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1 DESCRI PTI ON Process for Producing Aliphatic
Di carboxylic Acid Conpound 5 Technical Field The
present invention relates to a process for producing
an aliphatic dicarboxylic acid conmpound, which
conpri ses oxidizing an alicycjic secondary al coho
conpound or an alicyclic ketone conpound with a
nitrite or a nitrate 10 in the presence of
trifluoroacetic acid. HMERGRBRMEOMrt Carboxylic acid
conmpounds are inportant industrially as raw materials
for drugs, agricultural chemcals or dyes. O 15 the
carboxy%ic acid cpqgounds, di car boxylic acid conmpounds
Prpeesst Fehelyot tiRRati¢ Dl carheret i Compound
producti on of high-nol ecul ar conpounds. Meanwhil e,
oxi dation reaction using nitric acid or a nitrate is
nghg§£gfpgfglaeaction which is extrenmely inportant 20
rn-organic Synthesis. This oxidation reaction using
nitri I ' ' rdinard |y S
procemétedin? fidel fod SAMIEe b BiEE om0l
-~ . . . I . .
AR LBl NRAABAAD AN Ldifidng, hich
coSF LEEX a0 a W idy N Td G ARddid sdddn '&%ﬁﬂﬂﬁi‘gbmpound

anmoni um vanadat € i s knowi as the nost popul ar

o®Xardl ad 1 Doy PI QS a6t o b ddd e AYH d Ai930ite or a nitrate

Synthesis, Vol. 1, pp. 18-20, 1932). 2 However, in
in hetheavesendal i ATIFIRATTads iR ddild,i ¢

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. 1In particular, a
process of oxidizing cyclohexanol with nitric acid in thé
presence of ammonium vanadate is known as the most popular
oxidation prodess using nitric acid (Organic Synthesis, Vol.

1, pp. 18-20, 1932).
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acid, there is a fear that the oxidation reaction

proceeds rapidly. Therefore, addition of cycl ohexano

to nitric acid containing anmoni um vanadate need be
conducted very 5 cautiously and the tenperature

control need be nade strictly, Further, since a
carbon-to-carbon bond cl eavage reaction proceeds in

the course of the oxidation reaction, the yield of

t he alibpevezrci tinobhai abdve eoridatbbn avotedS 19iHP%hitric
Thus, this production process is not fully

agidi. stherer s a0fénrt thatt hbe bamidathsn arpactiss posceeds
oxi di zi ng_an al cohol conpound into an al dehyde

rgpifdiind Brerpfanonaddtvnppuref adlchaexampriocesigric acid
whi ch conprises oxidizing an al cohol conpound into an
capgamhingcampeniumovanadate neeed obg orerducted wemeous
so%ution contai ning 90 volune % (93.1 15 mass 8) of
CRPELPUBLBaRRE | Ehactempesahyre ceprtrel tRee@ be madel skrictly.

Fni%ﬁgte as_an oxidi zi ng_agent_ (Thurnal O gani scheskoi
RhHRPE: R4RCe 8 capbonghozearbangagnd 1¢leavage Feamtion
Lon.whjch is conducted in apn . aqueous sol ution .
PSRRI Y S P HRRS o8 Er T | PR LI A RAC TP the Yield
S| Lt r nitrate, is a very m|d_oxidation
O?egggi%%Eg%%c%g%go%égﬁénﬁ ?%%ﬂ+?%n%§r%?ﬂ?t.5 yt?h%gg° Thus,
[ ' C | coho onpound can
TpLOEEGauctlb BFOGLSS PEURNE PR S ERI ot
quantgd ' ' hi el,: 44 _4.S
i rrpos%rii E\?Heé’ﬁi o‘lﬂ}eurt %el}&'ox?sd%?ﬁ%i%é?%yic{:%l&%zcl%ta&e
o RSt o PR R rfpo B UWoMd fone
compound, there is a process which comprises oxidizing an
alcohol compound into an aldehyde compound or a ketone

compound in an aqueous solution containing 90 volume % {93.1

mass %) of trifluoroacetic 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 solutioh containing 90 volume % of trifluoroacetic
acid, using a nitrite or a nitrate, is a very mild oxidation
rgaction which proceeds at room temperature. By this process,
an alicyclic secondary alcohol compound can be oxidized into
an alicyclic ketone compound almost quanfitatively. With -
this process, however, it is impossible to further oxidize
the alicyclic ketone compound obtained, into an aliphatic

dicarboxylic acid.
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In view of the above fact, the present inventors made
a study on a process for producing an aliphatic

di carboxylic acid under mld conditions. As a result,
it was found that, 5 in the oxidation reaction

conducted using a nitrite or ? nitrate in the
presence of trifluoroacetic acid, the anount of water
present in the reaction systen1had a large influence

