, hexylthio, heptyl­

thio, octylthio, tert-octylthio, nonylthio and 

25 decylthio. Examples of the thiophenol residual group 
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include thiophenol residual groups having 6 to 20 car-
;.::".,'·:: 

bon atoms 1< : such as phenylthio'o;;"_~~t:olyl thio, m-tolyl-

thio, p-tolylthio, 2,3-xylylt.hiq,: 2,4-xylylthio, 3,4-... ··-::· .. ·· ·.· 

'·' .. ·· 
xylylthio, 4-ethylphenylthio ·ajid 2-naphthylthio. Exam-

.. .· ~ . 

5 ples of the mono-substituted ~min~ group as D include 

mono-substituted amino groups··having 1 to 20 carbon 

atoms, ·such as methylamino, ethylamino, propylamino, 

isopropylamino, butylamino, i$obutylamino, tert­

butylamino;.,. pentylamino, hexy],(imino, heptylamino, 

10 octylamino, · tert-octylamino, nc:mylamino, decylamino, 1-

ethylpropylamino, 1-ethylbutylamino, aniline, o-tolyl-

amino, m;..tolylamino, p-tolylamino, 2,3-xylylamino, 2,4-

xylylamino and 3,4-xylylamino. Examples of the di­

substituted amino.group as D include amino groups di-

15 substituted by hydrocarbon groups which may be the same 

-or different and individually have 1 to 20 carbon 

atoms, suql,l as dimethylamino, ''diethyl amino, methyl-

, ethylamino,· di.propylamino, m,e~hylpropylamino, 
'.. .-." '. . .. . .. ' _.:.:~ / .. 

diisopropylamitj.o, dibutylaminc);methylbutylamino, 

20 diisobutyl,.amino, di-sec-buty-1~#.iino, dipentylamino, 

dihexylami;no, ethylhexylamino.~< :'diheptylamino, dioc-

tylamino; . .di-tert-octylamino,}~~hyl-tert-octyla~ino, 
·. ;·;'' ·; 

dinonylantfno, didecylaniino, 4·.ipfu~riylamino, methyl-

phenyl amino, ethylphenylamino:/!.~1.:..0-tolylamino, di-2 ~ 3-
:_;·::;:·.:-·· 

25 xylylamino and phenyl tolylam:~~6} , ~nd 5- or 6-membered 
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cyclic amino groups such as 1-pyrrolidinyl, 3-methyl-1-

pyrrolidinyl, 1-pyrrolyl, 3-ethyl-1-pyrrolyl, 1-

indolyl, 1-piperidyl, 3-methyl-l-piperidyl, 1-

piperazinyl, 4-methyl-1-pipe;ci,zinyl, 1-imidazolidinyl 

5 and 4-morpholinyl. 

Specific examples of Q :a:re the same as those ex-

amplified as the hydrocarbon group D. 

Examples of the divalent group (D-D) ·on the same 

phosphorus atom or different phosphorus atoms when the 

10 two Ds on the same phosphoru~ atom or different 

phosphorus atoms are linked together to form a ring 

structure wholly or partly include saturated or un­

saturated divalent aliphatic hydrocarbon groups such as 

ethylene, vinylene, propylene, 1,2-cyclohexanylene, 

15 1, 2-phenylene, trimethyl_ene, propenylene, tetra­

methylene, 2,2 1 -biphenylene, l~butenylene, 2-butenylene 

and pentamethylene; and di val.ent groups in the farm 

' that desired one or two atoms are inserted between one 

or both ends of said divalen( filiphatic hydrocarbon 

20 ~r.oups and their associated phbsphorus atoms, said 

desired one or two atoms beinij·. selected from the group 
. ' ~-.: . ·, 

consisting of an oxygen atoms/a sulfur atom, and a 
:.;:··:· 

nitrogen atom to which a hydr,qg.en atom or an aliphatic 

or aromatic hydrocarbon group,, .. : such as methyl, ethyl, 

25 butyl, cyclohexyl, benzyl or,~henyl group, is bonded. 
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Specific examples of such divaleant groups include 
. . . . . 

methyleneoxy, ethylene-2-oxy, t;rim~.thylene-3-oxy, 

methylenedioxy, ethylenedio>£~, ·· tj:-'imethylene-1, 3-dioxy, 

cyclohexane-1,2-dioxy, benzene~l(2-dioxy, methylene-

5 thio, ethylene-2-thio, trimetliyie·ne-3-thio, tetra­

methylene-4-thio, methylened,i;tptc>., ·· ethylenedi thio, 

trimethylene-1, 3-dithio, ami·n.~fti~th~lene, aminoethylene, 
. . ./ ... :·. ·,·:·. . 

aminotrimethylene, aminotetraD\et:,hyiene, N-ethylamino-
.:.- ·· .. · 

'·. 

methylene, N-cyclohexylamino~thyle~:lE~, N-methylamino-

10 trimethylene, N-benzylaminotetramethylene, diamino-

methylene, ethylenediamno, vinylenediamino, 

trimethylenediamino, N,N'-dimethylmethylenediamino, 

vinylenediamino, trimethylenediamino, N,N'-dimethyl-

methylenediamino, N,N'-diphenylethylenediamino, N,N'-

15 dimethylethylenediamino, N-methyl-N'-ethyltrimethylene­

diamino, N,N'-diethyltetramethylenediamino and N­

methyltrimethylenediamino. 

Further, when D and Q are linked together to form 

a ring structure wholly or partly, the associated 

20 nitrogen atom and the associated phosphorus atom are 
' ' . 

connected to each other throU.~h:a so-formed divalent 
. :::, . 

group (D-Q) • Illustratives ~~f the divalent group (D-Q) 

are the same saturated or unf;?:turated aliphatic 

divalent hydrocarbon groups ae:> those exemplified above 
."•: 

25 as divalent groups on the twb ::pnosphorus atoms; and 
·:.:: .· 
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~ivalent groups with a desired atom inserted between 

the above divalent hydrocarbon groups and their associ­

ated phosphorus atoms, said desired atom being selected 

from the group consisting of an oxygen atom, a sulfur 

5 atom, and a nitrogen atom to which a hydrogen atom or 

an aliphatic or aromatic hydrocarbon group such as 

methyl, ethyl, butyl, cyclo~exyl, benzyl or phenyl 

group is bonded. Specific examples of these divalent 

groups include groups such as methyleneoxy, ethylene-2-

10 oxy, methylenethio, ethylene-2-thio, aminomethylene, 

aminoethylene, N-methylaminomethylene, N-ethylamino­

ethylene, N-methylaminotrimethylerte and N-phenyl­

amionethylene. 

Specific examples of the phosphazene compound 

15 having the structure represented by the chemical for­

mula (3) or the phosphazene compound from which the 

salt of the chemical formula (4) is derived will 

' hereinafter be described. Illustrative of cases where 

Os are alkyl groups of the same kind or different kinds 

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

(l,1,3,3-tetrametylbutyl)-2,2,4,4,4-pentaisopropyl-

2A5,4AS-catenadi(phosphazene). Illustrative of cases 

where each D is an alkyl group -containing an un­

saturated bond or aromatic group are 1-tert-butyl-

25 2,2,2-triallylphosphazene, l-cyclohexyl-2,2,4,4,4-
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pentaallyl-2>.5 ,4>.5-catenadi(phosphazene) and 1-ethyl-

2,4,4,4-tribenzyl-2-tribenzylphosphoranilideneamino-

2>.5 ,4>.5-catenadi(phosphazene). Illustrative of cases 

where each D is an alicyclic group are l-methyl-2,2,2-

5 tricyclopentylphosphazene and l-propyl-2,2,4,4,4-

cyclohexyl-2>.5 ,4>.5-catenadi(phosphazene). Illustrative 

of cases where each D is an alkenyl group are 1-butyl-

2, 2, 2-trivinylphosphazene and 1-tert-butyl-2,2,4,4,4-

pe~tastyryl-2>.5 ,4>.S-catenadi(phosphazene). Illustra-

10 tive of cases where each D is an alkynyl group is l­

tert-butyl-2, 2, 2-tri (2-phenylethynyl) phosphazene. Il-

15 

lustrative of cases where each D is an aromatic group 

are l-isopropyl-2,4,4,4-tetraphenyl-2-triphenyl­

phosphoranilideneamino-2>.5 ,4>.5-catenadi(phosphazene). 

Further, illustrative of cases where each D is an 

alkoxy group are l-tert-butyl-2,2,2-trimethoxyphos-

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

. isopropoxy-2>.S,4>.S-catenadi(phosphazene) and l-phenyl-

2,2,4,4,4-pentabenzyloxy-2>.5,4>.5-catenadi(phosphazene). 

20 Illustrative of cases wh~re each D is a phenoxy group 

are l-methyl-2,2,2-triphenoxyphosphazene and 1-tert­

butyl-2,2,4,4,4-penta(l-naphthyloxy)-2>.5,4~5-catena­

di(phosphazene). 

