-1 . : PREPARATI ON PROCESS OF POLYMER - 4801093-]
Background of the Invention 1. Field of the Invention The present{Ppg

i nvention relates to a preparation process of -a polymer by the

ri ng-openi ng polynerization of a 4- to 10-nenbered cyclic nononer. Such
polymer is inmportant for use in preparation of resin materials and fibers.

2. Related art of the Invention An ani oni ¢ polynerization or a

nucl eophi lic polymerizati on has been werl”™ known as one of the process for
conducting ring-opening polynerization of a ring-opening polynerizable

cyclic nmononmer. The pol yneri ZagpHATEHN tphééﬁssoW?RMEﬁa” be general ly used
are alkali or alkaline earth netals, conpounds thereof, other netallic

conpounds and anmines [T. Saegusa, R ng-opening Polynerization (1),
Publ i shed from Kagaku Dojin (1971), chapter 2.3.3; Polynmer Functional
Material Series (2), Synthesi sBagkgraenk of dtheoinveotioser (2), Edited by

Pol ymer Society _of,Japan, Published from Kyoritsu Shuppan Co. (1991),
chapt er 1.2].5’ Flehéﬁgvgp,ﬁvﬁn§ﬂﬁb cases, physical properties and thernal

stability of- th I [ t iLnigiators whigh contain
these nmetals ar g“??r‘r’é?ﬁ%‘bﬁg‘t}%‘é?r@gégy%&r g(giadﬁgﬁp aﬁ%{lgﬁl ?rCO%F%sgr"gd? dod guer
Consequent |y, by tthe PingPeSeN h® DolyiReee#tidh dMBSE RE! MWIREFEE WykEhe @ .
specific method or a conplex step for sufficiently renoving these netallic
i ngredi ents. n@enghe Suchepohwmed, i auimpertiant tfiort wes in \prepdradien of rexinnet al
have still problens on_insufficient polynerization activity and residual
am ne odor. materigds apd Libers.ynerization of a lactamor a cyclic siloxane

Eﬁ(r)&zrned i Nyt hﬁepz{t%ﬁe@ﬁeo?fth% n%réh l(;tnal | i c phosphazene conpound has been

An anionic polyherization or a nucleophilic polymerization has been
‘well known as one of the process for conducting ring-opening
polymerization of a ring-opening polymerizable cyclic monomer. The
polymerization initiators which can be generally used are alkali or
alkaline earth metals, compounds thereof, other metallic compounds and
amines [T. Saegusa, Ring-opening Polymerization (1), Published from
Kagaku Dojin (1971), chapter 2.3.3; Polymer Functional Material Series
(2), Synthesis and Reaction of Polymer (2), Edited by Polymer Society
of Japan, Published from Kyoritsu Shuppan Co. (1991), chapter 1.2].

However, in some cases, physical properties and thermal stability of
the polymer obtained by using the initiators which contain these metals
are remarkably damaged by residual metallic ingredients. Consequently,
the preparation process of these polymers requires a specific method or
a complex step for sufficiently removing these metallic ingredients.

On the other hand, amine initiators, which are of non-metal, have still
problems on insufficient polymerization activity and residual amine
odor.

Further, polymerization of a lactam or a cyclic siloxane performed
in the presence of a non-metallic phosphazene compound has been known

[U.S.P., 5,399,662 ; Macromol. Rapid Commun., 16, 449 - 453 (1995) ;



[US. P, 5,399,662 ; Macronol. Rapid Commun., 16, 449 - .453 (1995); - .

-2- Macronol . Synp., 107, 331 - 340 (1996)]. The-phosphazene cofpound has
a strongly basic property and can be an effective initiator in these
processes. However, a conplex process is required for preparing the
phosphazene conpound. Furthernore, on the preparation of the phosphazene
conpound, nore strongly basic conpound_z#ch as sodi um am de nust be used
in order to provide strongly basic propetfy to the phosphazene conpound.
Those matters are quite unfavorable in industry. Mreover, on handling the

hose ite unfavorshle | reover, on handling
B ses due o SRORRG: SYRE, RS SELE, SO aa)3” B8 eSnaens o has” |

Summary of thg JtveRslly Pisic propePey akd Sah Bd ahggffieei’ﬁ@t iPtihfod PnPERYLDE a

process for efficiently preparing a polyner using an initiator i ch
causes no speprddessespr olidwenemn apeanpdexiprocessr ihHaaghireg fordpreparangd1Thguite
no netallic ingredient and residual odor, in the preparation of a pol yner
by conduct i nBh4SPR#ZEHSPRMRBUNSh| yEHthermoren opf the prepasatipnnefitdeed ri ng-
openi ng pol ynerizable cyclic noner As a result of an intensive

i nvesti gation i%pﬁ?%eé‘ve %/0&"’8'6'}#:29}%"% RErongly, has i campound such, as SA81Ym gBideor s
have found thgisapéd- 'O'Hﬁﬁb WyJoF: ' 0 ri.zabl e cyclic
nononer can be Svery ues%?e%‘t |°ve y%r ?’ga‘-'{deogte%?ﬁg’L %gfgcn%ﬁ%eréyﬁ? ?W’é presence

of a phosphazptiusphazenket combodidl. arHos¥ amditeFPaee utP AWPsVRabId ihhidasesence
of the phosphazeniumsalt of the active hydrogen conpound and the act’ive

hydr ogen conpdiafgoverthos handild ngr theepbosphazeniei compbersd, b tien de bevdloes €ibn by
That i's, the Sﬁﬂ%%ﬁtd{%iiéé"?niéﬁéegfﬂ g?téésa?iggge 52'%Eié%?oggfgcﬁigicogréiert f
yo
the phosphazene coﬁpound.
Summary of the Invention

The object of the invention is to provide a process for efficiently
preparing a bolymer by using an initiator which causes no specific
problem on preparation or handling and contains quite no metallic
ingredient and residual odor, in the preparation of a polymer by
conducting ring-opening polymerization of a 4- to 10-membered ring-
opening polymerizable cyclic monomer.

As a result of an intensive investigation in order to achieve the
above object, thé'present inventors have found that a 4- to 10-membered
ring-opening polymerizable cyclic monomer can be very effectively ring-
opening polymerized in the presence of a phosphazenium salt of an
active hydrogen compound or in the presence of the phosphazenium salt
of the active hydrogen compound and the active hydrogen compound.

- Thus, the present invention has been completed.

That is, the aspect of the invention is a preparation process of a
polymer comprising conducting ring-opening polymerization of a 4- to
10-membered ring-opening polymerizable cyclic monomer in the presence of
a phosphazenium salt of an active hydrogen compound represented by the

chemical formula (1) :



pof ymef conpri si ng conducting ring-opening polynerization of a 4- to-

10- menber ed ring-openi ng pol yireri zabl e cyclic nmononmer in the presence of a
phosphazeni um salt of an active hydrogen conpound represented by the

chem cal fornula (1) - 3- [err]
wherein n is an integer of 1 to 8 and indicates the nunber of
phosphazeni um cations, Zferr] is an anion of a n-valent active hydrogen
conpound derived by releasing n protons ¥~om an active hydrogen conpound
havi ng a maxi num of 8 active hydrogen atons, a, b, ¢ and d are

individually a positive integer of 3 or less or O and are not all 0 at the
sane tinme, R s are the sane or different hydrocarbons having 1 to 10

carbon atonms, and twe—~R s | ocated on each conmon nitrogepn atom may be
coupl ed together to forma ring structyge ; or in the presence of the
phosphazenium salt off the active hydpggén conpound and the active hydrogen
conpound. The phosphazeni um cpjnN-e+p-of Nt he phosphazenjum salt of the
active hydrogen conpound represented |py the chem cal fofnula (1) in the

N
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wherein n is an integer of 1 to 8 and indicates the number of
phosphazenium cations, Z*~ is an anion of a n-valent active hydrogen
compound derived by releasing n protons from an active hydrogen

compound having a maximum of 8 active hydrogen atoms, a, b, ¢ and d are
individually a positive integer of 3 or less or 0 and are not all 0 at
the same time, R's are the same or different hydrocarbons having 1 to 10
carbon atoms, and two R's located on each common nitrogen atom may be
coupled together to form a ring structure ; or in the presence of the
phosphazenium salt of the active hydrogen compound and the active
hydrogen compound. '

The phosphazenium cation of the phosphazenium salt of the active
hydrogen compound represented by the chemical formula (1) in the
invention is indicated by the limiting structure in which the positive
charge is localized on the central phosphorus atom. However, other
numerous limiting structures can be present and practically the charge
is delocalized over the whole molecule.

The process of the invention can prepare polymer by ring-opening

polymerization of a 4- to 10-membered ring-opening polymerizable cyeclic



iaventsion is indicated by the limting structure in which the pdsitrve
charge is localized on the central phosphorus atom However, other
nunerous limting structures can be present and practically the charge- is

del ocal i zed over the whol e nol ecul e. The process of the invention can
prepare polyner by ring-opening polynerization of a 4- to 10-nenbered

ri ng-openi ng pol ynerizable cyclic -4 -

-4- nononer in the presence of an initiator which causes no specific

pr obl em on preparation and handling, contains no netallic ingredient at

al | and has %Qnér&?" 6k'heog?l‘érsenee of an initiator wh &5 8add¥s! 9" sPbeileiig Pref erred

Enbodi nent he term™a 4- ered ring-openi ng polynerizabl e

cyclic monormbblemnoﬁ fpeemmcteas aﬁa Halh@l ingy eynit@ing Ao rmeftal riedingredsent- at o
10- nenbered | actones, |actans, |actides (cyclic dimer of [err] -
hydr oxycar bosatll i andabasino eesifinal odvbonates, a -amno acid N

car boxyanhydri des, cycli hosphat es, cycllc phosphonat es and cyclic
si | oxanes. Pol ycyclic conﬂ@ﬁﬁﬂ’é’tlﬁaﬂn%gtbﬁ ﬁé?fqrrwb Egbodimelt e can aI so be

used so long as }he [i9; ORE I

menbered ring. 'lthe tg‘pec?fdloc??:;)%l bég%% oﬁﬁ 1%d§°ly3§'r'%§§%\

| actones, suGlngferieid lthe ﬁroeessoba%r@nﬁwehew i5 Rlr8FQJaaEs @9es- [tsrfd-
-caprolactone 1, 4-di oxan-2-one, [err] - caprol actone,

6, 8- di oxabi cyehdrdd2lddtonésgnidetans, dadt tlegx adyict y€ldipér 23£24 -] OCct an- 3- one ;
| actanms, such as [err]-propiolactam [err] -butyrolactam [err]-

val er ol act amhydrexycprbaxipi®agidlaneycligzearbenaties| 2« 2aningeprisnd3s- one and 8-

act f‘d‘ézf"‘b' Cé%kﬁé)@aﬁwéiﬁ&és‘;‘“eigﬁﬁegiosbﬁ‘i{ﬁsﬂféeeié‘fp@a%‘n%ﬂs 3 ooyl

dimet hyl -1, 3-qh s 2~ PBFycyeTid leonflnde AT SE Neh& oy %‘EW&MQ%% SUGh as
be used so long as the ring-opening polymerizable group has a 4- to 10-
membered ring.

