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ia] e 1 io)
The present invention relates to a process for

producing 7-o¢ten-1.al by igomerizing 2,7.0ctadien-1.01,7-
Octen-l-al, which containg a terminal double band and an
aldehyde group with high reactivity, is very useful as a
ptarting material for various l.ndustrial chemicals.

For inetance, 7-octen-l-al is comnvertsd into 1,9-

nonanedial by hydrofoarmylation, which can give various
starting materials for synthesizing polymers, such as 1,9-

nonanedlol, azelaic a;d and 1,9-nonanediamine. Also, 7-

octen-1-al can be converted, by oxidation with oxygen in

the presence of a catalyst such as a cobalt s=salt, a

manganese salt, a nickel salt, a copper salt or an iron

salt, into 7.o0ctenic acid, Fﬁrthermore. 7-octen-l-al ecan

be converted by reduction into 7-octen-l-.0l oz l-occtanol,
or can be converted, by reduction of the double bond and
ox:dation of the aldehyde group, into capric acid.

D ipti e i r

Patent Publication No,

Japanese 60378/1987 and

Japauese Patent Application Laid-open No. 118535/1988

discloae a proceas for producing 7-octen-1l-al, which

comprise isomerizing 2,7-octadien-1l.0l in the presence of

a catalyat selected from the groﬁp congisting of copper
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starting materials for synthesizing polynmers, such as 1,9. nonanediol,
.azelaic aid and 1, 9-nonanedi am ne. Al so, 7- octen-1-al can be converted,
by oxidation with oxygen in the presence of a catalyst such as a cobalt
salt, a nmanganese salt, a nickel salt, a copper salt or an iron salt,
into 7-octenic ac Furtherrmre 7-octen-1-al can _be converted by
reducti on int6‘74i)ﬂta'n nd| chTomipmansrtalpttoan bbaeaneapt cBatppt
reduction of the double bond and oxidation of the al dehyde group, into
capric acid. AQé’s‘éFPﬁH%n of-aidaopeingr ANe. 21 e‘soea/ Pat éRatent

Publ i cati on . 60378/ 1987 and Japanese Patent “ngll i cation Lai d-open No.

118535/ 1983 aﬁ"sa SeF 8 (figelenns orp pe ot i g -Eroct@micdn

conpri se |soner|2|ﬂ9 2, 7-octadien-1-ol jn the presence of
¢h co:nprises isomerizing, at a temperature of 180

to 250° C, 2.7_-oetadien-1-ol in the co-presence of at least
one compound selected from the group consisting of n-
oetangl, 3-0ctanol and 7.octen-l-0l in an amount of 50 to
200% by weight based on the weight of 2,7-0ctadien-1-0l
~and in the presence of a metal oxide catalyst containing
at leagt two metals selscted from the group consisting of
copper, chromium and zinec.

The process described in Japanese Patent
Publication No. 60878/1987 and Japanese Patent
Application Laid-open No. 11853511983 has the problems
that 'there is inevitably byproduced 2,7.0ctadien-1-al from
which {t .is .diffic.ult to separate by distillation the
product T.octen-1-al aand that the byp'roduced 2,7
octadiensl-al, which is a catalyat poisom for
hydroformylation, decreases, on hydroformylation of the
obtained 7-octen-l-al to form 1,8-nonanedial, the yield of
the 1,9.nonanedial. This fact 1is clear from the
description in Japanese Patent Apglication Laid-open No.
218688/1990¢ that when the reaction is conducted in
accordance with the procedure given in Examples of
Japanese Patent Puﬁlication No. 60378/1987 with

repaated use of the same catalyst, there tends to occur a
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a catal yst selected fromthe group consisting of copper

.~ 2 - catalysts and chromum catalysts. Japanese Patent Application
Lai d- open No. 218638/ 1990 (Patent No.2565561) discloses a process
for producing 7-octen-1- al, which conprises isonerizing, at a tenperature
of 180 to 250 C, 2,7-octadien-1-ol in the co-presence of at |east one
compound sel e8f8d walohueraageonf rrrednagdor2.f-octrdiemil-ad.octBhsl and

7-octen-1-ol in an ampunt of 50 to _ 200% by wei ght based on the_wei ght of
2. 7-oct adi en- Prgress described in Japanees Patont Application Laid-

open No. 218638/1990 gurely decreases the amount of 2,7-
octadien-1-al byproduced, to a low level, Its Example 2
shows oaly 0.7%, which is the largest figure in the
Examples, of the byproduct after 7-haur <reaction.
However, with this process, n-octanol and 8-octanol,.
which are used aes sources for generating hydrogen, are
necessarily converted, by dehydrogenation during the
reaction, into n-oetylaldehyde (boiling poinmt: 173° C/760
mmHg) and 8-0ctanone (boiling point: 168" C/760 mmHg)
respectively, ecach having a boiling point very close to
that (174' C/760 mmHg) of the desired product 7-octen-1-
al. As a result, the process degcribed in Japanese Patent
Application Laid-open No. 218838/1990 -haa the problem
that it is:very diffic;xlt to separate the desired product
fraom _thése byproducts by distillation.

In order to solve the abave problem of the process
deacribed i‘n Japanese Patent Application Laid-open No.
218638/1990, it ie necessary to develop a process which
does not use n-octancl, §-octanol or T7-occten-1-01 that
should form the above-mentioned byproddcta. The present
inventors have therefore studied in detail the mechanism
of formation of'7-octon-1-_al from 2,7-octadien-1-0l. They
then found that the reaction is a formal isomerization

reaction which comprises dehydrogenation of the allyl
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and'in the presence of a netal oxide catalyst containing at |east two

Jmetals selected fromthe group consisting of copper, chrom um and zinc.

The

process

60378/ 1987
118535/ 1983 has probl that t her vi t abl produc
2, 7-oct adi en- 1?%31‘?? ?gi 1o ctad de‘f?(‘:?ﬂSt“t °’s’§pg %/it‘éél tadieq- gt At ation

s AE R g ftee ilie BoRroge ha s BRI Y e Sth R ot tF AR at i on,

t he

pr oduct

oct adi en- 1- aI
decr eases,

1, 9- nonanedla

from

descri bed in Japanese Pat ent Publication No.
and - Japanese Patent Application Laid- open No.

rof ormyl ati gn of  the tamed?oc en-1-al to form
Ao A PBRySaRTUgEing winihb ot e KYd e TR aups ey form

the descri tlon |n Ja anese Patent pllcatlon Lald en No

7-o0cten- us, the byproduc¢tion of 2 -octa fen-
in this reaction is caused by the fact that the hydrogen
having formed on dehydrogenation is consumed, not only
for hydrogenation to form 7-octen-1-al, but for various
byproduction, thereby causing a part of the intermediate
product 2,7-octadien-1-al to- remain in the reaction zone.
Indeed, the present inventora conducted isomerization in
accordance with the procedufes given in Comparative
Examples 1, 8, 4 and 5 in the instant specification to
confirm that 2,7-octadien-1-al was byproaduced in a large
amount., The present inventors have also found that, on a
long-period ijsomerization, as shown in Comparative
Example 8 of the in.sta.nt specification, the amount of 2,7-
octadien-1-al byproduced increases and, at the same time,
the conversion of 2,7.0ctadien-1-01 decreases, so that the
gelectivity to T-.octen-l-al decreases. In summary, ths
serious problem found ia that 2,7-gctadien-1-a]l decreaaes
the catalytic activity for the isomerization of the present
invention, | |
Furthermore, where the reaction is eonducted by a
reaction.distillation method, which is rega.rded as 8
particularly preferred embodiment in Japanese Patent
Publication No. 6037871887, Japan-ese Patent Application

-
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218638/ 1990

that when the reaction is conducted in accordance

.the procedure given in Exanples of Japanese Patent Publicatio
No. 60378/1987 with repeated use of the sane catal yst, there tend

occur

a

-3- gradual increase of

ol 1ot on LaPATORER (A el aQFERY ol S ook T R

Appl i cation Lal
di 1-al d I I 2 h I
octadin- Ul byaserbes 1 b 26 vl 2l Rl

7- hour

reactlg)n"h" problem that there inevitably accumulates high-

boiling byproducts originating from the aldehydes formed
by the reaction, which leads to a decrease in the yield.

It is therefare important, in order to conduct the

W th
n
s to

ent

f 2,7-
. 1%

ter

reaction operation cver a long period of time, to suppress

not only the formation of 2,7-0ctadien-1-al that decreases
the catalytic. activity but also that of high-boiling
byproducts. As described above, the mechanism involved
in the formation of 7-o0c¢ten-1-al from 2,7-0ctadien-1-01 is
a formal isomerization which comprises dehydrogenation
of the allyl alcchol parﬁ ef 2,7-0ctadien-1-0l to form 2,7«
octadien-l1-al and the succeeding hydrogenation of the
carbon-carboa double bond conjugating with the aldehyde
group to form 7-o-cten-1-al. The byproduction of 2,7.

octadien-1-al results from the fact that the hydrogen

formed on the above dehydrogenation is comsumed, not

only for the hydrogenation to 7-.octen-1-al, but for
.;arious gide 'reacltions, which renders insufficient the
hydrogenation of 2,7-octadien.1-al and thus causing this
aldehyde to remain in the reaction zone. Hydrogenation
of the remaining 2,7-0ctadien-l.al by adding hydrogen,
which is inexpeusive, to the reaction zome could reduce

the content of 2,7.0ctadien-l-al in the final reaction
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However, with this process, n-octanol and 3-octanol, which are used as
.sources for generating hydrogen, are necessarily converted, by
dehydrogenation during the reaction, into n-octylal dehyde (boiling
point: 173 C/ 760 mmHg) and 3-octanone (boiling point: 168[err] C 760
mHg) respectively, each having a boiling point very close to that

(174[ err] C 78¢sided) tof sﬁnévdégieréxﬂovrmwma itiong inadegaibsyl t,
the process described in Japanese Patent Application_Laid-open No.

