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1 DESCRIPTION Process for Producing Aliphatic Dicarboxylic Acid
Compound 5 Technical Field The present invention relates to a process
for producing an aliphatic dicarboxylic acid compound, which comprises
oxidizing an alicyclic secondary alcoho} compound or an alicyclic ketone
compound with a nitrite or a nitrate 10 in the presence of trifluoroacetic
acid. Background Art Carboxylic acid compounds are important
industrially as raw materials for &R HyftedRural chemicals or dyes. Of
15 the carboxylic acid compounds, dicarboxylic acid compounds are
extremely important as a raw material monomer for production of

pRiEW e ancoRpeYRds. Megmkile, axidalieBdeqqtion Heina NHERSGitha
or a nitrate is an oxidation reaction which is extremely important 20 in
organic synthesis. This oxidation reaction using nitric acid or a nitrate is
ordinarily used as a process for oxidizing an alicyclic secondary alcohol

Teshiptemd iftbedif aliphatic dicarboxylic acid derivative. In particular, a
procesﬁh(g oxidizin%tcyi:lo‘pg%(gmol with fg@c gcigl in the 25 presence of

gres(? . .'J..ODt e =3 ? a QJ:O ess oI
ammonium vanadate i§ knownas the most popular™ oXidation process

pHSHGAIHE aGld 4Q5gaNe BynHEsiSDfly L BP el d0cdfBeurdd, which
comprises oxidizing an alicyclic secondary alccohol compound
or an alicyclic ketone compound with a nitrite or a nitrate

in the presence of trifluorocacetic acid.

Background Art

Carboxylic acid compounds are important industrially as
raw materials for drugs, agricultural chemicals or dyes. Of
the carboxylic acid compounds, dicarboxylic acid compounds
are extremely important as a raw material monomer for
production of high-molecular compounds.

Meanwhile, oxidation reaction using nitric acid or a
nitrate is an oxidation reaction which is extremely important
in organic synthesis. This oxidation reaction using nitric
acid or a nitrate is ordinarily used as a process for
oxidizing an alicyclic secondary alcohol compound into an
aliphatic dicarboxylic acid derivative. In particular, a
process of oxidizing cyclohexanocl with nitric acid in the
presence of ammonium vanadate is known as the most popular
oxidation process using nitric acid (Organic Synthesis, Vol.

1, pp. 18-20, 1932).
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However, in the above oxidation process using nitric acid, there is a fear
that the oxidation reaction proceeds rapidly. Therefore, addition of
cyclohexanol to nitric acid containing ammonium vanadate need be
conducted very 5 cautiously and the temperature control need be made
strictly. Further, since a carbon-to-carbfon bond cleavage reaction

proceeds in the course of the oxidation reaction, the yield of the adipic

acid obiteinedere mains ahabaltdbR:taad%aThus, thispeediiclisnmproedlsric
is not fully satisfactory. 10 On the other hand, as a process for oxidizing

aghdalcbR6FGbSodnd RS ahdeiyte CoriPaliPBr ARafHEON proceeds

compound, there is a process. which comprises_ oxidizing an alcohol . .
B e B e AT PD: SRS EBNp bulE i hfte acid
cBH¥AAYS B UIRRSRDIAINIDEPMOMMEA 93 d 1R MBS PN ery

trifluoroacetic acid, using sodium nitrite or sodium nitrate as an oxidizing
cagedtodilynaindrgeinescheske rkbinie \(einddqip. #E8H % 1088 Hisictly.

oxidation reaction which is conducted in an aqueous solution containing
F9p Vofime SARF EriffuofSadedie - 20 2err kathgbehfrieleay ABatE 45 at Aoy
mild oxi atiiorp regction which proceeds at room temperature, By this

Phrocess? an al?:cy‘(:'flicc S&dsiaar ak%ﬁo?g&rﬂﬁgaﬁﬁlcﬁﬁﬁgw sediifioyield
o8N elieYdligieiene compouRd Alaastauantialively. With {hisdreeesfos . Thus,

however, it is impossible to further oxidize 25 the alicyclic ketone
thdmppundwbtdiond pintacar alipkatico tidaihaylisaeik factory.

On the other hand, as a process for oxidizing an
alcohol compound into an aldehyde compound or a ketone
compound, there is a process which comprises oxidizing an
alcohol compound into an aldehyde compound or a ketone
compound in an agueous solution containing 90 volume % (93.1
mass %) of trifluorcacetic acid, using sodium nitrite or
sodium nitrate as an oxidizing agent (Thurnal Organischeskoi
Khimii, Vol. 24, pp. 488-495, 1988).

This oxidation reaction which is conducted in an
aqueous solution containing 90 volume % of triflucroacetic
acid, using a nitrite or a nitrate, is a very mild oxidation
reaction which proceeds at room temperature. By this process,
an alicyclic secondary alcohol compound can be oxidized into
an alicyclic ketone compound almost quantitatively. With
this process, however, it is impossible to further oxidize
the alicyclic ketone compound obtained, into an aliphatic

dicarboxylic acid.



3 Disclosure of the Invention In view of the above fact, the present
inventors made a study on a process for producing an aliphatic
dicarboxylic acid under mild conditions. As a result, it was found that, in
the oxidation reaction conducted using a nitrite or a nitrate in the
presence of trifluoroacetic acid, the amount of water present in the
reaction system had a large influence on the progress of the oxidation
reaction. As a result of a further study, the present invention has been

pieompleted -Hence, the present invention aims at providing a process for
producing an aliphatic dicarboxylic acid compound at a high selectivity, at
a hight yigl¢and in &'safe*6peratibic The Preserttinvehtidn isaesefibsgde @

sthelow,[11 In.afirst aspect, theye is:provided.a pracess for: prodyging anaciq
aliphatic dicarboxylic acid compound, which comprises oxidizing, with a
Unfiftfiteorr 8 nitfatetinttHes predenée Siitititioroacetié acib Wifalicyelic 1n the

ox$esendary-alcahelcompaynd. gr an alicyclic ketone compound in.each of e
which at least one methylene group is bonded to the carbon atom having

PrRJARSRY| °grouit bbiftetrtidreto 8F the cafBortatsRtash Miehisersesent in

=nearkonyl ; group.swhereingthe reaction:is.conducted,in the presgnee of o+ e
water of 5 mass or less relative to 100 mass of the total of the

oxfrifftioroacetit ddiarand herwarT 2] IAforfe dmbbeient here i providednt

inadrocessifor praducing.an aliphatic dicarboxylic acid compound
according to
Hence, the present invention aims at providing a process

for producing an aliphatic dicarboxylic acid compound at a high
selectivity, at a high vield and in a safe operation.
The present invention is described below.

