BACKGROUND OF THE | NVENTI ON 20The known technol ogy for producing a butgrl C
acid ester derivative of the above general fornula (2) conprises r eRdt ng a
conpound of the followi ng general formula (3) with a salt of 2 prussic
acid OH )kzc,COOR ( 3 ) (wherein Ris as defined presents a
group selected 5 fromthe group consi st i;ng of chulwmmmmwmmm brom ne atom

i odi ne atom nethanesul fonyl oxy group, and substitutge unsubsti tuted
phenyl sul f onyl oxy group). More parti cut-arty; tne typlcal known
technol ogy either conprises reacting ethyl 4-brono-3-hydroxybutyrate or
ethyl 10 4-t ol uePROGESSE FIORK PRODUCAMNGX \HUTIMR T & STURR DERIVNTIRENT de
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referred to above are %ylte reticent about the inpurity as a contan1nant of
the product RIEFYRAE AFdd e5tRE AETL8ATLNRI B FPﬁJQWI}%ﬂeBFréﬁcﬁ?liW ity
or a nethodq2hor renmoving the inpurity.
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’ (wherein R represents a straight-chain or branched-chain alkyl

10 group containing 1 to 4 carbon atoms).

The above butyric acid ester derivative of the general
formula (2) is an important key intermediate for the production
of fine chemicals, for example pharmaceuticals such as the
antihyperlipidemic agent atorvastatin of the following formula

15 (4) (Japanese Kohyo Publication Hei-7-500105) and

agrochemicals.
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BACKGROUND OF THE INVENTION
20 The known technology for producing a butyric acid ester
derivative of the above general formula (2) comprises reacting

a compound of the following general formula (3) with a salt of
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20The inventors of the present invention scrutinized the production
processes disclosed in the above published literature and found that in
those known processes the by-production of a conpound containing an

et hyl eni ¢ bond such as a conpound of the followi ng general fornula (1) is
inevitable 25 and further that sone inpurities are fornmed fromthis

bypr oduct containing an ethylenic bond & a precursor. HOCH, - CH=CH COOR( 1)
(wherein Ris as defined hereinbefore) Furthernore, the routine
purification techniques such as 30 extraction, washing, distillation and

crystalli L90; Al & ﬂ@t efficient enough to renove the above conpound
containinéagn % etﬁy eni ¢ bond but involve a large purification | oss of

the butyric ester derivative of the general formula (2), etc. Therefore, as
the inventors f&ﬂﬁ? that, even if the commercially feasible ordinary
isolation and p ication procedures 5 described in the above |literature
are foll one it]lis m(gkcul t(49 provide the objective butyric acid ester
derivative € formula (2) in high yield, economcally and in a
sufficiently high quality grade suitable for use as an internediate in the
production of fine chem cals such as 10 pharnmaceuticals and agrochem cal s.

Fur t her nor gyhéhein eadlsi 88 det veed alivé .Co Sénthen garpakefiaepula (3)
prussic aci.d.i.s er .violent exotherm.c reaction and,
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her of Br . C5PP RBTOH T COREUR (pPocek EPdBRBRP e T cRAPBTRG A LagbBLOR:
the total abhountmelllandspbfonybexyagteypi .andsaudstobpoeddonf the general
formul a( 3u%?€§F#f@ﬁ%e@fpﬂ% féﬁlf&hglO*?eggﬁ%?Z?rat'On and reacting them

a contro eactron tenperature 1s > on a small |aboratory
| e because ofMe¥R RaElieilarky. idiparical kaowst tephnedeeyweihhar

comer ci al chhPeiEds OPeddtihg dbhgl 4bBréMecsiRPdroxybutyrate or ethyl
10 4-toluenesulfonyloxy-3-hydroxybutyrate with sodium cyanide
(Japanese Kohyo Publication Hei-7-500105) or comprises
reacting ethyl 4-chloro-3-hydroxybutyrate, n-butyl 4-
- chloro-3-hydroxybutyrate or t-butyl 4-chloro-3-
hydroxybutyrate with sodium cyanide (Japanese Kokai
15 Publication Hei-5-331128).

However, the published literature referred to above are
gquite reticent about the impurity as a contaminant of the
product derivative, a method of inhibiting formation of such
impurity or a method for removing the impurity.

20 The inventors of the present invention scrutinized the
. production processes disclosed in the above pliblished_
literature and found that in those known processes the by-
production of a compound containing an ethylenic bond such as
a compound of the following general formula (1) is inevitable
25 and further that some impurities are formed from this byproduct
containing an ethylenic bond as a precursor.

HOCH, - CH=CH-COOR (1) |
(wherein R is as defined hereinbefore)

Furthermore, the routine purification techniques such as

30 extraction, washing, distillation and crystallization are not

efficient enough to remove the above compound containing an



20 tenperature can hardly be controlled because of the rapid tenperature
bui l d-up of the reaction systemdue to the heat of reaction and, noreover,
the occasi onal bunping of the reaction mixture nmakes it difficult to safely
and” comercially conduct this reaction involving the use of a salt of
prussic acid which 25 is highly toxic. In addition, the sem -batch process
whi ch conprises charging a reactor wth3either the conpound of the general
formul a(3) or the salt of prussic acid-in advance of the other, setting the
reaction tenperature at the necessary | evel and then feeding the ot her
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formula (1 ) , with d efficiency. Another ect e lnventionis to
provi de a PFocess QQ}?PFJW‘%HE&NT@F%HH&H Vi it é’é‘{t@r ther tokailyvamghrntfe
gener als f asfloan?Pedclants, Whie.hshs desqesh wnd ofe'el@@('gﬁrié&{al poemiasang)a high
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represents a straight-chain or branched-chain al oup containing 1 to 4
carbon at obR§ SESeNiFhfFrmpezRdad BH?‘}F?El‘aﬁllﬂnbépeW el ither reachionhe
gener @o f otémper4yre can hardly be controlled because of the rapid

temperature build-up of the reaction system due to the heat of
reaction and, moreover, the occasional bumping of the reaction
mixture makes it difficult to safely and commercially conduct
. this reaction involving the use of a salt of prussic acid which
25 is highly toxic. In addition, the semi-batch process which
comprises charging a reactor with either the compound of the
general formula(3) or the salt of prussic acid in advance of
the other, setting the reaction temperature at the necessary
level and then feeding the other reactant gradually makes it
30 possible to control the rate of heat evolution and, hence,
conduct the reaction with the reaction temperature being
appropriately controlled but, to anybody's surprise, it has
been discovered that the reaction yield will be low even
compared with the batch process on a laboratory scale.

35 Thus, neither a process for producing a butyric acid ester



30 OH NON,COOR ( 2 ) addition reagent capable of adding itself to an
‘ethylenlc bond to thereby convert said conpound of the general formula (1)
to an addition product which can be separated fromsaid butyric acid ester
derivative of the general formula (2) . 5The present invention is now
described in detail. The process for producing a butyric acid ester
derivative according to the present invéntion conprises treating a m xture
cont ai ni ng said conpound of the general fornmula (1) as an inpurity and said
butyric acid ester derivative of the general 10 fornula ( 2) as a ngjor
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15 capable of removing various impurity byproducts whose formation
cahnot be avoided by the prior art technology, particularly the
compound of the above general formula (1), with good efficiency.
Another object of the invention is to provide a process for
producing a butyric acid ester derivative of the general formula

20 (2), which is expedient, economical, promising a high product
yield, and highly productive. '

‘ This invention provides a process for producing a butyric
acid ester derivative of the general formula (2) which comprises
" treating a mixture containing a compound of the following
25 general formula (1)
HOCH,-CH=CH-COOR (1)
(wherein R represents a straight-chain or branched-chain alkyl
group containing l to 4 carbon atoms) as an ifnpurity and a butyric .

acid ester derivative of the general formula (2)

OH
NC_A_COOR  (2)

(wherein R is as defined above) as a major component with an

30



6 acyl or other protective group. The addition reagent nentioned
.above i,s a reagent capable of adding itself to an ethylenic bond to convert
Sald conpound of the general fornmula (1) to an addition product, such as a
5 vat er - sol ubl e addi ti on conpound, which can be easily separated from said
butyric acid ester derivative of the general fornula (2) . The
addi ti on reagent nmentioned above is notSparticularly restricted but

i ncludes salts of sulfurous acid such as lithium 10 sulfite, sodi um

sul fite, potassiumsulfite, sodiun1hydrosu|fite pot assi um hydrosul fite,

cal ci um Sucli(fia%f-‘su furO d afbilteegg @% ltf) ig e%%%%ﬁ&%l on of
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availabilit% and effgct of . treat ge % en a sulfite is Use
sai d addi t?Shdreaheht IeFh¥ative pE £ ?nﬁeﬁﬁraadFPFBHlBréa&ct with a
conmpoursd of the ﬁb@Vpré@egEnEnaéntDonuia hdw) desépibedanpl @etaiconpound of

the follow ng g I .wher ei n
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systen) . The above addi tion Ero uct of the general formnul IS much

di fferent ¥PRAFHRE 3R PAld BRE¥TLS1AF1Y&SLRH AGELIBRENE %ﬁ&easefl&rﬁﬂl a (2)
i n 30 wat efommtiLbi [ 29 yasbai mnangrpoompoaadtowheh ahypécoched ealition

‘ ' reagent and recovering the butyric acid ester derivative of the
general formula (2) in a high quality grade from said mixture
expediently, economically, in high yield, and with high
productivity.

