" DESCRIPTION PROCESS FOR PREPARING 3-(METHYLTHIO)PROPANAL 5Technical Field [0001]
The present invention relates to a process for preparing 3-(methylthio)propanal by reacting acrolein
and . methyl mercaptan. 3-(Methylthio)propanal is useful as, for 10example, a synthetic material for
preparing methionine. Background Art [0002] well-knownprocessforpreparing3- 15
(methylthio)propanal by reacting acrolein and methyl mercaptan is carried out in the presence of

pyridine or a derivative thereof (See, for example, Patent References 1 to 3). 20[0003] (Prior Art
Documents)
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PROCESS FOR PREPARING 3- (METHYLTHIO)PRCPANAL

5 Technical Field
[CO01]
The present invention relates to a ©process for
preparing 3-{(methylthio)propanal by reacting acrolein and
methyl mercaptan. 3-(Methylthic)propanal is useful as, for

10 example, a synthetic material for preparing methionine.

Background Art

[0002]
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15 (methylthio)propanal by reacting acrolein and methyl
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derivative therecf (See, for example, Patent References 1

to 3.

20 [0003]
(Prior Art Documents)
[Patent Reference 11 JP 2004-115461 A
[Patent Reference 2] JP 11(19%9)-%11119 T

[Patent Reference 31 JP 9(1897)~501145 T

25



" [Patent Reference 1] JP 2004-115461 A [Patent Reference 2] JP 11(1999)-511119 T [Patent
Reference 3] JP 9(1997)-501145 T 2 Summary of Invention [0004] (Problems to Be Solved by
Invention) However, the conventional process mentioned. above is not so satisfactory because the
process produces high-boiling impurities as a by-proguct. Thus, the purpose of the present invention is
to provide a process for preparing 3-(methylthio)propanal which can sufficiently decrease the
production of such high-boiling-impurities. 10 [0005] (Means to Solve Problems) The present
inventors have extensively studied to reach the above purpose and then have found a new process

15to solve the above problems, Basedipon the new findings, the present invention has been
completed.

[0004]
(Problems to Be Solved by Inventicn)
However, the conventional process mentioned above is
5 not so satisfactory because the process produces high-
boiling impurities as a by-product. Thus, the purpose ot
the present invention is to provide a process for preparing
BM(ﬁethylthio)propanal which can sufficiently decrease the

production of such high-boiling-impurities.

10
00051
{Means to Solve Problems)

The present inventors have extensively studied to

reach the above purpcse and then have found a new process
15 to solve the above problems. Based upon the new findings,
the present invention has been completed.

In detail, the present invention provides a process
for preparing 3-(methylthio)propanal which comprises
reacting acrolein and methyl mercaptan in the presence of a

20 compound of Fermula (I):

RS
R' NHn

L

wherein R', R? and R® are independently selected from the



~ In detail, the present invention provides a process for preparing 3-(methylthio)propanal which
comprises reacting acrolein and methyl mercaptan in the presence of a 20compound of Formula (I): 3
group consisting of hydrogen atom and an alkyl group having 1 to 4 carbon atoms, and n is an integer
of 1 or 2 and a compound of Formula (II): wherein R4, R5, and R6 are independently selected from
the group consisting of hydrogen atom and an alkyl gzroup having 1 to 4 carbon atoms. [0006]
10(Effects of Invention) Thepresentinventioncanprepare3- (methylthio)propanal while sufficiently
decreasing the production of high-boiling impurities which generate as a by-product. 15

group consisting of hydrogen atom and an alkyl group having
1 to 4 carbon atoms, and n is an integer of 1 or Z

and a compcund of Formula {II):

| R4 N
\

= (1)
5
\ORY
5 wherein R%, R®%, and R® are independently selected from the

group consisting of hydrogen atom and an élkyl group having

1 to 4 carbon atoms.

[0006]
10 (Effects of Invention)
The present invention can prepare 3

{methylthio)propanal while sufficiently decreasing the
production of high-boiling impurities which generate as a
by-preduct.
15
Description of Embodiments
[00071
In the present invention, the following two compounds

are used as a catalyst: a compound of Formula (I):



" Description of Embodiments [0007] In the present invention, the following two compounds are
used as-a catalyst: a compound of Formula (I): wherein RI, R2 and R3 are independently selected
from the group consisting of hydrogen atom and an alkyl group having | to 4 carbon atoms, and n is an
integer of 1 or 2 5[hereinafter, optionally referred to as "Allylamines (1)"] and a compound of Formula
(I): wherein R4, R5, and R6 are independently selected from the group consisting of hydrogen atom
and an alkyl group having 10 1 to 4 carbon atoms [hereinafter, optionally referred to as "Triallylamines

(”)"]
//i

| R NHn
RZ

(ay
3—n
wherein RY, R® and R® are independently selected from the
group consisting of hydregen atom and an alkyl group having
1 to 4 carbon atoms, and n is an integer of 1 or 2
5 [hereinafter, cptionally referred to as "Allylamines (I)"]
and a compound of Formula (II):

Rﬁ\

RE_~N

5
LR

wherein R*, R®°, and R® are independently selected from the

group consisting cof hydrogen atom and an alkyl group having

10 1 to 4 carbon atoms [hereinafter, cptionally referred to as
"Trizllylamines (I1)"].

