* DESCRI RTI ON PROCESS FOR PREPARI NG 3- ( METHYLTHI O) PROPANAL 5Technical Field
[0001], The present invention relates to a process for preparing
3- (nethylthlo)propanal by reacting acrol ein and met hyl nmercapt an.
3- (thhylthlo)propanal is useful as, for l1lO0exanple, a synthetic materi al
for preparing methionine. Background Art [0002]
Awnel | - knownprocessforpreparing3- 15 (nethylthio)propanal by reacting
acrolein and nmethyl mercaptan is carried out in the presence of pyridine
or a derivative thereof (See, for exanple, Patent References 1 to 3).
20[ 0003] (Prior Art Docunents) U%%gg@ngﬁf@@nce 1] JP 2004-115461 A

- [Patent Reference 2] JP 11(1999)- 511119 [ Patent Reference 3] JP
9(1997)-501145 T

PROCESS FOR PREPARING 3~ (METHYLTHIO) PROPANAL

5 Technical Field
[0001]
| The present invention relates- to a process for
preparing 3-(methylthic)propanal by reacting acrolein and
methyl mercaptan. 3-{Methylthio)propanal is useful as, for

10 example, a synthetic material for preparing methionine.

Background Art

[0002]
A well-known process for preparing 3=
15 {(methylthio)propanal by reacting acrelein and methyl

mercaptan is carried out in the presence of pyridine or a
derivative thereof (See, for example, Patent References 1

to 3).

20 1C003]
{Prior Art Documents)}
[Fatent Reference 1] JP 2004-115461 A
[Patent Reference 2] JP 11(199%9)-511119 T
" [Patent Reference 3] JP 9(1997)-501145 T
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*2 Summary of Invention [0004] (Problens to Be Sol ved by | nvention)
However, the conventional process nentioned above is 5 not so
satisfactory because the process produces high-boiling inpurities as a
by- product. Thus, the purpose of the present invention is to provide a
process for preparing 3-(nethylthio)propanal which can sufficiently
decrease the production of such high-boiling-inpurities. 10 [0005] (Means
to Sol ve Probl ens) The present inventors have extensively studied to
reach the above purpose and then have found a new process 15to solve the
above proby gib.Based 4R idhe new findings, the present invention has
been conpl et ed. In detail, the present invention provides a process
for preparﬁﬂﬂﬂﬁ-(nethylthio)propanal whi ch conprises reacting acrol ein and
met hyl nmercaptan in the presence of a -

(Problems to Be Solved by Invention)
However, the conventional process mentioned above is
5 not so satisfactory because the ‘process proddces high-
boiling impurities as a by-product. Thus, the purpose of
the present invention is to provide a process for preparing
3—(ﬁethylthio)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

15 to solve the above problems. _Baéed upoen fhe new findings,
the present invention has been completed.

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

290 compeund ¢f Feormula (I):

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



v 20compound .of Formula (l1): 3 group.consisting of hydrogen atom and an

al kyl group having 1 to 4 carbon atons, and n is an integer of 1 or 2 and
a conpound of Formula (I11): 5wherein R4, R5, and R6 are independently
sel ected fromthe group consisting of hydrogen atom and an al kyl group
having 1 to 4 carbon atons. [0006] 10(E§fects of I nvention) _
Thepr esenti nventi oncanprepare3- (nethylthio)propanal while sufficiently
decreasi ng the production of high-boiling inpurities which generate as a
by- product. 15 Description of Enbodi nents

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 Fermula (II):

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

1l 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-product. |
15
Description of Embodiments
[0007]
In the present invention, the following two compounds

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



* [ 0007] . . In the present invention, the follow ng two conpounds are
used as a catal yst: a conpound of Fornula (I): wherein R3-, R2 and R3 are
|ndependently sel ected fromthe group consisting of hydrogen atom and an
al’kyl group having 1 to 4 carbon atons, and n is an integer of 1 or 2