[11 In a first aspect,. there 1s provided a process for
producing an aliphatic dicarboxylic acid compound, which
comprises oxidizing, with a nitrite or a nitrate in the presence
of trifluorcacetic acid, an alicyclic secondary alcohol compound
or an alicyclic ketone compound, in each of which at least one
methylene group 1s bonded to the carbon atom having hydroxyl
group bonded theretc or the carbon atom as a member of carbonyl
greup, wherein the reaction is conducted in the presence of water
of 5 mass % or less relative to 100 mass % of the total of the
trifluorcacetic acid and the water.

(2] In one embodiment, there 1s provided a process for
producing an aliphatic dicarboxylic acid compound according to
the first aspect, wherein the alicyclic secondary alcohol

compound cor the alicyclic ketone compound 1is a 3~ to



the first aspect, wherein the alicyclic secondary alcohol compound or the
alicyclic ketone compound is a 3- to 4 12-membered cyclic compound. [3]
In another embodiment, there is provided a process for producing an
aliphatic dicarboxylic acid compound according to the first aspect,
wherein the amount of the nitrite or njtrate used is 0.5 to 10 moles relative
to 1 mole of the alicyclic secondary alcohol compound or the alicyclic
ketone compound. [4] In another embodiment, there is provided a process
1 2ferepreducing an:aliphaticdicarboxylic acid compound according to the
[Bflirst aspect, \é/herein%gegoncentrati%n of the alicyclic secondary alcohol

e

compound oF the alieyclic Ketone compound’in trfiicfoacetic acid 7 07057 °*
PrigBOMmass Y. {5] iryet ancther embpdiments tHeredsprovitied@ process to

tnfor spraducing an-aliphaticdicarbexylic acid CQ@‘%&&’Q%&%@&”Q&O the rate
first aspectgwherein the alicyclic se_condagl alcohol compoundis )

SEjclotiexandl. 6] 1r Stiff§EEandthe? enibodifhent, Hifere i€ providedratcyelic

seprocesy ferlpraducingravaliphatic diearhioxyticiacidieampound-raaeotding

ato the firstaspect, wherein the alicyglic ketane compoundis . ..o ¢or

cyclohexanone. According to the present invention, an aliphatic

PLYitarhoRyIiadid Cotapoand e aR B prodicetF frdm-areticyelic SecofiRsfy t°
thalcahalscompeund or analicyelictkeione compound at achigh yieldunder: i c
se%%%%@%}j Caoirgzcggggs'czrrg}%%eég&e’ ctge Eﬁ%seﬁicyclic ketone compound in
triflucroacetic acid is .05 to 60 mass %.

[5] In yet another embodiment, there is provided a process for
producing an aliphatic dicarboxylic acid compound according to
the first aspect, wherein the alicyclic secondary alcohol
compound is cyolohexanol.

[6] In still yet another embodiment, there is provided a
process for producing an aliphatic dicarboxylic acid compound
according te the first aspect, wherein the alicyclic ketcne

compound 1s cyclohexanone.

According Lo the presant invention, an aliphatic
dicarboxylic acid compound can be produced from an alicyclic
secondary alcohol compound or an alicyclic ketone compound at a
high yield under very mild conditions. Therefore, the present

invention is extremely useful industrially.

Best Mode for Carrying Out the Invention
In the production process of the present invention, an
alicyclic secondary alcohol compound or an alicyclic ketone

compound is oxidized with a nitrite or a nitrate in the
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invention is extremely useful industrially. Best Mode for Carrying Out the
Invention In the production process of the present invention, an alicyclic
secondary alcohol compound or an alicyclic ketone compound is oxidized
with a nitrite or a nitrate in the 5 presence of trifluoroacetic acid to
produce an aliphatic dicarboxylic acid @mpound. (Alicyclic secondary
alcohol compound, alicyclic ketone 5 compound) In the production

pheanassof dife prasent sieabeni §e/eia used pavastitind raw 1palgtiak
an alicyclic secondary alcohol compound represented by the following

distaahexy)l be apncilidy clivmpstond compound represented by 10 the
following formula (2). R CH-OH (1) H2 ~C=0 R 1 (2) H2 15 The alicyclic
secondary alcohol compound (1) is an alicyclic alcohol compound

WeEsin Al least ogg, Y up,| %ﬂ?ﬁ to a
( havil:r{ig?ll hydroxyl gro&rpH %&gn%ed?ﬁé%t%@f:ﬁ)e a |(§/bli§ EZ%%@%%?%&P &)
cismivwligyclic ketone compound wherein at least one methylene 20 group

is bonded to the carbon atom as a member of carbonyl
In the production process of the present invention,

there is used, as a starting raw material, an alicyclic
secondary alcohol compound represented by the following
formula (1), or an alicyclic ketone compound represented by

the following fdormula (2).

R | (1)

(2)

The alicyclic secondary alcohol compound (1)} is an
alicyclic alcohol compound wherein at least one methylene
group is bonded to the carbon atom having hydroxyl group
bonded thereto. The alicyclic ketone compound (2) is an
alicyclic ketone compound wherein at least one methylene

group is bonded to the carbon atom as a member of carbonyl
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6 group. Incidentally, two rhethylene groups may be bonded to the both
sides of the carbon atom having hydroxyl group bonded thereto or of the
carbon atom as a member of carbonyl group. 5 In each of the formulas
(1) and (2), R is a bivalent aliphatic ggoup. R is a bivalent aliphatic group
having preferably 1 to 10, more preferably 2 to 4 carbon atoms. The

aliphatic groaup R may be a straight chain or a branched chain. The
5= B atd KO RS prEter sty eISHECHa B o Bt SrTeRiRfa £

traight chain.of 4 car, w he ali i a
the'Q‘carbon at%?n%%hégdi(%%?x% gé’id%%%p%%%%ﬁ%a?r%% %Ipi(:% aégiap
bondueh ishdidiisyially IBWOorieat as sue Metshiahior avienaKdh-theraliphatieny
group R is preferred to have a 15 branch(s) at a position(s) at which the
groimg.thereof shows a symmetric structure. When the aliphatic group R has
a branch(s) at a position(s) at which the ring thereof shows a symmetric

strucfite SRR GFb&Rfic EdmPolind oBRindd®By tHe -7°|s)'1"e§eﬁfti‘faie“fC
reaction is a single compound._of high purity..20 As {q the alicycli )
L S P e B RS oo EOREBURETARS

prdheme-anbe se@c&aﬂ,am%rapgmaweg chepyjcal SUUGHYE atoms. The

corresponding to the chemical structure of the aliphatic dicarboxylic acid
a LigeimapoimdgtocheppioduaedbAs thes carmpghind (Hanir(2hm 25 sompeied chain.

available as a reagent or as an industrial raw
The aliphatic group R is preferably a straight chain,
particularly preferably a straight chain of 4 carbon atoms.