Specific cyelic monomers includé, for example, lactones, such as §

-propiolactone, § ~valerolactone, § -caprolactone, 1,4-dioxan-2-one, g -
caprolactone, 6,8-dioxabicyclo[3.2.1]octan-7-one and 2-oxabicyclo{2.2.2
Joctan-3-one ; lactams, such as g -propiolactam, ¢ -butyrolactam, ¢§ -
valerolactam, ¢ -caprolactam, 2-azabicyclo[2.2.1]heptan-3-one and 8-
oxa-6-azabicyclo[3.2.1]octan-7-one ; lactides, such as glycolide and
lactide ; cyelic carbonates, such as ethylene carbonate and 5, 5-
dimethyl-1,3-dioxan-2-one ; o -amino acid-N-carboxyanhydrides, such as
L-alanine N-carboxyanhydride, DL-2-amino stearic acid N-
carboxyanhydride and ¢ -benzyl L-glutamate N-carboxyanhydride H
cyclic phosbhates, such as 2-ethoxy-2-oxo-1, 3, 2-dioxaphosphorane and 2-
-methoxy—2-oxo-1,3,2-dioxaphosphorinane ; cyelic phosphonates, such as 2-
methyl-2-o0xo0-1, 3, 2-dioxaphosphorane and 2-ethyl-2-o0xo0-1,3,2-
dioxaphosphorinane ; and cyclic siloxane, such as hexamethyleyclotrisilo
xane and octamethylcyclotetrasiloxane. Any other 4- to 10-membered
cyélic compounds can also be used so long as the compounds can progress

ring-opening polymerization ih the péocess of the invention.



L- al anfne’ N-car boxyanhydri de, DL-2-am no stearic acid N- carboxyanhydri de
and [err] -benzyl L-glutamate N-carboxyanhydride cyclic phosphates, such
as 2-et hoxy-2-oxo-1, 3, 2-di oxaphosphorane and 2- :

met hoxy- 2- oxo- 1, 3, 2- di oxaphosphori nane ; cyclic phosphonates, such as 2-
met hyl - 2- oxo- 1, 3, 2- di oxaphosphor ane and 2-et hyl - 2- oxo- 1, 3, 2-

di oxaphosphorinane ; and cyclic sil oxaneg -such as hexanet hyl cyclotrisilo
xane and octanet hyl cycl ot etrasil oxane. Any other 4- to 10-nmenbered cyclic
conmpounds can al so be used so long as the conpounds can progress

ri ng- openi ng pol pigeeya@aki @dhpb{héshﬁhil!hoéﬁﬁ%eoérett‘aﬁaﬂlgvtﬁs%ﬁ'ﬂ‘% lactones, such
-5- The cyclic conmpounds which can be preferably used are |actones,

such as promsopeaptiohactobe, § aveleobbaxitone, § ecaprolastpn®l ac4-diexan-2-one,
1, 4- di oxan- 2- one, gerr] - caprol actone, 6, 8-dioxabicyclo[3.2.1]octan-7-one
and 2-  oxabi tyetRIP a‘2t°2Focﬁt=§ndlf9Xéh’éﬁyC1¢la'3cﬂ+ HestansTconeagndi2ycol i de and

I id I b
5. 5- et i el 3 e -re 3l eﬁ%,ﬁgﬁgfﬁg?k‘immmddégctn@ech as
Latanine N oyROoMILEL! den %Car FILORIGRALE oRF s GRERAY PR O | d€

and [err] - Dbenzyl L-glufamate oxyan oxanes

such as hexarrekmdzem Qlo Hamii h6 a0 maslrmymahyde@ycd&heég BS4 120X AE -
Further, lactones and |lactides are nore preferably used in these

conpounds.  carbayyapkydside,o DLO2-amivibe s¢earriengpidpiriamboxyahlydride alode yeycl i ¢
mononmers can be used in conbination with another ring-opening

pol yrer i zabl #eNRbhbngtutangiss Brearkhexsanhydrddpol wRdreyedic Iséloneapsr suchasusi ng
conbi nat 1 on. eI AR ER T felsg e AR RIS as BT LARe0e1 nUBMR cast
51 oo OSSR FACSAORON e TBIPS 06 16 RETBRALE 2
conpounds whi ch Tiesebe- w6 e-nembR@8PiriAg+op@ning polymerizable cyclic monomers

can be used in combination with another ring-opening polymerizable

monomer. Subsequently, a copolymer can be prepared by using two or more

4- to 10-membered ring opening poymerizable cyclic monomer in

combination. Further, another copolymer can be prepared by using at

least a 4- to 10-membered ring-opening polymerizable cyclic monomers and

an alkylene oxide compound in combination.

Exemplary alkylene oxide compounds which can be used in combination
include, for example, ethylene oxide, propylene oxide, 1,2-butylene
oxide, 2,3-butylehe oxide, styrene oxide, cyclohexene oxide,
epichlorohydrin, epibromohydrin, methyl glycidyl ether, allyl glycidyl
ether, phenyl glycidyl ether and other epoxy compounds. Among these
compounds, ethylene oxide, propylene oxide, 1,2-butylene oxide, and
styrene oxide are preferably used, propylene oxide and ethylene oxide
are more preferably used, and propylene oxide is most preferably used.

When used in combination, two or more 4- to 10-membered ring-opening
polymerizable cyclic monomers or single or plural 4- to 10-membered
ring-opening polymerizable cyclic monomep(s) and single or plural

alkylene oxide(s) can be combined. A method for using simultaneously,



i ncl ude, for exanple, ethylene oxide, propylene oxide, 1,2-butylene "oxide,
2, 3-butyl ene oxi de, styrene oxide, cyclohexene oxide, epichlorohydrin,

epi bromohydrin, nmethyl glycidyl ether, allyl glycidyl ether, phenyl

gl ycidyl ether and ot her epoxy compounds. Anbng these conpounds, ethylene
oxi de, propylene oxide, 1,2-butylene oxide, and styrene oxide are
preferably used, propylene oxide and efh?ane oxide are nore preferably
used, and propyl ene oxide is nost preferably used. When used in

conbi nation, two or nore 4- to 10-nenbered ring-opening polynerizable
cyclic nonomet meokiodsfogluging spbssedvely, oo nk@hod® tberusdng rsuacesspeelyngnd

pol yneri zabl e cyclic nononer(s) and single or plural al kyl ene oxide(s) can
be conbi ned. wepeatéddy ¢awr besimpoyednul t aneousl y,

- 6- a nethod for using suesseiveléﬂ_qr net hod f or usigg successivéL and
repeat edl y can b@h"é‘nﬁPB&SB.‘zatw“ igpearried At BY, 45108 Ve ﬁr“fq"@dm‘mﬁ’f"e'ig

using two and_, r | | Vo o & - ' | atively
hi gh rando_rr1"|e‘c’slrs"£‘“)l égann%ggﬂ%bgﬁoggwgkf‘%gggg r%éﬁ%ﬂrv%ﬁggﬁégg@ng%egg %?Z’pgéldi ng
upon the diffgjtansda a_lfhdu@ﬁcﬂhlerdrMoﬁriestsh@érﬁiemaﬁdi%F WANtHeMa i PFKheRBE ©
nononers are polynerized successively, a block copolymer including two and
nore bl ocks immedetiobtyioficthesbimononersp| chhelnl bk and mote¢ menemeranalee obt ai ned
by repeating such successive conbination. Particularly, a block

copol yner carPi@nerigedrsuscossivebar acblogk eapodymari inalyding fvo and|roret a 4-
to 10-nenbered rjng-openi . pol yneri zabl e cyclic mononer and,an gl kyl ene
oxi de corrpounlgl."c‘fﬁg’a“a?‘?(yggﬂé'egxi gg”ccﬁ?ﬂ[’)ﬁ’ﬁ‘dxhﬁk cRpOIYRerS £4n 3%‘3&8!‘ ris

preferably thgééﬁggpgﬁggﬁﬁﬁﬁgegﬁggBﬁﬁﬁi@ﬁ%gg, nore preferably propyl ene

oxi de. _ phosphazeni um salt of the
active Particularly, a block copolymer can be preferably prepared by

successively using at least a 4- to 10-membered ring-opening
polymerizable cyclic monomer and an alkylene oxide compound. The
alkylene oxide compound for use in such a copolymer is prefebably
propylene oxide and ethylene oxide, more preferably propylene oxide.

" The symbols a, b, ¢ and d in the phosphazenium salt of the active
hydrogen compound represented by the chemical formula (1) in the
invention are individually a positive integer of 3 or less or 0 and are
not all 0 at the same time. Preferably, they are individually a
positive integer of 2 or less or 0, more preferably values of the
combination selected from (2,1,1,1), (1,1,1,1), (0,1,1,1), (0,0,1,1) and
(0,0,0,1) irrespective of the order of a, b, ¢ and d, most preferably
values of the combination selected from (1,1,1,1), (0,1,1,1) and
(0,0,1,1).

R's in the phosphazenium salt of active hydrogen compound
represented by the chemical formula (1) in the invention are the same or
different aliphatic or aromatic hydrocarbon groups having 1 to 10
carbon atoms. R is specifically selected from the aliphatic and
aromatic hydrocarbon groups, for example, methyl, ethyl, n-propyl,

isopropyl, allyl, n-butyl, sec-butyl, tert-butyl, 2-butenyl, 1-pentyl,



hydr ogen conpound represented by the-chemi.cal fornula (1) in the invention
are individually a positive integer of 3 or less or 0 and are not all 0. at.
the sane tinme. Preferably, they are individually a positive integer of 2
or less or O, nore preferably values of the conbination selected from
(2,1,1), (2,2,2,1), (0,2,2,1), (0,0,2,1) and (0,0,0,1) irrespective of the
order of a, b, ¢ and d, nost preferably _ values of the conbination selected
from(1,1,1,1), (0,1,1,1) and (0,0,1,1j2' R s in the phosphazeni um
salt of active hydrogen conpound represented by the chemcal fornula (1)
in the inventjon ar he sape or _differ al i phatic_ or, aromati

hydr ocar bon g??ﬁ?ﬂgy ﬁaéi'%eé&{mtag-ﬂﬁhyiéi-g’gﬁyntlt bﬁ%&"%%*st?&éﬁ?ﬂﬁﬁm %"egl@fle-ct ed
fromthe aliphafitc a h L dr n , | e, nethyl,

i iyl - pr opor tT} SaSonE TR feM ST AERIRAN2CBRDE, of SfopBHIR 2,
2-butenyl, 1-pwitoliéxyl, 1-heptyl, 3-heptyl, l-octyl, 2-octyl, 2-ethyl-1-hdxyl, 1,1-
2-pentyl, 3-pentyl, 2-nethyl-1-butyl, isopentyl, tert-pentyl, 3-nethyl-
2-butyl, neop@éinethyl-3, fedipethylbutstlhys -compemnghe :cyertopetnly) nonglcldeheky| ,

1- heptyl, 3-heptyl, 1-octyl, 2-octyl 2-eth¥I-1-hexyI, 1, 1-

di met hyl - 3, 3- BRSR hyA BOHYfE benzgbmicRhenyiethyl and 2oRhepyjethylyy Anong these

phenyl, 4-tol e - I - nyl.et byl . e
groups, ali phé%qugph%)r{é%aﬁgﬁ}%g?%ﬁégxI‘%@Pﬁsg%ig{}% Xoﬁcgqbcgﬁﬁﬁﬁ)g?fgﬁﬂsgg%h
met hyl, et hyl as ReRAPRYbthyl$ ORpeEpYL, | &ipropH!,Ytert-Bity1Peftirtlpaitdl lank-1, 1-
di nmet hyl - 3, 3-di net h?llobut;y: arg gqjeferalﬁryﬂt}seder; al iygﬁat I C %yd?ocar bon
groups of 1 tainkthpl1308-ditnotiylbetydhass prefdnably aksby|;, ahiphaoiy hydrukarbon
i sopropyl are nore preferably used ; nethyl and ethyl groups are nost
preferably usgthups of 1Rtas 3| earbonRions cSuph dsnefByhi tetbyon naptopyi randhe

hosphazeni um sal t :
P P n}sopropyl are more preferably used ; methyl and ethyl groups are most

preferably used.

