SPEC! FI-CATI ON PROCESS FOR THE PREPARATI ON OF _
37 HYDROXYTETRAHYDROFURAN 5 TECHNI CAL FI ELD
The present invention relates to a process for producing a

3- hydroxyt etrahydrofuran, particularly an optically active 3- (9

- hydr oxyt et rahydrof uran of high quality, i&n a sinple, easy and

i ndustrially advant ageous manner and in high yield. 10

BACKGROUND ART 3- Hydr oxyt etrahydrofuran is a conpound of great
val ue as ~a synt hetic internedi aS®PESTRIENTTONal s and agrochem cals.. The
known technol ogy for the production thereof conprises reducing 15 a '
4- hal o- 3- hydroxybutyric acid ester, which is readily avai |l abl e, and
cyclizing the P@@GE§§n§03-ﬁﬁEoPBEgAﬁﬁﬂéﬁ@dQ& 3- HYDKQ&%?HTRﬁﬂﬂqﬁoﬁﬂﬁﬁﬂwt|on
processes of 3- hydr oxyt et r ahydr of uran are known which conpri se
reducing a 4-ha|o-3-hydroxybut¥;ic acid E@&gﬁ)mnth sodi um bor ohydri de
in 20 ansorganic sol vent ‘-m sci bl e e ch as tetrahydrofuran
(hereinafter refermrad ;bf)e@énﬁ'HEbverﬁ:rid:rcyetLhzbsgtcb kepresuksi figr producing -

o ovyser o ACBOP L ReRRUEUR PR L B CoBEL ) Sl canty aceive
Hei - 09- 777593~ Kisébhgsermt/eRe“@hydrpéggamhégggwa]ll% in a simphe, s

i nvol ved in %nﬁyﬂhﬁﬁEtE ad45! LOTaREACRSA-AMRA%er ankl%e i ndg@iged are
as foll ows: 1: Reducing ethyl 4-chloro-3-hydroxybutyrate with

sodi um 10 borohydrlde in THF; Step 2: Addi ng aqueous hydrochloric acid
‘to the concentration 30 reS|due of pAdwecrEweD | KT M Xt ure, extracting the

m xture with ethyl .acet drating.the extract wth a,solid _

Geoi coant | separlvPRGvREtiabREEERTRIH A PREPBRSAY BESRS Tl PR
extractant sl snemtt héyi ¢ dmcemmeatiiade, of meayl ek lchhodadr@hemicayls andtheol

as an oil; 3%nophePechno gy ot Pe PRl 1 4 ¢ RAUEBES M £50L Yt AT S

and
15 a 4-halo-3-hydroxybutyric acid ester, which is readily

available,'and.cyclizing'the resulting 4-halo-1, 3-butanediol.
Specifically, production processes of 3-
hydroxytetrahydrofdran are known which comprise reducing a’
4—halo—3-hydroxybutyric acid ester with sodium borohydride in.

20 | an organic solvent miscible with water, such as tetrahydrofuran
(hereinafter referred to as THF), and cyclizing the resulting
4-halo-1, 3-butanediol in aqueous hydrochloric acid to give
3—hydroxytetrahydrofuran [e.g. Japanese Kokai Publication
Hei-09-77759; Liebigs Ann./Recl., page 1877 (1997)].

25 The Steps involved in a'typical production process among
these as described are as follows:
Step 1: Reducingethyl44chloro-3—hydroxybutyratewithsédium
borohydride in THF; ' |
Step 2: Adding aqﬁeous hydrochloric acid to the concentration

30 residue of the reaction mixture, extracting the mixture with

_ ethyl acetate, dehydrating the-extract with a solid(desiccant,

separating the desiccant by filtration and removing the
extractant solvent by concentration, to give 4-chloro-1,3-
butanediol as an oil;

35 Step 3: Dissolving this oil in aqueous hydrochloric acid and



2, - heati:ng the solution to cause cyclization,  Step 4: Neutrali.zing

t he reaction m xture, renoving water by .concentration, addi ng nethanol
to the residue and renoving the precipitated i norganic salt by -
filtration; and 5 Step 5: Concentrating and distilling the filtrate to
recover 3- hydr oxyt et r ahydr of ur an. However, such a process
requires conplicated procedural steps such as a plurality of
concentration and solid-liquid separation procedures. If a

concentrati oheptdvgdbhe sslmoloontoteduaadcmaﬂezatsonurectIy added to the
reaction mi XSHER 4 Néh LB ¥ER! rEaRROBAINOLehiE SANGPn @R By
will be forne sl nce t e so vent is . mscible with water.

| nvest i gat i oﬁ@nﬁﬁﬂératloﬁy agding seshanaly katdhe resichiceantgmeyingshe
cycllzatlon precnpaehtea uﬁotbenleasanedbEUE1unrauqbna aedvent, unfavorable.
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reducti on reaehydnoastagrahgdgaﬁucasolvent mscible with water, it is

essential to interpgse,a,Stapof rocégg‘)}.’é eﬂ:é‘ér%é?ii afHaCtéch‘f%'&ted%‘aqr to

addi'tion of water to the 20 reacFion m xtu rior art_processes are
thus | ow i n Stepgr sHGht p§i ByPaHBatdkHoPTheongEAtEathenf andy sedided idid

connerf:altﬁéeﬁaeatean procsﬁuresFurtbeén@é@cem@réhgo@r%ﬁ?%@aﬁr@{ggeSSSE
gener a e In e, reguctl o S 0 an e | e N e
T o1 ot PBA LRl ARY WRteE H IRy e G b tacraah Byxtule,
product is 58mnx&&&blvéhexmmpqmmfefmhesmaveetemﬁwatgrw11£h¢ﬁ@hmmpry
The prior arg; rt.he r obl. W t e Ay o

Toe Py Cor 1 hiREEe SRR AR PIOR S vater I hYERRER e ddhd e
reacti.on, 3, hyepbﬁyprebanan@nvestbésnﬁgve@leéstaabypfoabetCUFRQZBtpp@duct
yi el d being 9@9@t1é§ 19 gheh carriaaaaaeelﬁogathabgb@@Ehen BRiraQdrhpd €33)

and, in the i clization reaction 5-di hydrofuran is forned as a
byprcmhuﬁ5 regy Sb?ﬁ?oaG€Y1§P€F81 éPﬁgeéBHB%elﬁﬁ? E?ES|8§ KRACtAREC| .
page 187det1894¢k. aB@ the impusitErdomnatt ahyesadds I hehsrdifo ), amt |

no sinpl e, eas
il ¥ry1ng out the reduction reaction using a organic solvent

miégible with water, it is essential to interpose a step of
removing this organic_eolvent prior to addition of water to the
20 reaction mixture. The prior'att processes are thus low in
' productivity and cannot be said to be fully suited for
commercial production.
Furthermore, in the prior art processes, generally the
yield in the reduction step is 86% and the yield in the
25 ‘cyclization step is 68 to 79%, hence the yield of the desired
product is 58 to 68%. These figures are not necessarily
satisfactory. The prior art processes have further problems
. with respect to the quality of the desired product; it is known
that, in the reduction reaction, 3, 4-epoxy-l-butanol is formed
30 as a byproduct (the byproduct yield being about 16 to 21%:
Japanese Kokai Publication Hei-02-174733) and, in the
cyclization reaction, 2,5-dihydrofuran is formed as a-byproduct
[the byproduct yield being about 15%; Liebigs Ann./Recl., page
. 1877 (1997)].

35 As mentioned above, in the state of art, no simple, easy



3. i~ and efficient processes are known, to say nothing of processes

that may be carried out on-a comerci al scale w th advantage, @ for

pr oduci ng hlgh qual ity 3-hydroxytetrahydrofuran in high . vyield by’
reduction of a 4-hal o-3-hydroxybutyric acid ester and 5 cyclization of
the resulting 4-hal o-1, 3-butanediol . 3 In view of the above state of
the art, it is an object . of the present invention to provide a sinple,
easy and i ndustrially advant ageous process for producing high-quality

3- hydr oxyt et rabyelf bf ciemt ((F)odns sesdaciengnawd, Had sad- neéOhihywrdprndesses

_aci d ester i Zi | ti |
B scLosRe GERf R RN od o B, b BmercalRcate Lith Akthader)
process for BPEJREPAYCiBg élghhﬁﬂlaé%ﬂ/e@F§H9§P6Vf§ﬁz§ﬁabwdtrﬁéUg”éﬁ]erléll highml a

(3): - ield[®¥ eduction of a R-NQS c&owwtq/ﬁ&ue&aw@téwdrﬁi
acid ester o eral ~fornu ein R

)
repr esents aHYEEFEFthPnPﬁgtBFoFSéPﬁ&éngr5ug éﬁalx3 buF@BF@&Eﬁts a hal ogen
atom = and tyctiewngft tice raisond i sigatde haf ocHe ékﬂmﬂxﬂumﬁtdn @bj@h&

of the present invention to provide a simple, easy and
industrially advantageous process for producing high-quality
3-hydroxytetrahydrofuran (3) by reducing a 4-halo-3- ' |

10 hydroxybutyric acid ester (1) and cyclizing the resulting
4-halo-1, 3-butanediol (2).

.DISCLOSURE OF THE INVENTION _
The present invention provides a process for producing
15 a 3-hydroxytetrahydrofuran of the general formula (3):

"HO

G)
o

by reducing a 4-halo-3-hydroxybutyric acid ester of the
general formula (1): |
20

OH O

X\/k/u\OR o

wherein R represents an ester—forming protective group and X
represents a halogen atom | | '

and cyclizing the resultlng 4-halo-1, 3~ butanedlol of the
25 general formula (2): '



25 geperal formula (2): [err] wherein X represents a

hal ogen atom ' whi ch conpri ses: Step 1: Reducing a :

4- hal o- 3- hydroxybutyric acid ester (1) with 5 a boron hydride conpound
and/ or an al um num hydri de conpound as a reducing agent in an organic
solvent imm scible with water; Step 24 Treating the obtained reaction
m xture with an acid . and water to thereby effect conversion to the
correspondi ng 4- hal o-1, 3-butanedi ol (2) 10 and at. the sanme tine giving
an aqueous sol uti o®@Hont ai ni ng sai.d conmpound; Step 3: Carrying out

the cyclizatign redction of the 4- hal o- 1, 3-butanediol (2) in said
aqueous sol ut : X Extracg{%g the resulting

3- hydr oxyt et r ahydr of uran (5) 15 fromthe obtained aqueous solutlon

cont ai ni ng 3- hydr oxyt et rahydrofuran with an organic sol vent inm scible

W th erdld x ?tr(r%g t ol S0hahid %% he o3 hydr oxyt et rahydrof uran (3)

by concentratlon and/o stillati the sol ution obtained. 20
The present |nventlﬁhl§P56°BP§WF§és a process for produci ng a

4-hal o- 1, 3- bgt-apei 0|Reduc1n a Maqu-@-lﬂ}y 'dlgcid ester (1) with
" 4- hal o- 3- hydro butyﬁ 8 g - éuﬁﬂé rmnth boron e co <§§ﬁf
and/ or an®al ﬁ‘rnéﬁﬁf?f“ YAy Fi GemR3HD L7 ead]t}if?lrﬂj“%\
sol vent 25 iasna seidvicd ngi agematieran organic auhvememmmgsdﬂbdeobiahnater,
he correspofifhgs  TACRGrad the ERfalF AR I SRl SNl GrMP A T
gi ving an aq@@du@ater §@Iﬁbﬁ@ﬁbWOﬁﬁéﬁﬁﬁn@Ogyaisé@@p6@néh63@0rreSponﬁing
present inveptihanotur BheptRhewides (@)process for
10 ' and at the same time giving an aqueous solution containing said
compound; | ‘
Step 3: Carrying out the cyclization reaction of the 4-
halo—1,3 butanediol (2)-in said aqueous solution; '
Step 4: ExtractlngtheresultlngB hydroxytetrahydrofuran(3)
15 from the obtained aqueous solution containing 3-
hydroxytetrahydrofuran with an organlc solvent immiscible with
water; and | |
Step 5: Isolating the 3- hydroxytetrahydrofuran (3) by
concentration and/or distillation of the solution obtalned
20 : The present invention also prov1des a process for
producing a 4-halo-1, 3-butanediol _
which comprises reducing a 4-halo-3- hydroxybutyrlc acid
ester (1) with a boron hydride compound and/or an aluminum
hydride compound as a reducing agent in an organic solvent
25 immiscible with water ' ,
and treating the obtained reaction mixture with an acid
and water to thereby effect conversion to the corresponding
‘4-halo-1, 3-butanediol (2) and at the same time giving an agueous
solution containing said compound.
30 The present invention further proVides a process for -
producing a 3- hydroxytetrahydrofuran (3) by cyclizing a 4—
halo-1,3-butanediol (2) in an aqueous solution



producing a 3- hydroxyt et rahydrofuran (3) by cyclizing a 4-

hal o- 1, 3-but anedi ol (2) in an aqueous sol ution - whi ch
conprises carrying out the cyclization reaction . under weakly acidic to
neutral conditions. The present _invention further provides a

- process for recovering a 3-hydroxytetPahyd?ofuran 5 . whi ch
conpri ses extracting 3-hydroxytetrahdyrofuran ~from an aqueous sol ution
cont ai ni ng 3-hydroxytetrahydrofuran - with an organic solvent inmmscible

with water at a tevwhéeht apmpriseaocarswindt fnh Bbe[ eyeltzation reactjipa

present i”VeHBHQB'%Hékﬂ?raE&QYEdﬁé AcREPaesechaitiBnst,ecovering a
3- hydr oxyt et r ahydr of ur wh : rises extractin

furan ] hi ch._co : -
3-hydroxytetrahydrBhﬁrBﬁesentf?Bﬁ?ﬁﬁlaﬂu556g2§6lBFPBﬁd€5n?apgpﬁ§SS for
3- hydr oxyt et rabypdeetingana 3-hydirbhyaetranbydoifarahcohol containing 4 to 8
. car%on a{gns. g h.g The Ergsgzéeknvgg%i n3f rﬁ?gr EégViHSSrgng Gess
for 15 recozeringwalﬁbhﬁﬁygﬁg-% r ﬁyﬁ? Pén fﬁghadlex ufé zwmmw&%prising
-3- hydr oxyt et Eabpdanfagueeocas d el Woron coorgadomicg 3~ by tan rahydinofmran
comound by giehi h thihic otvens WHECPRTDYIAF (EEEIAE0 LERUEXER
“hydr r a]b aﬁ%%%f an

conprising 3- oxyt et rahydrofuran and Qron conpoun

[+

al umi num 20 BehRpdanarwthAnad4fokohydric al cohol containing 1 to 3 carbon

atons or a polyhydrhé_?kégéﬁt gaGkAt IbAYfaktheasprbveaebon pkeBess foih
carryin &nﬂ t he di sti IagLBn. h has%I% t he present invention
provi des & pF5EREST#BP 2 ¥H59BYLRETNEAROEHERDt et r ahydr of uran 25
whi ch conprises cawvhychgcouprisssi ékaraonipgndthgdrvexptetrahydebiffireati on)
of 3-hydroxy %ﬁn%q{@ B d ISP 1¥g 3-h gﬁ ®etrahydrofura® the
fol | ow ng, tE@ resen ETy‘gnver}tlon 'S 5Escr?b¢d% n Yér e?a?l?agg ?O Ur e
five-step pr8é§.saf@PHBEMdEéFanQOBOl Conﬁ?éﬂéﬁgtétFQh?dﬁéﬁﬁPéna¢§mS-
descri bed be!OW/'nTﬁétﬁkéseﬁheinven@iéﬁe?ﬁ?ﬁhéEC?EQVQQeEanbBSEeggp?@Es of
t he present invention cgn al so_be carried ou t he sane techni ques
menti on reqaveripg| gud-hydroxytetrahydrofuran from a mixture _
' comprising 3-hydroxytetrahydrofuran and a boron compound
and/or an aluminum compound by distillation
which comprises treating the mixture comprising 3-
hydroxytetrahydrofuran and a boron compound and/or an al_ui.'nini.lm
20 compound with a monohydric alcohol containing 1 to 3 carbon
atoms or a polyhydric alcohol containing at least 6 carbon atoms
in carrying out the distillation. , '
Lastly, the present invention provides a process for
recovering a 3-hydroxytetrahydrofuran . '
25 which comprises carrying out distillation (inclusive of
rectification) of 3-hydroxytetrahydrofuran in the presence of
a base. , f
In the following, the present invention is described in
detail. o
30 . The five-step process for producing a 3-
hydroxytetrahydrofuran is described below in detail. The
. processes according to other aspects of the present invention
can also be carried out by the same techniques mentioned
hereinbelow. '

