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resultant reacttfon product lTiquid; and the filtration, washing and
drying of the d sited DOG crystals (JP 62-59104B). 20 The
acetal i zati on Bﬂ_g? a ‘d‘l‘@ﬁ:ﬁfé{fcgﬁ is generally an equilibrium
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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:

CH; H

/
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HO CH, (@)

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

15 following formula IiI:

HO_CH2 CH2-CH3

\C/

(IID)

in the presence of an acid catalyst; the neutralization of the resultant reaction
product liquid; and the filtration, washing and drying of the deposited DOG
crystals (JP 62-59104B).

20 The acetalization under acidic condition is generally an equilibrium
reaction, and DOG produced undergoes decomposition. Therefore, a solvent

having a low solvent power to DOG such as water is generally used to deposit
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DOG produced by a known method as disclosed in JP 62-:59104B can be
purified into a high purity DOG by recrystallization from an organic solvent.

20 However, this is industrially disadvantageous because the number of steps for
the production of DOG is significantly increased.

To reduce the amount of waste water and improve the yield, the filtrate
can be reused in the next run of reaction. However, in a production method
including a step of neutralizing the reaction product liquid with alkali after the

25  reaction, a large amount of the acid catalyst is needed in the next run of reaction
and the slats formed by the neutralization accumulate in the mother liquor
during repeated reuse.

DOG crystals can be obtained by filtration directly after the reaction

without neutralization with alkali, and the subsequent washing with water and

30 drying. However, DOG produced by a known method decomposes upon heating
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DOG or its derivative having a high content of the trans isomer (hereinafter
referred to as “high trans-isomer purity” or merely “high purity”) is preferably
used as the raw material for industrial production. However, DOG produced by
a known method contains a considerable amount of the cis isomer.

Known documents relating to the production of DOG are completely
silent about the trans-isomer purity of DOG. As a result of extensive studies by
the inventors, it has been found that DOG produced by known methods has a low
trans-isomer purity, although mainly composed of the trans isomer. For
example, the highest melting point of DOGs actually disclosed in the working
examples of JP 62-59104B is 121.5 °C. However, a purified DOG having a trans-
isomer purity of 99% or more, which is obtained by the reérystallization from
acetone of DOG having such highest melting point, shows a melting point of
125 °C or higher. The term “trans-isomer purity” referred to herein is the

proportion (% by weight) of the trans isomer to the total weight of DOG.

SUMMARY OF THE INVENTION
An object of the present invention is to solve the problems associated with

the conventional techniques and to provide an industrially advantageous process
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particle size of DOG can be increased by performng the DOG
syntl@esiwithma basicpobstimee Hfhas beachithe afount thatfnateady ¢thy snadunt ofhe
present invention is based on these findings. Thus, the present

i nvent i owagteowathescam Ipe pedeedobupadsbudiengehl dof DKEhes imgirgased and a high
represented by the following formula I: H3/ -Q 2/CH2 CH3 2CGC \ /
\ (1) 20uy é%@am orrluced Wiyl xstusing b Jieided agneyntodf thiel mathey liquor
hydr oxypi val al dehyde represented by the following formula Il:_ CH3 H
H2Ccce ( 19btaingd & above pragess it the nexhendynbserunsdiansedthedMed by

the foll ow forrula I11: 4 ) .
syntﬂgsm (also referred to as the reaction of HPA and TMP or acetalization of

15 HPA). It has been still further found that the particle size of DOG can be
increased by performing the DOG synthesis in the presen‘ce of a specific amount
of seed crystals. The present invention is based on these findings.

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

glycol represented by the following formula I:

(|3H3 0—0{{2/0}12—01{3
H,C—C—CH G

/N /N

HO (g, O—CH,CH,—OH

)

20
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which includes a step of allowing hydroxypivalaldehyde represented by the

following formula II:

CH; H
H C—C—C/ an
AN
HO CH, 0]

to react with trimethylolpropane represented by the following formula III:
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, action of hydroxypival al dehyde and

e being perfor({fﬁéj under conditions which neet the
foll owi ng requisfenents: 5 (A a al armount of am nes and/or am ne
salts inl_fég p al dehyde is 1.5% by weight or l'ess; (B) the
reaction p or from65 to 80 C (C) pH of a reaction system
is kept within a range of fram0.1.to 4.0 during the reaction; 10
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fro to 35% by wer ght; a so or so

hydr oxyptVval=a i ed to trinethylol propane, water and the
acid cat 55151 $§t)6&§%%%g'rt§r2%§rged in areaction 20 vessel over 0.5 to

24 h. DETAl LED(BEBCRLETHON i oTthnt SVENELENGb o e esent. i nvent i on,

DOG i s produced by the reaction of TMP and HPA in the presence of an
acid catal yst, (Qy pirsfdryadtivd HRtOMESAGE withihg raaké of Bont 8t Bty 310
and an optional seed crystals. The reaction is preformed in water
and/ or adueig@theraeitioant , preferably in water. Exanples of the
organi c solvent include nethanol, ethanol and acetone. Commercially
avai 1@bl e TMP By Xoeprasarted byptirecfolsweing forafitker I\Gur i fi cati on by
distillation or crystallization. 5

X (% by weight) = B/A x 100 Iv)

wherein A is a total weight of hydroxypivalaldehyde, trimethylolpropane, the acid
catalyst, and water which are supplied to the reaction system, and B is a
theoretical amount of the dioxane glycol to be produced from

15 hydroxypivalaldehyde and trimethylolpropane which are supplied to the reaction
system,
is from 3 to 35% by weight; and

(E) a solid or solution of hydroxypivalaldehyde is added to

trimethylolpropane, water and the acid catalyst which are charged in a reaction

20 vessel over 0.5 to 24 h.

DETAILED DESCRIPTION OF THE INVENTION
In the present invention, DOG is produced by the reaction of TMP and
HPA in the presence of an acid catalyst, preferably in the presence of the acid
25 catalyst and an optional seed crystals. The reaction is preformed in water
and/or an organic solvent, preferably in water. Examples of the organic solvent
include methanol, ethanol and acetone. Commercially available TMP may be

used as-purchased or after purification by distillation or crystallization.
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salts. The total anmpunt of the 5 am nes and/or amine salts in HPA is
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di meri zation of HPA is prevented, and the 20 increase of the materi al

unit of grieferadpuribtiflahifer eUuiricttlyfaanindie ueddusd redultait HPANohtains
anount of DOG and the reduction of the purity of DOG are avoi ded.

DOG i s hirgthylaanindhardfon taiesloylainmonium Hoxma VP, Tlancorithat ef forenaldehyde
substantial portion of the produced DOG cones to dissolve in the

nmot her linddPA is prdfearablyc2l2% by rveeight ot hessyaral thooé péferablly T by wesghit
in an excessively | arge amount as 25 conpared with HPA. This problem

canlbe ardeded Sinee foRaATdhyide 16 réacive worte TVER anlairge aoiourtteofaeimhining
catal yst include, but not limted to, mneral acids such as

hydr ochlfermeldehyile mereagesthasimoupheldpripreducisi d and nitric acid,

and organic acids such as b%\%enesul fonjc acid, toluenesulfonic acid

and 30 met hanestg pyiae radp b TNE pepeigeably fremdl 3 b2 and more

i cul arl f . i :
particu parrefg/ra%ﬁ; fl%rnrl %d8 tc()le ?% When being 2.5 or less, the side reaction such as

decomposition of excess HPA and dimerization of HPA is prevented, and the

20 increase of the material unit of HPA (amount of HPA required for the production
of a unit amount of DOG) and the reduction of the purity of DOG are avoided.
DOG is highly soluble in a solution rich in TMP, and therefore, a substantial
portion of the produced DOG comes to dissolve in the mother liquor to drastically
reduce the yield of DOG, if TMP is used in an excessively large amount as

25 compared with HPA. This problem can be avoided when HPA/TMP is 0.3 or
more.

