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I nvention relates to catalytic processes for the preparation of
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Epravhadpi-éparatienc b od- ety thio) Reagdnain
(hereinafter "MMP") and 2-hydroxy-4-
{methylthio}butanenitrile ("HMBN"). More particularly,
the present invention relates to processes for preparing
MMP and HMEN using novel addition catalysts.

MMP and HMBN are intermediates for the manufacture
of both d,l-methionine and 2-hydroxy-4-
{methylthio)butanoic acid ("HMBA"). Methionine is an
essential amino acid commonly deficient in grains used in
animal feed compositions. HMBA provides a source of
methionine, and is widely used as a methionine .supplement
in animal feed formulations.

MMP is produced by the catalytic reaction between
acrolein and methyl mercaptan. In a conventional process
for the preparation of MMP, liquid acrolein and methyl
mercaptan are introduced into a reactor containing liquid
phase MMP and a suitable organic base which acts as an
olefin/mercaptan addition reaction catalyst. Reaction
takes place in the liquid phase. Conventional organic
base catalysts for the reaction between acrolein and
methyl mercaptan include amines such as pyridine,
hexamethylenetetramine and triethylamine. The
olefin/mercaptan addition reaction catalyst is typically
combined with an organic acid such as acetic acid to
inhibit polymerization of acrolein and improve product
vield.

HMBN is subsequently produced by the addition
reaction between MMP and hydrogen cyanide in the presence



takes place in the liquid phase. Conventional organic base catal ysts
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and HVBN. However , be produced by reacting MMP with ammonium carbonate to

form a hydantoin and subsequently hydrolyzing the

10 hydantoin with a base to form methionine. HMBA may be
produced by hydrolyzing HMBEN using a mineral acid.

Pyridine has proven to be an effective addition

catalyst used in preparing both MMP and HMBN. However,
it would be highly beneficial to identify effective

15 alternative addition reaction catalysts for the
preparation of these valuable intermediates.

SUMMARY OF THE INVENTION
Among the several objects of the present invention
20 are the provision of a process for the preparation of MMP
by the catalytic reaction between acrolein and methyl
mercaptan; the provision of such a process which provides
a high MMP reaction yield; the provision of such a
process in which the degradation of MMP and production of
25 high molecular weight by-producfs is maintained at
acceptably low levels; the provision of such a process
which can produce high quality MMP that can be used
directly, without the need for further purification, in
the preparation of methionine or HMBA; the provision of a
30 . process for the preparation of HMBN by the qatalytic
reaction between the MMP reaction product and hydrogen
cyanide; the provision of such a process which provides a
high HMBN reaction yield; and the provision of such a
process in which the catalyst remaining in the MMP
35 reaction product may be further used to catalyze the



it would be highly beneficial to identify effective 15 alternative

addition reaction catalysts for the preparation of these val uable

i nt er medi at es. SUMMVARY OF THE | NVENTI C]\l L Anong t he several
obj ects of the present invention 20 aF g\{;}_ﬁi on of a process for
the preparati onygbedfiht by the '&Hkﬁ WE@ Hé I-on bet weerpciysodgeéy and
nmet hyl nmer captan; the provisio pr s whi ch provi des

a high MW reaction yield; the provi 0 such a process in which
t he degradati on of MWP and production of 253 high nol ecul ar wei ght

by- products is nmaintai ned at acceptabl.y I ow |l evel s; the provision of
such a process redutdlonc between WP mgh hyydabgéy dvdnildeat ocprnodecealsed
. directly, wthout t ieed for further purification, in ' t he .

preparation of methioni ne .or._HVBA; the provision of Erocess for the
preparati on of HVBN by tBfdefival H‘?Eef" e, rt@&cPFB%e’B'et @H tAB MP¥eaction
product and hydrogerected toyanpdecesd ef gy dhies manufdctaireh of MMBCesEhevhi ch

provi des a ga.g,gagas yf@éé{:n@”ﬁ\ef:%ﬂﬁ%éa%t%ﬂ Qg.tﬁ%&@aleln

process in whi CE the cat aIy remal ni reactl on pro uct
may be further used® & &ESEH28 FARSe ix! the presence of a nove

reacti on between M\ﬂeﬁﬂ/ln;ed‘cag&ancam&mrt mepcuﬂmec&ﬂi\ﬁwst The novel

accordance with a fég ;npfo_g_ EJ% atPr ;;QVS érﬁ{’c btaggr Eeiéct?éc?v' ded
a process for the rran acture 0 3 h|o ana npri,sing reacting
“methyl mercapt an from the group cons:.st ng of tr:usopropanolamlne,

10 tripropylamine, nicotinamide, imidazole, benzimidazole,
2-fluoropyridine, 4-dimethylaminopyridine, picoline,
pyrazine, trialkylamines having from five to eighteen
carbon atoms in each of the alkyl substituents bonded to
the nitrogen atom and tertiary amines having the formula
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wherein A is aryl, R, and R, are alkyl and x, a, b and ¢
are integers such that 0 £ x £ 3, 1 €£a<£3, 0£b<<2, 0
£ c £ 2 provided that a + b + ¢ = 3.
It has been further discovered that the novel
20 olefin/mercaptan addition reaction catalyst used in
catalyzing the reaction between acrolein and methyl
mercaptan are also useful in catalyzing the reaction
between MMP and hydrogen cyanide to produce HMBN. Thus,
the present invention is further directed to a process
25 for the manufacture of HMBN comprising reacting MMP with
hydrogen cyanide in the presence of an addition reaction
catalyst. The addition reaction catalyst comprises at
least one organic base selected from the group consisting
* of triisopropanolamine, nicotinamide, imidazole,
30 benzimidazole, 2-fluoropyridine, poly-4-vinylpyridine, 4-
. dimethylaminopyridine, picoline, pyrazine, trialkylamines
having from three to eighteen carbon atoms in each of the

15
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with acrolein in a reaction zone in the presence of an ol efin/ nmercaptan
addition reaction catalyst, said catalyst conprising at | east one organic
base selected fromthe group consisting of triisopropanol am ne,

tripropyl am ne, nicotinam de, im dazole, benzim dazole, 2-fluoropyridine,

4- di net hyl am ngpyeigdine, picoline, pyrazine, trialkyl am nes pegxisshodgdOm
five to eighteen carbon.atons in each of the al kyl substituents bonded to
the nitrogen atomand tertiary am nes having the fornula [err] wherein
Ais aryl, Rerr] and Rerr] are alkyl and x, a, b and c are integers such
that 1 [err] x [err] 3, 1 [err] a[err] 3,.0 [err] b [err] 2, and O [err] c
[err] 2, provided tdaEtyla substitdents.bonded tbntleecdradager stdérh andecond
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with acrolein in a reaction zone in_the presénce of an ol efin/ nmercaptan
addition reaction catalyst, said ca[gL&g;j: &k%%hg at | east one organic

. 2. .

base sel ected fromthe group consisting of ri i sopsopanol am ne,

tripropyl am ne, inidazole, benzim dazole, 2-f4 uoropyridine, 4-

di met hyl am nopyri di ne, picoline, pyrazine, N nethyldiphenethylam ne,
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€ ¢ £ 2 provided that a + b + ¢ = 3.

In accordance with another embodiment of the present
invention, the novel addition catalyst disclosed herein
are used to first catalyze the reaction between methyl

10 mercaptan and acrolein to produce an intermediate
reaction product mixture comprising MMP and the novel
catalyst. Then, without prior separation of the catalyst
from the MMP in the intermediate reaction product
mixture, the MMP reaction product is reacted with

15 hydrogen cyanide to produce HMBN.

Other objects and features of this invention will be
in part apparent and in part pointed out hereinafter.

DETAILED DESCﬁIPTION OF THE PREFERRED EMBODIMENTS
In accordance with the present invention, MMP is

20 produced by the reaction between acrolein and methyl
mercaptan in the presence of novel olefin/mercaptan
addition catalysts. MMP in the reaction product mixture
may then be reacted with hydrogen cyanide to produce HMBN
using the novel catalysts present in the MMP reaction

25 product mixture as addition reaction catalyst in the
cyanidétion reaction.

The catalytic reaction between acrolein and methyl
mercaptan to produce MMP is well-known and, in the
practice of the preseht invention, this reaction can be

30 carried out in any suitable fashion without particular
limitation to the various process conditions employed.
For example, acrolein vapor may be absorbed in a liguid




3a . In accordance with a third aspect of the present invention, there
I's provided a process for the manufacture of

2- hydr oxy-4-(met hyl t hi o) butanenitril e conprising: reacting nmethyl mnercaptan
with acrolein in a reaction zone in the presence of an ol efin/ mercaptan

addi tion reacti g dab@lyst conprising at |east one organi c bapergesasssd
fromthe group consisting of triisopropanolam ne, tripropylam ne,

ni coti nam de, im dazole, benzim dazole, 2-fluoropyridine, 4-

di met hyl am nopyri di ne, picoline, pyrazine, tgialkylamnes having fromfive
to ei ghteen carbon atons in each of the al kyl substituents bonded to the

ni trogen atom and t er¢achionamedésmhemitagning recycled MMPr producther®Bien A is

aryl, Rlerr] and Rl efsloidi6 abbhbp@dtintid 194808 fedtd dnNedess SsICh that
1 [err] x [err] 3;, 1 [err

_ J a,&ggrrla 3, ?q%%é% b gxgrr 2, and O &’Eﬂrﬁrfl o
[err] -2, provided tH5$aGFea griph mathyl aBr ShPT&TPAke ate
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catalyst, and Wit houd didrPlzoR8PaE ok | Al o182k da @t Al Y Methl@MnbRCagkan is
(et hyl t hi o) pr opanal ald_Lnternediate reactiog, product m xture
reacting said 3-( rret?\%?‘iittﬂ ﬁh‘ﬁpiﬁ@l‘" "ﬁ?%&f‘oﬁ%ﬁ"@?a’ﬁ’l 3% EBCPRb ik teast
2- hydr oxy- 4- (et hyl t $nbgtantieddyt stéichiometrically equivalent to the
acrolein on a molar basis. A slight excess of methyl
mercaptan may be employed. Preferably, about 1 to about
10 1.02 moles of methyl mercaptan are introduced into the
reaction zone for each mole of acrolein present in the
ligquid reaction medium. The methyl mercaptan and
acrolein can be introduced into the liguid reaction
medium either simultaneously or successively. The
15 clefin/mercaptan addition reaction catalyst may be
present either completely or partially in the MMP or can
be introduced into the liquid reaction medium entirely or
partially along with the acrolein and methyl mercaptan.

The temperature of the reaction is desirably

20 maintained within the range from about 30 to about 70 ©°C.
‘Reaction pressure is not critical and may vary within
wide limits. However, in order to éimplify the reaction
apparatus, it is preferred that the reaction be conducted
at about atmospheric pressure or at only moderately

25 reduced or elevated pressure.

The reaction between acrolein and methyl mercaptan
may be conducted in either a continuous or batchwise
fashion. In a batch process, acrolein vapor or ligquid
may be added to methyl mercaptan in substantially molar

30 equivalent quantities. Alternatively, acrolein and

' methyl mercaptan may be simultaneously introduced at

- substantially stoichiometrically equivalent rates of
addition into a liquid reaction medium comprising MMP.
M The regction medium for a given batch is conveniently

35 provided for a given batch by leaving a heel of MMP in
the reactor from a previous batch. Thus, the batch



In accordance with a fourth aspect of the present invention, there is
provi ded a process for the manufacture of

2- hydr oxy-4- (et hyl thi o) butanenitrile conprising: reacting nethyl nercaptan
with acrolein in a reaction zone in the presence of an ol efin/ nmercaptan

addi tion react {yyoagsl yst conprising at |east one organic RIS ed
fromthe group consisting of triisopropanol amne, tripropylan ne,
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pi col i ne, pyrazine, N nethyldi phenethyl amgne,
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wi th hydrogen cyanigle ;i3 Bh PG cRaRhthOX Yot - (HE kbt BE 0) Tudvangnat he®.
Briefly, therefore,_ the_ present. inyention is di- rected to a process for

the manufacture of i EhenBeyy ‘conprises reacting nmethyl mercaptan
wth acrolein Fully continuous processes are described, for

example, in Biola U.S. Pat. No. 4,225,516, Hsu et al.
U.S. Pat. No. 5,352,837 and copending, commonly owned

10 U.S. patent application Serial No. 08/557,699, all of
which are expressly incorporated herein by reference. As
described in Hsu et al., the continuous reaction may be
carried out by introducing acrolein vapor and methyl
mercaptan into a flowing MMP reaction medium in either a

15 co-current or countercurrent gas/ligquid contact zone.
Alternatively, the initial reaction may be carried out in
a stirred tank reactor having an external cooler through
which the reaction mixture is circulated. If the
reaction is not completed in the residence time afforded

20 in the initial gas/liquid contact zone, the MMP reaction
medium containing unreacted acrolein and methyl mercaptan
is forwarded to a second reactor (e.g., a plug flow
reactor or a batch holding tank) for completion of the
reaction. Preferably, the reaction temperature of the

25 reaction does not exceed about 70 °C in any of the
reaction zones.

Olefin/mercaptan addition catalysts for the
commercial production of MMP are preferably evaluated on
the basis of several criteria, including (1) conversion

30 and yield of MMP; (2) reaction kinetics; and (3) tendency
to catalyze unwanted side reactions which produce high
molecular weight by¥products and decrease product purity,
both during the MMP reaction and during subsequent
storage of the MMP reaction product. Furthermore, such

35 catalysts are preferably useful in further catalyzing the
reaction between MMP and hydrogen cyanide to produce HMBN



in a reaction zone in the presence of a novel olefin/nmercaptan addition
reaction catalyst. The novel catalyst conprises at | east one organi c base
sel.ected fromthe group consisting of triisopropanolam ne, tripropylam ne,
ni cotinam de, im dazole, benzim dazole, 2-fluoropyridine,

4- di met hyl am nogyydedbgag. Picoline, pyrazine, trialkylam nes hpgfiishsndosm
five to eighteen carbon atons in each of the al kyl substituents bonded to
the nitrogen atomand tertiary am nes having the fornula [err]

3c wherein Ais aryl, Rerr] and R err] areqalkyl and x, a, b and c are

I ntegers such that O [err] x [err] 3, 1 [err] a[err] 3, O [err] b-Jerr] 2,
O [err] c [err] 2 psovthsd tHe®MMP trebcticn Pprdduct mixfurtedoneeindngt ties
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for the manufactgure of %‘Yxacsmﬂ%rehshﬂgc&‘?é{éc? 'L@xa@'*’%:‘%é% .'%a%&%”b&%é‘é" de
in thé presence of an addition reaction catalyst. e additron reactron
catal yst conprises ¥PifBaR¥eGRUSIVgRARCNPE e recPeRi 39D A NdagL8up

consi sting of triisopesparmdrsaptan agditicmntabtibill degsllyst bagzi m dazol e,
2-fl uoropyri di ne, pghxaée%%éadsw il ﬂgﬁd“t‘:o JEh! %E%@%@t@&fbe%&%' ne,
pyrazine, trial kylamnées having fromthree to erghteen carbon atons In each
of the acrolein and methyl mercaptan to form MMP. Accordingly,

10 the novel catalyst of the present invention includes at
least one organic base selected from certain heterocyclic
amines, trialkylamines and other tertiary amines in which
at least one of the non-hydrogen substituents bonded to
the nitrogen atom of the tertiary amine contains an aryl

15 group. The novel olefin/mercaptan addition reaction
catalyst may further comprise triisopropanoclamine.

The heterocyclic amines which may be present in the
novel olefin/mercaptan addition catalyst of the present
invention are selected from the group consisting of

20 nicotinamide, imidazole, benzimidazole, 2-fluoropyridine,
4-dimethylaminopyridine, picoline (e.g., 2-picoline, 3-
picoline and 4-picoline) and pyrazine.

