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BACKGROUND OF THE INVENTION
1. Field of the Inventioﬁ -

This invention relates‘td a catalyst useful upon
polymerization of an alkylene oxide compound. The
present invention is also concérned with a process for
producing a poly(alkylene oxide) by pelymerizing an
alkylene oxide in the presente'of an active hydrogen
compound and a phosphazene combound or- in the presence
of a phosphazenium salt of the active hydrogen com-
pound, said phosphazenium saitlbeing derived from the
active hydrogen compound and. the phosphazene compound.

A poly(alkylene oxide) is an. 1mportant polymer for its

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

! urethane foams and elaStomers;through its reaction with

organopolyisocyanate compounds. and also as. a surfac-

tant.

2. Description of the Relaté_fArt

As practical catalysts for use in the production

of a- polyal(kylene oxide), ba i;ialkall metal compounds

such as pota551um hydroxide h vg”found wide-spread

acti cal
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of a polyal (kyl ene oxi de):; basic alkali netal conpounds 25 such as
potassi um hydr oxi.de have found w de-spread ‘

- 2- “utility, for exanple. Concerning catal ysts other than

such catalyst, U 'S. Patent No. 3,829,505 discloses to obtain a

pol ymer from propyl ene oxide in the presence of an initiator while
using, for exanple, a conpound 5 reprefented by _

Zn3[ Fe(CN) 6] 2[ err] H2J err] di oxane as a catal yst. Japanese Patent
Lai d- Open No. 276821/1990 di scl oses to obtain a pol yner by
reacting sodiun1nethy- | ate with a polyol, which has been prepared

using zinc cyw%%ﬁe 8GoRcERA Bhy Stat ANFs 09| YPREL ZEREN 10
et hyl ene oxi de |n the presence of the reaction product Furt her,

Japanese Patent laich GetalNst 232483/ 886ntliBo. 3,829,508 dbeS1b9edbtai n a
pol ymer by pol yneri zi ng et hyl ene oxi de while using a reaction
product whi ch hasolesin cb-polymer fromiprecpylenedoxida wltihe gpresencet hyl
zinc in hexane 15 to a dispersion formed by addi ng 1, 4-butanediol and
a noni oreg mrirattmox ovlai ke s ing; fw@wl@a a npcompound

hexane. I s however known that, when a pon(aIkerne
oxi de) is Br oduce‘iﬁ%ﬁ@“&ﬁ‘?‘r&&lz%iﬁ%mﬁ‘hg] zHpRrdiexane as

catalyst. Japanese Patent Laid-Open No. 276821/1990
discloses to obtain a polymer by reacting sodium methy-
late with a polyol, which has been prepared using zinc
hexacyanocobaltate as a catalyst, and polymerizing
10 ethylene oxide in the presence.of the reaction product.
Further, Japanese Patent Laid-Open No. 232433/1987 dis-
closes to obtain a polymer by polymerizing ethylene
oxide while using a reaction product which has been ob-
tained by adding a solution of diethyl zinc in hexane
15 to a dispersion formed by adding 1,4-butanediol and a
nonionic surfactant to a slurry of fumed silica in
hexane.
It is however known that, when a poly(alkylene
{éxide) is produced using a metai-containing catalyst
20 -such as those described above,:a residue of the metal
catalyst adversely affects a reaction upon production
of polyurethane or physical'prbperties of the resulting
polyurethane. A special proéeés or complex steps are
tﬁerefore needed fér the full.é;imination of such a

25 metal residue upon production of a poly(alkylene




20 such as those descri bed above, a residue of the netal

catal yst adversely affects a reaction upon production of

pol yur et hane or physical properties of the resulting pol yur et hane.
A speci al process or conplex steps are t herefore needed for the
full elimnation of such a 25 metal residue upon production of a

pol y(al kyl ene . -3 - - 3- oxi de).
Concerning netal -free catal ysts, on the other hand, Japanese Patent
Lai d- Open No. 159595/1975 dis- closes the preparation of a polyner from
et hyl ene oxide while using an ether adduct of boron trifluoride in the
presence of an aldsgi@epal yol. This catal yst is however also known to
require extrenely conplex steps for the thorough elimnation of its

resi due and noreover, ZTomgsrning aretaiptfivdey catdlystyxl orerthy \wther

del eterious effects on certain physical properties of urethane. Further,
according to Japhash PapaneseRatgndn Ddpld-0Opxop ajol.o 359 %0 5yl disf~ an

al kyl ene oxide is obtained in the presence of an al cohol while using

ani nophenol or R®SesEhe RreparAtian ofc B RALYReD [rowaidwleng aide

Lai d- : 1981,, h h
ai d-Gpen No 38%1%1%/1e9%s’in%n atn eetq'xtererac;]ﬁlnch of boron trifluoride in the

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

remains in the resulting polymers.

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

to providé a catalyst system, which acts efficiently



propyl ene oxide is polynerized in the presence of sor- bitol as an
initiator and tetramethyl ammoni um hydroxide as a catalyst. These processes
are however acconpani ed by problens such that the catal ysts do not have

suffi- cient polymerization activities and an am ne-like odor renmains in
the resulting polyners. SUMVARY OF THE | NVENTI ON

An object of the present invention is thergfgrg to provide a catalyst
system which acts efficiently -4-
upon production of a poly(al kyl ene oxide) by polyneriz- i ng an

al kyl ene oxi de conpound and does not cause an odor to remain in the

pol y(al kyl ene oxidgpn pRédatefod of a pPLP¢asRylenepbRide) nByapolymeriz-
pol y(al kyl ene oxide) by using- 5 t he catalyst system To
achi eve the aboveingsani &8tRybbhecoxitibecpmpeund and doési noentansehaye

proceeded with an extensive investi- gation. As a result, it has been
found extrenely epdor to remainvint therpdlyéadkpdeneabkyfiehe ardda}lsbya
pol ymeriz- 10 i ng an al kyl ene _oxi de conpound_in_the presence.of an

active hydrogen ch¥peess &a8 BreduaingraePphyéphkytame oxide) by using
5 the catalyst system.

To achieve the above-described object, the pres-
ent inventors have proceeded with an extensive investi-
gation. As a result, it has been found extremely ef-
fective to produce a poly(alkylene oxide) by polymeriz-

10 ing an alkylene oxide compound in the presence of an
active hydrogén compound and a metal-free phosphazene
compound or in the presence of a phosphazenium salt of
the active hydrogen compound, said phosphazenium salt
having been derived from the active hydrogen compound

15 and the phosphazene compound, leading to the completion

of the present invention.

In one aspect of the present invention, there is
thus provided a process for the production of a poly-
(alkylene oxide), which comprises reacting an alkylene
20 oxide (compound) in the presence of an active hydrogen

compound and a phosphazene compound represented by the

following partial structural formula (1):

—P=N—¥Q ’ N - - (1)




conpound or in the presence of a phosphazenium salt of the active
hydr ogen conpound, said phosphazeni um salt havi ng been derived from
the active hydrogen conmpound 15 and t he phosphazene conpound, |eading to
t he conpl etion of the present invention. : I n one aspect of
the present invention, there is t hus provided a process for the
production of a poly- (al kyl ene oxi de)s Wwhich conprises reacting an
al kyl ene 20 oxi de (compound) in the presence of an active hydrogen
conmpound and a phosphazene conpound represented by the fol |l ow ng
partial structural formula (1): | -P=N-Q

(1) | wherein Q represents a hydrocdrbon group Mariaign Qto 20
represents a hydrocarbon group having 1 to 20 carbon atons, or in the
presence of a phoepharemtoms, or igulthefpresencectfva Phidspihazerdmround,

sai d phosphazeni um salt having been derived fromsaid active 5

hydr ogen conpoun&aditd ofaisd igh esptiaee dmmmwnd Sal@el ng represented

by the follow ng %Frtlal struct ur.al fornu (2): r]
osphazenlum salt having been derlved from said active

5 hydrogen compound and said phosphazene compound and
being represented by the following partial structural

formula (2):

PN | = @

L Jx

wherein Q'represents a hydrocarbon group having 1 to 20

10 carbon atoms, x represents a number of phosph;zenium
cations, and Z¥X~ represents an x-valent anion of said
active hydrogen compound.

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

15 'tainable by polymerizing an alkylene oxide compound in
ithe presence of an active hydrogen compound and a phos-
.phazene compound representgd.by the partial structural

formula (1) or in the presence of a phoéphazenium salt
of thg active hydrogen compound, said phosphazenium

20 salt being represénted By the partial structural for-
mula (2) and having been derived_from the a;tive '

hydrogen compound and the phosphazene compound.

~ .



(2) wherein Q represents a hydrocarbon group having 1 to 20 10
carbon atons, x represents a nunber of phosphazeni um cations, and
Z[err] represents an x-valent anion of said - active hydrogen conpound.
I n anot her aspect of the present invention, there is also provided a
pol y(al kyl ene oxide) which is ob- 15 tainable by polynerizing an al kyl ene
oxi de conpound in t he presence of an_a§tLve hydr ogen conpound and a
phos- phazene conpound represented. by the partial structural

formula (1) or in the presence of a phosphazenium salt of the active
hydr ogen conpound, said phosphazenium 20 sal.t being represented by the
partial structural for-in a fufthér(23pest 6aVERE peeseser inedntien,t he

active hydr ogen conmpound and the phosphazene conpound.
- 6- thereé nis 4lsé herowddedtaotatakyspt essaeful nfent tha, pro-
there is also provided a catal yst useful for the pro- : duction of a

pol y(al kyl ene oxidiegt hyn pof yarepoky(abky béne ox

conmpound, which conprises a .
an alkylene oxide compound, w

) by pbkyhenizakids of

'ﬁ_comprlses a
5 phosphazene compound represéntééﬁbyjthe partial struc-
tural formula (1). .
In a still further aspeé% of fhe present inven-

tion, there is also provided“éicatalyst useful for the
production of a poly(alkylenéf&xide) by polymerization

10 of an alkylene oxide compound;?which comprises a
phosphazenium sélt of an active hydrogen compound, said
phosphaienium salt being repfgéented by the partial

structural formula (2).

15 DETAILED DESCRIPTION OF THE TNVENTION

The term "“active hydrogen compound" as used in
the process according to the piesent invention means a

compound containing active hydrogen, illustrative of

. which are water; saturated or saturated, monohydric

20 .alcohol having 1 to 20 carbon oms, such as methanolﬂ
'hexanol and allyl alcohol; polyhydric alcohols having 2
to 10 hydroxyl groups and 2 to0.20 carbon atoms, such as
ethylene glycol, propylene gi ol, dipropylene glycol,
' iglycerin, triglycerin,

25 pentaerythritol, dipentaerytﬁxépol, tripentaerythritol,




5 phosphazene conpound represented by the partial struc-

tural fornmula (1). In a still further aspect of the present
i nven- tion, there is also provided a catal yst useful for the
production of a poly(al kyl ene oxide) by polynerization 10 ~of an

al kyl ene oxi de conpound, which conprises a ' phosphazeni um sal t of
an active hydrogen conpound, said ~phosphazeni-.um salt bei ng
represented by the partial structural fornmula (2). 15

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The term "active

hydr ogen conpound” as used in the process according to the present
i nvention neans al,4-butanedbopoupdbubenai-ii, 8gaaoli ve-budyagens-diol,
illustrative of which are water; saturated or unsaturated,
monohydric 20 1, Gahe&hoedhamlﬁgdllte chtahbnanadmat, anohaascnebhanol,

hexanol and allyl al cohol; { édrlc al cohol s having 2 to 10
hydr oxyl groups aﬂﬁqutBaYGnga bbRa atBygroxythdreups and 6 tehpPemargbucol ,

propy|ene ol ycol SABLOPALER®S8l KESLy, nomyanbhb=! IYASLRLREE"S o-
?;Pentaeryéhrltoldlhy gg§§§£ﬂtﬁaiene, bisphenol F and bisphenol A; car-
boxylic acids having 1 to 6 carbon atoms, such as
formic acid, acetic acid, propionic acid, butyric acid,
isobutyric acid and caproic acid; saccharides and
derivatives thereof, such as sorbitol, dextrose and
10 sucrose; aliphatic amine compounds having one or more
primary or secondary amino groups, such as N-hexyl-
amine, ethylenediamine, N,N'~dimethylethylenediamine
and hexamethylenediamine: aromatic amine compounds hav-
ing one or more primary or secondary amino groups, such
15 as aniline, 2,4-diaminotoluene, 2,6-diaminotoluene, N-
methylaniline, 4,4'-diaminodiphenylmethane and 1,3~
diaminobenzene; alkanolamines having a hydroxyl group
and an amino group, such as ethanolamine, diethanol-
amine and triethanolamine; and oligo(alkylene oxide)s
20 Aand poly(alkylene oxide?s, which are obtained by
polymerizing alkylene oxides while using these active
hydrogen compounds described above as initiators.
Of these, preferred are water, saturated or un-
saturated monohydric alcohols having 1 to 20 carbon

25 - atoms, polyhydric alcohols having 2 to 10 hydroxyl




1, 4-but anedi ol , 2-butene-1,4-diol, 2-butyn-1,4-diol,

1, 6- hexanedi ol and 1, 4-cycl ohexanedi ol ; aromatic com pound
having 1 to 2 hydroxyl groups and 6 to 20 carbon atons, such as
phenol, nonyl phenol, 2-naphthol, 2,6- 5 dlhydroxynaphthalene

bi sphenol F and bi sphenol A; car- boxylic acids having 1 to 6
carbon atons, such as formc acid,_gcetic acid, propionic acid,
butyric acid, i sobutyric acid and caproic acid; saccharides and
derivatives thereof, such as sorbitol, dextrose and 10 sucr ose;

al i phati c am ne conpounds havi ng one or nore primary or secondary

am no groups, sucly éﬁ&ﬁﬁ%Vb'to 20 carbii Rtonf,h\riediidlidipounds

N, N - dlnethylethylene am ne and hexanet hyl enedi am ne; aromatic
am ne conpounds hamaving 1 to 2 Mydreecydr gmoupsprantare/ tar 29 oy adtons)
groups, such 15 as aniline, 2,4-diam notol uene, 2,6-diam notol uene,

N- met hy lcaxbloxyd it aeidd davicd phawyGr@marhen atens,3-sac-

di am nobenzene; al kanol am nes havi ng a hydroxyl group and an am no

group, .such as et Wl&ﬁﬁw@nddld@cwl"es thereofyniHd aaad kylienen S¥3I986 me;

and ollgo(alkylene OX|de)s and. pol y( | ene oxide)s, which are
obt ai ned by WMW 1e3e 984 dées oxmﬂ}s/e Rhefe r&'ﬁ%@rtené‘?é%t ive

hydr ogen conpounds qiscrlbedé%pov%uas |n|t|ators . t hese,

preferred are wat &% 1-naghihgliq 2Safish pftdy _
A cofol < havi n. 110 A0, 0 Bl a ey el YFyedit M torl GG v N0 2

to 10 hydroxyl
glycerin; pentaerythritol; sorbitol; dextrose; sucrose;

and poly(ethylene glycol), poly(propylene glycol) and
10 copolymers thereof, whose molecular weights range from
90 to 10,000. If necessary, two or more of these ac-
tive hydrogen compounds may be used in combination
without any inconvenience.
Illustrative of the alkylene oxide compound in
15 the process of the present invention are epoxy com-
pounds such as ethylene oxide, propylene oxide, 1,2~
butylene oxide, 2,3-butylene oxide, styrene oxide,
cyclohexene oxide, epichlorohyrin, epibromochydrin,
{ methyl glycidyl ether, allyl glycidyl ether and phenyl
20 | glycidyl ether. Two or more of these alkylene ogide
compounds may be used in combination. When employed in
combination, it is possible to use the plural alkylene
oxide compounds concurrently, sucéessively or
'alﬁernately;

25 Of these alkylene oxide compounds; ethylene



- 8- groups and 2-to 20 carbon atons, aromatic conpounds

having 1 to 2 hydroxyl groups and 6 to 20 carbon atons, carboxylic
acids having 1 to 6 carbon atons, sac- " charides and derivatives

t hereof , ol igoal kyl ene oxi des, 5 and pol y(al kyl ene oxide)s. More
preferred are water; met hanol ; et hanol; phenol; 1- naphthol; acetic
aci d; pr opi oni ¢ aci d; ethylene glypgl propylene gl ycol ;

glycerin; pentaerythritol; sorbitol; dextrosé, sucrose, and

pol y(et hyl ene gl ycol), poly(propylene glycol) and 10 copol yners

t her eof, whose nol ecul ar wei ghts range from 90 to 10,000. If
necessary, two or ofgBe,O0brbpgienaCoxide, 1,2-butyllrdr egsaeC @m0 ety be
used i n combi nation wi t hout any |nconven|ence

Il lustrative of tbgideknrenprefestedaenpound in 15 t he process of the
present invention are epoxy com pounds such as ethyl ene oxi de,
propyl ene oxide, 1,2- The termbilphospbazenge cofpdubdf'yhenased teredmnyrene
oxi de, cycl ohexene oxi de, epichl orohyrin, epibronohydrin,

met hyl gI yC| dyl emsans al pympguyleiu e‘ﬁpresﬁ@ftednmpﬁeﬁylfoléewmg pgrydiady |

et her. gr nore of these alkﬁlene oxi de conmpounds may be used
in conblnatl VEERUEKHE e dOFR )* conbination, it is possible to
use the plural alkylenel oxi de conpounds concurrently, successively
or S

wherein Q represents a hydrocarbon group having 1 to 20
carbon atoms; preferably a compound represented by the

following chemical formula (3):

i
T ai
10 D P—Ij/ P \N=ll? —D (3)
I‘J N p M
I

wherein ¢, m and n individualii'represent 0 or a posi-

tive integer of 3 or smaller; .Ds may be the same or
different and individually represent a hydrocarbon
' group having 1 to 20 carbon atéms, an alkoxy group,-a

15 phenoxy group, a thlol re51dua1 group, a thiophenol

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



alternately. 25 O these al kyl ene oxi de conmpounds, ethyl ene

-9- oxi de, propyl ene oxi de, 1,2-buty|ene oxi de and styrene oxi de
are preferred. The term "phosphazene conpound” as used herein
means a conpound represented by the following partial 5 structural
formula (1): | -P=N-Q | (1)
wherein Q represents a hydrocarbon group hawipg,l to 20 car bon at ons;
preferably a compound represented by the f.ol |l owi ng chem cal formula
(3): [err] wherein [err], mand n individually represent
0O or a posi- t|ve I nteger of 3 or snaller, Ds may be the sane or

substituted amino group or a 5- or 6-membered cyclic
amino group, Q represents a hydrocarbon group having 1
to 20 carbon atoms, and two D§ on the same phosphorus
atom or different phosphorus éfbms-may be linked to-

5 gether or D and Q may be linkeﬁ together ta form a ring
structure.