5[ hereinafter, optionally referred to %E "Allylamnes (1)"1 and a conpound
of Fornmula (11): wherein R4, R5, and are i ndependently selected from
the group consisting of hydrogen atom and an al kyl group having 10 1 to 4
carbon atons [hereinafter, optionally referred to as "Triallylam nes
(rey"y. The present invention can sufficiently decrease the

pr oduct i on /of hi%?% oiling inpurities by using Allylamnes (1) and
Triallylamnes ( oget her as a catal yst. Wien 15 used together, the
producti o pﬁ hi gh-bdiNHyg i nmpurities can be decreased nore effectively

t han when |usi i r AIIyIani%es (1) or Triallylanines (11) alone. The
al kyl group havi,ng 1/to 4 carbon atons in the conpound of Fornula (1) or
Forrmula (I'k) 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 ofr 1l or 2
5 [hereinafter, opticnally referred to as "Allylamines (I)"]

and a compound of Formula (II):

wherein R?, R®, and_R6 are independently selected from the

group consisting of hydrogen atom and an alkyl group having

10 1 to 4 carbon atoms [hereinafter, optionaily referred to as
"Triallylamines (II}"™].

The present invehtion_ can sufficiently decrease the

production of high-boiling impurities by using Allylamines

(I) and Triallylamines ({(II) together as a catalyst. When

15 used together, the production of high-boiling impurities

can be decreased more effectively than when using either

AllYlamines {(I) or Triallylamines (II) alone. The alkyl

group having 1 to 4 carbon atoms in the compound ef Formula

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



*5 propyl gr.oup, iso-propyl group, n-butyl group, s-butyl group, and
t-butyl group. [0008] Allylam nes (lI) used herein include, for exanple, 5
dipllylanines [i.e. the conmpounds of Formula (1) wherein n is 1] such as
diallyl am ne, di(2-butenyl)am ne, di(3- nethyl-2-butenyl)an ne, N

di (2- pentenyl)am ne and di (2- hexenyl)asi ne, as well as nono-allyl am nes
[i.e. the conpounds of Formula (1) wherein nis 2] such as allylamne, 10
2- but enyl am ne, (3-nethyl-2-butenyl)am ne, 2-pentenylam ne, and

2- hexenylam ne. A mixture of 2 or nore of the above-listed conpounds nmay

al so be ugggpgﬁppgggﬁﬁgryiféggg?p?%lybgggﬁes £1But ¢ aldyd@m nes-anttya

allylamn ferred. Trial 'yl am nes (1.1) used herein

i nclude, f ple. _triall ' i.e. th d of F I I
cl ude Rg1%ﬁgﬁagﬁgeﬁ65%rghaﬁk%ﬁgge [i.e e conmpound o orrmula (1)

wher ein rogen atons], tri(2-butenyl)an ne,
tr!(3-netg%%b%-butenyl)anine, tri(2-pentenyl)am ne, and '
tri(2-hex nyl)énine. A mxture of 2 or nore of the above- 20listed -

compounds TR S35 HRed | Fyneesane He 09 T plduL arhaee dne,
deorgace Lhe,BLOductlon Al i g POLLARGAPULL Les Tpre 901 Sotludy iner
is 1] such as diallylamine, di(2-butenyl)amine, di (3-
methyl-2-butenyl)amine, di (2-pentenyl)amine and di(2-
hexenyl)amine, as well as mono-allylamines [i.e. the
compoundé of Formula (I) wherein n is 2] such as allylamine,
10 2-butenylamine, {3-methyl-2-butenyl)amine, Z-pentenylamine,
and 2-hexenylamine. A mixture of 2 or more of the above-
listed compounds may also be used if necessary. Amecng
Alivylamines (I}, diallylamine and allylamine are preferred.
[0009]
15 Triallylamines {(II) used herein include, for exampile,
| triallylamine [i.e. the compound of Formula (I) wherein R%,
R>, and R® are all hydrogen atoms], tri(2-butenyl)amine,
tri(3—methyl—2—butenyl)amine; tri(2-pentenyl)amine, and
tri(2-hexenyl)amine. A mixture of 2 or more of the above-
20 listed Compounds may also be used if necessary. Among
Triallylamines (II), triallylamine is pfeferred.
[0010]
The present invention can decrease the production of
high-boeiling impurities more effectivéiy when an organic

