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[57) ABSTRACT

A polyether polymer or copolymer with a pendant
group of the formula

CH;

|
—CH;—0—CH;—C——CH>
\ /
O

in its molecule, said polymer or copolymer consisting
essentially of
(1) 1 to 100 mole % of recurring units represented by

the following formula (I)

tCHy—CH—O (D

CH, CHj

I !
O—CH;—C——CH3
\ /
O

and
(2) 0 to 99 mole % of at least one type of recurring units
represented by the following formula (II)

+CH;—CH—O- (1)

|
R

and having a reduced vicsocisty 7j,.q4, determined at 45°
C. in its 0.1% benzene solution or at 80° C. in its 0.1%
monochlorobenzene solution, of at least 0.01; a process
for producing thereof and novel epoxyether compound
therefor.

7 Claims, 5 Drawing Sheets
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POLYETHER POLYMER OR COPOLYMER,
MONOMER THEREFOR, AND PROCESS FOR
PRODUCTION THEREOF

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This invention relates to a novel polyether polymer
or copolymer of the type in which a side chain having
an oxirane group is pendant from a main chain having a
polyether structure, a novel monomer used in the pro-
duction of the polyether polymer or copolymer, and to
processes for producing the polyether polymer or co-
polymer and the monomer. Particularly, this invention
relates to a solvent-soluble polyether polymer or co-
polymer with a pendant group of the formuia

e
- CH}~=0O—CH)y=—C—CH3
\O/

in its molecule, a novel monomer used in its production,
and to a process for producing the polyether polymer or
copolymer. The polymer or copolymer is useful, for
example, as an epoxy resin, a rubber or elastomeric
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material, an adhesive, a paint, and a reactive polymer _

intermediate.
More specifically, this invention pertains to a poly-

ether polymer or copolymer with a pendant group of 15

the formula

CH;

I
—CHy=—0—CH;—~C——CH;
\ /
0

in its molecule, said polymer or copolymer consisting
essentially of

(1) 1 to 100 mole % of recurring units represented by 45

the following formula (I)

+~CH;—CH—O0- (D

fi?Hz f|3H3
O=-—-CHy=—C——=CH;
\ /
0O

and
(2) 0 to 99 mole % of at least one type of recurring
units represented by the following formula (II)

-{-CHz—li’:H-O-)- {Ih

R

wherein R represents a member selected from the class
consisting of a hydrogen atom, substituted or unsubsti-

tuted C1-C;g alkyl groups, substituted or unsubstituted
C2-C)3 alkenyl groups, substituted or unsubstituted

C3-Cg cycloalkyl groups and substituted or unsubsti-
tuted Cg~C )4 arylgroups,
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and having a reduced viscosity 1y, determined at 45°
C. in its 0.1% benzene solution or at 80° C. in its 0.1%
monochlorobenzene solution, of at least 0.01.

This invention also pertains to processes for produc-
ing the polyether polymer or copolymer and the mono-
mer of formula (I-a).

Various difunctional or 2,3-epoxypropyl-2',3'-epoxy-
2'-methylpropyl ether represented by the following
formula (I-a)

CHj;

|
CH—CH;—0—CH;—C
N/

O

(I-a)

H)C CH;

N /7
o

which is not described in the known literature, and
which is useful for producing a polymer composed of
the recurring units of formula (I) or a copolymer com-
prising the recurring units of formula (I).

This invention further pertains to higher oxirane
compounds have been known and used in various appli-
cations. For example diglycidyl ether of the following
formula

H>C CH—CH=O—CH;—CH—CH;

N/
0

N/
O

is known as a compound closest to the compound of
formula (I-a). Furthermore, digiycidyl ethers of bisphe-
nols are known as epoxy resins. The two oxirane rings
of these compounds have quite the same reactivity, and
it is difficuit to expect reaction of only one oxirane ring.

Compounds having two or more oxirane rings having
different reactivities are known. For example, there is
known vinylcyclohexene diepoxide of the following
formula

oL

having two oxirane groups. It is difficult however to
perform ring-opening polymerization of only one of
these oxirane rings completely selectively.

Generally, in the polymerization of a monomer con-
taining two or more groups having similar
polymerizabilities as functional groups as in the above
difunctional or higher oxirane compounds, crosslinking
reaction occurs and the formation of an insoluble gelled
product cannot be avoided. Accordingly, it is virtually
impossible to obtain a high-molecular-weight polymer
while keeping one of two functional groups, for exam-
ple, still reactive. Hence, to obtain a polymer or copoly-
mer having an oxirane group in a side chain, there has
been exclusively used a method which comprises poly-
merizing a monomer having a vinyl polymerizable func-
tional group and an oxirane group which have quite
different reactivities, for example glycidyl methacry-
late, in the presence of a radical inttiator such as a per-
oxide.

It has previously been known to synthesize a polymer
having a main chain of a polyether structure by ring-
opening polymerization of an oxirane compound. There
has been no example known heretofore in which a sol-

vent-soluble polyether polymer or copolymer of high
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molecular weight is obtained by ring-opening polymeri-
zation of a difunctional oxirane compound to polymer-
ize one oxirane ring selectively while leaving the other
oxirane ring unpolymerized as a side chain. Polymers or
copolymers having an oxirane functional group in a side
chain have attracted attention because various functions
are expected owing to the presence of the oxirane func-
tional group. Various attempts have been made in the
past to polymerize monomers having functional groups.

The present invention have made investigations in
order to develop a difunctional oxirane compound of a
new type which serves to realize such expectation.
These investigations have led to the discovery that a

difunctional oxirane compound of the following for-
mula (I-a)

CHj

I
CH—CH;—0—CH;—C

(I-a)

H,)C CH»

N/
o

N 7

O

which is not described in the prior literature can be
easily synthesized, and the present inventors have suc-
ceeded in synthesizing it. The inventors have also found
the compound of formula (I-a) to have unigue reaction
specificity in that the oxirane ring on the left end of the
formula participates very selectively in its ringopening
polymerization by a polymerization catalyst in accor-
dance with this invention which is described hereinaf-
ter, but the oxirane ring having a methyl substituent on
the nght end does not participate in the reaction but
remains unchanged, and that no crosslinking reaction
occurs in spite of its difunctionality. It has further been
found that because of this reaction specificity, the novel
difunctional oxirane compound of formula (I-a) does
not form a solvent-insoluble gcl]ed product by cross-
linking reaction, and by the ring-opening polymeriza-
tion catalyst in accordance with this invention, it can
give a novel solvent-soluble reactive polyether polymer

or copolymer of the type in which a group of the for-
mula

il
—CH;—0—CH;—C
N

O

CH;
/

1s pendant from a main chain of the polyether structure,
and that the resultmg polyether polymer or capolymer
is very useful in such applications as an epoxy resin, a
rubber or elastomeric material, an adhesive, a paint and
a reactive polymer intermediate.

