DESCRI PTI ON METHOD FOR PRODUCI NG A COVPOUND W TH A DOUBLE BOND 5 TECHNI CAL
FI ELD The present invention relates to a nethod for producing a
conmpound with a doubl e bond by which nmethod a specific conmpound with a
doubl e bond can be obtained highly selectively. 10 BACKGROUND ART
Compounds with a double bond are useful as raw materials of olefin
polynmers. As a nethod for producing a conpound with a doubl e bond, patent
docunents 1 and 2, for exanple, each disclose a nethod of producing a
conpound wi th a doubl e bond 15 fppscrIseromdary al cohol by using zirconium
oxi de as a catalyst. [Patent Docunent 1] JP 60-158121 A [Patent Docunent 2]
JP 61-53230 A However, the nethods of producing a conmpound with a double
bond di scl osed in patent docunents 1 and 2 will result in the 20 generation

of two kinds,@ruepMmesndkotuding douvediaid 8% A DOUBLE BOND

5 TECHNICAL FIELD
The present invention relates to a method for producing
a compound with a double bond by which method a specific compound

with a double bond can be obtained highly selectively.

10 BACKGROUND ART
Compounds with a double bond are useful as raw materials
of olefin polymers. As a method for producing a cgmpound,with
a double bond, patent documents 1 and 2, for example, each
disclose a method of producing a compound with a double bond
15 from a secondary alcohol by using zirconium oxide as a catalyst.
[Patent Document 1] JP 60-158121 A
[Patent Document 2] JP 61-53230 A
However, the methods of producing a compound with a double
bond disclosed in patent documents 1 and 2 will result in the
20 generation of two kinds of compounds with a double bond and
therefore further improvement with respect to the selectivity

of a specific compound with a double bond has been required.

DISCLOSURE OF THE INVENTION

25 The problem to be solved by the present invention is to



therefore further inprovement with respect to the selectivity of a specific
conpound with a doubl e bond has been required. DI SCLOSURE OF THE | NVENTI ON
25The problemto be solved by the present invention is to provide a nethod
for producing a specific conmpound with a double bond by which nethod a
specific conpound with a doubl e bond can be obtained highly selectively.
That is, the invention relates to a nethod for producing 5 a conpound with
a doubl e bond represented by the following forrmula (I11), the method

conpri sigheod e hakd tVdd g ost EBSdiA)ng GBpeantli ¢ Compound witem éybla step of
reacting a conmpound represented by the following formula (I) and/or a

conpound,&.epLssent ed v dte a19pE 6k kovi gnfoumaiha thl h)asiste bydicogen in the
presence of 0.1 parts by weight or nore of a hydrogenation catal yst,

t her eby Obt alni Ng@ K I§o§eiégyig@l%berein t he whol e wei ght of a
feedstock l1quid 1s 100 parts by weight, step (B): a step of renoving the

hydr ogenat i on Gataliust e HNLL: 1he AU, of & hiedidl eganatbagosabal yst

contained in the reaction fquid in step (A) becones 0.0010 parts
D 9 S 55 BB 02 byskoornan € eLolysL el
(A) is 199r£3iésugﬁjwek%%tmethod comprising the following steps (A),
(B), and (C):
step (A): a step of reacting a compound represented by
the following formula (I) and/or a compound represented by the
10 following formula (II) with hydrogen in the presence of 0.1
parts by weight or more of a hydrogenation catalyst, thereby
obtaining a reaction liquid, wherein the whole weight of a
feedstock liquid is 100 parts by weight,
step (B): a step of removing the hydrogenation catalyst
15 until the amount of the hydrogenation catalyst contained in the
reaction liquid obtained in step (A) becomes 0.0010 parts by
weight or less, thereby obtaining a hydrogenation
catalyst-removed liquid, wherein the whole weight of the
reaction liquid obtained in step (A) is 100 parts by weight,
20 step (C): a step of obtaining a compound with a double
bond represented by the following formula (III) in the presence
of a dehydration catalyst from the hydrogenation

catalyst-removed liquid obtained in step (B),

O

| (1)
RI—C—CH;



20step (CO): a step of obtaining a conmpound with a double bond represented
by the following formula (111) in the presence of a dehydration catal yst
fromthe hydrogenation catal yst-renoved liquid obtained in step (B), O
FV-G CH3(T) wherein Rl represents a hydrocarbon group, OH R2--CH -CH3
wherein R2 represents a hydrocarbon group containing an aromatic ring,
S5R3-CH=CH2( I | 1) wherein R3 represents an al kyl group, a cycl oal kyl
group, or an al kyl group substituted by a cycl oal kyl group. MODE FOR
CARRYI NGHSE {HHR! Wg%%@ﬂts a hydrocarbon group,
OH

) ‘ (11)

R*—CH—CHs;
whereinR?represenUsahydrocarbongroupcontaininganaromatic
ring,

5 R3—CH=CH, (111)
wherein R® represents an alkyl group, a cycloalkyl group, or

an alkyl group substituted by a cycloalkyl group.

MODE FOR CARRYING OUT THE INVENTION
10 The method for producing a compound with a double bond
represented by the following formula (III) of the present
invention involves the following steps (A), (B), and (C):
step (A): a step of reacting a compound represented by
the following formula (I) and/or a compound represented by the
15 following formula (IT) with hydrogen in the presence of 0.1
parts by weight or more of a hydrogenation catalyst, thereby
obtaining a reaction liquid, wherein the whole weight of a
feedstock liquid is 100 parts by weight,
step (B): a step of removing the hydrogenation catalyst
20 until the amount of the hydrogenation catalyst contained in the
reaction liquid obtained in step (A) becomes 0.0010 parts by
weight or less, thereby obtaining a hydrogenation
catalyst-removed liquid, wherein the whole weight of the

reaction liquid obtained in step (A) is 100 parts by weight,



10The method for producing a conpound with a double bond represented by the
followng formula (11l1) of the present invention involves the foll ow ng
steps (A), (B), and (O: step (A): a step of reacting a conpound
represented by the following forrmula (1) and/or a conpound represented by
the 15 following formula (I1) wth hydrogen in the presence of 0.1 parts by
wei ght or nore of a hydrogenation catalyst, thereby obtaining a reaction

| i quid, wherein the whole weight of a feedstock liquid is 100 parts by

wei ght, step (R)ep at:ep ek cherBvioheatihe nydr egepatinanweahakysbudleunti |
t he amount of the hydrogenation catal yst contained in the reaction liquid

obt ai ned, 4y $t e@é)atféﬁcmeof@@i@w@ﬁgtﬁoﬁ?@mi(qlitz>0£nIt@ﬁasprébsfl@by

obtai ni ng a hydrogenati on catal yst-renmdved |iquid, wherein the whol e wei ght

£ th , LE o bt 2 . . b i ght.
0 e HE?CA'&EEyééﬁﬁikﬁ{éﬁ%é‘ s&”fé&ﬁp%ﬁég?%éréangéiéﬁ y wel ght

step (C: a ste taining conpoun a doubl e bond represented by

the foll ow f.ormul 1J) in,t n ydration catal yst from
t he hydf%%%%g¥?%nr%%.%%%si2?%%%v£§t$§§%§d£§b?g?ﬁeggph step (B), O II(l)
5R1-C - CH3 mhereiqDRl represents a hydrocarbon group, OH

] I (1)
5 R'—C—CH;

wherein R! represents a hydrocarbon group,
OH
5 1 (11)
R*—CH—CH;

wherein R? represents a hydrocarbon group containing an aromatic
ring,

3 —_

10 R*—CH=CH, (111)

wherein R® represents an alkyl group, a cycloalkyl group, or

an alkyl group substituted by a cycloalkyl group.