218638/ 1990 h& ke t 4@ o5 biA atrhont haf Jefaneas y Paytemtc yPublics atho ¢ he
desired product from these byproducts by distillation. In order to
sol ve the abo\Bd & i &4q ofdet'ﬁéigFécess"TbcPesﬂW'EédiFM!]'m)aﬁééétPaFenit‘ :

Application Laid-open No. 218638/1990, it is necessary to develop a
process whi chpreferably carzied out in an atmosphere of a gas which is

inert under the reaction condition. The whole or pazt of
the inert gaes may be replaced with hydrogen gas. When
the ;’eaction is carried out in the co-presence of hydrogen,
ihe hydrogen partial pressure iz preferably kept below 10
atmospherea. At a hydrogen partial pressure-2xceeding
10 atmosphereas, the hydrogenation reactien prevails,
unfavorably causing decreasgse in the 'selectivir.y toward 7-
octen-1-al.” and the same description is disclosed in
the specification of Japanese Patent Application Laid-
open No. 118635/1988. However, the especificatian of
Japaneae Patent Publication No. 60378/1987 only gives,
in its Examples 2 and 4, the results that thé ratioe. of
isomerization to _'7-octen-1-al under & hydrogen
atmosphers were'ts% and 78%, reapectively, and gives no
description about the amount of hydrogen added. The
specification of Japanese Patent Application Laid-opean No.
11863571983 only gives, in its Examp.les 4 and 6,
the results that the selectivity taoward 7-octen-l-al
under the flow of hydrogen gas were 92% and 79%,
:eapectively. The present ianventors have studied
this reaction and found the selectivifcy toward 7-

octen-1-al s low, that is, the bypraoduction of the
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does not use n-octanol, 3-octanol or 7-octen- 1-ol that should formthe
.above-nentioned byproducts. The present inventors have therefore studied
in detail the nmechanism of formation of 7-octen-1-al from .

2, 7-octadi-en-1-ol. They then found that the reaction is a fornal

| somerization reactign which copprises dehydrogenation of the al Ih\/,l

-4-  al cohol YRer of O‘Q’,’ﬂ%ﬁfadi“g&-‘l- oP'PS“F('JPm 2P7e¥aiLY entB- ol tBihg the
fggcgfg;ggdgyg‘;g?,,gqst&'.ggﬁ{; R R e R e R R L R

as the reaction proceeds, shown in Comparative
Example 7 of this specification. By the way, the
catalysts disclosed in tﬁese prior art literature are
known catalysts used for hydrogenation. It is then easily
expected that addition of hydrogen to the reaction zone
causes various hydrogenation side reactions and, in some
cases, may cause the produet 7.octen-l-al to be further
hydrogenated, thereby decreasing the selectivity to 7-
octen-1-al. However, these prior art literature give no
co'ncrete description about the effect of the a&diﬁ_ion of

hydrogen to suppress byproduction of 2,7-0ctadien-1-al.

SUMMARY OF THE INVENTION

Ag a:result of. an extengive study on the method and
amount used and the like of hydrogen addition, the
present inventora have found, surprigingly, that it is
possible, by conduc¢ting the reaction in the presence of a
copper catalyst, while controlling the ratio between the
amounts of %,7-octadien-l-0l and hydrogen within a
specific range, 'to suppress the byproduction of 2,7.
octadien-1-a]l] without decreaging the selectivity to the
product 7-o0cten-l-al and that conducting the reactian im
the gaseous phase, which facilitates rapid removal of the

product from the reaction zone, can suppress formation of

S
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7-octen-1-al. Thus, the byproduction of 2,7-octadien-1-al in this reaction
Is caused by the fact that the hydrogen having fornmed on dehydrogenation
is consunmed, not only for hydrogenation to form 7-octen- 1-al, but for
various byproduction, thereby causing a part of the internediate product

2, 7-oct adi en-gl-a to. remain in the reaction zone. |ndeed, the present
i nventors con l’ed"’i‘%i)’i"rérl ZBTPBRdmESteaccoF BARERY W t AtRRbe pr ok gi ven
i n Conparative anples 1, 3, 4 and 5 in the instant speC|f|cat|onto

confirm that zwrro\:&lam eﬁmvaﬁsmgswwbda&ea An 18 28Ry iodnotfnttimhe
pr esent |nventors have al so found that, on a |ong-period |soner|zat|on
as shown in TEBNPERRERGeinELAtEPR BaGF beNa |°r?s‘%&hft%1)ebPPPéal°"or’f % he

anount of 2 7- oct adi en- 1-al byproduced increases and, at the sane tine,
above findinga.

The. present invention provides a process for
producing T-octen-l-al by isomerization of 2,7-0ctadien-1-
al into - 7-octen-1-a1,' which comprises feeding 2,7-
octadien-1-0l and hydrogen.to the reaction zone in the
presence of a copper catalyst, while controlling the molar
ratio of 2,7-0c¢tadien-1-0l to hy;lrogen within a range of
99/1 to 75/25, and effecting isomerization in the gaseous

phaage.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the p.reaené invention, tﬁe amount of hydroge'n to
‘be fed together with 2,7-octadien-1-0l is, in terms of the
molar ratie of 2,7-octadien-l-0l te hydrogen, within a
range of 99/1 to 75/25., This range correaponds to 1 to 28§
mole % of hydrogen in the resulting mixture of 2.7-.
octadien-1.0! and hydrogen, The molar ratio of 2,7-
octadien-1-0l to hydrogen is preferably within a range of
97/3 to 80/20. If hydrogen isa used in 2 molar .rat'io of 2,7-
octadiene to hydrogen exceeding 99/1, i.e. in less than 1
mole % of hydrogen in the mixture consisting of the two

components, there will be produced only a small effect of
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the conversion of 2, 7-octadi en-1-ol decreases, so that the selectivity to

7-octen-1-al decreases. In summary, the serious problemfound is that
2, 7-octadien-1-al decreases the catalytic activity for the isomerization
of the present invention. Furthernore, where the reaction is

articul arl'y pfEPERASA BROA PEHEET Flompahede! HRRARLS Bdon cat (h KBS

?g?78/1987 Jag@gesehliax;g'ntﬁzg\gplo Ce}};}rprogen in a #olar ratio of 2,7-
octadien-1.0] to hydrogen of less than 75/25, i.e. in an
amount exceeding 25 mole % of hydrogen in the mixture
consisting of the two <components decreases the
selectivity to 7-octen-1-.al.

Examples of the copper catalyst used in the process
oftﬁe present invention are reduced copper, Raney copper,
copper-zinc oxide, copper-chromium oxide, copper-
aluminum oxide, copper-iron-aluminum  oxide, copper-
zine-aluminum oxide and copper-zinc-titanium oxide,
These metal catalysts, which are commercially produced
and readily available, ¢can also be prepared in aceordance
with the processes described in, for example, “Shokubai
Kogaku Kogza 10; List of Element-Based Catalyets -8 7_
" jasued on Februlary 25, 1967 from Chijin Shokan Co.,
Ltd, These catalysts may be partially modified with
other metal components seleeted. from tungsten,
molybdenum, thenium, zirconium, manganese, titanium,
barium or the like. These catalyats may also be used in a

-form ecarried om a carrier such as alumina, silica or
diatomaceous earth. These c¢atalystse may have theix
surfaces been pretreated with an alkali metal and/or an
alkali ?arth metal before use, These catalysts may be
used aingly or in combination of 2 or more.

It is deairable to activate the catalyst by treating

Thls Sheet Has Been Replaced




Lai d-open No. 118535/1983 and Japanese Patent Application

Lai d-open No. 218638/1990, there occurs another problemthat there

i nevitably accunul ates high- boiling byproducts originating fromthe

al dehydes fornmed by the reaction, which |eads to a decrease in the yield.

R O B A A R

2, 7-oct adi en- ]Eial trh%t dgc;&ase .-vIthe catalytic activity but also that
‘of hi gh-boi | i ng 8 WpF84aT e ASTHEY Y i bed above, the mechanism invol ved

in the formation of, 7-qgcten-1-al from 2, 7-octadign-1-o0] is a fornal
: soneri zat i onI whi ct{nc&?ﬁfr iRESL e R H, 04, BORNRFF AR g'f“‘fﬁ’é%ﬂ'i'yl“hl%&ﬁdl“%art of

ﬁ&g;g;éﬁgi ?g;lj%]gl-{)hga;l%m -’071_ aonc adﬂgg;%égln,anghgpee sgcacyeecueng fed,
together with the 2,7-o0ctadien-1-0l, a primary or
secondary alcohol represented by the general formula (I)

RIR2CH.OH (1)

wherein R} and R? each represents a hydrogen atom, or an
alkyl, alkenyl, aryl or cycloalkyl group which may be
substituted; or R! and R? together represent a cycloalkyl
group formed by binding R! and R$%, which may be
substituted.

More concretely, R* and R? in the formula (I) each
representa a hydrogen atom, a linear or branched alkyl
having 1 to 10 carbon atoms, or an alkenyl, aryl or
cycloalkyl group which may be substitutled- with a lowe.r
- alkyl group having 1 to 3 carbon atoms or phenyl group;
or R! and R? together represent a cycloalkyl group which
may be subatit'uted with a lower alkyl group having 1 to 3
carbon group.

Examples of the primary or eecondary alcohol which
may be wused in the present invention are saturated
primary alcohols, e.g. methanol, ethanol, n-propancl, =n-
butanol, isobutyl aleohol, u-éentanol. isopentyl alcohol,
2.methyl-1-butanol, neopentyl alcohol, n-hexanol, 2.

methyl.1-pentanol, 2.ethyl-1-butanel, n-heptanol, n-

10
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car bon-car bon doubl e bond conjugating with the al dehyde group to form
7-octen-1-al. The byproduction of 2,7- octadien- 1-al results fromthe
fact that the hydrogen formed on the above dehydrogenation i s consuned,
not only for the hydrogenation to 7-octen-1-al, but for various side
reactions, which renders insufficient the hydrogenation of

2, 7- oct adi en- f—“él‘“z?ﬁd gntthEbdsibdranely mamg it &BefetHRutAnk keaction
zone. Hydrogenation _of the remmining 2, 7-octadien-1-al by addi ng hydrogen,
which is inex Bl engl prd ecanaliohnssherabed Pricenzs aleph dddnt ekt of

2, 7-octadien- 1-al in the final reaction_ m xture. From this viewpoint
the present ialVBhiheohol, methallyl aleohol, crotyl alcohol, 4-penten-

1-0l, 8-methyl.-8-buten.1-0l, 8.-methyl-2-buten-1.0l1, B5-
hexen-l-0l and 7-octen-1.0l; aralkyl primary aleohols, e.g.
benzyl alcohol; lihear- secondary alcohol, e.g. 2-propanoel,
2-butanol, 2;pentanol, 3-pentanol, 4-methyl-2.-pentanol,
2-heptanol, 2-octanol, 8-octanol and diisobutylcarbinol;
and <c¢yclic secondary alcohols, e.g.-. cyclopentanol,
eyclohexanol and methyl-¢cyclohexanol. Theese alcohole
may be uged singly or in combination of 2 ar more.

