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This invention relates to a coating resin and
an antifouling coating composition to be used for
preventing attachment of marine organisms to the under-
water or submarine structures such as ships, fishing
nets, drainage conduits, etc.

Numerous species of marine organisms, such as
barnacle, ascidian, serpula, mussel, laver, etc., live
in the sea water. When a structure such as a ship,
fishing net, drainage pipe, etc., is set or placed in
comission in or on the sea, the marine organisms cling
to the structure and grow to give various kinds of
damage to the structure. For instance, if the ship's
bottom is incrusted with marine organisms, the
frictional resistance of the sea water increases to
cause a reduction of cruising performance of the ship,
so that if it is tried to keep a constant cruising speed
of the ship, its fuel consumption increases to pose a
serious encomical probleﬁ. Also, if the marine
Brganisms cling to the fishing nets used for ocean
culture, the meshes of the nets would be clogged up,
which could prove fatal to the cultured fishes and

.

shellfishes.

Hitherto, in order to prevent attachment of

the marine organisms to the underwater structures such
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nets, drainage conduits, etc. Numerous species of marine organisnms, such as
barnacl e, ascidian, serpula, nussel, layer, etc., live in the sea water.
When a structure such as a ship, fishing net, drainage pipe, etc., is set
or placed in . -2 -

1 as mentioned above, the antifouling paints using single
polymers or copolymers of organotin-containing
unsaturated monomers as resinous component (see Japanese
Patent Application Kokoku (Post-Exam Publication) Nos.

5 40-21426, 44-9579, 46-13392, 49-20491, 51-11647,
51-12049, 52-48170, etc.) have been applied to said
structures. These polymers have their organotin portion
hydrolyzed with the sea water (pH: 8.0 - 8.3). As a
result, not only the organotin serves as an antifouling

! 10 agent, but also the polymer surface which has been made
soluble in sea water is gradually corroded by the moving
sea water to bare out the new coating surface, thus
producing a long-lasting stabilized antifouling effect.
However, the organotin released into the sea water from

15 the paints is hard to decompose and may be taken in by
and accumulated in the marine organisms and, through the
food chain, it may get into the human system. This
involves the possibility of causing serious physical

) trouble such as deformity. So, use of organotin in the

20 antifouling paints has been banned.

%%; Regquest is now voiced in the art for the
development of a resin for antifouling paints which are
capable of producing a long-lasting stabilized anti-
fouling effect, in place of the organotin-based resins

25 whose use has been banned. 1Ideally speaking, it is
desirable that the resing used for antifouling paints
are\of a hydrolyzable éype like the orqanotinfbased

g

resins, buﬁ-proposals involving use of hydrophilic or
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comm ssion in or on the sea, the marine organisns cling to the structure
and grow to give various kinds of damage to the structure. For instance, if
the ship's bottomis incrusted with nmarine organisns, the frictional

resi stance of the sea water increases t0 - 3 -

1 water-repellent resins have also been made (Japanese’
Patent Application Kokai (Laid-Open) Nos. 62-290768,
62-13471, 58-180566, 57-67672, etc.). However, it is
hardly possible to realize a long-lasting stabilized

5 antifouling effect by use of a resin having the
hydrophilic or water-repellent property alone.

"In view of the above, various hydrolyzable
resins hafing a specific carboxylic acid ester in the
side chain have been proposed (WO 84/02915, Japanese

} 10 Patent Appln. Kokai Nos. H2-69576, 63-215780, 62-57464,
Japanese Patent Appln. Kokoku Nos. 55-39271, 61-3830,
etc.), but their effect has not been well satisfactory.

It is essential that the resin used for said
purpose is soluble in the aromatic solvents or the
15 mixtures of aromatic solvents (main solvent) and other
types of solvent such as alcohol type solvents, ketone
type solvents, halogen type solvents, ether type
solvents and ester type solvents so that the solvent
) used won't affect the undercoat when coating is

20 pozgptned.

b o ¥
oo

SUMMARY OF THE INVENTION
~ The present invention ptovidés an excellent
coating resin and an antifouling coating composition
containing said resin which has no poisonous action like
25 the organotin copolymers, shows a hydrolytic property
well comparing with saiﬁ organotin copolymers, and is

capable of forming a relatively long-lasting excellent
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cause a reduction of cruising performance of the ship, so that if it is
tried to keep a constant cruising speed of the ship, its fuel consunption

i ncreases to pose a serious econonic problem Also, if the marine organi sns
cling to the fishing nets used for ocean 4 -

1 antifouling coat. This coating resin is also soluble in

aromatic solvents.
The present inventors have pursued strenuous

studies for solving said prior art problems and develop-

5 ing an antifouling coating composition which performs
excellently for preventing attachment of the marine
organisms to the underwater structures such as mentioned
above and has no problem in safety and sanitation, and
have consequently accomplished the present invention.

} 10 The present invention provides a coating resin
comprising a polymer obtained by polymerizing an unsatu-
rated monomer represented by the following formula (I)
alone or together with at least one other unsaturated

monomer copolymerizable therewith:

R
CH, = ICI-(-AI-)E—(-E-(-CHZ-)-m—-)n—ﬁ—O-X (1)

15 wherein R is a hydrogen atom or a straight or branched
| alkyi group having 1-4 carbon atoms; Ar is a benzene
ring or a naphthalene ring; k, m and n represent
independently a number of 0 or 1; and X is a substituent
selected from those represented by the following

20 formulae:
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culture, the meshes of the nets would be clogged up, which could prove
fatal to the cultured fishes and shellfishes. Htherto, in order to prevent

attachnment of the marine organisns to underwat er structures such
-5-
-rlcy , -Rz--(--sozg3)a ,

-Rico -)-b-c “CH "Tﬁ’°‘35' —«© R‘-)?n-(—fl:-x")z and
) o

~R®py

1 4 6

, ’RY, R 8

1 wherein R and R™ each represents a straight,

branched or alicyclic alkylene group having 1-6 carbon
’ atoms; r? is a Cl_6 straight, branched or cyclic hydro-

3

carbon group connecting O and sozn ; a is an integer of

5 1 to 3 indicating the number of sozn3 bonded to Rz:
3

R” represents, independently when plural, a C

1-22
straight, branched or cyclic alkyl group, a cs_1° aryl
group or C.,_18 aralkyl group which may have a sub-
stituent; when a is 2 or 3, 33-, may be the hydrocarbon

10 groups forming a cyclic structure with each other; b, da,

e and f represent independently a number of 0 or 1; R5

’ is a cl_4 straight or branched alkyl group; two R7's
repzoscnt independently a c1 22 straight, branched or
aliqyclic alkyl group, a c6 10 aryl group or a c7 10

15 aralkyl group, or two R7 's represent the groups forming
a cyclic structure; and Py stands for a substituted or
unsubstituted 2-, 3- or 4-pyridyl group.

The present invention also provides a coating

resin of the type recited, using as other copolymeriz-

20 able unsaturated monomer a monomer represented by the
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-2- as nentioned above, the antifouling paints using single

1

10

15

-6 -

formula:

CHZ = C-C-0-R (1I)

9 10

wherein R™ is a hydrogen atom or CH3: and R is a
branched or alicyclic alkyl, aryl or aralkyl group
having 3 or more carbon atoms, or an organic substituent
having a similar structure but containing other atoms
than carbon.

The present invention also provides a coating
resin of the type recited, using as other copolymeriz-
able unsaturated monomer an unsaturated monomer having a
hydrophilic functional group, said monomer being either

an unsaturated acid anhydride or an unsaturated monomer

represented by the formula:

rll

| 12
CHy = C-C-0—Cyily, 04 R (111)
0

wherein Rll is a hydrogen atom or a CH3 group; x is an
integer of 1 to 6; y is an integer of 1 to 10; and Rlz
is a hydrogen atom or a straight, branched or cyclic

alkyl, aryl or aralkyl gorup.
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pol ymers or copol yners of organotin-containing unsaturated nononers as
resi nous conponent (see Japanese Patent Application Kokoku (Post-Exam
Publ i cati on) Nos. 40-21426, 44-9579, 46-13392, 49-20491, 51-11647,

51- 12049, 52-48170) have been appgied to said

1
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15

20

25

Fig. 11 is an IR spectrum of Compound No. 20

(R = CH3).

Fig. 12 is a 1H-NMR spectrum of N-hydroxy-
methylsuccinimide.

Fig. 13 is an IR spectrum of N-hydroxymethyl-
succinimide.

Fig. 14 is a 1H-NMR spectrum of Compound No.

22 (R = CH3).
Fig. 15 is an IR spectrum of Compound No. 22

(R = CH3).

Fig. 16 is a IH-NMR spectrum of Compound No.

23 (R = CH3).

Fig. 17 is an IR spectrum of Compound No. 23
(R = CH3).

Fig. 18 is a lH-NMR spectrum of Compound No.

26 (R = CH3).
Fig. 19 is an IR spectrum of Compound No. 26

(R = CH3).
Fig. 20 is a 1H-NMR spectrum of Compound No.
ot Fig. 21 is an IR spectrum of Compound No. 9 (R

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The coating resins according to the present
invention are preferably those specified below (1) - (9):
(1) A coating resin comprising a polymer obtained

by polymerizing an unsaturated monomer represented by

Sheet Has Been Reilaced
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structures. These polynmers have their organotin portion hydrolyzed with the
8.3). As aresult, not only the organotin serves as an
but al so the pol ynmer surface which has been nade sol uble

sea water (pH 8.0 -
antifoul i ng agent,

in sea water is gradually corroded by the pmying

10

the following formula (I) alone or together with at

least one other unsaturated monomer copolymerizable

therewith:

R
il
- CH, c-(-Ar-)—(—fl:—(-cuz-)—-)—ﬁ-o-x (1)

o

wherein R is a hydrogen atom or a straight or branched
alkyl group having 1-4 carbon atoms; Ar is a benzene
ring or a naphthalene ring; k, m and n represent
independently a number of 0 or 1; and X is a substituent

selected from those represented by the following

formulae:

Rl-cw , -Rz-(—sozn3) .

-ri0 35 € 4-Cilpr fl:-O-Rs , RSN ﬁ-g") , and
O o

-

—r%py

wherein Rl, R‘, R6 and R8 each represents a straight,

branched or alicyclic alkylene group having 1-6 carbon

2

atoms; R® is a Cl_6 straight, branched or cyclic hydro-

3

carbon group connecting O and SOZR ; a is an integer of

1 to 3 indicating the number of 802R3 bonded to Rz;
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sea water to bare out the new coating surface, thus producing a

| ong-lasting stabilized antifouling effect. However, the organotin rel eased
into the sea water fromthe paints is hard to deconpose and may be taken in
by and accunul ated in the marine organisng gapd, through the

3

1 R” represents, independently when plural, a C

1-22

straight, branched or cyclic alkyl group, a C alkyl

6-10
group which may have a substituent or a C.,_18 aralkyl

group which may have a substituent; when a is 2 or 3,
5 R3's may be the hydrocarbon groups forming a cyclic
structure with each other; b, 4, e and £ represent

5 is a straight or

7.s

independently a number of 0 or 1; R
branched alkyl group having 1-4 carbon atoms; two R
represent independently a straight, branched or
’ 10 alicyclic alkyl group having 1-22 carbon atoms, an aryl
group having 6-10 carbon atoms or an aralkyl group
having 7-10 carbon atoms, or two R’'s represent the
groups forming a cyclic structure; and Py stands for a
substituted or unsubstituted 2-, 3- or 4-pyridyl group.
15 (2) A coating resin specified in (1) above, using
an unsaturated monomer of the formula (I) wherein k and
n are both 0.
(3) A coating resin specified in (1) or (2) above,
, using an unsaturated monomer of the formula (I) wherein
20 X is -R-CH.
(d)ﬁf A coating resin specified in (1) or (2) above,
using an unsaturated monomer of the formula (I) wherein
X is -R% 4 S0,R%) |
(5) A coating resin specified in (1), (2), (3) or
25 (4) above, using an unsaturated monomer of the formula
(I) wherein R is H or CHj.
(6) A coating resin specified in (1), (2), (3),

(4) or (5) above, wherein at least one other unsaturated

s Sheet Has Been Reilaced
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food chain, it my get into the human system This involves the possibility
of causing serious physical trouble such as deformty. So, use of organotin
in the antifouling paints has been banned. Request is now voiced in the art
for the - 11 -

1 monomer copolymerizable with the unsaturated monomer: of

the formula (I) is a monomer represented by the formula:

an

10

wherein R9 is a hydrogen atom or CH,; and R is a

37
; branched or alicyclic alkyl, aryl or aralkyl group
., 5 having 3 or more carbon atoms, or an organic substituent
having a similar structure but containing other atoms
than carbon.
(7) A coating resin specified in (1), (2), (3),
(4), (5) or (6) above, wherein at least one other
10 unsaturaged monomer copolymerizable with the unsaturated
monomer of the formula (I) is an unsaturated monomer
having a hydrophilic functional group.
(8) A coating resin specified in (7) above,
' wherein the unsaturated monomer having a hydrophilic

15 functional group is an unsaturated acid anhydride or an

unsaturated monomer represented by the formula:

1|111
CH, = C-C-0—+C_H, O—)—R (III)
I x
o .
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deve!opnent of aresin for antifouling paints which are capabl e of
producing a long-lasting stabilized anti- fouling effect, in place of the
organoti n-based resins whose use has been banned. |deally speaking, it is
desirabl e that the resins used for antifoglaag_paints

1

»

15

20

25

11

wherein R is a hydrogen atom or a CH3 group; x is an

integer of .1 to 6; y is an integer of 1 to 10; and R12
is a hydrogen atom or a straight, branched or cyclic
alkyl, aryl or aralkyl gorup.

{9) A coating resin specified in any of (1) to (8)
above, wherein the polymer is obtained@ by polymerizing a
mixture of an unsaturated monomer represented by the
formula (I), an unsaturated monomer represented by the
formula (II) and one or more unsaturated monomers other
than those having a hydrophilic functional group.

In the unsaturated monomers represented by the
formula (I), the Cl—4 straight or branched alkyl groups
represented by R include methyl, ethyl, propyl, iso-
propyl, butyl, isobutyl, sec-butyl, tert-butyl, etc.

The C straight, branched or alicyclic alkylene groups

1-6
represented by Rl, R4, R6

and R® in X include methylene,
methine, ethylene, trimethylene, tetra-methylene, penta-
methylene, neopentylene, hexamethylene, cyclopropylene,
1,2-cyclobutylene, 1,3-cyclobutylene, 1,2-cyclo-
pengglene, 1,3-cyclopentylene, 1l,2-cyclohexylene,

1, 31¢yclohexy1ene, l,4-cyclohexylene, etc. The cl_22
straight, branched or cyclic alkyl groups represented by

3 include methyl, ethyl, propyl, isopropyl, butyl,

R
isobutyl, sec-butyl, tert-butyl, cyclopropyl, cyclo-
butyl, pentyl, sec-pentyl, tert-pentyl, neo-pentyl,
cyclopentyl, hexyl, tert<hexyl, cyclohexyl, heptyl,
tert-heptyl, octyl, tert-octyl, nonyl, tert-npnyl,

decyl, tert-decyl, dodecyl, tert-dodecyl, tetradecyl,

This Sheet Has Been lTlaced
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are a hydrolyzable'type | i ke the organotin-based resins, but proposals
I nvofvi ng use of hydrophilic or

- 13 -
1 tert-tetradecyl, hexadecyl, tert-hexadecyl, octadecyl,
tert-octadecyl, eicosyl, docodyl, etc. The Ce_10 23ryl
groups or C, ,p aralkyl groups which may have a sub-
stituent include phenyl, tolyl, anisyl, cyanophenyl,
5 nitrophenyl, sulfonylphenyl, acylphenyl, naphthyl,
benzyl, phenethyl, benzhydryl, etc. As examples of the
hydrocarbon groups forming a cyclic structure with each

other, represented by R3 or R3

‘s (1-3), when n is 2, -
there can be mentioned ethylene, trimethylene, tetra-
. 10 methylene, etc. The C,_, straight or branched alkyl

5 include methyl, ethyl,

groups represented by R
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-
butyl, etc. The C, ,, straight, branched or alicyclic
alkyl groups represented by R7 include methyl, ethyl,

15 propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-
butyl, cyclopropyl, cyclobutyl, pentyl, sec-pentyl,
tert-pentyl, neo-pentyl, cyclopentyl, hexyl, cyclohexyl,
heptyl, octyl, nonyl, decyl, dodecyl, tetradecyl,

’ hexadecyl, octadecyl, eicosyl, docosyl, etc. The

20 6 10 aryl groups or C., 10 aralkyl groups represented by
R’ include phenyl, tolyl, anisyl, cyanophenyl, nitro-
phenyl, naphthyl, benzyl, phenethyl, benzhydryl, etc.
The groups forming a cyclic structure, represented by
two R’, include methylene, ethylene, trimethylene,

25 o-phenylene, 1l,2-naphthylene, 2,3-naphthylene, etc.

The unsaturated . monomers represented by the

formula (I) can be produced by various known processes

of synthesis. It is possible to use the pertinent

niiiiiﬂ‘i‘iilfﬁfi i




'ér-repellent resins have al so been nade (Japanese Patent Application
(Lai d- Open) Nos. 62-290768, 62-13471, 58-180565, 57-67672).
er, it is hardly possible to realize a long-lasting stabilized

- 14 -
] 1 commercially available unsaturated monomers.

Listed below are the preferred examples of the
unsaturated monomers represented by the formula (I) (R

in the following formulae is hydrogen atom or methyl

5 group):
(1) _ R
CH, = ciocnzcn
o}
(2) ?
CH, = cgocazcnzcu
f o
(3) R
CH, = c&ocnzcnzcazcn
o
’ (4) ‘I‘ f“z
CH, = chcazcucxzcn
o}
(5) R CH,
CH, = CCOCH,CHCN

R

heet Has Been Reiaced
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anti
wat e
resi

(6)

(7)

(8)

(9)

(10)

(11)

(12)

In view of the above,
R CH

3

CH2 = CﬁOCHZCCN

0 CH3

]
CH, = CﬁOCHZSOZCH3

0

R

CH

I
- Cﬁ:ocn‘.zsozczn5

l
CH, = cil:oca CH, S0, CH

272772773

|
= CﬁOCBZCHZSOZCZHS
0

R

l
CH, = cﬁ°°“zc’*zs°zclo"‘z 1

o

R

ing effect by use of a resin having the hydrophilic or
repell ent property al one.
having a specific carboxylic acid ester
propg@sed (WO 84/02915, Japanese

various hydrol yzabl e

in the side chain have been

I,
CH, = ciocazcazsoz-@— CH,

o
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Pat ent¥Appl n. Kokai Nos. 2-69576, 63-215780, 62-57464, Japanese Patent

Appl n. } Kokoku Nos. 55-39271, 61-3830), but their effect has not been well
satisfactory. It is essential that the resin used for said purpose is
soluble in the aromatic solvents or the - 16 -
(13) T
CH, = CﬁOCH2CH2802—@— No,
0
(14) ? .
CI-I2 = CﬁOCHZCH2802CH2—-©>
0]
{ (15)
"' 0es
CH, = CCOCH2-< >
o+s
(16) o
?

CH

-’ - {17) R

N
']
0=8
0o
g
X3
4
i

|
- CH, = ccoczx4occnzcoca3
i W<l
o
(18) ?
CH, = ccoczn40ﬁﬁocu3

]
.0

-
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m xturffs of aromatic solvents (main solvent) and other types of sol vent

such al cohol type solvents, ketone type solvents, hal ogen type sol vents,
et her gype solvents and ester type solvents so that the solvent used w |
not aff ect the undercoat when coating is - 37 -
(19) R
CH, = CCOC
2 Zﬂ4oﬁﬁ°C2H5
; (20) o)
Z R -
| cu, - |
o
(o]
(21) o
R
o
0
(22) o)
]
CHZ = CEOCHZ-N
o
) o]
: L
| | =
ﬁ (23) o
]
) CH, = CCO-N
i I
: 0
i o
i

i S
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d. SUMVARY OF THE | NVENTI ON The present invention provides an
| ing coating conposition conprising a coating resin which has no
us action like the organotin copolynmers, shows a hydrolytic property

perfo
antif

poi so
- la -
(24) o
|
CH, = ciocnz-n
0]
o}
(25) o
i
0
) 0
(26) ?
- O
0o
(27) T N
i e ®
o)
.""';i*‘"-
<~ (28) ;'g
CH, = Cﬁcnzﬁ-ocnzcnzcu
o 0
(29) T
CHZ = CﬁCHzﬁ—OCHZCHZSOZCH3
(o)
T




co
rel

ng well with said organotin copolyners, and is capable of formng a
ively long-lasting excellent

(30)

| (31)

(32)

(33)

(34)

(35)

CH

CH

CH

CH

CH

- 19 -
o
R
CCCH,C-OCH, -N
! 2
o

0

R

CCC-OCHZCH2CN

i
CCC-OCH,,CH,,50,CH,
i
00
o
|
CCC-OCH,, -
i
00
o

i
C—<<::>%—ﬁ0€ﬂch2CN
o

R »

!
c-<@—fl:ocr{.‘,cnzsozcza5

O
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-4-

tifouling coat. This coating resin is also soluble in aromatic

sol vgnts. The present inventors have pursued strenuous studies for solving
sai dgprior art problens and devel op-

-

15
20

25

- 20 -

The compounds of the formula (I) wherein R3's
represent the hydrocarbon groups forming a cyclic
structure with each other are, for example, Compound No.
15 and Compound No. 16 shown in the above list.

The compounds of the formula (I) wherein two
R7's represent the groups forming a cyclic structure
are, for example, Compound Nos. 20, 21, 22, 23, 24, 25,
30 and 33 in the above list.

These compounds are easily hydrolyzed in a
weakly alkaline atmosphere such as sea water.

Therefore, the resin obtained by polymerizing or
copolymerizing these unsaturated monomers undergoes
hydrolysis in the sea water and is gradually changed
into a water-soluble type from its surface, and as this
portion is corroded by the moving sea water, the surface
of a new coat is bared out successively, thus producing
a lasting antifouling effect.

The ratio of the unsaturated monomer of the
formula (I) in the resin may be optionally selected pro-
vided that it is not less than 0.1 mol% based on the
whole amount of the monomers. Such unsaturated monomer
may be used alone to form a homopolymer. But if its
ratio is small, the proportion of the soluble portion in
the resin created by the hydrolysis may prove too low to
produce a satisfactory antifouling performance. On the
other hand, if its ratio-is too high, the eluting rate
tends to be increased, resulting in a poor long-time

antifouling performance. Thus, the preferred ratio of

This Sheet Has Been Reﬂ
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i ng W antifouling coating conposition which perforns excellently for
prevEnting attachnent of the marine organisns to the underwater structures
suchfas nentioned above and has no problemin safety and sanitation, and
have} consequent|ly acconplished the presenl i_nventi on.

1 said unsaturated monomer is 1 to 95 mol%, more prefer-

H
i
i

ably 5 to 70 mol%.

.; As the other unsaturated monomer copolymeriz-
able with the unsaturated monomer of the formula (I),

5 the unsaturated monomers represented by. the formula (II)
and the unsaturated monomers having a hydrophilic
functional group are preferably used.

In the unsaturated monomers represented by the

formula (II), the branched or alicyclic alkyl, aryl or

10 aralkyl groups having 3 or more carbon atoms, repre-

10, include isopropyl, isobutyl, sec-butyl,

sented by R
tert-butyl, sec-pentyl, tert-pentyl, neopentyl,
2-ethylhexyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, phenyl, o-tolyl, m-tolyl, p-tolyl,

15 2,3-xylyl, 2,4-xylyl, o-cumenyl, m-cumenyl, p-cumenyl,
mesityl, benzyl, phenethyl, trityl, naphthyl, norbornyl,
adamantyl, etc. The organic substituents having a
similar structure but containing other atoms than carbon

include the compounds having silicon instead of carbon,

25—

20 such-as trimethylsilyl, triethylsilyl. tripropylsilyl,
‘tributylsilyl, triphenylsilyl, trimethoxysilyl,
triethoxysilyl, tripropoxysilyl, tributoxysilyl,
triphenoxysilyl, etc. '

The unsaturated monomers represented by the

25 formula (II) can be produced by various known synthetic
methods. The pertinent commercially available

unsaturated monomers are also usable.

Listed below are the preferred examples of the

" This Sheet Has Been Re placed
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Thegpr esent invention provides an antifouling coating conposition

re
group):
(36)
CH,
(37)
CH,
(38)
CH,
(39)
cH,
B0
cH,
(41)
2
T

v

rising: (a) a coating resin conprising a polyner conprising, as
ating units, the residues of an unsaturated nononmer of fornula (1)

- 22 -

1 unsaturated monomers represented by the formula (II) (R

? in the following formulae is hydrogen atom or methyl

i
ciocn(ca3)2
0

I
CﬁOCH(Czﬂs)CH3
o

]
CﬁOCHZCH(CI'Ia)2
4 :

]
CﬁOC(CHa)3
o

cCo

Il
o




erein Ris hydrogen or a straight or branched al kyl group having 1

to 4 garbon atons; Ar is a benzene ring or naphthalene ring; k, mand n

[err
repr gsent
fromg he

i ndependently a nunber of 0 or 1; and X is a substituent selected

- 23 -
(42) T
CH, = CCO
I
0
(43) R

(44)

I
an, = co—f )

]
0

1 An unsaturated monomer of the formula (II) can
be blended for the purpose of increasing solubility in
the solvents, especially aromatic solvents. The
blending ratio of this unsaturated monomer is preferably

5 from § to 95 mol%. A too low blending ratio results in
a poor solubility in the aromatic solvents, while a too
high-ratio leads to strengthened hydrophobic nature of
the-ébsin, which impairs the hydrolytic characteristics

of the resin, resulting in poor antifouling performance

10 of the produced paint. Thus, the especially preferred

range of blending ratio of said unsaturated monomer is
from 5 to 50 mol%.
Examples of the unsaturated monomers having a

hydrophilic functional group, which are usable in this
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1 jnvention, include unsaturated acid anhydrides or the

unsaturated monomers represented by the formula:

211
CH, = <|:-c-o-(-c H, 09— R12 (I11)
2 " 22 Y
0

wherein R11 is hydrogen atom or CH3 group; X is an

" 5 integer of 1 to 6; y is an integer of 1 to 100; and R1? is
hydrogen atom or straight, branched or cyclic alkyl,
aryl or aralkyl group. Use of these monomers can
further enhance the hydrolytic nature provided by the
unsaturated monomer of the formula (I).

10 In the unsaturated monomers represented by the
formula (III), the straight, branched or cyclic alkyl,'

2 include

aryl or aralkyl groups represented by Rl
methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl, pentyl, sec-pentyl, tert-pentyl,

15 neopentyl, 2-ethylhexyl, cyclopropyl, cyclobutyl,
cyclopéntyl. cyclohexyl, phenyl, o-tolyl, m-tolyl,
p-tolyl, 2,3-xylyl, 2,4-xylyl, o-cumenyl, m-cumenyl;
p-cumenyl, mesityl, benzyl, phenetyl, trityl, naphthyl,
norbonyl, etc,

20 The unsaturated monomers of the formula (III)

can be produced by various known synthetic methods. The

commercially available unsaturated monomers are also
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erein [err] are each a straight,
having 1 to 6 carbon atons;

[err] is a straight,

branched or alicyclic al kyl ene

branched or cyclic

carbon group having 1.to 6 carbon atonms and connecting O and [err];

i nteger of 1

1 usable.
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The following are the preferred examples of

the compounds represented by the formula (III) (R in the

following formulae is hydrogen atom or methyl group):

(45)

(46)

(47)

(48)

(49)

(50)

CH

CH

CH

CH

CH
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CCOCH,CH,OCH,

|
cﬁo(CHZCHZO)ZCHS

o

|
CﬁO(C82CHzO)3CH3
o

T :
cﬁo(CHZCHZO)SCH3
(o)

1
CﬁO(CHZCHZO)QCH3
o

-,

|
ci0(cnzcnzo)2-<:::>

o

a



to
[err

ato
ato

di cating the nunber of [err] groups bonded to [err]; the groups
rare the sane or d
al ky@® group, having 1-2

whi ch may have a substituent,

(51)

(52)

(53)

(54)

(55)

.

.

1 =
usable as
functional
anhydride,

5 anhydride,

~anhydride,
anhydride,

I fferent and each is a straight, branched or cyclic
2 carbon atons, an aryl group having 6-10 carbon

R

l
CH, CﬁO(CHZCHZO)g-—<:::>
0

R

CH2 = CﬁOCHZCHZOH

1

R
CH

|
CﬁO(C32CHZO)ZH
o

R

2

I |
ci0(cn2cnzo)3n
0

1
CH, = Cﬁo(CHZCHZO)SH
o

Examples of the unsa;urated acid anhydrideé
an unsaturated monoﬁer having a hydrophilic
group include maleic anhydride, methylmaleic
dimethylmaleic anhydride, ethylmaleic
phenylmaleic anhydride, chloromaleic
itaconic anhydride, l-methylitaconic

1,2-dimethylitaconic anhydride, l-phenyl-

O L aral kyl group having 7-18 carbon
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groups [err] may together forma hydrocarbon cyclic structure with

ther and [err]; b, d, e and f are each a nunber of 0 or 1; [err]
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ht or branched al kyl
e sane of

jtaconic anhydride, l-chloroitaconic anhydride,
endomethylenetetrahydrophthalic anhydride, chlorendic
anhydride, tetrahydrophthalic anhydride, etc.

The blending ratio of the unsaturated monomer
having a hydrophilic tunctional group is. preferably from
1 to 70 mol%, more preferably from 5 to 50 mol%. When
the blending ratio is less than 1 mol%, the effect of
addition of this unsaturated monomer is almost nil. On
the other hand, when the blending ratio exceeds 70 mol%,
there not only ténd to arise the adverse effects such as
reduction of coating hardness, but there also takes
place elution by the action derived from the hydrophilic
nature alone, making it impossible to obtain the desired
coating film properties to be provided by a good resin
for antifouling paints.

These unsaturated monomers having a hydro-
philic functional group may be used either singly or in
combination.

As examples of the unsaturated monomers other
than:those of the formulae (I) and (II) and those having
a hgitophilic functional group, there can be cited
acrylic or methacrylic ester monomers such as acrylic or
methacrylic methyl ester, ethyl ester,'n-propyl ester,
n-butyl ester, etc., styrene monomers such as styrene,
a-methylstyrene, p-t-butylstyrene, etc., polyolefin
monomers such as butadiene,. -isoprene, chloroprene, etc.,
vinyl monomers such as vinyl chloride, vinyl_acetate,

etc., acrylonitrile, methacrylonitrile, and the like.
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nd each is a straight, branched or alicyclic alkyl group, having
n atons, an aryl group having 6-10 carbon atons or an aral kyl
ing 7-10 carbon atonms, or the groups [err] together with the
carbon forma cyclic structure; anggPy is a substituted or

1 These monomers may be used either singly or as a mixture
of two or more of them.

The unsaturated monomers other than those of
the gormulae (I) and (II) and those having a hydrophilic

5 functional group are used for the purpose of adjusting
hardness of the coating film, glass transition
temperature (Tg) of the resin, pigment dispersibility of
the paint, rate of hydrolysis and elution by the sea
water, etc. The blending ratio of this monomer is

10 selected within the range of 1 to 95 mol%, preferably 10
to 90 mol%.

In order to afford additional qualities such
as reactivity to the polymer, a monomer such as acrylic
acid, methacrylic acid, glycidyl acrylate, glycidyl

15 methacrylate, N-vinylpyrrolidone or a derivative thereof
may be copolymerized depending oﬁ purposes.

Said unsaturated monomers may be used either
singly or in combination.

Preparation of the polymer or copolymer

20 (hegoinafter simply refer to as "polymer”) can be

accdﬁplished by treating said substances according to a

per se known method, for example, by carrying out a
reaction of said unsaturated monomers (mixture) in an
appropriate solvent in the presence of a radical

25 polymerization catalyst at a temperature of about 0 to
180°C, preferably about 40 to 170°C, for a period of

about one to 20 hours, preferably about 4 to 10 hours.

As for the organic solvent used for the
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2-, 3- or 4-pyridyl group; and (b) an antifouling agent.

- 29 -
polymerization, any type of organic solvent can be used
as far as it is capable of dissolving the produced
polymer so that no gelation will occur in the course of
polymerization reaction. Examples of such organic
solvents ‘include the alcohol type solvents such as
ethanol, propanol, butanol, isobutanol and benzyl
alcohol; ether type solvents such as methyl Cellosolve,
ethyl Celloéolve, ethylene glycol dimethyl ether,
ethylene glycol moncacetate and 1,4-dioxane; aromatic
hydrocarbon type solvents such as toluene and xylene:;
ester type solven:s such as ethyl acetate and butyl
acetate; ketone type solvents such as cyclohexanone and
methyl isobutyl ketone; and halogen type solvents such
as carbon tetrachloride and trichloroethane. However,
when the product is intended to be used as an antifoul-
ing paint, it is preferable to use an aromatic solvent
or a mixture of an aromatic solvent with other type(s)
of solvent (in a smaller amount) so that the solvent
won't act on the undercoat in the coating operation.

As regards the radical polymerization catalyst
used-in the preparation of said polymer, it is possible
to employ the radical polymefization initiators used for
ordinary radical polymerization, such as azo-compounds,
peroxide compounds and the like. The number-average
molecular weight of the obtained polymer is not critical
in this invention, but igiview of the properties of
coating resin, said number-average molecular weight is

preferably in the range from 3,000 to 200,000, more

\
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Th esent invention also provides a coating conposition of the type
re ed, wherein the coating resin further conprises as repeating units
resgdues of a copol ynerizabl e unsaturated nononer of formnmula: [err]
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1 preferably from 5,000 to 50,000. The number-average
molecular weight shown herein is the value determined by
measuring the molecular weight according to gel
permeation chromatography and reducing it according to a

5 standard polystyrene calibration curve.

An appropriate chain transfer agent may be

blended at the time of polymerization for the purpose of
adjusting the molecular weight. Examples of the chain
transfer agents usable for said purpose include

.10 methanethiol, ethanthiol, n-propanethiol, isopropane-
thiol, n-butanethiol, 2-methylpropanethiol,
3-methylpropanethiol, 1,l-dimethylethanethiol,
l-hexanethiol, l-octanethiol, 1l-decanethiol,
benzenethiol, 2-methylbenzenethiol, 3-methylbenzene-

15 thiol, 4-methylbenzenethiol, 2-ethylbenzenethiol,

3-ethylbenzenethiol, 4-ethylbenzenethiol, bis(4-hydroxy-
dimethylphenyl)disulfide, bis(2-chloromethylphenyl)

disulfide, bis(2-bromophenyl) disulfide, dinaphthyl
disulfide, di-2-benzothia disulfide, a-methylstyrene
20 dimer, carbon tetrachloride, carbon tetrabromide and
chloroform. The amount of the chain transfer agent to
be blended may be properly selected according to the

molecular weight of the polymer to be produced.

The thus obtained polymer shows an appro-
25 priate hydrolysis-elution property and can be applied
as a coating resin suited for antifouling coating

compositions. The coating resin according to

[ ——

eet Has Been Reﬂlaced

T

i




er] is hydrogen or nethyl and [err] is branched or alicyclic
ryl or aral kyl optionally containing one or nore hetero atons and

3 or nore carbon atons. The present invention also provides a

conposition of the type recited, mwhgrein the coating resin further

i1 the present invention may further comprises other
polymer(s) within limits not prejudiciary to the effect
of the present invention. Such polymers include, for
"example, vinyl copolymers such as acrylic copolymers,
5 styrene-acrylic copolymers, polyvinyl chloride, etc.;
polyesters; polysiloxanes; etc.

The coating resin of this invention, if
necessary,lmay be blended with a known coloring matter,
a known antifouling agent and various other additives in

10 the course of preparation of an antifouling coating
composition.

Typical examples of the antifouling aéents
usable in this invention are zinc suboxide, zinc
chromate, stronﬁium chromate, cupric chromate, cupric

15 ferrocyanate, cupric quinone, cupric §-hydroquinone,
cupric oleate, cupric nitrate, cupric phosphate, cupric
tartrate, cuprous oxide, cuprous iodide and cuprous
sulfite.

Typical examples of the pigments usable in

20 this.invention include inorganic pigments such as
titsiiium oxide (titanium white), iron oxide and carbon
black, and organic pigments such as azo type, cyanine
type and quinacridone type. Usually, however, an
inorganic pigment is used.

25 Joint use of an organotin compound, triazine
compound, organosulfur compound or the like with the
above-mentioned compounds as antifouling agent is
embraced within the concept of this invention.
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co ses as repeating units residues of a copol ynerizabl e unsaturated

nondmer havi ng a hydrophilic functional group. Said nononmer nay be either

an unsaturated acid anhydride or an unsaturated nononer of the formul a:

[err] - 32 -

1 It is also possible to use rosin, gum rosin,
wood rosin, tall oil rosin or the like as elution
assistant.

The antifouling coating composition of this

5 invention obtained .in the manner described above is
useful as bottom paint, paint for fishing nets, etc.

The present invention is further described
below with reference to the Examples of the invention,

which Examples however do not limit the present

* 10 invention in any way.

