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NOVEL THIOURACIL DERIVATIVES AND METAL SUR-
FACE-TREATING AGENT COMPRISING THEREOF

This invention relates to thiouracil deriva-
tives each having a radical polymerizable unsaturated
bond. These thiouracil derivatives can each be uti-
1ized, as a component for an adhesive for noble metals,
in many fields such as medical treatment, electronic
materials, precision instruments and jewelry wherein
resins are bonded to metaﬁs, but are particularly useful
in the dental field.

The invention further relates to a metal
surface-treating agent containing such a thiouracil
derivative, useful for exerting excellent adhesiveness
to metals.

As adhesives for base metals such as iron,
nickel, chromium, cobalt, tin, aluminum, copper and
titanium, adhesives each containing an acrylic or
methacrylic polymerizable monomer having a functional
group such as a phthalic anhydride group, a phthalic
acid group, a malonic acid group or a phosphoric acid
group are proposed and put to practical use. However,
an adhesive having sufficient adhesive strength to noble
metals such as gold, platinum, palladium and silver has
not been developed. Therefore, as to adhesion to noble
metals, it has been coﬁmon to plate the surface of such
a noble metal with tin or oxidize the surface, in ad-
vance. Since these methods are complicated in opera-
tions and sufficient adhesive strength cannot be ob-
tained thereby, the development of an adhesive for noble
metals or.a surface-treating agent for ﬁob]e metals has
been desired.

In order to meet the above requirement, adhe-
sive polymerizable monomers each having a functional
group such as a thiophgsphpric acid group (Japanese
Laid-open Patent Publication No. 138,282/1989), a
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thiophosphoryl chloride group (Japanese Laid-open Patent
Publication No. 117 ,595/1993) or a triazinedithione
derivative (Japanese Laid-open Patent Publication No.
83,254/1989) has been proposed in recent years. In
surface-treating agents each containing such an adhesive
polymerizable monomer, adhesion to a noble metal is made
possible by previously appliying such a surface-treating
agent onto the surface of the noble metal, and then
curing the polymerizable resin.

However, in the case of the adhesion of noble
metals using the above surface-treating agents, there
are problems that adhesive strength or water resistance,
or durability is not yet sufficient, and moreover, since
the adhesive polymerizable monomers are unstable, the
storage stability of the surface-treating agents is
poor, the adhesive strength is influenced by the appli-
cation amount, and so on. Further, the effect of the
above surface-treating agents is exerted only in the
adhesion of noble metals, and not exerted in the adhe-
sion of base metals. Thus, in this invention, it was
aimed to provide a metal surface-treating agent which
has sufficient initial adhesive strength to both base
metals and noble metals, and is good in adhesion dura-
bility, water resistance and storage stability.

The present inventors had intensely studiéd
for solving the above problems, and as a result, they
found that thiouracil derivatives each having a radical
polymerizable unsaturated bond and a surface-treating
agent containing such a thiouracil derivative as a main
component have effect on storage stability, adhesive
strength to noble metals, water resistance, durability
and so on, they further found that a surface-treating
agent containing a thiouracil derivative having a radi-
cal polymerizable unsaturated bond and an acidic
group-containing (meth)gpry]ate monomer has sufficient

adhesive strength to both'base'meta1§ and,nobléfmeta]é,
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and is excellent in storage stability, water resistance
and durability, and they completed the invention.

Thus, the invention is a thiouracil derivative
containing at least one radical polymerizable unsaturat-
ed bond in the molecule, a metal surfaceftreating agent
containing the thiouracil derivative, a.metaT sur face-
treating agent containing a thiouracil derivative con-
taining at least one radical polymerizable unsaturated
bond in the molecule and an organic solvent, and a metal
surfacé—treatihg agent containing the thiouracil deriva-
tive, an acidic group-containing (meth)acrylate mbnomer
and an organic solvent.

The thiouracil derivative is not particularly
limited so long as it contains a thiouracil group énd at
least one radical polymerizable unsaturated bond in the
molecule, but it is preferably an unsaturated thiouracil
derivative
which _

has at at least one terminus thereof an organ-’
ic group (I) having a radical polymerizable unsaturated
bond, and ’

has at the other terminus the following thio-

uracil residue (II)

R
N—r!
__Oﬁ /ks - (11)
0 ‘f |
RZ
wherein
) RI and R2 each are a hydrogen atom or an
alkyl group, and at least one of RI and
R2 is a hydrogen atom, and
R3 is a hydrogen atom, an alkyl group or

a phenyl group,
and
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the organic group (I) and the thiouracil
residue (II) are separated by a bivalent spacer residue

containing at least 2 carbon atoms.

1 2

In the above formula (II), R and R" each
represent a hydrogen atom or an alkyl group, and at
l t and R2

alkyl groups, there can be exemplified alkyl groups'

least one of R is a hydrogen atom. As preferred
having 1 to 4 carbon atoms such as a methyl group, an
ethyl group, a propyl group and a butyl group.

Further in the above formula (II), R repre-
sents a hydrogen atom, an alkyl group or a phenyl group.
As the alkyl group, there can be exemplified the same
! and R2.

A further preferred unsaturated thiouracil

alkyl groups as mentioned in the above R

derivative ;é the above unsaturated thiouracil deriva-
tive wherein the organic group (I) having a radical
polymerizable unsaturated bond is represented by the

following formula (I-1)

RS
I
CI{2=(3"Z'_ _(1_1)

wherein R5 is a hydrogen atom or a methyl
group, and

Z is a -C00- group, a —CHZO— group or a

@CHZO— group, and

the spacer residue is a bivalent organic group
having 2 to 20 carbon atoms which may contain, in the
chain skeleton, oxygen, or oxygen and si]icon,'besides
carbon. '

The spacer residue is not limited at all so
long as it is a bivalent organic group having 2 to 20

carbon atoms which may contain, in the chain skeleton,
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oxygen, or oxygen and silicon, besides carbon. There-
fore, the spacer residue inctudes not only a bivalent
straight-chain or branched chain hydrocarbon group, but
an organic group having an ether linkage, an estér
1inkage, a siloxane linkage or a phenylene group in the:

principal chain.
As specific examples of the spacer residue,

thére can be mentioned
CHzly  h=1~20
—CH, - CH(CHSH—
—(CHj, - C(CHg), - CHy
- ~CH, - CH, - CH, - CH, - CH(CHg) }- |

i=1~9
—(CH, - CH(CHg) - O); - CH, - CH(CHsa—
j=1~5
—CH, - CH, - 00C - CH, - CH)
k=1~4
—(CH2 CH, - CH, - CH, - OOC - CH, - CHa)r
l=1~2
CHs  CHj

—CH>), - (Slio) q- §i -(CH2)p o,p=1~10 -
CH; CHj -
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r,s=1~5

etc.

Preferred among the above spacer residues are
bi&a]ent saturated hydrocarbon groups each having 2 to
12 carbon atoms, and a group represented by the follow-
ing formula (III-2), (III-3) or (III-4)

—~CH>CHyO)— CHyCHo— (111-2)
o, ot '
—{CHy), - (S}iO)q - Sli - (CHZ)E (III-3)
| CH;z CHs

wherein n is an integer of 1 to 5, o and p
each are _
an integer of 1 to 10, q is an integer of
.1 to 5, and r and s each are an integer
of 1 to 5.

When the spacer residue is a bivalent saturat-
ed hydrocarbon group having 2 to 12 carbon atoms, the
saturated hydrocarbonic group may have a branch. As
specific ekamp]es of the bivalent saturated hydrocar-
bonic group, there can be mentioned an ethylene group, a
propylene group, an isopropene group, a hexylene group,
a decy]eng group, a dodecylene group, etc., and among
t hem a]ky1ehe groups having 5 to 10 carbon atoms are

preferred in view of adhesive strength and the easiness
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of synthesis. In the group represented by the above
general formula (III—Z), n is an integer of 1 to 5. 1In
the group represented by the above general formula
(III-3), o and p each are an integer of 1 to 10, and it
is preferred that they each are an integer of 3 to 6 in
view of adhesive strength and the easiness of synthesis.
In the group represented by the above general formula
(III-3), q is an integer of 1 to 5, and it is preferred
that it is an'integer of 1 to0 3 in view of adhesive
strength and the easiness of synfhesis. Further, in the
group represenfed by the above general formula (III-4),
r énd s each are an inteder of 1 to 5, and it is pre-
ferred that they each are an integer of 1 to 3 in view
of adhesive strength and the easiness of synthesis.

In the above formula (I-1), Z represents a
-C00- group, a —CH20— group or a —CSH‘—CHzo— group.
Among them, a -C00- group 1is preferred in view of
polymerizablity, the easiness of handling, etc.

Among the above thiouracil derivatives, those
wherein in the formula (II), R1 and R2
gen atom or an a1k§1 group having 1 to 4 carbon atoms
! and R2

is a hydrogen atom, an alkyl group having

each are a hydro-

(provided that at least one of R
3

is a hydrogen
atom), and R
1 to 4 carbon atoms or a phenyl group, the spacer resi-
due is an alkylene group having 5 to 10 carbon atoms or
a group represented by the above general formula
(111-2), (III-3) or (III-4) (provided that in these
formulae, n is an integer of 1 to 5, o and p each are an
integer of 3 to 6, q is an integer of 1 to 3, and r and
s each are an integer of 1 to 3), R§ is a hydrogen atom
or a meth§1 group, and Z is a -CO0O- group are particu-
larly preferred in view of adhesive strength, the easi-
ness of synthesis and the easiness 6f handling.

Thus, preferred unsaturated thiouracil deriva-
tives in the invention can also be represented by the
following general formula (1) or (2)
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F‘S N _
CH,=C—Z—H o@ 1
SRS (I SN
. Fz3 | h‘z s; | :
. R

3
.FQS F‘ DJF?1 _ (2)
l 4 , J§

CHp=C~Z-R—-0C"N7™S

{wherein R1 and R2 each are a hydrogen atom or an alkyl
group, and at least one of R1 and R2 is a hydrogen atom,

R3 is a hydrogen atom, an alkyl group or a phenyl group,
and R4 is a bivalent saturated hydrocarbon group having
2 to 12 carbon atoms, or any group selected from the
following formulae (3), (4) and (5)

~CHoCHyO)—CHo.CH— - (3)
Cl)H3. C|>H3
~CH)o - (Si0)q - Si - (CHay “

CH; CHy

—(CHz)r—Q.—*CHz)é‘ | (5)

(wherein n is an integer of 1 to 5, o and p each are an
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integer of 1 to 10, q is an integer of 1 to 5, and r and
s each are an integer of 1 to 5), Z is a -CO0O- group, a
-CH2 O- group or a —CGH4-CH20— group, and Rs is a hydro-
gen atom or a methyl group.}

Speci fic examples of the thiouracil derivative

of the invention are as follows.

o 0 o
CHz;cl;—co—(cHz)z_—'oc,\(ﬁNH
CH; N/LS
_ _ H
O
CH2=(I:—<"30—(CH2)5—0E1/&NH
- O | I NS
' H
0O
CH2=?~&0_(CH2)1O—OE#NH
CH3 | | N,L S
oy
9 P
C_Hz:?—CO"‘ (CHg).u—OC w\i NH
CHs | l N’ks
. ‘H

9 T
CH2=C‘—CO_(CH2)6_OC NH
f B WS
| NS
' H
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? ?
CH2=?—CO-(CH2)2—OC \gi NH
H LA

NS
H

H
CHz=é—D;6HzO~(CHz)sf0@€iH
_ - “NTs
o H
i 29
CH2=C‘©— CH20-(CHz)10—0OC \(ﬁ /l\,i H
. .. NS

H
H ¥
CH2=C"CH20"(CH2)6—°C‘ NH
| N’kS
H

o om o
I .
CH2=(i7— CO-CH,- ?—CHz— OC_\[R NH

CH3' CHS N’LS
H
L fhs 9
CH,=C CHzO-CHz'?‘CHz"OCrﬁNH
. - ‘ CHj | A
N S
H

H e g
CH2=C—CH,0 —CHz—?- CH,—OC % NH.
. CHs | A

NS
H
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0. ?Hs
CHo= ? CO CHa- CH—OC%
CHs;

1 g g
CHz:CO QHzO"‘ CHz-CH—OCTR NH
N/kS
H

0

il
CH2=? CO— (CH2)4CH OC\g

CHgj

i | CHs O
- N/LS
H

T L

CHp=C~GO~—(CHz)CH~OC~ Ny

H | 'N,k
' H
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CHg <
H
9—co CHf@' CH,~ 0C~ NH
S
H

i 9
CH2=CO‘CH20,-" cn;@— CH,;~OC mH
NS

H

? T 9
CH, <
H

0
0 It
CH2=? -CO-CH2CH20CH2CH20C \ﬁ NH
CHs NS
. N

H "*s

O
l ]
CH2=(|:—CO- CHzCHzOCHzCHzOC\Ht NH
N
H
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il e |
CH2=(I:—CO— (CH2CH20)2CH2CH2— OC
 CH . .

il 0y

H

9 ? TE
CHy=C - CO— (CH2CH20)3CH2CH2— OC~~~ \H
lCHs . . IN/L

H

CH3 CH3 ' lo .
CH2=? CO (CH2)3‘S|"O"S] (CHz)a—'OC ! NH
CH, CH3 CH3 S
H
o CH3 CH3 o o
H C_:H3 CH3 S
o H
CHg CH, o
CH,=¢—CO- (CH2)4-Sl-0 s. -(CH,)4—0C M
" CHg CH3 cua 5

H
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? ?
CH2=(I3—CO‘,(CH2).6_°C%NCH3
CHj - | l ’k

NS .
_ H
Q- P
CH2=(I:—CO-(CHz)s—OC\(R NH
CH3 IN/k
_ CH;
Q P
CH2=(I)—CO~(CH2)6“0C% N CH;
H N
H H
| | T
CH2=C—©—CH20—(CH2)10—OC | NH
| N S
CH20H3
o ~ CHs .
CHz—(i: CO CH,- ? CHy— OC\?N/CHZCHS
CHj CHj .