Danclbsupeogf esBeOintrfto¥hdati on reaction. As a result
of a further study, the present invention has been

conpl Bh edied Ooflete, abdree pfaseNt the Rrd st aiiFerdfors made a
groviding a process for producing an aliphatic
SERdEr ebx§| Progesd fonppuoducing sami abhisied i i dicarbatylic
a high_yield and in a safe operation. The present
achdchRidn nildcgendbbions) os B HebulA pridcesss figund that,
ghodu0|ng an aliphatic dicarboxylic acid conpound,
e tienr W@%W%gCOW‘M’C%ﬂ figing ea pitrite or a

+ e.in the esence of trifluoroacetic acid, an
DL @%H‘& t%"éc ?SC%u h%?l%’d%ﬁmﬁféﬁﬂmﬁp i it jamount

e_conmpound, each of . which at | east one
oratRire D 1o Sifdeenetidh e tieh akman ingguence

oS UL TR APEL B v e TRoR 8, B cor
%eﬁli}et{}? %ﬁesence & vva% 3}ﬁsa|bmﬁaﬁsflstc(f)$é“(gleted

e ST b A s

for producing a Shatie

prfeidli gt trdddey ,p. d q%
al cohol co%%%un dor ?% a |cygﬁic%é' one ngg%% d compound
atda tfigh selectivity, at a high yield and in a safe
operation.

The present invention is described below.

[1] A process for producing an aliphatic dicarboxylic acid

- compound, which comprises oxidizing, with a nitrite or a

nitrate in the presence of trifluorocacetic acid, an alicyclic
secondary alcohol compound or an alicyclic ketone compound,
in each of which at least one methylene group is bonded to
the carbon atom having hydroxyl group bonde@ 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 fo 100 mass ¥ of the total of the
trifluoroacetic acid and the water.

[2] A process for producing an aliphatic dicarboxylic acid
compound according to [1], wherein the alicyclic secondary

alcohol compound or the alicyclic ketone compound is a 3- to
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12-menbered cyclic conpound. [3] A process for
produci ng an aliphatic dicarboxylic acid conpound
according to [1], wherein the anmobunt of the nitrite
or nitrate used is 0.5 to 10 noles relative to 1 nole
of the 5 alicyclic secondary glcohol compound or the
alicyclic ketone conpound. [4] A process for
produci ng an aliphatic dicarboxylic acid conpound
12emenbengd toydélic dbmsemal he concentration of the
alicyclic secondary al cohol conpound or the alicyclic
[&et one pridcessmEninhidcdididd W GcigiHat iaC idi dardb:8A i acid
60 mass W [5] A process for producing an aliphatic
compennd xytcerdging teohpbundhesenr dilyy dnodnl] ,of\hgreinitrite
the alicyclic secondary al cohol conpound is
oyl orataintsed (B O priveeb® ricrespoeediive dro dl imdlx iof the
di carboxylic acid 15 conpound according to [1],
alerel it tsrcendagy | akcoke breompuisbon the alicyclic ketone
cycl ohexanone. According to the present invention, an
CUMBRPRA | c dicarboxylic acid conpound can be produced
%ion1an alicyclic 20 secondary al cohol conpound or an

i cy%mré’ Sorfé’rc SRstiring an mldphatdicy dsdabosgilic acid
| d dit Th f th t t
oAb s WL Sdf i B e R o o
alggégéla Isnr%:ntd Qn 2 q}é}tllh%pgr{qoglu i on oca; S .of ?cetone
o RN 0T AT AN Kelane . o %”%%U W 'ed el 350

e or antrate 1 thne -"-—--=" === -

- [5] A process for producing an aliphatic dicarboxylic acid

compound according to [1], wherein the alicyclic secondary
alcohol compound is cyclohexanol.

[e] A process for producing an aliphatic dicarboxylic acid
compound. according to [1], wherein the alicyclic ketone

compound is cyclohexanone.

According to the present 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




presence of trifluoroacetic acid to produce an

al i phatic dicarboxylic acid conpound. (Alicyclic

secondary al cohol compound, alicyclic ketone 5

conmpound) In the production process of the present

invention, there is used, as_a starting raw materi al,

an alicyclic secondary al coh®l conpound represented

by the following forrmula (1), or an alicyclic ketone
PEEBBRYE lof ORF £EPROFEabYtid Cadl® £ WL 4 M HHAic

RCHOH(l) HZ~Co0 R (2) HzZ 15 The alicyclic
dsesopctey Vi@l £el@l comppenad (1) is an alicyclic

al cohol conpound wherein at |east one nethylene group

is bonded to the carbon atom havi ng hydroxyl group

bonded thereto. The alicyclic ketone conpound (2) is
(Bbhicwtl iy cdeamorkdd 0y ea boshpell nebmfairei N &l idyssic detone

net hyl ene 20 group is bonded to the carbon atom as a

5 compeanrdbf carbonyl 6 group. Incidentally, two

met hyl ene groups may be bonded to the both sides of

t he cHr dde amafuetion Dnarens lofyridep prssreddd intwendtion,

or of the carbon atom as a nenber of carbonyl group
there, et tafe 4 ovhanbing mawmetenialR jan aljicrgldsn

| i phati r . R i val en i phati r

sékﬁﬁqégy(gf%éﬁgi comézéhé)ré;ézgeéied)g¥ é%éléggiowing
formula (1), or an alicyclic ketone compound represented by

10 the following formula (2).