The process of the preaent invention ¢can be carried
out under atmospheric pressure, under a pregssure or
under a reduced pressure. As the reaction apparatus, for
example the wusual fixed bed {flow-system reaction
apparatus.can be used. Use of the flow-ayﬁtem reaction
facilitates-rapid removal of the product from the reaction
zone, thereby ouppreseing formation of high boiling
byproducis from aldehyde group-containing compounds.

In carrying out the process of the present inveation,
it is desirable, while mixing 2,7-octadien-1-0l and
hydrogen and, if desired, a primary or secondary alohol,
with an inert carrier gas, to contact the mixed gas with a
copper catalyst. However, the use of such an inert
carrier gas is not essential in the process of the present

invention. Thue, 2,7.-0c¢tadien-1-0l may be aimply mixed

11
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- 6- deci ded to study the hydrogenation conditions in detail. The
specification of Japanese Patent Publication No. 60378/1987 describes
"The isonerization reaction is preferably carried out in an atnosphere
of a gas which is inert under the reaction condition. The whole or part of

Ccarried out TrvEhy Bad %%2-&32&“5# “ﬁ()ﬁ#’r%%?frﬁ-gf‘iev ﬁﬂngE%p&?%"oéif{%Zsur e
excecdi ng 10 ST RS Srnos PRSP Ehchtxedn sRa mEran® Mok as iEe " C
unf avor ably Caéjglpgugeggar&englnmta ?e eCt NVIthtOW%n a7dvantageoualy
used as the inert carrier gas usable in the process of the
present invention.

The reaction temperature is preferably in # range of
100 to 260° C, more preferably in a range of 160 to 240°C.
At & temperature lower tixan 100° C..t.he reaction tends to
proceed very slowly. On the other hand,l at a temperature
highei than 280°' C, there occurs sintering of the catalyst
nsed, so that the catalyst is degraded with metallic
.copper precilpitating on the surface, thereby decreasing
both the selectivity andlcatalyst life.

The process of the prgaent invention can be carried
out over a2 wide range of the liquid hourly space velocity
(LHSV) of 2,7-oct'ad.ien-1-ol. The preferred range of LHSV.
is from 0.01 to 20 hre, and a range of 0.5 to 10 hrt is
more preferred. An LHSYV of less than 0.01 hr-!, which
leads to a very low productivity of 7-octen-1-al, cannot be
uged on a commercial scale. On the other hand, an LHSV
exceeding 20 hr-l! decreases the conversion of 2,7-
octadien.1-0l, | |

The 7-0cten-1-al that forms hy- the reaction can be
separated from the reaction mixture by i:he ugual

distillation,

Otheor fgatures of the inventiorn will become

12
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octen-1-al." and the same description is disclosed in the
specification of Japanese Patent Application Laid- open No. 118535/1983.
However, the specification of Japanese Patent Publication No. 60378/ 1987
only gives, in its Exanples 2 and 4, the results that the ratios of :
i sonerization to 7-octen-1-al under a hydrogen atnosphere were 43%
and 73% respdPRAZAYE i gtRes sonraesce ptikh abde wimg anbeteiled
hydrogen added. The  specification of Japanese Patent Application _
Lai d- open No. desraipsiangsof pmremunfiagys empadine nbagiphieh areggdves  {he
results that the selectivity toward 7-octen-1-al. under the flow of
hydrogen gas f@reidsoptzadionopf thesdamentdpp anphareymoterimtendeshitor s
have studied this reaction and _found the selectivity toward 7-
be limiting thereof. In the Examples and Comparative
Examples that follow, the following abbreviations are
used. |
GHSV: gas hourly space velocity (hr-!); defined as:
[Volume per hour of feed gas passing the total
volume of catalyst)/[total volume of catalyst)
LHSV: liquid hourly space ve'lo_city (hr-1); defined as:
[Volume por hour of feed liguid paassing the total
volume of catalyat]/[total volume of catalyst]
There were used following reaction apparatua, ai
well as the following quantitative analysis, catalyst
activation treatment and reaction procedure.
Reaction apparatus
A quartz glass tube having an inner diameter of 24
mm and a total length of 720 mm and equipped in its
ingide a th-ermometer sheath tube was packed with 2§ ml
of a copper catalyst. The copper catalysts used were all
molded pellets and had a length of catalyst layer of about
65 mm. The bottom part of the tube benegth the catalyst
layer was packed with glass beads having an average
particle diameter of 5§ mm, and on the top thereof with

the same glass beads over a heiéht of about 150 mnm,

which conatituted a pre-heating zone. The catalyst and

13
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octen-1-al is low, that is, the byproduction of the

-7- other hydr ogenati on products prevails in this reaction, and
the activity of the catalyst decreases as the reaction proceeds,

shown in Conpar ati ve Exanple 7 of . this specification. By the
way, the catalysts, disclosed in hese prior art literature are known
catal ysts used® s Hﬁ&rddgéﬁéﬂ‘b%' 'Ffrfsh!ﬁtehde%!’sﬁl ¢Yltndateadd edpatricaddi ti on
of hydrogen to the re c i on zone causes various hydrogenation side

reacti ons and,®%%® $eBP AL YT 8 Yihe GRtadyat IATRveNbich Wias be

further
reaction temperature, was measured and adjusted to a

prescribed temperature. The bottom part .ot' the reaction
tubs was fitted with.a tooling device, sampler, recevoir
and cold trap, so that the distilled reaction mixture was
recoverable. A met_eri.ng feed pump was used to feed 2,7-
octadien-l-0l at a prescribed rate and a gas mixer capable

of adjusting the composition and flow rate was used to

feed nitrogen and hydrogen.

The distillate was sampled at a prescribed interval
and subjected to gas chromatography by using capillary
columas (DB-WAX, 80 m, diameter: 0.25 mm, film: 0.25 2
m) made by J & W Beientific Company and with Triglyme
us an internal atanaard aubgcvance.

Analvtical. 1iti -
.-Injection tel.nperature and detection tem'perature:
280°C

Temperature elavation program: 100° C (kept for

2 minutes)= 6'C/min— 240°'C (kept for 5§ minutes)

After the inside of the reaction apparatus packed
with the catalyat had been sgufficiently replaced by
nitrogen, the catalyst layer was gradually heated while

nitrogen was fed at GHSV = 800 hr-t. After the

———
@ ——m

——

-
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hydr ogenat ed, thereby decreasing the selectivity to 7-- octen-1-al.
However, these prior art literature give no concrete description about the
effect of the addition of hydrogen to suppress byproduction of

2, 7-oct adi en- 1-al . - SUMVARY OF THE | NVENTI ON

result of an extensw stud n t t hod and ., apount use n e I|ke of
hydr ogen addi t% d‘h”fhg“'br%ée‘ﬁ'[ ﬁéﬁeéfs“ﬂa'\/’e hf'o‘[;mnﬂ“ ‘hibg ?ﬁ & hat it
is possible, by cond the re ion in the presence of a copper
catalyst, whi R tZBRERIEIATE Bl PIFFD BBenSeR k4B Ing ARt 8f By drocen

2, 7-oct adi en- 1- ol and h ydrogen _within a specific range, to suppress
t he bypr oduct¥ &k Gft'Zd“l“"‘doctacﬂ'léh P!a’!"\/ﬁtﬁéﬁﬂdé(frehgidﬁggﬁﬁe was

selectivity to the
gradually increased, while care was taken to keep the

catalyst layer temperature from eiceedi_ng 220 ° C to
prevent vigorous heat generation. When heat generation
was no longer observed, the temperature of the catalyst
layer was maintained at 200 to 220" C for 4 teo 5 houras,
~ while only hydrogen wae fed at GHSV = 300 hr-!.

Reaction procedure

After complet;ion of the activation treatm;nt of
catalyst, the.tnmperature of the reaction layer was, while
hydrogen was‘continuously introduced, asadjusted to abeut
20° C lower than the inteaded reaction temperature. The
feed gas wae then changed to a mixed gas having a
preurlhed-nitrogeﬁlhydrogen ratio, which was fed at a
prescribed .GHSV. Thereafter, 2,7-octadien.l.0l was fed
at a prescribed LHSV and the heating was adjusted to
achieve the desgired temperature. While the reaction

temperature was kept consgtant, the distillate was

sampled at a prescribed time and subjected to analysis.

Reactions were carried out with various copper

catalysts, with the LESV of 2,7-octadien-1.0l set at 1.5

hr-? and with various reaction temperatures and

1§
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product 7-octen- 1-al and that conducting the reaction in the gaseous
phase, which facilitates rapid renoval of the product fromthe reaction
zone, can suppress formation of - 8- _
hi gh-boi ling byproducts, wher eby stabl e reacti on operation becones

possi bl e over a | on eriod qf tine, The R, I nvention ha
conpl et ed basecf°d'hpgﬁg tlonfowd mixfdfitrose 9ifﬁé'°3ﬁr“es%‘}ﬁ".'i n&e‘ﬁﬁl o}
provides 8 PLAGERS f& coRPeSIElos RIS o bpb e 12070t 2800 2 a0

Table 2 the reaction results after 2-hour reaction.

Table 1 Copper Catalyst Used

{all made by Nikki Kagaku Co., Ltd.)
Code Compggi;inn (% by weight)

N20o2D Cu0: 38.5 Cre0s: 35.8 MnOg: 2.0
N202E CuO: 89.8 Cra0as: 41.1 MnO3: 1.9 BaO: 1.7
E26L Cu: 23.7 Fe : 20,9 Al : 18.8 Zn : 1.8

Ng11 Cu0: 49.0 Zn0 : 43.6

Average diameter of pellets: ¢5x5 (N202D, N202E, E26L)
$6x6 (N211)

The results of Examples 1 through 5 and
Comparative Examples 1 through § clearly show that, in
the reactions producing 7-octen-1-al with various copper
catalysts, oo-presaﬁce of hydrogen reducee the amount of
2.7-octadien-1-al-byprod.uced. It is also understood from
the .rnulta of Comparative Example 2, that the amount of _
the co-present hydrogen exceeding the range specified in
the inastant gpecification reduces the gelactivity to the

desired 7-0cten-l-al,

e
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ol into 7-octen-1-al, which conprises feeding 2,7- octadien-1-o0l and
hydrogen to the reaction zone in the presence of a copper catalyst, while
controlling the nolar ratio of 2,7-octadien-1-ol to hydrogen within a

range of 99/1 to 75125, and effecting isonerization in the gaseous phase.