When the aliphatic group R has 4 carbon atoms, the

dicarboxylic acid compound obtained is adipic acid which is

industrially important as a raw material for nylomn.

Or, the aliphatic group R is preferred to have a
branch(s) at a position(s) at which the ring thereof shows a
symmetric structure. When the aliphatic group R has a
branch(s) at a position(s) at which the ring thereof shows a
symmetric structure, the dicarboxylic acid compound obtained by the
present reaction is a sihgla compound of high purity.

As to the alicyclic secondary alcohol compound (1) or
the alicyclic ketone compound (2), there can be selected a
compound having a chemical structure corresponding to the
chemical structure of the aliphatic dicarboxylic acid
compound to be produced. As the compound (1) or (2}, a
compound available as a reagent or as an industrial raw
material can be used with no restrictioen.

As the alicyclic secondary alcohol compound usable in



10

15

20

25

material can be used with no restriction. As the alicyclic secondary alcohol
compound usable in 7 the present invention, there can be mentioned 3-
to 12- membered cyclic compounds such as cyclopropanol, cyclobutanol,
cyclopentanol, cyclohexanol, cycloheptanol, cyclooctanol, cyclononanol,
cyclodecanol, cycloundecanol, cyclododecanol, 5 2-methylcyclohexanol,
3-methylcyclohexanol, 2,5- dimethylcyclohexanol,

tB&-gineaibyleyalahemiaind, 3idin et CYsione@Pobned 3- to 12-

2-methylcyclopentanol, 4- methylcyclohexanol, 4-tert-butylcyclohexanol
mand enetikeyislthe alioyplckémnswampauncytierprapdre 1) cyclobutanol,
mentioned 3- to 12-membered cyclic compounds such as

BRI EABAS, o ISHRABRFAE Xy ol SPErtaiepet epddne kR ctanol,
e A, B R ¥ Goncomnor.

cycloundecanone, ecanone, (0]

2 edRHMEReXaOREN 3.0, dimealbyicyslebexaitieascr 15, 5-

trimethylcyclohexnaone, 2-ethylcyclhexanone, 4- ethylcyclohexanone,
d2umitnyloyelopehtanone] 4- haihdtpdohglampotphexnaol, 3,3,5-
4-tert-butylcyclohexanone and the like. Of these alicyclic secondary

t5R§Bﬁ5¥’(¥&rﬁ§8dm¥em%¥licy§IT@%ﬁé%‘éﬁﬂd&ﬁ%%@raﬂw used in
I BPESRS 20i0dustionpiocess are ose Siqwng asymmatic, . .

4—ﬁe -
r structure, that Is, al |cycI|c se ry alconol compoun

as Cyclopraanoh IGvsipbiaNl e P AR LIFACIORREOlcan ve

cycloheptanol, cyclooctanol, cyclononanol,
mentioned 3~ to 1l2-membered cyclic compounds such as

cyclopropanone, cyclobutanone, cyclopentanone, cyclcohexanone,
cycloheptanone, cyclooctanone, cyclononanone, cyclodecanone,
cycloundecanone, cyclododecanone, 2-methylcyclohexanone, 3-
methylcyclohexanone, 2,6-dimethylcyclohexanone, 3,3,5-
trimethylcyclohexnaone, 2-ethylcyclhexanone, 4-
ethylcyclohexanone, 2-methylcyclopentanone, 4-
methylcyclohexanone, 4-tert-butylcyclohexanone and the like.

Of these alicyclic secondary alcohol compounds and
alicyclic ketone compounds, preferably used in the present
production process are those showing a symmetric molecular
structure, that is, alicyclic secondary alcohol compounds
such as cyclopropanol, cyclobutanol, cyclopentanol,
cyclohexanol, cycloheptanol, cyclooctanol, c¢yclononanol,
cyclodecanol, cycloundecanol, cyclododecancl, 4-
methylcyclohexanol, 4-tert-butylcyclohexanocl and the like,
and alicyclic ketone compounds such as cyclopropanone,

cyclobutanone, cyclopentanone, cyclohexanone, cycloheptanone,
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cyclodecanol, cycloundecanol, cyclododecanol, 4 25 methylcyclohexanol,
4-tert-butylcyclohexanol and the like, and alicyclic ketone compounds
such as cyclopropanone, cyclobutanone, cyclopentanone,
cyclohexanone, cycloheptanone, 8 cyclooctanone, cyclononanone
cyclodecanone, cycloundecanone, cyc?ododecanone,
4-methylcyclohexanone, 4- ethylcyclohexanone,

cebddetitginpelahexananenanc il bike. Bycisiddeaglb Ak Ihes& loundecanone,
compounds as a raw material compound, the reaction 5 product obtained

CYCa efinrfie compoand 4 (Nefifey hiizndphsxiennpinde ahdetirfcysddhretenone ,
present _inyention, there can be used comgour_lds available ir_ldustriallyg1 10f
Q

4 oF 85 5 RAGEAEVSIHORS FARRB R A SittiftidSmpleE dtifage eac
+ RREWOUBHS SRR Cal be m%ﬂg%gﬁ%@e&{ﬁ%\%\ﬁfﬂu @]{gtrilt‘%act ion

potassium nitrite, lithium nitrite and silver nitrite. e nitrate, there can

pbeduentiatech ioregkaiaple, dbrayparapdipdirae, ammonium cerium
nitrate, lithium nitrate, potassium nitrate, sodium nitrate, cesium nitrate,
nickel nitrate, samarium nitrate, strontium nitrate, silver nitrate, zinc

“gi_trate, copper nitrate and lead nitrate. Of these nitrites and nitrates,

%’lFrF&JtJFa(?Iy MF&F&(}E )ZO are nitrites such as sodium nitrite, potassium
nitrte, shipniile - siber e and e like Sindeese FRDREHRIS

form nitrogen monoxide cation having a hig
invention, there can be used compounds available industrially

or as &a reagent, with no restriction.

