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SF-1286 - 1 - DESCRI PTI ON NOVEL PHOSPHAZENE- SUPPORTED
CATALYST, NOVEL COVPOUND THEREOF AND USE THEREOF 5
BACKGROUND OF THE I NVENTION 1. Technical Field The
present invention relates to a novel phosphazene-

SFslgpported catal yst, a novell conpound thereof and the
use 10 thereof. Mire specifically, the invention
relates to a phosphazegﬁs%geegﬁbﬁd catalyst in which a
support is bonded to a group represented by the
general fornmula (1); a novel phosphazene conpound and
a novel phosphazeniumsalt which are useful for

NOQEQd?ﬁb@ﬁﬂAﬁﬁNﬁ“ﬁ@?Péﬁ@E@aéﬁ%AE¥STfﬂﬁbﬁtﬂf%dﬂﬁdﬁNbfTHEREOF

pol ynerizing a cyclic nonomer, a nethod fo
substituting a substiziygentsy qg@R@O@eactlon met hod for
form ng a carbon-carbon bond by using the supported
catalyst. 2. Related Art A phosphazeni um salt
represented by the followng the 20 general fornula
(9): NR2 RZN BARZGROYNNRDEF- anlR2 NRENITRPONPN- P~NRZ Zn

(99 NR2 NR2 d N

1. Technical Field
The present invention relates to a novel phosphazene-

supported catalyst, a novel compound thereof and the use
thereof. More specifically, the invention relates to a
phosphazene-supported catalyst in which a support is bonded
to a group represented by the general formula (1); a novel
phosphazene compound and a novel phosphazenium salt which
are useful for producing the supported catalyst; and a
method for polymerizing a cyclic monomer, a method for
substituting a substituent, and a reaction method for
forming a carbon-carbon bond by using the supported catalyst.
2. Related Art

A phosphazenium salt represented by the following the

general formula {(9):

NR,

RzN“'P—NRz

NR, a NR,
ReN P N PJ(N PA}NR2 " (9)
NR'd

RzN—P —NR,
\__I/c
NR2
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RZN-PNR2 ¢ NR2 n SF-1286 - 2 (wherein n is-an
integer of 1 to 8 and represents the nunber of
phosphazeni um cations, and Z- is an anion of a
n-val ent active hydrogen conpound in a form derived
by releasing n protons froman active hydrogen
conpound having a maxi nrum of 5 8 active hydrogen atons
on an oxygen atomor a nitrogen atom a, b, c and d
I positive, integer of 3 or less or O,

SE?égﬁg%tively, with the prdVi%d'that they are not all O
at the sane tine. R s represent the sane or different
hydr acarbon groups having 1 to 10 carbon atons and two

(REFSLI0 T GentBt D eith CortrohP M (ThciPRE GGy e murber

ring structure,
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catal ytic reactions, Felatirve

8 RIaduse BRd-d oL XPEnst Ve, ang agygsncsiéaﬂn‘y%agegﬁ%rbaen aton.

desirable. At the same tine, 1t Ts known
a,PBOSphazenel GAMOWHE FAWNG i Jdididtg $ide (8% ¢l Ied
a phosphazene base) is bonded to a functional group

re@pethe velgpomti tand 20 pSUpRYd athdthenrgn o andidd 418 o at
al so known that such a supported catalyst is used to

thpokyner itiemeal kgl enecpxedent ( tBEegahe Banphlkekreht

I nternational Patent Application Publication No.
hywootaebR20proups having 1 to 10 carbon atoms and two R's
located on each common nitrogen atom may be bonded to each
other to form a ring structure.) is known as a compound

which performs various catalytic reactions by forming stable

cations and selecting counteranions {(refer to JP-A No. 10-

77289) . Such the compound is effective in proceeding

various catalytic reactions, but is relatively difficult to
produce and is expensive and hence catalyst reuse is
desirable. At the same time, it is knoWn that a phosphazene
compound having a binding site (so-called a phosphazene

base) is'bonded to a functional group of the support and

supported thereon, and it is also known that such a

supported catalyst is used to polymerize alkylene oxide
(refer to Pamphlet of International Patent Application
Publication No. W001/90220).

The above-described supported catalyst is useful, but

bonds a crosslinked organic polymer support directly or
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The above-descri bed supported catal yst is useful, but
25 bonds a crosslinked organic pol yner support
directly or SF-1286 - 3 indirectly to a nitrogen atom
bonded to a phosphorus atomin the center. This
causes a problemthat the stability of a cation is
not high in terns of its chem cal structure and thus
is likely to deconpose. The cation of the 5
__Q§R$azeniun1salt havi ng the skel eton of the genera
formula (9) has high stability in terns of its

chem cal structure. However, it has not been possible

AN R L S
RO onal LSt RBAoCFuPt REPDLER Ehat HOF RRERALAEYaRE 2
R eE oz o U 1 ALt od By T e YR 27
th%%%é%ﬂgggﬁ?'nﬁxgg%$x$§%¥%§:EgggoggtgﬁgtSEEEPSI formul a

phOoR¥pheB% rahihe Ed Melha i3 5 WRROTHRD A RE SYRPY L, MM th

maintaining its perfornmance as 1t is by progﬁ%lng and

fousiung t(ve phesphazenitumisakt, haviagnd ke Rindingsida.

Therefore, it is extremely useful to obtain a
stxupparked Hoabakyst ibanbBInbhenbbdACHbBiBl et B8 support the

phosphazeni um salt 20 represented by the genera
phbepmakenifn s litt havinagndhehyseilletons odesinedeneral

devel op such a supported catal yst. SUMVARY OF THE
formvENTI(GN The apreppot-ti hvehkearce bate inntsensi welsyipported

studi ed on the
catalyst, by means of a conventional method. Further, it
was not known at all that a binding site was introduced to
the phosphazenium salt represented by the general formula
(9) and it was also not been known that the phosphazenium
salt represented by the general formula (9) was effectively
supported on the support with maintaining its performance as
it is by producing and using the phosphazenium salt having
the binding site.

Therefore, it is extremely useful to obtain a supported

catalyst having the function of the phosphazenium salt

represented by the general formula (9) as it is, and thus it

is desired to develop such a supported catalyst.

SUMMARY OF THE INVENTION
The present inventors have intensively studied on the

catalyst to solve the above problems, and as a result, have
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-25 catalyst to solve the above problens, and as a
result, have SF-1286 - 4 found that a specific
partial structural transforned product of the
phosphazeni um salt represented by the general fornula
(9) can be used to obtain a supported catal yst having
the skeleton of the general formula (9) and thus to
solve the 5 above problens, and then have conpl et ed
ngT%' vention. Specifically, the invention relates to
osphazene- supported cat%lyst in which a support
IS bonded to a group represented by the genera
for ’\%22 N-P-NR2. N NR2a NR RZN Pl\%-IN:PNR
fopind | fi*}a SIBGNR@% BN RN Rt Ul fRengfqgned product
er of 1 to 8 and represents the

ﬁ%%rph%”p%%%é‘%hé%eﬁ RERToentaAMY" the cOameam oformula
‘93; S 459 O Tl A et el rgar ohen dbmpbRhdhe
s anc#%:q}ar e eac{u 3‘}J@"ors%t i \Pgrtnli%f? nwgo n%fg%ggft‘? e%%fv?( khe
= S54  SHLE LR S YPLICELIT VDS,
Specifically, the invention relates to a phosphazene-

supported catalyst in which a support is bonded to a group

represented by the general formula (1):

A%
2N—P—NR,
N
NR; , " NR; _
RN P N PTLN P—}Nw zm™ ()
NR,'d
RoN— p ~NR;
c
L NR; —n

(wherein n is an integer of 1 to 8 and represents the number
of phosphazenium cations, and 2Z" is an anion of an active
hydrogen compound in a form derived by releasing n protoné
from an active hydrogen compound having a maximum of 8
active hydrogen atoms. a, b, ¢ and d are each a positive
integer of 3 or less. R's represent the same or different
hydrocarbon groups having 1 to 10 carbon atoms and two R's
located on each common nitrogen atom may be bonded to each
bther to form a ring structure. R! is a hydrogen atom or a

hydrocarbon group having 1 to 10 carbon atoms. D is a
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| ocat ed on each conmon nitrogen atom nmay be bonded to
each other to forma ring structure. RL is a hydrogen
atomor a hydrocarbon group having 1 to 10 carbon
atons. Dis a SF-1286 - 5 direct bond or a dival ent
group.capabl e of bonding Nto a support). Further,
the invention relates to a novel phosphazene conpound
represented by the general fornmula (2) NR2 R2N- P-NR2
SFR% AR2 a NR2 RZNt P=N} N NP N%(_Z) NR2 b NR2 d N wu
NN NR2 ¢ 5 NR2 (wherein & b, c and d represent a
positive integer of 3 or less, respectively. Rs are
S ©F dlffere hydrocarbon roups havi.n to
o BB B R o S LR B U GRRARY o TokOR a0t £O 2
SuEFbgggen aton1nay be bonded to each 10 other to forn1a
tructure.); a novel phosphazene conpound

ng
represent £d e tNe98PELA! reh QEAN! 25 (3) 1o DY phosphazene

compound represented by the general formula (2):

NR;
RzN—P—NRz
NRz a NR;
R2N P N P%N—g#NR @
NRy ‘d
RzN—P—NRg
[+
NR,

(wherein a, b, c and d represent & positive integer of 3 or
less, respectively. R's are the same or different
hydrocerbon groups having 1 to 10 carbon atoms and two R's
located on each common nitrogen atom may be bonded to each
other to form a ring structure.);

.a novel.phosphazene compound represented by the general

formula (3):

NR;
RzN—P—NRz
NRz 12, NR; |
RoN —N P:%N—g%G 3)
NR, ‘d
R2N—~P~—NR2
o
NR,

{(wherein a, b, c and d are each a positive integer of 3 or

less. G is an oxygen atom or a sulfur atom. R's are the
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R2ZN-P-NR2 N NR2 a NR2 R2N--P=N N-PnG (3) NR2 b NR2 d
N RN 4 NR2 ¢ NR2 (wherein a, b, c and d are each a
positive integer of 3 or 15 less. Gis an oxygen atom
or a sulfur atom R s are the {pE SF-1286 - 6 sane or
di fferent hydrocarbon groups having 1 to 10 carbon
atons and two R s | ocated on each common nitrogen atom
may -be bonded to each ot her toformlarlng t db
tr ure.); a novel phosphazenium salt represente y

SE?he%éneral 5 formula (4). %22 R2N P NR2 r u N NR-a

NR R2N~-P=N~N=P~X X (4) ( NR2 b NR2 d N u

same or different hydrocarbon groups having 1 to 10 carbon
atoms and two R's locatedIOn each common nitrogen atom may
be bonded to each other to form a ring structure.);

a novel phosphazenium salt represented by the general

formula (4):

B NR N
R2N+~P—NR2
, NR2 NR;
RoN %P*E %X X 4
R2N~P—NR2
C
L NR; _

{wherein a, b, ¢ and d are each a positive integer of 3 or
less. R's represent the same or different hydrocarbon
groups having 1 to 10 carbon atoms and two R's located on
each comﬁon nitrogen atom may be bonded to each other to
form a ring structure. X is a halogen atom, and X  is an
anion of a halogen atom which may be the same or different
from X); and |

a novel phosphazenium salt represented by the general

- formula (5):
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R2N-P-NR2 NR2 (wherein a, b, c¢c and d are each a
positive integer of 3 or less. R s represent the sane
or different hydrocarbon groups having 1 to 10 carbon
atons and two R s |ocated on 10 each conmon nitrogen
atom may be bonded to each other to forma ring
structure. X is a halogen atom and X is an anion of
a hal ogen atom which may be the sane or different

ﬁ 80; and a -novel phosphafenlun1salt represented by
th general 15 formula (5):" SF-1286 7 - 2 R2N-P-NR2

N NRa NR _ R2N P=N -P' 4N=PNR1 Z"- (5) NR2 bR NR2 d
D N RN P NR2 NR2 n (wherein n is an integer of 1 to

8 and repr ents the nunber of phosphazeni um cati ons,
and Z"- i g @&n anion of} an active hydrogen conpound in
a forqqﬂer X@d by releasing n protons 5 froman active
hydrogen npgund haV|ng a maxi mum of 8 active
hydr,qg2 4NE. Nﬁg c and d are each a positive

R,N P N P—é %—N# z (5)

NR,'d D'
RzN—P—NRZ
[
- A NR, _In

(wheréin n is an integer of 1 to 8 and represents the number
of phosphazenium cations, and Z" is an anion of an active
hydrogen compound in a form derived by releasing n protons
from an active hydrogen compound having a maximum of 8
active hydrogen atoms. a, b, ¢ and d are each a positive
integer of 3 or less. R's represent the same or different
hydrocarbon groups having 1 to 10 carbon atoms and two R's
located on each common nitrogen atom may be bonded to each
other to form a ring structure. R’ is a hydrogen atom or a
hydrocarbon group having-l to 10 carbon atoms. D' is a
monovalent group which is bonded to N with the proviso that
it is other than a hydrogen atom and a saturated hydrocarbon
group.), which are useful for producing the supported
catalyst.

The invention also relates to a novel phosphazenium

salt represented by the general formula (6):
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integer of 3 or less. R s represent the sane or
different hydrocarbon groups having 1 to 10 carbon
atons and two R's |ocated on each comon nitrogen
atom may be bonded to each 10 other to forma ring
structure. R is a hydrogen atomor a hydrocarbon
group having 1 to 10 carbon atons. D is a nonoval ent
group which is bonded to Nwith the proviso that it
ER dé)é her than a hydrogen at oggnd a saturated

ydrocar bo group.), which are useful for producing

t he supported 15 catalyst. The invention also rel ates
to a novel phosphazenium salt represented by the
"general f on Ia (6): SF-1286 - 85 NR2 R2ZN-P-NR2 N
NR2 'ta N Rt Ra R5 R2N _P=N ~hh - ~N=P -| NApf x
O-H Z (N- pN}ﬁ&NRZd)( " NR2R3| RR NR2 NR2 n
(wherein nyjs an integer of 1 to 8 and represents the
nun‘oemg2 sg,h@zenl ym ca |50ns and Z"- is an anion

Paﬂ C dyin grform derived by
reI &L rot A{"P 59@ct|ve hyc@ogen conpound
havi ng 2a g getgsve hydrogen atons. a, b, ¢

and d q{ﬁ ga&p( a positive
~te

NR, n

(wherein n is an integer of 1 to 8 and represents the number
of phosphazenium cations, and 2" is an anion of an active
hydrogen compound in a form derived by releasing n protons
from an active hydrogen compound having a maximum of 8 |
active hydrogen atoms. a, b, ¢ and d are each a positive
integer of 3 or less. R's represent the same or different
hydrocarbon groups having 1 to 10 carbon atoms and two R's
located on each common nitrogen atom may be bonded to each
other to form a ring structure. A is a hydrocarbon group
having 1 to 20 carbon afoms. Further, R' is a hydrogen atom
or a hydrocarbon group having 1 to 10 carbon atoms. R?, R?,
R? and R® are.each a hydrogen atom or a hydrocarbon group
having 1 to 8 carbon atoms. e is 0 to 200.) as one
preferable embodiment of the phosphazenium salt represented
by the general formula (5);

a novel phosphazenium salt represented by the general

formula (7):
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integer of 3 or less. R s represent the sane or
different hydrocarbon groups having 1 to 10 carbon
atons and two R's |ocated on each comon nitrogen
atom may be bonded to each 10 other to forma ring
.structure. Ais a hydrocarbon group having 1 to 20
.carbon atonms. Further, Rl is a hydrogen atom or a
hydr ocar bon group having 1 to 10 carbon atoms. R2, R3,
s And RS are each a hydrqgeg atom or a hydrocarbon
group having 1 to 8 carbon ato eis 0to 200.) as
one .15 preferabl e enbodi nent of the phosphazeni um sal t
represented by the general fornula (5); a novel

phosphazeni u alt represented by the general formula
7). ft SF-1 - 9 - 2 RZNP-NRZ N NR2 a NR RZN P-N
P+ NP N g7 N§\|R2~NRZdMN RA-P- NR2 NR2 In

wherein n’i sl an |nteger of {11 to 8 and represents the

nunber Mﬁ pﬁagphaﬁﬁnluwucations and Z- is an anion
nmpownd in @)forn1der|ved by

reléas Eﬁﬁa proton @m an active hydr ogen conpound
havi ng Kﬂ?un1o 8?
RzN—P—NRz
[#
NR; _In

(wherein n is an integer of 1 to 8 and represents the number

of.phosphazenium cations, and Z% is an anion of an active
hydrogen compound in a form derived by releasing n protons
from an active hydrogen compound having a maximum of 8
active hydrogen atoms. a, b, ¢ and d are each a positive
integer of 3 or less. R's represent the same or different
hydrocarbon groups having 1 to 10 carbon atoms and two R's
located on each common nitrogen atom may be bonded to each
other to form a ring structure. R! is a hydrogen atom or a
hydrocarbon group having 1 to 10 carbon atoms. M is a group
having a carbon-carbon unsaturated bond) as another
preferable émbodiment of the phdsphazenium salt represented
by the general formula {(5); and

a novel phgsphazenium salt represented by the general

formula (8):
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active hydrogen atons. a, b, ¢ and d are each a
positive integer of 3 or less. R s represent the sane
or different hydrocarbon groups having 1 to 10 carbon
atons and two Rs |ocated on each conmon nitrogen
atom may be bonded to each 10 other to forma ring
structure. R is a hydrogen atomor a hydrocarbon
group having 1 to 10 carbon atons. Mis a group

5F1dVighg a carbon-carbon unsaiHrated bond) as anot her
pre erable enbodi nent of the phosphazeni um salt
represented by the general fornmula (5); and 15 a
novel phosphazenium salt represented by the genera

fornmula (8): SF-1286 - 10 - NR2 %¥4-NR2 (R2 / ' R2

NR FiI'nI\Vba-I~Jl~7B ~ p~l IGRp NRp d

NRZ nl (wherein mis an integer

D 1 to a d r%presen s the punber of phosphazeni um

con afom n' is an integer of

e nunpegr-of sk icon 5

aégp um cations are bonded, n

|er o mgnd n',land Z is an anion of an

a t|ve ;QM ogen conpojind in h form derived by

r e\ easi ng w}prot ons |

NRz

n

(wherein m is an integer of 1 to 3 and repreéents the number
of phosphazenium cations bonded to a silicon atom, n' is an
integer of 1 to 8 and represents the number of silicon
compounds to which phosphazenium cations are bonded, n is a
multiplier of m and n', and Z" is an anion of an active
hydrogen compound in a form derived by releasing n protons
from an active hydrdgen compound having a maximum-of 24
active hydrogen atoms. a, b, ¢ and d are each a positive
integer of 3 or less. R's represent the same or different
hydrocarbon groups having l‘to 10 carbon atoms and two R's
located on each common nitrogen atom may be bonded to each
other to form a ring structure. B is a hydrocarbon group
having 1 to 20 carbon atoms. Furthef, R' is a hydrogen atom
or a hydrocarbon group having 1 to 10 carbon atoms. T is a
functional group in which a Si-T bond can be broken by
hydrolysis.) as a preferable embodiment of the phosphazenium
salt represented by the general formula (5).

The invention also relates to a method for polymerizing
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from anactive hydrogen conpound havi ng a maxi nrum of 24
active hydrogen atons. a, b, ¢ and d are each a
positive 10 integer of 3 or less. R s represent the
sanme or different hydrocarbon groups having 1 to 10
‘carbon atons and two Rs |ocated on each comon
nitrogen atom may be bonded to each other to forma
ring structure. Bis a hydrocarbon group having 1 to

Squﬁ%gybon atons. Further, _ is a hydrogen atom 15 or
a hydrocarbon group having to 10 carbon atonms. T is
a functional group in which a Si-T bond can be broken

dr.ol i S.). | di t of th
= BsadkaISmetiny Lariiehr Eon et oy AR GG AEROR A

o T [ [ I | at tQ. th f .
o8 yes 55U 0o 38 ABSRAS B 0 e
whi | i T b !
o S R AP S B o TRt ey amet &

re8BeYBndgsehiied nS UPRRL! ¢ Catal sty ffﬂ@&(%ﬁg%&%ted
h e p

reaction nethod i n which the above-describe ported

cabat@bal ¥t usggused chRbearbanteal BORPHRI i eyM R ctions.
reacti ons. The phosphazene-supported catal yst

accThigi pigosPhi hene PELSSOEL EAVERLLPRstSaBEEREYng to the
effective in proceeding various organic reactions and

présethednkaatdonr edudtghlyi B f&etitiivky ineyebcakbéhy various
recovery and reuse of the catalyst, and thus this 10
organiperebfédpnsehydr Eusedeantathin® irgdaksdon in activity
econom cally advantageous. Further, the phosphazene
evebnpbtad amdovhey phdsphazenbdmtdal tavklilhé, i aventhos this
are not only internedi ates which can easily provide
caphpesappectedelyaranged ahdt hbisnientilen asodesdcrBay

above, but al so
advantageous. Further, the phosvhazene compound and the

phosphazenium salt of the invention are not only
intermediates which can easily provide ﬁhe supported
catalyst of the invention as described abkove, but also
catalyéts which are useful themselves for proceeding various
organic reactions. In addition, according to the method of
the invention, polymerization of cyclic monomers,
substitution of substituents, carbon-carbon bond forming
reactions, and the like can be conducted with extremely high

efficiency.

DESCRIPTION QOF THE EMBODIMENTS
Hereinafter, the invention will be described in detail.
In the general formulae (1} tc (8), R's represent the

same or different hydrocarbon groups having 1 to 10 carbon
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I11il 15 catal ysts which are useful thenselves for
proceedi ng various organic reactions. In addition,
according to the nmethod of the invention,
pol ynmeri zati on of cyclic nononers, substitution of
substituents, carbon-carbon bond forning reactions,
and the |ike can be conducted with extrenely high 20
efficiency. DESCRI PTI ON OF THE EMBODI MENTS
Herei nafter, the invention will be described in

SETetZf9. In the general forfdl ae (1) to (8), R's
represent the 25 sanme or different hydrocarbon groups
having 1 to 10 carbon SF-1286 - 12 atons. The
aUefdr-oc APBORYEF 8GR rPepr 8setPed ey cReNSeAobyY R 1s not
partlcularly limted and may be an allphatlc

PaydidtiaHoh Ligrds amoamaf difatat Hyldtedarh W diasiaroon
nghe iR phat 'r?m@\% %bon o%uggrllon%u?%%@aﬁ%ﬁha{%ﬁs

hy, aa%“ a%fm @yfolpca%%» Ao S ey 2 v i e
ha&?ﬁ@ o B PR e 4 i Ca?s;f’."é’cw@fdﬁ’gﬁcm%"“ s
prgEdll 'ﬁELr ISy ST & 3 1 O GHbor RS "buch
asaRd 3N %%i |§1¥L|l fﬁ%ﬁeﬁ%ﬁﬂg g}&@pf@aﬁ%@; ZattQJTE_LOS%%!}bon

as, “benzyl an

at@kishhatics a%y@n;@l%@qorarﬂf YA ORI et i&
met hyl group and an ethyl group. 15 Tn the: gener a

hybeomalrden( hrou® (8oludes Rivd eGaingd O arfashy 1c b

ni trogen atom may be bonded to each other to
having 6 to 10 carbon atoms, such as phenyl and naphthyl;
and an aralkyl group having 7 to 10 carbon atoms such as,
benzyl and phenethyl. R_is preferably an aliphatic
hydrocarbon group, and ﬁore preferakbly a methyl group and an
ethyl group.

In the general formulae (1) to (8), two R's located on
each common nitrogen atom may be bonded to each other to
form a ring structure. The group formed by combining two
R's located on each common nitrogen atom with each other
includes, for example, an alkylene group having 2 to 10
carbon atoms, such as ethylene, tetramethylene, and

pentamethylene; a cycloalkylene group having 3 to 10 carbon

atoms, such as cyclohexylene; an alkenylene group having 2

‘to 10 carbon atoms, such as vinylene; a cycloalkenylene

group having 3 to 10 carbon atoms, such as cyclohexenylene;

an arylene group having 6 tc 20 carbon atoms, such as
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forma ring structure. The group fornmed by conbining
two R s |located on each commbn nitrogen atomwith
each other includes, for exanple, an al kyl ene group
having 2 to 10 20 carbon atons, such as ethyl ene,
tetranmet hyl ene, and pentanethyl ene; a cycl oal kyl ene
group having 3 to 10 carbon atons, such as
cycl ohexyl ene; an al kenyl ene group having 2 to 10
sEedrhon atons, such as vinylene; a cycloal kenyl ene
having 3 to 10 carbdonldtonms, such as
cycl ohexenyl ene; 25 an aryl ene group having 6 to 20
car hon atons such as SF-1286 - 13 phenyl ene and
PREIGHHGRA et TRl tH 1eams kA Th ey radiag: Miahiny o8 Olrp oving 8
?gfon tons such as phenyl et hyl ene.. Anong t hese,
B st STHstthya 2 RN e St i@ hy PBrad Shese,

prﬂé%gfereé e TR A9 o pﬁz&%‘%{e&n‘é&e&# : quqhs ring
SR TPy ok A0 4 ST ASE ol S e §e Sach

CoRRD AR PR eé‘aack:&%ynbt?)n PP 2 o egder s oA bt es

(2 inltﬂé g@ﬂegél fér&hlEQQQﬁql%§sé%2f0f the order, af oo

b, ¢ and d, and particularly r 84 éonblnatlon

ab% Glp%sltlke LR tlehe ogeral, f 'égg aerfd) %g Oga %erably a

(7) and (8), R is a hydrogen atomor a h

poghi@dpehaviteget bF 20 ganken, atRis pHheMAO0CPANation
group represented by Rl is not 15 part|cularly [Tmted

ofand BRYcbenandalimphaldees hydrigagrhornagr@yn,ar, 13N regardiess
aromati ¢ hydrocarbon group. The aliphatic hydrocar on

ofgtbepoaddrapdmat i ®, hydrecarhorrgr @ap tiinellude it heeferred
combination is (1,1,1,1).

In the general formulae (1) (5), (6), (7) and (8), R! is
a hydrogen atom or a hydrocarbon group having 1 to 10 carbon |
atoms. The hydrocarbon group represented By R' is not
particularly limited and may be an aliphatic hydrocarbon
group or an aromatic hydrocarbon group. The aliphatic
hydrocarbon group and aromatic hydrocarbon group include the
same specific examples as enumerated above for R of the
general formulae (1) to (8). R! is preferably an aliphatic
hydrocarbon group, and more preferably a methyl group or an
ethyl group.

In the general formula (1), D is a direct bond or a
divalent group capable of bonding N to a support. The

divalent group represented by D can bond a nitrogen atom in

the phosphazenium cation to the support and is not
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same specific exanpl es as enunerated above for R of
the general fornmulae (1) to (8). Rl is preferably an
al i phatic 20 hydrocarbon group, and nore preferably a
met hyl group or an ethyl group. In the genera
formula (1), Dis a direct bond or a divalent group
capabl e of bonding N to a support. The divalent group
represented by D can bond a nitrogen atomin 25 the
gmhogRhazeni um cation to the,gupport and is not SF-1286
- 14 particularly limted as long as it does not
inhibit the object of the invention. As described

o e P B o e e B ot o o

Ni L0 n1of t he phosphazeni um cati ons vi a
ObieE% %gnkhatgﬁﬁﬁﬁﬁﬁbnded to a nltrogen atom of the

h h
A AL
nthQnBQB§Eh%5%anHbQ§;kﬂﬁ%h. %V%T8§?% , be bonded

consi deration of "bond strengt

tobat weerotBa Btbho@ﬁnt%kpﬂ%%%QBQ%@%Quhnca@q9§ﬂbaﬁﬁp'u@arbon
cations and the support is not particularly limt

atas updpbatieadtbr amitike cgeinl atoff orhe nienyeRtd %zenlum
However, the nunber of the atons conposing the main
cathans oia B Heperdatom.t hRosézer Of i t hes syppeetaphbdt thht it
is generally 15 about 1 to 600, and from the vi ewpoi nt
iSobOhdedeaeiagntheogeatatpmtoéoﬂhenphabbhﬁz@hlmhecations
supported catalyst, it is preferably 1 to 300, and
VigpgeCptleter abby 1nt00m®@deratadd|bfobpnﬁrsﬁm@h@th
vi ewpoi nt of production, it is

The distance between the nitrogen atom contained in
phosphazenium cations and the support is not particulariy
limited as understood from the spirit of the invention.
However, the number of the atoms composing the main chain of
D depends on the size of the support, but it ié denerally

about 1 to 600, and from the viewpoint of increasing the

catalyst concentration of thé supported catalyst, it is

preferably 1 to 300, and more preferably 1 to 100.

In addition, from the viewpoint of production, it is
preferable that the phOsphézene compounds (2) and (3), the
phesphazenium salts (4), (5), (6}, (7) and {8), which are |
useful for preparing the supported catalyst of the invention,
or a compound which has further a reactive group connected
to these are reacted with a support which has been
preliminarily intfoduced with a functional group capable of

reacting with the above ones under the mild conditions to



preferable that the phosphazene conpounds (2) and (3),.

the 20 phosphazeniumsalts (4), (5), (6), (7) and

(8), which are useful for preparing the supported

catal yst of the invention, or a conmpound which has

further a reactive group connected to these are

reacted with a support which has been prelimnarily

introduced with a functional group capable of 25 -
s#-93¢td ng with the above ones-under the mld conditions

to SF-1286 - 15 formD. In Phe case of production of

such the production nethod, their binding sites are a

: Lpi het tom. |l t

o ey ottn Browros SLPFRRCArSRToP t mach) B° SEpHta Ton
. +@sher 4 :thieel har.. 5 Lhi gest i.ne, .anid

nef RS FESEL R I Oeee At P A Y X Iy

he}?@roﬁrt%ﬁn(?r kg tihat, %@(g&%ﬁs Rhazeni um c{%e(n7.)at%§nef ul

or preparing the supported catdlyst 0 e |nv¢ﬁtion
sudfdra a tedRRURG LAt Nighgna a%‘)le)e'fﬁé'rl Zall &, f unglid er,
p

group are 10 polynerized, or the osphazeni'um sal t

thi8psaed, a agiieG ORmMiGRNPRAURHA LQNYRI Ni Ng a hydrol yzabl e
group such as al koxysilane and the |ike are

pol Juetheed forsyruhipsezead ofEPRREHpAB] it may be

simul taneously form D. The dival ent group represented
prbyebabhel ttes, ther phbSpexaspliem &aydrOgankeTgr do

whi ch may have a heteroatom such as an oxygen atom a
prephfundgatom sappotitegenadbbmsand fa thel liincemtdioamand a

specifically an al kyl ene group having 1 to 50 carbon
coppeiBdsgentadngachyl endymerhybbie, flirndtional group are

di met hyl et hyl ene and pent anet hyl ene; a cycl oal kyl ene
poby@gﬁlzed, or the phosphazenium salt {(8) and a silicon
compound containing a hydrolyzable group such as
alkoxysilane and the like are polymerized to synthesize a
support and simultaneously form D.

The divalent group represented by D includes, for
example, a hydrocarbon group which may have a heterocatom
such as an oxygen atom, a sulfur atom, a nitrogen atom and a
silicon atom, specifically an alkylene group having 1 to 50
carbon atoms such as methylene, ethylene, 1,2-
dimethylethylene and pentamethylene; a cycloalkylene group
having 3 to 50 carbon atdms such as cyclohexylene; an
alkenylene group having 2 to 50 carbon atoms such as
vinylene and propenylene; a cycloalkenylene group having 3
to 50 carbon atoms such as cyclohexenylene; an arylene group

having 6 to 100 carbon atoms such as phenylene and

naphthylene; an aralkylene group having 7 to 100 carbon
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20 having 3 to 50 carbon atonms such as cycl ohexyl ene;
an al kenyl ene group having 2 to 50 carbon atons such
as vinylene and propenyl ene; a cycl oal kenyl ene group
having 3 to 50 carbon atons such as cycl ohexenyl ene;
an arylene group having 6 to 100 carbon atons such as
phenyl ene and 25 napht hyl ene; an aral kyl ene group
having 7 to 100 carbon SF-1286 - 16 atons such as
net hyl ene; a hydrocarbon group conprising a
fﬂﬁgﬁﬂ¥ ation of a hydrocarﬁoﬂ6gfoup such as
phenyl enenet hyl ene; those in which a portion of the
hydrogen atons of the above hydrocarbon group is
a 450 P RRAB R R & Yo ERC a0 BX YRt om
a nitrogen atom, a sulfur_ atomand a silicon atom or
COPRY drdthrb PGt B ¢ iy AE Prea BRIV eI Ttk r9ttto M s

t hose i n ich a rtion of the carbon atons_of the
D R e Ak WhAR 13 RUEARP P the hydrogen

- AFARUA SUER 29,0 OGN, o 8 21 0en 2o, 7
he¥ldy8nedi %{152 ga?‘o J%%yg‘aer}g

as tetranethy XY,

a]tc%n?alse{l()yrﬁ:ﬂrbogqne&;i; g%sﬁrrai ue hsul fur

cycl 0" ene

athaVizhG 3 10 QLA at T s
- cycﬁbaexylenedioxfﬁ an 51 y 2ﬁ§%€t %ﬁ?%ﬂ(ﬂﬁ?qgnﬁq%fF651ng

thleO 220 vel HRUT ANHIE T AS o %Hﬂf?tg‘é&ﬁﬁﬁ%r} WO carbon

15 al kyl enedi am no group having 1 to 50 carbon atons

atsueh o&s thid Mwmmwrdﬁﬁwﬁtdwlgdﬁ%@'BMti%ted by a
aryl enedi oxy- group having 6 to 100 carbon atoms such

heaerpheoyl eneti @ey anapey@yerdiMalgnta GG PSRN &d sul fur
by the follow ng general fornula (10): R4 RS _
atom and a silicon atom, for example, an alkylenedioxy group
having 1 to 50 car_an atoms such as tetramethylenedioxy; a
cycloalkylenedioxy group having 3 to 50 carbon atoms such as
cyclohexylenedioxy; an alkylenedithio group having 1 to 50

carbon atoms such as tetramethylenedithio; an

alkylenediamino group having 1 to 50 carbon atoms such as

"N, N-dimethyl tetramethylenediamino; an arylenedioxy group

having 6 to 100 carbon atoms such as phenylenedioxy; and a
divalent group represented by the following general formula
(10):

R* RS

A'—

__A/J%JJ@ (10)
(wherein A is a hydrocarbon group having 1 to 20 carbon
atoms. R® R3? R* and R® are a hydrogen atom or a

hydrocarbon group having 1 to 8 carbon atoms. J's are an
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j J'"eAl (10) 20 R2 R3 (wherein A is a hydrocarbon
group having 1 to 20 carbon atons. R2, R3, R4, and RS
are a hydrogen atomor a hydrocarbon group having 1
to 8 carbon atons. J's are an SF-1286 - 17 oxygen
atom a sulfur atomor NR6, which may be the sane or

~different, and R6 is a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atons. A is a direct bond
r hydr ocar bon group having 1 to 20 carbon atons. e

Sﬁpﬁlﬁ%m 0 5 to 200.). In addi’tion, the specific
descriptions on A, R2, 14 R3, R4, R5 and e are the
same as in the general forrmula (6) as described

OHE v A i < tHEL SR foF ¥t @HSh Tey be the same or
di;\;yiufr oegqa}_{ bon grqup represented by A" is not
Tt ard3? B At 8d RaRFomaR 156 ofin 41 isphadrecarbon group
dr ocar,bo ro or_an 10 aromatic hydrocarbon group.
B plg-lcq f%l ctoe%a%ﬁrgggrbfa?%' atht phat ifc HyECEc RPBSEN O&r Gup
romat i c .hydrocar bon roup are the sane as
hlf or éé]%n&} r@d‘l&nﬁ 1 rmitA %(g)c OTY &G red ShlFokrom O
' r nore, .t he_diyal e r.Qup. represented by the _,
t e as s B, HRe AP e oS Ro R eGP aEh Sahro iy R

R390Rg,ai iKP %ncheet e Q.Ih%mscalf@ @é Jﬁ’p tCB(é/ erxlw.eartaQmeoarmu%a (6)
sul fur atom a nitrogen atomand a silicon atom %

‘ashae strsiydictidnewof ¢ - phosphazeni um.s 2 esent e

as & A¢ - phosphazeni g%;aﬁ%}lﬁ(:r%)l:-%g e

by the foll ow ng the genera or mu 286" -

- hyli®ocazbon group represented by A' is not particularly

limited and may be an aliphatic hydrocarbon group Or an

aromatic hydrocarbon group. Specific examples of the
aliphatic hydrécarbon group and the aromatié hydrocarbon
group are the same as for A in the general formula (6) as
described below.

Furthermore, as the divalent group represented by the
above-described D, the hydrocarbon group.which may contain a
hetero atom such as an oxygen atom, a sulfur atom, a
nitrogen atom and a silicon atom, may has a structure of a
phosphazenium salt represented by the following the general

formula (11):
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R2N-P-NR2 N NR2 ~ NR2 R1 RzN P=N-P' th~N (11) NR2
b/JIv NR2 d N RZN- P-NR2 Nmn(wmmmr12" a, b,
c, d, Rand Rl have the sane neanings as in t he
general formula (1).). Dis preferably the dival ent
group represented by the 5 general fornmula (10) and
nore preferably the group in which J is oxygen and e
is fromO ta 30. I'n the general fornulae (1), (5),
(7) and (8), Zn is a nion of an active
SEL?E@ gen compound in a forn%%erived by rel easing n
protons from an active hydrogen conpound 10 having a
maxi mum of 8 active hydrogen atonms (the genera
- formul ae ( F (5), (6) and (7)) or a maxi num of 24
active 6dgen atons (the general fornula (8)). The
ani on )%% gractive hydrogen conpound represented by
Z"- are nog pa?tlcularl limted and may be any ani on
mhlch nxgg 15 thzbair with the phosphazeni um
Br)gen ound giving Z"-
udég aying an ag? hydr ogen at om on
an ox |tro;en atom or a sul fur atom an
i norgani c Cld and the |i ke. Anbng the conpounds from
whi ch f&N‘FCNBErlved, the { | o

- ’ NRZ n

(wherein n, 2", a, b, ¢, d, R and R' have the same
meanings as in the general formula (1).).

D is preferably the divalent group represented by the
general formula (10) and more preferably the group in which
J is oxygen and e is from 0 to 30.

In the general formulae (1), (5), (6), (7) and (8), zZ™
is an anion of an active hydrogen compound in a form aerived
by releasing n protons from an active hydrogen compound
having a maximum of 8 active hydrogen atoms (the general
formulae (1}, (5), (6) and (7)) or a maximum of 24 active
hydrogen atoms {the general formula (8)). The anion of the
active hydrogen compound represented by Z% are not
particularly limited and may be any anion which can form an
ion pair with the phosphazenium cation. The active hydrogen
compound giving Z“"-includes a compound having an active
hydrogen atom on an oxygen atom, a nitrogen atom or a sulfur
atom, an inorganic acid and the like.

