
SF-1286 - 1 - DESCRIPTION NOVEL PHOSPHAZENE-SUPPORTED
CATALYST, NOVEL COMPOUND THEREOF  AND USE THEREOF 5
BACKGROUND OF THE INVENTION  1. Technical Field The
present invention relates to a novel phosphazene-
supported catalyst, a novel compound thereof and the
use  10 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 15 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  20 general formula
(9): NR2  RZN P NR2  N NR2 -a NR2 RZNtP NPN-P~NRZ Zn.
(9)  NR2 NR2 d N  



RZN-PNR2  c NR2 n SF-1286 - 2  (wherein n is an
integer of 1 to 8 and represents the number  of
phosphazenium cations, and Z- is an anion of a
n-valent  active hydrogen compound in a form derived
by releasing n  protons from an active hydrogen
compound having a maximum of 5 8 active hydrogen atoms
on an oxygen atom or a nitrogen atom.  a, b, c and d
are a positive, integer of 3 or less or 0,
respectively, with the proviso that they are not all 0
at the same time. R's represent the same or different
hydrocarbon groups having 1 to 10 carbon atoms and two
R's  10 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 15 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 20 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.
WO01/90220). 



The above-described supported catalyst is useful, but
25 bonds a crosslinked organic polymer support
directly or SF-1286 - 3  indirectly to a nitrogen atom
bonded to a phosphorus atom in  the center. This
causes a problem that the stability of a  cation is
not high in terms of its chemical structure and  thus
is likely to decompose. The cation of the  5
phosphazenium salt having the skeleton of the general
formula (9) has high stability in terms of its
chemical  structure. However, it has not been possible
to support the  phosphazenium salt having the skeleton
of the general  formula (9) on a support to hence
obtain such a supported 10 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 15 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 20 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  



25 catalyst to solve the above problems, and as a
result, have SF-1286 - 4  found that a specific
partial structural transformed product  of the
phosphazenium salt represented by the general formula
(9) can be used to obtain a supported catalyst having
the  skeleton of the general formula (9) and thus to
solve the 5 above problems, and then have completed
the invention.  Specifically, the invention relates to
a phosphazene- supported catalyst in which a support
is bonded to a group  represented by the general
formula (1): 2  R2N-P-NR2  N NR2a NR RZN _P=N)-IN=PNR
Z"" (1)  NR2 b NR2 d D N  R2N- NR2  Ic  NR2 n 10
(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, c
and d are each a positive 15 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. R1 is a hydrogen
atom or a  hydrocarbon group having 1 to 10 carbon
atoms. D is a SF-1286 - 5  direct bond or a divalent
group capable of bonding N to a  support). Further,
the invention relates to a novel phosphazene  compound
represented by the general formula (2) NR2  R2N-P-NR2
N NR2 a NR2  R2NtP=N}N NP NR (2)  NR2 b NR2 d N  u
R2N- NR2 c  5 NR2 (wherein a, b, c and d represent a
positive integer of 3 or  less, respectively. R's are
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 10 other to form a
ring structure.); a novel phosphazene compound
represented by the general  formula (3): NR2  



R2N-P-NR2 N NR2 a NR2  R2N--P=N N-PnG (3)  NR2 b NR2 d
N  R2N 4 NR2  c NR2  (wherein a, b, c and d are each a
positive integer of 3 or  15 less. G is an oxygen atom
or a sulfur atom. R's are the {pE SF-1286 - 6  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 novel phosphazenium salt represented by
the general  5 formula (4) NR2  R2N P NR2  r u N  NR~a
NR  R2N~P=N~N=P~X X (4) ( NR2 b NR2 d  N  u 



R2N-P-NR2  NR2  (wherein a, b, c 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 10 each common 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  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  R2N P NR2 NR2 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 5 from an active
hydrogen compound having a maximum of 8  active
hydrogen atoms. a, b, c 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 10 other to form a ring
structure. 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.), which are useful for producing
the supported 15 catalyst. The invention also relates
to a novel phosphazenium  salt represented by the
general formula (6): SF-1286 - 8 - NR2 R2N-P-NR2  N
NR2 'ta NR2\ Rt Ra R5  R2N _P=N ~bh -~N=P -I N A p f x
O~H Z (6)  NR2 NR2 d )( ` N R2 R3  R2 NR2 NR2 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 5 from an active hydrogen compound
having a maximum of 8  active hydrogen atoms. a, b, c
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 10 other to form a ring
structure. A is a hydrocarbon group  having 1 to 20
carbon atoms. Further, R1 is a hydrogen atom  or a
hydrocarbon group having 1 to 10 carbon atoms. R2, R3,
R4 and R5 are each a hydrogen atom or a hydrocarbon
group  having 1 to 8 carbon atoms. e is 0 to 200.) as
one 15 preferable embodiment of the phosphazenium salt
represented  by the general formula (5); a novel
phosphazenium salt represented by the general  formula
(7): ft SF-1286 - 9 - 2  R2N-P-NR2  N NR2 a NR RZN P-N
P+ N-P N Z (7)  NR2 ~ NRZ d M N  RA-P- NR2 NR2 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 5 from an active hydrogen compound
having a maximum of 8  



active hydrogen atoms. a, b, c 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 10 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 embodiment of the phosphazenium salt
represented  by the general formula (5); and 15 a
novel phosphazenium salt represented by the general
formula (8): SF-1286 - 10 - NR2 %N4-NR2  (R2 / ' R2
IIIVVV' NR BiT n N/ba--l~j1~ Z B _~` p~I IGRp NRp d
(4-m)  N RZNJ-NR2  t c  NRZ m (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 5
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 anactive hydrogen compound having a maximum of 24
active hydrogen atoms. a, b, c and d are each a
positive 10 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, R1 is a hydrogen atom 15 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). 'i. The invention also relates to a method for
polymerizing [ SF-1286 - 11  a cyclic monomer in which
the above-described supported  catalyst is used, a
method for substituting a substituent in  which the
above-described supported catalyst is used, and a
reaction method in which the above-described supported
5 catalyst is used in carbon-carbon bond forming
reactions.  The phosphazene-supported catalyst
according to the  present invention is highly
effective in proceeding various  organic reactions and
further has no reduction in activity  even after
recovery and reuse of the catalyst, and thus this 10
can be effectively reused and this is also
economically  advantageous. Further, the phosphazene
compound and the  phosphazenium salt of the invention
are not only  intermediates which can easily provide
the supported  catalyst of the invention as described
above, but also 



!!!il 15 catalysts 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  20
efficiency. DESCRIPTION OF THE EMBODIMENTS
Hereinafter, the invention will be described in
detail.  In the general formulae (1) to (8), R's
represent the  25 same or different hydrocarbon groups
having 1 to 10 carbon SF-1286 - 12  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 includes, for
example, an alkyl group 5 having 1 to 10 carbon atoms,
such as methyl, ethyl, and  propyl; an alkenyl group
having 2 to 10 carbon atoms, such  as vinyl and allyl;
an alkynyl group having 2 to 10 carbon  atoms, such as
ethynyl and propynyl, and the aromatic hydrocarbon
group includes, for example, an aryl group  10 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 more preferably a
methyl group and an  ethyl group. 15 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 20 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; 25 an arylene group having 6 to 20
carbon atoms, such as SF-1286 - 13  phenylene and
naphthylene; and an aralkylene group having 8  to 20
carbon atoms, such as phenylethylene. Among these,
preferred are tetramethylene and pentamethylene. Such
ring  structure may be formed by a portion or the
whole of each 5 common nitrogen atom to which two R's
are bonded. In the general formulae (1) to (8), a, b,
c and d are  each a positive integer of 3 or less.
They are preferably a  positive integer of 2 or less,
and a preferred combination  of a, b, c and d includes
(2,1,1,1) and (1,1,1,1) regardless 10 of the order of
a, b, c and d, and particularly preferred  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 R1 is not 15 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). R1 is preferably an
aliphatic 20 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 25 the
phosphazenium cation to the support and is not SF-1286
- 14  particularly limited as long as it does not
inhibit the  object of the invention. As described
above, D may be any one as long as it does  not
inhibit the object of the invention, and may be bonded
5 to a nitrogen atom of the phosphazenium cations via
a carbon  atom or bonded to a nitrogen atom of the
phosphazenium  cations via a heteroatom. However, it
is preferable that it  is bonded to a nitrogen atom of
the phosphazenium cations  via a carbon atom in
consideration of bond strength. 10 The distance
between the nitrogen atom contained in  Phosphazenium
cations and the support is not particularly  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
is generally 15 about 1 to 600, and from the viewpoint
of increasing the  catalyst concentration of the
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 phosphazene compounds (2) and (3),
the  20 phosphazenium 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
introduced with a functional group capable of  25
reacting with the above ones under the mild conditions
to SF-1286 - 15  form D. In the case of production of
such the production  method, their binding sites are a
bond containing a  heteroatom, usually an oxygen atom,
a nitrogen atom, a  sulfur atom or the like, such as
ether, ester, thioether, 5 thioester, amine, amide or
the like. Further, for example, as one example, it may
be  preferable that the phosphazenium salt (7) useful
for  preparing the supported catalyst of the invention
and a  compound containing a polymerizable functional
group are 10 polymerized, 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  15 example, a hydrocarbon group
which may have a heteroatom  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 



20 having 3 to 50 carbon atoms 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 25 naphthylene; an aralkylene group
having 7 to 100 carbon SF-1286 - 16  atoms such as
phenylmethylene; a hydrocarbon group  comprising a
combination of a hydrocarbon group such as
phenylenemethylene; those in which a portion of the
hydrogen  atoms of the above hydrocarbon group is
substituted by a 5 heteroatom such as an oxygen atom,
a nitrogen atom, a sulfur  atom and a silicon atom, or
a hydrocarbon group comprising  the above heteroatom;
those in which a portion of the carbon  atoms of the
above hydrocarbon group are substituted by a
heteroatom such as an oxygen atom, a nitrogen atom, a
sulfur 10 atom and a silicon atom, for example, an
alkylenedioxy group  having 1 to 50 carbon atoms such
as tetramethylenedioxy; a  cycloalkylenedioxy group
having 3 to 50 carbon atoms such as
cycloaexylenedioxy; an alkylenedithio group having 1
to 50  carbon atoms such as tetramethylenedithio; an
15 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): R4 RS 



j J"eA1 (10)  20 R2 R3 (wherein A is a hydrocarbon
group having 1 to 20 carbon  atoms. R2, R3, R4, and R5
are a hydrogen atom or a  hydrocarbon group having 1
to 8 carbon atoms. J's are an SF-1286 - 17  oxygen
atom, a sulfur atom or NR6, which may be the same or
different, and R6 is a hydrogen atom or a hydrocarbon
group  having 1 to 8 carbon atoms. A' is a direct bond
or a  hydrocarbon group having 1 to 20 carbon atoms. e
is from 0 5 to 200.). In addition, the specific
descriptions on A, R2,  14 R3, R4, R5 and e are the
same as in the general formula (6)  as described
below. R6 is the same as for RZ to R5. The
hydrocarbon group represented by A' is not
particularly  limited and may be an aliphatic
hydrocarbon group or an 10 aromatic hydrocarbon group.
Specific examples of the  aliphatic hydrocarbon group
and the aromatic hydrocarbon  group are the same as
for A in the general formula (6) as  described below.
Furthermore, as the divalent group represented by the
15 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): SF-1286 -
18 - z 



R2N-P-NR2  N  NR2 ~ NR2 R1 RzN_P=N~P`N=P~N (11)  NR2
b/JIv NR2 d N  RZN-P-NR2  NR2 n (wherein n, Z"-, a, b,
c, d, R and R1 have the same  meanings as in the
general formula (1).). D is preferably the divalent
group represented by the  5 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), Zn  is an anion of an active
hydrogen compound in a form derived  by releasing n
protons from an active hydrogen compound 10 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  15 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 { 



SF-1286 - 19  compound which has an active hydrogen
atom on an oxygen atom  includes, for example, water;
carboxylic acids such as  monocarboxylic acids having
1 to 20 carbon atoms and  polyvalent carboxylic acids
having 2 to 20 carbon atoms, 5 which contain 2 to 6
carboxyl groups; carbamic acids having  1 to 20 carbon
atoms; sulfonic acids having 1 to 20 carbon  atoms;
alcohols such as monohydric alcohols having 1 to 20
carbon atoms and polyhydric alcohols having 2 to 20
carbon  atoms, which contain 2 to 8 hydroxyl groups;
phenols having 10 6 to 20 carbon atoms, which contain
1 to 3 hydroxyl groups;  saccharides 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  15 formic
acid, acetic acid, trifluoroacetic 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
monocarboxylic acids such as benzoic acid and 2 20
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 25 carboxylic
acids such as phthalic acid and trimellitic acid.
SF-1286 - 20  



The carbamic acids having 1 to 20 carbon atoms
include,  for example, N,N-diethylcarbamic acid,
N-carboxyaniline, and
N,N'-dicarboxy-2,4-toluenediamine. The sulfonic acid
having  1 to 20 carbon atoms includes, for example,
aliphatic 5 sulfonic acids such as methanesulfonic
acid and  trifluoromethanesulfonic acid; aliphatic
sulfonic acids  containing heterocycles such as
2-morpholinoethanesulfonic  acid and
3-(N-morpholino)propanesulfonic acid; aromatic
sulfonic acids such as benzenesulfonic acid, p 10
toluenesulfonic acid, 4-nitrobenzenesulfonic acid,
4,4'- biphenyldisulfonic acid, 2-naphthalenesulfonic
acid and  picrylsulfonic acid; and heterocyclic
sulfonic acids such as  3-pyridinesulfonic acid. The
monohydric alcohols having 1 to 20 carbon atoms 15
include, for example, aliphatic monohydric 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 20 carbon atoms, which contain
2 to 8 hydroxyl groups include,  for example,
aliphatic polyhydric alcohols such as ethylene
glycol, propylene glycol, diethylene glycol,
butanediol,  trimethylolpropane, glycerin, diglycerol
and  pentaerythritol; and alicyclic polyhydric
alcohols such as  25 1,4-cyclohexanediol. SF-1286 - 21
The phenols having 6 to 20 carbon atoms, which contain



