(12) STANDARD PATENT (11) Application No. AU 2009283000 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)

(44)

(71)

(72)

(74)

(56)

Title
Processes for producing N-alkyl (alkyl)acrylamides

International Patent Classification(s)
C07C 231/02 (2006.01) CO07C 233/04 (2006.01)

Application No: 2009283000 (22) Date of Filing:  2009.08.17
WIPO No: WO10/021956

Priority Data

Number (32) Date (33) Country
12/194,267 2008.08.19 us
Publication Date: 2010.02.25

Accepted Journal Date: 2014.05.01

Applicant(s)
Nalco Company

Inventor(s)
Morris, John D.

Agent / Attorney
Baldwins Intellectual Property, 16 Chisholm Street, North Ryde, NSW, 2113

Related Art

DROBNIK J. et. al. "Enzymatic cleavage of side chains of synthetic water-soluble
polymers", Makromolekulare Chemie, 1976, 177, 2833-2848

US 2311548 A

YOSHIO IWAKURA et. al. "Synthesis of N-[1-(1-substituted-2-
oxopropyl)]acrylamides and -methacrylamides. Isolation and some reactions of
intermediates of the Dakin-West reaction", J. Org. Chem., 1967, 32, 440-443.




20107021956 A3 |11 000 00 0 00 O

©

W

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

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
25 February 2010 (25.02.2010)

(10) International Publication Number

WO 2010/021956 A3

(51

21

(22)

(25)
(26)
(30)

@an

(72)
(75)

(74

81

International Patent Classification:
C07C 231/02 (2006.01) CO07C 233/04 (2006.01)

International Application Number:
PCT/US2009/053973

International Filing Date:
17 August 2009 (17.08.2009)

Filing Language: English
Publication Language: English
Priority Data:

12/194,267 19 August 2008 (19.08.2008) Us

Applicant (for all designated States except US): NALCO
COMPANY [US/US]; 1601 W. Diehl Road, Naperville,
IL 60563-1198 (US).

Inventor; and
Inventor/Applicant (for US only): MORRIS, John, D.
[US/US]; 1236 Ashton Lane, Naperville, IL 60540 (US).

Agents: YONTER, Edward, O. et al.; Nalco Company,
1601 W. Diehl Road, Naperville, IL 60563-1198 (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, BR, BW, BY, 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,

(84)

NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.

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,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, 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(ii))

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

of inventorship (Rule 4.17(iv))

Published:

(88)

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))

Date of publication of the international search report:
3 June 2010
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(57) Abstract: Methods of producing the N-alkyl (alkyl)acrylamides. In a general embodiment, the present disclosure provides a
method of producing an N-alkyl (alkyl)acrylamide comprising providing an aqueous solution comprising an N-alkyl amine and
adding to the aqueous solution a base and an (alkyl)acrylic anhydride to form a precipitated N-alkyl (alkyl)acrylamide.
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PROCESSES FOR PRODUCING N-ALKYL (ALKYL)ACRYLAMIDES

BACKGROUND

[0001] The present disclosure relates generally to N-alkyl (alkyl)acrylamides. More
specifically, the present disclosure relates to methods of producing N-alkyl (alkyl)acrylamides
and using the N-alkyl (alkyl)acrylamides.

[0001a] Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common general
knowledge in the field.

[0002] Anhydrides are relatively reactive in the presence of nucleophiles such as amines,
hydroxides, alkoxides, etc. The reactions of acrylic anhydrides and (meth)acrylic anhydrides
with a nucleophile such as an amine produces the corresponding acrylic or (meth)acrylic acid,
and the subsequent nucleophilic addition product as the other monomer. The resulting N-alkyl
(alkyl)acrylamides can be useful as building blocks for polymeric gas hydrate inhibitors.
Nevertheless, these reactions can have associated problems related to purification of the final

products and the control over side reactions.

BRIEF SUMMARY OF THE INVENTION

[0003] In one aspect of the invention there is provided a method of producing an N-alkyl
(meth)acrylamide, the method comprising:
providing an aqueous solution comprising an N-alkyl amine;
adding to the aqueous solution a base and an amount of a (meth)acrylic anhydride
to form a precipitated N-alkyl (meth)acrylamide; and
filtering the aqueous solution to remove the precipitated N-alkyl (meth)acrylamide
from the aqueous solution, wherein the precipitated N-alkyl(meth)acrylamide has the

following structure:

O

R’ R
N
H
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wherein R is selected from the group consisting of a linear hydrocarbon of 1 to 8 carbon units
and a branched hydrocarbon of 1 to 8 carbon units, and R’ is selected from the group consisting
of hydrogen and methyl.