25 acid is used together with Allylamines (1} and



*6 Triallylamnes (I1). The organic acid used herein includes, for exanple,
carboxylic acids such as aliphatic nonocarboxylic acids (e.g. formc acid,
acetic acid, propionic acid, octanoic acid, acrylic acid, 5
trichloroacetic acid, and trifluoroacetic acid); aliphatic polycarboxylic
acids (e.g. oxalic acid, succinic acid, sand adipic acid); aromatic

nonocar boxylic acids (e.g. phenylacetic acid, benzoic acid, cinnamc acid,
and t hi ophenecarboxylic acid); and aromatic polycarboxyllc 10acids (e.g.
phthalic acid); as well as sulfate nonoesters and sul fonic acids. Anmong

t he organingiaQi1ds,antidoxyl)c aciHls Afgprefaried s racetic iacd didss hore
preferred. [0011] The anount of nethyl nercaptan used herein is 15

general | y sahout Lol ar tQ.aengleid. |n-pider 4o edyce the gdore of

3-met hyl t hi opropanal’, it is preferred to use acrolein slightly ‘nore than
met hyl me t :Q?' r 0 95 t 9 npl; of neihyl. mercaptan is
used per '%%%%Ice%b rlgﬁta)l ‘rai':I Brﬁﬁtghoggﬁ"d he armur‘rzt of

AIIyIanins&G&%ﬁ qsed hgﬁch nay %éﬁgfénuﬂlg& xed 6?%%{ unt

pr ef er abl 1% o d more prefer .25 nnkiper 1

oL T e . >aaa,.rar$€r;mer%$ga% L8 IS 2 0o
polycarboxylic acids (e.g. oxalic acid, succinic acid, and
adipic acid) ; aromatic monocarboxylic acids  (e.q.
phenylacetic. acid, = benzoic 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, cazrbexylic
acids are preferred and acetic acid is more preferred.
[0011]

The amount of methyl mercaptan used herein is

15 generally about equimolar to acrolein. 1In order to reduce
the odor of 3-methylthiopropanal, it 1is breferred to use
acrolein slightiy more than methyl mercaptan. More
preferably, 0.95 to 0.99 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 O.QOl to C0.50
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



(119 as. def.ined above, the total amount of Allylamnes (1) can be fixed in
t he above-nenti oned range per ‘1 nol of the total anpunt of Triallylamnes
(11). [0013] 5Although the amount -of Triallylamnes (I1) used herein may
~be optionally fixed, the anpbunt is preferably 0.1 to 2.0 nmmol per 1 nol of

met hyl nercaptan. Wen an organic acid 7s further present in the reaction,
the anount of Triallylamnes (I1) is preferably 0.01 to 1.0 nol, and nore
10preferably 0.2 to 0.7 nol per 1 nol of the organic acid. In addition,
when two or nore conpounds are used as Triallylamnes (I1) as defined

above, the ot als ad@eed hebspE, CRAche ot hxedmbanthe rabove medfiticaned y ange.
[ 0014] 15Met hods of m xing acrolein, nmethyl nmercaptan, Allylamnes (1) and

Triallyl andnes,d | #)xshoth depot (e vbLAbhedoh8garpaghi gakar mRhhetk the
Exenplified nmethods are, mxing a m xture of acrolein, Alylamnes (I) and

TriaIIyIa@#g%i %hbhd@t%%'??f%@l%¥ﬂﬁ¥ﬂgé”¥1fﬂxi”9 a mxture 20 of nethyl

nmer capt an, yl am nes ) an allylamnes (1) wth acrol ein;
suppl yi ng %ﬁﬁ_]ein, met hyl nercaptan, and a m xture of Allylamnes (1) and
Tr aIIyIaJines (I'l) separately to the reaction system and supplying

SEOLEl N, o TEIGRPLA, A e (v Al T A g LUy
Lo supply acrdl ei n ULyl ercapt an and, 2 Xty €08 ALy} amynes(l and
2.0 mmol per 1 mel of methyl mercaptan. When an organic
acid is further present in the reaction, the amount of
~ Triallylamines (II) is preferably 0.0l to 1.0 mol, and more

10 preferably 0.2 to 0.7 mol per 1 mol of the organic acid.

In addition, when two ror more compounds are used as
Triallylamines (II) ‘as defined above, the total amount
thereof can be fixed in the above-mentioned range.

