Office de la Propriete Canadian CA 2681762 C 2015/12/29

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 681 762
Hindstie Ganada Industy Canads 2 BIREVE T GANAIIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2008/03/19 (51) ClL.Int./Int.Cl. CO7C 231/02 (2006.01),

CO7C 69/54 (2006.01), CO7C 233/09 (2006.01),
CO7C 233/36 (2006.01)

(72) Inventeur/Inventor:

(87) Date publication PCT/PCT Publication Date: 2008/10/02
(45) Date de delivrance/lssue Date: 2015/12/29

(85) Entree phase nationale/National Entry: 2009/09/23 LIU, LEO ZHAOQING, US

(86) N° demande PCT/PCT Application No.: US 2008/003579 (73) Propriétaire/Owner:

(87) N° publication PCT/PCT Publication No.: 2008/118312 RHODIA OPERATIONS, FR

(30) Priorité/Priority: 2007/03/23 (US60/919,734) (74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : PROCEDE DE FABRICATION D'UN MONOMERE DE (METH)ACRYLAMIDE
(54) Title: PROCESS FOR MAKING A (METH)ACRYLAMIDE MONOMER

(57) Abrege/Abstract:
A method for making a (meth)acrylamide monomer, comprises reacting a (meth)acrylate ester with an amino-functional compouna
In an organic solvent In the presence of a transesterification catalyst.

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




woO 2008/118312 A1 I D0 A0 0 AR A

CA 02681762 2009-09-23

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

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
2 October 2008 (02.10.2008)

(51) International Patent Classification:
CO07C 231/00 (2006.01)

(21) International Application Number:
PCT/US2008/003579

(22) International Filing Date: 19 March 2008 (19.03.2008)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

60/919,734 23 March 2007 (23.03.2007) US

(71) Applicant (for all designated States except US): RHODIA
INC. [US/US]; 8 Cedar Brook Drive, CN 7500, Cranbury,
NJ 08512 (US).

(72) Inventor: LIU, Leo, Zhaquing; 1801 Gu Dai Road,
Bldg.47, Villas Contemporary Spirits, Min Han Destric,
Shanghai 201100 (CN).

(74) Agent: MCVEIGH, Kevin, E.; Rhodia Inc., 8 Cedar
Brook Drive, Cn 7500, Cranbury, NJ 08512 (US).

(10) International Publication Number

WO 2008/118312 Al

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EL,
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, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, I1,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CE, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(54) Title: PROCESS FOR MAKING A (METH) ACRYLAMIDE MONOMER

(57) Abstract: A method for making a (meth)acrylamide monomer, comprises reacting a (meth)acrylate ester with an amino-func-
tional compound in an organic solvent in the presence of a transesterification catalyst.



CA 02681762 2009-09-23
WO 2008/118312 PCT/US2008/003579

PROCESS FOR MAKING A (METH)ACRYLAMIDE MONOMER

Field of the Invention

This invention relates to a process for making a (meth)acrylamide
monomer.

Backqground of the Invention

Production of (meth)acrylamide monomers, such as
dimethylaminopropylmethacrylamide ("DMAPMA"), by aminolysis of a
(meth)acrylate ester in the presence of a catalyst is known, but competing
side reactions produce Michael addition adducts and typically lower the
yield of DMAPMA product. The problem of competing side reactions has
been addressed by cracking the adduct at high temperature in order to
recover DMAPMA, as described in U.S. Patent No. 4,287,363, or by
seeking to reduce the amount of the un-wanted adducts via use of a large
excess of (meth)acrylate ester, as described in U.S. Patent No. 4,206,143
and in DE 2,816,516. Cracking the adduct is tedious and may result in low
yield due to the polymerization at the cracking temperature. In the latter
process, the need to recover the non-reacted excess ester from the product
mixture and the inefficient utilization of the reactor volume result in a very

high cost (meth)acrylamide monomer product.