DETAI LED DESCRIﬂ PTI ON OF THE PREFERRED EVMBODI MENTS
In the present |i nvent ion| 4 heganguni, of, hyqroggn t® Qe %ejtogethervm'th
2, 7-oct adi en- 14ol ﬁs,gfn kbrrg of the ol raticofu?, g-pctadien-1-ol to
hydrogen, wi thijn aj rangp of 99/1°'to 75/25. This range corfesponds to 1 to
25 mole %of Hydregen ih the resulting |mxture of 2,7-
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oct adi en-1-ol and hydrogen. = The nolar ratio of 2,7- octadien-1-o0l to
hydrogen is preferably within a range of 97/3 to 80/20. If hydrogen is
used in a nolar ratio of 2,7- octadiene to hydrogen exceeding 99/1, i.e.
inless than 1 nole % of hydrogen in the m xture consisting of the two

conponents, .there wi.ll _ be produced only a small effect of
-9-  suppressi uction of 2,7-octadien-1-al. On the other hand,

use of hydrogen in nol.ar ratio of 2, 7 oct l-ol to h dro en of |ess
than 75/25, i.e r*'ﬁa Stigh, e %’e’édl ngj“ﬁS r‘fgg ’%"81‘ L{/Eﬁo PP &%e
m xt ure

iron-alumisum catalyst (EzeL; made by N:klu Kagaku Co.,
Ltd.) at a reaction temperature of 220° C and by feeding
2,7-0ctadien-1-0l at an LHSV of 1.5 hr‘! and a 95/5 by
volume gitrogenlhydrogen mixed gas at a GHSYV of 480hr 2.
The above volume ratio corresponds to & molar ratio of
2,7-0octadien-1.0l to hydrogen of 90.56/9.5. Tbe change
with time of the reaction results is shown in Table 3. It
is undernoo.d that good reaction results were obtained

even 200 hours after continuation of the reaction

operation.
Table 8
Reaction Conversion of : Selectivity to
time 2,7-0ctadien-1-01 T-octen-1.al 2,7-0ctadien-1-al
(he) %) _ (%) )
5 990 - 76.8 8.8
50 ' 95.8 78.2 3.1
100 96.1 77.4 3.3
200 95.5 18.7 3.7
tiv

Reaction was carried out with a catalyst of copper-
iron-aluminum catalyst (E26L; made by Nikki Kagaku Co.,
Ltd.) at a reaction temperature of 220' C and by feeding
2,7-octadien-1.01 at an LHSV of 1.5hr'! and nitrogen gas

at a GHSV of 480 hr-!. The change with time of the

18
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consisting of the two conponents decreases the selectivity to
7-octen- 1-al. Exanpl es of the copper catalyst used in the process
of the present invention are reduced copper, Raney copper, copper-zinc
oxi de, copper-chrom um oxide, copper- al um num oxi de,

copper-iron-alum num op I n um hum_ oxi de .and

copper - zi nc- t FEARELRP 5%?82& ﬁ“n °‘?‘rﬁt gf‘ %a&%a‘l'ys‘[ 's, WhitBhBBAE 235008 ci al | y
produced and dil.y avail ahle, can I so,b repar ed in accordance . with

t he processes 'g‘écri%"ed‘?‘hd”f‘é’rn 8”‘8%!’0 it ’k&gékafkazacro Sf i st of

El ement - Based Ca aI s 36p , 1ss d on February 196 from Chijin
Shokan Co. ‘\;"rﬂe (f’at I°ysfs ptgR i epatt i P’P)""dr'hidl‘ﬂled" ot her

metal - co onents sel d fro t ungst en,
rrp ctadxen? Fand rﬁecreaee in both of the conversion

and the selectivity,

Table 4
Reaction C'unversion of __Selactivity ta
time 2,7-octadiea-1-0l 7-octen-1-al 2,7-octadien-1.al
{hr) {%) (%) _ {36)
S 93.6 76.0 10.0
60 a7.5 ' 73.8 115
100 76,6 722 13.1

Example 7

Reaction was carried out with 2 catalyst of copper-iron-al
uminum catalyst (E268L; made by Nikki Kagaku Co., Ltd.)
at & reaction t'empe'rature of 220°C and by feeding a 90/10
by moles 2,7.0ctadien-1-01/7-0cten-1-0l mixed gas at an L
HSV of 1.7 f;r'l and # 98/2 by volume nitrogen/hydrogen m
ixed gas at a GHSV of 480 hr-l. The above volu;mo ratic ¢
orreaponds to a molar ratio of 2,7-0ctadien-1-0l to hydrog
en of 96/4, The c'hange with time of the reaction results i
s shown in.'l‘able 5., It is understood thﬁt no change oceur
red at all in the catalytic activity even after a time elaps

e 0f 100 hours.

19 eet Has Been Reﬁaced

T



mol'ybdenum rheni um zirconi um manganeSe, titanium bariumor the Iike.
These catal ysts may also be used in a form carried on a carrier such as
alumina, silica or diatomaceous earth. These catal ysts may have their
surfaces .been pretreated with an al kali metal and/or an alkali earth netal

before use. These catalysts nay be Egls! ngly or in conbination of 2 or
mor e. |t T
- 10 - W th h}ﬁ(graé)tgen bef %Evelf-gi%no ich ensures degsl ggmgnt of

time 2.7-octadien-1-0l 7-octen-1-al 2,7-octadien-1-al
(hr) {96). (%) {%)
5 887 85.6 0.6
50 99.0 | 85.2 0.7
100 _985 851 0.8
ativ ) i

A 100-ml three-necked t‘lasﬁ. which was connected ta
a distillation apparatus, equipped with an
electrom.agnetic stirrer, an inlet for liquid aad .an
aﬁother inlet for gas, was charged with 80 ml of 2,7-
octadien-1-0l and 2.0 g of Raney-copper(made by Kawaken
Fine Chemical Co., Ltd.) end was immersed in an oil-bath,
whose temperature was maintained at 205 ° C. With
vigorous stirring nf the mixture in this flask, hydrogen
gas was introduced into the flask at the rate of 30 1l/hr,
and 2,7-octadien-1-0l was continuously introduced at the
rate of 170 mlihr. As the distillate was collected at the
rate of 170 ml/hr, the volume of the content in the
reaction flask wae controlled to maintain about 30 ml.
After stating the reaction, the distillate was periodically
analyzed by the same method decribed-above. The result
is ahow;i in Table 6. It is understood that the selectivity
toward 7-octen-1-ai is low and the activity of the

catalyst decreases as the reaction proceeds.
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hi gher catalytic activity. In the process of the present invention,
on feeding 2,7-octadien-1-ol and hydrogen, there nmay be fed,
together with the 2,7-octadien-1-0l, a primary or secondary al cohol
represented by the general forrmula (I) Rlerr] err] CH OH

(1) wherein Rlerr] and R err] each represents a hydrogen atom or an

al kyl, al kenyl, aryl or cycloal kyl group which may be substituted; or

Rlerr] and R err] together represent a Ié)al kyl group forned by
binding R er ; ' substrtuted: More
concretely, Rlegr].and Regr]..in the formula (1) egﬁp !Jegrﬁsents a
hydr ogen at om ge4°itﬁgar oré%4"§ﬁ@ﬁ%8?a| Kyl ' ns, or
an al kenyl, aryl tpnge 2,7-0ctadien.1-0l 7-octen-1-al 2,7-octadien-1-al

(hr) (%) (%) (%)

5 . 83.1 9.1 0.2
10 86.8 8.9 0.6
20 892 8.5 1.1

In Tables 2 through 8, the selectivities were
caleculated based on the starting material ODA.

Obviously, numerous variations and modifications of
the invention are possible in light of the above teach-inge.
It is therefore to be understood that within the scope of
the appended c¢laime, the invention may be practiced

otherwise than as specifically deacribed herein.

e
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cycl oal kyl group which may be substituted with a lower alkyl group having
1 to 3 carbon atons or phenyl group; or Rerr] and R ®%i§ $hebt@REBRE Replaced
represent a cycl oal kyl group which rmay be substituted Wi Kyl
group having 1 to 3 carbon group. Exanpl es of th ﬂﬂ"’gﬂgl’"
secondary al c%glnvni gp “Fg& be, used in the present inv '
saturated prinary 4al coho S, €.g. nethanol, ethanol, n-propanol, n-

but anol, i SOb%.%'()ﬁ?‘kgggglﬁgn{'@{)epn%a@g ig:l'gi slo-ﬁ?:ﬁtgxl-lg{af%kgl_i’aomerization

2- met hyl - 1- but'a xanol;
rrEthyl_l_pent%r}O|2,7-%?:$taH¥leﬁ!‘ipHaﬂ%d 1 OEP Ay, BRich comprises

feeding 2,7.0ctadien-1-01 and hydrogen to the reaction

zone in the presence of a copper <catalyst, while
controlling the molar ratio of 2,7-octadiem-1.01 to
hydrogen within_ a range of 99/1 to 75/25, and effecting
iscmerization in _the gaseous phase.

2. The process for producing 7-octen-1-al according to
Claim 1, wherein the molar ratio of 2,7-octadien-1-0l1 to
hydrogen within a range of 97/3 to 80/20.

8. The process for producing T-octen-1-al according te
either Claim 1 or 2, wherein 2,7.0c¢ctadien-l-0l and
hydrogen are, while being mixed with a carrier gas inert
to the reaction, fed to the reaction zone.

4. The process for producing 7-ccten-l-a]l acecording to
Claim 3, wherein said inert carrier gas is nitrogen.

8. The process for producing 7-octen-l1-al according to
any one of Claims 1 through 4, wherein said isomerization
ig effected at a temperature in a range of 100 to 260°C.

6., The process for producing 7-octen-1-al aécording to
any one of Claims 1 through 5, wherein said 2,7-octadien-
1.0l in f.ed to the reaction zone at an LHS.V (liguid hourly

space velocity) of 0.01 to 20 hr-l.
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octanol, 2-ethyl-1-hexanol, n-nonanol, 3,5,5-trimethyl-1- hexanol and
n-decanol ; unsaturated primary al cohols, e.g. allyl alcohol, nethallyl
al cohol, crotyl alcohol, 4-penten- 1-ol, 3-nethyl-3-buten-1-ol,

3-net hyl - 2-buten-1-o0l, 5- hexen-1-ol and 7-octen-1-ol; aral kyl primary
al cohol s, e.g. benzyl alcohol; |inear secondary al cohol, e.g. 2-propanol,
2-but anol , 2-pentanol, 3-Adh8ARACTAOFRMIE-DISL&LAAMRE 2- hept anol ,
2-octanol, 3-octanol and diisobutylcarbinol; and cyclic secondary
al cohols, e.g. cycloppneatnds K Eor| ohexadsiciagd neét-ogiteaydt shexahasl
These al cohols .may be used singly or in conbination of 2 or nore.

