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1 SPECI FI CATI OMMEL TLE OF THE | NVENTI ON A Sol i d basi ¢ cat al yst RPpnAPceepY

for producing the sane and a process for producing a carbonyl conpound
deri‘vative using the same BACKGROUND OF THE I NVENTION 1. Field of the
I'nvention This invention relates to a solid basic catalyst, a process for
produci ng the sane and a process for produging a carbonyl conpound
derivative using the sane. Mire particularly, it. relates to a catalyst-
conposed of solids containing bariun1and'qg&§iun1as constituent elenents

t hereof. 2. Description of the Rel at TOEPH HAWN Wien a reaction is carried
out using a base as a catalyst, alkali netal hydroxides represented by

sodi um hydr ox3 B &F G@@hIH&§§§F9Nused. However, the reaction using the

al kali metal hydroxides is a,honbgeneous reaction, and a |arge quantity of
wast e water occur® #9difobagier ghrtalyshn,a RERGesfH famproducingaithped out
after the reaction. |n a case of a process for producing a glycol nonoester
from an al delipRe and &, Prorepsaferprodusing aLarkomd wompoyadanese pat ent

publication No. Sho 58-65245
derivative using the same

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to a'solid basic catalyst, a
process for producing the same and a process for producing a
carboqyl compound derivative using the same. More
particularly, it relates to a catalyst composed bf solids
containing barium and calcium as.constituent élements
thereof. .
2. Description of the Reiated Prior Art

When a reaction is carriéd out using a base as a
catalyst, alkali metal hydroxides represented by sodium
hydroxide has been broadly used. However, the reaction
using the alkali metal hydroxides is a homogeneous reaction,
and a large quantity of waste water occurs due to
neuﬁralization, water-washing, etc. carried out after the
reaction. In a case of a process for producing a glycol
monoester from an aldehyde, as one of reaciion using a base
catalyst, Japanese patent publication No. Sho 58-65245
wherein an alkaline earth metal oxide is used, discloses
only barium oxide or magnesium oxide in its Examples, and

the reaction using barium oﬁide_eﬁhibitéﬂafhiéh catalytic
: S



wherein an al kaline earth netal oxide is used, discloses only barium oxide
or magnesiumoxide in its Exanples, and the reaction using barium oxide
exhibits a high catalytic 2 activity, but the selectivity of glycol
nonoester as product is low. On the other hand, in the reaction using
magnesi um oxi de, the activity of the catapyst is low In the case of a
reaction using a carboxylic acid salt as catal yst, since an organic
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used, there is a possibility that the compound mixes in a
product. Further, in the cases of producing diacetone
alcohol from acetone or producing a dimer aldehyde from an
aldehyde, too, when a reaction is carried out using a
catalyst disclosed in Applied Catalysis, 59 (1990), 291-309,
-which is a known compound, it has been impossible to obtain
‘a sufficient catalytic activity. As described above,
according to conventional catalysts, a large quantity of
waste water occurred, or it has been difficult to obtain a
sufficient catalytic activity or a sufficient selectivity of
product.

Further, in general, when a reaction is carried out
using a heterogenous solid catalyst system, the reac;ion is
superior to a reaction using a homogeneous catalyst system,
in that |
(1) operations of neutralization\of catalyst, water
washipg, etc. are unnecessary, and waste water is absent or
its quantity is very small;

(2) it is possible to reuse the catalyst; and
(3) a high selectivity is rather easily 6btained.

Thus, when a hééerbgeneous solid'catalyst system is



using a heterogenous solid catalyst system the reaction is superior to a
reaction using a honogeneous catal yst system in that (1) operations of
neutralization of catalyst, water washing, etc. are unnecessary, and waste
water is absent or its quantity is very small; (2) it is possible to reuse
the catalyst; and (3) a high selectivity i3s rather easily obtained. Thus,
when a heterogeneous solid catal yst systemis 3 used to obtain the
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status that a solid catalyst having a high activity and a
high selectivity has not yet been found.

The object of the'present invention is to provide an
efficient solid catalyst capable of obtaining the objective
product with a high selectivity.

SUMMARY OF THE INVENTION

The present inventors have found that when a specified
solid substance containing barium and calcium as constituent
elements in a specified proportion is used as catalyst, it
is possible to produce the objective product with a high
activity and a high selectivity.

The present invention has the following aspects (1) to
(16) :

(1) A solid basic catalyst comprising barium and calcium as
congtituent elements thereof, the barium content thereof
being 0.09 to 10% by weight; and the ratio of the calcium

- content to the barium content being in the range of 6.4 to
793.
(2) A s0lid basic catalyst according to item (1), wherein
the solid basic catalyst is barium-suppofting calcium oxide.
(3) A solid basic catalﬁst according to item (1), wherein

said solid basic catalyst is a composite oxide of barium



'solid substance containing bariumand cal ciumas constituent elements in a
specified proportion is used as catalyst, it is possible to produce the

obj ective product with a high activity and a high selectivity. The present

invention has the follow ng aspects (1) to (16): (1) A solid basic catalyst
conprising bariumand cal ciumas constituent el ements thereof, the barium

content thereof being 0.09 to 10% by weight, and the ratio of the cal cium

content to the arl nt ent g inthe range of 6.4 to 793. (2) A solid
basi c catalﬁ??d% dFﬁSC%Bm ?Q§é€ wherein the solid basic catalyst is
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aqueous solution of the foregoing, to a suspension obtained
by dispersing calcium hydroxide or calcium oxide or these
compounds in water, followed by drying the resulting mixturé

and subjecting the dried material to thermal decomposition

~at 500° to 1200° C in vacuum, an inert gas or air, barium

being contained in a range.of 0.1 to 10% by weight, and the
ratio of the calcium content to the barium content being in
the range of 6.4 to 713.

(5) A solid basic catalyst coméosed of a composite oxide of
barium oxide and caiciuﬁ oxide, obtained by adding a
compound containing carbonate ‘ion, to an agueous solution
containing at least one kind of nitrate, hydroxide or an
organic salt of barium and at léast one kind of nitrate or
an organic acid salt of calciﬁm, followed by drying the

resulting precipitate, and subjecting the dried material to

thermal decomposition at 600° to 1200° C in vacuum, an inert

gas or air, barium being contained'in a range of 0.09 to 9%
by weight and calcium being contained in a ratio of the
calcium content to the barium content of 7.2 to 793.

(6) A solid basic catalyst composed of a composite oxide of

barium oxide and calcium oxide, obtained by adding a



‘by di spersing cal ci um hydroxi de or cal cium oxi de or these conpounds in
water, followed by drying the resulting m xture and subjecting the dried
material to thermal deconposition at 500[err] to 1200[err] Cin vacuum an
inert gas or air, bariumbeing contained in a range of 0.1 to 10% by

wei ght, and the ratio of the calciumcontgnt to the bariumcontent being in
the range of 6.4 to 713. (5) A solid basic catal yst conposed of a conposite
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precursor containing a calcium carbonate of vaterite

strﬁcture, to thermal decomposition at 600' to 1200° C in

vacuum, an inert gas or air, barium being contained in a
range of 0.09 to 9% by weight and calcium being contained in
a ratio of the calcium content to the barium content of 7.2
to 793.

(7) A solid basic catalyst composed of a coméosite oxide of
barium oxide and calcium oxide, obtained by impregnating
calcium carbonate with a an agueous solution of at least one
kind of nitrate, hydroxide or an organic acid salt of
barium, followed by drying the resulting material, and
subjecting the dried material to thermal decomposition at a

~ temperature of 600° to 1200° C in vacuum, an inert gas or

air, barium being contained in 0.09 to 9% by weight and
calcium being contained in a ratio of calcium content to
barium content within a range of 7.2 to 793.

(8) A process for producing a solid basic catalyst composed
of barium-supporting calcium oxide, which process comprises
adding an aqueous solution of at least one kipd of nitrate,

hydroxide or an organic acid salt of barium, to a suspension



conpound cont ai ni ng carbonate ion, to a an aqueous sol ution containing at

| east one kind of nitrate, hydroxide or an organic acid salt of barium and
at least one kind of nitrate or an organic acid salt of calcium followed
by drying the resulting precipitate, and subjecting the resulting precursor
contai ning a cal cium carbonate of vateritg structure, to thernal
deconposition at 600[err] to 1200[err] Cin vacuum an inert gas or air,

bari um bei ng, contai ned jn range of 0.09.to 9% by . wei ght, and cal ci um bei ng
cont ai ned | nhﬁvf‘ﬁgi%ag‘f"%}%%"%ﬁfoﬁ OFnCEAF IR %’ﬁidﬁa?? u%‘r\‘%%?lt‘é?{?p?}fn 2 to
793. (7) A sqlid basic, catal yst osed. of .a conposi te, oxi de of _barium
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subjecting the dried material to thermal deconposition at a tenperature of
600[ err] to 2900[t@ AR08 | § imciasyumn amdnerfagas:r oxi pirpabatiumcbaing
contained in 0.09 to 9% by wei ght and cal cium being contained in a ratio of
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process for producing a solid basic catal yst conposed of barium supporting
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a range of 6.4 to 713.

(9) A process for_producing a solid basic catalyst composed
of a composite oxide of barium oxide and calcium oxide,
whiéh process comprises adding.a carbonate ion-containing
compound to an agueous éolution composed of at least one
kind of nitrate hydroxide or an ofganic acid salt of barium
and nitrate, or an organic acid salt of calcium, followed by

drying the resulting precipitate and subjecting the dried

material to thermal decomposition at 600° to 1200° C in

vacuum, an inert gas or air, the barium content being 0.09
to 9% by weight and the ratio of the calcium content to the
barium content being in tﬁe range of 7.2 to 793.

