DESCRI PTI ON - PRODUCTI ON PROCESS OF A POLYMERI ZABLE HYPERBRANCHED
POLYESTER TECHNI CAL FI ELD The present invention relates to a production
process of a polynerizable hyperbranched pol yester useful in a w de
range of applications including paints, coating materials, adhesives,
films, sheets, noldings and electronic materials. Furthernore, the
present application is based on Japanese Patent Application No.

2002- 342118, the content of whiphsCRIPTDONrporated herein by reference. _
BACKGROUND ART Hyper branched pol yners, in which nol ecul ar chains
extending froma branching point |ocated in the center have additional
branchi ng points, and the nunber of term nals increases noving away from

t he center re ex e us in vari [ ' their
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exanpl es of hyperbranched polynmers include hyperbranched pol yester

pol yol s havi ng hydroxyl groups on the termnals of their nolecul ar
chains (e.g., specification of US Patent No. 3669939), and attenpts have
been mageutiacamt rgduge 1 functional groups having even higher reactivity
or different fornms of reactivity into the nolecul ar chains by using the
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hyper br anche l'yners, pol ymeri za

a polymerizable hyperbranched polyester useful in a wide range
of applications including paints, coatingmaterials, adhesives,
films, sheets, moldings and electronic materials.
Furthermore, the present application is based on Japanese
Patent Application No. 2002-342118, the content of which is

incorperated herein by reference.

BACKGROUND ART

Hyperbranched polymers, in whichmolecular chains extending
from a branching point located in the center have additional
branching points, and the number of terminals increases moving
away from the center, are expected to be used in various
applications due to their large number of terminals and their
unique molecular form.

Known examples of hyperbranched polymers include
hyperbranched polyester polycls having hydroxyl groups on the
terminals of their molecular chains (e.g., specification of US

Patent No. 3669939), and attempts have been made to introduce



unsat ur at ed doubl e bonds have been introduced into the nolecular chains
or termnals thereof, are useful as macronononers, polyner nodifiers,
functional polyners or multifunctional reaction internedi ates. Numerous
attenpts have been made to produce polyesters in which polynerizable
unsat ur at ed doubl e bonds have been introduced into the nolecul ar
termnals of hyperbranched polyester polyols by esterifying the hydroxyl
groupsfoncthesel Bypeptr asctied soleyedtiaheyolnpeicsi vy cal el of
these processes are described in (1) to (4) below (1) A process in

whi ch @ohypeblr aaabed viely asiter il yolldculasterdifiedbwiidimerotd ¢ acid
by dehydration in the presence of nethane sulfonic acid (refer to, for

examl g, US; PRt enly (None 41201 1 ) A 00855 L0 4LGR2 hyper br anched

pol yest er pol yo esteri dé in the
resence,of . N N-di | ami no ridine (refer to,.for a
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p. 612 (2000)). (3) A process in which a hyperbranched pol yester polyol
is 2 esferprasadwiaub ke bpnelpl hane deedel nhrodecepd dedimchefmo ltadudtary| anmi ne

or N, N-di met hyl am nopyrridine (refer to, for exanple, J. Lang, et al.,
Pol yneehb Ky, oVYoke4inpl34@3e(20F]) ;arcaanthe M1 Iohatas@noreimedds,, Jour nal

of Coating and Technol ogy (USA), Vol.67, p.35 (1995)).
polymer modifiers, functional polymers or multifunctional
reaction intermediates.

Numerous attempts have been made to produce polyesters in
which polymerizable unsaturated double bonds have been
introduced into the molecular terminals of hyperbranched
peclyester polyols by esterifying the hydroxyl groups cof these
hyperbranched polyester polyols. Typical examples c¢f these
processes are described in (1} to {(4) below.

(1) A process in which a hyperbranched polyester polyol is
esterified with acrylic acid by dehydration in the presence of
methane sulfonic acid (refer to, for example, US Patent No.
5418301) .

(2) A process in thch a nhyperbranched polyester polyol is
esterified with methacrylic anhydride in the presence of
N,N-dimethylaminopyrridine (refer to, for example, M. Johansson,
et al., Journal of Applied Polymer Science (USA), Vol.75, p.612

(2000} ).

{3) A process in which a hyperbranched polyester polyol is



(4) A two-stage esterification process in which a hyperbranched

pol yester polyol is reacted with nethacrylic anhydride foll owed by once
separating and purifying the product and then reacting wth nethacryl oyl
chloride in the presence of triethylamne (refer to, for exanple, Q

Wan, et al. , Journal of Macronol ecul ar Science Pure and Applied

Chem stry (USA), Vol.A37, p.1301 (2000)). However, in the case of using
a carbegykréfacddwhan ngrylopdl ywirdoirdals 6 rundet wrasshooubf e bond with _
| ow el ectron density in the manner of (neth)acrylic acid as in the
processrobthi) amabever N)Naddindeit®ry 1tehithe desidiek defwrati®on for
esterification reaction, side reactions occurs in the formof not only a
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susceptibility to gelling of the reaction systemand a reduction in the
nunber (862 pol Yk bZabbe 39nddt9¥bated doubl e bonds introduced into the
nol ecular termnals. 3 In addition, in the case of carrying out a

dehydr agj on twst et ddé ealtiean FieactiicnNpustagsain adiidhcatdlpesto mmdhed he
process of (1) above, there is also the problemof the occurrence of a
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nmol ecul ar ~ chal ns. reover, 1n the case of eSterification reactions using

acid by once separating and purifying the product and then reacting

with methacryloyl chloride in the presence of triethylamine
(refer to, for example, Q. Wan, et al., Journal of Macromolecular
Science Pure and Applied Chemistry (USA}, Vol.A37, p.1301
(2000)}.

However, in the case of using a carboxylic acid having a
polymerizable unsaturated double bond with low electron density
in the manner of (meth)acrylic acid as in the process of (1}
above, in addition to the desired dehydration esterification
reaction, side reactions occurs in the form of not only a thermal
polymerization reaction of the polymerizable unsaturated double
bond, but also a nucleophilic addition reaction between hydroxyl
groups and polymerizable unsaturated double bonds of the
hyperbranched polyester polyol. As a result, there are the
problems of increased susceptibility to gelling of the reaction
systemand a reduction in the number of polymerizable unsaturated

double bonds introduced into the molecular terminals.



anhydrides or acid halides as in each of the processes of (2), (3) and

(4) above, there are the problens of increased susceptibility to gelling
of the reaction systemand a reduction in the nunber of polynerizable

unsat urat ed doubl e bonds introduced into the nolecular termnals in the
same manner as the case of (1) above caused by the basic substance used
as catalyst or acid receptor. In addition, in the case of using an acid
anhydri de dm acidd tikal,i den ashe cesch Dfcdhey pigcesses @éhy@yat(3) and (4)
above, there are also problens in terns of use of the process as an -
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ester, including (a) the increased difficulty t tain su raw
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precautlons regarding reaction wth noisture in the air and so forth due
to t he2hPdAer E88EtdPfy 1nofthendoeme oipduinds 1 vaid @) the aidedt tondsnove
the salts that are fornmed by the reaction of the acid halide and acid
recept ofsthg mbletuwerecpassishl e to i ntroduce pol yneri zabl e unsat urat ed
doubl e bonds into the term nals of a hyperbranched pol yester polyol by a

transest er Mbireatie@) W theuts sabs St s Per af oF eoRNHpNnedh Y QQEQﬁ%a%JCh a
process would be extrenely wuseful industrially. However, suc
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(3) and (4) above, there are the problems of increased
susceptibility to gelling of the reaction system and a reduction
in the number of polymerizable unsaturated double bonds
introduced into the molecular terminals in the same manner as
the case of (1) above caused by the basic substance used as
catalyst or acid receptor.

In addition, in the case of using an acid anhydride or acid
halide as in each of the processes of (2), (3) and (4) above,
there are also problems in terms of use of the process as an
industrial production process as compared with the use of
carboxylic ester, including (a) the increased difficulty to
obtain such raw materials in industrial scale or limitations
on the types of applicable compounds, (b} difficulties in
handling such as the need to take precautions regarding reaction
with moisture in the air and so forth due to the high reactivity
of these compounds, and (c¢) the need to remove the salts that

are formed by the reaction of the acid halide and acid receptors.



(a) and (b) below. Nanely, (a) since hyperbranched pol yester polyols
have extrenely high branching density, they are subjected to powerful
steric hindrance during the transesterification, thus causing the
problemin which the introduction of polynerizable unsaturated double
bonds into the termnals does not reach a satisfactory level; and (b)
since hyperbranched pol yester polyols have a hi gh hydroxyl group

content, thhylareesaqgﬁyéiblﬁ1&91hh@o@@%ﬂrp@m%ﬁeQﬁz@BQEGQHEé£hEat@9d't'On
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ester of a carboxyllc aC|d haV|ng pol ymeri zabl e unsaturated double bonds
i n t he af@meaendiionest Pradrldns, acich & kytoestereoubidba éonesmal goho
nononer having 2 to 6 hydroxyl groups in 5 a nolecule are reacted by

t r ansestserfiufli daldugr dikltIRe presence - of a stanoxane of
transesterification catalyst to introduce polynerizable unsaturated

doubl e bon t 0 ternlnals refer to, for
exanpl e, Jg%griéegr U%xdahmvéﬁlredm@gﬂ%al%ﬁscea 4ot ralfisre%é%fbﬁ%aatt}r%rh No.
Hei 9-183751 (US Patent No. 5606103)). However, the i ntroduction of
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(a) and (b) below. Namely, (a} since hyperbranched polyester

polyols have extremely high branching density, they are
subjected to powerful steric hindrance during the
transesterification, thus causing the problem in which the
introduction of polymerizable unsaturated double bonds into the
terminals does not reach a satisfactory level; and (b) since
hyperbranched polyester polyols have a high hydroxyl group
content, they are susceptible to the cccurrence of nucleophilic
addition reactions of the terminal hydroxy groups to
polymerizable unsaturated double bonds, thereby resulting in
the problem of increased susceptibility to gelling of the
reaction system and a reduction in the number of polymerizable
unsaturated double bonds introduced into the terminals.

On the other hand, a process is also known in which an alkyl
ester of a carboxylic acid having polymerizable unsaturated
double bonds in the manner of (meth)acrylic acid alkyl esters

and a lower alcohol monomer having 2 to 6 hydroxyl groups in



described in Japanese Unexam ned Patent Application, First Pu

blication

No. Hei 9-183751 (US Patent No. 5606103) . For this reason, even if this

Japanese Unexam ned Patent Application, First Publication No.
9- 183751 (US Patent No. 5606103) exists, it has been unknown

He
as to

whet her or not the problens of (a) and (b) above can be resolved by the

use of a transesterification catalyst conposed of stanoxane.
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production process that satisfies the follow ng conditions of
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‘unsat ur at ed doubl e bonds, or thernal

unsat ur at ed

doubl e bond&vever, the introduction of polymerizable unsaturated

double bonds into a hyperbranched polyester polyol is not

described in Japanese Unexamined Patent Application, First

Publication No. Hei 9-183751 {US Patent No. 5606103). For

this

reason, even if this Japanese Unexamined Patent Application,
Flrst Publication No. Hei 9-183751 (US Patent No. 5606103) exists,
it has been unknown as to whether or not the problems of {a)

and (b) above can be resolved by the use of a transesterification

catalyst composed of stanoxane.