Examples of the acid catalyst include, but not limited to, mineral acids

such as hydrochloric acid, sulfuric acid, phosphoric acid and nitric acid, and
organic acids such as benzenesulfonic acid, toluenesulfonic acid and

30 methanesulfonic acid, with the organic acids being particularly preferred, and
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reaction system i.e., the total weight of the reaction product

l'iqui d alegrh@atibn®f OGS yhdhdsirsadef of MR6 dr§stad PRk BtkRGizawhith iscréases the
t heoretical amunt of DOG to be produced from HPA and TMP which are
suppl i ediquudtdoatenteaftwieborysyalse mAl#ough thereactiangereséunerisfrmtapeyifically
from3 to 35% by weight and nore preferably from 10 to 20% by .
wei ght . linitedr gsisandustmally pracimeadto perform te REGtion winderr atactspdieric
product liquid when the DOG synsthesis proceeds theoretically. Wen X
is 366 Ipregguxght or nore, the production anount of DOG per a single
run of reaction is sufficient. When bei nPg 35% by wei ght or less, the
crystal concerd®ytde prespat tmeention, HPA, TMP, acid catalyst, and water are supplied
to the reaction system so as to regulate X represented by the following formula
Iv:
X (% by weight) = B/A x 100 av)

20 wherein A is the total weight of HPA, TMP, the acid catalyst, and water which are
supplied to the reaction system, i.e., the total weight of the reaction product
liquid at the time the synthesis of DOG is completed, and B is a theoretical
amount of DOG to be produced from HPA and TMP which are supplied to the
reaction system, |

25  within a range of preferably from 3 to 35% by weight and more preferably from
10 to 20% by weight. X corresponds to the concentration of DOG in the reaction
product liquid when the DOG synsthesis proceeds theoretically,. When X is 3%
by weight or more, the production amount of DOG per a single run of reaction is

sufficient. When being 35% by weight or less, the crystal concentration in the

30  reaction product solution is moderate for a sufficient stirring of the reaction



30 reaction product solution is noderate for a sufficient stirring of
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presence of oheswitheeisdf ROYEs malysha pexfdriineddn the prhsenxei of apatcaial seed
The seed crystals are mainly conposed of DOG and preferably DOG

i tsel f. chGGabbimadddiathtothghasdldadalyistiui The seeparymtalsrarevms iligomposed
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W thin a rangegq, pb of s lygf/momgot 0 35% wei ght and nore
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concent rahéRin f id e tRhPWelXNe dIOTPA, PVIPrtaduced cﬁfﬂm%%%geiﬁﬂﬁg ahfl

the seed crystals) in the reaction product |iquid
synt hesiwatieft whithpiesaijidied tol the Baetloflsysteh Si.¢f fleetAal weight of the

theoretically. The anmount the seed crystals, if used, is preferably
from 0. ketotidRYrbguctikqaltt atatie tiarecthar PO aphthdsiin thd prestmby ofichgbéed
based on the total weight of 25 HPA, TMP, the acid catal yst, seed
crydbal srpstalses evmplated and BRistievietalhwgght dflzethebtetitalafmonot efBIO() to
the particle size and purity of DOG due to the addition of the seed
cryst al deiproshcad fram@ilPAend TMR wibigh e sppplied to the aeantinn sfste@Gnd
per a single run of reactiagon. The seed_ crystals nady be charged all
at once thg agmount of DOG contained in the seed crystals added,
within a range of preferably from 3 to 35% by weight and more preferably from
10 to 20% by weight. X’ corresponds to the concentration of the total DOG (DOG
20  produced and DOG contained in the seed crystals) in the reaction product liquid
when the DOG synthesis in the presence of the seed crystals proceeds
theoretically.
The amount the seed crystals, if used, is preferably from 0.1 to 30% by
weight and more preferably from 2 to 5% by weight based on the total weight of
25 HPA, TMP, the acid catalyst, seed crystals and water. Within the above range,
the effect of increasing the particle size and purity of DOG due to the addition of
the seed crystals is obtained without reducing the production amount of DOG per
a single run of reaction. The seed crystals may be charged all at once in a

reaction vessel at the time of the reaction is initiated, or may be added through

30 the reaction, for example, from the beginning of the reaction to an appropriate
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(solid 62 Methed omwhich EERA(solisourssglutignsdicidnatalpst; sptimpaheeed erystals,
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charged in a reaction vessel and heated.to redeterm.ned . .

t enper at¢mBeraiaae Fectioantsamparatuye), Rt R STk er S10Eiom) {Solid
or solution) an th(f: rest .of TMP (solid or solution) are

conti nUB%WléuBB Pdded@andy ¢ he nethod 1 being preferred. The

ddjdi IR AP i hod
SR LI P AR M e SO e L
to 12  Solddod"Gciftichiydh dtidRl'BE AR MM IN LA DEAIN I BBRedliB%
crystal “particle’size “and trans-i1soner purity are increase t hout

spendi nge itdh LoLER] 2Rd 1ited B9 a%x%ﬁet’éﬁﬁi%@g téﬁngegéﬂﬁe @Ed&iord N
I d may age

addition, the reaction product |1 qui e att a tenperature

nearly tdwpsadfures thWehicRableir@bt SEPIPA @GbHASrROAIESAAN £ rstDfTMP2
h, nore preferably for 1 to 8 h, and still nore preferably for 1.5 to

6 h. DOGdidDerssidtion) b€ costaubasiydaidesd ts as crystals in the
reaction product liquid, fromwhich DOG crystals are separated by

sol15l- | math dhe epethatli bbheisiggprefarre®5 fil trati on and centrifugal
separation. The solid-liquid separation is conducted on the reaction
product |i qui dhesadditioa qfHIBA, PMVEP er abé yestraf il BA hnidoTM B imtble aboee
preferably from1.0 to 2.0 without neutralizing the reaction product
| i qui d. nBdBods is performed preferably over 0.5 to 24 h and more preferably over 1 to 12
h. If the addition is performed within the above range, the crystal particle size
and trans-isomer purity are increased without spending much time and causing a
20 violent reaction. After the addition, the reaction product liquid may be aged at a
temperature nearly the same as the reaction temperature preferably for 0.5 to 12
h, more preferably for 1 to 8 h, and still more preferably for 1.5 to 6 h.
DOG produced by the reaction deposits as crystals in the reaction product
liquid, from which DOG crystals are separated by solid-liquid separation such as
25 filtration and centrifugal separation. The solid-liquid separation is conducted on
the reaction product liquid having a pH of preferably from 0.1 to 4.0 and more
preferably from 1.0 to 2.0 without neutralizing the reaction product liquid. DOG
crystals produced by the present invention are easy to handle because of their

adequately large particle size and its wet form has a liquid content as low as less

30 than 30% by weight.



crystals produced by the present invention are easy to handl e because

of their adequat@laktivAndstiRal Tidedrolitazite BPE sbp Sradhig DOEChARads from the
liquid content as | ow as | ess 0 than 30% by weight. 9 The reaction

ot her kb 4ldtn pBO @I Gepaintd RtgPAmeuntséfahe doi@ntdlgst, BOG aad
product liquid contains a | arge anmobunt of the acid catalyst, DOG and
unr eact eghrbR&edHPAMKd TMPhelptles prdsent vevdritioh, thbachetdei masthen liyeior
| iqguor may be reused in the next and subsequent runs of reaction in
an anoumbaypberensed é ahé yeRBUnbsubee gidntorurdsasfsreantior ipmef smalhy of r om
70 to 98% by weight, and still nore preferably from 70 to 90% by

wei ght . piréfeeabbed8¥d08%idt areleghtmore preferdlily fram &7 Catoc®Bfia bat weight, and
the nother liquor until they contamnate DOG crystals to reduce the
trans i stilemope preferablddromy g0 4o 90%ehpmeight. f rlf excéreling 8804 by waighitict
liquid are preferably 10 washed with a basic solution. By the

washi ng imipuritieeabastenmulatelan, the mothesdisaror|unfilothefiecoa tamimog DOG
crystals and_the acid catal yst adhered to the surface of crystals
are neutrystaletp regugs thefzapgdzomenPBELYr ovi ded to DOG crystals in an

deconpost ¢ 1 on NP CrRmS AR soBatH G dermn tha ToRS I Bpatiad KAPid: Arenpiirgbly
th in 1 t d/ . [ [ t. h . et h |

et nilor SptherRut g badorkPhe n B e ki Rarich $BF HARFAIOE0R, the
prefer a%gﬁl}er}qiflgo%eqa 1}1@8@&1&%@%&%% Henactiﬁ%at%%;cs g%ﬂé%ﬁﬁﬂr%sthe surface

