STABI LI ZED HYDROXYPI VALALDEHYDE BACKGROUND OF THE I NVENTION 1. Field of the
I nvention 5 The present invention relates to a stabilized

hydr oxypi val al dehyde (3- hydroxy -2,2 -dinethyl prop anal, hereinafter
referred to as HPA) and a nmethod of stably storing HPA. 2. Description of
the Prior Art HPA is generally produced by al dol condensation of

| sobut yl al dehyde 10 (hereinafter referred to as IBAL) and fornmal dehyde or a

formal dehyde aqueous sGTWRINZETPHBOROXYPIVAEAPDISEYIFEOf a basic
catal yst such as amines. Although the al dol condensation generally proceeds

under either acidic or basic conditions, the synthesis of HPA is generally
conducted under basic conditions in the presence of a basic catal yst,

because HBAISGROTIND OF T8IW INVENTION and a hydroxyl group and so easily
under goes sel f- condensation by acetalization under acidic conditions.

After the 1.cfield ofithd hevdrtwerboi | i ng conmponents such as unreacted | BAL and
formal dehyde are renoved by distillation to obtain a reaction production

| i qui d5 HPA i s 'Beeeresdnt invedtian ralatey nd hetakilized diydedkypiealdlfeledp€st yl

gl ycol (hereinafter referred to as NPG, 3 20 hydroxy-2, 2-di net hyl

monohydr oxlyydreal £2,8-diesthylpgbpanal, heeeipiaftat treferred v nedPAband aBS6hodkt C. |
whi ch aredlt}y-produce.d during the synthesis of HPA, are intended as the
final prodfctablytstermegabiBdon product liquid of HPAis inmediately used in a
crude formin the subsequent steps w thout further purification. 25 As a
net hod f or2.gpestutritien plitkee PPAr Arter e has been disclosed a method in which a
purified HPA is_produce by subjecting IBAL and formal dehyde or fornmalin to

al dol condensati®his gererally produeed by addolgandensation pf isabmtyladdelede HPA,

renoving | pow boi | i n 0 nents_by distillation to obtain crude HPA,
109 &ereinaftergre errxtgg to assIBAyL) and formaldehyde or a formaldehyde aqueous

solution (formalin) in the presence of a basic catalyst such as amines.
Although the aldol condensation generally proceeds under either acidic or
basic conditions, the synthesis of HPA is generally conducted under basic
conditions in the presence of a basic catalyst, because HPA has both a carbonyl

15 group and a hydroxyl group and so easily undergoes self-condensation by
acetalization under acidic conditions. After the reaction, the low-boiling
components such as unreacted IBAL and formaldehyde are removed by
distillation to obtain a reaction production liquid. HPA is generally used as a
synthetic intermediate. If neopentyl glycol (hereinafter referred to as NPG), 8-

20 hydroxy-2,2-dimethyl monohydroxypivalate (ester glycol, hereinafter referred
to as ESG), etc., which are by-produced during the synthesis of HPA, are
intended as the final products, the reaction product liquid of HPA is
immediately used in a crude form in the subsequent steps without further

purification.

25 As a method for producing pure HPA, there has been disclosed a method
in which a purified HPA is produce by subjecting IBAL and formaldehyde or
formalin to aldol condensation in the presence of an amine catalyst to produce
HPA, removing low-boiling components by distillation to obtain crude HPA,

and purifying the crude HPA by addition of water, crystallization of HPA under



and purifying the crude HPA by addition of water, crystallization of HPA
under 1 cooling, solid-liquid separation of HPA, and washing with water
(U S. Patent 4,036,888 and JP 6-29206B). It has been reported that HPA
exists in equilibrium between nmonomer and di mer (Journal of the Chem cal
Soci ety, Perkin Transactions Il, vol. 3, p. 189-192, 1978) as illustrated
below, CH3 OH CH3 | OCHCH / 3 2 CHCCCH2OH - HORC-CCH C CH3 OCH2

CH3 CH3 5&8&@@{&%&%@%&@%@3 Qﬂalv&as@fing%tbw@y g Phicgitned in
the formof a dreter. I's has been also disclosed that the H A di mer show a

reactivity £096,888&iHd JP 6-99206H). tn@%aswﬁén%?@mﬁ thil HPA%Z38and JP
5-117187A). 1f the crude HPA after rempving low boiling conponents by
distillati @guilibriusn bbtwesh HIRMEOAnE Hiet QJudirhaDBS tKO ThaiiicASEcibBsi ¢
catal yst, etc., the anount of by-products increases within a short period

of time af tRUrkhﬂila‘ldnsz&cttid@t]iIQﬁoItG pUD8RVIO2R Y 8) adiltestratedbelodnt r at i on of
HPA and/or its dinmer. If HPA and/or its dinmer is purified by

crystallization as proposed in JP 6-29206B, ﬁlﬁ ala anount of HPA
and/or its diner i eft in the nother |iquo a)s(g icantly 15 reduce the
yield, this requiripigdan additional step for |recoy and/or Its

