PROCESS OF PRODUCI NG DI OXANE GLYCOL BACKGROUND OF THE I NVENTION 1. Field of
the Invention 5 The present invention relates to a process of producing

2- (5-et hyl -5- hydroxymet hyl - 1, 3-di oxane- 2-yl) - 2- et hyl propane- 1- ol
(hereinafter referred to as "dioxane glycol” or "DOG'), which is .
represented by the fol ' | / QO H2C-C-CH C (I)
HO CH3 O CH \ CH2- CH 2ﬂ%%%§mapqﬂﬁéﬁrm ; %Iﬂ s produced, for
exanpl e, by a process including the acetalization of hydroxypival al dehyde
(hereinafter referred to as "HPA") represented by the following formula II.

| Hs H H2@ALeRROUNDOETME INWRNTIONTEL hyl ol propane (hereinafter referred
to as "TWMP") represented by the 15 following formula Ill: HO C 2/CH2 CH3

[C (111) 1, FRIGHT tEE2ntEhtion t he presence of an acid catal yst; and the
filtration, washi'ng and drying of DOG crystals precipitated in the reaction
produch |iquid [he fBsastlidgBhtiofirelates td & peocsiss of pfodd@iig Ry(5tedhygl-Bbr oduced by
the process of JP 62- 20 59104B is as extrenely small as 10 pm or |ess.

Ther ef or e hydnexyoeshylil, Jdiexanesdisb & methulprepane d-ol fhereinaftereferradtoag
tinme, to reduce the effigi f. the solid-lLiquid sepatation. .In addition,
since the ealeivceﬁ{% ﬁiﬁagiﬁw émnafeﬁe%eath?’otb@e%ﬁw%#r ad b gh

liquid content, a long tinme is required for drying, to

(|3H3 /O—"'_C{Ig /CH2_0H3
HQC——C—C{I /c\ (D
/ ,
HO '(|3H3 0—CH,; CH,—OH
2. Description of the Prior Art
10 DOG is produced, for example, by a process including the acetalization of

hydroxypivalaldehyde (hereinafter referred to as “HPA”) represented by the

following formula II:
CH3 H
H,C—C C/ (ID
,C—C—
/] N\

HO CH, 0

with trimethylolpropane (hereinafter referred to as “TMP”) repfesented by the

15 following formula III:
Ho—cgg' /CH2-CH3
C (IID
HO—CH; CHy;—OH
in the presence of an acid catalysf; and the filtration, washing and drying of DOG
crystals precipitated in the reaction product liquid (JP 62-59104B).
The particle size of DOG crystals produced by the .process of JP 62-
20 59104B is as extremely small as 10 pm or less. Therefore, the solid-liquid

separation after the reaction takes a long time, to reduce the efficiency of the

solid-liquid separation. In addition, since the wet cake obtained by the solid-
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reduce the efficiency of drying. DOG having a small particle size is easy to
form dust, to make the handling thereof difficult. Additionally, since DOG
having:a small particle size which has been produced by known nethods is 5
el ectrostatically charged quite easily, there is a strong possibility of
dust explosion. , However, the docunents describing known production

met hods aliguid eepdrattivnyhsi 4 digh Hhoid cddient, adoegseme ds rdpripat fararwing, e of
DOG and therefore, it has _been desired to devel op a_ process of producing
DOG havi ngedutestheceffigiency of dryingsi HOGhewnama spalbparticle sizepoeasy fo form

Eégfﬁf | Ahstito grake dt hoﬂﬁﬁiﬁasgﬁ?@?ﬁﬁﬁevﬁf Riaffeils, siits 190G ”Chn‘é‘%geogs,

al 50 t ﬁen%tﬂwﬁgﬁf‘? 3¢ blzs PRich HBER prod PR E IMARY mebldas 1870 Tav) Lol O
he f CH3 H-O- H
tC<eH ? %g"’ts%% E]%‘ige& r‘qm% éé%%gl%egﬂ?s %&°P§%r5§%§’ﬂb%°f|§%@ H OOH H3C H

CH3 trangxhR@M. Cis isomer DOG or its derivative conposed of a mixture of
the trans isomer and cis isonmer 'is not suitable as the raw material for

i ndustrial use, I-hmeemesa:hprdudummmﬂusmgnﬂgdnnowprpnﬂucﬁeﬁ methods adeced.
Therefore, DOGis required to have a hi content of 20 the trans isoner
(her ei naf cempletels silehtiaboad theiggreaseinst esmlclfpanzmof« DG, apd sherefons; ifh
purity”). However, the docunents describing known productlon nmet hods _are
conpl et el Pag |bleéﬁtde§B’GGtt°tdﬁ§91i°§d’nﬂ¥°CB%ﬁ @ftlgmgfwmd? Ofx awmgsqﬂatrgelf Pasidnsi ve

Studi g5 BN Tl SRl sizk bt DG R85als Hadub by R2Gw SUUESE: & dnovn

increased by a purification such as recrystallization. Such measure is, however,
industrially disadvantageous, because not only additional chemicals, apparatuses,

etc. are required, but also the number of steps for the production of DOG is

increased.
15 DOG has the following two isomers: trans isomer and cis isomer.
c /CHa
trans isomer ‘ cis isomer

DOG or its derivative composed of a mixture of the trans isomer and cis isomer is
not suitable as the raw material for industrial use, because products having poor
properties are produced. Therefore, DOG is required to have a high content of

20  the trans isomer (hereinafter referred to as “high trans-isocmer purity” or merely
“high purity”).

However, the documents describing known production methods are
completely silent about the isomer purity of DOG. As a result of extensive
studies by the inventors, it has been found that DOG produced by known

95 methods has a low trans-isomer purity, although mainly composed of the trans



25 methods has a low trans-isonmer purity, although mainly conposed of the
trans 2 isoner. ‘For exanple, the highest nelting point of DOGs actually
di sclosed in the working exanples of JP 62-59104B is 121.5C. However, a
purified DOG having a trans-isoner purity of 99% or nore, which is obtained
by the recrystallization fromacetone of DOG having such highest nelting

poi nt, shiawner. Forekampje,thietighéstrasiting peingoé DOGs actaadlyi disdosssbire,

pur 11 cat He Rkt exaragies st AP G50 FAB 1 benorgastoB evee & Rgiied PGy
purifica , as y ‘

di sadvant ageous, ,because not qanl dditional_chem cals ratuses, etc.
are requi ﬁgmn%%p%ssﬁomgpﬁ“ﬂg#%(g ’fa%g’f‘gﬁl 8 og#.%‘cr]‘ﬁ%t'oneof 10 DOG i s
. q - - , . st
| ncreased,, atin fdm hb8tERE LENCY h%lgg%aum hféﬁ%lsﬁn"e?ﬁﬁ& bleBhéRRal S tO