Synthesis Example 1
Synthesis of 2-ethylsulfonylethyl methacrylate
(Compound No. 10, R = CHs)
A mixture of 315 g (3.15 mol) of methyl meth-
15 acrylate, 145 g (1.05 mol) of 2-ethylsulfonylethanol,
8.7 g (30.6 mmol) of titanium tetraisopropoxide and 0.16
g of hydroquinone was reacted at 100°C for 4.5 hours
under air-bubbling with removal of methanol produced.
After cooling, 11 ml of water was added to the reaction
20 mix@ﬁie and the resulting mixture was stirred well.
After removal of the aqueous phase, 200 ml of water was
added to the organic layer and the resulting mixture was
extracted with chloroform. The chloroform solution was
dried over anhydrous sodium sulfate and then chloroform

25 and excess methyl methacrylate were distilled off under

reduced pressure to obtain 164 g of a colorless

transparent oily substance in a yield of 75%. From its
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wh [err] is hydrogen or methyl; x is an integer of 1 to 6; y is an

I nt rof 1 to 10; and [err] is hydrogen or a straight, branched or cyclic
al kyg, aryl or aralkyl group. The present invention also provides the use
of ajcoating resin as defined above in anggntifouling coating conposition.

1 physical properties shown below, this 0ily substance was
confirmed to be 2-ethylsulfonylethyl methacryalte
(Compound No. 10, R = CH3).

(1) 1H-NMR spectral data (IH-NMR spectrum as shown in

5 Fig. 1):
§(solvent: CDC13) unit: ppm, in all Examples)
6.14 (1H, t-like m), 5.65 (1H, quintet-like m),
4.60 (2H, t, J=5.80 Hz), 3.34 (2H, t, J=5.8 Hz),
3.07 (2H, q, J=7.60 Hz), 1.96 (3H, t-like m),

’ 10 1.42 (3H, t, J=7.60 Hz).
(2) IR spectral (neat) values (IR spectrum as shown in Figq,
2):
1721 el (c=0), 1321, 1126 cm~! (s0,).

Synthesis Example 2
15 Synthesis of 2-(p-toluenesulfonyl)ethyl methacrylate
(Compound No. 12, R = CHs)
To a 15 ml acetone solution of 4.8 g (24 mmol)
# of 2-(p-toluenesulfonyl)ethanol and 2.4 g (24 mmol) of
triethylamine, 0.5 mg of hydroquinone was added, followed
20 by déopwise addition of 2.5 g (24 mmol) of methacryloyl
chloride while maintaining thé mixture temperature below
10°C by cooling with an ice bath. After the dropwise
addition was completed, the mixture was stirred for 30

minutes while maintaining the mixture temperature at 0°C

25 and then further stirred for additional 30 minutes at room
temperature. The white precipitate of triethylammonium

chloride was filtered off and the filtrate was poured into
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ice water. The precipitated colorless solid was
filtered, dried and recrystallized from hexane to give
4.3 g of colorless crystals (yield: 68%). From the
analytical results shown below, the obtained crystals
were confirmed to be those of 2-(p-toluenesulfonyl)ethyl
methacrylate (Compound No. 12, R = CH3).
(1) Melting point: 72°C
(2) 1H—NMR spectral values (IH-NMR spectrum as shown in
Fig. 3): _
8(CDC13): 7.80 (2H, 4, J=8.09 Hz), 7.36 (2H,
d, J=8.09 Hz), 5.84 (1H, t-like m), 5.49 (1lH,
quintet-like m), 4.47 (2H, t, J=6.11 Hz),
3.49 (2H, t, J=6.11 Hz), 2.44 (3H, s8), 1.80
(3H, t-1like m).
(3) IR spectral values (KBr method) (IR spectrum as

. shown in Fig. 4):
1705 cm~1 (C=0), 1300, 1140 cm ! (50,).

Synthesis Example 3
: Synthesis of 2-cyanoethyl methacryalte (Compound

-i-ub. 2, R = CH,)

A mixture of 120 g (1.20 mol) of methyl
methacrylate, 28.4 g (0.4 mol) of 2-cyanoethanol, 1.46 g
(5.14 mmol) of titanium tetraisopropoxide and 42 mg of
hydroquinonemonomethyl ether was treated as in Synthesis
Example 1, and the resulting oily substance was
distilled under reduced pressure to obtain 21 g of a

colorless liquid having a boiling point of 70°C/0.5 mmHg
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| 0. Y a [err] spectrum of Conpound No. 10 [err] in the list, given

bel o of the preferred exanples of the unsaturated nononers represented by

the formula (I). Fig. 2 is an IR spectrum of Conpound No. 10 (R =
- 35 -

1 (yield: 75%). From its physical properties shown below,
this liquid was confirmed to be 2-cyanoethyl meth-
acrylate (Compound No. 2, R = Cﬂg).

(1) 1H-NMR spectral data (IH-NMR spectrum as shown

5. in Fig. 5):

8(CDC13): 6.19 (1H, t-like m), 5.66 (1H,
(2H, t, J=6.4 Hz), 1.97 (3H, t-like m),.

(2) IR spectral (neat) data (IR spectrum as shown in

10 Fig. 6):
2250 em™! (¢ N), 1721 (C=0).

Synthesis Example 4
Synthesis of 2-methoxalyloxyethyl methacrylate
{Compound No. 18, R = CH3)

15 A mixture of 45.4 g (384 mmol) of dimethyl
oxalate, 10 g (77 mmol) of 2-hydroxyethyl methacrylate,
0.2 g (0.7 mmol) of titanium tetraisopropoxide and 5 mg

of hydroquinone was reacted at 100°C for 6 hours under
, air-bubbling with removal of methanol produced. Excess
- 20 diml£h71 oxalate was removed by sublimation. The result-
ing material containing the white precipitate was filtered
to remove the white precipitate, and the mothe: liquor was

purified by silica gel column chromatography (eluent:

hexane/ethyl acetate = 8/2) to obtain 10.7 g of a color~
25 1less liquid (yield: 64%).- From its analytical results
shown below, this liquid was confirmed to be 2-methox-

alyloxyethyl methacrylate (Compound No. 18, R = CH3).
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Conmpound No. 12 (R CH3).

- 36 =
1

1 (1) H-NMR spectral data (IH-NMR spectrum as shown

in Fig. 7):
S(CDCIS): 6.14 (1H, t-like m), 5.61 (1H,
quintet-like m), 4.56 (2H, m), 4.44 (2H, m),
3.92 (3H, s), 1.95 (3H, t-like m).
(2) IR spectral (neat) data (IR spectrum as shown in
Fig. 8):
1750, 1725 cm™ ! (C=0).

Synthesis Example 5
Synthesis of 2-ethoxalyloxyethyl methacrylate
(Compound No. 19, R = CH3)

A 20 ml acetone solution of 4.8 g (36.6 mmol)
of 2-hydroxyethyl methacrylate, 3.7 g (36.6 mmol) of
triethylamine and 1 mg of hydrogquinone was cooled to
0°C. Then 5 g (36.6 mmol) of ethyl chloroglyoxalate was
added dropwise to the solution with stirring while
maintaining the mixture temperature substantially at
0°C. After the dropwise addition was completed, the
reaction mixture was stirred at 0°C for 30 minutes and
then further stirred at room temperature for additional
30 minutes. The produced white precipitate wés filtered
off and the filtrate was concentrated to obtain an oily .
substance. This oily substance was purified by silica
gel column chromatography (eluent: hexane/ethyl acetate
= 8/2) to obtain 5.9 g of a colorless ligquid (yield:
70%). From its analytical results shown below, this

liquid was confirmed to be 2-ethoxalyloxyethyl
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1

a [err] spectrum of Conpound No. 2 [err]. Fig. 6 is an IR
of Conpound No. 2 (R=1([err] Fig. 7 is a [err] spectrum of

- 37 =
methacrylate (Compound No. 19, R = CH3).
(1) 1H-NMR spectral data (IH-NMR spectrum as shown
in Fig. 9):

8(CDC13): 6.12 (1H, t-like m), 5.59 (1H,
quintet-like m), 4.53 (2H, m), 4.43 (2H, m),
4.35 (2H, q, J=6.02 Hz), 1.94 (3H, t-like m),
1.37 (3H, t, J=6.02 Hz).

Synthesis Example 6
Synthesis of N—methacryloyloxymethylphthalimide-
(Compound No. 20, R = CH3)
A 20 ml pyridine solution of 9 g (50.8 mmol)
of N-hydroxymethylphthalimide and 1 mg of hydroquinone

was kept at about 0°C in an ice bath, and 5.3 ¢ (50.8

mmol) of methacryloyl chloride was added dropwise to the

solution while stirring it well. After the dropwise

addition was completed, the solution was stirred at this

temperature for 30 minutes and then at room temperature
for additional 30 minutes. The resulting reaction mix-
tur

h ;_2

:yas poured into icy water and stirred for a while.
.ecipitated solid was filtered and recrystallized
from methanol to obtain 7.2 g of colorless crystals
(yield: 58%). From their physical properties shown
below, these crystals were confirmed to be N-methacry-
loyloxymethylphthalimide (Compound No. 20, R = CH3).
(1) Melting point: 134°C
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1H-NMR spectral data (IH-NMR spectrum as shown -

(2)
in Fig. 10):
8(CDC13): 7.94 (2H, m), 7.80 (2H, m), 6.12
(1H, t-like m), 5.80 (2H, s), 5.60 (1H,
quintet-like m), 1.93 (3H, t-like m).
(3) IR spectral (KBr) data (IR spectrum as shown in
Fig. 11):
1785, 1715 cm™ L (C=0).

Synthesis Example 7

Synthesis of N-methacryloyloxymethylsuccinimide

(Compound No. 22, R = CH3)

To a suspension, heated to 30°C, of 99.1 g

(1.0 mol) of succinimide and 81 ml of formalin (37%
formaldehyde solution), 3 ml of a 5 wt% aqueous solution
of sodium hydroxide was added dropwise while well
stirring the suspension. After the dropwise addition
was completed, the mixture was further stirred at room
temperature for 2.5 h&u:s. After the reaction, water
was,distilled off under reduced pressure and the
tesﬁﬁkal mixture was extracted with methylene chloride.
The resulting methylene chloride solution was concent-
rated and the residual solid was recrystallized from
ether to obtain 109 g of colorless crystals (yield:
63%). From their physical properties shown below, these
crystals were confirmed- to be N-hydroxymethylsuccin-
imide. These crystals were used for the following

reaction without further parification.
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1 (1) Melting point: 64°C
(2) 1H—NMR spectral data (IH-NMR spectrum as shown
in Fig. 12):
8(CDC13): 5.03 (2H, br-s), 3.90 (1lH, br-s),
5 2.75 (4R, s).

(3). IR spectral data (KBr) (IR spectrum as shown in
Fig. 13):
1770, 1700 cm™ ! (C=0).
To a 236 ml methylene chloride solution of 30

10 g (232 mmol) of N-hydroxymethylsuccinimide synthesized
in the manner described above, 20 g (232 mmol) of
methacrylic acid and 10 mg of hydroquinonemonomethyl
ether, 48 g (232 mmol) of dicyclohexylcarbodiimide (DCC)
was added while cooling the solution in an ice bath.

15 Then 2.84 g (23.2 mmol) of N,N-dimethylaminopyridine
(DMAP) was further added to the solution with stirring.
The mixture was further stirred at room temperature for
3 hours. The produced white precipitate was filtered

‘ off, the filtrate was concentrated and the residue was

20 purified by silica gel column chromatography (eluent:
hexane/ethyl acetate = 1/1) to give 39.7 g of colorless

crystals (yield: 87%). From their physical properties
these crystals were identified@ to be NFmethactyloyloxy-
methylsuccinimide (Compound No. 22, R = CH3).

25 (1) Melting point: 76°C
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(2) 1H—NMR spectral data (lH-NMR spectrum as shown
in Fig. 14):
8(CDC13): 6.11 (1H, t-like m), 5.62 (1H,
quintet-like m), 5.59 (2H, s), 2.80 (4H, s),
1.93 (3H, t-like m).
(3) IR spectral data (KBr) (IR spectrum as shown in
Fig. 15):
1780, 1705 cm™ 1 (C=0)

Synthesis Example 8
Synthesis of N-methacryloyloxysuccinimide (Compound
No. 23, R = CHy)
To a 250 ml methylene chloride suspension of 30
g (261 mmol) of N-hydroxysuccinimide, 22.4 ¢ (261 mmol)

of methacrylic acid and 10 mg of hydrogquinonemonomethyl

ether under cooling in an ice bath, 53.8 g (251 mmol) of

DDC was added, followed by further addition of 3.2 g
(26.1 mmol) of DMAP while well stirring the suspension.
The mixture was further stirred at room temperature for
3 hgurs; The produced white precipitate was filtered
oft;“the filtrate was concentrated and the residue was
purified by silica gel column chromatography (eluent:
hexane/ethyl acetate = 3/2) to obtain 14.7 g of color-
less crystals {(yield: 31%). From the following physical
properties, these crystals were confirmed to be N-meth-

acryloyloxysuccinimide {Compound No. 23, R = CH3).
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(1) Melting point: 102°C
(2) 1H—NMR spectral data (IH-NMR spectrum as shown
in Fig. 16):
S(CDCIB): 6.42 (1H, t-like m), 5.89 (1H,
"m), 2.86 (4H, s), 2.06 (3H, t-like m).
(3) IR spectral data (KBr) (IR spectrum as shown in
Fig. 17):
1763, 1737 cm™! (C=0).

Synthesis Example 9

Synthesis of 4-pyridylmethyl methacrylate (Compound

A mixture of 25 g (82.5 mmol) of 4-pyridyl-

methanol, 91.7 g (330 mmol) of methyl methacrylate, 5 mg

of hydroguinone and 0.5 g (1.38 mmol) of dioctyltin
oxide was reacted at 100°C for 24 hours under air
bubbling with removal of methanol produced. After the
reaction, excess methyl methacrylate was distilled off
under reduced pressure and the precipitated solid was
filE’xed off. The filtrate was purified by silica gel
colﬁﬁﬁ=chromatogtaphy (elueng: ethyl acetate) to obtain
39.2 g of a light-red liquid (yield: 97%). From its
physical properties shown below, this liquid was

confirmed to be 4-pyridylmethyl methacrylate (Compound

No. 26) R = Cﬁs).
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s a H NWR spectrum of Conpound No. 23 [err]. Fig. 17 is an IR
of Conpound No. 23 [err]. 1

Fig.
spect

- 42 -

1 (1) 1H-NMR spectral data (IH-NMR spectrum as shown -
in Fig. 18):
S(CDC13): 8.61 (2H, 4, J=6.10 Hz), 7.27
(2H, 4, J=6.10 Hz), 6.22 (1H, t-like m), 5.66
5 (1H, quintet-like m), 5.22 (2H, s), 2.01 (3H,

t-like m).
(2) IR spectral (neat) data (IR spectrum as shqwn in
Fig. 19):
1720 cm™ ! (C=0).

10 Synthesis Example 10
Synthesis of 2-methylsulfonylethyl methacryalte
(Compound No. 9, R = CHs)
A mixture of 315 g (3.15 mol) of methyl
methacryalte, 130 g (1.05 mol) of 2-methylsu1£qny1-

15 ethanol, 7.8 g (27.4 mmol) of titanium tetraisopropoxide
and 0.15 g of hydroquinone was reacted at 100°C for 3
hours under air bubbling with removal of methanol

produced. After cooling, 20 ml of water was added, to

? tbﬁcﬁion mixture and the resulting mixture was

ti

20 s at 80°C for 20 minutes. After removal of the

PR

aqueous layer, 200 ml of water was further added to the
organic layer and the resulting mixture was extracted

with chloroform. The chlo:oform‘solution was dried over

anhydrous sodium sulfate and was concentrated under

25 reduced pressure to obtain 130 g of colorless crystals
(yield: 64%). From their physical properties. these
crystals were confirmed to be z-methylsulfonylethyl

eet Has Been Rzpllaced
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[err] spectrum of Conpound No. 26 [err] Fig. 19 is an IR
Compound No. 26 [err]. Fig. 20 is a [err] spectrum of Conpound
- 43 -
1 methacrylate (Compound No. 9, R = CHa).
(1) Melting point: 48°C
(2) IH-NMR spectral data (IH-NMR spectrum as shown
in Fig. 20):
5 §(CDC1,): 6.14 (1H, t-like m), 5.66 (1H,
quintet-like m), 4.62 (2H, t, J=5.90 Hz), 3.38
(2H, t, J=5.90 Hz), 2.99 (3H, s), 1.96 (3H,
t-like m).
(3) IR spectral data (KBr) (IR spectrum as shown in
10 Fig. 21):
1710 ca™" (C=0), 1300, 1140 cu! (s0,).

Examples 1 - 20
Into a four-necked flask equipped with a
stirrer, a condenser, an Nz gas feed pipe, a dropping
15 funnel and a thermometer, a measured amount of a solvent
or solvents was supplied and stirred at 95°C. Then a
mixed solution comprising monomers, azobisisobutyro-

nitrile (AIBN) and a-methylstyrene dimer (aMSD) was

chazged into the dropping funnel and added dropwise into
20 theéi&ask in an R2 gas stream while maintaining the
temperature of the reaction mixture at about 95°C and

stirring the mixture. After the dropwise addition was

completed, the mixture was further stirred at 95°C for 6

hours to obtain a viscous liquid with a specified solid
25 content. The detailed-experimental conditions and the

properties of the obtained resins are shown in Tables 1

to 3.
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strai ght,

h a nunber of O or 1; [err] is a straight or branched al kyl group having
4 carbon atons; the groups [err] are the sane of different and each is a

branched or alicyclic alkyl group, having 1-22 carbon atons, an

aryl group having 6-10 carbon atons or an aral kyl group having 7-10 carbon
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Examples 21 -~ 26

A solvent, monomers, AIBN and aMSD were put
into a four-necked flask equipped with a stirrer, a
condenser, an Nz gas feed pipe, and a thermometer, and
the mixture was stirred while bubbling with N2 gas
with keeping the reaction temperature about 95°C. After
the initial vigorous exothermic reaction abated, the
reaction mixture was further stirred under the above
conditions for 6 hours. There was consequently obtained
a viscous liquid with a specified solid content. The
detailed experimental conditions and the properties of

the obtained resins are shown in Table 4.
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(5)

(2) above wherein [err]
(3) or (4) above
- 53 -

(2),

coating resin specified in (1) or (2) above wherein X is [err].

A coating resin specified in (1) or

g resin specified in (1),
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A coating resin specified in (1) , (2), (3), (4) or (5)
er conprising as repeating units residues of one or nore
d nonomer copol yneri zable with the unsaturated nononer of the

- 54 -

1 Examples 27 - 30

- 10

15

Measured amounts of a solvent and a lowly
reactive monomer were placed in a four-necked flask
equipped with a stirrer, a condenser, an Nz gas feed
pipe, a dropping funnel and a thermometer, and the
mixture was kept therein with stirring. Then, a mixed
solution of other monomers, AIBN and aMSD was supplied
into the flask from the dropping funnel in an Nz gas
stream with stirring the mixture and maintaining its
temperature at about 95°C. After completion of the
dropwise addition, the reaction mixture was stirred at
95°C for 1 hour. A mixture of AIBN and xylene or xylene
alone was added dropwise to the mixture one to three
times every 30 minutes. The reaction mixture was
further stirred at 95°C for 6 hours to obtain a viscous
liquid with a specified solid@ content. The detailed
expetimentai conditions and the properties of the

obtained resins are shown in Table 5.
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optionally containing one or

I s hydrogen or
nore carbon atons.
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an
a st

N,

i ght,

10

15

20

of formula (I11): [err] wherein [err] is hydrogen or nethyl;
eger of 1 to 6; y is an integer of 1 to 10; and [err]

branched or cyclic al kyl, aryl or aral kyl group.
- 58 =

As seen from Examples 3, 4, 6, 9 - 18 and 27 -~

30, the copolymers obtained by using the unsaturated
monomers represented by the formula (II) are soluble in
solvents, especially aromatic solvents such as xylene
and xylene/n-butal (4/1), and suited for use as a resin

for antifouling paints.

Comparative Preparation Example 1

A determined amount of a solvent was put into
a four-necked flask equipped with a stirrer, a
condenser, an N2 gas feed pipe, a dropping funnel and
a thermometer, and the solvent was kept at 95°C with
stirring. Then a mixed solution of the monomers, AIBN
&nd aMSD was supplied into the dropping funnel and
added dropwise into the flask under Nz gas stream with
stirring the mixture and maintaining its temperature at
about 95°C. After completion of the dropwise addition,
the reaction mixture was further stirred at 95°C for 6
hours to obtain a viscous liquid with a specified solid
content. The detailed experimental conditions and the

properties of the obtained resins are shown in Table 6.

X is

I s hydrogen or
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repr ted by [err] and [err] in X include nethyl ene, 12 -

- 60 -
1 Comparative Preparation Example 3
A solvent, monomers, AIBN and aMSD were
supplied into a four-necked flask equipped with a
stirrer, a condenser, an Nz gas feed pipe, and a
5 thermometer, and the mixture was stirred while bubbling
with N2 gas with keeping the reaction temperature
about 95°C; After the initial vigorous exother@ic
reaction abated, the mixture was further stirred under
the above conditions for 6 hours to obtain a viscous
* .10 1liquid with a specified solid content. The detailed
experimental conditions and the properties of the

obtained resins are shown in Table 7.
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hyl ene,

trimethyl ene, tetra-nethyl ene, penta-
cycl opropyl ene, 1, 2-cycl obutyl ene,

cl o- pentyl ene, 1,3-cyclopentylene, 1,2-cy
cl ohexyl ene and 1,4-cyc|ohexy|gp%1 [e
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nmet hyl ene, neopentyl ene,
1, 3-cycl obutyl ene,

cl ohexyl ene,
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t,
et propyl,
cycl

cycl

1

*10

15

20

branched or cyclic al kyl

| sopropyl, butyl, isobutyl, sec-butyl, tert-butyl,

propyl, cyclo- butyl, pentyl, sec-pentyl, tert-pentyl, neo-pentyl,
pentyl, hexyl, tert-hexyl, cyclohex_yls,2 Qgptyl,

Test Example

Each of the varnish formulations obtained in
the Examples and the Comparative Preparation Examples
described above was coated on a 150 mm x 100 mm polypro-
pylene plate. The coating thickness was about 50 um.
The coated polypropylene plate was heated at 80°C for 3
hours to perfectly remove the solvent in the coat and
the initial weight of the plate was measured. Then the
coated polypropylene plate was immersed in 1,750 ml of
an alkaline buffer solution with a pH of 10.2. After
left in said buffer solution at 45°C for 24 hours, the
polypropylene plate was taken out, washed with water and
dried, followed by measurement of the final weight of
the plate. The rate of decrease of the coating after
said immersion was determined from the difference
between the initial weight (weight before immersion) and
the final weight (weight after immersion) of the plate.

For the sake of comparison, the above test was
also conducted on the organotin-containing resin
obtained in Comparative Preparation Example 1 and the
resié?disclosed in Japanese Patent Application
Publication No. 60-500452 (Comparative Preparation

Examples 2 and 3) proposed as a substitute for said

organotin-containing resin. The test results are shown
25 in Table 8.
_

mBﬁmRTTWﬁ
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groups represented by R3 include nethyl,



tyl, octyl, tert-octyl, nonyl, tert-nonyl, decyl, tert-decyl,
, tert-dodecyl, tetradecyl, tert-tetradecyl, hexadecyl,
lexadecyl, octadecyl, tert-octadecyl and eicosyl, docodyl. The

[err]faryl groups or [err] aralkyl groqp%éwhich may have a sub-
Table 8
i
Varnish tg:sc;gtw?;gggogfcm )

Example 1 21
Example 2 32
! Example 3 27
} Example 4 30
Example 5 53
Example 6 42
Example 7 7
: Example 8 7
: Example 15 20
é Example 20 7
§ Example 21 76
% Example 22 63
| Example 23 60
Example 24 97
Example 25 14
Example 26 8
Example 27 67
‘ Example 28 51
r; Example 29 59
> Example 30 92
Comp. Prep. Example 1 17
Comp. Prep. Example 2 5
Comp. Prep. Example 3 6

As noted from the foregoing results, the

coating resin compositions according to the present

Sheet Has Been qulaced
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i ncl ude phenyl, tolyl, anisyl, cyanophenyl, nitrophenyl,

S phenyl , acyl phenyl, naphthyl, benzyl phenet hyl and benzhydryl .
As | es of the hydrocarbon groups forn1ng a cyclic structure with each
ot her™¥ represented by [err] or [err], mhe24n is 2,

jnvention are equal to or higher than the organotin--
containing resin in rate of decrease of coating, and
needless to say, they are free of toxicity possessed by
brganotin. It was also found that the resin composi-

5 tions of this invention are superior to the resins
disclosed in Japanese Patent Application Publication No.
. 60-500452, which were proposed as a substitute material
for the organotin-based resin, in rate of decrease of

coating and useful as a resin for antifouling paints.

* 10 Antifouling Performance Test
Paints were prephred by blending 40 parts by
weight of cuprous oxide and 3 parts by weight of 2ZnO

with 15 parts by weight (as solid) of the resin

varnishes synthesized in the Examples described above.

g 15 Each of these paints was spray coated on both sides of a

; coated steel plate (100 x 200 x 1 mm) which had been
applied with an anticorrosive coating. Said spray

‘ coating was conducted twice so that the dry coating

thickness on each side would become 100 uym, thereby

20 preﬁiring the test plates.

Each of the test plates was subjected to a sea
water immersion test at Nakaminato Port of Nakaminato
City, Ibaragi Pref., and the number of the shellfishes
(barnacles) attached to the test plate was counted

25 periodically. The results are shown in Table 9.

-
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be nentioned ethylene, trinmethylene and tetra- nethyl ene.

straight or branched al kyl groups represented by [err] include
et hyl, propyl, isopropyl, butyl, isobutyl, sec-butyl andtert-

4 The [err] straight, branche% or alicyclic

Table 9
B Resin Number of barnacles
Antifouling varnish attached to test plate
performance
test Run No. | (Example Period of immersion
No.) 0 2 months 4 months 6 months
1 3 0 0 0 1
2 4 0 0 0 0
3 5 0 0 o 0
4 6 0 0 0 0
5 17 0 0 0 1
6 21 0 0 0 0
: 7 23 o- 0 0 0
E 8 24 0 o 0 1
t 9 27 0 0 0 1
10 28 0 0 0 0
11 29 0 0 0 0
12 30 0 0 0 0
" 1 Compgrative Antifouling Performance Test
'i? The same antifouling performance test as

E

P

described above was conducted on the resin varnishes
synthesized in Comparative Preparation Examples 2 and

5 3. The results are shown in Table 10.
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i \\ll bl




PR

b Y

R e e i ) . ]
S “m* ot i N T B O

A e e
s

10

15

gr oups fepréSented by R7 include nethyl, ethyl,"

- 66 -
Table 10

Number of barnacles

Comparative Resin attached to test plate

antifouling | varnish
Performance (Comp. Prep. Period of immersion

test Run No. | Example No.) 0 2 4 6
months months months

1 2 0 9 17 24
2 3 0 10 19 - 31

As noted from the results of the antifouling
performance tests shown above, any of the paints
prepared by using the resin compositions according to '
the present invention showed excellent antifouling
performance, substantially precluding attachment of

barnacles to the plate applied with the paint.

Viscosity Stability Test
A mixture of 100 parts by weight of cuprous

oxide and 100 parts by weight of resin solid of each of

.y

th ﬁ’:Sin varnishes selected from those synthesized in
théﬁigbve Examples was kneaded into a paste, and the
paste was transferred into a 150 ml sample bottle and
its viscosity was measured by a Brookfield viscometer.
Further, after sealing the sample bottle, it was stored
in a thermostatic chamber of 40°C for 20 days and then
the viscosity of the paste was measured in the same

way. The rate of change of viscosity after storage was

This Sheet Has Been Relilaced
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W | sopropyl, butyl, isobutyl, sec-butyl, tert- butyl, cyclopropyl,
cydl obutyl, pentyl, sec-pentyl, tert-pentyl, neo-pentyl, cyclopentyl,
hexyl, cycl ohexyl, heptyl, octyl, nonyl, decyl, dodecyl, tetradecyl,
hesadecyl, octadecyl, eicosyl, and d099§¥J' The

1l determined from the following equation (1). The test

results are shown in Table 11.

Rate of change _ _ViSCOsity after storage

. A (1)
of viscosity Viscosity before storage
Table 11
Viscgs@ty Resin varnish | Rate of change of
stability Viscosity (after left .
test Run No. (Example No.) at 40°C for 20 days)
! 1l 3 1.04
2 4 1.03
3 5 1.07
4 23 1.05
5 27 1.10
6 28 1.12
‘ It is seen from the above results that the

ratq;9£ change of viscosity of the coating resin com-

5 posiizon according to the present invention, when mixed
with cuprous oxide, is slight, indicating excellent
storage stability of the coating resin of this invention.

The coating resin according to the present
invention has no poisoning ?roblem noted in use of the

10 organotin copolymers, possesses excellent keeping

quality and also shows a hydrolytic property comparable

e e e - e
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i . R

[err | groups or [err] aral kyl groups represented by [err] include
olyl, anisyl, cyanophenyl, nitro- phenyl, naphthyl, benzyl,
and benzhydryl. The groups formng a cycllc structure,
represefted by two [err], include nethylene, ethylene, trinethylene,
- 68 =~
1 with the organotin-containing resins, so that the
coating resin of this invention is capable of forming a
coat which can maintain an excellent antifouling effect
£ . .
Or a long period of time. Further, since the coating
5 resin of this invention is soluble in the aromatic

solvents, it is very useful for preparing an excellent

R

antifouling paint.
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i S.

1, 2- napht hyl ene and 2, 3- napht hyl ene.
by the fornmula (I) can be produced by various known processes
It is possible to use the pertinent comrercialdy-avai-lable-- —

unsat ur ajed nononers.

|

5

10

15

20

25

1.

- 69 - This Sheet Has Been

coa (R

A coating resin comprising a polymer

comprising, as repeating units, the residues of an

unsaturated monomer of formula (I)

R

CH, = C — Ar ¢ C — CHpn—h cl-o-x

!

(1)

The unsat ur at ed npbnoners

i

wherein R is hydrogen or a straight or branched alkyl group

having 1 to 4 carbon atoms; Ar is a benzene ring or

naphthalene ring; k, m and n represent independently a

number of 0 or 1; and X is a substituent selected from the

groups:

-rl-cn

2 3
, -R°—-50,R%),

2o ﬁ“‘c’*z"'a' h:-o-ns , — Rs-)?l! -+ ﬁ.-n" ), and

0 o

Ry

wherein R!, R*, R® and R' am each a straight, branched or

0

alicyclic alkylene group having 1 to 6 carbon atoms; R is a

straight, branched or cyclic hydrocarbon group having 1 to 6

carbqn.atgms and connecting O and SOR*; a'is an integer of 1

.
H

3

r 2

- .

. .
L .

L

tof%_indiééting the number of SO,R’ groups bonded to R?; the

g
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ed bel ow are the preferred exanples of the unsaturated Bee"Re laced
esented by the fornmula (1) (Rin the follow ng fornul ae {i Hmm “‘
or nethyl group): [err]

- 70 =

r
at

groups R* are the same or different and each is a straight,
branched or cyclic alkyl group, having 1-22 carbon atoms, an
aryl group having 6-10 carbon atoms, which may have a
substituent, or an aralkyl group having 7-18 carbon atoms,

5 which may have a substituent provided that when a is 2 or 3,

at least two of the groups R’ may together form a hydrocarbon
cyclic structure with each other and R}, b, d, e and f are
each a number of 0 or 1; R® is a straight or branched alkyl
group having 1-4 carbon atoms, the groups R’ are the samé of
| 10 different and each is a straight, branched or alicyclic
* alkyl group, having 1-22 carbon atoms, an aryl group having
6-10 carbon atoms or an aralkyl group having 7-10 carbon
atoms, or the groups R’ together with the carbonyl carbon
form a cyclic structure; and Py is a substituted or

15 unsubstituted 2-, 3- or 4-pyridyl group.

2. A coating resin according to claim 1 wherein k

and n are zero.

‘ 20 3. A coating resin according to claim 1 or claim
2 vherein X is -R!'-CN.

4. A coating resin according to claim 1 or claim
2 wherein X is =RX{=SO,R’),.
25
5. A coating resin according to any one of claims

i "li?kpag wherein R is hydrogen or methyl.
.’ A~

"_‘3;;-.'.
. ,.'g .
fé’- A coating resin according to any one of claims

|I|Il|ll 0 )T |I|I
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"I

1 to 5 further comprising as repeating units residues or one

or more unsaturated monomer copolymerizable with the

unsaturated monomer of the formula (I).

5 7. A coating resin according to claim 6
é comprising as repeating units residues of a copolymerisable

unsaturated monomer of formula (II)

wherein R’ is hydrogen or methyl and R" is branched or
alicyclic alkyl, aryl or aralkyl optionally containing one

15 or more hetero atoms and having 3 or more carbon atoms.

8. A coating resin according to claim 6
comprising, as repeating units the residues of a
copolymerizable unsaturated monomer having a hydrophilic
‘ 20 functional group.
; 9. A coating resin according to any one of claims
6 to 8 wherein the unsaturated monomer having a hydroﬁhilic

functional group is a monomer of formula (III)

.25
R11 B
6!: C-0-¢CH 0-)—1!12 (111)
CH, = 'u x 2% 'Y
° _

\—k—!i\lll \l\l\} L




[err] ll!l

- 72 -
is hydrogen or nethy]
Y is an integer of 3 to 10; ang

wherein gr!!

/i X is an integer of 1 to 6;
Rlz

is hydrogen or a
straight, branched or cyclic alkyl,

aryl or aralkyl group,

10. a antifouling coat

ing Ccomposition comprising
the coating resin of Claim 3.
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ABSTRACT
COATING RESIN AND ANTIFOULING COATING COMPOSITION

A coating resin comprising a polymer obtained by
5 polymerising an unsaturated monomer represented by the

formula (I):

R
I —0- 1
CH, = c-(-&t-)f-‘-(“:"-cuf)_m = ﬁ 0-X (1
o o -
10
‘ wherein R is H or an alkyl group, and X is selected from:
-*-cy ,  R?¢s0RY),
15

-Rie . ﬁ ~CHr ﬁ-o-ns , = n‘-)? N -(-ﬁ-g") , and
' o

—rYpy

wherein R! to k‘ represent independently a hydrocarbon group,
etc., and Py is a pyridyl group, alone or together with one
or more other unsaturated'mononers may be used in

25 antifouling coating compositions having no safety problems,
good storage stability and excellent antifouling effect for

a long period of time.
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groups rmng a cyclic
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npounds of the formula (1) wherein [err] represent the hydrocarbon

3 (ppm)



struct®e with each other are, for exanple, Conmpound No. 15 and Conpound

No. 16 shown in the above |ist.

two [erf]
Conpound

The conpounds of the forrmula (1) wherein

represent the groups formng a cyclic structure are, for exanple,

Nos. 20, 21, 22, 23, 24, 25,

4/21
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al kal i ne at nosphere such as sea water. Therefore,
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FIG 5
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3 in the above list. These conpounds are easily hydrolyzed in a
the resin obtained

merizing or copolynerizing these unsaturated nononers under goes
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hydr ol ysi s’n the sea water and is gradually changed into a water-soluble
type fromits surface, and as this portion is corroded by the noving sea

wat er, the surface of a new coat is bared out successively, thus producing
a lasting antifouling effect.
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But if its

is not |less than O.
Such unsat ur at ed nononer

7/21

of the unsaturated nononer of the fornula (1)
y selected, preferably it
unt of the nonomers.
nopol yner .

1

in the resin may be

nol % based on the

may be used alone to

7

FIG
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ratio L small, the proportion of the soluble portion in the resin created
by the 'hydrolysis may prove too |low to produce a satisfactory antifouling
performance. On the other hand, if its ratio is too high, the eluting rate
tends to be increased, resulting in a poor long-tine
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FIG 9
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ul i ng perfornmance.

