PROCESS FOR PRODUCI NG OXI 1E BACKGROUND OF THE
I NVENTION Field of the Invention 5 The present
invention relates to a process for producing an oxine
by an ammoxi mati on reaction of a ketone. The oxime is
useful, for exanple, as a raw material of an am de or
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26 An object of the present invention is, therefore,
to provide 1 PROCESS FOR PRODUCI NG OXI ME
Description of the Related Art

10 As one of the methods for producing an oxime has been known

a method of ammoximation reaction of ketones by ueing a

titanosilicate as a catalyst. For example, Jp-A-62-59256

discloses an ammoximation reaction by using a titanosilicate

having MFI structure (Titanium Silicalite TS-1) as a catalyst,

15 Also. WO 03/074421 discloses an ammoximation reaction by using

a titanosilicate having MWW gtructure as a catalyst.

SUMMARY OF THE INVENTION

However, in the method digclosed in the Jp-A-62~59256,

90 due to insufficiency of the catalytic performance, a oconversion

of the ketone or a selectivity of the oxime is sometimes

unsatisfactory. Also, the method disclosed in the WO 037074421

he
48 not sometimes satisfactory in terms of the cost, since t

proéass for producing the catalyst 1s lengthy and conplicated.

25 An object of the present invention is, therefoxe, to provide

1




BACKGROUND OF THE I NVENTION Field of the Invention 6
The present invention relates to a process for
produci ng an oxinme by an ammoxi mation reaction of a
ketone. The oxime is useful, for exanple, as a raw
material of an amde or a lactam Description of the
Rel ated Art 10 As one of the nethods for producing an
oxi me has been known a method of anmaoxi mation
reacti on of ketones by using a titanosilicate as a
catal yst. For exanple, JP-A-62-59256 discloses an
ammoxi mat i on r eact iPROCESSUBPR gPROAYGRNH OHIME, ¢ o
having MFl structure (TitaniumSilicalite TS-1) as a
catalyst. 16 Al so, WO 03/074421 di scl oses an

ammoxi mation reaction by using a-titanosilicate
havi ng MAWV st r uct uBACKEROUNR @F yEHE EVRWRRONO- THE

| NVENTI ON However, in the nethod disclosed in the

JP- Ri&245825the IGremtdorio i nsufficiency of the

catal ytic performance, a conversion of the ketone or
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unsati sfactory. Al so, the nethod disclosed in the NO
03/ @f44Rime ity i ammomination atéasitdonorf arketons. ofhe oxime
the cost, since the process for producing the

cat as\idefil | fogeRkamplel, asmtiwmatdridb oframspide oxfa lactan.
the present invention is. therefore, to provide 1 a

process for producing an oxinme at a high yield and | ow
cost by carrying out an ammoxi mation reaction using a
cat pegeriptibsof the Related Art
10 As one of the methods for producing an oxime has been known
a method of ammoximation reaction of ketones by using a
titanosilicate as & catalyst. For example, JP-A-62-59256
discloses an ammoximation reaction by using a titanosilicate
having MFI structure (Titanium Silicalite TS-1) as a catalyst.
15 Also, WO 03/074421 discloses an ammoximation reaction by uslng

a titsnosilicate having MWW structure as a catalyst.
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However, in the method dieclosed in the JP-A-62-59256,
20 due to insufficiency of the catalytic performance, a gonversion
of the ketone or a selsctivity of the oxime ie sometimes
unsatisfactory. Also, the method disclosed in the WO 03/074421
ig not sometimes satisfactory in terms of the cost, since the
proéas for producing the catalyst is lengthy and complicated.
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has an excel |l ent performance and can be produced
advantageously in terns of the cost. 5 The present

i nvention provides a process for producing an oxine
by an anmoxi mati on reaction of a ketone with a
peroxi de and ammonia in the presence of a
titanosilicate that shows the x-ray diffraction
pattern having peaks at the follow ng points in a
chart of lattice spacing: 10 lattice spacing d (A):
13 20.6, 12.30.3, 11.0*0.3, 9.00.3, 15 6.8x0. 3,

gigcgss ForrPrbdudifly sh ¥xikhe AtCHlighgyteldhend Jow cost
sent 1 nvenfion, an oxime can be 20 produced at a

'HFQ&W& 56 ah GimeRS s BY ofi rsAEER b ERiingna Basalyet, which
of a ketone. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1
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The present invention provides a process for producing
an oxime by an ammoximation reaction of a ketone with a peroxide
and ammonia in the presence of a titanosilicate that shows the
x-ray diffraction pattern having peaks at the following peints
in a chart of lattice spacing:
lattice spacing 4 (A):

13.220,6,
12.320.3,
11.0x0.3,
5.020.3,
6.820.3,
3.9x0.2,
3.§=0.1, and

3.4=0,1.

According to the present invention, an oxime can be
produced at ahigh yield and low cost by an ammoximation reaction

of a ketone,

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a chart showing the x-ray diffraction pattern

of the titanosilicate (Ti-MWW precursor) produced and used in



titanosilicat.e
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t he case

Fig. 2 is a chart showing the x-ray diffraction
pattern of the titanosilicate (Ti-MAWN produced by
calcining the titanosilieate (Ti-MW precursor)
produced in Exanple 1; and 5 Fig. 3 is a chart show ng
the x-ray diffraction pattern of the titanosilieate
(TS-1) used in Conparative Exanple 1. DETAILED
DESCRI PTI ON OF THE PREFERRED EXAMPLES A titanosilicate

to

be used as a catalyst for the 10 annoxi mati on

regct | in the present invention is a crystalline
i ety B

as
it
on|

i'cate containing titanium silicon and oxygen
el e'ﬁgs ¢ mﬁ%haﬁttmoﬂ@l ehenx-1ayl diffractios pattern
may iciude " those having a skel eton composed of
0si11bse8 ER-MMNY groaanddabyocehobuing the

ha9¥ngh%aésyk%q‘ﬂeton conposed of titanium 15 silicon and

gﬁ%@ﬁﬁﬁii&%ﬁteﬁiﬂthﬁﬁ Sheiiizor ) Spebdused diro Rxample 1; and

fum iron and chrom um The

3 LUSREMd Rhaeciknpay difdaction pattern

granul es W pelig,g%(s Wwth or without a binder, or may

be

ti ﬁggp}'\%-‘égygoehtﬁ%c‘i%oﬁkeﬂ) Olsed SiipOomparhtivacExanple 1.