Illustrative of cases where each D is a thiol 

25 residual group are 1-tert-butyl-2,2,2-trimethylthio-
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phosphazene and 1-methyl-2,4,4,"4-tetraisopropylthio-2-
. ' 

triisopropy:J.;thiophosphoranilid~:nearn~no-2>.5,4>.5-catena-

di(phosphazene). Illustrative of cases where each Dis 

a thiophenol residual group is (~.-:-allyl-4, 4, 4-triphenyl-

5 thio-2, 2-bis, (triphenylthi_opho~i;>J:loranilideneamino)-
... · 

2>.5, 4>.5-catenadi (phosphazene)". · · 

Illustrative of cases where each D is a mono-

substitut.ed amino group are l~tert-butyl-2, 2, 2-

tri (methyla~ino) phosphazene, l-(l,1,3,3-tetramethyl-

10 butyl)-2,2,4,4,4-penta(isopropylamino)-2>.5,4>.5-

catenadi(phosphazene), l-tert-butyl-2,4,4,4-tetra­

(methylarnino)-2-tri(methylamino)phosphoranilideneamin~-

2>.5 1 4>.5-catenadi(phosphazene), 1-tert-butyl-2,4,4,4-

tetra(isopropylamino)-2-tri(isopropylamino)phosphor-

15 anilidenecirnino-2>.5 ,4>.5-catenadi(phosphazene), 1-tert­

butyl-2,4,414-tetra(tert-buty~am,ino)-2-tri{tert-butyl­

amino)phosphoranilideneamino-2):5 ,4>.5-catenadi{phos-

, phazene), l'"'.tert-butyl-2, 4 ,4, 4-.tetra (allylamino) -2-

tri (allylal[lino) phosphoranilidepeamino-2>.5, 4>.5-
.· ....... , 

20. catenadi(phosphazene), 1-tert~b~tyl-4,4,4-tri(methyl-

25 

· .. ':""·. 

amino)-2,~~bis[tri(methylaminC>-fpl)osphoranilideneamino]-

2>.5, 4>.5-cat~nadi (phosphazene) ,>·i;Ltert-butyl-4, 4, 4-. . . . '~ . "."' , 

tri ( isopropylamino) -2, 2-bis{t:r.:.i:"(i'so.propylamino) -
: ··.<.·.::: 

phosphoranilide~eamino]-2>.5, 4)i!5:~atenadi (phosphazene), · 

1-tert-butyl-4, 4, 4-tri (tert-bJ~yf:amino)-2, 2-bis [tri-

.. 



, 
! 

- 20 -

(tert-butylamino)phosphoranif1:deneamino]-2>.5,4>.5-

catenadi (phosphazene) , 1-tert;lp\J.tyl-4, 4·, 6, 6, 6-penta­

(methylamino) -2, 2-bis [tri (meti}iy1amino) phosphor-
·.;' 

anilideneCl,mino]-2>.5,4>.5,6>.5-oc:itenatri(phosphazene), 1-

5 tert-butyl-4,4,6,6,6-penta(isgpJ:'.OPYlamino)-2,2-bis[tri-

(isopropy.lamino)phosphoranilideneamino]-2>.5,4>.5,6>.5-

catenatri(phosphazene), l-te:r~:..butyl-4,4,6,6,6-penta­

(tert-butylamino)-2, 2-bis[tri.(tert-butylamino) phosphor­

anilideneamino]-2>.5, 4>.5, 6>.5-catenatri (phosphazene) and 

10 l-tert-butyl-4,4,6,6,6-penta(methylamino)-2-[2,2,2-tri-

(methylamino)phosphazen-1-yl]-2-[2,2,4,4,4-penta­

(methylamino)-2>.5,4>.S-catenadi(phosphazen)-l-yl]-

2>.5,4>.5,6>.5-catenatri(phosphazene). 

Illustrative of cases wl:lere each D is a di-

15 substituted amino group are l-tert-butyl-2,2,2-tris-

20 

(dimethylamino) phosphazene, _1-:-(1, 1, 3, 3-tetramethyl-. 

butyl)-2,2,2-tris(dimethylami~o)phosphazene, 1-ethyl­

' 2, 2, 4, 4, 4-pentakis (dimethyla-µi:fno).-2>.5, 4>.5-catena-

d:i. (phosphazene), 1-tert-butyrS~:' 4, 4, 4-tetrakis-
\ .: ·. :_.:·.~.- .. 

(dimethylamino)-2-tris(dimethytamirio)phosphoranilidene-, .. · . ··. 

amino-2>.5, 4>.5-catenadi (phosptl.~z~he) , 1-tert-butyl-
.; ·: .: .. :;~ .. 

· ... ·.: .. ,·'::' 

2, 4, 4, 4-tetrakis (diisopropyl,~trtino) -2-t_ris (diisopropyl-

amino) phospho::tanil ideneamino~~:~~', 4>. 5-ca tena-
:.:··;_:: .. · 

di (phosphazene), 1-tert-buty~L-2!{4, 4, 4-tetrakis (di-n-
. : ~- :·. ·.: ·,_ :/~ .. 

25 butylamino) -2-tris (di-n-butyianii,no) phosphoranilidene-
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amino-2>.5 1 4>.5-catenadi(phosph~zene), l-tert-butyl-

4, 4, 4-tris (dimethylamino)-2 ,2:~k;is[tri${dimethylamino)­

phosphorariilideneamino] -2>.5 , 4*:?-.cat:enadi (phosphazene) , 

1-(1,1,3,3-tet~amethylbutyl)-:'4,4:;4-tris(dimethylamino)-

5 2,2-bis[tris(dimethylamino)pho~phranilideneamino]-

2>.5, 4>.5-catenadi (phosphazene) ,/~ 1- (1, 1, 3, 3-tetramethyl­

butyl) -4, 4, 4-tris (methylethylamino)-2, 2-bis [tris-
~. .· 

(methylethylamino)phosphoranilideneamino)-2>.5,4>.5-

catenadi(phosphazene), l-tert-putyl-4,4,4-tris(diethyl-

10 amino)-2,2-bis[tris(diethylamino)phosphoranilidene-

amino]-2>.5,4>.5-catenadi(phosphazene), l-tert-butyl-

4,4,4-tris(diisopropylamino)-212-bis[tris(diisopropyl­

amino)phosphoranilideneamino]-2>.S,4>.5-catena­

di(phosphazene), l-tert-butyl.,-4,4,4-tris(di-n-butyl-

15 amino)-2,2-bis[tris(di-n-buty+amino)phosphoranilidene-

amino]-2>.5, 4>.5-catenadi (phosph·~~ene), l-tert-butyl-

4, 4, 6, 6, 6-pentakis (dimethylamino) -2, 2-bis[tris-

' (dimethylamino) phosphoranilidei~e.amino]-2>.5, 4>.5, 6>.5-

catenatri (phosphazene), l-ter~::.butyl-4,4,6,6,6-penta-
.20 kis{diethylamino)-2,2-bis[tris(cii,ethylamino)phosphor-

25 

anilideneamino]-2>.5,4>.5 ,6>.5-q~teh~tri(phosphazene), 1-·'' .. ·: .. > .·· 
tert-bll:tyl-4,4,6,6,6-pentaki~:(d~Jsopropylamino)-2,2-

bis[tris(diisopropylamino)php~ph~ranilideneamino]-
2>.5 1 4>.5,6>.5-c;;atenatri{phospha~eti;), 1-tert-butyl-

~.:: : : 

4,4,6,6,6-pentakis(di-n-butyl~tn°i'tib)~2,2-bis[tris(di-n-
· ... , ... ·.· .. 
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butylamin9)phosphoraniliden~c1~'iii.o)-2.X5, 4;.5, 6>.5-
. ~;:.: . 

catenatri{,phosphazene), 1-tea:..::butyi-4, 4, 6, 6, 6-
. ... . 

pentakis (dimethyl amino) -2- [ 2 ;'2:1 2-tris ( dimethylamino) -
... ::. . . · ... :-:~ : . . 

phosphaz~ll..;.1-yl] -2- [ 2 , 2 , 4 , 4 , 4'-:~entakis (dimethyl amino) -

5 2>.5 1 4>.S-catenadi(phosphazen) ... 1fyl.]-2>.S,4;.5,6>.5-
.·, ... ,· 

.. • ·.,.> 

catenatri(phosphazene) and l'.""phEmyl-2,2-bis(dimethyl­

amino)-4,4-dimethoxy-4-phenyTafuino-2>.5 ,4;.5-catena-

di(phosph~zene). 

Illµstrative of cases where each D is a 5- or 6-

10 membered c::yc:J.ic amino group are l-tert-butyl-2,2,2-

tri (1-pyrrolidinyi) phosphaze,ne; 1-tert-butyl-2, 2, 4, 4, 4-

penta (1-pyrrolidinyl) -2>.5, 4>.5-catenadi (phosphazene), 1-

tert-butyl-2,2,4,4,4-penta(4-morpholinyl)-2>.5,4;.5-

catenadi(phosphazene), 1-tert:butyl-2,2,4,4,4-penta(1-

15 piperidinyl)-2>.S,4;.5-catenadi(phosphazene), 1-tert-

20 

butyl-2,2,4,4,4-penta(4-methyl;..;1-piperidinyl)-2>.5,4;.5-

catenadi (phosphazene), 1-tert-J:mtyl-2, 2, 4, 4, 4-penta (1-

, imidazolyl)-2>.5,4.>.,5-catenadi(phosphazene), 1-tert-
:· :_ <~_::. 

butyl-2,4~4,4-tetra(l-pyrroliaJnyl)-2-tri(l-

pyrrol idinyl) phosphoranil iderie'~mino-2>. 5 , 4>. 5 _ ,'. 
:·. '::·. 

cateJ?-adi(phosphazene), 1-tert+.J:>utyl-2,4,4,4-tetra(l-

piperidinyl)-2-tri(l-piperidiriyl)phc:>sphoranilidene­

amino-2>.5, 4>.5-catenadi (phospfy.~;iene) , 1-tert-butyl-

2, 4, 4, 4-tetra (4-morpholinyl) ~:~~~,ri (4-morpholinyl)-

25 phosphoranilideneamino-2>.5 , 4).~~ ... 6.atenadi (phosphazene) , 
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l-tert-butyl-2, 4, 4, 4-tetra (,4.-methyl-1-piperazinyl) -2-

tri ( 4-methyl-l-piperazinyl) phosphoranilideneamino-

2>.5, 4>.5-catenadi (phosphazene) ·, l-tert-butyl-2, 4, 4, 4-

tetra (1-imidazolyl) -2-tri (1-imidazolyl) phosphor-

5 anilidenea;mino-2>.5,4>.5-catenadi(phosphazene), l-tert­

butyl-4,4,4-tri(l-pyrrolidinyl)-2,2-bis[tri(l­

pyrrolidirtyl)phosphoranilideneamino]-2>.S,4>.5-

catenadi(phosphazene), l-tert-butyl-4,4,4-tri(4-

morpholinyl)-2,2-bis[tri(4-morpholinyl)phosphor-

10 anilidenea~ino]-2>.5 ,4>.5-cateriadi(phosphazene), l-tert­

butyl-4,4/4-tri(l-piperidinyl)-2,2-bis[tri(l­

piperidinyl)phosphoranilideneamino]-2>.5 ,4>.5-catena~ 

di(phosphazene), l-tert-butyl-4,4,4-tri(4-methyl-l­

piperazinyl)-2,2-bis[tri(4-methyl-l-piperazinyl)-

15 phosphorani:lideneamino] -2>.5 , 4>.5-catenadi (phosphazene) , 

l-tert-butyl-4,4,4-tri(l-imidazolyl)-2,2-bis[tri(l­

imidazolyl)phosphoranilideneamino]-2>.5,4>.5-

' catenadi (phosphazene) , l-ter~,-:butyl-4, 4, 6, 6, 6-penta (l­

pyrrolidinyl) -2, 2-bis [tri (l-pyrrolidinyl) phosphor-

_ 20 anilidene(lmino]-2>.5 ,4>.5 ,6>.5-catenatri(phosphazene), l­

tert-butyl-4, 4, 6, 6, 6-penta ( 1:-piperidi_nyl) -2' 2-

bis [tr~ ( l-piperidinyl) phosphtj:r::~niiideneamino] -
...... 