15 The mixture mentioned above is not particularly
restricted provided that it contains a compound of the above
| general formula (1) as an impurity and a butyric acid ester
derivative of the above general formula (2) as amajor component,
thus including but not limited to the butyric acid ester
20 derivative (2) provided as a purified preparation such as a
distillate or a crystalline lyophilizate; the butyric acid
ester derivative (2) provided as a crude preparation such as
a concentrate; and the butyric acid ester derivative (2) as
. provided as a solution such as the reaction mixture available
25 in the production of the derivative or a solvent extract
thereof. .
The butyric acid ester derivative of the general formula
(2) as the major component of said mixture is not particularly
restricted but includes methyl 4-cyano-3-hydroxybutyrate,
30 ethyl 4-cyano-3-hydroxybutyrate, n-propyl 4-cyano-3-
hydroxybutyrate, i-propyl 4-cyano-3-hydroxybutyrate} n-butyl
4—cyano—3—hydroxybutyrate,i-butyl4-cYano—B—hydroxybutyrate,
s-butyl 4-cyano-3-hydroxybutyrate, and t-butyl 4-cyano-3-
hydroxybutyrate, among others. The butyric acid ester
35 derivative may have its hydroxyl group protected by an alkyl,



7 properties so that it can be renoved fromsaid mxture with great ease
.and high efficiency by the expedient routine industrial purification
procedures such as solvent extraction, washing, distillation and so forth.
5The anmpunt to be used of said addition reagent can be judiciously selected
in consideration of the anopunt of the conpound of the general forrmula (1)
and the species of addition reagent, amfng other conditions, but it is
sufficient to use an equi nol ar anobunt or an excess, preferably 1to 10

nmol ar 10 equivalents of the reagent relative to the conmpound of the

gener al gg £12>th%r Erotlg lt,gestégﬁ%t of said mxture with such an

addi ti on rea can arri e out Xing said addition reagent with
said mxture. ThT%e m@autgtqrsreaeeetmrgtmed ahoyetis a zeddesbicapable
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organic solvent is not particul aréﬁ restricted but 1 ncludes al cohols such
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20 met tsoxy‘eaheﬁekolebme adyit ora cbapsuadG hwiasch eazepe edil 1 Beparated
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sol vent copg 1§Salrigs 'Iﬁr(‘?arPB%QiE&i é?!:ﬂ%’lto?leagﬁ \e“%ﬁ%mb%y& ofimount

to be used o vent Can I CI OUS sel ect I N COﬂSI eration
of the speefesva¥ %@nFPGF1§§| d qgithe Fé’&&@rﬂnd@n&epﬁéoﬂ%abpv%l vent
to be sedsodium sulfi€eCcoORdpbtaSSiGh éﬁeﬂtﬁentsv\pfefé_arddaﬂébhl @Rer €agent

are depende on the_specjies and anpunt o a 0 reagent. and
t he treatlig ?gﬁ% gtﬂ?eg tFﬂ@mEE?é%? EVShggtﬁélgVe ﬂanF Eﬁﬁg %St rongly
acidic or steatgéytbasic conditions is not reconrended because the butyric

actd ester er WMy c oLul B 0eer Bhok 4ULA1 A Zhath LiohNEBaBERE] 2bhE 1O
undergo side reactions such _as solvolysis or %
sulfite forms an addition product w1th a compound of the above

20 general formula (1), for example, a compound of the following
general formula (5);

" S C)3 M
I
HOCH2 =CH—-CH —COOR (5)

(wherein R represents a hydrogen atom, a’cation species present
25 in the system, or a straight-chain or branched-chain alkyl group
containing 1 to 4 carbon atoms; M represents a hydrogen atom
or a cation species present in the system). The above addition
product of the general formula (5) is much different from the
butyric acid ester derivative of the general formula (2) in

30 water solubility, boiling point and other physicochemical



10 transesterification. Fromthis point of view, when a m xed sol vent
,conS|st|ng of an organic solvent and water or water alone is used as said
solvent, the pH of the systemfor treatnent with said addition reagent is
geﬁerally pH 1 to 12, preferably pH 2 to 11, nore preferably pH 3 to 10,

and especially pH 4 to 1509. The tenperature for treatnment wth said
addition reagent can be judiciously sel@cted according to the desired
treatment tinme and other factors within the range of the solidifying point
t hrough t he boiling point of the treatnent systembut is 20 generally 0 to

100C and ,
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addi tion reagent is,30 bl carri i nert gas a her e
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treat ment wmppmwfauUetg@Braa]ag@mullahélbrm tlenspecies icf pdditied by
using one 0L, e s tARbiEy U NI Of o QUtH e 1RUE! 'sgtsaﬁa%eepft%sdagss such

35 as solvent™ extracti on washi ng, concentrati on, i zati on and
di stil | ati%fh, eFRERSERT t HRORRERE R 0P XERSS gePEeEeT @BVl ate 119 Melasmpved

in thaof oré@@iv@ﬂex&d@ﬂ toPNLiE OfbiEGeh® Balgtaddi £b0thé cagfpbuse bhatnbhe
ﬁyrlc aci derlvatng of the general formula (2) in a high quality
de 5 caff rbeér?)fo%?ﬂ%l arrying out this process, it is preferable to
avoi d usi ng conditie orrseatrmiEnt vinf MMimmddreimhtmrmmntammmmbBomasi ly
Qecomosed-eqgent carl BelMEA APk bYAILIRN salledfal HPulldaag) th st er

derivative o e general formula ) as conponen sai d
m xture i Sl db’e’F‘élaWy 5'61315\/@16@?@% Plﬁf@ltﬁhfwf iargsief edtterindax i vati ve
of thasgengggfed®rmula ( 2 ) avail abl e upon treatnment with said addition

reagent is also an optjcally actjve [rlE)oun The br sent _jnvention is
further direct eéﬂf% %jp ggentlone apove may € wadter or . an

organic solvent. This organic solvent is not particularly
restricted but includes alcohols such as methanol, ethanol,
n-propyl alcohol, isopropyl alcohol, ethylene glycol,

20 methoxyethanol, etc.; hydrocarbons such as benzene, toluene,
cyclohexane, etc.; ethers such as diethyl ether,
tetrahydrofurah, dioxane, methyl t-butyl ether,
dimethoxyethane, etc.; esters such as ethyl acetate, butyl

. acetate, etc.; halogenated hydrocarbons such as methylene

25 chloride, chloroform, etc.; ketones such as acetone, methyl
ethyl ketone, etc.; nitrogen-containing organic solvents such
as dimethylformamide, acetamide, formamide, acetonitrile,
etc.; and sulfur-containing organic solvents such as dimethyl
sulfoxide, among others. Water and those organic solvents may

30 be used each alone or in combination. It is, however,
preferable to use either a mixed solvent consisting of one or
more organic solvents and water or water alone. The still more
preferred is a mixed solvent consisting of one or more organic
solvents and water.

35 The amount to be used of said solvent can be judiciously



15 for, producing a butyric acid ester derivative of the general fornmula (
.2) mhlch conprises reacting a conpound of the general fornmula (3 ) OH

XN, c;,COOR ( 3 ) O 20(wherein R represents a straight-chain or
branched-chain al kyl group containing 1 to 4 carbon atons; X represents a
group selected fromthe group consisting of chlorine atom brom ne atom

i odi ne atom net hanesul fonyl oxy group, &nd substituted or unsubstituted
phenyl sul f onyl oxy group) with a salt of 25 prussic acid in the presence of
an addition reagent capable of adding itself to an ethylenic bond to

t : I I t
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I -butyl 10 4-chl oro- 3- hgdrox ybutyrate, s-b é oro utyrate,
t-butyl 4-ERREESOBShGHFBXFBUBGLEPAYSHEL AT hX SPéHﬁlﬂ APdr oxybutyrate, " et hyl
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ir ono- 3- _hydr o%<ybut¥ %lhg ? tél 4- br Qno- § hé gut g%ebr wa%t ¥I 15
r ono- 3- ﬁy Y%&ybﬁ?y ar bl y? - BranB5- ﬁy&V 9% r§
alone is used as said solvent, the pH of the system for treatment
with said addition reagent is generally pH 1 to 12, preferably
pPH 2 to 11, more preferably pH 3 to 10, and especially pH 4 to
15 9.

The temperature for treatment with said addition reagent
can be judiciously selected according to the desired treatment
time and other factors within the range of the solidifying point
through the boiling point of the treatment system but is

20 generally 0 to 100C and preferably a temperature around room
temperature to 90TC.

While the course of treatment with said addition reagent
can be monitored by gas chromatography or high-performance

‘ liquid chromatography, the treatment time is generally 5
25 minutes to 4 hours in the case where, for example, the treatment
is carried out within the preferred temperature range of room
temperature to 90TC.

In order to suppress side reactions such as oxidation as
much as possible, the treatment with said addition reagent is

30 preferably carried out in an inert gas atmosphere such as a
nitrogen atmosphere.

Upon completion of the above treatment with said addition
reagent, the treated mixture is purified by using one or a
suitable combination of routine purification procedures such

35 as solvent extraction, washing, concentration,



t-butyl 4-brono-3-hydroxybutyrate, nethyl 4-iodo-3- hydroxybutyrate, ethyl
4- i odo=3- hydr oxybutyrate, n-propyl .