(10) A process fof.producing a solid bésic catalyst composed
of a composite oxide of barium oxide and calcium oxide,
which process comprises adding a carbona;e.ionecontaining
compound té a solution composed of at least one kind of
nitrate, hydroxide or an organic acid salt of barium and at
least one kind of nitrate or an organic acid salt of

calcium, followed by drying the resulting precipitate and



hydroxi de or an organic acid salt of barium to a suspension havi ng

cal ci um hydroxi de or cal ci um oxi de or these conpounds dispersed in water,
foll owed by drying the m xture and subjecting the dried material to thernal
deconposition at 500[err] to 1200[err] Cin vacuum an inert gas or air,

bari um being contained in a quantity of O

09 to 9% by weight and the ratio

of the calciumcontent to the bariun1contht being in a range of 6.4 to
713. (9) A process for produ0|nq a solid basic catalyst conposed of a

conposi t e oxfakieFting ithe sasd
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and cal ci um oxi

7.2 to 793.

(11) A process for producing a solid basic catalyst composed

of a composite oxide of barium oxide and calcium oxide,

which process comprises impregnating calcium carbonate with

an aqueous solution composed of at least one kind of

nitrate, hydroxide or an organic'acid salt of barium,

followed by drying the resulting material, and subjecting

the resulting dried material to thermal decomposition at 600

® to 1200° C in vacuum, an inert gas or air, the barium

content being 0.09 to 9% by weight, and the ratio of the

calcium content to the barium content being in a range of

7.2 to 793.

(12) A process for producing a carbonyl compound derivative

from a carbonyl compound, which process uses a solid basic

catalyst according to either one of items (1) to (7).

(13) A process according to item (12), wherein said carbonyl

compound is an aldéhyde:of 4 to 8 carbon atoms.

(14) A process according to item (12), wherein said carbonyl:

compound is isobutylaldehyde and said carbonyl compound

derivative is 2,2,4-trimethyl-1,3-pentanediol mono-isobutyla



whi ch process conprises adding a carbonate ion-containing conpound to a
sol ution conposed of at |east one kind of nitrate, hydroxide or an organic

acid salt of bari
salt of cal cium

umand at |east one kind of nitrate or an organic acid
foll owed by drying the resulting precipitate and 7

subj ecting the resulting precursor contair ng calciumcarbonate of vaterite
structure to thermal deconposition at 600[err] to 1200[err] Cin vacuum an

inert gas or air,

t he barium content being 0.09 to 9% by wei ght and the

ratio of the®€alcium content to the bariumcontent being in the range of

7.2 to 793. (11

A process for producing a solid basic gatal yst conposed of
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b{_drying the resulting material, and subjecting the
tye o s td-ethylhaxenadonpositi on at 600 to 1200 Cin

as or air, the bariumcontent being 0,09 to 9% by weight,
harocess according to item (12), wherein said carbonyl

compound is acetone and said carbonyl compound derivative is

diacetone alcohol.

DETAILED DESCRIPTION OF THE INVENTION

The solid basic catalyst used in the present invention

may be in any solid form such as powdery form, granular form

or bulky form, but its size is preferably that of 30 to 450

. As to the production of the catalyst of the present

invention, the barium-supporting calcium oxide may be

obtained by'adding at least one kind of nitrate, hydroxide

or an organic acid salt of barium or an aqueous solution of

the foregoing, preferably an agqueous solution of barium

nitrate or barium hydroxide, to a suspension obtained by

dispersing calcium hydroxide. calcium oxide or these in

water, preferably to a calcium hydroxide-water suspension,

followed by drying the resulting mixture and further

subjecting the dried material to thermal decomposition at

500°

to 1200° C, preferably 600° to 1000° C, the weight of

barium in the solid catalyst being preferably 0.1 to 10% by

weight and the ratio of the calcium content to the barium

content being preferably 6.4 to 713. If the temperature of
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wherein said carbonyl conpound:is acetone and said carbonyl conpound
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solid basic st used in the present I nvention may be in any solid form

such as pomdery forn1agran | ar for
lowers not ue to i3 sintering.

In the present_invention, the composite oxide of barium
oxide and calcium oxide may be a precursor formed as a
precipitate when a carbonate ion-containing compound is

- added to a solution of at least kind of nitrate, hydroxide
or an organic acid salt such as acetic acid salt of barium
and at least one kind of nitrate or an organic acid salt
such as acetic acid salt of calcium,.preferably a precursor
containing calcium carbonate of vaterite structure. Such a
precursof'or solids obtained by impregnating calcium
carbonate with a solution of at least one kind of nitrate,
ﬁydroxide or an organic acid salt such as acetic acid salt,

are dried, followed by subjecting'the dried material to

thermal decomposition at 600° to 1200° C, preferably 800° to

1000° C, the weight of barium in the solid catalyst being

preferably 0.09 to 9% by weight and the ratio of calcium
content to barium content being preferably 7.2 to 793. If

the temperature of the thermal decomposition is lower than
600° C, a sufficient activity cannot be obtained since the
carbonate is not completely decomposed, while if the

temperature exceeds 1200° ¢, the catalyst activity lowers



‘or bulky form but i1ts Size is'preferably that of 30 to 450 [err]. As to

the production ofThisiSkeeCids BesnHepladed t N€ present invention, pthe )
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bari um supporting i may be obtained by addi ng ®HISISastT '
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or barium hydroxide, to a suspension obtained by dispersing cal cium
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for example, if the barium content is specified in the
barium-supporting calcium oxide compound or the composite
compound of barium oxide-calcium oxide, it is also possble
to easily calculate the ratio from the above value. If the
ratio of the calcium content to the barium content is
outside the range of 6.4 to 793, the resulting properties
are inferior to the superior properties well-balanced
between the high activity and high selectivity, as exhibited
in the present invention.

The atmosphere at the time of the thermal decomposition
is not particularly limited. Namely, it is possible to
carry out the decomposition under reduced pressure, in an
inert gas or in air. Preferably, it is carried out under
reduced pressure.

When the objective compound is produced using the solid
gatalyst of the present invention, the'qﬁanties of acid and
water contained as impurities, in the carbonyl compound as a
raw material, are preferred to be small, but when the acid
content is 1% by weight or less and thg waﬁer content is 5%
by weight or less, it is possible to sufficiently use the |

compound in the present invention.



oxi de and cal ci um oxi de may be a precursor forned as a precipitate when a
carbonate ion-containing conpound is added to a solution of at |east one
kind of nitrate, hydroxide or an organic acid salt such as acetic acid salt
of bariumand at |east one kind of nitrate or an organic acid salt such as
acetic acid salt of calcium preferably aiprecursor containing cal cium
carbonate of vaterite structure. Such a precursor or solids obtained by

| pregnat; ng cal giPre daaRahe eblipfuid| 582 el JAnONGVERR off|

nitrate, hydroxide or an organic a salt su as acetic acid salto
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catalyst. invention is not limited to ;hese compounds.

The catalyst of the present invention can be preferably
used for producing carbonyl compound derivatives, and
pafticularly when 2,2.4—frimethyl-1,3—pentanediol
monoisobutyrate is producgd from isobutylaldehyde, when 2-
gthylhexanal is produced from normal-butylaldehyde or when
diacetone alcohol is produced from acetone, the catalyst is
preferable to be usedi Ambng these, when 2,2,4-trimethyl-~
1, 3-pentanediol monoisobutyrate is produced from
isobutylaldehyde, the effectiveness of the catalyst is
large, but the present invention is not limited to these.

The catalyst of the present invention is utilizable to
either of a continuous system by way of fixed bed or a batch
system.

The quantity of the catalyst of the present invention
used is in the range of 0.01 to 100% by weight based upon
the weight of the reaction.solution, but it is not limited
to the above. As the barium-supporting calcium oxide, it is
preferable to use it in a range of 0.01 to 20% by weight,

more preferably 0.05 to 10% by weight, based upon the weight

of the reaction solution, in the batch system, for example.



‘When the bariumcontent is |lower than 0.09% the selectivity of the

obj ective product is low, while when it exceeds 10 % by wei ght, the
catalytic activity lowers. As to the ratio of calciumcontent to barium
content, for exanple, if the bariumcontent is specified in the

bari um supporting cal ci um oxi de conpound@r the conposite conpound of
bari um oxi de-calciumoxide, it is also possble to easily calculate the
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solid catal yst of the present invention, the quanties of gcid and water
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preferred to be snmall, but when the,acid ¢content is 1%b I ght or |ess
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sufficiently use the .
of 10" to 130 C. When the barium-supporting calcium oxide

is used as catalyst, in the case of batch system reaction,
it is preferred to react a mixture of the catalyst with the

reaction solution at a temperature of 10° to 130° C for 0.5
to 8 hours. If the temperature is lower than 10° C, the

reaction rate is insufficient, while if the temperature
exceeds 130° C, the selectivity of the product becomes
inferior. wWhen the composite oxide of barium oxide-calcium

oxide is used as catalyst, in a batch system reaction, for

example, it is preferred to react a mixture of the catalyst

with the reaction solution at a temperature of 10° to 130° C
for 0.2 to 3 hours. If the temperature is lower than 10° C,
the reaction rate is insufficient, while if it exceeds 130
. C, the selectivity of the product becomes inferior.