//’n\\CH-OH

R i (1)

\\\_//CHZ

7 c=0

R | (2)

\\\_//CH2

15 - The alicyclic secondary alcohol compound (1) is an
alicyclic alcohol gompound 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

20 group is bonded to the carbon atom as a member of carbonyl
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preferably 1 to 10, nore preferably 2 to 4 carbon
atons. The aliphatic group R may be a straight chain
or a branched chain. The aliphatic group Ris
preferably a straight chain, 10 particularly
preferably a straight chain of 4 carbon atons. Wen
the aliphatic group R has 4 carbon atons, the

di carboxylic acid obtained is adipic acid which is
gredpst rirtiden gy Antwa methywnigfdwis iy Md ®onded to
O, the aliphatic group Ris preferred to have a 15
thbeahethssidesaofothei catbynaatowilcdving hydgoxnergodup
shows a symetric structure. Wen the aliphatic group

‘bpnded phepebpchrspfatha pashbeoiomie) as ahmehbeiheof i cmrbonyl

t hereof shows a symmetric structure, the dicarboxylic
98EHH- obt ai ned by the present reaction is a single
compound of high purity. 20 As to the alicyclic
secontfar§Agh cohothe ohpemwtag 101 brand he2 by iRyis ix bivalent
ﬁeton , compound (2), there can be selected a conpound
a %\Bﬁliﬁl% QWP calR &t Fothirv@ ti¢ @Faupe having

165t
oELRERly o 50 fed B 2 6L DA 0 e
EFRTO W | ARV ST i F A ot
vl U6 80005 A LSBTyl
p%ﬁ%ﬁ% %f%%%’%gﬁ}n%ﬁtbﬁl 1 agilxrg gt%f]o P@@Arbon atoms.
i S 4 Wls Mg, e
A LRI 10 | RhiEX At a1 s dTBE N ARl PR @ Uhich s
industrially important as a raw material for nylon.

Cr, the aliphafic group R is preferred to have a
brandh(s) at a position(s) at which the ring thereof shows a
symmetric structure. When the aiiphatic group R has a
b;anch(s) at a position(s) at which the ring thereof shows a
symmetric structure, the dicarboxylic acid obtained by the

present reaction is a single compound of high purity.

As to the alicyclic secondary alcohol compound (1) or

- the alicyclic ketone compound {(2), there can be selected a

k 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 restriction.

As the alicyclic secondary alcohol compound usable in
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di met hyl cycl ohexanol , 3, 5-di net hyl cycl ohexnaol , 3, 3, 5-

tri met hyl cycl ohexanol, 2-nethyl cycl opentanol, 4-

net hyl cycl ohexanol , 4-tert-butyl cycl ohexanol and the
like. As the alicyclic ketone conpound, there can be

10 nentioned 3- to 12-nenbereﬂ cyclic conpounds such

as cycl opropanone, cycl obutanone, cycl opentanone,

cycl ohexanone, cycl oheptanone, cycl ooctanone,
thgcppaseatonayvefiyibAjeeREPECcanCHE! AUNEEEAEENS- to 12-
cycl ododecanone, 2-nethyl cycl ohexanone, 3-
meBbiykdy ciyoheraconpoudds- gucrt Ayl eyelopespanse, Sydldbutanol,
15 trimet hyl cycl ohexnaone, 2-ethyl cycl hexanone, 4-
cgchopenthnhédxaapadohéxardhy| cyclopeptanohe, cdelooctanol,
met hyl cycl ohexanone, 4-tert-butyl cycl ohexanone and the
CYFk@nonﬁnPhesﬁyalpdygan@lsecwﬂueuydatamhbl cyeboiedscanol,
and alicyclic ketone conmpounds, preferably used in
2r'ﬂ%tBYé%ﬁiLoh%ap%duétlﬂ%th}bl@tfé%@hax@nohosé Showi ng a
d%%nnEtr'C nol ecul ar structure, that is, alicyclic

%Bmﬂ%w%%%mm%on%oﬁnwe’slwacml@%xw pa?m? 5-
e 16ﬁ%i)ano cIo ent anol_, _ cycl ohexano
E%B FERbpbS f;we? oct RIIYAGEPLORARERROL . 4-
I d I | odod I 4

% IIS%%II% S S DY EORREARE) endh o v
Ilke d etone co ound ch as
cycl oprgﬂé Y% ‘I’ ‘i‘pe effofian be

I I
%E%Z%"SE% g °3feﬂa§%l%%h?%c8€ri Jomich as

%ﬁ%@%an%e SRR, o‘%ﬁ%ﬁ%&%%%’n Y PRsenone.