2>.5 1 4>.~,6>.5-catenatri(phospha:~~ne), l-tert-butyl-

4, 4, 6, 6, 6-penta ( 4-morpholi.nyl}-2, 2-bis [tri ( 4-

25 morpholinyl) phosphoranilidenE!:.~mino)-2>.5, 4>.5, 6>.s.:.. 
'· ~._: : 
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catenatri (phosphazene) , l-ter~:...,butyl-4, 4, 6, 6, 6-penta ( 4-

.methyl-1-piperazinyl)-2,2-bis[tri(4-methyl-l­

piperazinyl)phosphoraniliden~~ill:ino]-2..\5,4..x5 ,6..\5-

catenatri(phosphazene) and .1-t1art-butyl-4,4,6,6,6-

5 penta(l-pyrrolidinyl)-2-[2,2;4,4,4-penta(l-

pyrrolidinyl)-2..\5,4..x5-catenadi-(phosphazen)-l-yl]-2-

[2,2,2-tri{l-pyrrolidinyl)phosphazen-l-yl]-2..\5,4..x5,6..\5-

catenatri(phosphazene). 

Further, illustrative of cases where two Ds on 

10 the same phosphorus atom or different phosphorus atoms 

are linked together to form a ring structure is 2-

(tert-butylimino)-2-dimethylamino-l,3-dimethyl-1, 3-

diaza-2..\5-phosphinane. 

Illustrative of cases where D and Q are linked 
. . ::~ .. 

15 together to form a ring structure are 5,7,11-trimethyl­

l,5,7,ll-tetraaza-6..\5-phosphas~iro(S.5)undeca-1(6)-ene, 

7-ethyl-5,ll-dimethyl-1,5,7,11""'.t~traaza-6..\5-phospha­

spiro [ 5. 5]undeca-1 (6) -ene, 6,.8~13-trimethyl-1, 6, 8, 13-

tetraaza-7..\5-phosphaspiro[6. 6~.~:I:ideca-1 (7)-ene, 7-

20 

25 

methyl-1, 7-diaz~-5, ll-dioxa-61'.~ .... phosphaspiro[S.5]-
. . :.: ·.~ . : : . 

undeca-1 (6)-ene, 7-methyl-l, 7·;aj,aza-5-oxa-11-thia-6..\5-

phosphaspiro(5. 5)undeca-l (6} ""'.~tje, _ l-tert-butylimino-1-

dimethylamino-1, 3-diphospha-2,1.:aza-3, 3-dimethyl-2-cyclo­

hexene-6..\ 5-phosph~spiro [ 5 • 5] u~de~a-1 { 6 ). -ene and l -

dimethylamino-1- { 2-dimethylani~F~-2, 2-trimethylene-

_ .. ·. 
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diaminophosphazen-l-yl)-1A5-pbospha-2,6-diaza-1-

cyclohexene. 

Synthesis processes of these phosphazene com-

pounds are described in deta;1. int:er alia in H.R. 

5 Allcock, Phosphorus-Nitrogen _compounds, Academic.Press 
·. . 

1972, Reinhard Schwesinger, Nach_r. Chem. Tee. Lab., 
:, ... ~ 

38(1990), Nr. 10, 1214-1226, :c1~d Reinhard Schwesinger, 

Chem. Ber., 1994, 127, 2435-2454. For example, 1-tert­

butyl-2,2,2-triallylphosphaz~ne can be readily 

10 synthesized by reacting trial1ylphosphine and tert­

butyl azide in ethyl ether as disclosed on page 114 of 

the above reference book by H-.:R· Allcock. Further, l­

phenyl-2, 2-bis (dimethylamino)-4, 4-dimethoxy-4-phenyr;­

amino-2A5, 4A5-catenadi (phosphaz_ene) can be· synthesized 

15 as disclosed on page 115 ibid·. , namely, by reacting 

bis(dimethylamino)chlorophosphine with phenyl azide and 

then with triethylammonium azide and further reacting 

20 

' the resultant l-phenyl-2-azido~:~, 2-bis (dimethylamino) -

'. phosphazene with dimethoxyphE?~Y,1aminophosphine. 
I., m and n in each of th·~:-~~ompound represented 

by the chemical formula (3) a,r:<:i,.the salt represented by 

the chemical formula (4) indi:V~d.ually stand for O or a 
. _:··· 

positive integer of· 3 or smai:(l~·~, with o or a positive ... _··.<,.· 

integer.of 2 or smaller bein9°':'p~ef(i\lrred. More 
. ~: ·. ·. 

25 preferably, I., m and n can, i'#'t~~-pective of the order 
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thereof, be values of a com:b:Ltiation selected from 
·-.··:'': 

( 2, 1, 1) , ( 1, 1, 1) , ( 1, 1, 0) , ( l{O I 0) or ( 0 I 0 I 0) • 

Preferably, Ds in each :qf th~ phosphazene com­

pound represen1;.ed by the chemf<:°:al formula (3) and the 

5 phosphazenium salt represente~·by the chemical formula 

(4) can be the same or diffeient and can be selected 

from the group consisting of hydrocarbon groups having 

1 to 20 carbon atoms, alkoxy groups having 1 to 20 car­

bon atoms, phenoxy groups having 6 to 20 carbon atoms, 

10 mono-substituted amino groups having 1 to 20 carbon 

atoms, amino groups di-substituted by hydrocarbon 

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

or ·different, and 5- or 6-mem~_ered cyclic amino groups. 

Of these, more preferred Ds ?1~¢ substituent groups, 

15 which are the same or different and are each selected, 

20 

25 

for example, from amino groups di-substituted by alkyl 

groups which are the same or.gifferent and have 1 to 6 

carbon atoms, such as dimethyJa:rnino, diethylamino, 
.::.·, ·:..:_.. 

methylethylamino, dipropylamiri6', methylpropylamino, 

diisopropylamino, dibutylami~o i'::·methylbutylamino, 

diisobuty;amino and di-sec-b~tiY~mino, and from 5- or 

6-membered cyclic amino gro_upk <~\lch,. as 1-pyrrol idinyl, 
~--. 

1-pyrrolyl, 1-piperidyl, 1-pip~,;~z.inyl and 4-
·.··• 

morpholinyl. Still more prefer.red. Ds are di-
= . ., ~ . 

substituted amino groups whi6~ ;'.:~re' :each selected from 
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the group consisting of dimethylamino, methylethylamino 

and diethylamino groups. 

On the other hand, each Q in each of the partial 

structural formula (1), partial structural formula (2), 

5 chemical formula (3) and .chemical formula (4) may 

preferably be an alkyl group having 1 to 10 carbon 

atoms, such as methyl, ethyl, propyl, isopropyl, n-

butyl, isobutyl, sec-butyl, tert-butyl, pentyl, 

neopentyl, hexyl, heptyl, octyl, tert-octyl, nonyl and 

10 decyl. 

Further, preferred examples of the divalent group 

(D-D) on the same phosphorus atom or different 

phosphorus atoms when the two Ds on the same ph'osphorus 

atom or different phosphorus atoms in each of the 

15 chemical formula (3) and the chemical formula (4) are 

linked together t~ form a ring structure are divalent 

groups in each of which a methyl or ethyl group has 

' substituted to each of the two.nitrogen atoms of an 

ethylenediamino, trimethylenediamino or tetramethylene-

20 diamino group. 

Moreover, preferred examples of the divalent 

group (D-Q) connecting the as~:ociated nitrogen atom and .,. ' . 

the associated- phosphorus atom:when the D and Qare 
·: : ... '. 

linked together to form a ring:structure·in each of the 

25 chemical formula (3) and the qhe~ical formula ( 4) are 



' ! 

5 

- 28 -

divalent ~-methyl or ethyl-a~aminoalkylene groups in 

each of wh:ich a methyl or ethyl group has substituted 

to the nitrogen atom of an ami~omethylene, 

aminoethylene or aminotrimeth}'.'~ene group. 

Among these phosphazene.c~mpounds or these 

phosphaze11e compounds from whi.ch the phosphazenium 
. . 

salts of a;ctive hydrogen compounds are derived, the 

following.p}losphazene compounds can be mentioned as 
. . 

more pref.erred ones: 

10 l-tert~butyl-2,2,2-tris(dimethylamino)phosphazene 

15 

[chemical formula (5)] 

CH3 

H3C+CH3 

N . 
II 

(H3C)2N-P-N(CH3)2 . I 
N(CH3)2 

1-(1, l,.~ I 3-tetramethylbutyl)-2 r 2 I 2-triS (dimethyl­
amino)ph0Sphazene [chemical.formula (6)] 

(5) 

(6) 
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l-ethyl-2, 2, 4, 4, 4-pentaki~-iai:methylamino)-2>.5, 4>.5-
caten~di (phosphazene) [ch¢~ical formula (7)] 

:·;: '.-//··.:::·<-·~ 
'•t"" •f e" 

· .... 