After the reaction, in order to obtain the objective
product from the reaction solution, the catalyst is filtered
off from the reaction solution, and then the filtrate is

distilled according to a known method.



conmpound i n the-present—invention. As the carbonyl conmpound used in the

present inventhony alidehvaesncr ef erably al dehydes of 4 to 8 carhon atons.
such as isobuty el butyl al dehyde, 2-ethyl bljtyl,alqdefeTees BEEN
2-et hyl hexyl al d n H ﬂum be exenplified, and acetofle, ToggpCROEDE
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conpounds. The catal yst of the present invention can be preferably used for

produci ng carbonyl conpound derivatives, and particularly when

2,2, 4-tri met(@@MPLe) pent anedi ol nonoi sobutyrate is produced from

| sobutyl al dehyde, when 2- ethyl hexanal is produced from )
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effectiveness of the catalyst is large, but the present invention is not
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either of a continuous system by way of fixed bed or a batch system The

quantity of Exampdetd| yst of the present invention

Calcium hydroxide (Ca(OH)z, made by Kanto Kagaku) (38.5
g) was suspended in purified water (100 ml), followed by

dissolving barium nitrate (Ba(NO3)2, made by Wako Junyaku)

(1.5 g) in purified water (200 ml), adding the resulting
solution to the above suspension of calcium hydroxide,
mixing them and drying. The resulting white solids (4.0 g)

were calcined at 900° C for one hour in vacuum, followed by

cooling the resulting material down to room temperature, to
obtain a catalyst containing 3% by weight of bar_ium (3.7 g).
The total quantity of the catalyst was transferred into a

reactor, followed by adding isobutyraldehyde (200.0 g),

stirring the mixture, reacting it at 110° C for one hour,

filtering off the reaction solution and analyzing the
filtrate according to gas chromatography. The resﬁlts are
as foilows:

Conversion of isobutyraldehyde : 90.7%

Selectivity of 2,2,4-trimethyl-1,3-pentanediol
monoisobutyrate (hereinafter abbreviated to CS-12) : 89.8%

Yield of CS-12 : 81.4%

Example 2



used is in the range—of 60T to 100% by wei ght based upon.the weight of fhe
reaction solution, b gh'@emgsmﬁRIﬁmdt ed to the above. Af ﬁ-r@SHEET HAS BEEN
of

bari um supporting cal Is preferable to use |t||hgpugmgﬁ
0.01 to 20% by wei ght ]llm
t he weight of the rea

0.05 to 10% by ght—->based—tinen—
, in the batch system “for exanple
12 As the conposite oxide of barlun1OX|de calciumoxide, it is preferable
to use it in a range,of 0.01 to 20% wei ght , pr ef er abl 05 to 10%
by wei ght based l?ﬁgﬁlPHehMEF@ﬁ%d%f %goﬁ)@acﬂaéﬁng Kepba, K?ﬂa’%/% b3 ch
system for exanple. The reaction tenperature at the tinme of using the

cat al yst of ghavas emsplendedeihi parifibed ewathes e(1 0 nd )r,arfipd lofveiOpgrr] to
130[err] C. \Wen the barium supporting cal ciumoxide is used as catal yst,

i n the case difsdedivdlngs pardéomr pitrata, (B4 (NG )R efatle &y Wakoedahyakua) xt ure of
the catalyst with the reaction solution at a tenperature of 10[err] to

13oferr] ClELq) i Buddrida hstépe(%@fp@atqm@ ereLidndgierr] C

t he reaction rat I clent t'he tenperat ure excee

130lerr] C JdiGeighed %hay Ve G EEaMdn ReF BT 1l Hydox1 WS the

conposite oxi ari um oxi
mixing them and drying. The resulting white solids (4.0 g)

were calcined at 900° C for one hour in vacuum, followed by

cooling the resulting material down to room temperature, to
obtain a catalyst containing 5% by weight of barium (3.9 g).
The total quantity of the catalyst was transferred into a

reactor, followed by adding isobutyraldehyde (200.0 g),

stirring the mixture, reacting it at 110° C for one hour,

filtering off the reaction solution and analyzing the
filtrate according to gas chromatography. The results are
as follows:

Conversion of isobutyraldehyde : 91.4%

Selectivity of CS-12) : 89.1%

Yield of CS-12 : 81.4%
Example 3 _

Calcium hydroxide (Cé(OH)g, made by Kanto Kagaku) (38.9
g) was suspended in purified water (100 ml), followed by

dissolving barium nitrate (Ba(NO;3)2, made by Wako Junyaku)

(1.1 g) in purified water (200 ml), adding the resulting
"solution to the above suspension of calcium hydroxide,

mixing them and drying.' The resulting white solids (4.0 g)



oxide is used ﬁ t batch systemreaction, for S
preferred to r = 4t he catal yst with the readt Q@ SHEET HAS BEEN
a tenperature of or 0.2 to 3 hours. If the t nperakapeAcso

[ ower than 10[er t|on rate is insufficient, ww
exceeds 130 [err] C, the select|V|ty of tlse product becones |nfer|or After
the reaction, in order to obtaln the objective product fromthe reaction

sol ution, the catal filft ff fromthe reaction s i on, nd t hen
The tity at oveie aldinad s J5B5TH Fot, A RRHE A wawuan. Fol0eRa Yy The
present invention will be concretely expl ai ned by way of Exanples and
Conpar at i ve ec@bing the)esuls ipgemsterialedownnts oednl tenpémtomest tged t o
be restricted thereto. Exanple Cal cium hydroxide [err], nade by Kanto
Kagaku) (38.ébtpimas catsiastedontapningi 24 bptweidhtd G fiibarifum | (Gwmdd gy
di ssolving bariumnitrate [err], nmade by Wako Junyaku) (1.5 g) in purified
wat er (200 rMbhe i Inguantitysolft thg catalyst was ttheamdfeared ispeosiaon of
cal ci um hydr oxi de,

reactor, followed by adding isobutyraldehyde (200.0 g),

reacting the mixture with stirring at 110° C for one hour,

filtering off the reaction solution and analyzing the
filtrate according to gas chromatography. The results are
as follows: |

Conversion of isobutyraldehyde : 92.4%

Selectivity of CS-12 : 84.0%

Yield of CS-12 : 77.4%
| Calcium hydroxide (Ca(OH);, made by Kanto Kagaku) (39.2
g) was suspended in purified water (100 ml), followed by
dissolving barium nitrate (Ba(NO3)2, made by Wako Junyaku)
(0.5 g) in purified water (200 ml), adding the resulting

solution to the above suspension of calcium hydroxide,
mixing them and drying. The resulting white solids (4.0 g)
were calcined at 700° C for one hour in vacuum, followéd by
cooling the resulting material down to room temperature, to
obtain a catalyst containing 1% by weight of barium (3.9 g).
The total quantity of the catalyst was traﬁsferred into a
reactor, followed by adding isobutyraldehyde (200.0 g),

mixing them and reacting the mixture with stirring at 110° C



m xi ng them and drying. The resulting white solids (4.0 g) were cal cined at
900[err] C for one hour in vacuum followed by cooling the resulting
material down to roomtenperature, to obtain a catal yst (3.7 9
contai ning 3% by weight of barium The total quantity of the catalyst was
transferred into a reactor, followed by aggling isobutyral dehyde (200.0 g),
stirring the mxture, reacting it at 110 C for one hour, filtering off the

~reaction solytion and analyzing the filtrate. di

chggm;(t)/o%r ?p%ﬁ.r Phe ‘fé'éﬁrts'ﬁé? g"%%c 1 ! :“%ég’ﬁ\clg’%sz gglégrggggﬁﬂr al dehyde
: . 7% Sel ectivit 2,2,4-1ri hyl -1, 3- t di.ol I sob
(hereinafterf&BQPﬂéﬁngda¥§4¥5iéég¥bggﬁii§%ﬁ$%£P%ggfagggggg?big.z&ggigﬁple 2

14 Cal ci um hydroxi de (Ca(COH)2,. nmade Kant o _Kaga 37.7 ded
in purified ﬁ&?@ﬂafﬁgéaﬂﬁ¥; f?ﬂ?cﬁﬁﬁ?xl (ﬁr§%8ﬁv%ﬁgggg%fun1n?%rg?z fgfff? ©

made by Wako Junyaku 2,5 09)_in purifi er (200 ), adding the
resul ting soIutioﬁo?%ﬁé?kPQﬂgﬁN}%é%ﬂi&ﬁ?ﬁgﬁggﬁecéléBu%?Lydroxide?
Selectivity of CS-12 : 83.8%
Yield of CS-12 : 76.2%
Example 5

Calcium nitrate tetrahydrate salt (Ca(NO3)2 * 4H20, made
by Wako Junyaku) (122.6 g) and barium nitrate (Ba(NO3);, made

by Wako Junyaku) (1.7 g) were dissolved in purified water
(500 ml), followed by adding a solution obtained by

dissolving ammonium carbonate ((NH4q)2C0;, made by Wako

Junyaku) (60.6 g) in purified water (300 ml) to the above
solution, filtering off the resulting precipitate, water-
washing and drying, to obtain a precursor of vaterite

structuie which was white solids. The white solids (7.3 g)

were calcined at 900° C for one hour in vacuum, followed by

transferring the calcined material into a reactor, adding
isobutyraldehyde (200.0 g), stirring the mixture, reacting

it at 60° C for 0.5 hour, filtering off the reaction

solution and analyzihg the filtrate according to gas

chromatography. The results are as follows:
Conversion of isobutyraldehyde : 98.8%
Selectivity of CS-12 : 93.8%_.