1) Step (A)

15 Step (A) is a step of reacting a compound represented by
the preceding formula (I) and/or a compound represented by the
preceding formula (II) with hydrogen in the presence of 0.1
parts by weight or more of a hydrogenation catalyst, thereby
obtaining a reaction liquid, wherein the whole weight of a

20 feedstock liguid is 100 parts by weight.

R! in the compound represented by the above formula (I)
represents a hydrocarbon group. Examples of the hydrocarbon

group include alkyl groups having from 1 to 20 carbon atoms,



(I'T) R2-HCH HCH3 wherein R2 represents a hydrocarbon group containing an
aromatic ring, 10R3-HCH==10H2( I | | ) wherein R3 represents an al kyl

group, a cycloal kyl group, or an al kyl group substituted by a cycl oal kyl
group. 1) Step (A) 15Step (A) is a step of reacting a conpound represented
by the preceding fornmula (1) and/or a conpound represented by the precedi ng
formula (11) with hydrogen in the presence of 0.1 parts by weight or nore
of a hydrogenation catal yst, thereby obtaining a reaction |iquid, wherein

the whol g yeiggblipaf hav 29 freesst ackabidubighbi st3RQ, padd 3.rby kel ghbups Rl
in the conpound represented by the above fornula (1) represents a

hydr ocanbap; gf opy Exampl 85 of ridie dwerocarbon group include al kyl groups
having from1 to 20 carbon atons, aryl groups having from6 to 20 carbon

atoms, and ar %!Mpl%so%tfs tﬂ@%ﬂﬁyﬁ@%@é%é@iﬁ@f% at @¥B20 carbon

atoms include a methyl group, an ethyl group, a n-propyl group,
5 an isopropyl group, a n-butyl group, a sec-butyl group, a
tert-butyl group, a n-pentyl group, a neopentyl group, an
isopentyl group, a n-hexyl group, a n-heptyl group, a n-octyl
group, a n-decyl group, a n-nonyl group, a n-decyl group, a
n-dodecyl group, a n-tridecyl group, a n-tetradecyl group, a
10 n-pentadecyl group, a n-hexadecyl group, a n-heptadecyl group,
a n-octadecyl group, a n-nonadecyl group, a n-eicosyl group,
a cyclohexyl group, and an adamanthyl group.
Examples of the aryl groups having from 6 to 20 carbon
atoms include a phenyl group, a 2-tolyl group, a 3-tolyl group,
15 a 4-tolyl group, a 2,3-xylyl group, a 2,4-xylyl group, a
2,5-xylyl group, a 2,6-xylyl group, a 3,4-xylyl group, a
3,5-xylyl group, a 2,3,4-trimethylphenyl group, a
2,3,5-trimethylphenyl group, a 2,3, 6-trimethylphenyl group, a
2,4,6-trimethylphenyl group, a 3,4,5-trimethylphenyl group, a
20 2,3,4,5-tetramethylphenyl group, a 2,3,4,6-tetramethylphenyl
group, a 2,3,5,6-tetramethylphenyl group, a pentamethylphenyl
group, a 2-ethylphenyl group, a 2,3-diethylphenyl group, a
2,3,4-triethylphenyl group, a 2-n-propylphenyl group,
2-isopropylphenyl group, a 2-n-butylphenyl group, a

25 2-sec-butylphenyl group, a 2-tert-butylphenyl group, a



Exanpl es of the al kyl groups having from1 to 20 carbon atons include a
nmet hyl group, an ethyl group, a n-propyl group, 5 an isopropyl group, a
n- butyl group, a sec-butyl group, a tert-butyl group, a n-pentyl group, a
neopentyl group, an isopentyl group, a n-hexyl group, a n-heptyl group, a
n-octyl group, a n-decyl group, a n-nonyl group, a n-decyl group, a

n- dodecyl group, a n-tridecyl group, a n-tetradecyl group, a 10

n- pent adecyl group, a n-hexadecyl group, a n-heptadecyl group, a

N- oct adery - g 19thPL plde iy NORBEES Y | a OF OtkPop@n By Bi §8SHY1 9§061p, aacycl ohexyl
group, and an adamant hyl group. Exanpl es of the aryl groups having

fromé ta 20, r%% PErbis) udes an phepyl pBERYP. gRodpt Ohy1l group, a
3-tolyl grouﬁ%%i a.ﬁgto ilﬁgroup, a 2,gyxgly1ygr%u%,pa 2,4-xylyl group, a

2, 5-xyly [ X roup, = o] 3,5-xylyl group, a
R A R i e

2,3
3SR . S0 RN D G o0
2,3
pen
a2

, 3,4, 6-tetranet hyl phenyl group, a 2,3,5, 6-tetranet hyl phenyl group, a
e t§net?§ﬁ?ﬁﬁﬁ@?§%r%ﬂ%¥pa 2- et hyl phenyl group, a 2, 3-di et hyl phenyl group,

,3,4-triethyl phenyl qgroup, a _2-n-propyl phenyl grou - i.sopropyl phenyl
group, a 2-n- B%f%‘@h%%ﬂ 5?%&&34@58598%8-%%‘{%% 7g€%@g), gar%l
2-tert-butyl phenyl group, a _2-n-pentyl phenyl group, .a 2-neqpentyl phenyl
group, &M Hé&&ﬂi”&g‘?eﬁy CHESUIFTE IR (1 dgt‘W%ﬁéﬁ)ﬂhe@ry&d&e%W}- Hl-”aél?yl phenyl
group, a 2-n-dodec¥Iphen I groug, a 2-n-tetradec%IEhenyl ?rouR, a napht hyl
group, and(armethnipherehyrcgrplpirour, a Ekanprb¥lepebké)BRAPKYl groups
having from7 to 20 carbon atons include a benzyl group, a
( 2- net hydpriany | 3 mez hytdgretby lahegy henayhpheayPyaet Ayl group, a
(4- met hyl phenyl ) net hyl group, a (2, 3-di nethyl phenyl)nethyl group, a 10
(2, 40di met Wyt ptreayh y helhayi 1 pretlpy L agfows, danet hyl phenyl ) met hyl group, a
(2, 6-di net hyl phenyl ) met hyl group, a (3, 4-dinethyl phenyl)nmethyl group, a
(4, 6-di me2 hyt+ phreayhyhphdyl 1 gmnetpyl agroup, a

(2,6-dimethylphenyl)methyl group, a
(3,4-dimethylphenyl)methyl group, a
(4, 6-dimethylphenyl)methyl group, a

15 (2,3,4-trimethylphenyl)methyl group, a (2,3,5-trimethyl
phenyl)methyl group, a (2,3, 6~trimethylphenyl)methyl group, a
(3,4,5-trimethyl phenyl)methyl group, a
(2,4, 6-trimethylphenyl)methyl group, a
(2,3,4,5-tetramethylphenyl)methyl group, a

20 (2,3,4,6-tetramethylphenyl)methyl group, a
(2,3,5,6-tetramethylphenyl)methyl group, a
(pentamethylphenyl)methyl group, a (2-ethylphenyl)methyl
group, a (2-n-propylphenyl)methyl group, a
(2-isopropylphenyl)methyl group, a (2-n-butylphenyl)methyl

25 group, a (2-sec-butylphenyl)methyl group, a



15(2, 3, 4-trimet hyl phenyl ) met hyl group, a (2,3,5-trinethyl phenyl) nethyl
group, a (2,3,6-trinethyl phenyl)nethyl group, a (3,4,5-trinethyl
phenyl ) net hyl group, a (2,4, 6-trinethyl phenyl)nmethyl group, a

(2,3, 4,5-tetranet hyl phenyl ) net hyl group, a

20( 2, 3, 4, 6-tetranet hyl phenyl ) net hyl group, a

(2, 3,5, 6-tetranet hyl phenyl ) met hyl group, a (pentanethyl phenyl) et hyl group,
a (2-ethyl phenyl)nmethyl group, a (2-n-propyl phenyl)nethyl group, a