The present invention can sufficiently decrease the

production of high-boiling impurities by using Allylamines

(I) and Triallvylamines (II} together as a catalyst. When

15 used together, the production of high-boiling impurities

can be decreased more effectively than when using either

Allvlamines (I} or Triallylamines (II) alone. The alkyl

group having 1 to 4 carben atoms in the compound of Formula

(I} or Formula (II) includes methyl group, ethyl group, n-



" The present invention can sufficiently decrease the production of high-boiling impurities by using
Allylamines (I) and Triallylamines (Il) together as a catalyst. When 15 used together, the production of
high-boiling impurities can be decreased more effectively than when using either Allylamines (1) or
Triallylamines (Il) alone. The alkyl group having 1 to 4 carbon atoms in the compound of Formula (1) or
Formula (Il) includes methyl group, ethyl group, n- 55propyl group, iso-propyl group, n-butyl group,
s-butyl group, and t-butyl group. [0008] Allylamines (I) used herein include, for example, 5
diallylamines [i.e. the compounds of Formula (I) wherein n is 1] such as diallylamine,

di(2-butenyl)amine, ld'i(?ggggwyl-%-ggt%ygggﬂne@@@J—antqpyggwqe d dif2- hexepyl)amine, as

well as mono-allylaminégs [i.e. the compounds of Formula (I) wherein n is 2] such as allylamine, 10

2-butenylaming,, (3;methw-2-butenyl) aming, 2-pentenylamine, and 2-hexenylamine. A mixture of 2 or
more of the above-listed compounds may also be used if necessary. Among Allylamines (1),

diallylamine and allylamine are preferred. [0009] 15Triallylamines (Il) used herein include, for example,
triallyiamine [i.e. the compound of Formula (I) wherein R4, R4, and R6 are all hydrogen atoms],
tri(2-butenyl)amine Afi(3-methyls2butenhyi)amine, tri{2-pehtenylamingeand fri{2-hexenyhamine. A
mixture of 2 or more of the above- 20listed compounds may also be used if necessary.Among
Triallyfamines {H), tridlytamire i$ preferréle compounds of Formula (I) wherein n
is 1] such as diallylamine, di{Z2-butenyl)amine, di{3-
methyl-Z2-butenyl)amine, di(Z2-pentenyl)amine and di{2-
hexenyl)amine, as well as monc-allylamines [i.e. the
compounds of Formula (I} wherein n is 2] such as allylamine,
10 2-butenylamine, {(3-methyl-Z-butenyl)amine, Z-pentenylamine,
and Z-hexenylamine. A mixture of 2 or more of the above-
listed compounds may alsc be used if necessary. Among
Allylamines (I}, diallylamine and allylamine are preferred.
[00G9]
15 Triallylamines (II) used herein include, for example,

triallylamine {i.e. the compound of Formula (I) wherein R,

Rs, and R® are all hydrogen atoms], tri{Z2-butenyl)amine,

tri{3-methyl-2-butenyl)amine, tri{Z2-pentenyl)amine, and
tri(2-hexenyl)amine. A mixture of Z or more of the above-
20 listed compounds may alsc be used if necessary. Among

Triallylamines (II)}, triallylamine is preferred.
[0010]

The present invention can decrease the production of
high-boiling impurities more effectively when an organic

25 acid is used together with Allylamines (I} and



- [0010] The present invention can decrease the production of high-boiling impurities more
effectively when an organic 25acidisusedtogetherwithAllylamines(l)and 6 Triallylamines (I). The
organic acid used herein includes, for example, carboxylic acids such as aliphatic monocarboxylic
acids (e.g. formic acid, acetic acid, propionic acid, oc%ano ¢ acid, acrylic acid, 5 trichloroacetic acid,
and trifluoroacetic acid); aliphatic polycarboxylic acids (e.g. oxalic acid, succinic acid, and adipic acid);
aromatic monocarboxylic acids (e.g. phenylacetic acid, benzoic acid, cinnamic acid, and
thiophenecarboxylic acid); and aromatic polycarboxylic 10acids (e.g. phthalic acid); as well as sulfate

monoesters and sulfonic acids.Ameng the erganic-acids -carboxylic.acids,are-preferred and acetic acid
is more preferred. [0011] The amount of methyl mercaptan used herein is 15 generally about