On the other hand, the térm "phosphazenium salt
of the active hydrogen compound" as used herein, said
phosphazenium salt being derived from the active

10 hydrogen compound and the phosﬁhazene compound, means a
salt represented by the following partial structural

formula (2):

wherein Q represents a hydroca;bon group having 1 to 20
15  carbon atoms, X represents a nﬁmber of phosphazenium
: cations, and Z*¥~ represents an x—valent anion of said
active hydrogen compound; preferably a salt represented

by the following chemical formula (4):



different and individually represent a hydrocarbon group having 1 to
20 carbon atons, an al koxy group, a 15 phenoxy group, a thiol residual
group, a thiophenol resi dual group, a nono-substituted am no group, a
di - - 10 - substituted am no
group or a 5- or 6-nenbered cyclic am no group, Q represents a

hydr ocarbon group having 1 . to 20 carbop,atons, and two Ds on the sane
phosphor us ~atomor different phosphorus atons may be linked to- 5
gether or D and Q may be |inked together to forma ring structure.
On the other hand, the term "phosphazeni um sal t of the active

hydr ogen conpound"” as used herein, said phosg%?zeniunlsalt bei ng
derived fromthe acfTve 10 hydrogen conpound and {t he phosphazene
conpound, neans a sal't repH: sent/eﬁ by the fol I'lowing parti al
structural fofmula (2): [err[°N D wherein Q represents a

hydr ocar bon group hpving 1o 20
1PN L2 TN e
D -

wherein t;;m and n individually represent 0 or a posi-
tive integgr of 3 or smaller, Ds may be the same or
different?and individually represent a hydrocarbon
5 group having 1 to 20 carbon atoms, an alkoxy group, a
phenoxy group, a thiol residual group, a thiophenol
residual Qroup, a mono-substituted amino group, a di-
substitutédfamino group or a 5- or 6-membered cyclic
amino groﬁb; Q represents a hydrocarbon group having 1
10 ' to 20 carpoh atoms, two Ds on the same phosphorus aton
i or different phosphorus atoms may be linked together or
D and Q may be linked together to form a ring struc-
ture, x répresents a number of phosphazenium cations,
and ZX~ represents an x-valent anion of said active
15 hydrogen dompound.
It is ﬁell known thaf, as a phosphazene compound

has strong basicity, it easily extracts a proton from



15 carbon atons, x represents a nunber of phosphazeni um cations,

and Z[err] represents an x-valent anion of said active hydrogen
conpound; preferably a salt represented by the followi ng chem cal
formula (4): [err] wherein [err], m
and n individually represent 0 or a posi- ~tive integer of 3 or
smaller, Ds may be the sanme or differepy and individually represent
hydrocarbon 5 group having 1 to 20 carbon atons, an al koxy group, a
phenoxy group, a thiol residual group, a thiophenol resi dual group,
nono- substituted am no group, a di- substituted am no group or a 5-

ﬁr 6- menber ed cychhCactive Eiﬂiﬁﬁgéhodbmp&hdptesﬁa’rﬁ a pHosprRaseafuflr oup
aving 1
salt of the active hydrogen compound. Further, the
above-described active hydroggn cpmpounds include com-

pounds containing plural actiﬁe hydrogeg atoms in their

5 molecules. Although such act VElhydrogen compounds may

form phosphazenium salts by e_tlrely giving off their
active hydrogen atoms, they may also partly give off
their active hydrogen atomS-tg form salts. The letter

x which .indicates the valen¢§“ﬁumber varies depending

10 on the active hydrogeh compdﬁﬁdﬁénd cannot be defined
in any wholesale manner, but generally ranges from 1 to
10, with 1 being preferred.
Qs in the partial structural formula (1), partial
structurél formula (2), chém%ﬁ?l,formula (3) and chemi-
15 cal formula (4) and Ds in thé ?hemica1 formula (3) and
chemical formula (4) may conﬁain any substituent group

or groups provided that such substituent group or

he polymerization reac-

groups will not interfere wit
" tion. | | _

20 | Examples of the hydroca bqh group having 1 to 20
carbon atoms as D include a y-%groups such as methyl,

" ethyl, propyl,'isopropyl, q , isobutyl, sec-butyl,
tert-butyl, pentyl, neopenf Xyl, heptyl, octyl,
-tert-octyl, nonyl and decy¥, ;ggréups containing:

25 one or more unsaturated boﬂds ”afomatic groups, such



10 to 20 carbon atons, two Ds on the same phosphorus atom or

di fferent phosphorus atons may be |inked together or D and Q may be

| i nked together to forma ring struc- ture, x represents a nunber of
phosphazeni um cati ons, and Z[err] represents an x-val ent anion of
said active 15 hydr ogen conpound. It is well known that, as
a phosphazene conpound has strong baskgity, it easily extracts a
proton from - 12 - an
active hydrogen conpound to form a phosphazeni um salt of the
active hydrogen conpound. Further, the above-descri bed active

hydrogen conpoundss iaklylle Z<amethylallyl, asemslsl £ QsHendtmel plowahisgl | ve
hydrogen atons in their 5 nol ecul es. Al though such active hydrogen
conmpounds nmay 1-phenyethyhoshiptreny lmettlay ) s tyimheny ety iagd offn—
their active hydrogen atons, they may al so partly give off

their active hydrRRJSA atdHECYAL IQrFHewps sSuclyas | @fekgpentyl, cycldadi ch

i ndi cates the val ence nunber. varies dependin on the active

hydr ogen conmpound&¥it cAhRatsEl et yl, gfpégﬁﬂ%\fﬁl%ﬁ?%]sal 4~ manner ,

G i nthe hart] APRENGIRG IRty rignensy iahd PReyS Sy ET
alkenyl groups such as vinyl, styryl, propenyl,
isopropenyl, 2—methyl-1-propenyl and 1,3-butadienyl;
alkynyl groups such as ethynyl and 2-propynyl: and
aromatic groups such as phenyl, o-tolyl, m-tolyl, p-

10 tolyl, 2,3-xylyl, 2,4-xylyl, 3,4-xylyl, mesityl, o-
cumenyl, m-cumenyl, p-cumenyl, 1l-naphthyl, 2-naphthyl
and p-methoxyphenyl.

Examples of the alkoxy group as D include alkoxy
groups containing 1 to 20 carbon atoms, such as

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

oxy, allyloxy, cyclohexyloxy and benzyloxy. Examples
of the phenoxy group as D include phenoxy groups having
6 to 20 carbon atoms, such as phenoxy, 4-methylphenoxy,
1:-3—propylphenoxy and l-naphthyloxy. Examples of the
20 'thiol.residual group as D include thiol residual groups
having 1 to 20 carbon atoms, such as methylthio, ethyl-
thio, propylthio, isopropylthio, butylthio, isobutyl-
" thio, tert-butylthio, pentylthio, hexylthio, heptyl-
thio, oétylthio, tert-sctylthio, nonylthio and

25 decylthio. Examples of the thiophenol residual group



structural formula (2), chemcal formula (3) and chem - 15 cal
formula (4) and Ds in the chemcal formula (3) and cheni ca
formula (4) may contain any substituent group or groups provided
that such substituent group or groups will not interfere with the
pol yneri zation reac- tion. = 20 ' Exanpl es of the

hydr ocar bon group having.1 to 20 a#pqn'atons as D include alkyl
groups such as nethyl, _ et hyl, propyl, isopropyl, n-butyl,

i sobutyl, sec-butyl, - tert-butyl, pentyl, neopentyl, hexyl, heptyl,
octyl, tert-octyl, nonyl and decyl; ‘al kyl ‘groups containing 25
one or nore UnsatMhélﬁdeb&HQSpﬁénaloﬁ&budualoq&&upsuhbv1ng 6 to 20 car-

- 13 - as allyl,. 2-methylallyl, benzyl,:phenethyl, o-anisyl,

1- phenyl et hyl d|pbnnytamshybuchraphphyhyéthyb andtolylthlo, m-tohglyl ;
alicyclic groups such as cycl opentyl, cyclo- e hex

4- nethylcyclohexyth191ppopyﬂyiﬁhéhex9h -xylylshlo. 2pHeK¥K&}§héﬁex§b4-
cycl oheptyl.- and 1- Xclohexe groups. such as vi %
styryl, propenyl, XY Ylth1°r|QGEFBM&RFPnYétHéPh?PdlzpPBBBﬁ?V fhao. Exam-

LS butad gyl aeag Bk Reho TR BB Sp Y BB S P LA
mono-substltuted amino groups”hav1ng 1l to 20 carbon
atoms, such as methylamlno, ethylamlno, propylamino,
1sopropy1am1no, butylamino, 1sobutylam1no, tert-
butylamlno, pentylamlno, hexylamlno, heptylamino,

10 octylamlno,_tert-octylamlno, ngnylamlno, decylamino, 1-
ethylpropflémino, l-ethylbutylamino, anilino, o-tolyl-
amino, m%tdlylémino, p-tolylamino, 2,3-xylylanmino, 2,4~
xylylamiﬁo and 3,4-xylylamino.: Examples of the di-
substitutéd amino group as D ;nclude.amino groups di-

15 substituted:ﬁy hydrocarbon grgﬁps which may be the same
-or dlfferent and individually have 1 to 20 carbon

atons, such as dlmethylamlno,_dlethylamlno, methyl—

ethylamlngf_d;propylamlno, me"ylpropylamlno,

i diisoproﬁYiéﬁiﬁo, dibutylamino :méthylbutylamino,

20 diisobutylgmino, di-sec-butylamino, dipentylamino,

dihexylaminq, ethylhexylamino diﬁeptylamino, dioc-

tylamino;fdi—tert-octylamino, thjl—tert-octylamino,

dinonylamino, didecylamino, d ﬁﬁéﬁylamino, methyl-

phenylamino, ethylphenylamino _§¥o-tolylamino, di—2;3—

25 xylylamino andjphenyltolylamﬁh_;;énd 5- or 6-membered



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

cunenyl, mcunenyl, p-cunenyl, 1-naphthyl, 2-naphthyl and

p- met hoxyphenyl . Exanpl es of the al koxy group as D include
al koxy groups containing 1 to 20 carbon atons, such as 15

met hoxy, ethoxy, propoxy, isopropoxy, butoxy, pentyl- oxy,

“al lyloxy, cyclohexyloxy and benzyl oxy. Examp|és. of the phenoxy
group as D include phenoxy groups having = 6 to 20 carbon atons,
such as phenoxy, 4-nethyl phenoxy, 3- propyl phenoxy and

1- napht hyl oxy. Exanples of the 20 t hiol residual group as D include
thiol residual growptic amino gbeupsgsiichoa201epybeblationpl,sgchedbyl-1-
met hyl t hi o, ethyl - thio, propylthio, isopropylthio, butylthio,

i sobut yl - pyrhodidisyl, blitpyrioodylpedtethilel-hpxyblizle, 1keptyl -
thio, octylthio, tert-octylthio, nonylthio and 25 decyl t hi o.
Exanpl es of the thnéﬁhﬁhel1rEGP§Ha¢Yévo&pmethYl'l'PiPeridyl. 1-

- 14 - L ncl ude t hi ophenol residuyal "groups having 6 to 20 car-
bon atoms, such aBlBREAFLRKLe, 4oMebhylrArBiPaFesipyl, l-imidazehpidinyl
p-tolylthio, 2,3-xykylthio, . 2,4-xylylthio, 3, 4-. xyl yl thio,

4- et hyl phe yIthioaéﬂd4?@ﬂEBH?ﬁ§F¥ fo. Exam 5 pl es of the

mono- substituted am no ShAHRs 83 g&éﬂﬁiggeof Qf&fe the same as those ex-

emplified as the hydrocarbonfgroup D.
Examples of the divaleﬁt.group (D-D) on the same
phosphorus atom or different'phosphorus atoms when the

10 two Ds on the same phosphorué atom or different
phosphorus atoms are linked ﬁQgether to form a ring
structure wholly or partly include saturated or un-
saturated divalent aliphatic hydrocarbon groups such as
ethylene, vinylene, propylene, 1,2-cyclohexanylene,

15 1,2-phenylene, trimethylene, propenylene, tetra-~
methylene, 2,2'-biphenylene, lfbutenylene, 2-butenylene
and pentamethylene; and divalgnt groups in the form

' that desired one or two atoms.ére inserted between one
: or both ends of said divalenﬁ?;liphatic hydrocarbon
20 .groups and their associated é osphorus atoms, said

desired one or two atoms bein

consisting of an oxygen atoms ia sulfur atom, and a
nitrogen atom to which a hydqbéen atom or an aliphatic

or aromatic hydrocarboﬁ group uch as methyl, ethyl,

25 butyl, cyclohexyl, benzyl or;?hényl group, is bonded.




nono- substituted am no groups having 1 to 20 carbon atons, such as
met hyl am no, ethyl am no, propyl am no, | sopropyl am no, butyl am no,

i sobutyl am no, tert- but yl am no, pentyl am no, hexyl am no,
heptyl am no, 10 octylam no, tert-octylam no, nonyl am no, decyl am no,
1- et hyl propyl am no, 1-ethyl butylam no,-.anilino, o-tolyl-

am no, mtolylamno, p-tolylamno, 2,3-xylylggno, 2, 4- xylyl am no
and 3, 4-xylylam no. Exanples of the di- substituted am no group
as D include am no groups di- 15 substi tut ed by hydrocarbon groups
whi ch may be the sane or different and individually have 1 to 20

car bon at BPec SN atamples hyt asad, dﬂ@léﬂi i d\ps MEidMlde

et hyl am no, di propyl am no, nethyl propylam no, . di i sopropyl am no,

di but yl am no, net mdthytlersenino, eﬁﬁylene-ﬁhmprutyimenhynene- 3-oxy,

di - sec-butyl am no, dipentyl am no, di hexyl ani no, ethyl hexyl am no,
di hept yl am no, d|amﬂthYlenedloxxmeﬂnhuﬂemhdiqurotxymethytane-l 3-dioxy,
ethyl-tert- octylan1no di nonyl ami no, - di decyl ami no, di phenyl am no,
met hyl - MWW‘HWWWWWGU&r%'dmw.ameﬂhylchn@- 3-

25 xylyl am ng and phen ItonIan1no and 5-
P15 . YT R, i et Su i ST T SRvRhy - 1.

methylene—4-thlo, methylenedlthiO'3ethylened1th10,

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

aminotrimethylene, amlnotetramethylene, N-ethylamino-

methylene, —cyclohexylamlnoethylene, N—methylamlno—

10 trimethylene, N-benzylaminotetramethylene, diamino-
methylene, ethylenediamno, vinylenediamino,
trimethylenediamino, N,N'—dimethylmethylenediamino,
vinylenediamino, trimethylenediamino, N,N!'-dimethyl-
methylenediamino, N,N'-diphenYlethylenediamino, N,N'-

15 dimethylethylenediamino, N-methyl-N'-ethyltrimethylene-

diamino, N,N'-diethyltetramethylenediamino and N~

methyltrimethylenediamino.
Further, when D and Q are linked together to form

a ring structure wholly or partly, the associated

20 nitrogen atom and the assoelated phosphorus atom are
connected to each other throﬁéhia so-formed divalent
group (D-Q). Illustratives 3% the divalent group (D-Q)
are the same saturated or unsaturated allphatlc

divalent hydrocarbon groups_as those exemplified above

25 as divalent groups on the tw;_“__‘_j hosphorus atoms; and




pyrrolidinyl, 1-pyrrolyl, 3-ethyl-1-pyrrolyl, 1- I ndol ylI ,

1-pi peridyl, 3-nethyl-1-piperidyl, 1- pi per azi nyl

4- et hyl - 1- pi perazi nyl, 1-im dazol i di nyl 5 and 4-norphol i nyl.
Specific exanples of Q are the sanme as those ex- enplified as the
hydr ocar bon group D. Exanpl es of the divalent group (D-D) on
t he sane phosphorus atom or diffekrefpy phosphorus atons when the

10 two Ds on the same phosphorus atom or different phosphor us
atons are |linked together to forma ring structure wholly or
partly include saturated or un- saturated divalent aliphatic

hydr ocar bon gr oupslisadlerds groups with layldesdred mtiamdnseriged dedween

1, 2-cycl ohexanyl ene, 15 1, 2-phenyl ene, trinethylene, propenylene,
tetra- mihiey labeve @mal@%&xﬂwrbprbmr@m%md Thgdire esoed -
and pent anet hyl ene; and dival ent groups in the form t hat desired
one or two atoms &ted RhOSPRPINE Rt Ssaid desires afeom haing selegted

di val ent al i phati drocar bon ou and the|r SOCIate
phosphor us at ons, f§zﬂ¥'ti the’ grotp &é’éﬁﬂﬁ}%% "Hg as A%t

fromthe ggoup Y gy aa%%&emﬁff}. h%sftggfew Hnogand. a

nitrogen atomto ogen omor an al

hydrocar bon group,ans%q_fl tbq@?f:'d r‘?ﬂ?ﬁ\ﬂlc h%ﬁrocarbt&'lt ﬂmu‘a’gu@ﬁe%

benzyl or phenyl group,
methyl, ethyl, butyl, cyclohexyl, benzyl or phenyl

group is bonded. Specific examples of these divalent
groups include groups such as methyleneoxy, ethylene-2-
10 oxy, methylenethio, ethylene-2-thio, aminomethylene,
aminoethylene, N-methylaminomethylene, N-ethylamino-
ethylene, N-methylaminotrimethylerie and N-phenyl-
amionethylene.
Specific examples of the phosphazene compound
15 having the structure represented by the chemical for-
mula (3) or the phosphazene compound from which the
salt of the chemical formula (4) is derived will
hereinafter be described. Illustrative of cases where
' Ds are alkyl groups of the.same kind or different kinds
20 ‘ ; are l-tert-butyl-2,2,2-trimethylphosphazene and 1-
(1,1,3,3~tetrametylbutyl)-2,2,4,4,4-pentaisopropyl-
2A5,4A5-catenadi(phosphazene). Illustrative of cases
where each D is an alkyl group-confaining an un-
saturated boﬂa or aromatic group are l-tert-butyl-

25 2,2,2-triallylphosphazene, l-cyclohexyl-2,2,4,4,4-




- 16 - Speci fic exanpl es of such dival ent groups include

net hyl eneoxy, et hyl ene-2-oxy, trinethyl ene-3-oxy, nmet hyl enedi oxy,
et hyl enedi oxy, trinethyl ene-1, 3-di oxy, cycl ohexane- 1, 2- di oxy,
benzene-1, 2-di oxy, nethyl ene- 5 thi o, ethylene-2-thio,

trimethyl ene-3-thio, tetra- met hyl ene-4-thi o, nethyl enedithio,

et hyl enedi t hi o, ' trimethyl ene-1, 3-di 4gi , am nonet hyl ene,

am noet hyl ene, am notri net hyl ene, am not etranet hyl ene,

N- et hyl am no- met hyl ene, N-cycl ohexyl ani noet hyl ene, N net hyl ami no-
10 trimethyl ene, N-benzyl am notetranet hyl ene, di am no-

met hyl ene, et hyl ertmittw”anyl/-lzﬁ‘l aaédcaﬁenadl(phosphazéheyfehhw gredhgm-no,
N, N - di net hyl met hyl enedi am no, vi nyl enedi am no,

tr|nethylenedlan1mn4,MJw—thnthqyl 2-tribenzyighod phadirdli ifteneamino-
N, N - dlphenylethylegedl mno, N, N- 15 di met hyl et hyl enedi am no,
N- et hyl - et hyl t2A7ndd ycehenadl(phosphazanﬁh@ Illustrative of cases

N, N - d|ethyltetranethylenedlantno and N
met hyl t ri net hyl end¥ieHf ®RCh D is an alicyqdq gHouRyse Ii‘é.‘tﬁizwla'r%anamed

together tgrggenmhﬁrd'rﬁ éﬂt?ﬁ% gg str cture who Iy o%_?gm the assomated
d

f?{‘ﬂiﬂit ves of (WO éﬁfﬁtﬁqgf%as‘)f%@@tﬁgl‘?bM%Sﬂéanﬂé satﬁugﬁtatw%

or unsaturated al igdlides where edind &Y AW UGEHAOY P RT3 -HRSA -

exenplified above
2,2,2-trivinylphosphazene and l-tert-butyl-2,2,4,4,4-

pehtastyryl-zAS,4A5-catenadi(phosphazene). Illustra-
10 tive of cases where each D is an alkynyl group is 1-
tert-butyl-2,2,2-tri(2-phenylethynyl)phosphazene. Il-
lustrative of cases where each D is an aromatic group
are l-isopropyl-2,4,4,4-tetraphenyl-2-triphenyl-
phosphoranilideneamino—2A5,4A5—catenadi(phosphazene).
15 Further, illustrative of cases where each D is an
alkoxy group are l-tert-butyl-2,2,2-trimethoxyphos-
phazene, 1-(1,1,3,3-tetramethylbutyl)-2,2,4,4,4-penta-
' isopropoky—ZAs,4A5—catenadi(phosphazene) and l-phenyl-
{ 2,2,4,4,4-pentabenzyloxy-2A5,4A5-catenadi(phosphazene).
20 -Illustrative of cases whe;e each D is a phenoxy group
are l-methyl-2,2,2-triphenoxyphosphazene and 1-tert-
butgl-z,z,4,4,4—penta(1—naphthyloxy)-2A5,445—catena-
di (phosphazene) .
Illustrative of casee where each D is a tﬁiol

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



25 as dival ent groups on the two phosphorus atons; and

- 17 - di val ent groups with a desired atominserted between

t he above dival ent hydrocarbon groups and -their associ - at ed
phosphorus atons, said desired atom bei ng sel ected fromthe group
consi sting of an oxygen atom a sul fur 5 - atom and a nitrogen atom
to which a hydrogen atom or an ali platic or aromatic hydrocarbon
group such as met hyl , ethyl, butyl, cyclohexyl, benzyl or phenyl
group i s bonded. Specific exanples of these divalent groups

I ncl ude groups such as net hyl eneoxy, ethylene-2-- 10 oxy,

met hyl enet hi 0, etphdspteazeridiand avmetreyyd o004, 4~tetraisdibdHeidyi ene,
N- net hyl am nonet hyl ene, N- et hyl am no- . et hyl ene,