(2-isoprgpy&@@@ﬂ&&ﬁi@ﬁﬁ%ﬁyDT@@@myﬁqﬁ%nﬁxbutYiPﬁeﬁéhﬁﬁﬁph¥hy25métnyp1 a
(2-sec- butylphenyl)nethyl group, (2-tert-butyl phenyl)net hyl group, a

(2-n-pendybpheny! mmﬁeﬁiﬁypph@ngghﬁgﬁ)@?ﬁt @;Ihenal)rret hyl group, a
(2-n- hexylphenyl)nethyl group, n- octylp nethyl group, a

(2 - Lot Fadecy! Bhamy )t QP%%3%%@%”é;ﬁ%ﬁ@“ﬁéﬁiﬁ"%ﬁ%&ﬁéﬁﬁﬂ :
Z‘”Eﬂéﬁ&%‘»’%@?t3%%??%?%%% ﬁ“ﬁ&’ﬂﬂgwé B o7 phamy et byl or oup, a
pref rab %Ylprggg%%géﬁggy%ﬁ%u%gd% 0 dlg?eg%LguénggLogfonE and ngiels
e b1 & ik ocar b gLk 16 L0 2152819t bl 2 51 e
an anthracenylmethyl group, a 2-phenylethyl group, a
3-phenylpropyl group, a 4-phenylbutyl group, a diphenylmethyl
group, a 2,2-diphenylethyl group, a 3,3-diphenylpropyl group,
10 and a 4,4-diphenylbutyl group.
R} is preferably a hydrocarbon groups having 2 or more
carbon atoms and more preferably a hydrocarbon group having from
2 to 20 carbon atoms.
Examples of the compound represented by the preceding
15 formula (I) include acetone, ethyl methyl ketone, 2-pentanone,
4-methyl-2-pentanone, 2-hexanone, 2-heptanone, acetophenone,
and l-phenyl-2-propanone. From the viewpoint of the
usefulness of the compound with a double bond to be obtained,
4-methyl-2-pentanone and acetophenone are preferred. There
20 can be used 4-methyl-2-pentanone prepared by making acetone,
obtained as a by-product in a plant for producing resorcinol
by aerobically oxidizing m-diisopropylbenzene and then
decomposing the resulting peroxide with acid in the presence
of an acid catalyst, undergo an aldol reaction.

25 R? in the compound represented by the preceding formula



15 formula (1) include acetone, ethyl nethyl ketone, 2-pentanone,

4- met hyl - 2- pent anone, 2-hexanone, 2-heptanone, acetophenone, and

1- phenyl - 2- propanone. From the vi ewpoi nt of the useful ness of the conpound
wi th a double bond to be obtained, 4-nethyl-2-pentanone and acet ophenone
are preferred. There 20 can be used 4-nethyl - 2- pent anone prepared by nmaking
acetone, obtained as a by-product in a plant for producing resorcinol by
aerobi cal |y oxidizing mdiisopropyl benzene and t hen deconposi ng t he

resul tingrpereyirdecwrkhn agideocarbbe @resgeree tefinahgash & reatsaliystingnder go
an al dol reaction. 25R2 in the conpound represented by the preceding

formul a pxddded @RF %ﬁ%nﬁgd%!ﬂng)@ﬁ%%&b W GO PRI BGoRA tAEOABLEC i Nng.
Exanpl es of 't he hydrocarbon group containing an aromatic ring include aryl

groups hgyingyd co 12 £ﬁ9u39 hca%ﬁ%%nfa&ﬁr@ta% %5%%@1! aQérQé’%%ohéi‘jaﬂggfLr om7 to

20 carbon at ons. es of the aryl 5 groups having from6 to 20 carbon

d - j 2 h
tom andilies Al grgupshay aaLLram oke 26 canbon, Ao aybe {he

sane as 1hose |isted as exanples o e aryl groups to 20
carbqgn atons and t.he aral kyl. groups gavin from7.to % ko in the
prec dir%f%ﬁ?sgﬁﬁyéﬁﬁgg Hbg E%éﬂkgﬁﬁ Sﬁdag8%?é¥5%ﬁ£f %agﬁggpgggéggﬁg
- formul a (Iliﬁé cl ude 1-phenyl et hyl al cohol é;benz | et hyl alc ho% and

4- pheny| 1Y &Lﬁ(ﬂm 9!&%%& ﬁ%rg?%\ﬁd_rﬂn}ﬁ ngY b kl?sé?ﬁ?nae%éhﬁfset ﬁés Sfipound
with a double baond to be obtained, 1- hen%|:§%£X| al cohol is preferred.
15As t 0 FREFFP e O o i Ir §pPERENE Y BY Br BRedi 7GR NEFETEI) and
t he conpound represented by the preceding fornula (11), a single kind of
conpounceiytlise agsdd v ereuss BT Erdati el towdl ofa FRirTe A& RS 16¥ tBEnpounds
may be used in.conbination. 20As to the hydrogenation catal yst, any
cat al ystpréeedtan R .

10 | Examples of the compound represented by the preceding
formula (II) include 1l-phenylethyl alcohol, l-benzylethyl
alcohol, and 4-phenyl-2-butanol. From the viewpoint of the
usefulness of the compound with a double bond to be obtained,
l-phenyl ethyl alcohol is preferred.

15 As to each of the compound represented by the preceding
formula (I) and the compound represented by the preceding
formula (II), a single kind of compound may be used alone or
alternatively two or more kinds of compounds may be used in
combination.

20 As to the hydrogenation catalyst, any catalyst that can
hydrogenate the compound represented by the preceding formula
(I) and the compound represented by the preceding formula (II)
in the reaction of the compound represented by formula (I) and

the compound represented by formula (II) with hydrogen can be

25 used and examples of such a catalyst include nickel, ruthenium,

8



hydr ogenate t he conpound represented by the preceding fornula (1) and the
conpound represented by the preceding formula (I1) in the reaction of the
conmpound represented by fornula (1) and the conmpound represented by fornul a
(I'') with hydrogen can be 25 used and exanpl es of such a catal yst include
ni ckel, ruthenium iron, osmum rhodium platinum palladium copper, and
chrom um Anong these, netals of Goup 8 of the periodic table are
preferred fromthe viewoint of the reaction yield of hydrogenation. It is
al so possidh & 4O SURPOFlodNERE FEIAISUR) BaBl M Gl cdPfetiSCads a

hydr ogenati on catal yst. Exanples of the carrier include activated carbon,
silica, alupNdn. tidANAnE58] WL s %&dcy@ﬁbwaftmp@§,eqfioa§@ tiBie

As the hydrogen, pure hydrogen may be used or alternatively hydrogen

cont ai ni [ S u : . .The_ peaction in
step (Aogﬁ%ygﬁéf%%gé?e %%?éggftggﬁﬁf?ﬁyoégmfﬁﬁoﬁggﬁgéo%fy%?%%l%Ent.

Exanpl es_of_the sol vent .in¢clude_aliphati.c hydro . I
| phat AT bR MCh b RORIe s ohetane e e g deant,

decane, nethyl.cycl.ohexane, and et hyl cycl ohexane. The re jon

Cempdr atTIFEHEs Sttt 1578 P 80/ T SO0 SO PL B 4P &bl yFF¥BIM 70 ot 180C. The
reaction pressure is usually fromO0.5 to 10, MPa and_preferaply from1l to 7
MPa. TheS#EattT ohPt+1e i CHEVAFRY FRERPD: 1510153 h%%.ln%o&hﬁ%%@'of t he
reaction systemin step (A) include a batch systemusing a tank reactor, a
seni - conii dOEtdr pHt YREHLISS sTYPRy AEt BB8l1afd a continuous fixed bed

nmet hod usi ng a tubul ar
As the hydrogen, pure hydrogen may be used or

such
15

alternatively hydrogen containing inert gas such as methane may
10 be used.

