woO 20137163130 A1 [N I/ N0F 0000 O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/163130 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

31 October 2013 (31.10.2013) WIPOIPCT
International Patent Classification:
CO7D 487/04 (2006.01)
International Application Number:
PCT/US2013/037713

International Filing Date:
23 April 2013 (23.04.2013)

Filing Language: English
Publication Language: English
Priority Data:

13/455,651 25 April 2012 (25.04.2012) US
13/780,469 28 February 2013 (28.02.2013) US

Applicant: PPG INDUSTRIES OHIO, INC. [US/US];
3800 West 143rd Street, Cleveland, Ohio 44111 (US).

Inventors: DACKO, Christopher A.; 531 Southcrest
Drive, Pittsburgh, Pennsylvania 15226 (US). KARABIN,
Richard F.; 107 Karabin Lane, Ruffs Dale, Pennsylvania
15679 (US). WILSON, Craig A.; 4069 Tall Timber Drive,
Allison Park, Pennsylvania 15101 (US). ZAWACKY,
Steven R.; 124 Old English Road, Pittsburgh,
Pennsylvania 15237 (US). MCCOLLUM, Gregory J.;
5130 Bronwyn Court, Gibsonia, Pennsylvania 15044 (US).

Agents: MEYERS, Diane R. et al.; PPG Industries, Inc.,
One PPG Place, 39th Floor, Pittsburgh, Pennsylvania
15272 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: METHODS FOR PRODUCING 1,5,7-TRIAZABICYCLO[4.4.0] DEC-5-ENE BY REACTION OF A DISUBSTI-
TUTED CARBODIIMIDE AND DIPROPYLENE TRIAMINE

(57) Abstract: Methods for producing 1,5,7-triazabicyclo[4.4.0]dec-5-ene using a disubstituted carbodiimide, dipropylene triamine
and optionally an ethereal solvent and/or an alcohol are disclosed. Use of 1,5,7-triazabicyclo[4.4.0]dec-5-ene produced by this meth-
od in an electrodepositable coating composition, and electrophoretic deposition of such coating onto a substrate to form a coated
substrate, are also disclosed.



WO 2013/163130 PCT/US2013/037713

METHODS FOR PRODUCING 1,5,7-TRIAZABICYCLO[4.4.0]DEC-5-ENE
BY REACTION OF A DISUBSTITUTED CARBODIIMIDE AND DIPROPYLENE
TRIAMINE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of United States Patent Application
Serial Number 13/455,651, filed April 25, 2012.

FIELD OF THE INVENTION

[0002] The present invention relates to methods for producing 1,5.,7-

triazabicyclo[4.4.0]dec-5-¢ene.

BACKGROUND OF THE INVENTION
[0003] It is known that bicyclic guanidines, such as 1,5,7-triazabicyclo[4.4.0]dec-5-

ene (TBD), are chemically active and can be used to catalyze a variety of chemical reactions.
An important consideration in the commercial exploitation of bicyclic guanidines as a
catalyst (for any reaction) is that bicyclic guanidines be relatively inexpensive to purchase
and/or easy to produce.

[0004] Published methods for synthesizing bicyclic guanidines, however, are often
complicated, such as by using a multiple step and/or time consuming synthesis process.
Others use prohibitively expensive and/or hazardous starting materials. Further, many
published methods do not produce high yields of the desired products, or produce byproducts,
such as aniline, that are difficult to separate from the bicyclic guanidines and may themselves
be hazardous. Also, many of these methods produce bicyclic guanidines of different types
that may be difficult to separate from one another, and/or produce bicyclic guanidines in
forms that are difficult to handle.

[0005] There is therefore a need for safe and efficient methods for producing bicyclic

guanidines.