35 In the first step of this production process, a 4-



35 » - Inthe first step of this produCtion'process,-a 4-

6 hal o- 3- hydroxybutyric acid ester represented by the above

general formula (1) [hereinafter referred to also as "4- ,

hal o- 3- hydroxybutyric acid ester (1) "] is reduced with a boron - hydride
conpound and/or an al um num hydri de conpound in an 5 organic sol vent

I mm scible with water to cause formation of the correspondi ng

4- hal o- 1, 3- but anedi ol represented by the above general formula (2)

[ her ei naf t er hpdPeBréydrexybysyidcr acid esggirorepresendesdioy the) gobove

The sypbol Rgbﬂe&@@ %QQ%ﬁlﬁeQQOaﬂ%%@%&%b%t@%)r%@%?@%@ﬂk% Hshs "a-
ester - form ngag ,t.'i %E(Id\#gg g%gggﬁgu%gééerm ez%ﬁr"] s recﬁJced wgtgt e(i;[olrvoen

group" as us
protect|ngacayh@walcampdhmﬂoamdﬁ@aneateﬂhhﬁrmm:m@drlﬁheCompommHEmifann1ng

protective gy gggmﬁ: Qgivgr?{t ] uI %{ lb)iergfgllvpat% to C?Jgéj%brhtat%gf Nup,

conventi onal er-formng i've grou erably an
nmor e preferal@loyfreﬁpézhldyhggﬂohplo 1, aohuéansdgo:L rgpneeanbgﬁ by dihs ahwte

preferably a@eﬁb%&b FoPHBla (2) [hereIB%f%é@bQ%férk%dtQ% ahave gemgral
formulas (1) and é % represents a hal ogen atom which is a | eaving atom

capabl e of halpg 6“&ﬁ&§ﬂlpérﬁ§tldn of an ether bond between the hydroxy
20 group at positiThs éylﬂllslﬁll tRhenCen® Wbt Fetle rpASFbirAtld (1) tr’féa@)resents

gener al rmul a - referably chlori mor e
preferabi@ cﬁPoF%%gr Forhing pr?ﬁchéXEt958“?Ubs?$3?£erﬂa ngfyer™ L28:REng
4- hal o- 3- hydporykotyviec groupdicad esedr heteins mgener al lgyoppe paped ey of

reducing a 4; r%%eclﬂahgaé:SEQ?P%ﬂEcaa% q%ﬁ? Eﬁ&ﬁ'es&eﬁ%fé/w?ﬁ/l?' | affe.
P

For obt al’ ning an dptically active s use a

raw materi al eﬁéerrﬁ@rmyﬁgwfsew‘w}srpn@rm erianbarly r@@r’f@éﬁ-‘érﬁ%al
field, in pa'I‘hh@”' :@E ma@ebgOéj%o%'iz%nltﬂ.%%l"‘@éﬁ@ruﬁérmlngapl%]@é'@@ﬁe AAJMUp,

bl _
Thus. saitl { BFRFESACHY BRopMFEY 9TouBy MRESHBERSALaRIICrPad M ishRese
Kokai Publ i Cabnuall‘ddzhg 1 to 0leAdGbatoths, AMvsCpaafeSmbly Hnletﬂj{bB,gr;muEﬁQZS
(1963) and  — J2panese koK PULILEL) o0 REls O 100w LI, | ) 6P

t he producti on proc SS accor I hg"to resent inven |on thi's 3
conpound, wh&apiresesteptikalogerncttion, wekrhyiveat heavihglatom capable of

leaving under formation of an ether bond between the hydroxy

20 group at position 1 and the carbon atom at position 4 in the
general formula (2). It is preferably chlorine, bromine or
iodine,  more preferably chlorine. .' _

The reaction substfate, namely 4-halo-3-hydroxybutyric
acid ester (1) is generally prepared by reducing a 4-
25 haloacetoacetic acid ester, which is readily available. For
' obtaining an optically active form of (1), which is useful as
a raw material for the synthesis in the pharmaceutical and
agrochemical field, in particular, methods are known which use
a chemical agent capable of asymmetric reduction, or a '

30 microorganism or an ehzyme. Thus, said form can be prepared
by the methods described in Japanese Kokai Publication Hei-
01-211551, J. Am. Chem. Soc., vol. 105, p. 5925 (1983) and

" Japanese Kokoku Publication Hei-04-7195, for instance. In the
production prodess according to the present invention, this

35 compound, when it is optically active, can give the 4-halo-



7. . : 1,3-butanediol (2) and 3-hydroxytetrahydrofuran (3) whil e the

oy

optical activity is retained. Wien, for exanple, the process of the

pr esent invent'l on is carried out using a 4-halo-3- (S) - hydroxybutyric
acid ester, 3-(9S)- hydroxytetrahydrofuran 5 can be obtained wth high
purity and in high yield. The réhu0|ng agent to be used is a
boron hydri de conpound and/ or -an al um num hydri de conpound. More .
specifically, the reduci ng agent includes but is not limted to alkali
met al borloti}yflbrdt@ersadiaallkélzb renc S-thty dnstatt edoradiyddra fdean dBRavhikettdie 10

2 uri num A9 0baLRLUTL R Wgka o] doRoLaBple, LADYIbALIET S |

These nay be singly two or nore of _ usedi n sul tabl e
combi nat i on. Ofrﬁélesélrtesﬁﬂrtmlﬁ?deéltlé-&lﬁ is camniqd oyt H’@Jrf&ll?clﬁfd’aaﬂg?e‘rﬁ" i s,

for erarrpl e, (Isl)téiwaﬁm@wtwlc acild lé%fjt%is't wﬂ(@d-}iﬁﬁ&iyt@ﬂr;h&lﬁmédlﬂhm alj
is cal ciumor magnesi u aQnsi deration o se ,of, handl i ng an
from Bt h&RT\ P gﬂ r%l""l%é:lkﬁ PYdrsh %&ng’ ]é:rr ed, and
sodi um bor ohydr i deTihs padhctud;axdqntplteﬂee nesced 13 oy bohren hwdhlde cczmndunad
reducing agefing A A6 LYAKOhLACAGHAILY KBABBUAA. t ol tspeci FBa DRy, the

conbi nedly used for inproving t uci ng power agent .

The anpunt offedWeingd@dent dgediudes dmt g& tiatulldmifed ta adikgld ae i s
preferably sw}&ﬂwrlméy OgeRall $nBr &Y Eiechdtitl boraﬁyamuets Ng1 k4 S Sudthan

t he st0|ch|o rlca relatiy t.he al o- -hydr utyric acid
coter (159 R S5 O T B SRR AL um
bor ohydri de lamoaay altrhamts Thefe mdy Ib&easbkiamﬁ)gliyrmt e;wq:)be:f moabl gf ndterh ess

than 0.75 m)lm% be udty 1HDA guﬂ:ayl]g c rﬁ@ir?ai? &;{dr bgg%f_ %‘t%'ﬁg t li( 1)

From the € onom C Vviewpol nt, am)u 1S pl‘ era
10.0 nol es, metalpasf éhabrszdn@@n%a@enhah% Popmanmpke, | lfri’tﬂflé“rSCﬁOdlum

preferably nefr @ siham 2 'E[Pllee%lkallne eart-l:xh?néf‘&'lc@g raliOhnPiord he
4- hal o- 3- hydr ox he reactj on xt ur e cannot

ut,yri c aci ester
be speci I? caMAPPgsfiied In cepptdert ey ")?r% ea@é‘c?redpfﬁg ?Bdﬂ'n’égk"i“?\%l O he
reacti on sol wehler viewpoinyed.aldaiiar akkyl bovevedridés @may, pfefeexacrplamd be
1 to 50% 35 t<)>¥1:Lum rc])trbhe/h%fl rea?.lsypamt:lcu?% .w ;\g\gégg}:regPr-eT&&gﬁcﬁerra Jytﬁm
such a reducing agent, an activator generally known in the art
may be combinedly used for improving the reducing power of the '
20 reduc:Lng agent. . |

The amount of the reducing agent is not partlcularly
restricted but is p.referabl-y such that hydrogen is provided in
an amount not less than the stoichiometric amount relative to
the 4-halo-3-hydroxybutyric acid ester (1). For 'example, the

- 25 reduction can be effected using sodium borohydride in an amount
of not less than 0.5 mo;e, preferably not less than 0.75 mole,
per mole of the 4-halo-3-hydroxybutyric acid ester (1). From
the economic viewpoint} said amount is preferably not more than:
10.0 moles, more preferably not more than 5.0 moles, still more

30 preferably not more than 2.0 moles.

The concentration of the 4-halo-3-hydroxybutyric acid
ester (1) in the reactionmixture cannot be specifically defined
since it may vary according to the kind of the reaction solvent
employed. Generally, however, it may, for example, be 1 to 50%

'35 by weight, preferably 5 to 40% by weight, more preferably 10



8. : to 30% by wei ght . : .The reaction tenperature cannot be
speC|f|caIIy defi ned since it depends on the reducing agent and
reacti on sol vent enpl oyed. Generally, however, it is within the range
between 5 the solidifying point and thé boiling point of the reaction
sol vent enpl oyed, preferably 20 to 80[err C. For causing the reaction
to proceed efficiently and, in particular, for driving - the reaction to
conpletion in a period of time suited for a comerci al scale
production, &ot 8ffebat yeagbkt.not |ower than 10 40 [err]Cis preferred. On

the other hand, fOlrhéUPeéeeﬁw&eﬁd&eramrée%ahbeneeogp&epﬂm1$]lderldédIs
I nportant that the reaction enperature 1s not excessively For

example, it Pdnce ify gFPPPE§ PRatheh&ANEANPoRICE AN &G ORt qglvent

tenperature embloyedhl geeﬁeiaanym{@véx}&: rirtefler abtnmothémghaje tetiween
60[ err] (% gg ct| Q0. 15 ti 3% _abogt i% O&u at I% est.
The reducti ofi*Feil Fgﬁ {4 L8r BPAY tSHFh °n 8 O PSHAY ot 1T&Y
reacti on andsiiveatoepaiogedy plrefamathllye20 to 8@eﬁéxaﬁb¢nqmmﬁungﬂuhdyf|n
the initial §E§Q%lblﬁe&?3froclete§l' éfx?lCleﬁ P}F%fn@r ell’é %%rltc%'ltaxt Or geaualely

control the reaction so oceed From t hi's pol nt
of view, thethea&epghion tPsCSWQﬂéﬁ&@PyléaﬁrP@&l@ﬁtOﬁyt&&& g itiee for a.

4- hal 0- 3- hydeeminetY kilCscaledprdd@et €6n( 1 e&ﬁ&é@fawﬁea@pmﬁ adied NG rRgent
in a contlnuo manner or_inter ttenép¥ bﬁngortlons %eC|f|caIIy the
h

reacti om%ay 4 bece&ﬁwH£T§ﬁﬁrWWnI8na Bngt ¢ £RE Fuppsessing sid
hal o- 3- hdyr oxghutyoine acideestprs{tijomy ithesr éndporhgnagenat orhe reaatiilon

adding both aRRUALE,S! T 1ARCRURLLS BN CRIGH,NIrBH eranpl e ERONSLT O

reaction in € nanner commer ci a
general ly pr foéiﬁeéeﬁh@@at e eaaethgn is cagaied @u’graédéawlvp%@@l@élr@ quthe

sol ution of HBendrhalds §o°é RUEYE i1 MOt gh &0 €L - Thg%afwﬁri on
of this addition | re B %6 gt ess than 1 hour, nore preferably
not |esst® tiRgnis HSGFga éﬂl? r SaBity 1e8ESS¢ss than 5 hours.

The organic sol Vent['héOr@@udﬂ’Sﬁdnaﬁeéchﬂ.cﬁolatﬂjﬁrdlmq ltiosthe imeemcioonis an
o oy Rk B eh T SELALS O LAa!GEP e ihi ol UM 'tk HAR™ ©

sol vent havi N per y such
generatlon particularly in the initial stage thereof. It is,

therefore, important to adequately control the reaction so that
20 it may proceed smoothly. - From this point of view, the reaction
ispreferablycarriedoutknzaddingthe4—halo—3—hydroxybutyric
acid ester (1) and/or the above redﬁcing'agent-in a continuous
manner or intermittently in portions. Specifically, the
reaction may be carried out while adding either of the 4-
25 halo-3-hdyroxybutyric acid ester (1) or .the reducing agent or
while adding both compounds simultaneously. For carrying out
the reduction reaction in a simple and safe manner on a
commercial scale, it is generally preferred that the reducing
agent is gradually added to the solution of the 4-halo-3-
30 hydroxybutyric acid ester (1). The duration of this addltlon
is preferably not less than 1 hour, more preferably not less
than 2 hours, still more preferably not less than 5 hours.
The organic solvent to be used as the solvent in this
reduction reaction, which is immiscible with water, is