Exanpl es of the®base I nclude rrnorgani ¢ bases suc
bonat.e, o . : _
Py oge ST At T O ke e B o a0 S =

pot assi Wm 6@ PORAG téﬂ@h’c&@lmcth%cli’&.to Be'seA FotE0 B ORX I m a3 Odi UM

phosphat e, pot asm%nm phosphate, cal cium onat e, cal ci um hydroxi de

and bar idégh ol 6f DUW. OTHRNHa&iPSI8Bon S pheFered 18} AskaRHAE tROHase in
triethylamne, with inorgani c bases being preferred” because products

havisg geo@rRIAeF hh@ggithicholvait slichC Rkdha®d], atithrllahdcesetdige.25The
produced from DOG. The base concentration of the basic solution is

pr ef er alsblverftrfomth® bapiv dobuHOftibyrefer ghly thodamy &s phiebadvaht wséd amthe
0.01 to 10% by wei ght.
DOG synthesis.
Examples of the base include inorganic bases such as lithium carbonate,
lithium hydrogencarbonate, magnesium carbonate, sodium hydrogencarbonate,
20 potassium hydrogencarbonate, sodium carbonate, potassium carbonate, sodium
hydroxide, potassium hydroxide, sodium phosphate, potassium phosphate,
calcium carbonate, calcium hydroxide and barium carbonate; and organic bases
such as diethylamine and triethylamine, with inorganic bases being preferred
because products having good properties with less discoloration and odor can be
25  produced from DOG. The base concentration of the basic solution is preferably
from 10 ppm to 50% by weight and more preferably from 0.01 to 10% by weight.
The washing is effected by a method in which the mother liquor in DOG
crystals is allowed to homogeneously mix with the basic solution under stirring,

or a method in which the basic solution uniformly sprayed on the surface of DOG

30 crystals is forced to penetrate into DOG crystals by applying a pressure or
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The washing is effected by a method in which the nother [iquor in DOG
crystal SohtrifhsAWBed O SEPSBHion 18 Ksell ﬁﬂe_féﬁ&ﬂf@ﬁ a6 SRbuht Qfich that

under stirring, or a nethod in which the basic solution uniformy

sprayed (R Ji@ i§ $rdacle00] tPPe tirdes Ehy itk Df tBe helCaRalstRRNBERpErated
into DOG crystals by applying a pressure or 10 centrifugal force. The

basi ¢ sqhOF eFysklsUs ThePdRbahaBF Yhd AcidcatiBAd0in $HE Bep Mited INOGO@FStAIS is
from1.001 to 10 times the nole of the acid catalyst in the separated

DOG crysdetbemirdd® forexsinpdé, Byhed disigtlictitlal Wed tek o bieamenat af B GGy stals
crystals is determned, for exanple, by adding distilled water to an

anoupt ab blce thy HisdiBed wiaderakd theemetisdrilided inatherD @@ citylstalznnbes
liquor in the DOG crystals into a honobgeneous m xture; filtering;

and t herhdmbgeaidédug metufre] fitariaghbhl thenaitkating the filoase wathraeuslkatl. In
the nother liquor, the amount of the acid catalyst in DOG crystals

can be omlsewlf atasinfy the mbhthex leddom thOaRourttefdhe ueid cdtadpgtanadOf: OGGtals
crystals, the charged amount of acid catalyst, etc. After_ washing

wi t h t hecayabé caksulated dnomithetsHeldvefsPO G dhetdmeuntof saparatesi DG crystals,
filtration or centrifugal separation. It is nore  preferred to use .

t he basithesthargprd pmennteinad cattyst ethat Afthe washineg vrieh the basisrselution,
basi.¢c solution is 8, or. higher. referred that DOG crysta

It | | s .
af t 4P waldwi basigselntiansisgegovered i ﬁfyﬁgtlﬂwé Cepl S?Pmteprborﬁiéﬁﬁnore
t hat of .DOG t bef hi .. The 1|i i i
cener o) 151t ab b8, B R haheR e ol oSSR S e

particleesizeezan[;?j sha etof cré/(s)tﬁls% After washing with the basic
sol uti or-eeRY3 c%ﬁg}‘fﬁ é“r?é’ylsbe’f 1§95&r washed with water, etc. DOG

or,” D . \ \ _
crystal s o chue YRR BRLeDOTS I ASAPRILAR Y Sl
sol uti O%Qxﬁt}%%ga 8 188 chPér&Va?sdtg{dl JBOREAy sBi18 Bk bdrbYw 2hihBe  The liquid

washi ng w asi ¢ solution. Such washing can be made by stirrin

a mpst uUr@mebn S9! fFodBltd b@%bé’ﬁw%agﬁt? LthioRBhSArass d&hdrdifl dpon the
uniformslurry. crystals thus washed wth the basic solution may

be dri edpatidl@¥ize dntd Eh&pe bf &FtEIB! AftedfWashibewigh TRk thrdiAsslut®deDOG
into lunps, flakes, etc., to 25 obtain final products.
crystals may be further washed with water, etc.
DOG crystals which have been obtained through washing with water or
an organic solvent, drying, etc. without being washed with the basic solution can
20  be also improved in the heat stability by the washing with the basic solution.
Such washing can be made by stirring a mixture of DOG crystals and the basic
solution so as to form a uniform slurry. |
DOG crystals thus washed with the basic solution may be dried without
further treatment or after being melted and made into lumps, flakes, etc., to
25  obtain final products.
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 and evaluations were conducted by the following

methods. In the following examples and comparative examples, The term

30 “parts” is based on weight.
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The present invention will be described in nore detail. However, it

shoul d Ige) AALBAIS BEHPABY $68RAr&hatdapheIe®) i nvention is not

limted thereto. The neasurenents and eval uati ons were conducted by

the fol | owi ng Ahbewse sohutibe of erudwHPA w¥eapbdedngsiagrpeailaye column
exanpl es, The term 30 "parts" is based on weight. 11 (1) Analysis of

HPA by dpfodivtemmiedeaply “DBC)” M giteitTechaolsgieoin@). crude HPA was
anal yzed using a capillary colum (product equivalent to "DB-1" of
Agi | ent (ZeTroed-tpnes pusty of DOGTr ans-i soner purity of DOG 5 An
acetone solution of DOG was anal yzed using a capillary colum
(product equi \Vah ansétome soDFdi 06D OGiwanandlyechd oisorg esapritany. coltumn
trans-isomer purity was calculated fromthe peak areas of the gas
chr omat dgrednct(eguivalentde “PE- 171 of AgdénteTeshnoligies hisul.edThy teank-isomer
met hod using a laser diffraction particle size 10 _distribution

anal yzerpuwityawes spaudatied fspusthe peals apmrsiabihe Bes chremadestsant i cl e

si ze was, cal cul at ed based on _Fraunhofer diffraction theory. (4) Water
cont ent (3 Avpyesamantshe é?zseé?tfdPQGafter washing with water were dried

o 20 CTor 20, i, S ARl Mo RS ol B e e o
e Sl S IR bR RS, P AR
e oo a0 AR L P on e B GEPUERE L, °55 Ve 505,
o & OSSR PLoBGRRtEAL 0, TEasur e (e deccase i1 welght, The

ke L g L B R R
DI St ur q s £8trealbdf HRBSgd £ b Thédiife the decrease in weight. The moisture
15  content of the crystals after drying was measured by Karl Fischer method using a
dehydrated pyridine solvent. The water content was determined using the total
of the weight decrease and the moisture content.
(5) Water content of DOG
Wet DOG crystals after washing with water were dried at 85 °C for 20 h
20 in an atmosphere of nitrogen, to measure the decrease in weight. The moisture
content of the crystals after drying was measured by Karl Fischer method using
dehydrated pyridine solvent. The water content was determined using the total
of the weight decrease and the moisture content.
(6) Heat resistance
25 In a test tube, 5 g of DOG was placed and the inner atmosphere was
replaced by nitrogen. Then, the sample was heated to 140 °C by a block heater.
After 20 h of the heating, the trans-isomer purity was determined by GC.
REFERENCE EXAMPLE 1
(1) Synthesis of HPA