[0003a] In a further aspect of the invention there is also provided the method described
above wherein said method is for producing an N-alkyl (meth)acrylamide, the method
comprising:

providing an aqueous solution comprising an N-alkyl amine;

adding to the aqueous solution a base and an amount of a (meth)acrylic anhydride
to form a precipitated N-alkyl (meth)acrylamide; '

optionally filtering the aqueous solution to remove the precipitated N-alkyl

(meth)acrylamide from the aqueous solution; and

optionally washing the precipitated N-alkyl (meth)acrylamide that was filtered to

remove any contaminant from the N-alkyl (meth)acrylamide.

SUMMARY

[0003b] The present disclosure relates to methods of producing N-alkyl
(alkyl)acrylamides. In a general embodiment, the present disclosure provides a method of
producing an N-alkyl (alkyl)acrylamide. The method comprises providing an aqueous solution
comprising an N-alkyl amine and adding to the aqueous solution a base and an (alkyl)acrylic
anhydride to form a precipitated N-alkyl (alkyl)acrylamide.

[0004] In an embodiment, the method further comprises filtering the aqueous solution to
remove the precipitated N-alkyl (alkyl)acrylamide from the aqueous solution. The precipitated
N-alkyl (alkyl)acrylamide that was filtered can further be washed to remove any contaminant
from the N-alkyl (alkyl)acrylamide.

[0005] In an embodiment, the removed contaminant is substantially an (alkyl)acrylic acid
salt coproduct.

[0006] In an embodiment, the (alkyl)acrylic anhydride and the base are added to the
aqueous solution at a temperature of below about 30 °C.

[FOLLOWED BY PAGE 2]
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[0007] In an embodiment, the N-alkyl amine comprises a compound having the formula
H,N(R), wherein R is an alkyl group such as a linear hydrocarbon of 1 to 8 carbon units or a
branched hydrocarbon of 1 to 8 carbon units. 4

[0008] In an embodiment, the alkyl group that comprises the R includes a heteroatom that
is oxygen, sulfur or a combination thereof.

[0009] In an embodiment, the N-alkyl amine is methylamine, ethylamine, 1-propylamine,
2-propylamine (isopropylamine), 1-butylamine, 2-butylamine, 1-methyl-1-propylamine, 2-
methyl-1-propylamine or a combination thereof.

[0010] In an embodiment, the (alkyl)acrylic anhydride is a di(alkyl)acrylic anhydride.

[0011] In an embodiment, the base is sodium hydroxide, potassium hydroxide,
ammonium hydroxide or a combination thereof.

[0012] In an embodiment, the precipitated N-alkyl (alkyl)acrylamide has the following
structure:

0O

R' R
N
H

wherein R is selected from the group of a linear hydrocarbon of 1 to 8 carbon
units and a branched hydrocarbon of 1 to 8 carbon units, and R’ is selected from the group
consisting of hydrogen and methyl.

[0013] In an embodiment, R’ is methyl and R is isopropyl.

[0014] In another embodiment, the present disclosure provides a method of producing an
N-alkyl (meth)acrylamide. The method comprises providing an aqueous solution comprising an
N-alkyl amine and adding to the aqueous solution a base and an amount of a (meth)acrylic
anhydride to form a precipitated N-alkyl (meth)acrylamide.

[0015] In an embodiment, the method further comprises filtering the aqueous solution to
remove the precipitated N-alkyl (meth)acrylamide from the aqueous solution.

[0016] In an embodiment, the method further comprises washing the precipitated N-alkyl
(meth)acrylamide that was filtered to remove any contaminant from the N-alkyl
(meth)acrylamide.

[0017] An advantage of the present disclosure is to provide an improved method of
making N-alkyl (alkyl)acrylamides.

[0018] Another advantage of the present disclosure is to provide an improved method of

making N-alkyl (meth)acrylamides.
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[0019] Additional features and advantages are described herein, and will be apparent

from the following Detailed Description.

DETAILED DESCRIPTION

[0020] Unless the context clearly requires otherwise, throughout the description and the
claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an inclusive sense
as opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including, but not
limited to”.

[0020a] The present disclosure relates to methods of producing N-alkyl
(alkyl)acrylamides and using the N-alkyl (alkyl)acrylamides. In a general embodiment, an
aqueous process 1s used to produce N-alkyl (alkyl)acrylamides from the reaction of an N-alkyl
amine with an (alkyl)acrylic anhydride (e.g. acrylic anhydride, (meth)acrylic anhydride). The N-
alkyl (alkyl)acrylamides produced are of suitable quality for use in subsequent free radical
polymerization reactions and other similar chemistries.

[0021] Some advantages of the methods of making N-alkyl (alkyl)acrylamides in
embodiments of the present disclosure over previous procedures described in the literature relate
to the ease of purification of the method and the control over side reactions. In addition, the non-
volatility of the solvent (e.g. water) provides another advantage during the reactions. The
reactions can be performed at relatively low temperatures and thus the desired addition product is
favored over other potential side-reactions such as Michael-type reactions that might occur
between amines and acrylics at elevated temperatures.