N—nethylanlnotrlr#xiaﬂQpnpnwkth¢qph9§phorani1idenean;nnﬁznﬁ,ené-catena-
Speci fic exanpl es_ of the phosphazene conpound - havi ng the structure

represented by tf@@hﬁﬁﬁbﬁqu&)—- Illustrakive (?3§ Q#SQ%QIWG%QIE@ is
conmpound fron1mh|ch salt_of the chemcal fornula (4) i

derived will thl%@%f%%?l%bald&%?%e’cﬁ 318k} i doed T SRR eher
?StZ;S g{]t | grOL{%s szn,é]ﬁi,i? a%{%t%}legsep%o#énnidl1deneam1no)-re
2A5 4A5-catenad1(phosphazene)

Illustratlve of cases whgre each D is a mono-
substituted amino group are 1éééft-buty1-2,2,2-
tri(methquﬁino)phosphazeﬁe, 1—i1,1,3,3-tetramethyl-

10 butyl)-2,2,4,4,4—penta(isopropylamino)-2A5,4A5—
catenadi(phosphazene), —tert—bﬁtyl-z 4,4,4-tetra~-
(methylamlno)—z-trl(methylamlno)phosphoranllldeneamlno-
2A5 4A5-catenad1(phosphazene), l-tert-butyl-2,4,4,4~
tetra(lsopropylamlno)-2-tr1(1sopropylamino)phosphor—

15 anilidenegﬁino-2A5,4A5-catenadi(phosphazene), l1-tert-
butyl-z,4,4,4-tetra(tert—butyla§ino)-2-tri(tert-butyl-
amino)phOSphoranilideneamino-zié;4A5-catenadi(phos-
phazene), 1etert—butyl-2,4,4,4;£etra(ally1amino)-2-

-tri(allylamino)phosphoranilideneamino-ZAs,4A5—

20 . catenadi(phqsphazene), l-tert htyl—4,4,4-tri(methyl-

amino)—zfgﬁbis[tri(methylamin: pﬁosphoranilideneamino]—
2A5,4)5-ca;§nadi(phosphazene); iert-buty1-4,4,4—
tri(isopropylamino)—z,2-bis{£ﬁ dpropylamino)-
phosphoranilideﬁeamino]-2A5,4i Eténadi(phosphazene),'

25 1-tert-butyl-4,4,4-tri(tert-butylamino)~2,2-bis[tri-



(1,1, 3,3-tetranetyl butyl)-2, 2,4, 4, 4- pent ai sopropyl -

2[err],4[err]-catenadi (phosphazene). Illustrative of cases wher e
each D is an al kyl group containing an un- _ saturated bond or
aromatic group are 1-tert-butyl- 25 2,2,2-triallyl phosphazene,

1-cycl ohexyl -2,2,4,4, 4-

pent aal | yl - 2[err] 4[err] cat enadi (phosphazgngy and 1-ethyl -
2,4,4,4-tribenzyl -2-tri benzyl phosphorani | i deneam no-

2[err] 4[ err] -catenadi (phosphazene). Illustrative of cases wher e
each Dis an alicyclic group are 1-nethyl-2,2,2- 5
tr'CyC|0penty|ph0Qﬁh&ﬁyhhﬁynkmhﬂu¥§ndsﬁhdb&hf&raeneamlno]-2A5 435~

cycl ohexyl -2[err], 4[ err]-cat enadi (phosphazene).:  |llustrative of
cases where each Iatenadxﬂphnqphqxenq)ﬁukrtb hbiityl-4,4,6,6,6-penta-
2,2,2-trivinyl phosphazene and 1-tert-butyl-2,2,4,4,4- ~

pentastyryl 2[errKmeqhﬁhwmuuveﬁa@1@ﬂﬁﬁﬂﬁtﬁm§ﬁﬂylamﬂﬂaknhQﬁthM} tive

of cases where each D s an al kynyl olp |§
tert-butyl -2, 2,2- tarm(lzqﬁ@m syﬁnosﬁhaz%%enatql(phosphazem%trlar.ve

of cases mhere ea E%IS ar aromati c grou %
1- |sopr0pyl 2 4. 4 ﬁﬂ4' qqqé%ﬁﬁﬁ%a(lsopropy amino)-2,2-bis[tri-

phosphoranllldene i _no- 2| er I&ﬁé?L ena(%1 hazene),.s g

Furt her, |IIustreu|%ﬁ§ 33§§?‘ °§? H %3 fidakiinc) ZAaVé xysﬁroup are

1-tert-butyl- 2’2’%éféd&%é%?ﬁﬂﬁ&ﬁhazene), -terpfbutyl-4,4,6,6,6-penta-
(tert-butylamino)-2,2—bis[triftert-butylamino)phosphor-

anilideneamino]-2A5,4A5,6A5—catenatri(phosphazene) and

10 l-tert-butylf4,4,6,6,6-penta(methy1amino)-2-[2,2,2—tri-

(methylamino)phosphazen-1-yl]-=2-{2,2,4,4,4-penta~-

(methylamino)—2A5,4A5-catenadi(phosphazen)—1-y1]-

2A5,4A5,6X5-catenatri(phosphazene).
Illustrative of cases where each D is a di-
15 substituted:amino group are lftert-butyl-z,z,z-tris-
(dimethylamino)phosphazene,;i%fi,1,3,3-tetramethyle
butyl)-2,2,2-tris(dimethylamiﬁé)phosphazene, l-ethyl-

2,2,4,4,4-pentakis(dimethylahinb)'ZAs,4A5-catena—

{ di (phosphazene), l-tert-buty ,4,4,4-tetrakis~-

20 | (dimethYlamino)-2-tr%s(dimethy;“miﬁo)phosphoranilidene-
amino-2A5,4A5-catenadi(phospﬂazﬁie), l-tert-butyl-
_2,4,4,4—tetrakis(diisopropyi 0)-2-tris(diisopropyl-
amino)phosphoranilideneamino=2) 4)5-catena~-
di(phosphazene), 1-ter£-buty ) 4,4,4—tetrakis(di-n-

25 butylamino)—2—tris(di-n-butjﬁpmhpo)phosphoranilidene-



phazene, 1-(1,1, 3,3-tetranethyl butyl)-2,2, 4,4, 4-pent a-

| sopropoxy-2[err], 4[err]-catenadi (phosphazene) and 1-phenyl -

2,2,4, 4, 4-pent abenzyl oxy- 2A5, 4A5- cat enadi (phosphazene). 20
Illustrative of cases where each D is a phenoxy' group are
1-met hyl - 2, 2, 2-tri phenoxyphosphazene and 1-tert-- '
butyl -2, 2, 4 4 4- penta(l-naphthyloxy) 2A5, 405, gal ena-

dl(phosphazene) [llustrative of cases where each Dis a
thiol 25 residual group are 1l-tert-butyl- 2 2,2-trinmethylthio-

- 19 - phosphazene_and 1-net hyl -2, 4; 4.4 tetrai sopropylthio-2-
triisopropylthiopbnipbeeaﬁyhAﬁkmmfémamne&mmsﬁhaﬁéﬁér] IE&éfEhbutyl-

di (phosphazene). Illustrative of cases where each Dis

t hi ophenol reS|du&b4gﬁc&plsidimathyﬂam;¢o4-2nepbesytrls(almethylamlno)-
thi o-2, 2-bi s(triphenylthi ophosphoranilidenegm no):.- 2[err],
4[ err] - cat enadi phggphgg@néyldeneamlno]-ZA 4Xa+¢dkﬂnadl(ﬂhﬂﬁphazenthere

each D is a nono- tuted_am no group are 1-tert-butyl-2, 2, 2-
tr|(nethylanlno)pﬁoéﬁhézémé‘tftFﬁmftﬁyébP§UﬂéﬁétHyﬁ‘trié(dlmethylamlHO)-

SR RS T e T —

233 4)5-catenad1(phosphazene), 1-(1 1,3,3-tetramethyl-

butyl)-4,4,4 trls(methylethylamlno)—z 2-bis[tris-
(methylethylamlno)phosphoranll;deneamlno]-2A5,4A5-
catenadi (phosphazene), 1-tert4;utyl-4,4,4-tris(diethy1-
10 amino)-2,2-bis[tris(diethylamiho)phosphoranilidene-
amino]-2A5,4A5-catenadi(phospﬁéZgne), l-tert-butyl-
4,4,4-tris(diisopropylamino)¥é;z-bis[tris(diisopropyl-
amino)phosphoranilideneamino]¥éA5,4A5—catena-
di (phosphazene), 1-tert-butyl;;,4,4—tris(di-n—butyl-
15 amino)-2,2?bis[tris(di-n-buty}émino)phosphoranilidene-
amino]-2A5,4A5—catenadi(phosﬁﬁgééne), l-tert-butyl-
4,4,6,6,6-pentakis(dimethylami;o)—2,2—bis[tris-
(dimethylamino)phosphoranilidéﬁgamino]-2)5,4A5,6A5-

. catenatri(phosphazene), 1-te;§;§utyl-4,4,6,6,6-penta—

.20 kis(diethylamino)-2,2-bis[tris"“
anilideneamino]-2)°>, 4.5, 6)5-c€téﬁatri(phosphazene), 1-
tert-butyl-4,4,56,56, 6—pentakls3d1 sopropylamlno)-z 2-

bls[trls(dllsopropylamlno)pho phoranilideneaminoj-

2A5 4A5 6A5-catenatr1(phosphazene),: l-tert-butyl-

25 4,4,6,6,6fpentakls(d1-n-buty;: 9);2,2-bis[tris(di-n-



(et hyl am no) - 2-tri (et hyl am no) phosphor ani | i deneam no-
2A5, 4A5- cat enadi ( phosphazene), 1-tert-butyl-2, 4,4, 4-
tetra(i sopropyl am no)-2-tri (i sopropyl ani no) phosphor- 15
ani | i deneam no-2[err], 4[err]-cat enadi (phosphazene), 1-tert-

butyl-2,4,4,4-tetra(tert-butylamno)-2-tri(tert-butyl- am no)
phosphoranllldenean1no 2[err],4[err]- catenadtz(phos- phazene),
l-tert-butyl-2,4,4,4- tetra(allylan1no) 2- W tri (allylam no)
phosphoranllldenean1no 2[err], 4[err]- 20 ' - “ catenadi (phosphazene),
1-tert-butyl-4,4,4-tri(nethyl - am no) : '2 2-bis[tri

(nethylan1no)phoshhmw&mﬁum@a@hmﬁpmﬂranllldenea"fno]-2A5 4)5,615-
2[err],4[err]-catenadi (phosphazene), 1-tert-buty

tri (i sopropyl am neptenathiigphdsphegens)yl aAvtert-butyl-4,4,6,6,6-
phosphor ani | i deneami no] - 2[-err], 4[err] - catenadl(phosphazene) 25

1-tert-butyl - 4, 4, pentiajis(dimerhyieming -a-ipt.ra.z-trls(dlmethylamm)-
- 20 - tert- butylan1no)phosphoran|leeneanlngl k 4l err] -
cat enadi ( phosphaz Phzeanl-ydty12-4 24,26 %8 % {p@fnaakis (dime hYlam1n°)‘

hyl 2, 2- h -
gg?fléeﬁg;%?%o] 2R SS¥R %égf%n%% i€9%§€%ﬁ§?f: -%%b%%zéﬂby6*1‘ 5
tert-butyl -4, 4,6, i '
(iegopr gp§l ani no) p%&ﬁﬁ%&%ﬁ'&]"?‘g’%ﬁg’%eﬁo )n%”]p@ i’%tlr rz] Gf’elrsr(]dlmethyl-
catenatri (phosph%ﬁﬁ%@bh4%#U@fﬁé@ﬂﬁﬂyU%4%H@ﬂ}f§ﬂ@%%L§}5,4A5-catena-

di (phosphazene).

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

1m1dazolyl) 2A5 4A5-catenad1(phosphazene), l-tert-

{ butyl-2,4,4 4-tetra(1-pyrrolid1ny1) -2-tri(1-

20 pyrrolldlnyl)phospporan111den§”m1no-2A5,4A5

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

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

am1no-2A5 4A5-catenad1(phosph zene), l1-tert-butyl-

2,4,4,4—tetra(4—morphollnyl)§ tr1(4-morphollnyl)-

25 phosphoranilideneamino-zAs,4§ﬂ;?atenad1(phosphazene),



(tert-butylam no)-2,2-bis[tri(tert-butyl am no)phosphor -

ani | i deneam no] - 2A5, 4A5, 6A5- cat enat ri (phosphazene) and 10
l-tert-butyl-4,4,6,6, 6-penta(nethylamno)-2-[2,2,2-tri-
(et hyl am no) phosphazen-1-yl]-2-[2, 2, 4, 4, 4- pent a-

(et hyl am no)-2[err] ,4[err]-catenadi (phosphazen)-1-yl]-

2[err],4[err],6[err]-catenatri(phosphazene).55 - Il1lustrative of
cases where each Dis-a di- 15 substituted am no group are
l-tert-butyl-2,2,2-tris- - (di nmet hyl am no) phosphazene,

1- (1,1, 3, 3-tetranet hyl - : :
butyl)-2, 2, 2-tri s(eiteattrputylre),@has ghriaztre, (4meithyll-1-piperazinyl) -2-
2,2,4,4, 4-pent aki s(di met hyl.am no) -2[err], 4[err]-catena-
di (phosphazene), tridat-nekhyl-2-piperazdnydliphosph®ranilideneamino-
(di met hyl am no) - 2-t is(ginEthyIanino)phosphoraniIidene-
am no- 2A5, 4A5- cat @nadiipheakenadhphogphazeng); yl-tert-butyl-2,4,4,4-
2,4,4,4-tetrakis(diisopropyl,am nQ)-2-tris(diisopropyl.-

R i

anino)phosphoraniFFﬁ%ﬁé ._g?FQgHF)EF@Hq)L%iﬁﬂﬁﬁgzglyl)phOSPhor-
o (phosphagene) . Relliyailotindc 08, 18 LB ohoenBrane) , 1-tort-
.4, 4-t i (i et HpPRRGY 42 O PO PRI Ao Lo erat (ST
phosphor ani | i denegrpraeh-di#yil) phbtphbradianadneaRqsea258e),5-
catenadi (phosphazene), 1-ter£—buty1-4,4,4-tri(4—
morpholingl)-2,2-bis[tri(4-m§rpholiny1)phosphor-

10 anilideneamino]-2A5,4)5-catenadi(phosphazene), l-tert-
butyl-4,4,4-tri(l-piperidinyl)-2,2-bis[tri(1-
piperidinji)phosphoranilideneamino]-2A5,4A5-catenaf
di (phosphazene), l-tert-butyl-4,4,4-tri(4-methyl-1-
piperazinjl)—2,2-bis[tri(4-methy1-l—piperazinyl)-

15 phosphoraﬁilideneamiho]-2A5;4A5—catenadi(phosphazene),
1-tert~butyl-4,4,4-tri(1-imidazolyl)-2,2-bis[tri (1~
imidazolyl)phosphoranilideneamino]=-215, 415~
catenadifphosphazene), l-tert-butyl-4,4,6,6,6-penta(l-

{ pyrrolidinyl)-2,2-bis[tri(1-§yrrolidinyl)phosphor—
20 .anilideneqmino]-2A5,4A5,6A5—cétenatri(phosphazene), 1-

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

bis[tri(1—piperidiny1)phosph? fniiideneamino]_
235,423, 6)5-catenatri (phosphazene) , 1-tert-butyl-
4,4,6,6,6-pénta(4-morpholiny£i-2,2-bis[tri(4-

25 morpholinYl)phosphoranilidenéémino]-2A5,4A5,6A54



1-(1,1,3,3-tetranet hyl butyl )-4, 4, 4-tri s(di net hyl am no) - 5
2,2-bis[tris(dimethylam no)phosphranilideneam noj-

2[err],4[err]-catenadi (phosphazene), 1-(1,1, 3, 3-tetranethyl -
butyl)-4,4,4-tris(nmethyl ethylamno)-2,2-bis[tris-

(et hyl et hyl am no) phosphor ani | i deneam no] -2[err],4[err] -

cat enadi (phosphazene), 1-tert-butyl-4,4,4-31rd,s(diethyl- 10

am no) - 2, 2-bi s[tris(diethyl am no) phosphor ani | i dene-

am noj - 2[err] 4[ err] - cat enadi (phosphazene), 1l-tert-butyl-

4,4, 4- trls(dllsopropylan1no) 2, 2-bis[tris(diisopropyl -
an1no)phosphoranlbaﬂenaannnpheéﬁﬁadéﬁeyateaaert-buty1-4 dj 6pbpephantacl -
l-tert-butyl-4,4,4-tris(di-n-butyl- 15

am no) - 2, 2- b|s[trmetﬂylﬂlbpipéaaszthozpaabaa[trdéﬂemethyl 1-

am noj - 2[err] 4[err] - catenadl(ghosghazene) l-tert- bUtXé 5 .\5_

4,4,6,6, 6- pentaleéﬂeﬁézhthhP eyphopapiijidengamino] -2 4A 62

(di met hyl am no) phos horanllldenean1no£ L rrl Al err £

cat enat ri ( phosphagarenatri{ghesphiggena) 4apde! Bt Ehrhut §D4 4,6,6,6-
ki s(di et hyLam no) phor -

ani | i deneam no] - 2?%?%??%{%&%%3%% ?P?TXa?ghgt% fp bgpﬂgﬁﬁﬂé}
tert-butyl -4, 4, 60§¥$r8f9&?ﬁkf %Oréﬁﬁ%%%gfgnégyQﬁhééphazen) -1-yl}-2~-

bis[tris(diisopr am no eneani'n

Zer ) oL Sl A Ees s Lrbeseia s et iphLiss - 2P, 01 oo-
- 22 - catenatri (phosphazene).
Further, illustrative of'cases where two Ds on
10 the same phosphorus atom or different phosphorus atoms
are linked together to form a}fing structure is 2-
(tert—butylimino)-2-dimethylamino—1,3-dimethyl-1,3-
diaza-2)3-phosphinane.
Illustrative of cases where D and Q are linked
15 together to form a ring struééﬂre are 5,7,11-trimethyl-
1,5,7,11-tetraaza—6A5-phosphas§iro[5.5]undeca—1(6)-ene,
7-ethyl-5,11-dimethyl-1,5,7, 11—tétraaza-6A5-phospha-
spiro(5.5]Jundeca~1(6)-ene, 6, 8 13—tr1methyl 1,6,8,13-

. tetraaza- 7A5-phosphasp1ro[6 6]ﬂr1deca-1(7)-ene, 7-

20 methyl-1, 7-d1aza—5 l1l-dioxa- 6A5-phosphasp1ro[5 5]~

undeca-1(6)-ene, 7-methyl-1, - ;aza—5—oxa-11-thia-6A5—

phosphaspiro[s.5]undeca—1(6)féﬁé,'1-tert-butylimino-1-

dimethylamino-1,3~diphospha- '“ga-3,3-dimethy1-2—cyclo—

hexene-GAs-phosphaspiro[5.S]ué é?a-l(Gj—ene and 1-

25 dimethylamino-l-(2-dimethylaﬁi §-2,2-trimethylene-



but yl am no) phosphorani | i deneam no] -2[err],4[err], 6[err]-

catenatri (phosphazene), 1l-tert-butyl-4,4,6,6,6-

pent aki s(di met hyl am no) -2-[ 2, 2, 2-tri s(di met hyl am no) -
phosphazen-1-yl]-2-[2, 2, 4, 4, 4- pent aki s(di met hyl am no) - 5 _
2[err],4[err]-catenadi (phosphazen)-1-yl]-2[err],4[err],6[err]-
catenatri (phosphazene) and 1-phenyl -2, 2- bis(g§ net hyl -

am no) - 4, 4- di et hoxy- 4- phenyl am no-2[err], 4[ err] - cat ena- _
di (phosphazene). Il lustrative of cases where each Dis a 5-
or 6- 10 menbered cyclic am no group are..l-tert-butyl-2,2, 2-
tri(1-pyrrolidinydjmhispbhaspkazéntbeyl puly?-phdspha2;6-diaza-1-
penta(1l-pyrrolidinyl)-2[err],4[err]-catenadi (phosphazene), 1-
tert-butyl -2, 2, 4, ayaqleeexend. nor pholinyl) -2[err],4[err]-

cat enadi (phosphazene), 1-tert-buty|-2,2,4,4,4-Eenta(1- 15
piperidinyl) -2[err], 49¥pthespsREarepnesphfizehese phogphazene com-

butyl -2, 2, 4, 4, 4- ta(4-nmethyl -1-pi peridin (=2[err],4ferr]-
cgtgnadi(phosphagga%ﬁés1§¥%r¥@%ﬁ¥§Pg§,k?4?é¥%%beﬁ?§?l§hﬁ in H.R.

i mi dazol yl) - 2[ er rglfégaglg%]yl'gﬁég@??%ﬁgbﬁigﬁgééﬂ-“j‘_&faml%aﬁr%é; Acadenic. BEEYE 2

4,4, 4-tetra(l-pyrio

rrolidinyl)phos ang | i k, 4O~ Alertlz
Egtenag!(préEhﬁfﬁ%ﬁ%ﬂf%é%?ﬁ%%fg%é%?%%gﬁé%ﬁ?fggi%fl_Chem. Tec. Lab.,

i peridinyl)-2- ‘denes. s .
gn?no-Z[e?r],4[er??e%%%gﬁhd?%bhosghgggﬂg§?@ﬁftefﬁﬁ%ﬁ%???rd Schwesinger,
2,4,4,4-tetra(4- nondholBay! ) 21434 (413P] PIPIsDYA84. ZPor example, 1-tert-

phosphoraniIideneanino-2[err],4[err]-catenadi(thsphazene),

butyl-z,2,2-tria11y1phosphazg¢g:can be readily

10 synthesized by reacting triail&iphosphine and tert-
butyl azide in ethyl ether as;aisclosed on page 114 of
the above reference book by HtR. Allcock. Further, 1-
phenyl-z,2-bis(dimethylamino)44,4—dimethoxy—4-phenylf ‘
amino-2A5,4A5-catenadi(phospha%ene) can be synthesized

15 as disclosed on page 115 ibidl;_hamely, by reacting
bis(dimethylamino)chlorophosphine with phenyl azide and

then with triethylammonium azide and further reacting

the resultant 1-pheny1-2—azidp?3:2—bis(dimethylamino)—

i phosphazene with dimethoxyphgﬁ iéminophosphine.