solve the. problens associa t he ventional technrques and to
provi de aplAae iRt o TZE*aCdrKighe¥s (high 15 purity DOG having a high
trans-isonmer purity, which is easy to handle in the industrial operations
because of its Adepuatibéd abevegalthoyghadhe parityadf@QGzarodnded bykabwas |ittle
danger of dust explosion. The inventors have made extensive studies in view
of obt ai neghotdecabbedncievaged by purificdtiGnimehas worysialdnzationy sncly peagusest al
particle size without using a 20 purification step. As a result, it has
been founip industriply shsgdventagep qaase MGt anly atdisigaalickemicals, particle
size can be easily produced b uent i steps af neutralizin n acid
catalyer APparatus RO eGRABIeRPRIGAT Fhpnties o) Hrdon pe Srodhiolyf pos
crystahs : reaction production liquid; cooling the reaction
produgtlt) |?)q91¢3?5%%ga§4£ar ating DOG crystals. It has been 25 further found
that DOG having a high trans-isoner purity can be easily produced by
performng the reaction in a solvent in the presence of an acid catal yst
whil e ad@UMMARNOFAHREINVIENTIONIti on and TMP (solid or solution) to the

other. The present invention is based on these findings. _ _
An object of the present invention is to solve the problems associated with

the conveﬁtional techniques and to provide a process of producing DOG (high
15 purity DOG) having a high trans-isomer purity, which is easy to handle in the
industrial operations because of its adequately large crystal particle size and
involves Httle danger of dust explosion.
The inventors have made extensive studies in view of cbtaining the above
high purity DOG having an adequately large crystal parficle size without using a
20 purification step. As a result, it has been found that the high purity DOG
having an increased crystal particle size can be easily produced by sequential
steps of neutralizing an acid catalyst after the reaction of HFA and TMP;
dissolving all or a part of DOG crystals by heating the reaction production liquid;
~ cooling the reaction product liquid; and separating DOG crystals. It has been
256 further fo;ind that DOG having a high trans-isomer purity can be easily produced
by performing the reaction in a solvent in the presence of an acid catalyst while
adding either one of HPA solution and TMP (solid or solution) to the other. The
present invention is based on these findings.
Thus, the present invention provides a process of producing a dioxane

30 glycol represented by the following formula I:
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Thus, the present invention provides a process of producing a dioxane 30
.glycol represented by the followng formula I: 3 Hs /AQ\ z Hz CH3 H2C C- CH
C (1)'3 2 H2-OH HJ CHC-HC which includes: (1) a step of allow ng

hydr oxypi val al dehyde represented by the following formula 11: CH3 / H
H2C-C-C (I1) 5 HOCH3 O to react with trinethyl ol propane represented by the
foll'owi ng fornul acHl : _éﬁZ/ 2. %—ls /I (I1l) HOCH2 CH2 OHin a solvent
in the presence 01 an ji%i d sat y%p, % hereby obtaining a reaction product
l'iquid cont:g_ig@' i oxangiglycol of the fiprmula I; 10 (2) a step of
neutrali zi ng/t he éeact\on pr,bdyct liquid;, (3) a step of heating the reaction

product |igo d af ﬁ t (@—~CH; @H 20N to 70 C or higher, thereby
conpl etely or partT¥ dissolving crystals of the dioxane glycol; and (4) a

step of cooling the reaction product liquid after the heating to 60 C or

| ower, 15vHKiBRnAREMMdas! owi ng the dissol ved di oxane glycol to recrystallize;
while regulating X represented by the followi ng fornula: X(%bywei ght) =B/ Ax
100 wher ei{h) dstep of dlbdwingieidybkypilvaladidehyszatepoesemted by tthe ifoliowhngtfommméal i n
the step 1 and B is a theoretical amunt of the dioxane glycol to be
produced flFom

CH3 H

Hy,C——C—C (an
2 \\0

/
5 HO CH,q

to react with trimethylolpropane represented by the following formula III:
HO_‘CHQ CH2"CH3 ‘

\/

C (11D
HO_Cég \CHZ—OH
in a solvent in the presence of an acid catalyst, thereby obtaining a reaction
product liquid containing the dioxane glycol of the formula I;
10 (2) a step of neutralizing the reaction product liquid;
(3) a step of heating the reaction product liquid after the neutralization to 70 °C
or higher, thereby completely or partly dissolving crystals of the dioxane glycol;
and |
(4) a step of cooling the reaction product liquid after the heating to 60 °C or lower,
15 thereby allowing the dissolved dioxane glycol to recrystallize;
while regﬁlating X represented by the following formula: -
X (% by weight) = B/A x 100
wherein A is a total weight of the reaction product liquid obtained in the step 1
and B is a theoretical amount of the dioxane glycol to be produced from
20 hydroxypivalaldehyde and trimethylolpropane which are introduced into a

reaction system,

within a range of from 3 to 35% by weight.



20 hydroxypi val al dehyde and tri nmet hyl ol propane which are introduced into a
reaction system wthin a range of from3 to 35% by weight. 4 According to
t he preesent invention, DOG having a high trans-isonmer purity which is easy
to handle is obtained. Such high purity DOGis useful as raw materials for
the production of polyner materials and chem cal products. Therefore, the
present inventi decoradng to theprésent snyantions DPGHavimg e high prapy-iseper

DESCRI PTION OF T | NVENTI | n, t.he present i nvention,., t i.gh rity DOG
i s produc@¥Hy Yhichis gapy %oﬁaﬁaleﬁl@lgb e&IPASFEh?‘h%h B}’E@%E&a&? ué%{'é@isd

catal yst. Commerci.al | vailable. T be used, as-purch o} fter
purificati*8% Wt?ﬁlgllrgifﬁ g?? Bﬁocﬁ'}‘:%fﬁ O?E(Prp)?g‘faléﬁ Flf‘g lilglr? .a%%%@'g‘ggr%%%c in the
reaction i 4 I Wa! £1; or gani ¢ sol vent
o o m e BeRPEr st A el B s B L e eous
solutign being preferred. Exanples of the organic solvent include al cohols

and ethers. The concentration of TMP in TMP solution is preferably from 10
to 99% by DETARLEDIBESPRIRTION O THE INNENTEEANI on may be HPA sol ution
prepared by the reaction of isobutylal dehyde and formal dehyde (fornmalin) or
may be a purifi éu theiptessntdnventityy, theldvghpunidy HHAGsiggivoduced by fhe rddctiont i on
fromwater. The concentration of formal dehyde in HPA is preferably. 2. 2% by
vei ght or ofdMPand HPdvie thegmesense,of aoy agid gatadyst. o Compmercighy avadahle 2. 296 by
wei ght or evented and the