30 To a mixture of 595 parts of isobutylaldehyde (IBD) and 657 parts of 37%

12



25 In a test tube, 5 g of DOG was pl aced and the inner atnosphere was
r epl aceBy kyeight fogealin TBB partd¢f xivthyanar (THAkdatadied oSebp mibhock
heater. After 20 h of the heating, the trans-isoner purity was

det er m a@dCowitEGstirRhg Rk dxédldt ritrokknSy Mhectensp earht idfeof3heTi@aation
m xture of 595 parts of isobutyl al dehyde (I1BD) and 657 parts of 37%
12 by whigght réachal 65 °C33 thertimechetadditiby lofi B waEkammesedaddBlde over
5 mnat 40 Cwith stirring under a stream of nitrogen. The

t enper atamperdturhevaegradwally inaeaskd mad heathed 9 &€ afteer 30 ment hd'he
addi tion of TEA was conpleted. The tenperature was gradually

i ncrieaseehciinh weacbavabtCeaitinne 30 90i°6. forthemin s aad them stapped| hyowed
to continue at 90 C for 5 mn, and then stopped by externally

" cool i ngextersallg cophiag oAV | hhedowhorleng sompenents sinh asaenagactedD
and TEA_and net hanol ware renoved by distillation at 60 to 70 C under

53 kPalBDoand I and mgthansl waremarpowes by dastillafigmahPRdo O G updear 53
okl BRI S B Sl e R A T PP
ol ycol . BUPHECATAYsS b e e ERA et 8 4%hy SeiaR oo et g
oar 1 Y20 S Blat PR by Wes@B i ardin aboB RS gt 7 Tma,
over 5 R4 WP obe T difcalt S0 by bidiB8 bE ABBRebndityl gyt
wer e Cﬂbh?&iﬁﬁvQYat%??h&‘lei.mitﬂr v%s%rt%tf'rk;gﬁeﬂsi ng an upper

di schargé-type centrifugal separator and washed with water, to

obt ai n ED)APhAVicAon gTUPAY of 96.5% by weight in a 60%recovery. The
wat er content was 12% by wei ght, the residual 20 TEA was 0. 01% by

wei ght and t h@heesriudeaH PANBEEIpde By) deay\esmPleddBo digsowed ih 2505 %AVR-&F 1
DOG Synt hesis using purified HPA To a solution of 222 parts of TMP in

18516 pamiateptit BSt¥3., The pahitioroivap-gradhiaynesoled avith stirihg frd 5 MEto
added. To the resulting solution, an aqueous
32 °C over 5 h and maintained at 32 °C for one hour. The crystals formed were
collected by solid-liquid separation using an upper discharge-type centrifugal
separator and washed with water, to obtain HPA having a purity of 96.5% by
weight in a 60% recovery. The water content was 12% by weight, the residual
20 TEA was 0.01% by weight and the residual formaldehyde was 0.01% by weight.
EXAMPLE 1 DOG Synthesis using purified HPA
To a solution of 222 parts of TMP in 1850 parts of water, 48 parts of p-
toluenesulfonic acid (PTSA) was added. To the resulting solution, an aqueous
solution which had been prepared by dissolving 192 parts of the purified HPA
25 obtained in Reference Example 1 in 90 parts of water at 80 °C was added
dropwise over 4 h. X was 15% by weight and the reaction temperature was
70 °C. After the dropwise addition, the reaction mixture was aged at 70 °C for 3
h. During the reaction, the pH of the reaction system was 1.3. After the aging,
the reaction product liquid was subjected to solid-liquid separation by filtration

30 to obtain 356 parts of wet DOG and 2046 parts of a reaction mother liquor. The

13



sol uti on whi ch had been prepared by dissolving 192 parts of the

puri fi egrdtIAOZEwaBvAA$IRM WithReh e reasd deednildbtdin 289 Papty ¢5DOIG wBisesls.
at 80 C was added dropwi se over 4 h. X was 15% by wei ght and the

react i oTHeeyiphkt af GG wasthétbdsis 4f ther clidngged MM was 83dnbl %0, Theobtained
reaction m xture was aged at 70 Cfor 3 h. During the reaction, the
pH of t MOGeayttaln haydsd eransasoined.p i tyesf 3818%algy neightt ined basatdrage
product liquid was subjected to solid-liquid separation by filtration
30 to olphatiole3abe pdfumf The DGuaAndf Gifecpasted loduid waea8bil@mparts her
l'iquor. The 13 wet DOG was washed with water and dried to obtain 285
parts ofreactonr methésliqudheesdvelred wfasbdEoand veatbrsesveted Haritgityed
TMP was 83 m)l % The obtained DOG crystals had a trans-isoner

puri ty dryoE7odhe bipwighondent eftheveebhOC saystaly anwiedately aftephe The
anount of the recovered liquid was 3517 parts 5 (reaction nother

li quor , HEediesr waswiddhbsgeelghth wat er recovered during the drying).

The liq nt of the wet DOG crystals imediately after the
filtrat MEO‘% by vvel ght. EXAMPLE 2 (1) First Recycle Reaction 10
The firﬁ)g ge re n was performed in the same nmanner as in

Exanpl e ecyg,]fe lﬂn\n ng 222 parts of TMP in 1897 parts (90%
by I ght) othh r.eact i.on not her I n Exa

usi f 1.4 part sh lr%ﬁydgﬁaa%‘ﬁn Bva?rst% ?H?%(i\ué ee%@esIBPgBF](ﬂ)ﬁs ol t he
D e P i O LGB U SR SR 35 AR
trans-i {@RgEL rQQéth(%ﬁ( n?(lﬁqw g A Bﬁté(i?lbg*lh Efdlﬂgfe%ﬁ&q{sqﬂgll.zPﬁéHsQJf“PTSA

size was 17/ content of the we

i mredi ata%ﬂlzsié bartd skl d duedl @Bl YESH 8P%ebizluﬂﬁb9 fHPATh DRIRY The 9adthsh,
recovered liquid (recovered washi ngs and water recovered during the

dryi ng) th@?%fl@‘f thekrehdteod SPtbiOWaBUL fier Thé ¢ of ho AricUBEXG (B p4£8)

parts. Second Recycl e Reaction The second recycle reacti on was
per 15r medad 93 thel Batite tRMEKoRRr ipurityewas 003% becysikht, ot the Avevagept

f or using 1854 parts (89% by weight) of the reaction

particle size was 17 pm. The liquid content of the wet DOG crystals
immediately after the filtration was 20% by weight. The amount of the
recovered liquid (recovered washings and water recovered during the drying)
except for the reaction mother liquor to be reused was 1480 parts.

20  (2) Second Recycle Reaction

The second recycle reaction was performed in the same manner as in the

first recycle reaction except for using 1854 parts (89% by weight) of the reaction
mother liquor obtained in the first recycle reaction and 43 parts of water.
During the reaction, the pH of the reaction system was 1.2. The yield of the

25 dried DOG was 93 mol %, the trans-isomer purity was 99.3% by weight, and the
average particle size was 17 pm. The liquid content of the wet DOG crystals
immediately after the filtration was 20% by weight.
(3) Third and Subsequent Recycle Reactions

The procedures of the second recycle reaction were repeated to perform

30 the third to tenth recycle reactions, in which the yield of DOG was 93 mol %, the
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not her |iquor obtained in the first recycle reaction and 43 parts of

wat er.  thhhé-Rebrh&Ep LERE W 299 BMEbP W dfht, Re1d BRCAVRE ¢S Yalrtitle/EisSe wad. 17
The yield of the ZE dried DOG was 93 nol % the trans-isomer purity

was 99. 3mbyadebaliveragsl tTke aawarnagd tharreédiceed ligdvaasl 7430pafRen
liquid content of the wet DOG crystals imediately after the

filtratizerags 20Ythy ligaidbintendof The mbtDUAGRYseds enmdbayelefter the
Reacti ons The procedures of the second recycle reaction were repeated
to perf diltratdéh Wie 20% g weightnaveragel e reacti ons, in which the
yield of DOG was 93 nol % the 14 trans-isoner purity was 99. 3% by
wei gbt, GOMPARANISRAEX AMdPlil:lle size was 17 pm each on average.
The anopunt of the recovered liquid was 1480 parts on average, and
the liquid cordfsat ddﬁsol\hagwﬂ 206 of TMBlis 1850wdirts ef yatés b parts of
filtration was 20% b g wei ght on average. 5 COVPARATI VE EXAVPLE 1
After diBEBAwWagadded tathe resultamt solutiggo Fhetsolafionatas hegndpatils’ (of
PTSA was added tq the resultant solution. The solution was heated to

