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MULTIFUNCTIONAL IMINE-ESTERS as NOVEL CROSSLINKERS
for SURFACE COATINGS

Backaround of the Invention-

In a thermoset coating system, it is required to have a crosslinking
mechanism in order to obtain the desirable film properties such as solvent
resistance, weatherability, and mechanical strength.

Melamine/formaldehyde and isocyanates are the two common classes of
crosslinkers used for polyol resins in the current coating technology.

However, there has been extensive research effort in the coating industry to
explore alternatives for these two crosslinking systems in order to meet
current demands related to safety regulations and coating performance.

- These demands are resuited from concems over the toxic nature of the

isocyanates and problems associated with the melamine/formaldehyde .
system such as formaldehyde evoliution and poor acid-etch resistance. In

- the present invention, a new class of crosslinkers haVE been discovered .

which may meet such demands.
it has been disclosed in the literature that imines of - amino acid

~ esters may undergo 1,3-dipolar cycloaddition on heating with dipolarophiles

such as maleic anhydride and dimethyl acetylenedicarboxylate to form
adducts with cyclic structures. The imines may also be prepared by
reacting hydrochloride salts of amino acid esters with benzaldehyde in the
presence of triethylamine. The preparation of a tribenzaldehyde by reacting
cyanuric chioride with p-hydroxybenzaldehyde has also been disclosed.
The prior art, however, does not teach the preparation of multifunctional
imine-esters and their applicaﬂori as crosslinkers for thermoset coatings.
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The presenf invéntion'd_escri_bgs_the preparation of multifunctional
imine-esters and their application as novel crosslinkers for surface coatings.
i The imine-esters_may be formulated with polyeste[§ containing maleic
5 anhydride residues to give éhamel formulations. These enamels may be
cured by a 1,3-dipolar cycloaddition mechanism to give carbon-carbon
bonds and cyclic structure. '.Cpatings-thus prepared have advantages of low
toxicity, no formaldehyde e_vol_ut_ibn, and improved performance.

10 Detailed Description of the Invention - _

In the prasént invention, it has been discovered that multifunctional
imine-esters act as novel cr,oss_lihkers for coating applications. The imine-
esters may be p'repared by reacting a di- or tri-aldehyde with an aminoester
such as glycine ethyl ester hydrochloride (GEE). | As shown in the reaction

16 schemes below, di(imine-ester) (1) may be prepared by reacting
terephthalaldehyde with GEE; whereas, tri(imine-ester) (2) may be
prepared by reécting GEE with tribenzaldehyde (3) which in turn was
synthesized by réa_cting cyanq__ric chioride with p-hydroxybenzaldehyde.

: onq_—@—mo + HN-CH,—COEt- HO
E10,0—CHg— N=cH—©—CN=N—cH,—co,Et
m
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These imine-ester crossiinkers may then undergo 1,3-dipolar
.cycloaddition on heating with maleic anhydride moieties to give highly
desired carbon-carbon bonds and cyclic structure. This novel crosslinking
mechanism may be demonstrated by the reaction of di(imine-ester) (1) with
dimethyl maleate as illustrated in the reaction scheme below. The di(imine-
ester) is first transformed on heating into an azomethine ylid which may
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then be readily reacted with dimethyl maleate to-givé a di-substituted
adduct with cyclic structure. '

]
i
[
1

EtO,C—CH;— N=cu—©—cn=u —CH,—COEt

(1

gl

In the present invention, the imine-ester crosslinkers may be
formulated with a polyester resin containing maleic anhydride residues to
give baking enamels. The enamels thus prepared may then be coated on a
10 substrate and subsequently baked to give cured films, The coatings have
been found to be substantially crosslinked as evidenced by the good
solvent resistance. The crosslinkers of the present invention have
~.advantages of low toxicity, no formaldehyde evolution, and formation of
cyclic structures for improved coating performance.
| 15
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Thus, in one embodiment of this invention there is provided a
crosslinker composition comprising the reaction products of

(a) a compound with multifunctional aldehyde groups represented by

the formula Z-[R-CHO}

‘wherein Z is a multifunctional residue; R is Ar or alkyl; and

(b) an amine with an electron withdrawing group at the o position

represented by the formuia H2N-CH(R)-E.W.

wherein R is H or alkyl; E\W. is an electron withdrawing group
selected from CO2R, CN, COR, Cl, Br, or | and the like. -

' The equivalent ratio of: (b) to (a) is preferably about 0.8 to 1.5. A
more preferred equivalent ratio is:about 1.0 to 1.3, and the most preferred
equivalent ratio is about 1.0 to 1.1.