cyd¥shepWaniShdd c?f&fb afdifse . Site 2 &M odecanone,

mat eri‘al conpound, e reactlo

_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, cyclononanol,
cyclodecanol, cycloundecanol, cyclododecanol, 4-

methylcyclohexanol, 4-tert-butylcyclohexanol and the like,

- and alicyclic ketone compounds such as cyclopropanone,

cyclobutanone, cyclopentanone, cyclohexanone, cycloheptanone,
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5 product obtained is a single conmpound. (Nitrite,
nitrate) As the nitrite and nitrate used in the
present invention, there can be used conpounds
avai l abl e industrially 10 or as a reagent, with no
restriction. As specific exanples of these conmpounds,
there can be nentioned, as the nitrite, sodi um
nitrite, potassiumnitrite, lithiumnitrite and

cgclvectanbdnetl ecyésohbtiwandhé At €yclb@éCatdie Pecycloundecanone,
menti oned, for exanple, 15 ammoniumnitrate, anmoni um
cyelododecanane, &imbthyloyélohexangmd assétethyidydlchexanone,
sodiumnitrate, cesiumnitrate, nickel nitrate
4stentrbntvilcyalehexanome i amd nthe alitke si IByensdiinty &beh of
zinc nitrate, copper nitrate and lead nitrate. O
thegeccampeunds amdanfavw auaterhpal t coweund, pikd ereaetion
20_are nitrites such as sodiumnitrite, potassium
PreEuet cobtained b8 ne t9ingle seompoundirite and the
i ke. Since these conpounds form nitrogen nonoxide
cation having a high oxidation power in the reaction

OB EEFER s ATES2ESh Conpound at a high 25 yield. The -

Gopertf nPt S A atad el e mresept
PEHELOLE eI ol Yo i e L ey
OIBL%%SIZ? atl o%vwvgsﬁclg%p? %;ﬁ%f;é’ﬁﬁg.?:?g} ef htehe

pref efd e AY anidiedidd it s JUnddiifis, 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,lsodium 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
yield.

The amount of the nitrite or nitrate used differs

depending upon the atmosphere of the reaction and therefore
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5 used is ordinarily 0.5 to 10 nols, particularly 0.7
to 7 nols relative to 1 nol of the alicyclic
secondary al cohol or alicyclic ketone conpound used
as a reaction raw material. (Trifluoroacetic acid)
The' trifluoroacetic acid used in the present
invention 10 functions as a feaction catal yst and

al so as a solvent. There is no particular restriction

caf hetthe §@PU£"E 8f givdd | LOrORCEH R d W% a small

However, a snall amount results in a reduction in the

ajibehd, théxbﬂﬁaaﬁibﬁ ePE4d O o NkhPal RS0 ced®y Mnd, with an
requires a conplicated post-operation. Therefore, it

edlessips chmotintl, e post o BMERin CL R ddinp Bi¢iagl SO
that the concentration of alicyclic secondary al coho
ToengbHomnel, othe ghrefetriad kahoumet cafpkhs chbace sor nitrate
ordinarily 0.05 to 60 nass % preferably 0.1 to 30
used sisoofdbnan fhese . § el uk® mdls hepaprieisantariwentd dro 7 mols
lies in 20 that, in oxidizing an alicyclic secondary
relabhot ©0 hrmok o€ yihe aldayrbiaisdcendany ialcahola or
nitrate in the presence of trifluoroacetic acid, the
aml%fkm@ gprereind jypathas rexadwii ey stawnnaterial .
i%?—at 5 mass % or less relative to the total anount
yReeacstig ag¢id) uoroacetic acid and water. 25
V\henr_ﬁlHae wat er amount in the reaction systemis nore

t han 9%“%@%@ Fgdhin da |Hﬁ?5@f’d'c d@yention
a.__ketone and stops at_this point, nmakin

f‘}’}Fp“-o’s%fmeaes tao ER PSR R AR R (L4R o ogAlvent
o0 AP i Sl PR LS o of
tﬂﬁfﬁﬁ%%é%égtfﬁlégfﬁa §gHth°%EV%%Eer small amount results
in a reduction in the yield of oxidation reaction and a large
amount requires a complicated post-operation. Therefore, it
is preferred that trifluoroacetic acid is used so that the
concentration of alicyclic secondary alcohol compound or
alicyclic ketoné compound becomes ordinarily 0.05 to 60
mass %, preferably 0.1 to 30 mass %. |
The biggest feature of the present invention lies in
that, in oxidizing an alicyclic secondary alcohol or an
alicyclic ketone with a nitrite or a nitrate in the presence
of trifluorocacetic 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 amount in the reaction system is more
than the above level, the oxidation reaction proceeds to a

ketone and stops at this point, making it impossible to
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tends to require a larger anmount of a nitrite or a
nitrate. 5 Meanwhile, tinme and | abor are needed in
order to nmake the reaction system water-free.
Therefore, in the production process of the present

i nvention, the anmpbunt of water is preferably 0.001 to
3 mass % nore preferably 0. to 1 mass %in view of
the efficiency of oxidation reaction and 10 the tine

oBBdihabAr al 9phaLIBVA cRFbIRY BIc f 4610 I S b Y SYSt£Good
In the production process of the present invention,