[0014]

15 Methods of mixing - ‘acrolein, methyl mercaptan,
Allylamines (I} and Trialiylamines {II) should not be
limited to a particular method. Exemplified methods are,
mixihg a mixture of acrolein, Allvyliamines {I) and
Triallylamines (I1) with methyl mercaptan; mixing a mixture

20 . of methyl mercaptan, Allylamines {I) and Triallylamines
(IT) with acrolein; suppiying acroiéin, methyl mercaptan,
and a mixture of.Allylamines (I) and Triallylamines (II)
separately to the reaction system; and supplying acrolein,
methyl mercaptan, Allylamines (I), and Triallylamines (II)

25 separately to the reaction system. BAmong the methods, it



*separately .to the reaction system Furthernore, in case that an organic
acid is used, it is preferred to mx the 5 organic acid with a m xture of
Allylamnes (1) and Triallylamnes (11) beforehand, and then m x the
prepared m xture with acrolein and nethyl nmercaptan. It is especially
preferred to supply acrolein; nethyl negcaptan; and a m xture of
Allylamnes (1), Triallylamnes (11) and 10the organic acid separately to
the reaction system [0015] The reaction of the present invention
may be carried out in a batch manner or in a continuous manner, but a
conti nuous sTeRReFetBedr eberdigth Iy oattheevhewaRithy 10fmd bpsohuct | ity .a The
reaction tenperature is generally -10 to 100C, preferably O to 80C. The
reaction tiin® 4, geperaliy abeutn 0 minyt essdp aboubi241bRunssin ey
continuous manner, the reaction tine indicates a nean staying tine, while
in a batchpanner, J tydndhcates, a 200 eacking, timp, pefebated, The dgaction
may be carried out “under reduced, ordinary, or increased pressure. In
addi tion er_in ients Like | sol.yent be.s | i to
 cQLher, | ngredy ept d NgLLgsolyents Siy: alsgy beosuopl iag
the reaction !fénecegsary. fégl gg%%e post - tr eat ment %ﬁ tﬂe reaction
n1xt%re C%@%%Eﬂkpgacid 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 acrolein; methyl mercaptan;
and a mixture of Allylamines (I), Triallylamines (IT) and
10 the organic acid separately to the reaction system.
I0015]
The reaction of the present invention may be carried
out in a batch manner or in a continuous manner, buit a

continuous manner is preferred from the wviewpoint of

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

continucus manner, the reaction time indicates a mean

staying time, while in a batch manner, it indicates a
20 . reacting 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]

25 : The post-treatment of the reaction mixture containing



-9 3 (met hyl.t hi o) propanal may be perfornmed by a nethod sel ected optionally
fromwell -known nethods. For exanple, 3-(nethylthio)propanal can be

isolated and purified fromthe reaction mxture by distilling the m xture.
5 Exanpl es [0017] Herei nafter, some exanples of the present
invention are illustrated, but the present invention should not be
10construed-to be limted thereto. [0018] Exanple 1 The reaction was

carried out in a batch nmanner in a reactor equipped with a stirrer and
each supply-inlet for 15 acrolein, nethyl nercaptan, and a mxture of

Al Lyl am nes (b Hy1EHid) IpHaEMes (hd) / pvacetds- fcintkd Theyr eact afe twasd
charged with 122°g of- acrolein (purity: 92 w% 2.00 nol), 93.4 g of

met hyl nmereaptan ]qp%idﬂ%h)l% apdof)- #4219kRbwA Rbxhune . of fyd aldanpd ne /

diallylamne / acetic acid 20 (nmolar ratio: 1/ 0.014 / 3.7, respectively;

i.e tri a|3|_y(lmae@h%t%i%%tpl?r5?ar{aldi ahhy! A 0eo920066 Ml phragebhC @cld 1. 76

mmol ). The reactr'on m X was stirred at 25- 55C for 30 mnutes, and the

resul t ant %%I urteia(%:nCi sng_iﬁ{sctdrlé g:ﬁzt %%\{i%éﬂ&n%ocﬁez%q)x%&eqbt ain 3-