As specific examples of these compounds, there can be
mentioned, as the nitrite, sodium nitrite, potassium nitrite,
lithium nitrite and silver nitrite.

As the nitrate, there can be mentioned, for example,
ammonium nitrate, ammonium cerium nitrate, lithium nitrate,
potassium nitrate, sodium nitrate, cesium nitrate, nickel
nitrate, samarium nitrate, strontium nitrate, silver nitrate,
zinc nitrate, copper nitrate and lead nitrate.

Of these nitrites and nitrates, particularly preferred
are nitrites such as sodium nitrite, potassium nitrite,
lithium nitrite, silver nitrite and the like. Since these
compounds form nitrogen monoxide cation having a high
oxidation power in the reaction system, there can be produced
an intended aliphatic dicarboxylic acid compound at a high
yvield.

The amount of the nitrite or nitrate used differs

depending upon the atmosphere of the reaction and therefore
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oxidation power in the reaction system, there can be produced an

intended aliphatic dicarboxylic acid compound at a high 25 yield. The

amount of the nitrite or nitrate used differs depending upon the

atmosphere of the reaction and therefore 9 can not be set at a given

level. However, with a small amount,"the oxidation reaction hardly

proceeds and, with an excessive amount, the post-operation is
cancamylidated.e Thatefareg thee preferred. amolmtof the, nkriteloranitsatel3.

used is ordinarily 0.5 to 10 mols, particularly 0.7 to 7 mols relative to 1
amopitof thB&liefdkaSetdRdaRAAESRS! dorasblindIToaRs/Rfic RBfbnerith an

compound used as a reaction raw material. Tr_ifluoroac?l[tlc a%igzghe

S Citoroacale Sbit-usetFingRE breSe ivertion L CRINRIGREEES
ThBREHR Calalyst and Also-ag asalyent. JPed,is nosparticulas resteictan; o
as to the amount of trifluoroacetic acid used. However, a small amount
user®silis dpdiiestietion 0, thendeldofmxidation seactioniand & large to 7 mols
amount requires a complicated post-operation. Therefore, it 15 is

2 iefdfretPtattiubrosCatic suid S HSetr S3 AT hé ConCantialBABY °F

alicyclic secondary alcohol compound or alicyclic ketone compound

ALAEE OGS BTy BURRBE Masss préferiAr61oR SEHAR BT HRe! -

(T |§98§ggggg%d%ﬂéecgrae}fent invention lies in 20 that, in oxidizing an
alicyclic secondary ancohol compound or an

The trifluorocacetic acid used in the present invention
functions as a reactlon catalyst and also as a solvent.

There is no particular restriction as to the amount of
trifluorcacetic acid used. However, a small amocunt results
in a reduction in the yield of oxidation resaction and a large
amount reqguires a complicated post-operation. Therefore, it

is preferred that trifluercacetic acid iz used so that the

concentration of alicyclic secondary alcohol compound or

alicyclic ketone compound becomes ordinarily 0.05 to 60

mass %, preferably 0.1 to 30 mass %.

The biggest feature of ﬁhelpresent invention lies in
that,'in oxidizing an glicyclic secondary ancohol compound or an |
alicyelic ketone compound witﬁ a nitrite or a hitfite in the presence
of trifluoroacetic acid, the amount of water present in the
reaction system is kept at 5 mass % or less relative to the
total amount (100 mass %) of trifluorocacetic acid and water.

When the water émount in the reactlion system is more

than the above level, the oxidation reaction proceeds to a

ketone compound and stops at this point, making it impossible to
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alicyclic ketone compound with a nitrite or a nitrite in the presence of
trifluoroacetic acid, the amount of water present in the reaction system is
kept at 5 mass % or less relative to the total amount (100 mass %) of
trifluoroacetic acid and water. 25 Whgn the water amount in the reaction
system is more than the above level, the oxidation reaction proceeds to a
ketone compound and stops at this E;%int’ making it impossible to 10

obtalfiREN alpRAGE dicaboRFFCASH thipsthd 4AFeHEYidlh. i &38F0

yiedgieve eetian efficigney, i he oxidgtianyieacion Jhe pigsecel

arger amount of' water tends to require a larger amount of a nitrite or a
ox1BlRle, > Meapwhile, tirng anglaberaie npedgdiin sgder tonbakethes water
reaction system water-free. Therefore, in the production process of the
tenfiresent nwentiar, the baterat obwvatertis ofreferably:3.081 ¢ta-3anads-®ate.
more preferably 0.01 to 1 mass % in view of the efficiency of oxidation
Meapsdeiiof anbifRthalné AP TaldiFoR ARG BF vaEidieforhdeBiglich the
system. In the production process %the present inve ggn, rggH%ti%r}L %fn
reaghhdls BES) Fob tHE w5t s&ondary alcoh3r ompBund or the cylic
prokgione sempaundiasa faw majeralkarfor fhenifiie. gt nigaieasen s
oxidizing agent, and the water contents In 15 these compounds are
pre@¥ire/pely lowosherthesenaie s1sed asgeagenisycopinemia praduds
available as industrial raw materials. Therefore, the effect of the water,
maswhichiis Gdrdsedofforhithe e6Mmbolatisyore theoratts bhisurt ok fdsaionand

the time and labor for removal of water from reaction system.

In the production process of the present invention,

reduction of watsr is ezsy for the cyclic sszcondary alcohol compound

aw material or for the nitrite or

or the cyclic ketone compound as

j+1
H

niﬁrate as an oxidizing agenf, énd the watér cantents in
these compounds are extremely low when these are used as
reagents or commercial products available as industrial raw
materials. Therefore, the effect of the water, which is
derived from the compounds, on the water amount of reaction
system is slight. Actually, the trifluorcacetic acid, when a
reagent or a commercial product available as an industrial

raw material is used therefor, contains less than 3 mass % of

water ordinariiy and less than 1 mass % at most.

Thus, in the production process of the present
invention, it is most practical to use reagents or industrial
raw materials available through an ordinary route, per se.

