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BACKGROUND QOF THE INVENTION

71 - Field of the Invention

The present invention relates to a process for produc-
ing a polyhydric alcohol by reacting an aliphatic aldehyde
with formaldehyde which alcohol is useful as a raw material
for polyester resins, alkyd resins, polyurethane resins,
polycarbomrate resins, plasticizers, surfactants, lubricating

oils, basis for cosmetics, reactive monomers and the like.

2 . Description of the Related Arts.

There is described, as a process for producing a
polyhydric alcohol, a twq-stage reaction process in which éh'
aliphatic aldehyde and formaldehyde are subjected to an
aldol condensation reaction, and subsequently to a crossed
Cannizzaro reaction each iﬁ the presence of a base catalyst;
in Japanese Patent Application Laid-Open Nos.13§141 /1988 {
Sho 63 ), 162538/1983( Sho 58 )}, etc., said aliphatic

aldehyde being represented by the following formula (I ):
R— C— CHO (X )

wherein R is a hydrogen atom or a straight—chain-or branched
aliphatic hydrocarbon group having 1 to 4 carbon atoms.

The above-mentioned two-stage reaction process is based
on the premise that the objective polyhydric alcohol is

produced in combination with a formic acid salt. Examples of
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2 : Description of the Rel ated Arfs. There is described, as a
. process for producing a pol yhydri c al cohol, a two-stage reaction
process in which an al i phati c al dehyde and formal dehyde are subjected
to an al dol condensation reaction, and subsequently to a crossed
Canni zzaro reaction each in the presence of a base catalyst, in
Japanese Pat ent Application Lai d: Open ﬁ$8u139141d/19§§ iShg_ %3 g,
162538/ 1981 (P3fig THFLyekc.to BEi 12T pRri e Bii e IB&THY
o esenhh e (148000 [RUE fheate pra, sikaline, o7 bLe
aliphati%Aamgoggggggaqgmgkhgxyn%flEﬁé4aggbggﬂeﬂkggﬁed metals. The
catalyst is exemplified by sodium hydroxide, potassium
hydroxide, calcium hydroxide, sodium carbonate, potassium
¢arbonate, calcium carbonate, and tertially amines such as
trimethylamine, triethylamine, and tributylamine.

In general, a base catalyst comprising sodium hydroxide
or calcium hydroxide is used in the process for producing a
polyhydric alcohol by the reaction of an aliphatic aldehyde
with formaldehyde. However, in order to obtain an objective
polyhydric alcohol in high selectiyity in the presence of
the base catalyst comprising sodium hydroxide or calcium
hydroxide, it 1is necessary to use. formaldehyde in a laréé
excess against the aliphatic aldehyde. In addition, in the
cﬁse where such a large excess of formaldehyde is used,
unless the reaction is carried out in a reaction system
diluted with water, large amounts of byproducts are formed,
thereby making it impossible to obtain the objective
polyhydric alcohol in high selectiyity.

There is also known a process for the production of a
polyhydric alcohol by two-stage reaction process in which an
aliphatic aldehyde and formaldehyde are subjected to an
aldol condensation reaction, and subsequently t;la crossed
Cannizzaro reaction each in the presence of a carbonate
catalyst. The process, however, leads to the by-production

of about 10 mol 9% of 2-alkenals that are low in added

values. Thus in order to suppress the by-production, it is
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The above-nentioned two-stage reaction process is based on the prem se
.‘that the objective polyhydric al cohol is produced in conbination with a
f.orm c acid salt. Exanpl es of t he base catalyst to be used in
said process include a hydroxide of any of alkali metals and al kal i ne
earth neals and a carbonate of any of the above-nentioned netals. The

catal yst L3s8X4MRld f h&deH¥aspditem byl 83681 aBAFA8S 1M a NY A%l Wecded Ci UM
hydr oxi de, sodi um carbonate,” potassium carbonate, cal cium carbonate, and
tertiallyaggines tHehadsphatic aldehyde.

The aforestated process that uses a large excess of
formaldehyde involves the problem such that the production
process 1is made intricate, since it is required to recover
the used excess of formaldehyde from the viewpoints of
economy and the influence of wastes and the 1like upon the
environment.

In view of the above, a general obiject of the present
invention is to provide a process for producing a polyhydric
alcohol by subjecting an aliphatic aldehyde and formaldehyde
to an aldol condensation reaction, and subsequently to a
crossed Cannizzaro reaction, which process is characterized
in that the objective polyhydric alcohol is produced in higﬁ
selectivity using a slight excess of formaldehyde against
the theoretical molar amount of the aliphatic aldehyde

without dilution of the reactants with water.

SUMMARY OF THE INVENTION

Under such circumstances intensive research and
investigation were made by the present inventors on the
process for the production of a polyhydric alcohol involved
with the above-mentioned subject. As a result, it has been
found that an objective polyhydric alcohol is obtained in
high selectivity by carrying out an aldol candensation
reaction in the presence of a catalyst comprising a carbon-
ate as a principal ingredient, and subsequently carrying out

@ crossed Cannizzaro reaction, while separating 2-alkenal
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trinmethylamne, triethylamne, and tributyl am ne. In general, a base
¢ catal yst conprising sodi um hydroxide or calciumhydroxide is used in the
process for producing a polyhydric alcohol by the reaction of an aliphatic
al dehyde wi th formal dehyde. However, in order to obtain an objective

pol yhydric al cohol in high selectivity in the presence of the base

cat al yst wgorr}g(rjieﬁggg bsggrilurgohlyngéé)xia%e Qr Bg EBHWCthyQF%hgfi’%A%I iféh{/bg_gfassary

to use for yde Th a large excess agafinst the a In
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unless the reaction is carrie n a reaction system diluted with
water, | arge s@El¢inh 9z 00U SRl £ §P7 PR irkReyeRrackikignGnd 2-

i npossible to obtain the objective polyhydric alcohol in high
sel ectiViht¥enal thus separated with formaldehyde in the presence of
a base catalyst, and subsequently reacting formaldehyde with
the resultant reaction liquid which is incorporated with an
aliphatic aldehyde.
Specifically, the present invention relates to a
process for producing a polyhydric alcohol which comprises

subjecting formaldehyde and an aliphatic aldehyde

represented by the general formula (I )
R— C— CHO (1)

wherein R is a hydrogen atom or a straight-chain or branched
aliphatic hydrocarbon group having 1 to 4 carbon atoms, to
an aldol condensation reaction in the presence of a base
catalyst comprising a carbonate as a principal ingredient,
and subsequently subjecting the resultant reaction product
to é crossed Cannizzaro reaction, while separating 2-alkenal
which has been formed as a byproduct dJduring said aldol
condensation reaction prior to the completion of said
crossed Cannizzaro reaction, said 2-alkenal being
represented by the general formula (I ) : .

R

i

CH, = C— CHO @)

wherein R is aé previously defined.

The present invention also relates to a process for
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There is also known a process for the production of a polyhydric al cohol
by two-stage reaction process in which an aliphatic al dehyde and

f ormal dehyde are subjected to an aldol condensation reaction, and
subsequently to a crossed Cannizzaro reaction each in the presence of a
carbonate catalyst. The process, however, |eads to the by-production of

about  1Q o c%%gofprog §H9h§1Eha51eaﬁohowﬂcﬂdd@&mpy@wss rddSidg order

to suppréss t | ONn

REPLACEMENE mahlidehyde with a 2-alkenal representéd byl 8ReMlhdiLEeSSary
to use fornaldehygé In a | arge excess

formula (I ) :

R
I
CH, = C— CHO (I )
wherein R is as previously defined, in the presence of a
base catalyst comprising a carbonate as a principal
ingredient, thereafter subjecting the resultant reaction
product and an aliphatic aldehyde to an aldol condensation

reaction, and subsequently subjecting the resultant reaction

product to a crossed Cannizzaro reaction.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The reaction of an aliphatic aldehyde with formaldehyd;
for the purpose of producing a polyhydric alcochol according
to the present invention is a two-stage reaction including
the aldol condensation reaction and the crossed Cannizzaro
reaction in the presence of a base catalyst comprising a
éarbonate as a principal ingredient, and said reaction is
represented by the following reaction formulae including the
main reaction and the side reaction.

The following reaction formulae apply to a typical
reaction example of the bresent invention in the case where
n-butylaldehyde( hereinafter referred to as. }NBAL”) is

reacted with trimethylol propane{ hereinafter referred to as
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agai nst the aliphatic al dehyde. The aforestated process that uses a

. large excess of fornmal dehyde involves the probl em such that the production
process is nmade intricate, since it is required to recover the used excess
of formal dehyde fromthe viewpoints of econony and the influence of wastes
and the |ike upon the environnent. In view of the above, a genera
obj ect of the present _invention is t !Qrovide a process for producing a
pol yhydr{&) AldefkoFoRreniy rﬁfQﬁFéhlphatic al dehyde and f or mal dehyde

to an al dol condensation reaction, and subsequently to a crossed

Canni zzaro reaction, which process is characterCHgOH in that the objective
pol yhydric al cohol is produced in high selectiVify using a slight excess
of fornal dehy d adit 1EHGHO thiPR® —PaFHgoCHs~ GHDGHE of the AXIFHatic

al dehyde

CHZOH (linOH
CH3— CHZ— CH-CHO <+ HCHO = CH3— CHZ—- C-CHO (IV)
CHZOH

(2) Crossed Cannizzaro reaction

CH,,0H
CH§-CH§—%—CHO + HCHO + Na,COy + H,0
CH,,OH
?HZOH
—_ CHé-Cﬂi—?—CHZOH 4 HCOONa + NaHCO, (V)
CH,,OH

{3) Reaction by which hydrogencarbonate is converted into

carbonate

2NaHCO3‘—? N62003 + H20 + C02 (V1)

The carbonate, which is a catalyst and a reacticnal
substance in the crossed Cannizzaro reaction, is consumed as
a formic acid salt in the reaction system.

The aliphatic aldehyde represented by -fhe general
fprmula (I ) according to the present invention is that
having at least two hydrogen atoms at the g -position, and
is exemplified by propionaldehyde, n-butylaldehyde,

acetaldehyde, pentanal and hexanal. At least two compounds
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wi thout dilution of the reactants with water. SUMVARY OF THE | NVENTI ON
» Under such circunstances intensive research and investigation were
made by the present inventors on the process for the production of a

pol yhydric al cohol involved wth the above-nentioned subject. As a result,
It has been found that an objective polyhydric alcohol is obtained in

pr senceatnd Chel paY A e it tef Bari B & Hedtnd RS IF
Sggafg??gguggékéggg?gylng out a crossed Cannizzaro reaction, while

The formaldehyde to be used in the process according to
the present invention may be an agueous solution of
formaldehyde or solid paraformaldehyde, and an appropriate
formaldehyde is selected for use according to the objective
polyhydric alcochol.

The amount of the formaldehyde to be used in the
pfesent process - varies depending upon the type of the
objective polyhydric alcohol in terms of the theoretical
molar amount of formaldehyde. For example, in the case where
the objective TMP is produced by the reaction between form-
aldehyde and NBAL in which R in the general formula (I ) is
an ethyl group( CH,CH, } at the theoretical molar ratio of
formaldehyde to the NBAL being 3.0, the practical molar
ratio thereof is. 3 to 6.