•(7) 

l-tert;.-butyl-4,4,4-tris(dim?thylamino)-2,2-bis[tris-
5 (dimet:h.y;lamino) phosphoraniifdeneamino]-2>.5, 4>.5-

catenadi'(phosphazene) [cheriij.cal formula (8)] 

CH a 

H3C+CH3 .. ·. . : 

N(CH3)2 N N(CHa)2 . · 
· I II 1 · . 

(H3C)2N-·--P=N-P-N=P._;_N(CH3)2 .· I . I I · 
N(CH3h lJ ~(9,Hah · 

(HaC)2N~~-N(C.lia)2 

(8) 

. N(CHah . 
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1-(1, 1, 3., 3-tetramethylbutyl)-4, 4,4-tris(dimethyl­
amino)~2, 2-bis[tris (dimetli.ylamino) phosphoranilidene­
amino]-2.As,4.AS-catenadi(pho,~phazene) [chemical 
formula (9)] · 

CH3 

H3C 

. N(CH3)2 N . NI, (CHa)2 
I II ·, 

(H3C)2N-P=N-P-N==P-N(CH3)2 · . I I I · 
N(CH3)2 N N(CHa)2 . . II 

(H3C)2N-)-N(CH3).2 

. (9) 

N(CH3)2 

l-tert-butyl-2,2,2-tri(l-pyrrolidinyl)phosphazene 
[chemical formula (10)] 

··_:··. 
........ : ..... (10) 

··~ .· 
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7-ethyl-,-5, 11-dimethyl-l, 5, 7·rll-tetraaza-6.x5-phospha­
spiro [ 5·~ 5Jundeca-l (6)-ene L<?l:lemical formula (11)] 

(11) 

In the process according. t:o the present inven-

5 tion, thee;e:phosphazene compounds can be used either 

singly or in combination. 

Although the alkylene oxide compound is 

polymerized in the presence of the above-mentioned ac-

tive hydrogen compound and phosphazene compound in the 

10 process of-tpis invention, the polymerization is in-

itiated via the phosphazenium salt of the active 

hydrogen compound, said phosphazenium salt being formed 

from the active hydrogen compou~d and the phosphazene 

. compound in the system. It is .>therefore possible to 

15 . initiate tJ:le·; polymerization bii:';U.sing the phosphazenium 
. . ( . . . 

20 

salt of the active hydrogen comp~und prepared be-

forehand from the active hydrogen compound and the 

phosphazene compound. In thispase, an active hydrogen 

compound, which is the same a~ :4~:· different ·from the 

salt-farming active hydrogen . cfolll~ound, may exist in the 
··:··: .. · 

,. ·>· ... 
·:·.:_:,···· 
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polymerization reaction system•.: No particular limita-

tion is imposed on the formatfc:m of the phosphazenium 
·•. -··; . 

salt of the active hydrogen co~pound from the active 

hydrogen compound and the phos~hazene compound. In 

s general, a solution of the phosphazene compound is 

added to the active hydrogen compound or its solution, 
•• :> • 

followed by a reaction usually: _in a temperature range 

of from -so to 150°C. The re~ction mixture can be used 

for the polymerization reaction either as is or after 

10 removing the solvent. In some instances, the reaction 

product can be used for the polymerization reaction 

after its separation and purification. 

In the process of this invention, two or more 

alkylene oxide compounds may also be used in combina-

15 tion. When plural alkylene c:ndde compounds. are used 

and polymerized in combination at the same time, a 

copolymer of relatively high, randomness is obtained al-

20 

25 

' though the randomness varies depending on a difference 

in reactivity between such coinpounds. When two or more 
·. :., . 

alkylene oxide compounds are:sl1C::cessively polymerized, . 
a block copolymer containing<:~i0·cks of two or more 

poly(alkylene oxide) compoun~s;·fs obtained. For exam-
·... ~ ··. 

ple, when a second alkylene ~-~~de cc:>mpound is succes-
.. ·.·:. 

sively polymerized subsequen'{:;::tq'. the completion of a 

polymerization reaction of a>fi~st alkylene oxide com-
--=:'::_ .. ;::;: 
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pound, a block copolymer containing two kinds of blocks 

is obtained. Further, an alternating block copolymer 

can be obtained by polymeriz~ng the first alkylene 

oxide compound again subsequent to the completion of 

s the polymerization of the seqo~dalkylene oxide com­

pound or by repeating such al~ernate polymerization of 

the first and second alkylene oxide compounds. If 

three or more alkylene oxid.e compounds are used .in com-

bination in such a manner as described above, a more 

10 complex block copolymer can be obtained. Among these 

copolymerization processes, it is preferred to obtain a 

block copolymer, which contains blocks of poly-

(propylene oxide) (also called 11polyoxypropylene")· and 

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

15 by successively polymerizing propylene oxide and 

ethylene oxide as alkylene oxide compounds. 

Although no particular limitation is imposed on 

' the amount of the alkylene oxide compound, the alkylene 

oxide compound may generally ~e·. used in an amount of 

20 2. 5 x 105 moles or less, prefer.ably in a range of. from 

2 to l. o x io5 moles, more pr~i~r.ably in a range of 
: .·.-,· 

from 4 to 5 x l_o4 moles per m~t~ of the co-exist;ing ac-

tive .hydrogen compound when tl:)e, ·polymerization is con-

ducted in the presence of the:a(::tive hydrogen compound 
_..,, .: . . 

25 and the phosphazene compound ~t>p~r mole of the sum of 
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the active hydrogen compound :f,orming the phosphazenium 

salt of the active hydrogen c~mpound and any active 

hydrogen compound, which may ·exist in the system, when 

the polymerization is conducted in the presence of the 

5 phosphazenium salt of the active hydrogen compound. 

No particular limitation is imposed on the amount 

of the phosphazene compound or the phosphazenium salt 

of the active hydrogen compound, but it can be used 

generally in a range of from 1 x io-15 to 5 x io-1 

10 mole, preferably in a range of from 1 x 10-7 to 1 x 

io-2 mole per mole of the alkylene oxide compound. 

The polymerization temperature varies depending 

on the kinds and amounts of the raw material, initiator 

and catalyst. It is however 9enerally 150°C or lower, 

15 preferably from 10 to 130°C, mqre preferably from 50 to 

120°c. 

The reaction pressure upon polymerization of the 

' alkylene oxide compound is de:p~ndent on the kinds and 

amounts of the raw material, iJ:_litiator and catalyst and 

20 the polymerization temperatur~{ and cannot be defined 

25 

in a wholesale manner. In ge~~.ral, the pressure at the 

time of the reaction is 30 kg/bm2 or lower (absolute 
:" .. ,·:. 

pressure, this will hereinaft~f apply equally), with a 

range of from 0.1 to 10 kg/cm~;:: being pref erred and a 
:·:;<_,·: 

range of from 1 to 5 kg/cm2 b~'i'ng more preferred. 

'· '. 
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The reaction time is de~endent on the kinds and 

amounts of the raw material, ·.·.initiator and catalyst and 

the polymerization temperatuJ:'e, .and cannot be defined 
. "·;, 

in a wholesale manner. It i~');tiowever generally 4 o 

5 hours or less, ·preferably 30 hours or less, more 

preferably 0.5 to 24 hours. 

The phosphazene compound or the phosphazenium 

salt catalyst in the process of the present invention 

can be used in combination with a conventionally-known 

10 catalyst with a view to reduc,i,!lg the work load which 

will be required for the removal· of the catalyst "sub­

sequent to the polymerization. 

In the process of the present invention, no-par­

ticular limitation is imposed: on the method by which 

l5 the polymerization reaction is, carried out. However it 

is generally practiced to feed the alkylene oxide com-

pound in an amount as much as needed at once, inter-

· mittently or continuously to a.reactor which contains 
·'·". 

the active hydrogen compound ~h9, the phosphazene com-
~".:-" :. ·· .. ; ~- ·, 

20 pound or the phosphazenium salt.of the active hydrogen 

compound. 
.. :. 

In the process of the present invention, a sol-
."-"·::::· .. 

. vent can also be·used, as nee~~ci, for the dilution or 

dissolution of the active -hydtbg.en .compound and the 
.. :(>· ·:.· .. 

25 phosphazene compound or the pgb~phazenium salt of the 
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active hydrogen compound and the alkylene oxide com-

pound or as a medium for the polymerization reaction. 

Usable examples of such a solvent include hydrocarbon 

compounds such as pentane, hexane, heptane and cyclo-

5 hexane; aromatic hydrocarbons such as benzene and 

toluene~ and ether compounds ~uch ~s diethyl ether, 

dioxane and anisole. Any othe,r solvents can also be 
.·. . .. : 

used insofar as they do not interfere with the 

polymerization reaction in the process of the present 

10 invention. Further, the polymerization reaction in the 

process of this invention can also be conducted in the 

presence of an inert gas such as nitrogen or argon if 

necessary. 

The poly(alkylene oxide) obtained in accordance 

15 with the process of the present invention can be used, 

as is, as a raw material for a polyurethane foam or 

elastomer or as a surfactant.but, if necessary, can 

' also be used after treating it with a mineral acid such 

as hydrochloric ac~d, phosphoric acid or sulfuric acid, 

20 an organic carboxylic acid such as formic acid, acetic 

acid or propionic acid, carbon dioxide gas, an acid-

form ion-exchange resin, or the like. Further, it can 

also be subjected to conventional purification such as 

washing in water, an organic s.olvent or a mixture 

25 thereof. 
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The ,_p:r;~sent invention will hereinafter be de-

scribed bt<t:J:ie following examples. 

Example l '. 