4-i odo- '3- hydr oxybut yrat e, i - propy14-i odo- 3- hydr oxybut yrate, n-butyl
4-i‘odo- 3- hydroxybutyrate, i-butyl 4-iodo-3- 20 hydroxybutyrate, s-butyl
4-1 odo- 3- hydr oxybutyrate, t-butyl 4-iodo-3-hydroxybutyrate, nethyl

4- met hanesul f onyl oxy- 3- hydroxybutyrate? ethyl 4-nethanesul fonyl oxy- 3-
hydr oxybut yrat e and n-propyl 4-nethanesul fonyl oxy-3- 11lhydroxybutyrate,
anong ot hers. 25There may al so be nentioned i-propyl

4-nethanqu* opY Qfgag ﬁﬂ&{ %@HQ¥JQ¥§E1dh be&keby the compound of the

4- met hanes onyl oxy- roxybutyrate
4- et hanesgereny] ép,ursﬂmﬂl OyporeRe e lnstlb%uf?m of an addition product

4- et hanesyéfgayaowdﬁtwﬂr%a ghyr §Beth§Q tn@usutync acid ester

4- nethanesulfon r oxy rate,
4- phenyl suqi?JEﬂN Zgofr]}é} m&r@ﬁa mgll (Xg in a high quality grade
4- phenyl sutdnmy PryvIddgdr omybatry&hg out Iﬂhﬁzﬁyﬂrocess , it is preferable

4 phonyl sur? aRyr S8y aSRYGEBRARRISEE, Bnaki PRI peta acaition proavct

4- phenyl suwdwhy| byedshivr dggompgsade, 11
In the present invention, where the butyric acid ester
derivative of the general formula (2) as the major component
10 of said mixture is an optically active compound, the butyric
. acid ester derivative of the general formula (2) available upon
treatment with said addition reagent is also an optically active

compound.

The present invention is further directed to a process
15 for producing a butyric acid ester derivative of the general
formula (2) which comprises reacting a compound of the general

formula (3)

OH
X _A_COOR (3

20 (wherein R represents a straight-chain or branched-chain
. alkyl group containing 1 to 4 carbon atoms; X represents a group
selected from the group consisting of chlorine atom, bromine
atom, iodine atom, methanesulfonyloxy group, and substituted
or unsubstituted phenylsulfonyloxy group) with a salt of
25 prussic acid in the presence of an addition reagent capable of
adding itself to an ethylenic bond to convert said compound of
the general formula (1) to an addition product which can be
separatedfromsaidbutyricacidesterderivativeofthegeneral
formula (2).
30 Thus, in producing the butyric acid ester derivative of

the general formula (2) by the reaction between said compound



i -butyl 4-phenyl sul fonyl oxy-3-hydroxybutyrate, s-butyl
4- phenylsulfonyloxy 3- hydr oxybutyrate, t-butyl

4- phenyl sul f onyl oxy- 3- hydr oxybut yrate, mnet hyl

4-t'ol uenesul f onyl oxy- 3- hydroxybutyrate, 5 ethyl

4-t ol uenesul f onyl oxy- 3- hydr oxybut yrate, n-propyl

4-t ol uenesul f onyl oxy- 3- hydr oxybut yr at e,19 - pr opy!

4-t ol uenesul f onyl oxy- 3- hydr oxybut yrate, n-butyl
4-to|uenesu|fony|oxy 3- hydroxybutyrate, i-butyl

L] Lenesh o BRI AAE AV be prussic aota, wnen

4- toIuenesa&idnyeaxylenhysrGnyﬂupyﬁéten &h@ngreshaps of said Amunglbhenl
the CO”pOUPQEgQBEfeEﬁédbﬁEQEhEhﬁcihaEQE@k”heQEvSQibeaBQ Eﬂguﬁkhb%hl

avai l abi lity are nethyl 4-chioro-3-_15 hydroxybutyrate,

4- chl or o- 3fH§BP$§y639yF8té hHQBrSH9F1§YCHF896 SShQHFG%PEthrate i - propyl
4- CE:OED g hhydr@n%bubmpaﬁﬁd beuh¥|génﬁFhQrQgﬁmEIQYQBYbMEYhBEG i-guty:
4-¢C or o- [ OX u rate S c Q- o- I OX rate t- uty
4 ohlor o SeRER Y RRLY, BbErriPhbY bys TRERhAEE RV AR ERE - DY

4- br ono- 3- hydrgxybutyrate, ﬁtpyépykchlbrgnﬁ Bylydrykybyratet en-prppypy|
4- br ono- 3- h¥ﬂi8§%b§tﬁ§é£8x Euﬁykgke4 Ersgeﬁ§ébggegixéutxrate i - butyl

4- br ono- 3- hydr ox rate, s rate 410and t - butyl

4 b1 oo 3. RYAFOXTBUEYFaLe, TRENLTH A ST oS P G ot Ay buty]
4- chl areo- 34 hydi exybut iyatrexybtityrate ,cBLBuey3- BYdho¥yBUBYr at e,

t‘BUty14_CQ§8£8X§bu¥9£g%¥PUEZB%Egl 4—chloro-3-hydroxybutyrate, methyl
4-bromo-3-hydroxybutyrate, ethyl 4-bromo-3-hydroxybutyrate,
n~propyl 4-bromo-3-hydroxybutyrate, i-propyl 4-bromo-3-
hydroxybutyrate, n-butyl 4-bromo-3-hydroxybutyrate, i-butyl

15 . 4-bromo-3-hydroxybutyrate, s-butyl 4-bromo-3-hydroxybutyrate,
t-butyl 4-bromo-3-hydroxybutyrate, methyl 4-iodo-3-
hydroxybutyrate, ethyl 4-iodo-3-hydroxybutyrate, n-propyl
4-iodo-3-hydroxybutyrate, i-propyl 4-iodo-3-hydroxybutyrate,
n-butyl 4-iodo-3-hydroxybutyrate, i-butyl 4-iodo-3-

20 hydroxybutyrate, s-butyl 4-iodo-3-hydroxybutyrate, t-butyl
4-iodo-3-hydroxybutyrate, methyl 4-methanesulfonyloxy-3-
hydroxybutyrate, éthyl 4-methanesulfonyloxy-3-
hydroxybutyrate and n-propyl 4-methanesulfonyloxy-3-

. hydroxybutyrate, among others.

25 There may also be mentioned
i-propyl 4-methanesulfonyloxy-3-hydroxybutyrate,
n-butyl 4-methanesulfonyloxy-3-hydroxybutyrate,
i-butyl 4-methanesulfonyloxy-3-hydroxybutyrate,
s-butyl 4-methanesulfonyloxy-3-hydroxybutyrate,

30 t-butyl 4-methanesulfonyloxy-3-hydroxybutyrate,
methyl 4-phenylsulfonyloxy-3-hydroxybutyrate,
ethyl 4—phenylsulfonyloxy-3-hydroxybutyrate,
n-propyl 4-phenylsulfonyloxy-3-hydroxybutyrate,
i-propyl 4-phenylsulfonyloxy-3-hydroxybutyrate,

35 n-butyl 4-phenylsulfonyloxy-3-hydroxybutyrate,



met hyl ~4-brono- 3- hydroxybutyrate, ethyl 4-brono-3- hydroxybutyrate and
.t-butyl, 4-brono-3-hydroxybutyrate. The particularly preferred are ethyl
4-chl or o- 3- hydroxybutyrate 30 and et hyl 4-brono-3-hydroxybutyrate.

The above conpound of the general fornula (3) can be produced typically by
car boal koxyl ati on of the correspondi ng epi hal ohydrin as described in
Journal of Organic Chenmistry 32, 3888 (41967), by chemi cal or enzymatic
reduction of the 35 corresponding 13 -keto ester as described in
Tetrahedron Letters 12 35, No. 44, 8119 (1994) and Japanese Kokai

Publ i cati on_ - £0 ylLaj | £ rrespondi ng 13
,ydihydrox£ §E€§$ §s§§é2¥$%82§°ﬁﬂi§§ga%e§¥8%8%¥85gﬁﬁﬁg8ation Hei - 7- 500105.
5The salt ofbpiudstcrhendlapvhfponédxuabdvbyAsorpbuparateul arly restricted
cyani o, Pt et B o L S T wi th or gani ¢
bases sth“%Ehﬁﬁiﬁé§¥1#ﬁ8§§u§5P?¥lBFYb?DEXFE°§¥BHt¥§ﬁtSe used each al one or
in a 16 cogbhpat & otio Dheh¥BudECAPLExFPEChedrokybutyhatst andpoi nt of cost and
oref or e BabrpPT st s tnEipaRtondldRTa e B P Y hUEVEREEEm cyami de or

pot assi um typnépel Fhtolwenesulfobglaxpd3ohydnorybatyrateprussic acid is
on the 22&%%§H%?1Léf58%%%%%%ﬁ%f§?§%R%Y8%ﬁ%?§?9%%P%ﬁ?£aggﬁq“%XZ'ﬁB?Z rased
preferred +abpgeylsd1tobuenesuifipnulienys3aRHIrAEYBUEYFakBre preferred range
is 1. hoto d-Yuegli ¥yatenhusnedhEr8iPUBkyL 9-heaueRgbatysatd, addi tion reagent

be 20 judici I I ' [ ' f.th i f additi
W gon “sch e bul Rt ohBeRPRELe iy SPRY ;o b EpaRRyB bTSER " 1aRORE rel ot ve 1o

each nol e othemsd conmpound of the general fornula (3). The still nore
preferred range 4 0 r i W6ee a| d of
t he general for#%ﬁgg%éj%%y gﬁgnggﬁaoggﬁﬁ %€8%$ﬁ€%?g¥a0|gh%hb?ﬁgagpgggnce of