oL SN OF g5 ak U6 20 QLR 00 L, LBE:CL 8ol SRy B BISUBLRS an e
s5ed 4D, UG, GRAR | TBSadSR ket e bR oS RIFATRC SOl vert
sol vent i nehuslsh fl %Ak anaRgakicBIvent bh& ORIVt dTin Hgadifsd1Pedt tnd
solution is preferably from10 to 99%y wei ght. 25 The solvent for the
reacti on ofatefAvithchnl Mprécdisvsaleiion Beinggefireed ol Beadnples of the organic
solvent inc;lude alcohols and ethers. The concentration of TMP in TMP solution
is preferably from 10 to 99% by weight. |
15 HPA to be used in the reaction may be HPA solution prepared by the
reaction of iscbutylaldehyde and formaldehyde (formalin) or may be a purified
HPA obtained by a known method such as a crystaﬂizaﬁon from water. The
concentration of formaldehyde in HPA is preferably 2.2% by weight or less and
more preferably 1% by weight or less. When being 2.2% By weight or less, the
20 formation of the cis isomer is prevented and the effect of increasing the particle
size is sufficiently obtained. HPA is used in the reaction in the form of a solution
in water, an organic solvent or a mixed solvent of an org_aﬁic solvent and water.
Examples of the organic solvent include alcohols and ethers. The concentration
of HPA in HPA solution is preferably from 10 to 99%by weight.
25 - The solvent for the reaction of HPA and TMP is water, an organic solvent
or a mixed solvent of an organic solvent and water, with water being preferred.
Examples of the organic solvent include alcohols and ethe_rs such as methanol,
ethanol, propanol, tetrahydrofuran and 1,4-dioxane.
The molar ratio, HPA/TMP, is preferably from 0.7 to 2.5, more preferably

30 from 0.9 to 1.5, and still more preferably 1 to 1.3. When being 2.5 or less, the



or a m xed solvent of an organic solvent and water, with water being
preferred. Exanples of the organic solvent include al cohols and ethers such
as net'hanol, ethanol, propanol, tetrahydrofuran and .1, 4-di oxane. The nol ar
ratio, HPA/TMP, is preferably from0.7 to 2.5, nore preferably 30 fromO.9

to 1.5, and, still, bly. 1 to 1.3. beiing 2.5. .. the 5

i de 1 eaq A FasGHAR RSB A RBEROT At Skpis Rt e Aaio af FIRIS hA | s
ted, and the ] i Al uni

Fequi red Trarerkd s SHEBRGeSts S TRR A natP Ll FRA (el TPA el

the purity,0fhe PYddREiBna¥ A CifY antdddtic? DOAN hydIak ¥ol Ectidh 8f R DC%ﬁﬁanof ichin

TMP, and 5 therefore, a substantial portion of the produced cones to

di ssol ve iDOGhae dWidel. |IDQWIs Highlyr adtibledhlaysdlativhedhhim YMR, dndf DOG, i f
TMP is used in an excessively large anount as conpared with HPA. This

pr obl efn caheleforey ai xidhdtanihalpdifanTifrhe prod deedrDOG enmé&xtmgiseslvefintthe aci d
catal yst include, but not limted to, mneral _acids 10 such_as hydrochloric

aci d, sul foether diguar tp doastieallyoredure themeld of DOGE TMBas used marc aci ds
such as benzenesyl {onic acid, toluenesul foni ¢ acid.and_ _methanesulf.qQnic
acid, wit FXRSAGH Y\ﬁ%‘iﬁecm%%t %%F%P%’E%t‘i"?g‘lrﬁ?ﬁy BFohlgm eﬂﬁ&’e éﬁ‘b‘aﬁé of
the acid cat al i{ﬁ;&/mlae gﬁed in_the reaction depends upon its kind, and is
sel ected gvghe% tr ‘Ft%‘”b“ﬂ of the reaction systemin a range
preferably 15 f idiplhids bPtitk odIRIcRtAYS ARG bkt A8 Brftd 1 mimeplthgad || more

preferably fromO. int ove range, the corrosion o

appar ahus sadH ada6/dealo}i delte sulfe@ietderd tphodpRoit QvRARd nittiithdileaidduct i ons
in the yield and trans-isoner purity of DOG are prevented. |In the present

i nvent i on orgimeicraavd nmichr asabendePaulfaiiP acal; itoluveatsklfaiic and awd sol vent) may
be all charged in a reaction vessel sinmultaneously and then the
acet al i zatmethangspliomiracidi with dydredhigric apid keiag aprtiewlasly prefersedor'fbel whil e
Sl ut on) Amuis{BeIasid EAFalvRyo b Hsan thh oA BARIROBY (B biand T
I's prefer Ellg Iséllected so as to maintain the pH of the reaction system in a range preferably .
15 from 0.1 to 3, more preferably from 0.2 to 2.5, and still more preferably from 0.3
to 2. Within the above range, the corrosion of apparatus and decrease in the .
reactivity are prevented, and the reductions in the yield and trans-isomer purity
of DOG are prevented.
In. the present invention, the raw materials (HPA, TMP, acid catalyst and
20 solvent) may be all charged in a reaction vessel simultanecusly and then the
aceta]ization is performed. Preferably, the acetalization i_s performed while
adding HPA solution to TMP (solid or solution), or adding TMP (solid or solution)
to HPA solution. For example, the acetalization of HPA with TMP is preferably
performed by any one of the following methods: B
25 (1) Method in which HPA solution is added continuously (supply with a pause of
less than 5 s) or intermittently (supply with a pause of 5 s or longer) to TMP
solution containing the acid catalyst which has been heated in advance to a
temperature around the reaction temperature (described below);

(2) Method in which HPA solution and the acid catalyst, which are kept apart

30 from each other, are simultaneously added dropwise, in either continuous or



perfornmed by any one of the follow ng nethods: 25 (1) Method in which HPA
solution is added continuously (supply with a pause of less than 5 s) or
intermttently (supply with a pause of 5 s or longer) to TMP solution
containing the acid catal yst which has been heated in advance to a
tenperature around the reaction tenperature (described below); (2) Method in
whi ch HPAistirgtittent amanneretaEMF selusiopsyhichtiastbesnchdedpd napdwancc{-ztb 4rom each
ot her, are S|nultaneouslémggded dropwi se, in_either continuous or 6

i nt er mi t t SAMPREHYER arpyn IRAGHAIIMRRTBHNGAS heen heated in advance to a

o S0l uti O VRS ?%W%&?%@?Sﬁ%f PR Cand Pl ¢80 100 WhRE R Bsbho,

o o ™! SRS el SRR S AR Bk A0k cHPUELTLL | o1

ar oundst h%r RRRGIiORnE HDOAS B HZPP@étﬂuflﬂﬂ wWHER ®dsbaeteabeRilhdyai® t8fa TMP
(solid or solution) and the acid catalyst is continuously or intermttently

added to IﬂE’:ﬁp&ﬁiﬂltrteiroui{ﬂehéwﬁtiaintehmmatt&teuaﬁdl s preferably from40 to 60
C and nore 10 preferably from50 to 60 C. The variation of tenperature
during t hd4) Methodin whiclppatixtuts of TMH (solifl e selutinn amdGhevidid catalyss iabove
range, the reactign time does not o long and DOG having a high
trans- |SOI?BP“BE}PP§19' qrdngenmitieadly a Q%B{I’gﬁitsﬁé“‘?%ct i on pressure i's not

fically |imted, triall t t h ti
o or ht s uner hedaction tefprAAtant ia Prardrabhy Bom §fp B R a@ e 07 L5700 "
her ei B b t.al

T oh0L 7 SRR 81 86,00, "8 Ykiilont i3ahE ARG SREE Uy I3
dropwi se %ﬁtgfetrhﬁl}' contrd B WRHLRYS °pr efveiah] bheOMﬁfveCl-a5gE Oth%%acuam&ne

preferably over to 12 h, and still nore preferably over 1.5 to .
W t hi n t heloab@wve beedige so m@ Had DG avigd a High tediss-ist e hupityiik ysbtainpd.oduced

in high yields wthout spending much tinme. The rate of addition or dropw se
addi ti on iAtheig thewthcbipntiressukds netl spieafielly limited, it is industrially
practical to pérfnrm the reaction under atmospheric pressure. The term “trans-
15  isomer purity” referred to herein is the proportion (% by weight) of the trans
isomer to the total weight of DOG.