SUMMARY OF THE INVENTION

[0006] The present invention is directed to a method for producing 1,5,7-
triazabicyclo[4.4.0]dec-5-ene comprising forming a mixture comprising a disubstituted
carbodiimide, dipropylene triamine and an ethereal solvent and/or an alcohol; and heating the

mixture to cause the disubstituted carbodiimide to react with the dipropylene triamine.
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[0007] The present invention is further directed to methods for producing 1,5,7-
triazabicyclo[4.4.0]dec-5-ene comprising forming a mixture comprising a disubstituted
carbodiimide and dipropylene triamine; and heating the mixture to cause the disubstituted

carbodiimide to react with the dipropylene triamine.

DETAILED DESCRIPTION OF THE INVENTION

[0008] The present invention is directed to methods for producing bicyclic
guanidines. More specifically, the present invention is directed to methods for producing
1,5,7-triazabicyclo[4.4.0]dec-5-ene comprising reacting a disubstituted carbodiimide with
dipropylene triamine (“DPTA”), also known as bis(3-aminopropyl)amine.

[0009] As used herein, the term “disubstituted carbodiimides” refers to a compound
having the formula RN=C=NR', wherein R and R' independently comprise an alkyl group,
an aryl group or mixtures thereof. R and R' can be the same or different. In certain
embodiments, the disubstituted carbodiimide comprises a dialkyl carbodiimide and the R/R'
group is an aliphatic and/or cycloaliphatic alkyl group, for example, having 1 to 10 carbons;
particularly  suitable  dialkylcarbodiimides include, without limitation, N,N’-
diisopropylcarbodiimide (DIC) (i.e. when R/R' is an isopropyl group), N,N’-
dicyclohexylcarbodiimide (DCC) (i.e. when R/R' is a cyclohexyl group), N,.N’-di-tert-
butylcarbodiimide (wherein R/R' is a fert-butyl group), and any combinations thereof.

[0010] In certain embodiments, the disubstituted carbodiimide comprises a diaryl
carbodiimide and the R/R' group is an aryl group. A particularly suitable diarylcarbodiimide
is N,N’-di-p-tolylcarbodiimide (wherein R/R" is a toluene residue). In certain embodiments,
combinations of one or more dialkylcarbodiimides and/or one or more diarylcarbodiimides
are used.

[0011] In certain embodiments, the method for producing 1,5,7-
triazabicyclo[4.4.0]dec-5-ene includes first dissolving the disubstituted carbodiimide in an
ethereal solvent and/or in an alcohol prior to reacting the disubstituted carbodiimide with
DPTA. These embodiments are sometimes referred to herein as the “solvent process”. In
alternative embodiments discussed further below, methods for producing 1,5,7-
triazabicyclo[4.4.0]dec-5-ene do not utilize an ethereal solvent or alcohol, and are sometimes
referred to herein as the “solventless process”.

[0012] In general, the solvent process begins by dissolving a disubstituted
carbodiimide in an ethereal solvent and/or in an alcohol. Next, dipropylene triamine is added

to the dissolved disubstituted carbodiimide. In some embodiments, the disubstituted
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carbodiimide and solvent and/or alcohol mixture is heated, such as to a temperature of 60°C,
prior to the addition of the DPTA and in some embodiments the mixture is heated to about
60°C after addition of the DPTA. The mixture is then further heated to an elevated
temperature and held for a sufficient period of time to react the disubstituted carbodiimide
and dipropylene triamine, first forming an intermediate, (generally an NN -disubstituted
monocyclic guanidine), and then forming 1,5,7-triazabicyclo[4.4.0]dec-5-ene and an amine.
The amine generated by the reaction of the disubstituted carbodiimide and dipropylene
triamine depends on the R/R' group. For example, the amine will be isopropyl amine if RR'
is an isopropyl group, or cyclohexylamine, if R/R' is a cyclohexyl group. This amine
byproduct can be distilled off during the course of the reaction, such that all that remains in
the reaction vessel with the 1,5,7-triazabicyclo[4.4.0]dec-5-ene upon completion of the
reaction is the ethereal solvent and/or the alcohol. Alternatively, the amine byproduct can be
removed upon completion of the reaction.

[0013] Suitable ethereal solvents that may be utilized in the solvent process of the
present invention include, but are not limited to, butyl carbitol formal.