'~ The trialkylamines which may be present in the
olefin/mercaptan addition catalyst of the present

25 invention are characterized by having at least three
carbon atoms in each of the alkyl substituents bonded to
the nitrogen atom (e.g., tripropylamine, tributylamine,
etc.). However, the alkyl substituents should contain no
more than about eighteen carbon atoms so that the

30 trialkylamine may be sufficiently soluble in the MMP
reaction mixture. The alkyl substituents may be linear,

- branched or cyclic. In order to take advantage of
generally decreased flammability, toxicity and volatility
. provided by higher molecular weight trialkylamines and

35 avoid solubility problems in the MMP reaction mixture,

each of the alkyl substituents oﬁ the trialkylamines
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4 al kyl substituents bonded to the nitrogen atom and tertiary
am._nes having the fornula [err] wherein Ais aryl, Rerr] and
Rlerr] are alkyl and x, a, b and ¢ 5 are integers such that 0 [err] X
[err] 3, 1 [erriyoneheai] 3, O [err] b [err] 2,70 [err] c Hemusbedoso
previded that a + b + ¢ = 3. I n accordance with anot her enbodi nent
of the present i nvention, the novel addition catalyst disclosed herein
are used to first catalyze the reaction bet8een nethyl 10 nercaptan and
acrolein to produce an internedi ate reaction product m xture

conpri sing MWP and B¥RSeRvdp the olefimApercagtam addithent cprdfSteparati on
of the catal yst préfarabipecdibaim fdem ifdver 6@ divadleer eacbownayunaduct
A s P TSR S Bt el Ly, SMIRBBEDBN O 1
be in part appeFRRtYAsEing. peFinqeilerdaeo trifacyilamingr .
5 triundecylamine, tridodecylamine, etc.).
The novel olefin/mercaptan addition reaction
catalyst of the present invention may further include
certain other tertiary amines in which at least one of
the non-hydrogen substituents bonded to the nitrogen atom
10 contains an aryl group (e.g., phenyl, naphthyl, etc.).
More specifically, the aryl-containing tertiary amine
which may be used to catalyze the reaction between
acrolein and methyl mercaptan has the formula

SR,
A—( Cl-lz)x N\
a (Rejc

15 wherein A is aryl, R, and R, are alkyl and x, a, b and c
are integers such that 0 £ x £ 3, 1 €£a<£3, 0£b<2,0
£ ¢ £ 2 provided that a + b + ¢ = 3. Suitable tertiary
amines containing an aryl group for use in the present
invention include triphenylamine, tribenzylamine and N-

20 methyldiphenylamine. Preferably, x 2 1, such that there
is at least one -CH,- unit separating the aryl group(s)
from the nitrogen atom. In accordance with an especially
preferred embodiment of the present invention, x 2 1 and
a = 2 (e.g., N-methyldiphenethylamine and N-ethyl-3,3‘-

25 diphenyldipropylamine) .

Each of the aforementioned amines may suitably be
used as olefin/mercaptan addition catalyst in the
commercial production of MMP. However, with reference to
the catalyst evaluation criteria identified herein, some

30 of these organic bases have demonstrated greater overall
performance and effectiveness than others. In accordance
with a more preferred embodiment of the present
invention, the olefin/mercaptan g@ditioh catalyst



DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS I n accordance
with the present invention, MW is 20 produced by the reaction between

acrol ein and net hyl mercaptan in the presence of novel

ol ef i n/ mer capt an addition catalysts. MW in the reaction product

m xture rrawdﬂgﬂgmli)e reacted with hydrogen cyani de to proggegsdsidbide
usi-ng the novel catalysts present in the MW reaction 25 product m xture
as addition reaction catalyst in the cyani dati on reaction.

The catal ytic reaction between acrol ein and gret hyl mercaptan to
produce MVWP is well-known and, in the practice of the present

invention, this reagomppisas e Hast eder avihd Welldtrany £oom teid erbaghi on

wi t hout particul ar c)?g%lﬁglmn a&;_ %r%itigoégg?g%%g%}egggg\ﬁ% é‘l'di tions

enpl oyed. For € croleirn™v rn a liquid
WO 96/40631 : benzimidazole, picoline, N-methyidipbeperimobmuine, N-
5 reacti on nmedtkgrledns a+-digigenvadiskefy Mid qy @edc tridilylaminedcrol ei n

absorbed in theéiq‘iia@ihgaﬁ%&ﬂnf{%dit%”w;lv cat e bed lix%}'.égél'bydf the
mercaptan in the présencé of an ol’e |n?nercap an addi'tion reaction
catal yst within the2l5vl pubgtigientendopfed & theindtregenortomyet hyl
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basis. A slight excess of . L ] )
MMP, including poly-4-vinylpyridine, t-octylamine, sodium

10 nicotinamide and 3-fluoropyridine. In addition to these
organic base catalysts, certain salts may be used to
catalyze the reaction between acrolein and methyl
mercaptan, including alkali metal acetates, molybdates
and formates, either alone or combined with a crown ether

15 or quaternary ammonium salt to enhance the solubility of
the salt anion in the MMP reaction mixture, and salts of
ethylenediaminetetraacetic acid. Furthermore, we have
examined the use of other compounds, viz., zinc¢ acetate,
zinc carbonate, p-toluenesulfonic acid, 4-aminobutyric

20 acid and palladium chloride, as catalysts in the
preparation of MMP. However, these other compounds are
not particularly useful in catalyzing the reaction
between acrolein and methyl mercaptan and, in the case of
p-toluenesulfonic acid and palladium chloride, appear to

25 be substantially inert in promoting the MMP reaction.

The olefin/mercaptan addition reaction catalyst
should be present in the liquid reaction medium in an
amount sufficient to effectively catalyze the reaction
between acrolein and methyl mercaptan. For example, in a

30 . batch process, the molar ratio of the catalyst to methyl
mercaptan charged to the reaction zone is f£rom about

. 0.001 to about 0.02, preferably from about 0.001 to about
0.01, especially from about 0.001 to about 0.005.

. It should be noted that some of the novel

‘ 35 olefin/mercaptan addition reaction catalyst disclosed
herein (e.g., nicotinamide, imidazole, benzimidazole and



mer capt an may be enpl oyed. Preferably, about 1 to about 10 1. 02 nol es of
nmet hyl nmercaptan are introduced into the reaction zone for each nole
of .acrolein present in the liquid reaction nmedium The met hyl

mer capt an and acrolein can be introduced into the liquid reaction
medi um ei t her siygie Fously or successively. The 15 ol ef i npcEAGSHEI0EN
addi tion reactlon catal yst may be present either conpletely or
partially in the MW or can be introduced into the liquid reaction
mediumentirely or partially along witfythe acrolein and nethyl

ner capt an. The tenperature of the reaction is desirably 20

mai nt ai ned within t kR1{angeidyPrdaent) 3rd Goahaet at Oc®i daliCMMP readicis l on
pressure is not critical g‘grégay \i%réu%t&t&tly fso%gf l'éﬂcths lpg&ever

order to sinplify t & Peac ef el Ted that the
reacti on be conduct €dtalystgtmashist Sa%mbh@ﬂﬂtloyﬁésbﬂr@wlaﬂn@ntw
moderately 25 redl&@dl?&teiﬁ\dﬂieedlﬁﬁidm reaction mixthi¥e.r eagt the

bot en acr ol el b ANLTBLNL BTSRRI enea T RoINBIEONG S ELdel oBLAAET o8

conti nuous or bat chw rbcess, acro n vapor or
l'i quid may be é@ééébﬂ-e #RIYRAL fergapt@remh %Eéﬂéﬁﬁ%lll%ﬂrﬁépaﬁ agid)
equi val ent quantiti ey bAl h@dedtdo/ ehg, r&&d&ﬁitﬁi Iiu&l&dre as deidvgiyger capt an

may be sinultaneousgglhgkﬁgg¥Q§qiaor the ﬁ%gﬁh ggﬁ&g&ly

equi val ent rates of tyor ifto a8 ;i rea t| mprising
MVP, The react ii®n tRedFeRFEEm PLFVER- bHMRYEx :céﬂv‘éﬁ%ttlw aygid
provided for a o vertdiikehohyotf an\separactbeaueiudVidiacd and pddsdbieact or

froma previous bat %r&ve-lr_ggseﬁg@té)%‘ﬁc IQhe reaction between methyl mercaptan

and acrolein, the water content of the MMP reaction
mixture is preferably controlled so that it is not more
than about 6% by weight, more preferably not more than

15 about 3% by weight and especially not more than about
1.5% by weight. Purthermore, if a solid catalyst is
employed, it may be advantageous to first dissolve the
catalyst in a suitable solvent to form a liguid catalyst
premix in order to facilitate addition of the catalyst to

20 the reaction zone. .

The novel olefin/mercaptan addition reaction
catalysts described herein are preferably combined with
an organic or inorganic acid in the reaction zone. The
presence of an acid is believed to moderate the basicity

25 of the organic liguid reaction medium, thereby inhibiting
undesirable base-éatalyzed side reactions which decrease
MMP quality. Moreover, the acid may enhance the
solubility of solid catalysts in the liquid MMP reaction
mixture. A variety of organic acids may be used,

30 including acetic acid, formic acid, citric acid, short-

' chain fatty acids and organic sulfo-acids (e.g.,
trifluoromethanesulfonic acid). Suitable inorganic acids
include mineral acids such as sulfuric and phosphoric
acid. Due to commercial availability and relatively low

35 cost, acetic acid is preferred. The molar ratio of
organic base to acetic acid intrqduced into the reaction
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6 reactor may be operated in a sem -continuous node in whi ch the
acrol ein and nethyl nercaptan are introduced at a substantially
constant rate over a significant portion of the batch cycle, and the
reaction produGobgsgesy Periodically wi thdrawn fromthe react gpecraisssaosddg a
heel for the next batch. Ful l y continuous processes are
described, for - exanple, in Biola U S. Pat. No. 4,225,516, Hsu et al.
U S. Pat. No. 5,352,837 and copendi ng, comﬂnly owned 10 U. S. patent
application Serial No. 08/557,699, all of . whi ch are expressly

i nc;)rporat ed he[ ei Ndne ri%f ey 0E£1 1A rom abtgggcg;g)?g, abBotieu268. al ., the
conti nuous reaction ._carried ou intro in \sapor
and met hyl rrer%%leéﬁ%f"ﬁt % FiGh ?f& Wu¥%a% |to§%%r§d?%§ﬁ%egdl t'J'erg a 15
co-current or countwearicest agessuffidientdyt sohibisies, the moalaeryagdoyefy

the initial reacti oS gt 8agar £batbedtiilc iaRid intFodiided efltdatlie neaition
havi ng an exterpal cool er rou ' '

th h whi ch. t he ction m xture i
circulated. 1 Phe 2018 5 EPROEOPUE fisd 58nBP8FEoi$ twg?Fss?%éejn%re nf‘ﬁrr?e
afforded 20 in thefitle afbrgmenticnsd kasesass comrinedhdnMure r eRRIGIOR

nedi um cont ai ni Ng UpkEAGHRS ACHOhSHN i dIRthk! miRéraPa’did is prefdabler ded
to a second reactor

e, g.., a_plug fl.ow . reactor Qor a c ol di
tank) for conpl eti oﬁ‘sjcﬁ&’ﬁ:e acla g?e%&?ﬁp&?nﬁr 8Fé§abl'%e fnﬁgg%egacﬁ%gépghe
tenperature of the @fganiredeaseohodors migteralc eciid ainfinodpgefeirte e any of
the react N ZpgEStion zone is préfdidbiREEeaRt Mowrtdd tboabsat Bysts for

t he conmrer ci al__pr oduct i f l\ﬁ/P ar e referag V. t he
basis of several cr‘f‘"g%‘?i%fl,ei cltg‘ai RHITC COIRTEr gt Jﬁy%%éﬂk%%%igi gTQd of MVP;
(2) reaction kineticopbimafl (drht anderggnic or tigorgaris ACi¢wantRE si de
reactions which progdggecfifkone, thHB! Brdhid »eRicghbn hiediigpeesepanlylecr ease
product purity, contains between about 0.2% and about 0.75% by weight of
15 the organic base/acid combination. In order to simplify
addition of the organic base/acid combination to the
reaction zone, the catalyst may first be combined with an

organic or inorganic acid to form a liquid catalyst
premix which is then added to the reaction zone.

20 " MMP reaction product may be used directly for the
preparation of HMBN without prior distillation for
removal of either high boiling or low boiling impurities.
This not only saves the capital and operating expense of
distillation, but also avoids the yield losses inevitably

25 resulting from the formation of additional high boilers
in an MMP distillation column. HMBN may be produced by
reacting the MMP reaction product with hydrogen cyanide
in the presence of a suitable addition reaction catalyst.
Advantageously, it has been discovered that

30 triisopropanolamine, nicotinamide, imidazole,

" benzimidazole, 2-fluoropyridine, poly-4-vinylpyridine, 4-
dimethylaminopyridine, picoline and pyrazine may serve as
addition reaction catalyst in the production of HMBN.
Furthermore, trialkylamines having f£rom three to eighteen

35 carbon atoms in each of the alkyl substituents bonded to
the nitrogen atom and tertiary aqihes in which at least



both during the MW reaction and during subsequent storage of the MW
reaction product. Furthernore, such 35 catal ysts are preferably useful in

further catalyzing the reacti on between MW and hydrogen cyanide to

produce HVBN WO 96/ 40631 i

PCT/ US96/ 09060 WO 96/40631 7 so t hatpdriuzeddybto

reacti on product m xture containing the addition catal yst can be

directly treated with hydrogen cyani de to produce HMBN, wi thout

i nt erveni ng purification. 5 It q%s been di scovered that certain

or gani ¢ bases whi ch previously had not “feen recogni zed as vi abl e

ol ef I n/ mer capt an adgd It ch@3abhORy BRI SholBt uent s3BUALEASOUSHY D used

to catal yze the reaction between acrolern and nethyl mercaptan to form

MWP. Accordingly, REtraged AEEE| CeREainA anoRryhanouRsaft 1 FR4EMSDN i ncl udes
- at | east one diemimaboxsemae! ®ldce def noad cey tcatalirebetive yicddation

am-nes, trialkylam éE%PM&bhﬁﬁdtﬁ§é£§y€£ QPLAES: i) WabGlice mmtt | east one
ded to

of the non-hydrogen substituents bon . the nitrqQgen atom of the
tertiary anine gontains ZWSar ¢ i%°°r{%QE&pW1tﬁTﬁaHﬁﬁﬁﬁFrSﬁe??Pﬁ Pin
addi tion reaction the passhysinwenytiont lier isoppysitdet £bi SDpsoO@reyaxe ne.
The heterocyclic angpegywhicaleiRY #BFﬁEEQEabEhﬁ'%ith acr8PYEL in a

ol ef i n/ mercaptan additi gn catal yst o presen I nvention are
sel ected fromthe FREFXBNSPRE 1 e presence of one of the
olefin/mercaptan addition reaction catalysts disclosed

10 herein, either alone or in combination with a suitable
organic or inorganic acid, to produce an intermediate
reaction product mixture containing MMP and the catalyst.
Thereafter, and without prior separation of the catalyst
from the MMP in the intermediate reaction product

15 mixture, the MMP can be directly converted to HMBN by
reacting the MMP with hydrogen cyanide. In the case
where the olefin/mercaptan addition reaction catalyst
comprises a trialkylamine having from three to eighteen
carbon atoms in each of the alkyl substituents bonded to

20 the nitrogen atom or a tertiary amine having an aryl
group in at least one of the non-hydrogen substituents
bonded to the nitrogen atom, it is preferred to
substantially immediately convert MMP in the intermediate
reaction product mixture to HMBN in order to produce HMBN

25 of high quality and in high vield.

The catalytic reaction between MMP and hydrogen
cyanide to produce HMBN is well-known and, in the
practice of the present invention, this reaction can be
carried out in any suitable fashion without particular

30 limitation to the wvarious process conditions employed.

' The MMP product may be reacted with hydrogen cyanide in
either a continuous or batchwise reaction system.
Preferably, hydrogen cyanide is present in a 'slight molar
excess of about 2% relative to MMP. The temperature of

35 the cyanidation reaction is desirably maintained within
the range from about 30 to about‘70 °C, preferably from



20 ni coti nam de, im dazole, benzim dazole, 2-fluoropyridine,

4- di met hyl am nopyri di ne, picoline (e.g., 2-picoline, 3- pi col i ne and
4-npi col i ne) and pyrazi ne. .The trial kyl am nes whi ch may be present
in the ol efi n/ mer capt an addition catal yst of the present 25

invention are clgy I zed by having at |east three carp ggdagiﬁml n
each of the aIkyI Eﬁ |tuents bonded to the nitrogen ato z

tripropyl am ne, tr|butylanine, etc.). However, the alkyl substltuents
shoul d contain no nore than about ei ghggen carbon atons so that the 30
trial kylam ne may be sufficiently soluble in the MW reaction m xture.
The al kyl substitueribeuragobeol albmar 70 °C. basmnohdtheoMMPyebactidm aheder to

take advantage of yrgegﬁg bl dierieanednd| AT ke iR Mt AN

volatility pr ovi e ecu \ I’S’it I‘I% yamnes an
avoid solubility pré’ﬁteﬁé'l herheandvmaye NBEY o i imitse Mot t he
al kyl substituents girefeeablyalkydrosenes atmospherﬂﬂDﬁ&&béﬁﬁel

PCT/ US96/ 09060 5 Due to thelr overall eff tivend3s®a n&aﬁ§l§§y§ for
ol ef i n/ mer capt an addltlon cat re erg tI}'/Jicontaln rom |ve

twel ve carbon at ons Peth le%/i"?/ﬁ%ﬁﬁc?géﬁf‘n% e FFRSHiAR, and
triheptyl am ne, neacmabylhatweentmmwn@nﬂlhmﬂxmgeﬂruy&nnﬁbanthe ad&itlon

triundecyl am ne, tridedacktaglog c&igrdpare mMEN in tHi® PBY%Rion preferably
ol efi n/mercapt an ad Iéﬂﬁﬁlsggagglfgast one amine selected from the group
10 consisting of triisopropanolamine, imidazole,
benzimidazole, picoline, poly-4-vinylpyridine, N-
methyldiphenethylamine, N-ethyl-3,3’-~
diphenyldipropylamine and trialkylamines having from f£ive
to twelve carbon atoms in each of the alkyl substituents
15 bonded to the nitrogen atom.