sai d addit?%nc9%ﬁg@%@ jrdestrial Gﬁﬁib?béaﬁFXiﬂﬁes@ﬁﬁhfénﬂoghﬁoép'ﬁhe
gener gls f %Tﬂ@f@xfﬁl}ltyﬁéﬂ:é, sathy0f 4 PEHS616- 3Chgaapdybatgraddi t hoprbpgggent
t oget her. i S gdnlgln IS geiera@ly cgrrbedlogg hfo% sol vent. The sol vent
ment i oned ABOVECHRY b%995?§§ BFY A Br ganPEOPY ¢ -3
hydroxybutyrate, n-butyl 4-chloro-3-hydroxybutyrate, i-butyl
4 -chloro-3-hydroxybutyrate, s-butyl 4-chloro-3-
hydroxybutyrate, t-butyl 4-chloro-3-hydroxybutyrate, methyl
20 4-bromo-3-hydroxybutyrate, ethyl 4-bromo-3-hydroxybutyrate,
n-propyl 4-bromo-3-hydroxybutyrate, i-propyl 4-bromo-3-
hydroxybutyrate, n-butyl 4-bromo-3-hydroxybutyrate, i-butyl
4-bromo-3-hydroxybutyrate, s-butyl 4-bromo-3-hydroxybutyrate
. and t-butyl 4-bromo-3-hydroxybutyrate. The still more
25 preferred are methyl 4-chloro-3-hydroxybutyrate, ethyl 4-
chloro-3-hydroxybutyrate, t-butyl 4-chloro-3-hydroxybutyrate,
methyl 4-bromo-3-hydroxybutyrate, ethyl 4-bromo-3-
hydroxybutyrate and t-butyl 4-bromo-3-hydroxybutyrate. The
particularly preferred are ethyl 4-chloro-3-hydroxybutyrate
30 and ethyl 4-bromo-3-hydroxybutyrate.
| The above compound of the general formula (3) can be
produced typically by carboalkoxylation of the corresponding
epihalohydrin as described in Journal of Organic Chemistry 32,
3888 (1967), by chemical or enzymatic reduction of the

35 corresponding B -keto ester as described in Tetrahedron Letters



30 solvent. This organic solvent is not partlcularly restricted but
.includes al cohols such as nethanol, ethanol, n-propyl alcohol, isopropyl

al cohol , ethyl ene gl ycol, nethoxyethanol, etc.; hydr ocar bons such as
beﬁzene, t ol uene, cyclohexane, etc.; ethers such as diethyl ether,
tetrahydrof uran, di oxane, nethyl 35 t-butyl ether, dinethoxyethane, etc.;
esters such as ethyl 13 acetate, butyllZcetate, etc.; hal ogenated

hydr ocar bons such as net hyl ene chloride, chloroform etc.; ketones such as
acetone, nethyl ethyl ketone, etc.; nitrogen-containing organic solvents

such as diget fo c Aqy* c.; and
sul fur-con alggég %?Sgﬁgggs g%% Qggcﬁgggﬁgg §ﬁﬁ?§ ?#gm%ééégsnaﬁéﬁé
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consi sting_of one or npbre water-m sci bl e organi c solvents and water or 10

wat er al onge1The?Q19?- nore preferred is a m xed sol vent consisting of one
or nore Water-m'Blﬁ:dzbsk&lﬂf@ﬁﬂpﬁu§@i&eﬂé5darﬁdnmbﬁéd above Ibenaﬁount to be

used of s j .C n. of
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sai d addi ts08, r%ﬁaeéalt@e@ ;sﬂ?séﬁélgc% WIHHVER aﬁ?c?%s%%%&&"as &k be

sufficient _to 1nsure that the concentration sal ound e gener al
fornul a (3?h%f¢|5%%t%r%¥ePEBF§l§ ?Sléoﬁavwbe@&SQQ fBrR ﬁ%@ﬂ%rﬁﬁlynle to 50
WV %10 comibiEnd EIPEeE twé drofot Bispecdast.i OErémrtl'iB%staﬂﬂprnE|df gekect ed

ording to.the.desired trea ot her_factors_ w he range
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gas chromat ography or -per f or mance Tiqui d chr orat ogr ap in case
the reaction is %@E}E’é’d‘ iLOhPR Ussﬁ%loﬁr%?%@r%“% OfpRFaEsie Er‘cieﬂﬂ%le'LSo¥105bout

r5 oom thrfpegB@ﬁtJ:[@ll@rBﬁ&ed;triét@@htﬂifll;]l@ Qiﬁdfdﬁh'dlryow e anegdigg1pgtiod of
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at nosphere.
The amount to be used of said addition reagent can be

20 judiciously selected in consideration of the species of
addition reagent selected and the like, but is preferably 0.01
to 1 mole relative to each mole of said compound of the general
formula (3). The still more preferred range is 0.1 to 0.5 mole.

. : The reaction between said compound of the general formula

25 (3) and said salt of prussic acid in the presence of said addition
reagent is carried out by admixing said compound of the general
formula (3), said salt of prussic acid and said addition reagent
together. This admixing is preferably carried out in a solvent.

The solvent mentioned above may be water or an organic

30 solvent. This organic solvent is not particularly restricted
but includes alcohols such as methanol, ethanol; n-propyl
alcohol, isopropyl alcohol, ethylene glycol, methoxyethanol,
etc.; hydrocarbons such as benzene, toluene, cyclohexane, etc.;
ethers such as diethyl ether, tetrahydrofuran, dioxane, methyl

35 t-butyl ether, dimethoxyethane, etc.; esters such as ethyl



14 After completion of the reaction, the reaction mxture is
,subjected to any or a conbination of the routine procedures such as sol vent
extraction, washing, concentration, crystallization and distillation,

 wher eby the conpound of the 5 general formula (1) can be renoved in the
formof an addition product wth said addition reagent, thus enabling

i solation of the butyric acid ester derk¥3vative of the general formula (2)
of high quality. In carrying out this process, it is recormendable to avoid
conditions liable to induce 10 deconposition of said addition product.

Where the §§g999@d tﬂjt}fofgcg%ﬁ?:r al etgr%aag e at%daﬂ aga?g% ﬁgglgfryggrm N

conpound, roduct i€ 8¢i G est e vat1ve
(2) which Iha‘shﬁlgtlerqftlcl:@rﬁ& gehapirofforor. retpondietypnes shah aﬁ arke¢onenpound

of the 15 gepryal etRYMUkaLERY, CARCDE Hﬁfﬁbggﬂhcontalnlﬁgeog Sﬁg@t i nvention
in another aspect is concerned wth a procéss for produ€ing utyric acid

ester derl%%}V%%t%stﬁE 6%n@FEFtFBFEBF%aW29ethEﬁté@ﬁﬁ?vs@@rWéﬁéﬂﬁng a

conpounsd oicébengeneral éﬁém;” an@33ulktib-8ofidhin@hgpbegahtcasolviyta flow
net hod. 20 Thusf ?1%8£8 C|n%53a|98but ric a grest derlva ive, of the
2

gener al f o AT Lact'ng’sa 38n8 Phe 'FEYET 174 of Mt a (3)
with said sagandé frlesiis aawbet heedgacti alanedorsirercotdriinadtiiore. ofL tt he

gener al fowutl%w(e%)ercaﬁréfefﬁsgé rt%duweé_ttitgte'agttﬁb 'sdoﬂyerf@eggg&g@an he

above reactlon by a flow net he reacti on between sald conmpo of
the gener &P fRFUPH T%feaﬂat§5|Bl§§¥P1%f°59E§é?csaéVﬁnFﬁv6P0e§a§9§lQFlon of

a large quaatétyabbéndeatTisd dtiall usdsed |prdfertaipes o witked ddpvéeaction
tem can hardlglbe controlled but this tqugp ture control. i s nmade

si bl e WARRSTRETPE AT (0P P VBFPiEtHut™ T QY FRIfesrdyents and Th; g

reaction byateflow nmethod is preferably carried out using a tubular

reactor, a thin-{jl mp&AcE Of o 0f aué&g ﬁf Qéi&oé‘{;i{}‘%ﬁt'sﬁt{jﬁ&i’ J.Bﬁ
reactor. Those reactors are preferred because o e relative
heat - exchaﬁ%%e%5%6c¥¥yCEBﬁﬁﬁﬁéﬁtBBnmPfhtbﬁeSPﬁﬁkeﬁeﬁ@@o@m@EUtpﬁﬁdthﬁth an

agi t atigr wWhbffohsd of the general formula (3), the species and amount of
said salt of prussic acid, the species and amount of said
addition reagent, and the kind of solvent to be used but should
be sufficient to insure that the concentration of said compound
of the general formula (3) will be preferably 1 to 100 w/v %,
20 more preferably 10 to 50 w/v %. _

The temperature for this reaction can be judiciously
selected according to the desired treating time and other
factors within the range from the solidifying point to the

. boiling point of the reaction system but is generally 0 to 100TC
25 and preferably a temperature around room temperature to 90TC.

The course of this reaction can be monitored by gas
chromatography or high-performance liquid chromatography and
in case the reaction is conduced within said preferred
temperature range of about room temperature to 90C, it is

30 preferable to provide an aging period of 5 minutes to 4 and odd
hours for the thorough conversion to said addition product
following completion of the main reaction.

Tominimize side reactions such as oxidation as possible,'
the above reaction is preferably carried out in an inert gas

35 atmosphere such as a nitrogen atmosphere.