[0014] Suitable alcohols (i.e. alcoholic solvents) that may be utilized in the solvent
process of the present invention include, but are not limited to monoalcohols or polyols, such
as 2-butoxyethanol (i.e. butyl cellosolve), diethylene glycol monobutyl ether (i.e. butyl
CARBITOL), hexaethoxylated bisphenol A polyol and combinations thereof. In certain
embodiments, 2-butoxyethanol is used.

[0015] In general, the solventless process of the present invention begins by
introducing the disubstituted carbodiimide to a reaction vessel. Next, dipropylene triamine is
slowly added to reaction vessel, wherein the resultant mixture begins to react and exotherm.
The mixture is then heated to an elevated temperature and held for a sufficient period of time
to react the disubstituted carbodiimide and dipropylene (riamine, first forming an
intermediate and then forming 1,5,7-triazabicyclo[4.4.0]dec-5-ene and an amine. This amine
byproduct can be distilled off during the course of the reaction, or removed upon completion
of the reaction. A diluent, such as hexaethoxylated bisphenol A polyol, may be added to the
formed 1,5,7-triazabicyclo[4.4.0]dec-5-ene in the reaction vessel.

[0016] The term “an elevated temperature”, when used in the context of the present
processes is the temperature at which the disubstituted carbodiimide reacts with the
dipropylene triamine to form the 1,5,7-triazabicyclo[4.4.0]dec-5-ene and the amine. In
certain embodiments, the elevated temperature is 160°C or greater, 170°C or greater, or

180°C or greater, and can be as high as 220°C, 230°C, 240°C or even higher. Typically, a
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higher temperature results in shorter reaction time. In certain solvent processes, the elevated
temperature corresponds to the reflux temperature of the ethereal solvent and/or the alcohol
or blend that is used. For example, when 2-butoxyethanol is used, the elevated temperature
corresponds to the reflux temperature of 2-butoxyethanol (about 170°C). In a particular
embodiment, the disubstituted carbodiimide comprises diaryl carbodiimide and the elevated
temperature is 160°C or greater, 170°C or greater or 180°C or greater.

[0017] The term “‘a sufficient period of time”, when used in the context of the present
process, is the time needed to cause the disubstituted carbodiimide to substantially or
completely react with dipropylene triamine. By ‘“substantially react” is meant 70%
conversion or greater; by “completely react” is meant 85% conversion or greater. This time
period may vary, depending upon the exact reaction conditions and, in the case of the solvent
process, depending upon the ethereal solvent and/or the alcohol used. Typically, the
sufficient period of time will be 1 to 6 hours, such as 1 to 4 hours or 2 to 4 hours. The degree
of reaction can be determined by analyzing the contents of the reaction vessel using known
spectroscopic techniques (IR, "C NMR, eftc.) to confirm the presence or absence of the
disubstituted carbodiimide and dipropylene triamine and to confirm the presence of 1,5,7-
triazabicyclo[4.4.0]dec-5-¢ene.

[0018] In certain embodiments, the processes described herein are performed without
catalyst. In other embodiments, however, a catalyst is used. Any catalyst that increases the
rate of reaction between the disubstituted carbodiimide and dipropylene triamine can be used
according to the current methods, such as a weak acid catalyst. Suitable weak acid catalysts
include, but are not limited to, thiourea, #-dodecylmercaptan, 2-mercaptoethanol, and
bisphenol A . In certain embodiments, the catalyst is an additive, and in others a catalyst may
be introduced as an impurity in the carbodiimide, possibly generated as a byproduct of the
manufacturing process. Even these trace amounts of catalyst can increase the rate of reaction.
The catalyst, if used, may be added with the carbodiimide.