What is needed in the art is a more convenient and/or lower cost

route to (meth)acrylamide monomers.

Summary of the Invention

In a first aspect, the present invention is directed to a method for

making a (meth)acrylamide monomer, comprising reacting a (meth)acrylate
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ester with an amino-functional compound in an organic solvent in the

presence of a transesterification catalyst.

Detailed Description of Invention and Preferred Embodiments

As used herein, the terminology "(C«-C,)" in reference to an organic
group, wherein x and y are each integers, indicates that the group may

contain from x carbon atoms to y carbon atoms per group.

As used herein, the term "(meth)acrylic" means acrylic, methacrylic

or a mixture of acrylic and methacryilic.

As used herein, the term "alkyl" means a monovalent saturated
straight chain or branched hydrocarbon group, more typically a monovalent
saturated (C1-Cs) hydrocarbon group, such as for example, methyl, ethyl,

n-propyl, iso-propyl, n-butyl, sec-butyl, t-butyl, pentyl, or n-hexyil.

As used herein, the term "alkylene” means a bivalent saturated
straight chain or branched hydrocarbon group, more typically a divalent
saturated (C1-Cg) hydrocarbon group, such as for example, methylene,

dimethylene, trimethylene.

As acknowledged above, it is known to conduct aminolysis of a
(meth)acrylic ester using an excess of the ester. We have discovered that
the a portion of the ester reactant can be partially replaced with an inert
solvent, such as xylene, without sacrificing the reaction time and the yield,
thus reduced the amount of reactant. The solvent also provides a higher
reaction temperature and, optionally, the ability to reduce the water content

of the reaction mixture.

Suitable non-polar organic solvents include organic solvents that are

Inert or substantially inert under the anticipated reaction conditions and
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include, aromatic hydrocarbon solvents, for example, xylene, benzene,
toluene, linear aliphatic hydrocarbon solvents, such as hexane, decane,
undecane, and dodecane, mineral spirits, and cyclic hydrocarbons, such as

cyclohexane and cycloheptane.

In one embodiment, the reaction is conducted in from about 1 to
about 200 parts by weight ("pbw"), more typically, from about 10 to about
100 pbw, organic solvent per 100 pbw of the total charge of (meth)acrylic

ester.

In one embodiment, the reaction is conducted using a total amount
of from about 0.1 up to but not including 1.0 mole, more typically, from
about 0.25 to about 0.75 mole, of amine compound per mole of

(meth)acrylic ester compound.

The reactants may each be introduced to the reaction mixture as
one or more discrete portions or as a feed into the reaction mixture over the
course of the reaction, or as a combination thereof, for example, as an

initial shot of a first portion followed by a feed of the remaining portion.

In one embodiment, the entire charge of (meth)acrylic ester
compound is mixed with the organic solvent prior to addition of the amine
compound and the charge of amine compound is then fed into the mixture
over time, typically over a period of from about 1 to about 5 hours, more
typically over a period of from about 2 to about 4 hours. It is believed that
maintaining the low ratio of amine compound to (meth)acrylic ester
discourages undesired side reactions, such a Michael addition. However,
prolonged reaction time will increase the process time and potentially allow

undesired polymerization of contents of the reaction mixture to occur.

Suitable transesterification catalysts are know in the art and include,

for example, organotin, organoziconium, and organotitanium compounds,
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such as dialkyltin oxides, dialkyldialkoxytin compounds, tetramethoxytin
compounds, bis(dialkylamino)-dialkyltin compounds, and tetraalkyltitanate
compounds, such as tetraisobutyltitanate, as well as mixtures of such
catalysts. Typically, the catalyst is a dialkyltin oxide catalyst, more typically
dibutyltin oxide, and/or dioctyltin oxide.

In one embodiment, the reaction mixture comprises from about 0.01
to about 10 percent by weight ("wt%"), more typically from about 1 to about

S5 wt%, of the transesterification catalyst.