25(nethy|§h|o)propana S The Wwei centrate
5
Example?
[0017]
Hereinafter, some examples of the present invention
are illustrated, but the present inventién should not be
10 construed 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
15 acrolein, methyl mercaptan, and a ndxture:of Allylamigés
(I) / Triallylamines (II) / 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 0.172 g of 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 1.7¢ mmol}. The reaction mixture was stirred at 25-
55°C for 30 minutes, and the resultant sclution was
distilled {20 torr, 70-120°C) to cbhtain 3~

25 {(methylithic)propanal. The weight of the concentrated



10 residue (i.e. high-boiling oligoner) was weighed to find that it was
1.5 Wt % per the reaction solution. [0019] Exanple 2 5The reaction was
carried out in the same manner as Exanple 1 except that 0.174 g of a
m xture of triallylamne / diallylamne / acetic acid (nolar ratio: 1/
0.054 / 3.7, respectively ; triallylam @@ 0.48 mmol / diallylam ne 0.026
nmml / acetic acid 1.76 nmol) was used instead of 0.172 g 10of the m xture
of triallylamine / diallylamne / acetic acid (nolar ratio: 1/ 0.014 /
3.7, respectively).The resultant residue (i.e. high-boiling oligoner) was
1.3 W% [20udExanpke hilfiFheirleiact | ohiveseear masd weighadt he sfimd
manner as Exanple 1 except that 0.178 g of-a mxture of triallylamne /
dial lyl amimnet @acetds B9 dfFopar s i beadtiod). didtBor7, respectively;
i.e. triallylamne 0.48 mvol / diallylam ne 0.066 mvl / acetic acid 1.76
mol ) was ugehj nstead of 20 0.172 g of the m xture of triallylamne /
diallylamne / acetic acid (nolar ratio: 1/ 0.014 / 3.7, respectively).
The resul t@{gmﬁleesigjue (i.e. high-boiling oligonmer) was 1.1 w% [0021]
5 The reaétion was carried out in the same manner as
Example 1 except that 0.174 g of a mixture of triallylamine
/ diallylamine / acetic acid (molar ratic: 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
10 of the mixture of triallylamine / diallylamine / acetic
acid (molar ratio: 1 / 0.014 / 3.7, respectively). The
resultant residue (i.e. high-boiling oligomer) 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 triallylamine
/ diallyilamine / 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 / 0.014 / 3.7, respectively).
The resultant residue (i.e. high-boiling oligomer) was 1.1
wt%.

[0021]1

25 Example 4



- 25Exanple 4 11 The reaction was carried out in the sane manner as
Exanple 1 except that 0.172 g of a mixture of triallylamne / allylamne /
acetic acid (nolar ratio: 1/ 0.023 / 3.7, respectively; i.e.
triallylanmine 0.48 mmol / allylanine 50.011 nmol / acetic acid 1.76 mmmol)
was used instead of 0.172 g of the m xtlte of triallylamne / diallylamne
acetic acid (nolar ratio: 1/ 0.014 / 3.7, respectively). The resultant
residue (i.e. high-boiling oligonmer) was 1.5 wt% 10[0022] -Exanple 5

The reaction was carried out in the same manner as Exanple 1 except that
0.173 g of 'a mmtieurecoftiohaliad ananeiédalouyl aim néhke axste cmacner( red ar
ratio: 1/ 0.046 / 3.7, 15 respectively; i.e. triallylamne 0.48 mmol /

al |yl am ne:xQunipd2 mmelxdepaceattiar ariid 2.7 & fmoiniwasraised timstldad ofil 172 g
of the mxture of triallylamne / diallylamne / acetic acid (nolar ratio:

1/ 0.014 / B.iki1dnesRectiyeby)c Feed eswditantraess due (i 0e02Bi gh-1oi ) i ng
oligoner) was 1.0 20wt % [0023] Exanple 6 The reaction was

carried oyl datNg 3378 FaRNerasa Examphend axceapt mhat 9. 18 @ Hiirke
m xture of triallylamne 25/ allylamne / acetic acid (nmolar ratio: 1/
0'235/ 3 6.011 mmol / acetic acid 1.76 mmol} was used instead of
0.172 g of the mixture of triallylamine / diallylamine /
acetic acid (molar ratio: 1 / 0.014 / 3.7, respectively).
The resultant residue (i.e. high-boiling oligomer) was 1.5
wi%.
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
/ éllylamine / acetic acid (molar ratieo: 1 / 0.046 / 3.7,
15 respectively; i.e. triallylamine 0.48 mmol / allylamine
0.022 mmol / acetic acid 1.76 mmol) was used instead of
0.172 g of the mixture of triallylamine / diallylamine /
acetic acid (molar ratio: 1 / 0.014 / 3.7, respectively).
The resultant residue (i.e. high-boiling oligomer) was 1.0
20 wt%.
[0023]
Example 6
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,



