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-ethyl -5- hydroxynethyl - 1, 3-di oxane-2-yl)-2-net hyl propane- 1- ol '
(hereinafter referred ppoeEss OFPRODIUCIIG DIOGRANKENYCOM ch is
represented by the following formula l: HB /OQ 2/CH2 CH3 H2C-C-CH C (1)
HO CH3 O CH \CH2-COH 2. Description of the Prior Art 10 DOG i s produced, for
exanpl e, by a process including the acetalization of hydroxypival al dehyde
(her ei naf t%%CK&@FMtQFEmNgWE EdNesented by the following formula I1.
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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:
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with trimethylolpropane (hereinafter referred to as “TMP") représented by the

15 following formula III:
Ho—cgz' /CH2-CH3 |
C (IID)
HO—CH; CHy;—OH
in the presence of an acid catalyst; 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-



reduce the efficiency of drying. DOG having a small particle size is easy to
form dust, to nmake the handling thereof difficult. Additionally, since DOG
havi ng a snall particle size which has been produced by known nethods is 5
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studies by the inventors, it has been found that DOG .produced by known
increased by a purification such as recrystallization. Such measure is, however,
industrially disadvantageous, becaﬁse not only additionél chemicals, apparatusés,

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.
H,C 3
Hy
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, beca_use 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-ispmér 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

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



25 met hods has a | ow trans-isomer 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
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di sadvant ageous, because not only additional chen cal's, apparatuses, etc.
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been foundpphsdtubbs dié.GlreRefiirkd D6%E Hlak ithe nataber G @asiRMos tNS badd wtdidnl of €

size can be easily produced by sequential steps of neutralizing an acid
cat al ¥8t #IQ@risidmrensatti on of HPA 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 25 further found

t hat DOG i | I o purity can be easily produced by
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the conventional techniques and to provide a process of producing DOG (high

15 purity DOQG) 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 ﬁttle 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 HPA and TMP;
dissolving all or a part of DOG crystals by heating the reaction production liquid;
cooling the reaction product iquid; and separating DOG crystals. It has been

25 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 injrention is based on these findings.

Thus, the present invention provides a process of producing a dioxane

30 glycol represented by the following formula I:

3



‘Thus, the present invention provides a process of producing a dioxane 30
gl ycol represented by the followwng formula I: 3 Hs /AQA z QHz CH3 H2C-C-CH
C (1) 32 HR-OH HO 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 (I'l) 5 k%)*@ﬁ/ﬂ—t—@ﬁg}}ﬂz—m{ah trimet hyl ol propane represented by the
followng formulallll: HOéH/CHZ-CHs /I (11l1) HOCH2 CH2 OHin a solvent
in the presHa€ —arCHci d c& al yst, thereby(DBbtaining a reaction product

| i qui d contal ni ng the\di oxane gl ycol of the fornmula |I; 10 (2) a step of
neutraliziIﬂQ t he CH@CtiQW‘&Igm 2 id; (3) a step of heating the reaction
product liquid after the neutralization to 70 C or higher, thereby
conpletely or partly dissolving crystals of the dioxane glycol; and (4) a
step of ¢ dnelmdes’eacti on product liquid after the heating to 60 C or

| ower, 1 her eb | ow he dis ed, di oxane C recrystallize;
whi e’ r eodthe SHP SF Aleyriedhdspg v aRod B e ARP e T She ORI
100 whereifp Ais a total weight of the reaction product |iquid obtained in

the step and B is a theoretical anmount of the di oxane glycol to be
produced from
CH; g
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‘to react with trimethylolpropane represented by the following formula ITI:
HO—CH, CH,-CHj, '

\/

C. (111
HO—Cﬁz \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 reéction 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 regﬂating 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 froﬁn
20 hydroxypivalaldehyde and trimethylolpropane which are introduced into a
reaction system, '

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



20 hydroxypivalakdehyde and trimethyl ol propane which are introduced into a
reaction system wthin a range of from3 to 35% by weight. 4 According to
the present invention, DOG having a high trans-isoner purity which is easy

to handl e is obtained. i S Bﬁ% ]#ﬁ,% . cerials for
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catalyst. Commercially available TMP may be used as-purchased or after
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reaction in the formof a solid or a solution in water, an organi c sol vent
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fromwater. T concentration o HPA i s preterably 2.2% by

wei ght or TMPsmaphe usedspielchhadd ¥r AfePyurEicatibn ®y disGBativhen being 2. 2% by
wei ght or less, the 20 formation of the cis isoner is prevented and the
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is preferably from 10 to 99% by weight.