equimolar to ggroleine ins@ksies jo rediiceribe wdok of 3zmethylthioprepanal,dtis preferred:touse
acrolein slightly more than methyl mercaptan. More preferably, 0.95 to 0.99 mol of methyl mercaptan
is used per Inmpbefadrolein. 20[002]ds (e.g. formic acid, acetic acid,
propionic acid, octanoic acid, acrylic acid,
5 trichloroacetic acid, and trifluocrcacetic acid):; aliphatic
polycarboxylic acids (e.g. oxalic acid, succinic acid, and
adipic acid); aromatic monocarboxylic acids (e.qg.
phenylacetic acid, benzcic acid, cinnamic acid, and
thiophenecarboxylic acid); and aromatic polycarboxylic
10 acids (e.g. phthalic acid}; as well as sulfate monoesters
and sulfonic acids. Among the organic acids, carboxylic
acids are preferred and acetic acid is more preferred.
[0011]
The amount of methyl mercaptan used herein is
i5 generally abecut equimclar to acrolein. In order to reduce
the odor of 3-methylthiopropanali, it is preferred to use
acrolein slightly more than methyl mercaptan. More
preferably, 0.95 to 0.9% mol of methyl mercaptan is used
per 1 mol of acrolein.
20 [0012]
Although the amount of Allylamines (I} used herein may
be optionally fixed, the amount is preferably 0.001 to 0.5
mol, and more preferably 0.010 to 0.25 mol per 1 mol of
Triallylamines (II). In addition, when two or more

25 compounds are used as Allylamines (I) or Triallylamines



~ Although the amount of Allylamines (I) used herein may be optionally fixed, the amount is preferably
0.001 to 0.50 mol, and more preferably 0.010 to 0.25 mol per 1 mol of Triallylamines (ll). In addition,
when two or more 25compounds are used as Allylamines (I) or Triallylamines 7 (lII) as defined above,
the total amount of Allylamines (I) can be fixed in the@bove-mentioned range per 1 mol of the total
amount of Triallylamines (II). [0013] 5Although the amount of Triallylamines (II) used herein may be
optionally fixed, the amount is preferably 0.1 to 2.0 mmol per 1 mol of methyl mercaptan. When an
organic acid is further present in the reaction, the amount of Triallyiamines (lI) is preferably 0.01 to 1.0

mol, and more;kQpreferably 0-2.to Q¥ nal per ddnalof dhe grgania acid. Injadgition; yéhen two or more

compounds are used as Triallylamines (I1) as defined above, the total amount thereof can be fixed in
the above-meationesd rangeq0014}-teMethods of 8tixing asoleigmethykmencaptan, Aflylamines (1)

and Triallylamines (1) should not be

total amcunt of Triallylamines (II).
[0013]

5 Although the amount of Triallivliamines (I1) used herein
may be optionally fixed, the amount is preferably 0.1 to
2.0 mmol per 1 mol of methyl mercaptan. When an organic
acid is further present 1n tThe reaction, the amount of
Triallylamines {II} is preferably 0.01 to 1.0 mol, and more

10 preferably 0.2 to 0.7 mel per 1 mol of the organic acid.
In addition, when twoc or more compounds are used as
Triallylamines (II) as defined above, the total amount
therecf can be fixed in the above-mentioned range.

[0014]

15 Methods of mixing acrolein, methyl  mercaptan,
Allylamines (I} and Triallylamines (II} should not be
Ilimited to a particular method. Exemplified methods are,
mixing a mixture of acrolein, Allylamines (I and
Triallylamines (II) with methyl mercaptan; mixing a mixture

20 of methyl mercaptan, Allylamines (I} and Triallylamines
(IT) with acrolein; supplying acrolein, methyl mercaptan,
and a mixture of Allylamines (I} and Triallyviamines (II)
separately to the reaction system; and supplying acrolein,
mefhyl mercaptan, Allylamines (I}, and Triallylamines (II)

25 separately to the reaction system. Among the methods, 1t



limited to a particular method.Exemplified methods are, mixing a mixture of acrolein, Allylamines(l)and
Triallytamines (II) with methyl mercaptan; mixing a mixture 20 of methyl mercaptan, Allylamines (1)
and Triallyiamines (1) with acrolein; supplying acrolein, methyl mercaptan, and a mixture of
Allylamines (1) and Triallylamines (ll) separately to thg reaction system; and supplying acrolein, methyl
mercaptan, Allylamines (1), and Triallylamines (II) 25separately to the reaction system. Among the
methods, it 8 is preferred to supply acrolein, methyl mercaptan, and a mixture of Allylamines(l)and
Triallylamines(ll) separately to the reaction system.Furthermore, in case that an organic acid is used, it

is preferred todmix therd rorganie acidwith a mixtueel ef Allylamings (1) ard-Zhaihdamingsdll)z
beforehand, and then mix the prepared mixture with acrolein and methyl mercaptan. It is especially

preferred to supply:aeroleis metyl mergaptas; angra mixéure of Allylamingssthy d«iallylagmines (11) and
10the organic acid separately to the reaction system. [0015]
separately to the reaction system. . Furthermore, 1in case
that an organic acid is used, it is preferred to mix the
5 organic acid with a mixture of Allylamines (I) and
Triallylamines (II) beforehand, and then mix the prepared
mixture with acrolein and methyl mercaptan. It 1is
especially preferred to supply acrclein; methyl mercaptan;
and a mixture of Allylamines (I}, Triallylamines {IT) and
10 the organic acid separately to the reaction system.
[(0015]
The reaction of the present invention may be carried

