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Thiol-functional compound

The invention relates to a thiol-functional compound having more than 3 thiol
groups per molecule, and to a coating composition comprising the thiol-

functional compound.

The use of thiol-functional compounds In coating compositions Is known, for
example from International patent application WO 01/92362. Frequently used
thiol-functional compounds are esters of mercapto carboxylic acids and polyols,
for example the esters of 3-mercapto propionic acid and pentaerythritol,
dipentaerythritol or trimethylol propane. Thiol-functional compounds with an
average thiol functionality of 3 or lower have been found to lead to insufficient
crosslinking and long drying times. A drawback of the known compounds of
sufficient thiol functionality is their limited compatibility with other components of
paint systems, in particular binders and crosslinkers. This limits the amount of
thiol-functional compounds which can be included in coating compositions as
reactive diluents without causing adverse effects. It also sets limits on the types
of binders with which these thiol-functional compounds can be combined. For
example, these compounds can only be combined with most OH-functional
polyacrylates in very limited amounts, as these combinations often do not result
In clear coating films.

German patent application DE 102005003010 A describes copolymers for
cosmetic applications. The copolymers are prepared In the presence of
polyfunctional chain transfer agents. Among many others, this document also
describes pentaerythritol tetrakis 5-mercaptopentanoate and pentaerythritol
tetrakis 6-mercaptohexanoate as chain transfer agents. A drawback of these
tetra-functional thiols is that the thiol groups are derived from mercapto-
carboxylic acids which are not readily available on industrial scale. Use of such
mercapto carboxylic acids would bring about unacceptable costs for coating

applications.
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The invention seeks to provide thiol-functional compounds which are not limited
by the above-mentioned drawbacks.

The invention now provides organic thiol-functional compounds having at least
3.1 thiol groups per molecule, and having carbon atoms, oxygen atoms, and
sulfur atoms, and optionally further heteroatoms, and wherein the ratio of the
number of carbon atoms (C) to the sum of the number of heteroatoms (HA),
(C/HA) is at least 2.0, and wherein the thiol groups are derived from 2-mercapto
acetic acid, 2-mercapto propionic acid, or 3-mercapto propionic acid, or esters
thereof.

It has been found that thiol-functional compounds according to the invention
have an improved compatibility with other components of paint systems. As a
consequence, increased amounts of such thiol-functional compounds can be
Included In coating compositions as reactive diluents without causing adverse
effects. The thiol-functional compounds of the invention can also be combined
with OH-functional acrylic polymers without causing compatibility problems. The
thiol groups are derived from mercapto-carboxylic acids which are readily
available on industrial scale and at acceptable costs.

In the context of the atom number ratio, the expression heteroatoms includes all
elements, except carbon and hydrogen. In some embodiments, the thiol-
functional compounds contain only oxygen and sulfur as heteroatoms. However,
it I1s also possible that the thiol-functional compounds contain further
heteroatoms, such as nitrogen, halogens, or phosphorus.

As mentioned above, the ratio of the number of carbon atoms (C) to the sum of
the number of heteroatoms (HA), (C/HA) is at least 2.0. In a preferred
embodiment, this ratio is at least 2.1. Generally, the ratio does not exceed 4.0.
The atom ratios described above can be calculated from the chemical
structures of the compounds, if these are known. Alternatively, it is also possible
to determine these ratios by analytical methods, for example combustion
analysis.

Suitable thiol-functional compounds have more than 3.0 thiol groups per

molecule. Typically, the compounds have 3.1 to 6.0 thiol groups per molecule.
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Preferably, the compounds have at least 3.4 thiol groups, or at least 3.6 thiol
groups per molecule. Generally, the compounds do not have more than 7.0 thiol
groups per molecule.