The base catalyst to be used in the aldol condensation
reaction and the crossed Cannizzaro reaction according to
the present invention, comprises a carbonate as a principal
ingredient. As shown by the reaction formula (V ), the
compound to be consumed in the <course of the crossed
Cannizzaroc reaction is a carbonate, and a hydrogencarbonate
which 1is formed in the course of the crossed Cannizzaro
reaction is converted into the carbonate as sﬁown by the
reaction formula (VI). |

The aforestated base catalyst may be a carbonate or a

mixture of a carbonate and a hydrogencarbonate that are

usually available on the market as industrial chemicals.
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vhi ch has been fornmed as a byproduct during the aldol condensation
rreaction, prior to the conpletion of the crossed Cannizzaro reaction ; or
by firstly reacting the 2- alkenal thus separated with formal dehyde in the
presence of a base catalyst, and subsequently reacting formal dehyde with
the resultant reaction liquid which is incorporated with an aliphatic

| dehyd i fjcall t t | at
For pt oauAMRPEDAHE 8 SRTHT= G h RO PR0ted Sofp Rt TR Frof ERE°°

form gez‘xyamgae”&arba&nate'JCR D8 hGs MY el CBYC LY Sl fHad i 950" A

hydrolysis of a formic acid salt. The carbonate may be the
salt of any of sodium, potassium, lithium, calcium and
ammonium, of which the sodium salt is most general in the
case of industrially performing the process of the present
invention.

With regard to the amount of the base catalyst to be
used in the reaction, the molar ratio of the base expressed’
in terms of a hydrogencarbonate to an aliphatic aldehyde
represented by the general formula (I ), is 1 to 2. In order
to obtain the objective polyhydric alcohoi in high select-
ivity by suppressing the formation of by-products, the molar
ratio needs to be regulated in compliance with the type éf
the aliphatic aldehyde to be used as a starting raw material
- For example, the molar ratio thereof is 1,0 to 1.5 in the
case of the aliphatic aldehyde being NBAL, and it is 1.0 to
1.6 in the case of the aliphatic aldehyde being
acetaldehyde.

The temperature of the reaction between the aliphatic
aldehyde and formaldehyde in the process of the present
invention is usually 45 to 120°C, preferably 60 to 110T,
and the optimum reaction temperature varies depending upon
the type of the aliphatic aldehyde to be -uéed in the
reaction. |

For example, in the case of producing pentaerythritol (
hereinafter referred to as "PE" ) from formaldehyde and

acetaldehyde, the reaction temperature is 50 to 105C . In

——
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[err] wherein Ris a hydrogen atomor a straight-chain or branched

v aliphatic hydrocarbon group having 1 to 4 carbon atons, to an al dol
condensation reaction in the presence of a base catalyst conprising a
carbonate as a principal ingredient, and subsequently subjecting the
resultant reaction product to a crossed Cannizzaro reaction, while

ti 2-al k whi ch, h f t i | d
ST hol LA AU el fELAGorE REbR TEIndl aRnlUl A I} Kk SR
Canni zzanQ.. ¢ IGRGH Wb seflithe zx@éfeeahdeﬁgswgn RN ASUH eedyeltie

gener al or mil & 1)
ture on 65 to 110C, distil away 2-ethylacrylaldehyde({ 2-

ethylacrolein )} from the reaction system, and thereafter
mature the reactants in the reaction system at 95 to 110C
for 10 to 30 wminutes to complete the crossed Cannizzaro
reaction. It is also preferable in this case to pressurize
the inside of the reaction system by means of an inert gas
such as nitrogen to maintain the reaction temperature at a
prescribed level.

The process for producing a polyhydric alcohol
according to the present invention is the process in which
the aldol condensation reaction 1s carried out in the
presence of a base catalyst comprising a carbonate as ;
principal ingredient; a 2-alkenal which is by-produced in
the aldol condensation reaction is separated and recovered
outside the reaction system, simultaneously wiﬁh the main
reaction on the way or separately from the main reaction;
and thereafter the crossed Cannizzaro reaction is completed.

In the process of the present invention, the aldol
condensation reaction as the first stage reaction and the
crossed Cannizzaro reaction as the second stage reaction may
be put into practice under the feaction conditions distingu-
ished from each other, or in the same reéctor_ in a
consecutive manner without distinguishing from each other.

The 2-alkenal represented by the general formula (HI)
is formed by the dehydration reaction of the alkanal in

which one mol of formaldehyde is added to an aliphatic
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[efr] wherein Ris as previously defined. The present invention al so

~relates to a process for -5-
produci ng a pol yhydric al cohol which conprises reacting fornal dehyde with
a 2-al kenal represented by the general fornula (11): [err] wherein R

Is as previously defined, in the presence of a base - catal yst conpr|5|ng

a carbonate a r|nC|
f hyge in the aléga condensation reaction in the reaction

formula (M). It is preferable that the 2-alkenal be
separated and recovered from the reaction system after the
addition of the aliphatic aidehyde and prior to the
completion of the crossed Cannizzaro reaction.

PThat is to say, it is preferable to separate the 2-
alkenal while the molar consumption ratio of the base
catalyst to the aliphatic aldehyde is in the range of (.50
to 0.95. The separation and recovery of the 2-alkenal are
readily practicable by means of distillation under vacuum,
atmospheric, or increased pressure. The loss due to the side
reaction of 2-alkenal can be prevented by removing the by-
produced 2-alkenal outside the reaction system prior to the
completion of the crossed Cannizzarce reaction. The basé
catalyst comprising a carbonate as a principal ingredient is
converted into a formic acid salt in the crossed Cannizzaro
reaction, and thus the molar consumption ratio of the base
catalyst corresponds to the molar formation ratio of the
formic acid salt.

Since the base catalyst- to be used in the process
according to the present invention comprises a carbonate as
a principal ingredient and further, the reaction in which
the hydrogencarbonate is converted to the carbonate as shown
by the reaction formula (VI) takes place simultanéously with
the crossed Cannizzaro reaction as the second stage reaction
, the second stage reaction is accompanied by the generation
of gaseous carbon dioxide at the time of reaction. It 1is

preferable, therefore, that the reaction be carried out
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ingredient, thereafter subjecting the resultant reaction product and an
~al i phatic al dehyde to an al dol condensation reaction, and subsequently
subjecting the resultant reaction product to a crossed Canni zzaro
reaction. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The reaction of
an aliphatic al dehyde with fornmal dehyde for the purpose of producing a
pol yhydric al cohol according to the present invention is a two-stage

reacti on fHEFAREAGUONALY %0l CeBRIRCYELI BN MEHCS ol SFRRTAEng it de

Canni zzar reacti.on in the presence of.a base tal yst conprisjn

carbonatega§ 5ﬁﬁ9ﬁﬁﬂ$@?yﬁﬁ§$edﬁﬁﬁﬁ,b%hblgﬁi WAE;ﬁQ%%IFE?r ﬁﬁ?tggnigh_by

the fol | oying feactipn formze dngl ugdlng de i poLeagtion,znd e, si de
dioxide.

For example, in the case of producing TMP by the
reaction of NBAL with formaldehyde, there are usable a
method comprising the steps of mixing at first, an aqueous
solution of formaldehyde and an aqueous solution of the base
catalyst comprising a carbonate as a principal ingredient,
and then adding NBAL dropwise at a constant rate into the
resultant agqueous mixture; and a method comprising the
addition of NBAL and the base catalyst in the aqueous
solution of formaldehyde.

In the case of multi-stage continuous reaction systemi
the 2-alkenal thus recovered can be taken out from a second
or third stage reaction kettle and thereafter circulated
through a first stage reaction kettle, whereas in the case
of batchwise reaction system, the 2-alkenal thus recovered
can be circulated to the next reaction system. With regard

to the method for adding the 2-alkenal, prior to the add-
ition of an aliphatic aldehyde as a starting raw material,

the 2-alkenal which has been recovered in the preceding
reaction along with.the base catalyst and formaldehyde is
added to an aldol condensation reactor. By vigtqe of the
above-mentioned adding method, it is made possible to react
2-alkenal in favorable selectivity, since it follows that
the 2-alkenal which is inferior in reactivity to an alipha-

tic aldehyde is reacted with large excesses of the base

This Sheet Has Been Reﬂlaced —-11—-

IR




The follow ng reaction fornulae apply to a typical reaction exanple of the
~present invention in the case where trinethylol propane (hereinafter
referred to as "TMP") is produced from n-butyl al dehyde (hereinafter
referred to as "NBAL"). -6-1 . (1) Aldo
condensation reaction

catalyst and formaldehyde. That is to say, the objective
polyhydric alcohol is produced in high selectivity by react
ing the 2-alkenal prior to the addition of the aliphatic
aldehyde as a starting raw material to the reaction system,
and also by recycling the 2-alkenal through the aldol
condensation reaction system.

As the 2-alkenal to be used for the foregoing reaction,
there is usable the 2-alkenal which is recovered in the
refining distillation step of <the objective polyhydric
alcohol, in addition to the 2-alkenal which is separated and
recovered in the aforesaid aldol condensation reaction step.

There are available several methods for isolating the
objetive polyhydric alcohol from the reaction liquid thus
obtained, for example, a method comprising the steps o%
firstly neutralizing the excess alkali remaining in the
resultant reaction liguid by the use qf formic acid;
subsequently distilling away the residual formaldehyde under
a pressure of 0.5 to 2.5 kg/cm? G; and thereafter usually
extracting with a solvent or recrystallizing the objetive
pelyhydric alcohol. However, the aforesaid method varies in
its procedures depending upon the physical properties of the
"objetive polyhydric alcohol, especially differece in
solubility in water and the like properties.

In the <case of producing TMP, for exémple, the
objective TMP is separated from a formic acid salt by means
of solvent extraction. The solvent to be used effectively
therein may be the same as a starting raw material, that is,

NBAL, or diffe;ent therefrom including a ketone exemplified

—-12—- This Sheet Has Been Reﬂlaced
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[err] (2) Crossed Cannizzaro reaction [err] (3) Reaction by
“whi ch hydrogencarbonate is converted into carbonate [err]

by methyl ethyl ketone and methyl isobutyl ketone, an
alcohol exemplified by isobutyl alcohel and isopropyl
alcohol, an ester exemplified by butyl acetate, and a
mixture of at least two of them.

In the case of producing pentaerythritol ( hereinafter
referred to as "PE" ) from fomaldehyde and acetaldehyde in
which R is hydrogen atom in the general formula (I ), the
resultant reaction 1liquid is concentrated, cooled and
subjected to crystallization and separation repeatedly to
separate PE from the formic acid salt in the agqueous
soluti;n by means of solid-liquid sgparation. The PE thus
separated in the form of cake is washed with water and dried
into a finished product.

On the other hand, the formic. acid salt that has beeﬁ
separated into a water phase is concentrated and recovered
as a byproduct by a conventional method, after a treatment
with activated carbon as a preliminary treatment for
removing organic impurities other than the formic acid salt
or without any preliminary treatment. Alternatively, the
formic acid salt is coverted into a base compound comprising
a hydrogencarbhonate as a principal ingredient in the
presence or absence of oxygen molecules in the presence of a
noble metal catalyst or a nickel catalyst. Thus the formic
acid is recovered in the form of a base compound;

According to the present invention, in the process for
producing a polyhydric alcohol by reacting an aliphatic
aldehyde with formaldehyde using a base catalyst comprising

a carbonate as a principal ingredient, it is made possible
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A




The carbonate, which is a catalyst and a reactional substance in the
~crossed Canni zzaro reaction, is consuned as a formc acid salt in the
reaction system The aliphatic al dehyde represented by the general
formula (I) according to the present invention is that havi ng at | east
two hydrogen atons at the a -position, and is exenplified

provonadehyde . B0l A gl corrt e ehuger Beanal and hrggar .
m xture as St%5v1 and high efficiency by recycling the by-produced
2-alkenal low in an added value, whereby new byproduction of
said 2-alkenal is substantially prevented.