yietlact inm efdetiy dchiRAfy d Werdtha L WHAICiSAEYNAR the
al cohol or the cyclic ketone as a raw material or for

oxhdahioni teaotionj t thé eppesatic®Xofli & i T@rFge rdmowritl dfhevater
water contents in 15 these conpounds are extrenely | ow
tehds therequire uscliaxger ramgemt sobra cobtmeits adr a nitrate.
products avail able as industrial raw materials.
Mgaervkibee, time andctabef ate needed ishiatder taanakedthe
fromthe conpounds, on the water anount of reaction
regction | systemhvatertfneey, Thexefiore,udnoibet prodaiction
when a 20 reagent or a commercial product available as
PLRCeH7 QT r the PreseiatiRventien yskte targwitorof sier nis

| ess than 3 mass % of water ordinarily and | ess than
puetRRably o AGLito heass i « HOTR GRRRESGIPI dbels G 1
od 08 768 Bloy B VHd Peebds el S8 BHEFILEL i pstifon ana
o EHRE, B8 YA Sl o S S apotdmpupreton.

et ot e AR, IR e snvention,
reduction of water is easy for the cyclic secondary alcohol
or the cyclic ketone as a raw material or for the nitrite or
nitrate as an oxidizing agent, and the water contents 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 trifluorocacetic acid, when a
reagent or a commercial product available as an industrial
raw material is used therefor, contains less than 3 mass % of
water ordinafily 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, dehydration may be conducted as necessary by a

known method.
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tenperature. However, with a high reaction
tenperature, the 5 oxidation reaction becones viol ent
and the reaction system tends to reach a dangerous
state. Wth a |l ow reaction tenperature, the reaction
time becones strikingly long. ., Therefore, the reaction
tenperature is preferably théunelting poi nt of
trifluoroacetic acid to 604C, particularly 10
preferably O to 402C. The reaction tine differs
dependi ng upon the kind of the alicyclic secondary
(Reaochabncoopaibflons) al i cyclic ketone conmpound used,
and al so di ffers dependi ng upon the kind and anount
of thEhererisenorparttiahbabsessti-omemsi  asd heo reaetiedction
15 time is ordinarily 0.1 to 30 hours. The reaction

- tempebatuner i dibwaremndertany hifghnoreamition dsspeasature, the

reduced pressure or applied pressure. The reaction
ogd@abior areactiont beoemes| yiohenheapt estem ceeadt oy gerstem

(e.g. oxygen or air) but also in the presence of
tendrttoaséeh 2 dangexewyentate goWidh @arliooh ndiagtiio) .

However, the reaction in the presence of oxygen tends

tempeLaturde tRe F@Rchionitimg (hegamey shrikinglndlong.

further shorten the reaction tine. Odinarily, the .
ThEERTPTh | ST AT QU LTPeTRE YRS 157 REPTRRAlbh the melting

S T R A

i 4 on araw material is oxidized into
_p%f%% té(gé%ifoaﬁ'oxyl ic acid 12 conpound accordi ng

to t*ﬁhé‘%éé&%i&h'f%%%‘d%kéé%é“&éﬁendi%é‘ﬁﬁon 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 presence of oxygen (e.g.
oxygen or air) but also in the presence of inert gas (e.g.

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
alicyclic secondary alcohol or alicyclic ketone as a raw

material is oxidized into an aliphatic dicarboxylic acid



R CHZ (1) NO2 or NO3 or HOOC-R-COON CF3000H ~C=O R I
(2) HZ 5 As described above, in the above reaction
formula, Ris a bivalent aliphatic group. The Ris
preferably a bivalent aliphatic group having 1 to 10
carbon atons, which is a stﬁﬂight chain or has a
branch at a position where thé ring 10 thereof shows a
symetric structure. As to the method for isolating
camgopndi &gtogdang Bbi phét £61 Down§oryhd€ide i fotmmmepund
fromthe thus-obtained reaction product, there is no
particular restriction, and a known nethod can be
used. 15 For exanple, after the conpletion of the
reaction, trifluoroacetic acid (which is a reaction
solvent) is__distilled off under reduced pressure, at
roomtenpgrattive. Then, to the residue obtained is
added anRaqueoﬁg'g%lgéion cont ai ni ng 5% of sodi um
hydrogenca%ggpﬂﬂg td*dbtain an 20 aqueous basic
sol ution. reafter, extracti%n is conducted using
met hyl ene chl oride to renovdNG:heri@ani c sol vent -
sol ubl e confbnents. To the aqueous squtVbnkggﬂ%ﬁﬁggoH
is 13 added_10% hydrochl ori &F&3@t o make the aqueous

sol ution c=0

R | {2)

A

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

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 festriction, and a
known method can be used.