diner from2 h@H‘@‘E—@FGHmIHI’ =Skrez t HONST—CakeCH HFG and/ or its diner is
Dot peri od of 114117 hpG E3G eto. ar Eegg' LY, et e
and HPA and/or its di mer is not intended to bedinmediately used as the
synt hetic
5 HPA monomer HPA dimer
and the purified HPA is usually obtained in the form of a dimer. Is has been
also disclosed that the HPA dimer show a reactivity equivalent to that of the
HPA monomer (JP 1-299239A and JP 5-117187A).
If the crude HPA after removing low-boiling components by distillation
10 1s stored under solution conditions containing a basic catalyst, etc., the amount
of by-products increases within a short period of time after the distillation to
unfavorably reduce the concentration of HPA and/or its dimer. If HPA and/or
its dimer is purified by crystallization as proposed in JP 6-29206B, etc., a large
amount of HPA and/or its dimer is left in the mother liquor to significantly
15 reduce the yield, this requiring an additional step for recovering HPA énd/or
its dimer from the mother liquor. Since the wet cake of HPA and/or its dimer is
poor in storage stability, the purity can be maintained only in an extremely
short period of time. If NPG, ESG, etc. are not the final target compounds and
HPA and/or its dimer is not intended to be immediately used as the synthetic
20 intermediate(s), the storage of HPA and/or its dimer which is produced in
advance of the use or the tranéportation for its use at a distant place are
extremely limited.
To prevent the purity of HPA and/or its dimer from being lowered, the

wet cake obtained in the crystallizing operation for purification should be dried.

25  When heated to 55°C or higher for drying, HPA and/or its dimer is melted at



20 internediate(s), the storage of HPA and/or its dinmer which is produced in
advance of the use or the transportation for its use at a distant place are
extrenely limted. To prevent the purity of HPA and/or its dinmer from being
| owered, the wet cake obtained in the crystallizing operation for
purification should be dried. 25 When heated to 55C or higher for drying,
HPA and/or its dinmer is nelted at 2 the initial stage of drying where the

wat er cont ggp ih&iél_tédahe%ka?yfn% Jvﬁefeeafefwab& coggsﬁggﬁd%tgvlmgﬁw &%QFe #Re L he

dryi ng proceeds. Sinmultaneously, as illustrat two nol ecul es of HPA

react to f@s@&%aﬁibuﬂt%@?&ﬁ@ {HRAG "ﬂ%&é%dli Shaha R oBeBE bk Nusirdtdy CH3
2 OHC- G- CH2OH 2C- C- CH2- 0- C- G- CH2OH CH3 CH3 HPA ESG (ester glycol) 5

To avoi d t hRs$ewpPivebhiIBeulb8ef BIBA féh@fto Fhen 3G G3KEishshehkesdfdigeneral |y by

vacuum dry at tenperatures |ess than 55C without heating to high

t enper at ures. Howe HPA i s.l,0st ublimation u r reduc ssure
condi tions because\cf)géi ts hi 3'&51}?}86‘?‘ pgeeascg@pe and t e subl i ma'?gd A causes
ot her pr obl2n® BUctCaClH40@Hgi ng—ef—vactuurwt iHOH,CFr€reCol.eT Orhe—vet-CHHKk@H s

10 dried by heatinqé@t tenperatures | ower than 55C gﬁi a long perigd of tine
or dried at tenperatéres |lower than 55C in a flow dry nitrogen,3etc.

However, these ne s make the utility consunption ssi vel arge and
are highly di sadvgﬁ‘ggeous for industrial use when E&E’f%%ﬂglyﬁﬁéd for

apparatuses for crystallization, separation, etc. into consideration. 15
Si nce HPA i'® avmddblee proldenssothe doyingo{dheivetscadenis aiffecteyl genenallyrby under

wet cake conditions, it is generally used in subsequent step w thout delay
after its piasyys doy atAempesatursedesshidhas 520Q wathgntihealiing toekighpr oposed

temperatures. However, HPA is lost by sublimation under reduced pressure
conditions because of its high vapor pressure and the sublimated HPA causes
other problems such as clogging of vacuum lines. Therefore, the wet cake is

10 dried by heating at temperatures lower than 55°C for a long period of time or
dried at temperatures lower than 55°C in a flow of dry nitrogen, etc. However,
these methods make the utility consumption excessively large and are highly
disadvantageous for industrial use when taking the need for apparatuses for
crystallization, separation, etc. into consideration.

15 Since HPA is instable under solution conditions containing water or
under wet cake conditions, it is generally used in subsequent step without
delay after its production. As described above, although it has been proposed
to dry the wet cake of HPA, the proposed method is not suitable for industrial
use because of the problems mentioned above. Thus, an industrially applicable

20 method of storing HPA for a long period of time without reducing its purity is

not hitherto known in the art.

SUMMARY OF THE INVENTION
An object of the present invention is to solve the above problems about
25  the storage stability of HPA and/or its dimer and provide a method for easily

producing HPA and/or its dimer which is capable of being stably stored fro a



to dry the wet cake of HPA, the proposed nethod is not suitable for

I ndustrial use because of the problens nentioned above. Thus, an

i ndustrially applicable 20 nmethod of storing HPA for a |ong period of tine
Wi thout reducing its purity is not hitherto known in the art. SUMVARY OF
THE | NVENTI ON An obj ect of the present invention is to solve the above

probl enms about 25 the storage stability of HPA and/or its diner and provide
a net hod fqéng?ghbgofghggpcing HPA and/or its dimer which is capabl e of
bei ng stably ored fro a 3 long period of time. As a result of extensive

research in vi ewof ra6ilitdieRteridive ARRUSIOR ¢fdw BY acISRVANSINGab iR SHiQLEase

stability of HPA and/or its diner, the inventors have found that HPA and/or

its diner eohadiciidth@s@ird8s stBIUB} oPHPARA £dl/of DR AR rot kL TSt 6 YhavY 0 a
solid product by cooling, 1rrespective of containing a |large anount of

water. It Heen®eRat HEOahaHdts ARheSetittati®e!d givienofHetnt 6f wakaditales bei ng
stored stably for a long period of tinme even en the basic catalyst is

cont ai ned, campletEdpieth Asbld prod ackiss coulivid, indspyctiveyst @nlthEAahpenlarghe
i nvention is based on these findings. 10 Thus, the invention provides a

