— 1 :- TITLE OF THE | NVENTI ON PHOSPHAZENI UM SALT AND PREPARATION%%%%?%%?r
THERECOF, AND PROCESS FOR PRODUCI NG POLY( ALKYLENE OX| DE) 5 BACKGRQU “FHE
| NVENTICGN 1. Field of the Invention This invention relates to a salt of an
ani on of-an active hydrogen conpound in a formderived by 10

elimnation of protons fromthe active hydrogen com pound, sai d salt beLng_.'

novel and extfrenely inportant for organic reactions. Mre specifically, the
present invention is concernéd with a novel™ alt of a phospha- zeni um
cation and ‘an anion of an active hydrogen com 15 pound or a novel
phosphazeniun1hydr0xide as an exanple. of the salt and with its preparation

process., and also with use of theTi%hﬁ g iﬂg Qﬁggﬁ%igﬁ as an effective’
ene oxi T

catalyst for the polynerization of

PHOSPHAQENIUM ‘SALT AND PREPARATION PROCESS THEREOF,

AND PROCESS FOR PRODUCING POLY (ALKYLENE OXIDE) .

BACKGROUND OF THE INVEH' TION
1. Field of the Invention
This invention relates to a salt of an anion of
an actlve hydrogen compound in a form derlved by

10 elimination of protons from the actlve hydrogen com-
pound, said salt being novel and extremely important
for organic reactions. More specifically, the present
invention is concerned with a novel salt of a phospha-
zenium cation and gn‘anion of an active hydrogen com- ~

15 pound or a novél phosphazenium hydroxide as an example,
of the salt and with its pfeparation process, and also
with use of the salt or the hydroxide as én effective.
catalyst for the polymerization of an alkylene oxide
compound.

20 A poly(alkylene oxide) is an important polymer
useful as a raw material for the production of poly-
urethane foams and elastomers available through its
reactibn with organopolyisocyanate oompouhds and also

as a surfactant.
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conmpound. 20 , A pol y(al kyl ene oxide) is an inportant polyner
useful as a raw material for the production of poly- urethane foans and

el astoners avail able through its reaction with organopol yi socyanate
conpounds and al so as a surfactant. -2- 2. Description of the Rel ated
Art It has been well known for many years to convert an active hydrogen
conmpound into an anion by taking a proton out, of the active hydrogen
conmpound and then to 5 obtain its salt th a counter cation.
Dependi ng on the strength of acidity of the active .hydrogen com pound,
vari ous processes are used. For exanple, car- boxylic acids, nitroal kanes,

al cohol's or phenols CHeGiption of the Related Art

It has been well known for many years to convert
an active hydrogen compound into an anion by taking a
proton out of the active hydrogen compound and then to
5 obtain its salt with a counter cation. Depending on
the strength of acidity of the active hydrogen com-
pound, various processes are used. For example, car-
boxylic acids, nitraalkanes,_alcohols or phenols can be
rather easily formed into salts throhgh reactions with
10 alkali metal hydroxides or in some instances, alkali
metal carbonates or the like. For the formation of
salts éf ketones, alkylnitriles, cyclopentadienes,
amines, amides or imides, it is the common practice to
use alkali metals or compounds thereof such as alkali
15 metals, alkali metal hydrides, alkali metal amides or
alkyl alkali metals. The salts obtainable by these
processes are however salts-of anions derived from ac-
tive hydrogen compounds and alkali metal cations. To
make effective the reactivity of an anion of an active
20 hydrogen compound, it is necessary to dissolve its salt
in a solvent. However,'solvents which can sufficiently
dissolve a salt containing such an alkali metal cation
are extremely limited. In some instances; the reac-
tivity of an anion may be substantially affected by the

25 size of its counter cation. If this cation is limited



rather easily formed into salts through reactions with 10 al kali et al
hydr oxi des or in sonme instances, alkali netal carbonates or the |ike. For
the formation of salts of ketones, alkylnitriles, cyclopentadi enes, am nes,
am des or imdes, it is the comon practice to use alkali netals or
conpounds thereof such as alkali 15 netals, alkali metal hydrides,

al kali nmetal am des or al kyl alkali netals. The salts obtainable by these
processes are however salts of anions derived3fTom ac- tive hydrogen
conmpounds and al kali metal cations. To nake effective the reactivity of an
anion of an active 20 hydr ogen conpound, it is necessary to dissolve

its salt in a sol vgnt , e s Whi C . Lciept ks Lsgolye a
salt containing sugﬁ an a¥E§?$ ﬁ%?é¥ gé?%%ﬁ'a?efgﬁ%?§%%+§ ??n#%ggggﬁnbéOWE
instances, the reagpetLYLLVoffa2B8afPbAN My be substantially affected by

the 25 size of Its counter catlon. If this cationis limted
Further, the hydroxides of alkali metals or

alkaline earth metals are also extremely important com-
5 - pounds in the field of organic reactions for their
basicity. To improve the effects of these hydroxides
upon using them in organic reactions, it is important
to dissolve them in an o:ganic solvent. These
hjdroxi@g_are soluble in water but are only sparingly
10 soluble in general organic solvents. They hence have
an unsuitable side for organic reactions whicﬁ are apt
to be easily impaired by water.
Industrial practice of an organic reaction by
using a salt of an anion derived from an active
15 hydrogen compound and an alkali metal cation or the
hydroxide of an alkali metal or alkaline earth metal
involves such problems as mentioned above.
Upon production of a poly(alkylene oxide) by
polymerization of an alkylene oxide compound, it is
20 most usual to use, as an initiator system, a combina-
tion of anlactive hydrogen compound such as a poly-
hydric alcohol and a basic alkali metal compound such
as potassium hydroxide. Such initiator s&stems are
also used in industry. Nonetheless, there is a desire

25 for the development of an initiator system which is



-3- to an alkali netal cation, a limtation is inposed on the size of a
cation. Further, the hydroxides of alkali netals or alkaline earth metals
are also extrenely inportant com 5 pounds in the field of organic
reactions for their basicity. To inprove the effects of these hydroxides
upon using themin organic reactions, it is inportant to dissolve themin
an organi c solvent. These hydroxide are solgbhe_ln wat er but are only
sparingly 10 - sol ubl e in general organic solvents. They hence have an
unsui tabl e side for organic reactions which are apt to be easily inpaired
by water. Industrial practice of an organic reaction by using a salt of an
ani on derived fromareaefifieiéht fromh¥HeogeanapsRAUNerapdlgheskikalkiiomet al

cation or the
activity and physical properties of a resulting
. polymer. Concerning initiator systems other than the

combinations mentioned above, U.S. Patent No. 3,829,505

5 discloses to obtain a polymer from propylene oxide by
using an active hydfogen compound and, for example, a
compound represented by Znj[Fe(CN) g]5-H50- dioxane.
Japanese Patent Laid-Open No. 276821/1990 discloses to
obtain a poly(alkylene oxide) by using zinc hexacyano-

10 cobaltat;. Further, Japanese Patent Laid-Open No.
232433/1987 discloses to obtain a polymer by polymeriz-
ing ethylene oxide while using a reaction product which
has been obtained by adding a solution of diethyl zinc
in hexane to a dispersion formed by adding 1,4-butane-

15 diol and a nonionic surfactant to a slurry of fumed
silica in hexane. These initiator systems all contain
special metal components and, if these metal components

- remain in the resulting poly(alkylene oxide), they ad-
versely affect reactions upon production of poly-

.20 urethanes or physical properties of the polyurethanes
S0 producea. A special process or complex steps are
therefore needed for the full elimination of such metal
components upon production of poly(alkylehe oxide).

Concerning metal-free initiator systems, on fhe

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



hydroxi de of an alkali netal or alkaline earth netal involves such problens
as nentioned above. Upon production of a poly(alkylene oxide) by

pol ymeri zati on of -an al kyl ene oxi de conpound, it is 20 nost usual to
use, as an initiator system a conbina- tion of an active hydrogen conpound
such as a poly- hydric alcohol and a basic al kali netal conpound such as
pot assi um hydroxi de. Such initiator systens are al so used in industry.
Nonet hel ess, there is a desire 25 for thé devel opment of an initiator
system which is -4- nore efficient fromthe standpoint of polynerlzatlon
activity and physical properties of a resulting polynmer. Concerning

kg'tgaégg g%;tenﬁ @i/32 oA phrldp ar TR L/EO S pEE Yie? 2ot Rehiy1dne AR

by a combination of an alkane polyol, an active
hydrogen compound, and an ether adduct of boron tri-
fluoride. With respect to this initiator system, it is
5 however also known that certain specific impurities in
the polyﬁer give deleterious effects on some'physicai
properties of urethane. Cumbersome steps are thus re-
quired for their full elimination. Further, accofding
to Japaque Patent Laid-Open No. 12026/1982, a polymer
10 of an alkylene.oxide is obtained usiﬁq an alcohol and
aminophenol. According to Japanese Patent Laid-Open
No. 38323/1981, propylene oxide is polymerized using
sorbitol and tetramethylammonium hydroxide. These in-

itiator systems are however accompanied by problems

15 such that their polymerization activities are not suf-
ficient and moreover, an amine-like odor remains in the
resulting polymers.

SUMMARY OF THE INVENTION
20 An object of the present invention is to provide

L]

a salt of an anion derived from an active hydrogen com-
pound and a countér cation, said salt being of
properties such that the cation is not an.alkali metal
cation and is changeable in si;e'as.needed and the salt

25 ~is rather easily soluble, and also to provide a com-



5 di scl oses to obtain a polynmer from propyl ene oxi de by using an
active hydrogen conpound and, for exanple, a conpound represented by
Zn[err][Fe(CN)y[err]][err].H err] O dioxane. Japanese Patent Laid-Cpen No.
276821/ 1990 di scl oses to obtain a poly(al kyl ene oxide) by using zinc
hexacyano- 10 cobaltate. Further, Japanese Patent Lai d-Open No. :
232433/ 1987 di'scl oses to obtain a pol ynmer by golyneriz- I ng et hyl ene oxi de
whil e using a reaction product which has been’obtained by adding a sol ution
of diethyl zinc in hexane to a dispersion fornmed by adding 1, 4-butane- 15
diol and a nonionic surfactant to a slurry of funmed silica in hexane. These

initiator systems gbhn@O@ghftR $8€8iab 8Bl ahyCRELRTCBbApEAEnt | Thhiese neta
conponents remain In the resulting poly(alkylene OXIdG?, t hey ad- versely

af fect reactions upasigitgusihiDapftoothe RPdroxiderefhaneslralphietaz! or
properties of the pol yurethanes so produced. A special process or conplex
steps are thereforalkakilpe éarthheetal| ahdnisareadidby solublet ih an
.organic solvent. Another object of the present inven-
5 tion is to provide an effective process for the prepa-
ration of éuch a salt.
A further object of the present invention is to
provide a simple and effective process for producing a
poly(alk&}ene oxide) by polymerizing an alkylene oxide
10 compoundfﬁhile using an initiator system which does not
contain any unusual metal component or any metal com-
ponent and does not allow an odor to remain
To achieve the above-described objects, the pres-
ent inventors have proceeded with an extensive investi-
15 gation. As a result, it has been found that a novel
phosphazenium salt of an active hydrogen compound and a
novel phosphazenium hydroxide are extremely effective
and further that they are-extremely effective for the
polymerization of an alkylene oxide compound, leading
20 to the completion of the present invention.
The present invention therefore‘provides:
A phosphazénium salt of an active hydrogen com-

pound represented by the following chemical formula

(1):
25 '



conponent s upon production of poly(al kyl ene oxide). Concerning netal-free
initiator systens, on the 25 ot her hand, Japanese Patent Lai d-Open No.
159595/ 1975 -5- discloses preparation of a polynmer from ethyl ene oxide
by a conbi nati on of an al kane pol yol, an active-hydrogen conpound, and an
et her adduct of boron tri- fluoride. Wth respect to this-initiator system
it is 5 - however also known that certain ?pgcific i mpurities in the

pol ymer give del eterious effects on sone physlcal properties of urethane.
Cunber sone steps are thus re- quired for their full elimnation. Further,
according to Japanese Patent Laid-Open No. 12026/ 1982, a polynmer 10 of

an al kyl ene oxi de_i s obtained using an al cohol and ani naphenol . Accordi ng
to Japanese Patent Lai d- QOpery .
: NB; | -
R,N—P—NR;
|
RgN . d .. an
RzN . II,__N\ P'i' f=l|)_>_NR2 "Zn- . (1)
' | /a_ \ | +7¢ .
. : NR, '
RN ﬁ 2
R,N—P—NR;
- b

wherein:
n stands for an integer of from 1 to 8 and
represents the numper-of phosphazenium cations, and
5 ZD~ represents an-n-valent anion of an active
ﬁydrogen compound in a form derived by elimination of n
protons from an active hydrogen compound having at most
eight active hydrogen atoms on oxygen atoms or nitrogen
atoms, a, b, ¢ and d each stands for a positive integer
10 of 3 or smaller or 0 ﬁith the proviso that they are not
all 0 at the same time, Rs represent the same or aif-
‘ferent hydrocarbon groups having 1 to 10 carbon atoms,
and two Rs on each common nitrogen atom méy be coupled

together to form a ring structure;

15 A phosphazenium hydroxide represented by the fol-



" No. 38323/ 1981, prbpylene oxide is polynerized using sorbitol and
t et ranet hyl ammoni um hydr oxi de. These in- itiator systens are however

acconpani ed by probl ens 15 such that their polynerization activities
are not suf- ficient and noreover, an am ne-like odor remains in the
resul ting polyners. SUMVARY OF THE | NVENTI ON 20 An object of the

present invention is to provide a salt of an anion derived froman active
hydrogen com pound and a counter cation, sa & salt being of properties
such that the.cation is not an alkali nmetal cation and is changeable in

size as needed and the salt 25 Is rather easily soluble, and also to
provide a com f%wf%g X emlégllf% 6% qE)any netal conponent, has
| NMe,
Mezn——ﬁ——"NMez
' \T/d Nmez .
Me,N-e—P—-N}—P"—éN—P-—)-NMez OH™ (2)
a
MEgN /NL Nmez '
— |
- MezN"_'"'"P_Nmez
b
‘NMe, ]

wherein each Me represents a methyl group, and a, b, c
and d are each 0 or 1 with the proviso that they are
5 not all 0 at the same time;
A process for the preparation of a phosphazenium
salt of an active hydrogen compound represented by the

following chemical formula (1):



basicity simlar to the hydroxide of an alkali netal or alkaline earth
metal, and is readily soluble in an organic solvent. Another object of the
present inven--5 tion is to provide an effective process for the
prepa- ration of such a salt. A further object of the present invention is
to provide a sinple and effective process for producing a poly(al kyl ene
-oxi de) by polynerizing an al kyl ene oxi de 10 conpound whi |l e using an
initiator system which does not contain any'uﬁu§ual nmet al conmponent or any
metal com ponent and does not allow an odor to remain To achi eve the
above-descri bed objects, the pres- ent inventors have proceeded with an

extensive investi-_15 - gation. As a result, it has begn found that a
novel phosphazeniup salt of anl active ogen conpound and a novel
phosphazeni um hydr pxi de are extrenely dgffective and further that they are
extrenely effective for the polynerizaijon of an al kyl ene dxi de conpound,
| eadi ng : RzN——II?i—.—NRz' :
. b
Rle \.l/d 'ilﬂz .
RzN-e—-i-. P=N>——P” N=P—NR, | Z"" (1)
| a | + ¢
. NR, ° '
RzN'—P_NRz
- b
NR, In
~wherein:

n stands for an integer of from 1 to 8 and

represents the number of phosphazenium cations, and

5 ZN~ represents an n-valent anion of an active
hydrogen compound in a form derived by elimination of n
protons from an active hydrogen compound having at most
eight active hydrogen atoms on oxygen atoms or nitrogen
atoms, a, b, c and d each stands for a positive integer

10 of 3 or smaller or 0 with the proviso that they are not

~all o at the same time, Rs represent the same or dif-

ferent hydrocarbon groups having 1 to 10 carbon atoms,
and two Rs on each common nitrogen atom ﬁay be coupled
together to form a ring structure, which comprises

15 reacting a salt of a phosphazenium cation and an in-



20 to the conpletion of the present invention. The present invention
therefore provides: A phosphazeniumsalt of an active hydrogen com pound

represented by the follow ng chemcal formula (1): 25 -7- [err] wherein:
n stands for an integer of from1l to 8 and represents the nunber of
phosphazeni um cations, and 5 z[err] represents an n-val ent anion

of an active hydrogen conpound in a formderived by elimnation of n
protons froman active hydrogen conpound havﬂﬂg'at nost ei ght active
hydrogen atons on oxygen atons or nitrogen

organic anion, said salt being represented by the fol-
lowiné formula (3):

' ) NRg

RzN——-Il’l——Nﬂz_

o 'nzlsi \T/d_ Iile | |
RzN{;’T-=N)_P+_€N=TT_9'NR - oX™ @)
. a C
|
- R,;N—P—NR,
‘b
NRz ' m

wherein n stands.for an integer of from 1 to 3 and
5 . represents the number of said phosphazenium cation, XM~
represents an m~-valent inorganic anion, a, b, ¢, 4 and
Rs have the same meanings as defined above, with an
alkali metal salt of an active hydrogen compound, said
alkali metal salt being represented by M*nzn' wherein
10 Mt represents n alkali metal cations, and n and zP~
have the same meanings as defined above;
A process for the preparation of a phosphazenium

hydroxide represented by the following chémical formula

(2):



atons, a, b, ¢ and d each stands for a positive integer 10 of 3 or
smaller or O with the proviso that they are not all 0 at the sane tine, Rs
represent the same or dif- ferent hydrocarbon groups having 1 to 10 carbon
atons, and two Rs on each comon nitrogen atom nay be coupled together to
forma ring structure; 15 A phosphazeni um hydr oxi de represented
by the fol- ° -8- lowing chemical formula (2): [err] wherein each Me
represents a nethyl group, and a, b, ¢ and-dlre-each O or 1 with the
provi so that they are not all 0 at the sane tinme; A process for the
preparation of a phosphazeniumsalt of an active hydrogen conpound
represented by the__ . P

NMe,
MezN—ﬁ—'-NMez
_ N
MezN d Nmez
— {N= NMe,| OH™ (2
.MezN{——P N/aP \N P—} 2 : 2
7 I\ NMGz
| I
- Me,N—P—NMe,
- b
‘NMe,

- wherein each Me represents a methyl group, and a, b, c
and d are each 0 or 1 with the proviso that they are
not all 0 at the same time, which comprises bringing a
5 . solution of a salt of a phosphazenium cation and a
monovalent inorganic anion, said salt being represented

by the following formula (4):



foll owi ng chem cal fornula (1): -9- [err] wherein: n stands for an

I nteger of from1l to 8 and represents the nunber of phosphazeni um cati ons,
and 5 z[err] represents an n-valent anion of an active hydrogen
conpound in a formderived by elimnation of n protons froman active
hydrogen conpound having at nost eight active hydrogen atons on oxygen
atons or nitrogen atons, a, b, ¢ and d each stands for a positive integer
10 of 3 or smaller or O with the provisSo 12hat they are not all 0 at the
same time, Rs represent the same or dif- ferent hydrocarbon groups having 1
to 10 carbon atonms, and two Rs on each conmon nitrogen atom may be coupl ed

— = ]
NMe,
MezN—lﬁ—'Nmeg
MezN \T/d TMGZ |
MezN(—-P._.N (N——rl' N | YT @
MezN /I!I\ Nmez
| -
MezN-——P——NMez
- . b -
- > NMGz
L . L e _ -

wherein each Me, a, b, c and d have the same meanings
as defined above and ¥ represents séid monovalent in-
organic anion, in a mixed solvent of water and a water-

5 miscible organic solvent into contact with a hydroxide-
form anion-exchange resin;

A process for producing a poly(alkylene oxide) by
polymerization of an alkylene oxide compound, which
comprisesipquﬁerizing said alkylene oxide compound in

10 the presence of:
(I-i) (a) a salt of a'phosphazenium cation and an
.inorganic anion, said salt being
- represented by the following-chemical for-

mula (5) or chemical formula (6):



together to forma ring structure, which conprises 15
- 10 -
lowi ng forrmula (3):

of a phosphazenium cation and an in-
bei ng represented by the fol -
for an integer of from1l to 3 and 5

phosphazeni um cation, Xferr] represents
C,
salt of an active hydrogen conpound,
represented by Merr] Zerr] wherein 10

d and Rs have the sane meani ngs as defined above,
said al kaIT

reacting a salt
organi c anion, said salt
[err] wherein m stands
represents the nunber of said

an mval ent inorganic anion,
with an al kal
nmetal salt being
Merr] represents n al kal.

nmet al

metal cations, and n and Z[err] have the sanme neani ngs as defined above;
process for the preparatiqn of a phosphazeni um _
NR, = | -
R,N—P—NR,,
RN \'/d NR,
| I \ + l r=
nznf—:la_uz P N""II’ FNR, | T (8)
. RzN /'!l\ NRZ .
| I |
o RzN'—P_an
b
NR,
— =
H\\ /,R
. NRz-
nzn{—P—-N-)—-P*—éN-—P—)—NRz T (6)
|
. ’ f
. "NR» r

wherein a, b, ¢ and d in the chemical for-

nmula (5) or e,

f and g in the chemical

formula (6) each stands for a positive in-

a, b,

A



hydr oxi de represented by the follow ng chem cal fornula (2): [err]
wherein each Me represents a nethyl group, and a, b, ¢ and d are each 0 or
1 with the proviso that they are not all 0 at the same tine, which

conprises bringing a5  solution of a salt of a phosphazenium cati on and
a nmonoval ent inorganic anion, said salt being represented by the follow ng
formula (4): =~ - 12 - [err] wherein each ijéx_b, c and d have the sane
meani ngs : -

teger of 3 or smaller or 0 with the
proviso'that a, b, cand dor e, f and g
are not all 0 at the same time, Rs
represent the same or different hydrocar-
5 bon groups having 1 to 10 carbon atoms,
two Rs on each common nitrogen atom may be
coupled together to form a ring structure,
r stands for an integer of from 1 to 3 and
represents the number of phosphazenium ca-
10 tions, and T¥~ represents of an r-valent
| inorganic anion, and |
(b) an alkali metal or alkaline éarth metal
salt of an active hydrogen compound, or
(I-ii) a phosphazenium salt of an active hydrogen
15 compound, said phosphazenium salt having been
derived from:
(a) a salt of a phosphazenium cation and an
inorganic anion, said salt being
represented by the chemical formula (5),
20 and |
}b) an alkali metal or alkaline earth metal
. salt of an active hydrogen compound; of
(II-i) (a) a phosphazenium compound repfesented by

the following formula (7):
25



as defined above and Y[err] represents said.nonoval ent in- organic anion,
In a mxed solvent of water and a water- 5 m sci bl e organi ¢ sol vent
into contact with a hydroxide- form ani on-exchange resin; A process for
produci ng a pol y(al kyl ene oxi de) by pol ynerization of an al kyl ene oxi de
conpound, which conprises polynerizing said al kyl ene oxi de conpound in 10
the presence of: (l1-i) (a) a salt of a phosphazenium cation and an

i norgani ¢ anion, said salt being represented 15/ < he foll owi ng chenical for-
mula (5) or chemical formula (6): - 13 - [err] wherein a, b, cand d in
t he chem cal for- :

NRy
Rzn—ﬁé—NRz'

N g R

RzN-(——P—N /aE ( N-—P—%-Nﬂz Q" (@
RzN NRz

ll
RzN—-—P—N-R'z

DR 4 ) | b
NR,

wherein a, b, ¢, d and Rs have the same
meanings as defined above, and Q~
represents a hydroxyl anion, alkoxyl
5 | anion, aryloxyl anion or carboxyl anion,
and
(b) an active hfdrogen compound, or
(IT-ii) a phosphazenium salt of an active hydrogen
compound, said phosphazenium salt having been
10 derived from:
(a) a phosphazenium compound represented by
the chemical formula (7), and
(b) an active hydrogen compound; and
A poly(alkylene oxide) obtainable by the.process

15 described above.



mula (5) or e, f and g in the chemcal 5 ' ' formula (6) each

stands for a positive in- - 14 - teger of 3 or smaller or O with the
proviso that a, b, ¢ and d or e, f and g are not all 0 at the sane tinme, Rs
represent the sane or different hydrocar- 5 * bon groups

having 1 to 10 carbon atonms, two Rs on each conmon nitrogen atom nmay be
coupl ed together to forma ring structure, I ands for an integer of from
1 to 3 and represents the nunber of phosphazenium ca- 10

tions, and Tr- represents of an r-valent inorganic anion, and (b) an al kal
metal or al kaline earth netal '

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a 31p-NMR (solvent: DMSO-dg) spectrum
of the tetrakis{tris(dimethylanino)phosphoranilidene~-
amino]phosphonium salt of methanol; |

5 : Fig. 2 is a lH-NMR (solvent: DMSO-dg) spectrum of
the tetrakisttris(dimethylamino)phqsphoranilidene-
amino]phosphonium salt of methanol;

Fig. 3 is a 31p-NMR (solvent: CDCl;) spectrum of
dimethylﬁminotris[tris(dimethylamino)phpsphoranilidene-

10 amino]p;;sphonium tetrafluoroborate;

| Fig. 4 is a lH-NMR (solvent: CDCl,) spectrum of
the dimethylaminotris[tris(dimethylamino)phosphor?
anilideneaminojphosphonium tetrafluoroborate:l

Fig. 5 is a 1H-NMR (solvent: DMSO-dgz) spectrum of

15 the dimethylaminotris[tris(dimethylamino)phosphor-
anilideneamino]phosphonium salt of methanol:

Fig. 6 is a l1H-NMR (solvent: CDCl;) spectrum of
tetrakis[tri(pyrrolidin—l-yl)phosphoranilideneamino]-
phoéphonium tetrafluoroborate;

20 Fig. 7 is a l1H-NMR (solvent: DMSO-dg) spectrum of
the tetrakis[tri(pyrrolidin-l-yl)phééphoranilidene-
amino]phosphonium salt of. tert-butanol;

Fig. 8 is a lH-NMR (solﬁent: DMSO-dg) spectrum of
-the tetrakis[tris(dimethylamino)phosphoranilideng- |

. 25 amino]phosphonium salt of phenol;



salt of an active hydrogen conmpound, or (l-ii) a phosphazeniumsalt of an
active hydrogen 15 conpound, sai d phosphazeni um salt havi ng
been derived from (a) a salt of a phosphazenium cation and an inorganic
anion, said salt being represented by the chemical formula (5), 20

and (b) an alkali netal or alkaline earth nmetal salt of an active hydrogen
conpound; or {(Ill-i) (a) a phosphazeni um compqgnd represented by the
following formula (7): 25 - 15 - [err]

Fig. 9 is a lH-NMR (solvent: DMSO-dg) spectrum of
the tetrakis[tris(dimethylamino)phosphoranilidene-
amino]phosphonium salt of acetic acid;

Fig. 10 is a l1H-NMR (solvent: THF-dg) spectrum of

5 " the mono{tetrakis[tris(dimethylamino)phosphoranilidene-
amino]phosphonium)} salt of N,N'-dimethylethylene-
diamine;

Fig. 11 is a ly-NMR (solvent: THF-dg) spectrum of
the mono{tetrakis[tris(dimethylamino)phosphoranilidene-

10 amino]pﬁ;;phonium} salt of piperazine;

Fig. 12 is a 13Cc-NMR (solvent: THF-dg) spectrum
of the mono{tetrakis[tris(dimethylamind)phosphor-
anilideneamino]phosphonium} salt of piperazine;

Fig. 13 is a lH-NMR (solvent: THF-dg) spectrum of

15 the tetrakis[tris(dimethylamino)phosphoranilidene-
amino]phosphonium salt of piperidine;

| Fig. 14 is a 1H-NMR (solventf CDC13) sﬁectrum of
diethylaminotris[tris(diethylamino)phosphoranilidene-
amino]phosphonium tetrafluoroborate;

20 Fig. 15 is a 1H-NMR (solvent: DMSO-dg) spectrum
of the diethylaminotris[tris(diethylamiho)phosphﬁr-
anilideneaminojphosphonium salt of n-octanol;

' Fig. 16 is a 1H-NMR (solvent: CDCl3) spectrum of
bis(diethylamino)bis[tris(diethylamino)phosphor-

25 anilideneamino]phosphonium tetrafluoroborate;



wherein a, b, ¢, d and Rs have the sane neani ngs as defi ned above, and

Q err] represents a hydroxyl anion, al koxyl 5 ani on,
aryl oxyl anion or carboxyl anion, and (b) an active hydrogen conpound, or
(I'l-ii) a phosphazenium salt of an active hydrogen conpound, said

phosphazeni um salt having been 10

derived from (a) a

phosphazeni um conpound represented by the chergcal formula (7), and (b) an
active hydrogen conpound; and A pol y(al kyl ene oxi de) obtai nable by the
descri bed above. - 16 - :

process 15

10

15

20

25

Fig. 17 is a lH-NMR (solvent: DMéo-ds) spectrum
of the mono({bis(diethylamino)bis[tris(diethylamino)-
phosphoranilideneamino]phosphonium) salt of propylene
glycol;

Fig. 18 is a lH-NMR (solﬁent: DMSO-dg) spectrum
of the tris(dimethylamino) [tris(dimethylamino)phosphor-
anilideneamino]phosphonium salt oflmethanol;

Fig. 19 is a 1H-NMR (solvent: DMSO?de) spectrum
of the tris(dimethylamino)[tris(dimethylamino)phosphor-
anilideﬁgamino]phosphonium salt of tert-butanol;

Fig. 20 is a lH-NMR (solvent: DMSO-dg) spectrum
of the tris(dimethylamino)[tris(dimethylamino)phosphor-
anilideneaminojphosphonium salt of benzyl alcohol;

Fig. 21 is a lH-NMR (solvent: DMSO-dg) spectrum
of the mono{tris(dimethylamino)[tris(dimethylaminoj-
phosphoranilideneamino}phosphonium} salt of ethylene
glycol;

Fig. 22 is a l1H-NMR (solvent: DMSO-dg) spectrum
of the mono{tris(dimethylamino) [tris(dimethylamino)-
phosphoranilideneémino]phosphonium} salt of glycerol;

Fig. 23 is a l1H-NMR (solvent: DMSO-dg) spectrum
of the di{tris(dimethylamino) [tris(dimethylamino)-
phosphoranilideneamino]phosphonium} salt of glycerol;

Fig. 24 is a 1H-NMR (solvent: DMSO-dg) spectrum

of the mono{tris(dimethylamino) [tris(dimethylamino)-



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a 31P-NWR (sol vent:

DVBO-d[ err]) spectrum of the tetrakis[tris(di methylam no)phosphoranilidene-
am no] phosphoni um salt of nmethanol; 5 - Flg 2 is a 1H NWR

(sol vent: DMBO d6) spectrum of the

tetrakis[tris(di methylam no)phosphoranilidene- an1no]phosphon|un1salt of
methanol; Fig. 3 is a [err]P-NVWR (solvent: .Cl3g [«err]) spectrum of
dinethylaninotris[tris(dinethylanino)phosphoraniIidene- 10

am no] phosphoniumtetrafl uoroborate; Fig. 4 is a 1H NWR (sol vent:

CDCl [err]) spectrum of the dinethylam notris[tris(dinmethylam no)phosphor -
ani | i deneam no] phophbsphoranil idéheamibbhoj phesphopiub}i sadt[ cfr PPl KERY-
(sol vent: DMSO-d6) spectrum of 15 t he
d|nethylan1notrls[PrppybenetnyP&ﬁlno)phosphor- an|I|denean1no]phosphon|unr
salt ‘of nmethanol; Fig. 6 is a 1H.NMR gsol vent: % Lﬁ spchrun1of
tetrakis[tri(pyrrolidin-Eigr)RRoiBndr anPriMB éSALKENE: DMSO= spectrum

of tetrakls[trls(dlmethylamlno)phosphoranllldeneamlno]-
5 pho§phon1um hydroxide; .

Fig. 26 is a 1y-NMR (solvent: DMSO-dg) spectrum
of tetrakis[tris(dimethylamino)phosphoranilideneaminoj}-
phosphonium hydroxide; |

Fig. 27 is a 3lp-NMR (solvent: DMSO-dg) spectrum

10 of dimet;ylaminotris[tris(dimethylamino)phosphor-
anilideneamino]phosphonium hydroxide; |

Fig. 28 is a lH-NMR (solvent: DMSO-dg) spectrum
of dimethylaminotris[tris(dimethylamino)phosphora-
nilideneamino]phosphonium hydroxide;

15 Fig. 29 is a-31P-NMR (solvent: DMSO-dg) spectrum
of tris(dimethylamino) [tris(dimethylamino)phosphor-
anilideneamino]phosphonium hydroxide; and

Fig. 30 is a ly-NMR (solvent: DMSO-dg) spectrum
of tris(dimethylamino) [tris(dimethylamino)phosphor-

20 anilideneamino]phosphonium hydroxide.

DETAILED DESCRIPTION OF THE INVENTION
The phosphazenium cations in the phosphazenium
compounds represented by the chemical formula (1),

25 chemical formula (2), chemical formula (3), chemical



phosphoni um t etraf | uoroborate; 20 “Fig. 7 is a 1H NWR (sol vent:
DMSO-d6) spectrum of the tetrakis[tri(pyrrolidin-1-yl)phosphoranilidene-
anm no] phosphonium salt of.tert-butanol; Fig. 8 is a 1H NWR (solvent:
DMSO-d6) spectrum of the tetrakis[tris(di methylan no)phosphoranilidene- 25
am no] phosphoni um salt of phenol; - 17 - Fig. 9is a 1HNWR (solvent:
DMSO- d6) spectrum of the tetrakis[tris(dimetyg am no)phosphoranilidene-
am no] phosphoni um salt of acetic acid; Fig. 10 is a [err] H NWR (sol vent:
THF-d8) spectrumof 5 the o _ _
nmono{tetrakis[tris(dimethylam no)phosphoranilidene- an1n01phosphon|un} salt
of N, N -di net hyl et fprmuda dddpi ebemical formula (5), chemical formula (6)
and chemical formula (7) in the present invention have
been represented by the limiting structural formulas
each in which the positive charge is localized on the
5 central phosphorus atom. Besides this, a number of
limiting structural formulas can be drawn. Actual pos-
itive charge is delocalized throughout the entire
molecules, respectively.
In one aspect of the present invention, there are
10 "provided the phosphazenium salt of the active hydrogen
compound represented by the chemical formula (1) and
the process for the preparation thereof. Among exam-
ples of the active hydrogen compound from which the
anion zZT~ in the chemical formula (1) is derived, those
15 having an active hydrogen atom on an oxygen atom in-
clude water; carboxylic acids_having 1 to 20 carbon
atoms, such as formic acid, acetic acid, propionic
acid, butyric acid, isobutyric acid, lauric acid,
stearic acid, oleic acid, phenylacetic acid, dihydro-
20 cinnamic acid, cyclohexanecarboxylic acid, benzoic
acid, p-methylbenzoic acid and'2-carboxynaphtha1éhe;
polycarboxylic acids having 2 to 20 cafbon atoms and 2
to 6 carboxyl groups, such as oxalic acid, malonic

acid, succinic acid, maleic acid, fumaric acid, adipic

25 acid, itaconic acid, butanetetracarboxylic acid,



Fig. 11 is a 1H NWR (solvent: THF-d8) spectrum of the
nono{tetrakis[tris(dimethylam no)phosphoranilidene- 10

am no] phosphoni un) salt of piperazine; Fig. 12 is a 13C-NWR (sol vent:
THF-d8) spectrum of the nono{tetrakis[tris(di nmethylam no)phosphor -

ani | i deneam no] phosphoni unt salt of piperazine; Fig. 13 is a [err] H NWR

(solvent: THF-'d8) spectrum of 15 t he

tetrakis[tris(dimethyl am no)phosphoranilidene- aﬁino]phosphoniun1salt of

pi peridine; Fig.

14 is a 1H NWR (solvent: CDO[err]) spectrum of

di et hyl am notris[tris(diethylam no)phosphoranilidene- am no] phosphoni um
tetrafl uoroborate; pithalic acid, Figopiithabia ddcid\VReésepivienal iONoeidp)
spectrum of the diethylamnotris[tris(diethylam no)phosphor -

ani | i deneam no] phosphimelhitid tacid mrudtpyodpeFlitid e a ¢arbamidivikcids
(solvent: CDCl[err]) spectrum of . ) .

bi s(di et hyl ani no) bi S4¢h| 2§ N N rieFHNETPHRAMRrackd, N-carboxypyrrolidone,

aniIideneanino]pho%ghoniun1tetraf|uoroborate'

5

10

15

20

25

-carboxyaniline and N,N'-dicarboxy-2,4-toluenediamine;
alcohols having 1 to 20 carbon atoms, such as methanol,
ethanol, n-propanol, isopropanol, n-butyl alcohol, sec-
butyl alcohol, tért-butyl alcohol, isopentyl alcohol,
tert-pentylhalcohol, n-octyl alcohol, lauryl alcochol,

cetyl alcohol,,cYclopentanol, cyclohexanol, ailyl al-

-
-

cohol, crotyl alcohol, methylvinylcarbinol, benzyl al-
cohol, 1l-phenylethyl alcohol, triphenylcarbinol and
cinnamyl aicohél; polyhydric alcohols having 2 to 20
carbon atoms and 2 to 8 hydroxyl groups, such as
ethyiene glycol, propylene glycol, diethylene glycol,
dipropylene glycol,-1,3-propanediol, 1, 3-butanediol,
1,4-butanediol, 1,6-hexanediol, 1,4-cyclohexanediol,
trimethylolpropane, glycerol, diglycerol, penta-
erythritol and dipentaerythritol; saccharides and
derivatives thereof, such as glucose, sérbitol, dex-
trose, fructose and sucrose; aromatic compounds con-
taining 6 to 20 carbon atoms and 1 to 3 hydroxyl
groups, such as pheno;, 2-naphthol, 2,6-dihydroxy-
paphthalene and bisphenol A; and poly(alkylene oxide)s
having 2 to 8 terminals and containing 1 to 8 hydroxyl

groups at the terminals, such as poly(ethylene oxide),



Fig. 17 is a [err]H NWR (solvent: DVBO-d[err]) spectrumof the
nono{ bi s(di et hyl am no) bi s[tri s(di et hyl am no) -
phosphor ani | i deneanmi no] phosphoni un} salt of propylene glycol; 5
Fig. 18 is a [err]HNWR (solvent: DVBO-d[err]) spectrumof the _
tris(dinmethylam no)[tris(di nmethyl am no)phosphor- anili deneam no] phosphoni um
salt of nmethanol; Fig. 19 is a 1H NWR (solvent, DVMBO-d[err]) spectrum of
the tris(dinmethylam no)[tris(dimethylam no)phosphor- 10
ani | i deneam no] phosphonium salt of tert-butanol; Fig. 20 is a 1H NWR
(solvent: DMSO-d[err]) spectrum of the o _ _
tris(di met hyl am no)ddly (HxbpiRidng % ite)nhema @opayndrde @avdyr phosphoni um
salt of benzyl alcohol; Fig. 21 is a 1HNWR (solvent: DVBO-d[err]) spectrum
15 of the mono{tri s@dares lepaanpley [dff itheianttivd iydrmgen compound
from which the anion zZP®~ is derived, those containing
an active hydrogen'atom on a nitrogen atom include
5 aliphatic or aromatic primary amines having 1 to 20
carbon atoms, such as methylamine, ethylamine, n-
propylamirie, isopropylamine,'n-butylamine, isobutyl-
amine, sec-butylamine, tert-butylamine, cyclohexyl-
amine, benzylamine, g-phenylethylamine, aniline, o-

10 toluidine, m-toluidine and p-toluidine; aliphatic or
aromatic secondary amines having 2 to 20 carbon atoms,
such as dimethylamine, methylethylamine, diethylamine,
di-n-propylamine, ethyl-n—bufylamine, methyl-sec-butyl-
amine, dipentylamine, dicyclohexylamine, N-methyl-

15 aniline and diphenylamine; polyamines havihg 2 to 20
carbon atoms and 2 to 3 primary or secondary amino
groups, such as ethylenediamine, di(2-aminoethyl)amine,
hexamethylenediamine, 4,4'-diaminodiphenylmethane,
tri(2-aminocethyl)amine, N,N'-dimethylethylenediamine,

20 N,N'-diethylethylenediamine and di(2-methylaminoethyl)-
amine; saturated cyclic secondary amines having 4 to 20
carbon atoms, such as pyrrolidine, piperidine, mor-
pholine and 1,2,3,4-tetrahydroquinoline; unsaturated

cyclic secondary amines having 4 to 20 carbon atoms,

25 such as 3-pyrroline, pyrrole, indole, carbazole, im-



phosphor ani | i deneam no] phosphoni un} salt of ethylene glycol; Fig. 22 is a
1H NWR (sol vent: DMSO d6) spectrum of the

nmono{tri s(di met hyl am no)[tris(di methyl am no)- 20

phosphor ani | i deneam no] phosphoni un} salt of glycerol; Fig. 23 is a
[err]H-NMR (solvent: DVSO-d[err]) spectrum of the

di {tris(dinethylamno)[tris(di methylam no) - 23 _

phosphor ani | i deneam no] phosphoni un} salt of glycerol Fig. 24 is a 1H NWR

(sol vent: DMSO d6) spectrum 25 of the

nmono{tris(di methylam no)[tris(dimethylam no)- - 19 -

phosphorani i deneaniaazehes #8lesahd PhrDRéYyoXycl Dé %if&ﬁiﬁé@'haﬂ.ﬁg
25 is a 31P-NMWR (solvent: O d6) spectrum of

tetraki s[tris(di metaytanzoogabioshhataens |.andneatid n®] secondary amino groups,
such as piperazine, pyrazine and 1,4,7-triazacyclo-
nonane; unsubstituted or N-mono-substituted acid amides
5 having 2 to 20 carbon'atoms, such as acetamide, |
propionamide, N-methylpropionamide, N-methylbenzoic
amide and N-ethylstearic amide; cyclic amides of 5- to
7-membered rings, such as 2-pyrrolidone and e-capro-
lactam; and imides of dicarboxylic acids having 4 to 10
10 cérbon ;£oms, such as succinimide, maleimide and
phthalimide.
The above-mentioned active hydrogen compounds in-
clude those containing plural active hydrogen atoms.
These active hydrogen atoms can be eliminated either
15 entirely or only in part to derive an anion. The in-
teger n in the.chemicallformula (1) ranges from 1 to 8,
with 1 to 3 being preferred.
Among these active hydrogen compounds, preferred
examples are water; alcohols having 1 to 20 carbon
20 atoms, such as methanol, ethanol, n~propanol, iso-
propanol, n-butyl alcohol, sec-butyl alcohol, tert-
butyl alcohoi, isopentyl alcohol, tert-pentyl alcohol,
n-octyl alcohol, lauryl alcohol, cetyl aicohol, cyclo-
pentanol, cyclohexanol, allyl aicohol, crotyl alcohol,

25 methylvinylcarbinol, benzyl alcohol, l-phenylethyl al-



5 phosphoni um hydroxi de; Fig. 26 is a 1H NVR (sol vent: DVSO d6)
spectrum of tetrakis[tris(dinethylam no)phosphoranilideneam no] -
phosphoni um hydroxide; Fig. 27 is a 31P-NWR (sol vent: DMSO d6) spectrum 10
of dimethylam notris[tris(dinethylam no)phosphor-
ani | i deneam no] phosphoni um hydroxi de; Fig. 28 is a 1H NVR (sol vent:
DMSO- d6) spectrum of di methyl am notris[tris(digmethyl an no)phosphor a-
ni | i deneam no] phosphoni um hydr oxi de; 15 Fig. 29 is a 31P-NWR
(sol vent: DMSO d6) spectrum of '
tris(dimethylam no)[-tris(dimethylam no)phosphor- anilidenean no] phosphoni um
hydr oxi de; .and Fi gcoRél | striplkenylteaibigsD| awdt cinhdiny X[ #1cohokpepblym of
-tris(dimethylam no)[tris(dinmethyl am no)phosphor- 20
ani | i deneami no] phdsydoid ual boliobsi biavimE T2\ L& ORSOEDEIT| ThOE IRt 2NVENS| ON
The phosphazeni um cations in the phosphazeni um
hydroxyl groups, such as ethylene glycol, propylene
glycol, diethylene glycol, dipropylene glycol, 1,3-

5 . propanediol, 1,3-butanediol, 1,4-butanediol, 1,6-
hexanediol, 1,4-cyclohexanediol, trimethylolpropane,
glycerol, diglycerol, pentaerythritol and dipenta-
-erythritol; saccharides and derivatives thereof, such
as glucose, sorbitol, dextrose, frdctose and sucrose;

10 poly(alkylene oxide)s having 2 to 8 terminals, contain-
ing 1 to 8 hydroxyl groups at the terminals and having
a molecular weight of from 100 to 50,000, such as
poly(ethylene oxide), poly(propylene oxide), and
copolymers thereof; polyamines having 2 to 20 carbon

15 atoms and 2 to 3 primary or secondary amino groups,
such as ethYlenediamine, di(z-aminoethyl)amine; hexa-
methylenediamine, 4,4'-diaminodiphenylmethane, tri(2-
aminoethyl)amine, N,N'-dimethylethylenediamine, N,N'-
diethylethylenediamine and di(2-methy1aminoéthy1)amine:

20 saturated cyclic secondary amines having 4 to 20 carbon
atoms, such as pyrrolidine, piperidine, morpholine and
1,2,3,4-tetrahydroquinoline; and cyclic polyamines hav-
ing 4 to 20 carbon atoms and 2 to 3 secondary amino

groups, such as piperazine, pyrazine and 1,4,7-tri-

25 azacyclononane.



conpounds represented by the chemcal formula (1), 25 chem cal fornula
(2), chemcal formula (3), chem cal - 20 - formula (4), chemcal fornula
(5), chemical forrmula (6) and chem cal formula (7) in the present invention
have been represented by the limting structural.formulas each in which the
positive charge is |ocalized on the 5 central phosphorus atom

Besides this, "a nunmber of limting structural %ornulas can be drawn. Actual
pos- itive charge i s del ocal ized throughout “t%2 entire nol ecul es,
respectively. In one aspect of the present invention, .there are 10

provi ded t he phosphazenium salt of the active hydrogen conpound represent ed

grym L geeigﬁ}m Cal_ formil a (Moredtd it i Bahfi¥s e Ratied ;2 1IbHE apfv-
ing 1 to 10 carbon atoms, such as methanol, ethanol, n--
propanol, isopropanol, n-butyl alcohol, sec-butyl al-
cohol, tert-butyl alcohol, isopentyl alcohol, tert-

5 pentyl alcohol and n-octyl alcohol; polyhydric alcohols
having 2 to 10 carbon atoms and 2 to 4 hydroxyl groups,
such as ethylene glycol, propylene glycol, 1,4-butane-
diol, trimethylolpropane, glycerol and pentaerythritol:
poly(alkylene oxide)s having 2 to 6 terminals, contain-

10 ing 2 to 6 hydroxyl groups at the terminals and having
a molecular'weighf_bf from 100 to 10,000, such as
poly (ethylene oxide), poly(propyleﬁe oxide), and
copolymers thereof; polyamines having 2 to 10 carbon
afoms and 2 to 3 sgcondary amino groups, such as N,N'-

15 dimethylethylenediamine, N,N'-diethylethylenediamine
and di(2-methylaminocethyl)amine; saturated cyclic
secondary amines having 4 to 10 carbon atoms, such as
pyrrolidine, piperidine, morpholine and 1,2,3,4-
tetrahydroquinoline; and cyclic polyamines having 4 to

20 10 carbon atoms and 2 to 3 secondary amino groups, such
as piperazine, pyrazine and 1,4,7-triazacyclononane.

a, b, ¢ and 4@ in the phosphazenium cations

representeg by the chemical formula (1) and chemical
formula (3) ip the present invention are each a posi-

25 tive integer of 3 or smaller or 0 with the proviso that



pl es of the active hydrogen cdnpound fromwhich the anion'Z[err] in the
chemcal fornmula (1) is derived, those 15 havi ng an active hydrogen

atom on an oxygen

atomin- clude water; carboxylic acids having 1 to 20

carbon atons, such as formc acid, acetic acid, propionic acid, butyric
acid, isobutyric acid, lauric acid, stearic acid, oleic acid, phenylacetic

acid, dihydro- 20

cinnam c acid, cycloh necar boxylic acid, benzoic

aci d, p-nethyl benzoic acid and 2-car boxynaphtfal ene; pol ycarboxylic acids
having 2 to 20 carbon atonms and 2 to 6 carboxyl groups, such as oxalic
acid, malonic acid, succinic acid, maleic acid, fumaric acid, adipic 25
acid, itaconic aci gnepuhzaehet’ atar box¥! thedshfle time.2lprepBihBhC 2&kY

i sopht halic acid,

10

15

20

25

terephthalic acid,
are each a positive integer of 2 or smaller or 0. More

-.preferably, a, b, ¢ and d are, irrespective of the or-

der thereof, values of a combination of (2,1,1,1),
(1,1,1,1), (o0,1,1,1), (0,0,1,1) or (0,0,0,1), still
more preferably values of a combination of (1,1,1,1),
(0,2,1,1), (0,0,1,1) or (0,0,0,1).

Rs in the phosphazenium cations of the salts,
which are_represented by the chemical formula (1) and

-

chemical formula (3) in the present invention, are

 hydrocarbon groups having 1 to 10 carbon atoms, which

may be the same or different. Specifically, R can be
selected from aliphatic or aromatic hydrocarbon groups
such as methyl, ethyl, n-propyl, isopropyl, allyl, n-
butyl, seé-butyl, tert-butyl, 2-butenyl, 1l-pentyl, 2-
pentyl, 3-pentyl, 2-methyl-l-butyl, isopentyl, tért-
pentyl, 3-mefhyl-2-butyl, neopentyl, n-hexyl, 4-methyl-
2-pentyl, cyclopentyl, cyclohexyl, l-heptyl, 3-heptyl,
l-octyl, 2-octyl, 2-ethy1-1—hexyi,-1,1-dimethy1-3,3-
dimethylbutyl (generally called "tert-octyl"), nonyl,
decyl, phenyl, 4-tolyl, benzyl, l-phenylethyl and 2-
phenylethyl. Among these, aliphatic hydrocarbon groups
having 1 to 10 carbon atoms, such as methyl, ethyl, n-
propyl, isopropyl, tert-butyl, tert-pentyl and 1,1~
dimethyl-3,3-dimethylbutyl, are preferred, wifh methyl



trimellitic acid and pyronellitic acid; carbam c acids such as

N, N-di et hyl carbam ¢ acid, N-carboxypyrrolidone, N carboxyaniline and

N, N - di car boxy- 2, 4-t ol uenedi am ne; 5 al cohols having 1 to 20 carbon
atons, such as nethanol, ethanol, n-propanol, isopropanol, n-butyl alcohol,
sec- butyl alcohol, tert-butyl alcohol, isopentyl alcohol, tert-pentyl

al cohol, n-octyl alcohol, lauryl alcohol, cetyl .alcohol, cyclopentanol

cycl ohexanol, allyl al- 10 cohol, crotyl al cohol, nethylvinylcarbinol,
benzyl al--cohol, 1-phenylethyl alcohol, triphenylcarbinol and cinnanyl

al cohol ; pol yhydric al cohols having 2 to 20 carbon atons and 2 to 8
hydroxyl groups, sand ethylhygéing mobyeoprepeppglicne gl ycol, diethyl ene

gl ycol, 15 di propyl ene gl ycol, 1, 3-propanediol, 1, 3-butanediol,

1, 4- but anedi ol , 1, 6- hexaWhkenotvo1Rg- enpcaotermondnbtrogennatoml dhpthpane,
glycerol, diglycerol, penta- erythritol and dipentaerythritol; saccharides
and derivatives thehesphazgpiulscytiensaresgpupled, tagether to form a

ring structure, the resultant divalent substituent on

5 the nitrogen atom is a divalent hydrocarbon group whose
backbone has 4 to 6 carbon atoms (so that the ring is a
5- to 7—hembered ring containing the nitrogen atom).
Preferred examples of the divalent hydrocarbon group
include tetramethylene, pentamethylene and hexa-

10 methyleﬁ;. Also included are those obtained by sub-
stituting such backbones with one or more alkyl groups
such as methyl or éthyi group. More preferredlexamples
are tetramethylene and pentamethylene. Either all the
availablelnitrogen atoms in the phosphazenium cation or

15 only a part of the nitrogen atoms may take such,a ring
structure.

