., €3e@dl hp6T<x<Vf PROCESS FOR PRODUCI NG
(R) - 3- HYDROXY- 3- ( 2- PHENYhETH7Ch) HEXANO C ACI D AND | TS | NTERVEDI ATE
Technical Field The present invention relates to a production method of

(R) - 3-hydroxy- 3- (2- phenyl et hyl ) hexanq] i ich is a useful synthetic
internedi ate of an anti-H V agent, a%ﬁéﬁ&%ﬁedi ate thereof. Backqground
Art 10 pNU- 18R688s5CPORSPROBECENG ! [i©) 1 NlHyidiy 3 (BLPHENYLETHY L) REKRROECL O
be useful as an anti-H'V agent being developed in recent years. As a useful
synthetic internedi ate for PNUAGISAND 318 ANTERMEDIATENeny| et hyl ) hexanoi ¢
acid represented by 15 the follown fornuleiéll CaZzH (I I ) is known.
Thi s 3- hydroxy-3-(2-phenyl et hyl ) he ; one asymmetric carbon

at om and ¢ ncl udes j . i , 2 - g e
(racem c - hydr oxi 5. PesbAS EhyPaELO kBl ak8alel 200t B ACERRN ot
accordi ng t Qrp-8ORY&RbkeAR ( Teplnath 1 Fhyilnerscarmid Reidsorichf ishe useful

followng 1 formula (111 _COZ;(%III) i
[(R)-S-hydr%X?tBeFQCph@ﬁ?¥@ﬁ$$ﬁ§#1 8l @i HIV agsndf.e2R9 ¢hused as the
above-nentiongd Ségth %ighipégfnediate. As a nethod of optical resolution
of (R)-3-hytt oY -fﬁg enyT et 1yl ) hexanoi ¢ acid fromthe above- menti oned
racem ¢ 3hydroxy- 3- (2- phenyl et hyl ) @xergt6undi slxrta nmet hod using
(norephedrine [ (15, 2S)-norephedrine] has been conventionally reported (J.
Og. Cheifl, Vol . BE-NO690 repogsemaBby3sde foliowdndi Agrmylani(3) met hod,
however, (R)-3-hydroxy-3-(2phenylethyl)hexanoic acid having an opti cal
purity of not less than 98%. e. is obtained after two tinmes of
recrystallization of|a sd&lt with (-)-norephedrine (92%.e.), which is
i ndustrially ineffptitemt™ e atgition, a nethod such as this is has a
probl em t hat
(R) - 3hydr oxy ' OF exanoi ¢ acid throughout the reaction system
in other words, the yi el d of higgiy optically pure
(R) - 3- hydr oxy- 3{( 2- pheny! et ¥ hexanoi ¢ acid rel ative to racenic
3- hydr oxy- 3- (2.phenyl et hyl ) hexaffkc acid (hereinafter 2 sonetines to be
sinply referr¢g as "total d") is low (about 27%. In the
above-nentionkg_re2port, it is i bed that even the use of generally used
anm ne, such as phenyl gl yci nol epbedrine, sparteine and
a- met hyl benzyl am ne, did not |¢€ to an effective optical resolution, and
there is a demand on a nethod c gable of efficiently affording highly
optically pure (R)-3-hydroxy-3-(23phenyl et hyl ) hexanoic acid in a higher
total yield. In the neantine, as an internediate for the abovenenti oned

- 3- hydr oxy- 3ig Zprwemytcetey IWsefdngisc aacpgtir-dd¥nagent begngyfleveloped in

3- hydr oxy- 3:(2; phenyl et hyl\hexanoat e of Lhe fol| o ng formila (I, (1Y)

140690, 3-hydroxy-3-(2-phenylethyl)hexanoic acid represented by

15 the following formula (II)

CO,H (II)

OH

is known. This 3—hydroxy—3—(Z-phenylethyilhexanoic acid has
one asymmetric carbon atom and includes an (R) isomer and an
(S) isomer, and only a racemate (racemic 3-hydroxy-3-(2-

20 phenylethyl)hexanoic acid) is synthesized according to a

conventional method. Of these, an (R) isomer of the following

1



s known. s As a nethod for producing such racem c ethyl 3-hydroxy-3

(2- phenyl et hyl ) hexanoate, a nethod conprising addition of a lithiumsalt of
ethyl acetate to 1-phenyl -3-hexanone in tetrahydrofuran (THF) is known. For
epreparation of a,lithi salt of ethyl acetate, however, deprotonation from
et hyl | acetf%tré“uvl\nat He;ﬂ]trong base such as lithiumdial kyl am de and t he
like is necessary, which is generally conducted by a reaction at an
ultra-1ow tenperature¢ at around -78C (W99/12919, Kristina S Fors et al, J.
Org. Chem 1998, 63, 48-7356). A reaction at such an ultra-Iow
tenperature contains manhy Is _industrjally di sadvantageous aspects, for
exanple, it pre s ,'SP2%00Ii¢é}§)nit and the operation is

conpl i cat ed As a method for producing racenm c ethyl

3- hydr oxy-3 pneny| etdi/| ) hexanoate in a tenperature range that does not z
require a special cooling unit, the use of Reformatskii reaction is

consi dered. The Reformatskii reaction is a conventionally known reaction

whi ch produdd®) R3RYIEPEY 3T 62 ~BYeRvIRERE M RerrRA1g iy dif dederaidya
carbonyl co ng.s d t B, | | s e presence of
zinc. For Zggtgﬂi gngggr%%?géﬁﬁg%{gg%?%%n%qgt proc%gﬁxéér%%%%ﬁ&t he above

menti oned zi nc nepdsat methvd af hoPhie£l | MéddyldtoRctdvi (R))-3-Adroxgi-3ed 2f-or
producing activated zinc, the follow ng conventional methods (1)-(5) are
known. Any BBepvieshy:l hexapeis ne@lidfrersthermbptsnantipnacd Hagemds Shown

in the 3 Jfollowing. Th hod . s _not. practical faqn f.or the above
ment i oned REVEFREroRT 1o Rhety DRERIE ISetRie A 2 midngl) B i 15 -
(2- phenyl et hykpprEaROAL €[ ¢04] Bis NOho RS A e Hal e fdoivemitivinghdy (1) A
met hod for preparing netallic zinc by reducing zinc salt such as zinc
chl ori de andepheteéfkéIwi Ohgpothemi ufohadgribsiNan 33t Hi998 af@4Bhd3Bbke. Thi s

thod h | ' f et t hi bi 1 i tal i d
and the 10 1cBEPPEST AR BRLS Herttaly MafsvF w1 eveRaacH 2y or ooni or i ¢

phenylethyl) hexanoic acid having an optical purity of not less

than 98%e.e. is obtained after two times of recrystallization
of a salt with (-)-norephedrine (92%e.e.), which is
industrially inefficient. 1In addition, a method such as this
15 has a problem that the yield of a highly optically pure (R)-3-
hydroxy-3-(2-phenylethyl) hexanoic acid throughout the reaction
system, in other words, the total yield.of highly optically
pure (R)-3-hydroxy-3-(2-phenylethyl)hexanoic acid relative to
racemic 3-hydroxy-3-(2-phenylethyl)hexanoic acid (hereinafter
20 sometimes to be simply referred to as “total yield”) is low
{about 27%). In the above-mentiocned report, it is described
that even the use of generally used amine, such as
phenylglycinel, ephedrine, sparteine and g-methylbenzylamine,
did not lead to an effective optical resolution, and there is a
25 demand on a method capable of efficiently affording highly
cptically pure (R)-3-hydroxy-3-(2-phenylethyl)hexancic acid in
a higher total yield.
In the meantime, as an intermediate for the above-

mentioned 3-hydroxy-3-(2-phenylethyl)hexancic acid, racemic

2




,acid. According to this nmethod, application to a Reformatskii reaction,
which is a water-prohibiting reaction, requires activation of zinc,
conpl ete renoval of the acid and drying, |Is and the preparation is

conplicated and.i acti cal ) nmet hod for activatin I nc treating
netallic zi ﬁé%éﬁlt ﬁB YOSREEr 355;(%’['?@?“%;?%3’1)s%?’t‘a’i‘?ia%%e‘? ct %i%obf@@% an
alloy with goppen onghlver: Because alloy is prepared in acetic acid,
acetic acid 2 needs to be conpletely renmoved by washing with water, and
only after drying on washiing with water, can it be used for a Refornatski
reaction, Wiich is a water-prohibiting reaction, and the preparation is
conplicated and inpractipcal. (4) A nethod for activating zinc by ultrasonic
wave. 25 In this nethod| every facility used for the production of
activated zi pexyegmiy esta sHTiEM ent{fwvstrong ultrasonic oscillator.

Ther ef or e, et hod | s not entirely practical. (5) A nmethod for
activating z py stir®ng zinc with chlorotrinethylsilane in ether. 3
This method i3 defective in that a highly inflammuabl e solvent such as ether
is used and.the activity of the obtained zinc is not always high enough. In
t he reactioﬁsugPﬁanfhe above-nentioned activated zinc, 4 a a waste
containi ng zinc i AsPhOFHERE ARG apBE@Et Bhg VRASile dd@MIEHLHEL RISREdRYy-3C
avoi d environnental pollution. In the above-nentioned reaction, a

br onpacet i c (acptesyiethi$) heranoBtenovaoee thod ctenmsising sadddtamsi wf and

shows strong.tearin ropert nd the reactjo sin he sane has saf et
and heal th gﬁ%ﬁFﬁhsgag eggr%g%% ?ﬂ%%ﬁﬁ?(ﬁ?réﬁéhéhﬁ%éﬁﬁﬁ?ﬁ§?QQﬁ\ﬁ? t he abgve

tetrahydrofuran (THF) is known. For preparation of a lithium

L}

salt of ethyl acetate, however, deprotonation from ethyl

10 acetate with a strong base such as lithium dialkylamide and the
like is necessary, which is generally conducted by a reaction
at an ultra-low temperature at around -78°C (W099/12919,
Kristina S Fors et al, J. Org. Chem. 19388, 63, 7348-7356). A
reaction at such an ultra-low temperature contains many

15 jindustrially disadvantageous aspects, for example, it requires
a special cooling unit and the operation is complicated and the
like. 7

As a method for producing racemic ethyl 3-hydroxy-3-{2-

phenylethyl) hexancate in a temperature range that does not

20 require a special cooling unit, the use of Reformatskii
reaction is considered. The Reformatskii reaction is a
conventionally known reaction which produces pB-oxyacid ester by
condensation of g-halogen ester and a carbonyl compound such
as aldehyde, ketone and the like in the presence of zinc. For

25 this Reformatskii reaction to proceed smoothly, the above-
mentioned zinc needs to have a high activity (reactiviﬁy). As
a method for producing activated zinc, the following
conventional methods (1)-(5) are known. Any activated zinc

obtained by these methods has a problem as shown in the

3



entioned problens and ains at providing a production nethod capabl e of
‘efficient production of (R)-3-hydroxy-3-(2 so phenylethyl)hexanoic acid
useful as a starting material of a pharmaceutical agent fromracemc

3- hydr oxy- 3-(2 phenyl et hyl ) hexanoi ¢ acid, with a _high optical rity and in
“a rel ativel FOHIQH 108t al ThE drerched Lydiat d?fa%%rf%&bjué& tor the pPevsnt
nvention i b3 sk0.eR" RUEAEn2raRE 00e OLe POAUEA N Sy Ry B Ahyarony-3-
phenyl et hyl ) hexanoi ¢ acid ester safely and at a I ower cost” than-a

convent i onal (2rphleagd.leltliyl hRearoate gecel dl ngt dskel Codbtani regp airatal sasf fiASient
result of intensive studies in an attenpt to solve Z the above-nentioned
probl ems, tHdedfesent inventors have conpleted the present invention. The

present igv i gn I.d t i | Sl f_the . tion 1] A
Pt oduct i on il nAd"SFRER T3y areRpL Y (Bt HRE ERt il restie i Ana R ch
conpri ses opuichakky zia80kH18g1aacAd Ctide NYtk@wi th (Fomhanine! Mdgwsaroi ¢
acid using an optically active amne of the formula (VIIl) CHZRZ H (VII1)
wher ei n RZ ildtBinmdandt kbeyphkayl or 2-chl orophenyl so (hereinafter to be
also referred to "optically. active 1 ne, (V1| S 7 [2]..The

o oducti on met hod 515 REEARS Hedch WERBIET T SaAdt Peringe 4atet

(R) - 3- hydr opyoB1Hh2+RAGNMLSS IVE 3 heXamoika aisl 1 kd. the optically active

am ne (VIII? is crystallized in one or nore kinds of solvents selected from

et hyl acéfat(@) Aemkahod, £6rischivaptitnd metdabhiot ,z kroetwitilt hyids,oahdiomile
I sobut yl kegggg (MBK), acetone, nethyl ethyl ketone, diisopropyl ether,

According to this method, application to a Reformatskii
reaction, which is a water-prohibiting reaction, requires
activation of zinc, complete removal of the acid and drying,

15 and the preparation is complicated and impractical.

(3) A method fdr-activating zinc by treating metallic zinc with
a copper salt or silver salt in acetic acid to give an alloy
with copper or silver.

Because alloy is prepared in acetic acid, acetic acid

20 needs to be completely removed by washing with water, and only
after drying on washing with water, can it be used for a
Reformatskii reaction, which is a water-prohibiting reaction,
and the preparation is complicated and impractical.

(4) A method for activating zinc by ultrasonic wave.

25 In this method, every facility used for the production of
activated zinc requires a sufficiently strong ultrasonic
oscillator. Therefore, this method is not entirely practical.
{5) A method for activating zinc by stirring zinc with
chlorotrimethylsilane in ether.

30 This method is defective in that a highly inflammable
solvent such as ether is used and the activity of the obtained
zinec is not always high enough.

In the reaction using the above-mentioned activated zinec,

4



di mret hoxyet hane and THF, wherein the solvent optionally further contains
water. [3] The production nethod of the above-nentioned [1], wherein io the
optically active amine (VII1) is obtained by condensing

[{ R -1-phenyl ethyl am ne wi,th a congound of the forpul a RZCIf VIII-1)

wher ei n RZ Ps¥3St8eFPRERIRBBIZIERLF RTRIHGEY AT & IR T d. [4]
The producti d;Qf e L one TR IPRTY o R drses
recovering 'tt%gaggltgﬁgaﬁ'?ynggtgf'sgggn?%g&%%#I?mé#%r opﬁlc;%%]?esoldlf'i on. [5]
A production net had ehe(Bhodehyehtkynsd (2ehetydef hy |hlexaneittiaddd weiter
conprises hydrolyzing a racem ¢ 3-hydroxy-3-(2-phenyl ethyl)hexanoi c acid
ester to 20lfr B8gEe rBEXMRICEIY AU SHEEL Hife RISV Eh 8RN §hevECcPETORg
extracting n Lt h j. ve S ct f.rom
et hyl acet a%gsrﬁ/ﬁgﬁggﬁg?%%’e ﬁ‘)g/l ee?%%%?ﬂl i é‘b%{r%%)%heet aﬁ‘}e glr? ﬂ%&,eté'nd

optically resal veBgthhprepnwagnd by crystallizing a salt of
(R) - 3-hydroxy-3-(2 25 phenyl et hyl ) hexanoic acid with an optically active
am ne (VI11) usingh& phaesebt imeerhion has kgen Mradede@alys ithe ablovermt as

| f i cal | ut i 6] Th duct i hod .af th
Sbove mont | BREBZPBRS RREPORHE | RAA Afthe A PENNIACH B RIS eEen Boshesiced
by condensi pgpabi R o#- pbenyiehhybasaier bt bR cOMRURM B (20r nul a

RZ-CHO (MIII-1) wherein RZ is as defined above, and reducing the resulting
conpound?? [ phefipdephplibbekanociet doih afsefiel ao\ee-stEnttione thatsiriathiodh a6
conprises recovering the_ optical active am VI11) after optical

resol ution. PPSF“?FE&BHGEH ‘ﬁe%t*l%‘a“ gfacemic gj“ek?édroxi)"a".(z_ .

(R) - 3 hydrogiery  SERERYRERING 1 DXANS) GuA ] MDA 365 1hGAGRNdN &
magnesi um ﬁa¥oace Ic acld ester and 1-phenyl™3-hexanoné to produce
racem c 3- hydiaxyvadiyZhphenydbeihyyidbkanoi c acid ester, hydrolyzing this

conmpound to give racem c 3-hydroxy-3-(2phenyl et r%’l{ﬁ) hexanoi ¢ ,aci d, ,and,
optically resol vi fg 2ddstieppRRRERRY mPXarE &f i IRFeSenty d YRS OPVEP) ) .

[ 91 The py odychigps HE" £l Plod Nor ONGIEIY LLNRM{H,-Juh@Lel n the
hal oacetic acid ester Is ac?#oro ce?lc%d?eter. ‘
phenylethyl) hexanoic acid ester safely and at a lower cost than
a conventional method, by the use of general production
apparatuses.
As a result of intensive studies in an attempt to solve
20 the above-mentioned problems, the present inventors have
completed the present invention. The present invention
provides the following.
Disclosure of the Invention
[1] A production method of (R)-3-hydroxy-3-(2-
25 phenylethyl)hexanoic acid, which comprises optically resolving
racemic 3-hydroxy-3-(2-phenylethyl)hexanoic acid using an

optically active amine of the formula (VIII)

2
~CH2R

N (VIII)

wherein R? is 3,4-dimethoxyphenyl or 2-chlorophenyl
30  (hereinafter to be also referred to as “optically active amine

(VIII)”™).



[10] The production nethod of the above-nentioned [8], wherein a salt of
the (R)-3-hydroxy-3-(2-phenyl ethyl)hexanoic acid with the optically active
amine (VIIl) is crystallized in one or is nore kinds of solvents sel ected
fromethyl acetate, nethanol, isaopropanol, ethanol, acetonitrile, MBK
“acetone, met Ayl TR HFORGEHIRD MRt r%ytrheet%‘fe“ﬁler%lﬁ&?;aet[ﬂénew&ﬁae‘]’HF?
wherein the vept . ont 4 C Wiher l.pé}ﬁ; | Sy MM eSandikl b cile vl adyaki on
nmet hod of tﬁ%i)gb%ge!@gn%%%&f%ﬁ %é)r el ,laéz fter Srrnoduci r?g tﬁe racem c
3- hydr oxy- 3of2i phEly | £&biFe hauanei (vEKI)d,id harysasallltiizegl dampaendri smore

extracted with one or nore kinds of solvents selected fromethyl acetate,
M BK, met hykiedayof keebrentsli sekprtasd | fxamathsnd angtatend WeHRRe )y

resol ved by, crystallizin he salt R).-.3-hy -:3-;

phenyl et h{ﬁ i‘ﬁ%éﬁ%’?’&ogbi %tl{i/ﬁuf%fhna%%‘?rgl? ﬁ%%cﬁe\%&éml%b%\%’ﬁl g(e&g Mg a
part or the@msky etycéedte Ofmd ey EXSUIRLL it Velili stprapydl eeherf,or
optical resolution. [12] The production nethod of the above-nentioned LS] ,
wher ei n t hedbpetlhekyythane andrfHR, (whenein shehistilvemthprddeaaddivngugsher
(R) - 1-phenyl ethy|l ami ne with a conmpound of the fornula Rz-CHO (VII11-i)
wherein RZ ?gnﬁglﬂif‘f?‘n’éﬂrabove, and reducing the resulting conpound. [13]

The product;ﬁp FRL NOFL @l £ 116h FROMESITRIE 11 GG -midHtGlonéd [199MRhegesn

recovering e optically active amne (VII1) after optical resolution. [14]
The prodifctthe apticalbf ddeiabemimentVIdiod isSjobtalised bymegndsnginys
activated. [15] The production nmethod of the above-mentiqned [[14 rein
magnesi um i thE%T%?%ﬁl%}ﬂth’Eﬁ d&‘itrl'hrﬁasc%% (?gfgr&'rgteegom}&éﬁ_b%.g [ 16]
The product 'é\?f:flaiP%§£%£¢16R2aﬁgvsg"aeﬂﬁeadabéék,, YR8 bdut iy the

chl orosil anes™1's sel ecte romthe group consisting of so

chl or ot ri netéyh5tiegecombbaimdr odi met hyl sil ane, nmethyl trichl orosil ane and
tetrachl orosilane. [17] The production nethod of the above- ﬁgti oHed [15],

wher ei n t hel4h! Bee ek ednddnmagind iaf ddeaxysmentirsegr ddp - cBRLFBt i ng

of allyl;drom | od h i,9do th? LY Qlsdes (dr2Teli Ledget hane
and 1, 2-di b?%“ﬁg]gjf%%%e%?%‘é%?ﬂ% %?eog) C ?%r%‘l %&%f %ﬁ%geil%atgove- ?renti oned
[8], whereigpiiphenydsSniexanone i s obtained by condensing benzal dehyde
wi th 2-pentanone in the presence of a base to give propyl styryl ketone,

and reduci n§51 he piedugietbnpmeshodof yIRke-dwyslroxy3rdf-A producti on net hod
of a racem c_3-hydroxy-.3-(2 phenyl.et hyl).hexanoi ¢ .aci_d I e

conpri ses r%l&%’?ﬁ\; < rfé%’?élﬂé)l%a%/%ét’eﬁ%c}bicd’“?é:tl&esa% aBly=4A5°8

1- phenyl - 3- hexanpnes _f 7doxhnes -Prodidd o tihed andike aghaveskent toned

[19], wherein the hal caceti'c acid estér is a chloroacetic acid ester. 25
[ 21] The?%rpriodi¢enraetiios Jfhidexabdret2raitenyiedhyldhexaneiei Acktignesi um

is activated. [%Zﬁ?#, The production, nethod of the above-nenti onetdL %2%].5
wher ei n magPesTAFTHRT e RARPURS (¥ (?rn(?siqraﬁ'@§ea:ff&nﬁ‘§l 88ef8t¥aR
hydrocarbonge Bl s RGHCUARIES "MK, Hitrgflovengankeenad, [ 22],

wherein chlorosiTanes 1s selecte rom the group consisting of
chlorotri medhyssptamel shitodd erradiTHR hydmsl logrtd caldyhylespilelingr thel aompanud

tetrachl orosil ane. 8
by crystallizing a salt of (R)-3-hydroxy-3-(2-

25 phenylethyl)hexanoic acid with an optically active amine (VIII)
using a part or the entirety left of the extraction solvent as
a scolvent for optical resolution.
[6] The production method of the above-mentioned [5], wherein
the optically active amine (VIII) is produced by condensing

30 (R)-l-phenylethylamine with a compound of the formula R?-CHO
(VIII-i) wherein R? is as defined above, and reducing the
resulting compound.

[7] The production method of the above-mentioned {5], which

6



[124] The production nethod of the above-nentioned [22], wherein hal ogenated
‘hydrocarbon is selected fromthe group consisting of allyl brom de,

i odonet hane, iodoethane benzyl brom de, 1, 2diiodoethane and

.1, 2-di br onoet hane. The produgction net d of the abpve- one 19]
Wher el n 1. pRORPTLENeRSRONETLE00b 8 RBEY B9 CoraEreY R GBS o] e

2- pent anone 18 peesensg pf a base to give propyl styryl ketone, and
reduci ng thgbg%taln E%propy0 styryl ketone. Detailed Description of the

| nventi on THe]proguotivenioat hedholl dbe (Rye3ehydroxend+ (@ conpri ses, as

shown in the follomnng reaction schene 1, a part or the entirety of the
steps of (apPheavdedpy 6Pe§PBHHE|ﬁ@lﬁwrﬁhéﬁ¥c°°mprlses reacting magnQSl“m

3- hydr oxys 3. 2atearlethyLLbexanele 2ghd; Sghehy Ofs e L0 (Mdd,

(herelnafter 8136 referre as mc car oxy I C aci

(VI1)") by reaehieg3thphesyly~3~ mﬂxpneﬂyw{hynméﬁm&@ 4aAd (detent, nafter to
be also referred to as "ketone (V)"), a haloacetic acid ester of the
formul a (VI hy@relwzangt ehisocpuraPsd Fefgivedraermse "Fhedrqan-)3-) (Zand

d 3-
Dhanyi et hyl PRERKASTEYRLhEkaR0 ERcSr bl v AEE (P75 AEFE ST hg, Whis o
referred tocamp oﬁﬁ&eﬂ‘sfin?atﬁexabtﬁcéﬂﬁ addétive &yidwdrotyming the racemc

carboxylic acid ester (VI a step for producing
(R) - 3- hyd? oX913The Qsoghgnybetmgmh@xaﬁoﬁme ahevefmentsi dnednl & /( Wherein

h ft to_be al f dt boxyl, d 1 b
Opt 1 cal r eSGRE POROBFSPAE R 14 e tER,AT & A UPHAAGSRIS] A M 55t cal |y

active am ng16Yl rht. FPfréelae{z@oﬂ]mé?thocuocué \Qh%\}é-ﬁﬁéﬁtﬁ;ﬁ‘é&i ([%)1 Xz €PaR1
(M) ~ 0zR1L My I Step (c) optical resolution N~Hz H(VITT)

(rrr) mhereansﬁmtlsfftbe OR)f&ﬁhydmdxy—3+eﬁ4phenyiarhﬁIOMQxaaoub doédg math
I nfl uence the reaction, X is a halogen atomand RZ is 3,4 dlnethoxyphenyl

or 2- chIoroEﬁ@n?PtlEﬁé%YsﬁéblY% M2 hEH h iheETitadliigd £0 ®PSd@&t i on
step of IACRALG B3 A¥LT Q¥Y5316&RPE YL fLiWdd NEXAN U AC LAY, hl8Rnkd),]

isopropancl, ethanol, acetonitrile, MIBK, acetone, methyl ethyl
ketone, diisopropyl ether, dimethoxyethane and THF, wherein the
solvent optionally further contains water.
[11] The production method of the above-mentioned {8], wherein,

20 after producing the racemic 3-hydroxy—-3-(2-phenylethyl)hexanoic
acid, the resulting compound is extracted with.one or more
kinds of solvents selected from ethyl acetate, MIBK, methyl
ethyl ketone, diisopropyl ether and THF, and optically resolved
by crystallizing the salt of (R)-3-hydroxy-3-(2-

25 phenylethyl)hexanoic acid with an optically active amine (VIII)
using a part or the entirety left of the extraction solvent as
a solvent for optical resclution.
[12] The production method of the above-mentioned [8], wherein
the optically active amine (VIII) is obtained by condensing

30 (R)-1l-phenylethylamine with a compound of the formula R*-CHO
(VIII-i) wherein R® is as defined above, and reducing the
resulting compound.

[13] The production method of the above-mentioned [8], which

7



Jhis step (a) conprises, as shown in the above-nentioned scheme 1, reacting
1- phenyl - 3- hexanone [ketone (V)], haloacetic 1o acid ester [ester (VI)] and
magnesiumto give racem c¢ 3 hydroxy-3-(z- phenylethyl)hexanoic acid ester

i boxy| d est VI Thi t ] f
bl e o FOMEAE08SFS COlRT HOT KA DT AR D e AP o e SEsRE

charged in Bﬁglgghvgggoi@tgggance or adding ester (VI) to a m xture of
ket one (V) magnesi um charged in the solvent in advance. In the

above- nenti gnead TrRacproducthen anetinéd odf neym eave-neriid cosed [i8d ,pwbleeadbl vy
1 nole - 5 noles, per 1 nole of ketone (V), but froman econom c aspect, it
is nore preM@gBBEYUR, 1S08CkbYREed. 2 0 noles. In the above-mentioned
reaction, 5 d h 1
oo of et ong! (e FEPEhe Lo MERT BE I MRRE e AR A1) R ErREh
(b) hydrol ysiagnesiomCOEHa bt 10atedosstb] ghlawey i e eande detliogeneftiidci ency.
In the abovenenti oned reaction, noreover, the use of magnesiumin a
proportion bivdrorarbpan 5 noles per 1 nole of ketone (V) is econonically

usel ess, he_a iU r el,at.ed r S
| arge. In tﬁigib“&@% ﬁﬁ%& %‘lje%lnrg%%% & tm eaarlr%}ﬁ "Ee?‘tl% deet%ts)] %ggg‘éed
i's preferabkﬁech@69051§aﬁ@$e§sp@élécﬁgﬂ‘fﬁﬁm|ﬁﬂéﬂyidﬁﬁ cdﬁﬂisﬁﬁﬂﬁlbhe
econonmi ¢ aspect, it is nore preferably 1 nole - 2 noles. In the

above- nehﬁlohédrOEaEMebhylmhbmnehedxﬂhinn0dﬁmqth¥ﬂ&miqﬁﬁl) to be used is

|l ess than 1 nol e f ket o et one artly may remain
unr eact ed, Fﬁ&LgﬁgrbSE%?fﬁiﬁ ‘Hﬁ ?éﬁ?qﬁﬁiﬁHQﬁ+ 2ienc§ I% t he
above- ment i gpod @ﬁé%fa@ucmm«&how {he AP neftivsker [(19)]), LAepin

used exceeds 3" noles péer 1 nole of ketone (V), it is econonlcally i's

usel ess, bethesbalbgenabedthydresdror Mg seresitade Friom tthe ggaupPi on becones

| ar ge, and noreover, the ester remajned in the resultl gpductbna¥ Eake
FBFYt he

purificati ofioBFlphingrofietlyt frremade ., frdanathaney i af€ed

above- mery | 0ggl; SLeP; 2.(@)1 ddod (6l arfi PAIGiithifeshiaiel at i on as | ong as
X i's a hal ogén afom ahd oes not influence the reaction. X in the
formula (VI)18% exenproduetidyy ridtloyd ref aftemalbeivesment iahed [Bﬂomnherannm
iodine atomand the |ike, with preference gﬁgen to chlorine atom As

the formul altPhgnyirizhepanene I mhirinad dwmicendenping: bepzaidehyde WlBh

carbon ato met hyl h SO Q y

sec- butyl, r? é’?ﬁﬁ%}?ne p’é?\t%l?e I%s‘%/)spéerh S ﬁ%@&&rﬁ '%2; tgﬁé’)? Pi%g?& %"‘?’ryl
exenpl i fi edke%ﬁa PARA EF SN 1tk Vi tdb‘lﬁlrr%d] rptrdyylb rsmb&d kehahs.al kyl
group having 1 - 4 carbon atons (e. g., nmethyl, so ethyl, |sogropyl
n-butyl ,?% s6b2i yA, predutition metrad Mk y ra@teenl)c 3A§1Y}§1|I@F‘é'r'§blf ~ester (VI),
a chloroacethc af qhefter wher ei n, of. the farnula (VL) is chI%rlne at om
i's menti oneBieRy ethyl)hexanoic acid ester, which comprlses reactlng

magnesium, haloacetic acid ester and l-phenyl-3-hexanone.

[20] The production method of the above-mentioned [19], wherein
the haloacetic acid ester is a chloroacetic acid ester.

25 [21] The production method of the above-menticned [19], wherein
magnesium is activated.
[22] The production method of the above-mentioned [21], wherein
magnesium is activated with chloreosilanes and halogenated
hydrocarbon.

30 [23] The production method of the above-mentioned [22], wherein
chlorosilanes is selected from the group consisting of
chlorotrimethylsilane, dichlorodimethylsilane,

methyltrichloresilane and tetrachlorosilane.
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- hore preferably a chloroacetic acid alkyl ester, wherein X is chlorine
atomand Rl is straight or branched chain al kyl group having 1 - 6,
preferably 1 - 4, carbon atons. Specific exanpl es thereof include nethyl

chloroacetate, ethyl 5 chloroacetate, isopropyl chloroacetate, n-butyl
chl or oacet atl@41t She- BaeGRCERPDr BaEReA RF e t%‘fq‘ﬁ@nté‘o‘}e%’:es[@,zqus é’ﬁ"ﬁ’frem

thyl chl , ' ~DEG i t
U5 vasi 'y oBRaoHaE: HhiboRkbky FLo UPREEL Sidh IR AP RIS |
in | a tenpgrakinglr BREMiAE, 156domdOinhe priddsetiane’0 GenzhQChréhddet,ha , 2~

reaction tenperature is |ower than 15C, the reaction may proceed slowy or
may not proédadadaethane wndnlidedikrenosthansper at ure exceeds 100C, the

tarti ' ket be d dint ti i xt
or the S50 T AEEN  The FrOUREEoh Metnes (5f b e v AR Vil mybesin
deconposed, 1tBysnl,OWBLhBGaF88e Vi 8l Sbediddt® BPasdridihs iHip A dERRdeoRedh

reaction is generally carried out in 30 mn - 20 hr by the addition of
ester (VI) Bepantarbuneeinftketpres¢nge ol ardepsssitiangiste propyd sitvavtlaneous

addi tion of 20 ketone ( and ester (V). to, nagnesiu The .sql vent to be
used for th&®BBFe- ABft %‘%ﬂ\éﬁlﬁ“éa@?‘? ‘?1%’9“% %%ip-";ls ﬁ%ﬁd’qagcq °Pfoes not

| nhibi t the reaction, anbeliiGld MUkl ofll G¢mvéheRsOXy et hane and
the like and a m xed solvent of the etflers and any sol vent selected from 2s
aromat i c2hydr ocar Phaspsodiictsomanzeng] ¢l ttengresdrend aeshtiiloa Icokprises,

al i phatic hydrocarbons such_as_ heptane, hexane, octane and the Ii%ﬁ can be
preferably 8§e8hoypehnathe xEel soyirhireactipheheme 1o A/ pcy or the

conventi onal |y I X{ 0g | O y be applied for m xing. so The anount
of the sol v%h%lggeggogsélégi%£€$‘é%e?gﬁly 100 nL - 2000 ni, preferably 150 niL

- 1500 ni, pay:lanptepofokepopdudMyg forradamid I-enalncay-d+d2-npr oved
productivity by reaction. By the above-nentioned step S?)’ racem c
carboxylic prbenviethyl)hexanoic acid ester of the formula (VII)

15 (hereinafter to be also referred to as “racemic carboxylic acid

| ester (VII)”) by reacting l-phenyl-3-hexanone of the formula
(V) (hereinafter to be also referred to as “ketone (V)" , a
haloacetic acid ester of the formula (VI) (hereinafter to be
also referred toc as “ester (VI)”) and magnesium,

20 (b): a step for producing racemic 3-hydroxy-3-(2-
phenylethyl) hexanoic acid of the formula (II) (hereinafter to
be alsoc referred to as “racemic carboxylic acid (II)”) by
hydrolyzing the racemic carboxylic acid ester (VII), and
(c): a step for producing (R)-3-hydroxy-3-(2-

25 phenylethyl)hexanoic acid of the formula (III) (hereinafter to
be also referred to as "(R)-carboxylic acid (III)”) by optical
resolution of racemic carboxylic acid (II) using the optically
active amine (VIII).