The reaction in step (A) may be carried out either with
or without use of a solvent. Examples of the solvent include
aliphatic hydrocarbons. Examples of such aliphatic
hydrocarbons include hexane, cyclohexane, heptane, octane,

15 decane, methylcyclohexane, and ethylcyclohexane.
The reaction temperature is usually from 50 to 200°C and

preferably from 70 to 150°C. The reaction pressure is usually

from 0.5 to 10 MPa and preferably from 1l to 7 MPa. The reaction
time is usually from 0.1 to 24 hours.

20 Examples of the reaction systemin step (A) include abatch
system using a tank reactor, a semi-continuous or continuous
slurry method, and a continuous fixed bed method using a tubular
reactor. As the tank reactor, a single-stage or multistage
mixing tank is usually used. Examples of the tubular reactor

25 include fixed bed reactors in which a single unit is arranged



reactor. As the tank reactor, a single-stage or nultistage mxing tank is
usual |y used. Exanples of the tubular reactor 25 include fixed bed reactors
in which a single unit is arranged or two or nore units with a single tube
heat exchange structure or a nultitubul ar heat exchange structure having
many tubes arranged in parallel are linked in series. Instep (A), the
anount to the hydrogenation catalyst used 5is 0.1 parts by wei ght or nore,
where the whol e weight of the reaction feedstock liquid is 100 parts by

wei ght. Jhe whel eyl ght f wi b 4 eaehient hisedsdpckxlchauigd asrtetereed to
herein neans the sumtotal of the weight of the conmpound represented by the

ding.f : / N nthey di
prece 'r%l§rr§ﬁjoit€1tgt!lﬂu ﬁéa%h&éﬁm&m&f@@f&?@nﬁ&@ A% Ryn{ heupsgcedi ng

formul a e used for the reaction in step (A) and the weight of the

solventﬁgfggkéég {$§%%§?§1%9n3§§C9{9%$% 10 need- | f the used amount of the

hydr oge I on’cata ess than parts by wei ght, the hydrogenation
reaction rate becones, slo sQ that, it begco 1.Gal. anount
of the hydroge F?SR Va%@%fﬂyﬁnﬁétaggl §g5§§g?@?ﬁ%?@q%ﬁ%ﬂag%fglgé wei ght
or nmore., The upper. limt of the amount aof the hydrogenati.on catalyst to be
0560 it 1D 15 R Spitdh FESEREI 571 T CodviTAT e dPRasy ettt 85 FBS05 parts
by weight or |ess froman econom cal point of view .20The ed unt of
the hydrbRmatPonfeedstgst Hsdesd cui atEY BF the% 819 g gg?c‘dﬁ%ﬁ?on
formula in the case of a batch systemusing a tank reactor: (charged weight
of hydr ogehdltt ot dhearescripichargelonti haub? DRI SereBBRESH by

formula (1) and/or conmpound 25 represented by formula (11)) + (charged
wei ght ofiear$ vidre sugegotal of the weight of the compound represented

by the preceding formula (I) and/or the compound represented

10 by the preceding formula (II) to be used for the reaction in
step (A) and the weight of the solvent used for the reaction
according to need. If the used amount of the hydrogenation
catalyst is less than 0.1 parts by weight, the hydrogenation
reaction rate becomes slow, so that it becomes uneconomical.

15 The amount of the hydrogenation catalyst to be used is
preferably 0.5 parts by weight or more. The upper limit of the
amount of the hydrogenation catalyst to be used, which is not
particularly limited, is preferably adjusted to 95 parts by
weight or less from an economical point of view.

20 The used amount of the hydrogenation catalyst is
calculated by the following calculation formula in the case of
a batch system using a tank reactor:

(charged weight of hydrogenation catalyst)/[(charged

weight of compound represented by formula (I) and/or compound

25 represented by formula (II)) + (charged weight of solvent used

10



for reaction according to need)] x 100. In the case of a

sem -conti nuous or continuous slurry nethod using a tank reactor, it is
calculated by the follow ng formula: 5(wei ght of hydrogenation catalyst in
reactor)/(weight of liquid in reactor) x 100 In the case of a
continuous fixed bed nethod using a tubular reactor, it is calculated by
the followi ng fornula: (packed anount of hydrogenation catalyst)/{[(feed
flow 10 rate of conpound represented by fornula (1) and/ or conpound

represented pgaégigylgcééfa)ng tHegdbl pwrape, of sol vent used for reaction
according to need)]/(residence tine)) x 100. As a result of the

reaction in step £y ,cfSECONHAL YN ALLONO] nhSuHDL Al B8 ; ADS)s SR LB)

Step (B) is a step of renoving the hydrogenation catalyst until the anount

Step ( .- hyd o talyst “until the amou
Clep (A DeeOreE BD010" ahr < By wor Gnt “or ] eek C ERcret) oL AT ARG c  |

hydrogengt}&glzo catal yst-renoved |iquid, wherein the whol e weight of the

reaction ?!qU|%:obtained in step (A is 100 parts by weight. If the
o goenat | on Ealaliel !SI 0%eL: . AU, 0L 4130 ©.0030. 23K b
becones inpossible to produce a

liguid in reactor) x 100

In the case of a continuous fixed bed method using a
tubular reactor, it is calculated by the following formula:

(packed amount of hydrogenation catalyst)/{[ (feed flow

10 rate of compound represented by formula (I) and/or compound
represented by formula (II)) + (feed flow rate of solvent used
for reaction according to need)]/(residence time)} x 100.

As a result of the reaction in step (A), a secondary

alcohol is obtained.
15 2) Step (B)

Step (B) is a step of removing the hydrogenation catalyst
until the amount of the hydrogenation catalyst contained in the
reaction liquid obtained in step (A) becomes 0.0010 parts by
weight or less, thereby obtaining a hydrogenation

20 catalyst-removed liquid, wherein the whole weight of the
reaction liquid obtained in step (A) is 100 parts by weight.
If the hydrogenation catalyst remains in an amount more than
0.0010 parts by weight, by-products will be produced in an

increased amount, so that it becomes impossible to produce a

25 specific compound with a double bond economically with a high

11



25 specific conpound with a double bond economcally with a high yield in
step (C), which is described below. Preferred is a step of renoving the
hydr ogenati on catal yst until the content of the hydrogenation catal yst
beconmes 0.0004 parts by weight or |less, thereby obtaining a hydrogenation
catal yst-renoved 5 liquid. The nmethod of the renoval may be any nethod by
whi ch the hydrogenation catalyst can be renoved fromthe reaction liquid
obtained in step (A), exanples of which include a washing operation using

vat er ory a8 @r gank €e;s ol ¢eNtyh Bbh ads e d b apesatdon, paedearkid tkaki on
operation. Especially, the 10 filtration operation is preferred

industrigaldly ¢ omddhe ny ;%W@Ohga]%o@&n&e%hi Ly angs opaati embeeausatit can
be effect by merely passing the reaction liquid through a filter cloth or

the 'ikeowmeivvsc}%&%i&?aw&{ cheﬁeﬂaaﬂt%@_k?@écﬁﬁéfssto Wdda %%rrt%”%‘{/e@eigﬂtt he case

that the react systemin step ( is 15 a continuous fixed bed nethod
tep (Bt 3y & eptiey Sby bbe b T BB e e R e
bt codnoel 56" 6F - o HhyRT A b (cAt Rl J8OF Porit R Ayl bgsricpRy Wit

cat ol yot EREMBYREOPPHRF HoBoFaF ALHSnoghche( B eAtal o PECSSEBRIAPY al conol

produced. by the reaction in steg (A, and if the(gydro enation
&) 2

cat al yst++&mbd&aP i3 IRAb B Faskep of BRI da6EEER VESMERGs st ep

in the presence of a dehydration catalyst, then the secondary al cohol
under goe8PeERAy#PAL POANIsUAERNL 08 @BnPsURBLG ER1¥SHEubRE BESETPERPEsent ed by

the preceding fornula (111) is obtained.
operation, and a filtration operation. Especially, the

10 filtration operation is preferred industrially from the
viewpoints of facility and operation because it can be effect
by merely passing the reaction liquid through a filter cloth
or the like with which the hydrogenation catalyst will be
removed. In the case that the reaction system in step (A) is

15 a continuous fixed bed method using a tubular reactor, it
sometimes has a function as both step (A) and step (B).