sol i d produchowotgiwaterg It hedriexeymilve fadrtk tlyatesvaihdd e6lid peodhnetes capdbleadfer .
The solid product may be produced by cooling a liquid containing
hydr oxypi vdleahglstordd saabliydfor iat lendipeeiod aitimesven wheh ¢habhyicatataISt os | ower .
The liquid to be cooled may be a reaction product solution containing
hydr oxypi vabataiekgdas aoapared vathiameodbét paddfiedthor cryetelbinatisnofthei ned by
subj ecting isobutyl al dehyde and formal dehyde or an aqueous sol ution of
f or mal dehydevention dobasehdetbesé Bndingst he presence of a basic catal yst and
t hen segarating | ow- boi | i ng components. In a preferred enbodinment, the
solid pPoduct cdtps, $he iB8BerionHYpIdess sghd product comprising
hydroxypivalaldehyde and/or its dimer and water. The solid product may be
produced by cooling a liquid containing hydroxypivalaldehyde and/or its dimer
and water preferably at 50°C or lower. The liquid to be cooled may be a
reaction product solution containing hydroxypivalaldehyde and/or its dimer

15 and water, which is obtained by subjecting isobutylaldehyde and formaldehyde
or an aqueous solution of formaldehyde to aldol condensation in the presence
of a basic catalyst and then separating low-boiling components. In a preferred
embodiment, the solid product comprises 35 to 95% by weight of
hydroxypivalaldehyde and/or its dimer and 5 to 65% by weight of water.

20 The invention further provides a method for stably storing
hydroxypivalaldehyde, which comprises a step of cooling a liquid comprising
hydroxypivalaldehyde and/or its dimer and water to allow the liquid to change
into a solid product. The liquid preferably comprises 35 to 95% by weight of
hydroxypivalaldehyde and/or its dimer and 5 to 656% by weight of water. The

25  cooling is performed more preferably at 40°C or lower.

DETAILED DESCRIPTION OF THE INVENTION
Formaldehyde to be used for the production of HPA and/or its dimer may

be used as such or in an aqueous solution (formalin). The aldol condensation



hydr oxypi val al dehyde and/or its dinmer and 5 to 65% by wei ght of water. 20
The invention further provides a nethod for stably storing

hydr oxypi val al dehyde, which conprises a step of cooling a liquid conprising
hydr oxypi val al dehyde and/or its dinmer and water to allowthe liquid to
change into a solid product. The liquid preferably conprises 35 to 95% by
wei ght of hydroxypi val al dehyde and/or its diner and 5 to 65% by wei ght of

wat er. The o23BAIOA h@Forifia RN éqﬁ(ihggf'rgsd?fc‘éfcﬁ'raal%éic _htAPK Rrvdrguer .
DETAI LED DESCRI PTI ON OF THE [ NVENTI For mal dehyde to be used for the

product i on sQkcdfitfbland/the witer ébABntiBdon BE this eeh@forSsiedte . Ifihan aqueous
solution (formalin). The al dol condensation 4 of |IBAL and formnal dehyde in

the presenegn@ntRatisfiof [BAIAbY SrmfAd¥Ryde isS16%6 ERE rBA@idPra feeethRY
concentration of the reaction system If the concentration of |BAL or

f or mal dehy decreasedWo faile¢oragedini DdesivdisleyacldneETheletseasiesl coieemdtatib®olt tain a
desirable yield. Therefore, the concentration of 5 formal dehyde in formalin
i s pref&ralibymaklehiydle iafopaatinhlsereférabbr sehigdsas poessiblearPrefgrriedramsdhen i s
one having a formal dehyde concentration of 37% by weight or nore with no or
a m ni m zedtartmgpforaialme ishane havingafomenglidehyde avacd mtibhBon l0BAIZ% by wedghe i n
the invention while preferred is one having a content of n- butyl al cohol,
etc. as | owrasoyowithbhe onadnheiviizgd anpumttof étleasd oA comnmerdallyrey aaladvdé
condensation for the production of HPA and/or its dinmer nay be perfornmed in
ei t her bat dBAdaimesalde 18 dheiinvenigomminler pyeferredaslope hayang agombephef nc
pressure or under pressure while shutting off the flow of air or allow ng
nitrogen t buftybaslcoﬁﬂl,teh@ dsdpwhasipessible arRhhaving aphudlipd 8904 or mdren)  and
the catal yst may_be supplied in_ an Al dol. condensation or 15 Canni zzaro

reacti 8% bet weerf hegaldo %@%n%@lqs’r%E\Q%Qéﬁdempﬁﬂffd@ndmi‘@c@ire@r WAy t ake

| ace in sgonme cases to reduce the yield of HPA when | BAL
P %e per orme(i 1n eltﬂer %atc% myanner or continuous manner preferably under

atmospheric pressure or under pressure while shutting off the flow of air or
allowing nitrogen to flow. In the batch method, IBAL, formaldehyde (formalin)
and the catalyst may be supplied in any way. Aldol condensation or

15 Cannizzaro reaction between IBAL molecules or between formaldehyde
molecules may take place in some cases to reduce the yield of HPA when IBAL
or formaldehyde (formalin) is brought into contact with the basic catalyst in
advance. To remove this problem, it is preferred to supply the basic catalyst
into a mixture of IBAL and formaldehyde (formalin). In the continuous

20 method, like the batch method, IBAL, formaldehyde (formalin) and the
catalyst may be supplied in any way. To enhance the reaction efficiency, the
continuous method is preferably performed in a multi-stage manner of about 2
to 4 stages. The charge ratio of IBAL to formaldehyde is preferably 0.8 to 1.6,
more preferably 0.9 to 1.4 in terms of moiar equivalent. In the batch method,