e content of titaniumis 20

preferably 0.0001 or nore, nore preferably 0.005 or
nore, and preferably 0.1 or less, nore preferably

0.05 or |ess 2 ﬁéa%“{'@ﬁ QO GuE PREPRRRED /ENAMPLES

ano icate conprises other

el erent (3)  Desl o8 Al el Tha S 6 Ay W butbuagen, Zotehe

10s; |
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is generally 0.05 or less

and 25 @géggeﬁﬁg'ig% 5 thEpSeinfiaVeatishiie & erystalline

titanosilicate containing titanium, gilicon and oxygen as
elements composing the skeleton, and practically it may include
those having a skeleton composed of only titanium, silicon and
oxygen and algc those having a skeleton composed of titanium,
silicon and oxygen as well as other elements such as boron,
aluminum, gallium, iron and chromium. The titanosilicate may
beusadwithbeingformed1ntogranulesorpelletswithorwithout
a binder, or may be used with being deposited on a support.
In the titanosilicate, the content of titanium is
preferably 0.0001 or more, more preferably 0.005 or more. and
preferably 0.1 or less. more preferably 0.05 or less by atomic
ratio to silicon (Ti/Si). In the case where the titanosilicate
comprisesotharelemant(s)besidestitagium,siliconandoxygen.
the content of the element(s) is generally 0.05 or less and

preferably 0.02 or less by atomlc ratio to silicon. Oxygen may

3



exi st in accordance with the contents and oxi dation
nunbers of the respective elenents other than oxygen.
The typical conposition of such a titanosilicate can
be shown by the following fornmula on the basis of
silicon (- 1). 5 SiCa-xTi GzytOn/z wherein M denotes at
| east one el enment other than silicon, titanium and
oxygen; n denotes the oxidation nunber of M x is
fromO0.0001 to 0.1; and y is fromO to 0.05. The

tit anos:_!clgia?ﬁagogﬁtggpgﬁiﬁ?th%&mwﬁﬂbﬁiﬂumbnm‘mms of

h OWm ng points in a chart of

lattice spagin NGiS{axO¥hhni Bxirgén x- The typical
di?#?zﬁﬁﬁd%#iﬁggtsgﬁ;éﬁﬁﬁ ti#gnos?liggte t hat shows -
such speci fic Xx- ' | ik telSes 196 Bhown by dbe|fmddowing
iﬁ?ﬁﬁ%?%%%ag%f&éﬁﬁ%ﬁh as a catalyst in the
amoxi mation [eaction o = fhat is, excellent
15f?¥f"‘b1§:cﬂ’f\/é:5’§i gﬂsgf ?%eﬁki%dr%gqandba sel ectivity of
t he oxi ne. Iat%%%gfafacing d (A 13.20.6, 12.30.3,

511. 0x0. $1%20*810¥3 V8. 80.3, 3.90.2, 3.50.1, and

3'£8é%éin M depotes at least one element other than silicon,

titanium and oxygen; n denotes the oxidation number of M; X is
from 0.0001 to 0.1; and ¥ 1s from 0 to 0.05.

The titanosilicate to be used in the present invention
has peaks at the following points in a chart of lattice spacing
d (A (angetrom)] in its x-ray diffraction pattexn. The
titanosilicate that shows such specific x-ray diffraction
patteruisexcellentintheautivityandsalectivityasacatalyst
in the ammoximation reaction of a ketone, that is, excellent

in a conversion of the ketone and a selactivity of the oxime.

lattice spacing 4 (A)
13.220.6,
12.320.3,
11.0%0.3,

9.0+0.3,
6.820.3,
3.9+0.2,
3.5=0,1, and

3.4x0.1.

The x-ray diffraction pattern can be obtained by a conmon
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25 The x-ray diffraction pattern can be obtained by a
comon 4 x-ray dlffraction apparatus using copper x-a
radi ati on beaM In the case where the copper K-a

radi ati on beamis used, the peak of d - 13.2t0 6 A
I's observed around 2e (0 -is Bragg angle: hereinafter
the sane) = 6.7* (6.4 to 7.0*); 5 the peak of d -
12.3*0.3 Ais observed around 20 - 7.20 (7.0 to 7.
40) 1 the peak of d - 11.0*0.3 A is observed around 20

w 8.00 (7. tp,0.3*%); f Ox-Q*fadihtiion beam.
ob%ﬁ%&%%&iﬂﬁgi% 'PB&"-E‘QES ?%k o °t°:@bpafo 10. 2*) j the
peak of d 06.8*0.3 in 10€s S bednd.iE used,
(13n sthe page B’Bf’?:etﬁéé p%% ‘kgﬂ_ ?’%%*O. 2 in observed
around 2Q - 22.8* L6 0424 ' drivan@cal (0 s Bragg
3. the mpeak &fs rveﬁégﬁuﬁdhzégw?%.%é‘%m.? to 26.29),
SemaoigoiareiRasantoid fapnf 3. H PG 20
pattern, the existence of ak 0 hanat hes® (7.0
pethe peaknf fnxl }za?ﬁot%ﬁﬁﬁs%&?régd anved- nent i oned
peaks generally shows the maxi mum peak in the lattice