The process ofispherigadént | nfent2i.Gnoctad lrn cdarodi ednto 7-octen-1-al,

comprises feeding 2,7-octadien-1-0l and hydrogen to the
reaction zonée in the presence of a copper catalyat, while
controlling the molar. ratio of 2,7-octadien-l-a0l to
hydrogen within a range of 99/1 to 75/25, and effecting
isomerization in the gaseous phase. Thia procesas ensures-
a high:yield. 2 high selectivity and stable operation over

a long period of time.
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12 ¢ u(REPLACEMENT SHEETS sem
out under atnospheric pressure, under a pressur Despription ¢ pagededl. to paged .
pressure. As the reaction apparatus, for AEYT’HI?'& ¢f1€lalm(§)al : pigeddet. tobpaged ...
fl owsystem reaction apparatus can be used Ude DﬂWhngb)opq&MsLeﬂipmpd .....
reaction facilitates rapid renoval of the pr oduct Abstidet I ©paied@® toZ
thereby suppressing formation of h|gh_b0|llng byproducts from al d h

gr oup- cont ai ni ng conpounds. I'n carrying out |t Q
present invention, e X B O A
and hydrogen and, i?hdoegl%rse ﬁUﬁbﬁ%ﬁ??@&&%%dary al.o'h with an

inert carrier gas, to contact the mxed gas with a copper capalyst.
However, the use of such an inert <carrier gas is not essential in the

process of the present g Uk nBME¥ Pk SN W1 gRC MY be STPly

m xed
Field of the Invention

The present invention relates to a pro.cess for
producing 7-octen-1-al by isomerizing 2,7-octadien-1-ol.7.-
Octen-1-al, which c-ontains a terminal double bond and an .

- aldehyde group with high reactivity, is very u-sefgl as a
' sta.r.ting material for var.ious industrial chemicals.

For instance, 7-octen-1-al is converted ipto 1,9-
nonanedial by hydroformylation, which can give various
starting materials .for synthesizing polymers, such as 1,9-
nonanediol, azelaic aid and.1,9-nonanediamine. Also, 7-
octen-1-al can be converted, by oxidation with oxygen in
the presence of a cﬁtalyst such as a cobalt salt, a
manganese salt, a nickel salt, a copper salt or an iron
salt, into 7-octenic acid. Furthermore, 7-octen-1-al can
be converied by reduction into 7-octen-1-0l or l-octanol,
or can be converted, by reduction of the dou.ble bond and
oxidation of the aldehyde group, into capric acid.
Description of thé Pr;‘gglArt

Japanese Patent Publication No. 60378/1987 and
Japanese Patent Applicat_ion'Laid-open No. 118535/1983
disclose a process for produqing 7T-0cten-1-al, which
comprise isomerizing 2,7-octadien-1-0l in the presence of

" a catalyst selected from the group consistihg of copper

This is fHe replacement sheet
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- 12 - wi th hydrogen and, if desired, a primary or secondary al cohol and
t he obtained m xed gas nmay be used as the gaseous starting nmaterial.

Ni trogen is advantageously used as the inert carrier gas usable in the
process of the present invention. The reaction tenperature is
preferably in a range of 100 to 260[err]2<C, nore preferably in a range of
160 to 240[err]C. At a tenperature |ower than 100[err]C, the reaction

tends to proggediyety SdRW Yen®d o \emOt RG% 2133 .20 A LEMRAI A UPatent
Application Laid-opéi K. 218638/1990 (Patent
No.25655-61) discloses a process for producing 7-octen-1-
al, which comprises isomeri.zing. at a temperature of 180
to 250" C, 2,7-octadien-1-0l in the co-presence of at least
one compound selected from the groiup consisting of n-
octanol, 3-octanol and 7-octen-1-0l in an amount of 50 to
200% by weight based on the weight of 2,7-octadien-1-0l
and in the presence of a met.al oxide catalyst containing
at least two metals selected from the group consisting of
copper, chromium and zine.

The process. described - in Japanese Patent
Publication No. 60378/1987 and Japanese Patent
Application Laid-open No. 118535/1983 has the problems
that there is ine;itably byproduced 2,7-octadien-1-al from
which it is difficult to separate by distillation the
product T7-octen-l-al and that the byproduced 2,7-
octadien-1l-al, which is a catalys_t poison for
hydroformylation, decreases, on hydroformylation of the
obtained 7-o0cten-1-al to fofn; 1,9-nonanedial, the yield of .
the 1,9-nonanedial. This fact 1is <clear from the
description in Japanese Patent Application I;aid-open No.
218638/1990 that whex;‘ the reaction is conducted in
accordance with the procedure given in .Examples of .
Japanese Patent Publication No. 60378/1987 with
repeated use of the sam.e catalyst, ‘there tend.s to occur a

This is the replacement sheet
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hi gher than 260[err]C, there occurs sinterjng of the catalyst used, so
that the catalyst is degraded with netallic copper precipitating on the
surface, thereby decreasing both the selectivity and catalyst life.
The process of the present invention can be carried out over a w de range
of the liquid hourly space velocity (LHS8W of 2,7-octadien-1-ol. The
preferred range of LHSV is from "0.01 to 20 hr[err], and a range of 0.5 to
10 hr[err S r referred. .An LHSV, of |.es h 0,01 hrierr], i ch

[ ] g B ?e/TtB?for{’ f—a :‘;- E[a{. e

leads to a vetfy2Fod priddictd AT Ehiot 'H2 1ided on A

comrerci al scale. On the other. handz an LHSY _exceedin 12
Ja A%p1a

N LHSY 0 .hrlerr].
decreases thRFo8BRATedsSGiTibsd iny_ Tapgangse Pategt °fﬁé°%’-o %éﬁ-’ 1- al
that forns by the reaction can be

open No. 218638/1990 surely decreases the amount of 2,7-
octadien-1-al byproduced, to a low level. Its Example 2
shows oﬁl'y 0.7%, _w-hi_ch is the largest figure in the
Examples,‘ of the byproduct after 7-hour reaction.
However, Qith this process, n-octanol and 3-octanol,
wl.xich are used as sources for generating hydrogen, are
necessarily converted, by déhydro-genation during the
reaction, into n-octylaldehyde (boiling point: 173' C/760
mmHg) and 3-octanone (boiling point: 168° C/760 mmHg)
respectively, each having a boiling point very close to
that (174° C/760 mmHg) of the desired product 7-octen-1-
al. As a result, the process described in Japanese Patent
Application Laid-open No. 218638/1990 ha.s_ the problem
that it is very difficult to separate the desired product
from these byproducts by distillation.

In order to solve the aSove problem of th_e process
described in Japanese Patent Applic_ation Laid-open No.
218638/1990, it is necessary to develop a process which
does not use n-octanol, 3-octanol or 7-octen-1l-ol that
should form the above-méntioned byproducts. The preseni
inventors have therefore studi_ed in detail the mec.hanism-
of formation of 7-octen-1-al from 2,7-octadien-1-0l. They
then found that the reaction is a formal isomerization

reaction which comprises dehydrogenation of the allyl
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separated from the reaction m xture_. by the usual distillation.

O her features of +the invention wll becone

-13- apparent in the course of the following detailed
descriptions of exenplary enbodi nents which are given for illustration of
the invention and are not intended to béddinting thereof. 1In the

Exanpl es and Conparative Exanples that follow, the follow ng abbreviations

are used. . ) . :
alcohol part of 2,7-octadien-1-0l to form 2,7-octadien-1-al

and the succeeding hydrogenation of the c'arbon-car.bon
dquble bond co___njugating with the aldehyde group to form
7-octen-1-al. Thus, the bypr.oduction of 2,7-octadien-1-al
in this reaction ié'_’cfaused by the fact that the hydrogen
having formed on dehydrogenation is consumed, ﬁot only
for hydrogenation to form 7-octen-1-al, but for various
byproduction, thereby causing a part of the intermediate
product 2,7-octadien-1-al to remain in the reaction zone.
Indeed, the present inventors conducted isomerization in
" accordance with the procedures -given in Comparative
Examples 1, 3, 4 and 5 in the instant specification to
confirm that .2,7-octadien-1-a1 was byproduced in.a large
amou.nt. The present inve.ntolrs have ;also-found that, on. a
long-period isomerization, as shown in Comparative
Example 6 of the instant specif_ic'ation, the amount of 2,7-
octadien-1-al byproduced increases and, at the same time,
the conversion of 2,7-octa&ien-1-ol decreases, so that the
selectivity to 7-octen-l-al decreases. In summary, the
serious problem found is that 2,7-octadien-1-al decreases
the catalytic activity for the isomerization oi; the present
invention. |

Furthermore, where the reaction is conducted by a
reaction-distillation method, which 1is regarded as a
particularly preferred en;bodi'ment in Japanesé Patent

Publication No. 60378/1987, Jdapanese Patent Application
' “This is the replacement sheet
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GHSV: gas hourly space velocity (hr[err]); defined as: [ Vol une per
hour of feed gas passing the total vol ume of catalyst]/[total vol une
of catalyst] LHSV: liquid hourly space velocity (hr[err]); defined as:

[ Vol ume per hour -of feed liquid passing the total vol une of
catalyst]/[total volune of catalyst] -S-There were used follow ng
reaction apparatus, as well as the followng quantitative analysis,
catal yst acjiivation tregtnment, and r tion procedure. Reaction apparatus
A qua?/tz gl as8? 'OBBeﬁ‘aviﬂé"an %%@?52?3% er of“?‘g BdBeset ot L e Bt h
of 720 mm an %gui pped in_its inside a thernoneter sheath tube was packed

with 25 m  OPP31EBSHRP chiedidyspethdNeoppl 8648129 Q. ysidte Wer o @ prs

another problem that there inevitably accumulates high-
boiling byproducts originating from the aldehydes formedl
by the reaction, which leads to a decrease in the yield.