3) Step (C)
Step (C) is a step of obtaining a compound with a double
bond represented by the following formula (III) in the presence

20 of a dehydration catalyst from the hydrogenation
catalyst-removed liquid obtained in step (B). The
hydrogenation catalyst-removed liquid obtained in step (B)
contains the secondary alcohol produced by the reaction in step
(A), and 1f the hydrogenation catalyst-removed liquid obtained

25 1in step (B) is subjected to this step in the presence of a

12



R3 in the conpound with a double bond represented by the 5 preceding
formula (I111) represents an al kyl group, a cycl oal kyl group, or an al kyl
group substituted with a cycl oal kyl group. Preferred as the al kyl
group are al kyl groups having from1 to 20 carbon atons. Exanples of the
al kyl groups having from1l to 20 carbon atons include a nethyl group, an
et hyl group, 10 a n-propyl group, an isopropyl group, a n-butyl group, a
sec-butyl group, a tert-butyl group, a n-pentyl group, a neopentyl group,
an i sopefdpyd S Olbh Gatahexy) GioNPthd Scbepiytygaduphod Un@ELYbegroup, a
n- decyl group, a n-nonyl group, a n-decyl group, a n-dodecyl group, a
n-tridecyln @HPMp; o, 1> Bnhets ademdur QURh & dbsd adecytegtayBntad

n- hexadecyl” group, a n-heptadecyl group, a n-octadecyl group, a n-nonadecyl

group, Ehd- L& éé(in@fPé‘Pmula (zzrfrefecpediasqt he cycloal kyl group are
cycl oal ky groups aving from®6 to 20 carbon atons. Exanples of the

| oal kyl 20 t t | ohexyl
eus % o SRR SO AN o

-ne hyl cycl ohex royn, 3- dlnet vl up

5’ % %%%I%ﬁ% UH‘rSf%g :Uﬁaﬁ?%ﬁ net yIcy Xlﬁexyg éiCXCIOalkyl
6 dlneth Icyclohex rou a 3,4-di et hyl cycl ohex r.ou
S i ey B Kot el SR LT éy&%&é&%kgf&r 8§8upa
, 3, 5-trinmethyl cycl ohexyl group, a 2,3, 6- tr| cl ohex %up a
, 4, 6-trinmet hyﬁ”c%‘cf?%?ﬁe%?ls ‘8 %Lﬁ}kyal QF@PB EH*? Kﬁ(@ gyetbh lI}ﬁ ap™ a
3,4,5-tetranet hyl cycl ohexyl grou 6-tetranet hyl cycl ohexyl
oup, al £B28 er{Rer akerH cﬁééﬁ@ﬁgﬁw o t&{iﬂpalk%e%%%% AT SKERy
oup, a 2-ethylcyclohexyl group, a 2,3-diethylcyclohexyl group, a
, 3, 4-t r} et hyd € yad ek yatQgroumclaide ) Brediyllc pdiovivex @in §EBWP, JEOUP,

2-1sopropyl cycl ohexyl group, a
10 a n-propyl group, an isopropyl group, a n-butyl group, a

2
3
2
2
2
g
g
2

sec-butyl group, a tert-butyl group, a n-pentyl group, a
neopentyl group, an isopentyl group, a n—hexyl group, an—heptyl
group, a n-octyl group, a n-decyl group, a n-nonyl group, a
n-decyl group, a n-dodecyl group, a n-tridecyl group, a
15 n-tetradecyl group, a n-pentadecyl group, a n-hexadecyl group,
a n-heptadecyl group, a n~octadecyl group, a n—nonadecyl group,
and a n-eicosyl group.
Preferred as the cycloalkyl group are cycloalkyl groups
having from 6 to 20 carbon atoms. Examples of the cycloalkyl
20 groups having from 6 to 20 carbon atoms include a cyclohexyl
group, a 2-methylcyclohexyl group, a 3—-methylcyclohexyl group,
a 4-methylcyclohexyl group, a 2,3-dimethylcyclohexyl group, a
2,4-dimethylcyclohexyl group, a 2, 5-dimethylcyclohexyl group,
a 2,6-dimethylcyclohexyl group, a 3,4-dimethylcyclohexyl

256 group, a 3,5~dimethylcyclohexyl group, a

13



10 2-n-butyl cycl ohexyl group, a 2-sec-butyl cycl ohexyl group, a
2-tert-butyl cycl ohexyl group, a 2-n-pentylcycl ohexyl group, an adamant hyl
group, a 2-neopentyl phenyl group, a 2-n-hexyl phenyl group, a

2-n-octyl phenyl group, a 2-n-decyl cycl ohexyl group, a 2-n-dodecyl cycl ohexyl
group, a 15 2-n-tetradecyl cycl ohexyl group, a decahydronaphthyl group, and
a tetradecahydroant hracenyl group. The al kyl group substituted with
a cycloal kyl group is preferably an al kyl group substituted with a

cycl oal ky/ 3 o4 -otupi i e f ¢ Do = § D Rdugar Bop, af oABrikxanpl egcobhihkelal kyl
group 20 substituted with a cycloal kyl group having from7 to 20 carbon

atons i ngtdlge, aa cy Ll Oéleﬁ(ﬁ’irﬁ@t)kl?:icﬁépcb&pexﬁl t &b, gaoup
(2- et hy cyclohexyl) a (3-nethyl cycl ohexyl)nmethyl group, a

(4- et hyj cycéﬂ@ﬁméawig&wﬁ@yfl Frdu ,3adB B} bytgyl%eﬂgmywsﬁex 19r ouuo, a
25(2, 4- dlnethylcyclohex nethy group, a ( di met hyT cycl ohexyTl) net hyl

group, gy et iyi ﬁf et L18504p1
(3, 4- dlﬁ%(ﬁyfcycloheiy %M Qy ?ﬁ 9 ﬁet%@fcyclohexyl)nethy
group gg # ﬁy group, a (2,3,5-trinethyl
cyclohexy1 net%4ﬁé%ﬁ%ﬁ%§wgf%§ég é% iﬁ%% cy%lohexyl)nethyl group, a
Eg j g :é %E h% %Cl%ﬂg % ﬂé@ %ygdﬁkn§> a pentamethylcyclohexyl
(2,3,4,5-tetranethyl c ohe nme r
100>, 3, B n r ot TN LT heaeFY bty iP %u% 35diethyloyclohexyl
(2, 3,5, 6- tetranethylc cIohexg nmet hyl group
( pent ane FARy ¢t ohexyt y Fet ByRY Fb%bOh%XY% %?ﬁ??cy%lohexyl)nethyl group, a
(2-n-prd§ylcyclohexyl met hyl group, a 15 (2-isopropyl cycl ohexyl) net hyl
group, & T2-ProRyYiFLeytromeXy| Jratw|a GroePreryi-yed-a5ieesic gecsRexyl ) net hyl
group, a (2-tert-butylcycl ohexyl)nethyl group, a
( 2- NOpend y1Tyet vhexylohexny| ggeenp, aas-sec-butylcyclohexyl group, a
2-tert-butylcyclohexyl group, a 2Z2-n-pentylcyclohexyl group,
an adamanthyl group, a 2-neopentylphenyl group, a
2-n-hexylphenyl group, a 2-n-octylphenyl group, a
2-n-decylcyclohexyl group, a 2-n-dodecylcyclohexyl group, a
15 2-n-tetradecylcyclohexyl group, a decahydronaphthyl group,
and a tetradecahydroanthracenyl group.