spéioi AgdHowever nay sonetines be detected as a

Sh:gledgéak of d = 11.0=0.3 A is observed around 20 = 8.0° (7.8

to 8.3°%);

thé peak of d = 9.020.3 A is observed around 20 = 9.8% (9.5 to
10.2°);

the peak of d =6.8+0.3 A is observed around 20 = 13.0° {12.5
to 13.60);

the peak of d = 3.920.2 A is observed around 26 = 22.8° (21.6

to 24.0°);

the peak of d = 3.5+0.1 A is observed around 26 = 25.4° (24.7
to 26.2°); and

the peak of d = 3.420.1 A is observed around 20 = 26.2° {25.4

to 27.0°).
In the x-ray diffraction pattern, the existence of peak(s)

other than these peaks is optional, and the respective
above-mentioned peaks generally shows the maximum peak in the
lattice spacing however may gometimes be detected as a shoulder

peak while being overlapped with another peak.
The titanosilicate that shows the above-mentioned

gpecific x-diffxraction pattern can be obtained as a pxecursor

5



peak whil e being overlapped with another peak. The
titanosilicate that shows the above-nentioned 25
specific x-diffractiozi pattern can be obtained an a
precursor 5 when a titanosilicate having MV structure
(hereinafter. referred to as Ti-MNIn 'sone cases) isS
supposed to be produced. That is. for exanple,

Chemi stry Letters, p.774-775 (2000) and

JP- A- 2002- 102709 descri be processes for producingaft

Ti - MV b ir : i g TMWROgeructuyéi (Hlexeinafter,
st YRR gg&%gggﬁ'ﬁégg%gﬁv‘i?a tenplate), a titanium

32?%?3&’%& t8 MQWWW' csaes) 16 suppospdiiwibepyoduced.

m xed, n treated with an acid if

NeRESRA RACk il Ahdiptb LUt et p.Gake7TNB{ 2090) and
pr i - a

the 10 precursor is equivalent to
e e T e
5 bafbmass ST B phdda L SR A O W by
i PRt TIRR A Sal T aabdl 18 e moind
o8cPERPY SHRHEL PRI TR AP  aap A e el

silicate, after that Siki daxy Xadw th a
st thepytTeared o aﬁ‘géﬁ?d #tﬁ? aﬁlﬁzo compound and
Wa%%;’obtained.precursor'is calcined to produce Ti-MWW; and the

10 precursor is equivalent to the above-mentioned specific
titsnosilicate used in the present invention.
Also, Chemical Communications, p. 1026-1027 (2002),
JP-A-2003-327425 and WO 03/074421 describe processes for
producing Ti-MWW bY post-synthesis methods, in which
16 astructu:edirectingagent,aboroncompound,asiliconcampound
and watef are mixed and heated,
then calcined if necessary, and
treated with an acid to obtain a silicate. after that,
thesiliceteismixedwithastructuredirectingagent,atitanium
20 compound and water,
heated,
treated with an acid if necessary., and
the obtained precursor is calcined to produce Ti-MWHW; and the
precursor is equivalent to the above-mentioned specific

25 titanosilicate used in the present invention.
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heated, treated with an nold if necessary, and the

obt ai ned precursor is calcined to produce T:L-MAN, and
the precursor is equivalent to the above-nentioned
specific 26 tltanosilicate used in the present

I nvention. 6 in ouch a manner, the titanosilicate

(Ti-MAN precursor) used in the present invention is

obtai ned as a precursor, which is obtained before
calcination in a process for producing the Ti-MW

and as conpared with TI - i bpls L MWW St i som) used
ti Fe sucly g Papnebe ‘JL}% EF‘%%%%% §¥3aved and thus

it can be produced at a}o Aﬁﬁ% kBeli¥sof N&hich is
ank®xihen Profept AAVeRT19% L‘b\%bt%%gh?ﬁ %recursor of

the present Inventjion as a cat al ' LR eHE T1i-MWW,
| nobbasaedbetors primRAtIon A Prifoss Bor B SR RS ol
conpared with the amopxi [ r i UShiirdyGnd time
i b an crapasstca LRV Uy Py B ey L bhedY Thas,

usabl e forproducin t he oxi_nme_ at cos be produced
Exaegriredfor M?‘EH'&? Qaaiqﬁe%?ﬁ%aég\gﬁt{l B be used

in the above-nentioned processes may i %IiBQe

i
pi pbraciow cont. MASRRHERITFRT AIgKIBELSY oo, =0

titani um conpound may 16 include tetraalkyl t 18
or thet 1MWt precurses of cthe PREEERY| 1Y £ p%,8,patalye

peroxotitanic acid salt such as _tatrapropyl talyst

pesavantagecus irakermptofithh REPF‘HE‘%?@ c‘%ﬁ"amg&’;&u ¥

t he boron conpound may i ncl ude boric aci.d, an ‘i
as comparegp with they ammoximation reaction usgng the Ti-MWW

disclosed inWO03/074421asacatalyst and is usable for producing
the oxime at a lower cost.

Examples of the structure directing agent to be used in
thé above-mentioned processes may include pj.peridine and
hexamethyleneimine and examples of the titanium compound may
include tetraalkyl orthotitanate such as tetra-n-butyl
orthotitanate; peroxotitanic acid salt such as
tatrapropylammonium peroxotitanate; and titanium halide and
examples of the boron compound may include boric acid, and
examples of the silicon compound may include tetraalkyl
orthosilicate suchas tetraethyl oxthos ilicate and fumed silica.