It is therefore important, in orde; to conduct the
reaction operation over a long period of time, to suppress
not only the formatipn of 2,7-octadien-1-al that decreases
the catalytic activity but also that of high-boiliné
byproducts. As déscribed above, the mechan_ism involved
in the formation of 7T-octen-1-al from 2,7-octadien-1-o0l is
a formal isomerization which comprises dehydrogenation
of the allyl alcohol part of 2,7-0octadien-1-0l to form 2,7-
octadien-1-al and the succeeding hydrogenation of the
carbon-carbon double bond conjugating with l_:he aldehyde
group to form 7-octen-1-al. _The by_éroduction of 2,7-
octadien-1l-al results from the fact that the hydrogen
formed on the above dehydrogenation is consumed, not-
only for the ‘hydrogenation to 7-octen-1-al, but for
various side reactions, which renders insufficient the
hydrogenation of 2,7-octadien-1-a1-and thus causing this
aldehyde to remain in the reaction zone. Hydrogenation
of the remaining. 2,7-octadien-1-al by adding hydrbgen.
which is inexpensive, to the reaction zone could reduce
the content of 2,7-octadien-1-al in the final reaction

mixture. From this viewpoint the present inventors
. This is the repiacement sheet
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nol ded pellets and had a | ength of catalyst |ayer of about 65 mm The -
bottom part of the tube beneath the catalyst |ayer was packed with gl ass
beads having an average particle dianmeter of 5 mm and on the top thereof
with the sanme gl ass beads over a height of about 150 mm  which
constituted a pre-heating zone. The cardiyst and

- 14- gl ass beads portions mere heated in a cylindrical electric oven and

the temperat ujg ook 4NGoCaLalpte k YRYa WY Sl bPPn LRI ol TR ULy, VS

nmeasured and adjusted

The specification of Japanese Patent Publication No.
60378/1987 describes "The isomerization reaction is
preferabiy carried out in an atmosphere of ;a. gas which is
inert under the reaction condition. The whole 6r part of
‘the inert gas may be replaced with hydrogen gas. When
the -reaction is carried Ol;lt in the qo-presenée of hydrogen,
the hydrogen partial pressure is preferably kept below 10
atmospheres. At a hydrogen partial pressure exceeding
10 atmospheres, the hydrogénation reaction prevails,
unfavorably causing decrease in the selectivity toward 7-
octen-l-al."_ and the same description is disclosed 1in
the specification of Japanese Patent Application Laid-
open No. 118535/1983. However, the specification of
Japanese Patent Publication No. 60378/1987 only gives,
in its Examples 2 and 4, the results that the ratios of
isomerization to T-octen-1l-al under a hydrogen
atmosphere were 43% and 73%, respectively, and gives no
description about the .amount of hydrogen added. The
specificatio'n of Japanese Patent Application Laid-open No.
118535/1983 only gives,' in its Examples 4 and 6,
the results that the selectivity toward 7-octen-1l-al
under the flow of hydrogen gas were 92% and.79%,
respectively. The present inventors have studied
this reaction and found the selectivity toward 7-

ococten-1-al is low, that i-s, the byprodt‘xc.tion of the
This is the replacement sheet
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prescri bed tenperature. The bottom part of the reaction tube was fitted
with a cooling device, sanpler, recevoir and cold trap, so that the
distilled reaction m xture was recoverable. A netering feed punp was used
to feed 2,7- octadien-1-ol at a prescribed rate and a gas m xer capable

of adjusting the conposition and flow rat?e was used to feed nitrogen and
hydr ogen. Analysis and quantitative analysis of reaction m xture The

S ot oot apBenadD By akod i £o0d Doy bBlSla) | SBYSUNET odal O 9is

chr omat ogr aphy by using ca ary _ B- \ nm dianmete _

m T bl ToTSrR AL L) U SR v T 8T
as the reaction proceeds, shown in Comparative
Egample 7 of this specification. By the way, the
catalysts disclosed. in“ these prior art literature. are
known catalysts used for hydrogenation. It is then easily
' expected that addition of hydrogen to the reaction zone
causes various hydrogenation side reactions and, in some
cases, may cause the product 7-octen-1-al to be further
hydrogenated, thereby decreasing the selectivif.y to 17-
octen-1-al. However, these prior art literature give no

concrete description about the effect of the addition of

hydrogen to suppress byproduction of 2,7-octadien-1-al.

SUMMARY OF THE INVENTION

As a result of an ext.ensive study on the method and
amount used and the like of hydrogen addition, the
present iﬁventors have found, surprisingly, that it is
possible, by conducting the reaction in the presence of a
copper catalyst, \;vhile controlling the ratio between the
amounts of 2,7'-octadien-1-‘ol and hydrogen within a
specific r;nge, to suppress the byproduction of 2,7-
octadien-1-al without degreaéin:g the sélectivity to the
product 7-octen-1-al and that cgnducting the reaction in
the gaseous phase, which facilitates rapid removal of the

product from the reaction zone, can suppress formation of
This is the replacement sheet
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I njection tenperature and detection tenperature: 280[err] C

Tenperature el evation program 100 C (kept for ' . 2 mnutes)-> 6[err]
C/mn -> 240[err] C (kept for 5 minutes) Activation of catal yst by
treating with hydrogen After the inside of the reaction apparatus

packed with the catalyst had been s@f-ficiently replaced by

nitrogen, the catal yst |ayer was gradually heated while nitrogen was fed

at GHSV = 300ghbpberimg N beoddda, whereby stable reaction
operation becomes possible over a long period of time.
The present invention has been completed based on the
above findin_gs. |

The present invention provides a process for

producing 7-octen-1-al by isomerization of 2,7-octadien-1-
ol into 7-oc;ten-1-a1, which comprises feeding 2,7-
octadien-1-0l and hydrogen to the reaction zone in the
presence of a copper catalys't,“while controlling the molar
ratio of 2,7-octadien-1-0l to hydrogen within a range of

99/1 to 75/25, and effecting isomerization in the gaseous

phase.

| DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the preseht invention, the amount of hydrogen to
be fed together wi.th 2,7-o0ctadien-1-0l is, in terms of the
molar ratio of 2,7-octadien-1-0l to hydrogen, within a
range of 99/1 to 75/25. This range corresponds to 1 to 25
mole % of hydrogen in tl_xe. resulting mixture of 2,7-
octadien-1-0l and hydrogen. The molar ratio of 2,7-
octadien.-l-ol to hydrogen is preferably withi.n a range of
97/3 to 80/20. If hydrogeﬂn is used in a molar ratio of 2,7-
octadiene to hydrogen exceeding 99/1, i.e. in'.less than 1

mole % of hydrogen in the mixture consisting of the two

components, there will b;.e produced -only a small effect of
This is the replacement sheet
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tenperature of the catalyst |ayer had exceeded 120 C, a nitrogen/hydrogen
m xed gas containing 3% of hydrogen was introduced. The mxing ratio
of - hydrogen - was gradually increased, while care was taken to keep the
catal yst | ayer tenperature from exceedlng 220 C to prevent vigorous
heat generation. Wien heat generation wds no |onger observed, the

t enperature- of the catalyst | ayer was mai nt ai ned at 200 to 220 C for 4
to 5 hours, | e onl dro e s fed at SY. £a 399 h r] oRe on
procedure . ﬂ%ffSSI 5np € ?og m@ °the’ ?aCSYba |on rea %ent of E¥“é

conti huous! y AT Babadk eaﬁfsaé?oifdrﬁi‘ﬁ&b?ﬁrhia B o r P el T b teRarr L T

' ntended reacotcltoant.i1teenm)lerotutroe h;ggogen of less than 75/25, i.e. in an
amount exceeding 25 mole % of hydrogen in the mixture
consisting" of the = two components decreases the
selectivity to 7-octen-1-al.

Examplles of the copper catalyst used in the process
of the present invention are reduced copper, Raney copper,
copper-zintc oxide, copper-chromium oxide, copper-
aluminum oxide, copper-iron-aluminum oxide, copper-
zinc-aluminum éxide and copper-zinc-titanium oxide.
These metal catalysts, which are commercially produced
and readily available, ca"n also be-prepared in acc_ordance
with the processes described in, for example, "Shokubai
Kogaku Koza 10; List of Element-Based‘Cata_lysts -3617
", issued on February 25, 1967 from Chijin Shokan Co.,
Ltd. These catalysts may be partially modified with
other metal components selected from tungsten,
moly.bdenum. rhenium, zirconium, manganese, titanium,
barium or the like. These catalyst_s may also be used i.n a
form carried on a carrier such as alumina, silica or
diatomaceous earth. These catalysts may have their
surfaces been pretreated with an alkali metal and/or an
alkali earth metal _bef_ore u.se.' These catalysts may be
used singly or in combination of 2 or more.

It is desirable to activate the catalyst by treating

This is.the replacement sheet
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feed gas was then changed to a m xed gas having a prescribed
ni trogen/ hydrogen rati o, which was fed at a prescribed GHSV. Thereafter,
2,7-octadien-1-ol was fed at a prescribed LHSV- and the heating was
adjusted to achieve the desired tenperature. Wil e the reaction
tenperature was kept constant, the-18i-stillate was sanpled at a
prescribed tine and subjected to analysis. Exanples 1 through 5 and
Conparative Exanples 1 through 5 Reactions were carried out with
various coppéth datdtgges, beifolret ves . HVhdth2 enyrratli davelop mentawefl 5
hr[err] and wth various reaction tenperatures and

higher catalytic activity.

In the process of the present invention, on feeding
2,7-octadien-1-01l and hydrogen, there may be fed,
_together - with the 2,7-octadien-1-ol, ~a primary or
secondary alcohol represented by the general formula (I)

R!R:CH-OH (I
wherein R! and R2 each represents a hydrogen atom, or an
alkyl, alkenyl, aryl or cycloalky! group which may "be.
substituted; or R! and R? together represent a cycloalkyl'
group formed by binding R! and Rzﬂ. which may be
substituted.

More concretely,.Rl and R2 in the formula (I) each
represents a hydrogen atom, a linear or branched alkyl
having 1 to 10 carbon atoms, or an alkenyl, aryl or
cycloalkyl group which may be substituted with a lower.
alkyl group havi'ng 1 to 8 carbon atoms or phenyl group;
or R! and R2 together represent a cycloalkyl group which
may be substituted with a lower 'alkyl group having 1 to 3
carbon group.

Examples of the primary or secondary alcohol which
may be used in the present in\}ention are saturated
primary alcohols, e.g. methanol, ethanol, n-propanol, n-
butanol, isobutyl alcohol, n-pentanol, isopentyl alcohol,

2-methyl-l1-butanol, neopentyl alcohol, n-hexanol, 2-

methyl-1l-pentanol, 2-ethyl-1-butanol, n-heptanol, n- .
~ This is the replacement shest
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- 16 - conpositions of m xed nitrogen/ hydrogen gases. Table 1 shows the
conpositions of the copper catalysts used and Table 2 the reaction results
after 2-hour reaction. Tabl e 1 Copper Catal yst Used
(all nade by N kki Kagaku Co., Ltd.) Code ~Conposi tion (% by
wei ght) N202D cuG 38.5 Crlerr]g=eli: 35.6 MJeir]: 2.0 N202E
CuC 39.8 .Cr[err]CIerr.].: 41.1 I\/hqerr]: 1.9 BaO 1.7 E26L AC,:U:G
el s aref it ot 8 b s rosse S b B 8 5.
hexanol and n-decanol; unsaturated primary alcohols, e.g.
allyl al__cohol, methaliyl alcohol, crotyl alcohol, 4-penten-
l-0l, 3-methyl-3-buten-1-0l, 3-methyl-2-buten-1-0l, 5-
hexen-1-0l and 7-octen-1-0l; aralkyl primary alcohols,. e.g.
benzyl alcohol; linear secondary alcohol, e.g. 2-propanol,
2-butanol, 2-pentanol; 3-pentanol, 4-methyl-2-pentanol,
2-heptanol, 2-octanol, 3-octanol and diisobutylcarbinol;
and cyclie secondary - alcohols, e.g. cyclopentano'l,
cyclohexanol and methyl-cyclohexanol. These alcoho‘ls
may be used singly or in combination of 2 or more.