The alkyl group substituted with a cycloalkyl group is
preferably an alkyl group substituted with a cycloalkyl group
having from 7 to 20 carbon atoms. Examples of the alkyl group

20 substituted with a cycloalkyl group having from 7 to 20 carbon
atoms include a cyclohexylmethyl group, a methyl group
(2-methylcyclohexyl), a (3-methylcyclohexyl)methyl group, a
(4-methylcyclohexyl)methyl group, a

(2,3-dimethylcyclohexyl)methyl group, a

25 (2,4-dimethylcyclohexyl)methyl group, a

14



20 (2-neopentylcycl ohexyl)met hyl group, a (2-n-hexylcycl ohexyl) nethyl

group, a (2-n-octylcycl ohexyl)nethyl group, a (2-n-decyl cycl ohexyl) net hyl
group, a (2-n-decyl cycl ohexyl)nethyl group, a 25
(2-n-tetradecyl cycl ohexyl ) met hyl group, a decahydronapht hyl net hyl group, a
t et radecahydr oant hracenyl met hyl group, a 2-cycl ohexyl et hyl group, a

3-cycl ohexyl propyl group, a 4-cycl ohexyl butyl group, a dicycl ohexyl net hyl
group, a 2,2-dicycl ohexylethyl group, a 5 3, 3-dicycl ohexyl propyl group, and
a 4, 4-di cyshohexyt Dyt ¥y cU6RERy1 ) methyl E¥aspbpesaof the conmpound with a
doubl e bond represented by the preceding formula (l111) include propyl ene,

1- but ene(o lgpehene 16Y@Eéﬁakyh7ﬁeeh9megréub¢xsne, 1- heptene, 10
vi nyl cycl ohexane, ¥ yl cycl ohexane, and 4-cycl ohexyl - - but ene. The

dehydratk9p4c§{ﬁéy§§lg?¥lg§e§9y>ﬁ@ggyysgrgﬁ'ghacan cause the secondary
al cohol contained in the hydrogenation Catal yst-renoved |iquid obtained in

step (B)é5969&9§%§H%%§%259Mg£?%?ﬁ§F§9%P??§?5? g conpound with a doubl e bond

represent ed by I ng exanpl es of which include

al umna, (3141 g2 phllor 8l UTLNR, L1 £B0LG). EELSENT UM OXide. g0 an hon

exchange 'Tes{ n. “Aron Zrrconium oXi de | reféefr romt
viewpoint that 2 Spechle GOURSUI (i bhca 20, debhe Bod69R) Becahal ned in

group, a (3,4,5-trimethylcyclohexyl)methyl group, a
(2,4,6-trimethylcyclohexyl)methyl group, a
(2,3,4,5-tetramethylcyclohexyl)methyl group, a

10 (2,3,4,6-tetramethylcyclohexyl)methyl group, a
(2,3,5,6-tetramethylcyclohexyl)methyl group, a
(pentamethylcyclohexyl)methyl group, a
(2-ethylcyclohexyl)methyl group, a
(2-n-propylcyclohexyl)methyl group, a

15 (2-isopropylcyclohexyl)methyl group, a
(2-n-butylcyclohexyl)methyl group, a
(2-sec-butylcyclohexyl)methyl group, a
(2-tert-butylcyclohexyl)methyl group, a
(2-n-pentylcyclohexyl)methyl group, a

20 (2-neopentylcyclohexyl)methyl group, a
(2-n-hexylcyclohexyl)methyl group, a
(2-n~octylcyclohexyl)methyl group, a
(2-n-decylcyclohexyl)methyl group, a
(2-n-decylcyclohexyl)methyl group, a

25 (2-n-tetradecylcyclohexyl)methyl group, a

15



The reaction systemin step (C) nmaybe either of a |iquid phase reaction and
a gas phase reaction and exanpl es thereof include a batch systemusing a
tank reactor, a sem -continuous or continuous slurry nmethod, and a
continuous fixed bed nethod 25 using a tubular reactor. As the tank
reactor, a single-stage or nultistage mxing tank is usually used.
Exanpl es of the tubular reactor include fixed bed reactors in which a
single unit is arranged or two or nore units with a single tube heat
exchangedstahgtivogapht By bt h{yubgkanpheat exchange structure 5 having many
tubes arranged in parallel are linked in series. Ina |arge-scale industrial

operati Oflet thdb8aRy@FSERCHrh 8RR MY LAY HhReupeagt boRyBYoReki/Xednhed met hod
fromthe viewoints of operativity and econom cal ef¥|0|ency. The reaction

in step §£uPRY; Be RenterxRd 4Ry 8r§QbVQQ%~?yEﬂ@H§§yf§% 1 Gheysol vent

i ncl ude aliphatic hydrocarbons and aronafic hydrocarbons. anpl es "of such

al i phati [ ns. i I ane, - e, an

decgne, %et €Y€§€$o @E%Q?yggﬁ“ggﬁyﬁkiéﬁ%ﬁhx ne. )%ﬂgﬁggnbﬁrgﬁ‘n %ronatic
hydr qcar bo i n t ol uene, | ene, ,15.et hyl benzene nd cunene.
Sﬁchqgolgégfgiggéyggegggé %ﬁg%egggugrtgﬁﬁagigéﬁ§gﬁgyc%8 ﬁégggggyg m xt ure

of two or_nore of them The reaction tenperature is usually from 1100 to
500C andgﬁ?%?Erably from 300 to 500C. The reaction pressure is usually from

ordinary pressure to 1 a. The reaction tinme is usually 20 from0.1 to 10
hour s. ﬁ?@m%%%%dﬁgﬁgmMFPWpﬁuﬁguBFEhb%ﬁﬂnﬁﬁﬁ?g§ﬁﬁ¥§895§sﬁﬁ§eﬁreceding

formula (111) to be obtained b¥ the present invention are conpounds usef ul
as a raw¥matefi BFeefdanpof 9rBR2a (E5ADNORELLEEr PEEPYSREEY n 1 ~BHESERe | i ke,
and especially 4-nmethyl-1-pentene 25 and vi nyl cycl ohexane are conpounds
useful as—ReR @pﬁatérmgphbg—l—pentene, l-hexene, 1l-heptene,

10 vinylcyclohexane, allylcyclohexane, and
4-cyclohexyl-1l-butene.

The dehydration catalyst may be any catalyst which can
cause the secondary alcohol contained in the hydrogenation
catalyst-removed liquid obtained in step (B) to undergo

15 dehydration to produce a compound with a double bond represented
by the preceding formula (III), examples of which include
alumina, silica, silica-alumina, titania, zirconium oxide, and
an ion exchange resin. Among these, zirconium oxide is
preferred from the viewpoint that a specific compound with a

20 double bond can be obtained in a high selectivity.

The reaction system in step (C) may be either of a liquid
phase reaction and a gas phase reaction and examples thereof
include a batch system using a tank reactor, a semi-continuous
or continuous slurry method, and a continuous fixed bed method

25 using a tubular reactor. As the tank reactor, a single-stage

16



a heat-resistant polyner, a conmononer for polyolefin, and the |ike.