In one embodiment, the transesterification reaction is conducted
within a temperature range of from about 10°C to about 150°C, more
typically from about 50°C to about 120°C. Typically the reaction is run for a
reaction time of from about 2 to about 10 hours, more typically from about 4

to about 6 hours.

In one embodiment, the reaction mixture for making the
(meth)acrylamide monomer further comprises a polymerization inhibitor,
such as hydroquinone compounds, phenothiazine, or a mixture thereof, to
iInhibit polymerization of the (meth)acrylic ester reactant and/or the product
monomer during synthesis of the amino(meth)acrylamide monomer.
Suitable hydroquinone compounds include, for example, such as

hydroquinone and methylhydroquinone.

In one embodiment, the reaction for making the (meth)acrylamide
monomer is conducted with an air sparge to inhibit polymerization of the
(meth)acrylic ester reactant and/or the product monomer during synthesis

of the amino(meth)acrylamide monomer.
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In one embodiment, a (meth)acrylamide monomer is made

according to Scheme A:
O

H,C

N\t HN—R

,L (1 (1)

catalyst
solvent
(T

HZC\ /C}N/Rs
|

R (1)
Scheme A

by reacting one or more (meth)acrylic esters according to structure (1),
wherein: R' is H or (C4-C,4)alkyl, and R? is an aliphatic or aromatic
hydrocarbon group, more typically (C1-C4)alkyl, with one or more amino-
functional compounds according to structure (Il), wherein R* is an organic
group that is substantially inert under the reaction conditions, in an organic
solvent and in the presence of a transesterification catalyst to make a

(meth)acrylamide monomer according to structure (lll).

In one embodiment compound (ll) is a dialkylaminoalkylamine

compound according to structure (il-a):

4 R®
NN
H,N N
\ 6
R
(ll-a)

wherein
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R* is a divalent linking group, typically (C1-Cg)alkylene which
may optionally be substituted on one or more carbon atoms or
Interrupted at one or more points by a heteroatoms, more typically,
(C1-Ce)alkylene, and

R® and R® are each independently alkyl, more typically (C-
Ce)alkyl, or may be fused to form, with the nitrogen atom to which
they are attached, a saturated or unsaturated heterocyclic ring
structure, which may optionally comprise additional ring member
nitrogen atoms and which may optionally substituted on one or more

of the ring atoms with alkyl or oxygen.

In the case that compound (ll) is a dialkylaminoalkylamine

compound according to structure (ll-a), the (meth)acrylamide monomer is a

compound according to structure (lll-a):
O

NN
| AN

R1

5

RG

(H1l-a)
wherein R' R* R® and R°® are each as defined above.

In one embodiment, R® and R® are fused to form a saturated or
unsaturated monocyclic heterocyclic ring structure which may optionally
comprise additional ring member nitrogen atoms, such as, for exémple,
pyrrolidinyl, pyrrolinyl, pyrrolyl, imidazolidinyl, imidazolyl, pyrazolidinyl,
piperidinyl, piperazyinyl, pyrazolyl, pyridinyl, pyrazinyl, pyrimidinyl, or
pyridazinyl group,

In one embodiment, R® and R® are fused to form a saturated or
unsaturated monocyclic heterocyclic ring structure which may optionally

comprise additional ring member nitrogen atoms, that is substituted on one



CA 02681762 2009-09-23
WO 2008/118312 PCT/US2008/003579

or more of the ring atoms with alkyl or oxygen, such as, for example, for

example, 1-(2-Aminoethyl)-2-imidazolidinone.