It IS to be understood that the thiol-functional compounds of the invention often
are present as a mixture of different compounds, wherein the number of thiol
groups of individual compounds may vary. Therefore, the number of thiol
groups per molecule as used herein refers to the average number of thiol
groups of the molecules present in the mixture. The average number of thiol
groups refers to the number average, Il.e. the total number of thiol groups
divided by the number of molecules. In many cases the average functionality
can be calculated as theoretical thiol functionality based on the known
functionalities of starting materials and their molar ratios. WWhen polymeric
compounds are involved, their theoretical number average molecular weight
may be used as a basis for the calculation. Alternatively, number average
molecular weights determined by gel permeation chromatography can be used.
In a preferred embodiment, the thiol-functional compounds are liquids at room
temperature, for example at 23°C. Generally, the thiol-functional compounds
have a viscosity at 23°C in the range of 2 to 100 Pa's. In a preferred
embodiment, the thiol-functional compounds have a low viscosity, for example
In the range of 10 to 35 Pa-s at 23°C. Low viscosity thiol-functional compounds
have the additional advantage that their use in coating compositions reduces
the amount of volatile organic solvents required to achieve the desired
application viscosity.

The viscosity mentioned above refers to a viscosity measured using a
Brookfield CAP2000+ viscometer. Cone type and speed were selected in such
a way that the measured value was between 20 and 80% of the maximum
reading specified by the manufacturer.

The thiol-functional compounds of the invention generally are non-volatile
compounds, which means that their boiling point at atmospheric pressure
exceeds 250°C. The molecular weight of the thiol-functional compounds

typically is at least 500, preferably at least 600, or even 700 or 800. The
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molecular weight generally does not exceed 10.000, and preferably is at most
5,000, or 2,500. Where mixtures having a molecular weight distribution are
concerned, the aforementioned molecular weights refer to the number average
molecular weight determined by gel permeation chromatography, using

polystyrene as standard.

In one embodiment, the thiol-functional compound according to the invention
can be obtained by modification of a thiol-functional precursor compound. To
this end, a thiol-functional precursor compound wherein the ratio of the number
of carbon atoms to the sum of the number of heteroatoms (C/(HA)) is below 2.0
may be reacted with a carbon rich compound, resulting in a thiol-functional
compound wherein the (C/(HA)) is 2.0 or higher. Examples of such a reaction
are the reaction of a part of the thiol groups of a thiol-functional precursor
compound with an epoxide-functional compound or with an acryloyl-functional
compound.

The thiol-functional precursor compound is typically an ester of a polyol with a
mercapto carboxylic acid used In the invention. Such esters are generally
known and commercially available. Examples of polyols include pentaerythritol,
di-trimethylolpropane, and di-pentaerythritol. Mercapto carboxylic acids are 2-
mercapto acetic acid, and 2- and 3-mercapto propionic acid. Typically, the
polyols are essentially fully esterified with the mercapto carboxylic acids
mentioned above. However, lower degrees of esterification or esterification with
other carboxylic acids Is possible as well, provided that the final thiol-functional
compound meets the requirements in terms of thiol functionality.

In one embodiment, a part of the thiol groups of the thiol-functional precursor
compounds IS reacted with a thiol-reactive compound. Examples of suitable
thiol-reactive compounds are Isocyanate-functional compounds, olefinically
unsaturated compounds, and epoxide-functional compounds. Suitable epoxide
compounds are glycidyl ethers and glycidyl esters, as well as epoxides
obtainable by epoxidation of olefinically unsaturated compounds, for example

derivatives of epoxidized fatty acids. When monofunctional epoxides are used,
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the thiol functionality of the reaction product is reduced relative to the thiol-
functional precursor compound, proportional to the molar ratio of thiol groups
and epoxide groups reacted. Examples of suitable mono-functional epoxides
are the glycidyl esters of carboxylic acids and glycidyl ethers of alcohols.
Preferably, the carboxylic acids or alcohols have at least 8 carbon atoms. The
carboxylic acids or alcohols may be linear or branched. The glycidyl ester of
versatic acid, commercially available under the trade designation Cardura E10,
has been found to be particularly suitable.

However, it is also possible to use di- or higher-functional epoxides. In this case,
two or more thiol-functional precursor compound molecules are linked together
when a part of the thiol groups Is reacted with the epoxide groups. This route Is
particularly attractive when higher-functional thiol compounds are required, or
when the thiol-functional precursor compounds have a low thiol functionality.
Examples of suitable difunctional epoxides are glycidyl ethers of, optionally
hydrogenated, bisphenol A, and epoxidized vegetable olls.

In one embodiment, the thiol-functional compound additionally comprises one or
more hydroxyl groups. The hydroxyl groups may be derived from the reaction of

thiol groups and epoxide groups, as described above.