35° generally an organic solvent having a physical property such



9. . that when it is gently sti rred together wth an equal vol une of

pure water under a pressure of one atnosphere and at a t enper at ure of

20 [err]C, the resulting m xture, after stopping of the flow, shows a

het er ogeneous appearance. The solubility in 5 water is not particularly

restricted but an organic sol vent haang a solubility in water of not

nore than 30% by wei ght, In particular not nore than 10% by weight, is
general |y preferred, and an organic sol vent having a solubility in

wat er of thot Wbea tkahs59enylvieshtred ntogethen withan @k fEh umg 10

by weight, igfmpueePi@fi@il @der a FressuEQEQEb@ﬂ%(Nﬂﬁﬁﬁphéié\ﬁﬁﬁ at a

i mm sci bl-e with water preferahly . has a boilin oi nt __not | ower, than_ 40
[err]C, roretemperatigeagfy2hdt: | S 188 BRXTErewR RS SRR RS ng
‘a boiling thpofbhow) aieywd hame drdgen¢ta s apeatardee r fdecsobubibatyiion 15
tenperatute t .he rai : I | ORL L
prolongedﬁor%?%ggrégigoﬁegﬁqgéﬁgﬁépﬁgh&%%grﬁg%tdg%wgdggkggﬁach|%§%§?%ﬁ1
may readi |y heydng ensbhupidgtvaidnygaberepftroupnese than ks my iweight,

difficult tojdupyhrearinalr hde neae! tddn Trseaméight,otikeydaaiians .
handi cap the pracess jn productivity anﬂ saf%%¥,,28 whécg_ing g§5e0|ally

i npor t ant i nPESHRETETal 2RE AR GFFEFIE: PoAVENTt having azgodyRil ety PR MY of
t he organi c &@ vieat mbpEi Slcahl 5% by walilghtyatiar pabttbuaae poefmoredHaomg he

above pojnt of view . ther may. e nti oned, anong others, aromatic
hydr ocar ‘gns%y wegg@ﬁ’aésbg%%%ng, F%FE%%%, xyl ene and et hyl benzene; acetic

acid 25 esters sufheasbpwehpirgacdcaselvenitylimdscibde wiphopglteacet at e,

i sopropyl ac l. ac t ' yl. ac bert.- yl
acetate; ali g)%%{f%(’:r a%i&? ?cégr %o%%as}ggﬁ] Z%lll#etxgr?g qto@}e‘}csc&%o é)?an(g' anrlldfy é_

net hyl cycl oh®xgherapdyorehdoag ik S8 BonsWhen asgehvant FavHyIeaL iR idH de

oher Mo 0L OR8N dofieioichatl g 8 £ uskd SUHOMERIdAn o o - DUl Y]
f5 * PRt e Lanpat B dRbs et Sho et T he FeRbrary DEEE R a0

parti cul
and tol uene amdélangedc oacitteCrapild akkyl gesiesad imne dugr ¢ oprtdfeemestiction

These organi eégltigﬁtﬁagayeggiyie% inoky, 9%&%?8{%@53 @Ehéf'ed?cﬁﬁ;lé@,y be

used conbi.ne I{. rot1 ¢ organl ol vent's
_ m

aking it difficult to duly control the reaction. These and
other problems handicap the process in productivity and safety,
20 which are especially important in commercial-scale production.
As concrete examples of the organic solvent immiscible
with water which are preferr_ed from the above point of view,
there may be mentioned, among others, a_rométic hydrocarboné
such as benzene, toluene, -xylené and ethylbenzene; acetic acid
25 esterssuchznsmethylacetate,ethylacetate,n—propylacetaté,
isopropyl acetate, n-butyl acetate, isobutyl acetate and
tert-butyl acetate; aliphatic.hydrocarbons such as hexane,
cyclohexane and methylcyclohexane; halogenated hydrocarbons
such as methylene chloride and chloroform; and ethers such as’
30 diisopropyl ether, methyl tert-butyl ether and ethylene glycol
dibutyl ether. BAmong them, hydrocarbons (in particular
aromatic hydrocarbons) and acetic acid esters are preferred,
and toluene and acetic acid C,-C, alkyl esters are more preferred.
These organic solvents may be used singly or two or more of them

35 may be used combinedly. Aprotic organic solvents immiscible



10 L mnth water are also preferred asthe organic sol vent inmscible

with water. When the reduction reaction is carried out using the
above solvent the formati on of those inpurities which are knowmn in 5
the art, such as 3 4- epoxy- 1- but.anol (Jagﬁyese Kokai Publ i cati on
Hei - 02-174733), can be prevented and the hal o- 1, 3- but anedi ol (2) can
be produced in high yields. In the second step of the production
process accordi ng to the present invention, the reaction m xture

obt ai ned in ¥i&p Waten are aleamieienteg af the ernd ifaselvent dFeiasidduse
formati on wieh whee4-.hal 0-1, 3-butanedi ol (2) and causing the sanme to '

oL obta e HRSH AL 288 R0 RGNS UL AL AL g oo™
particul arlyspiveeastrtbeefobuatidn anf ttheser dmpucaliiey vhevhoant, knawar gani c
gf;?:rregs pgﬂ‘_‘ﬁgbc%%r g}e’;@hg‘ég' qr '4C|e§585¢§ %Q%u%‘é'nf Li“(%a%%{n%’se rk%kal be Used
conbi nedl y. RnbAquéansHeut-ioarrlalaf?éﬁrhed cayt @uel prievgnted @@@cé:ﬂmer dted '

hydfOCh|0r'Ch§§bd10@ %9@%%@6&%&942§Ubéﬂrb% %%b@u%@d Whtﬂlw%t%ﬁeﬁﬁ% be used
as the acid and wa used in an anmount sufficient

cidis
to neutralize FﬁetBﬁs?%cﬁ%ﬁp%ﬁ%ﬁt°$eﬁﬁﬁIHQquqqﬁﬁqIR¥99ﬁﬁﬁn%ﬁf9£ﬂ%ﬂ
used in Sbelthé.p&@de@mnjlﬁvéntb@nsm teaaﬁlbﬁmtge&ume s)altha.ntehlainlstetp)

say genefgl |y |0 30ld §e3hoeRIMIAL AU Lol BhLyenlo-Lis, 35 riladudl

agent . e reattion mxturedis 5i'e |y rehd NEUtT al” X6 oac
by using t heofcibei A-halamdudt-bataheddivl (2) equdn@BaSlmg tthe sethecitey

agent . transfBe @?’%ﬁ e‘é\ﬁ}se hiaSel’ Be&?%d\he%ﬁﬂ%n e tdining

hal o- 1, 3- butanedlol trans aqueous 30 phase to a
satlsfactory B%téﬁﬂe is thus obtpénedeat nent of the reaction nixture

obtained in step The1aahahtanbé0h§eanﬂnmﬂhﬁé bﬁe@a&élﬁdtoﬁbrﬁﬁaﬁ&akﬂy by
i mul t aneou wat er .

adWIX|ng§% ? Ctlg ture ﬁ i y :
It is al p6§§ bi&E PFst R the PERCLLGRMTNt UF&W\RAOEH hén%gaé‘&cd and
- then m x theacédabt1mmpambd¢ukamuhydnmﬂhmor1dTbeldEahddsulfurlc acid, are

preferred. These may be used singly or two or more of them may
be used combinedly. An aqueous solution obtained by diluting
concentrated hydrochlorlc acid or concentrated sulfuric acid
.20 with water may be used as the acid and water. .
The acid is used in an amount sufficient to neutralize
the basic component resulting from the reducing agent used in
step 1 and convert the same to an inorgénic salt, that is to
say generally in an at least equimolar amount relative to the
25 reducing agent. The reaction mixture is preferably rendered
neutral to acidic by using the'acid in an amount at least
equimolar to the reducing agent. _
- The amount of water is preferably such that the 4-
halo-1,3-butanediol (2) produced can transfer to the aqueous
30 phase to a satisfactory extent. '
The treatment of the reaction mixtdre_obtained in step
1 with an acid and water is carried out generally by admixing
the reaction mixture simultaneously with the acid and water.
It is also possible to first mix the reaction mixture with the
35 acid and thenmix the resulting mixture with water. The method



of such m Xi ng is not particularly restricted. Thus, the acid . can be
added to the reaction mxture or preferably the reaction mxture is
added to the acid. Such procedure is preferably carried out at a.low
tenperature, preferably at a tenperature 115 bet ween room t enperature and
the freezing point of the solvent. Since, in the process

according to the invention, an organic solvent immscible wwth water is
used in step t he addi tion of the _.acid and water to the re i on
mxture r esuPFéuchn “i%%’&pé?a&‘?‘brP%rﬁ&lc?Uth@’hﬁé%rlSFeﬁh| chitfie *i“tﬁxé

phase as 10 cah bes addedbeo wdrdrieacstion wixtiye canprefigrabey dilgameactiase by
l'iquid-1iqui arag o aq u | ut con o-1,
Ut 1 SEREEA1 L OBugLle ATPRRUS 34! L1400, SORLALALY, {0%reredabil

3- but anedi ol can® gase.
possi bl e to earraed owe alr gakow talypersépaeaueueﬁ@ra]bly aiwat sempe refiaireby

further 'glcrBQ@@eéHerd'dn?Itgmpe§ature %nclf Uhe f‘fé@é‘n?h?g)&ﬂﬁ: YEelih sbfi%ent.

separation of the organic - hase liquid-Tiqufd separation is
preferably carri edS&€eatin thﬁ PBQF?éﬁpéFQ?Eﬁéng teythsi hgVeBtipRe an

transfer of phgadic solahe- J’lm@:@é&l@l@dh:@&h(v?été@ iderydan Gl eae be
prevent ed preven rom decr easi

d d
it cal | yhEL B s 2B R AR ET & OpF B et oL o AHAEUTE BR8 1Eange
bet ween 30 [enrsépandtib& imEethQ)ghns&s;ﬁoﬁIwhrnﬂ\nhufaqueoumophase as

pref er abll(y a_tL ﬁot%_hﬁrsg?gf{] AIJ%%’ t%‘}”réﬁo{f%é]g’xe cﬁféén HE[sreeblyhe

preferably no eparat e and renove
organi ¢ phasélgnl hé@qmﬂrmpazsati@,prtélfeeaqgéoarsSsowbhw Mo asiplgt ah it hef

further redU@LHngh@ 3-bufBREAL o0f (4) 86E HARWLLIRY @ﬂéh%@du%§‘ther,
occurring in th reactjon m xture obtained in ste

. i s al
possi bl e, it Ho'i/\éx}éP PRsHl ¢ & ekhEaghuRISTIGNIG %EY% Cgf”llﬁ& t he
organi c |ayeWatertherebgrébynﬂertherOEQQBeaseothenylena the 30 aqueous

“sol uti onjtsobt al ned bn tlhlcs est e &ere XI ss(t3 éhe i O’f g{g{nl has
an anount” of the rang e Hot aa eyy&]e 8 P Jf%té %?c éLctlon.
in step 3 anphase h}héuq@zasle,llmadosgmretlon magefanrdbdq'ue@nmpdaset iy

forma binary systesy £ e {PENEYELIZAL{RD feaction
~of the 4- 35 %alo %eﬁﬁ gﬁ%dl&% ; ﬂ& é%fected I n %e aqueous sol ution
halo-1 —butanedlol to the organic phase can be prevented

and the yield can be prevented from decreasing. More
20 specifically, the operation temperature is preferably within
the range between 30 C and the freezing point of the solvent,
more preferably at a temperature not higher than 20 C, still
more preferably not higher than 10 °C.
To separate arnd remove the orgahic phase .in that manner
25 is preferred also from the viewpoint of further reducing the
" amount of trace impurities and byproducts occurring in the
reaction mixture obtained in step 1. It is also possible,
however, to collect the aqueods solution by concentrating the
organic layer to thereby remove the organic solvent. 1In the
30 agqueous solution obtained in this step, there may coexist the
organic phase in an amount of the range not adversely affecting
the cyclization reaction in step 3 and, in that case, the organic
phase and aqueous phase may form a binary system.
Then, in step 3, the cyclization reaction of the 4-
35 halo-1,3-butanediol (2) is effected in the aqueous solutioh



12 i .obtained in step 2. Although the boron conpound and/or al um num
conpound resulting from deconposition of the reducing agent used in
step 1 and another inorganic salt or the |ike coexi st i n the agueous
solution obtained in step 2, this cyclizajjon 5 reaction can give

3- hydroxytetrahydrofuran (3) in a high yi#d. Even when the
cyclization reaction is carried out in the t wo- phase systemin which
t he organi c solvent inm scible w.th wat er coexi sts, namely wi_t hout
removi ng t haPbépdagicinster®- Althprpbdig owppicamaamd and{ @p al umnifgm

- cyclization eeagbuad €aBulingr geerddeEeabblsy taks @fvéhe reducing agent

3- hydroxytetrahydrofuran (3) jn a hi el d. I s_react.i.gn node .
o5 et tocti Yt SEER 1 And Bribsher,dpProboiosell S G d ik SR st

t hereby redude the aheedupusdolytiomoamtatnédnin rsttde quddis qyltddeatnomhi ch”
t he cli ' r I r ' regdom i

hence toq¥heFé%&kgnggﬂfbéggéPHgggﬁﬁéggggﬁaﬂgggﬁégy?ﬁé%gﬁgt%?Hl&y&B%Qd'
byproduct i npuritiB¥enphemdheryclinat ipBakerehliapdes Carriedagvhntaddsus
in that sinceybhphdisal §{8EEMOM GRAIIH €heNbrghntBesolve sl Clrniadd N PRAGHET -
3- hydr oxyt et r ahydr of ur an %3) n ihe \ organi c solvent inmmscible with
water is gen@?&%chPSﬁéFt s DEeLYpb R G EFQ RN D QTN 16 SOdsAnd
4- hal 0-1, 3- immibutibledwbth(Waten in ghep 2i ethecaychezabieh nethation @l |

| oss f i u in t he, or ek ven en4th

r enoval %? tEESSgggnfggﬁﬁégg %édcgﬁgfe —8 99§%P%FQ?%§9d?o Efgﬁigéﬂigﬁ a
reaction as béspavéeldit HTlbks oreachionymddieaisonl2s eféactiva. in :
The operati oprhREPBERE HEC A E11: 8@ LYREI FAGARIE phadefBEHE R dISy Bduce
particularly restricted. Wiile the cyclization reaction can proceed

I . )
even at arouhBer dBRPritY eapepRttRBIONt 1) sthe AU RIS B W@ &he s
carried out gQclwehbhibaakkbRgtabnapkebpetat duBshghthiawely pRedomaedntly,
tenperature h SO tgﬁ% &gg rate o% reﬁption gaﬁ be increased and the
reactio RRGCDEC dri Aty LB tiof FRAGEIRBP L 3P (T HEICT e apunt
preferably cafrbgdroduchtimptrioies. t Hantikimrrd,C thlr equatfienaldode is at
not | ower thé&v?ﬁtég%hg’iék‘ﬂa't HYBSeR{r?é%{&%Q'rXb%tti%% CEQ%EcRQﬂE 3P thed
[err]C. Generally, rt I's advantageous to carry out the reactron :
cyclization product —~hydroxytetrahydrofuran (3) in the

organic solvent . immiscible with water is genérally lower as
20 compared with the precyclization compound 4-halo-1, 3-

butanediol (2), a highér yield can be obtained at a small loss

of the desired product into the organic phase even when the

removal of the organic phaSe is carried out after the

cyclization reaction as.compared with before the cyclization
25 reaction. _

The operation temperature during the cyclization
reaction is not particularly restricted. While the
cyclization reaction can proceed even at around room
temperature, it is preferred that the reacti@n is carried out

30 with heating at a temperature not lower than room temperature
so that the rate of reaction may be increased and the reaction
'may be driven to completion in -a shorter time. Thus, it is
pfeferably carried out at not lower than 40.°C, more preferably
at not lower than 50 C, still more preferably at not lower than
35 70°C. Generally, it is advantageous_to carry out the reaction



13 . .by raising the tenperature to the vicinity of the boi i ng poi nt

of the reaction system This cyclization reaction is preferably
carried out under acidic to neutral conditions. ‘Al though the ,
cyclization 5 reaction can proceed underﬂ£asic conditions as well, basic
conditions are general ly unfavorabl e because of a tendency t oward
formation of inpurities. Generally, therefore, the reaction is
preferably started under neutral to acidic condi ti ons. However, the

reaction m xPUreaising theaFeyrevateraitq sheoyichel agiaf EBARMEhng #ognt
- hydr ogen halbgefhgoggggtlon gyghehhe progress of the cycllzatlon reaction.

