1 8 MAY 2005 - 1 METHOD OF PRODUCI NG CARBOXYLI C ACI DS The present
i nvention relates to a method of producing a carboxylic acid fromtR&A 700
corresponding 5 nitrile. Carboxylic acids are conpounds of great
i nportance in the field of organic synthesis and have been produced in
| arge quantities whether as synthetic . ijnternedi ates or as end products.
10 BACKGROUND OF THE I NVENTION I n the production of carboxylic acids by
hydro- lysis of nitriles, it is common practice to use sulfuric acid as a
catalyst. In this teclRpHODyOFhPREDECINGS CARBOXNERISeACIDISOM the fol | ow ng
reaction fornmula (a), the 15 nitrile conmpound reacts with sulfuric acid to
give the objective carboxylic acid and the byproduct ammoni um hydrogen
sulfate in an equinolar ratio. RCN + H2SO4 + H20 - + RCONH2H2SO4
RCONHZH2SO4 + H20 20The PEEBEnt MMbEHROiohayeTheeky pooduaie thedd oifum
hydrogen sulfate is dis- charged into the river or the |like as an
i ndustrial pastiacitigwavearbbhliydief Gbidnttriom déer icoenteaipdndinfye earth's
ecol ogy and therefore presents problens. In 25 addition, useful anmonia
and sul feri cnacrdlare garboxgticeaeddsutardi sompdecdst lmfs grefdtat i ng t he
production cost and interfering wwth effective utilization of 18 MAY 2005
2 importance in the field of organic synthesis and have

been produced in large quantities whether as synthetic

intermediates or as end products.

10 BACKGROUND OF THE INVENTION

In the production of carboxylic acids by hydro-
lysis of nitriles, it is common practice to use sulfuric
acid as a catalyst. 1In this technology, however, as can
be seen from the following reaction formula (a), the

15 nitrile compound reacfs with sulfuric acid to give the
objective carboxylic acid and the byproduct ammonium
hydrogen sulfate in an equimolar ratio.

RCN + H2:S0:; + H:0 —* RCONH:-H:850,4
RCONH: -H:504 + H:0

20 — RCOOH + NH.HSO,. {a)

The byproduct ammonium hydrogen sulfate is dis-
charged into the river or the like as an industrial
waste. However, this effluent is detrimental to the
earth's ecology and therefore presents problems. In

25 addition, useful ammonia and sulfuric acid are not
recovered but discarded, thus inflating the production

cost and interfering with effective utilization of



resources. In recent years, energetic efforts have been nade to devel op
a technology for treating processes of the byproduct annnnlun1hydrb§éMYZ%5
sul fate or a production 5 process which would not give byproduct amoni um
hydrogen sulfate. For exanple, there has been devel oped a process which,
as illustrated in the follow ng reactiom schema (b), conprises
deconposi ng ammoni um hydrogen sulfate thermally into nitrogen, S02, and
wat er, 10 oxidizing the S02 thus produced and recovering it in the form
of sulfuric gekduree@.recycling the sulfuric acid as a catalyst for
hydrolysis of nitrile conmpounds. NH4HS04 + 1/402 --- ~ 1/2N2 + 5/2H20 +
S02 S02 + 1/202 + H2@n- recen2SOéatk) ehbrdetteeef fiorrtishhaver beesns, t oo,
pyrol ysis of ammoni um hydrogen sulfate |iberates nitrogen gas and does
not permt repadécty devabipniaa.telchnaddigyl dor trieatdgen pododssdorafied on
pyrol ysis of ammoni um hydrogen sulfate contam nate the environnent.
Mor eover, theh20bgpeodsst rammomiue yhyidyogkenammiifiata loydeogarodadifiaire to
recovery of sulfuric acid involves nany conplicated steps which require
addi ti ongl cppotelss mhdshnaouldAnod giseulbyprodusdx Emmondeind hykrodear dl y
be produced effi- ciently and at a | ow cost. 25 Meanwhile, there has been
proposed a techfaltegy Foar exathpdleyzithgra hias iHeent devied oap@d eéspondi ng
carbo- xylic acid with the aid of m croorgani snms. For exanple, 1 8 NAY
7005 3 process which, as illustrated in the following reaction
schema (b), comprises decomposing ammonium hydrogen
sulfate thermally into nitrogen, S0O:., and water,
10 oxidizing the S0: thus produced and recovering it in the
form of sulfuric acid, and recycling the sulfuric acid
as a catalyst for hydrolysis of nitrile compounds.
NH.HSO, + 1/40: — 1/2N: + 5/2H20 + S0:
SO; + 1/20; + H20 —* H2850, {b)
15 However, in this process, too, pyrolysis of
ammonium hydrogen sulfate liberates nitrogen gas and
does not permit recovery of ammonia. In additilon,
nitrogen oxides formed on pyrolysis of ammonium hydrogen
sulfate contaminate the environment. Moreover, the
20 process from pyrolysis of ammonium hydrogen sulfate to
recovery of sulfuric acid involves many complicated
steps which require additional capital investment. As a
result, carboxylic acids can hardly be produced effi-
ciently and at a low cost.
25 Meanwhile, there has been proposed a technology
for hydrolyzing a nitrile to the corresponding carbo-

xylic acid with the aid of microorganisms. For example,



Japanese Patent Publication No. 15120/1983 (JP-B-58- 15120) di scl ose ?
technol ogy for converting lactonitrile and hydroxyacetonitrile to 1§éAY7W5
correspondi ng carboxylic acids by neans of a strain of 5 m croorgani sm

bel onging to the genus Bacillus, the genus Bacteridi , the genus

M crococcus, or the genus Brevibacteriug _Reported in Journal of
Fernmentation Technology, U 393 (1973) is a nethod for causing a yeast

of the genus Torulopsis to elaborate optically 10 active

L- a- hydr oxyV @lag@faindidieC Paicth tamahyl-ida iyl Oy SIBIED Ol 38 RCf Ib {8058 -

a- hydroxynitrile. Japanese Patent Application Laid-open No. 56086/ 1986
(JP-A-61- 56386200 Fulseuesed ae Mo BNHay idithvertaig@or gani sm of the
genus Corynebacteri to convert glyconitrile, 15 lactonitrile and

acet onecyanohy@vonhitteriike 6@ hea@diaige tariydrioxytactivs.

Japanese Pat ent

Application Laid-open No. 84198/1990 (JP-A-2-84198) discloses a nethod
for produci r@riaespinididld Cadtiomwa i jeiidx bywamehrds ant tdestxrxain espondi ng
a-hydroxynitrile by nmeans of a 20 nicroorgani smbel onging to the genus

Al cal i geses, niiltarooderand shs dedonyiary tdelge gendh@ngsEhdootias , gélnes genus
Corynebacteriu , the genus Aci netobacter, the genus Bacillus, the genus

Mycobact er i uBadtesiddnms Rhed@remoe Micraroddiss gesmistigangkmas Japanese
Pat ent 25 Application Laid-open No. 40898/ 1992 (JP—A—4 40898 describes a

met hod for c@nesrittiard exiludr oRepbr et iyl tdiwinaly rohiEefhentation

a- hydr oxy-4-net hyl t hi obutyric 18 MAY 7T15 4

Technology, 51, 393 (1973) is a method for causing a

yeast of the genus Torulopsis to elaborate optically

10 active L-o-hydroxyvalerianic acid and L-o-

hydroxyisocaproic acid from c-hydroxynitrile.

Japanese

. Patent Application Laid-open No. 56086/1986 (JP-A-61-

56086) discloses a technology employing a microorganism

of the genus Corynebacterium to convert glyconitrile,

15 lactonitrile and acetonecyanchydrin to the corresponding

c-hydroxy acids. Japanese Patent Application Laid-open

No. 84198/1990 (JP-A-2-84198) discloses a method for

producing an optically active o-hydroxy acid from the

corresponding a-hydroxynitrile by means of a

20 microorganism belonging to the genus Alcaligenes, the

genus Pseudomonas, the genus Rhodopseudomonas,

the genus

Corynebacterium, the genus Acinetobacter, the genus
Bacillus, the genus Mycobacterium, the genus Rhodo-

coccus, or the genus Candida. Japanese Patent

25 Application Laid-open No. 40898/1992 (JP-A-4-40898

describes a method for converting o-hydroxy-4-

methylthiobutyronitrile to a-hydroxy-4-methylthiobutyric



acid by nmeans of a m coorgani smbelonging to the genus Caseobacter, the
genus Pseudononas, the genus Al caligenes, the genus C‘orynebacteriuT,EHi"Wew35
genus Brevibacteriu , the genus Nocardi , the genus Rhodo 5 coccus, or
the genus Arthrobacter. In those processes involving mcroorganisns, the
product carboxylic acid usually forns & salt with the byproduct anmoni a.
When, for the purpose of isolating the free carboxylic acid fromthe
salt, the salt is 10 treated with an acid such as hydrochloric acid or

sul furic acialidtibe Be@dsi 9f 8ahicesFpaEpEAdPRGCRE I Fe toadn® F&EHS such as
ammoni um chl ori de or ammonium sulfate, is fornmed. Thus arising are

probl ens cdinseebadtert othhogeninEE8REANOREENNREEL IF6R YR th t he 15

technol ogy using sulfuric acid as a catal yst. SUMVARY OF THE | NVENTI ON |t
is, theref dikcabigen¢sctthe gheupr EeEHRELAREEREUBN (tHS 8% a net hod of
produci ng salts of carboxylic 20 acids which does not give rise to

bypr oduct s Buehi bactaniani ubiayaebgenNegersda. ARGt BENUGHEEQASE the
invention is to provide a nethod of producing salts of carboxylic acids
whi ch ger midscams . easythadIeRpedPEshreRa&kety of the useful ammonia and 25
catalvst. A still further object of the invention is to provide met hod
of producing salts bi ehepexprrecastdsiRHPANLPg 13 CRRYTIGHS S™on ve o

effective L, t- i I i zati onof z heanmon.i 3 andlh
product carboxylic acid usually forms a sa t with the

byproduct ammonia. When, for the purpose of isolating
the free carboxylic acid from the salt, the salt is

10 treated with an acid such as hydrochloric acid or
sulfuric acid, the ammonium salt corresponding to the
acid used, such as ammonium chloride or ammonium
sulfate, is formed. Thus arising are problems com-
parable to those mentioned in connection with the

15 technology using sulfuric acid as a catalyst.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present

invention to provide a method of producing salts of carboxylic
20 acids which does not give rise to byproducts such as
ammonium hydrogen sulfate.

Another object of the invention is to provide a
method of producing salts of carboxylic acids which permits an
easy and expedient recovery of the useful ammonia and

25 catalyst.
A still further object of the invention is to

provide a method of producing salts of carboxylic acids which 1s



catal yst ~ substance. The inventors of the present invention did int g'{s]i P\;Ve
research to acconplish the above objects and found that the hydrati My 2005
nitriles with the aid of mcroorganisps and hydrolysis of resultant
am des can produce salts of carboxylic acids without giving rise to
byproducts such as anmmoni um hydrogen sul fate. They have accordingly

perfect ed -the instant__invention. ha,t 1130,1 t hgsmet:hod ofnpeeduci ngha salt
of at®ad i cLOacPﬂ*V\%TCh”Eonprl ses permtting a strain of

m croorgani sm capable of hydrating nitriles or a preparation derived from
t he rﬁac»reddrgarﬁ%%fﬁ”%@t upon a nizrile to thereby provide at |east the
correspondi ng am de and hvdrolyzing the amde in the presence of a base
(e - q. , an alkali nmetal hydroxide) to provide a salt of. the

cor -resQondi ng Ti@ar hoxghicoraciod Fhe minesdne ey e e ydhdhyaE¢ns E6fpound,

f g f |4 7 1a)heC, R
o1 wassearen $o7° gé'rqglf’% thef ol ond ”gPaEQEQ‘J #hd 7a)uRe~MNdla}he

are e sane or rent and each represent

hydr oged @it owm oro . hydv ke Dor igitour hehi eRdnag o‘ﬁi—FéﬁﬁFE?%é@ub@f‘ét ut ed;

RL ang, B 2 pByS] etn%séu&%mtaawmsl &2 rﬁ%ﬁQﬁ]ﬁjé 0fh W § Mot heaadpreEDt
car bon aton¥ provi ded that wher, ?3 en atom R 2 dogﬁl&gt
repre%@ﬁsaw‘%ﬁ%‘ﬁ’én R GRaAnd e to\/e é’é’mdlgrc er abA, PR t ATTOr hul a

(la) » &f@g&@ and rfRt2 .mhde hhee saseraindlyf berfentteahdtleachreseprésent s

Cl-12, aI Cr-12 al kenyl C-,2
inve lén

That is, the method of producing a salt of a carboxylic
acid which comprises

permitting & strain of microorganism capable ol hydrating
nitriles or a preparation derived from t+he microgrganism Lo act
upon a nitrile to thereby provide at least the corresponding amide
and

hydrolyzing the amide in the presence of & base (e.g., &n
alkali metal hydroxide) to provide a salt cf the corresponding

carboxylic acid.

The nitrile may be a cyanchydrin compound, for example,
z compound of the following formula (Ia),
1 |
n/ -
R TOH

wherein R' and 2? are the samz or different and each
represents a hydrogen atom cr & hydrocarbon growp which may
cptionally be subst ituted; R' and r? may jointly form a ring i?
association with the adjacent carbon atom; provided that when R
is a hydrogen atom, r? does not represent & hydrogen atom and vice
versa. Preferably, in the formula {Ia), the r! and R? may be the
saNQCN-dla_erentarmieachrepresentsclqzalkyl,nggalkenyl,C24g
alkinyl,C;docycloalkyl,quqaryl,oquqgaralkyl. Inparticular,

the nitrile may be Z- hydroxybutanenitrile (e.g.,



ai k~ nyl , C3-10cycl oal kyl, C6-,4arvl, or Cr-ioaral kyl Inpart -he nitrile
may be 2-hvdroxybutanen-itri-le (e.g 18 MAY 2005 -6 18 MAY 2005
2-hydroxy-4-nethy|thiobutanenitriIe)6” In the nmethod, the strain of

m croorganism or a preparation derived fromthe mcroorgani smnmay be
"permtted to act upon the nitrile at 0.01 to 80% by wei ght concentration
of the.nitrile., T 1.cr 0 i |l e of hydrating nitriles includes
but ?Shyﬁgpxm %1&§Fﬁi?éﬁ%ﬁ%%?%héglﬁggﬁgéhus Pant oaa, the genus

M crococcus, 1nthee geittsoBacherd gt aihlof hher genYsnBaai b uspr&pergenys
Act-inomadura, the genus Kinsatospora, the genus Pilinelia, the genus
Achr gmrQlyeaiCif renr |t heher igenusr Beh | enineki ag pdengehas Cel hutonppasthet he
genus Kl ebsiella, the geggs Acti nopol i spora, the genus_ Actinosynne, na,

the Gérds AcEndpdiank hePYenbis IAhy CONEEA L e Oyenist e nitrile.
S | ot t . i Qi th
gonus B DorieRgn IS S I HAR£EERy A0, el s BB BUETEs The

genus oRhodespididd am: Adien genttse gGaseobast eea, the: genus Hsevdesenas, the
genus Al caligenes, the genus Corynebacterium the genus Brevibacterium

the géruseNoe diadi zeridhengdmssoRhododbetiisust hidyeanssAREhishaetursa,
thegenus Torul gpsis, . the genus Rhodooseydononas, the genus Acinetobacter,
t he é@ﬁugenﬁﬁcgﬁééﬁéﬁﬁﬁﬂﬁggihét%%nﬁséﬁﬁpgﬁgéﬁgzﬁg’ggﬁﬁsgAd?ﬁbacteriun1 t he
genug ASRefHJd iy, thee 00N s - Benl «6iihdium, the grniss Geshhiobgbiss, the
genus Fusartumy the genus.EnteTUb%CTETT—rﬁe genus Xant hobacter, the genus

Er w. +4eri genlilse Hjerhisi € 14 obaot egent heAgenuspddiepomas, thieheegeraus CGor dona,
etc. As the strain of mcroorganism a strain of mcroorganism grown in

t he PddesyHend. |EesOSHNe | edNFr GRPIReARYcolata, the

genus Saccharcpolyspora, the genus Streptomyces, the genus

Nocardioides, the genus Providencia, the genus Microbacterium,

the genus Rhodobacter, the genus Rhodospirillum, the genus

Caseobacter, the genus Pseudomonas, the genus Alcaligenes, the

genus Corynebacterium, thegenus Brevibacterium, the genus Nocardia,

the genus Rhodococcus, the genus Arthrobacter, the genus Torulopsis,

the genus Rhodopseudocmonas, the genus Acinetobacter, the genus

Mycobacterium, the genus Candida, the genus Agrobacterium, the

genus Aspergillus, the genus Penicillium, the genus Cochliobolus,

the genus Fusarium, the genus Enterobacter, the genus Xanthobacter,

the genus Erwinia, the genus Citrobacter, the genus Aeromonas,

the genus Gordona, etc.

As the strain of microorganism, a strain of micrcorganism
grown in the presence of at least one inducer selected from the
group consisting of nitriles and amides may be used. The
microorganism may have an enzyme such as (a) nitrile hydratase,
(b) amidase and (c) nitrilase. As the preparation derived from
the microorganism, (a} nitrile hydratase, (b} nitrile hydratase
and amidase, or (c) nitrilase may be used.

The method of producing a salt of a carboxylic acid

further comprises an ammonia recovery step for recovering ammonia

byproduced in the



group consisting of nitriles and am des may be used. The m croorgani sm na
have an enzyne such as (a) nitrile hydratase, (b) amidase and (c) 18 MAY 7005
nitrilase. As the preparation derived_from the mcroorganism (a) nitrile
hydratase, (b) nitrile hydratase and am dase, or (c) nitrilase nmay be
~used. The nethod of producing a salt of a carboxylic acid further

Conpréflﬁﬁz‘?‘ n %?g%p;if?sra %Oégw.i%&%@i %QEg{C@ﬁoxﬁrgggﬁm@S ttpé’.aﬂﬁn%glg_%ed in

the 1 carbo ica t providing step or, in addition

to t hecawon atdecovarap sheput 8l st epgfaicditd tégianghdrecOwer 26 ;arpmm as a
nitrogen source in a nitrile production |ine. For exanple, the nethod of
produciunyrea isala wftaltarpogghictioacildngay conprise a hydration step
conprising permtting . a strain of mcroorgani smcapable_of hydrating
cyanchydrin éﬁﬁbSéﬁHgdﬁb E%EPB%E?OFHEPEGP Pn@£ﬂ9d93x%n? BROBYLAC

pr eparatq f&gq omlb said mcroorganismto act upon a cyanohydrir.
conp%ﬁﬁ%f?%?g%%! -E%%roxy-4-nethylthiobutanenitriIe) to provide the
correspondi ng hygnexamdestap ashgdei exhgapkirentstiey comuisimgpextract ing
the reaction mxture containing said hydroxanide with an organic sol vent
to pPriovichr sanbryafteaphase fedmcdiatiing e retly DX afi 6empguiydr dloysits st ep

o cochTe oF REn & VarT ORBe &P Ny 8T O BooPe P U U™ L Rb BB BSpEranig l kal i
met als Aydroeveas boay] sat €oapde 8FBRANLACYBRCANRRAIA cor@SOUd Y@ayieous phase
separating step for
2-hydroxy-4-methylthiobutanenitrile} to provide the
corresponding hydroxamide,
anamide extractionstepcomprisingextractingthereaction
mixture containing said hydroxamide with an organic solvent to
provide an organic phase containing the hydroxzamide,
a2 hydrolysis step comprising hydrolyzing said hydroxamide
of the organic phase in the presence of an alkali metal hydroxide
to provide the corresponding alkali metal hydroxycarboxylate and
ammonia,
an ammonia recovery-agueous phase separating step for
recovering ammonia and separating an agusous phase containing said
alkali metal hydroxycarboxylate from a mixture containing the
alkali metal hydroxycarboxylate and ammonia as provided in said
hydrolysis step, and
a step of recycling the ammonia recovered in said ammonia
recovery-agqueous phase separating step for reuse to a production

line for hydrogen cyanide to be used as a starting material for

cyanohydrin compounds.



recovering ammni a and separating an aqueous phase containing said alkal
met al hydroxycarboxylate froma mxture containing the alkali metal 8 Maf 2005
hydr oxycar boxyl ate and anmonia as provided in said hydrolysis step, and a
step of recycling the anmonia recovered in said anmonia recovery-aqueous
phase separating step for reuse to a prgguction line for hydrogen cyanide
to be used as a starting material for cyanohydrin conpounds. 1 8 MAY 2905
carboxylic acid production technol ogy according to the invention.

DETAI LED DESERI-BokPNiFathls bNYENEEDNn %elhnblidegs] aBiwranas) as ahealitrile
that can be used in the practice of the present invention is not

particul arl yinl/efittied but can be liberally selected froma broad range of
conpounds. The nitrile can be typically represented 10 by the fornula RCN
or the formula RCOCN (wherein R represents an aliphatic hydrocarbon
group, an alicyclic hydrocarbon group, an aromatic hydrocarbon group, or
a heterocyclic group,DRAN CIED MRECRERT 16V ORI THEaENVENRBIOBUbSt i t uent . The

nitrile includes polynitriles. Thus, 15 the aliphatic hydrocarbon group,
alicyclis hygneegsiben group, aromatic hydrocarbon group, or heterocyclic
group is not limted to a univalent group but nay be a bi- or
mul tival ent group. Titheakppbakticolfyddaralkbonhgtowamnmbe uwesd iabdhe 20
i ncl udes saturated hydrocarbon groups and unsaturated hydrocarbon groups,
e.g. alkyl gpepapsieacbfctheaipriesgnit invention is not particularly
limited but can be liberally selected from a breoad range
of compounds. The nitrile can be typically represented

10 by the formula RCN or the formula RCOCN (wherein R
represents an aliphatic hydrocarbon group, an alicyclic
hydrocarbon group, an aromatic hydrocarbon group, or a
heterocyclic group, which group may have at least one
substituent. The nitrile includes polynitriles. Thus,

15 the aliphafic hydrocarbon group, alicyclic hydrodarbon
group, aromatic hydrocarbon group, or heterocyclic group
is not limited to a univalent group but may be a bi- or
multivalent group.

The aliphatic hydrocarbon group mentioned above

20 includes saturated hydrocarbon groups and unsaturated
hydrocarbon groups, e€.g. alkyl groups each containing 1
to about 12 carbon atoms (preferably 1 to 6 carbon
atoms), such as methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, s-butyl, t-butyl, pentyl, hexyl, octyl, decyl,

25 etc.; alkenyl groups each containing 2 to about 12

carbon atoms, such as vinyl, allyl, l-propenyl,

isopropenyl, 2-butenyl, etc.; alkinyl groups each



to about 12 carbon atons (preferably I to 6 carbon atons), such as

nethyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-butyfl§MAY 7005
pentyl, hexyl, octyl, decyl, 25 etc.; al kenyl groups each containing 2 to
about 12 carbon atons, such as vinyl, allyl, 1-propenyl, isopropenyl,
2-butenyl, etc.; alklnyl groups each 18 gAY 7005 9 containing 2 to about
12 carbon atons, such as ethinyl, 2-propinyl, etc.; and al kyl ene groups

each containing 2 to about 12 carbon atons. The alicyclic hydrocarbon

group incl udegnekanand 2altley lab@aUne @aehoroRitaind NGutH asalmtinkdl car bon
atons, such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,

cyclooctyl, etgropagiyilhe edey.r;esp@n LKy 1etyc graiing eregraumsainfeg & onati c
hydr ocarbon group includes aryl groups each containing 6 to about 14 10
carbon at ons tosud®aAds 1pheHbonnaokidy.l , etc. and the corresponding

aryl ene groups. The heterocyclic group includes heterocyclic groups each
containing at | east agne Agtiekeldconyitbearddn Groupanmedudds ageri,o-oxygen,
and sul fur atons. The 15 heterocyclic group nmay be an aromatic

het erocyel i ¢ alkyat groapaTaiact) ogindainiagnGnaromitaut Hel eveodywt iatomg oup,
or a fused or condensed heterocyclic group. The heterocyclic group thus

i ncl udes but suthels ldydlicgddpyl ,f wwdlobutivany lcyglyopesitatl . pyrroli di nyl,
pyridyl, 20 pyrazinyl, pyrimdinyl, pyridazinyl, piperidino, norpholino,
mor phol i nyl , cyed opeixydl,yleyclooctyl, etc. and the corresponding
cycloalkylene groups. The aromatic hydrocarbon group
includes aryl groups each containing 6 to about 14
10 carbon atoms, such as phenyl, naphthyl, etc. and the
corresponding arylene groups.