It 1s an object of this invention therefore to provide a
novel polyether polymer or copolymer with a pendant
group of the formula

0
- CH=QO—CH;—~C
N/

0

CH;

in its molecule, a novel difunctional oxirane compound
used in the production of the polymer or copolymer,
and processes for producing the polymer or copolymer
and the difunctional oxirane compounds.

The above and other objects of this invention along
with its advantages will become more apparent from
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the following description and accompanying drawings
in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a plot of the infrared absorption spectrum of
the compound of formula (I-a) produced in Example 1;

FIG. 2 is a plot of the infrared absorption spectrum of
the polymer of the compound of formula (I-a) produced
in Example 2;

FIG. 3 is a plot of the nuclear magnetic resonance
spectrum of the polymer produced in Example 2;

FIG. 418 a plot of the infrared absorption spectrum of
the copolymer produced in Example §;

FIGS. 8 to 8 are plots of the copolymers obtained in
Examples 6 to 9, respectively; and

FIGS. 9 and 10 are plots of the 'H NMR spectra of
the copolymers obtained in Examples 5 and 6, respec-
tively.

The difunctional oxirane compound of this invention,
2,3-epoxypropyl-2',3'-epoxy-2’-methylpropyl ether of
the following formula (I-a)

CH;
2| ¥
CH—CH;=0=CH;~—C CH;
NS

O

(I-a)
3 2 1

H»C
N/
O

can be synthesized by properly selecting ether synthe-
sizing means and oxirane ring forming means known per
se,

In one embodiment, the compound of formula (I-a)
can be synthesized by epoxidizing a known compound,
allyl methallyl ether of the formula

CHj

l
CH—CH;—0—CH;—C=CH;

(I-b)
CH;=

with an oxidizing agent such as hydrogen peroxide or a
peroxy acid. When hydrogen peroxide is used in this
embodiment, the compound of formula (I-a) can be
formed by contacting allyl methallyl ether with hydro-
gen peroxide in the presence of a weakly alkaline sub-
stance such as potassiom hydrogen carbonate and a
nitrile compound such as acetonitrile, optionally using a
solvent such as methanol, to epoxidize allyl methallyl

ether. Alternatively, the compound of formula {I-a) can
be formed by contacting allyl methailyl ether with hy-

drogen peroxide in the presence of a catalyst, for exam-
ple a compound of a metal such as selenium, tungsten,
or molybdenum (e.g., selenium dioxide, a tungstic acid
or a molybdic acid) to epoxidize allyl methallyl ether.
In the practice of the first-mentioned epoxidization
reaction, the amount of the weakly alkaline substance
can be properly varied, but is, for example, about 0.1 to
1 part by weight per part by weight of allyl methallyl
ether. The amount of the nitrile compound used can
also be properly varied. It is, for example, about 1 to 10
moles per mole of the allyl methallyl ether. The amount
of the solvent used can also be varied properly, and is,
for example, about O to 10 parts by weight per part by
weight of allyl methallyl ether. The reaction tempera-
ture and time can also be properly varied. For example,
the reaction temperature is about 10° to 70° C., and the
reaction time 1s about 0.5 to 50 hours. The concentra-
tion and amount of hydrogen peroxide can also be var-
ied properly. For example, an aqueous solution of hy-
drogen peroxide having a concentration of about 10 to
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60% by weight is used in an amount of about 1 to 10
moles per mole of allyl methallyl ether.

In the practice of the latter epoxidization reaction,
the amount of the metallic compound catalyst can be
properly chosen,-and is, for exampie, about 0.001 to 0.1
mole per mole of allyl methallyl ether. The reaction
temperature and time can also be properly varied. For
example, the reaction temperature is about 20° to 90° C,,
and the reaction time is about 0.5 to 50 hours. The con-
centration and amount of hydrogen peroxide can also
be varied properly. For example, an aqueous solution of
hydrogen peroxide having a concentration of about 10
to 60% by weight is used in an amount of about 0.1 to
10 moles per mole of allyl methallyl ether.

When the peroxy acid is used in the above embodi-
ment, the compound of formula (I-a) can be obtained by
contacting allyl methallyl ether with the peroxy acid in
the presence or absence of a solvent such as tetrahydro-
furan, diethyl ether or methylene chloride to epoxidize
it. Examples of the peroxy acid used include organic
peroxy acids such as peroxyacetic acid, peroxybenzoic
acid, and peroxyformic acid. The amount of the peroxy
acid can be varied properly, and is, for example, about
1 to 10 moles per mole of allyl methallyl ether. The
amount of the solvent used can be varied properly, and
is, for example, about 0 to 100 parts by weight per part
by weight of allyl methallyl ether. The reaction temper-
ature and time can also be suitably selected. The reac-
tion temperature is, for example, about 0° to 60° C., and
the reaction time is about 1 to 100 hours.