60 C, ol themaddeddrapypwi Sehwddhpogs of the srade FHRA pbtainedyim Reference
xtur o ERAmRYed eGP b 'e%e%fté’%%ﬁmeaﬁgoq%Q%é%i\%ﬁéﬁge{ie @tk h.
Subiibos P S%%”%c?%m b aBE e aphoR v Blegt feis 1 Theweac 193”

r e Firedtiy Bt B R IGERER o 'shlla g %éia@%l 81855t and the
wag 10 SaParatl DO RGN R wiShORwi o THoh 45 B AF PR elel, SR
after thg.id bt s aﬂBﬁ‘@éG“@%’é&Yar‘e@' WAL 80 THE %R Bta fisbRfer ep‘iﬁﬂ?eﬁ%sg

l'iquid (reaction not I'i quo recovered washings and wat

recover egho Uy %1§H19aﬁﬂ)th@93)ve BRAfc1p @ideSw aSDYRARAT TG MPde%te?nt of -

The reaction was perforned in the same nanner as* in Exanple 1 except
20 figr cihangbdDOGerysRld immddeatety after ¢hé dilGation Was qo%bfﬂl\ﬂ&alﬁﬁl. € The

precipitated and an oily product was produced instead. Wen t
react i onambuhtibé th@sgecovered liquid (reaction mother liquor, recovered washings and
water recovered during the drying) was 3538 parts.
COMPARATIVE EXAMPLE 2
The reaction was performed in the same manner as in Example 1 except
20 for changing the reaction temperature to 85 °C. No crystals were precipitated
and an oily product was produced instead. When the reaction mixture was
cooled to 60 °C under stirring, DOG crystallized. The crystals were separated by
filtration, washed with water, and dried. The trans-isomer purity of the
obtained DOG crystals was 85% by weight.
25 COMPARATIVE EXAMPLE 3
The reaction was performed in the same manner as in Example 1 except
for changing the pH during the reaction to 5.0. The trans-isomer purity of the
obtained DOG crystals was 98% by weight and the yield was 30 mol %.
COMPARATIVE EXAMPLE 4

30 The reaction was performed in the same manner as in Example 1 except
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cooled to 60 C under stirring, DOG crystallized. The crystals were

separ at &} dharghhd hrdhiQon VeSS tMdlhoMEPAr TMIPOy Stdrathd PTSA

trans-isonmer purity of the obtained DOG crystals was 85% by wei ght.

25 COVPAIB&{IItMEe&%AP/FH;B smifitng €lae Hrspwie addetién offEIPA N The ts@n®isomer
manner as in Exanple 1 except for changing the pH during the

react i oputity »f @he bhéainedBOGotyRtalsvad 95% byt weighuhiral tiedli®d content
crystals was 98% by weight and the yield was 30 nol % COMPARATI VE
EXAVPLEwhAsAB% e werggditi on was perfornmed in the same manner as in
Exanple 1 except 15 for charging a reaction vessel with all of HPA,
TVP,5 waCOMAARATBAE EXAMPBRe®usly and omitting the dropw se
addition of HPA. The trans-isonmer purity of the obtained DOG
crystals was Thiepctiengids pexforinedlin ghe danennamner wasndoRaroplenbiegbept
5 COWPARATI VE EXAMPLE 5 The reaction was perforned in the same nmanner
as i n Ekanyrddaicingthepmoundrofveafgeistghthet Xrvaninatased tr 46Uy weaghtx
was increased to 40% by weight. The reaction Jiquid changed to a
creany Jhgtreagtiondiavid shangad ip gcareany staterak the zeaghian presseded ite maks

i qui o BoHCIEE DTk dien o, (OO Lo TS BRPCoVaP SaeRBRt: .
andl he Tt FORBdh PR el SOy HEGRRTY AR AR R RO Ut padarans:
' i.fied HPA l.ut i f 25 t TVP 4 n. 1920 .t S. jof
ot o7, " SrplPutl ob fafoBQuHby QR el torf WPl 1 bl ap Gy

parts ogoﬁteqlqg&%éqngﬁg)uqy%liéﬁﬂ on (70 C) of the purified HPA prepared

i n Ref erénce was®added dropwi se over 6 h.. X was 15% by

wei ght %D@AMF’LE@CEJGG gﬁ{{ngggtdgiﬁ%gggi%@ GppAfter  the dropw se

addi tion, the reaction m'xture was /0 C for one hour. During
the reaction, Tohesaldtidh ftUs I $ARE 0 TMP $HaAD208ars |§f watd e B3I taef PISA

the 20 reaction product |iquid was subjected to solid-Iiqui
sepes at inais A¥ddd.! tTRtheOresi®ting solution, 318 parts of a 60% aqueous solution
(70 °C) of the purified HPA prepared in Reference Example 1 was added dropwise
over 6 h. X was 15% by weight and the reaction temperature was 70 °C. After
the dropwise addition, the reaction mixture was aged at 70 °C for one hour.
During the reaction, the pH of the reaction system was 1.3. After the aging, the
20 reaction product liquid was subjected to solid-liquid separation by filtration to
obtain 446 parts of wet DOG and 2076 parts of a reaction mother liquor. The
wet DOG was washed with 1000 parts of water and dried to obtain 339 parts of
DOG crystals. The yield of DOG on the basis of the charged TMP was 83 mol %.
The obtained DOG crystals had a trans-isomer purity of 98.7% by weight and an
25  average particle size of 17 pm. The amount of the recovered liquid was 3183
parts (reaction mother liquor, recovered washings and water recovered during the
drying). The liquid content of the wet DOG crystals immediately after the
filtration was 24% by weight.
EXAMPLE 4 DOG Synthesis using seed crystals

30 The reaction was performed in the same manner as in Example 3 except
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obtain 446 parts of wet DOG and 2076 parts of a reaction nother

l'i quor . fdheisseRiin PAS6VREt¥as TP vh 118170 tPES Watdr un@éehe ftidg dhidegsihg
obtain 339 parts of crystals. The yield of DOG on the basis of

t he chargeshartVBf MBGEhtaile Pin EXhmpléBdsewtclyotale), 33 phrts P TESA, and 299
trans-isonmer purity of 98.7% by weight and an 25 average particle

si ze of ph#tpof a BY& aguemis sflutiva (76C6) ef the piugified W& Ebparedan Reference
(reaction nother |iquor, recovered washings and water recovered

during tExamgle/l.ngThe Fheldl sfglried DG €15 phrtshexclwdivOottive yeddtiystals)

i mMmedi ately after the filtration was 24% by wei ght. EXAMPLE 4 DOG

Synt besiveasi82 myols¥ethe tyestsalsem@d phiretyreas DO &Y hasv gight . camd thé avertase
same manner as in Exanple 3 except 16 for dissolving 236 parts_ of

TVP in YBiTichasize vois Yaper. ulbewdteacongnsod the [HYG @Fsizds tmmedipady
obtained in Exanple 3 (seed crystals), 33 parts of PTSA, and 299

parts ofafterctim alfrataer wasl 24%dy vewht) of the purified HPAprepared in
Reference. Example 1. The yield of .dried DOG (315 parts excl usive of

t he seeGEW?nEsLé Regralegpagdpnasing geqd astalsoner purity was 99. 6%

b ' dl%h i cl ' 25 Th
c)c/)n\tNglnthg} F?‘%é 5 @‘r’@é%gfogl Pﬁrrr:a:j?ateelsglzea}l\?; thgn}i I trGa\tA?E)ﬁrwas 24%
b i ght . LE. 5 R I ti ' t al 1) First
el et e Batareydie gac Rat patbedulle d ¥ ShE SRk oA nat ha thhe