In a. 300-ml autoclave c.c?11-nected with a feed pump 

5 and a flowm~ter, fitted with a.. temperature measuring 
:.:_\··- ·. 

tube, a pXo~$sure gauge and a stirrer, and purged with 

dry nitrog~'.ll; were charged 254 tnmol of glycerin and 
.· ..... -.·"!,_" 

o.50 mmol _-of l-(l,1,3,3-tetramethylbutyl}-4,4,4-tris-

{dimethylaillino)-2,2-bis[tris(dimethylamino)phosphor-

10 anilideneailiino]-2.>.5,4.>.5-catenadi{phosphazene) (chemical 
_:;--_: ~ , ,· . 

formula (7), product of Fulka Corp.; hereinafter 

referred t,p.:as the "catalyst A"]. Propylene oxide was 

polymerize_i!i ·at a reaction temperature of 100°c for 17. 5 

hours while.>intermittently charging it to maintain a 

15 reaction p;:~sl;:ure of around 3 .o kg/cm2 (absolute pres­

sure; thi1{ .. :Will hereinafter apply equally). Polyoxy-
··,-··:-: . 

propylenet;piol having a hydroxyl number of 358 

'(KOH mg/g:pqlymer; this will 11,eteinafter apply equally) 

~was obtairt;din an amount of :t;J9 g. It was in the form 
:·;.-·:·;·: 

20 of a colorless clear odorless .:i.iquid. 

Example 2 _.<.:· .. · .... 

In tAe same autoclave. as;· ·'l;:pat employed in Example 

1, were cJ:i~rged 50 mmol of.po:ft<J~ypropylenetriol 
. ... . . ·,--' .. ;;: ·'."!.' 

·(hereinaft,~r abbreviated as t:h~':'~t:triol A"), which had 
;_·:.·:_;;:_i ··.:; 

25 been industrially produced in'.tti~ presence of potassium 

: ... · .. 
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hydroxiqe:e1$ a catalyst Whil;~' using glycerin as an in­

itiator a.~ci .:had a hydroxyl njJ.~b~r of 337, as an in-
:',~·;": ... '.· .· . ·.. . 

itiator ·ando.so mmol of 1-tekt ... butyl-4,4,4-tris-
··.:. '._ '>.·:~;.·. 

(dimethy:t~~l.no)-2,2-bis[tri~'(dimethylamino)phosphor-
... ·." -~- ·.· 

s aniliden(!~~inoj-~AS,4AS-caten~e,ii(phosphazene) [chemical 

formula (~):, product of Fulk~; Corp.; hereinafter 

referred"1:6 as the "catalyst~-~"]. Propylene oxide was 

polymeri~~~; ata reaction pr~S,sure of around 3.0 kg/cm2 
:;:.: 

and a rea.btion temperature of: ioo0 c for 4. 8 hours as in 

10 Example iL/,Polyoxypropylen~triol having a hydroxyl 
... ·.,:. . 

.<j: ,:··· . 

number of .. 84 was obtained in. c;ln amount of 75 g. It was 
; ,'"<··. , 

in the forili,;of a colorless cl~ar odorless liquid. 
;, 

Example 3 

In <th~ same autoclave a~ .that employed in Example 

15 1, were cliarged 28. 4 mmol of ·,polyoxypropylenetriol 
:·-.···. 

(hereinaftiarabbreviated as the "triol B"), which had 
.. · . . . . ~ 

been indu~~£;ially produced in the presence of potassium 
. ''~ '• ' ' 

' hydroxide ··~s· a catalyst while.·,µ~ing glycerin as an in-
: .· :-··.·· 
.· .. ··:,··· 

itiator artd·.:haci a hydroxyl nuirib~~ of 168, and o. 50 mmol 
. ·. ·~· .. 

20 of the catalyst·B. propylene, oxJde was polymerized at 

25 

a reactiq~:-~ressure of aroun~·:;i.'.o kg/cm2 and a reaction 

temperatuf~?of .100°c for 2. 3 '. h~cll:'s. as in Example 1. 
;• ,. "·"· ·. ' .. ·. ·.·. 

Polyoxypro~ylep:et,riol. having i~}~ydroxyl number of 78 

was obtaj~\ri~d :i;n a~ amount of: '.;61 9. It was in the form 
;:::.• 

of a colorless clear·'• odorleS:k li~uid. Further, using a 

... · .. :::. 

·.·.···>: 
; · .. 

.·.·.,_ .. 
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PI.gel col,umn (5µ, 11Mixed-011 , trade name.; manufactured 
.;::.::;._··::.· 

by Polyme~Laboratories Inc.)\Jncombination with a GPC 
. . .. : . ' . 

instrume~f· (i1Labchart lBOII",:,_.-.t;rade name: manufactured 
' .. ·' .... ~ . 

. ';,: .. 

by JIC corP.q, a molecular w~f<jht distribution of the 
. ·.,.·'·.·· · .. ' ... _, . 

5 polyoxyp]:-~pylenetriol was mea~iii::ed (eluent: tetrahydro­

furan} • ;.~he molecular weigh~ d:i.stribution as calcu­

lated bas~<i· qn a calibration ;cu,rve which used the stan­

dard poly~t~rene was found tc:>:E~e · narrow, that is, 1. 03 

in terms ;;~¥··:·Mw/Mn [a ratio of a· weight average 

10 molecular, -~W.eight (Mw) to a number average molecular 

15 

20 

25 

weight (Mn)]. 

Example 4 

In· the same autoclave as that employed in Example 
. ·. 

1, were dhc\.rged 254 mmol of propylene glycol and o. 50 

mmol of th.~·. catalyst B. Propy~ene oxide was polymeriz-
.. _ .... 

. >., 

ed ·at a reaction pressure of around 3.0 kg/cm2 and a 

reaction .t,emperature of l00°C for 16 hours as in Exam-
~- ·. ·. . 

' ple 1. Pqlyoxypropylenetriol :J:laving a hydroxyl number 

of 200 wa~'()btained in an amount of 123 g. It was in 

the form b·~ a colorless clear.:d_gorless liquid. 

Example 5 > · > 

In t:he same autoclave a~>fhat employed in Example 
,. : ~ . : . ·'. ~-: '.:: ':: : 

1, were charged 167 mmol of <1i~_eerin together with 

83 mmol od:sorbitol and 2. 5 mlliol of the catalyst A. 
·::····. 

.. 

Propylene. ;oxide was polymerizJ~{.:at a reaction pressure 
:. : : ... : ·::~ :. 
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. . 

of around 3. o kg/cm2 and a re~·qtion temperature of 

120°c for 1.1 hours as in ExC:lliip:ie L Polyoxypropylene-
.· .:· ·. 

triol having a hydroxyl· numb0'.r:'of 126 was obtained in 
:.·.::_·;:; . 

an amount of 181 g. It was ·irt':· the . form of a colorless 

5 clear odorless liquid. 

Example 6 

The autoclave of Examp~-~\: 1 was additionally 

fitted with a piping to permi,~ feeding of ethylene 

oxide in a liquid form under i~"i·essure from an ethylene 

10 oxide tank, which was designec,l:to be maintained under a 

pressure of 5 kg/cm2 with nit~?gen, through a flowmeter 

arranged exclusively for ethyi~ne oxide. The autoclave 

15 

was charged with 150 mmol of e;tllylene glycol and 3·. 0 

mmol of l-ethyl-2,2,4,4,4-perit~kis(dimethylamino)-

2>.5,4>.5-catenadi(phosphazene) [i::hemical formula (5), 
. ·_;,·· ;~. . 

product of Fulka Corp.; herei??:~fter referred to as the 

"catalyst C"] and further witfr .. _2.0 kg/cm2 of nitrogen • 
. _.·;_ ... , 

' Ethylene oxide was polymerize40at a temperature of so0 c 
:' :_. ~- <. . 

for 2. 3 hours while intermi tt~'.~~iy charging it from the 

20 tank to maintain a reaction pt,'.e~sure of around 4.0 
;.-·:.:·.·= 

·· .. ·.· 

kg/cm2 • Polyoxyethylenediol h~v~ng a hydroxyl number 

of 197 was obtained in an amotl~t;·of 76 g. It was in 

the form of a white odorless ·scilid . 
. ·.···, ... · .. ·. 

Example 7 

25 In the same autoclave as. ·th.at employed in Example 

. . :· 



, 
r 

- 41'.-

1, were charged 125 mmol of ethylene glycol and 2.5 
, .. ~:' ·. :. . 

mmol of the catalyst A. 1,2-"~utylene oxide was 

polymerized at a reaction pres'sure of around 2. o kg/cm2 
;~' . 

and a reaction temperature ot :100°c for 2. 3 hours as· in 

5 Example 1. Polyoxybutylenediol.having a hydroxyl num­

ber of 184 was obtained in an'.amount of 69 g. It was 

in the form of a colorless cl$ar odorless liquid. 

Example 8 

In the same autoclave as that employed in Example 

10 1, were charged 125 mmol of ethylene glycol and 2.5 

mmol of the catalyst B. Further, 321 mmol of styrene 

oxide were added at once, followed by polymerization at 

a reaction temperature of 120°c and a reaction pressure 

of around 1.1 kg/cm2 for 2.3 hours. Polyoxystyrenediol 

15 having a hydroxyl number of 303 was obtained in an 

amount of 38 g. It was color:J.,ess, clear and odorless. 

20 

25 

Example 9 

In the same autoclave as.that employed in Example 

6, 50 mmol of the trial A and 0 0.50 mmol of the catalyst 

B were charged. Propylene ox#i.e and ethylene oxide 

were polymerized at a reaction ::'t~mperature of l00°c for 

2.3 hours while continuous~y ~eeding them at a·molar 
· .. · .. , 

ratio of 7:3 so that a reactibri pressure of around 4.0 

kg/cm2 was-maintained. Polyox~propylenepolyoxy-
··, :; 

ethylenetriol copolymer having a hydroxyl number of 105 
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was obtained in an amount of ·59 g. It was colorless, 

clear and odorless. 

Example 10 

In the same autoclave··: a:s that employed in Example 

5 6, 254 nnnol of trimethylolpr,qpane and 0.50 mmol of the 

catalyst A were charged, followed by further charging 

of nitrogen to 2.0 kg/cm2 • :A~ in Example 6, ethylene 

oxide was polymerized at a reaction temperature of so0 c 

for 2.3 hours while intermittently feeding it to 

10 maintain <1. reaction pressure of around 4. O kg/cm2. 