out 1in a Dbatch manner or in a continucus manner, but a

continuous manner 1is preferred £from the viewpoint of

15 productivity. The reaction temperature is generally -10 to
100°C, referably 0 to 80°C. The reaction time is
generally about 10 minutes to about 24 hours. In a

continuous manner, the reaction time indicates a mean

staying time, while in a batch manner, it indicates a
2G reacting time per batch. The reaction may be carried out

under reduced, ordinary, 0or increased pressure. In

addition, other ingredients like inert solvents may also be

supplied to the reaction if necessary.

[001Le]

25 ! The post-treatment of the reaction mixture containing



" The reaction of the present invention may be carried out in a batch manner or in a continuous manner,
but a continuous manner is preferred from the viewpoint of 15productivity. The reaction temperature is
generally -10 to 100C, preferably 0 to 80C.The reaction time is generally about 10 minutes to about 24
hours.In a continuous manner, the reaction time indicates a mean staying time, while in a batch
manner, it indicates a 20reacting time per batch. The reaction may be carried out under reduced,
ordinary, or increased pressure.In addition, other ingredients like inert solvents may also be supplied
to the reaction if necessary. [0016] 25The post-treatment of the reaction mixture containing 9

3-{methylthio)propanal may be performed by a method
selected copticonally from well-known methods. For example,
3-{methylthio)propanal can be isolated and purified from

the reaction mixture by distilling the mixture.

Examples
[0017]
Hereinafter, some examples of the present invention
are i1llustrated, but the present invention should not be
16 congtrued to be limited thereto.
(001e]
Example 1
The reaction was carried out in a batch manner in a
reactor equipped with a stirrer and each supply-inlet for
15 acrolein, methyl mercaptan, and a mixture of Allylamines
(I} / Triallylamines (II) / acetic acid. The reacthor was
charged with 122 g of acrolein (purity: 92 wt%, 2.00 mol),
93.4 g of methyl mercaptan {(1.%4 mol), and 0.172 ¢ o¢cf a
mixture of triallylamine / diallylamine / acetic acid
20 (molar ratio: 1 / 0.014 / 3.7, respectively; 1i.e.

triallylamine 0.48 mmol / diallylamine 0.0066 mmol / acetic

acid 1.76 mmol). The reaction mixture was stirred at 25-
55°C for 30 minutes, and the resultant solution was
distilled (20 torr, 70-120°C) to obtain 3~

25 (methylthio)propanal. The weight of the concentrated



* 3-(methylthio)propanal may be performed by a method selected optionally from well-known methods.
For example, 3-(methylthio)propanal can be isolated and purified from the reaction mixture by distilling
the mixture. 5 Examples [0017] Hereinafter, some examples of the present invention are
illustrated, but the present invention should not be 10c@nstrued to be limited thereto. [0018] Example 1
The reaction was carried out in a batch manner in a reactor equipped with a stirrer and each
supply-inlet for 15acrolein, methyl mercaptan, and a mixture of Allylamines (1) / Triallylamines (ll) /
acetic acid. The reactor was charged with 122 g of acrolein (purity: 92 wt%, 2.00 mol), 93.4 g of methyl

mercaptan (194 mael) and 0:1.721gi ofra- mibxture: of tdallyamine)/ diallylamineshacetie acid 20(molar
ratio: 1/0.014 / 3.7, respectively; i.e. triallylamine 0.48 mmol / diallylamine 0.0066 mmol / acetic acid
1.76 mmol). The tedctionamixturg was stireed ah25+-85C fdre30 miriutescand the resultant solution was
distilled (20 torr, 70-120C) to obtain 3- 25(methylthio)propanal.The weight of the concentrated 10
[0019]
Example 2
5 The reaction was carried out in the same manner as
Example 1 except that 0.174 g of a mixture of triallylamine
/ diallylamine / acetic acid {(molar ratio: 1 / 0.054 / 3.7,
regpectively ; triallylamine 0.48 mmel / diallylamine (.026
mmol / acetic acid 1.76 mmol) was used instead of 0.172 g
10 of the mixture of triallylamine / diallylamine / acetic
acid (moclar ratic: 1 / C.014 / 3.7, respectively). The
resultant residue {(i.e. high-boiling cligomer) was 1.3 wt%.
[0020]
Example 3
15 The reaction was carried out in the same manner as
Example 1 except that 0.178 g of a mixture of tfiallylamine
/ diallylamine / acetic acid (molar ratio: 1 / 0.14 / 3.7,
respectively; i.e. triallylamine 0.48 mmol / diallylamine
0.066 mmol / acetic acid 1.76 mmol) was used instead of
20 0.172 g of the mixture of triallylamine / diallylamine /
acetic acid (molar ratio: 1 / 0.0i4 / 2.7, respectively).
The resultant residue (i.e. high-beoiling oligomer) was 1.1
wt%.