CH,

"0
I - |
CH2=(|3-CO—CHzCHzocHchzoc\(ﬁNH

CH3

I
~ CHCH.CHj3
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" ..
CHz=G—C0~(CH,)s—0OC NH
CHj I ’L

CHSNS
H

o 9
CH,=C— co-(CHz)s—OCI/ﬁN H
I T
H LA

CHscHz/ . g S

H R
CH2=C‘©- CH,0-(CH3)1o—0C | “NH

CHgj E S

il
CHy=C—CO-(CH,)g—0OC
: CeHs” N S

0 GHy O |
CH;;:.CI:—CO--(CHzMCH--OCTii NH
CH A
3 | CH3/ u S -

| CH, CH, .
CH 2=(F——CO--(C“'| 2)3-Sli-0-$(i-(CH 2)3—0C
CH3 CH3 CH3

CHy”

NH



16

Q P
CH2=(')—CO-(CH2)6—OCj\/RNH
- CHy = - | A

' C

NH
i ' A
CH2=(I:—CO—(CH2)5—OICI n S
CHs.
o /(E
CH2=C co- (CHa)e—0C
CHa CH2CH3
0 i'”
CHp=C— co- (CH2)5 oc E S
_CH3

: CH
Ve 3
fN
CHa=C~ CO-(CHy)s— o¢

CH3
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0 CHs CHa (o}
CHz:C CO CHZCH—O“CHZCH OC\(ﬁ

CH3

o CHa CHs o
CHp=C~ .CO- CHzCH—O—CHzCH oc
H .

l
CHz-(i? CO (CHchO)z—CHch—O
CHj

0 CH3 CH3 0
c\(ﬁ

e 99

CH2=(I:—co—CHzCHz—oc—CHchz—oc\((‘lNH

CH3 'N,ks
H

S

I
CHg-C—Q’CHgo CHchz—OC CH2CH2- OC\(R
N

. CHj3 /L

0
i [
CHz=G-CO—(CH;CH, OG- CHaCH )z-—oc":\fiNH
NS
H
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CH,

caz-?—co cu;@- CH2 oc m

? .
CH2=? CO- CH20HZCH20H2“‘OC CH2CH2—OC¥ iH
CH3

| |
) ﬁ 7
ch=c4{ ) CHzo-CH2CH20H2CH2-OC~CHchrOC'

2=C™\ . . (" NH

N 'S
H

CH2=? CO (CH20H20H2CH200—CHZCH2)2 OCw\ﬁ
CHs

. H o )
l fl
CH2=C@- CH,0— CHzCHzOCHzCHzOC\(ﬁ NH
| A
H

CH, CH, 0
CH,= <|:~co (CH2)3-S:-0-S--(CH2)3-—OC Y~ “NCH
CH, CH; CH, 3
)

H
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A process for producing a thiouracil deriva-
tive represented by the above general formula (1) or (2)
is not particularly limited, and any process therefor
can be adopted. A specific example of an industrially
preferred process therefor is as follows. '

Firsf, description is made on a process for
producing a thiouracil derivative represented by the
above general formula (1). WNamely, a thiouracil deriva-
tive having a polymerizable unsaturated bond of the
above general formula (1) can be obtained by condensa-
tion reacting a thiourea derivative represented by the

following general formula (6)
S

F11P"q'/,\\\ (6)

NHR?

1 and R2 each are a hydrogen atom or an alkyl

! and R2

with a malonic acid derivative represented by the fol-

{wherein, R
group, and at least one of R is a hydrogen atom)

Towing general formula (7)

O O
|

EtO OEt (7)

/’Jl\\s
R3 OEt
{wherein, R3 is a2 hydrogen atom, an alkyl group or a
phenyl group) to give a carbethoxythiouracil derivative

represented by the following general formula (8)
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Lo
R’ g . S |

(wherein, R', R2 and R3 are as defined in fhe above
general forﬁuIae (6) and (7)); subjecting the derivative
(8) to deesterification reaction to give a

carboxythiouracil derivative represen ted by the follow-

ing general formula (9)

Hoe | 1R1' (9)
R gz.

{wherein, R , R2

3 are as defined in the above

and R
general formulae (6) and (7)), and reacting the deriva-
tive (9) with an alcohol having a polymerizable unsatu-
rated bond represented by the following general formu]a
(10)

5

R
|
CH,=C—Z—R—OH (10)

{wherein,.h4 is a bivalent saturated hydrocarbon group
having 2 to 12 carbon atoms, or any group selected from
the following formulae (3), (4) and (5)
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‘fCHzCHgO)n— CHchz‘_‘_ " (3)

Oty OH
~{CHp)o - (SiO)q - Si - (CHa

CHz CHj

——{CHZ)F—@f(CHQ)-S— ®

(wherein n is an integer of 1 to 5, o and p each are an

(4)

integqr of 1 to 10, q is an integer of 1 to 5, and r and
s each.are an integer of 1 to 5), Z is a -C0O0- group, a

—CHZO- group or a —CGH4—CH20— group, and R5 is a hydro-

gen atom or a methyl group.}.

As the thiourea derivative represented by the
above general formula (6), known ones can be used with-
out 1imitation. For example, thiourea, methylthiourea,
ethylthiourea, propylthiourea, butylthiourea, etc. can
preferably be used.

The malonic acid derivative represented by the
general formula (7) can be synthesized by reacting '
diethyl malonate with an ortho acid triethyl.

As the ortho acid triethyl, there can be
exemplified triethyl orthoformate, triethyl ortho-ace-
tate, triethyl orthopropionate, triethyl orthobenzoate,
etc.

‘More specifically, a malonic acid derivative
represented by the general formula (7) can be obtained
by putting 1 mol of diethyl malonate and 2 to 3 mols of
sodium ethoxide in the presence of a solvent, and slowly
adding dropwise 1 mol of an ortho acid triethyl to react
t hem.
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As to an alcohol having a polymerizable unsat-
urated bond represented by the above general formula
(10), when Z 1is -C0OO- group, the alcohol can be obtained
by esterification reaction between (meth)acrylic acid
and a glycol, by esterification reaction between
(meth)acryloyl chloride and a glycol, or the like. When
Z is —CHZO— group, such an alcohol can be obtained by
reaction between allyl chloride and a glycol, or the
1ike. When Z is a —CGH‘—CHZO— group, such an alcohol
can be obtained by reaction between 4-vinylbenzyl chlo-
ride and a glycol, or the like.

As the glycol, there can be exemplified ethyl-
ene.glyco1, propylene glycol, pentamethylene glycol,
hexamethy1ene'glyc01, octamethylene glycol, decamethy-
lene glycol, dodecamethylene glycol, neopentyl glycol,
1,2-propanediol, 1,2-butanediol, 1,5-hexanediol, P-
xylene glycol, diethylene glycol, 1,3-bis(3-hydroxy-
propyl1)-1,1,3,3-tetramethyldisi Toxane, 1,3-bis(4-
hydroxybutyl)-1,1,3,3-tetramethyldisi 1oxane, etc.

More specifically, when Z in the general
formula (10) is a —-CO0O- group, a corresponding alcohol
(10) can be obtained by feeding 1 mol of (meth)acrylic
acid, 1 to 4 mols of a glycol and 0.01 to 0.1 mol of an
acid catalyst, and reacting them. As the acid catalyst,
p-toluenesulfonic acid, benzenesulfonic acid, etc. can
preferably be used.

The alcohol (10) can also be obtained by
feeding 1 to 4 mols of a glycol, and 1 mol of a tertiary
amine or molecular sieve 3A as a dehydrohalogenating
agent in the presence of a solvent, and slowly adding
dropwise 1 mol of (meth)acryloyl chloride to cause
esterification reaction. As the tertiary amine,
pyridine, triethylamine, etc. can preferably be used.

When Z in the general formula (10) is a -CH20—
group, a corresponding alcohol (10) can be obtained by

feeding 1 to 4 mols of a glycol and 1 to 1.2 mols of a
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basic catalyst in the presence of a solvent, and slowly
adding dropwise 1 mol of allyl chloride to cause reac-

tion. As the basic catalyst, sodium hydride, etc. can

preferably be used.

When Z in the general formula (10) is a
—CGH‘—CHzo- group, a corresponding alcohol (105 can be
obtained by feeding 1 to 2 mols of a glycol and 1 to 1.2
mols of a basic catalyst in the presence of a solvent,
and slowly adding dropwise 1 mol of 4-vinylbenzyl chlo-
ride to cause reaction. As the basic catalyst, sodium
hydride, etc. can preferably be used. '

In these cases, both of a monosubstitution
product (10) and a disubstitution product are obtained
as the products. The monosubstitution product (10) can
be separated and pufified by distillation or column
chromatography.

In the condensation reaction between the
thiourea derivative of the general formula (6) and the
malonic acid derivative of the general formula (7), the
reaction molar ratio of the malonic acid derivative of
the general formula (7) to the thiourea derivative of
the general formula (6) is preferably 0.5 to 1.5.

As a reaction catalyst used at the time, a
known one is usable, and sodium ethoxide , etc. can be
exempli fied, and its addition amount is preferably 0.5
to 1.5 times the molar amount of the thiourea derivative
of the 9enera1 formula (6).

As a solvent used in the reaction, ethanol,
etc. can be mentioned. The temperature of the reaction
can be selected from the range of 40 to 80C , preferably
from the }ange of 60 to 80C . The reaction time is not
particularly limited, and can.genera11y be selected from
the range of the order of 1 to 10 hours, but can be
determined in accordance with the reaction temperature.

After the reaction, the salt deposited is

dissolved in water, and an acid is added to make the
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solution acidic, whereby a 6arbethoxythiouraci1 deriva-
tive represented by the general formula (8) can be
obtained.

In this connection, when, in the thiourea of
the general formula (6), one of R1 and R2

group, the carbethoxythiouracil derivative of the gener-

is an alkyl

al formula (8) is obtained as a mixture of isomers based
on the substitution position on the N atoms of the alkyl
group. These isomers can be separated and purified by
column chromatography.

In the deesterification reaction of the
carbethoxythiouracil derivétive of the general formula
(8) obtained by the reaction between the thiourea deriv-
ative of the general formula (6) and malonic acid deriv-
ative of the general formula (7), as the deesteri fying
agent to be used, a known one can be used, but a dimeth-
y1 sulfoxide solution of potassium tertiary butoxide is
preferably used. The addition.amount of the deesteri-
fying agent is preferably in the range of 6 to 20 times
the molar amount of the carbethoxythiouracil derivative,
and more preferably in the range of 12 to 16 times the
molar amount thereof.

The temperature of the reaction can be select-
ed from the range of room temperature to 80°C, but
preferably from the range of room temperature to 40C .
The reaction time is not particularly limited, and can
generally be selected from the range of the order of 1
to 24 hours, but can be determined in accordance with
the reaction temperature.

After the reaction, water is added to the
reaction ﬁixture, and further an acid is added to make
the solution acidic, whereby a carboxythiouracil deriva-
tive represented by the general formula (9) can be ob-
tained.

In the reaction between the carboxythiouracil
derivative of the general formula (9) and the alcohol
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having a polymerizable unsaturated bond of the general
formula (10), the reaction molar ratio of the alcohol
having a polymerizable unsaturated bond of the general
formula (10) to the carboxythiouracil derivative of the
general formula (9) can be in the range of 1 to 5, but
preferably in the range of 1 to 3.

As an esterifying catalyst for the esterifica-
tion reaction to be used, there can be mentioned
p—toluenesulfonic acid, benzenesulfonic acid, N,N'-
dicyclohexylcarbodi imide, etc. The addition amount of
the reaction catalyst is preferably in the range of 0.1
to 1 times the molar amount of the carboxythiouraéi]
derivative. '

As a solvent to be used in the reaction, there
can be mentioned tetrahydrofuran, acetone, toluene, etc.
Further, it is preferred to add a small amount of a
polymerization inhibitor such as hydroquinone, hydro-
quinone monomethyl ether or butylhydroxytoluene.

The temperature of the reaction can be select-
ed from the range of room temperature to 80°C, but
preferably from the range of room temperature to 70°C .
The reaction time is not particularly lTimited, and can
generally be selected from the range of the order of 1
to 50 hours, but can be determined in accordance with
the reaction temperature and in such a range that the
polymerization does not take place.

After the reacfion, the matter deposited is
filtered out, the solvent is distilled off from the
filtrate under reduced pressure, and the resuiltant
concentrate is passed through a silica gel column using
an inert éo]vent such as ethyl acetate as a developing
solvent to carry out separation and purificafion, where-
by a product having high purity can be obtained.

Next, description is made on a process for
producing a thiouracil derivative represented by the
general formula (2).
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Namely, a thiouracil derivative having a
polymerizable unsaturated bond of the general formula
(2) can be obtained by condensation reacting a thiourea

derivative represented by the general formula (6)
i '
h 6 .

10 (wherein, R1 and R2 are as defined above) with a succin-

ic acid derivative represented by the general formula

(11)

o |
g OEt  (11)

15 _
EtO I
RB O
(wherein, R3 is a hydrogen atom, an alkyl group or a
20 phenyl group) to give a carbethoxythiouracil derivative
represented by the general formula (12)
R’ !
25 l NR (12)

EtOC” "N, 'S
I R

30 (wherein, R‘, R2 and R3 are as defined in the above
general fdrmu]ae), subjecting the carbethoxythiouracil
derivative (12) to deesterification reaction to give a

carboxythiouracil derivative represented by the general

formula (13)
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3
R 1
(B o
HOG""N"s
o R

(wherein, R, R2

and R3 are as defined in the above
general formulae), and then reacting the carboxythio-
uracil derivative (13) with an alcohol represented by

the following general formula (10)
5 .

R
- '
CH,=C—Z—R—0OH (10)

{wherein, R4 is a bivalent saturated hydrocarbon group
having 2 to 12 carbon atoms, or any group selected from

the following general formula (3), (4) and (5)

.ff(:k&ﬂ:*iz()%;‘(3Ftﬂ3+{2‘"‘ - : (3)
(|3H3. ICH3
~CHp); - (SiO)g - Si - (CHa)s
! ! - (4)
- CHs CHs

~(CH{_Y—CHs- ®

(wherein, n is an integer of 1 to 5, o and p each are an
integer of 1 to 10, q is an integer of 1 to 5, and r and

s each are an integer of 1 to 5), Z is a -CO0O- group, a
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-CHZO— group or a —CsH4—CH20- group, and R5 is a hydro-
gen atom or a methyl group}.

As the thiourea derivative represented by the
above general formula (6), known ones can be used with-
out limitation, as in the case of the preparation of the
above general formula (1).

As the succinic acid derivative represented by
the above génera1 formula (11), known ones can be used
without limitation. For example, there can preferably
be used diethyl 2-oxosuccinate, diethyl 2-methyl-2'-
oxosuccinate, diethyl 2—ethy1-2'-oxosuccinate, diethyl
2-butyl-2'-oxosuccinate, etc. |

As the alcohol having a polymerizable unsatu-
rated bond represented by the above general formula
(10), there can be used the same ones as in the case of
the prepartion of the above general formula (1).

' In the condensation reaction between the
thiourea derivative of the above general formula (6) and
the succinic acid derivative of the above general formu-
Ta (11), the reaction molar ratio of the succinic acid
derivative of the general formula (11) to the thiourea
derivative of the general formula (6) is preferably 0.5
to 1.5.

As a reaction catalyst to be used at the time,
known ones can be used, and sodium ethoxide, etc. are
exemplified, and its addition amount is preferably 0.5
to 1.0 times the molar amount of the thiourea derivative
of the general formula (6).

As a solvent used in the reaction, ethanol,
etc. can be mentioned. The temperature of the reaction
can be seiected from the range of 40 to 80C , preferably
from the range of 60 to 80C . The reaction time is not
particularly limited, and generally can be selected from
the range of the order of 1 to 10 hours, but can be
determined in accordance with the reaction temperature.

After the reaction, the salt deposited is
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dissolved in water, and an acid is added to make the
solution acidic, whereby a carbethoxythiouracil deriva-
tive represented by the general formula (12) can be
obtained.

In this connection, when, in the thiourea of

the general formula (6), one of R1 and R2

is an alkyl
group, the carbethoxythiouracil derivative.of the genér-
al formula (12) is obtained as a mixture of isomers
based on the substitution position on the N atoms of the
alkyl group. These isomers can be separated and puri-
fied by column chromatography.