DISCLOSURE OF THE INVENTION
The object of the present invention is to provide a
production process that satisfies the following conditions of
(1) to (iv) in a process for producing a polymerizable
hyperbranched polyester by introducing polymerizable
unsaturated double bonds using a transesterification into the
terminals of a hyperbranched polyester polyol (to be referred

to as hyperbranched polyester polycl (A}) obtained by



(ii1) the original backbone structure of the nol ecul ar chai ns of

hyper branched pol yester polyol (A) nust not be altered by hydrolysis and
so forth; (iii) the raw materials for the process will be easily
available in industrial scale; and, (iv)the reaction proceeds at high
efficiency. As a result of extensive studies to solve the aforenmentioned
probl ens, the inventors of the present invention found that all of the
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specific catalyst as a transesterification catalyst, thereby Ieadlng to
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hyper branched pol yester polyol (A) by reacting the hyperbranched
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pol yrmeri zabl e unsat urated double bond by a transesterification in the
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polymerizable unsaturated double bonds, or thermal
polymerization reactions of the aforementioned polymerizable
unsaturated double bonds; |

(i1) the original backbone structure of the molecular chains of
hyperbranched polyester polyol (A) must not be altered by
hydrolysis and so forth;

{iii) the raw materials for the process will be easily available
in industrial scale; and,

(iv}) the reaction proceeds at high efficiency.

As a result of extensive studies to solve the aforementioned
problems, the inventors of the present invention found that all
of the aforementioned problems can be solved only in the case
of using a specific catalyst as a transesterification catalyst,
thereby leading to completion of the present invention.

Namely, in order to solve the aforementioned problems, the
present invention provides a production process of a

polymerizable hyperbranched polyester comprising: introducing



transesterifications carried out in Exanple 3, Conparative Exanple 3 and
Conpar ati ve Exanple 4. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The
hyper br anched pol yester polyol (A) used in the production process of the
present invention is obtained by condensation polynerization of a

pol yhydr oxy nonocarboxylic acid in which there are at |east 2 hydroxyl
groups, the carbon atom adjacent to the carboxy group is saturated

car bonpatige r i2a@ 12! hir@fa thite: tdrRaaN At SN 58 O £8f Do atom are -
substituted. In addition, the hyperbranched pol yester polyol (A) used in
the p [ r.oc f..the present jnvention preferably has a 8

wei ght E]gggggégﬂﬁ&egﬁcg%gﬁ%v%egﬁﬂ O(Wel o(fﬂ’)l ]’E%a%&%%ot.h? n addition, the
af orenenti oned hyper branched pol yester polyol (A referably has a
nunber NYPEXEGE NFHRE: BodY SadicghtP (ML o750l th @%5?50!)1. brebver ,at he
hyper br anched pol yester polyol used in the production process of the

pr esentairbesgtliocnapadthaul g lay popyekeriably ehassatnaticedofioMd & dodid of 1.1
to 2.5. In addition, the aforenentioned hyperbranched pol yester polyol

preferahl ¥ thagsd2cbei€9Bahydnoxyl tQéO;gPés@ﬁEe”Bfee%"PeaéE‘ adidyon, the
degree of branching (DB) of the hyperbranched pol yester polyol (A used

inth [ f 1 [ t.l ] f bly 0.25 t
10, TR ha B SS SR L eam o HY S o i i BHEth AP Ret raiRhing

DB) is defined by the follow ng fornmula: (D+T
(DB) con51st?ng %f a dialkyl é%n oxide aéa a)stanoxane.

BRIEF DESCRIPTON OF THE DRAWINGS
Fig. 1 is a graph showing the relationship between reaction
time and the reaction conversion rate corresponding to the
introduction rate of polymerizable unsaturated double bonds in
transesterifications carried out in Example 3, Comparative

Example 3 and Comparative Example 4.

BEST MODE FOR CARRYING OUT THE INVENTION
The hyperbranched polyester polyol (A) used in the
production process of the present invention is obtained by
condensation polymerization of a polyhydroxy monocarboxylic
acid in which there are at least 2 hydroxyl groups, the carbon
atom adjacent to the carboxy group is saturated carbon atom,
and all of the hydrogen atoms on said carbon atom are substituted.
In addition, the hyperbranched polyester polyel (A) used in the

production process of the present invention preferably has a



DB = (D+T+L) (wherein, D represents the nunber of the aforenentioned
pol yhydr oxy nonocar boxylic acid units that conpose the branched parts in
a nol ecul e of the aforenentioned hyperbranched polyester polyol (A), L
represents the nunber of pol yhydroxy nonocarboxylic acid units that
conpose the linear parts in a nolecule of hyperbranched pol yester polyol
(A) , and T represents the nunber of pol yhydroxy nonocarboxylic acid
units thaghceoapesaget M@ lieesuliaralwagiayHts iMw)a ol sl ec®fethyper br amched
pol yester polyol (A)). 9 The aforenentioned values of D, L and T can be
det er mhpgd; GROMAIE FbRERAAL IR Y RY YESs OhnhEAEANARIRL Bbh Gopealy

t cdr ca

signals of the carbon atomat 2-poSition o ony on of the

af orenenti.oned.t hree types,K of pol yhydroxy nonocarboxyl.ic id its
50, RV CERGERdan Saagn BERE S-aBSimrtee Qi ot T8 of
this procedure are disclosed in "Mcronol ecul es” (Vol. 28, p. 1698,
1995) teheSeBAPentMopgovill chtizg hyprek porahed Pherestor modrmpl esast t he

af orenenti oned pol yhydroxy carboxylic acid include

2, 2- bi $Hhyits eeyaeidtlorppepiesisco Aditg p2e2ehisifen hishi @eayetityd )garlgpi oni c
acid, 2,2-bis (3-hydroxypropyl)propionic acid, 2,2-bis

(hydr oxygethyb) but 280} & ACi 8.0 218 Bbswk 2 hydrioxyephyl) hutanpaia @gi d. 2,
2-bi s (3-hydroxypropyl) butanoic
the aforementioned hyperbranched polyester polyol preferably
has 12 to 600 hydroxyl groups per molecule.
In addition, the degree of branching (DB) of the
hyperbranched polyester polyol (A} used in the production
preccess of the present invention is preferably 0.25 to 1.0. 1In

the present invention, the aforementioned degree of branching

(DB) 1is defined by the following formula:

(D+T)

DB =
(D+T+1L)

(wherein, D represents the number of the afcrementioned

polyhydroxy monocarboxylic acid units that compose the branched
parts in a molecule of the aforementioned hyperbranched

polyester polyol {(A), L represents the number cf polyhydroxy
monocarboxylic acid units that compose the linear parts in a
molecule of hyperbranched polyester polyel (A), and T represents
the number of polyhydroxy monocarboxylic acid units that compose
the terminal parts in a molecule of hyperbranched polyester

polyol (A)).



acid, 2,2-bis (hydroxynmethyl)valeric acid, 2,2-bis (2-

hydr oxyet hyl )val eric acid, 2,2-bis (3-hydroxypropyl)valeric acid,
2,2,2-tris(hydroxynet hyl )acetic acid, 2,2,2-tris(2- hydroxyethyl)acetic
acid and 2,2, 2-tris(3-hydroxypropyl)acetic acid. By condensation

pol ymeri zati on of the aforenentioned polyhydroxy nonocarboxylic acid, a
conpound may be used as necessary as a seed that has functional groups

that can fams aghemnealt konds wiltiied e ©ar boxydorospn beitdstoes dd have_a
functional group that has reactivity to hydroxyl groups. The 10 nol ecul ar

nct as reactivity | roups. The ul 3
b0l yost 2P bl yor T (T an e EhRts o G B EBnABRE ST o Bey HT ISRt T on of

a pol yhydr oxy nonocarboxylic acid while using such a conpound faor the
seed. E%aﬁﬁ?e%aﬁ?ogu%%omc%%ﬁo‘mtt% ofofbE AETEEBHS FAEPABEORITEhOI S,

epoxy conpounds and am nes having one or two or nore functional groups
i n t hekforgpkeatilcecthahrekeiypabl gL bombly W d hoay cerboxyrlgroubi byaaiehct i ng
with it. Specific exanples of seed conpounds incl ude

2, 2'_'[Qhﬁb%sim@wbm‘@hhbiléb%rﬁécﬂyétiGQesléh@ﬁ@:@eé%@&&réﬁ@ N, nane:
Ditrinmethylol propane), 1,1,1-tris (hydroxynethyl)propane (common nane:

bl sphensl A et Tre 2 TR En e o b e B iany Tant Bhaaderd Uad T o
D1 23~ &t nbpr Gy Geer. ERe SR G AGom oI
herein).
Examples of the aforementioned polyhydroxy carboxylic acid
include 2,2-bis (hydroxymethyl)propionic acid, 2,2-bis (2-
hydroxyethyl)propionic acid, 2,2-bis
{3-hydroxypropyl)propionic acid, 2,Z2-bis
{hydroxymethyl)butancic acid, 2,2-bis (2-
hydroxyethyl}butanoic acid, 2,2-bis (3-hydroxypropyl)butanoic
acid, 2,2-bis (hydroxymethyl)valeric acid, 2,2-bis (2-
hydroxyethyl)valeric acid, 2,2-bis (3-hydroxypropyl)valeric
acid, 2,2,2-tris{hydroxymethyl)acetic acid, 2,2,2-tris(2-
hydroxyethyl)acetic acid and
2,2,2-tris(3-hydroxypropyl)acetic acid.
By condensation polymerization of the aforementioned
polyhydroxy monocarboxylic acid, a compound may be used as
necessary as a seed that has functional groups that can form

chemical bonds with the carboxy group, but does not have a

functional group that has reactivity to hydroxyl groups. The

10



phenyl ene di am ne and 4, 4' - net hyl enedi aniline, and nultifunctional

al cohols that are their al kylene oxide nodification products. A
hyper br anched pol yester polyol (A) used in the production process of the
present invention is obtained by m xing the aforenentioned pol yhydroxy
nonocar boxylic acid with the aforenentioned seed conpound as necessary,
and by dehydration condensation polynerization in the presence of a
known medeenilhircatightcanal ystledviee seeciit chldtyyitatprotests tiHe descri bed
in US Patent No. 3669939, US Patent No. 5136014 or US Patent No. 5418301

can berapphi@dgvh{perbr AREHEHGH 1 PAs{d g o 16 gl Scah MR 1ed

i ncorporated hérein). An exanple of a commercially avail abl e product of

hyper by gnche ol yester palyol_ (A _is.a_pr ct ;known by th t rade nane
of ** BopPorolii ity 53¢ S Qo B iamor dit o Melibche a1
hyper branched pol yester polyol obtained by condensation_polynerization
of 2, 22Bi8(HYbkDXFEhFIFprasiodmcingc far il selechouBkaBpPiesr¢hguch
according to the particular grade, has a wei ght-average nolecul ar wei ght
(Mnv) webhpouhbe thantgeeafvel 560s4@d $0,n00%de alinbbpiayer@gey moimgeulnars wei ght
(M1) within the range of 750 to 55,000, degree of branching (DB) within

the rangg fhife2hadind oA o2Nehé ald e MINMIiWhEN Bréfgsrangdealr 1.2 to

2.1. The transesterification used in the production process of the

pr ese”ﬁloiQXSTEiPﬁaéscr?é}nlaégfiy%o%c%%%sﬁ &Qr%;&hgroup by reacting

with 1t. Specific examples of seed compounds include
2,2'-[oxybis (methylene) jbis[2-ethyl-1, 3—- propanediol] (common
name: Ditrimethylol propane), 1,1,1-tris
(hydrozymethyl)propane (common name: Trimethylol propanej,
pentaerythritol, dipentaerythritol, glycerin, bisphenol A and
their alkylene oxide modification products as well as glycidyl
ethers; amine compounds such as ethylene diamine,

bis (3-aminopropyl) ether, 1,2, 3-tris~ (3-aminopropoxy)propane,
phenylene diamine and 4,4'-methylenedianiline, and
multifunctional alcohols that are their alkylene oxide
modification products.