EXAMPLES 5The present invention will be described below in nore detail wth
reference to exanpl es. The conversions of 4-nethyl-2-pentanol and
1- cycl ohexyl et hanol , the selectivities of 4-nethyl-I|-pentene and

vi nyl cycl ohexane, and the selectivities of 4-nethyl-2-pentene and 10
et hyl i denecycl ohexane, which are by-products, are calculated fromthe
anount of a reaction feed, the gas chromatographi c conpositional analysis

t her eof , ot heult owt agounl x Dhg at POBL 1 £ easth DDyl hgetd, Ebhdhng hes gas the
chromat ogr aphi ¢ conposi tional analysis thereof. 15 Exanple 1 (1) Step (A)

To a batghoreast pLadese HcITRidl5i8ed ivhd dLRHERINIRG whik®t BYkidgpent anone
(formula (1)) and ruthenium alum na (a hydrogenation cat al yst contalnlng 5

parts by,ueight of 20 dutheriym.and. 9 parts py:nel %fltngqfe ahwd pajcare
charged so that the content of rutheniunalumna nay become 1.5 parts by

wei oht 1gl ahiye. 10100 pAL LS, by upiaty oh hhe Jiiauidy Al Lhencayceaction

is perforne our's under condition speci by a l'iqui
ngﬁ%g;géglr?%erﬁaﬁrgysu% ?eepr essurfesﬂlqtar}ealrlealca e J.n%(%dslwgeg’lest.h pure
In a large-scale industrial operation, it is preferred to carry
out the reaction by a fixed bed method from the viewpoints of
operativity and economical efficiency.

The reaction in step (C) may be performed using a solvent.

10 Examples of the solvent include aliphatic hydrocarbons and
aromatic hydrocarbons. Examples of such aliphatic
hydrocarbons include hexane, cyclohexane, heptane, octane,
decane, methylcyclohexane, and ethylcyclohexane. Examples of
such aromatic hydrocarbons include benzene, toluene, xylene,

15 ethylbenzene, and cumene. Such solvents may be used alone or
alternatively may be used as a mixture of two or more of them.
The reaction temperature is usually from 100 to 500°C and
preferably from 300 to 500°C. The reaction pressure is usually
from ordinary pressure to 1 MPa. The reaction time is usually

20 from 0.1 to 10 hours.

The compounds with a double bond represented by the
preceding formula (III) to be obtained by the present invention
are compounds useful as a raw material of a polymer, a comonomer
for polyolefin, and the like, and especially 4-methyl-1l-pentene

25 and vinylcyclohexane are compounds useful as a raw material of
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reaction liquid has a 4-nethyl -2-pentanol concentration of 99% by wei ght.
(2) Step (B) The reaction liquid obtained in the above-described step 5 (1)
is left at rest and then a supernatant liquid is filtered through a filter
cloth (Zeta Plus 30C, manufactured by Sumtono 3MLtd.), so that a

hydr ogenati on catal yst-renoved |iquid is obtained. The hydrogenation

catal yst concentration of the resulting hydrogenation catal yst-renoved
liquid is less than 10 0.0001 parts by weight. (3) Step (O To a

tubul ar & ectorrJmidea Ot PRIFelhHayi dgnensest i nalpAnea «afin]. dhdsenare
centinmeter) was packed 66 grams of a zirconium oxide catal yst (packed

| ength: &M, and then the 15 hydrogenation catal yst-renoved |iquid
obtained in the above (2) was fed at a rate of 40 g/hour and the
tenperature of the zirconium oxide catal yst |ayer was adjusted to 336 to
353C. The conversion of 4-nethyl-2-pentanol at the reactor outl et
was 88@6E%£§@ ectivity of 4-nethyl-1-pentene was 82% 20 and the
selectivity of 4-nmethyl -2-pentene, which is a by-product, was 11% Exanple

2 (1% Step (Ahhe present invention will be described below in more

detail with reference to examples. The conversions of
4-methyl-2-pentanol and l-cyclohexylethanol, the
selectivities of 4-methyl-1l-pentene and vinylcyclohexane, and
the selectivities of 4-methyl-2-pentene and

10 ethylidenecyclohexane, which are by-products, are calculated
from the amount of a reaction feed, the gas chromatographic
compositional analysis thereof, the flow amount of a
post-reaction liquid, and the gas chromatographic
compositional analysis thereof.

15 Example 1
(1) Step (A)

To a batch reactor made of metal, a liquid containing
4-methyl-2-pentanone (formula (I)) and ruthenium/alumina (a
hydrogenation catalyst containing 5 parts by weight of

20 ruthenium and 95 parts by weight of alumina) are charged so that
the content of ruthenium/alumina may become 1.5 parts by weight
relative to 100 parts by weight of the liquid, and then a reaction
is performed for 10 hours under the condition specified by a
liquid temperature of 150°C and a pressure in the reactor of

25 3 MPa-G with pure hydrogen gas being supplied. The resulting

18



25To a batch reactor made of netal, a liquid containing 1-phenylethyl

al cohol (formula (11)) and acetophenone (fornmula (1)), and

rut heni unf al um na (a hydrogenation catal yst containing 5 parts by wei ght of
rut heni um and 95 parts by weight of alum na) were charged so that the
content of 5 rutheniunfalumna mght becone 1.5 parts by weight relative to
100 parts by weight of the liquid, and then a reaction was perfornmed for 7
hours under the condition specified by a liquid tenperature of 80C and a

pressur erddit fen neaetior ng a34Mrat ey wi-bhppHEanBY di Ogesn gast beh kg soppl i ed.
Then, the liquid 10 tenperature and the pressure in the reactor were

changed # @and 2 MPa-G respectively, and a reaction was carried out
for 4 hours, atfording a reaction liquid. The 1-cycl ohexyl et hanol
concentrai}qgtgg E@p resulting reaction liquid was 94% by wei ght. 15(2)
Step (B) The reaction liquid obtained in the above-described step

(1)l Lo o GEbcRboL 000, B HRSLARAT, JAd s D gistcf B oush 2
hyt goeni o alal yatseMus gy S s 20 aftainet The hyjtoggnat o
|00 veg,Lese DD, 0,000 pafi oty MLt (31 SR LO) pugs g0 1°
CentinEtﬁ&lL&??)P%ﬁ§%§u§}a?%%gioggngtﬁgacggkgqyst—removed liquid is
obtained. The hydrogenation catalyst concentration of the
resulting hydrogenation catalyst-removed liquid is less than
10 0.0001 parts by weight.
(3) Step (C)
To a tubular reactor made of metal (having a sectional
area of 0.71 square centimeter) was packed 66 grams of a
zirconium oxide catalyst (packed length: 67 cm), and then the
15 hydrogenation catalyst-removed liquid obtained in the above (2)
was fed at a rate of 40 g/hour and the temperature of the
zirconium oxide catalyst layer was adjusted to 336 to 353°C.
The conversion of 4-methyl-2-pentanol at the reactor
outlet was 88%, the selectivity of 4~methyl-l-pentene was 82%,

20 and the selectivity of 4-methyl-2-pentene, which is a

by-product, was 11%.

Example 2
(1) Step (A)
25 To a batch reactor made of metal, a liquid containing

19



oxi de catal yst (packed length: 10 cm, and then the hydrogenation

catal yst-renoved |liquid obtained in the above (2) was fed in 320 g/ hour and
the tenperature of the zirconium oxide catal yst |ayer was adjusted to 376
to 398C. 5The conversion of 1-cyclohexyl ethanol at the reactor outlet was
45% the selectivity of vinylcycl ohexane was 84% and the selectivity of

et hyl i denecycl ohexane, which is a by-product, was 6% Conparative Exanple 1
10l n Exanmple 1 (2), the reaction liquid to be obtained in Exanple 1 (1) is

left at 1esten@fdOigl R cAnSUPEE HBah@nd (TIQUi sha Hhe thythogenrat Eepncakal yst
concentration of the resulting supernatant liquid is O . 0018 parts by

wei ght . Qf‘) Exammph erde K3 3 wRPET&h1 PRS (Mef a8E &L L0 OWt chPa i Psrsame manner as
Exanpl e 15 except for feeding the hydrogenation catal yst-renoved |iquid