Thus,

the preferred ratio of -
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aturated nmononer is 1 to 95 nol% nore prefer- ably 5 to 70 nol %
As t he¥t her unsaturated nononer copolyneriz- able with the unsaturated

nononerjof the formula (1), the unsaturated nononers represented by the
formula’ (11)

10/2
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and the u turated nononmers having a hydrophilic functional group are
pref erabl y§used. In the unsaturated nononers represented by the fornula

(I'l), the HBranched or alicyclic alkyl, aryl or aral kyl groups having 3 or
nore carbon atons, repre-
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sent ed % R I ncl ude isopropyl, isobutyl, sec-butyl, tert-butyl,
sec-pentyl, tert-pentyl, neopentyl, 2-ethyl hexyl, cyclopropyl, cyclobutyl,
cycl opentyl, cycl ohexyl, phenyl, o-tolyl, mtolyl, p-tolyl, 2,3-xylyl,
2,4-xylyl, o-cunmenyl, mcunmenyl, p-c nyl,,
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mesi @yl , benzyl, phenethyl, trityl, naphthyl, norbornyl and adamantyl.
The drganic substituents having a simlar structure but containing other
atons than carbon include the conpounds having silicon instead of carbon,
such as trinethylsilyl, triethylsilyl, tripropylsilyl,
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tributylsilyl, triphenylsilyl, trimethoxysilyl, triethoxysilyl,
triprop@xysilyl, tributoxysilyl and triphenoxysilyl. The unsaturated

nononer $ represented by the fornula (11) can be produced by various known
synt hetic
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met ho!. The pertinent commercially avail abl e unsaturated nononers are al so
usabl e} Listed bel ow are the preferred exanples of the

156/721

®]
gl®]
g}
Ke)
('-_;b E
' — -
({ |
o T
'8 E
n o
E -

[ ] ﬂ- %
O B S
— = =
TR 8 =

& 4
! <
e
O
—Q
M

w[ l[ll!l[l!llﬁ[llll|[llf]illl|lé

'O

8 R 8 8 ¢ 8 &2

(%)3 JONVLLINSNYS L
it

_‘




- 22 !unsaturated nononers represented by the fornula (I1l) (Rin the

fol l owmIng formul ae i s hydrogen atom or net hyl

16/21
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[e'r] be bl ended for the purpose of increasing solubility in the solvents,

especially aromatic solvents. The blending ratio of this unsaturated
nmononer is preferably from5 to 95 nol% A too |ow blending ratio results
in
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a poor s!ubility in the aromatic solvents, while a too high ratio leads to
strengt hened hydrophobic nature of the resin, which inpairs the hydrolytic

characteristics of the resin, resulting in poor antifouling performance of
t he produced paint. Thus, the especially preferred
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e

range of blending ratio of said unsaturated nononer is from5 to 50 nol %
Exanpl es of the unsaturated nononers having a hydrophilic functional group,
which are usable in this
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- 24 - invention, include unsaturated acid anhydrides or the unsaturated
nononers represented by the fornul a:
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COATING RESIN AND ANTIFOULING COATING COMPOSITION

This Sheet Has Been Rei
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This invention relates to a coating resin and

BACKGROUND OF THE INVENTION

an antifouling coating composition to be used for
preventing attachment of marine organisms to the under-
water or submarine structures such as ships, fishing
nets, drainage conduits, etc.

Numerous species of marine organisms, such as
barnacle, ascidian, serpula, mussel, laver, etc., live
in the sea water. When a structure such as a ship,
fishing net, drainage pipe, etc., is set or placed in
comission in or on the sea, the marine organisg; clin?;_g\\
to the structure and grow to give various kinds of N
damage to the structure. For instance, if iﬁe §h1p s
bottom is incrusted with marine organisms, the \5
frictional resistance of the sea water increases to
cause a reduction of cruising performance of the ship,
so that if it is tried to keep a constant cruising speed
of the ship, its fuel consumption increases to pose a
serious encomical problem. Also, if the marine
organisms cling to the fishing nets used for ocean
culture, the meshes of the nets would be clogged.up; _ e
which could prove fatal to the cultured fishes and ’gé
shellfishes. :f&j
Hitherto, in order to prevent attachment of '

the marine organisms to the underwater structures such

This is the replacement sheet
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.aryl or aral kyl group. Use of these nonomers can further enhance the
hydrol ytic nature provided by the unsaturated nmononer of the formula (1).
I'n the unsaturated nononers represented by the fornula (I11), the straight,
branched or cyclic al kyl,
-2 -
as mentioned above, the antifouling paints using single
polymers or copolymers of organotin-containing
unsaturated monomers as resinous component (see Japanese
Patent Application Kokoku (Post-Exam Publication) Nos.
40-21426, 44-9579, 46-13392, 49-20491, 51-11647,
51-12049, 52-48170, etc.) have been applied to said
structures. These polymers have their organotin portion
hydrolyzed with the sea water (pH: 8.0 - 8.3). As a
result, not only the organotin serves as an antifouling
agent, but also the polymer surface which has been made
soluble in sea water is gradually corroded by the moving
sea water to bare out the new coafing surface, thus
producing a long-lasting stabilized antifouling effect.
However, the organotin released into the sea water f&om
the paints is hard to decompose and may be taken in by
and accumulated in the marine organisms and, through the
food chain, it may get into the human system. This
involvés the possibility of causing serious physical
trouble such'as deformity. So, use of organotin in the
antifouling paints has been banned.

Request is now voiced in the art for the
developmeht of a resin for antifopling paints which are
capable of producing a long-lasting stabilized anti-
fouling effect, in place of the organotin-based resins
whose use has been banned. Ideally speaking, it is
desirable that the resins used for antifouling paints

are of a hydrolyiable type like the organotinfbased

resins, but-proposals involving use of hydrophilic or
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aryl or aral kyl groups represented by [err] include nethyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, sec-pentyl,
tert-pentyl, neopentyl, 2-ethyl hexyl, cyclopropyl, cyclobutyl, cyclopentyl,
cycl ohexyl, phenyl, o-tolyl, mtolyl, -3 -
wéter-repellent resins have also been made (Japanese’
Patent Application Kokai (Laid-Open) Nos. 62-290768,
62-13471, 58-180566, 57-67672, etc.). However, it is
hardly possible to realize a long-lasting stabilized
antifouling effect by use of a resin having the
hydrophilic or water-repellent property alone.

Iq view of the above, various hydrolyzable
resins having a specific carboxylic acid ester in the
side chain have been proposed (WO 84/02915, Japanese
Patent Appln. Kokai Nos. H2-69576, 63-215780, 62-57464,
Japanese Patent Appln. Kokoku Nos. 55-39271, 61-3830,
etc.), but their effect has not been well satisfactory.

It is essential that the resin used for said
purpose is soluble in the aromatic solvents or the
mixtures of aromatic solvents (main solvent) and other
types of solvent .such as alcohol type solvents, ketone
type solvents, halogen type solvents, ether type
solvents and ester type solvents so that the solvent
used won't affect the undercoat when coating is

performed.

SUMMARY OF THE INVENTION

The present invention providés an excellent
coating resin and an antifouling coating composition
containing said resin which has no poisonous action like
the organotin copolymers, shows a hydrolytic property
well comparing with said organotin copolymers, and is

capable of forming a relatively lohg—lasting excellent
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p-tolyl, 2,3-xylyl, 2,4-xylyl, o-cunmenyl, mcunmenyl, p-cunmenyl, nesityl,
henzyl, phenetyl, trityl, naphthyl and norbonyl. The unsaturated nononers
of the formula (111) can be produced by various known synthetic mnethods.
The -4 -
antifouling coat. This coéting resin is also solublé in
aromatic solvents.

The present inventors have pursued strenuous
studies for solving said prior art problems and develop-
ing an antifouling coating composition which performs
excellently for preventing attachment of the marine
organisms to the underwater structures such as mentioned
above and has no problem in safety and sanitation, and
have consequently accomplished the present invention.

The éresent invention provides a coating resin
comprisihg a polymer obtained by polymerizing an unsatu-
rated monomer represented by the following formula (I)

alone or together with at least one other unsaturated

monomer copolymerizable therewith:

R
i
CHZ = C -(-Ar-)?—(— lcl - CHZ-)';n—')—ﬁ- ICI—O-X (1)
0 0

wherein R is a hydrogen atom or a straight or branched
alkyl group having 1-4 carbon atoms; Ar is a benzene
ring or a naphthalene ring; k, m and n represent
independently a number of 0 or 1; and X is a substituent
selected from those represented by the following

formulae:
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commercially avail abl e unsaturated nononers are al so - 25 -

Ri-cn , -R2¢ sozn3) .’

Rito -)Ff[: ~CH 3 ﬁ-o-ns, —+ RG-)? N - fl:-n7) , and
0 0 0

-+ Ra-)-ny

1 6 8

wherein R7, R4, R~ and R~ each represents a straight,

branched or alicyclic alkylene group having 1-6 carbon

2

atoms; R” is a Cl_6 straight, branched or cyclic hydro-

2R3; a is an integer of

1 to3 indicating the number of 802R3 bonded to Rz;

carbon group connecting O and SO

R3 represents, independently when piural, a Cl_22
straight, branched or cyclic alkyl group, a Cg_10 aryl
group or C7_18 aralkyl group which may have a sub-

3

stituent; when a is 2 or 3, R”'s may be the hydrocarbon

groups forming a cyclic structure with each other; b, 4,

e and f represent independently a number of 0 or 1; R5

is a C;_, straight or branched alkyl group; two R”'s
represent independently a C1—22 straight, branched or
alicyclic alkyl group, a Cs_lo_aryl group or a c7_10
aralkyl group, or two R7's represent the groups forming
a cyclic structure; and Py stands for a substituted or
unsubstituted 2-, 3- or 4-pyridyl group.

The present invention also provides a coating

resin of the type recited, using as other copolymeriz-

able unsaturated monomer a monomer represented by the

—————
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usable. The follow ng are the preferred exanples of the conpounds
represented by the formula (I111) (Rin the followng formulae is hydrogen
-atom or nethyl group): [err]

formula:

TS
cH, = C-C-0-r*? (1)
i |
o
wherein Rg is a hydrogen atom or CH,; and Rlo is a

3I
branched or alicyclic alkyl, aryl or aralkyl group

having 3 or more carbon atoms, or an organic substituent
having a similar structure but containing other atoms
than carbon.

The present invention also provides a coating
resin of the type recited, using as.other copolymeriz-
able unsaturated monomer an unsaturated monomer having a
hydrophilic functional group, said monomer being either
an unsaturated acid anhydride or an unsaturated monomer

represented by the formula:

g11
CH., = cl:-c-o-(-c 0-—Rr12 (III)
2 " b4 28 Y
0
11

wherein R is a hydrogen atom or a CH3 group; x is an

integer of 1 to 6; y is an integer of 1 to 10; and Rlz
is a hydrogen atom or a straight, branched or cyclic

alkyl, aryl or aralkyl gorup.
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[err]

-7 -

The present invention further provides an -

antifouling coating composition comprising said coating

resin.,

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a

lH-NMR spectrum

of Compound No. 10

(R = CH3) in the 1list, given below, of the preferred

examples of the unsaturated monomers represented by the

formula (I).

Fig.
CH3).

Fig.
(R = CH3).

Fig.
CHs) >

Fig.

Fig.
CH3).

Fig.
(R 1“683).

Fig.
CH3) .

Fig.
(R = CH3)°.

Fig.

20 (R = CH3).

2 is an IR spectrum of Compound No. 10 (R =

3 is

a 1H-NMR spectrum

an IR spectrum of

a 1H—NMR spectrum

an IR spectrum of

a 1H-NMR spectrum

an IR spectrum of

a lH-NMR spectrum

of Compound No. 12

Compound No. 12 (R

of Compound No. 2

Compound No. 2 (R =

18

of Compound No.

18 (R =

Compound No.

of Compound No. 19

10 is a 1H—NMR spectrum of Compound No.
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Exanpl es of the unsaturated acid anhydri des usable as an unsaturated

nmononmer

met hyl mal ei ¢ anhydri de,
phenyl mal ei ¢ anhydri de,

havi ng a hydrophilic functional
di mret hyl mal ei ¢ anhydri de,
chloromaleic _ o _

group include mal ei c anhydri de,
et hyl mal ei ¢ anhydri de,

Fig. 11 is an IR spectrum of Compound No. 20

Fig. 12
methylsuccinimide.

Fig. 13
succinimide.

Fig. 14
22 (R = CH3).

Fig. 15
(R = CH3).

Fig. 16
23 (R = CH3).

Fig. 17
(R = CH3).

Fig. 18
26 (R = CH,).

Fig. 19
(R = CH3).

Fig. 20

9 (R -;CH3).

Fig. 21
= CH3).

is

is

is

is

is

is

is

is

is

a 1H-NMR spectrum

an IR specﬁrum of
a 1H-NMR spectrum
an IR spectrum of
a 1H-NMR spectrum
an IR spectrum of
a lH-NMR spectrum
an IR spectrum of
1l

a "H-NMR spectrum

an IR spectrum of

of N-hydroxy-

N-hydroxymethyl-

of Compound No.

Compound No. 22

of Compound No.

Compound No. 23

of Compound No.

Compound No. 26

of Compound No.

Compound No. 9 (R

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The coating resins according to the present

invention are preferably those specified below (1) - (9):

(1) A coating resin comprising a polymer obtained

by polymerizing an unsaturated monomer represented by

il

i
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anhydride, itaconic anhydride, 1-nethylitaconic anhydri de,
1, 2-di nethylitaconi c anhydride, 1-phenyl-

-9 -
the following formula (I) alone or together with at

least one other unsaturated monomer copolymerizable

therewith:

R
Il
2 = Gt A G CHpyC-0-X (1)

O

- CH

-wherein R is a hydrogen atom or a straight or branched
alkyl group having 1-4 carbon atoms; Ar is a benzene
ring or a naphthalene ring; k, m and n represent
independently a number of 0 or l; and X is a substituent
selected from those represented by the following

formulae:

-rl-cn |, -Rz—(—sozk3)a ,

-Rico 5 (If ~~CH ﬁ:—o-ns , RG-)? N~ fl:-a-] ), and
) o

~r%py

wherein Rl, R4, R6 and R8 each represents a straight,

branched or alicyclic alkylene group having 1-6 carbon

atoms; R% is a.C,_g straight, branched or cyclic hydro-

3

carbon group connecting O and SO,R”; a is an integer of

R3 bonded to Rz;

2

1l to 3 indicating the number of so2
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- 27 - itaconic anhydride, 1-chloroitaconic anhydride,
endonet hyl enet et r ahydr opht hal i ¢ anhydri de, chlorendic anhydride and
't etrahydropht hal i ¢ anhydride. The blending ratio of the unsaturated nonomner

- 10 -
R3 represents, independently when plural, a Ci_2
straight, branched or cyclic alkyl group, a Cs_10 alkyl

group which may have a substituent or a Cs 18 aralkyl

group which may have a substituent; when a is 2 or 3,

R3's may be the hydrocarbon groups forming a cyclic

structure with each other; b, 4, e and £ represent

5 is a straight or

branched alkyl group having 1-4 carbon atoms; two R7's

independently a number of 0 or 1; R

represent independently a straight, branched or
alicyclic alkyl group having 1-22 carbon atoms, an aryl
group ha?ing 6-10 carbon atoms or an'aralkyl group
having 7-10 carbon atoms, or two R7‘s represent the
groups forming a cyclic structure; and Py stands for a
subsfituted or unsubstituted 2-, 3- or 4-pyridyl group.
(2) A coating resin specified in (1) above, using
an unsaturated monomer of the formula (I) wherein k and
n are both 0.

(3) A coating resin specified in (1) or (2) above,
using an unsaturated monomer of the formula {(I) wherein
X is -} -cH.

(4) A coating resin specified in (1) or (2) above,
using an unsaturated monomer of the formula (I) wherein
X is -R2 4 S0,8%) .

(5) A coating resin specified in (1), (2), (3) or
(4) above, using an unsaturated monomer of the formula
(I) wherein R is H or CHs.

(6) A coating resin specified in (1), (2), (3).

(4) or (5) above, wherein at least one other unsaturated

is Sheet Has Been Tllaced ‘ : This is the replacement sheet
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havi ng a hydrophilic functional group is preferably from1 to 70 nolt, nore
preferably from5 to 50 nmol % When the blending ratio is less than 1 mol %
the effect of addition of this unsaturated nonomer is alnost nil. On the
ot her hand, when the blending ratio excgegi ZO nmol %

monomer copolymerizable with the unsaturated monomer: of

the formula (I) is a monomer represented by the formula:

CI'I2 = -ﬁ-O-R : (11)

10

wherein R9 is a hydrogen atom or CH and R is a

37
branched or alicyclic alkyl, aryl or aralkyl group
having 3 or more carbon atoms, or an organic substituent
having a similar structure but containing other atoms
than carbon.

(7) A coating resin specified in (1), (2), (3),
(4), (5) or (6) above, wherein at least one other
~unsaturated monomer copolymerizable with the unsaturated
monomer of the formula (I) is an unsaturated monomer
having a hydrophilic functional group.

(8) A coating resin specified in (7) above,
wherein the unsaturated monomer having a hydrophilic

functional group is an unsaturated acid anhydride or an

unséturated monomer represented by the formula:

R11
ity = €-6-04-¢,,,0 95512 ()
2T T T e Ty
o)
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there not only tend to arise the adverse effects such as reduction of

coati ng hardness,

but there also takes place elution by the action derived

fromthe hydrophilic nature alone, making it i npossible to obtain the
desired coating fil mproperties to be p_rolvi' ded by a good resin

11l

wherein R is a hydrogen atom or a CH3 group; X is an

integer of .1 to 6; y is an integer of 1 to 10; and R

12

js a hydrogen atom or a straight, branched or cyclic

alkyl, aryl or aralkyl gorup.

(9)

A coating resin specified in any of (1) to (8)

above, wherein the polymer is obtained by polymerizing a

mixture of an unsaturated monomer represented by the

formula (I), an unsaturated monomer represented by the

formula (II) and one or more unsaturated monomers other

than those having a hydrophilic functional group.

formula (I), the C

In the unsaturated monomers represented by the

1-4 straight or branched alkyl groups

represented by R include methyl, ethyl, propyl, iso-

propyl, butyl, isobutyl, sec-butyl, tert-butyl, etc.

The C

represented by R, R, R

straight, branched or alicyclic alkylene groups
1l 4 6

1-6
and R8 in X include methylene,

methine, ethylene, trimethylene, tetra-methylene, penta-

methylene, neopentylene, hexamethylene, cyclopropylene,

1,2-c¢yclobutylene, 1,3-cyclobutylene, 1l,2-cyclo-

pentylene, 1l,3-cyclopentylene, 1,2-cyclohexylene,

1,3-gyclohexylene, 1,4-cyclohexylene, etc. The 01—22

straight, branched or cyclic alkyl groups represented by

R3 include methyl, ethyl, propyl, isopropyl, butyl,

isobutyl, sec-butyl, tert-butyl, cyclopropyl, cyclo-

butyl, pentyl, sec-pentyl, tert-pentyl, neo-pentyl,

cyclopentyl, hexyl, tert-hexyl, cyclohexyl, heptyl,

tert-heptyl, octyl, tert-octyl, nonyl, tett-npnyl,

decyl, tert-decyl, dodecyl, tert-dodecyl, tetradecyl,
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for antifouling paints. These unsaturated nononmers having a hydro- philic
functional group may be used either singly or in conbination. As exanples
of the unsaturated nononers ot her

- 13 -
tert-tetradecyl, hexadecyl, tert-hexadecyl, octadecyl,
tert-octadecyl, eicosyl, docodyl, etc. The Cs-lo aryl
groups Or C7_18 aralkyl groups which may have a sub-
stituent include phenyl, tolyl, anisyl, cyanophenyl,
nitrophenyl, sulfonylphenyl, acylphenyl, naphthyl,
benzyl, phenethyl, benzhydryl, etc. As examples of the
hydrocarbon groups forming a cyclic structure with each

3 or R3's {1-3), when n is 2,

other, represented by R
there can be mentioned ethylene, trimethylene, tetra-
methylene, etc. The Cl_4 straight or branched alkyl

5 include methyl, ethyl,

groups represented by R
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-
butyl, etc. The Cl_22 straight, branched or alicyclic
alkyl groups represented by R7 include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-
butyl, cyclopropyl, cyclobutyl, pentyl, sec-pentyl,
tert-pentyl, neo-pentyl, cyclopentyl, hexyl, cyclohexyl,
heptyl, octyl, nonyl, decyl, dodecyl, tetradecyl,
hexadecyl, octadecyl, eicosyl, docosyl, etc. The

Cc aryl groups or C..,_10 aralkyl groups représented by

6-10
R7 include phenyl, tolyl, anisyl, cyanophenyl, nitro-
phenyl, naphthyl, benzyl, phenethyl, benzhydryl, etc.
The groups forming a cyclic structure, represented by

7, include methylene, ethylene, trimethylene,

two R

o-phenylene, 1,2-naphthylene, 2,3-naphthylene, etc.
The unsaturated monomers represented by the

formula (I) can be produced by various known processes

of synthesis. It is possible to use the pertinent

This is the replacement sheet
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than those of the fornmulae (1) and (11) and those having a hydrophilic
f.unctional group, there can be cited acrylic or nethacrylic ester nononers
such as acrylic or nethacrylic methyl ester, ethyl ester, n-propyl ester
and n-butyl ester, styrene nnnongrf4sych as styrene,

commercially available unsaturated monomers.
Listed below are the preferred examples of the
unsaturated monomers represented by the formula (I) (R

in the following formulae is hydrogen atom or methyl

group) :
(1) T
CH2 = CﬁOCHZCN
0
(2) lll
CH2 = CﬁOCHZCHZCN
0
(3) T
CHz = CﬁOCHZCHZCHZCN
O
(4) R CH,
CH2 = CﬁOCHZCHCHZCN
0
(5) R CHy
CH2 = CﬁOCHZCHCN
O
”“‘ifﬂt liliiﬁmi‘eﬁird This is the replacement sheet
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[err]-methyl styrene and p-t-butylstyrene,
but adi ene, isoprene and chl oroprene, vinyl nononmers such as vinyl

and vinyl acetate acrylonitrile and nethacrylonitrile.

(6)

(7)

(8)

(9)

(10)

(11)

(12)

C32

CH

CH

CH

CH2

CH

- 15 -

R CH3
CCOCH..CCN

I 2

0 CH3
R
CﬁOCHZSOZCH3
0
1
CﬁOCHZSOzCZH5
0
R

|
CEOCHzCHzS°zCH3

o]

|
CﬁOCH2CHZSOZCZH5
0

R

l
chcazcnzsozcmaz1

0

R

| .
c§ocnzcnzsoz—<:>--cn3
0
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- 28 - These nononers may be used either singly or as a m xture of two or
nore of them

- 16 -
(13) ?
CH, = ciocxzcnzsoz-<<::>>-uoz
o .
(14) T
CH, = 0ﬁocxzcnzsozcnz-<:::>
o
(15) o o

O‘-S
CH2 = CCOCH —< )
04-S

(16) o
0"8
CH2 = CCOCH—< j
OGS
O
(17) R
CHZ = CCOCZH 4OCCH2COCH3
I I “l
O
(18) T
CH2 = CCOCZH OCCOCH3
I fHi
Sheet Has Been Reﬁa"ed ‘fhis is the replacement sheet
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The unsaturated nononers other than those of the fornmulae (I) and (11) and
those having a hydrophilic functional group are used for the purpose of

adj usting hardness of the coating film glass transition tenperature (TQ)
of the resin, pignment dispersibility of

- 17 -
(19) R
CH, = °C°c2“4°ﬁﬁ°czﬁs
00
(20) o
!
CH, = CﬁOCHZ-
o
(o}
(21) : o
!
CH, = cioczaa-n
(o)
o
(22) o
i
CH, = CﬁOCBz—N
o
0o
(23) o)
1
CH, = CCO-N
]
o
o
\\fﬂiifﬁiilfﬁﬁ\l\zﬁm e e

ate: - ¢ cvp 0G7



the paint, rate of hydrolysis and elution by the sea water. The
bl ending ratio of this nonomner

Is selected within the range of 1 to 95
nol % preferably 10 to 90 nol % In order to afford additional qualities
such

- 18 -
(24) , 0
R

I
CH, = CCOCH,-N

o]
0]
(25) 0
i
CH2 = CﬁOCHZ—N
0
0]
(26) _ T
CH, = CCOCH, (:) N
|
(o)
(27) ? N
CH2 = CC|:OCH2 (:)
(28) T
CH2 = CﬁCHzﬁ-OCHZCIizCN
0O O
{(29) R
CHZ = CﬁCHzﬁ-OCHZCHZSOZCH3
O 0]
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as reactivity to the polyner, a nononer such as acrylic acid, nethacrylic
acid, glycidyl acrylate, glycidyl nmethacrylate, N-vinylpyrrolidone or a
derivative thereof may be copol yneri zed dependi ng on purposes. Said

unsat urated nononers may be used either

- 19 -
(30) 0
R
CH, = CCCH,C-OCH,-N
I ll
o)
0
(31) R
CH, = ccl:fl:-ocxzcnzcn
00
(32) R
CH, = cil:ﬁ-ocnzcrxzsozcn3
00
(33) 0
R
CH, = CCC-OCH,-N
! il
(o}
(34) llz
CH, = c—@-ﬁocnzcxzcm
o
(35) llz )
CH, = c—@>—<"':ocnzcnzsozczﬂ5

(o)
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singly or in combination. Preparation of the honopolyner or copolyner
(hereinafter sinply referred to as "polymer” ) can be acconplished by
treating said substances according to a per se known nethod, for exanple,
by carrying out a

- 20 -

The compounds of the formula (I) wherein R3's
represent the hydrocarbon groups forming a cyclic
structure with each other are, for example, Compound No.
15 and Compound No. 16 shown in the above list.

The compounds of the formula (I) wherein two
R7's represent the groups forming a cyclic structure
are, for example, Compound Nos. 20, 21, 22, 23, 24, 25,
30 and 33 in the above list.

These compounds are easily hydrolyzed in a
weakly alkaline atmosphere such as sea water.
Therefore, the resin obtained by polymerizing or
copolymerizing these unsaturated monomers undergoes
hydrolysis in the sea water and is gradually changed
into a water-soluble type from its surface, and as this
portion is corroded by the moving sea water, the sur:ace
of a new coat is bared out successively, thus producing
a lasting antifouling effect.

The ratio of the unsaturated monomer of the
-formula (I) in the resin may be optionally selected pro-
vided that it is not less than 0.1 mol% based on the
whole amount of the monomers. Such unsaturated monomer
may be used alone to form a homopolymer. But if its
ratio is small, the proportion of the soluble portion in
the resin created by the hydrolysis may prove too low to
produce a satisfactory antifouling performance. On the
other hand, if its ratio is too high, the eluting rate

tends to be increased, resulting in a poor long-time

antifouling performance. Thus, the preferred ratio of
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reaction of said unsaturated nononers (mxture) in an appropriate sol vent
In the presence of a radical polynerization catalyst at a tenperature of

‘0 to [err], preferably 40 to [err], for a period of one to 20
hours, preferably 4 to 10 hou_rs21 _

said@ unsaturated monomer is 1 to 95 mol%, more prefer-
ably 5 to 70 mol%.

As the other unsaturated monomer copolymeriz-
able with the unsaturated monomer of the formula (I),
the unsaturated monomers represented by the formula (II)
and the unsaiurated monomers having a hydrophilic
functional group are preferably used.

In the unsaturated monomers represented by the
formula (II), the branched or alicyclic alkyl, aryl or
aralkyl groups having 3 or more carbon atoms, repre-

°, include isopropyl, isobutyl, sec-butyl,

sented by Rl
tert-butyl, sec-pentyl, tert-pentyl, neopentyl,
2-ethylhexyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, phenyl, o-tolyl, m—ﬁolyl, p-tolyl,
2,3-xylyl, 2,4-xylyl, o-cumenyl, m-cumenyl, p-cumenyl,
mesityl, benzyl, phenethyl, trityl, naphthyl, norbornyl,
adamantyl, etc. The organic substituents having a
similar structure but containing other atoms than carbon
include the compounds having silicon instead of carbon,
such ‘ags trimethylsilyl, griethylsilyl, tripropylsilyl,
'tribﬁtylsilyl, triphenylsilyl, trimethoxysilyl,
triethoxysilyl, tripropoxysilyl, tributoxysilyl,
triphenoxysilyl, etc. '

The unsaturated monomers represented by the
formula (II) can be produced by various known synthetic
methods. The pertinent commercially available
unsaturated monomers are also usable.

Listed below are the preferred examples of the

This Sheet Has Been Replaced ~ This is the replacement sheet

T T




As for the organic solvent used for the - 29 -

- 22 -
unsaturated monomers represented by the formula (II) (R

in the following formulae is hydrogen atom or methyl

group):
(36) R
CH2 = C(I'.IZOCH { CH3 ) 2
o)
(37) - ®
CH2 = CﬁIOCH(GZH5 ) Cﬁs
0
(38) T
CH2 = CﬁOCHZCH(CH3 ) 2
0
(39) Ili
CH2 = CﬁOC(C33)3
0
(40) liz
CH, = CCO @
i
0
(41) II!
CH2 = CﬁOCHZ
0
This Sheet Has Been Replaced
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pol yneri zation, any type of organic solvent can be used as far as it is
capabl e of dissolving the produced polymer so that no gelation will occur
In the course of polynerization reaction. Exanples of such organic solvents
include the al cohol type solvents such ags; -

(42) T
@ -0
o
(43) R

(44)

|
CHZ = CﬁO-{E:E]

o

An unsaturated monomer of the formula (II) can
be blended for the purpose of increasing solubility in
the solvents, especially aromatic solvents. The
blending ratio of this unsaturated monomer is preferably
from 5 to 95 mol%. A too low blending ratio results in
a poor solubility in the aromatic solvents, while a too
high ratio leads to strengthened hydrophobic nature of
the resin, which impairs the hydrolytic characteristics
of the resin, resulting in poor antifouling performance
of the produced paint. Thus, the especially preferred
range of blending ratio of said unsaturated monomer is
from 5 to 50 mol%.

Examples of the'unsaturated monomers having a

hydrophilic functional group, which are usable in this
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et hanol , propanol, butanol, isobutanol and benzyl al cohol; ether type
sol vents such as nethyl Cellosolve, ethyl Cellosolve, ethylene glycol
di ret hyl ether, ethylene glycol nobnoacetate and 1, 4-di oxane; aromatic

hydr ocar bon type sol vents such as tolugn§4aad xyl ene;

jnvention, include unsaturated acid anhydrides or the

unsaturated monomers represented by the formula:

11
CH. = cI:-c-o-e-c H._0 9— Rr1? (1I11)
2 " X 2x Y
1 .
11

wherein R is hydrogen atom or CH3 group; x is an
integer of 1 to 6; y is an integer of 1 to 100; and R12 is
hydrogen atom or straight, branched or cyclic alkyl,
aryl or aralkyl group. Use of these monomers can
further enhance the hydrolytic nature provided by the
unsaturated monomer of the formula (I).

In the unsaturated monomers represented by the
formula (III), the straight, branched or cyclic alkyl,.

12

aryl or aralkyl groups represented by R include

methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl, pentyl, sec-pentyl, tert-pentyl,
neopentyl, 2-ethylhexyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, phenyl, o-tolyl, m-tolyl,
p-tolyl, 2,3-xylyl, 2,4-xylyl, o-cumenyl, m-cumenyl,
p-cumenyl, mesityl, benzyl, phenetyl, trityl, naphthyl,
norbonyl, etc, |

The unsaturated monbmers of the formula (III)

can be produced by various known synthetic methods. The

commercially available unsaturated monomers are also
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ester type solvents such as ethyl acetate and butyl acetate; ketone type
sol vents such as cycl ohexanone and nethyl isobutyl ketone; and hal ogen type
sol vents such as carbon tetrachl oride and trichl oroet hane. However

sincethe product is wused as an antifomé-

usable.

The following are the preferred examples of
the compounds represented by the formula (III) (R in the

following formulae is hydrogen atom or methyl group):

(45) R
CHZ = CﬁOCHZCHZOCH3
0]
(46) 1Iz
CHz = Cﬁo (CHZCHZO) 2CH3
o
(47) R
CHZ = CﬁO(CHZCHZO)BCH3
(48) | i
CHZ = Cﬁo(CHZCHZO)SCH3
(49) 112
CHZ = C‘CIO { CHZCHZO) 9CH3
o
(50) T
CHZ = Cﬁo (CHZCHZO) 2 —@
0
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ing paint, it is preferable to use an aromatic solvent or a m xture of an
aromatic solvent with other type(s) of solvent (in a smaller anount) so
that the solvent won't act on the undercoat in the coating operation. As

regards the radical polynerization catglygt_

(51)

(52)

(53)

(54)

(55)

1Iz
CH, = CﬁO(CHZCH20)9—©
0
xlz
CH, = c?l:ocazcxzon
o
1lz
CH, = CfI:O(CHZCHZO) LH
I .
R
CH, = c§0(c32c320)3n
o
1Iz
CH, = CICI!O(CHZCKZO) gH
o

Examples of the unsaturated acid anhydrides

usable as an unsaturated monomer having a hydrophilic

functional
anhydride,
anhydride,
anhydride,

anhydride,

group include maleic anhydride, methylmaleic
dimethylmaleic anhydride, ethylmaleic
rhenylmaleic anhydride, chloromaleic
itaconic anhydride, l-methylitaconic

1,2-dimethylitaconic anhydride, l-phenyl-
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used in the preparation of éaid polymer, it is possible to enploy the

r adi cal

polyneri zation initiators used for ordinary radical polynerization,

such as azo-conpounds and peroxi de conmpounds. _ The
nunber - aver age nol ecul ar wei ght of the gg}ained polymer is not critical

jtaconic anhydride, l-chloroitaconic anhydride,
endomethylenetetrahydrophthalic anhydride, chlorendic
anhydride, tetrahydrophthalic anhydride, etc;

The blending ratio of the unsaturated monomer
having a hydrophilic tunctional group is. preferably from
1 to 70 mol%, more preferably from 5 to 50 mol%. When
the blending ratio is less than 1 mol%, the effect of
addition of this unsaturated monomer is almost nil. On
the other hand, when the blending ratio exceeds 70 mol%,
there not only tend to arise the adverse effects such as
reduction of coating hardness, but there also takes
place elution by the action derived from the hydrophilic
nature alone, making it impossible to obtain the desired
coating film properties to be pfovided by a good resin
for antifouling paints.

These unsaturated monomers having a hydro-
philic functional group may be used either singly or in
combination.

As examples of the unsaturated monomers other
thanfthose of the formulae (I) and (II) and those having
a hyd#rophilic functional group, there can be cited
acrylic or methacrylic ester monomers such as acrylic or
methacrylic methyl ester, ethyl ester,'n-propyl ester,
n-butyl ester, etc., styrene monomers such as styrene,
a-methylstyrene, p-t-butylstyrene, etc., polyoclefin
monomers such as butadiene, ‘isoprene, chloroprene, etc.,
vinyl monomers such as vinyl chloride, vinyl_acetate,

etc., acrylonitrile, methacrylonitrile, and the like.
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in this invention, but in view of the properties of coating resin, said
nunber - aver age nol ecul ar weight is preferably in the range from 3,000 to
200, 000, nore

- 28 -
These monomers may be used either singly or as a mixture
of two or more of them.

The unsaturated monomers other than those of
the formulae (I) and (II) and those having a hydrophilic
functional group are used for the purpose of adjusting
hardness .of the coating film, glass transition
temperature (Tg) of the resin, pigment dispersibility of
the paint, rate of hydrolysis and elution by the sea
water, etc. The blending ratio of this monomer is
selected within the range of 1 to 95 mol%, preferably 10
to 90 mdl%.

In order to afford additional qualities such
as reactivity to the polymer, a monomer such as acrylic
acid, methacrylic acid, glycidyl acrylate, glycidyl
methacrylate, N-vinylpyrrolidone or a derivative thereof
may be copolymerized depending on purposes.

Said unsaturated monomers may be used either
singly or in combination.

Preparation of the polymer or copolymer
(hereinafter simply refer to as "polymer®") can be
accomplished by treating sai§ substances according to a
per se known method, for example, by carrying out a
reaction of said unsaturated monomers (mixture) in an
appropriate solvent in the presence of a radical
polymerization catalyst at a temperature of about 0 to
180°C, preferably about 40 to 170°C, for a period of
about one tolzo hours, preferably about 4 to 10 hours.

As for the organic solvent used for the
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- 30 - preferably from5,000 to 50,000. The nunber-average nol ecul ar wei ght
shown herein is the value determ ned by neasuring the nol ecul ar wei ght

according to gel
- 29 -

polymerization, any type of organic solvent can be used
as far as it is capable of dissolving the produced
polymer so that no gelation will occur in the course of
polymerization reaction. Examples of such organic
solvents include the alcohol type solvents such as
ethanol, propanol, butanol, isobutanol and benzyl
alcohol; ether type solvents such as methyl Cellosolve,
ethyl Cellosolve, ethylene glycol dimethyl ether,
ethylene glycol monoacetate and 1,4-dioxane; aromatic
hydrocarbon type solvents such as toluene and xylene;
‘ester type solvenps such as ethyl acetate and butyl
acetate; ketone type solvents such as cyclohexanone and
methyl isobutyl ketone; and halogen type solvents such
as carbon tetrachloride and trichloroethane. However,
when the product is intended to be used as an antifoul-
ing paint, it is preferable to use an aromatic solvent
or a mixture of an aromatic solvent with other type(s)
of solvent (in a smaller amount) so that the solvent
won't act on the undercoat in the coating operation.

As regards the radical polymerization catalyst
used in the preparation of said polymer, it is possible
to employ the radical polymefization initiators used for
ordinary radical polymerization, such as azo-compounds,
peroxide compounds and the like. Thé number-average
molecular weight of the obtained polymer is not critical
in this invention, but in{view of the properties of
coating resin, said number-average molecular weight is

preferably in the range from 3,000 to 200,000, more
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perneation chromatography and reducing it according to a standard
pol ystyrene calibration curve. An appropriate chain transfer agent may be
bl ended at the time of polynerization for the purpose of adjusting the

nol ecul ar wei ght. Exanpl es of the chai_n3

preferably from 5,000 to 50,000. The number-average"
molecular weight shown herein is the value determined by
measuring the molecular weight according to gel
perﬁeation chromatography and reducing it according to a
standard polystyrene calibration curve.