A hyperbranched polyester polyol (A) used in the production
process of the present invention is obtained by mixing the
aforementioned polyhydroxy monocarboxylic acid with the
aforementioned seed compound as necessary, and by dehydration
condensation polymerization in the presence of a known

esterification catalyst. More specifically, a process
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hyper br anched pol yester polyol (A) is reacted with an al kyl ester of a
carboxylic acid having a pol yneri zabl e unsaturated double bond (B)
Exanpl es of the aforenentioned functional groups having an unsaturated
doubl e bond i nclude vinyl groups, allyl groups, isopropenyl groups and
mal ei m do groups. Exanples of the aforenentioned al kyl esters of
carboxylic acid having a polynerizable unsaturated double bond (B)

i ncl udgedetybka agi dsl2adkkyl nest 869 9m8t haer Waite nacing .alskyd6oast esrs -
(acrylic acid or nethacryllc aC|d will be referred to as "(nmeth)acrylic

acid") ..a yl  est f (0)'¢ C anpl es
includgS ?% ? étéer§ é@Vﬁb géggfgog a %%éugﬁﬁ a%%§|ICQ§CId
such as neth¥ (nmeth)acryl ate, eth |  (neth)acryl ate, propyl

(et h) §eRyERES, Oﬁuﬁ?ﬂcbnéﬁﬁ)ééF?FEPéateﬁeﬁFVI1(Heth)acrylate and i soanyl

(meth)acrylate; and, alkyl esters having 1 to 5 carbon atons of
carboxylicAacbdsm@&@ g a2 domrkd darldon sataintsathlaey i pigpduaml @i mi do gr oup
such as nethyl nal ei m doacetate, ethyl nal ei m doacetate, propyl

mal ei ”h?B@‘EﬁkéhéheHUFWl yaskeirnodageat ahg, iRert Yroditeikiuoagst ate
i soanyl ~ mal ei m doacet at e, nethyl mal ei m dopr opi onate, ethyl

mal ei rr;:goer OpLonat &, oI c¥ nn T 1A f@cﬁ)!%aé er’st%{:t ICorporatlon

mal ei m-dopropi ohate, pen y mal el 'm dopr opi onat e,
nalelnldo ropi gnat e, methyl nalelnld%bu rate, etﬁyl nalelq}q?butyrate

pr opy! term’ déﬁuﬁyPé(P@rbEG‘Pﬂheﬁa S5t R

condensation polymerization of
2,2-bis(hydroxymethyl)propionic acid, and although differing
according to the particular grade, has a weight-average
molecular weight (Mw) within the range of 1500 to €0,000,
number-average molecular weight (Mn) within the range of 750
to 55,000, degree of branching (DB) within the range of 0.25
to 0.96, and ratio of Mw/Mn within the range of 1.2 to 2.1.

The transesterification used in the production process of
the present invention is an alcolysis process in which
hyperbranched polyester polyol (A) is reactedwith analkyl ester
of a carboxylic acid having a polymerizable unsaturated double
bond (B} .

Examples of the aforementioned functional groups having an
unsaturated double bond include vinyl groups, allyl groups,
isopropenyl groups and maleimido groups. Examples of the
aforementioned alkyl esters of carboxylic acid having a

polymerizable unsaturated double bond (B) include acrylic acid

12



mal ei m dobutyrate, isoanyl malei mdobutyrate, nethyl nalei m docaproate,
et hyl mal ei m docaproate, propyl nalei m docaproate, butyl

mal ei m docaproate, pentyl maleim docaproate, isoanyl malei m docaproate,
met hyl  mal ei m doundecanoat e, ethyl mal ei m doundecanoate, propyl

mal ei m doundecanoat e, butyl mal ei m doundecanoate, pentyl

mal ei m doundecanoat e and i soanyl naleinidoundecanoate Anmong i these
met hy' (rehhhaceylkal fe byl 16 f@t sacr 1€5e SHULY Y -
but yl a Fgﬁ 'gg%cgt atg an%g Tty lnalagi}ﬁ doeacet ate ar plg’)r?alq{cuq

r ef er abl e. S eC|f|c nsest rification tal yst (O). used i the
P ot PRoRaGrsLaensert Re L e e P rEaa t O Y SR o acai s Bl o

catal yst selected fromthe group consisting of dialkyl tin oxides and
st anoxandsalkliésestaral pdt sadgihaloqgdd=allome asridsw Spewdfdct ypes can
be used in conbination. Exanples of dialkyl tin oxides include dinethyl

tin oxkdempldket Ayl ubien aQkiyde e stigy=0 Py itigh 10ddes «liindryladdns axf de and
di pr opyl t|n oxi de. An exanple of a stanoxane is the transesterlflcatlon

CoLR Y 2heFRIBRTOTE R PO RIS SR (e (1) E S
group, (me%L Jacrylate, propyl (meth)acrylate, butyl (meth)acrylate,
pentyl (meth)acrylate and isocamyl (meth)acrylate; and, alkyl
esters having 1 to 5 carbon atoms of carboxylic acids having
2 to 10 carbon atoms having a maleimido group such as methyl
maleimidoacetate, ethyl maleimidoacetate, propyl
maleimidoacetate, butyl maleimidoacetate, pentyl
maleimidcacetate, isocamyl maleimidoacetate, methyl
maleimidopropionate, ethyl maleimidopropionate, propyl
maleimidopropionate, butyl maleimidopropionate, pentyl
maleimidopropionate, iscamyl maleimidopropionate, methyl
maleimidobutyrate, ethyl maleimidobutyrate, propyl
maleimidobutyrate, butyl maleimidobutyrate, pentyl
maleimidobutyrate, isocamyl maleimidobutyrate, methyl
maleimidocaproate, ethyl maleimidocaprcate, propyl
maleimidocaproate, butyl maleimidocaproate, pentyl
maleimidccaproate, isocamyl maleimidocaproate, methyl
maleimidoundecancate, ethyl maleimidoundecanocate, propyl

maleimidoundecancate, butyl maleimidoundecanocate, pentyl

maleimidoundecancate and iscamyl maleimidoundecanoate. Among



group or aral kyl group having 1 to 10 carbon atons, X represents
substituents and mrepresents an integer of 1 to 8). The stanoxane
represented by the aforenentioned general forrmula (1) denonstrates
superior catalytic activity for a transesterification of the present
invention, and is particularly preferable since it allows the reaction
to proceed 14 under mlder conditions than a dehydration esterification
react i dheapnd insthess (masteprirhlletes ehéydcdmertérce mfl aiade prragadtt i ons.

Al t hough there are no particular limtations on the substituents
represented) ¥ r¥lhbet heualor paeat hened cgenekaland gandya (1), a stanoxane
catalyst in which X respectively and independently represents a hal ogen

ato”‘SﬁéfgﬁﬁgdééﬁgkgtggFQEiEﬁrtﬁ%ﬁﬁ%r@@o | ng.qtgmeand fluorine atom or a

group having an I'éne &Gt FOn pai F on~t Ke atom adjacent to the tin atom

such as an__ acyl ox roup having 1 _to 4 carbon atons, hydroxyl group,

mer capt o gFBGpXB?C¥EESCQEﬁ%§85586ﬁB}C?ElBPe?%F%gyétsi tel§89 de trates
high catalytic activity. Anong these, stanoxane catalysts in which X

r epr eseneguat hahogeacasenpfathkoryegeotp ingenthioscyiana o group are
particularly preferable. A stanoxane catal yst represented by general

formil argdgesteni McabiBnreLSeit secacoethyt r @i Qe @nshpncoeprieseniss 1 or
2, is particularly preferable. These di stanoxanes or tristanoxanes have

bet t ero§°&ii‘$’ik%1Ytir‘i‘ &id%‘@})ﬁr‘idté‘@e{hﬁé}%& THUE L% DA JROVEed W t hout

| oss of catalytic activit

used alone or two or more types can be used in combination.
Examples of dialkyl tin oxides include dimethyl tin oxide,
diethyl tin oxide, dipropyl tin oxide, dibutyl tin oxide and
dipropyl tin oxide.
An example cof a stanoxane is the transesterification
catalyst composed of a compound represented by general formula

(1) :

A
x-—-—-sln o—'?n X (1)
R R/ m

{(wherein, R represents a linear or branched alkyl group, aryl
group or aralkyl group having 1 to 10 carbon atoms, X represents
substituents and m represents an integer ¢f 1 to 8). The
stanoxane represented by the aforementioned general formula (1)
demonstrates superior catalytic activity for a
transesterification of the present invention, and is

particularly preferable since it allows the reaction to proceed

14



extracting fromthe reaction mxture with hot water following conpletion
of the transesterification. At the sane tine, catalyst remaining in the
reaction product can also be easily renoved, thereby offering the
advantage of facilitating purification of the reaction product. In
addition, since a 15 conparison of distanoxanes and tristanoxanes reveals
that tristanoxanes have superior stability in hot water than

di st anaxdaesmahdear eondieinasi shant at detggiradatdrons s tdeyf icatide used
nore preferably in the production process of the present invention.