+12 respectively; i.e. triallylamne 0.48 mol / allylamne 0.11 mol /
acetic acid 1.76 mol) was used instead of 0.172 g of the mi xture of
triallylamne / diallylamne / acetic acid (molar ratio: 1/ 0.014 / 3.7,
respectively). 5The resultant residue (i.e. high-boiling oligonmer) was 1.9
W % [0024] Reference Exanple 1 The reaéfion was carried out in a batch
manner in a 10 reactor equipped with a stirrer and each supply-inlet for
acrolein, nethyl nmercaptan, and a m xture of triallylamne / acetic acid.
The reactor was charged with 122 g of acrolein (purity: 92 w% 2.00 nol),
93.4 g of mmigwdtinerloapt dne(l. 94imdlylamnde0. 1728 gmafola i xaUrelahiidd
triallylamne / acetic acid (molar ratio: 1/ 3.7, respectively; i.e.

triallylarg.me Omd81mMpl atcatet igcvti d . V67 GunanD) ) waBheug@actinaneridkt of e Was
stirred at 25-55C for 30 mnutes, and the resultant solution was distilled

(20 torr, o/O-A20£) otfomammxﬁuﬁaﬁtdwlﬁfuﬂwpmﬂaé /The 20 y1weiighs of the
concentrated residue (i.e. high-boiling oligonmer) was weighed to find that

it was 2. Ldppescihe heagti onsel.uti op. ol 0925], Refer encgp&xarpbey . 25The -
reaction was carried out in a batch manner in a

5 The resultant residue (l.e. high-boiling oligomer) was 1.9

[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 mol), 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 mmel). 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 to find that it was 2.1 wt% per the
reactioﬁ soluticn.
[0025]
Reference Example 2

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



*13 reactor equipped with a stirrer and each supply-inlet for acrolein,

met hyl mercaptan, and a mxture of diallylamne / acetic acid. The reactor
was charged with 122 g of acrolein (purity: 92 wt% 2.00 nol), 93.4 g of
met hyl 5 mercaptan (1.94 nol), and 0.198 g of a mixture of diallylanine/
acetic acid (nolar ratio: 1/ 1.8, respéétively; i.e. diallylamne 0.97
nmml / acetic acid 1.73 nmmol). The reaction m xture was stirred at 40-70 C
for 30 m nutes, and the resultant solution was distilled 10 (20 torr,
70-120C) to obtain 3-(nethylthio)propanal. The -weight of the concentrated
resi due (ireacthimhedoippeg welitgoreritivasemeagtiegactd fdumbltyhdinligt wasr 10. 7
wt % per the reaction solution, [0026] 15Reference Exanple 3 The
reacti on \sasodarin,ednetityli mer dabtcdn meanmera imiacweacd Ordegul ppadivg th a
stirrer and each supply-inlet for acrolein, nmethyl nercaptan, and a

m xture ofacltiy amicnel./ acehbc ashdtoThevagaciirgwds ehamged2witd k22 g of
20acrolein (purity: 92 wt% 2.00 nol), 93.4 g of nethyl nercaptan (1.94

mol ), and k526 ofiparfiytur g2 ofyad | ybamionenbiacetdz, acigd(8el afet@fio: 1
/ 1.8, respectively; i.e. allylamne 0.97 mmol / acetic acid 1.73
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diallylamine / acetic acid (molar ratio: 1 / 1.8,
respectively; 1i.e. diallylamine 0.97 mmol / acetic acid
1.73 mmol). The reaction mixture was stirrea at 40-70 °C
for 30 minutes, and the-resultant solution was distilled

10 (20 torr, 70-120°C) to obtain 3-(methylthio)propanal. The
wéight of the concentrated residue (i.e. high-beiling
oligomer} was weighed to find that it was 10.7 wit% per the
reaction solution.