The MMP and hydrogen cyanide must be reacted in the
presence of a sufficient amount of addition catalyst to
effectively promote the cyanidation reaction. For some
catalyst systems, a greater quantity of addition catalyst

20 may be emploved during the cyanidation reaction than is
present during the reaction between acrolein and methyl
mercaptan. Thus, an excess of addition catalyst may be
used initially during the MMP reaction in order to insure
that a sufficient guantity of catalyst is present in the

25 intermediate reaction product mixture to effectively
catalyze the reaction between MMP and hydrogen cyanide.
However, using an excess of addition catalyst in the
reaction between acrolein and methyl mercaptan to later
achieve optimal hydrogen cyanide addition may cause

30 excessive degradation of the MMP reaction product. In

" such cases, it is preferred that an additional amount.of
- an organic base catalyst be introduced into the
intermediate reaction product mixture immediately prior
to the introduction of hydrogen cyanide to further

35 promote the cyanidation reaction. The catalyst added to

the intermediate reaction product mixture may be selected



catal yst of the present invention may further include certain other
tertiary amnes in which at | east one of t he non- hydrogen substituents
bonded to the nitrogen atom 10 contains an aryl group (e.g., phenyl,
napht hyl , etc.). More specifically, the aryl-containing tertiary am ne

whi ch may be USﬁg ? &satal yze the reaction between acr ol gicinikbcosdadt hy!
ner.captan has t ornula [err] 15 wherein Ais aryl, Rerr] and

Rlerr] are alkyl and x, a, b and c are integers such that 0 [err] x
[err] 3, 1 [err] a [err] 3, O f[err] b [errjs2, O [err] c [err] 2
provided that a + b + ¢ = 3. Suitable tertrary am nes containing an
aryl group for use fizdmt BRy Po£SEHY addltlbﬁvemal%cisneiydpoééd Mearyihaange,

tribenzyl am ne and 29n égyl an¥ a¥¥§&e5§%3bég' a%a[ﬁ&F]tﬁe such

that there Ieas one - err uni arati ng th group(s)
fromthe nit rogen dﬁte@ﬁ\thﬁ BRI RCEORP %Hfi&eﬁg’é’ Lalpycaptan preferred
enbodi nent of the mmﬁhtiﬁwwhu’l,adﬁe[iecaﬁaﬂysﬁndnay comprise & €. J.

N ot byl di phened byl g anlV Sl ecpdes GailiPieny! dTgrapaT ne).

Each of the aforenmentioned am ne
ol ef i n/ ner capt an acﬁﬁlﬁtbﬁlé’a%%ﬁyé}eﬁaﬁ‘ef:ﬁlélenetemﬁc?'é? br o RF&LESRPEY -
MVP. However, with grdfoer encehé Ountrod\icheoﬁabﬁlt}kﬁé addak lleha D ncayadliveki, athe

i denti fied herein, PEnifars O S050 AAPL G, NASER 1RAYE, RIS AL AE

greater overall or nence an I VENESS t
accor dance . vmt#???rﬁﬁ éab?eF%ﬁqﬁifneREBGP%EHﬂlxﬂuthéspP%%%ﬁﬂn about
I nvention, theiol efo. Jolteandpalbontadd tyoweigh®) \Widre preferably between

about 0.05% and about 0.25% by weight, and after the
further amount of catalyst is introduced into the
intermediate reaction product mixture, the intermediate
reaction product mixture contains between about 0.05% and

15 about 1% by weight, more preferably between about 0.1%
and about 0.5% by weight of addition catalyst.

The HMBN produced by the process of the present
invention may be directly converted without purification
to HMBA by either the process described in Ruest eﬁ al.

20 U.S. Pat. No. 4,524,077 or the process of Hernandez U.S.
Pat. No. 4,912,257. 1In the process of the Ruest patent,
HMBN is hydrolyzed in sulfuric acid, the HMBA product is
extracted from the hydrolyzate using a substantially
water-immiscible solvent, and the extract is steam-

25 distilled to.produce an 85% to 90% by weight aqueous
solution of HMBA. In the process of the Hernandez
patent, the hydrolyzate is neutralized with ammonia,
causing it to separate into two phases, the organic phase
being evaporated and filtered .to produce an 85% to 90% by

30 weight agueous solution of HMBA.

' The present invention is illustrated by the
following Examples which are merely for the purpose of
illustration and are not to be regarded as limiting the
scope of the invention or manner in which it may be

35 practiced.
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9 conprises at | east one am ne selected fromthe group consi sting
of triisopropanol am ne, im dazol e, benzi m dazol e, picoline,

N- et hyl di phenet hyl ami ne, N et hyl - 3, 3' - di phenyl di pr.opyl am ne and
trial kylam nes gdw {é g fromfive to twelve carbon atons in epehusbndods

al kyl substituents bonded to the nitrogen atom O her organic
bases may be used as ol efin/ nercapt an addition reaction catal yst for
use in the preparation of MWP, i ncl ud|? pol y-4-vi nyl pyri di ne,

t-octyl am ne, sodium 10 ni coti nam de and ‘3-fluoropyridine. |In addition
to these organi ¢ base catal ysts, cmﬁ,gsgl ts may be used to

catal yze the reaction befwee crol ei n_and, net hyl nercaptan, including
~alkali metal acetates, bﬁﬁé@mg PTOTRAYTS: ﬁ‘é?eg?e%i‘trhéﬁugl gﬁé’“%fe to
conbinmed with a croaasesmmeﬂﬂbmanceqqétmrmdamfﬁnmma@tan catalwst g he
sol ubility of EDe S LrUtQBnl Beﬁxp@eﬂ\/'\ﬁrro‘iéﬁﬁ' 2 Thetithf1e me@BEp S [t Of

et hyl ehedi am netetraacetic acid. Furthernore, we have exam ned t he use
of other conpourds, PEPZuce XM acet at e, zi nc carbonate,

p-tol uenesul f oni ¢ aci d, mamamwyr to P9 testeddwaadmisedd aditbmackbbeinle, as
catalysts in the = anqPi ML o¢f cMAE. mﬁ@ﬁefféewastamr%dﬂ%tﬁoaﬁounds

' t t | ar | f t I
acrol ein and hot hyl SHEPER A ” Fabiy) PRECRESELCE oy 2 B Feactionviel Fhc

aci d and- pal | adi um sebowh deap app@&hy‘ﬂomeﬁcamrsmbst bnensf enradaysingndry
promoting the NyP r@aeté&s\ll of both the fdRidptaityeadiain add HeBBtrion

g0t on catal ot vipa S Rl BECRel) e Bl T B OE b
acrol ein and nethyl1ﬁﬁrbﬂpwewghﬂﬁhassﬂaﬂpl@Cr¢lﬁim was employed. The amount
of catalyst present in the reaction vial was chosen to
. provide approximately 0.0033 moles of catalyst per mole
15 of acrolein or MMP product. In some tests, the catalyst
was first combined with an organic or inorganic acid in a
molar ratio of approximately 0.7 (catalyst to acid) and
this catalyst/acid combination was then added to the
acrolein. Also, water was sometimes added to the mixture
20 in the reaction wvial to improve catalyst solubility.
Where a salt catalyst was employed, it was sometimes
combined with a crown ether or a quaternary ammcnium salt
in a substantially equivalent molar proportion to the
salt to improve catalyst solubility.
25 The reaction vial containing the mixture was held in
an oven maintained at about 50 °C. After approximately
30 minutes, the reaction vial was removed and reweighed
to determine weight loss Quring heating (normally less
than about 0.002 g). Samples of the reaction mixture
30 contained in the vial were analyzed by gas chromatography
for assay and to determine the amount of high molecular
weight oligomers present in the mixture.
Table 1 contains a summary of the performance of the
alternative aldehyde reaction catalysts which were
35 evaluated using the above-described proceduré. Control
tests using pyridine and pyridine combined with acetic



30 batch process, the nolar ratio of the catalyst to nethyl

nmer capt an charged to the reaction zone is from about 0. 001 to about
0.Q2, preferably from about 0.001 to about 0.01, especially from about
0.001 to about O0.005. It should be noted that sone of the nove
35 olefin/nergﬁﬁkﬂﬂapddltlon reaction catalyst disclosed pera8&60éd
(e-g., nicotinam de, 1 mdazole, benzim dazole and WO 96/ 40631

PCT/ US96/ 09060 10

pol y-4-vinyl pyridine) are solids at typical reaction t enper at ur es.
If sufficiently soluble, such solid catdl ysts may be suitably enpl oyed

by dissolving the i%fg %%lhpe&hfbé'ﬁﬂfﬁgFQ@mEfQ§£ﬁ#£P153hXtuéfit%ﬁ s he 5

catal yst is |nsuff|C|en anount sul t

‘'solvent (e.g., wate °ro?*gaémad=1&9 FRERYETR PezEpgyance ingduded aﬂﬁ%@%’d‘the
reaction m xture ascanvartsdlopst amountssl abiliighymalecular twed ghat al ygdmerrsy

Sinply be suspendedang qid) it t8A8LLERsHRRE BECtnd yfiiaranka BEdRte (0 avoi d
10 formation of a SQ#?rale ag&ﬁg $ ase an gff adver se
effects on the reac? GPITAR caffigRlLY tr%?naﬂ%’cFS?EF’l'Pnthe
water content of thmiktdre empitiaoned in thetwiedé wilbrafosr abllpwcaotobdidred so
that it is not m)re cenéf?c’lo?ab%hdﬁc/a@ihd/‘@x'ﬁﬂtcoﬁ@éfszf&&xeftsrﬁhby Ny MOI €
t han 15 about 3% melg gnd emgg nore. t ha aq E 1.5%
by wei ght. Furthernﬁ%% of. Pd gz wegght ollgomers indicating
minimal side reactions), and a generally flat gas
10 chromatography base line (indicating the absence of other
polymers). Poor quality material will have a pronounced
broad peak eluting several minutes after the aldehyde
peak, which does not always correlate with oligomer
levels. Gas chromatography-mass spectroscopy work has
15 shown this broad peak to be aldehyde, indicating other
components are breaking down in the analysis to form this
peak. Since in this procedure an excess of methyl
mercaptan was used, aldehyde yield was not considered a
meaningful evaluation criterion.
20 In Table 1, the gas chromatography baseline codes
(S}, (M) and (U) indicate satisfactory, marginal and
unsatisfactory, respectively. ND and tr indicate "not
detected* and "trace", respectively. All values are
reported as weight percent.



enpl oyed, it may be advantageous to first dissolve the catalyst in a
suitable solvent to forma liquid catal yst prem x in order to
facilitate addition of the catalyst to 20 the reaction zone.

The novel ol efin/nercaptan addition reaction catal ysts descri bed
herein are pre %’J{)ﬁslco”b' ned wth an organi C Or i nor gaer/sssmosso N
the reaction zone presence of an acid is believed to noderate the
basicity 25 of the organic liquid reaction nmedium thereby inhibiting
undesirabl e base-catal yzed side reactions which decrease MWP quality.
Mor eover, the acid may enhance the solubility of solid catalysts in
the liquid MW reaction m xture. A wabigty of organic acids nay be
used, 30 i ncluding acetic acid, formc acid, citric acid, short-

chai n fatty acids aﬂﬁ>dkgadw@tsulfo acids (e.g., High Molecular
tr|fIuoronethanesuLﬂEh@EﬁE&L&ﬁ_JQEEQEQQEhnorgaﬁﬁ%gkﬁﬂhsﬂg&ﬂﬁhﬁﬂ#ﬁﬂﬂﬁﬁi
m neral acids such as s.lfurl and phosphoric 0 cid. Due to co ci al
availability ang re }: i 1§5ac180 , acetlcD idis preferredy 1 The
nol ar *rati o of ﬁj Saset 8 tceti'c acid introduced into the
reaction VE%ﬁHHéB%%&hcetlc acid (S) tr _ 1.1
PCT/ US96/ 09060 Imidazole/acetic acid (8) 110.3 zone is typitadly
fromabout 0.5 to about 2.0. Preferably, in order to ensure that

base- cat al yzed si deBenzimisdazdleiwaber/acstfici entlg i nhi bited, the nnlgr
rati o of acid (8) : .2

10 Nicotinamide (U)
Nicotinamide (U)
Nicotinamide (U)
Nicotinamide/water (U)
Nicotinamide/water (U)

15 Nicotinamide/acetic acid (S)
Nicotinamide/acetic

acid/water (S)
Nicotinamide/acetic
acid/water (S)
20 Nicotinamide/water/sulfuric
acid (U)
Nicotinamide/water/sulfuric
acid ()
Nicotinamide/water/sulfuric

25 acid (U)

Nicotinamide/water/
phosphoric acid (U)

%OOO
~J N W SO W

= Ul o

g8

o W

[5; B+ o}
A
o
[

Sodium nicotinamide (U) 14.6
Sodium nicotinamide/acetic
30 acid (U) ND

Poly-4-vinylpyridine (U)
Poly-4-vinylpyridine/
acetic acid (U)
Poly-4-vinylpyridine/
35 acetic acid (U)
Poly-4-vinylpyridine/
acetic acid (U)

o oo
PR

Sodium acetate/l5-crown-5 (M) 2.0 - 24.8

Sodium acetate/
40 trioctylmethylammonium
chloride (U) 1.3 4.4

Sodium molybdate (U) 0.1 4.7
Sodium molybdate/acetic



organi c base to acetic acid introduced into the reaction 5 zone is from
about 0.5 to about 1.0. Were one or nore of the aforenentioned bases
is conbined in the reaction zone with a mneral acid, the mneral acid
is preferably sul furic acid or phosphoric acid. The nolar ratio of the
~organic base to abdsper al acid introduced into the 10 I e e I/0806/8906%C | S
preferably from about to about 50. When one of the organic bases

di scl osed herein is conbined with an organic or inorganic acid in the
reaction zone, the liquid reaction medi um prgeferably cont ai ns bet ween
about 0.2% and about 0.75% by weight of 15. the organic base/acid

conbi nation. |In ordescid @)inplify addi ti on ®f3 t he organi ¢ bask/facid
conbi nation to the reacti on zone, the catalyst may first be conhi ned
with an organlﬁoéﬁmmﬁﬁﬂgﬁﬁﬁc(%bld to forma fitydi d catal yst

prem x which is theB added 5 he eaction zone. q_ MVP reaqglon
product may be usedng Eﬁ agL?e a ldjr(%garagbon of HVBN vmthcy’t3 prior
distillation for renova I gh boiling or Iow boiling
impurities. s Thpgi i @ Ichisay&s hﬂe capi tal mmd operating expemse of
distillation, but also avoids the yield | osses inevitably 25 resul ting
fromthe formati on pfTeluenesmifonhc ghcixbi (Br s NDin an MWP distil3&ion