In another embodiment, the compound of formula
(I-a) can be synthesized by utilizing a halohydrin
method known per se. In this embodiment, the com-
pound of formula (I-a) can be synthesized by contacting
a suspension of allyl methallyl ether in water with a
halogen such as bromine or chlorine to form a halohy-
drin compound, and reacting the halohydrin compound
with a suitable base such as slaked lime and sodium
hydroxide to perform ring-forming reaction. In the
practice of this embodiment, the amount of water used
in the halohydrin-forming reaction can be selected
properly, and is, for example, about 10 to 1,000 parts by
weight per part by weight of allyl methallyl ether. The
amount of the halogen can also be properly varied, and
is, for example, about 1 to 10 moles per mole of allyl
methallyl ether. The reaction temperature and time can
also be varied properly. For example, the reaction tem-
perature is about 10° to 80° C., and the reaction time is
about 0.5 to 50 hours. In the epoxidization reaction of
the resulting halohydrin compound, the amount of the
base used can be properly chosen, and is, for example,
about ! to 10 moles per mole of allyl methallyl ether.
The reaction temperature and time can also be properly
chosen. For example, the reaction temperature 18 about
10° to 100° C., and the reaction time is about 0.5 to
about 70 hours.

According to still another embodiment, the com-
pound of formula (I-a) can be produced by a method
which does not go through the form of (I-b). In this
embodiment, the compound of formula (I-a) can be
obtained by etherifying a mixture of a suitable combina-
tion of an epihalohydrin with an alcohol, for example a
combination of epichlorohydrin and beta-methyl allyl
alcohol or a combination of beta-methylepichlorohy-
drin and allyl alcohol, using a phase transfer catalyst
such as a quaternary ammonium salt or a crown ether
and a suitable base such as sodium hydroxide or potas-
sium hydroxide in the presence or absence of a solvent
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such as dimethylformamide, and epoxidizing the result-
ing ether compound. In the practice of this embodi-

‘ment, the amount of the base used in the etherification

reaction can be properly varied, and is, for example,
about 0.5 to 5 moles per mole of the halohydrin com-
pound. The amount of the catalyst used can also be
varied properly, and is, for example, about 0.001 to 0.1
mole per mole of the halohydrin compound. The
amount of the alcohol can also be suitably varied, and s,
for example, about 0.1 to 10 moles per mole of the halo-
dydrin compound. The amount of the solvent which
may be used can be varied properly, and is, for example,
about 0 to 100 parts by weight per part by weight of the
halohydrin compound. The reaction temperature and
time can also be properly chosen. For example, the
reaction temperature is about 10° to 80° C., and the
reaction time is about 0.5 to 50 hours. The epoxidiation
of the ether compound obtained by this reaction can be
carried out also by the aforesaid methods, for example
by using hydrogen peroxide or a peroxy acid, or by the
reaction of forming a halohydrin compound.

The compound of formula (I-a) which is not de-
scribed in the prior literature and can be obtained as
described above in detail has in its molecule two reac-
tive oxirane rings having different reactivities. The
compound (I-a8) can be used in various applications, for
example as an intermediate for organic syntheses, a
monomer for ring-operated polymerization, a monomer
for crosslinking, a reactive plasticizer, a material for
epoxy resins, an adhesive, a paint and a surface-treating
agent.

According to this invention, the use of the compound
of formula (I-a) can lead to a polyether polymer or
copolymer with a pendant group of [th] tke formula

CHj>

l
= CHy=Q=CH;=—~C
N/

O

CH>

in its molecule and having a reduced viscOSItY 7jred,
determined at 45° C. in its 0.192 benzene solution or at
80° C. in its 0.1% monochlorobenzene solution, of at

least 0.01.
In the present invention, the reduced viscosity 7,eq of

the polymer or copolymer is measured by the following
method.

As a solvent, benzene is used for the homopolymer
and a copolymer with propylene oxide or other copoly-
mers, which are easily soluble in it, and monochloro-
benzene is used for copolymers difficuity soluble in
benzene, [or] for example a copolymer with epichlo-
rohydrin. The homopolymer or the copolymer is dis-
solved in a concentration of 0.1% in a benzene or mono-
chlorobenzene solution containing 0.19% of 2.2-
methylenebis(4-methyl-6-t-butylphenol). Using the so-
lution, the reduced viscosity of the polymer or copoly-
mer is measured by means of an Ubbelohde viscometer
at 45° C. for the benzene solution and 80° C. for the
monochlorobenzene solution.

The novel polyether polymer or copolymer consists
essentially of

(1) 1 to [10] 100 mole % of [a] recurring units

represented by the following formula (I)



Re. 33,367

+CHy=CH—0O~ (I

I
CH; CHi

| |
O=—CH;~C
N\

O

CH;
/7

(2) 0 to 99 mole % of at least one type of recurring
units represented by the following formula (I1)

+CH;~CH=—0O~ (1I)

I
R

wherein R represents a member selected from the class
consisting of a hydrogen atom, substituted or unsubsti-
tuted C1-C;3 alkyl groups, substituted or unsubstituted
C>-Ci3 alkenyl groups, substituted or unsubstituted
C3-Cs cycloalkyl groups and substituted or unsubsti-

10

15

tuted Cs-Cy4 aryl groups, and has a reduced viscosity 0

Tired; determined at 45° C. in its 0.1% benzene solution
or at 80° C. in its 0.19 monochlorobenzene solution, of
at least 0.01.

The recurring units of formula (I) are derived by

opening only the methyl-free oxirane ring of the two 23

oxirane rings of the compound of formula (I-a) while
the other methyl-containing oxirane ring being left uno-
pen. The recurring units of formula (II) are derived by

ring-opening of a monoepoxy compound of the follow-
ing formula (II)

(I1D)

wherein R is as defined with regard to formula (II).

In the definition of R in formulae (II) or (III), exam-
ples of the C1~Cigalkyl group are methyl, ethyl, propyi,
butyl, hexyl and dodecyl groups. These alkyl groups
may have a substituent such as halogen, C;-Cgalkoxy,
Cz-C9 alkoxycarbonyl, C2-Cjg acyl, C;-Cj¢ alkylthio,
and optionally substituted Cs-C4 aryl. In the definition
of R, examples of the C,-C;3 alkenyl group are vinyl,
allyl and butenyl. The alkenyl groups may have a sub-
stituent such as halogen, C|-Ci3 alkyl, C1-Cj¢ alkoxy,
C1-Cio alkoxycarbonyl, C3-Cjio acyl and C{-Cj¢ alkyl-
thio. In the definition of R, [example] examples of the
C3-Cy cycloalkyl group are cyclopropyl, cyclopentyl
and cyclohexyl. The cycloalkyl groups may have a
substituent such as halogen, C\~C)2 alkyl, C1-Cjp alk-
oxy, Cz—Cio alkoxy-carbonyl, C-Cio acyl and Ci-Cjp
alkyithio. In the definition of R, examples of the Cs~C14
aryl group are phenyl and naphthyl. The aryl groups
may have a substituent such as halogen, C;-C,> alkyl,
Ci1-Cio alkoxy, C>-Cjo alkoxycarbonyl, C,—Cjip acyl
and C,-Cjp alkylthio.