Among the compounds . from which Z° is derived, the
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SF-1286 - 19 cbnpound whi ch has an éctfve hydr ogen

atom on an oxygen atom includes, for exanple, water;
carboxylic acids such as nonocarboxylic acids having
1 to 20 carbon atonms and pol yval ent carboxylic acids
having 2 to 20 carbon atons, 5 which contain 2 to 6
carboxyl groups; carbam c acids having 1 to 20 carbon
atons; sulfonic acids having 1 to 20 carbon atonmns;
sFieghol s such as nonohydric,gl cohols having 1 to 20
carbon atons and pol yhydric al cohols having 2 to 20
carbon atonB whi ch contain 2 to 8 hydroxyl groups;

dﬁ% 10 6 to 20 C ato whi ch contai n
e Ve &@&?Q@%&%ﬁ%&q it eeh 2tom
f | kyl
rd%%en at ﬁ%%lnﬁ) é¥m &ZGI OXICF%%O \(glc:g%&éfll e
mo'i‘l%\é'a%o%flq_cz%c& ARYE 'nczlou%%rkfoqg?e#%?t{g)!aeﬁd

al i phati ¢ nonocar boxyl i ¢ "aci S such as

po@@;kﬂ:le@&etdacrkﬁﬁéyq’lé Hdildeorgaqel & % Go Iel‘:g'f £ AL,

ol eic acid; "al i phatic nonocarboxylic ac

whﬂ@htabﬁtﬁgna@ t @Rl ohidy1g %%%%sasdgﬁﬂaﬂfﬁxgdfas having
acid; alicyclic nonocarboxyllc aci'ds such as

1 cchohea&bémamhﬁmmlI@uﬂ&bﬁacaﬁéld%r%%&hl 1 to 20 carbon
nmonocar boxyli ¢ aci ds such as benzoic acid and 2 20
atomsborynepbilisalsend. aEheocpohydalient leathosy hatriaei ds to 20
having 2 to 20 carbon atons, which contain 2 to 6
Caééﬁboﬂ?bmgr@@@SPdehude;cfaﬁcohmamphavuﬂq ghato @0 carbon
pol yval ent carboxylic acids such as oxalic acid and
atppFonivBiaki gongadharofat Bchydirpxaile giro2® s¢aphexyllisc having

acids such as phthalic acid and trinmellitic acid.
6 §p_§§83arbgg_atoms, which contain 1 to 3 hydroxyl groups;

sagcharides or derivatives thereof; and polyalkylene oxides
having active hydrogen at their terminals.

The monocarboxylic acids having 1 to 20 carbon atoms
include, for example, aliphatic monocarboxylic acids such as
formic acid, acetic acid, trifluorocacetic acid, stearic acid
and oleic acid; aliphatic monocarboxylic acids containing an
aromatic ring such as phenylacetic acid; alicyclic
monocarboxylic acids such as cyclohexanecarboxylic acid; and
aromatic monocarboxyiic acids such as benzolc acid and 2~
carboxynaphthalene.

The polyvalent carboxylic acids having 2 to 20 carbon
atoms, which contain 2 to 6 carboxyl groups include, for
example, aliphatic polyvalent carboxylic acids such as
oxalic acid and malonic acid; and aromatic polyvalent

carboxylic acids such as phthalic acid and trimellitic acid.
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"The carbam c acids having 1 to 20 carbon atons
i nclude, for exanple, N N diethylcarbam c acid,
N- car boxyani | i ne, and
N, N' - di car boxy- 2, 4-t ol uenedi anmi ne. The sul fonic acid
having 1 to 20 carbon atons includes, for exanple,
aliphatic 5 sulfonic acids such as net hanesul fonic
acid and trifluoronmethanesul fonic acid; aliphatic
5 L ic acids containing terocycl es such as
SIg%%ﬁgholinoethanesulfoniE IEgci'd and
3- ( N- nor phol i no) propanesul fonic acid; aromatic
suIE ni c a%jds such as benzenesul fonic acid, p 10
Lol 8eSTIPEME 2CHa° BATiiHoberferds AL Aford, include,
' -__hiphenyl.di sul f.oni c acid, 2-naphthal enesul fonic
fC)cf:il['cidé aamﬁ)dlpe’piq}é y_Icgjlﬁtf}Q'ﬁicca]%?;arD&ll,c aref het BT RYRe¥geniline, and

Ifoni j 0l I 3:. i di | foni id. T .
R 2 b M S 5 SRS el naving
i =ncl v B ] ti h ' hal .

DR R Y e FAH Sl L e ey A
ey om . | a4 Canol
suBlHceME 1561 SO £ n@t@%fléc%%%%ﬁ?éﬁ&%n -ano

and aliphatic nonohydric a ’ ing an _
tralfORRirict G HHOIF AS ¢ ReNZY! Al Gahol i Td YOy £
al cohols having 2 to 20 20 carbon atonms, I ch contaln

cotthd nd nity he®eHo cGicQRs Ut ude, 2 - Hp @M &hanesul fonic
al i phatic pol yhydric al cohol s such as ethyl ene-

acgbyeald, 3pr(opyloendodliyeoproizeidnydene g Veold; aromatic

but anedi ol , trinethyl ol propane, glycerin, diglycero
sudfdnigertcdeisy sucht als; bemnt caldsaylcdrg palashy,drig

al cohols such as 25 1, 4-cycl ohexanedi ol . SF-1286 - 21
tothengheAdion livanicrig, 6 40120 obsrizem eatdn®yn iwhizahi & onlt, &l '
biphenyldisulforic acid, 2-naphthalenesulfonic acid and
picrylsulfonic acid; and heterbcyclic sulfonic acids such as
3-pyridinesulfonic acid.

The monohydric alcohols having 1 to 20 carbon atoms
inciude, for example, aliphatic monéhydric alcohols such as
methanol, allyl alcohol and crotyl alcohol; alicyclic
monohydric alcohols such as cyclopentanol; and aliphatic
monohydric alcohols containing an aromatic ring such as
benzyl alcohol. The polyhydric alcohols having 2 to 20
carbon atoms, which contain 2 to 8 hydrexyl groups include,
for example, aliphatic polyhydric alcohols such as ethylene
glycol, propylene glycol, diethylene giycol, butanediocl,
trimethylolpropane, giycerin, dilecerol and

pentaerythritol; and alicyclic polyhydric alcohols such as

1,4-cyclohexanedicl.
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1 to 3 hydroxyl groups include, for exanple,
nmonoval ent phenol s such as phenol, cresol,

ni t rophenol, chl orophenol, naphthol, anthrarobin,

9- phenant hrol and 1-hydroxypyrene; 5 and dival ent
phenol s such as catechol, di hydroxynaphthal ene and
bi sphenol A. The saccharides or derivatives thereof

i nclude, for exanple, saccharides such as gl ucose,

ol dextrose, fructo and sucrose, or
S%E%?%%tlves t hereof; and %g I'i ke. The pol yal kyl ene

oxi des havi ng actlve hydrogen at 10 their termnals

i nc for .ex | e, polyethyl ene oxide,
pol 5§FOF§?1‘3@H&SO énga%d*qy? 198Ae a58ges Whilshclgontain

L %Ogﬁaé"éﬁﬁ#%f’%ff S gHEL e doﬁgfgén > n%%eﬁfﬁmwtz
oihd FETHS Ao rheC%@o%% TR Ao qrhenol,
d, h d
e AR M o B S %WJ%?%ZP”Y%}E'
an@X TR e ARy 1 A NS aséjcgh@eg ch“ deail hthalene

havi ng 1 to 20 carbon at ons, ~ seconddry a nes

and 13 s2heenben a@ﬁgssaegh$¥ﬁb%%to%”ﬁ%§§vgﬁx5@g %hEQe%Q

20 carbon atons, which contain or prinmary or

inseceRgamyr @%a&@l@,o%%d%&tlt&e% es%cﬁ'y%‘s! Stl"c,%(?srédarsyorbltol,
am nes having 4 to 20 carbon atons, unsaturate

 deeytbise, s feantasy amdes dDEd)Y o ddr 132 tGHR0R U ; and

and cyclic polyval ent amnes having 4 to 20 carbon
that dike .whTbh pohyalhyPene 3xseesntHakynganuBeizbd gya@@gen at

and am des such as unsubstituted or N SF-12' 86 -
thedmosebsiinplised nadudieanifibes ehaniprige, anijaihymémmwox1de,

atons, cyclic amdes of 5- to 7-nenbered rings and
poﬂypg@§ygﬁne oxide, and polyalkylene oxides, which are
copolymers of such oxides, having a number average molecular
weight of 100 to 50000 and having 2 to 8 terminals and 1 to
8 hydroxyl groups at the terminals.

Among the compounds from which Zz" is derived, an active
hydrogen compound which has an active hydrogen atom on a
nitrogen atom includes, for example, ammonia; amines such as
primary amines having 1 to 20 carbon atons, secondary amines
having 2 to 20 carbon atoms, polyvalent amines having 2 to
20 carbon atoms, which contain 2 or 3 primary or secondary
amino groups, saturated cyclic secondary amines having 4 to
20 carbon atoms, unsaturated cyclic secondary amines having
4 to 20 carbon atoms, and cyclic polyvalent amines having 4

to 20 carbon atoms, which contain 2 or 3 secondary amino

groups; and amides such as unsubstituted or N-



di carboxylic acid having 4 to 10 carbon atons. The
primary am nes having 1 to 20 carbon atons include, 5
for exanple, aliphatic primary am nes such as
met hyl ami ne, ethylam ne and propyl am ne; alicyclic
primary am nes such as cycl ohexyl am ne; aliphatic
primary am nes containing an aromatic ring such as
benzyl am ne and (3-phenyl ethyl am ne; and aromatic
prismry am nes such as aniline and tol uidine. 10 The
SEgéggﬁ%ary am nes havi ng 2_t2526 carbon atons include,
for exanple, aliphatic secondary am nes such as

A LI & S
' d ' N N-pret hy| ani |
R GRS S . o THE BRI e oS ARG 2
- ; t R in,2 3 '
S s o Vel e M e,

eth?h@nﬁgﬁﬁgk Eamghgg'ﬁgkg SIEYkEa?ESE?EﬁPHeatQWS include,

hexanet enedl am ne, tri -am noe

fold, MxanghlREt BY i byl jenedi;qr iagﬂrlg%szg W Ated eU6l G nine,

secondary 20 aim nes having rbon at onms

ethythudes OH XeMR1&minYr :0l:1-4id18. RS N,; )
mor phol i ne, and 1.2, 3, 4- t et rlgé)ydrocq%i Ao, Mines such as

cycisaetyabedneyClildpiecardaiy naay RS nkaVicee t4 i nd0 an
carbon atonms include, for exanple, 3- pyrroline,
arpyatokerihgdelien &@rﬁééﬁbﬁanﬁﬁbd%é@|BrpBﬁh@F@Eﬁylaﬁgne;

and purine. SF-1286 - 23 The cyclic polyval ent "am nes
anfagiragaditop20neaybaminatsosmchwhischnéoiha Bnd @ol3idine.

secondary am no groups, include, for exanple,

pip%h%z$?@Qni@rﬁz$méneanhaqing72 to 20 carbon atoms
.include, for example, aliphatic secondary amines such as
dimethylamine, methylethylamine and dipropylamine; alicyclic
secondary amines such as dicyclohexylamine; and aromatic
secondary amines such as N-methylaniline and diphenylamine.
The polyvalent amines having 2 to 20 carbon atoms, which
contain 2 or 3 primary or secondary amino groups, include,
for example, ethylenediamine, di(2-aminoethyl)amine,
hexamethylenediamine, tri(2-aminoethyl)amine, and N,N'-
dimethylethylenediamine. The saturated cyclic secondary
amines having 4 to 20 carbon atoms include, for example,
pyrrolidine, piperidine, morpholine, and 1,2,3,4-
tetrahydroquinoline. The unsaturated cyclic secondary
amines having 4 to 20 carbon atoms include, for example, 3-

pyrroline, pyrrecle, indcle, carbazole, imidazole, pyrazole, .

and purine.



triazacyclononane The unsubstltuted or N-mono
substituted 5 acid am des having 2 to 20 carbon atons
i nclude, for exanple, acetam de,
N- et hyl pr opi onam de, N-nethyl benzoic acid am de, and
N-et hyl stearic acid am de. The cyclic am des of 5- to
7-menbered rings include, for exanple, 2-pyrrolidone
and c- caprolactam The im des of dicarboxylic acids
isgg 4 to 10 10 carbon at i nclude, for exanple,
SEQ%%CIHIC acid i mde, nH|EI%§§EId i mde, and
pht hal i m de. Anpng the conpounds from which Z- is
der.i ved actiye drogen conpound mhlch has an
act#v ﬁ¥8?6§eﬂoi¥8ﬁﬁ%ﬂ£ gm%ﬁ?? a%tBth fnEPudl, CFBPOH
I_oal cohol s suc

15
= ERehy e TR o|°§ “RarERgnTory 30 RoarEBNPar ofEcLude,
fo§ngxgﬁbigydﬁﬁ%eE@£1 ﬁgf%zq% 'ngnéoﬁo 2Q_ carbon

atons; - and hen éar on at ons.

trIB%aE?EQBﬁgﬁgeeth'@ﬁécﬁﬂg+§sgf¥ugﬁd o%oNzgoﬁgéBQQtituted

atons™ inclu for exanpl e nono

5 acli_Ell Qﬂh@@goh%vi%@h ZZQ@SZGT%ME% rﬁﬂms %W{l@' Of Jiangxample,

allyl mercaptan; aliphatic nonohydric t cohol's

aceoahadsj NY-aB tAKIFRLIE ohhAE d8YCR-A8 thheBeKk oABr 62REARMm1 de,
and alicyclic nonohydric thioal cohols such -as

andyNtepepl ytearieaptad anddeycl Dhexydces Canidds Jhes- to
pol yhydric thioal cohols having 2 to 20 carbon atons

7-naebeaded 2bnier iaxanpke, fér2e§hﬁ§MQ¢|Ehbghrolidone and -
1, 3-propanedithiol, 1,2,3 ff SF-.1286 - 24 - Kkl
capmba@‘e@m»tmlm llzmdieé @t dil{ everloapy Divetdylds lhdving 4 to
but anedi t hi ol .

10 10 carbon atoms, include, for example, succinic acid imide,
maleic acid imide, and phthalimide.

Among the compounds from which Z" is derived, an active
hydrogen compound which has an active hydrogen atom on a
suifur atom include, for example, hydrogen sulfide;

15 thiocalcohols such as monochydric thioalcohols having 1 to 20
carbon atoms and polyhydric thioalcohols having 2 to 20
carbon atoms; and thiophenols having 6 to 20 carbon atoms.
The monohydric tﬁioalcohols having 1 to 20 carbon atoms
include, for example, aliphatic monohydric thioalcohols such

20 as methanethiol, ethanethiol and allyl mercaptan; aliphatic
monohydric thiocalcchols containing an aromatic ring such as
benzyl mercaptan; and alicyclic monohydric thicalcohols such
as cyclopentyl mercaptan and cyclohexyl mercaptan. The

polyhydric thiocalcohols having 2 to 20 carbon atoms include,

25 for exampie, 1,2-ethanedithiol, 1,3-propanedithiol, 1,2,3-
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The t hi ophenols having 6 to 20 carbon atons incl ude,
for exanpl e, nonohydric thiophenols such as

t hi ophenol, 5 thiocresol and thionaphthol; and

di hydric thiophenols such as 1, 2-benzenedithiol.
Anmong t he conmpounds fromwhich Z is derived, the

i norgani ¢ aci ds include hydrogen halides such as
hydrogen fluoride, hydrogen chloride, hydrogen

sRroide, hydrogen 10 iodide;, boric acid,
t etTa 6f

| uoroboric acid, phosfhoric acid, phosphorous
aci d, hexaf!l uorophosphoric acid, hydrogen cyanide,

t hiocyanic acid, nitric acjd, sulfuric acid car boni c
Prahan e O i Ll 1 &t (KRt HRE B Vel rfdr ogen
bd%gﬂg§g%gﬁofreferred are the 15 above-descri bed

I norgani'c acids and the above-descri bed active

hyd i ' hyd t

oo comainds SaVi0d ST SETNe DHGoROn B e,
- i i i.ohat i ,

ool bty DO DL AU i cpens,

tralddaaid I 4N ahyidid ol Hephol 5, 2 Qiﬁ%‘%}?lé@o L%}Pisc%heno ls such

aromatic ring, aliphatic polyhydri

asall, yddre radgardrdic. al cohol s, sacchari des or

derivatives thereof, polyethyl ene oxide,
pol xpoapyltaee coxpdander frpal wakkyl ere 0xidglas,vad Ghe
are copolyners of such oxides, having a nunber
inaveradje ramietuliarc lweleg ity dafo g0 Ha0 H0A0Gwand 25 hawdikn
2 to 8termnals and 1 to 8 hydroxyl groups at the {
flegprizgs hyvzhogeareahiloalisle Forydtogm ansomiple bérydrogen
. Suitably selected according to
iodide; boric acid, tetrafluoroboric acid, phosphoric acid,
phosphorous acid, hexafluorophosphoric acid, hydrogen
cyanide, thiocyanic acid, nitric acid, sulfuric acid,
carbonic acid, and perchloric acid.

Among the active hydrogen compounds, preferred are the
above-described inorganic acids and the above-described.
active hydrogen compounds having an active hydrogen atom on
an oxygen atom, and more preferred are the above-described
hydrogen halides, aliphatic monohydric alcohols, alicyclic
monohydric alcohols, aliphatic monohydric alcohols
containing an aromatic ring, aliphatic polyhydric alcohols,
alicyclic polyhydric alcohols, saccharides or derivatives
thereof, polyethylene oxide, polypropylene oxide, or
polyalkylene oxldes, which are copolymers of such oxides,

having a number average molecular weight of 100 to 50000 and

having 2 to 8 terminals and 1 to 8 hydroxyl groups at the
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the reactions since preferable anions vary dependi ng
on the types of the reactions which use the catalyst
of the 5 invention. For exanple, for polynerization of
cyclic nononers such as al kyl ene oxi de and the I|i ke,
preferred are the anions derived by releasing the
active hydrogen fromthe conpound having active
hydrogen on an oxygen atom and for alkylation of a
sihenpd i ¢ hydroxyl group, Qrg%egred are 10 ani ons of
hal ogen atons. In the general fornulae (1), (5), (6)
and (7), n represents the nunber of phosphazeni um
+ ﬂﬂﬂﬁ% as well as the nunber of protons rel eased
rOm T he active hydrogen conpound havi ng a maxi num of
8 agi.i.venhy . N1sS an integer of 1 to 8,
and%%ﬁ:e er'ab nﬁ%glnns ?[Lat%ggbeer Sol%ltlgk?]oy fefef%g%%oﬁ‘? ng to
i fA4C: I t asp kel et qn..
o B e et S I e iR gp the
t i1 5 R : = - -
SRo08, TR A 00 10750 Thd The 1T R TS i
idﬁ@hﬁﬂ%ﬂ.nVﬁakl@ﬁaﬁémepef@EpEbQ§mEQi%%%Ho%n%Wnc lic
phosphazene skeleton. In the general fornula Fg), m

| mohepleese st ke puNakmf oxihesphazrenidmioat, ehsdgnded are

to silicon. mis an integer of 1 to 3. Further, n
theepresent sletrieaaublyeredfesdiesidlie ot t GRNMOIESED from the

which a group having a phosphazeni um cation 25
cogpelapotaivd ngoadéed venhyidyogren riregar ofyderd Githm,anthd for
SF-1286 26 preferably an integer of 1 to 3. Further,
alkyviletdopuloti pl pbencdfl cmhavid oxyl ambuspneseitrsrdchare
total nunber of
anions of halogen atoms.

In the general formulae (1), (5}, (6) and (7), n
represents the number of phosphazenium catiqns, as well as
the number of protons released from the active hydrogen
compound having a maximum of 8 active hydrogen atoms. n is
an integer of 1 to 8, and preferably an integer of 1 to 3.
In addition, as specific examples of the phosphazene
skeleton represented by the general formula {1), various
ones are disclosed in JP-A No. 10-77289, JP-A No. 2000~
355606, JP-A No. 2004-107266 and the like, in which the
invention can be applied to such known phosphazene skeleton.

In the general formula (8), m represents the number of
phosphazenium cations bonded to silicon. m is an integer of
1 to 3. Further, n' represents the number of the silicon

compounds to which a group having a phosphazenium cation

skeleton is bonded. n' is an integer of 1 to 8, and
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phosphazeni um cati ons and the nunbers of the protons
rel eased fromthe active hydrogen conpound having a
maxi mum 5 of 24 active hydrogen atons. n is an integer
of 1 to 24, and preferably an integer of 1 to 9. In
the general fornula (4), X is a halogen atom and X-
is an anion of the hal ogen atom The hal ogen atom
represented by X includes, for exanple, a fluorine

cpatom, a 10 chlorine atom_aE? a brom ne atom but
anong these, preferred are“the chlorine atomand the
brom ne atom The anion of the hal ogen atom

represented hy X- includes, for _exanple, anions of a _.
PrERRGPRTY SomfEede Gif o Lt o KR CHETpr Bt honaRBh LpLier
byt ng these, preferred are aniaons of the 15
Ofc#ﬁ.g;ﬁlggél at &ﬂdgﬁt?ptrﬁge&tosmtﬁbe gtogzrﬂ% XURr BE an ani on
0 . m_\whj is. the sa X...or._may be
P e R A Sy L SRR o &7 Frara
fi . t g I f | a8 _( [ oval ent,
Fe PR Capmbreor thaas by TR s e BRI & R tmum
ofazydeeden h%@r%%ﬁ@ adnd Sahuigted ByALgearhens 0EguRy,
are excluded) . The nonoval ent group represente y
antispRetepabliyCdhaihy egkirmotred asg, loong as it is a group
other than a hydrogen atom and a saturated
hy dTiocieidoffegé p4ID, f¥hRENaI $2¢aPRDEE af habogdhNgLbA, t BRd x~
nitrogen atom contained in the phosphazenium 1 25
iscati anioB oifnthedesloben examl eTha hyUsgear Hosmgr oup
SF-1286 - 27 having a heteroatom such as an oxygen
represgnbedubfuk ahainidas, nifbrogeamatien andlaosihecanomn, a
atom and a group having a

chlorine atom, and a bromine atom, but among these,
preferred are the chlorine atom and the bromine atom. The

anion of the halogen atom represented by X  includes, for

example, anions of a filuorine atom, a chlorine atom, and a

bromine atom, but among these, preferred are anions of the
chlorine atom and the bromine atom. X may be an anion of
the halogen atom which is the same as X, or may be an anion
of the halogen atom which is different from X.

In the general formula (5), D' is a monovalent group
capable of bonding to N (with the proviso that a hydrogen
atom and a saturated hydrocarbon.group are excluded). The
monovalent group represented by D' is not particularly
lirited as long as it is a group other than a hydrogen atom
and a saturated hydrocarbon group, which is capable of
bonding to the nitrogen atom contained in the phosphazenium

cation. D' includes, for example, a hydrocarbon group



reactive functional group containing a carbon-carbon

unsaturated bond or the like, and it nmay be, anong

these 5 which are exenplified as to the above

descri bed D, ones in which one binding site of a

hydr ocar bon group having a heteroatomis bl ocked by

hydr ogen, a hal ogen atom silicon and the |iKke.

Pref erabl e enbodi nents of the general formula (5) are
sl odgscri bed below. (i) Pbogzhgzeniun1salt in which D

IS a nonoval ent group repreésented by the foll ow ng

general fornmula (12): R4 R5 (12) R2 R3 (wherein A

are the sane neaning as _ 15 in

e R el 3 e R BB B B o,
rsBASEBERTRA0, e Ioungen feher SRl S, By
L gien iy Y oIS SR,
orbgemeLPLons dosctingd a0 o1 WbeR) Ly P

hienr agentadnby itrheqoereral thkor eneral ;
" formul a (6) TREAli s a %}r%dEtgc;:Pfgor?%gb%u%@gérrliyggepgzgﬁe% o

whhaui BgelbiadZBgcankencat anbydlhe ahnenoeabRen ngra%R a
having 1 to 20 carbon atons represented by A may be

heaarahicphat scbibydeacaybagydghgen, 0k aRlageMAbiken, silicon
"~ hydrocarbon group as | ong
and the like.

Preferable embodiments of the general formula (5) are
described below.

(i) Phosphazenium salt in which D' is a monovalent
group represented by the following general formula (12):

RYRS

%A/J%JJ;“ (12)

RZR®
(wherein A, R?, R®, RY, R, J and e are the same.meaning as
in the above described general formula (10)) in the
hydrocarbon group haﬁing a heterocatom such as an oxygen atom,
a sulfur atom, a nitrogen atom and a silicon atom. In
addition, specific descriptions on A, R%, R® R! R® and e
are the same as in the general formula (6) as described
below. When J is NR®, R® is the same as R? to RS,

(ii) Phosphazenium salt represented by the general
formula (6)

In the general formula (6), A is a hydrocarbon group
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as it is a divalent hydrocarbon group. The divalent 5
hydr ocar bon group includes, for exanple, an aikyl ene
group having 1 to 20 carbon atons such as nethyl ene,
et hyl ene, trinethylene and nethyl et hyl ene; a :
cycl oal kyl ene group having 3 to 20 carbon atonms such
as cycl ohexyl ene; an al kenyl ene group having 2 to 20
carbon atons such as 10 vinylene and propenylene; a
%% qal kenyl ene’ group haV|n9 to 20 carbon atons
suc as cycl ohexenyl ene; grylene group having 6 to
20 carbon atons such as phenylene and napht hyl ene; an
aralk ﬁg{oup having 7 to 20 carbon atons such as

Héﬁ&| q;qﬂﬁﬂJpT@@wﬁyﬂ§p§§r§o@5group having 1

gplna i on qf these]%ﬁ%§§§cgﬁﬁp as phigyleneneth¥%ﬁ2§

%‘é%’r@a%ﬁlpﬁ 5ok Ao on TRt Gl ik Long
353?2:‘35@ 3 SRR SRR, AN FRene gradnt 1

hyﬁ%cg%ﬁ%'hal AR 108k s s%bon grof? aep[d IR0 4 i&ilaense group

hydr ogen atom 6r & hydr oc avi ng

ha®aheon tat os ca e nhwHRGArhRN, HWOUR HiRArEIeNtd
R2, R3, R4 and R5 nhay be an allphatlc hydr oca?%ggkne'

trghetipyoenan sado meiihe 12% hiN&rRcarb oy QIRulv 1M group
al i phati c hydrocarbon group and thé SF- 12g g
hasiogaBi cohor eeabbon agoaisp surdl ude cyidaiosameing; arpng

specific exanples of Rand R in the general fornulae
aleénytene( Grpubhbseihavizngol 2100 & réanbet caisommchRas R3,

R4. and R5 are preferably hydrogen or an aliphatic
vipydevearbdnpgroepyland; a cycloalkenylene group having 3
to 20 carbon atoms such as cyclohexenylene; an arylene group
having 6 to 20 qarbon atoms such as phenylene and
naphthylene; an aralkylene group having 7 to 20 carbon atoms
such és phenylmethylene; and a group comprising a
combination of‘these groups such as phenylenemethylene and
Xxylylenhe., BAmong these, preferred are an alkylene group, an
arylene group, an aralkylene group and a group comprising a
combination of these groups, and more preferred are a
methylene group, an ethylene group, a phenylene-group and a
Xylylene group.

In the general formula {6), R?, R®, R’ and R® are a
hydrogen atom or a hydrocarbon group having 1 to 8 carbon
atoms. The hydrocarbon group represented by R?, R*, R® and R°®

may be an aliphatic hydrocarbon group or an aromatic

hydrocarbon group. The aliphatic hydrocarbon group and the
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5 nore preferably hydrogen or a nethyl group. In the
general formula (6), e is fromO to 200. Preferably,
eis fromO to 100, and nore preferably 0 to 30. :
(iii) Phosphazenium salt represented by the genera
formula (7) 10 In the general formula (7), Mis a
group having a carbon-carbon unsaturated bond. Such
‘the group.is not particularly Iimted as long as it
5 jﬁ? car bon--car bon unsagu&g}gﬂ_bond, and it
i nclTudes, for exanple, an al%”phatic hydrocarbon group
havi ng a carbon-carbon unsaturated bond, 15 incl uding

S M TP Shche S A ek pr opygte. @iong
e RO, o M T o Py Py PherZpdag (1) to
(e e e 0% PR Ry oy Bucagnn ™ are
D ane R o ot = PP R L i ana

mcHO W 0 MH 16D 18, JWs Qe arban f%ﬂ?{ﬁglnegggogﬁr%e lIink%}Aliﬁ‘SJggeneral

further bonded to the above-nent ups.

- fdihese @ef & ried 5@ @rUR dayi @&e@e%%li%-%a&eﬁ%r%ﬁ 0 to

doubl e bond, such as vinyl, crotyl, allyl, styryl,
108F- 5286 mor30 prdaurdrenzyl .tstygyl et hyl, acryl,

met hacryl or a group to which a hydrocarbon group or

t he (Lilk¢ Phobphthenibendedtt @epirhecabeveierhicogederal

groups, and nore preferred is a group having a
foganden-(@ar bon doubl e bond at its terminal, such as 5

vinyl, allyl, styryl, vinylbenzyl, styrylethyl, acryl,

In the general formula (7), M is a group having a

.carbon-carbon unsaturated bond. Such the group is not

'particularly.limited as long as it has a carbon-carbon

unsaturated bond, and it includes, for example, an aliphatic
hydrocarbon group having a carbonfcarbon unsaturated bond,
including aﬁ alkenyl group such as vinyl, crotyl and allyl
and an alkynyl group such as ethynyl and propynyl; an
aromatic hydrocarbon group having a carbon~carbon
unsaturated bond, including styryl, vinylbenzyl and
styrylethyl; a group having a carbon-carbon unsaturated bond
and a carbonyl group, such as an acryl group, a methacryl
group, a cinnamyl group and acetylene carbonyl group. In
addition,.it includes a group to which a hydrocarbon group
or the like is further bonded to the above-mentioned groups.
Among these, preferred is a group having a carbon-carbon

double bond, such as vinyl, crotyl, allyl, styryl,
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met hacryl or a group in which a hydrocarbon group or
the like is further bonded to the above-nentioned
groups. (iv) Phosphazeniumsalt represented by the
general fornmula (8) 10 In a general formula (8), Bis
a hydrocarbon group having 1 to 20 carbon atons. The
hydr ocar bon group having 1 to 20 carbon atons
represented by B is a divalent hydrocarbon group, and

|t be an aliphatic hydrgcarbon group or an
SEIQ@%&?iC hydr ocar bon grouﬁ.g§hé di val ent 15
hydr ocar bon group includes, for exanple, an al kyl ene
&ﬁif haV|n 1to 20 carbon atons such as net hyl ene,
vi

L 55 et ifiteHe & et MARERI®ENST & Jroup to
I h to 20 b t h
cyg%oal %lene ﬁ ouéﬁxngykgg %ﬁho car oné%ég?%&;&%ﬁ o
a?pn ato such. as 20 vin ne angﬁp ene;
e R R R et MRS X s JToup
| oh I h 6 t
O ik R
| Kyl
Vlﬂé’qny?éng yI e ﬁav'v;lgldfﬁg%glzsg ﬁg@’%leaéh%gﬁ a%%
me€@BRRHRAL i,eNn ;0fy r%h %ng%%ﬂQi W3 prgﬁérreg%

and { SF-1286 - xyl yl ene. ng these,

ll&éelénf@k%ﬁ%&n%o&ﬁ%wptoa%heaEﬂd$¥iﬂ¥ﬁ¥ﬂbnéawgroup
aral kyl ene group and a group conprising a conblnatlon

of theseP]gdsgpﬁézeﬁmdeBégtpf@%@éé@ﬂt@ﬂebﬁf tHBt Brhepg1

group, an ethylene group, enyl ene group, and a 5
foxphyber&)group. In addition, T is a functional group

a In a general formula (8), B is a hydrocarbon group
having 1 to 20 carbon atoms. The hydrocarbon group having 1
to 20 carbon atoms represented by B is a divalent
hydrocarbon group, and it may be an aliphatic hydrocarbon
group br an aromatic hydrocarbon group. The divalent
hydrocarbon group includes, for example, an alkylene group
having 1 to 20 carbon atoms such as methylene, ethylene,
trimethylene and methylethylene; a cycloalkylene group
having 3 to 20 carbon atomé such as cyclohexylene; an
alkenylene group having 2 to 20 carbon atoms such as
vinylene and propenylene; a cycloalkenylene group having 3
to 20 carbon atoms such as cyclohexenylene; an arylené group
having 6 to 20 carbon atoms such as phenylene and
naphthylene; an aralkylene group having 7 to 20 carbon

atoms such as phenylmethylene; and a group comprising a

combination of these groups such as phenylenemethylene and
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which a Si-T bond can be broken by hydrolysis, and it

i ncl udes, for exanple, a hal ogen atom such as F, C

Br-and 1, or an al koxy group such as a met hoxy group,

an ethoxy group, a propoxy group and a but oxy group.

{ 10 Hereinbel ow, the phosphazene-supported catal yst
of the invention which has the group represented by
the general formula (1) bonded to the support, is
d ribed in nore detail by explaining the production

SFﬁgéﬁgd thereof. As to the"p% sphazene- support ed

catal yst of the 15 invention, the support to which the

gr?u represented by the _general fornula (1) bonds is
XYhg eB&rti%%P%H|§hP§ﬁ1t%ﬁeﬁgrrﬁangrasantai§y1ﬁ§@|gb@@p, an

In the reaction solvent used, and any one which
arySna: A5 LSgr Glip SCaTABLETSr O AGL & CREPQRoRpEising a
R LR Ohe s ot STOVRRY 0BG oREE SaPb AR AR For
e B OIS g B4 B s30T SR ryRe " Boprird 0gF Srue, and a
e e S
e epar e aheohi Sotyprrred by oF 1RgbRO5IT pg ae

in@xhdes, seeh asamb02, AlR930gMiOs 502, ENA2, rZnE;and d
Zr02; conpl ex ngFalioxides Such as 'Si02-Af203 ~7 °F &n

I, SbD22M&) kSkQ2grénp2sand é@obihﬁth@xgeﬁébu§§|Enogtﬁoxy
solid acid such as a netal salt of heferopoly acid
gramg, aanptaposal yrofipaasal hdphtphosgheupc acid, a
| ayered conmpound such as mica and nontnorillonite;
andlecteaynim Ier al tlsegbhasplth adosrec@opisrted catalyst of the
invention which has the group represented by the general
formula (1) bonded to the support, is described in more
detail by explaining the production method thereof.

As to the phosphazene-supported catalyst of.the
invention, the support to which the group represented by the
general formula (1) bonds is not particularly limited as
long as it is insoluble in the reaction solvent used, and
any one which contains a group capable of bonding to the
group represented by the general formula (1) can be used.
As such the supports, various ones are known and, for
example, various kinds of such supports are described at
pages 133 to 163 in "Catalyst Lecture Vol. lO {Industrial
Catalyst Reaction 4) Detailed Exposition on Catalyst™,
Catalyst Institute Ed. First release, Kodansha (1986).

Specifically, arn inorganic support, which is typified by
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earth; an organic ponner support mhich'is typified
by an organic polynmer in which the main chain such as

pol ystyrene, polyvinyl pyridine, pol butadiene and y
pol yvinyl chloride is 10 a carbon-carbon bond; an
organi c pol ymer containing oxygen in its main chain
such as polyacrylic acid and pofY(netha)acr |ate; an
organic.Y polyner containing nitrogen in its min
SFCH@g% such as pol yam de, po% urethane and polyi m de;
an-organi ¢ pol ymer contai ni é ymer containin silicon
inits naln 15 chai n such as polysiloxane and
me%ollysH an ar anlc ﬁﬁir caont ai ni ng sul fur

& 3 S@ﬁ ASstdhzasht % déCangSnOz, Zn0 and
d d
G ?y% Pt E‘@giﬁgspmﬁeﬁs SRl SR LRI
b t has.
orSSEACTR ORI ¢ JELTTLLSATROTL 1SS, B0 B0 ORLLLE
me@%ﬁf%r&%d %Sh@te§88mg&t %%ha%%.%?h%%aﬁxE%%t U 2 solid

organi ¢ polyner chain

ph@ébﬁ%&l@a%QQH bQ”@ay@r%BQ%%h?% @ Q %@nﬁbongggyggﬁ in

which its malnchalnlsaca bon- carbon

mofiefierpnebanted anhg ehf89lmehesshi Biked %@ddlatomaceous
non-crosslinked 25 pol ystyrene, and crosslinked and

eaPoh;cuasskrigaked S613#86 su%%orﬁ@'%ﬁhﬁﬁ'@@etgﬁﬁ%led by an
support is used in which a group capabl e bondi ng

organacgpolipmeepiasenietd bjet haigerdrah tacRUba ©blysitfrene,
the invention is introduced to such the support. As to .
podyvieyhodytodinef odotgbtihese egroups polevtihglsuppottide is
vari ous 5 exanples are shown at pages 136 to 137, and
a g@gbgniagrb@nlggnd an organic polymer containing oxygen
in its main chain such as polyacrylic acid and
poly(metha)acrylate; an organic polymer containing nitrogen
in its main chain such as polyamide, polyurethane and
polyimide; an organic polymer containing silicon in its main
chain such as polysiloxane and polysilane; and an organic.
polymer Containing sulfur in its main chain such as
polysulfide and polysulfone; and a crosslinkéd organic
polymer support typified by the polymers in which the above-
described organic polymer support has an appropriate
crosslinked structure. Among such supports, preferred is a
support such as metal oxide, an organic polymer in which its
main chain is a carbon-carbon bond, a crosslinked organic
polymer in which its main chain is a carbon-carbon bond, and

more preferred are $i0,, crosslinked and non-crosslinked

polystyrene, and crosslinked and non-crosslinked
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of the literature, as exenplified by a nethod in which
a hydroxyl group is reacted with SOC12 on the surface
of Si2, and substituted by chlorine and then
i ntroduced, a nethod in which SiQ2, the hydroxyl
group on its surface is chloridized, 10 is reacted
with phenyllithium and then substituted for a phenyl
group, which is chloronethylated and introduced, a
d in which polystyrene_is chloronethylated and
Sduced, and the |ike. FdPther, mention may be al so
nade of a nethod wherein alkoxysilane containing a
chloronethyl 15 group is used to be subjected to
POIJ@Y Weng-pol heoRBERSALI 6f uPthist WBichl Rogysibanepable
the like, or introduced into a silanol group in
Oftﬁ@ngﬁpﬁbgogélgﬁ?@ﬂI%ﬂRﬁQ%ﬂ¥t%QSQ¥1tﬂﬂtﬁﬁﬂﬁﬁﬁk/ ormula (1)

ST sy eglinne
l, [ ] dt b ded t
me%lﬁt%h E3 P s YRR R e f%ﬁd : eﬁ%ﬂ%@rt various
| t | d
P B B N e B T e
orfdrskl 3Rek  grayR, '@Lﬁo%%fegn:pl'lq_%e%elb % S l].'%lcf”‘t' onéuc% a

For a speC|f|c fret prepari & SUpport

hyFokd86grodfh icat-abysty fmrt%lt 'So%lph&?p?ﬂ% Qﬁrfgﬁgoafdsloz,

" represented by the general formula herei nafter

antiekebeedtthi@eashd chpBespRazene tCRIPIWRY WAk, % method in
phosphazene conmpound represented by the genera

whiiohmgtia, ( 3yhéhayarsailemroay efieried $:0-85c@ is chloridized,

"phosphazene conpound (3)"), a phosphazenium salt
isrepaeSedtEdthyphbﬁygemehabmfOémwlahéﬁ)substltuted for a
phenyl group, which is chloromethylated and introduced, a
method in which polystyrene is chloromethylated and
introduced, and thé like. Further, mention may be alsoc made
of a method wherein alkoxysilane containing a chloromethyl
group is used to be subjected to hydrolysis-polycondensation
with other alkoxysilane and the like, or introduced into a
silanol group in the silica gel by silylation. As an
alternative Supporting method, a method is used in which
using alkoxysilane containing a chloromethyl group,.an
alkoxysilyl group is allowed to be bonded to synthesize a
phosphazenium salt and then the resultant is subjected to
hydrolysis~polycondensation with other alkoxysilane and the
like, or supported on a silanol group in the silica gel by
silylation.