The deesterification reaction of the
carbethoxythiouracil derivative of the general formula
(12) obtained by the reaction between the thiourea
derivative of the general formula (6) and the succinic
acid derivative of the general formula (11) can be
carried out in the same manner as in the case of the
carbethoxythiouracil derivative represented by the
general formula (8).

The reaction between the carboxythiouracil
derivative represented by the general formula (13) and
the alcohol having a polymerizable unsaturated bond of
the general formula (10) can be carried out in the same
manner as in the reaction between the carboxythiouracil
derivative of the general formula (9) and the alcohol
having a polymerizable unsaturated bond of the general
formula (10).

A thiouracil derivative having a polymerizable
unsaturated bond represented by the general formula (1)
or (2) can preferably be used as a component of an
adhesive ﬁhich bonds a noble metal, for example a dental
noble metal alloy to a resin, and in such an occasion,
it is preferred to use the thiouracil derivative as a
solution in an organic solvent. As organic solvents
used preferably therefor, general organic solvents or

polymerizable monomers can be used without any 1imita-
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tion so long as they can dissolve the thiouracil deriva-
tive. However, when the orgahic solvents are nonvola-
tile, it geté difficult to exert the effects of the
invention without heightening the concentration of the
thiouracil derivative, and therefore, it is preferred to
use organic solvents having volatility.

In the metal surface-treating agent of the
invention, the concentration of the thiouracil deriva-
tive is not particularly limited, but in view of adhe-
sive strength and the prevention of excess use, it is
preferred that the concentration is in the range of
0.001 to 20 % by weight. The further preferred concen-
tration range of the thiouracil derivative is 0.005 to
10 % by weight.

As specific examples of the organic solvents-
usable preferably, there can be mentioned alcohols such
as methanol, ethanol, +isopropyl alcohol and butanol;
ketones such as acetone and methyl ethyl ketone; ethers
such as ethyl ether, 1,4-dioxane and tetrahydrofuran;
esters such as ethyl acetate and ethyl formate; aromatic
solvents such as toluene, xylene and benzene; hydro-
carbon solvents such as pentane, hexane, heptane and
octane; chlorine solvents such as methylene chloride,
chloroform and 1,2-dichloroethane; fluorine solvents
such as trifluoroethanol; etc. Among them, acetone,
toluene, ethanol, etc. are particularly preferably used
in view of solubility, storage stability, etc.

Polymerizable monomers preferably usable as
organic solvents in the invention are, for example, ones
showing radical polymerizability. As specific examples
of the poiymerizable monomers usable preferably, there
can be mentioned styrene and acrylic or methacrylic
poliymerizable monomers having high polymerizability such
as methyl (meth)acrylate, ethyl (meth)acrylate, isopro-
pyl (meth)acrylate, butyl (meth)acrylate and hydroxy-
ethyl (meth)acrylate, etc.
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The above organic solvents can be used alone
or in combination of two or more.

In the metal surface-treating agent of the
invention, in order to further heighten adhesiveness to
base metals, it is also possible to further compound an
aé{dic group—containin§ (meth)acrylate monomer. By
using a metal surface-treating agent of such an embodi-
ment, it gets possible to bond well a—base matal such as
a cobalt-chromium alloy or a nickel-chromium alloy to a
resin or the like. Particularly, when a metal
surface-treating agent of the embodiment is used to an
alloy composed of base metal(s) and noble metal(s), the
adhesive strength of the resultant composite gets higher
than that obtained when a metal surface-treating agent
wherin an acidic group-containing (meth)acrylate monomer
is not compounded is used. Since alloys each composed
of base metal(s) and noble metali(s) are often used for
dental uses, metal surface-treating agents of the above
embodiment are particularly effective as dental metal
surface-treating agents.

The above acidic group-containing
(meth)acrylate monomer is not particularly limited so
long as it is a (meth)acrylate monomer having in the
molecule acidic group(s) such as carboxyl group(s) or
anhydride(s) thereof, or phosphoric acid group(s), and
can be a known one, but is preferably an acidic
group—-containing (meth)acrylate monomer represented by

the following general formula (14)

R6
I \
CHy=CCOCH,+ R —(X),  (in

m=1~4 n=12
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(wherein, R6 represents a hydrogen atom or a methyl
group, R7 represents a bivalent to hexavalent organic
residue having 1 to 20 carbon atoms optionally having
ether linkage(s) and/or ester linkage(s), and X repre-
sents a group containing carboxyl group(s), anhydrous
carboxyl group(s), phosphoric acid group(s) or phospho-
ric ester group(s)).

In the above general formula, X is a group
containing carboxyl group(s), anhydrous cérboxy1
group(s), phosphoric acid group(s) or phosphoric ester
group(s), and its structure is not particularly 1imited,

but preferréd speci fic examples thereof are as follows.
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COOH
COOH

—O0CO

, COOH.

—CH

N COOH

—0CO
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In the above general formula, the structure of

R!

Tent to hexavalent organic residue having 1 to 20 carbon

is not particularly 1limited, and can be known a biva-
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atoms optionally having ether 1inkage(s) and/or ester
Tinkage(s), and specific examples thereof are as fol-

1ows.
—(CHy)— —(CHy)s— — (CH;)s—
—(CHy)g— —(CHz)o— — (CHp)p—
g B . l
CH,
.
l | |
—CHCH200H2(|:HOCHZCH-—
CH,

I I

I i
- CH2 CHzOCCHzCHzCOCHz?H CH2 -

P

1 -

— CHCH,0 —Q—?—O— OCH,CH—
- CH,

Preferred specific examples of the acidic
group-containing (meth)acrylate monomer represented by

the above general formula are as follows.



35

FHs _COOH
CH=CHO(CH,)eCH
0

COOH
CHs cooH
CH2=CﬁO(CH2)1oQ|
o COOH
CHs _COOH
CH=C(O(CHa)12GH
o) (‘\ COOH
_?Ha 0 o
1
CH,=C(zOCH;CH;0C A©:C\/O,
0 C
I
0
e
CH,=CLOCH,CHZ0C O:COOH
o COOH

e
CH2=CﬁOCHch20—r—O‘©
o OH |
g
‘CHz=CL0(CH)100 —P—OH
o]

I
OH
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F

CH=c ﬁ:ocnz 'cu f@»coou
COOoHN

FIO . .
CH2=cff9CH2 CCH,ol coon
| COoH

CHo= Cff OCH} C {: Hy0u SO0

cooH
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10 ~ ' 10

CH2=CICI:OCI-I.‘,CH20ﬁCHch2ﬁOCH2 HCH,06C=CH,
o) E (o] (o] ﬁ

oc.@coou
COOH
10 10

cuz_ccocuzcmuzocuzcu 20 CHZCHCH Oﬁc_cl-l2
COOH COOH

10 10
R

P 1
CH,= CICOCHchCHz O— -O—OCHchCHZO?C-CHz
k: E

COOH COOH



38

| _ Fﬂa
' CH,CH,0(CH;CH,0); "fC=CH,
O

cncuzo(cuchQO)m—c—Q:cc‘Jou
COOH

g

CH,CH;0(CH,CH0)(iC=CH,
| 0

l+m+n=3.5

i

cuchZO(cHZCHZO),-ﬁc.—.cm |
0

QHCH20(0H2CH20)m—c~©:COOH
| COOH

p

CHgCHZO(CHZCHZO)n‘ﬁC=CH2
O l+m+n=3.5
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(wherein, R6 is a hydrogen atom or a methyl group)

In view of adhesiveness to metals, among
acidic group-containing (meth)acrylate monomers exempli-
fied above as specific examples, those having carboxyl
group(s) or phosphoric acid group(s) are used particu-
larly preferably. .

The above acidic group-containing
(meth)acrylate monomers can be used alone or in combina-
tion of two or more.

In the metal surface-treating agent containing
the acidic group—cOnfaining (meth)acrylate monomer, the
compounding rate of the thiouracil derivative (a), the
acidic group—éontaining (meth)acrylate monomer (b) and
the organic solvent (c) is not particularly limited, but
when the total of (a), (b) and (c) is supposed to be 100
weight parts, if the compounding amount of (a) is 0.001°
to 20 weight parts, the compounding amount of (b) is 0.1
to 15 weight parts and (c) is the residual parts, good
adhesion is made on both base metals and noble metals.

A further preferred compounding rate is that (a) is
0.005 to 10 weight parts, (b) is 1 to 10 weight parts
and (c) is the residual parts.

In the metal surface-treating agent of the
invention, it is preferred in view of adhesive strength
and the easiness of handling to use a thiouracil deriva-
tive represented by the general formula (1) or (2) in
combination with an organic solvent capable of dissolv-
ing the thiouracil derivative and having volatility.
Further, when it is desired to heighten adhesiveness to
base metals, it is preferred to use the metal surface-
treating agent in such a form that an acidic group-
containing (meth)acrylate monomer represented by the
general formula (14) is compounded therein.

Further, it 1is also possible, if necessary, to
incorporate a polymerization catalyst in the metal
surface-treating agent of the invention in such a range
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that adhesive strength is not lowered. As polymeriza-
tion catalysts capable of being added, there can be
mentioned peroxide polymerization catalysts, for exam-
ple, diacyl peroxides such as benzoyl peroxide and
decanoyl peroxide; dialkyl peroxides such as dicumyl
peroxide and ditertiary butyl peroxide; barbituric acid
polymerization catalysts such as 5-butylbarbituric acid
and S5-butyl-2-thiobarbituric acid; a-diketones such as
camphorquinone and acetylbenzoyl; benzoin alkyl ethers
such as benzoin ethyl ether; thioxanthone derivatives
such as 2-chlorothioxanthone and methylthioxanthone;
photopolymeri zation catalysts, for example, benzophenone
and benzophenone derivatives such as p,p'-methoxy-
benzophenone; amine co-catalysts such as dimethyl-
aminoethyl methacrylate, N,N-dimethyl-p-toluidine and.-
ethyl p-dimethylaminobenzoate; etc. These polymeriza-
tion catalysts and co-catalysts can be added alone or,
if necessary, in combination of two or more.

Further if necessary, it is also possible to
add a polymerization inhibitor such as hydroquinone
monomet hyl ether, hydroquinone or 4-tertiary butyl-
phenol.

As to a process for mixing the above compo-
nents to give a metal surface-treating agent, there is
no particular limitation, and for example, the metal
surface-treating agent can be prepared by weighing the
thiouracil derivative, the organic solvent and, if
necessary, the acidic group-containing (meth)acrylate
monomer, and other optional component(s) and putting
them in a vessel at a desired mutual ratio, and stirring
and mixiné the mixture until it gets uniform.

The use method of the metal surface-treating
agent of the invention is not particularly limited, but
for giving good adhesion between a metal and a resin or
the like, a method which comprises coating the surface
of the metal with the metal surface-treating agent of
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the invention, piling up a polymerizable composition on
the metal surface, and curing the_po]ymerizable composi -
tion can suitably be adopted. Further, by bonding
another resin, metal, ceramics or the like onto the
opposite side of the surface of the polymerizable compo-
sition contacting to the metal, it is also possible to
indirectly bond the metal to such a material.

In the above method, as the polymerizable
composition piled up on the metal surface after the
treatment, a known polymerizable composition can be used
without any Timitation, but a polymerizable composition
containing an acrylic or methacrylic polymerizable
monomer as a main component and containing a polymeriza-
tion initiator is preferred in view of polymerizability,
easiness of handling, etc. Polymerizable compositions
generally used in the dental field such as, for example,
denture base resins, quick self-curing resins, hard res-
ins, composite resins, resin cements, etc. can pref-
erably be used since they each contain acrylic or
methacrylic polymerizable monomer(s) and a polymeriza-
tion initiator.

As specific examples of the acrylic or
methacrylic polymerizable monomer{(s), there can be
mentioned monofunctional polymerizable monomers such as
methyl (meth)acrylate, ethyl (meth)acrylate, hydroxy-
ethyl (meth)acrylate and methacryloyloxyethyl propi-
onate; polyfunctional polymerizable monomers such as
triethylene glycol di{(meth)acrylate, 2,2-bis(4-(3-
methacryloyloxy-2-hydroxypropoxy)phenyl)propane,
2,2-bis(4-methacryloyloxyethoxyphenyl )propane,
1,6-hexanédio] di(meth)acrylate, neopentyl glycol
di(meth)acrylate, trimethylhexamethylene diisocyanate
and pentaerythritol tri(meth)acrylate; adhesive
polymerizable monomers such as 4-methacryloyloxy-
ethoxycarbonylphthalic anhydride, 10-methacryloyl-
oxydecyl dihydrogenphosphate, 10-methacryloyloxy-
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decamethylenemalonic acid and 2-methacryloyloxyethyl
3'-methabry]oy]oxy-Z'—(S,4—dicarboxybenzoy1oxy)propyl
succinate; etc. These can be used alone or in combina-
tion of two or more.

As specific examples of the polymerization
initiation catalyst, there can be mentidned redox initi-
ators such as benzoyl peroxide/ N,N-diethanol-p-tolu-
idine; alkyl metal compounds such as a partial oxide of
tributylborane; barbituric acid initiators such as
n-butylbarbituric acid/copper chloride; and photo-poly-
merization initiation catalysts such as camphorqui-
none/N,N-dimethylaminoethyl methacrylate.

When the metal surface-treating agent of the
invention is used to a pure metal such as gold, palladi-
um, platinum, silver or copper, or a gold alloy,

gold-silver-palladium alloy, silver alloy or the like

for dental uses, its effect is parficuTar1y remarkable.

Thiouracil derivatives represented by the
general formula (1) or (2) of the invention are novel
compounds, and since the thiouracil derivatives are
excellent in adhesiveness to noble metals, they are
useful as adhesive components of metal surface-treating
agents. Further, since they each have a polymeri zable
unsaturated bond and sulfur, they are utilizable as
intermediates of pharmaceuticals, dyes, etc.

By using a metal surface-treating agent con-
taining a thiouracil derivative having in the molecule
at least one radical polymerizable unsaturated bond of
the invention, it is possible to bond a metal, particu-
lTarly a noble metal to a resin or the 1ike in high
adhesive étrength, and in high water resistance and in
high durability. Further, when a metal surface-treating
agent wherein an acidic group-containing (meth)acrylate
monomer is further compounded is used, it is possible to
exert very excellent adhesiveness to any of a noble
metal and a base metal. Particularly, when the metal
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surface-treating agent wherein an acidic group-contain-
ing (meth)acrylate monomer is compounded is applied to
an alloy composed of base metal (s) and noble metal(s),
adhesive strength is obtained too high to be anticipated
from meta1'surface—treating'agents wherein a thiouracil
derivative and an acidic group-containing (meth)acrylate
monomer are compounded respectively alone in organic
solvents. Further, these metal surface-treating agents
of the invention are high in storage stability and very
excellent also in handling.