15 For example, after the completion of the reaction,
trifluorocacetic acid (which is a reaction_solvent) is
disfilled 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

20 aqueous basic solution. Thereafter, extraction is conducted
using methylene chloride to remove the organic solvent-

soluble components. To the agueous solution obtained is
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acidic. Then, water is distilled off under reduced
pressure. Thereafter, an aqueous ethyl acetate
solution is added to the residue obtained, to

di ssol ve the residue. Insoluble 5 conponents are
renoved by filtration and thgsfiltrate IS subjected
to distillation under reduced®pressure, whereby can

be obtai ned an i ntended aliphatic dicarboxylic acid
adaapound. hfaeoehl 8- 18dadld Ph@tmakdi €8¢ basYd b6s a6 Thifon
a single conmpound when there is used, as a raw
aoh@ecl alTher, ardtase!is dild iSacm GaTy wdeh Hedu@Edo piéssure .
or an alicyclic ketone conpound, both having a

. Thgneefter, nahecaghasustetioylir&cetate sl wsioni s ddied to the

conventional known nitric acid oxidation process, a
rpsiduei ochtainedf f bo edissdlphathe veshidboxyllinscdabdse

are fornmed. In the production process of the present
COHpeRER bR, aus remeeed sbnofblisatinn aand ott fDltesten is

plurality of different aliphatic_ dicarboxylic acids
subjecked te @hathbllbgkben funder credicedpppasere., whereby can
bgroduction process. Incidental |y, the production

rORERLNSY ameinterdef alirhaklefieartRxabif ialttgompound.
R DL e A
o BhASHE LR A EEL AETRERY S S ifovene
seinadly SRR Rofhalia s o SaHE diis Forhoun.
bcgegggf%\?ﬁlaq r%e%&'ingevsvﬁllitf 'ﬂbvﬂgdﬂk isstr({lecil:qfé).ed In contrast, in

IC
the conventional known nitric acid oxidation process, a

plurality of different aliphatic dicarboxylic acids are
formed. 1In the production process of the preseﬁt invention,
there is no substantial formation of a plurality of different
aliphatic dicarboxylic acids and this is the biggest feature
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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by way of Exanples. However, the present invention is
in no way restricted by such Exanples. Exanple 1 In a
50-nl eggpl ant type flask was placed, as an 5
alicyclic secondary al cohol conpound, 100 ng (1 mol)
of cycl ohexanol (speci al grgge chem cal produced by
Wako Pure Chem cal |ndustri ltd., water content:
100 ppmor less). Thereto was added, as a solvent, 5
byl way ofi ExanpDeset Howabial, (IRCPrIjsegradavehedonalis in no
produced by Wako Pure Chem cal 10 Industries, Ltd.,
wayr réytro8tedrbyoswch vilkatipasni ent: 0.1 nmass % to
di ssol ve cycl ohexanol. Dry air was bubbled into the
Exampleiotoacetic acid solution in which cycl ohexano
had been dissolved, for 15 mnutes wth ice-cooling.
Then, In her¥0vek eggpdntistype gk ivas pl3geady (@& an
mol ) of sodiumnitrite (special grade chen ca
abiewetite sscondarpiaicadmeh eeampaulist¥9Gk g | ¢ld nmol) of

Stirring was conducted for 30 mnutes in this state

CYmteReEnok of sehibik Irade JheRiRAle PRAdUGHSNDY Wako Pure

tenperature to give rise to a reaction. After the
C‘a‘%ﬁ%%f iﬁi&%t%wqéﬂiomﬂ% ontaRtGr (4GP @pm or less).
trifluoroacetjc.acid was distilled off_ at rgom

TR dfaf & IR Ptes it M F FRiHLuoRRaretis acid
g £ AL USRI SR o e S R
T ESAE | fifd oS [ﬁ]q#i?tgq:%%et%mn%}seqbtv%neﬁ:?ic%nﬁn%gxs%%o%s. 1

asl ¢ 'sol‘uth on. ueous I'C

jct j ' t hyl hl ori d 15
met) R N S T oY al'e. The. et hyi ene
chl orgrde A48S Wifd hodi¥a MBI THESH NG AR tic 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 nitrité {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 trifluorcacetic acid was distilled off at room
temperature under reduced pressure (30 mmHg). Then, to the
resulting residue was added an aqueous solution containing 5
mass % of sodium hydrogencarbonate, to dissoive the residue,
whereby was obtained an agueous basic solution. This aqueous
basic solution was subjected to extraction with methylene
chloride (15 ml x 3) to extract unreacted materials. The

methylene chloride was dried over magnesium sulfate and




|
|

10

- 15

20

15 distilled off for exam nation of the presence of
cycl ohexanone. However, no cycl ohexanone was det ect ed.
To the remai ni ng agueous sol ution was added 10%
hydrochloric acid to make the solution acidic. Then,
water 5 was distilled off under reduced pressure. To
the resulting residue was add@d 30 n of ethyl acetate
for dissolution. Mgnesiumsulfate was added to the

d&gﬁﬂlléagoffhfbraéﬁﬁﬂiﬁat§9ﬁu&fOﬂhéf?régéﬂgg of Ne

magnesi um sul fate was renoved by tration and the

circllbhek&nsns . S Hywsiad tiy dﬂyﬁildﬂe@idn@hel%d@@’tected
reduced pressure to renove ethyl acetate, whereby was
obt ai Pedtid oremaiyind daqiédid €dlution was added 10%
1, 4- but anedi carboxylic acid. Exanples 2 to 7 An
hygreahionigeacidntioataike | thé heo baonbdedi@s iThen, water
Exanple 1 except that sodiumnitrite was replaced by a
wag distiltlbedrofif tunder shedweed pidEsude. TiTe mieuliesulting
are shown in Table 1. Table 1 Exanple Nitrite or
refidee ovas cadded 30 mbtedrethyl aeptdtedfor dissolution.