1M

colum. HMBN may be produced hy reacting the MVWP reaction product

wi th hydrogen cyanlée n°b4q¥q?ﬁea @Hbe of a sWPtable addition réattion
cat al yst . Advaft éFta been di scovgred that 30 2.8
triisopropanol giiney,_ gg a i g dazol e benzi m dazol e, ’
2-fluoropyridine, polgc Xﬁb I ne, 4- digget hyl am nopyri di gez

pi col i ne and pyrazi ne nmay serve as addition reaction catalyst in the

producti on of HVBN. 2-Fluofegwdictimere, trial kyl am nes having fromthree to
ei ghtéen 35 carbon atewiciarigadif)of the al kyl s@bdtituents bonded<t®-1

t he nltrogen atomand tertiary amnes in which at |east
_ 3-Fluoropyridine/

15 acetic acid {U) 0.2 < 0.1
PTripropylamine/acetic acid/
water (U) < 0.1 < 0.1
Tributylamine/acetic acid (Ui < 0.1 0.5
Triphenylamine {(U) < 0.1 < 0.1
20 Triphenylamine/acetic acid (U) < 0.1 0.2
Tribenzylamine (U) 0.2 < 0.1
Pyrazine/acetic acid (U) < 0.1 0.1
t-Octylamine/acetic acid (U) 0.2 2.0
4-Dimethylaminopyridine/
25 acetic acid (8} < 0.1 0.5
4-Dimethylaminopyridine/
acetic acid/water (S) 0.1 0.9
Zinc acetate (U) 0.4 0.4
Zinc carbonate (U) 0.3 < 0.1

30 EXAMPLE 2
The following procedure was used in this
Example to assess performance of triisopropanolamine and
certain trialkylamines and phenyl group-containing
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12 - one of the non-hydrogen substituents bonded to the nitrogen
atom contains an aryl group as discl osed her ei nabove may al so be used
to” catal yze the reaction bet wen MVWP and hydrogen cyani de to produce

HVBN. 5 wo Délsdgarl N accordance with a preferred enbodi mpor/usésnssss the
present invention, It is possible to first prepare MVWP by reacting

met hyl nercaptan with acrolein in a reaction zone in the presence of
one of the ol ef i n/ mer captan addi tion Egact i on catal ysts disclosed 10
herein, either alone or in conbination with a suitable organi c or

i norganic acid, to.ppesdEse @fiddd @sTBUb8ig/mercaptanCtaalystad folr rhet ure
cont ai ning MW and t he_cat

| yst . her eaf d_w ri
separation of the 5&?&F§78?abé/tweﬁ’nr (?ﬁ\rPlsuk/l\%'é E‘(et’tﬁgrfirﬂ%\%‘%%a? gl ?’ggg‘tl?%n
produet 15 m xtur@&MPthe MVP can be directly converted to HVBN by

reacting the MVP with hydrogeh £yaniedes, tHeldtalase to be Weted hes
ol ef i n/ mer capt an addi

navi g from i hrbe dgeer onppepied SReELRRSKIL acia WROITRRIEF fhedd Helhl am e
substituents bondecpproXdmatehe hits oFowewedbm i the 628faPy ami ne having an
bonded 1o {he ni tr aaaE P e A et Latlot

i %r;egi ately convert‘%ﬂ%ﬁ P%n{:ﬂééa)rﬁ%:e&r?eaicg é‘g acid roefagt'lggz %?péd%clf%rﬁ Kture

to HVBN i n order tcimgdcuddauh@Npizse. offhei ghtairati/iagesia #aidi gh vyiel d.

The catal ytic {gactdpbibatiefwad/ Ml idhogerolein apyiaai geanigy adiice

HVBN i s mell-kncww1€H¥% mkgtﬁgg was combined with an excess of methyl
mercaptan in a 2 ml reaction vial with septum cap.

Methyl mercaptan was transferred using dry ice cooling of
both the mercaptan vial and the reaction vial. An excess

15 of methyl mercaptan of about 0.4% to about 9% by weight
based on acrolein was employed. The amount of catalyst
present in the reaction vial was chosen to provide
approximately 0.0033 moles of catalyst per mole of

"acrolein or MMP prdduct.

20 The reaction vial containing the mixture was
held in an oven maintained at about 50 °C. After
approximately 30 minutes, the reaction vial was removed
and reweighed. to determine weight loss during heating
(normally less than about 0.002g). Samples of the

25 reaction mixture contained in the vial were analyzed by
gas chromatography for assay and to determine the amount
of high molecular weight oligomers present in the
mixture.

Table 2 contains a summary of performance of

30 this group of alternmative aldehyde reaction catalysts
which were evaluated using the above-described procedure.
The same criteria as set forth in Example 1 were used in
the present Example to evaluate catalyst performance.

In Table 2, the gas chromatography baseline

35 codes (S), (M), and (U} indicate satisfgctory, marginal,



practice of the present invention, this reaction can be carried out in
any suitable fashion w thout particular 30 limtation to the various
process conditions enpl oyed. The MWP product may be reacted with

hydr ogen cyani de in either a continuous or batchw se reaction system

Preferably, anide is present in a slight nolar
about 2% el atl ve tﬁo% The tenperature of 35 t he cyani dat’ g%&&ég‘gtl on
is desirably maintained within the range from about 30 to about 70

[err]C, preferably from V\D96/406§&
PCT/ US96/ 09060 13 about 50-to about 70

[err]C. As in the % Eﬁ@&&igf‘acécn% re g%ig}glg, mﬁi%%‘.ﬁﬂsd%r N t he

cyanidation reactio vryvvl ellmts
but preferably ’1"9§’°EF8§ea? d“’%‘t%ﬁ’ﬁét’?ﬁtpr essure. Due to their
overall effectiveness as catalysts for both the oI ef i n/ mer capt an
addition reaction and the reacti on between MW and hydrogen cyani de,
the addition catal yst used to prepare HMBN in this fashion preferably
conprises at |east one am ne selected fromthe group 10 consisting of
triisopropanol am ne, imdazole, benzi m dazol e, picoline,

pol y-4-vinyl pyridine, N nmet hyl di phenet hyl am ne, N-ethyl -3, 3" -

di phenyl di propyl am ne and trial kyl am nes having fromfive to twel ve

carbon atons in each of the al kyl substituents



15 bonded to the nitrogen atom The MW and hydrogen cyani de
must be reacted in the presence of a sufficient anmount of addition
catalyst to effectively pronote the cyani dation reaction. For sone
catal yst systens, a greater quantity of addition catalyst 20 may be

enpl oyed duri ngwblgg“&?pni dation reaction than is pr esentpcdiifsoélébodon ©
reacti on between acrolein and nethyl nmer capt an. Thus, an excess of
addition catal yst may be ~used initially during the MW reaction in
order to insure that a sufficient quanéity of catalyst is present in
the 25 I nternmedi ate reaction product m xt te to effectivel y catal yze
the reaction between MVMP and hydrogen cyagl 2 However, using an
excess of addition catalyst in the react1on between acrolein and

met hyl nercaptan tomwt eatalystachi eve optinmal hydrogen cyggh deladdihion

may cause 30 exceggovesgedrpssélioe gbdehe M\drdledeat i oneddind 0ligombhs
such cases, it is preferred that an additional anmount of an organic

base catal yst be_ i ntirddgepyopanelaniae/ i ntermedi ate reaction product
nixtuie i nmedi at®ly pecsEic acidolfhe jntroducti of-df hydrogen cyandé to

. further 35 prormteft.he cyani dat}' on.r.eaction. - The catal yst added to
. the internedi ate rea&%ﬁ§§?%g$ﬂﬁ%? ?ﬁ%ﬁ? re may be ggehected WOq .1
- 96/ 40631 Tripentylamine/acetic PCT/'US96/ 09060 ’
14 fromany of thgjaddghion catal ysts discloged herein and < 0.1
10 Trioctylamine/acetic
acid (S) 0.1 < 0.1
Tridodecylamine/acetic
acid (8S) 0.1 < 0.1

N-methyldiphenethylamine/
15 acetic acid (8) 0.1 < 0.1
N-ethyl-3,3’-diphenyl-
dipropvlamine/acetic

acid (s) 0.1 0.3
N-methyldiphenylamine/
20 acetic acid (U) ' < 0.1 0.1
EXAMPLE 3

In this Example, a mixture representative of
MMP produced using tripropylamine combined with acetic
acid to catalyze the aldehyde reaction was converted to
25 HMBN by reacting it with hydrogen cyanide.
An MMP mixture was prepared by mixing water
(0.091 g), distilled MMP (6.91 g) and a
tripropylamine/acetic acid catalyst solution (0.008 g)
containing 0.54 moles of tripropylamine per mole of
30 acetic acid. Hydrogen cyanide (40 pl, 992.5%) was added
to 70 pl of this aldehyde/water/catalyst/acetic acid
mixture in a reaction vial, using wet ice cooling during
transfer. The reaction vial was then placed in a 50° C
oven for 30 minutes. The tripropylamine catalyst present
35 in the MMP mixture was used to catalyze the cyanidation
reaction. The vial was then removed from the oven and
allowed to cool. A sample of the cooled nitrile reaction



may, in fact, be the sane catal yst used to catal yze the reaction

bet ween acrol ein and net hyl nercaptan. Alternatively the added cat al yst
may conprise a 5 conventional organic base catalyst (e.g., pyridine,
triethyl am ne, hexanethyl enetetram ne etc.). Preferably, prior to the

i ntroduction of_ the additional catalyst, the concentr at i ggrRkociob®o

addi tion react iR ﬁwﬂlyst in the I nternmedi ate reaction product m xture
i s between about 10 0.01% and about 1% by wei ght, nore preferably between
about 0.05% and about 0.25% by wei ght, and after the further anmount of
catalyst is introduced into the i nt erA&di ate reaction product mixture,

the internedi ate reacti on praqduct £1xture contalﬁﬁeng%pen about 0. 05%
and 15 about 1% BFOREFHhEoRtAHNed, M8 ERG bR &R Re BRC BHTS and

about 0.5% by wei ghthrofiandgirapion foat asgay.and to determine HyRNapPuaticell by
the process of thel’ﬂrgﬁsﬁeiecular hidM Rt 811 feree plekest | in Q:Qiévﬁ\&kedré\dthout

purification ei ther the_p Cess. ;qesc
20 U.S. Pat. No. E’?z&aﬂﬁgg ?°’ﬁ"f‘é‘n6fio§83é£ éeﬁfﬂl “R‘%?‘&Ef%
4,912,257. In the preigbssodigonmrsRand: OplderP on a Wﬁﬁwhﬁsbdﬁ}érolyzed |n

sul furic acid, the HVBA product is extracted fromthe hydrol yzate
using a substantially mater-innisikggﬁggglvent and the extract is
steam 25 distilled to produce an 859 A%W melght aqueous

sol ution of HVBA. In the proEesthici Bxaoplies naheRiAnamidepaimifiazolife

hydrol yzate is nemﬁé’ﬂz‘ﬁﬁ@a%i@ mm&owrldlﬁumzhhetéh@@@ﬁ&b&lnet 0
two phases, the or anlc

t { d
o 850t o006 by SO BAESE B S BEESRRarS uRtited BURhPRY 2 BTOCINE
i nvention is |10ustﬁwnﬂh$rb?sﬁﬁés the#ﬁapﬁﬁﬁpﬁ@a¥§ﬁuﬁﬂ edehiR (IPTFAR R el y

for the purpose of agditiichl dataBFstd fid cheersattion herwegaratacblasin andt i ng
t he scope of thqﬂuay%ggkggtga manner in which it my be 35 practiced.
Distilled acrolein having a typical assay of
about 97.3% to about 97.5% by weight acrolein and about
15 2.5% by weight water was mixed with hydroguinone to
provide a mixture having a hydroguinone concentration of
about 0.10% to about 0.12% by weight. The mixture of
distilled acrolein and hydroguinone was stored at 0 to 5
oC. Distilled methyl mercaptan having a typical assay of
20 about 99.3% to about 99.5% by weight methyl mercaptan was
employed.
The aldehyde reaction was conducted in a 1000
ml stainless steel reactor with internal cooling coils
for temperatﬁre control and an agitator. A quantity of
25 MMP was first prepared by reacting acrolein and methyl
mercaptan in the presence of a particular aldehyde
catalyst. This ﬂMP was then used as a “"heel" in
preparing a subsequent batch of MMP using the same
~ catalyst. Typically, several batches of MMP were
30 prepared using the same catalyst and an MMP heel from the
preceding batch so that steady state conditions were
approached.
To make the MMP heel, methyl mercaptan was
charged to the reactor followed by the catalyst using a
35 subsurface feed tube. The reactor and its contents were
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15 - EXAWMPLE 1 The foll ow ng procedure
was used in this Exanple to assess performance of proposed

ol ef i n/ mer captan catal ysts for the reaction between acrol ein and net hyl
mercaptan to 5 o MVP. The catal yst to be test pgrr@ssgosgecd
w t-h acrol ein and a quantity of this m xture was conbined with an
excess of nethyl nmercaptan in a 2 nl reaction vial with sept um cap.

Met hyl mercaptan was transferred using dry 49 ice cooling of both the
mer captan vial and the reaction vial. An.excess of nethyl nercaptan of

about 5% to about warmédotly aniieht bagfSsriuRe ael RhichasinRRheyadroléin

anount of catalyst present.in_th act] i al. chosen . to_.

provi de appr oxi mat e%’?sogﬁcgﬁ_%ﬁeegeggtégt%}éyrg% eer%k?r&b?%ffgogg gtgr BrarRed,
MWP product. |n somdttasreactinn tgmppyature of ghouti $4t°Conidborg w005 an
organi c or inorgani fio@eslof Mnethyl me#Bhpfari drid abbuBPPlEodITiicdle B£7

(catal yst to acid) his e | d ¢ ' | S en added
to t hey acr oﬁdei %ggﬁ%%t "\;/\?a eer(:%\%%_eéo%é?&ﬁggegggégﬁépgﬁ\ﬁmogur e 20

in the reaction vi aRcreledpr oBxceptaipsthe oraps [afi picotinamigle.e thesa t

catal yst was enpl Oye:dtalilrswacﬁ: IMEredREor was _Cdtﬂﬂlﬂiﬁed Wit stetievacgher or
a quaternary anmmoni um. | subs y ent . :
proportion to the Hg%ﬁga_%tm?loaﬁ lJ;rt%\(/’egga%a yé‘stadgol(ﬁggﬂlf%/t %@?%Ec. The
reaction vial contaPfiAY-t h'@‘?ﬁ@@[g?ﬁh&@ﬁaé'eﬁ@“bpl} was finkshed &y maintainendat

about 50 [err] Qo Af the BPPEesd NRinflerature at about 50 °C and agitating the
contents of the reactor for about 60 minutes. Once the
aldehyde reaction was complete, the reactor and its
contents were cooled to 20 to 25 °C over a period of
about 10 minutes while continuing agitation.

15 The catalyst'(0.0033 moles per mole of
acrolein) and, except in the case of nicotinamide, acetic
acid (0.7 catalyst to acetic acid molar ratio) were
blended with the MMP heel and charged to the reactor for
preparation of additional aldehyde. Methyl mercaptan and

20 acrolein were then fed simultaneously to the reactor with
agitation over a period of about 30 minutes at a reaction
temperature of about 60 °C. Approximately 1.005 moles of
methyl mercaptan ﬁer mole of acrolein were charged to the
reactor. The aldehyde reaction was finished by .

25 maintaining the process temperature at about 60 °C for
about 23 minutes. Once the aldehyde reaction was
complete, the reactor and its contents were cooled to 20
to 25 °C over a period of about 10 minutes. If .
necessary, the batch reaction sequence was repeated using

30 a particular catalyst and an MMP heel from the preceding
batch until steady state conditions were approached.

A sample of the reaction mixture from the final
batch was injected into a gas chromatograph for assay. A
sample of this reaction mixture was also subjected to gas

35 chromatography analysis to determine the amounts of high
molecular weight oligomers in the mixture. In some



30 mnutes, the reaction vial was renoved and rewei ghed to determ ne

wei ght |l oss during heating (normally |ess t han about 0.002 g). Sanples
of . the reaction m xture 30 contained in the vial were analyzed by gas
chromat ogr aphy for assay and to determ ne the anmount of high nol ecul ar
wei ght ol i gonergo BeRNt in the mxture. Tabl e 1 cpoi/esssRItso
summary of the pertormance of the al ternative al dehyde reaction

- catal ysts which were 35 eval uat ed usi ng the above-descri bed procedure.