The phosphazenium salt of the active hydrogen
compound represented by the chemical formula (1) in the
present invention can belobtained by reacting the salt

20 of the phosphazenium cation and the inorganic anion,
said salt being repre;ented by the chemical formula
(3), with the alkali metal salt of the active hydrogen
compound represented by M+nzn'. In this éase, the |
range of the integer n and the anion zZP~ of the active

25 hydrogen compound are the same as those defined above



20 trose, fructose and sucrose; aromatic conpounds con- taining 6 to
20 carbon atoms and 1 to 3 hydroxyl groups, such as phenol, 2-naphthol,

2, 6-di hydr oxy- napht hal ene and bi sphenol A; and pol y(al kyl ene oxi de)s
having 2 to 8 termnals and containing 1 to 8 hydroxyl 25 groups at
the termnals, such as pol y(ethyl ene oxide), - 22 - poly(propyl ene

oxi de), and copol yners thereof. Anpng exanpl§® of the active hydrogen
compound from which the anion Z[err] is derived, those containing an active
hydrogen atom on a nitrogen atominclude 5 aliphatic or aromatic
prinmary amnes having 1 to 20 carbon atonms, such as nethyl am ne,

ethyl amine, n- pr owtam.-aspeeﬁoeaoeuéaawﬁlcax bebyh@la ne1) | soptlyl - am ne,
sec-butyl am ne, tert-butylam ne, cycl ohexyl -
represents n alkali metal cations.
The alkali metal salt of the active-hydrogen com-
pound represented by M+nzn', can be obtained by using a
5 conventional process that reacts the above-mentioned
active hfdrogen compound with a metallic alkali metal
or wiﬁh a basic alkali metal compound. Examples of the
metallic alkali metal include metallic lithium, metal-
lic sodium, metallic potassium and metallic cesium.

10 Illustrative of the basic alkali metal compound are
alkali metal amides such as sodium amide and potassium
amide; organic alkali metal compaunds such as n-propyl
lithium, n-butyl lithium, vinyl lithium, cyclo-
pentadienyl lithium, o-naphthyl lithium, ethynyl

15 sodium, n-butyl sodium, phenyl lithium, cyclo-
pentadienyl sodium, fluorenyl sodium, tetraphenyl-
ethylene disodium, sodium naphthalenide, ethyl potas-
sium, cyclopentadienyl potassium, pPhenyl potassium and
benzylpotassium; alkali metal hydride compounds such as

20 sodium hydride and potassium hydride; alkali metal
hydroxides such as lithium hydroxide, sodium hydroxide,
potassium hydroxide and cesium hydroxide; and alkali

- metal carbonates such as lithium carbonaté, sodium car-

bonate and potassium carbonate. A suitable metallic

25 alkali metal or basic alkali metal compound can be



am ne, benzylam ne, [err]-phenylethylam ne, aniline, o- 10 t ol ui di ne,
mt ol ui dine and p-toluidine; aliphatic or aromatic secondary am nes havi ng
2 to 20 carbon atons, such as dinethyl am ne, nethylethyl am ne,

di et hyl am ne, di-n-propyl am ne, ethyl-n-butylan ne, methyl-sec-butyl-

am ne, dipentylam ne; dicycl ohexyl am ne, N nethyl- 15 ani | ine and

di phenyl ami ne; pol yanmi nes having 2 to 20 car atonms and 2 to 3 primary or
secondary am no groups, such as ethyl enedi amife,” di ( 2- ani noet hyl ) ani ne,
hexanet hyl enedi am ne, 4, 4'-di am nodi phenyl net hane, tri (2-am noethyl)am ne,
N, N - dinethylethylenedianine 20 N, N - di et hyl et hyl enedi am ne and

di (2- et hyl ani noet Bbsenadependiablbat eﬁecgeh:leag%ﬁca&d%mé a&&a&%yh@ﬁ Reret
to 20 carbon atons, such as pyrrolidine, piperidine, nor- pholine and

1,2,3,4- tetrahydroqctdvblhydrbgeatubapedndyclEn somendasyandescs thavi ng 4
to 20 carbon atons, 25 such as 3-pyrroline, pyrrole, indole,
carbazole, im alkali metal salt of the active hydrogen compound, said
| salt having been obtained as described above, #ay act -
5 as a basic alkali metal compound so that another active
hydrogen compound can be converted into its alkali met-
al salt.
In the case of an active hydrogen compound having
plural ac;ive hydrogen atoms, these active hydrogen

10 atoms may all be liberated to convert the active
hydrogen compound into an anion upon its reaction with
the meﬁallic alkali metal or basic alkali metal com-
pound or as an alternative, only a part of the active
hydrogen atoms may be liberated to form an anion.

15 . As the alkali metal cation or cations of the
alkali metal salt of the active hydrogen compound, said
salt having been obtained as described above and being
represented by M+nzn', lithium, sodium or potassium ca-
tions are preferred.

20 In the present invention, X®™ in the chemical
formula (3) represents an inorganic anion whos; valence
is m. The valence m ranges from 1 to 3. Illustrative
of the inorganic anion are anions of inoréanic acids

such as boric acid; tetrafluoroboric acid; hydrocyanic

25 acid; thiocyanic acid; hydrohalogenic acids such as



- 23 - idazole, pyrazole and purine; cyclic polyam nes having 4 to 20
carbon atons and 2 to 3 secondary am no groups, such as piperazine,
pyrazine and 1,4, 7-triazacycl o- nonane; unsubstituted or N nono-substituted
acid amdes 5 having 2 to 20 carbon atons, such as acetam de,

propi onam de, N nethyl propi onam de, N nethyl benzoic am de and
N-et hyl stearic am de; cyclic amdes of 5- to.f£-nenbered rings, such as
2-pyrrolidone and e-capro- |actam and im deS of dicarboxylic acids having
4 to 10 10 carbon atonms, such as succinimde, maleimde and

pht hal i m de. The above-nenti oned active hydrogen conpounds in- clude those

cont ai ni ng plural PO UBAH & B B HFdr I B td i il QgRIrsl¥bmRican be
elimnated either 15 entirely or only in part to derive an anion. The
I n- acid; nitric acid; sulfuric acid; phosphoric acid;
phosphorous acid:; hexaflﬁorophosphoric acid; carbonic
acid, hexafluoroantimonic acid; hexafluorothallic acid;
5 and perchloric acid. Further, HSO,~ and HCO;~ can also
be mentioned as inorganic anions.

In some instances, these inorganic anions can be
interchanged with each other. Among these inorganic
anions, apions of boric acid, tetrafluoroboric acid,

10 hydrohalogenic acids, phosphoric acid, hexafluoric
acid, perchloric acid and the like are preferred, with
a chloride anion being more preferred.

Concerning the process according to the present

invention for the synthesis of the salt of the

15 phosphazenium cation and the inorganic anion, said salt
being represented by the chemical formula (3), the fol-
lowing procedures can be mentioned as a general exam-.
ple:

(i) One equivalent of phosphorus pentachloride

20 and 3 equivalents of a di-substituted amine (HNR,) are
reacted. After reacted further with 1 equivalent bf
ammonia, the reaction product is treated with a base to
synthesize a 2,2,2-tris(di-substituted amino)—ZAs—
phosphazene represehted by the following chemical for-

25 mula (8):



teger nin the chemcal formula (1) ranges from1l to 8 wth 1 to 3 being
preferred. Anong these active hydrogen conpounds, preferred exanples are

wat er; al cohols having 1 to 20 carbon 20 atons, such as net hanol,

et hanol , n-propanol, iso- propanol, n-butyl alcohol, sec-butyl alcohol,
tert- butyl alcohol, isopentyl alcohol, tert-pentyl alcohol, n-octyl

al cohol, lauryl alcohol, cetyl alcohol, cyclay pentanol, cyclohexanol,

al lyl al cohol, crotyl alcohol, 25 met hyl'vi nyl car bi nol , benzyl al cohol,
1- phenyl et hyl al - - 24 - cohol, triphenylcarbinol and cinnanyl alcohol;

poly- hydric al cohols having 2 to 20 carbon atons and 2 to 8 hydroxyl
groups, such as ethylene glycol, propylene ﬂﬁcol , diethylene glycol,
di propyl ene glycol, 1, 3- 2
'RzN—T=NH | (8)
NR,

(ii) A bis(di-substituted amino) [tris(di-
substituted amino)phosphoranilideneamiﬁo]phbsphine
oxide, which has been obtained by reacting the above

5 phosphazene compound of the chemical formula (8) and a
bis(di-sqbstituted amino) phosphochloridate {(RyN),-
P(O)Cl}:’is chlorinated with phosphorus oxychloride.
After reacted with ammonia, the reaction product is
treated with a base to obtain 2,2,4,4,4-pentakis-

10 (di-substituted amino)-2)5,4)%-phosphazene represented

by the folléwing chemical formula (9):

- NR, NR,
R;N—P=N—P=NH (9)
NR, NR,

(iii) The above phosphazene compound of the chemi-
cal formula (9) is used instead of the phosphazene com-
15 pound of the chemical formula (8) employed in the pro-
cedures (ii) and is reacted as in the procedures (ii),
so that an oligophosphazene, which is repfesented by

the following chemical formula (10):



5 propanedi ol , 1, 3-butanediol, 1,4-butanediol, 1,6- hexanediol,

1, 4-cycl ohexanedi ol , trinethyl ol propane, glycerol, diglycerol,
pentaerythritol and dipenta- erythritol; saccharides and derivatives

t hereof, such as glucose, sorbitol, dextrose, fructose and sucrose; 10

pol y(al kyl ene oxide)s having 2 to 8 termnals, contain- ing 1 to 8 hydroxyl
groups at the termnals and having a ol ecul af, wei ght of from 100 to

50, 000, such as poly(ethyl ene oxide), poly(propylene oxide), and copol yners
t hereof ; pol yam nes having 2 to 20 carbon 15 atons and 2 to 3 primary
or secondary am no groups, such as ethylenedianine di (2- am noet hyl ) am ne,

hexa- met hyl enedi am ne, 4, 4" -di am nodi phgfiy hane, tri(2-

am noet hyl ) am ne, N, N -di net hyl et hyl ene N, N -

di et hyl et hyl enedi ami ne and di ( 2- negﬁ Gﬁ ne; - saturated

cyclic secondary am nes haV|ng 4 102 a ; such(égnpyrrolldlne
roq |n@I|ne and cyclic

pi peridine, norpholine and 1,2, 3,4-tetr
~pol yam nes hav-

wherein g stands for 3, is obtained. The compound of
the chemical formula (10) in which g stands for 0 or an
integer of from 1 to 3, when g=0 represents a di-

5 substituted amine, when g=1 represents the compound of
the chemipal formula (8), when g=2 represents the com-
pound oérchemical formula‘(9), and when g=3 represents
the oligophosphazene obtained in the procedures (iii).

(iv) Compounds with different gs and/or Rs in the
10 chemical formula (10) are succéssively reacted or a
compound of the same g and R in the chemical formula
(10) is reacted at once in an amount of totally 4 -
equivalents with one equivalent of phosphorus penta-
chloride, whéreby a desired salt of a phosphazenium ca-
15 tion and a chloride anion,'said salt having the chemi-
cal formula (3) in which m is 1 and X™ is Cl1~, is ob-
tained. When desired to obtain a salt with an in-
organic anion other than a chloride anion, ion exchange
can be performed by a conventional method, for example,
20 by conducting treatment with a salt of an alkali metal
cation and.the desired inorganic anion or by using an

ion-exchange resin. A general salt of a phosphazenium'



ing 4 to 20 carbon atons and 2 to 3 secondary am no groups, such as

pi perazi ne, pyrazine and 1,4,7-tri- 25 azacycl ononane. - 25 - More
preferred exanpl es are water; alcohols hav- ing 1 to 10 carbon atons, such
as net hanol, ethanol, n- propanol, isopropanol, n-butyl alcohol, sec-butyl
al - cohol, tert-butyl alcohol, isopentyl alcohol, tert- 5 pent yl

al cohol and n-octyl al cohol; polyhydric alqphg%s_having 2 to 10 carbon
atons and 2 to 4 hydroxyl groups, such as ethylene glycol, propylene

glycol, 1,4-butane- diol, trimethylol propane, glycerol and pentaerythritol;
pol y(al kyl ene oxide)s having 2 to 6 termnals, contain- 10 ing 2 to 6
hydroxyl groups atchBtoheafiing@hérgafiBaghiignarepresehtedwbygbheothendenl00

to 10, 000, such as
formula (3) can be thus obtained.
The target phosphazenium salt of the active

hydrogen compound represented by the chemical formula

5 (1) is prepared by reacting the two salts with each
other, namely, the salt of the phosphazenium cation and
the inérganic anion, said salt having been obtained as
described above and being represented by the chemical_
formula (?), with the alkali metal salt of the active

10 hydrogegrcompound represented by M+nzn'. Here, a salt
of thé alkali métal cation and the inorganic-anion is
byprodﬁced. Upon conducting this reaction, no particu-
lar limitation is imposed on the ratio of the two salts
to be used as the raw materials. No particular problem

15 or inconvenience would arise even if one of the salts
is used in excess of the other. In general, however,
per equivalent of the salt' of the phosphazenium.cation
and the inorganic anion, the alkali metal salt of the
active hydrogen compound can be used in a range of from

20 0.2 to 5 equivalents, preferably from 0.5 to 3 equiva-
lents, more preferably from 0.7 to 1.5 equivalents. A
solvent is usually employed to permit their effective
contact. Any solvent can be used as such;a reaction

solvent insofar as it does not impair the reaction.

25 Examples include water; alcohols such as methanol,



pol y(et hyl ene oxi de), poly(propyl ene oxide), and copol yners thereof;

pol yam nes having 2 to 10 carbon atons and 2 to 3 secondary am no groups,
such as N,N - 15 di met hyl et hyl enedi am ne, N, N -di et hyl et hyl enedi am ne
and di (2- net hyl ani noet hyl ) am ne; saturated cyclic secondary am nes having 4
to 10 carbon atonms, such as pyrrolidine, piperidine, norpholine and
1,2,3,4- tetrahydroquinoline; and cyclic pol ygnines having 4 to 20 10
carbon atonms and 2 to 3 secondary am no groups, such as piperazine,

pyrazine and 1,4, 7-triazacyclononane. a, b, ¢ and d in the phosphazeni um
cations represented by the chem cal forrmula (1) and chemcal formula (3) in
the present inventeétiaéE @8t proparsol; Aetones tsiveh i a8 efstarie Zamd smal | er

or O with the proviso that - 26 -
methyl ethyl ketone; aliphatic or aromatic hydrocarbons
such as n-pentane, n-hexane, cyclohexane, benzene,
toluene and xylene; halogenated hydrocarbons such as
5 dichloromethane, chloroform, bromoform, carbon tetra-
chloride, dichloroethane, chlorobenzeﬁe,_o-dichloro-
benzene, fluorobenzene and benzotrifluoride; esters

such as ethyl acetate, methyl propionate and methyl

benzoate; ethers such as diethyl ether, tetrahydro-

-

10 furan, 1,4-dioxane, ethylene glycol dimethyl ether,
triethylene glycol dimethyl ether; tertiary amines such
as tributylamine, N,N-dimethylaniline, pyridine and
quinoline, nitroaikanes such as nitromethane and nitro-
ethane; nitriles such as acetonitrile and propio-

15 nitrile; and polar aprotic solvents, for example, N,N-
dimethylformamide, dimethylsulfoxide, sulfolane, hexa-
methylphosphoric triamide, and 1,3-dimethyl-2-imidazol-
idinone. From these solvents, a suitable one is chosen
depending on the chemical stabilities of the salts

20 employed as the raw materials in the reaction. These
solvents can be used either singly or in combination.
The salts as the raw materials can preferably be in the
form of a solution, but no problem or inconvenience
would arise even when they are in the form of a suspen;

25 sion. The temperature of the reaction varies depending



they are not all O at the sanme tinme. Preferably, they are each a positive

I nteger of 2 or smaller or 0. More preferably, a, b, ¢ and d are,

i rrespective of the or- der thereof, values of a conbination of (2,1,1,1),
5 (1,1,1,1), (0,0,1,1) or (0,0,0,1), still nore preferably values of a
conbi nation of (1,1,1%,1), (0,1,1,1), (0,0,1,1) or (0,0,0,1). Rs in the
phosphazeni um'cati ons of the salts, which arezgepresented by the chem cal
formula (1) and 10 chem cal fornmula (3) In the present invention, are
hydr ocar bon groups having 1 to 10 carbon atons, which may be the sane or
different. Specifically, R can be selected fromaliphatic or aromatic

hydr ocar bon groups onidheakiiids)ylamotintyd,, congeditidat liohepamdy ltheallile o 15
butyl, sec-butyl, tert-butyl, 2-butenyl, 1-pentyl, 2- pentyl, 3-pentyl,

2-met hyl - 1-butyl , ithepealts aserthe pant ylated-imdishy| Howewteyl,, theopsziction
n- hexyl, 4-nmethyl- 2-pentyl, cyclopentyl, cyclohexyl, 1-heptyl, 3-heptyl,
_ temperature is generally 150°C or lower, preferably in
a range of from -78 to 80°C, more preferably in a range
5 of from 0 to 50°C. Concerning the reaction pressure,
the reaction can be perforﬁed under a reduced pressure,
normal pressure or an elevated pressure. However the
reaction pressure may preferably range from 0.1 to 10
kg/cm? (gpsolute pressure; this will hereinafter apply
10 equally;: with a range of from 1 to 3 kg/cm? being more
preferred. The reaction time varies depending on the
reaction time and the state of the reaction system, but
may be in a range of from 1 minute to 24 hours,
preferably from 1 minute to 10 hours, more preferably
15 from 5 minutes to 6 hours. |
To separate the target phosphazenium salt of the
active hydrogen compound from the reaction mixture,
conventional methods can be used. Depending on the
kind of the target salt, the kinds of the two salts as
20 raw materials, the excess rate of one of the salts over
‘the other, the kind and amount of the solvent, etc., a
suitable method can be chosen from the conventional
methods. As the byproduced salt of the alkali metal

cation and the inorganic anion usually precipitates as

25 a solid, the reaction mixture is subjected to liquid-



l-octyl, 2-octyl, 2-ethyl-1-hexyl, 1,1-dinmethyl-3,3- 20 di et hyl but yl
(generally called "tert-octyl"), nonyl, decyl, phenyl, 4-tolyl, benzyl,
1- phenyl et hyl and 2- phenyl ethyl. Anpong these, aliphatic hydrocarbon groups

having 1 to 10 carbon atonms, such as nethyl, ethyl, n- propyl, isopropyl,
tert-butyl, tert-pentyl and 1,1- 25 di met hyl - 3, 3-di net hyl butyl, are
preferred, w th nethyl - 27 - and ethyl bejng nore preferred. Wen two

Rs on a common nitrogen atomin the phosphazenium cation are coupl ed
together to forma ring structure, the resultant dival ent substituent on 5
the nitrogen atomis a dival ent hydrocarbon group whose backbone has 4 to 6

carbon atons (so tgallilihgepaPatisnaby- fidtratither eéntirigugatiannioRd thize
nitrogen atom. :
like either as is or after being somewhat concentrated
to remove the byproduced.salt. The filtrate ié then
concentrated to dryness, whereby the target salt can be
5 obtained. If the byproduced salt is still dissolved
even after the reaction mixture is concentrated, either
the byproduced salt or the target salt can be caused to
precipitate by adding a poor solvent to the thus-
concentrated reaction mixture or after concentrating it
10 further.r Alternatively, the byproduced salt and the
target salt can also be separated from each other by a
method, for example, by extracting one of the salts
after concentration to dryness. When one of the raw
materials, which was used in excess, is contained at a
15 high concentration in the target salt, they can be
separated from each other by extracting the target
salt, as is, with a solvent or bg extracting the target
salt with a solvent subsequent to its re-dissolution in
a solvent different from the extracting solvent. The
20 target salt can be purified further by recrystalliza-
tion, column chromatography or the like as_needed. The
target salt, namely, the phosphazenium salt of the ac-
tive hydrogen compound represented by the'chemic;1 for-
mula (1) is generally obtained as a liquid of high vis-

25 cosity or a solid.



Preferred exanpl es of the dival ent hydrocarbon group include

t et ranet hyl ene, pentanet hyl ene and hexa- 10 nmet hyl ene. Al so i ncl uded

are those -obtained by sub-" stituting such backbones with one or nore alkyl

groups such as nmethyl or ethyl group. More preferred exanples are

tetranet hyl ene and pentanethylene. Either all the available nitrogen atons

I n the phosphazenium cation or 15 onl'y g-part of the nitrogen atomns

may take such,a ring structure. The phosphazenium salt of the active

hydr ogen conpound represented by the chemcal formula (1) in the present

i nvention can be obtained by reacting the salt 20 of the phosphazeni um

cation and the inorgani cTR8I pRospRagdefiftlh S&1BJof ephesatt bde iyydihegeheni cal

formula (3), with the alkali metal salt of the active hydrogen conpound

represented by M ecohgpend]of| bthehcbenical formubagélpf thesiobbgined, ansg

the anion Z[err] of the active 25 hydrogen conpound are the sanme as

t hose defi ned abovextremely useful as an active species for an organic
synthesis reaction in which the anion of the active

5 hydrogen compound takes part.

In further aspects of the present invention,
there are also provided the phosphazenium hydroxide
represented by the chemical formula (2) and its prepa-
ration process. In the chemical formula (2) or chemi-

10 cal formula (4), a, b, ¢ and d individually stands for
0 or 1 with the proviso that they are not all 0 at the
same time. Preferably, a, b, ¢ and d are, irrespective
of the order thereof, values of a combination of
(1,1,1,1), (0,3,1,1), (0,0,1,1) or (0,0,0,1).

15 The phosphazenium hydroxide represented by the
chemical formula (2) is prepared from its precursor,
that is, the salt of the phosphazenium cation and the
monovalent inorganic anion, said salt being represented
by the chemical formula (4), by the process which makes

20 use of the ion-exchange resin. As a process for the
synthesis of the precursor, the following process can
be mentioned as a general example:

(i) One equivalent of phosphorus pehtachloride
and 3 equivalénts of dimethylamine (Me,NH) are reacted.

25 After reacted further with 1 equivalent of ammonia, the



- 28 - with respect to the chemcal formula (1). Mtn represents n al kal
netal cations. The alkali netal salt of the active hydrogen com pound
represented by Merr]Z err], can be obtained by using a 5 conventi onal
process that reacts the above-nentioned active hydrogen conpound with a
metallic alkali netal or wwth a basic alkali nmetal conpound. Exanples of
the netallic alkali netal include netallic |ithium netal- lic sodium
nmetallic potassiumand netallic cesium 10 II'lustrative of the basic
al kali metal conpound are alkali netal am des such as sodi um am de and
pot assi um am de; organic al kali netal conpounds such as n-propyl |ithium
P:?ﬁtyl |i§ﬂi umI Vi@yEtibh NbHAAUEY CLE- P8t Sd with A ibddeéNto SsPrbhésize
i thium ethyny

2,2,2-tris(dimethylamino)-2)5—phosphazene represented

by the following chemical formula (11):

NMe,
‘Mezu_.i»:-_m 1)
NMe,
5 (ii) At such a molar ratio of dimethylamine to the

phosphazene of the chemical formula (11) that cor-
respond;—to the values of a, b, ¢ and d in the chemical
formula (2), phosphorus pentachloride and dimethylamine
are first reacted, followed by the reaction of the

10 phosphazene to the remaining portion of the phosphorus
pentachloride. Where a, b, ¢ and d in the chemical
formula (2) is, for example, the combination of
(1,1,1,1), one equiﬁalent of phosphorus pentachloride
and 4 equivaients of the phosphazene of the chemical

15 formula (11) are reacted. In the case of the combina-
tion of (0,0,1,1), one equivalent of phosphorus
pentachloride and 2 equivalents of dimethylamine are
first reacted with each bther, followed by the reaction
of 2 equivalents of the phosphazene of the chemical

20 formula (11). To the phosphorus pentachioride, the

dimethylamine and phosphazene are therefore reacted in

a total amount of 4 equivalents. In this manner,



15 sodi um n-butyl sodium phenyl lithium cyclo- pentadienyl sodium
fluorenyl sodium tetraphenyl- ethylene disodium sodi um naphthal enide,

et hyl potas- sium cycl opentadi enyl potassium phenyl potassium and

benzyl potassi um al kali metal hydride conpounds such as 20 sodi um
hydri de and potassi um hydride; al kali netal hydroxides such as lithium
hydr oxi de, sodi um hydroxi de, potassium hydroxide and cesi um hydroxi de; and
al kali metal carbonates such as |ithium carbdnate, sodiumcar- bonate and
pot assi um carbonate.” A suitable netallic 25 .al kali nmetal or basic

al kali metal conmpound can be - 29 - chosen depending on the strength of

the acidity of then¥gpha:dnitin®@H cxdd W thd) chafE dalstfuieREa ¢y alkal i
netal salt of the active hydrogen conpound, said
which ¥~ is Cl1” is obtained.

(iii) To replace the chloride anion of this

phosphazenium chloride with another inorganic anion Y7,
5 a conventional method such as treatment with-a salt of

an alkali metal cation and the inorganic anion can be

used. A general salt of a phosphazenium cation and in-

organic anion, said salt being represented by the

chemical formula (4), can generally be thus obtained as
10 describé; above. |

As the monovalent inorganic anion ¥~ in the chemi-
cal formula (4), an anion of a monovalent inorganic
acid selected from the group consisting of hydrochloric
acid, tetrafluoroboric acid, hexafluorophosphoric acid

15 and perchloric acid can be mentioned.

The salt of the phosphazenium cation and the mono-
valent inorganic anion, said salt being represented by
the chemical formula (4), is subjected to ion-exchange
by an ion-exchange resin to convert it into the

20 phosphazenium hydroxide represented by the chemical
formula (2). Upon this ion-exchange, the salt of‘the
phosphazenium cation and the monovalent inorganic
anion(s) is dissolved in a mixed solvent of water and a

water-miscible organic solvent.

25 Preferred examples of the water-miscible organic



salt having been obtai ned as described above, nay act 5 as a basic

al kali nmetal conpound so that. another active hydrogen conpound can be
converted into its alkali nmet- al salt. In the case of an active hydrogen
conpound havi ng plural active hydrogen atons, these active hydrogen 10
atons may all be liberated to convert the active hydrogen conpound into an

anion upon it's reaction with the netallic Q!& i_ netal or: basic al kal
metal com pound or as an alternative, only a part of the active hydrogen
atons may be liberated to forman anion. 15 As the al kali meta

cation or cations of the alkali netal salt of the active hydrogen conpound,
said salt having bgenvektainetuaeé steehbbedsabnVves anethendl, rethgnen) ed by

Merr]Zerr], lithium sodiumor potassiumca- tions are preferred. 20
In the present invpnopanolXandrbutanobhe etbhersasucbrasldi¢Binepgptetea+s an
I nor gani ¢ ani on whose val ence
hydrofuran, 1,2-diethoxymethane, 1,2-diethoxyethane and
diethylene glycol dimethyl ether; and nitriles such as
5 acetonitrile and propionitrile. 1In addition, any other
organic solvents can also be used insofar as they do
not inhibit the ion-exchange to the phosphazenium
hydroxide and they are miscible with water. 1In the.
mixed so{vent of water and the water-miscible organic
10 solvent:—the proportion of the water-miscible organic
solvent can range generally from 5 to 95 wt.%,
preferably from 30 to 90 wt.%, more preferably from 50
to 85 wt.$%.
The concentration of the salt of the phosphazenium
15 cation and the monovalent inorganic anion, said salt
being represented by the chemical formula (4), in the
mixed solvent, may generally range from 0.01 to 5 M (M
stands for mol/¢; this will equally apply herein-
after), with a range of from 0.05 to 1 M being
20 preferred.
The above-employed ion-exchange resin is a
hydroxide?form anion-exchange resin and its cationic
groups are usually of the tertiary amine fype or

quaternary ammonium type. The ion-exchange resin is

25 usually employed in a form packed in a column, although



is m The valence mranges from1 to 3. Illustrative of the inorganic anion
are anions of inorganic acids such as boric acid; tetrafluoroboric acid,
hydr ocyani ¢ 25 aci d; thiocyanic acid; hydrohal ogenic acids such as -
30 - hydrofluoric acid, hydrochloric acid and hydrobrom c acid; nitric
acid; sulfuric acid; -phosphoric acid; phosphorous acid;

hexaf | uor ophosphori c acid; carbonic acid, hgxg | uor oant i noni ¢ aci d;

hexafl uorothallic acid; 5 and perchloric acid. Further, HSOJerr] and
HCO err] can al so- be nentioned as inorganic anions. In sone instances,

t hese inorganic anions can be interchanged with each ot her. Anobng these

i norgani c ani ons, &Y QEh ¥e tdctAY brdRiHfinty Giitaet?Glith khe salt
hydr ohal ogeni ¢ aci ds, phosphoric acid, hexafluoric
of the phosphazenium cation and the monovalent in-
organic anion in.a solution of the salt. The ion-
exchange resin is used in such an amount that the ex-

5 changing capacity of the resin ranges from 1 to 100
times, preferably from 1.5 to 20 times the equivalent
of the monovalent anion to be exchanged.

When causing a solution of the salt of the chemi-
cal formula (4) to flow through the column, the flow

10 rafe is‘;enerally 0.02 to 200 ¢/hour, preferably 0.1.
to 100 ¢/hour per liter of the hydroxide-form anion-

'exchanée resin.
‘The temperature upon ion-exchange varies depend-
ing on the ion-exchange resin to be used. It is gener-

15 ally from 10 to 80°C, preferably from 20 to 40°C.
| From a solution obtained after a separating oper-
ation such as filtration when the ion-exchange resin is
directly brought into contact with the salt in its
solution or from an effluent itself when the ion-

20 exchange resin is used in the column, the target
phosphazenium hydroxide is obtained by distilling off
the solvent to dryness.

The pﬁosphazenium hydroxide of the chemical for-

mula (2) obtained as described above has high

25 solubility in organic solvents as well as in water and



acid, perchloric acid and the like are preferred, with a chloride anion
being nore preferred. Concerning the process according to the present
invention for the synthesis of the salt of the 15 phosphazeni um cati on
and the inorganic anion, said salt being represented by the chem cal
formula (3), the fol- |Iow ng procedures can be nentioned as a general exam
ple: (i) One équival ent of phosphorus pentacQéfride 20 and 3
equi val ents of a di-substituted ani ne (HNR?Z) € reacted. After reacted
further with 1 equivalent of ammonia, the reaction product is treated with
a base to synthesize a 2,2,2-tris(di-substituted am no)-2,5- phosphazene

represented by theaighl QU&NGeEBRY 6a5iE8ty. 2°(For eR¥hB168)0.1 M and 0.01

M aqueous solutions of tetrakis[tris(dimethylamino)-
phosphoranilideneamino]phosphonium hydroxide, namely, a
compound of the chemical formula (2) in which a, b, ¢

5 and d are (1,1,1,1) exhibit pH values of 13.3 and 12.5,
respectively, and 0.1 M and 0.01 M aqueous solutions of
(dimethylamino)tris[tris(dimethylamino)phosphor-
anilideneaminb]phosphonium hydroxide, namely, a com-
pound of(;he formula (2) in which a, b, ¢ and 4 are

10 (b,l,l,l) exhibit pH values of 13.5 and 12.6, respec-
tively.) Hence, the phosphazenium hydroxide of the
chemical formuia (2) effectively eliminates one or more
protons from each of various active hydrogen compounds
so that an anion of the active hydrogen compound is

15 produced. And the anion thus formed possesses high
nucleophilicity. As is readily understood from the
foregoing, the phosphazenium hydroxide of the chemical
formula (2) is extremely useful as a base in organic
synthesis reactions.

20 In a still further aspect of the present inven-
tion, there is also provided the process for the pro-
duction of the poly(alkylene oxide), which comprises
polymerizing the alkylene oxide compound in the
presence of:

25



- 31 - [err] (ii) A bis(di-substituted amno)[tris(di- substituted

am no) phosphor ani | i deneam no] phosphi ne oxi de, whi ch has been obtai ned by
reacting the above 5 phosphazene conpound of the chemi cal fornula (8)
and a bis(di-substituted am no)phosphochloridate {(Rerr]N[err]- P(Od},
I's chlorinated with phosphorus oxychloride. After reacted with ammonia, the
reaction product is treated with a base to_oQkain 2,2, 4,4, 4-pentakis- 10
(di -substituted am no) -2A5, 4A5-phosphazene represented by the foll ow ng
chemcal fornmula (9): [err] (iii) The above phosphazene conpound of the
chem - cal fornmula (9) is used instead of the phosphazene com 15 pound
of the chenical formue-{8)(£yrtryesale dhetlpe ophesstidHen{uh )cattion sand

reacted as in the procedures (ii), so that an oligophosphazene, which is
represented by ' the inorganic anion, said salt being -
represented by the chemical formula (5) or
chemical formula (6), and
5 (b) the alkali metal or alkaline earth metal
salt of the active hydrogen compound, or
(I-ii) the phosphazenium salt of the active hydrogen
conmpound, said phosphazenium salt having been
gerived from:
10 '(a) the salt of the phosphazenium cation ahd
the inorganic anion, said salt being
represented by the chemical formula (5),
and
(b) the glkali metal or alkaline earth metal
15 salt of the active hydrogen compound; or
(II-i) (a) the phosphazenium compound represented by
the formula (7), and
(b) the active hydrogen compoﬁnd, or
(II-ii) the phosphazenium salt of the active hydrogen
20 compound, said phosphazenium salt having been
derived from:
(a) the phosphazenium compound represented by
the chemical formula (7), and

(b) the active hydrogen compound.

25 Illustrative of the alkylene oxide compound in



the follow ng chem cal fornula (10): - 32 - [err] wherein q stands for
3, is obtained. The conpound of the chem cal fornmula (10) in which g stands
for O or an integer of from1l to 3, when =0 represents a di- 5 '
substituted am ne, when g=1 represents the conpound of the chem cal fornula
(8), when g=2 represents the com pound of chemcal formula (9), and when
q=3 represents the oligophosphazene obtai ngdgpn_the procedures (iii). (iv)
Conmpounds with different gs and/or Rs in the 10 chem cal fornula (10)
are successively reacted or a conpound of the same g and R in the chem cal
formula (10) is reacted at once in an anount of totally 4 equivalents with
one equi val ent of yHwgfudess ddording to the present invention are

epoxy compounds such as ethylene oxide, propylene
oxide, 1,2-butylene oxide, 2,3-butylene oxide, styrene
oxide, cyclohexene oxide, epichlorohydrin, epibromo-

5 hydrin, methyl glycidyl ether, allyl glycidyl ether and
phenyl glycidyl ether. These alkylene oxide compounds
can be used in combination. When used in combination,
plural alkylene oxide compounds can be simultaneously

used in combination, can be successively used in com-

-

10 bination, or successively and repeatedly used in com-
bination.

Among these alkylene oxide compounds, ethylene.
oxide, propylene oxide, 1,2-butylene oxide and styrene
oxide are preferred, with ethylene oxide and propylene

15 oxide being more preferred.

| a, b, ¢ and d in the phosphazenium cations

represented ﬁy the chemical formula (5) and chemical
formula (7) in the present invention are each a posi-
‘tive integer of 3 or smaller or 0 with the proviso that

20 they are not all 0 at the same time. Preferably, they
are each a positive integer of 2 or smaller or 0. More
preferably, a, b, ¢ and d are, irrespective of the or-
der thereof, values of a combination of (2,1,1,1),
(1,1,1,1), (0,1,1,1), (0,0,1,1) or (0,0,0,1), still

25 more preferably values of a combination of (1,1,1,1),



chl oride, whereby a desired salt of a phosphazenium ca- 15 tion and a
chloride anion, said salt having the chem - cal formula (3) in which mis 1

and X[err] is Cf[err], is ob- tained. Wen desired to obtain a salt with an
in- organi c anion other than a chloride anion, ion exchange can be
perfornmed by a conventional nethod, for exanple, 20 by conducti ng
treatnent with a salt of an alkali netal cati and the desired inorganic

anion or by using an ion-exchange resin. A general salt of a phosphazenium
- 33 - cation and inorganic anion represented by the chem cal fornula (3)
can be thus obtained. The target phosphazenium salt of the active hydrogen
conpound represent ¢d,hy1t, heg, ChﬁvbgallbObﬁuka 6,0,2).(1) is prepared by
reacting.the two salts with each
Further, e, £ and g in the phosphazenium cation
represented by the chemical formula (6) are each a pos-
itive integer of 3 or smaller or 0 with the proviso
5 that they are not all 0 at the same time. Preferably,
théy are each a positive integer of 2 or smaller or O.
More preferably, e, f and g are, irrespective of the
order thereof, values of a combination of (2,1,1),
(1,1,1), ;0,1,1), or (0,0,1).
10 Réyin the phosphazenium cations of the salts,
which are represented by the chemical formula (5),
chemical formula (6) and chemical formula (7), are
hydrocarbon groups having 1 to 10 carbon atoms, which
may be the same or different. Specifically, R can be
15 selected from aliphatic or aromatic hydrocarbon groups
such as methyl, ethyl, n-propyl, isopropyl, allyl, n-
butyl, sec-butyl, tert-butyl, 2-butenyl, l-pentyl, 2-
pentyl, 3-pentyl, 2-methyl-l-butyl, isopentyl, tert-
pentyl, 3-methyl-2-butyl, neopentyl, n-hexyl, 4-methyl-
20 2-pentyl, cyclopentyl, cyclohexyl, 1l-heptyl, 3-heptyl,
l-octyl, 2-octyl, 2-ethyl-l-hexyl, 1,l1-dimethyl-3,3-
dimethylbutyl (generally called "tert-octyl"), nonyl,
decyl, phenyl, 4-tolyl, benzyl, 1-phenyle£hy1 and 2-
phenylethyl. Among these, aliphatié hydrocarbon gréups

25 having 1 to 10 carbon atoms, such as methyl, ethyl, n-



ot her, nanmely, the salt of the phosphazeni um cation and the inorganic
anion, said salt having been aobtained as descri bed above and bei ng
represented by the chemical fornmula (3), with the alkali netal salt of the
active 10 hydr ogen conmpound represented by Merr] Zerr]. Here, a
salt of the alkali netal cation and the inorganic anion is byproduced. Upon
conducting thi's reaction, no particu- lar |LnmggaLtion is inposed on the
ratio of the two salts to be used as the raw materials. No particular

probl em 15 or inconvenience would arise even if one of the salts is
used in excess of the other. In general, however, per equivalent of the
salt-of the phosphaxepyin ceomropyid ttexrt-imrtgdn cearti-pentyls al-4odtylmeimd
salt of the active hydrogen conpound can be used in a range of from 20

0.2 to 5 equi val entk, 1stigsahangi=B fAwhimetthldwHguiare Hrafierredr e
preferably fromO0.7 to 1.5 equivalents. A solvent is usually enployed to
pernit their effective cdfetttvonRe Q5 \Fefomngn putragematar im theict i on

phosphazenium cation are coupled together to form a

5 ring structure, the resultant divalent hydrocarbon
group on the nitrogen atom is a divalent hydrocarbon
group having a backbone composed of 4 to 6 carbon atoms
(so that the ring'is a 5- to 7-membered ring containing
the nitrogen atom). Preferred examples of the divalent

10 hydroca£;$n groups include tetramethylene, penta-
methylene and hexamethylene. Also included are those
obtained by substituting such backbones with one or
mofe alkyl groups such as methyl or ethyl group. More
preferred examples are teéramethylene and penta-

15 methylene. Either all the available nitrogen atoms in
the phosphazenium cation or on;y a part of the nitrogen
atoms may take such a riné structure.

A description will next be made about one of the
processes according to the present invention for the

20 production of a poly(alkylene oxide), namely, about the
production of a poly(alkylene oxide) by polymerizing an
alkylene oxide compound in the presence of the salt of
the phosphazenium cation and the inofganib anion(s),
said salt being represented by the chemical formula (5)

25 or chemical formula (6), and the alkali metal or



solvent insofar as it does not inpair the reaction. 25 Exanpl es

I ncl ude water; alcohols such as nethanol, ~ - 34 - ethanol and propanol;
ket ones such as acetone and nethyl ethyl ketone; aliphatic or aromatic

hydr ocar bons such as n-pentane, n-hexane, cycl ohexane, benzene, tol uene and
xyl ene; hal ogenat ed hydrocarbons such as 5 di chl or onet hane,

chl oroform bronmoform carbon tetra- chloridgy dichl oroet hane,

chl orobenzene, o-dichloro- benzene, fluorobenzene and benzotrifl uori de;
esters such as ethyl acetate, nethyl propionate and nethyl benzoate; ethers
such as diethyl ether, tetrahydro- 10 furan, 1,4-dioxane, ethylene

gl ycol dinethyl e@ei¥kaline earnthemetglysaltdiofetthe asttticre hwsinagery cemnes
such as tributylam ne, N, Ndinethylaniline, pyridine and )

. pound or in the presence of the phosphazenium salt of
the active hydrogen compound derived from the phospha-
zenium cation and the inorganic anion, said salt being

5 represented by the chemical formula (5), and the alkali
metal or alkaline earth metal salt of the active
hydrogen compound.

TY¥~ in the chemical formula (5) or chemical for-
mula . (6) represents an inorganic anion whose valence is
10 r. Here, r is an integer of from 1 to 3. Examples of
such an inorganic anion include anions of inorganic
acids, for example, boric acid; tetrafluoroboric acid:;
hydrocyanic acid; thiocyanic acid; hydrohalogenic acids
such as hydrofluoric acid, hydrochloric acid and
15 hydrobromic acid; nitric acid; sulfuric acid:
phosphoric acid; phosphorous acid; hexafluorophosphoric
acid; carbonic acid; hexafluoroantimonic acid;
hexafluorothallic acid; and perchloric acid. Further,
HSO,~ and HCO;~ can also be mentioned as inorganic
20 anions.
In some instances, these inorganic anions can be
interchanged with each other. Among these inorganic
anions, anions of boric acid, tetrafluoroboric acid,

hydrohalogenic acids, phosphoric acid, hexafluoric

25 acid, perchloric acid and the like are preferred, with



qui nol i ne, nitroal kanes such as nitronethane and nitro- ethane; nitriles
such as acetonitrile and propio- 15 -nitrile; and polar aprotic
solvents, for exanple, N, N dinethylformam de, dinethyl sulfoxide,
sul f ol ane, hexa- nethyl phosphoric triam de, and 1, 3-di net hyl -2-im dazol -

I di none. From these solvents, a suitable one is chosen depending on the
chenmical stabilities of the salts 20 eopieyed as the raw materials in
the reaction. These solvents can be used either singly or in conbination.
The salts as the raw naterials can preferably be in the formof a solution,
but no probl emor inconvenience would arise even when they are in the form

of a suspen- 25 a chiletidelaRicRpRVisigumeref preEere@ati on varies
dependi ng - 35 - on the kinds, anounts, concentrations and the |ike of
. A general process for the synthesis of the salt
of the phosphazenium cation and the inorganic anion,
said salt being represented by the chemical formula
5 (5), is the same as the above-described process for the
synthesis of the salt of the phosphazenium cation and
the inorganic anion, said salt being represented by the
chemical formula (3).
| On Fhe other hand, the salt of the phosphazenium
10 cation ;;d the inorganic anion(s), said salt being:
represented by the chemical formula (6), can generally
be synthesized by the following process:
'(i) Phosphorus pentachloride and a mono-
substituted amine (RNH,) are reacted to obtain a

15 trichlorophosphazene represented by the following

chemical formula (12):

T
RN=FI’—CI o (12)
cl

(ii) The above-described compounds represented by
the chemical formula (10) with different gs and/or Rs
20 are successively reacted or the compound fepresented by
the chemical formula (10) of the same q and R is

reacted at once in an amount of 3 equivalents with one



the salts as the raw materials. However, the reaction tenperature is
generally 150[err]C or lower, preferably in a range of from-78 to
80[err]C, nore preferably in a range 5 of fromO to 50C. Concerning
the reaction pressure, the reaction can be perfornmed under a reduced
pressure, normal pressure or an el evated pressure. However. the reaction
pressure may preferably range fromO0.1 to 10 kg/cnP (absol ute pressure;
this will hereinafter apply 10 equally), with a range of from1 to 3
kg/ cnm2 being nore preferred. The reaction tine varies depending on the
reaction tinme and the state of the reaction system but may be in a range
of from 1l mnute tegRdivadent, ofr ¢her &iriyhlloaephosiphatzenieo o¥0 thel ichenia
preferably 15 from5 mnutes to 6 hours. To separate the target '
phosphazeni um sal t formuda £3R)vevhedebycn desjcedd shltnoffhe phasphazenium
m xture, conventional ,methods can _be  ,used. Depending on the kind of the
target salt, the kFRE4OB: apAe2; Ghloxide aaion, said salt having the

chemical formula (6) in which r is 1 and T¥~ is cl1~, is
5 obtained.

When desired to obtain a salt with an inorganic
anion other than a chloride anion, ion exchange can be
performed by a conventional method, for example, by
conducting treatment with a salt of an alkali metal ca-

10 tion andfthe desired inorganic anion or by using an
ion-exchange resin. A general salt of a phosphazenium
cation and inorganic anion represented by the chemical
formula (6) can be thus obtained.

Further, some of salts represented by the chemi-

15 ca; formula (6) daﬁ also be obtained by causing the
above-mentioned inorganic acid to act on some
commercially-available phosphazene compounds, for exam-
ple, a compound represented by the following chemical

formula (13):

20

25



20 raw materials, the excess rate of one of the salts over the other,
t he kind and anount of the solvent, etc., a suitable nmethod can be chosen
fromthe conventional nmethods. As the byproduced salt of the alkali netal
cation and the inorganic anion usually precipitates as 25 a solid, the
reaction mxture is subjected to |iquid- - 36 - solid separation by
filtration, céntrifugation or the like eitherspas-is or after being sonewhat
concentrated to renove the byproduced salt. The filtrate is then
concentrated to dryness, whereby the target salt can be 5 obt ai ned.

I f the byproduced salt is still dissolved even after the reaction m xture
I's concentrated, either the byproduced salt or the target salt can be
caused to precipitate by adding a poor solGlat to the thus- :

a CH,
CH,
Cﬂia
L NCHa N - N(CH.
(CHa)zN —P——-N——'III’I—N=P—N(CH3)2 _ (13)
N(CHa)z h‘ ~ N(CH,),

(CHa)zN '—T—N(CHa)z

N(CH_),

namely, 1-(1,1,3,3-tetramethy1butyi)-4,4,4?tris-
(dimethylamino)-2,2-bis[tris(dimethylamino)phosphorf
anilideneamino]-ZAs,4A5-catenadi(phospﬁazene).. |

5 The alkali metal or alkaline earth metal salt of
the active hydrogen compound, which is caused to exist
together with the salt of the chemical formula (5) or
chemical formula (6), means a salt-in the form that one '
or more active hydrogen atoms of the active hydrogeﬁ

10 comp?und have been eliminated and substituted by alkali
metal or alkaline earth metal ions. Examples of the
active hydrogen compound capable for yielding such'a
salt include water; carboxylic acids haviﬁg 1 to 20
carbon atoms, such as formic acid, acetic acid,

15 propionic acid, butyric acid, isobutyric acid, lauric



concentrated reaction mxture or after concentrating it 10 further.

Al ternatively, the byproduced salt and the target salt can al so be
separated from each other by a nmethod, for exanple, by extracting one of
the salts after concentration to dryness. \Wen one of the raw materials,
whi ch was used in excess, is contained at a 15 hi gh concentration in
the target salt, they can be separated fronleggh ot her by extracting the
target salt, as is, with a solvent or by extracting the target salt with a
sol vent subsequent to its re-dissolution in a solvent different fromthe
extracting solvent. The 20 target salt can be purified further by

recrystalliza- tioaci@q! headhicomieg" e Oadike I;Jnié%yq%dé%%e%clﬁ"e

target salt, nanely, the phosphazenium salt of the ac- tive hydr ogen
conpound r epr esent édhiygrided ntagniicc alciliyr cy@llohekbhecarbongildld aciki,aigesd as

a liquid of high vis- 25 cosity or a solid.

zoic acid, p-methylbenzoic acid and 2-carboxy-
naphthalene; polycarboxylic acids having 2 té 20 carbon

5 atoms and 2 to 6 carboxyl groups, such as oxalic acid,
malonic acid, succinic acid, maleic acid, fumaric aciag,
adipic acid, itaconic acid, butanetetracarboxylic aciqd,
phthalic acid, isophthalic acid, terephthalic acid,
trimellit?c acid and pyromellitic acid; carbamic acids

10 such as ;,N-diethylcarbamic acid, N-carboxypyrrolidone,
N-carboxyaniline and N,N'-dicarboxy-2,4-toluenediamine;
alcohols having 1 to 20 carbon atoms, such as methanol,
ethanol, n-propanol, isopropanol, n-butyl alcohol, sec-
butyl alcohol, tert-butyl alcohol, isopentyl alcohol,

15 tert-pentyl alcohol, n-octyl alcohol, lauryl alcohol,
cetyl alcohol, cyclopentanol, cyclohexanol, allyl al-
cohol, crotyl alcohol, methylvinylcarbinol, benzyl al-
cohol, 1l-phenylethyl alcoﬁol, triphenylcarbinol and
cinnamyl alcohol; polyhydric alcohols having 2 to 20

20 carbon atoms and 2 to 8 hydroxyl 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—cyclohexanedioi,
trimethylolpropane, glycerol, diglycerol, penta-

25 erythritol and dipentaerythritol; saccharides and



- 37 - The phosphazenium salt of the active hydrogen conpound of the

chem cal fornula (1), thus obtained, is extrenely useful as an active
species for an organic synthesis reaction in which the anion of the active
5 hydr ogen conpound takes part. In further aspects of the present

I nvention, there are-al so-provided the phosphazeni um hydr oxi de represented
by the chenlcal formula (2) and its prepa- rad an process. In the chem cal
formula (2) or chem - 10 cal formula (4), a, b, ¢ and d individually
stands for O or 1 with the proviso that they are not all 0 at the sane
time. Preferably, a, b, c and d are, irrespective of the order thereof,

val ues of a conbi nger@atlives, thérébf, (B8uthlasd) gliiBoBel, $prBitod,0aexd) . 15

The phosphazeni um hydr oxi de represented by the
trose, fructose and sucrose; aromatic compounds con-
taining 6 to 20 cafbon atoms and 1 to 3 hydroxyl
groups, such as phenol, 2-naphthol, 2,6-dihydroxy-

5 naphthalene and bisphenol A; and poly(alkylene oxide)s
having 2 to 8 terminals, containing 1 to 8 hydroxyl
groups at the terminals, such as poly(ethylene oxide),
poly(propylene oxide), and copolymers thereof.

Alsp included are aliphatic or aromatic primary

10 .amines ﬂ;ving 1 to 20 carbon atoms, such as methyl-
amine, ethylamine, n-propylamine, isopropylamine, n-
butylamine, isobutylamine, éec-butylamine, tert-butyl-
amine, cyclohexylamine, benzylamine, g-phenylethyl-
amine, aniline, o-toluidine, m-toluidine and p-

15 toluidine; aliphatic or aromatic secondary amines hav-
ing 2 to 20 carbon atoms, such as dimethylamine,
methylethylamine, diethylamine, di-n-propylamine,
ethyl-n-butylamine, methyl-sec-butylamine, dipentyl-
amine, dicyclohexylamine, N-methylaniline and diphenyl-

20 amine; polyamines having 2 to 20 carbon atoms and 2 to
3 priﬁary or secondary amino groups, such as ethylene-
diamine, di(2-aminoethyl)amine, hexamethylenediamine,
4,4'-diaminodiphenylmethane, tri(2-aminoethyl)amine,
N,N'-dimethylethylenediamine and di(2-methylamino-

25 | ethyl)amine; saturated cyclic secondary amines having 4



chemcal fornula (2) is prepared fromits precursor, that is, the salt of .
t he phosphazeni um cation and the nonoval ent inorganic anion, said salt
bei ng represented by the chem cal formula (4), by the process which nmakes
20 use of the ion-exchange resin. As a process for the synthesis of
the precursor, the follow ng process can be nentioned as a general exanple:
(i) One equival ent of phosphorus pentachloridg; and 3 equival ents of

di met hyl ami ne (Me3NH) -are reacted. 25 After reacted further with 1
equi val ent of amoni a, the - 38 - reaction product is treated with a
base to synthesize 2,2,2-tris(dinethylam no)-2A5-phosphazene represented by
the foll owi ng cheniteakof eatonr atbins,[ ech as pyrrolidine, piperidine,

morpholine.and 1,2,3,4-tetrahydroquinoline; unsaturated
cyclic secondary amines having 4 to 20 carbon atoms,
such as 3-pyrroline, pyrrole, indole, carbazole, im-

5 idazole, pyrazole and purine; cyclic polyamines having
4 to 20 carbon atoms and 2 to 3 secondary amino groups,
such as piperazine, pyrazine and 1,4,7-triazacyclo-
nonane; unsubstituted or N-mono-substituted acid amides -
having 2 Fo 20 carbon atoms, éuch as acetamide,

10 propiona;ide, N-methylpropionamide,.N—methylbenzoic
amide and N-ethylstearic amide; cyclic amides of 5- to
7-membered rings, such as 2-pyrrolidone and e-capro-
lactam; and imides of dicarboxylic acids having 4 to 10
carbon atoms, such as succinimide, maleimide and

15 phthalimides.