(0021}

25 Example 4



residue (i.e. high-boiling oligomer) was weighed to find that it was 1.5 wt% per the reaction solution.
[0019] Example 2 The reaction was carried out in the same manner as Example 1 except that
0.174 g of a mixture of triallylamine / diallylamine / acetic acid (molar ratio: 1 / 0.054 / 3.7, respectively
; triallylamine 0.48 mmol / diallylamine 0.026 mmol / acetic acid 1.76 mmol) was used instead of 0.172
g 10of the mixture of triallyiamine / diallyla ne / acetic acid (molar ratio: 1 / 0.014 / 3.7, respectively).
The resultant residue (i.e. high-boiling olicomer) was 1.3 wt%. [0020] Example 3 15The reaction was
carried out in the same manner as Example 1 except that 0.178 g of a mixture of triallylamine /
diallylamine / aceticragid (melarradio: k@144 327, sespegtively i.e; wdallglamine:Q.48 4nmald
diallyiamine 0.066 mmol / acetic acid 1.76 mmol) was used instead of 20 0.172 g of the mixture of
triallylamine Ediatlylamirie £aceticcacit émolar Tatio:gl £0.044133:T respectivety)s The Tesultant residue
(i.e. high-boiling oligomer) was 1.1 wt%. [0021] 25Example 4
/ allylamine / acetic acid (molar ratio: 1 / 0.023 / 3.7,
respectively; i.e. triallylamine 0.48 mmel / &allylamine
5 0.011 mmel / acetic acid 1.76 mmel) was used instead of
0.172 g of the mixture of triallylamine / diallylamine /
acetic acid {molar ratioc: 1 / 0.014 / 3.7, respectively).
The resultant residue (i.e. high-bciling cligomer) was 1.5
wt%.
10 [0022]
Example 5
The reacticon was carried out in the same manner as
Exanple 1 except that 0.173 g of a mixture of triallylamine
/ allylamine / acetic acid (molar ratio: 1 / 0.046 / 3.7,
15 respectively; i.e. ftriallylamine 0.48 mmeol / allylamine
0.022 mmol / acetic acid 1.76 mmol) was used instead of
0.172 g of the mixture of triallylamine / diallylamine /
acetic acid (meolar ratio: 1 / 0.014 / 3.7, respectively).
The resultant residue (i.e. high-boiling oligomer) was 1.0
20 wt%.
(0023]
Example ©
The reaction was carried out in the same manner as

Example 1 except that 0.178 g of a mixture of triallylamine

25 / allylamine / acetic acid (molar ratio: 1 / 0.23 / 3.7,



 The reaction was carried out in the same manner as Example 1 except that 0.172 g of a mixture of
triallylamine / allylamine / acetic acid (molarratio: 1 / 0.023 / 3.7, respectively; i.e. triallylamine 0.48
mmol / allylamine 5 0.011 mmol / acetic acid 1.76 mmol) was used instead of 0.172 g of the mixture of
triallylamine / diallylamine / acetic acid (molar ratio: 11/é).014 / 3.7, respectively). The resultant residue
(i.e. high-boiling oligomer) was 1.5 wt%. 10[0022] Example 5 The reaction was carried out in the
same manner as Example 1 except that 0.173 g of a mixture of triallylamine / allylamine / acetic acid
(molar ratio: 1/ 0.046 / 3-7f 15 respectively; i.e. triallylamine 0.48 mmol / allylamine 0.022 mmol /

acetic acid 1 76spmebiwas ysediinstead:af k172 y=0f the mixture oftriallylaming ¥ tialbdamine / acetic
acid (molar ratio: 1/ 0.014 / 3.7, respectively). The resultant residue (i.e. high-boiling oligomer) was
1.0 20wt%. [@023] Example 6 zcetThe reactonwascanted outizthe same manesas Example 1
except that 0.178 g of a mixture of triallylamine 25/ allylamine / acetic acid (molar ratio: 1/ 0.23/ 3.7,
12 respectively;lig triallyldmine:0.48 mmald alhaming:=0. 11 hamohkacéticlaeid 1y26:mmel) Was used
instead of 0.172 g of the mixture of triallylamine / diallylamine / acetic acid (molar ratio: 1/ 0.014 / 3.7,
respectively)acetic acid (melar ratio: 1 / 0.014 / 3.7, respectively).
5 The resultant residue (i.e. high-boiling oligomer) was 1.9
wt%.
100247
Reference Examnple 1
The reaction was carried out in a batch manner in a
10 reactor equipped with a stirrer and each supply-~inlet for
acrolein, methyl mercaptan, and a mixture of triallylamine
/ acetic acid. The reactor was charged with 122 g of
acrolein (purity: 92 wt%, 2.00 mol), 93.4 g of methyl
mercaptan {1.24 mol), and 0.172 g o0f a mixture of
15 triallylamine / acetic acid (molar ratio: 1/ 3.7,
respectively; i1.e. triallylamine (.48 mmel / acetic acid
1.76 mmol), The reaction mixture was stirred at 25-55°C
for 30 minutes, and the resultant solution was distilled
(20 torr, 70-120°C) to obtain 3-{methylthio)propanal. The
20 weight of the concentrated residue (i.e. high-boiling
oligomer} was weighed tTo find that if was 2.1 wi% per the
reaction soclution.
[0025]