o

15 HPA to be used in the reaction may be HPA solution prepared by the
reaction of isobutylaldehyde and formaldehyde (formalin) or may be a purified
HPA obtained by a known method such as a crysta]]izaﬁon‘ 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 ethers 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 sol vent of an organic sol vent and water, with water bei ng :
preferred. Exanples of the organic solvent include alcohols and ethers such

as nethanol, ethanol, propanol, tetrahydrofuran and 1,4-di oxane. The nol ar
ratio, HPAlJMRactidnRiehelsaltlcmiposifidd of dxleds EPAMIEdHiSFieafioh ¥f HFA #sr om 0. 9
to 1.5, and still nore preferably 1 to 1.3. Wien being 2.5 or less, the 5
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such as benzenesul fonic acid, toluenesul fonic acid and nethanesulfonic

acid, w twheHRATMP ¢s 0Giak Meralg particularly preferred. The anount of
the acid catalyst to be used in the reaction depends upon its kind, and is
sel ected so as Hxamuilas af the heidghtadyst insludea bt ant byitesdhtd, minerahapds

preferably 15 from 0.1 to 3, nore preferably from 0.2 t0.2,5, .and still nore
pr ef er8pl pueh gsmhydzochlgrip acig, tsmfhlr{cr?ecniugwphaﬁg acid %5 eawo%qlwlaf

appar atus and .decrease.in the reacti.vity are prevent.ed,.and,the reductions
in the vyi é’lrﬁa%'ﬁc?cf‘fsa%h %ﬁ‘é‘?zeﬁ'ﬁ?@?‘gpm@f:y%%ﬁuﬁﬁgs %‘éﬂf"éﬁandr n the present
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Is 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 simultaneously and then the
acetalization is performed. Preferably, the acetalization is 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:

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



performed 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
interrn'ttently(supply with a pause of 5 s or longer) to TMP solution
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t enper at urqe£ grg:c}g‘% e reaﬁilon @%E‘gia r%g}%ﬁgée%rgﬁ}b&ég‘g\{ﬁ a}“?ezﬁ% et hod in
whi ch HPAtéﬁ!pEi-éw}e%Qﬂuﬁ&%@%é’ctﬁﬁlt@ﬂ;ﬁratﬂékCh are kept apart 30 from each
ot her, are sinultaneously added dropwi'se, in either continuous or 6

i ntermi t t é8) Mshod in whicH VB ¢alid enscliich) ded theeatidiatilest,iwhicl\wasdepto a
tenperature around the reaction tenperature; (3) Method in which TMP (solid
or sol uti apprafvm hachaoihercareadiyailtandolsly a;itbdklhppmmganmt&neomnunhom her,
are sinmultaneously added dropwi se, in either. continugus 5 or _interm ttent
mannerb t 6TEPRTEEtignt sanparc o HPA splution srhiel biag bean heated in advangederat ur e
around the reaction teggg Eture andg% Met hod ,in which a m xture of TMP
(solid or Eﬁ‘lpﬁfﬁ‘%? axppnd fhe reaciiqute f‘t"\‘"se’ apfntinuously or intermittently

Ao 1o TENREhS 1P Ynidl' s A ERGH A TAARBNA I Eunlsford R da KA BIHGS © O

C and nore svar a enper a Ur'e
during t heohgaabhay dr?mtélfnﬁft@eﬁﬁﬁl Ha i ARhaIIsA! n5.C Wthin the above
range, the reaction tinme does not becone so | ong and DOG having a high
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specifically limted,. it is industrially practical to performthe reaction
under 1at mpspfezably fromsilite60 TBe Thematiatomsof i8nipeoatrepliring the sdaeticadst o
herein is the proportion (% by weight) of the trans isonmer to the total
wei ght of poeferably comérotad within +55C4 ki thegabaysrange hheapactipn fime
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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 descz_'ibed 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 sclvent
(inclusive of the solvents for HPA solution and TMP solution and the reaction
solvent) win'ch 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,
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(molar ratio) and period of tinme for the addition or dropwi se addition. The
rate nmay be constant during the addition or dropw se addition or nay be
changed. In the present invention, HPA TMP, acid catalyst and solvent are
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wei ght or Wbew being 3&dihyi weight ohéess; thesérystalfconbentrationiinthgreantiom | i quid is
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After completion of the dropwise addition and béfore neutralization, the
reaction product liguid 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 rea'étion 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,r the reaction product
liquid is neutralized. Examples of the alkali for the neutralization include, but
not limited to, metal hydroxides such as sodium hydro:tide, potassium hydroxit_:le
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