The heating conditions for the respective mixtures in the
above-mentioned processes are generally from 100 to 200°C as
the heating temperature, generally f£rom 2 to 240 hours as the

heating duration, and generally from 0.01 to 2°C/minute as the

heating rate to the heating temperature. A hydrothexmal

7
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exanpl es of the silicon conpound may incl ude

tetraal kyl 20 orthosilicate such as tetrasthyl,
orthoollicate and funmed silica. The heating

conditions for the respective mxtures in the
above-nentioned processes are generally from 100 to
2000C as the heating tenperature, generally from2 to
240 hours as the heating duration, and generally from
0. 01 to 2*C mnuts a$ the 25 heating rate to the
he?%megfgrq_ﬁ{ tR1£Aphskid ¥Fthe /miytthesis generally
se

pressure of the mxture Is generally enployed at

! Nerb el e £RL G faé KNt 189 andaiaahbkys datehhtype giethod

ion et and further a zeol:Lte having

PSP ALSIULS ShdE BHSHAG Sepdotrvstariog the K

may be added. In the
aboye- ngnti o r kit &R a ldifod E8§5EEDIodhydrafluacic acid
|sS ﬂ?‘%gﬁdpg ér)em)vgﬁt e structure directing

agent, bo%%n titani um out-of -the-skeleton and the
| B8Y BR®M8%1c acid and sulfuric acid are used

preferably 3% LBSvaGhdhtsthall prdsedddl PiREUESGutment with an

obt ai ned nentioned processes |Is used, if
necessary, af t bei y@ﬁﬂféd bl S dedBire @iGedting. agent,
Thé& ﬁ%o"‘?"fﬁiﬁﬂlﬁg&?nc u es,tﬂ%or exanpl e, a net hod

of heating,in a drier. .a net lL.aW £He MEBEsEd agidsnitric
an&"'&‘mneg% M-8 ﬁafatggr%)gglrlog?.a Anong the

nmet hods i s preferabl 5 the ' 1d.
dr iasids pRecsulfurie pxe ngé Soﬂ;@éﬂﬂ. a8 ac

Int'o particles

1o 1N @ PRLLT ] Sodh el ol QL LERMARPUn erle” 2b808-mentioned
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processes is used, if necessary, after being washed with water
and dried. The method for drying includes, for example, amethod
of heating in a drier, a method of blowing heated gas, and a
method of using a spray drier. Among the methods is preferably
the method using a spray drier since it can form the precursor
into particles with a particle diameter of from about 1 to 1000
pm simultaneously with the drying.

If too high temperature is adopted for drying. the enexgy
cogts high and the temperature comes to a range of calcining
in which a structural conversion from the Ti-MWW pracursor to
Ti-MWNW takes place. On tl;e other hand, if too low temperature
ig adopted for drying, it takes a long time for drying to decreasé
the productivity: therefore the tamperature is adj usted properly.
According to the descriptions in JP-A-2002-102709 and

JP-A-2003-327425 that the calecining temperature for structural
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pin sinmultaneously with the drying. If too high
tenperature is adopted for drying, the energy costs
hi gh and the tenperature cones to a range of cal cining
20 In which a structural conversion fromthe TJ- MW
precursor to T:L-MNtakes place. on the other hand, if
too low tenperature is adopted f or drying, it takes
along time for drying to decrease the productivity;
therefore the tenperaturels adjustedproperly.

Accordi ng to Middbi-ci-dor Y TA-RA@2s pRateralyy from
26°3H%%§8‘3?§%§2g?st at

the cal cining tenperature for

struct ur 8,.C0 ' s Priec @s08C, tand most
Tl ZRRNF%BJ&%FQQ%%W%% % f%blgcl\%%c nor e

P o SLaRLiAS 0 F00 805200 ESfluPedmpdiarmanroterable

e drying tenperature ispreferable

T L S T R L i e arpe

enéf C or higher in terms of
the Productivity. . The .stru a VSE SEKH) pifodddtivity.
I an gERATALIGF 3050 19% gty 4B kpEho 68 S o

y Ccalcining is practically

attributed to dehydr.ati b (UMW prdtiislonyber i - MWW
of ' the THMBHR IS e SRR 0 R il pucties

L barea eSS R ShELY [t e heaipdtacion

{ hEoRAPAYSELR (o8 ARSRELAEShs R sRedTL e gdcutoraeh 12

2 ezt ot tiionty. dp; Srf¥ GEARAANA, Yoothe nam

°n irttrugftuigs :I.)'I(:-J'.rsagorgfiifrfmre% tyi ﬁ%&%&i%ﬁmhéﬁpfﬁf diffraction
pattern. That is, Fig. 1 is a chart of the x-xray diffraction
pattern by copper K-a radiation of the Ti-MWW precursor which
is prepared and used in Example 1 to be described later, and
Pig. 2 is a chart of the X-ray diffraction pattern by copper
K-a radiation of the Ti-MWW, which is obtained by calcining the
7i-MWW precursor at 530°C for ¢ hours. Due to the structural
conversion of the Ti-MWW precursoxr to the Ti.-MWW by calcining,
one of the peaks defined in the present invention, that iz the
peak of the lattice spacing d =13.2:0.6 A (around 20= 6.7°).
can be observed to be disappeared. The peak is a peak derived
£rom {002) plane as described in Shokubai, vol. 43, p. 158 (2001)
and is characteristic for the laminar structure of the Ti-MWW

precursor in comparison with the Ti-MWW.

Using above-mentioned titanosilicate of the Ti-MWW

precursor as a catalyst, an oxime can be produced at a high yield

9
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15 X-a radiation of the T:L-MAW which is obtained by
calcining the Ti-MNWV precursor at 5300C for 6 hours.