Consequently, the process according to the present
invention is industrially advantageous to a great extent,
since it enables a high-quality poiyhydric alcohol to be
easily produced in high yield from an aliphatic aldehyde and
formaldehyde without discharging outside the reaction
system, except for a minimum requirement, the 2-alkenal low
in an added value which has heretofore been inevitably by-
produced and discharged.

In the following, the present invention will be
described in more detail with reference to comparativé
examples and working examples, which however shall not limit
the present invention thereto.

In the following working examples and comparative
examples, the selectivity to the objective polyhydric
alcohol( on the basis of the consumed aldehyde ) is the
molar ratio of the production of the objective polyhydric
alcohol to the total consumpfion of an aliphatic aldehyde

and 2-alkenal.

Example 1 [ Preparation of trimethylol propane (TMP) from

n-butylaldehyde (NBAL) and formaldehyde ]
{ First stage reaction }
In a 30¢ tank type reactor were placed under mixing,

8200g( 109.2 moles )} of aqueous solution of formaldehyde

-14- Sheet Has Been Replaced
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ian/naterials. The fornmal dehyde to be used in the process according
“to the present invention nay be an aqueous solution of formal dehyde or
sol id paraformal dehyde, and an appropriate fornal dehyde is selected for

use according to the objective polyhydric al cohol. The amount of the
formal dehyde to be used in the present process varies depending upon the
type of the .objectlve drlc n terns of ahie tLca

nol ar amotht™"6f ForFHt< oeprnvyu%hél L’F’n ‘f%’eg tasé vvheérge ﬁehzb}sect ive

iT?\/Pt 'hZ Sre“%??% ‘ 2?@3{‘6 re%%ts'l%” Q%Ugt%ﬁ.}gl fQ%g&taggegxqfaagq?yBAgoﬁguwm ch R

theoreti Gala BYHcdAdrta aﬁ@rmmygﬁﬁgnéeg NBAL RE188 PaliolBe 2
practical "nolar ratio thereof
: 98 and having a concentration of 33% by weight expressed
in terms of sodium hydrogencarbonate. Then the resultant
mixture in the reactor was pressurized up to 1 kg/cm?*G by
means of nitrogen gas, and thereafter heated to raise the
temperature thereof up to 80T under stirring. Then 2464g(
34.7 moles ) of NBAL was added in  the mixture at a constant
rate over a period of 45 minites, while the +temperature
thereof was gradually raised from 80C up to a highest
controlled temperature of 90C . Subsequently,the temperature
thereof was raised to 98C at a constant pressure of
1 kg/cm?G, and the reaction was continued for 15 minites.',
while CO, which was generated during the course of the
reaction was discharged outside the reaction system at every
necessary time. Thereafter the tempeiature and pressure in
the reactor were gradually lowered, and the reaction was
continued for further 10 minites, while 2-ethylacrolein(
hereinafter referred to as "ECR" ) as a 1low boiling
distillate and a part of water as an azeotropic component
together with the generated CO, were distilled away from the
top portion of the reactor to recover ECR, and the molar
censumption ratio of the base catalyst to NBAL wes maintain-
ed in the range of 0.5 to 0.9. The amount of theldistillate
was 620g, in which the amount of the ECR was 495.6g( 5.90
moles) including that dissolved in water. After the recovery

of the ECR, the reaction was continued at 98 to 100 for
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The base catalyst to be used in the aldol condensation reaction and the
~Crossed Canni zzaro reaction according to the present invention, conpr
a carbonate as a principal ingredient. As shown by the reaction

(V), the compound to be consuned in the course of the crossed
Canni zzaro reaction is a carbonate, and a hydrogencarbonate which is

f dinth f th d Canni ' ' t
Lhe car bGHREPSE oM™y Sene THSaERPBRC G ids (JPRT weo “HhBcHRERdy

fornmul a

i ses

into
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usual 1y" avai T abl e” on the nar ket as

Chenical%ﬂf analysis of 18770g of the ;emaining reaction 1liquid,

said liquid contained 17.07% by weight of TMP, and the
selectivity to TMP ( on the basis of the aldehyde consumed )

was 84.7 mol¥% .

{ Second stage reaction }

In a tank type reactor were placed under mixing, 6775g{
90.24 moles ) of aqueous sclution of formaldehyde having a
concentration of 409% by weight and 7896g( 31,02 moles ) of
a basic agqueous solution containing sodium hydrogencarbonate
and sodium carbonate in a molar ratio of 2 : 98 and having a
concentration of 33% by weight expréssed in terms of sodiuﬁ
hydrogencarbénate. Then the resultant mixture in the
reactor was pressurized up to 1 kg/cm?G by means of nitrogen
gas, and thereafter heated to raise the temperature thereof
up to 80°C under stirring. Then in the resultant mixture
were added the ECR phase and the water phasé that had been
recovered in the first stage reaction in a total amount of
620g and then 2035g( 28.2 moles ) of NBAL at a constant rate
over a period of 45 minites, while the temperature thereof
was gradually raised from 80°C up to a highest controlled
temperature of 98¢ . After the addition of thé NBAL, the
reaction was continued for 10 minites, while the pressure
and temperature in the reaction system were maintained at 1
kg/cm? and 98°C , respectively, and CO, which was generated

during the course of the reaction was discharged outside the
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- 8- Alternatively the catal yst may be produced starting fromthe

" -hydr ogencar bonat e t hat- has been forned by the oxidation or hydr ol ysi s of
a formc acid salt. The carbonate may be the salt of any of sodium
potassium Ilithium cal cium and ammoni um of which the sodiumsalt is
nost general in the case of industrially perforning the process of the

present o d AN | Qcren  ar Wpded CHRLLIOEPE AURUNT oL LB Bgoc gt al vt

to be reac Fol'sr base EXpresse

terms of 4 Jdu queq)g,ar ’ERQatPeégt@P %lé&h%tﬂa%ﬁﬁ%}‘y%werre%m e3RRL efhdy the

general fornmula (I ), is 1to 2. In orde
reaction was continued for further 30 minites, while ECR and
a part of water as an azeotropic component together with the
generated CO, were distilled away from the top portion of
the reactor to recover ECR, and the molar consumption ratio
of the base catalyst to NBAL was maintained in the range of
0.5 to 0.9. The amount of the distillate was 654g, in which
the amount of the ECR was 498.8g{ 5.94 moles ) including
that dissolved in water. After the recovery-of the ECR, the
reaction was continued at 98 to 100C for further 30
minites. As a result of analysis of 16000g of the remaining
reaction liquid, said liquid contained 20.88% by weight of

TMP, and the selectivity to TMP( on the basis of the

aldehyde consumed ) was 88.4 mol% .

{ Third stage reaction }

In a tank type reactor were placed under mixing, 6775g(
90.24 moles ) of aqueous solution of iormaldehyde having a
concentration of 40% by weight and 7896g{ 31,02 moles ) of
a basic aqueous solution containing sodium hydrogencarbonate
and sodium carbonate in a molar ratio of 2 : 98 and having a
concentration of 339% by weight expressed in terms of sodium
hydrogencarbonate. Then the resultant mixt&re in the
reactor was pressurized up to 1 kg/cm2?G by means of nitrogen
gas, and thereafter heated to raise the temperature thereof
up to 80°C wunder stirring. Then in the resultant mixture

were added the ECR phase and the water phase that had been

-17- This Sheet Has Been R laced
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to obtai

L Suppress
regul ate
used as

1,0 to 1.

1.0 to

acet al de
al dehyde
usual I'y

reaction
al dehyde
producin

n the objective polyhydric al cohol in high select- ivity by

ing the formati on of by-products, the nolar rati o needs to be

d in conpliance with the type of the aliphatic al dehyde to be
a starting raw nmateri al For exanple, the nolar ratio thereof
5in the case of the aliphatic al dehyde being NBAL, and it is

1.6 in _the case of the aliphatic aldeh beln
mRfkevered inthhe; gRGERGt §FAIS rﬁ?étﬂé’é’ct’x'brF‘ b%

Yyt T50Pa PPESE gl VB r ofPPRE 2o 2 TR Bim

n[ﬁ%géﬁggggoé@%ﬁﬁé grﬁgggtgkr%% Lép%rléé; St YRE H{m&@?sa' EHQ?&' ¢
GBS 2Ryt PELLP  én was carried out in the same manner as in
the second stage reaction. The amount of the ECR that was
recovered in the aforesaid reaction was 496.5g( 5.91 moles }

including that dissolved in water. The amount of the CO,

that was discharged throughout the reaction was 675g. As a
result of analysis of 16080g of the remaining reaction
liquid, said liquid contained 21.209% by weight of TMP, and
the selectivity to TMP{ on the basis of the aldehyde

consumed } was 90.0 mol% .

Comparative Example 1 [ 2-alkenal was recovered at a stage

in which the molar consumption ratio of the base catalyst
was 0.95 or more ]

In the same manner as in the first stége reaction of
Exampl? 1, in a tank type reactor were placed under mixing,
8200g( 109.2 moles ) of aquecus solution of formaldehyde
having a concentration of 409% by weight and 9548g( 37,5
moles ) of a basic aqueous solution containing sodium
hydrogencarbonate and sodium carbonate in a molar ratio of 2
: 98 and having a concentration of 33% by weight expressed
in terms of sodium hydrogencarbonate. Then t-l';e resultant
mixture in the reactor was pressurized up to ‘l‘kg/cm"‘G by
means of nitrogen gas, and thereafter heated to raise the
temperature thereof up to 80C under stirring. Then 24649 (

34.7 moles ) of NBAL was added in the mixture at a constant

T

exa , e case of

S

?ﬁﬁbna?ﬂgnﬁlFﬁhatic



hereinafter referred to as "PE') fromfornmal dehyde and acet al dehyde,

"the reaction tenperature is 50 to 105[err]C . In

REPLACEMENT SHEET t he case of producing TMP from fornal dehyde and
NBAL, it is preferable to set the al dol condensation reaction tenpera-
ture on 65 to 110[err]C, distil away 2-ethyl acryl al dehyde( 2-

ethylacrolgtd JoJdOMht Nee £ £AE L@ £Y ShiaM: (Y tbﬁ&@@ftt%e %h%%att%e

reactants in the reaction systemat 95 to 110[err]C for 10 to 30 m nutes
to conpl etiget8&F Crifss e GrGansailazar Qaléeath;@@m lgotS @psotdr &f ehalghasitn this

case to pressurize

controlled temperature of 98¢C . After the addition of the
NBAL, the reaction was continued for 10 minites, while the
pressure and temperature in the reaction system were
maintained at 1 kg/cm? and 98 , respectively. Thereafter
the pressure in the reactor was gradually lowered, and the
reaction was continued for further 30 minites, while the by-
produced ECR was not recovered, and CO, which was generated
during the course of the reaction was discharged outside the
reaction system at every necessary time.

After the confirmation of the molar consumption ratio
of the base catalyst to NBAL being at least 0.95, by-
produced ECR was recovered in a recovery amount of 495.6gi
5.90 moles ). The amount of CO, that was discharged
throughout the reaction was 813g. As a result of analysis
of 19400g of the remaining reaction liquid, said liquid

contained 18.029% by weight of TMP, and the selectivity to

TMP ( on the basis of the aldehyde consumed ) was 76.4 mol% .

Comparative  Example 22 2-alkenal was reacted after the

reaction between an aliphatic aldehyde and formaldehyde ]

In a tank type reactor were placed under mixihg, 67759 {
90.24 moles ) of aqueous solution of formaldehyae having a
concentration of 40% by weight and 7896q ( 31,02.moles } of
a basic aqueous solution containing sodium hydrogencarbonate
and sodium_carbonate in a molar ratio of 2 : 98 and having a

concentration of 33% by weight expressed in terms of sodium
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fhe inside of the reaction systemby neans of an inert gas such as
“hbitrogen to maintain the reaction tenperature at a prescribed |evel.