vield of CS-12 : 92.7%



m xi ng them and drying. The resulting white solids (4.0 g) were cal cined at
900[err] C for one hour in vacuum followed by cooling the resulting
material down to roomtenperature, to obtain a catal yst . (3.9 9
contai ning 5% by wei ght of barium The total quantity of the catalyst was
transferred into a reactor, followed by ggdi ng i sobutyral dehyde (200.0 g),
stirring the mxture, reacting it at 110[err] C for one hour, filtering off

the reactio t and analyzing the filtrate according to gas
chr omat ogr a : esults are as follows: Conversion of isobutyral dehyde
: 91. 4% Sel ecti vi of CS-1 :.89. 1% Yield of CS-12 : 81.4% Exanple 3
Cal ci um hydr oxi dgtafi&lr“f“, cﬁﬁéé"f&e Ké\%"{‘%o?{am bé’38’f”‘§°g)m%§k§hsbg£d%c9 I n
purified water (100 ml), followed by dissolving bariumnitrate [err], nade
by Wako Junywéasuspended in purified water (200D midl)), foddiowed by resul ting
solution to the above suspension of cal ci um hydroxi de, m xing themand -
dryi ng. The dissmdlving bairiemsoitzaté4(Ba(NO3),, hiade by Wako Junyaku)

(4.8 g) in purified water (150 ml), adding this solution to

the above suspension of calcium carbonate, mixing them and

drying. The resulting white solids (7.3 g) were calcined at
900° c, for one hour.in vacuum, followed by transferring the

resulting material into a reactor, adding isobutyraldehyde

(200.0 g), mixing them, reacting at 60° C for 0.5 hour,

_filtering off the reaction solution and analyzing the
filtrate gccording to gas chromatography. The results are
as follows:

Conversion of isobutyraldehyde : 95.4%

Selectivity of CS-12 : 89.7%

Yield of CS-12 : 85.6%
Example 7

Calcium carbonate (CaCO;, made by Wako Junyaku) (52.0 g)
was suspended in purified water (200 ml), followed by

dissolving barium nitrate (Ba(NOj);, made by Wako Junyaku)

(1.7 g) in purified water (100 ml), adding the resulting
solution to the above suspension of calcium carbonate,

mixing them and drying. The resulting white solids (7.3 g)

were calcined at 900° C, for one hour in vacuum, followed by



were calcined at 700[err] C for one hour in vacuum followed by cooling the
resulting material down to roomtenperature, to obtain a catalyst

(3.7 g) containing 2% by wei ght of barium The total quantity of the

catal yst was transferred into a reactor, followed by adding

| sobut yral dehyde (200.0 g), reacting the yg xture with stirring at 110 C for
one hour, filtering off the reaction solution and analyzing the filtrate

according. to_gas ghromat oqgraphy. .The results _are _as follows: Conyersion of
sobutyr ol defbateEeBalng, the trasuniperaterial fp8S o nrdi Bons RIS

77. 4% Exanpl ¢ 4 Cal ci hydroxi de [err], nade by Kantp Kagaku) (39.2 g) was
suspended i n"ﬁﬂ?’i’ﬁ"éﬂﬂg?ﬁléfe (é’d’%r‘ﬁ[ P i3 3F95ﬁgﬂgb§ ﬁi'%’é'l"”(’/?‘ﬁ‘g %ﬁﬁ‘f%ﬂ%i trate
[err], made pé Wako Junyaku) %0.5 g) in purjfied water (200 ,m ), adding the
resul ting sobbitabn?QoQ KeraBebehouipefiil boring LfLithe FRASHEO®e, ni xi ng
them and drying. The resulting white solids (4.0 g) were calcined at 700 C

for one hoursobutwiben and farid g rheoresnlitihg filttratecacmsdmting twown to
roomtenperature, to obtain a catalyst - (3.9 g) containing 1% by

wei ght of bagasnehddiratsygrphytiantihiey rebulke apéahysfollbowd s ansferred into a
reactor, followed by adding isobutyral dehyde (200.0 g),
Conversion of isobutyraldehyde : 97.6%
Selectivity of CS-12 : 87.0%
Yield of CS-12 : 84.9%
- Example 8
The reaction raw solution obtained in Example 5 was
filtered according to a conventional method, and the
resulting filtrate (150 g) was purified according to
conventional rectification. The results are shown below.
Yield of CS-12 : 135.2 g
Rectification efficiency.: 97.2%
Example 2

White solids (7.3 g) obtained.in the same manner as in
Example 5 were calcined at 900° C for 2 hours in vacuum,
foilowed by transferring the resulting material into.a
reactor, adding isobutyraldehyde (600.0 g), stirring the
mixture and reacting it at 80° C for one hour, filtering off
the reéction solution and analyzing the filtrate according

 to gas chromatography. The results are shown below.

Conversion of isobutyraldehyde : 95.4%

Selectivity of CS-12 : 95.3%



m xi ng them and reacting the mxture with stirring at 1100 C 16 for one
hour. The reaction solution was filtered off, followed by analyzing the
filtrate according to gas chromat ography. The results are as foll ows:
Conversi on of isobutyral dehyde : 90.9% Sel ectivity of CS-12 : 83.8% Yield
of CS-12 : 76.2% Exanple 5 Calciumnitratg tetrahydrate salt [err] nade by
Wako Junyaku) (122.6 g) and bariumnitrate [err], nade by Wako Junyaku)
(1.7 g) were disso|lved in purifie er (500 m), followed by adding a
sol ution obt ai nedYb?/l‘ai%% s(/'llr?g ‘aml um car bonate [err], made by Wako

Junyaku) (60.6 g)_.in Eurified water (300 m) to the above sol ution,
filtering of lting precipitate, water- washing and drying, to

obtain a precursor of vaterite structure which was white solids. The white

solids (7.3 g) wite 30Mds 47 .30g)cPPFained, innEhe FAMe MANRSF,AS 118} | owed

by transferring the calcined naterial intg a reactor, adding
i sobut yr al deBxdmpl@09.Wexg caldinaech@tt 9501 Qt £or,3 rhauxns @ vacuum,
followed by transferring the calcined material into a

reactor, adding isobutyraldehyde (600.0 g), stirring the

mixture, reacting the mixture at 80° C for 2 hours,

filtering off the reaction solﬁtion_and analyzing the
filtrate according-to gas chromatsgfaphy. The results are
shown below.

Conversion of isobutyraldehyde : 89.3%

Selectivity of CS-12 : 95.2%

vield of CS-12 : 85.0%

Exanmple 11

white solids (7.3 g) obtained in the same manner as in

Example 5 were calcined at 1000° ¢ for 2 hours in nitrogen

gas, followed byltransferring the calcined material into a

reactor, adding isobutyraldehyde (600.0 g), stirring the
mixture, reacting at 80° C for 1.2 hour, filtering off the

reac£ioh solution, and analyzing the filtrate according to
gas chromatography. The results are shown below.
Conversion of isobutyraldehyde : 95.2%
Selectivity of CA-12 : 94.8.%

Yield of CS-12 : 90.3%

Example 12



it at 60[err] Cfor 0.5 hour, filtering off the reaction solution and
analyzing the filtrate according to gas chromatography. The results are as
foll ows: Conversion of isobutyral dehyde : 98.8% Sel ectivity of CS-12
93.8% Yield of CS-12 : 92.7% 17 Exanpl e 6 Cal cium carbonate [err] nade
by Wako Junyaku) (84.8 g) was suspended ip purified water (200 m),

foll owed by dissolving bariumnitrate [err], made by Wako Junyaku) (4.8 Q)

in purified watera(:150 ) 3.29diN [ Fon. tq t ap ve suspension of
cal ci um car bonat e"{r{l]rﬁ%xisnrgghtdﬁe%ggﬁg %Py?lﬁgﬂ%‘g PSS ihsﬁg V\h%}at%é’%olaisdsm( 7.3
g) were calcjined at 900 C, fqr .,one hour in.vacuum_followed by transferring
the resul ti n%xmﬁ?i wend salciagd: 8F, 1948; rfg CESYCY SddRy@d¥6200. 0 g),

m xing them reacting at 60 C for 0.5 hour, filtering off the reaction

sol uti on andfehidwed My ttransiflerrang tbeocadloined mmsercialonttegrmaphy. The

results are as follows: Conversion of isobutyral dehyde : 95.4%
reactor, adding isobutyraldehyde (600.0 g), stirring the

‘mixture, reacting it at 80° C for 3 hours, filtering off the

reaction solution and analyzing the filtraté according to
gas chromatography. The results are shown below.
Conversion of isobutyraldehyde : 96.1%
Selectivity of CS-12 : 93.1%

Yield of CS-12 : 89.5%

Exanmple 13

White solids (7.3 g) obtained in the same manner as in
Example 5 were calcined at 800° C for 3 hours in vacuum,
followed by transferring the.calcined material into a
reactor; adding normal butyraldehyde (200.0 g), stirring the
mixture, reacting it at 80° C for 2 hours, filtering.off the
reaction solution and analyzing the filtrate according to
gas chromatography. The results are shown below.