qui val ents) dicarboxylic acid (8) cycl ohexanone (%
ég ia %@e

BB fitFate a3 added o Ihw wesilting ¢uhybacHate
Po aSS|un1n|tr|te 100 0 5 Sodiumnitrate (2) 84
u FXinde e) mggnegium pylégdieymas removed by

f{H é%f%éfané'(he ffitrate 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 or 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 acid (%) | cyclohexanone (%)
2 Sodium nitrite (5) : 100 2
3 Sodium nitrite (1) 69 ] 25
4 Potassium nitrite (2) | 100 0
5 Sodium nitrate {2) 84 0
6 Sodium nitrate (5) 100 0
7 Potassium nitrate- (5) 100 0

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

Example 2 except .that cyclohexanol was replaced by an




"Exanpl es 8 to 23 An operation was conducted in the

same manner as in
was replaced by an 16

compound or an alicyclic ketone
in Table 2 as a raw nateria

are shown in Table 2. 5 Tablg
No. tinme (yield %

conmpound Reacti on Product

onpound.
2 Exanple Raw materi al

Exanpl e 2 except.that cycl ohexanol
alicyclic secondary al coho
compound, both shown

The results

(hr) 8

aCyciobiitasatohddry- ElBoR6eTi €amboxyd | 6r agh dal{dBic ketone

Cycl opent anol

12 1, 3- Propanedi car boxylic acid (85)

cGyppbupdnt hatheshidon iN Tyslohzpisnd|rdw material compound.

1, 5- Pent anedi car boxyl i ¢ aci d

(80)

Cycl ohept anone

The8regultycavecshowh tn ITé@bexanedi carboxylic acid

(94) 12 Cycl odecanol
(98) 13 Cycl ododecanol
acid (90) 14 4-Methyl cycl ohexano

but anedi carboxylic acid (1Bahle 2

5 1, 8-oct anedi car boxylic acid
10 1, 10- Decanedi car boxylic
5 2-Methyl -1, 4-

Example | Raw material compound Reaction Product
No. time {yield %)
{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-hexanedicarboxylic acid
(94)
12 Cyclodecanol 5 1,8~octanedicarboxylic acid
(98)
13 Cyclododecancl 1o 1,10-Decanedicarboxylic acid
{90)
14 4-Methylcyclohexanol 5 2-Methyl-1,4-
butanedicarboxylic acid (100)
15 3-Methylcyclohexanol 5 2-Methyl-1,4-
butanedicarboxylic acid (60)
l1-Methyl-1,4-
butanedicarboxylic acid (30)
16 4-Tert- 5 2-Tert-butyl-1,4-
butylcyclohexanol butanedicarboxylic acid (92)
17 Cyclobutanone 5 1,2-Ethanedicarboxylic acid
{100)
18 Cyclopentanone 5 ], 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 1l,6-Hexanedicarboxylic acid
(98)
23 4-Methylcyclohexanone 5 2-Methyl-1,4-
butanedicarboxylic acid (100)
Example 24

In a 50-ml eggplant type flask was placed 100 mg (1
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15 3- Met hyl cycl ohexanol 5 2-Methyl-1,4

but anedi car boxylic acid (60) 1-Methyl-1,4-

but anedi carboxylic acid (30) 16 4-Tert- 5

2-Tert-butyl -1, 4- butyl cycl ohexanol butanedi carboxylic

acid (92) 17 Cycl obutanone 5 1, 2- Et hanedi car boxylic

acid (100) 18 Cyclopentanoné75

1, 3- Propanedi carboxylic acid (95) 19 Cycl ohexanone 5
mho#) Byt apedi 6RELANY] i (:s_@eeﬁ%i 1%38%13 g%éﬁ{féé’f PSR Sy

1, 5- Pent anedi car boxyl 1 ¢ aci

- wékdePhrOUtNERYELD- TRAds TR s PULYA . 4s §@X§iiﬁg?lic
none

but anedi carbxylic acid (98) 22 Cycl oocta

séconiiexangliceRo Doxyhpourd| d THABt A2 %as added, as a solvent,
4- Met hyl cycl ohexanone 5 2-Met hyl -1, 4-

- 5ol aof dtchaf boaybacetitt dacidO) spdxbap| grade | cheémbdhIproduced

eggpl ant type flask was placed 100 ng (1 17 nmol) of

by yRakh eRane| Cliepicah| Indasier tdeni Tad . prmeciciey: H8% wakanore )
Pure Chem cal Industries, Ltd.) as an alicyclic