R's located on each common nitrogen atom in the phosphazenium salt
of the active hydrdgen compound represented by the chemical formula (1)
can be coupled together to form a ring structure ; and the resultant
cyclic amino group including the nitrogen atom is a cyclic secondary
amino group. The c¢yclic secondary amino group can comprise preferably
of 4 to 6 carbon atoms in the ring, consequently being 5 to 7 membered
ring.

Exemplary cyclic secondary amino groups include, for example,
pyrrolidin-1-yl, piperidin-1-yl, morpholin-4-yl groups and methyl- or
ethyl-substituted those groups. Among them, unsubstituted pyrrolidin-1-
yl, piperidin-1-yl and morpholin-4-yl groups are preferably used. A
portion or the whole'of nitrogen atoms in the phosphazenium salt of
active hydrogen compound represented by the chemical formula (1) can
form such cyclic structure.

The active hydrogen compound providing Z*- (that is an anion of n-
valent active hydrogen compound) in the phosphazenium salt of active
hydrogen compound represented by the chemical formula® (1) in the

invention, or the active hydrogen compound existing in the ring-opening



of the active hydrogen conpound represented by the chemical fornmula (1)

can be coupled together to forma ring structure ; and the resultant

cyclic am no group including the nitrogen atomis a cyclic secondary am no
group. The cyclic secondary am no group can conprise preferably of 4 to 6
carbon atons in the ring, consequently q$ing 51to 7 menbered ring.

Exenpl ary cyclic secondary ami no groups Tnclude, for exanple,
pyrrolidin-1-yl, piperidin-1-yl, norpholin-4-yl groups and nethyl- or

et hyl -substituted those groups. Anmong them unsubstituted pyrrolidin-1-

yl, piperidi ipolyndriadei ofiDédhagtted fn WheOprddBicedbf theChisphasenise@alPof
portion or the whole of nitrogen atons I n the phosphazeniumsalt of active

hydr ogen conpetine hgpdrogee dogpolnd aik thbautted hiydrogeh acomppurciains anoprganiich
cyclic structure. . The active hydrogen conpound providing Zn- éthat S
an ani on of rfompeuidewhichchas 8 apfdveJwAregenpoiong)at g maxdmpyh@8phinedRdef B al t

f i hyd d d b h 1 cal f I 1) i h
Cnventi on, oRCERE Hedtipan HyapBTRn FaOB ot At itece et atan o B s ng
- 8- polyngﬁbﬂqhigqnqg&gﬁpggg,in the presence of the phosphazeni um salt

of active hydrogen compound and the active hydrogen conpound is an organic
conpound whi ch hRgpr8sémtative Bytiveosyirogeieondouddshay MEMaA kbt Ve Inydesgean
active hydrogen conmpound having an active hydrogen atom on an oxygen atom
or a nitrogeratancim an oxygétepites dnt hidey ef arc examplby dvaderert canbosyhids adidsi ng an
active hydrogen, atom on an oxygen atominclude, for exanple, water ;
carboxyl i c ad@ying HatR 2§ qarbgn AFopsy §Yah ASoFRrMig AGidaRCLIG@EIdci d, acetic

acid,  propi QRig; @k i Bl fi dassa, iSORMINId Gl dap B3R il AGuFic ! AUrTC
acid, stearic acid, oleic aied, phenylacetic acid, dihydrocinnamic acid,
cyclohexanecarboxylic acid, benzoic acid, p-methyl benzoic acid and
hthalene-2-carboxylic acid ; polycarboxylic acids having 2 to 20
carbon atoms and 2 to 6 carboxyl groups, such as oxalic acid, malonic
acid, succinic aied, maleic acid, fumaric acid, adipic acid, itaconic
acid, butanetatracarboxylic acid, phthalic acid, isophthalic acid,
terephthalic acid, trimellitic acid and pyromellitic acid ; carbamic
acids, such as N,N-diethylcarbamic acid, pyrrolidone-N-carboxylic acid,
aniline-N-carboxylic acid and 2,4-toluenediamino-N,N'-dicarboxylic acid
; alcohols having 1 to 20 carbon atoms, such as methanol, ethanol, n-
propanol, isopropanol, n-butyl alcohol, sec-butyl alcohol, tert-butyl
alcohol, isopentyl alcohol, tert-pentyl alcohol, n-octy alcohol, lauryl
alcohol, cetyl alcohol, cyclopentyl alcohol, cyclohexyl alcohol, allyl
alcohol, crotyl alcohol, methyl vinyl carbinol, benzyl alcohol, 1-
phenylethyl alcohol, triphenyl carbinol and cinnamyl alcohol ;
polyhydric alcohols having 2 to 20 carbon atoms and 2 to 8 hydroxyl
groups, such as ethylene glycol, propylene glycol, diethylene glycol,
dipropylene glycol, 1,3-propanediol, 1,3-butanediol, 1,4-butanediol,
1,6-hexanediol, 1,4-cyclohexanediol, tbimethylolpropane, glycerol,

diglycerol, pentaerythritol and dibentaerythritol ; saccharides and



acid, stearic acid, oleic aicd, phenylacetic acid, dihydrocinnamc acid,
cycl ohexanecar boxylic acid, benzoic acid, p-nethyl benzoic acid and

oht hal ene- 2- carboxylic acid ; polycarboxylic acids having 2 to 20 carbon
atons and 2 to 6 carboxyl groups, such as oxalic acid, malonic acid,
succinic aicd, maleic acid, fumaric acid, adipic acid, itaconic acid,

but anet at racar boxylic acid, phthalic acPds isophthalic acid, terephthalic
acid, trimellitic acid and pyronellitic acid ; carbam c acids, such as
N, N- di et hyl carbam ¢ aci d, pyrrolidone-N-carboxylic acid,

ani | i ne- N- cardeokwatiicesithdreuty such- i9lglecwd| as6rbotdy, Niexdr68d, b exadtose aniad
al cohols having 1 to 20 carbon atons, such as nethanol, ethanol, n-
propanol , i sGYEeRFLnélandnaramagic Aydedxyl compoundsuhgvingl € dioo2Q caebdn htons

al cohol , isopegtfl a%qggol, tert-pentyl alcohol, n-octy alcohol, lauryl

al cohol, cet #'9at d8ndihY ewlowp% SYEk AfoPhend) ¢ | agasls| xulengholaniseley| 2-
al cohol, cro 0 1o ¥yl Lnal . benzyl al cohol, 1-

phenyl et hyl tg?ﬂg%ﬁlgfi: f}[y P[t)'lglge?ltr?w 2d§r€%%o€%ﬁas®enﬂg yl al cohol ; polyhydric
al cohol s havi ng Ekenpladd &&¢iRe Myl 86botnd® n %%k S as
et hyl ene gl ycol, propylene glygglﬁﬂgiethylgne gYﬁ%ﬂ?,é%E}ggggyl ﬁg!g%ycol
1, 3- propanediosl 3 nitBegent atordiindludd, Fobuéxampre,0hliphitfc BEXAdASE @ primary

1, 4- cycl ohexanedi ol , ;rinethglolpropane, gl ycerol, diglycerol,

pent aer yt hr i B8inesnhaviingeht@ey taarbamortonss asedhans deshyladine, ethylamine, n-

-9- derivativeﬁ thereof . such as glucose, sorbjtol, dextrose, fructose
and sucrose®r® Bmh?et)rrhf‘?pé'oﬁ’{/](’}lmb% B bamiden alA0RwtYd antnez 0segrr bon at oms

oot ol naiEpiad SUBE B BUENSLry ATRS weith e, §aB0: >

hydrogen conpohyidminéVangl ine, ai-itb WA diNel AIEMNIHAHE afd pBdliiApgen atom

I ncl ude, for exanple, aliphatic or aromatic primary amnes having 1 to 20

car bon at ons 2l tpheltii @ ornerdmalt deriseeondatrpydmnesdaving 2 to 20 carbon atoms, such
as dimethylamine, methylethylamine, diethylamine, di-n-propylamine,
ethyl-n-butylamine, methyl-sec-butylamine, dipentylamine,
dicyclohexylamine, N-methylaniline and diphenylamine ; polyamines
having 2 to 20 carbon atoms and 2 to 3 primary or secondary amino
groups, such as ethylenediamine, di(2-aminoethyl)amine,
hexamethylenediamine, 4,4'-diaminodiphenylmethane, tri(2-aminoethyl)
amine, N,N'fdimethylethylenediamine, N,N'-diethylethylenediamine and
di(2-methylaminoethyl)amine ; saturated cyelic secondary‘amines having 4
to 20 carbon atoms, such as pyrrolidine, piperidine, morpholine and
1,2,3,4-tetrahydroquinoline ; unsaturated eyclic secondary amines
having 4 to 20 carbon atoms, such as 3-pyrroline, pyrrole, indole,
carbazol, imidazole, pyrazole and purine ; eyclic polyamines having 4 to
20 carbon atoms and 2 to 3 secondary amino groups, such.as piperazine,
pyrazine and 1,4,7-triazacyclononane ; unsubstituted or N-
monosubstituted acid amides having 2 to 20 carbon atoms, such as
acetamide, propionamide, N-methylpropionamide, N-methylbenzoylamide and
N-ethylstearylamide ; 4 to 7 membered cyclié amides, such as g -

propiolactam, 2-pyrrolidone, §-valerolactam and ¢ -caprolactam ; and



propyl-ami ne, isopropyl anine, n-butyl am ne, i'sobutyl ami he, sec- butylanine, -

tert-butyl am ne, cycl ohexyl am ne, benzylani ne, [err] -phenyl- ethylam ne,
aniline, o-toluidine, mtoluidine and p-toluidine aliphatic or aronatic
secondary am nes having 2 to 20 carbon atons, such as dinethyl am ne,

met hyl et hyl am ne, diethyl am ne, di-n-propylam ne, ethyl-n-butylam ne,

nmet hyl - sec- but yl am ne, di pentyl am ne,- 1@ cycl ohexyl am ne, N-nethylaniline
and di phenyl am ne ; polyanm nes having 2 to 20 carbon atons and 2 to 3
primary or secondary am no groups, such as ethyl enedi am ne,