1 to 3 hydroxyl groups include, for example,
monovalent  phenols such as phenol, cresol,
nitrophenol, chlorophenol,  naphthol, anthrarobin,
9-phenanthrol and 1-hydroxypyrene; 5 and divalent
phenols such as catechol, dihydroxynaphthalene  and
bisphenol A. The saccharides or derivatives thereof
include, for example, saccharides such as glucose,
sorbitol,  dextrose, fructose and sucrose, or
derivatives thereof; and  the like. The polyalkylene
oxides having active hydrogen at 10 their terminals
include, for example, polyethylene oxide,
polypropylene 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. 15 Among the compounds from which Z"- 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 atoms, secondary amines  having
2 to 20 carbon atoms, polyvalent amines having 2 to 20
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 25 groups;
and amides such as unsubstituted or N SF-12'86 - 22
monosubstituted acid amides having 2 to 20 carbon
atoms,  cyclic amides of 5- to 7-membered rings and
imides of  



dicarboxylic acid having 4 to 10 carbon atoms. The
primary amines having 1 to 20 carbon atoms include,  5
for example, aliphatic primary amines such as
methylamine,  ethylamine and propylamine; alicyclic
primary amines such as  cyclohexylamine; aliphatic
primary amines containing an  aromatic ring such as
benzylamine and (3-phenylethylamine;  and aromatic
primary amines such as aniline and toluidine. 10 The
secondary amines having 2 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. 15 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 20 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,
pyrrole, indole, carbazole, imidazole, pyrazole,  25
and purine. SF-1286 - 23  The cyclic polyvalent amines
having 4 to 20 carbon  atoms, which contain 2 or 3
secondary amino groups, include,  for example,
piperazine, pyrazine, and 1,4,7- 



triazacyclononane. The unsubstituted or N-mono
substituted 5 acid amides having 2 to 20 carbon atoms
include, for example,  acetamide,
N-methylpropionamide, N-methylbenzoic acid amide,  and
N-ethylstearic acid amide. The cyclic amides of 5- to
7-membered rings include, for example, 2-pyrrolidone
and c- caprolactam. The imides of dicarboxylic acids
having 4 to 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  sulfur atom include, for
example, hydrogen sulfide; 15 thioalcohols such as
monohydric 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 thioalcohols having 1 to 20 carbon
atoms  include, for example, aliphatic monohydric
thioalcohols such 20 as methanethiol, ethanethiol and
allyl mercaptan; aliphatic  monohydric thioalcohols
containing an aromatic ring such as  benzyl mercaptan;
and alicyclic monohydric thioalcohols such  as
cyclopentyl mercaptan and cyclohexyl mercaptan. The
polyhydric thioalcohols having 2 to 20 carbon atoms
include, 25 for example, 1,2-ethanedithiol,
1,3-propanedithiol, 1,2,3 ff SF-.1286 - 24 - kl
propanetrithiol, and 2,3-di(mercaptomethyl)-1,4-
butanedithiol. 



The thiophenols having 6 to 20 carbon atoms include,
for example, monohydric thiophenols such as
thiophenol, 5 thiocresol and thionaphthol; and
dihydric thiophenols such  as 1,2-benzenedithiol.
Among the compounds from which Z is derived, the
inorganic acids include hydrogen halides such as
hydrogen  fluoride, hydrogen chloride, hydrogen
bromide, hydrogen 10 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  15 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 20 containing an
aromatic ring, aliphatic polyhydric alcohols,
alicyclic polyhydric alcohols, saccharides or
derivatives  thereof, polyethylene oxide,
polypropylene oxide, or  polyalkylene oxides, which
are copolymers of such oxides,  having a number
average molecular weight of 100 to 50000 and 25 having
2 to 8 terminals and 1 to 8 hydroxyl groups at the {
SF-1286 - 25 - terminals. For Z, anions may be
suitably selected according to  



the reactions since preferable anions vary depending
on the  types of the reactions which use the catalyst
of the 5 invention. For example, for polymerization of
cyclic  monomers such as alkylene oxide and the like,
preferred are  the anions derived by releasing the
active hydrogen from the  compound having active
hydrogen on an oxygen atom, and for  alkylation of a
phenolic hydroxyl group, preferred are 10 anions of
halogen atoms. In the general formulae (1), (5), (6)
and (7), n  represents the number of phosphazenium
cations, as well as  the number of protons released
from the active hydrogen  compound having a maximum of
8 active hydrogen atoms. n is 15 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 20 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 25
skeleton is bonded. n' is an integer of 1 to 8, and
SF-1286 26  preferably an integer of 1 to 3. Further,
n is a multiplier  of m and n', and represents the
total number of  



phosphazenium cations and the numbers of the protons
released from the active hydrogen compound having a
maximum 5 of 24 active hydrogen atoms. n is an integer
of 1 to 24,  and preferably an integer of 1 to 9. In
the general formula (4), X is a halogen atom, and X-
is an anion of the halogen atom. The halogen atom
represented by X includes, for example, a fluorine
atom, a 10 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
fluorine atom, a chlorine atom, and a  bromine atom,
but among these, preferred are anions of the 15
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  20 atom and a saturated hydrocarbon group
are excluded) . The monovalent group represented by D'
is not particularly  limited 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  I 25
cation. D' includes, for example, a hydrocarbon group
SF-1286 - 27  having a heteroatom such as an oxygen
atom, a sulfur atom, a  nitrogen atom and a silicon
atom, and a group having a  



reactive functional group containing a carbon-carbon
unsaturated bond or the like, and it may be, among
these 5 which are exemplified as to the above
described D, ones in  which one binding site of a
hydrocarbon group having a  heteroatom is blocked by
hydrogen, a halogen atom, silicon  and the like.
Preferable embodiments of the general formula (5) are
10 described below. (i) Phosphazenium salt in which D'
is a monovalent  group represented by the following
general formula (12):  R4 R5 (12)  R2 R3 (wherein A,
R2; R3, R4, R5, J and e are the same meaning as  15 in
the above described general formula (10)) in the
hydrocarbon group having a heteroatom such as an
oxygen atom,  a sulfur atom, a nitrogen atom and a
silicon atom. In  addition, specific descriptions on
A, R2, R3, R4, RS and e are the same as in the general
formula (6) as described  20 below. When J is NR6, R6
is the same as R2 to R5. (ii) Phosphazenium salt
represented by the general  formula (6) In the general
formula (6), A is a hydrocarbon group SF-1286 - 28
having 1 to 20 carbon atoms. The hydrocarbon group
having 1  to 20 carbon atoms represented by A may be
an aliphatic  hydrocarbon group or an aromatic
hydrocarbon group as long  



as it is a divalent hydrocarbon group. The divalent 5
hydrocarbon group includes, for example, an aikylene
group  having 1 to 20 carbon atoms such as methylene,
ethylene,  trimethylene and methylethylene; a
cycloalkylene group  having 3 to 20 carbon atoms such
as cyclohexylene; an  alkenylene group having 2 to 20
carbon atoms such as 10 vinylene and propenylene; a
cycloalkenylene group having 3  to 20 carbon atoms
such as cyclohexenylene; an arylene 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 15
combination of these groups such as phenylenemethylene
and  xylylene. Among 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  20 xylylene group. In
the general formula (6), R2, R3, R4 and R5 are a
hydrogen atom or a hydrocarbon group having 1 to 8
carbon  atoms. The hydrocarbon group represented by
R2, R3, R4 and R5  may be an aliphatic hydrocarbon
group or an aromatic 25 hydrocarbon group. The
aliphatic hydrocarbon group and the SF-1286 - 29
aromatic hydrocarbon group include, for example, among
specific examples of R and R' in the general formulae
(1) to  (6), those having 1 to 8 carbon atoms. R2, R3,
R4 and R5 are  preferably hydrogen or an aliphatic
hydrocarbon group, and 



5 more preferably hydrogen or a methyl group. In the
general  formula (6), e is from 0 to 200. Preferably,
e is from 0 to  100, and more preferably 0 to 30.
(iii) Phosphazenium salt represented by the general
formula (7) 10 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 carbon-carbon unsaturated bond,  15 including
an 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 20 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 25
double bond, such as vinyl, crotyl, allyl, styryl,
SF-1286 - 30  vinylbenzyl, styrylethyl, acryl,
methacryl or a group to  which a hydrocarbon group or
the like is further bonded to  the above-mentioned
groups, and more preferred is a group  having a
carbon-carbon double bond at its terminal, such as 5
vinyl, allyl, styryl, vinylbenzyl, styrylethyl, acryl,



methacryl or a group in which a hydrocarbon group or
the  like is further bonded to the above-mentioned
groups. (iv) Phosphazenium salt represented by the
general  formula (8) 10 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 or an
aromatic hydrocarbon group. The divalent 15
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 atoms such
as cyclohexylene; an  alkenylene group having 2 to 20
carbon atoms such as 20 vinylene and propenylene; a
cycloalkenylene group having 3  to 20 carbon atoms
such as cyclohexenylene; an arylene 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 25
combination of these groups such as phenylenemethylene
and { SF-1286 - 31  xylylene. Among 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 5
xylylene group. In addition, T is a functional group
in  



which a Si-T bond can be broken by hydrolysis, and it
includes, for example, a halogen atom such as F, Cl,
Br and  I, or an alkoxy group such as a methoxy group,
an ethoxy  group, a propoxy group and a butoxy group.
{ 10 Hereinbelow, the phosphazene-supported 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 15 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. 20
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. 10
(Industrial  Catalyst Reaction 4) Detailed Exposition
on Catalyst",  Catalyst Institute Ed. First release,
Kodansha (1986). 25 Specifically, an inorganic
support, which is typified by SF-1286 - 32  metal
oxides such as Si02, A1203, MgO, Ti02, Sn02, ZnO and
Zr02; complex metal oxides such as Si02-Al203,
Si02-MgO, Si02- Zr02 and zeolite; a metal salt of a
solid acid such as a  metal salt of heteropoly acid
and a metal salt of a solid 5 phosphoric acid, a
layered compound such as mica and  montmorillonite;
and clay mineral such as diatomaceous  



earth; an organic polymer support, which is typified
by an  organic polymer in which the main chain such as
polystyrene,  polyvinyl pyridine, pol butadiene and y
polyvinyl chloride is  10 a carbon-carbon bond; an
organic polymer containing oxygen  in its main chain
such as polyacrylic acid and  pofY(metha)acr late; an
organic Y polymer containing nitrogen  in its main
chain such as polyamide, polyurethane and  polyimide;
an organic polymer containing ymer containin silicon
in its main 15 chain such as polysiloxane and
polysilane; and an organic  polymer containing sulfur
in its main chain such as  polysulfide and
polysulfone; and a crosslinked organic  polymer
support typified by the polymers in which the above-
described organic polymer support has an appropriate
20 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 Si021 crosslinked and
non-crosslinked 25 polystyrene, and crosslinked and
non-crosslinked SF-1286 - 33  polyethylene. The
support is used in which a group capable  of bonding
to a group represented by the general formula (1)  in
the invention is introduced to such the support. As to
a  method to introduce these groups into the support,
various 5 examples are shown at pages 136 to 137, and
pages 149 to 150  



of the literature, as exemplified by a method in which
a  hydroxyl group is reacted with SOC12 on the surface
of SiO2,  and substituted by chlorine and then
introduced, a method in  which SiO2, the hydroxyl
group on its surface is chloridized, 10 is reacted
with phenyllithium, and then substituted for a  phenyl
group, which is chloromethylated and introduced, a
method in which polystyrene is chloromethylated and
introduced, and the like. Further, mention may be also
made  of a method wherein alkoxysilane containing a
chloromethyl 15 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 20
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. 25
For a specific method for preparing the supported
SF-1286 - 34  catalyst, first, a phosphazene compound
represented by the  general formula (2) (hereinafter,
referred to as a  "phosphazene compound (2)"), a
phosphazene compound  represented by the general
formula (3) (hereinafter, 5 referred to as a
"phosphazene compound (3)"), a  phosphazenium salt
represented by the general formula (4)  



(hereinafter, referred to as a "phosphazenium salt
(4)"), a  phosphazenium salt represented by the
general formula (5)  (hereinafter, referred to as a
"phosphazenium salt (5)"), a 10 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 15 (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 20 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 25 an alkali metal or
alkaline earth metal at a relatively SF-1286 - 35 -
higher temperature. ill NR2  R2N PP NR2 N  N a NR  R2
2 



R N P=N P+ N=P NR " 2 2 Q (13) B  NR2 ~ NR2 d  N R2N P
NR2 NR2 n (wherein n is an integer of 1 to 8 and
represents the number  { 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  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.) 10 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 15 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.
SF-1286 - 36  In the compound obtained by substituting
hydrogen of  the above-described active hydrogen
compound with an alkali  metal or alkaline earth
metal, the alkali metal or alkaline  



earth metal includes metallic lithium, metallic
sodium, 5 metallic potassium, metallic cesium,
metallic magnesium,  metallic calcium, metallic
strontium, and metallic barium.  The active hydrogen
compound includes the active hydrogen compound from
which Z"- is derived, and particularly  preferred are
alcohols, phenols, thioalcohols, thiophenols  10 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 15
conducted by the same method as that for preparing the
phosphazenium salt represented by the above-described
general formula (9), as disclosed in JP-A No.
10-77289,  except that reaction temperature is set to
be a relatively  higher temperature as described
above. Specifically, for 20 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
25 usually 1 to 10 equivalents, preferably 1 to 5
equivalents, SF-1286 - 37  and more preferably 1 to 2
equivalents, relative to one  equivalent of the
phosphazenium salt represented by the  general formula
(13). The reaction solvent is not particularly limited
as  



5 long as it does not inhibit the reaction, and any
known  solvent can be used. Specific examples thereof
include  aliphatic or aromatic hydrocarbons such as
n-hexane, benzene, toluene and tetralin; aliphatic or
aromatic halogenated  hydrocarbons such as methylene
chloride, chloroform and o- 10 dichlorobenzene; ethers
such as diethyl ether and tetrahydrofuran; nitriles
such as acetonitrile and  propionitrile; polar aprotic
solvents such as N,N- dimethylformamide,
dimethylsulfoxide, sulfolane,  hexamethylphosphoric
triamide and 1,3-dimethyl-2 15 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 20 temperature, in other words, in
a range of generally 80 to  300C, preferably 100 to
250C, and more particularly 120 to  200C. The pressure
at the time of reaction may be any one  of a reduced
pressure, a normal pressure and an elevated  pressure,
but it is in a range of preferably 10 to 500 kPa 25
(absolute pressure; this will hereinafter apply
equally), SF-1286 - 38  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, 5 preferably
1 to 50 hours, and more preferably 2 to 20 hours.  