[0026j
15 Reference Example 3
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 allylamine /
acetic acid. The reactor .was charged with 122 g of

20 acrolein (purity: 92 wt%, 2.00 mel), 93.4 g cof ﬁethyl
mercaptan {(1.94 mol), and 0.159 g of a mixture of
allylamine / acetic acid {molar ratic: 1 / 1.8,
respectively; i.e. allylamine 0.97 mmol / acetic acid 1.73

mmol) . The reaction mixture was stirred at 40-70°C for 30

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



*14 70-120C). to obtain 3-(nethylthio)propanal . The wei ght of the
concentrated residue (i.e. high-boiling oligoner) was weighed to find that
it was 6.9 wt% per the reaction solution. 5[0027] Reference Exanple 4

The reaction was carried out in a batch manner in a reactor equipped with
a stirrer and each supply-inlet for acrbfein, nmethyl nmercaptan, and a

m xture of pyridine / 10 acetic acid. The reactor was charged with 122 ¢
of acrolein (purity: 92 % 2.00 nol), 93.4 g of nethyl nercaptan (1.94
nol), and 0.938 g of a mixture of pyridine / acetic acid (nmolar ratio 1 /
10, respedti~vely’Cli .te2 @ytrd di n@-1m88hphbhis) arepavadci d Th8. &anubit) ofThe
reaction 15 m xture was stirred at 40-70C for 30 mnutes, and the

resul t ant t$el utoneemasattkdt rklsedue20(t.orr, h7GR120C)itg obtigiomer) was
3-(net hyl thi o) propanal . The wei ght of the concentrated residue (i.e.

hi gh- boi | ivag g@ldagoner ) fivas weighed tt owhinds fhatwtid pag 2tihe W% eridrhe
reaction 20sol ution. [0028] Reference Exanple 5 The reaction was
carried oubihiitdae same manner as Reference Exanple 4 except that 0.911 ¢
of a mxture of 25pyridine / acetic acid(molar ratio:1 / 13.0, 15
respectivelpyp7y. e. pyridine 1.06 nmml / acetic acid 13.8 mmol) was used

i nst ead of 0.9:!8 g of the mxture of pyridine / acetic acid (nolar ratio 1

/10, respegtively) .Ex'g%lree%ul tant residue (i.e. high-boiling oligoner)
was 5.2
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
ﬁercaptan {(1.94 mol), and 0.938 g of a mixture of pyridine
/ acefic acid (molar ratio 1 / 10, respectively; 1i.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
obtain 3—-(methylthio)propanal. The welght of the
concentrated residue (i.e. high-boiling oligomer) was
weighed to find that it was 2.6 wt% per the reaction
20 solution.
[0028]
Reference Example b
The reaction was carried out in the same manner as

Reference Example 4 except that 0.911 g.of a mixture of

25 pyridine / acetic acid {(molar ratio: 1/ 13.0,



‘5wt % [0029] Reference Exanple 6 The reaction was carried out in the
same manner as Reference Exanple 4 except that 0.233 g of a mxture of 10
pyridine / acetic acid (nolar 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

m xture of pyridine / acetic acid (nolatdSratio: 1 / 10, respectively). The
resultant residue (i.e. high-boiling oligoner) was 8.3 w% 15[ 0030]

Ref erence Exanple 7 The reaction was carried out in a batch manner
in a reactor equipped with a stirrer and each supply-inlet for acrolein,
met hyl nerespteart,i vanid;a M «t upgroftii2@ tTidsobmoyl aim aectiacerid aci- B The
reactor was charged with 122 g of acrolein (purity: 92 wt% 2.00 nol),
93.4 g of maetihy| waer capedn {ds®dadolgf andbIB 08 godf whai xtimteuod of
triisobutylamne / acetic acid (nmolar ratio: 1 / 10, respectively; i.e.

triisobut yyatidieel. 3&demic /aatet ifodekdr2b13. 8 M), Hespeactvan)ni Xt ure
was stirred at 40-70C 16 for 30 m nutes, and the resultant sol ution was

di stilledrf20 deifLtaff- 1200 44@ obtal nh3ghrebhylihbi elpgepardl wakhe vei ght
.of the concentrated residue (i.e. high-boiling oligomer) was wei ghed to
findsthat jty was 3.5 wt % per the 5reaction solution.