0 (252 noet LA BB e, a0 PR AGATE, 0 by S8R ey et hane

tri(2-am noethy I et

N, N -di et hyl g byineiptica A1 iAlte ast GRtR@liRYdeam noethyl)am ne ; saturat ed
cyclic secondary am nes having 4 to 20 carbon atons, such as pyrrolidine,

pi peri di ne, nor (Huplthere aative Rydiogent-corpounidy dwhadhiicanl benased unstheuintention
cyclic secondary am nes having 4 to 20 carbon atons, such as 3-pyrroline,
pyrrol e, inddneludecpelyagos havingdtemilinal metive hpdrogdn picnnseleeted Feom

pol yam nes having .4 o 20 carbon atons and 2 to 3 secondary am no groups,
Such s pi pePaby thiky Qe SEIdR5S.AqHoR a3 BOIGi P UAEYE O8HRISnEAd PRBERRHIERG
or N nonos \t.ut 1 d..aml . [ . C such as
acet an de, p?bgg‘?%anﬁ?ﬂg%@ﬁémﬁ%?@%fébﬂ%ﬁ?hﬂteeq‘ﬁ%@@?ﬁ%‘é@gﬁs&m de and
N-et hyl st ear yooyfepeidesd HPy(phapheriRdester) 5L oAl plAFsi 1DaNesARhI&H Ghn be
propi ol actam 2-pyrrolidone, [err]-val erolactamand [err]-caprolactam; and -
- 10 - di carbpecedi oy adnglopenihgspdlymnenizadiom ot Cothar [procedsessframuglikydsne
succi nei m de, naleimde and phthalim de. Further active hydrogen
conpounds whi%%kdesanlartongsd lagtampe Laghidas, oeyeliieqagbenaies,y neraningyagig-

rm nal IV r ' from
te al act N-gar o()jcyg %r?Jecs)[mcyséﬂg%‘wggphatgs, cyelic phosphonates and cyelic

siloxanes, and cobolymers thereof.

The above-mentioned active hydrogen compounds ihclude compounds
having two or more active hydrogen atoms. These actiﬁe hydrogen atoms
can be eliminated either entirely or only in part to derive to anions
to form a phosphazenium salt. In the latter case, some active hydrogen
atoms remain in the compound. However, due to quickly attained
equilibrium, polymerization can initiate from all positions of the
active hydrogen atoms in the compound, and even from any positions of
the active hydrogen atoms in the active hydrogen compound which co-
exists in the system without forming thé phosphazenium salt at all.

The symbol n in the phoSphazenium salt of active hydrogen compound
represented by the chemical formula (1) is an integer of 1 to 8,
preferably an integer of 1 to 3.

In the invention, the active hydrogen compounds which provides Z®~
(that is, n-valent anion of the active hydrogen compound) in a
phosphazenium salt represented by the chemical formula (1), can be the
same with or can differ from an active hydrogen compound which exists
in the ring-opening polymerization conducted in the'presence of a

phosphazenium salt of active hydrogen compound and an active hydrogen



pol y(afkyl ene oxi de)s; such as -poly(ethyl ene oxide)s, and pol y(propyl.ene
oxi de)s, polyesters, polyam des, ypolylactides, polyearbonates, , :
pol ypepti des, pol y(phosphoric ester)s, and pol ysil oxanes whi ch can be
prepared by ring-opening polynerization or other processes from al kyl ene
oxi des, | actones, lactans, |actides, cyclic carbonates, a -am no acid-

N- car boxyanhydri des, cyclic phosphates, 1@ayclic phosphonates and cyclic

si | oxanes, and copol yners thereof. The above-nenti oned active hydrogen
conpounds i nclude conmpounds having two or nore active hydrogen atons.

These active RyghaegN n LN either entirely or only in
part to derive ﬁogaﬁi oggﬂﬁ?gmﬁ%f mﬁge g{;uglsﬁh@&ﬁﬁ?%c@@oyﬁlcﬁn&% uF?ﬂ lsépé/ ase,
some active hygrggeitandb@y §RABAS al RittygecOMpound. However, due to quickly
attained equilibrium polynerization can initiate fromall positions of

the active hydr dgeresenbals ve mdtivee hydpogendcompochdsvetiichr can B8 )prig@srdbil9ns of
the active hydr%?en atons in the active hydrogen conpound which co- exists
in the systent'$§d ABetudeorfornerampte.pwatemazearboxildal acids haviing 1 to 6The
synbol n inth hosphazeni um sal t .of active hydrogen conmpound  represented
by the chenic$ P@Sr i3 (sfinas? g?m‘ﬁt Y& %ﬁetigtaﬁlg’, propionie Agid, pytypiceger

of 1to 3. acid,”i&&b%tm\ée@éiidolﬁ‘nd Bpr A%t hd, hya%Q@flﬁvgﬂﬁ@gﬂ;ﬁnmgigﬁﬁ%%d)

provides Z[err] (that 1s, n-valent anion of fhe a

in a phosphaatonisynshl is mePHaMBe N teatlakdl ,t RDropsivl ¢ asobPoptbe, hlhutygan be
the sanme with or can differ froman active hydrogen conpound whi ch exists
in the ring-opkedhay, pecybhsyl zdecool,coerhrbutyd alcohbE, fsepamtglk altokol, tert-
phosphazenium salt of active hydrogen conpound and an active hydrogen

conpound. Fur P o keoheh @and iv-potylhpdechydn: dekyhydnir edeohsds thavdngingo y10
carbon atoms and 2‘to 4 hydroxyl groups, such as ethylene glycol,
diethylene glycol, propylene glycol, 1,4-butanediol, tfimethylolpropane,
glycerol and pentaerythritol ; aromatic hydroxy compounds having 6 to 8
carbon atoms, such as phenol, cresol, xylenol and anisole ; polyamines
having 2 to 10 carbon atoms and 2 to 3 secondary amino groups, such as
N,N'-dimthylethylenediamine, N,N'-diethylethylenediamine and di(2-
methylaminoethyl)amine ; saturated cyclic secondary amines having 4 to
10 carbon atoms, such as pyrrolidine, piperidiné, morpholine and
1,2,3,4-tetrahydroquinoline ; cyclic polyamines having 4 to 10 carbon
atoms and 2 to 3 secondary amino groups, such as piperazine, pyrazine
and 1,4,7-triazacyclononane ; 4 to 7 membered cyelic amides, such as B
-propiolactam, 2-pyrrolidone, ¢ -valerolactam and ¢ -caprolactam ; and
polymers having terminal active hydrogen atoms selected from
poly(alkylene oxide)s, such as poly(ethylene oxide)s, and poly(propylene
oxide)s, polyesters, polyamides, polylactides, polypeptides and
polysiloxanes, and copolymer thereof.

The phosphazenium salt of active hydrogen compound represented by

the chemical formula (1) in the invention can be prepared, for example,
by the below described processes.

@ One equivalent of phosphorus pentachloride is reacted with 3



or sirmul taneously used as a m xture.: Representative actlve hydrogen
.conpounds whi ch can be preferably used include, for exanple, water ;
carboxylic acids having 1 to 6 carbon atons, such as formc acid, acetic
acid, propionic acid, butyric aci d, isobutyric acid and caproic acid ;
alcohols having 1 to 10 carbon atons, such as nethanol, ethanol,

n- propanol , isopropanol, n-butyl alqp? |, sec-butyl alcohol, tert-butyl
al cohol , |sopentyl aIcohoI, tert- pentyl al cohol and n-octyl alcohol ;
polyhydric al cohol s having 2 to 10 carbon atons and 2 to 4 hydroxyl
groups, such qyuiediRntene &seotitutediaRt Ky RENE adlh VERkherd kosutegnA tl YCO!

1, 4- but anedi ol , trinmethyl ol propane, gl ycerol and pentaerythritol ;
aromat’i c hydranmyva:l@npcnfndmdnaw ragd Gsucoessivelyrthe rpratuets is strehteds wptierol |
cresol, xylenol and anisole ; P yam nes having 2 to 10 carbon atons and
2 to 3 second®s$ %PnPhEﬁlQr risEhisupstituted amina)ng AS-RYOPHaZRNENI ne,

N, N - di et hyl et hyl en a d . di(2- | am noet hyl ) am ne ; saturated
cyclic secondﬁ?§ %Wii ﬁ aMcgg °rﬂﬁpﬁz$%on atonms, such as pyrrolidine,
pi peri di ne, norpholine and 1, 2,3, 4-tetrahydroqui noline ; cyclic

pol yam nes having 4 to 10 carbon atons and 2 to 3 secondary am no groups,
such as piperazine, pyrazine ygnd 1,4,7-triazacyclononane ; 4 to 7
menbered cyclic am des, such ap Terr] - propi ol actam 2-pyrrolidone,
[err]-val erol actam and ReN+}—PR=2pNHl actam ; and pol yners havi (@)t er m nal
active hydrogen atons sel ectedl from poly(alkylene oxi de)s, such as

pol y(et hyl ene oxi de)s, and polNRpropyl ene oxi de)s, pol yesters,

pol yam des, ponIactides pol ypepti des and pol ysi | oxanes, and copol yner

t her eof . éolﬂgiﬁ)%g%&{y ?mrp%% %&5.@3%},5; gpymo 18%8% a2 2)pa{rsed

repr esent ed b |nve ion can

for exanple, rela}étéd“ihE}ﬁ|b@¥\(di@ﬁ&s’ﬂ1@@%@5@%‘5&&%%01[0%5{6:-1@3% qqRi M3 PedyC1pf
phosphorus pentachloride is reacted with
to give bis(disubstituted amlno)[trls(dlsubstltuted amino)
phosphoranylideneamino ]Jphosphine oxide. The resulting phosphine oxide
is chlorinated with phosphorus oxychloride and successively reacted with
ammonia and thereafter treated with a base to prepare 2,2,4,4,4-
pentakis(disubstituted amino)-2 2 %,4 ) S-phosphazene represented by the

chemical formula (3) :

?R: vR:
RN-*—N—?—WH (3)
NR: NR:

N

@ The phosphazene compound represented by the chemical formula (3) is
used in place of the phosphazene compound used in Q@ which is
represented by the chemical formula (2) and reacted by the same
procedures as (2 to obtain oligophosphazene having =3 in the compounds

represented by the chemical formula (4) :



-:12 - equi val ents ‘of disubstituted am ne R2NH and further reacted with 1
equi val ent of ammoni a, and successively the product is treated wth a base
to obtain 2,2,2-tris(disubstituted am no)-2[err]-phosphazene represented
by the chenlcal formula (2) NR[ err]

Rlerr]N- P = NH (2) |

NR[err] [err] The phosphazene. conpound represented by the chem cal formula
(2) is reacted with bis(disubstituted api+o)phosphorochloridate
{(Rlerr]N)[err]P(OC} to give bis(disubstituted am no)[tris(disubstituted
am no) phosphoranyl i deneam no] phosphi ne oxi de. The resul ti ng phosphi ne
oxide 1is chlorinated with phosphorus oxychl oride and successively reacted
with anmmonia and thereafter/typatgd with a base to prepare 2,2,4,4,4-

pent aki s(di substituted am ng)-p err , 4[ err] - phosphazene represented by the
chemical formula (3) RN p==N—}H NR err] NR err] (4) | |
R[ err] N- P=N- P=NH l (3) | |
NR[err] NRerr] [err] The Hﬁbph zg¢ne conpound represented by the
chemcal formula (3) is wused in place of the phosphazene conmpound used in .