In the methods 1 to 4 described above, the addition or dropwise addition
is carried out preferably over 0.5 to 24 h, more preferably over 1 to 12 h, and still
more preferably over 1.5 to 6 h. Within the above range, DOG having a high

20 trans-isomer purity is produced in high yields without spending much time. The
rate of addition or dropwise addition is determined by the selected HPA/TMP
(molar ratio) and period of time for the addition or dropwise addition. The rate
may be constant during the addition or dropwise addition or may be changed.

In the present invention, HPA, TMP, acid catalyst and solvent are

25 charged and supplied so as to regulate X represented by the following formula:

X (% by weight) = B/A x 100 '
wherein A is the total weight of the acid catalyst, HPA, TMP and the solvent
(inclusive of the solvents for HPA solution and TMP solution and the reaction

solvent) which are supplied to the reaction system, i.e., the total weight of the
30 reaction product liquid at the time of completing the reaction of HPA and TMP,



(nolar rafio) and period 'of tineg for the addition or dropw se additionr:Thev
rate nmay be constant during the addition or dropw se addition or nay be
changed. In the present invention, HPA TMP, acid catal yst and solvent are
25 charged and supplied so as to regulate X represented by the foll ow ng
formula: X (% by weight) = B/A x 100 wherein Ais the total weight of the
aci d cat akydtB idHRAhedieicahdmblat 96 DG tto be iprod wesid/frowf HPAcab whitlor HPA
solution and TMP_solution and the reaction solvent) which are supplied to

t he react ponintreduesd inte the reaction sHste®; ght of the 30 reaction product

[i id he ti f | i h i f. HPA d JT\VP, i
heor ot te sfitima e ofptaablatiom S 1h SB% be fereit mre popfarpbly frofifb B 'S °
i nt d i h t] i i . | f m3t
5004 oy e B0uby sleignd ST pike DRIl e lln 3l @10 By ERHET AR Y, 70 3 (O
r[))ggf er gbl wofia@fdnds {Ptherdnkynivatighlcr DO iﬁ%@%&&mﬁpm&bﬁqgmmwmei on of

tof

In the reaction product |1 quid when the reaction proceeds
t heor et i cabhdtiod prdcaedtidvestiadllyt hdnhe sesthodf ehé poesentiificention,ih&t ant i al
portion of produced DOG deposits as crystals, Xis nearly the same as the
concent r asubstanftiab@ertioy of preduced MR Gr deposite asprystaty, X isqmaadlyathe $mme as
conpletion of the reaction. When X is 3% by weight or_nore, the production
10 armpunt the comenieation of BQG crystalsfinithg aeactipn produst biguédiat tham bei ng
| onered. Wen being .35% by weight op less, the crystal concentration in the
reacti on CpE® nggﬂtﬁ?‘*‘@ﬁéf’% nﬁ@&%ﬁé%&b-‘é%ﬂﬁ |’é‘ﬁfe’§gPrPFP B t he
reactiQn syste t I ncrease,the trpans,i sQmer._ pur,i of .DOG 98% by
wer gntBor SAEHET oG SAHEIE R bl BREHOB G Profhc L e SRR ARt Thui 0 1 s
easy, to i B he efid GlysRaX APhtiGR TR RL k&4 tRin L he
dr opw se ?gg?:??g#é;%% lﬁ%r ngﬁt%er%asf ?zaﬁy‘g% cPﬁéé reaction pro uctn l'iquid
may be aggsodi@liRlaby if RlodBrdte for 4 dulficie® €ifdirgf 6f &l eabfibn s§sfe@n,&ch, and

still nore preferably for 1.5 to 6 h at a tenperature nearly the sane as
t he react ineretsertisr ttamscsoByr pheitpof DPHGto B8% bhweadlthwer maregge Infadditien, t he
the transfer of the reaction product liquid is easy, to enhance the production
15 efficiency.
After completion of the dropwise addition and béfore neutralization, the
reaction product liquid may be aged preferably for 0.5 to 12 h, more preferably for
1 to 8 h, and still more preferably for 1.5 to 6 h at a temperature nearly the same
as the reaction temperature. By the aging within the above range of time, the |
20 reaction proceeds sufficiently without spending much time, to increase the yield
of DOG. »
After completion of the DOG synthesis reaction, the reaction product
liquid is neutralized. Examples of the alkali for the neutralization include, but
not limited to, metal hydroxides such as sodium hydro:dde. potassium hydroxide
25 and calcium hydroxide, and carbonates such as sodium carbonate, sodium |
hydrogencarbonate and potassium carbonate. The pH of the reaction product
liquid after neutralization is preferably from 4 to 11, mqré preferably from 5 to 10,
and still more preferably from 6 to 9. When the pH is 4 or more, a high yield
and purity of DOG are obtained because the decomposition of DOG is prevented

30 in the next heat treatment, and the particle size is increased to a range

8



20 reaction proceeds sufficiently w thout spending nuch tine, to increase
the yield of DOG After conpletion of the DOG synthesis reaction, the
reaction product liquid is neutralized. Exanples of the alkali for the
neutralization include, but not |limted to, netal hydroxides such as sodi um

hydr oxi de, potassi um hydroxi de 25 and cal ci um hydroxide, and carbopgates such
as sodi umpzalesablat o tas?Rff um. morersgiarabbbethin 20 HE po E‘ﬁ:lfﬁ’i‘% 1 854e8%. The

P 11, " nothE Bids @RsRPg S5 Prowenlly (et She AEHHER-RABR S Bxphe Bl 80 V' [ 07
Wen the méh’garmé fOP0R n%@%ﬂéfi@pﬁ?&a[-}gfégﬂal% tROPe A¢torP bt ai ned

because the deconposition IS prevente O in the next heat

treat nent to@pdrdtiee BR1éWEY, @ndi 6rd Srefrabbrseth B0 ta50209e 8 preferably 15 to
200 m nore preferably 20 to 200 m Wen being 11 or |less, the side

reactidn i s prewierdhe reutcdiattion)the reddtivatproductsliguadt is dveated td he
tenperature for the neutralization is preferably equal to the reaction

t enper at upeeferable\i#l °C andighrremore prefapably fram88ctot BT, @ndsstild mgret he |
neutralization, the reactio oduct liquid.is heated .to referahly 70 C or
hi gher, md¥ eﬁ@@ﬁ%@mﬂﬁ Ho %0 @508 W%‘%argtww eede!&séﬁe@r‘iﬁﬁ from 90
to 105 C so _as,to allqew all, or rt _of the depositged cr als to

di ssol ve. a]rsattoeﬁﬁ‘fociYPé‘np’t]P%f% edq’%F?@eﬂmﬁF&SgrlﬁlﬁrﬁﬁF?%? q{itt(io C/ mn.
The heati d zont refer apl. ' rati ioi?5PD
crystals ?lgrrac?lrﬂqfrilg ‘rll‘g? %%nggglgggmlﬁéug@é&%fgg%@. gﬁﬁgﬁg 5@%&%%?on r‘g(%hes