- Control tests using pyridine and pyrlp,i ne conbined with acetic

- WD 96/ 40631 PCT/ US96/ 09060

16 acid are |BaééﬁledlifnﬁrteﬁuEBQﬁgss@fdl‘é%WBQrtﬁ@rlmxcrﬁeh@f:h.an produdit

eval uati ng catal yst erforna lein nver si on, anopunts
of high nol ecul ar ¥B ﬁh? ﬁﬁ%ﬁé’ttsgo te&ncf QaaPP 2FIRAEE gzgsessmant of the
appearance of the 5 approfiabdee3chrrpaingg sasmmane A1 [Ehet RETAMMARIRt i on
m xture contained pp the éllt?érd&t'zbesam‘ékﬁrdé)\ﬁeaéﬁ%ﬁldhtalystﬁnﬁﬁi’léﬁ adz@n

d h I
uwei ght ol gorers ( PRALEAYhgi<iel Ehe, Hitbeasst TR oo B8, R 01

| flat gas 10 chroﬂ?&ﬁ@bﬁ%pﬁy%@ Bi héﬂ#ﬁﬁﬁ@&t Wﬁgﬂh@%ﬁﬁ@ﬁc@ oheiser
. polymers). Poor quakrEypéa Sldcdoletih| ity er@ PLRGROKOLSshlar wetight peak

eluting several oyt esnald o % BhAS R en relRkon MANASRE' 2 veys

results from a control test using a pyridine catalyst
10 combined with acetic acid are included for purposes of

comparison.
Table 3
High Molecular
MMP Catalyst ) MeSH Acrolein MMP Weight Oligomers
15 Pyridine/acetic acid 0.30 0.23 97.88 1.25
Nicotinamide 0.94 0.5 89.74 9.47 -
Imidazole/acetic acid 0.11 0.5 97.12 1.43
Benzimidazole/acetic
acid/water 0.21 0.17 97.59 1.56
20 2-Fluoropyridine/
acetic acid 0.64 0.5 96.50 2.12
Pyrazine/acetic acid 0.30 0.23 97.88 . 2.19
4-picoline/ _
acetic acid 0.21 0.38 98.02 1.14
25 Of the catalysts evaluated in this Example,

nicotinamide, pyrazine, and 2-fluoropyridine produced MMP
having elevated levels of high molecular weight
oligomers.
The MMP produced using imidazole, benzimidazole
30 and 4-picoline as catalysts was tested for storage
stability at 45 °C. For purposes of comparison, MMP made
using pyridine combined with acetic acid was also aged at



| evel s. Gas chromat ography-mass spectroscopy work has 15 shown this broad
peak to be al dehyde, indicating other conponents are breaking down in
the analysis to formthis peak. Since in this procedure an excess of
met hyl mer capt an was used, al dehyde yield was not considered a

meani ngful eval | riterion. 20 In Table 1, the g

chr omat ogr aphy \Bgtgg/ﬁ%?lg codes (S), (M and (U) indicat eq?gtnijsg?,%gg?oory,
mar gi nal and . unsati sfactory, respectively. ND and tr indicate "not
detected" and "trace", respectively. Al vglsgues are reported as wei ght
percent . WO 96/ 40631 .

PCE{US96/09060 45 °C to assess storage stabililt,. In a typical aging
Table 1 MVP t i gha Mok lAar

; > £ . t etlla
(CGC assay Baseline aag 40 g 3\cr%}f%lar%wygﬁtpﬁ?%conge§§ Bla ridine (S)
0.5 - glagsss botpye) whidh Jas thepcFyapsferred to gnjoven
0.1 | mi dazol e/mEitained dt (& °C. Periodically, samples &flthe
Inlda%ple/acetlg agéfkééﬁt were thﬁhrawn from the boétfé and analyzed by
Benzi m dazol e/ wat er7acetl c )
gas chromatography for assay. The results from the MMP

aging study are summarized in Table 4.

Table 4
MMP Loss
10 MMP Catalvst Days (wt $MMP/day)
Pyridine/acetic acid 30 0.10
Imidazole/acetic acid 11 3.98
Benzimidazole/acetic acid 11 1.05
4—picoline/acetic acid 10 . 0.30
15 4-picoline/acetic acid 21 0.37
4-picoline/acetic acid 31 0.37

At 45 °C, MMP produced using imidazole,
benzimidazole and 4-picoline as olefin/mercaptan addition
catalysts showed faster deterioration as compared to

20 aldehyde made using pyridine.

The MMP prepared using imidazole, benzimidazole
and 4-picoline combined with acetic acid as
olefin/addition reaction catalysts was converted to HMBN
by reacting it with hydrogen cyanide using the organic

25 base catalyst remaining in the MMP reaction product
mixture to further catalyze the cyanidation reaction.
For purposes of comparison, the MMP prepared using
pyridine/acetic acid as the catalyst was also converted
to HMBN.

30 The nitrile reaction was conducted in the same
1000 ml stainless steel reactor with agitator and



gcid(S) 0.2 1.0 10 Nicotinamde (U
3

: 1.7 Ni coti nam de (U) 0.9

6.5 Ni coti nam de (U) 0.4 3.0

Ni coti nam de/ wat er (U) ND 0.2

Ni coti nam de/ Wa§esesdokd: 0.3 5.0 15  peTUS96/09060

Ni-coti nam de/ acetic acid (9S) 5.2 Ni coti nam de/ acetic

acid/ water (S 0.7 2.8

Ni coti nam de/ aceti c aci d/water (S) 2¢ ND

4.0 20 Nicotinam de/water/sulfuric -acid (V)

a iI)6 ihternal d¥cddhgnesiXlie/fsat eefperéture control. acthe MMP
B | Ny ar f

W g T i g A

(V) 0. 5 weighed into thegrgactor. §8§Fﬁﬁ?ﬂi?¥ﬁqﬁég was

ag.6 Sodiun1nhhehiﬂamhﬂﬁka?etéacﬁﬁk withaapgdtétlon over a perlod of
oly G o

8.1 Pol y- Z? vin Zé l%%m%es aﬁ: & t%ég%éﬁogcggo‘% 60 °c. 0.1

1.2 POIy A4- V|ﬁ ﬁ OF 1.02 moles pf] hydrogen’'cyanide per m@gle of

~acetic acid (V) MMPPQé:Ve %hang)eﬁpyblﬁhéle:‘eactor The Ghikrile reaecidn c acid
(S(L)J%il um acetsg?'eymdfg%ggakf %%hﬁlém e bat:ch without agltaglo§ or
: coollng for about 0 mlnutes. Once the nitrile reaction
10 was complete, the reactor and its contents were cooled to
20 to 25 °C over a period of about 10 minutes. A sample
of the reaction mixture was subjected to gas
chromatographic analysis to determine its assay, MMP and
oligomer content. The results from the nitrile
15 conversion are summarized in Table 5.

Table 5
High Molecular
HMBN Catalyst MMP HMBN Weight Oligomers
Pyridine/acetic acid ND 98.5 0.7
20 Imidazole/acetic acid txr 98.3 1.2
Benzimidazole/
acetic acid ND 94.7 1.3
4-picoline/acetic acid ND 99.3 0.7
BEXAMPLE 5
25 Distilled acrolein and methyl mercaptan were

used to prepare an MMP heel and batch after the manner of
Example 4. Poly-4-vinylpyridine, supplied by Reilley
(Reillex 425) was used as the olefin/mercaptan addition
reaction catalyst. Poly-4-vinylpyridine (2.7 g) was

30 charged to the empty reactor. Methyl mercaptan (88.4 g}
was then charged to the reactor. The reactor and its
contents were warmed to ambient temperature at which time
acrolein (100.9 g) was fed to the reactor over a period



chl oride (U 1.3 4.4 Sodi um

nol ybdate (U) 0.1 4.7 Sodi um
nol ybdat e/ acetic WO 96/ 40631 '
PCT/ US96/ 09060 , 18 acid (VU
0.3 . WO 9640631 Sodi um Fornmate (U) PCT/U896/09060
0.3 Di sodi um EDTA (V) 0.1 1.3

- Di sodi um EDTA/ acetic acid (U ND 2.3 5 Pal | adi um
chloride (U ND 73 p- Tol uenesul fonic acid

U) ND _ _ 5.8 4- Am.nobutyric acid (U) ND
4- Am nobut yEi gbeet B0 minutesageta craaitdopUkemperature of abdli: S0

(
g:g 10 4iAgIEFBg£g%$?iSﬁkgjéfégﬂiﬁe reacti&f WM REshéd as described in NP
. Example 4. Without further catalyst addition, methyl

mercaptan (196.1 g) and acrolein (235.9 g) were then fed

' 5 simultaneously to the reactor with agitation over a
period of about 50 minutes at a reaction temperature of
about 50 °C. The aldehyde reaction was finished by
maintaining the process temperature at about 50 °C for
about 30 minutes. A sample of the reaction mixture from

10 the batch was subjected to gas chromatographic analysis.

The analysis showed 89.9% MMP, 0.4% acrolein, 0.8% methyl
mercaptan, and 0.02% pyridine on a weight basis.

The MMP product containing the poly-4-
vinylpyridine catalyst was converted to the nitrile in

15 the same reactor after the manner of Example 4. Hydrogen
cyanide (155.4 g) was fed to the reactor containing MMP
(600.0 g) with agitation over a period of about 50

" minutes at a temperature of about 50 °C. The nitrile
reaction was finished by holding the batch without

20 agitation or cooling for about 30 minutes. Once the
nitrile reaction was complete, the reactor and its
contents were cooled to 20-25 °C over a period of about
10 minutes. A sample of the nitrile reaction mixture was
subjected to gas chromatographic analysis. The analysis

25 showed 72.9% HMBN and 2.6% MMP on a weight basis.

In view of the above, it will be seen that the
several objects of the invention are achieved. As
various changes could be made in the above-described
processes without departing from the scope of the

30 invention, it is intended that all matter contained in

. the above description be interpreted as illustrative and
. not in a limiting sense.



acetic acid (9 0.1 <0.1

3-Fl uoropyridi ne/ 15 acetic acid (U : 0.2
<0.1 Tri propyl am ne/ acetic acid/ wat er (U)
30.1 <0.1 Tri but) THS< tic acid (U <0.1
5 Trip ne (U SBEAT HAS BEEN Trubed
Tri phenyl ani ne%‘gg{&g&aci d (U <0.1 REPLACED 0 2 re oot
Tri benzyl am ne (U) 0.2
Pyr azi ne/ aceti ¢ apid (Uy < 0.1 28 0. !
Jotylaninelscetio acit () 02 Z |||||||uu i
4- Di met hyl am nopyr gth MEDaggtlc acid (S
0.5 4- Di nethylan1nopyr| I ne/ acetic acid/ water (S)
0.9 Zinc acetate (U) 0.4
Zinc carbonate (U) 1. MNpBocess for the manufagture of3§—
- EXAMPLE 2 (methylﬂﬁﬁbfﬁ¥d§@ﬂh@gcéﬁ§¥¥§¥%©eré&étiﬁéﬂhéﬂmynhmﬁrcaptan

: F??QFL; ;(r)ri ﬁ;:eZﬁd gg%&%f% L I SO Wgéjanz%n%mRetﬁg%resencgegkaéﬂ'
olefzn/mercaptan addltlon reaction catalyst, said

5 catalyst comprising at least one organic base selected
from the group consisting of triisopropanoclamine,
tripropylamine, nicotinamide, imidazole, benzimidazole,
2-fluoropyridine, 4-dimethylaminopyridine, picoline,
pyrazine, trialkylamines having from five to eighteen

10 carbon atoms in each of the alkyl substituents bonded to
the nitrogen atom and tertiary amines having the formula

LCAL,
A—CCHZJ, N\CR S
a 2/¢c

wherein A is aryl, R, and R, are alkyl and x, a, b and ¢
are integers such that 0 £ x <3, 1 £a<3, 0sb=<2,0
15 € ¢ £ 2 provided that a + b + ¢ = 3.

2. A process as set forth in claim 1 wherein
said olefin/mercaptan addition reaction catalyst
comprises at least one organic base selected from the
group consisting of triisopropanclamine, imidazole,

5  benzimidazole, picoline, N-methyldiphenethylamine, N-
ethyl-3,3'—diphenyldipropylamine and trialkylamines
having from five to twelve carbon atoms in each of the
alkyl substituents bonded to the nitrogen atom.

3. A process as set forth in claim 1 wherein
the molar ratio of organic base to methyl mercaptan
introduced into said reaction zone is from about 0.001 to
about 0.02.
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potueen serol o h and"st oot “hercapran. o arosaes Y e THHI mllmlﬂ R

all tests, the catalyst to be teste §§’H T HAS BEER rb| ned with acetic
acid in a nolar g dd"@ ff appr oxi jvat lﬁ E% eppovevgr, in t BerRRshottd
addr t1onal

tri-propyl am ne, acetic acj al-dr rati o of
catalyst to acetic acid of 0.54) to achieve a single liquid phase. The
catal yst/acetic acid 10 conbination was mxged with acrolein and a quantity
of this m xture was conbined with an excess of nethyl mer capt an

ina2m reaction vial wt hﬁephuﬁbﬁé@ss as seVPEB¥h "Bl ARLAN3VGherein
transferred using dr ce C e nercaptan.vial,and the

eaction vial. An oRbAASISAR/meTREpen i EIOr RSO Fe T I BE b about 9%
by wei ght basedombized otidihn anaorgapi ®eedd Thesabdurdactficonazahest
‘present in the reaction vial was chosen to provide approxinately

0. 0033 nol es of catalyst per | e of acrolein or MVP pr.odyc 20,

The reaction vial containing 'hengfPﬁ?%s% set fopth g £laim, eﬂherem

mai nt ai ned at about s80d[ergdrG.c Akidris acetdgpremidnanéd| the3toliamutresiot ol

‘reaction vial was rQHQHeQr an1c Madel pY¥CHONEE %%1@?EEE£BJHEéﬁﬂlﬁﬂb £Qs8
during heating % %”1ess han bout 0.002¢g es of the 2
i

reaction mxture coh 3 Fapm ‘@‘tar?alsyEEdg]B?“ 0.gas

chromat ography for assay and to determ ne the anount
6. A process as set forth in claim 5 wherein
said reaction zone contains a liquid reaction medium
comprising 3-(methylthio)propanal and said catalyst, said
1iquid‘reaction medium containing between about 0.2% and
5 about 0.75% by weight of said catalyst/organic acid
combination.

7. A process as set forth in claim 3 wherein
said olefin/mercaptan addition reaction catalyst is
combined with a mineral acid in said reaction zome.

8. A process as set forth in claim 7 wherein
said mineral acid is selected from the group consisting
of sulfuric acid and phosphoric acid and the molar ratio
of said olefin/mercaptan addition reaction catalyst to

5 said mineral acid introduced into said reaction zone is
from about is from about 1 to about 50.

9. A process as set forth in claim 8 wherein
said reaction zone contains a liquid reaction medium
comprising 3-(methylthio)propanal and said catalyst, said
liguid reaction medium containing between about 0.2% and

: 5 about 0.75% by weight of said catalyst/mineral acid
combination.

10. A process for the manufacture of 2-
hydroxy~4-{methylthio)butanenitrile comprising reacting
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of high nol ecul ar wei ght oligoners present in the
Table 2 contains a summary of performance of 30 this grouHmu,m'"H"”munm
al dehyde reaction catal ysts whi ch were eval uated using

above-descri bed procedure. The s e S forth in Exarrpl e
were used in resent Exanple st pe
In Table 2, the %?iéa@ﬁﬁomat ogr aphy basﬁl i ne REBBLACEbdes EIS), (b&‘—,?’lbaé ng ﬁ?))

i ndi cate satisfactory, marginal, WO 96/ 40631

PCT/ US96/ 09060 3 20 and unsati sfactory,
respectively. Al values are reported s wei ght percent. WO
96/ 40631

- (methylthio)propanal with hy&%?&éﬂﬁ%@@ﬂ%@éoin the
presence of an addition reaction catalyst comprising at
5 least one organic base selected from the group consisting
~ of triisopropanolamine, nicotinamide, imidazole,
benzimidazole, z-fluoropyridiﬁe, poly-4-vinylpyridine, 4-
dimethylaminopyridine, picoline, pyrazine, trialkylamines
having from three to eighteen carbon atoms in each of the
10 alkyl substituents bonded to the nitrogen atom and
tertiary amines having the formula

: LCR.3y
Ae( Cszx N\(R R
a 27¢

wherein A is aryl, R, and R, are alkyl and x, a, b and ¢
are integers such that 0 £ x£3, 1 €a<3, 0b<2,0
15 € ¢ £ 2 provided that a + b + ¢ = 3.

11. A process as set forth in claim 10 wherein
said addition reaction catalyst comprises at least one
organic base selected from the group consisting of
triisopropanolamine, imidazole, benzimidazole, picoline,

5 poly-4-vinylpyridine, N-methyldiphenethylamine, N-ethyl-
3,3'-diphenyldipropylamine and trialkylamines having f£rom
five to twelve carbon atoms in each of the alkyl
substituents bonded to the nitrogen atom.