[err] which 'nﬁneréﬁxp&er‘seﬂt% B n8 éihﬁiﬂlc%h ”B“xﬂdf%e@’bqsﬁﬁﬁ%ﬁ?e@y the

sane: procedures as [err] to obtal ol'1gop osp azene ving g=3 in
conpounds remigscqtedndycdtee £rompsimb §ORAdIchenidal formula (2), q=2

s indicates a compound of the chemical formula (3), and ¢=3 indicates
oligophosphazene obtained in (.
@ Phosphazenium chloride which corresponds to n=1 and Z"-= Cl- in the
chemical formula (1) can be obtained by successively reacting
phosphorus pentachloride with 4 equivalents'of the compounds which
differ in q and/or R in the chemical formula (4) or by simultaneously
reacting phosphorus pentachloride with 4 equivalents of the compounds

.-having the same q and R in the chemical formula (4).

® In order to replace the chloro anion of phosphazenium chloride by
the anion of the desired active hydrogen compound, phosphazenium
chloride is treated with an alkali or alkaliﬁe earth metal salt of
corresponding-active hydrogen compound. Alternatively, when the active
hydrogen compound is water, that is, n=1 and Z*~ = OH- , hydroxyl
group type ion exchange resin can be applied. The phosphazenium salt of
common active hydrogen compound represented by the chemical formula (1)
can generally be thus obtained.

Further, the phosphazenium salt of other species of active hydrogen
compound can also be obtained in some cases, for example, by reacting
other species of active hydrogen compound with phosphazenium salts, such
as phosphazenium hydroxide or phosphazenium methoxide.

In the'invention, a4- to }O-membered ring-opening polymerizable
cyclic monomer is polymerized in the presence of the phosphazenium salt

of active hydrogen compound represented by the above chemical formula



[err] » - (4) wherein g is 0 and an integer of 1 to 3, g=0

I ndi cates di substituted amne, g=1 indicates a conpound of the chem cal -
formula (2), g=2 indicates a conpound of the chemcal formula (3), and g=3
i ndi cates ol i gophosphazene obtained in [err]. [err] Phosphazeni um
chloride which corresponds to n=1 and Z[err]= Cl[err] in the chem ca
formula (1) can be obtai ned by successinely reacting phosphorus
pentachloride with 4 equivalents of the conpounds which differ in g and/or
R in the chem cal fornula (4) or by sinultaneously reacting phosphorus

P b chen cdi’ §0if Fipleuiel Betnd BRafRERSTIISsan ey, Sd MERPAT 3 701 o
phosphazeni UrjyaRbddn' 8npakind a8 AN hOH; vaf h§d}%§&?%ﬁﬁ‘d&n30t rn{@ MR O Nthe

conpound, phosphazenium chloride is treated with an al kali or alkaline
earth netal gmbbpiefzenar sebpontictivadiydvszehycompgand €onmueenih thét ernatively,
when the active hydrogen conpound is water, that is, n=1 and Zerr] = O+

, hydroxyl dgrodupertigatianopragessdisgesuaddy nincshe ranggppfilek Me° ptoSpkazeni um
salt of commpn active hydrogen conmpound represented by the chem ca

formula (1) clgn Joter :B"F§/e‘5‘gl¥ Hu ot ai ted. x 107 lI:lfl‘f"f‘hé’l""' Tate phseptazeni um
salt of OtheQ3%9ﬁ§h%§.ﬁL active hydrogen conpound can al so be obtained in
sonme cases exanp? by reacting other species of active hydrogen

conpound wi th phﬂﬁﬂhé@%:hé‘ﬁ“t%@' fifg-Spéaling q)%mhmeémﬁnﬂsueameaoaﬂtd@nqrhe
phosphazenlun1nethOX|de In the invention, a 4- to 10-nenbered

ri ng-openi ng prekgmeer of aikeephosphdzeniwmwsaberofi Shepabymmymdgem cbigsoundemrince
of the phosphazeniumsalt of active hydrogen conpound represented by the
above cheni ca8h agtiyg| hydrogen compound, the amount of coexisting active hydrogen
compound is usually‘in the range of greater than 0 to 1x 10° moles or
less, preferably 1 x 10! to 1 X 10% moles per mole of the
phosphazenium salt of active hydrogen compound.
No particular restriction is imposed upon the form of ring—opening
polymerization reaction in the process of the invention so long as the
4- to 10-membered ring-opening polymerizable cyclic monomer can be
effectively brought into contact with the phosphazenium salt of the
active hydrogen compound, and also with an active hydrogen compound,
when used, and further with an alkylene oxide compound, when used in
combination. A batch process which charges these materials at one time
with a solvent, when used, or a process for continuously or
intermittently feeding the raw materials can be carried out. The
temperature of ring-opening polymerization reaction differs depending
upon the species of the monomer, species and amount of the
phosphazenium salt of active hydrogen compound and species and amount of
an active hydrogen compound, when coexisted. The temperature is
usually in the range of 0 to 300°C, preferably 20 to 250 °C.
The pressure of ring-opening polymerization reaction is usually 3.0
MPa (absolute pressure,.this will apply equally hereinafter) or less,

preferably 0.01 to 1.5 MPa, more preferably 0.1 to 1.0 MPa'.



--14 -~ (1) or in the presence of the phosphazenium salt of said active
hydr ogen conpound and an active hydrogen conpound. The anount of the '
. phosphazeni um salt of active hydrogen conpound for use in the

pol ymeri zation process is-usually in the range of 1 x 10[err] to 3 x
10[err] nole, preferably 1 x 10[err] to 1 x 10[err] nole per nole of said
cyclic nononer. Furt her, when the yJing-opening polynerization is
carried out in the presence of the ph Razenium salt of the active

hydr ogen conmpound and an active hydrogen conpound, the anmount of

coexi sting activ . i ' e r f r
than 0 to 1 x 10?%‘?%?5% gstlglgrmlogg% °§?‘§‘?‘§?§A&?§9&9‘Z§P‘P&[ g?ﬁ%rgode%lég&&lg[err]
mol es per ol @oflf tHe8pedie yth@sMer N spBbiesOhnFahddtd &Y The YHdsHIRIHRA W -

No particular restriction is inposed upon the formof ring-opening

pol yneri zat i csalteatttheracitivd hgdyagen ampodnd Amd ianvemtiveo hydrogeancompsuddie  4-
to 10-nenbered ring-opening pol yneri zable cyclic nononer can be

ef fectively pithengexisted.oapdfeactioni terpepdtuspospghereactionstine % usMallyactive

hyd d al i t ti d, wh d,
and orther wOhonr2o0y Jeie Phsfbaabrfiob FuS IREFE-sca 1 n- conbi nat i on. A
bat ch whi : ! ' ' ' ,
when ubed, or & SibEANE opaTink EGaBT AR A Intne Bbcki e, 1Y falbiiV b,

nmaterial s camebeakdiedi @t M ithe THA ted STAGE VUL AdnonkP SmAPENuRGable solvent
pol ymeri zation reaction differs depending upon the species of the nononer,

speci es and aanuatsoobe tused, phes pleagssarym salt of active hydrogen conpound

and species and anount of an active hydrogen conpound, when coexisted. The
temperature is UBtRPIYMErnthuseohtained gpn e apEldef asy jrtach farepses ¢s 2 raw

20 o1 1C,  mpsar TSI Roblughe et RGP, WRLIS LERRED E3BHREY L)
or less, prefgesbltheOrdiliitihglpalyNER caiPh€ tRERE AthYadlaltd Qubs G tYER the
residual phosphazenium cation at the polymer terminal for proton and
the resulting phosphazenium salt can be removed by adsorption or by
washing with a common solvent.
The invention will be hereinafter illustrated further in detail.
However, it is to be understood that the invention is not limited to the
specific embodiments and the illustration is included merely to aid in
understanding the invention. .
Example 1
To a 100 ml reaction vessel, 17.1 g (150 m.mol) of ¢ -caprolactone
and 301 mg (0.390 m.mol) of the phosphazenium salt of active hydrogen
compound, tetrakis[tris{dimethylamino)phosphoranylideneamino]lphosphonium
methoxide {[(Me:N);P=N}.P*,Me0~ } were charged. The mixture was
heated in a nitrogen atmosphere with stirring at 180 °C to carry out
polymerization for 10 hours. The liquid obtained had a high viscosity
and solidified when cooled to the room temperature. According to gas
chromatographic analysis, ¢ -caprolactone was completely consumed.
Polymer thus obtained was 17.4 g. The polymer had a number average

molecular weight of 9700 by gel.permeation chromatography using



- 15 -~ - The reaction tinme of ring-opening polynerization differs.
dependi ng upon the species of nononer,.species and anount of the .
phosphazenium salt of the active hydrogen conpound and an active hydrogen
conpound, when existed, and reaction tenperature. The reaction tine is

usually 100 hours or less, preferably 0.1 to 50 hours. The

ri ng-openi ng pol ynmerization in the proc _of the invention can be carried
out in the nolten state of the nonomer and a suitable solvent can also be
used, when necessary. The pol yner thus obtained can be applied as

intact for usgs;\aatiy1eAY oxiHE)Cht A rapdRh¥e Py renoving the solvent, when it
is used. In othér cases, the resulting polynmer can be treated with acid to

substitute the residual phosphazwmpaFatsaé iErEmgle 1 he pol ymer termnal for
proton and the resulting phosphazenium salt can be renoved by adsorption
or by washing wiThe same qamecedures \asnExample 1 Whaee icareiedi out ekédptbthat
hereinafter illustrated further in detail. However, it is to be understood

that the inveRRir8K1fldrithdimethyl drinodphasphorapytideneaninp trtiosphand ua me thor de
exarpi e 1 (SEEUEBERPT B Oalt dbysed 7 oSeRlnecth thospor
Lerr] -caprol agieRgtogtaphi@0dnd¥si L PledPriRlokofd whi%aIRBOSRAGHRR MM 1 Of

active hydrogen conpound,

t et raki s[t ri sfetionetdiy hndripoDynRip@s4110h areakt IRANRATNOO ] fRGAGELHhoNI um et hoxi de
{[(Me[err]N)[err]P=N][err] P+ Me(err]} were charged. The m xture was
heated in a nitrogen atnosphere withExamptes 8g-4t 180 [err]C to carry out

pol ymeri zation fgr 10 hours. The liquid obtained had a high viscosity and
Sol 1 dified when Hopgness 129 phosphazeniwp,sal ts of cactive hydraggn: epmgaunds were

used as shown in Table 1. The molar amount of these raw materials were
the same as used in Example 1. The reaction was carried out for the
time shown in Table 1. Other procedures were the same as carried out in
Example 1. Results are illustrated in Table 1.
Example 5
In a reaction vessel connected with a vacuum line, 100 ml of a
solution of 44.5 g (150 m.mol) of octamethylcyclotetrasiloxane in
toluene was prepared and cooled to 10°C. To the solution, 301 mg
(0.390 m.mol) of tetrakis[tris(dimethylamind)phosphofahylideneamino]pho
sphonium methoxide {[(MezN)aP=N]4P+,MeO' } was added and stirred for
several minutes. After adding a small amount of chlorotrimethylsilane,
the reaction mixture was concentrated to some extent and poured into 300
ml of methanol. The reshlting precipitate was filtered and dried under
reduced pressure. The polymer thus obtained was 25.3 g, and had a
number average molecular weight of 98300.
Example 6
To a 100 ml reaction vessel, 15.3 g (150 m.mol) of 1,3-dioxane-2-one
and 300 mg (0.389 m.mol) of tetrakis[tris(dimethylamino)
phosphoranylideneamino Jphosphonium methoxide ([ (Me:N)s;P=N],P+*,Me0- }

were charged and heated to 160 °C with stirring in a nitrogen



chr omat ographi c analysis, [err]  -caprolactone was conpletely consunmed:
Pol ynmer thus obtained was 17.4 g. The pol yner had a nupnber average-

nol ecul ar wei ght of 9700 by gel perneation chromatography using

- 16 - pol y(et hyl ene oxide) - as a reference.