Exanpl es,0f;bheaafok emeptisoned g %tl%rl%x%%e%h%r oddsianaxanes; jiguel ude
ClSn(CHS)ZOSn (CH3) 2CI, = CISn(CH3) 20Sn( CH3) 2000CH3, 4 Sn ( CH3) 20Sn ( CH3)

CH%SOOSn( CHS) 20Sn( CHS) 20COCH3, O Sn( CH3) 20Sn( CH3) 2000CH2CHS3,
CISn(cF% RBH3) 2SCN,  NCSSn( CH3) 208n( CH3) 2SCN,

C1(Sn( CH3) 20) 2Sn( CH3) 2C1, C (Sn(CH3) 20) 2Sn( CH3) 2000CH3,

C1(Sn( CH3) aé)tzsnewhgggﬁreoqgo@@(rsm@%@) d)@@rﬂ@qagme

C1( Sn( CH3) 20) 2Sn( CH3) 2000CH2CH3, d ( Sn( CH3) 20) 2Sn( CH3) 2SCN and NCS (Sn
(CH3) 20psPShuéfhB) r2pEhisefhedagunt iof threarfesterarfticatd Dyeairadlyst (C)
used in the production process of the present invention should be

sui t abgy pdekerm negl @@&r%;%zﬁ‘@ ée?téﬂ‘?s% yRe i dy a0 g%rde‘f@ty Rd

catal yst (C), type of alkyl ester of carboxyllc acid having™ a
pol yme abl e

yper b AAERBACHOES Gt Tt ior (o oodha Pe” Gt Fay rom o 18T
atom, bromine atom and fluorine atom, or a group having an lone
electron pair on the atom adjacent to the tin atom such as an
acyloxy group having 1 to 4 carbon atoms, hydroxyl group,
mercapto group or thiccyanato group, is preferable since it
demonstrates high catalytic activity. Among these, stanoxane
catalysts in which X represents a halogen atom, acyloxy group
or thiocyanato group are particularly preferable.

A stanoxane catalyst represented by general formula (1},

in which R represents a methyl group and m represents 1 or 2,
is particularly preferable. These distanoxanes or
tristanoxanes have better solubility in hot water than others,
and can be recovered without loss of catalytic activity by
extracting from the reaction mixture with hot water following
completion of the transesterification. At the same time,
catalyst remaining in the reaction product can also be easily

removed, thereby offering the advantage of facilitating

purification of the reaction product. In addition, since a
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of functional groups desired to be introduced. There are no particul ar
limtations on the type and anount of reaction solvent used in the
transesterification of the present invention provided it does not inpair
the 16 transesterification. If a mxture of the hyperbranched polyester
polyol (A) and the al kyl ester of a carboxylic acid having a

pol yneri zabl e unsat urated double bond (B) is a liquid and has fluidity

at thecoepstioont efipeiatunexahbenant ks iBehnoxlanays mecessarhdto use a _
solvent. In general, in cases requiring a high conversion rate, it is

preferapl g Qoﬁgﬂggeha@59§n85§ﬁ@Qds%%h?ﬁ%t KRBt R r than

transesterl%lcatlon out si e system and i n the case of form ng an
al cohol articul ar referabl e tgguse an ,organi c .sol vent whi ch
I

can fo?h?%% Oﬁigﬁ?rﬁﬁﬁcaﬁ?xpﬁF WeERSERBTalFnFIEdamiPes S SYe&Et) on

solvents that can be used include aliphatic or alicyclic hydrocarbons
havi ngbd usedinocarponf e dpby landhm atest ihepgeice sspetitfhie parsepltes of
whi ch include n-pentane, n-hexane, n-heptane, n-octane, cycl ohexane,
benzengpveh ol tigne, o-xylene, mxylene, p-xylene, nesitylene,

et hyl benzene and cunene. Particularly preferable exanples of these

hydr ocar bogs D gd S BlrV RALS AIeGl R I RRXANE 5 ANEREANE. o, CyCl ohexane and

toluene. T e reaction solvents can be use e or two or rrpr e_ types
CoT Do $OSEh B ERUE BREAST LB BreReniauentl on, althoush | (s
ther n’B‘(lllSn (CH3),0S8n (CH3) ,0COCH3, ClSn (CHi),05n (CHj):0CHj3,

CH3COO0Sn {CH3) 205n (CH;3) ,OCOCH3, Cl3Sn(CHj);0Sn (CHs} ,;0COCH,CH;,

ClSn(CH3)05n (CH3) ;SCN, NCSSn(CHj3)20Sn (CHj3) 2SCN,

C1l(Sn(CHj3)20)2Sn(CH3),Cl, C1(Sn(CH3)20)25n (CH3)0C0OCH3,

Cl (Sn (CH3)20) 25n (CH;3) ;O0CH3, CH3COO(Sn (CH3) 20) :Sn (CH3) ;0COCH3,

Cl (Sn{CH3) ;20) 28Sn (CH3) ;0COCH;CH3, C1l{Sn(CH3};0).5n(CH3)SCN and

NCS (Sn {CH1) 20) 2Sn (CH3) 2SCN.

The amcount of transesterification catalyst (C} used in the
production process of the present invention should be suitably
determined according to the type of transesterification
catalyst (C), type of alkyl ester of a carboxylic acid having
a polymerizable unsaturated double bond (B), the molecular
weight of hyperbranched polyester polyol (A), and the quantity
of functional groups desired to be introduced.

There are no particular limitations on the type and amount

of reaction solvent used in the transesterificaticn of the

present invention provided it does not impair the
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pol yneri zation since the transesterification is carried out wunder mld
conditions, it is preferable to conbine the use of a polynerization
inhibitor to conpletely inhibit thermal 17 polynerization during the
reacti on. Exanpl es of polynerization inhibitors include benzoqui none,
hydr oqui none, catechol, diphenyl benzoqui none, hydroqui none nononet hyl

et her, napht hoqui none, t-butyl catechol, t-butyl phenol,

di met hyranseatgtipheasdliont - bUf y& miesoleanfl phenbyheabiraechkd the case of
using these polynerization inhibitors, they can be used alone or two or

nmore typegesadrbec1ysed(An &@@bﬂmtaml A dthou gy dependent, 1ar ke ganmunt

of polynerizabl e unsaturated doubl e bonds in the reaction system the

am)untlbgirblacgoé Wn@fl‘%léﬁ tgatt(ﬁrr %fjd'o%brl%r %{bgl y%{% l{i%er gnge of

5tol y nmass artlcu arl’y prefer range

of 20 to oog Mass mnth res ect to the reactants. I n addition,
in ord%?dt%a§n }%ES]P%e?EthBOF9ﬁEFFE t FBRPedAIAG t h8SFeddt FSnNOtt s
preferable to carry out the transesterification under an

oxygem boay 2 it PgsS gasyatAvupherescaleeat -havingenddad, t he akeeenent i oned
pol ymeri zation inhibitor. Here, although the oxygen-containing gas may
be ai rregiheengifck eqsi agntrbesoxygentepntent sr psulfesabnet ke rieglvef
ignition and explosion while also leading to the risk of coloring of the

produciicéiol s MMeferable 4O HSE iR 938 PRULRY AR rDEEYSR 16NHLERE 1 48f 5 to
13% by vol une.

the system, and in the case of forming an alcohol in particular,
it is preferable to use an organic sclvent which can form an
azeotropic mixture with the alchol.

Examples of reaction solvents that can be used include
aliphatic or alicyclic hydrocarbons having 4 to 10 carbon atoms
and mixtures therecf, spécific examples of which include
n-pentane, n-hexane, n~heptane, n-octane, cyclohexane, benzene,
toluene, o-xylene, m-xylene, p-xylene, mesitylene,
ethylbenzene and cumene. Particularly preferable examples of
these hydrocarbon-based solvents include n-hexane, n-heptane,
cyclohexane and toluene. These reaction solvents can be used
alone or two cor more types can be used in combination.

In the present invention, although it is difficult for the
polymerizable unsaturated double bonds to cause thermal
polymerization since the transesterification is carried out
under mild conditions, it is preferable to combine the use of

a polymerization inhibitor to completely inhibif thermal
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The reaction tenperature of the aforenentioned transesterification
shoul d be suitably determ ned according to 18 the al kyl ester of a
carboxylic acid having a polynerizable unsaturated double bond (B), the
reaction solvent, or the reaction pressure. Normally, the reaction
tenperature is wthin the range of 20 to 150C, is preferably as | ow as
possi ble, and a tenperature that does not exceed 120C is preferable. The
char gi gl yred i Dz ot i bhedhypegbt aechedcpobyest er polyol (A) to al kyl ester
of a carboxylic acid having a pol ynerizable unsaturated double bond (B)

in the prgggﬁé%gg.cpfBB?%ﬁlecﬂfiz?ar%e_’ronpfﬁﬁfﬂitﬁggﬁmé%%iﬁeﬁ%b aBh¥ne,

det er m ne ing"to"the introduction ratio of the polynerizable
unsat urat ed dpubl e bonds, into hyperbranched polyester polyal (A) . For
el B S PHE S asSe b Eh Al oARER RO PR EOgHo B Sor TWEBRAURERVE or oups
into all of the hydroxyl groups of hyperbranched pol yester polyol (A)
t he nuwbeenafhybl eshef, anaphkhbaesnencef tERELE) gatglchelacitdbutyl
preferably at least 1.2 times the nunber of noles of the hydroxyl groups
possessteshdly, hypesbranehedupolypstaslpokybuty(A-rebnladdidt i on, the degree
of progression of the transesterification can be determned by the
amukwén@{ﬁpmnef orypd uring. the [LAcsi 0N by, ?5P%m§%§ggjc§on gas

chro ography analysis. According to the productioh process of the

present, [[wention. 2 nolyterizab) ¢, ixerbranched ol yesier, oan pg easily

used in combination.

Although dependent on the amount of polymerizable
unsaturated double bonds in the reaction system, the amcunt of
polymerization inhibitor used is normally within the range of
S to 10,000 ppm by mass, and particularly preferably within the
range of 20 to 7,000 ppm by mass, with respect to the reactants.

In addition, in order to inhibit thermal polymerization
during the reaction, it is preferable to carry out the
transesterification under an oxygen-containing gas atmosphere
after having added the aforementioned polymerization inhibitor.
Here, although the oxygen-containing gas may be air, since
increasing the oxygen content results in the risk of ignition
and explosion while also leading to the risk of coloring of the
preduct, it is preferable to use a gas having an oxygen content
of 5 to 13% by volume.