15 conventional ly used for batch or sem -batch reactions. The
reaction by said flow nethod is carried out by feeding said conpound of the
general fornula (3) and salt of prussic acid into a reactor as parallel
flowto mx themin the reactor 5 or m xi ng said conpound of the general
formula (3) with said salt of prussic acid either ahead of tine or

ext enpor aneously to charge the mxture }to a reactor. In this operation,
the m xing and reaction are preferably carried out in a solvent. Referring
to the above reaction by a flow nethod, the flow 10 rate of .the reaction

mxture can be | ugheboushy selener ARCOEAG P IR SRSEHSR ARG TN of

sai d conpound of ene speci €s "and arou
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total of r ence trmes w equa e necessary for
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f1 ow met hogg ﬁhgntbiesmﬂy annwealofyﬁpévm tl‘if@%f&éb% gnpefajyre, and the

speci es and anount of said salt _of prussic acid e procedure for 25
separ at i on*®FOPRENdaRLEi bR ﬁVBHGcFOBﬁ%EFOPﬁelﬁéééﬁlBﬁ #BPUEE sinilar to
condi ticonsdetompesieachi o beiueaddibeoﬁopnedﬁdtof the general formula (3)

the salt of rgééi a%gml n t Prgﬁence O;-'ai\,\ﬁd adgltl(gg reaﬁent whi ch
al ready been &e5%r IBed ? Fi PSPPI wnF Bt npBufi of the
30 generalOpbiﬂ@léY(Q?tigeaﬂompoundbIyhacproéuebnpuumdlcthelﬂueytec aci d

ester deriyatiygtPhet e gﬁée?éhe£91nyb§mﬁ¥£ \(BhChnhed Rast8fkteric
configuration_correspondin o that of the conpound of the general formula

(6]
(3) can becoptigrEgtion corresponéynaoﬁauEPPﬁgofhéhabS%PPeaét PéntB¢ a flow
nmet hods n gEreBal presmate (8)sead Bddobtamneaagent, the butyric acid ester

16 derivative of_the_general forgu tain g .a.mni mim o
i npurity conpount P TRE JehaVat ‘}L%nr%éﬁ én(()%}eiaaﬁspo tof')?acf%cffﬁl}leqﬂ”@%hyl el d.
a process for producing a butyric acid ester derivative of the
general formula (2) which comprises reacting a compound of the
general formula (3) with a salt of prussic acid by a flow method.
20 Thus, in producing said butyric acid ester derivative of
the general formula (2) by reacting said compound of the general
formula (3) with said salt of prussic acid, the butyric acid
ester derivativé of the general formula (2) can be obtained in
" high yield by conducting the above reaction by a flow method.
25 The reaction between said compound of the general formula
(3) and said salt of prussic acid involves evolution of a large
qgquantity of heat so that usually the temperature of the reaction
system can hardly be controlled but this temperature control
is made feasible when the reaction is carried out by a flow
30 method.

This reaction by a flow method is preferably carried out
using a tubular reactor, a thin-film reactor or a series of
continuous stirred tank reactor. Those reactors are preferred
because of the relatively high heat-exchange capacity compared

35 with the tank reactor equipped with an agitator which is



The ampunt of said addition reagent can be jUdICIOUS|y 5 sel ect ed accordi ng
to the amount of said conmpound of the general formula (1) and the species
of addition reagent but is preferably 0.01 to 1 nolar equivalent, nore
preferably 0.1 to 0.5 nolar equival ent, based on the anmount of the conpound
of the general formula (3) . 10The reaction by said flow nethod in the
presence of said addition reagent is cat¥%ied out by feeding said conpound
of the general formula (3) , said salt of prussic acid and said addition
reagent into a reactor as a parallel flow and nixing then1together in the

reactor or _mxin salg g of . the gener al g 5: , said salt

of prussi CC%YSH hanediy ggﬁat 8h PaLgBnPreFEMLF Qﬁgédrﬁf‘w LRBSor
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in a conbination, ric acid ester derivative 5 of the general

t he
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BEST MCDE FOR CARRY NG O Ty | NENTLON d0The, {914 owige semples. A
mixture is passed through the reactor a plurality of times and
20 that the total of residence times will be at least equal to the
time necessary for completion of the reaction.
Referring to the above reaction by a flow method, the type
and amount of solvent, reaction temperature, and the species
‘ and amount of said salt of prussic acid, and the procedure for
25 separation of the addition product after the reaction may be
similar to conditions of the reaction between the compound of
the general formula (3) and the salt of prussic acid in the
presence of said addition reagent which has already been
described in detail. Similarly, where the compound of the
30 general formula (3) is an optically active compound, the butyric
acid ester derivative of the general formula (2) which has a
steric configuration corresponding to that of the compound of
the general formula (3) can be obtained.
By conducting the above reaction by a £flow method in the

35 presence of said addition reagent, the butyric acid ester



present jnvention in further detail and should by no neans be construed as
:deflnlng the scope of the invention. In the foll ow ng exanpl es,
(R) -4-cyano- 3- hydroxybutyric acid ethyl ester (the general fornula (2)
mhereln R = ethyl) 15 was used as the butyric acid ester derivative of the
general formula (2) to be treated with an addition reagent capabl e of
adding itself to an ethylenic bond and X&) - 4-chl or o- 3- hydroxybutyric acid
et hyl ester (the general formula (3) wherein X = chlorine atomand R =
ethyl) was used as the conpound 20 of the general fornmula (3) to be reacted

with a sal s_.and_cont ents .of. et hyl

4- hydroxycgrlo %ﬁgfggégtﬁfaﬁ rllerfaoréﬁf‘r%%a% ?\/\,ﬂe(F%II?1 aRiing q, minimun pf

4- cyano- 3- teaydmuaidiin geapeurdd ethylgenestaoforauhndi bk ghotlye absadneds
mentioned {Rp ﬁhgheyggphes were determ ned by the follow ng anal yti cal
system Hi gh-performance |iquid chronatography (HPLC) : Apparatus: an HPLC
syst em equi pped TReRBOWRE RF 33 AW ihHPTHFIGIRRT SE0y PS DyRacdqusilyi ca
gel ( 40 5semt8&@ﬁdmmgeo Hueﬁaﬁﬁhﬁtlﬂﬂsm% &erlasetheléeaéﬁshi of

acetonltrlte fo ka grgseot dls%1 dgg wat er for gubg
t enper at ur aF ReHLRE Phi AI9154P8, EEpdPD EO%Snn1 18
Ret enti on prqﬁerably 0.01 to l molar equlvalent more preferably 0.1 to
0.5 molar equivalent, based on the amount of the compound of
the general formula (3).
10 The reaction by said flow method in the presence of said
‘ addition reagent is carried out by feeding said compound of the
general formula (3), said salt of prussic acid and said addition
reagent into a reactor as a parallel flow and mixing them
together in the reactor or mixing said compound of the general
15 formula (3), said salt of prussic acid and said addition reagent
either ahead of time or extemporaneously and charging the
mixture to the reactor. In this operation, the mixing and
reaction are preferably carried out in a solvent.
Of the above-described two processes, namely @ the
20 process which comprises treating a mixture containing a
compound of the general formula (1) as an impurity and a butyric
acid'ester derivative of the general formula (2) as a major
component with an addition reagent capable of adding itself to
‘ the ethylenic bond of said compound of the general formula (1)
25 to thereby convert compound (1) to an addition product separable
from said butyric acid ester derivative of the general formula
(2) (inclusive of the process which comprises reacting the
compound of the general formula (3) with said salt of prussic
acid in the presence of said addition reagent) and®@ the process
30 which comprises reacting said compound of the general formula
(3) with said salt of prussic acid by a flow method, the former
process @® can be used with advantage to provide the butyric
acid ester derivative of the general formula (2) in a high
quality grade with a minimum of contamination by the impurity
35 compound of the general formula (1). On the other hand, by



Et hyl 4-hydroxycrotonate 9 to 10 m n, approx. Ethyl
4-cyano- 3- hydroxybutyrate 8 m n. approx. Ethyl 4-chloro-3-hydroxybutyrate
15 min. approx. 5 Exanple 1 Et hyl 4-cyano- 3-hydroxybutyrate (10.6 Q)
containing 5.2 ww %|[relative to the ethyl 4-cyano-3-hydroxybutyrate (the
sanme applies hereinafter) ] of ethyl 4-hydroxycrotonate was - |c) m xed
wth 25.2 g of ethyl acetate. A 10.1 gYjortion of this 411 m xture was
taken and 10.2 g of water and 1.0 g of sodiumsulfite were added foll owed
by stirring at roomtenperature for 4 hours. Then, 3.2 g of sodiumchloride
was added so as.to supsfantja saturate e water layer with NaCl. 15The
R ) 5

yield of tHyTYH2EEyAN WPFPGRRSi W athg Pt &4 f7deThas 93%
and t he etdsaiviatifde oy dihet geaeaadofiventilef ( 3 aichl deeobias neéd inwhivgho ( by

i ght l.at i t - - 3- A he sanme apph e
hor o1 nat ¢ oo 18; o G ghraibas M By, Bagt B0 B £ Cabhu8 SR0ECSERN 8R4 1 1
(CDC13, 4mragess @ in pgopdhnation the(UyLybig aci®@@stel derivatsge( 2H,
br), 6509 dfidhedendrdB fotmula (4 8GnNVR (BRI i 4P Yrdde) w2t a hin2Rumb0. 53,

61.81, 120.13, 147.04, .166. 62 Exanple, 2 ing, 1.1 of potassium
Suitite (D7 PoRtERIRAsL5RNY Eng TG I COmPPHBA STt Ba deP S RRGRBRLAT was
ot herw se (kpemamrdbe 3Prohdedi &h dhiogh eyhgld 4- cyano- 3- hydr oxybutyrate in an
ethyl acetate |ayer was 94% and the ethyl 4-hydroxycrotonate content was