The heterocyclic group includes heterocyclic
groups each containing at least one hetero-atom selected
from among nitrogen, oxygen, and sulfur atoms. The

15 heterocyclic group may be an aromatic heterocyclic
(heteroaromatic) group, a nonaromatic heterocyclic
group, or a fused or condensed heterocyclic group. The
heterocyclic group thus includes but is not limited to
furyl, thienyl, pyrrolyl, pyrrolidinyl, pyridyl,

20 pyrazinyl, pyrimidinyl, pyridazinyl, piperidino,
morpholino, morpholinyl, and quinolyl.

The group represented by R may, in turn, have
such substituents as halogen atom, hydroxy, alkyl (e.g.
C.-.s alkyl such as methyl, ethyl, propyl, isopropyl,

25 etc.), aryl {(e.g. Cs-14 aryl such as phenyl, tolyl,
xylyl, chlorophenyl, methoxyphenyl, naphthyl, etc.),

ether, alkoxy {e.g. Ci-s alkoxy such as methoxy, ethoxy,



The group represented by R may, in turn, have such substituents as

hal ogen atom hydroxy, alkyl (e.g. G -5 alkyl such as methyl, ethyl 8 MAY 7005
propyl, isopropyl, 25 etc.), aryl (e.g. C6-14 aryl such as phenyl, tolyl,
xylyl, chl orophenyl, nmethoxyphenyl, naphthyl, etc.), ether, alkoxy (e.qg.

Cl -5 al koxy such as nethoxy, ethoxy, 8 WMAY_-?005 - 10 etc.), aryloxy (e.g.
C6- 14 aryl oxy such as phenoxy etc.), nercapto, alkylthio (e.g. C-5

al kylthio such as nethylthio, ethylthio, etc.), arylthio (e.g. C6-14

aryl thi o suchtas )pharylibliyo (et.g.) c.canb@tyloest sudte 4 phetlody
al koxycar bonyl such as net hoxycarbonyl etc. and C2- 12 acyl oxy such as

acet oxy etc. ptcagyl meecapd,lalagiithisudle.as anetsylalkyartznyd swtic.gs
am no, nono- or di- substituted amno (e.g. nono- or disubstituted Cl-5

al kyl ami no smelhes thebhY eafiylehidi, metthy.|)amiaryl wiic )(e . and nitro, anong
others. The nunber of substituents may for exanple be | to about 4. The
al i phatic ni afiyll€hiiackudds abuphenylahid ietd.§d toarbabyr atectear (wnsnt urat ed
nitriles each containing 2 to 6 carbon atons (e.g. saturated 15
nononi t r gl esCsuch adkoxgeaabionyll euch ey orithraxysarduntylr etid v idre] Ca -
i sobutyronitrile, valeronitrile, isovaleronitrile, etc.; saturated
d! nitri | es suchaaylox®l emichr ialse acadicpniettra.l)e, astyd. ;(earg] Unsat W\BCiled
nitriles such as acrylonitrile, nmethacrylonitrile, allyl 20 cyani de,
crotonitril esuehcap. atedydl.i peatrzioyini tetid.@ , fawieer narsl-udws Eonpounds of
the formula RCOCN (R has
substituted amino (e.g. mono- or disubstituted Ci-s
alkylamino such as methylamino, dimethylamino, etc.),
10 and nitro, among others. The number of substituents may
for example be 1 to about 4.
The aliphatic nitrile includes but is not
limited to saturated or unsaturated nitriles each
containing 2 to 6 carbon atoms (e.g. saturated
15 mononitriles such as acetonitrile, propionitrile,
butyronitrile, isobutyronitrile, valeronitrile,
isovaleronitrile, etc.; saturated dinitriles such as
malonitrile, adiponitrile, etc.: and unsaturated
nitriles such as acrylonitrile, methacrylonitrile, allyl
20 cyanide, crotonitrile, etc.). The aliphatic nitrile
further includes compounds of the formula RCOCN (R has
the same meaning as defined hereinbefore), such as
pyruvonitrile.
The alicyclic nitrile includes, for example,
25 nitriles each containing 4 to 10 carbon atoms {(e.g.

cyclopentanecarbonitrile, cyclohexanecarbonitrile,

etc.).



t he sanme neani ng as defined hereinbefore), such as pyruvonitrile. The
alicyclic nitrile includes, for exanple, 25 nitriles each contai ni dd MAt G0
10 carbon atons (e.g. cyclopentanecarbonitrile, cyclohexanecarbonitrile,
etc.). 18 MAY 2005 The aromatic nitrile includes but is not limted to
aromatic nononitriles such as benzonitrihe, o-, m, and

p- chl or obenzonitrile, o-, m, and p-fluorobenzo- nitrile, o-, m, and
p-nitrobenzonitrile, o-, m, and p 5 tol ubenzonitrile,

2, 4-di chl orobenzoni t rhkearamhs®c Aittile, iacnagesheuitt isl @ot limited
5-naphthonitrile, etc. and aromatic dinitriles such as phthalonitrile,

i sopht hal 0- Bt Birbfataedmoabaphiriakenisuchl as a@prendttiians, Bie mromatic
nitrile further includes aral kyl group 10 containing nitriles such as

phenyl acet onah@i bechporbyenavyphenylegcet-qni-r,i lagd p-fluorobenzo-
p- met hoxyphenyl acetonitrile, and so on. The heterocyclic nitrile includes
nitriles eachitkavengoa,Sm-qr ahdnprhgétedbenzgndaitidieni rg ,am-l,easid gre 15
het er o- at om sel ected from anong ni trogen, oxygen, and sulfur as a ring
menber, for esanpkeszonfitidige ,c@niaidiichd orslehziondt rdlyge mrds o
het ero-atom such as 2-thio- phencarbonitrile, 2-furonitrile, etc.;
nitriles connitatiliengorntphg¢@ondtrd leet fraaphahondtatilas 2tcamnd0
pyridi ne, 3-cyanopyridine, 4-cyanopyridi ne, cyano- pyrazine,
cyanopi peri damema¢tic. diaddrfilesd shiehe asc phithal omiittriilles sisoiphdhalo-
5-cyanoi ndol e etc. The heterocyclic

nitrile, and terephthalonitrile, among others. The

aromatic nitrile further includes aralkyl group-

10 containing nitriles such as phenylacetonitrile, p-
hydroxyphenylacetonitrile, p-methoxyphenylacetonitrile,
and so on.

The heterocyclic nitrile includes nitriles each
having a 5- or 6-membered ring containing at least one

15 hetero-atom selected from among nitrogen, oxygen, and
sulfur as a ring member, for example nitriles containing
sulfur or oxygen as a hetero-atom, such as 2-thio-
phencarbonitrile, 2-furonitrile, etc.; nitriles con-
taining nitrogen as a hetero-atom, such as 2-cyano-

20 pyridine, 3-cyanopyridine, 4-cyanopyridine, cyano-
pyrazine, cyanopiperidine, etc.; and fused heterocyclic
nitriles such as 5-cyanoindole etc. The heterocyclic
nitrile further includes compounds of the formula RCOCN
(R represents a heterocyclic group), such as nicotino-

25 nitrile, isonicotinonitrile, etc.

The nitrile compound whose aliphatic

hydrocarbon, alicyclic hydrocarbon, arcmatic



nitrile further includes conpounds of the fornula RCOCN (R represents a
het erocyclic group), such as nicotino- 25 nitrile, isonicotinonitrilfld, MAY 2005
etc. The nitrile conpound whose aliphatic hydrocarbon, alicyclic

hydr ocarbon, aromatic 18 MAY 7005 - 12 hydrocarbon, or heterocyclic

moi ety represented by Ris substitutedjipncludes, for exanple,

am nonitrile conpounds and cyanohydrin conpounds. As amnonitrile
conpounds, there may be nentioned a-am nonitriles such 5 as

ani noacet oni hidhr®cabdii, @AY ARItRTddYdiEc doidtyduinsnited Iy Rtiss and
~-amnonitriles such as 3- am nopropionitrile, etc. The cyanohydrin

conpound i nclsu@es idugranamedride s ,C @EH0 Wxdsnp Ie,C aniaturdi i1 onpounds, and
y-cyanohydrin 10 conpounds. The carbon nunber of such a cyanohydrin

cormpound may cohipouzNRinG dyandhydrlish duntfcemads.y Rd caamiionbinc or e
preferably about 3 to 8. The a-cyanohydrin conpound may for exanple be a

conpound of idamploRiniaewi A% Miye bt dentiordd CNaniednif2i 163 setiei n R
and R 2 may be the sane or different and each represents a hydrogen atom
or a hydsocamzoamgheweedondlt r12Q@ My dxel ruphisigfontiek 106, Ri- and R 2 may
jointly forma ring in association with the adjacent carbon atom provided
t hat wher e Rlamiepteaeiion it digedr ogat atang Randoeminatiles such as 3-
aminopropionitrile, etc.
The cyanohydrin compound includes o-cyanohydrin
compounds, R-cyanohydrin compounds, and y-cyanohydrin
10 compounds. The carbon number of such a cyanohydrin
compound may, for example, be 2 to 18, preferably 3 to
12, and more preferably about 3 to 8.
The o-cyanohydrin compound may for example be a

compound of the following formula (Ia),

15
Rl N

RQ/C\'OH (1a)

wherein R! and R? may be the same or different and each

represents a hydrogen atom or a hydrocarbon group which
20 may be substituted, or R®' and R? may Jjointly form a ring

in association with the adjacent carbon atom; provided

that where R' represents a hydrogen'atom, R? does not

represent a hydrogen atom, and vice versa.

The hydrocarbon group or groups represented by

25 R! and R? above and the substituent group or groups

which may be present thereon include the same aliphatic

hydrocarbon groups, alicyclic hydrocarbon groups, and



represent a hydrogen atom and vice versa. The hydrocarbon group or ENPﬁUS
represented by 25 R and R 2 above and the substituent group or ng%L'
whi ch nmay be present thereon include the same aliphatic hydrocarbon
groups, alicyclic hydrocarbon groups, and 18 MAY 2005 - 13 aromatic
hydr ocar bon groups as nentioned hereinbgfore in the definition of R and
the sanme substituent groups as nentioned hereinbefore for these
hydr ocar bon groups. Preferred exanples of R and R 2 include not only 5
al kyl groupsagbmbhttiie apawbchizboar baoupisors (Mendfiensd here@lin®ef oalek dmy |
groups of 2 to about 12 carbon atons, alkinyl groups of 2 to about 12
carbon at onstheydk@ahkyliongodups anfi 3hieo salneutsub® tdanleort @rowps asd ar vyl
groups of 6 to about 14 carbon atons, all of which have been 10 nenti oned
in the definmenodhonkdRhelretinbefor€7 £oa ahaisiey hydyoourd oguchroaps .
phenyl net hyl , 2-phenyl ethyl, |- phenyl ethyl, 3-phenyl propyl, and
4-phenyl butyl, anongPrefkersd €remphesecofeRt'i anddRFi ngolmideh nio optliyonal |y
15 formed by R and R 2 in association with the adjacent carbon atom
i ncl udes5cychaaikageonpsgefofl 3ot abaldutl 28 cagdnono @ tams e prafeirads y
cycl opropyl, cyclobutyl, cyclo- pentyl, cyclohexyl, cycloheptyl, and
cycl ooctyl. Thesad-cypdkehydr groupspodnd ttypiakaiuty li2nclaxden &®md.i phatic
a- cyanohydri ns such as hydroxyacetonitrile, lactonitrile,
acet onecyanoby#inyl griopmsorfbit &0eabeitr Y2 carbon atoms, cycloalkyl
2- hydr oxy-4- et hyl t hi obut anenitril e, 2-hydroxy-

groups of 3 to about 10 carbon atoms, and aryl groups of

6 to about 14 carbon atoms, all of which have been
10 mentioned in the definition of R, but also Cr-10 aralkyl
groups such as phenylmethyl, 2-phenylethyl, 1-
phenylethyl, 3-phenylpropyl, and 4-phenylbutyl, among
others.
The above-mentioned ring which is optionally
15 formed by R?! and R? in aséociation with the adjacent
carbon atom includes cycloalkane rings of 3 to about 8
carbon atoms, such as cyclopropyl, cyclobutyl, cyclo-
pentyl, cyclohexyl, cycloheptyl, and cyclooctyl.
The o-cyanohydrin compound typically includes
20 aliphatic c-cyanohydrins such as hydroxyacetonitrile,
lactonitrile, acetonecyanohydrin, 2-hydroxybutane-
nitrile, Z;hydroxy—4—methylthiobutanenitrile, 2-hydroxy-
2-methylbutanenitrile, 2-hydroxy-3-methylbutanenitrile,
2-hydroxy-3-butenenitrile, 2-hydroxypentanenitrile, 2-
25 hydroxyhexanenitrile, 2-hydroxyoctanenitrile, etc.;
alicyclic a-cyanchydrins such as 2-hydroxy-

cyclohexaneacetonitrile, cyclopentanonecyanchydrin,



2-met hyl butanenitrile, 2-hydroxy-3-nethyl butanenitrile,

2- hydroxy-3-butenenitrile, 2-hydroxypentanenitrile, 2 25 18 MAY 2005
hydr oxyhexanenitril e, 2-hydroxyoctanenitrile, etc.; alicyclic

a- cyanohydri ns such as 2-hydroxy- cycl ohexaneacetonitrile,

cycl opent anonecyanohydrin, 18 MAY 2005 14 14 cycl ohexanonecyanohydri n,
etc.; and aromatic a- cyanohydrins such as mandelonitrile, 2-hydroxy-3-
phenyl but anenitrile, and so on. The ~-cyanohydrin conpound typically

i ncl udes 3- gykydhexupbapapaniohlidran ,3-duedr0aniltaarerd tid loe; 3-
hydr oxyhexanenitrile, 2-hydroxycycl ohexanecarbonitrile, and

3- hydr oxy- 3- genyhgpdepasesiuichi e, mamded cotitarid e, The-hydxyeyotB-dri n conpound
includes but is not limted to 4-hydroxybutanenitrile, 4-hydroxyhexane 10
nitrile, 3-hptienylbetaneadrtirddiet,riang sandm- hydr oxy- 4-

phenyl but anenitril e, anong others. Since the electrodialysis step in
accordance w th theTheegenyanphgdirian compgpemed divipicadiy dohadutdesn 34 he
presence of water, the above-nentioned nitrile is 15 preferably a conpound

such that sahydrekyprepanendsrijendidndycardaybdtianecitteidid ] e
wat er-soluble. From this point of view, the total carbon nunber of the

nitrile my hydrexymekaneaiirdie .2 2-GyiB oxyayalraissanedmnhorRitni 19, and
nore preferably about 2 to 8. 20 The preferred nitrile includes
cyanohydrin emd 3pbydadoxyparphenydiprpranepdiatiidr i mrarpcuitErsuch as the

above conpounds of formula (la), which are useful for
The y-cyanchydrin compound includes but is not

limited to 4-hydroxybutanenitrile, 4-hydroxyhexane-

10 nitrile, 3-hydroxyhexanecarbonitrile, and 4-hydroxy-4-
phenylbutanenitrile, among others.

Since the electrodialysis step in accordance
with the present invention is generally carried out in
the presence of water, the above-mentioned nitrile is

15 preferably a compound such thét salts of the corres-
ponding carboxylic acid will be water-soluble. From
this point of view, the total carbon number of the
nitrile may for example be about 2 to 18, preferably
about 2 to 12, and more preferably about 2 to 8.

20 The preferred nitrile includes cyanohydrin com-
pounds, particularly o-cyanohydrin compounds such as the
above compounds of formula (Ia), which are useful for
the production of hydroxycarboxylic acids. The still
more preferred nitrile includes aliphatic a-cyanohydrins

25 of about 3 to 8 carbon atoms, such as lactonitrile,
acetonecyanohydrin, 2-hydroxy-4-methylthiobutanenitrile,

etc.



t he production of hydroxycarboxylic acids. The still nore preferreq
nitrile includes aliphatic a-cyanohydrins 25 of about 3 to car bon é&%@%h%
such as lactonitrile, acetonecyanohydrin,

2- hydr oxy-4-met hyl t hi obutanenitrile, etc. 18 MAY 7035 - 15 The nitriles
can be produced by the routine technalqgy.. An aliphatic nitrile, for

I nstance, can be produced by reacting an alkyl halide or a dialkyl

sulfate with an al kali cyani de such as potassium5 cyanide. An aromatic

nitrile can be typi cahlky nRt@duesdcaby b RPrecRTe Mty RO MY SER
di azotizing an amne and reacting the resulting diazo conpound with

copper (1) €¥aRnd2ogHTONAMIialifiphd tG@MAWbSLe a-fRNGtHi de Cargoussls 10
in particular can be produced by a process which conprises permtting

hydrogen cyapirdauicedadly deadjitind dehyde&yar Hestiohe ¢f @ @rauess Which
conprises per- mtting an al kali cyanide such as potassiumcyanide to act

on an al dehyda1¢atiectwaner sedialmalidisanfdd ewddus .pdtftassiymnohydrin
conpounds can be produced by reacting epoxldes wi th hydrogen cyani de.

[ The mi cpoor ggans@eqr anpremaaticomidarileddmhareftypricailhe piedwesgani sm
may be any m croorgani sm capable of hydrating nitriles. The m croorgani sm
t hus 20 incl vgea puaiodes shathilchmdoamhrtiG (sl )dddwo igienilisg Rantamine 41 t he
genus M crococcus, (3) the genus Bacteridiu , (4) the genus Bacillus, (5)
t he genus Actreacnddg ahe( Gesulting diazo compound with copper (I}
cyanide.
Among nitrile compounds, «-cyanchydrin compounds
10 in particular can be produced by a process which
comprises permitting hydrogen cyanide to act on an
aldehyde or ketone or a process which comprises per-
mitting an alkali cyanide such as potassium cyanide to
act on an aldehyde or ketone-sodium hydrosulfite adduct.
15 f-Cyanohydrin compounds can be produced by reacting
epoxides with hydrogen cyanide.
[The microorganism or a preparation derived therefrom]
The microorganism may be any microorganism

capable of hvdrating nitriles. The microorganism thus

20 includes but is not limited to {1) the genus Pantoea,

(2) the genus Micrococcus, (3) the genus Bacteridium,
(4) the genus Bacilius, (5) the genus Actinomadura, (6)

the genus Kitasatospora, (7) the genus Pilimelia., (8)
the genus Achromobacter, (9) the genus Beijerinckia,

25 {10) the genus Cellulomonas, (11) the genus Klebsiella,
(12) the genus Actinopolispora, (13) the genus
Actinosynnema, (14) the genus Actinopulanes, (15) the



the genus Kitasatospora, (7) the genus Pilinelia, (8) the genus

Achr omobacter, (9) the genus Beilerinckia, 25 (10) the genus Cel | ul biidhH )05
(11) the genus Klebsiella, (12) the genus Actinopolispora, (13) the genus
Actinosynnem, (14) the genus Actinopul anes, (15) the 18 MAY 2005 - 16
genus Anmycol ata, (16) the genus Saccharqpol.yspora, (17) the genus
Streptonyces, (18) the genus Nocardioides, (19) the genus Providencia,
(20) the genus M crobacterium (21) the genus Rhodobacter, (22) the 5
genus Rhodosgjehids Amycbddltat,hg 169N uheCaranin@achdrto 1 fdimomenus 7)
Pseudononas, (25) the genus Al caligenes, (26) the genus Corynebacteri
(27) the genypeBigeriudagieeptiorfcddle (BULHORMIA Nd2Ndidideenus
Rhodococcus, (30) the genus Arthrobacter, (31) the genus 10 Torul onsis,
(32) the genysoBhathepsentempias. i deddid he nuheAaamivbacter, (34) the
genus Mycobacterium (35) the genus Candi da, (36) the genus

Agr obact er i umici@bactielid WENYS 1AS AfTediddniins Ridfotdet renus2 Penilee | i u
(39) the genus Cochliobolus, (40) the genus Fusariu , (41) 15 the genus
Ent er obast € gelid) Ro@osgriud Diant hdlZEt ethe detd)s tQus st i (24) (44)
the genus Citrobacte , (45) the genus Aerononas, and (46) the genus

Cor dona. Thostelemg@mmr Faecitongss {29 eadte mmwm {26) e
hydratase which is the enzyme converting 20 nitriles to am des, ami dase
whi ch i s the thez \genuso Cormmiebag taridms, t(@arflexyddraisci ds, and nitril ase
which is the enzyne converting nitriles to carboxylic aC|ds.

Brevi m, (28) the genus Nocardia, (29} the genus
Rhodococcus, (30) the genus Arthrobacter, (31) the genus
10 Torulopsis, (32) the genus Rhodopseudomonas, (33) the
genus Acinetobacter, (34) the genus Mycobacterium, (35)
the genus Candida, (36) the genus Agrobacterdium, (37)

the genus Aspergillus, (38) the genus Penicillium, (39)
the genus Cochliobolus, {(40) the genus Fusarijum, (41)

15 'the genus Enterobacter, (42) the genué Xanthobacter,
(43) the genus Exrwinia, (44) the genus Citrobacter, (45)
the genus Aeromonas, and (46) the genus Gordona.

Those microorganisms have at least one enzyme
among nitrile hydratase which is the enzyme converting

20 nitriles to amides, amidase which is the enzyme con-
verting amides to carboxylic acids, and nitrilase which
is the enzyme converting nitriles to carboxylic acids.
Many of those microorganisms have a plurality of enzymes
among the above-mentioned enzymes, for example nitrile

25 hydratase and amidase.

Depending on the species of enzymes possessed by

microorganisms, there are cases in which only amide



Many of those m croorgani sns have a plurality of enzynmes anong the
above-nentioned enzynes, for exanple nitrile 25 hydratase and am dddeMAY 2005
Dependi ng on the species of enzymes possessed by mcroorganisns, there
are cases in which only am de 18 MAY 2LI05 17 conpounds are produced,
cases in which only carboxylic acids-aneg produced, and cases in which
am de conpounds and carboxylic acids are both produced. Wien a strain of
m cr oor gani sm capabl e of producing a carboxylic acid 5 or a preparation
derived t her ebmpoungispare preducedsctcasgronm whiich lenly heaxzosoddet i ¢ aci d
produced generally fornms a salt with the byproduct anmonia. The
m cr oor gani sacdd@galhre @iroduiced) @mnd casead |in whiigh couiode tdempoundspondi ng
carboxylic acid includes 10 but is not limted to the follow ng
m croor gani sand ChrbbxyldenasiBsntaoe bdRdm tposad viggl omdremsa N Ba{iFERM
P-11349), etc. (2) The genus N crococcus: M crococcus sp. AM ( FERM P-
2720), etc. DE Micrbocggpadism Bapiadliediaf pritabicimgia caprbd@Alli¢ M P-
2719), Bacteridiu sp. R340 (FERM P-2718), etc. (4) The genus Bacill us:
Baci | | us5sp. oR332 pirepRvaRi2nl derivigsk itHarefomm B Qemdaci tedistauttlis CNS
(FERM BP-2354), etc. 20 (5) The genus Actinomadura: Actinomadura crene
subsp. crenmuponF@ 14183 leot dhe( @arboxwamuadid axndypt agenéxably ospor a
setae | FO

forms a salt with the byproduct ammonia.

The microorganism capable of acting on a nitrile

to produce the corresponding carboxylic acid includes

10 but is not limited to¢ the following microorganisms.
(1) The genus Pantoea: Pantoea Agglommerans NH-3 (FERM
P-11349), etc.
(2) The genus Micrococcus: Micrococcus sp. Alll (FERM P-
2720), etc.

15 (3)'The genus Bacteridium: Bacteridium sp. R341 (FERM P-
2719), Bacteridium sp. R340 (FERM P-2718), etc.
{4) The genus Bacillus: Bacillus sp. R332 (FERM P-2717),
Bacillus sp. R340, Bacillus subtilis CN5 (FERM BP-2354),

etc.
20 (5) The genus Actinomadura: Actinomadura cremea subsp.
cremea IF0 14182, etc.
(6) The genus Kitasatospora: Kitasatospora setae IFO
14216, etc.