Separation of the phosphazene compound (2) from the
reaction solution after reaction can be conducted
according  to a conventional method. For example, a
solution  containing the phosphazene compound (2) can
be obtained by 10 separating the solid content
contained in the 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.
15 The phosphazene compound (2) obtained as described
above can be further reacted with a compound
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 phosphazenium
salt (5). 20 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)
represented by the  following formula: X-E-Y (wherein
X is a halogen atom, E is  a hydrocarbon group which
may contain an oxygen atom, a 25 sulfur atom or a
nitrogen atom, Y is a hydroxyl group, a SF-1286 - 39
mercapto group or an amino group, which is protected
by a  protecting group), for example, a compound
wherein the  protecting group of Y is an alkylsilyl
group, to prepare the  phosphazenium salt (5) and then
to deprotect, thus to obtain 5 a structure having a
hydroxyl group, a mercapto group or an  amino group,
that is, the phosphazenium salt (5) and a  



phosphazenium salt (6) as a preferred embodiment
thereof.  Alternatively, according to a known method,
the deprotected  Y is allowed to react or polymerize
with a substituent such 10 as alkylene oxide, or
substituted alkylene oxide, oxygen of  which is
substituted for sulfur, nitrogen 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 its terminal. 15 The
reaction of the phosphazene 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 20 kind, the
concentration and the like of the reactant, but it  is
in a range of generally -78 to 100C, preferably -50 to
80C, and more particularly 0 to 50C. 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 25 range of preferably 10 to 500 kPa,
and more preferably 100 SF-1286 - 40  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 80
hours, and 5 more preferably 2 to 50 hours. The
phosphazenium salts (5)  and (6) can be separated from
the reaction solution by a  conventional method. For
example, the phosphazenium salts  



(5) and (6) can be obtained in the solid form or a
viscous  liquid by separating the solid contents
contained in the 10 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  t
chromatography and the like, if necessary. Further,
the phosphazene compound (2), for example, can  15 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 phosphazenium salt
(7). 20 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 phosphazene  compound (2). The heating temperature
can be appropriately 25 controlled depending on the
kind, the concentration and the SF-1286 - 41  like of
the reactant, but it is in a range of generally -78
to 100C, preferably -50 to 80C, and more particularly
0 to  50C. The pressure at the time of heating may be
any one of  a reduced pressure, a normal pressure or
an elevated 5 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, 10 preferably 0.5 to 80 hours, and more
preferably 2 to 50  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 15 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) can be reacted  20 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 a halogen atom, E'  is a
hydrocarbon group, Y' is a silyl group having a
hydrolyzable group such as at least one halogen atom
or an  25 alkoxy group) to obtain the phosphazenium
salt (8) having a SF-1286 - 42  silyl group containing
a hydrolyzable group bonded thereto.  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 5 for
the above-described preparation of the 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 100C, preferably -50 to 80C, and more particularly
0 to 10 50C. The pressure at the time of heating 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 to
300 kPa. The reaction time can  be appropriately
controlled depending on the reaction 15 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 80 hours, and more preferably 2 to 50
hours.  In addition, a non-polar solvent is used as
the reaction  solvent to produce a high polar reaction
product (8), and 20 then remove immediately the
product out 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 compound (3) can be  25
prepared by heating a phosphazenium salt represented
by the SF-1286 43  general formula (13), wherein the
anion is a hydroxyl anion  or a mercapto anion, at a
temperature higher than room  temperature in the
presence or absence of a solvent. The  heating, for
example, can be performed according to the 5 following
conditions. The reaction solvent is used as in  the
case for preparing the phosphazene compound (2). The
heating temperature may be appropriately controlled
depending on the kind, concentration, or the like of
the  reactant, but a temperature higher than room
temperature may 



10 be mentioned, that is, in a range of generally 50
to 300C,  preferably 80 to 250C, and more preferably
100 to 200C.  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 15 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. 20 Separation of the
phosphazene 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, 25 benzene, toluene, xylene and tetralin
to the reactant, and SF-1286 - 44  separating the
insolubles by filtration, centrifugation or  the like.
The solution can be concentrated to dryness to  obtain
the solid phosphazene compound (3) as a solid.
Further, purification can also be performed, if
necessary, 5 by recrystallization or the like. The
phosphazenium salt (4) can be prepared by reacting
the above obtained phosphazene compound (3) with, for
example, a halogenating agent such as phosgene,
thionyl  chloride, thionyl bromide, phosphorus
pentachloride, 10 phosphorus trichloride,
2,2-dichloro-1,3- 



dimethylimidazolidine, 2,2-difluoro-l,3-
dimethylimidazolidine. The reaction is performed
according  to the following conditions. The content of
the halogenating agent is generally in a  15 range of
1 to 10 equivalents, preferably 1 to 5 equivalents,
and more preferably 1 to 2 equivalents, based on 1
equivalent of the phosphazene compound (3). The
reaction  solvent is the same as in the case of
preparing the above- described phosphazene compound
(2) The reaction 20 temperature may be appropriately
controlled depending on the  kind, concentration, or
the like of the reactant, but it is  in a range of
generally -78 to 200C, preferably -50 to  150C, and
more preferably 0 to 100C. The pressure at the  time
of reaction may be any one of reduced, normal or 25
elevated pressure, but it is preferably in a range of
10 to SF-1286 - 45  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 5 generally 0.1 to 300 hours, preferably
0.5 to 200 hours, and  more preferably 2 to 150 hours.
Separation of the  phosphazenium salt (4) from the
reaction solution after the  reaction may be performed
according to the conventional  methods. For example,
the reaction solution is concentrated 10 to dryness to
obtain the phosphazenium 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 with a  compound (b)
exemplified by a compound having a protective  15
group such as an alkylsilyl group, represented by the
following formula: R'-NH-E-Y (wherein, Rl 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 20 compound
structure having a hydroxyl group, a mercapto 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, 25 nitrogen or the like
using a method known widely; or, by fr SF-1286 - 46
allowing polymerization, the phosphazenium salt (5)
and the  phosphazenium salt (6) as a preferred
embodiment thereof can  be prepared having the
terminals as a hydroxyl group, a  mercapto group, an
amino group or the like. 5 The reaction of the
phosphazene salt (4) and a compound  (b), for example,
can be performed according to the  following
conditions. The reaction solvent is the same as  in
the case of preparing the above-described phosphazene
compound (2). The reaction temperature may be
appropriately 10 controlled depending on the kind,
concentration, or the like  of a reactant, but it is
in a range of generally -78 to  



200C, preferably -50 to 150C, and more preferably 0 to
100C. The pressure at the time of reaction may be any
one  of reduced, normal or elevated pressure, but it
is 15 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 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 0.5 to 150 hours, and 20 more
preferably 2 to 100 hours. Separation of the
phosphazenium salt (5) or (6) from the reaction
solution may  be performed according to the
conventional methods. For  example, the solid content
is separated from the reaction  solution by
filtration, centrifugation or the like. The 25
solution is concentrated to dryness to obtain the
SF-1286 - 47  phosphazenium salt (5) or (6) as a solid
or viscous liquid.  Further, purification can also be
performed, if necessary,  by recrystallization, column
chromatography or the like. In the phosphazenium salts
(5), (6), (7) and (8) 5 prepared by the above, Z can
be substituted to a desired  anion by a method known
widely, if necessary. For example,  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 10 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. 



A phosphazene-supported catalyst of the invention can
be prepared by reacting with a support which has been
15 modified to react with the phosphazene compound (2)
or (3)  or the phosphazenium salt (4), (5), (6), (7)
or (8) with the  phosphazene compound (2) or (3) or
phosphazenium salt (4), { (5), (6), (7) or (8)
Particularly, for example, the  phosphazene compound
(2) or phosphazenium salt (5) or (6)  20 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 25 salt (4) with an aminated hydrocarbon
residue. Further, SF-1286 - 48  using silica gel as
the support, the phosphazenium salt (8)  can be
silylated with a silanol group which is present on
the surface of the silica gel by means of a known
method to  give a supported catalyst. 5 The reaction
between the phosphazene compound (2) or  the
phosphazenium salts (4), (5) or (6) and the support is
performed, for example, by the following conditions.
The reaction solvent is the same as in the case of
preparing the above-described phosphazene compound (2)
The  10 reaction temperature may be appropriately
controlled depending on the kind, concentration, or
the like of a  reactant, but it is in a range of
generally -78 to 200C,  preferably -50 to 150C, and
more preferably 0 to 100C.  



The pressure at the time of reaction may be any one of
15 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 20 generally 0.1 to 500
hours, preferably 0.5 to 300 hours, and  more
preferably 2 to 200 hours. Separation of the
phosphazene-supported catalyst from the reaction
solution  after the reaction may be performed
according to the  conventional methods. For example,
the phosphazene 25 supported catalyst (1) as a solid
contained in the reaction SF-1286 - 49  solution is
separated by filtration, centrifugation or the  like.
Further, purification can also be performed, if
necessary, by washing with water, an appropriate
solvent or  the like. 5 In addition, the reaction of
the phosphazenium salt (8)  with the support can be
conducted, for example, under the  following
condition. The phosphazenium salt (8) is supported by
bring it in  contact with a commercially available
silica gel and heating  10 it. At this time, a
reaction solvent may be used. The reaction solvent is
not particularly limited as long as it  is inert to
silica gel and the phosphazenium salt (8), but
preferred is a non-polar solvent such as benzene,
toluene,  hexane and the like. The reaction
temperature is in a range 



15 of generally 0 to 200C, preferably 20 to 150C, and
more  particularly 40 to 120C. 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 to 300 kPa. 20 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 25 necessary, the resultant is
washed with a solvent and the SF-1286 - 50  like and
then dried to give a phosphazene-supported catalyst.
After the reaction of phosphazene compound (2) or
phosphazenium salt (4), (5), (6) or (8) with the
support,  which is modified with halogenated
hydrocarbon residues, 5 aminated hydrocarbon residues
or the like, the unreacted  halogenated hydrocarbon
residues or aminated hydrocarbon  residues may be
deactivated via a conventional method. For  example,
the halogenated hydrocarbon residue can be
deactivated by treating with an alkali metal
alcoholate or 10 an alkaline earth metal alcoholate 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 15 alkyl halide or the like to form tertiary
amino structure.  



On the other hand, for example, the phosphazenium 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 20 according to a conventional method
(e.g., "4th 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. 25 Further, the
phosphazenium salt (8) and other SF-1286 - 51
alkoxysilane can be subject to
hydrolysis-polycondensation  by means of a known
method to synthesize a support and at  the same time
to give a phosphazene-supported catalyst. The  present
method can be conducted, for example, according to  5
the following condition. In the supporting method by
hydrolysis-polycondensation,  alkoxysilane which can
form a silica matrix and the  phosphazenium salt (8)
are made into a homogeneous solution  by using a polar
solvent such as methanol, ethanol and the 10 like,
which is inert to alkoxysilane 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 15 appropriately controlled
depending on the kind, the  concentration and the like
of the reactant, but it is in a  



range of generally 0 to 200C, preferably 20 to 150C,
and  more 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 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 25 hours, preferably 1
to 50 hours, and more preferably 2 to 20 SF-1286 - 52
- hours. Then, excess water is added to the reaction
mixture,  and the reaction mixture is gelled
immediately by placing it  under the basic condition
such as ammonia. At this time, 5 continuing heating
under the basic condition and aging in a  long-term
period are effective in viewpoint of improvement  in
strength of the catalytic structure. The phosphazene-
supported catalyst after reaction can be separated by
a  conventional method. For example, the
phosphazene-supported 10 catalyst 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
drying. In the phosphazene-supported catalyst prepared
by the  15 above, Z"- can be substituted to a desired
anion, which is  appropriate for the reaction type
which uses the catalyst,  by a method known widely.
For example, the substitute can  



be performed by a method of contacting with a compound
having a desired anion, particularly, an ion exchange
method 20 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 25
above is useful as a catalyst for various organic
reactions, SF-1286 - 53  and particularly, it is
useful as a catalyst for  polymerizing a cyclic
monomer and for substituting a  substituent. In
addition, the phosphazene compounds (2) and  (3) and
the phosphazenium salts (4), (5), (6), (7) and (8) 5
of the invention which are useful for preparing the
hos hazene-su p p pported catalyst of the invention
can be a  useful as a catalyst for performing various
reactions as  themselves. Further, the phosphazenium
cations in the phosphazene- 10 supported catalyst
represented 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 15 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. 20 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, a-amino acid-N-carboxylic acid anhydrides,
cyclic phosphates, cyclic phosphonic acid esters, and
cyclic 25 siloxanes. As a method for polymerizing a
cyclic monomer SF-1286 - 54  using the
phosphazene-supported catalyst of the invention,
polymerization of alkylene oxide as an example will be
[ described as below. Alkylene oxide is not
particularly limited, but 5 examples may include epoxy
compounds such as ethylene oxide,  propylene oxide,
1,2-butylene oxide, 2,3-butylene oxide,  styrene
oxide, cyclohexene oxide, epichlorohydrin,
epibromohydrin, methylglycidyl ether, allylglycidyl
ether,  phenylglycidyl ether, and these may be used
alone or in a 10 mixture of 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 10-1'5
to 5 x 10-1 mole, and preferably 1 x 10-7 to  1 x 10-2
mole. 15 A method for polymerization of alkylene oxide
is not  particularly limited, but employing
conventional methods  shown in, for example, JP-A Nos.
10-77289 and 2000-327769  are preferred. In general,
the phosphazene-supported  



catalyst is added into the reactor together with
active 20 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 continuously is  employed. 25
Substitution of a substituent using the phosphazene
SF-1286 - 55  supported catalyst of the invention may
include, for example,  alkylation or thioalkylation of
phenolic hydroxyl group,  substitution of halogen of
aliphatic or aromatic halides and  an alkoxy group, a
thioalkyl group, an amino group, a 5 fluoride group, a
cyano group, a carboxyl group and an  aryloxy group,
substitution of an aliphatic or aromatic  sulfonate
compound and an alkoxy group, a thioalkyl group,  an
amino group, a fluoride group, a cyano group, a
carboxyl  group and an aryloxy group, and
transesterification of an 10 aliphatic or aromatic
carboxylate compound and an alkoxy  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. 15 By reacting an
aromatic compound having at least one  hydroxyl group
bonded to its aromatic ring with carbonic  acid
diester in the presence of phosphazene-supported
catalyst of the invention, aromatic ethers in which a
hydroxyl group in the aromatic compound is etherified
can be 



