METHOD OF PRODUCI NG CARBOXYLI C ACIIjS= . ' The -present. i nvention é;

relates to a nethod of producing a .carboxyli'c acid fromthe
_correspondlng 5 nitrile. Carboxyllc aci ds are .conpounds of great
“|nportance in the field of organic synthesis and have been produced
in large quantities whether as synthetic " internedi ates or as end
product s. 10 BACKGROUND COF THE INVENTION

In the production of carboxylic acids by % dro- i s, of nltrlles
is conmmon practice to use sulfuric aC|d as a catal sh mwd
t echnol ogy, however, as can be seen fromthe follo l 'Bm
formula (a), the 15 nitrile conmpound reacts with sulfu

t he obj ective carboxylic acid and the byproduct annonlum

hydrogen sulfate in an equinolar ratio.
Herr]SJerr] + Herr]0 -) RCO\IH[err][err]H[err]Sqerr]

RCONH err][err]H err]Serr] + Herr]0 20 ->
RCOOH + NH[err] HSO.err] (a) The byproduct ammoni um '
hydrogen sulfate is dis- - charged into the river or the like as an

i ndustri al waste. However, this effluent is detrinental to the
earth's ecology and théerefore presents problens. In 25 addi ti on, useful
amoni a and sul furic acid are not recovered but di scazeed, Frhus
inflating the production cost and JJ ring wwth effective
utilization of resourcgggﬁ&&gh? In recent years,
energetic efforts have been made to devel op a technol ogy Yor treating
processes of t he by ﬁﬂ% .'i»ﬁyﬁﬁﬁﬁb. ,ifgﬁggr a production
5 process which would n T Nydroge sul f at e.
For exanpl e, there has been devel oped a process which, as illustrated
in‘the foll ow ng reacﬁdﬂ?ounds S hedmndia . conpri ses deconp05|ng anmoni um
hydr ogen sul fate ermally into nitrogen, SJerr], and water, 10
oxidizing the SO err] thus produced and recovering it in the f orm of

sul furic acid, and recy sl furic acid as a catalyst for

hydrol ysis of nitrile cgR® NH err] HSO[ err] +
1/40[err] -> 1/2Nerr SO[err] > _ SJerr] +
1/20[err] + Herr]0 - (b)

However, in this proces sis of 2mon) dqqgen'sulfate
i berates nitrogen gas and doescﬁvﬂmb'rﬂ{€33eb@v- ammoni-a. In
addi ti on, ni trogen oxi des forned on pyrolysis of ammoni um hydrogen
sul fate contam nate the environnment. Mreover, the 20: process-from
pyrol ysis of ammoni um hydrogen sulfate to recovery of sulfuric acid
i nvol ves many conpli cated steps which require additional capital
investnent. As ayhereif€sult, carboxylic acids can hafdly be produced
effi- ciently and at a low c st 25 Meanwhi | e, there has
been proposed a tecHhd®ggen °F sRIPhNES o1 yzing a nitrile to the

cor r espondi 6g canﬁb-ls hydrogéns haldgeni halkglape baleadkydrigani sns. For
exanpl e Japanese Pat ent

: - 3-
Publ i cati on No. f%1237f§§§r?3ﬁps-g§ alkyl; 15120) di scl oses a technol ogy
for converting gq isl@cevnltrile and hydroxyacetonitrile to the

correspondi ng carg® Xi/Js'%y&fb enbYaTRgnSoef adkehyaizn of 5 nicroor gani om
bel ongi ng to the genus

ci]lus, the er|d|u t he
M croococcus, or tHRegeRueach X BP@?PG&%FB%FUWFS E@ﬁ&ﬁﬁ@a ?ﬁéhr]
Fer ment ?ti ﬁno s@gﬁﬂ*f)ﬁaeﬁ,_ alkyl382 @lRoxy,i al:klemﬂimql o almmmgna
yeast of the genus Torul ops{s.to e ca
L- a- hydr oxyval eri GhRE° ach gﬂﬁyt Féf%??&%%%b%ylydroaéylyé%é‘alprgécfg%l%lf rom
[err]-hydroxynitralkyldapbony?, amidoRamdikylamildcoatiidirasaiatl

5608611986 (P A bl g1 (REBICL Slesihess, @ shaghyaamo empl o g o
m cr oor ganl sm ? %CX &O

bactériumtag . c nvert 0 tr|Ie
15 lactonitril eahhﬂlauépbﬂw}anéllw&sﬁlﬁ’éw rc Gk g;ﬂ?ff‘tﬁ’r%gﬁ(ni

a- hydroxy acisds. JapangsexPaiesalfmnl; cation Laid-open No. 84198/1990
(JP-A-2-84198) discloses a netho rod%glng an optically active
[err]-hydroxy aciB ifofh PRean int q@ﬁ?i&ﬁ@ di 7 > r]-hydroxynitrile by
means of a 20 m croor gani sm bel ongi ng to the genus Al caligenes, the
genus Pseudonnnag ég genus Rhodopseudononas, the genus