21t con S A g5 E a8 bR S gt DR SIS S asac
as a resy Lael%f%agfwerrg!@Qa?%e%’ggt@%ﬁzﬁﬁgn{:%%n@to he reactor outl et
y o -et hyT -

was 86%: ecti Vi yl'-1-péntene was 75% and the
col et VL 2 P2 L2 B ol 1 5.8, DU POl ot AR
The 25 hydh GGARGT {0k Catdby ooF COREeht i foreBf LRERr BsaPEFRGHetodr nat ant
liquid was | ess than 0.0014 parts b}){ wei ght. In Exanple 2 (3), operations
vere carPREECHIRAIHPT R LHhe URESFeF A SHBHDIR SPegecpedraY F e48PAG t he
supernatant liquid at a rate of 323 g/ hour instead of feeding the
hydr ogentagiparature of 80°C and a pressure in the reactor of 3 MPa-G
with pure hydrogen gas being supplied. Then, the liquid
10 temperature and the pressure in the reactor were changed to 100°C
and 2 MPa-G, respectively, and a reaction was carried out for
4 hours, affording a reaction liquid. The l-cyclohexylethanol
concentration of the resulting reaction liquid was 94% by
weight.
15 (2) Step (B)
The reaction liquid obtained in the above-described step
(1) was left at rest and then a supernatant liquid was filtered
through a filter cloth (Zeta Plus 30C, manufactured by Sumitomo
3M Ltd.), so that a hydrogenation catalyst-removed liquid was
20 obtained. The hydrogenation catalyst concentration of the
resulting hydrogenation catalyst-removed liquid was less than
0.0002 parts by weight.
(3) Step (C)

To a tubular reactor made of metal (having a sectional

25 area of 4.1 square centimeter) was packed 41 grams of a zirconium

20



5 catalyst-renoved liquid obtained in Exanple 2 (2) at a rate of 320 g/ hour
and changi ng the tenperature of the zirconium oxide catalyst |ayer from 376
to 398C to 376 to 401C, the conversion of 1-cycl ohexylethanol at the
reactor outlet was 47% the selectivity of vinylcycl ohexane was 78% and
the selectivity 10 of ethylidenecycl ohexane, which is a by-product, was
12% | NDUSTRI AL APPLI CABI LI TY According to the present invention, a
speci fic conmpound with a double bond can be obtained highly selectively. 15

CLAIMS  oxide éaté\l??%h@}gacfﬂ%édp[@ﬁ‘ ehng1e @ﬁWEOHHQ whth andoubl e bond
represented by the following formula (111), the nethod 5 conprising the

fol | ow ng §£§@én£€‘i©n(c%)bal%—(r@moved 1i u§&%|%t(aA}1edalx§tt%Q Hof&asting a
conmpound represented by the follow ng fornu a (1) and/or a conpound

01 par tEhy et Ot op” Rere e AT Grbbshalt bn CArAPy e tergey g e
?gtibglBg?Ygigggagggﬁ%lgggdadyﬂgESEntghg7%hg 3g§g@ht of a feedstock liquid

5 The conversion of l-cyclohexylethanol at the reactor
outlet was 45%, the selectivity of vinylcyclohexane was 84%,
and the selectivity of ethylidenecyclohexane, which is a
by-product, was 6%.
Comparative Example 1

10 In Example 1 (2), the reaction liguid to be obtained in
Example 1 (1) is left at rest, affording a supernatant liquid.
The hydrogenation catalyst concentration of the resulting
supernatant liquid is 0.0018 parts by weight. 1In Examplel (3),
operations were carried out in the same manner as Example 1

15 except for feeding the hydrogenation catalyst-removed liquid
obtained in Example 1 (2) at a rate of 40 g/hour and the
temperature of the zirconium oxide catalyst layer was changed
from 336 to 353°C to 337 to 354°C; as a result, the conversion
of 4-methyl-2-pentanol at the reactor outlet was 86%, the

20 selectivity of 4-methyl-l-pentene was 75%, and the selectivity
of 4-methyl-2-pentene, which is a by-product, was 16%.
Comparative Example 2

In Example 2 (2), the reaction liquid obtained in Example

2 (1) was left at rest, affording a supernatant liquid. The

25 hydrogenation catalyst concentration of the resulting
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step (B): a step of renoving the hydrogenation catalyst until the anount of
t he hydrogenation catalyst contained in the reaction |liquid obtained in
step (A) becones 0.0010 parts by 15 weight or less, thereby obtaining a
hydr ogenati on catal yst-renoved |iquid, wherein the whole weight of the
reaction liquid obtained in step (A) is 100 parts by weight, step
(©: a step of obtaining a conmpound with a double bond represented by the
following formula (I11) in the presence 20 of a dehydration catalyst from

t he hydr@a@@@t}a@@n@aif@yﬁ& - REOVESk | KR qmlacl rg%d:ﬂsn bg_{%l(g@t: RrnC- CH3(1)
wherein represents a hydrocarbon group, -- --1cH3 wherein R2
repr esenéy?axﬁpﬂé(dz’ O(C‘:ﬁr,b%@egra%l%n%o%%lenbﬁgr%d%&)fﬂ% & Hd BEme manner

as Example 2 except for feeding the supernatant liquid at a rate

of 323 g/hour instead of feeding the hydrogenation

5 catalyst-removed liquid obtained in Example 2 (2) at a rate of

320 g/hour and changing the temperature of the zirconium oxide

catalyst layer from 376 to 398°C to 376 to 401°C; the conversion

of l-cyclohexylethanol at the reactor outlet was 47%, the

selectivity of vinylcyclohexane was 78%, and the selectivity

10 of ethylidenecyclohexane, which is a by-product, was 12%.

INDUSTRIAL APPLICABILITY
According to the present invention, a specific compound

with a double bond can be obtained highly selectively.

15
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R3-CH=CH2( I I 1 ) 5 wherein R2 represents an al kyl group, a cycl oal kyl
group, or an al kyl group substituted by a cycl oal kyl group. 2.
The nmethod for producing a conpound with a double bond according to claim
1, wherein Rl of fornmula (1) is a hydrocarbon 10 group having 2 or nore
carbon at ons. 3. The method for producing a conpound with a double
bond according to claim1l or 2, wherein the dehydration catalyst is

zi rconi um oxi de. 15

CLATIMS

1. A method for producing a compound with a double bond
represented by the following formula (III), the method
5 comprising the following steps (A), (B), and (C):
step (A): a step of reacting a compound represented by
the following formula (I) and/or a compound represented by the
following formula (II) with hydrogen in the presence of 0.1
parts by weight or more of a hydrogenation catalyst, thereby
10 obtaining a reaction liquid, wherein the whole weight of a
feedstock liquid is 100 parts by weight,
step (B): a step of removing the hydrogenation catalyst
until the amount of the hydrogenation catalyst contained in the
reaction liquid obtained in step (A) becomes 0.0010 parts by
15 weight or less, thereby obtaining a hydrogenation
catalyst-removed liquid, wherein the whole weight of the
reaction liquid obtained in step (A) is 100 parts by weight,
step (C): a step of obtaining a compound with a double
bond represented by the following formula (III) in the presence
20 of a dehydration catalyst from the hydrogenation

catalyst~removed liquid obtained in step (B),

o)
I (1)
R'—C—CH,

wherein R!' represents a hydrocarbon group,
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10

15

- OH
p (1rn)
R*—CH—CH; ’
wherein R® represents a hydrocarbon group containing an aromatic
ring,
R3—CH=CH, (111)

wherein R® represents an alkyl group, a cycloalkyl group, or

an alkyl group substituted by a cycloalkyl group.

2. Themethod for producing a compound with a double bond
according to claim 1, wherein R1 of formula (I) is a hydrocarbon

group having 2 or more carbon atoms.

3. The method for producing a compound with a double bond
according to claim 1 or 2, wherein the dehydration catalyst is

zirconium oxide.
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