Of course, dehydratioh may be conducted as necessary by a

known method.
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system is slight. Actually, the trifluoroacetic acid, when a 20 reagent or a
commercial product available as an industrial raw material is used
therefor, contains less than 3 mass % of water ordinarily and less than 1
mass % at most. Thus, in the productign process of the present invention,
it is most practical to use reagents or industrial 25 raw materials available
through an ordinary route, per se. Of course, dehydration may be
conducted as necessary by a known method. 11 (Reaction conditions)

(R eTEﬂ}e]{g (ﬁjng J)I?éticéjiarnrse triction as to the reaction temperature. However,
with a high reac |on_?em2erature, the 5 oxidation reaction becomes

violenhane thesreastign system dends Lo teachaydangeroys state \With a5 o
low reaction temperature, the reaction time becomes strikingly long.
tenfrerefonecthe thactior temperaiure is praferakly themetiingppoit ©fe, the
trifluoroacetic acid to 602C, particularly 10 preferably 0 to 404C. The
oxidasdortiFradiférnddmrpemrrupdirlirnkind st thbalitydictseenndaiytem
N gicoq:ol comp%‘l;nd ar alicg%ic ketone compound used, and also differs
SO fehenig tpoh the R BhA EnoLRt Bf th& hitheor ifattaRekon

cenfQUEYEe 8Rctod ta e e atdnagbeQl 1o SONOUER, NP tEaghion

can be carried out under any of normal pressure, reduced pressure or
Theaptietlepressiyerihe tfaatiofemperature is preferably the melting
point of trifluorcacetic acid to 602°C, particularly
preferably 0 to 4QQC.

The reaction time differs depending upon the kind of
the alicyclic secondary alcohol compound or aiicyclic ketone
compound used, and also differs depending upon the kind and
amount of the nitrite or nitrate used. However, the reaction
time is ordinarily 0.1 to 30 hours.

The reaction can be carried out under any of normal
pressure, reduced pressure or applied pressure. The_reaction
can be carried out not only in the pfasence of oxygen (e.g.
oxygen or air) but also in the presence of inert gas (e.qg.
nitrogen, argon or carbon dioxide). However, the reaction in
the presence of oxygen tends to save the use amount of
nitrite or nitrate and further shorten the reaction time.
Ordinarily, the reaction is carried out in the air or an
oxygen atmosphere.

In the production process of the present invention, the
alicyelic sscomdary alcohol compound of slicyclic ketoms compound as a raw |

material is oxidized into an aliphatic dicarboxylic acid
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can be carried out not only in the presence of oxygen (e.g. oxygen or air)
but also in the presence of inert gas (e.g. 20 nitrogen, argon or carbon
dioxide). However, the reaction in the presence of oxygen tends to save
the use amount of nitrite or nitrate and further shorten the reaction time.
Ordinarily, the reaction is carried out in*he air or an oxygen atmosphere.
25 In the production process of the present invention, the alicyclic
ceagandiedy aLOBoEEMYPeBNd RE alieyCiisweitnereRaRawidl &5 anfava .
material is oxidized into an aliphatic dicarboxylic acid 12 compound
according to the following reaction formula. ~CH-OH RC (1) 2 NO2 or
NO3 or --v HOOCRCOOH CF3000H ~C=0R I (2) H2 5 As described
above, in the above reaction formula, R is a bivalent aliphatic group. The
R is preferabl [valent aliphatic group having 1 to 10 carbon atoms,
which is a Rraight claipror has a branch at a position where the ring

\_./CHz (1)
NO, or NG,

or » HOOC-R-GOOH
OF,COOH

C=0

\___‘Ha

)

(2}

As described above, in the above reaction formula, R is
a bivalent aliphatic group. The R is preferably a bivalent
aliphatic group having 1 to 10 carbon atoms, which is a
straight chain or has a branch at a position where the ring
thereof shows a symmetric structure.

As to the method for isclating and purifying an
aliphatic dicarboxylic acid compound from the thus-obtained
reaction product, there is no particular restriction, and a
known method can be used.

For example, after the completion of the reaction,
trifluorcacetic acid (which is a reaction solvent) is
distilled off under reduced pressure, at room temperature.
Then, to the residue obtained is added an aqueous solution
containing 5% of sodium hydrogencarbonate to obtain an
agqueous basic solution. Thereafter, extraction is conducted
using methylene chloride to remove the organic solvent-

soluble components. To the aqueous solution obtained is
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10 thereof shows a symmetric structure. As to the method for isolating and
purifying an aliphatic dicarboxylic acid compound from the thus-obtained
reaction product, there is no particular restriction, and a known method
can be used. 15 For example, after the completion of the reaction,
trifluoroacetic acid (which is a reaction solvent) is distilled off under

ced pressure, at room temperature. Then, to the residue obtained is

addzrf%%uejd%n HY IS 4EntiSn “Cortainhd BT ot E%Siuﬁ?H?&%%eﬁBQ}b%hﬁfé
aci@iquai%%gg WQESPQS&\:‘&@EH%%&_ h?é%ﬁf{%l;d@&}f%%i&@él%a t;_nres sure.

conducted using methylene chloride to remove the organic solven

TheSOluHe somponeats: Jashe-agueous sotidion abtained ds1 13 saqdritd0%o the
hydrochloric acid to make the aqueous solution acidic. Then, water is

resdidtiiedadftadderdedticed psessive. Theraadtel Greaquéoss étliyl acetate
solution is added to the residue obtained, to dissolve the residue.

CompeRBBieSs 85 pbRRANCE PR MoV AR RGN and iR fifrhtERte 15
supSibiected 1o distillatiqn under reduced. pressure, wherely 6an be, o opy can
diftaine OlSlg“ﬂl % ' corn ég%ﬁfeg ¥

btained an intended aliphatic dicarboxylic aci poun obtaine

pe diPhatic dicagboxylic acik 0mPOHAE isi @ sinale rempaurd when theferdSund.

used, as a raw material, an alicyclic 10 secondary alcohol compound or

ant &ficyelic kefshe? CoRfouttd, ”ﬁﬂ?ﬁifﬁéh%ﬁhh%tﬁ%%&é&lérs a single.

structure. In contrast, in the conventional known nitric acid oxidation
compReass vhen there is used, as a raw material, an alicyclic
secondary alcohol compound or an alicyclic ketone compound,
both having a symmetric molecular structure. 1In contraslt, in
the conventional known nitric acid oxidation process, a
piurality if different zliphatic dicarboxylic acids compound ars
formed. In the production process of the present ihvéntiony
there is no substantial formation of a pluralility of different
ialipha‘:ic dicarboxyllic azcids compound and this is the biggest featurs
of the present production process.