Cor ynebact eri um Fﬁ ganus Aci net obacter, the genus Baci | lus, the
genus Mycobacterium the genus Rhodo- coccus, or the genus Candi da.
Japanese Patent 25 Application Laid-open No. 40898/ 1992 (JP-A-4-40898
descri bes a nethod for converting a- hydroxy 4-

nethylthlobutyronltrlle to a- hydroxy nethylthlobutyrlc



,organi c solvent can be easily recovered in the aqueous . laver.

separating step. 15 Referring to the exanple illustrated in Flg
1 »and particularly to the aqueous |ayer separat|ng’Eu ea}hsBm

‘the reaction product nixture from hydrolysis step

phase separation equi pnment through a . hydrolyzate mx !m llm
and separated into an 20 organi ¢ phase or |ayer containing

sol vent and an aqueous phase or | ayefgcentai ning the carboxyllc
acid salt and ammoni a. The organi c phase or layer-is

pr edom nant |y the corpeser vf ihdependentitysdkvanhadondengn atlikyrlef ore be

25 recycled through an_organ f ne_1 as an
extraction sol vertt ’1%5 °t heY 3 eﬁgigégg?i&bngggow Bx ﬁa?%al‘k?:ﬁ:g ‘or gani ¢

phase or |ayer camndlmoi$eluerdansinheger from 1 to 5,

- 4l - ext r@t@é%f’gpﬁ%é{fahbﬁ 8AEPAXY! be RerBivteaction step - (8)
whi ch will be descri elnafter in detail. On t he ot her hand, the
aqueous phase or layer is fed to - anmoni a recovery step (6) through a
carboxylate- 5 containing mxture feed |line 5. It shoul d be
understood that the reaction m xture obtained in hydrolysis Step (1B)
may be fed to anmoni a recovery step (6) or electrodialysis step (2)
instead of being fed to aqueous |ayer separating step 10 (13).

Anmoni a recovery step The aqueous phase or |ayer obtained in
.the aqueous | ayer separating step. can be optionally fed to this
anmoni a recovery step for recovery of ammonia. The 15 recovery of amonia
can be effected by stripping with an inert gas or heating for

gasi fication of dissolved anmoni a. : In the ammoni a
reeovery step (6) of the exanple ~ - illustrated in Fig. 1, the amoni a
di-ssolved in the 20 aqueous phase or |ayer fed from aqueous | ayer
separati ng step (13) through carboxyl ate-contai ning m xture feed

line 5 is stripped with an inert gas supplied from an - inert gas feed
line 18 and the m xture gas conpri sing the inert gas and anmonia is
recovered froman ammonia 25 recovery line 19. The inert gas nentioned
above i ncl udes gaseous nitrogen, helium argon, nethane, . carbon
di oxi de, and carbon nonoxi de, anobng ot her gases. .

- 42 - The recovery of ammonia can be carried out batchw se or

cont i nuously. The recovered anmmoni a can be used as a reactant
in the production of cyanogen conpounds such as hydrogen 5 cyani de which
is a starting material for nitriles. . Thus, 4.he ammoni a can be reused
as a nitrogen source for nitrile conpounds For exanpl e, hydrogen
cyani de can be produced from amoni a, net hanol and carbon nonoxi de in
accordance with the follow ng reaction fornula(c). 10

CHerr]OH+ CO --> HCOOCH err] HCOOCH[ err]. + NH[err]
--> HCONH err] + Herr]O HCONH[ err] --> HCN +
Herr]O (c) ‘Furthernore, starting with amoni a,

nmet hane, and oxygen, hydrogen cyani de can be produced according to
15. the followi ng reaction formula (d). 2NH3 + 2CH4 + 302
--> 2HCN + 6H20 (d) The nitrile (1) can be easily produced
by subjecting t he hydrogen cyanide to reaction with a mat i ng
starting conmpound A (e.g. a ketone, an al dehyde, 20 or an epoxide).

When, in the ammoni a recovery step (6), the ammonia is stripped using
met hane as the inert gas, the “resulting m xture gas conprising

nmet hane and ammoni a can be fed to the hydrogen cyani de production
line 25 designated as (d) above so that the amoni a can be

recycled and reused with high efficiency and conven- i ence.

- 43 It should be understood that the aqueous | ayer
separating step (13) and the ammoni a recovery step (6) can be carrled
out in a reversed order. Thus, it is possi ble to feed the hydrol yzate
m xture fromhydrolysis 5 step (1B) to anmonia recovery step (6) for
recovery of ammoni a by stripping or the like and then feed the
carboxyl ate-containing m xture after recovery of ammoni a to the
aqueous | ayer separating step (13) so as to separate it into an
organi c | ayer corRsgX0a®) the 10 organi'c.sol vent and an aqueous | ayer
contai ning the carboxylate. In this instance, the organic |ayer can
be recycled to the am de extraction step (4), for instance,

whil e the aqueous |ayer can be fed to el ectrodial ysis step (2)
optionally after concentration in 15 concentration step (5).

The annnnla forned in hydroly5|s step (1B) need _ not necessarlly be
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