For a specific method for preparing the supported
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(hereinafter, referred to as a "phosphazeni um sal t
(4)"), a phosphazeniumsalt represented by the
general formula (5) (hereinafter, referred to as a
"phosphazeniumsalt (5)"), a 10 phosphazeni um sal t
represented by the general fornula (6) (hereinafter,
referred to as a "phosphazeniumsalt (6)"), a
phosphazeni um salt represented by the general fornula
SELE?SEKhereinafter, referred,to as a "phosphazeni um
sa (7)"), and a phosphazé ium salt represented by
the general fornmula 15 (8) (hereinafter, referred to

Ca%%ﬁ%ﬁﬁ@ﬁ%ﬁ%%ﬁ% uerEcizS%:l}ﬁaﬁgs y )rqqqtéavggﬂ;gih.raerpereas.nented by the
T o T Ao SRACHOAR TGt 39 par | ng

prepar ed.

n h 2 d.(3 d th
R e e e e

e b s, Hmaloiale CTONA (R b

prepare reacting a phos represént ed

reeri-be f@l l.awing Alerfor, )n=ifriar  exanpl e,
with a conﬁbund éﬁgﬁﬁﬁédenﬁy su s#%%ﬁtyﬂgqﬁy§$ogen of

phaBpAGkiews Uiy H04e - SHIRAME kN 2 Al kAl irdBialy Q)

al kaline earth netal at a relatively SF-1286 - 35 -
(hghrghﬁéfﬂ:éﬁfperr%tﬂé&ﬁted ldo M2 & RENSPHNB2NudNs2INR (42, a
phosphazenium salt represented by the general formula (5)
(hereinafter, referred to as a "phosbhazenium salt (5)"), a
phosphazenium salt represented by the general formula (6)
(hereinafter, referred to as a "phosphazenium salt (6)"), a
phosphazenium salt represented by the general formula (7)
(hereinafter, referred to as a "phosphazenium salt (7)"),
and a phosphazenium salt represented by the general formula
(8) (hereinafter, referred to as a "phosphazenium salt (8)"),
which are an intermediate useful for preparing the.
phosphazene-supported catalyst of the invention, are
prepared. Accordingly, first, the method for preparing the
phosphazene compounds (2) and (3), and the phosphazenium
salts (4), (5), (6), {(7), and (8) is described below.

The phosphazene compound (2) can be prepared by

reacting a phosphazenium salt represented by the following
general formula (13), for example, with a compound obtained

by substituting hydrogen of an active hydrogen compound with

an alkali metal or alkaline earth metal at a relatively
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RNP=NP+ N=EPNR" 22 Q(13) B NR2 ~NRRd NRNP
NR2 NR2 n (wherein nis an integer of 1 to 8 and
represents the nunber { of phosphazenium cations, Q'-
is an anion capable of forming 5 an ion pair with a
phosphazenium cation, a, b, c and d are each a
positive integer of 3 or less. R s represent the sane
or different hydrocarbon groups having 1.to 10 carbon
-a and two R s | ocated op.each commopn nitrogen atom
Sgﬁgg%%be bonded to each othe$5to forma ring
structure.) 10 Such anion Q'- is not particularly
Jdimted, and.,it may be any one which generates a
h18h8§p%§?€ﬁ§a§8ﬁﬁbund represented by the genera
formula (2) As the phosphazeniumsalts, the
_phosphazerp{mﬁm salts digclosed in JP-A No. 10-77289
and JP- . 2000- 3556(6, those in which 15 the anions
are th,NR-eNRy of hal ogen atons such as chlorine,
di scl osed pjj n "Furka Conpr ehensi ve Catal og 1995/ 96"
FurkuRzFPﬁﬁé emrRgal and the like are known. Q may be
Rgm%;éaﬂ H{cfp—pl NRPYU id@hi Qid) the reaction as
descyki bel owyg and y be al'so inorganic anions.
SF-1286 “ 336 Inihe c npound obt ai ned by substituting
hydr oger_¢ y/,he abovetidescribed active hydrogen
conpourf ithZan alkali metal or alkaline earth
netal, theggrgl kali neta“}or al kal i ne

(wherein n is an integer of 1 to 8 and represents the number
of phosphazenium cations, Q" is an anion capable of forming
an ion pair with a phosphazenium cation. a, b, ¢ and d aré
each a positive integer of 3 or less. R's represent the
same or different hydrocarbon groups having 1 to 10 carbon
atoms and two R's located on each common nitrogen atom may
be bonded to each other to form a ring structure.)

Such anion Q™ is not particularly limited, and it may
be any one which generates a phosphazene compound
represented by the general formula {2). As the
phosphazenium Salts, the phosphazenium salts disclosed in
JP-A No. 10-77289 and JP-A No. 2000-355606, those in which
the anions are the anions of halogen atoms such as chlorine,
disclosed in "Furka Comprehensive Catalog 1995/96" Furka
Fine Chemical and the like are known. Q" may be any one
which does not inhibit the reaction as described below, and

may be also inorganic anions.
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earth netal includes nmetallic [ithium netallic
sodium 5 netallic potassium netallic cesium
nmetallic nmagnesium netallic calcium netallic
strontium and netallic barium The active hydrogen
conmpound i ncludes the active hydrogen conpound from
which Z"- is derived, and particularly preferred are
al cohol s, phenols, thioal cohols, thiophenols 10 and

e The reaction of a phosphazenlun1salt

SFagkﬁgiented by the general SPornul a (13) and the
conpound obt ai ned by substltutlng hydr ogen of the
above- d scri bed active hydrogen conpound with an
al kaPi t t&PmBPuaﬂkaPtﬁénéér Feal 1gkk ipg hydrogen of

con ucted b e sane nethod as that for preparing the
Ehh *l;t’gldt Vs SHEP IR tHFRBBIR et raTh e kali

S8 0 B P i
h bed ‘

A e P B B o,

me%%riqLi%t t%%%?[ugtﬁn%ett% 1hhe fccéb%lq}% n%leé:ca(i clb rEﬁi'lets-g'{ﬁn

used a unt 0 e conpound obtar He

mel¥dnqgen.-af-ian, a%%%%@lﬁ%ﬂ%ﬁﬂﬁﬂﬁﬁﬂﬁpo%%ﬁ\Mégéfylc bar%um

al kali nmetal or alkaline earth netdl, is in
25 yﬁéahbyl—letlgyéﬁoggﬂl &é}nﬁehﬁd prefara '¥hé BEt_%ve
equi val ent s, and nore preferably 2

hydﬂug@&|e&hﬁouha|@Ebﬁﬁwh@c@ﬂ@“'eﬂ@'&@&fﬁﬁdCﬁaﬁ@@partlcuiarly
phosphazeni um salt represented by the general formul a

préfdyrethareeattbanlsel verhdls,nahipanidotiiar,| e HiigpHed1s
as

and amines.
The reaction of a phosphazenium salt represented by the

general formula {13} and the compound obtained by

- substituting hydrogen of the above-described active hydrogen

compound with an alkali metal or alkaline earth metal can be
conducted by the same method as that for preparing the
phosphazenium salt represented by the above~described

general fo:mula (2), as disclosed in JP-A No. 10-77289,

except that reaction temperature is set to be a relatively

higher temperature as desdribed above. Specifically, for
example, it can be conducted according to the following
conditions.

The used amount of the compound obtained by
substituting hydrogen of an active hydrogen compound with an .
alkali metal or alkaline earth metal, is in a range of

usually 1 to 10 equivalents, preferably 1 to 5 equivalents,
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5 1long as it does not inhibit the reaction, and any

known solvent can be used. Specific exanpl es thereof

include aliphatic or aromatic hydrocarbons such as

n- hexane, benzene, toluene and tetralin; aliphatic or

aromati ¢ hal ogenated hydrocarbons such as nethyl ene

chl oride, chloroformand o- 10 di chl orobenzene; ethers

such as diethyl ether and tetrahydrofuran; nitriles
Sf%#%% s acetonitrile and propionitrile; polar aprotic

S ents such as N, N dlnetﬁﬁlfornan1de,

-di met hyl sul foxi de, sul folane, hexanethyl phosphoric

r]H]iam'de and 1, 3-dinethyl -2 15 im dazolidi none, and
A E6E S ER SHETASeY Al dive ZoreTH Vadsitishati I i e we sine

BT RaR Sl 1 Ao SRERGT e 0aoridiiig Fow B aR D3 b

centration the like of the reactant, but it is
geé%&éﬁa v 8] ahﬁgﬁér 20 tenperature, in other words, in

I 80 t 300C -ef I 100
2s0e e RE e PtV etiral Py nes0oRE  Sse a i bsduns
lo%b‘%@eiE'nggfhﬁ%aﬁk%ﬂ%iﬁpkhgﬁ %g%ﬂﬂgi %Eg?aksg%%Fd
pressure, a normal “pressure and an el evaté Pressure,

sobl¥enitt chs bR ﬁs%@ﬂge§%écEE§FF5ﬁg#%léQ Eﬂeégggrgﬁcgéde

(absol ute pressure; IS W Inafter ap

aleguakhy) orSErbaBQ ic 38/qad e REgher abl ¥-100:10 300, ene,

kPa. The reaction tine can be appropriately

totosheokhadtdepandnng a0 phiae ikedet 0B male P LAl ess tilie
kind of the reaction systemand the like, but’ it is

hyilmoaarbage eficgener aklthylehet @hl0@ ikeyr $h1srprekar ablyy o-

1 to 50 hours, and nore preferably 2 to 20 hours.
dichlorobenzene; ethers such as diethyl ether and
tetrahydrofuran; nitriles such as acetonitrile and
propionitrile; polar aprotic solventé such as N,N-
dimethylformamide, dimethylsulfoxide, sulfolane,
hexamethylphosphoric triamide and 1,3-dimethyl-2-
imidazolidinone, and these can be used alone or in
combination of two or more types.

The reaction temperature can be appropriately
controlled depending on the kind, the concentration and the
like of the reactant, but it is a relatively higher
temperature, in other words, in a range of generally 80 to
300°C, preferably 100 to 250°C, and more particularly 120 to
200°C. The pressure at the time of reaction may be any one
of a2 reduced pressure, a normal pressure and an elevated

pressure, but it is in a range of preferably 10 to 500 kPa

(absolute preSsure;.this will hereinafter apply equally),
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Separ ation of the phosphazene conpound (2) fromthe
reaction solution after reaction can be conducted
according to a conventional nethod. For exanple, a
solution containing the phosphazene conpound (2) can
be obtained by 10 separating the solid content
contained in the reaction solution by neans of
filtration, centrifugation and the |ike. The solution
SF|§2ggncentrated to dryness £€ obtain the phosphazene
conpound (2) as a solid. Furthe as desired, it can
‘be further purified by recrystallization or the |ike.

L U it
ne X

oo SRRERLSERRL, o2 R, B

teﬂﬁgfé?gés’ FHES KBk o0 RCRALEL ERS DUTIRNRETCHT 1ike,

buEaﬂtbﬁs EHfEh%ES?%aQ%eﬁﬁW%ﬁQl%ﬁ 009”E8“Q%0rﬁ8ﬁ?§e”ted

by the above IS a conpoun

pré@@f@ﬁ@ﬁt@dtBY5bhﬁouE%||%WH”&OE@rBEE%erébEyY2(%@e§@'ﬂours
X is a halogen atom E is a hydrocarbon gioup wh

rrayse:;mtaaublarbﬂxw@np@é aferdd S&hHMindt M OFrém the
nitrogen atom Y is a hydroxyl group, a SF-1286 -

reaetta@t90gﬁﬁuﬁnOEfaeraﬁba@tgbﬁU@anmbécth&u@t@ﬂeébédrdlng
by a protecting group), for exanple, a conpound
towherenrvenheonpiiomrethbdg gfaipeodmYds ansalkylsh| yl
group, to prepare the phosphazeniumsalt (5) and then
corba Heprot ee, Phhephtocnbt abmpSuadst2uctanebbavbngiaed by
hydr oxyl .group, a mercapto group or an ami no group,
sepiRrting the phdsghagehenm sahtaiBydahd ghe reaction

solution by means of filtration, centrifugation and the like.
The solution is concentrated to dryness to obtain the
phosphazene compound (2) as a solid. Further, as desired,
it can be further purified by recrystallization or the like.

The phosphazene compound (2) obtained as described
above can be further reacted with a compbund represented by
the following formula: X-D' (wherein X is a halogen atom and
D' is the same as D' in the general formula (5)) to prepare
the phosphazeniumn salt (5).

For example, the phosphazene compound (2) can be
further reacted with the compound represented by the above
formula: X-D', which is a compound (a) représented by the
fellowing formula: X-E-Y (wherein X is a haldgen atom, E is

a hydrocarbon group which may contain an oxygen atom, a

~sulfur atom or a nitrogen atom, Y is a hydroxyl group, a
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phosphazeniumsalt (6) as a preferred enbodi nent
thereof. Alternatively, according to a known net hod,
the deprotected Y is allowed to react or polynerize
with a substituent such 10 as al kyl ene oxi de, or
substituted.al kyl ene oxi de, oxygen of which is
substituted for sulfur, nitrogen and the like, to
obtai n the phosphazeniumsalt (5) and the
azeniumsalt (6) as preferred enbodi nent
SEpH%%%Q whi ch have a hydrog ~ group, a mercapto
.group or an amno group at its termnal. 15 The
reactlon of the phosphazene conpound (2) with the
GRS h &I(Oéap é%a'fn Be FHRPUSESRUNIBE Fhd & admiaigd by a
ndi t.i on. e reaction sqQlvent is the sane as in the

PTOREEY EOF kA ng e B dSs SRR Shage Ene 2o
o ER IR, (Bl it P a0 b maemeRe the

ph%%B% ra%géfof ene¢ brige%o%ggé%facﬂg$é? gﬁys é}taln
0
a %Qg’ud@%‘} re Ct ﬁJaﬁrra)}/{ by ¢ @p0C ?rc%rec S(Léreg)u% or an

the tine any gné o

anPhes S, atﬂactr T, RS PUES A A ﬁ%ﬁ%‘??t 500 %P5 "

but i't isin a 25 range of p

ph3BEnhERES i e frabl 45)10Q@ §Fp%%%@rre@oeﬂﬂﬁdﬁﬁeﬂﬁp%heyg%f
reaction tinme can be appropriately control

nrldepandiing19n) Lhedreaely en kempekal wethdd)e ﬂHen@leprotected
the reaction systemand the like, but it is in a range

Y 0k ageépeeal ity Gehdto cl0Rohgtes.i zpr efiemakl wubsta t8@nt such
hours, and 5 nore preferably 2 to 50 hours. The

asphosphenenicomdsal o Ehpstandted) aday e es epadat, edxigem of
the reaction solution by a conventional nethod. For

wheghnpbe sublsé ighidsghdpenisuitsal, t :itrogen and the like, to

obtain the phosphazenium salt (5) and the phosphazenium salt
(6) as a preferred embodiment thereof, which have a hydroxyl
group, a mercapto group or an amino group at 1ts terminal.
The reaction of the.phesphazene compound (2) with the
compound (a) can be conducted under the following condition.
The reaction solvent is the same as in the case of preparing
the above-described phosphazene compound (2). The reaction
temperature can be appropriately controlled depending on the
kind, the concentration and the like of the reactant, but it
is in a range of generally -78 to 100°C, preferably -50 to
80°C, and more particularly 0 to 50°C. The pressure at the
time of reaction may be any one of a reduced pressure, a
normal pressure or an elevated pressure, but it is in a

range of preferably 10 to 500 kPa, and more preferably 100
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(5) and (6) can be obtained in the solid formor a
viscous |liquid by separating the solid contents
‘contained in the 10 reaction solution by neans of
filtration, centrifugation and the Iike, and then
concentrating the filtrate to dryness. It can be
further purified by recrystallization, colum t
chromat ography and the |like, if necessary. Further,

‘ Séﬁe Fhosphazene compound (2), for exanple, can 15 be

@d with the conpound‘réBrésented by the above
formula: X-D, which is a conpound (a') represented by
the following formula: X-L (wherein X is a halogen
Coat g dfftp L iT8e Hegeblipnhivingg canc Behepreapbontely
unsaturated bond) to obtain the phosphazeni um salt _
copro bl driteRenstiindg Proft heh & sfdsa e a@ipind ) kind
i,th the .conpoun a') can be conducted, for exanple,
O idl HIRCTID IR GOt nt L Kgve BW¥actl dif sidt verftange of
ISt S s .faqr the above-described preparation of
geFﬁgEEﬁéégﬁgEgﬁ%]I@bﬁﬁ%ﬁﬁﬁ 655?9 %%ékﬁﬁb Ce sttt urad
[ I ntrolled_depending.on th
nof ) P, A BORRT « S IREN R O Rdige ()
e%%h@ It S d of. .gen L1y -7
an?(; e(16r 0C, plrrHeef e%ég%lrlftt-e&s) %I%HSO%@ grﬁec? érrtolg%l S‘%D?letclu na?:f%/ a
cvict a1 TREHRIESSHES @kafngget,l %ﬁeogpsghgagnﬁ% R&1ts

any one of a reduced pressu a nor ressure or

(53N s@lceVv@a)edad HeeoBa@ndutid ttHe dd1 i N A 4 viscous
preferably 10 to 500 kPa, and nore preferably 100 to

11300 KkBa: sEpeiraedel @Rt istR iCRorReBRPIRRIHAMRIY in the
controll ed depending on the reaction

reaction solution by means of filtration, centrifugation and

the like, and then concentrating the filtrate to dryness.

It can be further purified by recrystallization, column

chromatography and the like, if necessary.

Further, the phosphazene compound (2), for exaﬁpie, can
be reacted with the compound represented by the above
formula: X-D', which is a compound (a') represented by the
following formula: X-L {wherein X is a halogen atom and L is
a group having a carbon-carbon unsaturated bond) to obtain
the phosphazeniun éalt (7).

The reaction of the phosphazene compound (2) with the
compound (a') can be conducted, for example, under the
following condition. The reaction solvent is the same as
for the above-described preparation of the phosphazehe

compound (2). The heating temperature can be appropriately

controlled depending on the kind, the concentration and the
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| prydiekyzghte

tenperature, the kind of the reaction system and the
like, but it is in a range of generally 0.1 to 100
hours, 10 preferably 0.5 to 80 hours, and nore
preferably 2 to 50 hours. The phosphazeniumsalt (7)
can be separated fromthe reaction solution by a
conventional nethod. For exanple, the phosphazeni um
salt (7) can be obtained in the solid form by '
separ.ating the solid contents contained in the

SEfgg%f?on 15 sol ution by nﬁa%i of filtration,
centrifugation and the |like, and then concentrating

1 he filtrate tg dryness. It can be further_ purified
l%f © CF§§t5PPF gfiton Pubolifm R0 fafegespIyf IS¢ eHd Y —78

to 3055 BESTELEPAY 30 Wit F e, COpdGnd FepreduneddY © to
By th b la: . X-D_,_. whi IS, Ll

B T nn A S0 el e an sl o0, o
-E.=Y i.n X_i | t E__ i

* R5arsEs BhaCehely = holald HRRRER s rmy g g e

,such f t
Qr%pﬂ“ga) r{%glg%btcalgie%%tef%@%ﬁg QPR AN kra,

or an 25 alﬁoxy grou “the phazeni um
an8ahbre8hrbaning1 g §601%§53004%Pa§'|¥he%%9§@t§8ﬂt§iﬂé?8an

a hydrol yzabl e group bonded t hereto. e reaction o

bet BpppbpsphagepeceaiReuned deplindinkhen ¢0RPLRAE+(3T)
can be conducted, for exanple, undér the follow ng

tempadiatios, The keadt b@ntsel verltisnt BEs$ane a8 ThkoNike,

t he above-descri bed preparation of the phosphazene
butoipodndit2)y. rdhger edchicorrizdngenatiute ¢an heurs,

appropriately controlled depending on the kind, the
presatehivali Bntandot heurlsi kendf mphe peactaablybdt tiot 5i0s

in a range of generally -78
hours. The phosphazenium salt (7) can be separated from the
reaction solution by a conventional method. For example,
the phosphazenium salt'(7) can be obtained in the solid form
by separating the solid contents contained in the reaction
solution by means of filtration, centrifugation and the like,
and then concentrating the filtrate to dryness. It can be
further purified by recrystallization, column chromatography
and the like, i1f necessary.

Further, the phosphazene compound (2) can be reactéd
with the compound represented by the above formula: X-D',
which is an organosilicon compound (a") represented by the
following formula: X-E'-Y! (wherein X is a2 halocgen ztom, E!
is a hydrocarbon group, Y' is a silyl group having a

hydrolyzable group such as at least one halogen atom or an

alkoxy group) to obtain the phosphazenium salt (8) having a
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to 100C, preferably -50 to 80C, and nore particularly

O to 10 50C. The pressure at the tine of heating nmay

be any one of a reduced pressure, a normal pressure

or an elevated pressure, but it is in a range of
~preferably 10 to 500 kPa, and nore preferably 100 to

300 kPa. The reaction tinme can be appropriately

control |l ed depending on the reaction 15 tenperature,
Fggg8ﬁlnd of the reaction systen1and the like, but it

I s’ a range of generally #21"to 100 hours,

preferably 1 to 80 hours, and nore preferably 2 to 50

hours. In addition, a non-polar solvent is used as
sifyd PEREP 6oDtegmidit A G yjsEeduEeba chiggieyso lbamn desadiieme to.

product (8), and 20 then renpve inmmediately the

pr bRt TRRETHPNt RE Shet BRPSPRagenet CHEPAYNBr dRer WbER the

in v 0|nt of he reaction npde, sinplification_ of
COELPBHngméat i GRTpRST seady Yahiay EfenEHAP 1Se| eV ttyh

d the | k d b| th t
zod i g Lok %%géﬁﬁgigﬁ% EbABotn Fotne" 1 50ths et

fog E?ﬁéggﬁg%zgg%%gen S iatiia ot St Do e
coﬁﬁbﬁﬂd'%2? hygﬁgx¥ga29£8ﬂ tgﬁp rgFﬁfngQnaBéogg%§5p§iately

tenperature hlg er than room enperature 1n

coﬁE%é@@@@ Bépégﬁﬁ%%eo%ft gsﬁﬁﬁgntthgh%on%%ﬂkggﬁzo% and the
exanpl e, can be pérformed according to the oW ng

1ikengdEt tBBSrelbe ah@3Chiy@n i$0lient, kLS Usgd a% g@ne&%@ly -78
case for preparing the phosphazene conpound

toheatfog pesperabure -may tbe sappr, Ophigakek @Q&E&%ﬁﬂ%@ly 0 to
dependi ng on the kind, concentration, or the |

50ftle Teagimmtsubatad teapetas use Hae@hemgtlhay b@oﬁhy one of
t enper at ure may
a reduced pressure, a normal pressure or an elevated
pressure, but it is in a range of preferably 10 to 500 kPa,
and more preferably 100 to 300 kPa. The reaction time can
be appropriately controlled depending.on the reaction
temperature, the kind of the reaction system and the like,
but it is in a range of generally 0.1 to 100 hours,
preferably 1l to 80 hours, and more preferably 2 to 50 hours.
In addition, a non-polar solvent ié used as the reaction
solvent to produce a high polar reaction product (8), and
then remove immediately the product cut of the system, thus
it being preferable in viewpoint of the reaction mode,
simplification of a purification process, improvement in
selectivity, and the like, and preferably the reaction mode.

On the other hand, the phosphazene cdmpound (3) can be

prepared by heating a phosphazenium salt represented by the
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10 be nentioned, that is, in a range of generally 50

to 300C, preferably 80 to 250C, and nore preferably

100 to 200C. The pressure at the tine of heating may

be any one of reduced, normal or elevated pressure,

but it is preferably in a range of 10 to 500 kPa, and

nore preferably 100 to 300 15 kPa. The heating tine

may be appropriately controlled depending on the
SEhﬁ%%i g tenperature, the kind of the reaction system

0 e like, but it is in a Faﬁge of generally 1 to

240 hours, preferably 2 to 200 hours, and nore

referably 5 to 150 hours. 20 Separation of the _

g ep%ﬁa harerd lcondolind "esr eio ittenéniasncits on hssingsivén anion

after heating may be perforned accordin to_the
OX B PEREPeIS SReriodS. Port SEREHEET & MR dipah room

R PR B o R SO SHR S e 2 MGiEe, The

e R AR B GO EI08 s Rk pr g e Cre
' l: fii thon, 4 ' .. the.like,
e R S A et S e R S KA

tnkheasel ird PRosphazene t%%nnt]B%gwhb(a?e&%f fc(;%rrrﬁsg)gfn%l [d2). The

Further, purification ca

heBEEASS @@mp_e@a%ﬂeeﬁ%sb@ |ab§%b%a%1 e drtkeq 1The

phosphazeni um sal t can be prepared by reacting

depbadahgvenokhai neddphesphazena -GemoWwnd thd) 1WKh o ff @he
exanpl e, a hal ogenating agent such as phosgene,

rebhtenyl bohl aritdepethitanyl hbyberdeh-phesRROhperature may

pent achl ori de, 10 phosphorus trichloride,
be2merntichkdrotbald- i1s, in a range of generally 50 to 300°C,
preferably 80 to.250°C, and more preferably 100 to 200°C.
The pressure at the time of heating may be any one of
reduced, normal or elevated pressure, but it is preferably
in a range of 10 to 500 kPa, and more preferably 100 to 300
kPa. The heating time may be appropriately controlled
depending on the heating temperature, the kind of the
reaction system or the like, but it is in a range of
generally 1 to 240 hours, preferably 2 to 200 hours, and
more preferably 5 to 150 hours.

Separation of the phosphazené compound (3} from the
reaction solution after heating may be performed according
to the conventional methods. For example, a solution
containing can be obtained by adding aliphatic or aromatic

hydrocarbons such as n-pentane, n-hexane, cyclohexane,

benzene, toluene, xylene and tetralin to the reactant, and
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di met hyl i m dazol i di ne, 2,2-difluoro-I, 3-

di net hyl i mi dazol i dine. The reaction is perfornmed

according to the followi ng conditions. The content of

t he hal ogenating agent is generally in a 15 range of

1 to 10 equivalents, preferably 1 to 5 equivalents,

and nore preferably 1 to 2 equivalents, based on 1

equi val ent of the phosphazene conpound (3). The

& ction solvent is the sane as in the case of
S 5ﬁ§ﬁ ing the above- descFiﬂéd*phosphazene-conpound

(2) The reaction 20 tenperature nmay be appropriately

control |l ed depending on the Kkind, concentration, or
sepRd a4y dihg H@%Oéa’%lﬁﬁ Pl ltrasionn eentargaigsftion or

enerally -78 to 200C, preferably -50 to 150C, and

tb??o KSi-ef gpﬁbtsﬁ’gﬁtf-ﬁanG@. Leneopresdgréedt teheérvpess to

f .reaction . ma e any one of reduced,_ normal or 25
oGS HE SRR Aa e S an Y Af & Wgeor
tQ SE-1286 - .45 500 kPa nd nor referably 100
rub e SR e than, o T HhP B s G SSarY,
. [ eact i t ature, the
oy e e I OF TR he ke, but it Qs in
ar e~k : gl | 1 u erabl ;
0.5 18 BB Rbar e and nbr & "Br SOy b5 §L5PP5ErehInsrpting
theCR¥oA O tafi e pHBRPFIRIAZRNIURR A () LM the
reaction solution after the reaction nmay be perforned

ex@@@0kdi BY HaQ dgke aeaRve Rigetal sudFetd 0 G o SR e X aml By 1
the reaction solution is concentrated 10 to dryness to

chabtraide, t e iphgsphazeniden sadsHidbras perteldidoride,
Further, purification can also be perforned, if

phpepessasy trichloride, 2,2-dichloro-1, 3-

dimethylimidazclidine, 2,2-difluoro-1, 3~

dimethylimidazolidine. The reaction is performed according

to the folliowing conditions.

The content of the halogenating agent is generally in a
range of 1 to 10 equivalents, preferably 1 to 5 egquivalents,
and more preferably 1 to 2 egquivalents, based on 1
equivalent of the phosphazene compound (3). The reaction
sclvent is the same as in the case of preparing the above-
described phosphazene compound (2). The reaction
temperature may be appropriately controlled depending on the
kind, concentration, or the like of the reactant, but it is
iﬁ a range of generally -78 to 200°C, preferably -50 to
150°C, and more preferably 0 to 100°C. The pressure at the
time of reaction may be any one of reduced, normal or

elevated pressure, but it is preferably in a range of 10 to
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by recrystalllzatlon or the Iike. N@anmhile, t he
phosphazeniumsalt (4) is reacted with a conpound (b)
exenplified by a conpound having a protective 15
group such as an al kylsilyl group, represented by the
following formula: R-NHE-Y (wherein, R represents
the same { as in the general fornmulae (1), (5), (6),
(7) and (8), E and Y represent the sane as in the
ound (a).) to prepare the phosphazeniumsalt (5);

SEng% Y i s deprotected to ofParn a 20 conpound

structure having a hydroxyl group, a mercapto group

or an am no group, that is, the phosphazenium salt (5)
508ndPay hanshBeskaparitemaddit 108) tas 380pk&Rer r ed

enbodi nent thereof. Further, the deprotected Y all ows

t heTRRaEERBRLOR BIRGI BA¥ LExpBBrePrigsebyygentapi hed

subst.i tuent such as sul fur, 25 nltroan or the |like

de&&ﬁﬁidng Qe ﬁoaeeﬁ&mwﬁmﬁra&pr%yt £ §gnfogd theg
h h | t
redch oS vBR R AL e MGl 930187 S Aredge bF
t t b h
oofBatTrD 108" 805 % D SR T TSR

moi?g' g‘fe@%QHBlgaF: @g 2 '5‘69 o%rEh.e éssnlg}agg?ﬁf?kh@he

phazene a conpou or “éxanpl e,

ph%@ﬁhggeﬁgﬁﬁoggﬁg %%§0&@b%9t%% the 58 lgWﬁﬂQlog after the

conditions. The reaction solvent is the sane

rebbﬁléﬁsﬁa?fbﬁr @%Ebﬁ&eﬁh%c%%QWQh%e%Br%dicgﬂg%ﬁﬁﬁéﬁﬁq
conpound (2 he reaction tenperature nay be

me@8RPEENT | Bé €l b Tont £k | edadepsndiptueioh heskibfleentrated

concentration, or the like of a reactant, but it is
tOIdrgneaﬂgéoobbg&mﬁrahbyphB&ph@zenlum salt (4} as a solid.
Further, purification can also be performed, if necessary,
by recrystallization or the like.

Meanwhile, the phosphazenium salt (4) is reacted witﬁ a
compound (b) exemplified by a compound having a protective
group such as an alkylsilyl group, represented by the
following formula: R'-NH-E-Y (wherein, R! represents the same
as in the general formulae (1)}, (5), (6), (7) and {(8), E and
Y represent the same as in the compound (a).) to prepare the
phosphazenium salt (5); then, Y is deprotected to obtain a
compound structure having a hydroxyl group, a mercaptc group
or an amino group, that is, the phosphazenium salt (5) and
the phosphazenium salt (6) as a preferred embodiment thereof.
Further, the deprotected Y allows the reaction of alkylene

oxide or its oxygen with a substituent such as sulfur,

nitrogen or the like using a method known widely; or, by
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200C, preferably -50 to 150C, and nore preferably 0 to
100C. The pressure at the time of reaction may be any
one of reduced, nornmal or elevated pressure, but it
is 15 preferably in a range of 10 to 500 kPa, and nore
preferably 100 to 300 kPa. The reaction tinme may be
appropriately controlled depending on a reaction
tenperature, the kind of the reaction systemor the
i ke, but it is in a range of generally 0.1 to 200
SEF&E%é, preferably 0.5 to 156°hours, and 20 nore
preferably 2 to 100 hours. Separation of the
hosphazeniumsalt (5) or (6) fromthe reaction

R . :
2ldgMERHoROKIT e THE apdicior ¢ MbosPdiaagnion kalt (5) and the

conventi onal methods. For exanple, the solid content
PhOSPaagsPatEd SBASm (e afedc Pired ersstuEmeRddpent thereof can

b filtratign centrifugation or the Iike. The 25

°sBFEPRERCYT Bavdndetticated ™o dry Aésé Py EorMin GIeP, 2
SF-1%86 - 47 phosphazeniumsalt (5) .or (6) as a solid

MeEF2E -8 c g8 YPY qPd 2™EG GFeHP Par H'fcati®én can al so be

X b . ; |
P S o RO R AL b Mt EERY *hAbk o EL eAtind ogPRgound
(b§§)fo%6éxa %ig?ngaQS e5.%528§ﬁgg g%géggi%g?%%’t%ecan

be substituted to a desiré anion hod "kKinown

: fomﬁgﬁkﬁgoﬁénEQEgéﬁény'Eﬁ@rrféégpéﬁ'soi@gngﬁ?%tgﬁgtgaﬁgnas

be perforned by a nethod of contacting

inCERPOLAg: NaYi fEePattedlyl @Hea0b00e-BRAEEG WLl Lo s8R 4,20 e
exchange net hod usi ng an ion-exchange resin having a

cogipsinigd (0. anrign @éaébﬁoﬁiﬁéﬁpé&@@&ﬁ@dmé?rbérﬁﬁﬁfﬁgriately
with an alkali nmetal salt or an al kaline earth netal
cosatdlhadi dgpandespr ed tavi RAndQr cbheehitk@tion, or the like
of a reactant, but it is in a range of generally -78 to
200°C, preferably =50 to 150°C, and more preferably 0 to
100°C. The pressure at the time of reaction may be any one
of reduced, normal or elevated pressure, but it is
preferably in a range of 10 tc 500 kPa, and more preferably
100 to 300 kPa. The reaction time may be appropriately
controlled depending on a reaction temperature, the kind of
the reaction system or the like, but it is in a range of
generally 0.1 to 200 hours, preferably'O.B to 150 hours, and
more preferably 2 to 100 hours. Separation of the
phosphazeniumrsalt (5) or (6) from the reaction solution may
be performed according to the conventional methods. For
ekample, the solid content is separated from the reaction
solution by filtration, centrifugation or the like. The

solution is concentrated to dryness toc obtain the
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be prepared by reacting with a support which has been
15 nodified to react with the phosphazene conpound (2)
or (3) or the phosphazeniumsalt (4), (5), (6), (7)
or (8 with the phosphazene conpound (2) or (3) or
phosphazeniumsalt (4), { (5), (6), (7) or (8)
Particularly, for exanple, the phosphazene conpound
' phosphazeni um sal t ( or (6) 20 are reacted
SF&ﬁ?ﬁ%g hal ogenat ed hydrocérggn”residue or the like of
t he support, whereby being supported to the support,
hthu enabl ed the preparation. Further, when using an

QAPREAEIWT S SsulbPorr d€ )t B supisoritd q ipgsessilgiaid.
t obtain .the supported catalyst via reacting the

U e e ST D (A7 WIS e RSty dhio R azY
resi .. kurther, SF-1286 - 48 using silica | as

oy, B e oS TN SR O LB P AT e 1k
silyla ' [ I up ich_s sent

el F R Eh e R a PR LB e o 75 BB

th Y upper t : eact i on.

e T ShoESRaene combaind 1)t brut TRl S ¥ d&8irea
RBASBRAZE HMRSA LS v ory and SWPPOLL

anperfo?ﬁed, for exanple%ig§§?HeJ€%?%%MAng' dnd???o%%éhﬁle’

thdheubgaciier wahvert pksrhhfesa ' fact
preparing the agbve-gescribgd gﬁ%ggﬁ??gﬁgpégﬁggﬁﬁﬁcfifg

withea &Ompeact dAviedar abeie MYl dPR=ORiceleY y, an ion
control |l ed depending on the kind, concentration, or

exthengekeethoa usedagt ant ichubxichanSe e ihaM@&i0lk a desired

generally -78 to 200C, preferably -50 to 150C, and
anponeopr eher dbkg, Oat metBOEC. for treating with an alkali

P

metal salt or an alkaline earth metal salt having a desired
anion, or the like.

A phosphazene-supported catalyst of the invention Can
be prepared by reacting with a support which has been
modified to react with the phosphazene compound (2) or (3)
or the phosphazenium salt (4), (5), (6}, (7) or (8) with the
rhosphazene compound (2) or (3} or phosphazenium salt (4),

(5), (6), (7) or (8). Particuiarly, for example, the

phosphazene compound (2) or phosphazenium salt (5) or (6)

are reacted with a halogenated hydrocarbon residue or the
like of the support, whereby being supported to the support,
thus enabled the preparation. Further, when using an
aminomethylated support as the support, it is possible to
obtain_the supported catalyst via reacting the phosphazene

salt (4) with an aminated hydrocarbon residue. Further,
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The pressure at the tine of reaction may be any one of
15 reduced, nornmal or elevated pressure, but it is
preferably in a range of 10 to 500 kPa, and nore
preferably 100 to 300 kPa. The reaction tinme my be
appropriately controlled depending on the reaction
tenperature, the kind of the reaction systemor the
like, but it is in a range of 20 generally 0.1 to 500

hQuy, preferably 0.5 to 30Q_hours, and nore
SEB?%?%%ably 2 to 200 hours. %gpération of the

phosphazene- supported catal yst fromthe reaction
sol uti,aon af%&; t he reacti on may be perforned .
USABEordimgd F&hésS hfvENERSHA retth G Stz edudaiplsg 1t (8)
he phasphazene 25.supparted catalyst (1) as a solid
“8to teaisﬁzlé’qia%et%hé"l Baét isc}rjraﬁg’-llé—'@f@“%-{:’ 481 cdp it PHpSeRt on
epar filtrati.on, centrifugation or .the 1like.
th%urg{ﬁhrggra%%p#i ftihgatsi%or% c@aﬁ!egll :tsbé' or fedR nethiod to

gi%%f%S%% rQ%dW%%QEﬁ%s ith water, an appropriate
e

sol vent "0r the Tike: I'n addition, the reaction of

theTHQ°§QQ@%f5ﬁUEé§@%én(§%gepkkﬁghgggﬁggggﬁgoﬁﬂa B8) or

conducted, for exanple, un

theoplblibazeRhanpRaspBazani um=sald. (&) ia%qs%@l%ﬁ;s%lﬁ)go% is

bring 't in contact with a comercially aval
pesitbrtadgelfoandxaegt kNgbyl@hid £AL hingy tdoiRi tA ons .

reacti on solvent nmay be used. The reaction solvent is

not Tipar teatt hohysdivehediasthengans bt ihSthBeehsbOof

silica gel and the phosphazeniumsalt (8), but
prepefténgedhies ahonendpskat bed vemisphacknas doepoene, (2). The

tol uene, hexane and the |ike. The reaction
re@@ﬁp@ﬂatgmgergtUﬁeamaange appropriately controlled
depending on the kind, concentration, or the like of a
reactant, but it is in a range of generally -78 to 200°C,
preferably -50 to 150°C, and more preferably 0 to 100°C.
The pressure at the time of reaction may be any one of
reduced, normal or elevated pressure, but it is preferably
in a range of 10 to 500 kPa, and more preferably 100 to 300
kPa. The reaction time may be appropriately controlled
depending on the reaction temperature, the kind of the
reaction system or the like, but it is in a range of
generally 0.1 to 500 hours, preferably 0.5 to 300 hours, and
more preferably 2 to 200 hours. Separatidn of the
phosphazene-supported catalyst from the reaction solution
after the reaction may be performed according to the

conventicnal methods. For example, the phosphazene-

supported catalyst (1) as a solid contained in the reaction
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15 of generally O to 200C, preferably 20 to 150C, and
nore particularly 40 to 120C. The pressure at the
tinme of reaction may be any one of a reduced
pressure, a normal pressure or an el evated pressure,
but it is in a range of preferably 10 to 500 kPa, and
nore preferably 100 to 300 kPa. 20 The reaction tine
can be appropriately controll ed depending on the
Sﬂf¥¥g.on t enper at ur e, the_kigd of the reaction system
e like, but it isin 4 range of generally 0.1 to
100 hours, preferably 1 to 50 hours, and nore
fera to 20 hours. After separation of silica
Sdgéﬁ % FERATREed PR 5 Hddatslan, qad riddwatden joF the

h a solv nd the SF-1286 - 50 _ 1|ike and
Lifen g}lwléfaeifo Bhvé é%ﬁ&@ﬁh&f@nélﬁpasrP@afeamaﬂysf-f

ter e.reactian of os azene conpound
ne e(%%pré?er}% eyt SR %ot B e thngolvent or

£ Qt, which is nodified mnth halogenated
hhy rocarbon resi dues, 5 am nated hydrocarbon residues

or Eﬂeaaakgloﬁhetﬂer%%QE%QOnh Eogﬁgaéﬁg gﬁgggﬁﬂgﬁogalt

resi dues or am nat ed rocar

wid@aghisV alegoa & YoV Qf?)tdcﬂﬁaé edrethod. exFagn'g 1eEXRE the

t he hal ogénat ed hydrocarbon resi’'due can

fodeagtnyatedahyibheating with an al kali metal
al coholate or 10 an al kaline earth netal al cohol ate or

t heThé kgho g hes ebyiusubst ikt ysh ngsashpﬁgg@@dabgnbmhe 88 in
al koxy group to form ether. Al so, e am nat ed
cohydracatbhnar esmaige cdarl 19e av@edebleatsgd ivad gel and heating
_substituting with a salt of an alkali netal or
ital kat i Heigarime ne¢ateaahdonl kylathhgmehebanigedgr oltpe
with 15 alkyl halide or the like to formtertiary
reaﬁﬁﬁ@nsﬁp&@pgtels not particularly limited as long as it

is inert to silica gel and the phosphazenium salt (8), but

preferred is a non-poclar solvent such as benzene, toluene,

hexane and the like. The reaction temperature'is in a range
of generally O to 200°C, preferably 20 to 150°C, and more
particularly 40 to i§6°c. The pressure at the time of
reaction may be any one of a reduced pressure, a normal
pressure or an elevated pressure, but it is in a range of'
preferably 10 to 500 kPa, and more preferably‘loo to 300 kPa.
The reaction time can be appropriately controlled depending
on the reaction temperature, the kind of the reaction system
and the like, but it is in a range of generally 0.1 to 100
hours, preferably 1 to 50 hours, and more preferably 2 to 20
hours. After separation of silica gel by filtration, if

necessary, the resultant is washed with a scolvent and the
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. On the other hand, for exanple, the phosphazeni um salt
(7) and a polynerizable functional group-containing
compound, such as so-called a vinyl nonomer such as
styrene, (nmetha)acrylic ester and the |ike can be
pol ynerized 20 according to a conventional nethod
(e.g., "4th Edition Experinental Chem stry Lecture
Vol . 28 (Pol ymer Synthesis)", The Chem cal Society of

splapan, Maruzen, 1992, pp. 3% to 38, pp. 120 to 152)
to synthe3|ze a support and %t the sane tine to give

a phosphazene-supported catalyst. 25 Further, the

hos niu sal 8) and other SF-1286 - 51
ll&ﬁk&ﬁ?@% é&gﬁﬁrg%t osphazene-supported catalyst.

means of

neﬁ%%%gfﬁ%%ﬁ%% SPEEnaEe BRareafa: corneusantay o

. y S
0 o T For S 8hpl B RaEBr dfg SPBEO8

whEBﬁ EQ'RB&&@Q@@OQQ h'BQ1oan%@Sp§H§895%BQ%OEEEh Qgg%s,

hydrol'ysi s-polycon ensat ane wh

amfapfE=a ﬁ&ﬁk@@aﬁBBE'%e@ﬁgubgeorpﬁﬂépmﬁﬁgn'%HbsﬁhEeggked

are made into a honobgeneous sol ution by using a pola

hasob¥aAt=aUEhdascaRbBANSLs 18t RaNBL QﬂQnBE@dlﬁyhkb%arbon
which is inert to al koxysilane and water and i s water-

resbiubkemafobthilsachydueehl ohhCcaaghdvbaraddad hetdb¥e For
an acidic condition, then about 1 equivalent of water
exgmsébd, ohhet helbydnatydahl/eargeaupsni scadded thareto and
the m xture was heated under stirring. The reaction
deaehpeabedrieychnebbing wpphopni atkbyicmatanl kédoholate or
dependi ng on the kind, the concentration and the |ike
anoflknbineaeanhl, mpbeli elighphahe or the like, thereby

substituting a halogen atom with an alkoxy group to form

.ether. Also, the aminated hydrocarbon residue can be

deactivated via substituting with a salt of an alkali metal
or alkaline earth metal, and alkylating the amino group with
alkyl halide or the like to form tertiary amino structure.