(7) The genus Pilimelia: Pilimelia terevasa IFO 14556,
25 etc.
(8) The genus Achromobacter: Achromobacter xerosis IFO

12668, etc.



14216, etc. (7) The genus Pilineli : Pilinelia terevasa | FO 14556, 25

etc. (8) The genus Achronobacter: Achrompbacter xerosis |FO 12668, 18tNAY 2005
18 MAY ?095 - 18 (9) The genus Beilerincki : Beilerinckia indic subsp.
indica | FO 3744, etc. (10) The genus Cellul ononas: Cellul ononas fl avi gena

| FO 3754, etc. 5 (11) The genus Kl ebsi glgl -0 Kl ebsiella pneunoni ae subsp.
pneunoni ae NH 36 (FERM P-11739), etc. (12) The genus Actinopol i spora:

Acti nopol i spora hal ophil I FO 14100, etc. (13) The genus Actinosynnena:

Act i nosynnend afi mMhe k@nuk) BEdidiedi netkd a «( B4 {Erel rgdnis Apiigsoomuiizses:

Acti nopul anes | obatus I FO 12513, etc. (15) The genus Anycol ata: Anycol ata
aut ot r ophi ca infdQcal A48 ,3Bt4c,. eltle.(16) The genus Sacchar opol yspora:

Sacchar opol yspor rectivigul |IFO 12134, etc. (17) The genus Streptonyces:

St rept omyces (40.) ITHR 12808 Cedfiml diribBla sth€eddmiondores df avdiasna IFO
Nocar di oi des flayus | FO 20 14396, etc. (19) The genus Providenci a:
Provi denci a Stngalr,tiegtd.FO 12930, etc.
5 (11) The genus Klebsiella: Klebsiella pneumoniae subsp.
pneumoniae NH-36 (FERM P-11739), etc.
(12) The genus Actinopolispora: Actinopolispora
halophila IFO 14100, etc.
(13) The genus Actinosynnema: Actinosynnema mirum IFO
10 14064, etc.
(14) The genus Actinopulanes: Actinopulanes lobatus IFO
12513, etc.
(15) The genus Amycolata: Amycolata autotrophica IFO
12743, etc.
15 (16) The genus Saccharopolyspora: Saccharopolyspora
rectivigula IFO 12134, etc.
(17) The genus Streptomyces: Streptomyces sp. IFC 13809,
etc.
(18) The genus Nocardioides: Nocardioides flavus IFO
20 14396, etc.
(19) The genus Providencia: Providencia stuartii IFO
12930, etc. |
(20) The genus Microbacterium: Microbacterium lacticum
IFO 14135, etc.
25 (21) The genus Rhodobacter: Rhodgbacter spheroides IFO
12203, etc.

(22) The genus Rhodospiriilum: Rhodospirillum rubrum IFO



(20) The genus M crobacterium M crobacteriumlacticu |FO 14135, etc.

(21) The genus Rhodobacter: Rhodobacter spheroides |FO 12203, etc. 1@mm¥zm5
The genus Rhodospirillum RhodospirillumrubrumIFO 18 MAY 2005 - 19
3986, etc. (23) The genus Caseobacter: Caseobacter sp. BC23 (FERM
P-11261), etc. (24) The genus Pseudonpna®. -Pseudononas sp. BCl3-2 (FERM 5
P-11266), Pseudononas sp. B21C9 (FERM BP-3737), Pseudononas fl uorescens
NRRL B-981 (I FO 3925), Pseudononas fluorescens | FO 3081, Pseudonobnas
yesicularis APBG,1BA26, etc. (25) The genus Al caligenes: Alcaligenes sp.
BC35-2 (FERM 10 P-11265), Al caligenes faecalis ATCC 8750, etc. (26) The
genus Cor ynelaadt)emhe geGorsy riziterdtemi (Qadeytiadier AICC BU23 9( FERM
Corynebacteriu sp. KO 2-4 (FERM BP-2353), Corynebacterium sp. B-96 (FERM
P-7733), Comyndiz#dter iatcsp. C 99 (FERM P-7734), etc. 15 (27) The genus
Brevi bacterium Brevibacteriumacetylicum |AM 1790, Brevi bacterium

i nperi al e B- 222 )( BERMdeni2 Bseuddmemr deec tRgdudgmorniid 2s1f FERM - 270RERM

Brevi bacteriu sp. C211 (FERM P-2723), etc. (28) The genus Nocardi a:

Nocardi $p. R-2A266HERESaudimohbty)sp etB21QPI\FERM Bendis3 Rhodococcus:
Rhodococcus sp. SK92 (FERM P-11305), Rhodococcus sp. AK32 (FERM BP-1046),
etc. Pseudomonas fluorescens NRRL B-981 (IFC 3925),

Pseudomonas fluoregcens IFO 3081, Pseudomonas
vesicularis ATCC 11426, etc.
(25) The genus Alcaligenes: Alcaligenes sp. BC35-2 (FERM

10 P-11265), Alcaligenes faecalis ATCC 8750, etc.

(26) The genus Cerynebacterium: Corynebacterium
nitrilophilus ATCC 21419, Corynebacterium sp. KO-2-4
(FERM BP-2353), Corynebacterium sp. B-96 (FERM P-7733),
Corvnebacterium sp. C-99 (FERM P-7734), etc.

15  (27) The genus Brevibacterium: Brevibacterium acetylicum
IAM 1790, Brevibacterium imperiale B-222 (FERM P-2721),
Brevibacterium sp. R312 (FERM P-2722), Brevibacterium
sp. C211 (FERM P-2723), etc.

(28) The genus Nogcardia: Nocardia sp. N-775 (FERM P-

20 4447), etc.

(29) The genus Rhodococcus: Rhodococcus sp. SK92 (FERM

P-11305), Rhodococcus sp. AK32 (FERM BP-1046), etc.
(30) The genus Arthrobacter: Arthrobacter sp. HR4 (FERM

P-11302), etc.

25 (31) The genus Torulopsis
(32) The genus Rhodopseudomonas: Rhodopseudomonas
sphaeroies ATCC 11167, etc.



(30) The genus Arthrobacte : Arthrobacter sp. HR4 (FERM P-11302), etc. 25
(31) The genus Torul opsis (32) The genus Rhodopseudonpbnas: 18 MAY 7005
Rhodopseudononas sphaeroies ATCC 11167, etc. 1 8 k1AY L?0D5 - 20 (33)
The genus Aci netobacter: Aci netobacter sp. AK226 (FERM PBP-2451), etc.
(34) The genus Mycobacterium Mcobactenrigum sp. AC777 (FERM BP-2352),

etc. 5 (35) The genus Candida: Candid tropicalis ATCC 20311, etc. (46)
The genus Gordona: Gordona rubropertinctus JCM 3204, etc. The

m croor gani sm3g3pailet gend iidigetRMacield Ndidi@ U@ Rodice Akm6
correspondi ng am de includes but 1s not limted to the foll ow ng

m croor gani snyErM2 PP 48ANUS &Mccrococcus: M crococcus sp. Alll (FERM P-
2720), etc. (3) The genus Bacteridi Bacteridi sp. R341 (FERM P- 15 2719),
Bact eri di u sp34R348 e feRMsP M EbDac teirG un(:4 MyDud a@aiisi Jiaaig | usc7Baci | | us
sp. R332 (FERM P-2717), Bacillus smthii SCJOb-1 (FERM P-14037, FERM
BP-4935), et ¢ErMZ@®p-BggenexdVl crobacterium M crobacteriumflovu | AM
20 1642, etc. (24) The genus Pseudononas: Pseudononas sp. SK87 ( FERM

P-11311) 5 Psquaomumas gelthe Wadidhich :BLandidRAMiBipli®#alis ATCC 20311,

etc.
(46) The genus Gordona: Gordona rubropertinctus JCM
3204, etc.

The microorganism capable of acting upon a
10 nitrile to produce the corresponding amide includes but
is not limited to the following microorganisms.
(2) The genus Micrococcus: Micrococcus sp. Alll (FERM P-
2720}, etc.
(3) The genus Bacteridium: Bacteridium sp. R341 (FERM P-
15 2719}, ng;g:iﬁlgm sp. R340 (FERM P-2718), etc.
(4) The genus Bacillus: Bacillus sp. R332 (FERM P-2717),
Bacillus smithii SC-J05-1 (FERM P-14037, FERM BP-4935},
etc.
(20) The genus Microbacterium: Microbacterijium flovum IAM

20 1642, etc.

{24) The genus Pseudomonas: Pseudomonas sp. SK87 (FERM
P-11311), Pseudomonas chlororaphis B23 (FERM BP-187),

Pseudomonas sp. PS1 (FERM BP-188), Pseudomonas sp. MY-1
(FERM P-9174), etc.

25 (25) The genus Alcaligenes: Alcaligenes sp. BCl16-2
(FERM P-11276), etc.

(26) The genus Corynebacterium: Corynebacterium



Pseudononas sp. PSI (FERM BP-188), Pseudononas sp. MY-1 (FERM P-9174),

etc. 25 (25) The genus Al caligenes: Alcaligenes sp. BC16-2 (FERM 1 § MAY 7005
P-11276), etc. (26) The genus Corynebacteriu : Corynebacteri - 21
nitrilophilus ATCC 21419, Corynebacteriu sp. N-771 (FERM P-4445),
Corynebacterium sp. N-774 (FERM P-4446) 51 etc. (27) The genus

Brevi bacterium Brevibacteriuminperiale 5 B-222 (FERM P-2721),

Brevi bacterium sp. R312 (FERM P- 2722), Brevibacteriumsp. C11 (FERM
P-2723), etcpnit28)ophd laenaTdiocardiss: d¥asaietiavtsridh b, (WFERM P- 4447)
etc. (29) The genus Rhodococcus: Rhodococcus rhodochrous ATCC 10 33278,
Rhodococcus r{lFewker ip-aust 5)-,1 Corfeidbaitte448im spRhedlocor cFERM aplogdd ®us | FM
153, Rhodococcus erythropolis |IFO 12320, Rhodococcus erythropolis | FM
155, Rhodocoeaus erythropolis AK 3132 (FERM BP-1040), Rhodococcus sp. s-6
(FERM BP-687), Rhodococcus sp. AK 33 15 (FERM BP-1047), Rhodococcus
rubroperti nct{ey )J@Me3dyhus Grevipadt edieinge BrevAdidutedhmioire rimpeitta ddact er
sp. HR1 (FERM P-11301), Arthrobacter globisforms |IFO 12138,

Art hr oba6t er Bares (OERM AV27234Q, Bateori b HedGunl fep gaRBIS2 AFFERMCReri um

Aar obact erium radi obacte SC Cl15-1 (FERM BP-3843), etc. (37) The genus
Aspergi | | us: 2422¢r,giBrdeyd baicter ihMsI02T 21 X AFERMIR-2723), etc.

{(28) The genus Nocardia: Nocardia sp. N-775 (FERM P-

4447), etc.

(29) The genus Rhodococcus: Rhodococcus rhodochrous ATCC
10 33278, Rhodococcus rhodochrous J-1 (FERM BP-1478),

Rhodococcus rhodochrous IFM 153, Rhodocogccus

erythropolis IFO 12320, Rhodococcus erythropolis IFM

155, Rhodococcus erythropolis AK 3132 (FERM BP-1040),
Rhodococcus sp. s-6 (FERM BP-687), Rhedococcus sp. AK 33
15  (FERM BP-1047), Rhodococcus rubropertinctus JCM 3204,
etc.
(30) The genus Arthrobacter: Arthrobacter sp. HR1 (FERM
P-11301), Arthrobacter globisformis IFO 12138,
Arthrobacter aurescens IAM 12340, etc.
20 (36) The genus Agrobacterium: Agrobacterium radiocbacter
5C-C15-1 (FERM BP-3843), etc.
{37) The genus Aspergillus: Aspergillus nigar JCM 1925,
2261, etc.
(38) The genus Penicillium: Penicillium crysogepum IFO

25 5473, etc.

{39) The genus Cochliocbolus: Cochliobelus mivabeanus OUT

2074, etc.



(38) The genus Penicillium Penicilliu crysogenu FO 25 5473, etc. (3

The genus Cochl i obol us: Cochliobol us miyabeanus OUT 2074, etc. S MAY
- 22 (40) The genus Fusariu : -Fusariumsp. MY-3 (FERM P- 9188), etc.
The genus Enterobacter: Enterobacter sp. MC12707 (FERM P-12801), etc.
(42) The genus Xant hobacter: Xanthobacters f1avus JCM 1204, etc. (43)
genus Erwinia: Erwinia nigrifluens MAFFO3- 01435, etc. (44) The genus
Citrobacte freundii MC12615 10 (FERM P-12390), etc. (45) The
genus Aeronora®) Atreongmrass FusaviBhie:] FudebRMnP-sfd 2303 HERM (B6) The
genus Gordona: CGordon rubropertinctus JCM 3204, etc. 15 The

m croor gani s 88)t,h eltfeO nunbers for accession are avail able from
Institute for Fernentation, GOsaka (IFO, the m croorganisnms with ATCC
nunbers from(4AreTheageiyze Eatdnotmdioi @ntoerdbiidXgr <ime MO1ZT®br gani sns
with I AM nunbers fromIAM Culture 20 Collection, Institute of Applied
M cr obi ol ogy,(FERM PJii28#1s) .t yetaf. Tokyo, the m croorganisns with | FM
nunbers from Research Center for Pathogenic Fungi and Toxi coses, Chi
Uni ver si By (1(R¥)), Tied gewmismiXandiioimc texs: \MdaithiMdcter flavus JCM

C trobacter:

10

15

20

25

1204, etc.

(43) The genus Erwinia: Erwinig nigrifluens MAFFO03-
01435, etc.

(44) The genus Citrobacter: Citrobacter freundii MC12615
(FERM P-12390}, etc.

(45} The genus Aeromonas: Aeromonas sp. MC12615 (FERM P-
12390}, etc.

(46) The genus Gordona: Gordona rubropertinctus JCM
3204, etc.

The microorganisms with IF0O numbers for
accession are available from Institute for Fermentation,
Osaka (IF0), the microorganisms with ATCC numbers from
American Type Culture Collection (ATCC), the
microorganisms with IAM numbers from IAM Culture
Collection, Institute of Applied Microbiology, The
University of Tokyo, the microorganisms with IFM numbers
from Research Center for Pathogenic Fungi and Toxicoses,
Chiba University (IFM), and the microorganisms with JCM
numbers from Japan Collection of Microorganisms, The
Institute for Physical and Chemical Research. The
microorganisms with FERM numbers have been deposited

with the National Institute of Bioscience and Human-

9)
bafu of<E

(41)
5
The

ba



nunbers from Japan Col | ection of M croorganisns, The 25 Institute for

Physi cal and Chenical Research. The nicroorgani sms with FERM nunberlss M&K &)
been deposited wth the National Institute of Bioscience and Human 18 NAY
2005 - 23 Technology (or, Fernmentation Research Institute), Agency of

I ndustrial Science and Technol ogy. At .l east- one strain of m croorgani sm
selected from anong those mcroorganisns is enployed. In the 5 present

i nvention, those mutants, fusion cells, and reconbi nants which are derived
fromthe str dechno oy dorgr Fatnemtceyical Kedemanmdh | Trzedi tdtte) mZogemegani sm
Is generally cultivated in a culture nmediumand submtted to reaction
wWith a nitrilof InBlsthdaqulddirendedindnTechmailayy.critical in type only if
the m croorgani smcan grow thereon or therein. As the nmedium a fluid

medi um cont ai ni ng soAtcésasit eaebatrann ofi tricgeormywahichhereludtrad@nts i s
generally used. The carbon source that can be used includes carbohydrates
15 such as glfuoos@mosigc tdese stiarrayr gard smsalico el oy, asIn sichei t ol ,

nmet hanol , et hanol, glycerol, etc.; organic acids such as fumaric acid,
citric a6 d, prestent daoveintietnc,. thokd meittargad t sEudhiyair acomklonsamslich as
paraffin etc.; and m xtures of such sources. The nitrogen source 20

i ncl udes but resomdiinaintist editah iamer ghariicestifitcmmidre i rak tef uctras
anmoni um sul fate, ammoniumnitrate, etc.; organic acid amoniumsalts
such as ammopeinganfismacane alstoc be ngatliged.act, yeast extract, urea and

ot her
The microorganism is generally cultivated in a

culture medium and submitted to reaction with a nitrile.

10 The culture medium is not so critical in type only 1if
the microorganism can grow thereon or therein. As the
medium, a fluid medium containing sources of carbon and
nitrogen and other nutrients is generally used. The
carbon source that can be used includes carbohydrates

15 such as glucose, sucrose,.starch, etc.; alcohels such as
sorbitol, methancl, ethancl, glycerol, et¢.:; organic
acids such as fumaric acid, citric acid, acetic acid,
etc. and their salts; hydrocarbons such as paraffin
etc.; and mixtures of such sources. The nitrogen source

20 includes but is not limited to inorganic acid ammonium
salts such as ammonium sulfate, ammonium nitrate, etc.;:
organic acid ammonium salts such as ammonium fumarate
etc.; meat extract, yeast extract, urea and other
organic or inorganic nitrogenous substances; and

25 mixtures thereof. The medium may be supplemented with
inorganic salts such as magnesium chloride, ferric

chloride, etc.; trace metal salts; vitamins; and other



organi c or inorganic nitrogenous substances; and 25 m xtures thereof. The
medi um may be supplemented with inorganic salts such as magnesi um 18 MAY 200
chloride, ferric chloride, etc.; trace nmetal salts; vitam ns; and other 8
MAY 2005 - 24 nutrients generally used in incubation in suitable
proportions. Were necessary, the nediumgmay be further supplenented with
factors assisting in growth of the mcroorganism buffers effective in

mai ntaining the pH5 of the mediumw thin an optimumrange, and factors

(i nducers) comtiiknter YeneillanagtePriaduaidubdtiod idesuiessié on product
am de or carboxylic acid. As the inducer, at |east one conpound sel ected

fromanmong mroporesodsd awhiae erivd¥sanp) oed. mddiup redersede dthaeucer
i ncludes aliphatic nitriles of about 2 to 8 carbon atons (particularly

C4-6), such ampplesealteidoniith Ifactiaebsgimtiing |En gfewth asONEiec
nitriles of 7 to 11 carbon atons, such as benzonitrile etc.; aliphatic
am des of abadrdotrgad icarbaunffers efifedipard iulmdintdh g Shehprs
acet am de, propionamde, etc.; and aromatic am des of 7 to 11 carbon
atons, s8ch ofs thenmedicen withinDran pretfignuredamgiic eand NEd eioess
I soval eronitrile, for instance. Cultivation of the above-nentioned strain
of 20 m crodhigdaicemsi)s coartrridoh tatty twdesnlcorehd imrsddeviority of tshgr owt h,
for exanple pH 2 to 12, preferably pH 4 to 10 and a tenperature fromb5 to
500C, prefer aielytion prosired. afditdeough ddmbaoryiioora@id smAantie gr own
whet her
inducer, at least one compound selected from among
nitriles and amides can be employed. The preferred
10 inducer includes aliphatic nitriles of about 2 to 8
carbon atoms (particularly Ci-¢), such as
isovaleronitrile, isobutyronitrile, etc.; aromatic
nitriles of 7 to 11 carbon atoms, such as benzonitrile
etc.; aliphatic amides of about 2 to 8 carbon atoms,
15 (particularly C:-s), such as acetamide, propionamide,
etc.:; and aromatic amides of 7 to 11 carbon atoms, such
as benzamide. The more preferred inducer includes
isovaleronitrile, for instance.
Cultivation of the above-mentioned strain of
20 microorganism is carried out under conditions favoring
its growth, for example pH 2 to 12, preferably pH 4 to
10 and a temperature from 5 to 50°C, preferably 20 to
50°C. Although the microorganism can be grown whether
aerobically or anaerobically, aerobic culture is
25 preferred. The cultivation time may for example be

about 1 to 240 hours, preferably about 5 to 120 hours,

and more preferably about 12 to 72 hours.



aerobically or anaerobically, aerobic culture is 25 preferred. The 1.6 MAY 7005
cultivation tine may for exanple be about 1 to 240 hours, preferablﬁ IAE e
about 5 to 120 hours, and nore preferably about 12 to 72 hours. - 25 The
above-nenti oned preparation derived froma mcroorgani smincludes a
variety of preparations that can be pr@a ded by subjecting the

m croorganismto various treatnents, for exanple a preparation avail able
5 upon di sruption of cells, freeze-dried cells, and cell extracts, and
enzynmes or enzyne sydhensihdare -weoh ttHlogresdl preganadrivde danzivests forompuai i ed
enzynes), anong others. The extracts nentioned above can be obtai ned by
conven- ti onalidrechgsndginesirsticitess ssodmiativomt fpegrarationd Othakeat nent

| ysozyme net hod, etc. The enzynmes can al so be provided by per se known

t echnol ogy. Fan decamiaidathdy eluly dretrirasttde: yicmmrddnigmgte he cul ture
broth are rinsed with water or the |like, suspended in a buffer solution
with a pH comardldusd twiedtimentse stablexammige afpridparat tusiaeafl bakyere, and
di srupted at a |low tenperature by means of a French press or by

soni cati én. Trencdisruptdgpremts cald g .erfneazandiead ragigt iamd otelthe |i ke
and the supernatant or cell extract is subjected to ammonium sulfate
fractionati oexd¥@ctisal WiIid aNEYIRS EOhERIM AY 2w derived piketee a
crude enzyne solution. This enzyne solution is purified by, for exanple,

col utm  chr ofEOBYaptiden L ISapied ©F GWUE IRd e statehatthePhase to

provi de the objective enzynme in pure form The enzyne used in many cases
is (a) ni tri|Tde extracts mentioned above can be obtained by convén-

tional technologies such as sonication, freeze-thaw

10 treatment, lysozyme method, etc. The enzymes can also
be provided by per se known technolcgy. For example,
the cells harvested by centrifuging the culture broth
are rinsed with water or the like, suspended in a buffer
solution with a pH controlled within the stable range of

15 the desired enzyme, and disrupted at a low temperature
by means of a French press or by sonication. The cell
fragments are remcved by centrifugation or the like and
the supernatant or cell extract is subjected to ammonium
sulfate fractionation and dialysis in the convensional

20 manner to provide a crude enzyme solution. This enzyme
sclution is purified by, for example, column
chromatography on Sephadex G-200 or the like stationary
phase to provide the objective enzyme in pure form.

The enzyme used in many cases is (a) nitrile

25 hydratase, (b) nitrile hydratase and amidase, or (c)

nitrilase. Nitrile hydratase can be purifiea, for

example from Nocardia sp. N-775 which is described in



25 hydratase, (b) nitrile hydratase and am dase, or (c) nitrilase.
Nitrile hydratase can be purified, for exanple from Nocardi sp. N-?ﬁ@AY7m5
which is described in 18 MAY 7005 - 26 Japanese Patent Publication No.
31914/1987 (JP-B-62- 31914). Nitrilase can be obtained from Rhodococcus
rhodochrous JI which is described Japanese -Patent Application Laid-open
No. 251192/1991 (JP-A-3-251192). 5 The cells or their preparations can be
i mmobi i zed by conventional techniques such as polyacrylam de gel

i nobi | i zat | dapanéses Fatientt Pafldraation iNMD31924e401 2287 | 6IB+B+&2®obi |l i zed
enzynes. The following is a typical flow diagramfor the 10 production
process of tBRa%ldjent iNdrtridase clara lpomitiaichedff1de Roododtac®ON (R is as
defined hereinbefore) is used as an exenplary nitrile conmpound and an

al kal i net achloddchriots alkl amhisterns dtesdzidmd | Fapdre sié a@a‘ath
represents an alkali netal. 18 MAY 7~1~ 27 A F - - - - - - >HCNS
RCN CH4 02 ApplNcatdonodgdm-openi Mol [arlo¥kAA 2] aciki- sahzmnz

5 The cells or their preparations can be
immobilized by conventional technigues such as
polyacrylamide gel immobilization and used in the form
of immobilized cells or immobilized enzymes.