An appropriate chain transfer agent may be
blended at the time of polymerization for the purpose of
adjusting the molecular weight. Examples of the chain
transfer agents usable for said purpose include
methanethiol, ethanthiol, n-propanethiol, isopropane-
thiol, n-butanethiol, 2-methylpropanethiol,
3-methylpropanethiol, 1,l1-dimethylethanethiol,
l-hexanethiol, l-octanethiol, l-decanethiol, |
benzenethiol, 2-methylbenzenethiol, 3-methylbenzene-
thiol, 4-methylbenzenethiol, 2-ethylbenzenethiol,
3-ethylbenzenethiol, 4-ethylbenzenethiol, bis(4-hydroxy-
dimethylphenyl)disulfide, bis(2-chloromethylphenyl)
disulfide, bis{2-bromophenyl) disulfide, dinaphthyl
disulfide, di-2-benzothia disulfide, a-methylstyrene
dimer, carbon tetrachloride, carbon tetrabromide and
chloroform. The amount of the chain transfer agent to
be blended may be properly selected according to the °
molecular weight of the polymer to be produced.

The thus obtained polymer shows an appro-
priate hydrolysis-elution property and can be applied
as a coating resin suited for antifouling coating

compositions. The coating resin according to

This is the replacement sheet
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transfer agents usable for said purpose include netbanethiol, ethanethiol,
n- propanet hi ol , isopropane- thiol, n-butanethiol, 2-methylpropanethiol,
3- et hyl propanet hi ol , 1, 1-di net hyl et hanet hi ol , 1- hexanet hi ol ,
1-octanethiol, 1-decanethiol, - 31 -
the present invention may further comprises other
polymer(s) within limits not prejudiciary to the effect
of the present invention. Such polymers include, for
.example, vinyl copolymers such as acrylic copolymers,
styrene-acrylic copolymers, polyvinyl chloride, etc.:
- polyesters; polysiloxanes; etc.

The coating resin of this invention, if
necessary, may be blended with a known coloring mattér,
a known antifouling agent and various other additives in
the course of preparation of an antifouling coating
composition.

Typical examples of the antifouling agents
usable in this invention are zinc suboxide, zinc
chromate, strontium chromate, cupric chromate, cupric
ferrocyanate, cupric quinone, cupric §-hydroquinone,
cupric oleate, cupric nitrate, cupric phosphate, cupric
tartrate, cuprous oxide, cuprous iodide and cuprous
sulfite.

Typical examples of the pigments usable in
this invention include inorganic pigments such as
titanium oxide (titanium white), iron oxide and carbon
black, and organic pigments such as azo type, cyanine
type and quinacridone type. Usually, however, an
inorganic pigment is used.

Joint use of an organotin compound, triazine
compound, organosulfur compound or the like with the
above-mentioned compounds as antifouling agent is

embraced within the concept of this invention.
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benzenet hi ol , 2-net hyl benzenet hiol, 3-nethyl benzene- thiol,

4- et hyl benzenet hi ol , 2-et hyl benzenet hi ol, 3-ethyl benzenet hi ol ,

4- et hyl benzenet hi ol , bi s(4-hydroxy- di nethyl phenyl)disul fide,

bi s(2-chl oronet hyl phenyl) disulfide, bis(2-.bronophenyl) disulfide,
di napht hyl - 32 -

It is also possible to use rosin, gum rosin,
wood rosin, tall oil rosin or the like as elution
assistant.

The antifouling coating composition of this
invention obtained in the manner described above is
useful as bottom paint, paint for fishing nets, etc.

The present invention is further described
below with reference to the Examples of the invention,

which Examples however do not limit the present

invention in any way.

Synthesis Example 1
Synthesis of 2-ethylsulfonylethyl methacrylate
(Compound No. 10, R = CH3)

A mixture of 315 g (3.15 mol) of methyl meth-
acrylate, 145 g (1.05 mol) of 2-ethylsulfonylethanol,
8.7 g (30.6 mmol) of titanium tetraisopropoxide and 0.16
g of hydroquinone was reacted at 100°C for 4.5 hours
under air-bubbling with removal of methanol produced.
After cooling, 11 ml of water was added to the reaction
mixture and the resulting mixture was stirred well.
After removal of the aqueous phase, 200 ml of water was
added to the organic layer and the resolting mixture was
extracted with chloroform. The chloroform solution was
dried over anhydrous sodium sulfate and then chloroform
and excess methyl methacrylate were distilled off under
reduced pressure to obtain 164 g of a colorless

transparent oily substance in a yield of 75%. From its
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di sul fide, di-2-benzothia disulfide, [err]-nethylstyrene dinmer, carbon
tetrachl oride, carbon tetrabrom de and chloroform The anobunt of the chain
transfer agent to be bl ended may be properly sel ected according to the

nol ecul ar wei ght of the polyner to be preguced.

physical properties shown below, this oily substance was
confirmed to be 2-ethylsulfonylethyl methacryalte
(Compound No. 10, R = CH3).
(1) 1H-NMR spectral data (IH-NMR spectrum as shown in
Fig. 1):
§(solvent: CDCl3) unit: ppm, in all Examples)
6.14 (1H, t-like m), 5.65 (1H, quintet-like m),
4.60 (2H, t, J=5.80 Hz), 3.34 (2H, t, J=5.8 Hzi,
3.07 (2H, q, J=7.60 Hz), 1.96 (3H, t-like m),
1.42 (3H, t, J=7.60 Hz).
(2) 1IR spectral (neat) values (IR spectrum as shown in Figq.
2): |
1721 em™} (C=0), 1321, 1126 cm™} (s0,).

Synthesis Example 2
Synthesis of 2-(p-toluenesulfonyl)ethyl methacrylate
(Compound No. 12, R = CH3)

To a 15 ml acetone solution of 4.8 g (24 mmol)
of 2-(p-toluenesulfonyl)ethanol and 2.4 g (24 mmol) of
triethylamine, 0.5 mg of hydroquinone was added, followed
by dropwise addition of 2.5 g (24 mmol) of methacryloyl
chloride while maintaining the mixture temperature below
10°C by cooling with an ice bath. After the dropwise
addition was completed, the mixture was stirred for 30.
minutes while maintaining the mixture temperature at 0°C
and then further stirred for additional 30 minutes at room
temperature. The white precipitﬁte of triethylammonium

chloride was filtered off and the filtrate was poured into
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The thus obtained polymer shows an appro- priate hydrolysis-elution
property and can be applied as a coating resin suited for antifouling
. coating conpositions. The coating resin used in

- 34 -
ice water. The precipitated colorless solid was
filtered, dried and recrystallized from hexane to give
4.3 g of colorless crystals (yield: 68%). From the
analytical results shown below, the obtained crystals
were confirmed to be those of 2-(p-toluenesulfonyl)ethyl
methacrylate (Compound No. 12, R = CH3).
(1) Melting point: 72°C
(2) 1H-NMR spectral values (lﬁ—NMR spectrum as shown in
Fig. 3):
8(CDC13): 7.80 (2H, 4, J=8.09 Hz), 7.36 (2H,
d, J=8.09 Hz), 5.84 (1H, t-like m), 5.49 (1H,
quintet-like m), 4.47 (2H, t, J=6.11 Hz),
3.49 (2H, t, J=6.11 Hz), 2.44 (3H, s), 1.80
(3H, t-like m).
(3) IR spectral values (KBr method) (IR spectrum as
. shown in Fig. 4): |

1705 cm~ ! (C=0), 1300, 1140 cm™! (50,).

Synthesis Example 3
Synthesis of 2-cyanoethyl methacryalte (Compound
No. 2, R = CH3)

A mixture of 120 g (1.20 mol) of methyl
methacrylate, 28.4 g (0.4 mol) of 2-cyancethanol, 1.46 g
{5.14 mmol) of titanium tetraisoproppxide and 42 mg of
hydroquinonemonomethyl ether was treated as in Synthesis
Example 1, and the resulting oily substance was
distilled under reduced pressure to obtain 21 g of a

colorless liquid having a boiling point of 70°C/0.5 mmHg
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- 31 - the present invention may further conprise other polyner(s) within
l'imts not prejudicial to the effect

- 35 -

(yield: 75%). From its physical properties shown below,
this liquid was confirmed to be 2-cyancethyl meth-
acrylate (Compound No. 2, R = CHs).

lH-NMR spectral data (1H-NMR spectrum as shown

(1)
in FPig. 5):
8(CDC13): 6.19 (1H, t-like m), 5.66 (1lH,
quintet-like m), 4.36 (2H, t, J=6.41 Hz), 2.76
(2H, t, J=6.4 Hz), 1.97 (3H, t-like m).
(2) IR spectral (neat) data (IR spectrum as shown in
Fig. 6):

2250 cm™t (C W), 1721 (C=0).

Synthesis Example 4
Synthesis of 2-methoxalyloxyethyl methacrylate
(Compound No. 18, R = CH3)

A mixture of 45.4 g (384 mmol) of dimethyl
oxalate, 10 g (77 mmol) of 2-hydroxyethyl methacrylate,
0.2 g (0.7 mmol) of titanium tetraisopropoxide and 5 mg
of hydroquinone was reacted at 100°C for 6 hours under
air-bubbling with removal of methanol produced. Excess
dimethyl oxalate was removed by sublimation. The result-
ing material containing the white precipitate was filtered
to remove the white precipitate, and the mother liquor was
purified by silica gel column chromatography (eluent:
hexane/ethyl acetate = 8/2) to obtain 10.7 g of a color-
less liquid (yield:_64%).j From its analytical results
shown below, this liquid was confirmed to be 2-methox- -

alyloxyethyl methacrylate (Compound No. 18, R = CHs).

———
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~or the present invention. Such polyners include, for exanple, vinyl

copol yners such as acrylic copolyners, styrene-acrylic copolyners and

pol yvi nyl chloride: polyesters; and pol ysil oxanes. The coating resin used
in this invention, if

- 36 -

(1) 1H-NMR spectral data (lH-NMR spectrum as shown

in Fig. 7):
8(CDC13): 6.14 (1H, t-like m), 5.61 (1H,
quintet-like m), 4.56 (2H, m), 4.44 (2H, m),
3.92 (3H, s), 1.95 (3H, t-like m).
(2) IR spectral (neat) data (IR spectrum as shown in
Fig. 8):
1750, 1725 cm™ 1 (C=0).

Synthesis Example 5
Synthesis of 2-ethoxalyloxyethyl methacrylate
{(Compound No. 19, R = CH3)

A 20 ml acetone solution of 4.8 g (36.6 mmol)
of 2-hydroxyethyl methacrylate, 3.7 g (36.6 mmol) of
triethylamine and 1 mg of hydroquinone was cooled to
0°C. Then 5 g (36.6 mmol) of ethyl chloroglyoxalate was
added dropwise to the solution with stirring while
maintaining the mixture temperature substantially at
0°C. After the dropwise addition was completed, the
reaction mixture was stirred at 0°C for 30 minutes and
then further stirred at room temperature for additional
30 minutes. The produced white precipitate wés filtered
off and the filtrate was concentrated to obtain an oily
substance. This o0ily substance was purified by silica
gel column chromatography (eluent: hexane/ethyl acetate
= 8/2) to obtain 5.9 g of a colorless liquid (yield:
70%). From its analyticél results shown below, this

liquid was confirmed to be 2—ethoxalyloxyethyl
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necessary, may be bl ended with a known coloring matter, a knowm antifoulinc
agent and various other additives in the course of preparation of an
antifouling coating conmposition. Typical exanples of the antifouling agents

- 37 -

methacrylate (Compound No, 19, R = CH3).
(1) ly-nvr spectral data (IH-NMR spectrum as shown
in Fig. 9):
8(CDC13): 6.12 (1H, t-1ike m), 5.59 (1H,
quintet-like m), 4.53 (2H, m), 4.43 (2H, m),
4.35 (2H, q, J=6.02 Hz), 1.94 (3H, t-like m),
1737 (3H, t, J=6.02 Hz).

Synthesis Example 6
Synthesis of N-methacryloyloxymethylphthalimide.
{Compound No. 20, R = CH3)

A 20 ml pyridine solution of 9 g (50.8 mmol)
of N-hydroxymethylphthalimide and 1 mg of hydroquinone
was kept at about 0°C in an ice bath, and 5.3 g (50.8
mmol) of methacryloyl chloride was added dropwise to the
solution while stirring it well. After the dropwise
addition was completed, the solution was stirred at this
temperature for 35 minutes and then at room temperature
for additional 30 minutes. The resulting reaction mix-
turg was poured into icy water and stirred for a while.
The precipitated solid was filtered and recrystallized
from methanol to obtain 7.2 g of colorless crystals
(yield: 58%). From their physical properties shown
below, these crystals were confirmed to be N-methacry-
loyloxymethylphthalimide (Compound@ No. 20, R = CH3).

(1) Melting point: 134°C
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usable in this invention are zinc suboxide, zinc chromate, strontium
chromate, cupric chromate, cupric ferrocyanate, cupric quinone, cupric

[ err]-hydroqui none, cupric oleate, cupric nitrate, cupric phosphate, cupric
tartrate, cuprous oxide, cuprous iodide and cuprous

- 38 -

lH-NMR spectral data (IH-NMR spectrum as shown

(2)
in Fig. 10):
8(CDCl3): 7.94 (2H, m), 7.80 (2H, m), 6.12
(1H, t-like m), 5.80 (2H, s), 5.60 (1H,
quintet-like m), 1.93 (3H, t-like m).
{(3) IR spectral (KBr) data (IR spectrum as shown in
Fig. 11):

1785, 1715 cm * (C=0).

Synthesis Example 7

Synthesis of N-methacryloyloxymethylsuccinimide

(Compound No. 22, R = CHs)

To a suspension, heated to 30°C, of 99.1 g

(1.0 mol) of succinimide and 81 ml of formalin (37%
formaldehyde solution), 3 ml of a 5 wt% aqueous solution
of sodium hydroxide was added dropwise while well
stirring the suspension. After the dropwise addition
was completed, the mixture was further stirred at room
temperature for 2.5 héurs. After the reaction, water
was distilled off under reduced pressure and the
resigual mixture was extracted with methylene chloride.
The resulting methylene chloride solution was concent-
rated and the residual solid was recrystallized from
ether to obtain 109 g of coiorleés crystals (yield:
63%). From their physical properties shown below, these
crystals were confirmed to be N-hydroxymethylsuccin-
imide. These crystals were used for the following

reactlon without further parlfzcatlon.
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sulfite. Typical exanples of the pignents usable in this invention include
inorganic pignents such as titaniumoxide (titaniumwhite), iron oxide and
carbon bl ack, and organic pignents such as azo type, cyani ne

-39 =
(1) Melting point: 64’C
(2) 1H-NMR spectral data (IH—NMR spectrum as shown
in Fig. 12):
8(CDC13): 5.03 (2H, br-s), 3.90 (1H, br-s),
2.75 (4H, s).
(3). IR spectral data (KBr) (IR spectrum as shown in
Fig. 13):

1770, 1700 cm T

(C=0).

To a 236 ml methylene chloride solution of 30
g (232 mmol) of N-hydroxymethylsuccinimide synthesized
in the manner described above, 20 g (232 mmol) of
methacrylic acid and 10 mg of hydrogquinonemonomethyl
ether, 48 g (232 mmol) of dicyclohexylcarbodiimide (DCC)
was added while cooling the solution in an ice bath.
Then 2.84 g (23.2 mmol) of N,N-dimethylaminopyridine
(DMAP) was further added to the solution with stirring.
The mixture was further stirred at room temperature for
3 hours. The produced white precipitate was filtered
off, the filtrate was concentrated and the residue was
purified by silica gel column chromatography (eluent:
hexané/ethyl acetate = 1/1)‘to give 39.7 g of colorless
crystals (yield: 87%). From their physical properties
these crystals were identified to be NFmethacryloyloxy-

methylsuccinimide (Compound No. 22, R = CH3).
(1) Melting point: 76°C
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type and qui nacri done type. Usually, however, an inorganic pignment is used.
Joi nt use of an organotin conpound, triazine conpound ororganosul fur

‘conpound wi th the above-nentioned conpounds as antifouling
agent is
- 40 -
(2) 1H—NMR spectral data (IH-NMR spectrum as shown

in Fig. 14):
8(CDC13): 6.11 (1H, t-1like m), 5.62 (1H,
quintet-like m), 5.59 (2H, s), 2.80 (4H, s),
1.93 (3H, t-like m).
(3) IR spectral data (KBr) (IR spectrum as shown in
Fig. 15):
1780, 1705 cm ® (C=0)

Synthesis Example 8

Synthesis of N-methacryloyloxysuccinimide (Compound

No. 23, R = CHs)

To a 250 ml methylene chloride suspension of 30

g (261 mmol) of N-hydroxysuccinimide, 22.4 g (261 mmol)
of methacrylic acid and 10 mg of hydroquinonemonomethyl
ether under cooling in an ice bath, 53.8 g (251 mmol) of
DDC was added, followed by further addition of 3.2 g
(26.1 mmol) of DMAP while well stirring the susbension.
The mixture was further stirred at room temperature for
3 hours. The produced white precipitate was filtered
off, the filtrate was concentrated and the residue was
purified by silica gel column chromatography (eluent:
hexane/ethyl acetate = 3/2) to obtain 14.7 g of color-
less crystals (yield: 31%). From the following physical
properties, these crystals were confirmed to be N-meth-

acryloyloxysuccinimide (Compound No. 23, R = CH3)-
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enbraced within the concept of this invention. - 32 -

- 41 -~
(1) Melting point: 102°C
(2) lH-NMR spectral data (1H-NMR spectrum as shown
in Fig. 16):
8(CDC13): 6.42 (1H, t-like m), 5.89 (1lH,
"m), 2.86 (4H, s), 2.06 (3H,. t-1like m).
(3) IR spectral data (KBr) (IR spectrum as shown in
Fig. 17):
1763, 1737 cm™ ! (C=0).

Synthesis Example 9
Synthesis of 4-pyridylmethyl methacrylate (Compound
No. 26, R = CH3)

A mixture of 25 g (82.5 mmol) of 4-pyridyl-
methanol, 91.7 g (330 mmol) of methyl methacrylate, 5 mg
of hydroquinone and 0.5 g (1.38 mmol) of dioctyltin
oxide was reacted at 100°C for 24 hours under air
bubbling with removal of methanol produced. After the
reaction, excess methyl methacrylate was distilled off
under reduced pressure and the precipitated solid was
filtered off. The filtrate was purified by silica gel
colusimy chromatography (eluen;: ethyl acetate) to obtain
39.2 g of a light-red liquid (yield: 97%). From its
physical properties shown below, this liquid was

confirmed to be 4-pyridylmethyl methacrylate (Compound

No. 26, R = CH3).
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It is also possible to use rosin; gumrosin, wod rosin or tall oil rosin
as elution assistant. The antifouling coating conposition of this invention
obt ai ned in the manner described above is

- 42 -

1H—NMR spectral data (IH-NMR spectrum as shown °

(1)
in Fig. 18):
8(CDC13): 8.61 (2H, &, J=6.10 Hz), 7.27
(2H, 4, J=6.10 Hz), 6.22 (1H, t-like m), 5.66
(1H, quintet-like m), 5.22 (2H, s), 2.01 (3H,
t-1like m).
(2) 1IR spectral (neat) data (IR spectrum as shqwn in
Fig. 19):
1720 cm™t (C=0).

Synthesis Example 10
Synthesis of 2-methylsulfonylethyl methacryalte
(Compound No. 9, R = CH,)

A mixture of 315 g (3.15 mol) of methyl
methacryalte, 130 g (1.05 mol) of 2-methylsulfqny1-
ethanol, 7.8 g (27.4 mmol) of titanium tetraisopropoxide
and 0.15 g of hydroquinone was reacted at 100°C for 3
hours under air bubbling with removal of methanol
produced. After cooling, 20 ml of water was added, to
the smaction mixture and the resulting mixture was
stisred at 80°C for éo minutes. After removal of the
aqueous layer, 200 ml of water was further added to the
organic layer and the resulting mixture was extracted
with chloroform. The chloroform'solution was dried over
anhydrous sodium sulfate and was concentrated under
reduced pressure to obtain 130 g of colorless crystals
(yield: 64%). From their physical propettie;, these

crystals were confirmed to be 2-methylsulfonylethyl
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useful as bottom paint and paint for fishing nets. The present invention
further described below with reference to the Exanples of the invention,

whi ch Exanpl es however do not Iimt the present invention in any way.

- 43 -
methacrylate (Compound No. 9, R = CH3).
(1) Melting point: 48°C
(2) lH-NMR spectral data (IH-NMR spectrum és shown

in Fig. 20):
8(CDC13): 6.14 (1H, t-like m), 5.66 (1lH,
quintet-like m), 4.62 (2H, t, J=5.90 Hz), 3.38
(2H, t, J=5.90 Hz), 2.99 (3H, s), 1.96 (3H,
t-like m).

(3) IR spectral data (KBr) (IR spectrum as shown in

Fig. 21):

1710 cm™! (C=0), 1300, 1140 cm™* (50,).

Examples 1 - 20

Into a four-necked flask equipped with a
stirrer, a condenser, an "2 gas feed pipe, a dropping
funnel and a thermometer, a measured amount of a solvent
or solvents was supplied and stirred at 95°C. Then a
mizxed solution cdmptising monomers, azobisisobutyro-
nitrile (AIBN) and a-methylstyrene dimer (aMSD) was
charged into the dropping funnel and added dropwise into
the €Xask in an Nz gas stream while maintaining the
temperature of the reaction mixture at about 95°C and
stirring the mixture. After the dropwise addition was
completed, the mixture was further stirred at 95°C for 6
hours to obtain a viscous liquid with a specified solid
content. The detailed experimental conditions and the

properties of the obtained resins are shown in Tables 1

to 3.
This is the replacement cheet
This Sheet Has Been Replaced _ .
[T e -8 FEE T



met h-

nmet hacryl ate

[err]) A mxture of 315 g (3.15 nol) of nethyl
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145 g (1.05 nol) of 2-ethyl sul fonylethanol,

Synt hesi s Exanple 1 Synthesis of 2-ethyl sul fonyl ethyl

( Conmpound No. 10,
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of

11 M of water was added to the reaction

for 4.5 hours under air-bubbling with renoval

8.7 g (30.6 nmmol) of titaniumtetrai sopropoxide and 0.16 g of hydroqui none
produced. After cooling,

was reacted at [err]
m xture and the resulting m xture was stirred well.

met hanol
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After rerrbval of the aqueous phase, 200 m of water was added to the
organic layer and the resulting m xture was extracted wth chloroform The

- chl orof orm sol uti on was dri ed over anhydrous sodium sul fate and then
chl orof orm and excess nethyl nmethacrylate were distilled off under
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- 47

reduced pressure to obtain 164 g of a colorless transparent oily substance
Fromits

inayield of 75%

e 1997
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(1)

[err]).

this oily substance was confirned

nmet hacryl ate (Conpound No. 10,

spectrum as shown in
48 -

properties shown bel ow,

data ([err]

physi cal
to be 2-ethyl sul fonyl et hyl

[err]

spectr al
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- Synthesis of 2-(p-toluenesul fonyl)ethyl nmethacrylate (Conpound No.

12, [err]) To a 15 m acetone solution of 4.8 g (24 mol ) of

2- (p-tol uenesul fonyl)ethanol and 2.4 g (24 mmol) of triethylamne, 0.5 ny
of hydroqui none was added, foll owed

- 5] -

Examples 21 - 26
A solvent, monomers, AIBN and «MSD were put

into a four-necked flask equipped with a stirrer, a
condenser, an N, gas feed pipe, and a thermometer, and
the mixture was stirred while bubbling with N2 gés
with keeping the reaction temperature about 95°C. After
the initial vigorous exothermic reaction abated, the
reaction mixture was further stirred under the above
conditions for 6 hours. There was consequently obtained
a viscous liquid with a specified solid content. The
detailed experimental conditions and the properties of

the obtained resins are shown in Table 4.
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the m xture was stirred
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for 30 mnutes while naintaining the m xture tenperature at [err]

by dropwi se addition of 2.5 g (24 mmol) of nethacryl oyl
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- 34 - ice water. The precipitated colorless solid was filtered, dried and
recrystallized fromhexane to give 4.3 g of colorless crystals (yield:
68% . Fromthe )

- 54 -

Examples 27 - 30
Measured amounts of a solvent and a lowly

reactive monomer were placed in a four-necked flask
equipped with a stirrer, a condenser, an N, gas feed
pipe, a dropping funnel and a thermometer, and the
mixture was kept therein with stirring. Then, a mixzed
solution of other monomers, AIBN and aMSD was supplied
into the flask from the dropping funnel in an Nz gas
stream with stirring the mixture and maintaining its
temperature at about 95°C. After completion of the
dropwise addition, the reaction mixture was stirred at
95°C for 1 hour. A mixture of AIBN and xylehe or xylene
alone was added dropwise to the mixture one to three
times every 30 minutes. The reaction mixture was
further stirred at 95°C for 6 hours to obtain a viscous
liquid with a specified solid content. The detailed
experimental conditions and the properties of the

obtained resins are shown in Table 5.
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5.84 (1H,
t 1

3.49 (2H,

J=8.09 Hz),

7.36 (2H, d,
t, J=6.11 Hz),

4. 47 (2H,
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Synt hesis Exanple 3
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Synt hesis of 2-cyanoethyl nethacrylate (Conmpound No. 2, R = CH3) A
mxture of 120 g (1.20 nol) of nethyl nethacrylate, 28.4 g (0.4 nol) of
2-cyanoethanol, 1.46 g (5.14 nmol) of titaniumtetrai sopropoxide and 42 ng
of

- 58 -
As seen from Examples 3, 4, 6, 9 - 18 and 27 -
30, the copolymers obtained by using the unsaturated
monomers represented by the formula (II) are soluble in
solvents, especially aromatic solvents such as xylene
and xylene/n-butal (4/1), and suited for use as a resin

for antifouling paints.

Comparative Preparation Example 1

A determined amount of a solvent was put into
a four-necﬁed flask equipped with a stirrer, a
condenser, an Nz gas feed pipe, a dropping funnel and
a thermometer, and the solvent was kept at 95°C with
stirring. Then a mixed solution of the monomers, AIBN
énd aMSD was supplied into the dropping funnel and
added dropwise into the flask under Nz gas stream with
stirring the mixture and maintaining its temperature at
about 95°C. After completion of the dropwise addition,
the reaction mixture was further stirred at 95°C for 6
hours to obtain a viscous liquid with a specified solid.
content. The detailed experimental conditions and the

properties of the obtained resins are shown in Table 6.
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- 35 - (yield: 75% . Fromits physical properties shown below, this liquid
was confirnmed to be 2-cyanoethyl neth-

- 60 -
Comparative Preparation Example 3

A solvent, monomers, AIBN and a«MSD were
supplied into a four-necked flask equipped with a
stirrer, a condenser, an Nz gés feed pipe, and a
thermometer, and the mixture was stirred while bubbling
with N2 gas with keeping the reaction temperature
about 95°C: After the initial vigorous exother@ic
reaction abated, the mixture was further stirred under
the above conditions for 6 hours to obtain a viscous
liquid with a specified solid content. The detailed
experimental conditions and the properties of the

obtained resins are shown in Table 7.
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acrylate (Conpound No. 2, [err]). (1) [err] spectral data ( [err]
spectrumas shown in Fig. 5): [err] (2) IR spectral (neat) data (IR
spectrum as shown in

- 61 -
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Fig. 6): 2250 cm1 (C N), 1721 (C=O. Synthesis Exanple 4 Synthesis of
2- met hoxal yl oxyet hyl nethacryl ate (Conpound No. 18, R = [err])

- 62 -

Test Example

Each of the varnish formulations obtained in
the Examples and the Comparative Preparation Examples
described above was coated on a 150 mm x 100 mm polypro-
pylene plate. The coating thickness was about 50 um.
The coated polypropylene plate was heated at 80°C for 3
hours to perfectly remove the solvent in the coat and
the initial weight of the plate was measured. Then the
coated polypropylene plate was immersed in 1,750 ml of
an alkaline puffer solution with a pH of 10.2. After
left in said buffer solution at 45°C for 24 hours, the
polypropylene plate was taken out, washed with water and
dried, followed by measurement of the final weight of
the plate. The rate of decrease of the coating after
.said immersion was determined from the difference
between the initial weight (weight before immersion) and
the final weight (weight after immersion) of the plate.

For the sake of comparison, the above test was
also conducted on the organotin-containing resin
obtaiged in Comparative Preparation Example 1 and the
resin’disclosed in Japanese Patent Application
Publication No. 60-500452 (Comparative Preparation
Examples 2 and 3) proposed as a substitute for said

organotin-containing resin. The test results are shown

in Table 8.
This Sheet Has Been Replaced
T i| This is the replacement eheet
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A mxture of 45.4 ¢
net hacryl at e,
and 5 ng of hydroqui none was reacted at
ai r-bubbling with renoval

2- hydr oxyet hyl

of met hanol

(384 mmol ) of di met hyl

[err] for 6
pr oduced. Excess

oxal at e,

- 63 =
Table 8

10 g (77 _mol )_of __ _
0.2 g (0.7 mmol) of titanlunltetralsopropOX|de

hour s

Ui eSheet Has Been Tlaoed

WML

Loss in weight of

Varnish the coat (mg/100 cm )
Example 1 21
Example 2 32
Example 3 27
Example 4 30
Example 5 53
Example 6 42
Example 7 7
Example 8 7
Example 15 20
Example 20 7
Example 21 76
Example 22 63
Example 23 60
Example 24 97
Example 25 14
Example 26 8
Example 27 67
Example 28 51
Example 29 59
Example 30 g2

Comp. Prep. Exanmple 1 17
Comp. Prep. Example 2 5
Comp. Prep. Example 3 6

As noted from the foregoing results, the

coating resin compositions according to the presept

This is the replacement shept
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di et hyl oxal ate was renoved by sublimation. The result- ing materi al
containing the white precipitate was filtered to renove the white

- precipitate, and the nother |iquor was purified by silica gel colum
chromat ography (el uent: hexane/ethyl acetate = 8/2) to obtain 10.7 g of a

col or - - 64 -
jnvention are equal to or higher than the organotin--
containing resin in rate of decrease of coating, and
needless to say, they are free of toxicity possessed by
organotin. It was also found that the resin composi-
tions of this invention are superior to the resiﬁs
disclosed in Japanese Patent Application Publication No.
60-500452, which were proposed as a substitute material
for the organotin-based resin, in rate of decrease of

coating and useful as a resin for antifouling paints.

Antifouling Performance Test

Paints were prepéted by blending 40 parts by
weight of cuprous oxide and 3 parts by weight of ZnO
with 15 parts by weight (as solid) of the resin
varnishes synthesized in the Examples described above.
Each of these paints was spray coated on both sides of a
coated steel plate (100 x 200 x 1 mm) which had been
applied with an anticorrosive coating. Said spray
coating was conducted twice so that the dry coating
thickness on each side would become 100 um, thereby
preparing the test plates.

Each of the test plates was subjected to a sea
water immersion test at Nakaminato Port of Nakaminato
City, Ibaragi Pref., and the number of tﬁe shellfishes
(barnacles) attached to the test plate was counted

periodically. The results are shown in Table 9.

Thig is the replacement sheot
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less liquid (yield: 64%. Fromits analytical results shown below, this
lLiquid was confirned to be 2-net hox-

- 65 =
Table 9
C Resin Number of barnacles
Antifouling varnish attached to test plate
performance
test Run No. | (Example Period of immersion
No.) 0 2 months 4 months 6 months
1 3 0 0 0 1
2 4 0 0 0 0
3 5 0 0 0 0
4 6 0 0 0 0
5 17 0 0 0 1l
6 21 0 0 0 0
7 23 0- 0 0 0
8 24 0 0 0 1l
9 27 0 0 0 1
10 28 0 0 0 0
11 29 0 0 o 0
12 30 0 0 0 0

Comparative Antifouling Performance Test

) The same antifouling performance test as
described above was conducted on the resin varnishes
synthesized in Comparative Preparation Examples 2 and

3. The results are showp in Table 10.

i ————
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- 36 - (1)
[err] (CDO 3):
4.44 (2H, m,

[err] spectral data ( [err] spectrumas shown in Fig. 7):
6.14 (IH t-like m, 5.61 (1H quintet-like m, 4.56 (2H
- 66 -
Table 10
Number of barnacles
Comparative | Resin attached to test plate
antifouling varnish
Performance {(Comp. Prep. Period of immersion
test Run No. | Example No.) 0 2 4 6
months months months
1 2 0 9 17 24
2 3 0 10 19 ° 31

As noted from the results of the antifouling
performance tests shown above, any of the paints
prepared by using the resin compositions according to
the present invention showed excellent antifouling
performaﬁce, substantially precluding attachment of

barnacles to the plate applied with the paint.

Viscosity Stability Test

A mixture of 100 parts by weight of cuprous
oxide and 100 parts by weight of resin solid of each of
the résin varnishes selected from those synthesized in
the above Examples was kneaded into a paste, and the
paste was transferred into a 150 ml sample bottle and
its viscosity was measured by a Brookfield viscometer.
Further, after sealing the sample bottle, it was stored
in a thermostatic chamber of 40°C for 20 days and then
the viscosity of the paste was measured in the same

way. The rate of change of viscosity after storage was

This Sheet Has Been Re;

nnuu i

- b FtB 1997
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3.92 (3H,_s),_1.95 (3H, t-like m. (2) IR spectral (neat) data (IR spectrum
as shown in Fig. 8): 1750, 1725 [err] (C=0 . Synthesis Exanple 5
- 67 -

1 determined from the following equation (1). The test

results are shown in Table 11l.

Rate of change _ Viscosity after storage o

of viscosity Viscosity before storage

Table 11l

Viscosity Resin varnish | Rate of change of
stability Viscosity (after left
test Run No. (Example No.) at 40°C for 20 days)

1 3 1.04
2 4 1.03
3 5 1.07
4 23 1.05
5 27 1.10
6 28 1.12

It is seen from the above results that the
ratg of change of viscosity of the coating resin com-
position according to the present invention, when mixed
with cuprous oxide, is slight, indicating excellent
storage stability of the coating resin of this invention.

The coating resin according to the present
invention has no poisoning problem noted in use of the
organotin copolymers, possesses excellent keeping

quality and also shows a hydrolytic property comparable

Phis is the replacement sheet

This Sheet Has Been Replaced
lIIIIIlllIIIIl |||||Fi . R




Synt hesi s of 2-ethoxal yl oxyethyl methacrylate (Conpound No. 19, R = [err])
A 20 ml acetone solution of 4.8 g (36.6 Mol ) of 2-hydroxyet hyl

nmet hacrylate, 3.7 g (36.6 nmol) of triethylam ne and 1 ng of hydroqui none
was cooled to

- 68 -
with the organotin-containing resins, so that the
coating resin of this invention is capable of forming a
coat which can maintain an excellent antifouling effect
for a long period of time. Further, since the coating
resin of this invention is soluble in the aromatic

solvents, it is very useful for preparing an excellent

antifouling paint.
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[err]. Then 5 g (36.6 nmml) of ethyl chlroglyoxalate was added dropw se to
the solution with stirring while maintaining the m xture tenperature
subst ant I 'lslSMectillas[BRENHepladtlit €r the dropwi se addition was conpleted, the

reaction n““l“”nlnmnmllrred at [err] fogg30 ninutes and

1. A coating resin comprising a polymer
comprising, as repeating units, the residues of an

unsaturated monomer of formula (I)
CH; = C —f~ Ar I—¢ C — CHigy—h C-0-X (I)

wherein R is hydrogen or a straight or branched alkyl group
having 1 to 4 carbon atoms; Ar is a benzene ring or
naphthalene ring; k, m and n represent independently a

number of 0 or 1; and X is a substituent selected from the

groups:

rlen -R>—-s0,R%), .

Ricoap C-Chy ﬁ-o-xs, —ROn ﬁ-R’) , and
0 0 o

—r%gry

wherein R!, R‘, R® and R® amw each a straight, branched or
alicyclic alkylene group having 1 to 6 carbon atoms; R’ is a
straight, branched or cyclic hydrocarbon group having 1 to 6
carbon atoms and connecting O and SO,R?; a‘is an in'teger of 1
to 3 indicating the number of SO,R3 groups bonded to R?; the

This is the repiacement sheet
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then further stirred at roomtenperature for additional m nut es.
produced white precipitate was filtered off and the fil t Bee“Re ‘a"ed
concentrated to obtain an oily substance. This oily subst HHI II ed
by silica gel colum chromatography (elueqg: _hexane/ et hyl

groups R’ are the same or different and each is a straight,
branched or cyclic alkyl group, having 1~22 carbon atoms, an
aryl group having 6-10 carbon atoms, which may have a
substituent, or an aralkyl group having 7-18 carbon atoms,
which may have a substituent provided that when a is 2 or 3,
at least two of the groups R may together form a hydrocarbon
cyclic structure with each other and R?, b, d, e and f are
each a number of 0 or 1; R® is a straight or branched alkyl
group having 1-4 carbon atoms, the groups R’ are the saﬁe of
different and each is a straight, branched or alicyclic
alkyl groub, having 1-22 carbon atoms, an aryl group having
6-10 carbon atoms or an aralkyl group having 7-10 carbon
atoms, or the groups R’ together with the carbonyl carbon
form a cyclic §tructure; and Py i§ a substituted or

unsubstituted 2-, 3- or 4-pyridyl group.