20 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.  25 In the case
where an aromatic compound having at least one SF-1286
- 56  hydroxyl group bonded thereto its aromatic ring
is a  compound having a plurality of hydroxyl group,
according to  the reaction conditions for the reaction
with an aromatic  ring, a compound having one or a
plurality of hydroxyl group 5 being etherified can be
obtained. The above-described aromatic compound and
carbonic acid  diester which can be used as raw
materials are disclosed in  JP-A No. 2004-107266. The
content of the phosphazene- supported supported
catalyst provided in an alkylation of a phenolic 10
hydroxyl group is not particularly limited, but it is
in a  range of generally 1 x 10-7 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 to  employ a conventional
method shown in JP-A No. 2004-107266. 15 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  20 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 of carbonic acid diester, the
reaction temperature  and the pressure. The conditions
of the reaction 25 temperature, the pressure and the
like are not particularly SF-1286 - 57  limited as
long as an aromatic ether is formed by the
conditions. The reaction temperature and the pressure
are  generally 0C to 250C and 1 atm to 100 atm. The
reaction  time is not consistent according to the kind
and the amount 5 of the compound having at least one
hydroxyl group directly  bonded to its aromatic ring,
the kind and the amount of  carbonic acid diester, the
kind and the amount of a catalyst,  the reaction
temperature, the reaction pressure and the kind  and
the amount of the solvent used, but it is generally 15
10 minutes to 100 hours. In the above-described
reaction, by  using the phosphazene-supported catalyst
of the invention as  a catalyst, the target product
can be very efficiently  obtained. The carbon-carbon
bond forming reaction using the  15
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 20 using the
phosphazene-supported catalyst of the invention,  



the aldol reaction is explained below as an example.
When a carbonyl compound such as aldehyde and ketone
functions under a basic condition, so-called an aldol
reaction (condensation) occurs, to give a
0-hydroxycarbonyl 25 compound or an a,(3-unsaturated
carbonyl compound. SF-1286 - 58  The amount of the
phosphazene-supported catalyst used  in the reaction
is not particularly limited, but it is in  the range
of generally 1 x 10 ' to 10 mol, and preferably 1 x
10_3 to 1 mol, based on one mole of the carbonyl
compound. 5 The reaction method is not particularly
limited, and a known  method can be employed. Usually,
the carbonyl compound as a  reactant is reacted using
an inert solvent or the carbonyl  compound itself as a
solvent in the presence of a catalyst. The amount of
the solvent used is not limited, and it  10 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 for reaction are  usually -78C to 250C, and 1
atm to 100 atm, respectively.  15 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 15 minutes to 100 hours. In the above 20
described reaction, an objective product can be
efficiently  obtained by using the
phosphazene-supported catalyst of the  



invention as a catalyst. [Examples]  25 The invention
will be described in detail with respect SF-1286 - 59
to the following examples, but the invention is not
limited  thereto. (Example 1) 5 Synthesis of 1,1,1-
tris{[tris(dimethylamino)phosphoranylidene]amino}-3,3-
[
bis(dimethylamino)-3-methylamino-1,5,3X5-diphosphazene
(hereinafter, abbreviated as PZNB) Into a 1-L glass
flask equipped with a stirrer, which  10 was kept
under a nitrogen atmosphere, 54 g of
tetrakis[tris(dimethylamino)phosphoranylideneamino]pho
sphoni  um chloride and 13 p y g of potassium-l-oct
lthiolate were  introduced. 450 ml of tetralin was
added thereto to give a  suspension. With stirring,
the suspension was heated to 15 185C 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-d6 and hexamethylphosphorictriamide was
used as 20 an internal standard in performing
measurement of 31P-NMR.  From this, a quintuplet
corresponding to 1 atom of  phosphorus at -30.3 ppm, a
doublet corresponding to .3 atoms  



of phosphorus at 6.79 ppm, a doublet corresponding to
1 atom  of phosphorus at 16.04 ppm were observed, and
the 25 concentration of PZNB in the solid was 0.163
mmol/g. SF-1286 - 60  Further, 725 of a parent peak
corresponding to PZNB were  observed by FD-MS
analysis. A 62.0 g of pale yellow solid  was obtained
when the yellow solution was distilled off  under
reduced pressure. The results of the 31P-NMR and FD-MS
5 analysis on the solid were the same as that of the
yellow  solution. (Example 2) Synthesis of
polymer-supported phosphazenium chloride  10 Into a
1-L 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-C1, 1.05 mmol-Cl/g) and
430 g of tetralin was 15 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 mixture was
stirred continuously for 4 days. Thus obtained
suspension  was filtered under a nitrogen atmosphere,
and was washed 20 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 70C under reduced pressure  of 1 mmHg to
yield 72 g of polymer-supported phosphazenium
chloride. A portion of the solid was subjected to
31P-NMR 



25 measurement, using
tetrakis(dimethylamino)phosphonium SF-1286 - 61
tetrafluoroborate as an internal standard. From this,
a peak  corresponding to 1 atom of phosphorus at -35.4
ppm, a peak  corresponding to 4 atoms of phosphorus at
5.8 ppm were  observed, and the concentration of
phosphazenium cations as 5 measured by 31P-NMR in the
solid was 0.427 mmol/g.  (Example 3) Synthesis of
polymer-supported phosphazenium hydroxide  Into a l-L
glass flask equipped with a stirrer and a  10 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 15 of sodium methoxide in
100 ml of methanol was added, and was  heated under
reflux for 8 hours and then cooled to room
temperature. 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. 20 The residual solid was dried
under heating at 70C under  reduced pressure of 1 mmHg
to yield 49 g of polymer- supported phosphazenium
hydroxide. The concentration of  phosphazenium cations
as measured by 31P-NMR in the solid was  0.431 mmol/g.
In addition, chlorine atoms were not observed 25 by
elemental analysis, and the anion became hydroxide
SF-1286 - 62 - 



quantitatively. (Example 4) Synthesis of
polymer-supported phosphazenium iodide 5 8 g of
polymer-supported phosphazenium hydroxide (3.4  mmol
in terms of phosphazenium cations) obtained in Example
3 was packed in a column. The column treated by
contact  with 210 g of a 4% aqueous sodium chloride
solution, and  further washed with water. Then, the
column treated by 10 contact with 61 g of a 4% aqueous
sodium iodide solution,  and again washed with water.
The obtained solid after  treatment was dried under
heating at 70C under reduced  pressure of 1 mmHg to
give polymer-supported phosphazenium  iodide. The
concentration of phosphazenium cations as 15 measured
by 31P-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) 20 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
79 g of a  tetralin solution of PZNB (13 mmol in terms
of PZNB) 25 obtained in Example 1 were introduced and
the mixture was 1E  XR SF-1286 - 63  stirred overnight
at room temperature. After the reaction,  tetralin was
distilled off under reduced pressure, and 100  



ml of hexane was added with stirring. The hexane was
removed by decantation. Such washing with hexane was 5
performed total of five times, and the resulting
mixture was  dried under heating at 70C under reduced
pressure of 1 mmHg.  Next, while ice-cooling the
flask, a solution (1.0 M, 14  mmol) of tetrabutyl
ammonium fluoride in tetrahydrofuran  (hereinafter
referred to THF) was added and the mixture was F 10
stirred at 40C for 3 hours, and then 14 ml (14 mmol)
of a 1  N aqueous hydrochloric acid solution was
added, and further  stirred continuously. Then, THE
and water were distilled  off under reduced pressure.
To the residue, 250 ml of  methylene chloride was
added and formed a solution, and 15 using a separatory
funnel the solution was washed with water.  The
methylene chloride layer was condensed to yield a 10.8
g  t of viscous liquid. Next, to the obtained viscous
liquid, a t 70% aqueous ethylamine solution was added
until it dissolved.  The obtained solution was put
into 300-ml glass flask 20 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 filtered, washed with
water and dried under heating at 70C under reduced
pressure 25 of 1 mmHg to yield 7.0 g of phosphazenium
iodide having SF-1286 - 64  hydroxyl group, as white
crystals. A portion of the  solution was added to
benzene-d6 and  



hexamethylphosphorictriamide was used as an internal
standard in performing measurement of 31P-NMR. From
this, a 5 quintuplet corresponding to 1 atom of
phosphorus at -33.2  ppm, a doublet corresponding to 3
atoms of phosphorus at  7.45 ppm, a doublet
corresponding to 1 atom of phosphorus at  8.68 ppm
were observed, and the purity was 96.5%. Further,  846
of a parent peak corresponding to phosphazenium
cations 10 were observed by FD-MS analysis.  (Example
6) Synthesis of phosphazenium iodide having
polypropylene  oxide as side chain 15 Into a 70-ml
autoclave which was kept under a nitrogen  atmosphere,
5.1 g (5.2 mmol) of phosphazenium iodide  obtained in
Example 5, 0.01 g (0.26 mmol) of potassium  hydride
and 30 ml of THE were introduced and the mixture was
heated to 80C with stirring for 3 hours, and then
cooled to 20 room temperature. Next, 3.0 g (52 mmol)
of propylene oxide  was added and heated to 80C with
stirring for 20 hours.  After the reaction, the
reaction solution was cooled to room  temperature, and
0.3 ml (0.3 mmol) of a 1 N aqueous  hydrochloric acid
solution was added. The reaction solution 25 after
washing with water was dried under heating at 70C
SF-1286 - 65  under reduced pressure of 1 mmHg to
yield an 8.0 g of  viscous liquid. A portion of the
solution was added to  dimethylsulfoxide-d6
(hereinafter referred to DMSO-d6) and
hexamethylphosphorictriamide was used as an internal 



5 standard in performing measurement of 31P-NMR. From
this, a  fE quintuplet corresponding to 1 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, 10
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. 15 (Examples 7 to 11)
Synthesis of phosphazenium iodide having polyalkylene
oxide as side chain Synthesis was conducted in the
same manner as in  20 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. 25 SF-1286 - 66 - Table 1 Type of Content Number
Molecular Average  Alkylene Molar Average Weight
Addition  Oxide Ratio of Molecular Distributi Number
of Alkylene Weight (Mn) on (Mw/Mn) Alkylene Oxide  



Oxide/Phos by FD-MS by FD-MS Calculated  -phazenium
Analysis Analysis from Mn iodide (proportional  to
Phosphazenium fl Iodide)  Ex. 7 Propylene 20.0 1893
1.01 18.0  Oxide Ex 8 Ethylene 7.3 1087 1.01 5.5
Oxide 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  (Example 12)
Synthesis of polymer-supported phosphazenium hydroxide
5 Into a 50-m1 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 introduced, and 10 the mixture was
stirred at room temperature for 3 hours.  Into another
100-m1 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, 15 Inc., ArgoPore-C1, 1.05 mmoi-C1/g)
and 50 ml of DMF were  introduced and the mixture was
stirred at room temperature 



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 completion
of the reaction, the filtration was 5 performed. The
obtained resins as a residual solid were
Soxhlet-washed with 1,4-dioxane as a solvent, and
dried  under heating at 70C 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, 10 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, 15 washed with water, treated by contact
with 34 g of a 4%  aqueous sodium hydroxide solution
and further washed with  water. Then, the residual
solid was dried at 70C under  reduced pressure of 1
mmHg to yield 5.3 g of polymer- supported
phosphazenium hydroxide. A portion of the solid 20 was
subjected to 31P-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 25 concentration of
phosphazenium cations as measured by 31P-NMR SF-1286 -
68 - 



in the solid was 0.122 mmol/g. fi (Example 13 to 17) I
Synthesis of polymer-supported phosphazenium hydroxide
5 The reaction was conducted in the same manner as in
Example 12, except that phosphazenium iodide obtained
in  Examples 7 to 11 was used instead of phosphazenium
iodide  obtained in Example 6 used in Example 12,
therefore a  variety of polymer-supported
phosphazenium hydroxide was 10 synthesized. The
results are shown in Table 2.  Table 2 Value of
61P-NMR Used Concentration of Phosphazenium Shift
(ppm, (Number of phosphazenium  Iodide Phosphorus))
cations (mmol/g)  Ex. 13 Ex. 7 -35.6(1), 5.5(4) 0.089
Ex. 14 Ex. 8 -35.5(1), 5.9(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)phosphor
anylid
ene]amino})phosphoranylidene]amino}phosphinoxide
(hereinafter, abbreviate as PZND) Using the method as
disclosed in JP-A No. 11-240893,  20 7607 g of 