The following is a typical flow diagram for the
10 production process of the invention in which a compound
of the formula RCN (R is as defined hereinbefore) is
used as an exemplary nitrile compound and an alkali
metal hydroxide as an exemplary base. In the diagram, M

represents an alkali metal.



H20 M cro- prOV|d|ng step] organismOD H20 MOH < - - - - - - - 1
-- - - - 15 RCO2N 14 N113 + RCO2ZM MOHMA QU) L - - - I 8*AY7““

- - I [Electrodlaly3|s step) Electro- Electro- | dialysis dialysis 1 20
NH3 + RCO2H RCO2H + MOH ----J (IV) (IV) 25 Fig. | is a flow chart show ng
an exanple of the process of the inventvon and Fig. 2 is a flow chart
showi ng anot her exanple of the process of the invention. 8 MAY 210~ - 28
In accordance with the present invention, the objective carboxylic acid
can be produced by, roughly classified, four different routes, i.e. route
(i), route (ii), route (iii), or route (iv), according to the 5 species
and strain of mcroorganismor pype of its preparation which is to be

permtted to act upon the substrate nitrile. Each of these routes is now
des- cribed wth.reference,t N he flowchart, Fig. 1 [routes (i) and
(i1)) or Fig. [routes (iii? and (iv)]. In 10 Figs. 1 and 2, any line
w t hout the designation of (i) v
5 | RCN
CH4 { 02 (1)
|
I
I
I
| :
! H20 Micro-
| organism
10 | .
| [Carboxylic acid salt
| Micro- RCONHz providing step]
| H20 . (1)
[ organism
I
Il H20 | MOH <—————— —I,
{‘ ——————————— N |
| v ! !
15 l RCONH4 ——> NH3 + RCOZM ,'
| MOH |
II (V) A (ID |
|
| i T .
| i
: Electro Elect II [Electrodialysis step]
- ectro-
: dialysis dialysis 1
20 | i
| I
| v v I
L |
—— NH3 + RCOH RCO2H + MOH -——-
(v} (IV)
25 Fig. 1 is a flow chart showing an example of the

process of the invention and Fig. 2 is a flow chart

showing another example of the process of the invention.



to (iv) is aline common to routes (i) and (ii) or to routes (iii) and
(iv). [Route (i)] Route (i) is suited for the case in which an 15 afifidé4y 7504
conpound i s predom nantly produced when the strain of m croorgani sm or
the preparation derived therefromis permtted to act upon a nitrile.
Hydration step In the hydration step, -tl28 strain of mcro- 20 organi sm or
the preparation derived therefromis permtted to act upon a nitrile of
the formula RCN (I) (R is as defined hereinbefore) to produce the corres-
pondi ng amide (I11). UOnl ekeorfenceastiitdn tdwt Finessdm thyinvantffianc e d, this
step using a mcroorgani smor 25 equival ent does not yield reaction
byproduct s obbtjlestiniet cardoxpidicefasrigl dan ite myradmpd biecaseuglyly o
di spose of byproducts which anount to a substantial 8 IMAY 2005 - 29
quantity, norcliessdfdedpl foarediddieaionst nayeEtor dtion rPrivzebul ¢ FRYLered.
Referring to the case illustrated in Fig. | and its hydration step (U), a
reactor is cHddged raitle tHdi)s S¥psovdiee Wik lacdexing ke ribe feed |ine
1 and water froma water feed line 10 and the hydration reaction is
carried 8ut isweciespradesdadadn offe MORAQF BN IFR - WRAMEMBF the
preparation derived therefrom It should be understood that the reactor
may be suppl PEGPRFakiicR thd chgdsod® HraRerittpbrt el HRRN i Han ani de
substrate nitrile. Each of these routes is now des-
cribed with reference to the flow chart, Fig. 1 [routes
(i) and (ii)] or Fig. 2 [routes (iii) and (iv)]. 1In
10 Figs. 1 and 2, any line without the designation of (i)
to {iv) is a line common to routes (i) and (ii) or to
routes (iii) and (iv).
[Route (i)]
Route (i) is sulted for the case in which an
15 amide compound is predominantly produced when the strain
of microorganism or the preparation derived therefrom is
permitted to act upon a nitrile.
Hydration step
In the hydration step, the strain of micro-
20 organism or the preparation derived therefrom is
permitted to act upon a nitrile of the formula RCN (I)
(R is as defined hereinbefore} to produce the corres-
ponding amide (II). Unlike the reaction catalyzed by
sulfuric acid, this step using a microorganism or
25 equivalent does not yield reaction byproducts of the

nitrile. Therefore, it is no longer necessary to

dispose of byproducts which amount to a substantial



extraction step (4) to be described hereinafter through a water recycI‘F
line 13. The quantity of water used in hydration step (1A nmay for 170 MAY 7005
exanpl e be not less than 0.5 nole (e.g. 15 about 0.5 to 300 nol es),
preferably not less than 1 nole (e.g. about 1 to 150 noles), per nole of
the nitrile. For enhanced solubility-of2ethe nitrile and uninterrupted

and efficient reaction, the reaction systemnmy be supplenented with an
organi c solvent, e.g. an ester such 20 as ethyl acetate; a hydrocarbon
such as n- hexpuastidy K etoand ss uc oo ldcettenk c ara 1ad o hrd g essueeda taisoriret hanol
et hanol, etc.; an ether such as di net hoxyet hane, tetrahydrofuran,

di oxane, et cproamgngeotreguiseldients. A buffer may be enpl oyed |ikew se.
25 The concentration of the mcroorganism(cells) or the preparation
derived t herefrom mReferrdnantioe the calseutllQudtrtad e ueifjhg. % and
preferably about 0.1 to 30 18 MAY 2005 - 30 weight % The concentration
of the subst ddise hyidreition e drlAdxamplredrdcabdig ¢hadged Btineilght %
preferably about 0.05 to 50 weight % and nore preferably about 0.1 to
20 wei ght % shstyEtel ntilte ideaditioon as ysittarhlenf efegt 15 rex alnpingd bea gt about 3
to 12, preferably pH about 6 to 10. The reaction tine may for exanple be
about 5 m ndred o wed@rhdwesl 1iine ddd@nst theadwidora teyn eeadt chevies  of
the stationary-bed type and the fluidized-bed type, or 10 whi chever of

t he bat chwi s€aryiedaniitt Ha dhet Prgsenaey . the strain of micro-

organism or the preparation derived therefrom. It
should be understood that the reactor may be supplied

10 with the aqueous phase or layer separated in an amide
extraction step (4) to be described hereinafter through
a water recycle line 13.

The quantity of water used in hydration step

(1A) may for example be not less than 0.5 mole (e.g.

15 about 0.5 to 300 moles}, preferabiy not less than 1 mole
(e.g. about 1 to 150 moles), per mole of the nitrile.
For enhanced sclubility of the nitrile and uninterrupted
and efficient reaction, the reaction system may be
supplemented with an organic solvent, e.g. an ester such

20 as ethyl acetate; a hydrocarbon such as n-hexane: a
ketone such as acetone; an alcohol such as methanol,
ethanol, etc.:; an ether such as dimethoxyethane,
tetrahydrofuran, dioxane, etc., among other solvents., A
buffer may be employed likewise.

25 The concentration of the microorganism (cells)
or the preparation derived therefrom may forlexample be

about 0.01 to 70 weight %, preferably about 0.1 to 30



For increased product concentration, the reaction product m xture
recycled to the reaction system via a reaction mxture recycle Ilnkbf@WZWS
The reaction mxture is generally transferred to 15 the next step after
renoval of the mcrobial cells or equivalent such as preparations derived
therefrom by a conventional technique fuch as centrifugation or
filtration. Am de extraction step 20 The reaction m xture containing the
amde (Il) formed in the hydration step is optionally transferred to an
am de extractwedghdt ép, Wiey edrnremmads ars ofexithreacduds tratoe ani origksi c
solvent. Referring to the exanple illustrated in Fig. 1 25 and its am de
extraction simay by, edasmpleadid abautxtlurtd tcotGiweight he, aweedab)y
formed in hydration step (1A) is transferred to an extractor via a
hydrati on reaboudn 08 A c? BD~ weidgdt i xtande nfagsd preferalaiy axeutacdeld with
an organic solvent fed froman organic solvent feed line 14. As the
organi ¢ sol véarmt 20t Wweighdarti.c hesetorofl ey repgpdren exly s terarmalueets phase
(or layer) separation step 5 (13) to be described bel ow can be utilized.
The res@l ti egampilée beomthiaianf & ganild | Preferatilsy nko abgalk f y&ds step
(1B) through an am de-containing mxture feed Iine 3, while the aqueous
phase or | ayd.i s Theegpacddaro iyt advorfonr gxrampde the aikpiita hwat er recycl e

10 line 13.
minutes to 100 hours.

The mode of reaction may be whichever of the
stationary-bed type and the fluidized-bed type, or
10 whichever of the batchwise type and the continuous type.
For increased product concentration, the reaction
preoduct mixture may be recycled to the reaction system
via a reaction mixture recycle line 11.
The reaction mixture is generally transferred to
15 .the next step after removal of the miérobial cells or
equivalent such as preparations derived therefrom by a
conventional technique such as centrifugation or
filtration.
Amid xtracticon
20 The reaction mixture containing the amide (II)
formed in the hydration step is optionally transferred
to an amide extraction step, where the amide is
extracted into an organic solvent.
Referring to the example illustrated in Fig. 1
25 and its amide extraction step (4), the reaction mixture
containing the amide (II) formed in hydratioﬂ step (1a)

is transferred to an extractor via a hydration reaction



The organi c solvent includes the conventional hydrophobic organic

sol vents, such as al cohol, ketone, aldehyde, ester, ether, hydrocaif Bd (0"
or hal ogenated hydrocarbon series. 15 The above-nenti oned al cohol

i ncludes aliphatic alcohols each containing 4 or nore carbon atons,
alicyclic alcohols each containing 4 or 3yore carbon atons, and aromatic
al cohol s each containing 7 or nore carbon atons. The aliphatic al cohol
containing 4 or 20 nore carbon atons includes aliphatic alcohols each
cont ai ni ng 4mixtareuttekd (pmef & ahld/ ektmacthaltwi)h aardommmedions, e.g. 4
al cohol s such as 1-butanol, 2- butanol, isobutyl alcohol, etc., C5

al cohol s suclkcdyebt ged fimim drseamdniad callotentt efdednyinal tbholas 2 25
pentanol, etc., C6 al cohols such as |-hexanol, 2-nethyl- 1-pentanol,

3- et hyl - | - pe&iteanalgand,c2-sailvetrity,| -thebdgaiic phaddywe | Tdydanol ,

4-et hyl - | - pentanol, 2-hexanol, 3 18 MAY /H115 - 32 hexanol,

3- net hyl - 2- peeparalted i3r dimetqudoud [piaswl (o2-lagsthy | s€pgueatt Torolstep
3-net hyl - 3-pentanol, 4-nethyl-2- pentanol, 2-nethyl-2-pentanol, etc., C7
al cohol $uch (48} rohdyst Wesaxdidtes] beZ-avetdar] -He hebalizddohdhe 3- met hyl -1 5
hexyl al cohol, 4-nethyl-I-hexyl alcohol, 5-nethyl-1- hexyl alcohol,

2- et hyl - | - pemesndit ing entide{cqrdratiaviolg orygaridi nigtyeat -1s peed arol

3, 3-dinmethyl -1-pentanol, 4,4- dinethyl-I|-pentanol,

2, 3-di nmet hyl hydgedwsis stz2m-( 18 ndihindudh mantaanisle-containing mixture
3,4-dinmethyl-1-pentanol, etc., Ce 10 al cohols such as 1-octanol,

2- et hyl - | - hégedndiine3 3, while the aqueous phase or layer is

recycled to hydration step (1A) through a water recycle

10 line 13.

The organic solvent includes the conventional
hydrophcobic organic solvents, such as alcohol, ketone,
aldehyde, ester, ether, hydrocarbon, or halogenated
hydrocarbon series.

15 - The above-mentioned alcohol includes aliphatic
alcohols each containing 4 or more carbon atocms,
alicyclic alcohols each containing 4 or more carbon
atoms, and aromatic alcohols each containing 7 or more
carbon atoms. The aliphatic alcohol containing 4 or

20 more carbon atoms includes aliphatic alcohols each
containing 4 to about 12 (preferably 4 to about 9)
carbon atoms, e.g. C4s alcohols such as 1l-butanocl, 2-
butanol, isobutyl alcohol, etc., Cs alcohols such as 1-
pentanol, isocamyl alcohol, tert-amyl alcohol, 2-

25 pentanol, etc., C¢ alcohols such as l-hexancl, 2-methyl-
l-pentanol, 3-methyl-l-pentanol, 2,2—dimethyi—1ubutanol,

2-ethyl-1-butanol, 4-ethyl-l-pentanol.,, 2-hexanol, 3-



met hyl -1 - hept anol, 4-nmethyl -1 -heptanol, 5-nethyl-1- heptanol, Z_OCt%W?b’ o
3-octanol, 4-octanol, 2-nethyl-2- heptanol, 3-nethyl-2-heptanol, Y 7005
4- et hyl - 2- hept anol, 5- nethyl -2-heptanol, 6-nethyl-2-heptanol, 2-nethyl-3
15 heptanol, 3-nethyl-3-heptanol, etc., and C9 al cohols such as I-nonanol
etc., anmong other al cohols. The alicyclid@ al cohol of 4 or nore carbon
atons includes alicyclic alcohols each containing 4 to about 12 carbon
atons, for exanple cyclopentanol, cyclo 20 hexanol, and cycl ooctanol. The
aromati ¢ al céieadanefl 7 Jome ttorle Tgreydraratlons? J hrod vusshwk odrdbtuitard Lohdt s
each containing 7 to about 12 carbon atons, such as benzyl alcohol. The
ket one ment i owddhydbdreamuinaes,3 -fetRsl -Searpitanddet ohgsetdarh-2ont ai ning 4
or nore carbon atons (e.g. C4-12, preferably C4-9, approx.), such as

met hyl et hylpendamed,. d-mdiyker-aentamhylets opyl- keterhol 1BadMYaF005 -
33 nethyl isopropyl ketone, nmethyl butyl ketone, nethyl 1- nethyl propyl
ket one, met hyl-tepmstlhdlgadwd, Ketmetdy letinflexypk gpltohat ong;metleyl The

al dehyde nenti oned above includes, for 5 exanple, al dehydes of 4 or nore
car bon atbons hexyd. adeohd, prafeddundl -bexy ]l apraheld, Tuesithgl-1-

but yr al dehyde, val eral dehyde, benzal dehyde, etc. The ester includes

esters of 2 &eXygr @lantivdn Zaedihy]l(-d.-pertanel . ptefidrsbt J-wgntanapprox. ),

such as 10 ethyl acetate, propyl acetate, isoprqul acetate butxl
2,2-dimethyl-1-pentanol, 3,3-dimethy —l—pentanoi, 4,4-

dimethyl-1l-pentancl, 2,3-dimethyl-l-pentancl, 2,4-
dimethyl-1l-pentancl, 3,4-dimethyl-l1-pentanol, etc., Cs

1o alcohols such as l-octanol, 2-methyl-1l-heptanol, 3-
methyl-1-heptanol, 4-methyl-l-heptanol, 5-methyl-1-
heptanol, 2-octanol, 3-octancl, 4-octanol, 2-methyl-2-
heptanol, 3-methyl-2-heptancl, 4-methyl-2-heptanol, 5-
methyl-2-heptancl, 6-methyl-2-heptancl, 2-methyl-3-

15 heptanol, 3-methyl-3-heptancl, etc., and Cy alcohols
such as l-nonancl etc., among other alcohols.

The alicyclic alcchol of 4 or more carbon atoms
includes alicyclic alcohols each containing 4 to about
12 carbon atoms, for example cyclepentanol, cyclo-

20 hexanol, and cyclooctanol. The aromatic alcohol of 7 or
more carbon atoms includes aromatic alcohols each
containing 7 to about 12 carbon atoms, such as benzyl
alcohol.

The ketone mentioned above includes, for

25 example, ketones each containing 4 or more carbon atoms

(e.g. Cs-12, preferably C..., approx.}, such‘as methyl

ethyl ketone, diethyl ketone, methyl propyl ketone,



acetate, pentyl acetate, nethyl propionate, ethyl propionate, ethyl
butyrate, ethyl valerate, etc. The ether includes but is not I|n1tea & MAY 7005
ethers of 4 or nore carbon atons (e.g. C4-12, preferably C4-9, 15
approx.), such as ethyl ether, propyl ether, isopropyl ether, butyl
ether, isobutyl ether, etc. The hydrocanhBon includes aliphatic

hydr ocarbons such as pentane, hexane, heptane, octane, etc.; ali- cyclic
hydr ocar bons such as cycl opent ane, cycl ohexane, 20 etc.; and aronatic
hydr ocar bonsmetihiglad sbenpeyd, kettonesnae thyllemetyat kdtrerwemestigtic.1-The

hal ogenat ed hydrocarbon includes, for exanple, nethylene chloride,

chl or of orm methgdprepydc kledionge, meitdiyllor2ecatethydpa,oparid kectidros obetrinene.
Those organic solvents can be used 25 i ndependently or in a suitable
conbi nat i on. p¥hpypr ekéoned etgani ¢ sol vent includes al cohols, ketones,

al dehydes, esters, and ethers. The still nore 1 6 MAY 2105 - 34
preferred organi ¢ soThentaldebldeemealtdohelds abovieetiomdsidesf, £aar nore
carbon atons (e.g. C4-12, approx.). The organic solvent which can be used
for extbact egamphel udddehydesniof #heromgae capfieme adronsyles. 95 Grovi ded

I n the agueous phase or |ayer separating step (13) but also the organic
sol vent providedpraferabdar Koxyl.i apaciosk .Jepsvah wg dnayyyedddehests . bed
below in detail, as well as a fresh organic solvent. The extraction can
be carried ovalpyaddebuden- bepzgldellydsroeddure, for exanpl e by adding an
organic

The ester includes esters of 2 or more carbon

atoms (e.g. Cz:.1:2, preferably C:.., approx.), such as
10 ethyl acetate, propyl acetate, isopropyl acetate, butyl

acetate, pentyl acetate, methyl propionate, ethyl

propionate, ethyl butyrate, ethyl valerate, etc.

The ether includes but is not limited to ethers
of 4 or more carbon atoms (e.g. C4-1:2, preferably C.i.,,

15 approx. ), stch as ethyl ether, propyl ether, isopropyl
ether, butyl ether, isobutyl ether, etc.

The hydrocarbon includes aliphatic hydrocarhons
such as pentane, hexane, heptane, octane, etc.; ali-
cyclic hydrocarbons such as cyclopentane, cyclchexane,

20 etc.; and aromatic hydrocarbons such as benzene,
toluene, xylene, ethylbenzene, etc. The halogenated
hydrocarbon includes, for example, methylene chloride,
chloroform, carbon tetrachloride, dichlorocethylene, and
chlorobenzene., Those organic solvents can be used

25 independently or in a suitable combination.

The preferred organic solvent includés alcohols,

ketones, aldehydes, esters, and ethers. The still more



solvent to the reaction mxture available fromthe hydration step (I1A)
and stirring or shaking the mixture. The extraction can be carried ®@tMAY 2075
bat chwi se or continuously. 15 The organi c phase or |ayer containing the
amde (Il) fornmed in am de extraction step (4) is transferred, either as
it is or after adjustnent to a suitabl-e3aonrcentration, to the hydrolysis
step (1B). Even when the am de conpound (11) and the organic solvent are
fed 20 together to hydrolysis step (1B), the carboxylic acid salt forned
by hydrol ysi ¢riefergfest origard o e latadougiclpitese adrcdlayles &0 Kdtanade
organi c solvent and the salt can be easily separated from each ot her

Mor eover, whed 4t log mpdieoloagibon @temrs i(ed outCyd n 4 heagpresenkte of such an
25 organic solvent, the reaction proceeds snmoothly so that, in nany

i nstances, the carboifjlei orgéind cs@alveat pdicibicamde iysegbdibyyi el d. Thus,
al t hough the am de may be 8 MAY ?P; 35 isolated fromthe organi c phase or
| ayer bef or elfatdamidonf dhalmdesdmsity sinsl wttdie CIRaniherlaspe IEse or

| ayer containing the amide may be directly transferred to hydrolysis
step (1Bp. 5PTeeiggdedis Yieas@usousaypdrass o dayem seranmi beg «5@P acti on
step (4) can be reutilized by recycling it to hydration step (1A). This
aqueous phasd1drn) bafealpgy the organicepdivent Pupmidsd sin Bhep (1B) or

el ectrodialysis step (2) as will be described 10 hereinafter. Moreover,

t he aqueous §ﬁ5§@xaﬁqphf@pqﬂﬁpparatlng step (9) described below in

detail, as well as a fresh organic solvent.
The extraction can be carried out by a conven-
10 tional procedure, for example by adding an corganic
solvent to the reaction mixture available from the
hydration step (1A) and stirring or shaking the mixture.
The extraction can be carried out batchwise or
continuously.
i5 The organic phase or layer containing the amide
(I1) formed in amide extracticon step (4) is transferred,
either as it is or after adjustment to a suitable
concentration, to the hydrclysis step (1B). Even when
the amide compound (II) and the organic solvent are fed
20 together to hydrolysis step (1B}, the carboxylic acid
salt formed by hydrolysis transfers into the agqueous
phase or layer so that the organic solvent and the salt
can be easily separated from each other. Moreover, when
the hydrolysis is carried out in the presence ¢of such an
25 organic solvent, the reaction proceeds smoothly so that,
in many instances, the carboxylic acid salt éan be

obtained in good yield. Thus, although the amide may be



be discarded. Even if it is discarded, the aqueous phase or |ayer not
cont ai ni ng byproducts such as ammoni um hydrogen sul fate does not pl &MAY 7005
havoc of the environment unlike the case of using sulfuric acid as a 15
catal yst. Where the reaction mxture available in the hydration step (1A)
contains not only the am de but also -hg corresponding carboxylic acid
salt [ammobniumsalt (V)], the extraction results in the transfer of the

20 carboxylic acid salt to the aqueous phase or layer in nany instances.

I n such casedsdllase@arthoxy ltihe axighmian pHisd anoVeagsr fisefo i éieaad usnd s

phase or |l ayer by treating the phase or layer in the sane way as the

reacti on m xtfede tior Gipdrarily@dyd isteqei{d BRl tthy aontghmic spleps€ 19ri hay@b rout e
(itii) which will hereinafter be described in detail. The reaction m xture
obtai ned i n lyirtatindmgstthe BhildeY mé30 e -didfect{Ii) transberfed to

hydrol ysis step (1B) bypassing am de extraction step (4). Hydrolysis steD
In the hydrohysirelytsds, stteep griiBde (I11) forned in 5 the hydration step is

hydrol yzed in the presence of a base to give the salt (lI1l1) of the
correspondi ng carbofhel agaeiodswphiastehehdsyes pedvidesd aimothe. akd®  t he
carboxylic acid salt [ammoniumsalt (V)] is present in the feed to the
hydrol ysi s sexiragztdasin shephdrdge cih rteaatéutii ieged dice pécyelifariexbopl e,
when a base with
hydration step {(1A). This aqueous phase or layer may
also be recycled to hydrolysis step (1B} or
electrodialysis step (2) as will be described
10 hereinafter. Moreover, the agueous phase or layer may
be discarded. Even if it is discarded, the agqueous
phase or layer not containing byproducts such as
ammonium hydrogen sulfate does not play havoc of the
environment unlike the case of using sulfuric acild as a
15 catalyst.

Where the reaction mixture available in the
hydration step (1A) contains not only the amide but also
the corresponding carboxylic acid salt [ammonium salt
(V)1, the extraction results in the transfer of the

20 carboxylic acid salt to the aqueous phase or layer in
many instances. In such cases, the carboxylic acid can
be recovered from the agueous phase or layer by treating
the phase or layer in the same way as the reaction
mixture from carboxylic acid salt providing step (1) in

25 route (iii) which will hereinafter be described in

detail.