2. A coating resin according to claim 1 wherein k

and n are zero.

3. A coating resin according to claim 1 or claim

2 wherein X is ~R!-CN.

4. A coating resin according to claim 1 or claim

2 wherein X is -R>(-~SO,R%),.

5. A coating resin according to any one of claims

¥o 4 wherein R is hydrogen or methyl.

6 A coatlng resin according to any one of claims
Tnis is the replacement eheot
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= 8/2) to obtain 5.9 g of a colorless liquid (yield: 70%. Fromits
anal ytical result issgﬁge\{\ﬂasbs%gnﬂleaEegl s liquid was confirned to be

A ]

1 to 5 further comprising as repeating units residues or one

- 71 -

or more unsaturated monomer copolymerizable with the

unsaturated monomer of the formula (I).

7. A coating resin according to claim 6
comprising as repeating units residues of a copolymerisable

unsaturated monomer of formula (II)

g%

10
CHZ = C-C-0-R

i
o

wherein R® is hydrogen or methyl and R¥ is branched or
alicyclic alkyl, aryl or aralkyl optionally containing one

or more hetero atoms and having 3 or more carbon atoms.

8. A coating resin according to claim 6
comprising, as repeating units the residues of a
copolymerizable unsaturated monomer having a hydrophilic

functional group.

9. A coating resin according to any one of claims
6 to 8 wherein the unsaturated monomer having a hydroﬁhilic

functional group is a monomer of formula (III)

Rll

| .12
11
- c-ﬁ-o-(-cxnz,g)-)—-}r R (III)
o

Cﬂz
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- 37 - methacrylate (Compound No. 19, [err]). (1)

[err] spectral data (
[err] spectrumas shown in Fig. 9):

- 72 -
wherein R! is hydrogen or methyl; x is an integer of 1 to 6;
y is an integer of 1 to 10; and R" is hydrogen or a

straight, branched or cyclic alkyl, aryl or aralkyl group.

10. A antifouling coating composition comprising

the coating resin of Claim 1.
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[err]: 6.12 (1H, t-like m, 5.59 (1H, quintet-like m, 53 (2H,.-m),—4-43--
(2H, m, 4.35 (2H, q, J=6.02 Hz), 1.94 (3H t-like m,. 1.37 (3H, t, J=6.02
Hz) . Synthesis Exanple 6 etHasBeenReplaced

- T

ABSTRACT

_QQAIIE§.BE§IH_AED_AEIIE9HLING.QQAIIEE.QQHEQ&III@H

A coating resin comprising a polymer obtained by

polymerising an unsaturated monomer represented by the

formula (I):

a—%

O I
cu, = -(-Ar—)r‘-C-‘-CHz-)ﬁﬁ 0-X (0

o

wherein R is H or an alkyl group, and X is selected from:

—rl-cn , R2_¢ 50233) .’

-R "‘°')F c -e-caz-)a- c-o-ns, -+ n‘-)?n-(—ﬁ-n") , and
' 0

—rYzpy

wherein R!' to R represeht independently a hydrocarbon group,
etc., and Py is a pyridyl group, alone or together witﬁ one
or more other unsaturated-monomers may be used in
antifouling coating compositions having no safetf problens,

good storage stability and excellent antifouling effect for

a long period of time.
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Synt hesi s of N-net hacryl oyl oxynet hyl pht hal i m de (Conpound No. 20, R =
[err]) A 20-m pyridine solution of 9 g (50.8 mmwl ) of

N- hydr oxynet hyl pht hal i m de and 1 ng of hydroqui none was kept at about [err]
in an ice bath, and 5.3 g (50.8 :

A

-O

S ppm

1)

F IG
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mmol ) of nethacryl oyl
stirring it well.

was stirred at this tenperature for 30 m nutes and then at

for additional 30 mnutes. The resulting reaction m x-

chl ori de was added dropwi se to the solution whi | e

2

After the dropw se addition was conpl eted, the solution

roomtenperature
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ture was poured into icy water and stirred for a while. The precipitated
solid was filtered and recrystallized fromnethanol to obtain 7.2 g of

. colorless crystals (yield: 58%. Fromtheir physical properties shown
bel ow, these crystals were confirmed to be N nethacry-

—

N .

- <

i .
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| oyl oxynet hyl pht hal i m de (Conmpound No. 20, [err]). (1) Melting point: [err]
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- 38 - (2) [err] spectral data ( [err] spectrumas shown in Fig. 10):
[err]:7.94 (2H, m, 7.80 (2H, m, 6.12 (1H t-like m, 5.80 (2H, s), 5.60
(1H, :

S ppm
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t-like m. (3) IR spectral [err] data (IR

quintet-like m, 1.93 (3H,
Synt hesis Exanple 7

spectrumas shown in Fig. 11): [err]
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Synt hesi s of N-nethacryl oyl oxynet hyl succi ni m de (Conpound No. 22, [err]) To
a suspension, heated to [err], of 99.1 g (1.0 nol) of succinimde and 81 ni
of formalin (37% fornal dehyde solution), 3 mM of a 5 wt % aqueous sol ution

= a—

— i

-0

S ppm

-0

7
A
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FIG.
8

Sheet Has Been Re laced

T IH . R

This is the replacement sheet

Date: - 6 FEB 1997




of sodi um hydroxi de was added dropwi se while well stirring the suspension.
After the dropw se addition was conpleted, the mxture was further stirred
at roomtenperature for 2.5 hours. After the reaction, water was distilled
of f under reduced pressure and the
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residual m xture was extracted with nmethylene chloride. The resulting

nmet hyl ene chloride solution was concent- rated and the residual solid was
recrystallized fromether to obtain 109 g of colorless crystals (yield:
63% . Fromtheir physical properties shown bel ow, these

9

i
S ppm

9

FIG

This Sheet Has Been Reilaced

lIIIlIlI A

LO

This is the replacement sheet

Date: - 6 FEB W97



crystals were confirmed to be N hydroxynethyl succin- imde. These crystals
were used for the follow ng reaction without further purification.
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. 39 (1) Melting point: [err] (2) [err] spectral data [err] spectrum as

shown in.Fig..12):
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[err]: 5.03 (2H, br-s), 3.90 (1H br-s), 2.75 (4H, s). (3) IR spectral data
[err] (IR spectrumas shown in Fig. 13): 1770, 1700 [err] '
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To a 236 ml nethyl ene chloride solution of 30 g (232 mmol ) of
N- hydr oxynet hyl succi ni m de synt hesi zed in the manner descri bed above, 20 g
(232 nmmol ) of nethacrylic acid and 10 ng of hydroqui nonenononet hyl et her,

48 g (232 mmol ) of dicycl ohexyl carbodiim de (DCC)
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was added while cooling the solution in an ice bath. Then 2.84 g (23.2
pmol ) of N, N-di net hyl am nopyri di ne (DVAP) was further added to the sol ution
with stirring. The m xture was further stirred at roomtenperature for 3
hours. The produced white precipitate was filtered.
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off, the filtrate was concentrated and the residue was purified by silica
gel colum chromat ography (el uent: hexane/ethyl acetate = 1/1) to give 39.7
g of colorless crystals (yield: 87%. Fromtheir physical properties these
crystals were identified to be N-nethacryl oyl oxy-

15

o

- O

el

- O

R

(_‘__;- 9

e —— -
- T
8 E
Q [&]
D =1

—_ — @
_ L
- -
o 5
— F8 2
(T O W
N2
I =

- O

S

-

M

TV I T T[T FTT[IT T[T T T[T T TTTIT ]
Oo o) @) o
2 R 8 8 ¢ 8 8

— Y% 3ONVLILINSNVYL

This is the replacement sheet

Date:. - B FEB 1987

This Sheet Has Been RT

AT




met hyl succi ni m de (Conmpound No. 22, R =J[err]). (1) Melting point: [err]
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[err] spectral data ([err] spectrumas shown in Fig. 14):

- 40 - (2)
[err]: 6.11 (1H, t-like m, 5.62 (1H quintet-like m), 5.59 (2H, s), 2.80
(4H1 S) ’ B
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"1.93 (3H, t-like m. (3) IR spectral data [err] (IR spectrumas shown in
Fig. 15): 1780, 1705 cm 1l (C=O Synthesis Exanple 8 '
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Synt hesi s of N-nethacryl oyl oxysucci ni m de (Conpound No. 23, [err]) To a 250

m net hyl ene chl ori de suspension of 30 g (261 mmol ) of
N- hydr oxysucci ni m de, 22.4 g (261 mmol) of nethacrylic acid and 10 ng of

hydr oqui nonenononet hyl
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et her under cooling in an ice bath, 53.8 g (251 mmvl) of DDC was added,
followed by further addition of 3.2 g (26.1 nmol) of DVAP while well

- stirring the suspension. The m xture was further stirred at room
tenperature for 3 hours. The produced white precipitate was filtered
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off, the filtrate was concentrated and the residue was purified by silica
gel colum chromat ography (el uent: hexane/ethyl acetate = 3/2) to obtain
14.7 g of color- less crystals (yield: 319%9. Fromthe follow ng physical

properties, these crystals were confirned to be N neth-
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COATING RESIN AND ANTIFOULING COATING COMPOSITION

A coating resin comprising a polymer obtained by
polymerising an unsaturated monomer represented by the

formula (I):

R
I
c

—O= I
CH, = -(-Ar-)-g—(-c"'cnz')ﬁ")'i‘ﬁ o-X )

o

wherein R is H or an alkyl group, and X is selected from:

-Rl-cn , -R2_¢ so,&)_ ,

-Ricoqap € 4 Cilphy ﬁ-o-xz5 . —RS_nN +ﬁ-k7) , and
1 . I

—rYgpy

wherein R! to R® represeﬁt independently a hydrocarbon group,
etc., and Py is a pyridyl group, alone or together witﬁ one .
or more other unsaturated.monomers may be used in
antifouling coating compositions having no safety problenms,

good storage stability and excellent antifouling effect for
a long period of time.

FIGURE 2. - ' Sheet Has Been Reraced
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COMPOSITION - ot Has Boen Re iaced

U —— T

This invention relates to rs—coating—resin—ands

an antifouling coating composition to be used for
preventing attachment of marine organisms tgtéhejunder-
water'or submarine structures such as ships; fishing
nets, drainage conduits, etc.

Numerous species of marine organisms, such as
barnacle, ascidian, serpula, mussel, laver, etc., live

in the sea water. When a structure such as a ship,

fishing net, drainage pipe, etc., is set or placed in
m

{ « o . - . - .
cdhnission in or on the sea, the marine organisms cling

to the structure and grow to give various kinds of
damage to the structure. For instance, if the ship's
bottom is incrusted with marine organisms, the
frictional resistance of the sea water increases to
cause a reduction of cruising performance of the ship,

so that if it is tried to keep a constant cruising speed

of the ship, its fuel consumption increases to pose a

ecomm ¢c
serious resfcomicali problem. Also, if the marine

organisms cling to the fishing nets used for ocean

culture, the meshes of the nets would be clogged up,
which could prove fatal to the cultured fishes and

shellfishes.

Hitherto, in order to prevent attachment of

the marine organisms to 4&hker underwater structures such

This Is the replacement sheet
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(3) IR spectral data (KBr) (IR spectrumas shown in Fig;mi?yT“iféﬁf“TT§7““'

e

as mentioned above, the antifouling paints using single
polymers or copolymers of organotin-containing
unsaturated monomers as resinous component (see Japanese
Patent Application Kokoku (Post-Exam Publication) Nos.
40-~21426, 44-9579, 46-13392, 495-20491, 51-11647,
51-12049, 52-48170) kte—} have been applied to said
structures. These polymers have their organotin portion
hydrolyzed with the sea water (pH: 8.0 - 8.3). As a
result, not only the organotin serves as an antifouling
agent, but also the polymer surface which has been made
soluble in sea water is gradually corroded by the moving
sea water to bare out the new coating surface, thus
producing a long-lasting stabilized antifouling effect.
However, the organotin released into the sea water from
the paints is hard to decompose and may be taken in by
and'accﬁmulated in the marine organisms and, through the
food chain, it may get into the human system. This
involves the possibility of causing serious physical
.t;ouble such as deformity. So, use of organotin in the

éntifouling paints has been banned.

Request is now voiced in the art for the
development of a resin for antifouling paints which are
capable of producing a long-lasting stabilized anti-
fouling effect, in place of the organotin-based resins
whose use has been banned. 1Ideally speaking, it is
dgsirable that the resins used for antifouling paints
are of a hydrolyzable type like the organotin-based

resins, buﬁ-proposals involving use of hydrophilic or

This is the replacement shoet
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No. 26, R = [err]) A mxture of 25 g (82.5 mmol) of 4-pyridyl- nethanol,
91.7 g (330 mol ) of nmethyl nethacrylate, 5 ng of hydroquinone and 0.5 g
(1.38 mol ) of dioctyltin oxide was reacted at [err] for 24 hours under air

- 3 -
water-repellent resins have also been made (Japanese
Patent Application Kokai (Laid-Open) Nos. 62-290768,
62-13471, 58-180565, 57-67672) pte—yf. However, it is
hardly possible to realize a long-lasting stabilized
antifouling effect by use of a resin having the
hydrophilic or water-repellent property alone.

In view of the above, various hydrolyzable
resins having a specific carboxylic acid ester in the
side chain have been proposed (Wd 84/02915, Japanese
Patent Appln. Kokai Nos. 2-69576, 63-215780, 62-57464,
Japanese Patent Appln. Kokoku Nos. 55-39271, 61- 3830)
étC7}, but their effect has not been well satisfactory.

It is essential that the resin used for said
purpose is soluble in the aromatic scolvents or the
mixtures of aromatic solvents (main solvent) and other
types of solvent such as alcohol type solvents, ketone
type solvents, halogen_type solvents, ether type
solvents and ester type solvents so that the solvent

used will not affect the undercoat when coating is

performed.

SUMMARY OF THE INVENTION

The present invention provides an antifouling coating

composition comprising a coating resin which has no poisonous

action like the organotin copolymers, shows a hydrolytic property

comparing well with said organotin copolymers, and is

capable of forming a relatively long-lasting excellent

Sheet Has Been Reﬂlaced This is t-he replacement sheet
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bubbling with renoval of nethanol produced. After the reaction, excess
nmet hyl nmethacrylate was distilled off under reduced pressure and the
precipitated solid was filtered off. The filtrate was purified by silica

gel colum chromat ography (eluent: ethyl acetate) to obtain
- 4 -
antifouling coat. This coating resin is also soluble in
aromatic solvents.

The present inventors have pursued strenuous
studies for solving said prior art problems and develop-
ing an antifouling coating composition which performs
excellently for preventing attachment of the marine
organisms to the underwater structuras such as mentioned
above and has no problem in safety and sanitation, and

have consequently accomplished the present invention.
The present invention provides an antifouling coating

composition comprising:

(a) a coating resin comprising a polymer comprising., as

repeating units, the residues of an unsaturated monomer of formula

(1)

R
0
CH, = C — Ar 3¢ I(I: — CHyz—h C-0-X  (I)

[

wherein R is hydrogen or a straight or branched alkyl group
having 1 Lo 4 carbon atoms; Ar is a benzene ring or
naphthalene ring; k, m and n represent independently a
number of 0 or 1; and X is a substituent selected from the

groups:

This Sheet Has Been Replaced

Heew . atcsogh, AR
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39.2 g of alight-red liquid (yield: 97%. Fromits physical properties
shown below, this liquid was confirned to be 4-pyridyl nmethyl nethacrylate
(Conpound No. 26, R = [err]).

-5 -

R 0 3 C—-CH )y c-0-R°, —R -)——-N—(—?]Z-R 7y, a
[i

l
o 0

. "l

wherein R!, R*, R® and R® are each a straight, branched or

2
alicyclic alkylene group having 1 to 6 carbon atoms; R" 1s a

straight, branched or cyclic hydrocarbon group having 1 to 6

carbon atoms and connecting O and SO,R’; a is an integer of 1

to 3 indicating the number of SO,R’ groups bonded to R?*; the
groups R’ are the same or different and each is a straight,
branched or cyclic alﬁyl group, having 1-22 carbon atoms, an
aryl group having 6~10 carbon atoms, which may have a
substituent, or an aralkyl group having 7-18 carbon atoms,
which may have a substituent provided that when a is 2 or 3,
at l.east two of the groups R’ may together form a hydrocarbon
cyclic structure with each other and Rﬁ; b, d, e and £ are
edéh a number of 0 or 1; R* is a straight or branched alkyl
group having 1-4 carbon atoms; the groups R’ are the same of
different and each is a straight, branched or alicyclic
alkyl group, having 1-22 carbon atoms, an aryl group ha_ving
6-10 carbon atoms or an aralkyl group having 7-10 carbon
atoms, or the groups R’ together with the carbonyl carbon

form a cyclic structure; and Py is a substituted ‘or

unsubstituted 2-, 3- or 4-pyridyl group; and

(b) an antifouling agent.
This is the replacement sheet
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- 42 - (1) [err] spectral data ([err] spectrum as shown |n F|g 18):

This Sheet Has Been R

T

The present invention also provides a coating

- -

composition of the type recited, wherein the coating resin further
comprises as repeating units residues of a copolymerizable

unsaturated monomer of formula:

wherein R’ is hydrogen or methyl and R™ is branched or alicyclic
aikyl, aryl or aralkyl optionally containing one or more hetero
atoms and having 3 or more carbon atoms.

The present invention also provides a coating
composition of the Eype recited, wherein the coating resin further
comprises as repeating units residues of a copolymerizable
unsaturated monomer having a hydrophilic functional group. Said

monomer may be either an unsaturated acid anhydride or an

unsaturated monomer of the formula:

| 12
= C=C— III
cg = C-C o—(—-cxHZxo——}—Y R ( )

0

wherein RY is hydrogen or methyl; x is an integer of 1 to 6; y is
an integer of 1 to 10; and R¥ is‘%'hydrogen or a straight,

" branched or cyclic alkyl, aryl or aralkyl group.

The present invention also provides the use of a coating

resin as defined above in an antifouling coating composition.

Thig is the revlacement shoot
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[err] (2) IR spectral (neat) data (IR spectrumas shown in Fig. 19): 1720

[err] Synthesis Exanple 10

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a lH-NMR spectrum of Compound No. 10

(R = CH3) in the list, given below, of the preferred
examples of the unsaturated monomers represented by the

formula (I).

Fig. 2 is an IR spectrum of Compound No. 10 (R

CH3).

Fig. 3 is a lH-NMR spectrum of Compound No. 12
(R = CH;).

Fig. 4 is an IR spectrum of Compound No. 12 (R =
CH3)'

Fig. 5 is a lH—NMR spectrum of Compound No. 2

Fig. 6 is an IR spectrum of Compound No. 2 (R =
.CH3) -

Fig. 7 is a lH—NMR spectrum of Compound No. 18
(R = CH3)..

?Fig. 8 is an IR spectrum of Compound No. 18 (R =
CH3).

Fig. 9 is a lH-NMR spectrum of Compound No. 19
(R = CH3).

Fig. 10 is a lH—NMR spectrum of Compound No.

20 (R = CH3).

Sheet Has Been Rep 1aced This is the replacement sheet

B ——pp——



Synt hesi s of 2-nmethyl sul fonyl ethyl methacrylate (Conpound No. 9, R = CH3) A
m xture of 315 g (3.15 nol) of nethyl nethacrylate. 130 g (1.05 nol) of
2-met hyl sul fonyl - ethanol, 7.8 g (27.4 mmol) of titaniumtetrai sopropoxide

-8 -

Fig. 11 is an IR spectrum of Compound No. 20

(R = CH3).
Fig. 12 is a lH—NMR spectrum of N-hydroxy-

methylsuccinimide.

Fig. 13 is an IR spectrum of N-hydroxymethyl-

succinimide.
Fig. 14 is a lH-NMR spectrum of Compound No.

22 (R = CH3).

Fig. 15 is an IR spectrum of Compound No. 22

(R = CH3). |
Fig. 16 is a lH-NMR spectrum of Compound No.

3
Fig. 17 is an IR spectrum aof Compound No. 23

Fig. 18 is a lH-NMR spectrum of Compound No.

26 (R = CH3).

Fig. 19 is an IR spectrum of Compound No. 2§
(R = CH3).

Fig. 20 is a lH—NMR spectrum of Compound No.
9 (R = CH3).

Fig. 21 is an IR spectrum of Compound No. 9 (R

= CH3).

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The coating resins used in the present invention are
-Preferably those specified below (1) - (9):
(1) A coating resin comprising a polymer comprising, as

repeati 1 {
D ing units, the residues of an unsaturated monomer or formula

(T) I

This Sheet Has Been RTi This is the replacement sheet
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and 0.15 g of hydroqui none was reacted at [err] for 3 hours under air
bubbling with renoval of nethanol produced. After cooling, 20 m of water
was added, to the reaction mxture and the resulting m xture was stirred at
[err] for 20 mnutes. After renoval of the

- 9 < -

R
l
CH, = C —{ Ar 95—t E — CH3}=——} C-0-X (1)

I

wherein R is hydrogen or a straight or branched alkyl group
having 1 to 4 carbon atoms; Ar is a benzene ring or
naphthalene ring; X, m and n represent independently a
number of 0 or 1; and X is a substituent selected from the

groups:
-rRl-cn , -R2+502R3>a

—R4-€—O-}——?l§—:—CH2+a—C -0-R>, —(—Rﬁ-}—e—N—(—h:—R'?)z and

0

—~ R Py

wherein ﬁ‘, R', R’ and R® are each a straight, branched or
alicyclic alkylene group having 1 to 6 carbon atoms; R® is a
straight, branched or cyclic hvdrocarbon group having 1 to 6
carbon atoms and connecting 0 and SO,R’; a is an integer of 1
to 3 indicating the number of SO,R’> groups bonded to R?; the
groups R’ are the same or different and each is a straight,
branched or cyclic alkyl group, having 1-22 carbon atoms, an
aryl group having 6-10 carbon atoms, which may have a
substituent, or an aralkyl group having 7-18 carbon atoms,

#hich may have a substituent provided that when a is 2 or 3,

e

eet Has Been Tlaced This is the replacement sheet
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aqueous | ayer, 200 m of water was further added to the organic |ayer and
the resulting mxture was extracted with chloroform The chloroform
solution was dried over anhydrous sodium sul fate and was concentrat ed under

reduced pressure to obtain 130 g of colorless crystals
- 10 -

at least two of the groups R’ may together form a hydrocarbon
cyclic structure with each other and R}; b, d, e and f are
each a number of 0 or 1; R’ is a straight or branched alkyl
group having 1-4 carbon atoms; the groups R’ are the same of
different and each is a straight, branched or alicyclic
alkyl group, having 1-22 carbon atoms, an aryl group having
6—~10 carbon atoms or an aralkyl group having 7-10 carbon
atoms, or the groups R’ together with the carbonyl carbon
form a cyclic structure; and Py is a substituted or

unsubstituted 2-, 3- or 4-pyridyl group.

(2) A coating resin specified in (1) above wherein k and n
are 0.

(3) A coating resin specified in (1) or (2) above wherein X
is -R'-CN.

(4) A coating resin specified in (1) or (2) above wherein

X is -R% 4 S0,R%) _.

(5) A coating resin specified in (1), (2), (3) or (4) above
wherein R is H or CH,.

(6) ' A coating resin specified in il), (2), (3), (4) or (5)
above further comprising as repeating units residues of one or
more unsaturated monomer copolymerizable with the unsaturated
monomer of the formula (I).

(7} A coating resin specified in (6) above comprising as
repeating units residues of a copolymerizable unsaturated monomexr

of formula (IX):

10 (11}

This Shect Has Been RT laced  hic is the replacement sheet
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(yield: 64% . Fromtheir physical properties, these crystals were confirmed
to be 2-nethyl sul fonyl et hyl

- 11 -

wherein R’ is hydrogen or methyl and R is branched or alicyclic
alkyl, aryl or aralkyl optiomally containing one or more hetero
atoms and having 3 or more carbon atoms.

{(8) A coating resin specified in (6) above comprising as
repeating units the residues of a copolymerizable unsaturated
monomer having a bhydrophilic functional group.

(9) A coating resin specified in (8) above wherein the
unsaturated monomer having a hydrophilic functional group is a

nonomer of formula (III):

(III)

is Sheet Has Been RT'Iaced
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- 43 - methacrylate (Conpound No. 9, R = [err]). (1) Melting-peinti—ferr]—
(2) [err]spectral data ([err] spectrumas shown in Fig. 20)1‘1115Shee’cI“IasBeenR

T
methy(

wherein Rll is { hydrogensaéeﬂqorta—cxg_g:ouq; x is an
and Rlz

- 12 -

integer of 1 to 6; y is an integer of 1 to 10;

is # hydrogen lesem or a straight, branched or cyclic

alkyl, aryl or aralkyl qayﬁp.

. . - -
0 Lo = = - = y o
- ——aeeirg—TUST o i il \/ - -~ -

above, wherein the polymer is obtained by pglwymierizing a
mixture of an unsaturated monome epresentgd by the
formula (I), an unsa sted monomer represented by the

formula (I and one or more unsaturated monomers other

- S Py ’: anhs 3 Eaam ol 3 Ao~ - S
S—0-a g S-Z R LTI T >orar—gT U,

ala
— -

el

In the unsaturated monomers represented by the
formula (I), the Cl_4 straight or branched alkyl groups
represented by R include methvl, ethyl, propyl, iso-
propyl, butyl, isobutyl, sec—butyl%piert~butyl}—etd.

The Cl-ﬁ straight, branched or alicyclic alkylene groups

represented by Rl, R4 R6 and R8 in X include methylene,

’

a3y ethylene, trimethylene, tetra-methylene, penta-
meth}lene, neopentylene, hexamethylene, cyclopropylene,
| 1,2-cyclobutylene, 1,3-cyclobutylene, 1,2-cyclo- =«
.pentylene, 1,3-cyfigpentylene, 1,2-cyclohexylene,
l,3-cyclohexylene§vz,4-cyclohexy1ene;—e%¢. The Cl__22
straight,*franched or cyclic alkyl groups represented by
R3 include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, tert-butyl, cyclopropyl, cyclo-
butyl, pentyl, sec-pentyl, tert-pentyl, neo-pentyl,
cyclopentyl, hexyl, tert-hexyl, cyclohexyl, heptyl,
tert-heptyl, octyl, tert-octyl, nonyl, tert-nonyl,

decyl, tert-decyl, dodecyl, tert-dodecyl, tetradecyl,
This is the replacement sheet
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[err]: 6.14 (1H, t-like nm), 5.66 (1H, quintet-like My, 462 (2H T, J=5.90

Hz), 3.38 (2H t, J=5.90 Hz), 2.99 (3H, s), 1.96 (3H, 1isdrek BadBeen R

ettt ) (e St 1o

- 13 -
tert-tetradecyl,Jhexadecyl, tert-hexadecyl, octadecyl,
tert-octadecyli?gicosyl, docodyl j—etd. The Cg_19 2Lyl
groups or C7_18 aralkyl groups which may have a sub-
stituent include phenyl, tolyl, anisyl, cyanophenyl,
nitrophenyl, sulfogylphenyl, acylphenyl, naphthyl,
benzyl, phenethyfi?%enzhydrylL—etd. As examples of the
hydrocarbon groups forming a cyclic structure with each
other, represented by R3 or R3's (1-3), when n is 2,
there can be mentioned ethylene, trimethylene?Q@étra—
methylene l-etd. The Cl—4 straight or branched alkyl
groups represented by R5 include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec—butyfﬁyfert~
butyli—etd. The C; ,, straight, branched or alicyclic
alkyl groups represented by R7 include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-
butyl, cyclopropyl, cyclobutyl, pentyl, sec-pentyl,
tert-pentyl, neo-pentyl, cyclopentyl, hexyl, cyclohexyl,
heptyl, octyl, nonyl, decyl, dq?ecyl, tetradecyl,

'hexadecyl, octadecyl, eicosyi??&ocosyl}—eti. The
Cg_lo aryl groups or C7—10 aralkyl groups represented by
R7 include phenyl, tolyl, anisyl, caznophenyl, nitro-
phenyl, naphthyl, benzyl, phenethy%ﬁ/ﬁenzhydryl}—et&.
The groups forming a cyclic structure, represented by
two R7, include methylene, ethylene, trimethylene,
o-phenylene, l,2—naphthy1ene?;5,3—naphthy1enef—etd.

The unsaturated monomers represented by the
formula (I) can be produced by various known processes

of synthesis. It is possible to use the pertinent
This is tha replacement sheet
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20 Into a four-necked flask equi pped with a

Fig. 21): [err] Exanples 1 -
a droppi ng

stirrer, a condenser, an N2 gas feed pipe,
_14_
commercially available unsaturated monomers.
Li
isted below are the Preferred examples of the
un
saturated monomers represented by the formula (I) (R

in the following formulae is hydrogen atom or methyl

group):

1 .
. |
2 " EOCH2 CN
o}
z R
CH éc
= oC
0
.3 .
CH éco
o
4
' R
CH,
CH, = Ccoc
2T H,CHCH,,CN
ol
.5 . .
CH éc [ 3
2 - HOCHZCHCN
0
This Sheet Has Been Replaced
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funnel and a thernpbneter, a neasured anpunt of a solvent or solvents was
Then a m xed sol ution conprising nononers,

supplied and stirred at [err].

azobi si sobut yr o-

charged into the dropping funnel

10

11

A2

CH

CH

CH

CH

CH

CH

CH

nitrile (AIBN) and [err]-nmethylstyrene dinmer [err] was

and added dropw se into

- 15 -

R

L
CCOCHZ?CN

o CH3

R

|

CCEOCHZSOZCH3

0
R

|

CEOCHZSOZCZHs

0
R
CCOCHZCHZSOZCH3
0
R

CﬁOCHZCstozczHS

0

R

CICIZOCHZCHZSOZCIOH21 —
™

R

l

CEOCHZCHZSOZ CH3

0

This is the replacement sheet
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the flask in an [err] gas streamwhile maintaining the tenperature of the
reaction mxture at about [err] and stirring the mxture. After the
dropwi se addition was conpleted, the mxture was further stirred at [err]
for 6 hours to obtain a viscous liquid with a specified solid

- 16 -
13 R
|
CH. =
5 CICI:OCHZCHZSOZ-@ NO,
o)
14 R
I
CH. =
5 cioczizcxzsozcsz—@
o)
‘15 | o
o+s
CH, = CCOCH )
o<~s
o
16 o
o+s
cH, = ccoca-< j
- o<-s
o
17 R
l
CH, = CCOC,H,OCCH,COCH,
I cll) ll

b T

This is the reptacement shset

Nata: 24 APR 1897



content. The detail ed experinental
obtai ned resins are shown in Tables 1 to 3.

- 17 -
19, R
l
CH, = CCOC,H,0CCOC, H,
I I
00
.20 o
i
CH, = Cﬁ:ocn2
o .
o
21 o
I
CH, = CﬁOCZH4-N
0
o
22 o
[
CH, = CﬁOCHZ-N
0
o
.23 o
]
CHZ = CCO-N
ll
0
o

heet Has Been Replaced
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44 - [err]

- 18 -
24 0
R
|
CHZ = CﬁOCHz-—N
0
o
25 0
|
CH2 = CCOCHZ—
I
o)
0,
26 Fli
CH, = ccocnz—@N
I
6]
.27, T N
CH2 = CCOCHZ@
I
o)
28 Ili
CH. = CCCH,C-OCH,CH,CN
2 T 2“ 2772 This Sheet Has Been Replaced
0 ¢ AR
29 R
CH2 = CCCH.,C-0OCH CH?_SOZCH3

2 2
=l
o] o]
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-45- [err]

- 19 -
‘30 .
|
CH, = Cccazc-ocxz-u
i<l
0O O
0
31 ?
CH, = ccc—ocxchZCN
00
32 ?
CH, = ccc-ocazcnzsoch3
00
‘33 o
R

!
CH, = CCC-OCH,-N

I
00

O

- Orpmee il

)

34

.35

i
CH, = c_<<::>>-ﬁoc52c32502c235

O
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46 - [err]

- 20 -

The compounds of the formula (I) wherein R3's
represent the hydrocarbon groups forming a cyclic
structure with each other are, for example, Compound No.
15 and Compound No. 16 shown in the above list.

i The compounds of the formula (I) wherein two
R7's represent the groups forming a cyclic structure
are, for example, Compound Nos. 20, 21, 22, 23, 24, 25,
30 and 33 in the above list.

These compounds are easily hydrolyzed in a
weakly alkaline atmosphere such as sea water.
Therefore, the resin obtained by polymerizing or
copolymerizing these unsaturated monomers undergoes
hydrolysis in the sea water and is gradually changed
into a water-soluble type from its surface, and as this
portion is corroded by the @oving sea water, the surface
of a new coat is bared out successively, thus producing
a lasting antifouling effect.

The ratio of the unsaturated monomer of the
formula {I) in the resin may be optionally selected pro—

P"'{"q'uxa-:.—éed——m{ it is not less than 0.1 mol% based on the
whole amount of the monomers. Such unsaturated monomer
may be used alone to form a homopolymer. But if its
ratio is small, the proportion of the soluble portion in
the resin created by the hydrolysis may prove too low to
produce a satisfactory antifouling performance. On the
other hand, if its ratio is too high, the eluting rate
tends to be increased, resulting in a poor long-time

antifouling performance. Thus, the preferred ratio of

is Sheet Has Been Replaced This is the replacemem shaet
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47 -

[err]

_21_
said unsaturated monomer is 1 to 95 mol%, more prefer-

ably 5 to 70 mol%.

As the other unsaturated monomer copolymeriz-
able with the unsaturated monomer of the formula (I),
the unsaturated monomers represented by the formula (II)
and the unsaturated monomers having a hydrophilic '
functional group are preferably used.

In the unsaturated monomers represented by the
formula (II), the branched or alicyclic alkyl, aryl or
aralkyl groups having 3 or more carbon atoms, repre-
sented by Rloz include isopropyl, iscbutyl, sec-butyl,
tert-butyl, Sec;péntyl, tert-pentyl, neopentyl,
2-ethylhexyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, phenyl, o-tolyl, m~tolyl, p-tolyl,
2,3-xylyl, 2,4-xylyl, o-cumenyl, m-cumenyl, p-cumenyl,
mesityl, benzyl, phenethyl, trityl, naphthyl, norbornyl,ahé
adamantyl }-etd. The organic substituents having a

similar structure but containing other atoms than carbon

‘include the compounds having silicon instead of carbon,

.Such as trimethylsilyl, triethylsilyl, tripropylsilyl,

tributylsilyl, triphenylsilyl, trimethoxysilyl,
triethoxysilyl, tripropoxysilyl, tributoxysilyl,cxné
triphenoxysilyl [-et4.

The unsaturated monomers represented by the
formula (II) can be produced by various known synthetic
methods. The pertinent commercially available

unsaturated monomers are also usable.

Listed below are the preferred examples of the

T
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unsaturated monomers represented by the formula (II) (R

in the following formulae is hydrogen atom or methyl

group):

36,

37

38

39

40,

41

R

CH2 = CEOCH(CH3)2
0
R

CH2 = C'C!ZOCH(CZHS)CH3
0
R

CH, = ciocazcx(ca3)2
o
?

CH, = CﬁOC(CHs)B
0
R
|

CH2 = CCO
f
0
fl‘ .

CH2 = CﬁOCHz——<:::>
0
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- 23 =

42 R
CH, = cco—@

N

0

43, R

CH

[ V]
i
a0—
==
(o]

44 R

CH CCo

i An unsaturated monomer of the formula (II) can
be blended for the purpose of increasing solubility in
the solvents, especially aromatic sclvents. The
blending ratio of this unsaturated monomer is preferably
from 5 to 95 mol%. A too low blending ratio results in
a poor solubility in the aromatic solvents, while a too

: high ratio leads to strengthened hydrophobic nature of
the resin, which impairs the hydrolytic characteristics
of the resin, resulting in poor antifouling performance
of the produced paint. Thus, the especially preferred
range of blending ratio of said unsaturated monomer is
from 5 to 50 mol%.

Examples of the unsaturated monomers having a

hydrophilic functional group, which are usable in this

o replacement sheet
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invention, include unsaturated acid anhydrides or the

unsaturated monomers represented by the formula:

Rll
CH, = é—C—O-%—C H O-+—-R12 (III)
2 I : X 2% Y
o

wherein Rll is hydrogen atom or CH3 group; x is an

iiteger of 1 to 6; y is an integer of 1 to 10%; and Rlz is
hydrogen atom or straight, branched or cyclic alkyl,

aryl or aralkyl group. Use of these monomers can

further enhance the hydrolytic nature provideé by the
unsaturated monomer of the formula (I).