0.01 ww % (rate of renoval: 99.9% .
BEST MODE FOR CARRYING OUT THE INVENTION

10 The following examples are intended to illustrate the
.' present invention in further detail and should by no means be
construed as defining the scope of the invention.
In the following examples, (R)-~-4-cyano-3-hydroxybutyric
acid ethyl ester (the general formula (2) wherein R = ethyl)
15 was used as the butyric acid ester derivative of the general
formula (2) to be treated with an addition reagent capable of
adding itself to an ethylenic bond and (S)-4-chloro-3-
hydroxybutyric acid ethyl ester (the general formula (3)
wherein X = chlorine atom and R = ethyl) was used as the compound
20 of the general formula (3) to be reacted with a salt of prussic
acid.
The yields and contents of ethyl 4-hydroxycrotonate (the
general formula (1) wherein R = ethyl), ethyl 4-cyano-3-
. hydroxybutyrate and ethyl 4-chloro-3-hydroxybutyrate as
25 mentioned in the examples were determined by the followihg
analytical system.
High-performance liquid chromatography (HPLC):
Apparatus: an HPLC system equipped with a UV detector
Column packing: octylsilylated silica gel (® 5 im)
30 Column size: 4.6 mm x 250 mm '
Mobile phase: 18 parts of acetonitrile for HPLC + 82
parts of distilled water for HPLC
Column temperature: 25+1TC
Flow rate: 1.0 mL/min.
35 Detector: UV 205 nm



19 procedure of Exanple 1 was otherw se repeat ed. The yield of

et hyl. 4-cyano- 3- hydroxybutyrate in an ethyl acetate |ayer was 94% and the
et hyl 4-hydroxycrotonate content was 5.5 ww % (rate of renoval: 0.6%. 5
Exampl e 3 Ten (10.0) grans of ethyl 4-chloro-3-hydroxybutyrate
(purity 9299 , 3.0 g of sodiumcyanide, 1.4 g of sodiumsulfite, 17.6 g of
wat er and 15.0 g of formam de were m xetP and stirred 10 at 60C for 2 hours
and the reaction mxture was allowed to cool to roomtenperature.

The yield of ethyl 4-cyano-3-hydroxybutyrate was 67% and the et hyl

4- hydr oxycr gionat i o fid . was 0.08 ww % (by weight relative to ethyl

4- cyano- 3- hydroxybutyrate (the sane applies 15 hereinafter)). Exanple 4
Using 1.8 g of pbER¥Si 4nlE FP?‘Y%’-’PHOPFEE 8f te. 20gmyp, s@EPLARsuUl fite, the

procedure of Exapphgl34vegandhermyacokgpasyedte20Thenyi apgrek. et hyl
wms 0,03 w5 el seTUBL eannrat oy butyite 18V BRIV ERBRORE 24d Tt on
of 1.45 of sodiumsulfite, the 25 procedure of Exanple 3 was ot herw se
r epeat ed. Example 1
Ethyl 4-cyano-3-hydroxybutyrate (10.6 g) containing 5.2
w/w % [relative to the ethyl 4-cyano-3-hydroxybutyrate (the
same applies hereinafter)] of ethyl 4-hydroxycrotonate was -

10 mixed with 25.2 g of ethyl acetate. A 10.1 g portion of this

. mixture was taken and 10.2 g of water and 1.0 g of sodium sulfite
were added followed by stirring at room temperature for 4 hours.
Then, 3.2 g of sodium chloride was added so as to substantially
saturate the water layer with NacCl.

15 The yield of ethyl 4-cyano-3-hydroxybutyrate in an ethyl
acetate layer was 93% and the ethyl 4-hydroxycrotonate content
of said layer was 0.01 w/w % (by weight relative to ethyl
4-cyano-3-hydroxybutyrate (the séme applies hereinafter);
rate of removal: 99.9%).

20 Ethyl 4-hydroxycrotonate
'H-NMR (CDC1l,, 400 MHz)

0: 1.29 (3H, t), 2.75 (1H, br), 4.20 (2H, q), 4.33 (2H,
br), 6.09 (1H, m), 7.03 (1H, m)
. *C-NMR (CDC1l,, 100 MHz)
25 0g: 14.22, 60.53, 61.81, 120.13, 147.04, 166.62

Example 2 _
Using 1.1 g of potassium sulfite in lieu of 1.0 g of sodium
sulfite, the procedure of Example 1 was otherwise repeated.
30 The yield of ethyl 4-cyano-3-hydroxybutyrate in an ethyl
acetate layer was 94% and the ethyl 4-hydroxycrotonate content
was 0.01 w/w % (rate of removal: 99.9%).

Comparative Example 1
35 Omitting the addition of 1.0 g of sodium sulfite, the



The yield of ethyl 4-cyano-3-hydroxybutyrate was 69% and the et hyl

A4- hydroxycrotonate content was 3.3 wWw % Exanple 5 30From the reaction
m xture containing 3.3 ww %of ethyl 4-hydroxycrotonate as an inpurity as
obtained in the procedure of Conparative Exanple 2, a 15.0 g portion was
taken, 0.6 g of sodiumsulfite was added, and the m xture was stirred at
roomtenperature for 4 hours. 35The yield of ethyl

4- cyano- 3- hydroxybutyrate was 93% and 20 the ethyl 4-hydroxycrotonate
content was 0.46 ww % (rate of renoval: 85% . Exanple 6 5Using O . 6 g of

potass! i spLELLEL ok E4RlaD.§ a8 oRRURHTLEULLLLG o procedure of

4- cyano- 3- hydro@%&m@t@omtw&awm%%ﬁmr%ﬂmmancmaeehgclntent
was 0. 06 V\é&\ég/&ﬁé@'!d?{éif wra%r@ll’@lan@%?ﬁe et HP1 XA rotoen&ut%é%‘tgéhgg%t

I ce-cooling, 36.0 of ethyl 4-chloro-3- dr oXybutyrate
13.0 g of @%ﬂlﬁﬂ?cVéﬂlﬁe(réﬁeooﬁ BEMA¥ RS §n€%74 5 g of fornanide were
m xed. 5Th|s m xture 15 was i medi ately passed through a 5 nm(i.d.) x 1 m
t ubul ar Ector cogtrolled at a tenperature of 80C at a flow rate of about
5nm /mn7 ction mxture energing fromthe reactor was

Ten (10.0) grams of ethyl 4-chloro-3-hydroxybutyrate

(purity 92%), 3.0 g of sodium cyanide, 1.4 g of sodium sulfite,
17.6 g of water and 15.0 g of formamide were mixed and stirred
10 at 60C for 2 hours and the reaction mixture was allowed to cool
. to room temperature.

The yield of ethyl 4-cyano-3-hydroxybutyrate was 67% and
the ethyl 4-hydroxycrotonate content was 0.08 w/w % (by weight
relative to ethyl 4-cyano-3-hydroxybutyrate (the same applies

15 hereinafter)).

Example 4
Using 1.8 g of potassium sulfite in lieu of 1.4 g of sodium
sulfite, the procedure of Example 3 was otherwise repeated.
20 The yield of ethyl 4-cyano-3-hydroxybutyrate was 66% and
the ethyl 4-hydroxycrotonate content was 0.03 w/w %.

Comparative Example 2
. Omitting the addition of 1.4 g of sodium sulfite, the
25 procedure of Example 3 was otherwise repeated.
The yield of ethyl 4-cyano-3-hydroxybutyrate was 69% and
the ethyl 4-hydroxycrotonate content was 3.3 w/w %.

Example 5

30 From the reaction mixture containing 3.3 w/w % of ethyl
4-hydroxycrotonate as an impurity as obtained in the procedure
of Comparative Example 2, a 15.0 g portion was taken, 0.6 g of
sodium sulfite was added, and the mixture was stirred at room
temperature for 4 hours.

35 The yield of ethyl 4-cyano-3-hydroxybutyrate was 93% and



I mmedi ately cooled with ice. Wth the ethyl 4-cyano-3- hydroxybutyrate
.content of the reaction m xture being nonitored 20 by hi gh-performance
| i qui d chromat ography, the m xture was repeatedly passed through the

tubul ar reactor. The yield becane maxi mal after 8 passes. The yield
of ethyl 4-cyano-3-hydroxybutyrate was 85.0% The ethyl 4-hydroxycrotonate
content was 1.3 ww % 25 Conparative Blanple 3 Thirty-six (36.0)

grans of ethyl 4 -chloro-3 - hydroxybutyrate (purity 929 was m xed with
74.5 g of formam de and the m xture was adjusted to 80C. Wihile this m xture

was 30 sti | ' [ g I 2.0 g
H20) was a%féggegl?%]b\?mg ??%%%%9%%%5@%%; n(1§ ﬂﬁ‘%%&g{ C%%?edrjﬂcéo ﬁlvgt%i ér]{'% cF g(r}'opvm se
addi ti on, T®BOYiktuBe¥has further allowed to react at 80C for about 1 hour.
The yield of ethyl 4-cyano- 3 -hydroxybutyrate was 77.5% 21 Conparative
Exanpl e 4 TQi rteen (13.0) granms of sodiumcyanide, 74.5 g of

for mam de ERFBLS0 g of water were m xed together and adjusted to 80C.