The reaction mixture obtained in hydration step



hi gher basicity than ammoni a, such as an alkali netal hydroxide, is used
as the base, the ammoni um carboxylate is converted to the salt 18hAY2%5
corresponding to the base used, such as the alkali netal salt of the
carboxylic acid, 15 with |iberation of ammonia. In this step, which uses a
base as a hydrolysis catalyst, unlike t3ge -use of sulfuric acid as a
catalyst, the nitrogen atom of the am de conpound and, hence, the
nitrogen atomof the nitrile conpound can be recovered 20 in the form of
amoni a. | n t{l&)exanploe ifddista atyelhdlydiisg.step t{kB) neaedsying drnide

hydrol ysis step (1B) is charged with the am de conpound from an

am de- cont ai riztranbitanr estfeged 4)ld ne 3 and the base and water from a
base-water feed 25 line 15 for effecting the hydrolysis reaction. The base
may be whi chever EMdranlvisiicy garire base or an organi ¢ base. The inorganic
base includes, for 8 MAY 2005 - 37 exanple, alkali netal hydroxides such
as lithium hydroxi ddn $dei tpdrydyedisde tepat adsd wmildadr(@X JdeEormadiih um
hydr oxi de, cesium hydroxide, etc.; alkali netal carbonates such as sodi um
car bonat &, pdihas divdinas: icar [oregqt s dyeirolytded] iimethe poelagsn afirdonat es
such as sodi um hydrogen carbonate, potassium hydrogen carbonate, etc.;

al kal i ne ear thaseettal diglr GhaderldqudiEds afadrissiaonteaprandidey pot assi um
hydroxi de, etc.; and alkaline earth netal carbonates such as magnesi um 10
car bonat e, p@ﬁg§gxwﬂﬂ@aﬁgﬁﬁhw§¢heﬁ@ﬁ base as well as ammonia. When

the carboxylic acid salt [ammonium salt (V}] is present
in the feed to the hydrolysis step, a salt exchange

10 reaction may take place. For example, when a base with
higher basicity than ammonia, such as an alkali metal
hydroxide, is used as the base, the ammonium carboxylate
is converted to the salt corresponding to the base used,
such as the alkali metal salt of the carboxylic acid,

15 with liberation of ammonia.

In this step, which uses a base as a hydrolysis
catalyst, unlike the use of sulfuric acid as a catalyst,
the nitrogen atom of the amide compound and, hence, the
nitrogen atom of the nitrile compound can be recovered

20 in the form of ammonia.

In the example illustrated in Fig. 1, the
reactor in the hydrolysis step (1B) is charged with the
amide compound from an amide-containing mixture feed
line 3 and the base and water from a base-water feed

25 line 15 for effecting the hydrolysis reaction.
The base may be whichever of an inorganic base

or an organic base. The inorganic base includes, for



The organi c base includes nono-, di-, or trialkylamnes such as
triethyl amine, tripropylanine, tributylamne, etc.; cyclic am nes $&diadl
pi perazi ne, piperidine, N nethylpiperidine, norpholine, etc.; 15
al kanol am nes such as et hanol am ne, triethanolamne, etc.; and basic
ni trogen-contai ni ng heterocyclic conmpognrds such as pyridine. The
el ectrodialysis step (2) in which the carboxylic acid salt fornmed in
hydro- lysis step (1B) is deconposed into the carboxylic acid 20 and the
base i s condexémdlen ahkapiemeted bidweikédes Shehefasr ditifiebase is
preferably a water-soluble conpound. The preferred base includes al kal
met al hydr o- hxddesif@sodsodibpdhydirdsidpot peotiasmipd hydrdexidet.c. ) and 25
al kali metal carbonates (sodium carbonate, potassium carbonate, etc.). The
still nore prebidien hydroxidel udesivmdhydrioxddexi edcand gddtadslsimehal
hydroxide. 1 S MAY 2005 - 38 The base can be used singly or as a mxture
of two or noarbspateessuBbr aanspAdnmasedbosatei.opotatssium he pKa of the
base may, for exanple, be not less than 6 (e.g. about 6 to 30),
pref erabby noarbesstehast®.(eadkadiapettalohydr2@en aedbemad s efumtabl y
about 14 to 18. The proportion of the base relative to one nole of the
am de conpoudd sedifmr hgdaepgen barhonakesspPoigssionms hyidaagedui val ent
preferably 1 to 5 gramequivalents. If the proportion of the base is |ess
than 0.5 grafRIboBgtitvabéht; AkkRldnet Rarihi aetédnpydrexdidas =i oS

magnesium hydroxide, potassium hydroxide, etc.:; and

alkaline earth metal carbonates such as magnesium

10 carbonate, potassium carbonate, etc.

The organic¢ base includes mono-, di-, or
trialkylamines such as triethylamine, tripropylamine,
tributylamine, etc.; cyclic amines such as piperazine,
piperidine, N-methylpiperidine, morpholine, etc.;

15 alkanolamines such as ethaholamine, triethanolamine,
etc.; and basic nitrogen-containing hetercocyclic
compounds such as pyridine. The electrodialysis step
(2) in which the carboxylic acid salt formed in hydro-
lysis step (1B} is decomposed intc the carboxylic acid

20 and the base 1s conducted in the presence of water.
Therefore, the base is preferably a water-soluble
compound.

The preferred base includes alkali metal hydro-
xides (sodium hydroxide, potassium hydroxide, etc.) and

25 alkali metal carbonates (sodium carbonate, potassium

carbonate, etc.). The still more preferred base

includes sodium hydroxide and potassium hydroxide.



unreacted, thus conplicating the recovery procedure in sone instances.
Use of the base in a proportion of over 5 gramequivalents will bet§ MAY 7(1H
unecononi cal. The concentration of the base in the reaction 15 system nay
for exanple be not less than 0.1 normal (e.g. about 0.1 to 5 N),
preferably 0.2 to 3 N (e.g. about 0.5- t3@ 3 N). If the concentration of
the base is less than 0.1 N, not only will the reaction be retarded but
the volunme of reaction systemnecessary to obtain a given 20 out put
(quantity) of the cafhexphaise @andbe Mselde singdiyeaseds @ advdnes yfaf f ect
productivity. In hydrolysis step (1B), water is generally used in

st oi chi onet r itwoexge g® 1@y @Epadi®sam ¢ @apdnukeddad reddicl anoatie of wat er
may for exanple be not less than 1 25 nole (e.g. about 1 to 500 noles),
preferably ndhe efa dfhdel mswivey,( £ar eammpilel,. od @00 aad aedign per
nole of the amde. 18 Mly H5135 - 39 The reaction tenperature is
general | y abdgt. 20 aboatl 000 &0d .prafedieatdbl yalnout 134 dHe0*C.(4d fg ¢ he
reac- tion tenperature is bel ow 200C, the reaction will tend to be
retarded5 |f aboudx@edds 2050* @ndsimprer gastfiearad 1 witdutt dide 49 alde t o depress
the yield of the objective product. The reaction pressure need only be

hi gh enough to mai nfTaenprieporddeon of $yet dasien nel@tilyepias org mde
reaction tenperature, and nmay for exanple be 1 to 20 at nospheres,
preferably 1ofothe avhde Sfompoyge My OLT @xampe ike il iFolthan

at nospheric %{essure I n many

.5 gram equivalent, preferably 1 to 5 gram equivalents,
If the proportion of the base is less than 0.5 gram.

10 equivalent, much of the amide compound will remain
unreacted, thus complicating the recovery procedure in
some instances. Use of the base in a proportion of over
5 gram equivalents will be uneconomical.

The concentration of the base in the reaction

15 system may for example be notrless than 0.1 normal {(e.q.
about 0.1 to 5 N), preferably 0.2 to 3 N (e.g. about 0.5
to 3 N). If the concentration of the base is less than
0.1 N, not only will the reaction he retarded but the
volume of reaction system necessary to obtain a given

20 cutput (quantity) of the carboxylic acid will be
increased to adversely affect productivity.

In hydreolysis step (1B), water is generally used
in stoichiometric excess over the amide compound. Thus,
the amount of water may for example be not less than 1

25 mole (e.g. about 1 to 500 moles), preferably not less

than 1.5 moles (e.g. about 1.5 to 300 moles), per mcle

of the amide,.



cases. The reaction tinme depends on the other reaction conditions such r
the species and quantity of the base used, the reaction terrperaturé8 b@k 055
and cannot be specified in general terns but it is generally about 0.1 15
to 10 hours. The reaction can be carried out batchwi se or continuously.
Thus, starting with a nitrile (1), the 3gorrespondi ng carboxylic acid salt
can be produced by carrying the nitrile (1) serially through hydration
step 20 (1A) and hydrolysis step (1B). As the base and water needed for
t he hydrol ysis reacThenreahtibastempdradtee necgeaesalilly theud & ro-
dialysis step (2) and/or carboxylic acid extraction step (8), to be
descri bed hetei h&bt €r andaprbéerabdgdawontt 39 dfof 1@y, I ttheugtedadie
whol e or part of the respective requirenments nay be supplied afresh.
Aaueous | avetisspdreapemgtatrepiS MaYow0Q0° C, 4BeTheacddon onild Xteurd
obtained in the hydrolysis step is optionally fed to the aqueous | ayer
separating sbepe Bepardedon Of at esyceeds |1&yYeC,caddee refafdciioad by
subj ecting the reaction m xture obtained in the 5 hydrolysis step to phase
separati bn iwidlahabegadnce kaydepamdsathgqudeds lodydhe Thijecdtioe i s
useful when the reaction m xture obtained in the hydrolysis step
contai ns an Brgdure - solfrenrearsionxprpEeurshasedhenlambde kd@ipemandhs fed
together with the organic solvent 10 used as an _extractant in the am de
extraction St@pmpéntaln the reaction system in liquid phase at the

reaction temperature, and may for examplie be 1 to 20

atmospheres, preferably 1 to 10 atm., although the

10 reaction is carried out at atmospheric pressure in many

cases. The reaction time depends on the other reaction

conditions such as the species and gquantity of the base

used, the reaction temperature, etc. and cannot be

specified in general terms but it is generally about 0.1

15 to 10 hours. The reaction can be'carried out batchwise

or continuously.

Thus, starting with a nitrile (I}, the
corresponding carboxylic acid salt can be produced by
carrying the nitrile (I} serially through hydration step

20 (1A) and hydrolysis step (1B).

As the base and water needed for the hydrolysis
reaction, the base and water recovered in the electro-
dialysis step (2) and/or carboxylic acid extraction step
(8), to be described hereinafter, can be reused with

25 efficiency, although the whole or part of the respective

requirements may be supplied afresh.

Aqueous laver separating step



t he hydrolysis step, the reaction m xture obtainable in the hydrolysis
step contains the organic solvent. This organic solvent can be eas¥B¢MYZW5
recovered in the aqueous |ayer separating step. 15 Referring to the
exanple illustrated in Fig. 1 and particularly to the aqueous | ayer
separating step (13), the reaction prodoct- m xture from hydrolysis step
(IB) is fed to a phase separation equi pnent through a hydrolyzate m xture
feed line 4 and separated into an 20 organi ¢ phase or |ayer containing the
organi ¢ solvent andThe zgassdisnphigsuge lohfeinedntiai rihey derdasioxyl i c
acid salt and amoni a. The organi c phase or |ayer is predom nantly

conposed of seporigawipdivnialdiynt fadd toarthehamfcmus Hays reepatatdindr ough

an organic solvent feed line 17 for use as an extraction solvent in the
ani de extractitep st Sepagaticrtheforgamangoissdayer gpar aarefflentask higed as
an 18 MAY 7005 - 41 extraction solvent in carboxylic acid extraction

step (8) whisgbiridtiinige tdes qeiaiedd ome mdixtafmee ottaidwdhiin e t he ot her

hand, the aqueous phase or layer is fed to ammonia recovery step (6)

t hrough & cabhy@rpilaisdss s¢em dionibh@se Beparatdad |inte RN |Qrgdbid d be
understood that the reaction mxture obtained in hydrolysis step (1B) may
be fed to afRlSTa e dPedueols (@vedt- o Thdsr GdieR yie 28f8pl when j nst ead

of being fed to aqueous |ayer separating step 10 (13). .
the reaction mixture obtained in the hydrolysis step

contalins an organic solvent. For example, when the
amide compound is fed together with the organic solvent

10 used as an extractant in the amide extraction step to
the hydrolysis step, the reaction mixture obtainable in
the hydrolysis step contains the organic solvent. This
organic solvent can be easily recovered in the aqueous
layer separating step.

15 Referring to the example illuétrated in Fig. 1
and particularly to the aguecus layer separating step
{13), the reaction product mixture from hydrolysis step
(1B) is fed to a phase separation equipment through a
hydrolyzate mixture feed line 4 and separated into an

20 organic phase or layer containing the organic solvent
and an aqueous phase or layer containing the carboxylic
acid salt and ammonia.

The organic phase or layer is predominantly
composed of the organic solvent and can therefore be

25 recycled through an organic solvent feed line 17 for use
as an extraction solvent in the amide extraction step

(4). The organic phase or layer can alsc be used as an



Ammoni a recovery step The aqueous phase or |ayer obtained in the q ?@w a
| ayer separating step can be optionally fed to this anmonia recove @ @-
for recovery of anmonia. The 15 recovery of ammoni a can be effected by
stripping with an inert gas or heating for gasification of dissolved
ammoni a. In the ammoni a recovery step-(@p of the exanple illustrated in
Fig. 1, the ammoni a dissolved in the 20 agqueous phase or |ayer fed from
aqueous | ayer separating step (13) through carboxyl ate-containing m xture
feed |ine 5exdrstotipmedodivtemtann mamtbogasl isupslidkdefrmataion sz gas
feed line 18 and the m xture gas conprising the inert gas and ammonia is
recovered frdm)awhimimomiidl 2 rdecordbed ihegelihafitex | rerdetgaisl nerdn oned
above includes gaseous nitrogen, helium argon, nethane, carbon dioxi de,
and car bon nihexicdderaimamg ottiher agpeesis ph&aavAYLr/(Hyer 4P félheta ecovery
of ammoni a can be carried out batchw se or continuously. The recovered
anmoni a can lamegdad aecovegarisdep (60 tthequalductdarbefy latarogen conpounds
such as hydrogen 5 cyanide which is a starting material for nitriles.
Thus, the amwomitaicdmchamizduged faeda ldinter gen source for nitrile
conpounds. For exanpl e, hydrogen cyanide can be produced from amoni a,
met hanol and car bon ddn&kioydd e nodersieed what tihe fredadviary reacti on
formula (c). 10 CH3OH + CO -, HCOOCH3
mixture obtained in hydrolysis step (1B) may be fed to
ammonia recovery step (6) or electrodialysis step (2)
instead of being fed to agueous layer separating step
10 {13).
r ove ste
The agueous phase or layer obtained in the
aqueous layer separating step can be opticnally fed to
this ammonia recovery step for recovery of ammonia. The
15 recdvery of ammonia can be effected by stfipping with an
inert gas or heating for gasification of dissolved
ammonia.
In the ammonia recovery step {(6) of the example
illustrated in Fig. 1, the ammonia dissoclved in the
20 aqueous phase or layver fed from agueous layer separating
step (13) through carboxylate-containing mixture feed
line 5 is stripped with an inert gas supplied from an
inert gas feed line 18 and the mixture gas comprising
the inert gas and ammonia is recovered from an ammonia
25 recovery line 19. The inert gas mentioned above

includes gaseous nitrogen, helium, argon, methane,

carbon dioxide, and carbon monoxide, among other gases.



HCOOCH3 + NH3 -' HCONH2 + H20 HCONH2 HCN + H20O (c¢) Furthernore, stgré l'dn‘g ]
w th anmmoni a, nethane, and oxygen, hydrogen cyani de can be produce MAT 7805
according to 15 the following reaction formula (d). 2NH3 + 2CH4 + 302 -*
2HCN + 6H20 (d) The nitrile (1) can be easily produced by subjecting the
hydrogen cyanide to reaction with a rnatgng starting conpound A (e.g. a

ket one, an al dehyde, 20 or an epoxide). Wen, in the anmonia recovery step
(6), the ammonia is stripped using nethane as the inert gas, the

resul ti ng m Rbhereegazgerygnpti smmgnist kanebandazmied audabatebviied oo t he

hydr ogen cyani de production |ine 25 designated as (d) above so that the
anmoni a can bentiruguké#.and reused with high efficiency and conven-

ience. 18 MAY 2005 - 43 It should be understood that the aqueous | ayer
separating step (13)Thaedrebevanednammpniavenyp beepsel) ascanrieectanti ed out
in a reversed order. Thus, it is possible to feed the hydrol yzate m xture
f rom hydr ol yshstBespepdueBionocinnyanagdeac ovappusidsp s@h fagr hysidegsry of
anmoni a by stripping or the like and then feed the carboxyl ate-contai ni ng
m xture &ft eeyapré@eevhieh isnfoAtarténghmaienddds foayevityddgsating step
(13) so as to separate it into an organic |layer containing the 10 organic
sol vent and Bhuagquébg@samageiaceahabhi hguskd as a nitrogen source for

nitrile compounds. For example, hydrogen cyanide can be
produced from ammonia, methanol and carbon monoxide in
accordance with the following reaction formula (c).
10 CH;0H + CO — HCOOCH:
HCOOCH: + NHs; —> HCONH: + H:0
HCONH. — HCN + H:0 (c)

Furthermore, starting with ammonia, methane, and

oxygen, hydrogen cyanide can be produced according to
15 the followling reaction formula (4).
Z2NHs + 2CHs + 30: = ZHCN + 6H:0 (d)

The nitrile (I) can be easily produced by
subjecting the hydrogen cyanide to reaction with a
mating starting compound A (e.g. a ketone, an aldehyde,

20 or an epoxide).

When, in the ammonia recovery step (6), the
ammonia is stripped using methane as the inert gas, the
resulting mixture gas comprising methane and ammonia can
be fed to the hydrogen cyanide production line

25 designated as (d) above so that the ammonia can be
recycled and reused with high efficiency and‘conven—

ience,



carboxylate. In this instance, the organic layer can be recycled to the
am de extraction step (4), for instance, while the aqueous |ayer cand B! 7
fed to electrodialysis step (2), optionally after concentration in 15
concentration step (5). The ammonia fornmed in hydrolysis step (1B) need
not necessarily be recovered but the reagti-on m xture in hydrolysis step
(1B) may be first fed to aqueous | ayer separating step (13) or
concentration step (5) as 20 necessary and then fed to el ectrodial ysis
step (2). Concentrafltoshoudg TReunidgrgteodbithiatedhien aghwe carsnd@iy2n ecovery
step may be transferred to this concentration step as necessary to
i ncrease t hesepazatingt iséerof( 18He andr Bde2amupnia asichveaint shed (fehce, the
efficiency of dialysis in the electrodialysis step. Referring to the
exanpl e il | uSepabedcpfiried outgipng TRVersefy cxmiepar thhad .ardty it
concentration steg (5), the mxture containing the carboxylic acid salt
af ter recovePypsgfiblegntenitgeds thed hydralygadenmintiuge dqampmiralrsimh a
car boxyl ate-containing mxture feed line 6. The 5 concentration can be
conduct e i nS&&Rof dBrcé&onirmoalac srgeNergnalt eRariibor £omirecsdiegahtafat i on
step and the ammonia recovery step can be carried out using the sane
equi pnent . TRBM@BdRcBYoFtEdRPEATr LI SRS d1k6t agd tthen feang be within
limts not causing precipitation of 10 the carboxylate to interfere with
e|ectrodia|ygpgpoxylate—contalnlng mixture after recovery of
ammenia to the aqueous layer separating step (13) so as
to separate it into an organic laver containing the
10 organic sclvent and an aqueous layer containing the
carboxylate. In this instance, the organic layer can be
recycled to the amide extraction step (4), for instance,
while the agueous layer can be fed to electrodialysis
step (2), optionally after concentration in
15 concentration step (5).
The ammonia formed in hydrolysis step (1B) need
not necessarily be recovered but the reaction mixture in
hydrolysis step (1B) may be first fed to agueous layer
separating step (13) or concentration step (5) as

20 necessary and then fed to electrodialysis step (2).
Concentration step
The mixture obtained in the ammonia recovery
step may be transferred to this concentration step as
necessary to increase the concentration of the carbo-
25 xylic acid salt and, hence, the efficiency of dialysis
in the electrodialysis step.

Referring to the example illustrated in Fig. 1



General ly, concentration is carried out until the carboxylate
concentration will be about 0.1 to 5 nornmal. The concentrate is fed! A7 71Hh
el ectrodialysis step (2) through a carboxyl ate-containing m xture feed
line 15 21. The distillate water can be reused in hydration step (1A) or
hydrol ysis step (1B). The concentrati en44step (5) and ammoni a recovery
step (6) can be carried out in a reverse order. In the process of the

i nvention including the 20 am de extraction step (4) for extracting the
am de from 8hd paxdtcudamlyt dre cobcgintad iiprhyedest i (G stidye Migture he

am de concentration of the am de-containing mxture can be increased so
that the car Boryrandngokbentcrabosylicn adid fsedd taf tar raewiexyief ysi s
step can al so be held 25 high. In this enbodi nent, therefore, the current
ef ficiency opmmpadar dgi dedsite &t €pnCEpt@Taties egwipment &hgprygh the
concentration step (5) is omtted. 18 MAY ?005 - 45 Electrodialysis step
I n the el ect FagPaKydiescoptaindngamiatynec f&sd Ligw t6 (|1 1The formed in the
hydrolysis step is subjected to electrodialysis to provide the

cor r espofdi ngoBEEBEFRLien sagcbg CrUAusi@®dbdde achprcanad Mol dsi s
according to the present invention is principally equivalent_to the
hydrol ysis @Ges¥enfdanad MERNEE:hadfd SMEARCENETA TGN -9 A @ Hi r oshi
Shim zu (ed.), page 233 (Kyoritsu Shuppan, Co., 10 Ltd., Japan). The

el ect r odi al y2BMORSAPFPSEYCEYhStEPaFan be carried out using theé same

equipment. The degree of concentration is not critical
but may be within limits not causing precipitation of
10 the carboxylate to interfere with electrodialysis.
Generally, concentration is carried out until the
carboxylate concentration will be about 0.1 to 5 normal.
The concentrate is fed to electrodialysis step
{2) through a carboxylate-containing mixture feed line
15 21. The distiliate water can be reused in hydration
step (lA) or hydrolysis step (1B). The concentration
step (5) and ammonia recovery step (6) can be carried
cut in a reverse order.
In the process of the invention including the
20 amide extraction step (4) for extracting the amide from
the reaction mixture obtained in hydration step (134),
the amide concentration of the amide-containing mixture
can be increased so that the carboxylate concentration
in the feed to the electrodialysis step can also be held
25 high. In this embodiment, therefore, the current
efficiency of electrodialysis step (2) can bé improved

even if the concentration step (5) is omitted.



menbrane and at | east one nenbrane selected fromanong cation exchange
nmenbr anes and ani on exchange nenbranes. The electrodialysis cell 185 MAY 20
configuration is not critical but the conventional two-conpartnment or
three 15 conpartnent el ectrodialyzer can for exanple be enployed. The

t wo- conpartnment el ectrodi al yzer conprisdas% a bipolar nenbrane and either a
cati on exchange nenbrane or an ani on exchange nenbrane as di sposed

bet ween bi pol ar nenbrane conponents. The ani on exchange 20 nenbrane side
of the bipolar nE imedialyisdsosdepin face-to-face relation to the
positive electrode and the cation exchange nmenbrane side is disposed in
face-to- face rel ati &n thet hédentgadivdysiscstene. the garboxyddc iasigdppli ed
across the two el ectrodes, the water nolecule 25 reaching the interface
bet ween the saldn(dtdnahgemededdr dhe ydreduisds stemarige swbimchesl dicdes of
the bipolar nmenbrane is deconposed to yield H* ion on the 18 MAY 2005 -
46 ani on exehearjsofdabyars $ioderavddeHthieogosaespenddnido rardeatydige
menbrane side. There is no particular limtation on the cation exchange
menmbr anedt hatcddn (B¥)used, bas&-there can be 5 used conventional cation
exchange nenbranes, for exanple a_cation exchange menbrane having cation
exchange groups sucﬁhase%ﬁggﬁﬁﬂéﬁlﬁﬁ#EOQFPPrBﬁBSpﬁ@n¢@? recend, or
phosphat e groups. There is no particular limtation on the anion exchange
menbr ane, ei LtA¥ENtARA EFePELRSAPHL Y0 cG¥dyaLRB e SRy &he SFATod¥isd® exchange

menbr anes, faqr . . .
described in Ion Exchange Membranes, Yujiro Kosaka &

Hiroshi Shimizu (ed.}, page 233 {Kyoritsu Shuppan, Co.,

10 Ltd., Japan). The electrodialyzer comprises a bipolar
membrane and at least one membrane selected from among
cation exchange membranes and anion exchange membranes.
The electrodialysis cell configuration is not critical
but the conventional two-compartment or three-

15 compartment electrodialyzer can for example be employed.