15% by Wel-gfthlsferhSnsng 4681158601 tRE P04 tidH hrdd udt SoltenGeehed F% LS
di ssolved. 1f the heating is stopped before t'he concentration of DOG

crystal s medAghesr 16580 yd muee phefediblyanstil AIhDOG kenitakfarertisededdig If ke
particle size is not sufficient. The tinme for heating-is not specifically
limted. heatibgds stappedrbefory thecconcastrhtivh of DG arystals xeaches 16% YOG
crystals, the reactign produgt solution is c¢cqoled preferaply under stirring
to al | ow B8BRHOr f‘;éﬁ'r teﬁqcFE ncrppsiag the Pﬁﬁmﬁﬁtsézee‘ﬁ&"é§ 1Bmt-t nehe

ci rcunt er %{]ntné Ar ﬁé)aem%jg 109.f not specifically limited. _

15 After confirming the dissolution of a part or all of DOG crystals, the

reaction product solution is cooled preferably under stirring to allow DOG to
- recrystallize. The stirring rate expressed by the circumférential speed of

stirring biade tip is preferably 0.5 m/s or more and more pfeferably 0.7 m/s ox
more. In an industrial operation of the present invention using a 100-L or

20 larger reaction vessel, the circumferential speéd 1s still mﬁre preferably 1 m/s or
more to eﬁsure a sufficient stirring. When the circumfereﬁtial speed is 0.5 m/s
or more, DOG crystals formed by cooling are prevented frpm being excessively
ageregated, to facilitate the operation of solid-liquid separation and enable the
production of a high purity DOG with a small liquid confent. An excessively

25 high circumferential speed is not required, and a circumferential speed up to the
level whiqh can be achieved in the practical industrial operation, for example,
about 15 m/s, is sufficient for the purpose. Since the viscosity of the reaction
product liquid is not extremely high, the shape and number of the stirring blades
are not specifically limited. The recommended diameter of the stirring blade is

30 5% or more of the inner diameter of reaction vessel. The shape of reaction vessel



stirring blade tip is preferably 0.5 m's or nore and nore preferably 0.7 n's
or nore. In an industrial operation of the present invention using a 100-L
or 20-larger reaction vessel, the circunferential speed is still nore
preferably 1 mis or nore to ensure a sufficient stirring. Wen the
circunferential speed is 0.5 mls or nore, DOG crystals fornmed by cooling
are prevens adsd nonspeeifimllydimitedy ahd it Bggregateadedtto Wsaa@ génexrnbbaffle plate,
operation of solid-liquid separation and enable the production of a high
purity DOGtethereb¥imenrhanceihe stgmingeificincExcessivel y 25 high

fLCSI’:‘&ﬁ{ h can e%%ﬁéé@%ﬁfw#%ﬂi’éhﬁﬂyfeﬁ?gg‘%‘tﬁhé%é@ PRI apfRbyE, © "
of the et toapdofiwiofe BiptshfliFiten 25 b R ARER BORGHEREHRERE Y,

of thegstifqdi ad ; Ef RTea|
di anmet gr o(“'édqh;m g?i r?lﬁﬁé@ @%&gﬂ%&%&&%&%%ﬂ@oﬁf a%h‘ée | r%?ﬁ mrretggogf

reacti on Vgweelto ihbrashabe yifld o€ DG ONWIRESEding R0 <C 8¢ Biphee! a hegepifitgal |y
limted, and it is recormmended to use a generaF baffle plate, etc. thereby
t o enhanceDOkeisgiriodncedywitHoutineeding 4 kpeafioequipmeerper dther@oling rabeis |
recrystallization of DOGis preferabl from60 to 20 'C, nore_preferably
from 45 t reéerablyaframs@ilito b mpnef é‘iremlgaeffmomolmga@ nod lizgiter] agihar as the
recrystallization is perfected when the tenperature is 60 C or lower, to

i ncrease tUgErYAtailigagonpecy dpeing 20 C or higher,.a high purity DOGis

br of ondbl y 1 omROR CaoE erherpacaiid B RERR oachR exgte Mot @b ibapion, ¢ o
The react 1B aratiien P, 0 AR ropka SH L BOR, B el A o A cor

t he separ ahbtHeri lijudrDOOEF byt allsare MdnkRAly Wathed whtlid @blveRPef Chey/sd@bs are
generally washed with a solvent of the sane kind as used in the reaction.
The separ dtiad d3Q3edripsthelreaetien dr The styardite e DXOG besattalsgrei drikd by diteetit-i ng or
vacuum drying to obtain the final product. 15 The present invention wll be
descri bed heating, éndizecti heatigmer eacuuym drying to obtain the final product.

15 The present invention will be described in more detail. However, it

should be noted that the scope of the present invention is not limited thereto.
The measurements were conducted by the following methods.
(1) Analysis of HPA by gas chromatography (GC)
An acetone solution of crude HPA was analyzed using a capillary column
20 (product equivalent to “DB-1" of Agilent Technologies Inc.).
| (2) Trans-isomer purity of DOG
An acetone solution of DOG was analyzed using a capillary column
(product equivalent to “DB-1” of Agilent Technologies Inc.). The trans-isomer
purity was calculated from the peak areas.of the gas chromatogram..
25 (3) Particle size of DOG
Measured using a particle size distribution analyzer “HELOS KFS”
manufactured by SYMPATEC Inc.
EXAMPLE 1
Into a mixture of 601 parts by weight of isobutylaldehyde (IBD) and 657

30 parts by weight of 37% by weight formalin, 33 parts by weight of triethylamine
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shoul d be noted that the scope of the present invention is not limted
thereto. The nmeasurenents were conducted by the follow ng nethods. (1)
Anal ysi s of HPAby gas chromat ography (GC) An acetone sol ution of crude HPA
was anal yzed using a capillary col um 20 (product equi valent to "DB-1" of

Agilent T | ogi es, | c.). (2) urity of DOG An acetone

sol uti on. gfﬁ%%%‘fda‘ﬁ{; |aﬁd‘% qH’ EBndem? sirsagy e RItEREeny al ent
to "DB-1 |Ien oI |.es oner urj

cal cul ate rtA%mlIfeﬁg pea §F ggc%?n Pﬁﬁi"?rea E‘%ﬂgﬁa agtj'él d%?%\ﬁgfe si ze
of DOG Meagsi par FS"

manuf act ur edé‘L @Wﬁ‘% I r%ﬂec%%é@t%? g&ﬁdﬁ%@?éﬁﬁ&?fﬁ?g?%&(by

wei ght of gnswj_)alfwi gbdghiy deTHd ﬁla}:tiaﬁdvmqm fR¢dntite ¥EHQPE foF 53, Bxd

wei ght formalin, 33 parts by weight of triethylamne 10 (TEA) was added
over 55 mthen stpp@dvbyt éxtetnalrdoolingtd €0 °€. s (Thwalowoboitingrcoggonenttheich as
tenperature of the reactlon | iquid reached 65 C at the tine the addition of