[0022] As used herein, “alkyl” means a monovalent group derived from a straight or
branched chain saturated hydrocarbon by the removal of a single hydrogen atom. Representative
alkyl groups include methyl, ethyl, n- and iso-propyl, n-, sec-, iso- and tert-butyl, and the like.

[0023] In a general embodiment, the present disclosure provides a method of producing
an N-alkyl (alkyl)acrylamide. The method comprises providing an aqueous solution comprising
an N-alkyl amine and adding to the aqueous solution a base and an (alkyl)acrylic anhydride. The
base and the (alkyl)acrylic anhydride can be added to the aqueous solution while stirring the
aqueous solution. The aqueous solution of a base and the (alkyl)acrylic anhydride can be added
sequentially or simultaneously. Alternatively, an aqueous solution of base and (alkyl)acrylic

anhydride can be prepared and then the N-alkyl amine added. The produced N-alkyl

(followed by page 3a)
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(alkyl)acrylamide monomer, formed by reaction between the amine and the anhydride, can
precipitate from the reaction mixture as a relatively pure product.

[0024] In an embodiment, an approximate equimolar amount of both the (alkyl)acrylic
anhydride and a base can be added to the aqueous solution. The base can any suitable base such
as, for example, sodium hydroxide, potassium hydroxide, ammonium hydroxide and the like.

[FOLLOWED BY PAGE 4]

3a
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The (alkyl)acrylic anhydride and the base can be added to and/or mixed in the aqueous solution
at a temperature of below about 30 °C. In another embodiment, the (alkyl)acrylic anhydride and
the base is added to and/or mixed in the aqueous solution at a temperature ranging from about 20
°C to about 30 °C. '

[0025] In an embodiment, the method further comprises filtering the aqueous solution to
remove the precipitated N-alkyl (alkyl)acrylamide from the aqueous solution. The method can
further comprise washing the precipitated N-alkyl (alkyl)acrylamide that was filtered to remove
any contaminant from the N-alkyl (alkyl)acrylamide. For example, the solid/precipitated product
can be filtered and washed with water to remove any (alkyl)acrylic acid salt coproduct
contaminating the product.

[0026] The (alkylacrylic anhydride can be a di(alkyl)acrylic anhydride of formula

a branched hydrocarbon of 1 to 8 carbon atoms. In a preferred embodiment, the (alkyl)acrylic
anhydride is (meth)acrylic anhydride (R’ is H or methyl) and the final precipitatéd product is N-

‘where R’ is H or a linear hydrocarbon of 1 to 8 carbon atoms or

alkyl (meth)acrylamide. The methacrylic anhydride raw material for the N-alkyl
(alkyl)acrylamide monomer is commercially available or can be made using any of a number of
known processes. |

[0027] In an embodiment, the N-alkyl amine comprises a compound having the formula
H,N(R), wherein R is an alkyl group such as a linear hydrocarbon of 1 to 8 carbon units or a
branched hydrocarbon of 1 to 8 carbon units. It should be appreciated that cyclic alkyl groups
are a subset of the group of branched hydrocarbons. The alkyl group that comprises the R can
include a heteroatom which can be oxygen and/or sulfur as long as the number of carbon atoms
remains within the range of 1 to 8. In an embodiment, the N-alkyl amine can be methylamine,
ethylamine, 1-propylamine, 2-propylamine, 1-butylamine, 2-butylamine, 1-methyl-1-
propylamine, 2-methyl-1-propylamine or a combination thereof.

[0028] In an embodiment, the N-alkyl (alkyl)acrylamide has the following structure:
0
R’ R
N
H



WO 2010/021956 PCT/US2009/053973

wherein R is selected from the group consisting of a linear hydrocarbon of 1 to 8
carbon units and a branched hydrocarbon of 1 to 8 carbon units, and R’ is sclected from the
group consisting of hydrogen and methyl. In an embodiment, R’ is methyl and R is isopropyl.

[0029] In another embodiment, the present disclosure provides a method of producing an
N-alkyl (meth)acrylarnide. The method comprises providing an aqueous solution comprising an
N-alkyl amine and adding to the aqueous solution a base and an amount of a (meth)acrylic
anhydride to form a precipitated N-alkyl (mmeth)acrylamide. The method can further comprise
filtering the aqueous solution to remove the precipitated N-alkyl (meth)acrylamide from the
aqueous solution and washing the precipitated N-alkyl (meth)acrylamide that was filtered to

remove any contaminant from the N-alkyl (meth)acrylamide.