25  the reaction system is heterogeneous within several minutes after the
initiation of reaction and changes into a homogeneous state with the
generation of HPA. The reaction temperature is preferably 40 to 98°C, more
preferably 80 to 95°C under atmospheric pressure. In the batch method, the

temperature rise stops for a time when reaching the reflux point, 62 to 65°C, of



or ‘formal dehyde (formalin) is brought into contact with the basic catal yst
In advance. To renpve this problem it is preferred to supply the basic
catalyst into a mxture of |IBAL and formal dehyde (formalin). In the
continuous 20 method, |ike the batch nmethod, |BAL, fornal dehyde (formalin)
and the catalyst may be supplied in any way. To enhance the reaction
efficiency, the continuous nethod is preferably perforned in a nulti-stage

manner of EHOUt PhehOtib &tn@}g@x%tuf@'ér&ilmgﬁri%@é {n%t}gihé BbthereRidrOsfEipdehyde i s

preferably 0.8 to 1.6, nore preferably 9 to 1.4 internms of nolar
equi val entand/dr E@Qii%ézc@oﬁﬁﬁ?@ion AIBATE) 4825 eAftrslNSd BMally tBgrrageneous

within several mnutes after the initiation of reaction and changes into a

honmogeneoukighled! Thel fefactibg is gempleted &y Wdepitéd at Bleto $62C {210.08 PRt Wie i s
preferably 40 to 98C, nore preferably 80 to 95C under atnospheric pressure.

I n the battHe ¢émithogbud ethédrthenahetion piréceeds dhondsgehcoulBydfean Mhachi ng
the reflux point, 62 to 65C, of 5 IBAL. Then, the tenperature gradually

ri ses i t hrdae@ogetearsiraourecis pheferabiyd50to iI988Comuvee preferablyp’d cn96fC,&Bid) and
is controlled finally to 80C or higher. The reaction is conpleted by

keepi ng at ti20resod€dw€ thme 16 pd&fetrably Bil thrb hi imere pnéfenalolysO.8ebfohl, Thee
reacti on proceeds in honbgeneous system The 5 reaction tenperature is

pr ef er abl yrés@tibo t@8erabure jsreidralddyby beatings®, coaling uding mejpickenceilt ete i s
preferably 0.1 to 5 h, nore preferably 0.3 to 3 h. The reaction tenperature
i s control addclmsd bethé repater, g&cﬁlrm@aﬂsgmbeaep@mﬂlﬂu@bm anexterionheathed to
the reactor, by circulating the reaction liquid to an exterior heat
exchanger é¢xphaager ifeiycoadingypr bafrefixxing lawboding pempenpuisciotremaeye keaty e

heat. 10 Exanples of .the bhasjc catalysts for use in_the aldol condensation

i ncl ud® i nor gahxampdewefl thechass catdy st fay yeein dbe aldaloondansayon anglude

sodi um carbonate .and pot assi ug}car bgmte' and organi c. bases sych as

tertiary alAoRBaNIChAsesFuCchiassodiymiungxide, pofasstamdyydyoxidey so i zzar o

reaction bcea{r\ggrelgteHgﬁd potassium carbonate; and organic bases such as tertiary amines
and pyridine. If the basicity is too strong, Cannizzaro reaction between HPA
and/or its dimer and non-reacted formaldehyde occurs to reduce the yield of

15 HPA and/or its dimer. If the basicity is too weak, the reaction rate becomes low.
Therefore, the tertiary amine is preferably used. Examples thereof include
trimethylamine, triethylamine, tripropylamine, triisopropylamine,
tributylamine, triisobutylamine, N-méthylpiperidine, N-ethylpiperidine, N-
methylmorpholine, N-ethylmorpholine, N-methylpyrrolidine and N-

20  ethylpyrrolidine, with trimethylamine and triethylamine being preferred
because of their easy availability, and triethylamine being more preferred. The
amount of the basic catalyst to be used varies depending on its kind, and
preferably 0.001 to 0.5, more preferably 0.01 to 0.2 in terms of molar
equivalent with respect to IBAL.

25 After completing the aldol condensation, a liquid comprising HPA and/or
its dimer and water is obtained by distillation for removing low-boiling
components mainly comprising non'réacted IBAL and formaldehyde and
methanol contained in formalin as an impurity. Since the degradation of HPA

and/or its dimer is accelerated with increasing temperature, the removal of



and/or its dinmer and non-reacted fornmal dehyde occurs to reduce the yield of
15 HPA and/or its dinmer. If the basicity is too weak, the reaction rate
beconmes |low. Therefore, the tertiary amne is preferably used. Exanples
thereof include trinethylamne, triethylamne, tripropylam ne,
triisopropylamne, tributylamne, triisobutylam ne, N-nethylpiperidine,

N- et hyl pi peri di ne, N nethyl nor phol i ne, N-ethyl norpholine,

N- et hyl pyng@iciiing cafthoNea®s BY it tINE£6h 6l P?@fer%l&fbe&fdr?@éd‘ﬁhé{g} R&d e
triethylam ne being preferred “because of their easy availability, and

triet hyl ampiesdifiend aphue 257 @ 89 kPd unthe whivhUhe @luhhcopashfpsat@lymt to be
used varies depending on its kind, and preferably 0.001 to 0.5, nore

pref erabl y dlldied @ Becdnmdab&itd0 ef S0BC ahitadleforaleeterihd Roha®aetld IBALBAL.
25 After conpleting the aldol condensation, a liquid conprising HPA and/ or