TEA was caoopreeastid Hhl andBEAznd metkand matearemoved dyedisullatiod atdfcieed - 90

C after 30 nm.n he reaction was allowed to continue at 90 C for 5 mn, and

5 then st dPp&duBgerys ﬁaFO e'a@m&éf?ﬁaas'@‘:tywmn \ﬂlllgaEF%Qr%ﬁS@ﬁE}ﬁ%n such

60
?il 70°C s R Cridh HEA. TTovasfalf b dERBRESIA %ﬁ'tﬁé'm@#@}bﬁbﬁt
crude riaTRGREREIUEES RS HDA o du ﬁ&%ﬂ%ﬂﬁﬂf LR G s e
wei ghygof glégshbylRe h@%mxoy@ﬂtghglyem RAPR DY wdight Mpmonoae&@rm ket of

nononeopentyl glyco hydrioxypi val ate, and 28.5% by wei ght o vvater Af ter
m xi ng 11%ydpexytpivabateyeirghs .o bheeidicwe weatedle HPA with 3825 parts by

wei ght of water, 916 parts by weight of TMP and 100 parts by wei ght of
After mixing 1191 parts by weight of the above erude HPA with 3825
parts by weight of water, 916 parts by weight of TMP and 100 parts by weight of
concentrated hydrochloric acid, the reaction was allowed to proceed at 60 °C for 5
15 h. After the reaction, the reaction product liquid was cooled to 40 °C and
neutralized with an aqueous 25% sodium hydroxide to pH 7. After the
neutralization, the reaction product liguid was beated to 100°C, where all of DOG
crystals were found to be dissolved. Then, the reactioﬁ product liquid was cooled
to 50 °C with stirring for one hour while increasing the circumferential speed of a
20 paddle stirring blade up to 1.3 m/s, to recrystallize the dissolved DOG. The
reaction p’i‘oduct liquid was centrifugally separated, and the separated DOG
crystals were washed with 1520 parts by weight of water and then the water was
sufficiently removed, to obtain 1406 parts by weight of wet DOG crystals. By
vacuum-dfying the wet DOG crystals, 1237 parts by weight of dried DOG was |
25 obtained. X was 21% by weight and the yield of DOG on the basis of the charged
TMP was 83 mol %. The water content of the wet DO_G crystals before drying
was 12% (wet basis) and the average particle size of DOG obtained was 25 pm. |
The melting point of DOG obtained was 124.5 °C and the trans-isomer purity
determined by GC analysis was 98.56%. '
30 COMPARATIVE EXAMPLE 1
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concentrated hydrochloric acid, the reaction was allowed to proceed at 60 C
for 5 15 h. After the reaction, the reaction product liquid was cooled to
40 C and neutralized with an aqueous 25% sodi um hydroxide to pH 7. After the
neutralization, the reaction product liquid was heated to 100C, where all of
DOG crystals were found to be dissolved. Then, the reaction product |iquid
was cool ed to Shemmgeeduresiof Bxaaplerl waee reneatethexeept fon ceariduegalize

B B Rl Bl
Cons V95 RSP Bk By RB BT DI SRS ORI
to obtain %@ﬁo@&%@gggb V@%yﬂ%}ﬂg_ﬁ?%e%ét%é@cry@ﬁlsng ¥ing the

wet DOG crystals, ar of dried DOG'was 25 obtained. X was

21% by sweivgighaofldiibeé DOE waobhfaedn X end 2Bk byoieihe agHaheateld OGS 83

nmol % The water content of the wet DOG crystals before drying was 12% (wet
basi s) andnt the bass efythepararigedl SMPzea 2083 poOG%bt Hhe sttemeo@®dnpof thefwet nel ti ng
poi nt of DOG obtained was 124.5 C and the trans-isonmer purity determ ned by

GC anal ysiROGerystlskefaze devivearas Bk wetmasts) poditheravepagrpartide size afxanpl e
1 qui 4 wi CHOU Oreitadyandin. | Moo BaRIE PoiR PRI CoRIBed kLA SA86Us. 25%
o0 um 195 e h LD, 4808 B Dl L O OLe gL DO CYLETS B
obL 16 COMPAHYY weagbLens {he vield of D65 on (he beels of ihe
012115 18 255 kst s it beph 0 popun o e
t rans- i soranoymit oft watbetfesr 382G dart{y aveiglyistosd6bpait Yy veighOMBARASNVEB82
EXAMPLE 2 The procedures of Exanple 1 were repeated except for changing the
parts by weight of wet DOG crystals. By vacuum-drying the wet DOG crystals,
1280 parts by weight of dried DOG was cbtained. X was 40% by weight and thé
15  yield of DOG on the basis of the charged TMP was 85 mol %. The water content
of the wet DOG crystals before drying was 32% (wet basis) and the average
particle size of DOG obtained was 8 pm. The melting point of DOG obtained
was 122.0 °C and the trans-isomer purity determined by GC analysis was 92%.
EXAMPLE 2
20 Afeaction vessel was charged with 3825 parts by v?eight of water, 916
parts by weight of TMP and 100 parts by weight of concentrated hydrochloric,
and the mixture was heated to 60 °C. Into the reaction véssel, 1191 parts by
weight of the crude HPA obtained in the same manner as in Example 1 was
added over 3h. After the dropwise addition, the reaction product liquid was
25 aged for 2 11 while maintaining the temperature at 60 °C t-o complete the reaction.
Then, the neutralization, heating, cooling under stirring, and separation were
performed in the same manner as in Example 1, to obtain 1406 parts by weight of
wet DOG crystals. By vacuum-drying the wet DOG crystals, 1267 parts by
weight of dried DOG was obtained. X was 21% by weight and the yield of DOG

30 on the basis of the charged TMP was 85 mol %. The water content of the wet
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anount of water from 3825 part's by weight to 961 parts by weight, to obtain
1882 parts by weight of wet DOG crystals. By vacuumdrying the wet DOG
crystals, 1280 parts by weight of dried DOG was obtai ned. X was 40% by
wei ght and the 15 yield of DOG on the basis of the charged TMP was 85 nmol %
The water _content” of the wet DOG crystals before drying was 32% (wet  basis)
and the al§}QAgeystplyhaforecdsiing wats 0% (Wbt hasisband theaperage patialel siveaf poi nt

f DOG obt i . 122 C the.t z i i1y det ] by .GC
anal ysi o RAASGbspined b LR 20 e RELRR GRIR/AE L0 Ogheeiha Besl Lo o C;858

ts b i ght _of t . t ' . d 100 ts b
el gnt of S ABRCPatEn SRy S8 BRsT WG B 8 feacd to 6b ¢
Into the gpgagiipi yessel, 1191 parts by weight of the crude HPA obtained in

the sane manner as in Exanple 1 was added over 3 h. After the dropw se
addi tipn, the raachétdeh PésdlGlaslchavgdl with $F6 paiad biyGkeighb oMM P aiEli 3825 ni ng
the tenperature at 60 Cto conplete the reaction. Then, the neutralization,
heati ng, paisibygweightof stdter, iang, thendixtepawasiheatedtet0 pEr f tntodtthe reattien sane
manner as. in Exanple 1, to obtain 1406 parts by weight of wet DOG

cryst al s. vesselad@dmants by geiglt qféﬂae[o@@iegw abtainad gythmsane manygy ahin of