On the other hand, for example, the phosphézenium salt
(7) and a polymerizable functional group—contAining compound,
such as so-called a vinyl monomer such as styrene,
(metha)acrylic ester and the like can be polymerized
according to a conventional method (e.g., "4™ Edition
Experimental Chemistry Lecture Vol., 28 (Polymer Synthesis)™,
The Chemical Society of Japan, Maruzen, 1992, pp. 31 to 38,
pp. 120 to 152) to synthesize a support and at the same time
to give a phosphazene-supported catalyst.

Further, the phosphazenium salt (8) and other
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range of generally O to 200C, preferably 20 to 150C,
and nore particularly 40 to 100C. The pressure at the
time of reaction may be any one of a reduced
pressure, a normal 20 pressure or an el evated
pressure, but it is in a range of preferably 10 to
500 kPa, and nore preferably 100 to 300 kPa. The
~reaction time can be appropriately controll ed
ing on the reaction tenperature, the kind of
SEgﬁg%Egaction system and thellTke, but it isin a
range of generally 0.1 to 100 25 hours, preferably 1
o 50 hours, and nore preferably 2 to 20 SF-1286 - 52
alkoxySid antn &Rn decssPIRatteta fvadedy i tied vasasisnemt ion
b m xture, angythe reaction mxture is gelled
Y B5EGtaPdl ¢ BRPRadiehgot tousdethasd 2omd Surmeditt iga at
pu h_as . _anmmoni a. At thigﬁtigg, 5 conti nui ng. heating
&Mt FéFadiOc SIRdPt PORSRRE 288ieng W oF L9 kg tedemt - The
r.iod ffective in viewioint of inprovenent in
pr%??é%gF%Egp%tﬁ@nc EalCRAEe c&ﬁFe?X Shodshgrdiay to
u .atter reaction can be separated by
th§ @gggbgﬁﬁggkgkﬁﬁégﬁod. For exanple, the
h enes t,al y: obt aj b
P P§pﬁﬁé 36 %BQQQEEEgF&9¥%?I§Q ﬁ%%?@gg%??i$%gg?§gdegs%tlon,

separation Ey nmean trati I on an

'alkbﬁybﬁﬁﬁn@fwhﬂ%hsgbhdfo%ﬂnﬁeﬁﬁ§iegnh%EQ%§.Fﬁdﬁ%ﬁe

reaction solution, and further washing w wat er and

phdephagentomt Ba1phesphazengasupparbed eakdlsleoRsCRRNGE ion
- by the 15 above, Z"- can be substituted to a desired

byansdng whpobakrssoapphepsuaheakofethenb@aCki-@RnbYP8nd the
_Which uses the catalyst, by a nmethod known widely.
liFer eRaohl &5 thersubst klubryedlane and water and is water-
soluble. To this, hydrochloric acid is added to give an
acidic condition, then about 1 equivalent of water based on
the hydrolyzable groups is added thereto and the mixture was
heated under stirring. The reaction temperature can be
appropriately controlled depending on the kind, the

concentration and the like of the reactant, but it is in a

range of generally 0 to 200°C, preferably 20 to 150°C, and

- more particularly 40 to 100°C. The pressure at the time of

reaction may be any one of a reduced preséure, a normal
pressure or an elevated pressure, but it is in arrange of
preferably 10 to 500 kPa, and more preferably 100 to 300 kPa.
The reaction time can be appropriately controlled depending
on the reaction temperature, the kind of the reaction system
and the like, but it is in a range of generally 0.1 to 100

hours, preferably 1 to 50 hours, and more preferably 2 to 20
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be perforned by a nethod of contacting w th a conpound
having a desired anion, particularly, an ion exchange
nmet hod 20 using an ion-exchange resin having a desired

anion or the Ilike, a nethod for treating with an
al kali nmetal salt or an alkaline earth netal salt
having a desired anion, or the I|ike. The

phosphazene-supported catal yst prepared by the 25

above is useful as a catalyst for various organic
SEdad ons, SF-1286 - 53 an82particularly, it is

useful as a catalyst for polynerizing a cyclic

nmononmer and for substituting a substituent. In
hoadd@i-ti on, the phosphazene conpounds (2) and (3) and

t he Ehosphazenlun1salts (4), (5, (6), (7) and (8) 5

of THENI nPERERSNvwhEEh 1ar @ddest (Ho frve preapariongmihgure,

ho hazene-su p p pported catal yst of the invention

b Mo 6 2 HSIUIM AL U & o Bl G dbr R G g Riad lwsing 1t
reactlon as t hensel ves. Further, the phosphazeni um

undgs’ fhe e it SoRGSTHERe i S iEMt it cAtalthde time,

d th f I d th
mmmﬁmﬁﬁﬁﬁ%fe%%%@a”ma&mma
logg]era #)%)rlogie%?rr alefffoechJlrvae (dr}{ﬁgeener al fgelrngzlro(ve)rdent

general
ol U t%%3§5%§leﬁéﬁykﬁﬁ$%é%% ZSdb S ReCrpheeehg-
suBpbUElr 3 A 3%l Sakh o0l & QS (e o

Earge is localized on the centrﬁ 5&2 or us atoﬁf

coBeshdesnkhi fietRoBUNDEErOEx bl Ei NGhe phosphazene-supported
éatalyst can be obtained by separation by means of
filtration, centrifugation and the like of the solid
contents contained in the reaction solution, and further
washing with.water and drvying.

In the‘phosphazenensupported catalyst prepared by the
above, Z"7 can be substituted to a desired anion, which is
appropriate for the reaction type which uses the catalyst,
by a method known widely. For exémple, the substitute can
be performed by a method of contacting with a compound
having a desired anion, particularly, an ion exchange method
using an ion-exchange resin having a desired anion or the
like, a method for treating with an alkali metal salt or an
alkaline earth metal salt having a desired anion, or the
like,

The phosphazene-supported catalyst prepared by the

above is useful as a catalyst for various organic reactions,
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structural fornulae can be drawn. Actual positive
- charge is delocalized throughout the entire
skel etons, respectively. 20 In the nmethod for
pol ymeri zation of a cyclic nononer of the invention,
exanpl es of the cyclic nononer include alkylene
oxi des, lactones, |lactans, |actides, cyclic
car bonat es, a-am no aci d-N-carboxylic acid anhydri des,
Sé%%%éé phosphat es, cyclic phasphonic acid esters, and
c t 25 siloxanes. As a nmethad for pol ymeri zing a
cyclic nononer SF-1286 - 54 using the

Iggos hazene- supported catal yst of the invention,
a Rﬁﬁ%‘ﬁi%%rawrofl%lk%/llﬁ%%&i%ﬁe asadipissdndior wil | be
described as below. Al kylene oxide is not

P IHATY 199K iéﬂﬂ“%ﬂRmQ§'é?5}¢ﬁQ%sﬁﬁﬁﬁqﬁﬁﬂﬁhﬁg éhoxy
SR o B AT OY5S i BheoakRaERY SoppaHBas (2) and
(B i G SRR R e hhrera [b)gt y g (8)

O e R I e WeeB G B e

phelsphhe eﬁ’l@a%ﬂl%%%%'gl %Lé]%qyseéj 2Ll st RQuided. fox ey a

pol'yneri zati on of kyl en oxi de 1's not particular

kit @@, abuhtiag visk genen ' of {10l
uSto 5 x 18—1 rtr:glig,Sttand p%‘ﬂﬁbggpﬁlx%@ll%% troe]aalﬁl%%fcl)-a%

thenlselvis . A nmet hod for polynerization of al kyl ene oxide

is not particularly limted, but enploying

conventhenal thethldsphshewnuinncatbneXafPtRe BRolApNaSene-

10- 77289 and 2000-327769 are preferred. In general,
supperpkdsphizéyetsuppaetsettted by the general formula (1)
and in the phosphazenium salts represented by the general
formula (4), general formura (5), general formula (6},
general formula (7), general formula (8), general formula
(9}, general formula {(11), and general formula (13), have
been represented by the limiting structural formulae in each
of which the positive charge is localized on the central
phosphorus atom. Besides this, a number of limiting
structural formulae can be drawn. Actual positive charge is

delocalized throughout the entire skeletons, respectively.

In the method for polymerization of a cyclic monomer of

the invention, examples of the cyclic monomer include

alkylene oxides, lactones, lactams, lactides, cyclic
carbonates, o-aminc acid-N-carboxylic acid anhydrides,
cyclic phosphates, cyclic phosphonic acid esters, and cyclic

siloxanes. As a method for polymerizing a cyclic monomer
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catal yst is added into the reactor together wth

active 20 hydrides, solvent and the like, if

necessary, and by- products are renoved, if necessary.

Next, a method of providing a necessary anount of

al kyl ene oxide in a bulk, or a nethod of providing

intermttently or continuously is enployed. 25

Substitution of a substituent using the phosphazene

SE- 6 - 55 supported catalyst of the invention may
SE?%gﬁége, for exanpl e, alkyggtTon or thioal kyl ation of

phenol i ¢ hydroxyl group, substitution of hal ogen of.

albph tic.or aromatic halides and _an al koxy group, a
USEy 05?’1?)/ Phaﬁaﬁa,zegﬁ-a‘sm%r&% G2talyst) odr ithe draeptign.

no.group, a_carboxyl groyp, and an aryl oxy grqu

pol BRRPAEIER OF Bt I arra i ot GRaeReNEds Fardt B2
de%ggggggdagngeﬂg qlkoxy group, a thioal kyl group, an

am no group, a P*uori de group, a cyano group, a

carp r ne._a r nd.

Cr oot endr PREalChe o B BB L RER Y PER e i
exBAbRAXY AL L 1 aeAPEUNd, AR, ) LauRs | 311 i

o A A s Flht “ousi By TERg oxide
orbbosphazenedsyppopteditataky stiak , t be sLRveRhiaR oxthe,

al kyl ation of the phenolic hydroxyl group as an
stexanpl exivkl | cheldasskhbedxageahebew-nis-Byyaeaati ng an

aromati ¢ conpound having at | east one hydroxyl group
epbhbndedhydrihs acohglligt veiAgiWwethegar BONCglgelidyl ether,

diester in the presence of phosphazene-supported
phenyvagygtidflt hehenyeahidonheaeonmt/i beetibeds albnehbehia a

“hydroxyl group in the aromatic conpound is etherified
miganrpecf two or more. The content of the phosphazene-

supported catalyst provided for polymerization of alkylene

oxide is not particularly limited, but is it generally in a
range of 1 x 107" to 5 x 107 mole, and preferably 1 x 1077 to
1 x 107% mole.

A method for polymerization of alkylene oxide is not
particularly limited, but employing convéntional methods
shown in, for example, JP-A Nos. 10-77289 and 2000-327769
are preferred. In geperal, the phosphazene~-supported
catalyst is added into the reactor together with aétive
hydrides, solvent and the like, if necessary, and by- |
products are removed, if necessary. Next, a method of
providing a necessary amount of alkylene oxide in a bulk, or
a method of providing intermittently or continuocusly is
employed.

Substitution of a substituent using the phosphazene-
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20 obtai ned. For exanple, by reacting a conmpound
havi ng one hydroxyl group in an aromatic ring such as

phenol

~ di met hyl
hydr oxyl

with carbonic acid dial kylester such as

carbonate, an aromatic ether which a
group of an aromatic conpound i s substituted

wi th an al koxy group can be obtained. 25 In the case
where an aromati c conmpound having at | east one SF-1286

SELf§%6

i $“a conpound having a plu

hydr oxyl group bonded?ghereto its aromatic ring

Tty of hydroxyl group,

according to the reaction conditions for the reaction
o SO ol i S A 0 s ol e e
10 o7 PR RS SR
o 8002 5 W0 e s ana
r SR Bl R et By o B SR 4
fl%Br@der%Q%%%pfag%@%ﬁﬁ!g¥ﬁ§g§o%ot%r%%&§ag%%%Phgﬁ%P%npn

nmol e of

he phénol Xyl "gro

arkeaeli groiRt hedibs iRk i cRabld Gl anknlicMit 8. FQkaric
exanple, it is preferable to enploy a conventiona
sulfEbhades howpound Bnd Na. a2Q041107266., 15thhcgenenalgroup,
the nethod 1s processed by reacting an aromatic
ancempnuondrbayi, ng #lubeagt gReubydroxykndr @dpub) kt Tarboxyl
aromatic ring with carbonic acid diester in a sol vent
grofipt Akedcanbemiyd oxgcigdodpestar. tOaheessekientatisy, bE an

used, if necessary. The content of the solvent is not
aliphitéd, cbueromatan c2@bbaydeter monpdudependi ag aikoxy

reacti on conditions such as the
group. In the method for substitution of a substituent

using the phosphazene-supported catalyst of the invention,

the alkylation of the phenolic hydroxyl group as an example

will be described as below.

By reacting an aromatic compound having at least one

hydroxyl

group bonded to its aromatic ring with carbonic

acld diester in the presence of rhosphazene-supported

cataiyst of the invention, aromatic ethers in which a
hydroxyl group in the aromatic compound is etherified can be
obtained. For example, by reacting a compound having one
hydroxyl group in an aromatic ring such as phenol with
carbonic acid dialkylester such as dimethyl carbonate, an

- aromatic ether which a hydroxyl group of an aromatic
compound is substituted with an alkoxy group can be obtained.

In the case where an aromatic compound having at least one
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kind and the anmount of the aromatic conpound having at
| east one hydroxyl group to its aromatic ring, the
ki nd and the anount of carbonic acid diester, the
reaction tenperature and the pressure. The conditions
of the reaction 25 tenperature, the pressure and the
like are not particularly SF-1286 - 57 |imted as
long as an aronmatic ether is forned by the

S jtions. The reaction Leﬁgegature and the pressure
are ~generally 0C to 250C a 1 atmto 100 atm The
reaction time is not consistent according to the kind

o8 ST DR “TOhGBRF (4 AL OrRld & g
R D
S U G SO R G BRI 16 Gt Ay s
FH e oy S e B Sl e d gy oo

beQhdt R HAMENILRBS beA EAlAlNR{, the target product
caﬁtbe very effigientlf) S@igﬁﬁed. The car bon-car bon

bondhtokRbHE-HE3ELEBAUELBRERE cdRpound aﬁd_carbonic acid
phosphazene- supported catal yst of tﬁe I nventi on

dilegtlettd@michi @anexenplsed 3y HAPmatRa6H1AN a2 Micha®lsed in
reaction, a, Knoevenagel reaction, a Peterson

JPR@atibi.or 0 0d -Rer7kied . Reakiti edntedtDaFzeReSpReaphkeBnea
Tol | ens Reaction, and a Thorpe Reaction, but as to a
suparbaedc aaliad visan ¢ rberidiedy ireact iadky2@ tisimn@ i ke phenolic
phosphazene-supported catal yst of the invention,
hydroxyl group is not particularly limited, but it is in a
range of generally 1 x 1077 to 10 mole, based on 1 mole of
the phenolic hydroxyl group, and the reaction method is not
particularly limited. For example, it is preferable tb
employ a conventional method shown in JP-A No. 2004-107266.
In general, the method is processed by reacting an aromatic
compound having at least one hydroxyl group to its aromatic
ring with carbonic acid diester in a solvent of the carbonic
acid diester. Other solvents may be used, if necessary.

The content of the solvent is not limited, but it can
be determined depending on reaction conditions such as the
kind and the amount of the aromatic compound having at least
one hydroxyl group to its aromatic ring, the kind and the
amount oI carbonic acid diester, the reactién temperature

and the pressure. The conditions of the reaction

temperature, the pressure and the like are not partiéularly
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“the aldol reaction is explained below as an exanpl e.
When a carbonyl conpound such as al dehyde and ket one
functions under a basic condition, so-called an al do
reacti on (condensation) occurs, to give a
0- hydr oxycar bonyl 25 conpound or an a, (3-unsaturated
carbonyl conpound. SF-1286 - 58 The anount of the
phosphazene-supported catal yst used in the reaction

sE-S W particularly Iinitgd57bgt it isin the range
of generally 1 x 10 ' to 10" nol, and preferably 1 x
10 3 to 1 nol, based on one nole of the carbonyl

LIRS LS Gt SR e Gt GReE ReUHTd y.
e U et Car e CaPBS R o G0 feLia s FearFuse gre
oAl in 1 raverc g Ao S
T e —
o fC AhRORYMpcE@RP AR nd Ne: Neatdd Qhd REFALHN &rdilie dirc?ctly

reaction pressure { and the |ike. The terfperature an

- bopidesistibe ifter areacttion wingy, uswaldiha 3Q 11250 uang £

atmto 100 atm respectively. 15 The reaction tine
cav@onés dice d dlitdser it noklendk e a@UAhe Okmotine 6ar BoBYkalyst,
conpound, the kind and the amount of the catalyst, the
thee gekicon one frpepainarter ¢, he:ree actzicdri oy gesiydire tdhel kilkd kind
and the anount of the solvent, and the like, but it

ands thenapabhf 0% fheutsesl emtl @G adouksit lirt tike e 1§ 15

.descri bed reaction, an obtective product can be
miBpLpg; At LP0 BbtEisnedIBythei Agovhedescribed reaction, by

Ehos hazene- supported catal yst of the
using the phosphazene-supported catalyst of the invention as

a catalyst, the ftarget product can be very efficiently
obtained.

The carbon-carbon bond forming reaction using the
phosphazene-supported catalyst of the invention includes,

for example, an aldol reaction, a Michael reaction, a,

" Knoevenagel reaction, a Peterson Reaction, a Perkin Reaction,

a Darzen's Reaction, a Tollens Reaction, and a.Thorpe
Reaction, but as to a carbon-carbon bond forming reaction
using the phosphazene-supported catalyst of the invention,
the aldel reaction is explained below as an example.

When a carbonyl compound such as aldehyde and ketone
functions under a basic condition, sc-called an aldol
reaction (condensation) occurs, to give a P-hydroxycarbonyl

compound or an o,P-unsaturated carbonyl compound.



10

15

20

25

invention as a catalyst. [Exanples] 25 The invention
will be described in detail with respect SF-1286 - 59
to the foll owi ng exanples, but the invention is not
limted thereto. (Exanple 1) 5 Synthesis of 1,1, 1-
tris{[tris(dinmethylam no)phosphoranylidene]am no}- 3, 3-
bi s(di met hyl am no) - 3- met hyl am no- 1, 5, 3X5- di phosphazene
é erei nafter, abbreviated as PZNB) Into a 1-L gl ass
S equi pped with a stifréf, "which 10 was kept
under a nitrogen atnosphere, 54 g of
tetrakis[tris(di methyl am no)phosphoranyl i deneam no] pho
sphéhE 2HR/VERI 6f ddcaplosyhp zgng-cupporissi gatklyst used
. Ithiolate were introduced. 450 ml of tetralin was
10, ddid TRt thS didle RET Eirsparsh ot inviiat sdauty idfg is in
t he suspension was heated to,15 185C over 5 hours, and
Ehen gR S50 198d 9 950t enperdd Uree 16 Hecbptanddereferably 1 x
gspensi on s filtered under a nifrogen . at npsphere,
10 P b O™ i TREIB0STH OBF Hot? P Frths oREPaREB 1o gind
[l ol ytion, A partiaon.af the soluti.qn s de
T K s R S BR Wnsaen ery re vad < known
[ It I d in_pertorm ng .
me%%%@.%%nZ%eaQ?kg%ig%ﬁaR.%EE?%%&fhkg? %a&goE?Engypound as a

measurenent o a quin

re@erhespanding ho.d (alom of, PROSPRYIURAL sr3%3 RAPodhyl
doubl et corresponding to .3 atons
compound itself as a solvent in the presence of a catalyst.
The amount of the sclvent uéed is noit limited, and it
can be-appropriately determined depending on the reaction
conditions-such as the kind and the amount of the carbonyl
compound, the reaction temperature, the reaction pressure
and the like. The temperature and presSure fbr reaction are
usually -78°C to 250°C, and 1 atm to 100 atm, respectively.
The reaction time varies due to the kind and the amount of
the carbonyl compound, the kind and the amount of the
Catalyst, the reaction temperature, the reaction pressure,
the kind and the amount of the solvent, and the like, but it
is generally lS_minutes to 100 hours. In the above-
described reaction, an objective product can be efficiéntly

obtainesd by using the phosphazene-supported catalyst of the

invention as a catalyst.

[Examples])

The invention will be described in detail with respect
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of phosphorus at 6.79 ppm a doubl et corresponding to
1 atom of phosphorus at 16.04 ppm were observed, and
the 25 concentration of PZNB in the solid was 0.163
mol /g. SF-1286 - 60 Further, 725 of a parent peak
correspondi ng to PZNB were observed by FD- M5
analysis. A 62.0 g of pale yellow solid was obtained
when the yell ow solution was distilled off under

d pressure. The resulé of the 31P-NVR and FD- M5
5 ana ysis on the solid werg"the sane as that of the
yeIIOM/ solution. (Exanple 2) Synthesis of

upported phqasphaze chloride 10 Into a
£ Othy PR, R et RS s o dh P i ted
under a nitrogen atnosphere, 51 g of
Ioronethylated pol ystyrene-based resins (54 mol in
terms of chlorine atons) (manufactured by Argonaut
Technol ogies, Inc., ArgoPore-Cl, 1.05 mml-C/g) and
(E43% 9 ofp tetralin was 15 added and stirred at room
tenperature for 1 hour. Then, 343 g of a tetralin

soIEghgﬂeg&ngNBl¥§61nnnl in terns of PZNB) ' obtai ned
anpl e 1 was urt her added and the m xture was

trabi{Ired scedat#usky nb9bnd sgﬁ%% -ani U RN 3ed ; -

suspension was filtered under a nitrogen atnosphere

Q f146 al
biandinwesnwashahodQ 3WinkRh99BmTh of A egx dip rﬁ%’}%\wt of

m xed solvent having a "ratio by nol ecul a
(hértéiobfiss- dicbbareimtthansl PzNEYe resi dual SO|Id was

dried at 70C under reduced pressure of 1 mHg to

yi elgtF2aglol pbhyseflassbpegtiedopliosphazenstbrrer, which

chloride. A portion of the solid was subjected to
wag]lpeRyRunder a nitrogen atmosphere, 54 g of
tetrakis[tris(dimethylamino)phosphoranylideneamino]phosphoni
um chloride and 13 g of potassium-l-octylthiolate were
introduced. 450 ml of tetralin was added thereto to give a
suspension. With stirring, the suspension was heated to
185°C over 5 hours, and then cooled to room temperature.
The obtained suspension was filtered under a nitrogen
atmosphere, and washed with 100 ml of tetralin to yield 531
g of a yellow solution. A portion of the solution was added
to benzene-dé and hexamethylphosphorictriamide was used as
an internal standard in performing measurement of 3'P-NMR.
From this, a quintuplet corresponding to 1 atom of
phosphorus at -30.3 ppm, a doublet corresponding tc .3 atoms
of phosphorus at 6.79 ppm, a doublet corresponding toc 1 atom
of phosphorus at 16.04 ppm were observed, and the

concentration of PZNB in the solid was 0.163 mmol/qg.
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25 measurenent, using ' _
tetrakls(dlnethylan1no)phosphon|un1SF 1286 - 61
tetrafl uoroborate as an internal standard. Fromthis,
a peak corresponding to 1 atom of phosphorus at -35.4
ppm a peak corresponding to 4 atons of phosphorus at
5.8 ppmwere observed, and the concentration of
phosphazeniun1cations as 5 neasured by 31P-NMR in the
s9ldgk was 0.427 mmol /g, ( Bnpl e 3) Synthesis of

pol ymer - supported phosphazenrum hydroxide Into a l-L
gl ass flask equipped with a stirrer and a 10 cooler,

Fuér"ﬁhmr“% ooy ol BB AZn i SRR RIS L £ HAI Mere
f h b d .
R e azf&xamsﬁéﬁé"%% pSaL%"sSS?aé”g%iiB@dsaﬁm
TR ey RS ST s oY gorltn Sat e
unH@% @edﬁ b%%%%hr@as ?ﬂgegesﬁ?gam?§ tﬂgah%dNﬂﬁQ%nd FD-MS

- refl ux for 8 hours and €n coo 0 roo

anb@.%qrsato%r @:he-”%% 19bt qiched $HSRERR QR %%Ltf I %8%3 'yéefl 1 ow

washed wth water, treated by contact mnth
sodY-agueous sodlun1hydrOX|de solution and further

washed with water. 20 The residual solid was dried

under heating at 70C under reduced pressure of 1 mtHg

to yield 49 g of polymer- supported phosphazeni um
{(ERpdpdei de¢. The concentration of phosphazeni um cati ons

as neasured by 31P-NMR in the solid was 0.431 mol /g.

| n Jddthevns cfil prlymeent suppuetednphosbsergetuRSchyoride

el emrental anal ysis, and the anion becane hydroxide

SFE-1pgg a BoL- glass flask equipped with a stirrer, which
was kept under a nitrogen atmosphere, 51 g of
chloromethylated polystyrene-based resins (54 mmol in terms
of chlorine atoms) (manufactured by Argonaut Technologies,
Inc., ArgoPore-Cl, 1.05 mmol-Cl/g) and 430 g of tetralin was
added and stirred at room temperature for 1 hour. Then, 343
g of a tetralin solution of PZNB (56 mmol in terms of PZNB)
obtained in Example 1 was further added and the miﬁture was
stirred continuously for 4 days. Thus obtazined suspension
was filtered under a nitrogen atmosphere, and was washed
with 500 ml of tetralin and 2 L of a mixed solvent having a
ratio by molecular weight of 1:1 of 1,4-dioxane:methanol.
The residual solid was dried at 70°C under reduced pressure
of 1 mmHg to yield 72 ¢ of polymer-supported phosphazenium
chloride. A portion of the solid was subjected to *'P-NMR

measurement, using tetrakis(dimethylamino)phosphonium
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quantitatively. (Exanple 4) Synthesis of

pol yner - supported phosphazeniumiodide 5 8 g of

pol ymer - supported phosphazeni um hydroxide (3.4 mmol

in ternms of phosphazenium cations) obtained in Exanple

3 was packed in a colum. The colum treated by

contact wth 210 g of a 4% aqueous sodi um chl ori de

solution and further washed with water. Then, the -

treated by 10 contact.with 61 g of a 4% aqueous

5|un1|od|de solution, ant again washed with water.

The obt ai ned solid after treatnment was dried under

heat.i 70C und d d f 1 t
tegssgaas@t@ragagaaftga%atgsaﬁtsgssaaﬁgzd.Fa@m%és? + post

cofUSIL A Ohoch BRSTPRIZERLAM SRl one 5515 BRERvcde

Coﬁg%ébgﬁiﬁéh@aﬁ%”gﬁ.géﬂr R o o ?f@ BB wewss
obgﬁg ﬁnnghégthe(gégggh%rgklgﬁ g %H?ggﬁageanmtcatlons as

azenitumi1 o avi ng rou

me§9grmi glase tvt@@&neceﬂeoe%ctlvet b2 oSt ?:tr%a/tﬂ mgéh vas

kept under a nitrogen atnosphere, 4.3 g
t- butyl di met hyl silyl (4-chl oronet hyl benzyl)ether and
79 g of a tetralin solution of PZNB (13 mml in terns
(ERAMPZAB}) 25 obtained in Exanple 1 were introduced and
the m xture was 1E XR SF-1286 - 63 stirred overnight

at Fworhdseinperftps evmdf + @ippde-seasid Ofhaz et wal hpdweside
distilled off under reduced pressure, and 100
Inte a 1-L glass flask equipped with a stirrer and a

cooler, which was kept under a nitrogen atmosphere, 49 g of
polymer-supported phosphazenium chloride (21 mmol in terms
of phosphazenium cations) obtained in Example 2 and 400 ml
of methanol were introduced and stirred at room temperature
for 1 hour. Then, a solution obtained by dissolving 9.7 g
of sodium methoxide in 100 ml of methanol was added, and was
heated under reflux for 8 hours and then cooled to room
Cemperature. The obtained suspension was filtered, washed
with water, treated by contact with 880 g of a 4% aqueous
sodium hydroxide solution and further washed with water.
The residual solidlwas dried under heating at 70°C under
reduced pressure of 1 mmHg to yield 4% g of polymer-
sﬁpported phesphazenium hydroxide. The concentration of
phosphazenium cations as measured by “’P-NMR in the solid was

0.431 mmol/g. In addition, chlorine atoms were not observed

by elemental analysis, and the anion became hydroxide
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m of hexane was added with stirring. The hexane was
renoved by decantation. Such washing with hexane was 5
performed total of five tinmes, and the resulting
m xture was dried under heating at 70C under reduced
pressure of 1 mrHg. Next, while ice-cooling the
flask, a solution (1.0 M 14 nmol) of tetrabutyl
ammoni um fluoride in tetrahydrofuran (hereinafter
sp-8hgired to THF) was added a d_the m xture was F 10
stlrred at 40C for 3 hours, and then 14 nml (14 nmol)
of a 1 N aqueous hydrochlorlc aci d sol ution was
and.further stirred continuously. Then, THE
qu%ngﬁmgter mé?e distilled off under reduced pressure.
To the residue, 250 m of nethylene chloride was
added and forned a solution, and 15 using a separatory
(E&QBEQE g e solution was washed with water. The
yl'ene chloride |ayer was condensed to yield a 10.8

9 &y Rfn ¥k SE0YS bbﬂ dy- Eﬁ%é/)fﬁ%@dtﬁgg?gﬁﬁhgﬁguﬁ' £6048e

liquid, a't 7096aqu ous et am ne tron was ad

untglgids dbssphued beelt 8h88Hh§QLHE LANLYAE.RYGe (3.4
into %OO g% ?%ss ?ug%k 20 eEU|p%e d wwth a ggl?rere {

mmé16ig Qérﬁ@db&ﬁph@@pﬁ%zb&1@m7@%t1%h@¥|@@tﬁ&n%@]Eh'@&ample
and 80 m of water were added thereto wth stirring, :

3 mnd phekaiixtiure wasuahl.owedet soleast tfest8d HaysSenThet
precipitated crystals were filtered, washed with

wifht 8t Oagdodir ked2undercheatidduat chlGrundesoladieagd and
pressure 25 of 1 mHg to yield 7.0 g of phosphazeni um

furbbedevhabdgwSEh1 ¥86er . 64Théydr Oy | cgloup, tasand tley
crystals. A portion of the solution was added to

COREASENEiIER GhAdo ©of a 4% aqueous sodium ilodide solution,

“and again washed with water. The obtained solid after

treatment was dried under heating at 70°C under reduced
pressure of 1 mmHg to give polymer-supported phosphazenium
iodide. The concentration of phosphazenium cations as

measured by *’P-NMR in the solid was 0.352 mmol/g. In

" addition, the concentration of iodide atoms as measured by

analysis of the element in the solid was 0.358 mmol/g.

(Example 5)
Synthesis of phosphazenium iodide having hydroxyl group
Into a 300-ml glass flask equipped with a stirrer which
was kept under a nitrogen atmosphere, 4.3 g (16 mmol) of t-
butyldimethylsilyl (4-chloromethylbenzyl)ether and 72 g of a
tetralin solution of PZNB (13 mmol in terms of PZNB)

obtained in Example 1 were introduced and the mixture was



10

15

20

25

hexamnet hyl phosphori ctriam de was used as an interna
standard in perform ng neasurenent of 31P-NMR From
this, a 5 quintuplet corresponding to 1 atom of
phosphorus at -33.2 ppm a doublet corresponding to 3
atonms of phosphorus at 7.45 ppm a doubl et
corresponding to 1 atom of phosphorus at 8.68 ppm
wer e observed, and the purity was 96.5% Further, 846
q50f; & goar ent peak correspond gg t o phosphazeni um
catlons 10 were observed by°FD-MS anal ysis. (Exanple
6) Synthesis of phosphazeni um i odide having

ol I d d h 15 | nt 70- i
st3Te5E] A6 TN s B ASRRAC A ey oahoraE ABSBREFEion,

tedragr, 5’@8 10%1919@#%5%{ oSSR A= i id 100

.y ?% Bt i L"d%lor?r%%ﬂﬂuﬁﬁ Eﬁagﬁéiwﬁ’%‘s
2
re%ws?op?é%%a&%% Ao e Bhto = aha heuten Potbe Ween

pestrbifilend ttﬁralzg’fh(firv% tiffeer e RAGIH QA 4 tnt mlxtur was
reacti on solution was cool edto room ten‘pe ure, an

drfed @hde@ HElNg oft aydedN @HUSOUS: g hyds %Pé@éﬂli:e aGEdy mpmug.

solution was added. The reaction solution 25 after

Newashiwhg 1l tileewaien was ttiei ed ayndery @%@h&ﬁ%nﬁt17@CM 14
SF-1286 - 65 under reduced pressure of 1

mmyl ¢l dfabe8r@bgtyfl awindeAus: E&@@kddeAlﬂo&bt@@h@ﬁrb&@ran
sol ution was added to di nethyl sul f oxi de-d6
(h¢heipifiSbrerefefrerdedot AHPYVSGad6rdaled and the mixture was
hexanethylphosphorlctrlan1de was used as an interna
stirred at” 40°C for 3 hours, and then 14 ml (14 mmeol) of a 1
N agueous hydrochloric acid solution was added, and further
stirred continuously. Then, THF and water were distilled
off under reduced pressure. To the residue, 250 ml of
methylene chloride was added and formed a solution, and
using a separatory funnel the solution was washed with water.

The methylehe chloride layer was condensed to yield a 10.8 g

of viscous liquid. Next, to the obtained viscous liquid, a

- 70% aqueous ethylamine solution was added until it dissolved.

The obtained solution was put into 300-ml glass flask
equipped with a stirrer. 4.6 g of sodium iodide in a 70%
ethylamine solution and 80 ml of Water were added thereto
with stirring, and the mixture was allowed to react for 5
days. The precipitated crystals were filtéred, washed with
water and dried under heating at 70°C under reduced pressure

of 1 mmHg to yield 7.0 g of phosphazenium iodide having
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5 standard in perform ng neasurenent of 31P-NVR From
this, a fE quintuplet corresponding to 1 atom of
phosphorus at -33.1 ppm a doublet corresponding to 3
atons of phosphorus at 7.56 ppm a doubl et
corresponding to 1 atom of phosphorus at 8.79 ppm
wer e observed, and the purity was 100.6% Further, 10
t he nunber average nol ecul ar wei ght (W) of 1412 and
| ecul ar wei ght distribution (Mv M) of 1.02
SEIHEEQKSS observed by FD—NBkgnalyS|s Therefore, it
was found that the phosphazenlun1|od|de havi ng

ny SRR Ligq:&%oﬁélslef‘ i VR S Ecanl 8T 510D o1 the
h d I | kyl
soYtyBEo LAl R AT R AL ?%Sidggﬁhﬂgtgg D the
I t that ,th
oSS NS B 20 LS, S wrcal Lt e
stahang dunwg% %%%mﬁgéace%gﬁr erftOlalkyl o%&%ﬁL@%ﬁS, a

I ntroduced as al n us to synt esi zé

Rh e | The reswl kl
BhegghggenyPeptog e 1MLAS Y BRI, e

ppmb|@Cdb@bléﬁebég%es@bﬁﬁhﬁﬁethba%téw%r%&e Yeisghbrus at
Addition Oxide Ratio of Ml ecular Distri gutl Nunber

7.a6 Abkyl enaocWbilght coMrkspancdMwgMih Al kybane rfOphd@phorus at

8.68 ppm were observed, and the purity was 96.5%. Further,

846 of a parent peak corresponding to phosphazenium cations

were observed by FD—MS analysis.