Reference Example 2

25 The reaction was carried cut in a batch manner in a



5The resultant residue (i.e. high-boiling oligomer) was 1.9 wt%. [0024] Reference Example 1 The
reaction was carried out in a batch manner in a 10 reactor equipped with a stirrer and each
supply-inlet for acrolein, methyl mercaptan, and a mixture of triallylamine / acetic acid. The reactor was
charged with 122 g of acrolein (purity: 92 wt%, 2.00 rrﬂgl), 93.4 g of methyl mercaptan (1.94 mol), and
0.172 g of a mixture of 15 triallylamine / acetic acid (molar ratio: 1 / 3.7, respectively; i.e. triallylamine
0.48 mmol / acetic acid 1.76 mmol). The reaction mixture was stirred at 25-55C for 30 minutes, and
the resultant solution was distilled (20 torr, 70-120C) to obtain 3-(methylthio)propanal. The 20weight of

the concentrateddesidue e diightbeiting oligosierywas weigheddedind ihatitwas 2=k witoper the
reaction solution. [0025] Reference Example 2 25The reaction was carried out in a batch manner in a
acrolein, methyl mercaptan, and a mixture of diallylamine /
acetic acid. The reactor was charged with 122 g of
acrclein (purity: 92 wt%, 2.00 mol), 93.4 g of methyl
5 mercaptan  (1.94 mcl), and 0.1%8 g of a mixture of
diallylamine / acetic acid {molar ratio: i/ 1.8,
respectively; 1.e. diallylamine 0.8%7 mmol / acetic acid
1.73 mmol). The reaction mixture was stirred at 40-70 °C
feor 30 minutes, and the resultant solution was distilled
10 (20 torr, 70-120°C) to obtain 3-(methylthio)propanal. The
weight of the concentrated residue (i.e. high-boiling
oligomer) was welghed to find that it was 10.7 wt% per the
reaction solution.
[0026i
15 Reference Example 3
The reaction was carried out in a batch manner in a

reactor equipped with a stirrer and each supplv-inlet for

acrolein, methyl mercaptan, and a mixture of allylamine /

acetic acid. The reactor was charged with 122 g of
20 acrolein (purity: 92 wt%, 2.00 mol), 93.4 g of methyl
mercaptan (1.94 mol), and 0.159 g of a mixture of
allylamine / acetic acid (molar ratio: T/ 1.8,

regpectively; i.e. allylamine 0.97 mmol / acetic acid 1.73
mmol) . The reaction mixiture was stirred at 40-70°C for 30

25 minutes, and the resultant solution was distiilled {20 torr,



13 reactor equipped with a stirrer and each supply-inlet for acrolein, methyl mercaptan, and a mixture
of diallylamine / acetic acid. The reactor was charged with 122 g of acrolein (purity: 92 wt%, 2.00 mol),
93.4 g of methyl 5 mercaptan (1.94 mol), and 0.198 g of a mixture of diallylamine / acetic acid (molar
ratio: 1/ 1.8, respectively; i.e. diallylamine 0.97 mmolll4acetic acid 1.73 mmol). The reaction mixture
was stirred at 40-70 C for 30 minutes, and the resultant solution was distilled 10 (20 torr, 70-120C) to
obtain 3-(methylthio)propanal. The weight of the concentrated residue (i.e. high-boiling oligomer) was
weighed to find that it was 10.7 wt% per the reaction solution. [0026] 15Reference Example 3 The

reaction was-gawriediout)in @cbateh sanner ina reacter.equipped withia stirrerand.caghisupply-inlet
for acrolein, methyl mercaptan, and a mixture of allylamine / acetic acid. The reactor was charged with
122 g of 20 acrelein{purty 22 wi%, 2£00imal, 9314 g.of methylinercaptand 1 Odamel), anek@.159 g of
a mixture of allylamine / acetic acid (molar ratio: 1 / 1.8, respectively; i.e. allylamine 0.97 mmol / acetic
acid 1.73 mmwl). dtheecreactionfmixture-was stirted at40-AC for3G 25peinutes; andrgreaesaltant
solution was distilled (20 torr, 14 70-120C) to obtain 3-(methylthio)propanal. The weight of the
concentratedsi@sidieqfie. high-boiling oligomer) was weighed to find that it was 6.9 wt% per the