The two-compartment electrodialyzer comprises a

bipolar membrane and either a cation exchange membrane
or an anion exchange membrane as disposed between
bipolar membrane components. The anion exchange

20 membrane side of the bipolar membrane is disposed in
face-to-face relation to the positive electrode and the
cation exchange membrane side is disposed in face-to-
face relation to the negative electrode. As a voltage
is applied across the two electrodes, the water molecule

25 reaching the interface between the anion exchange
membrane and cation exchange membrane sides 6f the

bipolar membrane is decomposed to yield H' ion on the



exanpl e an ani on exchange nenbrane havi ng ani on exchange groups such as
primary amino, secondary amno, tertiary amno, or quaternary am nd8 MAY 7005
groups. There is no particular limtation on the bipolar 15 nenbrane, and
any of the conventional bipolar nenbranes can be enpl oyed. For exanple, a
bi pol ar nenbrane can be fabricated by kam-nating a cation exchange
menbrane to an ani on exchange nenbrane with a pol yethyl ene

epi chl orohydrin m xture. It can also be fabricated by 20 depositing a

sul foni ¢ aci dnseni exchahgremembeheet sdldgt @ndafl alilopl am nde faatiarst ance,
on the surface of an anion exchange nmenbrane and irradiating the whole
with an el eekrbhypgecmembzeneveidadi ati on. The concentration of the
carboxylic acid salt in 25 the mxture to be electrically dialyzed is
general ly about 0.1Thers mernal parhiisudkacilioditaltysins o@arthige caddan ed out
bat chwi se or continuously. 18 MAY ?.005 - 47 Referring to the exanple

i |l ustrated emchiaggel memhatapar thedl sany beo uslesot raf dhesies aaredPg 2), an

el ectrodi al ysis cell equipped with ion exchange nenbranes is charged with
a m xtur& consedncagvensionadr bekbat @xchianges menphasesas 6t H4RRP I
hydrol ysis step (1B) froma carboxyl ate-containing m xture feed |ine 21
and wat er frencatdaneexrbangei pempzangr hayiag cadiiginy sixchangeq [EOUDPS

el ectrodi alysis step (2), the 10 correspondi ng carboxylic acid (1V) and
base are pro#@u€lddas sulfonic, carboxyl, phosphonic, sulfate, or

phosphate groups. There is no particular limitation on
the anion exchange membrane, either, and there can be
10 used the conventional anion exchange membranes, for
example an anion exchange membrane having anion exchange
groups such as primary amino, secondary amino, tertiary
amino, or quaternary amino groups.
There is no particular limitation on the bipolar
15 membrane, and any of the conventional bipolar membranes
can be employed. For example, a bipolar membrane can be
fabricated by laminating a cation exchange membrane to
an anion exchange membrane with a polyethylene-
epichlorohydrin mixture. It can also be fabricated by
20 depositing a sulfonic acid-series polymeric electrolyte
and allylamine, for instance, on the surface of an anion
exchange membrane and irradiating the whole with an
electrolytic or active radiation.
The concentration of the carboxylic acid salt in
25 the mixture to be electrically dialyzed is generally
about 0.1 to 5 nermal. This electrodialysis.can be

carried out batchwise or continuously.



fromthe carboxylate (l111), and as a consequence a m xture containing the
carboxylic acid (1V) and water and a mxture containing the base arid MAY 705
wat er are independently obtained. The m xture containing the 15 product
carboxylic acid (I1V) and water, through a carboxylic acid-containing

m xture recycle line 24, is mxed w thatthe m xture contai ning the
carboxylate (111) and water fromthe carboxyl ate-containing m xture feed
line 21 and the whole mxture is recycled to 20 electrodialysis step (2).
It shoul d be under st 8efieritang depé¢he exampleoddilisinsated dinedtimodilal ysi s,
the m xture containing carboxylate (1V) and water contains undeconposed
car boxyl at e @ndl par®icufierdiyhdo leded,trddd atipatite estegnt(@ ni mp t he 25 base
and water as forned in the electrodialysis step can be recovered froma
base-wat er r edevénrpdieiysds CEld egeiEpedewilddsdanredmhargey/cled to

hydrol ysis step (1B) 8 MAY ?005 - 48 for reuse as the catalyst. A portion
of the feed (embrainesd isecthaingem Widh camictprst egdmtigiimanghs xture feed
line 21 and the carboxylic acid-containing m xture recycle line 24) to 5
el ect r odbPal ysiagboradate) (iId Ifednido wediehroad iobtadingd et hastdadiysstsep (18)

t hrough a carboxylic acid-containing mxture feed line 7. It should be
under st ood t Is&ept Hd B )nifxoir @ semarayilage-rendaipdng imixtaing @e@d forned in
el ectrodialysis step (2) and water can be directly fed 10 to carboxylic
aci d extract LédRest2dpang) wategodrofeignater feed line 22 for

electrodialysis.
In this electrodialysis step (2), the
10 corresponding carboxylic acid (IV) and base are produced
from the carboxylate (III), and as a conseguence a
mixture containing the carboxylic acid (IV) and water
and a mixture containing the base and water are
independently obtained. The mixture containing the
15 product carboxylic acid (I?) and water, through a
carboxylic acid-containing mixture recycle line 24, is
mixed with the mixture containing the carboxylate (IITI)
and water from the carboxylate-containing mixture feed
line 21 and the whole mixture is recycled to
20 electrodialysis step (2). It should be understood that
depending on conditions of electrodialysis, the mixture
containing carboxylate {(IV) and water contains
undecomposed carboxylate (III).
On the other hand, the mixture containing the
25 base and water as formed in the electrodialysis step can
be recovered from a base-water recovery line 23. The

recovered base can be recycled to hydrolysis step (1B)



recycled to electrodialysis step (2). Carboxylic acid extraction step and
carboxylic aci separating step Wiere necessary, the carboxylic acid §MaY 700
produced in 15 the electrodialysis step can be subjected to carboxylic
acid extraction and carboxylic acid separating steps for recovery.
Referring to the exanple illustrated i-n4Big. 1 and particularly to
carboxylic acid extraction step (8), 20 the m xture containing the
carboxylic acid (IV) and water as formed in electrodialysis step (2) is
fed to an edtoracesse vemtdec mad@dyisitc aci d-contai ning m xture feed 1ine
7 and the carboxylic acid (IV) is extracted into an organic sol vent

suppl i ed from an or ganiperdgioneet fthed f28d (ihep@ixpse fgaghfiesdihent t hat
can be used Includes the organic solvents nentioned for the am de
extraction 1&avRexY0e8e-congaigigy mixtusicfepd dlidvhdlk andtidires,

al dehydes, esters, and ethers. The preferred organi c solvent includes

al cohol s and deatheoyd isa @¢ idomoataingd g JExiie dapbnie ke 44 gteabout 4
to 12 carbon atons). Extraction can 5 be carried out by the conventional
procedur & Tdesrtgadiialnsdse sden dydr idodiedl MnhFarhexekdAGA4 c acid (1V)
and organic solvent is fed to carboxylic acid separating step (9)_ through
a carboxyl i c exd&agtaany sder dé&d mhﬁ9QEh(91QQRPQﬁ¥k%Gtﬂﬂéh‘Q?ﬂiﬁfp%ﬁ%eous

phase or |ayer can be w thdrawn from water
mixture feed line 7. It should be understood that the

mixture containing the carboxylic acid (IV) formed in
electrodialysis step (2) and water can be directly fed
10 to carboxylic acid extraction step (8) without being
recycled to electrodialysis step (2).
Carboxylic aci xtractio n ar ic a
separating step
Where necessary, the carboxylic acid produced in
15 the electrodialysis step can bé subjected to carboxylic
acid extraction and carboxylic acid separating steps for
recovery.
Referring to the example illustrated in Fig. 1
and particularly to carboxylic acid extraction step (8),
20 the mixture containing the carboxylic acid (IV) and
water as formed in electrodialysis step (2) is fed to an
extractor from a carboxylic acid-containing mixture feed
line 7 and the carboxylic acid (IV) is extracted into an
organic solvent supplied from an organic solvent feed
25 line 26.
The organic solvent that can be used includes

the organic solvents mentioned for the amide extraction



recovery line 25 and recycled, together with the base- containing agueous
m xture from base-water recovery line 23, to electrodialysis step (12§ MaY &5
water feed line 27 or recycled to hydrolysis step (1B) via a base-water
15 feed line 15. In carboxylic acid separating step (9), the organic

| ayer containing the carboxylic acid ¢l¥p and organic sol vent as
available fromthe carboxylic acid extraction step (8) is distilled to
separate the 20 carboxylic acid (1V) fromthe organic solvent. The
carboxylic astdp(K¥).i sucbcegerddohrdm.akedobesyl iad dgdivdesr.ecdt@ns.l i ne 9,
whil e the organic solvent can be recycled to carboxylic acid extraction
step (8) thraundghetharsrgafhe pokfenrefeoddanis 3elventr disduges he 25
extraction solvent. The recovered organic solvent may also be used as the
extraction salgehplsnand Beteresacach gondwedping) 4 prgmoxe ZEIHon 50 The
extraction of carboxylic acid (1V) and the separation of carboxylic acid
(1'V) can resptempvépydbeabodir de§oodl FRTHIORN S& 0B JoonERIdEHipn |qanshoul d
be understood that the carboxylic acid 5 (IV) formed in electrodialysis
step (2)5canbBecaspiedt eyt BNdtheceeaveatiogalt REoFedFi®e cont ai ni ng
carboxylic acid (! and water not only by the above nethod but also by
the conventional proéBEuPEJandF BRARB| €T drVeacCPPHainisg thation,

crystallization, recrystal 10 lization, colum chronatqgr%pr, etc., or
any Suitab|ecarboxylic acid (IV) and organic solvent is fed to

carboxylic acid separating step (9) through a carboxylic
acid extract feed line 8. On the other hand, the

10 aqueous phase or layer can be withdrawn from water
recovery line 25 and recycled, together with the base-
containing agueous mixture from base-water recovery line
23, to electrodialysis step (2) via water feed line 27
or recycled to hydrolysis step (1B) via a base-water

15 feed line 15.

In carboxylic acid separating step (9), the
organic layer containing the carboxylic acid {IV) and
organic solvent as available from the carboxylic acid
extraction step (8) is distilled to separate the

20 carboxylic acid (IV) from the organic solvent. The
carboxylic acid (IV) is recovered from a carboxylic acid
recovery line 9, while the organic solvent can be
recycled to carboxylic acid extraction step (8) through
an organic solvent feed line 26 for reuse as the

25 extraction solvent. The recovered organic solvent may
also be used as the extraction solvent in amide extrac-

tion step (4).



conbi nati on of such procedures. [Route (ii)] Route (ii) corresponds to
route (i) fromwhich the am de extraction step (4) and aqueous |ayer§ R 7005
separating step (13) have been omtted. Route (ii) is suitable for the
case in which permtting the strain of mcroorganismor the preparation
derived therefromto act upon a nitrirt®&0results in formation of a m xture
of the am de conpound and carboxylic acid salt. 20 In the exanple
illustrated in Fig. 1, the reaction mxture obtained in hydration step
(1A) is fed to hydrBhgsestzaepiepBpLt kasbghryad iley dicdisi dd Weamd dde mi xture
feed line 12 and the reaction m xture provided in hydrolysis step (1B) is
fed to amonisgpegedieny oft eprdoxyd)ict mcddgH I¥ )hywdroInespegtdaalivobar xt ure
feed line 16. In hydrolysis step (1B), the amde (Il) in the reaction

m xt ure obt acAgdied lydr eitehvwdisep ol Apnitinnogs¥Y HO9 - 51  hydrol yzed
with a base to the corresponding carboxylic acid salt (l111) and anmoni a,
whi |l e the amoni um é&&r Ebeyldt be( vpdemsitieedr dheaiti dhenicerboxvlideagdes sal t
exchange reaction with the base to give the corres 5 pondi ng carboxylic
acid sal & (I (IV)aferaefoinaclestroddiodysis wstied r(@ut €an ibe BaREatRf ani de
extraction step (4), any anmmoni um carboxylate (V) in the reaction mxture
obt ai ned i n Bpdr ZecoONeFedp from) the FdHturgsconttadngha CATIY 13 t he

aqueous phase or. | ayer. 10 Mreover, the om ssion_of am de extraction step
(4) and acid (IV) and water not only by the above method but

also by the conventional procedure, for example
extraction, distillation, crystallization, recrystal-

10 lization, column chromatography, etc., or any suitable
combination of such procedures.

[Route (ii)]
Route (ii) corresponds to route (i) from which
the amide extraction step (4) and aquecus layer

15 éeparating step {(13) have been omitted. Route (ii) is
suitable for the case in which permitting the strain of
microorganism or the preparation derived therefrom to
act upon a nitrite results in formation of a mixture of
the amide compound and carboxylic acid salt.

20 In the example illustrated in Fig. 1, the
reaction mixture obtained in hydration step (1la) is fed
to hydrolysis step (1B) through a hydration reaction
mixture feed line 12 and the reaction mixture provided
in hydrolysis step (1B) is fed to ammonia recovery step

25 (6) through a hydrolysis reaction mixture feed line 16.

In hydrolysis step (1B), the amide (iI) in the

reaction mixture obtained in hydration step (1la) is



aqueous | ayer separating step (13) results in sinplifi- cation of the
process. In addition, since many strains of nicroorgani smcapable dff MAf 7035
hydrating nitriles have both the enzynme converting nitriles to am des and
the enzyne 15 converting nitriles to carboxylic acids, this route (ii) is
conpatible wwth a broad spectrum of m-cwsaor-gani sns and, therefore, can be
nore universally enployed. [Route (iii)] Route (iii) is suitable for the
case in which 20 permitting the strain of m croorgani smor the prepa-

rati on deri vbadrhéyebdomitth acbaggortoca thiet mdrresgsulding praademylant |y in
production of the corresponding carboxylic acid salt. Carboxylic acid
salt providi agigt epl25 (CAdItthandarpmmeyliiac atiidesdite mmaardium st ep, the
strain of mcroorganismor the preparation derived therefromis permtted
to act upon esambbryleteo(Fnoindéhs HAXCIOOR mix3irteheaeirsiaargrsyro rad iy
ammoni um car boxylate (V). Referring to the exanple illustrated in Fig. 2
and parti cul exkchangecaeboxibinc wadihd tdal tameotiadigigyesttdye qaresx reactor i s
supplied with the nitrile froma 5 nitrile feed line 1 and water from a
wat er fekd | ppediog eadbokyligdegtidosaldadlildn isnd @mhwdtiad in t he
presence of the strain of mcroorgani smcapable of converting nitriles
to carboxylic acids 8rcon@ipgepar hiignreutievdd i)t bypassdmg |amigioul d be

understood that the reactor may 10 be supplied with the distillate water
avail abl e i negtraction step (4), any ammonium carboxylate (V) in the

reaction mixture obtained in hydration step (1lA) is not
lost through transfer to the aqueous phase or layer.

10 Moreover, the omission of amide extraction step (4) and
aqueocus layer separating step (13) results in simplifi-
cation of the process. In addition, since many strains
of microorganism capable of hydrating nitriles have both
the enzyme converting nitriles to amides and the enzyme

15 converting nitriles to carboxylic acids, this route (ii)
is compatible with a broad spectrum of microorganisms
and, therefore, can be more universally employed.

[Route (iii)]
Route (iii) is suitable for the case in which

20 permitting the strain of micrecorganism or the prepa-
ration derived therefrom to act upon a nitrile results
predominantly in production of the corresponding
carboxylic acid salt.

oxylic acid salt providing st

25 In the carboxylic acid salt providing step, the

strain of microorganism or the preparation derived

therefrom is permitted to act upon a nitrile to provide



concentration step (5) to be described hereinafter through a water
recycle line 20. The amount of water to be used in this carboxylic ldckMal 7005
salt providing step (1) may for exanple 15 be not less than 1.5 noles
(e.g. about 1.5 to 300 noles), preferably not less than 2 noles (e.qg.
about 2 to 150 noles), per nole of the3Fitrile. For inproved solubility
of the nitrile and snooth progress of the reaction, an organic sol vent
such as those nentioned for 20 route (i) may be added to the reaction
system A buftfhér corppsposding syEeninge cagmeentladis diVbf the strain of

m croorganism (cells) or preparation, the concentration of the nitrile,
the reacti on system PRfexxdnghdor &€t iegampilge 1d5 usdrafed Ha Jaie &5 t hose
mentioned for the hydration step (1A) in route (i). The npde of reaction
my be a st &Ndpaniisad ard¥c oo FadiPoxiie dcAsH SFeld iGN FPB Ni Ay
- 53 may be batchw se or continuous. For enhanced concentration of the
reaction prodddt., & Feacdadt iien sUPPLiGde Wit fde adyidids tIFAmhe r eact i on
systemvia a reaction mxture recycle line 11. 5 The reaction mxture is
general | y suBfiddid® f£6ed 1ddf dndBichateep{ram vy Wtsdediped

centrifuga- tion or filtration, to renove the mcrobial cells or the
preparation @& ¢ P¥EHRAHE MiteAGH ¢ iiSmaect &skiily the PRSP M next

step. 10 Salt exchange ste
P of €%e s r&in %f microorganism capable of converting

nitriles to carboxylic acids or the preparation derived
therefrom. It should be understood that the reactor may
10 be supplied with the distillate water available in a
concentration step (5) to be described hereinafter
through a water recycle line 20.
The amount of water to be used in this
carboxylic acid salt providing step (1) may for example
15 be not less than 1.5 moles (e.g. about 1.5 to 300
moles), preferably not less than 2 moles (e.g. about 2
to 150 moles), per mole of the nitrile. For improved
solubility of the nitrile and smooth progress of the
reaction, an organic so¢lvent such as those mentioned for
20 route (i) may be added to the reaction system. A buffer
may also be used.
The concentration of the strain of microorganism
{cells) or preparation, the concentration of the
nitrile, the reaction system pH, and the reaction time
25 can be the same as those mentioned for the hydration
step (1A) in route (i). The mode of reaction may be a

stationary-bed reaction or a fluidized-bed reaction, and



In the salt exchange step, a base is permtted to act upon the a n@wnynmn
carboxylate (V) formed in the carboxylic acid salt providing step flof ™"t
salt exchange to provide the correspondi ng carboxylic acid salt (l111) and
15 ammoni a. Referring to the exanple illustrated in Fig. 2 and, in
particular, to salt exchange step (12), 5t3he reaction m xture containing
anmoni um car boxylate (V) as obtained in the carboxylic acid salt

providing step is 20 fed to a salt-exchange reactor through a hydration
product - cont H2Hi B§ BRACHVE ST |GOREINUOMS | e Ephanhanceded to the

reactor froma base feed line 14. The base that can be used in this step

i ncl udes t hEop&§eS gy Pd ther NeRCTHpaY anpsiuctst dhe IWa¢H. s route

(i). The preferred base includes alkali netal hydroxides (sodium

hydr oxi de, pBLESETLEMMRYdPEKITEEYEEE to e Jeagtiiqreisystean Sekmt@®s (sodi um
carbonate, potassium 18 MAY 75,)~ - 54 carbonate, etc.). The still nore
preferred ba¥€actieMuidXtygd K Fd€oxdii®& ddd pot assi um hydroxi de. Those
bases can be used independently or iin a conbina- tion of two or_nore

speci es. 55 The anounth6f TERELARSMISLUES & SoPeRpFddilymS sl e 3 v)

may for exanple be not | ess than 0.5 gram equivalent, preferably about 1
to 5 gram eﬁ@PV&P@ﬁP§?laﬁ&PﬁEP§iﬁﬁbﬁgpﬁﬁqylgboﬁﬁqptq?:FGQEﬁﬂﬁqgéﬂarly 1

to 1.5) gram eauival 811%rab13.5h 12.BNENA0C A AS N SR B gondst e
preparation derived from the microorganism before being
fed to the next step.

10 Salt exchange step

In the salt exchange step, a base is permitted
to act upon the ammonium carboxylate (V) formed in the
carboxylic acid salt providing step for salt exchange to
provide the corresponding carboxylic acid salt (III) and

15 ammonia.

Referring to the example illustrated in Fig. 2
and, in particular, to salt exchange step (12), the
reaction mixture containing ammonium carboxylate (V) as
obtained in the carboxylic acid salt providing step is

20 fed to a salt-exchange reactor through a hydration
product-containing mixture feed line 2, while a base is
fed to the reactor from a base feed line 14.

The base that can be used in this step includes

the bases mentioned for the hydrolysis step (1B) in
25 route (i). The preferred base includes alkali metal
hydroxides (sodium hydroxide, potassium hydroxide, etc.)

and alkali metal carbonates (sodium carbonate, potassium



range of about O C to 500C but is generally carried out at room
tenperature. The reaction may be carried out batchw se or continuodsiMAY 705
It should be understood that by permtting the 15 strain of m croorgani sm
or the preparation derived therefromto act upon the nitrile in the
carboxylic acid salt providing step t1%4 both the hydration of the

nitrile and the salt exchange reaction can be carried out in one step. 20

This salt exchange ste onyerts. the a nium _carboxyl.ate to, for exanple
an al kal | nef3FDEBRECRhPER - ) has TAShF o BRFPeRECEPTEERoRAF® or "
el ectrodi al ysi s utilizi this.ste the efficien of .carboxylic
acid | producthehudtn PRt ERPRAEPYIARpABDCHOtaE= AN ROV AL PEL Gar y ot ep I n

t hi s anmoni a_r ecover steg he a nia Bro- duced in.the salt .exchange
step o recolaPen. DARPS G RRVUSBALANdeBsBaChELR, BTy 1B SafiBRLECan bo
carried out jn the_sane manner as in the route (i). Referring to the
exanpl e illut%?%t%ﬁ EVOF?ﬁ.mﬁreaﬁH?c%ﬁsparticular, to ammoni a recovery

"5 Ted 15 an”ammon avecaueryt ot BHENbaPR BoRn e eaE- AleHatme - (1Y
D SOt ST L RO TLLUE) B KpRoeRgEog i RLPRLaM HaTo 8L 08,
inert gas 1059hhNe J0TDLE 8n 925 pka b £GBYS GHoLEOT 28 8MgRafA recovery
equivalents, and more preferably about 1 to 2
(particularly 1 to 1.5) gram equivalents. The salt

10 exchange reaction can be conducted in a temperature
range of about 0°C to 50°C but is generally carried out
at room temperature. The reaction may be carried out
batchwise or continuously.

It should be understocd that by permitting the

15 strain of microorganism or the preparation derived |
therefrom to act upon the nitrile in the carboxylic acid
salt providing step (1), both the hydration of the
nitrile and the salt exchange reaction can be carried
out in cne step.

20 This salt exchange step converts the ammonium
carboxylate to, for example an alkali metal salt which
has a higher current efficiency for electrodialysis. By
utilizing this step, the efficiency of carboxylic acid
production can be remarkably improved.