The above-mentioned active hydrogen compounds in-
clude those containing plural active hydrogen atoms.
These active hydrogen atoms may be eliminated entirely
as protbns to derive an anion having a plural valence

20 in some instances. 1In other instances, they may be
eliminated oﬂiy in part to derive an anion of a cor-
responding valence.. In the process of the present in-
vention, both instances are included.

Among these active hydrogeh compounds, preferred

25 examples are alcohols having 1 to 20 carbon atoms, such



5 (i1i1) At such a nolar ratio of dinethylamne to the phosphazene
of the chemcal formula (11) that cor- responds to the values of a, b, ¢
and d in the chemcal fornmula (2), phosphorus pentachl oride and
dimethyl am ne are first reacted, followed by the reaction of the 10
phosphazene to the remaining portion of the phosphorus pentachloride. Were
a, b, cand din the chemcal formula (2) is,shor exanple, the combi nati on
of (1,1,1,1), one equival ent of phosphorus pentachloride and 4 equival ents
of the phosphazene .of the chem cal 15 formula (11) are reacted. 1In the
case of the conbina- tion of (0,0,1,1), one equivalent of phosphorus
pentachl ori de and 2aseonethanmlt,s etthatioist mHppemalre ifsapiopaant,ech-ihity1
each other, followed by the reaction of 2 equivalents of the phosphazene of
the chemical 20  aliaghal,a sectbutyllo alleehsiios greartrdbuiandt adidaldlde, t he

di met hyl am ne and phosphazene are therefore reacted in a total anount of 4
equival ents. In t hilSoRentarl alcohol, tert-pentyl alcohol, n-octyl al-

cohol, lauryl alcohol, cetyl alcohol, cyclopentanol,

5 cyclohexanol, allyl alcohol, crotyl alcohol, methyl-
.vinylcarbinol, benzyl alcohol, 1l-phenylethyl alcohol,
- triphenylcarbinol and éinnamyl alcohoi; polyhydric al-
cohols having 2 to 20 carbon atoms and 2 to 8 hydroxyl
groups, such as ethylene glycol, propylene glycol,

10 diethyle;e glycol, dipropylene glycol, 1,3-propanediol,
1,3-butanediol, 1,4-butanediol, 1,6-hexanediol, 1,4-
cyclohexanediol, trimethylolpropane, lecerol, di-
glycerol, pentaerythritol and dipentaerythritol; sac-
charides and derivatives thereof, such as glucose, sor-

15 bitol, dextrose, fructose and sucrose: poly(alkylene
oxide)s having 2 to 8 terminals, containing 1 to 8
hydroxyl groups at the terminals and having a molecular
weight of from 100 to 50,000, such as poly(ethylene
oxide), poly(propylene oxide), and copolymers thereof;

20 polyamines having 2 to 20 carbon atoms and 2 to 3 pri-
mary or secondarf amino groups, such as ethylene-
diamine, di(2-aminoethyl)amine, hexamethylenediamine,
4,4'-diaminodiphenylmethane, tri(2-aminoethyl)amine,
N,N'-dimethjlethylenediamine and di(é-methylamino- |

25 ethyl)amine; saturated cyclic secondary amines having 4



-. 39 - phosphazeni um chloride of the chem cal fornula (4) in which Y[err]
is Cl[err] is obtained. (iii) To replace the chloride anion of this
phosphazeni um chl oride with another inorganic anion Y[err], 5 a _
conventional method such as treatnment with a salt of an alkali metal cation
and the inorganic anion can be used. A general salt of a phosphazenium
cation and in- organic anion, said salt beingggepresented by the chem cal
formula (4), can geherally be thus obtained as 10 descri bed above. As
the nonoval ent inorganic anion Y[err] in the chem - cal formula (4), an

ani on of a nonoval ent inorganic acid selected fromthe group consisting of
hydrochl ori ¢ aci d, ticetlrtafdarivorb @tiomsscisthchh eveafgyrarodiidise)opipertidine,

morpholine and 1,2,3,4-tetrahydroquinoline; and cyclic -
polyamines having 4 to 10 carbon atoms and 2 to 3
secondary amino groups, such as piperazine, pyrazine

5 and 1,4,7-triazacyclononane.

More preferred examples include polyhydric al-
cohols having 2 to 20 carbon atoms and 2 to 8 hydroxyl
groups, such as ethylene glycol, propylene glycol, 1,4-
butanediol, glycerol, pentaerythritol and dipenta-

10 erythrifgl; saccharides and derivatives thereof, such
as glucose, sorbitol, dextrose, fructose and sucrose;
poly(alkylene oxide)s having 2 to 6 terminals, contain-
ing 2 to 6 hydroxyl groups at the terminals and having
a molecular weight of from 100 to 10,000, such as

15 poly(ethylene oxidé), poly(propylgne oxide), and
copolymers thereof; polyamineé having 2 to 20 carbon
atoms and 2 to 3 primary or secondary amino groups,
such as ethylenediamine, di(2-aminoethyl)amine, hexa-
methylenediamine, 4,4'-diaminodiphenylmethane, tri(2-

20 aminoethyl)amine, N,N'-dimethylethylenediamine and
di (2-methylaminoethyl)amine; and cyclic pélyamines hav-
ing 4 to 10 carbon atoms and 2 to 3 secondary amino
gfoups,_such as piperazine, pyrazine and 1,4,7-tri-
azacyclononane.

25 To obtain the alkali metal or alkaline earth met-



15 and perchloric acid can be nentioned. The salt of the phosphazeni um
cation and the nono- val ent inorganic anion, said salt being represented by
the chem cal formula (4), is subjected to ion-exchange by an ion-exchange
resin to convert it into the 20 phosphazeni um hydr oxi de represented by
the chemcal formula (2). Upon this ion-exchange, the salt of the
phosphazeni umcati on and the nonoval ent inolgggig anion(s) is dissolved in
a m xed solvent of water and a water-m sci bl e Oorganic solvent. 25

Preferred exanples of the water-mscible organic - 40 - solvent include
al cohol s such as nethanol, ethanol, propanol and butanol; ethers such as

di oxane, tetra- hydnokananoflsach ehh@erivehaglrotaZbdntthaprandina dih-
ventional process is used, that is, the active hydrogen
compound is reacted with a metallic alkali metal or
alkaline earth metal or with a basic alkali metal or

5 alkaline earth metal compound. Illustrative of the
metallic alkali metal or alkaline earth metal are
metallic lithium, metallic sodium, metallic potassium
and metallic cesium, or metallic magnesium, metallic
calcium, @etéllic strontium and metallic barium. Il-

10 ;ustrati;é of the basic alkali metal or alkaline earth

| metal compound are alkali metal.or alkaline earth metal
amides such as sodium amide and potassium amide, or
magnesium amide and barium amide; organic alkali metal
or alkaline earth metal compounds such as n-propyl

15 lithium, n-butyl lithium, vinyl lithium, cyclo-
pentadienyl lithium, e-naphthyl lithium, ethynyl
sodium, n—bufyl sodium, phenyl sodium, cyclopentadienyl
sodium, fluorényl sadium, tetraphenylethylene disodium,
sodium naphthalenide, ethyl potassium, cyclopentadienyl

20 potassium, phenyl potassium and benzylpotassium, or
diethyl magnesium, ethylisopropyl magnesium, di-n-butyl_
magnesium, di-tert-butyl magnesium, vinylmagnesium
bromide, phenylmagnesium bromide, dicyclobentadienyl
magnesium, dimethyl calcium, calcium acetylide, éthyl-

25 strontium bromide, phenylbarium iodide and dicyclo-



di et hyl ene gl ycol dinmethyl ether; and nitriles such as 5 acetonitrile
and propionitrile. In addition, any other organic solvents can al so be
used insofar as they do not inhibit the i.on-exchange to the phosphazeni um
hydroxi de and they are mscible with water. In the m xed solvent of water
and the water-m scible organic 10 solvent, the proportion of the

wat er - mi sci bl € organi ¢ solvent can range gepegally from5 to 95 w. %
preferably from30 to 90 w.% nore preferably from50 to 85 w.% The
concentration of the salt of the phosphazeni um 15 cation and the
nmonoval ent inorganic anion, said salt being represented by the chem cal
formula (4), in thpentaddenylybatriumy aj&adiametalange alkaDite) eadrttd MéH-M
stands for nol/1; this will equally apply herein- after), with a range of
from0.05 to 1 M balnhydride coppelwdseguchhasalsoddusnplydyrdde amd patasge

resinis a
sium hydride, or calcium hydride and barium hydride:;

alkali metal or alkaline earth metal hydroxides such as
5 lithium hydroxide, sodium hydroxide, potassium

hydroxide and cesium hydroxide, or magnesium hydroxide,
calcium hydroxide, strontium hydroxide and barium
hydrokidei and alkali metal or alkaline earth metal
carbonates such as lithium carbonate, sodium carbonate

10 and pot;;sium cafbonate, or magnesium carbonate, cal-
cium carbonate and barium carbonate.

From these metallic alkali or alkaline earth met-
als and basic alkali metal or alkaline earth metal com-
pounds, a suitable metallic alkali or aikaline earth

15 metal or basic alkali metal or alkaline earth metal
compound can be chosen depending‘on the strength of the
acidity of the active hydrogen compound. In some in-
stances, the alkali metal or alkaline earth metal salt
of the active hydrogen compound, once formed, may act

20 as a basic alkali metal or alkaline earth metal com-
pound so that another active hydrogen compound can be
converted into its alkali metal or alkaline earth salt.

In the case of an active hydrogen cbmpound having
plural active hydrogen atoms, these active hydrogen

25 - atoms may all be liberated to convert the active



hydr oxi de-f or m ani on-exchange resin and its cationic groups are usually of
the tertiary amne type or quaternary amoni umtype. The ion-exchange resin
is 25 usual ly enployed in a form packed in a colum, although - 41
- it can be directly brought into contact with the salt. of the
phosphazeni um cati on and the nonoval ent in- organic anion in a solution of
the salt. The ion- exchange resin is used ingzguch an anmobunt that the ex- 5
changi ng capacity of the resin ranges from1 to 100 tines, preferably from
1.5 to 20 tinmes the equivalent of the nonoval ent anion to be exchanged.
When causing a solution of the salt of the chem- cal fornula (4) to flow

thr ]g)ughblt heocil UNThydriydn @¥mdbund intd @ arisieiddy &Drdetildh lwienwr,
Preteranty = the metallic alkali or alkaline earth metal or basic
alkali metal or alkaline earth metal compound or as an
alternative, only a part of the active hydrogen atoms
5 may be liberated to form an anion.

Among these alkali metal or alkaline earth metél-
salts of the active hydrogen compound, the alkali metal
salts of the active hydrogen compound are preferred.

As a catign of such an alkali metal salt of the active
10 hydrogen compound, a cation of an alkali metal selected
from lithium, sodium or potassium is preferred.'

The alkylene oxide compound is polymerized in the
presence of the above-mentioned two types of salts,
that is, the salt of the phosphazenium cation and the

15 inorganic anion, said salt being represented by the
chemical formula (5) or chemical formula (6), and the
alkali metal or alkaline earth metal salt of the active
hydrogen compound. Here, a salt of the alkali metal
cation and the inorganic anion is byproduced. If the

20 presence of this byproduced salt is inconvenient for
the pqumerization reaction, the byproduced salt can be
removed by a suitable method such as filtration prior
to the polymerization reaction. As an alternative, it

is also possible to isolate the phosphazenium salt of

25 the active hydrogen compound, which has been derived



to 100 |/ hour per liter of the hydroxi de-form ani on- ~exchange resin. The

t enper at ure upon i on-exchange varies depend- ing on the ion-exchange resin
to be used. It is gener- 15 ally from10 to 80[err]C, preferably from
20 to 40[err]C. Froma solution obtained after a separating oper- ation
such as filtration when the ion-exchange resin is directly brought into
contact with the salt inits solution or fro @n_effluent itself when the
ion- 20 - exchange resin is used in the colum, the target phosphazeni um
hydroxi de is obtained by distilling off the solvent to dryness. The
phosphazeni um hydr oxi de of the chem cal for- nmula (2) obtained as descri bed
above has high 25 from theUlallit! YepteeeftridC byolthenchemical! Ifortula V@)er

and and the alkali metal or alkaline earth metal salt of
the active hydrogen compound, in advance and then to
use for pol&merization of the alkylene oxide compound
in the presence.of the ﬁhosphazenium salt of the active
5 hydrogen compound.

As a process for obtaining this the phosphazeniunm
salt of the active hydrogen compound in advance, the
salt represented by the chemical formula (5) and the
alkali ﬁ;tal or alkaline earth metal Salt of the active

10 hydrogen compound are reacted. No'particular limita-
tion is imposed on the ratio of the two salts to be
used. No particular problem or inconvenience would
arise even if one of the salts is used in excess of the
other. In general, however, per equivalent of the salt

15 of the phosphazenium cation and the inorganic anion,
the alkali metal or alkaline earth metal salt of the
active hydrogen compound can be used in a-range of from
0.2 to 5 equivalents, preferably from 0.5 to 3 equiva-
lents, more preferably from 0.7 to 1.5 equivalents.

20 A solvent is usually employed to permit their ef-
fective contact. Any solvent can be used as such a
reaction solvent insofar as it does not impair the

reaction. Examples include watef; alcohols such as

methanol, ethanol and propanol; ketones such as acetone

25



- 42 - also has strong basicity. (For exanple, 0.1 Mand 0.01 M aqueous
solutions of tetrakis[tris(dinmethylam no)-

phosphor ani | i deneani no] phosphoni um hydr oxi de, nanely, a conpound of the
"chemical formula (2) in which a, b, ¢ 5 and d are (1,1,1,1) exhibit pH
values of 13.3 and 12.5, respectively, and 0.1 Mand 0.01 M aqueous

sol utions of (dinmethylam no)tris[tris(dimethyjsmn no)phosphor-

ani | i deneam no] phosphoni um hydroxi de, nanely, a com pound of the fornula
(2) in which a, b, ¢ and d are 10 (0,1,1,1) exhibit pH values of 13.5
and 12.6, respec- tively.) Hence, the phosphazeni um hydroxi de of the
chemical formla (3nhdehbenylveklyt! ketbakesadiiphatioobe Arematicl hg@reach
of various active hydrogen conpounds so that an anion of the active

hydr ogen conpound carbbns suchr adunepentand,t hehaxaoe,t bysclbbexanepobensses
hi gh nucl eophilicity. As is readily understood fromthe foregoing, the
phosphazeni um hydr 8®hée SPluppechadi ¥¥flene; halogenated hydrocarbons such

as dichloromethane, chloroform, bromoform, carbon
tetréchloride, dichloroethane, chlorobenzene, o-
dichlorobenzene, fluorobenéene and benzotrifluoride:;
esters such as ethyl acetate, methyl propionate and
methyl beéenzoate; ethers such as diethyl ether, tetra-
hydrofura?, 1,4-diokane, ethylene glycol dimethyl
ether, t;iethylene glycol dimethyl ether; tertiary
10 amines such as tributylamine, N,N-dimethylaniline,
pyridine and quinoline; nitriles such as acetonitrile
and propionitrile; and aprotic polar solvents such as
N,N-diméthylformamide, dimethylsulfoxide, sulfolane,
. hexamethylphosphoric triamide, and 1,3-dimethyl-2-
15 imidazolidinone. From these solvents, a suitable one
is chosen depending on the chemical stabilities of the
salts employed as the raw materials in the reaction.
Preferred examples include aromatic hydrocarbons such
as benzene, toluene and xylene; ethers such as diethyl
20 ether, tetrahydrofuran, 1,4-dioxane and ethylene glycol
dimethyl ether; nitriles such as acetonitrile and
propionitrile; and aprotic polar solvents such as N,N-

dimethylformamidé, dimethylsulfoxide, sulfolane,

hexamethylphosphoric triamide, and 1,3-dimethyl-2-
25



formula (2) is extrenely useful as a base in organic synthesis reactions.
In a still further aspect of the present inven- tion, there

is also provided the process for the pro- duction of the poly(alkylene

oxi de), which conprises polynerizing the al kyl ene oxi de conpound in the

presence of: 25 - 43 - (1-i) (a) the salt of the phosphazenium cation
and the inorganic anion, said salt being regrgiegted by the chem cal .
formula (5) or chemical formula (6), and 5 (b) the al kal

netal or alkaline earth netal salt of the active hydrogen conpound, or

imidazolidinone. These solvents cén be used either
singly or in combination. The salts as the raw
materials can preferably be in the form of a solution,
but no problem or inconvenience would arise even when
they are in the form of a suspension. The temperature
5 of the reaction varies depending on the kinds, amounts,
concentratiéns and the like of the salts as the raw
materials. However, the reaction temperature is gener-
ally 15W§ or lower, preferably in a range of from -78
to 80°C, rmore preferably in a range of from 0 to 50°C.
10 Concerning the reaction pressure, the reaction can be
performed under a reduced pressure, normal pressure or
an elevated pressure. However the reaction pressure
may preferably range from 0.1 to 10 kg/cm2 (absolute
pressure; this will hereinafter apply equally), with a
15 range of from 1 to 3 kg/cm2 being more preferred. The
reaction time may be in a range of from 1 minute to 24
hours, preferably from 1 minute to 10 hours, more
preferably from 5 minutes to 6 hours.
To separate the target phosphazenium salt of the
20 active hydrogen compound from the reaction mixture,
conventional methods making use of usual procedures in
combination can be used. Depending on the kind of the
target salt, the kinds of the two éalts as raw

materials, the excess rate of one of the salts over the

25



(I-ii) the phosphazenium salt of the active hydrogen compound, said
phosphazeni um salt havi ng been derived from 10 (a) the salt
of the phosphazenium cation and the inorganic anion, said salt being
represented by the chemcal fornmula (5), and (b) the alkali netal or

al kaline earth netal -15° salt of the active hydrogen
conpound; or (lIl-1) (a) the phosphazeniunlcgnggupd represented by the
formula (7), and (b) the active hydrogen conpound, or (Ill-ii) the
phosphazenium salt of the active hydrogen 20 conpound, said

phosphazeni um salt havi ng been derived from (a) the .phosphazeni um conpound

represented by theothef,Cahd ¥ifd Ard Jamcuit 0P thiee sAvierk hedingen

conpound. _
suitable method can be chosen from the conventional

methods. As the byproduced salt of the alkali metal or
alkaline earth metal cation and the inorganic anion
usually precipitates as a solid, the reaction mixture
is subjected to liquid-solid separation by filtration,
centrifugation or the like either as is or after being
somewhat concentrated to remove the byproduced salt.
The filtgate is then concentrated to dryness, whereby

-

the target salt can be obtained. If the byproduced

10 salt is still dissolved even after the reaction mixture
is concentrated, either the byproduced salt or the
target salt can be caused to precipitate by adding a
poor solvent to the thus-concentrated reaction mixture
or after concentrating it further. Alternatively, the .

1o byproduced salt and the target salt can also be sepa-
rated from each other by a method, for example, by ex-
tracting one of the salts after concentration to dry-
ness. When one of the raw materials which was used in
excess is contained at a high concentration in the

20 target salt, they can be sepérated.from each other by

extracting the target salt, as is, with a solvent or by

extracting the target salt with a solvent:subsequent to

its re-dissolution in a solvent different from the ex-

tracting solvent. The target salt can be purified fur-
25 : '



25 Il'lustrative of the al kyl ene oxide conpound in - 44 - the
process according to the present invention are epoxy conpounds such as

et hyl ene oxi de, propyl ene oxide, 1,2-butylene oxide, 2,3-butylene oxide,
styrene oxi de, cyclohexene oxi de, epichlorohydrin, epibronp- 5 hydri n,
met hyl glycidyl ether, allyl glycidyl ether and phenyl glycidyl ether.
These al kyl ené oxi de conpounds can be used in fqpbination. When used in
combi nation, plural al kyl ene oxide conpounds Ttan be simultaneously used in
conbi nati on, can be successively used in com 10 bi nati on, or
successively and repeatedly used in com bination. Among these al kyl ene

g?iycrigngormounds, ethkkeRy 2¥bdgstRN9RYheIONnIXce@umh: enPEhitegeaphydBraRile

like as needed. The target salt is generally obtained

as a liquid of high viscosity or a solid.

In some instances, the polymerization of the
alkylene oxide compound can also be conducted by react-
ing the active hydrogen compound with the metallic
alkali metal or alkaline earth metal or with the basic
alkali metal or alkaline earth metal compound to obtain
the alk?}; metal or alkaline earth metal salt of the
10 active hydrogen compound and then by adding the salt of
the phosphazenium cation and inorganic anion to the
reaction mixture without performing any particular iso-
lating operation.

The alkylene oxide compound is polymerized in the
15 presence of the salt of the phosphazenium cation and
the inorganic anion, said salt being represented by the
chemical formula (5) or chemical formula (6), and the’
alkali metal or alkaline earth metal salt of the active
hydrogen compound or in the presence of the phoépha-

20 zenium salt of the active hydrogen compound derived
from the phospﬁazenium cation and the inorgahic anion,
said salt being represented by the chemical formula
(5), and the alkali metal or alkaline earfh metal salt

of the active hydrogen compound. At this time, an ac-

25 tive hydrogen compound, which is either the same as or



oxide are preferred, with ethyl ene oxide and propyl ene 15 oxi de bei ng
nore preferred. a, b, ¢ and d.in the phosphazenium cations represented by
the chem cal formula (5) and chemical fornmula (7) in the present invention
are each a posi- tive integer of 3 or smaller or O with the proviso that 20
they are not all 0 at the sane tine. Preferably, they are each a positive
I nteger of 2 or smaller or 0. More preferably, a, b, ¢ and d are,
irrespective of the or- der thereof, val ues 8* a conbi nation of (2,1,1,1),
(2,1,1,1), (0,1,1,1), (0,0,2,1) or (0,0,0,1), still 25 nore preferably
val ues of a conbination of (1,1,1,1), - 45 - (0,1,1,1), (0,0,1,1) or

(0,0,0,1). Furtherg;frefeffierfohthCabPPS@NRFERLYEN C8LHPBuNd in the form

of the above-mentioned alkali.metal or alkaline earth
metal salt or phosphazenium salt, may be allowed to ex-
ist additionally in the reaction system unless the

5 polymerization reaction is inhibited. When allowed to
exist, no particular limitation is imposed on the
amount of the additional active hydrogen compound.
However, it may range from 1 x 10”1% to § x 10~ mole,
prefera@}y from 1 x 10~/ to 1 x 10~1 mole per mole of

1o the alkylene oxide compound.

When these salts are supplied as solutions, their
solvents may be eliminated beforehand by a suitable
method such as by heating the solutions under reduced
pressure if these solvents are inconvenient for the

15 polymerization reaction.

When polymerizing the alkylene oxide compound in
the presence of the salt of the phosphazenium cation
and the inorganic anion, said salt being represented by
the chemical formula:(S) or chemical formula (6), and

20 the alkali metal or alkaline earth metal salt of the
éctive hydrogen ébmpound, no particular limitation is
imposed on the ratio of the two salts to be used. How-
ever, per equivalent of the salt of the pﬁosphazenium
cation and the inorganic anion, the alkali metal .or

25 alkaline earth metal salt of the active hydrogen com-



represented by the chemical fornula (6) are each a pos- itive integer of 3
or smaller or O with the proviso 5 that they are not all 0 at the sane
time. Preferably, they are each a positive integer of 2 or snmaller or O.
More preferably, e, f and g are, irrespective of the order thereof, val ues
of a conbination of (2,1,1), (1,1,1), (0,1,1), or (0,0,1). 10 Rs
in the phosphazenlunlcatlons of the salts, which are represented by the
chem cal formula (5), chem cal fornmula (6) an®Pchenical fornula (7), are
hydrocarbon groups having 1 to 10 carbon atons, which may be the same or
different. Specifically, R can be 15 sel ect ed fromaliphatic or

ar ort ¢ hydr orar bgaugaouga BUChsER g%mga%lg;e %’1 Falld! x% fga%pfoqu' o 5

3-pentyl, 2-nethyl eautimbntssomr&wla rafigle o&e'}trYJh oBsmEbhs' %ufi%bi'

neopentyl, n-hexyl, 4-nethyl- 2-pentyl, cyclopentyl, cycl ohexy

1- heptyl, 3- heptylbelng preferred and a range of from 0.7 to 1.5 equiva-
lents being more preferred.

5 . No particular limitation is imposed on the amount
of the phosphazenium cation for use in the polymeriza-
tion reaction of the alkylene oxide compound. No mat-
ter whether the phosphazenium cation is in the form of
the salewyith the inorganic anion(s) or in the form of

10 the salt with the anion of the active hydrogen com-
pound, the phosphazenium cation can be used generally

-in a range of from 1 x 10~15 to 5 x 10~1 mole, ﬁith a
range of from 1 x 1077 to 1 x 10~2 mole being more
preferred, both per mole of the alkylene oxide.

15 No problem or inconvenience would arise even when
the salt of the phosphazenium cation and the inorganic
anion, said salt being represented'by the chemical for-
mula (5) or chemical formula (6), and the alkali metal
or alkaiine earth metal salt of the active hydrogen-

20 compound or the phosphazenium salt of the active
hydrogen compound derived from the salt ef the
phosphazenium cation and the inorganic anion, said salt
being represented by the chemicei formule (5), and the

alkali metal or alkaline earth metal salt of the active

25 hydrogen compound are used in combination with a



1-octyl, 2-octyl, 2-ethyl-1-hexyl, 1,1-dinmethyl-3,3- dinethylbutyl
(generally called "tert-octyl"), nonyl, decyl, phenyl, 4-tolyl, benzyl,
1- phenyl et hyl and 2- phenyl ethyl. Anong these, aliphatic hydrocarbon groups
25 having 1 to 10 carbon atons, such as nethyl, ethyl, n- - 46 -
propyl, isopropyl, tert-butyl, tert-pentyl, 1-octyl and

1, 1-dinethyl -3, 3-di nethyl butyl, are preferred, Wen two Rs on a conmon
nitrogen atomin the phosphazeniun1cationfﬁf?%dhpled together to forma 5
ring structure, the resultant dival ent hydrocarbon group on the nitrogen
atomis a dival ent hydrocarbon group having a backbone conposed of 4 to 6

e, ot BBy B EhR 2R, 101 CIEBRoE ek £ 20 b
reducing a post-polymerization load such as elimination
of the initiator.

A description will now be made about the other
5 process according to the present invention for the pro-
duction of a poly(alkylene oxide), namely, about the
production of a poly(alkylene oxide) by polymerizing an
alkylene oxide compound in the presence of the phospha-
zenium cgppound represented by the chemical formulé (7)
10 -and the active hydrogen compound or in the presence of n
the phosphazenium salt of the active hydrogen compound
derived from the phosphazenium compound represented by
the formula (7) and the active hydrogen compound.
Q™ in the phosphazenium compound represented by
15 - the chemical formula (7) is an anion selected from the
group consisting of a hydroxyl anion, alkoxyl anions,
aryloxyl anions and carboxyl anions.
Among these Q~ anions, preferred examples include
a hydroxyl anion; alkoxyl anions derived from alcohols
20 having 1 to 8 carbon atoms, such as metﬁanol, ethanol,
- n-propanol, isopropanol, allyl alcochol, n-buLanol, sec-
butanol, tert-butanol, cyclohexanol, 2-heptanol and 1-
octanol; aryloxyl anions derived from aroﬁatic hydroxy

compounds having 6 to 18 carbon atoms, such as phenol,

25 cresol, xylenol and naphthol; and carboxyl anions



10 hydr ocar bon groups include tetranethyl ene, penta- nethyl ene and
hexanmet hyl ene. Al so included are those obtai ned by substituting such
backbones with one or nore al kyl groups such as nmethyl or ethyl group. Mre
preferred exanpl es are tetranethyl ene and penta- 15 nmet hyl ene. Either
all the available nitrogen atons in the phosphazeniumcation or only a part
of the nitrogén atons may take such a ring stgycture. A description will
next be made about one of the processes according to the present invention
for the 20 production of a poly(al kyl ene oxide), nanely, about the
production of a poly(al kyl ene oxide) by polynerizing an al kyl ene oxi de

conpound in the pr@e@isROierdre adidoafl il adilaes paadeiy unteald @ardvh t he

i norgani ¢ anion(s), said salt being represented by the chem cal formula (5)

25 or chem calatiomsyulsachtas dwdntie axlildy| iacettial amid, propionic -
acid, butyric acid, isobutyric acid and caproic acid.

Of these, more preferred are a hydroxyl anion:

5 - alkoxyl anions derived from saturated alkyl alcohols
having 1 to 4 carbdn atoms, such as methanol, ethanol,
n-propanol, isopropanoi, n-butanol, sec-butancl and
tert-butanol; aryloxyl anions derived from aromatic
hydroxy qpmpounds having 6 to 8 carbon atoms, such as

10 | phenol ;;d'anisole: and carboxyl anions derived from
carboxylic acids having 2 to 4 carbon atohs, such as
acetic acid and propionic acid. sStill ﬁore preferred
are a hydroxyl anion, a methoxy anion, an ethoxy anion,
and an acetaﬁe anion.

15 These phosphazenium compounds can be used either
singly or in combination.

As a general process for the éynthesis of the
phosphazenium compound represented by the chemical for-
mula (7), the phosphazenium chloride.of the chemical

20 ~ formula (3) in which m=1 and X™"=Cl” is synthesized in
a similar manner as the above-mentioned synthesis of
the salt represented by the chemical formula (3). The
chloride anion can then be replaced bf a desired anion

Q~ by a method that the phosphazenium chloride is

25 treated, for example, with an alkali metal or alkaline



- 47 - alkaline earth netal salt of the active hydrogen com pound or in
the presence of the phosphazeniumsalt of the active hydrogen conpound
derived fromthe phospha- zeniumcation and the inorganic anion, said salt
bei ng 5 represented by the chemcal fornmula (5), and the al kali netal
or alkaline earth netal salt of the active hydrogen conpound. T[err] in the
chem cal fornmula (5) or chemcal for- nula_(%& represents an inorganic

ani on whose val ence is 10 r. Here, r is an integer of from1l to 3.
Exanpl es of such an inorganic anion include anions of inorganic acids, for
exanpl e, boric acid; tetrafluoroboric acid; hydrocyanic acid; thiocyanic
aci d; hydrohal ogenéartri fstalchyasoRydepf hAURbkEaasi Srylwdi@sehbprégraci d and

15 hydrobrom c acid; nitric acid; sulfuric acid; phosphoric acid,
phosphorous aci d; bexiadépyobppaometbodcmaking use of an ion-exchange
resin, or by a like method. 1In this manﬁer, the gener-
al phosphazenium compound represented by the chemiéal
5 formula (7) can be obtained.

The active hydrogen compound, which is caused to
exist together with the phosphazenium compound of the
chemical formula (7), or the active hydrogen compound,
which is converted together with the phosphazenium com-

10 pound of'the chemical formula (7) into the phospha-
zenium salt, is the same as the active hydrogen com-
pound mentioned above in detail in connection with its
alkali metal or alkaline earth metal salt.

These active hydrogen compounds include those

15 containing plural active hydrogen atoms. In the pro-
cess of thelpreéent invention, polymerization generally
initiates at.all anionic sites of such an active
hydrogen compound.

In the process of the present invention that the

20 alkylene oxide compound is polymerized in the presence
of the phosphazenium compound represented by the chemi-
cal formula (7) and the active hydrogen compound or in
the presence of the phosphazenium salt of the active

hydrogen compound derived form the phosphazenium com-

25 pound represented by the chemical formula (7) and the



aci d; carbonic. acid; hexafluoroantinonic acid; hexafluorothallic acid; and
perchloric acid. Further, HSJerr] . and HCJerr] can also be mentioned as
i norgani c 20 anions. In sone instances, these inorganic anions can be
i nterchanged with each other. Anbng these inorganic anions, anions of boric
acid, tetrafluoroboric acid, hydrohal ogenic acids, phosphoric acid,

hexafl uoric 25 acid, perchloric acid and.the like are preferred, with
-48- a chloride anion being nore preferred. A Qgeneral process for the
synthesis of the salt of the phosphazenium cation and the inorganic anion,
said salt being represented by the chemcal fornula 5 (5), is the sane

as the above-descr ppgdvar fg8$8gbA’ cblipound, an excess portion of the ac-
| tive hydrogen compound which is generally used in ex~-
cess remains as is upon derivation of the phosphazenium
salt of the active hydrogen compound, may remain as is
5 in the polymerization system. In addition, water, an
alcohol, an aromatic hydroxy compound or a carboxylic
acid is aléo byproduced depending on the kind of the
phosphazenium compound. If neceésary, such byproducts
can be el}minated prior to the polymerization reaction
10 of the-alkylene oxide compound. As an elimination
method, it is possible to use a method commonly
employed in the art, for example, a methoa that they
are distilled off under heat and/or reduced pressure, a
method that an inert gas is bubbled, or a method making
15 use of an adsorbent. By such an elimination method,
the reaction between the phosphazenium compound and the
active hydrogen compound may be promoted in some in-
stances. |
No problem or inconvenience would arise even when
20 the phdsphazenium compound represented by the chemical
formula (7) and the active hydrogen compound or the
phosphazenium salt of the active hydrogen compound
derived from them are used in combination with a
conventionally-known initiator system with a view to

25 reducing a post-polymerization load such as elimination



synthesis of the salt of the phosphazenium cation and the inorganic anion,
said salt being represented by the chemcal formula (3). On the other hand,
the salt of the phosphazeni um 10 cation and the inorganic anion(s),
said salt being represented by the chenical fornula (6), can generally be
synt hesi zed by the foll ow ng process: (i) Phosphorus pentachloride and a
nmono- substituted amine (RNH2) are reacted taq obtain a 15

trichl orophosphazene represented by the foITc%ﬁng chem cal fornula (12):
[err] (ii) The above-described conpounds represented by the chenical
formula (10) with different gs and/or Rs 20 are successively reacted or
the conpound repregentgd Qﬁigﬁgtg?gnical formula (10) of the same q and R
is reacted at once in an anount of 3 equivalents with one

No particular limitation is imposed on the amount
of the phosphazenium compound of the chemical formula
(7) for use in the polymerization reaction of the

5 alkylene oxide compound. However its amount may gener-
ally be in a range of frém 1 x 1075 to 1 mole, with a
range of from 1 x 10;4 to 5 x 1071 mole being preferred
and a range of from 1 x 1073 to 1 x 10~1 mole being
more prgfgrred, all per mole of the active hydrogen

10 compound.

Relative to the alkylene oxide compound, no par-
ticular limitation is imposed on the amount of the
phosphazenium compound, namely, on the amount of the
phosphazenium cation. However, its amount can range

15 generally from 1 x 10715 to 5 x 1071 mole, preferably
from 1 x 10~7 to 5 2 10~2 mole, both per mole of the
alkylene oxide compound;

Whichever process is employed fér the production
of the poly(alkylene oxide) in the present'invention,

20 no particular limitation is imposed on the manner of
the polymerization reaction. 1In general, a required
amount of the alkylene oxide compound is supplied ei-
ther at onée, intermittently or continuouély to a reac-
tor in which (I-i) the salt of the phosphazenium.cation

25 and the inorganic anion, said salt being represented by



- 49 - equivalent of the trichlorophosphazene of the chem cal formula (12),
whereby a desired salt of a phosphazenium cation and a chloride anion,
said salt having the chenmical fornmula (6) in whichr is 1 and T[err] is
Cl[err], is 5, obt ai ned. Wen desired to obtain a salt with an

i norgani c ani on other than a chloride anion, ion exchange can be perforned
by a conventional nethod, for exanple, by conducting treatment with a salt
of an alkali nmetal ca- 10 tion and the desiTed i norgani c anion or by
usi ng an ion-exchange resin. A general salt of a phosphazenium cation and

I norgani ¢ anion represented by the chemcal formula (6) can be thus

ot oy o SO ey S8 SoBRLEERS) o DenbltcieHormdde (o) il
the alkali metal or alkaline earth metal salt of the
active hydrogen compound, or (I-ii) the phosphazenium
salt of the active hydrogen compound, which has been

5 derived from the salt of the phosphazenium cation and
the inorganic anion, said salt being represented by the
chemical formula (5), and the alkali metal or. alkaline
earth metal salt of the active hydrogen compound have
been‘chaiged together with the additional active

10 hydrogen_compound, if allowed to exist, and/or the sol-
vent, if used, or to a reactor in which (II-i) the
phosphazenium compound represented by the chemical for-
mula (7) and the active hydrogen compound, or (II-ii)
the phosphazenium salt of the active hydrogen compound,

15  which has been derived from the phosphazenium compound
represented by the chemical formula (7) and the active
hydrogen compound, and uéually remaining the active
hydrogen'compound have been charged together'with the
solvent, if used, after resultant byproducts are

20 removed as needed.

According to the process of the present inven-

tion, it is also possible to use two or more alkylene
oxide compounds in combinatioh. When plufal alkylene

oxide compounds are simultaneousiy used and polymeriz-

25 ed, a copolymer having relatively high randomness is



above-nentioned inorganic acid to act on sone conmercially-avail able
phosphazene conpounds, for exam ple, a conpound represented by the
foll owing chemcal forrmula (13): 20 25 - 50 - [err] nanely,
1-(1,1,3,3-tetranethyl butyl)-4,4,4-tris-

(di met hyl am no) - 2, 2-bi s[tri s(di met hyl am no) phosphor -

aniIideneam'nd]-2A5,4A5-catenadi(phosphazeng)7 5. The al kali netal
or alkaline earth netal salt of the active hydﬁogen conmpound, which is

caused to exist together with the salt of the chem cal formula (5) or
chemcal formula (6), neans a salt in the formthat one

obtained although the randomness varies depending on
the difference in reactivity between the compounds.
When two or more alkylene oxide compoundé are
polymerized successively, a block copolymer containing
5 two or more poly(alkylene oxide) biocks is obtained..
For example, when a second alkylene oxide compound is
polymerized directly after completion of a polymeriza-
tion reaction of a first alkylene oxide compound, a
block copolymer containing two kinds of blocks is ob-
10 tained. By further polymerizing again the first
alkylene oxide compound after completion of the
polymerization of the second alkylene oxide compound or
by alternately repeating the polymerization of the.
first and second alkylene oxide compounds, an alternat-
15 ing block copolymer is obtained. When three or more
alkylene oxide compounds are used in combination as de-
scribed above, a more complex block copolymer is ob-
tained. Among these copolymers, preferred is a block
copolymer containing poly(propylene oxide) (also called
20 "polyoxypropylene") and poly(ethylene oxide) (also
called "polyoxyethylene") blocks, which is obtained by
successively polymerizing propylene oxide and ethylene
oxide as alkylene oxide compounds. .
Although the reaction temperature of the

25 polymerization reaction varies depending on the kinds



or. nore active hydrogen atons of the active hydrogen 10 . conmpound have
been elimnated and substituted by alkali metal or alkaline earth netal

i ons. Exanples of the active hydrogen conpound capable for yielding such a
salt include water; carboxylic acids having 1 te 20 carbon atons, such as

formc acid, acetic acid, 15 propionic acid, butyric acid, isobutyric
acid, lauric =~ - 51 - acid, stearic acid,_onic acid, phenylacetic acid,
di hydroci nnam ¢ aci d, cycl ohexanecarboxylic id, ben- zoic acid,

p- met hyl benzoi ¢ acid and 2-car boxy- napht hal ene; pol ycarboxylic acids
having 2 to 20 carbon 5 atons and 2 to 6 carboxyl groups, such as

oxal ic acid, nalonify amidhnts! & e aéal&lémi G‘d:&daé?'&mﬂdi{%dé‘o aghd!. o&‘i‘éi" ¢

acid, itaconic acid, butanetetracarboxylic acid
: components to be used, it is generally 150°C or lower -

and may range preferably from 10 to 130°C, more
preferably from 50 to 120°C. The pressure at the time

5 of the reaction also varies depending on the kinds and
amounts of the alkylene oxide compound(s) and other
components to be used and the polymerization tempera-
ture. As.the.pressure at the time of the polymeriza-
~tion, it?is generally 30 kg/cm2 (absolute pressure,

10 this will apply equally hereinafter) and may range
preferably from 0.1 to 15 kg/cmz, more preferably from
1 to 10 kg/cm?. The reaction time varies depending on
the kinds and amounts of the substances to be used, but
is generally 70 hours or shorter and may range

15 preferably from 0.1 to 30 hours, more preferably from
0.5 to 24 hours.

Upon polymerization reaction, a solvent can also
be used as needed. Usable examples of the solvent in-
clude ‘aliphatic hydrocarbons such as pentane,'hexane,

20 heptane and cyclohexane; aromatic hydrocarbons such as
benéene and toluene; ethers such as diethyl ether,
tetrahydrofuran, 1,3-dioxane and anisole; and aprotic
polar solvents such as dimethylsulfoxide,;N,N-dimethyl—
formamide, hexamethylphosphoramide énd N,N'-dimethyl-

25 imidazolidinone. Any other solvents are also usable



phthalic acid, isophthalic acid, terephthalic acid, trinellitic acid and
pyronellitic acid; carbam c acids 10 such as N, N-di et hyl carbam ¢ acid,
N- car boxypyrrol i done, N carboxyaniline and

N, N - di car boxy- 2, 4-t ol uenedi am ne; al cohols having 1 to 20 carbon at ons,

such as nethanol, ethanol, n-propanol, isopropanol, n- butyI al cohol, sec-
butyl al cohol, tert-butyl al cohol, isopentyl Icohol tert-pentyl
al cohol, n-octyl alcohol, lauryl alcohol, cet’ aIcohoI cycl opent anol

cycl ohexanol, allyl al- cohol, crotyl alcohol nethyIV|nyIcarbinoI, benzyl
al - cohol, -1-phenyl et hyl al cohol, triphenylcarbinol and ci nnanyl al cohol;

pol yhydri c a'COhO'énfEQQr%hé&tfhﬁibgﬁ the p&f&ﬁ@?lé%é&@haﬂQa@ti&nslﬂyéﬁQXy|

groups, such as ethylene glycol, propylene glycol, diethylene glycol,
di propyl ene gl ycolprdc&@r@pam@llpfeséne buveneibwl , Thd- Lbbliﬁti@ﬂi@étlon

1, 6- hexanedi ol , 1, 4-cycl ohexanedi ol , trinethylolpropane, gl ycerol, )
di gl ycerol, penta-ré&action imytheiprbcessl of pein¢ qergsdut t Dhverstaiohacanebe
and conducted in the presence'of an inert gas such as

5 nitrogen or argon if necessary.

The poly(alkylene oxide) obtained in accordance
with the process of the present invention may be used
as a raw material for a polyurethane foam or elastomer
or as a Eprfactant either as is or after removal of a

10 solvent when.the solvent is used in the polymerization
reaction. In general, however, the poly(alkylene
oxide) is used after its treatment with a mineral acid
such as hydrochloric acid, phosphoric acid or sulfuric
acid; an organic carboxylic acid such as formic acid,

15 acetic acid or propionic acid; an acid-form ion-
exchange resin; or the like. It is also possible to-
conduct commonly-employed purificatioﬁ, for example, to
wash the poly(alkylene oxide) with water, an organic
solvent or a mixture thereof.

20 The present invention will next be described in
further detail by the following examples. These exam-

ples should however be interpreted to be solely for the

purpose of illustration but not limitation.

25



-52- derivatives thereof, such as glucose, sorbitol, dex- trose, fructose
and sucrose; aromatic conpounds con- taining 6-to 20 carbon atons and ‘1 to
3 hydroxyl groups, such as phenol, 2-naphthol, 2,6-dihydroxy- 5
napht hal ene and bi sphenol A, and pol y(al kyl ene ‘oxide)s having 2 to 8
termnals, containing 1 to 8 hydroxyl groups.at the term nals, such as
pol y(et hyl ene oxi de), poly(propylene oxide), gnq copol yners thereof. Al so
i ncluded are aliphatic or aromatic primry 18 am nes having 1 to 20
carbon atons, such as nethyl- am ne, ethylam ne, n-propyl am ne,
| sopropyl am ne, n- butylam ne, isobutylam ne, sec-butylamne, tert-butyl-.
am ne, cyclohexyl aggap1denzyl amne, [err]-phenylethyl- amne, aniline,
o-toluidine, mtoluidine and p-
- (Synthesis of the tetrakis([tris(dimethylamino)-
phosphoranilideneamino]lphosphonium salt of methanol;
[ (Me,N) 4P=N],Pt(MeO)~ (Me represents a methyl group;
5 ' this will hereinafter apply equally))
Sodium hydride (240 mg, 10.0 mmol) was weighed in
a 100-m¢ eggplant-type flask, to which 20 m¢ of DMSO
(which stands for dimethyl sulfoxide; this will herein-
after apply equally) were added to form a suspension.
10 The suspension was heated at 80°C for 1 hour so that a
homogeneous solution of a green color was obtained.
Methanol (320 mg, 10.0 mmol) was added to this solution
at 0°C under a nitrogen gas atmosphere so that sodium
methoxide was formed. The resultant mixture was stir-
15 ' red for 1 hour, followed by the addition of 7.8 g (10.0
mmol) of tetrakis[tris(dimethylamino)phosphoranilidene-
amino]phosphonium chloride {[(Me,N),P=N],P*Cl™) (pro-
duct of Fluka Corp.) at room temperature. The thus-
obtained mixture was then stirred for 2 hours and was
20 | concentrated under reduced pressure to dryness. Thirty
milliliters of THF (which stands for tetrahydrofuran;
this will hereinafter apply equally) were added to the
residue. After the insoluble matter was filtered off,

the filtrate was concentrated to dryness, whereby 7.6 g

25 of the target phosphazenium salt of the active hydrogen



15 toluidine; aliphatic or aromati c secondary am nes hav- ing 2 to 20
carbon atons, such as di nethyl am ne, nethyl ethyl am ne, diethyl am ne,

di - n- propyl am ne, ethyl-n-butyl am ne, nethyl -sec-butyl am ne, dipentyl-

am ne, dicycl ohexyl am ne, N-nethylaniline and di phenyl- 20. am ne;

pol yam nes having 2 to 20 carbon atons and 2 to 3 primary or secondary

am no groups, ‘such as ethyl ene- diam ne, di(2-am noethyl)am ne,

hexanet hyl enedi am ne, 4,4'-dianinodiphenylnﬁtﬂﬁné, tri(2-am noet hyl)am ne,
N, N - di net hyl et hyl enedi am ne and di ( 2- net hyl am no- 25 et hyl ) am ne;
saturated cyclic secondary am nes having 4 - 53 - to 20 carbon atons,

T Loy AR O T YK ert inecnplomine)z
to 20 carbon at oms,phosphoranilideneamino]phosphonium salt of methanol

were obtained as a colorless oily substance. Its yield
was 98%. A 31p-NMR and 1H.—NMR spectra of its DMSO-dg

5 solution are shown in Fig. 1 and Fig. 2, respectively.
Chemical shifts by the 31P-NMR, in which 85% phosphoric
acid was used as an external reference, are observed at
-37.4 and 3.6 ppm, which can be attributed respectively
to the central phosphorus atom and to the surrounding

10 four phosphorus atoms in the tetrakis[tris(dimethyl-
amino)phosphoranilideneamino]phosphonium cation,
[ (Me,N) 3P=N],P*. oOn the other hand, chemical shifts by
the ;H-NMR, in which TMS (which stands for tetramethyl-
silané; this will hereinafter apply equally) was used

15 as an internal reference, are observed at 2.6 and 3.2
ppm. The former chemical shift can be attributed to
the methyl groups in the tetrakis[tris(dimethylamiho)—
phosphoranilideneamino]phosphonium cation and is ob-
served as a doublet for their coupling with the

20 phosphorus atom, whereas the iatter can be attributed
to the methyl group in the methoéy anion. Its elemen-
tal analysis data (wt.%; this will hereinafter apply
equally) were: C 38.55, H 9.90, N 29.51,'P 20.49 (cal- -
culated: Cl38.95, H 9.81, N 29.07, P 20.09). |

25 Example 2



such as 3-pyrroline, pyrrole, indole, carbazole, im 5 | dazol e,
pyrazol e and purine; cyclic polyamnes having 4 to 20 carbon atons and 2 to
3 secondary am no groups, such as piperazine, pyrazine and
1,4,7-triazacycl o- nonane; unsubstituted or N-nono-substituted aci-d am des-
having 2 to 20 carbon atonms, such as acetam de, 10 pr opi onam de,

N- met hyl pr opi onam de, N-nethyl benzoic am de 3 d _N-ethyl stearic am de;
cyclic am des of 5- to 7-nenbered rings, such’as 2-pyrrolidone and
[err]-capro- lactam and im des of dicarboxylic acids having 4 to 10 carbon
atonms, such as succini'm de, naleimde and 15 pht hal i m des. The '

above- mentioned acti vesyEhogtd 6P ROHEESy1dnikdbtHes | bpse(ADREBhPLAMIAbL)YE Al
active hydrogen atons. These active hydrogen atonms nmay be elim nated

entirely as protons tghésphoraril idensanins phosphon fhm veéernael@6ro- in
sonme instances. |In.other instances, they may be elimnated only in part to
derive -an anion of a karate; (Me,N)[(Me,N);P=N];PTBF,”)
In a 300-m¢ 3-necked flask fitted with a
5 - thermometer and a dropping funnel, 10.0 g (48.0 mmol)
of phosphorus pentachloride were weighed, to which
50 m¢{ of THF were added to form a suspension. The
suspension was cooled to -70°C, to which a solution of
50.0 g (280.5 mmol) of tris(dimethylamino)phosphazene
10 - {(MeyN)4P=NH}, which had been synthesized by the pro-
cess described on page 1362 of Reinhard Schwesinger, et
al. Angew. Chem. Int. Ed. Engl., 32, 1361-1363 (1993),
in 90 m¢ of THF was added dfopwise over 1 hour. After
the resultant mixture was stirred at the same tempera-
15 ture for 30 minutes, its temperature was allowed to
rise back to room temperature over about 30 minutes,
followed by stirring for 20 hours. The resultant in-
soluble matter was filtered off and the filtrate as
charged in a 500-m¢ autoclave. After 46.0 g (1.0 mol)
20 of dimethylamine were added at 0°C to the filtrate,
they were reacted at 80°C for 20 hours. The reaction
mixture was concentrated to dryness under reduced pres-
sure, followed by the addition of 180 m¢ of a 70%
aqueous solution of monoethylamihe so that the residue

25 ' was converted into a homogeneous solution. After an



respondi ng val ence. In the process of the present in- vention, both
I nstances are included. Anpbng these active hydrogen conpounds, preferred 25

exanpl es are al cohols having 1 to 20 carbon atons, .such - 54 - as

nmet hanol , et hanol, n-propanol, isopropanol, n-butyl alcohol, sec-butyl

al cohol, tert-butyl alcohol, isopentyl alcohol, tert-pentyl alcohol,
n-octyl al- cohol, lauryl alcohol, cetyl alc |, cycl opentanol, 5

cycl ohexanol, allyl alcohol, crotyl alcohol, t hyl - vi nyl carbinol, benzyl

al cohol , 1-phenyl ethyl alcohol, triphenylcarbinol and cinnanyl alcohol;
pol yhydric al - cohols having 2 to 20 carbon atons and 2 to 8 hydroxyl

groups, such as ethyheBasOkBtatioRr 8By k¢Begdl(890k, mhB1) of dbakibil eeéra-
gl ycol, dipropylene glycol, 1, 3-propanediol,
fluoroborate in 20 m{ of water was added, 400 mf{ of
water wefe added and the resulting mixture was left
oQér at room temperature for 24 hours. The resultant
5 crystals were collected by filtration and then washed
twice with 100 m¢ portions of a 25% aqueous solution
of monoethylamine. They were recrystallized from a 5:1
mixed solvent of diethyl ether and methyl acetate,
whereby 14.5 g of dimethylaminotris[tris(dimethyl-

10 amino) phosphoranilideneamino]phosphonium tetrafluoro-
borate, a phosphazenium salt, were obtained. Its yield
was 44%. Its melting point was 224-226°C. A 31p-NMR
and lH-NMR spectra of its CDCl; solution are shown in
Fig. 3 énd Fig. 4, respectively. Its.elemental analy-

15 sis data were: C 34.53, H 8.71, N 26.10, P 17.99 (cal-
culated: C 34.64, H 8.72, N 26.26, P 17.87).