[scheme 1]



ester (VIl) can be produced safely at a |lower cost than by a conventiona
manner. That is, because the above-nentioned step (a) differs froma
conventional mnmethod that uses lithiumdial kylam de, and 5 does not require
.2 reaction at around an ultra-low tenperature (around -78C), roduction can
be done efficiently without aS#@® f&) a special cooling uni tStER ab@ition,
because expensive |ithium di | 274 del i s not used,|racem c_ca bo ylig aC|d
ester (VIl) can be pfoduced a aZower cost. Accorging to | 0lysis
above-nenti oned step (a) nor eoy¥L,) a hlghly |an mmabl e_sol vent is not
used, unli ke e 19 —aeti-vated-zHAc hridedacetate—ant
therefore t W _produce racem c
carboxylic acid ester (VIl) witholUt a waste treatifent. The preparation of
magnesi umis 15 eds¥) as conpared to the aforenedﬁﬁbhbd preparation of
activated zinc, and the operation of the production is efficient. In the
above-nentioned step (a), noreover, ghic acid ester (e. 9.

chl oroacetic acid estger) other than exdgnS|Je.and hi ghly tear¥dng

acid ester () €QsBdu it h 28r
hygi eni ¢ pr the above-nenti gped step (a), 5%0 be used is
preferably a H | n the above-ne tloned eiep (a) um whet her

activated or not, ﬁinzrds t he abox dhed effect, hgt )he use of
activated magnesi u kes the r |onﬁﬁo produce racem c carboxylic acid
ester (VIl) snooth and safer. As rein, by the “activation of

magnesi um' i s nmeant renoval of a subiwﬁhbb)lnhlbltlng reaction on rmagnesi um
surface 3 (in many cases it is a filmof nagnesium oxide) to enhance the
reactivity. whereimeRhdss ffareeactfi paritigudagnésmitption asahphe, ag1jt does
activation by a, conbinati on of chlorotrjnethylsilane and zin %Plfgiﬁki—(z)

activation B tch?%t?ﬁ???&ﬁqﬁﬂEﬁQQﬁﬂPQﬂ(ﬁﬁ%s halogen atom an
dimethoxyphenyl or 2-chlorophenyl.

5 Each step is explained in the following.

1. Production step of racemic 3-hydroxy-3-(2-

phenylethyl)hexancic acid ester [step {(a)l

This step (a) comprises, as shown in the above-mentioned

scheme 1, reacting l-phenyl-3-hexanone [ketone (V)], haloacetic

10 acid ester [ester (VI)] and magnesium to give racemic 3-
hydroxy-3- (2-phenylethyl) hexanoic acid ester [racemic
carboxylic acid ester {VII)].

This reaction is realized by, for example, simultaneocusly
adding ketone {V) and ester (VI) to magnesium charged in the

15 golvent in advance, or adding ester (VI) to a mixture of ketone
(V) and magnesium charged in the solvent in advance.

In the above-mentioned reaction, the amount of magnesium
to be used is preferably 1 mole — 5 moles, per 1 mole of ketone
(V), but from an economic aspect, it is more preferably 1.1

20 moles - 2.0 moles. In the above-mentioned reaction, when the
amount of magnesium to be used is less than 1 mole per 1 mole

of ketone (V), ketone (V) partly may remain unreacted, thereby

10



(3) activation by iodine alone, (4) activation by a conbination of iodine
and et hyl bronpacetate, (5) activation by a conbination of chlorosilanes
and hal ogenat ed hydrocarbon, and the |like are nentioned (hereinafter

2chlorotrinet hyl, iIa e and s zjnc chloride p be used for .the_net hod of
'he above- MBS fremem b FEREERIR e FEEGESRET po ML ahe GPSVES et hod

of the abov e b f ofa the
above-nent i g‘ngﬁﬁ%?)gag f):raignanlgb ﬁy%gbrghn%zg%?a‘?fe IM%“ e LElgcejld for t he
met hod of tb&o@bﬁr‘t&ombﬁl noed thinaBdmétes opesi 1 anebe | ofinkke taegEnatied
hydr ocarbon” to be used for the nmethod of the above-nentioned (5) are al so
col | ecti vel poepappiradlyouasless:i bacarss. thy ameaet 9hdnaghessit ol IRAIGS
by chl orogrLt%’ettggl § a%@‘ioﬁl ngor%st_lﬁgrggove mentioned (2) is nore

e

pr ef er abl e, Cause activatron is easy“anhd a starting material is difficult
to handl e is not usednel Bb@dﬁl—ﬁxéﬁﬂloﬁ&ﬂ BeAdBdh pneietdeshrbty othleytest | (s
and hal ogenat ed hydrocarbon of the above-nentioned (5) is nore preferable,
because magﬁi@sbsmiéaﬁ Y pﬁﬂéeéabéztlv@cpl,/eacﬁ VeR kRS tRih } gt kme of ketone

i odonet hane, t i net ane and the |ike_used al one,

ot vat i on 8 nnBHes R FhereeaRones iRTshec setp na5S Bir Gt b mehey
needs to be—addﬁglbmdiﬁltﬁlé/ AR -Gt 198 rRRAUTNY, Wheh the ahahhtobs
the reaction of magnesium ketone (V) and ester (VI) in a solvent in the
abovenenty orettered¥i) ono BE Tseleispbessithamnl amlwateur J sndldexf tketone
magnesi um chargeg in th sol veniml n advance, or a mx f ket one %

ester (V1) d¥d-a e&EPFv VhrPREtlyduay bHemaln ulipacts 'kett b(y\/)p OF7dPt er
(VI) and an o] e |yt u in the
Sol vent i n AgeELRECRpTo ader RO e LR, tine! SPUC e TR RAbeL,

activator i seaddédn, omossbeér(\&hemnda@ra:minwaif)rew b7 Iad ched beee et el

to a mxture of ketone g\/) and magnesi um charged in the solvent in advance
Wien the abB%EcREAt foRRdeackeyat drole Qekatedn® y(Haddd iis qeenppically

pref er abky V. f i 0 V) and
ester (V) grgggg?em%#%ﬁ%rtlg?w ]ﬂg%%lé;&%jeglﬂm%egrageg;a el

si mul t aneougbyceddrdbéBomes hidrgs | eamd mdsowsid) titen exza‘tetxhe:eam\mdrr&m itheed
activator, a part of ketone s (V) and ester (VI) is added in advance and an
activator isegudbéngnerednet dery grake ppxiableatian of dhe PREdUST stirring
and suitabl ﬁé&gﬂgeégture rise), after which the remaining ketone (V) and
ester (V) ted. When the activator is to be added separately, the
activator may be prepasesri WD) acd beUddd FhiL AHAIINRE -dd tAshlevak@epi N
advance depending on the kind thereof. In this case, the solvent therefor

i s prefeffblig) t he &feeenfninypnear situlean Liswict#tdront fas rle@et iasnX Eack met hod

for activatjn nesi umin the abovenentioned ste ecifi.cal

expl ai ned i gﬂ‘éego?F?N\n?ﬁd W‘sd("f)s Rt &QFRHF?“S? Eﬁ?o?‘%’f‘?gﬁﬂghyl |J1r’ar¥§yeand
zinc chl or | 85ohidy £OTPENaLd Ao FRANGSY WTcE 136 |a4BRJ i o2 9RY BBA,

chl orotri met hyl si ane and zinc chloride,” the amount of

chl or ot ri mebhythsné aseorh p b@dimaechtdm pmﬂ etrteeb | 1y k@ 064 tio perefe@ebcBogiwkn,
nore preferably 0.01 nole - 0.1 1 nole of magnesi um_Wen the

amount of chP ofdtPTHRe BTN adé tRo -'b’é E%%df?ﬁ“q%s(‘fﬂaﬂ F-19h 019 per 1

nol e of g, icientl dt he
obj ecti ve ?lgg%lltll on nay no%é@ﬁ%/gd%d sm)g{ I]'I C%I%%tgl é%ﬁ%t q%f'g?

chl orotri mehéyhel | asenyD, bisdissbyac estmtil], mlo@uwl 1 see-Buak lyageesi-um

magnesi um may be consumed by the reaction with chlorotri rret hyl si | ane;

t her eby pos@ﬂ’éﬁ'i'y rieereest ¢ aISQR?TH-'rYlexé@S@%ﬁYG-nt hexydagRES-mifo conpl ete

the reacti op | £ eco om ¢ dj sadvant age f zinc
Lidied DR e BB Y Bt 87 BERARL

chloride to %%“ nore prererably

0.01 nole -cRafi amt ugh Haahqlogofl NBgNeSirydn Weemst e .aMmunktal17i nc
chlorlde to be used |s ess than 01 nole per 1 nole of magnesi um
magnesi uth nehib, lsmnrdnykmﬁﬁﬂhnumﬁl)Asnbutwébe@ean@utwé.obpgtrDVQYleact|on
may not be started snoothly. Wen the anmount of zinc chloride to be used
exceeds 0. 1¥hoile per 1 nole of nagnesium nmagnesium may be consumed by the
reaction with zing ‘Bllé}féx%let Nely @mossl Emo%gea%a&aabma agrexgess
amount of magnesium'to conplete the react’ion, is economcally

di sadvant agéoars=id rX aofivettheo o drmnu Jar AdI0i g bademunecambmxyhscmantdonsder
(VIl) in the above-nentioned step (a), when nmagnesiumis activated by
conbi ning chlorotrinethylsilane and zinc rhloride, 10. the tenperature of
t he above-nentioned reaction conditions is particularly preferably in the
range of 25C - 70C fromthe aforenentioned range, and the tinme is
particularly preferably 2 hr - 10 hr fromthe aforenentioned range.



MWhen magnesiumis activated by conbining is chlorotrinethylsilane and .zinc
chloride as nentioned above, activation is performed particularly
effectively as conpared to activation of magnesium by a different nethod.

Jhis is beneficial cEaaE@e thehgbj:recti%e reacél o¥ c?n bg stant ed at | owner
t enper at ur e PG FFPIREPOTEL PoPBTECRFSFOE PRt het ST T a2 TEF on@ T the 9
above- ment i MG NP atdin aHBRIRES] 41N #EY1 6 aGt IDMHRhéSidMAin alkyl group
chl orotrimethyl silane al one. The anount of chlorotrinmethylsilane to be used
i s preferablhaving03 robe préférable, 1noré, pcefleenbiiomls 01 Spelcdfic0. 3 nol e,
per 1 nole of Zs _magnesi um en the ampunt of chlorotri rretEIR/I silane to be

W
used is | es§*CRRISS. GOSTRBFe1BELUEeBRERYE FRLAERRTATA RGN may not be
sufficiensl ' nd ; |,eCLi ti
soothly. Wi SERs et car P BEE AR ST LRI B RERCLL 00, TDDG Shiiiditate
nol e per 1 melre-bhtyd phgdbesauvetatagardi the nhikée odihshese, bysehefr eahyilon

with chlorotrinethyl silane, thereby possjbly necessitating an excess anount
of magnesi uftlerearprtate PrReteEhTPIEY]l Ghiekorce®rbhols Rifgiprable,

di sadvant ag 6 3l . et produci ng racem c carboxylic acid
ester (VI )%%#%Pﬁé 550\%3- rgr%%%?gnegg%%g%d(a), when magnesiumis activated by
chlorotrinet hyl si iraaeaBbo8emehiiEoheAPEERE L &n Of s tdenaME, RIMHiGREGUt in
reaction_conditions is particul arli/ 5 preferably in the range of 20C - 60C
from t helhf or semperatuder aanee afidlite ikA9°Cs parferably| 0% of 086ty 2 hr

- 10 hr f t he _af ti d . WA i i tivated by. usi
chi or ot ri moPRSPe g ECAF BHEN AL MRAF FEHED Bhoba ek i BT of RE0TRASHESR um
i s perfornmegapaptbedbar kYoRifest i He) Ynde sRsPE£ht Gract | wakhophef

magnesi um by a different nmethod. This is beneficial because the objective
reaction camebetsbar terparatutewexceanpel G, e tied seheménygsmpreblatmtic to

t he envi rongent do not neegbto be used. 15 ( Activation by iodine %_}none
In the abov 9ﬁ8ﬁf’i d¥bd Te¥ ?a‘ﬁl?c?f’é%?r‘_é%‘?gﬁﬁré%ﬁ H@%’i’i%l"&d‘\%eng Stodife
al one asmnré%w%gfprE&x?c@FDi-':E‘éerﬁ’{c'&Qfﬁk?xﬁpicbead&%?%ét%rpf(%fﬁf)am 80001
nole - 0.01 nole and nore preferably 0.0003 'nole - 0.002 nole, per nol e
of magnesi udectipaséde thwsinlowérimglithes tynidled usedthes dessxitoman 0. 0001 nol e

per 1 nole of magnesi um nagnesium may not, be sufficiently activated and
the objective reatbfoRPAES RRRtIRNAY H3%F ISR dishIgeneRfdd v K8 TEAEEnPuss in

i odine to bgpu exgge 0] ne I NRAje iU i may
be consumedggyagg thggrggc%o#%mp%‘ﬁd%{d?rﬁe@t%e%rby posgob{yym%%gggi quti ng
an excess areYBhe OfV)"BgNE Shakihd £i a0 2118, e rHatilteheotlsl @lddition of
econom cal Iy di sadvantageous. In a nmethod for producing racemc carboxylic
acid est® kerepei (Vi hendeveeneillorfed magnegiam. when magnesiumis 3
activated by iodihe alone, the tenpera e qf the abovenentioned reactjon
conditions is parﬁ%u?%f‘f%mbrte? fétFeatﬂsfc# %T%g:hrear? S5t o5 CONE CIFPS%lFHe
af orement i opgd bangRy 29 dhE 44 NBr idoANddC Ulrilbs el @bl idnr angl0 hr
fromthe 17 af orenenti oned range. By using iodine alone for activation
of magnesi uathersestchnes By aliqand c ulimd thodye thvamen aod| sheoflikpeand a

reaction sol uti on dj sappears .when nagnesi umis activated, whe onpared 5
to the casc™iER coRbERES: Um TRE AUTSAR Dyt 61 VREthSE G anT Fom
advant ageouglymi ALk 'ﬁ§&£@éax%3ﬁé Rt Y gerﬁcetﬂev,atﬂo@ﬁen@‘}) x@%h&ahhantﬂ¥

i odi ne and et hyl bronpbacetate in conbination In 'the above-nentioned step
(a), ethyl bikepazkipiiaetimyhiirarsedbdns adilt iasn heptihe ,abhexenspnbrband
iodine to activate nmagnesium Wen magnesium js activated by copbini ng

i odi ne and ¥tRhyHerbhFacamke RIsE used-odifRentd Bredetrleent 1s
preferably 0, Q?Q]u#@ n’g a %an%igLcectrhdz%ﬂo%raﬁfl?—%lo%nomQQQﬁg”BL@%ﬁerQaQOﬁe

nole, per 1 nole o ghe € sane redson as given-for

above- ment | smeThi 8)£od mibhighgnount of ethyl bronpacetate to be used is
preferap%y The amount of the solvent to be used is generally 100 mL
- 2000 mL, preferably 150 mL - 1500 mL, per 1 mole of ketone
(V) for smooth reaction and imﬁroved productivity by reaction.

By the above-mentioned step (a), racemic carboxylic acid
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0.001 nole - 0.01 nole, mor e preferably 0.002 nole - 0.005 nole, per 1 nole
of magnesium Wen the anount of ethyl bronpacetate to be used is |less than
0.001 nole per 1 nole of nmagnesi um nagnesi um may not be sufficiently

Activated and the bj ective reactian not be started spoot hly. Wen
The amount -GS Sty o/ HEaPEOLEE 828 ExEECRs IOV HRRE BN ¥ o of

magnesi um qggﬁgﬁhggyﬁ%%ggﬁgﬁgqsuned by the reaction with ethyl

bronpacet ate, ther y necessitating an excess anount of nagnesium
to conplete the r @t ds, Weicahses tAe abonermeatiyndd sstis@an{agedifiedn a
met hod for producing racem c carboxylic acid ester (VI1) .in_the

above- ment i FF¥P & SPNVERtigRad medhedi thatsuaesi Yathiupydiakey Famide odink
d ethyl sb . f boye- i '
condi 1 ons IUEE IR reaid8, SCIREEEI AP a T 2k DEnd PO G TEN PP e LBBE ke |

af or enment i ong-cuAe.7830y, t PLodliEBids @@t the Word YefTiefiRmallly wd thout 40 hr
fromthe aforenentioned range. In_this case, iodine nmay be added first and
t hen et hyl megsfodest & spegpaBecagdéng uBit. Bylnsded ticdi.ndepad set hyl
bronmpacetate _in %ogbiﬁgghgn f?n gﬁthvation.of ng negéun1as nent i oned ahove,
particul ar| Yy ¥N&rédcrion HixFaPe™ ¥ P8 BRaP© gﬁ?% h BB A THE U T he
activation QfcidR@RYSUNVIMERanORBapeEdh el gt CASEWEET EoSt MARRSIHANES to
activated by other nethod, which advantageously facilitates confirmation of
activati ¢h. the) ahovevaensiobpdctepod) anesremvehal adgeighled inframmeiiden in
conbi nati on A_net hoqd for  prodycing.racem ¢, 3-hydrpxy-3-(2 10 ,

henyl ot hyl YGRS dsaBPd BSEtr BLAEE VREROTS oS A AT 1R £ A Wat i on
of the chl okasihanesyeaderatagenhetnoydeorar boRe e At | AL Qrdd'®an
production of 0Other 3-hydroxycarboxylic acid esters. This nmethod is
expl ai ned i eonkenfiehltdw pgodnckudangnibecprioskyeliomnaoid ddeyr (VII)

3- hydroxycarhoxylic acid esters. Is This nethod is, as shown in_the,
fol | owi ng s¥RERRUTa2pFBaGEEt FER2FRERBd I NEEPIFatdast PhgMagRgFhBRy LS

dieof i i . t .
Coarbonyl *coa8g,aY FHiBaked LOCLEL B0 Fnd R Bin ) SRS EI | Retivated
activated bgiahkl oeadi theespanatbah ogeneiie b rodiyel narixrefifi cien®. In the

3- hydroxycar boxylic acid ester (ii? of the formula (ii) (hereinafter to be
al so ref err@govg-mentégned srep”Jal) surprervehe hbRaceidsn i '

m c

IO S2oPhon SHUULBESSHSL 5 868 PSloled SR SGRYR S ALy
Activation tekyikhl BEembhasesc HabDgesated dndncarfien wherdiikhRasand R2a
are free of particular limtation as long as they do not show an influence
on the ré&hcreosmiandagboanliiX ackd ester (VII) can be produced at a low

cost without any safety or hygienic problem.

In the above-mentioned step (a), magnesium to be used is

preferably activated. In the above-mentioned step (a),

magnesium, whether activated or not, affords the above-

25 mentioned effect, but the use of activated magnesium makes the
reaction to produce racemic carboxylic acid ester (VII) smooth
and safer.

As used herein, by the “activation of magnesium” is meant
removal of a substance inhibiting reaction on magnesium surface

30 {in many cases it is a film of magnesium oxide) to enhance the
reactivity. As a method for activating magnesium, for example,
(1) activation by a combination of chlorotrimethylsilane and

zinc chloride, (2} activation by chlorotrimethylsilane alone,

13



19 - as defined above. The carbonyl conmpound (i) to be used for this
production nmethod is not subject to any particular limtation as long as it
i s al dehyde or ketone that can react with ester (VI) to give 5 ester (ii).

For exanpl e, Ide de .qr t one .of the formyl i erein R1$ is a |ower

2 kylar bup G AR SRR BYG TogRoe! Aaghes, (Ah AFFIVELLOD Bpit GRRTSPHA g
substi tuent Sf aR@ @Fca?n a&bmeaabuteavwg gubevatientisy and the |ike,

and R2a i s hydrogen atom a [ower al kyl group optionally having

subst i t uent ssompi ngrbjilongedupghdptricendbhes hanidngaopsna ted hwdreredval kydnd

group optionally.having substituents can be nmentioned. Specific exanples

i ncl ude aceﬁ%@ﬂéﬁ&&ear eW?&F&QH?g fﬁﬁﬁﬁﬁﬁﬂgteﬁetﬁQ O¥e Kt lane and

acet ophensng,; eREARAIAAAS colpBNELLL- 20EXERO r&ﬁe{iﬂéﬂﬁ Olifs MEEY %ﬁ%&h%tn%
eny ne

(V)] and the like, wwth 15 preference given to - hexano

above- nent i died kehdnEO¢V)hehhgaH$Eahé"isoabsymséatf@r|thewm§xhdﬁ(bﬂ(ﬁthNU
140690 useful as an anti-H V_ agent. As the "l ower alkyl oup” of t he

"| ower aIkbeﬁﬁéuﬂeﬁﬁﬁPBﬁglN?’hav%ﬁ@lgﬁﬁsF?t%%h%%edf€ﬁrtéh? drexft itheed

Ra and 2 Ré%yv%car %ﬁgﬁgdorBPran 8gng @%%%% §géﬁgﬁé]\”ﬂg}'kdu%e used

preferably on ato éuc as ne prop i sopr opyl,
butyl, |sobtfbyel theemebtbyl oft €hé- bhwé—m@xeﬂid:hedl mpemdll cH]I.QIWltl)é'nes
hexyl , gtyl octyl, nonyl, decyl and the like, with preference given to
propyl , oBpépylalogépyrced25Y9§ﬁt=§rborhéx‘9¢ bmelpngl for thee methed e ther vl

gr oup” of th r. 1 o] % onal |y, havi ng. substituents" foy .the

above- ment | BRgdornan SR BRaa oL Bhe b 771 ShPAS DR Tetsrt i 2o

2-napht hyl , ~3caniBeykr) 2- ait Rindse 9 Aot vatd ohh el hlse, byl th pref erence
given to phenyl 1 3 naphthyl, 2- naphthyl and the like. The "aral kyl group”
of the "arabh&brgtam@ebpylanbamq abonenp S uldst i dhamre-gierftgonede (2) is more
above-nentioneg g b S exg lified by an ara Eyl royp wherein &he
aryl nDietprg £hd 56' ecause activation is easy an starting materia

15 difficult to handle is not used. In addition, the activation
method by chlorosilanes and halogenated hydrocarbon of the
above-mentioned (5) is more preferable, because magnesium can
be more effectively activated than iodine, iodomethane,
chlorotrimethylsilane and the like used alocne.

20 For the activation of magnesium in the above-mentioned
step (a), an activator conly needs to be added immediately
before or simultanecusly with the start of the reaction of
magnesium, ketone (V) and ester (VI) in a solvent in the above-—
mentioned reaction.

25 To be specific, an activator is added to magnesium
charged in the solvent in advance, or a mixture of ketone (V},
ester (VI) and an activator is added, or a mixture of ketone
(V) and ester (VI) and an activator may be added separately, to
magnesium charged in the solvent in advance. Alternatively, a

30 mixture of ester (VI) and an activator is added, or ester (VI)

" and an activator may be added separately, to a mixture of

ketone (V) and magnesium charged in the solvent in advance.

When the above-mentioned activator is separately added, it is

14



- same as the above-nentioned "aryl group"” and the al kyl noiety has 1-10,
preferably 2-5, carbon atons. Exanples thereof include benzyl, 1-phenethyl,
2- phenet hyl , 3- phenylpropyl and the like, with preference given to

2- phenet hyl and t i ke, , s. The ~substi of .the "lower alk rou
opLi onal . AR SR A A Aamech A ¥ Baprs RATRELPY REvR HBLAtuts S
substi tuent g éyﬂg aI I a a sybs t he
above-nmenti oned R1 agdgﬁg|%§t%%f(?ﬁgjg%tgkﬁegngvggft?gu%iﬁH Eéﬁ a%?%% as
|l ong as it cdakEdomdrehiphefsiria®lly @&&uutaﬂeoasdyladdédnphléleﬁibystfaﬁm).

al kyl group such as those nentioned above, that cannot be a substituent
for the "lo %twb@é sbei abaveyTRAtiARCdUBSELYRERT 5" 3, PALT oE rkeltans
(e. g., fkuogin ng _a b odin etc.),

| ower alkoxyﬁgrghg%%%%y (&&&rgﬁp%ag%glEgrég§aﬁégg%%%pgﬁ E%ﬁi %¥n%§group
and the |ikeddsie amwﬂwu&fedt Fersubshituble perDed eartimsl aéfystimixﬁgi and
Is preferably 1-3, wherein the substituents may be the sane or different.

As the "Iow@ﬂdﬂﬂ@%@@h&ﬁoGﬁmpﬁéﬁtvﬁé abéeévnﬂﬁtﬁbn@ﬂl©@b§h¢ttﬁmnlnkng|near

or branched .c aln Y 9 h g .2 ¢ rbo 1-1 an tloned,
ohi ohie exdirerh dVID AR EREEs Wehonay “Br oRfega | Y ) gk

| sobut oxy, S&Cb@UTan&éd sRphrBekayY. tﬁénébﬁ{%é{tof 9%%&1 | oxpa @ PatY | XY,
hexyl oxy and the like. As the "aryl oxy group" for the above-nentioned zs
subst it uéht sodmdriony cohtaiphingoxhie dchapatboxin ddwmde ydequndm@mmrr;heoxy,
9- ant hryl ox he i an_be nentioned. As the 7 raI | oxy

Che aboye. mtHoRoa TeRber | SRCHELS (RARSA OHF 9P iinditet =3 BereeroP LRy,

3 phenyl pr0&@9&a%s!ernaﬁthbhsdceelb@neeasé&nfgr o8 AﬁT By sl al kyl ami no
group” for the above-nentioned substituent, a am no group having
| i near or brancheﬂachamathbayEoﬂDaetyvhaﬂm@gnégneéﬁumuinnthﬁ(Ebbvﬁm1 be

mentioned, wherein the alkyl npieties are the sane or different. Exanples
21 mentioned step (a) is specifically explained in the following.

15 (1) Activation by chlorotrimethylsilane and zinc chloride in

combination

When magnesium is activated by combining
chlorotrimethyléilane and zinc chloride, the amount of
chlorotrimethylsilane to be used is preferably 0.005 mole - 0.1

20 mole, more preferably 0.01 mole - 0.1 mole, per 1 mole of
magnesium. When the amount of chlorotrimethylsilane to be used
is less than 0.005 mole per 1 mole of magnesium, magnesium may
not be sufficiently activated and the objective reaction may
not be started smcothly. When the amount of

25 chlorotrimethylsilane to be used exceeds 0.1 mole per 1 mole of
magnesium, magnesium may be consumed by the reaction with
chlorotrimethylsilane, thereby possibly necessitating an excess
amount of magnesium to complete the reaction, which is
economically disadvantageous.

30 The amount of zinc chloride to be used is preferably 0.01
mole - 0.1 mole, more preferably 0.01 mole - 0.07 mole, per 1
mole of magnesium. When the amount of zinc chloride to be used

is less than 0.01 mole per 1 mole of magnesium, magnesium may

15



- thereof include dinethylam no, diethylam no, ethylnethylamno and the
| i ke. The "chlorosilanes" to be used for the above-nentioned nethod are not
subject to any particular limtation as long as 5 they can activate
Jragnesi um Exanpl es thereof jnclude chlorosilanes of the fornula %lmh

is an

R38Si CL) (i PPF RRefeffiriently A¢tiwated iand ghwupechivie Fe6qre

I nteger of Q-3. ALo I pinand... | @ QURL '
t hose exenng?igés?%ggFﬁ% %ﬁ%%§¢ﬁg1k&?gﬁr58%"g§ﬁ§5¥a?$|Qg?Sugﬁl%?i?ﬁ§t°
above- ment i peedsBHacRBdedE Can MElepdt ANaesh1 Ll H mesjriearienm  amagnesduat by

exenplified by chlorotrinethylsilane, dichlorodinethylsilane, 15

net hyl t ri chber eenpumed byt Ehe eretiom el dh & infe ghlaridmme thexedyenat ed

hydrocar bpn’ to. used for._the above | ane t i syhj ect to
any .parti cngFSf‘E%tﬁ??%ﬁsjagaﬁ)%%l EO ezgé‘J'n ag"cch‘lll{\gt%o#n‘ea éesgﬁ'hnr% l‘E@xarrpl es

thereof inclygdg1bydr egar POf-tMEH eiwhilcloris? «itncaialalNydidigedvantageans . 20
substituted by hal ogen atom By the "halogen atom' is nmeant chlorine atom

broni ne atom i odineaanethetdfehetddusinghdasenite carpgryddchesid esvgant
straight or prapched_chain al kane,. al kene, al kyne and the |ike. having
1110, Tpr ef el SBEY I8 7ERE Sp B AL e GHRTRor 1y RN RECERSSEM dant o.
Exanpl es of aZéi\trQEe&%téémﬂ&iﬂg{l%w&&fﬁﬂmmiﬁ%& andheivk ghouRidé,
napht hyl , 2-naphthyl, ®etc.) and the |like. As the hal ogenated hydrocarbon,

al lyl br¥hi tee tedperstiane,of othuetdismes-negrtzidnest amagdioh 2zodditdovshase,
1,2 di bronoethane and_the |ike are specifically tigned, wth 30
pref erence BRYBACELREIY PIBFFARY Ibhdfedriss é’%% di B?M%Eé’e

aforementioned range, and the time is particularly preferably 2

hr - 10 hr from the aforementioned range.
When magnesium is activated by combining
15 chlorotrimethylsilane and zinc chloride as mentioned above,
activation is performed particularly effectively as compared to
activation of magnesium by a different method. This is
beneficial because the objective reaction can be started at a
lower temperature.

20 {2) Activation by chlorotrimethylsilane alone

In the above-mentioned step (a), magnesium may be
activated using chlorotrimethylsilane alone. The amount of
chlorotrimethylsilane to be used is preferably 0.005 mole - 0.6
mole, more preferably 0.01 mole - 0.3 mole, per 1 mole of

25 magnesium. When the amount of chlorotrimethylsilane to be used
is less than 0.005 mole per 1 mole of magnesium, magnesium may
not be sufficiently activated and the objective reaction may
not be started smoothly. When the amount of |
chlorotrimethylsilane to be used exceeds 0.6 mole per 1 mole of

30 magnesium, magnesium may be consumed by the reaction with
chlorotrimethylsilane, thereby possibly necessitating an excess
amount of magnesium to complete the reaction, which is

economically disadvantageous.
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The above-nentioned nethod is realized by si nul t aneous addi ti on of carbonyl
conpound (i) and ester (VI) to magnesi um 22 - charged in a solvent in
advance, or by the addition of ester (VI) to a m xture of carbonyl conpound

(1) and magnesi um_charged. in solvent in advance. In the apove-nentioned
‘met hod, chi or osi | dfe& %ﬁ&hQ h2969858?381ﬂ9dF6€§Wb6nc%f%9§¥£kﬁi??} &35k e

magnesi um Ay149ed 1ehe Bibobk hBkei BRIV ELE TRANCSIHON fSgiBANn AIOVI NG &
subst ance on nagne3|un1surPace that 'nhi BItS react| on (rn"many cases, it is
a filmof oddiizededagpyeshibyoteinshhptsilanst alohy, (e Themmetauate af of
magnesi um by chl orosi | anes and halogenated hydrocar bon may be conduct ed

i medi at el y URef gbovenaegitipneds repetiaBceppAlbions oby MAIRLehEphbgress of

: | eh b ,
hydr ocar bon CAFESARAY 08 RanCeTan Shafgen 1 st srgh) yak oPAFRREioneq

m xture of camkenylaneokpeuRdméi is pateichVirly ChrofosibRpes wnd- hia) agenat ed
hydr ocarbon i s added to nagnesi um charged in a solvent in advance; a

m xture of d&aodoitle edepenentipnednyargeer (VI), and a ni xture of

chl orosi | anes andwgalogenated hydrocaébontqﬁg?se arately added 20 to
magnesi um char ged 11 a"8gPTEAT™ h2 aBVENER S haPbdiited hydrocarbon i s added

to nmagnesi uEHkoeedmeRhg 1821488 al Sn@d¥3NhEnt BEed bV Madtiv@tSfon of
carbonyl compound (i), estei (VI) and chlorosilanes is added; hal ogenated

hydr ocar Bbnmagnadden tis pegfevineth phrtijcdlanly stfecnively sy avawarsdd tohen
a 25 m xture of carbonyl_ conpound (i) andg, ester (VI and l,orgsi | anes are
separately Qﬂ’&éﬁﬁtﬁaﬁoégnﬁ?ggeﬁwrf‘&%r%o‘glf SRR d“%g“ﬁg'gng‘gilﬁmléharged in
a solvent i =¥ n ! : Doy i ter
(v), chIor%S?ﬁggggsénggﬁnggeﬁg?gb %%%?%@%r%%% I'S ad%ed; hgﬁﬁﬁgﬁﬁﬁgﬁ @
hydr ocar bon loge30tatfedatorengné se Lametias gerbh Yemsatsiod vientthen eahiamemenand

then a m xture of carhbonyl conpound (i) and ester (VI), and a m xture of
chl orosi | an88 BR& REPEgERaPBJIUASEr ocarbon are separately added; a mixture

of ester;ivub &Rk 9Lsk LANES 294 b2l ted 23 hydr ocarbon is added to a
m xt ure of ca#bonyg—tonpUUﬁg—%rg—andgﬁgggesiun1charged in a solvent in
advance; ester (VIp, thedaBoweXhétieioied d0sm@sid)anamgied ita agenated
hydrocarbon is separately added to a m xture of carbonyl conpound (i) and s

magnesi um cREFgEaterd usibgviedine akenmcrs amlagfdvatar -hydhecarevnti el added
(0,2, X 1 SodlpEeLO0N!  SRIPEN Lide ), RANGR RSP 9 pedoogiert 1
hydr ocar bonmbgeagdeder 881 906G @3 thyrk ocay e info1RAdefxt @ aoTlexir e of
4?0 magnesium. When the amount of iodine to be used is less than
0.0001 mole per 1 mole of magnesium, magnesium may not be
sufficiently activated and the cbjective reaction may not be
started smoothly. When the amount of iodine to be used exceeds
0.01 mole per 1 mole of magnesium, magnesium may be consumed by
25 the reaction with iodine, thereby possibly necessitating an
excess amount of magnesium to complete the reaction, which is
economically disadvantageous.
In a method for producing racemic carboxylic acid ester
(VII) in the above-mentioned step {a), when magnesium is
30 activated by iodine alone, the temperature of the above-
mentioned reaction conditions is particularly preferably in the
range of 25°C ~ 65°C from the aforementioned range, and the

time is particularly preferably 2 hr - 10 hr from the
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10 carbonyl conpound (i) and nmagnesium charged in a solvent in advance, and
then ester (VI) and a m xture of chlorosil anes and hal ogenat ed hydrocarbon
is added separately and the like, but the activation is not limted to
these. Wen chlorosil anes or hal ogenated hydrocarbon is added separately,
they are is 3HeBeRSiPredd&dnPfnedi atel y before addition of a nixture of
car bonyl conpoundg(, ( r t o] =Y

therewith (nore pF&#gﬁg%%y§§ﬁghﬁtg%éggsf§§a§é%%y%%l%ﬂt%frﬁ%%éea .gk%r t he
addi ti on of niche idhede aertl, opadtibhdaosy| 8Resheswhatobenad £ oty drepatrion, a
part of carbonyl 20 conpound (i) and ester (VI) are added, chlorosilane or
hal ogenat ed Sj@gtdesr BafaPpeatdehgRdmagnesLamf be activatete Mhem qppared
stirring and suitable tegperature rise)._and.the r enmi ni calr bony.l
conpound | Eoaiioecrgs FURTenyohet kiiLte “ChshTeed byl SR bRl o Rhk,
hydr ocar bon sgvapddedods19cpacaletitest cHBYi BRaPIiGRSLadPivdvidice into a
sol vent containing the sane. In the above-nentioned reaction, the anount of
magnesi um t d4be Agtddaitdopr bfeiadipegabdnetkyl Breompacepate imptamkgmation
car bonyl compound_(i but it is re preferably O. l.e - 2 30 | es from
Che econom ¢ aspedf th BhevhEBERTRRERoRERP | Lol i SV hHerRs Shthon o
magnesi um t @.bgsugedn 8dbeesohNed Phne ABbFeRREndi e Qla G honw-Gmeund
(i), the efficiency of the reaction may be unpreferably degraded markedly
due to t A® Bdgnesioar bdilyén goagrozmichn ii)s reertdHivieitegl bar comblipiogr éadisd. ahd

t he above-nenti gned reaction, noreover, the use of nmagnesiumjn excess of 5

mol es per 1SFBYe BFORIRAREERFFScoPBLABOERY ¢§ R tTS ess, because
it leads to f na apogin angsk i i
reaction. | REFESBEE% e9r'rglr)1t9|iglﬁ%§er ead(’:l'tlls%)ﬁfmit]%'e anDéJu:?%)'[E(;j%”}eés?st'fL r\b(e'gl)ld)or}t '(i)n%%g
used i s prefepabbg folel, eper3inmbes e rmidgmes fuffearticndareomeasat @is) ,
nore preferably 1 nole - 2 noles fromthe econom c aspect. In the

above- nent | GA¥ENr EaEt £hA, ahpen—meRtiongduht) of ester (VI) to be used is

| ess thaps 1 nol e (i) it fiCi he
reaction Smay be rrggéeélflg&}agg?édgé?%gy %%ﬁfﬁe%oﬂ%lbec%gﬁg P?J)%%%rgi’l&
remai ni ng parboal hylenseact ednold, tier SLONEE ST 11 D UZaRIlieOR, OTODSOVET

the use of ester (VI) in excess of 3 noles per 1 nole i5 O carbonyl
compound (i pels, epenoki val ¢ yofigpdares k. phei emeantonfoeth¥ié product

difficult as_well ecaugse it leads, to the use | arge ampunt of ester
unnecessar y EFBTORREERERCER e R TTE b LSRR, Sorblnip Y HLS Fhd me1e°d
above- menti gRgfles €aA! | RAgnE SEUR MMM IS Ko U QSIdANGS dct iRRAtECAnUS the
preferabhy 0. 005 nol e - %.6 nol e, nore preferably 0.01 nole - 0.3 nole, per
1 nol e of? magnestive Xéentide mapumit de citartesd |smvedhly .beWherdths | ess
than 0.005 nole per 1 nole of magnesi um nagnesi um may not be sufficient|y
activated aRBOPRE B8hj BERY Y PTARATH A RIS fed SarBmdoi E}‘F’EV\hBErt he
amount of c¢ 05k! erh@%?e > %gﬂ, Sy e ;
magnesi um ﬂgg%eé#dﬁg §§%gpbons neﬁ Ey t eQﬁgégﬁion mnfﬁ ?ﬁ%of%%FFéﬁgs,

t her eby possibhyetiegbsistémbadgtate oxteaseBmMpods idfl yrageesisiteattdngoanpl et e

t he reaction, which is econom cally di sadvantageous. 3 In the ) ,
above- nent i BREYSE cRPIRR, of HeaghR D o 19 ddren &G taPBon "k CBeldsed