Conversion of normal butyraldehyde : 70.4%

Selectivity of 2-ethylhexenal : 89.2%

Yield of 2-ethylhexenal : 62.8%

Example 14

White solids“(7.3 g) obtained in the same manner as in

Example 7 were calcined at 800° C, for 3 hours in vacuum,

followed by transferring the calcined material into a



Selectivity of CS-12 : 89.7% Yield of CS-12 : 85. 6% Exanple 7 Cal ci um
carbonate [err] made by Wako Junyaku) (52.0 g) was suspended in purified
water (200 m ), followed by dissolving bariumnitrate [err] nmade by Wako
Junyaku) (1.7 g) in purified water (100 m ), adding the resulting solution
to the above suspension of calcium carbopate, mXing themand drying. The
resulting white solids (7.3 g) were calcined at 900[err] C, for one hour in

vacuum followed b 8 transferyi t | §4 erigls. |

reactor, add??@c‘?%%btﬁ‘%ﬂj:‘éﬂgd@ﬁﬂ‘?i( %ngﬁagﬁ?ﬁgégrk?% mi'x 1dtlrxre11,;n Ee&fglléati ng
it at 90[err] Cfor 0.6 hour, filteripg off the reacti sol ytion_and

anal yzi ng t Heixtwre .« igepcting dteakc88r & ngfe% ?gé?"(ﬂ?r'o%gll&GF&Bﬁyf’f$hEhe
results are as follows: Conversion of isobutyral dehyde : 97.6% Sel ectivity
of CS-12 : 8redltiddre!gblafticn ARd afld19%ihy atheé of Bl titate esmtdmdingawosol uti on

obtained in Exanple 5 was
gas chromatography. The results are shown below.
Conversion of normal butyraldehyde : 76.9%
Selectivity of 2-ethylhexenal : 85.2%
Yield of 2-ethylhexenal : 65.5% |

Example 15

White solids (3.6 g) obtained in the same manner as in
Example 5 were calcined at 800° ¢, for 3 hours in vacuum,
followed by transferring the calcined material into a
reactor, adding acetone (200.0 g), stirring the mixture and
;eacting’it at 50° ¢, for 2 hours, filtering off the reaction
solution and'analyiing the filtrate according to gas
‘chromatography. The results are shown below.

Conversion of acetone : 9.3%

Selectivity of diacetone alcohol : 90.9%

vield of diacetone alcohol : 8.5%

Example 16

White solids (3.6 g) obtained in the same manner as in

Example 7 were calcined at 800° ¢, for 3 hours in vacuum,

followed by transferring the calcined material into a
reactor, adding acetone (200.0 g), stirring the mixture,

reacting it at 50° C for 2 hours, filtering off the reaction -

solution and analyzing the filtrate according to gas



filtered according to a conventional nmethod, and the resulting filtrate
(150 g) was purified according to conventional rectification. The results
are shown below. Yield of CS-12 : 135.2 g Rectification efficiency : 97.2%
Exanple 9 Wihite solids (7.3 g) obtained in the same manner as in Exanple 5
were calcined at 900 C for 2 hours in vagyum followed by transferring the
resulting material into a reactor, adding isobutyral dehyde (600.0 g),
stirring the.m xture and reacting it. at 80[err] C for one hour, filtering
off the reafpfr8ﬂag8gﬁ‘?? 'a?l"tgf’%rfg?%rf?g a5 shoWny Bedo¥Wecor ding to gas
chromat ogr aphy. The results are shown bel ow. Conversion of isobutyral dehyde
95. 4% Sel ect i VFPYVEFs¥an of aapfongy : 1296% ¢/ g of CS-12  90. 9% Exanpl e

10 Wiite sol i ds é? 3 %g obtained in the sane manner _as in Exanple 5 were
cal cined at 950[ 8F1§CEYHrY of siacatong.algeholor | 8%edbby transferring the

calcined material .into a _,
Yield of diacetone alcohol : 11.0%

Exanple 17

The reaction raw solution obtained in Example 14 was
filtered according to a conventional method, followed by
rectifying the resulting filtrate (150 g) according to
conventional method. The resﬁlts are shown below.

~ Yield of diacetone alcohol : 15.8%

Rectification efficiency : 95.8%
. L le 1

Magnesium oxide (MgO, made by Wako Junyakg) (4.0 g) and

calcined at 700° C, for one hour in vacuum, followed by

cooling the calcined material down to room temperature,
transferring the total quantity of the compound into a

reactor, adding isobutyraldehyde (200.0 g), stirring the

mixture, reacting it at 110° C for 15 hours, filtering off

the reaction solution and analyzing the filtrate according
to gas chromatography. The results are shown below.
Conversion of isobutyraldehyde : 0.1%
Selectivity of CS-12 : 90.5%
Yield of CsS-12 : 0.009%
conparative example 2

Barium oxide (BaO, made by Wako Junyaku) (4.0 g) and



reactor, adding isobutyral dehyde (600.0 g), stirring the mxture, reacting
the mxture at 80 C for 2 hours, filtering off the reaction solution and
analyzing the filtrate according to gas chromatography. The results are
shown bel ow. Conversion of isobutyral dehyde : 89.3% Sel ectivity of CS-12
95.2% Yield of CS-12 : 85.0% Exanple 11 Wiite solids (7.3 g) obtained in
the same manner as in Exanple 5 were cal ci ned at 1000[err] C for 2 hours I n

ni t rogen gas foII §§§ ran ferrln a
reactor, add E%%%? er«a P%Bﬁ Q§ & %géggﬁﬁ ? reactlng
at 80[err] C for 1.2 hour, filtering off the,reaction s Iut .
anal yzi ng t h8t3iFFingthem,c Jieactdngo 1§a§tcl:‘n1§ e ?‘ﬂ"l‘é"r gé‘&??§ 18fe
shown bel ow. Conversion of isobutyraldehyde : 95.2% Sel ectivity of CA-12 :
94. 8. % Yi el dopf €I IFeactdibd%oburiphcahd anakgzing the filtrate
according to gas chromatography. The results are shown
below.
Conversion of isobutyraldehyde : 98.6%
" Selectivity of CS-12 : 20.8%
Yield of CS-12 : 20.5%
Comparative example 3
Calcium carbonate (CaCO;, made by Wako Junyaku) (3.7 g)

was calcined at 900° C for one hour in vacuum, followed by

transferring the calcined material into a reactor, adding

isobutyraldehyde (200.0 g), stirring the mixture, reacting

it at 60° C for 2.6 hours, filtering off the reaction

solution and analyzing the filtfaée according to gas
chromatography. The results are shown.helow.

Conversion of isobutyraldehyde : 94.5%

Selectivity-of CS-12 : 56.2%

Yield of CS-12 : 53.1%
Comparative example 4

Calcium nitrate tetrahydrate salt (Ca(NO3)2 * 4H20 made by

wWako Junyaku) (63.2 g) and barium nitrate (Ba (NO3) 2, made by

wako Junyaku) (25.6 g) were dissolved in purified water (500

ml), followed by adding to the solution, a solution obtained



Wiite solids (36.5 g) obtained in the sane nanner as in Exanple 5 were
calcined at 1000[err] C for 2 hours in air, followed by transferring the
calcined material into a reactor, adding isobutyral dehyde (600.0 g),
Stirring the mxture, reacting it at 80 C for 3 hours, filtering off the
reaction solution and analyzing the filt24te according to gas -

chromat ography. The results are shown bel ow. Conversion of isobutyral dehyde

96, 1% Sel 96} 1 i ddof1ofc> o, Aribhele Ol (%3205, Bl ddoiBx e 13

Wiite solid gbtalne I n the sane manner as in Exanple 5 were
calcined at 800 C for 3 hours .,in vaguum_, follo y fransferri.ng the

cal ci ned nmatZn¥akyhi#2: & g@lcdg Puradicg WBF%W%QJ‘FWQ d r(’f&).tg‘eg) ,
stirring the mxture, reacting it at 80[err¥_C for_2_ hours, filtering off
the reacti onrednlsing nrecipisare. nyatpE-vashing And Angingy &9 é’é’{'am a
chromat ography. The results are shown bel ow. Conversi on qf nor nml

but yr al dehy derecwsamcfe|cat@lysty ofhe. sesyl king Mhite @olids (&2 &)

2- et hyl hexenal : 62.8% Wiite solids (7.3 g) obtained in the sane manner as

in Exanpl e 7weee ecalkkdirieddatat90800¢ efod ahe fhours ino vasuum, v £oddewedobyowned
by transferring the calcined material into a

transferring the calcined material into a reactor, adding
isobutyraldehyde (200.0 Q), stirring the mixture, reacting
it at 60° C for 0.5 hour, filtering off the reaction solution
and analyzing tﬂe filtrate according to gas chromatography.
The results are shown below.

Conversion of isobutyraidehjde : 0.1%

Selectivity of CS-12 : 70.3%

vield of CS-12 : 0.1%
Comparative example 5

Barium nitrate (Ba(NO;)2, made by Wako Junyaku) (52.2 g)
was dissolved in purified water (300 ml), followed by adding
to the resulting solution calcium oxide (Ca0 made by Wako

Junyaku) (44.8 g), mixing them, drying the mixture at 140° C,

calcining the resulting white solids (5.9 g) at 850° C for 6
hours in air, transfefring the total quantity thereof into a
reactor, adding isobutyraldehyde k200.0 g), stirring the

mixture, reécting it at 80° C for-6 hours, filtering off the

reaction solution and analyzing the filtrate according to

gas chromatography. The results are shown below.