' I ' ' 77 f
1565 tacippte 4 el BadhiFErPL bl QEAREP h Hen TamREtadedy d Mo

| n Exampleqy, r%QE’ti?xg Ing‘?ﬂkg 1 uo%%%éin;éﬁg@rsaxéa}ﬁgiézﬁz‘gndgzi;ﬂ?b!&is%? \Jagcs&%rrfd%r

of DOG (seed crys parts o rts of a

aqueous el othd Ao 7:2hat BB (80 ERACRLEDR ot oFPhSIeRe 285

Exanpl e 1. During the reaction, H of "the reaction system was
1.3. Thearts af d 60% bheeshd sslutfda (AT)RAths perEidSHPA pfepalted $8 Hbference

crystals) was 91 nol % the trans-isoner purity was 99.8% by wei ght,
andi1bhe BwehplelpaDhirth@tlsd 2eadtismn, tBO piinof tHerdaictidndsyseathands 0f3.t MEhe

wet DOG crystals immediately after the filtration was 24% by wei ght.
The anouyritldodf tHeedried DEGA6Rimuritslexelasiveaf ehe seed crystals) was 91 mol %,
the trans-isomer purity was 99.8% by weight, and the average particle size was
30 pm. The liquid content of the wet DOG crystals immediately after the
filtration was 24% by weight. The amount of the recovered liquid (recovered
20 washings and water recovered during the drying) except for the reaction mother
liquor to be reused was 1230 parts.
(2) Second Recycle Reaction
The second recycle reaction was performed in the same manner as in the
first recycle reaction except for dissolving 177 parts of TMP in 1863 parts (89% by
25  weight) of the reaction mother liquor obtained in the first recycle reaction and 87
parts of water under heating. During the reaction, the pH of the reaction
system was 1.3. The yield of the dried DOG was 91 mol %, the trans-isomer
purity was 99.8% by weight, and the average particle size was 30 um. The
liquid content of the wet DOG crystals immediately after the filtration was 24%

30 by weight.
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20 washi ngs and water recovered during the drying) except for the

react i o(g)MPhirdrand BAbSsquentRedyelisRdantisnsl230 parts. (2) Second
Recycl e Reaction The second recycle reaction was perforned in the
sane manner aSheerprobedufdsrsfttheaeyendrésyald reietexncepie fapeated soperfoom
177 parts of TMP in 1863 parts (89% by 25 weight) of the reaction
not her thetirdabttantiedecyeld beadtionst in edych ¢he gaedd iod @GV 85 91 pack %, tlie
wat er under heating. During the reaction, the pH of the reaction
system mslisame“ﬂmn)itmwas(9‘9.8%d0}dwb§g]1tDﬁEdw:he ayeragd pa/btmlbmze_ was 30
trans-isomer purity was 99.8% by weight, and the average particle

si zéd wagnd@aeim orrhverddequilthecamount obthe heeowereddpunt was 41280 parts on

i medi ately after the filtration was 24% 30 by weight. 17 &bg) Third
and Subsw®exage, aRdcthel laqRdaeomitemtofTihe webbDéNaceystals tthmediatehidafter yhe e
reaction were repeated to perform the third to tenth recycle

react i ofidtrationipe R4Vhby yyaight on averagias 91 mol % the trans-isomer
purity s 99. 8% wei ght, .and the average particle size was 30 5
pm eac X@l’in%]\?eﬁ a@%.cyqlﬁé‘eéﬁﬁﬁﬂtusb‘fgﬁ‘?f’él sra8tler ed liquid was 1230
parts on aver,age, and the liquid content of the wet DOG crystals

P redi atel y st ey ERdeahon i biiRReSab: 5 shaeohenaieT asaroige Mot

Ex le 6 Recycle.re | on _usi seed crystals A recycle reactio S
por 10y eesele Fastiom B Badihalt® 538 e ety Priciet R R bR B VES
Exanpl e I eac i : | |

subj et aieh SUBIERR 6 f &sRAch0 Latkabn Hol BIRR b B balB yehbith
reactio R I g I ' ‘i‘Pt?qu r med
in the _E%Pr;cem} _rlrglrr"lur?lé'r g‘glgpﬁ%ﬁ%:}gc@%%ﬁ%ﬁfﬁsg%ggg Vi nlg _ _prg?t S
of TMP inhgndh #4 M Bx@inplé ¥ e RADE For0distNGiNE Y pARtLEOPME ix] b ixFure of
(containing 73 parts of DOG (seed 15 crystals), and corresponding to

20% by WBTG@HrtObf tREré LA HFdAUCOUigtiid (doshaihiABd 3 FA% BY D®G d8dedof
the reaction nother liquor), 1449 parts (70% by wei ght) of the

reath i orrysthl®f ahd @uprespandindton20% Hyok eighit ©f thOweadtipr prodiddigued .and

the pH of the reaction systemwas 1.3. The yield of the dried DOG

was 91 @0P6 by wéight pfitlse reaction mother liquor), 1449 parts (70% by weight) of the
reaction mother liquor, and 87 parts of water. During the reaction, the pH of the
reaction system was 1.3. The yield of the dried DOG was 91 mol %, the trans-
isomer purity was 99.8% by weight, and the average particle size was 30 pm.

20  The liquid content of the wet DOG crystals immediately after the filtration was
24% by weight. The amount of the recovered liquid (recovered washings and
water recovered during the drying) except for the reactioh mother liquor to be
reused was 1230 parts.

COMPARATIVE EXAMPLE 6

25 The reaction was performed in the same manner as in Example 4 except
for changing the reaction temperature to 55 °C. The trans-isomer purity of DOG
crystals was 99.0% by weight, the yield was 80 mol %, and the average particle
size was 10 pm. The water content of the wet DOG crystals immediately after

the filtration was 40% by weight. The amount of the recovered liquid was 3146

30 parts (reaction mother liquor, recovered washings and water recovered during the
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i soner purity was 99.8% by wei ght, and the average particle size was
30 pm Q@@yihp#. | iquid content of the wet DOG crystals imediately
after the filtration was 24% by wei ght. The anmount of the recovered

i qui d OCGNPWRATIVESHXAMPRREDI? water recovered during the drying)
except for the reaction nother liquor to be reused was 1230 parts.

COVPARATI VE EXAWRIeEctiodSwddperfomanbd an thesapsr inamnird asnntBramabe4 except
manner as in Exanple 4 except for changing the reaction tenperature
to 55 Cforlttearigiagshiesenetiop tempyrafurB®s85c¢1C;stNb eryetal O edd/pbecipitated
wei ght, the yield was 80 nol % and the average particle size was 10
pm Sheandtan odympiredtictow as perodte dDDStead; st Wiheni theaaiaatieh ymefttiee washe
filtration was 40% by wei ght. The anpunt of the recovered |iquid was
3146 30 cpaledgoGieHe under sbirhiag, DQUerystadlazader cbherarststalgsvenedsepareted by
recovered during the 18 drying). COVPARATIVE EXAMPLE 7 The reaction
was per fidtmasion, washedsuih watereand dried. Exlhepirans-isqmeppurityrof¢hangi ng
the reaction te rature to 85 C.. No crystals were precipitated 5

and an @bF%ﬂnﬁﬁlcﬂa&CW@lﬁr"&%@éé bhwerHd: When the reaction mixture

12 o R T A1, D20, eyt al 1 2ed, The orystals

B! Bl Bopt PSP BRSO R b e ARl e

renner 36 YRS 1B g PR 4P T8N iy of e

CryStal 5u0es 480 BY Bcteleabhe 3809% BE WAiEhaHESHEY 0 w26 30 CERPARATI VE
e reactli 1IN

EXAMPLE n was perfornme e sane-nanner as iIn anpl e

4 exceptcolPARATIVE EXAMPIEEact i on vessel with all of HPA TMP,
wat er and PTSA sinmultaneously and omtting the dropw se addition of

E;’A\-AeiTgﬁt t A ﬁngﬂrifé{y?gigingwg% %)tﬁgiﬁ%m%HQnQBb@a&ﬁgn%&@ésihaEﬁaWe 9%2xeeht
15 for charging a reaction vessel with all of HPA, TMP, water and PTSA
simultaneously and omitting the dropwise addition of HPA. The trans-isomer
purity of the obtained DOG crystals was 95.0% by weight and the liquid content
was 45% by weight.
COMPARATIVE EXAMPLE 10
20 The reaction was performed in the same manner as in Example 4 except
for reducing the amount of water such that X’ was increased to 40% by weight.
The reaction liquid changed to a creamy state as the reaction proceeded to make
the sufficient stirring difficult. Although the stirring speed was increased, the
reaction liquid could not be stirred sufficiently to the end of reaction. The trans-
25  isomer purity of the obtained DOG crystals was 85.0% by weight and the liquid
content was 45% by weight.
EXAMPLE 7
After adding 100 parts of concentrated hydrochloric acid to a solution of
916 parts of TMP in 3825 parts of water, the resultant solution was heated to