IS prefeﬂﬂbé Ogg&gga{@%ﬁaiﬁé§§%4é?%§gﬁg; preferable 0.005 nole - 0.3 nole,

per 1 nol e of magnesi nmount of hal ogenated hydrocarbon to be
25 In a method for producing racemic carboxylic acid ester

(VII) in the above-mentioned step (a), when magnesium is
activated by combining iodine and ethyl bromocacetate, the
temperature of the above-mentioned reaction conditions is

30 particularly preferably in the range of 35°C - 70°C from the
aforementioned range, and the time is particularly preferably 2
hr — 10 hr from the aforementioned range. In this case, icdine

may be added first and then ethyl bromoacetate may be added.
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- used is less than 0.001 nole per 1 nole of nmagnesium magnesi um nmay not
be suffici ently activated and the objective reaction may not be started
snoot hly. Wen the anmount of hal ogenated hydrocarbon to be used exceeds 0 6
jole per 1 nole of s ma nesl i be consuned b the reactl

magnesi
Wi th hal ogenat ed BYdMSERF0AR lPﬁePgﬂyeEE&'B%/?mﬂ%‘é%E%W attn

amount of 0 e,Le S 1

di sadvant ag%g'{}g%la rnt ﬁgoyl éﬁ%glm 8&@%&%2%%“%@9;%%%ng%%%ny %e The
above- nent i aradtieaciaturse eathi ed bebria yheeh eopboataleng aneh ofhe
-general ly 15C - 100C, preferably 20C 70C. This is because, when the
reaction teﬁﬁéﬂaﬁﬁﬂ@nl§fl@égnﬁﬁaﬁm15ﬁheﬂh§°mﬁéé?¢oﬁon%@epﬁ%ﬁﬁ*ﬂp%ﬂway or

excoods 25 TEOEFSAaoGr, FerbrRbaRc i §inh TRchad, Eiot Ml SRS, |

be deconposedciin itheekeachF@PmatXbhr 6 Qétﬁﬁéﬂioﬁll) mhlch is a resultlng
product, may be deconposed to lOSSIb|X reduce the reaction yield. The
above- ment | dSddAcsdveitdani bygehde . and o 1l egenaedi hiydrogpihon Jm
The sol vent to,he sed for the above- nentloned reaction nmay be any as |ong
as it does Eggéﬁﬂﬁkégﬁ the reaction, and ethers such as THF, dioxane,

di met hoxyet hane agdmbhgoli k6x Bfoéu&ﬁ@dr§@éﬂf@t3%y .ej_hpgs and any

sel ected fromaromati c hydrocarbons, such as benzene, tol uene, xylene and

t he I|ke1°2§hanglamhphahexahydcoeax@oasteuchyasctmxntwnn dﬁ»mﬂqneainmaﬁw'and

the like, are preferably _used e xed S is to .may
be m xed at C&"‘E’E)H@Eﬁ??"o IFQek‘ﬁ]\é\{v‘:ﬂrﬁfﬂ' e EHP% ‘??ﬁf‘a"’ﬁfiﬁiﬁ t"sof
t he sol vent dils 2 f

car bonyl n%g Sa]('!?)s tan59§3§ Eg&g%%ggﬂlgga%%ﬂ an de%loh%ﬁ%ae%dﬁyg%tﬁtalc\}ldt y

of the reacbsaarsit Tisi P roedtercabl iys b ldinedl 560 tie. flodlbkéngbdnelndnhgoned

nmet hod, by using 1-phenyl-3_26 hexanone [ ketaone (V)] as, carbonyl conpound
(i) and set FpﬁgPFQFIPSGéOFeﬁEt?%e’éo?'lc#ﬁlwcﬁﬁﬁo’@ﬂe’-q f?éJsdar?e"t&ﬁ?dl tions as
| sai d mthod, rage GedelNLOx; D s pheny| albuldd G B est er
[racem c car boxyl ic acra er { can be obt al ned. e racemc

3- hydr oxy- 3p&3dﬁhemahembyhd@e@aﬂptnsﬂ@idréaﬁfﬁndraunﬁﬁﬂbnymﬂammﬁdumdaﬁﬁd
ester (VI1)] obtained in the above-nentioned step (a) can be isolated and
purified bythecéavenlaofhil ﬁ@mwamr es@rhe ealqmererf@a?,rtqdortqﬂ%& ure is
poured into,acidic ter

h
washed and fFPEPRPEY. cﬁ“ﬁ%"%’ﬁ a?’n ﬁ?t :ﬁ%o‘?ésn : dr| e jﬁy% ds

Concentrateﬁagﬁéﬁiu&egéﬁfﬁa@6@3§yréhiékéé%déﬁé%réﬂaﬂﬂdldéﬂﬂaﬁéﬂ ic acid
ester (VII) fter isolation, for exanple, it nay be subjected to silica

gel col ufth bhdooeadgenphy §ove piriiydioeryckbdsy ldddiadich estegerfiid )i o the

carboxylic acid r (VI e subj cte to st to be rrentl oned
bel ow Wi t hog?nﬂ‘df?f fEiki %‘grq%%s?rert (E’IdZ) Y RE T
above- ment | efigfle pt SBulR) gaﬁh@%@%{@ﬂ@%f&hé@@%ﬁow@u& Ly (lsnown

met hods, or a conmer cli a y avai l e one may be used. z The kefone (V) to
be used forphéeyaétiel neatanmie stiep dser afrdremirodarddxydder dicig estar
met hod descrl bed_in US publication No. 2002/ 0013501A or a nethod conpri sing
oxi di zati on{¥fIhl phenyl - 3- hexanol with hypochlorite (JP-A-2002265409), or a
commercially avail abl e 05? ﬁ;ﬁi)oe sed. However, ZS one obtained by the

fol |l ow ng metlgod pr opose 'b§ méfesent inverﬁms is preferable.

Producti on B&tyod of 1-phené - hexanone (V) 1 Phenyl - 3- hexanone [ ket one
(V)] can be obt\ained by condensi ng benzallgé of tE@ff rmula (V-i) with
2- pentanone 30 O the fornmula (V-11) I'nt 2*a base as shown in
t he fol |l oM ggafeacti on schem®o give propyl s ¥4yl ketone of the formula
(V-iii), and then reducing thg obtained propyIRstyryI ketone (V-iii). 27
Step V-1 0 St ep(j}/)-Z HO O condFr}&aﬁ‘p@t{ggucti On(.i‘Li-l)- i

Chlorosilanes

..A‘

Halogenated hydrocarbon
wherein R™ and R* are free of particular limitation as long as

they do not show an influence on the reaction, and R' and X are
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[V-i) (V-ii) (V-iii) 0 ~i (V) Each step is explained in the follow ng.
Step V-1 This step is for obtaining propyl styryl ketone (V-iii) s by
condensi ng benzal dehyde (V-i) with 2-pentanone (V-ii). In this condensation
yeaction, 2-pentanone (V-ii) is preferably used generally in a proportion
of 1.1 nol -ass.d(‘j’%n ed %EP"ﬁreferably in a proportion of 2.0 mol - 3.5 nol,
relative to 1 mol ral hengahgehydRobni) (L) ¥ée¥e ohsdderd L0t Opltddifet

The solvent to be use% ?gr ?Eis rgac??oé rs not su%%ect to anyq%afﬁﬁziﬁéﬁ

i mtation amthorg iasnot dabgepat tonhni patbibcukart 1imitdeien add Yoy as

sol vent such as water prinarx or secondary al cohols (e. g., nethanol,
ethanol , i sdir dFandlehyde. pr ketepar phat conpl seaet with (eFtepytBhoito give
tert-anylsl | cohal:, et , i C ot e

nmonochl or ob%r?%ee%e?gé{’é. );ﬁ)}et%er €. gélf\tpii a& g’lrf)%éer}%,neetogl. ;@%fﬁéﬁ‘?éﬁone,
which is a gtiarnt wheredhertalis andowbe bilkglograupi spdicnhyeptBavhegeof are
used. This solvent is preferabli used in an anpunt of generally 50 nL - 500
mL rel ati ve Sugstikugplte .ofNbakYal Ay Pt Aenal ly dmying el talsifoct@tand
snoot hness of e.reaction, . it is,150 nL - 400 m. In the e of,,.a mx

ol vent .t ey ReLPRP PP BATL HRRERT , R et Ao, Sbor £
make the toR& A RirdgRin awok)i B HBQe@baiﬁgmeakbﬁﬁert@Bﬁ&ll%Sh§@@2§
above-nentioned reaction is carried out in the presence of a base. anpl es
of the biSesubeltdtventkal annerul gyowpxépieldsabiyrhanidinduls tifoteadsi,umn
hydr oxi de, etc al kali 28 . - tal carbonate (sodium carhonate, .

ot assl un c AFBYKHL T BN ARF YR LEE HEAT DRI S A SIS T K AISBNHPRER e,
etc.) and thpelikes OhahPess iAbkahd LELIAl1dMEYAX qfeﬂzsaﬂe@éﬂea,bla%etone,
Particul arly, sodi um hydroxi de and pot assi um hHydroxi de are preferable
fromthe aspethydf eshiylibkétoye| navetepshenonaddrdnaophearmnegnitiphenfylbdse to
be used isngenerally 0.1 npl 1.0 nol relative to 1 nol of benzal dehyde

(V-i). Fror ?ﬁén@ESnéﬁ¥E %E%%%Tm%FEF?Qﬁdt#&F%W%oFH]pﬁﬁﬁﬁé§§*&PkﬁheW1th
reactionss | ré%e?éﬁégrgg$¥notg = h?wi?fhlggﬁaﬁg%é”1 %&Eﬁﬂ@ﬂk?&%%ge§

reaction stepis carri out genera enperature range o

100C. For suétbaeent) | ebstavse speetks vhidehigpire sivitgnediiadte feacPior, a
reaction in a tenperature range of 55C - 75C is preferable. This reaction
i s general | }48PP  egebul as anrankiiBHH tagRhtf |'s about 30 min - 24 hr.

LoD 2 B DR ORL SV KRG Yo e AP o
optionally having substituents” for the above-mentioned R!* and
20 R®, a straight or branched chain alkyl group having 1-10,
preferably 2-7, carbon atoms, such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl and
the like, with preference given to propyl, isopropyl, butyl,
25 pentyl, hexyl, heptyl and the like.
The “aryl group” of the “aryl group optionally.having
substituents” for the above-mentioned R!* and R®** is exemplified
by phenyl, l-naphthyl, 2-naphthyl, l-anthryl, 2-anthryl, 9-
anthryl and the like, with preference given to phenyl, 1-
3% naphthyl, 2-naphthyl and the like.
The “aralkyl group” of the “aralkyl group optiocnally
having substituents” for the above-mentioned R'™ and R* is

exemplified by an aralkyl group wherein the aryl moiety is the
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produced. 20 This reaction is generally carried out by adding a reduction
catalyst to a solvent such as water, primary or secondary al cohols (e. g.,
nmet hanol , et hanol, isopropanol, etc.), tertiary alcohols (e. g.,

tert-butanol, tert- | _al cohol , .etc.)., ,aromatic conpound (e..g.. toluene,
55" tonochl or St A d e AP Bersiehel "3 TCuRorPachra: B cit ! AASE.
etc.), ethefad a-19, pbdferdblyanes,Cberbonketenss (EhantplesAG@edes ML hyl
et hyl ketone), nitriles (e. g., acetonitrile, propionitrile) and the |ike,

that do not iindiiugiet bemeylgadt-pbenethglini Reghenetvbnl , t hepledy I prag el ard/,
ethyl 30 acetate, THF, acetone or a m xed sol vent thereof, and reacting
propyl styr ekg‘tl&ﬁ’?e ("“G‘tg’l P)re\fmeirﬁnﬁ%géﬁéﬁ.tPtSTEh%’P%Bh%S%'F%I@? ol the

reaction gixture el ek dw V; ct,i40d | .vent
of this reducti on%frh%actsi %%t iaLggléﬁtThgkr gg%ct ?%‘ﬁ&éa?%]f@gt%%‘%eé%%e%d%qblyt hi s
reaction i s haxdmpg isibetityeptkladrapytagboap ppticmialy hpsrimgi um

hydr oxi de, platinum oxide, platinum _platinumcarbon, rutheni um oxide,

rut heni um SEOSEATERNEA baR%anarehEYLi wEouRY oPhieRally haYiRE um carbon and
pl ati num oxi I far e n | adj | S Patal isGU I .

pr ef er abl e. s?’%g%al%%?\’t%sof %? ketpgdggg?%nggggg%ﬁ‘%ﬁb?g %%dugfad lugshgréné‘r‘*é??‘itz

g - 20 g, prefengbpbrr4igulatOl@mitetdbhVest Dodg s ei ©fddeHmdt SinHiWikeahene
(V-iii). Wien the anount of the reduction catalyst to 10 be used is |ess
than 2 glfelgeictdons andplie exeppbpfiedthyyloker onbky/-gndup (sveh @sction
tends to begone unpref.erahbly. sl ow, _and when it exceeds .20 an. ef f ect

corr espond 1468 PRETARBAM SPEvBe. TREH FERRt B (4 TP CRHNT (hF the
economi cal | y1uaRrehekgh! grodPeopiPoRA1 D) RYFHRYesuB S Bidiiar)i N Hallioyett €P
is not 15 particularly Ilimted as long as it can reduce propyl styryl

ket one (V-itpm dedgt heflvarinenapomrsschkboringentom) Ibr&(inePatohQ00 ciRag

preferably 70 kPa - 200 kPa, nore preferably 90 kPa 150 kPa. .In _this step,
a base suchaﬁgmfrfa’é{:hgkallfr?ﬁ%? %i)}ﬂ%g-‘éﬂnr%mﬂ' 1Y 194 FPRye aF@ddd Lok Yan

attenpt 1o ayeef;g;?éﬁlﬁyﬂsmiﬁac&% Sy 'ﬁgeol’ﬁ{é.ed‘fﬁtei Aing rP6EP¥heSLYTYI

ketone (V-iil), IS a product, and t |1 ke. 1-Phenyl -3-hexanone (V)
[ ket one (V) bubbtatunedtassabotepantidel ash) al i hiyd a&rebrive piredealabilgt hed,,
For exanple, the 25 reduction catalyst is renoved by filtration, and the
filtrate i sWBBRE&Rt FREcHUDRABEFURER CRRY fresEhif sane fthiddfdereditat i on. The

! e Lo (4L 608 Eoplk IALERPIGShall 4t 90, WG RISl e e
step (a) w bhipstipuent|catldfear or branched chain alkoxy group having
20 carbon atoms 1-10 can be mentioned, which is exemplified by
methoxy, ethoxy, propoxy, isopropoxy, butoxy, iscbutoxy, sec-
butoxy, tert-butoxy, pentyloxy, isopentyloxy, neopentyloxy,
hexyloxy and the like.
As the “aryloxy group” for the above-menticned
25 gsubstituent, phenoxy, l-naphthoxy, 2-naphthoxy, l-anthryloxy,
Z2—anthryloxy, 9-anthryloxy and the like can be mentioned.

As the “aralkyloxy group” for the above-mentioned
substituent, benzyloxy, l-phenethyloxy, 2-phenethyloxy, 3-
phenylpropoxy and the like can be mentioned.

30 As the *“dialkylamino group” for the above-mentioned
substituent, a dialkylamino group having linear or branched
chain alkyl moiety having 1 - 6 carbon atoms can be mentioned,

wherein the alkyl moieties are the same or different. Examples

21



30 obtainment of ketone (V) to be used in the above nentioned step (a) by
t he above-nenti oned reaction is beneficial as conpared to the nethod
described in US publication 2002/ 0013501A and a net hod conpri sing

OXi di zati on f. Nyls = 3+ W it :
(1P n 2002 FABESSE BEIBAE SmgE Tt aEhat! L DHPEGRIAS Exhyinethylandne
for produci rghd agRmidka. hydroxy- 3- (2phenyl et hyl ) hexanoic acid [step (b)]
5.This step is for producing 3-hydroxy-3-(2phenyl ethyl)hexanoic acid
[racemni c car boxyl T&ealichlerppilbpenydEel heivsed fareckie above-mentioned

3- hydr oxy- 3- (2-phenyl et hyl ) hexanoi ¢ _acid ester acem c, carboxylic acid
cstor (V1) TS Bhen oo a i e Car BoR)Yi BohEl G baE T T S T b A Foor
this stepsi et cb@ BatlivatkambynbsMirhed Exddmpie P r@fticdd Y neibaened by the
above nentioned step (a). The hydrolysis of the racem c carboxylic acid
ester (VIl) abdwriosidenegcddthecbodimmgat 6ibiktonventi onal nethod. For

exanpl e, racem c carboxylic acid esggr,ggll) %gﬁﬁslkali nmetal |5 conpound
are reacted in a solvent to give a BsarPt Core-pracleri carboxylic acid (I1),

whi ch'i's them eyt abd zed Miidhedn aa%hd 82008C825aLY1! §rBh¥Cah@CRM S an
carboxylic acid (I1). The solvent to be“used for step (b) may be, for
exanpl e, netintegler efhardl., Awmtthe aridbuwere dlikyd, gaoup "maxed *aaklegroip”
thereof,IFreferaQJy vat er. The ampunt of the solvent to be used in step (b)
i s general | foF R -, fhqse seppldfiigd; fpr. the) “lgueriaklybf IF RN 2nd

(B 15 25 oxBuati BreyPhy ELEhEntROur unEEaler HE SaE R R edR 8T i th T
pref erence giewedohedsodi um hydroxi de. The anmount of the al kali netal
conpound to be used is generally 1.0 nole - 10 nol es,

Chlorosilanes are concretely exemplified by
chlorotrimethylsilane, dichlorodimethylsilane,

15 methyltrichlorosilane, tetrachlorosilane and the like.

The “halogenated hydrocarbon” to be used for the above-
mentioned method is not subject to any particular limitation as
long as it can activate magnesium. Examples thereof include
hydrocarbon wherein 1 or 2 opticnal hydrcgen atoms are

20 gubstituted by halogen atom. By the “halogen atom” is meant
chlorine atom, bromine atom, iodine atoﬁ and the like, and by
the “hydrocarbon” is meant straight or branched chain alkane,
alkene, alkyne and the like, having 1-10, preferably 1-7,
carbon atoms and optionally having substituents. Examples of

25 the substituent include aryl group (e.g., phenyl group, 1-
naphthyl, 2-naphthyl, etc.) and the like.

As the halogenated hydrocarbon, allyl bromide,
iodomethane, lodoethane, benzyl bromide, 1,2-diiodoethane, 1,2-
dibromocethane and the like are specifically mentioned, with

30 preference given to allyl bromide, iodomethane and 1,2-
dibromoethane.

The above-mentioned method is realized by simultaneous

addition of carbonyl compound (i) and ester (VI) to magnesium

22




preferably 1.5 noles - 2.5 noles, per 1 nole of racem c carboxylic acid
ester (V). Wien the anount of the alkali so netal conpound to be used is
|l ess than 1.0 nole relative to 1 nole of racem c carboxylic acid ester
(M), the reaction may not conplete, which is unpreferable, Wien it is
used in exc&d@rged| s solvaRteifcpEVaBrtesBENEY Nt 2EREC PR UNE 2%

d 31 ' ' L.eh ] I | kal i
metal compou my o aaqest s RetpERE; ShiBpwa PEL Rl MRdhed il Ol (T,

as an aqueoha3Qjed 1N aOkoakeaholinsalitkhea.i s preferable. The anmount of a

solvent to be used for dissolving 5 an alkali nmetal conpound is included in

t he amount of the Iab&he- abaveonedtionednmethode chberoshlanesy g5}, the acid
neut.ra ation_is exe gdrochloric acid, sylfuric

to be use Qr. | i lifie h

hoi 0. phospateBeRarae, urRg=rPel SRR Sl o 1obi e Madh i s “dach an
10 anpunt agsERKesrkhd,PHyOthbheabeaeh+oNmalXési@ngee mddryt NUmdPIRy than
7, preferably not nore than 5. In step (b), the reaction of the racemc

carboxyl i ¢ &wcibdtesrer ofVinkgnepsitmasunfkati that al nkvnisom rckatztpieard s{ ion ntany

ki nd of al kali netal congogmg ang t he amoynt thereof to be used and I5 the
like. The r&&EEPontits 1§eRel APy aPF1RHZ8%MagnasIm) b, e HIaHSS abl y 30C -
60C, and genghLallyiggds in 30 mn - 30 hr, preferably 1.5 hr - 20 hr. The
racem c carboxylic acid (I1) obtained in step (b) can be isolated and
purifiediby a conthet achavatbbhodf Meyneeiwxdnplehlddves irleands amdri xture is
extracted with a solvent, washed and filtrated and the obtained filtrate is

washed, dri B@leagnasRechvRReeaTRRRdrY doriceendresadiridmesiain iy bafazenithe

Car L 35 L L FRAE RPN 4y gt <tep (1

' _ reaction or both. To be specific, chlorosilanes and
halogenated hydrocarbon are added to magnesium charged in a

15 golvent in advance; a mixture of carbonyl compound (i), ester
{VI), chlorosilanes and halogenated hydrocarbon is added to
magnesium charged in a solvent in advance; a mixture of
carbonyl compound (i) and ester (VI), and a mixture of
chlorosilanes and halogenated hydrocarbon are separately added

20 to magnesium charged in a solvent in advance; halogenated
hydrocarbon is added to magnesium charged in a sclvent in
advance, and then a mixture of carbonyl compound (i), ester
(VI) and chlorosilanes is added; halogenated hydrocarbon is
added to magnesium charged in a soclvent in advance, and then a

25 mixture of carbonyl compound (i) and ester (VI), and
chlorosilanes are separately added; halogenated hydrocarbon is
added to magnesium charged in a solvent in advance, and then a
mixture of carbonyl compound (i), ester (VI), chlorosilanes and
halogenated hydrocarbon is added; halogenated hydrocarbon is

30 added to magnesium charged in a solvent in advance, and then a
mixture of carbonyl compound (i) and ester (VI), and a mixture
of chlorosilanes and halogenated hydrocarbon are separately

added; a mixture of ester (VI), chlorosilanes and halogenated
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Jacemc carboxylic acid (Il) leaving a part or the entirety'of t he
extraction solvent in the isolation step, for step (c) to be nentioned
bel ow. That is, a solution of the extraction solvent of racem c carboxylic

acid (11) obtajned in step is 30 onl artpally concentrated, and use

B the 1ol | SUIRgerEp™ iF 8Pobdeoin ‘(‘t)“\é\i\f?hﬁ e GRR r ST nln
way, by usipg %‘?L'IE}nC chdh Q(Y.lylﬂéxc a3Eby %}I‘L)lﬁsa&\fél‘?(l:éltl€ LAWY, HRprd or
the entirety an extraction solvent in step ( fo be nmehtioned
bel ow, a st efixfturecefcehlbabsdhanas HRdohalbgena v Cliydsoetakenn al | y

advant ageous. In addition, a heat treatnent for concentration can be
avoi ded, anGQPﬁﬁéﬁe}VePGdGGetPoah@h%tﬂéﬁoﬂ%o§¢¥¢%ﬁybfc@mﬁ%ﬂﬂﬂnff-céﬁﬁbxyl|c

aci d (11)sca be adyant.anseusy 2 1ol oty Ao (8, eXLLAGHL OO SRRt L hose

used for optl resolu nin s ow, such as one

or nore ki ntiydebcaebvanis aaledt ed arxﬁﬂxemhyloﬁce&ﬁmyl\ﬂ&ﬁ;pdmtdlydnetahﬁ
ket one, diisopropyl ether and THF, and the like |0 are nentioned, wth
pr ef er ence gﬁ@@ﬁsggmwaRrgsd Snep solverbdirisgvance, and then a mixture

broduc v (BF- 35Ea 000 s EOLRhans Favty | RO BT EEnTer (RETARAR o aci d
(rrry] is 15d@€&23ﬁ526!géﬁgtéa hggré'éérl%noﬁ'é?&déd/ estd Weianme g the

formul a CHzRz wherein i s 3,4-di net hoxyphenyl or 2-chl orophenyl
[optical £} gerbesvancampewhd| f1) mhdohagnﬁsmumcnhaggednmnua swlventagent 20

3 hydr oxy” 32032BEny PEERERPRERARG o (GEI 1Y b GHLEAEER 56O 2P o
E)E)SRI-G(CI?,]c chﬁgﬁggﬁ%g%ghg{/?p‘%gfﬁeny et éq?ladmr%\ee of %le 2351'“:} (}-'Ihleov%nlr}lcg fgglﬁul a
(M11la) the activation is not llmlted to these. When chlorosilanes or
halogenated hydrocarbon is added separately, they are
15 preferably added immediately before addition of a mixture of
carbonyl compound (i) and ester (VI) or ester (VI), or
simultaneously therewith (more preferably simultaneously added
in a thin stream). For the addition of the above-mentioned
chlorosilanes or halogenated hydrocarbon, a part of carbonyl
20 compound (i) and ester (VI) are added, chlorosilane or
halogenated hydrocarbon is added and stirred for a suitable
time (or stirring and suitable temperature rise), and then the
remaining carbonyl compound (i) and ester (VI) may be added.
When chlorosilane or halogenated hydrocarbon is added
25 separately, it may be prepared in advance into a solvent
containing the same. |
In the above-mentioned reaction, the amount of magnesium
to be used is preferably 0.5 mole - 5 moles per 1 mole of
carbonyl compound (i), but it is more preferably 0.9 mole - 2
30 moles from the economic aspect. In the above-mentioned
reaction, when the amount of magnesium to be used is less than
0.5 mole per 1 mole of carbonyl compound (i), the efficiency of

the reaction may be unpreferably degraded markedly due to the
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OCH3 (VIlla) OCH3 (hereinafter to be also referred to as "di methoxy form
(Mi1ta)"), or (R -N-(o-chl orobenzyl)-a-phenyl et hyl am ne of the 33
following formula (MIlb) CL HI \ (MI1Ib) (hereinafter to be also referred
fo as "chloro form (VII1b)"), as an agent for optical resolution._In.the

" ) Lally

I
fol Lowi ng, RARRAERY SBIRAIEH (1) TaRaTEArer BEFormL LY FRESARESS be 10 TRy
referred to A 1 I,cals agt.l I N VI LL) & | :
particular disti nﬁe%r%)[tr%%&gg?reg%%glb%ﬁo g‘bg\ﬁggtgg‘b ?&% h%%)?ga%%%%l%maﬁ d
(1'11) bhavi nesresaptafcdl malkist peaf Inableess thabofy¥ecempound béi)0iobt ai ned
in the total yield of not |ess than 34% by the use of the above-nentioned
optical ly a®Goremfaddy wiselesgs Becaygsft 1kotespei tal thespietebmr large

Parti cul agl . ' 0 ( ej | 4- di met hoxyphenyl
I s used, (R)al%o\égr}%f% %tg&%?‘éuh F‘E;t %2‘&7%’%‘%% E@E%ﬁ%ﬁt ?)13/@3. e. can be 15
obtained in the tamkhy ebdvetmaatibfed tBastddfy e dRsGunbesE aome: (I
production nethod of the present invention can afford a salt of

(R) - car boxyltix beciuged |is) Phgfengbilelsmade| evd| mptediper | bvedlefohpti cal
urity in the total, yield of, not |ess than.abo 1.3 fpld, as co ed to

bonvent | onalagperd Eomepude J2) onfore RFCEaFBBRY I naft ¢ (TR

(-)-nor ephed‘.’Hen%co%'éﬁﬂcWB%B@@ts.t MK VarhdRd-Qnast 1l gHEUS teladi 10n0duebhORhe

efficiency of (R)-carboxylic acid (l111) as conpared to conventional cases.
As used HEremounty oft ksteat AVIyi bdbei gsedahs lées ythan Dongle @er df mdie

obj ective hi ghl ptical | ur R) - car boxylic, acid 1) relative to
oo ¢ car BOxSTFDeRI I CPHPPFnEn(ShoheiE FHELFLERET oI SHAR SRS Ao e
above, Whi Chhairgeldd yPRedrabibAHLSNEE £ROMAPEoNY ! Comdoutrtdli M jdUddmd 1§AGH ONS
in the reaction syStem(in the followmng, a sinple reference to a 30
"yield' neapmrtdaldlyi anekathedanolmtthd abvera-esmtiiongdpredoettions actual ly
produced frgghgggeitaiigngsgaggrLg{eLn?gg;a{glg#éggéwé% 3 moles per 1 mole
15 of carbonyl compound (i) is economically useless and makes
purification of the product difficult as well, because it leads
to the use of a large amount of ester unnecessary for the
reaction with carbonyl compound (i).
In the above-mentioned reaction, the amount of
20 chlorosilanes to be used is preferably 0.005 mole - 0.6 mole,
more preferably 0.0l mole - 0.3 mole, per 1 mole of magnesium.
When the amount of chloreosilanes to be used is less than 0.005
mole per 1 mole of magnesium, magnesium may not be sufficiently
activated and the objective reaction may not be started
25 smoothly. When the amount of chlorosilanes to be used exceeds
0.6 mele per 1 mole of magnesium, magnesium may be consumed by
the reaction with chlorosilanes, thereby possibly necessitating
an excess amount of magnesium to complete the reaction, which
is economically disadvantageous.
30 In the above-mentioned reaction, the amount of
halogenated hydrocarbon to be used is preferably 0.001 mcle -
0.6 mole, more preferable 0.005 mole - 0.3 mole, per 1 mole of

magnesium. When the amount of halogenated hydrocarbon to be
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the reaction for producing the resulting product) relative to the

t heoretical amount of production of the resulting product”). As used
herein, the optical purity is a value determ ned by high performance liquid
chr omat ogr aphy HPL%to be mentioned _bel ow. By this production nethod,
racenic car % (han éhd’Otlh@%@o@@rnénmpéﬁeefoﬁﬁgﬁﬁﬁW’“ac‘ﬁg’éﬁ'me

VI I

Crystal o SERpLE M B oSl Sl SN oB BHeCPKILALLLE ML Rl 1 0n
optical ly acidyenhcdlie. s tHie: R eBiothdgl. DoRNEH CLite | dndidt 4O Ha Jieath tedr
this step is not particularly limted, but one produced by the

above- nEntl(hKQFQﬁQﬁbqnntq:?epméﬁﬁraBE@ed$h§ 5a@eﬁﬁcpearbom91$COEC|d (1)
and the ogtlcaluy actlve amne (VILI1) are refgsg ﬁhnrx ed gt a rat.io of
1:0.5 - 1: 1 THBISH Pyt MRS BRst BPabPYSImEIsPY 1hT FRBFLFOP aft Yy,
econom cal | yhza( ee:ré&ela mwrowa@b@nan%akala@r pBBLisRY Eéééﬁhté{%fﬁlgté}?
anmount of optically active am ne (VI to be used 1s less than 0.5 nole
rel ative to exgesse aaxfourna:cexﬁ magarelsonyll rto goingléte) theheeaptica) which yis
tends to increase, the yield tends to u pref erabi decrease. \Wen the
anount of op?t“r"éﬁ“}]f o \F'éséﬁ‘r"ﬁé‘tf’VPPP? t 87 etlageleg % eRHTRSS U it
to 1 nole ofy Qgﬁfgnféaggﬁgpgyllc acid (11), filtration property of 2s the
salt tends to be degraded. In addition, yield and optical purity do not
show any fparti cul a'meclabpgesmemuohedsreaomuncﬁbl gzanrrpe@fmmbiry tisel ess.
The solvent to be used for the above-nentioned m xi n}q} racenmi c car boxyl I C
|

acid (11) aﬁfﬂﬂﬂ|QE§FPyrééﬂﬁvéfaﬁﬁﬁéré%@Yl}5|% exdf5Fir f PEgEBYaBAE #9°Gior e
kinds of solygats qwf J‘HQ‘Hlﬁﬂen h %%ac%ﬁ%ﬂagghﬁgk§g9£8prOie s

et hanol , acetonrtr e acet’one, et’h I'T SOpf opy
et her, di rret'dh@mye.tshapetn@drérdr&ﬂrheﬁaﬁj S;s:}d/cﬁaucs srmwlfyqrtdierth@o&bablﬁiaﬁ may

not proceed at all, and when the reaction temperature exceeds

15 100°C, carbonyl compound (i), which is a starting material, may
be decomposed in the reaction mixture, or ester (ii), which is
a resulting product, may be decomposed to possibly reduce the
reaction yield. The above-mentioned reaction is generally
carried out for 30 min - 20 hr.