The process of the present invention can be carried
out under atmospheric pressure, under a pressure or
under a réduced pressure. As the reaction apparatus, for
_example the ﬁsua_l fixed bed flow-syst_em reaction
apparatus can be used. Use of the flow-system reaction
facilitates rapid removal of the product from the reaction
zone, thereby suppressing formation of high. boiling
byproducts from aldehyde group--contai.ning compounds.

In carrying out thé process of the present invention,
it is desirable, while mixing- 2,7-0ctadien-1-01 and
hydrogen and, if desired, a primary or secondéry alohol,
with an inert carrier gas, to contact the mixed gas with a
copx;.er cata_lyst. However, the use of such an inert
carrier gas is not essentjal in t.he process of the present
invention. .Thus, 2,7-octadien-1.-ol may be simply mixed

| This is the replacement sheet
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[err] 6x6 (N211) The results of Exanples 1 through S and’
Conparative Exanples 1 through 5 clearly show that, in the reactions
producing 7-octen-1-al with various copper catalysts, co-presence of
hydr ogen reduces the amount of 2,7-octadien-1-al byproduced. It is also
understood from the results of Conparatl2ve Exanple 2, that the amount of
the co-present hydrogen exceeding the range specified in the instant

specification reduces the selectivity to the desired 7-octen- 1-al.
with hydrogen and, if esired, a primary or secondary

alcohol and the obtained mixed gas may be used as the
gaseous starting material. N_it;ogeﬁ is ad.vantageously
used as the inert carrier gas usable in the process of the
present invention.

‘The reaction tem.perature is preferably in a range of
100-t'o 260° C, more preferably in a range of 160 to 240° C.
At a temperature Iowex: than 100°°C, the reaction tends to
proceed very slowly. On the other hand, at a temperature
higher than 260°-C, there occurs sintering of the catalyst
used, so that the catalyst is degradgd with metallie
copper precipitating on the surface, thereby decreasing
both the selectivity and catalyst life.

The process of the present invention can be carried
out over a wide range of the liquid hourly space velocity
(LHSV) of 2,7-0ctadien-1-0l. The preferred range of LHSYV
is from 0.01 to .20 hr-!, and a range of 0.5 to 10 hr-! is
more preferred. An LHSV of less than 0.01 hr-!, which
leads to a very low productiviity of 7-octen-1l-al, cannot be
used on a commercial _scale. On the other hand, an LHSV
exceeding 20 hr-! decreas.es the conversion of 2,7-
octadien-1-0l.

lThe 7-octen-1-al that forms by the reaction can be
separated from the reaction mixture by the usual
distillation. |

Other features of the invention will become
This is the replacement sheet
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- 17 - Jerr] - - 18 - Exanple 6
‘Reaction was carried out with a catalyst of copper- iron-alum num catal yst
(E26L; nade by Nikki Kagaku Co., Ltd.) at a reaction tenperature of 220 C
and by feeding 2,7-octadien-1-ol at an LHSV of 1.5 hr[err] and a 95/5 by
vol une ni trogen/ hydrogen m xed gas at a B4sv of 480hr[err]. The above
volume ratio corresponds to a nolar ratio of 2,7-octadien-1-ol to

drogen of 90.5/9.5. The change
hy 9 apparent 1in the gcourse of the following detailed

.descriptions of exemplary embodiments which are given
for iliustration of the‘invention and are not intended to
be limiting thereof. -I_n the Examples and Comparative
Examples that follow, the .following abbreviations are
used.

GHSV: gas hourly space velocity (hr-!); defined as:
[Volume per hour of feed gas passing the total
volume of catal.yst]/[total volume of catalyst]

LHSV: liquid h.ourly space velocity (hr-!); defined as:
[Volume per hour of feed liquid passing the total
volume of catalyst]/[to_tal volume of catalyst]

There were used following reaction apparatus, as
well as the following quantitative analysis, catalyst
activation treatment and reaction proc.edure.

Reaction apparatus
A quartz glass tube having an inner diameter of 24

mm and a' total length of 720 mm and equipped in its

inside a thermometer sheath tube was packed with 25 ml

of a copper catalyst. The copper catalysts used were all

molded pellets an.d had a length of catalyst layer of about

65 mm. The bottom part of the tube beneath the éatalyst

layer was packed with g.lass- beads having an average

particle diameter of 5 mm, a.nd.on the top thereof with

the same glass beads over a height of about 150 mm,

which constituted a pre-heating zone. The catalyst and

This is the replacement shast
Date: 1 ¢ NOV 1998



with tine of

the reaction results is shown in Table 3. It is understood

that good reaction results were obtained even 200 hours after

conti nuati on

of the ‘reaction operation.

Table 3 Reacti on Conver si on of Selectivity to time

2, 7- oct adi en- 1- ol 7-octen-1-al 2, 7brt adi en- 1- al (hr) (%

5 99.0 . 76. 8 3.3 50 95. 8

78. 2 - 3.1 100 96. 1 . ' . 77.4 _

3 3 200 &lass bepds portions were hppted in a cyllndgjrp_alo@&parta“:ve
Reaction was carried out with a catal yst of copper.-

Exampl e 6

oven and the temperature of the catalyst layer, which was
reactioz;x "temperature, was measured and adjusted to a
prescribed temperature. The bottom part §f the reaction
tube was fitted with a cooling device, sampler, recevoir
and cold trap-,, so that the distilled reaction mixture was
recoverable. A metering feed pump was u-séd to feed 2,7-
octadienl—.l-ol at a prescribed rate and a gas mixer capable
of adjusting the composit'ion and flo‘;v rate was used to
feed nitrogen and hydrogen.
nalysis and quantitative analvsis of reaction mixture
The distillate was sampled at a prescribed interval
and subjected to gas chromatography by using capillary
cthalumnsl(D.B-WAX,. 30 m, diameter: 0.25 mm, film: 0.25 u
m) made by J & W Scientific Company and with Triglyme
as an internal standard substance.

Analvtical conditions

Injection temperature and detection temperature:

280" C

Temperature ele.vation'program: 100° C (kept for

2 minutes)— 6 C/min— 240° C (kept for 6 minutes)
Activation of catalyst by treating with hydrogen

After the in..side of the reaction apparatus packed
with ‘the catalyst had been sufficiently replaced by
nitrogen, the catalyst lgyel; was gradually hga‘ted_while
nitrogen was fed at GHSV = 300 hr-!. Aftgr the

This is the replacement sheet
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I ron-al um num cat al yst (E26L; made by N kki Kagaku Co., Ltd.) at a
reaction tenperature of 220 C and by feeding 2,7-octadien-1-o0l at an LHSV
of 1.5hr[err] and nitrogen gas at a GHSV of 480 hr[err]. The change with
time of the -19- reaction results is
shown in Table 4. It is understood thdf-the conditions enpl oyed here

W t hout presence of hydrogen led to a significant Dbyproduction of

2, 7-  oct adi@mbedla tAlide % oy £aser 4 1y POUR yfr thgdCORREIOD 180d Chea
selectivity. .

nitrogen/hydrogen mixed gas containing 3% of hydrogen
was introduced. The mixing ratio of hydrogen was
gradually increased, while care was taken to keep the
catalyst layer temperature from excéeding 220 ° C to
prevent vigorous heat generation. When heat generation
was no longér observed., the temperature- of the catalyst
layer was maintained at 200 to 220" C for 4 to 5 hours,
-whi-le only hydrogen was fed at GHSV.= 300 hr-!.
Reaction procedure

After completion of the activation treatment of
catalyst, the temperature of the reaction layer was, while
hydrogen .was continuously introduced, adjusted to about
20° C lower than the intended reaction temperature. The
feed gas ﬁras then changed to a mixed gas having'a
prescribed nitrogen/hydrogen ratio, which was fed at.a
prescribed GHSV, Thezleafter, 2,7-octadien-1-0l was fed
at a prescribed LHSV and the heating was adjusted to
achieve the desired temper.at_ure. While the reaction
temperature was kept constant, the distillate was
sampled at a prescribed time and subject_ed to analysis.
Exa e thr h_ 65§ and Co rative Examples 1
through 5

Reactions were carried out with various copper
catalysts, with th.e LHS%/ of 2,7-octadien-1-0l set at 1.5

hr-! and with various reaction temperatures and
This is the replacement sheet
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Table 4 Reaction Conver si on of Sel ectivity to time

2, 7- oct adi en- 1- ol 7-octen-1-al 2, 7-oct adi en- 1- al (hr) (%
(%9 (% 5 93.6 : .76.0 10.0
50 . 87.5 73.6 11.5 100 76. 6
72.2 : 13.1 Exanple 7 Reactionléws carried out with a catal yst of

copper-iron- alum num catalyst (E26L; made by N kki Kagaku Co., Ltd.)
. at. a reaction tenperature of 220 C and by feeding a 90/ 10 by nol es- '

2, 7-oct adi en%%hoé)éz}?ﬁ;[rfg'g'f o i P4 h 48 Al n/ RPdrolgdRY ga fls. 1. Fapifererr]
and a 98 y vol ume  nitrogen/ hydrogen m xed gas at a GHSV of 480
hrierr]. Theshows the compositions of the copper catalysts used and

Table 2 the reaction results after 2-hour reaction.

Table 1 Copper Catalyst Used

" (all made by Nikki Kagaku Co.. Ltd.)

_Code Composition (% by weight)

N202D CuO: 38.5 Cr20s: 35.6 MnOz: 2.0
N202E CuO: 389.8 Cr20s3: 41.1 MnO2: 1.9 . BaO: 1.7

E26L Cu: 23.7 Fe :20.9 Al :18.6 Zn : 1.3

N211 CuO: 49.0 ZnO : 43.6
Average diameter of pellets: ¢5x5- (N202D, N202E, E26L)
| d6x6 (N211)

The results of. Examples 1 through 5 and
Comparative Examples 1 through 5 clearl& show that, in
the reactions producing 7-octen-1-a-l with various copper
"catalysts, co-presence of hydrogen reduces the amount of
_ 2,7-octadien-1-al .byproduced. It is also understood from
the results of Compa.rative Example 2, that the amount of
the co-present hydrogen exceedin.g the range specified in
the instant specification reduces the selectivity to the

desired 7-octen-1-al.