25 Ammonia recovery step

In this ammonia recovery step, the ammonia pro-

duced in the salt exchange step is recovered. This



line 19. As the inert gas nentioned above, the gases nentioned

her ei nbef ore can be enployed. The recovery of ammonia may be bat chpgseyan
continuous. The recovered anmoni a can be used as a reactant 15 for the
synt hesi s of cyanogen conpounds such as hydrogen cyanide which is used as
a starting material for nitriles. ThusS55a-nitrile (1) can be easily
produced by subjecting the hydrogen cyanide to reaction with another 20
starting conmpound A (e.g. a ketone, aldehyde, or epoxide). Concentration
step The m xE@ceOvVehvaiokedmmenilfe cambe £artietkeopt siegrhersdefed to a
concentration step as necessary to 25 increase the concentration of the
carboxyl i ¢ adiegneal @said thengwutehd igffici ency of dialysis in the

el ectro- dialysis step. 1 8 MAly 7 - 56 Referring to the exanple
illustrated in Fig. Refgmaipar ttiochgr lerappleodddmstatatad sied %) ,2t he

m xture containing the carboxylic acid salt (I11) after recovery of
ammoni a i s féad.oia eerdderlan .ot eqiiMafed Q9ABIRHY Step (6). the

car boxyl ate-containing m xture feed line 6. Concentration can be carried
out in thRe sa&gactdomemizdurne, avaidatlie fron sadduleFpnamceitP at2ls fed
to electrodialysis step (2) through a line 21. The distillate water can
be fed for rd§s&edo teamBogmanigcir@cryedy ePHANR hiaph 13 sdkbugh a

| i ne 20.
exchange product-containing mixture feed line 29 and

stripped with an inert gas supplied from an inert gas
feed line 18, and the resulting mixture of the inert gas
10 with ammonia gas is recovered from an ammonia recovery
line 19. As the inert gas mentioned above, the gases
mentioned hereinbefore can be employed. The recovery of
ammonia may be batchwise or continuous.
The recovered ammonia can be used as a reactant
15 for the synthesis of cyanogen compounds such as hydrogen
cyanide which is used as a starting material for
nitriles.
Thus, a nitrile (I) can be easily produced by
subjecting the hydrogen cyanide to reaction with another
20 starting compound A (e.g. a ketone, aldehyde, or
epoxide}.
Concentration step
The mixture obtained in the ammonia recovery
step can be fed to a concentration step as necessary to
25 increase the concentration of the carboxylic acid salt
and, hence, the efficiency of dialysis in thé electro-

dialysis step.



It should be understood that the concentration step (5) need not R
necessarily be di sposed downstream of ammoni a recovery step (6) but! THAT 720
be di sposed either upstream or downstream of the salt exchange step (12).
15 El ectrodi al ysis step, carboxylic acid extraction step, and carboxylic
acid separatina step The el ectrodi al ysi $est-ep, carboxylic acid extraction
step, and carboxylic acid separating step can be carried out in
substantially the same nmanner as in 20 the route (i). The base avail able
from el ectrodi al ysi sRefeepif2) toanhee eketipller ildusd tad eidhd s &litg .ex@change
step (12) through a base-water recovery line 23. [Route (iv)] Route (iv)

I s al so suit ablde phgrt ichd agdye tion codsantirat iwer mttelp NP X.helst maixtwfe

m croorgani smor the preparation derived therefromto act upon the
nitrile rescbngapndédgnithencayboxyddedestiidosadit t(id Idorafespontiauy érVAY
H51 - 57 carboxylate. Route (iv) is different fromroute (iii) in that
it does not pifickhomentihe isalfiedextohangenstegy rattdonamditimatentt Héhzonminiaa

avai lable fromthe electrodialysis step is 5 recovered in an amoni a
recover ySst eparRouyadatievcontaiadvanmigdours ifieechdtineheé .obj ecti ve
carboxylic acid can be produced in a short sequence of steps. The

di ff erences 6Pnceniradica fcasmbeogeardiegd oudr dmmdhe eafieainandiern) @s

Concentration step
in route {i). The resulting concentrate is fed to

electrodialysis step (2) through a line 21. The
distillate water can be fed for reuse to carboxylic acid
10 salt providing step (1) through a line 20.

It should be understood that the concentration
step (5) need not necessarily be disposed downstream of
ammonia recovery step (6) but can be disposed either
upstream or downstream of the salt exchange step (12).

15 Electrodialysis te' b lic ac io
! 3 } 1 T L !

The electrodialysis step, carboxylic acid
extraction step, and carboxylic acid separating step can
be carried out in substantially the same manner as in

20 the route (i). The base available from electrodialysis
step (2) can be fed for reuse to the salt exchange step
(12) through a base-water recovery line 23.
[Route (iv)]
Route (iv)} is also suitable for the case in
25 which permitting the strain of micrcorganism or the
preparation derived therefrom to act upon the nitrile

results predominantly in production of the corresponding



In the concentration step, the reaction mxture available fromthe
carboxylic acid salt providing step is concentrated. In the exanpleg May 700
illustrated in Fig. 2, the reaction mxture formed in carboxylic acid
salt 15 providing step (1) is fed to a concentration equi pnent through a
hydration product m xture feed |ine 28. 57Cencentration can be carried out
in the sane manner as described herei nbefore. The concentrate avail able
from concentration step (5) is fed to electrodialysis step 20 (2) through
a carboxyl at earbexgilateg m xture feed line 21. The distillate water
available in this concentra- tion step can be reused in carboxylic acid
salt providing stepReate Aimdnia AaEseseptsfapm2Fomntet Hdidnmmdm &hadcovery
step, the agueous ammonia forned in electrodialysis step (2) is fed to an
ammoni a r ecoudr foegunpeinciluder dbeveayti pxchangemste® NAZ 2@081 thagg
manner as descri bed hereinbefore. The recovered anmmonia can be used as a
starting nat éheabmmanaanpveiilablgr sgon toe Eileetrofiadysigasd@miith t he
nmet hod of the invention 5 which conprises a hydration reaction of a
nitrile Bsingecaveredi AnoRNNREMEBAgaleSHVEE Ya Spe®par Kaude ddmlvdd
therefrom and an el ectrodialysis of the corresponding carboxylic acid
salt in conbRrA¥ENEAIePYPSr dBuEhatsthe 89ieskivs GRTRPAYIdEh it £30 are not

formed. Moreover, the 10 nmethod insures an expedi ent recovery of useful
anmoni a be produced in a short sequence of steps. The

differences of this route from route (iii)} are now
explained.

10 n tion e

In the concentration step, the reaction mixture

available from the carboxylic acid salt providing step
is concentrated. In the example illustrated in Fig. 2,
the reaction mixture formed in carboxylic acid salt

15 providing step (1) is fed to a concentration equipment
through a hydration product mixture feed line 28.
Concentration can be carried out in the same manner as
described hereinbefore. The concentrate available from
concentration step (5) is fed fto electrodialysis step

20 (2) through a carboxylate-containing mixture feed line
21. The distillate water available in this concentra-
tion step can be reused in carboxylic acid salt
providing step (1).

Ammonia recovery step

25 In the ammonia recovery step., the aqueous

ammonia formed in electrodialysis step (2) is fed to an

ammonia recovery equipment for recovery in the same



and the catal yst. Furthernore, the ammoni a and catal yst substance can be
effectively utilized. The follow ng exanples are intended to descri g MAS(%,
the present invention in further detail and should by no neans be
construed as defining the scope of the invention. EXAMPLES 20 Exanple 1

2- Hydr oxy- 4- et hyl t hi obut anoi ¢ acid (a- Bgdroxy- 4-nethylthiobutyric acid)
was produced in accordance wth route (i) in the production flow di agram

shown in Fig. 1. In this exanple, the objective carboxylic acid 25 was
produced byp#38PRR§ ﬁﬁed@§ﬁ€éﬁ@ﬁabﬁ§ﬁ¥@hﬂ£@ﬁ%n Tihed g osre rade gmmpayt.an,

| oopful of Gordona rubropertinctus JCM 3204 8 MAY ?015~ - 59 froma sl ant
cul ture was G38dPEoUFREcaFatie sStagtdndnfessrdgqlcHin @ asikdile he fol | ow ng

| i qui d medi um and shake-cul tured aerobically at 300C for 48 hours.

Medi um (uni t PTRAVPFLEOon ydBeel 2% Yeast extract 0.3% NMbnopotassium
phosphate 0.5% Di potassi um phosphate 0.5% Sodi um sulfate 0.1% 10
Magnesi um sul f at e 0. 8BoRCEAFEPBRRCcHLER] §Beomedbosl of the invention

5 which comprises a hydration reaction of a nitrile using
a strain of microorganism or a preparation derived
therefrom and an electrodialysis of the corresponding
carboxylic acid salt in combination, byproducts such as
ammonium hydrogen sulfate are not formed. Moreover, the

10 method insures an expedient recovery of useful ammonia
and the catalyst.
Furthermore, the ammonia and catalyst substance
can be effectively utilized.
The feollowing examples are intended to describe
15 the present invention in further detail and should by no
means be construed as defining the scope of the

invention.

EXAMPLES
20 Example 1
2-Hydroxy-4-methylthiobutanoic acid (o-hydroxy-

4-methylthicbutyric acid) was produced in accordance

with route (i) in the production flow diagram shown in

Fig. 1. In this example, the objective carboxylic acid
25 was produced bypassing the concentration step (5).

n st 1A |

A loopful of Gordona rubropertinctus JCM 3204



Manganese sulfate | x 10-1% Iron chloride I X 10-5t Zinc sulfate |

10-1% 15 Isoval eronitrile (inducer) 0.2% pH 7.2 The liquid nedlunﬂdbMﬁY7ﬁR
then centrifuged to harvest the cells, which were then washed 3 tinmes each
with a portion of 0.05 M phosphate buf f er (pH 7.0). 20 After the washed
cells were resuspended in 250 mM of the3%ane buffer as above,

2- hydroxy-4- nethyl thiobutanenitrile (a-hydroxy-4-

met hyl t hi obutyronitrile) was added in a final concen- tration of 330 mV
and al | oned £8°MedcflaptsGoltyrer¥assugsdr $0 APCEUIESRIetd%h of the
reaction, the _reaction mxture was centrifuged to renpve the cells and
recover a sBpérakagnchiatdesk 9o Fhﬁhgoé&ﬁﬁaﬁétéﬁﬁq&?WWQthT:PQ?-NllAY
70D, - 60 chromatography reveal ed_that it contained 4.1 weight of
2-hydr oxy- 4- ﬁﬁ?ﬁ?rFHFgHEFQn&ﬁF&@lFélﬂydP&x§04 C Fomh A& IOt -yr ani de) and

0.9 weight % qn a free acid  basis, of ammoni um
2- hydr oxy- 4-@@9&%@%&#@%&?&ﬁé§ﬂe 5 (annnnlum

a- hydr oxy- 4- nethylthigbut Ste) The yield of

2-hydrox§-4-nethylth? BGeARAM de was 83% and the yief¥ of ammonium
2-hydroxy-4-nethy|thkobu ano s 17% Am de extr%i %fn step (4) An
extraction col um padR8d wFE rﬁﬁ hig rings 10 was thafged with the
reaction m xture obt |ned in the dration step (1 uper nat ant)

t hrough t he hydratioﬁ R8BotAstlim BHOLBha?R .58

Dipotassium phosphate 0.5%
Sodium sulfate 0.1%
10 Magnesium sulfate 0.05%
Calcium chloride 0.005%
Manganese sulfate 1 x 107 1%
Iron chloride 1 x 10°°%
Zinc sulfate 1 x 10°°%
15' Isovaleronitrile {(inducer) 0.2%
pH 7.2

The liguid medium was then centrifuged to
harvest the cells, which were then washed 3 times each
with a portion of 0.05 M phosphate buffer (pH 7.0).

20 After the washed cells were resuspended in 250 ml of the
same buffer as above, 2-hydroxy-4-
methylthiobutanenitrile (a-hydroxy-4-
methylthicobutyronitrile) was added in a final concen-
tration of 330 mM and allowed to react at 5°C for 24

25 hours. After completion of the reaction, the reaction
mixture was centrifuged to remove the cells énd recover

a supernatant. Analysis of the supernatant by liguid



reaction mxture feed line 2 at a flowrate of 3,634 g/hr. and, at the
same time, with an extraction solvent conprising nethyl ethyl ketord HAd/35
a small proportion of 15 water (the organic |layer available in an aqueous
| ayer separating step (13) to be described hereinafter) at a flowrate
of 4,600 g/hr. As a result, an organic 6&8er containing 2-

hydr oxy- 4- nmet hyl t hi obut anam de and net hyl ethyl ketone 20 was obtained at
a flowrate of 4,750 g/hr. (149 g/hr. as . )

2- hydr oxy- 4- RBERPREREEBENIN&GVES ed mMpdtollysicondidingd B)- ]a weiahft &
reactor equipped with a stirrer was , conti nuously charged with the organic
| ayer obt ai n8§ ?ﬁhyggoﬁﬁé4§HP&@Yé%ﬂ¥%Hﬁqﬁ¥@ﬁ%ﬁ?tﬂﬁ?ﬂﬁﬁ%Q§Y%ﬁﬁde m xture
feed line 3 and, _at .the sane tine, wth an 8% aqueous sol ution of_ sodi um
hydr oxi de co’f’i‘?&pﬁilﬁﬁ‘lgbgﬁéﬂqaméﬁﬁﬂﬁta“@ Q- Sayeight 3. oy aHf L&Ryiamd
2-hydroxy-4-nethglthiobutanoate m xture of the agyeous sol ution of

sodiun1hydro??ﬁé.ob95iﬁ@@opﬂumbﬁg $Q§ﬁ%¥1ﬁﬁm9gﬁﬁﬁ¥ql byhanPatfe aqueous
|2y obkel nodunlacar B e st Rinason e (8) Thoma feee,p
el o e eSOl S ST oo R A P DG B! S
O T B s e e g
Ami extracti 4
An extraction column packed with Raschig rings
10 was charged with the reaction mixture obtained in the
hvdration step {1A) (supernatant} through the hydration
reaction mixture feed line 2 at a flow rate of 3,634
g/hr. and, at the same time, with an extraction solvent
comprising methyl ethyl ketone and a small proportion of
i5 water (the organic layer available in an agqueous layer
separating step (13) to be described hereinafter) at a
flow rate of 4,600 g/hr.
As a result, an organic layer containing 2-
hydroxy-4-methylthichutanamide and methyl ethyl ketone
20 was obtained at a flow rate of 4,750 g/hr. (149 g/hr. as
2-hydroxy-4-methylthiobutanamide).
Hydr sis ste
A 5 L-glass reactor equipped with a stirrer was
continucusly charged with the organic layer obtained in
25 the amide extraction step through an amide mixture feed
line 3 and, at the same time, with an 8% aquéous

solution of sodium hydroxide containing a small amount



Aaueous | ayer separating step (13) The reaction m xture obtained in

hydrol ysis step (1B) was fed to a phase separation equi pnent from 4 ABAT 77
hydrol yzate m xture feed line 4. The resulting organic |ayer (nethyl

et hyl ketone containing 10% of water) was recycled to am de extraction
step (4) through an organic solvent feéd tine 17 as nmentioned above at a
flowrate of 690 g/hr. 20 Amoni a recovery step (6) An amonia stri pping
col uim packed with Raschig_rings was charged with the aqueous phase or

| ayer contaPﬁlﬁ@déﬁﬂlanh?dﬁ9HYOﬁym§tﬁﬂﬁﬁ?ﬂ?hpéﬁﬂpéﬁéaﬂé Bdgtuzenedi a as
obt ai ned in aqueous | ayer separating step t hr ou h_a i

car boxyl at e- Ebﬂtﬁﬁﬂﬁﬁesnﬁﬁiugéoﬂeéﬁ FPﬁéUWShH aoxaﬁetﬁé samed iife, with 23
L/ hr of nmethane gas__froman inert s feed line 18 connected to the
bottom 1 8 MAYeo lealB§1SoFt?Ee(agnﬂhF§ §hei pErRgUSolareT AY¥tairedyit, a
met hane- armoni a m xture gas was obtained fromthe top of the amonia
stripping colBnRaTbaRYifi aedfecyhiaghionedten 48plussre écPésﬁroduction

5 line froman anmoni a recovery |ine 19. Electrodlaly5|s step 2% An
eIectrod?alyY@FeFT§§Bd215neeiPe€Fl9ef&P€ar9@9 of P40y 98, pad t
manuf act ured by Tokuyama Co., Ltd.) r|5|n a bi pol ar nenbrane and a
cation exchéﬂ&érﬁéyﬁéﬁbFﬁﬁﬁt%BBtWaﬁaﬁEFggFGrQH bftTEKEFANEICR. | Ltd.) were

used. temperature of 60°C.

As a result, a reaction mixture comprising
sodium 2-hydroxy-4-methylthiobutanocate (230 g/hr.),

10 ammonia (17 g/hr.), water, and methyl ethyl ketone was
obtained at a flow rate of 1,390 g/hr.
layer separating ste 13

The reaction mixture obtained in hydrolysis step

(1B) was fed to a phase separation equipment from a

15 hydrolyzate mixture feed line 4. The resulting organic
layer (methyl ethyl ketone containing 10% of water) was
recycled to amide extraction step (4) through an organic
solvent feéd line 17 as mentioned above at a flow rate
of 690 g/hr.

20 Ammonia recovery step (6}

An ammonia stripping column packed with Raschig
rings was charged with the aqueous phase or layer
containing sodium 2-hydroxy-4-methylthiobutanoate and
ammonia as obtained in agueous layer separating step

25 {(13) through a carboxylate-containing mixture feed line
5 and, at the same time, with 23 L/hr of methane gas

from an inert gas feed line 18 connected to the bottom



This el ectrodi al yzer was charged with a m xture of the aqueous sol ution
of sodi um 2- hydroxy-4- nethylthi obutanoate from whi ch amoni a had be&mMaY 700"
renoved 15 in the ammoni a recovery step (6) (carboxyl ate-containing

m xture feed line 6) and the aqueous solution containing

2- hydr oxy- 4- net hyl t hi obut anoi ¢ aci d andédndeconposed sodi um

2- hydr oxy-4-net hyl t hi obut anoate as available from the el ectrodialysis
step (carboxylic acid-containing 20 m xture recycle line 24). The

concentr at i oRfothgoamMpRNia. BFAERYNS- FOLMM-hi obut anoate in this nixture
was 8.8 weight %and the rate of feed to the el ectrodialyzer was 3,600
g/hr. A portion of thA8 #i kBEHREt(655MGLRANE -REBCONAE] M taie JAF @Saci d
extraction step (8). 25 The_ aqueous sol ution of sodi um hydroxi de

avai | abl e on®BltadpradtarysithenkePnitkedhfi AAMORE da fiediPind 1 Y™h aqueous
sol ution contai ni ng undeconposed 6 MAY ?U~ - 63 sodi um .

2- hydr oxy- 4- RBELAyMLKEYEEt dA6at'@S fsLetOr BcBFESF1q B OPTYME IR in a
carboxylic acid extraction step (8) descrihed hel ow t hrough a base-water
recovery?| i né1ng3fraRdan pEMCRIA SECONETHi Xilfe Was fed as the 5

el ectrolyte to the el ectrodialyzer vi water feed line 27, while the
remai ni ng maj or Eéﬁﬁﬁﬁﬁg%ééxﬁééyéﬁég—?@i hydrol ysis step (1B) through a
was Ted to  the di 8l DDePLPHFBUTNOL  BF e TPeBad Pue o5 S S [t A5 10
of 18 g/hr. Cacboxylic,aci d extractionStePrthyama co., Lta.)
comprising a bipolar membrane and a cation exchange
10 membrane (both manufactured by Tokuyama Co., Ltd.) were
used.
This electrodialyzer was charged with a mixture
of the aqueous sclution of sodium 2-hydroxy-4-
methylthiobutancate from which ammonia had been removed
15 in the ammonia recovery step (6) (carboxylate-containing
mixture feed line 6) and the aqueous sclution containing
2-hydroxy-4-methylthiobutancic acid and undecomposed
sodium 2-hydroxy-4-methylthiobutancate as available from
the electrodialysis step (carboxylic acid-containing
20 mixture recycle line 24). The concentration of sodium
2-hydroxy-4-methylthiobutanocate in this mixture was 8.8
weight % and the rate of feed to the electrodialyzer was
3,600 g/hr. A portion of the mixture (655 g/hr.) was
fed to carboxylic acid extraction step (8).
25 The aqueous solﬁtion of sodium hydroxide
available on electrodialysis was mixed with the aqueous

layer (an agueous solution containing undecomposed



An extraction colum was charged, via a carbo- xylic acid m xture feed
line 7, with a m xture of the aqueous solution of sodium 1 8 MAY 7005
2- hydr oxy-4-nmet hyl 15 t hi obutanoate from whi ch ammoni a had been renoved in
the anmmonia recovery step (6) (line 6) and the carboxylic

aci d-containing mxture (an aqueous sel @8i en contai ni ng

2- hydr oxy-4- et hyl t hi obut anoi ¢ aci d and undeconposed sodi um

2- hydr oxy- 4- et hyl t hi obut anoate) from carboxylic 20 acid m xture recycle
line 24. At FRELYENE-BYAECXNetthippth¥dRPLoRBLGREANES WEJ e TEROVETDT act i on
solvent froman organic solvent feed |ine 26. As a result, an extract
(organi c | ayéipe 28nt abhrAgedsin Aergmbodydficoaridr §¥fracijon step

met hyl t hi obut anoi.c aci d, 73 weight % of nethyl ethyl ketone, and 8.5

wei ght % of $APefeRaE1BBAaPReQWathEOPEBNA PEEE -HATtEES T§CRVErAs 1Pkt i oned
herei nbefore, the 8 MAY 700~ - 64 aqueous | ayer containing undeconposed
sodi um 2- hydédxyand- gePR¥LLRNoBE AR6aléxkaEer ¥8FcEed afoddher with the
aqueous sol ution of _sodi um hydroxi de in _base-water recycle |line 23, to
hydrol ysPs sBepCtIB}YARdLS é?‘@c?#&&i’%’%ﬁéﬂf%pvﬁ) & WAsGgh tefatldne
recovery line_ 25, Carboxylic acid segaratingéstep 9) The extract

(organic |ayér) BB?éFnéﬁeyﬁ?mé$P58ﬁyW éoﬁcPH. xPPad 'oﬁe§ﬁ'.e@8ffhas f ed
Lhrouoh = 10,SRLRL! 2:2e! a8 LaghLEeY buis 80,0 et Mg ool um

On the other hand, water (unused fresh water) was fed to

the dialyzer through a water feed line 22 at a flow rate

10 of 18 g/hr.
arboxylic acid e i
An extraction column was charged, via a carbo-

xylic acid mixture feed line 7, with a mixture of the

aqueous solution of sodium 2-hydroxy-4-methyl-

15 thiobutanocate from which ammonia had been removed in the
ammonia recovery step (6) (line 6) and the carboxylic
acid-containing mixture (an agqueous solution containing
2-hydroxy-4-methylthiobutanoic acid and undecomposed
sodium 2-hydroxy-4-methylthiobutanoate) from carboxylic

20 acid mixture recycle line 24. At the same time, methyl
ethyl ketone was fed as the extraction solvent from an
organic solvent feed line 26.

As a result, an extract (organic layer)
containing 18.5 weight % of 2-hydroxy-4-

25 methylthiobutanoic acid, 73 weight % of methyl ethyl
ketone, and 8.5 weight % of water was obtainéd at a flow

rate of 805 g/hr. As mentioned hereinbefore, the



sol ution containing 80% of 2-hydroxy-4- methylthiobutanoic acid and havi ng
a Gardner color scale nunber of 4 was obtained fromthe bottom of tB&Af 1005
colum 15 through a carboxylic acid recovery line 9 at a flowrate of 178
g/hr. On the other hand, the nmethyl ethyl ketone fraction available from
the columm top was recycled to the card®dxylic acid extraction step (8)
froman organic solvent feed line 26 for reuse as the extraction 20

solvent. Exanple 2 2-Hydroxy-4-nethylthiobutanoit aci.d roduced in
accor dance M#QWGQ%%t%a¥¢F)C?ﬂt?h%lﬁgoHB@?Fﬂﬁp?Fﬁ% SPPFH@t apgﬂrPﬁYFlg 1.