The novel polyether polymer or copolymer has a
reduced viscosity Nred, determined at 45° C. in its 0.1%
benzene solution or at 80° C. in its 0.19z monochloro-
benzene solution, of at least 0.01. The polymer com-
posed only of the recurring units of formula (I) or poly-
mers composed substantially of the recurring units of
formula (I) with less than 1 mole % [namely, the pro-
portion of the recurring units of formula (I) exceeding
99 mole %] of the recurring units of formula (II) prefer-
ably have a reduced viscosity 7Myeq, determined at 45° C.
in their 0.1% benzene solution, of 0.01 to 2, particularly
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0.05 to 2. Copolymers composed of 1 to 99 mole % of
the recurring units of formula (I} and 99 to 1 mole %
(the total 100 mole %) of the recurring units of formula
(II) preferably have a reduced viscosity 7, deter-
mined at 45° C. in their 0.1% benzene solution or at 80°
C. in their 0.1% monochlorobenzene solution, of 0.01 to
5, especially 0.05 to 3. In the case of the copolymers,
suitable mole ratios for the intended uses may be se-
lected. For example, when the copolymers are to be
used as epoxy resins, it is preferred to adjust the propor-
tion of the recurring unit of formula (I) to at least about
30 mole %. For use as a rubberr elastomeric material,
the copolymer preferably contains about 5 mole %, or
amounts near it, of the recurring unit of formula (I).
Such [a] preferred ranges of the proportion of the
recurring units of formula (I) can be preselected and
prescribed easily by experiments according to the pur-
pose of use and the type of the recurring units of for-
mula (II).

The novel polyether polymer or copolymer of this
invention can be produced by polymerizing the com-
pound of formula (I-a) or copolymerizing the com-
pound of formula (I-a) and the monoepoxy compound
of formula (III), in the presence of, as a catalyst, a heat-
reaction product of (A} an organotin compound and (B)
a complete or partial ester compound of (HO);PO
which is disclosed in U.S. Pat. No. 3,773,694 whose
inventorship includes Tetsuya Nakata who is one of the
coinventors of the present invention.

When, for example, the diepoxy compound of for-
mula (I-a) in accordance with this invention is polymer-
ized by using organcaluminum-water containing cata-
lyst heretofore well known as a catalyst for ring-open-
ing polymerization of a broad range of oxirane com-
pounds, crosslinking reaction proceeds rapidly, and the
solvent-soluble polyether polymer of this invention
cannot be obtained.

Among the known heat-reaction products disclosed
in detail in U.S. Pat. No. 3,773,694, heat-reaction prod-
ucts of (A) organotin compounds selected from com-
pounds of the following formulae (1) to {(iv) and (B) a
complete or partial ester compound of (HO);PO are
preferably used.

Ra 'SnX4-arm ()
wherein R! represents a C1-C; alkyl group, such as
methyl, ethyl, propyl, hexyl and dodecyl, unsubstituted
or substituted by a substituent selected from halogen,
hydroxy, C;-Cjg alkoxy and C;-C,¢ alkylthio, a C>-Cg
alkenyl group, such as vinyl and allyl, unsubstituted or
substituted by a substituent selected from halogen, hy-
droxy, C1-Cj¢ alkoxy, C-C,p alkylthio, and optionally
substituted C-C4aryl, a C3-Cg cycloalkyl group, such
as cyclopropyl, cyclopentyl or cyclohexyl, unsubsti-
tuted or substituted by a substituent selected from halo-
gen, hydroxy, Ci-Ci2 alkyl, C\-Cjo alkoxy, C;-Cjo
alkylthio and optionally substituted Cg-Ciq aryl, a
Cs-C14 aryl group, such a phenyl and naphthyl, unsub-
stituted or substituted by a substituent selected from
halogen, hydroxy, Ci-Ci2 alkyl, Ci-Cjoalkoxy, Ci1-Cio
alkylthio and optionally substituted Cg-~Ci4 aryl, or a
C7-Cig aralkyl group, such as benzyl or phenylethyl,
unsubstituted or substituted by a substituent selected
from halogen, hydroxy, Ci-C\; alkyl, C;-Cjo alkoxy
and C|-Cyo alkylthio; x represents an atom or group
selected from halogen atoms such as Cl, Br, I or F,
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C1-Ci1; alkoxy groups, aryloxy groups having Cs-Cis
aryl, acyloxy groups having C;-C;2acyl and residues of
partial esters of phosphoric acid; and a is an integer of 1
to 4; provided that when a is an integer of 2 to 4, R!
groups may be identical or different, and whenais 1 or
2, the X’s may be 1dentical or different.

Rp!SnO, (ii)
wherein Rl is as defined with regard to formula (i), b is
1or2,and whenbis1,cis 3/2orwhenbis 2, cis 1, the
compound of formula (ii) may form a complex with the
compound of formula (1).

R2LR,1Sn0SnR21)-R3 (iif)
wherein R! is as defined with regard to formula (i), R?
is as defined with regard to R! and X, and the two R2
groups may be identical and different.

(R3%Sn)4X" (iv)
wherein R2 is the same as defined with regard to for-
mula (iii) provided that at least one of the three R2
groups is a group selected from the groups defined for
R! in formula (i); X' is a member selected from the
group consisting of a carbonate group, a phosphorus or
oxyacid group, a polybasic carboxylic acid group and a
residual moiety of a polyhydric alcohol; and d 1s a num-
ber greater than | and corresponds to the basicity of the
member X'

Preferably, (B) is a compound represented by the
following formuila

(R30)P=0

wherein R3 represents a member selected from the class
consisting of a hydrogen atom, C;-Cj2 alkyl groups
C;-C13 alkenyl groups and C3;~Cj cycloalkyl groups
which may be substituted by halogen, and at least one of
the R3 groups represents groups other than the hydro-
gen atom.