O o R 0o S o S NSt oo St 15
B T T N I N T e
e 48O B LR DU BB 1180 s AN ° 0

by wei ght r&ctidt €rThed)ghé h@ufﬂaﬁ%ﬂfien}’\ﬁéaﬁﬁ%tcﬁéiliﬁeuﬁﬁeﬁsﬁi-ﬁh | 4m reaction
vessel, 1191 parts by weight of the crude HPA obtained in the sane manner as
I n  Exanpbkeparatiot wéx: pafdrendil invihegdtme maorerarst indleaimpledl dohboainc1 444 d wer e
added respectively over 3 _h. After the dropw se_addition, the reaction
product | partisdy weight of wet DOG crystals. By vacuum-drying the wet DOG crystals,

1240 parts by weight of dried DOG was obtained. X was 20% by weight and the

15 yield of DOG on the basis of the charged TMP was 84 mol %. The water content
of the wet DOG crystals before drying was 14% (wet basis) and the average
particle size of DOG obtained was 23 pm. The melting point of DOG obtained
was 125.3 °C and the trans-isomer purity determined by GC analysis was 83.4%.
EXAMPLE4

20 A reaction vessel was charged with 1191 parts by weight of the crude HPA
obfained in the same manner as in Example 1 and 3325 parts by weight of water,
and the mixture was heated to 60 °C. Into the reaction vessel, an aqueous
solution containing 916 parts by weight of TMP and 500 parts by weight of water
and 100 parts by weight of concentrated hydrochloric acid were added

25 respectively over 3h. After the dropwise addition, the reaction product liquid
was aged for 2 h while maintaining the temperature at 60 °C to complete the
reaction. Then, the neutralization, heating, cooling under stirring, and
separation were performed in the same manner as in Example 1, to obtain 1443
parts by weight of wet DOG erystals. By vacuum-drying the wet DOG crystals,

30 1255 parts by weight of dried DOG was obtained. X was 21% by weight and the
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10 was aged for 2 h while nmaintaining the tenperature at 60 C to conplete
the reaction. Then, the neutralization, heating, cooling under stirring,
and .separation were perfornmed in the sane manner as in Exanple 1, to obtain
1442 parts by weight of wet DOG crystals. By vacuumdrying the wet DOG

crystals, ‘1240£rts by wei ght of dried DOG was_ obtained., X was 20% b

vei ght andieldef DOGion dedrasioef e shazeed TMP sras(§homoh i-gcthermatepeondanty| o
The wat er nt en th t cr.ystal fore dryw n s 14% (wet basi s)
and the a(?éﬁ}fg eE-Pﬁéicﬁyga@%f%‘?dﬁéﬁ&‘ﬁsz]rs%&wﬁgga y%ﬁ?%@"% i ng’ poi nt
of DOG obt gi. . : t.r.ansmi : |4 ' y GC
anal ysi s v%\’gisﬁggsh%;f& m@%ggg%rﬂggt i gkaves?%%vgﬁgggﬁegb%ﬁ%ﬁglwl
parts by yeisofts 96CtHR HUGanERdmad) @&lifedetePmiiéd RO ARARRYS #8si09. Jzyanpl e
1 and 3325 parts by weight of water,”  and the m xture was heated to 60 6C.
Into the EIAMPIE Bessel, an aqueous solution containing 916 parts by

wei ght of TMP and 500 parts by weight of water and 100 parts by wei ght of
concentrat ed hyAmeattion vessel whswiraegedivith BT parte byiwaight of the Gude BPAer

t he dropw se addition, the reaction E‘.E;OdUCt liquid was aged for 2 h while
mai nt ai ni ABtained ie the famgrmannenes  Exampipiland 3305 paxds byiweightrpewateme

Der %?Lie;%%h"tﬁhé‘é%ﬁ%e” 2 Hoated th s‘i@%é;gﬁ%%is??Sac%%?g?%%ﬁ?é@té%%£§r by

i : . i . , 30 1255
e o oy bt R S0 bRy YRGB AR dnly 1B0B DbV Wi & >, 3D 1223
yi el dj@f PXeetrdtR8 ﬂ%g ggcta%&@fég%%g;@}%l 482 ove} iagfg- ThgeMBfLr content

of the wet. DOG crystals before dryin s 13% (wet basi and the average
particl e Frgpwizk JdARiON! HeNRdcHas p%’dtmt\h'c?'[ﬂ@ wiil dded o @ ivhelle AIataftiagned

was 125.2 C and the trans-isonmer purity determ ned by GC anal ysis was 99. 3%
5 EXANPLEthe fempeitiion at 66 $€l tovaasnbter thedreactitn.l 1Thepaitesndntraledagivtn, of t he
crude HPA obtained in the sane manner as in Exanple 1 and 3325 parts by
wei ght of beatiag, cooling under stirring, and separation were performed in the same
manner as in Example 1, to obtain 1448 parts by weight of wet DOG crystals.
15 By vacuum-drying the wet DOG erystals, 1260 parts by weight of dried DOG was
obtained. X was 21% by weight and the yield of DOG on. the basis of the charged
TMP was 85 mol %. The water content of the wet DOG crystals before drying
was 13% (wet basis) and the average particle size of DOG obtained was 24 pm.
The melting point of DOG obtained was 125.4 °C and the trans-isomer purity
20 determined by GC analysis was 99.5%. |
The high purity DOG produced by the process of the present invention is
a polyhydric alcchol having a cyclic acetal structure, and is useful as an
intermediate or a monomer for the production of polymérid materials such as
poly(meth)acrylate, polycarbonate, polyester, polyurethane, polyether polyol and
256  an epoxy resin, and also useful as a raw material for the production of a photo-

curable resin, an adhesive, a phato-curable ink, a plasticizer, a resin stabilizer, a

lubricant oil, a paint, etc.
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and the m xture was heated"to ™60 T. Into the reaction vessel, 916 parts by
wei ght of TMP, 500 parts by wei ght of water and 100 parts by wei ght of 10
concentrated hydrochloric acid were respectively added over 3 h. After the
dropwi se addition, the reaction product liquid was aged for 2 h while

mai ntai nin he tenperature at 60 Cto conplete the reaction. Then, the
neutraliz E%ollng under stlrrlng and’ separatlon wer e
performed in th

g{ s mE@ﬂ i. oobtalné&;@‘eﬁhts by
wei ght of wet W%ﬁ%" PFB & Fi5g! Tenresnte aVine 1260
parts by %&‘,9 naff dri ed DOG was obta| ned X was 21% by wei ght and the