Due to the Structural conversion of the TI-KWV

precursor to the Ti-MM by cal cining, one of the peaks

def ined in the present invention, that |Is the peak

of the lattice spacing d wi3.2:0.6 A (around 20-

6.76), 20 can be observed to be di sappeared. The peak

is a peak derived from (002) plane as described IH onia
Shig 4 immo¥ Ohat Yoh r4actifih (LEBeonewiith 3 peroxids anc amm
characteristic for the |am zar structure of the Ti-

Pr 86 WheOhrddericd9aRhecabalyisty heli Ehaiamondmation reaction,
above-nentioned titanosillcute of the Ti-MV25

Pr efEStakpsd1Cahtby the aatalyite isahebtep tayaxiat sn golid
hi gh yield 9 byanamoxi mati onreacti ono

¢
akgﬁﬁ@@ V\?ﬁ!tﬁ'ﬁ PRAiagCEdspasIadinl al 11iquid Phaseceenthe Feaction
th a

catalyst. In the anmoxi mati on reaction, the

ti fni‘geﬁi:%' CH € 1 e dropbet Yo miy Hroperiyt beeadivated in
sol'i phase with

ei ng suspended in a liquid phase of

t h%oﬁﬁ?&é%moch BEX(HY atanftid acpivpoy ahdrdimpersibility and
properTy be adjusted in consideration of the

catal yi.i | ¥ D6s Hyswelghbitoi the Alguidsphase. For the
ge%‘gr%ﬁe&%&?l&f%&ﬁ)‘4 byg\?vei gﬁ to the liquid phase.

Fo G5 dle SUPBE LRI tlohost anploakalgticROtivity
ca gﬁ’g?ﬁ%?, ty ®0f the titanosili cate, a silicon

gggggﬁg.&%@mbhks? 8411 46n Adupolmaasuch awisilica gel,

ine siltca other than titanosilicata may

Co's‘éﬁ'&?ﬁg %ée!fao G hOREy ¥ 1A 10V JBLGH behegrghdre titanosilicate

al i nes,
may co-exist.

The ketone as a raw material may be aliphatic ketones,
alicyclic ketones and aromatic ketones, and based on the
necessity, two or more kind of them may be used. Practical
examples of the ketone include dialkyl ketones such as acetone,
methyl ethyl ketone and isobutyl methyl ketone: alkyl alkenyl
ketone such as mesityl oxide; alkyl aryl ketone such as
acetophenone: diaryl ketone such as benzophenone, cycloalkanone
such ag ocyclopentanone, cyclchexanone, cyclooctanons and
oyclodecanone; and cycloalkenone such as cyclopentenone and
cyclohexenone. Among them, cycloalkanone is preferable in the
present invention.

The ketone as a raw material may be obtained by oxldation
of an alkane or by oxidation (dehydrogenation) of a secondary

alcohol or by hydration and oxidation (dehydrogenation) of an

10



al fnkert | R EF

all cyclic ketones and aromatisc ketones, and based on
the necessity, two or nore kind of them nay be used.
Practical 15 exanples of the ketone |Include dialkyl
ket ones such as acetone, nethyl ethyl ketone and

I sobutyl mathyl ketone. al kyl al kenyl ketone such as
mesltyl oxide; alkyl aryl ketone such as

acat ophenons; dl Axyl ketone such as benzophanons,
cycl oal kanone such as cycl opent anone, cycl ohexanone,
cycl.,ooot anons and 20 Cyd odecanonel and cycl oal kenone

‘cycl opent enone and cYcl ohexanone. Anbng them

cycl oal gﬁndg eésoprtq{ee?g%gf_ag {taude’ Rganbgem \pazoxdde and

The ket raw mater | may be obtai ned by
oxi dation_ of I Fﬂ]? é&\cf{—tQﬁh@ ii operoxide,
(dgﬁ%‘?jcfgmf’?%ﬁ?go a S%:Oh ary 36 al cohol or by

hydrati on and.oxi datiﬁégm \ydPosdidean Aworiy them,
per oxi

e 1Tnclude hydrogen

5 ﬁ;{}?é%‘ggﬁigggwig Iit%eﬁfe&%él%aq:ﬁ% SUHR GSed €7 iylitbybn peroxide

10

15

20

20

yl~ per oxi de and ounene

Py e o1y paTRREan B] po; e d0 45 RRPEGR LGRS iinthoa and

ogen peroxide is generally

P GenaFRILY cREREPARLI L0 | TR LoF f 4 Lttt eolution 1n o
solution in a concentratjon g & tma;%gx JeRiaghtayarogen
aneoncentsationa€dd Lot e gt Suniy el S8 Sl

T %gggigdg %a{';%al%tol e p‘%LaEXS'& %g'e@eaaéﬂo@(gﬂ figdrogen and oxygen

in an organic solvent in the presence of a solid catalyst on
whichmetal palladiumis deposited, and in case of using hydrogen
peroxide produced by the method, the organic solvent solution
of the hydrogen peroxide obtained by separating the catalyst
from the reaction mixture may be used in place of the
above-mentioned agueous hydrogen peroxide solution.

The use amount of peroxide is generally from 0.5 to 3moles
and preferably from 0.5 to 1.5 moles par 1 mole of the ketone.
Inaddition.totheperoxide,phosphoricacidsaltssuchassodium
phosphate; polyphosphoric acid salts such as sodlium
pyrophosphate and sodium tripolyphosphate: pyrophosphoric
acld; ascorbic acid; ethylanediaminetetraacet1c acid;
nitrotriacetic acid; aminotriacetic acid;
diethylenetriaminepentaacetic acid and the like may be addad.