It should be noted that the reaction of dithiols with epoxide compounds is known,
for example from International patent application WO 2008/082176. This
document is concerned with cationic electrodeposition resin compositions.

The thiol-functional compounds of the invention can alternatively be obtained by
a process wherein polyols are esterified with a mixture of one or more mercapto
carboxylic acids as mentioned above, and a further carboxylic acid or ester-
forming derivative thereof. Preferably, the further carboxylic acid has at least 8
carbon atoms. The further carboxylic acid may also have more than one
carboxylic acid groups. Dimer fatty acids may be specifically mentioned. Dimer
fatty acids are commercially available under the trade designation Pripol ex
Croda. In a further embodiment it is preferred that the further carboxylic acid is

branched. As specific example the reaction product of 1 mole of di-
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pentaerythritol, 4 moles of 3-mercapto propionic acid, and 2 moles of
iIsononanoic acid may be mentioned.

In some preferred embodiments, the thiol-functional compounds of the invention
have a low surface tension, for example a surface tension not exceeding 50
dyne/cm. Typically, the surface tension is in the range of 35 to 45 mN/m,
whereas the esters of 3-mercapto propionic acid and pentaerythritol or
dipentaerythritol have total surface tensions of 51.3 and 51.2 mN/m,
respectively. Surface tensions can be measured with the Du Nouy ring method
or calculated from additive atomic increments starting from the nominal
chemical structure with the computer program ACD/Chemsketch.

It should be noted that the thiol-functional compounds prepared by the methods
described above generally comprise mixtures of compounds. Therefore, it is to
be understood that the properties and features described relate to average
values of mixtures of compounds, or polymers or oligomers having a molecular
weight distribution. Alternatively, when the reaction products are pure or purified
compounds, the values and features refer to these specific compounds.

The invention also relates to a liquid coating composition comprising the thiol-
functional compound described above, and a thiol-reactive crosslinker.

The liquid coating composition typically iIs a non-aqueous coating composition
comprising a volatile organic solvent and having a high non-volatile content.
The thiol-reactive crosslinker may have a plurality of functional groups selected
from epoxide, olefinically unsaturated groups, such as acrylic unsaturation,
Isocyanate, or mixtures thereof. The coating compositions may be putties or
fillers, primers with rapid drying properties, as well as top coats or clear coats.
The thiol-functional compounds can also be used with great advantage in UV-
curable compositions. Preferably, the coating composition comprises, next to
the thiol-functional compound, additional binders or film-forming resins, such as
hydroxyl-functional polyacrylates or hydroxyl-functional polyesters.

Specific coating compositions wherein the thiol-functional compounds of the
iInvention can be used are described Iin International patent application WO

01/92362, which Is incorporated by reference.
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Examples

Raw materials used:

ACE (reaction product of acrylic acid and Cardura E10) and Cardura E10 were
obtained from Momentive.

Trimethylolpropane trimethacrylate was obtained from Aldrich.

Perkadox AMBN was obtained from AkzoNobel.

CGIl277 1s a photobase from BASF.

Dipentaerythritol, with the quality name di-penta 93, was obtained from Perstorp
polyols.

Pentaerythritol was obtained from Perstorp polyols.

Setalux 1753, 1157, 1160: acrylic polyol resins solutions ex Nuplex Resins
Setalux 2120: thermoplastic acrylic resin ex Nuplex Resins

Vikoflex: epoxidized soybean oil ex Arkema

CAB381, CAB551: cellulose acetate/butyrate ex Eastman

Laropal A81: aldehyde resin ex BASF

Pentaerythritol tetra 3-mercaptopropionate (PTMP) and dipentaerythritol hexa
3-mercaptopropionate ex Bruno Bock

Tolonate HDT-LV: polyisocyanate ex Perstorp

Vestanat T1890: polyisocyanate ex Evonik

DOT: dioctyltin dilaurate

Pripol 1009: Dimer fatty acid ex Croda

Example 1

Preparation of a thiol-functional compound

1 mole of di-pentaerythritol hexa(3-mercapto propionate) and 2 moles of
versatic acid glycidyl ester (Cardura E10) were charged into a 2,000 ml four-
necked round-bottomed flask equipped with mechanical stirrer, heating mantle,
thermocouple, reflux cooler, and nitrogen inlet. The batch was made inert by
breaking a vacuum 3 times with a nitrogen flow. The reaction mixture was

heated to 150°C and kept at this temperature until the epoxy value was 8 mg
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KOH/g, determined according to ISO 3001. The reaction time was about 10
hours. Thereafter, the reaction mixture was cooled to room temperature. GPC
(PLmix column) showed an Mn of 1,184 and an Mw of 1,887. A viscosity of 17
Pa.s were measured using cone number 6 @ 100 rom. A total surface tension
of 33.5 mMN/m was measured.