In one embodiment, a product mixture of a (meth)acrylamide
monomer (llI) and one or more (meth)acrylate co-products (V) Is made

according to Scheme B:

ﬁ
HZC\ /C\O/R2 +  H,N—R3 + HO—R’
| (1 () (V)
R1
i catalyst
0| 0
HZC\ C R3 + H>C (l 7
) YN ) WA
FL () l (V)
1

Scheme B
by reacting a (meth)acrylic ester (1) with a mixture of an amino-functional
compound (l1) and an alcohol (V), wherein R', R?, and R® are each as
described above and R’ is an organic group that is substantially inert under

the reaction conditions. Typically R’ is (C1-Czo)alkyl and typically R’ # R?.

The alcohol compound (IV) and co-product (V) each serve as
solvents for the reaction of (meth)acrylate ester (1) and amino-functional
compound (ll), and serve to lower the ratio of aminofunctional compound
(I1) to (meth)acrylate ester (l), thus discouraging the formation of the

unwanted Milchel addition by-product of amino-functional compound (ll).

The amino-functional compound (ll) and alcohol (IV) are selected in
order to provide a (meth)acrylate co-product (V) that is easily separable

from the (meth)acrylamide monomer product (lll). In one embodiment, the
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amino compounds (ll) and alcohol (V) are selected to provide a
(meth)acrylamide monomer product (Ill) and (meth)acrylate co-product (IV)
having boiling points that are sufficiently different, for example, by greater
than or equal to 10°C, more typically by greater than or equal to 20°C, as to

be readily separable by distillation. In one embodiment, R” = R3.

The reaction mixture may include any ratio of amino-functional
compound (ll) : alcohol (IV) [In one embodiment, the total amount of
amino-functional compound (ll) comprises greater than or equal to about

10 mole %, more typically greater than or equal to about 60 mole % of the

amount of alcohol compound (1V) .

In one embodiment, a product mixture of a (meth)acrylamide
monomer (lll-a) and one or more (meth)acrylate co-products (V-a) is made
according to Scheme B-1:

[
5
H,C C 2 /R\ /R /Rs /Rg
\C/ \0/ + H,N N *  HO \N
| \R6 \R1°
R’ |
(/) _
(I1-a) V-a)
l catalyst
O solvent
' ﬁ
H,C C R?
R
\/ \N/ l‘\N/ + HZC\ /C RS R®
R’ It | .
R‘IO
(111-a) R?
(V-a)
Scheme B-1

by reacting a (meth)acrylic ester (I) with a mixture of an amino-functional
compound (il-a) and an alcohol (IV-a),
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wherein:

R' R2 R* R® and R® are each as described above.

R® is a divalent linking group, typically (C1-Cg)alkylene which
may optionally be substituted on one or more carbon atoms or
interrupted at one or more points by a heteroatoms,

R? and R'® are each independently alkyl, more typically (C1-
Ce)alkyl, or may be fused to form, with the nitrogen atom to which
they are attached, a saturated or unsaturated heterocyclic ring
structure, which may optionally comprise additional ring member
nitrogen atoms and which may optionally substituted on one or more

of the ring atoms with alkyl or oxygen.

In one embodiment, a mixture of transesterified products is made by
conducting a reaction according to Scheme B-1, wherein

R' is H or methyl, and

R? is methyl,

R*and R® are each independently (C4-Cs)alkylene

R® R° R? and R'® are each independently (C1-Cs)alkyl.

In one embodiment, R® = R®> and R'° = R®.

Examples 1 -6

In the processes of Examples 1 to 5, a methacrylamide monomer

(11I-1) was made according to Scheme A-1:
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O
‘ I Hz Hz

2C . / N - N /
H N\ /c\o __CH; C’ "

| CHa
CHs (1-1) (11-1)

catalyst
O solvent

H
\C/\N/\/\/ k
H2

I CHsj
CHa
(111-1)

Scheme A-1

by reacting a methacrylic ester (I-1) with a amine compound (ll-1) in a
solvent and in the presence of a transesterification catalyst, as described
below. For each of Examples 1- 5, material charges are listed below in
TABLE | - Part A and results are listed below in TABLE | - Part B.