In the unsaturated monomers represented by the
formula'(III), the straight, branched or cyclic alkyil,
aryl or aralkyl groups represented by R12 include
methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
_sec-butyl, tert-butyl, pentyl, sec-pentyl, tert-é;ntyl,
neopentyl, 2-ethylhexyl, cyclopropyl, cyclobutyl,
cyclopentgl, cyclohexyl, phenyl, o-tolyl, m-tolyl,
p-tolyl, 2,3-xylyl, 2,4-xylyl, o-cumenyl, m-cumenyl,
p-cumenyl, mesityl, benzyl, phenetyl, trityl, naphthyl.au-ﬂl
norbonyl j—etd.

The unsaturated monomers of the formula (III)

can be produced by various known synthetic methods. The

commercially available unsaturated monomers are also

replacement gheet
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- 51 - Exanples 21 - 26 A solvent, nononers, AIBN and cMSD were put into a
four-necked flask equipped with a stirrer, a

- 25 -
usable.

The following are the preferred examples of

45 R
CH cl:co
2 = < CH,CH, OCH,
O
46 R
cH, = deo
= CH
0]
.47, R
CH éCO
= CH
2 i (CH,CH,0) ;CH,
O
.48 R

l

CH, = cco(c

0
. S
If' This Sheet Has Been Re
CH, = CC
2 " e [T
50 R
l
CH, = C]CI:O(CHZCHZO) 5 _@
0
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condenser, an N2 gas feed pipe, and a thernoneter, and the m xture was
stirred while bubbling with [err] gas with keeping the reaction tenperature
about [err]. After the initial vigorous exotherm c reaction abated, the
reaction m xture was further stirred under the above

- 26 =~
'51; R
CH, = éCO(CHZCHZO)g——<::j>
g
52 R
CH, = CCOCH,CH,OH
g
‘53 R
CH, = CCO(CH,CH,0) H
g
‘54 R
CH, = éCO(CHZCHZO)aﬁ
g
55 R
CH, = CCO(CH,CH,0).H
g

Exaﬁples of the unsaturated acid anhydrides
uéable as an unsaturated monomer having a hydrophilic
functional group include maleic anhydride, methylmaleic
anhydride, dimethylmaleic anhydride, ethylmaleic
anhydride, phenylmaleic anhydride, chloromaleic
anhydride, itaconic anhydride, l-methylitaconic

anhydride, 1,2-dimethylitaconic anhydride, l-phenyl-

o
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conditions for 6 hours. There was consequently obtained a viscous liquid
with a specified solid content. The detail ed experinental conditions and

the properties of the obtained resins are shown in Table 4.
- 27 -
itaconic anhydride, l-chloroitaconic anhydride,
endomethylefetetrahydrophthalic anhydride, chlorendic
anhydridé??%etrahydrophthalic anhydride j—etd.
The blending ratio of the unsaturated monomer
having a hydrophilic Xunctional group is preferably from
1 to 70 mol%, more preferably from 5 to 50 mol%. When
the blending ratio is less than 1 mol%, theeeffect of
addition of this unsaturated monomer is alﬁbst nil. On
the other hand, when the blending ratio exceeds 70 mol%,
t?eze not only tend to arise the adverse effects such as
reduction of coating hardness, but there also takes
place elution by the action derived from the hydrophilic
nature alone, making it impossible to obtain the desired
coating film properties to be provided by a good resin
for antifouling paints.
These unsaturated monomers having a hydro-

philic functional group may be used either singly or in

combination.

As examples of the unsaturated monomers. other
.than those of the formulae (I) and (II) and those having
a hydrophilic functional group, there can be cited
acrylic oé methacrylic ester monomers such as acrylic or
methacrylic methyl ester, ethyl ester, n-propyl ester,and
n~butyl esterfpicf, styrene monomers such as styrene,

and
a-methylstyrene,Vp-t-butylstyrene (—ekey, polyolefin

and
monomers such as butadiene, isoprene)(chloroprene}—e%e{,
a.\\d
vinyl monomers such as vinyl chloride)/vinyl acetate,

and

e, acrylonitri13)/methacrylonitrile&—a&é~$he—4&ké.
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fhese monomers may be used either singly or as a mixture

of two or more of them.

The unsaturated monomers other than those of
the formulae (I) and (II) and those having a hydrophilic
functional group are used for the purpose of adjusting
hardness of the coating film, glass transition
temperature (Tg) of the resin, pigment dispgrsibility of

the paint, rate of hydrolysis and elution by the sea

water -etd. The blending ratio of this monomer is

selected within the range of 1 to 95 meol%, preferably 10

to 90 mol%.

In order to afford additional qualities such
as reactivity to the polymer, a monomer such as acrylic
acid, methacrylic acid, glycidyl acrylate, glycidyl
methacrylate, N-vinylpyrrolidone or a derivative thereof
may be copolymerized depending on purposes.

Said unsaturated monomers may be used either

sinély or in combination,
homopolymer
Preparation of the pe%yme: or copolymers

(hereinafter simply refeévio as "polymer") can be
accomplished by treating said substances according to a
per se kngﬁn method, for example, by carrying out a
reaction of said unsaturated monomers'(mixture) in an

appropriate solvent in the presence of a radical

polymerization catalyst at a temperature of f@beuf 0 to
180°C, preferably fbou# 40 to 170°C, for a period of

abou# one to 20 hours, preferably hbeaﬁ 4 to 10 hours.

As for the organic solvent used for the

This Sheet Has Been Repl

il

This is the replacement shoet

"I Date: 24 APR 1997

M




53 - [err]

- 29 -
polymerization, any type of organic solvent can be used
as far as it is capable of dissolving the produced
polymer so that no gelation will occur in the course of
polymerization reaction. Examples of such arganic
solvents include the alcohol typé solvents such as
ethanol, propanol, butanol, isobutanol and benzyl
alcohol; ether type solvents such as methyl Cellosolve,
ethyl Cellosolve, ethylene glycol dimethyl ether,
ethylene glycol monoacetate and 1l,4-dioxane; aromatic
hydrocarbon type solvents such as toluene and xylene;
ester type solvents such as ethyl acetate and butyl
acetate; ketone type solvents such as cyclohexanone and
methyl isobutyl ketone; and halogen type solvents such

as carbon tetrachloride and trichloroethane. However, S:w¢¢

teherd the product is jpntended—to bd used as an antifoul-
ing paint, it is preferable to use an aromatic solvent
or a mixture of an aromatic solvent with other type(s)
of solvent (in a smaller amount) so that the solvent
won't act on the undercoat in the coating operation.

As regards the radical polymerization catalyst
used in the preparation of said polymer, it is possible
to employ the radical polymerization initiators used for
ordinary radical polymerization, such as azo-compounds,and
peroxide compounds #nd—the—3ikel. The number-average
molecular weight of the obtained polymer is_not critical
in this invention, but in view of the properties of
coating resin, said number-average molecular weight is

preferably in the range from 3,000 to 200,000, more
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- 54 - Exanples 27 - 30 Measured anounts of a solvent and a lowy

- 30 -
preferably from 5,000 to 50,000. The number-—-average
molecular weight shown herein is the value determined by
measuring the molecular weight according to gel
permeation chromatography and reducing it according to a
standard polystyrene calibration curve.

An appropriate chain transfer agent may be
blended at the time of polymerization for tge purpose of
adjusting the molecular weight. Examples 6f the chain
transfer agents usifle for said purpose include
metkanethiol, ethaﬁéhiol, n-propanethiol, isopropane-
thiol, n-butanethiol, 2-methylpropanethiol,
3-methylpropanethiol, 1,l-dimethylethanethiol,
l-hexanethiol, l-octanethiol, l-decanethiol,
benzenethiol, 2-methylbenzenethiol, 3-methylbenzene-
thiol, 4-methylbenzenethiol, 2-ethylbenzenethiol,
3-ethylbenzenethiol, 4-ethylbenzenethiol, bis{(4-hydroxy-
dimethylphenyl)disulfide, bis(2-chloromethylphenyl)
disulfide, bis(2-bromophenyl) disulfide, dinaphthyl

. disulfide, di-2-benzothia disulfide, «-methylstyrene
dimer, carbon tetrachloride, carbon tetrabromide and
chloroform. The amount of the chain transfer agent to
be blendeé may be properly selected according to the
molecular weight of the polymer to be produced.

The thus obtained polymer shows an appro-
priate hydrolysis-elution property and can be applied

a3s a coating resin suited for antifouling coating
used

compositions. The coating resin accerding—tof
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reactive nmononmer were placed in a four-necked flask equi pped with a
stirrer, a condenser, an N2 gas feed pipe, a dropping funnel and a .
t hernoneter, and the m xture was kept therein with stirring. Then, a m xed
sol ution of other nonomers, AIBN and cMSD was supplied

- 31 -

the present invention may further comprise# other

. L
polymer(s) within limits not prejudiciasym to the effect
"of the present invention. Such polymers include, for

example, vinyl copolymers s%?h as acrylic copolymers,
an
styrene-acrylic copolymers{ polyvinyl chloride j~efey;

polyesters;Lpolysiloxanes};z:ﬁ:

The coating resin “fnéhis inventiqn, if
necessary, may be blended with 2 known coloring matter,
& known antifouling agant and various other additives in

the sourse of preparation of an antifouling coating

composition.

Typical examples of the antifouling agents
usable in this invention are zinc suboxide, zinc

chromate, strontium chromate, cupric chromate, cupric

- ferrocyanate, cupric quinone, cupric §-hydrogquinone,

cupric oleate, cupric nitrate, cupric phosphate, cupric

tartrate, cuprous oxide, cuprous iodide and cuprous

sulfite.

Typical examples of the pigments usable in
‘this invention include inorganic pigments such as

titanium oxide (titanium white), iron oxide and carbon

-

black, and'Brganic pigments such as azo type, cyanine

type and quinacridone type. Usually, however, an

inorganic pigment is used.

Joint use of an organotin compound, triazine

or
compound,Y organosulfur compound f$e—the—tiled with the

above-mentioned compounds as antifouling agent is

embraced within the concept of this invention.
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into the flask fromthe dropping funnel in an N2 gas streamwth stirring
the mxture and maintaining its tenperature at about [err]. After
conpl etion of the dropwi se addition, the reaction mxture was stirred at
[err] for 1 hour. A mxture of AIBN and xyl ene or xyl ene

- 32 -

It is also possible to use rosin, gum rosin,

or
wood rosin)tall oil rosin—ér—khe-likd as elution

assistant.

The antifouling coating composition of this
invention obtained in ths manner described above is
useful as bottom paint?ybaint for fishing nets/—etd.

The present invention is further described
below with reference to the Examples of the invention,

which Examples however do not limit the present

invention in any way.

Synthesis Example 1
Synthesis of 2-ethylsulfonylethyl methacrylate

(Compound No. 10, R = CH3)

A mixture of 315 g (3.15 mol) of methyl meth-
acrylate, 145 g (1.05 mol) of 2-ethylsulfonylethanol,
8.7 g (30.6 mmol) of titanium tetraisopropoxide and 0.16
g of hydroquinone was reacted at 100°C for 4.5 hours
under air-bubbling with removal of methanol produced.
‘After cooling, 11 ml of water was added to the reaction

""" mixture and the resulting mixture was stirred well.
After removal of the aqueous phase, 200 ml of water Qas
added to the organic layer and the resulting mixturé was
extracted with chloroform. The chloroform solution was
dried over anhydrous sodium sulfate and then chloroform
and excess methyl methacrylate were distilled off under
reduced pressure to obtain 164 g of a colorless

transparent oily substance in a yield of 75%. From its

This is the replacement sheet
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al one was added dropwi se to the m xture one to three tinmes every 30
m nutes. The reaction mxture was further stirred at [err] for 6 hours to
obtain a viscous liquid with a specified solid content. The detail ed

experinmental conditions and the properties of the
- 33 - '

physical properties shown below, this oily substance was
confirmed to be 2-ethylsulfonylethyl methacrgé@ke
{Compound No. 10, R = CH3).
(l) 1H-NMR spectral data (lH-NMR spectrum as shown in
Fig. 1):
§(solvent: CDC13) unit: ppm, in all Examples)
6.14 (1H, t-like m), 5.65 (lH, quintet-like m),
4.60 (2H, t, J=5.80 Hz), 3.34 (2H, t, J=5.8 Hz),
3.07 (2H, g, J=7.60 Hz), 1.96 (3H, t-like m),
1.42 (3H, t, J=7.60 Hz).
(2) IR spectral (neat) values (IR spectrum as shown in Fig.
2):
1721 cm™' (C=0), 1321, 1126 cm * (SO,).

Synthesis Example 2
Synthesis of 2-(p-toluenesulfonyl)ethyl methacrylate

(Compound No. 12, R = CH3)

To a 15 ml acetone solution of 4.8 g (24 mmol)
of 2-(p-toluenesulfonyl)ethanol and 2.4 g (24 mmol) of
'triethylamine, 0.5 mg of hydroquinone was added, followed
by dropwise addition of 2.5 g (24 mmol) of methacryloyl
chloride while maintaining the mixture temperature below
10°C by cooling with an ice bath., After the dropwise
addition was completed, the mixture was stirred for 30
minutes while maintaining the mixture temperature at 0°C
and then further stirred for additional 30 minutes at room
temperature. The white precipitate of triethylammonium

chloride was filtered off and the filtrate was poured into
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obt ai ned resins are shown in Table 5. - b5 -
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ice water. The precipitated colorless solid was
filtered, dried and recrystallized from hexane to give
4.3 g of colorless crystals (yield: 68%). From the
analytical results shown below, the obtained crystals
- were confirmed to be those of 2-(p-toluenesulfonyl)ethyl
methacrylate (Compound No. 12, R = CH3).
(1) Melting point: 72°C '
(2) lH-NMR spectral wvalues (lH-NMR spectrum as shown in
Fig., 3): _
8(CDC13): 7.80 (2H, &, J=8.09 Hz), 7.36 (2H,
d, J=8.09 Hz), 5.84 (1H, t-like m), 5.49 (1H,
quintet-like m), 4.47 (2H, t, J=6.11 Hz),
3.49 (2H, t, J=6.11 Hz), 2.44 (3H, s), 1.80
(3H, t-like m).
{3) IR spectral values (KBr method) (IR spectrum as

. shown in Fig. 4):

1705 em™* (C=0), 1300, 1140 cm * (s0,).

.Synthesis Example 3
Synthesis of 2-cyanocethyl methacrgé@ge {Compound
No. 2, R = CH;)

A mixture of 120 g (1.20 mol) of methyl
methacrylate, 28.4 g (0.4 mol) of 2-cyanoethanol, 1.46 g
(5.14 mmol) of titanium tetraisopropoxide and 42 mg of
hydroquinonemonomethyl ether was treated as in Synthesis
Example 1, and the resulting oily substance was
distilled under reduced pressure to obtain 21 g of a

colorless ligquid having a b0111ng poznt of 70°C/0.5 mmHg
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(yield: 75%). From its physical properties shown below,
this liquid was confirmed to be 2-cyanocethyl meth-
acrylate (Compound No. 2, R = CH3).
(1) 1H-NMR spectral data (IH-NMR spectrum as shown
in Fig. S):
8(CDC13): 6.19 (1H, t-like m), 5.66 (1H,
gquintet-like m), 4.36 (2H, t, J=6.41 Hz), 2.76
(2H, t, J=6.4 Hz), 1.97 (3H, t-like m).
(2) IR spectral (neat) data (IR spectrum as shown in
Fig. 6):
2250 em™t (C W), 1721 (C=0).

Synthesis Example 4
Synthesis of 2-methoxalyloxyethyl methacrylate
(Compound No. 18, R = CH3)

A mixture of 45.4 g (384 mmol) of dimethyl
oxalate, 10 g (77 mmol) of 2-hydroxyethyl methacrylate,
0.2 g (0.7 mmol) of titanium tetraisopropoxide and 5 mg
of hydroquinone was reacted at 100°C for 6 hours under

: éir—bdbbling with removal of methanol produced. Excess
dimethyl oxalate was removed by sublimation. The result-
ing material containing the white precipitate was filtered
to remove the white precipitate, and the mother liquor was

purified by silica gel column chromatography (eluent:
hexane/ethyl acetate = 8/2) to obtain 10.7 g of a color-
less liquid (yield: 64%). From its analytical results

shown below, this liquid was confirmed to be 2-methox-

alyloxyethyl methacrylate (Compound No. 18, R = CH3).
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(1) 1H-NMR spectral data (lH-NMR spectrum as shown
in Fig. 7):
6(CDC13): 6.14 (lH, t-like m), 5.61 (1H,
quintet-like m), 4.56 (2H, m), 4.44 (2H, m),
3.92 (3H, s), 1.95 (3H, t-like m).
(2) IR spectral (neat) data (IR spectrum as shown in
Fig. 8): |
1750, 1725 cm T (C=0).

Synthesis Example 5
Synthesis of 2-ethoxalyloxyethyl methacrylate
(Compound No. 19, R = CH3)

A 20 ml acetone solution of 4.8 g (36.6 mmol)
of 2-hydroxyethyl methacrylate, 3.7 g (36.6 mmol) of
triethylamine and 1 mg of hydroquinone was cooled to
0°C. Then 5 g (36.6 mmol) of ethyl chloroglyoxalate was
added dropwise to the solution with stirring while . .
maintaining the mixture temperature substantially at
0°C.. After the dropwise addition was completed, the
nreaction'mixture was stirred at 0°C for 30 minutes and
then further stirred at room temperature for additional
30 minutes. The produced white precipitate was filtered
off and the filtrate was concentrated to obtain an oily
substance. This o0ily substance was. purified by silica
gel column chromatography (eluent: hexane/ethyl acetate
= 8/2) to obtain 5.9 g of a colorless liquid (yield:
70%). From its analytical results shown below, this

liéuid was confirmed to be 2-ethoxalyloxyethyl
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As seen from Exanples 3, 4, 6, 9 - 18 and 27 -

- 37 -
methacrylate (Compound No. 19, R = CH3).
(1) lH—NMR spectral data (IH-NMR spectrum as shown
in Fig. 9):
8(CDC13): 6.12 (1H, t-like m), 5.59 (1lH,
quintet-like m), 4.53 (2H, m), 4.43 (2H, m),
4.35 (2H, q, J=6.02 Hz), 1.%4 (3H, t-like m),

1.37 (3H, t, J=6.02 Hz).

Synthesis Example 6
Synthesis of N-methacryloyloxymethylphthalimide
{Compound No. 20, R = CH3)

A 20 ml pyridine solution of 9 g (50.8 mmol)
of N-hydroxymethylphthalimide and 1 mg of hydroquinone
was kept at about 0°C in an ice bath, and 5.3 g (50.8
mmol) of methacryloyl chloride was added dropwise to the
solution while stirring it well. After the dropwise
addition was completed, the solution was stirred at this
temperature for 30 minutes and then at room temperature
for additional 30 minutes. The resulting reaction mix-
éure Qas poured into icy water and stirred for a while.
The precipitated solid was filtered and recrystallized
from methanol to obtain 7.2 g of colorless crystals
(yield: 58%). From their physical properties shown
below, these crystals were confirmed to be N-methacry-
loyloxymethylphthalimide (Compound No. 20, R = CH3).

{1) Melting point: 134°C
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30, the copol yners obtai ned by using the unsaturated nononers represented
by the fornmula (Il1) are soluble in solvents, especially aromatic sol vents
such as xyl ene and xyl ene/ n-butanol (4/1), and suited for use as a resin for

antifouling paints.
- 38 -

(2) 1H-'NMR spectral data (lH—NMR spectrum as shown
in Fig. 10):
S(CDC13): 7.94 (2H, m), 7.80 (2H, m), 6.12
(1H, t-1ike m), 5.80 (2H, s), 5.60 (1lH,
quintet-like m), 1.93 (3H, t-like m).
(3) IR spectral (KBr) data (IR spectrum as shown in
Fig. 11): |
1785, 1715 cm T (C=0).

Synthesis Example 7

Synthesis of N-methacryloyloxymethylsuccinimide

(Compound No. 22, R = CH3)

To a suspension, heated to 30°C, of 99.1 g

(1.0 mol) of succinimide and 81 ml of formalin (37%
formaldehyde solution), 3 ml of a 5 wt% aqueous solution
of sodium hydroxide was. added dropwise while-well
stirring the suspension. After the dropwise addition
was completed, the mixture was further stirred at room
temperature for 2.5 hours. After the reaction, water
‘was ﬁistilled off under reduced pressure and the
residual mixture was extracted with methylene chloride.
The resulting methylene chloride solution was concent-
rated and the residual solid was recrystallized from
ether to obtain 109 g of colorless crystals (yield:
63%). From their pﬁysical properties shown below, these
crystals were confirmed to be N-hydroxymethylsuccin-

imide. These crystals were used for the following

reaction w1thout further p#rlflcatlon
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Conparative Preparation Exanples 1 and 2 A determ ned anount of a sol vent
was put into a four-necked flask equi pped with a stirrer, a condenser, an
[err] gas feed pipe, a dropping funnel and a thernoneter, and the sol vent

was kept at [err] with
- 39 -
(1) Melting point: 64°C
(2) 1H—NMR spectral data (lH-NMR spectrum as shown
in Fig. 12):
8(CDC13): 5.03 (2H, br-s), 3.90 (1H, br-s),
2.75 (4H, s).
(3) IR spectral data (KBr) (IR spectrum as shown in
Fig. 13):
1770, 1700 cm™* (C=0).
To a 236 ml methylene chloride solution of 30
g (232 mmol) of N-hydroxymethylsuccinimide synthesized
in the manner described above, 20 g (232 mmol) of
methacrylic acid and 10 mg of hydroquinonemonomethyl
ether, 48 g (232 mmol) of dicyclohexylcarbodiimide (DCC)
was added while cooling the solution in an ice bath.
Then 2.84 g (23.2 mmol) of N,N-dimethylaminopyridine
(DMAP) was further added to the solution with stirring.
The mixture was further stirred at room temperature for
3 hours. The produced white precipitate was filtered
.off, the filtrate was concentrated and the residue was
purified by silica gel column chromatography (eluent:
hexane/ethyl acetate = 1/1) to give 39.7 g of colorless
crystals (yield: 87%). From their physical properties
these crystals were identified to be N;methacryloyloxy—
methylsuccinimide (Compound No. 22, R = CH3).
(1) Melting point: 76°C o I
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stirring. Then a m xed solution of the nononers, AIBN and [err] was
supplied into the dropping funnel and added dropwi se into the flask under
N2 gas streamwith stirring the mxture and naintaining its tenperature at
about [err]. After conpletion of the dropw se addition,

- 40 -

-

(2) lH-NMR spectral data (lH-NMR spectrum as shown
in Fig. 14):
8(CDC13): 6.11 (1H, t-like m), 5.62 (1H,
quintet-like m), 5.59 (2H, s), 2.80 (4H, s),
1.93 (3H, t-like m).
(3) IR spectral data (KBr) (IR spectrum as shown in
Fig. 15):
1780, 1705 cm * (C=0)

Synthesis Exzample 8

Synthésis of N-methacryloyloxysuccinimide (Compound

No. 23, R = CH3)

To a 250 ml methylene chloride suspension of 30

g (261 mmol) of N-hydroxysuccinimide, 22.4 g (261 mmol)
of methacrylic acid and 10 mg of hydroquinonemongmethyl
ether under cooling in an ice bath, 53.8 ¢ (251 mmol) of
DDC was added, followed by further addition of 3.2 g
(26.1 mmol) of DMAP while well stirring the suspension.
-?he mixture was further stirred at room temperature for
3 hours. The produced white precipitate was filtered
off, the filtrate was concentrated and the residue was
purified by silica gel column chromatography (eluent:
hexane/ethyl acetate = 3/2) to obtain 14.7 g of color-
less crystals (yield: 31%). From the following physical
properties, these crystals were confirmed to be N-meth-

acryloyloxysuccinimide (Compound No. 23, R = CH3).
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the reaction mxture was further stirred at [err] for 6 hours to obtain a

viscous liquid with a specified solid content.

The detail ed experinental

conditions and the properties of the obtained resins are shown in Table 6.

(1)
(2)

(3)

- 41 -

Melting point: 102°C
1H-NMR spectral data (lH-NMR spectrum as shown
in Fig. 16):

S(CDCl3): 6.42 (1H, t-1like m), 5.89 (1H,

"m), 2.86 (4H, s), 2.06 (3H, t-like m).

IR spectral data (KBr) (IR spectrum as shown in
Fig. 17):

1763, 1737 em™ L (C=0).

Synthesis Example 9

Synthesis of 4-pyridylmethyl methacrylate (Compound

No. 26, R = CH3>
A mixture of 25 g (82.5 mmol) of 4-pyridyl-

methanol, 81.7 g (330 mmol) of methyl methacrylate, 5 mg

of hydroquinone and 0.5 g (1.38 mmol) of dioctyltin

oxide was reacted at 100°C for 24 hours under air

bubbling with removal of methanol produced. After the

reaction, excess methyl methacrylate was distilled off

~under reduced pressure and the precipitated solid was

filtered off. The filtrate was purified by silica gel

column chromatography (eluent: ethyl acetate) to obtain

o,

39.2 g of a light-red liquid (yield: 97%). From its

physical properties shown below, this liquid was

confirmed to be 4-pyridylmethyl methacrylate (Compound

No. 26, R = CHy). I
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- 42 -
(1) law spectral data (IH-NMR spectrum as shown
in Fig. 18):
8(CDC13): 8.61 (2H, 4, J=6.10 Hz), 7.27
(2H, 4, J=6.10 Hz), 6.22 (1H, t-like m), 5.66
(1H, quintet-like m), 5.22 (2H, s), 2.01 (3H,
t-like m).
(2) IR spectral (neat) data (IR spectrum as shqwn in
Fig. 19):
1720 cm™t (c=0).

Synthesis Example 10
Synthesis of 2-methylsulfonylethyl methacrg@y%e
(Compound No. 9, R = CH3)

A mixture of 315 g (3.15 mol) of methyl
methacryfAlfte, 130 g (1.05 mol) of 2-methylsulfonyl-
ethanql; 7.8 g (27.4 mmol) of titanium tetraisopropoxide
and 0.15 g of hydroquinone was reacted at 100°C for 3
hours under air bubbling with removal of methanol
'prpdqced. After cooling, 20 ml of water was added, to
. the reaction mixture and the resulting mixture was
stirred at 80°C for 20 minutes. After removal of the
agqueous layer, 200 ml of water was further added to the
organic layer and the resulting mixture was extrécted
with chloroform. The chloroform solution was dried over
anhydrous sodium sulfate and was concentrated under
reduced pressure to obtain 130 g of colorless crystals
(yield: 64%). From their physical properties, these

crystals were confirmed to be 2-methylsulfonylethyl

s the replacement sheet
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- 60 - Conparative Preparation Exanple 3 A solvent, nononers, Al BN and caSD

wer e

- 43 -
- methacrylate (Compound No. 9, R = CH3).
(1) Melting point: 48°C
{2) lH-NMR spectral data (lH-NMR spectrum as shown
in Fig. 20):
S(CbCl3): 6§.14 (1H, t-like m), 5.66 (1H,
quintet-like m), 4.62 (2H, t, J=5.90 Hz), 3.38
(2H, t, J=5.90 Hz), 2.99 (3H, s), 1.96 (3H,
t-1like m).
{3) IR spectral data {(KBr) (IR spectrum as shown in
Fig. 21):
1710 cm™ b (C=0), 1300, 1140 cm ® (50,).

Examples 1 - 20

Into a four-necked flask equipped with a

stirrer, a condenser, an N2 gas feed pipe, a dropping

" funnel and a thermometer, a measured amount of a solvent
or solvents was supplied and stirred at 95°C. Then a
mixed solution comprising monomers, azobisisobutyro-
nitrile (AIBN) and «-methylstyrene dimer («MSD) was
'charged into the dropping funnel and added dropwise into
the flask in an NZ gas stream while maintaining the
temperature of the reaction mixture at about 95°C and
stirring the mixture. After the dropwise addition was
completed, the mixture was further stirred at 95°C for 6
hours to obtain a viscous liquid with a specified solid
content. The detailed experimental conditions and the

properties of the obtained resins are shown in Tables 1

to 3.
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stirred under the above conditions
conditions and the properties of the obtained resins
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The coating thickness was about 50 pm The

coat ed pol ypropyl ene plate was heated at [err] for 3

Conpar ati ve Preparati on Exanpl es descri bed above was coated on a 150 nmm x
pyl ene pl ate.

Each of the varnish fornul ati ons obtained in the Exanpl es and the
100 nm pol ypr o-
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hours to perfectly renove the solvent in the coat and the initial weight of
the plate was neasured. Then the coated pol ypropyl ene plate was immersed in
1,750 m of an alkaline buffer solution with a pH of 10.2. After left in
said buffer solution at [err] for 24 hours, the
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pol ypropyl ene plate was taken out, washed with water and dried, followed by
measurenment of the final weight of the plate. The rate of decrease of the
coating after said i mersion was deternm ned fromthe difference between the

initial weight (weight before inmmrersion) and
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the final weight (weight after inmmersion) of the plate. For the sake of
conparison, the above test was al so conducted on the organotin-contai ni ng
resin obtained in Conparative Preparation Exanple 1 and the resin disclosed

i n Japanese Patent Application
- 5] -

Examples 21 - 26

A solvent, monomers, AIBN and aMSD were put
into a four-necked flask equipped with a stirrer, a
condenser, an Nz gas feed pipe, and a thermometer, and
the mixture was stirred while bubbling with N2 gas
with keeping the reaction temperature about 95°C. After
the initial vigorous exothermic reaction abated, the
reaction mixture was further stirred under the above
conditions for 6 hours. There was consequently obtained
a viscous liquid with a specified solid content. The
detailed experimental conditions and the properties of

the obtained resins are shown in Table 4.
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the coat [err] Exanple 1 21 Exanple 2
32 Exanple 3 27 Exanple 4 30

- 54 -
Exampleg 27 - 30
Measured amounts of a solvent and a lowly
reactive monomer were placed in a four-necked flask
equipped with a stirrer, a condenser, an N2 gas feed
pipe, a dropping funnel and a thermometer, and the
mixture was kept therein with stirring. Then, a mixed
solution of other monomers, AIBN and «MSD was sppplied
into the flask from the dropping funnel in an N2 gas
stream with stirring the mixture and maintaining its
temperature at about 95°C. After completion of the
dropwise addition, the reaction mixture was stirred at
95°C for 1 hour. A mixture of AIBN and xylene or xylene
alone was added dropwise to the mixture one to three
times every 30 minutes. The reaction mixture was
"7 further stirred at 95°C for 6 hours to obtain a wviscous
liquid with a2 specified solid content. The detailed
experimental conditions and the properties of the

obtained resins are shown in Table 5.
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Exanpl e 30 92 Conp. Prep. Exanple 1 - 17
Conp. Prep. Exanple 2 5 Conp. Prep. Exanple 3
6 As noted fromthe foregoing results, the

- 58 =~
As seen from Examples 3, 4, 6, 9 - 18 and 27 -
30, the copolymers obtained by using the unsaturated
monomers represented by the formula (II) are soluble in
solvents, especially aromatic solvents such as xylene

V\o
and xylene/n-buté& (4/1), and suited for use as a resin

for antifouling paints.

Comparative Preparation Examplesl and 2
A determined amount of a solvent was put into
a four-necked flask equipped with a stirrer, a
- condenser, an NZ gas feed pipe, a dropping funnel and
a thermometer, and the solvent was kept at 95°C with
stirring. Then a mixed solution of the monomers, AIBN
and aMSD was supplied into the dropping funnel and
added dropwise into the flask under Nz gas stream with
stirring the mixture and maintaining its temperature at
about 95°C. After completion of the dropwise addition,
. the reaction mixture was further stirred at 95°C for 6
hours to obtain a viscous liquid with a specified solid
content. The detailed experimental conditions and the

properties of the obtained resins are shown in Table 6.
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invention are equal to or higher than the organotin- containing resin in
rate of decrease of coating, and needless to say, they are free of toxicity
possessed by organotin. It was also found that the resin conmposi- tions

used in this invention are superior to the resins
-60...

Comparative Preparation Example 3

A solvent, monomers, AIBN and aoMSD were
supplied into a four-necked flask equipped with a
stirrer, a condenser, an Nz gas feed pipe, and a
thermometer, and the mixture was stirred while bubbling
with N2 gas with keeping the reaction temperature
about 95°C: After the initial vigorous exothergic
reaction abated, the mixture was further stirred under
the above conditions for 6 hours to obtain a viscous
liquid with a specified solid content. The detailed
experimental conditions and the properties of the

obtained resins are shown in Table 7.
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di scl osed in Japanese Patent Application Publication No. JP-T-60 500 452,

whi ch were proposed as a substitute nateri al
in rate of decrease of coating and useful
pai nts.

Anti fouling Performance Test

7

Table
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as a resin for antifouling
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Pai nts were prepared by blending 40 parts by weight of cuprous oxide and 3

parts by weight of ZnOwith 15 parts by weight (as solid) of the resin
varni shes synthesi zed in the Exanpl es descri bed above. Each of these paints

was spray coated on both sides of a
_.62_

Test Example

Each of the varnish formulations obtained in
the Examples and the Comparative Preparation Examples
described above was coated on a 150 mm xlloo mm polypro-
pylene plate. The coating thickness was about 50 um.
The coated polypropylene plate was heated at 80°C far 3
hours to perfectly remove the solvent in thg coat and
the initial weight of the plate was measuréd. Then the
coated polypropyleng plate was immersed in l,750'm1 of
an 3lkaline buffer solution with a pH of 10.2. After
left in said buffer solution at 45°C for 24 hours, the
polypropylene plate was taken out, washed with water and
dried, followed by measurement of the final weight of
the plate. The rate of decrease of the coating after
said immersion was determined from the difference
between. the initial weight (weight before immersion) and
the final weight (weight after immersion) of the plate.

For the sake of comparison, the above test was
;lso-conducted on the organotin-containing resin
obtained in Comparative Preparation Example 1 and the

resin disclosed in Japanese Patent Application
- . JP-T-60 500 452
Publicatidn No. +66—580452r (Comparative Preparation

Examples 2 and 3) proposed as a substitute for said

organotin-containing resin. The test results are shown

in Table 8. I
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coated stee

plate (100 x 200 x 1 mm) which had been applied with an

anticorrosive coating. Said spray coating was conducted.tw ce sa that the

dry coating thickness on each side would becone 100 [err],

preparing the test plates.:-

t her eby

This Sheet Has Been Replaced
T
ble
Varnish the coat” (mgs100 cal)
Example 1 21
Example 2 32
Example 3 27
Example 4 30
Example 5 53
Example 6 42
Example 7
Example 8 7
Example 15 20
Example 20 7
Example 21 76
Example 22 63
Example 23 60
Example 24 97
Example 25 14
Example 26 8
Example 27 67
Example 28 51
Example 29 59
Example 30 92
Comp. Prep. Example 1 17
Comp. Prep. Example 2
Comp. Prep. Example 3

As noted from the foregoing results, the

uced i

coating resin compositions aceexrding—te th@-.-&‘;%%ﬁ%%epsacement eheet
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Each of the test plates was subjected to a sea water imersion test at
Nakam nato Port of Nakam nato City, Ibaragi Pref., and the nunber of the
shel | fi shes (barnacles) attached to the test plate was counted
periodically. The results are shown in Table 9.

- 64
invention are equal to or higher than the organotin-
containing resin in rate of decrease of coating, and
needless to say, they are free of toxicity possessed by
organotin. It was also found that the resin composi-
. ustdin
tions e# this invention are superior to the resins

disclosed in Japanese Patent Application Publication No.

JP-T-60 500 4-52.
50—56945%? which were proposed as a substit%te material

for the organotin-based resin, in rate of decrease of

coating and useful as a resin for antifouling paints.

Antifouling Performance Test

Paints were prepared by blending 40 parts by
weighf of cuprous oxide and 3 parts by weight -of ZnO
with 15 parts by weight (as solid) of the resin
varnishes synthesized in the Examples described above.
Each of .these paints was spray cozted on both sides of a
coated steel plate (100 x 200 x 1 mm) which had been
applied with an anticorrosive coating. Said spray
goatipg was conducted twice so that the dry coating
thickness on each side would become 100 uym, thereby
preparing the test plates.

%éach of the test plates was subjected to a sea
water immersion test at Nakaminato Port of Nakaminato
City, Ibaragi Pref., and the number of the shellfishes
(barnacles) attached to the test plate was counted

periodically. The results are shown in Table 9.