The material has a theoretical molecular formula Cs4Hg40O1956 and C/HA = 2.16

and a theoretical average SH-functionality of 4.0.

Example 2

Compatibility tests

The improved compatibility of the compound according to the invention was
shown by preparing mixtures of commercial binders with either pentaerythritol
tetra (3-mercaptopropionate) or the material from Example 1, and judging the
compatibility of the mixtures visually. Table 1 summarizes the results obtained
when binders were mixed in a 1:1 weight ratio with the thiol-functional
compounds. Table 2 summarizes results wherein binders were mixed with the

thiol-functional compound in a 2:1 weight ratio.

Compatibility:
+ = completely miscible,

+/- = borderline,

- = immiscible.

Table"

Binder cP;/Tl-I:nAP= 1.42 cE:;(:;:re\]n glze;e
Setalux 1753 /- N

Setalux 1160 - +
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Vikoflex - +
Table 2
PTMP Example 1
Binder
C/HA=1.42 C/HA=2.16
CAB 381 + /- +
CAB 551 - +
Setalux 2120 - + /-
Laropal A81 +/- +

It can be Iinferred from Tables 1 and 2 that the thiol-functional compound of
Example 1 according to the invention has a better compatibility and miscibility
with commercial binders of variable structure than the known thiol-functional
compound PTMP.

Example 3

Preparation of a thiol-functional compound

Into a 2-liter four-necked round-bottomed flask equipped with mechanical stirrer,
thermocouple, distillation equipment, and nitrogen inlet the following materials
were charged: dipentaerythritol (343.97 grams), isononanoic acid (427.89
grams), and 3-mercaptopropionic acid (574.07 grams). The batch was made
inert by breaking a vacuum 3 times with a nitrogen flow. Then methanesulfonic
acid (1.00 grams) was added. The batch was slowly heated to 150°C. The

distillation of reaction water started at 133°C. The mixture was kept at 150°C
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and a reduced pressure of about 200 mbar was applied. Two further portions of
1.06 grams of methanesulfonic acid were added during the reaction. The
reaction was continued until an acid value of 10 mg KOH/gram was obtained
(about 20 hours). GPC (Oligopore column) showed an Mn of 917 and an Mw of
1,037.

The material has a theoretical molecular formula C40H7001354 and C/HA = 2.35
and a theoretical average SH-functionality of 4.0. A viscosity of 2.4 Pa.s was

measured using cone # 3 @ 200 rpm.

Example 4

Preparation of a thiol-functional compound

Into a 1-liter four-necked round-bottomed flask equipped with mechanical stirrer,
thermocouple, distillation equipment, and nitrogen inlet the following materials
were charged: dipentaerythritol (138.35 grams), 12-hydroxystearic acid (326.9
grams), and 3-mercaptopropionic acid (230.89 grams). The batch was made
inert by breaking a vacuum 3 times with a nitrogen flow. Then methanesulfonic
acid (0.43 gram) was added. The batch was slowly heated to 150°C. The
distillation of reaction water started at 123°C. The mixture was kept at 150°C
and a reduced pressure of about 200 mbar was applied. The reaction was
continued until an acid value of 5 mg KOH/gram was obtained (about 12 hours).
GPC (Mixed C column) showed an Mn of 1,646 and an Mw of 2,973.

The material has a theoretical molecular formula CsoH10601554 and C/HA = 2.63
and a theoretical average SH-functionality of 4.0. A viscosity of 5.1 Pa.s was

measured using cone # 3 @ 200 rpm.