Ammonia may be used in gaseous or liquid state and glso

in form of a solution of water or an organic solvent. The use

11
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20

10 in an organic solvent in the presence of a solid
catal yst on which netal palladiumis deposited, and
in case of using hydrogen peroxide produced by the
nmet hod, the organic solvent solution of the hydrogen
per oxi de obtai ned by separating the catalyst fromthe
reaction m xture may be used in place of the 15
above-menti oned aqueous hydrogen peroxi de sol ution.
The use anpunt of perOX|de is generally from0.5 to 3

mol es A 018 toOpd ad1BBLEA sTeas tarobatrol
ofa‘f‘?fb“& ? IEIElgg% to the!perom de,

hori c a Aapbaifethe reaction
Qe ] iﬂé* Wénzﬁ?h&%lﬁgﬁfﬁ% 20

pyr ophosg agpandégﬁgoggcgrg pq}W&ag the concentration

orbi ¢ aci d;
et hyl enedi ami_netetr t g Bt 266 thixtinted to be
%oﬂ“‘i‘%&’e’t e 5{3? fiaq'gde%ﬁg%ne? r‘?ﬂ;tm&%gpent aaeetic

aC| d and the | | dd SO £bené I6stone and
gadeRERsGrinad ¥ “gta:ﬁ gnoé%d gfl 25 |sﬁ'°|fﬁg)rém of a

sol uti on of wa I handS&cdokdingly,
ansbat sekeckhyd ?a"?og rggérg ﬂgl tﬁg gi oajelastsgd so as i
to control the concentrati,on n n ibn of
phibe vield of; Ehe qxife ﬁ’FﬁlttEﬁ ﬁ&iﬂ QFIR ;%egﬁ%ﬁg?%%& " e
Wth adjusting the concentratio f 10%
|.mn$mep%efw@%awﬁi nbdohf orf AUER' fhd GehBfally 10

rescri bed val ue or nore, ersi e
by waisntopEdessia9A BPbRFBCERBLESY PO AT Eue o T

?’ﬁ ;(;Lglnggqlqgt aaﬁt gﬁlm)élpgladig fgetnhe?:a&)iymf SHL e Highey-Cand more

preferably 1.5 moles oX higher per 1 mole of the ketone.

Yhe ammoximation reaction may be carried out in a solvent
and examples of the solvent include aromatic compounds guch as
benzene and toluene; alcochols such as methyl alcochol, ethyl
alcohol, n-propyl alcohol, isoprepyl alcohol, n-butyl alcohol,
sec-butyl alcohol, tert-butyl alcohol and tert-amyl alcohol;
and water. Among them, alcohols and water are preferable and

amixed solvent of analcohol andwater1s particularlypreferable

to be used.

The ammoximation reaction may be carried out in batch

manner or continucusly and it 1s preferable to be carried out

continuously by supplying the ketone, peroxide and ammonia to

the reaction gystem and simultaneously discharging the liquid

phase of the reaction mixture from the reaction system in terms

25 of the productivity and operationability.
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ammonia is preferably 1.5t by weight or nore and
generally 100 by weight or |ess and nore preferably
5% by weight or |ess. The 10 use anount of ammonia is
generally 1 nole or higher and nore preferably 1.5
nol es or higher per 1 nole of the ketone. The

anmoxi mati on reaction nmay be carried out in a solvent
and exanpl es of the solvent include aromatic conpounds
such as benzene and tol uene; al cohols such as nethyl

al cohol ,__et ';géﬁkﬂtli’ g Yaybatiktedhoht, for example,
i soprop eap%%ﬁ%lﬁ'p%- ut yl oal cohol, sec-butyl al cohol,

8 U et i st
" 553, Somng pa pRhOR ks pasads eariyng
AndoRL ATy S PLPR I, She FRPA Retatgir wal R qLyent 1o
e 2t i SR SRR A Lo b
- Saaa R irstageoniisf T SR UGS g st gosvent
o Gt s App 8, FE RS AR OR o dmente
ammoni a, catal yst and solvent in a.r tor and
SUﬁP!yhﬁgmi*ﬁ¥¥RH“9FPG¢9F6rF{k9rﬁgﬁaﬁﬁi%&ﬁder stirring
Sol vent e Sastentens RGPS GBD BF Rt B AT, rTEed 0t
anioim;alet 'o btyhn?a.lr:nit)u(gt uar i‘eaction mixture in which a catalyst
is suspended exist in a reactor, supplying the ketone, peroxide,
ammoniaandsolventtothereactorandsimultaneouslydischarging
theliquiﬂphaseofthereactionmdxturefromthereactorthrough
a filter. The resactor is preferable to be the one lined with
glass or made of a stainless steel in terms of prevention of
decomposition of the peroxide.

The reaction temperature of the ammoximation reaction is
generally from 50 to 120°C and preferably £rom 70 to 100°C. The
reaction pressure may be a normal pressure, however to make
dissolutionofammnniaintheliquidphasaofthereactionmixture
easy, the reaction is preferable to be carrisd out undex prassure
of generally from 0.2 to 1 MPa and preferably from 0.2 to 0.5
MPa as absolute pressure, and in this case the pressure may be
controlled by using an inert gas such &s nitrogen and helium.