(Synthesis of the dimethylaminotris{tris(dimethyl-
amino) phosphoranilideneamino}phosphonium salt of
methanol; (Me,N) [ (Me,N)3P=N];P*(MeO)"™)

20 In exactly the same manner as in Example 1 except
for the use of dimethylaminotris[tris(dimethylamino)-
phosphoranilideneamino]phosphonium tetrafluoroborate,
which had been synthesized by the above-described pro-
cedures, instead of tetrakis[tris(dimethylamino)-

25 phosphoranilideneamino]phosphonium chloride, the target



1, 3-but anedi ol , 1,4-butanediol, 1,6-hexanediol, 1,4- cyclohexanediol,

tri met hyl ol propane, glycerol, di- glycerol, pentaerythritol and

di pentaerythritol; sac- charides and derivatives thereof, such as gl ucose,
sor- 15 bitol, dextrose, fructose and sucroese; poly(al kylene oxide)s
having 2 to 8 termnals, containing 1 to 8 hydroxyl groups at the termnals
and having a nol ecul ar weight of from 100 to 58,000, such as poly(ethylene
oxi de), pol y(propyl ene oxide), and copol yners thereof; 20 pol yam nes
having 2 to 20 carbon atons and 2 to 3 pri- nmary or secondary am no groups,
such as ethyl ene- diam ne, di(2-am noethyl)am ne, hexamet hyl enedi am ne,

4, 4' -di am nodi phenglaltt, hdne,. ,t rihie2 cimethgtllapinatrics [tris (dimethylamino) -~
N, N - di net hyl et hyl enedi am ne and di ( 2- net hyl am no- 25 et hyl ) am ne;
saturated cyclic spbosphoramiilideneaninglphosphonium salt of methanol was

obtained. 1Its yield was 96%. A lH-NMR spectrum of its
DMSO-dg solution is shown in Fig. 5. Its elemental
5 analysis data were: C 39.69, H 10.10, N 28.11, P 19.82
(calculated: C 39.55, H 9.96, N 28.55, P 19.43).
Example 3
(Synthesis of tetrakis[tri(pyrrolidin-1-yl)phosphor-
anilideneamino]phosphonium tetrafluoroborate;
10 (Py3§;N)4P+BF4’, (Py represénts a pyrrolidin-1-yl
group; this will hereinafter apply equally)

In a 200-mf 3-necked flask fitted with a
thermometer and a dropping funnel, 1.6 g (7.8 mmol) of
phosphorus pentachloride were weighed, to which 20 m¢

15 of THF were added to form a suspension. The suspension
was cooled to ~70°C, to-which a solution of 20.0 g
(78.0 mmol) of tri(pyrrolidin-1-yl)phosphazene
{Py3P=NH} in 20 m¢ of THF was added dropwise over 1
hour. After the resultant mixture was stirred at the

20 same temperature for 30 minutes, its temperature was
allowed to rise back to room temperature over about 30
minutes, followed by stirring for 12 hours. The THF
was distilled off under reduced pressure{ followed by a
reaction at 110°C for 41 hours. The reaction mixture

25 was allowed to cool down to room temperature, to which



- 55 - to 10 carbon atons, such as pyrrolidine, piperidine, norpholine and
1,2,3,4-tetrahydroqui noline; and cyclic pol yam nes having 4 to 10 carbon
atons and 2 to 3 secondary am no groups, such as piperazine, pyrazine 5

and 1,4, 7-triazacycl ononane. More preferred exanples include pol yhydric al -
cohols having 2 to 20 carbon atons and 2 to 8 hydroxyl groups, such as

et hyl ene glycol, propylene glycol, 1,4- buta iol, glycerol,

pent aerythritol and di penta- 10 erythritol; saccharides and
derivatives thereof, such as glucose, sorbitol, dextrose, fructose and
sucrose; poly(alkylene oxide)s having 2 to 6 terminals, contain- ing 2 to 6
hydroxyl groups atiotems @frianFot afhdtars nplutinread aondEtgilaxiide om 100

to 10,000, such as 15 pol y(et hyl ene oxi de), poly(propyl ene oxide), and
copol yners t her eof wepel yddedeto hfiormga 2honogéneansosotubisnandAd aquéous
primary or secondaéglgglgg géong’g (9.4 mmol) of sodium tetrafluoro-
borate in 5 m¢ of water was addéd to the homogeneous
5 solution, and the resulting mixture was left over at
0°C for 24 hoprs. The resultant crystals were col-
lected by filtration. The crystals were washed twice
with 10 m¢ portions of an ice-cooled 70% aqueous solu-
tion of mPnoethylamine. They were recrystallized from
10 a l:10 ﬁ;xed solvent of methanol and ethyl acetate,
whereby 5.2 g of tetrakis[tri(pyrrolidin-1-yl)phosphor-
anilideneamino]phosphonium tetrafluorocborate, a
phosphazenium salt, were obtained. Its yield was 59%.
Upén measurement of its melting point, it began to be
15 colored from around 220°C, underwent gradual decomposi-
tion without melting, and presented a black color at
270°C. A 1H-ﬁMR spectrum of its CDCl; solution is
shown in Fig. 6. Its elemental analysis data were: C
50.25, H 8.84, N 19.51, P 14.01 (célculated: C 50.61, H
20 8.50, N 19.67, P 13.60).
(Synthesis of the tetrakis[tri(pyrrolidin-1-yl)-
phosphoranilideneamino]phosphonium salt of tert-
butanol; (Py;P=N),P*(tert-c,Hg0)")
In exactly the same ﬁanner as in Example 1 éxcept

25 that tetrakis([tri(pyrrolidin-1-yl)phosphoranilidene~ .



such as et hyl enedi am ne, di (2-am noethyl)am ne, hexa- nethyl enedi am ne, 4,4
- di am nodi phenyl net hane, tri(2- 20 am noet hyl ) am ne, '

N, N' - di net hyl et hyl enedi am ne and di (2- net hyl am noet hyl ) am ne; and cyclic
pol yam nes hav- ing 4 to 10 carbon atons and 2 to 3 secondary am no groups,
such as pi perazine, pyrazine and 1,4,7-tri- azacycl ononane. 25

To obtain the alkali netal or alkaline earth t- - 56 - al salt of such
an active hydrocarbon conmpound, a con- ventional process is used, that is,
the active hydrogen conpound is reacted with a nmetallic alkali netal or

al kaline earth netal or with a basic alkali metal or 5 al kaline earth

metal conpound. | hhifbY) Bhb¥phehitheteeakehuerabkahteeiBicAr nalkgkiene
earth netal are _
synthesized by the above-described procedures, was used
instead of tetrakis[tris(dimethylamino)phosphor-
anilideneamino]phosphonium chloride, that tert-butanol
5 was used in place of methanol and that the scale of the
reaction was reduced to 1/3, the target salt, i.e., the
tetrakis[tri(pyrrolidin-l-yl)phosphoranilideneamino]-
phosphonium salt of tert-butanol was obtained. Its
yield was_99%.' A 1g-NMR spectrum.of its DMSO-dg solu-
10 tion is ;hown in Fig. 7. 1Its elemental analysis data
were: C 55.19, H 9.82, N 20.33, P 13.54 (calculated: C
55.50, H 9.40, N 19.91, P 13.76).
Example 4
(Synthesis of the tetrakis[tris(dimethylamino)-
15 phosphoranilideneamino]phosphonium salt of phenol;
[(MezN)3PfN)4P+(C6H50)')

In exactly the same manner as in Example 1 except
for the use of phenocl instead of methanol, the target
salt, i.e., the tetrakis[tri(dimethylamino)phosphor-

20 anilideneamino]phosphonium salt of phenol was obtained.
a l-nMr spectrum of its DMSO;ds solution is shown in
Fig. 8. Its elemental analysis data were: C 43.15, H
9.69, N 27.19, P 18.18 (calculated: C 43.26, H 9.32, N
26.91, P 18.59).

25 Example 5



metallic lithium netallic sodium netallic potassiumand netallic cesium
or netallic magnesium netallic calcium netallic strontiumand netallic
barium I1- 10 lustrative of the basic alkali metal or alkaline earth
nmetal compound are al kali nmetal or alkaline earth nmetal am des such as
sodi um am de and potassi um am de, or magnesi um am de and .bari um ami de;
organic alkali metal or alkaline earth nmetal ,gonpounds such as n-propyl 15
lithium n-butyl Iithium vinyl lithium c?cpg- pent adi enyl |ithium
[err]-naphthyl lithium ethynyl sodium n-butyl sodium phenyl sodium

cycl opent adi enyl sodium fluorenyl sodium tetraphenylethyl ene di sodium

sodi um napht hal eni de, %@Megp& aSHi tHe @g&@gﬁg?@@i@(&imgﬁlylaniﬂgjassi um
phenyl potassi um and benzyl potassium or diethyl nagnesium™ et hylisopropyl

magnesi um di - n- but yl pHesptestami 1 ideh@dn i o] phoSpanebim salt nyt nageestum
brom de, phenyl magnesi um brom de, dicycl opentadi enyl nmagnesi um di net hyl
cal cium cal ci um acetadidle, [ MéyN) 3P=N) 4P* (CH3C00) )
Anhydrous sodium aéetate (2.0 g, 24.0 mmol) was
5 weiéhed in a 300-m¢ eggplant-type flask, followed by
the addition of 100 m¢ of methanol to form a
homogeneous solutioﬁ. At room temperature, 18.9 g
(24.4 mmol) of tetrakis[tris(dimethylamino)phosphor-
anilideneamino]phosphonium chloride was added to the
10 homogeneous solution, followed by a reaction for 1
hour. . The methanol was distilled off under feduced
pressure. THF (100 m¢) was added to the feSidue and
the insoluble.matter was filtered off. The filtrate
was then concentrated to dryness, whereby a solid was
15 obtained. The solid was washed with 50 m¢ of hexane
and then dried under reduced pressure, whereby the
target phosphazenium salt of the active hydrogen com-
pound, i.e., the tetrakis{tris(dimethylamino)phosphor-
anilideneamino]phosphonium salt of acetic acid, was ob-
20 tained. Its yield was 99%. A lH-NMR spectrum of its
DMSO-dg solution is shown in Fig. 9. Its elemental
analysis data were: C 38.56, H 9.91, N 28.19, P 19.00
(calculated: C 39.09, H 9.46, N 28.05, P 19.39).

Example 6

25 (Synthesis of the mono{tetrakis[tris(dimethylamino)-



25 strontium brom de, phenyl barium i odi de and di cycl o- - 57 -
pentadi enyl barium alkali nmetal or alkaline earth met- al hydride
conmpounds such as sodi um hydride and potas- sium hydride, or calcium
hydride and barium hydride; alkali netal or alkaline earth nmetal hydroxides
such as 5 - l'i t hi um hydroxi de, sodi um hydroxide, potassium hydroxide and
cesi um hydr oxi'de, or nmgnesi um hydr oxi de, cal ggum hydroxi de, strontium
hydr oxi de and barium hydroxi de; and al kali metal or al kaline earth netal
carbonates such as |ithium carbonate, sodium carbonate 10 and _
pot assi um carbonate, or nagnesium carbonate, cal- cium carbonate and barium
car bonat e. From t hese pimispharardldaleneamizdjahospheariidn )naial talcf anadiBasi c
al kali metal or alkaline earth nmetal com
dimethylethylenediamine; [ (Me,N)3P=N) P (MeNHCH,CH,~
NMe) 7) |
N,N-Dimethylethylenediamine (0.4 g, 5.0 mmol) was
5 weighed in a 100-m¢ Schlenk tube, to which 10 m¢ of
THF were added. To the resultant mixture, 5.0 m¢ of a
1.0 M hexane solution of n-butyl lithium (5.0 mmol in
terms of n-butyl lithium) were added at 0°C. The thus-

obtained mixture was stirred at thé same temperature

-

10 for 10 minutes, followéd by further stirring at room
temperature for 30 minutes so that monolithium salt of
N,N-dimethylethylenediamine was formed. The resultant
mixture was cooled to -50°C, followed by the addition
of a solution of tetrakis({tris(dimethylamino)phosphor-

15 anilideneamino]phosphonium chloride (3.9 g, 5.0 mmol)
in 30 m¢ of THF. Subsequent to stirring at the
temperature for 5 minutes, the temperature of the reac-
tion mixture wés allowed to rise back to room tempera-
ture over 30 minutes and was then concentrated under

20 reduced pressure to dryness. Tolueﬁe (50 m¢) was
added to the residue, the insoluble matter was filtered
off, and the filtrate was then concentrated to dryness,
whereby the target phosphazenium salt of the active
hydrogen compound, i.e., the mono({tetrakis[tris-

25 (dimethylamino)phosphoranilideneamino]phosphonium} salt



pounds, a suitable netallic alkali or alkaline earth 15 nmetal or basic
al kali nmetal or alkaline earth nmetal conpound can be chosen dependi ng on

the strength of the acidity of the active hydrogen conpound. In sone in-
stances, the alkali metal or alkaline earth netal salt of the active
hydr ogen conpound, once forned, may act 20 as a basic alkali netal or

al kaline earth netal com pound so t hat anothi active hydrogen conpound
can be converted into its alkali metal or ine earth salt. In the case
of an active hydrogen conpound having plural active hydrogen atons, these
active hydrogen 25 atons may all be liberated to convert the active

- 58 - hydrogen COHEONnﬁ'Laiﬂeﬁﬁyiatﬁﬂ}léﬂga1hh§née§55.' 8Bt®ihBat Bg getallic
alkali or alkaline earth metal or basic
solid. 1Its yield was 97%. A 1g-NMR spectrum of its
THF-dg solution is shown in Fig. 10. Its elemental
analysis data were: C 40.79, H 10.45, N 30.41, P 18.23
5 | (calculated: C 40.67, H 10.12, N 30.49, P 18.73).
Example 7
(Synthesis of mono(tetrakis[tris(dimethylamino)-
phosphoranilideneémino]phosphonium} salt of
pipeﬁfgine; [(MezN)3P=N)4P+(C4H9N2)').

10 In exactly the same mahner as in Example 6 except
for the use of piperazine instead of N,N'-dimethyl-
ethylenediamine, the target phosphazenium salt of the
active hydrogen compoﬁnd, i.e., the mono(tetrakis[tris-
(dimethylamino) phosphoranilideneamino]phosphonium} salt

15 of piperazine was obtained. Its yield wés 98%. A lu-
NMR and 13c-NMR spectra of its THF-dg solution are
shown in Fig. 11 and Fig. 12, respectively. Its
elemental analysis data were: C 41.02, H 9.56, N 30.11,
P 18.97 (calculated: C 40.77, H 9.90, N 30.56, P

20 18.77).

Example 8
(Synthesis of tetrakis[tris(dimethylamino)phosphor-
anilideneamino]phosphonium salt of pipéridine:
[ (Me;N) 3P=N) 4Pt (CgHoN) ™)

25 In exactly the same manner as in Example 6 except



al kali metal or alkaline earth nmetal conpound or as an alternative, only a
part of the active hydrogen atons 5 .may be |liberated to form an anion.
Anong these alkali netal or alkaline earth netal salts of the active

hydr ogen conmpound, the alkali netal salts of the active hydrogen conpound
are preferred. As a cation of such an alkali netal salt of the active 10
hydr ogen conpodund, a cation of an alkali netal_selected fromlithium
sodium or potassiumis preferred. The aIkerﬁESOX|de conmpound i s
polymerized in the presence of the above-mentioned two types of salts, that
I's, the salt of the phosphazenium cation and the 15 I norgani ¢ ani on,

sai d salt being reppesepbedaRYoknpspheTisal SALEUAA 6F) ok ChERbERyyLOr MUl 2

(6), and the alkall neta e eart of "the act
hydrogen conpound. etnytenadiahinef &he ahkeét 5ﬁbabhsaéhﬂama§dlth6f the

i norganic anion is byproduced. |f presence of this byproduced
salt is inconveni eattive hydrogen compound, i.e., the tetrakis([tris-
(dimethylaminé)phosphoranilideneamino]phosphonium salt
5 of piperidine was obtained. 1Its yield was 97%. A lH-
NMR spectrum of its THF-dg solution is shown in Fig.
13. Its elemental analysis data were: C 42.55, H
10.01, N 28.45, P 19.21 (calculated: C 42.27, H 10.03,
N '28.90, P 18.80).
10 Example 9_ |
(Synthesis of diethylaminotris[tris(diethylamino)-
phosphoranilidéneamino]phosphonium tetrafluoro-
borate; (EtzN)[(EtzN)3P=N]3P+BF4', (Et represents an
ethyl group; this will hereinafter apply equally)

15 In a 300-m¢{ 3-necked flask fitted with a
thermometer and a dropping funnel, 3.2 g (15.1 mmol) of
phosphorus pentachloride were weighed, to which 100 m¢
of methylene chloride were added to form a suspension.
_The suspension was cooled to -70°C, to which a solution

20 of 1.1 g (15.1 mmol) of diethylamine and 1.8 g (18.2
mmol) of triethylamine -in 20 m¢ of methylene chloride
was added dropwise over 1 hour. After the resultant
mixture was stirred at the same temperatufe for 30
minutes, 35.7 g (0.1 mol) of tfis(diethylamino)-

25 phosphazene {(Et,N);P=NH) were added. The temperature



the polynerization reaction, the byproduced salt can be renopved by a
sui tabl e nethod such as filtration prior to the polynerization reaction. As

an alternative,

it

is al so possible to isolate the phosphazenium salt of 25

the active hydrogen conpound, which has been derived - 59 - fromthe
salt represented by t-he chemcal fornula (5) and the alkalj netal or
al kaline earth netal salt of the active hydroggn conpound, in advance and

then to use for polynerization of the alkyl en

oXi de conpound in the

presence of the phosphazeniumsalt of the active 5 hydr ogen conpound.
As a process for obtaining this the phosphazeniumsalt of the active

hydrogen conpound  igk AANGEsutES Ghix AR SRENTAA died 1S S Galcl Ydnul @

(5) and the

10

15

20

25

room temperature over about 30 minutes. The methylene -
chloride and triethylamine were distilled off undef
reduced pressure and 10 m¢{ of acetonitrile were added

to and mixed ﬁith the residue. The thus-obtained mix-
ture was concentrated to dryness. After that operation
was additionally repeated twice, the residue was heated

and reacted at 110°C for 24 hours. The reaction mix-

ture was pllowed to cool down to room temperature. THF

d-—

(30 m¢) was added and mixed with the reaction mixture.
Trichloroethane (4.5 g, 33.7 mmol) was added at 0°C,
followed by stirring for 2 hours. The reaction mixture
was concentrated under reduced pressure to dryness and
to the‘residue, 150 me of a 70% aqueous solution of
monoethylamine were added to form a homogeneous solu-
tion. An aqueous solution of 2.0 g (18.2 mmol) of
sodium tetrafluoroborate in 5 m¢/ of water was added to
the homogeneous solution, followed by the addition of
150 m¢ of water. The resultant mixture was left over
at room temperature for 24 hours. The resultant crys-
tals were collected by filtration and were then wasﬁed
twice with 20 m¢ portions of a 35% aqueous solution of
monoethylamine. By drying under reduced bressure, 14.7

g of crystals were obtained. The crystals were

suspended in 10 m¢ of THF, followed by filtration.



al kali metal or alkaline earth metal salt of the active 10 hydr ogen
conpound are reacted. No particular [imta- tion is inposed on the ratio
of the two salts to be used. No particular problemor inconvenience would
arise even if one of the salts is used in excess of the other. In general,
however, per equivalent of the salt 15 of the phosphazeni um cati on and
the inorganic anion, the alkali netal or aLk? I ne earth nmetal salt of the
active hydrogen conpound can be used in a ra Jg—bf from0.2 to 5
equi val ents, preferably from0.5 to 3 equiva- lents, nore preferably from
0.7 to 1.5 equivalents. 20 A solvent is usually enployed to

pernmit their ef- f@ﬁé'fflepﬁé%asﬁeanéehefaﬁe&aeob&ryﬁsgsaswﬁéfab 0.90

reacti on solvent insofar as 1t does not I mpalr t he reactlon Exarrp es
incl ude water; al cghetsceushl8ss BLPabals whbasptadngdapr opRectrystanses

such as acetone 25
were recrystallized from water-methanol, whereby 500 mg
of diethylaminotris[tris(diethylamino)phosphor-

5 anilidenéamino]phosphonium tetrafluoroborate, a
phosphazenium salt, were-obtained. Its yield was 4%. -
According to a 1H-NMR spectrum of its CDCl; solution,
chemical shifts are.observed at 0.9-1.5 (m,60H) and
2.8-3.6'1p,40H) (Fig. 14), and its elemental analysis

10 data were: C 58.81, H 12.21, N 21.85, P 15.54 (calcu-
lated: C 58.12, H 12.19, N 22.03, P 14.99).

(Synthesis of the diethylaminotris({tris(diethyl-
amino) phosphoranilideneamino]phosphonium salt of. n-
octanol; (Et,N) [(Et,N),P=N];Pt(n-cgH,70)7)

15 In a similar manner as in Example 1 except that
diethylaminotris[tris(diethylamino)phosphoranilidene-
amino]phosphonium tet;afluoroborate, which had been
synthesized by the above-described procedures, was used
instead of tetrakis{[tris(dimethylamino)phosphor-

20 anilideneamino]phosphonium chloride, that n-octanol was
used in place of methanol and that the scale of the
reaction was reduced to 1/10, the_tafget phosphazeniun
salt of the active hydrogen compound, i.é., the
diethylaminotris([tris(diethylamino)phosphoranilidene-

25 amino]phosphonium salt of n-octanol was obtained. Its



- 60 - and nethyl ethyl ketone; aliphatic or aronmatic hydro- carbons such
as n-pentane, n-hexane, cycl ohexane, ben- zene, toluene and xyl ene;

‘hal ogenat ed hydrocarbons such as dichl oronet hane, chloroform bronoform
carbon tetrachl oride, dichloroethane, chlorobenzene, o- 5 dichlorobenzene,
fl uorobenzene and benzotrifluoride; esters such as ethyl acetate, nethyl
propi onate and net hyl benzoate; ethers suchnéﬁ.diethyl ether, tetra-
hydr of uran, 1, 4-di oxane, ethylene glycol dim&thyl ether, triethylene glycol
di rethyl ether; tertiary 10 am nes such as tributylam ne,

N, N-di met hyl ani line, pyridine and quinoline;, nitriles such as acetonitrile

and propionitrile;yf@fh 4S9 PO A LFONMR s SeStFin 85F its DMSO-dg solu-
tion is shown in Fig. 15. Its elemental analysis data
were: C 56.81, H 11.98, N 17.12, P 12.61 (calculated: C
56.71, H 11.60, N 17.91, P 12.19).
5 -. Example 10
(Synthesis of bis(diethylamino)bis[tris(diethyl-
amino) phosphoranilideneamino]phosphonium tetra-
fluorcborate; (EtyN),[ (Et,N),P=N],PYBF,")
In a 300-mt 3-necked flask fitted with a
10 thermometer and a dropping funnel, 3;4 g (16.6 mmol) of
phosphorus pentéchloride were:heighed, to which 100 m¢
of methylene chloride were added to form a suspension.
The suspension was cooled to -70°C, to which a solution
of 2.4 g (33.1 mmol) of diethylamine and 4.0 g (40
15 mmol) of triethylamine in 20 m¢ of methylene chloride
was added dropWise over 1 hour. After the resultant
mixture was stirred at the same tempefature for 30
minutes, 34.8 g (0.1 mol) of tris(diethylamino)-
phosphazene were added. The femperature of the
20 resultant mixture was allowed to rise back to room
temperature over about 30 minutes. The methylene
chloride and triethylamine were distilled off under
reduced pressure and 10 mé¢ of acetonitrilé were added
to and mixed with the residue. The thus-obtained mix-

25 ture was concentrated to dryneés. After that operation



N, N-di met hyl f or mani de, di met hyl sul foxi de, sul fol ane, hexanet hyl phosphoric
triamde, and 1, 3-di nethyl-2- .15 i m dazolidi none. Fromthese solvents, a
suitabl e one is chosen depending on the chem cal stabilities of the salts
enpl oyed as the raw materials in the reaction. Preferred exanples include
aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as
di ethyl 20 ether, tetrahydrofuran, 1,4-dioxgq&,qu et hyl ene glycol dinethyl
ether; nitriles such as acetonitrile and propionitrile; and aprotic polar
solvents such as N, N- dinet hyl formam de, di net hyl sul f oxi de, sul fol ane,
hexamet hyl phosphoric triami de, and 1, 3-di methyl -2- 25 _

was additionally repeated twice, the residue was heated

and reacted at 110°C for 24 hours. The reaction mix-
ture was allowed to cool down to room temperature. THF
- (30 m¢) was added and mixed with the reaction mixture.
5 Trichloroethane (4.5 g, 33.7 mmol) was added at 0°C,
followed by stirring for 2 hours. The reaction mixture
was concentrated under reduced pressure and to the
reéidue, 150 m¢ of a 70% agqueous solution of
monoethylgmine were added to form a homogeneous solu-

10 tion. An adueous solution of 2.2 g (20 mmol) of sodium
tetrafluorcborate in 5 m¢ of water was added to the
homogeneous solution, followed by the addition of 150
m¢ of water. The resultant mixture was left over at.
room temperature for 24 hours. The resultant crystals

15 were collected by filtration and were then washed twice
with 20 m¢ portions of a 35% aqueous solution of
monoethylamine. By drying under reduced pressure, 12.5
g of crystals were obtained. The crystals were
suspended in 10 m¢ of THF, followed by filtration.

20 The filtrate was concentrated to dryness, whereby 1.2 g
of colorless crystals were obtained. The crystals were
rebrystallized from water-methanol, whereby 650 mg of
bis(diethylamino)bis[tris(diethylamino)phbsphor—
anilideneamino]phosphonium tetrafluoroborate, a

25 phosphazenium salt, were obtained. 1Its yield was 5%.



- 61 - imdazolidinone. These solvents can be used either singly or in
conbination. The salts as the raw materials can preferably be inthe form
of a solution, but no problemor inconveni ence would ari se even when they
are in the formof a suspension. The tenperature 5 of the reaction
vari es dependi ng on the kinds, anounts, concentrations and the like of the
salts as the raw materials. However, the reac%bon tenperature I S gener -
ally 150[err]C or lower, preferably in a rangé of from-78 to 80[err]C,
nore preferably in a range of fromO to 50[err]C. 10 Concerning the
reaction pressure, the reaction can be perforned under a reduced pressure,

normal pressure or agdodadYet ¢d R ?% Y im b&elkga@th% &HT%%&H% may
preferably range fromO0.1 to 10 kg/cn? (a ol ute pressure; i's

hereinafter apply ehealica)l, shiitfitsaate observedgatob.b~amsl hQ4%Hbgkﬁﬁierf]

being nore preferred. The reaction tine may be in a range of from1 m nute

to 24 2.8-3.6 (m,32H) (Fig. 16), and its elemental analysis
data weré: C 48.61, H 11.02, N 17.65, P 11.53 (calcu-

5 lated: C 48.98, H 10.28, N 17.85, P 11.84). |
'(Synthesis'of the mono{bis(diefhylamino)bis[tris-
(diethylamino)phosphoranilideneamino]phosphonium}
salt of propylene glycol; (Et,N),[(EtyN),P=N],P*-
[HOCH,CH(CH3) 0] ")

10 In a similar manner as in Example 1 except that

| bis(diethylaﬁino)bis[tris(diethylamino)phosphor-

anilideneamino]phosphonium tetrafluorcborate, which had
been synthesizéd by the above-described procedures, was
used instead of tetrékis[tris(dimethyiamino)phosphor-

15 anilideneamino]phosphonium chloride, that propylene
glycol was used in place of methanol and that the scale
'of the reaction was reduced to 1/10, the target |
phosphazenium salt of the active hydrogen compound,
i}e.,'the mono{bis(diethylamino)bis[tris(diethylamino)-

20 phosphoranilideneamino]phosphonium} salt of propylene
glycol was obtained. 1Its yield was 87%. Chemical
shifts by lH-NMR of its DMSO-dg solution are shown in
Fig. '17. 1Its elemental analysis data weré: C 54.78, H
11.01, N 17.59, P 12.51 (calculated: C 54.38, H 11.34,

25 N 18.12, P 12.02).



hours, preferably from1 mnute to 10 hours, nore preferably from5 m nutes
to 6 hours. To separate the target phosphazeniumsalt of the 20 active
hydr ogen conmpound fromthe reaction m xture, conventional nethods making
use of usual procedures in conbination can be used. Depending on the kind
of the target salt, the kinds of the two salts as raw materials, the excess
rate of one of the salts over the 25 - 62 -_other, the kind and anount
of the solvent, etc., a suitable method can~b&!chiosen fromthe conventional
met hods. As the byproduced salt of the alkali nmetal or alkaline earth netal
cation and the inorganic anion usually precipitates as a solid, the
reaction m xture Example 11

(Synthesis of the tris(dimethylamino) [tris-
(dimethylamino) phosphoranilideneamino]phosphonium
salt of methanol; (Me,N);[ (Me,)3P=N]P*(MeO)"™)

5 "In a similaf manner as in Example 1 éxcept for
the use of tris(dimethylamino)[tris(dimethylamino)-
phosphoranilideneamino]phosphonium tetrafluoroborate,
{ (Me,N) 5[ (Me,) 3P=N]PTBF,~ - which had been synthesized
by the process described in Reinhard Schwesinger, et

10 al. Angew. Chem. Int. Ed. Engl., 31, 850 (1992) - in-
stead of tetrakis[tris(diméthylamino)phosphoranilidene¥
amino]phosphonium chloride, the target phosphazenium
salt of the active hydrogen compound, i.e., the tris-
(dimethylamino)[tris(dimethylamiﬁo)phosphoranilidene-

15 amino]phosphonium salt of methanol was obtainedias
colorless crystals in an amount of 3.3 g. Its yield
was 89%. Chemical shifts by lH-NMR of its DMSO-dg

. solution were observed at 2.5-2.8 (m,36H) and 3.18
(s,3H) (Fig. 18). Its elemental analysis data were: C

20 42.51, H 10.21, N 25.80, P 16.12 (calculated: C 42.03,

H 10.58, N 56.40, P 16.68).

Examples 12-17
(Synthesis of the tris(dimethylamino)ftris(dimethyl—
amino)phosphoranilideneamino]phosphonium salts of

25 various active hydrogen compounds)



5 is subjected to liquid-solid separation by filtration, centrifugation or
the like either as is or after being sonewhat concentrated to renove the
byproduced salt. The filtrate is then concentrated to dryness, whereby the
target salt can be obtained. If the byproduced 10 salt is still dissolved
~even after the reacti-on mixture is concentrated, either the byproduced salt
or the target salt can be caused to precipitaég by adding a poor solvent to
the thus-concentrated reaction mixture or aft concentrating it further.
Alternatively, the 15 byproduced salt and the target salt can al so be sepa-
rated fromeach other by a nethod, for exanple, by ex- tracting one of the

salts after concentrati Ofped fiokedifB®y MMNFLAMA LM LG %1{;@@'& al's which
e

was used in excess is contained at a high concéntration int
likewise except that tris(dimethylamino) [tris(dimethyl~

amino)phosphoranilideneamino]phosphonium tetrafluoro-
boraﬁe was used instead of tetrakis[tris(dimethyl-

5 amino) phosphoranilideneamino]phosphonium chloride and
that various active hydrogen compounds shown in Table 1
were employed in lieu of methanol. In Example 16, how-
ever, sodium hydride and tris(dimethylamino) [tris-
(dimethz}émiho)phosphoranilideneamino]phosphonium

10 tetraborate were both used twice as much as their cor-
responding amounts in Example 1. The results are pre-

sented in Table 1.

15

20

25



they can be separated from each other by extracting the

20 target salt,
target salt,

by extracting the target salt with a

sol vent subsequent to its re-dissolution in a solvent different fromthe

with a solvent or
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al kali metal or alkaline earth nmetal conpound to obtain the alkali netal or
al kaline earth netal salt of the 10 acti ve hydrogen conpound and t hen
by addi ng the salt of the phosphazenium cation and inorganic anion to the
reaction m xture w thout performng any particular iso- |ating operation.
The al kyl ene oxi de conpound is polynerized in the 15 presence of the
salt of the phosphazenium cation and the inorganic anion, said salt being
represented by the chemcal fornula (5) or T ical formula (6), and the
alkali metal or alkaline earth netal salt of the active hydrogen conpound
or in the presence of the phospha- 20 zenium salt of the active

hydr ogen conpound sf he phosphazeni um cati on and the inorganic
anion, said salt bggégﬁggprggg%%ed by the chem cal formula (5), and the

BT oTE i, "t ST BAETAAL Babies s araglalgal o guskptomey .
sanme as or the use of various phosphazenium salts and various
basic alkali metal compounds shown in Table 2 instead
5 of tetrakis{tris(dimethylamino)phosphoranilideneaminoj-
| phosphonium chloride and sodium hydride, six samples of
the tris(dimethylamino) [tris(dimethylamino)phosphor-
anilideneamino)phosphonium salt of methanol were
synthesifgd. All the six'samples had mélting points in
10 a range of 265-268°C (with decomposition), aﬁd their 1-

NMR spectra were identical to that obtained in Example

1. The results are presented in Table 2.
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- 64 - different fromthe active hydrogen conpound in the formof the
above-nentioned al kali netal aor alkaline earth netal salt or phosphazeni um
salt, may be allowed to ex- ist additionally in the reaction system unless
the 5 pol ynmeri zation reaction is gfhibited. Wen allowed to exist, no
particular Iimtation is inposed on the anmount of the additional active
hydr ogen conpdund. However, it may range from1 x 10[err] to 5 x 10[err]
nmol e, preferably from1 x 10[err] to 1 x 10[err] nole per nole of 10

t he al kyl ene oxi de conpound. Wen these salts are supplied as sol utions,
their solvents may be elimnated beforehand by a suitable nmethod such as by
heating the sol utions under reduced pressure if these solvents are

i nconveni ent for the
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Table 2

Phosphazenium salt
(Me,N) 5[ (MeyN) 3P=N]PtC1™
(Me,N) 5 [ (Me,N) 3P=N]PYPF ™
(Me,N) 5[ (Me,N) 3P=N1PTC10,~
(Me,N) 5 [ (Me,N) 3P=N]P*H,PO,~
{ (MeyN) 5[ (Me,N) 3P=N]P*}),HPO, 2"
{ (MeyN) 5[ (MeyN) 3P=N]Pt) 3P0, 3~

20
21

Ex.
18
19
22
23




15 pol ymeri zation reaction. Wien polynerizing the alkylene oxide
compound in the presence of the salt of the phosphazenium cation and the

i norgani c anion, said salt being represented by the chemical fornula (5) or
chem cal formula (6), and 20 the alkali metal or alkaline earth netal
salt of the active hydrogen conpound, no particular limtation is inposed
on the ratio of the two salts to be used. How ever, per equivalent of the
salt of the phosphazenium cation and the inord@antc anion, the alkali netal
or 25 al kaline earth nmetal salt of the active hydrogen com - 65 -
pound can be used generally in a range of fromO0.2 to 5 equivalents, with a

range of oM 05 103 iV gagbheBhllRagkR1UE"s81¢s kP05l 1h Bad-

Ples 18-23 were synthesized by the following proce-
dures: | |
(Synthesis of tris(dimethylamino) [tris(dimethyl-
5 amino)phosphoranilideneamino]phosphonium chloride,
~ (MeyN) 3[ (Mey) 3P=N]P*C1™, employed in Example 18)

In 100 m¢ of methanol, 15.75 g of a Cl™-form
ion-exchange resin ("Amberlite IRA-400, Cl-form", trade
name; p;gguct of Organo Corporation) were suspended,

10 folloﬁed by the addition of 5.0 (11.7 mmol) of tris-
(dimethylamino) [tris(dimethylamino)phosphoranilidene-
amino]phosphonium tetrafluoroborate. After the
resultant mixture was stirred at room temperature for 2
hours, the resin was collected by filtration and then

15 washed twice with 50-m¢ portibns of methanol. The
filtrate and washings were combined and concentrated to
dryness, whereby 4.22 g of tris(dimethylamino) [tris=-
(dimethylamino)phdsphoranilideneamino]phosphonium
chloride were obtained as a colorless solid (yield:

20. 92%).

(Synthesis of tris(dimethylamino)[tris(dimééhyl-_
amino)phosphoranilideneamino]phosphonium hexafluoro-
phosphate, (MezN)3[(Me2)3P=N]P+PF6', eﬁployed in Ex-
ample 19) |

25 In 10 m¢ of water, 600 mg (1.60 mmol) of the



| ents being nore preferred. 5 No particular Limtation is

| nposed on the anmobunt of the phosphazeni um cation for use in the

pol ymeri za- tion reaction of the al kyl ene oxi de conpound. No mat- ter

whet her the phosphazeniumcation is in the formof the salt with the

I norgani ¢ anion(s) or in the formof 10 the salt wth the anion of the
active hydrogen com pound, the phosphazeniurg£ation can be used generally
in a range of from1l x 10[err] to 5 x 10[err] nole, with a range of from1l
x 10[err] to 1 x 10[err] nole being nore preferred, both per nole of the

al kyl ene oxi de. 15 No probl em or inconveni ence would arise even

when the salt of tgeiBasnBeRgDanINGY teisqadnekaylanigonphosphor- said
salt being represented by the chem cal for- mula (5) or chem cal formula

(6), and the al kal ani2ideneamihbjphoepbantiomrehidbridet preparedadn Example
hydr ogen 20 - conpound or the phosphazeniumsalt of the active hydrogen
conpound derived fa8nweke dibsodvedhefollowed by the addition of an

aqueous solution of 330 mg (1.96 mmol) of sodium
5 hexafluorophosphate in 2 m¢ of water. The thus-
obtained mixture was stirred for 1.hour. The resultant
crystals were collected by filtration, washed twice
with 5-m¢ portions of water, and then dried under
reduced pressure, whereby 714 mg of tris(dimethyl-
10 amino)[f;is(dimethylamino)phosphoranilideneamino]-
phosphonium hexafluorophosphate were obtained as color-
less crystals (yielad: 92%).
(Synthesis of tris(dimethylamino)[tris(dimethyl-
amino)phosphorahilideneamino]phosphonium per-
15 chlorate, (Me,N)3[(Me,)3P=N]P*Cl0,~, employed in
Example 20) |
In exactly the same manner as in Example 19 ex-
cept for the use of sodium perchlorate instead of |
sodium hexafluorophosphate in the synthesis of tris-
20 (dimethylamino) [tris (dimethylamino)phosphoranilidene-
amino]phosphonium hexafluérophosphate, 676 mg of
tris(dimethylamino) [tris(dimethylamino)phosphor-
anilideneamino]phosphonium perchlorate waé obtained as
colorless crystals (yield: 96%).

25 (Synthesis of tris(dimethylamino) [tris(dimethyl-



phosphazeni um cati on and the inorganic anion, said salt being represented
by the chem cal fornula. (5), and the alkali netal or alkaline earth netal
salt of the active 25 . hydrogen conpound are used in conbination with a
- 66 - conventionally-known initiator systemwith a view to reducing a

post - pol yneri zation | oad such as elimnation of the initiator. A
description wll now be nmade about the other 5 process according to
the present invention for the pro- duction vf2& Pol y(al kyl ene oxi de),
nanel y, about the production of a poly(al kylene oxide) by polynerizing an
al kyl ene oxi de conpound in the presence of the phospha- zeni um conpound

Lgﬁ%gﬁﬁgtg? P% EE: g?g@%ﬁ%&p&%@ﬂﬁ&%&%@&ig%neamin%qgh5g§hgﬁghﬂedqﬁgﬁggggn—
phosphate, (MezN)3[(Me2)3P=N]P+H2PO4’, employed in
Example 21)
Using an OH-form ion-exchange resin “"Amberlite
5 IRA-400, OH-form" (trade name; product of Organo Corpo-
ration), tris(dimethylamino) [tris(dimethylamino)-
phosphoranilideneamino]phosphonium hydroxide was
prepared in a similar manner as in the preparation of
the phogghazenium salt in Example 18. To 10 m¢
10 methanol solution containing 572 mg (1.6 mmol) of the
above phosphazenium hydroxide, 784 mg (1.6 mmol) of a
20% aqueous solution of phosphoric acid were added,
‘followed by mixing. The resultant mixture was con-
centrated to dryness and the residue was heated and
15 dried under reduced pressure, whereby 701 mg of
tris(dimethylamino)[tris(dimethylamino)phosphor-
anilideneamino)phosphonium dihydrogenphosphate were ob-
tained as a colorless solid (yield: app. 100%).
(Synthesis of bis{tris(dimethylamino) [tris(dimethyl-
20 amino) phosphoranilideneamino]phosphonium} hYdrogen—
phosphate, (Me2N£3[(Me2)3P=N]P+}2HPO42', employed in
Example 22)
The procedures in the above-described synthesis
of tris(dimethylamino) [tris(dimethylamino)phosphor-

25 anilideneamino]phosphonium dihydrogenphosphate were



t he phosphazenium salt of the active hydrogen conpound derived fromthe

phosphazeni um conpound represented by the formula (7) and the active

hydr ogen conpound. Q err] in the phosphazeni um conpound represented by 15

the chemical formula (7) is an anion selected fromthe group consisting of

a hydroxyl anion, al koxyl anions, aryloxyl anions and carboxyl anions.

Among these err] anions, preferred exanples include a hydroxyl anion;

al koxyl ani ons derived from al cohol s 20 = $#2ving 1 to 8 carbon at ons,

such as nethanol, ethanol, n-propanol, isopropanol, allyl alcohol,

n- but anol, sec- butanol, tert-butanol, cyclohexanol, 2-heptanol and 1-

oct anol ; aryl oxyl ' ARY; f i r un. ing 6
y y @%@%@%e@i thg C&H§EQﬁﬁ¥ngaﬂé ﬂ@@’%ﬁ%ﬁ% a}'%thq#F%ol;

to 18 carbon atons, €no cresol; xyl nap
and carboxyl ani oNgmount .of phosphoric acid was reduced to 1/2, whereby

621 mg 6f bis{tris(dimethylamino) [tris(dimethylamino)-
-phosphoranilideneamino]phosphonium hydrogenphosphate
5 were obtained as a colorless solid (yield: app. 100%).
(Synthesis.of tris{tris(dimethylamino) [tris-
(dimethylamino) phosphoranilideneamino]phosphonium)
phosphate, (MeyN)s3[(Me,)3P=N]PT}45P0,3", employed in
Examg}g 23)

10 The procedures in the above-described synthesis
of tris(dimethylamino) [tris(dimethylamino)phosphor-
anilideneamino]phosphonium dihydrogenphosphate were
repeated in exactly the same manner except that the:
amounﬁ of phosphoric acid was reduced to 1/3, whereby

15 598 mg of tris{tris(dimethylamino)[tris(dimethylamino)-
phosphoranilideneamino]phosphonium phosphate were ob-
tained as a colorless solid (yield: app. 100%f.
Reference 1

(Example showing the usefulness of the phosphazenium
20 salt of the active hydrogen compound according to
the present invention: Synthesis of benzyl methyl =
ether)
To a solution of 1.57 ¢ klo mmol) 6f benzyl
chloride in 40 m¢ of benzene, 5.57 g (15 mmol) of the

25 tris(dimethylamino) [tris(dimethylamino)phosphor-



- 67 - derived from carboxylic acids having 1 to 6 carbon atons, shch as
form c acid, acetic acid, propionic .acid, butyric acid, isobutyric acid and

caproic acid. O these, nore preferred are a hydroxyl anion; 5 al koxyl
ani ons derived from.saturated al kyl alcohols having 1 to 4 carbon atons,
such as net hanol, ethanol, n-propanol, isopropanol, n-butanol, sec-butanol
and tert-butanol; aryloxyl anions derived fromaromatic hydroxy conpounds -
having 6 to 8 carbon atons, such as 10 - hst and anisole; and

car boxyl anions derived from carboxylic acids having 2 to 4 carbon atons,
such as acetic acid and propionic acid. Still nore preferred are a hydroxyl

T oL e S Rl AP B s,
As a general proceggigly Wi Pl eYntilsi88 in a similar manner as in
' .Example 1, were added at 0°C, followed by a reaction at
room temperature for 3 hours. Water (50 m¢) was then
5 added to the reaction mixture to terminate the reac-
tion. An organic layer was separated, washed succes-
sively with 20 m¢ of water and 20 m2 of a saturated
aqueous solution of sodium chloride, and then con-
centratgg to dryness. The resulting liquid compound
10 was distilled, whereby benzyl methyl ether, the target
compound, was obtained as a colorless liquid compound
in an amount of 1.13 g. Its yield was 93%.
_Example 24
Tetrakis[tris(dimethylamino)phosph&ranilideneamin
15 o]phosphonium chloride (31.02 g, 40 mmol) was dissolved
in 200 m¢ of a mixed solvent of 50% (wt.%, this will
hereinafter apply equally) methanol-water so that a
0.2 M solution was prepared. That solution was caused
to flow at a flow rate of 140 m¢/hr and room tempera-
20 ture through a column (diameter: 20 mm, ﬁeight: 450 mm)
- which was packed with 140 m¢ of an OH -form anionl
exchange resin ("Levatit MP500", trade name; product of
Bayer AG), and 450 m¢ of a mixed solvent 6f 50%

methanol-water were then caused to flow at the same

25 flow rate. After an effluent was concentrated, the



phosphazeni um conpound represented by the chem cal for- mula (7), t he
phosphazeni um chl ori de of the chem cal 20 formula (3) in which me1 and
X[err]=Cl[err] is synthesized in a simlar manner as the above-nentioned

synthesis of the salt represented by the chem cal formula (3).

The chl ori de

anion can then be replaced by a desired anion Qerr] by a nethod that the
phosphazeni um'chl oride is 25 treated, for exanple, wth an al kal
or al kaline - 68 - earth netal hydr@¥e, al koxi de, aryl oxi de or

nmet al
car -

boxi de, by a method nmaki ng use of an ion-exchange resin,

or by a like

met hod. In this manner, the gener- al phosphazeni um conpound represented by

the chemcal 5 cdrf éeﬂ(ﬁx%(}g)wacsa%ﬁee&)%ttaiéﬁbeg ahd®135hhye NHHLOPED: que

conpound, which is caus
was recrystallized form a 1:15 mixed .solvent of THF and

diethyl ether, whereby 28.76 g of tetrakis[tris-

(dimethylamino) phosphoranilideneamino]phosphonium

5 hydroxide {[(MezN)3P=N]4P+0H"} Were obtained as color-

less crystals. Its yield was 95%. Its melting point

was 300°C or higher. A 31p-NMR spectrum of its MDSO-dg

solution is shown in Fig. 25. Further, a chemical

shift by }H-NMR, in which TMS was used as an internal

10 reference, was observed at 2.59 (d,J=9.9Hz, 72H) ppm

(Fig. 26). 1Its elemental analysis data were: C 38.28,

H 9.82, N 29.43, P 19.94 (calculated: C 38.09, H 9.72,

N 29.61, P 20.46).

Comparative Example 1

15 An attempt was made to prepare a 0.2 M aqueous

solution of the same tetrakis[tris(dimethylamino)-

phosphoranilideneamino]phosphonium chloride as that

used in Example 24 by dissolving 31.02 g (40 mmol) of

the salt in 200 m¢ of water. Some of the salt however

20 remained undissolved.

Comparative Example 2

By repeating the procedures of Example 24 in ex-

actly'the same manner except for the use 6f methanol

instead of the mixed solvent of 50% methanol-water,

25 colorless crystals were obtained. By a silver nitrate



exi st together with the phosphazeni um conmpound of the chem cal fornmula (7),
or the active hydrogen conpound, which is converted together with the

phosphazeni um com 10 pound of the chem cal formula (7) into the
phospha- zeniumsalt, is the sane as the active hydrogen com pound
menti oned above in detail in connection with its alkali nmetal or alkaline

earth netal salt. These active hydrogen COQPO#Q%S_inC|Ude t hose 15
containing plural active hydrogen atonms. In pro- cess of the present

i nvention, polymerization generally initiates at all anionic sites of such
an active hydrogen conpound. In the process of the present invention that

the 20 al kyl en@i%'@foﬁoémg%ﬂ {SnPOLYORE ¢ te] St Poad HSETFSL O] Lie-

phosphazeni um conpoun epresent by the chem - cal forrmula (7) and the
active hydrogen corpeamei®l ¢HlPENET £68ECRepé d&EePbes PhRziEe Ut petal of

the active hydrogen conpound derived formthe phosphazeni um com
Examples 25-28
In each example, the-prdcedures of Example 24

5 were repeated in exactly the same manner eicept that
instead of tetrakis[tris(dimethylaminé)phosphor-
anilideneamino]phosphonium chloride, the salt of the
phosphézenium cation and the ménovalenf inorganic anion
shown ieJTable 3 was used in the same amount (40 mmol)

10 and that the mixed solvent shown in Table 3 was
employéd in place of the mixed solvent of 50% methanol-
water. All the four samples so obtained had melting
points of 300°C or higher, and their lH-NMR and 31p-NMR

spectra were equivalent to those obtained in Example

15 24. The results are presented in Table 3.