Conparati ve Exanple 1 The sane procedures as Exanple 1 were carried
out except. that 7
tetrakis[tris(dinethylanino)phosphorah?ﬂTdéneanino]phosphoniun1nethoxide
([(Me[err]N[err]P=N][err] P+, Med err]} was not used. According to the gas

Chr ot ogr anh CueBRIeLe! Sha hEvRk: RN A5 ME=SSRURE) AoRRRCHS? Y

recovered an rtz on wasS no

Exanpl es 2[ er gdstrved in MNaOBRIrSe 361D tﬁ@%ﬂ@ﬁ%ﬁn' P pert Shdl oREdin¥® wWaxdingen
conmpounds were used as shown in Table 1. The nolar anpunt of these raw

mat eri al s werg andhieads amaumber wverhgenmédernpdre waighthef 1362@.t i on was carried out
for the tine shown in Table 1. Other procedures were the sane as carried
out in Exanple 1. Results are iIIustﬁ%ﬂﬂdeiﬁ Tabl e 1.

Ex le 5 t I I 100 m of
2 Sl uti on of 4303 g6 MoreatEe) versdor bk mybiaher oLl AcFlapiaga- n " °

t ol

(6, 350 m ot §CABK e Ry APRUCEnd 313 NeL01d01, ol e B bk fll e £k ety
sphoni um et hgiindgpHdsphbiaay 1 idehédiind Mﬁﬂnﬁhﬂl%b?ﬂopM%Qeer (ﬂ(}f‘le\[\ﬁiﬁa padgad and
stirred for several mnutes. After adding a small anount of

chl or ot ri met hyJ (€Hb p0HD -} twieee rohacgeado andrihed tede tova$0 0 wi tintstareiohgt in |o0ne

extent and poured into 300 m of nethanol. The resulting precipitate was
filtered and @kirégenadeespheerianePolyeerdaee. £oThkD peursrerPalxper (Sb'é%ﬂhé%i”\ﬁés

25.3 g, and haﬁi ?o 1 g and had a number average molecular weight of 3720

Example 8

Ethylene glycol was heat-dehydrated with tetrakis[tris(dimethylamino
)phosphoranylideneamino]phosphonium hydroxide {[(Me:N)sP=N]4P*,0H"}
in a molar ratio of 1 : 0.008 and used as an initiator. Propylene oxide
was polymerized and polymer having a number average molecular weight of
783 and a hydroxyl value of 143 (mg KOH/g polymer) was prepared. From
the resultant poly(propylene oxide) on which éatalyst removal or any
other post—trea;ment was not made, 7.83 g (10.0 m.mol) of intact
polymer was taken out for further polymerization. In this portion of
the poymer, there should be 0.08 m.mol of terminal ~O0-

(phosphazenium)* groups among entire terminal ~0H groups.

To 7.83 g of the polymer, 14.4 g (100 m.mol) of lactide was added
and polymerized at 180°C for 10 hours. Viscosity was gradually
increased and a highly viscous product being scarcely flowable at room
temperature was obtained. Lactide was completely consumed and the
product had a number average molecular weight of 2185.

The polymer thus obtained is a blockcopolymer of poly(lactide) -
poly(propyleneoxide) - poly(lactide) type.

Example 9



nunber average nol ecul ar wei ght - of 98300. -

Exanpl e 6 To a 100 mM reaction vessel, 15.3 g (150 mnol) of ,
1, 3-di oxane-2-one and 300 ng (0.389 nlnDI) of tetrakls[trls(dlnethylan1no)
phosphor anyl i deneam no] phosphoni um net hoxi de
([(Me[err]N)[err]P=N][err]P[err],Me(err] were charged and heated to 160
[err]Cwith stirring in a nitrogen - 18 -

- 17 - at nosphere, and polynerized for 10 hours. Slightly f oam ng was
observed in the course of the reaction. Polymer thus obtained was 13.1 ¢

and had a nunber e | a 5
s 3 MUTTIPNCEARRAGR BEU P EHRRR Ry 348mup, Loy s, gplution
clanne N canatied b b @BBYhEe. 0% ID211TH. hd)) 39K tBLFERIL[Q%is (dimothylanin
tetrakis[tris(dinmethy am no) phosphor anyl i deneam no] phosphoni um

| sopr opoxi de o)ph¢sdhbeanylMi¢rean] foibhdsphod am cHidide r J{J (Mes K] C=f ' T} -jver e
charged and heated to 160[err]C with stirring in a nitrogen atnosphere and
pol yrmeri zed fidy 189 ghefirtetrahydpofuran ihsreinasteraefepred 189 sinplynas AHE) dvas

Bl e 5 haBpe) h aa?@&%?**%%i%ass%g&ms&%ﬂ yithya vacuum Line, a

tetrakis[tri ||g 0 n Y, xi de
([(NeLerr] Ny Lo PRt 0P % (OPIPRPRADTON!L CEATBTACANPC SE B bt TP YlT
and used as adhargéd.i af®rthe Flrattlay:l g0cutidhdelo ma%fpplwnembaeyh aithieal ymer
havi ng a nunber average nol ecul ar weight of 783 and a hydroxyl val ue of
143 (ng KOH gsadotioneid nmasxqmeem edded:by)msmmea spsinge amdepdicgtyatepyl ene
oxi de) on which catal renoval or ¥ ot her post-treatnent was not nade,
7.83 g (10.0 $POAdNG ap ﬁtﬁf'"a%’c f°'fa(§Py'Wé’t" Os Thereaftam ther whele; grqunt of the
polynerlzathﬂ

of term nal [er Pi‘?ﬂ tfg f] Qoéattﬁﬁggﬁﬂe u?fﬁ%ér'?']thg%gﬁ'ﬁng}n@ﬁgﬁgnﬁogsofepmﬁggl

-OH groups.  phosphazenium chloride solution. The mixture was stirred at room
temperature for an hour and successively concentrated under reduced
pressure to about 30 ml. To the resulting concentrate, ébout 30 ml of
n-heptane was added and stirred. Lithium chloride was separated in the
form of white precipitate. The precipitate was removed by passing
through a glass filter. The filtrate was concentrated to 50 ml under
reduced pressure.

The solution of the phosphazenium salt of ¢ -caplolactam was thus
prepared.

On the other hand, 11.3 g (100 m.mol) of ¢ -caprolactam was charged
to a reactor under nitrogen atmosphere and 5.0 ml (0.91 m.mol) of the
above obtained phosphazenium salt solution of ¢ -caprolactam was
added. The solvent was distilled off by gradually raising the
-temperature and finally polymerization was carried out at 180 °C for 5
hours. The polymer obtained was solid at room temperature and had a
number average molecular weight of 9526.

Example 10
A mixture of 0.912 g (5.00 m.mol) of d1potass:um salt of diethylene

glycol and 50 g of dlethylene glycol dimethyl ether was prepared. To



To 7.83 g of the polyner, 14.4 g (100 mnol) of |actide was added and

pol yneri zed at 180[err]C for 10 hours. Viscosity was gradually increased
and a highly viscous product being scarcely flowable at room tenperature
was obtai ned. Lactide was conpletely consuned and the product: had a nunber

aver age nol ecul ar wei ght of 2185. The polyner thus obtained is a

bl ockcopol yner of poly(lacti.de). poly(ﬁbopyleneoxide)[err] pol y(l acti de)
type. : Exanpl é 9

- 18 - To a reaction vessel connected with a vacuumline, a solution

ovtained by dinsiuig, 7.9p & Fgﬁ]&'zlﬂv-.nﬁﬂlm’%% YT A Pd et idh RGNy 2m

0) phosphor anyl'i'deneanm hol'p ontum-c

{[(Me[err]N) [ﬁ{d’sbﬁ’ﬁ%&ﬁ{Je}:_Ez{nﬁhB]ph@sﬁrla{g\;ihﬂ\;\ézsﬂlﬂrﬁo{ amelnLPEN ARy dEpf ur an

(hereinafter referred to sinply as charged. To another reaction
vessel conneciasdaddedhard \haatedmtd 806 withsstiwbimnrod 3lhdizsg (Thetéaftenpltheof
[err]-caprolactamin 30 ml of THF was charged. To the latter solution, 10
m of 1.0 N rmixiure wapigangeatradediitp odrynass undammeduged pregseresy Tosithg a
syringe under _ice-water . ¢ooO] i nd ,rred for 30 mnutes. Thereafter,
the whol e anmotHd offh“tsh%btal‘i‘?‘*li g&n"@a?f S‘%F Wp?@ﬂoe&cﬁwwé'egoﬁego\ﬁ dRr £
syringe (o U300V qnspRTENAREN YIL SIOLLICRE'HE | AR teallCudl XM 10
stirred at room "tenpéerature TOF an hour and succéssiVvely concentratéd

under reducedto RFPFEY’ Ende? PAAABEd PPesBure O ThilE, WEPHYsphd¥ens@nGaNt rdt €, about
30 M of n-heptane was added and stirred. Lithiumchloride was separated

in the formdifethipiene ghryeol piat admpouridchapimre np? tiat thevebemieab\fodmioha gaksi ng
through a glass filter. The filtrate was concentrated to 50 m under

reduced pressthed. is, bis Tiieteakist (ris(dimethelanipe)phasrbaranyl ideneaginglghpspho
-capl ol actan13$ﬁ%}t§yiﬁ of dithfiene glycole was obtained as solid. The yield was
7.70 g. |
After adding 0.317 g (0.200 m.mol) of the diphosphazenium salt to
17.1 g (150 m.mol) of ¢ -caprolactone, poiymerization was carriéd out at
180°C for 5 hours in a nitrogen atmosphere. Polymer obtained was solid
at room temperature and had a number average molecular weight of 10500.
Example 11 |
To a 100 ml reaction vessel, 22.8 g (200 m.mol) of ¢ -caprolactone,
295 mg (0.390 m.mol) of a phosphazenium salt of an active hydrogen
compound, that is, tetrakis[tris(dimethylamino)phosphoranylideneamino]
phosphonium hydroxide {[(Me:N)sP=N],P+,0H"} and 70.2 mg (3.90 m.mol)
of water as an active hydrogen compound were charged and polymerized
for 5 hours by heating at 180 °C with stirring in a nitrogen atmosphere.
The reaction mixture obtained was liquid having high viscosity, and
solidified at room temperature. According to the gas chromatographic
analysis, ¢ -caprolactone was completely consumed. Polymer obtained was
23.1 g, and had a number average molecular weight of 5200 by gel .
permeation chromatography using poly(ethylene oxide) as the reference.
Examples 12 ~ 19