SF-1286 - 69
tetrakis[tris(dimethylamino)phosphoranylideneamino]pho
sphoni  t um hydroxide in an aqueous solution was
obtained. The  aqueous solution was distilled off
under reduced pressure of  50 to 100 mmHg at 60C to
yield 180 g of 5
tetrakis[tris(dimethylamino)phosphoranylideneamino]pho
sphoni  t um hydroxide as a solid. The solid was
transferred to a 5-L  glass flask and heated at 130C
for 5 days having nitrogen  flow through nitrogen
injecting tube in a speed of 10 ml/min.  After cooling
to about room temperature, 3 L of hexane was 10 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. n-hexane within the
solution was distilled off 15 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 yield 110 g of a white solid. To a portion of the
solid, DMSO-d6 was added and
hexamethylphosphorictriamide 20 was used as an
internal standard in performing measurement  of
31P-NMR. From this, a quintuplet corresponding to 1
atom  of phosphorus at -25.46 ppm, a doublet
corresponding to 1  atom of phosphorus at 7.08 ppm, a
doublet corresponding to 3  atoms of phosphorus at
8.64 ppm were observed, and the 25 purity was 97.5%.
Further, 711 parent peak corresponding to 



SF-1286 - 70 PZND was observed by FD-MS analysis.  [
(Example 19) Synthesis of 1,1,1 5
tris{[tris(dimethylamino)phosphoranylidene)amino}-3,3-
bis(dimethylamino)-3-chloro-375-diphosphaze-l-nium
chloride  (hereinafter, abbreviated as PZND-Cl) In a
500-ml glass flask equipped with a stirrer, which  was
kept under a nitrogen atmosphere, 30 g (42 mmol) of
PZND  10 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, THE was
distilled off under reduced pressure, and then 50 ml
of THE 15 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  20
mmHg to yield 26 g of a white solid. A portion of the
solid  was added to DMSO-d6 and hexamethylphosphoric
triamide was  used as an internal standard in
performing 31P-NMR  measurement. From this, octets
corresponding to 1 atom of  phosphorus at -29.81 ppm,
a doublet corresponding to 1 atom 25 of phosphorus at
6.22 ppm, and a doublet corresponding to 3 SF-1286 -
71  



atoms 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-MS
analysis.  5 (Example 20) Synthesis of a siloxy
group-containing phosphazenium  chloride Into a 300-ml
glass flask equipped with a stirrer,  which was kept
under a nitrogen atmosphere, 21 g (27 mmol)  10 of
PZND-Cl obtained in Example 19, 150 ml of o 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 120C for 24 hours and then 15 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 20 solid was added to THF-d8 and phosphoric acid
tri-n-butyl  ester was used as an internal standard in
performing 31P-NMR  measurement. From this, octets
corresponding to 1 atom of  phosphorus at -27.52 ppm,
a doublet corresponding to 1 atom  of phosphorus at
9.77 ppm, and a doublet corresponding to 3  25 atoms
of phosphorus at 10.45 ppm were observed. SF-1286 - 72
- (Example 21) Synthesis of a hydroxyl
group-containing phosphazenium  



iodide 5 Into a 500-ml glass flask equipped with a
stirrer,  which was kept under a nitrogen atmosphere,
200 ml of THF,  10.9 g (455 mmol) of sodium hydride,
and 67 g (470 mmol) of  methyl iodide were introduced,
and the mixture was stirred  at room temperature for 2
hours. Thereafter, 41 g of a THF 10 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 15 obtained solid was dissolved again in
300 ml of methylene  chloride and the insolubles were
filtered and methylene  chloride was distilled off
from the filtrate under reduced  pressure to yield 41
g of a white solid. Into a 500-ml  glass flask
equipped with a stirrer, which was kept under a 20
nitrogen atmosphere, the above white solid and 200 ml
of THF  were introduced, and the mixture 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. 25 To the reaction
solution, 300 ml of water and 300 ml of SF-1286 - 73
methylene chloride were added for liquid-separation,
and the  solvent was distilled off from an organic
solvent layer  under reduced pressure to give a solid,
which was  recrystallized from a 70% aqueous ethyl
amine solution, thus 



5 to yield a 29 g of white solid. A portion of the
solid was  added to DMSO-d6 and hexamethyl phosphoric
triamide was used  as an internal standard in
performing 31P-NMR measurement.  From this, a
quintuplet corresponding to 1 atom of  phosphorus at
-33.34 ppm, a doublet corresponding to 3 atoms 10 of
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) 15 Synthesis of
polymer-supported phosphazenium hydroxide  Into a
100-ml glass flask which was kept under a  nitrogen
atmosphere, 0.7 g (29 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 20 further added thereto, and the mixture was
stirred at room  temperature for 3 hours. Into another
500-m1 glass flask  equipped with a stirrer, which was
kept under a nitrogen  atmosphere, 26.6 g of a
chloromethylated polystyrene-based  resin (28 mmol in
terms of chlorine atoms) (manufactured by 25 Argonaut
Technologies, Inc., ArgoPore Cl, 1.05 mmol-Cl/g),
SF-1286 - 74  and 300 ml of DMF were introduced, and
the mixture was  stirred at room temperature for 2
hours. Then, the entire  amount of a DMF solution of
the previously prepared sodium  salt of phosphazenium
iodide was added thereto, and the 5 mixture was
further stirred for 20 hours. After completion  of the
reaction, the resulting mixture was filtered and the  



resin obtained as a residual solid was washed five
times  with 50 ml of methanol and dried under heating
at 70C under  reduced pressure of 1 mmHg. Into a
500-ml glass flask 10 equipped with a stirrer and a
cooler, which was kept under a  nitrogen atmosphere,
the dried resin and 200 ml of methanol  were
introduced, and the mixture was stirred at room
temperature for 1 hour. To this, a solution (100 ml)
of 7.9  g of sodium methoxide in methanol was added,
and the mixture 15 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 solid was dried at 70C under 20
reduced pressure of 1 mmHg to yield 35 g of polymer-
supported phosphazenium hydroxide. A portion of the
solid  was subjected to 31P-NMR measurement, using
tetrakis(dimethylamino)phosphonium tetrafluoroborate
as an  internal standard. From this, a peak
corresponding to 1 25 atom of phosphorus at -35.5 ppm,
and a peak corresponding to SF-1286 - 75  4 moles of
phosphorus at 5.9 ppm were observed, and the
concentration of phosphazenium cations as measured by
31P-NMR  in the solid was 0.371 mmol/g. 5 (Example 23)
Synthesis of polymer-supported phosphazenium chloride
17.4 g of a polymer-supported phosphazenium hydroxide
(6.6 mmol in terms of phosphazenium cations) obtained
in  



Example 22 was packed in a column and was treated by
contact 10 with 398 g of a 4% aqueous sodium chloride
solution and  further washed with water. Then, the
solid after treatment  was dried at 70C under reduced
pressure of 1 mmHg to give a  polymer-supported
phosphazenium chloride. The concentration  of
phosphazenium cations as measured by 31P-NMR in the
solid  15 was 0.368 mmol/g. (Example 24) Synthesis of
a siloxy group-containing phosphazenium  chloride 20
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 25 containing
phosphazenium chloride were observed by FD-MS SF-1286
- 76 - analysis. (Example 25) Synthesis of a hydroxyl
group-containing phosphazenium  5 hexafluorophosphate
The reaction was conducted in the same manner as in
Example 21, except that phosphazenium chloride
obtained in  Example 24 was used instead of
phosphazenium chloride used  in Example 21, to give a
white solid. Into a 50-ml glass 10 flask, 3.0 g of the
above 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 15 white solid crystals. A portion of
the solid was added to  DMSO-d6 and
hexamethylphosphoric triamide was used as an  internal
standard in performing 31P-NMR measurement. From
this, a quintuplet corresponding to 1 atom of
phosphorus at  -33.31 ppm, a doublet corresponding to
3 atoms of phosphorus 20 at 7.58 ppm, a doublet
corresponding to 1 atom of phosphorus  at 7.72 ppm and
a heptet corresponding to 1 atom of  phosphorus at
57.0 ppm were observed, and the purity was  91.4%.
Further, 858 of a parent peak corresponding to a
phosphazenium cations portion was observed by FD-MS
analysis.  25 SF-1286 - 77 - (Example 26) Synthesis of
polymer-supported phosphazenium  hexafluorophosphate
Into a 50-ml glass flask which was kept under a 5
nitrogen atmosphere, 0.07 g (1.7 mmol) of potassium
hydride  and 10 ml of DMF were introduced, 1.3 g (1.3
mmol) of  phosphazenium hexafluorophosphate obtained
in Example 25 was  further added thereto, and the
mixture was stirred at room  temperature for 3 hours.
Into another 100-ml glass flask 10 equipped with a
stirrer, which was kept under a nitrogen  atmosphere,
1.1 g of a chloromethylated polystyrene-based  resin
(1.3 mmol in terms of chlorine atoms) (manufactured by



Argonaut Technologies, Inc., ArgoPore Cl, 1.20
mmol-Cl/g)  and 15 ml of DMF were introduced, and the
mixture was 15 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 20 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 70C under
reduced pressure of 1  mmHg to yield 1.1 g of
polymer-supported phosphazenium hexafluorophosphate. A
portion of the solid was subjected  25 to 31P-NMR
measurement, using SF-1286 - 78 -
tetrakis(dimethylamino)phosphonium tetrafluoroborate
as an  internal standard. From this, a peak
corresponding to 1  atom of phosphorus at -35.7 ppm,
and a peak corresponding to  4 moles of phosphorus at
5.9 ppm were observed, and the 5 concentration of
phosphazenium cations as measured by 31P-NMR  in the
solid was 0.266 mmol/g. (Example 27) Synthesis of
polymer-supported phosphazenium hydroxide  [ 10 Into a
50-ml glass 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 introduced, and the
mixture was stirred at 



15 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% 20 aqueous
sodium hydroxide solution and washed with water.
Then, the residual solid was dried at 70C under
reduced  pressure of 1 mmHg to yield a 1.1 g of
polymer-supported  phosphazenium hydroxide. A portion
of the solid was  subjected to 31P-NMR measurement,
using 25 tetrakis(dimethylamino)phosphonium
tetrafluoroborate as an SF-1286 - 79  internal
standard. From this, a peak corresponding to 1  atom
of phosphorus at -35.7 ppm, and a peak corresponding
to  4 moles of phosphorus at 5.9 ppm were observed,
and the  concentration of phosphazenium cations as
measured by 31P-NMR  5 in the solid was 0.297 mmol/g.
(Example 28) Synthesis of polymer-supported
phosphazenium hydroxide  Into a 100-ml glass flask
equipped with a stirrer, 10- which was kept under a
nitrogen atmosphere, 4.7 g of a  chloromethylated
polystyrene-based resin (2.0 mmol in terms  of
chlorine atoms) (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  15 room temperature for 1
hour. Thereafter, 17.8 g of a  tetralin solution of
PZNB (2.7 mmol in terms of PZNB)  



obtained in Example 1 in was added thereto, and the
mixture  was further stirred continuously for 4 days.
Thus obtained  suspension was filtered under a
nitrogen atmosphere, and 20 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 70C under reduced
pressure of 1 mmHg to yield 5.0 g of polymer-supported
phosphazenium chloride. A portion of the solid was 25
subjected to 31P-NMR measurement, using SF-1286 - 80 -
tetrakis(dimethylamino)phosphonium tetrafluoroborate
as an  internal standard. From this, a peak
corresponding to 1  atom of phosphorus at -35.4 ppm,
and a peak corresponding to  4 moles of phosphorus at
5.8 ppm were observed, and the 5 concentration of
phosphazenium cations as measured by 31P-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  10 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 15
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 70C
under  reduced pressure of 1 mmHg to yield a 2.3 g of
polymer 20 supported phosphazenium hydroxide. The
concentration of  phosphazenium cations by 31P-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.  25 SF-1286 - 81 - (Examples 29 to 30)
Synthesis of polymer-supported phosphazenium hydroxide
The reaction was conducted in the same manner as in
Example 28, except that the kinds of the
chloromethylated 5 polystyrene-based resin used in
Example 28 were changed,  thus to synthesize various
polymer-supported phosphazenium  hydroxide. The
results are shown in Table 3. Table 3 31P-NMR
Concentrat  Content Name of Shift value ion of  of
chloromethylated (ppm, phosphazen  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 Cl
0.70 -35.5(1), 0.165 30 manufactured by 5.8(4)
Aldrich 10 (Example 31) t#~  tk!  SF-1286 - 82
Synthesis of polymer-supported phosphazenium hydroxide
Into a 50-m1 glass flask which was kept under a
nitrogen atmosphere, 0.18 g (4.6 mmol) of potassium
hydride  and 20 ml of DMF were introduced, of a DMF
solution of 5.0 g 5 phosphazenium iodide (3.7 mmol)
obtained in Example 9 was  added thereto, and the
mixture was stirred at room  temperature for 5 hours.
Into another 200-m1 glass flask  equipped with a
stirrer, which was kept under a nitrogen  atmosphere,
3.6 g of a chloromethylated polystyrene-based .10
resin (3.6 mmol in terms of chlorine atoms)
(manufactured by  Advanced ChemTech,
2-pyridine-co-Merrifield resin, 1.0 mmol- C1/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 15 potassium 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 20 under
heating at 70C under reduced pressure of 1 mmHg.  Into
a 200-m1 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, 25 a methanol
solution (10 ml) of 2.6 g of sodium methoxide was
SF-1286 - 83  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 161 g of a
4% aqueous sodium hydroxide solution 5 and washed with
water. Thus, the residual solid was dried  at 700C at
under reduced pressure of 1 mmHg to yield a 3.6 g  of
polymer-supported phosphazenium hydroxide. A portion
of  the solid was subjected to 31P-NMR measurement,
using tetrakis(dimethylamino)phosphonium
tetrafluoroborate as an  10 internal standard. From
this, a peak corresponding to 1  atom of phosphorus 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
31P-NMR  



in the solid was 0.138 mmol/g. 15 (Example 32)
Synthesis of polymer-supported phosphazenium hydroxide
Into a 50-ml glass flask which was kept under a
nitrogen atmosphere, 0.1 g (2.4 mmol) of potassium
hydride 20 and 10 ml of DMF were introduced, a DMF
solution of 3.3 g of  phosphazenium iodide (2.6 mmol)
obtained in Example 9 was  added thereto, 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 25
atmosphere, 3.1 g of a chloromethylated
polystyrene-based SF-1286 - 84  resin (2.2 mmol in
terms of chlorine atoms) (manufactured by  Aldrich,
JandaJels Cl, 0.70 mmol-C1/g) and 30 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 5 the previously prepared potassium
salt of phosphazenium  iodide was added thereto, and
the mixture was further  stirred for 45 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 10 solvent,
and then dried under heating at 70C under reduced  Ifj
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 