Incidentally, the production process of the present

invention can be applied not only to the oxidation reaction

-for production of an aliphatic dicarboxylic acid compound

from an alicyclic secondary alcohol compound or an alicyclic
ketone compound, but also to the oxidation reaction for

production of a carboxylic acid compound from a primary

alcohol compound or an aldehyde compound.

Examples

The present invention is described specifically below
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plurality if different aliphatic dicarboxylic acids compound are formed. In
the production process of the present invention, 15 there is no substantial
formation of a plurality of different aliphatic dicarboxylic acids compound
and this is the biggest feature of the present production process.
Incidentally, the production process of #fe present invention can be
applied not only to the oxidation reaction 20 for,production of an aliphatic

bgicasiioxylic Brithpaapourddwetan  alieyeligpseaangari algehtlion is in no
compound or an alicyclic ketone compound, but also to the oxidation

WaFa iR 15 predudtiorsgich ciamplesgeid compound from a primary

Ealcohgl cqompound or an aldehyde compound. 25 Examples The present
78R8 ts described specifically below 14 by way of Examples.

roweveh, 'QedyeRindgupilal oty ng PRULESYSILRABLY, Examales.

Example 1 In a 50-m1 eggplant type flask was placed, as an 5 alicyclic

aseegndaiy aieakeh caipoabdohel mepidpaaia), ofi cyclafexanekfsnecials
grade chemical produced by Wako Pure Chemical Industries, Itd., water

CYEARReXTmdprisrecds)]l THerde whsnidiged, araduivedt imiWiko Pure
trifluoroacetic acid (special %rade chemical produced b?/L Wako Pure

CRABATIE TPUEETESS Ltd- Churity ¥SEATorHRBES Water ShtBRIROOE Less) .

Thereto was added, as a solvent, 5 ml of trifluorocacetic acid
(special grade chemical produced by Wako Pure Chemical
Industriés, Ltd., purity: 98% or more, water content: 0.1
mass %) to dissolve cyclohexanol.

Dry air was bubbled into the trifluorocacetic acid
solution in which cyclohexanol had been dissolved, for 15
minutes with ice-cooling. Then, there was added, as a
nitrite, 138 mg (2 mmol) of sodium nitrite (special grade
chemical produced by Wako Pure Chemical Industries, 1ltd.).
Stirring was conducted for 30 minutes in this state and then
for 4 hours and 30 minutes at room temperature to give rise
to a reaction. After the completion of the reaction, the
majority of trifluorocacetic acid was distilled off at room
temperature under reduced pressure (30 mmHg). Then, to the
resulting residue was added an agqueous solution containing 5
mass % of sodium hydrogencarbonate, to dissolve the residue,
whereby was obtained an agqueous basic solution. This agqueous
basic solution was subjected to extraction with methvlene
chloride (15 ml x 3} to extract unreacted materials. The

methylene chloride was dried over magnesium sulfate and
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mass %) to dissolve cyclohexanol. Dry air was bubbled into the

trifluoroacetic acid solution in which cyclohexanol had been dissolved, for

15 minutes with ice-cooling. Then, there was added, as a 15 nitrite, 138

mg (2 mmol) of sodium nitrite (speciall5grade chemical produced by Wako

Pure Chemical Industries, Itd.). Stirring was conducted for 30 minutes in

this state and then for 4 hours and 30 minutes at room temperature to
disgibdtmé &FE résctiopxAReR e completithof Brerertden cthe 20

jority of trifluorgacetic acid was distilled off at room temperature under

cyeiEad

1 8SsureRYHfrg)PhER TOINERBOMRg YeSdHE Tiitadued
an e solution ini 9 ium, hydr. C nate,
to da;‘gsgol(\[)‘/&e{%théTl ﬁgt{c,%d' dgej?ﬂ\igsh%?gb%ﬁnisf&iﬁe%gn %gegli&ggsig%glution.
hy dEbistaoenys Z5ilmsie selkfien vras sbiected o axtaction Withen, water
methylene chloride (15 ml x 3) to extract unreacted materials. The
wasnreitpiidad ellorfé wasidrhed ederandgpesissistifate Bnditt distiled 0ifng
for examination of theéiresence of cyclohexanone. However, no

resiyitheahREdess dbictled TothB¥enRifiG huéors Soitfen Wakon -
MagfSlita0dh IYdashiore 89a 1o mca&ettﬂsrg’g%ék&;&a%d% other VMAEE 2

was under reduce pressure. esu resiaue was

soladdes 304n ofefhy| acetatefop disseltion. Magnesiungsulfalewasa by
~added to the resulting ethyl acetate solution for drying. The magnesium
filsulfstéamasreinaves Biltrate was subjected to distillation
under reduced pressure to remove ethyl acetate, whereby was
obtained 146 mg (yield: 100%) of 1,4-butanedicarboxylic acid.
Examples 2 to 7
An operation was conducted in the same manner as in

Example 1 except that sodium nitrite was replaced by a

nitrite cor nitrate shown in Table 1. The results are shown

in Table 1.
Table 1
Example Nitrite or nitrate Yield of 1,4-ethane- Yield of
No. {equivalents) dicarboxylic acld (%) | cyclchexanone (%)
2 Sodium nitrite (5) 100 0
3 Sodium nitrite (1) €9 25
4 Potassium nitrite (2) 100 0
5 Sodium nitrate (2} 84 4]
6 Sodium nitrate (5) 100 G
7 Potassium nitrate- (5) ioe 0

Examples 8 to 23
2An operation was conducted in the same manner as in

Example 2 except that cyclohexanol was replaced by an
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filtration and the filtrate was subjected to distillation 10 under reduced
pressure to remove ethyl acetate, whereby was obtained 146 mg (yield:
100%) of 1,4-butanedicarboxylic acid. Examples 2 to 7 An operation was
conducted in the same manner as in Example 1 except that sodium nitrite
was replaced by a 15 nitrite or nitrate Sfown in Table 1. The results are
shown in Table 1. Table 1 Example Nitrite or nitrate Yield of 1,4-ethane-
aYielgof No. deqivmalenis) dicRexylisongid (¥ CysloRaxa NSyt @ ketone
Sodium nitrite (5) 100 0 3 Sodium nitrite (1) 69 25 4 Potassium nitrite (2)
ceUp@EdSodiafhnightw(?) 81 Tad Bodumsitmte ) 1@6ri#btassipound.
nitrate-(5). 100 0 20 Examples 8 to 23 An operation was conducted in the