reaction solution.
5 (00277

Reference Example 4
The reaction was carried out in a batch manner in a
reactor equipped with a stirrer and each supply-inlet for
acrolein, methyl mercaptan, and a mixture of pyridine /
10 acetic acid. The reactor was c¢harged with 122 g of
acrolein (purity: 92 wt%, 2.00 mol), 93.4 g of methyl
mercaptan (1.94 mol), and 0.838 g of a mixture of pyridine
/ acetic acid {(molar ratio 1 / 10, respectively; i.e.
pyridine 1.38 mmol / acetic acid 13.8 mmol). The reaction
15 mixture was stirred at 40-70°C for 30 minutes, and the
resultant solution was distilled (20 torr, 70-120°C) to
chtain 3-{methyvlthic}propanal. The welght of the
concentrated residue ({(i.e. high-boiling oligomer) was
welghed tTo find that 1t was 2.6 wiL% per the reaction
20 solution.
[0028]
Reference Example 5
The reaction was carried out in the Same.mann@r as
Reference Example 4 except that 0.911 g.of a mixture of

25 pyridine / acetic acid {molar ratio: T/ 13.0,



5[0027] Reference Example 4 The reaction was carried out in a batch manner in a reactor
equipped with a stirrer and each supply-inlet for acrolein, methyl mercaptan, and a mixture of pyridine /
10 acetic acid. The reactor was charged with 122 g of acrolein (purity: 92 wt%, 2.00 mol), 93.4 g of

methyl mercaptan (1.94 mol), and 0.938 g of a mixture, of pyridine / acetic acid (molar ratio 1 / 10,

respectively; i.e. pyridine 1.38 mmol / acetic acid 13.8 mmol). The reaction 15 mixture was stirred at
40-70C for 30 minutes, and the resultant solution was distilled (20 torr, 70-120C) to obtain

3-(methylthio)propanal. The weight of the concentrated residue (i.e. high-boiling oligomer) was

weighed to finddbatit was 2,6 wibdper the-reactien 20sputiono[0028] Reference:Example 5
reaction was carried out in the same manner as Reference Example 4 except that 0.911 g of a mixture
of 25pyridinefaceticacid{molarsatin: 1113045 respediivelysi.egpyridinech®6 mmot kaeeticacid 13.8

mmol) was used instead of 0.938 g of the mixture of pyridine / acetic acid (molar ratio 1 / 10,
respectively)p Thédésdtant pesidues(i 2c hiyh{bwilldgroligomier) wWad 512 bwissspectively) .

10

20

25

The resultant residue (i.e. high-beciling oligomer} was 5.2
wht%.
[0029]
Reference Example 6

The reaction wag carried out in the same manner as
Reference Example 4 except that 0.233 g of a mixture of
pyridine / acetic acid (molar ratic: 1 / 1.5, respectively;
i.e. pyridine 1.38 mmol / acetic acid 2.07 mmol) was used
instead cof 0.938 ¢ of the mixture of pyridine / acetic acid
(molar ratio: 1 / 10, respectively). The resultant residue
(i.e. high-bciling cligomer) was 8.3 wts.
[CC30]
Reference Example 7

The reaction was carried out in a batch manner 1in a
reactor equipped with a stirrer and each supply-inlet for
acrolein, methyl mercaptan, and a mixture of
triisobutylamine / acetic acid. The reactor was charged
with 122 g of acreolein (purity: 92 wt%, 2.00 mol), 93.4 g
of methyl mercaptan (1.94 mol), and 1.08 g of a mixture of
triisobutylamine / acetic acid (molar ratio: 1 / 10,
respectively; i.e. triisobutylamine 1.38 mmol / acetic acid

13.8 mmel). The reaction mixture was stirred at 40-70°C

The



[0029] Reference Example 6 The reaction was carried out in the same manner as Reference
Example 4 except that 0.233 g of a mixture of 10 pyridine / acetic acid (molar ratio: 1/ 1.5,
respectively; i.e. pyridine 1.38 mmol / acetic acid 2.07 mmol) was used instead of 0.938 g of the
mixture of pyridine / acetic acid (molar ratio: 1/ 10, relsEPectively) . The resultant residue (i.e.
high-boiling oligomer) was 8.3 wt%. 15([0030] Reference Example 7 The reaction was carried out
in a batch manner in a reactor equipped with a stirrer and each supply-inlet for acrolein, methyl
mercaptan, and a mixture of 20 triisobutylamine / acetic acid. The reactor was charged with 122 g of

acrolein (pur%>51923/vyt%n2r99c@9}), 93.4 9.of Methyl mercaptan (194 1mel), and 108.g of adaixture of

tri sobutylamine / acetic acid (molar ratio: 1 / 10, respectively; .e. triisobutylamine 1.38 mmol / acetic
acid 16 for 30zmingtes; and dhe pesultantsolution:was distiled £20 tort, F0-L2QEhto1obtainhe