This is the replacement sheét
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results

Conver si on of

ratio of 2,7-

of the reaction
se of 100 hours.
= Reaction

&

understood that no change occurred at all
Tabl e*
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;activity even after a tine el

5. It

Tabl e

catal ytic

above volune ratio corresponds to a nol ar
20 -

hydrogen of 96/4. The change with time
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5 98. 7

85. 2 0.7 100
0.8 Conparative Exanple 7
connected to a
el ectromagnetic stirrer,

for gas, was_charged wth
g#ﬁﬂ@laf—ﬁawake

Raney- copper

distillation

85.6 0.6 50 99.0
98.5 85.1
A 100-m three-necked flask, which was
appar at us, equi pped W th an
an inlet foB-liquid and an another inlet

30 M of 2,7- octadien-1-ol and 2.0 g of

n Fine Chemcal Co., Ltd.) and was inmersed in

an oil -bath,
Vi gorous sti
i ntroduced i

was conti nuodsP§-phumiread cataliyst (E26L; made by Nikki Kagaku

whose tenperature was maj ntained at 205 [err] C._  Wth
rring Bfaghtd ii ¥iak ca5F it 0 vt a¥RtPhpdreddendy sgag fnggprer-

nto the flask at the rate_of 30 I/hr, and 2,7-octadienél-ol
0.

Ltd.) at a reaction temperature of 220" C and by feeding

2,7-octadien-1-0l at an LHSV of 1.5 hr-! and a 95/5 by

volume nitrogen/hydrogen mixed gas at a GHSYV of 480hr-!.
The above volume ratio corresponds to a molar ratio of

2,7-octadien-1-0l to hydrogen of 90.5/9.5. The change

with time of the reaction results is shown in Table 3. It

is understood that good reaction results were obtained

even 200 hours after continuation of the reaction

operation.

Table 3
Reaction Conversion of Selectivity to
time 2,7-octadien-1-o0l 7-octen-1-al 2,7-octadien-1-al
(hr) (%) (%) (%)
5 99.0 76.8 3.3

50 95.8 73.2 3.1
100 | 96.1 77.-4 3.3
200 95.6 76.7 3.7
mparative Example 6

Reaction was carfied out with a catalyst of copper-
iron-aluminum catalyst (E26L; made by Nikki Kagaku Co.,
Ltd.) at a reaction temperature of 220" C and by feeding
2,7-octadien-1-0l at-an LHSV of 1.5hr-! and nitrogen gas

at a GHSV of 480 hr-t, The change with- time of the
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rate of 170 m/hr. As the distillate was collected at the rate of 170

m /hr, the volune of the content in the reaction flask was controlled to
mai ntain about 30 m. After stating the reaction, the distillate was
periodically analyzed by the sanme nmethod descri bed above. The result is
shown in Table 6. It is understood that-d%e selectivity toward 7-octen-
l-al is low and the activity of the catalyst decreases as the

reaction proceeds. - 21 -
Table 6 reaction results is shown in Table 4. It is understood

that the conditions employed here without presence of
hydrogen led to a -significant byproduction of 2,7-
octadien-1-al and a decrease in both of the conversion

and the selectivity.

Table 4
Reaction Conversion of Selectivity to
| time 2,7-octadien-1-0l 7-octen-1-al 2,7-octadien-1-al
(hr) (%) (%) (%)
5 93.6 | 76.0 . 10.0
50 87.6 _ 73.6 11.56 |
100 . 76.6 72.2 13.1

Example 7

Reaction was carried out with a catalyst of copper-iron-
aluminum catalyst (E26L; made by Nikki Kagaku Co.,
Ltd.) at a reaction temperature of 220°C and by feeding a
90/10 by moles 2,7-octadien-1-01_/7-octen-1-ol mixed gas at
an LHS\lf of 1.7 hr-1 and a 98/2 by volume
nitrogen/hydrogen mixed gas at a GHSV of 480 hr-1. The
above volume ratio corresponds to a molar ratio of 2,7-
octadien-1-0l to .hydrogeri of 96/4. The change with time
of the reaction results is shown in Ta_bie 5. It is
understood that no change occ.urred at all in the catalytic

activity even after a time elapse of 100 hours.
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Reacti on Conver si on of Sel ect'i vity to time

2, 7-oct adi en-1-ol . 7-octen-1-al 2, 7-oct adi en- 1- al (hr)

(9 (% (9 5 93.1

9.1 0.2 10 86. 8 8.9

0.5 20 59. 2 -20- 8.5 1.1

In Tables 2 through 6, the sel eclt' Ities were cal cul ated based
on the starti-Rg—ratertat—BA= Guvigé'&#y, MUMET OusS varattons and

nodi fications of the invention are possible in |igh f .the above
teachi ngs. |t Reactipar ef oreorvsrai@n fider st ood-ﬂmﬂw‘t&ﬁ@ﬁgﬂ%—&m.—w—t he

appended cl ai ns, the invention nmay be practiced ot he]rvm' sezt_}1§crlaglsen L-al

speci fical |y destémiebed heh&jogtadien-1-ol 7-octen-1-a
(hr) (%) (%) (%)
5 987 85.6 0.6
50 - 99.0 ‘ 85.2 0.7
100 __985 85.1 0.8

Compa at_iv Example 7

A 100-ml three-necked flask, wixi_ch was connected to
a distillation apparatus, equipped with an
electromagnetic stirrer, an inlet for liquid and an
another inl.et for gas, was charged with 30 ml of 2,7-
octadien-1-0l and. 2.0 g of Raney-copper(made by Kawaken
Fine Chemical Co., Ltd.) and was immersed in an oil-bath,
whose temperature was maintainled at 205 ° C. With
vigorous stirring .of the mixture in this flask, hydrogen
gas was introduced into the flask at the rate of 30 1/hr,
a_nd 2,7-octadien-1-0l was continuously introduced at the
rate of 170 ml/hr. As the distillate was.collected at the
rate of 170 ml/hr, the volume of the content in the'
reaction flask was controlied to maintain about 30 ml.
After stating the reaction, the distillate was periodically
analyzed by the same method described above. The result
is shown in Table 6. It is understood that the selectivity
toward 7-octen-1-a1_is low and the activity of the

catalyst decreases as the reaction proceeds.
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- 22 - What is claimed is: 1. A process for producing 7-octen- 1-al by
| sonerization of 2,7-octadien-1-o0l into 7-octen-1-al, which conprises
feeding 2, 7-octadi en-1-ol and hydrogen to the reaction zone in the
presence of a copper catalyst, while controlling the nolar ratio
of 2,7-octadien-1-ol to hydrogen with2h-a range of 99/1 to 75/25, and
effecting isonerization in the gaseous phase. 2. The process for
produci ng 7-octen-1-al according to Caim 1, wherein the nolar ratio of
2, 7-octadien-1-ol to -

Table 6 _
Reaction Conversion of - Selectivity to
time 2,7-octadien-1-o0l 7-octen-1-al 2,7-octadien-1-al
(hr) (%) (%) - (%)
5 | 93.1 | 9.1 0.2
10 : 86.8 ' 8.9 0.5
20 59.2 ' 85 | 1.1

In ’I;ables 2 .th'roug'h 6, the selectivities were
calculated‘ bas;ad on the starting ma;terial ODA.

Obviously, numerous variations and modifications of
the invention are possible in light of the above teachings.
It is therefore to be understood that within the scope of
the appended claims, the inven.tion ﬁay be practiced

otherwise than as specifically described herein.
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hydrogen within a range of 97/3 to 80/20. 3. The process for producing
7-octen- 1l-al according to either Caim 1 or 2, wherein

2, 7-octadien-1-ol and hydrogen are, while being mxed with a carrier gas
inert to the reaction, fed to the reaction zone. 4. The process for
produci ng 7-octen-1-al according to. C-e22m 3, wherein said inert carrier
gas is nitrogen. 5. The process for producing 7-octen- 1-al according to
any one of Claims 1 through 4, wherein said i somerization is effected at a
terrperature r.an of ]ago to 260[err]- 6. The process for producing
7-octen-1- aI br’dl gg“’t‘Be A§:one of d ai ms 1 through 5, wherein said

2, 7-octadien- 1-ol
space vel ocity) diPP°pisEof2h AFpamcing 7-octen-

of 2,7-octadien-1-0l into 7-octen-1-al, which comprises

Is fed to the reactlon zone at a&n LyHSl\éo(ILLgtiuzgtpggrly

feeding 2,7-octadien-1-0l and hydrogen to the reaction
zone in the pres;nce of a copper catalyst, while
controlling the molar ratio of 2,7-octadien-1-01 to
hydrogen within a range of 99/1 to 75/25, and effecting
isomerization in the gaseous.phase.

2. The process for producing 7-octen-1l-al aécording ;.o
Claim 1, wherein the molar ratio of 2,7-octadien-1-o0l to
hydrogen within a range of 97/3 to 8.0I20.

3. The process for p;oducing 7-octen-1-al according to
either Claim 1 or 2, wherein 2,7-octadien-1-01 and
hydrogen are, while being mixed with a cﬁrrier gas inert
to the reaction, fed to the reaction zone.

4. The process for producing 7-octen-1-al according to
Claim 3, wherein said inert carrier gas is nitrogen.

5. Thé process for producing 7-octen-1-al according to
any one of Claims 1 through 4, wherein said isomerization
is effected at a temperature in a range of 100 to 260" C.
6.. The process for producing 7-octén-1-a1 according to
any one of Claims 1 through 5, wherein said 2,7-ocltadien-

1-0l is fed to the reaction zone at an LHSV (ligquid hourly

space velocity) of 0.01 to 20 hr-1,
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PROCESS FOR }’RODUCING 7 = OCTEN -1-AL

ABSTRACT OF THE DISCLOSURE
A pz:-ocess for producing 7T-octen-1-al by
isomerization of 2,7-octadien-l1-0l into 7-octen;1-a'i.
comprises feeding 2,7-octadien-1-0l and hydrogen to the
reaction zone in th.e presence of a copper catalyst, while
controlling the molar ratio of 2,7-octadien-1-ol to
hydrogen within a range of 99/1 to 75/25, and effecting
isomerization in the gaseous phase. This process ensures
a high yield, a high selectivif;y and stable operation over

a long period of time.
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