S | t dit

Pormt on, it ThYS ke e hte 85 e SEF et e S BN R TR ot andeg ¢ eq
under neutrahc¢dmd|tooneuttan costiantensso Ahihotdie tllwecpelldatibhiect s of
th id | t t i.an ;of

5. g gckyé§opgggﬁgggﬁg¥%ge gg@é@hzﬁﬂdeﬁ BaEQbscgﬂﬁétﬁonﬁ bg ngga bggl%
cycllzatlon ¢ead@t@ﬁnssageageegraha§runfavetabhgl9e§éuéEcoéoﬁdtendﬁ§cyas

known in thetgihrlLEgRhESion oﬁnﬂmﬁaﬁgklesp dS{drd 1997 ) thef@PoBE, the
suppressed and a hi gher 20 yield_ of ¥drox%tetrah rofuran can . be

obt ai ned. reactiongip| pr ?éaBF¥f§F85 8ﬁFtH§¥$F Wwp&PNRCHPL ni mi zi ng
t he adverse ebhactsonk. trmbwevét;rtmémxea@tidmimnmtme@ci$O@raduallpe

| t t d t d
condl (1 AL AR FERR By i < BarHaRRhre tacr v Tt hatagdties
with a base, wihb abedpcogpensnof(Ehg chgdiegemon rehalkide) fdimed anth the
progress of gﬁeﬁgsﬁ %g%tr"g?ﬂggi’?ht%méﬂé%@fy%Eaﬁ%@ﬂ*ﬁﬂﬂﬁ?f@%)na%@@nbe

produced with t appropriate acidity in
that case vatfes Pre%ﬁ%ﬁﬁ@l?ﬁ??(ﬁhqu9Xﬁ%%%ﬁﬁQﬁ? iQhaeadiriomis starte

.ConcentratlOﬂndértH@u@QaEYQbhaithgﬁsre@@k'Qﬁstbh@e90§6l@hbﬁgthéoéﬁ&@k@esa|t
ce can nev

and other i es a ts there r eC|f|caIIy
ot 1 ned 1t cPEFBREY Shin AL FemPBRertonal<PEPITRLEE.  1h e
neutraI|Z|ngthbefacmdtmonpoﬁeﬁtSkdlhyﬁbbfanga ak 2 bgp¥peduct, nwhech is

pr ef erably ZrIagd?ly?’Pormed whe-;p%hl%at??cigzgﬁiUﬁegegc%igﬁLEé aslﬂa%:'ﬂeqj hl;@eq.bove

acid

strongly acidic conditions, as known in the art [Liebigs
Ann./Recl., p. 1877 (1997)], can be suppressed and a higher
20 yield of 3-hydroxytetrahydrofuran can be obtained. ' |
Still more preferably, from the viewpoint of minimizing
the adverse effeets of the acid in the cyclization reaction,
the cyclization reaction is carried out under weakly acidic to
neutral conditions while maintaining an appropriete acidity by |
25 neutralizing; with a base, the acid component (e.g. hydrogen
halide) formed with the progress of the reaction, whereby
3-hydroxytetrahydrofuran (3) can be produced with the highest
yield and quality. The appropriate acidity in that case varies
according to the operation temperature and concentration in the
30 lcyclization reaction, the coexisting inorganic salt and other
species and amounts thereof, hence can never be specifically
defined. Preferably, however, the reaction is carried out
while neutralizing the acid component to a pH range of 2 to 7,
more preferably 2 to 6. '
35 The base to be used for neutrélizing the above acid



14 . -conmponent is not particularly restricted but includes, anong

ot hers, i norgani c bases such as alkali netal or alkaline earth “metal
hydrOX|desL carbonates and hydrogen carbonates; and organi ¢ bases such
as secondary amines, tertiary am nes and ; guat ernary anmoni um hydr oxi-des.
More specifically, it ~includes but isTnot limted to alkali neta
-hydr oxi des such as sodi um hydr oxi de, potaSS|un1hydrOX|de and lithium
hydr oxi de; al kal i netal carbonates fuch as sodi carb potaSS|um
car bonat e an&OWPPﬁQ@ﬁléérB8ﬁaP@rtéFRé?F et &P thiake g% Ed”‘ Gﬂ%ﬂ?%ﬁmh

as sodi um hydreges, C@ﬁbegahecmwtsm 1Y alkahydrelgano@aabmmﬁe éd]klail ne
earth netal F%% X|de suc neS|u H& OXIde anq)caIC|um
a 5 S

hydr oxi de; rotxl‘} t’alcarbon(,aaret?or?a TIPS <€ cdr baonn%t e
and barium c@rrlgj@nuatcebases SeEhN dar )seemnrd@ecysmrw.dltrmmsﬁlmamnes and

di et hyl angneq u%iez%'a'xﬁf%ﬁ%ﬁm 'ngd%‘&gu@e%yd HB‘féylsﬂgbﬁlthﬁE/' aELEE am nes

such as trieth tri l'am ne, tributylam ne, trianylam ne,

pyri di ne and 1R | Fp%lq%ll&ﬁﬁeﬁluﬁ?é%%ﬂ ko DWrOXlﬁ?ér%%:He%s
tsutch as ltetr?wﬂmvd hyldtrékﬁ_aaét hpbtasb@fnthany@?aklde andtﬂﬁk&hﬂﬁ}ﬂydrox1de,

et raanyl - exyl.- .an enz rine nmoni_u xi des. Sasian

Pref ort e afhg Iindbta L Cayonaten SHAhES BarIOhEE thoRA Ry |
ease of handbanponateammdxxythﬂhmmmmmbdmmmy Eﬂﬂaﬂnthtaﬂnhxﬁnﬂdmns are
o gango | sAlBRRRnell SRR G st Bl Al e e ok ghan a0l oM

hydr oxi de, potassi um hydroxi de an r oXi
sodi um hydr oXiydeogiett garoniae;hypdikediige. earth metathmﬂnﬂ&;dﬁﬁuaunh|aq

vi ewpoi nt, t bR ARMQ mﬂ&@i&e haSealci R nRhehet bl Yo sed ddebRenfita of

an aqueous sol dtion. exanpl e, an agueous sol ution of anal kal
net al hydroxF&‘ébl‘Pé‘\?ltﬁj Suc“aaéoﬁ@éﬁtlrué't CeFomar e @%%r%@%% to 20
N, is used stebo&@ar@d%mh%@e sucﬁhasb@ﬁme?cm@maaﬁnmntdl@te@mmm may be

d. dl
reactionts” diisthroladh i £nd a1 108} AR BERUSEE, LEUBLISE) YapadlOF guop
rate suc hStttmethnelareamA @mlpmpuitemmy b@:mwlaamnade,atraamylamme.

appropri ate B‘r?rlldtln'es a%'dsﬂ—ﬁl%%ﬁ'ygl S ﬁoqciqkeso%amqfa%rt%%&%ﬁ afmhorfi@i UM

car bonat e, ci um_ car bonat e or I um
hydroxides such as. tetramethyl— tetraethyl— tetrapropyl-

tetrabutyl-, tetraamyl-, tetrahexyl- and
20 Dbenzyltrimethylammonium hydroxides. Preferred, among these

bases, from the viewpoints of inexpensiveness, ease of handling
and ease of waste water treatment, among others, are inorganic
bases, in particular alkali metal hydroxides such as sodium
hydroxide, potassium hydroxide and lithium hydroxide, in

25 particular sodium hydroxide and potassium hydroxide.

From the operability'viewpoiht; the above inorganic base
is preferably used .in the form of an aqueous solution. For
example,anaqueoussolutﬂn1ofanalkalimetalhydroxidehaving
a concentration of 2 to 20 N, preferably 5 to 20 N, is used with

30 advantage. The_basé species mentioﬁed above may be used singly
or two or more of them may be used combinedly. The reaction
may be carried out while adding these bases gradually at a rate
such that the reaction mixture may be maintained at an
appropriate pH. It is also possible to add sodium carbonate,

35 barium carbonate, calcium . carbonate or disodium hydrogen



15 > ~-phosphate to thereby utilize the pH buffer action thereof.

The concentration of the 4-halo-1, 3-butanediol (2) in the aqueous
solution in carrying out tfhe cyclization reaction is not restricted. An
excessi vel y high concentration, however, é is not preferred since the rate
of reaction decreases. Generally, it 1R 1to 50% by wei ght, preferably
1 to 35% bywei ght, nore preferably 1 to 20% by wei ght. By carrying out

t he cyclization reaction while maintaining the acidity at a proper
| evel , as neRPPSRBALEhEPe therepby yéidiiBre the PHcPEffer RETiON td&dadn

concentration and Qﬁérc}br%énﬂf@:fd@bleﬁié @nha;eacnl gnbutanéayenam yiatthe
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sol ution G@Bﬁéﬂaﬁé&,llﬁ— $8dpt g 508 lﬁmyﬁégh\m’ tr e aRyanl Csédybmweight

i mmi scible morw bhe¥dirablyThi $o 208f beClieM@nitn fHyt esfrwﬁgcwa the Sl ght
20 inpurity congent I.n the agueou haSe ,and,t hus |qgrOV| ual ity
of the produf¥c 1ﬁ§‘&118£‘y’f%"t‘?5h9’&lr@’flli'@aﬁa&§famlng th CVWB%YE RE W9 i on -
reaction IF ¢eweaedaeumenm1@ned abwwephase1sy@be@ubaewhbchnwabeseaﬁmean
organic M. SC e, Wt ter coexis recovery of .t.h e
aeous S8 EBRGERSR SORCERRFALTSD AN GRSt PRhyER B A ) e e
cyclization fexorabaybyt rewonaentgirationopfahite phR&sky byeight | ippeifedabdyi d
separation cgntgegggt w@ggﬂgtlon of inmpurities - fromthe aqueous

phase, hence in qual |t ovenent . These procedures (washi ng
and organi ¢ phase F@nﬁ@ﬁ?sbyhéé 3rhydrexytgtrahyasatyresn) 3ar d spueesk 4B y

carried out @hchomeldstmfmattumsaeﬁyratﬁlesfchbhglﬂgﬁtrixﬁpufp&y IRint@rdf, 3-
hydr oxyt %rah dr of uran t her eof

rgani c er, hence | os
in the otyant adég, @ &&ﬁagg Féd@@gd éﬁdrF 9e§& @3 fur% %ﬁﬂ%éﬁ§%d
accordi ngly. pSpductuoaIbf,ptbdupteceduh&ghameq&ﬁllmwefébabbwam@ﬂe ed out at

an OperatiOnm%ﬁqgghgﬁgceikoﬁgrgq$gopreferréd that the aqueous solution
' obtained in step 3 is washed with an organic solvent immiscible
with water. This is effective in further reducing the slight
20 impurity content in the aqueous phase and thus improving the
quality of the product 3—hydrothetrahydrofuran (3).

When the cyclization reaction is carried out in a
two-phase system in which water and an organic solvent
immiscible with water coexist, mere recovery of the aqueous

25 soldtion'containing 3-hydroxytetrahydrofuran (3) after the
cyclization reaction by removal of the Organic phase by
- liguid-liquid separation can result in reduction of impurities
“from the équeous.phase, hence in guality improvement.
These procedures (washing and orgahic phase removal by.
30 liquid-liquid separation) are preferably carried out at low
temperatures. By this, the distribution ratio of 3- _ |
hydroxytetrahydrofuran (3) in the organic layer, hence the loss
thereof in the-organic phase, can be reduced and the yield can
be increased accordingly. Specifically, the procedures are
35 preferably carried out at an operation temperature lowered to



16 . .30 [err]C or below, nore preferably to 20[err] C or bel ow, st'iII-'

nor e preferably to a |l evel of 10 [err]C or bel ow down to the freezing
poi nt of the solvent. I nstep 4, 3-hydroxytetrahydrofuran (3) is
extracted from 5 the aqueous sol ution containing 3-hydroxytetrahydrofuran
(3) obtained in step 3, using an orgaﬁ?c solvent imm scible with

water. By this extraction procedure, the inorganic salt (s) and

reduci ng agent -derived boron conpound or al um num conpound, “whi ch

coexi st in t B8 Xguwsolelsol umicne reaferakdapdicatdl ‘G rasmbedlow hes toidsh meere
product to give rala¥19aRIC 25 Qledle108 FCAR & HNbelow WS WL RS Bi{gr an

(3). - .The qgrganic solvent immscible with water to be used here

i s not parti ®M&BY P E0E SAE tror exanple, it nay be selected from
anong t hose organi Cnsoteeat s3-Hgdrset i et wah yd vaff weramt{B¢hi  Bx teantkd fismd i n
the reduction,reaction l.on Ve, . _ jtdan: '

nnnohydri% afgghgﬁéecgﬁggg%Pﬁbgg %%5§§%Eﬁéébﬁ hyé%ﬁ%#%é{%%ﬁyéggx%ﬁ%P f3)'
but anol s suclebdginegutianskep23butabny amdorganicobuteent  ingeirs tidolsetith

Preferred ar ¢ @Mt 3¢ tMA 9¢AFREPSon proRifRire, Rb4 RIS 2841889l i C
al cohols containing 4to 8 20 .carbon atons. Mre preferred are acet |dc
aci d esters, TeRucingyagentder iyss POTLG FoBPAUNE ARl ugdmer coppgund,
preferably ets,qhmlch]c cos&detaﬁﬁ. tHbesgu@dbﬂnﬁ_né@ldll‘.i’OidﬁntcSamﬁye t&pmteld nEyom or
two or t.hem e.used ¢ i_ne s . er v . the
haneous 101 uire, s kel FRedEC S8 I Hbani . sotnes SRR dadd
be subj ect ed t+-hyslroxyteitarhgidrdedruran (@9 .it is under acid conditions or

after neutralizati ggeWhtiac solb%?%ba{rﬁla%éiﬂfg%haéﬂ ?/:a%%‘ct% 0y £ 88thd

extracti-on procedure “7is carri [ er neutral conditions. The base
to be used 1is 0k PerEiguderdyieatoirted nofoFRianrler Ly Ragbeisalartingd 30

includes, angR@mobREh§. tRbL&ldrdiiad smdieptisdemmidehbae GohUMter which
hydr oxi de_and %p%%55|un1hﬁgr xide;, al kal i ne eqﬁth net al, hydr oxi des such
as cal ci hy@PoREdE S5 d TRadhEs FERIRrdrox itgact ton mephiongd Foqyasy ogé‘n .
car bonat es suadhlifd onotio whdwydmogehydriccalbohale @it it fsg idutohly draogem

carbonate; alktalls MeLal o33m,$8" BRPFhESs SHGOn &8s SLU WL £ PONa & and
pot assi um car bonat e: 1
isobutanol, can be used. Preferred are aromatic hydrocarbons,

acetic acid esters and monohydric alcohols containing 4 to 8
20 carbon atoms. More preferred are acetic acid esters, in
' particularaceticacid(ﬁ—c4alkylesters,mostpreferablyethyl
acetate. These organic solvents may be used singly or two or
more of them may be used combinedly.
Generally, the aqueous solution obtained in step 3 is in
25 an acidified state. It may be subjected to extraction either
~ as it is under acid conditions or after neutralization with a
base. It is generally preferred that the extraction procedure
is carried out under neutral conditions. The base to be used.
for the neutralization is not particuiarly restricted but
30 includes, among others, alkali metal hydroxides such as sodium
hydroxide and potassium hydroxide; alkaline earth metal
hydroxides such as calcium hydroxide and magnesium hydroxide;
alkali metal hydrogen carbonates such as sodium hydrogen
carbonate and potassium hydrogen carbonate; alkali metal

35 carbonates such as sodium carbonate and potassium carbonate;



al kal i:ne:earth netal carbonates such as nmagnesi um car bonate and cal ci um

carbonate; and so forth. Aqueous ammoni a and organic bases such as
triethylamne, pyridine and other anines may al so be used. These bases
may be used singly or two or nore of them_5 may be used combinedly.