With respect to post-treatment of the obtained reaction

13



under stirring condition, or by putting the catal yst
and solvent in the reactor and supplying the ketone,
peroxi de and ammonia to the m xture under stirring
condition. The continuous reaction can be preferably
carried out, 10 for exanple, by meking a reaction

m xture in Which a catalyst is suspended exist in a
reactor, supplying the ketone, peroxide, ammonia and
solvent to there actor and sinultaneously discharging

the |iquid phase of the reaction mixt id1€ after the
r emtxtRre MaY, FFOPRTLY | %r‘.ﬁﬁ% eg%:‘?o?&?s pr et erabl e

to be the one lived with 15 gl ass a ation
{aanalms: dscorparatied FEOB cih SORREL DR i ctirey £a1ts
deconposition of the peroxide. The_ reaci. rate
t eopelenantatdpny hehe MERLARDIE P@Xcﬁ?oé?‘slq{shlge Y z?lelp;
from50 to 1200C and preferably from 70 to 100*C. The
retbei oRipeessure may be a nornmal pressure, however to
maXe 20 di ssolution of ammonia in the |iquid phase of
Bthe reaction mxture easy, the reaction is prefarable

to be carried out under pressure of generally fromO.
2 EMAMPMER and preferably from0O. 2 to 0. 5 MPa as

absol ute pressure, and in this case the pressur .
be contﬂstémﬂtpm_sﬂngmnhei%r‘thﬂgﬁ%ﬁ igvﬂpﬁé%)é"nlu be

and helium 25 Wth respect to post-treatnent of .the
obiaesaetbedabbvenet 3thismaet dngapded shat| W‘b‘c{l‘é‘?‘“i‘m
and for exanple, after the catalyst is separated from

t heyer danfitead o xthe dlipstratedi FEAPINR- decant ati on,
the liquid phase nay be distilled to separate

10
Example 1
(Preparation of catalyst)
9.1 kg of piperidime, 25.6 kg of pure water, 6.2 kg of
boric acid, 0.54 kg of tetra-n-butyl orthotitanate and 4.5 kg
15 of fumed silica (CAB-O-SIL.M-7D, manufactured by CABOT Inc.)
were put in an autoclave and stirred at a room temperature under
air atmosphere to produce a gel and aged for 1.5 hours. The
autoclave was tightly closed and heated to increase the
temperature within 10 hours to 170°C while being stirred, and
20 kept at the temperature for 168 hours for hydrothexmal synthesis
to obtain a suspension. The suspension was filtered and the
residue was washed with water until the pH of washings became

around 10 and the residue was dried at 50°C to obtain a white

powder still containing watex.
25 To 350 g of the water-containing white powder was added

14
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the Oxime. 5 EXAMPLES Hereinafter, Exanple of the
present invention will be described, however it is not
i ntended that the present invention be limted to the
illustrated EX&VR18. 10 Exanple 1 (preparation of
catalyst) 9.1 kg of pLperldinO 25.6 kg of pure water.
6.2 kg of boric acid, 0.54 kg of tetra-n-butyl
OthQit8nat e and 4.5 kg 15 of fumed silica
(CAB- 0- SI L- K- 7D, manufactured by CABOT Inc.) were put

| n.ap ald pelave aéﬁ& oFl17 § B¢ vdlightramthemprturemes refluxed
unde? “ i s nosphere to produce a gal and aged for

%ég?g % %bp%@f o NaRE OGHAY fe Pt ikl kHurd wasdEElibred and the

ase the tenperature within 10 hours to

coRpe AL R S S R SVt nes o
nasehiel e Rl RREAA 2 Al at horeto prts
S 0 T LB 0 et et o
voaeofa Rl sl i pepllzi g iy e eotion
wei ght and

pattern oérghén€g§£a%s¥?§c£€$l*ﬁ?”kbtained by an X-ray

diffraction apparatus using copper K-a radiation bean to £ind

peaks shown in the following table (ses Fig. 1).

Table 1

20 (°) |Dbattice spacing d (4)
6.82 13.0
7.23 12.2
7.97 J1.1
9,78 9.0

12.9 6.8

22.7 3.9

25.2 3.5

26.2 3.4

(Ammoximation reaction)

Ammoximation reactlon was carried out using the
above-obtained titanosilicate as a catalyst. That is, using
an autoclave of 1 L capacity as & reactor, while supplying
cyclohexanoneata:ateof13.4g/h,water-containingtert-butyl
alcohol (water 12% by weight) at a rate of 52 g/h and 60 wt.¥
hydrogenperoxideatarateof8.9g/htotheruactoranﬂsupplying

ammonia to be adjusted to exist at 2 ¥ by weight of ammonia in

15
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26

for 20 hours. Next, the resulting mxture was filtered
and the residue was washed with water until the

washi ngs becane around neutral and the residue was
sufficiently dried at 50C to obtain 5 98 g of
titanosilieate (Ti-M precursor) with Ti/S (atomc
ratio) = 0.0139 in formof a white powder. The x-ray
diffraction pattern of the titanosilicate was
obtalned by an x-ray diffraction apparatus using

CopRE gl dl gﬁhé‘%'@tiisaﬂddtﬁmndnms thleobhquid phase of
f see Fig. 1). 10 Table 1 29 ()Lattice
@5% ’l%a%}&% :81 Qag - 23k7 tanéolEly. discizgged out of the
5.23.5 26.23. 4 (AITTTDXI mati on

reactl RG4S oW Ea coRftinadus reagt oy under
t hE=4% '9%%86\‘%3[@ ai neggr e "

tltanoschate as a catal yst.

;regte{;%.%’::.#;ﬁl; Sg tﬁﬁﬁ?@é&% ¥ 85%, présS@RD6E bY 389Pa (absolute

Ing  cyel ohexanone at a rate of
13 4

pregsui‘e iR Bh M nde?é# sibutts . During the reaction,

the titanosilicate existed at a ratio of 0.2% by weight to the

liquid phase of the reaction mixture in the reactor.