TRENESRUNAEr ATH BXRDIED ki

tHat cyclohexanol was replaced by

an 16 alicyclic secondary alcohol compound or an alicyclic ketone
compound, both shown in Table 2 as a raw material compound. The
results are shown in Table 2. 5 TabpaRie 2

Example Raw material compound Reaction Product
No. time {yield %)
(hr)
8 Cyclobutanol 5 1,2-Ethanedicarboxylic acid
(100)
9 Cyclopentanol 1z 1,3-Propanedicarboxylic acid
{85)
Cyclopentanone (10)
10 Cycloheptanol 12 1,5-Pentanedicarboxylic acid
(80)
Cycloheptanone {18)
11 Cyclooctanocl 5 1,6-hexanedicarboxylic acid
(94)
12 Cyclodecanol 5 1,8-octanedicarboxylic acid
(98)
13 Cyclododecanol 10 1,10-Decanedicarboxylic acid
(90)
14 4-Methylecyclohexanol 5 2-Methyl-1, 4~
butanedicarboxylic acid (100)
15 3-Methylcyclohexanol 5 2-Methyl-1,4-
butanedicarboxylic acid (60)
i~Methyli-1,4-
butanedicarboxylic acid (30)
i6 4-Tert- 5 2-Tert-butyl-1.4-
butvlcyclohexanol butanedicarboxylic acid (92)
17 Cyclobutanone 5 1,2-Ethanedicarboxylic acid
{100)
is8 Cyclopentanone 5 1, 3~Propanedicarboxylic acid
(95)
19 Cyclohexanone 5 1,4-Butanedicarboxylic acid
(100}
20 Cycloheptanone 5 1,5-Pentanedicarboxylic acid
{98)
21 4-Tert-butylecyclo- 5 2-Tert~butyl-1, 4~
hexanone butanedicarbxylic acid (98)
22 Cyclooctancne 5 1,6-Hexanedicarboxylic acid
{98)
23 i-Methylcyclohexanone 5 2-Methyl-1,4-
butanedicarboxylic acid (100)
Example 24

In a 50-m1l eggplant type flask was placed 100 mg (1
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Example Raw material compound Reaction Product No. time (yield 8)

(hr) 8 Cyclobutanol 5 1,2-Ethanedicarboxylic acid (100) 9 Cyclopentanol
12 1,3-Propanedicarboxylic acid (85) Cyclopentanone (10) 10
Cycloheptanol 12 1,5-Pentanedicarboxylic acid (80) Cycloheptanone
(18) 11 Cyclooctanol 5 1,6-hexanedicatBboxylic acid (94) 12 Cyclodecanol
5 1,8-octanedicarboxylic acid (98) 13 Cyclododecanol 10

mrhoty Deeapedidiboxulinacids (A0 gg?ﬁﬂcﬂﬂ P! Broduced by

2-Methyl-1,4- butanedlcarboxyllc aC|d (1 15 3-Methylcyclohexanol 5
wakMdethylé £ hetanedicalhaxylic acik(60) tiiMetay-lb4- alicyclic
butanedicarboxylic acid (30) 16 4-Tert- 5 2-Tert-butyl-1,4-

Sﬁﬁemﬁhe%ﬁehmkaﬁemamync%m vAgyeifietnote 5 solvent,

5 m EﬂE”%%& boxéﬁéﬁllc acid (special grade chemical produced

by Wako Pure Chemical Industries, 1ltd., purity: 98% or more)
to dissolve cyclohexanol. Oxygen was bubbled into
trifluorcacetic acid for 15 minutes with ice-cooling. Then,
there was added, as a nitrite, 69 mg (1 mmol} of sodium
nitrite (special grade chemical produced by Wako Pure
Chemical Industries, 1ltd.). An oxvgen balloon was fitted to
the flask, and stirring was conducted for 30 minutes and then
at room temperature for 4 hours and 30 minutes.

After the completion of the reaction, the majority of
trifluorocacetic acid was distilled off at room temperature
under reduced pressure (30 mmHg). Then, to the resulting
residue was added an agueous solution of 5 mass % of sodium
hydrogencarbonate. To this aguecus basic solution was added
methylene chloride (15 ml x 3) to extract unreacted materials.
The collected methylene chloride was dried over magnesium
sulfate; methylene chloride was distilled off; and the
presence of cyclohexanone therein was examined. As a result,
no cyclohexanone was detected. To the remaining aqueous
solution was added 10% hydrochloric acid to make the solution
acidic. Then, water was distilled off under reduced pressure.
To the resulting residue was added 30 ml of ethyl acetate for
dissolution. Magnesium sulfate was added to the resulting

ethyl acetate solution for drying. The magnesium sulfate was
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(100) 18 Cyclopentanone 5 1,3-Propanedicarboxylic acid (95) 19
Cyclohexanone 5 1,4-Butanedicarboxylic acid (100) 20 Cycloheptanone 5
1,5-Pentanedicarboxylic acid (98) 21 4-Tert-butylcyclo- 5 2-Tert-butyl-1,4-
hexanone butanedicarbxylic acid (98) 22 Cyclooctanone 5
1,6-Hexanedicarboxylic acid (98) 23 4iflethylcyclohexanone 5
2-Methyl-1,4- butanedicarboxylic acid (100) Example 24 In a 50-ml

regopledt typetfiaskyeas placad d 00HB oK1 1lirawaokekcysiieanad to

(special grade chemical produced by wako Pure Chemical Industries,
digt)ad anigrysrdescarfrgefcanot ssnpeutd. Teorewewathytedcatate,
Wﬁ solvent, 5 ml of trifluoroacetic acid (special grade chemical produced 5

FIERG Bare CREREAInd GBS, i Fhdety: §89% lordhork) 4o dissolve
bﬁﬂﬂ@@i%bg%h&%wééf&pbled into trifluoroacetic acid for 15 minutes

with ice-cooling. Then, there was added, as a nitrite, 69 mg (1 mmol) of

cengispa thitvite fspeeisl grade chemical produced by Wako Pure 10
Chemical Industries, Itd.). An oxygen balloon was fitted to
An operation was conducted in the same manner as in