20

25



25 pound represented by the chemcal formula (7) and the - 69 -
active hydrogen conpound, an excess porti-on of the ac- tive hydrogen
conmpound which is generally used in ex- cess renamins as is upon derivation
of the phosphazeniumsalt of the acgiﬁﬁ hydrogen conpound, may remain as is
5 in the polynerization system n.addition, water, an al cohol, an
aromati ¢ hydroxy conpound or a carboxylic acid is also byproduced dependi ng
on. the kind of the phosphazeni um conpound. |f necessary, such byproducts
can be elimnated prior to the polynerization reaction 10 of the _
al kyl ene oxi de conpound. As an elitmnation nmethod, it is possible to use a
nmet hod conmonly enployed in the art, for exanple, a nethod that they are
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met hod that an inert gas is bubbled, or a nethod making 15 use of an
adsorbent. By such an elimnation nethod, the reaction between the
phosphazeni um conpound and the active hydrogen conpound may be pronoted in
sone in- stances. No problem or inconvenience would arise even when 20

t he phosphazeni um conpound represented by the chem cal formula (7) and the
active hydrogen conpound or the phosphazeniumsalt of the active hydrogen
conmpound derived fromthemare used in conti i¥i 6h with a
caonventional |l y-known initiator systemwith a viewto 25 - reducing a
post - pol yneri zati on | oad such as elim nation - 70 - of the initiator. No
particul ar Iinitat@y&ﬂﬁié gosed on the anount

By repeating the procedures of Example 24 in ex- ~
actly the same manner except that instead of tetrakis-
[tris(dimethylamino)phosphoranilideneamino]phbsphonium

5 chloride, dimethylaminotris{tris(dimethylamino)-
phosphoranilideneamino)phosphonium tefrafluoroborate
synthesized in a similar manner as in Example 10 was
used in the same amount (40 mmol, 27.74 g) and that
recryst@}lization was not conducted, 24.60 g of

10 dimethylaminotris[tris(dimethylamino)phosphoranilidene-
aminojphosphonium hydroxide, (MezN[(MezN)3P=N]3P+0H*},-
were obtained as.a,pale vellow oi;y substance. 1Its
yield was 91%. A 31p-NMR and lH-NMR spectra of its
DMSO-dg solution are shown in Fig. 27 and Fig. 28,

15 respectively. Ifs elemental analysis data were: C
38.12, H 10.21, N 29.01, P 20.22 (calculated: C 38.52,
H 9.86, N 29.20, P 19.86).
Egample 30

By fepeating the procedures of Example 24 in ex-~

20 actly the same manner except that instead of tetrakis-
[tris(dimethylamino)phosphoranilideneamino]phosphonium
chloride, tris(dimethylamino) [tris(dimethylamino)-
phosphoranilideneamino]phosphonium tetrafluoroborate
was used in the same amount (40 mmol, 17.09 g) and that

25 recrystallization was not conducted, 13.87 g of tris-



of the phosphazeni um conpound of the chem cal formula (7).for use in the
pol yneri zation reaction of the 5 al kyl ene oxi de conpound. However its
anount may gener- ally be in a range of from1l x 10[err] to 1 nole, with a
range of from1l x 10[err] to 5 x 10[err] nole being preferred and a range
of from1l x 10[err] to 1 x 10[err] nole being nore preferred, all per nole
of the active hydrogen 10 conpound. Rel ative to the al kyl ene oxi de
conpound, no par- ticular limtation is inﬁb&@& on the anount of the
phosphazeni um conpound, namely, on the anmount of the phosphazeni um cati on.
However, its anount can range 15 enerally from1 x 10[err] to 5 X

g
e} 1oL, B tafadlite) (A ek Rt A

nol e of the al kyl ene oxi ( i cheve rocess s enp
production of the Balineablhvsphendtnd dh:&xtihé,pg]ftﬁégt)3N'E‘(9@5N93P=%qp+ no
er

particular Iimtation is inposed on the mann
OH™ ), were obtained as a colorless oily substance. Its
yield was 97%. A 31lp-NMR spectrum of its DMSO-dg solu-
5 tion is shown in Fig. 29. Further, a chemical shift by
1H-NMR, in which TMS was used as an internal reference,
was observed at 2.40-2.70 (m,36H) ppm (Fig. 30). Its
elemental analysis data were: C 40.71, H 10.15, N
27.04, P'_;l.7.81 (calculated: C 40.33, H 10.43, N 27.43,
10 P 17.33). |
Reference 2 _
In a 200-m¢ eggplanﬁ-type flask, 5.3 g
(37.0 mmol) of 4-chlorobenzyl alcohol were weighed. -
After 80 m¢ of o-xylene, a nonpolar solvent, were
15 -added to form a solutién, 28.0 g (37.0 mmol) of tetra-
' kis[tris(dimgthylémino)phosphoranilideneamino]phosphoni
um hydroxide was added to form é homogeneous solution.
The solution was heatéd to 80°C, at which it was then
maintained at 5 mmHg for 1 hour; Its pressure was al-
20 lowed to rise back to normal pressure by nitrogen, fol-
lowed by cooliné to room temperature. Further, 50 m¢
of o-xylene and 5;20 g (37.0 mmol) of 4-chlorobenz-
aldehyde were added, followed by heating ét 130°C for

96 hours. The reaction mixture was washed four times

25 with 100-m¢ portions of 1 N hydrochloric acid. The



the pol ynerization reaction. In general, a required anount of the al kyl ene
oxi de conpound is supplied ei- ther at once, intermttently or continuously
to a reac- tor in which (1-i) the salt of the phosphazenium cation 25

and the inorganic anion, said salt being represented by - 71 - the
chemcal formula (5).or chemcal formula (6) and the al kali netal or
al kaline earth netal salt of the active hydrogen conpound, or (l-ii) the

phosphazeni um salt of the active hydiogen codf8umnd, which has been 5
derived fromthe salt of the phosphazenium cation and the inorganic anion,
said salt being represented by the chemcal fornula (5), and the al kal
metal or al kaline earth.nme

been charged togetﬁgpaﬂFFh&%%8§ZQ%P?%8%§%a§%?:égdh¥gg%g%gn%%g%%%%%dh%%?
dryness. The residue was regrystallized from ethanol,
whereby 5.6 g of 4-(4-chlorobenzyloxy)benzaldehyde were
obtained as colorless crystals. Its isolation yield
5 was 61%.
. A description will next be made about production
examples of poly(alkylene oxides).
Example 31
Glycerol (460 mg, 5.0 mmol) was weighed in a
10 50-m¢{ eggplant-type flask, to which 5.0 m¢ (5.0 mmol)
of a 1.0 N agqueous solution.of potassium hydroxide were
added at room temperature to form a homogeneous solu-
tion. Under reduced pressure, ﬁhe solution was con-
centrated to dryness. so that colorless crystals were
15 obtained. The crystals were heated and dried further
at 100°C under reduced pressure, whereby the monopoﬁas-
sium salt of glycerol was synthesizéd. To the salt, a
solution of 3.78 g (5.0 mmol) of tetrakis[tris-
(dimethylamino) phosphoranilideneamino]phosphonium
20 chloride in 20 m¢ of THF was added, followed by stir-
‘ring at room temperature for 24 hours. After precipi-
tated KCl was filtered off under a nitrogen gas atmo-
sphere, the filtrate was concentrated to aryness under
reduced pressure so that the mono{tetrakis[tris-

25 (dimethylamino) phosphoranilideneamino]phosphonium} salt



10 hydr ogen conpound, if allowed to exist, and/or the sol- vent, if

used, or to a reactor in which (Il-i) the phosphazeni um conmpound
represented by the chemical for- nula (7) and the active hydrogen conpound,
or (Il-ii) the phosphazenium salt of the active hydrogen conpound, 15

whi ch has been derived fromthe phosphazeni um conpound represented by the
chemcal formula (7) and the active hydr ogen @@ngpund, and usual ly
remai ni ng the active hydrogen conmpound have B&n charged together with the
solvent, if used, after resultant byproducts are 20 removed as needed.
According to the process of the present inven- tion, it is also possible to

Al kyl ene_oxi de comoauaIe AreTd rarrattodart 2 dan e S o
a copol ymer havi ng rephrekientsy ahmdhovaledtNanionS of glycerol; this will
hereinafter apply equally) was synthesized.
In an autoclave having an actual capacity of
5 600 m¢ and equipped with a temperature measuring tube,
a pressure gauge, a stirrer and an alkylene oxide inlet
tube, charged was a solution of 4.05 g (5.0 mmol) of
the phbsphazenium salt or the active hydrogen compound
synthes%ggd by the above-described procedures, i.e.,

10 mono{tetrakis[tris(dimethylamino)phosphoranilidene-
amino]phosphonium salt of glycerol in 20 m¢ of THF,
followed by the addition of 20.0 g (217 mmol) of fresh
glycerol. The resulting mixture was heated with stir-
ring'undér reduced pressure so that the THF was dis-

15 tilled off. After that, the reactor was purged with
dry nitrogen gas and its contents were heated to 100°C.
While intefmittently feeding propylene oxide so that
the pressure during the reaction remained around 3.0
kg/cm? (absolute pressure; this will hereinafter apply

20 equally), the contents were reacted ét 100°Cc for 6
hours. The contents were then allowed to co;l down to
room temperature, and the remaining unreacted propylehe
oxide was distilled off under reduced préssure. Color-

less, odorless, liquid polyoxypropylenetriol was.ob-

25 tained in an amount of 324 g. Its hydroxyl number



- 72 - obtained although the randommess varies depending on the difference
In reactivity between the conpounds. Wen two or nore al kyl ene oxi de
conpounds are polyneri zed successively, a block copol yner containing 5

two or nore poly(al kyl ene oxide) blocks is obtained. For exanple, when a
second al kyl ene oxi de conpound is polynerized directly after conpletion of
a polyneriza- tion reaction of a first al kyl ene oxi de conpound, a bl ock
copol yner containing two kinds of blocks is W2 10 tained. By further
pol yneri zing again the first al kyl ene oxi de conpound after conpl etion of

t he pol ynerization of the second alkylene oxi de conpound or by alternately

Compounds,  an ol SR AR bStricly iy O MR SR ity

three or nore al k)@}gglqﬁq de conpounds are used in conbination as de-

Comparative Example 3
A polymerization reaction was conducted in exact-
5 ly the same manner as the polymerization reaction of
Example 31 except that the THF solution of the
mono{tetrakis[tris(dimethylamino)phosphoranilidene-
aﬁino]phosphonium salt of glycerol was not used and
that'thevdistillation operation of THF was hence
10 omitted. Propylene oxide was not consumed at all and
the weight of the contents of the autoclave was 20.1 g.
This weight was substantially the same as the weight of
the glycerol itself charged in the autoclave, and no
polyoxyﬁropylenetriol was obtained.
15 Example 32 |
A polymerization reaction was conducted in exact-
ly the same manner as the polymerization reaction of
Example 31 except that fresh glycerol was not used and
that the reaction time was changed to 20 hours. Color-
20 less, odorless, liquid ﬁolyoxypropylenetriol of high
viscosity was obtained in an ;mount of 161 g.  Its
hydroxyl number was 5.4. A polymer of high molecular
weight was obtained. ‘
Example 33

25 Glycerdl (20.5 g, 222 mmol) was weighed in a



scri bed above, a nore conplex bl ock copolymer is ob- tained. Anong these
copol yners, preferred is a bl ock copol ymer contai ning poly(propyl ene oxide)
(al so called 20 "pol yoxypropyl ene") and pol y(ethyl-ene oxide) (also
cal | ed "pol yoxyet hyl ene”) bl ocks, which is obtained by successively

pol yneri zi ng propyl ene oxi de and et hyl ene oxi de as al kyl ene oxi de
conpounds. Al though the reaction tenperature of the 25 pol yneri zati on
reaction varies depending on the kinds = ¥8%2_-and ampunts of the

al kyl ene oxi de conpound(s) and ot her conponents to be used, it is generally
150[err]C or | ower and may range preferably from10 to 130[err]C, nore

eacti on 4l so vari H0GHE SeRuTans s | AR @) e 197 S (5. 0%hmbl
pe ng on e Ki'nds ‘an

of a.1.0 N aqueous solution of potassium hydroxide were
added to form a hbmogeneous solution. Dry nitrogen gas
was then bubbled at 110°C under reduced pressure to

5 remove water, whereby the monoépotassium salt of
glycérol was prepared in a form contained in excess
glycerol. To the salt, a solution of 3.78 g (5.0 mmol)
of tetrakis[tris(dimethylamino)phosphoranilideneamino]-
phosphoq}pm éhloride in 20 m¢ of THF was added, fol-

10 lowed by stirring to obtain a suspension.

In an autoclave similar to tﬁat employed in Exam-
ple 31, the suspension obtained by the above-described
procedures was éharged. The suspension was heated with
stirring under reduced pressure so that the THF was

15 distilled off. After that, the reactor was purged with

. dry nitrogen gas and its contents were heated to 100°C.

While intermittently feeding propylene oxide so that
the pressure during the reaction remained around
3.0 kg/cmz, the contents weré reacted at 100°C for 6

20 hours. The contents were then allowed toc cool down to
room temperature, and the remaininé unreacted propylene
oxide was distilled off under reduced pressure. Color-
less, odorless polyoxypropylenetriol was bbtained in an
amount of 336 g. Its hydroxyl number was 114.

25



amounts of the al kyl ene oxi de conpound(s) and ot her conponents to be used
and the pol ymerization tenpera- ture. As the pressure at the tinme of the
pol ymeri za- tion, it is generally 30 kg/cnferr] (absolute pressure, 10
this will apply equally hereinafter) and nmay range preferably fromO0.1 to
15 kg/cn2, nore preferably from1 to 10 kg/cnferr]. The reaction tine

vari es depending on the kinds and anounts of j{he_substances to be used, but
is generally 70 hours or shorter and nay range 15 preferably fromO0.1
to 30 hours, nore preferably from0.5 to 24 hours. Upon pol ynerization
reaction, a solvent can al so be used as needed. Usabl e exanples of the

solvent in- clude ebmpaRatevayskamplions such as pentane, hexane, 20
hept ane and cycl ohexane; aromatic hydrocarbons such as benzene and tol uene;

et hers such as diethyl eIhea,similakynanharaas thé- loomenestageaofsBkam-and
aprotic polar solvents such as dinet hyl sul foxi de, N, N-di nethyl -
ple 33, the moncpotassium salt of glycerol was prepared
in a form contained in excess glycerol. Without addi-
5 tion of tetrakis{tris(dimethylamino)phosphoranilidene-
amino)phosphonium chloride to the salt, 20 m¢ of THF
were added so that a suspension was obtained. A
polymerization reaction was. conducted in exactly the
same manner as the polymerization reaction of Example
10 33 exceé; that the above-prepared suspension was used
in place of the suspension employed in Example 33. The
reaction was extremely slow and propylene oxide was
consumed only slightly. The contents of the autoclave
was 23 g, which was only slightly greater than the
15 weight of the charged glycerol itself.
Examples 34-37
In each example, the procedures of Example 33
were repeated likewise except that instead of glycerol,
the active hydrogen compound shown in Table 4 was used
20 in the amount also indicated in the same table.‘ The

results are presented together with the results of Ex-

ample 33 in Table 4.

25



f ormam de, hexanet hyl phosphoranm de and N, N -di net hyl - 25

i m dazol i dinone. Any other solvents are al so usable - 74 - unless they
i.nhibit the polynerization reaction in the process of the present

i nvention. The polynerization reacti-oniin-t he process of the present

I nvention can be conducted in the presence of an inert gas such as 5
nitrogen or argon if necessary. The pol y(al kyl ene oxi de) obtained in
accordance with the process of the present invention nmay be used as a raw
material for a pol yurethane foamor elastoner or as a surfactant either as
Is or after renoval of a 10 sol vent when the solvent is used in the
pol yneri zation reaction. In general, however, the poly(alkylene oxide) is

used after its treatnent Wrrw‘a’n1n,ral adl d
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such as hydrochl oric acid, phosphoric acid or sulfuric acid; an organic
carboxylic acid such as formc acid, 15 . acetic acid or propionic acid;
an acid-formion- exchange resin; or the like. It is also possible to
conduct conmmonl y-enpl oyed purification, for exanple, to wash the

pol y(al kyl ene oxide) with water, an organic solvent or a mxture thereof.
20 ‘The present invention wll ngx{,be_described in further
detail by the foll owi ng exanpl es. These exam ples should however be
interpreted to be solely for the purpose of illustration but not
limtation. 25 - 75 - Exanple 1 (Synthesis of the tetrakis

tris(di methyl am nogxample 38
In exactly.the same manner as in the former stage
of Example 33, a suspension was obtained. 1In an
autoclave similar to that employed in Example 33, the
5 above-obtained suspension was charged. Without dis-
tilling off THF; it was employed as a solvent for a
polymerization reaction. The reactor was purged with
dry nitrogen gas and its contents were heated to 100°C
under stiyring. While intermittently feedipg propylene
10 oxide sorthat the pressure during the reaction remained
around 3.0 kg/cmz, the contents were reacted at 100°C
for 6 hours. The remaining unreacted propylene oxide
-and the solvent were distilled off under reduced pres- .
sure. Colorless, odorless polyoxypropylenetriol was
15 obtained in an amount of 390 g. Its hydroxyl number
was 97.
Examples 39-41
| In each example, the procedures of Example 38,
namely, Example 33 were repeated in exactly the same
20 manner except that instead of glycerol, the active
hydrogen compound shown in Table 5 was used in the sam;
amount (222 mmol) and that in place of THF, the solvent
shown in Table 5 was used in the same amount (20.0 ml).

The results are presented together with the results of

25 Example 38 in Table 5.



phosphor ani | i deneam no] phosphoni um salt of nethanol;
[(Me[err]N)[err]P=N][err]P[err] (MO (Me represents a nethyl group; 5
this will hereinafter apply equally)) -Sodi um hydride (240 ng, 10.0 mmol)
was weighed in a 100-m eggpl ant-type ¥I3ask, to which 20 ml of DVSO (which
stands for dinmethyl sulfoxide; this will herein- after apply equally) were
added to form a suspension. 10 The suspension was heated at 80C for 1
hour so that a honpbgeneous solution of a green color was obtained. Methanol
(320 ng, 10.0 nmmol) was added to this solution at O[err]C under a nitrogen
gas atnosphere so that sodi um nethoxi de was formed. The resultant m xture
was stir- 15 red for 1 hour, followed by the addition of 7.8 g (10.0

mol ) of tetrakis[tris(dijrethylam no)phosghoranilidene- am no] phosphoni um
chloride {[(Me[err]N)[errlR=NI[err]P[efr] @ ferr]) (pro- duct of Fluka
Corp.) at room tenperaturle8 [Fhe|thus- ¢btdi fled m xture was then stirred for
2 hours and was 20 coE%antrated upderl educed pressure to dryness.
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mlliliters of THF (which stands for tetrahydrofuran; this will hereinafter
apply equally) were added to the residue. After the insoluble matter was
filtered off, the filtrate was concentrated to dryness, whereby 7.6 g 25
of the target phosphazeniumsalt of the active hydrogen - 76 - compound,
I.e., the tetrakis[tris(dinmethylam no)- phosphoranilideneam no] phosphoni um
salt of nethanol were obtained as a colorlgs Ly substance. Its yield was
98% A [err]P-NVMR and 1H NMR spectra of its Od[err] 5 solution are
shown in Fig. 1 and Fig. 2, respectively. Chem cal shifts by the 31P-NVR
i n which 85% phosphoric acid was used as an external reference, are '
observed at -37.4 gpémg1& #PM which can be attributed respectively to the
central phosphorus atom and to the surroundi ng

In a 100-mf{ eggplant-type flask, weighed were

20.0 g.(20{0 mmol) of polydxypropylenetriol which had a
hydroxyl number of 168 and had been industrially pro-
duced using glycerol and potassium hydroxide as in-
itiators (product of Mitsui-Toatsu Chemicals Inc.). A
0.1 N aqueous solution of potassium hydroxide (4.6 m¢,
0.46 mmol) was added, followed by stirring to obtain a
suspension. The suspension was heated to 110°C, at
which dry nitrogen gas was bubbled pnder réduced pres-
sure to remove water, whereby the monopotassium salt of
polyoxypropylenetrioi was formed. To the salt, a solu-
tion of 347 mg (0.46 mmol) of tetrakis[tris(dimethyl-
amino)phosphoranilidéneamino]phosphonium chloride in

20 mf{ of THF was added, followed by stirring to obtain
a suspension.

A polymerization reactioh was conducted in exact-
ly the same manner as the polymerization reaction of
Example 33 except that iﬁstead of the THF suspension
obtained from the monopotassium salt of glycerol and
teﬁrakis[tris(dimethylamino)phosphoranilideneamino]—'
phosphonium chloride, the suspension obtained from the
monopotassium salt of polyoxypropylenetriSI and
tetrakis[fris(dimethylamino)phosﬁhoranilideneamino]-

phosphonium chloride by the above-described procedures



10 four phosphorus atons in the tetrakis[tris(dinethyl-

am no) phosphor ani | i deneam no] phosphoni um-cati on,
[(Me[err]N)[err]P=N][err]P[err]. On the other hand, chem cal shifts by the
[err]H-NMR, in which TMS (which stands for tetramethyl- silane; this wll
herei nafter apply equally) was used 15 as an internal reference, are
observed at 26 and 3.2 ppm The former che 'i | _shift can be attributed to
the nethyl groups in the tetrakis[tris(dinephysanino)-

phosphor ani | i deneam no] phosphoni um cation and is ob- served as a doubl et
for their coupling with the 20 phosphorus atom whereas the latter can

be attributed to thasmathyl, gceuBriesthecieilesy,aniguidl polyosysn- tal
analysis data (w.% this wll herei nafter apply equally) were: C 38.55, H

9.90, N 29.51, P 2prépylenetriciaivad: obtadned, i an8amokin29od7 23R 20Q. 0ts
25 Exampl e 2
' hydroxyl number was 15.
Example 43 .
Ethylenediamine (13.3 g, 222 mmol) was weighed in
a 100-m¢ eggplant-type flask. Subsequent to dilution
-with 20 m¢ of THF, the resultant solution was cooled
to =70°C, féllowed by the addition of 5.0 m¢ of a 1.0 M
solution of n-butyl lithium in hexane (5;0 mmol in
terms of n-butyl lithium). After the resultant mixture
was stirred at the same temperature for 10 minutes, its
temperature was allowed to rise back to room tempera-
ture over about 30 minutes, and the mixture was stirred
for further 30 minutes so that the monolithium salt of
ethylenediamine was obtained. A solution of 3.78 g
(5.0 mmol) of tetrakis[tris(dimethylamino)phosphor-
anilideneamino]phosphonium chloride in 20 m¢ of THF
was added to the salt, followed by stirring for 2 hours
to obtain a homogeneous solution.
A polymerization reaction was conducted in exact-
ly the same manner as the polymerization reaction of
Example 33 except that instead of the THF suspension,
the THF solution obtained above from the monolithium

salt of ethylenediamine and tetrakis[tris(dimethyl-

amino)phosphoranilideneamino]phosphonium chloride was



- 77 - (Synthesis of dinethylamnotris[tris(dinmethylam no)-
phosphor ani | i deneam no] phosphoni um tetrafl uoro- borate;
(Me[err]N['(Me[err]N)[err]P=N][err]P[err]BF[err] ) In a 300-m 3-necked
flask fitted with a 5 t hernoneter and a dropping funnel, 10.0.g (48.0
mol ) of phosphorus pentachl ori de were wei ghed, to which 50 mM of THF were
added to forma suspension. The suspension_m?fscgoled to -70[err]C, to
which a solution of 50.0 g (280.5 mml) of tris(di nethyl am no) phosphazene
10 {(Me[err]N)[err] P=NH), which had been synthesized by the pro- cess
descri bed on page 1362 of Reinhard Schwesinger, et al. Angew. Chem Int.
Ed. Engl., 32, 1364sd@63 $1D§8t1y! Br&nith pf odbtlues, atliigdidr peyvegyover 1
hour. After the resultant m Xture was stirred at the sane tenpera- 15
ture for 30 m nut esropyFehe€tPeradlir vasasbeaine@dinoani arotiatkof 0209081 -
tenperature over about 30 m nutes, :

Its hydroxyl number was 250.

Examples 44-46

In'eéch example, the procedures of Example 43
were repeated in exactly the same manner except that
instead of ethylenediamine, the amine compound shown in
Table 6 was used in_the same amount (222 mmol). The
results are presented together with the results of Ex-

-

ample 43 in Table 6.



followed by stirring for 20 hours. The resultant in- soluble matter was
filtered off and the filtrate as charged in a 500-nm autoclave. After 46.0
g (1.0 nol) 20 of di nethylam ne were added at O[err]Cto the filtrate,
they were reacted at 80[err]C for 20 hblrs. The reaction m xture was
concentrated to dryness under reduced pres- sure, followed by the addition
of 180 m of & 70% aqueous sol ution of nonoethylam ne so that the residue
25 was converted into a honogeneous solution. After an - 78 -
aqueous solution of 6.3 g (57.7 mmol) of sodiumtetra- fluoroborate in 20
m of water was added, 400 ml of water were added and the resulting m xture
was |left over at roomtenperature for 24 hours. The resultant 5

crystals were collected by filtdatijon andjt heh washed

&
[
.g
o)
=
lo|lajo | =
— || dA] ] 0
>l N A
]
O
H
T
>
o
o
A
|~ | d
sloian]| 4|0
- AR R RS
]
A
>

Table 6

Active hydrogen compound
Ethylenediamine
Piperazine
Piperidine

N,N'-Dimethylethylenediamine

Ex.
43
44
45
46




twice with 100 m portions of a 25% aqueous sol uti on of nonoet hyl am ne.
They were recrystallized froma 5:1 m xed sol vent of diethyl ether and

nmet hyl acetate, whereby 14.5 g of dinmethylam notris[tris(dinethyl- 10

am no) phosphor ani | i deneam no] phosphoni um tetrafl uoro- borate, a
phosphazenium salt, were obtained. Its yield was 44% Its nelting point was
224-226[err] C° A 31P-NWR and 1H NWR spectra @fgits CDCl [err] solution are
shown in Fig. 3 and Fig. 4, respectively. Its elemental analy- 15 sis
data were: C 34.53, H8.71, N 26.10, P 17.99 (cal- culated: C 34.64, H
8.72, N 26.26, P 17.87). (Synthesis of the dinethylamnotris[tris(dinethyl-
am no) phosphor ani | glgnpaasnaypbosphoni um salt of nethanol ;
(Me[err]N[(Me[err]N)[err]P=N][err]P[err] (MO ) 20 - In exactly

t he same manner as i n Ex@npeach examplefothehprosedutes of Example 33

di et hyl am notris[tris(di nethyl am no)- phosphoranilideneam no] phosphoni um
tetrafluoroborate,WQNECNePadtgéeﬁns9ﬁﬂﬁgéYzgbeb§aﬂﬁem3569€-G§§GPFb§Ha§ro-

instead of tetrakis[tris(dimethylamino)phosphor-
anilideneamino]lphosphonium chloride, the phosphazenium
chloride shown in Table 7 was used in the same amount
(5.0 mmol). The results are presented in Table 7. The
phosphazenium chlorides employed in Examples 47-52 were
synthesizgd-by fhe process of Example 2, 3, 9 or 10 or
a similé; process, while the phosphazenium chlorides
used in Examples 53-60 were each synthesized by react-
ing hydrogen chloride with a corresponding phosphazene
base obtained on the market or synthesized by a conven-

tional process.
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t hernoneter and a dropping funnel, 1.6 g (7.8 mml) of phosphorus
pent achl ori de were wei ghed, to which 20 m 15 of THF were added to
forma suspension. The suspension was cooled to -70[err]C, to which a
solution of 20.0 g (78.0 nmol) of tri(pyrrolidin-1-yl)phosphazene {Py3P=NH}
in 20 mM of THF was added dropw se over 1 hour. After the resultant m xture
was stirred at the 20 same tenperature fgn 30 mnutes, its tenperature
was allowed to rise back to roomtenperature over about 30 m nutes,
followed by stirring for 12 hours. The THF was distilled off under reduced
pressure, followed by a reaction at 110[err]C for 41 hours. The reaction
m xture 25 wagxampdesdetie7gool down to room tenperature, to which -
80 - 100 m of a 70% aqueous sol ution of nonoethyl am ne

In each example, the procedures of Example 33

were repeated in exactly the same manner except that
instead of tetrakis[tris(dimethylamino)phosphor-

5 anilideneamino]phosphonium chloride, the inorganic
aﬁion salt of phosphazenium shown in Table 8 was used.
The various phosphazenlum salts employed in these exam-
ples were each synthesized from the corresponding
phosphazgnlum chloride by a conventional ion-exchange

10 process*;r by a reaction between the corresponding
pﬁosphazene base or phoéphazenium hydroxide and the

corresponding acid. The results are presented together

with the results of Example 33 in Table 8.

15
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were added to form a honogeneous sol ution. An aqueous solution of 1.0 g
(9.4 mmol) of sodiumtetrafluoro- borate.in 5 nm of water was added to the
honbgeneous 5 solution, and the resulting m xture was | eft over at
O[err]C for 24 hours. The resultant crystals were col- lected by
filtration. The crystals were washed +wl2& with 10 ml portions of an

| ce-cool ed 70% aqueous sol u- tion of nonoethyl am ne. They were
recrystallized from 10 a 1:10 m xed sol vent of methanol and et hyl
acetate, whereby 5.2 g of tetrakis[tri(pyrrolidin-1-yl)phosphor-

ani | i deneam no] phosphoni um tetrafl uoroborate, a phosphazeniumsalt, were
obtained. Its yield was 59% Upon neasurenent of its nelting point, it

began to be 15 colforep fom@aropnad[Z2af erf ] C] under jveny gr[acupt
deconposi - tion wilt hout| me| timg, land| pr¢sented|a Bl agk cplofg at| 27pC. {A
[err] H NMR spectr U iL._s céer&’] s‘“olt%io% &shg nin{ig:a 6 ts
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20 8.50, N 19.67, P 13.60). (Synthesis of the
tetrakis[tri(pyrrolidin-1-yl)- phosphoranilideneam no] phosphoni um salt of
tert- butanol; (Py[err]P=N)[err]Plerr](tert-Clerr]Herr]O/[err]) In exactly
the sane manner as in Exanple 1 except 25 that
tetrakis[tri(pyrrolidin-1-yl)phosphoranilidene- - 81 - am no} phosphoni um
tetrafl uoroborate, which had been synthegsjggd_by the above-descri bed
procedures, was used instead of tetrakis[tris(dinmethylam no)phosphor-
ani | i deneam no] phosphoni um chl oride, that tert-butanol 5 was used in
pl ace of nethanol and that the scale of the reaction was reduced to 1/3,
the target salt, | Bxamples 74-80
tetrakis[tri(pyrrolidin-1-yl)phosphoranilideneam no]- phosphonium salt of
tert-butanol was obt ai nedn lgach example, the procedures of Example 33 -
were repeated in exactly the same manner except that
instead of tetrakis([tris(dimethylamino)phosphor-

5 anilideneamino)phosphonium chloride, the kind and
amount of the phosphazenium salt and the amount of the
monopotassium salt of glycerol (and hence the amount of
potassium hydroxide) were changed as shown in Table 9.
The results are presented together with the results of

10 Example 33 in Table 9.
Examples 81-86
| In each example, the procedures of Example 33
were repeated in exactly the same manner except that
the corresponding alkylene oxide shown in Table 10 was
15 used instead of propylene oxide and that the cor-
responding phosphazenium salt shown in Table 10 was
employed. The results are presented in Table 10.
Examples 87-89
In each example, the procedures of Example 33
20 were repeated in exactly the same manner except that
the reaction temperature and the pressure during the
reaction were changed as shown in Table 11. The
results are presented together with the fesults of Ex-

ample 33 in Table 11.
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yield was 99% A 1H NWR spectrumof its DVSO-d[err] solu- 10 tion is
-shown in Fig. 7. |Its elenmental analysis data were: C 55.19, H 9.82, N
20.33, P 13.54 (calculated:” C 55.50, H 9.40, N 19.91, P 13.76). Exanple 4
(Synthesis of the tetrakis[tris(dinmethylamno)- 15

phosphor ani | i deneam no] phosphoni um sal323of phenol ;
((Me[err]N[err]P=N)[err]Plerr] (CerrJHerr]O ) In exactly the sane
manner as in Exanple 1 except for the use of phenol instead of nethanol,

the target salt, i.e., the tetrakis[tri (dinmethylam no)phosphor- 20
ani | i deneam no] phosphoni um salt of phenol was obtained. A 1-NWR spectrum of
its DMSO-d6 solution is shown in Fig. 8. Its elenental analysis data were:
C 43.15, H 9.69, N 27|19, B 1§ 18} (calcul at ¢d: |C 43.21%%19.32, N 26.91, P
18.59). 25 Exanpl{e~5 ©
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- 82 - (Syntheéis of the tetrakis[tris(dinethylam no)-
phosphor ani | i deneam no] phosphoni um salt of acetic acid,;

[(Me[err]N)[err]P=N)[err]Plerr] (CH err]COO [err]) Anhydrous sodium acetate
wei ghed in a 300-m eggpl ant-type fl ask,

(2.0 g, 24.0 mol) was 5
to forma honbgeneous

foll owed by the addition of 100 ml of ¥24& Ranol

solution. At roomtenperature,

tetrakis[tris(dimethylam no)phosphor- anilideneam no] phosphoni um chl ori de

18.9 g (24.4 mol) of

was added to th
hour. The net ha
was added to th
filtrate was th
obt ai ned. The
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Note: In the table, "t-oct" represents "tert-octyl".

on, followed by a reaction for
reduced pressure.
matter was filtered off.

THE (100 m)

whereby a solid was 15

of hexane

The

Hydroxyl
number

114

101

922

146

Yield
(9)

330

375

411

260

Table 11

Temperature
(*C)

100

100

110

80

Pressure
(Kg/cm?)

Ex.

33

87

88

89
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and then dried under reduced pressure, whereby the farget phosphazeni um

salt of the active hydrogen com pound, i.e., the .
tetrakis[tris(dimethylam no)phosphor- anilideneam no] phosphoni um salt of
acetic acid, was ob- 20 tained. Its yield was 99% A 1H NWVR spectrum

of its DMBO-d[err] solution is shown in Fig. 9. Its elenental analysis data
were: C 38.56, H9.91, N 28.19, P 19.00Q ( culated: C 39.09, H9.46, N
28.05, P 19.39). Exanple 6 25 (Synthesis of the
nmono{tetrakis[tris(dimnmethylam no)- - 83 -
phosphor ani | i deneam no] phosphoni un} salt of N, N - dinethyl et hyl enedi am ne;
[(Me[err] N)3P=N) [ eekakprer 6 VeNHCH err] CH err]- Nwe)[err])
N, N- Di et hyl et hyl enedi ami ne (0.4 g, 5.0 mml) was
Glycerol (460 mg, 5.0 mmol) was weighed in a
100-m¢ eggplant-type flask, to which 50 m¢ of ethyl
ether were added to form a homogeneous solution. Using
5 a dry ice bath, the solution was then cooled to =-70°C.
After 987 mg (10.5 mmol) of amyl sodium synthesized
from amyl chloride and metallic sodium were added at
-70°C to the thus-cooled solution, the resulting mix-
ture was gtirred at the same temperature for 30
10 minutes:r The temperature.of the mixture was allowed to
rise back to room temperaturé over 1 hour, followed b&
stirring for 1 hour. To the mixture, 7.75 g
(10.0 mmol) of tetrakis{tris(dimethylaminophosphor-
anilideneamino)phosphonium chloride were added at room
15 temperature. Subsequent to stirring for 6 hours,
precipitated NaCl was filtered off under a nitrogen gas
atmosphere. The filtrate was concentrated to dryness
under reduced pressure, whereby the bis {tetrakis[tris-
(dimethylaminophosphoranilideneamino]phosphonium} salt
20 of glycerol, namely, {[(Me,N),P=N],P*},(Gly)2~
(" (Gly) 2~n represents a divalent anion of glycerol),
was -synthesized.
A polymerization reaction was conducted in exact-

ly the same manner as the polymerization reaction of

25 Example 31 except that instead of the phosphazenium



5 wei ghed in a 100-m Schl enk tube, to which 10 ml of THF were added.
To the resultant mxture, 5.0 mM of a 1.0 M hexane sol ution of n-butyl
lithium (5.0 nmol in terns of n-butyl lithiun) were added at OC. The thus-
obtained m xture was stirred at the sane tenperature 10 for 10

m nut-es, followed by further stirring at roomtenperature for 30 nminutes so
t hat m)nol I thrumsalt of N, N-dinethyl et h;éze%]edl am ne was fornmed. The
resultant m xture was cooled to -50[err] ol l owed by the addition of a
solution of tetrakis[tris(dimethylam no)phosphor- 15

ani | i deneam no] phosphoni um chl ori de (3. 9 g, 5.0 mol) in 30 M of THF.

Subsequent to stirgang dée@hent RuRpaeuse, f BheSpRbsph&genilit saIpebat ure of
the reac- tion mxture was allowed to rise back to roomtenpera- ture over

30 m nutes and wasgljeerobnsgnthasigdedndpgrtB8 aboverddsceibpdeprocedupes
dryness. Toluene (50 m) was added to the residue, the insoluble matter
was filtered of f, Wag uwsedfintantamoupntt€n7cbhicgn(Palcumod)dr yRedorless,

odorless, liquid polyoxypropylenetriol was obtained in
5 an amount of 391 g. Its hydroxyl number was 97.
"~ Example 91
A suspension was obtained in a similar manner as
in Example 33 except that instead of the aqueous solu-
tion of potassium hydroxide, 2.2 m¢ (2.2 mmol) of a
10 1.0 M aqgeous solution of barium hydroxide were used.
The procedures of Example 33 were repeated in exactly
the same manner except that the polymerization reaction
time was changed to 24 hours. Colorless, odorless,
liquid polyoxypropylenetriol was obtained in an amount
15 - of 181 g; Its hydroxyl number was 213.
Example 92
In a 100-m¢ eggplant-type flask, weighea was
35.0 g (11.4 mmol) of polyoxypropylenetriol which had a
hydroxyl number of 55 and had been industrially pro-
20 duced using glycerol and potassium hydroxide as in-
itiators (product of Mitsui-Toatsu Chemicals Inc.). A
0.1 M hexane solution of di(n-butyl) magnesium
(1.7 m¢, 0.17 mmol) was added at room teméerature.

The resultant mixture was heated at 100°C under stir-

25 ring for 3 hours and was then allowed to cool down to



whereby the target phosphazenium salt of the active hydrogen conpound,
I.e., the nono{tetrakis[tris- 25
(d|nethylan1no)phosphoran|Ildenean1no]phosphon|un} salt - 84 - of
N, N - di net hyl et hyl enedi am ne was obtained as a solid. Its yield was 97% A
1H NWVR spectrumof its THF-d8 solution is shown in Fig. 10. Its elenenta
anal ysis data'were: C 40.79, H 10.45, N 3,41 P 18.23 5 (cal cul at ed:
C 40.67, H 10.12, N 30.49, P 18.73). Exanple 7 (Synthesis of nono(tetrakis
tri s(di methyl'am no)- phosphoranili deneani no] phosphoni un) salt of
pi perazine; [(Me[err]NJ[err]P=N)[err]P[err](Cerr]Herr]Nerr])[err]) 10
In exactly the sanronnnhempexatnrﬁxanmbetﬁeemaxpuréoratBeluteonfoﬁlpsnamgne
instead of N, N -dinethyl-
(0. 34 mmol) of tetrakls[trls(dlmethylamlno)phosphor-
anilideneamino]phosphonium chloride ;n 20 mé of THF
was added to obtain a homogeneous solution. A
5 polymerization reaction was conducted in exactly the
same manner as the polymerization reaction of Example
33 except that the above-prepared solution was used in-
~stead of the suspension used in Example 33 and that the
polymerization reaction time was changed to 24 hours.
10 Colorless, odorless, liquid polyoxypropylenetriol was
obtained in an amount of 48 g. Its hydroxyl number was
42.
Example 93
Potassium methoxide (0.42 g, 6.0 mmol) was
15 weighed in a 50-m¢ eggplant-type flask, followed by
the addition of 20 m¢ of acetonitrile to form a
homogeneous solution. To the solution, 4.65 (6.0 mmol)
of tetrakis([tris(dimethylamino)phosphoranilideneamino]-
phosphonium chloride were added and the resultant mix-
20 ture was stirred for 2 hours. After the reaction mix-
ture was concentrated under reduced pressure to dry-
néss; 20 m¢ of THF were added. Undissolved KCl was
filtered off under a nitrogen gas.atmosphére, and the

filtrate was concentrated to dryness under reduced

25 pressure, whereby the tetrakis{tris(dimethylamino)-



et hyl enedi am ne, the target phosphazenlun1salt of the active hydrogen
conpound, i.e., the nono(tetrakis[tris-

(di met hyl am no) phosphor ani | i deneam no] phosphoni un} salt 15 of

pi perazine was obtained. Its yield was.98% A [err]H NW and 13C NWR
spectra of its THF-d8 solution are shown in Fig. 11 and Fi.g.-

respectively. Its el emental analysis dafgogere: C 41.02, HO. 56 N 30.11, P
18.97 (calculated: C 40.77, H 9.90, N 30.56, P 20 18.77). Exanple 8
(Synthesis of - tetrakls[trls(dlnethylan1no)phosphor-

ani | i deneam no] phosphoni um salt of piperidine;

[(Me[err]N)[err] P—bhbepn&:ﬂmﬂidﬁx@éﬁihbwnbéa:nennhm 251t of methanoDd was
exactly the sane manner as in Exanple 6 except - 85 -
synthesized. : -
A polymerization reaction was conducted in exact-
ly the same manner as the polymerization reaction of
5 Example 31 except that 3.85 g (5.0 mmol) of the
phosphazenium salt of methanol synthesized by the
above-described procedures, were used in place of the.
mono{tetrakis[tris(dimethylamino)phosphoranilidene-
amino]phogphonium) salt of glycerol, that fresh
10 glyceroi’was not used and that the reaction time was
changed to 20 hours. .Colorleés, odorless, liquid
polyoxypropylenemonool of high viscosity was obtained
in an améunt of 177 g. Its hydroxyl number was 1.9. A
polymer of high molecular weight was obtained.
15 Example 94
A polymefization reaction was conducted in exact-
ly the same manner as the polymerization reaction of
Example 31 except that instead of the mono{tetrakis-
[tris(dimethylamino)phosphoranilideneamino]phosphonium}
20 salt of glycerol, 4.12 g (5.0 mmol) of the phospha-
zenium salt of piperazine, said salt having had been
synthesized in Example 17, namely, the tetrakis{tris-
(dimethylamino)phosphoranilideneamino]phoéphonium salt
of piperazine were used. Colorless, odorless polyoxy-

25 propylenetriol was obtained in an amount of 261 g. 1Its



for the use of piperidine instead of N, N -dinethyl- ethylenediamne, the
target phosphazenium salt of the active hydrogen conpound, i.e., the
tetrakis[tris- (dimethylam no)phosphoranilidenean no] phosphoniumsalt 5

of piperidine was obtained. Its yield was 97% - A [err]H NWR spectrum of
Its THF-d8 solution is shown in Fig. 13. Its elenmental analysis data were:
C 42.55, H 10.01, N 28.45, P 19.21 (calculafed: C 42.27, H 10.03, N 28.90,
P 18.80). 10 Exanpl e 9 (Synthesis of

di ethylam notris[tris(diethylam no)- phosphoranilideneam no] phosphoni um
tetrafluoro- borate; (Et[err]NJ[(Et[err]NJ[err]P=N)[err]P[err]BF[err], (Et

represents an et hyhygeesupl htihbew Whsheasinafter apply equally) 15
In a 300-m 3-necked flask fitted with a thernoneter and a droppi ng funnel,

3.2 g (15.1 nmol ) Bkappdbepdbrus pentachl ori de were wei ghed, to which 100 mi
of nethylene chloride were added to form a suspensi on. _
In an autoclave having an actual capacity of
600 m¢ and equipped with a temperature measuring tube,
5 ~ a pressure gauge, a stirrer and an alkylene oxide inlet
tube, charged were 3.78 g (5.0 mmol) of a phosphazenium
compound synthesized in a similar manner as in Example
24, namely, tetrakis[tris(dimethylamino)phosphor-
anilidéngamino]phosphonium hydroxide {[(MezN)3P=ﬁ]4P+
10 OH™} an&rzo.o g (217.4 mmol) of glycerol. After that,
the autoclave was purged with dry nitrogen gas and its
contents were heated to 80°C. While intermittently
feeding propylene oxide so that the pressure during the
reaction remained around 3.0 kg/cm?, the contents were
15 reacted at 80°C for 6 hours. After the contents was
maintained under 10 mmHg for 30 minutes, the pressure
was allowed fo return to normal pressure with nitrogen
gas and the contents were allowed to cool down to room
temperature. Colorless, odorless, liguid polyoxy-
20 propylenetriol was obtained in an amount of 264 g. 1Its
hydroxyl numﬁer 142, |
Comparative Example 5
A polymerization reaction was condﬁcted in exact-

ly the same manner as the polymerization reaction of

25 Example 95 except that tetrakis[fris(dimethylamino)-



The suspension was cooled to -70[err]C, to which a sol ution 20 of 1.1
g (15.1 mmol ) of diethylamne and 1.8 g (18.2 mmol) of triethylamne in 20
m of methylene chloride was added dropw se over 1 hour. After the :
resultant mxture was stirred at the sane tenperature for 30 m nutes, 35.7
g (0.1 nmol) of tris(diethylamno)- 25 phosphazene
{(Et[err]N)[err] P=NH} were added. The_t perat ure - 86 - of the

resul tant mxture was allowed to rise back to room tenperature over about
30 mnutes. The methylene - chloride and triethylamne were distilled off
under reduced pressure and 10 ml of acetonitrile were added 5 to and

m xed with the resphitephorawilid@énédhthdPshotphohilif NPEr&RIEENGFASt Rt O
dryness. After that operation was additionally repeated tw ce, the residue
was heat ed used. Propylene oxide was not consumed at all and the
- weight of the contents of the autoclave was 20.1 g.
This weight was substantially the same as the weight of
5 the glycerol itself charged in the autoclave, and no
polyoxypropylenetriol was obtained.
Example 96
Tetrakis[tris(dimethylamino)phosphoranilidene-
.amino]phogphonium hydroxide (5.78 g, 5.0 mmol).was
10 weighed ;ﬁ a 100-m¢ eggplant-type flask, to which 20.0
g (217.4 mmol) of glycerol were added. The resultant
mixture was heaﬁed under stirring into a homogeneous
mixture. Dry nitrogen gas was then bubbled at 100°C
and 5 mmHg to remove byproduced water, whereby a mix-
15 ture of excess glycerol and the phosphazenium salt of
glycerol contained therein, namely, the mono{tetrakis-
[tris(dimethylamino)phosphoranilideneamino]phosphonium'
salt of glycerol {[(Me,N)3P=N],P*Gly”} was obtained.
In an autoclave similar to that employed in Exam-
_29 ple 95, the mixture obtained by the above-described
procedures was éharged in its entirety. The autoclavg
was purged with dry.nitrogen gas and its contents were
heated to 80°C. While intermittently feeding propylene

oxide so that the pressure during the reaction remained

25 around 3.0 kg/cm?, the contents were reacted at 80°C



and reacted at 110C for 24 hours. The reaction mx- ture was allowed to
cool down to roomtenperature. THF 10 (30 M) was added and m xed with
the reaction mxture. Trichloroethane (4.5 g, 33.7 muvl) was added at
O[err]C, followed by stirring for 2 hours. The reaction m xture was
concentrated under reduced pressure to dryness and to the residue, 150 mi

of a 70% aqueous sol ution of 15 nqpoggfylanine were added to form a
honbgeneous sol u- tion. An aqueous solution of 2.0 g (18.2 mmol) of sodi um
tetrafl uoroborate in 5 mM of water was added to the honbgeneous sol ution,
foll owed by the addition of 150 ml of water. The resultant m xture was |eft

over 20 at ro?ﬁ?ﬁ%nﬂﬁhiﬁqreAEQerQth%b%teﬁEEewéQ&Uhhiﬁtaihﬁ&-uhabi

were col |l ected by ration and were then washed twice with 20 ml portions
of a 35% aqueous sqlouin®g ForTBOOR i Myted, neheByrésgure wadealletededo

pressure, 14.7 g of crystals were obtained. The crystals were 25
suspended in 10 nl rdiseTHackl dlol mexthally pirielsisuatel arith nitrogen gas and the
contents were allowed to cooled down to room tempera-
5 ture. Colorless, odorless polyoxypropylenetriol was
obtained in an amount of 289 g. Its hydroxyl number
was 129. |
Example 97
" A Qolymerization reaction was conducted in exact-
10 ly the ;;me manner as the polymerization reaction of
Example 95 except that 3.85 (5.0 mmol) of tetrakis-
[tris(dimethylamino)phosphoranilideneamino]phosphonium
methoxide ([ (Me,N)3P=N]4P*CH;07}, a phosphazenium com-
pound synthesized in a similar manner as in Example 1,
15 were used instead of tetrakis([tris(dimethylamino)-
phosphoranilideneamino]phosphonium hydroxide and that
the polymerization reaction temperaturé was changed to
100°C. Colorless, odorless ﬁolyoxypropylenetriol was
obtained in an amount of 324 g. Its hydroxyl number
20 was 116.
Example 98
Tetrakis[tris(dimethylamino)phosphoranilidene-
“amino]phosphonium methoxide (2.01 g, 2.61mmol) was

weighed in a 100-m¢ eggplant-type flask, to which 20.0

25 g (217.4 mmol) of glycerol were added. The resultant



- 87 - The filtrate was concentrated to dryness, whereby 0.90 g of
colorless crystals was obtained. The crystals were recrystallized from

wat er - net hanol , whereby 500 ng of

di et hylam notris[tris(diethylam no)phosphor- 5

ani | i deneam no] phosphoni um tetraf | uoroborate, a phosphazeniumsalt, were
obtained. Its'yield was 4% Accordi ng Lplgglu-NNR spectrumof its CDC [err]
solution, chem cal shifts are observed at™™0.9-1.5 (m 60H) and 2.8-3.6
(m40H) (Fig. 14), and its elenental analysis 10 data were: C 58.81, H
12.21, N 21.85, P 15.54 (calcu- lated: C 58.12, H 12.19, N 22.03, P 14.99).

(Synthesis of the g gthiréaga®ohested afddiesbikring into a homogeneous
am no) phosphor ani | i deneam no] phosphoni um salt of n- octanol;
(Et[err] N[ (Et[errpdtere] P-Diyenitibgen] gas Grasrthbarbabdled at 100°C
' and 5 mmHg to remove byproduced methanol, whereby a
mixture of excess glycerol and the phosphazenium salt
5 of glycerol contained therein, namely, the mono{tetra-
kis[tris(dimethylamino)phosphoranilideneamino]-
phosphonium} salt of glycerol was obtained.
In an autoclave similar to that employed in Exam-
ple 95, the mixture obtained by the above-described
10 procedures was charged in its entirety. The autoclave
was purged with dry nitrogen'gas and its contents were
heated to 100°C. While intermittently feeding
propylene oxide so that the pressure during the reac-
tion remained around 3.0 kg/cm?, the contents were
15 reacted at 100°C for 6 hours. After the contents were
maintained under 10 mmHg for 30 minutes, the pressure
was allowed to rise back to normal pressure with
nitrogen gas and the contents were allowed to cool down
to room temperature. Colorless, odorless polyoxy-
20 propylenetriol was obtaiﬁed in an amount of 267 g. 1Its
hydroxyl number was 138. .
Example 99
A polymerization reaction was conduﬁted in exact-

ly the same manner as the.polymefization reaction of

25 Example 95 except that 5.63 g (5.0 mmol) of tetrakis-



15 In a simlar manner as in Exanple 1 except that

di ethylam notris[tris(diethylam no)phosphoranilidene- am no] phosphoni um
tetrafl uoroborate, which had been synthesized by the above-descri bed
procedures, was used instead of tetrakis[tris(dimethylam no)phosphor- 20
ani | i deneam no] phosphoni um chl ori de, that n-octanol was used in place of

met hanol and fhat the scale of the reacti was reduced to 1/10, the target
phosphazenium salt of the active hydrogen Conpound, i.e., the

diethylam notris[tris(diethylam no)phosphoranilidene- 25

am no] phosphoni um salt of n-octanol was obtained. |Its - 88 - yield was

ts el emental anal bor s Har e e o G e e e D T

(cal culated: C ghosphonlum tert-butoxide {[Py3P—N]4P+tert-C4H90 }, a
phosphazenium compound synthesized in a similar manner
as in Example 3, was used instead of tetrakis[tris-

5 (dimethylamino) phosphoranilideneamino]phosphonium
hydroxide. Colorless, odorless polyoxypropylenetriol
was obtained in an amount of 281 g. Its hydroxyl num-
ber was 133.

Exanple 100
10 Tetrakis[tris (dimethylamino)phosphoranilidene-
amino]phosphonium hydroxide (9.08 g, 12 mmol) was
weighed in a 300-mf eggplant-type flask, to which
92.0 g (1.0 mol) of glycerol were added. The resultant
mixture was heated under stirring into a homogeneous
15 mixture. Dry nitrogen gas was then bubbled at 100°C
and 5 mmHg'to remove byproduced water, whereby a mix-
ture of excess glycerol and the phosphazenium salt of
glycerol contained therein, namely, the mono{tetrakis-
[tris(dimethylamino)phosphoranilideneamino]phosphonium)
20 - salt of giycerol was obtained.

In an autoclave similar to that employed in Exam-
ple 95, 21.92 g of the mixture obtained by the above-
described procedures were charged. The éutoclave was
purged with dry nitrogen gas and its contents were

25 heated to 100°C. While intermittently feeding styrene



56.71, H 11.60, N 17.91, P 12.19). 5 Exanpl e 10 (Synt hesis of

bi s(di et hyl am no) bi s[tris(diethyl- am no)phosphoranili deneam no] phosphoni um
tetra- fluoroborate; (Et[err]NJ[err][(Et[err]N)[err]P=N][err]P[err]BF[err])
In a 300-m 3-necked flask fitted with a 10 - thernmoneter and a dropping
funnel, 3.4 g (16.6 mml) of phosphorus pentachl oride were weighed, to
which 100 m of nmethylene chloride were L to forma suspension. The
suspensi on was cooled to -70[err]C, to which a solution of 2.4 g (33.1
mol ) of diethylamne and 4.0 g (40 15 mmol) of triethylamne in 20 n
of methyl ene chl oride was added dropw se over 1 hour. After the resultant

m xture was stirredxdflet 86 §RAE tREPpraksufef AuriAgnthet peac4ol fremdihed

nol ) of tris(diethylam no)- phosphazene were added. The tenperature of the
20 resul tant arsundeluwSskgytmfpdthe coatebtskwerer veactedpatalooec over
about 30 m nutes. The nethyl ene :
for 6 hours. After the contents were maintained under
5 mmHg for 2 hours, the pressure was allowed to rise
5 back to normal pressure with nitrogen gas and the con-
tents were allbwed to cool down to room temperatﬁre.
Colorless, odorless polyoxystyrenetriol was obtained in
an amount bf 374 g. Iﬁs hydroxyl number was 99.
Example 191
10 ' Bfrreacting dimethylaminotris(tris(dimethyl-
amino) phosphoranilideneamino]phosphonium tetrafluoro-
borate {[Me,N),P=N];(Me,N)P*BF,~) and potassium tert-
butoxide, dimethylamindtris[tris(diméthylamino)-
_ phosphorani;ideneamino]phosphonium tert-butoxide
15 { [Me,N) 3P=N] 3 (Me,N) Pttert-c,Hg0™) was obtained as a
phosphazenium cdmpound. In a 100-m¢ eggplant-type
flask, 163 mg (0.24 mmol) of the above phosphazenium
compound were weighed, followed by the addition of
20.0 g (20.0 mmol) of polyoxypropylenetriol which had a
20 hydroxyl number of 168 and had been industrially pro- |
duceq using glycerol and potassium hydroxide as in-
itiators (product of Mitsui-Toatsu Chemicals Inc.).
The resultant mixture was heated under stirfing into a

homogeneous mixture. Dry nitrogen gas was then bubbled

25 at 100°C and 5 mmHg to remove byproduced t-butanol,



chloride and triethylamne were distilled off under reduced pressure and 10
m of acetonitrile were added to and m xed wth the residue. The

t hus- obt ai ned m x- 25 ture was concentrated to dryness. After that
operation - 89 - was additionally repeated twi ce, the residue was heated
and reacted at 110[err]C for 24 hours. The reaction mx- ture was all owed
to cool down to roomtenperature. THF (3 )_ was added and m xed with the
reaction mxture. 5 Tri chl or oet hane .5 g, 33.7 mvl) was added at
O[err]C, followed by stirring for 2 hours. The reaction m xture was
concentrated under reduced pressure and to the residue, 150 ml of a 70%

aqueous sol ution o{hapaggt Qyﬁﬁl—.ﬁﬁe\/\efeeﬂaégg wek?p@obymaﬁaaeszu; aalu-
10 tion. An aqueous solution of 2. of sodi um
the phosphazenium salt of polyoxypropylenetr101 con-
tained therein, namely, the mono{dimethylaminotris-
[tris(dimethylamino)phosphoranilideneamino]phosphonium)
5 salt of polyoxypropylenetriol was obtained.