[0019] In certain embodiments, the 1,5,7-triazabicyclo[4.4.0]dec-5-ene is isolated
from the ethereal solvent and/or the alcohol through distillation at atmospheric pressure. In
certain embodiments, after the distillation process, the 1,5,7-triazabicyclo[4.4.0]dec-5-ene
may be recovered in powder form. Alternatively, the 1,5,7-triazabicyclo[4.4.0]dec-5-ene
may be maintained in solution with the ethereal solvent and/or with the alcohol for
subsequent use. As noted above, in both the solvent and solventless processes the amine
byproduct can be removed from the reaction vessel via distillation. In certain embodiments,

this distillation is performed concurrent with the reaction. By *concurrent” is meant the
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distillation is performed during the reaction in which the 1,5,7-triazabicyclo[4.4.0]dec-5-ene
is formed. Although the inventors do not wish to be bound by any mechanism, in certain
embodiments, distilling off the amine byproduct concurrently with the reaction may result in
the reaction occurring more efficiently, that is, more quickly and/or with a higher percent
conversion.

[0020] The isolated bicyclic guanidine (1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD)),
formed in either the solvent or solventless processes described above, which is in solution
form or powder form, can then be added to any composition in which bicyclic guanidine can
be used. For example, in certain embodiments, the bicyclic guanidine formed from the
process described herein can be added to an electrodepositable coating composition, such as
the electrodepositable coating composition that is described in U.S. Patent No. 7,842,762,
which is incorporated in its entirety herein by reference.

[0021] As used herein, unless otherwise expressly specified, all numbers such as
those expressing values, ranges, amounts or percentages may be read as if prefaced by the
word “about”, even if the term does not expressly appear. Any numerical range recited
herein is intended to include all sub-ranges subsumed therein. Plural encompasses singular
and vice versa. For example, while the invention has been described in terms of "a"
disubstituted carbodiimide, “an” alcohol, “the” R/R! group, and the like, mixtures of these
and other components can be used. Also, as used herein, the term “polymer” is meant to refer
to prepolymers, oligomers and both homopolymers and copolymers; the prefix “poly” refers
to two or more. When ranges are given, any endpoints of those ranges and/or numbers within
those ranges can be combined with the scope of the present invention. “Including”, “such

as”, “for example” and like terms means “including/such as/for example but not limited to”.

Examples

[0022] The following examples are intended to exemplify the invention and are not

intended to limit the invention in any way.

Example 1: DIC Route in 2-butoxyethanol

2-butoxyethanol
N""“NH
N=C=N +  HN""SN"S"SNH, 170°C/ 12 Hours 2 N
N I/ Tenee A —_— L
NN HAN NN
- H2N4< H /K = Ry H

1,5,7-Triazabicyclo[4.4.0]dec-5-ene

Disopropylcarbodiimide Dipropylene triamine isopropylamine p

(DIC) (DPTA)
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[0023] A 4-neck flask was equipped with a temperature probe, stainless steel
mechanical stirrer, and an ice water condenser. Dry nitrogen was swept through the flask, out
through the condenser, then through an attached cold trap containing dry ice and ethanol used
to trap isopropylamine distillate. The flask was charged with 2-butoxyethanol (220 mL.) and
N,N’ -diisopropylcarbodiimide (151.4 g, 1.2 mol), and warmed to 60°C. Then, dipropylene
triamine (131.2 g, 1.0 mol) was added slowly. Upon addition of dipropylene triamine, an
exotherm of 40°C was observed (~60°C - 100°C). The reaction was warmed slowly to
170°C and refluxed at that temperature for 12 hours. The orange, homogenous solution was
then cooled, poured out of the reaction vessel, and used without further purification. The
concentration of TBD in the final solution was determined by HPLC (38.8 wt%, 94.6%
conversion). >C NMR analysis indicated that the material consisted solely of 1,5,7-
triazabicyclo[4.4.0]dec-5-ene in 2-butoxyethanol. '*C NMR analysis of the distillate

confirmed the capture of the byproduct isopropylamine (129 ml.) as the sole compound.