The same procédures as‘described in Example 11 were carried out



pr epared. - On the other hand, 11:3-g (100 mnol) of-e -caprol actam was
charged to a reactor under nitrogen atnosphere and 5.0 m (0.91 m nol) of
the above obtai ned phosphazenium salt solution of [err] -caprol actam was
added. The solvent was distilled off by gradually raising the tenperature
and finally polynerization was carried out at 180 [err]C for 5 hours. The
pol yner obtai ned was solid at room tenpggature and had a nunber average
nol ecul ar wei ght of 9526. Exanpl e 10 A
m xture of 0.912 g (5.00 mnol) of dipotassiumsalt of diethylene glycol

and 50 g of dixepy!thae ﬁg%ﬂglzfﬁiodm?ﬁqwﬁn |6§ Qggi\)’@ﬁy&'roﬁaﬁrc%ﬂpou-ﬁ@s and

- 19 - the m xture, tetrakis[tris(dinmethylam no)
phosphor anyl i cberéstiing odqthos hydrigem eddpoahdi®ere used as shown in Table 2 and.
{[(Nb[err]hD[err]P=N][errLP[err],O err]} was added and heated to 80[err]C
wi th stirringtheopmaingoefr $hespneonpeunds weredrespactively Hhes saspdohdn apant: o

dryness under_ reduced pressure. To the solid thus obtagj ped, 30 mMl of THF
was added anoassf‘F?‘féB mBEﬁ éir]gef Syarg,d}, 'ég.tr?trFélof'tuaJlaBﬁ?‘r&rter was
filtered and the filtrate was evapora&sgmago(ﬂryness under reduced
pressure. Thus, di phosphazeniumsalt o J’e% yl ene glycol, a conpound

having n=2 in theo Gheod Gl ple@biid dedddion ¥einél,i Sfllb'FS(SO.l m.mol) of
{tetrakis[tris(dinethylam no)phosphoranylideneam no|l phospho niun} salt of

di t hyl ene gl yetdlyteneaglyduil aamie d5hmgs (0.i200 miimel )yio@| thtwalsis[Ir /] dgmethylamiAbt er
addi ng 0. 317 0.200 mnol) of the di phosphazeniumsalt to 1

TnDl of [ ar PPhOBR AR ORAER FRAPRASINRAYE BROGELTE i esd) N 14k OB &1 | C
S oS |t 80 oo PRO A o BRALTE TG BT Bl O
After cooling, 115 g (1.01 mol) of ¢ -caprolactone was added and
polymerized for 20 hours by heating to 180°C in a nitrogen
atmosphere. (the first step).. After cooling, a very small amount of the
reaction mixture was discharged and applied to gas chromatography.
According to the analysis, ¢ -caprolactone was completely consumed.
Poly( £ -caprolactone) thus obtained had a number average molecular
weight of 2320'by gel permeation chromatography using poly(ethylene
glycol) as a reference.

To the reaction mixture in the pressure reaction vessel, 72.1 g (500
m.mol) of lactide was further added and heated again to 180 °C.
Polymerization was carried out at the temperature for 12 hours. (the
second step). After cooling, the pressure reaction vessel was released
and 187 g of the polymer was obtained. The polymer had a number
average molecular weight of 3520 by gel perméation chromatography.

The polymer thus obtained is a block copolymer of poly(lactide) -
poly( ¢ -caprolactone) - poly(lactide) type.

EXample 21

Poly( ¢ -caprolactone) was prepared by carrying out the same

procedures as the first step in Example 20. In the second step of

Example 20, lactide was replaced by 58.1 g(1.00 m.mol) of propylene



Exanmplte 11 To a-100 m reaction- vessel, 22.8 g (200 m nol) -of
[err]-caprolactone, 295 ng (0.390 mnol) of a phosphazenium salt of an
active hydrogen conpound, that is,

tetrakis[tris(dimethyl am no)phosphoranyli deneam no] phosphoni um hydroxi de
{[(Me[err]N)[err]P=N][err]P[err],OHerr]} and 70.2 ng (3.90 mnol) of
water as an active hydrogen conpound were charged and pol ynerized for 5
hours by heating at 180 [err]C with Stléilng in a nitrogen atnosphere.

The reaction m xture obtained was |iqui @& having high viscosity, and
solidified at roomtenperature. According to the gas chromat ographic

~anal ysi s, [erodidecafhelreatbiva mxtucealsegraldyalignbeated. ta°80 y'geandbt ai ned was
23.1 g, and had a nunber average nol ecul ar wei ght of 5200 by gel

per neati on chiadyaeiged @iy thesitewperetyreday (18nkouss; dé‘}\ea@xm@' r"@#@r‘éhce

Exanpl es 12 Jerr The sanme procedures as descri n Exa
Wergpcar“ ed[qy@tsLure was 0.4 MPa NitrOgen was ventilated to re easezéhe res

that phosphazsalsuiesal fiededdtlial (B 4 BESe TR I8 Ya e X1l N0

active hydrogen conpoun own in t he anmount of

t hese conpoungly yWer as' £ bR66k Icus&nymbha:fsaaﬁy(ap&p@uemme) apolysed i n Exanpl e
11. Results are |IIustrated in Table 2.

Exanpl e 20 caprdbtactoB€)0. mblyﬁpemyﬂeee me;adﬁ)l bypesesd dlad &8 .nudber &&dragem nol )

of ethylene glycol and 151 200 mnol) of tetrakis[tris(dinmethylam no
) phosphor any| Rdeaekar weighh s ”E@ﬂ bdh $8ldPepmeakion chromatography.
{[(Me[err]N)[err] P= N][err]P[err] O_'[e;rj'{giﬁl e charged and dehydrated by
heating at 120[err]Cin a nitrogen stré& ter cooling, 115 g (1.01 nol)

of [err]-caprol a?ﬂ&%ﬁm&"%’%o@éﬂ?@ aa@dd the %H?'ihzﬁmg fﬁ'rstzgte?%’{ %xﬁ’:?b 1gegjing to

180[err]C in a nitrogen atrmsp ere. rst step) er cool'ing, a very
smal | anmount @iret &frried out except that ¢ -caprolactone was replaced by 58.1 g

(1.00 mol)_ of propylene oxide and polymerization was carried out at 80
°C for 10 hours. Maximum reaction pressure was 0.4 MPa. After cooling,
114.1 g (1.00 mol) of ¢ -caprolactone was additionally charged to the
pressure reaction vessel and polymerization was carried out at 180°C for
20 hours. Polymer thus obtained was 170 g. The polymer is a block
copolymer of poly( g -caprolactone) - poly(propylene oxide) . poly( ¢ -
caprolactone) type and had a number average molecular weight of 3480 by
gel permeation chromatography.

Any polymer obtained in these examples had no specific oder.



reaction m xture was di scharged and -applied to gas chromat ography.
According to the analysis, [err] -caprolactone -was conpletely consuned.
Pol y([err] -caprolactone) thus obtained had a nunber average nol ecul ar
wei ght of 2320 by gel perneation chronmatography using poly(ethylene
gl ycol) as a reference. To the reaction mxture in the pressure
reaction vessel, 72.1 g (500 mnol) of 22aetide was further added and
heated again to 180 C. Polynerization was carried out at the tenperature
for 12 hours.(the second step). After cooling, the pressure reaction
vessel was rel eased |and 1%5 g| of th¢ polyner was| obtai ped. The pol yner had
a nunber average nollec arsowe| ght off 3520 |by gel| perneation
chr omat ogr aphy. Thes pa@ yner thug obtaijned is| a bl ogk copol yner of
poly(lactide). poly([ed] caproBactong) . [poky(ljpctgde) type.
Exanpl e 21 Poly(j [€tr]S-capr@l a¢t oe) |wag prepged| by carrying out the
same procedures as thegirdgt step im Exangle 20.] In the second step of
Exanpl e 20, lactide was'gep? aced by %8.1 g(j1. 00 m nol) pf propyl ene :
- 21 - oxide. The rdact or€nmi kture s grgdual |l y| heatefd to 80 [err] C and
pol yneri zed at the tenperaturejfor 1Q hourg.—Tte—jreximom reaction pressure
was 0.4 MPa. Nitrogen was vgnt{lated|to rellease the res|dual pressure.
After cooling, 173 g |of f hé”po|yngr Swobtjai ged.| The polymer is a bl ock
copol yner of pol y(prdpyl®nes ox| da)[efr]gpolly(Lerr|] - cpprolactone)[err]
pol y(propyl ene oxi de) tgze Sind| had a|nufber| afrage ™ no| ecul ar wei ght of
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3410 by gel perneatid r @rat pgr aphy.
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were carried out except that [err] -caprol actone was replaced by 58.1 g
(1.00 nol) of propyl ene oxide and. pol yneri zation was carried out at 80
[err]C for 10 hours. Maximumreaction pressure was 0.4 MPa. After cooling,
114.1 g (1.00 nmol) of [err] -caprolactone was additionally charged to the
pressure reaction vessel and polynerization was carried out at 180[err]C
for 20 hours. Polyner thus obtained was 170 g. The polyner is a- bl ock
copol ymer of poly( [err] -caprolactoney ?2rr] pol y(propyl ene oxide) [err]

poly( [err] - caprolactone) type and had a nunber average nol ecul ar wei ght
of 3480 by gel perneation chromatography. Any pol yner obtained in
t hese exanpl es had ho speg¢ific oder. - 22 - Tlerr]
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openi ng pol ynerization of a 4- to 10-nmenbered ring- | | zabl e
cyclic nononer in the presence of a phosphazeni.umwjmﬁiﬁmI"mlmm-‘“}g .
hydr ogen conpound represented by the chem cal formll cl)"C T ml *

wherein n is an integer of 1 to 8 and indicates the nunber of
phosphazeni um cations, Z[err] is an anion of a n-valent active hydrogen
conpound derived by releasing n protons_froman active. hydrogen conpound
havi ng a maxi nrum of 8 active hydrogen'h@én%; a, b, c and d are

individually a positive integer of 3 or less or O and are not all 0 at the
same tine, F?a are the sane or different hydrocarbons having 1 to 10

carbon atons, hatqit fdaped i¥tat ed on each cormmon nitrogen atom may be

l ed t t t ' t t : [ t he. .of t.h
Shoaphazent um Sal ¢ b Prersas T Beodbl ot oot shbr oRRbIR A GARGHAL 06 *IRgCH ogen
conpound. 2. openfnd® Pt PRt i 24€RRT0NE 40 t6! fd-{fﬁb&ber\@ﬁerriﬁfgfbpten?n d- to

10- menbered ring-opening polynerizable cyclic nononel 1I's sel ected fromthe
group consi spalygenifzab be toyakbic, mbrmmer dds the \Weksenceash angliod hazeni diisadt & d
N- - 25 -

an active hydrogen compound represented by the chemical formula (1) :

NR.
RzN—E—NRz
' N
R:N d NR.
N L/ o
RN |'=—-N/ P \ N-—ll’ NR . 70 -
RN a /i\ . NR.” © |
I
R:N—P—NR.
b
NR.