[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, respectively). The resultant residue
"(i.e. high-boiling oligomer) was 8.3 wt%.
15 {0030] | |
Reference Example 7
The reactlion was carried cut in a batch manner in a
reactor equipped with a stirrer and each supply-inlet for
acrolein, methyl mercaptan, and a mixture of
20 triiscobutylamine / acetic acid. The reactor was charged
with 122 g of acrolein (purity: 92 wts, 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

25 13.8 mmol). The reaction mixture was stirred at 40-70°C



‘[ 0031] Reference Exanple 8 The reaction was carried out in the sane
manner as Reference Exanple 7 except that 0.455 g of a mixture of 10 7
trllsobutyl amine / acetic acid (nolar ratio: 1/ 2.4, respectively; i.e.
triisobutylamine 1.38 nmol / acetic acid 3. 31 mmol ) was used instead of
1.08 g of the mxture of triisobutylanm hé / acetic acid (nmolar ratio: 1/
10, respectively). The resultant residue (i.e. high-boiling 150l i goner)
was 5.6 wt% 17 CLAIMS 1. A process for preparing
3- (net hyl t hi 0) propanal which conprises reacting acrol ein and net hyl
mer capt an fior the Spnesesce aid atbenpemnd tafntFosolhbi¢h) wabR dR3stilled
(20 torr, 70-120°C) to obtéin.3—(methylthio)propanal. The
weight of the concentrated residue (i.e. high-boiling
oligomer) was weighed to find that it was 3.5 wts per the
5 reacticn solution.
[0031]
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 ratic: 1 / 2.4,
respectively; i.e. triisobutylamine 1.38 mmol / acetic acid
3.31 mmel) was used instead of 1.08 g of the mixture of
triisobutylamine / acetic acid (molar ratio: 1 / 10,

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

15 oligomer) was 5.6 wi%.



“NHrT -n (I) . wherein R, R2 and R3 are independently selected fromthe
group consisting of hydrogen atom and an al kyl group having 1 to 4 carbon
atoms, and n is an integer of 1 or 2 10and a conpound of Formula (I1):
wherein R4, R5, and R6 are independently selected fromthe group
consi sting of hydrogen atom and an al kyL7group having 1 to 4 carbon atons.
15 2. The process of claiml1l wherein an organic acid is further present
in the reaction of acrolein and nmethyl mercaptan. 18 3. The process of
claim2 wherein the anount of the

CLATIMS

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

5 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 grcup having
1 to 4 carbon atoms, and n 1s an integer of 1 or 2

10 and a compound of Formula (II):

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.

15

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

mercaptan.



=conmpound of. Formula (I11) is 0.01 to 1.0 nol per 1 nol of the organic acid.
54. The process of any one of clainse 1 to 3 wherein the amount of the
conmpound of Fornula (1). is 0.001 to 0.50 nol per 1 nol of the conpound of
Formula (I1). 5. The process of any one of clains 1 to 4 wherein the
10armount of the conpound of Fornmula (11}8is 0.1 to 2.0 nmol per 1 nol

nmet hyl

nmercaptan. 6. The process of any one of clains 1 to 5 wherein

reaction is carried out while supplying.acrolein; methyl 15 mercaptan;
a mxture of the conpound of Fornula (1), the conpound of Formula (I1) and
t he organixc aciTthet optbecgeacdf orclsyist el wherein the amount of the

10

15

compound of Formula (II) is 0.01 to 1.0 mol per 1 mol of

the organic acid.

4. The process of any one of claims 1 to 3 wherein the
amount of the compound of Formula (I) is 0.00%1 to 0.50 mol

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

5. The process of any one of claims 1 to 4 wherein the
amount of the compound of Formula (II) is 0.1 to 2.0 mmol

prer 1 mol of methyl mercaptan.

6. The process cf any one of élaims 1 to 5 wherein the
reaction is carried out while supplying acrolein; methyl
mercaptan; and a mixture of the compound of Formula (I},
the compound of Formula (II) and the organic acid to the

reaction system.

of
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