Example 2: DCC Route in 2-butoxyethanol

< % 2-butoxyethanol N> NH, N
=c=N + HZNMHMNHZ 170<C / 18 Hours - . f/{j
— > N NN
- HZNO @ - HN H

Dicy ylecar iimis Dipropy triamine cyclohexylamine 1,5,7-Triazabicyclo[4.4 0]dec-5-ene
(DCC) (DPTA) (TBD)

[0024] A 4-neck flask was equipped with a temperature probe, stainless steel
mechanical stirrer, and an ice water condenser. Dry nitrogen was swept through the flask and
out through the condenser. The flask was charged with 2-butoxyethanol (220 ml.) and N,N’-
dicyclohexylcarbodiimide (247.6 g, 1.2 mol), and warmed to 60 °C. Then, dipropylene
triamine (131.2 g, 1.0 mol) was added slowly. Upon addition of dipropylene triamine, an
exotherm of 14°C was observed (~58°C - 72°C). The reaction was warmed slowly to
170°C and refluxed at that temperature for 18 hours. The orange, homogenous solution was
then cooled, poured out of the reaction vessel, and used without further purification. The
concentration of TBD in the final solution was determined by HPLC (32.9 wt%, 80.2%
conversion). BC NMR analysis indicated that the material consisted of 1,5,7-

triazabicyclo[4.4.0]dec-5-ene and cyclohexylamine (2.5%) in 2-butoxyethanol.
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Example 3: DCC Route in diethylene glycol monobutyl ether

Q Diethylene glycol monobutyl ether N~""“NH
=C=N 4+ HNTTNTONH, 2209 /2 Hours f ’ - f"ﬁ
H —_— NN N/)\N/
- HZN{> © - H2N4<:> H
Dicyclohexykarb odiimide Dipropylene friamine cyclohexylamine 1,5,7-Triazabicyclo[4.4.0]dec-5ene
(DCC) (DPTA) (TBD)
[0025] A 4-neck flask was equipped for total distillation, along with a temperature

probe and stainless steel mechanical stirrer. Dry nitrogen was swept through the flask and
out through the distillation apparatus. The flask was charged with diethylene glycol
monobutyl ether (210 ml.) and NN’ -dicyclohexylcarbodiimide (247.6 g, 1.2 mol), and
warmed to 60 °C. Then, dipropylene triamine (131.2 g, 1.0 mol) was added slowly. Upon
addition of dipropylene triamine, an exotherm of 41°C was observed (~61°C - 102°C). The
reaction was warmed to 140°C and held for 1 hour, then heated to 220°C and held for 2
hours. The orange, homogenous solution was then cooled, poured out of the reaction vessel,
and used without further purification. The concentration of TBD in the final solution was
determined by HPLC (35.4 wt%, 81.0% conversion). “C NMR analysis indicated that the
material consisted solely of 1,5,7-triazabicyclo[4.4.0]dec-5-ene in diethylene glycol
monobutyl ether. *C NMR and GC/MS analysis of the distillate confirmed the capture of
cyclohexylamine (199 mL).

Example 4;: DpTC Route in 2-butoxyethanol

NH,
2-butoxyethanol J)
+ HzN/\/\u/\/\NHZ 170°C / 15 Hours fn CN/\‘
- . _
e )
N

1,5,7-Triazabicyclo[4.40]de c-5-ene

Di-p-tolylcarbo diimide Dipropylene triamine p-toluidine

(DpTC) (DPTA)

[0026] A 4-neck flask was equipped with a temperature probe, magnetic stir bar, and
an ice water condenser. Dry nitrogen was swept through the flask and out through the
condenser. The flask was charged, at ambient temperature, with 2-butoxyethanol (11 mL),
N,N’ -di-p-tolylcarbodiimide (13.5 g, 0.06 mmol), and dipropylene triamine (6.64 g, 0.05
mol). An exotherm of 34°C was observed (~23°C - 57°C). The reaction was warmed
slowly to 170°C and refluxed at that temperature for 15 hours. The orange-brown,
homogenous solution was then cooled, poured out of the reaction vessel, and used without

further purification. The concentration of TBD in the final solution was determined by
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HPLC (19.9 wt%, 79.1% conversion). 3C NMR and GC analyses indicated that the material
consisted of 1,5,7-triazabicyclo[4.4.0]dec-5-ene and p-toluidine (36.8 %) in 2-butoxyethanol.