The process for producing a polyhydric alcohol according to the
present invention is the process in which the aldol condensation reaction
Is carried out in the presence of a base catal yst conprising a carbonate

incipal ingredient; a 2-alkepal which. is by-produced in the aldol
Condensat PR TS TR R opal APRd GRA r SEOVQLER® oul SLBEUERe PBacthBn
t |yl ly_with the. g ,Qn; Nt h tel
Y om the TR TRatts droc ot PR Bar rey Ry SRadony Bannr, o, ATPERRRRn i s

conpl &l ethas , andNehBPeRELEEShaltodIEPIANUY (AW COLASDratlFetHB ot

condensation reaction as t Irst stage reaction an

up to 80°C under stirring. Then in the resultant mixture was
added 2034g{ 28.2 moles ) of NBAL at a constant rate over a
period of 45 minites, and thereafter were continuously added
the recovered ECR phase and water phase in a total amount of

.630g including 495.6g { 5.90 moles ) of ECR. Subsequently
the reaction was carried out in the same manner as in the
second sfage reaction of Example 2.

As a result, the total amount of the distillate
containing water was 660g, in which the amount of the
recovered ECR was 498,1g{ 5.93 moles ). After the recovery
of the ECR, the reaction was further continued at 98 t;
100°C for 30 minites. As a result of analysis of 16060g of
the remaining reaction liquid, said liguid contained 20.109%
by weight of TMP, and the selectivity to TMP( on the basis

of the aldehyde consumed ) was 85.4 mol% .
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trossed Cannizzaro reaction as the second stage reaction m"lm“ummﬁml
~practice under the reaction conditions distingu- ished fpﬁﬂuu ]
in the sane reactor in a consecutive manner w t hout distindui $hihg *rom *

each ot her. The 2-al kenal represented by the general formula (I1) is
formed by the dehydration reaction of the al kanal in which one nol of
formal dehyde is added to an aliphatic al dehyde in the al do

condensation reaction in the reaction formula (l11l1). It is preferable that
the 2-alkgngh 98 cramep 1s:

1. A process for producing a polyhydric alcohol which
e

comprises subjecting formaldehyde and an aliphatic aldehyde
to an aldol condensation reaction in the presence of a base
catalyst comprising a carbonate as a principal ingredient,

said aliphatic aldehyde being represented by the general

formula (I ):
R— C— CHO (1)

wherein R is a hydrogen atom or a straight-chain or branched
aliphatic hydrocarbon group having 1 to 4 carbon atoms; and
subsequently subjecting the resultant reaction product to.é
crossed Cannizzaro reaction, while separating 2-alkenal
which has bgen formed as a byproduct during said aldol
condensation reaction pribr to the completion of said
crossed Cannizzaro reaction, said 2-alkenal - being
represented by the general formula (I ):
R
|
CH, = C— CHO (m)

wherein R is as previously defined.

2. The process for producing a polyhydéic alcohol
according to Claim 17, wherein said 2-alkenal formed during
the aldol condensation reaction: as a byproduct and
represented by the general formula (I ), is separated while

the molar consumption ratio of the base catalyst to the

—21— This Sheet Has Been RTlaced
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Separated and recovered fromthe reaction systemafter the imwmlwmml
*al i phatic al dehyde and prior to the conpletion of the cross
weaction. That is to say, it is preferable to separate the® -+ * % *

al kenal while the nolar consunption ratio of the base catalyst to the
ali phatic aldehyde is in the range of 0.50 to 0.95. The separation and

recovery Qi%%ggggﬁgééﬁgﬁ#ggrgﬁ Egaghgyrgﬁggtggagtgob¥on%q@% of distillation

under vacuu I'ncrease ressure.” The 1'0SS ‘due to the side
reaction of 2-al kenal can be prevented by renoving the by- produced
2-al kenal outside the reaction systemprior to the conpletion of the

crossed Cani zzar opk-gaelsisONfod N@rlageingata! Yol yhgRiiicS| Acen&BT RAIKe as a
principal ingredient is converted into a formc acid salt in the crossed
Canni zzar fompLasks Ofeadbiinghesrhbedanyae 99BRUAPRL-ANkedAkIL0 rebrickenkage
by the general formula (H ):
R
|
CH; = C— CHO (m)
wherein R is a hydrogen atom or a straight-chain or branched
aliphatic hydrocarbon group having 1 to 4 carbon atoms, in
the presence of a base catalyst comprising a carbonate as a
principal ingredient; thereafter subjecting the resultant
reaction product and an aliphatic aldehyde to an aldol

condensation reaction, said aliphatic aldehyde being

represented by the general formula (I }:
R— C— CHO (1)

wvherein R 1is as previously defined; and subsequently
subjecting the resultant reaction product to a crossed

Cannizzaro reaction.

4 . The process for producing a polyhydric alcohol
according te Claim 3, wherein said 2-alkenal is formed in

the process as set forth in Claim 1.

sS. The process for producing  a polyhydric alcohol
according to Claim 3 or 4, wherein said 2-alkenal formed as

a byproduct during the aldol condensation reaction 1is

—22— This Sheet Has Been Reﬂlaced
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tatal yst corresponds to the nolar formation ratio of the

Sl nce the base catalyst to be used in the process accordi n m“ lmlwm'm”“l
s nvention conprises a carbonate as a principal ingredient arfd feur thek,
reaction in which the hydrogencarbonate i's converted to the carbonate as
shown Dby the reaction fornmula (VI) takes place sinmultaneously with the
crossed Cannlzzar reacti the secqnd stage reaction t he .second

stage reattPBRAFS aBEbﬁﬁaﬁPe% 93“? %t bn 0B ©§a8E8Hs CRBPASA 28 Poxi de

at the tlp% 9{ rgactlon It is preferable, therefore, that the reaction be
carried o

REPLACEMENT SHEET

6 . The process for producing a polyhydric alcohol
according to Claim 1 or 3, wherein trimethylol propane is

produced from formaldehyde and n-butylaldehyde.
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"o11- di sconti nuously or continuously, while discharging outside the
*f.reaction system |ow boiling 2-al kenal represented by the general fornula
f(11) as well as the gaseous carbon dioxide. For exanple, in the

case of producing TMP by the reaction of NBAL with fornmal dehyde, there are

usable a nethod conprising the steps of mxing at first, an aqueous

sol uti ony &rf REFBOEeRyEepagdr.eagurgueous sol ution of the base cat al yst
conpri simg—a: carpomate-as a princi pal ingredient, and then adding NBAL

dropw se at argenstagtdisatBok8lOatl Peock8suUlbanprogueduy & polkbydaid a

met hod conprising the addition of NBAL and the base catalyst in the

agqueous akedhbdl onwhichor rempeliys@ds subjecting formaldehyde and a
specific aliphatic aldehyde to an aldol condensation
reaction in the presence of a base catalyst, and then
subjecting the resultant reaction product to a crossed
Cannizzaro reaction, while separating 2-alkenal formed as a
byproduct during the aldeol condensation reaction prior to
the completion of the crossed Cannizzaroc reaction; and also
a process for producing the same which comprises reacting
formaldehyde with a 2-alkenal which is preferably obtained
in the above aldol condensation reaction in the presence of
a base catalyst, then subjecting the resultant reaction
product and a specific aliphatic aldehyde to an aldoi
reaction, and subsequently subjecting the resultant reaction
product to a crossed Cannizzaro reaction. According to the
above process, an objective polyhydric alcohol is easily
efficiently thained in high selectivity with a minimum
excess of formaldehyde without substantially by-producing

a 2-alkenal with a low added value.
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In the _ o?“rﬁ;lﬁ“i‘”‘%f? 2ffuqus reaction system the 2-al keEQ# hus
Ebcovar c&ﬁ5 e ‘takeh . second or third stage reaction tle
and th 1t 8rE i redbh (ﬁ’ﬁﬂwé h'a first stage reaction kettle, whereas
i n t hp Badetof bal@m?ﬁéomuhﬁn,syste t he 2-al kenal thus recovered

D

can be circulated to the pext reaction Sgstem Wth regard to the nethod
for afdDAYEt b8 ﬁggxgppgﬁfuﬁtnuﬂ to'the add- ition of an aliphatic al dehyde

gfegeai ng reaction a?’BHS:E\ﬁSt Féghgkgbbggggﬁ gﬁ;gf}ygﬁi g‘?’ reg’ﬁygree:jsl naélggd

to an aldol condensation reactor. By virtue of the above-nentioned adding
nmethod, it is made possible to react 2-alkenal in favorable selectivity,

since it foghewerblfb oF'eug- ehkeRFohi ch is inferior in reactivity to an
al i pha-

1 . Field of the Invention

The present invention relates to a.process for produc-
ing a polyhydric alcohol by reacting an aliphatic aldehyde
with formaldehyde which alcohol is useful as a raw material
for polyester resins, alkyd resins, polyurethane resins,
polycarbonate resins,_plaéticizers; surfactants, lubricating

oils, basis for cosmetics, reactive monomers and the like.

2 . Description of the Related Arts.

There 1is described, as a process for producing a
polyhydric alcohol, a two-stage reaction process in which én
aliphatic aldehyde and formaldehyde are subjected to an
aldol condensation reaction, and subsequently to a crossed
-Cannizzaro reaction each in the presence of a base cgtalyst,
in Japanese Patent Application Laid-Open Nos.139141 /1988 {
Sho 63 ), 162538/1983( Sho 58 ), etc., said aliphatic

aldehyde being represented by the following formula (I )}:
R— C— CHO (X )

wherein R is a hydrogen atom or a straight—chain or branched
aliphatic hydrocarbon group having 1 to 4 carbon atoms.

The above-mentioned two-stage reaction process is based
on the premise that the objéctive polyhydric alcohol is

produced in combination with a formic acid salt. Examples of



tic aldehyde is reacted with | arge excesses of the base

REPLACEMENT SHEET

oottt

and formal dehyde. That is to say, t.he objective polyhydrfig dbafaekﬁﬁss

produced in high selectivity by react ing the 2-al kenal

prii

addition of the aliphatic aldehyde as startlng raw matlerlial to the

reaction system and also by recycling-the 2-al kenal thrjough the al dol
condensati on reactlon system As the 2-al kenal to

foregol ng. regetidle | APELfst S wioaBle (hgy 248 kengh whielhds 8EQY@Eeds i N

reflnlng |st|I

Step of th j ective pol
hydroxide of any of alkali metals and alkaline earth meals

and a carbonate“of any of the above-mentioned metals. The
catalyst is exemflified by sodium hydroxide, potassium
hydroxide, calcium hydroxide, sodium carbonate, potassium
carbonate, calcium carbonate, and tertially amines such as
trimethylamine, triethylamine, and tributylamine.

In general, a base catalyst comprising sodium hydroxide
or calcium hydroxide is used in the process for producing a
polyhydric alcohol by the reaction of an aliphatic aldehyde
with formaldehyde. However, in order to obtain an objective
polyhydric alcohol in high selectiyity in the presence of
the base catalyst cémprising sodium hydroxide or calcium
hydroxide, it is necessary to use formaldehyde in a laréé
excess against the aliphatic aldehyde. In addition, in the
case where such a large excess of formaldehyde is used,
unless the reaction is carried out in a reaction‘ system
diluted with water, large amounts of byproducts are formed,
thereby making it impossible to obtain the objective
polyhydric alcohol in high selectiyity.