The detail of the reason why the above excel-
Tent effects are exerted is not clear at presedt, but is
surmised as follows. Namely, when first the surface of
a metal is coated with a metal surface-treating agent
composed of a thiouracil derivative and an brganic
solvent, the surfur atoms in the thiouracil molecules
immediately react with the metal atoms or the metal
oxide on the surface whereby chemical bonds excellent in
water resistance are formed. Then, when a polymerizable
composi tion is piled up on the surface, the polymeri-
zable unsaturated bond of the thiouracil derivative
reacts with the polymerizable monomer in the polymeri-
zable composition to cause copolymerization and curing,
whereby strong linkage to the metal is formed. It is
surmised that the above first reaction is particularly
liable to occur on the surface of a noble metal, and as
a result, good adhesion between the noble metal and the
resin or the 1ike gets possible.

On the other hand, it is surmised that as to
an acidic group-containing (meth)acrylate monomer, its
acidic gréup has a strong tendency to react with a base
metal atom or an oxide thereof to form a chemical bond
excellent in water resistance, and therefore, when the
monomer is compounded, adhesive strength to the base
metal is heightened. Further, it is surmised that when

an alloy composed of base metal (s) and noble metal(s) is
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coated with a metal surface—treating agent wherein an
acidic group-containing (meth)acrylate monomer is com-
pounded, the above reaction and the above reactions by
the thiouracil derivative simul taneously occur, and
adhesive strength is enhanced by the synergistic effects
of the time.

The present invention is further detailedly
described by examples, but the invention should not be
Timited thereto.

Example 1 ,
Potassium tertiary bufoxide (43.7 g, 389 mmol)
and dimethyl sulfoxide (400 m1) were put in a 2-L
egg-plant type flask to make a solution, ethyl
2-thiouracil-5-carboxylate (5.0 g, 25.0 mmo1) was slowly
added dropwise to the solution, and the mixture was
subjected to reaction at room temperature for 1 hour.
After the completion of the reaction, methanol (500 ml)
was added to the reaction mixture, and the precipitate
deposited was filtered. The resultant precipitate was
dissolved in water, and hydrochloric acid was added to
this solution to give 5-carboxy-2-thiouracil (2.54 g) as
a light yellow solid.

2-hydroxyethyimethacrylate (3.90 g, 30 mmol),
N,N'-dicyclohexylcarbodiimide (2.27 g, 11 mmol),
S5-carboxy-2-thiouracil (1.72 g, 10 mmol) and tetra—.
hydrofuran (50 m1) were put into 200 m1 three-necked
flask to make a solution, the solution was continuously
stirred at room temperature for 3 days. As the reaction
proceeded, a white precipitate was formed. After the
reaction was completed, said white precipitate was
fi1tered.'Tetrahydrofuran was distilled off from the
resultant filtrate under reduced pressure and then the
residue was subjected to silica gel chromatography.
2-methacryloyloxyethyl 2-thiouracil-5-carboxylate [A]
(0.91 g, 3.2 mmol) represented by following formula was
obtained by using mixture of ethyl acetate and hexane as
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developing solvent. The result of NMR (d6DMSO), MASS

and elementary analysis are shown below.

o .
il .

C'H2=?"" CO" (CH2)2'— OC
- CHg |

NH " [A]

H
NMR (5, ppm); 1.88 (3H, -CHs)
4.36 (4H, -COO-CHzCHz-0CO-)
'5.68, 6.03 (2H, CH2=C-)
7.97 (1H, -N-CH=C-)
12.6 (2H, -NH-)
MASS (M+1)! =285
Elementary ana]ﬁsis; C11H12N2058

C H N
Calculated 46.47 4.25 9.85
Found 46.45 4.26 9.83

Example 2

Under an atmosphere of nitrogen, an aceto-
nitrile solution (30 m1) of methacryloyl chloride (20.9
g, 0.2 mol) was slowly added dropwise at room tempera-
ture, using a dropping funnel, to 1,6-hexanediol (47.3
g, 0.40 mol), molecular sieve 3A powder (40 g) and
acetonitrile (470 m1) in a 1-L three-necked flask.
After the completion of the dropwise addition, the
mixture was refluxed with heating for 5 hours. The
mixture was then left alone to cool to room temperature,
the molecular sieve 3A powder was filtered out from the
reaction mixture, and acetonitrile was distilled off
under reduced pressure from the filtrate. Methylene
chloride (300 ml1) was added to the residue, and the

resultant methylene chloride solution was washed with
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water. The methylene chloride layer was dried over
anhydrous sodium sulfate, and the solvent was distilled
off under reduced pressure. 6-Hydroxyhexyl methacrylate
(33.3 g) was separated and purified as a colorless
transparent 1iquid from this residue by silica gel
column chromatography.

6-Hyd roxyhexyl methacrylate (5.59 g, 30 mmol),
N,N'-dicyclohexylcarbodiimide (2.27 g, 11 mmol),
S5-carboxy-2-thiouracil (1.72 g, 10 mmol) and tetra-
hydrofuran (50'm1) were put in a 200-ml1 three-necked
flask to make a solution, and the solution was continu-
ously stirred at room temperature for 3 days. A white
precipi tate was formed as the reaction progressed, and
after the completion of the reaction, the white precipi-
tate was filtered out. Then the same separation and
purification operations were carried out as in Example 1
to give 6-methacryloyloxyhexyl 2-thiouracil-5-car-
boxylate [B] (1.13 g, 3.3 mmol)} repre- sented by the
following formula. The results of NMR (d6DMS0O), MASS

and elementary analysis are shown below.

O
i
CH2=([7-C0*(CH2)6'OC l NH [B]
CHg " NS
H

NMR (8, ppm); 1.3-1.7 (8H, -COO-CHz2(CH2)4CH2-0CO-)
| 1.87 (3H, -CHs)
4.09, 4.13 (4H, -COO-CHz (CHz )4CH2-0CO-)
5.65, 6.01 (2H, CH2=C-)
7.94 (1H, -N-~CH=C-)
12.7 (2H, -NH-)
MASS (M+1)* =341
Elementary analysis; CISHZDNZOSS
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C H N
Calculated 52.93 5.92 8.23
Found 52.96 5.92 8.25

Example 3

Under an atmosphere of nitrogen, a tetra-
hydrofuran solution (30 m1) of methacryloyl chloride
{10.5 g, 0.1 mol) was slowly added dropwise at room
temperature, using a dropping funnel, to 1, 10-decanediol
(34.9 g, 0.20 mol), molecular sieve 3A powder (20 g) and
tetrahydrofuran (350 m1) in a 1-L three-necked f1lask.
After the completion of the dropwise addition, the
mixture was refluxed with heating for 5 hours. The
mixture was then l1eft alone to cool to room temperature,
the molecular sieve 3A powder was filtered out from the
reaction mixture, and tetrahydrofuran was distilled off
under reduced pressure from the filtrate. Methylene
chloride (300 ml) was added to the residue, and the
resultant methylene chloride solution was washed with
water. The methylene chloride layer was dried over
anhydrous sodium sulfate, and the solvent was distilled
off under reducd pressure. 10-Hydroxydecyl methacrylate
(14.5 g) was separated and purified as a colorless
transparent liquid from this residue by silica gel
column chromatography.

10-Hydroxydecyl methacrylate (7.27 g, 30
mmol), N,N'-dicyclohexylcarbodiimide (2.27 g, 11 mmol),
5-carboxy-2-thiouracil (1.72 g; 10 mmol) and tetra-
hydrofuran (50 ml1) were put in a 200-m1 three-necked
flask to make a solution, and the solution was continu-
ously stifred at room temperature for 3 days. A white
precipi tate was formed as the reaction progressed, and
after the completion of the reaction, the white precipi-
tate Was filtered out. Then, the same separation and
purification operations as in Example 1 were carried out

to give 10-methacryloylioxydecyl 2-thiouracil-5-car-
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boxylate [C] (1.15 g, 2.9 mmol) represented by the
following formula. The results of NMR (d6DMS0O), MASS

and elementary analysis are shown below.
CH2=?-—CO-(CH2)10_—OC
CH; S

NH - [C]
N’LS
H

NMR (&, ppm); 1.3-1.8 (16H, -COO-CHz2(CH2)8CH2-0CO-)
1.87 (3H, -CHa), '
4.08, 4.13 (4H, -COO-CH2 (CHz )8 CHz2 -0CO-)
5.65, 6.01 (2H, CH2=C-),
7.93 (1H, -N-CH=C-),
12.8 (2H, -NH-)

MASS (M+1)! =397

Elementary analysis; ClgHzaNZOSS

c H N
Calculated 57.56 7.12 7.07
Found 57 .51 7.14 7.08

Example 4

Under an atmosphere of nitrogen, an acetoni-
trile solution (30 ml1) of acryloyl chloride (18.1 g, 0.2
mol) was slowly added dropwise at room temperature,
using a dropping funnel, to an acetonitrile solution
(470 ml1) of-1,6—hexanedi01 (47.3 g, 0.40 mo1) and molec-
ular sieve 3A powder (40 g) in a 1-L three-necked flask.
After the completion of the dropwise addition, the
mixture was refluxed with heating for § hours. After
the reaction, the same treatment as in Example 2 was
carried out, and thereafter, 6-hydroxyhexyl acrylate
(28.9 g) was separated and purified as a colorless

transparent liquid.
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6-Hyd roxyhexyl acrylate (5.17 g, 30.0 mmo1),
N,N'-dicyclohexylcarbodiimide (2.27 g, 11 mmol),
5-carboxy-2-thiouracil (1.72 g, 10 mmol) and tetra-
hydrofuran (50 ml1) were put in a 200-ml1 three-necked
flask to make a solution, and the solution was continu-
ouély stirred at room temperature for 3 days. A white
precipitate was formed as the reaction progressed, and
after the completion of the reaction, the white precipi-
tate was filtered out. Then, the same separation and
purification operations as in Example 1 to give
6-acryloyloxyhexyl 2-thiouracil-5-carboxylate [D] (1.01
g, 3.1 mmol) represented by the following formula. The
results of NMR (d6DMSQO), MASS and elementary analysis

are shown below.
. O |
il | ﬁ?.
CHz=G—CO~(CH,)g—0C N
H

[D]

N S
H

NMR (&, ppm); 1.3-1.7 (8H, -COO-CHz2{(CH2)aCH2-0CO-)
4.09, 4.13 (4H, -COO-CH2 (CH2 )4 CH2 -0CO-)
5.82, 6.12, 6.45 (3H, CH2=CH-),
7.93 (1H, -N-CH=C-),
12.7 (2H, -NH-)

MASS (M+1)! =327

Elementary ana}ysis; C14H18N2058

. c H N
Calculated 51.52 5.56 8.58
Found 51.56 5.57 8.57

Example 5
Under an atmosphere of nitrogen, a

tetrahydrofuran solution (30 ml) of 1,6-hexanediol (4.72
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g, 40 mol) was slowly added dropwise at room tem-
perature, using a dropping funnel, to a tetrahydrofuran
solution (20 ml1) of 60% sodium hydride (1.92 g, 48 mmol)
in a 300-m1 three-necked flask. Successively, a
tetrahydrofuran solution (30 m1).of chloromethylstyrene

_(6.1 g, 40 mmol) was slowly added dropwise. After the

completion of the dropwise addition, the mixture was
refluxed with heating for 4 hours. The mixture was then.
left alone to cool to room temperature, and diluted
hydrochloric acid was added to the reaction mixture to
stop the reaction. The aqueous layer wés_extracted with
ether, and the resultant organic layer combined was
washed with aqueous saturated sodium hydrogencarbonate
solution and saturated sodium chloride solution. The
organic layer was dried over anhydrous magnesium sul-
fate, the solvent was distilled off under reduced pres-
sure, and then 1-hydroxy-6-(p-vinylbenzyloxy)hexane
(7.97 g) was separated and purified by silica gel column
chromatography.

1-Hydroxy-6-(p-vinylbenzyloxy)hexane (7.03 g,
30 mmol), N,N'-dicyclohexylcarbodiimide (2.27 g, 11
mmol), S-carboxy-2-thiouracil (1.72 g, 10 mmol) and
tetrahydrofuran (50 ml1) were put in a 200-m1 three-
necked flask to make a solution, and the solution was
continuously stirred at room temperature for 3 days.' A
white precipi tate was formed as the reaction progressed,
and after the completion of the reaction, the white
precipitate was filtered out. Then, the same separation
and purification operations as in Example 1 were carried
out to give 6-(p-vinylbenzyloxy)hexyl 2-thiouracil-5-
-carboxy]dte [E] (1.17 g, 3.0 mmol) represented by the
following formula. The results of NMR (d6DMSO), MASS
and elementary analysis are shown below.
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NMR (5, ppm);

.3-1.7 (8H, -COO-CH2(CH2)4CH2-0CH2-)

1

3.49, 4.1 (4H, -COO-CHz (CHz )4 CHz ~OCHz -)
4.53 (2H, -OCHz-CeHa) |

5.27, 5.84, 6.71 (3H, CHz2=CH-),

7.3-7.4 (4H, CeHs)

7.93 (1H, -N-CH=C-),

12.7 (2H, -NH-)

MASS (M+1)* =389

Elementary analysis; CZBH24N204S

C H N
Calculated 61.84 6.23 7.21
Found 61.81 - 6.27 7.24

Example ©

Under an atmosphere of nitrogen, a tetra-
hydrofuran solution (30 m1) of methacryloyl chloride
(10.5 g, 0.1 mol) was slowly added dropwise at room
temperature, using a dropping funnel, to 2,2-dimethyl-
1,3-propanediol (20.8 g, 0.2 mol), molecular sieve 3A
powder (20 g) and tetrahydrofuran (350 ml) in a 1-L .
three-necked flask. After the completion of the
dropwise addition, the mixture was refluxed with heating
for 4 hours. After the reaction, the same operations as
in Example 3 were carried out, and thereby 3-hydroxy-
2,2-dimethylpropyl methacrylate (13.1 g) was separated
and purified.

3-Hyd roxy-2 ,2-dimethylpropyl methacrylate
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(5.18 g, 30 mmol), N,N'-dicyclohexylcarbodiimide (2.27
g. 11 mmol), 5-carboxy-2-thiouracil (1.72 g, 10 mmol)
and tetrahydrofuran (50 m1) were put in a 200 ml
three-necked flask to make a solution, and the solution
was continuously stirred at room temperature for 3 days.
A white precipitate was formed as the reaction pro-
gressed, and after the complietion of the reaction, the
white precipi tate was filtered out. Then, the same
separation and purification operations as in Example 1
were carried out to give 3-methacryloyloxy-2,2-
dimethylpropyl 2—thiouraci1-5?carboxy1ate [F] (0.95 g,
2.8 mmol) represented by the fo11owin§ formula. The
results of NMR (d6DMSO), MASS and elementary ana1ysié
are shown below.