In the organotin compound (a) selected from the
compounds of formulae (i) to (iv), specific examples of
the compounds of formula (1) are (C;Hs)4Sn,
(CéHs)aSn, (CH3)aSnF, (C4Hs)3SnCl, (CH3)3SnBr,
(CgH17)38nCl, (CH3)2SnF3, (C4H9)2SnCl, (Ciz2Has),

(cyclo- CgHir )2Snlz, (C4Ho)SnF3, (CsH17)SnCls,
(C4H9)3SHOC4H9:

O—CH;
/
(CH3)25n ,

N\
O—CH;

(CsH17)38nOCOCH3, (CgH)17)2Sn(0OCOC17H3s)2, and

Br

v
(CH3)28n

OCOCH3

Specific examples of the compounds of formula (it)
are  (CH3)25n0, (C4Ho)2SnO,  (CsH17)25n0,
(CsHs)SnO, CH3SnO3 /2, and C4HoSnO3 2.

Examples of the complex of the compound of for-
mula (i) and the compound of formula (ii) include

n
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10
(CH3)28n0.(C2Hs)25nBr,, (CH3)28nCly,
CH:J(CH3):Sn0O};CH3 and (CH3)2SnBr3.

Specific examples of the compounds of formula (in1)
are (CH3)sSnOSn(CH3);, CL (C4Ho)CL, and
(CH3COO)(CsHs)Sn(CsHs ) CH3COO).

Specific examples of the compounds of formula (iv)

and

include [(CH3)381]2COs, [(C4H9)3Sn]2CO:3,
(C4Ho)3SnOP  (ONOCgH17)2, [(CsHi7)3Sn]3POs,
(C4Ho)3SnOCH2CH>08n{C4Ho)3, (C4Hg)2(CH;30)

SnOCO-CHT0CO-Sn(OCH 31X C4Ho)2, and

+-CHy— (IZ".H'}E
COOSn(CyHg).

Specific examples of the compounds of formula
(R3O);P=0 include (C:Hs)3PO4, (C3H7)3POq4,
(C4Ho)3PO4, (CsH17)3P0O4, (CH>=—=CH—CH?)3POq,
(CsH11)3P0O4, (CICH2--CH3)3PO4, (Cl2C3Hs5)3POs4,
(C2Hs5)2HPO4, (C4Hg)2HPO4, (C4Ho)H2POs4.

The heat-reaction product of (A) the organotin com-
pound and (B) the complete or partial ester compound
of (HO)3PO used as the catalyst can be synthesized by
the means known from U.S. Pat. No. 3,773,694, For
example, it can be obtained in the form of a condensa-
tion product by heating the compound (A) and the
compound (B) at a temperature of about 150° to 300° C.
As required, a high boiling hydrocarbon such as liquid
paraffin can be used as a solvent. The ratio of the com-
pound (A) to the compound (B) used in the formation of
the heat-reaction product can be properly selected over
a wide range. For example, the ratio of (A):(B), as the
ratio of Sn atoms to P atoms, is from 1:10 to 10:1.

In the catalyst producing reaction, various relatively
simple substances are formed and liberated by conden-
sation reaction depending upon the types of the com-
pounds (A) and (B). The resulting condensation prod-
uct exhibits the desired activity at various degrees of
condensation. The optimum degree of condensation
varies depending upon the types of the compounds (A)
and (B) and the ratio between them, but can be easily
predetermined experimentally. Generally, the conden-
sation product is soluble in solvents such as hexane and
benzene in the early stage, but becomes insoluble as the
condensation reaction proceeds.

According to this invention, there is provided a pro-
cess for producing the novel polyether polymer or co-
polymer with a pendant group of the formula

CHj

|
—CHy—QO=—CH;—C

CH>

/
o

in its molecule and consisting essentially of (1) 1 to 100
mole % of recurring units of formula (I) and (2) 0 to 99
mole % of at least one type of recurring units of formula
(IT) and having a reduced viscosity 7)yeq, determined at
45° C. in its 0.1% benzene solution or at 80° C. in its
0.19% monochlorobenzene solution, of at least 0.01,
which comprises polymerizing 2,3-epoxypropyl-2',3'-
epoxy-2'-methylpropyl ether of the following formula

(I-a)




Re. 33,367

11

L
CH~~CH;—0—CH;—C

N/
O

(1-a)

HyC

CH>
N/
O

or copolymerizing a mixture of it with a compound of
the following formula (1I1)

(111}

wherein R is as defined with regard to formula (II), in
the presence of, as a catalyst, the above known heat-
reaction product of (A) the organotin compound and
(B) the complete or partial ester compound of
(HO)3PO.

Specific examples of the moncepoxy compound (IIT)
used include ethylene oxide, propylene oxide, butylene
oxide, butadiene monoxide, vinylcyclohexane oxide,
styrene oxide, epichlorohydrin, epibromohydrin, allyl
glycidyl ether, butyl glycidyl ether, phenyl glycidyl
ether, naphthyl glycidyl ether, glycidyl acetate, glyci-
dyl propionate, glycidyl benzoate, glycidyl cinnamate
and glycidyl naphthonate. They may be used singly or
in combination. Thus, structural units of formula (II)
composed of two or more monomers above may be
present in the same polymer chain in the polyether
copolymer of this invention.

The polymerization or copolymerization may be car-
ried out by contacting the compound of formula (I-a) or
a mixture of it with at least one compound of formuia
(IIT) in the presence of the aforesaid heat-reaction prod-
uct as a catalyst in the presence or absence of a solvent.
Since the reaction proceeds even at room temperature,
heating is not specially required. For example, the poly-
merization or copolymerization is carried out at a tem-
perature of about 10° C. to 80° C. Preferably, the reac-
tion is carried out with stirring or shaking. In the prac-
tice of the reaction, the presence of an unnegligible
amount of water in the reaction system is inconvenient.
Hence, the presence of water in the reaction system is
desirably minimized.