20 The solvent to be used for the above-mentioned reaction
may be any as long as it does not inhibit the reaction, and
ethers such as THF, dioxane, dimethoxyethane and the like, or a
mixed solvent of such ethers and any selected from aromatic
hydrocarbons, such as benzene, toluene, xylene and the like,

25 and aliphatic hydrocarbons such as heptane, hexane, octane and
the like, are preferably used. When a mixed solvent is to be
used, they may be mixed at a conventionally known optional
proportion.

The total amcocunt of the solvent to be used is generally

30 100 mL - 2000 mL per 1 mole of carbonyl compound (i), and for a
smooth reaction and enhanced preoductivity of the reaction, it
is preferably 150 mL - 1500 mnL.

In the above-mentioned method, by using l-phenyl-3-

26



water. Fromthe aspects of the yield and optical purity of the salt, and
safety, one or nore kinds of the solvents selected fromethyl acetate,
nmet hanol , i sopropanol, ethanol, MBK, diisopropyl ether and THF from anong

I he above-nentioned are 5. particul arl referabl e. reover, .fromthe
aspect of 1t TEXBHNRG (IGiFo08 AL PR CREDABETe CHBROPBReds bt b (BFEELHR or

nore ki nds QfaﬂQJu‘ée'Pe%&@o%Cg%ﬂdfift%hﬁt hybragebathe MAK coRdlWiont M in
ket one, diisopropyl ether and THF, particularly MBK, are particularly
pref er abl e. sEiel meetheid,t resemdal ehyydrbuyt-Ref2iphenplatiny hghewdmsic sacid
preferable. As nmentioned above, as the solvent to be used for the

above- nent i Gf®Ti bhasgmdr cacbrkyldsr BEAG retaEi dVET1] Gy Bpeobtained.

above- nengi oned opticalll t iV Loe_6VELIL irety of

the extraction soﬁ@gnggg%m?%ebaggggbggn?i5%e h%?%ggﬁéy%13é$%?é§%ﬁ%§%.Iy

left and usedtekthdlracemia patbofylibeacndli esty¥roivIiie] exthtaliednissaihent

for racem c carboxylic acid %II) obtai ned in the above-nentioned step (b)
&

i s | eft upombeaermentionsacsnepPatlpdbncanr ket hsolatedcand rurbhied iy the
optical resqglution.i referahly conduct i n the sal vent 2 ontai.ni ng the
Sbove-ment | SRk vEal BeThERY S5 S o AR, e 18hed

sol vent to beuieed intof beedek ABYePar hhQUhBteli Paieitiinime! theéargdrade
obtained in a higher yield with a higher optical purity, it is preferably 5
L - 20 L19nBeyepr dsewabhpdsand- fidtrated| atThee ahtadmet &g 1ofratacasi c
carboxylic aci I'1),. .When the anount of .the solvent to be used is |ess
Chan 5L remgensd:t BritRoapr FABERNEERErBousnst SEREST IBeTRAS P dur i ng
production gfotiRgeSabief@¥ EakbokQ18ESseldC4BE T B ] NG FRRML 4 SWRLERON
unpreferably lowers the optical purity. Wen the anount of the solvent fo

be used so éxceedamplel. itlméyvbetsulijégted taceilicaadbdbxydliwnracid (11),
the ampbunt of the salt that dissolves in the solvent tends to increase and

| over the yFEF&?aﬁﬁgEﬁPpg Eﬁﬁr@?éigﬁF%FiQ%enIwhéd9&5&89weﬁ?F8ﬁéﬂ solvent is
a m xed sel ‘é‘éQBogi?lic( Pﬁbuééifgro‘((vfﬂ”rﬁéﬁgﬁe V\éﬁﬁgj é(?ﬁepcf Joo I Anf €S bRl €
and opt i ona

m xed in a conventionally known general ratio to achieve the
above- nment i meadioasgebedbwt REthowtnpsriDidetiged. When the racem c
carboxylic acid (lIl) is used as a solution of an 5 extraction solvent of

the above- nenti onEBese&petbfVIi hko dppunted for the above-mentioned step
(2) can be obtained by various conventionally known methods, or

a commercially available one may be used.

20 The ketone (V) tc be used for the above-mentioned step
(a) can be produced according to a method described in US
publication No. 2002/0013501A or a method comprising
oxidization of l-phenyl-3-hexancl with hypochlorite (JP-A-2002-
265409), or a commercially available one can be used. However,

25 one obtained by the following method proposed by the present
inventors is preferable.

Production method of l-phenyl-3-hexanone (V)

1-Phenyl-3-hexanone [ketone (V)] can be obtained by
condensing benzaldehyde of the formula (V-i) with 2-pentanone
30 of the formula (V-ii) in the presence of a base as shown in the
fellowing reaction scheme to give propyl styryl ketone of the
formula (V-iii), and then reducing the obtained propyl styryl

ketone (V-iii).
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of the extraction solvent is included in the amount of the solvent to be
used for optical resolution. The aforenentioned racem c carboxylic acid
(I'1) and optically active amine (VIIl) are m xed by adding optically 1
active amne (VIlIl) to a solution of racem c carboxylic acid (I11) dissolved
in advance in a general solvent 3teR ¥ollution of the extr aBtPEn Vs vent in

step (b). StirkingHde mxtured{dehshifeoaddition fesults dduibLion

pr eci pitatiohe sal t“ Therefore, the prxiuRe i eneral ly heated to
50C - 100C and stifr i ssol ve the . When dissolution of the
salt is insufficient by Z\[gl rring at the rars€d tepperature, the solvent nmay
be further dddedd until th¥ $aPt is dissolved. The'Sof¢éht to be further
added here is simlar go the aforenentioned solvents. 2 The crystallization
of a salt of (R)-carbgkylic acid (Il1l) with optically active amne (VIIIl)

i ncludes stir W oNng until the salt is precipitated after the
abovenenti one irrihg at a raised tenperature. Then, the mxture is
gradual ly cool ed, and ‘after stirring further at a given 25 tenperature (e.
g., 25C), the m xture | PLLr . h | yent and stirred to
give a highly opt Fggﬁl %%Er%ga%ﬁga]s'a fgg %%%%%%(Jy c acid (I11) in the
af orenment i ogedpywvelid. During stirring with cooling until the salt is

sufficiently preci gi_t ated, the crystal precipitation so tenperature is
general |y not nor &hiBaft8DCis pfefephbriny PowyhrRtxriel Ketatiangiddd)i s

general lys; 0.5 hr -20 hr. The solvent to. be use ter filtration.is
O ernbl S bV sPpaghshhy, AE%. fadiie v b HEeh Higdnddidd® (2005, 4,
precipitation. ThenagRYRt c8hdtREatPbN ERbadidie, Usashriinmas hing il)s iRot

particularly limted and is an anmount sufficient for washing the filtrate.
The product poafavehdd véedhgepersbly imvemiagortiorbed lr.damicded By 0 mol,

gradual ly agdding a_solutiopn of optically active amne (MJI1) to _a.solution
of T acem o PIFDBRGFRLEBLY dip |3 ) PEPITLHIR diper dt B8 (200 MedoCTEI SR
gradual preghphtghhofsObehbe18@hide ANEL A | GWIIG N Mind Wel dtq 070 imeBY
this method, the anount of the solvent to be used can be advantageously 10

reduced #5 conpar Edet solhentboycerandddnBst metiso d;edmdaus d st mets albjdogs
not need to be dissolved conp]etely once. For recrystallization, t

h
solvent to b @R¥dPREFIEFLB] LTyt Lh oMY AarfotPSs "G &nbrlpﬁf &R
be simlar $0aLRabnYsWbrdd¥a1dysSe Yoldeh@C Sl G8" RQYYL! CoREhdry!d) 1N the

secondary alcohols (e.g., methanol, ethanol, isopropancl,

etc.), tertiary alcohols (e.g., tert-butanol, tert-amyl

15 alcohol, etc.), aromatic compound (e.g., toluene,
monochlorcbenzene, etc.), ethers (e.g., THF, dioxane, etc.), 2-
pentancne, which is a starting material, and the like or a
mixed solvents thereof are used. This solvent is preferably
used in an amount of generally 50 mL - 500 mL relative to 1

20 mole of benzaldehyde (V-i). From the economic aspect and
smoothness of the reaction, it is 150 mL - 400 mL. In the case
of a mixed solvent, they are mixed at a conventionally known
general proportion to make the total amount fall within the
above-mentioned range.

25 The above-mentioned reaction is carried out in the
presence of a base. Examples of the base include alkali metal

hydroxide (sodium hydroxide, potassium hydroxide, etc.), alkali
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15 above-nentioned optical resolution, wherein the preferable solvent is
the sane. The anount of these solvents to be used for this reaction is free
of any particular limtation, but it is preferably 5L - 20 L, nore
preferably 5 L - 15 L, particularly preferably 8 L - 15 L, relative to 1 kg
of a salt 202k MrRansdbey | Seddemg carbppatBecRASaSALYR GREPONAFR), hFQhlum

optical puri achiaved. n : . abovepent i

solvent to bﬁ %%I%%ﬁ%%g?%t\éﬁaﬁtﬁi're g?lgcgegée?ﬂ%%gg%ﬁg'saf?' of%dthe
(R) - carboxyliikeaci df( theye, t Beks8l tméBy] Deydhidtidall is tprafesspiee,
unpreferably nmaking high optical purity 25 difficult to achieve and
stirring forPagddldqugrdlyso sedfitmcbydrowhde anderetedsiwy hydromidemame of

t he di ssokved |t .t.end to increases to.unpreferaply, cause | ower vyield.
Ater mxtnd S RRP IS e CAPLARUFEE 6 HOLRPEL bry hY (R SbovdPent | oned
sol vent, thedddtidre thevaneuak! ¥rheakedtbopa §Qeéleﬂ§et]§é’ﬁélf£li noe odAC -
100C to dissolve the salt. After dissolution of the salt of (R)-carboxylic
acid (111), t.H swodolngtliagivies tgr ddmall 9£cbehrdldebydeelVeilst Hiromatbeadded
at a suitable tenperature (e. g - 80C,. preferabl a - 40C -

., 40C y 38 C ,
60C), fol | oREPIRPLG BSPRRY. aRfle TPFnENST SPARTR { PFPIFRST s°€e1'r¥b‘? AI3F = 40
mn - 5 hr. i@rﬁx]%%re’rab'l & st Ee Lsggsagyal |y generally cooled to O0C - 40C,
preferably 0C - 30C, ovgr 60 mn - 24 hr. 5.Then, the mxture is stirred
further af a gi veTheeapewatmerntiongd, réd€tiohi stept s, camasiati anit h a

solvent and dried. _The solvent to be used for filtration and washing is
desirably sig@nezrlly ghal GeBBeF8EuERyERBPe pPEctYG at ilOR°C Th& Vbt ai ned

filtrate ma ' - { on ' active
i ne (Vi1 AR eEE BlbBriOR SbRLaTRRLLONRRSALs g F Sl Rt 4
resol ution. réaetibhatined @smnpersthie Ofandd -sAIHHXYH g5aci s (préfefaplde
deconposed into (R)-carboxylic acid (I11) and optically active amne (VIII)
by a convenfltdgarersthon. iFoverstaple, casrigd mutaln afreaRtios dng iof acid
(rrr) isjzde S i Q_an gani c solvent (e. g., ethyl acetate, etc.)
with, for e%g’g}éﬁesgaaﬂlgous?&a Etic alkali solution, aqueous al kal i

car bonat e sgltgbi @nz2or aqueous sodi um bi carbonate, and using, for exanple,
an inorgani T acrd such as hydrochloric acid, sulfuric acid and 20 the |i ke,
t he aqueous | ayer Biysreadueingi prepyhdstyayhdtetbng t (V-diiigr géatiad nedl danttheo
give (R -carboxylic acid (l11]). In thjs case, e optically actiye am ne
O T1) an BEOSEaEREGORen o Yiheolpiane-3 Adiens vy S B8nt ne sl
of (R)-car bBﬂSEﬂJEeé?i d (Il'l) 25 may be deconposed with an acid (e.g.,

i norgani ¢ acid such as hydrochloric acid, sulfuric acid etc., and the like)
in an oréfni c sol YTkt feactiontid upsmesralhy|cansiaat @eutMbBKadding & xed

sol vent of these with heptane) and extracted with the organic solvent to

gi ve (R)-caFBERGFienacrBRtYsT)to |13 sbenhsuicls@HMated | PraPREYe %&ni ne
(M11) can Lpe a f & u fon t =mentioned
deconposi ti gﬁcgp&?kg %%n&?\%@]ééal té'#’h’e%&%ﬁiﬁﬂ ’yseac %n\%é'a%%ﬁgl}?éﬁpﬁ’used for
optical 39 etc.Jesteutisnyislasiedly ald \g reammei-aah tandD,a tealtt-amly 1

3- hydr oxy- 3(2- phenyl et hyl') hexanoi ¢ acid or (52- carboxylic acid (I1l) with
optical |y agtfobohni ekc(M |agonaicieigmmaind oehd-al $elpengrred to as "salt

W th carpoxyli id.and the |like"). used, herein,.the_r ry,.froma
salt of 3- hlié P%?(@fgf%g% e I)’ﬁ‘ 'et'?‘u%/cf ‘))He gﬁiﬁr@ a(cel'& Wi tepfhggt F’ngi%gacwv?é anm ne
(MI11) neangcat&£60Vety. pf Ofdiedl (&, ACt indr alikanyl,| bxcf.j9nkatsabs of
racem c carboxylic acid (I11) with optically active amne (VII1), and froma
salt contai fedgi n acétone ateetimgshietdvi kahone) f mamrilescdgsgalli zati on of

R) - b | i 1 d | 1 i th opti.call ti ' VIIL) . Furth ,
Lhe T ecover 37 Falvt GLLF « BAOR R IE), ArEl i 10REr) ChPEROBpPPEat FOLALE v
am ne (V11 3nhdBR0Sc8i &8 GO & Yni%eP Rd1GRAIHLY t@;%tr!e\b%,afsgeeﬁé%hy), gtpguced by

t he deconposition i1s of a salt of (R)-carboxylic acid ( Wwth optically
active atfi necétate) . THY netdembreoror ec misteidngodpentalthgraofi, vendnreactifgl)
froma salt with carboxylic acid and the |ike may be a conventjonal nethod.
For exanpl e?r%Pﬂ-lfﬁiélﬂéﬁ/\Aﬁs“rﬂ% Yi~itidr e Wi tBo RYSRERY - a SaltsS Flso

3- hydr oxy- 3- ( 2- yl et ) .G :aci d .\ optL.cal acilye am 1)
or a salt iﬁ’é%ﬁg‘%@artlb&(;x"tﬁ% cﬁg%ia%%ﬁ%ll%% g\}l%]th%& igtglgg?yltggt %gygmﬂ%}ﬁ%}\q% )

i s deconposetiem Y41 afhiepd e Alivn Godhiealt oFolthlisOoRedagueonSrabétion.
carbonate solution or aqueous sodi um bi carbonate in an organic solvent 25
(e.g., toluene, ethyl acetate, MBK, or azgn xed solvent of these with

heptane) to recover optically active amne (VII1) froman organic sol vent
| ayer.



In addition, a filtrate-washing m xture containing a salt of

3- hydr oxy- 3- (2- phenyl et hyl ) hexanoic acid with optically 3 active am ne
(VII'1) or a salt of (R -carboxylic acid (l11l1) with optically active am ne
{VI'11) is deconposged with an acid . g., inorgani.c_acid such as_. .
hydr oehl or o ac 4. FSuFFIPCE el §tearsTara PROTFFRGTST nehe FEAni Ao dient
(e. 9., tol usReplalfa 49 pallae@LAl arMbBK p811adiunedpsDl ¥@Nim of these
with heptane) to recover a salt of optically active anine (Vi11) with the
aci d used f drydrdexigleqv @latinumnedidegcoppasitumn platimuranéaebemal truthenium
Mor eover, after, treatnent of the agueous Ia%er Wi, t h agueous 5 caustic

al kali sol ut¥ e raFREbeL 14y o P tRERLBMaFRTREN LR PANTRE ouSts Gaeskr

| car bonabe 4 i KsSpo b BELEIGRAGOAD 2P0 hLBRLFSEL Yl (0.0

tol uene, ethyl acetate, or-a m xe vent of these wth

gi ve opti calpay lactiuwe carboa (¥l phytlcabaabyopgafiecalsbd verThe apeuntlofThiRe
recovered optically active amne (VIIlI) can be isolated and purified by a
convent i onalfefECHden Fatadygiprte, banuserdah® coererahty | ayer cﬁhtgari ni ng the
optically acti hae (M LLY Al LMt t n tr to

i sol ate opti %lae;f%f%?% i \‘/legam' %8 ?V}A?g?sg%%egorgo'ﬁ% ?o‘%"j ‘i?{ocpﬁ}sl puri iled 15
by distill ake®pnendgriheducaghdi edfdllnoutie Jfeamee reduetibaakhyadgkiVveo
amine (VLII) may be subjected to optical resolution without purification.
Usi ng t h&° oppei vaedy igclpss HhiRe2 (VI Felativovie el melenaf iRxeRY lalsdwsylt he

optically active anine.(Vll can_be. used 20 repeatedly and the process is
cbonon cal - RERRodvssAthes Fhe TRaPE o cFerds EO TR (lfkar 1N BlRu,
produced at aadl QWeh §@Skxcdbas(B)-g; el &xFedr (o PhaPdRiing e 0 amodsicd
[ (R carboxylic acid (I11)] obtained as above is considered to be 25
extrenmely usef be mased $gnnbetattained nexhidle foreddreminally Unpgeferable.
PNU- 140690. The d%éi vati zatio fr@)ggéR - car.boxyl i ,acitﬁ_bi(%l ) into '
PNU- 140690 can belBEn8MgUnHeRE 1Y 1 §9rP% et FREE- tenfPdned
references ( g ; 6 . 3481 %@)o,p 0

addition, ( ?rgﬁﬁlﬁé%sg %}%(g{é?%-%%pir\g}%% h%/?)q%cr% anol ccggci d gg't gttgggrl\ be
produced bykehenaetkedipy opasedtivel ovadyidhepyrssard s genewad lys 5BgkPa -
(R -carboxylic acid (I11). 41 Producti on net hod of optical I)i active

am ne (VI 113}°0P) kRRt heaeienaRlypi§ o83 yv- ZR0 VP aminere Rreterellye 90skgai fi
t he above- nggbiggggl step (c) is preferably obtained by the 5 foll ow ng

nmet hod proposed by the present inventors. That is, as shown in the

fol | owi ng schene, 1A €RIPOsEh Pfa thesd el ad \ddilethylehanhei, nabtar akh hAd
also refgrred to as “conpound (VIII-i)") and (R)-1-phenylethylam ne of the
fornul a %\/I thej Likehmagi bafadded clmeam|afremite e $UPPress' @Rpidei Keacsion

VILE-ii)" d d.t i i m d.of 't foroul a, . .
o) B R PaP e et o i AL Y et 1 08 i 5o
(MIITT-i11)"y p868Bc¥! ldnd)th@fiffe Which it is reduced (step VIII-2) to give

optically active amne (MI11). Step VIII-1 Step VIII1-2 Condensation Z
Reducti on Rz- CHO k~Pheiry H2Rhéxkdnore «(V)H [Ketane ) (V)Y bbteihedVas| above

VI1I) 15 wherein R2 js_as .defined above. The productjon nethod of

Opti Ghl Iy aBeh RS aFERLStd 1T 3 CRRIEIRRY R ol Fobi FEAMHTR | Hthe
conpoundzy Viddiaétidn | Sat Ity SOOME FERIVRNEY, 93¢0 003N a8 PREAEREH Y,
condensati on of conmpound (VII1I-1) 20 and (R -amne (VI'II-ii) (step VII1-1).

In this confiensatcantraead iunder Redardene présisuriel ol achéreralibglatidni n an

anount of 80 nol % 100 nol % preferably 90 nmol %.- 100 mol % _of conpound
(VI11-i). ThHaeshPokated ket WY cpn denpurddieec by 81aky128t a0t FRAF S,
limtation i j Rhi ki t e Lon. a ,

met hanol , eﬁda"lrll%%? ‘?fs%%%“olgeg%@o‘%hﬁ Egr%'anggtﬁégﬁigé?' p]Fe %r?%b{‘{)yn%at%ellgneol ,
i sopr opanol app Di e o attk tdbdd-Remionad saedpsqhyertithbatephir af Ecatesh . The

above-nenti oned solvent is generally used in an anmount of 100 nL - 500 nL
30 Obtainment of ketone (V) to be used in the above-
mentioned step (a) by the above-mentioned reaction is
beneficial as compared to the method described in US

publication 2002/0013501A and a method comprising oxidization
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42 relative to 1 nole of conpound (M I1-i), which is preferably 200 nL -
400 nL fromthe econom c aspect and for the snooth progress of the
“reaction. In the case of a m xed solvent, they are nmxed at a

conventional Iy known geperal proportion to npke 5 the tot Al t.dall
within the ng&épﬁ'@m’%ﬁé efﬁﬁﬁg."’ﬁ% EYE%C@?‘TJ;Eei Bﬁ% r eoj%gllg?@ﬂe_r ally
(N atemper 3tuahsbalgfeOte&ationsibes b Slbi i addirpaction speed while
suppressing a side reaction, a reaction in a tenperature range of 30C - 60C
i s preferabke. Stepsfoeaproducisggeaesmit y3+hpdwoxetB-08—in a reaction tine

of about 15 mn - 10 hr. The imne compound (VIII-iii) thus obtained is
reduced to ghenydgthyd)hoxapeigeaghdnbstep | {B)lstep VII1-2). This reaction

is generaily carri o] y: addj I Qr /Si_ t0 the reaction
m xture after thelrg 3vgge n%?o%&égggﬁl%%&?%? I?pﬁ’%%waﬁ o(\t/g)hydr ogenati on
reacti on of phehpee€RYDPHEAanMLE| atid) [ ¥hddmiy df ooy Iie aadliction ®3t al yst
is exenplified by palladi um carbon, palladium palladi um hydroxi de, .
platinunlothéFogyaiﬁnaﬁ]r%F@miﬁu%T%E#ER#N“?TﬁQERhQﬂﬁkﬁéhﬁi)hﬁﬁﬂﬂﬂﬁcuﬁFld
rut heni um carbon and the like. Preferred.are I i,um C n | hym
oxi der and RRSRoRErEPRLE Fathary S ATEarSoree ThEt L ihEte, BB, Baltaldl
catal yst tochepds@libSageacegtéy wory 48 e W& efdblohilk Btep i Qod
relative to 1 nole of conpound (VII1-i). Wen the anount of the reduction
cat al yst 125pavtheoulisellyi $ihetedi hiln is gprefenably tabteinsd yf thenmpbove-
(M1I1-1), the reaction ten?s to becone unpreferably slow, and when it
exceeds 10 BenEAoBeHeEteRof?bsponding to the amount to be used is not
attained, which i §h@099&%§9é1y SAPERS el o TharmMile olcildheshidr quen)to
be used in step VIII-21s 30 no particularly limted™as long as it can
reduce the pahnbecoopducted \ddterding tde reaamtergriqprads sertdods gBoeral |y
100 kPa - 3000 kPa, preferably 100 kPa - 2000 kPa, more pref &%gLy 200 _kPa
- 1500 kPa.e#ample, racenep SAYpesylic peid SrietsMillednd éﬁ-i 1 B64alash
and the }4ke.] f b : SYiefols jde. reachi
hydr ogenol ygf)fgﬁg?ﬁgp%%a#%? ac ?Ji/ﬁeoaam ne %@[SI% ?jlg%d LHAOBL Lo
carboxylic acid (II), which is then neutralized with an acid as

necessary to give racemic¢ carboxylic acid (II).
The solvent to be used for step (b) may be, for example,
methanol, ethanol, water and the like; or a mixed solvent
20 thereof, preferably water. |
The amount of the solvent to be used in step (b) is
generally 1 L - 10 L, preferably 1 L — 5 L, per 1 kg of racemic
carboxylic acid ester (VII).
The alkali metal compound to be used in step (b) is
25 exemplified by sodium hydroxide and potassium hydroxide, with
preference given to sodium hydroxide. The amount of the alkali
metal compound to be used is generally 1.0 mole - 10 moles,
preferably 1.5 moles - 2.5 moles, per 1 mole of racemic
carboxylic acid ester (VII). When the amount of the alkali
30 metal compound to be used is less than 1.0 mole relative to 1
mole of racemic carboxylic acid ester (VII), the reaction may
not complete, which is unpreferable. When it is used in excess

of 10 moles, an effect corresponding to the amount to be used
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the like. The anmount of the base to be added is generally 0.1 5 g - 10 g,
preferably 1 g - 3 g, relative to 1 g of the reduction catalyst. Wen the
anount of the base is less than 0.1 g relative to 1 g of the reduction

catalyst, side reaction such _as hydrogenol ysis,of opticall ctive am ne
(V113 “and” thie 19 i B dy AopRpicat iy cPRREFEoEEBiFesalf Vinen
it 10 exceeds k) i0.mdtha 'RepundNmadt BkYakded RESEHA i‘eh@%ﬁéhV@#@Qerhoagai(@
‘the reaction slow, which is unpreferable. The recovered opticalTy active

am ne (VI 1)ispbtaihedidirtisnepsViahl agueansbecilstlianedraalicpbel f setubiom is
conventional net hod.. For_ exanple, a reductjon catalyst is renoved by 15
filtration &hfH lene ﬁlﬁ ?‘énFSOEQ‘?lc%%Jt‘f%ﬁ"édt%r%%rusreé%Lﬁ%ﬂ ddr%ﬂ’ﬂé‘gf or
| solations B d1sahal sldant keabbtndCisv enBThABal Yh! Lhe CaRoBAL PUE | {hed by
distillation under reduced preSsure and the 1 ke. The optically active

am ne (M || rbue-rentibned edliventhecabeveasednt i oned step (c¢) without
purification. 20 The above-nentjoned, reduction during production of
optically active &% #&epvitP))y Ghedaradt ke BBovecHefer opeatsrkization sis
economn cal I i using.a r i such odi um
bor ohydr ; de SXSAERE FY BRAGEhoUryS B8i8 " SRLELPE: 206Ny IS Lsea

in a stoichiagiet and ZhealBust anddthbeahediet boNusat ghyséo£ails houdisath
r epeat edl| %{ I n addition, conplicated manipulation such as deconposition of
the redudf ngmeyas: 2anmakrs threPHsofothaeEeachign antkture r@enerntLog@tat i on

of filtrati n %f thh% EEdU%tSif%??Bz%a‘lﬁéEitrﬂ‘gpgh 1_(i)%{(l:egtrati on of filtrate is

sufficient, us advant agjeou ep efficient. (ii) Method 2

The di met hoxy for in( ¥kbpakbl ( REndF £8adt slbies hoxyd eRzydn i @-ddyaips Lty | anige]

of the optically active amine (VIII) used 44 " in step (c) of the
present i nvestegn (¥ad) beishsanoblikabhidnatal ncompoind |depenyds B sthe kind

(R) - 1-phenyl ethylam.n i s added whil e heating 3, 4di net hoxybenzal dehyde

sol ution to° béﬁkag]bcm?t%g_cfc”#ﬂ‘éu%ds?ﬂ“geﬁ_fet%“ﬂf%%o_%ﬁefé&j to be uged .an.d
3, 4- di et oxyRenigede e eaddiRm Als RRISraiNg! dalrFikal LOR aRdiguerpl il ed
by net hanol, isopropanol, ethanol andthe Ii1ké. It Is preferable that the
anount of (RP2*Qherme Bitaldlam30ect o bo°@dde igeneral Ipr Gpadd iion 30f mA® - 30
nmol 9400 nol % of 3, 4- di net hoxybenzal dehyde. 10 After the addition of

(R) - 1- phenyP&e hPFSRPRRPLY hd- wi k¥ ur 29 N%tirred with heating for about 0.5
hr - 2 hr and coo - r § C odj ar dr g yadded.
In view of the regggi %??%Q%o%i;’g%ﬁgir% yarl deﬁlIZ, S&re er %bqog)ﬁagl&%g’ i‘%’)a(ti'g?l

proportion bé abolatddOahd (pltifiddthy)a reddidnieidmall medwdf &#br
3, 4- di mej hoxybenzal dehyde. After the above-nentioned reaction, the mxture
i s extratt e8xamphe: of i@ neeagiti emani ¥ e v IRt rantash iddit Basedviepta net hod

Kk [ : 3. 4-di pet.h 1)-2a | et,hyl am ne. 20.A
chi or o' T or i PORP 63 L REE) Dot biesh i 0P S 7 £
optically aghéiveoRSeRerdMd lindéw Renpiidigieddurd 9 SR afeNRQkedcl N the

af orenenti oned synthetic nethod of dinmethoxy form (VIlla) except that
2chl or obenzastdedyyibi¢ sagis@d(IHst ead of 3,4

The racemic carboxylic acid (II) obtained in step (b) is

25 preferably used without purification, or as a sclution of
racemic carboxylic acid (II) leaving a part or the entirety of
the extraction solvent in the isoclation step, for step (c) to
be mentioned below. That is, a solution of the extraction
solvent of racemic carboxylic acid (II) obtained in step (b) is
30 only partially concentrated and used in the following step (c)
or used in (¢) without concentration.

In this way, by using racemic carboxylic acid (II) as a

solution leaving a part or the entirety of an extraction
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25 di met hoxybenzal dehyde. 4. Production method of

(R) - 5- hydr oxy- 3- oxo- 5- (2phenyl et hyl ) oct anoi ¢ acid ester This method is, as
shown in the follow ng schene, a production nmethod conprising reacting
(R) - 3-hydroxy-3- (230 phenyl et hyl ) hexanoic acid ((R)-carboxylic acid (I11)],
a hal ogenat SR V&fEntitafe®n (Ch §azBremeBRpotuAd Beleve 2 oPHER af‘( )

(her ei naf t ero 0. a6 al0, Ler £edoho 834" Fhdagole COmRGNIG{iy)") i1 the

presence of a base'to give anim azo de o Ia (1'X)
(herei naf t eradvarRegRlos® .r efgra@di torRs 2 indLnzotd dandrtX)for, cdmicehtration

I m dazolide (1X) obtained is reacted with mal onic acid nonoester of the
formul a (v) q@vehs ﬁémtlélledt.oabél apyerr gieldedueotasheqh| deremees tishadst er
(v)") in ghe 5 esenc a _dival.e alt .and treat wi_th. an, acid
Lo ol ve (R EoteEo FhEboa s bR el oAy BEceaRar A deRIAt Aedhi e
fornul a (X) (heremBaEh%reerB@t&bﬁosbfGéﬁfEth@sésuQé&0£6¥tBﬁ%ﬁdélEﬂﬂ d
ester (X)"). The (R)-carboxylic acid (Il1l) to be used for this nmethod is
not parti culrssiojutiient dd ateporie) 100obe anerticnedribklew t ssudle asetdnmd or
described in J. éﬁg. Ch%nt, Vol . 63, No, 21, 1998 348 7356 S@gathe li ke,
with prefer8fC€ §veR £5 SREVBREAUEBLSE® HEEAB R EPE AT SARE s 0P ) . Reb
N gi b--~~ ~pliew), ﬁ@«:ﬁ)@(ﬁ%egﬁam J:lﬂﬂséﬂf&%yﬁ%@hé:‘:'éﬁd'ﬁiﬂ) ardRhe 1peal ent
netal salt 2) ACid wher el n and R3b are the sane or
differenﬂoamdeemehtusneé hydthgpneﬁénanoe oigemito MIRK, and R1° and RZ
are free of _particular limtation as Iong as they do not |nfluence t he
reaction. TBisSHEPhdQTcRROHECARG| (RY-3ch¥drexiis (Inphany I8 =
than (R)-car vl Ci ster (X) froma 20 carboxyllc aC|d other than

(R - carboxy ?@éaégﬁeﬁ ‘93? The production nethod is explained in the

fol I owi ng includi rget Beepr 08HCHrOBUOinG- kRt -oBgiwiraiheI- (han (R)-carboxylic

acid ester 46
phenylethyl) hexancic acid [ (R)-carboxylic acid (III}] is

15 characterized by the use of optically active amine of the

formula

2
- CHzR

N (VIII)

wherein R? is 3,4-dimethoxyphenyl or 2-chlorophenyl [optically
active amine (VIII)], which is optically active, as an agent
20 for the optical resolution of (R)-carboxylic acid (III) from
racemic 3-hydroxy-3-(2-phenylethyl)hexancic acid [racemic
carboxylic acid (II)].
To be specific, the step is characterized by the use of
(R) -N—-(3,4-dimethoxybenzyl) —~g-phenylethylamine of the
25 following formula (VIIIa)

OCH,4

N

H/’\\[:::]:: {VIIIa)
OCH,

(hereinafter to be also referred to as “dimethoxy form

(ViIIIa) "), or (R)-N-(o-chlorobenzyl)-g-phenylethylamine of the
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f (X)) . As shown in the follow ng schenme, carboxylic acid of the formula
(vi) (hereinafter to be also referred to as “carboxylic acid (vi)") such as
(R)-carboxylic acid (I1l), a halogenating 5 agent and an i m dazol e conpound
(iv) are reagted in th resence of a base to give imdazolide of the
formula (vi i“)C°J(Jrf§'f’é}q1aﬁ%t Y IdHdo referred to as "inidazolide (vii)")
and the obtained imdazolide (vii) is reacted with mal onic acid nonoester
(v) in the presencejof a di v&lent netal salt, and treat with an acid to

gi ve B-ketoester oflthe a (viii) (hereinafter to be also referred to
as "R-ketoes as (R)-carboxylic acid ester (X). The

a- ket oester his methodti® a useful internediate for a
phar maceut i cakzpf oduct, pes de and the like. NR2b RRb / I (iv) ~ZRic 3b
1) ~OZRZc (V) is Halogenating ~ R b Divalent netal agent Id salt R dCOzH
-~ R N R 4@4AcRRr Basbe-al2) Aerdrewi) tR Reb~¢Niotd Sbap Wiizd) (V) i)
Step viii-2 wherein Rd is an organic group and Rl, Rzb, R3n RIC and Rz are
as defined @&fovd apeat dogasptigadupespdutienef the formula (vi) in the

bove- i d dyct i thod is. lified b |
o ona 1S vt no 120 e 20aTBli8g, | RSEERBxY | b8 WYL | S ih oy fom
substit uent sgyrafiy) HaQUReORLEMPI k¥ rBa¥EA0tS UGSheFAEIY Sas aF &hkida XIPUP

optionally having substituents, heteroaryl group optionally having
subst i t uent sctrigret lasinek dVIAS ) t"hewisheyt pavtptubir tdbstbovisiomrent i oned
"al kyl group 2s optionally having substituents”, strai . or_branch chain
al kyl group havingch;%%ngﬁPbSHggtﬁﬁﬁpiéchﬁn $£ﬁﬁﬁfb i e?%ﬁﬁ
incl ude net gy o E%!og&&%&i'puki@ r3PYhot DYLYS  thSR MY se SERGP W -
tert-butyl, pentyl, 1sopentyl;.neopentyl, 47

10 obtained in the total yield of not less than 34% by the use of

the above-mentioned optically active amine (VIII) as an agent
for optical resclution. Particularly, when dimethoxy form
(VIIIa) wherein R! is 3,4-dimethoxyphenyl is used, (R)-
' carboxylic acid (III) having not less than 99%e.e. can be
15 obtained in the total yield of not less than 34%. BAs described
above, the production method of the present invention can
afford a salt of (R)-carboxylic acid (III) having the same
level or high level of optical purity iﬁ the total yield of not
less than about 1.3 fold, as compared to conventional optical
20 resolution of (R)=-carboxylic acid (III) using {-)-norephedrine.
Such method strikingly improves industrial production
efficiency of (R)-carboxylic acid (III) as compared to
conventional cases. _
As used herein, by “the total yield” is meant the yield
25 (yield of the objective highly optically pure (R}-carboxylic
acid (III) relative to racemic carboxylic acid (I1)) throughout
the reaction system, as mentioned above, which is to be
distinguished from the yield in individual reactions in the
reaction system (in the following, a simple reference to a

30 wyjeld” means “a ratio of the amount of the resulting product
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hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,
pent adecyl , hexadecyl, heptadecyl, octadecyl, nonadecyl, icosyl and the

| i ke. Preferably, straight or branched chain al kyl group having 1 - 12
carbon atons, such as, 5 ethyl, heptyl, heptadecy|l, 3-heptyl and the |ike
San be. ment FARL HhBraRREESy 50D RaY RAOECATddREFer BohTe iR T I SRR
and exanpl esHelGQf iiAC !m@egébhﬁlcingr ORL Ny L s @i Aot ddifet TN I LY LA KY !
group” of the above-nentioned "cycloal kyl 10 group optionally having

substi t uent £he shexestlichiledmbyntyofopk&gihcgionpofiathegr8sulBirgnr bon at ons,
such as cycl opropyl , cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,

cycl ooct yl Breduse"Vi-ke. Preferably, cycloal kyl group having 3 - 6 carbon
atons, sugh as, cycl p zycl X t L ke; s, qan e E;gt'

The "aryl group” é% ?%%8a§%§8gﬁén?$§né%tf§?§|Bg?%ﬁ %%n?ona‘ﬁ? aw%ﬁ?ﬁa&
substi t uent gy hdghxeapifokmadchy1agildoehbpmidydAgoitar HPFLE o B - 18, such
as, phenyl, 1-naphthyl, 2naphthyl, 1-anthryl, 2-anthryl, 9-anthryl and the
| i ke. Prefefg@mityongdybedpWup having carbon atons 6 - 12, such as phenyl,

2-naphthyl and thg_Ii i 4 As ds_"aral ky " of th
above- mont i oned ~ SYaRSP BrEUReBEO SRARTYT nart T stoRt s S iy 1
group havi ngnd thé0a6avBOReAt2BRe8aBpRECAELY | Sbelve Ve R N(VITE )arate 25

noiety is the same as the above-nentioned "aryl group”, and the al kyl

noi ety i &% aspecaifghaldy pizedhin shehvenkyto gablew hemystplilizatdazar bon
atoms. Exanples thereof include benzyl, . lphenethyl, 2-nhenethyl .. .