In an autoclave similar to that employed in Exam-
ple 95, the mixture obtained by the above-described
procedures was charged in its entirety. The autoclave
was purged with dry nitrogen gas and its contents were

10 heated ég 100°C. While intermittently feeding
propylene oxide so that the pressure during the reac-
tion remained around 3.0 kg/cmz, the contents were
reacted at 100°C for 6 hours. After the contents were

.maintained under 10 mmHg for 30 minutes, the pressure

15 was allowed to rise back to normal pressure with
nitrogen gas and the contents were allowed to cool down
to room tempéfature. Colorless, odorless polyoxy-
propylénetriol was obtained in an amount of 204 g. Its
hydroxyl number was 18.

20 Example 102

In an autoclave similar to that employéd in Exam-
ple 95, 21.92 g of the mixture of glycerol and the
phosphazenium compound'of glycerol, said hixture having
had been obtained in Example 100, were charged. While

25 intermittently feeding propylene oxide and ethylene



tetrafluoroborate in 5 mM of water was added to the honbgeneous sol ution,
foll owed by the addition of 150 ml of water. The resultant m xture was |eft
over at roomtenperature for 24 hours. The resultant crystals 15 wer e
collected by filtration and were then washed twice with 20 m portions of a
35% aqueous sol ution of nonoethylam ne. By drying under reduced pressure,
12.5 g of crystals were obtained. The cryi#€I§ were suspended in 10 m of
THF, followed by filtration. 20 The tTPtrate was concentrated to
dryness, whereby 1.2 g of colorless crystals were obtained. The crystals
were recrystallized from water-nethanol, whereby 650 ng of

Dbis(diet hyl am o) bigyiidd Slcfletiat/ 30 bIIQP hofti ABddARN S ol RARP R UM
tetrafl uoroborate, a phosphazenium salt, were obtained. Its yield
was 5% pressure during the reaction remained around 3.0 kg/cm?

, the contents were reacted at 80°C for 6 hours. After
the contents were maintained under 10 mmHg for 30

5 . minutes, the pressure was allowed to rise back to
normél preésure with nitrogen gas and the contents were
allowed to cool down.to room temperature. Colorless,
odorless polyoxyethylenepolyoxypropylenetriol was ob-
tained as a random copolymer in an amount of 267 g.

10 Its hydroxyl number was 139.
Example 103

A polymerization reaction was conducted in exact-

ly thé same manner as the polymerization reaction of
Example 95 except that 4.16 g (5.0 mmol) of tetrakis-

15 [tris(dimethylamino)phosphoranilideneamino]phosphonium
phenoxide {(MezN)3P;N]4P+c6H50'), a phosphazenium com-
pound synthesized in a similar manner as in Example 4,
were used instead of tetfakis[tris(dimethylamino)-
phosphoranilideneamiho]phosphonium hydroxide, that in-

20 stead of glycerol, ethylene glycol was used in the same
amount (217.4 mmol, 13.5 g) and that the polymerization
reaction temperature was changed to 100°C. Colorless,
odorless polyoxypropylenedioi was obtainéd in én amount
of 342 g. Its hydroxyl number was 72. |

25 Example 104



- 90 - According to a 1H NWR spectrumof its CDCl [err] solution, chenica
shifts are observed at 0.9-1.5 (m48H) and 2.8-3.6 (m32H) (Fig. 16), and
its elenental analysis data were: C 48.61, H 11.02, N 17.65, P 11.53

(calcu- 5 | ated: C 48.98, H 10.28, N 17.85, P 11.84). (Synthesis of

t he nmono{bi s(di et hyl am no)bis[tris-

(di et hyl am no) phosphor ani | i deneam no] pho niunt salt of propylene glycol;
(Et[err]N[err][(Et[err]N)[err]P=N][err]P[err]-

[HOCH[err]CH(CH err])Q[err]) 10 In a simlar manner as in

Exanpl e 1 except that bis(diethylamno)bis[tris(diethylam no)phosphor-

ani | i deneam no] phosphoni gnpbeimatlidatebar geactibhcRaBadohaastenntheekaet-by
t he above-descri bed procedures, was used instead of

tetrakis[tris(dinmelipythel sapphnapher- asSthe poadgmerdeatiaonnekpbtdiphooifum
chloride, that propylene glycol was used in place of nethanol and that the
scal e of the react Esampde PEdeseeptothAtO4.fke (PaPgwmol) of the phospha-

zenium compound synthesized in Example 103 were used

5 instead of tetrakis[tris(dimethylamino)phosphor-
anilideneamino]phosphonium hydroxide, that instead of
glycefol, propylene glycol was used in the same amount
(217.4 mmol, 18.3 g) and that the polyﬁerization reac-
tion tempprature was changed to 100°C. Colorless,

10 odorles;rpolyoxypropylenediol was obtained in an amount
of 332 g. Its hydroxyl number was 74.

Example 105 _
By reacting tetrakis[tris(dimethylamino)phosphor-
anilideneamino]phosphonium chloride and sodium 4-

15 methylphenoxide, tetrakis[tris(dimethylamino)phosphor-
anilideneamino]phosphonium 4-methylphenoxide {[MeyN)3-
P=N]4P+4-CH306H40') was synthesized as a phoséhazenium
compound.

In an autoclave similar to that employed in Exam-

20 ple 95, 4.23 g (5.0 mmol) of the above phosphazenium
compound and 19.6 g (217.4 mmol) of 1,4-butanediol were
chérged. The autoclave was then purged with dry
nitrogen gas and the contents were heated’to 110°C.
While intermittently feeding 1,2-butylene oxide so thaf

25 the pressure during the reaction remained around



phosphazenium salt of the active hydrogen conpound, i.e., the

nono{ bi s(di et hyl am no) bi s[tris(di ethylam no)- 20

phosphor ani | i deneam no] phosphoni unt salt of propyl ene glycol was obtained.
Its yield was 87% Chem cal shifts by [err[HNVR of its DVBO-d[err]
solution are shown in Fig. 17. Its elenental analysis data were: C 54.78, H

11.01, N 17.59, P 12.51 (cal cul at ed: C_5§ 8_ H 11.34, 25 N 18.12, P
12.02). - 91 - Exanple 11 (Synthesis o? the tris(dinmethylamno)[tris-
(di met hyl am no) phosphor ani | i deneam no] phosphoni um salt of nethanol;
(Me[err] N [err][(Me[err])[err]P=N]P[err] (MeO)[err]) 5 In a

simlar manner as 3[5Exg/oh2, 1t CoMhtévEs [WereiSPedtted at 110°C for 6
tris(di methylam no)[tris(dimethylam no)-
hours. After the contents were maintained under 10
mmHg for 30 minutes, the pressure was allowed to rise
back to normal pressure with nitrogen gas and the con-
5 tents were allowéd_to cool down to room temperature.
Colorless, odorless polyoxy-1l,2-butylenediol was ob-
tained in an amount of 389 g. Its hydroxyl number was
65.
Example 196
10 A‘;olymerization reaction was conducted in exaét—
ly the same manner as the polymerization reaction of
Example 95 except that 3.99 g (5.0 mmol) of tetrakis-
[tris(dimethylamino)phosphoranilideneaminojphosphonium
acetate {(MeZN)3P=N]4P+CH3COO‘}, a phosphazenium com- .
15 pound synthesized in a similar manner as in Example 5,
were used instead of tetrakis([tris(dimethylamino)-
phosphorahilidéneamino]phosphonium hydroxide, that in-
stead of glycerol, pentaerythritol was used in the same
amount (217.4 mmol, 29.6 g) and that the polymerization
20 reaction temperature.was changed to 100°C. Colorless,
odorless polyokypropylenetetraol was obtained in an
amount of 324 g. Its hydroxyl number was 153.
Example 107 ' l
By reacting tetrakis[tris(dimethylamino)phosphor—

25 anilideneamino]phosphonium chloride and sodium



phosphor ani | i deneam no] phosphoni um t etraf | uor obor at e,
{(Me[err]N)[err][(Me[err])[err]P=N]P[err]BF[err] - which had been

synt hesi zed by the process described in Reinhard Schwesi nger, et 10

al. Angew. Chem Int. Ed. Engl., 31, 850 (1992) - in- stead of
~tetrakis[tris(dinmethyl am no)phosphoranilidene- am no] phosphoni um chl ori de,
the target phosphazenium salt of the ag;igg hydr ogen conpound, i.e., the
tris- (dinethylanino)[tris(dlnethylaninofphosphoraniIidene- 15

am no] phosphoni um salt of nethanol was obtained as colorless crystals in an
amount of 3.3 g. Its yield was 89% Chem cal shifts by 1H NWR of its

DVBO- d6 sol uti on Wer&p pbs&EY £ 0k @2k Bs Pt B1 6 (@ Bfikthplah nd ok s@idr4 Fi 0.
18). Its elenental analysis data were: C 20 42.51, H 10.21, N 25.80, P

16. 12 (cal cul at ed: afi¥PdéReatliid] Pliosphahivdf, pFofifoidte Cifezlips-12-17
(Synthesis of the tris(dinethylamno)[tris(dinethyl-

am no) phosphor ani | PeléhgR 53 GORS pHeas usysthesized as a phosphazenium
compound.

A polymerization reaction was conducted in exact~-
ly the same manner as the polymerization reaction of
Example 95 except that 4.06 (5.0 mmol) of the above
phosphazenium compound were used instead of tetrakis-
[tris(dimgthylamino)phosphoranilideneamino]phosphonium
hydroxia;, that instead of glycerol, glucose was used
10 in the same amount (217.4 mmol, 39.1 g) and that the

polymerization reaction temperature was changed to
100°C. Color;ess, odorless polyoxypropylenepentaol was
obtained in an amount of 298 g. 1Its hydroxyl number
was 237.
15 Example 108
By reacting bis[tris(diethylamino)phosphor-
anilideneamino]bis(diethylamino)phosphonium tetra-
fluoroborate ([ (Et,N)3P=N],(Et,N),P*BF,”} and sodium
phenoxide, bis[tris(diethylamino)phosphoranilidene-
20 amino]bis(diethylamiﬁo)phosphonium phenoxide ([Et,N)3-
P=N], (Et,N) ,PTCcHg0™) was synthesized as a phospha-
zenium compound. '

In an autoclave similar to that employed in Exam-

ple 95, 3.76 g (17.4 mmol) of the above phosphazenium
25



25 . vari ous active hydrogen conpounds) - 92 - The procedures of
Exanple 1 were followed |ikew se except that

tris(dimethylam no)[tris(dimethyl- am no)phosphoranilideneam no] phosphoni um
tetrafluoro- borate was used instead of tetrakis[tris(dinethyl- 5

am no) phosphor ani | i deneam no] phosphoni um chl ori de and that. vari ous active

hydrogen conpounds shown in Table 1 were fg$lgyed in lieu of methanol. In
Exanpl e 16, how ever, sodi um hydri de and i s(di methylam no)[tris-
(di met hyl am no) phosphor ani | i deneam no] phosphoni um 10 tetraborate were

both used tw ce as much as their cor- responding ambunts in Exanple 1. The
results are pre- Seiupfbura BHd 93L0 ¥ (217.4 mmol) of ethylenediamine

were charged. The autoclave was then purged with dry -
nitroéen gas and the contents were heated to 100°C.
While intermittently feeding propylene oxide so that
the pressuré during the reaction. the pressure during

5 the reaction remained around 3.0 kg/cmz, the contents
were reacted at 100°C for 6 hours. After the contents
were maintained under 10 mmHg for 30 minutes, the pres-
sure was.allowed to rise back to normal pressure with
nitroge;—gas and the conténts were allowed to cool down

10 to room temperature. Slightly brownish, odorless
polyoxypropylenetetraol was obtained in an amount of
219 g. Its hydroxyl number was 240.
Example 109

Procedures of Example 108 were repeated likewise

15 except that 3.78 g (5.0 mmol) of tetrakis{tris-
(dimethylamino) phosphoranilideneamino]phosphonium
hydroxide were usgd instead of bis[tris(diethylamino)-
phosphoranilidenéamino]bis(diethylamino)phosphonium
phenoxide and that instead of ethylenediamine, N,N'-

20 dimethylethylenediamine Jas used in the same amount
(217.4 mmol, 19.1 g). Slightly brownish, odorless
polyoxypropylenediol was obtained in an émount of

318 g. Its hydroxyl number was 78.

Example 110

25



20 25 - 93 - [err] - 94 - Exanples 18-23 In a simlar manner as in
Exanpl e 1 except for the use of various phosphazenium salts and vari ous
basic al kali metal conpounds shown in Table 2 instead 5 of tetrakis
tris(di met hyl am no) phosphor ani | i deneam no] - phosphoni um chl ori de and sodi um
hydri de, six sanples:of the '
tris(dinethylanino)[tris(dinethylaninolp@gﬁphpr-

Procedures of Example 108 were repeated likewise
except that 3.78 g (5.0 mmol) of tetrakis[tris-
(dimethylamino)phosphoranilideneamino]phosphonium
hydroxide were used instead of bis[tris(diethylamino)-
phosphoranilideneamino]bis(diethylamino)phosphonium

5 phenoxide and that instead of ethylenediamine,

piperazine was used in the same amount.(217.4 mmél,
18.7 g). Colorless, odorless polyoxypropylenediol was
obtained }n an amount of 307 g. Its hydroxyl number
was 81.'

10 Example 111

Procedures of Example 108 were repeated likewise
except that 3.78 g (5.0 mmol) of tetrakis[tris-
(dimethylamino) phosphoranilideneamino]phosphonium
hydroxide were used instead of bis[tris(diethylamino)-

15 phosphoranilideneamino]bis(diethylamino)phosphonium
phenoxide ané that instead of ethylenediamine,
piperidine was used in the same aﬁount (217.4 mmol,
18.5 g). Colorless, odorless polyoxypropylenemonool
was obtained in an amount of 342 g. Its hydroxyl num-

20 ber was 36. ‘
Example 112

In an autoclave having an actual cébacity of
600 m¢ and equipped with a temperature measuring tube,

a pressure gauge, a stirrer and an alkylene oxide inlet

25



ani | i deneam no] phosphoni um sal t- of nmethanol were synthesized. Al the six
sanples had nelting points in 10 a range of 265-268[err]C (with

deconposition),

and their [err]- NWVR spectra were identical to that

obtained in Exanple 1. The results are presented in Table 2. 15 20 25

95 - [err]

10

15

20

25

96 - - The various phosphazenium salts enpl oyed i n Exam

- 142 -

tube, charged was 3.78 g (5.0 mmol) of tetrakis[tris-
(dimethylamino)phosphoranilideneamino]phosphonium
hydroxide ([Me,N);P=N],PTOH™}, a phosphazenium com-
pound, and 20.0 g (217.4 mmol) of glycerol. After
that, the reactor was purged with dry nitrogen gas and
its contents were heated to 80°C. While intermittently
feeding 400 g (6.90 mol) of propylene oxide as a first
alkylenoxide so that pressure during the reaction
remained around 3.0 kg/cmz, the contents were reacted
at 80°C for 12 hours (first step). After the contents
were maintained under 10 mmHg for 30 minutes, the pres-
sure was allowed to rise back to normal pressure with
dry nitrogen gas and the contents were allowed to cool
down to room temperature. To further increase the
molecular weight of the resultant polyoxypropylene-
triol, the contents were transferred into an autoclave
having an actual capacity of 2,300 m{ and equipped
with a temperature measuring tube, a pressure gauge, a
stirrer and an alkylene oxide inlet tube. The reactor
was purged with dry nitrogen gas and its contents were
heated to 80°C. While intermittently feeding 930 ¢ ‘
(16.03 mmol) of propylene oxide so that the pressure
during the reaction remained around 3.0 ké/cmz, the

contents were reacted at 80°C for 24 hours (second

step). The contents were then maintained under 10 mmHg



pl es 18-23 were synthesized by the follow ng proce- dures: (Synthesis of
tris(dinethylamno)[tris(dinethyl- 5

am no) phosphor ani | i deneam no] phosphoni um chl ori de,

(Me[err] N [err][(Me[err])[err]P=N]P[err]Cl[err], enployed in Exanple 18)
100 M of methanol, 15.75 g of a C[err]-formion-exchange resin
("Anberlite 1RA-400, d-fornf', trade nanggaproduct of Organo Corporation)

wer e suspended, 10 fol l owed by the

ifion of 5.0 (11.7 mmol) of

tris- (dimethylam no)[tris(dimethylamn no)phosphoranilidene-
am no] phosphoni um tetrafl uoroborate. After the resultant m xture was

stirred at roomt
filtration and th

gg]@.grsfd WEnd@ds 2 NotEsy thee] cehd yaSerdl astasstive of

washed twce with 50-m portions of nethanol.

The filtrate and vasdi PésctF arad 'P1 IewedNto Colserbaclk etb tmormyhepsessure
whereby 4.22 g of tris(dinmethylamno)[tris-

(di net hyl ani no) phogpterary | niferegen ngdshoseynothen2estep i veagkien ofeai ned as

a colorless solid

10

15

20

25

(yield:
scribed above, polyoxypropylenetriol was obtained as a

polymer of the first alkylene oxide compound. The con-
tents were heated to 100°C, and were then reacted with
200 g (4.55 mol) of ethylene oxide as a second alkylene
oxide at 100°C for 12 hours while intermittently feed-
ing the Ephylene oxide so that the pressure during the
reaction remained around 4.0 kg/cmz. A colorless,
odorless block copolymer was obtained in an amount of
1,504 g. Its hydroxyl number was 24. This block
copolymer is polyoxypropylenépolyoxyethylenetriol,
which has blocks iﬁ the order of poly(propylene oxide)
- poly(ethylene oxide), and contains poly(propylene
oxide) blocks and polyethylene oxide blocks at a ratio
of about 5:1 (molar ratio; this will hereinafter apply
equally). |
Comparative Example 6

A polymerization reaction was conducted in exact-
ly the same manner as the polymerization reaction in
the first step of Example 112 except that tetrakis-
[tris(dimethylamino)phosphoranilideneaminb]phosphonium
hydroxide was not used. Propylene oxide was not con-

sumed at all. The weight of the contents of the reac-

In



20. 92% . (Synthesis of tris(dinmethylamno)[tris(dinethyl-

am no) phosphor ani | i deneam no] phosphoni um hexaf | uor o- phosphate,
(Nb[err]N)[err][(Nb[err])[err]P Nl Plerr] PF[err], enployed in Ex- anple 19)
25 In 10 mM of water, 600 nmg (1.60 nnDI) of the - 97 -
trls(dlnethylan1no)[tr|s(d|nethylan1no)phosphor- ani | i deneam no] phosphoni um
chloride prepared in Exanple 18 were disspiyed, followed by the addition of
an aqueous solution of 330 ng (1.96 nmol) of sodiumb5

hexaf | uor ophosphate in 2 m of water. The thus- obtained m xture was
stirred for 1 hour. The resultant crystals were collected by filtration,

washed twice with goi wasr kioQns gof whdkchr washdubstantiaddyuedaal to the

weight of the glycerol itself charged in the reactor.
No polyoxypropylenetriol ﬁas obtained.
Examples 113-116
In each example, a polymer of a first alkylene
5 oxide was obtained in two steps as in Example 112 ex-

cept that the phosphazenium compound and active |
hydrogen compound shown in Table 12 were_used in the
same-mqlar amounts, respectively, that the first
alkylénéroxide shown in Table 12 was used and that the

10 temperafure conditions shown in Table 12 were employed.

| Further, polymerization of ethylene oxide as a second
alkylene oxide compound was conducted in a similar man-
ner as in Example 112. The results are presented to-
gether with the results of Example 112 in Table 12.

15 ' The phosphazenium compound employed in each example had
been synthesized by reacting the corresponding
phosphazenium chloride with potassium methoxide, potas-

sium ethoxide, potassium acetate or sodium phenoxide.

20

25



reduced pressure, whereby 714 ng of tris(dinmethyl- 10

am no) [tri s(di net hyl ani no) phosphor ani | i deneani no] - phosphoni um

hexaf | uor ophosphat e were obtained as color- less crystals (yield: 92%.
(Synthesis of tris(dinmethylam no)[t+iX&i4ret hyl -

am no) phosphor ani | i deneam no] phosphoni um per- 15 - : chl orate,

(Me[err] N [erir][(Me[err])[err]P=N]P[err]C derr] , enployed in Exanpl e 20)
In exactly the sane manner as in Exanple 19 ex- cept for the use of sodium
perchl orate instead of sodi um hexafl uorophosphate in the synthesis of tris-
20 (di met hyl am no) [tri s(di met hyl am no) phosphor ani | i dene-

am no] phosphoni um hexaf | uor ophosphate, 676 ng of

tris(dinmethylam no)[tris(dinethyl am ng)phosphor- ani |l i deneam no] phosphoni um
perchl orate was obt ai ned|ags |col prl ¢ss crystals (lyield: 96% . 25
(Synt hesi s of trls(dlnetmyEan1no)[trrs(d|netmyl-
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- 98 - am no) phosphor ani | i deneam no] phosphoni um di hydr ogen- phosphat e,
(Me[err]N)[err][(Me[err])[err]P=N]P[err]H err]PJerr], enployed in Exanple
21) Using an OHformion-exchange resin "Anberlite 5 | RA- 400, OHfornt
(trade nane; product of Organo Corpo- ration),
tris(dinmethylamno)[tris(dinmethylam no)- phosphoranilideneam no] phosphoni um
hydr oxi de was-prepared in a simlar mann &S in the preparation of the
phosphazenium salt in Exanple 18. To 10 0 nmet hanol sol ution
containing 572 ng (1.6 nmol) of the above phosphazeni um hydroxi de, 784 ny
(1.6 mol) of a 20% aqueous sol ution of phosphoric acid were added,

fol | oned by niXingExgﬁﬁlée§¥ytant m xture was con- centrated to dryness and
t he resi due was heated and 15 dri ed under reduced pressure, whereby

701 nmg of - - Tetrakis[tris(dimethylamino)phosphoranilidene- -
amino]phosphonium hydroxide (3.78 g, 5.0 mmol) was
weighed in a 100-m¢ eggplant-type flask, to which
20.0 g (217.4 mmol) of glycerol were added. The

5 resultant mixture was heated under stirring into a
homogeneous mixture. Dry nitrogen gas was ﬁhen bubbled
at 100°C and 5 mmHg to remove byproduced water, whereby
a mixture.of excess glycerol and the phosphazenium salt
of glycé;ol céntainéd therein, namely, the mono{tetra-

10 kis[tris(dimethylamino)phosphoranilideneamino]- |
phosphonium} salt of glyceroi {[MezN)3P=N]4P+Gly‘ (Gly™
represents an anion formed by deprotonizing one of the
hydroxyl groups of glycerol; this will hereinafter app-
ly equally) was obtained.

15 The procedures of Example 112 were repeated in
exactly the same manner except that the above-obtained
mixture was charged in its entirety instead of the-
phosphazenium compound and glycerol employed in the
polymerization reaction. A colorless, odorless block

20 copolymer was obtained in an amount of 1,532 g. Its
hydroxyl number was 24. This block copolymer is
polyoxypropylenepolyoxyethylenetriol, whiéh has blbcks
in the order of poly(propylene oxide) - poly(ethylene

oxide), and contains @oly(propylene oxide) blocks and

25



tris(dinethylam no)[tris(dinethylam no)phosphor- anilideneam no] phosphoni um
di hydr ogenphosphate were ob- tained as a colorless solid (yield: app.

10099 . (Synthesis of bis{tris(dinmethylam no)[tris(dinethyl- 20

am no) phosphor ani | i deneam no] phosphoni un} hydr ogen- phosphat e,

(Me[err] N [err][(Me[err])[err]P=N]P[err])[err]HPJ err], enployed in Exanple
22) The procedures in the above-descrihed synt hesi s of -
tris(dinmethylamno)[tris(dinmethylam no)phosphor- 25 :

ani | i deneam no] phosphoni um di hydr ogenphosphate were - 99 - repeated in
exactly the same manner except that the anobunt of phosphoric acid was
reduced to 1/2, wheoEpyetifléle obxide) blocks at a ratio of about 5:1.

bi s{tris(dinmethylam no)[tris(dinethylam no) -
phosphor ani | i deneaRxamwppdosPp$oni um hydr ogenphosphat e
In exactly the same manner as in Example 2,
dimethylaminotris[tris(dimethylamino)phosphoranilidene-
amino]phosphonium methoxide ([ (MeyN)4P=N];(Me,N)P*
'5 CH40”} was obtained.
In a 200-nd eggplant;type flask, weighed was
0.59 g (0.92 mmol) of the phosphazenium compound ob-
tained by the above-described procedures. Added to
this pho;phazenium compound were 40.0 g (40 mmol) of
10 polyoxypropylenetriol which had a hydroxyl number of
168 and had been industrially produced using glycerol
and potassium hydroxide as initiators (product of
Mitsui-Toatsu Chemicals Inc.). The resultant mixture
was heated under stirring into a homogeneous mixture.
15 Dry nitrogen gas was then bubbled at 100°C and 5 mmHg
to remOVe byéroduced methanol, whereby a mixture of ex-
cess polyoxypropylenetriol and the phosphazenium salt
of polyoxypropylenetriol contained therein, namely, the
mono{dimethylaminotris[tris(dimethylamino)phosphor-
20 anilideneamino]phosphonium) salt of polyoxypropylene-
triol was obtained.
In a 600-m¢ autoclave similar to that employed

in Example 112, the mixture obtained by the above-

described procedures was charged in its entirety. The

25



5 were obtained as a colorless solid (yield: app. 100% . (Synthesis of

tris{tris(dinethylamno)[tris-

(di met hyl am no) phosphor ani | i deneam no] phosphoni um) phosphat e,

(I\/E[err]I\I)[err][(l\/b[err])[err]P N P+}[err]Pderr], enployed in Exanple 23)
The procedures in the above- descri bed synt hesi s of

trls(dlnethylan1no)[tr|s(d|nethylanlnoqu hor - ani | i deneam no] phosphoni um

di hydr ogenphosphate were repeated in exactly the sanme manner except that

t he anount of phosphoric acid was reduced to 1/3, whereby 15 598 ng of

tris{tris(dinmethylamno)[tris(dinmethylam no)-

phosphor ani | i deneaghBetpaeephasi puirgbasphthedrernitbogéni gad andaitsl cohess

solid (yield: app. 100% . Reference 1 (Exanple show ng the useful ness of

t he phosphazeni um £énts were behtedf tohz0atd. vahiie dgdrernuitmntd yackesdi ng
to the present invention: Synthesis of benzyl nethyl ether)
. ing 400 g (6.90 mol) of propylene oxide so that the

pressure during the reaction remained around
5 3.0 kg/cmz, the contents were reacted at 100°C for 12
hours. After the contents were maintained under 10
mmHg for 30 minutes, the pressure was allowed to rise
back to normal pressure with nitrogen gas. While in-
termittently_feeding 130 g (2.95 mol) of ethylene oxide
10 as a seé;nd alkylene oxide compound so that the pres-
sure during the reaction remained around 4.0 kg/cm?,
the contents were reacted at 100°C for 6 hours. A
colorless, odorless block copolymer was obtained in an
amount of 551 g. Its hydroxyl number was 14. This
15 block copolymer is_polyoxypropylenepolylo#Yethylene-
tridl, which has blocks in the ordef of poly(propylene
oxide) - poly(ethylene oxide), and contains poly-
(propylene oxide) blocks and poly(ethylene oxide)
blocks at a ratio of about 2.5:1.
20 Example 119
. Glycerol (20.0 g, 217.4 mmol) was weighed in a
100-m¢ eggplant-type flask, to which 5.0 m¢ (5.0 mmol)
of a 1.0 N aqueous solution of potassium hydroxide were

added to form a homogeneous solution. Dry nitrogen gas

25 was then bubbled at 110°C under reduced pressure to



To a solution of 1.57 g (10 mml) of benzyl chloride in 40 M of benzene,
5.57 g (15 mmol ) of the 25 :

tris(dimethylam no)[tris(dinmethylam no)phosphor- - 100 -

- ani | i deneam no] phosphoni um salt of nethanol, said salt having had been
synthesized in a simlar manner as in Exanple 1, were added at O[err]C,
foll owed by a reaction at room tenperatupg for 3 hours. Water (50 m) was
then 5 added to the reaction nlxture ?o termnate the reac- tion. An
organi c | ayer was separated, washed succes- sively with 20 ml of water and
20 M of a saturated aqueous solution of sodiumchloride, and then con-

centrated to drynesgmovidlGrdtast! tunkrdbyfl UKk ddium saMBsoflistilled,
wher eby benzyl nethyl ether, the t ar get compoun was obtai ned as a
colorless liquid cfigyuersll was prepared in a form contained in excess
glycerol. To the salt, a solution of 3.87 g (5.0 mmol)
of tetrakis[tris(dimethylamino)phosphoranilideneamino]-
5 phosphonium chloride in 20 m¢ of THF (tetrahydrofuran;
this will hereinafter apply equally) was added, fol-
lowed by stirring to obtain a suspension.
In a 600-m¢ autoclave similaf to that employed
in Example 112, the suspension obtained by the above-
10 described procedures was charged. . The suspension was
heated with stirring under reduced pressure so that the
THF was distilled off. After that, the reactor was
purged with dry nitrogen gas and its contents were
heated to 80°C. While intermittently feeding 400 g
15 (6.90 mol) of propylene oxide as a first alkylenoxide
so that the pressure during the reaction remained
around 3.0 kg/cmz, the contents were reacted at 80°C
for 12 hours. After the contents were maintained under
10 mmHg for 30 minutes, the pressure was allowed to
20 rise back to normal pressure with dry nitrogen gas and
the contents were allowed éo cool down to room tempera-
ture. The resulting polyoxypropylenetriol including
the catalysts was charged in its entirely‘in a.2,300-

m¢ autoclave similar to that émployed in Example 112.

25 The reactor was then purged with dry nitrogen gas and



in an amount of 1.13 g. Its yield was 93% Exanple 24

Tetraki s[tris(di met hyl am no) phosphorani | i deneanmin 15 o] phosphoni um
chloride (31.02 g, 40 mmol) was dissolved in 200 ml of a m xed sol vent of
50% (Wt . % this will hereinafter apply equally) nethanol -water so that a
0.2 M solution was prepared. That solution was caused to flow at a fl ow
rate of 140 nmi/hr and roomtenpera- 20_ 150 Lure through a colum
(diameter: 20 mm height: 450 mm) which was packed with 140 m of an

OH err]-form ani on- exchange resin ("Levatit MP500", trade nane; product of
Bayer AG, and 450 ml of a m xed sol vent of 50% net hanol -wat er were then
caused to flow at ithe conerdts were MaWtddito 109°cer @ARiekf inedrmi®tent-

concentrated, the - 101 -

: ly feeding 200 g (4.55 mol) of ethylene oxide as a sec-
ond alkylene oxide compound so that the pressure during.
the reaction remained around 4.0 kg/cmz, the contents
were reacted at 100°C for 12 hours. A colorless, odor-
less block copolymer was obtained in an amount of
549 g. Its hydroxyl number was 68. This block
copolymer is polyoxypropylenepolyoxyethylenetriol,
which has_blocks in the order of poly(propylene oxide)
- poly(e:hylene oxide), and contains poly(propylene
oxide) blocks and poly(ethylene oxide) blocks at a
ratio of about 1.5:1.

Comparative Example 7

In.a similar manner as the former stage of Exam-
ple 119, the monopotassium salt of glycerol was
prepared in a form contained in excess glycerol.
Without addition of tetrakis[tris(dimethylamino)-
phosphoranilideneamino}phosphonium chloride to the
salt, 20 m¢ of THF were added so that a suspension was
obtained. Using this suspension, polymerization of
propylene oxide was conducted as iﬁ Example 119. The
reaction was extremely slow and propylene oxide was
consumed only slightly. The weight of thé-contents of

the autoclave was 25 g, which was only slightly greater

than the weight of the charged glycerol itself.



concentrate was dried at 80C and 1 mmHg. The residue was recrystallized
forma 1:15 m xed sol vent of THF and di ethyl ether, whereby 28.76 g of. -
tetrakis[tris- (dimethylam no)phosphoranilideneam no] phosphoni um5
hydroxide {[(Me[err]N)[err]P=N][errr]P[err]CH err]} were obtained as col or-
| ess crystals. Its yield was 95% Its nelting point was 300[err] C or

hi gher. A 31P-NWVR spectrum of its MDSO d6 lution is.shown in Fig. 25.
Further, a chem cal shift by 1H NVR, in'mﬁgﬁh-TNB was used as an internal -
10 reference, was observed at 2.59 (d,J=9.9Hz, 72H) ppm (Fig. 26). Its
el emental analysis data were: C 38.28, H 9.82, N 29.43, P 19.94

(calculated: C 38'%%aﬂ§f%s7azoml .61, P 20.46). Conparative Exanple 1 15
An attenpt was nmade to prepare a 0.2 M aqueous sol ution of the sane

tetrakis[tris(dimethyl ammoleadhheSaipid) Hhée praysdtuidzo S Examplehlan de
as that used in Exanple 24 by dissolving 31.02 g (40 nmol ) of
were repeated likewise except that the phosphazenium
compound and basic metal compound shown in Table 13
5 were used in the same moies, respectively, that the
first and second alkylene oxide compounds shown in
Table 13 were used in the same weights, respectively,
and that the polymerization temperature conditions for
the firsg alkylene oxide compound, said conditions
10 being sﬁ;wn in Table 12, were employed. The results
are presented together with the results of Ekample 121
in Table 13. The phosphazenium compounds employed'in
Example 121 and Example 122 had been synthesized by
reacting the corresponding phosphazenium chlorides with
15 sodium tetrafluoroborate and sodium perchlorate,
respectively, and the phosphazenium compound employed
in Example 123 had been synthesized by a reaction be-
tween l-tert-butyl-4,4,6,6,6-penta(pyrrolidin-1-yl)-
2,2-bis[tri(pyrrolidin-1-yl)phosphoranilideneamino]-
‘20 2A5,4A5,6A5-catenatri(phosphazene) and hydrochloric

acid.

- 25
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phosphazeni um cati on and the nonoval ent inorganic anion shown in Table 3
was used in the sane amount (40 mmol) 10 and that the m xed sol vent
shown in Table 3 was enpl oyed in place of the m xed solvent of 50%

met hanol - wat er.

Al'l the four sanples so obtained had nelting points of

300[err] C or higher,  and their IH NVR and [err] P-NVR spectra were
equi val ent to those obtained in Exanple ig _ 24, The results are
presented in Table 3. 20 25 - 103 - | P]

10

15

20

25

Example 124

N,N'-DimethYlethylenediamine_f19.1 g, 217.4 mmol)
was weighed in a 100-m¢ eggplant-type flask. Sub-
sequent to dilution with 20 m¢ of THF, the resulant
solution was cooled to -70°C, followed by the addition
of 5.0 m{ of a 1.0 M hexane solution of n—butYl
lithium (5.0 mmol in terms of n-butyl lithium). After
the thus-obtained mixture was stirred at the same
tempera?g;e for 10 minutes, the temperature of the mix-
ture was allowed to rise back to room temperature over
about 30 minutes. ' The mixture was stirred further for
30 minutes, whereby the monolithium salt of N,N'-
dimethylethyleneamine was obtained in a form contained
in excess N,N'-dimethylethylenediamine. Added to the
salt was a solution of 3.63 g (5.0 mmol) of 1,1,3,3-
tetramethylbu#ylaminotris[tris(dimethylamino)phosphor-
anilideneamino]phosphonium chloride in 20 m¢ of THF.
The resulting mixture was stirred for 2 houfs, whereby
a homogeﬁeous solution was obtained.

A polymerization reaction was conducted in a
similar ménner as the polymerization reaction of Exam-
ple 119 except for the use of the homogeneous solution
obtained by_the above¥described procedureé, ethylene
oxide and styrene oxide in place of the suspension,

propylene oxide and ethylene oxide, respectively. A



- 104 - Exanple 29 By repeating the procedures of Exanple 24 in ex- actly

t he sane manner except that instead of tetrakis-

[tris(dimethyl am no)phosphoranili deneam no] phosphoni um 5 chl ori de,

di et hyl am notris[tris(di nethylam no)- phosphoranilideneam no] phosphoni um
tetrafl uoroborate synthesized in a sinmlar nanner as in Exanple 10 was used
I n the sane anmount (40 mmol, 27.74 Q) qulgpal recrystallizati on was not
conducted, 24.60 g of 10

di met hyl am notris[tris(di net hyl am no) phosphor ani |l i dene- am no] phosphoni um
hydroxi de, {Me[err]N (Me[err]N)[err]P=N][err]P[err]OHerr]}, were obtained

as a pale yel |l ow oibYofiB8E3N6AOrlEEsY b2bek\aopdlYmetr wAE- bbBadhdal HinNMR
spectra of its DMSO d6 solution are shown in Fig. 27 and Fig. 28, 15

respectively. |tsambanenb&l 48pabysi Itdahgdwexgl GuibBet?wall 10021, THig9. 01,
P 20.22 (cal cul ated:. C 38.52, H 9.86, N 29.20, P 19.86). .
block copolymer is polyoxyethylenepolyoxystyrenediol,
which has blocks in the order of poly(ethylene oxide) -
poly(styrene oxide), and contains poly(ethylene oxide)
blocks and poly(styrene oxide) blocks at a ratio_of
about 12.5:1.
Example 125 |
.By_:eacting 1-(1,1}3,3ftetramethy1butyl)-2-_
10 dimethyf;minb-z-tris(dimethylamino)phbsphoranilidene-
amino-4,4,4-tris(diethylamino)-2A5,4A5-catenadi-'
(phosphazene) {[(Me,N)3P=N],(MeyN),P=N-tert-CgH,~} and
1/3 equivalent of phosphoric acid, tris{1,1,3,3-tetra-
methylbutylaminodimethylamino-bis[tris(dimethylamino)-
15 phosphoranilideneamino]phosphonium phosphate
{{[ (Me,N) 3P=N], (Me,N) (tert-CgH,,NH)P*},P0,37) was
synthesized as a phosphazenium compound.
Weighed in a 200-m¢ eggplant-type flask were
40.0 g (40.0 mmol) of polyoxyethylenediol, which had a
20 hydroxylhnumber of 112 and had been produced using
ethylene glycol and cesium hydroxide as initiators.
THF (40 m{) was added to obtain a homogeneous solu-
tion. After addition of 4.60 m¢ (0.46 mmél) of a
0.10 M (ﬁol/t) hexane solution of di(n-butyl) mag-

05 nesium to the homogeneous solution at room temperature,



Exanpl e 30 By repeating the procedures. of Exanple 24 in ex- 20 actly
t he sane manner except that instead of tetrakis- :
[tris(dimethylam no)phosphoranili deneam no] phosphoni um chl ori de,
tris(dinmethylamno)[tris(di methylam-no)- phosphoranilideneam no] phosphoni um
tetrafl uoroborate was used in the sane amount (40 nmol, 17.09 g) and that

25 recrystallization was not conduct 13.87 g of tris- - 105 -
(dinethylanino)[tris(dinethylanino)phospﬁb ani | i dene- am no] phosphoni um
hydroxi de, {(Me[err])[err]NJ(Me[err]N)[err]P=N]P[err] OHerr]), were
obtained as a colorless oily substance. Its yield was 97% A [err] P-NWR

spectrumof its DVBRedfgEkh)taBkUmiRture whisORehtec@N@WR bNhbu#s dAder
Further, a chemical shift by 1HNVR in which TM5 was used as an interna
reference, - reflux. The mixture was then allowed to cool down to
room femperature, to which 0.49 g (0.31 mmol) of the
phosphazenium compound obtained by the above-described
procedures was added to obtain a suspension.
In a 600-m¢ autoclave similar to that employed
in Example 112, the suspension obtained by the above-
described procedures was charged. The suspension was
heated with stirring under reduced pressure so that the

-

THF was distilled off. After that, the reactor was
1 purged with dry nitrogen gas and its contents were
heated to 80°C. While intermittently feeding 400 g
(6.90 mol) of propylene oxide as a first alkylenoxide
so that the pressure during the reaction remained
around 3.0 kg/cmz, the contents were reacted at 110°C
.15 for 12 hours.. After the contents were maintained undef
10 mmHg for 30 minutes, the pressure was allowed to
rise back to normal pressure with dry nitrogen gas and
the contents were cooled down to 100°C. While inter-
mittently feeding 100 g (2.27 mol) of ethylene oxide as
20 a second alkylene oxide compound so that the pressure
during the reaction remained around 4.0 kg/cm2, the
contents were reacted at 100°C for 12 houés. A color-

less, odorless block copolymer was obtained in an

amount of 171 g. Its hydroxyl number was 71. This
25 -



was observed at 2.40-2.70 (m 36H) ppm (Fig. 30). Its elenental analysis
data were: C 40.71, H 10.15, N 27.04, P 17.81 (calculated: C 40.33, H

10.43, N 27.43, 10 P 17.33). Reference 2 In a 200-m eggpl ant-type
flask, 5.3 g (37.0 mmol) of 4-chl orobenzyl al cohol were weighed. After 80
m of o-xylene, a nonpolar solvent, were 15 added to form a sol ution,

28.0 g (37.0 nmmol ) of tetra--
kis[tris(dinethylanino)phosphoraniIideﬁé&ﬁ@nG]phosphoni um hydr oxi de was
added to form a honpbgeneous sol ution. The solution was heated to 80[err]C,
at which it was then maintained at 5 mmHg for 1 hour. Its pressure was al--

20 | oved to rﬂ:f@cl@‘a&g;ééi’%ﬂé’f”?é ﬁéﬁéﬁf@twl@héﬁeﬂyax#gb%igﬁ%%b%

cooling to roomtenperatur urther,” 50 m~ of 0-xylene an
nol ) of 4-chl or obgdEyoRy ey iénd®i6l pdetich f R ObEscky DrRathedople30€ for

96 hours. The reaction m xture was washed four timnes
poly(ethylene oxide) - poly(propylene oxide) - poly-
(ethyiene oxide), and contains poly(ethylene oxide)
5 . blocks and ﬁoly(propylene oxide) blocks at a ratio of
about 1:1.
Example 126
A suspension which had been obtained in exactly
the same manner as in Example 119 was filtered to
10 remove t;é byproduced salt. After the salt was washed
with THF, the filtrate and the washing were combined
together.
A polymerization reaction was conducted in exact-
ly the same manner as the polymerization reaction of
15 Example 119 except that the combined solution, which
had been obtained by the above-described procedures,
was used instead of the suspension. A colorless, odor-
less block copolymer was obtained in an amount of
584 g. Its hydroxyl number was 64. This block
20 copolymer is polyoxypropylenepolyloxyethylenetriol,
| which has blocks in the qrder of poly(propylene oxide)
- poly(éthylene oxide{, and contains poly(propylene
oxide) blécks énd poly(éthyiene oxide) blécks at a

ratio of about 1.5:1.

25 Example 127



25 wi th 100-m portions of 1 N hydrochloric acid. The - 106-
organi c | ayer was separated and then concentrated to dryness. The residue
was recrystallized fromethanol, whereby 5.6 g of

4- (4-chl orobenzyl oxy) benzal dehyde were obtained as colorless crystals. Its

Isolation yield 5 - was 61% A description will next be nade about
producti on exanpl es of poly(al kyl ene o&ngg)_ Exanple 31 dycerol (460 ng,
5.0 mol) was weighed in a 10 50-m “eggpl ant-type flask, to which 5.0

m (5.0 mmol) of a 1.0 N aqueous solution of potassi um hydroxi de were added
at roomtenperature to forma honbgeneous solu- tion. Under reduced

pressure, the solution véifa¥ged in a 2,300-m¢ autoclave similar to that
employed in Example 112 were 215 g of polyoxypropylene-
polyoxyethylenetriol, which had been obtained in Exam-
ple 112 after polymerization of ethylene oxide as a
5 second alkylene oxide compound and which still con-
tained the catalysts. The reactor was purged with dry
nitrogen gas ana its contents were heated.to 90°C.
While intermittently feeding 195 g (3.36 mol) of
propylene oxide so that the pressure during the reac-
10 tion reﬁ;ined around 3.0 kg/cmz, the confents were
reacted at 80°C for 12 hours. After the contents were
maintained under 10 mmHg for 30 minutes, the pressure
waé allowed to rise back to normal pressure with dry
nitrogen gas and the contents were allowed to cool down
15 to room temperature. A colorless, odorless block
copolymer was obtained in an amount of 405 g. Its
hydroxyl number was 15. This block copolymer is
polyoxypropylenepolyoxyethylenepolyoxypropylenetriol,
which has blocks in the order of polypropylene oxide -
20 .poly(ethylene oxide) - poly(propylene oxide), and con-
tain§ poly(propylene oxide) blocks and poly(ethylene
oxide) blocks at a ratio of about 10:1.
Example 128
Charged in.the 2,300-m¢ autoclave employed in

25 Example 112 were 212 g of polyoxypropylenepolyoxy-



centrated to dryness so that colorless crystals were 15 obtai ned. The
crystals were heated and dried further at 100[err] C under reduced pressure,
wher eby the nonopotas- siumsalt of glycerol was synthesized. To the salt,
a solution of 3.78 g (5.0 mmvl) of tetrakis[tris-
(di met hyl am no) phosphor ani | i deneam no] phosphoni um 20 .chloride in 20 m
of THF was added, followed by stir- ringiaig roomtenperature for 24 hours.
After precipi- tated KO was filtered off under a nitrogen gas atno-
sphere, the filtrate was concentrated to dryness under reduced pressure so
that the nono{tetrakis[tris- 25
(di met hyl am no) phostibpl énepo lpoeppropy bénsphbol ynvhichthad bedf7obtained
glycerol, nanmely, [(Me[err]N)[err]P=N][err]Plerr](Qy)[err] ("Ay[err]"”
represents a nonovaheBxamplenla? ahgcenich shilluweentained the catalysts.-
The reactor was purged with dry nitrogen gas and its
contents were heated to 100°C. While intermittently

5 feeding 125 g (2.84 mol) of ethylene oxide so that the
pressure during the reaction remained around 4.0
kg/cmz, the contents were reacted at 100°C for 24
hours. After the contents were maintained under 10
mmHg for 30 minutes, the pressure was allowed to rise

10 back to normal pressure with dry nitrogen gas and the
contents were allowed to cool down to room temperature.
A colorless, odorless block copolymer was obtained in
an amount of 328 g. Its hydroxyl number was 10. This
block copolymer is polyoxypropylenepolyoxyethylene-

15 ‘polyoxypropylenepolyoxyethylenetriol, which has blocks
in the order of poly(propylene oxide) -~ poly(ethylene
oxide) = poly(propylene oxide) - poly(ethylene oxide),
and contains poly(propylene oxide) blocks and
poly(ethylene oxide) blocks at a ratio of about 1:1.

20 According to the present invention, the phospha-
zenium salts of the active hydrogen compounds, said
salts being represented by the chemical formula (1), or
the phosphazenium hydroxides represented by the chemi-

cal formula (2) do not contain any metal component and

25 can provide cations of various sizes. They have high



herei nafter apply equally) was synthesized. In an autoclave having an
actual capacity of 5 600 mM and equipped with a tenperature nmeasuring
tube, a pressure gauge, a stirrer and an al kyl ene oxide inlet tube, charged
was a solution of 4.05 g (5.0 nmml) of the phosphazeniumsalt or the active
hydr ogen conpound synt hesi zed by the above-descri bed procedures, i.e., 10
nmono{tetrakis[tris(di nethyl am no)phosphkon®si |4 dene- am no] phosphoni um sal t
of glycerol in 20 m of THF, followed by the addition of 20.0 g (217 mmol)
of fresh glycerol. The resulting m xture was heated with stir- ring under
reduced pressure so that the THF was dis- 15 tilled off. After that,
the reactor was pusQiubility diy erganiersotvents and thetamionsee® teeated
to 100C. Wiile internmttently feeding propyl ene oxide so that the pressure
during the reactidﬁ0$§%%jhEQF%H%RWﬁP@P@PR€$c%%e(EEEXHQEQeYﬁ%%sﬁ?%;eﬁﬁ?ﬁ‘

N erereinafter apply 20 ceiva€Ua hidy LDE SORLELReNERS§ SBLED M por
example, as reaction reagents for organic reactions.

5 Further, according to the process of the present
invention, pély(aikylene oxide)s free of remaining odor
can be readiiy, cqnvehiently and efficiently producéd

lwithout using any unusual metal component. Compared
with phosphazene bases which require utmost care for
10. their hi&h reactivity with moisture in air or the like,
the phosphazenium compounds and other compounds which
are usable in the process of the present invention are
more stable and are hence more advantageous in hand-
ling.

15

20

25



hours. The contents were then allowed to cool down to roomterrperature, and
the remai ni ng unreacted propyl ene oxide was distilled off under reduced
pressure. COFGF——L&SSF_QQQLL9§§ | i qui d pol yoxypropylenetriol was oh- 25

tained in an of 324 ¢ Its hydroxyl nunber - 108 -

( KOH ny/ g- poggm BUI ’m)” hereinafter apply equallhigsh Replaced
Conparative r| zatiomggaction was u ﬁ m act -
|y the sane manner as the pbl ymeri zation reaction of ept that
the THF solution of the nono(tetrakis[tris(dimethylam no)phosphoranilidene-
am no] phosphoni um salt of glycerol was not used and that .the distillation

operation of THF was_hence

CLATIMS:

1 1. A phosphazenium salt of an active hydrogen-
2 compound, represented by the following chemical formula
3 (1):

NBj

TS
R,N— ?—.an
¢ | rnfmp=n)—p{n=p—}NR, | 20 ()
| a | /¢
RzN N NR, : '
I
RzN P‘—NRz
NRlb
- 2 —in

5 wherein:
6 n stands for an integer of from 1 to 8 and
7 represents the number of phosphazenium cations, and
8 ZN~ represents an n-valent anion of an active
9 hydrogen compound in a form derived by elimination of n
10 protons from an active hydrogen compound having at most
11 eight active hydrogen atoms on oxygen atoms or nitrogen
12 atoms, a, b, ¢ and d each stands for a positive integer
13 of 3 or smaller or 0 with the proviso that they are not

14  all 0 at the same time, Rs represent the same or dif-



10 omtted. Propylene oxide was not consurred at all and the wei ght of
the contents of the autoclave was 20.1 g. This wei ght was substantially the

sanme as the wei ght of the gl cerol itself charged in the autocl ave, -and no
polyoxypropyleneTTTBT—GEE‘%E¥EThea-J Exanpl e 32 A Bl ﬁi'a&mﬁ mmd
reacti on was cond mm‘mm mm“y the same manner as th ' -7

reaction of Exanp u“ fresh glycerol was not ' the
reaction tine was c¢hafgel t' 20 hours. Colorl620- | ess, odor e

i quid pol yoxypropyl enetriol of high viscosity was obtained in an anDunt of
161 g. Its hydroxyl nunber was 5. 4. A polyner of high nol ecul ar wei ght was

?ﬁtglned Eﬁgnple gerent hydrocarbon groups hav1nggl % lgnna}bon a omghed

16 and two Rs on each common nitrogen atom may be coupled
17 together to form a ring strueture.