O G
(:f12§=ﬁ:“(:()‘(:}{2"$>"(:fig‘_'C)(: NH [f:]
CHj CHj INLS |

H

NMR (35, ppm); 0.91 (6H, ~CH2C{CH3)2CH2-)
1.87 (3H, CH2=C-CHs),
4.1, 4.18 (4H, -COO-CHz2 C(CHs )2CH2-0CO-)
5.66, 6.02 (2H, CH2=C-),
7.983 (1H, -N-CH=C-),
12.8 (2H, -NH-)
MASS (M+1)* =327
Elementary analysis; Cl4H13N2058

C H N
Calculated 51.52 5.56 8.58
Found 51.54 5.56 = 8.57

Example 7

Under an atmosphere of nitrogen, an acetoni-
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trile solution (30 ml) of methacryloyl chloride (20.9 é,
0.2 mol) was slowly added dropwise at room temperature,
using a dropping funnel, to acetonitrile solution (470
ml) of 1-methyl-1,5-pentanediol (47.3 g, 0.40 mol),
molecular sieve 3A powder (40 g) in a 1-L three-necked
flask. After the completion of the dropwise addi tion,
the mixture was refluxed with heating for 5 hours.
After the reaction, the same operations as in Example 2
were carried out, and thereby S5-hydroxy-5-methyl-
pentylmethacrylate (29.4 g) as a colorless transparent
liquid was separated and purified.
5—Hydr6xy—5-methy1penty1 methacrylate (5.59 g,
30 mmo1),.N,N'—dicycTohexy]carbodiimide (2.27 g, 11
mmol), 5-carboxy-2-thiouracil (1.72 g, 10 mmol) and
tetrahydrofuran (50 ml) were put in a 200 ml1 three-
necked flask to make a solution, and the solution was
continuously stirred at room temperature for 3 days. A
white precipitate was formed as the reaction progressed,
and after the completion of the reaction, the white
precipi tate was filtered out. Then, the same separation
and purification operations as in Example 1 were carried
out to give S5-methacryloyloxy-1i-methylpenty]l
2-thiouracil-5-carboxylate [G] (0.71 g, 2.1 mmol) repre-
sented by the following formula. The results of NMR
(d6DMSO), MASS and elementary analysis are shown below.

7 fHs
(3[12::ﬁ:—-(3()—-((3?12)4(3F1-()(3 | NH [(3 ]
CHs NS
. . H
NMR (3, ppm); 1.24 (3H, -OCH(CH3)CHz-)

1.3-1.7 (6H, -COO~CH(CH2 )3CH2 -0CO-)
1.87 (3H, CH2=C-CHs),



10

15

20

25

30

35

54

4.69, 4.13 (3H, -COO-CH (CHz2)s CH2-0CO-)
5.65, 6.01 (2H, CH2=C-),
7.94 (1H, -N-CH=C-},
12.7 (2H, -NH-)
MASS (M+1)*=341
Elementary analysis; ciSHZONZOSS

C H N
Calculated 52.93 5.92 8.23
Found 52.91 5.95 8.25

Example 8

Under an atmosphere of nitrogen, an acetoni-
trile solution (30 ml) of methacryloyl chloride (20.9 g,
0.2 mol) was slowly added dropwise at room temperature,
using a dropping funnel, to p-xylene glycol (55.2 g, -
0.40 mol), molecular sieve 3A pbwder (40 g) and acetoni-

"trile (470 m1) in a 1-L three-necked flask. After the

completion of the dropwise addition, the mixture was
refluxed with heating for 5§ hours. Then, the reaction
mixture was l1eft alone to cool to room temperature, the
molecular sieve 3A powder was filtered out from the
reaction mixture, and acetonitrile was distilled off
from the filtrate under reduced pressure. Methylene
chloride (300 ml1) was added to the residue, and the
methylene chloride solution was washed with water. The
resultant methylene chloride layer was dried over anhy-
drous sodium sulfate, and the solvent was distilled off
under reduced pressure. 4-(Hydroxymethyl)benzyl methac-
rytate (34.8 g) was separated and purified as a white
solid froﬁ this residue by silica gel column chromatog-
raphy.

4-(Hydroxymethyl)benzyl methacrylate (6.48 g,
30 mmol), N,N'-dicyclohexylcarbodiimide (2.27 g, 11
mmol), 5-carboxy-2-thiouracil (1.72 g, 10 mmol) and
tetrahydrofuran (50 m1) were put in a 200-m1 three-
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necked flask to make a solution, and the solution was
continuously stirred at room temperature for 3 days. A
white precipi tate was formed as the reaction progressed,
and after the cqmp1et19n of the reaction, the white
precipitate was filtered out. Then, the same separation
and purification operations as in Example 1 were carried
out to give 4-(methacryloyloxymethyl)benzyl 2-thio-
uracil-5-carboxylate [H] (0.91 g, 2.5 mmol) represented
by the following formula. The results of NMR (d6DMSO),

MASS and elementary analysis are shown below.

-CH2=?"“CO CHz_Q‘ CHZ m ]

CH,

NMR (&, ppm); 1.90 (3H, -CHs),
5.17, 5.23 (4H, -COO-CHz-CsHa -CHz -0CO-)
5.70, 6.07 (2H, CHz2=C-),
7.40 (4H, ~CeHs-),
8.00 (1H, —~N-CH=C-),
12.8 (2H, -NH-)
MASS (M+1)* =361

Elementary analysis; C 16N205S
C H N
Calculated 56.66 4 .47 7.77
Found 56.42 4 .31 7.82

Example 9

Under an atmosphere of nitrogen, an acetoni-
trile solution (30 m1) of methacryloyl chloride (20.9 g,
0.2 mol) was slowly added dropwise at room temperature,
using a dropping funnel, to diethylene glycol (42.4 g,
0.40 mol), molecular sieve 3A powder (40 g) and acetoni-
trile (470 m1) in a 1-L three-necked flask. After the
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completion of the dropwise addition, the mixture was
refluxed with heating for 5 hours. Then, the reaction
mixture was left alone to cool to room temperature, the
molecul ar sieve 3A powder was .filtered out from the
reaction mixture, and acetonitrile was distilled off
from the filtrate under reduced pressure. Methylene
chloride (300 m1) was added to the residue, and the
methylene chloride solution was washed with water. The
resultant methylene chloride layer was dried over anhy-
drous sodium sulfate, and the solvent was distilled off
under reduced pressure. Diethylene glycol monomethac-
rylate (59.2 g) was separated and purified as a color-
less transparent liquid from this residue by si]ica gel
column chromatography.

Diethylene glycol monomethacrylate (5.22 g,
30.0 mmol), N,N'-dicyclohexylcarbodiimide (2.27 g, 11
mmol), S-carboxy-2-thiouracil (1.72 g, 10 mmol) and
tetrahydrofuran (50 ml) were put in a 200-m1
three-necked flask to make a solution, and the solution
was continuously stirred at room temperature for 3 days.
A white precipitate was formed as the reaction pro-
gressed, and after the completion of the reaction} the
white precipi tate was filtered out. Then, the same
separation and purification operations as in Example 1
were carried out to give 2-(2-methacryloyloxyethoxy)-
ethyl 2-thiouracil-5~carboxylate [I] (1.05 g, 3.2 mmol)
represented by the following formula. The results of
NMR (d6DMSO), MASS and elementary analysis are shown

below.
| 0
CHz=C- Co- CHzCHzOCHzCHzOC [1]

CH
3 s

NMR (3, ppm); 1.86 (3H, -CHs),
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3.70 (4H, -CH2CH2 ~O-CHz CHz2-) .
4.21, 4.26 (2H, 2H, -CH2CH2-0-CH2CH2-)
5.66, 6.01 (2H, CHz=C-),
7.95 (1H, -N-CH=C-),
12.8 (2H, -NH-)
MASS (M+1)* =329
Elementary analysis; c13H16N2°68

C H N
Calculated 47 .56 4 .91 8.53

Found 47 .37 4 .84 8. 41

Example 10

) Under an atmosphere of nitrogen, an acetoni-
trile solution (30 mi) of methacryloyl chloride (20.9 g,
0.2 mol) was slowly added dropwise at room temperature,
using a dropping funnel, to 1,3-bis(3-hydroxypropyl)-
1,1,3,3-tetramethyldisiloxane (100 g, 0.40 mol), molecu-
lar sieve 3A powder (40 g) and acetonitrile (470 ml) in
a 1-L three-necked flask. After the completion of the
dropwise addition, the mixture was refluxed with heating
for 5 hours. The mixture was then left alone to cool to
room temperature, the molecular sieve 3A powder was
filtered out from the reaction mixture, and acetonitrile
was distilled off under reduced pressure from the fil-
trate. Methylene chloride (300 m1) was added to the
residue, and the resultant methyléne chloride solution
was washed with water. The methylene chloride layer was
dried over anhydrous sodium sul fate, and the solvent was
distilled off under reduced pressure. 1-(3-Meth-
acry10y1oiypropy1)—3—(3—hydroxypropy1)-1,1,3,3—
tetramethyldisiloxane (46.2 g) was separated and puri-
fied as a colorless transparent liquid from this residue
by silica gel column chromatography.

1-(3-Methacryloyloxypropyl)-3-(3-hydroxy-
propyl)-1,1,3,3-tetramethyldisi Toxane (9.54 g, 30 mmol),
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N,N'—-dicyclohexylcarbodiimide (2.27 g, 11 mmol),
5-carboxy-2-thiouracil (1.72 g, 10 mmol) and tetra-
hydrofuran (50'm1) were put in a 200-m1 three-necked .
flask to make a solution, and the solution was continu-
ously stirred at room temperature.for 3 days. A white
precipi tate was formed as the reaction progressed, and
after the completion of the reaction, the white precipi-
tate was filtered out. Then, the same separation and
purification operations as in Example 1 were carried out
to give Compound [J] represented by the following formu-
la. The results of NMR (d6DMSO), MASS and elementary

analysis are shown below.

CHg CHy 0
CH2=cf——co (CH2)3-SI-O s: -(CH,)3—0C N [J]
CH, CH3 CH3

NMR (&5, ppm); 0.06 (12H,-Si-CH3),

0.51 (4H, -Si-CHz2 ~CH2-CH2-0CO-),
1.69 (4H, -Si-CHz ~CH2 -CHz -0CO-),
1.87 (3H, -CHs)},

4.23 (4H, -Si-CHz -CHz2-CHz2 -0CO-),
5.67, 6.03 (2H, CH2=C-),

7.96 (1H, -N-CH=C-),

12.8 (2H, -NH-)

MASS (M+1)* =473 '

Elgmentary analysis; C19 32NZOSSS12

) C H N
Calculated 48 .28 6 .82 5.93
Found 48.35 6.74 5.73

Example 11

Under an atmosphere of nitrogen, an ethanol

solution (100 ml1) of diethyl ethoxymethylenemalonate
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(43.2 g, 0.2 mol) was slowly added dropwise at room
temperature, using a dropping funnel, to an ethanol
solution (200 m1) of sodium ethoxide (13.6 g, 0.20mo1)
in a 1-L three-necked flask. After the completion of
the dropwise addition, the mixture was refluxed with
heating. Successively, an ethanol solution (100 ml1) of
methylthiourea (18.0 g, 0.2 mo1) was slowly added
dropwise using a dropping funnel. After the completion
of the dropwise addition, the mixture was refluxed with
heating for 3 hours.  Then, the reaction mixture was
left alone to cool to room.temperature, and added to
water (500 m1) in a beaker. Concentrated hydrochrolic
acid was added to the resultant solution, then 1ight
vyellow solid was formed. Then the solid was filtered
out, and, ethyl 3-methyl-2-thiouracil-5-carboxylate(14. 1
g) was separated and purified by column chromatography.
Potassium tertiary butoxide (43.7 g, 389 mmol)
and dimethyl sulfoxide (400 m1) were put in a 2-L
egg-plant type flask to make a solution, and ethyl 3-
methyl-2-thiouracil-5-carboxylate (5.35 g, 25.0 mmol)
was slowly added dropwise to the solution, and the
mixture was subjected to reaction at room temperature
for 1 hour. After the completion of the reaction,
methanol (500 m1) was added to the reaction mixture, and.
the precipitate deposited was filtered out. The resul-
tant precipitate was dissolved in water, and hydrochlio-
ric acid was added to this aqueous to give 5-carboxy-3-
methy1-2—thiohraci1 (2.88 g) as a light yellow solid.
6-Hyd roxyhexyl methacrylate (5.59 g, 30.0
mmol), N,N'-dicyclohexylcarbodiimide (2.27 g, 11 mmol),
5—carboxy;3-methy1-2—thiouraci1 (1.86 g, 10 mmol1) and
tetrahydrofuran (50 ml1) were put in a 200-m1 three-
necked flask to make a solution, and the solution was
continuously stirred at room temperature for 3 days. A

white precipi tate was formed as the reaction pro-

- gressed, and after the completion of the reaction, the
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white precipitate was filtered out. Then, the same
separation and pufification operations as in Example 1
were carried out to give 6-methacryloyloxyhexyl 3-
methyl-2-thiouracil-5-carboxylate [K] (1.16 g, 3.28
mmo1) represented by the following formula. The results
of NMR (d6DMS0O), MASS and elementary analysis are shown
below.

o ..
.l . L
CH2=?— CO- (CHz)s"‘ oC
CH, '

NMR (5, ppm); 1.3-1.7 (8H, —-COO-CHz(CHz2)aCH2-0CO-)
' 1.87 (3H, -CHs)
3.78 (3H, N-CHs)
4.09, 4.13 (4H, -COO-CH2(CH2) 4CH2-0CO-~)
5.65, 6.01 (2H, CHz2=C-)
7.94 (1H, -N-CH=C-)
12.4 (1H, -NH-)
MASS (M+1)* =354

Elementary analysis; C16H22N205$
C H N
Calculated 54.22 6.25 7.90

Found 54.20 6.23 7.93

Example 12'

Ethyl 1-methyl-2-thiouracil-5-carboxylate
(15.3 g), an isomer of ethyl 3-methyl-2-thiouracil-5-
carboxylate prepared in Example 8, was obtained as they
were purified.

Potassium tertiary butoxide (43.7 g, 389 mmol)
and dimethyl sulfoxide (400 ml1) were put in a 2-L
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egg-plant type flask to make a solution, and ethyl
1-methyl1-2-thiouracil-5~carboxytlate (5.3 g, 25.0 mmol)
was slowly added dropwise to the solution, and the
mixture was subjected to reaction at room temperature
for 1 hour. After the completion of the reaction,
methanol (500 ml) was added to the reaction mixture, and
the precipitate deposited was filtered out. The resul-
tant precipitate was dissolved in water, and hydrbch]o—
ric acid was added to this solution to give 5-carboxy-
1-methyl1-2-thiouracil (2.65 g) as a light yellow solid.

6-Hydroxyhexyl methacrylate (5.59 g, 30.0
mmol), N,N'-dicyclohexylcarbodiimide (2.27 g, 11 mmol),
S5-carboxy-1-methyl-2-thiouracil (1.86 g, 10 mmol) and
tetrahydrofuran (50 ml1) were put in a 200-m1 three-
necked flask to make a solution, and the solution was
continuously stirred at room temperature for 3 days. A
white precipitate was formed as the reaction pro-
gressed, and after the completion of the reaction, the
white precipitate was filtered out. Then, the same
separation and puri fication operations as in Example 1
were carried out to give 6-methacryloyloxyhexyl 1-
methyl-2-thiouracil-5-carboxylate [L] (1.23 g, 3.56
mmol) represented by the following formula. The results
of NMR (d6DMSO), MASS and elementary analysis are shown
below.