The amount of the catalyst may be properly varied,
and 1s, for example, about 0.01 to about 1 part by weight
per 100 parts by weight of the compound of formula
(I-a) or the monomeric mixture of the compound of
formula (I-a) and the compound of formula (III).

‘The reaction pressure may be atmospheric pressure
or reduced or elevated pressure, inclusive of an auto-
geneous pressure. Usually, pressures ranging from at-
mospheric pressure to 50 kg/cm? are employed.

In this invention, a solvent may be optionally present
in the polymerization system. A great variety of sol-
vents can be used in this invention. Examples include
aliphatic hydrocarbons such as heptane, kerosene, n-
paraffin and hexane, aromatic hydrocarbons such as
benzene and toluene; halogenated hydrocarbons such as
methylene chloride, chloroform, carbon tetrachioride
and monochlorobenzene, ketones such as acetone and
methyl ethyl ketone, ethers such as diethyl ether, di-iso-
propyl ether, di-n-propyl ether, di-n-butyl ether, tetra-
hydrofuran and dioxane, and esters such as ethyl acetate
and butyl acetate.

The polyether polymer or copolymer is useful, for
example, as an epoxy resin, a rubber or elastomeric
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material, an adhesive, a paint, or a reactive polymer
intermediate. |
The following examples illustrate the present inven-
tion in more detail.

EXAMPLE 1

Compound of formula (I-a)

A flask equipped with a reflux condenser, a thermom-
eter and a stirrer was charged with 300 ml of methanol,
331 g (8.0 moles) of acetonitrile, 150 g (1.3 moles) of
allyl methailyl ether and 107 g of potassium hydrogen
carbonate, and with stirring at 50° C., 402 mi (3.5 moles)
of a 30% by weight aqueous solution of hydrogen per-
oxide was added dropwise over 6 hours. After the addi-
tion, the mixture was maintained at the same tempera-
ture for 3 hours. After the reaction, the reaction mixture
was cooled, and 500 ml of cold water was added. The
mixture was extracted with five 150 ml portions of
methylene chloride, three 100 ml portions of water,
three 100 mi portions of water, dried over sodium sul-
fate, and distilled under reduced pressure to give 160 g
(vield 839%) of 2,3-epoxypropyl-2’,3'-epoxy-2'-methyl-
propyl ether.

The properties and NMR spectral data of the product
are shown below.

Physical properties
bp: 85* C./8 mm Hg
dq?3: 1.069
np?>: 1.4396
Assignment of NMR spectrum
CHj
| a
H7C CH—CH)—0—CH;—C CH>
b6 N\ / ¢ d d N /b
O O
Solvent: CDCly; internal standard TMS §:

1.35 (OH, s, a)

2.45-2.90 (4H, m, b)
290-3.35 (1H, m, c)
3.35-4.15 (4H, m, d).

The infrared absorption spectrum of the resulting
product is shown in FIG. 1.

EXAMPLE 2

A three-necked flask equipped with a stirrer, a ther-
mometer and a distillation device was charged with 12.5
g of dibutyltin oxide and 26.6 g of tributyl phosphate.
With stirring in a stream of nitrogen, the compounds
were heated at 250° C. for 20 minutes, and the distillate
was removed. A solid condensation product was ob-
tained was a residue.

The mside of the S0 ml glass ampoule was purged
with nitrogen, and the ampoule was charged with 40
mg of the condensation product obtained as above and
15 g of 2,3-epoxypropyl-2’,3"-epoxy-2'-methylpropyl
ether having a concentration of less than 10 ppm, and
the ampoule was sealed up. With shaking, the com-
pound [as] was reacted at 40° C. for 48 hours. After
the reaction, the reaction mixture was poured into 100
mi of hexane comtaining 0.5 % by weight of 2,2'-
methylenebis(4-methyl-6-t-butylphenol), and immersed
overnight. Hexane was then removed by decantation,
and the residue was washed twice with 100 ml of the
same hexane as used above, and then dried to give 12.7

g (yield 85%) of a polymer. The polymer had a reduced
viscosity, measured at 45° C. in its 0.19% benzene solu-
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tion, of 0.45 and an epoxy equivalent of 142 (theory
144).

The infrared absorption spectrum of the polymer is
shown in FIG. 2, and the nuclear magnetic resonance
spectrum, in FIG. 3.

EXAMPLE 3

Tributyltin chloride (10.5 g) and 17.4 g of tributyl
phosphate were put in the same flask as used in Example
2. With stirring in a stream of nitrogen, the mixture was
heated at 250° C. for 30 minutes, and the distillate was
removed. A solid condensation product was obtained as
a residue.

The same polymerization as in Example 2 was carried
out except that 25 mg of the resulting condensation
product was used as the catalyt and the polymerization
was carried out at 80° C. for 6 hours. There was ob-
tained 12.2 g (vield 81%) of a polymer having a reduced
viscosity, determined at 45° C. in its 0.1% benzene solu-
tion, of 0.09 and an epoxy equivalent of 143.

EXAMPLE 4

Diphenyitin dichloride (11.0 g) and 16.9 g of tributyl
phosphate were put in the same flask as used in Example
2. With stirring in a stream of nitrogen, the mixture was
heated at 250° C. for 35 minutes, and the distillate was
removed. A solid condensation product was obtained as
a residue.

The same polymerization as in Example 2 was carried
out except that 25 mg of the resulting condensation
product was used as the catalyst and the polymerization
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The inside of a 50 ml glass ampoule was purged with
nitrogen, and 30 mg of the condensation product, a
mixture of 12 g of 2,3-epoxypropyl-2’,3’-epoxy-2'-meth-
yl-propyl ether and 20 g of propylene oxide having a
water content of less than 10 ppm were charged into it.
The ampoule was sealed up, and with shaking, the mix-
ture was maintained at 40° C. for 50 hours. After the
reaction, the reaction mixture was put into 100 ml of
methanol containing 0.5% by weight of 2,2-
methylenebis(4-methyl-6-t-butylphenol) and immersed
overnight. Methanol was removed by decantation, and
the residue was washed twice with 100 ml of methanol
and then dried under reduced pressure at 100° C. for 8
hours to give 29 g of a tacky rubbery polymer.