21 reactor, adding normal butyral dehyde (200.0 g), stirring the m xture,
reacting it at 80[err] C, for 2 hours, filtering off the reaction solution
and analyzing the filtrate according to gas chromatography. The results are
shown bel ow. Conversion of normal butyral dehyde : 76.9% Sel ectivity of
2-et hyl hexenal : 85.2% Yield of 2-ethy|h§§enal . 65.5% Exanpl e 15 Wite
solids (3.6 g) obtained in the same mannér as in Exanple 5 were cal ci ned at
800 C, for 3 hours in vacuum_fol]lowed by transferring the cal cined
material into a KEEBKG%}OEG@ﬁn@sabBFﬁﬁél%Qbﬂdﬁ 1)9-&%irring the nixture and
reacting it at 50 C, for 2 hours, filtering off the reaction solution and
anal yzi ng the fiIS#&%Q?%%&SUTeﬁnSSrézgasséhg%natography. The results are
shown bel ow. Conversion of acetone : 9.3% Selectivity of diacetone al coho

90. 9% Yi el d of Yiel€ewodn€Saldohol .5%8. 5% Exanpl e 16 Wiite solids (3.6 Q)
obtained in the sane manner as in

Barium nitrate (Ba(NO;)2, made by Wako Junyaku) (52.2 g)
was dissolved in purified water (300 ml), followed by adding
to the resulting solution calcium oxide (CaO made by Wako

Junyaku) (44.8 g)., mixing them, drying the mixture at 140° C,

calcining the resulting white solids (5.9 g) at 850° C for 6

hours in air, transferring the total quantity of the

calcined material into a reactor, adding acetone(200.0 g),

stirring the resﬁlting mixture, reacting it at 80° C for 6

hours, filtering off the reaction solution and analyzing the
filtrate according‘to gas chromatography. The results are
shown below.

Conversion of acetone : 1.1%

Selectivity of diacetone alcohol : 55.2%

Yield of diacetone alcohol : 0.6%
Comparative example 7

Barium nitrate (Ba(NO3);, made by Wako Junyaku) (52.2 g)
was dissolved in purified water (300 ml), followed by adding
the resulting solution to calcium oxide (CaO, made by Wako

Junyaku) (44.8 g), mixing them, drying the mixture at 140° C,

calcining the resulting white solids (5.9 g) at 850° C fpr 6



Exanple 7 were calcined at 800[err] C for 3 hours in vacuum followed by
transferring the calcined material into a reactor, adding acetone (200.0
g), stirring the mxture, reacting it at 50[err] C for 2 hours, filtering

of f the reaction solution and analyzing the filtrate according to gas 22
chromat ography. The results are shown bebgw. Conversion of acetone : 12.6%
Selectivity of diacetone alcohol : 87.1% Yield of diacetone alcohol : 11.0%

Exanpl e 17 The reactign raw sol ution optai ped jn_Examnl e s filtered
accor di ng tJ’%P‘?ﬁ)rﬁfbr?c’ironélraﬁélfﬁw}ngoﬁﬁmg‘at% Tﬁxfa‘i% nog){lt resul ting
filtrate (15q5g)_accordin% to,conventi onal neagfd. The results are shown

bel ow. Yi el Cakcified MaterialcdREP @ 18386R%Re AN ficiency : 95.8%

Conpar ati ve exanpl e. 1 Magnesi um oxi de ) de by Wako Junyaku) (4.0
and cal ci nedPulyrajsiebyde, (200 0ngd, Fﬁggggﬂ%nnﬁah? d?#/’btibbrt?'bfe 1?‘2?9(1t":he 9
cal cined nmaterial, down to roomtenperature,

at 80° C for 6 hours, filtering off the reaction solution and

analyzing the filtrate according to gas chromatography. The
results are shown below. .

Conversion of normal butyraldehyde : 1.1%

Selectivity of 2-ethylhexenal : 80.3%

Yield of 2-ethylehexenal : 0.8%
Effectiveness of the Invention

when the use of the catalyst of the present invention
is compared with the use of conventional catalyst,
neutralization of the reaction solution and water washing
éfe unnecessary; hence occurrence of waste water is zero and
the objective product can be produced with a high efficiency
and with a high yield. Thus, it is possible to achieve
properties which could not have been effected by
conventional catalysts, on a high level and at the same
time. According to the present invention, it has been
possiblé to provide such a catalyst, a process for producing
the same and a process for p?oducing a carbpnyl compound
derivative using the same. This fact is commercially, very

meaningful.



transferring the total quantity of the conpound into a reactor, adding
| sobutyral dehyde (200.0 g), stirring the mxture, reacting it at 110 C for
15 hours, filtering off the reaction solution and—anal-yzing.the filtrate

according to gas chromat ography. The results ar e’lﬂmubel ow. Conversion of

i sobutyral dehyde : 0.1% Sel ectivity of C§y12 : 90 “wuug” EEHHQ :
ku) (4.0
tollo

0. 009% Conpar ati ve exanple 2 Barium oxi dé (BaQ

g) and 23 i sobutyral dehyde were placed in a reactor, ﬁed*by
stirring theWHAT MEIGLAMS: at 110[err] C for one hour, filtering off the
reaction solution and analyzing the filtrate, accordin

chr omat ogr aphy. Phe&dldsybagig, §a§ﬁéMﬁtb§?W1§?d?ﬂ/et?§ﬁigﬂ't' %’%az:@l}lftiWhPEehyde

: 98.6% Sel ectivity of CS-12 : 20.8% Yield of CS-12 : 20.5% arative

exanpl e 3 CaFensidewsiforrhemands, thexgefpy tharkbasivy Keptens ﬁ% eof
being 0.09 to 10% by weight, and the ratio of the calcium
content to the barium content being in the range of 6.4 to
793.
2. A solid basic catalyst accofding to claim 1, wherein
the solid basic catalyst is barium-supporting calcium oxide.
3.: A solia basic catalyst according to claim 1, wherein
~said solid basic catalyst is a composite oxide of barium
oxide and calcium oxide.
4. A solid basic catalyst composed of.barium-supporting
calcium oxide, obtained by adding at least one kind of
nitrate, hydroxide_or an organic acid salt of barium or an
‘aqueous solution of the foregoing, to a suspension obtained
by dispersing calcium hydroxide or calcium oxide of these
compounds in water,ifollowed by dryiﬁg the resulting mixture

and subjecting the dried material to thermal decomposition

at 500° to 1200° C in vacuum, an inert gas or air, barium

being contained in a range of 0.1 to 10% by weight, and the
ratio of the calcium content to the barium.content being in
the range of 6.4 to 713.

5. A solid basic catalyst composed of a composite oxide of
barium oxide and calcium oxide, obtained by adding a
compound containing carbbnate ion, to an aqueous solution

containing at least one kind of nitrate, hydroxide or an



Was cal cined at 900[err] C for one hour in vacuum_followed by transferring
the calcined material into a reactor, adding isobutyraldehyde (200.0 g),

stirring the mxture, reacting it at 60 C for 2.6 ' [ of f the
reaction solution and analyzing the filtrate acco”mmmllulluamu lm

chr omat ogr aphy. The results are shown beb\m Conversi bn lof % sébutyral dehyde
: 94.5% Sel ectivity of CS-12 : 56.2% Yield of CS-12 : 53. 1% Conparative
exanple 4 Calciumnitrate tetrahydrate salt [err] made_by_ Wako Junyaku)
(63.2 g) andobganien salt xfe Hagingm eade aby 1pars gbaykied DR AtE QT

di ssolved in purified water (500 m ), followed by adding to the solution, a
sol uti on obtannedgani®/adid diaddolofi cglainmai allowed by Arving thele by Wako
Junyaku) (42.1 g) in purified water (300 nl), filtering the resulting

preci pi t at e, resuktingnenipitate.yiand subjesting therdeied gatariah H9st.
The resulting white solids (6.2 g) were calcined at 900[err] C for one hour

igdyacuun1 f ehéom&ll decdnposiittion ag ©00°cedcl2ee’ @atar vatuiumi can imextor,
addi ng

gas or air, barium being contained in a range of 0.09 to 9%
by ﬁeight and calcium being contained in a ratio of the
calcium content to the barium content of 7.2 to 793.

6. A solid basic catalyst composed of a composite oxide of
barium oxide and calcium oxide, obtained by adding a
compound containing carbonate ion, to a an agueous solution
containing at least one kind of nitrate, hydroxide or én
organic acid salt of barium and at least one kind of nitrate
or an ordanic acid salt of calcium, followed by drying the
fesnlting precipitate, and subjecting the resulting

precursor containing a calcium carbonate of vaterite

structure, to thermal decomposition at 600° to 1200° C in

vacuum, an inert gas or air, barium being contained in a
rangé of 0.09 to 9% by weight and calcium being contained in
a ratio of the calcium content to the barium content of 7.2
to 793.