15 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 hours and then
cooled to room temperature.  The obtained suspension
was filtered and washed with water,  treated by
contact with 89 g of a 4% aqueous sodium 20 hydroxide
solution and washed with water. Thus, the  residual
solid was dried at 70C at under reduced pressure  of 1
mmHg to yield a 2.2 g of polymer-supported
phosphazenium hydroxide. A portion of the solid was
subjected to 31P-NMR measurement, using 25
tetrakis(dimethylamino)phosphonium tetrafluoroborate
as an -- ------------- SF-1286 - &5  internal
standard. From this, a peak corresponding to 1  atom
of phosphorus at -34.8 ppm, and a peak corresponding
to  4 moles of phosphorus at 6.2 ppm were observed,
and the  concentration as measured by 31P-NMR in the
solid was 0.078  5 mmol/g. (Example 33) Synthesis of
styryl group-containing phosphazenium  iodide 10 Into
a 300-ml glass flask equipped with a stirrer,  which
was kept under a nitrogen atmosphere, 96 g of a
tetralin solution 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 15 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, 20 and after stirring
the hexane was removed by decantation.  Washing with
hexane was performed 3 times, and the  precipitated
solid was dissolved 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 25
was stirred at room temperature for 1 hour, and then
the SF-1286 - 86  resulting mixture was allowed to
stand for 4 days.  Precipitated crystals was filtered,
and then washed with  water and hexane to yield light
yellow crystals. Thus  obtained crystals were
recrystallized using a mixed solvent 5 of ethyl
acetate and hexane, and the precipitated crystals
were filtered, washed with hexane and then dried under
heating at 70C under reduced pressure of 1 mmHg to
yield  8.7 g of styryl group-containing phosphazenium
iodide as  white crystals. A portion of the solid was
added to 10 benzene-d6 and hexamethylphosphoric
triamide was used as an  internal standard in
performing 31P-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 15 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) 20 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-vinylbenzylchloride used in 25 Example 33. A
portion of the obtained compound was added to SF-1286
- 87  benzene-d6 and hexamethylphosphoric triamide was
used as an  internal standard in performing 31P-NMR
measurement. From  this, a quintuplet corresponding to
1 atom of phosphorus at  -33.6 ppm, a doublet
corresponding to 3 atoms of phosphorus  5 at 7.58 ppm,
and a doublet corresponding to 1 atom of phosphorus at
8.83 ppm were observed, and the purity was  97.1%.
(Example 35) 10 Synthesis of polymer-supported
phosphazenium iodide and  hydroxide Into a 50-m1 glass
flask 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 15
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
resulting mixture at 100C for 7 hours,  the mixture
was cooled to -77C for quenching the reaction. 



20 The reaction mixture was poured into 1.5 L of
methanol to  give white precipitates. The precipitates
were filtered and  dried under heating at 70C under
reduced pressure of 1 mmHg  to yield 4.4 g of
polymer-supported phosphazenium iodide as  a white
solid. 25 The obtained 3.6 g of polymer-supported
phosphazenium SF-1286 - 88  iodide was packed in a
column, and treated by contact with a  4% aqueous
sodium chloride /methanol solution, and further fi
washed with methanol and water. The solid after
treatment  was dried under heating at 70C under
reduced pressure of 1  5 mmHg to yield
polymer-supported phosphazenium hydroxide. A portion
of the solid was subjected to 31P-NMR measurement,
using tetrakis(dimethylamino)phosphonium
tetrafluoroborate  as an internal standard. From this,
a peak corresponding to  1 atom of phosphorus at -35.1
ppm, a peak corresponding to 4  10 atoms of phosphorus
at 5.6 ppm were observed, and the concentration of
phosphazenium cations as measured by 31P-NMR  in the
solid was 0.1039 mmol/g. The solid was a copolymer
which was copolymerized in a molar ratio of 1:84 of
styryl  group-containing phosphazenium salt:styrene
monomer. 15 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). 20 (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  25
trimethoxysilane 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
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 5 dropwise, the resulting mixture
was further stirred for 30  minutes. The light brown
oily matter was separated from a  colorless
supernatant liquid, and then 5 ml of dry methanol  was
added thereto. The mixture was washed with 15 ml of
dry  hexane for four times. The solvent was distilled
off under 10 reduced pressure to yield 10.5 g of an
orange colored oily  matter. From the results of 1H,
13C and 31P NMR, the main  component of the oily
matter was formed to be the desired  trimethoxysilyl
group-containing phosphazenium chloride.  The
identification results of 1H, 13C and 31P NMR are
shown  15 below. 1H NMR (CDC13, 270 MHz): 7.15 (m,4H),
4.13 (d, 2H), 3.57  (s, 9H), 2.8-2.5 (m, 71H), 1.00
(m, 2H) 13C NMR (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
NMR (CDC13, 109.3 MHz): 7.25 (d, 1P), 5.92 (d, 3P),
-34.9 (q, 1P) 



From the result of 31P NMR, the oily matter having the
aforementioned trimethoxysilyl group-containing
phosphazenium chloride as a main component, comprises
a 25 compound represented by general formula (5) as a
by-product, SF-1286 - 90  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 NMe2 group in 'H NMR was about
80%. 5 (Example 37) Synthesis of trimethoxysilyl
group-containing  phosphazenium chloride-2 In a 100-ml
glass flask which was kept under a nitrogen  10
atmosphere, 0.87 ml (4.0 mmol) of
4-(chloromethyl)phenyl  trimethoxysilane was dissolved
in 30 ml of dry hexane. To  the solution, 15 g of a
tetralin solution 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 15 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 20 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 1H, 13C and 31P NMR, the
main  



,component of the oily matter was formed to be desired
trimethoxysilyl group-containing phosphazenium
chloride. 25 The identification results of 1H, 13C and
31P NMR are shown SF-1286 - 91 - below. 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
MHz): 141.4, 134.9, 134.7, 127.3,  5 53.6, 50.1,
37.5-36.8, 34.3 31P NMR (CDC13, 109.3 MHz): 7.33 (d,
1P), 5.94 (d, 3P),  -34.9 (q, 1P) From the result of
31P NMR, the oily matter having the  aforementioned
trimethoxysilyl group-containing 10 phosphazenium
chloride as the main component, comprises a  compound
represented by general formula (5) as a by-product,
wherein a=b=c=d=l, R=R1 =Me, D'=H, n=l and Z=Cl.
Further,  the purity of trimethoxysilyl
group-containing phosphazenium  chloride in the oily
matter observed from the peak integral 15 ratio for
the NMe2 group in 1H NMR was about 50%.  (Example 38)
Synthesis of trimethoxysilyl group-containing
phosphazenium bromide 20 In a 100-ml glass flask which
was kept under a nitrogen  atmosphere, 0.75 ml (4.0
mmol) of 3-bromopropyl  trimethoxysilane was dissolved
in 30 ml of dry hexane. To  the solution, 15 g a
tetralin solution of PZNB (0.220 mmol/g  to 3.3 mmol/g
of PZNB) was added dropwise at room 



25 temperature. Simultaneously with adding dropwise, a
light SF-1286 - 92  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 5
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 3.10 g of an
orange colored oily  matter. From the results of 1H,
13C and 31P NMR, the main  component of the oily
matter was formed to be desired 10 trimethoxysilyl
group-containing phosphazenium bromide. The
identification results of 'H, 13C and 31P NMR are
shown below.  1H NMR (CDC13, 270 MHz): 3.58 (s, 9H),
2.9-2.5 (m, 71H),  1.56 (m, 2H), 0.53 (m, 2H) 13C NMR
(CDC13, 270 MHz): 52.2, 50.6, 37.3-36.9, 34.0,  15
21.5, 6.5 31P NMR (CDC13, 109.3 MHz) : 6.20 (d, 1P) ,
6.00 (d, 3P) ,  -35.1 (q, 1P) From the result of 31P
NMR, the oily matter having the  trimethoxysilyl
group-containing phosphazenium bromide as a  20 main
component, comprises a compound represented by general
formula (5) as a by-product, wherein a=b=c=d=1, R=R1
=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 NMe2 group in  25 1H NMR was
about 70%. 



SF-1286 - 93 - (Example 39) Preparation of
phosphazenium chloride-supporting silica  gel by
hydrolysis-polycondensation method - 1 5 Into a
100-ml, two-necked round-bottomed glass flask
equipped with a stirrer, a thermometer, a cooler and
the  F like, 7.40 g (6.2 mmol) of crude
trimethoxysilyl group containing phosphazenium
chloride obtained in Example 36,  50.0 g (0.24 mol) of
tetraethoxysilane, 50 ml of ethanol and  10 0.80 ml
(9.2 mmol) of 36% hydrochloric acid were introduced.
10.0 g of water was added dropwise thereto over 10
minutes,  and then the mixture was stirred at 60C 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  15 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 100C under reduced
pressure of  1 mmHg for 4 hours to yield 20.9 g of
phosphazenium 20 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  m2/g, and the
pore volume of the pores having diameter of 9  to 500
A was 0.30 cm3/g. Peaks at 35.2 (1P) ppm, 13.4 - 5.8
25 (3P) ppm and -36.4 (1P) ppm were observed in solid
31P NMR. SF-1286 - 94 - (Example 40) 



Preparation of phosphazenium chloride-supporting
silica  gel by hydrolysis-polycondensation method - 2
5 Into a 100-ml two-necked round-bottomed glass flask
equipped with a stirrer, a thermometer, a cooler and
the  like, 5.95 g (5.0 mmol) of crude trimethoxysilyl
group- containing phosphazenium chloride obtained in
Example 36,  20.8 g (0.10 mol) of tetraethoxysilane,
20 ml of ethanol and 10 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 60C 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  15 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 80C under reduced pressure of 1  mmHg for 4
hours to yield 11.1 g of phosphazenium chloride 20
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 m2/g, and the  volume of the pore pores
having diameter of 9 to 500 A was  0.59 cm3/g. 25
SF-1286 - 95 - (Example 41) Preparation of hos
hazenium chloride-supporting p p silica 



gel by silylation method } Into a 50-ml two-necked
round-bottomed glass flask  ti 5 equipped with a
stirrer, a thermometer, a cooler and the  like, 2.26 g
(1.9 mmol) of crude trimethoxysilyl group- containing
phosphazenium chloride obtained in Example 36,  5.00 g
of silica gel (manufactured by Kanto Kagaku Chemical
Co. Ltd., 60N) and 20 ml of dry toluene were
introduced 10 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 80C under reduced pressure  of 1
mmHg for 4 hours to yield 6.50 g of phosphazenium 15
chloride-supporting silica gel (amount of supported
phosphazenium chloride: 0.24 mmol/g). The specific
surface  area measured by the nitrogen gas adsorption
method was 447  m2/g, and the pore volume of the pores
having diameter of 9  to 500 A was 0.47 cm3/g. Peaks
were observed at 5.71 (4P)  20 ppm and -36.1 (1P) ppm
in solid 31P NMR. (Example 42) Preparation of
phosphazenium hydroxide-supporting  silica gel - 2 25
11.1 g of phosphazenium chloride-supporting silica gel
SF-1286 - 96  (3.33 mmol in terms of phosphazenium
cations) obtained in  Example 39 was packed in a
column. After flowing 30.0 ml  (30 mmol) of a 1 mol/L
aqueous ammonia solution (SV = 3)  



through the column, it was washed with ion-exchanged
water 5 and methanol. The solid after the treatment
was dried at  80C under reduced pressure of 1 mmHg for
6 hours to yield  11.0 g of phosphazenium
hydroxide-supporting silica gel (( (amount of
supported phosphazenium hydroxide: 0.30 mmol/g).  No
chlorine atom was observed by elemental analysis. 10
Further, the specific surface area measured by the
nitrogen  gas adsorption method was 454 m2/g, and the
pore volume of  the pores having diameter of 9 to 500
A was 0.36 cm3/g.  Peaks were observed at 5.75 (4P)
ppm and -36.1 (1P) ppm in  solid 31P NMR. 15 (Example
43) Preparation of phosphazenium hydroxide-supporting
silica gel-3 3.24 g of phosphazenium
chloride-supporting silica gel  20 (1.46 mmol in terms
of phosphazenium cations) obtained in  Example 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
water  and methanol. The solid after the treatment was
dried at 25 80C under reduced pressure of 1 mmHg for 6
hours to yield SF-1286 - 97  3.15 g of phosphazenium
hydroxide-supporting silica gel  (amount of supported
phosphazenium hydroxide: 0.45 mmol/g).  (Example 44) 5
Preparation of phosphazenium hydroxide-supporting  



silica gel - 1 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 10 (6.3 mmol)
of a 1 mol/L aqueous ammonia solution (SV = 4)
through a column, it was washed with ion-exchanged
water and  methanol. The solid after the treatment was
dried at 80C  under reduced pressure of 1 mmHg for 6
hours to yield 2.65 g  of phosphazenium
hydroxide-supporting silica gel (amount of 15
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 m2/g, and the
pore volume of the  pores having diameter of 9 to 500
A was 0.50 cm3/g. Peaks 20 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-
25 supported phosphazenium iodide as catalyst SF-1286
- 98  Into a 100-m1 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 5 mmoi) 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, 10 it was found that the
conversion of phenol was 99.4% and the  yield of the
objective anisole was 91.0%. In addition, the
suspension after the reaction was filtered,
Soxhlet-washed  with dimethyl carbonate as a solvent
and dried under heating  at 70C under reduced pressure
of 1 mmHg to recover 2.7 g of  15 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 20
phosphazenium iodide (1.0 mmoi in terms of
phosphazenium  cations) used in Example 45 was not
used. Gas  chromatography was conducted, and thus it
was found that  phenol was not changed completely and
the objective anisole  could not be obtained
completely. 25 { SF-1286 - 99 - (Comparative Example
2) The reaction was conducted in the same manner as in
Example 45, except that 1.0 mmol of
tetrakis[tris(dimethylamino)phosphoranylideneamino]pho
sphoni 5 um iodide was used instead of 2.7 g of
polymer-supported  phosphazenium iodide (1.0 mmol in
terms of phosphazenium  cations) used in Example 45.
Gas chromatography was 