The mole ratios of the monomers charged, the reac-
tion conditions, and the composition of the resulting
copolymer are shown in Table 1.

The infrared absorption spectrum of the resulting
copolymer is shown in FIG. 4, and its |H NMR spec-
trum, in FIG. 9.

EXAMPLES 6-9

Using the same catalyst as used in Example 5, the
same copolymerization as in Example 5 was repeated
under the conditions indicated in Table 1. The composi-
tions of the resulting copolymers, determined by 'H
NMR spectroscopy, are shown in Table 1. The infrared
absorption spectra of the copolymers obtained in Exam-
ples 6 to 9 are shown in FIGS. § to 8, respectively, and
the TH NMR spectrum of the copolymer obtained in
Example 6, in FIG. 10.

TABLE 1

Example

h 6 7 8 9

W
Monomer charged (moie %) |

2,3-Epoxypropyl-2',3'-epoxy-
2'-methylpropyl ether

Propylene oxide
Epichlorohydrin
Glycidyl acetate

Styrene oxide

Amount of the catalyst
(g/mole of monomer)
Reaction temperature ("C.)
Reaction time (hours)

Copolymer produced

Yield (%)

Reduced viscosity, Msed

Compaosition a3 monomers

{mole %)

2,3-Epoxypropyl-2’, 3 -epoxy-

2’ -methylpropyl ether
Propylene oxide
Epichlorohydrin
Glycidyl acetate

Styrene oxide

20 30 80 5 40
80 —_ 20 — —
— 70 — — —
— — — 95 _
— — — — 60
0.07 0.06 0.08 0.05 0.09
40 45 50 50 50
50 50 70 60 70
91 89 65 70 78
2.48 0.82 0.13% 0.35 0.78
*) (**) ") (*) (*)
18 21 75 4 31
84 — 25 — —
— 79 — _ —_
— —_ — 96 _

(*): Measured at 45° C, in a 0.1% benzene solution.
(**): Measured at 80° C. in a 0.1% monochlorobenzene solution.

was carried out at 30° C. for 60 hours. There was ob-
tained 11.8 g (vield 79%) of a polymer having a reduced
viscosity, determined at 45° C. in its 0.1% benzene solu-
tion, of 0.92 and an epoxy equivalent of 145.

EXAMPLE 5

Dibutyltin oxide (10.0 g) and 23.4 g of tributyl phos-
phate were fed into a three-necked flask equipped with
a stirrer, a thermometer and a distillation device. With
stirring in a stream of nitrogen, they were heated at 260°
C. for 15 minutes, and the distillate was removed. A

solid condensation product was obtained as a residue.

60

65

What is claimed 1s:
1. A polyether polymer or copolymer with a pendant
group of the formula

CHj

|
- CHy—QO=—CH)—C—=CH;
\0/

in its molecule, said polymer or copolymer consisting
essentially of
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(1) £1] 5 to 100 mole % of recurring units repre-
sented by the following formula (T)

+~CH;—CH—0- (I

I
CHy CH3

I |
O—CH)—(C——CH>

\ /
0

and

(2) [0 to 99] 0 o0 95 mole % of at least one type of

recurring units represented by the following for-
mula (II)

+CHy—~CH=0< ()

|
R

wherein R represents a member selected from the class
consisting of a hydrogen atom, substituted or unsubsti-
tuted C1-Cig alkyl groups, substituted or unsubstituted
C2-Cis alkenyl groups, substituted or unsubstituted
C3~C3 cycloalkyl groups and substituted or unsubsti-
tuted C¢-Ci4 aryl groups, and having a reduced viscos-
1ty Mred, determined at 45° C. in its 0.1% benzene solu-
tion or at 80° C. in its 0.1% monochlorobenzene solu-
tion, of at least 0.01.

2. The polyether polymer or copolymer of claim 1
wherein in the definition of R in formula (II), the sub-
stituent on the alkyl groups is selected from the class
consisting of halogen, C;-Cjo alkoxy, C,-Cig alkoxy-
carbonyl, C;-Cjpacyl, C;-Cipalkylthio, and optionally
substituted Cg-Ci4 aryl; the substituent on the alkenyl
groups 18 selected from the class consisting of halogen,
C1-Ci2 alkyl, C;-—Cyo alkoxy, C>-C;o alkoxycarbonyl,
C2-Cioacyl and C1-Cjpalkylthio; the substituent on the
cycloalkyl groups is selected from the class consisting
of halogen, C;-Cj2 alkyl, C;-Ci¢ aikoxy, C3-C)¢ alk-
oxycarbonyl, C;-Cipacyl and C;-Cjpalkylthio; and the
substituent on the aryl groups is selected from the class
consisting of halogen, C;-C;; alkyl, Ci-Cjp alkoxy,
C2-Co alkoxycarbonyl, C;—C19 acyl and C{-Cjo alkyl-
thio.

3. The polyether polymer or copolymer of claim 1
having a reduced viscosity 7,.q of 0.01 to 5.

4. A process for producing the polyether polymer or
copolymer of claim 1, which comprises polymerizing
2,3-epoxypropyl-2',3'-epoxy-2'-methylpropyl ether of
the following formula (I-a)

CH3

l
CH—CH3—0O=—CH=—C
N/

O

(I-a)

H2C

CH;

N\
o

or copolymerizing it with a compound of the following
formula (II1)

(1D

wherein R represents a member selected from the class
consisting of a hydrogen atom, substituted or unsubsti-

tuted C-C;3 alkyl groups, substituted or unsubstituted

C2-Ci3 alkenyl groups, substituted or unsubstituted
C3-C3 cycloalkyl groups and substituted or unsubsti-
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16
tuted C¢-Ci4aryl groups, in the present of, as a catalyst,

a heat-reaction product of (A) an organotin compound
and [(b)] (B) a complete or partial ester compound of
the formula (HO);:PO, said organotin compound (A)
being selected from the group consisting of compounds
of the following formulae (i) to (iv)