25 Hydration step (1A) . The rocedure descri in Ex r epeat ed
to provide a? T%%E?Y% h???ﬁ OQBﬁtH?ﬁiﬁﬁcﬁci % StRﬂ? Wégwaagﬁght % of

2- hydr oxy- 4- net hyl t hi obut anam de and O E % of amoni_um

2- hydr oxy- 4- A48y PE hFobuthABaPE. SO@&H?opygfgxg Epif1 SR ¥alted| ass react or
equi pped with a stirrer was 5 con hargﬁg t he reaction

m xture contBPRYCIBgloDRyEP ox§O4l Fﬂ VF ?Hn Aeaﬁ d 2- hydroxy 4-

met hyl t hi obutanoic acid as o t hrqu

ot oh s cabeebronfalvele rekan TR ?&rx L L

t he ot her hand an 8% 10 aqueous sol ution of sodi um hydr oxi de containing a
smal | anount® of sodi um 2- hydr oxy- 4- nmet hyl t hi obut anoate (a

Ca xylic id separating ste 9
The extract (organic layer) obtained in
carboxylic acid extraction step (8) was fed through a
10 carboxylic acid extract feed line 8 to a distillation
column for distillation. As a result, an agueous
solution containing 80% of 2-hydroxy-4-
methylthiobutanoic acid and having a Gardner color scale
number of 4 was obtained f£rom the bottom of the column
15 through a carboxYlic acld recovery line 9 at a flow réte
of 178 g/hr. On the other hand, the methyl ethyl ketone
fraction available from the column top was recycled to
the carboxylic acid extraction step (8) from an organic
solvent feed line 26 for reuse as the extraction
20 solvent.
Example 2
2-Hydroxy-4-methylthiobutanoic acid was produced
in accordance with route (ii) in the production flow
illustrated in Fig. 1.
25 Hydration e A
The procedure described in Example 1 was

repeated to provide a reaction mixture containing 4.1



m xture of the aqueous sol ution of sodium hydroxide available from

el ectrodialysis step (2) and the aqueous |ayer avail able from car bdXyNAYCH"
acid extraction step 15 (8)) was fed frombase-water feed line 15 at a
flowrate of 540 g/hr. In this manner, the hydrolysis reaction was
carried out at a reaction tenperature-ob560*C. As a result, a reaction

m xture containing sodium 2-hydroxy-4-nethylthiobutanoate (230 g/hr.), 20
anmonia (17 g/hr.), water, and nmethyl ethyl ketone was obtained at a flow
rate of 1, 39@egght. ¥ Apfvdrhydzsosyedymettivdshdobutaniamidst @pst 069 5) A
singl e-stage distillation colum was continuously charged wth the
reaction m xveighlvdi pabhemesifimorhydrekysids metdy lthRpbutapegitea

hydrol yzate m xture feed line 16 at a flow rate of 3,520 g/hr. (sodium 2-

hydr oxy- 4- met hy| H#dodyaasaséer3@18Ahr., amonia 17 8 MAY 2005 - 66

g/hr.) to renove water (2,130 g/hr.) and ammonia (17 g/hr.). As a result,
an aqueous sol ution &oathralags sedrtar2eapdppgry- ¥ikht By SCRArEBYt WASat e was
obtained at a flowrate of 1,373 g/hr. (230 g/hr. as sodium 2-hydroxy- 5
4- et hyl Bhi oBoRhhBUPBFlYTRBaRgEE0WS LENkBAI TeabtioReBizduaedicontiai®t-e was
stripped with nethane gas in the sanme manner as in the anmonia recovery
step accor di B9t -EXaRPKE-4-MethEdshdpbuiansnide RE Ry @EC&Ey -4moni a and
met hane gas were fed 10 to a prussi.c acid production line. The water after
renoval of aRABRAYAthASPREABREC ACKdPEt PBhadped (D) hydration step

(1A) through a hydration reaction mixture feed line 12
at a flow rate of 2,983 g/hr. On the other hand, an 8%
10 aqueous solution of sodium hydroxide containing a small
amount of sodium 2Z-hydroxy-4-methylthiobutanoate (a
mixture of the aqueous solution of sodium hydroxide
available from electrodialysis step (2) and the aqueous
layer available from carboxylic acid extraction step
15 {(8)) was fed from base-water feed line 15 at a flow rate
of 540 g/hr. In this manner, the hydrolysis reaction
was carried out at a reaction temperature of 60°C.
As a result, a reaction mixture containing
sodium 2-hydroxy-4-methylthiobutanoate (230 g/hr.),
20 ammonia (17 g/hr.), water, and methyl ethyl ketone was
obtained at a flow rate of 1,390 g/hr.
Aramon ntrati s {6, 5
A single-stage distillation column was
continucusly charged with the reaction mixture available
25 from hydrolysis step (1B) through a hydrolyzate mixture
feed 1line 16 at a flow rate of 3,520 g/hr. (éodium 2-

hydroxy-4-methylthicbutanocate 230 g/hr., ammonia 17



El ectrodi alysis step (2). carboxylic acid extraction step (8). and
carboxylic acid separating steT) (9) The aqueous sol ution contai ni hg MAY 7005
sodi um 2 15 hydroxy- 4-met hyl t hi obut anoate as obtained in the amoni a
recovery-concentration stage was subjected to electro- dialysis step,
carboxylic acid extraction step, and -ch&fboxylic acid separating step as
in Exanple 1 to provide 2-hydroxy-4-nethylthiobutanoic acid. 20 The

sodi um hydroxi de avail able fromel ectro- dialysis step (2) was reused in
hydrol ysi s s8épr¢1BfFoasempieEyatpke (2, 180afyhE .3 and ammonia (17

2- Hydr oxy- 4- met hyl t hi obut anoi c_acid was produced 25 in accordance with
Route (iv) if/bKe)prodschi RSHLEw 2P PGSLPEFeFOINtECG contEdYdiLylic acid
salt providing step (1) E MAY NUO- - 67 A loopful of Bacteridiu sp. R341
( FERM P- 2719¥0dipaneahgAgrKycdr ReLBY#EE 1008 G angato¥@ca Lo tRIGEE at a

m / Sakaguchi flask of the sane |iquid, nmediumas used in anple 1 and
shake- cul t ur E4oue¥8bPcaf| ¢ - 3t 33808%F of 248 gghﬁbuﬁ§.s?ﬁéqﬁiz{ﬂiﬂfQ§ﬂ15

were harvested b centrifuging the culture broth and washed 3 tines each

with a pértiénm8¥hﬁiéglﬂpﬁﬁg§B%§Pé'buffer (pH 7.0). The washed cells were

AT AR L R R BT R AT
stripped with methane gas in the same manner as in the
ammonia recovery step according to Example 1 to recover
ammonia. The recovered ammonia and methane gas were fed

10 to a prussic acid production line. The water after
removal of ammonia was reused in hydration step (1A).

rodialysis ste 2 ca i id ex
ste ar ic aci aratj e
The aqueous solution containing sodium 2-

15 hydroxy-4-methylthiobutancate as obtained in the ammonia
recovery-concentration stage was subjected to electro-
dialysis step, carboxylic acid extraction step, and
carboxylic acid separating step as in Example 1 to
provide 2-hydroxy-4-methylthiobutancic acid.

20 The sodium hydroxide available from electro-
dialysis step (2) was reused in hydrolysis step (1B) as
in Example 1.

Example 3
2-Hydroxy-4-methylthiobutanocic acid was produced
25 in accordanc; with Route (iv) in the production flow

illustrated in Fig. 2.

arboxylic id salt iding ste 1



concentration of 330 mM and the reaction was carried out at 50C for 24
hours. After conpletion of the reaction, the reaction mxture was 1§ MAY 2005
centrifuged to renove the cells 15 and prOV|de a supernatant. Analysis of
t he supernatant by liquid chromatography reveal ed that it contained 4.9
weight % on a free acid basis, of ammpAfum 2- hydr oxy- 4-

nmet hyl t hi obut anoate. Concentration step (5) 20 A single-stage distillation
colum was charged wth the_reaction m xture available fron1carbo§ylic
acid salt providi ngpstepPfe} P86 BarbeEiqdum, sRndReRdr dBFRMpFovi’de
concentrate containing amoni um 2- hydr oxy-4- mnmeth Ithlobutanoate 25
ElectrodlalygFQmsPe§1?2f cE&FHSﬁyW?& &Eﬁé éﬁtﬂ&ﬁéﬁ%? and
carboxylic acid separatln%lste 9) . The congentrate contalnlgg sodi um

2- hydr oxy- 4 B8/Rpkagpehi Iflggk tﬁ?let FPBGu LAt Ce Med IRt &5 &FST ithe
concentration step was. fed to_el ectrodi al ysis _ste r aC|d
extraction sFEﬁmpéﬁdScéPﬂoﬁyﬁké - SR UTERa PEER hé 4;&3 %i;iaadgﬁg%ﬂég 1t
provi de 2- hydroxg 4- et hyl t hi o- 5 butanoi c aci d. Annonla recovery step (6)
The aquedus 3fHbRra obtained in the electro- dialysis step (2) was fed to

an anmoni a strlpplng col u rocedure moni a recovery
step in 10 Exanple 1T 32585?8d0?§15r89F8e ﬁvgﬁkgﬁl Ynet hane i xture
gas. This niégg $1 %81%%St£ed tgturgr% %Bﬁ%%d washed 3 times each
with a portion of 0.05 M phosphate buffer (pH 7.0). The
washed cells were resuspended in 250 ml of the same
10 buffer as above. Then, 2-hydroxy-4-
methylthiobutyronitrile was added in a final
concentration of 330 mM and the reaction was carried out
at 5°C for 24 hours. After completion of the reaction,
the reaction mixture was centrifuged to remove the cells
15 and provide a supernatant. 2analysis of the supernatant
by liquid chromatography revealed that it contained 4.9
weight %, on a free acid basis, of ammonium 2-hydroxy-4-
methylthiobutanoate.
Concentration step (5)
20 A single-stage distillation column was charged
with the reaction mixture available from carboxylic acid
salt providing step {1) to remove water and thereby

provide a concentrate containing ammonium 2-hydroxy-4-

methylthiobutanocate.
25 Electrodialysi s 2 rboxvlic aci xtr
step (8), and carboxylic acid separating s:gp (9)

The concentrate containing sodium 2-hydroxy-4-



line for prussic acid which is a starting conpound for

2- hydr oxy-4-nmet hyl t hi obutyronitrile. 1 8 MAY 2005 69 CLAINMS i. Afgeifyod)s
of producing a salt of a carboxylic acid which conprises permtting a
strain of m croorgani smcapable of hydrating nitr-iles or a preparation
derived fromsaid mcroorganismto act 6ﬁpc‘m a nitrile to thereby provide
at |l east the corresponding am de and hydrolyzing the amde in the

D SenSe O BeRERYheoBL el A% aBebhe Burble ST
hydr i 3. hod | ai.med . im1, I h
cyemons | ROk A RIS B RSB o
in RI . R, 2 i . .
I e S U

hydr ogen at oft-o optional stituted;

carbon at om CEFBvRot™y RAEPRREn 1RED PEoFIRGG22hytkontl Wil ByATRAGST

represent a and vice versa. 4. A nethod as clainmed in Caim
3, mhere%n Rgégéﬁgﬁg gggglfornula (la) are the same or different and each

-represents Cl -1  rSootérd! Kepyl (6§2-12 al kinyl, C3-10 cvcloal kyl,
C6-14 aryl, O - . D~ as claimed in Claiml, wherein
the nitr-ile The aqueous ammonia obtained in the electro-

dialysis step (2) was fed to an ammonia stripping column

and the procedure of the ammonia recovery step in

10 Example 1 was repeated to provide an ammonia-methane
mixture gas. This mixture gas was fed to a production
line for prussic acid which is a starting compound for

2-hydroxy-4-methylthiobutyronitrile.



i s 2-hydroxybutanenitri-le, 6. A nmethod as claimed in Caim | wherein the
nitrile is S k1AY ?0M - 70 2-hydroxy-4-nethylthlobutanenitrile. 714 MAY 7005
nmethod as claimed in Claim1 wherein _said:-strain of m croorganismor a
preparation derived fromsaid nic?o@?génisn1is permtted to act upon said
-nitrile at 0-01 to 80% by wei ght concentration of the nitrile. S A
nethod as clainmed in Caiml, wherein the m 4croorgani sm capabl e of
hydratingnitriles 1Is at |east one strain of mcroorgani smselected from
the group consisting of the genusCRARMBea, the genus 1-ficrococcus, the
genus Bacteridium the genus Bacillus, the genus Actinomadura, the genu s
K-itasatospora, the genus Pilinelia, the genus Achronpbacter, the genus
3eijerinckia, the genus Cellul ononas, the genus Kl ebsiella, the genus
Actin opal! s2ora, the genus Actinosynnema, the genus ActinoRul anes, the
genus Anycol ata, the genus Saccharo2ol Zspora, the genus Streptonyces, the
genus Nocardi ol des, the genus Providencia, -the genus Mcrobacterium the
genus Rhodobacter, the genus Rhodospirillurr, the genus Caseobacter, the

genus Pseudonpnas, t e Al.cal.igengs, .t 9%ﬂH§- r SRhacke{ dym
t he genus BreVﬁbaéﬁ%%Fﬁﬂ?(ﬁﬁérag%%%h%§£§??5f%$at e d%%%glc odococczi s,
the gerdisoArtbsrobaCier, the genus Torulopsis , the genus

- Rhodopseudononas, 'the genus Aci netobacter, the genus. M/cobacte, rium

the genus CandiefirithedgentisT AYD I GhBEEEPPEARDLAB CRRMse ASPer QT #FRY the
Genus BNt B bbEEIEr L PRECaE Aoy, SPRAEAA BT IS Berie B CheC genus
Ct-raobasd ernithergeiyisnbeens. photidde St 1east the corresponding amlde
and
hydrolyzing the amide in the presence of a base to provide
a salt of the corresponding carboxylic acid.
2. A méthcd as claimed in Claim 1, wherein the nitrile
is a cyanohydrin compound.

3. A method as claimed in Claim 1, wherein the nitrile

is a compound cof the following formula (Ia)},

1
R N (xa)

/
R*SOH _
. 1 P . e
wherein R~ and R are the same or different and each represents

a2 hydrogen atom or a hydrocarbon group which may optionally be
substituted; Rl and R2 mav jointly form a ring in assoclation
with the adjacent carbon atom; provided that when Rl is a hydrogen
atom, R2 does not represent a hvdrogen atom and vice versa.

4. A method as claimed in Claim 3,

wherein Rl and R2 in formula (Ia) are the sams or

different and each represents Cj.3z aitkyl, Cz.iz alkenyl, Cz-12
2lkinvl, C3-19 cvcloalkyl, Cg-14 aryl, or Cj.310 aralkyl.

5. & method as claimed in Claim 1, wherein the nitrile
is 2-hydroxybutanenitrile.

6. A metheod &s claimed in Claim 1 wherein the nitrile is



and the genus Gordona 9 A nethod as clainmed in Claim1, where-in the

m croor gani sm cauabl e of hvdratingnitriles is at |east one strain 4ff MAY 200"
m croorgani sm sel ected fromthe aroup consisting of the genus

M crococcus, the genus Bacterl di uny t'Re - genus Bacillus, the genus

- M 4crobacterium the genus Pseudononas, 1 MAY 7cl g~ the genus

Al cal i genes, the genus Corynebacteriu-m the genus Brevibacterium the
genus Nocardi a, the genus Rhodococcus, the genus Arthrobacter, the genus
Agrobacterium the genus As- pe-rgl1llus, the genus Penicillium the genus
Cochlioholus, th us ,Fusazl um the genus Enterobacter, the genus

Xant hc?b%t‘fcg‘ré’;’fy'?ﬁ’@gggﬁastbéﬁaﬁ%%?eqjh%rg}:%m Ci trobacter, the genus
Aerononas, and the@emks Gof donatddy A rethadias clainmed in daim,

wher ei n them croorganlsm capabl e of hydrating nitriles i-s at |east one
strain of m croovganesm selidcsedainom rhie rprolgen conSIs i PRERAT #hECBenus
Bacterjdi um _the genus Rhqodococcus and . the genus ch‘;o dona., 11 1,_?\ rrg}god as
cl ai mEEA € aF 7PE, SGAHEr Bivr L 4 T b i Yanf sh? g ol P A%t 72
presenge - ofo al | £ast 9863-b@duﬁe&e%@ke%&%éﬁeﬁkhen%éu&lg%ﬁrﬂé ng of
nitriles and amdes Is used as” sald strain of mcroorganism 12. A nethod
as cl ai med i n &l aizmmkthwhkea r©olsdirgdriier@origani. sm has at | east one enzyne
anong nltrile hydratase, am dase and nitrila e.q%g A nmethod as_claiped in

daim1, where. LAPSRaATHETFOGFGLPER-ARSARARTS PE MHVHAZCES L 12 3 et hod

as cl %.'srr%q: 'l%ag@'o%]elstrain of microorganism selected from the group

consisting of the genus Pantcea, the genus Micrococcus, the genus

Bacteridium, the genus Bacillus, the genus Actinomadura, the genus

Kitasatospora, the genus Pilimelia, the genus Achromobacter, the

genus Beijerinckia, the genus Cellulomonas, the genus Xl ebsilella,

the genus Actinopolispora, the genus Actiposynnema, the genus

Actinopulanes, the genus Amycolata, the genus Saccharopolyspora,

et e e 11

the genus Streptomyces, the genus Nocardioides, the genus

rProvidencia, the genus Microbacterium, the genus Rhcodobacter,

the genus Rhcodospixrillum, the genus Caseobacter, the genus

Pseudomonas, the genus 2lcaligenes, the genus Corvnebacterium,

the genus Brevibacterium, the genus Nocardia, the genus

Rhodococcus, the genus Arthrobacter, the genus Torulopsis, the

genus Rhodopseudomonas, the genus Acinetobacter, the genus

Mycobacterium, the genus Candida, the genus Agrobacterium, the

genus Aspergillus, the genus Penicillium, the genus Cochliobolius.

the genus Fusarium, the genus Entercobacter, the genusXanthcbacter,

the genus Erwinia, the genus Citrobacter, the genus Aeromonas,

and the genus Gordona.
9. A method as claimed inClaiml,
whereinthemicrocrganismcapable of hydratingnitriles
is at least one strain of microorganism selected from the group

consisting of the genus Micrecoccus, the genus Bacteridium, the

genus Bacillus, the genus Microbacterium, the genus Psaudomonas,




wherein (a) nitzils hydratase, (b) nitrile hydratase and ami dase, or A? u}
nitrilase is used as said preparation derived fromthe m croo--ganﬂs‘»’rﬁ" NSV
A method as clainmed -in daim1, wherein the base is an al kali netal

hydr oxi de. 16- A nethod of producrn'&la"salt of a carboxylic acid which
coinDrises permitting a mc_roorgani smbelonging to the genus Rhodococcus
or a preparation derived theref'romto act upon
2-hydro-y-4-meti~lyltiobu-Lanenitrile at a conceDtratiop. of OAS 1 3 MAY
70011 the 72enps BEmIfgskeght tlot ghenst EPFENEBAFREFEART - prrd\d F& e

correspondi nhg _am.de and hydrolyzing the amde_in the,pr of
al kal |—m g%teo gﬁp&%é‘lg_cggggﬁ, glflet ﬁgnkg’rgbgdsé BE.ES 'aF%gQ)xyl i-c
aci d- defyuf JekRed fofc R0JUCA N 0gEn €87 DeXYbaEtack dmaS tekaigRRdsl BsCl aim 16 1

further conprising an ammoni a recovery Step 10r frecovering ammoni a
bypr oguceri 1 husai dheardsonyd iRemici Hl st . Proviaing Seebldeboldsaddhnei on to

said ammoni a recovery step, a step for uti Ilztihng recovered a acpgg as a
ni t r o P ¥OEEREF A e rqqpeuﬁ)é&df?&ﬁwfn'e. FaI=A" acing a

sal t [ DOXYL;6, 861 drnWhiERLEORPE 8BS -RePY dEALI QBnSLCRe £6BRES NY
perm ?{I}Gﬁg% str 2t m¢r o%r ggnisnrcapa‘g‘r‘g*of hyd?ati ng- cyanohydri m
conpounds tleatenhk@astordwnaorrespondi ng hydroxam des or a preparation
derived fromsaid m croorqglani smto act upon a cyanohydrin compound to

provi de the cot? espgorthi P hyd 6X&inedein Claiml,

wherein themicroorganismcapableof hydratingnitriles

is at least one sirain of microorganism selected from the group

consisting of the genus Bacteridium. the genus Rhodococcus and

the genus Goxrdeona.
11. 2 method as claimed inClaiml,
wherainasﬁ:ainofnﬁcroorganiémgrbwninthepresence
of at least one inducer selected from the grou§ cecnsisting of
nitriles and amides is used as said strain of mictoorganism.
12. A method as claimed in Claim 1,
wherein said microorganism has at leasti one enzyme
among nitrile hydratase, amidase and nitrilase.
13. A method as claimed in Cladim 1.
wherein saidfmiErQQ;gégism.hés;nitrile'hydratase.
14. A method as claiﬁed in Claim 1,
wherein (a) nitrile hydratase, (b) nitrile hydratase
and amidase, or (c) nitrilase is used as said preparation derived
from the microorganism.
15. A method as claimed in Claim 1,
wherein the base is an alkall metal hydroxide.
16. 2 method of producing a salt of a carboxylic acid
which comprises
permitting & microorganism belonging to the genus

Rhodococcus oxr a preparation derived thnerefrom to act upon

2-hydroxv-4-methyltiobutanenitrile at a cencentration of 0.05



an am de extraction step conprising extracting the reaction mxture

contai ning said hydroxam de with an organic solvent to provide an drgEml &i°
phase contai ni ng the hydroxami de, ahyd-rolysis step conpri sing

hydrol yzi ng said hydroxam|de of the5%rganic phase in the presence of an
~al kali metal hydroxide to provide -the corresponding al kali netal

hydr oxycar boxyl ate and a7wno n i a, an ammoni a recovervl - agueous phase
separating step for recovering ammoni a and separating an agueous phase
cont ai ¥ h§* yavdighkad ¥ tiwetrdl t e o yideroxy bareifliedrhacaixeapenddnbai ni ng
the al kal | netal hydroxvcarboxyl ate and anmonia as provided in said
hydrorygiies?% , and a step of recycling the amoni a recovered in said

anmoni a I €COVEFYr SUUE9H S phasg sePaAthRgy SEeRnE0s £ 8188 1deQ 1ampRQGUCt i ON
line for hydrodgen cyanidé to be used as a starting material for 18 MAY

7005 hydSoxtganchypdon doapoabdeflthe Aovetdpgbadi g aiambd 4vilicd aridl8
wherein the cyanohydrin conpound |S 2-hvdroxv-4-mne-h_vlthl obutaaeni-r4le-
L U~ 20. A method oMttt Gngre iRaindR §3C8OBadAS @%4d 85 GhreRed
compriSes ReHMhEing a SUPﬁPtRérrEdc% igfﬂ%}m CARAR & ek vdrat tagy N
-itr-i-les or a preparation derive om sard mcroorganismto~act ~upon a
nitrilst adderebynpr anindaiat nlreastivche car saspondirbgxantideacaddsalt

hydrol yzing_the am de In the presence of a base to Provide a salt of the
cor r eSPHth MR EafbERy Pe a8t & 3dwierdt F 3 ai3fd ammonla recovery step,

2 step fer utilizing recoversd ammonia as a nitrogen source in
a nitrile production line.

18. A method of producing a salt of a carboxylic acid
which comprises

2 hydration step comprising permitting a strain of
microorganism capable of hydrating cyanchydrin cdmpounds to at
least the correspending hydroxamides or a preparation derived
from said microorganism to act upon a cyanohydrin compound to
provide the corresponding hydroxamide, .

an amide extraction step comprising extracting the
reaction mixture containing said hydroxamide with an organic
sclvent to provide an orgaﬁic prhase containing the hydroxamide,

ahydrolysis stepcomprisinghyvdreolyzingsaidhydroxamide
of the organic phase in the presence of an alkali metal hydroxide
to provide the corresponding alkali metal hydroxycarboxylate and
ammeniza,

an ammonia recovery-aqueous.phase separating step for
recovering ammonia and separating an agueous phase containing
said alkali metal hydroxycarboxylate from a mixture contailning
the alkali metal hydroxycarboxylate and ammenia as provided in
said hydrolysis step, and

a2 step of recycling the ammonla recoveréd in said ammonia
recovery-aqueous phase separating step for reuse to a producticn

line for hvdérogen cyanide to be used as a starting material for



m croorgani sm has at | east one enzyne anong nitrile hydratase, andase and
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cyanohydrin compounds.

19. 2 method as claimed in Claim 18 wherein the

cyanchydrin compound 1s 2-hyvdroxy-4-methvlthiobutanenitrils.

20. 2 method of producing a salt of a carboxylic aclad
which comprises

permitting a strain of microorganismcapable of hydrating
nitriles or a preparation derived from said microorganism to act
upon a nitrile to thereby provide at least the corresponding amide
and

hydrolyzing the amide in the presence of a base to provide
a salt of the corresponding carboxylic acid, wherein said
microorganism has at least one enzyme zmong nitrile hydratase,

amidase and nitrilase.