C)
Il
CH2=?‘—CO"’(CH2)G_OC : NH
CHs |

NMR (56, ppm); 1.3-1.7 (8H, -COO-CH2(CH2)4CH2-0CO-)
1.87 (3H, ~CHs)
3.61 (3H, N-CHa)
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4.09, 4.13 (4H, -~COO-CHz (CH2 )aCH2-0CO-)
5.65, 6.01 (2H, CH2=C-)
7.94 (1H, -N-CH=C-)
12.4 (1H, —-NH-)
MASS (M+1)t =354
Elementary analysis; °1s”zz"z°53
C : H N
Calculated 54.22 6.26 7.90
Found 54.21 6.24 7.90

Example 13

Under an atmosphere of nitrogen, an ethanol
solution (50 ml1) of diethyl malonate (16.0 g, 0.1 mol)
was slowly added dropwise at room temperature, using a
dropping funnel, to an ethanol solution (200 m1) of
sodium ethoxide (13.86 g, 0.2 mol1) in a 1-L three-necked
flask. After the completion of the dropwise addition,
the mixture was refluxed with heating. Successively, an
ethanol solution (100 ml1) of triethyl orthobenzbate
(22.4 g, 0.1 mol) was slowly added dropwise, using a
drbpping funnel. After the completion of the dropwise
addition, the mixture was refluxed with heating for 6
hours. Then the reaction mixture was left alone to cool
to room temperature, and ethano] was disti]ied of f under
reduced pressure. Water (200 m1) was added to the

residue, and the mixture was extracted with ether (3

three times). The ether layer was washed with saturated

sodium saline water, dried over anhydrous magnesium sul-
fate and concentrated. Then the residue was distilled
off under-reduced pressure. Diethyl 1'-ethoXy—1'—
phenylmethylenemalonate (18.2 g) was obtained.

Under an atmosphere of nitrogen, an ethanol
solution (50 ml) of diethyl 1'—ethoxy—1‘—pheﬁy1-
methylenemanlonate (14.6 g, 0.05 mol) was slowly added

dropwise at room temperature, using a dropping funnel,
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to an ethanol solution (50 ml1) of sodium ethoxide (3.4
g, 0.05 mal) in a 500 ml1 three-necked flask. After the
completion of the dropwise addition, the mixture was
refluxed with heating. Then, an ethanol solution (50
ml) of thiourea (3.8 g, 0.05 mo1) was slowly added
dropwise at room temperature using a dropping funnel.
After the completion of the dropwise addition, the
mixture was refluxed with heating for 3 hours. Then the
reaction mixture was left alone to cool to room tempera-
ture, and reaction mixture was added to water (200 m1)
in a beaker. Concentrated hydrochrolic acid was added
to the resultant solution, then light yellow solid was
formed. By filtration of the deposited solid, ethyl
6-phenyl1-2-thiouracil-5-carboxylate (7.6 g) was ob-
tained. '

Potassium tertiary butoxide (43.7 g, 389 mmol)
and dimethyl sulfoxide (400 ml) were put in a 2-L
egg-plant type flask to make a solution, and ethyl
6~-pheny1-2-thiouracil-S5-carboxylate (6.90 g, 25.0 mmol)
ﬁas slowly added dropwise to the solution, and the
mixture was subjected to reaction at room temperature
for 1 hour. After the completion of the reaction,
methanol (500 ml1) was added to the reaction mixture, and
the precipitate deposited was filtered out. The resul-
tant precipitate was dissolved in water, and hydrochlo-
ric acid was added to this aqueous solution to give
S5-carboxy-6-phenyl1-2—~thiouracil (3.10 g) as a light
vellow solid.

6-Hydroxyhexyl methacrylate (5.59 g, 30.0
mmol), N,N'-dicyclohexylcarbodiimide (2.27 g, 11 mmol),
5—carboxy;6—pheny1-2—thiouraci1 (2.00 g, 10 mmol) and
tetrahydrofuran (50 ml) were put in a 200-m1 three-
necked flask to make a solution, and the solution was
continuously stirred at room temperature for 3 days. A
white precipitate was formed as the reaction progressed,

and after the completion of the reaction, the white
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precipitate was filtered out. Then, the same separation
and purification operations as in Example 1 were carried
out to give 6-methacryloyloxyhexyl
6-phenyl1-2-thiouracil-5~-carboxylate [M] (1.29 g, 3.10
mmol) represented by the following formula. The resuits
of NMR (d6DMSOQO), MASS and elementary analysis are shown

below.

O
S |-
Csz?_CO—(CHz)a—OC I N H

CHg JR [M]

CeHy N S

NMR (&5, ppm); 1.3-1.7 (8H, -COO-CHz2(CH2)4CH2-0CO-)
1.87 (3H, C=C-CHs)
4.09, 4.13 (4H, ~-COO-CHz (CH2 )4 CH2-0CO-)
5.65, 6.01 (2H, CH2=C-)
7.62 (5H, CeHs)
12.5 (2H, -NH-)

MASS (M+1)' =416

Elementary analysis; C21H24N205$

c H N
Calculated 60.56 5.81 6.73
Found 60.55 5.79 6.73

Example 14

_Under an atmosphere of nitrogen, an ethanol
solution (100 m1) of diethyl 2-oxosuccinate (37.6 g,
0.20 mol) was slowly added dropwise at room temperature,
using a dropping funnel, to ethanol solution (200 ml) of
sodium ethoxide (13.6 g, 0.20 g) in a 1-L three-necked
flask. After the completion of the dropwise addi tion,

the mixture was refluxed with heating. Successively, an
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ethanol solution (100 ml1) of thiourea (15.2 g, 0.20 mol)
was slowly added dropwise at room temperature, using a
dropping funnel. After the completion of the dropwise
addition, the mixture was refluxed with heating for

_.three hours. Then, the reaction mixture was left alone

to cool to room temperature, and then the reaction
mixture was added to water (500 ml1) in a beaker. Con-
centrated hydrochloric acid was added to the resultant
solution, then light yellow solid was formed. By fil-
tration of the deposited solid, ethyl 2-thiouracil-
6-carboxylate (28.4 g) was obtained. '

" Potassium tertiary butoxide (43.7 g, 389 mmol)
and dimethyl sulfoxide (400 ml1) were put in a 2-L
egg-plant type flask to make a solution, ethyl
2—thiouraci]—G—carboxylate_55.00 g, 25.0 mmol) was
slowly added dropwise to tﬁe solution, and the mixture
was subjected to reaction at room temperature for 1
hour. After the completion of the reaction, methanol
(500 m1) was added to the reaction mixture, and the
precipi tate deposited was filtered out. The resultant
precipi tate was dissolved in water, and hydrochloric
acid was added to this solution to give 6-carboxy-2-
thiouracil (2.80 g) as a light yellow solid.

6-Hydroxyhexyl methacrylate (5.59 g, 30.0

mmo1l), N,N'—dicyc1ohexy1carbodiimide (2.27 g, 11 mmol),
6-cayboxy—2—thiouraci1 (1.72 g, 10 mmol) and tetra-
hydrofuran (50 m1) were put in a 200-m1 three-necked
flask to make a solution, and the solution was continu-
ously stirred at room temperature for 3 days. A white
precipi tate was formed as the reaction progressed, and
after the.comp1etion of the reaction, the white precipi-
tate was filtered out. Then, the same separation and
purification operations as in Example 1 were carried out
to give 6-methacryloyloxyhexyl 2-thiouracil-6-carboxyl-
ate [N] (1.07 g, 3.15 mmol) represented by the following
formula. The results of NMR (d6DMSO), MASS and elemen-
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tary analysis are shown below.

0 s

Il - .
CH,=C—CO-(CH5)g—0@C” N 'S
2=¢ (CH2)e - |
CHj o

NMR (5, ppm); 1.3-1.7 (8H, -COO-CHz(CHz)aCH2-0CO-)
1.87 (3H, -CHs)
4.09, 4.13 (4H, -COO-CHz (CHz )4 CHz -0CO-)
5.65, 6.01 (2H, CHz2=C-)
6.87 (1H, -N-CH=C-)
12.9 (2H, -NH-)

- MASS (M+1)t=340

Elementary analysis; C15H20N2053
Cc H N
Calculated 52.93 5.92 8.23

Found 52.96 5.95 8.25

Example 15

Under an atmosphere of nitrogen, an ethanol
solution (100 ml1) of diethyl 2-methyl-2'-oxosuccinate
(40.4 g, 0.20 mol) was slowly added dropwise at room
temperature, using a dropping funnel, to an ethanol
solution (200 mi) of sodium ethoxide (13.6 g, 0.20 mol)
in a 1-L three-necked flask. After the completion of
the dropwise addition, the mixture was refluxed with
heating. Successively, an ethanol solution (100 m1) of
thiourea (15.2 g, 0.20 mol) was slowly added dropwise at
room temperature, using a dropping funnel, After the
completion of the dropwise addition, the mixture was
refluxed with heating for three hours. Then, the reac-

tion mixture was left alone to cool to room temperature,
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and then the reaction mixture was added to water (500
ml1) in a beaker. Concentrated hydrochloric acid was
added to the resultant solution, then 1light yellow solid
was formed. By filtration of the deposited solid, ethytl
S5-methyl1-2-thiouracil-6-carboxylate (26.5 g) was ob-
tained.

Potassium tertiary butoxide (43.7 g, 389 mmol)
and dimethyl sulfoxide (400 ml) were put in a 2-L
egg-plant type flask to make a solution, ethyl 5-methyl-
2-thiouracil-6-carboxylate (5.35 g, 25.0 mmol) was
slowly added dropwise to the solution, and the mixture
was subjected to reaction at room temperature for 1
hour. After the completion of the reaction, methanol
(500 ml1) was added to the reaction mixture, and the
precipi tate deposited was filtered out. The resultant
precipi tate was dissolved in water, and hydrochloric
acid was added to this solution to give 6-carboxy-—
S5-methy1-2-thiouracil (2.93 g) as a 1ight yellow solid.

6-Hyd roxyhexyl methacrylate (5.59 g, 30.0
mmol), N,N'-dicyclohexylcarbodiimide (2.27 g, 11 mmol),
6-carboxy-5-methy1-2-thiouracil (1.86 g, 10 mmol) and
tetrahydrofuran (50 ml1) were put in a 200-m1 three-
necked flask to make a solution, and the solution was
continuously stirred at room temperature for 3 days. A
white precipitate was formed as the reaction progressed,
and after the completion of the reaction, the white
precipi tate was filtered out. Then, the same separation
and purification operations as in Example 1 were carried
out to give 6-methacryloyloxyhexyl 5-methyl-2-thio-
uracil-6-carboxylate [0] (1.13 g, 3.19 mmol) represented
by the foi1owing formula. The results of NMR (d6DMSQO),

MASS and elementary analysis are shown below.
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CHj;

Q [O]
CH,=G—CO-(CH,)s—0C
(:f13 | O

NMR (5, ppm); 1.3-1.7 (8H, -COO-CHz2(CH2)aCH2-0CO-)
1.87 (3H, CH2=C-CHs) '
2.34 (3H, C=C-CHs)
4.09, 4.13 (4H, —-COO-CH2 (CHz )4CHz2 ~-O0CO-)
5.65, 6.01 (2H, CHz2=C-)
12.6 (2H, -NH-)

MASS (M+1)* =354

Elementary analysis; st“iz”zoss

C H N
Calculated 54.22 6.25 7.90

Found 54.19 6.23 7.90

Example 16

Under an atmosphere of nitrogen, an ethanol
solution (100 m1) of diethyl 2-methyl-2'-oxosuccinate
(40.4 g, 0.20 mol) was slowly added dropwise at room
temperature, using a dropping funnel, to an ethanol
solution (200 ml1) of sodium ethoxide (13.6 g, 0.20 g) in
a 1-L three-necked flask. After the completion of the
dropwise addition, the mixture was refluxed with heat-
ing. Successively, an ethanol solution (100 ml) of
methylthiourea (18.0 g, 0.20 mol1) was slowly added
dropwise at room temperature, using a dropping funnel,
After the completion of the dropwise addition, the
mixture was refluxed with heating for three hours, Then,
the reaction mixture was left alone to cool to room

temperature, and then the reaction mixture was added to
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water (500 m1) in a beaker. Concentrated hydrochloric
acid was added to the resultant solution, then 1ight
vyellow solid was formed. The solid deposited was fil-
tered out then ethyl 3,5-dimethyl-2-thiouracil-
6-carboxylate (16.2 g) was separated and purified by
column chromatography. ‘

Potassium tertiary butoxide (43.7 g, 389 mmol)
and dimethyl sulfoxide (400 ml1) were put in a 2-L
egg-plant type flask to make a solution, ethyl 3,5-
dimethy1-2-thiouracil-6-carboxylate (5.70 g, 25.0 mmo1l)
was slowly added dropwise to the solution, and the
mixture was subjected to reaction at room temperature
for 1 hour. After the completion of the reaction,
methanol (500 m1) was added to the reaction mixture, and
the precipitate deposited was filtered. The resultant
precipi tate was dissolved in water, and hydrochloric
acid was added to this solution to give 6-carboxy
3,5-dimethyl-2-thiouracil (2.88 g) as a 1ight yellow
solid.

6-Hyd roxyhexyl methacrylate (5.59 g, 30 mmol),
N,N'-dicyclohexylcarbodiimide (2.27 g, 11 mmol),
6-carboxy-3,5-dimethyl1-2-thiouracil (2.00 g, 10 mmol)
and tetrahydrofuran (50 ml1) were put in a 200-ml
three—-necked flask to make a so1htion, and the solution
was continuously stirred at room temperature for 3 days.
A white precipitate was formed as the reaction pro-
gressed, and after the completion of the reaction, the

white precipitate was filtered out. Then, the same

- separation and puri fication operations as in Example 1

were carried out to give 6-methacryloyloxyhexyl’

3,5—dimetﬁy1— 2-thiouraci 1-6~-carboxylate [P] (1.13 g,
3.07 mmol) represented by the following formula. The
results of NMR (d6DMSO), MASS and elementary analysis

are shown below.
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CH3 'N/CHs

| Q. L L [P]
.CH2=(I:—CO—(.CH2)5—O% ﬂ S
(:}{3 O -

NMR (&, ppm); 1.3-1.7 (8H, -COO-CH2 (CH2)sCH2-0CO-)

1.87 (3H, CHz2=C-CHs) | '
2.36 (3H, C=C-CHsz)

3.68 (3H, N-CHs3) |

4.09, 4.13 (4H, -COO-CH2 (CHz )4 CHz2 -0CO-)
5.65, 6.01 (2H, CHz2=C-)

12.3 (1H, -NH-)

MASS (M+1)* =368

Elementary analysis; C17H24N2053

Cc H N
Calculated 55.42 6 .57 7.60

Found 55.48 6.54 7.61

Example 17

Under an atmosphere of nitrogen, an ethanol
solution (50 m1) of diethyl malonate (16.0 g, 0.1 mol)
was slowly added dropwise at room temperature, using a
dropping funnel, to an ethanol solution (200 ml) of
sodium ethoxide (13.6 g, 0.2 mol1) in a 1-L three-necked
flask. After the completion of the dropwise addition,
the mixture was refluxed with heating. Successively, an
ethanol solution (100 ml1) of triethyl orthopropionate
(17.6 g, 0.1 mol) was slowly added dropwise, using a
dropping funnel. After the completion of the dropwise
addition, the mixture was refluxed with heating for 6
hours. The mixture was then left alone to cool to room

temperature, ethanol was distilled off under reduced
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pressure, 200 ml of water was added to the residue, and
the mixture was extracted with ether (three times). The
ether layer was washed wi th séturated aqueous sodium
chloride solution, dried over anhydrous magnesium sul-
fate, and concentrated. The residue was distilled under
reduced pressure to give diethy1 1-ethoxy-1-ethyl -
methylenemalonate (17.2 g). )

Under an atmosphere of nitrogen, an ethanol
solution (50 m1) of diethyl 1-ethoxy-1-ethylmethylene-
malonate (12.2 g, 0.05 mol) was slowly addgd dropwise at
room temperature, using a dropping funnel, to an ethanol
solution (50 m1) of sodium ethoxide (3.4 g, 0.05 mol) in
a 500-m1 three-necked flask. After the completion of
the dropwise addition, the mixture was refluxed with
heating. Successively, an ethanol solution (50 ml1) of
thiourea (3.8 g, 0.05 mol) was slowly added dropwise at
room temperature, using a dropping funnel. After the
completion of the dropwise addition, the mixture was
refluxed with heating for 3 hours. The mixture was then
lTeft alone to cool to room temperature, and the reaction
mixture was added to water (200 ml1) in a beaker. Con-
centrated hydrochloric acid was added to the resultant
solution, and thereby a 1ight yellow solid was deposit-
ed. The deposited solid was filtered to give ethyl
6-ethyl-2-thiouraci 1-5—-carboxylate (7.3 g).