Example 5

Preparation of a thiol-functional compound

266.07 grams of pentaerythritol tetrakis 3-mercaptopropionate (PTMP) were
pre-charged Iinto a 1-liter four-necked round-bottomed flask equipped with
mechanical stirrer, thermo couple, reflux condenser, and nitrogen inlet. The

batch was made Inert by breaking a vacuum 3 times with a nitrogen flow and is
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slowly heated to 80°C. Then a mixture of ACE (acrylic acid — Cardura E10)
(172.53 grams), trimethylolpropane trimethacrylate (61.37 grams), and 1,000
ppm of Perkadox AMBN was dosed in 2.5 hours to the round-bottomed flask at
a temperature of 80°C. The batch was stirred for 2 hours more at this
temperature as a post-reaction. NMR showed that the acrylic double bonds had
fully reacted. GPC (Polypore column) showed an Mn of 1,499 and an Mw of
3,927. A viscosity of 56 Pa.s was measured using cone #6 @ 50 rpm.

A total surface tension of 36.2 mN/m was measured. The material has an Mn of
1,385, an Mw of 3,632, a theoretical molecular formula C120H198047S12 and

C/HA = 2.03, and a theoretical average SH-functionality of 6.0.

Example 6

Preparation of clear coating compositions according to the Iinvention and
comparative compositions

For each composition the A, B, and C components were prepared individually
by mixing the ingredients indicated in Table 3 below. Before application the A, B,
and C components were mixed together, adjusted to a viscosity of 16 seconds
DIN cup 4 with butyl acetate, and applied on door panels over a basecoat
(Autowave MM VWLY9Z ex AkzoNobel), using a SATA RP 4000 1.3 spray gun.
Clear coats were applied in two layers, with a flash-off of 2 minutes between
layers. On one side of the panel an additional layer was sprayed, in order to
judge sagging. After another 2 minutes of flash-off UV exposure was carried out
with a Panacol handheld Lamp 400W. This was done two to three times as if
spraying at a distance of 20 — 30 cm from the panel. During application,
sprayability, wetting, flow, and sagging on vertical parts were evaluated. After
these evaluations EHO (Enamel Hold Out), clearness, gloss, craters, and
pinholes were evaluated. This was done on the same day and the next. The
touch dry time was evaluated immediately after UV-exposure.

In Comparative Examples c6ac and o6bc a thiol-functional polyester was used In
combination with PTMP. Clear films were obtained, but the sprayability, wetting,

flow, and sagging were at best borderline. However, when the PTMP was



10

15

CA 02894802 2015-06-11

WO 2014/090716 PCT/EP2013/075889

12

replaced with the compound of Example 1, clear films with good application

properties were obtained (Example 6c¢i).

When the thiol-functional polyester in Comparative Examples 6ac and 6bc was
replaced with an OH-functional acrylic (Comparative Examples 6dc and 6fc),
the application properties were good, but no clear films were obtained. However,
when In these formulations PTMP was replaced with the thiol-functional
compounds of Examples 1, 3, 4, and 5, respectively, (Examples 6el, 6gi, 6hi, 0,
and ©ji) compositions were obtained which both gave clear films and had
excellent application properties.

In Comparative Example 6kc an acrylic was combined with the SH-functional
polyester. Clear films were obtained, but due to the high viscosity of the
polyester the VOC level at spraying viscosity was high. Moreover, due to the

relatively low SH-functionality of the polyester the touch dry time was long.
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Comparative thiol-functional polyester

The thiol-functional polyester used in Examples 6ac, bc, ci and kc was prepared

IN a two-step process.

In the first step a polyester polyol was prepared from the following components:

Hexahydrophthalic anhydride 203.76 ¢
Trimethylol propane 2064.60 g
Isononanic acid 97.35¢
Dimethylolcyclohexane 5.21¢
Adipic acid 5.77 g
Aqueous solution of 85% phosphoric acid 0.49¢

The components were placed in a 2-liter glass 4-necked reactor equipped with
stirrer, packed column, condenser, heating mantle, thermocouple, temperature
controls, vacuum line, and nitrogen inlet. The reaction mixture was heated
under a nitrogen stream. The temperature of the mixture was gradually raised to
240°C. The reaction water was distilled off at such a rate that the temperature at
the top of the packed column did not exceed 103°C. Finally, vacuum of 200
mbar was applied while maintaining the nitrogen stream, and the reaction was
run at 240°C for one hour until an acid value below 5 mg KOH/g Is reached. The

mixture was cooled to about 100°C.