Whi | e tshis m xt Weingd .4 grafedot88sDuyg soflfuittteylinSlieu of 0.6 g of sodium .
4-chl oro-3zh yb r Lt Y929 d ] o] t 50

m nutes. A ltl%?{g%hpﬁe%ig%sgéag% %\nfsé}%ﬂ |(t§i gnggghgﬁr}ng%érgg %géeggrg her

al l oned to reactThe ¥Wedd of & 4t cy@ne.- SThy droaybusdiy ratieyvas 98% and

4- cyano- 3- hiydr oxyput ¥Ry @roRgcede ditatd Gontent was 0.06 w/w $ (rate of
removal: 98%).
10
. Example 7
Under ice-cooling, 36.0 g of ethyl 4-chloro-3-
hydroxybutyrate (purity 92%), 13.0 g of sodium cyanide, 32.0
g of water and 74.5 g of formamide were mixed. This mixture
15 was immediately passed througha5mm (i.d.) x1mtubular reactor
controlled at a temperature of 80C at a flow rate of about 5
mL/min. The reaction mixture emerging from the reactor was
immediately cooled with ice. With the ethyl 4-cyano-3-
hydroxybutyrate content of the reaction mixture being monitored
20 by high-performance liquid chromatography, the mixture was
repeatedly passed through the tubular reactor. The yield
became maximal after 8 passes.
The yield of ethyl 4—cyano—3—hydroxybutyrate'was 85.0%.
. The ethyl 4-hydroxycrotonate content was 1.3 w/w %.
25
Comparative Example 3
Thirty-six (36.0) grams of ethyl 4-chloro-3-
hydroxybutyrate (purity 92%) was mixed with 74.5 g of formamide
and the mixture was adjusted to 80C. While this mixture was
30 stirred, an aqueous solution of sodium cyanide (13.0 g in 32.0
g H,0) was added dropwise over about 50 minutes. After
completion of dropwise addition, the mixture was further
allowed to react at 80C for about 1 hour.
The yield of ethyl 4-cyano-3-hydroxybutyrate was 77.5%.
35



Example 8 Under ice-cooling, 36.0 g of ethyl 4-chloro-3-
Jhydroxybutyrate (purity 92%, 11.0 g of sodium cyanide, 25.0 g of sodium
sulfite, 21.5 g of water and 85.0 g of formam de 15 were ni xed together
Thi's m xture was i medi ately passed through a 5 mm (in. dia.) x 1 mtubul ar
reactor controlled at 80C at a flowrate of about 5 nlL/mn. The energent
reaction mixture was i medi ately cooledhith ice. Wth ethyl 4-

cyano- 3- hydroxybutyrate in the reaction m xture being 20 nonitored by

hi gh- performance |iquid chromat ography, the reaction m xture was repeatedly

passed threyghatheilubpkampigagtor. The yield of ethyl
'4-cyano-3-hydrox¥but rate showed a maxi mum val ue of 85.4% after the 8th

pass. higgeeRh{ L340 hydranscPbt sAdivmceraphteat 78nPsIpeiEnt of 25
time was Of §Fmuih 8o an NAISTRyALE ARREAICABIdel hYxed toge THEr R @3S uksed

producing a b I c_acid ester derivative according to the present
i nvention b®i géﬁi’s 8&@61‘31 Ei&sam,urﬁ was isdifFetbw 3%okiDIef wBrbovi de a
butyri & acédckidveo-dfhyfArogghetgrater fphait) 92 )awhsghdqeadl dirppgtiade Wit h

a mni mum I Rat | t he, d [ u ' ral. formul a
(1) 1n"an SxeEHHAR BY hefubis; "hs rBhoombaCOTOR 0E o3 A on
1. A procetBefmixpusduengfarbheyratloeed tetreacierdavad0 e fofr mheuftolll owi ng

general fokreuta (2)
The yield of ethyl 4-cyano-3-hydroxybutyrate was 55.4%.
10
. Example 8
Under ice-cooling, 36.0 g of ethyl 4-chloro-3-
hydroxybutyrate (purity 92%), 11.0 g of sodium cyanide, 25.0
g of sodium sulfite, 21.5 g of water and 85.0 g of formamide
15 were mixed together. This mixture was immediately passed
through a 5 mm (in. dia.) x 1 m tubular reactor controlled at
80C at a flow rate of about 5 mL/min. The emergent reaction
mixture was immediately cooled with ice. With ethyl 4-
cyano-3-hydroxybutyrate in the reaction mixture being
20 monitored by high-performance liquid chromatography, the
reaction mixture was repeatedly passed through the tubular
reactor. The yield of ethyl 4-cyano-3-hydroxybutyrate showed
a maximum value of 85.4% after the 8th pass.
" The ethyl 4-hydroxycrotonate content at this point of
25 time was 0.07 w/w %.

INDUSTRIAL APPLICABILITY
The process for producing a butyric acid ester derivative
according to the present invention being as described above,
- 30 it is by now possible to provide a butyric acid ester of the
general formula (2) in a high quality grade with a minimum of
contamination by the impurity compound of the general formula
(1) in an expedient, economical and productive manner.



(wherejn R represents a straight-chain or branched-chain al kyl group
,contalnlng 1 to 4 carbon atonms ) which conprises treating a m xture

contai ning a conpound of the follow ng general fornula 10( 1)

HOCH2- CH=CH- COOR( 1) (wherein R has the sane neaning as defined above) as an
inmpurity and said butyric acid ester derivative of the general fornmula (2)
as a mmjor conponent 15 with an additi & reagent capable of adding itself
to an ethylenic bond to convert said conpound of the general forrmula (1) to
an addition product separable fromsaid butyric acid ester derivative of
the general formula (2). 202. The prQqgs qiﬁﬁ%or produci ng a butyric acid
ester 4llderivative according to Claim erein Ris ethyl or t-butyl.

3. The process for producing a butyric acid ester derivative according to

Claim2 wherein Riis etghdaesth for produélln dhe niesess dofa Moeici ng a
.3 wherein the

butyric acid ester der Y cor

addi ti on pé%ﬁﬁ%?t+ge otaf%? §8iﬁﬁwéngo Bﬁﬁga §B§mh#ﬂe?5pocess for
producisng a butyric acid ester derivative according to Claim1, 2 or 3
wherein the addi tyypn reagent is a salt of sulfurous acid. 23 6.
The process for ducing a butyric acid ester derivative according to
Claimb5 whexei n tlhe npi on{rkpagent is sodiumsulfite or potassium
sulfite. Fﬁa iﬂﬂDR ‘

(wherein R.represents a straight-chain or branched-chain alkyl
. group containing 1 to 4 carbon atoms) which comprises treating
amixture containing a compound of the following general formula
10 (1)
HOCH,-CH=CH-COOR (1)
(wherein R has the same meaning as defined above) as an impurity
and said butyric acid ester derivative of the general formula
(2) as a major component
15 with an addition reagent capable of adding itself to an
ethylenic bond to convert said compound of the general formula
(1) to an addition product separable from said butyric acid

ester derivative of the general formula (2).

20 2. The process for producing a butyric acid ester
. derivative according to Claim 1 wherein R is ethyl or t-butyl.

3. The process for producing a butyric acid ester
derivative according to Claim 2 wherein R is ethyl.

25
4. The process for producing a butyric acid ester
derivative according to Claim 1, 2 or 3 wherein the addition
product is a water-soluble compound.
30 5. The process for producing a butyric acid ester

derivative according to Claim 1, 2 or 3 wherein the addition

reagent is a salt of sulfurous acid.



5

)

brom ne atom

. 7. The process for producing a butyrlc acid ester derivative
,accordrng to daim1l, 2, 3, 4, 5 or 6 wherein the butyric acid ester
derivative of the general formula (2) is an optically active conpound.
4118. A process for producing a butyric acid ester derivative of the
gener al
strai ght-chain or branched-chain al kyl 28 oup containing 1 to 4 carbon
whi ch conprises reacting a conmpound of the general formula ( 3)
OH XCOOR ( 3 ) 20 (wherein R has the same neani ng as defined above; X
represents a group selected fromthe group consisting of chlorine atom

formula (2) OH NOVCOOR ( 2 ) 15 (wherein R represents a

10

at ons

I odi ne atom net hanesul fonyl oxy group, and substituted or

unsubstituted phefyl sthé @Roess gfou@reduding salbutyric wssidé esterin the

presence o | t
bond to co%%ggyaggg%nggﬁﬁfagﬁg E35C£%%?g%%¥ornu a%#% %ﬁﬁ%&io #gég
(wher ei n FFﬁa§°9hEmsﬁﬁéfﬁﬁﬁnPﬁgP8§aH§ﬂPHe§u&§éﬁé ) to an addition product

separald e fromsaid butyric acid ester derivative of 24 the general
formula (2). . The roce s _for égOdUCIn bug rlgV$C|d ester

derivative accordihg T8 &%J &F FT°

10

15

20

25

5"t r% By ester

derivative according to Claim 1, 2, 3, 4, 5 or 6 wherein the
butyric acid ester derivative of the general formula (2) is an

~optically active compound.

8. A process for producing a butyric acid ester
derivative of the general formula (2)

OH
NC._A_COOR (2

(wherein R represents a straight-chain or branched-chain alkyl
group containing 1 to 4 carbon atoms), which comprises reacting
a compound of the general formula (3) '

OH
X _A_COOR (3

(wherein R has the same meaning as defined above; X represents
a group selected from the group consisting of chlorine atom,
bromine atom, iodine atom, methanesulfonyloxy group, and
substituted or unsubstituted phenylsulfonyloxy group) with a
salt of prussic acid in the presence of dn addition reagent
capable of adding itself to an ethylenic bond to convert a
compound'of the general formula (1)

HOCH,-CH=CH-COOR (1)
(wherein R has the same meaning as defined above) to an addition

product separable from said butyric acid ester derivative of

yl enic

(1)




5 . . 10, The process for producing a butyric acid ester derivative

,accondlng to daim9 wherein Ris et hyl . 11. The process for
produ0|ng a butyric acid ester 10 derivative according to Claim8, 9 or 10
wherein the addition product is a water-sol uble conpound. 12. The

process for producing a butyric acid ester derivative according to Caim 8,
9 or 10 wherein the addition 15 reagent 24s a salt of sulfurous acid.