20 reaction proceeds sufficiently w thout spending much ti me, 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

neutral i zatiRRab gl 'deao® i, st drefirhBH 4@to 986 Aln. NYWheKiHiese JU6H 1a%, Sodi um
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pH of the reaction product |liquid after neutralization is preferably.from4
to 11, notempeedtare fiorthe nentBahzntion is pueferably equalrte theatastadniy from6 to 9.

When the pHis 4 or re, a high yield and purity of _ are obtained
because tﬁ%mﬂéwé§g§)?‘%% andrsaerd Ereﬁ@’@%bhf"@@ 340 pf Efg next heat

t t t, dt ticl ' IS i dt . 8 bly 15 t

200 m ot o pr cAUELIES SOt Ao e B e i SRRE et i 1 1
m > o BEALE BB R it

{emper ot uPRePERNSTIS I o bRy, BEOBI AR BUER0 & REFGEA Sl e, |,

tenper at UngefRkahlPW¥esm FUNEh 108 eC Rb Akeh altlow 411 8Fw3fhrt of 8% fepaiRtiBOG he
neutralization, the reaction product liquid is heated to Tpreferably 70 C or

hi gher, nmegpstalseioadiadiyve.f r'Dhe Batetof tdipetatian disstic lprefimalkly fpomf®RLabl y from 90
to 105 Cso as to allow all or a part of the deposited DOG crystals to

di ssol ve. 1DHE€/mithe Thetheapimgds eostiniied prefepatdf ardill the fconperitrdtiow of DATA i n.
The heating is continued preferably until the concentration of  DOG 10

cryst affs rcevainls regpainingingtdisselyed an the reaction predyebsnlutiongeachemli%dyhes
15% by wei or. | ess, . and nor r.ef erabl il all .crystal e

it <50l ved WaiERt fleshonid RTe SresnpEatarl DG eredaleare dniaredr Totks
crystals r hes 15% b Lght or |ess,. th e 1N ' he
pa)r/t icle %‘ %?gmlgsls o ﬁ)ps?\éfl?e\ﬁ@}egtgie. co?ﬁ%nt%ﬁnﬂ% 0? %ﬁ ‘%é’g{'?t%s S %En'%%ﬂs’%go Ifically

limted. 4Ripht 6F 1658 Whel dHddf of NMurisiag thb pQRtiQk shrePRot Quffdibn®f XL

crystals, the reaction product solution is cooled preferably under stirring
to al |l ow bXghe fer he=tbigy & wdtl dpeeifichlig 1hitedi ng rate expressed by the
circunferential speed of ‘ o
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 preferably 0.7 m/s ox
more. In an industrial operation of the present invention using a 100-L or
20 Jarger reaction vessel, the circumferential speed is still mdre preferably 1 m/s or
more to eﬁsure a sufficient stirring. When the circumferehtial speed is 0.5 m/s
or more, DOG crystals formed by cooling are prevented frqm being excessively
aggregated, 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 wh.ich 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 nm'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

referably 1.ms ,or re t.0 ensure sufficient, stirring. \Wep,t

P T eont or dnad SaAnegitely Bafipd. o B Btetokiaeiasd tp iee Wesnmal Bptfeorlats:
are preve f i ) ' ated, to facilitate the
opergtionrgg?dtélgwﬁﬁf%%?adﬁ%g%%%ﬁ%%%gg%lﬁgbl e the production of a high

purity DOG wi th BheSitping téxﬁ?éﬁtﬁﬁ@fc&rthe réEryRidBS S YE by DUG B gheferably
circunferential speed is not required, and a circunferential speed up to the

| evel whi dBoa80 tic2@ 0] meee prefetdidy [fram t45cal 25 ¢ uaid $tall nogrerpefaably from
exanple, about 15 m's, is sufficient for the purpose. Since the viscosity
of t hebr et} to30 °@r odbetrectygtallization ds perfectednyhermthyhtemprrashessis €htC nunber
of the stirri ngobl ades are not specifical 'K@' imted. The recomrended