Ro'S0X4_4 (1)
wherein R! represents a C;-Cj2 alkyl group unsubsti-
tuted or substituted by a substituent selected from halo-
gen, hydroxy, C{-Cj¢ alkoxy and C;-C,¢ alkyithio, a
C2-Cg alkenyl group unsubstituted or substituted by a
substituent selected from halogen, hydroxy, C;-Cio
alkoxy, Ci-Cio alkylthio, and optionally substituted
Cs-Cie aryl, a C3-Cj cycloalkyl group unsubstituted or
substituted by a substituent selected from halogen, hy-
droxy, Ci1-Ci2 alkyl, C;-Cjp alkoxy, C;~Cjg alkyithio
and optionally substituted Cg~Cj4 aryl, a Cs-Ci4 aryl
group unsubstituted or substituted by a substituent se-
lected from [halogn] Aalogen, hydroxy, C1-C;; alkyl,
C1-Cjo alkoxy, Ci-Cjoalkylthio and optionally substi-
tuted Cg-C)4 aryl, or a C7-Ci3 aralkyl group unsubsti-
tuted or substituted by a substituent selected from halo-
gen, hydroxy, C)-C\2 alkyl, Ci-Cig alkoxy and C1-Cio
alkylthio; [x} X represents an atom or group selected
from halogen atoms, Ci-Ciy alkoxy groups, aryloxy
groups having [Cs-Ci14] Cs-Cis aryl substituents],
Facyloxy] groups having C;-Ci2 acyl substituents and
residues of partial esters of phosphoric acid; and an is an
integer of 1 to 4, provided that when a is an integer of
2 to 4, R! groups may be identical or different, and
when a is 1 or 2, the X’s may be identical or different:

Rp!SnO, (ii)
wherein R! i3 as defined with regard to formula (i), b is
lor2,and whenbis 1,cis 3/2or whenbis 2, cis 1, the
compound of formula (11) may form a complex with the
compound of formula (3);

R24{R2!SnOSnR;!13-R? (iii)
wherein R! is as defined with regard to formula (i), R2

is as defined with regard to R! and X, and the two R2
groups may be identical and different; and

(R3*Sn)sX’ (iv)
wherein R is the same as defined with regard to for-
mula (iti) provided that at least one of the three R2
groups 18 a group selected from the groups defined for
R! in formula (i); X' is a member selected from the
group consisting of a carbonate group, a phosphorus or
oxyacid group, a polybasic carboxylic acid group and a
residual moiety of a polyhydric alcohol; and d is a num-
ber greater than 1 and corresponds to the basicity of the
member X'.

‘3. The process of claim 4 wherein the complete or
partial ester compound (B) is a compound of the follow-
ing formula

(R30)3P=0

wherein R3 represents a member selected from the class
consisting of a hydrogen atom, C;-Ci; alkyl groups
C2-Cy2 alkenyl groups and C;3;-Cg cycloalkyl groups
which may be substituted by halogen, and at least one of
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the R3 groups represents groups other than hydrogen -
atom. |
- CHy=O~—CHy=—C—CH3
[6. 2,3-epoxypropyl-2’,3'-epoxy-2'-methylpropyl s \0/

ether of the following formula (I-a)]}

?Hg (I-a)]}
10
[H,C——CH—CH;—0—CH;—C—CH
\ / 2 TN
O O
7. A polyether copolymer with a pendant group of the s
Jormula .
CHj
CH;—O0—CH ¢—cn 20
—CH;— 2—~C——CH;
\ /
0 .
in its molecule, said copolymer comprising
235

(1) from 1 to 99 mole percent of recurring units of for-
mula (I

+CH;~CH—O (n 30

f'JHz <'3H3
O—CHy—C—CH;
\ /
G

35

and

(2) from I to 99 mole percent of at least one recurring
unit derived from a monoepoxy compound selected 40
from the group consisting of glycidy! acetate, glycidyl
propionate, glycidyl benzoate, glycidy! cinnamate and
glycidyl naphthonate, said copolymer having a re- 45
duced viscosity Tred, determined at 45° C. in its 0.1%
benzene solution or at 80° C. in its 0.1% monochloro-

benzene solution, of at least 0.01.

8. A polyether copolymer with a pendant group of the 30

formula

35

65

in its molecule, said copolymer comprising
(1) from I to 98 mole percent of recurring units of for-
mula (1)

+CH;~CH—0- O

I
CH» CHj;

| |
O—CH;=—C—CH;
\ /
0O

(2) 1 to 98 mole percent of at least one type of recurring
unit represented by the following formula (II)

“CH;~CH—0- (1)

|
R

wherein R represents a member selected from the class
consisting of a hydrogen atom, substituted or unsubstituted
C-Cig alkyl groups, substituted or unsubstituted Cr-C13
alkenyl groups, substituted or unsubstituted C3~Cgcycloal-
kyl groups and substituted or unsubstituted Ce—C14 aryl
groups, wherein in the definition of R in formula (II), the
substituent on the alkyl groups is selected from the class
consisting of halogen, C1-Cio alkoxy, C»-C\o alkoxycar-
bonyl, C2-Cio acyl, C-Cyo alkylthio, and optionally
substituted Cg~Ci4 aryl: the substituent on the alkenyl!
groups is selected from the class consisting of halogen,
C1-Ci3 alkenyl, C1-Cio alkoxy, C2-C\o alkoxycarbony!,
C2-Cho acyl and Cy-C1g alkylthio; the substituent on the
cycloalkyl groups is selected from the class consisting of
halogen, C1-C\z alkyl, C1-Cioalkoxy, C2-Cyoalkoxycar-
bonyl, C1~Croacyl and C\-Croalkylthio; and the substitu-
ent on the aryl groups is selected from the class consisting
of halogen, C\-C\2 alkyl, C1—~Cip alkoxy, C2-C1o alkoxy-
carbonyl, C,~-Co acyl and C1-C)o alkyithio, and
(3) 1 to 98 mole percent of at least one recurring unit
derived from a monoepoxy compound selected from
the group consisting of glycidyl acetate, glycidyl propi-
onate, glycidyl benzoate, glycidyl cinnamate and glyc-
idyl napthonate, said copolymer having a reduced
VISCOSItY Nred determined at 45° C. in its 0.1% ben-
zene solution or at 80° C. in its 0, 1% monochloroben-

zene solution, of at least 0.01.
. L x » *
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