In the process of Example 1, to a 500 ml flask, equipped with a
thermometer, gas inlet, addition port, magnetic stirrer and distillation
column of 5-plates topped with a distillation head connecting to a
condenser, were charged xylene 20 g, methyl methacrylate (MMA, Aldrich)
62.7 g and phenothiazine (PTZ) 0.31 g. The mixture was heated toward to

reflux with a very slow dry air purge. When the batch temperature reached
70 °C, dibutyltin oxide (Bu,SnO, Eurecat 9555 from Crompton) 2.81 g was

added. Heating was continued. When the batch began to boil at 103 °C,
dimethylaminopropylamine (DMAPA from BASF) 8.0 g was added quickly.

Distillate started to come out after 20 minutes and within 30 minutes the
batch became free from insoluble catalyst and clear. Then, 33.0 g DMAPA

was added over 3 hours and the batch temperature was allowed to rise to
140 °C. Distillate was collected. After the addition, the batch was held at

140 — 150 °C for two hours. A total 20 grams of methanol/methacrylate

10



CA 02681762 2009-09-23
WO 2008/118312 PCT/US2008/003579

azeotrope was collected. Note that little distillate was collected 30 minutes

after DMAPA addition, indicating the reaction was almost done. The
remaining methyl methacrylate and xylene was distillated in vacuum until
the batch temperature decreased to 135 °C at -17.5 inch Hg. A total 29 g

of the distillate was collected, which could be recycled, and 74.2 gram
residual was left in the reactor. HPLC analysis showed 89.7% DMAPMA
and 2.0% methacrylic acid. This accounted for 97.4% vyield from DMAPA
(Ex #1, Table 1).

The process of Example 2 was run according to that described
above for the process of Example 1, except that DMAPA was fed less
evenly, and rate fluctuation was allowed. Similar yield to Example 1 was
obtained.

The process of Example 3 was run according to that described

above for the process of Example 1, except no solvent was used. A slightly

lower yield was obtained.

The process of Example 4 was run according to that described
above for the process of Example 1, except a mixture of hexane and xylene
was used as solvent. Addition of DMAPA was done over 2 hours and
hexane was distilled out during the early stage of reaction. Similar yield to

Example 1 was obtained.

The process of Example 5 was run according to that described
above for the process of Example 1, except more xylene as solvent and
less dibutyl tin oxide catalyst were used. Addition of DMAPA was done

over 1.5 hours. Similar yield to Example 1 was obtained.

11
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Examples 6 - 11

In the processes of Examples 6 to 11, a methacrylamide monomer

(lil-a-1) was made according to Scheme B-2:

|| Ha Ha CHs

HaG CH PN / N\ ah c: /
\C/ \ / >+ H,N + / \CH/N
| Hz \ 2 \CH
CHj 3
CHj (1) (1-a-1) (IV-a-1)
l catalyst
solvent
ﬁ
O
HZC Hz Hz CH-
NN | <
H
| 2 \CH3 \c/ \3/ \CH2
CH,
CH3
(Il-a-1) (V-a-1)
Scheme B-2

by reacting a methacrylic ester (I-1) with an amine compound (ll-a-1) in an
alcohol compound (llI-b-1) as a solvent and in the presence of a
transesterification catalyst, as described below. For each of Examples 6 -

11, material charges are listed below in TABLE | - Part A and results are
listed below in TABLE | - Part B.