There is also known a process for the production of a
polyhydric alcohol by two-stage reaction process in which an
aliphatic aldehyde and formaldehyde are subjected to an.
aldol condensation reaction, and subsequently to a crossed
Cannizzaro reaction each in the presence of a carbonate
catalyst. The process, however, leads to the by-production
of about 10 mol 9% of 2-alkenals that are low in added

values. Thus in order to suppress the by-production, it is




al cohol, in addition to the 2-al kenal which is separated an REHLAGEMB«EGHEEIT
the aforesaid al dol condensation reaction step. Ther e prEavartabt-e

several nethods for isolating the obj etive polyhydric alc h t
reaction liquid thus obt ai ned, for exanple, a method co Rgﬁﬁggﬁ@

of firstly neutralizing the excess al kaki" remaining int -F-e—suuant
reaction liquid by the use of form c acid, subsequently distilling away
the residual, iy nplgenydeeundey tod ﬂ@stfﬁaﬂaeréet Q. e

t hereafter usually extracting with a solvent or recrystallizing the

obj etive RYJMMEY ithedlaQapBlatidowdWehydehe af oresaid nethod varies in
Its procedures dependi ng upon the physical properties of the obj etive

pol yhydric al colrtle, apspestatéd pitokheseathat nusesolabilairyy iexewsserofind
the |ike properties.
formaldehyde involves the problem such that the production
process is_made intricate, since it is required to recover
the used excess of formaldehyde from the viewpoints of
economy and the influence of wastes and the like upon the
environment.

In view of the above, a general object of the present
invention is to provide a process for producing a peolyhydric
alcohol by subjecting an aliphatic aldehyde and formaldehyde
to an aldol condensation ;eacﬁion; and subsequently to a
crossed Cannizzaro reaction, which process is characterized
in that the objective polyhydric alcohol is produced in high
selectivity using a slight excess of formaldehyde against

the theoretical molar amount of the aliphatic aldehyde

without dilution of the reactants with water.

SUMMARY OF THE INVENTION

Under such circumstances intensive research and
investigation were made by the present inventors on the
process for the production of a polyhydric alcohol involved
with the above-mentioned subject. As a result, it has been
found that an objective polyhydric alcohol is obtained in
high selectivity by carrying out an aldol condensation
reaction in the presence of a catalyst comprising a carbon-
ate as a principal ingredient, and subsequently carrying out

a crossed Cannizzaro reaction, while separating 2-alkenal



In the case of producing TMP, for exanple, the j%@MWEWPSHEET
gseparated froma formc acid salt by neans of solvent exgrfaction. The
solvent to be used effectively therein nay be the same a ggaotqngggavv

material, that is, NBAL, or different therefromincl udi a etone
exenplified -4- -13 - y—-mrethyt
ethyl ketone and nethyl isobutyl ketone, an alcohdg exenplified by

i sobutyl al cohol and isopropyl alcohol, an ester exenplified b )
acetate, ambigh nhasurees dormedst aswodof PYREPGUCE alring °the’ a1

condensation reaction, prior to the completion of the
crossed Cannizzaro reaction ; or by firstly reacting the 2-
alkenal thus separated with formaldehyde in the presence of
a base catalyst, and subseguently reacting formaldehyde with
the resultant reaction liquid which is incorporated with_an
aliphatic aldehyde.

Specifically, the present in@ention relates to a
process for producing a polyhydric alcohol which comprises
subjecting formaldehyde and an aliphatic aldehyde
represented by the general formula (I )

H
{
R— C— CHO (1)
l
H
wherein R is a hydrogen atom or a straight-chain or branched
aliphatic hydrocarbon group having 1 to 4'carbon atoms, to
an aldol condensation reaction in the presence of a base
catalyst comprising a carbonate as a principal ingredient,
and subsequently subjegting the resultant reaction product
to a crossed Cannizzaro reaction, while separating 2-alkenal
which has been formed as a byproducf during said aldol
condensation reaction prior to the completion of said
crossed Cannizzaro reaction, said 2-alkenal being
represented by the general formula (H):
R
I
CH; = C— CHO (x)
wherein R is as previously defined.

The present invention also relates to a process for



In the case of producing pentaerythritol ( hereinafter rgf il
)} from fomal dehyde and acet al dehyde in which R is hydrogg nﬂEPmEmN?SSHéEE

general formula (1), the resultant reaction liquid is cqndentrat ed,

cool ed and subjected to crystallization and separation rdpdat@8lQCT 3998
separate PE fromthe formc acid salt irSthe agueous sol gtijon by neans of
solid-liquid separation. The PE thus separated in the forqm of cake Is
washed with water and dried into a finished product. M _the other

hand, the pebaucinagi dasagpdlytpdrics ddeaholsewiished comps isesat craghing is
concentrated and recovered as a byﬁgeodu:gt by a conventional nethod, after
Ra

a treat nenformaffehydey aticth car bdmd r fISPReseNEad eBY ndrite f 88neFadpvi ng
organic inmpurities other than the formc acid salt or wthout any

prelim nar formedgnd®) ¢ Al ternatively, the
R
|
CH, = C— CHO (x)

wherein R is as previously defined, in the presence of a
base catalyst —comprising a <carbonate as a principal
ingredient, thereafter subjecting the resultant reaction
product and an aliphatic aldehyde to an aldol condensation

reactioh, and subsequently subjecting the resultant reaction

product to a crossed Cannizzaro reaction.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The reaction of an aliphatic aldehyde with formaldehydé
for the purpose of producing a polyhydric alcohol according
to the present invention is a two-stage reaction including
the aldol condensation reaction and the crossed Cangizzaro
reaction in the presence of a base catalyst compri#ing a
carbonate as a principal ingredient, and said reaction is
represented by the following reaction formulae including the
main reaction and the side reaction.

The following reaction £formulae apply to a typical
reaction example of the present invention in the case where
n-butylaldehyde ( hereinafter referred to as "NBAL") is
reacted with trimethylol propane( hereinafter referred to as

“TMP") .

HIS SHEET HAS BEEN
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formic acid salt is coverted into a base conpound conpri $i REBPLAGEMENT SHEET

fiydrogencarbonate as a principal ingredient in the presg¢n Df
oxygen nol ecules in the presence of a noble netal catalys ?%QQ@L%
racess_for

catalyst. Thus the formc acid is recoveged in the formjo
producing a pol yhydric al cohol by reacting an aliphatic jaldehyde with

conpound. According to the present invention, in th

f or mal dehyde using.a basge cat.al yst |.si ng a carbonate—as—a—priretpat

| ngr edi ent (1t LSSl FETplRrERsten reatiton -
CHZOH

~ CH.;~ CH;~ CHO 4 HCHO = CHS‘— CHZ- CH-CHO (III)

CH4- CH ;- CHj

CH,,0H fnz"“
CHg~CH,~CH-CHO + HCHO -» CH4~ CH,; C-CHO (IV)
. . | .
CH,OH

(2) Crossed Cannizzaro reaction

CHZOH

CH§- Cﬂz—?-CHO ~ HCHO + Na?‘CO3 + H20

CHZOH

CH,
!
—_ CHy CH; c':-cnzon + HCOONa - NaHCO, (V)

OH

CH.,OH

2

{3) Reaction by which hydrogencarbonate is converted into

carbonate

2NaHC03—') NazCO3 + HZO + C{)2 . {VIl)

The'carbonate, which is a catalyst and a reactional
substance in the crossed Cannizzaro reaction, is consumed as
a formic acid salt in the reaction system.

The aliphatic aldehyde represented by the general
fprmula (I ) according to the present invention is that
having at least two hydrogen atoms at the g -position, and
is exemplified by propionaldehyde, n-butylaldehyde,

acetaldehyde, pentanal and hexanal. At least two compounds



to easily
high effic
val ue, whe
prevent ed.
i nvention

an al i phat|
reaction

an added v
di schar ged.
descri bed

p :
produce the objective polyhydric alcohol in hiqhRE : CEMENT'§HEETn
I ency by recycling the by-produced 2-alkenal Ifoy in an added

reby new byproduction of said 2-alkenal is sutsﬁarﬁﬁaﬂ)ﬁ'&ﬂ%

Consequently, the proce;s according to tth¢_present

is industrially advantageous 1 a great extent) since it enab
a high-quality polyhydric alcohol to be easily producedH ' |

hfio éd‘éméﬁlem ?d Pof UgBd dehvdfe VS ARULE dhSRDREGEETagUEERECIhGE

sys m excep a mninmumrequirenment, the 2-al kenal |ow
gguemg@éghamgs her et of ore been inevitably by- produced and
the followi ng, the present invention wll be

in nDTSedﬁbﬁhhl&bhﬁdéeﬁerB&CGSEO €ANpRAkaprveess according to
the present invent;on may be ah aqueous solution of
formaldehyde or solid paraformaldehyde, aﬁd an appropriate
formaldehyde is selected'for use according toc the objective
polyhydric alcohol.

The amount of £he formaldehyde to be used in the
present process varies depending upon the type of the
objective polyhydric alcohol in terms of the theoretical
molar amount of formaldehyde. For example, in the case where
the objective TMP is produced by the reaction befween form-
aldehyde and NBAL in which R in the general formula (I} is
an ethyl group( CH;CH; )} at the theoretical molar ratio of
formaldehyde to the NBAL being 3.0, the practical molar
ratio thereof is 3 to 6.

The base catalyst to be used in the aldol condensation
reaction and the crossed Cannizzaro reaction according to
the present invention; comprises a carbonate as a principal
ingredient. As shown by the reaction formula (V), the
compound to be consumed 1in the course of the crossed
Cannizzaro reaction is a carbonate, and a hydrogencarbonate
which is formed in the course of the crossed Cannizzaro
reaction is converted into the carbonate as shown by the
reaction formula (VI).

The aforegtated base catalyst may be a carbonate or a
mixture of a carbonate and a hydrogencarbonate that are

usually available on the market as industrial chemicals.

—




exanpl es and wor ki ng exanpl es, which however shall not limt
I nvention thereto. In the foll owi ng working exanpl es fa

the selectivity to the objective polyhydric alcah
basis of the consuned al dehyde ) is the o nolar ratio of thg
t he objective polyhydric alcohol to the-total consunption |of
and 2-al kenal . Exanple 1 [ Preparation of trirnethyl ol propane
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hydrolysis of a formic acid salt. The carbonate may be the
salt of any of sodium, potassium, lithium, calcium and
ammonium, of which the sodium salt is most general in the
case of industrially performing the process of the present
invention.

With regard to the.amount of the base catalyst to be
used in the reaction, the molar ratio of the base expressed
in terms of a hydrogencarbonate to an aliphatic aldehyde
represented by the geﬁeral formula (I ), is 1 to 2. In order
to obtain the objective polyhydric alcochol in high select-
ivity by suppressing the formation of by-products, the molar
ratio needs to be regulated in compliance with the type of
the aliphatic aldehyde to be used as a starting raw material
. For example, the molar ratio thereof is 1,0 to 1.5 in the
case of the aliphatic aldehyde being NBAL, and it is 1.0 to
1.6 in the case of the aliphatiq aldehyde | being
acetaldehyde.

The temperature of the reaction between the aliphatic
aldehyde and formaldehyde in the process of the present
invention is usually 45 to 120°C, preferably 60 to 110C.,
and the optimum reaction temperature varies depending upon
the type of the aliphatic aldehyde to be used in the
reaction.