In another embodiment of the present invention, there is provided a
crosslinker compasition comprising the reaction products of
(a)a compound with multifunctional a-aminoester groups
represented by the formula Z-{OOCCH(R)NHz],
wherein Z is diol, triol, or polyol residues and R is H, or alkyl; and
(b) an aromatic or aliphatic aldehyde
The equivalent ratio of (b) to (a) is preferably about 0.8 to 1.5. A
more preferred equivalent ratio is about 1.0 to 1.3, and the most
preferred equivalent ratio is about 1.0t0 1.1.
In yet another embodiment of the present invention there is provided
an enamel composition, comprising” '
(a) about 50 to 90 weight % of a polyester, based on the total weight
of (a) and (b), comprising the reaction products of
(1) about 40 to 65 mole % of a diol, based on the total moles
of (1), (2), (3), and (4), |
(2) about 0 to 20 mole % of a polyol, based on the total
moles of (1), (2), (3), and (4),
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~(3) about 0 to 25 mole % of a diacid residue, based on the
- total moles of (1), (2), (3), and(4),
(4) about 10 to 60 mole % of an ethylenically unsaturated

diacid residue, based on the total moles of (1), (2), (3), and
(4), o SRR .

(b) about 10 to 50 weight % of an imine-ester crosslinker of the

present invention, based on the total weight of (a) and (b); and

(c) a sufficient amount of an organic solvent to reduce the enamel

viscosity to an applicable level. o

A preferred weight % of (a) is about 60 to 80 and (b) is about 20 to

- 40. A more preferred welght % of (a) is about 60 to 70 and (b) is about 30

to 40. _
- Preferred mole % of (1) is about 45 to 60 (2) is about 3to 15, (3) is

-about 510 20, and (4) is about 15 to 50. A more.preferred mole % of (1) is

about 50to 55, (2) is'about 5 to 10, (3) is about 8 to 15, and (4) is about 20
' _This invention :may'-be further illustrated_ by the following examples of
preferred embodiments thereof, although it will be understood that these

--.examples are included merely for purposes of illustration and are not -

intended to limit the scope- of the invention.unless otherwise specifically
indicated. Dmmot o :
, _ EXAMPLES
Example 1- Preparation of Di(imine-ester) (1) _ . .

To a three-neck round-bottom flask eqi.ripped with a mechanical
stirrer and a nitrogen inlet were charged the following: terephthalaldehyde
17.58 g (0.13 moie), glycine ethyl ester hydrochloride 36.49 g (0.26 mole), -

.magnesium sulfate 21.68 g, triethyl arnine 30.42 g, and the solvent,

methylene chloride, 320 ml. The mixture was allowed to stir at room
temperature for six hours. After the reaction, the solid was removed by
suction filtration and the filtrate coliected. The filtrate was then extracted
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repeatedly with saturated NaCl solution and water uritil the pH was close to
7-8. The organic layer was collected and dried over sodium sulfate. The

solvent was then removed under reduced pressure to give 34.78 g of yellow
powders.. o

- Example 2- Preparation of Tribenzaldehyde (3)

To a three-neck round-bottom flask equipped-with a mechanical
stirrer, a water condenser, and a nitrogen inlet were charged the following:

. -cyanuric chloride 18.0 g (0.097 mele), p-hydroxybenzaldehyde 480 g

(0.393 mole), sodium carbonate 300.0 g, and the solvent, toluene, 1500 ml.

. The slurry was then stirred, heated slowly to 90°C, and held for four hours.

The temperature was. then increased to 100°C and held for about one day.
After the reaction, the salid was removed by suction filtration and washed
with hot ethyl acetate twice. - The filtrate was then extracted repeatediy with
10 % sodium carbonate and water. The organic layer was coliected and .
dried over sodium sulfate. The solvent was then removed under reduced
pressure and the resulting residue recrystallized from ethyl acetate to give
24.1 g of white powders. '
Example 3- Preparation of Tri(imine-ester) (2)

T6 a three-neck round-bottom flask equipped with a mechanical
stirrer and a nitrogen inlet were i:ha'rgéd the folloWing: tribenzaldehyde (3)
10.0 g (0.022 mole), glycine ethy! ester hydrochloride 11.4 g (0.082 mole),
magnesium sulfate 9.5 g, triethyl amine 9.1 g, and the solvent, methylene
chloride, 137.5 ml. The mixture was allowed to stir at.room temperature for
24 hours. After the reaction, the-solid was removed by suction filtration and
the fiitrate collected. The filtrate was then extracted repeatedly with
saturated NaCl solution and 20 % NH4CI until the pH was close to 7-8. The