di anet er dpweRdodprieasngheyipe of DOG. sWhsm baipg 240G prbighes 2 Sishaisly of
i teq, a0t edRedRAeRk aepg g n R naie et | Y Qline BRI L1 eby
LML e > T oed 7O gen ‘

roor ytal irSarre SpefLiedE GREK, TS B RFIROL Aot 1Rl ab Bcpn i

from 45 t Qi stall@ationtis khmphgqpreferably from 5 40 to 30 C. The
recrystallization is perfected when the tenperature is 60 C or lower, to

i ncredge the yi di@Gairys¥aks alhespdratefrdth fheofealtigh @irod dctliidbyf filtyatiddOG i s
produced w t hout needing a specific equipnment. The cooling rate is

pr ef er abl yorfeentrifugaltsepdfrtiomi Mft@hthe separfibon cotwl DOG crystals anidthieed as f ar
as the recrystallization is conpleted. 10 DOG crystals,  are separated from
the react imBatherdgmar, POSHreyskydsiaregeneraly waghedwath 2 selyent ehthesama. After

tggﬁefgf’ﬂ%@%ﬁ%&%@gﬁg@&ﬁ?o ¢ APt DR vyl e d ﬁ@ﬁr%'aﬁt?éﬁ.
vacuun dr et Bid et 6 G1ddifhy Wbyt §oiatiCBld B SRAUEERT TN 1O, 01
descrigged in nor@AetRbht idWRWeA 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

10



shoul d be noted that the scope of the present invention is not limted
thereto. The measurenents were conducted by the follow ng nethods. (1)
Anal ysi s of HPAby gas chronmat ography (GC) An acetone sol ution of crude HPA

vas anal y 7epAY di0a dd <P cr! Binin 30 U0PT with tRrBpGhd S04 shabhaDbf hidrogddh. 1" Of
Agi | ent Technologies Inc.). (2) Trans-isomer purity of DOG An acetone

sol uti on dheDemperatwmeadfiithe deadiorgliquithyidchead $5C0) aitnthe fipeateciddéton vél ent
to "DB-1" of Agilent Technol ogies Inc.). The trans-isoner purity was

cal cul at eTBA srastdompleted. arllwsteniperhtugasas prasivadlyymereased ap@)repghedcl e si ze
of DOG Measured using a particle size distripution, analyzer "HELOS KFS"

manuf act uP8d bgtteRParmc IThe reasiapprasialiowes b ¢antinpeat0 56 fopamip. gpd

i ght _of i sobutyl al.dehyd ._and : i gh % b
el ght 57 ofhER PIPERed PRyl RobgRes 60°Fr, IheIPhFnlhe fimbraale deticq
Cenper at uhetgrapied T8 A RER A HR0EIn) st eeea iy S BHREOR L o1 o o
TEA was cogplcehager 38 & PLCRPEHRINNE91RArQ AWl Jf ACeaREEH podhdt@8RlSth - 90

C after 30 min. The reaction was allowed to continue at 90 Cfor 5 mn, and
5 then st eppednine BPAekPade EIFA)I NBt was EHdd by BT hawlyded tHatghe iRdaBIRS such

as non-reacted |IBD and TEA and net hanol ware renoved by distillation at 60
to 70 C urdetaihéd 6Rai% by wdight of HPA] 0k by veight pffBD00.3% by actighhoffTBALict
solution containing HPA (crude HPA). It was found by GC analysis that the
crudelpiPAﬂ-%%rhyaWW@glt@ﬁM%Wﬂ\ﬁlYg , 241% hpAveighBob menaepepantst glyed, 0. 3% by

Lt S B 26T 20 L
RO 310 P B bk PO R A5 R

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 agqueous 25% sodium hydroxide to pH 7. After the
neutralization, the reaction product liquid was heated 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 DOG crystals before drying
was 12% (wet basis) and the average particle size of DOG obtained was 25 um. |
The melting point of DOG obtained was 124.5 °C and the trans-isomer purity
determined by GC analysis was 98.5%. .