20 £, m and n in each of the ompound represented

by the chemical formula (3) a ﬁthe salt represented by

the chemical formula (4) indi iQUa;ly stand for 0 or a

positive integer of 3 or smal with 0 or a positive

integer of 2 or smaller being férred. More

25 preferably, £, m and n éan, irrespective of the order



- 23 - l-tert-butyl-2,4,4,4-tetra (4-nmethyl-1-piperazinyl)-2-

tri(4-nmethyl-1-piperazinyl)phosphoranilideneam no-

2[err],4[err]-catenadi (phosphazene), 1-tert-butyl-2,4,4,4-

tetra(l-imdazolyl)-2-tri(1-imdazolyl)phosphor-- - 5

ani | i deneam no-2[err],4[err]- catenadi(phosphazéne), 1-tert-

butyl-4,4,4-tri(1- pyrrolldlnyl) 2,2-bis[tri ()

pyrrol|d|nyl)phosphoranll|denean1no] 2[err],4lerr]-

cat enadi (phosphazene), 1l-tert-butyl-4,4,4- tr|(45

nor phol i nyl') -2, 2-bis[tri (4- nnrpholinyl)phosphoﬁé 10

ani | i deneam no] - 2tRetbotl] ebk] vadhesagdis( aheaﬂbaﬁsa%n seietted from

butyl-4,4,4-tri(1l-piperidinyl)-2,2-bis[tri(1- -~

plperldlnyl)phospmnrannbld@meaanmo](2Lero),4keﬁole¢abenqe 0,0).

di (phosphazene), 1-tert-butyl-4,4,4-tri(4-nethyl- : '

pi perazi nyl)-2, 2- bls[trPtefeEah¥y1lbp|pareachybf thé5phosphazene com-

phosphoranllldenean1no] 2[err], 4[err]-cat enadi (:phosphazene),

1-tert-butyl -4, 4, nOpnd(repnﬁaan§e9lpyztnebcbmeCél formula (3) and the

I m dazol yI) phosphor ani | i deneam no] -2[err], 4[ erx}

cat enadi ( osphazEH@?Phéz?BiPmbﬁﬁiF HeRrGSGnﬁﬁﬁeHYaFQe chemical formula
rrolidinyl)-2, 2 tri rrolidin

Bni | deneani noj - 2f aa[éﬁr‘fjfvle[ﬁwf DL BRBRRPERE apAosenche gelected

tert-butyl-4,4,6,8 ip . .
bis[tri(1- plperldlnyw ﬁ éﬁoggng %éﬁééﬁg %;2ydrocarbon groups having

1 to 20 carbon atoms, alkoxy'éroups having 1 to 20 car-

bon atoms, phenoxy groups having-s to 20 carbon atoms,

10 mono-substituted amino groupsihaving 1l to.20 carbon
atoms, amino groups di—snbstifuted by hydrocarbon
groups which have 1 to 20 caréon atoms and are the same
or different, and 5- or 6—mem5ered cyclic amino groups..
Of these, more preferred Ds are substltuent groups,

15 which are the same or dlfferent and are each selected,
for example, from amino groups dl-substltuted by alkyl
groups which are the same or dlfferent and have 1 to 6

carbon atoms, such as dlmethylamlno, diethylamino,

methylethylamino, dlpropylamrnthmethylpropylamlno,

20 diisopropylamino, dibutylamiﬁo ethylbutylamino,

diisobutylamino and di-sec—bﬁ mino, and from 5- or

6-membered cyclic amino groups ch as 1-pyrrolidinyl,
l-pyrrolyl, l-piperidyl, l-pipe, zinyl and 4-

morpholinyl. Still more preferred Ds are di-

25 substituted amino groups whlch egeaph selected from




2[err],4[err],6[err]-catenatri (phosphazene), 1-tert-butyl-

4, 4,6, 6, 6-penta(4-norpholinyl)-2,2-bis[tri(4- 25

nmor phol i nyl ) phosphor ani | i deneam no]-2[err],4[err],6[err]-

- 24 - catenatri (phosphazene), 1-tert-butyl-4,4,6,6, 6-penta(4-
met hyl - 1- pi perazinyl)-2,2-bis [tri(4-nethyl-1- pi perazinyl)
phosphorani | i deneami no] -2[err], 4[err], Glefy]-

catenatri (phosphazene) and 1l-tert-butyl-4,4,6,6, 6- 5
penta(1l-pyrrolidinyl)-2-[2,2,4,4,4-penta(l- pyrrolidinyl) -2[err]
,4[ err] - cat enadi (phosphazen) 1- yI]-2- '

[2 2,2-tri (I -pyrrohedgnaplippbonphaténglofl Rifkehylanfino; | méthylethylamino
catenatrl(phosphazene) Further, illustrative of cases where
two Ds on 10 andhdieth¥lpniBphorauvpstom or different phosphorus atons

are linked together to forma ring structure is 2- .
(tert-butylim no)-2-di neeh{hanPhbex, Baﬁﬁwe?ﬁ9b @ 3n each of the partial

di aza- 2A5- phosphi n ve, of cases where_D and
are Ilnkedp 15p grPSBBFﬁ%rfPBmPBPnKA V|H g ECFGFE ﬁpgai f°§TuPP|ﬁ@?hyl

D e oL AP A SLAMIER L BAA08. o)
sp|ro[5.5]undeca ﬁ£é¥e§2§1y6b§ éﬁ Eikg§t8¥5uﬁ-ﬁa§1ﬁé 1 to 10 carbon
atoms, such as methyl, ethyl, propyl, isopropyl, n-
butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
neopentyl, hexyl, heptyl, octfl, tert-octyl, nonyl and
10 decyl. '
| Further, preferred examples of the divalent group
(D-D) on the same phosphorus atom or different
phosphorus atoms when the two Ds on the same phosbhorus
atom or different phosphorus atoms in each of the
16 chemical formula (3) and the chemical formula (4) are
linked together to form a ring structure are divalent
groups in each of which a methyl or ethyl group has
substituted to each of the twé;nitrogen atoms of an
‘ ethylenediamino, trimethyleneéiamino or tetramethylene-
20 ' diamino group. E
Moreover,-preferred exaﬁé;es of the divalent

group (D-Q) connecting the aséﬁéiated nitrogen atom and

the associated phosphorus atoﬁ;w@en the D and Q are
1ihked together to form a rinéistructure‘in each of the

25 chemical formula (3) and the éyemical formula (4) are



tetraaza-7[err]-phosphaspiro[6.6]trideca-1(7)-ene, 7- 20
nmet hyl -1, 7-di aza- 5, 11-di oxa-6[ err] - phosphaspi ro[ 5. 5] -
undeca- 1(6)-ene, 7-nethyl -1, 7-di aza-5-oxa-11-t hi a- 6A5-
phosphaspi ro[ 5. 5] undeca- 1(6) -ene, 1-tert-butylimno-I-

di et hyl am no- 1, 3- di phospha- 2- aza- 3, 3- di net hyl - 2- cycl o-
hexene- 6[ err] - phosphaspiro[ 5. 5] undeca- 1(6)=epg and 1- 25
di met hyl am no- 1- ( 2- di net hyl am no- 2, 2-tri et hyl ene-

- 25 - di am nophosphazen-1-yl)-1[err] - phospha- 2, 6-di aza- 1-

cycl ohexene. Synt hesi s processes of these phosphazene com
pounds are descri ddsrailendeNamethylleoralethylreHaRinoalkyleneAgkoapk, in
Phosphor us- N trogen Conpounds, Academic Press - 1972, Rei nhard
Schwesi nger, NacheacBhe® whdch eamethyl or ethyd( g390p, has. substizuten 26,
and Rei nhard Schwesi nger, - Chem Ber., 1994, 127, 2435-2454. For
exanple, 1-tert- to the niggogenatom of an pminesekhydedcsan be readily

10 synt hesi zed ,by reacting trial,lylphosphine and tert- but yl
azide in ethyl etRBINREtAYIEnssoxr sRiFRYE1Rekhylene group.i he apove

reference bogk by H R l.co Furt

phenyl - 2, 2- blS(dIﬁEthy|QhFH Ehgs&-E@pﬁ@Qﬁzgnshgﬁypounds or these

am no- 2[err] 4[erbho§§hsggg'(B%&%BE%%%”%%oﬁthqghs%ﬂghﬁi égﬁazenlum
salts of-qctlve hydrogen comppunds are derived, the
following phosphazene compounés can be mentioned as

more preferred ones:

10 1-tert¥bntyl—2,2,2—tris(dimethylamino)phosphazene
[chemical formula (5)]
~ CH,4
HaC- CH,
: lle . . (5)
(HaC)sz_—ll’—N(CHs)z
N(CHy),

1-(1,1,3, 3-tetramethylbuty1) -2,2,2-tris(dimethyl-
amlno)phosphazene [chemlcal formula (6)1]

H,C. CHj

15

(6)

(H3C),N—P—N(CH;),
N(CH,),



15 as disclosed on page 115 ibid, nanely, by reacting
bi s(di met hyl am no) chl or ophosphi ne with phenyl azide and then with
triethyl amoni um azi de and further reacting ' t he resul tant
1- phenyl - 2- azi do- 2, 2- bi s(di et hyl am no) - phosphazene wth
di met hoxyphenyl am nophosphi ne. 20 [err], mand n in each of the
conpound represented - by the chem gapgformula (3) and the salt
represent ed by the chemical formula (4) individually stand for O
or a positive integer of 3 or smaller";_ ‘wWith O or a positive
integer of 2 or snaller being preferred. Mre_ 25 preferablg [err] m
and n can, ’irrespect ilvethlylt+2g 2qrdder, 4 -pentakls(dlmethylamlno)-2A 435~
- 26 - t headenadid phalspra zsned dmhgmazarlorfowlué@t d@)flr om
(2,1,1), (1,1,1), (1,1,0), (1,0,0) or (0,0,0)- Preferably,
Ds in each of the phosphazene com C H5 pound represénted by the
chem cal fornula (3) and the ﬂosphazenrunrsalt represented by the
chem cal fornula - {(4)- cnm hﬂ sane ‘or different and.can be
sel ected fromthe gr ou .con |s || ng of: hydr ocar bon groups havi ng

v

1 to 20 carbon atons :].S nav g 20 car- . .. bon & ,
phenoxy groups havrné*gkh@ 0 c rb at ¢ns, N ~;52 ..mono- substii tut ed gn?ﬁo

roups having 1 to 20 carbon n
o N(CHz)y N(CHg)

- a—

l-tert-butyl-4,4 4-trls(d1methy1am1no)-2 2-bis[tris~
5 (dlmethylamlno)phosphoranllldeneamlno]-2A5 425~
catenadi(phosphazene) [chemlcal formula (8)]

CH,
H,C CHy = _ |
NCHJ, N NCH)z -~
(Hsc)z-l\r i—r‘°———N—-—||’J——N=_-——'P.¥:-—N(CHs)2_ L (8)
| I!l(CHs)z N N(-CHs)z' |
(Hsc)zN"—ila"“N(CHa)z
N(CHa)>




atons, am no groups di-substituted by hydrocarbon groups whi ch
have 1 to 20 carbon atons and are the sane or different, and 5- or
6- menbered cyclic am no groups. O these, nore preferred Ds are
substituent groups, 15° whi ch are the sane or different and are each
sel ect ed, for exanple, fromam no groups di-substituted by al kyl
gr oups which are the same or different and- hgge-1 to 6 car bon
atons, such as dinmet hyl am no, diethyl anm no, o met hyl et hyl am no,

di pr opyI am no, methyl propyl am no, 20 di i sopropyl ami no, di butyl ani no,
met hyl but yl am no, di i sobutyl am no and di - sec-butyl am no, and from
5- or 6- nender(dd Jo;ﬁol&tmamtgrydxm&yﬁum,as4}mﬁjsr(dnmﬂle-
1-pyrrolyl, 1-piperi @uino}=3 gam #isgiddimethylanino) phosphoranil i deste |
more preferred Ds ar @ino]l—23>, §®5§ﬂﬁ@y(m°%hhﬂ@eg¢bubshwuchlare each

sel ected from formula (9)] - 27 -
the group consisting of dinethylam no, nethylethylamno and
di et hyl ami no groups. On t heChlzhBHzhand, each Q in each of
the parti al structural forr-r'u!]&tfé), artial structural fornula
(2), 5 chemcal fornula (3) an m Yatr-€blaul a (4) may
preferably be an al kyl group having 1 {o 10 carbon
HsC |
> . N(CHj; N N(CHy), ,
(Hsc)aN—-—FI'=N—P——N=P-—_-N(CHs)'z- S )
" N(CHy), N N(CHa),
(Hac)zN—P—N(CH3)2
N(CH3),

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

CH,

(10)




atons, such as nethyl, ethyl, propyl, isopropyl, n- butyl,

| sobutyl, sec-butyl, tert-butyl, pentyl, neopentyl, hexyl, heptyl,
octyl, tert-octyl, nonyl and 10 decyl . Further
preferred exanpl es of the dival ent group ' (D-D) on the sane
phosphorus atom or different- phosphorus atons when the two Ds on
t he sanme phosphorus atom or different phosphorus atons in each of
the 15 chem cal fornula (3) and the chem cal fornmula (4) are

| i nked together to forma ring structure are dival ent groups in
each of which a nethyl or ethyl group has - . substituted to each of the
two nitrogen atons of—¢khylr5,11-dime Ehmh)5n7nbl-tetrnntg@saﬁﬁphﬁsphaiw
t et ramet hyl ene- 20 sPerEﬁfﬁﬂ?Rﬂ%ﬁ%) (6)-ene [chemical Mewwwba, (brelerred

exanpl es of the dival ent S group (D-Q connecting the aSSOCIated
nitrogen atom and (;the Fﬁociated phosphorus atom when the D and Q
are i nked tog!}h‘u rt Srma ring structure in each of the 25

chem cal fornula (3) and tme chem cal fornula (4) are

- 28 - di val en *t hy¥"or ‘et hyl -[err]-am noal kyl ene groups in
each of which a neth or edhyl gro has substituted
" | (11)
7\
N T
CH,4

In théfprocess according;fo the present inven-

5 tion, thesé{phosphaéene compoﬁﬁds can be used either
singly or-iﬁ-combination.

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

10 process of this invention, the polymerization is in-

| itiated viazthe phosphazenium salt of the active
hydrogen compound, said phosphazenium salt being formed
from the octive hydrogen compo@nd and the phosphazene

;compound in the system. It ié;therefore possible to

15 .initiate the polymerization bjf éing the phosphazenium
salt of the actlve hydrogen compound prepared be-
forehand from the active hydrogen compound and the

phosphazene compound. 1In thlS case, an active hydrogen

compound which is the same a: ; different -from the

20 salt-forming active hydrogen .compound, may exist in the



to the nitrogen atom of an am nonet hyl ene, am noet hyl ene or

am notrinethyl ene group. 5 Anong t hese phosphazene conpounds or

t hese phosphazene conpounds from which the phosphazeni um salts of
active hydrogen conpounds are derived, the fol |l owi ng phosphazene
conpounds can be nentioned as nore preferred ones: 10

l-tert- butyl-2,2,2-tris(dinethylanino)phosphgéene [chem cal fornula
(5)] [err]

1- (1,1, 3,3-tetranet hyl butyl)-2, 2, 2- trls(dlnethyl anlno)phosphazene
[chen1ca| formula (6)] [err] 15 29 -

l-ethyl-2,2,4,4, 4mmga(thomtﬁgdmom)sﬁm] Neerpdrticular limita-
catenadl(phosphazene) [chemi cal fornula (7)] -
tion is imposed on the formatlon of the phosphazenium
salt of the active hydrogen_cqmpound from the active
hydrogen compound and the pﬁosghazene compound. In
5 general, a solution of the pnqsphazene'compound is
added to the active hydrogen cémpound or its solution,
followed by a reaction usualii;in a temperature range
of from -50 to 150°C. The reécfion.mixture can be used
for the polymerization reactdon either as is or after
10 removing the solvent. 1In some instances, the reaction
product can be used for the'polymerization reaction
after its separation and purification.
In the process of this invention, two or more
alkylene oxide compounds may also be used in combina-
15 tion. When plural alkylene oXide compounds are used
and polymerized in combination .at the same time, a
copolymer of relatively highgrandomness is obtained al-
though the randomness varies depending on a difference

in reactivity between such compounds. When two or more

20 alkylene oxide compounds are cce551ve1y polymerized,

a block copolymer contalnlng? locks of two or more

poly(alkylene ox1de) compound 1s obtained. For exam-

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

51ve1y polymerlzed subsequent tofthe completion of a

25 polymerization reaction of a 1;st alkylene oxide com-



[err] 1-tert-buty|-4,4,4-tris(dinethylanino)-2,2-bis[tris- 5

(di met hyl am no) phosphoranilideneam no] -2[err], 4[err]-

cat enadi (phosphazene) [chemi cal formula (8)] [err]

- 30 - 1-(1,1,3,3-tetranmet hyl butyl )-4, 4, 4-tris(di methyl - am no)
-2,2-bis[tris(di met hyl am no) phosphor ani | i dene-

am no]-2[err], 4[err] cat enadi ( phosphazene) 3pchemi cal forrmula (9)] [err]
l-tert-butyl - ,2-tri(1- pyrrolldlnyl)phosphazene [chem cal fornula (10)]

pound, a block copolymer conﬁa;ning two kinds of blocks
- is obtained. Further, an al#éfnating block copolymer
can be obtained by polymeriz#hg the first alkylene
oxide compound again subsequénﬁ ﬁo the completion of
5 the polymerization of the seéﬁéd.alkylene oxide com-
pound or by repeating such aﬁtgrnate polymerization of
the first and second alkylené'éxide compounds. If
three or more alkylene oxide-ﬁompounds are used in com-
bination in such a manner as'described above, a more
10 complex block copolymer can be:obtained. Among these
copolymerization processes, it is preferred to obtain a
block copolymer, which contaihé_blocks of poly- |
(propylene oxide) (also calle&-"polyoxypfopylene")-and
lpoly(ethylene oxide) (also called "polyoxyethylene"),
15 by successively polymerizing propylene oxide and
ethylene oxide as alkylene oxide compounds.
Although no particular limitation is imposed on
' the amount of the alkylene ox1de compound, the alkylene
 oxide compound may generally be used in an amount of
20 2.5 x 105 moles or less, preferably in a range of from
2 to 1.0 x 10° moles, more pre _rably in a range of
from 4 to 5 x 104 moles per mole of the co-existing ac-
tive hydrogen compound when the3pglymerlzatlon is con~

ducted in the presence of the-aétive hydrogen compound

25 and the phosphazene compound O ;pér mole of the sum of



err - 31 -

% etLyI 5, 11-dinmethyl-1,5,7,11-tetraaza-6[err] - phospha-

spi ro[ 5. 5] undeca- 1(6) - ene [chen1ca| formula (11)] [err]

In the process according to the present inven- 5 tion, these _
phosphazene conpounds can be used either singly or in combination.
Al t hough the al kyl ene oxi de conpound is - 34polynerized in the presence
of the above-nentioned ac- tive hydrogen conpound and phosphazene
compound in the 10 process of this invention, the polynerization is in--
itiated via the phosphazeniumsalt of the active hydr ogen conpound,
sai d phosphazeniumhsahmtﬁyhn@yﬁmnmam compoufnc Ificrind ngc tthee phydébba2enium
compound and the phosphazene onpound in:the:system It is therefore
possible to 15 Spditt oft échﬁ@s&ly@emm iPpmpoung and pinys pledise um

h tive hydrogen conpound prepared be-
salt of the ac g %oge compg%nd which may ex1st in the system, when

the polymerization is conducted in the presence of the
5 phosphazenium salt of the acﬁ#ve hydrogen compound.