15 

Polyoxyethylenetriol having a hydroxyl number of 580 

was obtained in an amount of 47 g. It was a white 

odorless solid. 

Example 11 

In the same autoclave ,as·: that employed in Example 

l, 100 mmol of N,N'-dimethyl~thylenediamine and 0.50 

mmol of the catalyst A were charged. Propylene oxide 

was poly1Uerized at a reaction .pressure of around 

3. o kg/cm2 and a reaction temperature of l00°C for 2. 3 

20 hours as in Example 1. Poly.o~ypropylenediol having a 

hydroxyl number of 590 was o):>:t;·}~ined in an amount of 69 

g. It waf; in the form of a c:olorless clear odorles~ 
_;::':· 

.liquid. 

Example 12 

25 In the same autoclave. that employed in Example 
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1, 502 mmol of pentaerythritoi and 1 mmol of the 

catalyst A were charged. Propylene oxide was 

polymerized at a reaction pressure of around 3.0 kg/cm2 

and a reaction temperature of l00°C for 8.0 hours as in 

5 Example 1. Polyoxypropylenetetraol having a hydroxyl 

number of 662 was obtained in an amount of 69 g. It 

was in the form of a colorless clear odorless liquid. 

Example 13 

In the same autoclave as that employed in Example 

10 1, 50 mmol of the polyoxypropylenetriol obtained in Ex­

ample 1 and 0.42 mmol of the catalyst A were charged. 

Propylene oxide was polymerized at a reaction pressure 

of around·3.0 kg/cm2 and a reaction temperature of 

l00°C for 4.8 hours as in Example 1. Polyoxypropylene-

15 trial having a hydroxyl number of 78 was obtained in ·an 

amount of 84 g. It was in the form of a colorless 

clear odorless liquid. 

' Example 14 

In the same autoclave as that employed in Example 

20 6, 20 mmol of 2-n.aphthol, 10 mt of toluene and 2.0 

mmol of 1-tert-butyl-2,2,2-tris,(dimethylamino)-

phosphazene [chemical formula ;('3) , product of Fulka 

Corp.: hereinafter abbreviated-as the "catalyst D"], 

followed by further charging of nitrogen to 2 kg/cm2. 

25 As in Example 6, ethylene oxid~_was polymerized at a 
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reaction temperature of so0 c fpr.:'2:4:.··hpurs while inter-
:,· . . ·:: :;· .. · . 

mittently feeding it to mairrt:;ai11;a,-,r(i!action pressure of 
·;,··.···· ,· ·:. '\•'"' .. 

around 4.0 kg/cm2. Polyoxye~hylen~monool having a 
. : . . . 

hydroxyl number of 5'. 8 was obta.i.ne~ in an amount of 192 .. : .' .~:. 

5 g. It was a white odorless solid. 

Comparative Example 1 

In the same autoclave ~~ that..~mployed in Example 
: . ., .. _: :· 

1, 1 mole of glycerin and a (10 w~·~) solution of 

2 mmol of tetramethylammonium hydr;o)Cide in methanol 

10 were charged. While heating.the contents at 110°c un-

der stirring, the methanol wa-s removed under reduced 

pressure. Propylene oxide was polymerized at a reac­

tion pressure of around 3.0 kg/cm2 and. a reaction 

temperature of 100°c for 36 hours as in Example 1. 

15 After that, the contents were heated at 150°C for 5 

hours while eliminating volatiles under reduced pres-

sure. The thus-obtained polyoxypropylenetriol still 

'had a substantial amine odor. Its hydroxyl number was 
l::': !'. 

'. 1100, and its yield was 153 g +-.· 

20 Comparative Example 2 

In the same autoclave as;:that employed in Example 

l, 106 mmol of the triol B emp)ioyed in Exampl~ 3 and a 

(10 wt.%) solution of 1.9 mmc;>i);of :tetramethylammonium 

hydroxide in methanol ·were ch~l~ged. While heating the 

25 contents at ll0°C under stirrii:ig, : the methanol was 
.-·:::;;: . 
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removed under reduced pressur~. Propylene oxide was 

polymerized at a reaction pre$~ure of around 3.0 kg/cm2 

and a reaction temperature of· .. ioo0 c for 9 hours as in 

Example l. After that, the c~ntents were heated at 

5 1S0°C for 5 hours while elimin~"ting volatiles under 

10 

: .. ::::;' ·. .. 

reduced pressure. The thus-ob'~~ined 

polyoxypropylenetriol had an ~~ine odor. Its hydroxyl 

number was 110, and its yield :;¥as 56 g. 

Comparative Example 3 

In the same autoclave as that employed in Example 

6, 425 mmol of trimethylolprop~ne and 1.8 mmol of 

2,4,6-tris(dimethylaminomethy);,)phenol (hereinafter ab­

breviat.ed as "DMP-30 11 ) were cqa:rged, followed by fur­

ther charging of nitrogen to 2. ·kg/cm2 . As in Example 

15 6, ethylene oxide was polymerized at a reaction 

temperature of so0 c for 12 hours while intermittently 

feeding it to maintain a reac~.ion pressure of around 

'4. o kg/cm2. The contents were· then cooled to 90°C, 

'.followed by the addition of a ·:$.()lution of 4 mg of 2, 6-

20 di-tert-butyl-p-cresol in 10 ml\of methanol. After 

that, volatiles were eliminat0·4. under reduced pressure. 
-:~:>-'·: 

The thus-obtaii:1ed polyoxyethyl;,eri,~triol had an amine 

odor. Its hydroxyl number wa~J.~:4 7 ,· and its yield was 

67 g. 

25 Polymerization activitie:S .:Qf the catalysts in Ex-

·.·., . 
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amples 1 to 14 and Comparative Examples 1 to 3 are sum-

marized in Table 1. 

Example 
No. 

Ex. 1 

Ex. 2 

Ex. 3 

Ex. 4 

Ex. 5 

Ex. 6 

Ex. 7 

Ex. 8 

Ex. 9 

Ex. 10 

Ex. 11 

Ex. 12 

Ex. 13 

Ex. 14 

Comp. 
Ex. 1 

Comp. 
Ex. 2 

Comp. 
Ex. 3 

Table 1 

Catalyst Initiatdf ·· 
Polymerization 

activities 
··::' ( g/mol ~catalyst. HT) 

A Glycerin.· 13,600 

B Trial A 31,000 

B Triol B 
.. 

53,000 

B Propylene glycol 15,400 

A Glycerin + Sorbitol 66,000 

c Ethylene glycol 11,000 

A Ethylene glycol 12,000 

B Ethylene Glycol 6,700 

B Trial A· 51,000 

A Trimethylolpropane 41,300 

A 
· N, N-dimethyl_-:-

27,500 ethylenediamine 

A Pentaerythritol 12,700 

A 
Triol obtained 

35,000 in Example i 
.. 

D 2-Naphthol 4,000 

(CH3 )4N·OH Glycerin 850 

(CH3)4N·OH Triol B 3,300 
. ·,. 

DMP-30 Trimethyloi.~} 3,100 propane .-:::· ;: ,. ~ -.~ 
·· .. 
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Example 15 

In a polymerization rea,9tor similar to the 

autoclave in Example 6, 254 mmol of glycerin and 0.50 

mmol of the catalyst A were ch~rged. 100 g of 

5 propylene oxide was polymeriz~.d at a reaction tempera­

ture of ioo0 c for 20 hours whi;te intermittently feeding 

it to maintain the reaction pressure around 3.0 kg/cm2. 

After the reaction system was.maintained at 10 mmHg for 

30 minutes, the pressure of the reaction system was al-

10 lowed to rise back to normal pressure with dry 

nitrogen. 80 g of ethylene oxide was then polymerized 

at a reaction temperature of 100°c for 15 hours while 

intermittently feeding it to maintain a reaction pres­

sure of approximately 4.0 kg/cm2 . After the reaction 

15 · system was maintained at 10 mmHg for 30 minutes, the 

pressure of the reaction system was allowed to rise 

back to normal pressure with dry nitrogen. A block 

' copolymer was obtained as a colorless clear odorless 

liquid in an amount of 192 g. ·Its hydroxyl number was 

20 221. This block copolymer wa$'polyoxypropylene­

polyoxyethylenetriol which co!it,ained poly(propylene 

oxide) blocks and poly(ethyl¢ri~ oxide) blocks. The 
• . ;'!. 

molar ratio of the monomer units in the respective 

blocks is about 1:1. 

25 
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Example 16 

In a polymerization reaqtor similar to the 

autoclave in Example 1, 96 g of the catalyst-containing 

polyoxypropylenepolyoxyethylenetriol obtained in Exam-

s ple 15 were charged. While irjtermittently feeding 

49 g of propylene oxide again't6 the reactor to 

maintain the reaction pressurearound 3.0 kg/cm2, it 

was polymerized at a reaction temperature of ll0°C for 

20 hours. After the reaction system was maintained at 

10 10 mmHg for 30 minutes, the pressure of the reaction 

system was allowed to rise back to normal pressure with 

dry nitrogen and the contents were allowed to cooled 

down to room temperature. A block copolymer was ob-

tained as a colorless clear odorless liquid in an 

15 amount of 144 g. Its hydroxyl number was 147. This 

block copolymer was polyoxypropy,lenepolyoxyethylene­

polyoxypropylenetriol which contained poly(propylene 

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

propylene oxide blocks. The molar ratio of the monomer 

20 units in respective blocks is. ).,: 1: 1 in this order. 

Example 17 
•': .. 

By reacting the catalys.t /~ c;ind methanol, 1, 1, 3, 3-

tetramethylbutylaminotris (tris'.(dimethylamino) phosphrani 

lideneamino]phosphonium methox,fd.~ (hereinafter called· . ~ . . . . . 

25 the "catalyst E") was syntb,~~iz~d as a phosphazenium .... ·; , .. 
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salt. 