- — N

wherein n is an integer of i to 8 and indicates the number of
phosphazenium cations, Z°~ is an anion of a n-valent active hydrogen
compound derived by releasing n protons from an active hydrogen
compound having a maximum of 8 active hydrogen atoms, a, b, ¢ and d are
individually a positive integer of 3 or less or 0 and are not all 0 at
the same time, R's are the same or different hydrocarbons having 1 to 10
carbon atoms, and two R's located on each common nitrogen atom may be
coupled together to form a ring structure ; or in the presence of the
phosphazenium salt of the active hydrogen compound and the active
hydrogen compound.

2. A process according to ciaim 1, wherein the 4- to 10-membered
ring-opening polymerizable cyclic monomer is selected from the group

consisting of lactones, lactides, cyclic carbonates, o -amino acid N-



car boxyanhydrides and cyclic siloxanes. 3. - Ap I Nemt 0 claim
1, wherein the 4- to 10-nenbered ring-opening polﬁﬂmm“mﬁlmﬂmc nonofrer
is selected fromlactones and lactides. 4.. A prOCeSS.accorsdl g to one
of claimse 1 to 3, wherein n in the phosphazeniumsalt of the active

hydr ogen conpound represented by the chemcal formula (1) is an integer of
1to 3. 5. A process according to one of clains 1 to 4, wherein a, b, .c
and d in the phosphazenium salt of tne2atti ve hydr ogen conpound
represented by the chemcal forrmula (1) are individually an integer of 2

or |less or Ocanngy%lgﬁ%rﬁ'a%ea?\% ARA9E Mingxdesone of clai ms 1 to 4, wherein

a, b, cand d int osphazenium salt of the active hydrogen conpound

represented kg, the pebedtsCadeorainlita dlhimal,evhdreiRypecd+ t0 1-médiseredder of
a, b, ¢ and d, a values of a conbination selected from(1,1,1,1),
(0,1,1,1) or ring;-opebing polymerizabler cyeldc nonowerdiingseloctade frdm daefomes lando 6,
wherein Rs in the phosphazeniumsalt of the active hydrogen conmpound -
represent ed bbaqthée&chem cal formula (1) are the sanme or different

i phati hyd ' t t .8 .
Secording o oo of MpafisokSerti B, dnel B BlafR ROfh 3! WRrenrfn in ) O0P>S
of the activepfhsghLAaMuf SAPPWRILKY GctiVe f on%&{ cgﬁ'ﬂdcuilirt%’b?e%nitg@%yi €he

hydr ocar bon groups having 1 to 3 carbon a process according to

one of cl ai nseHenicaB fomdae{n R an 9ntdged ofon ®wA8h common nitrogen atomin

t he phosphazenium salt of the active hydrogen conmpound represented by the

chem cal form#.a (4)rragesscaeqording toganenef claimsod nta 4y iwhgrein acthur @ andadd

the resultant cyclic am no roug including the nitrogen atomis a cyclic
the imy sBit,

secondary am Hb SPRAZeR of “ther BT Ve NECESD PRRPOHnG Jepresentéd

by the chemical formula (1) are individually an integer of 2 or less or
0.

6. A process according to one of claims 1 to 4, wherein a, b, ¢ and d
in the phosphazenium salt of the active hydrogen compound represented
by the chemical formula (1) are, irrespective of the order of a, b, ¢
and d, a values of a combination selected from (1,1,1,1), (0,1,1,1) or
(0,0,1,1).

7. A process according to one of'claims 1 to 6, wherein R's in the
phosphazenium salt of the acfive hydrogen compound represented by the
chémical formula (1) are the same or different aliphatic hydrocarbon
groups having 1 to 10 carbon atoms.

8. A process according to one of claims 1 to 6, wherein R's in the
phosphazenium salt of the active hydrogen compound are the same or
different aliphatic hydrocarbon groups having 1 to 3’9arbon atoms.

9. A process according to one of claims 1 to 8, wherein R's located
on each common nitr@gen atom in the phosphazenium salt of the active
hydrogen compound represented by the chémical formula (1) are coupled
together to form a ring structure ; and the resultant cyeclic amino group
including the nitrogen atom is a'cyclic sebondary amino group having 4

to 6 carbon atoms in the ring.



-.26 - .10. A process according to one of clains i R S
| ocat ed on each common nitrogen atomin the phosHmmﬂm‘Wn I"“l t'he
active hydrogen conpound represented by the chem cal ¢orurulma g1)+~are
coupled together to forma ring structure ; and the resultant cyclic anino
group including the nitrogen atomis pyrrolidin-1-yl group, piperidin-21-yl
group or norpholin-4-yl group. 11. A process according to one of clains 1
to 10, wherein the active hydrogen comp@énd providing Z[err] in the
phosphazenium salt of the active hydrogen conmpound represented by the
chem cal fornmnul or the active hxdrogen ¢onpound existing in the
erpﬁé%p

(1) : C |
ri ng- openi ng pb&ynﬁr?‘?&??%ﬁcﬁ‘b"ﬂdﬁ%t@d ng AL ¢laips ds&nSe Wi fot9s859¢ni um
salt of the active hydrogen, conpound. t ctive hydr.o compaund i s
2n ot ve hy BBt RER T tr GRTLRI e, ARt Fom LS OF s R
carboxylic aci [ t h '
car bon at ons, hggﬁdﬁgd@iﬂg&ngl g%‘ﬁglgé}f]t?\g/m@kg%eq%&gaﬂﬁﬁrgggﬁg%ng&ﬂ tg g 4
hydr oxyl groupegethepnit férm AYyeingXytructieundmdhehd Rgsil thot @ychichanimt grdup
pol yam nes having 2 to 10 carbon atons and 2 to 3 secondary am no groups,
sat ur at ed cyclineludipg dhearitrogamatomhasipygral idén410-yd :grioup, @iperidieyiclylc
pol yam nes havi%4 to 10 car b(im atons and 2 to 3 secondary am no groups,
cyclic ani des®” PRJioxPholingd-y1 . gE0URr od ring, pol yner having terninal
active hydroge&‘f. at?rﬁgéé"ése%f&dhéﬁo%‘g%eVSP'c‘iXkn?é"ﬁ P 1) %«nepégl'ry?ﬁé ctive

oly I'”des and po "y et

pol yam des, p | act’i des, polype ysi'l oxanks and copo

thereof. 12. nydrdgeRC@npoitCHFGUiathe 29N Be phedphBzeniuf shit other&isdtine
copolynmer is prepared by using two or nore 4- to 10-nmenbered ring- opening
pol yneri zabl e hggmigies compourer sepreiénted/byprtbe echenbead of alimada t(d) cretid acltivers 1
to 11, wherein the copolyner-is prepared by using at least a 4- to

10- menber ed r ihydrogen roRpoiidpexisting Aiapthe eing-ppeingornd ymenidativnaeeidueted

,? )élede corrpounq.n th%%resénger %(fe Se laaﬁgs%g(ajéer}\%%! Osa Qeofm;:hec la% 1%% %y(}r%g%nl’ wher ei n

compound and the active hydrogen compound is an active hydrogen compound
" selected from the group consisting of water, carhoxylic aci&s having 1
to 6 carbon atoms, alcohols having 1 to 10 carbon atoms, polyhydric
alcohol having 2 to 10 carbon atoms and 2 to 4 hydroxyl groups, aromatic
hydroxy compounds having 6 to 8 carbon atoms, polyamines having 2 to 10
carbon atoms and 2 to 3 secondary amino groups, saturated cyclic
secondary amines hgving 4 to 10 carbon atoms, cyclic polyamines having 4
to 10 carbon atoms and 2 to 3 secondary amino groups, cyclic amides
having a 4- to 7-membered ring, polymer having terminal active hydrogen
atoms selected from poly(alkylene oxid)s, polyesters, polyamides,
polylactides, pdlypeptides and polysiloxanes and copolymmer thereof.

12. A process according to one of claims 1 to 11, wherein the
copolymer is prepared by using two or more 4- to 10-membered ring-
opening polymerizable cyclic monomers.

13. A process according to one of claims 1 to 11, wherein the
copolymer is prepared by using at least a 4- to 10-membered ring-
opening polymerizable cyclic moﬁomeb and an alﬁylene oxide compound.

14. A process according to one of claims 1 to 11, wherein the’



-27- .copolyner is prepared by using at |east a 4- I ng-
openi ng pol yneri zable cyclic nononmer and propyl eneummmm\lﬁﬂmﬁme
oxide. 15. A process according to one of clains 1l«t0c eseln the

bl ock copolymer is prepared by successively using at |least a 4- to 10-
menbered ri ng-openi ng pol yneri zabl e cyclic nononer and an al kyl ene oxi de
conpound. 16. A process according to one of clains 1 to 15, wherein the
anount of phosphazeniumsalt of the acti ve hydr ogen conpound is 1 X
10[err] to 1 x 10[err] nole per nole of the 4- to 10-nenbered ring-opening

pol yrrer | zabl upytinct [DBeeRired thusind BE ABESE 24C Ul eiifhrBRerifg-Cl 2 M 1

to 16, wherein the anpunt ~ of acti ve hydrogen conpound is f X 10[err]
to 1 x 10[ er rgpeniigepoparer izdbde ayclid@mopduePieE pRopyTesdlokidy of hethgténes e

hydr ogen conpound when the ring- opening polynerization is conducted in
t he presence afide-he phosphazenium salt of the active hydrogen conpound and
the active hyc{rsfjger‘]! 5190 eglsma%bording to one of claims 1 to 11, wherein the block
copolymer is prepared by successively using at least a 4- to 10-
"~ membered ring-opening polymerizable cyclic monomer and an alkylene
oxide compound.
16. A process according to one of claims 1 to 15, wherein the amount
of phosphazenium salt of the active hydrogen cdmpound is 1 x 10°7 to
1 x 10-! mole per ﬁole of the 4- to 10-membered ring-opening
polymerizable cyclic monomer.
17. A process according to one of claims 1 to 16, wherein the amount
of the active hydrogen compound is 1 x 10! to 1 x 10% moles per mole
of the phosphazenium salt of the active hydrogen compound when the ring-

opening polymerization is conducted in the presence of the phosphazenium

salt of the active hydrogen compound and the active hydrogen compound.