“-organic layer was collected and dried over sodium sulfate. The solvent was

then removed under reduced pressure to give 15.78 g of yellowish, viscous

“product.
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Example 4- Preparation of Polxester Resun Containing Maleic Anhxdnd
Residues ' ' '

To a three-neck, round-bottom fiask equipped with a mechanical
stirer, a steam-jacked partial condenser, a Dean-Stark trap, a nitrogen
inlet, and a water condenser were charged neopentyl glycol (NPG), 267.83
g (2.58 mole); trimethylolpropane (TMP), 34.50 g(0.26 mole); isophthalic
acid (IPA), 81.80 (0.49 mble); maleic anhydride, 144.93 g (1.48 mole); and

" Fascat 4100 catalyst (Atochem North America), 0.46 g. The mixture was

heated and held for one hour at 160°C. The condensate (water) was
collected in the Dean-Stark trap. The reaction was allowed to continue at
180°C for one hour and at 200°C for about two hours until an acid number
of 1.3 mg KOHI was obtained. The resulting resin was allowed to cool to
125°C and xylene 120.30 g added. The final resin had 80% solids.

E@mgle 5- Coatmg Formulation and Testmg _
Enamel 1: _An enamel formulation was prepared by mixing dl(lmlne-

ester) (1)2.50g from Example 1, polyester resin 3.12 g from Example 4, a
flow control additive, FC-430 (3M Co.), 0.06 g, and a solvent blend of
methyl amyl ketone (70-wt. %), xylene (15 wt. %), and ethyl 3-
ethoxypropionate (15 wt. %) 2.65 9. The enamel was then coated on a

~ cold-rolled steel test panel and baked_ at 160°C for 30 min. The resulting

cured coating was then tested and found to have the following properties:
MEK double rubs, 200; gloss 60°/20°= 89/96; pencil hardness 2H; impact
resistance, forward/reverse = 30/10,

Enamel2: An enamel formulation was prepared by mixing tri(imine-
ester) (2) 2.00 g from Example 3, polyester resin 3.75 g from Example 4, a
flow control additive, FC-430, 0.06 g, and xylene 2.52 g. The enamel was
then coated on a cold-rolled stee! test panel and baked at 150°C for 30 min.
The resulting cured coating was then tested and found to have the following

PCT/US99/29543
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properties: MEK double rubs, 191; gloss 60°/20°= 89/98; pencil hardness
2H; impact resistance, forward/reverse = 20/<10.

The invention has been described in detail with particular reference
to preferred embodiments thereof, but it will be understood that variations
and modifications may be effected within the spirit and scope of the
invention.
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CLAIMS
~1. . Acrosslinker composition comprisin the reaction products of
(a) acompound .With'multifUnction;al aldehyde groups represented
5 - by the formula: Q .
| Z{R-CHOJ, |
wherein Z is a multifunctional residue; R is Ar or alkyl; and

(b) an amine with an electron withdrawing group at the o position
represented by the formula:
10 . HzN-CH(R)-E.W.
wherein Ris H or alkyl; EW. is an electron withdrawing group
selected from CO2R, CN, COR, Cl, Br, or | and the like.

2. A crosslinker composition comprising the reaction products of
15 (a) acompound with multifunctional a-aminoester groups
represented by the formula: .
_ Z{OOCCH(R)NHz}n
wherein Z is diol, triol, or polyol residues and R is H, or alkyl; and
(b) - an aromatic or aliphatic aldehyde

20. .
3. An enamel composition comprising:
(a) about 50 to 90 weight % of a polyester, based on the total
weight of (a) and (b), comprising the reaction products of
(1) about 40 to 65 mole % of a diol, based on the total moles
25 of (1), (2), (3), and (4), |
(2) about 0to 20 mole % of a polyol, based on the total moles
of (1), (2),.(3), and (4),
(3) about 0 to 25 mole % of a diacid residue, based on the
total moles of (1), (2), (3), and (4),

[T}
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(4) about 10 to 60 mole % of an ethylenically unsaturated
diacid residue, based on the total moles of (1), (2), (3); and (4),
(b) about 10 to 50 weight % based on the total weight of (a) and
(b), of an imine-ester crosslinker of claim 1 or claim 2; and
(c) an organic solvent.