In a 300-ml of an eggplant type flask fitted 

with a reflux condenser, 10 mmol of the above-

synthesized phosphazenium salt, 50 mt of toluene and 

s 116 g of propylene oxide were charged. The propylene 

oxide was polymerized for 20 hours while maintaining 

the reaction temperature within a range of from 35 to 

40°C. The contents were washed twice with so ml por­

tions of 1 N HCl solution, and the toluene layer was 

10 concentrated to dryness. Polyoxypropylenemonool having 

a hydroxyl number of 5.4 was obtained in an amount of 

112 g. It was a colorless clear odorless liquid. 

Example 18 

By reacting the catalyst B and phenol, tert-

15 butylaminotris[tris(dimethylamino)phosphranilidene-

amino]phosphonium phenoxide was synthesized as a 

phosphazenium salt. 

In a 300-ml of an eggplant type flask fitted 

with a reflux condenser, 10 mmol of the above-

20 synthesized phosphazenium salt, 50 mt of toluene and 

116 g of propylene oxide were charged. The propylene 

oxide was polymerized-for 20 hours while maintaining . -

the reaction temperature within a range of from 35 to 

40°C. The contents were subjected to similar post 

25 treatment as in Example 17. Polyoxypropylenemonool 
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having a hydroxyl number of 5~6 was obtained in an 

amount of 108 g. It was a colorless clear odorless 

liquid. 

Example 19 

In the same autoclave a:s that employed in Example 

l, 254 mmol of methanol and <i~ 50 mmol of the catalyst E 
.. :·:·, 

were charged. Propylene oxid~:was polymerized at a 

reaction prEassure of around 3 .• o' kg/ cm2 and a reaction 

temperature of l00°c for 16 ho'urs as in Example l. 

10 Polyoxypropylenemonool having_ a hydroxyl number of 170 

was obtained in an amount of 85 g. It was in the form 

of a colorless clear odorless liquid. 

Example 20 

·sy reacting the catalyst A and water, 1,1,3,3,-

15 tetrametbylbutylaminotris [ (trj:·s (dimethylamino) phosphora 

nilideneamino]phosphonium hydroxide (hereinafter called 

the "catalyst F") was synthesized as a phosphazenium 

20 

' salt. 

In·the same autoclave as'that employed in Example 

1, 254 mmol of glycerin and o .. ~Q mmol of the above-
... =:'.·: 

synthesized phosphazenium saithwere charged. Propylene 

oxide was polymerized at a rea:ction pressure of around 
. ' . : ... ·: 

3. o kg/cm2 and a reaction temp~rature of ioo0 c for ·19 
.· .. ; 

hours as in Example 1·. Polyqx~pFopylenetriol having a 

25 hydroxyl number of 342 was ob;ta•ined in an amount of 
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125 g. It was in the form of a colorless clear odor-

less liquid. 

Example 21 

By reacting l-tert-buty1,~2, 4, 4, 4-tetra-

5 (pyrrolidin-1-yl) -2-tri (pyrroi).din-1-yl) phosphr-

10 

.· ./.: . 

anilideneamino-2.>.5,4.>.5-catenadi.(phosphazene) and acetic 

acid, tert-butylaminopyrrolidil')-1-ylbis[tri(pyrrolidin-

1-yl)phosphoranilideneamino]phosphonium acetate was 

synthesized as a phosphazenium:salt. 

In the same autoclave as' that employed in. Example 

1, 254 mmol of glycerin and 5.10 mmol of the above 

phosphazenium salt were charge,d. Propylene oxide was 

polymerized at a reaction· pressure of around 3.0 kg/cm2 

and a reaction temperature of ll0°C for 17 hours as in 

15 Example 1. .Polyoxypropylenetriol having a hydroxyl 

number of 464 was obtained in ~n amount of 95 g. It 

was in the form of a colorless clear odorless liquid. 

Example 22 

In a polymerization reactor similar to the 
'.,;, 

20 autoclave in Example 6, 254 mmol of glycerin and 3.05 

25 

"::··.·.: 

mmol of the catalyst F were c~i'a·rged. While inter-

mittently feeding 100 g of prbpylene oxide to maintain 

the reaction pressura around 3 .. (l kg/cm2, it was 

polymerized at a reaction temp19:i;-:ature of 80°C for 12 

hours. After the reaction sys:t~~, was maintained at 10 
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mmHg for 30 minutes, the pr~~su~e.Qf, the reaction sys­

tem was allowed to rise back,,:·to .no.~·a1 pressure with 

dry nitrogen. While intermf~tently:feeding 80 g of 
.··:···:· 

ethylene oxide again to the r.;~actoF'.:to maintain the 

reaction pressure around 4. o ·.kg/6m2-,' it was polymerized 
·( 

at a reaction temperature or' J,.00°·C f6r 15 hours. After 

the reaction system was mainfail'led:at 10 mmHg for 30 
. '~ . i • . . • • . . . .. · ' . 

minutes, the pressure of the · ·:r~action system was al-
·.:·; .-:.-·-· 

lowed to rise back to normal pressure with dry nitrogen 

10 and the contents were allowed to cool down to room 

temperature. A block copolymer was obtained as a 

colorless clear odorless liquid in an amount of 103 g. 

Its hydroxyl number was 213. This block copolymer was 

polyoxypropylenepolyoxyethylenetriol which contained 

15 poly(propylene oxide) blocks and poly(ethylene oxide) 

blocks. The molar ratio of the monomer units in the 

respective blocks is about 1:1. 

' Example 23 

In a polymerization reactor similar to the 

20 autoclave in Example 1, 101 g;of the catalyst-. 
containing polyoxypropylenepol:yoxyethylenetriol ob­

tained in Example 22 were charged. While intermittent­

ly feeding 50 g of propylene oxide.again to the reactor 

to maintain the reaction pres~ure around 3.0 kg/cm2, it 

25 was polymerized at a reaction temperature of so0 c for 
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12 hours. After the reaction .system was maintained at 

10 mmHg for 30 minutes, the pressure of the reaction 

system was allowed to rise back to normal pressure with 

dry nitrogen and the contents were allowed to cooled 

s down to room temperature. A block copolymer was ob-

tained as a colorless clear odorless .liquid in an 

amount of ·150 g. Its hydroxyl. number was 145. This 

block copolymer was polyoxyprbpylenepolyoxyethylene­

polyoxypropylenetriol which contained poly(propylene 

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

propylene oxide blocks. The molar ratio of the monomer 

units in the respective blocks is about 1:1:1 in this 

order. 

By the present invention, a polyalkylene oxide 

15 can be efficiently produced by polymerizing an alkylene 

oxide compound in the presence of an active hydrogen 

compound and a phosphazene compound or in the presence 

'of a phosphazenium salt of the active hydrogen compound 

'.derived from the active hydroge,n compound and the 

2 o phosphazene compound. Further, the thus-obtained 

25 

·:·.·· 

polymer has the excellent feat:~res that it is free of 

any metal component and has bee.n significantly improved 

in odor over polymers obtained using the conventional 

amine-base catalysts. 
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CLAIMS: 

1. · : :A. process for the production of a poly­

alkylene :i>¥±de, which comprises.reacting an alkylene 

oxide co~~ound in the presence.of. an active hydrogen 
:::,:::,·.-

compound arid a phosphazene compound represented by the 

following.partial structural formula (1): 

I · ... ·.· ,· ' 
.... 

. -p ·N~Q I . ·. (1) 

wherein Q,J:t~presents a hydrocarbon group having 1 to 20 

carbon ato.ms, or in the presence of a phosphazenium 

salt of SC:l.id active hydrogen compound, said 

phosphazenium salt having been derived·from said active 
·'···. ,-:· . 

. ·. ~ 

11 hydrogen co:m.pound and said pho~phazene compound and 

12 being repJ::esented by the following partial structural 

13 formula (2) .: 

14 I . ···H 
. . I 

-p+-N I .. 'a zx- (2) 

15 wherein Q .·represents a hydroca'l:;bon group hav;i.ng 1 to 20 
'· . ."' 

., :'•· 

16 carbon att;>ms, x·represents a·riµmber of phosphaze:r:iium 
; .: ~ ~;. ~ 

17 cations, and zX- represents ah .:.X-valent anion of said 
~ ··); 

18 active hydrogen compound. 

1 2. Th~ p~ocess of claint)i1, wherein said alkylene 

.·. \ ~ ' . ' 
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2 oxide compound is ethylene oxide, propylene· oxide, 1,2-

3 butylene oxide or styrene oxide. 

1 3. The process of claim 1 or 2, wherein said ac-

2 tive hydrogen compound is water, a saturated or un-

3 saturated, monohydric alcohol having 1 to 20 carbon 

4 atoms, a polyhydric alcohol having 2 to 10 hydroxyl 

5 groups and 2 to 20 carbon atoms, an aromatic compound 

6 having 1 to 2 hydroxyl groups and 6 to 20 carbon atoms, 

7 a carboxylic acid having 1 to 6 carbon atoms, a sac-

8 charide or a derivative thereof, ·an oligoalkylene 

9 oxide, or a poly(alkylene oxide). 

1 4. The process of claim 1 or 2, wherein said ac-

2 tive hydrogen compound is water; methanol; ethanol: 

3 phenol: 2-naphthol; acetic acid; propionic acid; 

4 ethylene glycol; propylene glycol; glycerin; 

5 pentaerythritol; sorbitol; dextrose; sucrose; or 

6 poly(ethylene glycol), poly(propylene glycol) or a 

7 ·copolymer thereof, whose molecular weight ranges from 

8 '.90 to 10,000. 

1 5. The process of any one of claims 1 to 4, 

2 wherein said phosphazene compound is a compound 

3 represented by the following chemical formula (3): 

I 
I 
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(3) 

wherein t.,: m ,and n individually represent O or a posi­

tive intec;i~r o·f 3 or smaller, Ds may be the same or 

different:~~c;i-individually represent a hydrocarbon 

group havi~g 1 to 20 carbon atoms, an alkoxy g~oup, a 

9 phenoxy gro\i.p, a thiol residual group, a thiophenol 

10 residual 9i'o.up/ a mono-substituted amino group, a di-
'.;· 

11 substituted':amino group or a 5- or 6-membered cyclic 
.:· .;.::·,: 

12 

13 

14 

15 

16 

17 

18 

amino group",: Q represents a hydrocarbon group having 1 

to 20 carbon atoms, and two Ds on the same phosphorus 
.· .. : ...... ~- . 