its di mer aiel watheut psolsibir. rMElge Bistilistion haty onpédormeduinidithdrdyutbRi | i ng
conponents mainly conprising non-reacted | BAL and forml dehyde and net hanol
cont ai n&éd imahnenst contasueus et Yo Hionoxte tthe rdagvatief loonrboflidtgPA and/ or
its dimer is accelerated with increasing tenperature, the renoval of 6

| ow boi | i ngoopumendstwatey may tiel ddateidam advaurcefodithbldystpldationed under reduced
pressure of about 25 to 95 kPa under which the colum top tenperature is

al | owed to becorheabquid dbmpusBECHAA andior 1fsodimecove wiater tloms oktohed id BAL,
etc. without problens. The distillation may be perforned in either batch 5
manner or cbangadduto aranhérp.rowctpbmmlmg-hﬁyrre ing¢ thewohdiprpdyct, HPA
conponents, water may be added in advance of the distillation. The |liquid
conpri si ng aPlonite dimer is stibhilized against dhe degradsition nBeweyer,dh shgswmtent o a
solid product by cooling. By npking.into the solid prodyct, HPA and/or its
di mer 19 stcaBfaNtAs @xseeaively high. theliguud ?QfﬁalmségBA,andrfowédmeéranﬁo

content is excessivel hig&], t he |iguid containi ngD HPA and/ or. itls di rer and
water 1s not changéd into a uniform solid product,but into a liquid slurry to

deteriorate the storage stability. It is disadvantageous to make the water
content excessively low, because the removal of low-boiling components should
be performed at high temperatures for a long period of time, increasing the

15 amount of HPA and/or its dimer which is degraded during the removal of low-
boiling components. Considering the above, preferred is a liquid comprising 35
to 95% by weight of HPA and/or its dimer and 5 to 65% by weight of water, and
more preferred is a liquid comprising 60 to 90% by weight of HPA and/or its
dimer and 10 to 40% by weight of water.

20 The liquid comprising HPA and/or its dimer and water is cooled at 50°C
or lower, preferably 40°C or lower. At temperatures higher than 50°C, the
change of the liquid into the solid product is extremely slow to increase the
amount of HPA and/or its dimer degraded before the change into the solid
product is completed. The lower limit of the cooling temperature is not

25  particularly specified and a temperature about 10 to 50°C is practically
sufficient for cooling because no additional equipment is required. The
temperature of HPA and/or its dimer is lowered to the cooling temperature (10
to 50°C) preferably within 50 h after its production, more preferably within 10

h after its production, and still more preferably as promptly as possible after



water is not changed into a uniformsolid product, but into a liquid slurry
to deteriorate the storage stability. It is disadvantageous to nmake the
wat er content excessively |ow, because the renoval of |ow boiling
conponents should be performed at high tenperatures for a |ong period of
time, increasing the 15 amount of HPA and/or its dinmer which is degraded
during the renoval of |ow boiling conponents. Considering the above,

preferred ig produ@tibd. I0MPEIEsNP103E pdrbPofbie WRiiDMHe RimpBAtaRdIOr its
dinmer and 5 to 65% by wei ght of water, and nore preferred is a liquid

conpr i si ng1éPeted ROMRDINRIIHRIMIratith, FREHIPA bh8/ordtdBImants iRvVieLIPKeY

wei ght of water. 20 The |iquid conprising HPA and/or its dinmer and water is

cool ed at a@€emperhawes high&f abthe 0GR teh@yaatuit td BIEBEI ! theesmBuaber
than 50C, the change of the liquid into the solid product is extrenely slow

t o i ncr easdegPedatidiuTheabohiRé thnd/adterithe cdoling islegireit dnbdfthe @hbhige dhenge
into the solid product is conpleted. The lower |imt of the cooling

t enper af ur ¢éhé sohdtpradupaistdomyp latddyisspetairiticxd, and paefeeablr @icheunboidngkd, t o
50C is practically sufficient for cooling because no additional equipnent
i s requir egrefeirablyt ¥ornherralionger. olf dheAteartthanrornet lsowh, ke chanpeweioeathet swlidhe
cooling tenperature (10 to 50C) preferably within 50 h after its

product i onproduet isrefteoailyted tohieave @ Liquidfpcetions saghingubeilemdlargithstreof
more preferably as pronptly as possible after 7 its production. If it takes
a | ong per dofficat.t Tﬁe capling operatiemiselinished after donfiemidgttbe chmpdebbi of
tenperature, the HPA and/or .its dimer is _inevitably held at_tenperatures
hi gher t hathe sbasgeintythecsedut pragust: Jojallove theliguid tovaniformly chipgeatnioi on.
The cooling tinmg after the cooling is started until the change_into 5 the
solid #¥ odiibe sphd qsripeh dhe ceniaincr FpRtazmmng dl%ﬂléf@ﬁf&bql?n@gﬁl)ﬁo%nd@?

ot he St g R BYatPE T DEsHpreet ek bab e o PEPRLGHFSIORd Haii ng
the handli ng&)ggzrit%%]:as at which the solid state is maintained, preferably at 10 to 40°C.
If the liquid comprising HPA and/or its dimer and water is cooled and
changed into the solid product in a sealed can container, the solid product

15 firmly adheres to the inner wall of the sealed can container to make it difficult
to take out the solid product without destroying the can container. If re-
melting under heating for taking out, the melted HPA and/or its dimer is
rapidly degraded. Alternatively, the liquid may be cooled and changed into the
solid product in a vat, etc. and then crashed into pieces for easy handling.

