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(54) Title: PROCESSES FOR PRODUCING N-ALKYL (ALKYL)ACRYLAMIDES

(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

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 
H2N(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.

[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] hi 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:

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.

2
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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 is 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, η-, 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

3
(followed by page 3 a)
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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]
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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 (alkyl)acrylic anhydride can be a di(alkyl)acrylic anhydride of formula

o o
r’Y^°A<r'

where R’ is H or a linear hydrocarbon of 1 to 8 carbon atoms or 
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 precipitated product is N- 
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 
H2N(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-l-propylamine or a combination thereof.

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

4



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 selected 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)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. 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)acrylamides in accordance with embodiments of the present 
disclosure.

Example 1
[0031] The following experiment 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) methacrylic anhydride 
(16.53 g of 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 (ΕΡΜΑ) was obtained. Nuclear magnetic 
resonance (NMR) analysis revealed a product comprised of 93 % IPMA, 4% water, and 3% 
impurities.

5
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[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.

6
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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:

o
R R

H
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.

5. The method of Claim 1, wherein the N-alkyl amine comprises a compound having 

the formula H2N(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.

7
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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.
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