Example 5: DCC Route (100% solids, polyol post-add, 20% DCC excess)

<_i ~SNTT"NH,
=Cc=N + |-|2N/\/\”/\/\NH2 220°C /2 Hours L /gN - C)N\/j
H N N
Dicyclohexylcarbodiimide Diprop\({[l)e;;At)riamine cyclohexylamine 1,5,7-Triazabic2/:llao[£;l.4.u] dec-5-ene
[0027] A 4-neck flask was equipped for total distillation, along with a temperature

probe and stainless steel mechanical stirrer. Dry nitrogen was swept through the flask and
out through the distillation apparatus. The flask was charged with N,N’-
dicyclohexylcarbodiimide (247.6 g, 1.2 mol) followed by the slow addition of dipropylene
triamine (131.2 g, 1.0 mol). Upon addition of dipropylene triamine, an exotherm of 31°C
was observed (~24°C - 55°C). The reaction was warmed to 170°C and held for 1 hour, then
heated to 220°C and held for 2 hours. After the final hold, hexaethoxylated bisphenol A
polyol (417.0 g, 0.85 mol) was added as a diluent. The orange, homogenous solution was
then stirred, cooled, poured out of the reaction vessel, and used without further purification.
The concentration of TBD in the final solution was determined by HPLC (21.3 wt%, 94.4%
conversion). >C NMR analysis indicated that the material consisted solely of 1,5,7-
triazabicyclo[4.4.0]dec-5-ene in hexaethoxylated bisphenol A polyol. *C NMR and GC/MS

analysis of the distillate confirmed the capture of cyclohexylamine (175 mL).

Example 6: DCC Route (100% solids, polyol post-add, 2% DCC excess)

[0028] A 4-neck flask was equipped for total distillation, along with a temperature
probe and stainless steel mechanical stirrer. Dry nitrogen was swept through the flask and
out through the distillation apparatus. The flask was charged with NN'-
dicyclohexylcarbodiimide (210.5 g, 1.02 mol) followed by the slow addition of dipropylene
triamine (131.2 g, 1.00 mol). Upon addition of dipropylene triamine, an exotherm of 32°C
was observed (~23°C - 55°C). The reaction was warmed to 170°C and held for 1 hour, then
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heated to 220°C and held for 2 hours. After the final hold, hexaethoxylated bisphenol A
polyol (319.8 g, 0.65 mol) was added as a diluent. The orange, homogenous solution was
then stirred, cooled, poured out of the reaction vessel, and used without further purification.
The concentration of TBD in the final solution was determined by HPLC (28.0 wt%, 93.7%
conversion). °C NMR analysis indicated that the material consisted solely of 1,5,7-
triazabicyclo[4.4.0]dec-5-ene in hexaethoxylated bisphenol A polyol. *C NMR and GC/MS

analysis of the distillate confirmed the capture of cyclohexylamine (229 mL).

Example 7: DCC Route (100% solids, polyol post-add, 2% DCC excess, 98% purity
DCC, weak acid catalyst)

[0029] A 4-neck flask was equipped for total distillation, along with a temperature
probe and stainless steel mechanical stirrer. Dry nitrogen was swept through the flask and
out through the distillation apparatus. The flask was charged, consecutively, with N,V -
dicyclohexylcarbodiimide (210.5 g, 1.02 mol, 98% purity - Dalian Harsou Chemical Co.,
Ltd), bisphenol A (0.570 g, 0.0025 mol), and dipropylene triamine (131.2 g, 1.00 mol). Upon
addition of dipropylene triamine, an exotherm of 30°C was observed (24°C - 54°C). The
reaction was heated to 140°C and held for 1 hour, then heated slowly to 220°C and held for 2
hours. After the final hold, hexaethoxylated bisphenol A polyol (319.8 g, 0.65 mol) was
added as a diluent. The orange, homogenous solution was then stirred, cooled, poured out of
the reaction vessel, and used without further purification. The concentration of TBD in the
final solution was determined by HPLC (29.3 wt%, 96.7% conversion). C NMR analysis
indicated that the material consisted solely of 1,5,7-triazabicyclo[4.4.0]dec-5-ene in
hexaethoxylated bisphenol A polyol. It should be noted that attempting the above procedure
in the absence of bisphenol A gave significantly lower conversion to TBD, as analyzed by
HPLC (26.9 wt%, 88.7% conversion). This demonstrates that the use of a weak acid catalyst,
like bisphenol A, improves conversion to TBD in the reaction of DPTA with 98% purity
DCC.