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, ' | &G ( QPG re all of
DOG crystals m%%%g%ﬁegrbﬁf %%gllv‘lgg#u %?\e&%%?%ﬁggﬁ%n pr%ﬁyd]%gt l'iquid
was cool e%eya@a@g Choved dbtivinl prodast JighidoRhaat hedhihk fie?Ghe Fehubghliza€ion to
circunferential speed of a 20 paddle stirring blade up to 1.3 nfs, to
recrystal |[p# & with «hi agutoas@iPDoGodiline hydeantdée,on ghtanutd03 papts byvwsight of
centrifugal |y separated, and the separated DOG crystals were washed with
1520 part Sv¢hDO&y eptystads. wByeracanm-dnangithe weitlROGrerystalsf 1336 pants pyr enoved,

2Bk Lo B Bl byt S Lo TR 9
21% i : ' i VP 83
o LR A RE B TSLMIRSHE oR1 Ca
bast ) anhEBIEENEIA e S8l ] atagp Bt T {1 10
GC anal ysipo®pshtaaclvadd {HRVPARA thMEe g WRE Bf DOG oh bRl RN ES *Ofad@canml e

1 were repeated except for centrifugally separating the reaction product

liquid wittheutratetlonig Ririsr déteemivied bplGC ahhlydisd was PO4( Wi th an aqueous 25%
sodi um hydroxi de, to obtain 1903 parts by weight of wet DOG crystals. By

vacuudfdr GO RABATEYEXAMBEE® s, 1236 parts by 5 weight of dried DOG was
obt ai ned. X was 21% by wei ght and the yield of DOG on _the basis of the
charged TMWP was 1&® procedpresind Rpgmenle dowermrensatedexegpt fordanginethe s bef ore

1175 v, S PLRES 5 A0 AL, Y P i, B
e S sl etV B BB S ARl REBERA 1
1280 parts by weight of dried DOG was obtained. X was 40% by weight and the
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 Aieaction vessel was charged with 3825 parts by weight 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 ‘a;essel, 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

12



anount of water from 3825 parts 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 an i o] | S mol %
The wat er E’(g)(?\t% ﬁaysoﬁéiﬁﬂee&ﬂg&% fcdra/gs({&gfgg%g %é%%%%%%%ﬁ@o i \/\%? d basi s)
and the aygy@¢dtaiR@ftv4d 50 bz The HERiIRPHBIHIAH DO dbtRinEd WhE 1983t an@oi Nt
of DOG obtained was 122.0 C and the trans-isonmer purity determ ned by GC
anal ysi s tiast:a2%isomXARkity dePinfineddyt GCransdgsiewassds.4¥%ar ged with 3825
parts by weight of water, 916 parts by weight of TMP and 100 parts by

wei ght of E&MMER# 8t ed hydrochloric, and the mixture was heated to 60 C.

Into the reaction vessel, 1191 parts by. weight of the ru?eMiﬁ’A gbtai ned in
the sdhe mannerAgeastiorryesss! was chatged WithyO Hyparts by weight pf THEP apdAf29e

addi ti on,

t t ] duct . iquid 25 .aged h yhile maintaini
The 1 onpePARAY GPEHS CENAE g B mERHeY masieafed rherC” Mibe Beeaftiont | on,

heating. : e o .
manner as Poitel OIS B iRt ARLARETIEA LORINEL By pRPLIAL REbidl o SaTE
crystal s. ERYniA6 YURA 150 Qﬁrﬁsm?y %i%@@@c&ﬁéé%ﬁ:ﬁﬂt@d OdcHIGHE Acidywerehdddd of

dried DOG was obt ai ned. was 21% by weight and the yield of DOG 30 on the

basis of tdupeatinslyasief §rh Wasft8h th@lirdpwitbadditici, therbadtiorprddirt Wtnid 12 DOG
crystals before drying was 10% (wet basis) and the average particle size of
DOG ol ai wed agad f802inwhileanaiitaimyg pbe hempérad@E: ab6ai°Oet onampla@sthe C and

the trans-isoner purity determ ned by GC analysis was 99.4% EXAMPLE 3 5 A
reacti on ¥eagiom. wJhea, theaguialigation, heating, wookipg yrdenstimipeaard 3825 parts

Dy Y1 O M At I et eSS Lo R Gt IS TERE O
T I M T S
product | hguh 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 99.4%.
EXAMPLE 4 |
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 watey,
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 crystals. By vacuum-drying the wet DOG crystals,
30 1255 parts by weight of dried DOG was obtained. X was 21% by weight and the