12. A process as set forth in claim 10 wherein
hydrogen cyanide is reacted with 3-(methylthio)propanal
that is prepared by reaction of methyl mercaptan with
acrolein in a reaction zone in the presence of an

5 olefin/mercaptan addition reaction catalyst comprising
said organic base, said organic base remaining in the 3-
{(methylthio)propanal reaction pfoduct in a proportion
effective to further catalyze the reaction of 3-
(methylthio)propanal with hydrogen cyanide.
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21 Table 2 MWP Catal yst _
Tr {1 Sopr opanol amine/ 5 - acetic a0 d (S oo o Xﬂlﬂllljllfllj'lliM!ljﬂllll |

0.1 Tri propyl ami ne/ aceti ¢ \ TAE SHES) HAS BEEN

<0.1 Tripentyl an ne/ acetic aciged BCED _ .1
< 0.1 10 Tri oc‘f’? e/ acetic : ¢l cﬁg\ S) - PCTIUS96I096&1
<0.1 Tri dodecyl am ne/ acetic acid (S : 0.1
<0.1 N- net hyl di phenet hyl am ne/ 15 acetic acid (9)

0.1 <0.1 N—ethyl-3,3'-a}phenyl-

di propyl am ne/ acetic agdd (S p t el of 2-

0.3 N—nethyldigpenylanine 20 kr?cg%%tﬁﬁfzyge mg faCt§E_ °© <0.1
0. ydroxy-4- (methydgRip) pukanenitrile Comprising: his

Exanple, a i xt ur e representative of MVP produced using tripropylam ne

combi ned with aceti %ﬁﬁ“j‘n&% g %&%Eﬁtéﬁn L@%ﬁ'a‘é%ﬁngnf(f}g% N3

converted to 25 H by rfeacting 1t w ogen cyani ..
An MVP' i xture was [FOBFarBdtR§ RESSERGEWRE cfn olefin/mercaptan addition
5 reaction catalyst comprising at least one organic base

selected from the group consisting of
triisopropanoclamine, nicotinamide, imidazole,
benzimidazole, 2-fluoropyridine, poly-4-vinylpyridine, 4-
dimethylaminopyridine, picoline, pyrazine, trialkylamines

10 having from three to eighteen carbon atoms in each of the
alkyl substituents bonded to the nitrogen atom and
tertiary amines having the formula

A=eCCH.) _}_N,("-.Jb
2% ~
| A

a CR2le

wherein A is aryl, R, and R, are alkyl and x, a, b and c
i5 are integers such that 0 € x €3, 1 a3, 0b<g2, 0
£ ¢ £ 2 provided that a + b + ¢ = 3, thereby producing an
intermediate reaction product mixture comprising 3-
{methylthio)propanal and said cétalyst; and

without prior separation of said catalyst from the 3-

20 (methylthio)propanal of said intermediate reaction
product mixture, reacting said 3-(methylthio)propanal
with hydrogen cyanide to produce 2-hydroxy-4-
(methylthio)butanenitrile.

14. A process as set forth in claim 13 wherein
said olefin/mercaptan addition reaction catalyst is
combined with acetic acid in said reaction zone.

- 15. A process as set forth in claim 13 wherein
said olefin/mercaptan addition reaction catalyst
comprises at least one organic base selected from the
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per nole of 30 acetic acid. Hydrogen

added to 70 [err]l of this al dehyfes SHEET HAStBHEN /acetlc acid

m xture in a reaction vial, using wel I1ce IACED dur §? A5k The
reaction vial wXO6/ag! pl aced inab R oven ?or 30 é'mll:nut esgo The
tripropyl am ne catal yst present 35 in the MWP m xture was used to

catal yze the cyani dation reaction. The _vial was then renoved fromthe
oven and allowed to cool. A sanple of “fhe cool ed nitrile reaction

WD 96/ 40631

H 96&:99@@561 .

22 pr oduct comta ur?e(foflr?lfgﬁén% aﬁ tv%ésg 5 ze § ©

chromat ogr aphy Por W%"ﬂ-& » R NS Nﬁ’éezlﬁﬂvﬂw ethyl?ﬁ"g'?‘? 'miecul ar
wei ght oli gorrers preSesi-3,3 '-dépheny ldipropylafiine sadpkeiebky bamites08. 2%

nitrile, 0.19%hioh Rl agldond £1¥6! G0 eyilvEOBRE o HE dhsO 30 BAEL G el Ot
basi s. EXAVPLE n this Exanple,
ni cotinam de, ini da3bfEL substyiyenks o*%&"tﬂe@‘ to_ e HERPERT AE®™pyr azi ne and

" 4-picoline were tested using the procedure described bel ow to 10

further assess their perforq%pceAaﬁrggégé %@”Eéeafgfﬁh in c18¢#li 13 Gbherein
catal ysts for the reaction bétween acrol ein and
an additional amount of an organic base is introduced

into said intermediate reaction product mixture to
promote the reaction of 3-{(methylthio)propanal with
5 hydrogen cyanide.

17. A process as set forth in claim 16 wherein
the organic base introduced into the intermediate
reaction product mixture comprises at least one organic
base selected from the group consisting of

5 triisopropanolamine, nicotinamide, imidazole,
benzimidazole, 2-fluoropyridine, poly-4-vinylpyridine, 4-
dimethylaminopyridine, picoline, pyrazine, trialkylamines
having from three to eighteen carbon atams in each of the
alkyl substituents bonded to the nitrogen atom and '

10 tertiary amines having the formula

[ cc -]—N’(RJ"
A—(CCHZ),,
a \‘:923c

wherein A is aryl, R, and R, are alkyl and x, a, b and c
are integers such that 0 £ x €3, 1 £a<3, 0<b<s2,0
€ ¢ £ 2 provided that a + b + ¢ = 3.

18. A process as set forth in claim 16 wherein
the organic base introduced into the intermediate
reaction product mixture is the same organic base which
comprises said olefin/mercaptan addition reaction

5 catalyst used in reacting said methyl mercaptan with said
acrolein. ' '
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met hyl nmer capt an. Distilled acrolein having n
of about 97.3%to about 97.5% by wei ght acrol ei n and aﬁl mm "E mlm
by wei ght water was m xed with hydroqui none to vi de

having a hydroqui none concentration dftH|s SHEHTOHKS QEm oto about 0. 12% by
wei ght. The m xwﬁf@& distilled acrogeppacgery hydiioqui noperméysosse’ €d

at-0 to 5 [err Distilled netihyl—merecaptan—tavtng a typi cal assay
of 20 about 99.3%to about 99.5% by wei ght nethyl nercaptan was

enpl oyed. The al dehyde reacthon was conducted in a 1000
m stainless steel reactor with internal cG0ling coils for tenperature

control and an agitator. A quentix)prcedd aM\E’eﬁl\&%ri:hr $h @I@ﬁﬂrl%ivdmérem
reacting acrol ein

d net hyl ner.capt an resgnce a particular
~al dehyde cat alair;?t °rg‘=ltﬁ?g Wvﬁ%trto ﬁeﬂsjér%f'o p&% *ﬁgﬁm‘? pte
prepari ng a subsequesgctignchrodugp/prigtiurg iacpwridine.  catal yst.
- Typically, several batches of MW were 30 prepared using the sane catal yst

~and an MW heel fromthe pregedi ng bhatch_so that steady.state .
- conditions were appr oacﬁg X pm&ss as set 1%0 %&‘ként ﬁgx’n?kﬁé’&erem
' met hyl mercapt an waerior t0cnaegwtmdumonea§t®ald @ddiraanay ameuntatof) a5t

~using a 35 subsurdfsilkeedskbgaia it raRai ke %dttl%nc?ﬁé&lﬁéﬁ ﬂﬂ@d’t%re
\2/\? 96/ 40631 contains between about 0.01% and agr %S?.Q govgg:.ght of
5 said organic base, and after said additional amount of an
organic base is introduced into said intermediate
reaction product mixture, said intermediate reaction
product mixture contains between about 0.05% and about 1%

by weight of said oxrganic base.

-
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marned to anbi ent tenperature at mhlch tlne the acrol ein was fed to the

reactor over a period of about rH-es a reaction tenperature of
about 50 [err]C. About 1.005 ﬂHSISé'EE&HA%BEEN nercapt an and about 0. 0033

nmoles of 5 catalyst were chgrged BEPkAGEDr eact ¢or pe m lml “ lm '
acrol ein. Except in the case of nicotygamde, TN ' [“ ml |ll“

reactor was conbined with acetic acid using a nDIar fath o "of Sabdut 0.7
(catal yst to acfizh® rs craeimeb rghe al dehyde reaction was finished by

mai nt ai ni ng 10 the process tenperature at about 50 [err]C and agltatlng

t he contents of the reactor for about 60 nmi nutes. Once the
al dehyde reaction was.corppgbeessh€oreghtomnanudactare of gentents were -

cooled to 20 to,2 C over r es_whi
conti nui ng agi t & gsﬁyigglo?prOPangi c?ﬂgrégfgpygﬁg%glﬁ§égﬁ g mﬁéFaﬁgPE of
acrol ei n) and, witbpacirplehe dase vkamkdonti memedén &bet peresenceacifdap). 7

catal yst to aCe&%@f%ﬁ/ﬁegEE?EaEQEHﬂltﬁghereactlghegggggyéEh g gMVP hee

and charged to the reactor preparation of a onal aldehyde
Met hyl mer capt afabadyst com@réséns ASr deaBEn oned o¥PRMILCaRases Isp legtere

reactor with  fromdthat Bu V%bnélaeﬁh@dontéﬁgﬁb pﬁh@ﬂbﬁﬁn@t a reaction
t enperature of about 60 Approxi mately .1

t hyl
nor aptan per neFPEPPYLRBREE, RARDEORARSES I STifgzoLe, PeRzipdariie.
al dehyde reacti prfdasrbppiridedeby 428imerhiyd bai nopyrildd ner,opdesltiewper at ur e

t about 60 f t h {
vas " Conpl ePETaghEey o KELST R ARLPE S, Bafdnes Liore tauh 56 FaosreeE | o
25 [err] C boer eapbenodtofsaioueatd eifnthesalkyl Subsmecaggaﬁybomdedbapch
reaction Seq%”ﬁﬁe‘é‘ﬁit%@&@ﬁt et otShig %Qrtlﬁgga'éh&ﬁ%@ha%&@ Y 2R9ma1aMP

heel fromthe preceding batch unti |l dy state condi'tions were
appr oached. A sanple of the reaction mxture fromthe final
batch was injected into a gas chrjo yag? ra h LQFRdbsay A - sanpl e of .
this reaction m xture was al so sybje etf gagn chr omat ogr aphy -

anal ysis to determne the anounts of hlgh nol ecul ar wei ght ol i goners

in the mxture. In sone
wherein A is aryl} R, and R, are alkyl and x, a, b and c
are integers such that 1 s x s 3, 1 sas<3, 0<b=< 2,
15 and 0 = ¢ s 2, provided that a + b + ¢ = 3. '

2. A process as set forth in claim 1 wherein a = 2.

3. A process as set forth in claim 2 wherein said
olefin/mercaptan addition reaction catalyst comprlses at
least one organic base selected from the group con81st1ng
of triisopropanolamine, picoline, N-

5 methyldiphenethylamine, N-ethyl-3,3’- _
' diphenyldipropylamine and trialkylamines having from five
to twelve carbon atoms in each of the alkyl substituents’
bonded to the nitrogen atom. '

4. A process as set forth in claim 3 wherein said
olefin/mercaptan addition reaction catalyst’ comprises N-
methyldiphenethylamine.
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. cases, limted aging st @@@E =act|on product

carried out to test storage stabh rﬁsyﬂ"EEﬁ—%A N aﬂm“mmm H“H\,ﬁm
summary of the perfornmance the Ft%gﬁgnuxz aldehy _

catal ysts which were 5 . eval uated UE gng the above- descri bed" procedure
e

The ‘results in Table 3 include t wei ght percent - of net hyl
ner capt an, acrol ei ng MV %%éas@h a@ls%%ulﬁrrt\ﬁellghfclam @ hgRTRin igailde
final batch reactign m xtdre. results ronta ontral test .using a
pyridine catal P }@/mecr&rﬂﬂtﬁé’d aﬂidtlrtl&eetreé%% 3RS (!')’lt'b oses
of conpar ki®h an organic acid in said reactldﬁawoméa
- Hi gh Ml ecul ar -~ MWP Cat al yst MeSH Acrol ein MW Wi ght
. Aigoners 15 Pyridine/acetic acid '0.30 0.23 97. 88 1.25
~Ni cotinami de 6. 0MOproxess as sk Forth in claiqy 3 wherein said

;Inidazo'e/acetBﬁé?yﬂ%d%fghpééﬁsaddltf%h:Eéactlon cakdi¥yst comprises N-
ethyl-3,3’-diphenyldipropylamine.

7. A process as set forth in claim 6 wherein said
olefin/mercaptan addition reaction catalyst is combined
with an organic acid in said reaction zone.

8. A process as set forth in claim 3 wherein- the
molar ratio of organic base to methyl mercaptan
introduced into said reaction zone is from about 0.001 to
about 0.02.

9. A process as set. forth in claim 8 wherein sald
olefln/mercaptan addition reaction catalyst is combined
with an organic acid in said reaction zone.

10. A process as. set forth in claim 9 wherein said
organic acid is acetic acid and the molar ratio of said
organic base to acetic acid introduced into said reaction
zone is from about 0.5 to about 2.0.

. 11. A process as set forth in claim 10 wherein said
reaction zone contains a liquid reaction medium
comprising 3- (methylthio)propanal and said catalyst, said
liquid reaction medium ccntaining between about 0.2% and
5 about 0.75% by Weight of said catalyst/organic acid
combination. |

12. A process as set forth in claim 8“wherein said
olefin/mercaptan addition reaction catalyst is combined
with a mineral acid in said reaction zone.
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Béhz.i n dazol e/ acetic aci d/ wat er | .21 —O-3+F+—9759

1,56 20  2-Fluoropyridine/ HRS@EEN
g e e WESRREST oo ol IR

1.14 25 O the catal ystg eval uat ed in this Exanpl e,
ni coti nam de, pyrazine, and 2-fluoropyridine produced MW havi ng

el evated | evel s of h_i3§1h 'ﬂ)lgf‘x“d&é“srs e Gt fortl@':.rgQﬂ%ﬁn 12 whe The
MVP produced using i mdazele, ben2| m dazol-e. 3 coI | nerealsn said

catal ysts was MéaEEdk dcid Jragelected THaM | q}? é-’[rqi’é?[ rﬁ’(? g ciﬁjrposes
;lor corrpagl son, sMVRurEde acid aifd hayphaitite sninbizedl thd malcet iratis bias -
"al so aged at

iPCT/USQG/OQOGOsald oléggnf%ercaﬁ%an addition r%ﬁftlon QEFT%XSﬁcF?o assess
“storage st abi | itineral adiiiceiradiqeyl intostamid zERet bin tFenal behfmem

. product were plaged i &rom HARS PUS ISl dp was then transferred to an

. oven

14. A process as set forth in claim 13 wherein said
reaction zone contains a liquid reaction medium
comprising 3—(methy1thio)propanal and said catalyst, said
liquid. reaction medium containing between about 0.2% and

S about 0.75% by weight of said catalyst/mlneral acid

comblnatlon

15. A process for the manufacture of 2-hydroxy-4-
(methylthio)butanenitrile comprising:

reacting methyl mercaptan with acrolein in a reaction
- zone in the presence of an olefin/mercaptan addition
S reaction catalyst comprising at least one organic base

selected from the group consisting of
triisopropanolamine, tripropylamine, nicotinamide,
imidazole, benzimidazole, 2-fluoropyridine, 4-
dimethylaminopyridine, picoline, pyrazine, trialkylamines

10 having from five to eightéen carbon atoms in each of the
alkyl substituents bonded to the nitrogen atom and e
tertiary amines having the formula

CRy
[A—-(CHZ)X}—Ni e .
R
L

‘wherein A is aryl, R, and R, are alkyl and x, a, b and ¢
15 are integers such that 1 <= x <3, 1 sas 3, 0sbs=s 2,
and 0 s ¢ = 2, provided that a + b + ¢ =r3,2thereby
producing an intermediate reaction product mixture
comprising 3- (methylthio)propanal and said catalyst; and
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na1nta|ned at 45 [err]C Perlodlcally, sanples of the wer e

wi t hdrawn fromthe bottle and ana Leu b gas chro mat o L
assay. The results fromthe MW THIS §UEE§|#\1SLBEEI\B Q“‘\r\ \‘M“ 4.