3-(methylthio)propanal. The weight of the concentrated residue (i.e. high-boiling oligomer) was
weighed to find thattit was 3.5 wi% perrthe seactionisolution. 40@31] ReferenceixampleBing
oligomer) was welghed to find that it was 3.5 wt% per the
5 reaction solution.
[OQ31J
Reference Example 8
The reaction was carried out in the same manner as
Reference Example 7 except that 0.455 g of a mixture of
10 triisobutylamine / acetic acid (molar ratio: 1 / 2.4,
respectively; i.e. triiscobutylamine 1.38 mmel / acetic acid
3.31 mmol) was used instead of 1.08 g of the mixture of
triiscobutylamine / acetic acid (molar ratio: 1 / 10,

respectively). The resultant residue (i.e. high-boiling

15 oligomer} was 5.6 wi%.



" The reaction was carried out in the same manner as Reference Example 7 except that 0.455 g of a
mixture of 10 triisobutylamine / acetic acid (molar ratio: 1 / 2.4, respectively; i.e. triisobutylamine 1.38
mmol / acetic acid 3.31 mmol) was used instead of 1.08 g of the mixture of triisobutylamine / acetic
acid (molarratio: 1 / 10, respectively). The resultant regidue (i.e. high-boiling 15oligomer) was 5.6 wt%.
17 CLAIMS 1.A process for preparing 3-(methylthio)propanal which - comprises reacting acrolein
and methyl mercaptan in the 5presence of a compound of Formula (I):  wherein RI, R2 and R5 are
independently selected from the group consisting of hydrogen atom and an alkyl group haying 1 to 4
carbon atoms, and n is an integer of 1 or 2 10andlzZ&Gdpound of Formula (11):

10

15

1. A process for preparing 3-(methylthic)propanal which
comprises reacting acrolein and methyl mercaptan in the

presence of a compound of Formula (I):

wherein R', R? and R’ are independently selected from the

group consisting of hydrogen atom and an alkyl group having
1 to 4 carbon atoms, and n 1s an integer of 1 or 2

and a compound of Formula (II):

[ R
{\RWN )

VRS,

3

wherein R?, R°, and R® are independently selected from the
group consisting of hydrogen atom and an alkyl group having

1 0 4 carbon atoms.

2. The process of claim 1 wherein an organic acid is
further present in the reaction of acrolein and methyl

mercaptan.



wherein R6, R5, and R6 are independently selected from the group consisting of hydrogen atom and
an alkyl group haying 1 to 4 carbon atoms. 15 2.The process of claim 1 wherein an organic acid is
further present in the reaction of acrolein and methyl mercaptan. 18 3.The process of claim 2 wherein
the amount of the compound of Formula (1) is 0.01 to 1.0 mol per 1 mol of the organic acid. 54.The
process of any one of claims 1 to 3 wherein the amoukit of the compound of Formula (1) is 0.001 to
0.50 mol per 1 mol of the compound of Formula (Il). 5.The process of claim 1 wherein the amount of
the 10compound of Formula (ll) is 0.1 to 2.0 mmol per 1 mol of

3. The process of c¢laim 2 wherein the amount of the
compound of Formula (II) is 0.01 to 1.0 mol per 1 mol of

the organic acid.

5 4. The process of any one of claims 1 to 3 wherein the
amount of the compound of Formula (I} is 0.001 to 0.50 mol

per 1 mol of the compound of Formula (II).

5. The process of c¢laim 1 wherein the amount of the
10 compound of Formula (II) is 0.1 te 2.0 mmol per 1 moel of

methyl mercaptan.

6. The process of claim 1 wherein the reaction is carried
out while supplying acrolein; methyl mercaptan; and a
15 mixture of the compound of Formula (I}, the compound of

Formula (II) and the organic acid to the reaction system.



- methyl mercaptan. G.The process of claim 1 wherein the reaction is carried  out while supplying

-acrolein; methyl mercaptan; and a 15mixture of the compound of Formula (1), the compound of
Formula (II) and the organic acid to the reaction system. 19 PROCESS FOR PREPARING
3-(METHYLTHIO)PROPANAL ABSTRACT The present invention provides a process for preparing
3-(methylthio)propanal which can sufficiently decrease the production of high-boiling impurities as a
by-product. The proc@SOEFRPrisER réting REtrsleib-dMtEmETT IS caBRaRANARe presence of
Allylamines (1), Triallylamines (ll), and preferably an optional organic acid. The preferred amount of
Allylamines (1) is 0.001 to 0.50 mol per 1 mol R EAYIamines (I1). (No suitable figure)

The present invention provides a process for preparing
3-{methylthic)propanal which can sufficiently decrease the

5 production of high-boiling impurities as a by-product. The
process comprises reacting acrolein and methyl mercaptan in

the presence of Allylamines (I}, Triallylamines {(II), and
preferably an optional organic acid. The preferred'amount

of Allylamines ({(I) 1is 0.001 to 0.50 mol per 1 mol of

10 Triallylamines (II).

(No suitable figure)