Acoording to analysis of the liquid phase d:i.s_e.harged aftex
1.5 hours from the beginning of the reaction, the convergion
of cyclohexanone was 95.7%, the selectivity of

oyclohexanoneoxime was 99.0%, and the yield of

cyclohexanoneoxime was 94_7%. According to analysis of the
licquid phase discharged after 52 hours £rom the beginning of
the reaction, the conversion of cyclohexanone was 99.8%, the
gelectivity of cyclohexanoneoxime was 99.4%, and the yield of
cyclohexanoneoxime was 99.2%. After 106 hours from the

beginning of the reaction, the concentration of oxygen in the

autoclave gharply increased and therefore, the reaction was

stopped.

Comparative Example 1
Using TS-1 (commercialized product), which is a

titanosilicate having MFI structure, as a catalyst, an
ammoximation reaction was carried out in the same manner as

Example 1. The x-ray diffraction pattexrn of the employed TS-1

16



al cohol (water 12% by weight) at a rate of 52 g/h and
60 wt.* hydrogen peroxide at a rate of 8.9 g/h to the
react or and supplying 20 ammonia to be adjusted to
exist at 2 1 by weight of ammonia in 15 the liquid
phase of the reaction mxture, the |iquid phase of

the reaction m xture was sinultaneously discharged out
of the reactor through a filter to carry out a

conti nuous reaction under conditions of tenperatur

of 85C. Biasalt flg O PEbEaLabsslake oF v estaraaD dnd (20 =

st%Rfh hours. During the reaction, t

e
titanosjlicate, existed ab.g §aki o= drddndy7vei)gmpecsiied
th%m‘m‘tLﬁ'g ?)h%'g% %f t 22 reaction mxture in the

(rj_e g] eé@q‘;&ﬂi BHvhRt forillwerles nok: bbeekvedi d phase
i ged a

ter 1.5 hours fromthe beginning of the

reactio {}f? é:} ol}giglgr%emﬁh islér ghe 01 qLRd phasedissharged after
S

95. 7% tivity ‘of oycl ohexanoneoxi ne was

99. 0%, and the vyj : | gk e ratiion , Wese Zhnrarsion
B Acdo? FOHFE &, Wg#§é:jbs§%fnnt9*§ 9Ibi%;lliﬁ]d phase di schar ged

after 52 hours fromthe,bedi i Eedloctifetyeatti on,
t h@ECB¥ ko) 8’?5 Zﬂéigh(%}g] Was 99. 88, the 16

selectivity of cyclohexapaneoXidiy ies y98143ofand the
yi SWGlB’FB"%%Rﬂ ngﬁéogghgﬁ was 99.28. After 106

hours_fromthe eqgi nni t tb@ss £irbm the beginning
co%ﬁﬂgwﬁﬁ%‘gﬁgﬁh%hemﬁ?ﬁ ave shar ply

' %Eeggee q.'e%régtitolﬂ? ' feo rc%ncteﬁue.rﬁ'ﬁf&’i I o¥e§en SixD thedantdiclave

10 sharply increased and therefore, the reaction was stopped.
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Conparative Exanple 1 Using TS-1 (conmerci al i sed
product), which is a titanosilicate having )W
structure, as a catalyst, an ammobxinmation reaction
was carried out in the same manner as 25 ' Exanple 1.
The x-ray diffraction pattern of the enployed TS-1 16
was as shown in Fig. 3 and the peaks of d - 13.2t0.6 A
(20 = around 6.7) and d - 12.30.3 A (29 - around 7.2)
specified in the present invention were not observed.

Accordin lysis of the liquid phase di scharged
af WHAT %é%éﬂ&xﬁgﬁrggfron1the begi nni ng of the reaction,
the conversion of cycl ohexanone was 70.9% the
selectivity of cycl ohexanoneoxi me was 98.7% and the

yield of. cycl ohexanan 4R - $H)omeAblycan Jnbimiximation
from t hete i?ﬁﬁcfﬂfs gf’g;}#e@eég? ion, the cgﬁcentrati on

r . he conce .
ChEseriien of mApudit HELE Epd o b e A

5Lﬁ%ﬁiﬁréiégﬁg%%§§9%§%téﬁégj bl e QRUr¥y di¥felction pattern

ion a ketone with a peroxide

and ammoni a_in_the presence. B. i £ 198t ¥ce spacing:
C hhevERgReSER Bt K0P £P1APFF paRPLate EnHaRERE LaRCe opR

at the follown oi.pts in a chart of lattice spacing:
| adetEACe BRAGHT %(A?i ! 13.2%0.6 ,

13.220.6,
12.3+0.3,
10 11.0%0.3,
9.0x0.3,
6.8x0.3,
3.9=0.2,
3.5«0.1, and

15 3.4:0.1.

2. The process according to claim 1, wherein the atomic
ratio of titanium to silicon in the titanosilicate is in a range
of 0.0001 to 0.1.

20

3., The process according to claim 1, wherein the peroxide

is hydrogen peroxide.

4. The process according to claim 1, wherein the

25 ammoximation reaction is carried out in a mixed golvent of an

18



12. 3:P.O. 3, 10 11.0*0.3 , 9.00.3. 6.8:0-3,

3.9%0. 2, 3.5-i0l, and 15 3.4:0.1. 2. The process
according to claim11. wherein the atomc ratio of
titaniumto silicon in the titanosilicate is in a
range of 0.0001 to 0.1. 20 3. The process according
to claiml , Wierein the peroxide is hydrogeA

peroxi de. 4. The process according to claim1l. wherein
the 25 amoximation reaction is carried out in a

m xed solvent OF 18 al cohol and water. 5. The process
actlstadiodg and WRESTh 1, wherein the ketone is a
cycl oal kane. 5 19

5. The process according to claim 1, wherein the ketone

is a cycloalkane.

19