No particular 1imitatioﬁ is imposed on the amount
of the phosphazene compound or the phosphazenium salt
of the active hydrogen compouﬁd, but it can be used
generally in a range of from 1 x 10715 to 5 x 1071

10 mole, preferably in a range of from 1 x 10~7 to 1 x
10”2 mole per mole of fhe alkylene oxide compound.

The polymerization temperature varies depending
on the kinds and amounts of the raw material, initiator
and catalyst. It is however generally 150°C or lower,

15 preferably from 10 to 130°C, @gre preferably from 50 to
120°C.

The reaction pressure upon polymerization of the
alkylene oxide compound is deégndent on the kinds and

{ amounts of the raw material, iﬁitiator and catalyst and

20 .~ the polymerization temperatur and cannot be defined

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

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

pressure, this will herelnafter apply equally), with a

range of from 0.1 to 10 kg/cm Vbelng preferred and a .

25 range of from 1 to 5 kg/cm2 b__ng more preferred.




forehand fromthe active hydrogen conmpound and the phosphazene
conpound. In this case, an active hydrogen conpound, which is the
sane as or different-fromthe 20 salt-form.ng active hydrogen conpound,
may exist in the _ o : - 32 -

pol ymeri zation reaction system No particular limta- tion is

| nposed on the formation of the phosphazen w® - - salt of the active
hydr ogen conmpound fromthe active hydrogen conmpound and the
phosphazene conpound. In 5 general , ‘a-solution of the phosphazene
conmpound is added to the active hydrogen conmpound or its solution,
foll owed by a reaction ﬁh%a?$@cth°%.thﬂ%et%t@?@eﬁéﬁﬁﬁ on the kl@#8f¢@ﬁ1 50
to 150[err]C. The reaction m xture can be_ used, for th

pol ymeri zati on r cBBPURES Pf hEhe Kay smakeriaky - 1‘1€)tlat°rr%\ﬁ%§ahﬁ%t and
sol vent I n sone_j nst ces t he,reacti roduct, can %F used for

t he polynerlzatldﬁh?é%% grization t%?P%FaF?Eése%ﬂ&af??ﬁPEURF ?*?% tion.
In the process of;fhis, dggéignm MQr?rlgPr é;h?wever @%#X% oxg de

conpounds nay al s6 b (&% na- alkylene

0xi de COMQUNGS A Gutsels 1ess, préf*graeiyn?es'ﬁ&a&énofOf@égatﬂ\@Peat the

sane tilne

preferably 0.5 to 24 hours.

The phosphazene compound or the phosphazenium
salt catalyst in the process of the present invention
can be used in combination with a conventionally-known

10 catalyst with a view to reducing the work load which
will be required for the reméﬁél-of the catalyst sub-
sequent to the polymerizatioﬁL

In the process of the present invéntion, no- par-
ticular limitation is imposed-on the method by which

15 the polymerization reaction iéécarried out. However it
is generally practiced to feedrthe alkylene oxide com-
pound in an amount as much as*heeded at once, inter-

* mittently or continuously to afreactor which contalns

' the active hydrogen compound the phosphazene com-

20 ‘ pound or the phosphazenium sa@p:qf the active hydrogen
compound.

In the process of the ptgsent invention, a sol-

" for the dilution or

adt A

.vent can also be used, as need

dissolution of the active -hydrogen compound and the

25 phosphazene compound or the é ggpbazenium salt of the



copolynmer of relatively high randommess is obtained al - t'hough the

randommess varies depending on a difference In reactivity between
such conmpounds. When two or nore 20 al kyl ene oxi de conpounds are
successi vely pol yneri zed, a bl ock copol ymer contai ni ng bl ocks of
two or nore pol y(al kyl ene oxi de) conpounds is obtained. For exam
pl e, when a second al kyl ene oxi de conpound i3% succes- sively

pol ynmeri zed subsequent to the conpletion of a 25 polynerization
reaction of a first al kyl ene oxi de com

- 33 - pound, a bl ock copol yner containing two kinds of bl ocks
i s obt ai ned. Furth@tlvanh2¢r99ﬁat¢ﬂ@P9HD@kaD6pbh9n@lkylene oxidencon-
obt ai ned by polynerizing the first alk¥lene = - oxi de conpound again

subsequent to théP%%ﬂ%I%¥|%ﬁ 3f medium °rtFBepBP}ﬁE?F%é?Fbﬁno¥e§ﬁ§1§écond
al kyl ene oxide co

t t
pol ymeri zati on ofUsable exa?ﬂge?l?gtsgﬁ% é2§8iﬁé§gk§ ﬂﬁgﬁxﬁéagegﬂﬁhﬂﬁds

bi nati on in tsﬂf;ﬁe%°l%%§ﬁ'a$sa%5?é%e%$.§s§9 vchoBfe, CheabaRe ShaclBa0-1 oo
copol yner §a” be @ ?ﬁ@ed £8§8carbons sgﬁ géyﬂgﬁ%éﬁé'QHd

processes, is pre erfed 10 0 copol ymer’, Whi ch
cont ai ns b|00k3 OfoP@éNe; and ether compounds such as diethyl ether,

dioxane and anisole. Any othér'éoivents can also be
used 1nsofar as they do not 1nterfere with the
polymerlzatlon reaction in the process of the present
10 invention. Further, the polymerization reaction in the
process of this invention can also be conducted in the
presence of an inert gas such as nitrogen or argon if
hecessary.
The poly(alkylene oxide) obtained in accordance
15 with the process of the present invention can be used,
as is, as a raw material for a polyufethane foam or
elastomer or as a surfactant but, if necessary, can
' also be used after treating it with a mineral acid such
‘as hydrochloric acid, phosphoric acid or sulfuric acid,
20 "an organic carboxylic acid such as formic acid, acetic
acid or propionic acid, carbor dioxide gas, an acid-
form ion-exchange resin,'or.tﬁé like. Further, it can
also be subjected to conventioﬁal_purification such as
washing‘in water, an organiciéélvént or a mixture

25 thereof.




(propyl ene oxide) (also called "polyoxypropylene") and

pol y(et hyl ene oxide) (also called "pol yoxyethylene"), 15 by
successi vel y polynerizing propyl ene oxi de and et hyl ene oxi de as

al kyl ene oxi de conmpounds. - Al t hough no particular limtation
I's i nmposed on t he ‘anobunt of the al kyl ene oxi de conpound, the

al kyl ene oxi de conpound nay generaldl7zy -be used in an amount of 20
2.5 x 10[err] noles or less, preferably in a range of from 2to
1.0 x 10[err] noles, nore preferably in a range of from4 to 5 x
10[err] nol es per nDIe of tthe co-existing ac- tive. hydrogen
conpound when the pol yrEhezpresent sinvention will kiexe tea fver hee pdesence of
the active hydrogen conpound. .25 and the phosphazene conmpound or per
mol e of the sum g¥cribe b_:the following examples. - 34 -

the active hydrogen coppound: forming the phosphazenlun1 salt of the
active hydrogen %%ﬁﬁﬂﬁﬂ% nd’ any active . hydrogen conpound whi ch

T presence of tne " “oin "W Sogone surediBGSUAMIIEE Vit 3 AL HSD "
conpound. 4 and a £1dmaLti cpl ea'méﬁtaoeemlﬁefmg%ggs@fﬂgmunt

of the phosphazene conpounqgor the p osphazeni um sa
active hydrogen qgﬁﬂ@”ﬂﬁ'p%&@Sﬁfeqﬁﬂu@@ a%@da stlrrer, and purged with

dry nltrogen, were charged 254 mmol of glycerin and

0.50 mmolfof 1-¢1,1,3 3-tetramethylbutyl)—4 4,4-tris-

(dlmethylamlno)-z 2-bls[trls(dlmethylamlno)phosphor-

10 po]-2A5,4A5-catenad1(phosphazene) {chemical

formula (7mi'product of Fulka Corp.; hereinafter

referred'teias the "cetalyst A"]. Propylene oxide was

at a reaction temperature of 100°C for 17.5
hours wh11e 1nterm1ttent1y charging it to maintain a

15 reaction pressure of around 3.0 kg/cm2 (absolute pres-

sure; thl ;11 hereinafter apply equally). Polyoxy-

propylenetr_dl having a hydroxyl number of 358

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

‘was obtaine - in an amount of 119 g. It was in the form

20 of a coloriéss-clear odorlessg

Example 2 ..

In ﬁhe.same autoclave;ar%'hat employed in Example

1, were charged 50 mmol of polyoxypropylenetriol

(hereinafter abbreviated as t triol AW), which had

25 been indusﬁrially produced in fe presence of potassium




generally in a range of from1l x 10[err] to 5 x 10[err] 10 nol e,

preferably in a range of from1l x 10[err] to 1 X 10[ err] nol e per
mol e of the al kyl ene oxi de:conpound. . The pol yneri zation
tenperature varies depending’ @ on the kinds and anmounts of the raw

‘and catalyst. It is however generally

150[ err]C or lower, 15 -preferably fromglG-to 130[err]C, nore
preferably from50 to =i 120[err] C. L The reaction
pressure upon pol ymerizati:onh of the al kyl ene oxi de conpound is
dependent on the kinds and--- amounts of. the raw material, initiator
and catal yst and hp@roxidetag porghelysht whihlecupinat ai¥cenin asnaot ipe
defi ned I n, a whol- |-.e_manner. |In_general, the gressure at the
time of the reactibhafer3gndghad] arhydepxybuppnbessefugd’, as an ipressure,

hi ill h i naf -y equal | ith a & . 0.1
10 kglenterr] betbprarornactagh Hhossbt 1 ey nuty1rA78reSbpig™ O 1 1O
kg/ bei fert eds . U . ti
e o Geponden: (OReRAYLERLES) -2, 2-pis trig (dimetnylapino) pliBERhERE | O
B e T e e

cannot be defi ned , _ ol esal e manner ..
40 formula (6), product of FulkaCorp.; hereinafter

material, initiator

referred aslthe #catalystfﬁﬂ]. Propylene oxide was

at-a reaction pressure of around 3.0 kg/cm?

and a reac on temperature of 100°C for 4.8 hours as in

10 Examplezi; ?olyqupropylenétriol having a hydroxyl
¢ fﬁas obtained in:én'amount of 75 g. It was
of a célorless cléér odorless liquid.
In}tnéi$§me autoclave aé that employed in Example
15 1, were chi ééé.28.4 mmol bfff:inXYpropylenetriol
fiaily produced ié the presence of potassium
f Té;gatalyst whiléhﬁsing glycerin as an in-
" itiator @pﬂ-héé;a_hyaroxyl n@mbéx of 168, and 0.50 mmol
20 ‘of the cétalyéégﬁ. ?ropyléﬁg;géide was polymerized at
- .feESure 6f around 0 %kQ/cm2 and a reaction
_ ;bfi;O?%:Efor 2}3'hog s as in Example 1.
Polyoxyp#quleﬁét?iol.havipgu droxyl number of 78
was.obtaihéd iﬁ;aé aﬁount of 61'g. It was in the form
25 of a colé#iesSfcleaf%odorlg_J liﬁuﬁd. Further, using a




5 hours or less, preferably 30 hours or less, nore preferably

0.5 to 24 hours. The phosphazene conpound or the
phosphazeni um sal:t*7catal yst in the process of the present

i nvention can beused in conbination with a conventionally-known
10 catalyst with a view to reducing the work | oad which wil |
be required for the renoval of the catal yst 3mub- sequent to the
pol ymer.i zati on. o In the process of the present invention,
no- par - ticular I|n1tat|on I S inposed on the nethod by mhlch 15

the polynerization reaction.is carried out. However it

general |y practi cBhigeb €ckumting5a) kYMixedoRY detxade name; man@ﬁ@nuurqdan
amount as nmuch as needed at:once, inter- - mttently or continuously
to a reactor mhlchYcBﬁlﬁmﬁ ;Laboratpﬁéegcgpge) yﬂrﬁg@hlééﬁﬁénnﬂlﬁhdatﬁBC
phosphazene com goung t he phosg upsalt of the active

hydr ogen 1E§ < ( Labchart 1801fp, i FEafroRRRE: oPapHEagkuted:

i nvention, ~.a sol- can_a

il ot onor o 2% by a%gssmrkn 41 scai?rv‘geﬁ?ﬁ?igéﬁgsaﬁ%aﬁa bRGthre o5

Phggp?aze”§ COnpoﬂgfygﬁybggpgagﬁggéigﬂ'HQESQLSSQLe&h?eluent' tetrahydro-

furan). :The ‘molecular welght dlstrlbutlon as calcu-

lated base_-on a callbratlon~curve which used the stan-

dard polystyrene was found tow‘éfnarrow, that is, 1.03

in terms_ "Mw/Mn [a ratio of a weight average

ﬂelght (Mw) to a number average molecular

10 moleculaf
weight (Mn)]
Example 4
Inqphe-same autoclave as that employed in Example

1, were dﬁétged 254 mmol of propylene glycol and 0.50

15 mmol of ﬁié}qatalyst B. Propyiene oxide was polymeriz-
ed at a réaétion pressure of éround 3.0 kg/cm2 and a

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

P yoxypropylenetrlol hav1ng a hydroxyl number

fple 1.
. of 200 wé talned in an amount of 123 g. It was in
20 " the formiﬁ' a colorless clearﬂodorless liquid.
Example Sfi;

In fhé same autoclave a at employed in Example

1, were cﬁérged 167 mmol of g_ cerin together with

orbitol and 2.5 mm i of the cataiyst A.

25 Propylené}bxide was polymeri?_ :at a reaction pressure




active hydrogen conpound and the al kyl ene oxi de com pound or as a

medi um for the polynerization reaction. Usabl e exanpl es of such a
sol vent include hydrocarbon conpounds such as pentane, hexane,

hept ane and cyclo- 5 hexane; aromatic hydrocarbons such as benzene and
t ol uene; and et her conpounds such as diethyl ether, di oxane and

ani sol e. Any other solvents can also be - 40 - used I nsofar as they do not
interfere with the pol yneri zati on reaction in the process of the
present 10 invention. Further, the polymerization reaction in the

process of this invention can also be conducted: in the presence of

an inert gas suchofsaydundgeno dﬁg/éa:lg%namd a reactipmceespeyature of

The pol y(al kyl ene oxi de) obtained in accordanc¢e. : with the process of
the present invemt3®fF &% Beluél@@rs as in Example do aBO&\MQWIQRMlQ‘T@‘ a

pol yur et hane foan1or surfactant but

necessary, can riol Iéﬁ“é{)n%ea Mrﬁlf%rmpfﬂ%%’ﬂ ?15 125 W24 %bﬁﬁh%?ﬁl incig
h hyd hl d | f 20
an or gani o caraﬁox%[fr R Gr SFEo Do PP R PR e Dhatl b Cogfot o8

propionic cid, Q%p aC|d e form i on- exchange
resin, he Ilke urégl ié@% f& al.so be subjected to
conventlonal purlﬁiéﬁgiéwgsuch as washi'ng i.n water, an organic
solvent or a mxture t her eof . o

The autoclave of Exam ;i was additionally

fitted with a piping to permi eeding of ethylene

oxide in a liquid form underiﬁiessure from an ethylene
10 oxide tank, which was designeggto be maintained under a
pressure of 5 kg/cm2 with nit@éggn, through a flowmeter

arranged exclusively for ethxiéne oxide. The autoclave

was charged with 150 mmol of;e;hylene glycol and 3.0
nmol of 1-ethy1—2,2,4,4,4—peﬁ§ékis(dimethylamino)-
15 2A5,4A5-catenadi(phosphazene)fgghemical formula (5),

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

"catalyst C"] and further witﬁ .0 kg/cm? of nitrogen.
t a temperature of 80°C
for 2.3 hours while intermitt iy charging it from the
20 ‘tank to maintain a reaction p $ure of around 4.0
kg/cmz. Polyoxyethylenediol: -ing a hydroxyl number
of 197 was obtained in an amdpnt of 76 g. It was in
the form of a white odorless: .
Example 7

25 In the same autoclave as that employed in Example




- 37 - The present invention will hereinafter be de-

scri bed by the foll ow ng exanpl es. Exanple 1 In a
300-nmferr] autoclave connected with a feed punp 5 and a fl owneter,
fitted wwth a tenperature neasuring tube, a pressure gauge and a
stirrer, and purged with dry nitrogen, were charged 254 mmol of
glycerln and 0.50 mmol of 1-(1,1~343=tetranethylbutyl)-4,4,4-tris-
(di met hyl am no) - 2, 2-bi s[tri s(di net hyl am no) phasphor- 10

ani | i deneam no] - 2[err] 4[ err] - cat enadi (phosphazene) [chem cal

formula (7), product of Ful ka Corp.; hereinafter referred to as
the "catal yst A"]ls W%W@i@%ﬁ(l vigmol °f ethYJﬂ%'I‘?rﬂ‘Y‘i% ard 22 r2act i on
tenperature of 100/ err]C for 17 ile intermttently
charging it to néﬁ";ﬁ hq_5°ataly$%a%t|o%'%r%‘é %“%f°’é+‘§%n‘ﬂa% 0

kg/cnferr] (absol_ ut

. thi h f
equal ly). Pol yo)gpfyrﬁ)erlzed Eb’f o?)ﬁ%?ﬁ%?f?rb}pﬁ%ﬁlhﬁe oﬁ %e%uﬁ&g?y %‘Fz 358
KOH nyg/ |
b ot noa’i PO orand 4 Sr s R ELRBLLECLEORNY £60 fﬁ% 2.3 noureag dn o
clear odordess |igwidfbie 1. Pol E&fénedlol having a!BydiSxyR rﬁhm- of

aut ocl ave as that enpl oyed i n EXanpl e -1, were charged
pol yoxypr opyl enetyd®lof 184 was (dE£imad teh @:btﬁmﬁadfa@gt@e "itﬁl@ésA")

whi ch had
in the form of a colorless clear odorless liquid.
Example 8 _
In the same autoclave aé that employed in Example
10 1, were charged 125 mmol of quylene glycel and 2.5
mmol of the catalyst B. Furﬁher, 321 mmol of styrene
oxide were'added at once, folldwed by polymerization at
a reaction temperature of 120°C and a reaction pressure
of around 1.1 kg/cm2 for 2.3 hpurs; Polyoxystyrenediol
15 having a hydroxyl number of 3Q3 was obtained in an
amount of 38 g. It was coloriéss, clear and odorless.
Example 9
' In the same autoclave aglthat enployed in Example

‘6, 50 mmol of the triol A andﬁd;so mmol of the catalyst

20 .B were charged. Propylene ox @e;and ethylene oxide
were polymerized at a reactio i?mperature of 100°C for

2.3 hours while continuously féeﬁing them at a molar

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

kg/cm2 was-maintaineé. Polyoxyp}opylénepolyoxy-

25 ethylenetriol copolymer havinéﬁh?hydroxyl number of 105



25 been industrially produced in the presence of potassium

- 38 - hydr oxi de as a catal yst while using glycerin as an in-
itiator and had a hydroxyl nunber of 337, as an in- itiator and
0.50 mml of 1-tert-butyl-4,4,4-tris- . (di methyl am no) -2, 2-bis[tris

(di net hyl am no) phosphor - 5 _

ani | i deneam no] -2[err], 4[err]-cat enadi (phosphazene) [chem cal

formula (6), product of Fulka Corp.; hereinafter referred to as
the "catalyst B"]. Propyl ene oxide was - . polymerized at a reaction
pressure of around 3.0 kg/cnferr] and.a reaction tenperature of
100[ err] C for 4. 8vasurbtasined ik) an amdiwdnmfe 59 dRol yidx ywarsomdlanetess)
havi ng a hydr oxyl nunmber of 84 was obtiai ned in an anount of 75 g.
It was i eligeg famdnastordassi-or | ess cl.ear odorless |iquid.