For example, in the case of producing pentaerythritol{
hereinafter referred to as "PE" ) from formaldehyde and

acetaldehyde, the reaction temperature is 50 to 105C . In
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having a concentration of 40% by wei ght and 9548g( 37,5 npl Forme Btoramy
basic aqueous solution containing sodium hydrogencarbpnat d.sodi umn
carbonate in a nolar ratio of 2 : 98 and having a concentfa i§H§2Kné§m3by
wei ght expressed in terns of sodiun1hydgpgencarbonate. Then e _resultant
mxture in the reactor was pressurized #p to 1 kg/cnferr]d by neans of

nitrogen gas, and thereafter heated to raise the tenperattre—thereot—uip--i0
i Xt Ur ¢ at CHSSASERRE FEaRSeas, Tt fxtl e Radn e Wi PR TLEECLLN thE
tenperaturSreferable to set the aldol condensation reaction tempera-
ture on 65 to 110C , distil away 2-ethylacrylaldehyde{ 2-
ethylacrolein ) from the reaction system, and thereafter
mature the reactants in the reaction system at 95 to 1107
for 10 to 30 minutes to complete the  crossed Cannizzaro
reaction. It is also preferable in this case to pressurize
the inside of the reaction system by means of an inert gas
such as nitrogen to maintain the reaction temperature at a
prescribed level.

The process for producing a polyhydric alcohol
according to the present invention is the process in which
the aldol condensation reaction is carried out in the
presence of a base catalyst comprising a carbonate as é
principal ingredient; a 2-alkenal which is by-produced in
the aldol condensation reaction is separated and recovered
outside the reaction system, simultaneously with tpe main
reaction on the way or separately from the main re#ction;
and thereafter the crossed Cannizzaro reaction is completed.

In the process of the present invention, the aldol
condensation reaction as the first stage reaction and the
crossed Cannizzaro reaction as the second stage reaction may
be put into practice under the reaction conditions distingu-
ished from each other, or in the same reactor in a
consecutive manner w@thout distinguishing from each other.

The 2-alkenal represented by the general formula (o)
is formed by the dehydration reaction of the alkanal in

which one mol of formaldehyde is added to an aliphatic
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thereof was gradually raised from80[err]C up to a highgst WQEMEM §HEET
{enperature of 90[err]C . Subsequently,the tenperature tHerjeq was
raised to 98[err]C at a constant pressure of 1 kgfchgR sd@@TﬂﬂEB
reacti on was continued for 15 mnites, Wnile CJerr] whi hl ener at gd
during the course of the reaction was 'd:.s?charged out si dejthe reaction

system at every necessary tine. Thereafter the tenperatu

i
t he reactor r radual |y re e 1 ' t. r
further 10Maas. Sihe 9 40T, Pnadfakbn) SAEEC1BAIA% AT HERE
"ECR' ) as boj. iyng | stid | FeoTeTeN arg WHE A otgPpi C
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top portiQ, nfrdiits T&A8t PhcbPer 880¥2bnEPRe aFEladtEoRDERELeMORTLER! itdfe ratio
of the base catal yst to NBAL was mmi ntai n-

addition of the aliphatic aldehyde and prior to the

completion of the crossed Cannizzaro reaction.

That is to say, it is 'preferable to separate the 2-
alkenal while the molar consumption ratio of the base
catalyst to the aliphatic aldeﬁyde is in the range of 0.50
to 0.95. The separation and recovery of the 2-alkenal are
readily practicable by means of distiilation under vacuum,
atmospheric, or increased pressure. The loss due to the side
reaction of 2-alkenal can be prevented by removing the by-
produced 2-alkenal outside the reaction system prior to the
completion of the c¢rossed Cannizzaro reaction. The bas;
catalyst comprising a carbonate as a principal ingredient is
converted into a formic acid salt in the crossed Cannizzaro
reaction, and thus the molar consumption ratio of the base
catalyst corresponds to the molar formation ratio éf the
formic acid salt.

Since the base catalyst to be used in the process
according to the present invention comprises a carbonate as
a principal ingredient and further, the reaction in which
the hydrogencarbonate is converted to the carbonate as shown
by the reaction formula (VI) takes place simultaneously with
the crossed Cannizzaro reaction as the second stage reaction
. the second stage reaction is accompanied by the generation
of gaseous carbon dioxide at the time of reaction. It is

preferable, therefore, that the reaction be carried out




ed in the range of 0.5 to 0.9. The anpunt of the distillate]| REPLACEMENTI SHEET
whi ch the amount of the ECR was 495.6g( 5.90 noles) includijng—tirat

di ssolved in-water. After the recovery of the ECR the reagtifo

continued at 98 to 100[err]C for -11- further 30 m ni ersbgv'alﬁgrma
anount of CJerr] that was throughout tTe reaction was 820¢( L18..63.1nles
). As a result of analysis of 18770g of the remaining reactfion |iquid,
said liquid contained 17.07% by weight of TMP, and_the _sel vt

( on the b§§i5§°&F1PH8“§I1§eFR/‘He°§BH§G Ysjy. while discharging outside

the reaction system, low boiling 2-alkenal represented by

the general formula (O) as well as the gaseous carbon
dioxide. '

For example, in the case of producing TMP by the
reaction of NBAL with formaldehyde, there are usable a
method comprising the steps of mixing at first, an aqueous
solution of formaldehyde and an agueous solution of the base
catalyst comprising a. carbonate as a principal ingredient,
and then adding NBAL dropwise at a constant rate into the
resultant agqueous mixture; and a wmethod comprising the
addition of NBAL and the base catalyst in the agqueous
solution of formaldehyde.

In the case of multi-stage continuous reaction system;
the 2-alkenal thus recovered can be taken out from a second
or third stage reaction kettle and thereafter circulated
through a first stage reaction kettle, whereas in the case
of batchwise reaction system, the 2-alkenal thus recovered
can be circulated to the next reaction system. With regard
to the method for adding the 2-alkenal, prior to the add-
ition of an aliphatic aldehyde as a starting raw material,
-the 2-alkenal which has been recovered in the preceding
reaction along with the base catalyst and formaldehyde is
added to an aldol condensation reactor. By virtue of the
above-mentioned adding method, it is made possible to react
2-alkenal in favorable selectivity, since it follows that
the 2-alkenai which is inferior in reactivity to an aiipha—

tic aldehyde is reacted with large- excesses of the base
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was 84.7 nol % { Second stage reaction } ) ]Icn a tank t Fe;—&-ea&t.?x:._.___.
were placed under m xing, 6775g( 90.24 noles of aqueous soljution o
for mal dehyde having a concentration of 40% by wei ght and 789€g 0830CT 2998
nol es ) of a basic aqueous sol.ution containjng sodi um hydrdgdncarbonate
and sodi um carbonate in a nolar ratio of 27088 and havi ng concentration

of 33% by wei ght expressed in terns of sodium hydrogencarb Then

' [ t Lzed 0.1. .
e ool LSy hiing | BochdteskFaopIRS RSN HEE Yhd odncepg

kg/cnferr] G by nmeains of nitrogen gas, a
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recovered in tihg fiHet2sabgenaLapirior i to athet daMPIK B6F the aliphatic
aldehyde as a starting raw material to the reaction system,
and also by recycling the 2-alkenal through the aldol
condensation reaction system.

" As the 2-$lkena1 to be used for the foregoing reaction,
there is wusable the 2-alkenal which is recovered in the
refining- distillation step of the objective polyhydric
alcohol, in addition to the 2-alkenal which is separated and
recovered in the aforesaid aldol condensation reaction step.

There are available several methods for isolating the
objetive polyhydric aicqhol from the reaction liquid thus
obtained, for example, a method comprising the steps of
firstly neutralizing the excess alkali remaining in the
resultant reaction 1liquid by the wuse of formic acid;
subsequently distilling away the residual formaldehydg under
a pressure of 0.5 to 2.5 kg/cm? G; and thereafter u#ually
extracting with a solvent or recrystallizing the objetive
polyhydric alcohol. However, the aforesaid method wvaries in
its procedures depending upon the physical froperties of the
objetive polyhydric alcohol, especially differece in
solubility in water and the iike properties.

In the case of producing TMP, for example, the
objective TMP is separatgg from a formic acid salt by means
of solvent extraction. The solvent to be useé effectively
therein may be the_same as a starting raw material, that is,

NBAL, or different therefrom including a ketone exemplified



620g and then 2035g( 28.2 noles ) of NBAL at a constant ra eREPME‘FM%M:)é?{F%ﬁ

of 45 mnites, while the tenperature thereof was gradually faised from
80[err]C up to a highest controlled tenperature of 98[err](d . 0% COT 108

addition of the NBAL, the reaction was continued for 10 nfnjtes, while th

pressure and tenperature in the reaction sﬁt‘em were mai ntal ned at I
kg/cmerr] and 98[err]C , respectively, and CJerr] which Mas gepnerated

e

during the CBY’ SfePhylNCethPr! | QOLURS, Utd "HAHY PULSAILEYE Ketone, an

reacti on system at every necessary tine. JIhereafter the
alcohol exemplified by isobutyl alcohel and isopropyl
alcohol, an ester exemplified by butyl acetate, and a
mixture of at least two of them.

In the case of producing pentaerfthritol( hereinafter
referred to as "PE" ) from fomaldehyde and acetaldehyde in
which R is hydrogen atom in the general formula (I ), the
resultant reaction 1liquid is concentrated, cooled and
subjected to crystallization and separation repeatedly to
separate PE from the formic acid salt in the aqueous
solution by means of solid-liquid separation. The PE thus
separated in the form of cake is washed with éater and dried
into a finished product.

On the other hand, the formic acid salt that has beeﬂ
separated into a .water phase is concentrated and recovered
as a byproduct by a conventional method, after a treatment
with activated carbon as a preliminary treatment for
removing organic impurities other than the formic acié salt
or without any preliminary treatment. Alternatively, the
formic acid salt is coverted into a base compound comprising
a hydrogencarbonate as a principal ingredient in the
presence or absence of oxygen molecules in the presence of a
noble metal catalyst or a nickel catalyst. Thus the formic
acid is recovered in the form of a base compound.

According to the present invention, in the process for
producing a polyhydric alcochol by reacting an aliphatic
aldehyde with formaldehyde using a base catalyst comprising

a carbonate as a principal ingredient, it is made possible




pressure in the reactor was gradually |owered, and the rea tﬁE&#AMENT SHEET
continued for further 30 mnites, while ECR and a part of as an ‘
azeotropi c conponent together with the generated CJerr] 9 bcw

away fromthe top portion of the react 9 to recover ECR d t ar
consunption ratio of the base catalysf*ﬁo NBAL was mai nt ai he
of 0.5to O. 9 The anobunt of the distillate was 654g, in i ch the anount

of Lhe ECRoya%.493 50l dh i TEAES obsbBELVA! b1 i SePLYssh | Ba EiGh

After the recovery of re conti nued - at

100[err] C sEQEctEUEE?eEnd3Q19H‘QEEQ%1eﬁéyab§e§ﬂk§c95nan%h¥5B§ gkoaﬁggﬁg of

the remaining reaction liquid, said |Iiquid contained by wei ght of
TVP, and tbeasgbAghi YokYihOanMEGdEE VEEZuBZSWReREbYhBewabypRpdaceeBRUBR] )

was 88.4 nol %
said 2-alkenal is substantially prevented.

Consequently, the process according to the present
invention is industrially advantageous to a great extent,
since it enables a high-quality polyhydric alcohol to be
easily produced in high yield from an- aliphatic aldehyde and
formaldehyde without discharging outside the reaction
system, except for a minimum requirement, the 2-alkenal low
in an added value which has heretofore been inevitably by-
produced and discharged.

In the following, the present invention will be
described in more detail with reference to comparativé
examples and working examples, which however shall not limit
the present invention thereto. -

In the following working examples and comparative
examples, the selectivity to the objective polfhydric
alcohol{ on the basis of the consumed aldehyde ) is the
molar ratio of the production of the objective polyhydric

alcohol to the total consumption of an aliphatic aldehyde

and 2-alkenal.