[0030] Whereas particular embodiments of this invention have been described above
for purposes of illustration, it will be evident to those skilled in the art that numerous
variations of the details of the present invention may be made without departing from the

invention as defined in the appended claims.
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What is claimed is:

1. A method for producing 1,5,7-triazabicyclo[4.4.0]dec-5-ene comprising:

(a) forming a mixture comprising a disubstituted carbodiimide, dipropylene
triamine and an ethereal solvent and/or an alcohol; and

(b) heating said mixture to cause said disubstituted carbodiimide to react with said

dipropylene triamine.

2. The method of Claim 1, wherein said heating is at a temperature of 160°C or greater.
3. The method of Claim 2, wherein said heating is at a temperature of 170°C or greater.
4. The method of Claim 1, wherein said disubstituted carbodiimide comprises
dialkylcarbodiimide.

5. The method of Claim 4, wherein said dialkylcarbodiimide comprises N,N’-

diisopropylcarbodiimide, N,N’-dicyclohexylcarbodiimide, or combinations thereof.

6. The method of Claim 2, wherein said disubstituted carbodiimide comprises
diarylcarbodiimide.

7. The method of Claim 6, wherein said diarylcarbodiimide comprises di-p-
tolylcarbodiimide.

8. The method of Claim 1, wherein the mixture of step (a) is formed in alcohol.

9. The method of Claim 8, wherein said alcohol comprises 2-butoxyethanol, diethylene

glycol monobutyl ether, hexaethoxylated bisphenol A polyol, or combinations thereof.
10. The method of Claim 1 further comprising:

(c) distilling off byproduct from the reaction of step (b), wherein step (¢) and step

(b) are concurrent.

10
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11. A method for producing 1,5,7-triazabicyclo[4.4.0]dec-5-ene comprising:

(a) forming a mixture comprising disubstituted carbodiimide and dipropylene
triamine; and

(b) heating said mixture to cause said disubstituted carbodiimide to react with said

dipropylene triamine.

12. The method of Claim 11 further comprising (c) adding a diluent after step (b)

13. The method of Claim 11, wherein said method is performed in the absence of ethereal

solvent and/or alcohol.

14. The method of Claim 13, further comprising (c¢) distilling off byproduct from the

reaction of step (b), wherein step (¢) and step (b) are concurrent.

15. The method of Claim 11, wherein said disubstituted carbodiimide comprises
dialkylcarbodiimide.
16. The method of Claim 11, wherein said disubstituted carbodiimide comprises
diarylcarbodiimide.
17. An electrodepositable coating composition comprising 1,5,7-triazabicyclo[4.4.0]dec-

5-ene formed in accordance with the method of Claim 1.

18. An electrodepositable coating composition comprising 1,5,7-triazabicyclo[4.4.0]dec-

5-ene formed in accordance with the method of Claim 11.

19. A coated substrate formed by electrophoretically applying and curing the

electrodepositable coating composition of Claim 17 onto at least a portion of a substrate.

20. A coated substrate formed by electrophoretically applying and curing the

electrodepositable coating composition of Claim 18 onto at least a portion of a substrate.

11
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21. The method of Claim 1, wherein the mixture of step a further comprises a weak acid

catalyst.

22. The method of Claim 11, wherein the mixture of step a further comprises a weak acid

catalyst.
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