Exanpl e 3 I n the sanme autoclave-as that enployed in Exanple
15 .1, were cheRyRdedY% mmol of pol yoxypropyl enetri ol

(hereinafter abbreviated as.the "triol, B"

i ndustrially produced i i eprsé"é‘?ncaé“iﬂc}%ﬁ)‘f%hs%ﬂ?ﬂg%d empl°yerﬂ/c?7t}1e)>%r;i?é“5égse a
CaLALYSL LS U SR O b qreronatd o 4 i B
was pol ymerized alatalyst a were charged,;foll§wed by further charging
of nitroéén to 2.0 kg/cm2. ;Ag:in Example 6, ethylene
oxide was po1ymerized at a reéction temperature of 80°C
for 2.3 hburs while intermitténtly feeding it to
10 maintaiﬁ a reaction pressure éf around 4.0 kg/cmz.
Polyoxyethylenetriol having -a hydroxyl number of 580
was obtained in an amount of 45 g. It was a white
odorless solid. |
Example 11
15 In the same autoclave géfthat employed in Example
1, 100 mmol of N,N'-dimethylééhylenediamine and 0.50
mmol of the catalyst A were charged. Propylene oxide
' was polymgrized at a reaction;pressure of around
3.0 kg/cm?.and a reaction témﬁérature of 100°C for 2.3
20 - hours as in.Example 1. Pblygiﬁpropylenediol having a

hydroxyl humber of 590 was obtained in an amount of 69

g. It was in the form of_a_cq%orless clear cdorless
‘liquid.
Example 12

25 In the same autoclavelag that employed in Example




a reaction pressure of around 3.0 kg/ch{err] and a reaction
tenperature of 100[err]C for 2.3 hours as in Exanple 1.

Pol yoxypr opyl enetri ol having a hydroxyl nunber of 78 was obt ai ned
in an amount of 61 g. It was in the form 25 of a colorless clear
odorless liquid. Further, using a

- 39 - PLgel colum (5[err], "M-xad-D', trade nanme; nmanufactured
by Pol yner Laboratories Inc.) in conbination with a GPC i nst runment
("Labchart 180I1", trade nane; manufactured by JIC Corp.), a

nol ecul ar wei ght distribution of the 5 pol yoxypr opyl enetri ol was
measured (el uent: Yet3%hywad of pentaexyklurdtol Frel riolmemall af weieght

di stribution as cal cu- | at ed based on a calibration curve which

used the stan-  catalysiydy Waig Shargad waPraiiene axideamasy, that s,

ﬁb?gcul ar wei glh'? Eﬁ%%%%%ge%ad{%ﬁr&%% °afvgr%%%ﬂeil38rﬂ Kavtem2
S argeo 28PoE B FRAR GO G R USboS . B Ehed TR
SrASIrL S oo AR enetatract i’ RIS
number of 662 was obtained in an amount of 69 g. It
was in the form of a colorless clear odorless liquid.
Example 13 |
In the same autoclave as that employed in Example
10 1, 50 mmol of the polyoxypropylenetriol obtained in Ex-
ample 1 and 0.42 mmol of the catalyst A were charged.
Propylene oxide was polymerized at a reaction pressure
of around ‘3.0 kg/cm2 and a reaction temperature of
100°C for 4.é hours as in Example 1. Polyoxypropylene-
15 triol having a hydroxyl number of 78 was obtained in -an
amount of 84 g. It was in the form of a colorless
clear odorless liquid.
' Example 14
.In the same autoclave aséthat employed in Example
20 .6, 20 mmol of 2-naphthol, 10-#@ of toluene and 2.0
mmol of 1—tert-buty1—2,2,2-t£i§§dimethy1amino)-
phosphazene [chemical formulé;ké), product of Fulka
Corp.; hereinafter abbreviatedias the "catalyst D"],

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

25 As in Example 6, ethylene oxid?ﬂwas polymerized af a



reaction tenperature of 100[err]C for 16 hours as in Exam . ple 1.
Pol yoxypr opyl enetri ol having a hydroxyl nunber of 200 was obt ai ned
in an anount of 123 g. It was in 20 t he fornlof a colorless clear
odorl ess |iquid. Exanpl e 5 - In the sane autocl ave as
t hat enpl oyed in Exanpl e 1, were charged 167 mmol of glycerin
together with 83 mmol of sorbltok apd-2.5 mol of the catal yst A
25 Propyl ene oxi de was pol ynerized at a reaction pressure

- 40 - of around 3.0 kg/cnferr] and a.reaction tenperature of
120[err]C for 1.1 hours as in Exanple 1. Pol yoxypr.opyl.ene- triol
havi ng a hydroxyIr¢nﬂﬁkﬂnd¢eMEEI®@&r%b@§|&%&:ﬁwr 24 hoursgwhideuninter-181

g. It was in the formof a colorless’ cl-'éar- odor| ess |iquid.
Exanpl e 6 mlttentlyl’h%e%%’c%‘élla?et‘bfmﬁ’&%’r’é GRACHLOR tPEPRFRYe of

T:BL?S rgﬁgmﬁngéfHa§E§guf feﬁdet £ﬂ6teqkyignem?&?%t ?%%%ggwapcﬁ‘mas
068910 0 b bt AL e 5.0 s PSSl A 140, 190
oxi de. The; aut OC'&‘VG It was a white odorless solld :
Comparatlve Example 1 |
In the same autoclave as that employed in Example
1, 1 mole of glycerin and a (10 wt %) solutlon of
2 mmol of tetramethylammonlum hydrox1de in methanol
10 were charged. While heating- the contents at 110°C un-
der stirring, the methanol was removed under reduced
pressure. Propylehe oxide was polymerized at a reac-
tion pressure of around 3.0 kg)c_m2 and a reaction
temperature of 100°C for 36 ho@rs as in Example 1.
15 After that, the contents were'heated at 150°C for 5
hours while eliminating volatiles under reduced pres-

sure. The thus-obtained polyoxypropylehetriol still

had a substantial amine odor. Its hydroxyl number was
‘1100, and its yield was 153 g.
20 'Comparatlve Example 2 |

In the same autoclave aéfthat-employed in Example

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

(10 wt.%) solution of 1.9 mmé £ tetramethylammonlum
hydroxide in methanol were charged Whlle heating the

25 contents at 110°C under stlrrgﬁg,;the methanol was




was charged with 150 mvol of ethyl ene glycol and 3.0 mol of
l-ethyl-2,2,4,4 |, 4-pentakis(di nethylamno)- 15

2[err],4[err]-catenadi (phosphazene) [chem cal fornula (5), pr oduct
of Ful ka Corp.; hereinafter referred to as the" "catalyst C'] and
further with 2.0 kg/cn2 of nitrogen. Et hyl ene oxi de was

pol ynmerized at a tenperature of 80[err]C - 45 = for 2.3 hours while
intermttently charging it fromthe 20 tank to nmaintain a reaction
pressure of around 4.0 kg/ cn2. Pol yoxyet hyl enedi ol having a

hydr oxyl nunber of 197 was obtained in an anount of 76 g. It was
in the fremoveld ander eethiorddeyressink. Propylersxanpide a5

In the sanme autoclave as that enployed in Exanpgle . 1
were charged 125 pohymestizsichpterse ngagtdiommressire of araqunsl fo thgy cm?
catalyst A. 1, 2-Butyl ene oxi de was olynerlzed at_a reaction
pressure of arouﬁd‘dZ%q&ﬂC‘&%[%’r t]emperaturqamf AYBEcEPENt BABEFaREr dNof

100[err]C for 2. 3 hour.s as in Pol yoxybut yl enedi ol
having a hydr oxyE¥agpie 1. Af"t?éfr W%s%%&%%}%d’% Rt of 69

g 1t st g 8Tl AuR0L8 LERRRbERRgOUBTLET ek Bl
| tained

reduced pressure. The thus-ok
polyvoxypropylenetriol had an %ﬁ;ﬁé odor. Its hydroxyl
number was 110, and its yield%?és 56 g.
Comparative Example 3 .
10 In the same autéclavé as that employed in Example
6, 425 mmol of trimethylolpropane and 1.8 mmol of
2,4, 6-trls(dlmethylamlnomethyl)phenol (hereinafter ab-
breviated as "DMP-30") were charged followed by fur-
ther charging of nitrogen to 2,kg/cm . As in Example
15 6, ethylene oxide was polymeriied at a reaction
temperature of 80°C for 12 houré while intermittently

feeding it to maintain a reacgipn pressure of around

4. 0 kg/cm2 The contents wereﬁkhen cooled to 90°C,

{followed by the addition of agolution of 4 mg of 2,6~

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

that, volatiles were eliminat ﬁnder reduced pressure.

The thus-obtained polyoxyethylenetiiol had an amine

odor. Its hydroxyl number wa 47; and its yield was
67 g.

25 Polymerization activities of the catalysts in Ex-




In the sane autoclave as that enployed in Exanple 10 ' 1, were charged

125 mmol of ethylene glycol and 2.5 nmol of the catal yst B.
Further, 321 nmol of styrene oxi de were added at once, followed by
pol ynmeri zation at a reaction tenperature of 120[err]C and a
reacti on pressure of around 1.1 lkg/asfor 2.3 hours.
Pol yoxyst yrenedi ol 15 havi ng a hydroxyl nunber of 303 was obtained in
an anmount. of 38 g. It was colorless, ckear and odorl ess.
‘Exanple 9 In the same autoclaveé as that enployed in Exanple
6, 50 Mol of tRMR¥eD|1 Aokt AED Gemparhtivie EBxamples 12to 3 apewsus-
charged. Propyl ene, oxide and etgglene oxide - were polynerized at a
reaction tenper HaK et FKahks for 2.3 hours while continuously
feeding themat a nolar ratio of 7:3 so that a reaction pressure of
around 4.0 kg/cnferr] was nuintained. " Polyoxypropyl enepol yoxy- 25
et hyl enetriol copolymer having a hydroxy+ Qfgbgr;of_105
- 42 - was obtained in an amount o 59 g. It was colorless,
cl ear and odorlisq Exanple 10 S lLn the same autocl ave
as that enployed in Exanple B , : ;
npl oy Examplén)c cal s T Polymerization
No. atalyst Initiator: activities
(g/mol=-catalyst. Hy)
Ex. 1 A Glycerin ' 13,600
Ex. 2 B Triol A 31,000
Ex. 3 B Triol B~ | 53,000
Ex. 4 B Propylene glycol 15,400
Ex. 5 A Glycerin + Sorbitol 66,000
Ex. 6 C Ethylene glycol 11,000
Ex. 7 A Ethylene glycol . 12,000
Ex. 8 B Ethylene Glycol 6,700
Ex. 9 B Triol A. 51,000
Ex. 10 A Trimethylolpropane 41,300
: " N,N-dimethyl-
Ex. 11 A etﬂylenediamipe 27,500
Ex. 12 A Pentaerythritol 12,700
Triol obtained
Ex. 13 A in Example 1 35,000
 Ex. 14 D 2-Naphthol ~ 4,000
Comp. . .
{ Ex. 1 (CH5) 4N-OH Glycerln,:. 850
'g;Tpé (CH3)4N-OH  Triol B 3,300
Comp. _ Trimethylo
Ex. 3 DMP-30 . propane 3,100




5 6, 254 mmol of trinethylol propane and 0.50 mml of the

catal yst A were charged, followed by further charging of nitrogen
to 2.0 kg/cn2. As in Exanple 6, ethylene oxi de was pol yneri zed at
a reaction tenperature of 80[err]C for 2.3 hours while
intermttently feeding it to 10 mai ntain a reaction pressure of around
4.0 kg/cnferr]. Pol yoxyet hyl enetrioj7 havi ng a hydroxyl nunber of
580 _ was obtained in an amount of 47 g. It was a white

odorl ess solid. Exanple 11 15 In the sanme autocl ave as
t hat enpl oyed in Exanple 1, 100 mmol of

N, N - di net hyl et hyEzamglenise and 0. 50 . mol of the catalyst A were
charged. Propyl ene oxide was pol ymerized at a reaction pressure
of around 3.0 Ky enpedypexigakionadeagitoresiovidedr &ootthed0[err] C
for 2.3 20 hours as in Exanple_1. Polyoxypropyl enediol having a
hydroxyl number oPuk9claye dpt ExAB@len 6an2&fpiMcloPigglycerin agpd 0.50)a5

in the formof a col orless, clear qdorless s liquid. Exanpl e
12 28 mpRli RE ke CRERIIFEVE HETENENTHE oy 0d 0% JERFI o
- 43- S propylene oxide was polymeriigd at a reaction tempera-

ture of 100°C for 20 hours wh{;é intermittently feeding
it to maintain the reaction_bféssure around 3.0 kg/cm?.
After the reaction system was maintained at 10 mmHg for
30 minutes, the pressure of ﬁhe reaction system was al-
10 lowed to rise back to normal pressure with dry
nitrogen. 80 g of ethylene ogide was then polymerized
at a reaction temperature of 100°C for 15 hours while
intermittgntly feeding it to ﬁaintain a reaction pres-
sure of approximately 4.0 kg/cmz. After the reaction
15 system was maintained at 10 mmng for 30 minutes, the
pressure of the reaction systeﬁ was allowed to rise
back to normal pressure with ary-nitrogen. A block
' copolymer was obtained as a colorless clear odorless
i liquid in an amount of 192 g.f Its hydroxyl number was
20 .221. This block cbpolymer wg%}polyoxypropylene-
polyoxyethylenetriol which céﬁéained poly(propylene

oxide) blocks and poly(ethyl oxide) blocks. The

molar ratio of the monomer units in the respective
blocks is about 1:1.

25



1, 502 mml of pentaerythritol and 1 mml of the catal yst A were
charged. Propyl ene oxi de was pol yneri zed at a reaction pressure of
around 3.0 kg/cnferr] and a reaction tenperature of 100C for 8.0
hours as in 5 Exanpl e 1. Pol yoxypropyl enetetraol having a hydroxyl
nunber of 662 was obtained in an anount of 69 g. It was in the
formof a colorless clear odorless liquid.- 4g - Exanpl e 13

In the same autoclave as that enployed in Exanple 10 1, 50 mmol of

t he pol yoxypropyl enetri ol obtained-in Ex- anple 1 and 0.42 mml of
the catal yst A were charged. Propyl ene oxi de was pol ynerized at a
reaction pressuregxample 16of around 3.0 kg/cnierr] and a reaction '
t enper at ure of 100[err]C for 4.8 hours as in Exanple 1

Pol yoxypropyl ene- 15 In fr polymavriizgtdonydeactomsibdlasf to8 thes obt ai ned
in an amount of 84 g. It was in the formof a colorless

cl ear odorless |igdt@clave in EXEm@#Elé 1@6 g of the catalystrigontaiming

aut ocl ave as that enployed in_Exanple 6, 20 _muol qf 2-naphthol, 10
merr] of toIuenePQﬂdOzy@ropylenepo&g@gx@phylenetrlol obtained in Exam-

%oﬁﬁ;fab?g¥l-Srgdéékré%(dlnEt@y rge%p) #hije. lﬂ&ﬁ% i&ﬁ@% ggbgglas
e ooy O g g o pprb AR W] S B 0er 102
maintain the reaction pressure around 3.0 kg/cm , it
was polymerized at a reactionltemperature of 110°C for
20 hours. After the reaction sYstem was maintained at
10 10 mmHg for 30 minutes, the pressure of the reaction
system was allowed to rise back'to normal pressure with
dry nitrogen and the contents were allowed to cooled
down to room temperature.‘ A block copolymer was ocb-
tained as a colorless clear'oaorless liquid in an
15 amount of 144 g. Its hydroxyl number was 147. This
block copolymer was polyoxypropylenepolyoxyethylene-
polyoxypropylenetriol which éqﬁtained poly(propylene
oxide) blocks, poly(ethylene:qxide) blocks and poly-
: propylene oxide blocks. The molar ratio of the monomer
20 .units in respective blocké is:izl:l in this order.
Example 17 _
By reactlng the catalyst A and methanol, 1,1,3,3-

tetramethylbutylamlnotrls[trls(dlmethylamlno)phosphran1

lideneamino]phosphonium methqx dg (herelnafter called"

25 the "catalyst E") was syntﬁésijgd as a phosphazenium



- 44 - reaction tenperature of 80[err]C for 24 hours while
inter- . mttently feeding it to naintain a reaction pressure of
around 4.0 kg/cnferr]. Polyoxyethyl enenmonool having a hydr oxyl
nunber of 5.8 was obtained in an anmount of 192 5 g. It was a white
odorl ess solid. Conpar ative Exanple 1 In the sane
autocl ave as that enployed in Exanple - 49 4, 1 nole of glycerin and a
(10 wt.% solution of 2 mmol of tetramethyl ammoni um hydroxi de in
met hanol 10 were charged. Wiile heating the contents at 110[err]C
un- der stirring, the methanol was renoved under reduced
pressure. Propylsaktoxi de was polynerized at a reac- tion
pressure of around 3.0 kg/cnierr] and a reaction t enper at ure of
100[err]C for 36 hours I® an3E§2'aM)I%f Bn exgplant Afype filask fittesbntents
were heated at 150[err] C for hours while elimnating volatiles
under reduced pre¥ith a ref1u§u?@nd?ﬁéthu§ooEF8¥n@ﬁ BBFyGR?ﬁ?Dpylenetrlol

still -had a, substanti al s hydr ox
1100, and its yi FHILBRESIESd, h°§§ﬂ1azem&nﬁa ' 9 %éwéﬁzlene and
In the sa autocég e_as.that

the triol enpl o ?noﬁxgﬁﬂ’gfgngygxéde Eé%m)cg?’ige%t ‘V:)['hgoPﬁ?P%ﬂTm? 1.9

mol - of tetranet hyl ag00RLYho1ymerized for 20 hours while maintaining
the reaction temperature within a range of from 35 to
l40%:. The contents were washed twice with 50 m¢ por-
tions of 1 N HCl solution, and the toluene layer was

10 concentrated to'dryness. Polyoxypropylenemonool having
a hydroxyl number of 5.4 was obtained in an amount of
112 g. It was a colorless clear odorless liquid.
Example 18

By reacting the catalyst B and phenol, tert-

15 butylaminotris[tris(dimethylamino)phosphranilidene-
amino]phosphonium phenoxide was synthésized as a
phosphazenium salt.

In a 300-m¢ of an eggplant type flask fitted
. with a reflux condenser, 10 mmol of the above-

20 ' synthesized phosphazenium salt, 50 m¢ of toluene and
116 g of propylene oxide were charged. The propylene
oxide was polymerized for 20 @ours while maintaining
the reaction temperature-within a range of from 35 to
40°C. The contents were subjected to similar post

25 treatment as in Example 17. Poiyoxypropylenemonool




hydroxi de in nmethanol were charged. Wiile heating the 25 contents at
110C under stirring, the nmethanol was

- 45 - renoved under reduced pressure. Propyl ene oxi de was
pol ynmerized at a reaction pressure of around 3.0 kg/cn® and a
reaction tenperature of 100[err].C for 9 hours as in Exanpl e 1.
After that, the contents were heated at 5 gg -150[err]C for 5 hours while
elimnating volatiles under reduced pressure. The thus-obtained
pol yoxypropyl enetriol had an am ne odor. |Its hydroxyl nunber was
110, and its yield was 56 g. Conparative Exanple 3 10
In the same aut ochawingsatipdrexyl oyenben éfafpbewas obtainéd #@5ammol of
tri nmet hyl ol propane and 1.8 mmol of : 2,4,6-tris(di methyl am nomet hyl)
phenol (herei naf tamounpt of 108 g. brétlEﬁ%daa§°1ﬂm¢9§9"9lﬁére°@ﬂalgéa
foll onwed by fur- t her charging of nitrogen to 2 kg/cnferr]. As in
Exanple 15 q%&%ylene oxi de was polynerized at a reaction
t enper at ure of SQé !C for 12 hours while |ntern1ttently f eedi ng
it to maintain a r¥ %ressure of around 4.0 kg/cnferr]. The
contents re then cool % 9 r o] h n of
a solutioﬁgof 4 ng of { é%ﬁé ;&ioclave as- £8£L &ﬁglgye& fnaQQERb?
1, 254 mmol of methanol and Qﬁ?O mmol of the catalyst E
were charQed. Propylene oxi&e{has polymerized at a
reaction pressure of around 3 0 kg/cm2 and a reaction
temperature of 100°C for 16 hours as in Example 1.