It is also preferred that the aqueous soltti on -obt ai ned in step 3is
once basified with a base, then neutralized with an acid and subjected
to extraction., By such treatnments, the - impurities contained in the .

sol ution areadbalépecaprtd metaulrﬁmﬁbqnefsesr EH6N 35 PAGRSE U PRFPeNE Fe and
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I ncreasing t extractron e
18 performed at a temperature not lower than the freezing point

of the solvent and the time requlred therefor can be shortened
20 by raising the temperature within the range from room
temperature to the boiling point of the solvent. The treatment
time depends on the pH and temperature but generally is about
' O 1 to 24 hours. After treatment with a base, the aquecus phase
is preferably eubjected to extraction after neutralization.
25 The extraction operation temperature in step 4 cannot be
specifically defined since it varies depending on the organic
solvent employed but the extraction can be effected within the
range of the solidifying point to the boiling point of the
solvent employed, generally at 20 to 100 °C. High temperature
30 extraction is particularly preferred, however Thus, the
extractlon procedure is performed preferably at 40°C or above, -
more preferably at 50 C or above, most preferably at 60 C or
above. Particularly when a hydrocarbon or acetic acid ester
or the like is used as the solvent, high temperature extraction
35 is preferred for increasing the extraction efficiency.



By usi;ng:'such-a nonohydric al cohol containing 4 to 8 carbon atons as

" nmentioned above as the solvent, a high extraction effect can be
produced even at around room tenperature. It is also possible,
however, to carry out the 5 extraction an elevated |iquid tenperature
to further I ncrease the extracting eftect. Specifically, it is also

possible to carry out the extraction using a nonohydric al cohol

containing 4 to. 8 carbon atons at a tenperature of 40[err] C or above.
In step 5, the extP¥cHSiBBUEHER BbPRNPRBY AT CsRdFORLs COBtALHABEN A &Ced
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| st ation.

Eﬁ g)yln and i sol atln% % hyd ?fgﬁ trah drofuran
(3). by &P&FPHP&P%% CRESP ms akt3 FREREFAP ISt ?6 uBf
agent - derived bor o@inastépr 53l utrenem:cranpoundgtcnouulobrtlagnlenl in sslepgHt is.
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yi el d. ore or maxi m zi ng tillation yield, it is
preferred thawdrpﬁyégfclrthglr@lfurtane(3) dihaxsi, |tlae|ec¥rtriar¢tswp$oslcetnt<,rated

sol ution andigr tﬁ@@@%pt rrazn%ve theOBk-giahii kg s%ik%@krt%ﬁ ehakydralcerar (3) is
treated with a -t Q .t her.eby remr)L t hose inpurities in advance.
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t han 3-
the residue after concentration as it 1s can be heated under

reduced pressure to effect distillation.

20 In purifying and 1solat1ng 3- hydroxytetrahydrofuran (3)
by distillation (inclusive of rectification), the reducing
agent-derived boron and/or aluminum compounds occurring in
slight amounts in the extract obtained in step 4 may lower the
distillation'yield; Therefore, for maximizing the final

25 distillation yield, it is preferred that, in carrying out the
distillation in step 5, the solution and/or concentrate
containing 3~-hydroxytetrahydrofuran (3) is treated with an
alcohol to thereby remove those'impurities in advance. By
adding a monohydric alcohol containing 1 to 3 carbonlatoms, such

30 as methanol and ethanol, for instance, it is possible to form
comppundslowérjj1boilingpointthan3—hydroxytetrahydrofuran
- (3) and distill off these previously. On the other hand, by
adding a polyhydric alcohol containing not less than 6 carbon
atoms, such as polyethylene 'gly_col and sorbitol, it is possible

35 to cause compounds higher in boiling point than 3-



hydr oxyt et rahydrofuran (3) to remain. This step can be used W th
advantage for purifying and isolating 3- hydr oxyt et r ahydr of uran by
distillation when this has been contam nated with the boron conpound
and/ or al um num conmpound 5 nentioned aboye. The amount of use of
such al cohol should vary with the klnﬁgof al cohol and the kinds and
anounts of contam nants derived fromthe reduci ng agent and cannot be
defined in general - terms. Cenerally, however, the alcohol is used in at
| east an 10 hyguomyitat rakyemofugkat (B¢ to rRmaippunthbs sheRl camtbaiuasd s

derived fromyhe LeQYGitdGeadent pu'%qrfy%gl %@&%ﬂart%tgr@n effect, it
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can favorably be “condlcted “an " at be maxi mzed.
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not less than the same weight %, based on the weight of 3-
hydroxytetrahydrofuran (3). A polyhydric alcohol containing'

20 not less than 6 carbon atoms is used for the above treatment
in an amount of not less than 20% by weight, more preferably
not less than 30% by weight. In the above manner, the coexisting
boron 'cdmpounds and/or aluminum compounds can be effectively
removed. It is preferred that the residual amount of boron

25 compounds and/or aluminum compounds after the treatment be not
more than 10 mole percé'nt, more preferably not more than 5 mole
percent, per mole of 3—hydroxytetrahydrofuran. Then, the
distillation can favorably be conducted and the distillation
yield can be maximized.

30 . In cases that 3-hydroxytetrahydrofuran (3) is purlfled
by distillation (inclusive of rectification) on an industrial

- scale, aprolonged heating opérati’on is required and, therefore,
the related impurities contained in slight amounts, such as the
4-halo-3-hydroxybutyric acid ester (1) and/or 4-halo-1, 3-
35 Dbutanediol (2) and their related compounds, may gradually



products may find their way into the desired product fraction during
distillation, tending to cause problens such-as quality - deterioration.
It was found that, upon these thermal 5 deconpositions, acid conponents
are rel eased and acidification progregses accordingly, leading to a

t endency toward pronoted t hermal deconposition. Fromthis point of
view, it is also preferred to use an apparatus in which the heat

hyst eresi s can

d nd th di still b t, ile .
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distillafg 0”s§b$9es§§ng the thékRadébdmpbei added fot ERimPBE b fHbedE 1M 1m

restricted but may "be an inorganic acid or an organic acid. = Fromthe
practical i t ySYRBRBBFRE: inorganic acids, in particul ar “hydrochloric - -

acid and sul furic Hew8ves! ewnéﬂfemedilsa’hpmtir&y is cderisebi iFhgPradwo
or nore of thegl Qg u# conblnegﬁ¥i 30 The additian.anmu % of the acid
is not particl éPF%Y sTrt On COpN L1 GOIPILRFG Hot 1PedCF RER T 115 by
wei ght, noretprefeaalihe solutdbn| esstahanng. %W roweitgitralstdtdfumare (3) :
preferaby n95d|/§§ ornlE?g'Eeré%c@ér%fgaﬁthr Sha%'c\iﬁ{t %or instance,

3- hydr oxyt etrahy o?u?a operation tenperature i1 n heating
t reat ment foPFSﬁFﬁQbéB tﬁdéﬁﬁléﬁ gridnfgdilewed Ryt hgatingubgfoger estricted

but is, for distillation to promote thermal decompositida. Thls [pQ @ﬂi'dé
roomtenperatu up to. th int of he syst The
Time of ha a-tPeRtanEne tanardPry Bhotnpled tikgytn the courS -
_ distillation to thereby contribute to an improved purification
20 effect of the distillation in a stable manner. It is preferred
that a solvent is used in this acid ﬁreatment. Thus, it is also .
preferred to carry out the acid treatment in. solution in a
monohydric alcohol containing 1 to 3 carbon atoms prior to the
distillation step. _ _ _ .
25 The acid to be added is not particularly restricted but
may be an inorganic acid or an _organic acid. From the
practicality wviewpoint, inorganic acids, in particular
hydrochloric acid and sulfuric acid, are preferred. These may
be used singly or two or more.of them may be used combinedly.
30 The addition amount of the acid is not particularly restricted
but is preferably not less than 0.1% by weight, more preferably
not less than 0.2% by welght, still more preferably not less
than 0.5% by weight, relative to 3- hydroxytetrahydrofuran (3).
The operation temperature in heating treatment following
35 addition of an acid is not particularly restricted but is, for



0..1 hour, - preferably not |ess than 0.5 hour. L The distillation
(inclusive of rectification) of 3- 5 hydroxytetrahydrofuran (3) for
purification is also preferably carried out in the presence of a base.
This is effective in neutral i zing thezﬁcid conponents rel eased upon

t her mal deconposition of such coexistifig i npurities as nentioned above
and increasing the distillation/purification effect while 10 suppressing
the influences of the acid conponents. Furthernore, it contributes
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singly or two,or, . nor e _may .be used conpj nedl y. -The ad 0 ]

t hese” bases dls’filgﬁrﬂﬁl%mﬁi‘%&ﬁ’&?gyap‘ég?r Jcrl%]dlgl SfarpGLifheabicnd £r%
used I N guEnbivdt iafn 0 thet qudD% Pyankiydletl dbas etheriesia admmpebdakbtt ©an

be distilked ts, t he vi ewpoi nt of econony and/ or operability, the
use therg%f i%léﬁgérfo(ytjgn (P'of not nore than 10% 35 by weight is preferred,
more preferably notTheo k@ seh 419 %Wed in that case is not particularly

22 wei ghist 1sitdddd e 1 2%y Mel ght
A preferred s(;:d' ment g?{:?hﬂegﬂ}ﬁkgiﬁ{ yls%%ﬁtglgorﬁlél%ﬁ(ﬁ@ylmgg%ﬁt tr_lan
4- chl or o- 3- ( 3&’ AATO T At e P las MHE RIRESHRPLY an inorganic

base. Specifically, there may be mentioned alkali metal

20 hydroxides such as sodium hydroxide and potassium hydroxide}'
alkaline earth metal hydroxides such as calcium hydroxide and
magnesium hydroxide; alkali metal hydrogen carbonates such as
sodium hydrogen carbonate and potassium hydrogen carbonate;
alkali metal carbonates such as sodium carbonate and potassium

25 carbonate; alkaline earth metal carbonates such as magnésium-
carbonate and calcium carbonate; and so on. Alkali metal
' hydrogen carbonates and alkali metal carbonates are preferred,
alkali metal hydrogen carbonates, inparticular sodium hydrogen
carbonate, are preferred. "These may be used singly or two or

30 more may be used combinedly. The addition amount of these bases
is not particularly restrict_ed. . Generally, the bases are used
in an amount of 0.1 to 30% by Weight based on the material to
be distilled but, from the viewpoint of economy and/or

. operability, the use thereof in an amount of not more than 10%
35 by weight is preferred, more preferably not more than 5% by



substrate may-be follows. 5 Et hyl 4-chl.oro-3-(S)-hydroxybutyrate is
reduced with sodi um borohydride-in toluene, and the reaction mxture
is mxed ~ wth aqueous hydrochloric acid to give an aqueous sol ution of
4-chloro-1, 3-(S)-butanediol. This aqueo solution is heated as it is
to thereby effect the cyclization reaction, preferably 10 while adequately
neutralizing the acid corrponent resulting from the reaction, foll owed
by extraction with et acet at e under further foIIQ d by
concentrat i oﬂeaﬂBForSHhtlF‘PéFl BRreferably BP%emorg than 2% by weight.
3-(S)-hydroxytetr ah}{ﬂfem‘eu’ﬁd enmbbdiment of the BEsﬁewﬂDE&vEﬁ&&%RRYMN@cﬂJT

THE | NVENT]I _ Iovmn illustrate the Rres:
Tnvention CCPyletrenierderalt) yete TRaRTrte havBAd % PeRE thons
limtative osubﬁbretepasamf behéoplewent invention. Anal yses were

per for med; by i qu' ﬂtﬁgi O@EEHEBEBD% (?PLH?Hro%%J}:gP‘a%’ i8 £8auken’ kn0 4.6

nm x 250 nm col um tenperature:
acetoni tri | ePEASHRbOrPhysirede B Frluehey epRf She r@a}cawl gigture is mixed

chromat Ographythcad;ms ﬁd&%l@é@arcq@& !’rjl\f\é\vﬂnqa e?odgﬂsolutao?} bfm

I t t t
Sodi um bor ondaFTHEEPTha; r<5§ “GutShEshahte s 2a66%m SO LRGN 15 Bergednd
458.5 g of eahyilt dscid (uherﬁby(éﬁfed:nydﬂm(gtpulyzateon redapitarcaprptfeirtpl yo9.

4% ee) Vs aﬂﬂfge%‘&’er u]at}éciy?%‘frlég %{%’%%foa%létoﬂ% %%Brt]r%st@J. Fehon

was then all owe ocee nue t|rr|n
After the reébﬁlmﬁ%%@w gollovgss b&o@xéaasélqm Yith |athirl BeledRte286dprg of

concent r at edya rmi Ay d RGN Eoli:%vﬁ’e@ﬁ‘}} S L0 £ Ve Shd‘ﬁ@ﬁ:@ilaéid@la@i'% the
resultant m ture ma% jé % g € ghusted to 7.0 + 0.2
addi ng 88.6 §°o¥t%°30% hu ) §°§8Fﬁ F%ﬁy Fo§B8RUm hydroxi de 35 and, after
the m xture was all owed to stand, the toluene phase
23 ghas renoved gﬁ i E I ﬁﬁe gueous
phase cghtalnlng 321. %*(ﬁgg % k§§/§AﬁEQiﬁ Q?OT 3&@ N@EOﬁ
The following examples 1llustrate the present invention
in further detail. These examples, however, are by no means
limitative of the scope of the present invention. Analyses were
performed by liquid chromatography (column: ALLTIMA C8, 5
20 pum, 4.6 mm x 250 mm; column temperature 30 C; mobile phase;
acetonrtrlte/dlstllled water [3/97]}; detection; RI) and gas
chromatography (column: PEG 20M 10% Chromosorb WAW, @ 3.2 mm

x 3.1 m; column temperature: 130 C; detection: FID).