7. A solid basic catalyst composed of a composite oxide of
barium oxide and calcium oxide, obtained by impregnating
calcium carbonate with a an aqueous solution of at least one
kind of nitrate, hydroxide or an organic acid salt of

barium, followed by drying the resulting material, and



i sobutyral dehyde (200.0 g), stirring the mxture, reacting it at-60 C for
0.5 hour, filtering off the reaction solution and.analyzinﬁ the filtrate

according to gas chronmatography. The results areummm“m! WI versi on of
I'sobutyral dehyde : 0.1% Sel ectivity of CS-12 : 7 12 0 0.1%
Conparative exanple 5 Bariumnitrate [erme made by v&koLthyﬁku) (52.2 g)
was dissolved in purified water (300 m), foll owed by adding to the

resulting sol uti C | [ ' qade b J .
mxing them sﬁ?@iﬁg?@kéﬁkﬁ“ﬁéﬁ?ﬁﬁﬁaﬁz EoPndfer Weudige fekbed ot o,
ite solids (5. at 850[err] C o6 . hours in air [ ferring the
topal.quantiFéT??Eé%Rﬁei9§1AQQ rgac}%ﬁﬁ gﬂd@hd“*%ﬁﬂht?Paﬁ8§g§d§afzﬁg.0 q),
stirring the mxture, reacting it at 80[err] Cfor 6 hours, filtering off
t he reacti onasp} baxiumking lcpntadnede ini Ot P9t Lo a2% dpYliwRighs @nd
chromat ography. The results are shown bel ow. 25 Conversion of
i sobut yr al debglieium bé&bndSaiontiainedy inf aCgatio: o3cabgium content to
barium content within a range of 7.2 to 793.
8. A process for producing a solid basic catalyst composed
of barium-supporting calcium oxide, which process comprises -
adding an aqueous solution of at least one kind of nitrate,
hydroxide or an organic acid salt of barium, to a suspension
having calcium hydroxide or calcium oxide or these compounds
dispersed in water, followed by drying the mixture and
subjecting the dried material to thermal decomposition at

500° to 1200° C in vacuum, an inert gas or air, barium being

‘contained in a quantity of 0.09 to 9% by weight and the
ratio of the calcium éontent to the harigm content being in
a range of 6.4 to 713.

9. A process for producing a solid basic catalyst composed
of a éomposite oxide of barium oxide and calcium oxide,
which'process comprises adding ; carbonate ion-containing
compound to an aqﬁeous solution composed of at least one
kind of nitrate hydroxide or an organic acid salt of barium
and nitrate, or an ofganic acid salt of calcium, followed by

drying the resulting precipitate and subjecting the dried
material to thermal decomposition at 600° to 1200° C in

vacuum, an inert gas or air, the barium content being 0.09



Yield of CS-12 : 0.5% Conparative exanple 6 Bariumn-trate-[err] made by
Wako Junyaku) (52.2 g) was dissolved in purified water (300 nm fol | owe

d
by adding to the resulting solution cal ci um oxi de q l !l *ﬁﬂﬁHﬂL
Junyaku) (44.8 g), mxing them drying the m xture ') IRl ci ni ng

the resulting white solids (5.9 g) at 850{grr] C for 6 hours in air,
transferring the total quantity of the calcined material into a reactor,

B0Ler 1] C 1 oFo6IRobYHeat ndh Fha Fati® At RRoRaL6RBF: SARERRE JHRI $% ng
Conver si on oPeELBRoRRHEeRE Tt ol [eHe y BB euPho e BrEoal $hol 85, 2% vi ol d
by Vo Juny3Bu) REBTOeHs \EeF FRKICIDd Anapuis PeRtGetara L vt cRaposed ¢
1S i 5 A0 S B SR o
Al LR el b sl € AnERELS" i eblabing
compound to a'solution composed of at least one kind of
nitrate, hydroxide or an organic acid salt of barium and at
least one kind of ﬁitrate or an organic acid salt of
calcium, followed by drying the resulting precipitate and

.subjecting the resulting precursor containing calcium

carbonate of vaterite structure to thermal decomposition at

600° to 1200° C in vacuum, an inert gas or air, the barium

content being 0.09 to 9% by weight and the ratio of the
Ealcium content to the barium content being in the range of
7.2 to 793.

11. A process for producing a solid basic catalyst composed
of a composite oxide of barium oxide énd calcium oxide,
which process comprises impregnating calcium carbonate with
an agqueous solution composed of at least one kind of
nitrate, hydroxide or an organi; acid salt of barium,
followed by drying the resulting material, and subjecting

the resulting dried material to thermal decomposition at 600

® to 1200° C in vacuum, an inert gas or air, the barium

content being 0.09 to 9% by weight, and the ratio of the

calcium content to the barium content being in a range of



26 hours in air, transferring the total quantity of the calcined material
into a reactor, adding normal butyral dehyde (200.0 g);—stirring the

m xture, reacting it at 80[err] C for 6 hours, filtqni of f The-reaction
solution and analyzing the filtrate according to g%ﬁ’@ﬁm . The
results are shown bel ow. Conversion of no]x;gal butyra ﬁllrm
Selectivity of 2-ethyl hexenal : 80.3%Yie of 2-ethyl ehexemal s: " ‘B8,
Effectivenessl gf thg 5nvention When the use of the catal yst of the present
invention is c nﬁ&r d3wi th the use of conventional catal yst, neutralization

of the reacti%rl:/as | ution ang wat er _washi ng are unnecessary; hence
occurrence offérasfePRACERS| £0F Producing & sarhonvle corpeyrd darivativeduced
with a high efficiency and with a high yield. Thus, it is possible to

achi eve pr opeé”ﬂ“'e? GAFPANYY LrempRIng, Whish Process; ugesy acsalkid: Pasie

catal ysts, on aggi gh | evel fnd at the sane tine. _According to the.present

i nvention, | CAE3YBEACEOEIINg Lo pikhay ane of, cdaimsallysd ta Process for

produci ng thj.i:’sama and a grocess for producing a carbonyl conpound

derivative usPng PhBregREs asrerding to cdaimde.awhgreinr gaid carbonyl
compound is an aldehyde of 4 to 8 carbon atoms.

14. A process according to claim 12, wherein said carbonyl
compound is isobutylaldehydé and said carbonyl compound
derivative is 2,2,4-trimethyl-1,3-pentanediol mono-isobutyla
te. ' |

15. A process according to claim 12, wherein said carbonyl
compound is normal Butylaldehyde and said carbonyl compound
derivative is 2-e_thylhexena1.

16. A process according to claim 12, wherein said carbonyl
compound is acetone and said carbonyl compound' derivative is

diacetone alcohol.



reani ngf ul . 27 WHAT WE CLAIMS: 1. A solid basic catal yst conprising
bari um and cal ci um as constituent el enments thereof, the barium content
t hereof being 0.09 to 10% by weight, and the ratio of the cal cium content
to the bariumcontent being in the range of 6.4 to 793. 2. A sglid basi c
cat al yst accgqrgh | @TRL¥ST, MAEPROCESS IFOR SPRODUCTNGS THE SAME| is
bar i Umsuppogﬁﬁ%géﬁgmm@ CRRBONYF)\ COMPOUNDL BERIATEVEAUSENG FHBor di ng t 0
claiml1l, whegaM® sald solid basic catalyst is a conposite oxide of barium
oxi de and caPBSTRACR| @R THE DISCIQSURE)asic catal yst conposed of
bari um supporting cal ci um oxi de, obtained by addi ng at | east one ki nd of
nitrate, hydroxidd eatakvss ydiich gaugesane AeCREFeRee L WASLRIMARES ol uti on
of the foregoing, to a suspension obtained b{ di spersi ng calciun1ﬁ¥droxide
or cal ci um oslgetornenkral izatiamdwaternwashinge| ebQeda®sd AR iYipldshe
resulting mxture and subjecting the dried material to thermal
deconposi t i oabiectine prqduat Widd| & high agtivitynand 2| $PeriRE or air,
bari um

selectivity is provided, and when a specified barium-support

ing calcium or a composite oxide of barium oxide with
‘calcium oxide is used as catalyst, such a catalyst _is
applicable, for example, to a production of a carbonyl

compound derivative from a carbonyl compound.




berﬁg contained in a range .of 0.1 to 10% by weight, and the ratio of the
calciumcontent to the bariumcontent being in the rang §) . D,
A solid basic.catalyst conposed of a comnposite oxide of bgF?HNﬁg§$§é§§EE%“
cal ci um oxi de, obtained by adding a conpound cont ai ni ng|lcar,bon ' 1990
an aqueous ‘sol ution containing at |east gne kind of nitija te"h&éﬁh@?ﬁ" Qr
an 28 organic salt of bariumand at | east one kind of nitrate or an
organi c acid salt of calcium followed by drying the resulting precipitate,
and subj ect‘?q'Hi'g REmal decempesisionolenbewer eRanmfRi Ci oRYSroBBEeee¥] to
1200[err] Cin vacuum an inert gas or air, bariumbeing contained in a
range of O.r0tzared%sbynoteicohplandlgaliecompisedg witilieriifedthen a rati o of the
cal ciumcontent to the bariumcontent of 7.2 to 793. 6. A solid basic
catal yst corempsearhiired HERAS 1900%ide e %rt'iwchb%e cBRdcaghei g oxi de,
obt ai ned by addi ng a conpound contai ning carbonaté& ion, to a an” aqueous
solution c |.ni ng .at .l east one.,kind,of njtrate, hydroxide or an organic
acid salt gf:iﬁéallr% d%t?&ﬁ}ya%uﬁe&gt 15ReSkphe 9 nitrate or an organic acid -
salt of calcium f%&!omed bx dryi ng {he . .