10 Polyoxypropylenemonool hav1ngha hydroxyl number of 170
was obtained in an amount of 85 g. It was in the form
of a colorless clear odorless liquid.

Example 20
'By reacting the cetalyst A and water, 1,1,3,3,-

15 tetramethylbutylaminotris([ (tris(dimethylamino)phosphora
nilideneamino)phosphonium hydroxide (hereinafter called
the "catalyst F") was synthesized as a phosphazenium

' salt.
In the same autoclave askihat employed in Example

20 1, 254 mmoi of glycerin and 0O 50 mmol of the above-

synthesized phosphazenium sal ;ere charged. Propylene

oxide was polymerized at a reaction pressure of around

3.0 kg/cm? and a reaction temperature of 100°C for 19

hours as in:Example 1. Polyo E'prlenetriol having a

25 hydroxyl number of 342 was obtained in an amount of



20 di-tert-butyl-p-cresol in 10 nerr] of nethanol. After

that, volatiles were elimnated under reduced pressure. The
t hus- obt ai ned pol yoxyet hyl enetriol had an am ne - odor. Its
hydr oxyl nunmber was 647, and its yield was 67 g. 25
Pol ynmeri zation activities of the catalysts in Ex-
- 46 - anples 1 to 14 and Conparative Exayples 1 to 3 are sum marized
in Table 1. Table 1
Pol ymeri zation Exanple Catalyst Initiator - activities No.
(g/ nol -catal yst. Hr) Ex. 1 A G ycerin 13,600 Ex. 2
B Triol A125 g. It34af0fn €1e Borm ofBa colorldssotléar odor-
53,000 Ex. 4 B _Propyl ene glycol 15,400 Ex. 5 A
dycerin + Sorbitbess 1ig@ld00 Ex. 6 C Et hyl ene gl yco
11,000 Ex. 7 A Et hyl ene gl ycol - 12,000 Ex. 8 B
Et hyl ene dycol Example Zb0o Ex. 9 B . Triol A 51, 000
Ex. 10 A Trinet hyl ol propape 41,300 - Ex. 11 A
N, N- di met hyl - 27, Bypreacting 1'Fer%‘bu'°>_é’c:h§/t‘én‘éd?é?ﬁ%a'Ex. 12
Eﬁg%‘f’reytlhé' tol (%%r:ﬁ%%iggg-l-yl)—JH:P&(&%%;Z_;E: 1521~y phosphr- ' "
anilideneamino-ZAs,4A5-catenadifphosphazene) and acetic
acid, tert-butylaminopyrrolidiﬁél—ylbis[tri(pyrrolidin-
1-y1)phosphoranilideneamino]pﬁEsphonium acetate was
synthesized as a phosphazeniuﬁisalt.
10 In the same autoclave aéithat employed in'Example
1, 254 mmol.of glycerin and 5;10 mmol of the above
phosphazenium salt were charg@d. Propylene oxide was
polymerized at a reaction pressure of around 3.0 kg/cm2
and a reaction temperature of'ilmc for 17 hours as in
15 Example 1. _Polyoxypropylenetriol having a hydroxyl
number of 464 was obtained in an amount of 95 g. It
was in the form of a colorless clear odorless liquid.
Example 22
In a polymerization rea§§¢r similar to the
20 autoclave in Example 6, 254 m@él of glycerin and 3.05

25

mmol of the catalyst F were ch

-ged. While inter-

mittently feeding 100 g of prépjiene oxide to maintain

the reaction pressure around 53j3kg/cm2, it was
polymerized at a reaction teﬁéjrgture of 80°C for 12

hours. After the reaction syéigﬁ;was maintained at 10




Ex. 14 D 2- Napht hol 4,000 Conp. Ex. 1 (CH3)4NOH

A ycerin 850 Conp. Ex. 2 (CH3)4N.OH Triol B

3,300 Conp. DMP-30  Trinethyl ol - 3,100 Ex. 3

pr opane ' _ - 47 - Exanpl e
15 In a polynerization reactor simlar to the

autocl ave in Exanple 6, 254 mmol of gl yceringand-0.:50 mol of the
catal yst A were charged. 100 g of 5 propyl ené oxi de was pol yneri zed
at a reaction tenpera- ture of 100[err]C for 20 hours while
intermttently feeding it to maintain the reaction pressure around
3.0 kg/cnR. mnHY tfor Bive mitAartiesgn mmmmmmw%aﬁtﬂ aytsg- f or

30 minutes, the pressure of the reaction systemwas- a 10 | owed to

ri se back to nor nienpmess wld onech tdr yise back ia mogmal $regseirecttiinene
oxi de was then polynerized at a reaction tenperature of 100[err]C
for 15 hours whil 8ry nltrogeﬁt-err‘ﬂhﬂ@ntﬂ"&"—%@& Gliy (feaddingt $0h % afeact i on
pres- sure of _approxi,matel 4 O k n&g;r h.ﬂﬁter t.he reaction 15
system was mai nt i Lanel @Xhag theg ko maintain dhes of

he r I an m | 1 r ' nor I r r
fM'?h S?;t nl%t rzézae Si‘.a%oa%vé%:%&r% around 4.0 kg/ac(r:nlé thl.t Yas y?nsesrlizeed

at a reaction temperature of 10WC for 15 hours. After

the reaction system was malnti”ggqﬂgt 10 mrHg for 30
minutes, the pressure of the:}géééigp system was al-
lowed to rise back to normal preééﬁfé with dry nitrogen

10 and the contents were allowed_to cool down to room
temperature. A block copolymer was obtained as a
colorléss.clear odorless liquid in an amount of 103 g.

- Its hydroxyl number was 213. This block copolymer was

polyoxypropylenepolyoxyethylenetriol which contained

15 poly(propylene oxide) blocks and poly(ethylene oxide)
blocks. The molar ratio of the monomer units in the
respective blocks is about 1:1.
Example 23

In a polymerization reaétor similar to the

20 ‘ agtoclave in Example 1, 101 g;of the catalyst-
containing polyoxypropylenepoi?axyethylenetriol ob-
tained in Example 22 were cha#ééd._ While intermittent-
ly feeding 50 g of propylene ékideyagain to the reactor
to ﬁaintain the réactioﬁ presépge around 3.0 kg/cmz, it

25 was polymerized at a reactionftemperature of 80°C for




copol ynmer was obtained as a colorless clear odorless liquid in an
anount of 192 g. Its hydroxyl nunber was 20 221. This bl ock

copol ymer was pol yoxypropyl ene- pol yoxyet hyl enetri ol which _
cont ai ned pol y(propyl ene, oxi de) bl ocks and pol y(ethyl ene oxi de)

bl ocks. The nolar ratio of the nmononmer units in the respective

bl ocks is about 1:1. 25 - 53 - - 48 -
Exanpl e 16 In a polynerization reactor simlar to the
autoclave in Exanple 1, 96 g of the catal yst-containing

pol yoxypr opyl enepol yoxyet hyl enetri ol obtained in Exam 5 ple 15 were
charged. Wiile i12 choutsentAftéeethegreaction sydtemofapropiheainedi de
again to the reactor to _ mai ntain the reaction pressure around 3.0
kg/cnferr], it 10 mmHgfer pd0 ynbnutes, sthe pressune @ﬁnbheaxea@taanlloc
for 20 hours. After_ the reaction systemwas nmai ntai ned at

10 mHg for 30 niSNEERM WaR plhAwed ctefrige Pagktiennormal Pr%§§ﬁéﬂ1Vb§h

o1 oved 10 1152, DRk PeoEm LR B84 Sofbblee e gt TS0 208, 12,

copol ymer gWﬁ;c*)down to room temperature. A-block copolymer was ob-

tained ae_a'colorless clear ederless_liquid in an

amount of 150 g. Its hydroxy}inumber was 145. This

block copolymer was polyoxyp;béylenepolyoxyethylene—

polyoxypropylenetriol which cehtained poly(propylene

10 oxide) blocks, poly(ethylene exide) blocks and poly-
propylene oxide blocks. The molar ratio of the monomer
units in the respective blocks is about 1:1:1 in this
order.

By the present invention, a polyalkylene oxide

15 can be efficiently produced by polymerizing an alkylene
oxide compound in the presence of an active hydrogen
compound and a phosphazene coﬁpound or in the presence
‘of a phosphazenium salt of the:active hydrogen compound
{derived from;the active hydrogen compound and the

20 Iphosphazene compound. Further, the thus-obtained
polymer has the excellent features that it is free of
any metal component and haS'been significantly 1mproved
in odor over polymers obtainea”ﬁsing'the conventional

amine-base catalysts.

25



tained as a colorless clear odorless liquid in an 15 amount of 144 g.

Its s 147. This bl ock copol yner was

pon Eim“ Ilﬁﬂax] yethylene- pol yoxypropyl enetri ol which

cont atn y(ppo ene .. 7 oxi de) bl ocks, poly(ethylene oxide) blocks
and pol y- propylene oxi de bl ocks. The nolar ratio of the nononer

20 units in respective blocks is 1:1:1-iggqthis order. Exanpl e
17 By reacting the catal yst A and nethanol, 1,1, 3, 3-
tetramet hyl but yl am notri s[tri s(di net hyl am no) phosphran

| i deneam no] phosphoni um net hoxi de (hereinafter called 25 t he "catal yst
E") was synt hesi zedlaZ¥Sa phaosphazeni um

- 49 - salt. In a 300 nferr] of an eggplant type
flask fittedl wilt-i & ‘DEPicessc Sode vber progugiionooft lae podaire-

synt hesi zed phosphazenlun1SaIt 50 nferr] of .toluene and 5 116 g of
propyl ene oxiZde mé#@yéﬁﬁﬁgeﬁldeTh@hﬂFﬁb§¥¥NﬁFlses reaCtéﬂﬂdé“wééﬁ&QQWﬁbrlzed

Fange of Trom 35 B8 %”%%h%'ou%e[ém i A A
50 njerr] por- compound %%% %fkagﬂﬁgzé%@ h%%un%n%epr se%t%%P%y;@Hg '

was

5 follow1ng part1a1 structural- formula (1):
6 —P==N—Q e (1)
7 wherein Q;ﬁépresents a hydrocarbon group having 1 to 20
'8 carbon atoﬁé, or in the presence of a phosphazenium
9 salt of séia'active hydrogen compound, said
10 phosphazehigm salt having been derived from said active
11 hydrogen-cq@pound and said phosphazene compound and
12 being reﬁ:ﬁéented by the following partial structural

13 formula (é)}

14 ____P+__N | . 7% '_ (2)
" :;9 dx
15 wherein Qi}épresents a hydrocafbon group having 1 to 20
16 carbon atoms, X -represents a_number of phosphazenium
17 cations, and ZX represents on_f—valent anion of said
‘18 active hydrogen compound. - .
1 2. The pgocess of claim wherein said alkylene




10 concentrated to dr ness. Pol yoxypropyl enenonool havi ng a

hydr oxyl nunber? "nﬂﬂ Hﬂgﬂ d in an anount of 112 g. It was

a colorless cIear Exanpl e 18 By
reacting the catalyst B 'and nol, tert- 15

’ butylantnotrls[trls(dlnethylantno)phosphraniIidene-

am no] phosphoni um phenoxi de was synt hesi zedsas-a phosphazeni um
salt. In a 300-nferr] of an eggplant type flask fitted

W th a reflux condenser, 10 mmol of the above- 20 synt hesi zed
phosphazeni um salt, 50 n{err] of toluene and 116 g of propylene
oxi de were c%argaxldﬁt@mWths ethylene oxx iide nor eRY Jome | oxtde orl 22—

hours whil e galntalnlng the reaction, tenperature within a range of
from35 to butylkgne 9%ide Refyrene %%H?%cted to sinilar post 25

o e A TRARAGR R Bhr TS b WEe? obYheFRLR| Fol ac-
Baampl o 10 250 tive Wafds t ReEcia P P08 of mabuaned, B HR Bcamp
3 saturated, monohydric alcohol having 1 to 20 carbon
4 atoms, a polyhydric alcochol having 2 to 10 hydroxyl
5 groups and 2 to 20 carbon atoms, an aromatic compound

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

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

8 charide or a derivative thereof, ‘an oligoalkylene

9 oxide, or a poly(alkylene oxide).

1 4. The process of claim 1 or 2, wherein said ac-
2 tive hydrogen compound is water; methanol; ethanol:;

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

4 ethylene glvcol; propylene glycol; glycerin;
5 pentaerythritol; sorbitol; dextrose; sucrose; or

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

7 'copolymer thereof, whose molecular weight ranges from
8 ‘90 to 10,000.

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

2 wherein said phosphazene compound is a compound

3 represented by the following chemical formula (3):



1, 254 nmol of nethanol and 0.50 mol I wer
charged Propyl ene oxi de was pol yrrerr Immi |I|HI'IL H I reaction pressure of
around 3.0 kg/cnferr] and a reaction ure of 100[err]C for

16 hours as in Exanple 1. 10 § PoTyoxypropernenDnooI havi ng. a hydr oxyl
nunber of 170 was ‘obt ai ned in an armount of 85 g. It was in the
form of a colorless:clear odorless kigquid. Exanpl e 20

By reacting the catal yst A:and water, 1,1,3,3,- 15

tetranethylbutylaninotris[(t.is(dinethylanino)phosphora
n|I|denean1no]phosphonrunrhydroxrde (hereinafter c aIIed t he
"catal yst F') was synthesized as @ phosphazeni um - salt.

‘I'n the sane autocl ave as thi-;enpﬂoyed in Exanple 20 ‘1, 254 mol of
glycerin and 0.50 mbl of the abopMe- synt hesi zed phosphazeni um
salt were charged. Propyl-eng. oxi s polynerized at a reactlon
pressure of a ound ="3\0 kp/ c err] a reaction tenperaturs
100[err]C for 19 D- P=I=F9N_ Pol yoxypropyl enet(d)ol
having a 25 " hy roxyq 1] 3 2 ma ob alned i n an anount of
- b1 - 12 gDI_t' th foDm m 5 colorless cl ear odor-
N n ‘
D

5 wherein ¢,/ m and n individually represent 0 or a posi-

6 tive inteqfé of 3 or smaller, Ds may be the same or

7 differentﬁ gd individual1y represent a hydrocarbon

8 group haviﬁg-l'to 20 carbon atoms, an'alkoxy group, a

9 prhenoxy gt‘ﬁb,.a thiol residual group, a thiophenol

10 residual .g '“P; a mono-substituted amino group, a di-

11 substitute mino group or a 5- or 6-membered cyclic

12 amino gréup- Q represents a hydrocarbon group having 1
13 to 20 carbon atoms, and two Ds on the same phosphorus
14 " atom or dlfferent phosphorus atoms may be linked to-

15 ' gether or,Q;and Q may be linked together to form a ring

16 structure; and said phosphazenium salt of said active
17 hydrogen compound is a salt represented by the follow-

18 ing chemigéifformula (4):




| ess |iquid. Exanpl e 21 By reactl

S BT I

ani | i deneam no-2[err],4[err]- cat enadi (phosphazene) and~acet|c
aci d, tert-butylaninopyrrolidin-l-ylbls[trl(pyrrol|d|n-

1-yl) phosphor ani | i deneam no] phosphoni um aecetgt e was synt hesi zed as
a phosphazeniumsalt. 10 In the sanme autoclave as that enpl oyed
i h Exanpl e : 1, 254 mmol of glycerin and 5.10 mmol of the above
phosphazenium salt were charged. Propyl ene oxide was pol ymeri zed
at a reaction presgdre of around 3.0 kg/cnR -— and a reaction
tmmmauueoflthH]Cfor hows s in- 15 Exanpl e 1.

Pol yoxypr opyl enetrj ol havi ng a .~ nunber of 464 was obtai ned
in an anmount of 99 g. It[) sintip formjf a colorless clear
odorl ess 1iquid. Ie In a polynerization
reactor simlar to £/ EX lle b4 mmol of

gl ycerin and 3:05 of the talyyst %harged. (%)

i nter- 19 mite tIy fee of propgpene OX|de to nalntaln

the reaction presspjre ar obh err] it was pol yneri zed at

a reaction tenperature of 80[err]C 12 25 hours. -After t'he
reacti on system was nai nt ai ned_at

D—P—D.

or

A

- X
20 wherein ¢, m and n individually represent 0 or a posi-
21 tive integer of 3 or_smaller,_bs may be the same or
22  different and individually represent a hydrocarbon
23 group having 1 to 20 carbon atoms, an alkoxy group, a

24 phenoxy group, a thiol residual group, a thiophenol

25 residual group, a mono-substituted amino group, a di-
26 substituted amino group or a 5- or 6-membered cyclic

27 amino group, Q represents a hYdrocarbon group having 1
28 "to 20 carbon.atoms, two Ds on the same phosphorus atom
29 ' or different phosphorus atoms ?ay be linked together or

30 D and Q may be linked together to form a ring struc-
31 ture, x represents a number of;phosphazenium cations,
32 and ZX~ represents an x-valentfanion of said active
33 hydrogen compound. -

1 - 6; The process of.claimz$, wherein ¢, m and.n

2 in each of the chemical formula (3) and the chemical



- 52 - mig for 30 mnutes, the pressure of the r i
temwas allowed to rise back to normal pressure with ﬁm“”mlﬁnﬁgurul“l
Wiile intermttently feeding 80 g of et hyl ene oxi de:-agaa n'tt ot '
reactor to nmaintain the 5 reaction pressure around 4.0 kg/cnferr],

It was pol ynerized at a reaction tenperature of 100[err]C for 15
hours. After the reaction system wgs Jmi ntained at 10 nmHg for 30
m nutes, the pressure of the reaction systemwas al - |l owed to rise
back to normal pressure with dry nitrogen 10 and the contents were
allowed to cool down to room t enper at ur e. A bl ock copol ynmer was
obt ai ned as & formulaol(4) | eve, ciraespdotlivesofi thedordeanthavaonf,of 103
g. |ts hydroxyl nunber was 213. This bl ock copol yner was

pol yoxypr opyfenepbajurseofynenenbinatinncaetentadnguon1$2,1,1), (1,1,1),
poly(propylege OXIdﬁ% bl ocks and pon&etherne oxi de) bl ocks. The
nmol ar ratio Bf thélmbnBler (4nPrQ)iAXtKB,0,0).  respective blocks is about
1: 1. Exanpl e § nerization reactor ,simlar

to the 20 1| S autocl ale i TDExBRAFESE. °£o'f?a%|af (e Eaafpsein b in
B ol 09 P YO ARLAPLEREROLHERIER )Y ESPARIL (P ana the chehfRATCSOR-
oropyl ene oxyde agaig g hee! €AG! Bhme o aifctOofEl BA3I8 ahseisagaaon

pressure around 3 was~polyreri ze a reac
tenperature gf 80E§6ﬁ]€he0§roup consisting of hydrocarbon groups having

5 1 to 20 carbon atoms, alkoxy groups having 1 to 20 car-
6 bon atoms, phenoxy groups having 6 to 20 carbon atonms,
7 mono-substituted amino groups having 1 to 20 carbon

8 atoms, amino groups di-substituted by hydrocarbon

9 lgroups which have 1 to 20 carﬁon atoms and are the same
10 or different, and 5- or 6-membered cyclic amino groups.
1 8. The process of claim 5 or 6, wherein Ds in

2 each of the chemical formula (3) and the chemical for-
3 mala (4) are the same or different and are selected

4 from the group consisting of amino groups di-

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

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

7 emembered cyclic amino groups.

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

2 each of the chemical formule (3)_and the chemical for-

3 mula (4) are selected from theL:goup consisting of
4 dlmethylamlno, methylethylaml'

5 groups.




hours. After the reaction system was nai ntai ned at
10 I II““M es, the pressure of the reaction system was
| owe

CtOLrI$ to normal pressure with dry nitrogen and the
contents wer e allomed to cooled 5 down to roomtenperature. A block
copol ymer was ob- tained as a colorless clear odorless liquid in
an anount of 150 g. Its hydroxyl -nsaber was 145. This
bl ock copol yner was pol yoxypropyl enepol yoxyet hyl ene-
pol yoxypr opyl enetri ol which contained pol y(propylene 10 oxi de)
bl ocks, poly(ethyl ene oxide) blocks and poly- propyl ene oxi de
bl ocks. The hol ar rat il -of he RIANARS © any ong R Liginsel ¥ et ve
bl ocks is ahput 1:1:1 in this- By the present

i nvention, & pol yhedaigheash & impach °fcatﬂ"‘~’bé’ae"ftf’r§:lf SHRTYC IR X

pol ymeri zi ng; an al

o |&y| e(rie) de co 01#; pre enc.e %o{ ﬁ _
t hyd cRFTRE S IE Qr
ES(r:els\e/ﬁcey ro4gen w%&%f%}}mﬁ%& h A ac%vefﬁ) Tol ﬁ)npound
derived from t he 8¢ Fogen conmpoun ﬁg ‘ﬁ eﬂnazene
conpound.  Frthey, ro@esél?f&é@tﬁ‘d?\?%he group Mé’f@ilﬁ@%ﬁ h@etﬁ%‘ff,l I ent

features that it
6 ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl,

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

8 tert-octyl, nonyl and decyl.