3 phonyl ot hYFEVSLRs. BRERYPLERTETRENEY| ShFml 3 A TS i “EParamativid ca il |
group havi nQIZI? ¥ +h2pPLNCAL PYPBacEifd ARing: PHBRY kBEBNic carboxylic acid
2- (2-phenyl ethyl)pentyl“and the |like. The alkyl nmoiety of this aralkyl
group may hdv&)atdobbl esbdnflonrthis pseemoingl, nein patarml lesclof lsoditedr, abkyl

group include styryl and the |ike. 48 [ The Aheteroanylﬁ&roup" Qf the
above- ment i BREIPTREFEPGaPY I TP B ERTTUNA PREhaA 9y Ribdts Freterads.
exempl ified by a $HEThELEdic 3 Eh IRl ey Yind ki RBUIRG199¢ 08 BT €
hetero atons sel ected ron1?he gro consi sting ‘'of nitroge § ato sul fur
atom and oxy@eneaf{ VDI andaBe - pRef€PEHDN natl 08 . atEaapAtds dfenedf. 5i rcliude
pyridyl, quinolyl, isoquinolyl, thienyl, furyl, pyridyl, oxazolyl,

thi azol yl , itmémfo::?t}obyrm@ﬁ%nmf,elﬁg}?bailnaﬁ/ -8B k:He (Mader wethopreter ence
given to 6- ;13- nenber ed. het er oar ri .9hO % i .
nitrogen at %ﬁqggﬁléfga!‘lg %%&Jb%ne g’tu' rheflesﬁlc%]y&as‘?nd;%l%ﬁ'ﬁ%o & r?% y%ﬂgﬁégf he

l'i ke. TheseygéAUPRe NBMohaY Coft Spsdd e HctiRAl Lg% NAITINhiB bet Gsed is
reaction, such as hydroxyl group, halogen atom (e. g., chlorine atom

f1 uor i ne?%at baps btban n@. hitmvde i veflative dm letmple of5 raiceowy gesbpxiaicng 1 -
6 carbon atons( ., Jrethoxy, ethoxy, propgxy, hutoxy, pentyl o

hexyl oxy, eRELY, ?Q?EOXW%r% anrRﬂﬁJ‘y a\ﬁ%‘lﬁ&z %% @cgg%ggn gl‘%m%i%e?lﬁ;?
met hoxycar begylis €6 henyrefOodyly ORRSEAr RABY! thBULAXYARI 8O YptLically
pentyl oxycar bonyl , hexyl oxycar bonyl, heptyl oxycarbonyl, etc.), 20.nitro
group, oxo gcoiwe amime | VITDupso e desay exrdeals igmble Zedarthes abvohls (e.
g., formam de, acetam de) propi onani de, butyl am de, pentaneam de

d

hexaneani deMoh@ pRarEATERiC 74 e, 2Heh /i) de TIditEaF 108 PREPPTSE Phe
above- defsi " I AR gEQUR AR 3 ol ¥l 125
group" and %t%%r?%g%%op'biﬁ%ﬁ'ke.&HV\E?PéE’E’%{;' 2%9 '2? %rf&lt‘ﬁ%awéal
substi t uentphsitwtdpatdt cshaw |anyt ipadtadullatt chlangespr ehéeabliy 1 - 3, which
may be the sane or different. Preferable exanples of carboxylic acid (vi)
in the abov@frRMbrRblhrinREKafeitist W@ 1888 -shown in the following. (1) The
carboxylic acid hgyl ”sq?fJE%taQ%"%e”%@édo!}%% pa) k%bo%Q}dBn‘EEéﬁxga%HiQ&Vw9
substituents” is ‘exenplified by propionic a0|3, capric aci Stearic”acid,
2- et hyl hexaratdmBe | dh ki lddi&l @) ahd 2ptikal1eyr Bexyvecanthd (aring
t he above-nentioned "cycl oal kyl group optionally having substituents” is
exenpl i fi%edidyexenrlidhirash dnvicneasind mogyc kdmasandi sodvettandel aetedkEron 3)
The carboxylj.c acid hqégn%E%%$ ahove- nenti one Aarél gioug 5 ogthonflly
havi ng subst et e A g WPPEERZGCE  aEEG 2T ny BFBRBERS BT aci d,
napht hal enaygsgarRueddes, adithy14&tngoReneRic agidopedpyieethke, (4) The
carboxylic acid having the abdve-nenti oned “aral kyl “group optionally having
substi t uentdimethexemilaned ehchy'HFL0 Phesy!| pobpewns onagei fjrther contain
2- cycl ohexyl - 2- hydr oxy- 2- phenyl aceti c
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acid, cinnamc acid, 3-(2-phenylethyl)hexanoic acid,

'3- hydroxy3 (2- phenylethyl)hexan0|c acid and the Ilke (5) The carboxylic
acid having the above-nenti oned “heteroaryl group optlonally havi ng
Substituents" is exenplified by 2 1s chloronicotinic acid

2, 6- di chl orea®ert| udicom &bei mpe&@sdofqﬁhﬁowﬁédsae‘ar%‘Rw?% BRYHERMRE (He

like. OF th hyd h th t
(R i somer ThEtect§8 SETH I IR FIGHS, Sirs, o heo sqlveRTel bededtey an
4- hydr oxybepzgh Ce ey f A8k | e dHas1ar Q.sEprB?ra@l@llQ eehanse ,t MEBKcan

produce B- ket oester useful as an intermedi ate for a pharnmaceuti cal agent .
The "i mi dazei kscprmophddther tdrel dbtﬁ/énmntaﬂ@rm@d t@m@%@t’ﬁoﬁleﬁﬁﬂﬁﬁddr 8f€rs to

a conpound wherein_ the hyd at om bonded the r bon of ole is

opt | onal y BRESLERIATLN éareoﬁ%g%aﬂw& JaMPEegYSE . TEURNCRS, STR G o ek

2met hyli m dazp §c}g@ﬂ§jrlx_u é IW‘LIHE FHM—%%QL%&” stt@p' rrbqlazehe ofhﬂore
or

"organi c group RS of the abovenentioned fornula (iv)
exenpl|f|edkbﬂd@l&ﬂls@nvnnxsfsblanﬁaﬂﬂﬂcphlgﬁ@aﬂ,a£e¢htgnoM§BKaraﬁkbylgroup

and the like. As the aforenentioned "al kyl o%p str or b hed
chain aIkyleﬁ%Wln@eanefiQ%&%RHFQHX%n?th§Hbﬁ%§§ #@?hPPr égﬁéﬁr Hrgggﬁ
| sopropyl, QUL o] SORY Yo e SEASTU! Virne! GBL- B! ¥heseOso1vaieed yfurtmoentyl

neopentyl , exy € can be nentione orenentloned

"cycloalkylc@mgh¢h1¢§ xesp| i itk furatyie.oal kyl group having 3 - 6 carbon
atons, such as, 5.cyclopropyl, cyclobutyl cyclopentyl and the i ke, The

af or ement i oned aﬁ%lm%ﬂtnﬂﬂedsﬁhgaﬁﬂﬂﬁﬁ| @p lygsiy o RepHERG ToFoFE,
Iyl t d the | | .
B e R S R Ll

af or ement i ogegyShadPEEsd N AIGRNTTy iatile eﬁfltnlecqlvarllly | anphed ardthe
exenplified by thionyl chloride, thionyl brom de, phosgene di phosgene,

tri phosgeneentiire tie ¢fkmhevaxﬂrqnﬁﬁqneﬂﬂiqutv@ﬁ ﬁ@etﬁbéﬁﬁrmeﬁFéppﬁ StRR

“base" ij the above- i.0 thod, i s e ie o
tertiary am‘Weslf eprgfeer ﬂhg][:{% é“set i gﬂﬁ{: $ €Ihgﬁn% ne,
di i sopropyl gt hyl e dd de@on HARINC Hoel tﬂa@:"e)vfu&rrt:aebok?llg acid
pyri di ne, pico |ne utidine, collidine, 4-(N, N-dinethylam no)pyridine,

N, Nd|nethyIaDI]|6mma£héﬂchnﬂﬁnéeahduaﬂmentidﬂad Isitielp) (o abkébﬁtnﬁpan
carbonate (e. g.,_ sodium carbonate, potassium carbonat and th %b
§ 8ferred

Preferred |Ea¥F+%%¥M1%9ﬁ?ﬁP?ﬁa§ﬂﬂﬂlﬂﬁ(ﬁ% ECRGE § Aot aPP
is triethyl ;['Sa]_ %@s JH C:Lsaﬁj @ﬁli‘t %ron@{l)cteﬁo ihetusedofi@enthe
thoo 1's partic

above- nent i ed e ree 0 ulFfar Timtation and is 25

exenpl i f20edc by &8h Didy Ctl@é:lébdmarﬁdrmélcﬁﬁders,ol@rena: asnpecedsatyt he for mul a
(v) wherein RL" is straight or branched chain ald% rou hav# 6
carbon atons (e. Bhe amaunt Oﬂﬂﬂﬂﬁ 2HovemIeHAL o &P&Venlsﬁﬁu ?IUSEd 1s

sec-butyl, g%ib tg/w;g ,b_,?/ca%%zgp ntyle; opggx_-yg %f%wco ﬁécoﬂtamed

preferably ain a group havi ng - 4 carbon

atoms (e. Oin £UAY, JTzhef SPIE P i tH & triliHat opﬁtll@a)l pcilky, |1$- hgdrogen at om
or nonoval ent netal atom preferably, alkali netal aton1 e. 9., sodlug]r_O

pot assi um preferalspecs fl calag, L porexssinpafemaplys B L —md oﬁ'at gelagave

ethyl 50nft eg thraascsén‘ﬁ”é Idszg:q{ O:Pyllcrr%lcczll.cﬁt&n When the amount of the
solvent to be used is less than 5 L relative to 1 kg of racemic
carboxylic acid (II), heating during production of the salt may
fail to dissolve the resulting salt, which unpreferably lowers
the optical purity. When the amount of the solvent to be used

30 exceeds 20 L relative to 1 kg of racemic carboxylic acid (II),

the amount of the salt that dissclves in the solvent tends to
increase and lower the yield, which is unpreferable.

When the above-mentioned solvent is a mixed solvent
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potassiumtert-butyl nmalonate and the |ike are nmentioned. In view of

‘easi ness of obtainnent, potassi um ethyl nmalonate is preferably used. 5 The
Adivalent netal salt” in the above-nentioned nethod is preferably magnesi um
chloride. The “acid" in _the above- nentboned nethod is xenp lified b

m ner al apid& uﬁjve RFdPoBAFESPEE WiFR, YAYEF bbr BT SAtYER %Lﬁ??ﬂW%géﬂn%P
nitric acidg o?la".i..‘igd kﬁBonﬁénékﬁ) an&o?gfﬂé’ﬁ‘éf PELES & darﬂuex?eﬁet ic

aci d, proplonlc aC| , et hanesul Ic acid, tolUuenesul fonic acid and

I |ke) and t tthd idbevenmentioakdr eangegi yEnthe aycduntsdl e ilve acsed. | Whehe the
above-nenti oned nmethod, by "treated with an acid" is nmeant addition of an
acid to a r ERAEGS ﬁﬁfbﬂﬁﬁlép agddt i(BR) | 4 opsadrancti W WHiQmret ta an aci d

to changi Bg %%a'ét‘l‘éhd %&%BSU XFOI:hé h§b6§8 dﬁéx?&&@x% g%fe%e%‘)‘w Hd aamou%t

weak acidic. ion to uce Tm

realized by dfeatlel agteackasyl k61aent iyl iﬁcm@@chog:enmé rwmﬂgemtoﬁnﬂue
I m dazol e conpound (|vg in a solvent in the presence of a base. In the
£,

above- ment | GPdFenEa&o] uppd §©Heﬁpbicahd¥¢$@h0%4°meagents i s not
particularly lim for exanp halogen ting, agent. ded

Txture of | dasOhE BERBSURALEP 0T st TR AT T A i e (" a
sol vent in %&%ﬁ%ﬁ&l?5abﬁlbaeaﬂiﬁéeﬂﬁﬁIPf érQQﬁfke&ﬁEf”adukhdﬂbﬁtlcally
halogenatlng agent fo imdazole conpound (iv) charged in a solvent in the
presencelbf agthaeeamiacbd¥FIIL teial #Q&QtlanfmﬁtrﬁnemmnknﬁrhnxxﬁnQﬂaqmﬁm ng

o mxture of 3, base a1d L dezgl s compeund (). oy fialogeral g agen! o
o et v MR e e
carboxylic abtieda@ditrionhrebuissnnbmetlh® precipitation of the salt.
Therefore, the mixture is generally heated to 50°C - 100°C and
15 stirred to dissolve the salt. When dissolution of the salt is
insufficient by stirring at the raised temperature, the solvent
may be further added until the salt is dissolved. The solvent
to be further added here is similar to the aforementioned
solvents,
20 The crystallization of a salt of (R)-carboxylic acid
(III) with optically active amine (VIII) includes stirring with
cooling until the salt is precipitated after the above-
mentioned stirring at a raised temperature. Then, thé mixture
is gradually coocled, and after stirring further at a given
25 temperature (e.g., 25°C), the mixture is filtrated, washed with
a solvent and stirred to give a highly optically pure amine
salt of (R)-carboxylic acid (III) in the aforementioned yield.
During stirring with cooling until the salt is
sufficiently precipitated, the crystal precipitation
30 temperature is generally not more than 50°C, preferably 0°C -
30°C, and the stirring time is generally 0.5 hr -20 hr.
The solvenﬁ to be used after filtration is preferably a

solvent having the solvent composition used for crystal

37



preferably 1.1 noles - 2.2 noles fromthe econonmi c aspect. In the
‘above- nentioned reaction, when the anount of im dazole conpound (iv) to be
used is less than 1 nole relative to 1 nole of carboxylic acid (vi),

s Tess Ui el at v of carboxylic acid (vi.
Dartly unt cREP YA RRE b ES e BT NG rOa TN TTha d 08 SRzl o

conpound (i \gadHl %%ﬁionP%r%@bﬁia&?&aiEM§té8 and0i g O SREBOXYddfrAtidht
(vi) is economcally unpreferable because i m dazol e conpound (iv) not

i nvol ved i n fidre washdmnigorthexifdflsremea | arge anmount. 10 In the

above-nentioned reaction, the anount of the halggenatiqg %%ent to be used
is preferably 1 noh® Predpciipasmeihgdi o€ the (Pretenbiinvg R ieB&

epeet 1 R g, B AEPARRN L AdaTyE pofe pRo b o LR ALY RO g

agent to be auge@d i(¥Ilz@ystbhansdloeienr efatavemie darimbeyic casihbxyil)c aaci d
(vi), the reaction efficiency ngg reduce because carboxylic acid, (vi)
remai ns par oy feEperaguren (2o \R0Fe ei 8hdavr gaatnah, PRReHPEFRE DNt

of hal Oge”atoif!”'g:n%g%)%&tt °F§§ggiigwfé§e§ﬁé hxéf.:%‘tﬁ@é €S, &bt | V%a;t @t szﬁle%%ﬁ bff

car boxyl i c.aci i a anoun O0génat I ng” agent "unnecessary

the reacti orhe fahot@itbexykthe 86lden¥i tolBelsssh dn Gbe isdviritayddusly
econom cal |y unpreferabl e but may cause side reaction such as dehydrating

react i on?? eiiesiugsdi es compered tadtheecabore-mémtiened hegtdywschatieanpusgethe

[ in 25 th | {1 duct. .In t b - tJ d tion, th
amount of 3631 §oB8 HebaRPeloFar o7 bt o4 Ve C-ona T BL ETH | ve Lo’ 1 mol e

of carboxylic aci gofVibcryBta]isafPik, PERE 4G antl o BY &fsed o NOI es
fromthe econom c aspect. In the above-nentioned so reaction, when the

amount of bdsesbdviieguaedals bEs$R} haarboxwpl e radid i (L ko cennilee sdfnilar
carboxylic acid (vi), the reaction efficiency may reduce becausg carboxylic
acid (vi) réﬁa?ﬁétpéFFPy%Bﬁr%éﬁ?% ViR ERFT ?nﬁg%9ﬂ¥$t%ﬂHQ_ |ﬁ;EtuF€ ﬁéﬁ
become 535 a809ELHeficBlehNopEL iR 1 AEEL] 90 SHIC NS SN D A Al On.
elimnation reaction and the ['1ke nmay be caused. In the above nenti oned

reaction, nmebgeeat, ishehet 8amanoie @induase cifo thesesedlerntsdso3bavhasd

relative to | nmole of carboxylic acid 5 (vi), a |arge anount of base
unnecessary IPgr thhg reastieon it Frearvb @ty Pakiieyday Jigpiteddomnbus is

econom cal | ngﬁgg‘ragg?éﬁgges ﬂ'h_e %%e-ﬁpé %%%{%aﬁ} iso%ei_s 1&2nr i ed out

generally w rattdre Tangé preferabl’y -'20C - 10

| 0C. When thartgaglbelyt pPREEREIE & SL|-eS55 thanrel2aGvd o rneaet odnangylt
proceed glowy, or the reaction may not proceed at all, and when the

react i on?? epfer Bl urarbssebic acid chibbky|becansel Kigh vigdidclands hdgbt arti ng
mat eri al , '

reterl . T Be SCSRIPRIC ol ok ESRLY O S oRb T SPEBAL YL
mentioned solvent to be used is less than 4 L relative to 1 kg
of a salt of (R)-carboxylic acid (III), the salt may be
difficult to dissolve, unpreferably making high optical purity
25 difficult to achieve and stirring for cooling also difficult.
When it exceeds 20 L, the amount of the dissolved salt tend to
increases to unpreferably cause lower yield.
After mixing a salt of (R)-carboxylic acid (III) with the
above-mentioned solvent, the mixture is generally heated to a
30 temperature range of 50°C - 100°C to dissclve the salt.
After dissoluticn of the salt of (R)-carboxylic acid
(ITI), this solution is gradually cocled and seed crystals are

added at a suitable temperature (e.g., 40°C - 80°C, preferably
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yield. The reaction tine of the above-nentioned reaction is not
particularly limted and the reaction conpletes generally in 30 mn - 1 hr.
2 The solvent to be used for the above-nentioned reaction nay be any as
long as it does not inhibit the reaction and ethers such as THF (THF),

di oxane, di Mt oxy&Chthe SRt e¥RA | B StHFringy x&8essipenpforhehetithtrg is

w th any soliﬁ%ﬁiﬁ[ﬁ?ﬁ%{ rlmrnorgatsi hydﬁggﬁggnz%%%lqgjdgﬁnbee £ne,

t ol uene, 25 I'i'’ke, al i phati"c hydrocaf as ‘Hept ane,
hexane, oct aneadul Iyheydride@a1agn der 1Reefer abt y- used, Iprdfesadageoeft a mpoed
solvent, they are m xed at a conventionally known general proportion to
make the toteRffumin ai 124nhhi n t he above- nentioned range. 3o The anount
of the solkvent to, ,he _us i s.generally BQO = 4500 nL _relative to 1 nole
of carboxylic aciJHfVP)?SﬁhFE%%F§epﬁ3fEEéEthlgﬁﬁgﬁf?-?ﬁoﬂogﬁie?or t he
smoot h pr ogresfpedfatifie rRaet.i,onsasy, ephapsode®! Ofldy idh ¢ sol@ent and

| m dazolide (vii) can be isolated and purified by a known isolation nethod
(e.g., extraniesh, @he¢i agluedtthe beé kejednfiobyf bl ferapwiorp lanid iwsstiiog ret hod
(e.qg., crystall.ization.and the like), or be used_as it,is in a reaction
mxture wt lrs‘%lléfmséﬂl A%arg ﬁEPi)tf Péﬁfii”_g\ﬁ/?’ Sr¥ptei ProciRt R W de T0Fi i )
obtai ned as JEnlifueeiakouee fngg g¥afpkeq h§Fﬁe€§éeQF¥‘4_~éﬁeﬁ@i & $01d of
nonoester (v) Iin a solvent in the presence of a divalent netal salt [step
viii-2 id%loptdmdltiyeaicedvei thian 4UINI) sweéphviatedid] carb@tywEi c-kadiak S{HED)
(viii). Step vjiii-2-11n this step, the order of addition of reagents is
not particuledd ysedhPgadrabar PBELERANFEEOLNEiI@Rzo0lide (vii) is added to a
m xture of mal oni Ci stet (v d_di e . . ch djna
solvent in advancgh%r b%?‘gﬁ?g é@?ﬁénﬁﬁg‘gs gﬂ%%@%@‘%ﬁf%&ﬁﬁ(ﬁr eéao

i m dazol i debevideroapdsedvahest (Rptabrbakylihasged (1T B Saldesptidniadvance
and the like. zo In this ste?, the amount of malonic acid nonoester (v) to
be used is pFEf¥LaBMyne BLEL) Dyndl eanyenbional teethed| eFor expunieli de

R e e

aspect. In € ‘aboveé-nent

aci d nonoesbefani) £810en5 (8s5€d, i sthPbsatdeded, Nt &, ) 8 V&0 ekatip1® Of
i mdazolide (vii), the reaction efficiency my reduce because i m dazolide
(vii) renni ASupans| gauatdacetiiall nsohet oy caquenu o reekkastieparnbionazel, t he

f | i id t i f 2 | | ati t 1 |
of i m dagol PRGUEGP) SFoRERBNSM SAt Y B R R STt b it oo FRETRARd
monoester (%) BAbrbAN9LVEdidNstbe 5@6:?,}&%1?1%&% ddv |£Il%r§'5°‘é’&%d 5@:1

tal salt to Iy

this steg%nthe anount of divalent ne e used Is prefera

mol e - 2¢trotbks Léketi tketagqieoms elafeshis madalanidiacnm mxtrested (ikh
which is nore preferably 1.1 noles - 1.5 noles fromthe econom c aspect. In
t he above-nﬁﬂtgﬁﬂéﬁlgt%%1V?$F-EP]9lWﬁm#BkTﬁ?%ﬂﬂﬁMﬁ1QﬁaQﬁdvdﬁéﬁﬂ-ne¥%]t%%ﬁt
to be used | es h : jve fo 1 |_onj i

nonoest er ($§?LfhEh%egé?%%éﬁii?%éﬁégﬁnﬁﬁh§?rgﬁﬁ%§ g%%ﬁ%?bgﬁgﬁgﬁﬁg SEPH
nonoest er (theragaedss ppiyéy. unreacted. In the above-nentioned step
viii-2-1, the use of divalent netal salt in excess of 2 noles relative to 1
nol e of nul oni c a&ltereaiekiels, (an amine @adii ©f | R megrbrayabreachdcdlde) a

large 25 may be decomposed with an acid {(e.g., inorganic acid such as

hydrochloric acid, sulfuric acid etc., and the like) in an
organic solvent (e.g., toluene, ethyl acetate, MIBK, or a mixed
solvent of these with heptane) and extracted with the organic
solvent to give (R)-carboxylic acid (III). 1In this case,
30 optically active amine (VIII) can be obtained as a salt of the
acid used for the above-mentioned decomposition of the amine

salt.

The optically active amine (VIII) used for optical
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10 anount of divalent netal salt not necessary for the reaction with

mal oni ¢ acid nonoester (v) is present. This step is carried out generally
within a tenperature range of 20C - 70C, preferably 40C - 60C. Wen the
[eaction tenperature is |ess than 20C, the reaction naéégroceed sl.owy, 15

or the reacth%tf Pl HRFESEF Rl varecoyrgefhémorng Faact Pon3TRIPEPAY TR &
exceeds 70C%ﬂ

. i L N . o )
deconposed in'ﬂﬁ§§§§§%?§3§¥%%f¥ﬁ¥@9%%1P28%C§h?%%5?§gg??§%'%Fé?g?i%ﬁg with

reaction ti mpifcdlly alipisraramiinenqyIngact{hereitaiebr28opbet ATybaréFerred
limted and the reaction conpletes Seneratly in 4 hr - 10 hr. Step viii-2-2
In this stefe @& d@ad thadl the caghoayildct peideandi Shemlkkafk.in the

above- nenki oned step viii-2-1. or_the reaction_25 mxtu i tep. . viii-2-1
my be added to afABTY PREHPE SP8)ToRECEROGREmOR PRECART TSR PREr b1 y
2 moles - 4 mienAledhiwe he@ahoiel 8c0H WRkHagptidg1iyi betivli &hins MPIEL)
preferably 2.3 noles - nol es fromthe economc aspect. In the

above- nent | oe@diss Bepegioviery- 2f whsacehdyasothve3ampheadViITs feem a hemlt2

| lative to 1 nole of inidazolide (vii),. decarbonati iy
ot pr bceod SuPPCETE 7 =8ty T PARcFoh B ERCPRRESANLY TRETEaceniis | ho

above- nenti orad 13t,eRnY EEb&[g1s?ﬁ%nCBH%a?HEHninpé E£igré£b£waé§fg%1xture )

56 noles relative to 1 nole of imdazolide (vil), the reaction

may cone if o firawe ther oryszelditutiod afsiBp-canbbkphisuadids(IBDenrizzd i on,
elimnation reactiqQn and the li ke of the resulting product may occur. 5
This step i§9§&Fﬁﬂ§§ 8Gtiyenamappy (VEERin a tenperature range of -10C -

40C, preferably 06, - en e L.on r S €S knﬁﬂ -:10C,
the reacti on may g}‘ééégg’“é’}é%w §%Qofé§ﬁg&#ga€%§gﬁgn%%gﬁf p?%)ceedlta alfjlcO
and when thacidaqrian wemheoptilcgleycaetdsvdOimime KEYDED) Gliedn\d id )reddyedy i S
10 a resulting product, may be deconposed to reduce the reaction yield. The
reaction ti @ ePtigaldlodelikat aphed (BREL) opredueed hiarthe Wegampasifiiosd

e used for CEnd S0ve hent] cRBRerebtbrrEa R, Wl niiealty R ony

as |long as ukideegvmet)inhibit the reaction and ethers such as TAF,
di oxane, di met hoxyethane and the like, or a mxed solvent of the ethers
with any sol vent Aeciethed fepnreronerirg hgritboakloractiveh arsinge nVddd)

toluene, 20-xyle0esalf §08n' LaBrody] POALE fu N 0GR DS SHGP 15 et ane,
conventional method. For example, a filtrate-washing mixture
20 containing a salt of 3~hydroxy-3-(2-phenylethyl)hexanocic acid
with optically active amine (VIII) or a salt of (R)-carboxylic
acid (III) with optically active amine (VIII) is decomposed
with aqueous caustic alkali solution, agueous alkali carbonate
solution or aqueous sodium bicarbonate in an organic solvent
25 (e.g., toluene, ethyl acetate, MIBK, or a mixed solvent of
these with heptane) to recover optically active amine (VIII)
from an organic solvent layer.
In addition, a filtrate-washing mixture containing a salt
of 3-hydroxy-3-(2-phenylethyl)hexanoic acid with optically
30 active amine (VIII) or a salt of (R)-carboxylic acid (III) with
optically active amine (VIII) is decomposed with an acid (e.g.,
inorganic acid such as hydrochloric acid, sulfuric acid etc.,

and the like) in an organic solvent (e.g., toluene, ethyl
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hexane, octane and the |ike can be preferably used. In the case of a m xed
5ol vent, they are m xed at a conventionally known general proportion to
make the total amount fall within the above-nentioned range. The sol vents
to be used f 2 ove-mentioned st.eps viid-2-1 and viii-2-2 be
the sane or %Jlé‘#gl(;‘r&’eht%{I f&h’e oaﬁwoatjﬁ?l’%efcptsr?&‘%&%é’rﬁ tﬁgsﬁewﬂrg}dhﬁg%ﬁﬁg‘rﬂ ﬁ?l y
1000 L - 50P8cobef &b Ad e 40 htllA 1§ dctidazakiide (V) WALENthE ac
preferably 2000 nL - 3000 ni.f%ﬁ t he §ﬁ§5tﬁ'progﬁéss(of t%e 30 rggét?gﬁdand
enhanced pr cadsedi £ ythd-adehwesteartijoned Yecampoe itdiohavddthedapinef settby a
known i sol atjon net hod (e. g: extraction, drying and the |like) and by a
known purifi%%ﬁ??ﬁ??ﬁﬂ?éﬁ?% .r%ﬁFmQﬂFy§FéFthéﬂP@ﬁP351aY§F YiFhcadgeeugol um
chr omat ogrsanky, SR b oo (A ddis) . BBy BEUIedAspbhabs L1 RS8O
m xture w thout 1solation and purification. e mal onic acid nonoester ]fv)
to be used faquedies admiiand hieEribomatemandodheanike , obtai Bedxbyacted with

conventi onal&lj%/ known, vari_ous net hods, and commercially avail abl e ones can
be used. AccHt RTHARS 13 VESRSy dendnt-i RAHEREr hEGhYA- REEBAEEerMIBKi i 9T can be

produced effjgjent | r..cost. th nventional nethods,, That _is
t he above- rnaﬂhﬁﬁesl’d:)fL rr‘i;ettrh%(? fg\cﬁlg S%O%%fg‘ ggggg%Zn%f}vg%’e EbELER11Y B ei e

N, N' - car bonydnslirien dazdl)e faieeth hneaiguakenkodyeHat 18ye2. equi val ent amounts of
inidazol% conmpound (iv) is sufficient for reaction, thereby affording
producti 38 of R k&heedesovered preiradignacyive amineefVEDE) .cahde
production nethq . dazoll.d vii) for the above 15 ntj oned net hod
may be estegﬁ%ﬂfgfggﬁﬁda u&éfﬁ&ﬁ éxdatﬁgnYFﬁglﬁﬂggdﬁggg?%?h §Fée5?mpae'
R-ket oest er .ar bridadiabevavernt igped BhAEHELIRY FRL oS by 1S N0k (R s

hydr oxy- 3- ( 2- phenyl et hyl ) hexanoi 2 acid [(R)- cgr boxy??%l acijé?(l I )\{Q (ai%.llen.e, a
conmpound of (W& Ifohsuwashed) wilibr eaheR dndsc@n@éntrated to isolate

hydr oxy- 2- (2- phenyl et hyl ).pentyl ) as_carboxylic acid (vi) and setting, .

vari ous sané*ﬁ%‘@ﬁﬁgna 5ﬁ§?tP§ﬁéeaivg%B§e Ptahilsotetied, it is purified
(R) - 5- hyds oxyr 3ri@%913a¢20RNEAYLEL Lgo il dagler 6ar boxylic
acid ester zﬁ%] can bg p?oduced vig&%?n&ggé%g%l‘gf% X?‘.% de%%(?)ag(régsent

i nvention i opdighdilgedcithvdeamihebyVI el prmaydod osubxpepteas , toiptdicaie not to

be construed as limtative. Note that $ in NVR is expressed in ppm The
optical purT&FoaS1aB: BiRPARE BYriREcabionwi ng

Using the optically active amine (VIII) recovered as

mentioned above, the optically active amine (VIII) can be used
20 repeatedly and the process is economical than new synthesis.
Therefore, (R)-carboxylic acid (III) caﬁ be produced at a lower
cost.