0

yi el d of he basis of the charged TMP was 85 nol % The water
content of the we }_POG crystals before drying was 13% (wet basis) and the
aver age particle% de —Dtﬁl O#f} was 24 pm The nelting point of DOG
obt ai ned was 125 dth rans-i sonmer purity 20 determ ned by GC

anal ysi s waH269: hi gh urity DOG proddBed by the process of the
present | nyeAt i on |s polré ric alcohol having a cyclic acetal structure,
and i s usédfd as @H, i Rert 5EoPHE nononer for the production of

polymeric materials such as poly(meth)acrylaté, polycarbonate, polyester,
pol yur et hane, . pol yet her pol yol and 25 an epoxy resin, and al so useful as a
raw na?erl“%hlcbﬁPmlpﬁkseﬁ‘r oductl on of a photo- curable resin, an adhesive,

paint, ot o0 4 st ot B e R Al ks TR osnte] my e ﬁ%f@%agﬁizaw@i@ ycol

representg_i_< bythefollovmng forrrula l: H3 / -QH2/CH2 CH3 H2C-C-CH C (1)
2

HO CH3 C CH2 OH 5 which conprises: (1) a step of allow ng
hydr oxypi val al dehéf_jle represented by the follow ng fornmula
3
H,C—C C/ (ID
,O—C—
/N
HO  ¢H,

to react with trimethylolpropane represented by the following formula III:
HO—CH, CH,-CH,

\/

C (11D
10 HO—Céz \CHz—OH
in a solvent in the presence of an acid catalyst, thereby obtlaining a reaction
product liquid containing the dioxane glycol of the formula I
(2) a step of neutralizing the reaction product liquid;
(3) a step of heating the reaction product liquid after the neutrahzatmn to 70 °C
15 or higher, thereby completely or partly dissolving crystals of the dioxane glycol;
and ' ' _
(4) a step éf cooling the reaction product liquid after the heating to 60 °C or lower,
thereby allowing the dissolved dioxane glycol to recrystallize;
while regulating X represented by the following formula:
20 X (% by weight) = B/A x 100
wherein A is a total weight of the reaction product liquid obtained in the step 1

and B is a theoretical amount of the dioxane glycol to be ﬁ:oduced from
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[1:.CH3 / H2G-C-C (Il1) HO CH3 0 to react with trinethyl ol propane
represented by the followwng formula Il1l: HOCH2/CH2 CH3 /Q (Ill) W
HO CH2 CH2 CH in.a solvent in the presence of an acid catal yst, thereby
obtaining a reaction product liquid containing the dioxane glycol of the
formula I; (2) a_stgﬂ’@of neutrali zi n? the reaction product liquid;, (3) a
step of hbudroxypivelaldedyedr grddraeibylolpgpanerhich angdnirodueed 18t8t8 on to 70 C
15 or higher,. thereby conmpletely or partly dissolving crystals of the

di oxane gf%&o?syéﬁﬂjv‘(@ a step of cooling the reaction product liquid after
t he heati .0 6 (o) o - Akl owi ng the dissol ved di oxane gl ycol
to recrystahalgzae{;)an%ﬁ feﬂ'ér)ﬂégj oa:?é%g)ry %llgg‘#'esent ed by the follow ng fornul a:
20 X (% by wei gt ) THe Brécess heehrahes & flafini 1S wherbirPtheNRia@tibn Prodhict lig@at i on
product liquid obtainéd in the step 1 and Bis a theoretical anount of the
di oxar® gigkedtetl @olB® torOHRGth theostepB.hydr oxypi val al dehyde and

tri met hyl ol propane which are introduced into a reaction system wthin a
range of from 33t oTheurbsesamicgirdingto dlan g, sdeseiratheomystajs obHthd diopane
wherein the reaction product liquid 5 is heated to 80 to 105 Cin the step
3. 3. Theebiceksompletalnidigsolvedandhmster gherein the crystals of the di oxane
glycol i's conpl Et eJI‘ﬁe%lr(S)csegls\é%gorld?ngt eClg.E]]el ,%frherein the reaction product liquid

is cooled under stirring at a stirring rate of 0.5 m/s or more when expressed by a

10 circumferential speed of a stirring blade tip in the step 4.

5. The process according to claim 1, wherein the reaction of
hydroxypivalaldehyde and trimethylolpropane in the step 1 is performed by
adding one of a solution of hydroxypivalaldehyde and a solid or solution of
trimethylolpropane to the other over 0.5 h or more. 7 _

15 6. The process according to claim 5, wherein the solution of
hydroxypivalaldehyde is added to the solution of trimethylolpropane containing
the acid catalyst.

7. The process according to claim 5, wherein the solution of
hydroxypivalaldehyde and the acid catalyst, which are kept apart from each

20 other, are simultaneously added to the solution of trimethylolpropane.

| 8. The process according to claim 5, wherein the solid or solution of
trimethylolpropane and the acid catalyst, which are kept apart from each other,
are simultaneously added to the solution of hydroxypivalaldehyde.

9. The process according to claim 5, wherein a mixture of the solid or

25  solution of trimethylolpropane and the acid catalyst is added to the solution of
hydroxypivalaldehyde.

10. The process according to claim 5, wherein the addition is performed
over 0.5 to 24 h.

11. The process according to claim 1, wherein the reaction of

30 hydroxypivalaldehyde and trimethylolpropane in the step 1 is performed at 40 to
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4. The process according to claim1, wherein the reaction product liquid is
- cool ed under stirring at a stirring rate of 0.5 nis or nore when expressed
by a 10 circunferential speed of a stirring blade tip in the step 4. 5. The
process according to claim1l1l, wherein the reaction of hydroxypival al dehyde
and trimethyl ol propane in the step 1 is performed by - adding one of a

sol ution &f ﬁ&droxyplvalaldehyde and a solid or solution of
trimethyl ol propane to the other over 0.5 h or nore. 15 6. The process
according to claim5, wherein the solution of hydroxypival al dehyde i s added
to the solution of trinethylol propane containing the acid catalyst. 7. The
process according to claim5, wherein the solution of hydroxypival al dehyde
and the acid catal yst, which are kept apart fromeach 20 other, are .

si mul t aneously added to the solution of trinethylol propane. 8. The process
according to claim5, wherein the solid or solution of trinethylol propane
and the acid catal yst, which are kept apart fromeach other, are

si mul t aneously added to the sol ution of hydroxypival al dehyde. 9. The process
according to claim5, wherein a mxture of the solid or 25 solution of
trimet hyl ol propane and the acid catalyst is added to the sol ution of

hydr oxypi val al dehyde. 10. The. process according to claim5, wherein the
addition is performed over 0.5 to 24 h. 11. The process according to claim
1, wherein the reaction of 30 hydroxypi val al dehyde and tri net hyl ol propane in
the step 1 is perforned at 40 to 16 60 C. 17
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