30 60°C. To the solution, the crude HPA prepared in Reference Example 1 was
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was 45% by wei ght. COVPARATI VE EXAMPLE 10 20 The reaction was
per f or negydeq dﬂb%mﬁ@@%vﬁ?@f}iiﬁv}ﬁl% B Rea he RXE680E teﬁlﬂéréﬁﬁ‘écd_ltg tdhe

anount of water “such that was I ncreased to 40% by wei ght.

react i omfréfithél a@RRNGE thleOreBeib® MMkt e fewas agellTor R8AKE ONCPT Qofeadg b
to make the sufficient stirring difficult. Al though the stirring

speed WasyihBCIRAFRRtiohherodu@f il ufwiaks GdbIbdCRUF° O andasubsédtenad solid-
sufficiently to the end of reaction. The trans 25 isoner purity of

t he obt diqied doperativhthdl vadtasn $BtrdUonytowipahiteadDDG BBy stalguinthick wdrethen
was 45% by wei ght. EXAMPLE 7 After adding 100 parts of concentrated

hydr 6chlspiraged@iith 7603 mas of 2 A% afueSibs@ation ddfsodiiicarBé2steparitts pH of
water, the resultant solution was heated to 30 60 C. To the

sol ut i orthetrieeowsrnedeb ddpd\splueiparwds On Rdtearweasienpoarthl 620 pads of Watdradd
dropwi se over 3 h while maintaining the reaction tenperature at 60 C

Af ter t hlryanigli X26hp artseofIRQC ¢nyatals stasrab tamedagébhd piel® ohDAGem the basis
After the aging, the reaction product liquid was cooled to 40 C and
subj ect eaf the chairged TNIRuvais 88 paeldei ol hisyirengusnamen purisy was 995% by
separate DOG crystals, which were then 5 sprayed with 750 parts of a
1% aqueobigighd) wihileroDf %sby Weaghlaafemeheheatkespitapee taste recover ed

dr yithlo, BEAMBLITE o Dos crystal s was obiained. The yierd of DOG on
Lne bast s o g e, INBSRIES Thk bR AR RESRBVEGH.
S SN TOBRF RN B SARTRLE R o ARG Bt
oL 4T crugh gD ERRERY o by SOBUSIAN A S0k o
2 The SRR w8, S Bl pi A 095285 Wi
15 while 99.2% by weight after the heat resistance test.
EXAMPLE 9
The procedures of Example 7 were repeated except for washing DOG
crystals with 16 parts of a 48% aqueous solution of sodium hydroxide. The pH of
the recovered basic solution was 12. The yield of DOG on the basis of the
20 charged TMP was 85 mol %. The trans-isomer purity was 99.3% by weight,
while 99.1% by weight after the heat resistance test.
EXAMPLE 10
The procedures of Example 7 were repeated except for omitting the
washing with the 1% aqueous solution of sodium carbonate, to obtain 1267 parts
25 of DOG crystals. The pH of the recovered filtrate (mother liquor) was 2.5. The
yield of DOG on the basis of the charged TMP was 85 mol %. The trans-isomer
purity was 99.3% by weight, while 47.8% by weight after the heat resistance test.
A part of DOG crystals was stirred in distilled water such that the mother
liquor in DOG crystals and the distilled water were mixed uniformly and then

30 filtered. The amount of acid in the filtrate was determined by the titration with
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The procedures of Exanple 7 were repeated except for washing DOG
crystal aniglidalil® P $hékedulf SHeatid6OHE of 84i1dtindDOCf c¥dhld v Ay edleyladed.
The pH of the recovered basic solution was 12. The yield of DOG on
the basis of tA2000-heireethetkPd RskEuippedwiilne stiraewsahdamsflywrity
was 99.3% by weight, while 99.1% by weight after the heat resistance
test. BExoNBehséOwhbehargabditte400pattsaofilDOG/ematsls) e padtscoforaterf mid
omtting the washing wth the 1% aqueous sol ution of sodium
car bonatepatts oflsbdium 3aFogean tarbdtfate (cdoSpmyihalts abdhe 1 2-tinfestiyemole
recovered filtrate (nother liquor) was 2.5. The yield of DOG on the
basi 8 ofoftthe arhewgieof tHeraadsn §¥0oiryssaldhe Theansxiwerneas sprreid gt WasC for
99.3% by weight, while 47.8% by weight after the heat resistance
test. AphrandothepOmanystititeredas We pHeaf the rdeaverkd daswasadutionohas 88
the nmother liquor in DOG crystals and the distilled water were m xed
uni f or nAftenwashiamg with materand drying, DSGmarystalasiede iohtamedsin a repogery
was determned by the titration, wwth 20 an alkali. Fromthe resul L,
the anou¥t98% byoveighh Dbbe dF3RY HHOMARWALY Wasai%¢/ byawstgi, mhile 99.0% by
t hr ee- necked fl.ask eclgei pped. wth a gti rrer and a reflux condenser was

t

char ged Weyeht adterdhecheatrepistancatesh) s, 1508 parts of water, and 2

par of Lgm-hydr ogen carbonate (corresponding to about 1.2 tines
by | e Em#gﬁeﬁgmunt of the acid in DOG crystals). The m xture

e 0, B A SR o e 2y gt

S
recovered basi ¢ 501 Ut1 On Was

drying, Jds-fii1%hal 'ﬁe%é%lg%ghg%éynv\eﬁi}%%%ﬂi‘%ﬁne@é gggg%t&ﬂn%h&glwas

The trans-i1soner purl by werl ght

after t %a@%@& WigR 490a058s bEPOG Loy SeXMEhE 1880 gﬁrw@f waiBy. TaNEChiBRre
i n Exanpl e I0, DOG crystals were obtained. A 2000-m three-necked

flask equhppeidred 49170 °Ctior 2K aaddhenalchuxn -GORFEAS eTh¥RH of ¥ B8Ddvered
with 400 parts of DOG crystals and 1600 parts of water. The m xture

was 15t i r’yebe 86lutidnGrhen5.8 hARBE widsdin ¥ adthifialted hed deyink DO @fystdls were
recovered 15 basic solution was 5.8. After washing wth water and
dryi ng, db®&imadyst alrscovere of 98% by weight. The trans-isomer purity was 99.3% by
weight, while 62.6% by weight after the heat resistance test.
The water-washed DOG crystals were further Waéhed with the basic
solution in the same manner as in Example 10. The trans-isomer purity after
20 the heat resistance test was 99.1% by weight.
EXAMPLE 12
In the same manner as in Example 10, DOG crystals were obtained. A
2000-ml three-necked flask equipped with a stirrer and a reflux condenser was
charged with 160 parts of DOG crystals and 1600 parts of toluene. The mixture
25 was heated to 90 °C for complete dissolution. The solution was slowly cooled to
40 °C over 6 h and then vacuum-filtered. After washing with toluene and drying,
DOG crystals were obtained in a recovery of 90% by weight. The trans-isomer
purity was 100% by weight, while 66.3% by weight after the heat resistance test.
The toluene-washed DOG crystals were further washed with the basic

30 solution in the same manner as in Example 10. The trans-isomer purity after

21



obtained in a recovery of 98% by weight. The trans-isoner purity was
99. 3% bythevied ghlesisthhéetda? vodd 99.20ebghteiglit.er the heat resistance
test. The water-washed DOG crystals were further washed with the

basi ¢ sol uti dhhé higlhhpusapd OGneteaiesl by the pnpdess 0 thd beederdnavestoris
purity after 20 the heat resistance test was 99. 1% by wei ght.