The (R)-3-hydroxy-3-(2-phenylethyl)hexanoic acid [(R)-

carboxylic acid (III)] obtained as above is considered to be
25 extremely useful as a synthetic intermediate for the anti-HIV
agent, PNU-140690. The derivatization from (R)-carboxylic acid
(III) into PNU-140690 can be done as described in, for example,
the above-mentioned reference (J. Org. Chem., Vol. 63, No.
21, 1998, 7348-7356).
30 In addition, (R)-5-hydroxy-3-oxo-5-(2-

phenylethyl)octancic acid ester can be produced by the method

proposed below by the present inventors using (R)-carboxylic

acid (I1I).
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30 method. (Optical purity) A part of a sanple (crystal, etc.) was
suspended in toluene and aqueous caustic soda was added. The m xture was 58
stirred for dissolution. The aqueous |ayer was obtai ned by partitioning,

and nmade aci giganbéion G | or i extract ed. W tol uene. The
tol uene | ayer was concen%%% an%%ﬁ%rﬂ%&qgeb n&_,g%kgw brom de
wer e added. The Methed el was heated at 40C for 30 mn. To the reaction

m xture obtained by the above-nentioned heating were added tol uene and 10%
hydrochl ori ¢ acid QRfel iglieo B imge amime J¥FATAt €d by paedi Lthothag. The

t ol uene | aye oncentrated. T, r.esi due. was _di ssol yed .in i sopropanol
and both e%aén?%%??esn J(‘ﬁ)ecfss&ﬁ?r (Ihcg é‘ﬁdp(rggeiré‘gr]r@r ]’gﬁéﬁﬁegeﬁarﬁ}ﬂgd By HPLC
(solid phasefo DALY %ﬁ%&%{@se@ow thhgstgéeﬂgo %Egaﬁggﬁgol / hexane) .

The percentage of the peak area was neasured, base t he optical
purity (%. e.) wihafetierniaseghoRnadpl ¢he f6lRawénicsebéyé, a compound of

3- hydroxy- 3-(,2- phenyl.et h exanoat e Magnesium (37.2.g, 1.53 nole) was
suspended i né%%hct%él@ gcg(’l,l)lgﬁc} al'Perednafitas te. Regalpooneforesdvee asided
ina thin stvaxp f i_§i t r 038 sol ution
of di met hyl di chl o I35 g%‘hg. B E{‘%ﬁl%ﬂg’ﬁ%ﬁ% 3?€e'9%é%g%°em&‘i 2
g, 1.02 nol efVITEtyil) clbleaednadtatretolBl. dlgo tefdrivd edo angl atm)yladiu de
(1.4 g, Q,01 l.e),.in THE (472.9 g) was added at 35 - 40C over 4.7 hr in a
thin st ream”gll.)}rrt"ﬂér’, )e@®%@ CeRAsP&sEetat givalan imime Jzompownd et thided at
30 - 40C ov Ly | thi:n, st 1 [ e S 25 stirr at_ 40C for
§ortbuila (13 1Lhi]) éhggglnl?gaghé%ﬁ%%i%ﬁ%o.ﬁﬁgiaa%

1.5 hr and decanted to separate unreac t'¥H F%acti on
M xture was “dtded cempoundxiVreIolidp¥ hystashioriclpci rddblid & ik 5Q
nmol e), ammoni um chl oride (15.9 g, 0.30 nole) and water (2S0.7 g) in a thin
stream and FEAUFCELod8dert VA5I28L. tohaive gomit toable racisisse Gurdorec eftlIaed t o
give a residue (342.6 g) containing the title conpound (215.1 g, yield
79.6% (quantitative anal ysi Stsp WPL)L. 1H NVR (CDeisy vEippe) 0.94 (3H, t,
J =7.3 H), 1.28 (3H, t, J go9 s 'Z:'iHZ), 28-1.41 (2H, m), 1.54-1.59 (2H,
m, 1.63-1.83 (2H n), 2. §3-S°HE EEN) . 3l 50 (14, Reductiong (1HY g,
Hz), 4.19 (1Rf—CHO J+= 7 18- 7-T9 NYFHR 277292
2 Racem c ethyl 3-hyd y-3-'(132-phenyl et ) hexanoat e Magnesi .
0.31 nole) was suspended in THF (12.1 g), and allyl bromde (0.28 g, 0.0023
mol e) was alfed-iln a {WIT-dileam After (VEIGiing)the tenperature fumm 20C to
30C, a solution of nethyltrichlorosilane (3.39 g, 0.023 nole), 1 io0
phenyl - 3t*hewheoveain (BD.i® ¢s @eFihedbbepyveet hyl chl oroacetate (27.81 g, 0.23
nmole) and allyl bromde (0.275 g, 0.0023 nole) in THF (94.6 g) was added at
35 - 40C over 2 htB¢ PEeMFHi QR Mafhod@f Iepbicaldy ackiveoamanat dVEBIB4isy,
0. 07 nol e) Tafal<Yo) - 40 mn in a thin stream After

UEREHAR B e e il

stirring at C for , thet npound in the reaction m xture was
anal yzed and a r eBlod i mine domippueent @IITIRG itihe ihi the aBAPALUREnE46ndd O
yield 77.9% was, obt ai ned (ﬁtan_ti tative analysis by HPLC). The NMR data
were the s 19T RBaks obtainedybansioadenratépnc oft hgmpound (VIII-i)

3- hydr oxys- 3;: (. 2- pher y <anqat e . Nag Lum (7.45 g,. 0. 31 Isg was
suspended isarn‘(@rH@( %jﬁ'}%){‘)faﬁaéaéﬁl y(IStl?Po?ﬁSgg_%: 28“@,’%61.900’25“{% tinn
added in a tdudEidd eaR) Ahlitle M@IITING 1 he st GERBEAY ) CuEEQM R0, - s
solution of silicon tetrachloride (3. é' gs, a0. 023 rr%l lé), 1pﬁe%/la-1§%§<gon%ne
(40.0 g, 0.80MAHFH-E00 modl, pivedesabdyadl (21%81 H000m@BY Nob£)cansbund vl
brom de (O'ﬁyﬁlg”- 0.0023 nmole) in THF (94.6 g) was added at 35 - 40C over 2
hr in athih's realrh Further, ethyl chloroacetate (8.34 g, 0.07 nole) was
ao added at 30 - THACsOMYerdO iR Bk FrrhLD SLT riipg a 40C for
2 hr, the title conpound inn tlhe regct iIoE rﬂn%uﬁglg]m%@%%%’f%éedg%d a

react i of° nibanhisudent diiningtibe &st Lengoapoinddéds. dét ginkitel€ the 93) was

obt ai ned 60 .
reaction. Generally, methanol, ethanol, isopropanol, toluene

and the like, preferably methanol, isopropancl, toluene and the
like or a mixed solvent thereof are used. The above-mentioned

solvent is generally used in an amount of 100 mL - 500 mL

42




(quantitative determ nation analysis by HPLC). The NVMR data were the sane
as in Exanple 1. Exanple 4 Racem c et hyl
3- hydr oxy- 3- ( 2- phenyl et hyl ) hexanoat e Magnesium (9.1 g, 0.374 nole) was

suspended in ), contai ning di ben oé%.w n (1.4109.g), as an internal
standard subs ggggé‘g%ng%a?‘@? Brd %E“R‘U“icg Iﬁa‘s”add‘@’d-ci‘t 131 eriefexapivn
stream Thergbo mBsS-agdgedne. Préfh of 178?@ | f

di met hyl di-chl orosil ane (1.84 g, 14.?28emé780 e ,é%ﬁéecﬁ@y|§(n§4%8@ﬁ@§n8ﬁ8°fﬁ7_ 1
g, 0.267 nolp¥Fogresy|ofhtle ccemttaion (34n8the BaB84ofiDhehixadll ¥o19&wH) deney
(0.28 g, 2.3 nnnle% €nd THF (49 nml) at 30C in a thin stream After 18 nmn
exot herm ¢ h?ht TAZCVRErd PRIRPEIRNS Live Mwny geperaluPEopessirs 80, Beke
After 34 mi ncfig oyt e Aeidliddd N [ tr tl ining mxed 15
sol uti on was added %t an |ITH% gf?anlall vfiett'rl#p}en?a{:?’t?r g%g‘ve:%g%?[tggge vggngehr in a
thin stream Ther eti¢ esteretVnlI-ahlicr eaaatiaie ot géneradly2iANEl eimpesa agLed
at an internal tenperature of 32 35C over 1 hr in a thin stream and
thermal |y i nsRR Rf &°°%n i 8O&F nalFore ppdficientoreastibr spehd. wihketitl e

conmpound in t] i re.was analyzed and a reaction m xture
cont ai ni ng. t%%é%geﬁg%répggt}r% %%.C%l\é\’?"yfelr& 7x38) Hlad gﬁ?‘ﬁ?ﬁﬁ'_ﬁure range
(quantitati wef BRCysi $0by HPlSYefdNHIVR ¢aia WBRELIBR $3NBeASrdMm Fxanpl e
1. Exanpl.e 5 as Racem c ethyl 3-hydroxy-3-(2-phenyl et hyl)héexanoat e °

Magnesi urh' ( FaETied Putplid) anreactdpondde pETBoat 716 ninandl@l byl broni de
(0.35 g, 0.0025 e) .was added for Lyatiop. Thereto was_ added a
sol ution of 1-phglrzll3}'1('l2 ﬂ&&n&ﬁs‘%’&.ﬂ@‘ﬂ&&& T"QlﬂrmeE)‘? ebh3ined ¥ gerdtend to

(0.63 g, 5. hise pAiealand sdddive Bh@ﬂied?vﬁzgir?ﬁ {Bre - Q0B €) oy gTHF (2.4

m) in a thin stream After stirring for 1 , the tenperature rise was
measur ed. | ireggdiitdnons geseyirdllg chrriedt btitebgoapdimg @ncediet foin

resi dual ampunt ,of  1-phenyl - 3-hexanone was neasured 10 (quantitative

anal ysi s by cﬁ%Laé)y.StE%é’n%F‘@s rgactipnyiEhpEc e hypr the above-mentioned step

3 hydr oxgs S<iadpheny) syl henangahes The SENE-BEOCSHUER.E%HD RAMPIA LS

wer e conducted except that c ane was sInultan
stream Theidhl)owdshl Agdsoged.t he anounts added thereof are as shown in
Table 1. The resul és of Exanples 5 - 10 are as shown in Table 1. Table 1

anmount fi el d (% addB88oFeFYEERPR rREREVET (2| eremrifird Hv3-raldasiipmanount

% chl i O i se3-(2-1 1-3=pheny! - (0:.C .
T S onony - Seapehe BEATHMSLR Thafradtim RR . Rt sxidssanxanpl e 6
pTri met hyl - pOkghintiot phhoinch| eaeHERSs UFeth@atw el et Wl wrranml e

7di chl or9-101957. 928. 6si | aneDi net hyl - Exanpl e
8di chl or o- 57¢tBeB2umosarhpecang| tix ahike. Preferred are palladium carbon

9trichl oro- 56- 3si | apeExa e 10silicon523, 556. 226. 4t.etrachl ori de

Exanpl e 11- %gét%/?gg‘-‘%'i‘/d?’é&@?s-‘{‘% RS |RRSHS TRk HES C@HPPB.: 8 g,

0.280 1ol e) THeSakYSRENGE0thd ddludSb Sdtaly AN pe0hidlqon <0

1- phenyl - 3- hexanone (22.3 g, 0.127 nole), etyhyl chl or cl)lacet atsetgfﬂg.rslg]:j? 1

0.212 nole)9 zi k@ ghipréflerably 1.5 g — 5.0 g, relative to 1 mole of
compound (VIII-i). When the amount of the reduction catalyst

2> to be used is less than 1 g relative to 1 mole of compound

(VIII-i), the reaction tends to become unpreferably slow, and
when it exceeds 10 g, an effect corresponding to the amount to

be used is not attained, which is economically unpreferable.

The amount of the hydrogen to be used in step VIII-2 is

30

no particularly limited as long as it can reduce the imine
compound (VIII-iii). The reaction pressure is generally 100
kPa - 3000 kPa, preferably 100 kPa - 2000 kPaz, more preferably
200 kPa - 1500 kPa.
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(1.93 g, 0.014 nole) and chlorotrinmethylsilane (1.54 g, 0.014 nole) in THF
(25 nL) was added at 25C - 30C over 2 hr in a thin stream Further, after
stirring at 25C for 2.5 hr, 10% 62 hydrochloric acid (70 nL) was added

for partitioning tp give ol uti on contai ning the ethyl

3- hydr oxy- 3- (2phenyt et H§® )a‘frﬁg"r%atae hage sush A toiethaderined Hpdabashut e
calibration gxfvende t t in HPLC) . _1H- NWMR
(CDC13) $ = 0.94 (3H1,ﬂ§)é,]I %§)§€é%@"ll—?z ,’arlh.qg%%( én%{ @?’?’Lflé%s?%é)l?el%ﬁ?’f?%
(2H, m, 1. 5#%ugh58s (IHrogendl il 3 dpttically 2c%3vé GRhindH(vikir) 3. gRa(1H,
s), 4.18 (1 q,,J =7 H), 4.19 (1H, g, J =7 Hz), 7.18-7..19 (3H, m)
7.27-7.29 (2¥®njike o Ekgnpgmeunt. of pthe| base to be added is generally 0.1

3- hyd 3-4 2= I t [ 5.15.q, .0.21 I
sus%e:lg)e(éﬁi néTHlem(a%' ﬁ{%ﬂéﬁ?&?‘;&glq‘jﬂ%ﬁ ngIrlJé_TSgﬁéXﬁ -tg- hefaf ngB?S)Z gla;
0.127 nol e) , redunyttiorhlceredseint ewhah. 8hg, afodde 6P| Ble Bide Lhlydde

(1.93 g, 0.014 nole), chlorotrinmethylsilane (1.54 g, 0.014 nole) and ethyl
acetate (12.2 9 Lstative o A p @fs thedeeduct2sa cagolysters2dar reacaismi n

t Furt t tjrri .at _25C f 5 hr, . 10% hyd hlori id
(60 ) was e SasBdTAIS R, of  SpiroE=hL¥ PebiHgl SBLR af B L6l (ardrine
cont ai ni ng 20 ke Rip rFRFGHOYY mAy( %b@hﬁgyEﬁ?b!hl@%gf?oﬁﬁﬁ?ﬁg%%n 9 Wl %

quanti fi § by absolute calibration curve nethod xternal s ard met hod)
usi ng HPLC) .e¥ceads 40193 thehykeddchidnoggt8lyftphenybdes hyly hixamoniet b to
Magnesi um (§n'a:}t5e 0. 212trml eélV\as sHsEended in a mxed solvent of THF (25
nL) and tol Uéne 25 AEFCTART 5188y urldRbofs 1upRERTETAR e xanone (22.3 g,
0.127 nol e), ethykhehkarggeskat , " & o ide (,1.93
g, 0.014 nole) and chlorotri rrgt ﬁ‘?léglé?g%g ?%%%gg%mo&%lgﬁrr%ﬁe)&}%{lﬂ%f (lf’S
m.) was 30 &4e¢pdVALI2BCcan3b€ dselated dmndipurified 15 rLatdnvanditgial af ter

stirring at_2 f.or hr, 10% hydrochloric acid (60 nL) was added for
partitioni n&'et%goai'vel'z e ﬁiﬁﬁ%ﬁ%ver?e edurtion @@maéwﬁn‘-ngw remevhgl by

3- hydr oxys 3¢ 2+phenyhekhi! tps 5, 6 6. 7% . quantified b
absol ute calibration c%?éeiﬁgﬁﬁggé(gx%an%% le‘?f aJn0 ared"t?rrea%ggd) rnﬁeﬁg'feﬁ
Exanpl e 11-prEshyke3fbydisayaBi¢R: pimery lighhkbespreabe15. Voanesi w45 34

g, 0.220 nol e% was suspended in THF (50 % and 9 nL of a mxture (total
anmount : 57 A¥FIbt ¢2pniemyPunhEieddie dostiblafion 1memneduped peesshurey!

* chl oroacet ajg4( 9 0.2 d a_solution of  zj chl oride (0.48
g, 0.0035 n%ﬁg)éé%dlgﬁ?bro#?‘ng’%F%??Xn@c(ﬁ'b‘.’?,sa'a%“ﬁ. 6%%@5}1&@5 B8 10 THF
(5 nlL) wer esadfledtad £5Che Uorvahierddi dHidH igted t(d)N Alth

t he tenmpgrature of the reaction m xet ure was rg'i%se(d )to %0%%§ng£%§%gn§3%?5?he

remai ni ng m xt ur eThe Akevenmamtiont medustt ivme dardng- peotiiotédn of

1- phenyl - 3- and tert-butyl roacet gt e was added at 55C - 65C

over 1 hr i%ﬁéf?#% T TR W%e@&yﬁt &segt itny ithe gboyscrestienad step

tol uene (50(@L)1anek ATV Q| Qirigh A0 Y e -
partitioning tol give a 'I;HF-toI uene I:s%c]):l%git ictc?g(}%gr@tcgﬁ\r%ﬁngs?ﬂg ge%%i%ﬁ%??

3- hydr oxy- 3agenpieunh etshydodienn heatohyd33d2 gnd8e®he%d iReanbebhgdeby absol ute

calibrati on.curve met hoq: Siext ernal 20 standard nethod) using HPLC). 1H NMR

(CDC13) g = U ¥4-(BHINT Jeesy nptpeed) tgobe usedoin @) steighipmerriy

1.51-1. 38 , 1 H . , 2.2.70. (2H. 3.79
(1H s), 7.(3123%-“7@2()a "Fsﬂt‘erln ?% .ng%af%ﬁ?ér% E%Sngé%ger%R?%tgﬁh i
3- hydr oxy- 3xdd-tpleny |cetipllicaeean aand piAgREshUBUECA. 98 GecOmPSdi FDbE)oMNaShe

suspended in m xed solvent of THF (13 nlL) and toluene (15 nlL), and
t hereto wasreéﬁ’d’é'd‘gcﬁlg@l“&t APfetthel dikanéds(DoR necessany cand| 2)cenvesias: 30

To this su I .m xture of 1-phenyl - 3- hexanone (8.93 g,
0. 0507 ol e# i gﬁnm?? ?ﬁﬁgr%gée 24 %5?9?8‘? ﬁ.l%%ﬁﬂ?@ssta C - 30C over
30 mn in xontientsbream ofUFiheratal 187 sSFELELIO8L ALLROE d@are RydHus 11P%

hydrochloric acid (30 64
making the step efficient.

{(ii) Method 2

The dimethoxy form (VIIIa) [(R)-N-(3,4-dimethoxybenzyl)-
c-phenylethylamine] of the optically active amine (VIII) used
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m.) was added. for partitioning to give a THF-tol uene sol ution containing
fhe ethyl 3-hydroxy-3-(2-phenylethyl)hexanoate (9.26 g, 69% quantified by
absol ute calibration curve nethod (external standard method) using HPLC). 5
Exanpl e 11-6.Et hyl 3-hydroxy-3-(2-pheny| et hvl ) hexanoate NMagnesium (6.8 g,
0.280 nol e) \%gs%ﬁgpéﬁ\d/eﬂgiﬁh? TN ANVEREi eThefaRt Pl i gdtad neidi@gr dn
of 1-phenyl - ghbBexanesgihg0. 09 g, 0.114 mole), ethyl chloroacetate (20.8 g,
0.170 nole) 10 and chlorotrinmethylsilane (15.4 g, 0.142 nole) at 25C over
90 min in a thin sFizam TRe-Inphenel endsy i et AldRYCwhAle? haktdRg 3,4-
treated with_di Igltied hydrochloric acid to give a THF sol ution containing

ethyl 3- hydr 8%9e8he3vhenzaldeds rrodatoiane Yol mbemty 408€. 60602anthei ed by
the absol ut ' L o | : | dard met hod) usi

LG xR e R R B 1 a2 e R hes um
(13.6 g, 0.558rubte)amebimitspeinstekid eRdmd15E ik byaﬁéthagF%?i%Eréﬂgﬁgl?

m xt ure of 1-€hqul-3-hexanone 20 (20.09 g, 0.114 nole),
chl or oacet at 8tha0l and gtheg4likst ) Iandischreferabhet hiyati tmeaniciintd qf (R)142

nol e) at 20G - oL/ inin a_thin stream The m xture was stirred
at 20C - Sng%r g‘ﬁ?ﬂ{%% %rn(raga&é"dbvien taﬁi%&:al dPedhFdPEERPEFEERaRE 020 dtgi¥e a
THF sol ut i orl @®niclNicwy ﬁtMin%ﬂMP%)ﬁzgi(ﬂ%h%thenW et hyl ) hexanoate (21.8
g, yieldﬁa72.3@6 uantified by absolute calibration curve nethod (external

st andar d ‘et hod) YRy FieCpdditiopl of1 IR3-Etphiknylethylamine, the mixture
3- hydr oxy- 3-( ;%‘s(n | et hyl ) hexanoate 30 nesium (13.6 g, 0.559 nole) was
suspended inl%' e%%cﬁfﬁl?&)ar?&at BPe?Br\A&ggnggﬁahﬁi Xt 4rr odnd cooled to

1- pheny! - 3- I0egnongs¢20. DP-dh vfh ikt S5 iSkn KL r9gc (34,8,
0. 284 nol e) and chlorotri net hyl sli | ane (115. f% , %ﬁgggn%?egag%gmét%vve%‘ﬁ%
65 of the reactivity, sodium borohydride is preferably added in a

proportion of about 1:0.5 (molar ratio) relative to 1 mole of
15 3,4-dimethoxybenzaldehyde. |
After the above-mentiocned reaction, the mixture is
extracted with toluene and the like, washed and concentrated by

a method known per se to give (R) -N-(3,4-dimethoxybenzyl) —g-

phenylethylamine.

20 A chloro form (VIIIb) [(R)-N-(o-chlorobenzyl)-g-—
phenylethylamine] of the optically active amine (VIII) can bé
obtained in the same manner as in the aforementioned synthetic
method of dimethoxy form (VIIIa) except that 2-
chlorobenéaldehyde is used instead of 3,4-

25 dimethoxybenzaldehyde.
4. Production method of (R) -5-hydroxy-3-oxo—-5-{2—

phenylethyl)octancic acid ester

This method is, as shown in the following scheme, a

pProduction method comprising reacting (R) —3-hydroxy—-3- (2-

30

phenylethyl) hexanoic acid [ {R) —carboxylic acid (III)], a
halogenating agent and an imidazole compound of the formula
(iv) (hereinafter to be also referred to as “imidazole compound

(iv) ") in the presence of a base to'givé an imidazolide of the
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mininathin stream The mxture was stirred at 60C for 2 hrand treated
with diluted hydrochloric acid to give a THFsolution containing ethyl
3- hydr oxy- 3- ( 2- phenyl et hyl ) hexanoat e(18. 64 g, 61.8% quantified by absolute

galibration et hod (extern st gndard net hod)_ usi ng HPLC) . Exanpl e

11- 9Et hyl 3% r‘g%/-@@z-g%e&%&r&%r) %&Z’ﬁoé{lgﬁagﬁéﬁrﬁ (Fo738y, 71.2

ol e) was sugRedaesh ide THX) (A5 Myh i 3Nd ndiedizRg 1620 d;th

To the suspensi onlOwas ad‘(_jig((}"]l’ L flrom algif{ag'ﬁg%( t(g?gl \@g%gﬂtga %L% %_%Eg?d
1- phenyl - 3- ek omel sl @ R qj,d Hbridewtsre pfantiectfoyudhl drpacheatth8E7Or Oto
70.99 mol e), at 30Cin a thjn stream _The m xturewas stirred for 15 mn and

the remaini MF (AP METHELEE toh@Pe-"Mederdfea i mgreeststallvafibuik: the ni)
of 1-phenyl -gi-hexqnoned sand hivde 6010806k a0R1a5 30080, 1,300 249G over

2 hr in athin stream The mxture was stirred a

10%ydr ochl ayivee afR)d-S-Hydroxywds-oxddad (Rephpayllethoh) Betanbichgave asddiF
sol ution containing ethyl 3-hydroxy-3- &2- phenyl et hyl ) hexanoate (10.2 g,

75. 2% quantQ% it %PII%Q@I Utd20bereBnatites &arbe abehoteferredntd at ahtRird

met hod) usi qg;;lﬂc : : +10Ft by, _ . .
3- hydr oxy- 3- (2- p?gnl;%&ggﬂgﬁ%) %é}a%%oa{%w&gne%lﬁn{l%’l.c@srhb‘fxygf‘.% A5} e()HvTvés to
suspended i meltdsedl $2amthisap@thed e 6d€ PErt1es1aL0@d] IRLEEd Oand buid®
suspensi ggvvas added 1 nL froma mxture (total anount® 20 nmi) of
é-lptienyll- ) e _@@P@Edgp%@p?thﬁnme):haﬂd?eshyibe@Imoﬁge‘?:a;e(lfguém g, |
.1 mol e ina thin ea e ur ssfjfrred far mn an
allowed to m“%rlm t%%é :&r?t‘erbﬁal lﬁéhpen;%?é’ég% %‘%%ehr]é%l‘ﬁ% RIEf SHONGSY
the above- mgivieaned Bhxt predhetal b%”EH@téb@e%én@Io&éd)@E%‘(?E)h.exanone and
et hyl chl or oacet ate was added at 30C - 40C over 2 hr 1n a thinstream The
m xture was stirred at 30C for 1 hry ang?®20% 66 hydrochloric acid (30 nL)
was added for partitioning, 'n:h__gav a THRy | ution containing ethyl
3- hydroxy- 3- (2phenyl et hyl ) hexanoat e .(10. 2 g, 76% quantified by absolute
calibration curve method (external HtanR3®d method) usijng 5 HPLC). Exanpl e
11-11 Ethyl 3-hydroxy-3{(2-phenylethyl)hexanoate Magnegium (2.20 g, 90.5
mol e) was suspended AT THF (1Haldgeaadingdi ne (10 ng) wWas agtked thereto.
To the suspension 1 s é?d dgehtfroma mxture off (tgtal @nount: 21 nl)
of 1 phenyl T 3 n(/BE ‘ | obaegt ate (11.19
g, 91.3 mo at 25@K|N a thin st The fture Wis sti for 10 mn
and al | owed warmthe internal tenpératur o 35C. Thg3®%enali rgbng (20 nb)
of the above 15 nentibhed m xture (total anount: @% m.) of R
1- phenyl - 3- hexanone and et hyl chloroacetate was a éd at 30C - 40C over 2
hr in a thin streancogkécm' xture was stirred at 30C for 1 hr and 10%
hydrochl ori ¢ ki d ((ég’ & waévadded for partifioning, which gave a THF
sol ution containi ng ?ﬁ‘?l 3- hydroxy-3-(2 20 96Iy| et hyl ) hexanoate (9.42 g,
70.5% quantifi 8dvlesds@eanral cal i bration clrvei et hod {External standard
met hod) usi ng_HPBEE. Exanple 11-1 ' - CO.R
3- hydr oxy- 3- (é—_{phenyl et hyl )hexfano giesium (1.98 g, 81.4 mmole) was
suspended in F (158/39 and i odMg”(10 ng) was_added thereto. The
suspensi on was allowed to warm 50C. A m xture (Q’@t al armount: 20 ni) of
1phenyl - 3- hexawoire 8. 9y Or¥® I a t Qyl 46 et ate 94. 9,
S1.1 mml e) added aF'E '58%2 -mSléCRovers‘lrf'glz%iﬁre ?%mg tB}ﬁLl ﬁgggggtggga%ﬁaﬁég? eact i on
m xt ur e Nashydieged attonb 5@ foorgahikr gaodp] 0dnby BF OGO RPE a6 ¢t Aed) ofl) was
added for partitianing, which gave a THF sol ution containing ethyl
3- hydr oxy-&qa(”fp‘tf'éﬁﬁ%t HHRER S0 Ae 1089885 theBosloghakt infldenye abhel ute 67
calibrati on_.é:ége&?rﬂet hod (external standard nethod) using HPLC). Exanple
11-13 Et hyl 3-hydroxy- 3-(2-phenyl et hyl ) hexanoate 5. Magnesium (1.98 g, 81.4
nmol e) was suspermidd method xan bel uppliell THFa(PrSdnte mechdemp-ane (7.5
mL), and iaqdine (10 was added thereto. The suspension was allowed to
warmto 50&etRastar, oftARnatBincarboxyljcoacidphetst - Khefeomre (8. 93

g, 50.72 .et hyl, .chl oroacet at 9.94 1.1 10 e) was added at
50C - 60%@2‘%""%&% %%é'd’[ REReZ, Fha ?‘T*fwécﬁf’?giﬁk’glﬁva%c%‘? W?LU) at 1BSC for 1
hr _and 10%phydieeibsr methehdik3axpthined Eﬂdﬁﬂef%lmiﬂé'ﬂf&l%iﬁg"ﬁ% gave
a THF sol ution containing ethyl 3-hydroxy-3-(2-phenyl ethyl)hexanodte (8.58
g, 63.8g qrasducitdenbpfapsbeticestali dtier othanr (R) stk yvilS  exdiel ralter
standard nmet hod) using HPLC). Exanple 11-14 Et hyl

3- hydr oxy- 3- ( 2- phenyl et hyl ) hexanoat e Mag@ési um (2.77 g, 113.9 mmol e) Was
suspended in THF (15 nL), and iodine (10 ng) was added thereto. To the
suspensi on 20 was added 1.5 nL froma m xture (total anount: 31 nL) of 1
phenyl - 3- hexanone (13.4 g, 76.0 mml e) and isopropyl chloroacetate (15.58
g, 114.1 mmole) at 24Cin a thin stream and the m xture was stirred at 23C

v o, A~ ——



68 Hz), 1.26 (3H, d, J =6 Hz), 1.35-1.43 (2H, nm), 1.53-1.59 (2H, m),
1.78-1.82 (2H, m, 2.50 (2H, s), 2.64-2.69 (2H, n), 3.66 (1H, s), 5.08 (1H,
sept, J =6 Hz), 7.16-7.19 (3H, m, 7.267.29 (2H, n). 5 Exanple 11-15 Et hyl
3- hydr oxy- 3- ((%-phenyl et hyl ) hexanoat e Magnesium (1.48 g, 60.9 mol e) was
suspended in HF (10 nm.), and thereto was added 2 nL froma mxture (total

hioroacet ate (7. 46 G Lok ot male) Sy Fehat , HEReH TR aEhY o the

devel opnent flasmobse(vel ViheresidfténNod hee HIdd e fAGeditbeasl’ cBirBoxi/Nec
tenperature was reached 40C. The m xture was cool ed to have the internal
t enper at ure 8F133E7IhNY $WE rasral B TRpIPEEHIC @icithd Idddve anbalpgrsating

m xture (tsot RS Y/ of . 1-ph | -.3--hexangne and eth

chl or oacet at%%ﬁggﬁta%OE -d%a&eovceor F%L%rryi(r%v& 45i%n r?ﬁ‘%&% “i‘héhﬁi xt ure
was stirred ptesSéfcd asf 2 Dd¥e aryl ¢ifllane da2d 1Mlde w&@deé.rﬁbﬁae@iff- 10%
Hydrochloric acid (20 nmL) was added for partitioning to give a THF-tol uene

sol ution contReFriRpEie|tahy dley t3fexrag gocayl Stmidphotidealei {B7 Bl
0 b ’ .

et hod) “uel n TR B L B 18 FealRed wt B hEloRi oS 8™ ¢

3- hydr oxy- 3-richddetns efhy I eran 93’ e22eMagNaS ik dnis 8 vas

suspended in THF (8 nl), and iodine (5 r?g) was addeént hrggg?g-s%lgg%% on of

ethyl brdfoderaa ovi(td36 ary acid tomglise BrkEtBetBe? of) thasfohemladaediin a

thin stream,To t.he sus nsion(agaés added 1 nL froma mxture (total anount:

16 m) of 1-BIARARE oRE @FSP4rgrezgedots amolBrkakeesees - Hriid) ™),
chl or oacet atgdn/ -a34 437h 38) 284 346G+l hi I e . re
was allowed to vvarm?g 555 o%?qﬁhea?eﬁpérggltegr g’,{sfhgrﬁn% Kggrgﬁ\%%gtegti(%éé?f or
10 min and tdkdadevesd biyngh@sSmetthodf ishe abefginentépnedis«tfse {total 69
anount: 16 of 1-phenyl - 3-hexanone and tert-butyl chloroacetate was

added at 5587 FBERNECAL BIRAULK, aPeALACidr cand Hkeure was stirred at
66C for 1 hr, and toluepe (g#® nlL) and 10% hydrochloric acid (10 nL) were
added for 5 parti t'nai{)g l 0 give a THF-tol uene l.4ti on cont ai ni ng
tertbutyl 3-hydroxy- 3-ke-thhenyf¥ hyl ) hexanoat e %32 7 @ 63.1% quantified
by absolute calibratiorgcu met hod (exter ral Gard met hod) using
HPLC). Exanple 12 | RQaiogdieiving- hexanongd®( 1h;propyt siydy! ketone
(3- oxo-1-phenyl - 1- hgxene) To a?gm' xﬁre of bgé;gl de yrgeaES0.00 g, 0.283
nol e) and 2pedgapEne (67. 33 g, ORYB2N ) ~was.added 10% ﬁ%cé%icum
hydr oxi de (40.Q§ g, 0.B&s&vle) and_t Xxtgse wagsjpgeated an s¥firred at
55 - 65C for{¥® hr. The reaction BFXtur 2¥as cool ed to room gwar@gr at ure and
t he aqueous | ayer wastepceisepnrat@di)S% Bri ngtépOvhi~mms added and after
stirring, the agueoHﬁi l.ayer was separ ated. Thi s, step wag rzﬁgat ed t ce.
The | ow boi 'PREPBI fit d6nEBNPEIABAC 295 9UBeRRAnRne, RhenKal ddhy RISORSnaTe he
like in theagbfakpgdqosgspic | ayer were distilled away under reduced
pressure to give the title conpound as a pal eyell ow green oil (138 -
150C/ 1. 33 kPa). (3Ble2%oxganyielgrdish7Horl BAME (LX) rmhild. Q4 )(tin e J =
7.3Hz, CH3),. 1. 65-1.80%12% 2H, CHz), 2.65 (t, 2H J = 7.3Hz, CHZCO), 6.72
(s, 1H, 25 BPEYPTPeYtigRed produgiics aethiad) is7 exempd ifkedshy akbwit pepup
(2) 1-phanyls8: Hexp .y N pr I Lyl . ketone. (20. g,
0. 115 nol e) %be al ne?%v%?n%ﬁﬁ%&e At é:%aﬁ%(rlmggogédggtg%ﬁg?& (0.8
g, BNA-Typehavimyfadbsitechantd. RrydHg¥ohb GgRERATIONhadkfly substituents,
aralkyl group optionally having substituents, hetercaryl group
optionally having substituents and the like.
As the "alkyl group” of the above-mentioned “alkyl group
25 optionally having substituents”, straight or branched chain
alkyl group having 1 - 20 carbon atoms is mentioned. Examples
thereof include methyl, ethyl, propyl, isopropyl, butyl,

isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl,
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20 reduction reaction was conducted at roomtenperature for 2 hr under 1
at m hydrogen pressure. The catalyst was filtered off and the filtrate Ws
washed with ethyl acetate. Ethyl acetate in the obtained filtrate was

distilled i i.tle 70 d | il (20.11
e S L s, R e ST, ekl
(m 2H, CHZ) te2r3Qetil, benﬂa&e%%% HKe;;%hé‘?% L KepgtaddeyHockaad