(Example 6)

Synthesis of phosphazenium iodide having polypropylene
oxide as side chain |

Into a 70-ml autoclave which was kept under a nitrogen
atmosphere, 5,1 g (5.2 mmol) of pheosphazenium iodide
obtained in Example 5, 0.01 g (0.26 mmol) of potassium
hydride and 30 ml of THF were introduced and the mixture was
heated to 80°C with stirring for 3 hours, and then cooled to
room temperature. Next, 3.0 g (52 mmol) of propylene oxide
was added and heated to 80°C with stirring for 20 hours.
After the reaction, the reaction solution was cooled toc room
temperature, and 0.3 ml (0.3 mmol) of a 1 N aqueous
hydrochloric acid solution was added. The reaction solution

after washing with water was dried under heating at 70°C
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Anal ysis Analysis from M iodide (proportional to
Phosphazenium fl 1odide) Ex. 7 Propylene 20.0 1893
1.01 18.0 Oxide Ex 8 Ethylene 7.3 1087 1.01 5.5
xide Ex. 9 T 12.6 1179 1.01 7.6 Ex. 10 T 19.5 1534
1.01 15.6 Ex. 11 T 31.1 2051 1.01 27.4 (Exanple 12)
Synt hesi s of pol ymer-supported phosphazeni um hydr oxi de
SFQl?%%O a 50-ml gl ass flask ich was kept under a
nitrogen atnosphere, 0.2 g .2 mol ) of potassium
hydride and 9 ml of N, N-di nethylformam de
hereinafter referred to. DMF), further 7.3 g of a DW
unggr | FRgHCER BRESEHIZeRuh BTG G6 FSESABl . SblaPhed
.1.n_Exanple.g were introduced,, and 10 the m xtur S
v g P ad P oorit RRAEr Bhur e FBE SPTOGIS What SOSROL Her
, f.la i dwth a.stirrer, I.C S
R S S S e

he%%#%%ﬂ?%%ﬁé%?g??18%&¥§h¥&%n%égaﬁgggrS%iQ%yggFérgggl in

ne atons) (Mmanufactured onaut

<1880 O Pl Ll ntOBLALCE: b KOO, o
qushtiipedtaborPERbbBARBLALHI € atom of phosphorus at -33.1
ppm, a doublet corresponding to 3 atoms of phosphorus at |
7.56 ppm, a doublet corresponding to 1 atom of phosphorus at
8.79 ppm were observed, and the purity was 100.6%. Further,
the number average molecular weight (Mn) of 1412 and the
molecular weight distribution {Mw/Mn) of 1.02 peak was
observed by FD-MS analysis. Therefore, it was found that

the phosphazenium iodide having decameric propylene oxide

was introduced as a side chain by adding livingly.

(Examples 7 to 11)

Synthesis of phosphazenium iodide having polyalkylene
oxide as side chain

Synthesis was conducted in the same manner as in
Example 6, except that the amount and the kinds of
polyalkylene oxide was changed, whereby a variety of
polyalkylene oxide was introduced as a side chain thus to
synthesize phosphazenium iodide. The results are shown in

Table 1.
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SF-1286 - 67 for 1 hour. Then, the entire amount of a
DMF . solution of the previously prepared potassium
salt of phosphazenium iodide was added and further
stirred continuously for 20 hours. After conpletion
of the reaction, the filtration was 5 perfornmed. The
obtai ned resins as a residual solid were
Soxhl et -washed with 1, 4-di oxane as a sol vent, and
gpdhi,ed under heating at 70C under reduced pressure of
The resins after” d ing and 35 ml of methano
was put into a 100-m glass flask equipped with a
a%hﬁrrer and a cooler, 10 which was kept under a
&gen at nosphere, and the m xture was stirred at

room teyperdt ur e fantdnthoUr|, Number €1 0 4| MIREhaR0l | Average

sol uti é\ﬁggl’@@em ) [0fel2z 5 g ofavseddeum nefweixhtle waprddition
added |&fftPheat ed 1§37 ofef | |Melrerlag8 holPstrdmvgit @Wberof
cooled to room tiEnp g;e““?g'%gﬁ?blwgﬂ(gﬂ’ enshiylene oxide

xide 1%'.‘Ialted

was fill tered, 15 waghed. W tih,walear, tre 3
with 34 g of a 4%icagueous j[sodi um hydr pxi soluthggpoﬂujnal

and further washgd with water. Then, the residuate

solid|was dried at 70C undgr reduced pressure ofFifbsphazeniun
mrHg-to-vield 5 g-of polviner- supported Iodide)

Exphosphé’{é’ﬂﬂyl}fﬁr’f%/d Skille. A pdi3on of theCholid PHEwAs

subj e¢O¥d den_31P-INVR neasurenent usi nf

tegrabﬂ@hﬁh@%ﬁyldhﬁho)phosdhﬁﬁiun1tetrhf0horoboraté
as_an| Oxidder nal dtandard. Hromthis, a| peak

| Excoer esffondi ng to |1 2.a om of| phosphor us| afo: 35. 7 ppis a

Expe§5 ¢grrespondi NG d g 4 atq@%4n phos fopps—at Bid ¢
100> .

nNC UUbCl VT, ant tll UII\.«CIILI o061
hodpl 2 eniomcat e a mggﬁ% d by 31P: X sE-h1%86d.

8

'(.0

CD'C)

(Example 12)

Synthésis of ?olymer—supported prhosphazenium hydroxide

Into a 50-ml glass flask which was kept under a
nitrogen atmosphere, 0.2 g (5.2 mmol) of potassium hydride
and 9 ml of N,N-dimethylformamide (hereinafter referred to
DMF), further 7.3 g of a DMF solution of phosphazenium
iodide {5.2 mmol}.obtained in EXample 6 were introcduced, and
the mixture was stirred at room temperature for 3 hours.
Into another 100-ml glass flask equipped with a stirrer,
which was kept under a nitrogen atmosphere, 5.0 g of
chloromethylated polystyrene-based resins (5.2 mmol in terms
of chlorine atoms) (manufactured by Argonaut Technologies,
Inc., ArgoPore-Cl, 1,05 mmolncl/gj and 50 ml of DMF were

introduced and the mixture was stirred at room temperature
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inthe solid was 0.122 mmol/g. fi (Exanple 13 to 17) |
Synt hesi s of pol ynmer - supported phosphazeni um hydr oxi de
5 The reaction was conducted in the same manner as in
Exanpl e 12, except that phosphazeni um i odi de obtai ned
in Exanples 7 to 11 was used instead of phosphazeni um
i odide obtained in Exanple 6 used in Exanple 12,
therefore a variety of polyner-supportedd ]
hazeni um hydr oxi de was .10 synt hesi zed. The
SF?E?%%tS are sho&n in Table &/ ~Table 2 Val ue of
61P- NMR Used Concentration of Phosphazeni um Shift
gp Nunber of Ehosphazeniun1 | odi de Phosphorus))
fo aﬁin}i‘ﬁ’ T-mblely) CER. enBlpg, apouss gf1y, DEF5gajuplopgof
Ex. 14 Ex. .8 -35.5(1), 5.9(4), 0.202 Ex. 15 Ex. 9
thesprayipusgyo PE)QPG.&E)% PO@@.(S S)f@HB?.alfO ofz3phesphazengum

. . . Ex. 11 -35.0(1),. 5.8(4 .. 168 Ex?npl
lo%gééigagiﬁgﬁégigngf%ur%%er(é%lrreéc%ﬂglnuous Yy Lor %O
nofie8( hFeL 0y LARLARLE bL L3 by FaCdimethy L am nohRROsRNgr a
anyli
. i . hi :
eegpSHT bpbospeL A LUNE 0ol PRESHILL N g v

sofh$ekosednil WA No4-315240893s 228018419 9ha driea

under heating at 70°C under reduced pressure of 1 mmHg. The

resins after drying and 35 ml of methanol was put into a

100-ml glass flask equipped with a stirrer and a cooler,

which was kept under a nitrogen atmosphere, and the mixture

- was stirred at room temperature for 1 hour, whereto a

methanol solution (20 ml) of 2.5 ¢g of sodium methoxide was
added and heated under reflux for 8 hours, and then cooled
to room temperature. The obtained suspension was filtered,
washéd with water, treated by contact with 34 g of a 4%

aqueous sodiumrhydroxide sdlution and further washed with

| “water. -Then, the residual solid was dried at 70°C under

.reduced bpressure of 1 mmHg to yield 5.3 g of polymer-

supported phosphazenium hydroxide. A portion of the solid
was subjected to *P-NMR measurement, using

tetrakis (dimethylamino)phosphonium tetrafluoroborate as an
internal standard. From this, a peak corresponding to 1
atom of phosphorus at -35.7 ppm, a peak corresponding to_4
atoms of phosphorus at 5.7 ppm were observed, and the

concentration of phosphazenium cations as measured by “*P-NMR



SF- 1286 - 69
tetrakls[trls(dlnethylan1no)phosphorany||denean1no]pho
sphoni t um hydroxide in an aqueous sol uti on was
obt ai ned. The aqueous solution was distilled off
under reduced pressure of 50 to 100 nmHg at 60C to
yield 180 g of 5
tetrakis[tris(di methyl am no)phosphoranyl i deneam no] pho
It um hydroxide as a_solid. The solid was
SEfggﬁgferred to a 5-L gla336glésk and heated at 130C
for 5 days having nltrogen fl ow t hrough nitrogen
i njecti tube in_a _speed of 10 mM/mn. After cooling
§b583g908ﬁ§t@nﬁ@@agﬁF@/QS L of hexane was 10 added
and the m xture was stirred for 30 mnutes with a
stirrer. After stirring, the content was |left at rest
re tate.the insolubles. The insolubles were
E%%Eﬁ?atgé E tliécantation to give a transparent and

28!%%%1%%@3%%*%?2 PPPREES %ﬁpeér'?géaﬁﬁo%“%%g i ctygroniae
5 A %@owéceioﬁlngslw@?ﬁdaéeg& En%e Q%Tna HAOE ¥BSin

col l ected, the dist ation was st exan

Ex&MpEBEEzfeER&@Qta%hb%d@%%%pE%%%%Hhﬁ QBd%d%Oo%Qalﬁ%Hgln
to yield 110 g of a white solid a portion of

Fxseblds PVES d6 was added iaRdeaq of phosphazenium 1od1de
hexanet hyl phosphori ctri am de 20 was used as an
obtateedainstandprd Enupeds ORNERgmEBRASUPENBREre@bre a
31P-NVR. Fromthis, a quintuplet corresponding to 1
vaafetry of phbgpborsspabri2b. $bopphrzandaubhetiroxide was
corresponding to 1 atom of phosphorus at 7.08 ppm a
10  sydobbbétedor rdsponesnbts oaBe shoms of Phobphdrus at
8. 64 ppm were observed, and the 25 purity was 97.5%
Further, 711 parent peak corresponding to

Table 2
35
Used Va}ue of ""P-NMR Concentration of
. Shift (ppm, .
Phosphazenium ] phosphazenium
Iodide \N er of cations (mmol/q)
Phosphorus) ) g
Ex. 13 Ex. 7 -35.6(1), 5.5(4) /0,089
Ex. 14 Ex. 8 -35.5(1), 5.8(4) |0.202
Ex. 15 Ex. 9 -35.4(1), 6.0(4) |0.196
Ex. 16 Ex. 10 -35.2{1}), 5.8{4) (0,229
| Ex. 17 Ex. 11 -35.0(1), 5.8(4) |0.168
|
(Example 18)
|
} 15 Synthesis of

bis(dimethylamino){[tris({[tris(dimethylamino)phosphoranylid
ene]amino}}phosphoranylidene] amino}phosphinoxide
{hereinafter, abbreviate as PZND)

Using the method as disclosed in JP-A No. 11-240893,

20 7607 g of
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SF-1286 - 70 PZND was observed by FD-Ms anal ysis. [
(Exanple 19) Synthesis of 1,1,1 5
tris{[tris(dinmethylam no)phosphoranylidene)am no}- 3, 3-
bi s(di met hyl am no) - 3- chl or o- 375- di phosphaze-| - ni um
chloride (hereinafter, abbreviated as PZND-C) In a
500-m glass flask equi pped with a stirrer, which was
kept under a nitrogen atnosphere, 30 g (42 mmol) of
10 obtained in Exanple_ 18 was di ssolved in 50 n
SEP%LIEI?I-GIF 7.3 g (43 mmol ) of §o7=
2,2-dichloro-1, 3-di nethyl i m dazol i dine was added as a
[ roon1tenperature and then refluxed for about
t%rﬁ&}r% tris sl medsisging ) besnheoserdides e apmaighosphoni
distilled off under reduced pressure, and then 50 n
U, AYRLR X aH'&P %barﬁu%md@&lﬁwwé& We&s wit@ined. The

T W A AR TR LR R

ST ol BHEEIS AP g e it e o e

d it rogen
te@Egﬁigq%EgsqggggﬁﬂﬁﬂfﬂﬂgﬁﬂF%EQ%&EQ&%.iipog%a%ﬁ%¢§ ﬁﬂ%sphonl

umS BkhdoxVas %@d%dsEQ1ENBCTHQ QBgl?e%QEEE 5998§9Q8r£8 a 5-L

triam de was used as an internal stan

glﬁ@éf@Rﬁbﬁga%@PhMM%edm%%sQ@©W%nEorF@0@d¥§ avqg%ﬁEﬁtrogen
corresponding to 1 atom of phosphorus~at -29

flawdetkbeahc erirespendiing dd ithAtAB25 10f2 P gpé@cﬁlocsﬂsmtml/mln
6.22 ppm and a doublet corresponding to SF-12 -
Af%ér cooling to about room temperature, 3 L of hexane was
added and the mixture was stirred for 30 minutes with a
stirrer. After stirring, the content was left at rest to
precipitate the insolubles. The insolubles were separated
by decantation to give a transparent and colorless hexane
solution. mn-hexane within the solution was distilled off
under normal pressure. At a point of time when about 2.8 L
of n-hexane was collected, the distillation was stopped. n-
hexane was further removed at reduced pressure of 1 to 20
mmHg to yleld 110 g of a white solid. To a portion of the
solid,.DMSO—d6 was added and hexamethylphosphorictriamide
was used as an internal standard in performing measurement
of 3P~NMR. From this, a quintuplet corresponding to 1 atom
of phosphorus at -25.46 ppm, a doublet corresponding te 1
atom of phosphorus at 7.08 ppm, a doublet corresponding to 3

atoms of phosphorus at 8.64 ppm were observed, and the

purity was 97.5%. Further, 711 parent peak corresponding to
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atonms of phosphorus at 12.04 ppm were observed, and
the purity was 99.5% Further, 730 of a parent peak
corresponding to PZND-C1 were observed by FD M5
analysis. 5 (Exanple 20) Synthesis of a siloxy
gr oup- cont ai ni ng phosphazenium chloride Into a 300-m
gl ass flask equipped with a stirrer, which was kept
under a nitrogen atnosphere, 21 g (27 nmol) 10 of
SFE%§@ECI obtained in Exanple 19, 150 m of o 9.1 g (52
mTol”)” of t-butyldinethylsil@ (2- aminoethyl) ether and
4.7 g (27 mmol) of tris(dinmethyl am no) phosphol ane
prlier e in%&gduced and_ the m xture was allowed to react
Y36COoPsRyE o £PaHE #Rér Y85 Scool ed to room
tenperature. The reaction m xture was washed wth
wat er, the o-dichl orobenzene | ayer was distilled off

r ced pressure and then washed with 200 nl of
‘E§?§§E$|§§5her_ The washed solid was dried under nornma

pres yiel 2,9 of a white solid. A portion of
t he gﬁﬁg%%?é ggsgégdéd to THF-d8 and phosphoric acid

C b B TR-BUt ' I dard_i
trEEWF@rQH(ngf%?QQQmW%Egggggﬁ@%ﬁ%ﬁglﬁﬁg5%§amﬁh@q ard_in

perform ng VR ne romthis, octef$

biSQHIRSRA LAY b9 —%-359!5&8“-319—*‘@%@8%},?%%&—I-Zgiér% OPMride

corresponding to 1 a phosphor us

(h8réInppREranabardeibkel eer pespoading to 3 25 atons
of phosphorus at 10.45 ppm were observed. SF-1286 - 72

- (Exaapb@o2d) Syntbesissofegubygdeaxylth a stirrer, which

gr oup- cont ai ni ng phosphazeni um
was kept under a nitrogen atmosphere, 30 g (42 mmol) of PZND
obtained in Example 18 was dissolved in 50 ml of THF. 7.3 g
(43 mmol) of 2,2~dichloro—1,3—dimethylimidazolidine was
added as a solid at room temperature and then refluxed for
about 3 hours. After cooling to room temperature, THF was
distilled off under reduced pressure, and then 50 ml of THF
and 200 ml of diethyl ether Were sequentially added. After
refluxing for 30 minutes, the resulting mixture was
thoroughly stirred and cooled to room temperature to
precipitate a white solid. The solid was filtered under a
nitrogen atmosphere and dried under reduced pressure of 1
mmig to yield 26 g of a white solid. A portion of the solid
was added to DMSO-d6é and hexamethylphosphoric triamide was
used as an internal standard in performing >'P-NMR
measurement. From this, octets corresponding tec 1 atom of

phosphorus at -29.81 ppm, a doublet corresponding to 1 atom

of phosphorus at 6.22 ppm, and a doublet corresponding to 3
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iodide 5 Into a 500-m glass flask equipped with a
stirrer, which was kept under a nitrogen atnosphere,
200 mM of THF, . 10.9 g (455 mmol) of sodium hydri de,
and 67 g- (470 .nmmol) of nethyl iodide were introduced,
“and the mxture was stirred at roomtenperature for 2
hours. Thereafter, 41 g of a THF 10 sol uti on of
phosphazeniUnrchIoride (45 mmol ) obtained in { Exanple
Sé%i#ﬁ? added, and the mixture was further stirred at
enperature for 16 hdur's. “The suspansion after
the reaction was filtered and washed wth THF, and
THF was distiIIed off fromthe filtrate under reduced
a*;%%é{ﬁ & Oﬁrélqlsmotﬁtailr?eop%mm weise dilssotwest @yed e
of ene chloride and the insol ubles were

t hyl
Pur’—’ﬁrftyer‘ﬂé?cf att ﬁﬁ%{ hybéRberehl’eli & wa®adiesti Pead of f

fromthe filtrat nder reduced pressure to ield 41
CoF TS RPHS O Tk ¢'F SORIRIVa 486 FHakk analysis.

equi pped with a stirrer, which was kept under a 20

ni trogen atnosphere, the above white solid and 200 m
(EQEm R re introduced, and the m xture was
Ice-cooled with stirring. To this, 41 n1 of a THF

50l 4heReqh < betLabul honuPALUTLELUGLLARS( b0, ALo

mol ) was a e \ias s
chtiefpeat ure for 30 mnutes. 25 To the reactlon
solution, 300 ml of water and 300 ml of SF-1286 - 73

et pyteng gbeﬁrdglwgéefﬂggﬁdeEQEFbEQUthﬁeQaEEEEQQI,

and the solvent was distilled off froman organic
whiehvemts kayer undeden nedue ?@npe%ﬁag' dr@ ,gicve A %@imﬁol)

whi ch was recrystallized froma 70/6aqueous ethy
QfaﬁﬁN@—le@bt@ﬂneﬁhm& Example 19, 150 ml of o-
dichlorobenzene, 9.1 g (52 mmol) of t-butyldimethylsilyl (2-
aminoethyl) ether and 4.7 g (27 mmol) of
tris(dimethylamino)phospholane were introduced, and the
mixture was allowed to react at 120°C for 24 hours and then
cooled to room temperature. The reaction mixture was washed
with water, the o—dichlorobenzene layer was distilled off
under reduced pressure and then washed with 200 ml of
diethyl ether. The washed solid was dried under normal
pressure to Yield 82 g of‘a white solid. A portion of the
solid was added to THF-d8 and phosphoric acid tri-n-butyl
ester was used as an internal standard in performing 'P-NMR
measu;ement. From this, octets corresponding to 1 atom of
phosphorus at -27.52 ppm, a doublet corresponding te 1 atom

of phosphorus at 9.77 ppm, and a doublet corresponding to 3

atoms of phosphorus at 10.45 ppm were observed.
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5toyield a 29 g of white solid. A portion of the
solid was.. added to DVM5SO-d6 and hexamet hy] phosphoric
triam de was used as an internal standard in
perform ng 31P-NWMR neasurenent. Fromthis, a
qui ntupl et corresponding to 1 atomof phosphorus at
-33.34 ppm a doublet corresponding to 3 atons 10 of
phosphorus at 7.60 ppm and a doublet corresponding to
at om of phosphorus at 7.79 ppm were observed, and
Sb?'f?ez%@rlty was 100% (Exanplée 22) 15 Synthesis of
- pol yner - support ed phosphazeni um hydroxide Into a
100-m glass flask which was kept under a nitrogen
at nosphere, 0.7 g (29 mmol ) of sodi um hydride and 50
m of DVF were introduced, a DVMF solution of 25.2 g of
u%ﬁ%@ﬁﬁéé@ﬁiun1iodide (28 mmol ) obtai ned in Exanple
0 further added thereto, and the m xture was

st i YSMS@& 1806t 2t }é‘ﬁfﬁépé‘tyl}r & TSP T RS Dign phosmbiEFen 1 un

5 Oeml gl ass flask equipped with a stirrer, which was
under a nitrogen atnosphere, 26.6 g of a

C o B B R Y B B e My P8 Argar Ay
, P
WngR AR G e S e B o AL iy T
L A o it L e T S o
mett lprl%\&l@éskalérfér e Py U"Qnéaéé-[ e Qfi Apsphazenium. . 4

i de was added thereto, and m xt ure was

atf&bbhﬁﬁe&be&h@@r@OEO%o2h@Hﬂﬁm;Af@ﬁ%r%ﬁ@EE§t'@@ of, ¢t Be
reaction, the resulting mxture was filtereéd ang t he

solution of phosphazenium chloride (45 mmol) obtained in

Example 20 was added, and the mixture was further stirred at
room temperature for 16 hours. The suspansion after the
reaction was filtered and washed with THF, and THF was

distilled off from the filtrate under reduced pressure. The

‘obtained solid was dissolved again in 300 ml of methylene

chloride and the insolubles were filtered and'ﬁethylene
chloride was distilled off from the filtrate under reduced
présSure to yield 41 g of a white solid. Into a 500-ml
glass flask equipped with a stirrer, which was kept ﬁnder a
nitrogen atmosphere, the above white solid and 200 ml of THF
were Iintroduced, and the mixturé was ice-cooled with
stirring. To this, 41 ml of a THF solution of
tetrabutylammonium fluoride (1.0 M, 41 mmol) was added, and
the mixture was stirred at room temperature for 30 minutes.

To the reaction solution, 300 ml of water and 300 ml of
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resin obtained as a residual solid was washed five
times with 50 nm of nmethanol and dried under heating -
at 70C under reduced pressure of 1 nmHg.: Into a
500-m glass flask 10 equipped with a stirrer and a
cool er, which was kept under a nitrogen atnosphere,
the dried resin and 200 ml of nethanol were
i ntroduced, and the mxture was stirred at room
SELSEEEgature for 1 hour. To this, a solution (100 nl)
0 : g of sodi um net hoxi 4 Tn net hanol was added,
and the m xture 15 was heated under reflux for 8 hours
and cooled to room tenperature. The obtained
melbyderns 6hlpadde Meareddsind Tnas Hégmwidrisepargrion, and the
reat ed by cont%ct with 527 g of a 4%, aqueous sodi um
SONYEROxGE” S§oPbiildfdand I frioierwased 1f 199 L vigkted aver
Thus, the residual solid was dried . at 70C under 20
unpsdu EEFUFFES BRFESHE 1 Yimdg o &y iS %5 wgn&?x BaISy mer -
rted osphazenium hydr oxi de. . A_portion of the
re R PR 2R R0 RRER, 80 T P ReaTar el sgaiigon, thus
t et i s(dimet hyl ami. oni,u rafl worpborate
o, JHERE B PoTE Y PILER) HOTRRET h P ELb R a "EREO B Ea was

adBQEr esPofdbide! dnd 22.2LATHYL RARSRAGLYS. L zRIR PR used

a peak corresponding to s 0

aspBﬁS@HQéHﬁaﬁtsgaﬁdggﬁ]W%f%e&%%%%ﬁ%%'“@ukﬁﬁ“heasuﬁfﬁgpt.

concentration of phosphazenium cati'ons as neasure
FrohPeAMR, bnghhgtaghed wWasr@s3ohdiwel 48. 15atExanpl e 23)

Synt hesi s of pol ymer-supported phosphazeni um chl ori de
phdéphoguef a8 peByper ppupper Hedppkesphazerbdmdiydr 8% deatons

(6.6 mml in terns of phosphazeni um cati ons) obtained
ofi phosphorus at 7.60 ppm, and a doublet corresponding to 1

atom of phosphorus at 7.79 ppm were observed, and the purity

-was 100%.

(Example 22)

Synthesis of polymer~suppor£ed phosphazenium hydroxide

Into a 100-ml glass flask which was kept under a
nitrogen atmosphere, 0.7 g (22 mmol) of sodium hydride and
50 ml of DMF were introduced, a DMF solution of 25.2 g of
phosphazenium iodide (28 mmol} obtained in Example 21 was
further added thereto, and the mixture was stirred at room
temperature for 3 hours. Into another 500-ml glass flask
.equipped with a stirrer, which was kept under a nitrogen
atmosphere, 26.6 g of a chloromethylated peclystyrene-based
resin (28 mmol in terms of chlorine atoms) (manufactured by

Argonaut Technologies, Inc., ArgoPore Cl, 1.05 mmol-Cl/g),
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Exanpl e 22 was packed in a colum and was treated by
~contact 10 with 398 g of a 4% aqueous sodi um chl ori de
solution and further washed with water. Then, the
solid after treatnent was dried at 70C under reduced
pressure of 1 nmmHg to give a pol yner-supported
phosphazeni um chl ori de. The concentration of
phosphazeni um cati ons as nmeasured by 31P-NVMR in the
solid 15 was 0.368 mol /g. (Exanple 24) Synthesis of
Sk 148%xy group- cont ai ni ng=pRésphazeni um chl oride 20
The reacti on was conducted in the same manner as in
Exanpl e 20, except that diethylene glycol (t-
a%t%ﬂodmﬁ%ﬂfylmff o2 -lartinebided,) aetchethenasi aisest was
i nstead of t-butyldinmethylsilyl(2-am noethyl) ether
stige@d RtEXQw & 2perdsy offar Fatenrspealkhen, the entire

correspond&y&ito a siloxy g oup 25 contai ni ng
Rz én A lorh g ey f@b@éﬁﬁé@qﬁﬁwmwasadlmlum

- ana is. (Exanple 25 Synt hesi s of a hydr ox
Do, EORERRR T S ris, )yasimatfh hgShare

o S B T 0 0 e et 2
24 d
R S ¢ e “%ﬁ%y%%wea% g e ohe
i L t 1 f.th
re\é'qh Cortay h d 51% %%e?sQLdH;&O s%%.si Q\Ia asheéii Ofl%eo tlgl %

above so oethy S He =6 at'ion

wi®n5s9 ff %@dh%%%gﬁgﬁléﬁﬁ?ﬂﬂ%ﬁ@%ﬁh%f“%(Etlng at 70°C under
reduced pressure of 1 mmHg. Into a 500-ml glass flask
equipped with a stirrer and a cooler, which was kept under a
nitrogen atmosphere, the dried resin and 200 ml of methanol
were iniroduced, and the mixture was stirred at room
temperature for 1 hour. To this, a solution (IOO.mi).of 7.9
g of sodium methoxide in methanol was added, and the mixture
was heated under reflux for 8 hours and cooled to room
temperature. The obtained suspension was filtered and
washed with water, treated by contact with 527 g of a 4%
aqueous sodium hydroxide solution and further washed with
water. Thus, the residual so0lid was dried at 70°C under
reduced pressure of 1 mmHg to yield 35 g of polymer-
supported phosphazenium hydroxide. A portion of the solid
was subjected to *'P-NMR measuremen?, using

tetrakis (dimethylamino)phosphonium tetrafluoroborate as an
internal standard. From this, a peak corresponding to 1

atom of phosphorus at -35.5 ppm, and a peak corresponding to
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i ntroduced, and the m xture was stirred for a while.
The resultlng m xture suspension was filtered and the
filtrate allowed to stand for recrystallization to
yield 1.3 g of 15 white solid crystals. A portion of
the solid was added to DMSO d6 and
hexanet hyl phosphoric triam de was used as an interna
standard in perform ng 31P-NVR neasurenent. From

. i.S, a quintupl et correspondlng to 1 atom of
H&gﬁ%orus at -33.31 ppny d°doubl et corresponding to

3 atons of phosphorus 20 at 7.58 ppm a doubl et
correspondlng to 1 atom of phosphorus at 7.72 ppm and

1 H&st &F hrasspend g to 9 rimomofe gfssyplest,usinat the

57.0 ppn1mere observed, and the purlty was 91.4% s
CO@&FPN&@ ig38 O REqFRGReTHeEK TR GRdisgsie el by PP-NMR

pha enj um cat i ns por on was observed by FD M5
%@y§|é d % %95 (Exanpl e 26) Synthesis of

polyner supported phosphazeniun1 hexaf | uor ophosphat e
Into a 50- gl ass flask which was kept under a 5

A e tnnsphere 0.07 g (1.7 mmol ) of potassium
E% g%g%eQBQnd 10 M of DWF were introduced, 1.3 g (1.3

B e g ggﬁ%&gﬂg%ﬁgﬂim@
Ot e e R R

(656l BN, iWhitehmaas kepbs ?ﬁg%%nﬁuﬁikﬁQﬂ%%s a%g%%ﬁ%%HEQR
1.1 g of a chloronethyl ated pol ystyrene-base resin
ExfipBenibl wak pRic¥edofinChl euiiienael atMrdhachuhed Bhtact

with 398 g of a 4% aqueous sodium chloride solution and
further washed with water. Then, the solid after treatment
was dried at 70°C under reduced pressure of i mmHg to give a
polymer-supported phosphazenium chloride. The concentration

of phosphazenium cations as measured by **P-NMR in the solid

was 0.368 mmol/g.

(Example 24)

Synthesis of a siloxy group-containing phosphazenium
chloride

The reaction was conducted in the same manner as in
Example 20, except that diethylene glycol (t-
butyldimethylsilyl) (2-aminoethyl) ether was used instead of
t-butyldimethylsilyl (2-aminoethyl) ether used in Example 20.
958 of a parent peak corresponding to a siloxy group-—

containing phosphazenium chloride were observed by FD-MS
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Argonaut Technol ogies, Inc., ArgoPore C, 1.20
mol-C/g) and 15 mM of DVMF were introduced, and the
m xture was 15 stirred at roomtenperature for 1 hour
Then, the entire anount of a DVF sol ution of the
previ ously prepared potassiumsalt of phosphazeni um
hexaf | uor ophosphate was added thereto, and the
m xture was further stirred for 24 hours. After
conpl etion of the reaction, the resulting 20 mixture
SEid< %6 | tered and the resin ®btained as a residua
solid was Soxhl et-washed with 1, 4-di oxane as a
solvent, and then dried under heating at 70C under
angddgdéd pressure of 1 nmHg to yield 1.1 g of
pol ymer - supported phosphazeni um hexaf |l uor ophosphate. A
portion of the solid was subjected 25 to 31P-NWR
neas using SF-1286 - 78 -
(Exapp @lg%dlnethylanlno)phosphonlun1tetraf|uoroborate

nt er nal ard. Fromthis, peak
cor?%%ﬁ%ﬁﬁ?ﬁgoﬁo 1§YgF8ﬁ¥6fgﬁﬂBQpﬁBPE@l%%n938h9SBBﬁ?enlum

' d 4 | f ph h
ne g o R BhB R ved | and the B concent Faci on of -
i d 31P- NVR i
prospiezES U £l Lone: s el soL By IENEL LD 10,
ExQﬁbX@EQEzggQ?EE%dtﬁgesgﬂgégﬂa%ghﬁﬁﬁr%ﬁhg%ld% %%taq 2¢®in

sk equi Frer

Ex§ﬂ9h8r24“@h%hu§@§ Kﬁ@%egadgE %h%gbhggﬁﬂlﬁhﬁﬁiﬁg% 18 used

entire anount of the pol yner-=support
lnpng§ﬁbaéegn_vrrtoh@mtal Honaphasphatg obiﬁwegl £6- ﬁ%a&%&s

26 and 10 nl of “nethanol were introduced, and t
flaskt uBeowgsost theedbadtre solid, 20 ml of a 70% ethyl amine
solution, and 0.5 g of sodium hexafluorophosphate were

introduced, and the mixture was stirred for a while. The

resulting mixture suspension was filtered and the filtrate

allowed to stand for recrystallization to yield 1.3 g of

white solid crystals. A portion of the solid was added to
DM30-d6 and hexamethylphosphoric triamide was used as an
internal standard in performing *'P-NMR measurement. From
this, a quintuplet corresponding to 1 atom of phosphorus at
—-33.31 ppm, a doublet corresponding to 3 atoms of phosphorus
at 7.58 ppm, a doublet corresponding to 1 atom of phosphorus
at 7.72 ppm and a heptet corresponding to 1 atom of
pPhosphorus at 57.0 ppm were observed, and the purity was

91.4%. Further, 858 of a parent peak corresponding to a

-phosphazenium catiops portion was observed by FD-MS analysis.
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15 roomtenperature for 1 hour. To this, 10 mM of a
nmet hanol solution of 1.0 g sodi um net hoxi de was
added, and the mxture was heated under reflux for 8
hours and then cooled to roomtenperature. The
obt ai ned suspension was filtered and washed with
water, treated by contact wwth 34 g of a 4% 20 aqueous
sodi um hydr oxi de sol uti on and washed with water.
Then, the residual solid was dried at 70C under
Shddffed pressure of 1 mFg7fo-yield a 1.1 g of
pol ynmer - supported phosphazeni um hydr oxi de. A portion
of the solid was subjected to 31P-NVR neasurenent,
(Exeimpg 2% @)et r aki s(di met hyl ami no) phosphoni um
tetrafl uoroborate as an SF-1286 - 79 interna
st andatiesEsomit kicd ynarpedrresiteds pbediohgzedsiin at om
fphosphorus at -35.7 ppm and a peak correspondi ng
LAoRsIde s5thadifosphor us at 5.9 ppm were obser ved,

and t? ncentratlon of ghosphazenlun1cat|ons as
meast edab§ 3TP- AVRSS5 T ASKhENd6hi Hagakept29rdRioP g.

R
TR0 T AR 0 952 el
PrESPERAE R ons%%%ngﬁozfpzw%%p%g@é% e Shammie 25

fu}%QQQOE?g%%ﬁth r%%o’ A-G0+HRl 7Men% 4 il 43ir urg? at - goom

0 g of tetralin were intro
tetnbe raedr Ewass %Hu&%ed @EtolgnBQHEthU@ehﬁt EESEOEl;Sk

hour. Thereafter, 17.8 g of a tetralin solufion of
quZEﬁe@Zthﬂﬂ@]stﬁr&%ﬁﬂsm@ﬁcﬁzmgk kept under a nitrogen
atmosphere, 1.1 g of a chloromethylated polystyrene-based
resgin (1.3 mmeol in terms of chlorine atoms) (manufactured by
Argonaut Technologies, Inc., ArgoPore Cl,-l.20 mmol-Ci/g)
and 15 ml of DMF were introduced, and the mixture was
stirred at room temperature for 1 hour. Then, the entire
amount of a DMF solution of the previously prepared
potassium salt of phosphazenium hexafluorophosphate was
added thereto, and the mixture was further stirred for 24
hours. After completion of the reaction, the resulting
mixture was filtered.and the resin obtained as a residual
solid was Soxhlet-washed with 1, 4-dioxane és a solvent, and
then dried under heating at 70°C under réduced pressure of 1
mmHg to yield 1.1 g of polymer-supported phosphazenium

hexafluorophosphate. A portion of the sclid was subjected

to *'P-NMR measurement, using
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obtained in Exanple 1 in was added thereto, and the
m xture was further stirred continuously for 4 days.
Thus obtai ned suspension was filtered under a :
ni trogen at nosphere, and 20 washed with 50 m of
tetralin and 200 mM of a m xed solvent having a ratio
by weight of 1:1 of 1,4-dioxane: nmethanol. The
obt ai ned residual solid was dried at 70C under reduced
sure of 1 nmMHg to yield_ 5.0 g of polyner-supported
SFpﬁ§§ hazenlun1chlor|de A p%?tlon of the solid was 25
subj ected to 31P-NVR neasurenent, using SF-1286 - 80 -
tetrakls(dlnethylan1no phosphon|un1tetraf|uoroborate
tejgakh s (direthyl agd and R sph@@mwwt@trafé@@%oborate as an
orre pondlng to 1_ atom of phosphorus at -35 ppm
lngﬁana pé&@né@ﬁ-’ndesp%@mngh%%r 2 ﬁeﬁésC%ﬂfr%ﬁ%@%b@%tat
: wer e obser gd the 5 concentratlon of
2t Bl QbnEDERPGRLES: Fong 25 Tmikur 88007 BIPKNARY LEAPrREing to

nto

IR I e el AN LSS e SR - RS

COHSBBtrHEﬁQE [oFd ng& g%ﬁ%z%hqﬁ%p%% Fe&gpﬁggﬁﬁgfghpahfl?_NMR

evi ous polymer suppor

lncghgrbgﬁlﬁﬁgéf”%ﬁF6619mb%ﬁ§Qr”B of phosphazeni um

cat1ons of ne nol were 'introduced, and
the m xture was stirred at room tenperature for 1
hour. Thereafter, 0.37 g of sodium nethoxide was
(Edhsgokved)in 10 n1 of nmethanol, and the solution was
added, heated under reflux for 8 hours and then 15

Cocﬂﬁdtﬁ@si@%ﬁt}@cﬁf_pﬁﬁ@f-%@ppa_fﬁe@bﬁﬁcbﬁﬁl‘i‘a§é11$9@rﬁ5h98rox1de

was filtered and washed with water, treated by

coriract av 508D @lass flask equipped with a stirrer and a
cooler, which was kept under a nitrogen atmosphere, the
entire amount of the polymer-supported phosphazenium
hexafluorophosphate obtained in Example 26 and 10 ml of
methanol were intrcduced, and the mixture was stirred at
room temperature for 1 hour. To this, 10 ml of a methanol
solution of 1.0 g sodium methoxide was added, and the
mixture was heated under reflux for 8 hours and then cooled
to.room temperature. The obtained suspension was filtered
and washed with water, treated by contact with 34 g of a 4%
aqueous sodium hydroxlde solution and washed with water.
Then, the residual solid was dried at 70°C under reduced
pressure of 1 mmHg to.yield a l.1 g of polymer-supported
phosphazenium hydroxide. A portion of the solid was
subjected to *'P-NMR measurement, using

tetrakis (dimethylamino)phosphonium tetrafiuoroborate as an
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of a 4% aqueous sodi um hydr oxi de sol ution and washed

with water. Then, the residual solid was dried at 70C

under reduced pressure of 1 nmHg to yield a 2.3 g of

pol ymer 20 supported phosphazeni um hydroxi de. The

concentration of phosphazeni um cations by 31P- NMR

nmeasurenent in the solid was 0.312 mmol/g. In

addi tion, chlorine atons were not observed by

el enental anal ysis, and the_ani ons becane hydroxi de
SFqdafi tatively. 25 SF-128672 B1 - (Exanples 29 to 30)
- Synthesis of pol yner-supported phosphazeni um hydroxi de
. The reaction was conducted in the sane manner as in
inEeamglle srendaxdept F¥emt thha, kpnBsabf cphgesponding to 1

chl oronmet hyl ated 5 pol ystyrene-based resin used in
ateRappl @f@@m@rr@%ﬁangéé,-? hs EedSyniredi seryaspersing to

: ol.ymer - supported phosphazeni um hydroxide. The
1 PR o R R ST b2 B s S0SepYRRR ond the

cofRIBER T SHILDL aTe 0L SISl ue Lo 0 Py he o
1xSUS LI BSRAN R AT oS! based resiv
(Example 28)

Synthesis of polymer-supported phosphazenium hydroxide

Into a2 100-ml glass flask equipped with a stirrer,
which was kept under a nitrogen atmosphere, 4.7 g of a
chloromethylated polystyrene-based resin (2.0 mmol in terms
of chlorine atbms) (manufactured by Argonaut Technologies,
Inc., Argo-Gel-Wang Cl, 0.43 mmol-Cl/g}, and 20 g of
tetralin were introduced, and the mixture was stirred at
room temperature for 1 hour. Thereafter, 17.8 g cof a
tetralin solution of PZNBR (2.7 mmol in terms of PZNB}
obtained in Example 1 in was added thereto, and the mixture
was further stirred continucusly for 4 days. Thus obtained
suspension was filtered under a nitrogen atmosphere, and
washed with 50 ml of tetralin and 200 ml of a mixed solvent
having a ratio by weight of 1:1 of 1,4-dioxane:methanol.
The obtained residual solid was dried at 70°C under reduced
pressure of 1 mmHg to yield 5.0 g of polymer—supported
phosphazenium chloride. A portion of the solid was

subjected to *P-NMR measurement, using
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{ (mmmol /g) - parenthesis) (mmol/g) Ex. 2-pyridine-co-