- Table 4 _REPLACED - . L0ss 10 * MWP
- Catal yst _ Days$y (W ﬁ%WNP%day Pyri di ne/ dcetic
acid : 30 0.10 | m dazol e/ acetic acid
il _ |3 98 - witleWgiprieEobepasstisen a6f dsaid catalysfilfrom 8h&53-
-picolin acet L ne/ acetic
2P0 "G heltilenio) prapanal of jeid FriBruddiesd BREStL0R
:gl 0. 37 product mixturdi ﬁéa@ﬂimgCsahdﬁamedbhEchsohgeraUQlole,
- benzi m dazol e | n - catalysts
- showed faster er|%*8€$%%ﬁa§§%§l&%reén§£8§€&é ) ggﬁ£gg9n%de usi ng
- pyridine. (methyltthhbuNaFeplEpel@d usi ng |n1dazole benzi m dazol e
-and 4-picoline conbined with acetic acid as ol efin/addition reaction
. catalysts was converted to HMBN reactjng it_w,th_hydrogen cyani de
usi ng the organic 2516 baéePEQF§F§s?Sr%%E'ﬁ?ﬁbhiﬂntﬁeakWPlg 3%?? pPoduct
. mxture to furtyer catalyze the cyani dation reaction. For purposes of
- conparison, the MW prepared using - pyridine/acetic acid as the
. catal yst was al so converted - to HMBN.

17. A process as set forth in claim 16 wherein said
olefln/mercaptan addition reaction catalyst comprises at
least one organic base selected from the group consisting
of triisopropanolamine, picoline, N-

5 methyldiphenethylamine, N-ethyl-3,3'-
diphenyldipropylamine and trialkylamines having from five
to twelve carbon étoms in each of the alkyl substituents
bonded to the nitrogen atom. '

18. A process as set forth in claim 17 wherein said
olefin/mercaptan addition reaction catalyst comprises N-
methyldiphenethylamine.

19. A process as set forth in claim 18 wherein said
olefin/mercaptan addition reaction catalyst is combined
with an organic acid in said reaction zone.

20. A process as set forth in claim 17 wherein said
olefin/mercaptan addition reaction catalyst comprises N-
ethyl-3,3’-diphenyldipropylamine.

21. A process as_set forth in claim 20 wherein said
olefin/mercaptan addition reaction catalyst is ccmbined
with an organic acid in said reaction zone.

22. A process as set forth in claim 17 wherein said
olefin/mercaptan addition reaction catalyst is combined

with acetic acid in said reaction zone.
This Sheet Has Beéen Re laced
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390 The nitrile reaction was conducted in the same —1000 ™

stainless steel reactor wth agj WO 96/40631

PCT/ US96/ 09060 ' THIS SHEET HAS BEERG- - nmml memﬂ““\
-coill s for tenperature control. {fhe M@EPLACEBhar ge conta+n
. basSe catalyst was first Meigneaqéytituc reaet or: Fydrégen cyanlde
© (99.5% was then fed to the reactor with agitation over a period of 5
26 mnutes at ate r at out [ teI 1.02
nol es of hydrogen g?%nl % ée§l$)a%fset f%ﬁih %%g gz n% r%ﬁctor
The nitrite reudditoronal mumtr. e % haml dagg&mi@lub@se his banthodmceh@uinto
agitation or saléxEHEéEhéﬁia@@QHéa i O o 5&hc£hﬁ§f£§fentérb£8%%€§cﬁégn 10

was conplete, the reactor and its content’s were_ co

[err]C over a jRATGPBIOALDUITAThY] Hitekoropanad| with hydrogee syagiden

m xture was subjected to gas chr omat ogr aphi c analy5|s to determine its
assay, MW and i content. The_results fromt njtrile 15
conversion are sunﬁﬁfiz ?5 G2FF 48 Set edeeh' 18 L8 S ﬂereln theple 5
H gh Ml ecul arorganidiNBisdatint ysduced into the iMd&rmediab@Nc¥écgbodn

d i goners '

_product mixture comprises at least one organic base
selected from the group consisting of

5 triisopropanolamine, picoline, N-methyldiphenethylamine;
N-ethyl-3,3’-diphenyldipropylamine and trialkylamines
having from five to twelve carbon atoms in each of the
alkyl substituents bonded to the nitrogen atom.

25. A process as set forth in claim 23 wherein the
organic base introduced into the intermediate reaction
product mixture is the same organic base which comprises
said olefin/mercaptan addition reaction catalyst used in

5 reacting said methyl mercaptan with said acrolein.

26. A process as set forth in claim 23 wherein the
organic base introduced into the intermediate reaction
product mixture is pyridine.

'27. A process as set forth in claim 23 wherein
prior to the introduction of said additional amount of an
organic base, said intermediate reaction prodﬁct mixture
contains between about 0.01% and about 1% by weight of

5 said organic base, and after said additional amount of an
organic base is introduced into said intermediate
reaction product mixture, said intermediate reaction
product mixture contains between about 0.05% and about 1%
by weight of said organic base.
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Pyri'di ne/ acetic acid ND 98. 5 0.7 20

I'mi dazol e/ acetic acid tr 98.3 1.2 - Benzi m dazol e/
acetic acid & ND 94.7 1.3 4-pi colinel/acetic
aci d ND 99. 3 0.7 EXAMPLE 5
25 Distilled acrol ein afd net hyl mercaptan were used to
prepare an MVWP_ heel and batch after the manner of. e 4.

Pol y- 4- vi neRgYipai hetweeppMMEd and B?éﬁ Xogen CYanigg; FPegﬁéégglewas used as

t he ol efi rcaptan addition reaction catal yst. Poly-4-vinylpyridine

(2.7 g) was 30 charged. to the_enpty reactor. thyl mercaptan (88.4 Q)
was then chargd@ B&comeansgciwdith Jﬁ?&claélpe&ﬁdgst 5}43 pre%%ﬁ%ents wer e

war med t 0 ;aRfinRAbont, e FRRIAL Uke prlovildiedh d iptocess faer thei magufecaugd s f ed
. ’ T n
! ngg/eapcﬁt ¥ (Reehyd Y d)Popanal coﬁ@%ﬁ@ix@@%&ctmg methyl mercaptar

( of abqut 50 m nutes
at a reactyrh lRFBS18IH" én0k gbaotibA zone[ énribe presangenpde@heact i on was

finished as described in Exanpl e 4. Wt hout further a i tion,
met hyl olefin/mercaptan additibn reaction cataff.'ys'e, s&§h2kyehigdd

comprising at least one organic base selected from the group
consisting of triisopropanolamine, tripropylamine,
nicotinamide, imidazole, benzimidazole, 2-fluoropyridine, 4-
dimethylaminopyridine, picoline, pyrazine, trialkylamines
having from five to eighteen carbon atoms in each of the
alkyl substituents bonded to the nitrogen atom and textiary

amines having the formula

[A () }_'N/(Rsh
272 . \(Rz’e

wherein A is aryl, R, and R, are alkyl and x, &, b and ¢ are
integers such that 1 < x <3, 1 as3, 0<b<2, and0x
¢ $ 2, provided that 2 + b + ¢ = 3,

In accordance with a second aspect of the present
invention, there is provided a process for_the manufacture
of 3-{methylthio)propanal comprising reacting methyl mercaptan
with acrolein in a reaction zone in the presence of an
olefin/mercaptan addition reaction catalyst, said catalyst
comprising at least one organic base selected from the group
consisting of triisopropanolamine, tripropylamine,
imidazole, benzimidazole, 2-fluoropyridine, 4-
dimethylaminopyridine, picoline, pyrazine, N-
methyldiphenethylamine, N-ethyl-3,3' -diphenyldipropylamine
and trialkylamines having from five to twelve carbon atoms

in each of the alkyl substituents bdndedé to REREAREVEDYLAHEETS  SG |

Description : paged .2. to paged

atom, REPLACEMENT SHEET J E(Cia,iﬂ"f{s) : paged 28 to gaged
— ] { & Drawing{s) : paged .7 to paged
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mercaptan (196.1 g) and acrolein (235.9 g) were then fed 5 sinultaneously
to the reactor with agitation over a period of about 50 mnutes at a
reaction tenperature of about 50 [err]C. The al dehyde reacti on was
fini shed by mai nt ai ni ng the process tenperature at about 50 [err]C for
about 30 mnutes. A sanple of the reacti oY mi xture from 10 t he batch was
subj ected to gas chromat ographi ¢ anal ysi s. The anal ysi s showed 89. 9%

MVP, ho ﬁ% acr ol &innacﬁg&%ambhyﬁlth a tHEGRRsPbcaRE &h@%ﬁ@ﬁérﬁﬁ ne on a
melg t basi,s

: oduct cont n|n 4-
ol oy E oY Sakigny s EhGEE 38 PEOVAReh A S nae 18 Marpitactiins
react or af toeff 2-hydrexyed -Ohe ERydphéo)buthapenigoile com@yaﬁpas (155.4 g) was

fed to the 26 Hy Mlﬁ}ln'#é?:es Jtan, Wil‘ﬁ‘?%{bﬁ@lﬁ“ if agtéa&tﬂanozshea

period of enperature of about 50 [err]C. The
nitrile in mdRcthasems fdhiaheal dfiinelogptare abdxﬂ::hlont neaction
agitation or coollng for about 30 mnutes. Once gb i E é reaction
was conpl etC& a¥¥§QW99ﬂRﬁ1Q%ﬂ9|ﬁ§;1335t(9ﬂﬁ69ﬁgﬁqkﬁ 388| 681688, 5¥0Per ] C

~over a per i oi‘%g l{-{]ﬁ% ﬁs;{dﬁ]* e Lt i:bévl’tﬁﬁ\ihéon
m xture masqg; Qs%fE1 as’ chromat*ographi c ana?ys?s bThé analy5|s 2
showed 72. Q%ddﬁmaaﬁme’.?, Grhiddzale ,a beighii desdle, 2-fluoropyridihe,véew of
t he above, jt w.ll_be seen that the several pbjects oiggge invention

are achievddﬂﬁ&hYlam RV Teva RICO N8 o DC i nCFA2 #BLBESCr i bed
t t t
e erdeq t BAVAHY SHRARACE dd MRJeat Wikipdn 'dord fn GUEH bETeRE! 10

;gterpretedlkyﬂ|dub§ﬂ£ﬁientSMbbndad twithe widrogén ngtemnand tertiary

amines having the formula REPLACEMENT SHEET

[A—-(cua)t'}"‘/m”' 04 DEC 9%

Ry,

wherein A is axyl, R, and R, are alkyl and x, a, b and c are
integexs such that 1 s x <3, 1 <ac<3, 0 <bs 2, and 0 <
“c"< 2, provided that a + b +¢ = 3, thereby producing an - ~ - -
intermediate reaction product mixture comprising 3-
(methylthio)propanal and said catalyst; and

without prior separation of said catalyst from the 3-
{(methylthio)propanal of =aid intermediate reaction product
mixture, reacting said 3-(methylthio)propanal with hydrogen
'cyanide to produce 2-hydroxy-4-(methylthio)butanenitrile,
In accordance with a fourth aspect of the present
invention, there is provided a process for the manufacture

of 2-hydroxy-4~(methylthio)butanenitrile comprising:
‘reacting methyl mercaptan with acrolein in a reaction zone

in the presence of an olefin/mercaptan addition reaction

catalyst.comprising at least one organic base selected from ... _

the group consisting of triisopropanolamine, tripropylamine,



WHAT 1S CLAIMED I S: 1. A process for the manufacture of 3-
(met hyl t hi o) propanal conprising reacting nethyl mnercaptan W th
acrolein in @ reaction zone in the presence of an ol ef i n/ mer capt an
addition reaction catalyst, said catalyst 5 conprising at |east one
organi c base selected fromthe group 3p consisting of

triisopropanol am ne, tripropylam ne, ni coti nam de, i m dazol e,

benzi m dazodgidazblegr benkitidazole, 2-fldorepiyidin@epsri di ne, picoline,
pyrazine, trialkylam nes .,having fromfive to,eighj,een carbon atons in
each of theleEtéYRﬁmlﬁﬁﬁyﬁﬁPG@ﬁbstGﬁégHe?OPYHGZHP?Po én atomand tertiary

am nes havin ) I : - i 3
wherein A‘f@ggﬁgﬁggﬁﬁgﬁF?hgggmﬁngrF'SFQY%IEyFR5§§ﬁ§§H§¥@%§g§g§3b§?Eh

i nt egers sughdt Betdalkldatlines baving frohefijeatpetwpl®e cafrbor] agqmsrr] 2,
and. 0 [err] c [err] 2, .provided that a + b + 3 .

2. A procesinagaght ofotie edkylaswbstifuesrs Qondea bo the nitrogen 3
A process for _the C fo o B am ¢ [ Ao sin
regcting ne?ﬁ9P'n§g§§§%§hb&%%d§h h“gb%EFé?ﬁkpﬁhgarggg??%%BE ne in the :

presence of mgRture coh@iiimimy Gamathyddhibppropanaloandasaligscatediybt ;
catalyst 5 conprising at |east one organic base selected fromthe group

consi sting ®dtriisopropanol ani ne, tripropyl ani ne, i m dazol e,
benzi m dazol e, 2-fluoropyridine, 4- di met hyl am nopyridi ne, picoline,
pyrazi ne, N- met hyl di phenet hyl am ne, :

N-ethyl - 3, 3yighehenprdon eeyaratien of said catalyst frxom the 3-
(methylthio)propanal of said intermediate reaction product
mixture, reacting said 3- (methylthio)propanal with hydrogen
cyanide to produce 2-hydroxy-4-{methylthio)butanenitrile.

Briefly; therefore, the present invention is di-
rected to a process'for the manufacture of MMP. The
process comprises reacting methyl mercaptan with acrolein
in a reaction zone in the presence of a novel
olefin/mercaptan addition reaction catalyst. The novel -
catalyst comprises at least one organic base selected
from the group consisting of triisopropanolamine,
tripropylamine, nicotinamide, imidazole, benzimidazole,

- 2-fluoropyridine, 4-dimethylaminopyridine, picoline,
pyrazine, trialkylamines having from five to eighteen
carbon atoms in each of the alkyl substituents bonded to
the nitrogen atom and tertiary amines having the formula

’ ,(R1).
A—(CCHY), N
a (szg




10 “and trial kyl am nes having fromfive'to twelve carbon at ons

I NSERT A 3. A process for the manufacture of 3-
(et hyl t hi o) propanal conprising reacting nethyl mercaptan W th
acrolein in areaction zone in the presence of an ol efi n/ mer capt an

addition reaction catal yst, said c§t alyst 5 conprising at |east one
organi c base selected fromthe gro E consi sting of

tersopropamdé:@iim% itsr ia&wgylwlgialﬁua R, areiﬁildﬁzoém Rergj nbdeaa!l e, "
-fluoropyridine, 4- I met nopyrj dine, pi I ne, r ne

met hyl di phé@t& HALEFSTS %‘&l @T@%,@%d*p%e#wlldi%%p{/gam%é B'<nd

trial kyl amqies shavipiovirdea fuhex t 4 Vel veccardon at ons in each of the
al kyl substituents,bonded to th

nitgpgen at.om
29 "in each of tireBaS e%b@?#@?ﬁ%ﬁté"%%‘?ﬁé%’éeq Fhde the YL at om
4. A processlefinyaledcaptan radditiod weeceion seathpred ivded@rionpt an addi tion
reaction catat: st .compri ses at Jea;tﬁ?one or anifﬁepase 3en|1eet5§ffj fromthe

group consi<t Z3nG Mh& FHAPHOR HTheeen; foi9iin an

N- et hyl di pwearcgiptdmEree aldo aiswful, 8 catahenngli theo Ryt on and

trialkyl ambneetsivehe%\/wﬂ? and hydrogen cyanide to produce HMBN. Thus,
the pi‘esent invention is further directed to a process
for the manufacture of HMBN comprising reacting MMP with
hydrogen cyanide in the presence of an addition reaction
catalyst. The addition reaction catalyst comprises at
least one organic base selected from the group consisting
of triisopropanolamine, nicotinamide, imidazole,
benzimidazole, 2-fluoropyridine, poly-4-vinylpyridine, 4-
dimethylaminopyridine, picoline, pyrazine, trialkylamines
having from three to eighteen carbon atoms in each of the

REPLACEMENT SHEET
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fromflve to twel ve carbon atoms in each of the al kyl substituents bonded
to the nitrogen atom 5. A process as set forth in claim4
wher ei n* sai'd+ ol ef i n/ mer capt an addi ti on reaction ca.t_al_ysx——eenﬂraﬁ—ses*N-“

net hyl di phenet hyl ani ne. 6.28 process as set fort

wherein said ol efin/mercaptan addit | on reaction cat aH ﬂ iww!
an organi CWHATd Iisn C3AIMBDedE:i on zone.

in claim4 wherein said ol efin/mercaptan addition r eact | on cat al yst
conprises N ethyl-3,3 -di phenyl di pr opyl am ne. 8. A process as

set forth in claim7qwhenei | ?’TW [ reaction
catal yst i s conbined 1vm t # élir']f organl C ac?:ﬂ I'n sala?t‘g;%tﬂsfo?zone

9. A procegmethydehifc)poganall iompt istiswgeineacdtd ngluethyk inextapiagani c
base to net hgkl rrerc pt.an |ntroduced |nto sai.d g_lactlon zoneqf f rom about
0.001 to aWd 9%’? ein in'a reafylo SHEEF iU Ahim o

wher ei n Sab‘ie?gﬁf/h{é{ éﬁ?reg{azga@(tqbtd %ar&qu Qj&t@}ﬂéﬁ/ﬁtsafd HEHIRtE Wi th

an organic acid in sai ction zone.
5 comprising at least one organic base selected from the group

W|th
forth

consisting of triisopropanolamine, tripropylamine,.
nicotinamide, imidazole, benzimidazole, 2-fluoropyridine, 4-
dimethylaminopyridine, picoline, pyrazine, trialkylamines
‘having from five to eighteen carbon atoms in each of the
10 alkyl substituents bonded to the nitrogen atom and textiary _
' amines having the formula REPLACEMENT SHEET

[ _ ‘}- Ry, | 04 DEC 1998
A=(CHy) N

(R,

wherein A is aryl, R, and R, are alkyl and x, a, b and c are
integers such that 1 s x <3, 1 £a<3, 0sb<2, and 0 g
c £ 2, provided that 2 + b + ¢ = 3.