Example 7T [ Preparation of trimethylol propane (TMP} from

n-butylaldehyde (NBAL) and formaldehyde ]
{ First stage reaction }
In a 30¢ tank type reactor were placed under mixing,

8200g( 109.2 moles ) of agqueous solution of formaldehyde



{ Third stage reaction ) In a tank type reactor were {pREBEACENVENEr SHEET
mxing, 6775g( 90.24 noles ) of aqueous solution of fornmalid ' ]
concentration of 40% by wei ght and 7896g( 31,02 noles ) of qgﬁié ﬂqgﬁ?us
sol uti on contai ni ng sodi um hydrogencar bgpate and sodi um cdr jonate P

molar ratio of 2 : 98 and having a coirtehtrati on of 33% by ' SRS
expressed in terns of ~sodium hydrogencarbonate. Then thgq resultant
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ECR phase and the water phase that "ha een

- hydrogencarbonate and sodium carbonate in a molar ratio of 2
: 98 and having a concentration of 339% by weight expressed
in terms of sodium hydrogencarbonate. Then the resultant
mixture in the reactor was pressurized up to 1 kg/cm?G by
means of nitrogen gas, and thereafter heated to raise the
temperature thereof up to B80C under stirring. Then 2464g/{
34.1 moles ) of NBAL was added in the mixture at a constant
rate over a period of 45 minites, while the temperature
thereof was gradually raised from 80C up to a highest
controlled temperature of 907 . Subséquently,the temperature
thereof was raised to 98¢ at a constant pressure of
1 kg/cm2G, and the reaction was continued for 15 minites;
while CO; which was generated during the course of the
reaction Qas discharged outside the reaction system at every
necessary time. Thereafter the temperature and pressure ih
the reactor were gradually lowered, and the reactiﬁn was
continued for further 10 wminites, while 2-ethylacrolein(
hereinafter referred to as "ECR" ) as a low boiling
distillate and a part of water as an azeotropic component
together with the generated CO, were distilled away from the
top portion of the reactor to recover ECR, and the molar
consumption ratio of the base catalyst.to NBAL was maintain-
ed in the range of 0.5 to 0.9. The amount of the distillate
was 620g, in which the amount of the ECR was 495.6g( 5.90
moles) including that dissolved in-water. After the recovery

of the ECR, the reaction was continued at 98 to 100%C for



- 18- recovered in the second stage reaction in a total a
5.94 noles as ECR ) and then 2035g( 28.2 noles ) of NBAL at
rate over a period of 45 mnites. There- after the reactio
out in the same manner as in the secondyfl age reaction. Th
ECR that was recovered in the aforesai d reacti on was 496. 5¢(
i ncl udi ng that dissolved in water. The anmount of the CJerr

di schar ged r h ct g I f
T6080g of EHEAEa T TP LEER o, e ar T R e et by

wei ght of TiRoudidut! teses%semsht magofswa(( aB.lhe mdaeiss ) of Asha aledayde

of analysis of 18770g of the remaining reaction ligquid,

said liquid contained 17.079% by weight of TMP, and the

selectivity to TMP ( on the basis of the aldehyde consumed )

was B84.7 mol9% .

{ Second stage reaction }

In a tank type reactor were placed under mixing, 67759 {
80.24 moles ) of aqueous solution of formaldehyde having a
concentration of 409% by weight and 7896g( 31,02 moles ) of
a basic agueous solution containing sodium hydrogencérbonate
and sodium carbonate in a molar ratio of 2 : 98 and having a
concentration of 339 by weight expressed in terms of sodiut'il
hydrogencarbonate. Th;n the resultant mixture in the
reactor was pressurized up to 1 kg/cm?G by means of nitrogen
gas, and thereafter heated to raise the temperature ?hereof
up to 80T wunder stirring. Then in the resultant mixture
were added the ECR phase and the water phase that had been
recovered in the first stage reaction in a total amount of
620g and then_2035g( 28.2 moles } of NBAL at a constant rate
over a period of 45 minites, while the temperature thereof
was gradually raised from 80C up to a highest controlled
temperature of 98C . After the addition of the NBAL, the
reaction was continued for 10 minites, while the pressure
and temperature in the'reaction system were maintained at 1
kg/cm?* and 98C , respectively, and CO; which was generated

during the course of the reaction was discharged@ outside the
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consuned ) was 90.0 nol % Conparative Exanple 1 [ 2-al kenal} JaS™Te
at a stage in which the nolar consunption ratio of the basejcat
0.95 or nore ] In the same manner as in the first stag
Exanple 1, in a tank type reactor were g#ﬁged under m Xxi ng,

nol es ) of aqueous solution of fornmalde e having a concenfration of 40%)
by wei ght and 9548g( 37,5 noles ) of a basi.c aqueous SO

cont ai ni ng dr.ogencar bonat e and sodi um arbonate in a nolar ratio
of 2 98 a%aac \ﬂ n§;5t<? ﬁt rSYToh SrECefRnsy. &éf“&ht tRpreaitsr itheerns
of sodium cal; plon {%}gnté he wraessmgtr%%tualTth ']!owerre]dt he rgacéhoer Vas
pressuri ze %g/c err )

reactlon was continued for further 30 minites, while ECR and
a part of water as an azeotropic component together with the
generated CO, were distilled away from the top portion of
the reactor to recover ECR, and the molar consumption ratio
of the base catalyst fo NBAL was méintained in the range of
0.5 to 0.9. The amount of the distillate was 654g, in which
the amount of the ECR was 498.8g( 5.94 moles ) including
that dissolved in water. After the recovery of the ECR, the
reaction was continued at 98 to 100¢ for- further 30
minites. As a result of analysis of 16000g of the remaining
reaction liquid, said liquid contained 20.88% by weight of
TMP, and the seiectivity to TMP{ on the basis of tﬁé

aldehyde consumed ) was 88.4 mol% .

{ Third stage reaction }

In a tank type reactor were placed under mixing, 6775g(
90.24 moles ) of agueous solution of formaldehyde having a
concentration of 409% by weight and 7896g( 31,02 moles ) of
a basic agueous solution containing sodium hydrogencarbonate
and sodium carbonate in a molar ratio of 2 : 98 and having a
concentration of 339 by weight expressed in ferms of sodium
hydrogencarbonate. Then the resultant mixture in the
reactor was pressurized up to 1 kg/cm2G by means of nitrogen
gas, and thereafter heated to raise the temperature thereof
up to 80 wunder stirring. Then in the resultant mixture

were added the ECR phase and the water phase that had been
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means of nitrogen gas, and thereafter heated to raise the
thereof up to 80[err]C under stirring. Then 2464g( 34.1 es.). of NBAL
was added in the nmixture at a constant 08 OCT 1998
-19 - rate over a period of 45 m'nitgis_while t he tenperfatiure__t hereof
was gradually raised from80[err]C up té—a highest contrqlled tenperature
of 98[err]C . After the addition of the NBAL, the reacti s—eentioued
for 10 m pipkeserbhli if the SURHAtaY IHPEIGH U® aNntbBE1r aA6LhENogYSt em
were mnmaintained at 1 kg/cnferr] and 98[err]C, respectively. Thereafter
654g( 5.94 moles as ECR ) and then 2035g( 28.2 moles ) of

—_—

NBAL at a constant rate over a period of 45 minites. There-
after the reaction was carried out in the same manner as in
the second stage reaction. The amount of the ECR that was
recovered in the aforesaid reaction was 496.5g( 5.91 moles )
including that dissolved in water. The amount of the CO,
that was discharged throughout the reaction was 675g. As a
result of analysis of 16080g of the remaining reaction
liguid, said liguid contained 21.209 by weight of TMP, and
the selectivity to TMP{ on the basis of the aldehyde

consumed ) was 90.0 mold% .

Comparative Example 71 [ 2-alkenal was recovered at a stage

in which the molar consumption ratio of the base catalyst
was (.95 or more |

In the same manner as in the first stage reaction of
Example 1, in a tank type reactor were placed under inixing,
8200g( 109.2 moles ) of agueous solution of formaldehyde
having a concentration of 409% by weight and 9548g{( 37,5
moles ) of a basic aqueous solution containing sodium
hydrogencarbonate and sodium carbonate in a molar ratio of 2
: 98 and having a concentration of 339% by weight expressed
in terms of sodium hydrogencarbonate. Then the resultant
mixture in the reactor was pressurized up to 1 kg/cm2G by
means of nitrogen gas, and thereafter heated to. raise the
temperature thereof up to 80 under stirring. Then 2464g(

34.1 moles ) of NBAL was added in the mixture at a constant



the pressure in the reactor was gradually | owered, and the

continued for further 30 mnites, while the by- produced E
‘recovered, and CJerr] which was generated during the cour
reaction was discharged outside the reggtion systemat eveyyl necessary
tine. After. the confirmation of nol ar consunptiagn ratio of The
base catalyst to NBAL being at |east 0.95, by- produced E recovered

in a recovery anount of 495, 6g( _.5. l.es._ ). T Py err]
that was FaF€cied® (BFOLGhoSE tﬁg F'&%&fgh mﬁglg§39. Agggpgggﬁﬁgtof

lysi f 19400 t NI ng . t4 | igy4hd, I o | iU} e
o Ui kel 0L, WRARTID PGSR S, e e

cont ai ned by wei ectivity to

basi's of 0gnBHIPINEC 1ehRITLe VBF 8} .Mlfker EREPUGRIIOn faTRhE 2 [

2-al kenal "was reac after
NBAL, the reaction was continued for 10 minites, while the

pressure and temperature in the reéction system were
maintained at 1 kg/cmf and 98 ,. respectively. Thereafter
the pressure in the reactor was-qradually lowered, and the
reaction was continued for further 30 minites, while the by-
produced ECR was not recovered, and CO, which was generated
during the course of the reaction was discharged outside the
reaction system at every necessary time.

After the confirmation of the molar consﬁmption ratio
of the base catalyst to NBAL being at 1least 0.95, by-
produced ECR was recovered in a recovery aﬁount of 495.6gk
5.90 moles ). The amount of CO, that was discharged
throughout the reaction was 813g. As a result of analysis
of 19400g of the remaining reaction liguid, said .liquid
contained 18.02% by weight of TMP, and the selectivity to

TMP { on the basis of the aldehyde consumed ) was 76.4 mol% .

Comparative Example 2 [ 2-alkenal was reacted after the

reaction between an aliphatic aldehyde and formaldehyde ]

In a tank type reactor were placed under mixing, 6775g(
90.24 moles ) of aqueous solution of formaldehyde having a
concentration of 40% by weight and 7896g{ 31,02 moles ) of
a basic aqueous solution containing sodium hydrogencarbonate
and sodium carbonate in a molar ratic of 2 : 98 and having a

concentration of 339% by weight expressed in terms of sodium



reaction between an aliphatic al dehyde and fornal dehyde | BEPLAQQ$§yTt§#§gT
.type reactor were placed under m xing, 6775g( 90.24 noled ) of aqueous
solution of formal dehyde having a concentration of 40% by iG8t0CNd9os
7896g( 31,02 nmoles ) of a basic aqueogaogolution cont ai nifng sodi um
hydr ogencar bonate and sodi um carbonate—n a nolar ratio ¢f 2 @ 98 and
having a concentration of 33% by wei ght expressed in ter of _sodjium

20- hydr carbonate. . Then,.the _resultant I xture .in the reactor
was pr essurEERURELEPEMRERen SR B fedies SHEATE r ogdiixture ~ 1n 'the

reactor was pressurized up to 1 kg/cm?G by means of nitrogen
gas, and thereafter heated to raise the temperature thereof
up to 80 under étirring. Then in the resultant mixture was
added 2034g( 28.2 moles ) of NBAL at a constant rate over a
period of 45 minites, and thereafter were continuously added
the recovered ECR phase and water phase in a total amount of
630g including 495.6g ( 5.90 moles ) of ECR. Subsequently
the reaction was carried out in the same manner as in the
second stage reaction of Example 2.