1.0 -34.8(1), 0.463 29 Merrifield resin 6.2(4)

manuf act ured by Advanced -ChenTech Ex. Jandaldels C

0.70 -35.5(1), 0.165 30 manufactured by 5.8(4)

Aldrich 10 (Exanple 31) t#~ tk! SF-1286 - 82

Synt hesi s of pol yner-supported phosphazeni um hydr oxi de
“Into-a 50-mL glass flask which was kept under a

ni trogen atnosphere, 0.18 ¢ &4.6 nol ) of potassi um
SFyjdi®e and 20 i of DVF-w8Fe~introduced, of a DVF

solution of 5.0 g 5 phosphazenium i odide (3.7 mmol)

obtained in Exanple 9 was added thereto, and the
Cerpnetkurse diare tovilemd g cahasmhortienp dredtrarfd uogro e dader s1s an
. I nto anot her 200-nl glass flask equipped with a :
ingeirmadry stamidal dnasFkept thader 2apabkr 6gEresaehBsphete, 1

3.6 of a chl oronet hyl ated pol ystyrene-based .10 _
atPEbF%'@@P@Pﬁﬁﬁpsiﬁttéﬁﬁ§4bﬁﬂ%%lé¥i & Fes)corresponding to

P nufgg uggd y _ Advanced Chenirech

-rra)‘?ﬁ I ERESPRREMSE P4l P P AT WEIG RRSETVELrgPTshd 50
colle2h BVE ere %ﬁ%%% %%g%iu%p%é%g%ngié%ukgggﬁ%ed by 'P-NMR
in the solid was 0.316 mmol/g. Then, into a 50-ml glass
flask equipped with a stirrer and a cooler, which was kept
under a nitrogen atmosphere, 2:3 g of the previously
obtained polymer-supported phosphazenium chloride (6.1 mmol
in terms of phosphazenium  cations) .and 10 ml of methanol
were introduced, and the mixture was stirred at room
Temperature for 1 hour. Thereafter, 0,37 g of sodium
methoxide was dissolved in 10 ml of methanol, and the

solution was added, heated under reflux for 8 hours and then

‘cooled to room temperature. The obtained suspension was

filtered and washed with water, treated by contact with 80 g
of a 4% aqueous sodium hydroxide solution and washed with
water. Then, the residual solid was dried at 70°C under
reduced pressure of 1 mmHg to yield a 2.3 g of polymer-
supported phosphazenium hydroxide. The concentration of
phosphazenium cations by **P~NMR measurement in the solid was
0.312 mmol/g. In addition, chlorine atoms were not observed
by elemental analysis, and the anions became hydroxide

quantitatively,



10

stirred at roomtenperature for 1 hour. Then, the
entire anount of a DMF solution of the previously
prepared 15 potassi um salt of phosphazeni umi odi de was
added thereto, and the m xture was further stirred
for 62 hours. After conpletion of the reaction, the
resulting mxture was filtered and the resin obtained
as a residual solid was Soxhlet-washed with

1 4- di oxane as a solvent, and then dried 20 under

e&ﬁQ%g at 70C under reducte8lpressure of 1 mHg. Into
a 200-mL gl ass flask equipped with a stirrer and a

cool er, which was kept under a nitrogen atnosphere,
(Bdpapldrs &P riesiIPland 50 m of met hanol were

i ntroduced, and the mxture was stirred at room
t enBEPERaEEST B6F POﬂrmer-wppﬁrré;edzshaspbaﬁanéum hydroxide
solutlon (10 M) of 2.6 of sodi um net hoxi de was

F- $b86re2g8iorgued, C@ﬁ&luﬁﬁ@dmlm the RaBehBaregruadedn

reflux for 8 hours. and . then cooled to roam

EX@&P& &%r@ ofbd S idd ks &‘ﬁlwlﬂn%@rféw%d

d, h h
oAl PR at it Forier eszynt e oﬁ
thW%t% %%’ Ee %%§1éﬁ§:pf bﬁggw%%pég iﬂ?q%p annium

der UCG pressure o

. hyRYT8- suppenie ;Ehg qggpl roxi_de. portion
YB?J F[Eie ‘sol i hvvag: subjected to qﬁ!\/ﬁl"ﬁn%elasﬁ"’fem‘snt

- using tetrakis(di nmet hyl am no) phosphoni um
tetrafl uoroborate as an 10 internal standard. From
Tabhies3 a peak corresponding to 1 atom of phosphorus at

-34 ppm and.a peak corresponding tao 4 nmoles of

phosphorus at 6.0 ppm yere obserpBd.-ymad the | concentrat
concentrati on of phosphazerenm clati ons as neasured by

31P- NNBmne of Shift wvalue ion of
of
chloromethylated . (ppm, rhosphazen
" | chlorine
. polystyrene- phosphorous ium
resin
‘based resin expressed in | cations
(mmol/g}
parenthesis) | (mmol/g)
Ex. 2—pyridine—co— 1.0 -34.8(1), 0.463
29 Merrifield resin 6.2(4)

manufactured by

Advanced

ChemTech
Ex. JandaJels C1 0.70 -35.5(1), 0.165
30 . imanufactured by 5.8(4)

Aldrich

(Example 31)
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in the solid was 0.138 mmol/g. 15 (Exanple 32)
Synt hesi s of pol yner-supported phosphazeni um hydr oxi de
Into a 50-m glass flask which was kept under a
ni trogen atnosphere, 0.1 g (2.4 nmol) of potassium
hydride 20 and 10 ml of DMF were introduced, a DW
solution of 3.3 g of phosphazeniumiodide (2.6 mmol)
obtained in Exanple 9 was added thereto, and the
m xture was stirred at room tenperature for 5 hours.
SHMtZ?Bcanot her 100-nm gl ass-f8ask equipped with a
stirrer, which was kept under a nitrogen 25
atnnsphere 3.1 g of a chloronethyl at ed
pol gghyhenésbasepoIrme286upp84terepihnn spha2 eminin hydrox1de
terms of chlorine atons) (manufactured by Aldrich,
Jandadel s 60-m0. gl amsolfl€skgyhant g@snkept: Dwﬁeweae_
i ntroduced and the m xture was stirred at room
niftgpgenatdme soterel, Hour8 dThén,6 tire lontd eermmituofhygdride
DVE solution of 5 the previously prepared potassium
angh |20 gl pfodPHarE&numn irsdivge ha$ fadd d31E Herlattooraf 5.0 g
the m xtuyre was_ further stlrred faor 45 hours. After

Phe&m PO AHES elatth FROlhePtedRad ity ERamRI%e hads
e’ ST IR e A Hadent |

cefRratid <ot edmﬁéo”.ﬂ?i&a@%o hef B5rastormdedlaen: hen”
eq}Qﬁ%)Eedavﬁttl el tﬁﬂ}%eaf conls ;gg},r L8, gn%g{) “%ec;ro%en

ogen nnsp ere, 'the esrn an
I t+4 ad . By
at!zﬁ%ts agl t:ﬁ{) % gt U o %q%rom%hgn%e@dxwﬁsvmeﬂé ey

resin (3.6 mmol_ln terms of chlorine atoms) (manufaétured by

. Advanced ChemTech,'2—pyridine—co—Merrifield resin, 1.0 mmol-

Ci/g) and 50 ml of DMF were introduced, and the mixture was
stirred at room temperature for 1 hour. Then, the entire
amount of a DMF solution of the previously prepared
potassivum salt of phosphazenium iodide was added thereto,

and the mixture was further stirred for 62 hours. After
completion of the reaction, the resulting mixture was
filtered and the resin obtained as a residual solid was
Soxhlet-washed with 1,4-dioxane as a solvent, and then dried
under heating at 70°C under reduced pressure of 1 mmHg.

Into a 200-ml glass flask equipped with a stirrer and a

cooler, which was kept under a nitrogen atmosphere, the

dried resin and 50 ml of methanol were introduced, and the
mixture was stirred at room temperature for 1 hour. To this,

a methanol solution {10 ml) of 2.6 g of sodium methoxide was
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15 for 1 hour. To this, a solution (10 M) of 2.4 g of

sodi um net hoxi de in nethanol was added, and the

‘m xture was heated under reflux for 8 hours and then
~cooled to roomtenperature. The obtai ned suspension
-was filtered and washed with water, treated by

contact with 89 g of a 4% aqueous sodi um 20 hydr oxi de

sol ution and washed with water. Thus, the residua

solid was dried at 70C at under reduced pressure of 1
SEmH4F @ o yield a 2.2 g of poByner-supported

phosphazeni um hydroxi de. A portion of the solid was

subj ected to 31P-NVR neasurenent, using 25

d(d@iralanﬁ dilyfe tthiyd tani en Yash dsgsHiod umdest red § ot obor &t erours

an -- ------------- SF-1286 - & interna

ang &N@ar Fodreshn tthipomy trate idrHes poddien gbite inedat om

of phasphorus at -34.8 ppnl and a peak correspond|ng
Sue&enélr%} S Hof lplﬁ&s&%ﬂoréugi sred Ik vevet Wibs driaited by

and the nt r at neasured b 31P-NNR in the

¥ D 8 9 9 a%ﬂ@%ﬂ%@ ™ GRS 4e o?olutlon

Iy e, 23&8“"2%2;%' el e
2 0 SRR A ey >
oA B S L RERIAE A Y, 30 on o

thEmMRbl ief wh sl%u\ﬁj@etl&f‘ Zt\d ohb ofirelen¥as, added: dr gpw, §e

thereto, and t
tetrakls(dlmethylamlno)phosphonlum tetrafiuoroborate as an

_internal standard. From this, a peak corresponding to 1

atem of phesphorus at -34.7 ppm, and a peak corresponding to
4 moles -of phosphorus at 6.0 ppm were observed, and the
concentration of phosphazenium cations as measured by *'P-NMR

in the solid was 0.138 mmcl/qg.

{Example 32)
Synthesis of polymer—sﬁpported phosphazenium hydroxide

Into a 50-ml glass flask which was kept under a
nitrogen atmosphere, 0.1 g (2.4 mmol) of potassium hydride
and 10 ml of DMF were introduced, a DMF solution of 3.3 g of
phosphazenium iodide (2.6 mmol) obtained in Example 2 was
added *theretc, and the mixture was stirred at room
temperature for 5 hours. Into another 100-ml glass flask
equipped with a stirrer, which was kept under a nitrogen

atmosphere, 3.1 g of a chloromethylated polystyrene-based
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resulting mxture was stirred at roomtenperature
overnight. After the reaction, tetralin and
o-di chl orobenzene were distilled off under reduced
pressure to give an orange colored viscous liquid. To
this, 60 m of hexane was added, 20 and after stirring
t he hexane was renoved by decantation. Washing with
hexane was perforned 3 tines, and the precipitated
solid was dissolved by adding 230 ml of a 70% aqueous
Skt %nmi ne solution. 2.4 g @%G“nnol) of sodium i odide
and 15 m of water were added thereto, the m xture 25

was stirred at roomtenperature for 1 hour, and then
rafa gggal g tesgid (ohgemxtine alkensl | owedifastured by
stand for 4 days. Prechitated crystals was filtered,

ALOAd Aher adantsd sni@ln Quat @ el heand 34 atld aff gREF were
. yellow crystals. Thus obtained crystals were
“%&ﬂ%%i{ lanfad iR RIS SHHd Blofreqhyjemperature
£ aC$F te and gexang and the precipitated c%ystals,

YWere HiWter 84S naShed “RiFth heRaNEtard ehoMFusPed tiRlePt

eat | t -1 der reduced pressure o to.

PRI R TP GUISL T SIS Bresattie f SIS
. JQdi_d [ rystals. ortion of the solid was
1RG5 b @R SO0 LA o L SRl
stifal 4o as used Aas ﬁ@teEnEgﬁgﬁltﬁ%ﬂnQEFthnreaction, the

perform ng 31P-NVR neasurenent. From this, a

re@ﬂﬂ&ﬁ%@l%ﬁx%%&%ﬁ%ﬁ%n@ﬂﬂiéﬁéé-éﬂd”ﬁﬂg:ﬂ@ﬂ§PQQ&%?ﬁgd as a
-33.7 .ppm a doublet corresponding to 3 atons o

reph@spNOBs i Aivab SO :POBt -t AQulet: COrdiRsRORAING 4
‘to 1 atom of 15 phosphorus at 8.77 ppm were observed,

soarenthe apidr ithennals i 6 ubMe rFiddiemg 841 of° @ PpaIdNtreduced
peak corresponding to the :
pressure of 1 mmHg. Into a 100-ml glass flask equipped with
a stirrer and a cooler, which was kept under a nitrogen
atmosphere, the dried resin and 40 ml of methanol were
introduced, and_the mixture was stirred at room temperature
for 1 hour. To this, a solution (10 ml) of 2.4 g of sodium
methoxide in methanol was added, and the mixture was heated
under reflux for 8§ hour; and then cooled toc room temperature.
The obtained suspension was filtered and washed with water,
treated by contact with 89 g of a 4% aqueous sodium

hydroxide solution and washed with water. Thus, the

residual solid was dried at 70°C at under reduced pressure

of 1 mmHg to yield a 2.2 g of polymer-supported

phosphazenium hydroxide. 2A portion of the solid was
subjected to **P-NMR measurement, using

tetrakis{dimethylaminec)phosphonium tetrafluoroborate as an
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phosphazeni um cati on were observed by FD-MS anal ysi s.
(Exanple 34) 20 Synthesis of allyl group-containing
phosphazeni um i odi de The reaction was conducted in
the same manner as in Exanple 33, except that an
equi nol ar amount of allyl chloride was used instead
of 4-vinyl benzyl chl oride used in 25 Exanple 33. A
portion of the obtained conmpound was added to SF-1286
- 87 benzene-d6 and hexanet hyl phosphoric triam de was
SHidg®®s an internal standaP8 in perfornming 31P- NMR
nmeasurenent. From this, a quintuplet corresponding to
1 atom of phosphorus at . -33.6 ppm a -doubl et

ingerinadpaitdinggnd 3Fapunthos, propehdr uorresabnzibg ppri

and a doubl et corresponding to 1 atom of phosphorus at

atgmg P i phofhe iis v et 4 -dhdbrtthe ot i yamds ca@ZFeb@onding to
Eganple 35) 10 Synthesis of polymer-supported

4 éﬂ? §5h&2e REGHANSEUe 2dnd - R ake |NIP W BD- pRdgltass

flask equi pped with a stirrgr, which was kept under a
CORCERbgaN LarnESp SRS UTS 0By g Ty Hirob§e oFolid was 0.078
mm%,2‘-azobisisobutyronitriIe, 0.97 g (0.96 muol ) of 15

p% gbhazeniun1iodide obt ai ned in Exanple 33 were

i ntroduced and 20 m of toluene was added, and the
. mxture was stirred. 10.52 g (101.0 mml ) of styrene

- (ERREARr gwas put thereto, and after stirring the

resulting m xture at 100C for 7 hours, the mxture

wasg ¢oehedi § 0o 746, E 01 gf@ﬂﬁhEgﬂtgﬁﬁiﬁgaﬁhbgﬂhazenium

iodide
Into.a.300fml glass flask equipped with a stirrer,

which was kept under a nitrogen atmosphere, 96 g of a
tetralin sclution of PZNB (15 mmol in terms of PZNB) and 73
ml of o-dichlorobenzene were introduced, and the mixture was
ice-cooled with stirring. 2.7 g (18 mmol) of 4-
vinylbenzylchloride was added dropwise thereto, and the
resulting mixture was stirred at room temperature overnight.
After the reaction, tetralin and o-dichlorobenzene were
distilled off under reduced pressure to give an orange
colored viscous liquid. To this, 60 ml of hexane was added,
and after stirring the hexane was removed by decantation.
Washing with hexane was performed 3 times, and the
precipitated solid was dissclved by adding 230 ml of a 70%
aqueous ethylamine solution. 2.4 g (16 mmol) of sodium
iodide and 15 ml of water were added thereto, the mixture

was stirred at room temperature for 1 hour, and then the
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20 The reaction m xture was poured into 1.5 L of _
met hanol to give white precipitates. The precipitates
were filtered and dried under heating at 70C under
reduced pressure of 1 nmMHg to yield 4.4 g of
pol ynmer - supported phosphazeniumiodide as a white
solid. 25 The obtained 3.6 g of pol yner-supported
‘phosphazeni um SF- 1286 - 88 iodide was packed in a
colum, and treated by contact with a 4% aqueous
SEsddiffm chl ori de / net hanol -s8kuti on, and further fi
washed wi th nmethanol and water. The solid after
treatment was dried under heating at- 70C under

rerspduded) priessure wafs bl lowatHtd eiprel dor 4 days.

pol ymer - support ed phosphazeni um hydroxi de. A portion
Prgfciid admld dnyest asisbjvect € ttee r34D- NIVRL s mwersiietd, with
usi ng tetrakis(di met hyl am no) phosphoni um
watetr afldudresisgratie vdelah lidghar ned L lstamtarsd.alBr.onfhhEs,
a peak corresponding to 1 atonwpf(ghosphorus'at -35.1
obsinies seale tedr ssFendiavg isd-ad L impctisinooR phssshealyent
at 5.6 ppmwere observed, and the concentration of
ofhRéSyitaZSHtFhe & he*ad are st dd P rempoiVR et crystals
solid was 0,1039 mpl/.g. The solid was a copol ynmer
el ¢t WS SCop SIS YEFH ReXATR A0 S O L P ATGeT
styryl _.group- containi hosphazeni um sal't: styrene .
b e P 75 B iR, g SR Yhd. FiRgero vield
ver ul ar __wej ght .(Vh f. 8536 and th .
B o Bo D i g e P TGS G RE o o7 gofige s
n@Rgerved oy GP L§ GENChHET - wikd
Wl R S rené)s. %a?%g%ﬁe%e?hg 08196 w3LandaLd o
benzene-d6 and hexamethylphosphoric triamide was used as an
internal standard in performing **P-NMR measurement. From
this, a quintuplet corresponding to 1 atom of phosphorus at
=33.7 ppm, a doublet corresponding to 3 atoms of phosphorus
at 7.50 ppm, and a doublet corresponding to 1 atom of
phosphorus at 8.77 ppm were observed, and the purity was

96.1%. Further, 841 of a parent peak corresponding to the

phosphazenium cation were observed by FD-MS analysis.

(Example 34)

Synthesis of allyl group-containing phosphazenium
iodide

The reaction was conducted in the same manner as in
Example 33, except that an equimolar amount of allyl
chloride was used instead of 4-vinylbenzylchleoride used in

Example 33. A portion of the obtained compound was added to
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Synt hesi s of trinmethoxysilyl group-containing
phosphazeni um chloride - 1 In a 100-m glass flask
. which was kept under a nitrogen atnosphere, 3.0 n
(12.2 nmol ) of 4-(chloronethyl)phenethyl 25
tri met hoxysil ane was dissolved in 100 ml of dry
hexane. To SF-1286 - 89 the solution, 50 g of a
tetralin solution of PZNB (0.220 mmol/g to 11.0
mol / g of PZNB) was added dropw se at room
S ature. Sinultaneousky8vi th addi ng dropwi se, a
light brown oily matter was separated. After
conpletion of adding 5 dropwi se, the resulting m xture
bageerfarndhemnd thgxaack horl (3 sphiowt @ st Ewei dd ghts hrsowh a2s an
oily matter was separated froma colorless
irgigpevaatatrandampliicy remdfateimde HP-SHR dnyaset émeot . VEIsOom
added thereto. The m xture was washed with 15 nml of
thiisy aheRERE Yo awradsasnding ol v aftomas ditstggiadis at
of f .under 10 reduced pressure to yield 10.5 g of an
~35¥-&h ¥ ol o rRigty corprasondimm thed radams © ofphrgrhorus

13C and 31P NMR, Eﬂshggin conmponent. of the oily
-t Ry f St 1O THSSTRAALNRG i Hhetlh & 19/

roup- cont.ai nj phosphazeni.um chl oride, . The |
PRI At Gt oSl SR HRS SEFE s SIVR Y Was
97SH%MM 15 below. 1H NWR (CDC13, 270 MHz): 7.15 (m 4H),

4713 (d, 2H), 3.57 (s, 9H), 2.8-2.5 (m 71H), 1.00

(m 2H) 13C NWR (CDC13, 270 MHz): 143.2, 135.8, 127.9,

127.8, 53.2, 50.5, 37.4-36.8, 34.0, 28.3, 11.3 20 31P

(ENMRCQEDGE, 109.3 MHz): 7.25 (d, 1P), 5.92 (d, 3P),
73479 °(q, '1P)

Synthesis of polymer-supported phosphazenium iodide and
‘hydroxide

Into a 50-ml glass fiask equipped with a stirrer, which
was kept under a nitrogen atmosphere, 0.082 g (0.50 mmol) of
2,2"'-azobisisobutyronitrile, 0.97 g (0.96 mmol) of
phosphazenium iodide obtained in Example 33 were introduced
and 20 ml of toluene was added, and the mixture was stirred.
10.52 g (101.0 mmol) of styrene monomer was put thereto, and
after stirring the :esulting mixture at 100°C for 7 hours,
the mixture was cooled to -77°C for quenching the reaction.
The reaction mixture was poured into 1.5 L of methanol to
give white precipitates. The precipitates were filtered and
dried under heating at 70°C under reduced pressure of 1 nmHg
to yield 4.4 g of polymer-supported phosphazenium iodide as
-a white solid.

The obtained 3.6 g of polymer-supported phosphazenium
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Fromthe result of 31P NVMR, the oily matter- having the

af orenenti oned trinmethoxysilyl group-containing

phosphazeni um chl ori de as a nmai h conponent, conprises

a 25 conpound represented by general fornmula (5) as a

by- product, SF-1286 - 90 wherein a=b=c=d=1, R=R =M,

D =H n=1 and Z=C. Further, the purity of

trinEthoxysinI gr oup- cont ai ni ng phosphazeni um

chloride in the oily matter observed fron1the peak
SET%ftal ratio for the Nve88group in 'H NMR was about

80% 5 (Exanple 37) Synthesis of trinmethoxysilyl

group-containi ng phosphazeniumchloride-2 In a 100-n
1ogliglss wWasagle alteice Hnwess deeptmundend s rdatreshdry cktact with a

.atmosphere, 0.87 m_ (4.0 mol) of

°4 a(%qﬂ%%%mdwﬁy m%@mnldq/rmer@tmyﬁqlaﬁéqms adicés@wt.er

of dry hexane, To the solution, g of

Watsaerdamw’saﬁma&?lofamkwf@r 226 emFelig ﬁétsrstﬁﬁ@@tmgnt

d dropvvls room tenperature.

%%@3%% RS e st AT ey Bl g oF 1
%M 34:0 %.[dh se a:r%%%&q?éer co | eti.on 3{ cfdd' n&;e
FOPW St

0 ht b | 1

oo 0 1 8 TS D o W@Jﬁ%a%ﬁ%ment
f

o0 A B R AL g
asthﬁe§ntgﬁ%a§0%%%ﬂbaWQ§ dT@Bh!E%QSOfE Bg%ﬁoﬁggﬁggﬁsﬂdlng to

pressure to yield 2.90 g of an orange

1 %ibgﬁbf Eh@@bhﬁ%urse%hﬂ ts3pfi Mpm,13C N4 IR MR oA g to 4
atoms of phosphorus at 5.6 ppm were observed, and the
concentration of phosphaienium cations as measured by 3P-NMR
in the solid was 0.1039 mmel/g. The solid was a copolymer
which was copolymerized in a molar ratio of 1:84 of styryl

group—-containing phosphazenium salt:styrene monomer.

Further, a polymer having the number average molecular

- weight (Mn) of 8536 and the molecular weight distribution

(Mw/Mn) of 1.76 was observed by GPC analysis (in terms of

standard polystyrene).

(Example 36)

Synthesis of trimethoxysilyl group-containing
phosphazenium chloride - 1

In a 100-ml glass flask which was kept under a nitrogen
atmosphere, 3.0 ml (12.2 mmol) of 4-(chloromethyl)phenethyl

trimethoxysilane was dissolved in 100 ml of dry hexane. To
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,conponent of the oily matter was fornmed to be desired
trimet hoxysilyl group-containing phosphazeni um
chloride. 25 The identification results of 1H, 13C and
31P NVR are shown SF-1286 - 91 -. bel ow. H NMR (CDC13,
270 MHz): 7.61 (m 2H), 7.26 (d, 2H), 4.21 (d, 2H)
3.64 (s, 9H), 2.8-2.5 (m 69H) 3C NMR (CDC13, 270
N+E) 141.4, 134.9, 134.7, 127.3, 5 53.6, 50.1,
36 8, 34.3 31P NMWR (CDC13 109.3 MHz): 7.33 (d,
SFIFl‘)ZB .94 (d, 3P), -34.97(82 1P) Fromthe result of
31P NNR the oily matter having the aforenentioned
trimethoxysilyl group-containing 10 phosphazeni um

thehiserdivdd oas e aneith ac drjorednitn ssdmyiriioge s fa P Z8pduri o
represented by general formula (5) as a by-product,
MRl Geith AdhLc Hnell/ Rl BAME) DasHadesd snigriE@e at room

Furth% the purity of trinethoxysilyl
tegpsastesst ai %%H@l*p‘ﬁaeeﬁéiélnwaﬁh éﬁﬁéﬁGdérPEW#ﬁefoﬁl Jight

mat t er, obse%%ed fromthe peak in ral 15 ratio for

orPRe RNAY BRGHE iR TOUR YA kbodt L5095 ORpERBABPeoBBRAding
o< SRBSTRE Pl BRI S8 D Mg e
st M e
coRD T8 SE SN ATl U SALl 0, 19,858 gy
wa@faBéQ@)tH@§e%gqedTHéoﬂT&§ﬁrétwéQoﬂeshed with 15 ml of dry
hexane for four times. The solvent was distilled ofi'under
reduced pressure to yield 10.5 g of an orange colored oily
matter. From the results of g, 3¢ and *'P NMR, the main
component of the oily matter was formed to be the desired
trimethoxysilyl group-containing phosphazenium chloride.
The identification results of *H, *3C and *'P NMR are shown
below.

'H NMR (CDCls, 270 MHﬁ): 7.15 {m,4H), 4.13 (d, 2H), 3.57
(s, 9H), 2.8-2.5 (m, 71H), 1.00 (m, 2H)

Y*c NMR (CDCls, 270 MHz): 143.2, 135.8, 127.9, 127.8,
53.2, 50.5, 37.4-36.8, 34.0, 28.3, 11.3

P NMR (CDCls, 109.3 MHz): 7.25 (d, 1P), 5.92 (d, 3P),
-34.9 (g, 1P)

From the result of *'P NMR, the oily matter having the
aforementioned trimethoxysilyl group-containing
phosphazenium chloride as a main component, comprises a

compound represented by general formula (5) as a by-product,
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25 tenperature. Sinultaneously with adding dropw se, a
light SF-1286 - 92 brown oily matter was separated.
After conpletion of adding dropwi se, the resulting
m xture was further stirred for 30 mnutes. The |ight
brown oily matter was separated froma colorless
supernatant liquid, and then 2 ml of dry nethanol 5
was added thereto. The m xture was washed with 5 m of
dry hexane for four tines. The solvent was distilled
SEt¥28fhder  reduced pressure®lo-yield 3.10 g of an
orange colored oily matter. Fromthe results of 1H,
13C and 31P NVR, the main conponent of the oily
whedtqldy am=goitled BTR'beldesiD et , 1@=tlr iamst Beysi | Fhrther,
group-cont ai ni ng phosphazeni um brom de. The
Uy amE e /% ofr Hesihesy ofl Y H, 9IS zerh 31 VR Rirasphazenium
hown bel ow.. 1H NMR (CDC13, 270 Mﬁ%ﬁ 3.58 (s, 9H)
chyl ag 1sles iny the 191 ly mafetqamoagrver srqmm tipeersc Mryral

CDC13, 270 : 52.2, 50,6, 37.3-36.9, 34.0 15

rf’%‘f.os,]fsoé—’. é%%%@fﬁ@lé? TBIMR \Egs abgubodPly. 1p) |
6.00 (d, 3P) , -35.1 (g, 1P) Fromthe result of 31P
NVR, the oily matter having the trinethoxysilyl

(gyg& éc%ﬁﬁaining_phosphazeniun1bron1de as a 20 main
conponent,” conpri ses a conpound represented by genera
for gy, anE3) <@ 2 .jWherein azbh=c=d=1l, R=R1l
o e

puri

phb@bﬂgh@%@ﬁﬂIdﬂloﬂydgmycontaining phosphazeni-um
- b '

romde in the oily matter observed fromthe peak

integral 108the §0esthe1MVR2,EEeHP LR Kk2Bt1ENNIVMR WaSitrogen
about 70%

_ gtmosphere,'0.87 ml (4.0 mmel) of 4~{chlorométhyl)phenyl

trimethoxysilane was dissolved in 30 ml of dry hexane. To
the solution, 15 g of a tetralin solution of PZNB (0.220
mmcl/g to 3.3 mmol/g of PZNB) was added dropwise at room
temperature. Simultaneously with adding dropwise, a light
brown oily matter was separated. After completion of adding
dropwise, the resulting mixture was further stirred for 30

minutes. The light brown oily matter was separated from a

~colorless supernatant liquid, and then 2 ml of dry methanol

was added thereto. The mixture was washed with 5 ml of dry
hexane for four times. The solvent was distilled off under
reduced pressure to yield 2.90 g of an orange colored oily

matter. From the results of 'H, **C and 3'P NMR, the main

. component of the oily matter was formed to be desired

trimethoxysilyl group-containing phosphazenium chloride.

The identification results of H, *°>C and 3P NMR are shown
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SF-1286 - 93 - (Exanple 39) Preparation of

phosphazeni um chl ori de-supporting silica gel by

hydr ol ysi s- pol ycondensation nethod - 1 5 Into a

100-m , two-necked round-bottomed gl ass flask

equi pped with a stirrer, a thernonmeter, a cool er and

the Flike, 7.40 g (6.2 mmol) of crude

trimethoxysilyl group containing phosphazeni um

chl ori de obtained in Exanple 36, 50.0 g (0.24 nol) of
SEeh3%et hoxysi |l ane, 50 m of 9t hanol and 10 0.80 ni

(9.2 mmol ) of 36% hydrochloric acid were introduced.

10.0 g of water was added dropw se thereto over 10
baﬁcwu-tes and then the mxture was stirred at 60C for

urs After allowng the resulting mxture to
coo H HORO (gDELsme? B¢ Mids) @ atded amd 2H)0 m. 28 28%2H),
armonj um wat er was added dropwi se to 15 rapl dly

- 4egd i @ PHhe et ion FHxt 1 S-AHe fmes B3HIng ni xture

was.al | owed to stand at roomtenperature for 3 days,
and WwadRE QW%!V\AZHQ Y53 il 14 -idonléfcRanddd -Wat ér27 3,

rée tal s dr| ed at 100C under reduced
prés 'of rﬁl‘é-& 4 hours to yi el d 20. 9 g of

?Qﬁium é@p 36 S Banen oS de 36 4ge, 37),

_ JThe spec:|f| c surface area rreasured by the
.mtro n ga{s adsorption nmethod was 432 n2/g, and the

por ¥l yEe oL Lhe ber o5 N 09 ) R 81, L300 e

125 kel DR Ry PP AREE BSETYAG 1 SO Td

31P NVR SF-1286 -
phosphazenium chloride as the main component, comprises a

compound represented by general formula (5) as a by-product,
wherein a=b=c=d=1, R=R' =Me, D'=H, n=1 and Z=Cl. Further,
the purity of trimethoxysilyl group-containing phosphazenium
chloride in the oily matter observed from the peak integral

ratio for the NMe, group in_lH NMR was about 50%.

(Example 38)

Synthesis of trimethoxysilyl group-containing
phosphazenium bromide

In a 100-ml glass flask which was kept under a nitrogen
atmosphere, 0.75 ml (4.0 mmol) of 3-bromopropyl
trimethoxysilane was dissolvéd in 30 ml of dry hexane. To
the solution, 15 g a tetralin soluﬁion of PZNB (0.220 mmol/g
to 3.3 mmol/g of PZNB) was added dropwise at room

temperature. Simultaneously with adding dropwise, a light
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Preparati on of phosphazeni um chl ori de-supporting
silica gel by hydrol ysis-pol ycondensati on nethod - 2
5 1Into a 100-m two-necked round-bottoned gl ass fl ask
equi pped with a stirrer, a thernonmeter, a cool er and
- the like, 5.95 g (5.0 mmol ) of crude trinethoxysilyl
gr oup- containing phosphazeni um chl ori de obtained in
Exanple 36, 20.8 g (0.10 nol) of tetraethoxysil ane,
20 Ml of ethanol and 10 0.60 M (6.9 mml) of 36%
SEnddfchl oric acid were intr8duted. 5.0 g of water was
added dropwi se thereto over 10 m nutes, and then the
m-xture was stirred at 60C for 3 hours. After
bEﬂWQﬂMMﬂYiﬂﬂiﬁﬂﬁﬂNaﬂIﬂ?pﬁ!ﬂﬁ&&b t 8fteal corpletdoof of adding
‘water was added and 0 m of 28% anmmoni um wat er was
Are@idd <dr P Q-“@Etltﬁ-tlm mps‘lt@ﬂlr;e s6ld divnthde swamddfor 30
m xture. The resulting m xture was all owed to stand at
MIAGRSt- enﬁéﬁatlagétf Brogndaisy makhdeRavhed SempEatalt hrep a
g I on- exchanged water. The _obtained SO|Id was

SOt &Sét %@@r&w&&n@é&m préss et 1l pfHgmpmethanol
SUALE PG 10 ol prosatezenan ot e 20, o,

he@%%g?%ﬁ?gﬁl m’-)agl ?E'dd?%y HREVRTEr BBn gaE 008t PEFoder

relfELIO0tas 21T 18 4 A0 le VLUE O he. ROS.RYT 831,

havi ng ameter of

ma%%e%286Froﬁ5the(EéQHPEQ é})ﬁPrep@rgﬁhomTp&mﬁpsthe main

hazeni um chl ori de-supporting p p sI
compenent of the oily matter was formed to be desired

trimethoxysilyl group—-containing phosphazenium bromide. The

identification results of *H, *°C and *'P NMR are shown below.

‘H NMR {CDCls, 270 MHz): 3.58 (s, 9H), 2.9-2.5 (m, 71H),
1.56 {m, 2H), 0.53 (m, 2H)

°C NMR (CDCls, 270 MHz): 52.2, 50.6, 37.3-36.9, 34.0,
21.5, 6.5

'P NMR (CDCls, 109.3 MHz): 6.20 (d, 1P), 6.00 (d, 3P},
~35.1 (g, 1P) |

From the result of *’P NMR, the oily matter having the

trimethoxysilyl group-containing phosphazenium bromide as a

main component, comprises a compound represented by general
formula (5) as a by—product, wherein a=b=c=d=1, R=R! =Me,
D'=H, n=1 and Z=Br. Further, the purity of trimethoxysilyl
group-containing phosphazenium bromide in the oily matter
observed from the peak integral ratio for the NMe, group in

'H NMR was about 70%.
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gel by silylation nethod } Into a 50-m ‘two-necked

round- bottoned gl ass flask ti 5 equipped with a

stirrer, a thernoneter, a cooler and the like, 2.26 ¢

(1.9 mml ) of crude trinethoxysi:lyl group- containing

phosphazeni um chl ori de obtained in Exanple 36, 5.00 g

of silica gel (manufactured by Kanto Kagaku Chem ca

Co. Ltd., 60N) and 20 ml of dry toluene were

i ntroduced 10 under a nitrogen atnosphere, and the
SEnl48f e was heated and stiPBed under reflux for 12

hours. The resulting m xture was filtered, and after

washing twice with 20 mM of nethanol, the obtained

solid was dried at 80C under reduced pressure of 1

nmHg for 4 hours to yield 6.50 g of phosphazeni um 15
(EgRrrliede 3upporting silica gel (amount of supported
pho?ghazen'un1chloride: O.24,nn0|/g)..The specific o
sur f ABB3raF &g nBAsBRradrhe 2ER&UR| FREGEH Igas IRRSSEPRPORLlica

s.447 nR/.g, and the pore volune of the pores

geﬁ‘;%)ryggxy\g]%gr}gts&p-@p CHGFEGF AR R GWE Bl g. Peaks
e EaP P B *pltahirkedoyoBRER BT piRopt 25 ROk

cofIBPRREERI M1 9K Ge - MPRRLEIIT o 51 4 PR el Thpe

phosphazéni um chi ori de- |
i 8E- 1286 - 49 3 (P .Of [
ll?éfizﬁgf 8b5§r%e§%§%q"éfaﬁgwégé ﬁ%?tﬁg%ﬁﬁﬁﬁ%hné%@up-

coﬁ@bﬂﬁﬂngAﬁh@%pEbQWhﬂﬁmsth§%ﬁﬁeg%%ﬂgﬂﬂéh,QQ %x%ﬂ§¥d|36,

aqueous ammoni a sol ution (

50.0 g (0.24 mol) of tetraethoxysilane, 50 ml of ethanol and

0.80 ml (9.2 mmel) of 36% hydrochloric acid were introduced.