The reaction temperature of the aforementioned

transesterification should be suitably determined according to
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in which the rate at which the introduction rate of polynerizable 19
unsat ur ated doubl e bonds relative to all of the hydroxyl groups _ in the
af orenenti oned hyperbranched pol yester polyol (A) is 25 to 100% There
are various nethods to purify a polynerizable hyperbranched pol yester
obt ai ned by the production process of the present invention according to
the application. Exanples of purification nmethods include, but are not

limtedhéoalkhe epethods deserbbegliin GL)d daiIngpel @l ybriAamtdod in_
which the al kyl ester of a carboxylic acid having a polynerizable

unsat u AL e, 49ubk eaBORde( BlnaOf ad T £ACt koA 3ekyer dhat genmis in the

reaction mxture followmng conplétion of the transesterification is
distilled off fromthe react|0f%vessel and then used as_ is. EZ) A et hod

in whi ERAEFARReRFEFFFTBat i BT RAL BY ystii®) FEehiPR TERRSFELBEFOASI s renpved

by washing with acid or a basic aqueous solution after diluting by

addi ngwathinete sahyenif as Nede93ar Vis pedfefabyhod low adipeissiionet, he case
t he transesterification catal yst (C) used in the reaction is the
aforenenaloned h| g gkubl st anoxane, sh|n t|on

h€h

mi xt ur @? ?eE?W@e ?SaPO§OeF8e§ & aésngggggﬁﬁ Cafter

washing a diluted m xture by addi ng an organlc sol vent that |s
i nconpat i bTbe whangwageraane phechewhyherbspachetdopofeesitieyl pedtved of a
carboxylic acid having a pol yneri zabl e unsaturated double bond (B) with
hot water @t a3kilo BAGr blfeaotgebLy 50t venid itsawdirss id bed ymerizable
unsaturated double bond (B) in the production process of the
present invention is suitably determined according to the
introduction ratio of the polymerizable unsaturated double
bonds into hyperbranched polyester polyol (A). For example, in
the case of introducing vinyl groups or isopropenyl groups into
all of the hydroxyl groups of hyperbranched polyester polyol
(A), the number of moles of an alkyl ester of {(meth)acrylic acid
is preferably at least 1.2 times the number of moles of the
hydroxyl groups possessed by hyperbranched polyester polyol
(A).

In addition, the degree of progression of the
transesterification can be determined by the amount of alcohol
formed during the reaction by, for example, gas chromatography
analysis.

According to the production process of the present invention,

a polymerizable hyperbranched polyester can be easily obtained

in which the rate at which the introductiocn rate of polymerizable
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20 off fromthe organic layer to obtain a polynerizable hyperbranched
pol yester of the present invention. According to the aforenentioned

nmet hod of (3), the catalyst can be recovered fromthe washing with

al nost no loss of their activity. The recovered catal yst can therefore
be reused. According to the production process of the present invention,
a polynerizabl e hyperbranched pol yester can be produced in which the

wei ght uavetragetaal @subas Wi @htr(IM)i viestd, #00 tfor 88, ¥ oxF D& roups .
nunber - aver age nol ecul ar weight (M) is 850 to 85, 000, the ratio of Mwv

unsat ut i 6 Gaub @ e A PBRRRd TS, Eha YR ha Yo il EaT e are

5 to 600, 8 d preferably 8 to 600. In addition, according to the
producF?oH EFocess of the present invention, a polynerizable
hyper br anched pol yester can be produced by using a hyperbranched

pol yest er pbkeyel aire whirdlpushanettatrdso tof PMr tfy Mh olkfregriethhb e as

(MM M)PO) is 1.1 to 2.5 such that the aforenentioned val ue of (Mw W) PE

i's roughpy¥rbhensaee pasyveBeevabbeahelMM MYPG rdhe- i dif grence Petrween
the aforenentioned (Mv Vi) PE and (M~ Mn) PO [ (MW Mh) PE - (MM Wh) PO

[ it hi 0t | r 1 zabl
IS pr@ﬁér@gége% Px‘m@eﬁ@?gﬁa&géo?&lg% 05 %12 ta?;@%é’é‘@fé a .E‘?qam&loegess of

hyper branched polyester obtained according e pro ubtlop

el U ngPEBAE RG EHAREPEANEaS darderbes "oFi PHE. Pehedtdh e dgs nd

electronic materials due 21
methods described in (1) to (3) below.
(L} Amethod in which the alkyl ester of a carboxylic acid having
a polymerizable unsaturated double bond (B), or a reacticn
solvent, that remains in the reaction mixture fcllowing
completion of the transesterification is distilled off from the
reaction vessel and then used as is.
{2} A method in which transesterification catalyst(C) used in
the reaction is removed by washing with acid or a basic agqueous
solution after diluting by adding an inert solvent as necessary.
(3) A method in which, in the case the transesterification
catalyst (C) used in the reaction is the aforementioned highly
soluble stanoxane, after washing the reaction mixture directly
with hot water at 30 to 80°C, or as necessary, after washing a
dilutedmixture by adding an organic solvent that is incompatible
with water and inert with respect to the alkyl ester of a

carboxylic acid having a polymerizable unsaturated double bond

(B) with hot water at 30 to 80°C, the organic solvent is distilled
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to its characteristic structure. _ In addition, since a polynerizable
hyper branched pol yester of the present invention is polynerized by active
energy rays, heat or radical polynerization initiators and so on, the
addition of a small amount of a polynerizabl e hyperbranched pol yester
during polynerization of a vinyl polynerizable nononer can inprove the
nmelt flow characteristics of a thenol prastic resin conposed of the
resul t PA§ Espol yher orBranpl ésyeThé of oblteninng prodwindesi zatrier e det ai | ed
expl anation of the present invention using its exanples. In this

secti onyptherahenss b@agbg%e@n@f"%%er@g@%@hkvqhwemggkﬁﬁent "parts by
wei ght " and "percent by weight" unless specifically indicated

ot herw se. d . Pol y.0l I e f.oll ow xanpl es
and conpargﬁgéggéggﬁgﬁggggg%é%%@%@%é ﬁ§%év%§$%%f§pﬁ;gér%n%ﬁ@ﬁég%ﬁglyester
pol yol s bt ai ned be%iondensation Bolynetization of 2,2-bis .

(hydr oX$§ %ﬁ%cﬁ?‘@pﬁy it R itdhec ¥ASIAPPNY16R BENOSE MM ST REr $hedpy Corp.
wei ght - average nol ecul ar wei ght (My) = 4280, nunber-average nol ecul ar
wei ghtatWVhylty292(he Medweded 7cadehyee caf bhanehong beOrddseaunber of
hydroxyl groups per nolecule = 25), and Boltorn Hi0 (weight-average

nol ecul arAm@bgh&ngM@ t Aedd &N i SHPRBL23 e AY8 T ESUL @K nRGRL L( M) =
3440, MM Mnh = 1.96, degree of branching = 0.34, 'nunber of hydroxyl

9r OUPS; Pl ymerizable hyperbranched polyester can be produced in which

—

the weight-average molecular weight (Mw) is 1,700 to 90,000,

the number-average molecular weight (Mn} is 850 to 85,000, the
ratio of Mw to Mn (referred to as (Mw/Mn) %) is 1.1 to 2.5, and

polymerizable unsaturated double bonds introduced into the
terminals per molecule are 5 to 600, and preferably 8 to 600.
In addition, according to the production process of the present
invention, a polymerizable hyperbranched polyester can be
produced by using a hyperbranched polyester polyol in which the
ratio of Mw to Mn (referred to as (Mw/Mn}*™) is 1.1 to 2.5 such
that the afeorementioned value of (Mw/Mn)FE is roughly the same
as the value of (Mw/Mn)®. The difference between the
aforementioned (Mw/Mn)® and (Mw/Mn)®® [ (Mw/Mn)®® - (Mw/Mn)®°] is
preferably within the range of 0 to 0.5.

A polymerizable hyperbranched pelyester cbtained according
to the production process of the present invention is useful
in a wide range of applications including coating materials,

adhesives, films, sheets, moldings and electronic materials due
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nol ecul e = 30) were used for hyperbranched pol yester polyol (A) <Degree
of Branchi ng> The degree of branching of the hyperbranched pol yester
polyols (A) used in the foll ow ng exanpl es and conparative exanples was
cal cul ated based on the results of NVR neasurenents under the conditions
i ndi cated bel ow. Device: "Lanbda 300" (300 MHz), manufactured by JEOL

Ref erence substance: Tetranethylsilane (0 ppm) Measuring sol vent:

Acet one,d6+D ALt speaK: s+ TURLL- R8RK L unit peak: <Gel Perneation  _
Chr omat ogr aphy> The nol ecul ar wei ght and nol ecul ar wei ght distributions

of the_hyperhbranched pol yester polyo ( and for | ymeri zgbl e
yper br BRI o o SUaiE Bnbp RamBol Bk gt TR e SRR P EEYa Ao e
exanpl es were neasured by gel perneation chromatography (GPC) The
measur FA§ REGTRATY dnFenRéien b8 ORdimsst itk beVoE t Dev reer IYHR 80 feat
manuf actured by Tosoh Corporation Colum: Shodex KF802 x 2 + KF803 +

KF804 &kuad@i cdHpo ke mi 20 1on  ieGasi Lhomarainog saphiy >t Hé ea ddidiuindn off
ethanol in the distillates used to calculate 23 the reaction rates of

the tranggstiephblhaatd 08 gidl M@rif %BP@“h%e‘rb%%%‘e%ﬁp@DQe ;§9@P%ﬁﬁliin\@e
exanpl es was neasured by gas chromatography. The neasuring condi tl ons

were aﬁoi?%é%?%%@ion of a vinyl polymerizable monomer can improve the

melt flow characteristics of a themolprastic resin composed of

the resulting copolymer.

Examples

The following provides a more detalled explanation of the
present invention using its examples. In this section, the
terms "parts" and "%" respectively represent "parts by weight
" and "percent by weight" unless specifically indicated
otherwise.

<Hyperbranched Polyester Polyol (A}>

In the following examples and comparative examples,
commercially available hyperbranched polyester polyols
obtained by condensation polymerization of 2,2-bis
(hydroxymethyl)propionic acid consisting of Beltorn H30

(Perstorp Corp., weight-average molecular weight {(Mw) = 4280,

number-average molecular weight (Mn) = 2920, Mw/Mn =1.47, degree

of branching = 0.34, number of hydroxyl groups per molecule

25), and Boltorn H40 (weight-average molecular weight (Mw)
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bel ow. Device: "GC-17A", manufactured by Shimadzu Corporation Col um:
"DB-5", manufactured by J&W (length: 30 m inner dianmeter: 0.25 mm

| i quid phase thickness: 0.25 n) Carrier gas: He <Nucl ear Magnetic
Resonance Spectroscopy> The quantity of pol ynerizabl e unsaturated doubl e
bonds introduced into hyperbranched pol yester polyols (A) in the

foll ow ng exanpl es and conparative exanples was cal cul ated from the
resul t §700, mashy enend Sady madelRAra Mgneht C(MeiSenBNL®, MR £aS.THy -
(NWR). Device: "Lanbda 300" (300 MHz), manufactured by JEOL Reference

subst apg etka l.ane A @ 4pp 3?5;‘1}3 At hesi s of
Cl(Sn(%—g) 2%) %En?ﬁg %hghgaThlos%élorrpq%Jﬁnr? was S})ﬁjt e |zeg§r r? j%ordance

W th the ess scri bed | Jour nal he  Soci e en cal
naist 1 BE0E — 7] - 205l 870y 9P 1Rl B0k S G aY91 ol i 5.
the pr oduct con5| sted of Sn 64. 7% (theoretical value: 64.8%9 and d =

12. 7% (t heSbegitesl QfaIBtI@HCI@f@% whi ch agreed with the theoretical
val ues of C (Sn(CH3) 20 25n(CH3)2C1. (This 24 conpound is referred to as

the tri st araxane gelicaiofetiandhyimesi S he BXaEdEeranchdXapwl gedrdO parts
of Boltorn H40, 0.25 parts of the tristanoxane
polycls (A) used in the following examples and comparative
examples was calculated based on the results of NMR measurements
under the conditions indicated below.
Device: “Lambda 300”7 (300 MHz), manufactured by JEOL
Reference substance: Tetramethylsilane (0 ppm)
Measuring solvent: Acetone dé
D unit peak:, T unit peak:, L unit peak:
<Gel Permeation Chromatography>
The molecular weight and molecular weight distributions of
the hyperbranched polyester polyols (A) and formed
polymerizable hyperbranched polyesters in the following
examples and comparative examples were measured by gel
permeation chromatography (GPC}. Themeasuringconditions were
as indicated below.
Device: “HPLCB010”, manufactured by Tosoh Corporation
Column: Shodex KF802 x 2 + KF803 + KF804
Eluate: THF, 1.0 mi/min.