Example 1 except that trifluorocacetic acid containing 0.1
mass % of water was replaced by an agqueous solution
containing 93.1 mass % (90 volume %) of trifluorocacetic acid
and that cyclohexanone was used as a raw material for
reaction. As a result, no adipic acid (intended product) was
obtained and cyclohexanone used as a raw material was

recovered gquantitatively.
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the flask, and stirring was conducted for 30 minutes and then at room
temperature for 4 hours and 30 minutes. After the completion of the
reaction, the majority of trifluoroacetic acid was distilled off at room
temperature 15 under reduced pressure (30 mmHg). Then, to the
resulting residue was added an aqueod$ solution of 5 mass % of sodium
hydrogencarbonate. To this aqueous basic solution was added methylene
chloride (15 ml x 3) to extract unreaglgg paterials. The collected
methylene chloride was dried over magnesium 20 sulfate; methylene
chloride was distilled off; and the presence of cyclohexanone therein was
examined. As a result, no cyclohexanone was detected. To the remaining

1 aqueofts PEAGES P WESTA RISV MY dRSE HibHEPXAd 16 nfEkeARRSEm acid

o reéig'%n@'enwé\{vaégr \(/;vas distilled off. U.rgfl,er reduced.&ressure. %@ 1.0 the

SlIRG tesicis WaS AdUed 50 m of ethyl Acetale for disSoldtion. - ©

nMagnesiym seHfatewasasdedde the-rasuliing. st aeetada §0luandai cyclic
drying. The magnesium sulfate was 18 removed by filtration and the

sditratd augs suljetted toodipttatidnamdean reduicevigiresskretiorremospound,
ethyl acetate, whereby was obtained 145 mg (yield: 99%) of 1,4-

1 eI bBRYI G, @@%"ﬁ%’pé?&ﬁvé“E%&ﬁﬁé@lf AFESPalisn Brrded to

t@%&%{‘:&gﬂ gf:ﬁ? é@e&%a %@ﬁg”ﬁ%’z&i&ﬁa@ ﬁ%% ?ﬁ%ﬁ%ﬁ%‘%ﬁ%&&%ﬁcﬁi%ne

g 0.1 ‘mass % orwater wasteplaced by an aqueous
c8PWANatom as a member of carbonyl group, wherein the
reaction is conducted in the presence of water of 5 mass % or
less relative to 100 mass % of the total of the
trifluoroacetic acid and the water.
2. A process for producing an aliphatic dicarboxylic acid
compound according to Claim 1, wherein the alicyclic
secondary alcohol compound or the alicyclic ketone compound
is & 3- to 1l2-membered cyclic compound.
3. A process for producing an aliphatic dicarboxylic acid
compound according to Claim 1, wherein the amount of the
nitrite or nitrate used is 0.5 to 10 mols relative to 1 mol
of the alicyclic secondary alcohol compound or the alicyclic
ketone compound.
4, A process for producing an aliphatic dicarboxylic acid
compound according to Claim 1, wherein the concentration of
the alicyclic secondary alcohol compound or the alicyelic
ketone compound in trifluorcacetic acid is 0.05 to 60 mass %.
5. A process for producing an aliphatic dicarboxylic acid

compound according to Claim 1, wherein the alicyclic



containing 93.1 mass % (90 volume %) of trifluoroacetic acid 10 and that
cyclohexanone was used as a raw material for reaction. As a result, no
adipic acid (intended product) was obtained and cyclohexanone used as
a raw material was recovered quantitatively. 19 Claims 1. A process for
producing an aliphatic dicarboxylic acid¢dompound, which comprises
oxidizing, with a nitrite or a 5 nitrate in the presence of trifluoroacetic acid,
s8BGHaYGIS secriary AaghalsampeuRY Of aRalisyelic ketone
compound, in each of which at least one methylene group is bonded to
6the cahopricmsizaviog hyparakytdrogpaboraetijherete od the eyl ic acid
atom as a member of carbonyl group, wherein the 10 reaction is
CERRARIS RAEFRISERBNES oF hdidt of 5 asTe4 Br 1Bss fAldGuChirodketone
cmnztisglfm <ﬁ)f {rée E}otal_.’_ofhth;ec triélgoroacetic acid and the water. 2. A process
?or%rogucing anyé:hp%aﬁc%?cargo"xylic acid compound according to Claim
1, wherein the alicyclic 15 secondary alcohol compound or the alicyclic
ketone compound is a 3- to 12-membered cyclic compound. 3. A process
for producing an aliphatic dicarboxylic acid compound according to Claim
1, wherein the amount of the nitrite or nitrate used is 0.5 to 10 mols
relative to 1 mol 20 of the alicyclic secondary alcohol compound or the
alicyclic ketone compound.
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4. A process for producing an aliphatic dicarboxylic acid compound
according to Claim 1, wherein the concentration of the alicyclic secondary
alcohol compound or the alicyclic 25 ketone compound in trifluoroacetic
acid is 0.05 to 60 mass %. 5. A process for producing an aliphatic
dicarboxylic acid compound accordingtfo Claim 1, wherein the alicyclic 20
secondary alcohol compound is cyclohexanol. 6. A process for producing
an aliphatic dicarboxylic acid comppgreaggording to Claim 1, wherein
the alicyclic ketone compound is cyclohexanone. Abstract The present
invention discloses a process for producing an aliphatic dicarboxylic acid
compound, which comprises oxidizing, with a nitrite or a nitrate in the

presencao PR RRBPdacktiEeitid Uh SSehesso iRy AReRBI EShpBaIgucing
r | ' L [ tl n A
s Sl e e e
otfigretn athesgarhon ataroasta mambemafeaskend grews Wheiskhbe of

reaction is conducted in the presence of water of 5 mass % or less
traibiive 1o 208 Wias 2%l &f tntotd ot Yied iriflusesavedieTrichadndtitel compound
ogwggtalicyclic ketone compound, in each of which at least
one methylene group is bonded to the carbon atom having
hydroxyl group bonded thereto or the carbon atom as a member
of carbonyl group, wherein the reaction is conducted in the

presence of water of 5 mass % or less relative to 100 mass %

of the total of the trifluoroacetic acid and the water.