This Sheet Has Been Re{ilaced This is the replacement sheet
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Table 9 Resin Nunmber of barnacl es

- 65 -
Table 9
Resin Number of barnacles
Antifouling varnish attached to test plate
rerformance
test Run No. | (Example Period of immersion
No.) 0 2 months 4 months 6 months
1 3 4] 0 0 1
2 4 0 4] 0 0
3 5 0 0 ¢ 0
4 6 0 0 o 0
5 17 0 0 0 1
6 21 0 0 0 0
7 23 0 0 0 0
8 24 0 0 0 1
g 27 0] 0] 0 1
10 28 0 0 0 0
11 29 0 0 0 0
12 30 0 0 0 0

Comparative Antifouling Performance Test

The same antifouling performance test as
described above was conducted on the resin varnishes
synthesized in Comparative Preparation Examples 2 and

3. The results are shown in Table 10.

This Sheet Has Been Re;ilaced
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Antifouling varni sh " attached to test plate performance test Run

No. (Exanple Period of i nmersion hb.) 0”'_2"ﬁﬁﬁfh§““4“nnnths
6 nonths 1 3 0 0 This Shiet Has Been Replaced
I Tl

Table 10

Number of barnacles

Comparative Resin attached to test plate
antifouling varnish

Performance (Comp. Prep. Period of immersion
test Run No. | Example No.) 0 2 4 6

months months months

-~

1 2 0 9 17 24

2 3 0 10 19 31

As noted from the results of the antifouling

performance tests shown above, any of the paints

according to

prepared

the present invention showed excellent antifouling
performance, substantially precluding attachment of

barnacles to the plate applied with the paint.

viscqsity Stability Test

A mixture of 100 parts by weight of cuprous
oxide and 100 parts by weight of resin solid of each of
the resin varnishes selected from those synthesized in
the above Examples was kneaded into a paste, and the
paste was transferred into a 150 ml sample bottle and
its viscosity was measured by a Brookfield viscometer.
Further, after sealing the sample bottle, it was stored
in a thermostatic chamber of 40°C for 20 days and then
the viscosity of the paste was measured in the same

way. The rate of change of viscosity after storage was

Tnis 15 the replacement sheet
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R ST

determined from the following equation (1). The test

results are shown in Table 11l.

Viscosity after storage

Rate of change _ (1)
Pl " =
of viscosity Viscosity before storage
Table 11
Viscosity Resin wvarnish Rate of change of
stability Viscosity (after left
test Run No. (Example No.) at 40°C for 20 days)
1 3 1.04
2 4 1.03
3 5 1.07
4 23 1.05
5 27 1.10
! 6 28 1.12
:

It is seen from the above results that the

rate of change of viscosity of the coating resin com-

position1%9Ge4diag—:o—bhe—p;asen%—éaveatéed, when mixed

with cuprous oxide, is slight, indicating.excellent
used n

storage stability of the coating resin.eﬂ this invention.

ufed in
The coating resin geeording-tor the present

invention has no poisoning problem noted in use of the
organotin copolymers, possesses excellent keeping
quality and also shows a hydrolytic property comparable

This is the replacement sheet
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0 19 27 0 0 0 1 10
0 0 0 11 29 0 0
- 68 -
it
with the organotin-containing resins, so that Ahet
icoatina—rosin-of—this—invenkions is capable of forming a

coat which can maintain an excellent antifouling effect

for a long period of time. Further, since the coating
) used o . .

resin &§ this invention is soluble in &hef aromatic

solvents, it is very useful for preparing an excellent

antifouling paint.

————————
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12 30— 0 0 Conparative Antifouling
Per f or mance Test dantlfoullng performance test as descri bed above
was conduri: e n var ni shes synt hesi zed in Conparative Preparation
Exanpl es 2 l“

- 69 -
CLAIMS

1. An antifouling coating composition comprising:

(a) a coating resin comprising a polymer comprising, as
repeating units, the residues of an unsaturated monomer or formula

(1)

R
|
CH, = C —{~ Ar ¢ ﬁ_g_ CHye—} C-0-X  (I)

1
8]

0

wherein R is hydrogen or a straight or branched alkyl group
having 1 to 4 carbon atoms; Ar is a benzene ring or
naphthalene ring; k, m and n represent independently a
number of 0 or 1; and X is a substituent selected from the

groups:
-rl-cn , —R2+ 502R3) 2

R 095 ﬁ-{—crizaa- lcl—o-ns, —(—-RS-)E-N—{— IC'Z-R7 ), and
o o o

— r%py.

wherein R!, R', R® and R® are each a straight, branched or

alicyclic alkylene group having 1 to 6 carbon atoms; R? is a
straight, branched or cyclic hydrocarbon group having 1 to 6
carbon atoms and connecting O and SO,R’; a is an integer of 1

to 3 indicating the number of SO,R’ groups bonded to R?; the

is is the replacement sheet
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3. The results are shown in Table 10. - 66 - _
Sheet Has Been Replaced

TR B

groups R’ are the same or different and each is a straight,

-~ TQO -~

branched or cyclic alkyl group, having 1-22 carbon atoms, an
aryl group having 6-10 carbon atoms, which may have a
substituent, or an aralkyl group having 7-18 carbon atoms,
which may have a substituent provided that when a is 2 or 3,
at least two of the groups R’ may together form a hydrocarbon
cyclic structure with each other and R’} b, d, e and £ are
each a number of 0 or 1; R’ is a straight or branched alkyl
group having 1-4 carbon atoms,"the groups R’ are the same of
1different and each is a straight, branched or alicyclic
alkyl group, having 1-22 carbon atoms, an aryl group having
6-10 carbon atoms or an aralkyl group having 7-10 carbon
atoms, or the groups R’ together with the carbonyl carbon
form a cyclic structure; and Py is a substituted or
unsubstituted 2-, 3- or 4-pyridfl group; and

(b) an antifouling agent.

2. A composition according to claim 1 wherein k and n

are zero.

3. A composition according to claim 1 or claim 2

wherein X is -R*-CN.

4. A composition according to claim 1 or claim 2

wherein X is -R*4-SO,R%),.

5. A composition according to any one of claims 1 to 4
wherein R is hydrogen or methyl.

Drna s the raolacement shoet
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Tabl e 10 Nunmber of barnacles Conparative Resin attached to test
pl ate anti foul i NgThis YREMHaSBeePREJIfREJTANCE (Comp. Prep. Peri od of

R 11

1 to 5 wherein the coating resin further comprises as repeating

units residues of one or mere unsaturated monomers copolymerizable

with the unsaturated monomer of formula (I).

7. A composition according to claim 6 wherein the
coating resin comprises as repeating units residues of a

copolymerisable unsaturated monomer of formula (II)

wherein R’ is hydfogen or methyl and R!Y is branched or
alicyclic alkyl, aryl or aralkyl optionally containing one

or more hetero atoms and having 3 or more carbon atoms.

8. A composition according to claim § wherein the
coating resin comprises as repeating units the residues of a
copolymerizable unsaturated monomer having a hydrophilic

functional group.

9. A composition according to claim 8 wherein the

unsaturated: monomer having a hydrophilic functional group is a

monomer of formula (III)

g1l
l 12 (I11)
CH, = C"ﬁ‘o‘("cxHZxQ_)?-R
o

" This is the replacement sheet
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test Run No. Exanple No.) 0 2 4 6 nmonths nonths
nonths 1 2 0 9 17 24 2 3

0 10 19 31 As noted fromthe results of the antifouling

- 72 -

wherein R is hydrogen or methyl; x is an integer of 1 to 6;
y is an integer of 1 to 10; and R* is hydrogen or a straight,

branched or cyclic alkyl, aryl or aralkyl group.

10. A composition according to any one of the preceding
claims wherein the unsaturated monomer of formula (I) is present

in the resin in an amount of not less than 0.1 mol% based on the

total amount of monomers.

11. A composition according to any one of the preceding

claims wherein the polymer has a number-average molecular weight

of from 3,000 to 200,000.

12. TUse of a coating resin as defined in claim 1 in an

antifouling coating composition.

heet Has Been Rej \pllaced
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performance tests shown above, any of the paints prepared.
according to the present invention showed excellent antifouling
performance, substantially precluding attachnent of baTkigSHe®$ladBeed Répl

cppiTed W h {he”pal e i

- 73 -
ABSTRACT
COATING RESIN AND ANTIFOULING COATING COMPOSITION

A coating resin comprising a polymer obtained by
polymerising an unsaturated monomer represented by the

formula (I):

R
i
c

CH2 = +Ar—)-r"-C+C82-)-ﬁ—-)'F ﬁ-o-x (I)

o

wherein R is H or an alkyl group, and X is selected from:

-rl-cn , -r%2¢ s0,8%)_ ,
R0y ¢ ~4CHr f':-o-n5 , —R%_nw +ﬁ-n7 ), and
0 ) ‘ o

—rYzpy

vherein R! to R represeﬁt independently a hydrocarbon group,
etc., and Py is a pyridyl group, alone or together witl; one .
or more other unsaturated‘ monomers may be used in
antifouling coating compositions having no safety problens,
good storage stability and excellent antifouling effect for

a long per_iod of time.

This is the replacement sheet

Gate: L4 APR 987

FIGURE 2



] i e - PR A LT A

b . N———

N’5005|ty Stability Test A m xture of 100 partﬁgpy m5|ght “of “BUpFdus i de
‘and 100 parts by weight of resin solid of eagh .‘ Lthe reslﬂ'vafnishesi 134

»+Setect &tk from t hose synthesized in the above
paste, and the

DATE OF RECEIDT 3vsi
COATING RESIN AND MIFOWGM T‘f‘? """" !

COMPOSITION

BACKGROUND OF THE INVENTION

This invention relates to.
an antifouling coating compasition to be used for
preventing attachment of marine organisms to under-
water or submarine structures such as ships, £ishing
nets, drainage conduits, etc.

Numerous species of marine organisms, such as
barnacle, ascidian, serpula, mussel, laver, etc., live
in the sea water. When a structure such as a ship,
fishing net, drainage pipe, etc., is set or placed in
commission in or on the sea, the marine organisms cling
to the structure and grow to give various kinds of
damage to the structure. For instance, if the ship‘s
bottom is incrusted with marine organisms, the
frictional resistance of the sea water increases to
cause a reduction of cruising performance of the ship,
so that if it is tried to keeg a constant cruising speed
of the ship, its fuel consumption increases to pose a
serious economic problem. Also, if the marine
organisms cling to the fishing nets used for ocean
culture, the meshes of the nets would be clogged up,
which could prove fatal to the cultured fishes and
shellfishes.

Hitherto, in order to prevent attachment of

the marine organisms to underwater structures such

This is the replacement sheet
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L

paste was transferred into a 150 ml sanple bottle and its viscosity was
neasured by a Brookfield visconmeter. Further, after sealing the sanple
_bottle it was stored in a thernostatic chanber of [err] for 20 days and
then the viscosity of the paste was gegsgred in the sane

as mentioned above, the antifouling paints using single
polymers or copolymers of organotin-containing
unsaturated monomers as resinous component {(see Japanese
Patent Application Kokoku (Post-Exam Publication) Nos.
40-214268, 44-9579, 46-13392, 49-20491, 51-11647,
51-12049, 52-48170) . have been applied to said
structures. These polymers have theif organotin portion
hydrolyzed with the sea water (pH: 8.0 - 8.3). As a
result, not only the organotin serves as an antifouling
agent, but also the polymer surface which has been made
soluble in sea water is gradually cérroded by the moving
sea water to bare out the new coating surface, thus
producing a long-lasting stabilized antifouling effect.
However, the organotin released into the sea water from
the paints is hard to decompoée and may be taken in by
and accumulated in the marine organisms and, through the
food chain, it may get into the human system. This
involves the possibility of causing serious physical
trouble such as deformity. So, use of organotin in the
éntifouling paints has been banned.

| Request is now voiced ig the art for the
development of a resin for antifouling paints which are
capable of producing a long-lasting stabilized'anti-
fouling effect, in place of the organotin-based resins
whose use has been banned. 1Ideally speaking, it is
desirable that the res1ns'hsed for antifouling paints
are of a hydrolyzable type llke the organotin-based
resins, but-proposals involving use of hydrophilic or

This is the replacement sheot
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way. The rate of change of viscosity after storage was -67-

-

- 3 - a
water-repellent resins have also been madé (Jaﬁanese
Patent Application Kokai (Laid-Open) Nos. 62-290768,
62-13471, 58-180565, 57-67672). However, it is
hardly possible to realize a long-lasting stabilized
antifouling effect by use of a resin having the
hydrovhilic or water-repellen£ property alone.

In view of the above, wvarious hydrolyzable
resins having a specific carboxylic acid ester in the
side chain have been proposed (Wb 84/02915, Japanese
Patent Appln. Kokai Nos. 2-69576, 63-215780, 62-57464,
Japanese Patent Appln. Kokoku Nos. 55-39271, 61—3830),

but their effect has not been well satisfactory.

It is essential that the resin used for said
purpose is soluble in the aromatic solvents or the
mixtures of aromatic solvents (main solvent) and other
types of solvent such as alcohol type solvents, ketone
type solvents, halogen type solvents, ether type
solvents and ester type solvents so that the solvent

used will not affect the undercoat when coating is

performed.

SUMMARY OF THE INVENTION

The present invention provides an antifouling coating
composition comprising a coating resin which has no poisonous
action like the organotin copolymers, shows a hydrolytic property

comparing well with said organotin copolymers, and is

capable of forming a relatively long-lasting excellent

This is the replacement sheet
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determned fromthe follow ng equation (1). The test results are shown in
‘Table 11. Rate of change Vi scosity after storage of viscosity
viscosity before storage Table 11 .

-4-
antifouling coat. This coating resin is also solﬁble in
aromatic solvents.

The present inventors have pursued strenuous
studies for solving said prior art pr-oblems and davelop-
ing an antifouling coating composition which performs
excellently for presventing attachmen: of the marine
organisms to the underwatar st;uctures such as mentioned

above and has no problem in safety and sanitation, and

have conseguently accomplishad the present invention.
The present invention provides an antifouling coating

composition comprising:

(a) a coating resin comprising a polymer comprising, as
repeating units, the residues of an unsaturated monomer of formula

(1)

0 —w

—~ Ar $—¢ Ic{:_(.. CHypm— cl:l-o-x (I)
0

o

wherein R is hydrogen or a straight or branched alkyl group
having 1 to 4 carbon atoms; Ar is a benzene ring or
naphthalene ring; k, m and n representc independently a
number of 0 or 1; and X is a substituent selected from the

groups:

-R*-cn -Rz+sozn3)a ,

This is the replacement sheot
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Vi scosity Resin varnish Rat e of change of stability
Viscosity (after left test Run No. (Exanpl e No.) at [err] for 20 days)
) " 4

. 3 1. 04 2
1.03
-5 -
5 6 o7 4
R4 0 g C—-CH 3y C-0-R", —ER -;E-N-e-ﬁ R'), an
I i I
o
8,
— R7EPY

wherein R', R*, R® and R® are each a straight, branched or

alicyclic alkylene group having 1 to & carbon atoms; R® is a
straight, branched or cyclic hydrocarbon group having 1. to 6
carbon atoms and connecting O arxd_so-,_]R3 ; a is an integer of 1

2,
to 3 indicating the number of SO,R groups bonded to R%; the

groups R’ are the same or different and each is a straight,
branched or cyclic alkyl group, having 1-22 carbon atoms, an
aryl group having 6-10 carbon atoms, which may have a
substituent, Ov."_an aralkyl group having 7-18 carbon atoms,
which may have a substituent provided that when a is 2 or 3,
at ieast two of the groups R’ may together form a hydrocarbon
cyclic structure with each other and R’; b, éd, e and £ are
each a number of 0 or 1; R* is a straight or branched alkyl
group having 1-4 carbon atoms; the groups R’ are the same of
different and each is a straight, branched or alicyclic
alkyl group, having 1-22 carbon atoms, an aryl group having
6~-10 carbon atoms or an aralkyl group having 7-10 carbon
atoms, or the groups R’ together with the carbonyl carbon

form a cyclic structure; and Py is a substituted or

unsubstituted 2-, 3- or 4-pyridyl group; and

(b} an antifouling agent.

This is the raplacement sheet
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3

1.05 5

1.12

It

5 1.07 4 23
27 1.10 6 28
is seen fromthe above results that the

-6 =
The present invention alsc provides a coating
composition of the type recited, wherein the coating resin furthexr
comprises as repeating units residues of a copoiymerizable

unsaturatad monomer of formula:

2 "ﬁ‘o-R ( I1)

wherein R' is hydrogen or methyl and R is branched or alicyclic
aikyl, aryl or aralkyl optionally containing one or more hetero
atoms and having 3 or more carbon atoms.

The present invention also provides a coating
composition of the Eype recited, wherein the coating resin further
comprises as repeating units residues of a copolymerizable
unsatufated monomer having a hydrophilic functiomal group. Said
monomer may be either an unsaturated acid anbydride or an
unsaturated monomer of the formula:

Rll
CH. = C-C-0—C_H, 0-r—R}2 (1I1)

2 “ x 2% Y
O

wherein R! is hydrogen or methyl; x is an integer of 1 to 6; vy is

an integer of 1 to 10; and R} is hydrogen or a straight,

" branched or cyclic alkyl, aryl or aralkyl group.

The present invention also provides the use of a coating

resin as defined above in an antifouling coating composition.

This is the replacement sheet
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rate of change of viscosity of the coating resin com position
when m xed with cuprous oxide, is slight, indicating excellent storage
- stability of -the coating resin used in this invention. The coating resin

used in " the present

BRIET DESCRIPTION OF THE DRAWINGS

?ig. l1is a lH—NMR spectrum of Compound No. 10
(R = CHB) in the list, given below, of the preferred
examples of the unsaturated monomers represented by the

formula (I).

Fig. 2 is an IR spectrum of Compound No. 10 (R

Fig. 3 is a lH-NMR spectrum of Compound No. 12

[}

Fig. 4 is an IR spectrum of Compound No. 12 (R
Fig. 5 is a lH-NMR spectrum of Compound No. 2

Fig. 6 is an IR spectrum of Compound No. 2 (R =

Fig. 7 is a lH-NMR spectrum of Compound No. 18

Fig. 8 is an IR spectrum of Compound No. 18 (R =

Fig. 9 is a lH-NMR spectrum of Compound No. 19
(R = CH3). |

Fig. 10 is a lH-NMR spectrum of Compound No.

20 (R = CH,).
This is the replacement shaet
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I nventi on has no poisoning problemnoted in use of the organotin

copol yrers,
property conpar-abl e

possesses excell ent keepi ng qual

Fig. 11 is
(R = CH3).

Fig. 12 is
methylsuccinimide.

Fig. 13 is
succinimide. |

Fig. 14 is
22 (R = CH3).

Fig. 15 is
(R = Ch3).

Fig. 16 is
23 (R = CH3).

Fig. 17 is
(R = CH3).

Fig. 18 is
26 (R = CH3).

Fig. 19 is
(R = CH3).

Fig. 20 is
9 (R = CHB)'

Fig. 21 is
= CH3).

DESCRIPTION OF TEE PREFERRED EMBODIMENTS

ity and

an IR spectrum of
a lH-NMR spectrum

an IR spectrum of

a l!-:--NMR spactrum

an IR spectrum of

a lH-NMR spectrum

an IR spectrum of
a lE-NMR spectrum

an IR spectrum of

a lH-NMR spectrum

an IR.spectrum of

al so shows a hydrol ytic

Compéund No. 20
of N-hydroxy-
N-hydroxymethyl-
of Compound No.
Compound No. 22
of Compo'ind No.
Compound No. 23
cf Compound Na.
Compound No. 28
of Compound No.

Compound No. 9 (R

The coating resins used in .the pPresent invention are

preferably those specified below (1) - (9):

(1)

Tepeating unitg,
(1)

A caning resin comprising a polymer comprising, as

the residues of an unsaturated monomer or formula

This is the replacement skeet
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- 68 - with the organotin-containing resins, so that it is capable of
formng a coat which can maintain an excellent antifouling effect

- 9 - -

N =

CH; = C =~ Ar 7t C = CHIs—¥ C-0-X (I)

| i
o) o)

wherein R is hydrogen or a straight or branched alkyl group
having 1 to 4 carbon atoms; ar is a benzene ring or
naphthalene ring; X, m and n represent independently a
number of 0 or 1; and X is a substituent selected from the

groups:
rl-cy , R 50233 ),

-r%¢ 03 c4-cH, ﬁ-o-zz’. —e—as-}e—n-(—ﬁ—iz’)z and
I
o o o
Py .

—+r%

Lo}

wherein R!, R', R® and R’ are each a straight, branched or
alicyclic alkylene group having 1 to 6 carbon atoms; R? is a
straight, bran¢hed or cyclic hvdrocarbon group having 1 to 6
carbon atoms and connecting O and SO,R’; a is an integer of 1
to 3 indicating the number of SO,R’ groups bonded to R?; the
groups R’ are the same or different and each is a straight,
branched or cyclic alkyl group, having 1-22 carbon atoms, an
aryl group having 6~10 carbon atoms, which may have a
substituent, or an aralkyl group having 7-18 carbon atoms,

which may have a substituent provided that when a is 2 or 3,
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for a long period of time. Further, since the coating resin used in

t hi si nventi oni ssol ubl e in aromatic solvents, it is very useful for
preparing an excellent-antifouling paint.
« 14 -

at least two of the groups R’ may together form a hydrocarbon
cyclic structure with each other and R}; b, d, e and f are
sach a number of 0 or 1; R® is a straight or branched alkyl
group having 1-4 carben atoms] the groups R’ are the same of
different and each is a straight, branched or alicyclic
alkyl group, having 1-22 carbon atoms, an aryl group having
6-10 carbon atoms or an aralkvl group having 7-10 carbon
atoms, or the groups R’ together with the carbonyl carbon

form a cyclic structure; and Py is a substituted or

unsubstituted 2-, 3- or 4-pyridyl group.

(2) A coating resin specified in (1) above wherein k and n
are 0.

(3) A coating resin specified in (1) or (2) above wherein X
is -R*-CN.

(4) | A coating resin specified in (1) or (2) above wherein
X is -R®+50,8%),.

(s) A coating resin specifi;d in (1), (2), (3) or (4) above

wherein R is H or CH,.

(6) ' A coating resin specified in (1), (2), (3), (4) or (5)
above further comprising as repeating units residues of one or

more unsaturated monomer copolymerizable with the unsaturated

monomer of the formula (I).
{7 A coating resin specified in (6) above comprising as

repeating units residues of a copolymerizable unsaturated monomer

sf formula (II):

10 (1I1)

This is the replacement sheet
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-69- 1.

An antifouling coating conposition conprising: (a) a coating resin

conprising a polyner conprising, as

- 11 -

wherein R? is hfdrogen or methyl and R is branched or alicyelic
alkyl, aryl or aralkyl optionally containing one or more hetero
atoms and baving 3 or more carbon atoms.

(8) A coating resin specified in (6) above comprising as
repeating units the residues of a copolymerizable unsaturated
monomer having a hydrophilic functional group.

{9) A coating resin specified in (8) above wherein the
unsaturated monomer having a hydrophilic functional group is a

monomer of Eormula (III):

gll
CH. = é-c-o-(-c H. 0-3—Rri2 (III)
2 H x"2x Y N
o

wherein R is hydrogen or meth}l; x is an integer of § to 6;
y is an integer of 1 to 10; and Ris hydrogen or a straight, branched

or cyclic alkyl, aryl or aralkyl group.

In the unsaturated monomers represented by the

formula (I), the C straight or branched alkyl groups

1-4
represented by R include methyl, ethyl, propyl, iso-

propyl, butyl, isobutyl, sec-butyl and tert-butyl.

The Cl-s straight, branched or alicyclic alkylene groups

1 4R6 8

represented by R™, R, and R” in X include methylene,

This i3 the raplacement sheet
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repeating units, the residues of an unsaturated nonomer or formula [err]
wherein R is hydrogen or a straight or branched al kyl group having 1 to 4
carbon atons; Ar is a benzene ring or naphthalene ring, k, mand n.
represent independently a

- 12 -

_ ethylene, trimethylene, tetra-methylene, penta-
methflene, neopentylene, hexamethylene, cyclopropylene,
1,2-cyclobutylene, 1,3-cyclobutylene, 1l,2-cyclo-
'pentylene, 1,3-cyclopentylene, 1,2-cyclohexylene,
1,3-cyclohexylene and 1,4-cyclohexylene. The C; .,
straight, branched or cyclic alkyl groups represented by
R3 include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, tert-butyl, cyclopropyl, cyclo-
“butyl, pentyl, sec-pentyl, tert-pentyl, neo-pentyl,
cyclopentyl, hexyl, tert-hexyl, cyclohexyl, heptyl,
tert-heptyl, octyl, tert-octyl, nonyl, tert-nonyl,

decyl, tert-decyl, dodecyl, tert-dodecyl, tetradecyl,

tert-tetradecyl, hexadecyl, tert-hexadecyl,.octadecyll
tert-octadecyl and eicosyl, docodyl. The C._;, aryl
groups or c7-18 aralkyl groups which may have a sub-
stituent include phenyl, tolyl, anisyl, cyanophenyl,
nitrophenyl, sulfonylphenyl., acylphenyl, naphthyl,
benzyl, phenethyl and benzhydryl. As examples of the
hydrocarbon groups forming a cyclic structure with each
other, represented by R3 or R3's (1-3), when n is 2,
there can be mentioned ethylene, trimethylene and feira-
methylene. . The Cl_4 straight or branched alkyl
groups represented by R5 include methyl, ethyl,

propyl, isopropyl, butyl, isobutyl, sec-butyl anéiznb

butyl. The C,;_,, straight, branched or alicyclic

ﬁ&mmmwmwmmmwt
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nunber of 0 or 1; and X is a substituent selected fromthe groups: [err]
wherein [err] and [err] are each a straight, branched or alicyclic alkylene
group having 1.to 6 carbon atons; [err] is a :

= 13 -

alkyl groups represented by R7 include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-
butyl, cyclopfqpyl, cyclocbutyl, pentyl, sec-pentyl,
tert-pentyl, neo-pentyl, cyclopentyl, hexyl, cyclchexyl,
heptyl, octyl, nonyl, decyl, dodecyl, tetradecyl,
'hexadecyl, octadecyl, eicosyl, and docosyl. The
Cs_lo aryl gfoups or C7-10 aralkyl groups represented by
R7 include phenyl, tolyl, anisyl, cyanophenyl, nitro-
phenyl, naphthyl, benzyl, phenethyl and benzhydryl.
The groups forming a cyclic structure, represented by
two R7, include methylene, ethylene, trimethylene,
o-phenylene, 1,2-naphthylene and 2,3-naphthylene.

The unsaturated monomers represented by the

formula (I) can be produced by various known processes

of synthesis. It is possible to use the pertinent

commercially available unsaturated monomers.

Listed below are the Preferred examples of the

unsaturated monomers represented by the formula (I) (R

in the following formulae is hydrogen atom or methyl
group):

This is the reptacement sheel
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straight, branched or cyclic hydrocarbon grodp having 1 to 6 carbon atons
and connecting Oand [err]; ais an integer of 1 to 3 indicating the nunber
of [.efr] groups bonded to [err]; the . : :

- 14 -

2 T
2 = < CH,CH,CN

0

.3 R
cx, = de
= CCo
2 i CH,CH,CH,CN
0o
4 R CH,
CH (':c ,
= CCOCH
2 ; 2CHCH, CN
0
-3 R CH
! |3
CH, = CﬁOCHZCHCN
o]
6
a R CH
CH ! |
2 = CCOCH,cen
I
CHy

[

CH = CCQC »
2 i HZSOZC:-I3
0
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groups [err] are the sane or different and each is a straight,

cyclic al kyl
car bon at ons,
car bon atons,

group, - having 1-22 carbon atons,
whi ch may have a substituent,

branched or

an aryl group having 6-10

or an aral kyl group having 7-18°

- 15 < -
8 R
CH é
5 = EOCstozcsz
o}
9. R
S
5 = EOCHZCHZSOZCH3
o
10 R
|
CH. =
2 ciocxzcxzsozczas
o}
‘11 R
CH., =
5 ch:ocxzcxzsozcloazl
L
12 R
l
CH, = CCOCH.CH.SO —<C::>_
2 CH
” 272%Y2 3
o}
13 T
CH, = ccocy
2 CH.SO
] 222 NG,

o

A
This is the replacement shee
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whi ch may have a substituent provided that when [err]
two of the groups [err] may together forma hydrocarbon cyclic structure

with each- other and [err] b, d,

e and f are each a nunber

is 2 or 3, at

a strai ght or branched al kyl -

[err] are the sane of

14

1s

CH2 =

17

CH

group having 1-4 carbon atons;

- 16 -

R

l

CCOCH.,CKE

T 25°’-CH-’-'@
o]

o]
f
P o

+
0

CH, = CCoCH,

O

O+S

ccocx-<:::]
o+s

0

R

[

CH, = CCOC,H,0CCH,, COoCH
s

18

CH

H

0

R

l

of 0 or [err]

t he groups

| east

is

2 = CCOC,H, occoc

HH 3
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different and each is a straight, branched or alicyclic alkyl group, having
1-22 carbon atons, an aryl group having 6-10 carbon atons or an aral kyl
group having 7-10 carbon atons, or the groups [err] together with the
carbonyl carbon forma cyclic structures and Py is a substituted or

19 i
|
I il
o 00
20 | .
i
CH, = CCOCH,- <:>
I
0
0
‘21 )
1
cH, = c§oczg4-‘
0
o
22 ]
i
CHz = CﬁOCHz-
)
O
23

)
1
CH, = CCO-N
I
0
0

{
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unsubstituted 2-, 3- or 4-pyridyl group; and (b) an antifouling agent. 2.
A

A:conposition according to claiml1 wherein k and n are zero.

conposition according to claim1l or claim2

- 18 -
24 0]
R
. |
Cdz = CﬁOCKz—N
0 /
25 0]

2 2
|
0
o
26 R
I
CI-I2 = Ci.['ZOCHz O N
0
.27, . R N
0
28 R
CH2 = Cﬁ.CHzﬁ-OCI-12CH2CN
0 o
29 R
CH, = CCCH C-OCHZCHZSOZCH3

I 2
o} 0

This is the 1@

3.

placement shee!

31 MAY 1008



wherein X is [err]. 4. A conposition according to claim1l or claim2
wherein X is [err]. 5. A conposition according to any one of clains 1 to 4
wherein R is hydrogen or nethyl.

- 19 -
30 o
|
<l
0 o
0
31 .
|
]l
00
32 .
l
CH, = CCC-OCH,CH.,SO.CH
2
"” 27025 Y s
00
33 | )
R

l

CHZ = CcC‘OCH X

Il Il

34

R
o
2 ﬁ:OCH 2 CHZ CN

0]

.35

R .
- b
i} COCH
2 i CH SOZCZHs

o
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-71- 6.

A conposition according to any one of clains

- 20 -~

The compounds of the formula (1) wherein R3's
represent the hydrocarban groups forming a cyclic
structure with each other are, for example, Compound No.
15 and Compound No. 16 shown in the above list.

The compounds of the formula (I) wherein two
R7's represent the groups forming a cyclic structurs
are, for example, Compound Nos. 20, 21, 22, 23, 24, 25,
30 and 33 in the above list.

These compounds are easily hydrolyzed in a
weakly alkaline atmosphere such as sea water.
Therefore, the resin obtained by polymerizing or
copolymerizing these unsaturated monomers undergoes
hydrolysis in the sea water and is gradually changed
into a water-soluble type from its surface, and as this
portion is corroded by the moving sea water, the surface
of a new coat is bared out successively, thus producing
a lasting antifouling effect.

The ratio of the unsaturated monomer of the
formula (I) in the resin may be optionally selected;

preferably it is not less than 0.1 mol% based on the

whole amount of the monomers. Such unsaturated monomer
may be used alone to form a homopolymer. But if its
ratio is small, the proportion of the soluble portion in
the resin created by the hydrolysis may prove too low to
produce a satisfactory antifouling performance. On the
other hand, if its ratio is too high, the eluting rate
tends to be increased, resulting in a poor long-time

antifouling performance. Thus, the preferred ratio of

nt
chig is e reotaceriie
chis i€
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1 to 5 wherein the coating resin further conprises as repeating units
resi dues of one -or nore unsaturated nononers copol ynerizable with the
unsat urated nononmer of forrmula (1). 7. A conposition according to claim®6
wherein the coating resin conprises as ifpgating units residues of a

said unsaturated monomer is 1 to 95 mol%, more prefer-
ably 5 to 70 mol%.

As the otﬁer unsaturated monomer copolymeriz-
able with the unsaturated monomer of the formula (I),
the unsaturated monomers represented by the formula (II)
and the unsaturated monomers having a hydrophilic
functional group are preferably used.

In the unsaturated monoﬁers represented by the
formula (II), the branched or alicyclic alkyl, aryl or
aralkyl groups having 3 or more carbon atoms, repre-
sented by Rloz include isopropyl, isobutyl, sec-butyl,
tert-butyl, Se;Lpéntyl, tert-pentyl, neopentyl,
2-ethylhexyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, phenyl, o-tolyl, m-tolyl, p-tolyl,
2,3-xylyl, 2,4-xylyl, o-cumenyl, m-cumenyl, p-cumenyl,
mesityl, benzyl, phenethyl, trityl, naphthyl, norbornyl and
adamantyl. The organic substituents having a
similar structure but containing other atoms than carbon
include the compounds having silicon instead of carbon,
such as trimethylsilyl, triethylsilyl, tripropylsilyl,
tributylsilyl, triphenylsilyl,'trimethoxysilyl,
triethoxysilyl, tripropoxysilyl, tributoxysilyl and
triphenoxysilyl.

The unsaturated monomers represented by the
formula (II) can be produced by variocus known synthetic
methods. The pertinent commercially available
unsaturated monomers are also usable.

Listed below are the preferred examples of the



copol yneri sabl e unsaturated nmononer of formula (11) [err] wherein [err] is
hydrogen or nmethyl and [err] is branched or alicyclic alkyl, aryl or
aral kyl optionally containing one or nore hetero atons and having 3 or nore

carbon atons.
_22-

unsaturated monomers represented by the formula (II) (R

in the following formulae is hydrogen atom or methyl

group):
36 R
l
CH, = H
5 CﬁOCH(Cu3)2
0
37 R
l
CH, = I(CH
2 ciocacczns)cx3
0
38 R
l
CH, = C 1(CE
3 ﬁOCH2C$(Cd3)2
0
39 R
CH, =
2 cioc<cx3)3
0
40, R
l
CH, = cco-<:::>
f
0
41 R
l
CH, =
2 ciocxz-—<:::>
o
» replacement st
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8. A conposition according to claim®6 wherein the coating resin conprises
as repeating units the residues of a copol ynerizabl e unsaturated nononer

" having a hydrophilic.functional group. 9. A conposition according to claim
8 wherein the

- 23 -

42, slz
CH, = cco-@

l

0

43, R

£
N
"
-8
Q

44, _ R

0L )
CH “CCO
2

An unsaturated monomer of the formula (II) can

be blended for the purpose of increasing solubility in
the solvents, especially aromatic solvents. The
blending ratio of this unsaturated monomer is preferably
from 5 to 95 mol%. A too low blending ratio results in
a poor solubility in the aromatic solvents, while a too
high ratio leads to strengthened hydrophobic nature of
the resin, which impairs the hydrolytic characteristics
of the resin, resulting in poor antifouling performance
of the produced paint. Thus, the especially preferred
range of blending ratio of said unsaturated monomer is
from 5 to S0 mol%.

Examples of the unsaturated monomers having a

hydrophilic functional group, which are usable in this

noet
e ¥ Gpgacemef\* &
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unsat urated nononer having a hydrophilic functional group is a nononer of
formula (I111)

- 24 -

invention, include unsaturated acid anhydrides or the

unsaturated monomers represented by the formula:

11
CcH -<l:co C_H._ 03— r1? (III)
2 -“- BN X "2x —)? +
o

11

wherein R is hydrogen atom or CH3 group; X is an

iﬁteger of 1 to 6; y is an integer of 1 to 10 ; and Rl2 is
hydrogen atom or straight, branched or cyclic alkyl,
aryl or aralkyl group. Use of these monomers can
further enhance the hydrolytic nature p:ovidea by the
unsaturated monomer of the formula (I).

In the unsaturated monomers represented by the
formula (III), the straight, branched or cyclic alkyl,

12 include

aryl or aralkyl groups represented by R
methyl, ethyl, propyl, isopropyl, butyl, iscbutyl,
.sec-butyl, tert-butyl, pentyl, sec-pentyl, tert-pentyl,
neopentyl, 2-ethylhexyl, c¢cyclopropyl, cyclobutyl,
cyclopentgl, cyclohexyl, phenyl, o-tolyl, m-tolyl,
p-tolyl, 2,3-xylyl, 2,4-xylyl, o-cumenyl, m-cumenyl,
p-cumenyl, mesityl, benzyl, phenetyl, trityl, naphthylaﬂd
norbonyl,

The unsaturated monomers of the formula (III)

can be produced by various known synthetic methods. The

commercially available unsaturated monomers are also

This is the replacement sheet
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- 72 - wherein [err] ié hydrogen or nethyl; x is an integer of 1 to 6; y is

an integer of 1 to 10; and [err]

cyclic alkyl; aryl
of "the preceding

usable.

I s hydrogen or a straight,
or aral kyl group. 10. A conposition according to any one

- 25 -~

branched or

The following are the preferred examples of

the compounds represented by the formula (III) (R in the

following formulae is hydrogen atom or methyl group):

aa
w

48

47,

.48

49.