In the process of Example 6, to a 500 ml flask, equipped with
thermometer, gas inlet, addition port, magnetic stirrer and distillation
column of 5-plates topped with a distillation head connecting to a
condenser, were charged methyl methacrylate (Aldrich) 206.7 g and
phenothiazine 0.3 g. The mixture was heated toward to reflux with a very
slow dry air purge. When batch temperature reached 70 °C, dibutyltin
oxide (Eurecat 9555 from Crompton) 5.01 g was added. Heating
continued. When the batch began to boil at 101 °C, dimethylethanolamine
(DMEA from BASF) 11.8 g was added quickly. Distillate started to come

12
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out after 15 minutes and the batch became free from insoluble catalyst and
clear. Then, 35.3 g DMEA was added over 45 minutes and the batch
temperature was allowed to rise. Distillate was collected. After finishing
DMEA, Tyzor TPT 0.35 g was added, the batch was held at reflux at 103 —

107 °C for one hour then DMAPA 53.34 g was added over 90 minutes.
Continue to collect distillate at 60 — 65 °C and to allow the reaction

temperature to rise. After the addition, the batch was held at 120 — 150 °C

for three hours. The batch temperature rose gradually. A total 57 grams of
methanol/methacrylate azeotrope was collected. The remaining methyl

methacrylate was distilled under vacuum until the batch temperature
decreased to 130 °C at -17.5 inch Hg. A total 63.5 g of the distillate was

collected, which would be recycled. HPLC analysis showed 185 gram
residual contained 45.4% DMAPMA, 41.9% dimethylaminoethy!
methacrylate (DMAEMA) and 1.6% methacrylic acid. This accounted for

95% yield for DMAPMA from DMAPA and 94% for DMAEMA from DMEA
(Ex #6).

The process of Example 7 was run according to that described

above for the process of Example 6, except that dibutyltin oxide from

Aldrich was used as the transesterification catalyst.

The process of Example 8 was run according to that described
above for the process of Example 6, except that dioctyltin oxide (Eurecat

DOTO, Crompton) was used as the transesterification catalyst.

The process of Example 9 was run according to that described
above for the process of Example 7, except that part of the MMA was

recycled from previous reactions.

The process of Example 10 was run according to that described

above for the process of Example 7, except that small amount of hexane

13
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was used to remove any residual amount of water from the system. A

lightly better yield was observed.

The process of Example 11 was run according to that described

above for the process of Example 6.

14



WO 2008/118312

TABLE | - Part A

CA 02681762 2009-09-23

PCT/US2008/003579

EX# l_: Charges (pbw) —j
Hexane | Xylene | MMA | PTZ/ | CAT | TPT | DMAPA | DMEA
LMEHQ |
1 0 62.7 [0.31/0 [2.81 |0 41.0 0
2 [0 0 [0.31/0 {280 |0 40.9 0
3 [0 80.1 T32/—o|_2'.80 I 40.9 0
4 |27 101.2 | 0.30/0 [3.45 [0 |51.8 | |0
5 |0 1 95.7 |>(f1_0/ 12.86 |'0.6o 48.8 0 _1
0.097
6 |0 lo 206.7 | 0.30/0 | 5.01 | 0.3_51‘533" r47.‘1'
7 o 0 1 200.0 @.67 |0.35 57.48 44.60
8 |0 0 200 [0.25/ [3.50 |0 54.6 44.48
0.16 l
‘9 |0 “o— 200 | 0.40/0 '3.‘W_~_0_.T| 51.0 47.0
10 [104 |0 | 201.7 | 0.25/ |5.05 1 0.30 | 51.00 47.30
0.16 ‘_L
1|0 I 119.7 0441 [3.02 [025 [310  |27.7

15
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TABLE | - Part B
'EX# | Discharge

DMAPMA | Yield DMAEMA
(%) (%)

HPLC Dist

2.0

11 [ 196

Example 12.

DMAPMA distillate from the above reactions, containing water-insoluble
organotin catalysts and 1300 ppm methacrylic acid (MMA) 170.0 g was
mixed with 25% NaOH 2 g and phenothiazine 0.05 g. The mixture was

subjected to vacuum distillation. The distillate was collected at 91 — 93 °C

and -30.3 inch Hg to yield 105 g pure DMAPMA (91% yield) containing no
water-insoluble and non-detectable MAA (< 10 ppm) by HPLC analysis.