Potassium tertiary butoxide (43.7 g, 389 mol)
and dimethyl sulfoxide (400 ml1) were put in a 2-L
egg-plant type flask to make a solution, et hyl
6-ethyl-2-thiouraci 1-5-carboxylate (5.70 g, 25.0 mol)
was slowly added dropwise to this solution, and the
mixture was subjected to reaction at room temperature
for 1 hour. After the completion of the reaction,
methanol (500 ml) was added to the reaction mixture, and
the precipitate deposited was filtered. The obtained

precipi tate was dissolved in water, and hydrochloric

~acid was added to this aqueous solution to give
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S5-carboxy-6-ethyl-2-thiouracil (3.10 g) as a 1ight

vellow solid.

6—Hydfoxyhexy1 me thacrylate (5.59 g, 30 mmol)},
11 mmol),

10 mmol1) and
tetrahydrofuran (50 m1) were put in a 200-m! three-

N,N'-dicyclohexylcarbodiimide (2.27 g,
5-carboxy-6-ethyl-2-thiouracil (2.00 g,

necked flask to make a solution, and the solution was

continuously stirred at room temperature for 3 days. A

white precipitate was formed as the reaction pro-

gressed, and after the completion of the reaction, the

white precipi tate was fi]tered.out. Then, the same

separation and purification operations a in Example 1

were carried out to give 6—methaéryloy1oxyhexy1

6-ethyl-2-thiouraci1-5-carboxylate [Q] (1.14 g, 3.1

mmol) represented by the following formula.

The results

of NMR (d6DMSO), MASS and elementary analysis are shown

below.

o

CH,=C—CO-(CHz)s—0OC

)

NMR (8, ppm);

NH

CH3CH, ﬁ S

.02 (3H, -CH2CH3)

[a]

.3-1.7 (8H, -COO-CHz (CH2 )4 CH2-0CO-)
.87 (3H, C=C-CHs)

;
1
1
2.05 (2H, —CHzCHs )
4

.09, 4.13 (4H, -COO-CH2 (CH2 )4 CHz2 -0CO-)

5.65, 6.01 (2H, CHz=C-)
12.5 (2H, -NH-)

MASS (M+1)t =369

Elementary analysis;

Calculated

Found

CirHy Ny
c
55.42
55.42

0 S

H
6 .57
6.59

7.60
7.63
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Examples 18 to 34 and Comparative examples 1 to 4

17 Thiouracil derivatives (A to Q) shown in
Table 1, and the following known 1i-methacryloyloxy-
1,1-undecanedicarboxylic acid [R], 10-methacryloyloxy-
decyT dihydrbggnphosphate [S] and 4-methacryloyloxyethyl
trimellitate anhydride [T] were used, and the adhesive
effects thereof on dental noble metals were examined,
respectively. The structures and abbreviations of the

thiouracil derivatives are as shown above.

‘|3H3 | _COOH
CH2=CCO(CH2)10CH _ [R1]
o COOH

o
CH2=CCO(CH 2)100 T OH [S]
OH

CHg
CH2=CICIOCH2CHZOC C\ of
o)
o

Each of these compounds is made to be an ace-
tone solution of a concentration of 0.5% by weight which
was assumed to be a metal surface-treating agent.
"KINPARA 12", a dental gold-silver-palladium alloy (made
by Towa Giken Co., 10 x 10 x 3 mm) and a pure gold p1éte
(10 x 10 x 3 mm), which were adherends, were abraded
with #1500 waterproof abrasive paper, and then sand-
blasted. An adhesive tape wherein a hole of 4 mm in

diameter was made was stuck on the treated surface of
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each adherend to fix an area to be adhesive-treated.
Each of the surfaces was coated with each of the previ-
ously prepared metal surface-treating agents, using a
brush, respectively, and the acetone was volatilized by
air drying. One minute later, kneaded paste of "Bistite
resin cement"” (made by Tokuyama), a dental adhesive, was
piled on each of the surfaces treated with each of the
metal surface-treating agents, respectively. Then, a 8
mm x 18 mm SUS304-made round bar, which was previously
sandblasted, was pressed on each of the adhesive surfac-
es to'carry out adhesion, respectively. The excess
resin cement was removed, and one hour later, each
adhesion test piece was immersed in water of 37C . 24
Hours later, tensile adhesive strength was measured,
using an autograph (crosshead speed: 10 mm/min) made by
SHIMADZU CORPORATION. 1In each case, the measured values
on 6 test pieces were averaged, and the measurement
results were shown in Table 1.
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Table 1

Adhesive compo- |[Adhesive Adhesive
nent in the strength to |strength to the
surface~treating | KINPARA 12 pure gold plate
agent MPa MPa
Example 18 A 21 25
19 B 24 29
20 c 24 28
21 D 22 27
22 E 18 23
23 F 20 25
24 G 22 27
25 H 22 25
26 I 22 25
27 J 22 24
28 K 21 25
29 L 22 24
30 M 23 28
31 N 23 27
32 o 24 27
33 P 20 24
34 Q 23 28
Comparative
example 1 R 11 10
2 S 10 9
3 T 10 9
4 - 10 9
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Examples 35-43
Using Compound {(B) shown in Example 19 in

Table 1, the effect of the concentration of the adhesive
component contained in the metal surface-treating agent
was examined. Namely, Compound (B) was dissolved 1in

acetone to prepare acetone solutions having concentra-

- tions of 20, 10, 5, 1, 0.5, 0.1, 0.01, 0.005 and 0.001 %

by weight, respectively. The same operations as in
Examples 18 to 34 were carried out except that each of

these solutions was used as a metal surface-treating

~agent, and thereby adhesive effects on "KINPARA 12", a

dental gold-silver-palladium alloy, and a pure gold

plate were examined. The results are shown in Table 2.

Table 2
Concentration Adhesive Adhesive
of the adhesive [strength to |strength to the
component KINPARA 12 pure gold plate
wt% MPa MPa
Exampile 35 20.0 15 16
36 10.0 16 18
37 5.0 19 21
38 1.0 22 25
39 0.5 25 _ 28
40 0.1 23 28
41 0.01 20 24
42 0.005 17 17
43 0.001 14 16
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Example 44 and Comparative example 5

A 0.5% methyl methacrylate solution of Com-
pound (B) used in Example 9 was prepared. In the same
manner as in Examples 18 to 34, "KINPARA 12", a dental
noble metal alloy, was coated with the solution, and one
minute later, the coated surface was washed with pure

acetone, and the same stainless steel bar as in the

-examples was bonded onto the coated surface with

"Bistite resin cement" (made by Tokuyama) to prepare an
adhesion test piece (Example 44). On the other hand, a
test piece coated with methyl methacrylate alone (Com-
parative example 5) was also prepared as a comparative
example. In the same manner as in Examples 18 to 34,
these test pieces were immersed in wéter of 37°C for one
day, and tensile adhesive strength was measured. As a
result, the average adhesive strength was 23 MPa in

Example 44, whereas 10 MPa in Comparative example 5.

Examples 45 to 61 and Comparative example 6

A 0.5% acetone solution of Compound A used in
Example 18 was prepared. In the same manner as in Exam-
ples 18 to 34, "KINPARA 12", a dental ndb]e metal alloy,
and a "pure gold plate" were coated with the solution,
and after the adherends were air dried, the same stain-
Tess steel bar as in Examples 18 to 34 was bonded onto

the adherends with "Bistite resin cement" (made by

" Tokuyama) to prepare adhesion test pieces (Example 45).

Likewise, adhesion test pieces (Examples 46 to 61) were
prepared using Compounds B to Q. On the other hand, the
same stainless steel bar as in Examples 18 to 34 was
bonded, uéing Bistite resin cement, onto "KINPARA 12"
and a "pure gold plate"” each coated with pure acetone
liquid alone, to prepare test pieces (Comparative exam-
ple 6). For the assessment of adhesion durability, one
hour after the adhesion.'these test pieces were immersed
in water of 37C , and 24 hours later, a heat cycle test
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wherein the test pieces were al ternately immersed in
temperature-adjustable water baths, each kept at 4C and
60°C , each for one minute was carried out 5,000 times,

and then tensile adhesive strength'was measured. The
results are shown in Table 3.
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Table 3
Adhesive compo- [Adhesive. Adhesive
nent in the strength to |strength to the
surface—treating |KINPARA 12 pure gold plate
agent MPa MPa
Example 45 A 17 (21) 19 (25)
46 B 22 (24) 26 (29)
47 c 21 (24). 26 (28)
48 D 20 (22) 24 (27)
49 E 16 (18) 20 (23)
50 F 17 (20) 20 (25)
51 G 20 (22) 23 (27)
52 H | 21 (22) - 28 (25)
53 I 22 (22) 24 (25)
54 J 22 (22) 23 (24)
55 K 21 (21) 23 (25)
56 L 20 (22) 23 (24)
57 M 21 (23) 25 (28)
58 N 20 (23) 24 (27)
59 o 23 (24) 25 (27)
60 P 20 (20) 24 (24)
61 Q 21 (23) 25 (28)
Comparative
example 6 - 2 (10) 2 { 9)

( ) Initial adhesive strength
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Whenever any of the metal surface-treating
agents was used (Examples 45 to 61), there was no case
where the adhesive strength of each metal after the heat
cycle test was largely lowered compared with the initial

.adhesive strength (the values in the parentheses in

Table 3). On the other hand, in Comparative example 6,
the adhesive strength was Targely lowered.

Examples 62 to 78

A 0.5% acetone solution of Compound A used 1in

Example 18 was prepared, and then in order to assess the
s torage stébility of the primer, the solution was stored
in a constant temperature chamber of 37C for 2 months.
In the same manner as in Examples 18 to 34, "KINPARA
12", a dental noble metal alloy, and a "pure gold plate"
were coated with the primer after the storage, and after
the adherends were air dried, the same stainless steel
bar as in Examples 18 to 34 was bonded onto the
adherends with "Bistite resin cement" (made by Tokuyama)
to prepare adhesion test pieces (Example 62). Likewise,
0.5% acetone solutions of Compounds B to Q were pre-
pared, and stored at 37C for 2 months, adhesion was
carried out using them to give adhesion test pieces
(Examplies 63 to 78). One hour after the adhesion, these
test pieces were immersed in water of 37C , and 24 hours
Tater, tensile adhesive strength was measured. The

results are shown in Table 4.
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Table 4

Adhesive compo- [Adhesive Adhesive

nent in the strength to |strength to the

surface-treating | KINPARA 12 pure gold plate

agent MPa MPa

Examplie 62 A 20 (21) 23 (25)

63 B 25 (24) 29 (29)
64 C 24 (24) 28 (28)
65 D 22 (22) 26 (27)
66 E 19 (18) 22 (23)
67 F 18 (20) 26 (25)
68 G 23 (22) 27 (27)
69 H 22 (22) 24 (25)
70 I 23 (22) 25 (25)
71 J 21 (22) 22 (24)
72 K 20 (21) 23 (25)
73 L - 23 (22) 24 (24)
74 M 22 (23) 25 (28)
75 N 25 (23) 26 (27)
76 0 23 (24) 25 (27)
77 P 20 (20) 25 (24)
78 Q 22 (23) 25 (28)

( ) Initial adhesive strength
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Also when the metal surface-treating agents
after the storage at 37C for 2 months were used (Exam-
ples 62 to 78), there was no case where the adhesive
strength to each metal was largely lowered compared with
the initial adhesive strength (the values in the paren-
theses in Table 4).

Example 79

10-Me thacryloyloxydecyl 2-thiouracil-5-carbox-
ylate [C] (0.001 g), 11-methacryloyloxy-1,1-undecane-
dicarboxylic acid [R] (1.4 g) and acetone (18.599 g)
were mixed to give a uniform solution, which was assumed
to be a metal surface-treating agent. "KINPARA 12", a
dental gold-silver-palladium alloy (made by Towa Giken
Co., 10 x 10 x 3 mm), "WACROME", a dental cobalt-chromi-
um alloy (made by Towa Giken Co., 10 x 10 x 3 mm), a
pure gold plate (10 x 10 x 3 mm) and a pure copper plate
(10 x 10 x 3 mm) which were adherends, were abraded with
#1500 waterproof abrasive paper, and then sandblasted.
An adhesive tape wherein a hole of 4 mm in diameter was
made was stuck on the treated surface of each adherend
to fix an area to be adhesive-treated. Each of the
surfaces was coated with the previously prepared metal
surface-treating agent, using a brush, and the acetone
was volatilized by air drying. One minute later, knead-
ed paste of "Bistite resin cement" (made by Tokuyama), a
dental adhesive, was piled on each of the surfaces
treated with the metal surface-treating agent. Then, a
8 mm x 18 mm SUS304-made round bar, which was previously
sandblasted, was pressed on each of the adhesive surfac-
es to carfy out adhesion, respectively. The excess
resin cement was femoved, and one hour later, each
adhesion test piece was immersed in water of 37C . 24
Hours later, tensile adhesive strength was measured,
using an autograph (crosshead speed: 10 mm/min) made by
SHIMADZU CORPORATION. 1In each case, the measured values
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on 6 test pieces were averaged, and the measurement
results were shown in Table 6.