25 Example 1
Sodium borohydride (104.1 g) was suspended in 2,300 mL

of toluene, and 458.5 g of ethyl 4-chloro-3-(S)-hydroxybutyrate
(optical purity: 99.4% ee) was added over 1 hour with stirring
at 40 °C. The reaction was then allowed to proceed for about

30 20 hours with continued stirring. After the reaction mixture
was cooled to 10 C or below, 286.7 g of concentrated
hydrochloric acid and 940 ml of water were added, and the
resultant mixture was stirred. The pH was adjusted to 7.0 %
0.2 by adding 88.6 g of a 30% aqueous solution of sodium hydroxide

35 and, after the mixture was allowed to stand, the toluene phase



but anedi ol was obt ai ned. ' Thi s aqueous phase was heated to 74
[err]C. In about 2 hours, 5 the pH becane 2 or below. Thereafter, the
reaction was further ~allowed to proceed at 74 to 90[err]C for 20 hours.
After the m xture was cooled to 10 [e35] C or below, the pH was adjusted
to 7.0 0.2 by addi ng. 327 g of a 30% aqueous sol ution of sodium -
hydr oxi de and the resulting m xture was heated to 70 [err]C. Then, a 10

i nu t
cont 1 nuoue, <yLEacLh80CANy! S9UGSH-RE RS SepaRERILEAt Likreny OSBRSS
g) was addedphéseheonﬁgndmegoﬁﬂél Bed e(mdeldf‘téfl%) ofcénebAvretiled e

m xture was ghgghghggluwggrobgggﬁgg pressure to give 198.8 g (yield:
87% overall yield: 82% . colorless 15 3- {4 gxyt et rahydr of ur an.
ot =|

Purity: not |ess tﬁahsmeous p@ﬁtslec‘a@sﬁtﬁ%tt%ﬁ tﬁ ss hakougog hours,

Example % the pH be@QdieUmd}.Ob@tnbdrl dehéﬁaaﬁtgjr, waﬁe seapetdadvas furd hadr of
20 ethyl ace

added over: ﬁlga?"éﬁl n‘?qlpggf:g?ﬂ Zl?tté%bP%Ggl’ dro?\\égcerry{)ﬁé %lXt\kgse

t hen all owedwas pooteddté ox0 %omm: k& Joyr $£ha le waat adjedted tgt7r@iind.. 2The -

reaction m Xbxyﬁrﬁgﬁ?tw SUH ed3he &g{lﬁ{:ﬁl‘c‘sﬁu@ﬁ)ﬁ’%f socth %@g@oguqe

..concentr at ed oric acid and wer.e
fol | onedby vPBBr&he EEPEALARY MIKEUFR Was BEptstedo 70 (o 7T@eno 2 usi ng

26. éL g ofpa ala?{t@ﬂg@?ldset&ngbt?EnOEtnﬁoébuﬁbed p{i&é@@@&lﬁdéo@\;&\gnt&@t@bd he
m xture was allo 0 stan e e ace ase
liquid-1liaqui Brggmgpgfil\'{ﬁﬁ Cghiied °Ué‘1%‘§/|70a€e‘tl%&%g gh]ajs erR et f‘?}:rsfiﬂe C@E?gﬁct ed

with 50 m oMeWhtaaol 8060 As) awaesmudded &o ahaevesidwé ubhtoan medtaidyi rd ter

total of: 66. gogcentr%%&gbd%k?ezr@xgﬁré vﬁa@ 8£gt%1§eglﬁtn e.cdfgéiux\gé p%%ts%'u;}%l_

Exanpl e 3 an_aqueous  phase con ai nr n
35 chl oro-1t8-¢&yebl&hed dlyl(edmcéﬁf%raovgﬁalloyn%@y wbmﬁ C@é-orless

: §4 15 obgaiBedni,ArbX3uBLeahyWRe rheahed PRrYEyETRLE, 1é\Q§r€H9ﬁn9§J§e pH
ecane optical purity: not less than 99%.

Example 2 .
Sodium bo:ohydfide (22.0 g) was suspended in 528 mL of
20 ethyl acetate, and 96.8 g of ethyl 4-chloro-3-hydroxybutyrate
was added over 1 hour with stirring at 50 to 60 °C. The reaction
was then allowed to proceed for about 2 hours with continued
stirring. The reactionmixture was then cooled to 10°C or below
and 60.5 g of concentrated hydrochloric acid and 100 ml of water
25 were added, followed by vigorous stirring. The pH was adjusted
to 7.0 £ 0.2 using 26.1 g of a 30% aqueous solution of sodium
hydroxide and, aftgr the mixture was allowed to stand, the ethyl
acetate phase was separated by liquid-liquid separation. The
ethyl acetate phaSe was further extracted with 50 ml of water.
30 As a result, an aqueéus solution containing a total of 66.6 g
(yield: 92%) of 4-chloro-1,3-butanediol was obtained.

Example 3
A 192.5 g of an aqueous phase containing 38.5 g of 4-
35 chloro-1,3-(S)-butanediol (concentration: 20.0% by weight) as



4 in apout an hour. Thereafter, the reaction was allowed to pr oceed

at 70 to 90[err]C for 20 hours while maintaining the reaction m xture
at pH 4 by gradually adding a 30% aqueous solution of 5 sodi um hydroxi de.
The reaction m xture obtained was cool ed t 10 [err] C or bel ow and
adjusted to pH 7.0 0.2 using a 30% aqueous sol ution of sodium
hydr oxi de, whereby 222.5 g of an aqueous - solution was obtained. This
aqueous sol ution contained 11.5% |ghtcé25 7 g, yield 95% of
3-(S) - hydr 0xSR B3RS drokample fgvas heatﬁm 04C, whereupon the niehecpoa

was carried o&tlmrabdm&:&aﬂﬂuﬁannemhéiebmter, tEéaEEb@tiowrwhé a@nu?bugﬁoand
mai nt ai ni ng t a alue specified in
Table 1 and t eoci:/)%_'%ﬁ?&t wFR?‘ﬁ? %Pgs%q PPHﬁsé"’ %mawgﬁ&}{‘@t YBRGELPRN
(3) and the pekxpregt pPH 4 by ghedvativuaddiingd &0% bgdebutsaseduthof2df
ver e det el nesiin hydrdifeDy ThBVRSEE0RSE il Y bentRelud e daian be

cyclization reaction. The results are shown in
React i on 10°C OWlbéléP"b\and adjypeed o9 PH 7.00hdPt 2 gieing a 30% gawpound 3

conpound2 (%solutjbh of sodium hydroXfde, whereWy (2p2dsustéef)an a ueou§5
o sol\itz“:lbn was obtalne% ThlS agueous %g%utlon contalnfd 11 5%

94

6 bypwgeight (25.7 g, yleld 95%) of 3~ (S)-?_hyd_roxytetrahﬁdrofuran
1 10 8 67 1 Exanpl e 5

Et hyl 4-chl oro-3-(S)-hydroxybutyrate (144.7 g, optical- purity: 99. 4%

ee) was di ssdXAWPIH 420 nL of toluene, and 32.9 25 g of sodi um
bor ohydri de was addegk Qf_\é%l’ctﬁ.bﬁutwa]@ At fediddt in ©id r4dd @indor [£571C

stirring TR 31Tk aRd e Ra R Baiatais 158 Fa PO MECTORF BHa

added to a mindtfrareofatofhb gabt[le specified in Table 1 and the yield of the

25 15 resulting 3—(S)-hydroxytetrahydrofuran (3) and the percentage
of the residual 4—chloro-1,'3—butanediol' (2) were determined to.
thereby investigate the influence of the pH on the cyclization
reaction. The results are shown in Téble 1. -

20 Table 1

Reaction Yield of 1Yield of
condition compound 3 compound 2 (%)
PH (%) :
<0 (unadjusted) 85 5
1 ' . 87 4
3 94 1
4 95 1
6 93 1
7 91 1
8 . 67 1
Example 5

_ Ethyl 4-chloro-3-(S)-hydroxybutyrate (144.7 g, optical
purity: 99.4% ee) was dissolved in 720 mL of toluene, and 32.9

25 g of sodium borohydride was added over about 10 hours with
stirring at 45 °C. The reaction was further allowed to proceed

for 5 hours with continued stirring. The reaction mixture was
cooled to 20 C or below and added to a mixture of 90.5 g of



concentrated hydrochloric acid and 215 ml of water and cool ed to 5[err]
Cor below, and the resulting nmxture was stirred. The. pH was adj ust ed
to 7.0 0.2 using a 30% aqueous solution of - sodium hydroxide to give a
wat er-tol uene mxture containing 5 104. 0,8 (yield 96% of _
4-chl oro-1, 3-(S) - but anedi ol . : Upon heating to 85 [err]C, the pH of .
this mxture sol ution fell to 4 in about -an hour. Thereafter, the

reacti on was al |l owed roceed at the sa t enperature for hqur
e O P RPSPRERG AN BRPOPRLRELE AT ARTBLPD GF WALHE g Snblsh
%ﬁ dr OP‘é"‘ SftadQI‘U @@f B%l@w?ogmagﬂﬁéuﬁ?§\§j>1tlilljh@ﬁn9§t1§@éﬁbwm Wﬂi@ﬁ@cgi/e The "

e resi dua mount _Qf 4:c¢ [ o - -but an ecane 0 e
m xture was 8@&’88 ?gj‘iﬁt_fg Ej’c b? :geq b%%/%%]d"%cﬁ ?Igjt c‘laq(ueo"ﬁ fojﬂgclon [Oerr]
0.2 using 108ogiuvhm hy8@%xadectosgivkusi uat@fr-godkl@mehydmyalr@e contagdmdnghen
al I owed to sygydo g qgaeﬁzdt 945N £PRaTH1BES-1oBUYS] EucaRedilqui d- 11 quid

separation. The ague hase obt ai ne ted to about 68 [err]C
and continuously e Ppﬁcbéétwgth BSof, theeﬂ*i‘yIOfad:é’tlét aigtug® [sedntdoahd

t he extract \ﬂ@&lqqurﬂmabedaum@ﬁr TH@B&E&EQFEBéw&cti&lﬁﬁgaﬂﬂﬁm
was added 80tg tB % owed b con entr2 %‘Pn und reduced
pressure. hBT26°CF e dﬁBeOSF‘E‘FnESmREFS d4Ged g0 3 &I and 0.8 g
of concenaiatednhngdroodipdr o€ tAes deastdonhelxiwte s a/eﬂSOhéd@xe@radualnder

reflux fof aB?BFwEngdéidﬁttlJrPSFrH 52%” Q%#I&%chgf&eg.&ﬁtoqgsodluﬂ@)g}%{)

pressure and ter ian O onate the

resi due was ﬂ-‘é@tnersJ&pa}na@@un‘émfcéuclzsorwéséuﬁ%) rl@ueavedggl@peg:a@ﬁ @ 8% 83%
overal I yiel §28094 xPhire was URNeRBE 0316 - HY B %tnrdaam b@f;blﬁaf'o ple .o

puri 1y of U2y o P Bhot e ToLpL o5, J 0 AT, LR RRERL UL ves
Exanpl e 1, amndqubeunsadbbwedonoodtand, 3a1h1;’(drme<yuceluatg/cmm‘sg araSNa:samoved .
auoous P GIRLeLL A8l sbi8rap1of P HAEHALA RO THAL I Ml Blad M ©
and the nixt beatgs taagbsutr 5§d°Catamdh@0§1¢é@quU§dYt @nqtewaa:tt@dem&h foL of
mnutes, all@wigl acetate at 68 C and the extract was concerdfated under
reduced pressure. To the residue was added 80 g of methanol,
followed by:concentration_under reduced pressure. To the
20 residue obtained were added 80 g of methanol and 0.8 g of
~concentrated hydrochloric acid, and the mixture was heated
under reflux for about 2 hours. The mixture was concentrated
under reduced pressure and, after addition of 1.2 g of sodium
hydrogen carbonate, the residue was rectified under reduced
25 pressure to give 60.9 g (yield 83%; overall yield 80%) of
colorless 3-(S)-hydroxytetrahydrofuran. The purity of this
product was not less than 99% and the optical purity was not
less than 99%.

30 Exémplé 6
In the procedure 6f Example 1, an aqueous solution of
3-hydroxytetrahydrofuran was recovered after completion of the _
cyclization reaction. To 10 g of this aqueous solution was
added 10 ml of the solvent mentioned in Table 2, and the mixture
35 was stirred at the specified temperature for 10 minutes, allowed



t,o stand-.for

10 m nut es,

and subjected to |iquid- I|qU|d
In this manner,

the percentage of extraction was determn ned.
rel ati on between extraction tenperature and

was exam ned.

Extract ant

tenperature ([err]C) extraction (%
to sgfnd for 10 minute§9 and subjectedlig liquid- lquld

50
2- But anol -

3- hydr oxyt et f ahydrof uran_was concentr at ed g o
added a specPFFEQNAREENPE AXEFRCEIQDARAS examingdeat THE| FeTal

Extraction

The results are shown 5 i mdable 2.

Per cent age
Et hyl

per cent age of

of sol vent

acetate

separation,

- and
t he :
extraction

Table 2

15
46

separation, and3phe peréentage ®B extractgempias det@rmined. In
the procedur Qnotfh@ﬁgﬂh%rl tﬁé“%e@.‘é'%ﬁbn%@ﬁ@é@n %&ttrx%@tlonfté‘a‘ﬁ‘ﬁéﬁéﬂhfg and

To 10

t he

resi due was

b 2 &re #fihe

m xture vms dhstrabhed2to renove t he met hanol and the residual anmount of
boric acid was 15 ‘determ ned. The residue was further distilled and the
percentage of recovery by distillation was determined. In this manner ,
the effects Bhbilke2respective al cohols were i nvestigated. The results
are shown i hgkabketdntl N The Tahlt§action’EG 30Dp8BaBatageob¥eilhyl ene glycol
speci es haviggigangaverage 20 qg%&&g%&Rgﬁp(gﬂt Qgtgggtlogh@%yoeX|styng
boric acid ¢ e ettt —CONPrTSTHY IICULId‘I_FL tion

By 8 e aha ¢

titration aT gcid int  Presence of SgﬂPItO| (Lectures in,
Experinmental Chem stry, New Sgries, vol -9, Analytical Chgm stry |
publ i shed by Maruzen). 25 ( Met hod). Osanpla, accur ]ely weli ghed, was

di ssolved ip 25 m of distlilled wat®® and adlustedﬂﬁ)rﬂiY_ To this

sol uti on we

d-Butap@ded a few

drops of 3%e ind

cat or_pHehol pht

hal ei n and

about 5 g of sorbitol. The resulting solution was titrated with 0.1 30
N aqueous SOEIUH]E%d%OXIde until the solution had assuned a pal e '

10 In the procedure of Example 1, the ethyl acetate extract
To 10

g of the residue was added a specified amount of the alcohol

containing 3-hydroxytetrahydrofuran was concentrated.

indicated in Table 3, and the mixture was distilled to remove
. the methanol and the residual amount of boric acid was
: The residue was further distilled and the
In this

15 determined.
percentage of recovery by distillation was determined.
manner, the effects of the respective alcohols were

In the table,

PEG 300 means a polyethylene glycol species having an average

investigated. The results are shown in Table 3.

20 molecular weight of 300. The coexisting boric acid was assayed
by the method comprising neutralization titration as a
monobasic acid in the presencé of sorbitol (Lectures in

9, Analytical

Experimental Chemistry, New Series, vol.

Chemistry I, published by Maruzen).