50

CH

CH

CH

CH

CH

R

C#,0CH

CﬁOCnZ i, 3

o]

R
CﬁO(CHZCHZO)ZCH3

0o

|
CﬁO(CH2CH20)3CH3

0

]
CEO(CHZCHZO)SCH3
o}

R
l

CﬁO(CHZCHZO)gCH3
¢)

R

‘ _
CCIEO(CHZCHZO) 2-@
o

This is the replacement sheel

Date: 71 foﬁfb



clainms wherein the unsaturated nmonomer of fornmula (1) is present in the
resin in an anount of not less than 0.1 nol % based on the total anount of
‘mononers. 11, A conposition according to-any one of the preceding clains
wherein the pol ymer has a nunber-average nol ecul ar wei ght

_26-
‘S1 ?
CH, = CﬁO(CHZCHZO)g——<::j>
o)
52 R
CH, = CEOCHZCHZOH
o
‘53 ?
CH, = CﬁO(CHZCHZO)ZH
I :
‘54 T
CH, = CﬁO(CHZCH20)3H
! .
55° R

CH, = CﬁO(CHZCHzO)SH
o

Examples of the unsaturated acid anhydrides
usable as an unsaturated monomer having a hydrophilic
functional grouﬁ include maleic anhydride, methylmaleic
anhydride, dimethylmaleic anhydride, ethylmaleic
anhydride, phenylmaleic anhydride, chloromaleic
anhydride, itaconic anhydride, l-methylitaconic

anhydride, 1,2-dimethylitaconic anhydride, l-phenyl-

o) replacemeant sheet
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of from 3,000 to 200,000. 12. Use of a coating resin as defined in claiml
in an antifouling.coating conposition.

- 27 - -
itaconic anhydride, l-chloroitaconic anhydride,
endomethylenetetrahydrophthalic anhydride, chlorendic
anhydride and tetrahydrophthalic anhydride.

The blending ratio of the unsaturated monomer
having a hydrophilic functiomal group is preferably from
1 to 70 mol%, more preferably from 5 to 50 mol%. When
the blending ratio is less than 1 mol%, the effect of
addition of this unsaturated monomer is almost nil. On
the other hand, when the blending ratio exceads 70 mol%,
thege not only tend to arise the adverse effects such as
reduction of coating hardness, but there also takes
place elution by the action derived from the hydrophilic
nature alone, making it impossible to obtain the desired
coating £ilm properties to be provided by a good resin
for antifouling paints.

These unsaturated monomers having a hydro-
philic functional group may be used either singly or in
comﬁination. ‘

As examples of the unsaturated monomers other
than those of the formulae (I) and (II) and those having
a hydrophilic functional group, there can be cited
acrylic or methacrylic ester monomers such as acrylic or
methacrylic methyl ester, ethyl ester, n-propyl ester aand
n-butyl ester, styrene monomers such as styrene,
e-methylstyrene and p-t-butylstyrene, polyolefin
monomers such as butadiene, isoprene.and chloroprene,
vinyl monomers such as vinyl chloride and vinyl acetate

acrylonitrile and methacrylonitrile.
eel
This is the replacement sh
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These monomers may be used either singly or as a mixture
0f two or more of them.

The unsaturated monomers other than those of
the formulae (I) and (II) and those having a hydrophilic
functional group are used for the purpose of adjusting
hardness of the coating £ilm, glass transition
temperature (Tg) of thé resin, pigment dispersibility of
the paint, rate of hydrolysis and elution by the sea
" water. The blending ratio of this monomer is
sgle;ted within the range of 1 to 95 mol%, preferably 10
to 90 mol%.

In orxder to afford additional qualities such
as ;eactivity to the polymer, a monomer such as acrylic
acid, methacrylic acid, glycidyl acrylate, glycidyl
methacrylate, ﬁ-vinylpyrrolidone or a derivative thereof
may be copolymerized depending on purposes.

Said unsaturated monomers may be used either
sinély or in combination.

Preparation of the homopolymer or copolymer
{hereinafter simply referred to as "polymer” ) can be
accomplished by treating said substances according to a
per se known method, for example, by carrying out a
reaction of said unsaturated monomers'(mixture) in an

appropriate solvent in the presence of a radical

polymerization catalyst at a temperature of 0 to
180°C, preferably 40 to 170°C, for a period of
one to 20 hours, preferably 4 to 10 hours.

As for the organic solvent used for the

This is the replacement sheol
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polymerization, any type of organic solvent can be used
as far as it is capable of dissolving the produced
polymer so that no gelation will occur in the course of
polymerization reaction. Examples of such organic
solvents include the alcohol typé solvents such as
ethanol, propanol, butanol, isobutanol and benzyl
alcohol; ether type solvents such as methyl Cellosolve,
ethyl Cellosolve, ethylene glycol dimethyl ether,
ethylene glycol monoacetate and 1,4-dioxane; aromatic
hydrocarbon type solvents such as toluene and xylene;
ester type solvents such as ethyl acetate and butvyl
acetate; ketone type solvents such as cyclohexanone and
methyl isobutyl ketone; and halogen type solvents such
as carbon tetrachloride and trichloroethane.

Howéver, since the productis used as an antifoul-
ing paint, it is preferable to use an aromatic solvent
or a mixture of an aromatic solvent with other type(s)
of solvent (in a smaller amount) so that the solvent
won't act on the undercoat in the coating operation.

As regards the radical polymerization catalyst
used in the preparation of said polymer, it is possible
to employ the radical polymerization initiators used for
ordinary radical polymerization, such as azo-compounds and
peroxide compounds. The number-average
molecular weight of the obtained polymer is not critical
in this invention, but in view of the properties of
coating resin, said number-average molecular weight is

preferably in the range from 3,000 to 200,000, more
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- 30 -
preferably from 5,000 to 50,000. The number-average
molecular weight shown herein is the value determined by
measuring the molecular weight according to gel
permeation chromatography and reducing it according to a
standard polystyrene calibration curve.

An appropriate chain transfer agent may be
blended at the time of polymerization for the purpose of
adjusting the molecular weight. Examples of the chain
transfer agents usable for said purpose include
methanethiol, ethanethiol, = n-propanethiol, isopropane-
thiol, n-butanethiol, 2-methylpropanethiol,
3-methylpropanethiol, 1,l-dimethylethanethiol,
l-hexanethiol, l-octanethiol, l-decanethiol,
benzenethiol, 2-methylbenzenethiol, 3-methylbenzene-
thiol, 4-methylbenzenethiol, 2-ethylbenzenethiol,
3-ethylbenzenethiol, 4-ethylbenzenethiol, bis{(4-hydroxy-
dimethylphenyl)disulfide, bis(2-chloromethylphenyl)
disulfide, bis(2-bromophenyl) disulfide, dinaphthyl
disulfide, di-2-benzothia disulfide, a-methylstyrene
‘dimer, carbon tetrachloride, carbon tetrabromide and
chloroform. The amount of the chain transfer agent to
be blended may be properly selected according to the
molecular weight of the polymer to be produced. -

The thus obtained polymer shows an appro-
priate hydrolysis-elution property aﬁd can be applied
as a coating resin suited for antifouling coating
compositions. The coating resin used in

s the rep\acement sheel
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the present invention may further comprise other
polymer(s) within limits not prejudicial to the effect
"of the present invention. Such polymers include, for
example, vinyl copolymers such as acrylic copolymers,
styrene-acrylic copolymers and polyvinyl chloride!
polyesters; and polysiloxanéé.

The coating resin used in this invention, if

necessary, may be blended with a known coloring matter,

various othar additives in

L

& Known antifouling zgsnt an
the eourse of preparation of an antifouling coating
composition.

Typical examples of the antifouling agents
usable in this invention are zinc suboxide, zinc
chromate, strontium chromate, cupric chromate, cupric
ferrocyanate, cupric quinone, cupric §-hydrogquinone,
cupric oleate, cupric nitrate, cupric phosphate, cupric
tartrate, cuprous oxide, cuprous iodide and cuprous
sulfite.

Typical examples~of the pigments usable in
this invention include inorganic pigments such as
titanium oxide (titanium white), iron oxide and carbon
black, and organic pigments such as azo type, cyanine
type and quinacridone type. Usually, however, an
inorganic pigment is used.

Joint use of zn organotin compound, triazine
compound Or Organosulfur compound . with the
above-mentioned compounds as anﬁifouling agené is

embraced within the concept of this invention.
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It is also possible to use rosin, gum rosin,
wood rosin or tall oil rosin as elution
assistant.

The antifouling coating composition of this
invention obtained in the manner described above is
useful as bottom paint and paint for fishing nets.

The present invention is-further described
below with reference to the Examples of the invention,
which Examples however do not limit the present

invention in any way.

Synthesis Example 1
Synthesis of 2-ethylsulfonylethyl methacrylate
{Compound No. 10, R = CHa)

A mixture of 315 g (3.15 mol) of methyl meth-
acrylate, 145 g (1.05 mol) of 2-ethylsulfonylethanol,
8.7 g (30.6 mmol) of titanium tetraisopropoxide and 0.16
g of hydroquinone was reacted at 100°C for 4.5 hours
under air-bubbling with removal of methanol produced.
After cooling, 11 ml of water was added to the reaction
mixtufe and the resulting mixture was stirred well.
After removal of the agqueocus phase, 200 ml of water was
added to the organic layer and the resulting mixture was
extracted with chloroform. The chloroform solution was
dried over anhydrous sodium sulfate and then chloroform
and excess methyl methacrylate were distilled off under
reduced pressure to obtain 164 g of a colorless

transparent oily substance in a yield of 75%. From its
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physical properties shown below, this oily substance was
confirmed to be 2-ethylsulfonylethyl methacrylate
(Compound No. 10, R = CH3).
(1) lH-NMR spectral data (IH-NMR spectrum as shown in
Fig. 1):
§(solvent: CDC13) unit: ppm, in all Examples)
6.14 (1B, t-like m)}, S5.65 (1lH, gquintet-like m),
4.60 (2H, t, J=5.80 Hz), 3.34 (2H, t, J=5.8 Hz),
3.07 (26, q, J=7.60 Hz), 1.96 (3H, t-like m),
1.42 (3H, t, J=7.60 Hz).
(2) IR spectral (neat) values (IR spectrum as shown in Fig.
2):

1721 cmt

(c=0), 1321, 1126 cm™* (S0,).
Synthesis Example 2
Synthesis of 2-(p-toluenesulfonyl)ethyl methacrylate
(Compound No. 12, R = CH3)

To a 15 ml acetone solution of 4.8 g (24 mmol)
of 2-(p-toluenesulfonyl)ethanol and 2.4 g (24 mmol) of
'triethylamine, 0.5 mg of hydrogquinone was added, followed
by dropwise addition of 2.5 g (24 mmol) of methacryloyl
chloride while maintaining the mixture temperature below
10°C by cooling with an ice bath. After the dropwise
addition was completed, the mixture was stirred for 30
minutes while maintaining the mixture temperature at 0°C
and then further stirred for additional 30 minutes at room
temperature. The white precipitate of triethylammonium

chloride was filtered off and the filtrate was poured into

This is the replacement sheet
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ice water. The precipitated colorless solid was
filtered, dried and recrystallized from hexane to give
4.3 g of colorless crystals (yield: 68%). From the
analytical results shown below, the obtained crystals
were confirmed to be those of 2-(p-toluenesulfonyl)ethyl
methacrylate (Compound No. 12, R = CHB)‘ .
(1) Melting point: 72°C -
(2) lH—NMR spectral values (lH-NMR spectrum as shown in
Fig. 3):
S(CDCIB): 7.80 (2H, 4, J=8.09 Hz), 7.36 (2H,
@, J=8.09 Hz), 5.84 (1H, t-like m), 5.49 (1H,
quintet-like m), 4.47 (2H, t, J=6.11 Hz),
3.49 (2H, t, J=6.11 Hz), 2.44 (3H, s), 1.80
(3H, t-like m).
(3) 1IR spectial values (KBr method) (IR spectrum as
. Sshown in Fig. 4):

1705 cm~t (C=0), 1300, 1140 cm * (s0,) .

'Synthesis Example 3
Synthesis of 2-cyanoethyl methacrylate (Compound
No. 2, R = CH3)

A mixture of 120 g (1.20 mol) of methyl
methacrylate, 28.4 g (0.4 mol) of 2-cyanoethanol, 1.46 g
(5.14 mmol) of titanium tetraisopropoxide and 42 mg of
hydrogquinonemonomethyl ether was treated as in Synthesis
Example 1, and the resulting oily substance was
distilled under reduced pressure to obtain 21 g of a

colorless liquid having a boiling point of 70°C/0.5 mmHg
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(yield: 75%). From its physical properties shown below,
this liquid was confirmed to be 2-cyancethyl meth-
acrylate (Compound No. 2, R = CH3).
(1) 1H—NMR spectral data (IH-NMR spectrum as shown
in Fig. 5):
S(CDClB): 6.19 (1H, t-1like m), 5.68 (lH,
quintet-like m), 4.36 (2H, t, J=6.41 Hz), 2.76
(2B, t, J=6.4 Hz), 1.97 (3H, t-like m).
(2) IR spectral (neat) data (IR spéctrum as shown in
Fig. 6):
2250 cm™t (C N), 1721 (C=0).

Synthesis Example 4
Synthesis of 2-methoxalyloxyethyl methacrylate
(Compound No. 18, R = CH3)

A mixture of 45.4 g (384 mmol) of dimethyl
oxalate, 10 g (77 mmol) of 2-hydroxyethyl methacrylate,
0.2 g (0.7 mmol) of titanium tetraisopropoxide and 5 mg
of hydroquinone was reacted at 100°C for 6 hours under
air-bubbling with removal of methanol produced. E;cess
dimethyl oxalate was removed by sublimation. The result-
ing material containing the white precipitaté was filtered
to remove the white precipitate, and the mother liquor was
purified by silica gel column chromatography (eluent:
hexane/ethyl acetate = 8/2) to obtain 10.7 g of a color-
less liquid (yield: 64%). From its analytical results
shown below, this liquid was confirmed to be 2-methox-

alyloxyethyl methacrylate (Compound No. 18, R = CH,).
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(1) ‘r-mm spectral data (LH-nr spectrum as shown
in Fig. 7):
8(CDC13): 6.14 (1H, t-like m), 5.61 (1H,
quintet-like m), 4.56 (2H, m), 4.44 (2H, m),
3.92 (3H, s), 1.85 (3H, t-lika m).
(2) IR spectral.(neat) data (IR spectrum as shown in
Fig. 8):

1 (c=0).

1750, 1725 cm

Synthesis Example §
Synthesis of 2-ethoxalyloxyethyl methacrylate
(Compound No. 19, R = CH3)

A 20 ml acetone solution of 4.8 g (36.6 mmol)
of 2-hydroxyethyl methacrylate, 3.7 g (36.6 mmol) of
triethylamine and 1 mg of hydroquinone was cooled to
0°C. Then 5 g (36.6 mmol) of ethyl chloroglyoxalate was
added dropwise to the solution with stirring while
maintaining the mixture temperature substantially at
0°C. After the dropwise addition was completed, the
:reaction mixture was stirred at 0°C for 30 minutes and
then further stirred at room temperature for additional
30 minutes. The produced white precipitate was filtered
off and the filtrate was concentrated to obtain an oily
substance. This oily substance was purified by silica
gel column chromatography (eluent: hexane/ethyl acetate
= 8/2) to obtain 5.9 g of a colorless liquid (yield:
70%). From its analytical results shown below, this

liquid was confirmed to be 2-ethoxalyloxyethyl
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methacrylate {Compound No. 19, R = CH3).
(1) lH—NMR speﬁtral data (IH-NMR spectrum as shown
in Fig. 9):
S(CDC13): 6.12 (1H, t-like m), 5.59 (1H,
quintet-like m), 4.53 (2H, m), 4.43 (2H, m),
4.35 (2H, q, J=6.02 Hz), 1.94 (3H, t-like m),
1.37 (3H, t, J=6.02 Hz).

Synthesis Example 6
Synthesis of N-methacryloyloxymethylphthalimide
(Compound No. 20, R = CHB)
A 20 ml pyridine solution of 9 g (50.8 mmol)
of N-hydroxymethylphthalimide and 1 mg of hydrogquinone

was kept at about 0°C in an ice bath, and 5.3 g (50.8

mmol) of methacryloyl chloride was added@ dropwise to the

solution while stirring it well. After the dropwise
addition was completed, the solution was stirred at thi
temperature for 30 minutes and then at room temperature
for additional 30 minutes. The resulting reaction mix-
£ure.was poured into icy water and stirred for a while.
The precipitated solid was filtered and recrystallized
from methanol to obtain 7.2 g of colorless crystals
(yield: 58%). From their physical properties shown
below, these crystals were confirmed to be N-methacry-
loyloxymethylphthalimide (Compound No. 20, R = CH3).
(1) Melting point: 134°C
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(2) Thoow spectral data Cr-mw spectrum as shown .
in Fig. 10):
S(CDC13): 7.94 (2H, m), 7.80 (2H, m), 6.12
(1H, t-like m), 5.80 (2H, s), S5.60 (1lH,
guintet-like m), 1.93 (3H, t-like m).
(3) IR spectral (KBr) data (IR spectrum as shown in
Fig. 11l): -
1785, 1715 cm ® (C=0).

Synthesis Example 7

Synthesis of N—methacryloyléxymethylsuccinimide

(Compound No. 22, R = CH3)

To a suspension, heated to 30°C, of 99.1 g

(1.0 mol) of succinimide and 81 ml of formalin (37%
formaldehyde solution), 3 ml of a 5 wt% aqueous solution
of sodium hydroxide was added dropwise while well
stirring the suspension. A#ter the dropwise addition
was completed, the mixture was further stirred at room
temperature for 2.5 hours. After the reaction, water
‘was distilled off under reduced pressure and the
residual mixture was extracted with methylene chloride.
The resulting methylene chloride solution was concent-
rated and thé residual solid was recrystallized from
ether to obtain 109 g of colorless crystals (yield:
63%). From their physical proﬁerties shown below, these
crystals were confirmed to be N-hydroxymethylsuccin-
imide. These crystals were used for the following
reaction without further purification.

i1
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(1) Melting point: &4°C
(2) lH-NMR spectral data (lH-NMR spectrum as shown
in Fiq, 12):
S(CDC13): 5.03 (2H, br-s), 3.%0 (1H, br-s),
2.75 (4H, s).
(3) IR spectral data (K3r) (IR spectrum as shown in
Fig. 13):

1 (c=0).

1770, 1700 cm

To a 236 ml methylene chloride solution of 30
g (232 mmol) of N-hydroxymethylsuccinimide synthesized
in the manner described above, 20 g (232 mmol) of
methacrylic acid and 10 mg of hydroquinonemonomethyl
ether, 48 g (232 mmol) of dicyclohexylcarbodiimide (DCC)
was added while cooling the solution in an ice bath.
Then 2.84 g (23.2 mmol) of N}N-dimethylaminopyridine
(DMAP) was further added to the solution with stirring.
The mixture was further stirred at room temperature for
3 hours. The produced white precipitate was filtered.
_off, the filtrate was concentrated and the residue was
purified by silica gel column chromatography (eluent:
hexane/ethyl acetate = 1/1) to give 39.7 g of colorless
crystals (yield: 87%). From their physical properties
these crystals were identified to be N;methacryloyloxy—
methylsuccinimide (Compound No. 22, R = CHB)'

(1) Melting point: 76°C

o replacement sheet

7 1 MAY 1998

This is th

Dater



- 40 -
(2) tpoew spectral data (lH-NMR spectrum as shown
in Fig. 14):
8(CDC13): 6.1 (1H, t-like m), 5.62 (1H,
quintet-like m), 5.59 (2H, s), 2.80 (4K, s),
1.93 (3B, t-like m)..
(3) IR spectral data (KBr) (IR spectrum as shown in
Fig. 15):

1780, 1705 cm * (C=0)

Synthesis Example 8

Synthesis of N-methacryloyloxysuccinimide (Compound

No. 23, R = CH3)

To a 250 ml methylene chloride suspension of 30

g (261 mmol) of N-hydroxysuccinimide, 22.4 g (261 mmol)
of methacrylic acid and 10 mg of hydroquinonemonqmethyl
ether under cooling in an ice bath, 53.8 g (251 mmol) of
DDC was added, followed by further addition of 3.2 g
(26.1 mmol) of DMAP while well stirring the suspension.
#he mixture was further stirred at room temperature for
3 hours. The produced white precipitate was filtered
off, the filtrate was concentrated and the residue was
purified by silica gel column chromatography (eluent:
hexane/ethyl acetate = 3/2) to obtain 14.7 g of color-
less crystals (yield: 31%). From the following physical
properties, these crystals were confirmed to be N-meth-

acryloyloxysuccinimide (Compound No. 23, R = CH3).
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(1) Melting point: 102°C
(2} lé-NMR spectral data (lH—NMR spectrum as shown
in Fig. 16):
8(CDC13): 6.42 (1H, t-like m), 5.89 (1H,
"m), 2.86 (4H; s), 2.06 (3H, t-like m).
(3) IR spectral data (XBr) (IR spectrum as shown in
Fig. 17): )
1763, 1737 cm™t (C=0).

Synthesis Example 9
Synthesis of 4-pyridylmethyl methacrylate (Compound
No. 26, R = CH3)

A mixture of 25 g {(82.5 mmol) of 4-pyridyl-
methanol, 91.7 g (330 mmol) of methyl methacrylate, 5 mg
of hydroquinone and 0.5 g (1.38 mmol) of dioctyltin
oxide was reacted at 100°C for 24 hours under air
bubbling with removal of methanol produced. After the
reaction, excess methyl methacrylate was distilled off
~under reduced pressure and the precipitated solid was
filtered off. The filtrate was purified by silica gel
column chromatography (eluent: ethyl acetate) to obtain
39.2 g of a light-red liquid (yield: 97%5. From its
physical properties shown below, this liquid was
confirmed to be 4-pyridylmethyl methacrylate (Compound

No. 26, R = CHj).

Thic is the raplacement ahoe’

s 31 MAY 1999



- 42 -

(1) lH-mw spectral data ) spectrum as shown
in Fig. 18):
8(CDC13): 8.61 (2H, &, J=6.10 Hz), 7.27
(2H, 4, J=6.10 Hz), 6.22 (1H, t-like m), 5.66
(1H, quintet-like m), 5.22 (2H, s), 2.01 (3H,
t-1like m). |
{(2) IR spectral (neat) data (IR spectrum as shown in
Fig. 19):

1720 em~t (C=0).

Synthesis Exarple 10

Synthesis of 2-methylsulfonylethyl methacrylate

(Compound No. 9, R = CH3)

A mixture of 315 g (3.15 mol) of methyl

methacrylate. 130 g (1.05 mol) of 2-methylsulfonyl-
ethanol, 7.8 g (27.4 mmol) of titanium tetraisopropoxide
and 0.15 g of hydroquinone was reacted at 100°C for 3
hours under.air bubbling with removal of methanol
‘produced. After cooling, 20 ml of water was added, to
the reaction mixture and the resulting mixture was
stirred at 80°C for 20 minutes. After removal of the
aqueous layer, 200 ml of water was further added to the
organic layer and the resulting mixture was extracted
with chloroform. The chloroform solution was dried over
anhydrous sodium sulfate and was concentrated under
reduced pressure to obtain 130 g of colorless crystals
(yield: 64%). From their physical properties, these

crystals were confirmed to be 2-methylsulfonylethyl
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methacrylate (Compound No. 9, R = CH3).
(1) Melting point: 48°C

1H-NMR spectral data (lH—NMR spectrum as shown

(2}
.in Fig; 20):;
S(CDCl3): 6.14 (1H, t-like m), 5.66 (1lH,
quintet-like m), 4.62 (2H, t, J=5.90 Hz), 3.38
(2H, t, J=5.90 Hz), 2.99 (3H, s), 1.96 (3H,
t-1like m).
(3) IR spectral data (KBr) (IR spectrum as shown in

Fig. 21):

1 1

1710 cm = (C=0), 1300, 1140 cm - (S0,).
Examples 1 - 20

Into a four-necked flask equipped with a
stirrer, a condenser, an Nz gas feed pipe, a dropping
funnel and a thermometer, a measured amount of a solvent
or solvents was supplied and sﬁirred at 95°C. Then a
mixed solution comprising monomers, azobisisobutyro-
nitrile (AIBN) and «-methylstyrene dimer (aMSD) was
'charged into the dropping funnel and added dropwise into

the flask in an N, gas stream while maintaining the

2
temperature of the reaction mizture at about 35°C and
stirring the mixture. After the dropwise addition was
completed, the mixture was further stirred at 95°C for 6
hours to obtain a viscous liquid with a specified solid
content. The detailed experimental conditions and the

properties of the obtained resins are shown in Tables 1

to 3.
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Examples 21 - 26

A solvent, monomers, AIBN and cMSD were put
into a four-necked flask equipped with a stirrer, a
condenser, an NZ gas feed pipe, and a thermometer, and
the mixture was stirred while bubbling with N, gas
with keeping the reaction temperature about 95°C. After
the initial vigorous exothermic reaction abated, the
reaction mixture was further stirred under the above
conditions for 6 hours. There was consequently obtained
a viscous liquid with a specified solid content. The
detailed experimental conditions and the properties of

the obtained resins are shown in Table 4.
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Examples 27 -~ 30

Measured amounts of a solvent and a lowly
reactive monomer were placed in a four-necked flask
equipped with a stirrer, a condenser, an NZ gas feed
pipe, a dropping funnel and a thermometer, and the
mixture was kept therein with stirring. Then, & mixad
solution of other monomers, AIBN and <MSD was sgpplied
into the flask from the dropping funnel in an Nz gas
stream with stirring the mixture and maintaining its
'temperature at about 95°C. After completion of the

dropwise addition, the reaction mixture was stirred at

95°C for 1 hour. A mixture of AIBN and xylene or xylene

alone was added dropwise to the mixture cone to three

times every 30 minutes. The reaction mixture was

further stirred@ at 95°C for 6 hours to obtain a viscous

liquid with a specified solid content. The detailed
experimental conditions and the properties of the

obtained resins are shown in Table 5.
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As seen from Examples 3, 4, 6, 9 - 18 and 27 -
30, the copolymers obtained by using the unsaturated
monomers represaented by the formula (II) are soluble in
solvents, especially aromatic solvents such as xylene
and xylene/n-butanol (4/1), and suited for use as a resin

for antifouling paints.

Comparative Preparation Examples1and?2
A determined amount of a solvent was put into
a four-necked flask equipped with a stirrer, a

condenser, an N, gas feed pipe, a dropping funnel and

2
a the;mometer, and the solvent was kept at 95°C with
stirring. Then a mixed solution of the monomers, AI3N
and oMSD was suﬁplied into the dropping funnel and
added dropwise into the flask under Nz gas stream with
stirring the mixture and maintaining its temperature at
about 95°C. After completion of the dropwise additien,
the reaction mixture was further stirred at 95°C for 6
hours to obtain a viscous liquid with a specified solid

content. The detailed experimental conditions and the

properties of the obtained resins are shown in Table §.
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Comparative Preparation Example 3

A solvent, monomers, AIBN and «<MSD were
supplied into a four-necked flask equipped with a
stirrer, a condenser, an N2 gas feed pipe, and a2
thermometer, and the mixture was stirred whiie bubbling
with Nz gas with keeping the reaction tamperature
about 95°C. After the initial vigorous exothe:gic
reaction abated, the mixture was further stirred under
the above conditions for 6 hours to obtain a viscous
liquid with a specified solid content. The detailed
experimental conditions and the properties of the

obtained resins are shown in Table 7.
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Test Example
Each of the varnish formulations obtained in

the Examples and the Comparative Preparation Examples
described above was coated on a 150 mm x 100 mm polypro-
pylene plate. The coating thickness was about 50 pm.
The coated polypropylene plate was heated at 80°C for 3
hours to perfectly remove the solvent in the coat and
the initial weight of the plate was measured. Then the
coated polypropyleng plate was immersed in 1,750 ml of
an alkaline buffer solution with a'pH of 10.2. After
left in said buffer solution at 45°C for 24 hours, the
polypropylene plate was taken out, washed with water and
dried, followed by measurement of the final weight of
the plate. The rate of decréase of the coating after
said immersion was determined f£rom the difference
between. the initial weight (weight before immersion) and
the final weight (weight after immersion) of the plate.

| For the sake of comparison, the above test was
also conducted on the organotin-containing resin
obtained in Comparative Preparation Example 1 and the
resin disclosed in Japanese Pateﬂt Application
Publication No. JP-T-60 500 452 (Comparative Preparation
Examples 2 and 3) proposed as a substitute for said
organotin-containing resin. The test results are shown

in Table 8.
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Table 8
Lo i e o)

Example 1 21
Example 2 32
Example 3 27
Example 4 30
Example 5 53
Example 6 42
Example 7 7
-Example 8 7
Example 15 20
Example 20 7
Example 21 76
Example 22 63
Example 23 60

: Example 24 97
Example 25 14
Example 26 8
Example 27 67
Example 28 S1
Example 29 59
Example 30 52
Comp. Prep. Example 1 17
Comp. Prep. Example 2 S
Comp. Prep. Example 3 6

As noted from the foregoing results, the

coating resin compositions

used in the present
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invention are equal to or higher than the organotin-
containing resin in rate of decrease of coating, and
needless to say, they are free of toxicity possessed by
organotin. It was also found that the resin composi-
tions used in this invention are superior to the resins
dis;losed in Japanese Patent Application Publication No.
JP-T-60 500 452, which were proposed as a substitute material
for the organotin-based resin, in rate of decrease of

coating and useful as a resin for antifouling paints.

Antifouling Performance Test

Paints were prepared by blending 40 parts by
weiQhE of cuprous oxide and 3 parts by weight-of ZnO
with 15 parts by weight (as solid) of the resin
varnishes synthesized in the Examples described above.
Each of .these paints was spray coated on both sides of a
coated steel plate (100 x 200 x 1 mm) which had been
applied with an anticorrosive coating. Said spray
;oating was conducted twice so that the dry coating
thickness on each side would become 100 um, thereby
preparing the test plates.

Each of the test plates was subjected to a sea
water immersion test at Nakaminato Port of Nakaminato
City, Ibaragi Pref., and the number of the shellfishes
(barnacles) attached to the test plate was counted

periodically. The results are shown in Table 9.
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Table 9
Resin Number of barnacles
Antifouling varnish attached to test plate
performance '
test Run No. | (Example Period of immersion
No.) 0 2 months 4 months 6 months
1l 3 0 0 0 1
2 4 _0 0 0 0
3 5 0 0 o 0
4 6 0 0 0 0
S i7 0 0 0 1l
6 21 0 0 0 0
7 23 0 0 0 0
8 24 o 0 0 1
9 27 0 0 0 1
10 28 0 o] o o
11 29 0 0 0 0
12 30 0 0 0 0

Comparative Antifouling Performance Test

The Same antifouling performance test as
described above was conducted on the resin varnishes
synthesized in Comparative Preparation Examples 2 and

3. The results are shown in Table 10.
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Table 10
Number of barnacles
Comparative Resin attached to test plate
antifouling varnish
Performance (Comp. Prep. Period of immersion
test Run No. | Example No.) 0 2 4 6
- : months months months
1 2 0 9 17 24
2 3 0] 10 19 31

As noted from the results of the antifouling

performance tests shown above, any of the paints

prepared

according to

the present invention showed excellent antifouling

performance, substantially precluding attachment of

barnacles to the plate applied with the paint.

Viscosity Stability Test

A mixture of 100 parts by weight of cuprous

oxide and 100 parts by weight of resin solid of each of

the resin varnishes selected from those synthesized in

the above Examples was kneaded into a paste, and the

paste was transferred into a 150 ml sample bottle and

its viscosity was measured by a Brookfield viscometer.

Further,

after sealing the sample bottle, it was stored

in a thermostatic chamber of 40°C for 20 days and then

the viscosity of the paste was measured in the same

way.

The rate of change of viscosity after storage was

This is th
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determined from the following equation {1). The test

results are shown in Table 1l1l.

Viscosity after storage

Rate.of change _ (1)
Ox viscosity Viscosity before storage
Table 11
Viscosity Resin varnish Rate of change of
stability Viscosity (after left

test Run No. (Example No.) at 40°C for 20 days)

1 3 1.04
2 4 1.03
3 5 1.07
4 23 1.05
S 27 - 1.10
6. 28 1.12

- .

It is seen from the above results that the
rate of change of viscosity of the coating resin com-
position when mixed
with cuprous oxide, is slight, indicating excellent
storage stability of the coating resin vsed in this invention.

The coating resin usedin . the present
invention has no poisoying problem noted in use of tﬁe
organotin copolymers, possesses excellent keeping
quality and also shows a hydrolytic property comparable

This is the raplacement sheet
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with the organotin-containing resins, so that it

is capable of forming a
coat which can maintain an excellent antifouling effect
for a long period of time. Further, since the coating
resin used in this invention is soluble in aromatic
solvents, it is very useful for preparing an excellent

antifouling paint.
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CLAIMS
1. An antifouling coating compesition comprising:

(a) a coating resin comprising a polymer comprising, as

repeating units,

(I)

the residues of an unsaturated monomer or formula

F _
CH, = C - Ar +4r— C ~& CHpje C-0-X (I)

|
9}

o

wherein R is hydrogen or a straight or branched alkyl group
having 1 to 4 carbon atoms; Ar is a benzene ring or
naphthalene ring; kX, m and n represent independently a

number of 0 or 1; and X is a substituent selected from the

groups:

-Ri-cn |, -Rz+sozn3)a ,

R oap ﬁ"‘cnz‘)a"“:‘°‘ns' —-:-n‘-)?u-(-ﬁ-lﬂ)z and
o 0 o

— R%34Py.

wherein R', R, R* and R! are each a straight, branched or

alicyclic alkylene group having 1 to 6 carbon atoms; R? is a
straight, branched or cyclic hydrocarbon group having 1 to 6
carbon atoms and connecting O and SO,R’; a is an integer of 1

to 3 indicating the number of SO,R’ groups bonded to R?; the

I '!l,"c, ”II,L”"J, "I]sl " l!ll This is the replacement sheet
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groups R’ are the same or different and each is a straight,
branched or cyclic alkyl group, having 1-22 carbon atoms, an
aryl group having 6-10 carbon atoms, which may have a
substituent, or an aralkyl group having 7-18 carbon atoms,
which may have a substituent provided that when a is 2 or 3,
at least two of the groups R’ may together form a hydrocarbon
cyclic structure with each other and R}); b, d, e and f are
each a number of 0 or 1; R’ is a straight or branched alkyl
group having 1-4 carbon atoms; the groups R’ are the same of
+different and each is a straight, branched or alicyclic
alkyl group, having 1-22 carbon atoms, an aryl group having
6-10 carbon atoms or an aralkyl group having 7-10 carbon
atoms, or the groups R’ together with the carbonyl carbon
form a cyclic structure; and Py is a substituted or
unsubstituted 2-, 3- or 4-pyridyl gzroup; and

(b) an antifouling agent.

2. A composition according to claim 1 wherein k and n

are zZero.

3. A composition according to claim 1 or claim 2

wherein X is -R*-CN.

4. A composition according to claim 1 or claim 2

wherein X is -RL+{-SO,R’),.

5. A composition according to any one of claims 1 to 4
wherein R is hydrogen or methyl.

S This is the replacement sheet
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6. A composition according to any one of claims

1 to 5 wherein the coating resin further comprises as repeating
units residues of cne or more unsaturated moncmers copoclymerizable

with the unsaturated monomer of formula (I).

7. A composition according to claim 6 wherein the
coating resin comprises as repeating units residues of a

copolymerisable unsaturated monomer of formula (II)

wherein R’ is hydrogen or methyl and R is branched or
alicyclic alkyl, aryl or aralkyl optionally containing one

or more hetero atoms and having 3 or more carbon atoms.

8. A composition according to claim 6 wherein the
coating resin comprises as repeating units the residues of a

copolymerizable unsaturated monomer having a hydrophilic

functional group.

S. A composition according to claim 8 wherein the

unsaturated: monomer having a hydrophilic functional group is a
monomer of formula (III)

Q11
CH. = cl:-c-o—(-c H. 09— R}Z (III)
2 l X 2x- Y
(o}
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wherein RY is hydrogen or methyl; x is an integer of 1 to §;
Yy is an integer of 1 to 10; and R is hydrogen or a straight,

branched or cyelic alkyl, aryl or aralkyl group.

10. A composition according to any one of the preceding
claims wherein the unsaturated monomer of formula (I) is present
in the resin in an amount of not less than 0.1 mol% based on the

total amount of monomers.

11. A composition according to any cne of the preceding
claims wherein the polymer has a number-average molecular weight

of from 3,000 to 200,000.

12. Use of a coating resin as defined in claim 1 in an

antifouling coating compositien.

L
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ABSTRACT
COATING RESIN AND ANTIFQULING COATING COMPOSITION

A coating resin comprising a polymer obtained by
polymerising an unsaturated monomer represented by the
formula (I):

1
—O- ' I)
C-(—Ar-)-;—(—ﬁ-é—caz-)——)—m B ﬁ o-X {
0o 0

CH, =
wherein R is H or an alkyl group, and X is selected from:

-rl-cn , -rR2_¢ 50,R%) .

R0 ¢ 4-CHphy cl:l:-o-ns T n-(-ﬁ-x") , and
0

—rYgpy

wherein R!' to R* represeht independently a hydrocarbon group,
etc., and Py is a pyridyl group, alone or together witl; one
or more other unsaturated. monomers may be used in
antifouling coating compositions having no safety problenms,
good storage stability and excellent antifouling effect for
a long period of time.
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