<Gas Chromatography>

The amount of ethanol in the distillates used to calculate
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obtained in Synthesis Exanple 1, 100 parts of ethyl acrylate and 0.05
parts of hydroqui none were added to a reaction vessel equipped with a
stirrer, a gas bubbling tube, thernoneter and Dean-Stark decanter
provided with condenser, followed by heating while stirring and bl ow ng
into the mxed solution a mxed gas of nitrogen and oxygen (oxygen
content: 7% by volune) through the gas bubbling tube at the rate of 3

m / mi nthatreatsionirates i hégt thgnpeacerivdscatjiost éd e thwdtl awiecanount,
of distillate to the decanter was 15 to 20 parts per hour (reaction

t enper akample92&ntocObBhratieediesdairialse Wak ke Adgcantsy s renoved
every hour and an equal anount of fresh ethyl acrylate was added to the
reacti d the.r ' f h

ol | ov oo rar s P AR of T ne oanet ran CpRath L8y, B4bs, 35,2 MBHRRRG 111 ng
of f tE? Enreacted ethyl acrylate fromthe reactlon m xture under reduced
press fas di ssol ved in 70 parts of ethyl acetate, and washed three
times with 30 parts of hot water at 50C to extract the catalyst.
Subsequent PgVicke eﬁﬁyﬂ7écetaﬁ@Uﬂﬁﬂhun@wﬂma§hmmﬁﬂﬂnananna&%Dwuth 20
parts of 5% aqueous sodi um hydroxide solution to renove the hydroqui none
in the ethgbluh:ateBabe,salautifert freld ewedrshy additional |y washi ng once
with 20 parts of 1% aqueous sulfuric acid solution and twice with 20
parts of watengtAtten addijnged. GQ4m-Rant.s ofgihoqui none to the

resul ting ethy? acetate solutlon the organi ¢ sol'vent was distilled off

fromthe e&h I ,gce ate sol ution Wmle
1¥u1 phase t lC ness: 0.25 upm)

Carrier gas: He

<Nuclear Magnetic Resonance Spectroscopy>

The quantity of polymerizable unsaturated double bonds
intreduced into hyperbranched polyester polyols (A) in the
following examples and comparative examples was calculated from
the results of measurements by nuclear magnetic resonance
spectroscopy (NMR).

Device: “Lambda 300”7 (300 MHz), manufactured by JEOL

Reference substance: Tetramethylsilane (0 ppm)

Synthesis Example 1 - Synthesis of C1(Sn(CHs3)20).5n{CH;3),C1

This compound was synthesized in accordance with the process
described in the Journal of the Society of Chemical Industry
(Vol. 73, p. 1010, 1970). As a result of elementary analysis,
the product consisted of Sn = 64.7% (theoretical value: 64.8%)
and Cl = 12.7% (theoretical value: 12.9%), which agreed with

the theoretical values of Cl(Sn(CH3):0),Sn{CH3)-Cl. (This
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introducing a m xed gas of nitrogen and oxygen (oxygen content: 7% by
vol une) under reduced pressure to obtain 13 parts of a polynerizable
hyper branched pol yester (A-1). The weight-average nol ecul ar wei ght of
the resulting polynerizable hyperbranched pol yester (A-1) was 7,730, the
nunber - average nol ecul ar wei ght was 3,880, and the introduction rate of
vinyl groups into hyperbranched pol yester polyol (A was 85 nol %

(equi vabﬁgsuhe ZOrar¥- Pyl 1f QEF%%eO@Elg%ﬁs%ﬁ% oA €1 4 s%ﬂ@fﬂerstfs of
Bol torn 0, 1.25 parts of dibutyl tin oxide, 100 parts of nethyl

nethac&xlg 29 0. 05 parts of hydroqui none were added to a reaction
vessel eunpSe Wth a stirrer, a gas bubbling tube, thernoneter and
Dean- St ar k _decant er provi ded with condenser, followed by heating while
stirring ak¥2MPd%i dg into the mxed sol ution a mxed gas of nitrogen and
oxygen (oxygen content: 7% by volune) through the gas bubbling tube at
the rate aP Bamitkmof. BAtl tidrrs H40ye,0 tdte deedts ngf povert mast adpxsied so
that the anount of distillate to the decanter was 15 to 20 parts per

hour (sBegihen t8MPORBHUEES %%meQe95CDaobh?aQ%%tbkl%&%ylZQdﬂyﬁdﬁé
decanter was renoved every hour and an equal anount of “fresh ethyl

acryl a S e r i Y I n e s. Garried
out fo%gggﬁﬁ%%g%éﬁé :%Qﬁﬁ%%%ggﬁ%hl§%§%Ta?ﬁegr%§ci%ﬁ#g%ﬂﬁpﬁﬁgkagted
met hyl nethaar ylate mas distilled off fromthe reaction m xture under

reduceﬁqBFEBE BT RS LA par t3 BFS K5 It e Rehh S e gtE T and

Dean-Stark decanter provided with condenser, followed by
heating while stirring and blowing into the mixed solution a
mixed gas of nitrogen and oxygen (oxygen content: 7% by volume)
through the gas bubbling tube at the rate of 3 ml/min. At this
time, the heating power was adjusted so that the amount of
distillate to the decanter was 15 tc 20 parts per hour (reaction
temperature: 92°C to 95°C), the distillate in the decanter was
removed every hour and an equal amount of fresh ethyl acrylate
was added to the reaction vessel , and the reaction was carried
out for 20 hours.

Following completion of the reaction, the residue obtained
by distilling of £ the unreacted ethyl acrylate from the reaction
mixture under reduced pressure, was dissclved in 70 parts of
ethyl acetate, and washed three times with 30 parts of hot water
at 50°C to extract the catalyst. Subsequently, the ethyl acetate
solution was washed four times with 20 parts of 5% agqueous sodium

hydroxide solution to remove the hydroguinone in the ethyl
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2 parts of sulfamnic acid were added and stirred for 10 hours at room
tenperature to cap the unreacted hydroxyl groups in hyperbranched

pol yester polyol (A) . After the sulfamnic acid was filtered off from
the m xture, the acetic acid anhydride and acetic acid were distilled
fromthe filtrate under reduced pressure. The resulting residue was
dissolved in 70 parts of ethyl acetate, and washed three tinmes with 30

parts Qéeh@%e“@é@ﬁtléﬁ 5@@1&6»«%&" %%%dbﬁ%t%%@'l&shasﬁqt?ﬁe%% kit Ht he

et hyl acetate sol ution was washed four tinmes with 20 parts of 5@6aqueous
sodlunb ¥ def Qluthon to rggnvg th ydr i.ngne %talned %% the

et hyl e 7 oRT"FEFFoe 8§ gd&Fﬁloﬁgll Nds A Sncé dn h

parts of 1% aqueous sul furic acid solution and tw ce mnth 20 parts of
wat er . 2AfPRFCadef iR 20043 it 2 Nk thdtlh néee & ath@etdeauineg et hyl
acetate solution, the organic solvent was distilled off fromthe ethyl
acetatEOSbhetreaulmmhgeethyﬂoduetageasmﬂmedogasthb rirgaodgen saideoxygen
(oxygen content: 7% by vol unme) under reduced pressure to obtain 12 parts

of a pplymerizableqhyperbrapched BQ%&@S%%%t%%e2kdﬂﬁ%£%%‘Mﬁﬁﬂg average
nmol ecul ar melght of the resultlng pol ynerlzable - hyperbranched pol yester

0 dth
(D) B dadi Dog D ebst %?Bp% ;tlgcgfrooq?& SRS I8 Pl it 2opfgncand the
hyperbranched ol yester p (A were 55 nnl@bgeqU|valent to 16. 5
| Sopr operhY vt dhps b@@EﬁnF@éupéﬁ REGSEUTRoIL%, OPESECHLSy BRY LSCofpar at i ve

Exanple 1
polymerizable hyperbranched polyester ({(A-1l). The

weight-average molecular weight of the resulting polymerizable
hyperbranched polyester (A-1} was 7,730, the number-average
molecular weight was 3,880, and the intrecduction rate of vinyl
groups into hyperbranched polyester polyol (A) was 85 mol%
(equivalent teo 25.5 vinyl groups per molecule).

Example 2

10 parts of Boltorn H40, 1.25 parts of dibutyl tin oxide,
100 parts of methyl methacrylate and 0.05 parts of hydroquinone
were added to a reaction vessel equipped with a stirrer, a gas
bubbling tube, thermometer and Dean-Stark decanter provided
with condenser, followed by heating while stirring and blowing
intoc themixed solution amixed gas of nitrogen and oxygen (oxvgen
content: 7% by volume} through the gas bubbling tube at the rate
of 3 ml/min. At this time, the heating power was adjusted so

that the amount of distillate to the decanter was 15 to 20 parts

per hour (reaction temperature: 92°C to 95°C), the distillate
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10 parts of Boltorn H40, 0.8 parts of para-toluene sulfonic acid, 100
parts of ethyl acrylate and 0.05 parts of hydroqui none were added to a
reaction vessel equipped with a stirrer, a gas bubbling tube,

t her nonet er and Dean-Stark decanter provided wth condenser, followed by
heating while stirring and blowwing into the m xed solution a m xed gas
of nitrogen and oxygen (oxygen content: 7% by volune) through the gas

bubbl i pg tubedatatberrabe rehodedl évdiy Mbut hisd tAdsqidie deatdng mower _
was adjusted so that the anmount of distillate to the decanter was 15 to