Lo cdbpeelve afyohotexampbun @xyTieer etas habbdededntas a
solvent, 5 m . of trifluoroacetic acid (special grade

t§#§;ﬁqg9a%@5@@c@gnd for 15 minutes with ice-ceooling. Then,

there was added, as a nitrite, 69 mg (1 mmol) of sodium
nitrite (special grade chemical produced by Wako Pure

Chemical Industries, 1td.). An oxygen 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
trifluorcacetic 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 aqueous 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 agueous
solution was added 10% hydrochloric acid to make the solution
adidic. 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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5 by Wako Pure Chemical Industries, lItd., purity: 98%
or nore) to dissolve cyclohexanol. Oxygen was bubbl ed
into trifluoroacetic acid for 15 mnutes with
ice-cooling. Then, there was added, as a nitrite, 69
ng (1 mml) of sodium nitrite (special grade chem ca
produced by Wako Pure 10 Chemical Industries, Itd.).
An oxygen balloon was fitted to the flask, and
removed nigy WBs1 toatileh eghd otha3CE 10 txtH s WAl ddtejectaid to
roomtenperature for 4 hours and 30 m nutes. After the
ditsbpl batibon oindde reqoted prddmarm| o itenofe ethyl acetate,
trifluoroacetic acid was distilled off at room
whenehy aras cobidinedel 45 auy cleri givdes s28%) (ED Inndg) .
Then, to the resulting residue was added an aqueous
batanediradhory ke sa0ddf sodi um hydrogencarbonate. To
t hi s agqueous basic solution was added nethylene
Comparative iBxapple 33 to extract unreacted naterial s.
The col | ected net hyl ene chl oride was dried over )
magnddt ARFREAT fas qrrduAtadk Idh the damga dannay [@sedn

S 3 R At
mairb o TSRO Cirihaged Y 45 (RP U Sk Lo en,
ofRendify g et £ ol el 0° it BT ol acta
and ehdt SR dBORRY HRRY e o s d e L got®
r%%ﬁ?%ﬁﬂ u”h%“hfﬁhguﬁﬁﬁ A8 86?g9¥3?8?¥|ﬁ%bkéﬂhganB?BQuCt) was

trate was subjecte ion und

f C e WaS
oS PSR BIIYG Mo L Bt

recovered quantitatively.
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but anedi carboxylic acid. 5 Conparative Exanple 1 An
operation was conducted in the sanme manner as in
Exanpl e 1 except that trifluoroacetic acid containing
0.1 nass % of water was replaced by an aqueous
solution containing 93.1 mass % (90 vol une % of
trifluoroacetic acid 10 and tfat cycl ohexanone was
used as a raw material for reaction. As a result, no
adi pic acid (intended prodpgglk)ymuas obtained and
cycl ohexanone used as a raw material was recovered
guantitatively. 19 dains 1. A process for producing
an aliphatic dicarboxylic acid conpound, which
1 coNpPra gesodpd sl fom Groliddimy Hd rdlipheit it 9ikidrbakgliie acid
the presence of trifluoroacetic acid, an alicyclic
comonddy ywial o hedmponingesu rekiali aime,| ivciytd iac nderdnte or a
compound, in each of which at |east one nethyl ene
nigeraipe | B bl qekasendeh @ f drbicilwimmadehiion gdiydr ey lalicyclic
group bonded thereto or the carbon atomas a nenber
Sefoncaio A cargumonpvamgl o e Bl iayadiicoketone compound,
conducted in the presence of water of 5 nass % or
in aach afwhich ot deaats oo grethydanst groyp dise bonded to
trlfluoroacetlc acid and the water. 2. A process for

SRFRMY 3hPTBHAT OYdReFHogRUP mr@edcmm or the

according to Claim1, wherein the alicyclic 15
ot g a%aqale“@aﬁamaabq%l FHapo| MBS Ebe

SR Y el ST B BB s B ¢ ox
less relative to 100 mass % of the total of the
trifluorocacetic 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 compbund
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
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 alicyclic
ketone cdmpound 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




conmpound according to Caim1, wherein the anount of

the nitrite or nitrate used is 0.5 to 10 nols

relative to 1 nmol 20 of the alicyclic secondary

al cohol conpound or the alicyclic ketone conmpound. 4.

A process for producing an aljphatic dicarboxylic acid

conpound according to Caim X’ wherein the

concentration of the alicyclic secondary al coho
s685HQHY @10&&81aé6@y nd 29 &fLDieexaigound in

trifluoroacetic acid is 0.05 to 60 mass % 5. A
6 pr ocex spiede P OEHIE | pibd@icBld RYatA i phopi d @ddrbad§ild c acid

compound according to Claim1, wherein, the alicyclic
c@fipourd cacksyd g obw| CToim LN whSreme | ﬂhﬁﬂ]ﬁycﬁ.c Aetone

process for producing an aliphatic dicarboxylic acid
comppand di s ccyectomegxramond ai m 1, wherein the alicyclic

ket one conpound i s cycl ohexanone.