2. A process as set forth in claim 1 wherein a =

3. A process for-the manufacture of 3-
(methylthio)propanal comprising reacting methyl mercaptan
with acrolein in a reaction zone in the presence of an -
olefin/mercaptan addition reaction catalyst, said catalyst

5 comprising at least one organic base selected from the group
consisting of triisopropanolamine, tripropylamine,
imidazole, benzimidazole, 2-fluoropyridine, 4-
dimethylaminopyridine, picoline, pyrazine, N-

' methyldiphenethylaniine, ‘N-ethyl-3, 3'-d1phenv161propy1am1ne
10 and trialkylamines having from five to twelve carbon atoms



30 ' 11. A process as set forth in clairmto wrerein  said

organic acid is acetic acid and the nolar ratio of s seto
acetic dcid ikntroduced into said reaction zone |:“ B’Mﬁ‘ﬁﬂ “(“

about 2.0. 12. A procesg as set forth swherel n
said reaction zone cont ains a liquid reaction medium conpri sing

3- (et hyl t hi I a ey € di um
cont ai ni ng 6’%% \%Bg%) t?)réo aj%ﬁ &%@t}ﬁb o%ﬁ{h? %/ tg\gl gh%qg?&ts%ﬁe

cat al yst/ or gane aci d conbi nati on. 13. A process as set
forth in claim9 wherein said ol efin/nercaptan addition reaction
catalyst is conbined =~ with a mneral acid in said reaction zone. :

14. A process as set- forth‘Lsdi‘s'Eal %Eswrﬁ%lﬁllcn%gﬂ? ﬁéré‘i’hdsafd

selected fromthe group coOn d and phosphoric acid

and the nol @llefdm/meafcaptamaudrﬂmﬂ.eh nfamumnauamwstocmpmsesnatat al yst
to said 5 nineral acid introduced i totseg react,i on zone i

about 1 to asgst soFe organic hase seleg s’g‘%sg’é%?nf%?’?ﬂlgghéga?‘?n 14
wher ei n :??rretdd;?)? rR{la?ﬁ'h% C%tc%'&ﬁ%@ 'N-%éﬂ\fm%h&@eﬂﬁﬂmnea N-

conpri si ng propanal an sai'd catal yst, said

reacti o nechumlc@ntsal-rdﬁ@amma@rmdmma%mctmallssob%mme%bﬁ‘biyngve| ght
Of said Cat?ﬁ¥StG¥1%F%% f%glve carbon atoms in each of the ulle

substituents bonded to the nitrogen atom,

5. A process as set forth in claim 4 wherein said
- olefin/mercaptan addition reaction catalyst comprises N-
methyldiphenethylamine.

6. A process as set forth in claim 5 wherein said
olefin/mexcaptan addition reaction catalyst is combined with
an organic acid in said reaction zone.

7. A process aé_set forth in claim 4 wherein said
olefin/mercaptan addition reaction catalyst comprises N-
- ethyl-3,3'-diphenyldipropylamine.

8. A process as set forth in claim 7 wherein said
olefin/mercaptan addition reaction catalyst is combined with
an organic acid in said reaction zone. '

9. A process as set' fdrth in claim 4 wherein the
molar ratio of organic base to methyl mercaptan introduced
into said reaction zone is from about 0.001 to about 0.02.

..10. _A process as set. forth in claim 9 wherein . e ame o

.=a1d olefin/mexrcaptan add:l.tlon reaction catalyst is combined

with an organic acid in said reaction zone. REPLACEMENT SHEET
’——-——-— -t
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conbi nat i on. 16. A process for the_ncanuJf_a~%~t~t:n“1=5“U‘F”'"'~
2- hydr oxy- 4- (methyl thio) butanenitrile conprisin
31 « reacting nethyl nmercaptan with acrolein -i ﬂ\“ﬁ“‘g“‘gl‘m‘»

in the presence of an ol efin/mercaptan addition rea

conprising at |east one organic base 3glected from t he group con5|st|ng
of triisopropanol am ne, tripropylanine ni cotinam de, im dazol e,

benzi m dazol e, 2-fluqropym ‘fﬁz‘&%es@ as st RIYOH AR nepxihdimeshetedhi ne,
pyrazine, trialkylam nes having fromfive to eighteen carbon atons_in

each of theaid oagaylicsalecsd mseramtlima@dd @nchdhe tmelRn LRGP P 2 aidiary
h th d
Rerr] areOTBRMC.hISE 0 agesis Eeids intradih G bdidyeacian; | "

[err] 3, 1 bﬁ’érhsaf[z%hf]ab%utod@ftb b 12,4, and 0 [err] 15

c [err] 2,

provided that a + 3, thereby producing an I nternmedi ate
reacti on product nlxture conprising 3- * (methylthio)propanal and said

catalysti and  yf thout Bel ol SSPUR! IRkl £7 h&BLY Yndeammihe 3

gaid reaction zone contains a 11qu1d reaction medium

compfising 3- (methylthio)propanal and said catalyst, said

liquid reaction. medium containing between about 0:2% and
5 about 0.75% by weight of said catalyst/organic acid

combination.

13. A process as set forth in claim 9 wherein

sajid olefin/mercaptan addition reaction catalyst is combined

with a mineral acid in said reaction zone.

14. A process as set forth in claim 13 wherein

said mineral acid is selected from the group consisting of

sulfuric acid and phosphoric acid and the molar ratio of

said olefin/mercaptaﬁ addition reaction catalyst to said

5 mineral acid introduced into said reaction zone is
about 1 to about 50.

from

15. A process as set forth in claim 14 wherein

said reaction zone contains a liquid reaction medium

comprising 3-(methylthio)propanal and said catalyst, gaid

liguid reaction medium containing between about 0.2% and

5 about 0.75% by weight of said catalyst/mineral acid

combinztion.

16. A process for the manufacture of 2-hydroxy-4-.

" (methylthio)butanenitrile comprising:

REPLACEMENT SHEET
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(,rretﬁyl thi o) propanal of said intermediate reaction product 20 nixture,

reactlng sai d 3-(nmethyl thio)propanal w th hydrogen _
2- hydr oxXy- 4% ('met hyl t hi o) but aneni t rile, ”‘Hm ﬂ“ﬂmn set

forth in claim16 wherein a = 2. 18* Acprlocesss sfor the
manuf acture of 2-hydroxy-4- . (et B t hi o) butanenitrile conpri si ng:
reacting methyl nercaptan with acrolein in a reaction zone in the

presence of raaceliety metkylameroaptdnt whbhr aarolednsirca aiqmtimnmom ng at

| east one orgam c base selected fr t he group stin
triisopr Opaﬁ& nprets,e,nﬁ:po | 8/ R g%zn/merca E a%%lsti I%actlon

| NSERT c he Wyud %‘élléc.‘i:é& fro

2- hydrogy 4_atalyst CPmurﬁsﬁpésgfbﬁ?gﬁgn§?§l%géggnprlS|n - "
reacting nethgl amn.l@apmsmi:nngaofoten.msoprapaaa&amm&borfélPrODYlame,he
presence of an Ief| n/jrer gapt.an dd| Lon,re VS .
conpri si ng Bt-CPea “Bﬁgsoﬁ HFEOSQSe §8Fé@%§829ﬁ8m z-fiuoéﬁﬁfgi i~

consi sting gfirieth %I@LWE@%@G ,pLebRiARY| BYrBRine, triallpliies
benzi m dazol e, UOI‘OB/I‘I di ne, hyl am nopyridi ne,
i

pi col i ne, pyxmngefmm ve to eeghpeqnpnenbpnyaﬁmnse in each of the

N ethyly3, S ARl aRel A ARed cdCeRR ntELBHEH YT St Uit "

five t

amines having the formula : '
? REPLACEMENT SHEET

[A—(cu,),}—uim'“ 04 DEC 1998
a

(Rz)g

wherein A is aryl, R, and R, are alkyl and x, a2, b and ¢ are
integers such that 1 < X <3, 1 £a<3, 0<bsg 2, and 0 <

15 ‘¢ £ 2,-provided that a + b + ¢ = 3, thereby producing an
Intermediate feaction product mixture comprising 3-
(methylthio) propanal and said catalyst; and

without prior separation of Said'catalyst from the 3-

(methylthio)propanal of said intermediate reaction product
20 mixture, reacting said 3-(methylthio)propanal with hydrogen

cyanide to produce 2-hydroxy-4-(methylthio)butanenitrile.

17. A process as set forth in claim 16 wherein

18. A process for the manufacture of 2-hydroxy-4-
(methylthio)butanenitrile comprising:

reacting methyl mercaptan with acrolein in a reaction zone

in the presence of an olefin/mexrcaptan addition reaction . .
5 catalyst comprising at least one organic base selected from

the group consisting of triisopropanolamine, tripropylamine,




10: in each of the alkyl substituents bonded to the nitrogen
<atom thereby producing an internedi ate reacti on product m Xture

conpri sing 3-(nethylthio)propanal and said catalyst;

wi thout prior separation of said catalyst fromthe 3- ”IIIIIIlm(“II”III””ﬁI
(et hyl t hi o) propanal of said interne te reaction product ¢ L M n§xtwure,
reacting said 3-(nethylthio)propanal W th hydrogen cyanide to

produce 2 héﬂégéé gbg z%h |L%8F§3Utagegyﬂﬁﬁﬁaxleghgﬂ 4-

dlnethyla 1§ @ et W4 di phenet hyl am ne,
N- et hyl - nggag en@ﬁg@B?&ﬁﬁ%ﬁ%rl E%Alan ?XraZI g '

al kyl am nes, havi fromfive
to tmelve methvﬁdabhenethylamm@aohNbEtthﬂﬂ @ﬂ-dﬁﬂhﬁ?&lﬁ%ﬁ%?ﬂiﬁ%ﬂ&?qC)the

it UEB. coRpl SPAGLSYLARMASR RRURBRos Rt E St & T yeon O

Wi thout prigrea@RALE kR %ﬂk@ql@dbﬂ@&ﬂﬂéhdﬁ*bbﬁd&dfto th° nitrogen
(met hyl t hi o) propanal of said’internediate reagtion product m xture,

reacting satorg- theriepyt prodnadpsnan wntennatisfen eaction BERAUGE pr oduce
g eth y? orth %ﬁg‘g‘ﬁt&%cti’g‘l‘\%«%ﬁ@a%n%m (Helth¥1thio) propanal and 'shid dYtWRPst AS

and

15 without prior separation of said catalyst fxom the 3-
(methylthio)propanal of said intermediate reaction product
mixture, reacting said 3-(methylthio)propanal with hydrogen
cyanide to produce 2-hydroxy-4-(methylthib)bntanenitrile.

18, A process as set forth in claim 18 wherein
gaid olefin/mercaptan addition reaction catalyst comprises
at least one oxganic base selected from the group consisting
of'triisoprppanolamine, picoline, N-methyldiphenethylamine,.

5 N;ethy1-$,3'-diphenyldipropylamine and trialkylamines having
from five to twelve carbon atoms in each of the alkyl
substituents bonded to the nitrogen atom.

20, A process as set forth in claim 19 wherein
said olefin/mercaptan addition reaction catalyst comprises
N-methyldiphenethylamine.

21. A process as set forth in claim 20 wherein
said olefin/mercaptan addition reaction catalyst is cOmbined

with an organic acid in said reaction zone.

22. A process as set forth in claim 19 wherein
"gaid olefin/mercaptan addition reaction catalyst comprises

N-ethyl-3,3'-diphenyldipropylamine. REPLACEMENT SHEET

04 DEC 1998




g ¥ A

sai ¢ ol efin/mercagt4n addition reaction catalyst conpr i sem ‘“ “Qiast

ellected fromthe group conS|st|ng

trd ilsopropansl ami ne,| picoline, N—nethyldlphenethyla

phenyl di propyl am ne and gyi alkylan1nes haV|ng from
fijve to tmelve carbdn atons in each of the alkyl . Substituents bonded
tothe nitrogen atom 23 rocess ag %etAfBEEﬁeiﬁh%§a§ﬁ¥2&0hhﬁrbﬁn0|a'm
19 wherein said ofefin rcaptan addition reaction catalyst conprises
N—nethyldlphsaedhglaﬁnnémercaptan addition 2eéachiprnocetalystsds tombined
claim 20 where Eﬁ said ol efi.n/nercaptan_a dltlon reaction catalyst is
conbi ned tﬁnaﬂrg?ﬁéﬁlécéélan R23Gi HeREELPROAONG e

22. A process as set forth in-claim19 mhereln sai d ol efi n/ mer capt an
addition reaction catal yst conprises

N-et hyl - 3, 3" - di pheny| d2fét opkl prooess as set forth in clain839 whereln

23. A process a efln

addi tion reaﬁ?Fanoiﬁgépé§?rF§°E8ﬂb?ﬁéat1°n RF?ﬁtéﬁ gs§C| gg gd
reaction zongith acetic acid in2daid PE8E€€ssSnazonel, forth in cIa|n119
wherein sai d ol efin/nercaptan addition reaction catalyst is combined

with acetic acid in said reaction zone.
25. A process as set forth in claim 18 wherein an

additional amount of an organic base is introduced into said
intermediate reaction product mixture to promote the
reaction of 3-(methylthioc)propanal with hydrogen cyanide.

26. A process as set forth in claim 25 wherein
- the organic base introduced into the intermediate reaction

product mixture comprises at least one oxrganic base selected

from the group consisting of triisopropanolamine, picoline,
5 N-methyldiphenethylamine, N-ethyl-3,3'-diphenyldipropylamine

and trialkylamines having from five to twelve carbon atoms

in each of the alkyl substituents bonded to the nitrogen

atom.

27. A process as set forth in claim 25 wherein
the organic base introduced into the intermediate reaction
product mixture is the same organic base which comprises
said olefin/mercaptan addition reaction catalyst used in

5 reacting said methyl mercaptan with said acrolein.

28. A process as set forth in claim 25 wherein
the organic base introduced into the intermediate reaction
- product mixture is pyridine.

29. A process as set forth in claim 25 wherein
prior to the introduction of said additional amount of an
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(METHYLTHIO)BUTANENITRILE
(57) Abstract

Catalytic processes for the preparation
of 3-(methylthio)propanal and 2-hydroxy-4-
(methylthio)butanenitrile using novel addition
catalysts are disclosed. The novel addition

catalysts  include: triisopropanolamine,
nicotinamide, imidazole,  benzimidazole,
2-fluoropyridine, poly-4-vinylpyridine,

4-dimethylaminopyridine, picoline, pyrazine,
trialkylamines having from three to eighteen -
carbon atoms in each of the alkyl substituents
bonded to the nitrogen atom and tertiary amines
having formula (I), wherein A is aryl, R and

| Ry2y are alkyl, and x, a, b and ¢ are integers such that 0 S x < 3, lSaS3,0Sbs2,os<_:_$2providedthata+b+c-=3.

(54) Title: PROCESSES FOR THE PREPARATION OF 3-(METHYLTHIO)PROPANAL AND 2-HYDROXY-4-
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