1 2. The salt according to claim 1, wherein said

2 active hydrogen compound is selected from the group

3 'consisting of water, alcohols having 1 to 20 carbon

4 atoms, polyhydric alcohols having 2 to 20 carbon atoms
5 and 2 to 8 hydroxyl groups, saccharides and derivatives
6. thereof,fpolY(alkylene oxides) having 2 to 8 terminals,
7 1 to 8 hydroxyl groups at said terminals and a

8 molecular weight of from 100 to 50,000, polyamines hav-
9 ing 2 to 20 carbon atoms and 2 to 3 primary or

10 secondary amino groups, saturated cyclic secondary.

11 amines having 4 to 20 carbon atoms, and cyclic

12 polyamines having 4 to 20 carbon atoms and 2 to 3

13 secondary amino groups.

1 3. The salt according to claim 1 or 2, wherein n
2  1is an integer of frem 1 to 3. |

1 - 4. The salt according to any one of claims 1-3,
2 wherein a, b, ¢ and d are not all 0 at the same time

3 and each stands for a pesitive integer of 2 or smaller
4 or O.

1 5. The salt according to any one of claims 1-4,
2 wherein Rs are the same or different and are aliphatic

3 hydrocarbon groups having 1 to 10 carbon atoms.



- 109 - 100-m eggpl ant - type ask, to which 5.0 m (50rrrm|)ofa10N'
aqueous sol ution of pot OXI de were added to‘T‘O‘r—m—a—heﬁngeaeQL
solution. Dry nit \X&/ n. bubbl ed at 110C unﬁﬁ ced ressure

to 5 renmove w t*he ‘nonopot assi um sal t

prepared in a form netl in excess glycerol. To the on of
3.78 g (5.0 nnol) tetrakls[trls(dlmethylamno)phosph

phosphoni um chloride in 20 M of THF was addé# ol - Iovved by

stirring to obtain a suspension. In an autocl ave si rri I a_r to that enpl oyed
in Exam ple 31, the suspension obt ai ned by the above- descri bed procedur es

h d..Th
S0 that the THE wes 15 8- T sHit Ghsrding) e iy, BN of RO RSV @
purged with dry nihl0aan, 433 ¥ dd %a@ﬁ%n“ﬂl%ﬁ&@ne%ﬂd?n ]a(lQaC-coupled

3 together to form a ring structure and the resultant
4 divalent substituent on said nitrogen atom is a
5 tetramethylene or pentamethylene group.
1 _ 7. A phosphazenium hydroxide represented by the
2 following chemical formula (2):
— -
NMe,
MezN——Irl—NMez
\#/d | NMGz
; Mezn{——p_n}—w—eu—r’—}mwez oH- @
"
MezN Nmez .
| I
Me,N—P—NMe,
' b

NMe,
4 wherein each Me represents a methyl group, and a, b, ¢
5 - and d are each 0 or 1 with the proviso that they are
6 not all 0 at the same time.
1 8. A process for the preparation of a phospha-
2 zenium salt of the active hydrogen compound represented

3 Dby the following chemical formula (1):



Wiile internmittently feedin pyl ene oxi de so that the pressure during
t he reaction’igiggﬂgg/akﬂﬂﬁ%/pLg kg/cnferr], the contents were reacted at
100[err]C for The contents were then d%b@%&dﬂhd; ack@Wn

to roomtenper %& mai ni ng unr eact ed propyl en
distilled off. K ﬂecP pressure. Color- |ess, odorl e
ri‘ol t drox

polyoxypropyle was obtained in an anount of 330

nunber was 114. 25 - 110 - Conparative B&dle 4 In a S|n1Iar manner as
the fornmer stage of Exam ple 33, the nonopotassiumsalt of glycerol was
prepared in a formcontained in excess glycerol. Wthout addi- 5 tion
of tetrakis[tris(dLEEthyIanino)phqsphoraniIidene- —
| NR;
R2N-4I|’I—NR2
\’2 NRz . '
; RzN-{——P—N J—p—{ N—‘P—-)-NRz z* ()
JO
RoN N '
_ -RZN-—_——ﬂ—-—'an
” b
I ' NR2 _ —in
5 wherein:
6 n stands for an integer of from 1 to 8 and
7 represents the number of phosphazenium cations, and
8 ZN~ represents an n-valent anion of an active
9 hydrogen compound in a form derived by elimination of n
10 protons from an active hydrogen compound having at most
11 eight active hydrogen atoms on oxygen atoms of nitrogen
12 atoms, a, b, ¢ and d each stands for a positive integer
13 of 3 or smaller or 0 with the proviso that they are not
14 all 0 at the same time, Rs represent the same or dif- |
15 ferent hydrocarbon groups having 1 to 10 carbon atoms,
-16 and two Rs on each common nitrogen atom may be coupled
17 together to form a ring structure, which comprises

18 reacting a salt of a phosphazenium cation and an in-



anino]phosphoniun1chforide to the salt,
suspensi on was obt ai ned.
t he sane manner as the pol

that the above- HHE
enpl oyed in Exalmﬂm1|
was only slightly greater than the 15
itsel f. Exanples 34-37 In each exanple,
repeated |ikew se except that

conpound sh n |n?£§gbggu 8n“S§Q1&0sa

"t he same f[a at’e presen
anpl e 33 inpJabl e18yifg formula (3):

I nstead of glycerol,

20 M of THF were added so that a

rization reaction mas conducted I n exactly
merization reactio

ﬂ on was used |n place of
tion was extrenely slow.

was consuned onl y sqldhtly The contents of the autocl ave

his Shékt Has Beer33:placed

WA

&éﬁgﬁt of the charged glycero
t he procedures of Exanple 33 were
t he active hydrogen

h sl adic din
b sl heP TR R By S Zolr

esu ts of Ex-

—
' NRz
RzN-—ﬁ—NR_g
N
RzN \I/d NRz
2t RN PN —P* N—P—%-NR m -
= 2 X 3
2 a | C (3)
ﬁ ’
RzN—'P"—an
b
NR, m
22 wherein m stands for an integer of from 1 to 3 and
23 represents the number of said phosphazenium cation, X®~
24 represents an m-valent inorganic anion, a, b, ¢, 4 and
25 Rs have the same meanings as defined above, with an
26 alkali metal salt of an active hydrogen compound
27 represented by M+nzn’ wherein M+n represents n alkali
28 metal cations, and n and ZI'” have the same meanings as
29 defined above.
1 9. The process according to claim 8, wherein
2 said inorganic anion is an anion of an acid selected
3 from the group consisting of boric acid, tetrafluoro-

4 boric acid, hydrohalogenic acids, phosphoric acid,



[err] - 112 - Exanple 38 In exactly the sane manner as in the forner
stage of Exanple_33, a suspension was obtained. In an autoclave simlar to
t hat enployed in Exanple 33, the 5 above- obt ai néd suspensi on was

char ged. Wt“"“iﬂﬂlﬂﬂﬂﬂlﬂuﬂﬂl’m f THF, it was enpl oyeghichedHaBefbplafddl @

pol yneri zation r tor was purged with dr 4| and
HNARAA -
on

its contents were heited t'o FOO[Ferr]C under stirring.

f eedi ng propyl ene 10 oxi de so that tie }%%ssure du
remai ned _
5 hexafluorophosphoric acid and perchloric acid.
1 10. A process for the preparation of a phospha-
2 zenium hydroxide represented by the following chemical
3 formula (2):
NMe,

MezN—"ﬁ_Nmez

- N
MeN - (M
4 MezN{-—P=N\ p—{ N-—P—a-NMez OH™ (2)
| /| N | e

“Me,N /IL\ NMe,
I

‘Me,N—P—NMe,

b
NMe,
5 wherein each Me represents a methyl group, and a, b, c
6 and d are each 0 or 1 with the proviso that they are
7 not all 0 at the same.time, which comprises bringing a
8 solution of a salt of a phosphazenium cation and a
9 monovalent inorganic anion, said salt being represented

10 by the following formula (4):



around 3.0 kg/cnferr], the contents were reacted at 100C for 6 hours. The
remai ni ng unreacted propyl ene oxide and the sol vent were—drstiited off
under reduced pres- sure. Colorless, odorless pol yoxy.[.:11r‘S g&q;egd@plag@s 15

obtained in aﬁ‘ﬁﬁﬁﬁﬁt—ot—39e—g-—_lts hydr oxyl nunber 39 41
I n each exanpl of Exanpl e 38, nanely

repeated in exjcmlnﬁ@ mj@g . manner except that

gl ycerol, the actiwve KO npound shewnésn-Tabl e 5 was used in the

sanme amount (222 mml) and that in place of THF, the solvent shown in Table
5 was used in the same anmount (20.0 ml). The results are presented together

with the results of 25 . Exanple 38 in Table 5. __
[ NMe,
MegN-—-'-lﬁ—NMez
N ) N d _ Nmeg
11 MezN( Fl"'—N y, P"—éN"“P——}NMGz Y- @
2] |
Me,N NMez
I
~ Me,N—P—NMe;
- b
NMe, B

12 wherein each Me, a, b, ¢ and 4 have the same meanings
13 as defined above and Y~ represents.said monovalent in-
14 organic anion, in a mixed solvent of water and a water-
15 miscible organic solvent into contact with a hydroxide-
16 form anion-exchange resin.

1 11. The process of claim 10, wherein said
2 monovalent inorganic anon ¥~ in the éhemical formula

3 (4) is an anion of a monovalent inorganic acid selected
4 from the group consisting of hydrochloric acid, tetra-
5 fluoroboric acid, hexafluorophosphoric acid and per-

6 chloric acid.

1 . 12. The process according to claim 10 or 11,

2 wherein said water-miscible organic solvent is selected

3 from the group consisting of alcohols, ethers and



- 113 - [err] - 114 - Exanple 42 In a 100-m "eggpl ant-type fl ask,

wei ghed were 20.0 g (20.0 mml) of pol yoxypropyl enetriol which had a
“hydroxyl number of 168 and had been industrially pro- duced using glycerol
and potassi um hydroxiede-as_in- itiators (product of MtSui-Toatsu Chem cals

Inc.). AO0.1 Na tion of potassium hydroxide (4hﬁsmkﬂﬁQB&ﬁRmmm
was added, foll omm@(,ﬂ ﬂ EWO obt ai n a suspensi on.
heated to 110[errC, ¢ ni t rogen—ga€7was bubbl edﬂm
pres- sure to renove water, whefeby the nonopotassi um salt

pol yoxypr opyl enetri ol was forned To the salt, a solu-

4 . nitriles.
1 13. A process for producing a poly(alkylene
2 oxide) by polymerization of an alkylene oxide compound,
3 which comprises polymerizing said alkylene oxide com-
4 pound in the presence of:
5 (I-i) (a) a salt of a phosphazenium cation and an
6 inorganic anion, saidlsalt being
7 ' represented by the following chemical for-
8 - mula (5) or chemical formula (6):
NRz
/l\
RzN—lﬁ—NRz
R,N Ny NP
o | ravf= bbb —YNR, | T ®
: | Za/'L\ \ ] /c '
RN 8 . NRp
RgN—ILI—NRz
b
NR, r




tion of 347 0.46 mmol ) of tetrakis[tris(dinmethyl-
an1no)phosphoranlll hosphoni um chloride in 20 mM of THF was

A pokyﬁeF+zaP+eﬂ———————~

added, foIIo to obtain a suspension.

reaction was JME ct- ly the sanme nanner as th % rlzatlon

reaction of Exaan é 3 t.hat I nstead of the THF susp ﬁﬂlmﬁﬁ\i‘?
phosph j

fromthe nonopotassi umsalt of glycerol and
tetraki s[tris(di nmethyl am no)phosphorani | i dedé®#nrimo] -
t he suspensi on obtai ned fromthe nonopotassi um salt of
pol yoxypr opyl enetri ol and
‘tetrakis[tris(di nmethyl am no) phosphoranilideneam no]- phospkpni um chl ori de
by the above-descri[ded procedures - 115 - was used. Col ofl ess, odorl ess,
| i qui d pol yoxy- '
RzN NR2 . )
. — + — r-
10 Rzn.e.—P N}—P —{N P—%—an T (6)
NRz
RzN——P—_NRZ
. f ] . . .o
_ NR, . ar
- . —
11 wherein a, b, ¢ and d in the chemical for-
12 mula (5) or e, £ and g in the chemical
13 formula (6) each stands for a positive in-
14 teger of 3 or smaller or 0 with the
15 - proviso that a, b, cand d or e, £ and g
16 are not all 0 at the same time, Rs
17 represent the same or different hydrocar-
18 bon groups having 1 to 10 carbon atoms,
19 two Rs on each common nitrogen atoq may be
20 coupled together to form a ring structure,
21 r stands for an integer of from 1 to 3 and
22 represents the number of phosphazenium ca-
23 tions, and T~ represents of an r-valent
24 inorganic anion, and



propyl enetriol was obtained in an amount of 231 g. Its hydroxyl nunber was
15. Exanple 43 Ethyl enediamne (13.3 g, 222 mmol ) was werghetd—+#—a—-100-n

eggpl ant -t ype frask-3ub§§ggggébiqulIutlon with 20 m ot i
resul tant sol uti WE@ cool e = fol |l owed by theni'wl mﬂmﬁm‘r‘

of a 1.0 M sol ut mmm hthiumin hexane (5.0
n-butyl lithium. JH tant m xture was stirr

tenperature for 10 mnutes fts*tenperature ¥ =allowed to rise back to
roomtenpera- ture over about 30 mnutes, and the m xture was stirred for
further 30 mnutes so that the nonolithiumsalt of ethyl enedi am ne was

bt d A | ut f 3.7
;:)et ?:512?5[ tr Fg’?drn{a?ﬂy?am no&i)hté’bf?g'rkn%nﬂ?%e%ﬁn%%&?)m% BaERdLi de
in 20 m of 3§HF was added to the Salde ,0!d AEF Yy Siddda NbordShuda NOYLS .t o

obtain a honogeneous sol ution.

27 (I-ii) a phosphazenium salt of an active hydrogen
28 ICOmpound, séid phosphazenium salt having been
29 derived from:
30 (a) a salt of a phosphazenium cation and an
31 inorganic anion, said salt being
32 represented by the chemical formula (5),
33 - and
34 (b) an alkali metal or alkaline earth metal
35 | salt 6f an active hydrogen compound; or
36 (II-i) (a) a phosphazenium compound represented by
37 the following formula (7):

NR,

RzN—-ﬁ—NRz
| R Ya MR
38 RzN( P_N> —p* |\|=FD_—9-NR2 a-
| l a _ ] c :
. R,N a NR.
nzN—g—an
b
NR,

39 ' wherein a, b, ¢, d and Rs have the same



A pol ynerization reaction was conducted in exact- Iy t he same manner as the
pol ymeri zation reaction of Exanple 33 except that i nst ead of the THF
suspension, the T

et .hyl enedi am ne f"‘” I ”?t hyl - . Thszhee H SBeenReplacnd -
an1no)phosphoranll onlun1chlor|de was
Slightly brownish, o op ess n mqu# pol yoxy ropylenet |ned

in an anmount of 204 g. Its hydroxyl nunber” wb£ 0230. Exa each
exanpl e, the procedures of Exanple 43 were repeated in exactly the samne
manner except that instead of ethyl enediam ne, the am ne conpound shown in

Table 6 was ysed in the same anpuif;{¢&2i"®¢1nd8%bove, and o~

41 represents a hydroxyl anion, alkoxyl

42 anion, aryloxyl anion or carboxyl anion,

43 and . |

44 (b) an active hydrogen compound, or

45 (II-ii) a phosphazenium salt of an active hydrogen

46 compound, said phosphazenium salt having been

47 derived from:

48 'ja) a phosphazenium compound represented by

49 the chemical formula (7), and

50 (b) an active hydrogen compound.
1 14. The process according to claim 13, wherein
2 said alkylene oxide compound is a compound selected
3 from the group consisting of ethylene oxide, propylene
4 oxide, 1,2-butylene oxide and styrene oxide.

1 15. The process according to claim 13 or 14,
2 wherein a, b, ¢ and d in said phosphazenium cation in
3 the chemical formula (5) or chemical formula (7) each
4 stands for a positive integer of 2 or smaller or 0 with
5 the proviso that they ére not all 0 at the same time.

. 3 16. The process according to claim 13 or 14,

7 wherein e, £ and g in said phosphazehium cation in the
3 formula (6) each stands for a éositive infeger of 2 or
4 | smaller or 0 with the proviso that they are not all 0

5 at the same tinme.



results are presented together with the results of Exm-anple 43 in Table 6.
- 117 - [err] z Exanpl es 47-60 In each exanpl the procedures - of
Exanpl e 33 were.:\\&48ea\rﬁ‘exaeLL¥_the same nanner Beg ed of
tetrakis[tris(di rﬁﬂml M) or- anilideneam no] ph r|de
t he phosphazeni um=Cii mmn Table 7 was used in

(5.0 mol). The results ar®e preseénted in Table 7 The

1 : -17. The process according to any one of claims
2 13-16, wherein Rs in said phosphazenium cation in the
3 chemical formula (5), chemical formula (6) or chemical
4 formula (7) are.the same or different aliphatic
5 hydrocarbon groups hav1ng 1 to 10 carbon atoms.
1 18. The process according to any one of clalms
2 13-17, wherein Rs on each common nitrogen atom in said
3 . phosphazenium cation in the chemical formula (5),
.4 chemicalrformﬁla.(G) or chemical formula (7) are
5 .coupled together to form a ring structure; and the
6 ~ resultant divalent substituent on said nitrogen atom is
7 a tetramethylene or pentamethylené group.
1 19. The process according to any one of claims
o2 13-18, wherein said inorganic anion in the chemical
3 formula (5) or chemical formula (6) is an anion of an
4 inorganic acid selected from the group consisting of
5 boric acid, tetrafluoroboric acid, hydrohalogenic
6 acids, phosphoric acid, hexafluorophosphoric acid and
7 perchloric acid.
1 20. The process according to any one of clalms
2 13—15 17 and 18, wherein Q- in said phosphazenium com-
3 pound represented by the chemical formula (7) is an
4 anion selected from the group consisting ef a hydroxyl
5 anion, alkoxyl anions derived from alcohols having 1 to

6 8 carbon atoms, aryloxyl anions derived from aromatic



phosphazeni um-chl ori des enpl oyed i n Exanpl es 47-52 were synt hesized by the
process of Exanple 2, 3, 9 or 10 or a simlar process, whiTe the

phosphazenlun1cthLngﬁﬁgigg*%ﬁfgigﬁples 53- 60 wer e’ ear SyRtiaRbaey

react- ing hydrogen chlori correspondi ng phosp Wﬂﬂmm ta| ned
on the market or gim' ] onven- tional proces m [err]
- 120 - Exanples ai mﬂ'mm‘m,# le, the procedures b

) L M s * )

7 hydroxyl compounds having 6 to 18 carbon atoms, and

8 cérboxyl anions derived from carboxylic acids having 1
9 to 6 carbon atoms.

1 21. The process according to any one of claims

2 13-20, wherein said active hydrogen compoﬁnd is an ac-
3 tive hydrogen compound selected from the group consist-
4 ing of alcohols having 1 to 20 carbon atoms, polyhydric
5 - alcohols having 2 to 20 carbon atoms and 2 to 8

6 hydroxyl groups, saccharides and derivatives thereof,

7 poly(alkylene oxides) having 2 to 8 terminéls, 1 to 8

8 hydroxyl groups at said terminals and a molecular

9 weight of from 100 to 50,000, polyamines having 2 to 20
10 carbon atoms and 2 to 3 primary or secdndary amino
11 groups, saturated cyclic secondary amines having 4 to
12 10 carbon atoms, and cyclic polyamines having 4 to 10
13 garbon atoms and 2 to 3 secondary amino groups.

1 22. The process according to any one of claims

2 13-19 and 21, wherein said alkali metal or alkaline

3 earth metal salt of said active hydrogen compound is an
4 -  alkali metal salt of said active hydrogen compound.

1 23. The process according to any one of claims

2 13-19, 21 and 22, wherein upon polyﬁerization of said

3 alkylene oxide compound in the presence of said salt of
4 "said phosphazenium cation and said inorganic anion,

5 said salt being represented by the chemical formula (5)



were repeated in exactly t he sane manner except’ that instead. of
tetrakis[tris( | ami no) phosphor- 5 anlIldenean1no]phosphon|um

chl oride, the |norﬁan|c ani on satt of phosphazenlun1sh B&m un$
used. The vario & alts enployed in these
each synt hesi ze Mﬂﬂmh‘mondl ng phosphazenium cHl

conventi onal "i on- exchange 1¢ * process -Oh-By_a reaction betmeen t he
correspondi ng phosphazene base or phosphazeni um hydroxi de and the
corresponding acid. The results are presented together with the results of

Exanpl e 33 in Table 8. 15 20 25 - 121 -

6 or chemical formula (6), and said alkali metal or

7 alkaline earth metal salt of said active hydrogen com-
8 pound, or in the presence of said phosphazenium salt of
9 said active hydrogen compound having been derived from
10 said salt of said phosphazenium cation and said in-

11 organic anion, said salt being represented by the

12. chemical formula (5), and said alkali metal or alkaline

- 13 earth metal salt of said active hydrogen compound, said

14 polymerizgtion is conducted in the additional presence
15 of an aé;ive hydrogen compound which is the same as or
16 different from said active hydrogen compound having

17 formed said alkali metal or alkaline earth metal salt
18 of said active hydrogen compound or said derived

19 - phosphazenium salt of said active hydrogen compound.

1 24. The process according to any one of claims

2 13-23, wherein in said polymerization reaction of said
3 alkylene oxide compound, said phosphézenium cation is

4 used in an amount of from i x 107 to 1 x 10”2 mole rer
5 mole of said alkylene oxide compound.

1 © 25. The process according to any one of claims

2 13-24: wherein at léast two kinds of alkylene oxide

3 compounds are successively polymerized to produce a

4 block copolymer containing at least two kinds of

5 poly(alkylene oxide) blocks.

1 26. A poly(alkylene oxide) obtainable by the pro-



[err] - 122 - Exanples 74-80 In each exanple, the procedures—of—Exanple
33 were repeated in exactly the same manner except that |nste d of laced
tetrakis[tri phor- 5 ani | i dene gw T“‘

chl oride, the unt_ of the phosphazenlunlsalt
t he nDnopotasH ﬁ Uh&erol (and hence the anount
hydr oxi de) we wn in Tabl-e194 Fhe results are presented

together with the results of 10 Exanple 33 in Table 9. Exanpl es 81-86

In each exanple, the procedures of Exanple 33 were repeated in exactly the

sane nmanner except that 13-25 '
2 cess according to any one of claims )




t he correspondi ng al kyl ene oxi de shown in Table 10 was 15 used i nstead
of propyl ene oxide and that the cor- respondi ng phosphazenium salt shown in
Tabl e 10 was enpl oyed. The results are presented in Table 10. Exanpl es
87-89 In each exanple, the procedures of Exanple 33 20 wer e repeated
I n exactly the same manner except that the reaction tenperature and the
pressure during the reaction were changed-ag7shewn in Table 11. The results
~are presented together with the results of Ex- anple 33 in Table 11. 25

- 123 - [err]

ABSTRACT
The present invention provides a novel salt use-
ful as an active species in an organic reaction and

represented by the following chemical formula (1):

B NR; '
R2N——'ﬁfnnz o
\T/ AR,
RzN-é—P———'N)—P" N=P+NR2 |-z~ (1)
N
|
RzN——P—NRZ
~p
NR, n
3 wherein n stands for an integer of from 1 to 8, 2z~

represents an n-valent anion of an active hydrogen com-
pound, a, b, ¢ and d each stands for a positive in-
teger, and Rs represent the same or different hydrocar-
bon groups. Also disclosed is a simple and efficient
10 . process for producing a poly(alkylene oxide) by
polymerizing an alkylene oxide compound in the presence

of the salt represented by the chémical formula (1).
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Exanpl e 90 d ycerol (460 ng, 5.0 nmol) was wei ghed
in a 100-m eggplant-type flask, to which 50 ml of ethyl ether were added
to forma honogeneous sol ution. Using 5 a dry ice bath, the solution
was then cooled to -70[err]C. After 987 ng (10.5 mmol) of anyl sodi um

- 124 - [err] - 125 -

lzed fromanyl chloride and netallic sodiumwere added at -70C to
-cool ed 'solution, the resulting mx- ture was stirred at thefsane
ure for 30 10 m nutes. The tenperature of the m xture pas
to
< ]
o -
7
g-_ o
k ]
- L]
3 @
- L]
8 =
o 1
<]
]
A
: 40710
-t 1 BeWI IV
O
1]
=
o
]
N
o 4
1 3
o
o J
t ] — 1.0000
B
(=
L]
[, -
[~ -
1 ]
N
o
1]
~
(=
1 3
D
o ]
»
0
o
1o
| Ta
L 13
O XX D~
SGRRrdNRRE 2898 555%5555 288 2 BSR28I35N8 K8 ¥
S < 8 §RI§IE %%%‘U-’-’ir‘?‘lg [ a4 = P> QEPMHIXTIT - ]
@ ~ - =070 mm»::z—lc% '-'38% E 25%85883 mm 8
o e en e *ve 0n o se e0 08 o se se se e ne e na o es 0e o e e ot caos se se se s L A LY
Q7 a Q = e W - Z0T B
< Q N ES
=8 _Ze g Rg~ Bms b BofzE 22 &
LT X0 e : ’
NigereeRgy &° & =2 X 5§ 83 = ®
3 [+ NN NN [1] ~N &
aQ (2] wm w
— M .
: o0 ("]
-
This Sheet Has Been R

I



ri se back to £0g Lure 1_hour follow hour .
To the m xtur 7. 75 0 ( 0.0 nnDI) of tetrakls[trls(dlnethylan1nopho phor -
ani | i deneam no, [ chl oride were added at tenpenature.
Subsequent tq ‘ [

under a nitrdg
under reduced hereby the bis {tetrakis[tris-

(di met hyl am nophos@hgr anij i deneam no] phosphoni un} salt 20 gl ycerol,
namely, {[ (M err]iP=N] [err]P[err]}[err](Ay)[err] ("(Ay)[err]”
represents aldival enf anipn of glycerol), was synthesized. A polynerization
reacti on was |conduct ¢ exact- |y the sane nmanner as the polyneriz
reacti on of 45 0 | e 31 except that instead of the phosphazeni
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ac‘@‘chero

- 126 - salt used in Exenple 31, the phosph
synt hesi zed by the above-descri bed procedure

n anount of 7.64

g (5.0 mol). Colorless, odorless, liquid po r|oI was
obtained in5 an amount of 391 g. |Its hydroxyl nunber was ‘97. Exanpl.e
91 A suspension was obtained in a simlar manner as in Exanple 33 except
THaf§f 1nstead of the aqueous solu- tion of potassium hydroxide, 2.3 m (2.2
mgolp) of a 10 1.0 M aqueous sol ution of barium hydroxi de werg used.
&He §pr ocedures of Exanple 33 were repeated in exactly the sane marner
;:30 pt that the polynerization reaction tinme was changed to 24 hoyrs.

| gr |l ess, odorless, liquid polyoxypropyl enetriol was obtained injan anount
1 of 181 g. |Its hydroxyl nunber was 213. Exanple 92 In a 140-m
£ gl ant-type fl ask, melghed was
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35.0 g (11.4 mmol ) of pol yoxypropylenetriol which had a hydroxyl nunber of
55 and had been industrially pro- 20 ~duced using glycerol and

pot assi um hydroxide as in- jitiators (product. of Mtsui-Toatsu Chem cal s
Inc.). A 0.1 Mhexane solution of di(n-butyl) mgnesium- (1.7 m, 0.17 nmmol)
was added at roomtenperature. The resultant m xture was heated at 100C

under stir- 25 ring for .3 hours and was then allowed to cool down to
- 127 - roomtenperature. Tojthg m xture, a solution of 264 ng (0.34 mol)
of tetrakis[tris(dinethylaﬁiyo)phosphor- ani | i deneam no] phosphoni um
chloride in 20 m of [THF wasjadded to obtain a honbgeneous sol ution. 5
pol ynmeri zation reactipn was ¥ondqucted in exactly the same manner as th
on of mExangl e
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33 except that the above-prepared solution was used in- stead of the
suspension used in Exanple 33 and that the polynerization reaction tinme was
changed to 24 hours. 10 Col orl ess, odorless, liquid

pol yoxypropyl enetriol was obtained in an anount of 48 g. Its hydroxyl

nunber was 42. Exanpl e 93 Pot assi um net hoxi de (0.42 g, 6.0 nmmol) was 15

wei ghed in a 50-m eggplant type flask, follomed by the addition of 20 m

of acetonitrile tofformeayhot Dgereods sot+tutt+oeor—Fo—t+he—-sol J.t:c.“., -4 5 (6 0
mol ) of tetrakis[fris(didrethyl am no)phosphoranili deneani no] - phosphonlum
chloride were addef and tje fesultant mx- 20 ture was stirred| for 2
hours. After the [eactiiah nix- ture was concentrated under reduced
pressure to dry- ness, 20 m [of THF were added. Undissolved KO was
filtered off under|a nitrpgef gas atnosphere, and the filtrate was
concentrated to drynesszupdef reduced
: o
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25 pressure, whereby the tetrakis[tris(dinmethylam no)- - 128 -
phosphor ani | i deneam no] phosphoni um salt of nethanol was synthesized. A
pol ymeri zation reaction was conducted in exact- |y the same nanner as. the
pol ymeri zation reaction of 5 Exanpl e 31 except that 3.85'g (5.0 mmol)
of the phosphazeni um sal& of nethanol synthesized by the above-described
procedures, were us€d In ac¢ of the nono{tetrakis
tris(di met hyl am no) hospho:anllldene- am no] phosphoni um salt of glygerol,
that fresh 10 ;cherd s not used and that the reaction tinme phas

changed to 20 hours{ Colgr]es$, odorless, liquid polyoxypropyl enenonpol of
hi gh viscosity was ¢btainefl i p an anount of 177 g. Its hydroxyl nunbpr was
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pol ynmer of high nol ecul ar melght was obtained. 15

Example 94 A

F he
20

Al t

0X

pol ynmeri zati on :
pol ymeri zati on| reacti of{ Exanpl e 31 except that i nstead of the
nono(t etraki s- met|hyl am no) phosphor ani | i deneam no] phosphoni unt
salt of glycerjl, g (/5.0 mol) of the phospha- zeniumsalt of
pi perazi ne, s havilng had been synthesized in Exanple 17, nanel
the tetrakis[tyis- (dtnethylan1no)phosphoranlI|denean1no]phosphon|un1s
of piperazine were usefl. (ol orl ess, odorless polyoxy- 25
propyl enetriol| was obtiingd in an anmount of 261 g. |Its -. 129 - hyd|
nunber was 145 Exanpl$ 95
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In an aut ocl ave having an act ual
t enper at ure neasuring tube,
al kyl ene oxi de inlet tube,
phosphazeni um conpound synt hesized in a simlar
tetrakis[tris(dimethylam no)phosphor- anilideneam no] phosphoni um
hydroxide {[(Me[err]N)[err]R=N][err]Plerr] 10

‘nanel y,

5

capacity of 600 ml and equi pped with a

a pressure gauge, a stirrer and an

charged were 3.78 g (5.0 nmol) of a

manner as in Exanple 24,

OHerr]} and 20.0 ¢

(217.4 nmmol ) of glycerof.

nitrogen gas and its co
f eedi ng propyl ene oxi de
around 3.0. kg/cn2, the

After the contents was

pressure was allowed to
contents were allowed t
odorl ess, |iquid polyox
of 264 g. Its

Al t4er
tents r
so th t

cont €1 W
hai nt aidned
returrj to
0 cool jdow
y- 200

[8¢]

hat, the autoclave was purged with dry
b heated to 80[err]C. Wiile intermtten
he pressure during the reaction renaine
bre 15 reacted at 80C for 6 hours.
under 10 mmHg for 30 minutes, the
normal pressure with nitrogen gas and
h to roomtenperature. Colorless,

pbr opyl enetri ol was obtained in an anoun
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hydr oxyl nunber 142. Cbnparatlve Exanple 5 A polynerlzatlon reactlon was
conducted in exact- Iy the sanme manner as the polynerization reaction of 25
Exanpl e 95 except that tetrakis[tris(dinmethylanino)- - 130. -

phosphor ani | i deneam no] phosphoni um hydr oxi de was not used. Propyl ene oxide
was not consuned at all and the weight of the contents of the autoclave was

20.1 g. This weight was substantially the sane as the weight of 5 t he
gl ycerol itself charped in3hel|autoclave, and no pol yoxypropyl enetrio] was
obt ai ned. Exanpl e 96| Tetrald s[t{ri s(di met hyl am no) phosphor ani | i dene-
anino]phosphoniun1hydrOX|de (3.{78 g, 5.0 mol ) was
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10 wei ghed in a 100-m eggplant-type flask, to which 20.0 g (217.4
mol ) of glycerol were added. The resultant m xture was héat ed under
stirring into a honbgeneous m xture. Dry nit riag8heetis BYGS elQﬁ@ bubbl ed at
100C and 5 nmHg to renove byproduced water, ture of
excess glycerol and the phosphazeni um salt of Blmmnl |ned t herein,
nanely, the noho{tetrakis-

[tris(di methyl am no) phosphor ani | i deneamni no] phosphoni um salt of glycerol
{[(Me[err]N)[err]P= N][err]P[err](]y[err]} mas obtalned I n an aut ocl ave

simlar to that epptoyedt—tn—ixam—26 pl e—95—the—ixttu+re—ebtatnped by
t he above-describged procequres was charged in its entirety. The autoflave
was purged with dfy nitrogenjgas and its contents were heated to 800 Wile
intermttently feeding prdpylene oxide so that the pressure during the
reaction remai ned 25 -Jargpund 3.0 kg/cnR, the contents were reactpd at
80[err]C o _
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- 131
30 mn
ni trog

- for 6 hours. After the contents were maintai ned under 10 mmHg for
utes, the pressure was allowed to rise back to nornmal pressure with
en gas* and the contents were allowed to cooled down to roomtenpera-

5

anount
reacti
pol yng

t et r ali

{[ (Ve
synt he

of tet
hydr ox

. JCol drl ess, odorless pol yoxypropylenetriol was optained in an
of 2893g. Ijts hydroxyl nunmber was -129. Exanple 97 A pof ynerization

on was gonducted in exact- 10 |y the sane nmanner t he

ri zatiom redcti on of Exanple 95 except that 3.85 (5.0 ) of

i s- [©@13s(difret hyl ami no) phosphor ani | i deneani no] phosphonf um et hoxi de
err]N[err]H=N][err]P[err]CHerr]Jerr]}, a phosphazenium com pound
sized imga simlar manner as in Exanple 1, 15 wer e| used i nstead
raki s[t @ s(di net hyl am no) - phosphorani | i deneam no] phosphoni um
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the pOly j N. &4 - aVaaa¥a Q a hanaed 2 aValiP= -

Col orl es$, odoFﬁ 8ss colyoxypropylenetrlol was obtalned in an a -unt of 324
g. Its hydroxyﬂf qunbgr 20 was 116. Exanple 98
Tetraki sfitris(th get hyl am no) phosphor ani | i dene- ami no] phosphoni unp net hoxi de
(2.01 g, |2.6 ngnl) wds weighed in a 100-m eggpl ant-type flask, ffo which
20.0 25 g9(817.4 mmol) of glycerol were added. The result:Lt - 132
- mixture was np;tedJunder stirring into a honogeneous m xture. [Dry
nitrogenjgas wesgt hey bubbled at 100[err]C and 5 mMHg to renove (byproduced
met hanol | wherghd a i xture of excess glycerol and the phosphazegniumsalt 5
of gl'ycerfol co&t @i ned therein, nanmely, the nono(tetra-
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ki s[tris(dinethylam no)phosphorani | ideneani no] - phosphonium salt of

gl ycerol

pte 95, tH
charged in
and its cdg
pr opyl ene
3.0 kg/ cnt
After the
pressure

t he conten

odorl ess q
[ts hy

g.
conduct ed

btailned. T n an autoclave simlar to that enployed

' e obtained by the above-described 10 proce
irety. The autoclave was purged with dry nitro
lere heated to 100C. Wiile intermttently feedin
that the pressure during the reac- tion remain
ntents were 15 reacted at 100[err]C for 6

i were naintai ned under 10 nmHg for 30 m nutes,
led to rise back to normal pressure with nitroge
all owed to cool down to roomtenperature. Colorl
20 propyl enetriol was obtained in an anpount
unber was 138. Exanple 99 A polynerization react
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|y the sane manner as the poIyneriZ?HTTﬂrTTEKﬁﬁanTﬁ 25 Exanple 95
except that 5.63 g (5.0 nmml) of fatdhakiifiBeen Re: '
[tri(pyrr.olidine-1-yl)phosphorani
{[Py[err]P=N][err]Plerr]tert- C[err ﬁh ]ﬂ a phosphazeni um conpound
synthesized in a simlar manner mas used instead of
tetrakis[tris- 5 (d|nethylan1no)phosphoran|Ildeneanlno]phosphonlum
hydr oxi de. Col orl ess, [odoTrtess ppryoxypropyenet T ot was oot ar med 1T an
amount of 281 g. Its HydroxyH nu ber was 133. Exanple 100 10
Tetrakis[tris(dimethyllam no ﬁhosghoranilidene- am no] phosphoni um hydr oki de
(9.08 g, 12 mmol ) was infa 300-m eggplant-type flask, to which

osphonlun1tert but oxi de
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92.0 g (1.0 nol) of glycerol were added. fﬁe_resultant m xture was heated

under stirring into a honogeneous 15 i as latedogen gas was
then bubbled at 100C and 5 nmHg to renove by m , Whereby a m x-
ture of excess glycerol and the phosphazeniu erol contai ned

t herein, namely, the nono{tetrakis- :
[tris(dinmethylam no)phosphoranili deneam no] phosphoniuny 20 - salt of

gl ycerol was obtai nedf—tmmangautppctave stmTar to that _enployed i n Exgm
ple 95 21.92 g of thg m xtuge optained by the above- described procedures
wer e charged. The aut pcl ave gas purged with dry nitrogen gas and its
contents were 25 heat edjto 00C. While internmittently feeding stlyrene
- 134 - oxide so that|the Qréssu e during the reaction remained
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around 1.5 kg/cnﬁ, the contents were reacted at 100[ er

was allowed to rise 5

tents were allowed to coo

r]C fgr 6 hours.
After the contents were maintai ned under 5 Tinysheef 1 &¢ the pressure
back to normal pr lﬁmiﬁﬂﬁtrogen gas and
t he con- down to re.: Col orl ess,

odor | ess pol yoxystyrenetriol was obtained in an anount of 374 g. Its

hydr oxyl

nunber was 99. Exanple 1
di met hyl aminotris[tris(dj methyl3
tetrafl uoro- borate {[ My err]#
potassiumtert-

10 By reacting

but oxi d

di net3

a
err
ny| a8

phosphor ani | i deneam no] phosphorf§ um

{[Me[err]N) [err]P=N|[err]l (Me[:gr]]N)

obt ai ned as a phosphazenj um com
ng (0.24 mmol) of the a
by the addition of 20.0
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Plerr]tert-Clerr]Herr]err]} was
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)l ) of pol yoxypropyl enetriol which had|a |
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20 hydr oxyl nunmber of 168 and had begnindustrially pro- duced using

gl ycerol and potassi um hydroxide as in- ity; as(Boe latedof M tsui - Toat su
Chem cals Inc.). The resultant m xture masl ’ stirring into a
honbgeneous m xture. Dry nitrogen gas was 5 at 100[err]C
and 5 mmHg to renove byproduced t-butanol, - 135 - ereby a m xture of
excess pol yoxypropyl enetriol and the phosphazenium salt of
polyoxypropylenetriolicon- {glned therein, nanely, the

nono{ di met hyl am notri $- -
[tris(dinmethylam no)phosphorgnil|deneam no] phosphoni un} 5 salt of
pol yoxypropyl enetriol |was obgai nped. In an autoclave simlar to that
enpl oyed in Exam ple}95, thg mkture obtained by the above-descri bed
- procedures was charged in i®§ enfirety. -The autocl ave
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was purged with dry nitrogen gas and its cont €1 $heMBLEReL heated to

0
100C. Wile intermttently feeding propyl ene [ 7 I ﬁb?pressure
during the reac- tion remai ned around 3.0 kg/iﬂ @lmﬂﬂ s Wwere reacted
at 100C for 6 hours. After the contents were 10 nmmHg for

30 m nutes, the pressure 15 was allowed to rise back to normal pressure

with nitrogen gas and the contents were allowed to cool down to room
tenperature. Colorlgss, oddflegs pol yoxy- propylenetriol was obtai ne—c], in an
anount of 204 g. Its hydrexgyl funber was 18. 20 Exanpl e 102 In ar
autoclave simlar tg that ¢mwl dyed in Exam ple 95, 21.92 g of the mlixture
of glyceral g phosphagenitum conmpound of glycerol, said m-xture |havi ng
had been mi% Example 100, were charged. Wile 25
intermtt A iilng propyl eme oxi de and et hyl ene
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- 136 - oxide so that their nolar ratio becanme 7 to 3 and the pressure
during the reaction remained around 3.0 kg/cn2 , the contents were reacted
at 80[err]C for 6 hours. After the contents were nmintai ned under 10 nmHg
for 30 5 m nutes, the pressure was allowed to rise back to nornal '
pressure with nitrogen gas and the contents were allowed to cool down to
roomtenperature. Colorless, odorless pol yoxyethyl enepol yoxypropyl enetri ol

was ob- tained as a r@ndom cgpoliyyner in an anount of 267 g. 10 | tis
hydr oxyl nunmber was 189. | ef 103 A pol ynerization reaction was
conducted in exact- |y the sane jmanner as the pol ynerization reaction |of
Exanpl e 95 except thaf 4.16 (% 0 mmol ) of tetrakis- 15 :
[tris(dinmethyl am no)phosphgr3nilf deneam no] phosphoni um
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phenoxi de {(Me[err]N)[err]P=N][err]P+(Jerr]Herr]derr]}, a phosphazeni um
com pound synthesized in a simlar manner as in Exanple 4, were used

i nstead of tetrakis[tris(dinmethylam no)- phosphoranilideneam no] phosphoni um
hydr oxi de, that in- 20 stead of glycerol, ethylene glycol was used in

t he sane anount (217. 4—mot—13—pog—and—that—the—potymerTzatTom reacty} on
tenperature was changgd to,1@0[efr]C. Colorless, odorless

pol yoxypr opyl enedi ol Vlas obit@d nedl i n an anount of 342 g. Its hydroxyl
nunber was 72. 25 Exanplle 104 - 137 - A polynerization reactiofp was
conducted in exact- |y the same nner as the polynerization reaction ¢f
Exanpl e 95 except t hat| 4. 16885. 0ol ) of the phospha- zeni um conpound
synt hesi zed in Exanpl § 103 weére dised :
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5 I nstead of tetrakis[tris(dinmethylam no)phosphor- :

ani | i deneani no] phosphoni um hydr oxi de, t hat Thinsteetars Bden 8bprcer ol , propyl ene
glycol was used in the same anount (217.4 ngﬂuﬂgllﬁuﬂﬂ d that the

pol ynmeri zation reac- tion tenperature was c rriC. Colorless,-
10 odor | ess pol yoxypropyl enedi ol was o nount of 332 g.
Its hydroxyl nunber was 74. Exanple 105 By reacting '

tetraki s[tris(di methy|ammoyghosphor=—ani T denecam o phosphoniumrctt-oni de
and sodium 4- 15 met h henoxi de,
tetrakis[tris(dimethy|lam no)phosjphor- anilideneam no] phosphoni um
4- et hyl phegoggigde, {[ Me[err] Nj[ er|r] -
P=N][err] P[ 4 'r]CIgj_]F{err]C{err]) was synt hesi zed as a
phosphazeni . I ncaf autoclave simlar to that enployed in BEfam
20 pl e J (5.0 gynolf) of the above phosphazeni um conpound |and
19.6 g (21732 of 1, 4-bfit anedi ol were charged. The autocl ave was |t hen
purged with 3 ' :
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nitrogen gas and the contents were heated to 11I0[err]C. Wile
intermttently feeding 1, 2-butyl ene oxi densOsubdAihs Feeh Replacedt N€ Pressure
during the reaction remai ned around -1 ] err], the-contents
were reacted at 110[err]C for 6 hours. Aft%&l'!uﬂ'ﬂﬁ t wer e mai nt ai ned
under 10 nmmHg for 30 m nutes, the pressure rise back to
normal pressure with nitrogen gas and the con- 5 tents were allowed to
cool down to roomténperatgre.[Colorless, odorless polyoxy-1, 2-butyllenedi ol
was ob- tained in anp anouhfl of | 389 g. Its hydroxyl nunber was 65. Exanple

106 10 Alpol ynedi zati on reaction was conducted in exact- |y the
sanme manner as the pol ynergzat|on reaction of
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Exanpl e 95 except that 3.99 g (5.0 nnDL}—e#—%e%fakTS'—“‘ _
[trls(dlnethylan1no)phosphoran|I|denean1no] ho | yacet ate '
{(Me[err]N)[err] P=N][err] P+CH er r] cO B e}{ zeniumcom 15

pound synthesized in a simlar manner a Tﬁ wer e used instead of

tetrakis[tris(dimethylam no)- phosphora hosphoniun1hydroxide,
that in- stead of glycerol, pentaerythrltol mas used in the sanme anount

(217.4 mol, 29.6 g)jand Ty yIert zation 20 reaction
temperature was changed t J100lerr]C.  Col orl ess, odorl ess
ob

pol yoxypr opyl enet et rjaol Was ained in an anmount of 324 g. Its hydrpxyl
nunber was 153. Exanpl e 104 By |reacti ng '
tetrakis[tris(dimethylam nd phosphor- 25 ani | i deneam no] phosphoni um
chloride and. sodium| - 33 - -
wi oy
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propi onate, tetrakis[tris(dinmethylam no) phos&he%f’/
ani | i deneam no] phosphoni um propi onate {[M[err]) Replaced
P=N][err]P+Cerr]H err]COJ err]) was synthesi ggNgieg{ﬁaLBeen h zeni um -
conpound. A pol ynerization reaction was conduct mr‘MEE[“ﬂmy t he sane
manner as the pol ynerization reaction of Exanpl at 4.06 (5.0
nmmol ) of the above phosphazeni um conpound were used instead of tetrakis-
[tris(di nmet hyl am no)fphiosSpngranftdeneant noj pnosphont um nyadr oxt de, that
instead of glycerol, glueege was used 10 in the sane anount (217 4
mmol, 39.1 g) and that thedpol ynerization reaction tenperature was changed
to 100[err]C. Col orliess, odorl €ss pol yoxypropyl enepentaol was obtained in
an amount of 298 g. |Its Qy roxyl number was 237. 15 Exanpl e 108 By
reacting bis[tris(dijet hyleafi no) phosphor -

ani | i deneam no] bi s(di et hyl gm np) phosphoni um tetra-
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fl uor oborate {[(Et[err]hb[err]P hﬂ[err](Et[err]hD[err]P[err]BF[err} and
sodi um phenoxi de, bis[tris(diethylam no)phosphoranilidene- 20

am no] bi s(di et hyl am no) phosphoni um phenoxi de {[Et[err]N)[err]-
P=N][err](Et[err]N[err]Plerr]Cerr]Herr]Jerr]} was synthesized as a
phospha- zeni um conpound. In an autoclave simlar to that enployed in Exam
ple 95, 3.76 g (17.4 nnDI) of the above phosphazeni um 25 - 140 -
conpound and 13.0 g (217.4 nmmol) of ethyl enedi ami ne were charged. The

aut ocl ave was then purged with dry nltrogen gas and the contents were

heat ed t o[ TOQ §r7T C—Whirte Tntermttentty feedimy propytene—oxirde—sot hat
the presspreddyiring the reaction. the pressure during the reaction rgmined
around 3.p ﬁg/ Enferr], the contents
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were reacted at 100C for 6 hours. After the contents were nmintai ned under
10 mmHg for 30 mnutes, the pres- sure was allowed to rise back to nornal
pressure with nitrogen gas and the contents were allowed to cool down 10
to.roomtenperature. Slightly brownish, odorless pol yoxypropyl enetetraol

was -obt ai ned i n an arpurt—ef—219—g—Hs—hydroxyH—nunrber—was 240 Exanpl e
109 Procedures of Exgnpl e, 1d8 re repeated |ikew se 15 except that
3.78 g (5.0 mmol ) of jtetrakfs[tfis-
(di met hyl am no) phospHor ani | gdeneam no] phosphoni um hydr oxi de were used
I nstead of bis[tris(diethylgm np)- _
phosphor ani | i deneami rjo] bi § di ethyl am no) phosphoni um phenoxi de and t ha}
i nstead of ethyl enedijam ne, 4N, N - 20 di et hyl et hyl enedi am ne was psed
in the same anmount (417.4 nfol,} 19.1 g). Slightly brownish, odorless
polyoxypropylenedlol was obfai ned in an anount of 318 g. Its hydroxyl
nunber was 78. B
é -
ox . H
3 o]
| S
.mé
_mé
gg a3
:3 mé !
1 I -
58 N
0.000 - od, }
PPM Is
4
0 BEOBORODD AN D
g™ S28zIM75E.
- oxxwmMmunn ICcHZ4 OO
”#,,,f—" : VO MX =
: 3% m=&% 8T o
Has Been Replaced - >z M- 27 o
o o -
G 5 % . s
\ e N O . - (=X Y=F=R0] w
- & n oWwWwo: P
e D O .
ocCoomUIaOOW0 n
cCuwnw X ITrx X =
WoO® N NIZI
oo NN

ZH 11°0
wdd 000



Exanmpl e 110 25

- 141 - Procedures of Exanple MM&JMH&LJjﬂEEEEELl'ke“‘se

except that 3.78 g (5.0 mml) of tetrakis[tris-

(d|nethylan1no)phosphoran|Ildenean1no]phosphon|um

i nstead of bis[tris(diethylam no)-

phosphor ani | i deneani no] bi s(di et hyl am no) phosphoni u
I nstead of ethyl enedi am ne,

t hat
(217. 4 nmol ,
i n an anount
Procedures o

i

pi perazi ne was used in

de and

18.7 g). Colorless, odorless polyoxypropylenedlol
f 307 g lts hydroxyl nunher was 81 10 Exanple 111
- . . T
Exaﬁple 108 were repeated | i kew se
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except that 3.78 g (5.0 mol ) of tetrakis[tris-

(di met hyl am no) phosphor ani | i deneam no] phosphoni um hydr oxi de were used

i nstead of bis[tris(diethylam no)-

15

phosphoranlI|denean1no]bls(dlethylan1no)phosphonlun1phenOX|de and t hat

I nst ead of ethylene
nmmol, 18.5 g).

an amount of 342 g.
aut ocl ave having an
t enper ature neasuri
oxi de inlet 25 -
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tube, charged was 3.78 g (5.0 nmol) of tetrakis[+ris=—
“(di nmet hyl am no) phosphor ani | i deneam no] phosphoni um_hydr oxi de

{[Me[err]N)[err]P=N][err]P[err]OH err]}, a phosph&¥tiess Reen Repizeedd, and
20.0 g (217.4 mmol) of glycerol. After that, the r ed with
dry nitrogen gas and its contents were heated to 8

intermttently feeding 400 g (6.90 nol) of propylene oxide.as a first
al kyl enoxi de so that pressure during the reaction remained around 3.0
kg/ cnm2, the contents were reacted at. 80[err]C for 12 hours (first step).