EXAMPLES
[0030] By way of example and not limitation, the following examples are illustrative of
various embodiments of the present disclosure and further illustrate experimental testing
conducted with the N-alkyl (alkyl)acrylarnides in accordance with embodiments of the present

disclosure.

Example 1

[0031] The following ei(periment utilized aqueous reaction conditions to produce N-
isopropyl methacrylamide (IPMA): |

[0032] 32 grams of water was added to a 250 mL, three-necked resin flask equipped with
a mechanical stirrer, condenser and thermocouple. The water was cooled to 5-9 °C via an ice
bath. 6 grams of isopropylamine was slowly added to the cooled water while mixing.

[0033] The following components were added to the cooled, stirring isopropylamine
solution separately and simultaneously via two separate syringe pumps: 1) methabrylic anhydride
(16.53 gvof 94% purity) and 2) a 50 wt.% aqueous solution of sodium hydroxide (8.12 g). The
methacrylic anhydride and sodium hydroxide solution were each added over a one hour period
while keeping the reaction temperature below 30 °C. During this time, a precipitate formed in
the reaction mixture. After all of the reagents were added, the reaction mixture was allowed to
stir for one additional hour, and then the reactor contents were filtered. After drying the
recovered solid under vacuum, 10.7 g product (IPMA) was obtained. Nuclear magnetic
resonance (NMR) analysis revealed a product comprised of 93 % IPMA, 4% water, and 3%

impurities.



WO 2010/021956 PCT/US2009/053973

[0034] It should be understood that various changes and modifications to the presently
preferred embodiments described herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing from the spirit and scope of the
present subject matter and without diminishing its intended advantages. It is therefore intended

that such changes and modifications be covered by the appended claims.
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The claims defining the invention are as follows:

1. A method of producing an N-alkyl (meth)acrylamide, the method comprising:
providing an aqueous solution comprising an N-alkyl amine;
adding to the aqueous solution a base and an amount of a (meth)acrylic anhydride
to form a precipitated N-alkyl (meth)acrylamide; and
filtering the aqueous solution to remove the precipitated N-alkyl (meth)acrylamide
from the aqueous solution, wherein the precipitated N-alkyl(meth)acrylamide has the following

structure:

wherein R is selected from the group consisting of a linear hydrocarbon of 1 to 8 carbon
units and a branched hydrocarbon of 1 to 8 carbon units, and R’ is selected from the group

consisting of hydrogen and methyl.

2. The method of Claim 1, wherein an equimolar amount of the (meth)acrylic

anhydride and the base is added to aqueous solution.

3. The method of Claim 1, wherein the (meth)acrylic anhydride and the base are

added to the aqueous solution at a temperature of below 30 °C.

4, The method of Claim 1, wherein the (meth)acrylic anhydride and the base are

added to the aqueous solution at a temperature of 20 to 30 °C.

S. The method of Claim 1, wherein the N-alkyl amine comprises a compound having
the formula H,N(R), wherein R is an alkyl group selected from the group consisting of a linear

hydrocarbon of 1 to 8 carbon units and a branched hydrocarbon of 1 to 8 carbon units.

6. The method of Claim 5, wherein the alkyl group that comprises the R includes a

heteroatom selected from the group consisting of oxygen, sulfur and combinations thereof.



2009283000 08 Apr 2014

7. The method of Claim 1, wherein the N-alkyl amine is selected from the group
consisting of methylamine, ethylamine, 1-propylamine, 2-propylamine, 1-butylamine, 2-

butylamine, 1-methyl-1-propylamine, 2-methyl-1-propylamine and combinations thereof.

8. The method of Claim 1, wherein the (meth)acrylic anhydride is a di(meth)acrylic
anhydride.

9. The method of Claim 1, wherein the base is selected from the group consisting of

sodium hydroxide, potassium hydroxide, ammonium hydroxide and combinations thereof.

10. The method of Claim 1, wherein R’ is methyl and R is isopropyl.

11. The method of claim 1, wherein said method is for producing an N-alkyl

(meth)acrylamide, the method comprising:

providing an aqueous solution comprising an N-alkyl amine;

adding to the aqueous solution a base and an amount of a (meth)acrylic anhydride
to form a precipitated N-alkyl (meth)acrylamide;

optionally filtering the aqueous solution to remove the precipitated N-alkyl
(meth)acrylamide from the aqueous solution; and

optionally washing the precipitated N-alkyl (meth)acrylamide that was filtered to

remove any contaminant from the N-alkyl (meth)acrylamide.

12. The method of Claim 11, wherein the (meth)acrylic anhydride is methacrylic
anhydride and the N-alkyl amine is isopropylamine.

13. The method of Claim 12, wherein the base is aqueous sodium hydroxide.

14.  The method of Claim 13, wherein the methacrylic anhydride and the aqueous

sodium hydroxide are added simultaneously to an aqueous solution of isopropylamine.