In e present inverition, the composite oxide of barium

oxide and calcium oxide may be a precursor formed as a
precipitate when a c#rbonate ion-containing compound is

added to a solution of at least_one kind of nitrate, hydroxide

or an organic acid salt such as acetic acid salt of barium

and at least one kind of nitrate or an organic acid salt

such as acetic acid salt of calcium,-preferably a precursor
containing calcium carbonate of.va;erite structure. Such a
precursor or solids obtained by impregnating calcium

carbonate with a solution of at least one kind of nitrate,
hydroxide or.an organic acid salt such as aceticlacid salt of barium

are dried, followed by subjecting the dried material to

thermal decomposition at 600° to 1200° C, preferably 800° to

1000° C, the weight of barium in the solid catalyst being

preferably 0.09 to 9% by weight and the ratio of calcium
content to barium content being preferably 7.2 to 793. If

the température of the thermal decomposition is lower than
600° C, a sufficient activity cannot be obtained since the
carbonate is not completely decomposed, while if the

temperature exceeds &200' C, the catalyst actjivity lowers



-contained in a range of 0.09 to 9% by wei ght and cal ci urr

vre§ﬁlting precfpitéte, and SUbjectihg the resulting precursor containing a
cal ctum carbonate of vaterite structure,-to thernal deco Tt '
600[err] to 1200ferr] Cin vacuum an inert. gas or air,"

“AERWAQEMENT SHEET

bei ng hMage |
a ratio of the calciumcontent to the bgyiumcontent of [f.02te @ﬁgFegA
solid basic catalyst conposed of a conposite oxide of barignroxide and
cal ci um-ox]j bt gi ned by inpregnating calcium carbonate with a an aqueous
sol ution ong?bggag Sohd g??égiﬂ'qﬁﬁﬂgagg,th?dFB%FSKSBr.an organi c acid salt
of barium follﬁﬁed b ﬁéging the resulting material, and 29 subj ecting
the dried mater VAP ENe HRATHM fantenssisi dAWSE SheBrPef2¥urer®df 600[err] to
1200[err] C in vacuum an inert gas or air, barium being contained in 0.09
to 9% by m@FgﬁFtéHatXaPEi%bﬁlﬁf%ﬁ Predyctnig dawi owBileawkemnitont ent
to bariumcontent within a range of 7.2 to 793. 8. A process for producing
a solid baSFceedpallsh byweight ofthencarmlytdsorckayityl tpWardxi de, which

process conprises addi ng an aqueous solution of at |east one kind of
nitrate, As to the ratio of calcium content to barium content,

for example, if the barium content is specified in the
barium-supporting calcium oxide compound or the composite
compound of barium oxide-calcium oxide, it is also possble
to easily calculate the ratio from the above value. If the
ratio of the calcium content to the barium content is
outsi@e the range of 6.4 to 793, the resulting properties
are inferior to the superior propertieé well;balanced
between the high actiﬁity and high selectivit&, as exhibited
in the present invention.

The atmosphere at the time of the thermal decomposition
is not particularly limited. Namely, it is possible to
carry out the decomposition under reduced pressure, in an
inert gas or in air. Preferably, it is carried out under
reduced pressure.

When the objective compound is produced using the solid
catalyst of the present invention, the quanties of acid and
water contained as impurities, in the carbonyl compound as a
raw material, are preferred to be smal;, but when the acid
content is 1% Qx_weig@t”Br ieés ;;dééhéiwater content is 5%
by weight or légé,?ﬁt*isipossible to sufficiently use the

compound in the present invention.




hydroxide or an organic acid salt of "barium to a suspension having cal ci um
- hydroxi de or cal cium oxide or these conpounds di spersed in water, followed
by drying the m xture and subjecting the dried nmateri al
deconposi tion at 500[err] to 1200[err] C in vacuum an |neBFpgé§E$FNgl$HEET
barium being contained in a quantity of 0.09 to 9% by weight and_.the—tati-e
-of the calciumcontent to the bariumcontent being in a rﬁgggkgﬁmﬁN#sHEET
713. 9. A process for producing a soli&3basic catal yst onposedsE?
conposite oxide of barium oxide and cal ci um oxi de, whict g@@qkﬁ&m -mﬁﬂﬁses
addi ng a cHExampile)i on- contai ni ng conpound to an aqueousk = -
of at least one kind of nitrate hydroxide or an organic acid salt of barium
and nitrate, orThe prgaent boventidn will abeidsAcreddigned i idied By t he
resulting precipitate and subjecting the dried material to thernmal
deconposi t way af EEmpble$28Ad TomMpadative @fanmpldd, A Whdigreddn® barium
content being 0.09 30 to 9% by weight and the ratio of the cal cium
content t o inkenitibhughoab@enbt Bé NnGonst Fhed e e Hestrd At d TherklRo A
process for producing a solid basic catal yst conposed

Example 1

Calcium hydroxide (Ca(OH);, made by Kanto Kagaku) (38.5

TR

g) was suspended in purified water (100 ml), followed by

dissolving barium nitrate (Ba(NO3;);, made by Wako Junyaku)

(1.5 g) in purified water (200 ml), adding the resulting
solution to the above suspension of calcium hydrogide,
mixing them and drying. The resulting white solids (4.0 g)
were calcined at 900° C for one hour in vacuum, followed by
cooling the resulting material down to room temperature, to

obtain a catalyst (3.7 g) containing 3% by weight of ﬁarium.

The total quantity of the catalyst was transferred into a

reactor, followed by adding isobutyraldehyde (200.0 g),

stirring the mixture, reacting it at 110° C for one hour,

filtering off the reaction solution and analyzing the
filtrate according to gas chromatography. The :esﬁlts are
as foilows:

Conversion of isobutyraldehyde : 90.7%

Selectivity of 2,2,4-trimethyl-1,3-pentanediol
monoisobutyrate (hereinafter abbreviated to CS-12) : 89.8%

Yield of CS-12 : 81.4%

Exanple 2



of. a conposite oxide of barium oxide and cal ci um oxi de, which process
conpri ses addi ng a carbonate ion-containing conpound to a solution conposed
of dt |least one kind of nitrate, hydroxide or an orgahgﬁiﬁiggwﬁﬁ&tspEET
bariumand at |east one kind of nitrate or an organic =31
foll owed by drying the resulting precipitate and subpeﬁt?k&p&MﬁNTSﬁﬁﬁTl
precursor containing calciumcarbonate of vaterite stjructu eaggw
deconposition at 600[err] to 1200[err] &qin vacuum @nDataekt Sl
the barium content being 0.09 to 9@6by meight and th i
content to the L4 C
process for pro ggF%ghaﬂggfgé §a3| nﬁggéétg kggégﬁ%og§?e$bX|de
of barium oxi de and cal ¢i um, oxi de mhlch process. conpri ses i npregnating
calciun1caﬂBoHEFeS%FPﬁnéﬁdaﬁﬂeBﬁ§l§b¢@tW%#P%oHHU§@@Wﬁ:§ﬁ1¥Q¥%ﬁ B¥he kind of
nitrate, hydroxide or_an,organic acid salt of barium followed by drying
the resul t CA§SRAVEngaParipg Bibrake; (Ra (¥Qs e dtade Ry Maked Jvawaiidl to
t hermal deconposition at 600 to 1200 C in vacuum an inert gas or air, the
bari um cont(@n gei ig ﬁu@ﬂfiedQ&abgrmﬁQ@nnmlxuuhddmhgeﬂﬁa)nébdﬂuingalcium
content to the bariumcontent being in a range of

solution to the above suspension of calcium hydroxide,

um

mixing them and drying. The resulting white solids (4.0 g)

were calcined at 900° C for one hour in vacuum, followed by

cooling the resulting material down to room temperature, to

obtain a catalyst . ' (3.9 g) containing 5% by weight of barium.

The total quantity of the catalyst was transferred into a

reactor, followed by adding isobutyraldehyde (200.0 g),

stirring the mixture, reacting it at 110° ¢ for one hour,

filtering off the reaction solution and analyzing the
filtrate according to gas chromatography. The results are
as follows: |

Conversion of isobutyraldehyde : 91.4%

Selectivity of CS-12) : 89.1%.

Yield of CS-12 :.81.4%

Example 3 _
Calcium hydroxide (Ca(OH)2, made by Kanto Kagaku) (38.9

g) was suspended in purified water (100 ml), followed by

dissolving barium nitrate (Ba(NO;),, made by Wako Junyaku)

(1.1 g) in purified water (200 ml), adding the resulting
"solution to the above suspension of calcium hydroxide,

mixing them and drying. The resulting white solids (4.0 g)



31 7.2 to 793. 12. A process for. producing a carbonyl conpound-deri vative
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cooling the resulting material down to room temperature, to

obtain a catalyst (3.7 g) containing 2% by weight of barium.

The total quantity of the catalyst was transferred into a
reactor, followed by adding isobutyraldehyde (200.0 g),

reacting the mixture with stirring at 110° C for one hour,

filtering off the reaction solution and analyzing the
filtrate according to gas chromatography. The results are
as follows: |

Conversion of isobutyraldehyde : 92.4%

Selectivity of CS-12 : 84.0%

Yield of CS-12 ;: 77.4%
Example 4
| Calcium hydroxide (Ca(OH)z, made by Kanto Kagaku) (39.2
g) was suspended in purified water (100 ml), followed by

dissolving barium nitrate (Ba(NO3;)2, made by Wako Junyaku)

(0.5 g) in purified water (200 ml), adding the resulting
solution to the above suspension of calcium hydroxide,
mixing them and drying. The resulting white solids (4.0 g)

were calcined at 700° C for one hour in vacuum,. followed by

cooling the resulting material down to room temperature, to

obtain a catalyst : (3.9 g) containing 1% by weight of barium.

The total quantity of the catalyst was transferred into a
reactor, followed by adding isobutyraldehyde (200.0 g),

mixing them and reacting the mixture with stirring at 110° C