[ conducted, and thus it was found that phenol was
completely  changed and the yield of the objective
anisole was 93.4%. 10 It was found that
polymer-supported phosphazenium iodide had  the active
catalyst equivalent to that of polymer- unsupported
phosphazenium iodide. (Examples 46 to 54) 15 Recycling
of recovered catalyst The reaction was conducted in
the same manner as in  Example 45, except that the
recovered polymer-supported  phosphazenium iodide
obtained in Example 45 was used instead  of
polymer-supported phosphazenium iodide used in Example
45, 20 and after the reaction, polymer-supported
phosphazenium  iodide was recovered. Further, this
recovered polymer- supported phosphazenium iodide was
repeatedly used in the  reaction. The results are
shown in Table 4. 25 Table 4 SF-1286 - 100  Catalyst
used Conversion of Yield of  phenol (%) anisole (s)
Ex. 45 Polymer-supported 99.4 91.0  phosphazenium
iodide obtained  in Example 4 Ex. 46 Polymer-supported
99.5 93.4  [ phosphazenium 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
SF-1286 - 101 - iodide recovered in Example 49 Ex. 51
Polymer-supported 100 90.2  phosphazenium iodide
recovered  in Example 50 Ex. 52 Polymer-supported 100
91.8  phosphazenium iodide recovered  in Example 51
Ex. 53 Polymer-supported 100 92.8  phosphazenium 



iodide recovered  in Example 52 Ex. 54
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 31P-NMR was 0.345 mmol/g, and there was no
5 elimination of phosphazenium iodide by repeated use.
(Example 55) SF-1286 - 102  Polymerization of
polyalkylene oxide using polymer- supported
phosphazenium hydroxide as catalyst Into a 70-m1
autoclave equipped with a thermometer, a  pressure
gauge, a stirrer and an inlet tube for alkylene 5
oxide, which was kept under a nitrogen atmosphere, 1.0
g (11  !!!} mmol) of glycerin, 0.3 g of
polymer-supported 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 10 heated to 80C 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 15 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 THE
and then filtered.  Further, the residual solid was
sufficiently washed with THE 20 and THE was distilled
off from the filtrate to yield 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. 25 (Comparative example 3) SF-1286 - 103
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 polymer-supported
phosphazenium hydroxide used in Example 55. 30 g of 5
polypropylene oxide could be obtained, but
polymerization  activity was only 0.29 g/mmolh.
(Examples 56 to 58) The reaction was conducted in the
same manner as in 10 Example 55, except that a 300-m1
autoclave was used, and the  kinds and the amount of
alcohol and the amount of propylene  oxide as shown in
Table 5 were employed instead of glycerin  used in
Example 55. The results are shown in Table 5. 15 Table
5 Kind of Amount Amount of Amount of Catalytic
alcohols of propylene polypropylene activity  alcohol
oxide oxide (g/mmolh)  used used (g) obtained (g) 



(g)  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-l- 16.2 109 123 8.9  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,  5 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. 10 Table 6 Kind of Amoun
Molar Amount Amoun Catalyt  catalyst t of ratio of t
of is  glyce of propylen polyp 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 SF-1286 - 105 - hydroxide obtained in
Example 3 Ex. Polymer- 1.5 82 110 108 24.3  59
supported phosphazenium  hydroxide  obtained in
Example 3 Ex. Polymer- 2.6 93 84 80 7.1  60 supported
{ phosphazenium  hydroxide  obtained in  Example 12
Ex. Polymer- 2.9 83 95 98 5.4  61 supported
phosphazenium  hydroxide  obtained in  Example 14 Ex.
Polymer- 2.9 83 102 104 13.2  62 supported
phosphazenium 



SF-1286 - 106 - hydroxide obtained in  Example 22 Ex.
Polymer- 3.1 86 103 101 2.8  63 supported
phosphazenium  hydroxide  obtained in  Example 27 Ex.
Polymer- 1.0 83 32 32 11.6  64 supported phosphazenium
hydroxide  obtained in  Example 28 Ex. Polymer- 1.2 79
43 44 12.2  65 supported phosphazenium  hydroxide
obtained in  Example 29 Ex. Polymer- 1.2 82 38 39 16.0
66 supported phosphazenium SF-1286 - 107 - hydroxide 



obtained in  Example 30 Ex. Polymer- 1.5 83 51 49 9.9
67 supported phosphazenium  hydroxide  obtained in
Example 31 Ex. Polymer- 1.1 86 36 36 14.4  68
supported phosphazenium  hydroxide  obtained in
Example 32 Ex. Polymer- 0.6 88 34 34 19.1  69
supported phosphazenium  hydroxide  obtained in
Example 32 Comp. Potassium 1.0 7 34 30 0.3  Ex. 3
hydroxide (Examples 70 to 72) SF-1286 - 108  Recovery
and recycling of polymer-supported  phosphazenium
hydroxide Into a 300-ml autoclave equipped with a
thermometer, a  



} pressure gauge, a stirrer and an inlet tube for
alkylene 5 oxide, which was kept under a nitrogen
atmosphere, 3.2 g of  t glycerin, 2.5 g of
polymer-supported phosphazenium hydroxide  obtained in
Example 17 and 104 g of propylene oxide were
introduced, the autoclave was sealed, and the mixture
was  heated to 80C with stirring. At this time, the
pressure in 10 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 15 temperature
and the residual propylene oxide was distilled  off
under reduced pressure. The suspension was withdrawn
from the autoclave, diluted with THE and then
filtered.  Further, the residual solid was
sufficiently washed with THF,  and THE was distilled
off from the filtrate under reduced 20 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/mmolh. Further, the
residual  solid after filtration was dried under
heating at 70C under 25 reduced pressure of 1 mmHg to
recover a catalyst. Then, the SF-1286 - 109  entire
amount of the recovered catalyst, 2.7 g of glycerin
and 85 g of propylene oxide were introduced into a
300-ml  autoclave and the mixture was subjected to
polymerization at  80C and worked-up after the
reaction to yield 87 g of 



5 polypropylene oxide and a recovered catalyst.
Further, the  recovered catalyst was provided for
polymerization with 2.7  g of glycerin and 86 g of
propylene oxide to yield 85 g of  polypropylene oxide.
It was found that the second and the  third catalytic
activity were 1.9 g/mmolh and 2.0 g/mmolh, 10
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) 15 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 polymerization of
Example 69 was used 20 after 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. 25
Table 7 SF-1286 - 110  catalytic  Catalyst used
activity  (g/mmolh)  Polymer-supported phosphazenium
Ex. 69 19.1  hydroxide obtained in Example 32
Polymer-supported phosphazenium 



Ex. 73 18.9  hydroxide recovered in Example 69
Polymer-supported phosphazenium Ex. 74 16.9  hydroxide
recovered in Example 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-supported
phosphazenium Ex. 78 14.4  hydroxide recovered in
Example 77  Polymer-supported phosphazenium Ex. 79
16.4  hydroxide recovered in Example 78
Polymer-supported phosphazenium Ex. 80 12.1  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
SF-1286 - 111 - catalytic activity. (Example 82)
Polymerization of polyalkylene oxide using polymer- 5
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, 0.6 g  (7.0 mmol) of glycerin, 0.9 g of
polymer-supported 10 phosphazenium 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 80C with stirring. At this time, the
pressure in the autoclave was elevated to 0.3 MPa
(gauge 15 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 temperature
and the residual propylene oxide was 20 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 25 of colorless and odorless
polypropylene oxide. The 



SF-1286 - 112  polymerization activity (the amount of
the produced  polypropylene oxide per mole of the
catalyst and a unit  time) was 12.4 g/mmolh. 5
(Example 83 to 84) Recovery and recycling of
polymer-supported  phosphazenium hydroxide The
residual solid obtained in Example 82 after [
filtration was dried under heating at 70C under
reduced  10 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 80C and worked-up after the 15
reaction to yield 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 catalytic activity 20 were 10.6 g/mmolh and
14.7 g/mmolh, respectively, and  polymer-supported
phosphazenium hydroxide in the invention  had no
reduction in the activity even after being recovered
and recycled as catalyst. 25 (Example 85) SF-1286 -
113  Aldol condensation of acetone using phosphazenium



hydroxide-supporting silica gel as catalyst Into a
50-m1 round-bottomed glass flask, 1.0 g of
phosphazenium hydroxide-supporting silica gel (0.45
mmol in  5 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
temperature under a nitrogen  atmosphere. After 8
hours, a portion of the supernatant  liquid of the
suspension was withdrawn and subjected to gas 10
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) 15 Aldol condensation
of acetone using phosphazenium  hydroxide-supporting
silica gel as catalyst Into a 50-m1 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
20 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  liquid of the suspension was withdrawn
and subjected to gas  chromatography. Thus, it was
found that the conversion of 25 acetone was 1.3%, and
the selectivity of diacetone alcohol SF-1286 - 114 -
was 100%. (Comparative Example 4) The reaction was
conducted in the same manner as in  



5 Example 85, except that 0.34 g (0.45 mmol) of
tetrakis[tris(dimethylamino)phosphoranylideneamino]pho
sphoni  um hydroxide was used instead of phosphazenium
hydroxide- supporting silica gel used in Example 85.
After 8 hours,  the supernatant liquid of suspension
was partly withdrawn 10 and subjected to gas
chromatography. Thus, it was found  that the
conversion of acetone was 8.0% and the  selectivities
of diacetone alcohol and methyl oxide were  78.2% and
21.3%, respectively. 15 (Chemical scheme of each
Example)  Example 1 PZNB NMe2 NMe2  Me2N-P-NMe2
Me2N-P-NMe2  Me2N N* NMe2 "Oct-SK Me2N N NMe2
Me2N-P=N-P-N=P-NMe2 Me2N-P=N-P=N-P=NMe  Me2N N NMe2
Me2N N NMe2  Me2N-P-NMe2 Me2N-P-NMe2 NMe2 CI NMe2
Example 2 Polymer-supported phosphazenium chloride
SF-1286 - 115  NMe2 NMe2  Me2N-P-NMe2 1/ Me2N-P-NMe2
Me2N N NMe2 CI IN Me2N N NMe2 Me Me2N-P=N-P=N-1 =NMe
Me2N-P=N-P{-N=P-N Me2N N NMe2 Me2N N NMe2 \
Me2N-P-NMe2 Me2N-P-NMe2 _  NMe2 NMe2 CI  



Example 3 Polymer-supported phosphazenium hydroxide
NMe2 NMe2  Me2N-P-NMe2 Me2 ~N -NW2 Me2N N NMe2 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 NMe2 \
Me2N-P-NMe2 Me2N -P-NMe2 NMe2 CI NMe2 OH'  Example 4
Polymer-supported phosphazenium iodide  NMe2
Me2N-P-NMe2 NMe2  it Me2N-P-NMe2  Me2N N; NMe2 Me t)
NaCI aq. + Me2N N NMe2 Me  Me2N-P=N-P-N=P-N -
Me2N-P=N-P-N=P-N  Me2N N NMe2 2) Nal aq. Me2N N NMe2 \
Me2N-P-NMe2 _ Me2N-P-NMe2  5 NMe2 OH NMe2  Example 5
Hydroxyl group-containing phosphazenium iodide NMe2
NMe2  Me2N-P-NMe2 / OSitBuMe2 Me2N-P-NMe2 Me2N N NM e2
OI i) BugNF Me2N N NMe2Me / I OH  Me2N-P=N-P=N-P=NMe
Me2N-P=N-P-N=P-N \  Me2N N NMe2 ii) Nal aq. Me2N N
NMe2 Me2N-P-NMe2 Me2N-P-NMe2 I .  NMe2 NMe2  Examples
6 to 11 Phosphazenium iodide having polyalkylene
oxide on its side-chain 



NMe2 NMe2  Me2N-P-NMe2 R Me2N-P-NMe2 O  Me2N N+ NMe2
Me / I OH n 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 Me 2 N NMe 11 2 2
it 2  Me2N-P-NMe2 Me2N-P-NMe2  10 NMe2 NMe2 SF-1286 -
116  Examples 12 to 17 Polymer-supported phosphazenium
hydroxide  NMe2 Me2N-P-NMe2 O  Me2N N NM \ I R to H
Me2N-=N-PAN=P we Me2N NMep MepN-,-NMe2 NMe2  NMe
Me2N-P-NMep  2 j) KH, DMF j) NaOMe, MeOH Me2N N+
NMezMe O O r jj) ii) NaOH aq. Me2N--N-P-N=P-N  Me2N N
NMe2  OI Me2N-P-NMe2 OH" NMe2  Example 18 PZND NMe2
NMe2  Me2N-P-NMe2 Me2N-P-NMe2  Me2N ,N+ NMe2 Me2N NMe2