10.0 g of water was added dropwise théreto over 10 minutes,

- and then the mixture was stirred at 60°C for 3 hours. After

allowing the resulting mixture to cool, 50.0 g of water was

added and 2.0 ml of 28% ammonium water was added dropwise to

rapidly solidify the reaction mixture. The resulting

mixture was allowed to stand at room temperature for 3 days,
and washed twice with 100 ml of ion-exchanged water. The
obtained solid was dried at 100°C under reduced pressure of
1 mmHg for 4 hours to yield 20.9 g of phosphazenium
chloride—supporting silica gel (amount of supported
phosphazenium chloride: 0.30 mmol/g}. The specific surface
area measured by the nitrogen gas adsorption method was 432
m’/g, and the pofe volume of the pores having diameter of 9
to 500 A was 0.30 cm®/g. Peaks at 35.2 (1P) ppm, 13.4 - 5.8

(3P) ppm and -36.4 (1P) ppm were observed in solid **P NMR.
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t hrough the colum, it was washed wth ion-exchanged

water 5 and nethanol. The solid after the treatnent

was dried at 80C under reduced pressure of 1 mrHg for

6 hours to yield 11.0 g of phosphazeni um '

hydr oxi de-supporting silica gel (( (anount of

supported phosphazeni um hydroxide: 0.30 mmol/g). No

chl ori ne atom was observed by el enental analysis. 10

Furt her, the specific surface area neasured by the
SEiit4®®yen gas adsorption mePAod was 454 nR/g, and the

pore volune of the pores having dianeter of 9 to 500

A was 0.36 cnB/g. Peaks were observed at 5.75 (4P)

ppmand -36.1 (1P) ppmin solid 31P NVR 15 (Exanple

43) Preparation of phosphazeni um hydroxi de-supporting
(Egampds g&l)- 3 3. 24 g of phosphazeni um

chl ori de-supporting silica gel 20 _(1.46 nmol in ternms

of ph&BBREEERTPURECREPEREF 26BN &8 liox 1deraHpPreridngasilica

oL PR R, 4372

I 6D BCBOLATDc L iR Esled WAL Lo Sreanged,
oofspBLerles SECandsr T SSRGS S LI oS
L S SRR S S SRR PN R
coRtERARAY PhoRbnRARAHRNAZ SR WA ASRUARCELIAG1 e 36,
20.8 g (0.10 mol) of tetraethoxysilane, 20 ml of ethanol and
0.60 ml (6.9 mmol) of 36% hydrochloric acid were introduced.
5.0 g of water was added dropwise thereto over 10 minutes,
and then the mixture was stirred at 60°C for 3 hours. After
allowing the resulting mixture to cool, 20.0 g of water was
added and 1.0 ml of 28% ammonium water was added dropwise to
rapidly solidify the reaction mixture. The resulting
mixture was allowed to stand at room temperature for 3 days,
and washed twice with 50 ml of ion-exchanged water. The
obtained solid was dried at 80°C under reduced pressure of 1
mmHg for 4 hours to yield 11.1 g of phosphazenium chloride-
supporting silica gel (amount of supported phosphazenium
chloride: 0.45 mmol/g). The specific surface area measured
by the nitrogen gas adsorption method was 277 n@/g; and the

pore volume of the pores having diameter of 9 to 500 A was

- 0.59 cm’/q.
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silica gel - 1 2.72 g of phosphazeni um
chl ori de-supporting silica gel (0.65 nmmol in terns of
phosphazeni um cati ons) obtained in Exanple 41 was
packed in a colum. After flowng 6.3 m 10 (6.3 nmol)
of a 1 nol/L aqueous ammoni a solution (SV = 4)
through a columm, it was washed with i on-exchanged
water and nmethanol. The solid after the treatnment was
dried at 80C under reduced pressure of 1 nmHg for 6
SHou&S to yield 2.65 g of ~pA&sphazeni um
hydr oxi de- supporting silica gel (anpbunt of 15
supported phosphazeni um hydroxi de: 0.24 muol/g). No
(Egtisrlienet lat om was observed by el emental anal ysis.
Further, the specific surface area neasured by the
ni t P6§BATGESOnaSoPPESER TN G Was oF28enBlgpoatdichsilica
ore vaolume of the pores having dianmeter of 9 to 500
9EA s 50150 a&mﬂgmm& 20 were observed at 5 95 (4P)
g - g ; h g in solid _ 31P NWR | e
Al @P Pi 8n>8F™y SHen FFéeﬁyaP&Wrb@ftéeﬁeaﬂs.gu%@smf;lﬁeéﬁa

t d _phqgs hazenlu |od|de as cat al st SF-128
eq%%%’%pdlontlg%a a?(?% ; g’ afsr?ﬁ SR ppdd SHTES an the

_1l§glr2e@6a§d % $p98w s S%ﬂ %gag% under 2 n%}ro en

at fospher | f
AR 4 DL B 0 g, 20
5.09 & 5rmamiy) af g%ﬁeﬁﬁlan%fﬂ&%fgd aﬁﬁ:toh)ﬁ &P%ﬁ

weré introduce and the m xture eate
cot.efkdx,f @n18and 20 ml of dry toluene were introduced

under a nitrogen atmosphere, and the mixture was heated and

stirred under reflux for 12 hours. The resulting mixture

was filtered, and after waShing twice with 20 ml of methanol,
the obtained solid was dried at 80°C under reduced pressure
of 1 mmHg for 4 hours to yield 6.50 g of phosphazenium
chloride—supporting silica gel (amount of supported
phosphazenium chloridé: 0.24 mmol/g). The specific surface
area measured by the nitrogen gas adsorption method was 447
m?/g, and the pore volume of thé pores having diameter of 9

to 500 A was 0.47 cm’/g. Peaks were observed at 5.71 (4P)

ppm and -36.1 (1P) ppm in solid **P NMR.

(Example 42)
Preparationrof phosphazenium hydroxide-supporting
silica gel - 2

11.1 g of phosphazenium chloride~supporting silica gel
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hours with stirring, and then cooled to room
tenperature. The supernatant |iquid of suspension
after the reaction was partly wthdrawn and subjected
to gas chromatography. Thus, 10 it was found that the
conversi on of phenol was 99.4% and the vyield of the
obj ective anisole was 91.0% In addition, the
suspension after the reaction was filtered,

Soxhl et-washed w th dinethyl carbonate as a sol vent

S@u&?%ﬁled under heating at 9%0€ under reduced pressure

of 1 mMHg to recover 2.7 g of 15 pol yner-supported
:fhosphazenlun1|od|de (Conparative Exanple 1) The
-eat i vids teontuctfe e hias itz syainen merinierns)s dotained in

Exanple 45, except that 2.7 g of polymer-supported 20
SFeriasmuastiafe (1.0 qmbint n Adites dflowing 30.0 ml
i@osphazenlun1 cations) used in Exanple 45 was not
1Ga®T éhrlomalogr AfEas avmiuic ex 1 wnbn hd it 3)

was_ fouynd th t phenol was not changed conpletely and
thtrr?él%’oj U s ol fe Wb AP RSt vhid Ht%'?fé’tf:han%d water

nf?'ﬁ%i% g ;:t. i‘ﬁfe léén&é&?@dtf“ﬁ A SasaAthed; At
4 1.0

80?% r |dI%S[ Te s(:?.?fnt&%%ﬁasta“rﬁ%&fgﬁo gfﬁ‘ﬁgﬁgﬁfﬁﬁ GHBA (i) P

ng %nngrfs ‘1‘1'5‘3 ?l%e%%l éﬁc‘zf%égm um-i @é’od: J(nff% %ﬁoﬁa 95

a;n%m of eﬂ%m%%fﬂpwmsp@@zem% YR 4N XAPIR 4Rio1 /) .

Gas chromat ogr aphy wa
No chlorine atom was observed by elemental analysis.

- Further, the specific surface area measured by the nitrogen

gas adsorption method was 454 m®/g, and the pore volume of
the pores having diameter of 9 to 500 A was 0.36 cm’/g.
Peaks were observed at 5.75 (4P) ppm and -36.1 {(1P) ppm in

solid *'P NMR.

{Example 43)

Preparation of phosphazenium hydroxide-supporting
silica gel-3

3.24 g of phosphazenium chloride-supporting silica gel
(1.46 mmol in terms of phosphazenium cations) obtained in
Exampie 40 was packed in a column. After flowing 29.2 ml
(29.2 mmol) of a 1 mol/L aqueous ammonia solution (SV = 4)
through the column, it was washed with ion-exchanged watér
and methanol. The solid after the treatment was dried at

80°C under reduced pressure of 1 mmHg for 6 hours to yield
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[ conducted, and thus it was found that phenol was
conpletely changed and the yield of the objective
anisole was 93.4% 10 It was found that
pol ynmer - supported phosphazeni umi odi de had the active
catal yst equivalent to that of polyner- unsupported
phosphazeni um i odi de. (Exanples 46 to 54) 15 Recycling
of recovered catal yst The reaction was conducted in :
the same manner as in Exanple 45, except that the
Skelcier ed pol yner - suppor t ed97phosphazeni um i odi de
obt ai ned i n Exanpl e 45 was used instead of
pol ymer - support ed phosphazeni um i odi de used i n Exanpl e
345 e hhednterzethiem dastion deootymresupporileda gel
phosphazeni um i odi de was recovered. Further, this
(qmiBverald PHaered stpporhaakphos grizdeedide § dbi4fe mresl/g) .
repeatedly used in the reaction. The results are
shown in Table 4. 25 Table 4 SF-1286 - 100 Catal yst
sed .Conversion of Yield of phenol (% anisole (s)
(ﬁ%9m9&§ PA)ymer - supported 99.4 91.0 phosphazeni um
iod%@e obt ai.n 6 Pql ymer-supported

00, &880t OB o g o Ra DR AP BREF G By SEGYEFSd TP ELRG

siPAPIR A2
2,72 g of phosphazenium chloride-supporting silica gel

{0.65 mmol in terms of phosphazenium cations) obtained in
Example 41 was packed in a column. After flowing 6.3 ml
(6.3 mmol) of a 1 mol/L agueous ammonia solution {(SV = 4)
through a column, it was washed with ion-exchanged water and
methanol. The solid after the treatment was dried at 80°C
under‘reduced pressure of 1 mmHg for 6 hours to yield 2.65 g
of phosphazenium hydroxide-supporting silica gel (amount of
supported phosphazenium hydroxide: 0.24 mmol/g). No
chlorine atom was observed by elemental analysis. Further,
the specific surface area measured by the nitrogen gas
adsorption method was 428 HF/g, and the pore volume of the
pores having diameter of 9 to 500 A was 0.50 cn®/g. Peaks
were observed at 5.95 (4P) ppm and -36.1 (1P) ppm in solid

31p NMR.

(Example 45)
Alkylation of a phenolic hydroxyl group using polymer-

supported phesphazenium iodide as catalyst
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Ex. 47 Pol yner-supported 100 94.2 phosphazeni um

i odi de recovered in Exanple 46 Ex. 48 .

Pol yner - supported 100 91.9 phosphazeni um i odi de
recovered in Exanple 47 Ex. 49 Pol ynmer-supported 100
94.5 phosphazeniumiodi de recovered in Exanple 48
Ex. 50 Pol yner-supported 100 88.7 phosphazeni um
SF-1286 - 101 - iodide recovered in Exanple 49 Ex. 51

Pol ymer - supported 100 90.2 phosphazeni um i odi de
SE%%%V%red in Exanpl e 50 Ex2852 Pol yner - supported 100

91.8 phosphazeniumiodide recovered in Exanple 51
Ex. 53 Pol yner-supported 100 92.8 phosphazeni um
Into a 100-ml glass flask equipped with a stirrer and a
cooler, which was kept under a nitrogen atmosphere, 2.7 g of
polymer-supported phosphazenium iodide (1.0 mmol in terms of
phosphazenium cations) obtained in Example 4, 0.49 g (5.2
mmol) of phenol and 30 ml of dimethyl carbonate were

introduced, and the mixture was heated under reflux for 18

hours with stirring, and then cooled to room temperature.

-The supernatant liquid of suspension after the reaction was

partly withdrawn and subjected to gas chromatography. Thus,
it was found that the conversion of phenol was 299.4% and the
yieid of the objective anisole was 91.0%. In addition, fhe
suspension after the reaction was filtered, Soxhlet-washed
with dimethyl carbonate as a solvent and dried under heating
at 70°C under reduced pressure of 1 mmEg to recover 2.7 g of

polymer-supported phosphazenium iodide.

(Comparative Example 1)

The reaction was conducted in the same manner as in
Example 45, except that 2.7 g of polymer-supported
phosphazenium iodide (1.0 mmol in terms of phosphazenium
cationg) used in Ezxample 45 was not used. Gas
ch:omatography was conducted, and thus it was found that
phenol was not changed completely and the objective anisole

could not be obtained completely.



10

15

20

25

i odi de recovered in Exanple 52 Ex. 54
Pol ymer - supported 100 95.9 phosphazeni um i odi de
recovered in Exanple 53 Further, the concentration of
phosphazeni um cations in polyner-supported
phosphazeni um i odi de recovered in Exanple 54 as
nmeasured by 31P-NMR was 0.345 mmol /g, and there was no
5 elimnation of phosphazeni umi odi de by repeated use.
E(Ex gfle 55) SF-1286 - 102 Polynerization of

S;ﬁ%%} kyl ene oxi de using poPyner- support ed
phosphazeni um hydroxi de as catalyst Into a 70-nl
aut ocl ave equi pped with a thernometer, a pressure

%ﬁ@@@

{Conpge ata vat l&nd)an inlet tube for alkylene 5
oxi de, which was kept under a nitrogen atnosphere, 1.0
g (1e reertinpdl yasf cghfeetied 19 thg spme manner as in
pol ner-supportgg hosphazeni um hydroxi de (0.13 mmol
EXpHelE fe o £ X8 FREEN I lu G0 ™ obt ai ned i n
anpl e 3 .and .34 f propyl.ene oxi de were _ ,
tei%ff?é?%&ﬁ%&,sqgﬁ@e&&ﬁaﬁ@ T EdY e neRa odiisphond
h ed _t with stiyring. At this tinme, the
e TS S A ST TRt e
ess : Ther ter,. t re [ .
B R T T
reaeakhoneanti;n i 154 he essure
careducgioﬁ. Af?e?ﬁgg#g%eﬁﬁ%n %EsﬁﬁgriﬁgFgg%?ng,%?Ee
cohB8kkkiNg 2AuXEHLE WaS eR0lRthHD i@ Mphenol was completely
changed and the yield of the objective anisole was 93.4%.
It was found that polymer-supported phosphazenium iqdide had
the active catalyst e@uivalent to that of polymer-

unsupported phosphazenium iodide.

{(Examples 46 to 54)

Recycling of recovered catalyst

The reaction was conducted in the same manner as in
Example 45, except that the recovered polymer-supported
phosphazenium icdide obtained in Example 45 was used instead
of polymer-supported phosphazenium iodide used in Example 45,
and after the reaction, polymer-supported phosphazenium
icdide was recovered. Further, this recovered polymer-
supperted phosphazenium iodide was repeatedly used in the

reaction. The resulis are shown in Table 4.

Table 4



"tenperature and the residual propyl ene oxide was
distilled off under reduced pressure. The suspension
was withdrawn fromthe autoclave, diluted with THE
and then filtered. Further, the residual solid was
sufficiently washed with THE 20 and THE was distill ed

off fromthe filtrate to yield 32 g of

colo

rl ess and

odor | ess pol ypropyl ene oxi de. Polynerization activity
t nmount of the produced pol ypropyl ene oxi de per
Séﬁ#%? f the catal yst and %1¥§ht'tine) was 10.9

g/ mol -h. 25 (Conparative exanple 3) SF-1286 - 103

rhe reacyion was conducted T thesane menner—as N
Exanpl e b5atatysft usieat 0. 06| GPRve®Es el 9 of Ypetdssfum
hydr oxi d¢ was used instead of polyner-supported
phosphazeni um hydr oxi de used PiIEanpile 55.| 8pigods 63%)
E ol rop/geﬂe Ooxi1 dé _coul d beg obtained, but
Xgol ri paPrdieractiFresySias o4 0.29 g/ mpfh: 0
(Exanpl es 56 t% 58) .The reaction was conducted in the
same manh8ro85 PF 6 "B anpl € 55, except that a 300-ni
aut ocl ave;. S d the | kinds and the anmount of
al cohol aﬁggiﬁé §%§8§ egf prjopyl ene oxide as shown in
Table 5 e ed instegd of glycerin wused in
Exaﬁnle 2@& ?%gﬁbg§ugts are ishown in Table 5. 15 Tabl e
Ex2 Kignd ofpﬁﬁ!gﬂak-ﬁuggg&t% Arpind of Catal yts‘a?.? |
al cohol s| o ropyle pol yprlopyl'ene activitly ~al coho
oxi de ox ggoggﬁgggh@hm used [used (g) obtained (9)
iodide recovered
in Example 45
Ex. 47 Polymer—supported' 100 94 .2
phosphazenium
iodide recovered
in Example 46
| Ex. 48 Polymer-supported |100 91.9
phosphazenium
iodide recovered
in Example 47
Ex. 49 Polymer~-supported |100 94.5
phosphazenium
iodide recovered
in Example 48
Ex. 50 Polymer-supported |100 88.7
phosphazenium




Ex. 1-phenyl-2- 17.7 83 101 9.6 56 propanol Ex.
1- 16.8 105 120 10.2 57 phenoxyethanol SF-1286 - 104
Ex. 3-phenyl-1- 16.2 109 123 8.9 58 propano
(Exanmpl es 59 to 69) The reaction was conducted in the
same manner as in Exanple 55, except that a 70-m or
300-m autocl ave was used, 5 and the anount of
glycerin and the anount of propyl ene oxi de as shown
SF N5k le 6 were enpl oyed |gd§ead of pol ynmer supported
phosphazeni um hydr oxi de us Y Exanpl e 55. The
results are shown in Table 6. 10 Table 6 Kind of Anpun

Mol ar Anpunt__ Anoun catary catatyst—t—of Tatioof—t
of is g|yegige ﬁﬁ&ﬁ?ﬁéﬁdpolyp activit rin glyceri e
ropyl vy use%én/c%tal oxi de |lene (g/mvol (g) yst used

(g) oxide Add (g)] Ex. Polyner- (1.0 85 34
£x32510- 9 PBRURRTLCY rteq | 100 90.2

phosphazenium
iodide recovered

in Example 50

Ex. 52 Polymer-supported {100 ' 91.8
phosphazenium
iodide recovered

in Example 51

Ex. 53 Polymexr-supported | 100 92.8
phosphazenium
iodide recovered

in Example 52

Ex. b4 Polymer-supported | 100 95.9
phosphazenium
iodide recovered

in Example 53

Further[ the concentration of phosphazenium cations in
polymer-supported phosphazenium iodide recovered in Example
54 as measured by *'P-NMR was 0.345 mrol/g, and there was no

elimination of phosphazenium iodide by repeated use.

(Example 55)
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phosphazeni um SF- 1286 - 105 - hydroxi de obtained in
Exanple 3 Ex. Polynmer- 1.5 82 110 108 24.3 59+
supported phosphazeni um hydroxi de obtained in
Exanple 3 Ex. Polynmer- 2.6 93 84 80 7.1 60 supported
{ phosphazeni um hydroxi de obtained in Exanple 12
Ex. Polynmer- 2.9 83 95 98 5.4 61 supported
phosphazeni um hydroxi de obtained in Exanple 14 Ex.

I r- 2.9 83 102 104 13.2 62 supported
SEEﬁ&%gﬁazeniun1 - 102 -

Polymerization of polyalkylene oxide using polymer-

supported phosphazenium hydroxide as catalyst

Into a 70-ml autoclave equipped with a thermometer, a
pressure gauge, a stirrer and an inlet tube for alkylene
oxide, which was kept under a nitrogen atmosphere, 1.0 g (11
mmol} of giycerin, 0.3 g of polymer—supportéd phosphazenium
hydroxide (0.13 mmol in terms of phosphazenium cations)
obtained in Example 3 and 34 g of propylene oxide were
introduced, the autoclave was sealed, and the mixture.was
heated to 80°C with stirring. At this time, the pressure in
the autoclave was elevated to 0.3 MPa (gauge pressure}.
Thereafter, the pressure was lowered by consumption of
propylene oxide, but the reaction continued until there was
no more pressure reduction. After completion of the
reaction, the resulting mixture was cooled to room
temperature and the residual propylene oxide'was distilled
off under reduced pressure. The suspension was withdrawn

from the autoclave, diluted with THF and then filtered.

Further, the residual solid was sufficiently washed with THF

and THEF was distilled off from the filtrate to vyield 32 g of
colorless and odorless polypropylene oxide. Polymerization
activity (the amount of the produced polypropylene oxide per

mole of the catalyst and a unit time) was 10.9 g/mmol-h.

(Comparative example 3)
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SF-1286 - 106 - hydroxi de obtained in Exanple 22 Ex.
Polynmer- 3.1 86 103 101 2.8 63 supported
phosphazeni um hydroxi de obtained in Exanple 27 Ex.
Polymer- 1.0 83 32 32 11.6 64 supported phosphazeni um
hydroxi de obtained in Exanple 28 Ex. Polyner- 1.2 79
43 44 12.2 65 supported phosphazeni um hydroxi de
obtained in Exanple 29 Ex. Polynmer- 1.2 82 38 39 16.0
Sfﬂié%%pported phosphazeniqu§E§l286 - 107 - hydroxide

The reaction was conducted in the same manner as in
Example 55, except that 0.06 g (1.6 mmol) of potassium
hydroxide was used instead of pclymer-supported
phosphazenium hydroxidé used in Example 55. 30 g of

polypropylene oxide could be obtained, but polymerization

activity was only 0.29 g/mmol-h.

{Examples 56 to 58)

The reaction was conducted in the same manner as in
Example 55, except that a 300-ml autoclave was used, and the
kinds and.the amount of alcohol and the amount of propylene
oxide as shown in Table 5 were emploved instead of glycerin

used in Example 55. The results are shown in Table 5.

Table 5
Kind of Amount |Amount of | Amount of Catalytic
alcohols of propylene | polypropylene | activity
alcohol i oxide oxide (g/mmol-h)
used used (g) obtained ({qg)
(g)
Ex. | 1-phenyl-2- 17.7 83 101 8.6
56 | propanol
1Ex. | 1- l16.8 105 120 10.2
57 | phenoxyethanol
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obtained in Exanple 30 Ex. Polymer- 1.5 83 51 49 9.9

67 supported phosphazenium hydroxide obtained in
Exanpl e 31 Ex. Polyner- 1.1 86 36 36 14.4 68
supported phosphazeni um hydroxi de obtained in

" Exanple 32 Ex. Polynmer- 0.6 88 34 34 19.1 69
support ed phosphazeni um hydroxide obtained in
Exanpl e 32 Conp. Potassium 1.0 7 34 30 0.3 Ex. 3

sﬂrﬁ %%xide (Exanmples 70 to 7 SF-1286 - 108 Recovery

and recycling of polyner-s rted phosphazeni um
hydr oxi de Into a 300-nm autocl ave equi pped with a

t hernonmeter, . a
Ex. g—pheny ~-1- 16.2 109 123

58 |propanol

(Examples 59 to 69)

The reaction was conducted in the same manner as in

Example 55, except that a 70-ml or 300-ml autoclave was used,

and the amount of glycerin and the amount of propylene oxide

as shown in Table 6 were employed instead of polymer-

supported phosphazenium hydroxide used in Example 55. The
results are shown in Table 6.
Table &
Kind of Amoun |Molar Amount Amoun | Catalyt
catalyst + of ratio of t of ic
glyce |of propylen |polyvp |[activit
rin glyceri | e ropyl |y
used n/catal oxide | ene {g/mmol
(g) yst used (g) |oxide |.h)
obtai
ned
(g)
Ex. Polymer-  |1.0 85 34 32 10.9
55 supported
phosphazenium




} pressure gauge, a stirrer and an inlet tube for
al kyl ene 5 oxi de,, which was kept under a nitrogen

at nospher e,

3.2 g of

t glycerin,
pol yner - supported phosphazeni um hydr oxi de

2.5 g of

obtained in

Exanpl e 17 and 104 g of propyl ene oxi de were

i ntroduced,

was

S E\%“é%%

(gau

e pressure).

Ther eaf

| owered by consunption of

t he aut ocl ave was seal ed,
heated to 80C with stirring. At this tineg,
ure in 10 the autocl a

and the m xture

t he

ﬁszas el evated to 0.32 MPa

, the pressure was

propyl ene oxi de,

but the

reacfion contjnued UnNtit THere was Mo MOTe pressure
r edu¢t¥GR O%AdSer conpl etion of the [reaction, |the
resultb%%.WZEture was cool ed to room 15 tenperjature
and {RE-FeSiSGud™ pr opyl ene joxi de wag distilled off
undef regy %9 ressure. The suspensijon was w tlhdr awn
f r om FHETEUE0A ave, |diluted with THE and t hen
filte .. Further h reﬂhg al soIH%_ S
Ex, . = b 11
*uf f %?gﬁpﬁgumashed &rSh T ’f and T %gs di 4t99 ed | 24-3
5qOf f 1E%gggg%efiltrate under| reduced |20 pressurle to
yi el d g oF’coIorIess and odorl egs pol yprapyl ene
oxi de,nPelyaBLiZati on activity (the jamount of | the
produced pol ypropyl ene oxi de per nolie of the gatal yst
and anyRirbxtiigee) was 2.0 g/jmmol h. Fyrther, the '
resifual solid after filtrlation wag dried under
heat | pptatnéBCiunder 25 redquced pregsure of 1,mHg to
recoyver a catalyst.|Then, tlhe SF-1286 - 109 entire
amupkExahpl Be3r ecovered catial yst, 2.[7 g of glycerin
and 5 g of propy! ehe-oxidewere |intlroduced. into a
Ex300- nPolgmeoeel ave ahd.the mod ure wassasubj ect egct o 7.
pol yneri zati on at 80C and |worked-up after the
60r eact soppootygdel d 87 g of
phosphazenium
hydroxide
obtained in
Exanple 12
| Ex. Polymer- 2.9 83 95 98 5.
6l supported
rhosphazenium
hydroxide
obtained in
Example 14
EX. Polymer- 2.9 83 102 104 13.2
62 supported
phosphazenium




5 pol ypropyl ene oxide and a recovered.catal yst.
Further, the recovered catalyst was provided for

pol ynmeri zation with 2.7 g of glycerin and 86 g of
propyl ene oxide to yield 85 g-of polypropyl ene oxide.
It was found that the second and the third catalytic
activity were 1.9 g/mol h and 2.0 g/ mmol h, 10
respectively, and pol yner-supported phosphazeni um

ide in the invention had no reduction in the
SERLARG

ties even after bei é”%ébovered and recycl ed as
catal yst. (Exanple 73 to 81) 15 Recovery and recycling

Of pol ynmer-suppor teq phosptazeniumrhydroxi-deThe
reacipdﬁn&§§ nducted in the same ranner as i|n
Exanpl except that thel entire gnmount of the
suppo g@ n@ﬁ&&@yst used in the pol ynerization of
Exanp e 69 ma used 20 after recoverly. Further, the
cat al polynerization was recovered, and was

Ex

repea used I'nthe_folllo ctitons 1 n_the

Sane Eﬁgﬁéﬁ “The resdlts arle é(\@hown iin-%3rabl e 1.1%5 2.
3Tabl e E- 6 - 110 catglytic Catalyst used
act| Z$§°Eé%% ol h) ! Pol ynmgr - suppor tied phosphazeni um

Ex. Téhég %az@%@&ﬁx de obtdi ned in Exanple 32
Pol y r-sﬁpporte nosphazgni um

hydroxide

obtained in

Example 27

Ex.

64

supported
phosphazenium
hydroxide
obtained in

Example 28

Polymer-— 1.0 83 32 32 11.

Ex.

65

Polymer- 1.2 79 43 44 12
supported |
phosphazenium
hydroxide
obtained in

Example 29

.2

Ex.

66

supported

phosphazenium

Pelymer- 1.2 82 38 38 le.




|
|

Ex. 73 18.9 hydroxide recovered in Exanple 69
Pol ymer - support ed phosphazenium Ex. 74 16.9 hydroxi de
recovered in Exanple 73 Pol yner-supported
phosphazeni um Ex. 75 17.3 hydroxide recovered in

Exanpl e 74 Pol yner - supported phosphazeni um Ex.. 76
16.4 hydroxide recovered in Exanple 75
Pol yner - supported phosphazeni um Ex.

sshﬁﬂﬁﬂﬁ'de recovered in Exa ,;

azenium Ex. 78 14.4

phos

77 19.2

76 Pol ymer - supported
droxi de recovered in

Exanple 77 Pol yner - supported phosphazeni um Ex. 79

16. 4

Polyr@ﬁ

recovered .in Exanpl ¢
phospﬁ%&@ﬁ@ﬁﬁn%%: 81
Exanpkgample 30

dr OXI de rec

vered i

Examnpt

ed phosphazeni um EX.

79 . Po
14.0

ynmer - sug
hydr oxi dg

78
80 12.1 h
ported
recover ed

ydr oxi de

in

Ex,

67 supported

Polymer-

phosphazenium
hydroxide
obtained in

Example 31

51

49

Ex.

| 68 supported

Polymer-—

phosphazenium
hydroxide
obtained in

Example 32

36

36

14.4

Ex.

69 suppcrted

Polymer-

phosphazenium
hydroxide
obtained in

Example 32

34

34

18.1

|1 Ex. 3

Comp.

Potassium

hydroxide

34

30

(Examples 70 to 72)
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Even after ten cycles of repeated pol ynerization
processes, the catal yst was found to have sufficient
SF-1286 - 111 - catalytic activity. (Exanple 82)
Pol ynmeri zation of polyal kyl ene oxi de using polyner- 5
supported phosphazeni um hydroxi de as catalyst Into a
70-m autocl ave equi pped with a thernoneter, a
pressure gauge, a stirrer and an inlet tube for
al.kyl ene oxide, which was t under a nitrogen
SEZ&W%?phere, 0.6 g (7.0 ol Y° 6t gl ycerin, 0.9 g of
pol yner - supported 10 phosphazeni um hydroxi de (0.09
nmol, in terns of phosphazenium _cations) obtained in
ExaRBPEvSEY 3R 58CYCOrTEr BFy PEhEnERT HEPDREEES
i_ntroduced he aut.ocl ave was -seal ed, and the m xture
phﬁééaﬁégPéHmtéY§6€KNQFh stirring. At this time, the

[ | | ted, o O VP

(garats T8 BRolt b Ooe THEr o EpS iR € pheas e aeter,
d ' | i de,. but -th

b SYSERS By FOTAPILL AL, o PLOPAL IS S, e

ox@ﬁ@?sﬂhchEQHEtkggt Ahleh acgggggﬁkgna%Roggg Lgaction,, ¢

=]
the resulting mxture was coo fo room nper’ature

glgndrihe E$§igU8E qugﬁb%ﬂ%uﬁébg%eﬁaﬁgég ﬂ%§kﬁ%¥ﬁgﬁg%%oxide

under reduced pressuire. The suspens

obtaoAelhenankeghake] 7dkhat @ gwit Bfngw@&la%%gi_@@ were
then filtered. Further, the filtrate was sufficiently

inhastieded t bhaoaabehexan@asagdanesmmbhnhexaBemiasure was
distilled off under reduced pressure fromthe
he&tedraoe80dCywetd 88igr2hgof xoloilessimad olerpessSsure in
pol ypr opyl ene oxi de. The
the autoclave was elevated to 0.32 MPa (gauge pressure).
Thereafter, the pressure was lowered by consumption of
propylene oxide, but the reaction continued until there was
no more pressure reduction. After completion of the
reaction, the resulting mixture was cooled to room

Temperature and the residual propylene oxide was distilled

off under reduced pressure. The suspension was withdrawn

from the autoclave, diluted with THF and then filtered.

Further, the residuél solid was sufficiently washed with THF,
and THF was distilled off from the filtrate under reduced
pressure to yield 103 g of colorless and odorless
polypropylene oxide. Polymerization activity (the amount of
the produced polypropylene oxide per mole of the catalyst
and a unit time) was 2.0 g/mmol-h. Further, the residual
solid after filtration was dried under heating at 70°C under

reduced pressure of 1 mmHg to recover a catalyst. Then, the



10

15

20

25

Dr v

SF-1286 - 112 polynerization activity (the anmount of
t he produced polypropyl ene oxide per nole of the
catalyst and a unit tine) was 12.4 g/mmolh. 5
(Exanmpl e 83 to 84) Recovery and recycling of

pol ynmer - supported phosphazeni um hydr oxi de The
residual solid obtained in Exanple 82 after |
filtration was dried under heating at 70C under

'sErﬁé% ed 10 pressure of 1 to recover a catalyst.

en, the entire anount of the recovered catal yst,
0.6 g of glycerin and 30 g of propylene oxi de were

i d d | h .
erlineopHEEte Ue e’ F oot p A s t@@%@%@é’%m
| 80 ked t.
AR B U e o
au%SEQX@Eegngagﬂ$y§L @%r’shﬁﬁ Vg&g%xﬁg%?kﬁzatlon at

was provi nerl zat'io

sogbys%' Rodd 290 glf%ferprtﬂ@ylr kel ' '1%! %72?? d%fof

pol ypr opyl ene oxi oun that t e Seco and

po&?@rbﬁyﬂ@n@ab%hﬂ%|%n@9%|%bE%v%QeWE@%fH&ﬁ%tglnﬁﬁk@héﬂd the
14.7 g respectively, and polyner-supported

repbospbazeaicamylydiexi geokadele fiohverhivaRrikad ke with 2.7
reduction in the activity even after being recovered

g afdgigcyeliadaas 6at al yst pra3byl Exampha @5k cSHit38685 g of
113 Al dol condensation of acetone using phosphazeni um
polypropylene oxide. It was found that the second and the

third catalytic activity were 1.9 g/mmol-h and 2.0 g/mmol-h,
respectively, and polymer-supported phosphazenium hydroxide
in the invention had no reduction in the activities even

after being recovered and recycled as catalyst.

(Example 73 to 81)

Recovery and recycling of polymer-supported
phosphazenium hydroxide |

The reaction was conducted in the same manner.as in
Example 69, except that the entire amount of the supported
catalyst used in the pblymerization of Example 69 waé used
aftér recovery. Further, the catalyst after polymerization
was recovered, and was repeatedly used in the following
reactions in the same manner. The results are shown in

Table 7.

Table 7



hydr oxi de- supporting silica gel as catalyst Into a

50-mL round-bottoned glass flask, 1.0 g of

phosphazeniun1hydroxide-supporting silica gel (0.45

nmmol in 5 ternms of phosphazeni um cations) obtained in

Exanple 43 and 26.5 g (0.45 nol) of acetone were

i ntroduced, and the m xture was stirred at room

tenperature under a nitrogen. atnosphere. After 8

houis, a portion of the superpatant |iquid of the
sygggp353|on was W t hdrawn a gigubjected to gas 10

chromat ography. Thus, it was found that the conversion

of acet pne was 3. 5% and The serectivities of )
di acet ong al cohol and nethyl oxide were 97. 2%24Rd Ytic
2.8% respe tlvely anpl e 86) 15 Al dol condensat.i on
of acetme gﬁﬁﬁtpﬁgégﬁazenlunm hydr oxi de- sup Vg Y
silica gel as catalyst Into a 50-ml round- botit oned

glass flask, 1.0 g of phosphazeniun1 (g/mmol-h)

hydroxidapé%ﬁﬁgELEBEPékk agelo gzéﬁlggggp;? Lo

ExOf gghosphazeni um ca ONSY 1441
20 14.0 ghggrogﬁdavgﬁtgineaeaang gorodyced,  and
the mxtlre was stirre room ?erature under a

ni trogen P@&QﬁéPhgﬁﬁp?f{ﬁﬁrgﬁog ULSenduROrti on of the

ExsSupernatpgnt “liquid o usp nsion was W {Rdr gwn

and SUbJe§§§90k9d83§ec§9é9@étQQVERQMplEhH§ it
found th the_conversion of 25 acetone was 3% _ _and

t he selecp@yyﬁ¥r0£u§p@§€é@nﬁhékﬁﬁaeén§ﬁm1286 - 114 -
ExWa34100% (Conparative Exanple 4) The reacti ongwas

conduct edhytirbtheds anecoaanes as ERample 73

Polymer-supported phosphazenium
Ex. 75 17.3
hydroxide recovered in Example 74

Polymer—supported phosphazenium
Ex., 76 : 16.4
hydroxide recovered in Example 75

Polymer-supported phosphazenium
Ex. 77 19.2
hydroxide recovered in Example 76

Polymer-supperted phosphazenium
Ex. 78 ’ i4.4
hydroxide recovered in Example 77

Polymer-supported phosphazenium
Ex. 79 16.4
hydroxide recovered in Example 78

| Polymer-supported phosphazenium
Ex. 80 1l12.1
hydroxide recovered in Example 79

Polymer-supported phosphazenium
Ex. 81 14.0
: hydroxide recovered in Example 80

Even after ten cycles of repeated polymerization

Processes, the catalyst was found to have sufficient
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5 Exanpl e 85, except that 0.34 g (0.45 muol) of

tetrakis[tris(dinmethylam no)phosphoranyl i deneam no] pho

sphoni  um hydr oxi de was used instead of phosphazeni um

hydr oxi de- supporting silica gel used in Exanple 85.

After 8 hours, the supernatant |iquid of suspension

was partly withdrawn 10 and subjected to gas

chromat ography. Thus, it was found that the
sreQnreer si on of acetone was §319%.and the selectivities

of di acetone al cohol and nethyl oxide were 78.2% and

21.3% respectively. 15 (Chem cal schene of each
cakExagpke) acExanple 1 PZNB NVe2 NMe2 Me2N- P- NMWe2

: P-NMe2 Me2N N* Nwve2 "Cct-SK Me2N N Nwe2
Me2N- P=N- P- N=P- NMe2 Me2N- P=N- P=N- P=NMe Me2N N NMe2
Me2N N NVe2  Me2N- P- Nve2 Me2N- P- NMe2 Nve2 CI NWe2

(Ekxappkes2) Pol yner - support ed phosphazeni um chl ori de
SF-1286 - 115 NMe2 NMe2 Me2N-P-Nwe2 1/ Me2N- P- Nve2

Me 2 NPz £ 1 diiN dve 20 I ANMVeR1 dke N@QME—%B&@FﬁoEﬁﬁ@r
Me2N- P=N- P{ - N=P-N Me2N N NMe2 Me2N N Nwve2 \

SUNQQI&PZ@dI\Ma@SIS’BQB\Ieﬁ’lWEBydrONB/Hé Blkfbaaﬁlalyst

Into a 70-ml autoclave equipped with a thermometer, a
pressure gauge, a stirrer and an inlet tube for alkylene
oxide, which was kept under a nitrogen atmosphere, 0.6 g
{7.0 mmoi) of glycerin, 0.9 g of polymer-supported
prhosphazenium hydroxide (0.09 mmol in terms of phosphazenium
cations) obtained in Example 35, and 33 g of propylene oxide
were introduced, the autoclave was sealed, and the mixture
was heated to 80°C with stirring. At this time, the
pressure in the autoclave was elevated to 0.3 MPa (gauge -
pressure). Thereafter, the pressure was lowered by
consumption of propylene oxide, but the reaction was
continued until there was no more pressure reduction. After
completion of the reaction, the resulting mixture was cooled
to room tempereture and the residual propylene oxide was
distilled off under reduced pressure. The suspension was
withdrawn from the autoclave, diluted with normal hexane and
then filtered. Further, the filtrate was sufficiently
washed with normal hexane, and normal hexane was distilled

off under reduced pressure from the filtrate to yield 33 g

of colorless and cdorless polypropylene oxide. The
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Exanpl e 3 PoI ymer - supported phosphazenl um hydr OXi de
NVe2 NMe2 Me2N-P-Nve2 Me2 ~N - N2 Me2N N Nwve2 Me
NaOHaq. Me2N~ Me2 Me Me2N- P=N-P-N=P-N 1 '

Me2N- P=N- P- N=P- N - Me2N N NMe2 \ Me2N N Nwve2 \

Me2N- P- NMe2 Me2N - P-NMe2 Nwve2 CI Nve2 OH  Exanple 4

Pol ymer - support ed phosphazeni umi odi de Nwe2

Me2N- P- NMe2 NMe2 it Me2N-P-NMe2 Me2N N, Nve2 Me t)
srNagkgaq. + Me2N N NMe2 Me 1 MB2N- P=N- P- N=P- N -

Me2N- P=N- P- N=P-N Me2N N Nl\/b2 2) Nal ag. Me2N N NMe2 \

Me2N- P- NMe2 Me2N- P-NMe2 5 Nve2 OH Nve2 Exanple 5

B R R e A Y o

po%gk%gﬁygﬁ\g MeZhL N AVegNe o/ ok OHL &’Q@Q&?ﬂ“ Eﬁ&l'ﬁ Llill\{l\l@t

N-P-N=P-N \" Me2N N NMe2 ii) ag. Me2
AVE2, Ve 2N, Py Mp2N P-Nwe2 | . NI\/EZ NMe2 Exanpl es
6 to 11 Phosphazeni um i odi de havi ng pol yal kyl ene

oxide on its S|de chain
(Example 83 to 84)

| Recovery and reéycling of polymer-supported
phosphazenium hydroxide

The residual solid obtained in Example 82 after

filtration was dried under heating at 70°C under.reduced
pressure of 1 mmHg to recover a catalyst. Then, the entire
amount of the recovered catalyst, 0.6 g of glycerin and 30 g
of propylene oxide were introduced into a 70-ml autoclave

and in the same manner as in Example 82, the mixture was

subjected to polymerization at 80°C and worked-up after the

reaction to yleld 30 g of polypropylene oxide and a
recovered catalyst. Further, the recovered catalyst was
provided for polymerization with 0.5 g of glycerin and 29 g
of propylene oxide to yield 29 g of polypropylene oxide. It
was found that the second and the third cétalytic activity
were 10.6 g/mmol-h and 14.7 g/mmol-h, respectively, and
polymer-supported phosphazenium hydroxide in the invention
had no reduction in the activity even after being recovered

and recycled as catalyst.