' atom or d.~fferent phosphorus atoms may be linked to­

gether or )5.: and Q may be 1 inked together to form a ring 

structure~:>:nd said phosphazenium salt of said active 
,'·,-.-.:. 

hydrogen c~lti~ound is a salt represented by the follow-
. ·._.v. • 

ing chemiqal' formula (4): 

:,:· 
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H-....... /Q 
D _N D 

oLf =~\_J+_jN . f ~o 
\ D A I~\ D .Jn 
. ~ 

II 
D-P-D 
~-

D .. 

~-- . 

zx- (4) 

.X 

20 wherein l, m and n· individually represent o or a posi-

21 tive integer of 3 or smaller, Os may be the same· or 

22 different and individually represent a hydrocarbon 

23 group having 1 to 20 carbon atoms, an alkoxy group, a 

24 phenoxy group, a thiol residual group, a thiophenol 

25 residual group, a mono-substituteq amino group, a di-

26 substituted amino group or a 5- or 6-membered cyclic 

27 amino group, Q represents a hydrocarbon group having 1 

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

29 or different phosphorus atoms ~ay be linked together or 

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

31 ture, x represents a number o( .Phosphazenium cations, 

32 and zx- repre~ents an x-valent>anion of said active 

33 hydrogen compound. 

1 6. The process of claim':5, wherein t, m and.n 

2 in each of the chemical formula.(3) and the chemical 
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3 formula (4) are, irrespective of the order thereof, 

4 values of a combination selected from (2,1,1), (1,1,1), 

5 ( 1, 1, O) , ( l, o, O) or ( O, O, O) . 

1 7. The process of claim 5 or 6, wherei_n Ds in 

2 each of the chemical formula (3) and the chemical for-

3 mula (4) are the same or different and are selected 

4 from the group consisting of hydrocarbon groups having 

5 1 to 20 carbon atoms, alkoxy groups having 1 to 20 car-

6 bon atoms, phenoxy groups having 6 to 20 carbon atoms, 

7 mono-substituted amino groups having 1 to 20 carbon 

8 atoms, amino groups di-substituted by hydrocarbon 

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

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

1 8. The process of claim 5 or 6, wherein Ds in 

2 each of the chemical formula (3) and the chemical for-

3 mula (4) are the same or different and are selected 

4 from the group consisting of amino groups di-

5 ' substituted with alkyl groups, which are the same or 

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

7 .membered cyclic amino groups. 

1 9. The process of claim 5 or 6, wherein Ds in 

2 each of the chemical formula (3) and the chemi~al for-

3 mula (4) are selected from tne\group consisting of 
. ,·\..:' ;' 
-.:,·. 

4 dimethylamino, methyiethylaID,iJ:lg. and diethylamino 
· ... ; .·::'.:"·· .. 

5 groups. 
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1 10. Th~ process of any one of claims 1 to 9, 

2 wherein each Q in each of the partial structural for-

3 mula ( 1) , partial structural f'ormula ( 2) , chemical for-

4 mula (3) and chemical formula (4) is a hydrocarbon 

5 group selected from the group consisting of methyl, 

6 ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl, 

7 tert-butyl, pentyl, neopentyl, hexyl, heptyl, octyl, 

8 tert-octyl, nonyl a~d decyl. 

1 11. The process of any one of claims 5 to 10, 

2 wherein, when two Os on the same phosphorus atom or 

3 different phosphorus atoms are linked together to form 

4 a ring structure in each of the chemical formula (3) 

5 and the chemical formula (4), a divalent group (D-D} so 

6 formed on the same phosphorus atom or the different 

7 phosphorus atoms is a divalent group selected from the 

8 group consisting of ethylenediamino, trimethylene-

9 diamino and tetramethylene diamino groups, the two 

10 ' nitrogen atoms of each of said groups having been sub-

11 ', stituted ind~vidually by a me"thyl or ethyl group. 

1 12. The process of any o,i:i~ of claims 5 to 11, 
' 

2 wherein, when D and Q are link~d together to form a .·:; .' 

3 ring, structure in each of, the,:C::hemical formul'a (3) and 

4 the chemical formula (4), a so~formed divalent group 

5 (D-Q) connecting the associat~~t nitrogen atom· and the 

6 associated phosphorus atom is,(:\:divalent group selected 

, 
I 
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7 from the group consisting of aminomethylene, amino-

8 ethylene and aminotrimethylenegroups, the nitrogen 

9 atom of each of said groups having been substituted by 

10 a methyl or ethyl group. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

1 

2 

3 

4 

13. The process of any one of claims 1 to 4, 

wherein said phosphazene compc;>~nd is selected from l­

tert-butyl-2, 2, 2-tris ( dimethylamino) phosphazene, 1-

(1, 1, 3, 3-tetramethylbutyl) -2, 2,_-2-tris (dimethylamino) -

phosphazene, l-ethyl-2,2,4,4,4~pentakis(dimethylamino)-

2A5,4A5-catenadi(phosphazene), l-tert-butyl-4,4,4-

tris{dimethylamino)-2,2-bis[tris{dimethylamino)­

phosphoranilideneamino]-2A5,4A5-catenadi(phosphazene), 

l-(l,l,3,3-tetramethylbutyl)-4,4,4-tris(dimethylamino)-

2,2-bis(tris(dimethylamino)phosphoranilideneamino]-

2A5,4A5-catenadi(phosphazene), l-tert-butyl-2,2,2-

tri(l-pyrrolidinyl)phosphazene, or 7-ethyl-5,11-

dimethyl-l,5,7,11-tetraaza-6A5-phosphaspiro(5.5]undeca-

'1(6)-ene; and said phosphazeniu~ salt of said active 

'.hydrogen compound is a phosphaZ.;~nium salt derived from 

said active hy_drogen compound -~rid the thus-selected 

phosphazene compound. 

14. The process of any op~ of claims 1 to 13, 

wherein two or more kinds of a~~~lene oxide compounds 

are successively polymerized to .. '. produce a block 

copolymer which contains blocks_ l:),f said two or more 
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5 kinds of alkylene oxide compounds. 

1 15. :The process of any one of claims 1 to .14, 

2 wherein as,alkylene oxides, propylene oxide and 

3 ethylene Qxide are successively polymerized to produce 

4 a block cqpolymer which contains poly(propylene oxide) 

5 and poly(ethylene oxide) blocks. 

1 16. A_poly(alkylene oxide) obtainable by the pro-

2 duction prqpess of any one of claims 1 to 15. 

1 17. ·A·· catalyst useful for the production of a 

2 poly(alkylene oxide) by polymerization of an alkylene 

3 oxide compo~nd, which comprises a phosphazene compound 

4 represented.by the following partial structural formula 

5 ( 1) : 

6 I 
-P=N~Q (1) 

I 
7 wherein Q represents a hydrocarbon group having 1 to 20 

8 · carbon atoms. 

1 18. A catalyst use~Ulfgr the production of a 
· ... > 
.. · .. _ .... · .. (· 

2 poly(alkylene oxide) l::>Y. i?F>i:YA\~rization of an alkylene 

3 oxide compound, which qompf.}:S:igs a phosphazenium salt of 
. -~:- ... ; _ _. .<'·"'.:~:··:: ... 

4 an active hydrogen compb\iri'd:,_-_·said phosph?tzenium salt 
t -~ . ~ ·:·>(:>::·. :··.;_·;<(".". 

5 being represented by th$ ·-:f qllqwing partial structural 
• - •• ••• •• ,.· •• • ·.:····· y 

6 formula (2): 
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7 

zx- (2) 

.:\ 

8 wherein Q represents a hydrocarbon group having 1 to 20 

9 

10 

11 

1 

2 

carbon>atoms, x represents a number of phosphazenium 

cations~ c:tnd zx- represents an x-valent anion of said 

active 'hy~rogen compound. 

19~ ':'A catalyst useful for the production of a 

poly(aUcyiene oxide) by polymerization of an alkylene 

3 oxide compound, which comprises a phosphazene compound 

4 represe~t~q by the following chemical formula (3): 

5 (3) 

6 wherein;t,<m and n individually represent o or a posi-

7 tive inte~E:lr of 3 or smaller, Ds may ,be the s_ame or 

8 differerit and individually represent a hydrocarbon 

9 group havfng.l to 20 carbon atoms, an alkoxy group, a 

10 phenoxy .grbup, a thiol residual group, a thiophenol 
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11 residu~l._ group, a mono-substituted amino group, a di-

12 substitµted amino group or a 5- or 6-membered cyclic 

13 amino g~bup, Q represents a hydrocarbon· group having 1 

14 to 2 O c'arbon atoms, and two Ds on the same phosphorus 

15 atom or ct,if ferent phosphorus atoms may be linked to-

16 geth~r or D and Q may be linked together to form a ring 

17 structure. 

1 20. A catalyst useful for the production of a 

2 poly(al~ylene oxide) by polymerization of an alkylene 

3 oxide c9~pound, which comprises a phosphazenium salt of 

4 an active hydrogen compound, said phosphazenium salt 

5 being r~presented by the following chemical formula 

6 ( 4) : 

7 
zx- (4) 

x 

8 wherein)~ .m and n individually represent o or a posi-

9 tive integer of 3 or smaller, Ds may ·be the same or 
.:.:·'·· 

10 differen:t and individually represent a hydrocarbon 

. -·------·--··--·---· ·----·-·----·--····-------- ··- -----
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11 group having 1 to 20 carbon atoms, an alkoxy group, a 

12 phenoxy group, a thiol residual group, a thiophenol 

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

14 substituted amino group or a s~ or 6-membered cyclic 

15 amino group, Q represents a hyqrocarbon group having 1 

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

17 or different phosphorus atoms. may be linked together or 

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

19 ture, x represents a number of phosphazenium cations, 

20 and zx- represents an x-valent anion of said active 

21 hydrogen compound . 

.. ~-~- - --· ·-- . ·------------· ---·····-·-··· 

' ( 