25
(Method) A sample, accurately weighed, was dissolved in 25 ml
of distilled water and adjusted to pH 7.

added a few drops of the indicator phenolphthalein and about

To this solution were

5 g of sorbitol. The resulting solution was titrated with 0.1

30 N aqueous sodium hydroxide until the solution had assumed a pale



2,7

-red col or,

a wor ki ng curve constructed bef or ehand usi ng predeterm ned

and the anDunt of boric acid was determ ned agai nst -

anount s of

Sorbitol

boric acid. 5 Table 3 Al cohol Anount 'Resi dual

Per cent age of ‘added (g)pporic acid recovery (%
(nmole %9 No addition 16 85

2 : 98 Met hanol

33 Met haggh color, andl(%gg amour*lt_l%f %or ?c1fi vrlaéggc?iauaerr%orfe %%Quétst
expressed a Warkdhg pervenconskavictedt bezombuaoxdyuetlmw@ne@tememlned

Exampl e 8 10;p0unts 8flBsagibRoLtign of the methanol

concentr at

3-(9)- hydroxytetrahydrofuran as obtained in the procedure of
“was heated to 120 [err]Cwith or without addition of 0.2

e contai ning
Exanpl e 5
9 of sodium

hydr ogen sarm@nabes and the percentage of residua
3-(S)-hydrox yarofr de 1at Lllg"&F [QLET s. Inthis
manner, the x??echof adC|dd% of)tpﬁoélggg srggéfn%egg%?ﬁ results
are shown i h Table 4. Q9<1 L??tg erﬁgnt -
resi due (% No—addi-tHon dRoL8,, 48 hours .
95  Addi {Ngnaddition 44 hours 1086 48 tﬁijrs . 100
20 Sorbitol | NDUSTRI A APPLI CABI LITY Ihe prgsent
i nventi on, yWiethahad t he |above Tons{itutionlO Fakes i t%possilgle to.
produce hi ghMpbhanpl3- 10 . 5 . . 99
-~ | PEG 300 3 - 99
* The amount of residual boric acid is expressed
in mole percent relative to 3-hydroxytetrahydrofuran.
Example 8
10 A 10-g portion of the methanol concentrate containing
3-(S)-hydroxytetrahydrofuran as obtained in the procedure of
Example 5 was heated to 120 C with or without addition of 0.2
g of sodium hydrogen carbonate, and the percentage of residual
3-(S)-hydroxytetrahydrofuran was determined at timed
15 intervals. In this manner, the effect of addition of the base
was examined. The results are shown in Table 4.
Table 4
NaHCO, Percent
-residue (%)
No addition
24 hours 98
48 hours 95
Addition
24 hours 100
48 hours 100
20 INDUSTRIAL APPLICABILITY

The present invention, which has the above constitution,
makes it possible to produce high purity 3- .
‘hydroxytetrahydrofuran in high yield and in a simple, easy and



hydr oxyt etrahydrofuran in high yield and in a sinple, easy and

28 industrially advantageous manner starting with a 4-hal o-3-
hydr oxybutyric acid ester, which is readily avail able, wthout resort to
such conplicated procedures as a pluralityg of concentration and

solid-liquid separation procedures. It is 5 also possible to produce

3- hydr oxyt et rahydr of uran havi ng a hi gh optical purity.:

29 ess,f r du0|ng
2”3 hydr oxy RTSHSAIRHLY HEvanEFoeos (BeRies parCand B} fo8°atRA1BES

reduci ng a 4yt oxBounlyylr bx Enitd/esteacivhiast és véadhby gondriable, Woth@ua
(1): - resort to such complicated procedufes as a plurality of
concentration and solid-liquid separation procedures; It is
5 alsopossible to produce 3-hydroxytetrahydrofuran having a high
optical purity. |



[err] . 10 ‘wherein R repr eseht s an ester-forning proteetive group and X

represents a hal ogen atom and cyclizing the. ; | o-1,
3- but anedi ol of the general formula (2): 15 | ﬂ“\mmg‘wwﬂ\m‘n X
represents a hal ogen at om , whi ch npri sedWMER pn 1:s Reduci ng a
4- hal o- 3- hydroxybutyric acid ester (1) with 20 a boron hydride conpound
and/ or an al um num hydri de conpound as a reducing agent'in an organic
solvent imm scible with water; Stept%@ ating the obtained reaction
m xture with an acid and water to th %ﬁ@&effect conversion to the '
correspondi ng 4- hal 0-1, 3-butanediol (2) 25 and at the sane tinme giving
an aqueous sol ution,co i.ni saj. i~
30 " MSep 5 Ca%-ryﬁlg%&%%ﬁéb%‘y%f?%‘%%.@%%@?éag dsoryfetahydrofuran
hal o- 1, 3- but afietihel fezipula 43)d aqueous sol ution; Step 4: Extracting
the 3-hyd§ oxytetrahydrofuran (3) fromthe ~obt ai ned aqueous sol ution
cont ai ni ng 3;&éproxytetrahydrofuran- 5 with an organi c solvent inmm scible
with water; Step 5: Isolating.the 3-hydroxytetrahydrofuran (3) by
2.

concentration an distillation of the solution obtained.
The process accofdin§ to d aii®)L, 10 wherein R in the general
formula (1) is a ‘% yl group containing 1 to 4 carbon atons.

by reducing a 4—halo-;3¥hYdroxybutyric acid ester of the general
formula (1): '

OH O

.x\/K)LOR (1)

wherein R represents an ester-forming protective group and X
-represents a halogen atom _

and cyclizing the resulting 4-halo-1, 3-butanediol of the
general formula (2): '

O N

wherein X represents a halogen atom,

~ 15

which comprises:
Step 1: Reducing a 4-halo-3-hydroxybutyric acid ester (1) with
20 a boron hydride compound and/or én aluminum hydfide compound
as a reducing agent in an organic solvent immiscible with water;
Step 2: Treating the obtained reaction mixture with an acid
and water to thereby effedt_conversion'to'the corresponding
4-halo-1,3-butanediol (2)
25 and at the same time giving an agueous solution containing said
compound;



3, The process according to Claim1 or 2, afg@ngLnxﬂkﬁrhé”§€hera
formulas (1) and (2) is chlorine, 15 brom ne or i odine.

The process according to Caim1l, 2 or 3, \ ﬁ ‘ “g“k““mnﬁé'
n step 11 c war

solvent inmscible with water as used orf or an
acetic acid ester. 20 5. The process according to O aim 4,
wherein the organic solvent immscible with water as used instep 1 1is

tal uene or ap, acetic acid CJerr], alkyl ester.. . 25 . 6. The
accor di ng tog§ﬁ§ f Crafhét gt8$%1{h¥ CYCElzat%ﬂgrE?ﬁcFﬁgnr8EUEFFO
reaction in dbép-1,i3sbageneddodut(2) inataddt expecatsuselefti2®;to 80 [err] C
7. The proc agcorgj : f ' i
reduction regg?Pqﬁ.i#%g%ﬁéé%ﬁﬁ?gﬁ;?%%ghgﬁﬁ}FEQrghygggfﬁraphé§?§g§%?ﬁgﬂ? '
agent graduaPbyaiped agrepupgoditins containhng 33hyamos nahydrafuragst er
\(/\/r11). -3 wi(‘jch a8 orljaﬁilé_r@@Q%%niﬁcﬁ.lﬁl_ﬁﬁis@ﬁbll‘é'Whoﬁva@e&i;%nlit0h7a _33
erein the uci.ng agent is an alkali meta rohydri de.
9. The proceégegc Ordf%%f?ﬁ}%?a ﬂ?8$ahydr°xy£etrﬁﬂ@?ﬁ?ﬁufﬂa éBEagV net al

bor ohydri de icensedituatibnbandiipdr ddetillation of the solution obtained.

ﬁLOCGSS

2. The process according to Claim 1, ,
10 wherein R in the general formula (1) is an alkyl group
containing 1 to 4 carbon atoms.

3. The process according to Claim 1 or 2,
wherein X in the general formulas (1) and (2) is chlorine,
15 Jbromine or iodine.

4. The process according to Claim 1, 2 or 3,
wherein the organic solvenﬁ immiscible with water as used
in step 1 is a hydrocarbon or én acetic acid estér.
20 ' _ \
5. The process according to Claim 4,
wherein the organic solvent immiscible with water as used
in step 1 is toluene or an acetic acid C,-C, alkyl ester.

25 6. The procéss according to any of Claims 1 to 5,
wherein the reduction reaction in step 1 is carried out
at a temperature of 20 to 80 C.

7. The process according_to any of Claims 1 to 6,
30 wherein the reduction reaction in step 1 is carried out
by adding the reducing agent gradually to a solution of the
4—halo-3—hydroxybutyric'acid ester (1).

8. The process according to any of Claims 1 to 7,
35 wherein the reducing agent is an alkali metal



10:+ The process according to any of Clains 1 to 9, _MheLeih_the
acid used in step 2 is an inorganic acid. -

according to C aim10, wher ei n the [ norgimul‘ !l sﬂl‘ “@Fchl oric
acid or sul furic acid. ‘ 4 The pro any of.

Claims 1 to 11, 15 wherein, the reactlon mxturé i s made acidic to-
neut r al by treatnment in step 2, wwth an acid and water-. : 13.
The process accqrding,to any of Caims 1 to 12, “wherein the
cycllzatlont?%‘%FgY ci)‘h’- S step 3 is carried out 20 at a tenperature not

| ower than 40 [err]C. ' 14. The process according to any of

Clains 1 to 13, nth z a t|on in step 3 1s
carried out uné@r g%? %Q ggne% 80 d?%lgggﬁﬁ : 15. The

process accor di ng whe reriyn dfheCladl kesl il me‘d:alM borohydride viersbdiume
cyclizat gon 5 P dd, step 3 is started under neutral conditions.
30 The process according to any of Clainms 1 to 15,

wherein the cycllzatlon reaction in step 3 is carried out whi |l e

mai ntai ni ng the pH@Et 2Zhkopfolyskeutialridiingg tfoh%n@Ciodf Clai@@oReNt9,

generet ed. 35 whereljh theThaec1po{ s acco,cr i aa'I{]le‘E)(;r(_:%.r?J].gBaéléP 16,

io .11. The process according to Claim 10,
wherein. the inorganic acid is hydrochloric acid or

sulfuric acid.

'12. The process according to any of Claims 1 to 11,
15 wherein, the reaction mixture is made acidic to neutral

by treatment in step 2,'with an acid and water.

13. The process according to any of Claims 1eto 12,
wherein the cyclization reaction in step 3 is carried out

20 at a temperature not lower than 40 C.

14. The process according to any of Claims 1 to 13,
wherein the cyclization reaction in step 3 is carried out.
under acidic to neutral conditions. "

25
15. The process according to any of Claims 1 to 14,
- wherein the cyclization reaction in step 3 is started
under neutral conditions.
30 16. The process according to any of Claims 1 to 15,

wherein the cybliza_tion reaction in step 3 is carried out
while maintaining the pH at 2 to 7 by neutralizing the acid
component generated.

35 17.. The process according'to any of Claims 1 to 16,

i



wher ei p the cycllzatlon reaction in step 3 is carried out I'n a binary
system conpri sing water and an organi ¢ sol vent ”"Ilm"ll mmlm\m h wat er.
5 18. The process according to Caim17, after

the .cyclization reaction, the organic jﬂwwe i § réndved by *
liquid-liquid separation and an aqueous solution- of
3- hydroxytetrahydrofuran (3) is recovered. 10 The process

according to Caim ein the renoval of the or anlc
by liquid-liquid V;T?e%eelréfta %C%%\@%g#?nerc?a%loé} 3 ?%%% ra? ﬁPgher
than 30[err] Gn a binary systzem doreppi otegswateor dndgat ooaggnbé @bavmatl to

19, 15 1%%8116‘1& hei gQugousy sol ution of 3-hydroxytetrahydrof uran

(3) obtained in step 3 is washed wth an organi c sol vent i mm sci bl e
with water. 21. The process according to Caim 20, 20

wherei n tise washinglg s il ipe®cdss @tcc@rtdim@ﬁrtr'& @i P17 hi gher than 30
[err] C. 22. The oces accorf1 <gtto any of aI{YB 1to 2],
wherein the extractTHH ST | PStRC U 73 LR 1 FRACHIRN p5thgtoRganic

tenperature rphasewes rémoved Herridquid-liquid sep2BatTtwe pndcessaqaeousdi ng
to any of O aidB,dide SR 3- %dro%t )gc’if'of\?far?xg ﬁc OPe&';\?%gg&fe in
dic to ne d

step 4 is carried out utral | 'ONS )
24. The process according to C aim 23, wherein the extraction

procedureaoin step 495 gkl ipedcids acé;oli-m%r Qe,ut;rlglmpq@dl tions. 35
25. The process ac%orrelrgthg r%ln%vrg ofotrhe organic phase by liquid-liquid

'separation is.carried out at a temperature not higher than 30C.

_ '20. The process according to any of Claims 1 to 19,
15 ‘wherein the aqueous solution of 3-hydroxytetrahydrofulran
. (3) obtained in'step 3 is washed with an organic solvent
immiscible with water.

21. The precess according to Claim 20,
20 wherein the washing is carried out at a temperature not
higher than 30 °C. |

22. The 'process according to any of Claims 1 to 21,
wherein the extraction procedure in step 4 is carried out
25 at a temperature not lower than 40 C.

23. The process according. to any of Claims 1 to 22,
wherein the extraction procedure in step 4 is carried out
under acidic to neutral conditions.
30 _
24. The process according to Claim 23,
wherein the extraction ‘procedure in step 4 is carried out
under neutral conditions.

3s 25. The process according to Claim 23 or 2.4,



33 - . wherein the extraction procedure in step 4 |s M out
af'ter once basifying the aqueous- sol uti on obtai ned iA-step 3 m t hen

neutralizing the sane. 5 26. The process m‘ ?
Claims 1 to 25, wherein the organic sol ve wrt h wat er
as used in step 4 is an aromatic hydrd8arbon, ahacetit acid ester or

ti
a nonohydric al cohol containing 4 to 8 carbon atons. 10 27. The
process according to Caim26, .wherein the organic sol vent
imm scible with vvatmrer@inusm extrddtisixﬁpréc'eﬂuaa acatiep adisdcrelel alkyl

ter. Th t 15
\ilie(ra(rai n, in @artreyrl 8 uPatsE ﬁﬁggl ong{lgg %fu@@Xntr}Elb%fh J%‘I’Jtlgt%g 3
and/ or conce@ndattéeaf n@Ultmrlawir@t rtdiey aagfeur an (3) is treated wWith a

nmonohydri c al cohol containing 1 to 3 carbon atons or a polyhydri o

al cohol containing not |ess than 6 carbon, atons. %
process agcordi ng £8-C G pEOCess accord\’nﬂgrEPnaPMeogoﬁgéﬁ{“Soﬁ' Fﬁez

coexi sting boron caipeeit the caR@ndic 8bLvéntMrerAbIe vithedinedatosned

nore than 10 .nol ercent_based droxytetrah fura

reat mont w i SEepyd EEGH R BITE Ryt Rty Sh 8RKPA8 468 dstemor oo
30. The processcachyddiiey alecchol gontladimimgl 4 ¢@RP carbon atomsherein, in
carrying out the distillation in step 5 the - solution and/or
concentrate of 3 h)édrox¥t et rahydrofuran (3) treated by adding an
~acid thet@to. he gyoCepe preeE énac‘é@rfﬂ-ﬂgmtg any of Claims 1 to

30, Wner @he rele @Ihétdﬂgla@tllcogomeﬁt qmmﬁsc&maar witH waitler Bstied
presence of a ba%ep 4 31% an acet12c ach k(ljecor ( slskyalcceoer ng to C aim 31,

28. The process according to any of Claims 1 to .27,

15 wherein, in carrying out the distillation in step 5, the
solution and/or concentrate of 3-hydroxytetrahydrofuran (3) is
treated with a monohydric alcohol containing 1 to 3 carbon atoms
or a polyhydric alcohol containing not less than 6 carbon atoms.