20 par r I r re. .9 - jstihlate in
t he deggﬁ%gsé% yraen]éﬁg#ée\%%/%h%roagﬁdggﬁ %%%{;a l(gﬁtc)%en?é%f’ dé*r?&es%eet hyl
acrylate was added to the reaction vessel, and the reaction was carried
out f of 28" holir ¥2SACPEF§EdaRBint 06t 1a4 SGMEE - t hought to be a gel | ed
substance was floating in the reaction solution. Follow ng conpletion of
the reacti 6allphéngetteplstibsnantehenasastpanat elde hynfdddtread imathyThe
unreacted ethyl acrylate was 28 distilled off fromthe filtrate under

r educete pressyl et e abgls tdist 1 €54 WATY Firesl dHe MWosc i s livadidd uddeparts of
ethyl acrylate. Subsequently, the ethyl acetate solution was washed

twice Wifh-cdQ, part s, of %ﬁgrq@ggami yp Q{?gfféi%d%ﬁcf%@aj%lc}eoaﬂ%mve

t he hydroqui none in fhe ‘et tate sol ufron,
addi tignal | hi once with 10 parts of 1% aqueous sul furj acid
Sol Ut | DI (4 CU MR PIG BAreS VF CwRiErd 24 efC sihgf 00 1608BaRL s of
nmet hoqui none to the resulting ethyl acetate
at room temperature to cap the unreacted hydroxyl groups in
hyperbranched polyester polyol (A}. After the sulfaminic acid
was filtered off from the mixture, the acetic acid anhydride
and acetic acid were distilled from the filtrate under reduced

pressure. The resulting residue was dissolved in 70 parts of
ethyl acetate, and washed three times with 30 parts of hot water
at 50°C to extract the catalyst. Subsequently, the ethyl acetate
sclution was washed four times with 20 parts of 5% aqueous sodium
hydroxide solution to remove the hydroquinone contained in the
ethyl acetate solution, followed by additionally washing cnce
with 20 parts of 1% aqgueous sulfuric acid solution and twice
with 20 parts of water. After adding 0.0045 parts of
methoguinone to the resulting ethyl acetate sclution, the
organic solvent was distilled off from the ethyl acetate soluticn
while introducing a mixed gas of ﬁitrogen and oxygen {oxygen
content: 7% by volume) under reduced pressure to obtain 12 parts

of a polymerizable hyperbranched polyester (A-2). The

27



solution, the organic solvent was distilled off fromthe ethyl acetate
solution while introducing a m xed gas of nitrogen and oxygen (oxygen
content: 7% by vol une) under reduced pressure to obtain 3 parts of a

pol yrmeri zabl e hyper branched pol yester (a-1). The wei ght-average

nol ecul ar wei ght of the resulting polynerizable hyperbranched pol yester
(a-1) was 14,070, the nunber-average nol ecul ar wei ght was 4, 330, and the
i nt r oduetiighm -avatregef mul aghlgrowpsghttaE hyperbsanched mol yestierapiad yol
(A was 85 mol % Conparative Exanple 2 Although the reaction was carried
out fo [ n@ner aty rﬁ%ﬂ-@n@!— | t he
except ihg%@g?@‘d?grhpe% tﬁlgqgl?t%%{éﬁre react i“g&ﬁs ?%arfpaﬂrﬁgi ve are}ap‘fleeyglé%nder
reduced ressure (.26.6 kpa)., ere al nost_ np ethanol in the

di stil PRtECUAAG HEAS: é'lalIOS )éff 'Hbé raé\\grs@teerliréq@ %%orqtr?t%g reaction
vessel still unreacted. 29 v Tl > m,ro,~~~ova 0 o mQ40 ~roro_o

Fl 0>+ lerpregrenyd mNroupscapd @cetyld@moupsv ot hperbranched

polyester polyol (A) were 55mol% (equivalent to 16.5 isopropenyl
greups per molecule) and 40 mol%, respectively.

Comparative Example 1

10 parts of Boltorn H40, 0.8 parts of para-toluene sulfonic
acid, 100 parts of ethyl acrylate and 0.05 parts of hydroguinone
were added to a reaction vessel equipped with a stirrer, a gas
bubbling tube, thermometer and Dean-Stark decanter provided
with condenser, followed by heating while stirring and blowing
into the mixed solution amixed gas of nitrogen and oxygen {oxygen
content: 7% by volume) through the gas bubbling tube at the rate
of 3 ml/min. At this time, the heating power was adjusted so
that the amount of distillate to the decanter was 15 to 20 parts
per hour (reaction temperature: 92°C to 95°C), the distillate
in the decanter was removed every hour and an equal amount of
fresh ethyl acrylate was added to the reaction vessel, and the
reaction was carried out for 20 hours. A large amount of a solid
thought to be a gelled substance was floating in the reaction
solution.

Following completion of the reaction, the gelled substance

was separated by filtration. The unreacted ethyl acrylate was
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distilled off from the filtrate under reduced pressure, and the
resulting residue was dissolved in 30 parts of ethyl acrylate.
Subsequently, the ethyl acetate solution was washed twice with
10 parts of 5% aqueous scdium hydroxide solution to remove the
hydrogquinone in the ethyl acetate solution, followed by
additionalily washing once with 10 parts of 1% agueous sulfuric
acid solution and twice with 1C parts of water. After adding
0.002 parts of methoguinone to the resulting ethyl acetate
solution, the crganic scolvent was distilled off from the ethyl
acetate solution while introducing a mixed gas of nitrogen and
oxygen (oxygen content: 7% by volume) under reduced pressure
to obtain 3 parts of a pelymerizable hyperbranched polyester
{a-1). The weight-average molecular weight of the resulting
polymerizable hyperbranched polyester (a-l1) was 14,070, the
number-average molecular weight was 4,330, and the introduction
rate of vinyl groups into hyperbranched polyester polyol (A)
was 85 mol%.

Comparative Example 2

Although the reaction was carried out for 20 hours in the
same manner as Comparative Example 1 with the exception of
carrying out the reaction of Comparative Example 1 under reduced
pressure (26.6 kPa), there was almost no ethanol in the
distillate, and nearly all of the raw materials remained in the

reaction vessel still unreacted.
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NN-HC+ r0OJ~a N HUJJO-HI U1N rO+4 f1S1 HNHNafl E
E XXOXO0OX WWUWUW 30 The follow ng were determ ned based on
the results shown - in Table 1. (1) Since there were no changes in the
val ue of MM Mh before and after the reaction in each of the exanples
according to the production process of the present invention, the
original backbone structure of the nol ecular chains in hyperbranched

pol yester pmoleydlo1(0A Wap WietLrdd et itre have notopeen: lds180; st?“}bwr} _

hydrol ysis and so forth. (2) According to the production process of the
presep&niggﬁﬂgigq,_ side reactions such as nucl eophilic addition
reactions o térm nal hydroxyl groups to polynerizabl e unsaturated
pol ymof i Jamiofr SRETFORSIGN e BOAToriz S TSR e MG onds.
were determned to not occur. (3) In the production process of
Conpar anflvef Exarjie readidregi nn aachch d tdat akysplkeskecpotal ieneo s oni c
acid was used for
production process of the present invention, the original
backbone structure of the meclecular chains in hyperbranched
polyester polyol (A) was determined to have not been altered
by hydrolysis and so forth.
(2) According to the producticn process of the present invention,
side reactions such as nucleophilic addition reactions of
terminal hydroxyl groups to polymerizable unsaturated double
bonds of hyperbranched polyester polyol (A), and thermal
polymerization reactions of the polymerizable unsaturated
double bonds, were determined to not occur.
(3) In the production process of Comparative Example 1 wherein
an acid catalyst like p-toluene sulfonic acid was used for
transesterification catalyst (C), since the value of Mw/Mn after
the reaction increased considerably, the original backbone
structure of the moclecular chains in hyperbranched polyester
polyol (A} was found to have been altered by hydrolysis and so
forth.
(4) Since gelling occurred in the production process of

Comparative Example 1 that used an acid catalyst, side reactions

such as nucleophilic addition reactions of terminal hydroxyl
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transesterification catalyst (C), since the value of MV WMh after the
reaction increased considerably, the original backbone structure of the
nol ecul ar chai ns in hyperbranched pol yester polyol (A was found to have
been altered by hydrolysis and so forth. (4) Since gelling occurred in

t he production process of Conparative Exanple 1 that used an acid

catal yst, side reactions such as nucleophilic addition reactions of

t er m nagkohpdr exybo3imgtrowps 10 upelay Mekitzabld uyisatiyaied doubl e bonds of
hyper br anched pol yester polyol (A), and thermal polynerization reactions

of thehgﬁwﬁ?ahéﬁghw @éyééﬁaﬁgggﬁi,b Hgsth#ﬁﬁfllg%qg/ﬂe'?ﬁ%q: tQ, have

occurre Exanpl e actio out e' sanme
manner npl the exception of usi ol torn H30 i nstead of
Bol 1 or RCRRBEF RO G e HOL ST Hadio 11 HhS 416 Bt FArOh 0 U (RN by NEHE
transesterification was neasured every hour to determne the reaction
conver 8gbArmaned tor he¥pondicugred-the introduction rates of

pol ymeri zabl e unsat urat ed doubl e bonds cal cul ated from the amounts of

et hanol . THeaepnesglts are summarized in Fig. 1. Fromthe results shown
in Fig. 1, the introduction rates of polynerizabl e unsaturated double

bonds by tf@?é&é?.%hf hgation é\ﬁtd“uq F3peEH 58 the; 1%01§ atéét an%

hydr oxyl groups I n hyperbranched yest er on e stage of

fr i ng for r r 1% or
Lg?gtlng Exampio Togiéhaggetggcgﬁgggnoof ggg%g ol%orn Hg%ulis%%ae 61% o

of Beltorn H40 in Example 1. At that time, the ethanol formed
by the transesterification was measured every hour to determine
the reaction conversion rates corresponding to the introduction
rates of polymerizable unsaturated double bonds calculated from
the amounts cf ethancl. Those results are summarized in Fig.
1. From the results shown in Fig. 1, the introductiocn rates of
polymerizable unsaturated double bonds by transesterification
with respect to the total number of hydroxyl groups in
hyperbranched polyester polycl (A) at the stage of reacting for
10 hours and the stage of reacting for 16 hours were 61% or more,
and 78%, respectively.