13. The process for producing a butyric acid ester derivative according to
Claim 12 wherein the addition reagent is sodiumsulfite or potassium

sulfite. 2fhe generdd. réPRAuPRO¢eys for producing a butyric acid ester
derivative according to Claim@8, 9, 10, 11, 12 or 13 wherein X is chlorine

atom or brom ne atom 2515. The process for producing a butyric acid ester
derivative accorddng e @roceds! fderproducing chlmutyeiatagid ester 16. The

o 10, 11, SeBLOT RGN S PEIRIRCH Rindan B Lo 0GR S Bvb&vayli i

cyani dé or potassi um cyani de. 17. The process for producing a

butyric acid estgg, defﬂé’%ﬁd’c?e@é:%ﬁ'ﬂgadtfbfd I@G&m%&&f@se@ft of
prussic 35 _acid is sodium grocess for

produci ng %eﬁﬁYﬁFFXeaEFﬂoﬁégﬁg H@rF%ﬁing ﬂEEB?BPnB Fﬁ t8¥h-8, 9, 10, 11,
12, 13, 14, 15, 16 or 17 wherein each of the conpound of the gener al

for mula (3) and ?e bf,l{é/rlrcocagsd sterrodeuréi/atl vzb of the ral, formul a
(2) is an opticalty actd V& Compount. P Ty @ 5%%%%5 ?ﬁ%ﬁﬁmlng a
but yril® acd@réEQEine¢¢Q@I@¥QSIﬁOtQiﬁmgeﬁeralOtolQWNhgqeén the addition

. product is a water-soluble compound.

12. The process for producing a butyric acid ester
derivative according to Claim 8, 9 or 10 wherein the addition

15 reageht is ‘a salt of sulfurous acid.

13. The process for producing a butyric acid ester
derivative according to Claim 12 wherein the addition reagent

is sodium sulfite or potassium sulfite.

20
14. The process for producing a butyric acid ester
derivative according to Claim 8, 9, 10, 11, 12 or 13 wherein
X is chlorine atom or bromine atom.
' 25 15. The process for producing a butyric acid ester

derivative according to Claim 14 wherein X is chlorine atom.

16. The process for producing a butyric acid ester
derivative according to Claim 8, 9, 10, 11, 12, 13, 14 or 15
30 wherein the salt of prussic acid is sodium cyanide or potassium
cyanide.

17. The process for producing a butyric acid ester
derivative according to claim 16 wherein the salt of prussic

35 acid is sodium cyanide.



10 OH NON,COOR ( 2 ) (wherein R represents a straight-chain or
Jbranched-chain al kyl group containing 1 to 4 carbon atons) , which
conprises reacting a compound of the general formula (3) 15 OH Xj NzZCOOR ( 3
) (wherein R has the sanme neani ng as defined above; X represents a group
selected fromthe group consisting of chlorine atom brom ne atom iodine
atom met hanesul f onyl oxy group, and 20 Zubstituted or unsubstituted
phenyl sul f onyl oxy group) with a salt of prussic acid wherein the reaction
is carried out by a flow nmethod. 20. The process for producing a butyric
acid ester 25 derivative according to Caim 19 wherein the reaction by the
flow nethod is carried out using a reactor selected fromthe group

consi sting of a i18bul®he rREREFS £OX HFPIYCING cachwivrihd acieréstenf

conti nuousgstivaelvbaakcoLaLh§rto A%im 8, 9, Alp, The BpLOcess oI jy odycing a
butyric acid ester derivative according to_C aim 20 wherein the tubular
react or is°Es¥liéh???&Pr%ﬁﬁﬁ(ﬂf t%?ZQOW 8URHRESENS Fenitsh GorguE ahdByri ¢

aci d est erand the butyric acid ester derivative of the general formula
(2) is an optically active compound.

19. A process for producing a butyric acid ester
derivative of the general formula (2)

10
@ OH
NC._A_COOR (2
(wherein R represents a straight-chain or branched-chain alkyl
group containing 1 to 4 carbon atoms), which comprises reacting
a compound of the general formula (3)
15
OH
X _A_COOR (3
(wherein R has the same meaning as defined above; X represents
. a group selected from the group consisting of chlorine atom,

bromine atom, iodine atom, methanesulfonyloxy group, and

20 substituted or unsubstituted phenylsulfonyloxy group) with a
salt of prussic acid
wherein the reaction is carried out by a f£low method.

20. The process for producing a butyric acid ester
25 derivative according to Claim 19 wherein the reaction by the
flow method is carried out using a reactor selected from the
group consisting of a tubular reactor, a thin-film reactor and
a series of continuous stirred tank reactor.



derivative according to Caim20 wherein the thin-filmreactor is used as
the rieactor. 23 . The process for producing a butyric acid ester 10
derivative according to Claim19, 20, 21 or 22 wherein Ris ethyl or t
-butyl . 24. The process for producing a butyric acid ester

derivative according to Claim23 wherein Ris ethyl. 15

25.

The

process for producing a butyric acid est®r derivative accordi ng to Caim
19, 20, 21, 22, 23 or 24 wherein X is chlorine atomor brom ne atom 2026.
The process for producing a butyric acid ester derivative according to

C ai m 25 wher ei np X, i SpH |l d s Atdp ducirdd -a B\ :
et produciid e BEPLAeed Ks

butyric acid ester derivative accordin

B V25

: \ ng to ,

or 26 25 WHEFEYALLRE GFPraing iR Giale P whexsdinihhe vbydag: Te8ckosi um
cyanide. 1is used a28thdheepceocess for producing a butyric acid ester
derivative according to Claim27 wherein the salt of prussic 30 acid is
sodi um cyani de. 29. The process for producing a butyric acid ester
deri vatdsi ve accord?ng Tthe @mzigasd @0 produing 28, b@yrixs aig] €5tar 28

wher ei n eaghr pfat e GRIBMEh P of B SRR ahekgagw%lg? Fhilne AR rte-,Qﬁ

acid ester derivative of the general formula 2

i's an optica

tle_Ltyric
'y "active

conpound. 1s used3gs ¥he BPBEESE-for producing a butyric acid ester

derivative according to Claim19, 20, 21, 22, 23, 24, 25, 26,

23. The process for producing a butyric acid ester

10 derivative according to Claim 19, 20, 21 or 22 whereinR is ethyl

. or t-butyl.

24. The process for producing a butyric acid ester

derivative according to Claim 23 wherein R is ethyl.

15

25. The process for producing a butyric acid ester

derivative according to Claim 19, 20, 21, 22, 23 or 24 wherein

X is chlorine atom or bromine atom.

20 26. The process for producing a butyric acid ester

25

30

35

derivative according to Claim 25 wherein X is chlorine atom.

27. The process for producing a butyric acid ester
derivative according to Claim 19, 20, 21, 22, 23, 24, 25 or 26
wherein the salt of prussic acid is sodium cyanide or potassium
cyanide.

28. The process for producing a butyric acid ester
derivative according to Claim 27 wherein the salt of prussic
acid is sodium cyanide.

29. The process for producing a butyric acid ester
derivative according to Claim 19, 20, 21, 22, 23, 24, 25, 26,
27 or 28 wherein each of the compound of the general formula
(3) and the butyric acid ester derivative of the general formula



5 27, 28 or, 29 wherein the reaction is carried out in the presence of an
addi t.i~on reagent capable of adding itself to an ethylenic bond to convert a
‘conpound of the general fornula (1) HOCH2- CH=CH COOR( 1) (wherein R has
t he sane neani ng as defined above) to an addition 10 product separable from
the butyric acid ester derivative of the general fornmula (2) OH NCIN, COOR (
2 ) (wherein R has the sane neaning as Hefined above). 15 31. The
process for producing a butyric acid ester derivative according to C aim 30
wherein the addition product is a water-soluble conpound. 2032. The process

for producipg fsbghybpeidshdyesteivdeebmpblin@.according to G aim 30 wherein
the addition reagent 1s a sa?t of sul furous acid. 33. The process for

producing a butyric acid ester 25 derivative according to Caim 32 wherein
the addition reagent Tise gatbagss Wdr tEraduigssibutytid id€id ester

derivative according to Claim 19, 20, 21, 22, 23, 24, 25, 26,
5 27, 28 or 29 wherein the reaction is carried out in the presence

of an addition reagent capable of adding itself to an ethylenic

bond to convert a compound of the general formula (1)

HOCH,-CH=CH-COOR (1)

(wherein R has the same meaning as defined above) to an addition

10 product separable from the butyric acid ester derivative of the
. general formula (2)

OH
NC._A_COOR (2

(wherein R has the same meaning as defined above).

15
31. The process for producing a butyric acid ester
derivative according to Claim 30 wherein the addition product
.~ is a water-soluble compound. ' '
20 32. The process for producing a butyric acid ester
. derivative according to Claim 30 wherein the addition reagent

is a salt of sulfurous acid.

33. The process for producing a butyric acid esfer
25 derivative according to Claim 32 wherein the addition reagent

is sodium sulfite or potassium sulfite.
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