20 29. The process according to Claim'28,
wherein the content of the coexisting boron compound .
and/or aluminum compound is reduced to not more than 10 mole
percentbasedcn13—hydroxytetrahydrofurén (3) by treatment with
a monohydri¢ alcohol containing 1 to 3 carbon atoms. |

25
30. The process according to any of Claims 1 to 29,
‘wherein, in carrying out the distillation in step 5, the
solution and/or concentrate of 3-hydroxytetrahydrofuran (3) is
treated by adding an acid thereto.
30

31. The process according to any of Claims 1 to 30,
_ wherein the distillation in step 5 is carried out in the
presence of a base,

35 32. The process according to Claim 31,



34 C - wherein the base is an alkali netal carbonate of an alkafi:

et al “hydr ogen car bonat e. . 33. The procesilwmﬂ m im
32, 5 wherein the base is sodi um hydrogen car bghat ﬂﬂlnm"“r" F 34.
A process for producing a 4-hal o-1, 3-but anedi ol . whi ¢h conpiri ses

reduci ng a 4-hal o-3-hydroxybutyric acid 34 ester of the general fornula
(1): 10 [err] wherein R represents an ester-formng protective
group and X represents a hal ogen at om wi th a boron hydride
conpound and/ or anwhkwsiAwhdpasedes An a CkapDued adscarbetate g ageritkdIni an

organi ¢ sol vent _Lm sci bl e wi th water and treating the
obt ai ned rea@F%SHnﬁ&%FSPSHWFFﬁbQHaESFd and water to thereby effect
conversion to the correspondi ng 4- hal o- 1, 3- but anedi ol of the general

formuila (2): 20 33, [fidlprocess accdb8lfbNe& egpigsgals a hal ogen atom
and at the sanme tine glylnépan aqueous sol ution containin said
conpound.5 25 wherein the base is sodium hydrogen carbonate. .

34. A process for producing a 4-halo-1,3-butanediol

which comprises reducing a 4-halo-3-hydroxybutyric acid
ester of the general formula (1):.

x AN, o

wherein R represents an ester—forming'protective-group and X

10

represents a halogen atom, _
with a boron hydride compound and/or an aluminum hydride
15 compound'as a reducing agent in an organic solvent immiscible
' with water . '
and treating the obtained reaction mixture with_ah acid
and water to thereby effect conversion to the corresponding
4-halo-1, 3-butanediol of the-genefal formula (2):

20
OH
)(‘xz’J‘\yz/’*s @
OH
wherein X represents a halogen atom,
and at the same time giving an aqueous solution containing
said compound.
25

35. The process according to Claim 34,
wherein R in the general formula (1) is an alkyl group
containing 1 to 4 carbon atoms.

30 ' 36. The process according to Claim 34 or 35,



35 The process according to Cl aim 34, ' wherein R the gener al
formula (1) is an alkyl group containing 1 to 4 lmmmllﬂmmlu Iio
36. The process according to Claim 34 or 35, "

35 _ wherei nX inthe general formulas (1) and (2) ' s "chlforine,

brom ne or i odine. 37. The pr¥tess according to Caim34, 35 or .
36, 5 wherein the organic solvent inmscible with water is an
aprotic organic solvent inmscible with water. 38. The process
according to C ai nwiB&€rein X in the gbneeaih fidrenwdragafile aal (eitis chileiibleg

with water i d on or an acetic acid ester; 39.

The process %c%%%gln§¥t%8 égn138 wherei n the organi ¢ sol vent

imm scible with water is toluene or an acetic acid Clerr] al kyl ester.
15 40. The, pr‘l&?@%&&fé‘&f caa&bf&r?glyt&fcﬁﬁﬁ n§4 3435 Cb1.3936

wherein the reduci ng agent is - an alkali _netal i ride.
41. The drocess atRoFetAdhe 06%%04601"3“1: 1“““15%8 @I%lFlhé“’%q%HS e al
bor ohydri de aprGDﬂCUﬁrganlbOBODVdﬁtdﬁmmlSClble with4@até&lhe process

according to any of Clainms 34 to 41,
38. The process according to Claim 37, '
wherein the organic solvent immiscible with water is a
10 . hydrocarbon or an acetic acid ester.

39. . The process according to Claim 38,
wherein the Orgénic solvent immiscible with water is
toluene or an acetic acid C,-C, alkyl'ester.
15 |
- 40. The process according to an? of Claims 34 to 39,
wherein the reducing agent is an alkali metal
borohydride. '

20 41. The process according to Claim 40,
' wherein the alkali metal borohydride is sodium
borohydride.

42. The process according to any of Claims 34 to 41,
25 wherein the reduction reaction is carried out at a

temperature not lower than 40 C.

43. The process according to any of Claims 34 to 42,

wherein the reduction reaction is carried out by adding

.30 the 4-halo-3-hydroxybutyric acid ester (1) and/or the reducing
agent continuously or in divided portions.

44. The process according to Claim 43,
wherein the reduction reaction is carried out by adding
35 the reducing agent gradually to a solution of the 4-halo-3-



25 .+ wherein the reduction reaction is carrled out at . a_ .
tenperature not |lower than 40 [err]C. . 'ﬂu]ﬂwocess accordln

to any of Clains 34 to 42, wherein the recmmlﬁ !mﬂm im

carried out by adding 30 the 4-hal o-3-hydroxybutyri and/or

t he reducing agent continuously or im®ivided portlons

The process according to Caim43, - wherein the reduction reactlon
is carried out by adding 35 the reducing agent gradually to a solution of

t he 4- hal o- 3hydroxybutyric acid ester (1). 36 - hydr oxybutyric
acid ester (1). 45. The process according to C aim43 or 44,

wherein the addition is carried out over a period not 5 shorter than 1

hour . 4645A pFhR 2E0FRTS RerrREd o at a- %%@%%x@%e??aﬁ@drofuran

of the fornula (3)where1nFEhe ab@itliohOis chyrg¥el baktN@var a period not
4- halo 1, bu an dlolth &hﬁogeneral formul a (2):

46. A process for producing a 3-hydroxytetrahydrofuran
of the formula (3):

HO,

3

0O
10 _ :
by cycllzlng a 4-halo-1,3- butanedlol of the general formula

(2):

| .X_\/'\/\OH - @

15 wherein X represents a halogen atom
in an aqueous solutlon,
which comprlses carrying out the cyclization reaction
under weakly acidic to neutral conditions.

- 20 47. The_procesé according to Claim 46,
wherein the cyclization reaction is carried out at a

temperature not lower than 40 °C.

48. The process according to Claim 47,
25 wherein the cyclization reaction is carried out by
raising the temperature to a vicinity of the boiling point of
. the reaction system.

49. The process according to Claim 46, 47 or 48,



[err] . 15 wherein X represents a hal ogen at om in a ueous sol ution,

whi ch “conprises carrying out the cyclization reacti onlﬂiﬁﬂﬂﬂﬂlmmmﬂb
acidic to neutral conditions. 20 47. The proc ai m
46, wherein the cyclization reaction is carried out at 4
tenperature not |ower than 40 [err]C 37 48. The process according
to daim47, 25 wherein the cyclization reaction is carried out by
raising the tenperature to a vicinity of the boiling point of t he
reaction system wherein th® c]}fmellmmm merdridimg & caimied 461t 4éhidre 48,
37 . cyglizat d

mai nt ai ni ng e aing PeEAC2 8% BRI OR] 60 haRLl Sliodhent
gener at ed. gqperated 50. The process according to any of d ai ms 46 to

49, wherein the cyclization reaction is carried out |n a.
bi nary systen1|n ich ap organic solvent .inmscible with wat
coexi st s. W%o sihe PRRCEE§caSSCAEEBHdFRgAPY @Fap%?SWS 46 to 49,
wherein, aft er t he mﬁ@eﬁatﬂw dyfba.d.tzla(m..ori heatgan ds cariase ouk riemaved:
by 11 qui d i ! n% %,eggggg}n in WH(.;'LC% eo%%.c solvent immiscible with water
coexists.
10 51. The process according to Claim 50,

wherein, after the cyclization reaction, the organic
phase is removed by liquid-liquid separation and an aqueous
solution of 3—hydroxytetrahydrofuran (3) is recovered.

15 52. The process according to Claim 51,
wherein the removal of the organic phase by liquid-liquid

separation is carried out at a temperature not higher than 30°C..

53. 'The process.according to any of Claims 46 to 52,

20 whereintheaqueoussolutionof3—Hydroxytetrahydrofuran

{3) obtained after the cyclization reaction is washed with an
organic solvent immiscible with water.

54. The process accofding to Claim 53,
25 wherein the washing is carried out at a temperature not
higher than 30 C.

55. Aprocess for recovering a 3-hydroxytetrahydrofuran
which comprises extracting 3-hydroxytetrahydrofuran
30 from an aqueous solution containing 3-hydroxytetrahydrofuran
with an organic solvent immiscible with water at a temperature
not lower than 40 TC.

56. The process according to Claim 55,
35 wherein the organic solvent immiscible with water is an



saql yti.on of 3-hydroxytetrahydrofuran (3) is recovered. =527 The

process according to d ai mb51, wherein th I y I" rgani c
phase by liquid-Iliquid separation is carried ouﬂmmﬂ m l, not

hi gher than 30[err] C 53. The process adcofdi hg "o sany o

Clains 46 to 52, 20 wherein the aqusous sol ution of §
3- hydr oxyt et r ahydr of ur an (3) obtained after the cyclization reaction is
washed with an organi ¢ solvent. inmmscible with water. _ _ 54.
The process apfsmish @ KPIkd@ MBEB. 02%n acetidh@ELiNedh&rWashing is carried
out at a tenperature not hi gher than 30 [err]C - 55 _
Aprocess forrecoveringa 3-hydroxytetrahydrof uran whi ch conpri ses

extracting 3-hydroxyletmhby@m@besana&@orﬁﬁmmi&b aﬁuﬁmU$esoluL:on C?Etai?ing
'3-hydroxyt et rahydr H‘gra{ir} the o%ﬁaﬂg ?er r§ Sﬂtluﬁ/fsnélbpﬂwn. w%.];ﬁg E’ \3%852

at a tenperature ower
accor di ng5t o A ¥F 5B1BT ., alkyJ\Mﬁi@'t@m t he organic sol vent inmiscible

with water is an . 38 -
~aromatic hydrocarb or _an acetic acid ester. . e process
according to Caim %e process,RerOrAinge tor &&ﬁll@ §(§Irv§|§t Srm#i’sci bl e -

with water is-an 5vheﬂmatr1 chacietkt@ertibnalilkybaested. out at a temperature

- not lower than 50 C.
10

59. A process for recovering a 3-hydroxytetrahydrofuran
which comprises extracting 3-hydroxytetrahydrofuran
from an aqueous solution containing 3-hydroxytetrahydrofuran
with a monohydric alcohol containing 4 to 8 carbon atoms.
15 | ' _
60. The process according to Claim 59, _ _
wherein the monohydric aléohol containing 4 to 8 carbon
atoms is a butanol selected from among 1- butanol .2-butanol and
isobutanol.
20
61. The process according to Claim 59 or 60,
wherein the extraction is carried out at a temperature
not lower than 40 C. ‘
25 62. A process for recovering a 3-hydroxytetrahydrofuran

from a mixture comprising 3-hydroxytetrahydrofuran and a boron
compound and/or an aluminum compound by distillation
~ which comprises treating the mixture comprising 3-
hydrothetrahydrofuran and .a boron compound and/or an aluminum
30 compound with a monohydric alcohol containing 1 to 3 carbon
| atoms or a polyhydric alcohol containing not less than 6 carbon
atoms in carrying out the distillation.

63. The process according to Claim 62,
35 - wherein the content of the coexisting boron compound



58. . The process according to Caimb55, 56 or 57,
extraction is carried out at ‘a tenperature not | ower mbﬂl i“H lll”““l
10 59. A process for recovering a 3-hydroxytetr Luran s

whi ch conpri ses extracting 3-hydroxytetrahydrofuran from an aqueous

sol ution contai ni ng 3-hydroxytetrahydrof ura@n wi th a nonohydric al cohal
containing 4 to 8 carbon atons. 15 60. The process according to
Cl ai m 59, wherei n the nonohydric al cohol containing 4 to 8 carbon

atons is a buirmdbr selecimdn fdmﬁpcarmngslzlaﬂlmw ,tOZaQUTaa@thaBQ not more

i sobut anol . rocess according.tq d ai or 6Q,
wherein the é%ar%c]tqf)nr?ll S 85???@&9%%? an Z”?’éﬁ?&é’ ttlﬁ'ot ahydzg uqad\/ve(g)tﬁé{n
40 [err]C tpatment wih Apmeredydmira edevdolngand-aindmnax it ebr ahgdrbbnr an

froma m xturg&eaprising 3-hydroxytetrahydrofuran and a boron conmpound .
and/ or an_al um num conpound by distillation whi ch conpri ses
treating Phe mixture conprising 3- hydr oxyt et rahydr of uran and a boron
conpound and/ or an &4 UnNTheMpZoces@Maedda dinigh ta RAkkY @2 &ralgxohol

containing 1 to 3 caHebron atons or a l_tA)/h]%/drl c al cohol cont aining not

l ess than 6 carbon Sibids trlﬁrhgg) HERFTFALE i oh. 3

63. The procémedmxwr&jm@ydrﬁlmanﬁbbt%med by ewersctidme ﬁ@nﬁﬁ@&t@cﬂ t he
coexi sting bgy 0
O'h COMRAYRYdric lcogogocontalnlng 1¢to 3 carbon atopﬁaﬁrlﬁ

and/ or al um num conpound”i s reduce an-anoun
nol e per ¢8nt BRASHY G S-aherhnd) teantaryniing reth ¥eys bi‘yhan 6 teaehorratans h a
nonohydri ¢ al cohol containing 1 to 3 carbon :
65. A process for recovering a 3-hydroxytetrahydrofuran
which comprises carrying out distillation of 3-
hydroxytetrahydrofuran in the presence of a base.

15
66. The process according to Claim 65,
wherein the base is an alkali metal carbonate or an alkali
metal hydrogen carbonate.
20 67. The process according to Claim 66,

wherein the base is sodium hydrogen carbonate.



atons.. 5 . 64. The process according to C aim 62 or 63,

wherein the solution and/or concentrate of 3- hydr oxyt et r ahydr of ur an,
obt ai ned by extraction, is treated  wth a nonohydric al cohol containing
1 to 3 carbon atons or a 10 pol yhydric al cohol containing not |ess than 6.
carbon atons.. 65. A process f# recovering a

3- hydr oxyt et r ahydr of ur an whi ch conprises carrying out
distillation of 3- hydr oxyt et rahydrofuran in the presence of a base. 15
66. The process according to C aim65ABSTRACT  wherein the base is an -
alkali metal carbonate or an alkali met al hydrogen carbonate. 20

67. . The process according to C aim66, wherein the base is

sodi um hydrogen cardentp@ustrial advantage process for producing high-
purity 3-hydroxytetrahydrofuran easily and simply,

5 . which comprises reducing a 4-halo-3-hydroxybutyric acid
ester (1) with a bofon hydride compound and/or an aluminum
hydridé compbund as a reducing agent in an organic solvent
immiscible with water; . .

treating the reaction mixture with an acid and watef_to

10 thereby effect conversion to the correspohding 4-halo-1, 3-
butanediol and at the same time giving an aqueous solution
containing said compound; ' ' |

carrying out the cyclization reaction of the 4-halo-
1,3-butanediol in said aqueous solutién;

15 extracting the.resulting 3-hydroxytetrahydrofuran from
the 3—hydroxytetrahydrofuran—containing aqueous solution
using an organic solvent immiscible with water; and '

. isolating the 3-hydroxytetrahydrofuran by concentration
‘and/or distillation of the solution obtained. .