EXAMPLE ds2fuha¢ ha 1ntéemnediabe or asoriomdrxtanrpghe pkoduédi of pslyaherivenaterials
obtained. A 2000-m three-necked flask equipped with a stirrer and a
refl ux corherspolylmsthlaonylgtel pulydarbéfatEapolyesteDP6loureshans, poivethed0
parts of toluene. The m xture 25 was heated to 90 C for conplete

di ssél utpadpol dind epokyirésin, anwvedl awlayrayo ohateriad forithep mdrct®rhofaltbto-
then vacuumfiltered. After washing with toluene and drying, DOG
cryst al scurebte rastini adlaedive.phatewvsakledhkopbasticizeri perin stieilizer, lubricant
trans-isaonmer . purity was 100% by wei ght, while 66.3% by wei ght after

t he heat01}’é%?r1§££’f§e test. The tol uene-washed DOG crystals were
further washed with the basic 30 solution in the sane manner as in
Exanpl e 10. The trans-isonmer purity after 21 the heat resistance
test was 99. 2% by weight. The high purity DOG obtai ned by the process
of the present invention is wuseful as an internedi ate or nonomer for
the production of polyneric materials such as poly(neth)acryl ate,

pol ycar bonat e, pol yester, polyurethane, polyether 5 polyol and epoxy
resin, as well as, a raw material for the production of photo-
curabl e resin, adhesive, photo-curable ink, plasticizer, resin
stabilizer, lubricant oil, paint, etc. 22 WVHAT IS CLAIMED I S: 1. A
process of producing a di oxane glycol represented by the foll ow ng
formula l: CH3 / - \ 2/CH2 CH3 2C-C \ / \ (I) HOCH3 0-CH2 CH2 OH
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5 which conprises a step of allow ng hydroxypival al dehyde represent ed
by the WHABISNQLAIMEDdS:I: CH3 Hi 2CG-C \ (I1) HO CH3 0 to react
with trimethyl ol propane represented by the followng formula I11:

HO- CH2/ CH2 CH31./ CA prbtéss ofi@oCuin@HP ddixahe glycodlatpresemtedby gphe fellowing
of an acid catalyst, the reaction of hydroxypival al dehyde and

t ri met hyfooipprladane bei ng perforned under conditions which neet the
foll ow ng requirenents: (A) a tot al anmobunt of am nes and/or am ne
salts in hydroxpo aI 5% by wei ght or less; 15 (B) the

reaction is perf 80 C (O pH of a reaction system
is kept w 01to40 duying the reaction; (D) X
r epr esent Iovmn rrula IV: X (% by weight) = B/A x 100
(rv) 20 reln g_ f hydroxypi val al dehyde,

trimet hy pr opéHéa id catal yst which are supplied
to the reacti on system and B |s a theoretical anount of the di oxane

glyc b roduced from dro | val al

2 Y o ny P BEGH gfbranasaﬁ@a#eap BBkt ey Breragsantnd tythe
from3 t \]’]éS%by iI and(E) asolld or solution of

hydr oxypé0 WAPEdR Ei‘ ‘added to 5 trinethylol propane, water and the
aci d catal yst whi ch are charged in a reaction vessel over 0.5 to 24
h. 2. The procedsHaccqqding to claim 1, wherein the amne is
triethyl am ne

/
H,C—C—~C (ID)
/1 N\

HO CH, 0

to react with trimethylolpropane represented by the following formula III:
HO—C{-I\z /CHZ—CH3
C (11D
HO—CH, CH,—OH
10 in water in the presence of an acid catalyst,
the reaction of hydroxypivalaldehyde and trimethylolpropane being
performed under conditions which meet the following requirements:
(A) a total amount of amines and/or amine salts in hydroxypivalaldehyde
1s 1.5% by weight or less;
15 (B) the reaction is performed at from 65 to 80 °C;
(C) pH of a reaction system is kept within a range of from 0.1 to 4.0
during the reaction;
(D) X represented by the following formula IV:
X (% by weight) = B/A x 100 avy
20  wherein A is a total weight of hydroxypivalaldehyde, trimethylolpropane, water
and the acid catalyst which are supplied to the reaction system, and B is a

theoretical amount of the dioxane glycol to be produced from
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and the amne salt is triethylamoniumformate. 3. The process

accor di ngdroxgpigialaldehide andrtriasthylsiprgpans viiclotird Guppliad ab ithe réaction
reaction product liquid after the reaction into crystals of the

di oxane sygtegnpol and a reaction nother liquor. 4. The process
according to claim 3, wherein the separation of the reaction product
l'i qui d iis fywan foton@dleiby wepdhts ande of fromO0.1 to 4.0. 5. The process
according to claim3, wherein 98% by weight or less of the 15

reacti on not hdE) lai syl or soluéieserf liyrenpsiegleddehydait addesd for t he
production of the dioxane glycol. 6. The process according to claim
3, wher érmmethylelpyepane, watarrenditlvxaeid caghlysbwhiclk anashetged irha aeaction
basic solution. 7. The process according to claim®6, wherein the

basi ¢ solegs¢lorverd.d to2d kol uti on of an inorganic base in water and/or
an organi c solvent. 8. The process according to claim7, wherein a .
concentration %f Fheppeesss aceonding pasladms bl wheeminithefarainels tsigthylamine
50% by vverlaghlt1 9.. The_ pr oc.esg gccordi. ng ftgo claim1, wherein the

react i orfI8F the piHae waltos fristare mmeniy i 195paite-al al dehyde is pref or med

ndor cone et o BB atmReiRk e D RO e £ o 8
ted by the follow f or.mul % (% i.ght) =B 100
() nersFhraink s RRCR bR alfnr S pdedion T fiotaifof the'aibiine
[ h [ : dth d I
trimet yéwé(ﬁ:)agrﬁ?gge%@?%nﬁ%hgrqmwst wat er and the seed crystals

whi ch ar e react 30 system and B' is a total

wei ght of a thgorst,i i . :
proguced from 'yd?%%(g‘fl)g{)c\/e%?[a%%g(ge%dggg%gﬁgqﬁ?%ﬁﬁ%ﬁéﬁg%os%g%ie)gu llgé t}éefe

suppl i edreabBohhftolBaCTiyaM Y EoMAEd iR aWH $Rhg@bf Bdm 0ont@kied in the
seed crystals, is from3 to 35%by weight. 10. The process according

to claim9, wereThe breceseedcsidifikabslane3, whasdadg byrweaight Bl 16ds of the
fromO0.1 to 30% by wei ght based on a total anount of

hy dn6xy pievatiah debsitbe, lidudrnistrieyked i epbsyuehlt @eactichs forahyyrodubton @€ dhe
crystal Sdioxane glycol.
6. The process according to claim 3, wherein the crystals of the dioxane
glycol are washed with a basic solution.
7. The process according to claim 6, wherein the basic solution is a
20  solution of an inorganic base in water and/or an organic sblvent.
8. The process according to claim 7, wherein a concentration of the base
in the basic solution is from 10 ppm to 50% by weight.
9. The process according to claim 1, wherein the reaction of
trimethylolpropane and hydroxypivalaldehyde is preformed in the presence of
25  seed crystals in addition to the acid catalyst under conditions which further meet
a requirement that X represented by the following formuia V:
X (% by weight) = B'/A’ x 100 \%)
wherein A is a total weight of hydroxypivalaldehyde, trimethylolpropane, the

acid catalyst, water and the seed crystals which are supplied to the reaction

30 ' system, and B’ is a total weight of a theoretical amount of the dioxane glycol to be
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and water. 11. The process according to claim9, wherein a reaction
product liquid is separated into crystals of the dioxane glycol and
a reaction nother liquor, and 10 98% by wei ght or |ess of the
reaction nother liquor is reused in subsequent reactions for the
production of the dioxane qucol. 12. The process according to claim
9, wher eprodaceddram bydmosypivilaldehyde endisimgthdelprppene whigh age sapplisde ti ne

he o cocld BRrabuS LR BRI OR Lo AR B R 12,
13. The pfasiesso asRydidightt o claim 9, wherein the seed crystals are
crystals of t E\(()a d "lQl)l(ea Sr%cegsls }allgccc))lrdigé tot aneinf 9C:rer%|re6iln %{e s§e5d crystals are
5 added in an amount of from 0.1 to 30% by weight based on a total amount of
hydroxypivalaldehyde, trimethylolpropane, the acid catalyst, the seed crystals
and water.
11.  The process according to claim 9, wherein a reaction product liquid
is separated into crystals of the dioxane glycol and a reaction mother liquor, and
10 98% by weight or less of the reaction mother liquor is reused in subsequent
reactions for the production of the dioxane glycol.
12.  The process according to claim 9, wherein a part of reaction
product liquid or slurry at the time the reaction of
trimethylolpropane and hydroxypivalaldehyde is completed is
15 added to the reaction system as the seed crystals.
13. The process according to claim 9, wherein the seed crystals are

crystals of the dioxane glycol of the formula I.
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