Examples 80 to 93

Metal surface-treating agents of the composi-

tions shown in Table 5 were prepared according to the
process of Example 79, and adhesive strength to various
metals were measured in the same manner as therein. The
measurement results are shown in Table 6. 1In this
connection, the structures and abbreviations of the
acidic group-containing (meth)acrylate monomers used are
shown below. ) )
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Table 5

Thiouracil
derivative

Acidic group-
containing

Organic solvent

(wth) (meth)acrylate
monomer (wt%)

Example 79 | C 0.005 R 7 acetone
Example 80 P 0.05 R 0.1 acetone
Example 81| B 0.05 u 5 acetone
Example 82 | D 0.1 . S 3 acetone
Example 83 | H 0.1 R 5 acetone
Example 84 | B O.i R 10 ethanol
Example 85. Q 0.2 U+R = 3+4 acetone
Example 86 | C 0.2 R 5 ethanol
Example 87 | C 0.5 T 10 acetone
Example 88 | F 0.5 u 15 acetone/to1uene$1/1
Example 89 | B 0.5 R 5 acetone
Example 90 | B 1.0 Vv 5 MMA
Example 91 Jd 1.0 R 5 acetone
Example 92 | E 5.0 R 3 acetone
Example 93 | C 10.0 U 7 toluene




86

Table 6
KINPARA 12| Pure gold WACROME Pure copper
plate plate

MPa MPa MPa _ MPa
Exampie 79 20 17 - 33 26
Example 80 21 - 23 26 21
Example 81 25 26 33 25
Example 82 24 26 33 . 24
Example 83 24 - 24 33 24
Example 84 27 - 28 34 26
Example 85| ° 27 27 35 27
Example 86 28 27 ' 35 26
Example 87 28 28 34 25
Example 88 23 24 28 22
Examplie 89 29 28 35 27
Example 90 27 26 33 25
Example 91 23 24 33 : 23
Example 92 20 - 19 32 24
Example 93 18 19 33 25
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Examples 81, 82, 84, 87 and 90 represent the
results in the cases where different acidic
group-containing (meth)acrylate monomers were used,
Examples 80, 82, 83, 85, 86, 88, 89, 91 and 92 represent
the results in the cases where different thiouracil
derivatives were used, and Examples 84, 87, 90 and 93
represent the results in the cases where different
solvents were used. Examples 79 and 93 show the range
of the content of the thiouracil derivative on which the
test was carried out, and Examples 80 and 88 show the
range of the content of the acidic group-containing
{meth)acrylate monomer on which the test was carried
out. Example 88 is an example wherein plural organic
solvents were used, and Example 85 is an example wherein
plural acidic group-containing (meth)acrylate monomers
were used. In all the examples, adhesive strength to
"KINPARA 12", "WACROME", the pure gold plate and the
pure copper plate were good.

Further, as apparent from comparison between
Example 87 and Example 20 and between Example 89 and

Example 19, the adhesive strength to "KINPARA 12", an

alloy composed of base metals and noble metals is high-
er, compared with the cases where an acidic group-con-

taining (meth)acrylate monomer was not compounded.

Examples 94 to 95 and Comparative examples 7 to 8

In the same manner as in Example 79, metal
surface-treating agents of the compositions shown in
Table 7 were prepared and assessment was made. The

results are showﬁ in Table 8.
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Table 7

Thiouracil
derivative
(wt%)

Acidic group-
containing
{meth)acrylate
monomer (wt%)

Organic solvent

Example 94 B 0.5 - acetone
Example 95 B R 20 acetone
Comparative
example 7 - R 5 acetone
Comparative
example 8 B 0.5 R S -
Table 8
KINPARA 12| Pure gold WACROME Pure copper
plate plate
MPa MPa MPa MPa
Example 94 23 29 24 19
Example 95 22 23 25 18
Comparative
example 7 10 9 33 - 25
Comparative
example 8 - - - -
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Comparative example 7 is an example wherein a
thiouracil derivative is not contained, and there arised
problems in adhesive strength to "KINPARA 12" and the
pure gold plate. In each of Examples 94 and 95, the
content of the acidic group-containing (meth)acrylate
monomer is out of the range, and therefore, the adhesive
strength to "WACROME" and the pure copper plate is
Towered. In Comparative example 8, an organic solvent
is not contained, and therefore, the thiouracil deriv-
ative did not dissolve in the acidic group-containing
(meth)acrylate monomer and a uniform solution was not

obtained.

Examples 96 to 102 and Comparative example 9
"KINPARA 12" and "WACROME" as dental alloys,
and a pure gold plate and a pure copper plate were

coated with the metal surface-treating agent used in
Example 89, according to the process of Example 79, and
after the adherends were dried, the stainless steel bar
was bonded to each of the surfaces of the adherends
using "Bistite resin cement" (made by Tokuyama), whereby
adhesion test pieces (Example 96) were obtained. Like-
wise, adhesion test pieces (Examples 97 to 102) were
prepared using the metal surface-treating agents used in
Examples B2, 83, 84, B85, 86 and 87. On the other hand,
adhesion test pieces in the case where pure acetone
1iquid alone was applied (Comparative example 9) was

also prepared. For the assessment of adhesion durabili-

" ties of these test pieées, one hour after the adhesion,

these test pieces were immersed 1in water of 37C , and 24
hours later, a heat cycle test wherein the test pieces
were alternately immersed in temperature-adjustable
water baths, each kept at 4C and 60C , each for one
minute was carried out 5,000 times, and then tensile
adhesive strength was measured. The results are shown
in Table 9.
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Table 9
KINPARA 12| Pure gold WACROME Pure copper

' plate plate

- MPa MPa MPa MPa
Example 96 | 28 (29) 26 (28) 33 (35) 24 (27)
Example 97 21 (24) 23 (26) 31 (33) 23 (24)
Example 98 | 23 (24) 24 (24) 31 (33) | 23 (24)
Example 99 25 (27) 27 (28) 31 (34) 24 (26)
Example 100 | 24 (27) 25 (27) 32 (35) 23 (27)
Example 101 28 (28) 26 (27) 31 (35) 23 (26)
Example 102 25 (28) 27 (28) 34 (34) 23 (25)
Comparative '
example 9 4 (10) 3(9) 10 (23) 9 (18)

( ) Initial adhesive strength

Whenever any of the metal surface-treating
agents was used (Examples 96 to 102), there was no case
where the adhesive strength of each metal after the heat
cycle test was largely lowered compared with the initial
adhesive strength (the values in ( ) in Table 9). On
the other hand, in Comparative example 9, the adhesive
strength was largely lowered.

Examples 103 to 109

The metal surface-treating agent used in

Example 89 was stored in a constant temperature chamber
of 37C for 2 months. According to the process of
Examplie 79, "KINPARA 12", "WACROME", a pure gold plate
and a puré copper plate were coated with the resultant
metal surface~treating agent, and then air dr{ed. The
stainless steel bar was bonded to each of the adherends
using "Bistite resin cement" (made by Tokuyama) to give
adhesion test pieces (Example 103). Likewise, adhesion
was carried out using the metal surface-treating agents
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91

83, 84, 85, 86 and 87

and stored at 37C for 2 months, whereby adhesion test

pieces (Examplés 104 to 109) were obtained.

after the adhesion,

water of 37C for one hour,

adhesive strength was measured.

in Table 10.

One hour

each test piece was immersed in

and 24 hours later, tensile

The results are shown

Table 10
KINPARA 12| Pure gold WACROME Pure copper
plate plate
MPa MPa MPa MPa

Example 103 28 (29) 28 (28) 36 (35) 25 (27)
Example 104§ 25 (24) 24 (26) 33 (33) 23 (24) -
Example 105 23 (24) 24 (24) 33 (33) 23 (24)
Example 106§ 27 (27) 28 (28) 34 (34) 25 (26)
Example 107 | 25 (27) 26 (27) 32 (35) 27 (27)
Example 108} 27 (28) 27 (27) 33 (35) 24 (26)
Example 109 28 (28) 27 (28) 33 (34) 24 (25)

( ) Initial adhesive strength

Also when the metal surface~treating agents

after storage at 37C for 2 months were used (Examples

103 to 109), the adhesive strength to each metal was not

greatly lowered,

compared with the initial adhesive

strength (the values in the parentheses in Table 10).
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What is claimed is:
1. An unsaturated thiouracil derivative
which
has at least at one terminal thereof an organ-
ic group (I) having a radical polymerizable unsaturated
bond, and
' has at the other terminal the following thio-

uracil residue (II)

e
N—R1
—0C
i /k (1I)
0 Ii’ S
RZ
wherein
R1 and R2 each is a hydrogen atom or an
alkyl group, and at least one of R? and
R2 is a hydrogen atom, and

R3

a phenyl group,

is a hydrogen atom, an alkyl group or

and
wherein

the organic group (I) and the thiouracil
residue (I1) are separated by a bivalent spacer residue
containing at lteast 2 carbon atoms. '
2. An unsaturated thiouracil derivative according
to claim 1 wherein the organic group (I) having a radi-
cal polymerizable unsaturated bond is represented by the
following formula (I-1)

RS
I
CH;=C—-2Z- (1-1)

wherein R5 is a hydrogen atom or a methyl
group, and’

Z is a -COO- group, a —CHZO— group or
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a —@ .group, and

the spacer residue is a bivalent organic group
having 2 to 20 carbon atoms which may contain, in the
chain skeleton, oxygen, or oxygen and silicon, besides
carbon.
3. An unsaturated thiouracil derivative according
to claim 1 or 2 wherein the spacer residue is a bivalent
saturated hydrocarbon group having 2 to 12 carbon atoms,
or any gFoup selected from the following formulae’
(I1I-2), (II1I-3) and (1II-4)

“(CHZCH;ZO)E— CHoCHo— (III-2)
CH; CHj
! 3

—CH,), - (SIIO)q - S'l - (CHys  (111-3)
CHy CHg

—‘fCHz)r‘@'{CHZ}? (III-4)

wherein n is an integer of 1 to 5, o and p
each is an integer of 1 to 10, g is an integer
of 1 to 5, and r and s each is an integer of 1
to §.
4. An unsaturated thiouracil derivative repre-
sented by the following formula (1) or (2)

5 - _
'CH'.EZR‘O@ i
{,=C—Z~R—O0C~~~NR
. _ l /k (1)
3 s -

Rgz
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a
5 R NF.{1 (2)
R L X

4

2
él) R

wherein
R1 and R2 each are a hydrogen atom or an
alkyl group, and at least one of R1 and
R2 is a hydrogen atom, and
R3 is a hydrogen atom, an alkyl group or
a phenyl group,
R4 is a bivalent saturated hydrocarbon

group having 2 to 12 carbon atoms, or any
group selected from the following formu-
lae (IXI-2), (III-3) and (III-4)

—~CHyCHyO)— CHCHy— (I11-2)
oty ot

—{CHo),, - (SliO)q - Sli - (CHz)5 (III-3)
CHs CHs

——(CHQ%,—Q—{CHZ%S“ (111-4)

wherein n is an integer of 1 to 5, o and
p each are an integer of 1 to 10, q is an
integer of 1 to 5, and r and s each are

an integer of 1 to 5,

Z is a -C00- group, a —CHZO— group or a

—{(::;L group, and
CHy0—
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R§ is a hydrogen atom or a methyl group.
5. A metal surface-treating agent comprising an

unsaturated thioura¢i] derivative
which

has at least at one terminal thereof an organ-
ic group (I) having a radical polymerizable unsaturated
bond, and

has at the other terminal the following thio-

uracil residue (II)

&3
—0C | IRI (11)
o WS
R2
wherein
RI and R2 each is a hydrogen atom or an
alkyl group, and at least one of R1 and
R2 is a hydrogen atom, and
Ra is a hydrogen atom, an alkyl group or
a phenyl group,
and

wherein

' the organic group (I) and the thiouracil
residue (II) are separated by a bivalent spacer residue
containing at least 2 carbon atoms.
6. A metal surface-treating agent according to
claim 5 comprising an unsaturated thiouracil derivative
in which the organic group (I) having a radical
polymerizable unsaturated bond is represented by the
following formula (I-1)

. RS

| (1-1)
CHy;=C—-2Z-—

wherein R5 is a hydrogen atom or a methyl
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group, and

Z is a -CO0- group, a —CHZO— group or a

—<<::;Z~ group, and
CHy0— B

the spacer residue is a bivalent organic group
having 2 to 20 carbon atoms which may contain, in the
chain ske]eton; oxygen, or oxygen and silicon, besides
carbon. )
7. A metal surface-treating agent according to
claim 5 or 6 comprising an unsaturated thiouracil deriv-
ative in which the spacer residue is a bivalent satu-
rated hydrocarbon group having 2 to 12 carbon atoms, or
any group selected from the following formulae (I1I-2),
(III-3) and (I1I-4)

—(CH2CH20); CHyCHo— (I11I-2)
oy o

—{CHo),, - (SIiO)q - Sli - (CHﬁB (I11-3)
CHy CHj

wherein n is an integer of 1 to 5, o and p
.each is an integer of 1 to 10, q is an integer
of 1 to 5, and r and s each is an integer of 1
to 5.
8. A metal surface-treating agent comprising an
unsaturated thiouracil derivative represented by the

following formula (1) or (2)
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5
R - -
| 4 R : .
CH2=C—Z'_ R— OC N R1 |
. : . . 3 -
. , R
3
_ 1
| 4
CHp=C—Z-R—0G~ NS
R
O
wherein .
R1 and R2 each is a hydrogen atom or an
alkyl group, and at least one of R1 and
R2 is a hydrogen atom, and
R3 is a hydrogen atom, an alkyl group or
a phenyl group,
R4 is a bivalent saturated hydrocarbonic

group having 2 to 12 carbon atoms, or any
group selected from the following formu-
tae (III-2), (III1-3) and (III-4)

~CHyCH,O)— CHaCHp— (111-2)
ol ot

~CHy)o - (SI0)q- Si- (CHglp  (rr1-3)
CHy CHs

___(CHQ)T@—-(CHZ); (III-4)
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wherein n is an integer of 1 to 5, o and
p each are an integer of 1 to 10, q is an
integer of 1 to 5, and r and s each are
an integer of 1 to 5,

Z is a -CO0O- group, a —CHZO— group or a

group, and
{ Ry

R

9. A metal surface—treating agent according to

is a hydrogen atom or a methyl group.

~any of claims 5 to 8 further coptaining an organic
solvent.

10. A metal surfaée—treating agent according to
claims 9 wherein the concentration of the unsaturated
thiouracil derivative is 0.001 to 20 % by weight based
on the total amount of the unsaturated thiouracil deriv-
ative and the organic solvent.

11. A metal surface~treating agent according to
¢laim 9 or 10 wherein the organic solvent is acetone,
toluene, methyl methacrylate or ethanol.

12. A metal surface-treating agent according to
any of claims 5 to 8 further containing an organic
solvent and an acidic group-containing (meth)acrylate
monomer .

13. . A metal surface-treating agent according to
claim 12 wherein, the compounding amount of the unsatu-
rated thiouracil derivative is 0.001 to 20 weight parts,
the compounding amount of the acidic group-containing
(meth)acrylate monomer is 0.1 to 15 weight parts, and
the rest ié the organic solvent per 100 wt parts of
total amount of the unsaturated thiouracil derivative,
the acidic group-containing (meth)acrylate monomer and
the organic solvent.

14. A metal surface~treating agent according to
claim 12 or 13 wherein the acidic group-containing

(meth)acrylate monomer is a (meth)acrylate monomer
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having a carboxyl group or a phosphoric acid group as
the acidic group, and the organic solvent is acetone,

toluene, methyl methacrylate or ethanol.