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 NMe2 OH_ NMe2  F
5 Example 19 PZND-Cl e2  Me2N-PMNMe2 McCIXCI-Me Me2N-P
NMe2  Me2N N NMe2 V Me2N ,N+ NMe2 Me2N-P_N-P=N-P=O
'Me2N-P=N-P-N=P-CI  Me2N N NMe2 Me2N N NMe2
Me2N-'-NMe2 Me2N-P-NMe2  NMe2 NMe2 Cl Example 20
Siloxy group-containing phosphazenium chloride  NMe2
NMe2  Me2N-P-NMe2 H2N~~OSitBuMe2 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 NMe ~`OSitBuMe2
Me2N ~P-NMe2 2 Me2N-P-NMe2 z  NMe2 CI NMe2 CI  Example
21 Hydroxyl group-containing phosphazenium iodide I
SF-1286 - 117  NMe2 NMe z  Me2N-P-NMe2 Me2N-P-NMez
MezN N+ NMez H i). NaH, Mel MezN N NMez 



MezN-P=N-P-N=P-N _~ _ Me  MezN NMez~`OSitBUMe2 ii).
"Bu4NF MeM NP-P--N' N N We N--'OH  MezN-P-NMe2 Cl _
MezN ~P-NMez I NMez  Example 22 Polymer-supported
phosphazenium hydroxide  NMe2 NMe2 Me2N-P-NMe2
Me2N-.-NMe2  Me2N F NMea~ Me N N NMe  2 - ..N_P_N Me
N-P=N-P{-N=P-M a Q KH, DMF i) NaOMe MeOH Me2 NZ P- +
-NZ e  Me2N N NMe2 OH ii) ii) NaOH aq. Me2N N Me2
Me2N-P-NMe2 . Cl Me2N-P-NM e2 NMe2 NMe2 OH_  Example
23 Polymer-supported phosphazenium chloride  NMe2 NMez
Me2N-P-NMe2 Me2N-P-NMe2  Me2N N+ NMezMe NaClaq. Me2N
N+ NMe~Me  Met P-N41N=P-M $ Me2N-P=N-P-N=P-N' MIEzN N
NMe2 O Me2N N Wez"O  Me2N-P-NMe2 Me2N-P-NMe2  5 NMe2
OH" NMe2 CI' Example 24 Siloxy group-containing
phosphazenium chloride  ((i NMe H2N itBuMe2 NMe
MezN-P-NMez03S MezN-P-NMez  Me2N 1N+ NMe2 (Me2N)3P=NH
Me2N 'N+ NMe2 H Me2N-P=N-P-N=P-CI MezN-P=N-P-N=P-N
SitBuMe2  



Me2N N NMe2 Me2N N NMez\" Ojs  Me2N-P-NMe2 Me2N-P-NMe2
NMe2 Cl NMez Cl  Example 25 Hydroxyl group-containing
phosphazenium  hexafluorophosphate NMe2 NMe2
Me2N-P-NMe2 Me2N-P-NMe2  Me2N N NMe2 H 1). NaH, Mel
Me2N N+ NMe2 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-NMe2 10
NMe2 CI NMez PF6  Example 26 polymer-supported
phosphazenium  hexafluorophosphate SF-1286 - 118 _
NMe2 NMe2  Me2N-P-NMe2 Me2N-P-NMe2  Me2N N+ NMe2Me i)
KH OMF Me2N N+ NMeaMe Me2N-P=N-P-N-P-N' H
Me2N-P=NP-N=P-_  Me2N N NMe2O a \ i ya bQ"
Me2N-P-NMe2 CI Me2N-P-NMe2  NMe2 PF6 NMe2 PF6 Example
27 Polymer-supported phosphazenium hydroxide  NMe2
NMe2  



Me2N-P-NMe2 Me2N-P-NMe2  Me2N N NMea~ - Me N
P-N-PAN=PM a i) NaOMe, McOH Me2N P NMeg  2 -) Me2N-P N
PN=P Me2N N NMe20a-7 ii) NaOH aq. Me2N N NMeOa 7
Me2N-P-NMe2 PF Me2N P-NMe2 _ NMe2 6 NMe2 OH Examples
28 to 30 Polymer-supported phosphazenium hydroxide
NMe2 NMe2  Me2N-P-NMe2 I) / Me2N-P-NMe2 Me2N N NMe2 CI
Z Me2N N NMe2 Me  Me2N-P=N-P=N-P=NMe Me2N-P=N-P-N=P-N
Me2N N NMe2 ii) WOW, MeOH Me2N N NMe2 u It
Me2N-P-NMe2 111) NaOH aq. Me2N-P-NMe2 _  5 NMe2 NMe2
OH Examples 31 and 32 Polymer-supported phosphazenium
hydroxide  NMe2 Me2N-P-P1Me2 ~_0  Me2N V+ NMe2
Me2N-P=N-PN=P-MMe 7.fi H  Me2N NMe2 Me2N-k -NMe2 NMe2
NMe2 Me2N4-NMe2 ~  1) KH, DMF, rt i) NaOMe, MeOH Me2N
N+ NMe2Me V 30 .. i Me2N-P=N-P-N=P-N 1 7.6  



i1) i a) NaOH aq. Me2N N NMe2 CI Me2N-'-NMe2 OH- NMe2
Example 33 Styryl group-containing phosphazenium
iodide  NMe2 NMe2  Me2N4-NMe2 Me2N-$-NMe2 Me2N NMe2 I)
CI / Me2N NMe2 Me lip- Me2N-!"-PJt-1'. Me2N N NMe2 ii)
Nal, EtNH2aq. Me2N N NMe2  Me2N--NMe2 Me2N--NMe2 _
NMe2 NMe2 10 Example 34 Allyl group-containing
phosphazenium iodide SF-1286 - 119  !NMe2 NMe2
Me2N-$-NMe2 Me2N-I I-N Me2  Me2N 14 NMe2 I) CI~ Me2N N
NMe2 Me2N-=:N4=:N4=NMe Me2N-~V-P4-N=P-J'Me  'r. Me2N N
NMez ii) Nal, EtNH2aq. Me2N N NMe'''  ''II Me2N-U~IMe2
Me2N-"Me _  NMe NMe  Example 35 Polymer-supported
phosphazenium iodide and  hydroxide NMez  MezN4-NMez
MezN J NMez \ i) AIBN z Me Me2N-IS=N-P N_I~-N ~ kle
N,PP//  



MezN N NMez II) MeOH quench MezlVez NMe  Me NJ-NMe
iii) NaOH/MeOH soln. N z z IM z I. Me2N NN NMe2  N
MezN,dN ,(Me2  NMe2  Me,f Mee z OH"  5 Example 36
Trimethoxysilyl group-containing phosphazenium
chloride-1 NMe2 NMe2  Me2N-P-NMe2 / \ Si(OMe)3
Me2N-0-NMe2  Me2N N NMe2 CI Me2N NMe2 Me Me
N-P=N-IzN-P-NMe M N-P=N-P-N=P-Id Si(OMe)3  Me2N N NMe2
Me2N I~ NMe2 \ /  Me2N-P-NMe2 Me2N-9-NMe2 NMe2 NMe2 CI
Example 37 Trimethoxysilyl group-containing
phosphazenium  chloride-2 NMe2 NMe2  Me2N-11 -NMe2 / \
Si(OMe)3 Me2N-e-NMe Me2N N NMe2 CI Me2N N+ NMe2 Me
Me2N-P=N-P'=N-P=NMe Me2N-P=N4-N=P-Id  Me2N NMe2 Me2N N
NMe \ / Si(OMe)3 Me2N-P-NMe2 Me2N-P-NMe  10 NMe2 NMe2
CI Example 38 Trimethoxysilyl group-containing
phosphazenium 



SF-1286 - 120 - bromide NMe2 NMe2  Me2N-P-NMe2
Me2N-P-NMe2  Me2N N NMe2 Brr -Si(OMe)3 Me2N N+ NMe2 Me
Me2N-P=N-P=N-P=NMe Me2N-P=N-P-N=P- Me2N N NMe2 Me2N N
NMe2  Me2N-P-NMe2 Me2N-P-NMe2 Si(OMe)3 NMe2 NMe2 Br"
Examples 39 to 40 Phosphazenium chloride-supporting
silica  gel (hydrolysis-polycondensation method) NMe2
NMe2  Me2N-NMe2 1) S1(OEt)4/HCIaq. Me2N f NMe2  Me2N +
NMe2 Me 2) NH3aq. Me2 + NMe2 Me Me2N-P=N-P-N=~-N'
Si(OMe)3 Me2N- _N_9= -K - Me2N N NMe2 Me2N N NMe2 \ /
Me2N-r-NMe2 Me2N--NMe2 5 NMe2 CI NMe2 CI [ Example 41
Phosphazenium chloride-supporting silica gel
(silylation method) NMe2 NMe2  Me2N-P-NMe2 Me2N-P-NMe2
Me2N NMe2 Me Me2N N+ NMe2 Me Me2N-P=N-P-N P-If
Si(OMe)3 ON Me2N-P=N-P-N~-N SCO  Me N N NMe Me2N N
NMe2 \ / b  Me2N--NMe2 Me2N-P-NMe2 NMe2 CI' NMe2 CI 



Examples 42 to 44 Phosphazenium hydroxide-supporting
silica  10 gel NMe2 NMe2  Me2N-IS-NMe2 Me2N-IS-NMe2
Me2N N NMe2 Me 1M NH3aq. Me2 NMe Me2N-P=N- N=1'-N" -
Me2N- =N-FS+-i~F''-N? e - Me2N NMe2 \ / Me2N N NMe2
Me2N-I~-NMe2 Me2N-~ NMe2 NMe2 CI' NMe2 OH' The
phosphazene-supported catalyst of the invention is
useful as a catalyst for various organic reactions,
and in  15 particular a catalyst for polymerizing the
cyclic monomers SF-1286 - 121  and substituting the
substituents. Further, the phosphazene  compound and
the phosphazenium salt of the invention are  each an
intermediate which is useful for preparing the
phosphazene-supported catalyst of the invention, as
well as 5 a catalyst which is useful itself for
proceeding various  4 organic reactions. SF-1286 - 122
- CLAIMS  1. A phosphazene-supported catalyst in which
a support is bonded to a group represented by the
general formula (1):  NR2 R2N-P-NR2  N  NR 2 a NR 



R2N{-P=N-t-P~N=P~NR1 z"" (1)  NR2 b NR2dD [[ R2N- P
NR2 5 NR2 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 10 8 active
hydrogen atoms. a, b, c 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. R1 is a hydrogen atom or a 15 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 SF-1286 - 123 - general formula (2): NR2
R2N--P-NRZ  N NR2 a NR  R2N~P=N~, N-P NR (2)  NRZ b
NR2 d N  11  



R2N-P-NR2 c  NR2  (wherein a, b, c and d represent a
positive integer of 3 or less, respectively. R's
represent the same or F 5 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  10 general formula (3): 2
[[ RZN P NR2  N NR2 a NRZ RZN P=N}p N -P' \ G (3)  NRZ
b/ll NRZ d N  RZN P NRZ  c N R2 (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  same or
different hydrocarbon groups having 1 to 10 carbon 15
atoms and two R's located on each common nitrogen atom
may SF-1286 - 124  be bonded to each other to form a
ring structure.) 4. A novel phosphazenium salt
represented by the.  



general formula (4): NR2  RZN-P-NRZ  N NR2 a NR2 RZN
tP=N~--} N=P X X (4)  NR2 b \ NR2 d N  RZNP NR2  I c 5
NR2 (wherein a, b, c 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 10 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.) 5. A
novel phosphazenium salt represented by the  15
general formula (5): SF-1286 - 125 - NR2 R2N-P-NR2  N
NR2 a NR2 R2N---P=N ~N=P~NRI z' (5)  NR2 b NR2 d D' 



N  u  R2N-P-NR2 NR2 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 5 from an active
hydrogen compound having a maximum of 8  active
hydrogen atoms. a, b, c 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 10 other to form a ring
structure. R1 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.) 15 6. A novel phosphazenium salt
represented by the  general formula (6): SF-1286 126 -
NR2 RZN-PP-NRZ  t N  NR a NR R1 R4 RS RZNP=N~N=P2 N p
f x N Z (6)  NRZ b NRZ d A 2 `p e 



N RZ R3  RZN-P-NRZ NR 2 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 5
from an active. hydrogen compound having a maximum of
8  active hydrogen atoms.. a, b, c 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 10 other to form a ring
structure. A is a hydrocarbon group  having 1 to 20
carbon atoms. Further, R1 is a hydrogen atom  or a
hydrocarbon group having 1 to 10 carbon atoms. R2, R3,
R4 and R5 are each a hydrogen atom or a hydrocarbon
group  having 1 to 8 carbon atoms. e is 0 to 200.) 15
7. A novel phosphazenium salt represented by the
general formula (7): SF-1286 - 127 - NR2 ( RZN-P-NRZ
N  NRZ a NR Rt RZN-(P=N)-(N=p__N,M Z (7)  NR2 NRZ d 



N  R2N-P-NR2  Ic  NR2 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 5
from an active hydrogen compound having a maximum of 8
active hydrogen atoms. a, b, c 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 10 other to form a ring
structure. R1 is a hydrogen atom or a  hydrocarbon
group having 1 to 10 carbon atoms. M is a group
having a carbon-carbon unsaturated bond.) 8. A novel
phosphazenium salt represented by the  15 general
formula (8): - - --------- ----- SF-1286 128  NR2
R2N-NR2   IIIJJJ  RZ NR Z ~ iT n R2IN (8)  NR2 4bl 62
d (a-m) N  



R2N-U-NR2  R2 m n,  C ti (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 5
compounds to which phosphazenium cations are bonded, n
is a  multiplier of m and n', and Zn- 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, c
and d are each a positive 10 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, R1 is a hydrogen
atom 15 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.) 9. A method for
polymerizing a cyclic monomer by using 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. 5 11. A
reaction method for forming a carbon-carbon bond  



by using the supported catalyst according to claim 1. 