20 However, this method is not suitable for the treatment of a large amount.
Therefore, the liquid comprising HPA and/or its dimer and water is cooled and
changed into the solid product preferably in a resin-made bag container. By
changing into the solid product in an inexpensive sealable bag, for example, a
bag container made of a resin such as polyethylene, the storage and

25 transportation of the solid product comprising HPA and/or its dimer and water
become easy. The solid product is taken out of the container for use only by
breaking the container. After changing the liquid comprising HPA and/or its

dimer and water into the solid product in a resin-made bag container, etc., the

solid product may be crashed into pieces so as to allow the reaction using HPA



difficult. The cooling operation is finished after confirmng the conpletion
of the change into the solid product. To allow the liquid to uniformy
change into 10 the solid product, the container containing the |iquid
conprising HPA and/or its dinmer and water may be stirred or shaken. The
solid product is stored at tenperatures at which the solid state is

mai nt ai ned, preferably at 10 to 40C |If the liquid conprising HPA and/or its

di eter and @& ith ﬁiﬁx‘éi)l?%q;h@g}gar' %%@riﬁﬂ@gh&&ea@eﬂsﬂyprOdUCt in a seal ed

can container, the solid product 15 firmy adheres to he inner wall of the
seal ed can cont@h88hvéRtibRKS deberihdd irpﬁ#ére de®ail H5€h Qeterbie %&khgeﬁalf%w.

W t hout destroying the can container. If re- nelting under heating for

t aki ng out Hdéwevdreit GtbutiPAeanste@rtht shélfdloWing®exandiled laye 4R AEEMed to
Alternatively, the liquid my be cool ed and changed into the solid product

in a vat, eéffitthedcbpenf chiasmeashtion tharets e tiey fdRSYngarmdl iand. "pa@t(Fovaeer
this nmethod is not suitable for the treatnent of a |large anmount. Therefore,

the |iqei dbaes@binsyeighitRthlasdiblervise dotedc and water is cool ed and changed
into the solid product preferably in a resin-nade bag container. By

changi ng into tTthesghs chypmoatoeiraphicaamadlpex pénke welid eatmqbyri@nhdHPA faoid/@xiaspl e,
a bag container nade of a resin such as pol yethylene, the storage and 25

t ranspor t atdimer and: we texowiad npadelox tancarepones solg tidBiofahd/solidi proddictre HRAnd

wat er becone easy. The solid product is taken out of the container for use
only by braaalkomigs dimer onobserved aaAfHHBA. changi ng the |iquid conprising HPA
and/or its diner and water into the solid product in a resin-nade bag

cont ai ner, SXNTHESE EXAMPIE dduct nay be crashed into pieces so as to
allow the reaction using HPA 8 and/or its dinmer as the starting material to
pr oceed0 easivinfhesigef;| gmn%w jts dmeEribed in nore detail with reference to
t he exanples. However, it Sgﬁléd be noted that the foll owi ng exanpl es are

not intended to Inte RPP nawés Lemd b7 pavismtison/ tHermadin ¢hargad int 2 owi ng,

"% and p%ggét%;,"BBa {)grts of triethylamine (hereinafter referred to as TEA) was added
over 5 min at 40°C under stirring in a flow of nitrogen. The reaction was
initiated at the same time when the addition of TEA was begun, and the

15 temperature of the reaction liquid reached 65°C at the completion of the
addition of TEA. Thereafter, the reaction temperature was gradually raised by
suitably continuing the heating and reached 90°C after 30 min. After
continuing the reaction for additional 5 min at 90°C, the reaction was stopped
by externally cooling the reaction liquid to 60°C. Then, low-boiling

20 components such as unreacted IBAL, TEA and methanol were removed by
distillation at 60 to 70°C under 53 kPa to obtain a reaction product liquid
(hereinafter referred to as crude HPA), which was then analyzed by gas
chromatography (hereinafter referred to as GC) for the chemical composition.
The results are shown in Table 1.

25 EXAMPLE 1

A 18-L polyethylene container with a screw cap ("Baron Box" of grade

18A available from The Koizumi Jute Mills Ltd.) was filled up with the
solution of crude HPA obtained in Synthetic Example 1 at 60°C, and then

hermetically sealed. Upon cooling at 20°C for 48 h, the solution completely



5 based on wei ght unless otherw se noted. The gas chromat ographi c anal ysi s
of the solid conprising HPA and/or its dinmer and water was nmade on an
acetone solution of the solid product. HPA and/or its dinmer is observed as
HPA. SYNTHESI S EXAMPLE 1 10 Synthesis of HPA and/or its diner Into 595 parts
of IBAL and 657 parts of a 37%formalin charged into a reactor, 33 parts of
triethylamne (hereinafter referred to as TEA) was added over 5 mn at 40C

g am e Lnereiaater e _ . OV )
e R P R e R b U S
reaction | kgrlcdybERSBE thRRmBhtid)&he %Hh%trbegﬁtgfvﬁg Q%alyziebgl' 1%3; e Rir tlmb%f‘y

Thereafter, the reaction tenperature was gra y rai sult

conti nui ng chfmidaabiiiths#i6n | THeRAuBGraishewnth Taple A ter continuing the
reaction for additional 5 mn at 90C, the reaction was stopped by

external | y iopOMPIgE bhe reaction liquid to 60C. Then, |owboiling 20
conponents such as unreacted | BAL, TEA and net hanol were renoved by

distillmtion at A900-0. péiGethiiene 2ontdiaet @itk abrevd chp AP Nins0g00t | i quid
(hereinafter referred to as crude HPA), which was then anal yzed by gas

chr omat ogr dpbl-ih exedwndldtde froh @ujadoiiKegyd3Cy., Lad.)twigs fillediupavithotieosi ti on.
The results are shown in Table 1. 25 EXAMPLE | A 18-L pol yet hyl ene cont ai ner
w th a screalutign 6f GardenHBAXObtainegl adSyntiitAicoganphé & dtradTCThadKbenum Jute
MIls Ltd.) was filled up with the solution of crude HPA obtained in
Synt heti ¢ BeametieallyaeaboiC, Upod dchbng at@0i€tfor 4Blly, theaobationpamptetely ng at
20C for 48 h, the solution conpletely 9 changed to a solid product. After
mai nt ai ni nghahged éorpesoliduprodaict.28feir anaintaining the temperature at 20°C for
10  three weeks or three months, the solid product was analyzed by GC for the
chemical composition. The results are shown in Table 1.
COMPARATIVE EXAMPLE 1
The solution of crude HPA obtained in Synthetic Example 1 was stored
in a sealed container under a solution condition at 60°C. After one weak, the
15 solution was analyzed by GC for the chemical composition. The results are

shown in Table 1.