CHz), 2.90 (t, 2H, J = 8.0 Hz, (m 5H, 5.aronat|c.'E;<arrpIe

13 raceni ¢ 3NRAPaAERY13- Lecphibnghdt tiyé ) hikanoiPreferdabayvt, hetrasgiteot342. 6 g,

i ncluding 21 f. racem cet hyl 3-hydroxy- 3-(2-phenyl et hyl ) hexanoat e)

obtained in E’x‘éﬁ%?gﬁoiﬁ%ﬁ %ﬁ’%ﬁé% ‘-i’é%éﬁwe‘bﬁﬁ sodi U IRAFReE @dtomsgo sychl asg

mol e) andtheefthylurg 1sthépeshad, A0 _% r h

reacti onm xtur ey\./ver eea ded 19% hydr%c'hl%rl 3&#0?“(%2%64-53‘,]&1%@ rl?l?l e) and

M BK (150. 4 @¥ntaededaf thive stlikyli myoupamaiyt havedat dogb¥e BSAAYERI & +AYSTe

(455.7 g) containing the title conpound (189.8 ¢, 15yield 98. 7%

(Quanti t ati ve°3dal ﬁ@sewmnwmmm aglmin) pyopdnydHand, the= 7

> b5-2. 70 (2LNe, 717720 (3t m. 7 26-7.30 (26 M Exerpie

, m, 7.26-7.30 (2H, m.Exanple

1420(R) - N- (3, 4- di MBte el Ky 11 -gieripy! eifhthanapeverakheldaBidec{d14a Pk di

1. 05 nol e), was di ssol ved inisopropanol (600 m) at 10 - 40C and

(2 R)h- ljphetnﬁ!%’fcl"if’ aﬁﬁ‘qq’égazlll_x'z I?,VlfPfo@Utlﬁtﬂlé}lmgt"adgeexgglés@fie?Obzr(ZJ\Z/EL 1 -
r in athi en er, stirring a - or - r,

the mixture (g ci;:oo AT o&%oga 851 s sBoIcﬁtrg(?H P@ﬁdd@l‘]c{‘r?\%t hyl ami ne

(5.1 g, 50. Cyemigopyld, Hpdlabuadilumesa1bpans9¥o Wel,c18ndxdl , a B and

the m xture was stirred underl atm hy roggn a?rmsp gre alt{940 &yﬁg%ﬂ?or " -

8 hr. Thecat@%AQoaidl find dhed loke .ankireherdhly r atyec bawslkgdnepriupattading 3

t 030gi ve the td té SR olely) und (27?:P5ag, Euri gm)un 252.]?09, yieelldéBﬂ?SO?_k

(Quantitative analysls 0y HPLEF PR3Py E¥F1PPEPEL ¢ \NCyfloRenil an e like

(N-H) . Reflér efaee HeX aidphta ohedl

(R -N- (3, 4-di net hoxybenzyle) - a- phenyl et hyl am ne 3, 4- Di et hoxybenzal dehyde

(67.51 g, 0.406 w&h@) “aa&yldoseupVedfi thaebbhavnetméRdlomdd =yl group

R-1- phenyl et h I.amar;(rf'[_ (48. ‘,}_7 g, 0.4 nole) was added at_50C.in a thin stream

The ni xtureogl"-\fw%l ¥r PEY1R0” HRSEiRBeRERDcl it ¥ P b} £ iedh by S irgroup

bor ohydri de Ha%i8& &h t _20g - d ] Xture tiryed

i8¢ ghrpen addad & gg{m ’?%thoﬁ’e r%ﬂ]eenvégi 1 narpﬁﬁ:?yzlt,e

overnight. The m xture was extracte ) shed a rat ed
to give (R) nph3h#ldi ieahohybipzgtinepbeny| Btiytary neardd the Wke The yiel d
was 98.64% 10 IRaggectrum (v cml1) 3325 (NH), 1514 (N-H) Reference

Exanpl e 2 (RFEREEBLLKY oPEBENIFPYP DPViERY | @aremmtmns 16 thd ammabamser as

in ReferencghExaqp! 8_2: P h% 2; chl or obenzal dehyde was used instead
of 3,4 15 dlﬁ'met gof(y eﬁ%éﬁig}gigdée?&( G-’I\JJ‘-J((:ke ccf'ﬁrb%)eo fongghenyl et hyl ani ne

was obtained. TheAyieégarts O8rdlhyl Rysdgot Mt HBvb-meddd onllg) . 1444
(N-H) Exanple 15 (R)-3-hydroxy-3-(2-phenylethyl)hexanoic acid .

(R - N (3, 42028R kY hostypan z9p §ianahksnhasing aubss isalentsd ,a azallkiilogredss. 7
g, pure con foracem ¢ 3hydroxy- 3-(2-phenyl et.hyl ) hexanoi ¢ acid 189.8 g,
0. 803 m;fg)ﬁ%?i?gc%m cf‘g]-%%/%ﬁ ya%c}/r‘(sz‘%ﬁ{bﬁaﬁ é‘{eﬁml n¥PEI2iPd thBt arKéd in
Exanpl e ol &M PBKi yvash @ delagl vi-h JaX talA: ~he d

o TPE0C ami L ApICaen, (300 %LA)B%Q% entirila 4§ 1"82 ot~ °8hA"che
(R - N (3, 403 HeY horgirtiz \i 9 -a -gtireighst oy dvianehe?ll thaig, apkye geoupnhaddhyl6

g, 0.723 rmie) iné] M BK was_added_over .15 min in_a thin_stream_ Wen cool ed
to 51C over~ 30 T %P P RS -of EERIPAR dFBRYel (dopheds | kemgr) helkanoi ¢
acid . (R)- 'Jﬁ{é}@%gnzl - t hyl agi a

i nocul a’E ezj %%%g%}?%r dZcool ing to '4?'2"]‘%5’81%%‘&% éfg%ggggyg%}:ﬁaszﬁ?t¥%e
same tenperadirthd drik¥) nPrefédktred £80hralkyD gbsupViedvindlz L Nes rdadddre

was stirgped at the same tenperature for 2 hr. The 72
atoms, such as, Z-phenylethyl, 2-(2-phenylethyl)pentyl and the

like. The alkyl moiety of this aralkyl group may have a double

bond or triple bond, and examples of such aralkyl group include
styryl and the like.
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resulting crystal was collected by filtration and washed wwth M BK (320 i)
to give a crude crystal of the title salt as a colorless crystal (181.26 g,
yield 44.45% optical purity 92.6%.e.). 5 Exanple 16 Purification of

(R) - 3- hydr oxy- 3- ( 2- he%%';et}:y )hixanoi c"aci d.

(R)-N{_(S, |4-d| rrf,; hoxy ta:@ IParNenyrevRy| afi ﬁbes?govﬁ"melllrdﬁmf?ﬁtmté;?ﬁrﬁ6
, optica b %9,-9. cOXY-3-(2: phenyl et hyl ) hexanoi c
gci dp. (R)-Rklg(rs,l%f ?% di n@? ﬁé’x%“e"&z |§9§¥g%§'ﬁ§‘f’ ?hy?‘gn‘?’ﬁ%“@a’r igshthy rrecbi n

the sane manfembeseidn -El3rlmbébedahe db 56t Edrmg'\ﬂﬂ&r(%?@% i S0C
The m xture ya cool %g to 76C and %R)-S- hydr oxy- 3- (2phenyl et hyl") heXanoi c
acid . (R)-N(3TAPdPrEMRoRFbEAESH) T1pMetlyé ey hylimntores St inghasE iniaTdRired.
The m xture wasmst kihedyl - 67C for 1 hr. After cooling to 25C over
10 hr, the resulti ng c§§s?5§ﬁm§§dc%¥¥%%?eﬂt% 319 13 a1 i 16h GrPoRagtetswi t h

M BK (250 nmiExeopdesethbeedftigcbadd I rystal. (:216.37 g,
yield 90. 743, optical purity 99. SSWG.%@%'a%H%%OES%w&nﬁﬁ'
ER; - 3- %dr 3><§9- Rha Ok ph%%l;’/llf%t WY?WJ?.nm:tﬁmﬂiyi,. _thliazolyl, ilmidazol{l sa
R) - N- ( 3, 4di yl)-1-phe et hyl.am ne salt To a solution {468.5 g,
pure contentﬁ%%ﬂﬁg%gﬁ%' & %@%?’cﬁé@/ NG thte hikehWithe paedeceacedg208n6t,
0. S57 nol e) ofmemiserad 3-1RMbered 4 l.et.-hyl.) hexanoi c. acid obtained in
2s the saje nanner as in Exanpl el:lé:g{ %ne@l\%/l?%}ér&g'swé ed*3UP| PAVLRY PRE36 ni,
i(rF]e)CI Kf“(gg4( i b Ritiite Tporhaxane) csdehdas, PYFidyly g
- , 4- enzyl.) - 1-.phenyl et hyl am ne sa : nol e)” obtai ned in
Exanpl e 16. %Jn&x%ltﬁ%&v@%e ed to 60-63C. Thereto was added a sol ution
of (R-N-(3,4 3a dinseheuheazyh) hzphenyLefhyl am ne 29.3 g, pure content
209.4 g, 0.7716 nole) disso Sl B2 R %PEP#&%BBPE %F@%%l@qeu(@mt
mL, contai mtﬁy-s( Rea@-tipadr, 0wy cl- GB8pheaybrynyh:-88% angh £o daOt (e.q.
(R)-I\I-(3,4-(ytr£et hoxybenzyl ) -1 73 phenyl et hyl am ne sal't ~Bbs mﬁe’) over
15 nin in a thiol ST 8aff AFLBPTEBS| RRgME bBOTine catd, Madirke etk aletQf. )
(R - 3- hydf oM ¥oks BReRy/ hexangi cid .
(R) - N (3, 4- di net %B)%y%g%zg%?%éhgnyl @t?ﬁ?‘\’a%?ﬁ’ RS t (Sl 4 Mshosved sdhodxyhe
m xture wasPEopriyr, eduabxp)Grénty B&yl M C ing t over 12 hr,
the mixture was fjltrated and vva%hedﬁnvm t?l I%EIX'(%%O&QL’) atqét%gcl\? T8¢ dde
crystal of PhEUPi PRELREI? B8 & carloen estoms yet.at. ( Mkioxgcatbo§¥,
94.6%.¢e.). (R - 3-hydrgxy- 3- (2- phenyl et hyl ) hexanoi ¢ aci d
(R) - 3- Hydr &ﬁ‘%%%%%ﬁ% ét‘%‘i’%‘?f&‘@%%‘yém dputoxycarbonyl,
(R - N(3, 4- dpemtpbaypeartydiy Ll syl S Y sgl 80. 58 355. 7 mol e)
was suspgnded in M BK (542y n), and ther%tgéﬂ’\%ds%aeh}& °f§57‘oa§gf’flﬁii'ce*5€'rhr
(355.6 @) oMt ¥REIFAYR uraxavar i 1+ meitrfidie 3Qoub , Mafidal ehubNBaGIHEOUS_ g
| ayer (aquegé%&gyéa{ol éervas renmpved by partitioning and water ?50 g) was
added to the organi c Taysr.9-af trarmemide, ngopgamideni nrophenamideys | ayer
was renovedoy Beleoife | th r.gani ¢ .l ayer was added dilute
aqueous sul furic 20 ac?ﬁtggpegafﬁgﬁ'z eg{ra\ggﬁﬁ'édﬁi'xﬁﬁPEaV\%‘gl ®irred, washed
and partitiGHaheanideyw benzheideyecets. h ayas. wdhe 85981 Co1 SIGIBS, & ain
washed with, iﬁylite agl%’e;,ous“ sulfuric acid (50 g, pH 2). To the ofganitc |ayer
was added 0.04% aff&6Ws 'soGYErPRYEYdxTaeupS0 Barmhdgtduep Xtarzal s stirred

and the%qwgnl AN “Wa y partjtioning. The _organic |ayer was

concentrated (depressuri ’}g?‘?g%?ggé?gu 6.%“?@ l}eig’t]égnaf"’htléﬁpghat orabes 870

to give theftithee sobspotndnasia ﬁ@t%éﬁ@ﬁc@iiri@ll% unty 87.,9% pure
a

anount 80. 43 %) nganti tative analysis by HPLC). N ‘a wer € 1€ same as
in Exanplepf§.er bly 1 ~ 3, which may be the same or different.

Preferable examples of carboxylic acid (vi} in the above-

mentioned production method are shown in the following.
30 ; ; :
(1) The carboxylic acid having the above-mentioned “alkyl group

optionally having substituents” is exemplified by propionic
acid, capric acid, stearic acid, 2

like.

-ethylhexanoic acid and the
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30 Exanple 19 Recovery of (R)-N-(3,4-dinethoxybenzyl)-1-phenylethylam ne
The filtrates (containing solvent MBK, 1964.8 g,

3hydr oxy- 3- ( 2- phenyl et hyl ) hexanoi c acid 0.4313 nole, (R -N (3,4 74

di met hoxybenz@,)- phen | et hyl am ne 95.98 g, 0.3537 nole) obtained in
Exanpl e 15 and’1 ddiCe@cdRcBaving thes abovernenthidned 4%dydlap Liarid

once W th 10%: Sk 14 ( ueoslaersvveeco I ned
(764.5 g), MéBK &E’?t%)"?‘ %ﬁ %]“gé é Smgt%‘o}e‘& teot @ﬁfgg%f'de
(277.2 g) wasyaddpdopiheiri stiae h@&lﬁhékéﬁé‘l@ngcféoé’ﬁjdséﬁéll Kdhe aqueous
| ayer was reg&ved and water (291 g) was added to the organic Jlayer The

m xture was dgai A&t FArEgxyhdcsesdd having the toprentiee e dvers QMM p
and the orga conce ated 1o, give the title conpound as a
col orl ess oi Pb?ibgggf}ymﬁg‘éﬁg %%gﬁé'é/?n %é%rﬁtﬁﬂp@f&%ﬂ dy Weél@l%a@@

(Quantitativa dgaebnybahz@mcaa@iaSIﬁa 2'52@4?14 VEry o
(R -N-(3, 4-di nret hoxybenzyl ) - 1- phenyl et hyI am ne 15 &fﬂx‘ﬁ%&gdﬁf 4aqueous

| ayer 1 and 8&&@69@311&9@@ acidsang ‘g;e|hdte,|.d| ng

R -N-(3, 4-d hIt 96. 5 btained in Exanpl
(18)\/\/as(addedl E‘q g%’%( %%’dcgi‘)‘éef cff?e am '3 %%@@%@%Egaltggky\amng ©

added. The nbxwﬁeoﬁ@ﬁoﬁélii b Sé%sédérlts"ﬂl% QYURRYS A avep, was 20

renoved a d wat er (29D g) was added t e organi ¢ Iayer e was

again sti rreﬂhmlBrmmrsicvIacldl'hez-ﬁu;uﬂml&:dyﬁyer—h\y@&o&?aguggeh 18L¥e;an
M BK sol utlon cgntaj m@glthe title conpound (417.4 g, purity 21.86% pure
amount 91. 26>y SHRPAR & RFidQimidPhenyd edayd) hieranpia aqatlysBshjagtroxy«

HPLC) . 25. Exga.rrpi Henyh d{Ry ﬁﬁ%%eth (& ’h néggt ﬂ%&hexanm c acid .

(R) - N- (3, 4di net hoxybenzyl ) Arann a solution of racemc

3- hydroxy 3- (ﬁpfﬁrwlcamdwimmm @ 2eivdng2ind BboPHL %
anount e 7% nnole) Ty SK (270ngL) e 8 gdge%éﬁt1§§ea 9h£%@fb&¥&l

(3, 4- di neth ARBopaliy, Méﬂﬁyﬁébﬁﬁétpgatsz §s éi’e!ﬁphnf)ied B -

di ssol vedsat f tg 22
d: i;?h\é)e(yggnczrg%%ogﬁgﬁgt% nic hy gm %éésg’ﬂ.{:ﬁséﬁon,éyf&mfg)u%otlnlc acid,

quinoline-3-carboxylic acid and the like.

Of these, 3-hydroxy-3-(2-phenylethyl)hexancic acid
(particularly an (R) isomer thereof), 2,6-dichloro-5-
flucronicotinic acid, cinnamic acid, 4-hydroxybenzoic acid and

20 the like are preferable because they can produce p-ketoester
useful as an intermediate for a pharmaceutical agent.

The “imidazole compound” in the above-mentioned
production method refers to a compound wherein fhe hydrogen
atom bonded to the carbon of imidazole is optionally
25 substituted by an organic group, such as, imidazole, 2-
methylimidazole and the like, with prefefence given to
imidazole,

The “organic group” for R!®, R®® and R® of the above-
mentioned formula (iv) is exemplified by alkyl group,

30 cycloalkyl group, aryl group, aralkyl group and the like.

As the aforementioned “alkyl group”, straight or branched

chain alkyl having 1 - 6 carbon atoms, such as methyl, ethyl,

propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
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75 hydr oxy- 3- ( 2- phenyl et hyl ) hexanoi ¢ acid was added. Thereafter, The
=-m xture was cooled to 30C and stirred at the sane tenperature for 2 hr. The
resulting crystal was collected by filtration to give an amne salt (15.50
g, yield: 40.79 of 5 (R)-3-hydroxy-3-(2-phenyl et hyl)hexanoic agid havi ng
= an optical peRtYY, oisomertyl. TBQRMItY 11 eyl iandc deod 14 can be
(R) - 3- hydr oxy- 3: (2- phenyl et hyl ) hexanoi ¢ acid .
(R)-N—(S,4fa¥ﬂ€{é%?§benzyl)-a-phenylethylanine salt 10 The
(R) - N- (3, 4- di net hppy bereydnerit Ry | elynllcalikia $alduplisOegpmpllified by
(R) - 3- hydr oxy- 3- (2- phenyl et hyl ) hexanoi ¢ acid obtained in Exanple 21-1 and
havi ng an opyéltedliowt igxour B0%sg & wds afizhesl wa@msn FUBR @880 nl) at 75C.

After coqling the obtained sqlution to 65C, ) - N-( 3,.4- di.get hoxybenzyl ) - a
15 pheny%tﬁ&?%‘ﬁ?ﬁ%" i tcl("z]dﬁ?%yjo'f C(Ylﬁ)lo\?eﬁ?g'rptoNdS%Pf pﬁg?fyl et hyl ) hexanoi ¢
aci d was added anghd her SQUIMEALMAS A 1eGRPI0Es E'&%mbfi&ﬁbanﬂysﬁhbn?%
collected by filtration to give an amne salt (13.2 g, yield: 86.8% o

(R - 3- hydr oug!pko%tﬁ’ybhetqhel hysty) hyeixamesci tadi d onimenyd9 antie the. likke t ot al
LA T i o R L R R

1Cc 3- - 3 h ' | 4 j64 34 g, Ity: 80.5%
bur o amount TeAEEY; PGl PERRELEORRE O ik d" ¢ P °
(R) - N- (owhl or obeneyéd ) a fp repkaityi aidty [ "haE logenatihigy ag22t3 Awohe)r, and

di ssol ved at 55C. After cooling to 50C, . . .
(R) - N (ochl eaobbeiagly 1 anfy | idnerenpd it iesh bygthdpnyk) chlegide,

hydr oxy- 3- (2- phenyl.et hvl ) he 0j Ci dys d. , e+fALXt ure
rae onol o EAEGERY G ANGAd T A S Bl HGRC. LIphERckge, ahACCHE
resul ting SﬁiieWiﬁQ%ﬁﬁﬁbrmé fglvdraticontHiongilvehdoradiene salt (5.30 g,

yield: 44.0% of (R . . e
The *base” in the above-mentioned method is exemplified

15 py aliphatic tertiary amines (e.g., trimethylamine,
triethylamine, tributylamine, diisopropylethylamine and the
like), aromatic tertiary amines {e.g., pyridine, picoline, 2,6-
lutidine, collidine, 4-(N,N—dimethylamino)pyridine, N,N-
dimethylaniline, N,N-diethylaniline and the like) or alkali

20 metal carbonate (e.g., sodium carbonate, potassium carbonate
and the like). Preferred is triethylamine or sodium carbonate
and particularly preferred is triethylamine.

The “malonic acid monocester (v)” to be used for the
above-mentioned method is free of particular limitation and is

25 exemplified by malonic acid monocalkylester, or a compound of
the formula (v) wherein R'® is straight or branched chain alkyl
group having 1 - 6 carbon atoms (e.g., methyl, ethyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl, neopentyl, hexyl, etc.), preferably straight or

30 pranched chain alkyl group having 1 - 4 carbon atoms (e.g.,
ethyl, isopropyl, tert-butyl, etc.) and R* is hydrogen atom or
monovalent metal atom, preferably, alkali metal atom (e.g.,

sodium, potassium, etc.). Specifically, potassium ethyl
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3- hydr oxy- 3- ( 2- phenyl et hyl ) hexanoi ¢ acid having an optical purity of 84%.
«e. Exanple 21-4 Purification of (R)-3-hydroxy-3-(2-phenylethyl)hexanoic
acid . 5 (R -N-(o-chl orobenzyl)-a-phenyl et hyl am ne salt The
(R -N-(o-chl orobenzyl)-a, -phenyl ethyl am ne salt (5. 0 g) of
* (R) - 3- hydr oRplengzephsagienhethvnbxaaberate: PO HEY 13PRBLRM &3P tayq

havi ng an optical .purity. of 84% ' [ I I 4 1 75C.
After cooli E’atPSSégﬁ LC‘(%} &Bg (%&:%#‘%F%b%%@yﬁgaﬂgﬁ%ln%%et %g}r#nne? 'sa?tg (20
my) of (R)-3ibydbexyadihésBhepybBLaYn&RKANSd€asiEiin vethyid dedionbite misxt ure
was cooled to 25C and the resulting salt was collected by filtration to

gi ve an anm peefekably. asgd.yield: 82% of (R-3

hydr oxy- 3z ( 2- pheny] et hyl ) hexapoi c i d_hayin n optical rdt 5 af
g7.6%. e.” (the to¥gfe Séé%’ﬁ.fe .@@/55% | et 11:3? dBvmditidned hethoa

(R) - 3-hydroxy- 3xL2:PHBNY! fhEues DenabRiSrage d -

(R) - N-(ochl orobenzyl) - a- phenyl et hyl am ne salt To an ethyl acetate (90 nliL)
sol ution of racenfThe3208ilydinxyhs-4{l2ophramyieidned heethsl dacxenpliFieg
purity: 80.5% pure anount: 5.91 g, 25 mmo]e), was added . .

(R) - N- (ochl BYoB&ReY R} - aSpARn{f e hyl%‘?’?@c?%@)ﬁ%" [ el g’yrﬁﬁﬂhbr)c’%c 829 a
thin strea . ~addi Bg = N= ( Q= £hl ) thd anixeg sal t
(20 nmg) of %ﬂ#@g%ﬁd?gig S{I%r%% %%Jlé:@ny?%t ]}e%(%ﬁao(%?%cg, t he rﬁégture was
al l owed t® eeghnie 30Cdandesdi|redetic tdeidanerdminperatasied for 2 hr. The
resulting salt was collected by filtration to give an anmine salt (4.46 g,

yi el d: 37. ompthenemylionar axid a- tebeepmanld i 3tk a7 dhgcild ®¥sdvigdd an

optical purj f.86% ) 1- . :

(R) - 3- hydr o§§7¥39i‘5?ph‘e’%&cfﬁe{’%?%ée@%gno?g" P bydrochloric acid.

(R) - N-(3, 4di met hoxy benag Yabove-Rheiyl Sidy et Saly “hreaitert hylthacet alcddf90

m.) solution of racemc 3 77 hydrogi/- 3- (2- phenyl et hyl ) hexanoi ¢ acid

(7.34 g, puiptpeasd. adslipier afipamtachl oo @ ERGHEITe MiggdIrey @&d addition

(R) - N-(3,4di net hoxybenzyl ) :a, -phenyl et hyl am ne (6. 11 5. le) and
i ool veif aPPeBCTeAPELPN CREREHER 16 st Hoig e (crapdd 4 LS

di met hoxybepzyLdray POEWHE RYASHI & mattudlCErBil Mfutral to weak acidic.

(R) - 3hydr oxy- 3- (2- phenyl et hyl ) hexanoi ¢ acid was added. The m xture was

allowed to Bbep voiBOL and stirred at the same tenperature for 2 hr. The

resulting salt was collected by filtration to give an .am.ne _sal.t. .17 g,
yield: 40.9% of PRYSBChHyMR oky-BF ‘tez-lﬂ'ﬁé#ﬂﬂ%lt%rﬂﬂ )ﬁ' ndiSc rz?(?il&z%?v%wg an
optical purj 72 240 Pur iyfd i ;

(R) - 3- hydr o§%¥§?%5§pﬁ%ﬁ?/§%¥ﬁiﬁ ) eﬁ%nao‘flc o cﬁ 4%{%%1% agent and

(R) - N- (32%- dlinfr@é hoXxy betmydbind- phenyiretaydalndere sial tthib pHesence of a base.
(R -N-(3, 4-di net hoxybenzyl ) - a, - phenyl et hyl am ne salt (5.0 g) of . .

(R) - 3- hydr oxy- 3- (2o pHesy e ¥siHeRsdanReE ERAGTIsH aithed aeiies 2fprdditignand

havi ng an optj . purijt f_8719 r.ect | Z j g;taﬁt? ane nanner
as | ngExarrpTQéaé%ﬂtgol%i%{/%'Qa?ﬁgntéfcs%?w.lﬁﬁg%/%iaée dd: q%f % 0) %% "t ot al
yi el d: 20. 34a6&Gefht {iR) - Sgdwrelr DX Yadiad 2 -henydisithidle) e dmdida zadied chapbngdan

optical purity of 99.2%. e. ) .
{iv) and carboxylic acid (vi) charged in a solvent in advance

25 in the presence of a base; after adding a halogenating agent to
imidazole compound (iv) charged in a solvent in the presence of
a base, carboxylic acid (vi) is further added; or after adding
a mixture of a base and imidazole compound (iv) to a
halogenating agent charged in a solvent, carboxylic acid (vi)
30 jig further added and the like.
In the above—-mentioned reaction, the amount of imidazole
compound (iv) to be used is preferably 1 mole — 3 moles

relative to 1 mole of carboxylic acid (vi), which 1s more
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Ref erence Exanple 3

+(R) - 3- hydroxy-1-(1-imdazol yl)-3-(2-phenvl et hvl ) hexane-1- one

(R) - 3- Hydr oxy- 3- ( 2- phenyl et hyl ) hexanoic acid (1.0 g, 25.4.2317 muole),

i m dazol e (0. 3457 5.078 mml e) and triethylamne (0.9206, g, 9.098 mmuol e)
ewere di ssol RI®H erFagFlJIIY (6 InfPlesd ~c ol elioL 8S- Dpem- tb% eINPRIS 3WERT on has

gradual Iy added n d g 2 ordy THE (4
m.) while nadclg]nt aaﬁtﬂrﬁv%gwaetn(\tq 818|d gSégtgagg P%ns ream ‘iﬁ 3@%@ etion of
addi tion in conigdiundst(i€ameot be Usktiuis L@sssthanell mblé erénaaﬁxae Nidgl adole

-20C - 0OCfor 30 min to give a THF solution contai ning

(R) - 3- hydr o sa(rilq:qmld&z@pyri) {gi} 2pheagrienyefhibgbercy -tae Fsdugel hraaussss
t han 90% stre for,30 mn -

b
o O s ek ala B DEea B R r BT GRF Rt rRo s BhRYel O

form by abselesta obki BeabcaBnEthaduysi 58 HRi&a zo Ref esmpeendxerpl arft 5
et hyl (R)-5-hydroxy- 3-0x0-5-( 2- phenyl et hyl ) oct anoat e Pot assi um nonoet hyl

mal onat e (1.e38@sg, of. 348cdms| esplativadtedl t mobe sof peashery bfc regitksivirh is

hi d 0.5437 q, 713 | d THF dith i xt ti d
o 90C Tor Vstpmendsalil ipReReakaBle AeCati it 3ol e odhitie 80 Hot " °
S0l ut1 on Of 168k dh0Xkel bdctibiazel ¥y~ 5 (2PDERM elrylaiexane- 1- one in

THF obt ai ned I n Reference Exanple at 40C, and the" m xture was stirred at
60C for 6%hr. Aftéan tbhel ahgvéeméﬁbﬂdﬂ&da:qu&@tmrhydtmm:mumt adfi dthed. 4 Q)
was graduall added in a thin stream and the m xture was stirred at 15 0oC
for 15 min. AflPSrenéFéﬁal RGCRE| EP, be nesed xi B rRESERT Y i iMN& ardd Xt moles

aqueous | ay rl‘é@iv%e[Evidmo? at Ugaf or‘pﬁ%f 4%\% maq&p&ﬁ qd {ptﬁ,er%rgam c

| ayer and the mxture was s |rred I ntaini ng

t enper at ur eprafeeabiyandongmsies| - 1 h@S males ef vas fios tadomunadt aizpelche
aqueous 20 | ayer was renoved. Anhydrous magnesi um sul fat e (rqs%) was added
to the orgadifc thgyabodpdmanttenedbifretieon s When chmanqunte of f and the

b d d
oroducr 11 1a18peaRRpRuRGRRE" Bhoe (EE (€ CHEEE ISR e it 0et
This was pumbﬁéedfbﬁaﬁﬁoﬁiﬁliéaaﬁﬂ G@ipmwrﬁ@é@m:amlmemdyen@ hyl

(R) - 5- hydr oxy- 3ox0- 5- ( 2- phenyl et hyl ) oct anoate (0.875 g, yield 67.5%).
1H NMVR ( CDCrsjluge=becanse. gérmwlxc deid 167z ) rema 28 pagtlysMnngpcted.

1.55-1.60 H, , 80-1. 85 2. 61-2.68 77 (2H, 3.44
on sy ' 18 sBbyapove-entidiey faction, Fen {ié slount % ronce
Exanple 5 (Rh13e QMQ&QK%‘&%&&t'%Q?@QlQ’é& -Shdeedheny %tdnés) %&a&ﬁvé ege

| m dazole (1. 81 and triethylamne 79 3.060 g, 30.249

mol e) wet emdﬂ.esofvedrboxgllyc T&Ezcﬂ 20rinl,) aarichmyp|aacbury: @E. h“édot;lenatsulgutl on

was gradually added thionyl chloride (1.647 g, 12.463 nmmole) in a th
st ream and ?ﬁ%nFn %ﬁ?@emérxti?# ehe dreamtiAmh Wikh é’%ﬁ%"ﬁ‘@f&ﬂﬁu ARGt (Hel $fe

5 obt d
(R;) 3a|h;§r oﬁ%/? 3ﬁglﬁeny %I%&n%gﬁq, g%p%e%%ﬁ&%nbgftl m?y ufed
with dry TI—ElﬂéOreadtam ﬁ@ﬂh&ilstdhhymﬁtln@&eaﬁﬂﬂdmt ellieinatebnal

t enperature woul d not exceed -10C in a thin streamand further washed with
dry THE (5 Regctipncandothiislbieo harpure fad ageng témde 2FenAf F@F‘aéﬁﬁ‘pllétl on

of the aﬁdl{dﬁcr%guf\i{l%rbfo £am the m xture was stirred while maintaining

at -20C to gi Ve a THF sol ution containing

(R) - 3- hydr oxy- 1- (1in i fh& o160 yd Jmedr{ it BRI, hexenambuaheof ybakd €808

guantitative analysis in 15 the sane manner as in Reference Exanple 3).
Ref erence Bxa@Pl bs preefgaaigly 2 enadiechi @r@CB-E:‘SI aedemiviedye) 1 m@)’k@ pEopi onat e

In the same r’rakgcr’l}%l;lfg éé\lé?e&?{)e'ncw%lBi’a is more pCJI':eferably 1.1 moles - 2.5

moles from the economic aspect. In the above-mentioned

30 reaction, when the amount of base to be used is less than 1
mole relative to 1 mole of carboxylic acid (vi), the reaction
efficiency may reduce because carboxylic acid (vi) remains

partly unreacted. In addition, the reaction mixture may become
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Ref erence Exanple 4, ethyl 3-(2,6-dichloro-5-fluoropyridyl)-3 20

- 0XO- propi onate is obtained from 2, 6-dichl oro-5-fluoronicotinic acid.

Ref erence Exanple 7 ethyl 2-(cinnanoyl) acetate In the sane manner as in
Ref erence Exanple 3 and 25 Reference Exanple 4, ethyl 2-(cinnanoyl) acetate

«is obtai ned 3T T iIIRRENE &dide mRecdienceurkaap €eRvdrajing reaction,
2- (4- hydr oxy, 3 : I .ate n L0 Ref e anpl e
3 and 30 Retor o Ben At utl and SHE IIE HROTEE B3ubla i SHL SRR
obt ai ned fr overdcivd rdeRtaen; acirédoveitdushehathdpghbeabi bf tiyadecos didg to
the present invention, a method for 80 provi di ng
(R) - 3- hydr o4gesl exqsiastsy Semoylieshardasiveatpdlunelal ofscarkexyliagakd eri al
of a phargacgut.i cal ent can be efficientl roduced fraomracenic ,
S hydhoxy 3-(BdHery FAERR FEVETORE Rerh RPPRCRSRRLR Eof| CF TATHPh @
relatively hiagbd:giiale Wicald (¢ap Be peeMi, dgHichniddéibhdihicd 1By Present
I nventi on produces 3-hydroxy-3(2-phenyl ethyl)hexanoic acid ester safely and
at a | ower corefignabdeconventional nmethod. | This application is based on

a patent application s. 2002-30724, 2002-41480, 2002-105772 and
S0P5: 242745 11 | o0 T FOPXA-TERGIOBRALREECR St Rl At R ettt JSREFAdat od

by referencgitdlhin aCelhMerdtubePiadyet ben-ssidiad Rt (BlefabyHiPxVoged 2 -
phenylethgl)hexan0|c aci d, mhlch conmprises optically reSOFV|ng racemc

3- hydr oxy? 3-102C phdthdretind reacarione tampeérasurg i Sespt thahl y25a,i wheani ne
S chi'or oohorpactYon' hay broctelslohiy, of the reaction may not Broceed at

phe .
all, and when the reaction temperature exceeds 0°C, carboxylic
acid (vi}, which is a starting material, may be decomposed in
the reaction mixture, or imidazolide (vii), which is a

13 resulting product, may be decomposed to reduce the reaction
yield.