16
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CLAIMS

1. A method tor 'making a (meth)acryl amide monomer,
comprising reacting a (meth)acrylate ester (I) with a
mixture of an amino-functional compound (Iia) and an alcohol
(IV-a) in an organic solvent comprising alcohol (IV-a) and
in the presence of a transesterification catalyst, to form a

product mixture c¢f a (meth)acrylamide monomer (lIlI-a) and

one or wmore (meth)acrylate co-products (V-aj),

according to Scheme B-1l:

O
HoC !! R /R5 RS R
2 2
\c/ \o/ e N Sa T \N/
I \RB \R10
RY () ..
({I1-a) (V-a)
catalyst
O solvent
9,

|
H,C C R> ‘

H,C C 8
l1 N\Rs \Cl/ \/R\N<

(111-a) R?

RQ

R‘I 0
(V-a)

Scheme B-1

wherein:

R' is H or (C;-Cg)alkyl,

17
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R* is an aliphatic or aromataic hydrocarbon group,
R® is a divalent linking group, which may optionally be
substituted on one or more carbon atoms or interrupted at

one or more polnts by an heterocatom,

R° and R° are each independently alkyl or may be fused to
form, with the nitrogen atom to which they are attached, a
saturated or unsaturated héterocyclic ring structure, which
may optionally comprise additional ring member naitrogen
atoms and which may optionally substituted on one or more of

the ring atoms with alkyl or oxygen,

R is a divalent 1linking group, and

R’ and R!'® are each independently alkyl, or may be fused to
form, with the nitrogen atom to which they are attached, a
saturated or unsaturated heterocyclic ring structure, which
may optionally comprise additional ring member niltrogen

atoms and which may optionally substituted on one or more of

the ring atoms with alkyl or oxygen.

2. The method of claim 1, wherein the organic solvent
ISan aromatic hydrocarbon solvent,a linear aliphatic hydrocarbon

solvent,ora cyclic hydrocarbon.

3. The method of claim 1, wherein the reaction 1s conducted

18



CA 02681762 2015-01-26

in from about 1 to about 200 parts by weight organic solvent

per 100 parts by weight of the total charge of (meth)acrylic

ester.

4, The method ¢of claim 1, wherein the reaction 1s conducted
using a total amount of from abcocut 0.1 up to, but not
including, 1.0 mole o¢f amine compound per mole of

(meth)acrylic ester compound.

5. The metheod of c¢laim 1, wherein the reaction mixture

comprises from about 0.01 to about 10 perxcent by weight of

the transesterification catalyst.

€. The method of claim 1, wherein:
R' is H or methyl,
R?’ is methyvl,
R’ and R® are each independently (C:-Ci)alkylene, and

o

R*, R®, R?, and R!' are each independently (Ci-Cs)alkyl.

7. The method of claim 6, wherein R® = R®> —and R*? = R®,

19



CA 02681762 2015-01-26

8. The method of claim 1, wherein a product mixture of a
methacrylamide monomer (Il1I-a-1l) and a methacrylate co-

product 1s made according to Scheme B-2:

0
l A H> CHj H CH,
Haks ¢ CH AN c
. .
\T/ \0 70t N gz N\ * HO/ \CH{/ N\
CH3 CH3
CHs (1) (l-a-1) (IV-a-1)
l catalyst
o soivent
| 0 '
H,C C H; H, CH, l CH;
\C/ \N/ “~ NS H s
AN VNP
L 2 CH \T 7 e, ey
3
CH;
(Ili-a-1) (V-a-1)
Scheme B-2

by ryeacting a methacrylate ester (I} with an amino-

functional compound (II-a-1) and an alcohol (IV-a-1).

9. The method of claim 1, wherein R? is a divalent linking group which is (C,-C¢) alkylene

which may optionally be gubstituted on one or more carbon .

atoms or interrupted at one or more polnts by an heterocatom.
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