Table 1

Chemical Composition (percent by weight)
HPA IBAL FAL TEA NPG ESG BNE Water
Synthesis Example 1
62.4 0.3 2.4 0.3 0.6 2.0 0.2 28.5

Example 1
after 3 weeks 62.2 0.3 2.3 0.3 0.7 2.1 0.2 28.5
after 3 months 62.1 0.3 2.2 0.3 0.7 3.0 0.2 28.6
Example 2
after 3 weeks 62.0 0.3 2.3 0.3 0.7 2.5 0.2 28.6
after 3 months 61.8 0.3 2.1 0.3 0.7 3.0 0.2 28.8
Comparative Example 1
after one week  56.2 0.2 1.8 0.3 0.8 8.0 0.3 28.7

HPA: hydroxypivalaldehyde

IBAL: isobutylaldehyde
20 FAL: formaldehyde

TEA: triethylamine

10



three weeks or three nonths, the solid product was anal yzed by GC for the
chem cal conposition. The results are shown in Table 1. EXAMPLE 2 5 A 200-L
pol yet hyl ene container with a screw cap ("Fuji Liner 200", back-in-box
avai l able from Fujinori Kogyo Co., Ltd.) was filled up with the solution of
crude HPA obtained in Synthetic Exanple 1 at 60C, and then hernetically
seal ed. Upon cooling at 20C for 48 h, the solution conpletely changed to a

solid produPG: fkbpéntiBighy@ini ng the tenmperature at 20C for 10 three weeks
or three nmonths, the solid product was anal yzed by GC for the chem cal

conposi t i orESEhs-Hyreky L, 2idemebiyiimoRoH itk ypivaPedARATI VE EXAMPLE 1 The
sol ution of crude HPA obtained in Synthetic anple 1 was stored in a

seal ed contBiNBeheupeetyl glpel] uhoiissinutgiraieon at 60C. After one weak, the 15
sol ution was analyzed by GC for the chem cal conposition. The results are
shown i n TaDOMPARAINVE EXAMPILFaR Conposition (percent by weight) HPA | BAL
FAL TEA NPG ESG BNE Water Synthesis Exanple 1 62.4 0.3 2.4 0.3 0.6 2.0 0.2
28.5 EXxanpl e 1 Attwie HREEID 62rtR bY. Beizhd) @a8 addéd vith @78 2&t5 byaiéight 3
months 62.1 0.3 2.2 0.3 0.7 3.0 0.2 28.6 Exanple 2 after 3 weeks 62.0 0.3
2.3 0.3 0. pfwAed sp aaFomdjast the GonrentitesiBd oBHFP A @] /or (ksitmer t8.16.5%2 28. 8
Conpar ati ve Exanple 1 ) ’ )
After cooling to 35°C, the mixture was stored under stirring for one hour and
then subjected to a solid-liquid separation using a top-discharging centrifugal
separator. By the separating operation, 315.6 parts by weight of mother liquor
10 was discharged and 62.4 parts by weight of HPA cake was obtained. The HPA
cake was washed with 125 parts by weight of pure water. By the washing
operation, 127.6 parts by weight of washings was discharged and 60 parts by
weight of washed wet HPA was obtained. The chemical composition of the
washed wet HPA determined by GC analysis was 61.4% of HPA and/or its
15 dimer and 38.6% of water, and other components were not detected. After
storing the washed wet HPA at 20°C for three weeks, the chemical composition
thereof determined by GC analysis was 58.3% of HPA and/or its dimer, 2.0% of
ESG and 38.7% of water.
HPA has a hydroxyl group and a carbonyl group in its molecule and is
20 useful as a raw material for the production of neopentyl glycol, calcium
pantothenate, spiroglycol, hydroxypivalic acid and its esters, pivalolactone, etc.
In the method of the invention, IBAL and formaldehyde or an aqueous solution
of formaldehyde are subjected to aldol condensation in the presence of a basic
catalyst. After removing low-boiling components by distillation, the reaction
25 product solution containing a given amount of water is cooled to change it
completely into a solid product. By storing under such a solid condition, HPA
and/or its dimer is stored for a long period of time without reducing the purity

although it is easily degraded under a solution condition containing the basic

catalyst or under a wet cake condition. By the method of the invention, the

11



after one week 56.2 0.2 1.8 0.3 0.8 8.0 0.3 28.7 HPA: hydroxypi val al dehyde
| BAL: isobutyl al dehyde 20 FAL: fornmal dehyde TEA: triethylam ne 10 NPG
neopentyl glycol ESG 3-hydroxy-2,2-dinmethyl nonohydroxypival ate BNE:
neopentyl glycol nonoi sobutyrate COVWARATIVE EXAMPLE 2 5 A crude HPA (100
parts by weight) was added with 278 parts by weight of water so as to