13



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 perforned in the same nmanner as in Exanple 1, to obtain
1442 par ' , : C yi Medn

crystal s, S'I%g%%g? gl tg{? Hﬁ%w&fé#%%@%%%ﬁﬁﬁ%%edmxwﬁ% 200%5%

wei ght  andf thiewdb DO @ cdysthlIb&Eoandiigs s 8% (wkhbagibpind thd Mretsgs 84. nol %
The water content of t%e wet DOG crystals before drying was 14% (wet basis)
and the aperigde sizeooft DOCeolstangedbivab@ 1oht aThe dnelimn 2iptof DEXY pbtained poi nt
of DOG obtained was 125.3 C and the trans-isonmer_purity determned by GC
anal ysi s Was 125.29€ ardherireng-isomey perty ﬂ@fnrm%gy;% applisiewagi9fn3%191
parts by ' the crude HPA obtained in the same manner as in Exanple
1 and @32%@ ? wei ght of water, and the mixture was heated to 60 6C.
Into the reactign _vesse

ot " o LRk GRS e T a R SRS SRS B T BB e
concentr %ﬁ&iﬂggwﬁﬂé Shing A5hHeV8S EQQ%%]@? A %%13& gggéggfogvvﬁ%

er
the dropw se addition, e reaction product |1 qui : \/\%ile
mai nt ai ni BAAItRE hBARAS WadhRaddd &P66°CO ToREIhekBattiéh vERRT 9@ partdBR, the

neutralization, heating, cooling under stirring, and separation were

per f or med welglithef BMPe 500 pacts s weighboimpdter And t1@00qizrss by Wwkdght gfart s by

wei ght of wet DOG crystals. By vacuumdrying the wet DOG crystals, 30 1255
part sl®y wenggmiraieddyidedcldodcwaid whreirespdctivelywasdded wvby Skei ghftemthe t he 13
yield of DOG on the bhasis of the charged. TMP was 85. nol % _The water content
of the wedronyiseaddition sthegreaeon pyeduet liauid spms qged %ggi%whahcm%aavesage

i cl ' f bt akned he .nel t4 i f bt ai ned
Was 125, 2088 SRRPETRIN aﬁEbF§ofﬁ€e'?>%ﬂié‘ﬁp§ﬂea%ﬁ§v$—nte*&ﬂ%vp%'e”’%eaﬁr@}%q%aé:"93:3%
5 EXAMPLE i SR o MY, : L ght t
crude HPAhégﬁtngfﬁ@gﬂn%r}n%{%e Sgrnﬁg%ﬁgeggga%ﬁ %fgéng%gfgﬁﬁg‘?lég %g%b%gr t g by ©
wei ght of ny@dx@fr.as in Example 1, to obtain 1448 parts by weight of wet DOG crystals.

15 By vacuum-drying the wet DOG crystals, 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 alcohol having a cyclic acetal structure, and is useful as an
intermediate or a monomer for the production of polymeric materials such as
poly(meth)acrylate, polycarbonate, polyester, polyurethane, polyether polyol and

25  an epoxy resin, and also useful as a raw material for the production of a photo-
curahle resin, an adhesive, a photo-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
maintaining the tenperature at 60 Cto conplete the reaction. Then, the
neutralization, heating, cooling under stirring, and separation were
performed in the same nmanner as in Exanple 1, to obtain 1448 parts by

wei ght of wet DOG crystals. 15 By vacuumdrying the wet DOG crystals, 1260
parts by weC&MWM§ dried DOG was obtained. X was 21% by wei ght and the
yield of DOG on the basis of the charged TMP was 85 nol % The water
content of the wet DOG crystals before drying was 13% (wet basis) and the
aver age par i cl eAsproeess oDP@dubingi andibxans gydolrepresehtedrinl thedglignong formfilaDOG
obtai ned wag 125.4 C and the trans-isoner purity 20 determ ned by GC

anal ysis was 99.5% The high purity DOG produced by the process of the
present invention is a pol dric alcoh hav&Pg_a clic acetal structure,
and is useful as an interngdiate of” a no r,~ter producti on of
polymeric materials such asmt pol y(fet h)acrw gt e, pol ycarbonate, polyester,
pol yur et hane, pol yet hey, ot 25 an epexy resin, and also us Lul as a

raw material for thg/{)roducti on of\ a phot o- (\l;r abl e resin, an adh&sive, a
phot o- cur abl e i nk, pl astigqi zer, aresin Atahilizer, a lubricant oil, a
paint, etc. 14 CLAI®B 1. Acgprocess Gf—pr@duci 6fsa—@tbxane gl ycol

represented by the follow ng fornula 1: CH3 OCHCHCH HOC H3 O CHZ CHZ

OH which CQiEn e8fmpricés: @ step of allowi ng hydroxypival al dehyde represented
by the followng fornula I1: )
(1) a step of allowing hydroxypivalaldehyde represented by the following formula Ii:

CH, H

HzC-—l——— /
/TN

HO

to react with trimethylolpropane represented by the following formula Iil:
HO CH, CH;—CH,

()

HO——CH, CH;—OH
in a solvent in the presence of an acid catalyst, thereby obtaining a reaction
product liquid containing the dioxane glycol of the formula |;
(2) a step of neutralizing the reaction product liquid;
(3) a step of heating the reaction product liquid after the nelitralization to 70 °Cor
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,
thereby allowing the dissolved dioxane glycol to recrystallize;

while regulating X represented by the following formula:

15



CH3 1 /H \\ 0O CH3 to react with trimethyl ol propane represented by the

followng formula I1l: HOQ /CH2 3/ C (Il ) HOCHZ CH2 OHin a solvent
in the presence of an acid catal yst, thereby obtaining a reaction product
|l iquid containing the di oxane glycol of the forrmula I; (2) a step of

neutrali zi ng t heX (%antweighroBudtx 10@ui d; (3) a step of heating the reaction
product i d af e zatlon to t here

Conpl et el y Bpesh 8 2P EL BBIAN B ketendiar Sptpniole ondeg o i Sefdena ) o
step of cookigpebhicaEfndbumofthedisxhné gidbrtodid siodlibed remt ing to 60 C or

| ower, thereby allown he di ssol ved di oxane I ycol to r stallize;

whi | e regul '&WH’@YWQ@B?%@#@%&"@“PWQ Iorepansviig @6‘?%1%’“*‘55“ a(f%%qnel ght) =
B/ A x 100 @in A |s a total weight of the reaction product liquid
obtained inthe step 1 and B is a theoretical anount of the dioxane gl ycol
to be produwithinfa amgerof ook i vaYabyiwhighd and tri met hyl ol propane which are

I ntroduced into a reaction system wthin a range of from3 to 30% by

wei ght. 2. The process according to claim1, wherein the reaction product
liquid is h2atedrhd pro38ss acd@iding toreidiinet, sitepeid.thé reaidtienprodues sigaid doheated t 0

claim1l1, whergin .Ltystals qf the dioxane glycol are conpletely
di ssol ved i 19 ’ﬁﬁ? i@ip&ﬂ%’%@s’twg process according to claim1l, wherein the
reaction product liquid is cooled

3. The process according to claim 1, wherein the crystals of the dioxane glycol

are completely dissolved in the step 3.

4, The process according to claim 1, wherein the reaction product liquid is cooled
under stirring at a stirring rate of 0.5 m/s or more when expressed by a

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 hydroxypivalald’ehyde and a solid or Solution of
trimethylolpropane to the other over 6.5 to 24 hrs.

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 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.

16



under stirring at a stirring rate of 0.5 ms or nore when expressed by a
circunferential speed of a stirring blade tip in the step 4. 5. The process
according to claim1l, wherein the reaction of hydroxypival al dehyde and
trimethyl ol propane in the step 1 is perfornmed by adding one of a solution
of hydroxypBval albepystkesaratcarding talclaim SpWwhérehma ofixtute ofthersplio lop soiptioreot o

t he ot her over % MO 24 hra. 6. The groc,ess according.to ¢glaim5, wherein
the sol uti offBEtYIRRIPBR)S AN tHE Faid catalyst is added fpthermoion i on of

trimet hyl ol Hp&%&?ﬁivﬁlﬁmaiyﬂbﬂg 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 from each other, are sinultaneously added to
t he sol uti ogpnof L . kh > ing to claimb5,
wherein thqubl i gh%:ﬁéo é&%dgﬁﬂgﬁg?? Pgﬁ%ﬁhﬁpgfﬁ'ﬁgﬁrﬁgﬁ%g‘t he acid catal yst,
whi ch ar e kégtragypivaldidehydearid tinhethylopreparsi imtihe stepdlisiperfadded at 40tde

sol ution of Gﬁi‘gr oxypi val al dehyde. 16 9. The process according to claimb5,
wherein a m re of the solid or solution of trirnethylol propane and the
acid catalyst is added to the solution of hydroxypival al dehyde. 10. The
process according to claim1l, wherein the reaction of hydroxypival al dehyde
and trimethyl ol propane in the step 1 is perforned at 40 to 60C 17
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