(Example 85)
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NVEZ2 NVe2 Me2N-P-NVe2 R Me2N-P-NMe2 O Me2N N+ Nwe2
M/ | OHn Me2N N NMe2 Me OH Me -P=N-P-N=P-N\ -KH
Me N-P=N-P-N=P-N\ R Me2N N NMe2 KH M 2 N Nwe 11 2 2
it 2 Me2N-P-NMe2 Me2N-P-NMe2 10 NMe2 NMe2 SF-1286 -
116 Exanples 12 to 17 Pol yner-supported phosphazeni um
hydroxi de Nwve2 Me2N-P-NMe2 O Me2N NNM\ | Rto H
Me2N- =N- PAN=P we Me2N Nvep MepN-, - NMe2 NMe2 Nwe
srVeaBlsP-NVep 2 j) KH, DME j) 3NaOve, MeOH Me2N N+ _
NMezMe O Or jj) ii) NaOH ag. Me2N--N-P-N=P-N Me2N N
NVe2 O Me2N- P-NVe2 OH' Nwe2 Exanple 18 PZND Nwe2

NNE@ld&@%&Eﬁﬁ&%@é%f@ﬁ”%fli@@%%anﬁ@inJHbﬁﬁéﬁkéééﬁiﬁﬁe2

hydroxide-supporting silica gel as catalyst

Into a 50-ml round-bottomed glass flask, 1.0 g.of
phosphazenium hydroxide-supporting silica gel {(0.45 mmol in
terms of phosphazenium cations) obtained in Example 43 and
26.5 g (0.45 mol) of acetone were introduced, and the
mixture was stirred at room témperature under a nitrogen
atmosphere. After 8 hours, a portion of the supernatant
liquid of the suspension was withdrawn and subjected to gas
chromatography. Thus, it was found that the conversion of
acetone was 3.5%, and the selectivities of diacetone alcohol

and methyl oxide were 97.2% and 2.8%, respectively.

(Example 86)

Aldol condensation of acetone using phosphazenium
hydroxide-supporting silica gel as catalyst

Into a 50-mi round-bottomed glass flask, 1.0 g of
phosphazenium hydroxide-supporting silica gel (0.24 mmol in
terms of phosphazenium cations) obtained in Example 44 and
14.0 g (0.24 mol) of acetone were introduced, and the
mixture was stirred at room temperature under a nitrogen
atmosphere. After 8 hours, a portion of the supernatant
ligquid of the suspension was withdrawn and subjected to gas
chromatography. Thus, it was found that the conversion of

acetone was 1.3%, and the selectivity of diacetone alcohol
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Me2N- P=N- P- N=P- NMe2 " Me2N- P=N- P=N- P=O Me2N N NMe2
Me2N N NMe2 Me2N- P- NMe2 Me2N- P- NMe2 Nve2 OH. NMe2 F
5 Exanple 19 PZND-C e2 M2N PWMNMe2 McCl XCl - M Me2N- P
NVe2 Me2N N NMe2 V Me2N , N+ NWMe2 Me2N- P_N- P=N- P=0O
"Me2N- P=N- P- N=P-CI  Me2N N NMe2 Me2N N Nve2
Me2N-' - NMe2 Me2N- P- NMe2 Nwe2 NMe2 C Exanple 20
Si | oxy group-contai ni ng phosphazeni umchloride Nwe2
sFNVe2s Me2N- P- NMe2 H2N-~CSi t BuMe2 Me2N- P- NMe2 Me2N N+
NMe2 (Me2N) 3P=NH Me2N N+ NMe2 H Me2N- P=N- P- N=P- Ci
Me2N-P-N-P-N=P-N Me N N NMe Me2 N N NMve ~ OSit BuMe2
wa¥eZBo=zP-NMe2 2 Me2N-P-Nwve2 z  Nwve2 CI Nwe2 CI Exanple
21 Hydroxyl group-containing phosphazeni um i odi de |
SF-1286 - 117 NMe2 NMe z  Me2N- P- NMe2 Me2N- P- NVez
MezN N+ NMez Hi). NaH, Mel MezN N NWez

(Comparative Example 4)

The reaction was conducted in the same manner as in
Example 85, except that 0.34 g (0.45 mmol) of
fetrakis[tris(dimethylamino)phosphoranylideneamino]phosphoni
um hydroxide was used instead of phosphazenium hydroxide-
supporting silica gel used in Example 85. After 8.hours,
the supernatant liqﬁid of suspension was partly withdrawn
and subjected to gas chromatography. Thus, iﬁ was found
that the conversion cof acetone was 8.0% and the
selectivities of diacetone alcohol and methyl oxide were

78.2% and 21.3%, respectively.

(Chemical scheme of each Example)

Example 1 PZNB

. l'\|M22 |I\|MEZ
MﬂzN"""IF;"'NMEZ MEZN"""'FI“-NM82
MeN N NMe, NOct-SK MeN N NMe,
MEzN"'l[:’=N‘—':"'"N=|I3-N Me, —— MezN_lI:=N—ll:':N_ll’=N Ve
MesN \li NMe, MesN lI\il NMes
MEZN'—'?—'NMEZ - MesN—P—NMe;
NMEZ Ci RIMEZ

Example Z Polymer-supported phosphazenium chloride



i0

MezN- P=N- P- N=P-N _~ Me I\/EZN NI\/EZ~ OSl t BUI\/EZ ).
"Bu4NF MeM NP-P--N° N N We N--'OH MezN-P-Nwve2 d
MezN ~P-Nvez | NMez Exanple 22 Pol ymer-support.ed
phosphazeni um hydr oxi de NWMe2 NWe2 Me2N- P- NMe2
Me2N-.-NMe2 Me2N F NMea~ M NN Nwve 2 - ..NP N M
N-P=N-P{-N=P-M a Q KH, DMF i) NaOwe MeOH Me2 NZ P- +
-NZ e Me2N N NMe2 OH ii) ii) NaOH agq. Me2N N Me2
srMe3hsP- NMe2 . O Me2N-P-NMhg2 NMVe2 NMVe2 OH_ Exanple
23" Pol ymer - support ed phosphazeni um chloride NVE2 NMez
I\/EZN-P NMVe2 Me2N- P- NMe2 Me2N N+ NMezMe Nadl ag. Me2N
~Me  Met P-NALINEP-M $ Me2N- PohEP-N=P-N M EzN N
VE2N- P- Vg2 MBORE P- VB2 5 N2
24D | oxy.,@f OWP- Gearat ai ning
Ve w a@.epnw (o Msuwepwtmipeuh@? M
o N- EfN OSS MezN- P- NVez M2t 1Rt
I\/lmzm_p HNve2 H Me2N- P=N- P- I\thQN—L@m\N-zP—
Si t Bukiae, Nme,  Cl

Example 3 Polymer-supported phosphazenium hydroxide

b NM
IV Ne.ipu-N_p*_ - %2 Me NaCH aq. Meal I;\I_'_ NMez e
e 1 n= ?_N —“"—FMezN-P:N"]?-N_P—N
MezN I.\I! NMEZ MEzN hl NMez
Me;N—P~NMe, - MeN-P-NMle, ]
' NMe, Cl NMe, ©H

Example 4 Polymer-supported phosphazenium iodide

NMEZ
1 NMez
MezN~P—~NMe, MeN~P-NMe,
MesN r'\| NMez Me MEZN N+ NMez Me

+ 1) NaCl ag.
MeZN-—P—N—Il’—N""P—N ) q MezN—P=N—P- -P——N
MesN N NMez 2) Nal aq. MeoN N NMe;
1 1]
MezN—ll:'—*NMez . Me N=P=NMe,
NMe, OH NMe,

Example 5 Hydroxyl group—containing phosphazenium iodide

NMe; . NMe;
Me;N~P-NMe, ositBuMe, Me N~P-NMe;
MezN N NMe; ci MeoN N NMe OH
i) BuyNF 2 1+ 2Me s
MezN—P-N-P—-N-P‘NMe - I-MezN-P N—P-N—P--N 3
1
Me;N N NMe; MNalad: " “me,N. N NMe,
Me;N-P-NMe, MezN—-P-NMe;
NMEz ’ NMEZ

Examples 6 to 11 Phosphazenium iodide having polyalkylene

oxlde on its side-chain

fl\lMez NMez
" MeoN—P-NMe, R MesN~P-Nie, )\
MeN N, I}!MEZWOH NNy Me:N N, NMe Tﬁ" H
Mez—P=N-B-N=p— T MegN—PN-PIN=p—N
MeN N RMeg KH O MeN N Nie,
MEzN'—E’—N Mes |- MezN"?-NMEZ [
NMe; NMe,



Me2N N NMe2 Me2N N NMez\" s  Me2N P- NMe2 Me2N- P- NMe2

NVe2 G Nwvez O Exanpl e 25 Hydroxyl group-containing

phosphazeni um hexaf | uorophosphate Nve2 NMe2

Me2N- P- NMe2 Me2N- P- NMe2  Me2N N Nwve2 H 1). NaH, Mel

Me2N N+ NMVe2 Me  MezN- P=N-P-N=P-N SitBuMez a

Me2N- P=N-P-N=P-N H 10 Me2N N NMe21 0)3 17 Bu4NF Me2N

NMe21" 0)3 Me2N-P-NMe2 _ iii). NaPF6 Me2N- P-Nve2 10
srFMVe2sCl NMez PF6  Exanpl e 26gpol ymer-supported

phosphazeni um hexaf | uorophosphate SF-1286 - 118 _

NMe2 NMe2 Me2N- P- NVe2 Me2N- P- NMe2  Me2N N+ Nwve2Me i)

Exé’ﬁg@/g %ﬁ%'\h %%e%%%@@lﬁg@'\?ﬁé%g%enim hydroxide.

Me2NmB- NMe2 CI Me2N- P-NMe2  NMe2 PF6 NMe2 PF6 Exanpl e

Zn&NF#erll {Ter - supp d phosphazeni um hydr oxi de Nve 2
NMEzM g\r&
MeZM$—N p ‘

Me;N e
; g ez NMes

Me;N—B-NM . .
“ htey ! MeN~P-NMe, S @ o
DKH, DMF i) NaOMe, MeOH " Mhtlsz N gﬁ“ gMe& e o y
o P MesN—P=N-P=[=Pe——
3 ii) NaOH ag. Iﬁ‘lezg !I\.r Aive,
MeoN-P-NMe
NMEZ ? OH~
Example 18 PZND
NMe; | Nie,
MezN-P-NMe, Me,N~P~NMe,
MesN N NMe, MeN N NMe,
MegN-P"N—I:-‘-N"P NMe, —— MezN—P—N I:—N P'O
MesN N NMe; MezN N NMez
Me,N—P-NMe, i Me2N~|3~NMe2
NMe, OH NMes
Example 1% PZND-C1
NMe, NM
: cl, Cl e
MezN~P~NMe, Me__NxN_Me MezN—P NMe,

MezN ’I\I NMBZ MezN ll\|+ NMEz
MezN"P—N p= N—P-o --——--——)-MezN-P=N-P-N=P-CI

Me:N N NMe, MeN N NMe,
MeN-P-NMe, _ Me,N~B-NMe,
NMes ' : NMes

Example 20 Siloxy group-containing phosphazenium chloride

. NMe, NMe; -
Me,N—-P-NNe, HaN~ositBuMe, MezN—IF':-NI?!Ieg
MezN I'\I_'_ NMeg (Me,N);P=NH MezN I.\I-n- NMeZH
Me;N—-P=N-P-N=P-Cl 3= MeoN~P= N—E’-N"P——N\/\
MeN N NMe Me,N N NMe, " 0Si'Bule;
Me,N-P-Nhe, - MezN-P-NMe; -
NMe, a NMe,

Example 21 Hydroxyl group-containing phosphazenium iodide
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Me2N- P- NMe2 Me2N- P- NMe2  Me2N N Nvea~ - Me N

P-N- PAN=PM a i) NaOwve, McOH Me2N P NMeg 2 -) Me2N-P N

PN=P Me2N N NMe20a-7 ii) NaOH aqg. Me2N N NMveCa 7

Me2N- P- NMe2 PF Me2N P-NMe2 ~ NWMe2 6 NwMe2 OH Exanpl es

28 to 30 Pol ymer-supported phosphazeni um hydr oxi de

NVe2 Nve2 Me2N-P-Nve2 |) / Me2N-P-Nve2 Me2N N Nwe2 Cl

Z Me2N N Nve2 Me Me2N- P=N- P=N- P=NMe Me2N- P=N- P- N=P- N
sEMe2BDsN NVe2 i) WOW MeOH MpzZNCN NMe2 u It

Me2N- P- NMe2 111) NaOH ag. Me2N-P-NMe2 ~ 5 Nve2 Nwe2

OH Exanpl es 31 and 32 Pol yner-supported phosphazeni um .

hydr opimle Nve2 Me2N-P-P1Me2 ~_ 0 Me2N V+ Nwe

I\/w@g;h-%:NMBQ\I:P-I\/I\/E 7.fi H Me2N NMVe2 Me2N e, NOIE vaez

W2 Be2NdMBNe2 ~ 1) KHF;P'Yf 1) Nagly
MeAHEMABANBE YN0, . | )R el p. Bl Yef N— "'N-I'=tN-P lflWle
MeN N NMe,~ OSIBuMe: i) gy np MesN N Nme,” OH
MeN-P-NMe, . MeN=P-NMe, .
NMe, NMez

Example 22 Polymer-supported phosphazenium hydroxide

Nnﬂe2 NMEZ
MezN"'E"NMez M&zN"P'NMez
MeT§3§=N-ﬁtm=gﬂe e DKH,DNE i) NaOMe, MeOH Me’:‘;g';m_g’_ :gﬂe
Me,N N KiMe,” "OH . ii) NaOH aq. Me;N N NMeg\/\
MEzN"P"NM82 . MEZN—P'NM82
NMEz ! NMeZ

Example 23 Polymer-supported phosphazenium chloride

NMe, NMe,
Me,N-P-NMe, MesN-P-NMes
MesN I_\I+ NMeae NaClag. MeaN N NMegye

Mez-P-N P-N-—P-' ————— MezN-P=N-P-N=P—

WN N NMey Me:N N Nney”

MEZN-?'NM82 oM " MezN-P'NMEZ
NMe, ~ ©OH - fime, ~ "

Example 24 Siloxy group-containing phosphazenium chloride

NMe, et NMe,
Me;N-P~NMe, “zN‘(/\o)ss' Bule; Me;N-P—NMe;
- MegN II\I+ NMe; (MezN)sP=NH MeoN N, NMeZH
MezN—P-N-l? N"P Cl . T MezN-P’N—Il’-N-P—N SitBuMez
Me;N N NMeg MeN N NMng/\ )
MegN-I?-NMez - Me;N=P=NMe, -
NMe, - cl I'\IMez_ ¢l

Example 25 Hydroxyl group-containing phosphazenium

hexafluorophosphate
il\]MEZ ['\IMEZ
Me;N—P-NMe, Me,N~P-NMe,

MexN N NMep i). NaH, Mel MeN N, NMep e
MezN—P"N-P-N—P--N Si'BuMe, ™™ - MezN-P‘N P=N=P—N H
MeoN II\II NMe; 0} ii). "BugNF Me.N fg NMez(/\O)’
MezN~P~NMe; - iii). NaPFg MezN—f’—NMez -

NMe, © NMe, FFe

Example 26 polymer-supported phosphazenium

hexafluorophosphate
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~ Me N-P=N-P-N=p—

i1) i a) NaOH ag. Me2N N Nve2 CI Me2N-' - NMe2 OH Nwme2
Exanpl e 33 Styryl group-containi ng phosphazeni um
iodide Nve2 NMe2 Me2N4- NMe2 Me2N- $- NMe2 Me2N Nwve2 1)
Cl / Me2N Nve2 Me lip- Me2N-!"-PJt-1'. Me2N N NMe2 ii)
Nal , Et NH2aq. Me2N N Nve2 Me2N-- NMe2 Me2N-- NMe2
NVe2 Nwve2 10 Exanple 34 Allyl group-containing
phosphazeni um i odi de SF-1286 - 119 ! NMe2 NMe2
SFME2BES- NMe2 Me2N-1 | -N Me211Me2N 14 NMe2 |) Cl~ Me2N N
NMVe2 Me2N- =: Nd=: NMA=Nve Me2N- ~V-P4-N=P-J'Me 'r. Me2N N

NMVez ii) Nal, EtNH2ag. Me2N N Nve''"" "'"11 Me2N U~l Me2
I\/EZN-"ME NVe NMe Exanpl e 35 Pol yney - support ed
pp,gqpﬁaﬁe,ﬁgl um i odi de and hydroxi dg ez I\/Iez|\|4 NVez
.\an hfl“).u)AlEﬂ}l_l Nezl\HMg,ﬁi @' kl e
MeN-PEM -N-P—- ) - MezN-P N-1 =-N-P-
Mes2N N NMe °3 i) Me;N N NMe
MezN—F;‘-NMez - cl ~ MesN-P-NMe, -
NMe, 6 NMe, - FFe

Example 27 Polymer-supported phosphazenium hydroxide

N Mez ) NMEZ
MEzN"'P"NMEZ MezN-P'N Me,
MEZN N+ NME e . i) NaOMe, MeOH MEZN N'I‘ NM

———— 5 Me N-P=N-P-N=p—
i) NaOH aq. MesN N - NMer 0
' ' MesN-P-NMe,
. _NMEZ

MEZN : N NMe
: MEZ N""P NMEZ
NMEZ

Examples 28 to 30 Polymer-supported phosphazenium hydroxide

NMe, I}lMez
MEzN"'"IPI_NMEZ i) MezN—IPI-NMEz
MezN N NMez Ci MezN I}L NMez Me
MezN--P-N—Il’—N-P—NMe o MezN—P'-'—'N—ll’—N-P‘““"N
MeoN I\li NMe, ii) NaOMe, MeOH MeaN 'I\ll NMe,
MezN—I:'-NMez ill) NaCH aq. MezN—-l;-‘-NMez -

NMe, NMe, OH

Examples 31 and 32 Polymer-supported phosphazenium hydroxide

NMe
MezN- -NM82 &
Me,N N NMezM
MeN-P=N-BXN=P—] MJ‘,\. 75
MezN : NMez
MeN-P-NMe, |- NMe,
NMez MegN-_-P-NMez
T)KH, DMF, it i)NaOMe, MeOH ~ MezlN N MMeppy,
iy NaOH an, - MeoN—P=N-P- N-P —N.

MezN g NMeg
Me;N-P-NWMe;
Nive, OH "

Example 33 Styryl group~containing phosphazenium iodide

NMEz NMez
MeoN H—NMez " v@/\ Me,N H—r\nwe2
MeoN NMe, Cl Me,N NMe.

S SR S S > egtmrtnan® CJ
MezN {\II NMe2 ii) Nal, EtNHaq. MesN l{[Mez
Me,N I—NMez Me,N—P—NMe,

NMe, NMe»

e

Example 34 Allyl group-containing phosphazenium iodide



MezN N NMez 11) MeOH quench Mezl Vez NMve Me NJ- Nve
iii) NaOH MeOH soln. Nz z IMz I. Me2N NN Nve2 N
MezN, dN , (Me2 Nwme2 Me,f Mee z OH' 5 Exanple 36
Tri met hoxysi | yl group-cont ai ni ng phosphazeni um
chloride-1 NVe2 Nve2 Me2N-P-Nwve2 / \ Si(Owe)3
Me2N- O- NMe2  Me2N N NMe2 CI Me2N Nve2 Me Me
N-P=N-1zN-P-NMe M N-P=N-P-N=P-1d Si (Ove)3 Me2N N Nwe2
sFMe2blgl ~ NMe2 \ / Me2N-P-NMp3 Me2N-9- NMe2 NMe2 NMe2 Cl
Exanpl e 37 Trinmet hoxysilyl group-containing
phosphazeni um chloride-2 NMe2 NMe2 Me2N- 11 -Nwe2 / \
Si ( va, ME2N-e- NMe Me2N N NMe2 CI MejlyeN+ Nve2 Me
=NuE, =N- P=NVE MB2N- P=Nd- N=P-phgy_MVgahl NVe2 Me2N N
MR\ I SiiQVe) B VERN-RNME2 Ve 2h6, k- Nije e, NVE2 NME2
Meﬁl—& Example=df Teinethoxysilyl mz@ubzwmam'”

NS PIaz efirgym i Nal, EtNH,ag. Mol N HMe, T
. MEZN A —NMez MEzN | —NMEZ _ .
NMe NMe, |

Example 35 Polymer-supported phosphazenium iodide and

hydroxide

NMEZ

MezN-—lL-NMez
MezN l‘\lMezme ©/\ AIBN

MezN—FI-‘=N-P—N_..I‘L N7

N NMez il) MeOH quench ,,, “NMe,
~ R
MezN N“_nNmez . iil) NaOH/MeOH soln. MezN’ .;P&N NVle,
ez !
MezN-.g/ ﬁ?: - NMe,
Me;
Me,N’ “Mey OH

Example 36 Trimethoxysilyl group-containing phosphazenium

chloride-1
Nivie ) NMe
MeZN—r!'—N;nez /_@_/_ Si{OMe)s Mezm—ﬁ-wfnez
MEZN N NMeZ Cl M32N NMe2 Me
MeN-B=N-P=N-B=NMe o MeN-PN-BIN=P—N; Si(OMe)s
MeoN N  NMe Me:N N NlVIez < )
MezN-P—NMe; MeN-F-NMe,
NMe, NMe,  CI~

Example 37 Trimethoxysilyl group-~containing phosphazenium

chloride-2
NMe, _ NMe,
MeN—-~NMe, /—©—Si(0Me)3 MeoN-P-NMe;
MEZN I}’ NMe2 Cl M92'}| N+ NME2 Me
MezN—P—N*-lI?"N-P=NMe : MegN—li“-'N—lf'—N-P—l\l’ )
Me;N N NMe; Me;N N NMez\—‘@'SI(OMe)a
MezN—[f—NMez MezN—FI‘—NMez
NMe; NMe,  CI-

Example 38 Trimethoxysilyl group-containing phosphazenium
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SF-1286 - 120 - bromide Nve2 NMVe2 Me2N- P- NMe2
Me2N- P- NMe2  Me2N N NMe2 Brr -Si (Ove) 3 Me2N N+ NVe2 Me
Me2N- P=N- P=N- P=NMVe Me2N- P=N- P- N=P- Me2N N NMe2 Me2N N
NVe2 Me2N- P- NMe2 Me2N- P- NMe2 Si (Ove) 3 NMe2 Nwe2 Br"
Exanpl es 39 to 40 Phosphazeni um chl ori de-supporting
silica gel (hydrolysis-polycondensation.nethod) Nwe2
NVe2 Me2N-Nwe2 1) S1(OEet)4/HC ag. Me2N f Nve2 Me2N +
spNve2gMe 2) NH3aq. Me2 + NMe2gMe Me2N- P=N- P- N=~- N
Si(Ove)3 Me2N- _N 9= -K - Me2N N Nve2 Me2N N Nwe2 \ /
Me2N-r- NMe2 Me2N--NMe2 5 Nve2 CI NMve2 Cl [ Exanple 41
brgﬂgéghazeni um chl ori de-supporting silica gel

(silylation method) NVB2 NVB2 Me2N-P- NMe2 Me2N- P- NVe2

VE2N MYB2 Me Me2N N+ NVB2 NMe Me2N- Rght P-N P- 1 f

Syl ON Me2N: P=N- P- N~- N SOy, Ned i, NVe Me2N N

,\,{\412\@’2 ; ,;ﬁ% Ve M -G a2\ P-NNW?Z f?"}i'vb@'vlgnhe NVe2 Cl
Me,N—P=N-P=N-B=NMe - MezN*i,’=N-F,’-N=,—I‘L\-

MezN N NMe, Me,N NMe;, )

MeN-E—Nie, MezN—g—NMez Si{OMe)s
NMEz _ NMEZ Br-

Examples 39 to 40 Phosphazenium chloride-supporting silica

gel (hydrolﬁsis—polycondenéation method)

. NMe, b|.lMe2
- M:zN' NMr:rfn : 1) SI(OEt)/HClag.  MeN—P—-NMe,
L] €z 2) NH;aq. Me;N NMe
Me N-BN-BINB—N, SIOMe)y ———— 3 e N-beN-biNTB i
MeN N NM%@I MeN N e,
Me,N-P-NMe, Me,N-P—NMe,
NMe,  Ci° NMe,  ©I-

Example 41 Phosphazenium chldride—supporting gsilica gel

(silylation method)

f}iM&z I:JMEZ
. MezN—ﬁ"“N Me» MezN—‘ﬂ—N Me;

MEzl}l '}l N MEZ Me Mequ l}l_’. hl! Mea Me

: 2
MeN—P=N-PIN=P—N Si{OMe)g ~————3=  Me,N-P=N—P-N=P-—N S0
Me;N N NMey ( > MeN N NMez\—@-/_
MEZN—E"NMGZ MEzN-'FI’—N Me,
NMe, cl- . - NMe-, ci-

Examples 42 to 44 Phosphazenium hydroxide-supporting silica

gel
NMe, NMes
Me,N-P-NMe, MeoN—~P—~NMe,
MegN NMe; p 1M NHjac. Me,N . NMe
+ e ‘ 2 2 Me
MeN-P=N-P=N=P—K ) ———>  Me,N-P=N—EENP—N,
MEzN NMez MezN NMEz
MEZN'"I NMe, MEZN-' NMe,
NMe, CI- NMe, OH-

The phosphazene-supported catalyst of the invention is
useful as a catalyst for various organic reactions, and in

particular a catalyst for polymerizing the cyclic monomers



Exanpl es 42 to 44 Phosphazeni um hydr oxi de- supporting
silica 10 gel NMe2 NMe2 Me2N-IS-NMe2 Me2N- | S- Nwve2
Me2N N NMe2 Me 1M NH3ag. Me2 Nve Me2N-P=N- N=1'-N' -
Me2N- =N-FS+-i~F "'-N? e - Me2N Nve2 \ / Me2N N Nwe2
Me2N- | ~- NMe2 Me2N-~ NWe2 Nwve2 ClI' Nwve2 OH The
phosphazene- supported catal yst of the invention is
useful as a catal yst for various organic reactions,
- grapedggn 15 particular a Qaig yst for polynerizing the
cyclic nmononers SF-1286 - 1 and substituting the
substituents. Further, the phosphazene conpound and

anhh§uﬂ99§9@?§§§%9@%3$é£3PIFﬁgﬁFé”Veﬁﬁféﬂéf” EQFzgﬂbéghazene

nt ernedr a usefur ftor prepari n@

coﬂBQﬁﬂ@aéﬁﬁeiﬁ@pﬁ?éé?ﬂaﬁ@ﬁﬁﬁﬁ L.9f 5Fet§ ﬁ%%ﬂ@loﬁsare_

as 5 a cat usefu

ea@ﬁoﬁﬁeﬂhﬁgrﬂéﬁigﬂé whiOh08RI G & RREL EQPS réﬁa}g§§ th&zz
1. A phosphazene-supported ca a yst whi ch

phaspu@mﬁé él§pﬁ9@ﬁﬂ@@ &Qtéllﬁéé’u@fr@Hé%ﬁGéﬁE‘lQM tQ@ well as
general for ). NR2 RZN- P- NR2

a catalyst which is useful itself for proceedlng various

organic reactions.
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R2ZN{ - P=N-t - P~N=P~NR1 z"" (1) NR2 b NR2dD [[ RRN- P
NR2 5 NR2 n (wherein nis an integer of 1 to 8 and
represents the nunber of phosphazeni um cations, and
Z- is an anion of an active hydrogen conmpound in a
formderived by releasing n protons froman active
hydr ogen conpound havi ng a nmaxi mnum of 10 8 acti ve
hydrogen atons. a, b, ¢ and d are each a positive
SFrhgéger of 3 or less. R s t2present the sane or

different hydrocarbon groups having 1 to 10 carbon
atons and two R's |ocated on each conmmon nitrogen
atom may be bonded to eachragwmger to forma ring
structure. Rl is a hydrogen atomor a 15 hydrocarbon
group having 1 to 10 carbon atons. Dis a direct bond
or a divalent group capable of bonding Nto a
supbor A phdsphanevelspphposphazenatadypaund wepckesensedport
Eg the SF-1286 - 123 - general formula (2): NR2

PRAPANRZ aNgNR2p ar SR FNERENy D dNEvd2)1 INRAInbla (1) :
NR2 d N 11

NR;

RZN—P NR;

Jr %pﬂt Jf o

RzN""P —NR,
\—%/C
NR,

(wherein n is an integer of 1 to 8 and represents the
number of phosphazenium cations, and 2°° is an anion of an
active hydrogen compound in a form derived by releasing n
protons from an active hydrogen compound having a maximum of
8 active hydrogen atoms. a, b, ¢ and d are each a positive
integer of 3 or less. R's represent the same or different
hydrocarbon groups having 1 t; 10 carbon atoms and two R's
located on each common nitrogen atom may be bonded to each
other to form a ring structure. R! is a hydrogen atom or a
hydrocarbon group having 1 to 10 carbon atoms. D is a
direct bond or a divalent group capable of bonding N to a

support.)

2. A novel phosphazene compound represented by the
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R2N-P-NR2 ¢ NR2 (wherein a, b, c and d represent a
positive integer of 3 or |ess, respectively. Rs
represent the sane or F 5 different hydrocarbon groups
having 1 to 10 carbon atons and two R s |ocated on
each conmon nitrogen atom may be bonded to each ot her
to forma ring structure.) 3. A novel phosphazene
compound represented by the 10 general fornmula (3): 2

CSERL2BEN P NR2 N NR2 a NRZ RZNP=Njp N-P" \ G (3) NRZ

b/l NRZdN RZNPNRZ ¢ NR2 (wherein a, b, ¢ and d
are each a positive integer of 3 or less. Gis an
gepgygénfatromor (&) sul fur atom R s are the sane or
di fferent hydrocarbon groups having 1 to 10 carbon 15
atons anff2wo R s | ocated on each conmon nitrogen atom
§§ @ 124 be bonded to each other to forma
rlng NFBic B?e ) 4. A novel phosphazeni um salt

repﬁﬁs the
RZNTLP N%— :é % @)
RN—PMNR
T
NR,

(wherein a, b, ¢ and d represent a positive integer of
3 or less, respectively. R's represent the same or
different hydrocarbon groups having 1 to 10 carbon atoms and
two R's located on each common nitrogen atom may be bonded

to each other to form a ring structure.)

3. A novel phosphazene compound represented by the

general formula (3):

NR,
RzN'_P —NRz
NR; a NR;
RzN P N PZ%N P:ﬁ%G (3)
NR, d
RzN""P '—NRZ
te
NR,

(wherein a, b, ¢ and d are each a positive integer of 3 or
less. G is an oxygen atom or a sulfur atom. R's are the
same or different hydrocarbon groups having 1 tc 10 carbon

atoms and two R's located on each common nitrogen atom may
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general fornmula (4): NR2 RZN-P-NRZ N NR2 a NR2 RZN
tP=N~--} NP X X (4) NR2 b\ NR2dN RZNPNR2 | ¢ 5
NR2 (wherein a, b, ¢ and d are each a positive integer
of 3 or less. Rs represent the sane or different
hydr ocarbon groups having 1 to 10 carbon atons and
two R's |ocated on each common nitrogen atom may be
bonded to each other to 10 forma ring structure. X is

SFal2d ogen atom and X- i-s l#% -anion of a hal ogen atom
whi ch may be the sane or different fromX) 5 A
novel phosphazenium salt represented by the 15

be denredead Horeadia (F)er Sfo 1286n -a 2mg NR2AR2NMeRJNR2 N
NR2 a NR2 R2N---P=N ~N=P~NRI z' (5) NR2 b NR2 d D

4. A novel phosphazenium salt represented by the.

general formula (4}:

NR,
RaN—P-NR,
‘N
Ry e N

\’/ R2
RzN—%IfBN P*—{N=ll=—}x X @
NR, 2\ NR, @

1l
R,N—P—NR;
o

NR,

(wherein &, b, ¢ and d are each a positive integer of 3 or
less. R's represent the same or different hydrocarbon
groups having 1 to 10 carbon atoms and two R's located on
each common nitrogen atom may be bonded to.each other to
form a ring structure. X is a halecgen atom, and X  is an
anion of a halogen atom which may be the same or different

from X.)

5. A novel phosphazenium salt represented by the

general formula (5):
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N u R2ZN-P-NR2 NR2 n (wherein nis an integer of 1 to
8 and represents the nunber of phosphazeni um cati ons,
and Z"- is an anion of an active hydrogen conpound in
a formderived by releasing n protons 5 froman active
hydr ogen conpound having a nmaxi numof 8 active
hydrogen atons. a, b, ¢ and d are each a positive
integer of .3 or less. R s represent the sane or

- SFdli8erent hydrocarbon groups having 1 to 10 carbon

atons and two R s |ocated on each conmon nitrogen

atom may be bonded to each 10 other to forma ring
—structure. RL is a hydrogen atomor a hydrocarbon
group hawRyg 1 to 10 carbon atons. D is a nonoval ent
group ich is bondedito Nwith the proviso that it
is ot ReNRfe a hydrogen atom and a saturated
hydroca Ui)n group.) [5 6. A novel phosphazeni um salt

%I byNR general formula (6): SF-1286 126 -
% :-}‘NR NR ZI" NR R3) R4 RS RZNP=N~N=P2 N p
foR NhﬁzDNRZdAz‘pe
RZN-'P—NRZ

[#4

{wherein n is an integer of 1 to 8 and represents the number
of phosphazenium cations, and Z" is an anion of an active
hydrogen compound in a form derived by releasing n protons
from an active hydrogen compound having a maximum of 8
active hydrogen atoms. a, b, ¢ and d are each a positive
integer of 3 or less. R's represent the same or different
hydrocarbon groups having 1 to 10 carbon atoms and two R's
located on each common nitrogen atom may be bonded to each
other to form a ring étructure. R' is a hydrogen atom or a
hydrocarbon group having 1 to 10 carbon atoms. D' is a
monovalent group which is bonded to N with the proviso that

it is other than a hydrogen atom and a saturated hydrocarbon

group. )

6. A novel phosphazenium salt represented by the

general formula (6):
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NRZR3 RZN-P-NRZ NR 2 n (wherein n is an integer of
1 to 8 and represents the nunber of phosphazeni um
cations, and Z"- is an anion of an active hydrogen
conpound in a formderived by releasing n protons 5
froman active. hydrogen conpound having a maxi mnum of
8 active hydrogen atons.. a, b, ¢ and d are each a
positive integer of 3 or less. R s represent the sane
SFot286fferent hydrocarbon Y2@ups having 1 to 10 carbon

atons and two R s

| ocated on each common nitrogen

atom may be bonded to each 10 oth
—Structure. Ais a hydrocarbon gro9
car bon at . Further, Rl is a hy
hydr ocar roup having 1 to 10
R4 andQQSTﬁ?éheach a hydrogen atg

er to forma ring

up having 1 to 20
drogen atom or a
carbon atonms. R2, R3,
m or a hydrocarbon
eis 0to 200.) 15

group hQ%Lng 1 to 8 carbon atonsg.
e

7. AN Jho zem'umRéRt repregented by the
RgiriePaN PN, SB{1286 1-H127 £ NE® ( RZN- P- NRZ
N NRR,& (#:I\lgz-ésl\lgp“"__N, MZ (7)) NR2 NRZ d
R;N—P—NR,
c
NR; n

(wherein n is an integer of 1 to 8 and represents the numbep
of phosphazenium cations, and Z* is an anion of an active
hydrogen compound in a form derived by releasing n protons
from an active.hydrogen compound having a maximum of 8

active hydrogen atoms.. a, b, ¢ and d are each a positive
integer of 3 or less. R's represent the same or different
hydrocarbon groups having 1 to 10 carbon atoms and two R's
located on each common nitrogen atom may be bonded to each
other to form a ring structure. A is a hydrocarbon group

having 1 to 20 carbon atoms. Further, R' is a hydrogen atom

or a hydrocarbon group having 1 to 10 carbon atoms. R?, R?,
R* and R’ are each a hydreogen atom or a hydrocarbon group
having 1 to 8 carbon atoms. e is 0 to 200.)}

7. A novel phosphazenium salt represented by the

general formula (7):
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N RZN-P-NR2 Ic NR2 n (wherein nis an integer of 1
to 8 and represents the nunber of phosphazeni um
cations, and Z"- is an anion of an active hydrogen
conpound in a formderived by releasing n protons 5
froman active hydrogen conpound having a maxi num of 8
active hydrogen atons. a, b, ¢ and d are each a
positive integer of 3 or less. R s represent the sane
SFol28% fferent hydrocarbon IgE'bups having 1 to 10 carbon
atons and two R s |ocated on each conmon nitrogen
atom may be bonded to each 10 other to forma ring
structure. RL is a hydrogeph atomor a hydrocarbon

group havindgNRz to 10 carboh atons. Mis a group
havi ng a ca’{bon carbon unsaturated bond.) 8. A novel
phosphazBIrﬁl 1m t represented by the 15 general
formul a (8 -------------- SF-1286 128 NR2
R2N- N 3 NFRZ + T n R2IN (8) NR2 4bl 62
d R P=m —(Igl N (N
NR.
RzN—P—NRz
c
B NR, n

(wherein n is an integer of 1 to 8 and represents the number
of phosphazenium cations, and Z% is an anion of an active
hydrogen compound in a form derived by releasing n protons
from an active hydrogen compound having a maximum of 8
active hydrogen atoms. a, b, ¢ and d are each a positive
integer of 3 or less. R's represent the same or different
hydrocarbon groups having 1 to 10 carbon atoms and two R's
located on each common nitrogen atom may be bonded to each
other to form a ring structure. R! is a hydrogen atom or a
hydrocarbonr group having 1 to 10 carbon atoms. M 1s a group

having a carbon-carbon unsaturated bond.)

8. A novel phosphazenium salt represented by the

general formula (8):
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R2N-U-NR2 R2 mn;, Cti (wherein mis an integer of 1
to 3 and represents the nunber of phosphazeni um
cations bonded to a silicon atom n' is an integer of
1 to 8 and represents the nunber of silicon 5
~conmpounds to whi ch phosphazeni um cati ons are bonded, n
isa mltiplier of mand n', and Zn- is an ani on of
an active hydrogen conmpound in a formderived by :
SErel®asing n protons fromliB active hydrogen conpound
havi ng a maxi rum of 24 active hydrogen atons. a, b, c
and d are each a positive 10 integer of 3 or less. Rs
represent the sane or different hydrocarbon groups
hayi ng 1 toyrl0 carboR atonms 3nd two R's |ocated on

egth co nitrogen @tom may be bonded to each other
to formReN-rit-fRz2structre. B ils a hydrocarbon group
having 1 O carbon tons. {Further, Rl is a hydrogen

ton11 ar n groyp having 1 to 10 carbon
ofal_greuF in which a Si-T bond
an beN )NRz y ¢y 1) 9. A method for

p Iyner|2| L cyclic noned by using SF-1286 - 129
t Ae supPpe¥ ’%aialys according to claimi1. 10. A
mef{ hod for bstitutifng a sulpstituent by using the
support ed cat‘al yst at®ordin Toclaiml. 5 11. A
reaction nethod for form ng a carbon-carbon bond

(wherein m is an integer of 1 to 3 and represents the number
of phosphazenium cations bonded to a silicon atom, n' is an
integer of 1 to 8 and represents the number of silicon

compounds to which phosphazenium cations are bonded, n is a

multiplier of m and n', and Z% is an anion of an active

- hydrogen compound in a form derived by releasing n protons

from an active hydrogen compound having a maximum of 24
active hydrogen atoms. a, b, ¢ and d are each a positive
integer of 3 or less. R's represent the same or different
hydrocarbon groups having 1 to 10 carbon atoms and two R's

located on each common nitrogen atom may be bonded to each

other to form a ring structure. B is a hydrocarbon group

having 1 to 20 carbon atoms. Further, R' is a hydrogen atom
or a hydrocarbon group having 1 to 10 carbon atoms. T is a
functional group in which a Si-T bond can be broken by

hydrolysis.)

8. A method for polymerizing a cyclic monomer by using



by using the supported catal yst according to claim 1.

SF-1286 - 129 -

the supported catalyst according to claim 1.

10. A method for substituting a substituent by using

the supported catalyst according to claim 1.

11. A reaction method for forming a carbon-carbon bond -

by using the supported catalyst according to .claim 1.