adj ust the concentration of HPA and/or its dinmer to 16.5% After cooling to
35C, the niyxé of BMEngloiedditneeattet stdrage of afa R rivtion dehaddedsys Uhest ed
to a solid-liquid separation using a top-discharging centrifugal separator.
By the sep#i@pras@ntpevaitionis oflgrcat paltie by wei ght of nother [iquor 10 was
di scharged and 62.4 parts by wei ght of HPA cake was obtained. The HPA cake
was washed with 125 parts by weight of pure water. By the washing

operation, 127.6 parts by weight of washings was di scharged and 60 parts by
wei ght of washed wet HPA was obtained. The chem cal conposition of the
washed wet HPA determ ned by GC anal ysis was 61.4% of HPA and/or its 15

di mer and 38.6% of water, and other conponents were not detected. After
storing the washed wet HPA at 20C for three weeks, the chem cal conposition
t hereof determ ned by GC anal ysis was 58. 3% of HPA and/or its dinmer, 2.0% of
ESG and 38. 7% of water. HPA has a hydroxyl group and a carbonyl group in its
nol ecule and is 20 useful as a raw material for the production of neopentyl
gl ycol, cal cium pantothenate, spiroglycol, hydroxypivalic acid and its
esters, pival ol actone, etc.

12



In the nmethod of the invention, IBAL and formal dehyde or an aqueous sol ution
of formal dehyde are subjected to al dol condensation in the presence of a
basic catalyst. After renoving | ow boiling conponents by distillation, the
reaction 25 product solution containing a given anount of water is cooled to
change it conpletely into a solid product. By storing under such a solid
condi tion, WPPATA®ALANIMEI3IS mer is stored for a long period of tinme wthout
reducing the purity although it is easily degraded under a sol ution

condition cpnt ai Aiqﬁgﬂohﬂgpﬂi@p{oquctco@;@rfgﬁltg WBrto YHULHy weidBt cak_e condition. By
the nmethod of the invention, the 11 use of HPA and/or its dimer after

storage or {Jr 1 i 0 PhESTE M e t:Lon i s of
great val ueﬁy?W?%%&ﬁ%%%@%%«g%??é’r%\g%l%d pr&fﬂgiﬁ%gholhpri sing 35
to 95% by wei ght ..hydroxypi val al dehyde and/or. its diner..and 5 5% by

wei gt of - wBieapeed i echAF B it B0 RBh T by o RyTEAER e dudflr 880t ) ni ng
hydr oxypi val al dehyde and/or its 5 diper, thereby, conpletely changing the
aqueous 1i qdimer, thereby pmplsiehbehangmieithe prusavcliquid mto heamitormsphd §EIduEL pr oduct
according to claim1l, wherein the aqueous liquid is a reaction product

sol uti on ob2.ai nethdyniuhy editdipngdiics adzotdihgtodddiydl velredeih clienajudets/litpid or  an
aqueous solution of fornmal dehyde to al dol condensation in the presence of a

basi ¢ cat al y sdacdifiprobedt sSRifidh dbiaikd|byWubRettingigoiRVRRIBRYdeSandyfofthflliéHyldat i on.
10 3. The uniformsolid product according to claim1l, wherein the cooling is

performed aky éloaqge%\%;sghg]\fﬁrog gé?ndﬁiéﬁgaé]&)dal(flﬁrcoﬁ e(?lrsétlﬂgl imfﬁié gﬁ&’é}f-cg %k Ql dehyde,

whi ch conprises ool ng an aqueous Tiqu contal ni ng
GG EEERTOAREN T AW LT L I R R
vel ght ?(]; hg‘dr Oxl\{ﬁé Xr?ilfoarlnds%rlli%%?ocﬂlrgtj&%grcihgg todglzg‘ranr 1,%91(11er€:5intt1?e go%%)ng){s wel ght of
performed at 50° C. or lower.
4, A method for storing hydroxypivalaldehyde, which comprises a step of
cooling an aqueous liquid containing hydroxypivalaldehyde and/or its dimer, thereby
completely changing the aqueous liquid into a uniform solid product comprising 35 to
15 95% by weight of hydroxypivalaldehyde and/or its dimer and 5 to 65% by weight of
water.
5. The method according to claim 4, wherein the aqueous liquid contains 35 to
95% by weight of hydroxypivalaldehyde and/or its dimer and 5 to 65% by weight of
water.
20 6. The method according to claim 4, wherein the cooling is performed at 50° C.
or lower.
7. The method according to claim 4, wherein the cooling is performed in a
container made of resin.

8. The uniform solid product according to claim 1, wherein the cooling is

25  performed at 40° C. or lower.

13



water. 5. The nethod according to claim4, wherein the aqueous liquid
contains 35 to 95% by wei ght of hydroxypival al dehyde and/or its diner and 5
to 65% by weight of water. 20 6. The method according to claim4, wherein
the cooling is perforned at 50 C. or lower. 7. The nethod according to

claim4, wherei nThd@etoalat&Gding t@erahﬁrsnwﬁeﬂeﬂl tBe lig@IAtRLARs (VG009 by €si n. 8.
The uni form solid product according to claim1, wherein the cooling is 25

per f or med 0 wher ei n
the i qui dagcvo%%} taclg:fnhgﬂa %%!y?mga&ﬁ%dgand/gﬁh %P%ﬁ%%ﬁegytﬁé@%? a&ﬁd/ or its
dimer and 1 % b ht of ter 10. The thod CcCo o claim
6, wherein ?91 ﬁg él \f'@“'ﬁgo fhtngrt 115,[6 WBer&m thBFO(I’ Yige? PC OTleddafag t hod
according to cI aim4, wherein during said step of cooling, the aqueous
liquid is s®ilPPet or shaken. 14

5 11.  The method according to claim 4, wherein during said step of cooling, the

aqueous liquid is stirred or shaken.

14