After thel|conte 10 were mal ntal ned under 10 nmHg for 30 m nutles,
the pres- sgﬁa allowed to rise back to normal pressure with dry
nitrogen ¢gas an he contents were allowed to cool down to room:
t enper at ufeg jro rther increase the nol ecul 4r wei ght of the resultant
pol yoxypr ¢opylEn 15 triol, the contents were transferred into gn
autocl ave {ha n n actual capacity of 2,300 ml and equi pped with a
t enper at ufe nea ing tybe, a pressure gauge, a '
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stirrer and an al kyl ene oxide inlet tube.
nitrogen gas and its contents were 20

The reactor was purged with
heated to 80[err]C. \Wile

dry

intermttently feeding 930 g (16.03 nmmol) of propylene oxide so that the

pressure during the reaction remmai ned around 3.0 kg/cn®,
reacted at 80[err] C f
mai nt ai ned under

i nt er nal

pressure with dry nit
pol yoxypr opyl enetri ol
conpound. The con- 5
reacted with

the contents

wer e

oxi de

I

o€

o —24—Rots l\Scuund St cﬁ. Hre—eont CﬂLaﬂ'vﬁe—f'hEn
10 nmHg 25 - 143 - for 30 mnutes. After that, th
pressure of [the Féactdgr was allowed to rise back to nornal
rogen gas.| By the 2-step reaction de- scribed abpve,
was oft aijned as a pol yner of the first al kylene
a8nts| were heated to 100[err]C, _and-were then
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200 'g*(4.55 nol) of ethylene oxide as a second]
for 12 hours while intermttently feed- ing the"
pressure during the reaction renained around 4.
10 odorl ess bl ock copol yner was obt ai ned
hydr oxyl nunber was 24. This bl ock copol ymer is
pol yoxypr opyl enepol yoxyet hyl enetriol, which had
pol y(propyl ene oxi de) pol y(et hyl ene nxsde), 4
15 oxi de) blocks and polyethylene OXIde b
(ol ar [ PE Ha PRBE

-
'x‘

QFK—T ene om de‘f—a}@@(ﬂm r]C

£hylene oxi-deysp that the
Oikgl/c Al cbl orl ess,
njar? & g&ﬂ“ﬁ$6 04 g. Its
blocks in the order of

ropyl ene

ocks at a rati o of about 5:1
< l

pol ymeri zati on. readﬂﬁﬁﬂ%%ﬁﬁﬂ&h:c; L 1o
as the polynerization reaction in the first ste
tetrakis- [tris(dinmethylam no)phosphoranilidene

p of Exanple 112 except that
am no] phosphoni um hydr oxi de
was not used. Propyl ene oxi de was not CORBSTRACT

The present invention provides a novel salt use-

ful as an active species in an

organic reaction and

represented by the following chemical formula (1):

—

NR;
| Rzu'—,-'ﬁ—._—nnz

N .
d

.
RzN_"P_’NR:g )

R,N NR,
| e, )
RzN-e—P=N-}—P —€N=P%—N32
[ a | ‘¢
R,N /LN NR,

z"™ 1)

n

—

wherein n stands for an integer of from 1 to g8, zh~

f an active hydrogen com-

pound, a, b, ¢ and d each stands for a positive in-

teger, and Rs represent the same or different hydrocar-'

b
NR,
5
represents an n-valent anion o
bon groups. Also disclosed is
10 '

polymerizing an alkylene oxide

of_the salt represented by the

~

a simple and efficient

process for producing a poly(alkylene oxide) by

compound in the presence

chemi ula (1).
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sumed at all.
20.1 g, which was substantially equal
charged in the reactor. No pol yoxypropyl enetri ol
113-116 I n each exanple, a polymer of a first alkyl
obtained in two steps as in Exanple 112 ex- cept th
conpound and active hydrogen conpound shown in Tab
sanme nol ar anounts, respectively, that first al
Table 12 was used and that the 10 tenperature
Table 12 were enployed Further, polynerization of

wa

The wei ght of the contents of the reac-
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al Kyl ene oxi de conmpound was conducted in a simlar man- ner as in Exanple

112. The results are presented to-

in Table 12. 15

gether with the results of Exanple 112

The phosphazeni um conpound enpl oyed in each exanple

had been synthesized by reacting the correspondi ng phgsphazsnium-chlLori.de
wi th potassi um met hoxi de, potas- sium ethoxide, potasgREFhACEMENE SHERdi um
phenoxi de. 20 25 - 145 - Jerr] - 146 - P b
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Exfarrpl e 117 Tetraki s[tris(di methyl am no) phosphoranili dene-
am no] phosphoni um hydroxide (3.78 g, 5.0 mml) was wei ghed in a 100-ni
eggpl ant -type flask, to which 20.0 g (217.4 mmol) of cerol_were added.

The 5 resul tant m xture was heated under stirring gag ‘gg‘qm)g, ys
m xture. Dry nitrogen gas was then bubbled at 100C an Jjﬁﬁm‘i’g +6 E{j?qe

byproduced water, whereby a m xture of excess glycer ,
phosphazeni um salt of glycerol contai nedlys-t herein, na ygﬁ@&r&?g{ tgtna- -
10 ki s[tris(dinmethylam no)phosphoranilideneam no]} lphosphoni un}. galit of
glycerol {[Me[err]N)[err]P=N][err]P[err]Gy[err] (Ay[err] represents an
anion forned by deprotonizing one of the hydroxyl groups—et—glyeerot-—#his
will hereinafter app- |y equally) was obtained. 15 The
procedures of Exanple 112 were repeated in exactly the sane manner except
that the above-obtained mxture was charged in its entirety instead of the
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phdsphazeni um conpound and gl ycerol enployed in the polynerization
reaction. .A col orless, odorless block 20 copol ynmer was obtained in an
anount of 1,532 g. Its hydroxyl nunber was 24. This bl ock copol yner is
pol yoxypr opyl enepol yoxyet hyl enetriol, which has bl ocks in the order of

pol y(propyl ene oxide) - poly(ethyl ene oxide), and contgi ) rytene
oxi de) bl ocks and 25 - 147 - pol y(ethy}ene oxide) bl mﬁglﬁ&ﬁhgﬁﬂﬂ&
about 5:1. Exanple 118 In exactly the same manner as in ﬁx%ggle 2,

di met hyl ami notri s[tris(di met hyl ani no) phogphor ani | i dene{ anih2dMAYSWEhon| um
net hoxi de {[(Me[err]N)[err]P=N][err] (Me[&ZF]N)P[err] 5 CHerr]defr
was obt ai ned. - ‘NN Qe '
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In a 200-m eggpl ant-type flask, weighed was 0.59 g (0.92 mmol ) of the
phosphazeni um conpound ob- tained by the above-descri bed procedures. Added
to this phosphazeni um conpound were 40.0 g (40 mmol ) of 10

pol yoxypropyl enetri ol which had a hydroxyl nunber of 168 and had been
industrially produced using glycerol and potassi um hydroxide as initiators
(product of Mtsui-Toatsu Chemicals Incg). The resultant m xture was heated
under stirring into a honogeneous m xture. 15 i Qh*’ ‘ge(‘u f was

t hen bubbled at 100[err]C and 5 nmHg t®.renove byp?‘ ‘l[?‘ ) | wher eby
a mxture of ex- cess pol yoxypropyl enétFiol and the phos&hazen um salt of
pol yoxypr opyl enetri ol :%&nt.al.-ne §Iasere| S~ narely, the AY 199

mono{ di met hyl ami ne4ri @l et ny| ams @o) phosphor -

ani | i deneam no] phosph bung 3@«1 -f pol yoxypr opyl e-ne- tr| ol was obt gi ned.
In a 600-m autocluave gp at: enpt oyed inilExanple 112 _the.dn xture
obt ai ned by the alsmve-

.
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déscribed procedures was charged in its entirety. The 25 - 148 -

autocl ave was purged with dry nitrogen gas and its con- tents were heated
to 100[err]C. Wile intermttently feed- ing 400 g (6.90 nol) of propylene
oxi de so that the pressure during the reaction renai ned around 5 3.0
kg/cnferr], the contents were reacted at 100[err]C for 12 hours. After the
contents were maintained under 10 nmmHg feor 30 mnutes, the pressure was
allowed to rise back to normal pressure-#ith nitrogen —
ternittently feeding 130 g (2.95 nol)eof ethylene oxi MACWB@Q@E& cond
al kyl ene oxi de conpound so that the pB&s- sure durind tlhe reaction rénmhi ned
around 4.0 kg/cnferr] »dhe gongents vgre reacted at JOC[eZQMAYHﬂWG \oWIr s.
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col’orl ess, odorless bl ock copol yner was obtained in an anount of 551 g. Its
hydr oxyl .nunber was 14. This 15 bl ock copol yner is

pol yoxypr opyl enepol yl oxyet hyl ene- triol, which has blocks in the order of
pol y(propyl ene oxi de) - poly(ethyl ene oxide), and contains poly- (propyl ene
oxi de) bl'ecks and pol y(ethyl ene oxide) blocks at a ratio of about 2.5:1. 20
Exanpl e 119 dycerol (20.0 g, 217.4 mol )7 was wei ghed in a 100-ni:

eggpl ant-type flask, to which 5.0 m (5.6-muvol) of a ol S0 i on
of potassi um hydroxi de were added to&.erm a honpbgeneo ISEE A@W\Sﬂbﬂ
nitrogen gas 25 was t hen bubbl ed"lét 110C under ré¢dyiced pressure fo
- 149 - renove water Z#her eby sidig moBcpot assi um sal t of | 22 MAY 1997
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gllycer.ol
a solution of 3.87 g (5.0 mmol) of

tetrakis[tris(dimethyl am no)phosphoranilideneam no] -
chloride in 20 mM of THF (tetrahydrofuran; this wll
equal l y) -was added, fol -

was prepared in a formcontained in excess glycerol.

To the salt,

phosphoni um

herei nafter apply

| owed by stirring to obtain a suspension.

In a

I n Exanpl e
rocedures wa
Tunder reduced pre

600-m autoclave simlar to that enpl oye
obt ai ned by the above- 10 desciLbeng
suspensi on was heated with stirri
was distilled of f . E&fderntHab,ath&FHeactor was purged
and its contents ﬁ%f@z éétéﬁ“to 8fs Wile intermtte
(6.90 nmol) of . Eﬁ%e“%*mﬂa as a first al kyl enoxi de

during the re g@cmmmmmne oand jge-kg/cnﬂ the c
at 80[err]Cfcr 1 'ﬁ’amrs—« A‘t\’er

REPLACKHENT 5

sure SOt % e
I od

ki

for 30 mnute§d e pressure was ul_logvgd to
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20 -rise back to normal pressure with dry nitrogen gas and the contents
were allowed to cool down to roomtenpera- ture. The resulting

pol yoxypropyl enetriol including the catalysts was charged in its entirely
ina 2,300- mM autoclave simlar to that enployed in Exanple 112. 25

The reactor was then purged with dry nitrogen gas and - 150 - its
contents were heated to 100[err]C. EV\hileginterm'ttent- ly feeding 200 g
(4.55 nol) of ethylene oxide as a seg- erd al kyl ene oxi de conpound so that
the pressure during the reagtjon rgmal ned around 4.0 kg/cn2, the contents
were reacted at 102&§0r~12mh0 rs.okcol orl ess, odor- |ess block copolymner .
was obtained iz an,a(g g;'% 9 g0¢ts hydroxyl nunber was 68. This bl ock
copolymer is pgl yoxﬂ)ég)égl—eﬂepgl yoxye[.\hyl enetriol,
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wht ch has bl ocks in the order of poly(propyl ene oxide
oxi de), and contains pol y(propyl ene oxi de) bl ocks and
bl ocks at a ratio of about 1.5:1. Conparative Exanple
as the forner stage of Exam ple 119, the nonopotassi
was prepared in a formcontained in excess glycerol.

tetrakis[tris(dinethylam no)- phosphoraEELideneanino]
to the salt, 20 m of THF were added so at a suspeng
Usi ng this suspension, polynerizatiqgn of propylene ox
in Exanple 119. The reaction was extg®nely slow and p

consuned only slightlysshe weght g@=the contents of
g, which was only ski gI‘?t‘fj gr gater tdman the wei ght of
NOOTHNWVWOOO
itself. I 983357880 .,
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- 151 - Exanpl es 120-123 I n each exanple, the procedures of Exanple 119

were repeated |i kew se except that the phosphazeni um conpound and basic

nmet al compound shown in Table 13 5

were used in the sane nol es,

respectively, that the first and second al kyl ene oxi de conpounds shown in

Tabl e 13 were used in the sane weights, respectively, an

that the

pol yneri zation tenperature conditions fq{ the first al ky
conmpound, said conditions 10 being~§homm'in Tabl e 1

JETLACEMEN]

T

The results are presented together with the results of BExgm 121 in Tablie
13. The phosphazeni um conpounds enpl oyed in Exanple 121 [ard 9722 1 had
been synt hesi zed by reacting £R~Cok € opdi M~-phosphazgni chlorides Wt{h
15 sodi um tetraf | uorgbor ZtéTarl sbdiJim peechl or at e;
NOoOOoTNY
.o TO -0 =
= oMo yww © <o
o aoQwe - o o e
e DNA =D TN ot o«
™~ (3] i
- (% E
0 = U Z<
=1 2% <5
> 32X L. O Q.
oVe =X =—-2UVNE LNWRO
2200 We=ZOZ =
MEEER5oESToZE 0
=“0woo00a LN
=r
&k
n.rc
C
-
:
—N
C
———J :
=
———— -
| =
=
—
C
=0
E
-
O
- -
- -~
- e
9 C
C
- b
3 0
u
:
= o
5
==
C -
=
=




respectively, and the phosphazeni um conpound enpl oyed i n Exanple 123 had
been synthesized by a reaction be- tween
l-tert-butyl-4,4,6,6,6-penta(pyrrolidin-21-yl)-
2,2-bis[tri(pyrrolidin-1-yl)phosphoranilideneam no]- 20

2[err],4lerr],6[err]- catenatrl(phosphazene) and hydr o¢RERITR b 25—
152 - [err] - 153 - Exanple 124 N, N i net hyl et hyl enédh Bt '\’h&iﬁ EB|
217. 4 mmol ) Sainl f
22 MAY 1997
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wds wei ghed in a 100-m eggpl ant-type flask. Sub- sequent to dilution with
20 M of THF, the resulant 5 solution was cooled to -70[err]C,

foll owed by the addition of 5.0 nm of a 1.0 M hexane sol ution of n-butyl
lithium (5.0 nmmol in terns of n-butyl lithiun). After the thus-obtained

m xture was stirred at the sane tenperature for M)mn%egihetamaaUHe
of the mx- 10 ture was allowed to.Lise back to rﬁﬂhgl &&mgﬂ r
about 30 m nutes. The m xture was stirr further for BO u.nuLVu,

the monolithiumsalt of N, N - dinethyletdyl eneam ne wap b?ﬂ@&ﬂ b affgrm
contained in excess N N - dlnethylethyledé i am ne. Added 4997 al t
was a solution of 3.63 gp@Eb, 0 mmod B 3, 3-
tetramet hyl butyl am ngtri Rt ﬁdmmtg"lyl ag;no) phosphor -
ani | i deneani no] phospghoni @@ Fdgigiga n 20 nl of THF. Tre—resw-ting mix{ure
was stirred for 2 hq@rs, aWBEDY “WSHpnbgendbus sol ution was obt ai ned. 20
A pol yneri zation reastl oﬁ%s‘&onﬁ‘uct el in £
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simi|ar manner as the polynefization reaction of Exam ple 119 except for
the use of the honbgeneous sol ution obtained by the above-descri bed
procedures, ethylene oxide and styrene oxide in place of the suspension, 25

propyl ene oxi de and et hyl ene oxi de, respectively. A - 154 - col orl ess,
odor | ess bl ock copol ynmer was obtained in an amount of 492 g. Its hydroxyl
nunber was 100. This bl ock copol yner isqgol yoxyethylen Qﬁh : tyr.enedi ol ,

whi ch has bl ocks in the order of poly(ethyl ene oxi de) B M&ﬁ@hggypw
oxi de), and contains pol y(ethyl ene oxide) & bl ocks and{ ppl y(styren ' de)
bl ocks at a ratio of about 12.5:1. Exanpl &¥25 22 MAY 1997
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By reacting 1-(1,1, 3, 3-tetranet hyl butyl)-2- ,
di met hyl am no-2-tri s(di net hyl am no) phosphorani | i dene- 10 am no-4,4,4-tris
(diethylam no) -2[err],4[err]-catenadi- (phosphazene)
{[(Me[err]N)[err]P=N][err](Me[err]N)[err]P=N-tert-Clerr]Herr]} and 1/3
equi val ent of phosphoric acid, tris{1,1,3,3-tetra- '

met hyl but yl ani nodi net hyl ani no- bi s[tri sgﬁqmet hyl ani no) I\EPLACLL‘;;;\W ,yﬁﬁf

phosphor ani | i deneani no] phosphoni um pho ate 15
{{(Me[err]N)[err]P=N][err] (Me[err]N)(tert-Clerr]Herr H)ﬁ[ziié%?%rr] PJl err
]} was synthesized as a phosphazenl um conpound. Wi ghed -

eggpl ant-type flask were 40.0 g (40.0 mo&E of pol yoxjydihyl enadial - dhijch

had a hydr-oxyl nunmber of 1d& and had; been:p-r oduced usj ng 20 ethyl ene gI ycol
and cesium hydroxide as i ¥t @r sa a1HF (ﬁ% n) was

honbgeneous sol u- tiome Afggpgd@ggg@ of 60 mM (0.46 mmol) of a
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0, 10 M (nol /1) hexane sol ution of di(n-butyl) mag- 25
honobgeneous sol ution at room tenperature, - 155 -

nesi

umto the

the resultant m xture
was heated for 2 hours under reflux. The m xture was then all owed to cool

down to roomtenperature, to which 0.49 g (0.31 nmml) of the phosphazeni um

conpound obt ai ned by the above-descri bed procedure

VYV
suspension. 5 In a 600-m autoclave simar to t hat| P&

pADHAENT,SHE

hin a
bl e

=

112, the suspension obtained by the abewe- descri bdd
charged. The suspensi on was heated with sk&irring urde

pr ocedures was

r 2 2MAEYIPressire so

or was 10

X ) ~
that the THF was distilled off. After thaB=the redct
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purged with dry nitrogen gas and its contents were heated to 80[err]C.
Wiile intermttently feeding 400 g (6.90 nol) of propylene oxide as a first
al kyl enoxi de so that the pressure during the reaction renmained around 3.0
kg/cn2, the contents were reacted at 110[err]C 15 for 0, ]

contents were maintai ned under 10 nmHg for 30 m nutes, .E“FWFSHEEPk
allowed to rise back to normal pressureswith dry nitroge

contents were cooled down to 100[err]C —¥Wile inter- mjt e%ﬁfuigggéfng 130
g (2.27 nol) of ethylene oxide as 20 a second alkylene o] |de co
that the pressure during the reaction remaimed around
contents were reacted at 100[err]C for 12 h»®@rs. A col
bl ock copol yner was obt ai ned_;:'gm, ag agngqpt (g 171 g. Its hydroxyl nunber was

the
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- 1156 :- bl ock copol yner is pol yoxyet hyl enepol yoxypr opyl ene-
pol yoxyet hyl enedi ol , which has blocks in the order of poly(ethylene oxide)
- pol y(propyl ene oxide) - poly- (ethylene oxide), and contains
pol y(et hyl ene oxide) 5 bl ocks and pol y(propyl ene ;;feﬁ_,zﬂ QT ACKRS —at—
ratio of about 1:1. Exanple 126 A suspension whi ch had] Meent\dhtiai her2iin
exactly the sane manner as in Exanple: 11? was filtered tb 10 rengve

t he byproduced salt. After the salt wasthashed wi t h HH, 2R2MAY 1997at ¢ dnd
t he washi ng were conbi ned together. A polynerization rledcti on was condugt ed
In exact- |y the same manner as the pol yrreréz.nzation regction ot
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15
obt ai ned by the above-descri bed procedures,
suspensi on.
anount of 584 g. Its hydroxyl nunber was 64. This blo
I s pol yoxypropyl enepol yl oxyet hyl enetriol, which has b
pol y(propyl ene oxide) - poly(ethyl ene oxigde),
oxi de) bl ocks and pol y(ethyl ene oxi de) btocks at a ra
Exanpl e 127 157 - Charged in a 2,300-m autoclav
enpl oyed in Exanple 112 were 215 g of pol yogypropyl en
pol yoxyet hyl enetriol, which had been obtaingdin Exa
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Exanpl e 119 except that the conbined sol ution,. which had been
was used instead of the
A col orless, odor- |ess block copolyner was _obtained i.-n_an
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pl e 112 after polynerization of ethylene oxide as a 5 second al kyl ene
oxi de conpound and which still con- tained the catal ysts. The reactor was
purged with dry nitrogen gas and its contents were heated to 90C. Wile
intermttently feeding 195 g (3.36 nol) of propyl eneidRLOE~SO~tiat—11
pressure during the reac- 10 tion renmained arou gﬁ%ﬂétﬁﬁﬂb $HQE'
contents were reacted at 80[err]C for 1gqhours. Afte he contents Ww
mai nt ai ned under 10 mmHg for 30 m nutess—the pressur¢ pa 2MAYVISR7 t O se
back to normal pressure with dry nitrogen gas and the fontents were jl} owed
to cool down 15 to roomtenperature. & col orl efs;—odortess—teck
copol yner was obtai ned i n am anountu of 40%@. Its hyproxyl nunber was f15.
This block copolymer is EIXT £ aa3 25 '
polyoxypropylenepolyoﬁ%ethggpq Pk ypropj?enetriol, whi ch has bl ocks in
t he order of pol ypropyjenea;g;ggg-%g o P& y(ethylene oxide) -
pol y(propyl ene oxi de),; andRex@=—% aiIr pog/(prqul ene oxi de) bl ocks and
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oxi de) blocks at a ratio of about 10:1. Exanple 128 Charged in the 2, 300-m

aut ocl ave enployed in 25 Exanpl e 112 were 212 g of

pol yoxypr opyl enepol yoxy- - 158 - et hyl enepol yoxypropyl enetriol, which

had been obtained in Exanple 127 and which still contained the catal ysts.

The reactor was purged with dry nitrogen gas and its & - tied
to 100[err]C. Wiile intermttently feedpfg 125 g (2.8 '

oxi de so that the pressure during the reaction remain kg/ gn2,
the contents were reacted at 100[err]C fot 24 hours. tent s

were naintai ned under 10 mmHg for 30 nmi nuBds, the prepshre was allo d |to

rise 10 - back to nornnJNEreSSUﬂe W thadry nitrogep gas and the
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contents were allowed to cool down to roomtenperature. A colorless,
odor | ess bl ock copol yner was obtained in an anount of 328 g. Its hydroxyl
nunber was 10. This bl ock copolymner is polyoxypropylenepolyoxyethylene- 15
pol yoxypr opyl enepol yoxyet hyl enetriol, which has bl ocks_in the—e+rdet:
pol y(propyl ene oxi de) - poly(ethylene oxi de) - poly(prigap g&gmﬂ&ﬁﬁéﬁﬁﬁaf
pol y(ethyl ene oxide), and contains pol ygpropyl ene oxide)rt
pol y(ethyl ene oxi de) blocks at a ratio-of about 1:1. 2
According to the present invention, the phospha- zeniu
hydr ogen conpounds, said salts. belng repregented by th
(1), or the phosphazeni um hydroxi des reprefgated by thé chemi- cal fornula

2) do not. contain any netal, .gonpon and=25 can WwsevtdeTai 1 ons of
'P'l'
various sizes. They have haﬂL._ £ aa3 23
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-- 159 - solubility in organic solvents and the anions of the active

hydr ogen conpounds are provided with its essen- tial
hence extrenely useful,

reactions. 5

i nventi on,

for exanpl e,

Furt her,

as

according to the pr oce<§F9[%CFP’%;!E§ﬁ ET

pol y(al kyl ene OX|de)s free of

conveniently and efficiently produced

conponent .
their

present
ling. 15 20 25
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Conpared with phosphazene b
hi gh reactivity with noisture in air or the |iKke,

conpounds and ot her conpounds which are usable in the pj
invention are nore stable and are I&#ce nore ad
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-- 160: - CLAIMS: 1 1. A phosphazenium salt of _an_acti-ve--Rydrogen-
2 conpound, represented by the follow ng chem cal f 1@@@@{1‘(3&‘5’@.
[err] 5 wherein: 6 n stands for an intege +—fromr I to 9| ahd
7 represents the nunber of phosphazenium cations, ahd}|8 MAY 1997 Z efr]
represents an n-valent anion of an active 9 hydr oge (oer%ung In a fofm
derived by elimnation of n 10 protogs froman acti\e lhydrogen
conpoundsel ected fromthe group 11 coftsi sting of watjer, al cohols havi hg
1 to 20 carbon 12 atons, pol yhydric al cohols havi ng '2—to—20—Tarbon at ons
13 and 2 to 8 hydroxyl groups, saccha riggs and derivatives
) 2L & 359a 3%
o M X 11 3 Q'O.
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14

>t her eof,

1 to 8 hydroxyl

3 primary or

20 carbon atons .and 2 to 3 21
stands for

23

22

pol y(al kyl ene oxides) having 2 to 8 term nals, -_161 - 15
groups at said termnals and a 16 111:0\ R LT f
from.100 to 50, 000, polyam nes hav- 17 ing 2 to 20 %gﬂﬁé%%néggggf2 to
18 secondary am no groups, saturated tytlic ry 149
am nes having 4 to 20 carbon atons, and cyclic 20 DO yaraﬂgiqﬁg\?i g4 to
secondagy amno groups{ a,_ b, c¢ andld leach
a positive integer of r smaller o w th the provijso
that they are not all O at the sanme tinme, R reptesents-24 t+he-sane
having 1 to 25 10 carbon atons, and two

or defferent hydrocarbon groups
Rs on each conon nitrogen 253

atom may be goupled together to forma

. o 0 _ﬁ . . .
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2 :is an integer of from1l1lto 3. 1 3.
claim 1 or 2, 2 wherein a, b, ¢ and d are not al
and each stands for a positive integer of 2 or snaller 4

The salt according to
O at the sane tine 3

ol |

4. The salt according to any one of clains 1-3, 2
sanme or different and is an aliphatic 3 hydr ocar bon
10 carbon atons. - 162 - 1 The salt ac
of clainms 1-4, 2

wherein two Rs on eash conmmon nitroge

oup

" do BMAP

atom are coypljed

navl ng flo

1Y qns

11

3 together to forma ring structure and the resultan
substituent on said nitrogen atomis t et ranet hyl
pent anet hyl ene group. 1, vu O A, phosphazeni um h esent ed
by the Iz 2 883 °2
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2: following chemcal formula (2): [err] 3 4 wherei n each Nb
represents a nethyl group, and a, b, ¢ 5 and d are each 0 or Wt
proviso that they are 6 not all 0O at the sane ti T

process for the preparation of a phospha- 2 zeni QLECEwENH%SH T
hydr ogen conpound represented 3 by the follow ngic en1ca| ‘@52“

- 163 - [err] 5 wherein: 6 . stands fo
to 8 and 7 represents the nunber of—ﬁgosphazeniu atlons, and 8

z[err] represents an n-valent anion of an active

h t he

ve
1):
rpmil

32
0
0.5374 sec
59.5000 sec
23
6.20 usec
30
6
0
16
12 Hz
H
.50 Hz
X
X
X
X

200
5§0.0 usec

65536
26.2 ¢
0
0
0
0
0
0.00 ppm
+ 40491.62 Hz
18.64 Hz

FREQU : 121951.22 Hz
202,35 MHz

0BSET : 118939.00 Hz

IANUC : 1H
500,00 MHz

TK192

25-N0V-1996 45: 46: 46.64

DFILE : ALPHA

SFILE
IRSET : 162236.66 Hz

COMNT : P4Me20H
EXMOD : SINGL

IRMOD : NNE

POINT :
DUMMY :
ACQGTM :
PD
AGAIN :
PH1
O0BNUC : 31P
OBFRQ :
IRFARQ :
IRATN :
IRRPH :
IRBP1 :
IRBP2 :
IARNS :
ADBIT :
CTEMP
CSPED :

-] SLVNT : CDCL3

SCANS :

0000°F ——

R - —

27

:FIG

o operator

-60 -70 -80 -80

-50

-10 -20 -30

|lllllvllulllll'll!‘llllllllllllllll'lll||nlll
-40

".l.lllll
80 70 60 S50 40 30 20 10 0

0




9:
froman active hydrogen conpound having at nost 11
atons on oxygen atons or nitrogen 12

tiydr ogen conmpound in a formderived by elimnation of n 10

pr ot ons
ei ght active hydrogen

atons, a, b, c_and d each st ands

for a positive integer 13 of 3 or smaller or OWitE{EP )
they are not 14 all 0 at the sane tinme, R represents ELf HSSH ? -
15 ferent hydrocarbon group having to 10 carbon |ajons, .16 apdf t wo
Rs on each conmon nitrogen atom may be pled 17 t('gengAYt@Wor m A
ring structure, which conprises 18 regcting a salfq ¢f a phosphazephi pm
cation and an in- REPLACEMENT SHEET - 1642 - 19 offgani c anion, sald
salt being represented by whe fol - 20 d-ew ng forn&La—{?)' [err]
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22 * wherein mstands for an integer of from1l to 3 and 23 mnrcs nts
the nunber of said phosphazeniumcation, Xerr] 24 R{im@g‘éﬁhﬁ
m val ent inorganic anion, a, b, c, d and 25 R has re—sarmeTreani ngs as
defined above, with an 26 al kali metal salt of an ti % Hq @;gen
conmpound 27 represented. by Merr]Zerr] wherein Merr] & g‘ kial i
28 metal cations, and n and Z[err] ve the sane nea
defi ned above. 1 8. The proeess according fo cl al m 7, vvherel h 2
said inorganic anion is an anion of an acid selected 3 fromrthe—group
consisting of Boric acid, teggafluoro- 4 boric acid hydr ohal ogeni.c
acids, phosphogic acid, » -°%658 5 gshexghl gorophos hor| c aci ¢ and
perchloric acig. - 1 APl 088SS 5\‘ or tRa pr*egal’at ion BF a sghe%—rz
et BNO-—-OMm o no o l-T-1"-1- [-3-3-3-T-T-,1F.]
S <. 8, 8 ¢ 4 s 3gagt B¢, 38833383
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Z
(2): [err] 45

and d are each 0 or

sanme time, which conprises bringing a 8

phosphazeni um cation and a 9

represented 10
wherei n each M,
above and Y[err]

FIG. 30

zeni um hydr oxi de represented by the follow ng chemical 3

fornmul a

wherein each Me represents a nethyl group, and a, b, c 6
1 with the proviso that they are 7 not all 0 at the
solution of a salt of a
nmonoval ent inorganic meiap ' ﬁf —=tmi ng
by the following formy a (4): -1 £E
a, b, c¢c and d have thé—sane meani ngs {13 as def i nec
represents said nonoval ent in-. 2 2MAY 1997
s :
a2 |
N N (s3] Q et a3
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~— - q700429-%

147 -~ organic anion, in a mxed solvent of>water and a water- 15 ‘w=
n1SC|bIe organic solvent into contact with a hydr oxi de- 16 dorme i
anlon exchange resin. 1 10. The proceps—ef—c+-atfi——9 "hﬂfﬂ'“ S-ahd

2 nDnoVéTéﬁT’TﬁB?ﬁaﬁrE_aﬁgn Y[err] in the chen1%§ﬁh#%ﬁNﬁﬁﬁigﬁEETS (4$Gi s

by

an ani on. of nm Lmr gani ¢ acid sel ect pd s wtipmaehe? gr dpaged ...,
consi sting M\mmmw cid, tetra- 5 f] B8t r‘c acid M0 0 paged 174

hexaf | uor ophdsphort c *2ci'd and: per- qs
process according to claim 9 or 9 = wherbilh /gatido
or gani ¢ sol vent

et hers and

a pol y(al kyl ene

10
11
12
13
14

chlor|:1a0|d

wvat er: ;:.-rri scitdbl paged .....

Is selected 3 fron1the group consi sting of al cohols,
167 - 4 nitriles. 1 1B ATEAORT REEBIPF OAptIRdUCi Ng
CLAIMS: ' - -

1. A phosphazenium salt of an active hydrogen-~

. compound, represénted by the following chemical formula

(1):
| ’ NR;
RzN—""ﬁ—-"NRz" o _
R N-G-—P——N)—P*—{N—P—)-NR AN 1
2 , 2 (D
/LN _
-
RzN—"P"—'NRz
‘b
B NR, _In
wherein:

n stands for an integer of from 1 to 8 and
represents tﬁe number of phosphazenium cations, and
2D~ represents an n-valent anion of an active
hydrogen compound in a form derived by elimination of n
protons from an active hydrogen compound selected from the group
consisting of water, alcohols having 1 to 20 carbon
atoms, polyhydric alcohols having 2 to 20 carbon atoms

and 2 to 8 hydroxyl groups, saccharides and derivatives

thereof, poly(alkylene oxides) having 2 to 8 terminals,
REPLACEMENT SHEET
18 APR 1998
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2 oxide) by polynprization of an alkyl ene oxide conpound 3

conprises polynerizing said al kyl ene oxide com 4 pod P‘RQEEEWHTSHEE$

of: 5 (_;Ll,La;da_sa#%~e%—a phosphazeni um cat i on {8t
:cglolrgsmninc aEI ‘on, sai dﬂm i‘ “ I r epriedent g%lﬁ%w
g chem “ m mul a (5) or h% _
(6): [err] wherejnf a, b,_c and
t he chem cal for- mula (5) or e, f aphd g In the .
chem cal 13 fornmula (6) each stands for{a_positive—ia—1tA4
teger of 3 or smaller or 0 with the - 161 -
15 .1 to é hydroxyl groups at said terminals and a
16 molecular weight of from 100 to 50,000, polyamines hav-
17 ing 2 to 20 carbon atoms and 2 to 3 primary or
18 secondary amino groups, saturated cyclic secondary
19 amines having 4 to 20 carbon atoms, and cyclic
20 polyamines having 4 to 20 carbon atoms and 2 to 3
21 . Ssecondary amino groups, a, b, ¢ and d each stands for
22 a positive integer of 3 or smaller or 0 with tﬂe proviso
-’23 that they are not all 0 at the same time, R represents
24 . the same or defferent hydrocarbon groups having'l to
25 10 carbon atoms, and two Rs on each common nitrogen
26 atom may be coupled together to form a ring structure.
1 2. The salt according to claim 1, wherein n
2 is an integer of from 1 to 3.
1 ‘3{ The salt according to -.etaim 1 or 2,
.2 wherein a, b, ¢ and 4 are not all 0 at the same time
3 and each stands for a positive integer of 2 or smaller
4 or o. B
1 4. The salt according to.any one of claims 1-3,
2 wherein R _is the same or different and is an aliphatic

3 hydrocarbon group “ having 1 to 10 carbon atoms.



15° proviso that a, b, ¢ and d or e, f and g. 16

are.not all 0 at the sane time, R17 representﬁﬁiﬂé;gaﬁg*im
or different hydrocar- x bon group \ﬁgugSﬂE hon
atons, 19 two Rs on each common nitrod Ry H
coupl ed t oget her to l ;I""gufl ”H ture, 21 a fior
an i nteger of from 1 repre entq&NBRﬁ er] af
phosphazeni um ca- tions, and Tr- repr _
r-val ent 24 I norgani c anl.onlsmnd - 16
(b) an alkali netal or alkaline earth-netal 26 , aaLL.ngh
active hydrogen conpound, or 27 (I-i1i) a phosphazenlunlsalt of an
active hydro?en 28 conpound, said phosphazeni um salt havi ng
been 5. The salt according to any one--of claims 1-4,

2 wherein two Rs on each common nitrogen atom are coupled

3 together to form a ring structure and the resultant

4 divalent substituent on said nitrogen atom is a

5 tetramethylene or pentamethylene group.

1 6- A phosphazenium hydroxide represented by the

N

.following chemical formula (2): T
— : "
NMe,
Me,N—P—NMe,
MezN : Nx\ne2
3 MeZN{—P—N —P* (N—-P—}NMe2 OH™ (2
a

/I\!l\ NMe2

o
Me,N—P—NMe,

b
NMe,
4 wherein eaéh Me represents a methyl group, and é,_b, c
5 and d are each 0 or 1 with the proviso that they are
6 not all 0 at the same time.
1 : 7. A process for the preparation of a phospha-
2 zenium salt of the active hydrogen compound..represented

3 by the following chemical formula (1):



29°

cation and an 31

derived from 30 (a) a salt of a phosphazenlum,
i norgani c anion, said salt . being .32 '

represented by_the chemecal—fornuta (5), 33

(b) an al kali netal arth metal 35 REPLACEﬁﬁﬂgésHEEI an
active hydrogen ﬂ“‘ﬁ“\ﬂ“‘ﬂ%‘ (I'r-i) (a) a phod4phazeni um conpoun
represented by 3 thefollovm'ngformle (78AF[R3?|99ﬁ3 9
wherein a, b, d and R has t he sane 40 : meani ngs{a
defined above, and Qerr] 41 3 Lepresent]s fydroxXyl ani o

al koxyl 42

10
11
12
13
14
15
16
17

18

"~ ani on, aryloxy% ani on or carboxyl anion

NR;
R,,N—'-'rﬁ—NRz
szi B .d- NR2 : :
RzN/ - p=N-) P* P")‘NRz z" - (1)
\ 1 /a '
R,N -
- .
R,N—P—NR,
_ b |
NR, |n
wherein:

n stands for an integer of from 1 to 8 and
represents the number of phosphazenium cations, and

ZN~ represents an n-valent anion of an active

- hydrogen compound in a form derived by elimination of n

protons from an active hydrogen compound having at most
eight active hydrogen atoms on oxygen atoms or nitrogen
atoms, a, b, ¢ and 4 each stands for a positive integer
of 3-or smaller or 0 with the proviso that they are not

all 0 at the same time, R .represents the same or dif-

ferent hydrocarbon group- having 1 to 10 carbon atoms,
and two Rs on each common nitrogen atom may be coupled
together to form a ring structure, which comprises

reacting a salt of a phosphazenium cation and an in-



43 ¢ and 44 (b) an active hydrogen conpound or
45 . (I'l-i1) a phosphazeniumsalt of an active hydr

Conpound sai d phosphazeni um salt having been 47 ﬁ?ﬁgAﬁﬁwﬁﬁ¥FSEEETr6&f'
48 q t s
the chem cal for §najll) a !WH ﬁmﬂﬁmltmlﬁonpoun r (eg; e;ﬁnact [ végm 4298n

conpound. 1 The process according to clgdim12, wherein 2
sai d al kyl ene oxide conmpound is a conpound sel ected 3 fromttre—grotp
consi sting of ethylene oxide, propylene 4_ jgyide, 1,[2-butylene oxide and
styrene oxide. 1 14. The process according to clarm 12 or 13, 2
wherein a, b, ¢ and d in said phosphazeniumcation in 3 t he chem cal
formula (5) or chemcal fornula (7) each 4  stands for a positive integer
of 2 or snalber ororyamitch éhiont il csd ko hdialg trepresentet byt ke dloX-he
sanme time. 1 15. The process according to claim12 or 13,
20 lowing formula (3):
NR,
RzN_ﬁ—NRz
. N _
Rzul d an . -
21 RN-{P=N-) —-€N P—%-NR xm-
= = 2 X 3
| RN /a @)
: RzN—P—NRz
b
. NR, m
22 wherein m stands for an integer of from 1 to 3 and
23 represents the number of said phosphazenium cation, X®~
24 represents an m-valent inorganic anion, a, b, ¢, d and
25 R: has  the same meanings as defined above, with an
26 alkali metal salt of an active hydrogen compound’
27 represented by M' 2"~ wherein M', represents n alkali
28 metal cations, and n and Z1'” have the same meanings as
29 defined above.
1 ' 8. The process according to giaimlﬁ, wherein
2 said inorganic anion is an anion of an acid selected
3 from the group consisting of boric acid, tetrafluoro-

4 boric acid, hydrohalogenic acids, phosphoric acid,



2 ° wherein e,

provi so thaéﬂlﬁgxﬂﬂ,e,nee—a% at the sane tine. ELA' pﬁﬁﬂlSHEET' '
16. The process accord ny one of clainms 2 13-"H .

sai d phosphaz ‘m wm‘m he 3 chenical formula
formula (6) ox“ sformula (7) is the sanme or
5 hydr ocar bdn §

process according to any one of clains 2. 1g512-16, whegrein tmo Rs on eaq

f and g in said phosphazeniumcation in the 3 formul a
(6) each stands for a positive integer of 2 or 4 smaller ar 0 withthen "

~~ 1

ﬁ{l‘l

roup having 1 to 10 carbon atoms. 1

|f?§p§ﬂ% allp ati

common nitrogen atomin said 3 phosphazeni um cati on Yh—t-he—ehenrcat

formula (5),

coupl ed togsther

1
2
3

10

chem cal fornmula (6) or chemcal fornmula (7) are 5
to forma ring structure; and the
hexafluorophosphoric acid and perchloric acid.-
59. A process for the preparation of a phospha-
zenium hydroxide represented by the following chemical

formula (2):

— _—
NMe,
MezN———ﬁ-—‘-NMez o -
| Ae,N N NMGZ .
M%N(—P—N)——P*—GN—P—}—NM% OH™ (2
a /L |
S
Me,N—P—NMe,
' b
NMe,
— pp—

wherein each Me represents a methyl group, and a, b, c

~and d are each 0 or 1 with the proviso that they are

not all 0 at the same time, which comprises bringing a
solution of a salt of a phosphazenium cation and a
monovalent inorganic anion, said salt being represented

by the following formula (4):



6 ° resultant dival ent substituent on said nitrogen atomis 7 a

tetramethyl ene or pentanethylene group. 1 18. The process e
accor di ng E?_%QX_QQQ_QL_QLaLns - 12-17, wherein said in
t he chem ca fornul a or chenmical formila (6) |REHEA@EM@NTOSHEET4
I norgani c acj ﬂﬁ“ﬁm‘\ w the group consisting of 5 Ber+e—acT;
tetrafluorob al ogenic 6 aci ds, phosghqri fg
hexaf | uor ophodphbri'c acid and 7 perchloric acid. 1 fgaA(i:‘ ?998Th¢
process according to any one of clainm 2. 3g12-14, 16 jard 17, where]
in said phosphazenium com 3 . pound represented by t e chem cal formul &
(7) is an 4 ani on selected fromthe group consistin ,
ani on, al koxyl anions derived from al.cohols having 1 to 6 8 carbon
atons, aryloxyl @kions derived fromaromatic — -
NMe,
.MeaN-—lﬁ—NMez
M N o N | NMe
11 MezN(——P—N P* (N—-li—' ) NMex | Y~ (4)
| MezN o N NMe2 . -—
MezN—'P—Nmez
b
NMe,
12 wherein each Me, a, b, ¢ and d have the same meahings
13 as defined above and Y~ represents said monovalent in-
14 organic anion, in a mixed solvent of water and a water-
15 miscible organic‘solvent into contact with a hydroxide-
16 form anion-exchange resin. |
1 1, The process of claim 2, wherein said
2 monovalent inorganic anon Y~ in the chemical formula
3 (4) is an anion of a monovalent inorganic acid selected
4 from the group consisting of hydrochloric acid, tetra-
5 fluoroboric acid, hexafluorophosphoric acid and per-
6 chloric acid. ,
1 1. The process according to claim B or 10,
2 wherein said water-miscible organic solvent is selected

3 from the group consisting of alcohols, ethers and



- 172 - 7 hydr oxyl conmpounds having 6 to 18 carbon atons, and 8

. carboxyl anions derlved from carboxylic acids having 1 9 t'0 -6 --carhon S

atons. 1 ss according to any one of clains 2
12-19, wherein sald act| ogen conmpound is an ac- tive hydrogen
conpound seleﬁﬂ m p consi st- 4 ing o o 1to
20 carbon ato al cohol s having 2 t oR E&Léﬁ%ﬁg thyi and 2
to 8 6 hydroxyl groups saccharldes and derivativesithereof, 7
pol y(al kyl ene oxi des) haV|ng 2 to 8 termg RS 1 to § 18“&“& B br bups
at said termnals and a nol ecular 9 wei ght of frorm 3100 to 50, 000,
pol yam nes having 2 to 20 10 carbon atons and 2 tq 3—primary or
secondary am no 11 groups, saturated cyclic secondary am nes_havingi4 to
12 10 obrbonndteigesand cyclic pol yam nes havi ng to 10 13 car bon
atonms and 2 to 3 secondary am no groups. 1 21. The process f
accordi ng Xo any onel@.. cRapwecess for producing a poly(alkylene ‘

2 oxide) by polymerization of an alkylene oxide compound,

3 which comprises polymerizing said alkylene oxide com-

4 pound in the presence of:

5 (I-i) (a) a salt of a phosphazenium cation and an

6 inorganic anion, said salt being _

7 represented by the following chemical for-

8 mula (5) or chemical formula (6):

-NR,

RzN"—ﬁ‘_’NRz




24 inorganic anion, and

2 12-18 and 20, wherein said alkali netal or alkaline 3 ear t:h..met alp
.salt of said active hydrogen co nd is an 4 al kali metalsalt. of- Sai d
“active hydrogen—eoﬁpUU‘ﬂ——'—d_ﬂﬂpQu The process @ ne

of claims 2 m“mml where| n upon polyn wa%mfsa 3

al kyl ene oxi de co HH sence of said salt sai d

phosphazeni um cati®n and sdid’inorganic anion, 5 = sajd saBtAlBBﬂ?Eﬁ

represented by the chem cal fornula (5) - 173 - 6 pr chemical fqgrrnula

(6), and said alkali netal-or 7 al kaling garth netal sartr—of—sard acwive

hydrogen com 8 pound, or in the presence of said phosphazenium salt lof

9 said active hydrogen conpound havi ng been derived from 10 said salt

of said phosphazenium cation and said.in- 11 organi c anion, said salt

bei ng represented hy the ] -
fL\\ /,R
_ NFE! i

. — Y —_— r— ’

10 RzN{——P—-N}—P —éN P—'>‘Nﬂz T ‘_ (6)
RzN——P_—NRZ
¢ .
: NR, r
- ) —

11 . wherein a, b, ¢ and d in the chemical for-
12 mula (5) or e, f and g in the chemical
13 formula (6) each stands for a positive in-
14 - teger of 3 or smaller or 0 with the
15 proviso that a, b, c and d or e, f and g
16 are not all 0 at the same time, R
17 : représents “the same or different hydrocar-
18 bon group having 1 to 10 carbon atoms,
19 two Rs on each common nitrogen atom may be
20 - coupled together to form a ring structure,
21 r stands for an integer of from 1 to 3 and
22 - represents the number of phosphazenium ca-
23 L tions, and TY¥~ represents of an r-valent



12 chemcal formula (5), and said al kali netal or alkaline 13 earth..

.metal salt of said active hydrogen conpound, said 14 polynerlzatlo is
conducted in the additional presence 15 of an acti &R T nd.
which is the same as or ferent fromsaid actﬁafiﬁggﬁﬁﬁg gund
havi ng 17 f or ned—sai aI netal or al kaline ear netal sqﬁé : of
said active hydr sald derived 19 p1o % It fof
said active hydr 23. The process accordln o} any
one of clains 2 “oo " mhereln in saidepotynerizati on reaction of shid
3 al kyl ene oxi de conpound said phosphazenlun1cat|$n is 4 used—-A an
amount of from1 x 10[err] to 1 x 10[err] nole per 5 nol e of said
al kyl ene_oxi de conpound. 1 -24. The process according to any one
of clai m832 12-23, wiky cam atkabisnetab or nabkatinekgarhl watal 3
conpounds are successively polﬁgerlzed to produce a 4 bl ock _copol yner
containi AG at |east two ki nd%@¥¥ &f an RELIVE IBYIFRIR | SRFPRNRR k sOF

27 (I-ii) a phosphazenium salt of an active hydrogen
28 | compound, said phosphazenium salt having been
29 derived from:
30 _ (a) a salt of a phosphazenium cation and an
31 inorganic anion, said salt being _
32 represented by the chemical formula (5),
33 and
34 (b) an alkali metal or alkaline earth metal
35 salt of an active hydrogen compound; or
36 (IXI-i) (a) a phosphazenium compound represented by
37 the following formula (7):
_— _ S _ ) B
' NR,
RzN——Iﬁ-——NRz'
N d NR,
38 RzN P—N N—-—P ) NRz Q- (7
| ""/L ! |
_32N NR,
RzN-_-—P—-NHZ
b
NR,

39 wherein a, b, ¢, 4 and .R has the same



1°- 25. A poly(al kyl ene oxi de) obtainable by the pro- Lon 174+ 2
.cess according to any one of clains 12-24. R

REPLACE\AENT SHEET
RN AR HERY R | | 18 aPRE® |
* c L M S *
- 170 - L—
40 meanings.as defined above,  and Q™ -
41 represents a hydroxyl anion, alkoxyl
42 anion, aryloxyl anion or cafboxyl anion,
43 and |
44 (b) an active hydrogen compound, or
45 (II-ii) a phosphazenium salt of an active hydrogen
46 compound, said.phosphazenium salt havipg‘beeh
-47 derived frqm:
48 (a) a phosphazenium compound represented by
49 . the chemical formula (5), and
50 (b) an active hydrogen compound.
1 13. The process according to claim 12, wherein
2 said alkylene oxide compound is a compound selected
3 from the group consisting of ethylene oxide, propylene
4 oxide,_l,z-butylene oxide and styrene oxide.
"1 14. The process according to claim 12 or 13,
2 | wherein a, b, ¢ and d in said phosphazenium cation in
3 the chemical formula (5) or chemical formula (7) each
4 stands for a positive integer of 2 or smaller or 0 with
5 the proviso that they are not all 0 at the same time.
i 15. The process according to claim 12 or 13;
3 wherein e, £ and g in said phosphazenium catioh in the
3 - formula (6) each stands for a positive integer of 2 or
4 smaller or 0 with the proviso that they are not all o

5 at the same time.
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16. The process.according to any one of claims

12—15; wherein R. in said phosphazenium cation in the

chemical formula (5), chemical formula (6) or chemical"
formula (7). is the same or different aliphatic
hydrocarbon group having 1 to 10 carbon atoms.

.17.' The process accordlng to any one of clalms
12'-16 wherembm Rs:on each common nitrogen atom J.n ‘said
phosphazenium cation in the chemical formula (5), -
chemical formula'(s) or chemical formula (7) are
coupled together to form a ring structure; and the
resultant divalent substituent on said nitrogen atom is
a tetramethylene or pentamethylene group.

18. The process according to any one of claims
iZ-l?,-wherein said inorganic anion in the chemical
formula (5) or chemical formula (6) is an anion of an
inorganic acid selected frcm the group consisting of
boric acid, tetrafluoroboric acid, hydrohalogenic
acids, phosphoric acid, hexafluorophosphoric acid and
perchloric acid. | |

19. The process according to any one of claims
12-14, 16 and 17, wherein Q~ in said phosphazenium com-
pound represented by the chemical formula (7) is an
anion selected from the group consisting of a hydroxyl
anion, alkoxyl anions derived from alcohols havingll to

8 carbon atoms, aryloxyl anions derived from aromatic
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hydroxyl compounds haﬁing 6 to 18 carbon atoms; and
carboxyl anions derived from carbéxylic acids having 1
to 6 carbon atoms.

'20. The process according to any one of claims
f'2-19, wherein said active hydrogen compound is an ac-
tive hydrogen compound selected from the group consist-
ing of alcohols having 1 to 20 carbon atoms, pélyhydric
alcohols having 2 to 20 carbon atoms and 2 to 8
hydroxyl groups, saccharides and derivatives thereof,
poly(alkylene oxides) haviné 2 to 8 tefminals,.l to 8
hydroxyl groups.at said terminals and a molecular
weight of from 100 to 50,000, polyamines having 2 to 20
carbon atoms and 2 to 3 primary or secondary amino
groups, satﬁrated cyclic secondary amines having 4 to
10 carbon atoms, and cyclic polyamines having 4 to 10
carbon atoms and'é to 3 secondary amino groups.

2l. ‘The process according to ény one of claims
12-18 and 20, wherein said.alkali metal or alkaline
earth metal salt of said active hydrogen compound is an
alkali metal salt of said active hydrogen compound. R

22. The process according tolany éne of claims
12-18, 20 and 21, wherein upon poly@erization of said
alkylene oxide compound in the presence of sgid salt of
said phosphazenium cation and said inorganic anion,

said salt being represented by the chemical formula (5)
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or chemical formula (6), and said alkali meta;—or
alkaline earth metal salt of said active hydrogen com-
pound, or iﬁ the presence of said phosbhéééhium salt of
said active hyérogen compound having been @erived fron
said salt of ;;id phosphazenium cation and said in-
organic anion, said salt being represented by the
chemical formula (5), and said alkali metal or alkaiine-

earth metal salt of said active hydrogen compound, said

polymerization is conducted in the additional presence

. of an active hydrogen compound which is the same as or

different from said active hydrogen compound having
formed said alkali metal or.alkaline earth metal salt

of said active hydrogen compound or said derived

.phosphazenium salt of said active hydrogen compound.

23. The process according to any one of claims
12-22, wherein in said polymerization reaction of said_
alkylene oxide compound, said phosphazenium cation is
used in an amount of from 1 x 107 to 1 x 10~2 mole per
mole of said alkylene oxide éompound.

24. The process according.to any one of claims
i2-23, wherein at least two kinds of alkylene oxide
compounds are successively polymeriged to produce a
block copolymer containing at least two kinds of
poly(alkylene oxide) blocks.

25. A poly(alkylene oxide) obtainable by the pro-
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cess according to any one of claims 12-24.