In the second step the hydroxyl-functional polyester polyol was esterified with 3-
mercaptopropionic acid to form thiol-functional polyester. 211 g 3-
mercaptopropionic acid were added at atmospheric pressure. The esterification
reaction was carried out at 150°C for 2-3 hours under vacuum (maintaining the
nitrogen flow) until an acid value of approx. 80 mg KOH/g was reached. Then
0.26 g of methane sulfonic acid was added and the esterification was continued
to an acid value between 25-30 mg KOH/g. Another portion of 0.26 g of
methane sulfonic acid was added and the esterification was continued until an
acid value of < 10 mg KOH/g was reached. High vacuum was applied for two

hours, using the column bypass, with a gentle nitrogen flow. The reaction
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mixture was cooled to 130°C and diluted with 177.5 g n-butyl acetate. The
product was cooled to 50-60°C and filtered over 10 microns filter cloth. A thiol-
functional polyester was obtained. The thiol-functional polyester did not contain
residual methane sulfonic acid catalyst (< 20 ppm detection limit). GPC showed
an Mn of 1,122 and an Mw of 2,663. The polyester had a C/HA of 2.59 and a
theoretical SH-functionality of 3.0.

A small amount of resin was evaporated to dryness and a viscosity of 211 Pa.s

was measured for this dried sample, using cone # 6 @ 20 rpm.

Example 7

Preparation of a thiol-functional compound

In a 2-liter four-necked round-bottomed flask equipped with mechanical stirrer,
thermocouple, Vigreux column, distillation equipment and nitrogen inlet the
following materials were charged: pentaerythritol (175.26 gram), Pripol 1009
(370.98 gram), 3-mercapto propionic acid (273.56 gram), triphenyl phosphite
(1.63 gram) and xylene (160 gram). The batch was made inert by breaking a
vacuum with a nitrogen flow. This was repeated 3 times. Batch temperature was
set to 150°C. If necessary more xylene was added to maintain a gentle reflux.
The reaction water was distilled off. When 67% of the theoretical amount of
water had been distilled off, 0.8 grams of methane sulfonic acid were added.

When necessary another 0.8 grams of methane sulfonic acid were added.

The reaction was continued until an acid value of less than 3 mg KOH/gram
was obtained. The xylene was then distilled off using a vacuum. The residue

was a liquid having a viscosity of 40 Pa-s at 23°C.

Assuming that Pripol 1009 is the dimer of the Cqg fatty acid, the material has a
theoretical thiol functionality of 4, a theoretical molecular formula CsgH10401494
and a C/HA of 3.22.
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A thiol-functional organic compound having on average at least 3.1 thiol
groups per molecule, and having carbon atoms, oxygen atoms, and
sulfur atoms, and optionally further heteroatoms, and wherein the ratio
of the number of carbon atoms (C) to the sum of the number of
heteroatoms (HA), (C/HA) Is at least 2.0, and wherein the thiol groups
are derived from 2-mercapto acetic acid, 2-mercapto propionic acid, or
3-mercapto propionic acid, or esters thereof.

The thiol-functional compound according to claim 1, wherein the
compound is liquid at 23°C.

The thiol-functional compound according to claim 2, wherein the
compound has a viscosity at 23°C in the range of 2 to 100 Pa-s.

The thiol-functional compound according to any one of the preceding
claims, wherein the compound has on average at most 7 thiol groups
per molecule.

The thiol-functional compound according to any one of the preceding
claims, wherein the compound additionally comprises one or more
hydroxyl groups.

The thiol-functional compound according to any one of the preceding
claims, wherein the compound is obtainable by reaction of a part of the
thiol groups of a thiol-functional precursor compound with an epoxide-
functional or acryloyl-functional compound.

The thiol-functional compound according to any one of the preceding
claims, wherein the thiol-functional compound has a surface tension of
at most 45 dyne/cm.

A liquid coating composition comprising the thiol-functional compound
according to any one of the preceding claims and a thiol-reactive
crosslinker.

The coating composition according to claim 8, wherein the thiol-reactive

crosslinker Iis a polyisocyanate.
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10. The coating composition according to claim 8 or 9, wherein the coating

composition Is a non-aqueous coating composition.
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