As a result, the total amount of the distillate
containing water was 660g, in which the amount of the
recovered ECR was 498,1g( 5.93 moles ). After the recovery
of the ECR, the reaction was further continued at 98 té
100C for 30 minites. As a result of analysis of 16060g of
the remaining reaction liquid, said l1iquid contained 20.10%
by weight of TMP, and the selectivity to TMP( on the basis

of the aldehyde consumed ) was 85.4 mol% .



gas, and thereafter heated to raise the tenperature thereof Lﬂ“lnﬂllgm"lﬂ;m“l
under stirring. Then in the resultant mxture was added 203 2l
) of NBAL at a constant rate over a period of 45 minites, and therkaf'ter
were continuously added the recovered ECR pfiagga, ot Hmgse in a tot al
anount of 630g including 495.6g ( 5.90-fsl ECR equently the
reaction was carried out in the sanme manner in the d st age
reaction of Exanple 2. As a result, t 008 08Tor9g qf {the
distillate containing water was 660g, in iqh t he amount qf [t he

recovered pHRMGs ¢931MEb §s93 noles ). Aft off the ECR, the

reaction was—tuortter——conttnoed at 98 to 10(q[err]C fpr 30 ninites.lgsha -
result of amalysis @rok@d@00rof PrRIVAIRY NhNBI1SRF A% |4 I8LR01 S hi aul
cont ai ned 20. 10% bywei ght of TI\E/;P, and the séleCtivity to TI\/PG(’ on the

basi s comprises subjecting formaldehyde and an aliphatic aldehyde

to an aldol condensation reaction in the presence of a base
catalyst comprising a carbonate as a principal ingredient,
said aliphatic aldehyde being represented by the general

formula (I ):
R— C— CHO (1)

wherein R is a hydrogen atom or a straight-chain or branched
aliphatic hydrocarbon group having 1 to 4 carbon atoms; and
subsequently subjecting the resultant reaction product to.a
crossed Cannizzaro reaction, while separating 2-alkenal
which has been formed as a byproduct during said aldol
condensation reaction prior to the completion qf said
crossed Cannizzaro reaction, said 2-alkenal | being
represented by the general formula (I ):
'R
|
CH, = C— CHO (L)

wherein R is as previously defined.

2. The process for producing a polyhydric aicohol
according to Claim 1, wherein said 2-alkenal formed during
the aldol condensation reaction as a byproduct and
represented by the general formula (Il ), is separated while

the molar consumption ratio of the base catalyst to the

This Sheet Has Been Relilaced Tl““s SHEET HAS BEEN
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al cohol which conprises subjecting formal dehyde and an al i pfiat fFc &l dehyde *
to an al dol condensation reaction in the_presence of a base catalyst

conprising a carbonate as a princi pal ihﬁhédient, said aliphatﬁcﬂgigﬁﬁM@ﬁT SHEE
bei ng represented by the general i -

aliphatic aldehyde is in the range of 0.50 to 0.95.

08 OCT 1998

3. A process for producing a polyhydric alcoho ic

comprises reacting formaldehyde with a 2-alkenal represented
by the general formula (I ):

R

l

CH; = C— CHO (@)

wherein R is a hydrogen atom or a stfaight-chain or branched
aliphatic hydrocarbon group having 1 to 4 carbon atoms, in
the présence of a base catalyst comprising a carbonate as a
principal ingredient; thereafter subjecting the resultant
reaction product and. an aliphatic aldehyde to an aldol
condensation reaction, said aliphatic aldehyde Dbeing

represented by the general formula (I ):
R— C— CHO (1)

wherein R 1is as previously defined; and subsequently
subjecting the resultant reaction product to a crossed

Cannizzaro reaction.

4 . The process for producing a polyhydric alcohol
according to Claim 3, wherein said 2-alkenal is formed in

the process as set forth in Claim 1.

S. The process for producing a polyhydric alcohol
according to Claim 3 or 4, wherein said 2-alkenal formed as

a byproduct durlng ~the aldol condensation reaction is

“BEEN
BT < SHEET HAS BEE
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carbon atons, f or mal dehyde being used sliyhtly in excess of

t heoretical nolar ambunt of said aliph: 4 ¢ al dehyde: and subsequently

subj ecting the resultant reaction produ to a crossed Cannizzaro reaction
In the presence of a base catal yst conprising a carbonate as a princi pal

i ngredient. while separating 2-al kenal which has been formed as a byproduct
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crossed zzaro reaction, sal enal e| Nng represente
general fQe@adtadnl.!):

6 . The process for producing a polyhydric alcohol
according to Claim 1 or 3, wherein trimethylol propane is

produced from formaldehyde and n-butylaldehyde.
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[err] wherein Ris as previously defined.

3- 22-
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The process for producing a polyhydric alcohol

according to aim1, wherein said 2-al kenal formed during the aldol

condensation reaction as a byproduct ang.represented by the general
formula (1), is separated while the morrar consunption ratio of the base

catalyst to the al |pﬁ6&%8wg&%%ﬁém&%ﬂm g{cg to 0.95.

ABSTRACT OF THE DISCLOSURE

There is disclosed a process for producing a polyhydric
alcohol which comprises subjecting formaldehyde and a
specific aliphatic aldehyde to an éldol condensation
reaction in the presence of a base catalyst, and then
subjecting the resultant reaction product to a crossed
Cannizzaro reaction, while separating 2-alkenal formed& as a
byproduct during the aldol condensation reaction prior to
the completion of the crossed Cannizzaro reaction; and also
a process for producing the same which comprises reacting
formaldehyde with a 2-alkenal which is preferably obtained
in the above aldol condensation reaction in the presence of
a base catalyst, then subjecting the resultant reaction
product and a specific aliphatic aldehyde to an aldoi
reaction, and subsequently subjecting the resultant reaction
product to a crossed Cannizzaro reaction. According to the
above process, an objective polyhydric' alcohol is .easily
efficiently obtaiﬁed in high selectivity with a minimum
excess of formaldehyde without substantially by-producing

a 2-alkenal with a low added value.
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3 A process for producing a polyhydric al cohol which conpriif@sériedcting
formal dehyde with a 2-al kenal represented by the general fornulg 6l 1):

R [err] wherein Ris a hydrogen atomor a straight-chain or br Rched

al i phati c hydrocarbon group having 1 to 4 carbon atons, in the presence of
a base catal yst conprising a carbonate ag.a principal ingredient;
thereafter subjecting the resultant reaction product and an aliphatic

al dehyde to an aldol condensation reaction in the presence of a slightly
excess anppwédwdiror mal gpellytiydaicd aalkabelcawhlight conprisiesg fegéthegat e
as a principal ingredient, said aliphatic al dehyde being represented by

t he gener afofmaldgtydd ) with a 2-alkenal represented by the general

.forniula {H):

R

’ .

CH, = C— CHO ()

wherein R is as prev'iously defined, in the presence of a
base catalyst comprising a carbonate as a - principal
ingredient, thereafter subjecting the resultant reaction
product and an aliphatic aldehyde to an aldel condensation

reaction, and subsequently subjecting the resultant reaction

product to a crossed Cannizzaro reaction.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The reaction of an aliphatic aldehyde with formaldehyde
for the purpose of producing a poiyhydric alcohol according
to the present invention is a two-stage reaét;on including
the aldol condensation reaction and the crossed Cénnizzaro

W reaction in the presence of a base catalyst comprising a
carbonate as a; principal ingredient, and said reaction is
represented by the following reaction formx.:l-ae including the

main reaction and the side reaction.

The following reaction formulae apply to a typical reaction example of the

present invention in the case where trimethylol propane (hereinafter referred to as
“TMP?) is produced from p-butylaldehyde (hereinafter referred to as “NBAL™).

TREPLACEMENT SHEET
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ferr] wherein Ris as previously defined; and subsequent IyI mﬁ m ”ﬂ
‘resul.tant ‘reaction product to a crossed Cannizzaro react cl" "m l”ﬂl” I
presence of a base catal yst conprising a carbonate as a prindipal "

I ngredient. -23 - 4. The process
for producing a polyhydric alcohol

-21 -

WHAT IS CLAIMED IS:

T . A process for producing a polyhydric alcohol which
comprises subjecting formaldehyde and an aliphatic aldehyde
to an aldel condensation reaction in the presence of a base
catalyst comprising a carbonate as a principal ingrédient,

said aliphatic aldehyde being .represented' by the general

A formula (I ):
H
R— é:— CHO (r)
b
wherein R is a hydrogen atom or a straight-chain or branched
aliphatic hydrocarbon group having 1 to 4 carbon atoms,
formaldehyde being used slightly in excess of the theoretical molar amount of said
aliphatic_aldehyde; and subsequently subjecting the resultant reaction product to a
crossed Cannizzaro reaction in the presence o
N

a principal ingredient, while separating 2-alkenal which has been formed as a byproduct
‘during said aldol condensation reaction prior to the completion of said crossed
Cannizzaro reaction, said 2-alkenal being represented by the general formula (II):

R

!
CH, = C— CHO (m)

wherein R is as previously defined.
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according to Caim a3, \/\herel kulﬂw mmﬂa{lul s
set forth in daiml.

al cohol according to d al m 3 or 4," wher i n”"sai
byproduct during the al dol condensation reacti o or to the
conpl etion of the crossed Canni zzaro _ggaction. ss for
producing a polyhydric alcohol according tof;C-a4 hgr ei n

trimethyl ol propane is produced from fornal dehfyde and n- buty al gehyde.

2 . The process for producing a polyhydric alcohol
according to Claim 1, wherein said 2-alkenal formed during
the aldol condensation reaction as a Dbyproduct and
represgntea by the general formula (II.) , 1s separated while

the molar consumption ratio of the base catalyst to the

aliphatic aldehyde is in the range of 0.50 to 0.95.

N~ 3. A process for producing a polyhydric alcohol which
comprises reacting formaldehyde with a 2-alkenal represented
' by the generél formula {(H }:

R

I

CH; = C— CHO (@)

wherein R is a hydrogen atom or a straight-chain or branched
aliphatic hydrocarbon group ha‘iing 1 to 4 carbon atoms, in
the pfésence of a base catalyst comprising a carbonate as a
principal ingredient; thereafter subjecting the iesultant
reaction product and. an aliphatic aldehyde to an aldol

condensation reaction in the presence of a slightly excess amount of formaldehyde and a

base catalyst cor_n_p;ising a_carbonate as a principal ingredient, said aliphatic aldehyde
being represented by the general formula (I):

R— C— CHO (1)

wherein R 1is as previously defined; and subsequently

subjecting the resultant reaction product to a crossed

Cannizzaro reaction jnthe presence of a base catalyst comprising a carbonate
as a principal ingredient,
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4 . The process for producing a polyhydric alcohol
according to Claim 3, wherein said 2-alkenal is formed in

the process as set forth in Claim 71.

S5 . The process for producing a polyhydric alcohol
according to Claim 3 or 4, wherein said 2-alkenal formed as
2 byproduct d&uring the aldol condensation reaction is

separated prior to the completion of the crossed Cannizzaro

reaction.

& . The process for producing a polyhydric alcohol
according to Claim 1 or 3, whérein trimethylel propane is

produced from formaldehyde and n;butylaldehyde.