Comparative Example 3

With the exception of using 1.53 parts of dibutyl tin
dilaurate instead of the tristanoxane obtained in Synthesis
Example 1 in Example 3, the reaction was carried cut for 10 hours
in the same manner as Example 3. The introduction rates

(reaction conversion rates) of polymerizable unsaturated double
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and 78% respectively. Conparative Exanple 3 Wth the exception of using
1.53 parts of dibutyl tin dilaurate instead of the tristanoxane obtai ned
in Synthesis Exanple 1 in Exanple 3, the reaction was carried out for 10
hours in the same manner as Exanple 3. The introduction rates (reaction
conversion rates) of polynerizable unsaturated double 32 bonds were
determ ned in the sane manner as Exanple 3, and those results are

summar begedsive @ gleterrimadcenr gaeticore spsnem af ExGuppar 3t i ved Bhagd e 3, _
the introduction rate of polynerizable wunsaturated double bonds reached

only le¢seves atbesum@actize@ ihorit0 hoursn €mBpacatikyenExgapke 4eWth
the exception of using 0.97 parts of dinmethyl dichloro tin instead of

the trj ne .o i kN t hesj e [ | e .3, . t.he
reactigﬁﬁéggéggﬁﬁig%g%gggf%f gy%dgféféﬁﬁﬁﬁgp §§ﬁ%3§§h e?gﬁgﬁéé%%&%aii
The introduction rates (reaction conversion rates) of polynerizable
unsat uFBE2HUABEBe BBRYS PaRfe HRiehaf ey nl {he Wi ffgiecass ipganyl e
3, and those results are summarized in Fig. 1. In the reaction system of
Conpar &vivel Eganple 4, the introduction rate of polynerizable
unsaturated double bonds was 0% even after reacting for 5 hours. Based

on the resgbmgaia@wmeiﬁxﬁh@ielq di butyl tin dilaurate and dinethyl
dichloro tin were detérmned to be unsuitable as transesterification

catalysts sel {#e tNEHOOUEHORs PROGESS? parts of dimethyl dichloro

tin instead of the tristanoxane obtained in Synthesis Example
1 in Example 3, the reaction was carried out for 5 hours in the
same manner as Example 3. The introduction rates (reaction
conversion rates) of polymerizable unsaturated double bonds
were determined in the same manner as Example 3, and those results
are summarized in Fig. 1. In the reaction system of Comparative
Example 4, the introduction rate of polymerizable unsaturated
double bonds was 0% even after reacting for 5 hours.

Based on the results shown in Fig. 1, dibutyl tin dilaurate
and dimethyl dichlcoro tin were determined to be unsuitable as
transesterification catalysts used in the production process

of the present invention.

INDUSTRIAL APPLICABILITY
According to the production process of the present invention,
apolymerizablehyperbranchedpolyestercanbepmoduc&jinwhich

polymerizable unsaturated double bonds have been introduced
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of the present invention. | NDUSTRI AL APPLI CABI LI TY According to the
production process of the present invention, a polynerizable
hyper br anched pol yester can be produced in which polynerizable
unsat ur at ed doubl e bonds have been introduced 33 into the termnals of a
hyper br anched pol yester polyol (A) w thout causing side reactions such
as nucleophilic addition reactions of term nal hydroxyl groups to

pol yneihzabtee vssattratedidaublechonds.cher et polpserd zataon of the
pol ymeri zabl e unsaturated doubl e bonds. In addition, according to the
prOdUC&igﬂﬂBEO §19§ thae B% Seqby! ngﬁgklgg Ale %h%ﬁﬁk!% f%lon

hyper br anche yes can e pro uced at high etficiency

transester flcatl n_usin | kyl ester of a carboxylic aC|d haV|ng a
ponneF??%tF%nsuﬂ aFGFﬁﬂgéldgﬁgFQXH&narPBPs W O LYEQeAFaR bt ai ned as
an industrial raw material, and wthout altering the original backbone
st ruct uneabfirahedndbeblkabovhai nsroft helrealy perliymendclied 1 qpolofedtter pol yo
(A) by hydrolysis and so forth. 34 What is clained is: 1. A production
processoc dfmar pehyMer iAakkarhypear Bhangchedonpel.yest er conpri sing:

i ntroduci ng polynerizable unsaturated doubl e bonds into termnals of a

hyper br ancadapg; ¥esher X’Qilln(gA)t’o WL dtiu AR b s olenzat i on

pol ymeri zation o polyhy

present invention, the polymerizable hyperbranched polyester
can be produced at highefficiency by a transesterificationusing
an alkyl ester of a carboxylic acid having a polymerizable
unsaturated double bond (B), which is easily obtained as an
industrial raw material, and without altering the original
backbone structure of the molecular chains of the hyperbranched

polyester polycl (A) by hydrolysis and so forth.



nmonocar boxylic acid in which there are at | east two hydroxyl groups, the
carbon atom adj acent to the carboxy group is saturated carbon atom and
t he hydrogen atons on said carbon atomare all substituted, by reacting
t he hyperbranched polyester polyol (A) and an al kyl ester of a
carboxylic acid having a polynerizable unsaturated double bond (B) by a
transesterification in the presence of at |east one type of

transegheti tscathonedatalyst (C) selected fromthe group consisting of _a
di al kyl tin oxide and a stanoxane. 2. The production process of a .

pol yneri zabl e hyperbranched polyester according to claim1l wherein the
wei ght - average nol ecul ar wei ght of the hyperbranched pol yester pol yol

(A) is, 1,500 to 60,000. 3. The production process of a pol rlzable
hyper bt anc eBrO§BF§é§PeP9&9ﬁﬂ%WH%5&&Qﬂ%ﬂ i I¥P] %& Fof the 35
wei ght - aver age nol ecul ar wei ght to the nunber-average nol ecul ar wei ght
of thephypesbeanchedrpsliypgster polyol (A (MV M) POis 1.1 to 2.5 4.
The production process of a polynerizabl e hyperbranched polyester

according ﬁ_at@bah@n&gw@m@mﬂi&%ui@m%anurQrtaéwmcﬂgol@fbdms into

hyper br anched pol yester ponoI (A) is 0.25 to 1.0. 5. The productlon
procesg - I i ra g%%r qgclaiml
mherelneﬁﬁlﬁ%£%e¥ énéﬁgggb gé%FE?%H§%$5%%J§% g’%gﬁ dﬁoxyl

ar oups. et mokegy! €.naBno 08 BT QUUEti o0 Drocess of s f ryyfaefaxzyab' e

monocarpboxylic acid in which there are at least two hydroxyl
groups, the carbon atom adjacent to the carboxy group is
saturated carbon atom, and the hydrogen atoms on said carbon
atom are all substituted, by reacting the hyperbranched
polyester polyol (A) and an alkyl ester of a carboxylic acid
having a polymerizable unsaturated double bond (B) by a
transesterification in the presence of at least one type of
transesterification catalyst (C) selected from the group

consisting of a dialkyl tin oxide and a stanocxane.

2. The production prcocess of a polymerizable hyperbranched
polyester according to claim 1 wherein the weight-average
molecular weight of the hyperbranched polyester polyol (A} is

1,500 to 60,000.

3. The production process of a polymerizable hyperbranched

polyester according to claim 2 wherein the ratio of the
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pol yester according to claim1l wherein the introduction rate of

pol yneri zabl e unsat urated doubl e bonds to the total nunmber of hydroxyl
groups in the hyperbranched pol yester polyol (A) is 25%to 100% 7. The
production process of a polynerizabl e hyperbranched polyester according
to claim1 wherein the weight-average nolecular weight of the

pol yneri zabl e hyper branched pol yester 1is 1,700 to 90,000. 8. The

pr oductwiedghprevesscef mal pohyaeniezialil tet bytper hnabehedved@gpatykbsielar _
according to claim7 wherein the ratio of the weight-average nol ecul ar

wei ght Q 4hlke opu r I, I I i t POy IRI ) 22
hyperbranghgdOEOFBSSPZP%{%%%EE?SEFQQ§yf?l ggeg}g%ﬂgh@¥hg proéﬂctﬁ%ﬁ
process ?ft% eolynerizable hyper branched pol yester according to claim8
wherei n'the difPérence between the ratio of the weight-average nol ecul ar
wei ght to the nunber-average nol ecul ar wei ght of the polynerizable

hyper branched pol yester (Mwv Mh) PE and the ratio of the weight-average
nol ecul ar wei ght to the nunber-average nol ecul ar wei ght of the

hyper bAanchée palogesttarorpqd yate {A)o { MV M) R i 522101 ¢ oh PpdrbidncHbe
production process of a polynerizabl e hyperbranched polyester according

to cl apmjewherehncbhaipgl yoesi 28kl e yHavRerbraached pel ye$eindigsp to
600 pol yneri zabl e unsaturated double bonds per nolecul e.

of the hyperbranched polyester polyol (A) is 0.25 to 1.0.

5. The production process of a polymerizable hyperbranched
polyester according to claim 1 wherein the hyperbranched

polyester polyol (A) has 12 to 600 hydroxyl groups per molecule.

6. The production process of a polymerizable hyperbranched
polyester according to claim 1 wherein the introduction rate
of polymerizable unsaturated double bonds to the total number
of hydroxyl groups in the hyperbranched polyester polyol (A}

is 25% to 100%.

7. The production process of a polymerizable hyperbranched
polyester according to claim 1 wherein the weight-average
molecular weight of the polymerizable hyperbranched polyester

is 1,700 to 90,000.

8. The production process of a polymerizable hyperbranched
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11. The production process according to claim1 wherein the stanoxane is
a conpound represented by the followi ng general formula (1): 37 RR | |
1 X-Sn O0Sn X (1) RR m(wherein, Rrepresents a |linear or branched

al kyl group, aryl group or aral kyl group having 1 to 10 carbon atons, X
represents a hal ogen atom acyloxy group having 1 to 4 carbon atons,
hydr oxyl group, nercapto group or thiocyanato group, and mrepresents

an integeyvestet tec8rdihd. tBhelpriaductil Irocess aecos NG HO claim 11 _
wherein R represents a nethyl group and mis 1 or 2. 13. The production

proceS§e§ ﬁeLgb@?yﬁgrlz H%EQ%fﬁ%%ﬁ%ﬁ gSAGEfgée%d¥%lﬁygg'c

acid having a po unsaturate cornpound
selected, f ou consi stin c acid al kyl esters
Tt hact§iPes ae%dtla?kwfweéfé?eﬁiﬁdgapw Cebebee Gp L uarEFR ABANBSEY | i o
acids. 38

is 1.1 to 2.5.

9. The production process of a polymerizable hyperbranched
polyester according to claim 8 wherein the difference between
the ratio of the weight-average molecular weight to the
number-average molecular weight of the polymerizable
hyperbranched polyester (Mw/Mn}f® and the ratio of the
weight-averagemolecular weight to the number-average molecular
weight of the hyperbranched polyester polyol (A) {(Mw/Mn)® is

0 to 0.5.

10. The production process of a polymerizable hyperbranched
polyester according to claim 1 wherein the polymerizable
hyperbranched polyester has 5 to 600 polymerizable unsaturated

double bonds per molecule.
11. The production process according to claim 1 wherein the

stanoxane is a compound represented by the following general

formula (1):
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[
X—--—S|n O—?n>~x (1)
R R/ m

(wherein, R represents a linear or branched alkyl group, aryl
group or aralkyl group having 1 tc 10 carbon atoms, X represents
a halogen ateom, acyloxy group having 1 to 4 carbon atoms, hydroxyl
group, mercapto group or thiocyanato group, and m represents

an integer of 1 to 8),.

12. The production process according to claim 11 wherein R

represents a methyl group and m is 1 or 2.

13. The production process according to claim 1 wherein the
alkyl ester of a carboxylic acid having a polymerizable

unsaturated double bond (B) is a compound selected from the group
consisting of acrylic acid alkyl esters, methacrylic acid alkyl

esters and alkyl esters of maleimidocarboxylic acids.
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