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

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

3 different phosphorus atoms are linked together to form
4 a ring s;ructure in each of the chemical formula (3)

5 and the chemical formula (4), a divalent group (D-D) so
6 = formed on the same phosphorus atom or the different

7 phosphorus atems is a divalent group selected from the
8 group consisting of ethylenediamino, trimethylene-

9 diamino and tetramethylene dienino groups, the two
10 ' nitrogen atoms of each of sai§ groups having been sub-

11 | stituted individually by a methyl or ethyl group.

1 ' 12. The process of any pne of claims 5 to 11,

2 wherein, when D and Q are 1in£ea-together to form a

3 r1ng structure in each of the_;hemlcal formula (3) and
4 the chemical formula (4), a so;formed divalent group

5 (D-Q) connecting tﬁe a55001ateqin1trogen atom- and the

6 associated phosphorus atom is;gidivalent group selected



any net al conponenf_and has been significantly inproved I n odor
over ent i onal am ne- base

catal ysts. - - 54 - CLAIMS: 1
1. A process for the*pﬂbd&ctlon of*a poly- 2 alkylene oxide, which
conprises reacting an al kylene 3 oxide conpound in the presence of.an

active hydrogen 4 conpound and a phosphagere conpound represented by
the 5 followi ng partial structural formula (1): | -P=NQ6 |
(1) 7 wherein Qrepresents a hydrocarbon group having 1 to 20 8

carbon atons, or in the presence of a phosphazenium 9 salt of said active
hydr ogen cor?poun(froyal'cdle Brourh espiseadvingmasa lam inerietdgydene ,d@niingd f rom
sai d actlve 11 dr ogen conpound and sai d phosphazene conpound and 12
bei ng repredent eG lene fAald amimptrdmetdly laneu conms . the mdithgaen 2)

err
[ ] 9 atom of each of said groups haylng been substituted by

10 a methyl or ethyl group.

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

2 wherein said phosphazene compound is selected from 1-
3 tert-butyl-2,2, 2-trls(dlmethylamlno)phosphazene, 1-

4 (1,1,3,3-tetramethylbutyl)-2,252ftrls(dlmethylamino)-

5 phosphazene, 1-ethy1—2,2,4,4,4{pentakis(dimethylamino)-
6 2A5,4A5—catenadi(phosphazene),'1-tert-butyl-4,4,4-

7 tris(dimethylamino)-2,2-bis{tris(dimethylamino)-

8 phosphoranilideneamino]-2A5,4A5—catenadi(phosphazene),
9 1-(1,1,3,3~-tetramethylbutyl)-4,4,4-tris(dimethylamino) -
10 2,2-bis[tris(dimethylamino)phosphoranilideneamino]~

11 2A5,4A5-catenadi(phoSphazene), i—tért-butyl—z,z,z-

12 tri(1i-pyrrolidinyl)phosphazene, or 7-ethyl-5,11-

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

14 f1(6)—ene, and said phosphazenlum salt of said active
15 fhydrogen compound is a phosphazenlum salt derived from
16 'said active hydrogen compound @nd the thus-selected

17 phosphazene compound.

1, l14. The process of any oﬁgﬁof claims 1 to 13,

2  wherein two or more kinds of alkylene oxide compounds

3 are successively polymerized to produce a block

said two or more

4 copolymer which contains blocké



14 15 wherein Q represents a hy aV|ng 1to 20 16
carbon atons, X represents a nunber ﬂmm mmﬂmﬁmﬂ cations, and
Z[err] represents an x-val ent anion of *safd +18 &cti*ve hydrogen conpound.
2. The process of claim1, wherein said al kyl ene
- 55 - 2 oxi de conpound is ethyl ene oxide, propylene oxide, 1,2- 3
butyl ene oxide or styrene oxide. 1 - & - The process of claim1l or
2, wherein said ac- 2 tive hydrogen conpound is water, a saturated or
un- 3 saturated, nonohydric al cohol having 1 to 20 carbon 4 atons, a
pol yhydric al cohol having 2 :to 10 hydroxyl 5 roups and 2 to 20 car bon
atoms, an ard nat|%1%%§p%gnﬁlk$13nﬁa9¥h§e1°PEPQ“H 8roxyl groups and 6 to 20
carbon at oms 7 a carboxylic acid having 1 to 6 carbon atons, a sac- 8

charide or alderivative? the %%fpr%ﬁe%Flﬁga RY| 8RE ©% CIBkFﬁel BP 44,

poly(alkylen OXI %§ rocess._o wherein
bt d acs 5" O iegaiBoan abbvbthe PEIaBE e PERRYAEE: OXbinanBe:
3 . ethylene gglde are successively polymerized to produce'
4 a block cqpblymer which contains poly(propylene oxide)

5 and poly(ethylene oxide) blocks.

1 16. -A _poly(alkylene oxide) obtainable by the pro-
2 duction process of any one of claims 1 to 15.
1 17. A catalyst useful for the production of a

2 poly(alkylene oxide) by polymerization of an alkylene

3 oxide compound, which comprises a phosphazene compound
4 represented by the following partial structural formula
5 (1): : o :

| T his Sheet Has Been Re lace

6

—t——o HIIIII IIIIIH IH o

7 wherein Q represents a hydrocarbon group having 1 to 20
8 ' carbon atoms.

1 18. A catalyst usefilafer the production of a

2 .poly(alkylene oxide) by polym rlzatlon of an alkylene
3 oxide compound, which com e a phosphazenium salt of
4 an active hydrogen comp': 'ieid phosphazenium salt
5 . being represented by th wing partial structural

6 formula (2):



3 phenol ; 2-naphthol; acetic acid; propionic aci gl ycol ;
propyl ene glycol; glycerin;, 5 pentaerythritol; |m“lrmlulmmmamls

sucrose; or 6 poly(ethylene gl ycol), pol y(propyhené gtychl )Sor*a 7
copol yner thereof, "whose nol ecul ar wei ght ranges from 8 90 to 10,000. 1
5. The process of any one - of clains 1.to 4, 2 wherein said phosphazene
conpound is a conmpound 3. _represented by- tﬁa foll owi ng chem cal fornula
(3): : - 56 - [err] 5
wherein [err], mand n iindividually represent O0.or a posi- 6 tive

I nteger of 3 or sna_ler,,EB may be the sanme or 7 di fferent and

I ndi vidual ly represg 10 bon 8 group having 1 to 20 carbon
atoms, an al Koxy gr '

X~ - |
Z (2)
X
8 Whereln Q represents a hydrocarbon group having 1 to 20
2 carbon- atoms, X represents a number of phosphazenium
10 catlons, and ZX~ represents an x-valent anion of said
ll- active hydrogen compound.

fA catalyst useful for the production of a

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

4 represeﬁtég by the following chemical formula (3):

5 D (3)
m
‘ _This Sheet Has Been Replaced

i lll—lll I

(3 Whereln.t,em and n individually represent 0 or a posi-

7 tlve 1nteger of 3 or smaller, Ds may be the same or

8 dlfferent and individually represent a hydrocarbon

9 group hav1ng 1 to 20 carbon atoms, an alkoxy group, a

10 phenoxyagpoup, a thiol residual group, a thiophenol




9 phenoxy group, a thiol residual group, a thiophenol
group, a nono-substituted am no group, a di- 11 substltut (H"'m'ml;m I)"I"I
or a 5-. or 6-nmenbered cyclic 12 am no group, Q represents & rocau *
group havrng 1 13 to:20 carbon atons, and two Ds on the sane phosphorus

14 atomor different phosphorus atonms may be |inked to- 15 gether or D
and Q may be |linked together to forma ringe36 structure; and said
phosphazeni um salt of said active 17 hydr ogen conpound is a salt

represented by the foIIomr 18 ing chemcal formula (4):
-57 - errh 20 wherein [err], mand n individually
represent 01dr a pesiduazlgroupvearmoegesubst tetegnamrae gpeupmyabgithe
same of 12 substlpgped amino group or a 5- or 6-membered cyclic
13 amino grpup, Q represents a hydrocarbon group having 1
14 . to 20 é%fbon atoms, and two Ds on the same phosphorus
15 atom oﬁf@ifferent phosphorus atoms may be linked to-
16 gether br D and Q may be linked together to form a ring
17 structu?é.
1 20;_-A catalyst useful for the production of a
2 poly(algylene oxide) by poiymerization of an alkylene
3 oxide céﬁpound, which comprises a phosphazenium salt of
4 an actiYe hydrogen compound, said phosphazenium salt
5 being represented by the following chemical formula
6 (4): “ |
7 = @
i n
L JX
8 wherein?z;-m and n individually represent 0 or a posi-
9  tive inﬁéger of 3 or smaller, Ds may be the same or
10 differeﬁffand individuall§ represent a hydrocarbon
This Sheet Has Been Repl

(AT i



22———d+##e#eﬂ%—and i ndividually represent a hydrocarbon 23 group having
20:'carbon at onms, an al koxy group, a 24 phenoxy group, a thiol

res mlmm!!“m |ophenol 25 . residual group, a nono-substituted am no

gro s ubstituted am no group or a 5- or 6-nenbered cyclic 27

am no. grooup;, Q- represents a hydrocarbon group having 1 28 to 20 carbon

atonms, two Ds on the sanme phosphorus atom g§ - or different phosphorus

atons may be |inked together or 30 D and Q may be |inked together to

forma ring struc- 31 ture, x represents a nunber of phosphazeni um

cations, 32 and Z[err] represents an x-val ent anion of said active 33

hydr ogen cddpoundroup having 16to Plite carboss &teinsgl anmalkosyeigrioud,erar], m

and n 2 in each of the chemical fornmula (3) and the chem ca

- 58 - 13  f phenbxy( groupe, a thivdearisiduail tglr@ucpr,d@r thiopbehol 4

val ues of a_conbination _selected from(2,1,1), , 1,1), 5 (1,1,0),

(1 0, 0) or 180, 0, ypsidual group, 7 mome-sybe@éw @rdng YTeuDs, wﬁ?ér-m n Ds
2 h of t e Qhenl al formula (3) and the chenlc I for- mul a

(4) are thd%samesyps PMIRG GrEUB.CZPed OF -mERBRHEd:

ConS'St'nglgf hy%m&%%r% ou%ﬂoﬁp§e%%esé%ts a hydrocarbon group hav1ng 1

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

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

19 ture, x represents a number of phosphazenium cations,

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

21 hydrogen compound.
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5 -1 to 20 carbon atons, al koxy groups having 1 to 20 car- 6 bon
atoms, phenoxy groups having 6 to 20 carbon -atons, 7 nono- substit ut ed
am no groups having 1 t9:20 carbon 8 atoms, am no groups di-substituted
by hydrocarbon : 9  groups mhlch have 1 to 20 carbon atoms and are the
sane 10 or different,’/and 5- or 6-nmenbered cyclic am no groups. 1

8. The process of claim’s or 6, wherein Bsé5n- 2 each of the chemi cal
formula (:3) and-the chenical for- 3 mula (4) are the sane or different
and are selected 4 friom t he group consisting of amino groups di- 5
substituted with al kyl gfioups, which are_the 'same or 6 different and
have 1 to 6 carbon atons; and 5- or 6- #BSTﬁ@ﬁﬂbred cyclic anmino groups.

1 9. Th f 5 I ei ch of th
chenical for nul ae(g; og S‘E%e &%ﬂn% ’FO‘EIB? po lgg#r{]ﬁaolt’(‘??} %Eea’% Y]e?%lnérgm
t he -gr oup Cons'Stdi%héﬁcoﬁbouﬁhrTgrﬁ1§555§édp?tﬁyigtég%§f§£@ ) comp@gﬁd

diethylamno 5

|1n each of 1?he glf}?ftl a%ct u&p%/ ‘fq%p&j%&l n% 676%}9&?%“ %ﬁuc%r&?h o

fornmula (2), CheméﬁﬁeE£Ved from the phosphazene compound and an active

5 ‘hydrogen compound. A poly(alwylene oxide) can be effi-

)01ent1y produced by polymerlz;ng the alkylene oxide

:compound ln the presence of

'd_e catalyst and, when the
catalyst 1s composed of the phosphazene compound, the
active hydrogen compound. The-poly(alkylene oxide)

10 contalns no metal component and compared with those
'produced u51ng conventional amlne-base catalysts, has

also been 1mproved 51gn1flcant1y in odor.

his Sheet Has Been Replaced




4 mia (3) and chenical formula (4) is a hydrocarbon 5 "~ group sphpsted
;ffronlthe group consisting of nEthyI 6 et hyl, propyl, isopropyl,
- rsobutyl sec-butyl 7 tert-butyl, pentyl, neopentyl, hexyl,
8 tert-oct: . nonyl and decyl 1 11. The process
- ai. > 2 wherein, when two Ds on the sane
rent phosphor_ussgtom; are |linked together to
in each of the chemcal formula (3) 5 and the

ifanethylene dlan1no groUps the tmo 10 nitrogen.atons

' u'ps %mwm nfgn bthe lfolymétizhedohngkvig uai*glgxe
) The process of any one of s 5t

1-91 ﬁ?’%ﬁﬁi"lﬁ‘ a&s’e ‘i‘}w&ﬁ@@getMIstoat@lyrsa i compdled
é%ﬁwncal formula (3)-and 4 the chemical fornula.
vaI em °mp?@<b)°%®m$p@az¢mmsmmtmmh

1 Lat e horus atomis a divalent grou
.§§jd%rf%edé¥¥§§:€h osﬁﬁgzene conmpeund and an actfbe P

'hydrogen compound A poly(alkylene oxide) can be effi-

_01ently produced by polymerizing the alkylene oxide
-compound 1n the presence of the catalyst and, when the

etalyst 1s composed of the phosphazene compound, the

5act1ve hydrogen compound. The poly(alkylene oxide)
=conta1ns no metal component and compared with those
-produced u51ng conventional am1ne-base catalysts, hae

a;eo been-;mproved significantly in odor.
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: ppior> I
7 fron1the gr oup con5|st|n of an1nonethy|ene ani.no- 8 et hyl ene and

am notti nmet hyl lﬂ' i trogen atonnof EEPhACEMENTI SHEBYS G
avi ng been suﬁ IF“IHm"umNﬁm; a net hyI or et hyjl CyPespiption 1paged ..... to pabed
The process of any“ onte Of Claims 1 to 4, 612 W rﬁ’wma(sgl php@éﬁaﬂe@epaged p
conmpound is selected from 1- 3 ! Drawing(s) : paged ...
tert-butyl-2,2,2-tris(di methyl am no) phosphazene, Efr ﬁdf() ;;ge "togﬁgﬁzj"
(1,1, 3,3-tetranet hyl butyl)-2, 2, 2-tri s(di net hyl am no) - "5 ph %é%ﬁéiéné?ge """
295, 415. ?af’eﬁa’ﬁi‘?ﬁﬁﬁéﬁﬁé%eﬂ%ﬂgtﬁ‘%@?‘ §okppugSs. | DATE OF RECEIPT .
tris(dimeghylamno)yg, 2- g? ?fbéfgéngfhah?”bﬁe)bﬁocf ims ) to 18,

phosphoranllldenean1no] err]-catenadi sp azene

1-(1,1,3,8- tetvﬁl?é%‘éfﬁ('@b'té{ﬁc%feﬁe“oﬂdééd'ﬁ?bfiyiéﬁé“&ide 1Ad

2, 2- bls[trls(dlnethylan1no osphoranllldenean1no]-

2lerr], 4[®rr] é%ﬂ%!éﬁb(@%ﬂ&éhﬁi@n@ﬂccéséEﬁél9uﬁalyﬁeﬁiged td2produce
tri(1- pyrrolrdln ) phosphazene, or 7-ethyl-5,11-

di methyl 41, 5, % Jlélldtﬂtr@é@@lﬁ\@fW}hnbl@S@bﬁﬁ@ﬁ,hQ[§o§%0pﬁ&§ﬁleme16x1d£§6) ene;
and sai d phosphazeniumsalt of said active ydrogen conpound is a
phosphazéni umasd tpalky (&l Iewen oxibde) soldekst i ve hydrogen conpound and the
t hus-sel ected 17 phosphazene conpound. 1 14. The process of
any one &f clains 160 18 ,poly(alkyiene oxide) obtaitkablis by thaypepe oxide
conpounds 3 are successively polynerized to produce a block 4

CC{E)/O| ymerR whi (ﬂ\l%rﬁfhm@%%k%f ANE PRLt9H etalpsel to 15.

1 17. A catalyst useful for the production of a
2 poly(élkylene oxide) by polymerization of an alkylene
3 oxide compound, which comprises a phosphazenium salt of
4 an active hydrogen compouhd, said phosphazenium salt
5 being represented by the followiné chemical formula
6 . (43

AN
2 D l D '

NN R -
8 D{—P=N}—P*—{N=P—D | Z ()
< RN
N
2 o
3 A ]
n
4
. D JX

5
6 wherein ¢, m and n individually représent 0 or a posi-

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

different and individually represent a hydrocarbon

0‘6\060:‘— ‘S'
24-[»)00




“" v

= '\._

"6l - ki nds of alkylene OX|de conpounds 1 15. The
process of any c’muﬂf" wherei n as al kyl ene oxi des,
pFopyl ene oXi de m,mm Eﬁ OXi de are successively polynerized to
pr oduce a bl ofk: bopblyne i ch cor@2ai-ns pol y(propyl ene oxide) 5
and poly(ethylene oxide) blocks. 1 16. A pol y(al kyl ene- oxi de)
~ Obtainable by the pro- 2 duction process of any one of clains 1 to 15.
1 17. A catal yst useful for the production of a 2 poly(alkylene
'~ oxi de) by ipol ygreupahavingf latoaRRyFarkon3atomsyi 88 sdkpyMndrowni ch
conprises_a phosphazeniumsalt of 4 an active hydrogen conpound, said
phosphaz#fi um Bhenoxsy growpi,ng thpedseasidusy oreupel aog\hﬁagpbnanilcm
formul a (4); 6 Jerr] 7812 3 45 6 wherein [err% ‘mand n
i ndi vi dulfly reesédual orewpa powpno-substituted amino group, a d :

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

15 amino group, Q represents a hydrocarbon group having 1
16 to 20 carbon atoms, two Ds on the same phosphorus atom

17 or different phosphorus atoms majfbe linked together orx

18 D and Q may be linked together to form a ring struc-
~ 19 ture, X represents a number of phosphazenium cations,
20 and 2ZX~ represents an x-valent anion of said active

21 hydrogen compound.




tive integer of 3 or smal ler, Ds may be the sane or di fferent and

I ndi vi.dual'ly represent a hydrocarbon b - 62 - 11 . group
having 1 t'o 20 carbon atonms, an al koxy group, .a 12 phenoxy group, a
thiol residual group, a thiophenol 13 - é&8sidual group, a nono-substituted
am no group, a di- 14 substituted am no group or a 5- or 6-nenbered
cyclic 15  am@QyEERUEAT DN CATAIYSTSFOR BLEYIEND OX IPE CPMRAUNRAND 16

to 20 carbon atsEEpUEMOSPROCESS GRIEOTMNOAIKVLENEI@XIDAY  or different
phosphorus atons may be |inked toget heABEFRAESB - D and Q may be |inked
together to forma ring struc- 19 ture, X represents a nunber of
phosphazeni um cati on®y catlysthda &he paymerirat ion of armliklene of

said active 21  hydrogen conpound. . .
oxide compound is disclosed:. This catalyst is composed

of a phosphazene compound or a phosphazenium salt which
is derived from the phosphazenggbompound and an active
5 hydrogen compound. A poly(alkyiene oxide) can be effi-
ciently produced by polymerizinéﬂthe alkylene oxide
compound in the presence of tﬁelcatalyst and, when the
KVQ catalyst is composed of the phoéphazene compound, the
active hydrogen compound. The poly(alkylene oxide)
10 contains no metal component and:compared with those
produced using conventional amine-base catalysts, has

also been improved significantly in odor.
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