The reaction time of the above-mentioned reaction is not
particularly limited and the reaction completes generally in 30
min - 1 hr.

20 The solvent to be used for the above-mentioned reaction
may be any as long as it does not inhibit the reaction and
ethers such as THF (THF), dioxane, dimethoxyethane and the
like, or a mixed solvent of the ethers with any solvent
selected from aromatic hydrocarbons such as benzene, toluene,

25 xylene and the like, aliphatic hydrocarbons such as heptane,
hexane, octane and the like can be preferably used. In the
case of a mixed solvent, they are mixed at a conventionally
known general proportion to make the total amount fall within
the above-mentioned range.

30 The amount of the solvent to be used is generally 800 mL
~ 4500 mL relative to 1 mele of carboxylic acid (vi), which is

preferably 1000 mL - 3000 mL for the smooth progress of the

reaction and enhanced productivity.
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2. The production nethod of claim1l1l, wherein a salt of (R-3 10
- hydr oxy- 3- (2- phenyl et hyl ) hexanoic acid with the optically active am ne
(M11) is crystallized in one or nore kinds of solvents selected from ethyl
- Ketone, " acet ono,  HENRAROSAAR (KetbnEandPPesRP SBsP ctHR PN Fiahail) dt e

and 15 tetr rQfsur.a r Qi.n .t he pt | Yahdl! r t aj
nater. 3 TRE BraauS Tortost Rea%sl STaTar Trother ol a i pt e a T aar T o
am ne (VIll)a ikhooini purdd iy tdiendeashod (&) gl, 20rpseayl o1yl e ared WiHen a
compound of the formula RZ-CHO (VII1-i) wherein RZ is as defined above, and
reduci ng t hdik&dul oirngayoRgoused as Thelfr bAuet FORCHEIMOIM BFULS A IRIPUTNI ch
Fesol Ut b, ISR TIARIA0R BRTABERBIBE (R 5 hydroxy. 3 (2 o o
phenyl et hyl stexaraiig—aci d, which conprises hydrolyzing a racemc
3- hydr oxy- 3-(Z- phenyTl et hyh) hexanoi ¢ acid ester to 30 produce racenic
3- hydr ox%:_- 321( 2- Phén?ﬁeﬁ?}nghe-xam) cob‘tcagpffeéxw anff]m?gonenté chﬂm)u{ﬁﬁr\l/\n th one
or nore Kkinds _of .sol vents se] ec rome acet ate, .nmethy
| sobutyl kfeteé‘ﬁ@}’lﬁe; ﬁﬁggﬁﬁﬁdk&ﬁ%ﬁéﬁ??ﬁp?%bé|fx%re%%%b;%df‘; @3 i

etranydr ol Weakren#N@nORhEC ¥eh880b¥1 A0al VL1 SRFMRLHEh hyaGE Y h4lifig-2a
salt of R)-3-hydroxy-3-(2?phenylethyl)hexanoic acid with an optically 5
active ant ndlof andetirertreawiVh| & acid@Hr$eem €I i+3-Zhareigivie fi-s
3,4-dinethoi%%hen¥% or, 2-chl orophenyl, using a part or the entirety left of
the extract FERFCESIEFEN VAL LY -

Step viii-2-1

In this step, the order of addition of reagents is not
particularly limited and, for example, imidazolide (vii) is

15 added to a mixture of malonic acid moncester (v) and divalent
metal salt charged in a solvent in advance or malonic acid
monoester (v) is added to a mixture of imidazolide (vii) and
divalent metal salt charged in a solvent in advance and the
like.

20 In this step, the amount of malonic acid moncester {(v) to
be used is preferably 1 mole - 2 moles relative to 1 mole of
imidazolide (vii), which is more preferably 1.3 moles - 1.6
moles from the economic aspect. In the above-mentioned step
viii-2-1, when the amount of malonic acid moncester (v) to be

25 uged is less than 1 mole relative to 1 mole of imidazolide
(vii), the reaction efficiency may reduce because imidazolide
(vii) remains partly unreacted. In the above-mentioned step
viii-2~1, the use of malonic acid monoester (v) in excess of 2
moles relative to 1 mole of imidazolide (vii) is economically

30 unpreferable because malonic acid moncester (v) not involved in
the reaction exists in a large amount.

In this step, the amount of divalent metal salt to be

used is preferably 1 mole - 2 moles relative to 1 mole of
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solvent for optical resolution. 10 6. The production nmethod of claimb5,
-wWherein the optically active amne (VIIl) is produced by condensing (R -1
phenyl et hyl am ne with a compound of the formula Rz-CHO (VIII1-i) wherein Rz

i's as defined above, and reducing the resulting is conpound. 7. The
_eproduction|WQHRR}QﬂaQﬂ4aWPPQ?S%ﬁ%CHvéonﬂﬁFEEslge@BQ%rggﬁ eFPbhit chimgres

active am ne (VI t phi.ca e 0 g j_¢ of
(R) - 3- hydr oxy-13-5|( ?og%nargﬁhtfh%h%%%ﬁ%ﬁ%uaélgg?cé\hi C v ?g%rp%%?sé ?{eéél??{o?f%g
magnesi um atha adddtHze1gCkwtieasttie anduitpbenyiv3laek anotel t$a Pt otk Gee
racem ¢ 3- hydroxy- 3-(2-phenyl et hyl ) hexanoic acid ester, hydrolyzing this
conmpound t o Ufiede isadesisc thahy dr Brye3redatipachy| bimole ek ardteniriatidind
opticallysresql vi this c oun ing optical lve ).ne of the
Pormi a {9 TETOCra 0 /el Prroaneror herg: FACs et AR ARG o
2-chl or ophemdlon82% acid RondBe8tBFOQUE! -efa iRE Nslrof y Chitida Scedhenal khkhe
hal oacetic acid ester is a chloroacetic acid ester. 10. The production

nmet hod of clabiovesmenttdoaed stenl viol-2hd, Sthe use of divalent metal salt
(R)-3-hydrox¥€3-%g-phe2y%ethxl%hexgnglc afid W t thg 0 icalui active
am ne (VI 115 §*XCA7St &1 2B PR BRie®bt Vol kiPorse of %ﬁfé’ S &xt%cted from
ethyl acet atencaaiBanql) E§OQEQH%QEal§£h§i@Bfef@££§IE‘J thddfisd™® Mdrge
i sobutyl ketone, acetone, nethyl ethyl ketone, diisopropyl ether,
di met hoxy2t kewenzndfl@iveleahyrdebdlir saltwhet creceswmasp| fentthoptieardiion
further contains ter. 11, The production pethod of claim@8, wherein after
duci with malonic acid monoester (v) 1s present.
pr oduci ng
This step is carried out generally within a temperature
range of 20°C - 70°C, preferably 40°C - 60°C. When the reaction
temperature is less than 20°C, the reaction may proceed slowly,
15 or the reaction may not proceed at all, and when the reaction
temperature exceeds 70°C, imidazolide (wvii), which is a
starting material, may be decomposed in the reaction mixture to
reduce the reaction yield.
The reaction time of the above-mentioned reaction is not
20 particularly limited and the reaction completes generally in 4

hr - 10 hr.
Step viii-2-2

In this step, an acid may be added to the reaction

mixture in the above-mentioned step viii-2-1, or the reaction
25 mixture in step viii-2-1 may be added to an acid.

In this step, the amount of the acid is preferably 2
moles - 4 moles relative to 1 mole of imidazolide (vii), which
is more preferably 2.3 moles - 3 moles from the economic
aspect. In the above-mentioned step viii-2-2, when the amount

30 of acid is less than 2 moles relative to 1 mole of imidazolide
(vii), decarbonation reaction may not proceed sufficiently, and
the reaction efficiency may decrease. In the above-mentioned

step viii-2-2, when the amount of acid to be used exceeds 4
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the racem c 3- hydroxy-3-(2-phenyl et hyl ) hexanoic acid, the is conpound is
-extracted wth one or nore kinds of solvents selected fromethyl acetate,
nmet hyl isobutyl ketone, nethyl ethyl ketone, diisopropyl ether and

tetrahydrofur%%S agﬁﬁ&ﬁ&jcallx re olvgd_bg cr&itallizln the salt of

¢ (R) - 3- hydr P& & ety ) Bex&n8Fc 1B AaZz@r RS ahvhbt 1 cHFF yFSREFIRP ani ne
2 (M11) usi r erentlret : e ti f..as a
sol vent forng%?ﬁggfk%gggfﬁgigﬁ.h%gg %ﬁ%g%éog%ég?g %%?ﬂ%dé%§b2€%¥nﬁ ?ﬁi
wher ei n t he sapth ea Inacealiizeeian, neliMihblios pbéeatien dyd crinslenskargpf Rhel
25 phenyl ethylamne with a conpound of the fornmula RZ-CHO (VI11-i) wherein
RZ is as defiafdd tdigy #rosiygts BaycPREUERe resul ting conpound. 13. The

producti og net hod .Qf. _cl_ai Lch_go [ COVE(L | t optically
active amine (VIII lnggFgLSFi?gkgggéogﬁﬁi%%S?%%%iﬁﬁglgﬁ%gg%tﬁéhP%%ﬁﬁégf(ﬁ
claim8, wheiRige REJRAPPOM- i 0@ predeidavaledec 15. 204e PRREHCEhONr8BEHDEh Of
claim 14, wherein nmagnesiumis activated with chlorosilanes and hal ogenated
hydr ocar bon.tegpegatuge dsodessi shanethof ofthd gigncts onvinayeiprocked

chlorosil anes i 5.selected fromthe grou onsi sting_ of '

chi or ot ri TorT Y afE, SHFCRPOF bUPRetAYI BPF aMECCRET BT 131 En e et
tetrachl or o3iea@R@ onl@ehperdBBrBr QU484 R N K@FoRlsteP Yok ither ghiichhes
hal ogenat ed hydrocarbon is sel ected fromthe group consisting of allyl

br om de, 1 odomeshdténgi ptodubtinenapehe ydledomposied g 2tedwnodtienmeantion

1, 2-di bronoet.hane. 1S 18. The production nmethod of claimB, wherein
1- phenyl - 3h&x&nGne i s obtai ned by condensi ng benzal dehyde with 2pentanone

ooy el e OEpe PERECSsOLYfe e S b enge L detien 1g 1o
3- hydr oxy- 3p@2tpkadyk-eéyhylinbezanand eice dresdieion Wonghl etonp rgeseraldactinng 5
min - 30 min.

15 The solvent to be used for the above-mentioned step wviii-
2-1 and step viii-2-2 may be any as long as it does not inhibit
the reaction and ethers such as THF, dioxane, dimethoxyethane
and the like, or a mixed solvent of the ethers with any soclvent
selected from aromatic hydrocarbons such as benzene, toluene,

20 xylene and the like, aliphatic hydrocarbons such as heptane,
hexane, octane and the like can be preferably used. In the
case of a mixed sclvent, they are mixed at a conventiocnally
known general proportion to make the total amount fall within
the above-mentioned range. The solvents to be used for the

25 above-mentioned steps viii-2-1 and viii-2-2 may be the same or
different.

The amount of the solvent tc be used is generally 1000 mL
- 5000 mL relative to 1 mole of imidazolide (vii), which is
preferably 2000 mL - 3000 mL for the smooth progress of the

30 reaction and enhanced productivity.

f-Ketoester (vilil} can be isclated and purified by a
known isolation method {e.g., extraction, drying and the like)

and by a known purification methed (e.g., crystallization,
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magnesi um hal oacetic acid ester and 1-phenyl-3-hexanone. 2s 20. The

* production nethod of claim 19, wherein the hal oacetic acid ester is a

chl oroacetic acid ester 21. The production method of clain119 Wher ei n
magnesi um i s .gactivat The roduc ion t hod 1, \Werein
Tgnes! um i Sidae, Gedd SoArmACRrspRePPaRERh e RErd AR, IR MR Tonths
23. The progiciisen 48t hedigf 16! i PL22rivhen kP58 @I ObdENBs s 5@l affeed
fromthe group consisting of chlorotrimethylsilane, dichlorodinethylsilane,
met hyl t ri chiporddgiilcantécand tetrachl orosilane. 5 24. The production net hod of

claim 22, wherein halo ated hydrocarbon is sel ected fro he qrou
consi sting of a||9hebw Béc PSéan@?ﬂ%ﬁ%te?oH%htﬁﬁnﬁﬁ %ﬁﬁé&ﬁ éﬁﬁ ove-

1, 2di i odoet E&ﬁ‘:.l%ﬂédl %tﬁbhr EHB%QaBStalQ%g%yTé@m%M{%dﬂw n&idad of
claim19, ereln 1-p eny - 3hexanone I's obtainhed by condensi'ng benzal dehyde
wi t h 2pent araréocus tnbehpdsseand obnnnebaaellp @vamlarbbapyinei yrarl Heetumeel. and
reduci ng the obtai ned propyl st ryI ket one.
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cal] ca] calU| cafthraihgathcExamples, which are not to be construed as

limitative.
Note that § in NMR is expressed in ppm.
The optical purity was determined by the following
3¢ method.
(Optical purity)
A part of a sample (crystal, etc.) was suspended in

toluene and aqueous caustic soda was added. The mixture was
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U ca] ca] ca] ca] cahﬁ@hé@lﬁla] W] £81§, 3 CRIRSPdC Vs suspended in THF (12.1
U] cMa] ca+" X<?J=x. S| w mhc "WJ] ]
U] c”a] ca] cabita] aa]ica}ﬂ:m].chirora:].da] €@] Z&]@a]&d]&:ﬁa mole) was added in a thin

F5SH 2 upk ABTERTCA QTR A 8 (O AR RE e S o LG UKo cna

Ucta U caggiution of methyltrichlorosilane (3.39 g, 0.023 mole), 1-

10 phenyl-3-hexancne (40.0 g, 0.227 mole), ethyl chloroacetate
{(27.81 g, 0.23 mole) and allyl bromide (0.275 g, 0.0023 mole)
in THF (94.6 g) was added at 35 -~ 40°C over 2 hr in a thin
stream. Further, ethyl chlorocacetate (8.34 g, 0.07 mole) was
added at 30 - 40°C over 40 min in a thin stream.

15 After stirring at 40°C for 2 hr, the title compound in
the reaction mixture was analyzed and a reaction mixture
containing the title compound (46.74 g, yield 77.9%) was
ocbtained {quantitative analysis by HPLC). The NMR data were
the same as in Example 1.

20 Example 3
Racemic ethyl 3-hydroxy-3-(2-phenylethyl)hexanoate

Magnesium (7.45 g, 0.31 mole) was suspended in THF (12.1
g), and allyl bromide (0.28 g, 0.0023 mole) was added in a thin
- stream. After raising the temperature from 20°C - 30°C, a
25 golution of silicon tetrachloride (3.86 g, 0.023 mole), 1-
phenyl-3-hexanone (40.0 g, 0.227 hole), ethyl chloroacetate
(27.81 g, 0.23 mole) and allyl bromide (0.275 g, 0.0023 mole)
in THF (94.6 g) was added at 35 - 40°C over 2 hr in a thin
stream. Further, ethyl chloroacetate (8.34 g, 0.07 mole) was
30 added at 30 - 40°C over 40 min in a thin stream.
After stirring a 40°C for 2 hr, the title compound in the
reaction mixture was analyzed and a reaction mixture containing

the title compound (46.76 g, yleld 77.9%) was obtained

60



Ul c”a] ca] ca] ca] ca] ca]calca]ca]calcalcajcha ! Z H?KSX' @3FS;
- ~wgl fa\WJ] ] c] ca] ca] ca] c”a] ca] c*a
Ul c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cMa]c”a

c”a] ca] ca],ca] cal. k| zsmhc”YI f a\ A
e col ol e SRS g Bl e
cMa] ca] ca C a : '

pree ##1‘VQW¢%§%§&&L.' gh@?ythg?éafg/m Hﬂég] %:é] cal] ca] ca] ca] ca] c”a

Ul c”a] ca] ca 4] ca] ca] ca] ca]ca] c”*a] ca

U] c™a] ca] ca ca] ca] ca ca!lca] calc”fa Ucta 2(&()))

x| * L*x*****ﬁﬁ@m!l¢+$i‘-h¥ +3Thx§£?F¥T,T{3/Tﬁ’M"Kiﬂﬁiﬂlﬁ§mﬂ cta Ucra
LJ] N N N N N N K N N

U cnal cavf eal cal capeapesplareal o, O nFnd o) M A BtR RS A BB B e m
hc”Yca] c] cahta] eahealiaahgalicpesadatsn] ¢p] 4008 o) cadlln]irdanilaialstabldead ca

U] ca] ca] ca] cagca] cal] ca] ca caica] ca 2222w3334. 4944455 )
5\ 555656666667 RARTE T8 w888} i nhroride | @ a3 a)c am]addach]ata]d8Fcanca) ca] ca

Loal cal cal calqnl galeahoal ol Al Ul ek od ) 62! eohirba L Tueesoees®

>h>>>} xsni dnZy] 6] edkedhgaticah Lot ssd calcajradcad calea aaddlfﬂ)cahc%h apcal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal >>>Wa????@ @@ @ @A AoA FB( C+C

* CCCD>Dz EEBreoj(47[ Vay¢cal c2§ T akekd kald it k ajhdaj s astiass d3dc&] ga] ca
T e E e
]U\an]c g?c ay cg]tc g?c(’:%] j(':%]%a %iaﬁ ]Sctef]ecama]'c aﬁfggfﬂ %%lj]mé%] c%ﬁ%%?xggjﬁ(-h<?{tY:wﬁs$lo%U
& ()-g!7Li $2B%ebved &hdgthlki HOS4Hl (Jermpdrafi%) mpse to 32.5°C. After 34
S Loy () DADSETONRRS (FAFARAOVRD (3 AT (UEFE e, BAE) EROMAENG) PLESFar ()

10m 15 golution was added at an internal temperature of 32 -~ 36°C over

3 hr in a thin stream. Thereafter, ethyl chloroacetate {10.2
g, 83.2 mmole) was added at an internal temperature of 32 -
35°C over 1 hr in a thin stream and thermally insulated at an
internal temperature of 36°C for 1 hr. The title compound in

20 the reaction mixture was analyzed and a reaction mixture
containing the title compound (52.5 g, yield 74.3%) was
obtained (quantitative analysis by HPLC). The NMR data were
the same as in Example 1.

Example 5
25 Racemic ethyl 3-hydroxy-3—(2-phenylethyl)hexanoate

Magnesium (5 g, 0.21 mole) was suspended in THF (17 mL),
and allyl bromide (0.35 g, 0.0025 mole) was added for
activation. Thereto was added a sclution of l1-phenyl-3-
‘hexanone {0.91 g, 5.2 mmole), ethyl chloroacetate (0.63 g, 5.1

30 mmole) and allyl bromide (6.2 mg, 0.04 mmole) in THF (2.4 mlL)
in a thin stream.

After stirring for 15 min, the temperature rise was

measured. In addition, the yield of the title compound and the
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Trimethyl- Not Not
fxample 6 chlorosilane 10 13 measured measured
Dimethyl-
Example 7 dichloro- 10 19 57.9 28.6
|silane -
Dimethyl-
Example 8 |dichloro- 5 21  63.8 24.9
silane
Methyl- ,
Example 9 [|trichleoro- 5 24 56.6 26.3
silane
Example 10 ::t;:zgloride 5 23.5 56.2 6.4

Example 11-1

Ethyl 3-hydroxy-3-(2-phenylethyl)hexanoate

Magnesium (6.8 g, 0.280 mole} was suspended in THF (50
15 mL), and a soclution of l-phenyl-3-hexanone (22.3 g, 0.127
mole), ethyl chlorcacetate (26.0 g, 0.212 mole), zinc chloride
(1.93 g, 0.014 mole) and chlorotrimethylsilane (1.54 g, 0.014
mole) in THF (25 mL) was added at 25°C - 30°C over 2 hr in a

thin stream. Further, after stirring at 25°C for 2.5 hr, 10%
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mecle) and ethyl acetate (12.2 mL) in THF (25 mL) was added at

25°C - 30°C over 2 hr in a thin stream. Further, after stirring
at 25°C for 1.5 hr, 10% hydrochloric acid (60 mL) was added for
partitioning to give a THF-ethyl acetate solution containing

20 ethyl 3-hydroxy-3- (2-phenylethyl)hexancate (22.8 g, 68.2%;
quantified by absolute calibration curve method (external
standard method) using HPLC).
Example 11-3

Ethyl 3-hydroxy-3-(2-phenylethyl)hexancate

25 Magnesium (5.15 g, 0.212 mole) was suspended in a mixed
sclvent of THF (25 mL) and tcluene (25 mL), and a solution of
l-phenyl-3-hexanone (22.3 g, 0.127 mole), ethyl chlorcacetate
(26.0 g, 0.212 mole}), zinc chloride (1.93 g, 0.014 mole) and
chlorotrimethylsilane (1.54 g, 0.014 mole) in THF (25 mlL) was

30 added at 25°C - 30°C over 1.5 hr in a thin stream. Further,
after stirring at 25°C for 2 hr, 10% hydrochloric acid (60 mL)
was added for partitioning to give a THF-toluene solution

containing the ethyl 3-hydroxy-3-(2-phenylethyl)hexanoate
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was raised to 60°C and 48 mL of the remaining mixture (total
amount: 57 mL) of the above-mentioned l-phenyl-3-hexanone and
tert-butyl chlorcacetate was added at 55°C - 65°C over 1 hr in
a thin stream. Further, after stirring at 60°C for 1 hr,
toluene (50 mL) and 10% hydrochloric acid (60 mL) were added
for partitioning to give a THF-toluene solution containing the
tert-butyl 3-hydroxy-3-(2-phenylethyl)hexancate (33.3 g, 8%9.9%;
quantified by absolute calibration curve method (external
standard method) using HPLC). .

'H-NMR (CDCl3;) § = 0.94 (3H, t, J = 7.3 Hz), 1.32-1.45 (2H, m),
1.48 (9H, s), 1.51-1.58 (2H, m), 1.77-1.82 (2H, m), 2.44 (2H,
s), 2.62-2.70 (2H, m), 3.79 (1lH, s), 7.16-7.20 (3H, m), 7.26-
7.30 (2H, m).

Example 11-5

'Ethyl 3-hydroxy-3-(2-phenylethyl) hexanoate

Magnesium {1.98 g, 0.081 mcle) was suspended in a mixed
solvent of THF (13 mL) and toluene (15 mL), and thereto was
added chlorotrimethylsilane (0.2 mL, 0.0016 mole) at 28.5°C.
To this suspension was added a mixture of l-phenyl-3-hexanone
(8.93 g, 0.0507 mole) and ethyl chloroacetate (9.94 g, 0.081
mole) at 25°C - 30°C over 30 min in a thin stream. Further,

after stirring at 30°C for 1.5 hr, 10% hydrochloric acid (30
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10 and chlorotrimethylsilane (15.4 g, 0.142 mole) at 25°C over 90

min in a thin stream. The mixture was stirred at 25°C for 2 hr

and treated with diluted hydrochloric acid to give a THF

solution containing ethyl 3-hydroxy-3-(2-phenylethyl)hexanoate

(15.54 g, 51.6%; quantified by the absoclute calibration curve
15 method (external standard method) using HPLC).

Example 11-7

Ethyl 3-hydroxy-3-(2-phenylethyl)hexanoate

Magnesium (13.6 g, 0.559 mole) was suspended in THF (50
mL) , and thereto was added a mixture of l-phenyl-3-hexanone

200 (20.09 g, 0.114 mole), ethyl chlorocacetate (34.8 g, 0.284 mole)
and chleorotrimethylsilane (15.4 g, 0.142 mole) at 20°C - 30°C
over 180 min in a thin stream. The mixture was stirred at 20°C
~ 30°C for 2 hr and treated with diluted hydrochloric acid to
give a THF sclution containing ethyl 3-hydroxy-3-(2-

25 phenylethyl)hexancate (21.8 g, yield: 72.3%; quantified by
absolute calibration curve method (external standard method)
using HPLC) . |
Example 11-8
Ethyl 3-hydroxy-3-(2-phenylethyl)hexanoate

30 Magnesium (13.6 g, 0.559 mole) was suspended in THF (50
rL), and thereto was added a mixture of l-phenyl-3-hexancne
(20.09 g, 0.114 mole), ethyl chloroacetate (34.8 g, 0.284 mole)
and chlorotrimethylsilane (15.4 ¢, 0.142 mole) at 60°C over 180
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Ethyl 3-hydroxy-3-{2-phenylethyl)hexancate

Magnesium (1.98 g, 81.4 mmole) was suspended in THF (15
25 mL), and iodine (10 mg) was added theretoc. To the suspension
was added 1 mL from a mixture (total amount: 20 mL) of 1-
phenyl-3-hexanone (8.93 g, 50.7 mmole) and ethyl chlorocacetate
(9.94 g, 8l1.1 mmole) at 25°C in a thin stream. The mixture was
stirred for 10 min and allowed to warm the internal temperature
30 to 30°C. The remaining (19 mL) of the above-mentioned mixture
(total amount: 20 mL) of l-phenyl-3-hexancne and ethyl
chloroacetate was added at 30°C - 40°C over 2 hr in a thin

stream. The mixture was stirred at 30°C for 1 hr, and 10%
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mentioned mixture (total amount: 21 mL) of l-phenyl-3-hexanone
and ethyl chloroacetate was added at 30°C - 40°C over 2 hr in a
thin stream. The mixture was stirred at 30°C for 1 hr and 10%
hydrochloric acid (30 mL) was added for partitioning, which
gave a THF solution containing ethyl 3-hydroxy-3-(2-
phenylethyl}hexanocate (9.42 g, 70.5%; quantified by absoclute
calibration curve method (external standard method) using
HPLC) .

Example 11-12

Ethyl 3-hydroxy-3-{2-phenylethyl)hexancate

Magnesium (1.98 g, 81.4 mmole) was suspended in THF (15
mL), and iodine (10 mg) was added thereto. The suspension was
allowed to warm 50°C. A mixture (total amount: 20 mL) of 1-
phenyl-3-hexanone (8.93 g, 50.7 mmole) and ethyl chloroacetate
{9.94 g, 81.1 mmole) added at 50°C - 55°C over 2 hr in a thin
stream. The reaction mixture was stirred at 55°C for 1 hr and
10% hydrochloric acid (30 mL) was added for partitioning, which
gave a THF solution containing ethyl 3-hydroxy-3-(2-
phenylethyl) hexanoate (8.88 g, 66%; quantified by absolute
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(30 mI.) was added for partitioning, which gave a THF solution
containing ethyl 3-hydroxy-3-(2-phenylethyl)hexancate (8.58 g,
63.8%; quantified by absclute calibration curve method
{external standard method} using HPiC).

Example 11-14
Ethyl 3-hydroxy-3-{Z2-phenylethyl)hexancate

Magnesium (2.77 g, 113.9 mmole) was suspended in THF (15
mL) , and iodine (10 mg) was added thereto. To the suspension
was added 1.5 mL from a mixture (total amount: 31 mL) of 1-
phenyl-3-hexanone (13.4 g, 76.0 mmole) and isopropyl
chloroacetate (15.58 g, 114.1 mmole) at 24°C in a thin stream,
and the mixture was stirred at 23°C - 27°C for 30 min. The
reaction mixture was allowed to warm to 45°C. The remaining
(29.5 mL} of the above-mentioned mixture (total amcunt: 31 mL)

of l-phenyl-3-hexanone and isopropyl chlorcacetate added at

40°C - 509C over 2 hr in a thin stream. The mixture was stirred

at 66°C for 1.5 hr and 10% hydrochloric acid (30 mL) was added
for partiticning, which gave a THF solution containing
isopropyl 3-hydroxy-3-(2-phenylethyl)hexancate (15.7 g, 74%;
quantified by absolute calibration curve method {external
standard method) using HPLC) .

'H-NMR (CDCli) § = 0.94 (3H, t, J = 7.3 Hz), 1.25 (3H, d, J = 6
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heat develcopment was observed when stirring the mixture and,

after 15 min, the temperature was reached 40°C. The mixture
was cocled to have the internal temperature of 33°C, and the
remaining (15 mL) of the above-mentioned mixture (total amcunt:

15 17 mL) of l-phenyl-3-hexanone and ethyl chlorcacetate added at
30°C - 35°C over 2 hr in a thin stream. The mixture was stirred
at 30°C for 2.5 hr and toluene (20 mL) was added thereafter.
10% Hydrochloric acid (20 mL) was added for partitioning to
give a THF-toluene solution containing ethyl 3-hydroxy-3-(2-

20 phenylethyl)hexanoate (8.33 g, 62.2%; quantified by absolute
calibration curve method (external standard method) using
HPLC) .

Example 11-16
Ethyl 3-hydroxy-3-{(2-phenylethyl)hexancate

25 Magnesium (1.18 g, 48.6 mmole) was suspended in THF (8
mL), and iodine (5 mg) was added therete. A solution of ethyl
bromoacetate (35 mg, 0.2 mmocle) in THF (0.2 mL) was then added
in a thin stream. To the suspension was added 1 mL from a
mixture (total amount: 16 mL) of l-phenyl-3-hexancne (7.14 g,

30 40.5 mmole) and tert-butyl chloroacetate (7.34 g, 48.7 mmole)
at 34°C in a thin stream and the mixture was allowed to warm to
55°C. At the temperature, the mixture was stirred for 10 min

and the remaining (15 ml) of the above-mentioned mixture (total

69




104 ) (m' L09%EE& ()-\y& 10%| & ()-L$ 10%}| & () - ni'10%}| & ()-OLY 10%}| & () -
i 10%4| & ()- >~={aBN 10 1o4| L5$10%4| & ()- I L3$10% | & () -
L 2"109%1(& ()-]0"10%1 & ()- ."10%| & ()-L- T#10%| & ()- Odghij xmb@ 10

104| ' (109 10 :
: 104I 00, & AT A T, (of, domienv3-herangre: pRdyFSHEBERYD
104] | Z10%1] G Do SSbt A e st AP sEhey £ LO8M &udr S .5 hr in a thin
10%| & () - S" 10%i& () - Su+dENb@ 10
104| | 3" 109 | Rex9an) 6" Ibwm&x(cyx:e#masygwi;;e@"aﬂm'& (Epr# 10%], &2p}- 6 luene

109%| & -%1 o 104 0/«4 e
10%4I & 8 )( lléb‘& icsrEdeh (20 (PLb#8%8 | 29459 BRBEND @ 10

104 1 <7’ 16% 1 %8t & (LohOn 1008l & ()« .
10%.4| 2 ()- qﬁaﬁr@%ﬁlo%ﬁ %10% %&Qﬁ'l_\%@%%?&%? ‘-ﬁ%‘h %‘iJégT}’Qﬂﬁ’ fdde
104] <10%| & HytyL mqmd&*o@w-\aa‘(zemp&ya)at{mwmxﬁb@aaei $1044 | & (§3)1%;

$10%D&' () -! $10%&f -1A) $10% | &
$104 & (). ¢ By ajsoiReEredsPERsIaRacEyve s thadogetgnal

IL\ &$10%4| 4|§ta(r)darld !m\egt%%%{& @J.ng &ﬁ’ﬁé}o% & () -
Example 12

10 1-phenyl-3-hexanone

(1) propyl styryl ketone (3-oxo-—l-phenyl-l-hexene)

To a mixture of benzaldehyde (30.00 g, 0.283 mole) and 2-
pentanone (67.33 g, 0.782 mole) was added 10% aqueous sodium
hydroxide (40.00 g, 0.10 mole) and the mixture was heated and

15 stirred at 55 - 65°C for 10 hr. The reaction mixture was
cooled to room temperature and the aqueous layer was once
separated. 5% Brine (20 g) was added and after stirring, the
aqueous layer was separated. This step was repeated twice.
The low boiling point content such as 2-pentanone, benzaldehyde

20 and the like in the obtained organic layer were distilled away
under reduced pressure to give the title compound as a pale-
yellow green oil (138 - 150°C/1.33 kPa). (39.25 g, yield 79.7%)
'H-NMR (CDCls;) §: 0.99 (t, 3H, J = 7.3Hz, CHz), 1.65-1.80 (m,
2H, CH), 2.65 (t, 2H, J = 7.3Hz, CHCO), 6.72 (s, 1lH,

25 olefinic), 6.77 (s, 1lH, olefinic), 7.3-7.6 (m, 5H, aromatic).
(2) l-phenyl-3-hexanone

To a solution of propyl styryl ketone (20.00 g, 0.115
mole) obtained above in ethyl acetate {70 ml) was added 5% Pd-C
(0.8 g, BNA~-Type, manufactured by N.E. CHEMCAT CORPORATION) and

3¢ reduction reaction was conducted at room temperature for 2 hr
under 1 atm hydrogen pressure. The catalyst was filtered off
and the filtrate was washed with ethyl acetate. Ethyl acetate

in the obtained filtrate was distilled away to give the title
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10 1 was added 10% aqueous sodium hydroxide (590 g, 1.48 mole) and

the mixture was stirred at 40 - 50°C for 4 hr. Tc the reaction

mixture were added 19% hydrochloric acid (216.4 g, 1.11 moie)

and MIBK (150.4 g), and, after stirring, partitioned to give an

organic layer (455.7 g) containing the title compound (189.8 g,
15 yield 98.7%) (Quantitative analysis by HPLC).

'H-NMR (CDCls, § ppm) 0.96 (3H, t, J = 7 Hz), 1.35-1.47 (2H,

m), 1.60-1.64 (2H, m}, 1.84-1.89 (2H, m), 2.60 (2H, s), 2.65-

2.70 (2H, m), 7.17-7.20 (3H, m), 7.26-7.30 (2H, m),

Example 14

20 {R)-N-(3,4~dimethoxybenzyl) -1-phenylethylamine

Veratraldehyde (174.5 g, 1.05 mole) was dissolved in
lisopropanol (600 ml) at 10 - 40°C and (R)-1l-phenylethylamine
(121.2 g, 1.00 mmole) was added at 50 - 60°C cver 1 — 2 hr in a
thin stream. Further, after stirring at 50 - 60°C for 1 - 2

25 hr, the mixture was cooled to 20°C. To this solution were
added triethylamine (5.1 g, 50.0 mmole) and 5% palladium carbon
(50% wet, 5.4 g) at 20 - 30°C and the mixture was stirred under
1l atm hydrogen atmosphere at 40 - 45°C for 7 - 8 hr. The
catalyst was filtered off and the filtrate was concentrated to

30 give the title compound (277.5 g, pure amount 252.5 g, yield
93.05%) (Quantitative analysis by HPLC).

IR (v cm™) 3325 (N-H), 1514 (N-H). |
Reference Example 1
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phenylethylamine (107.1 g). The yield was 98.67%.

10 IR spectrum: (v cm™) 3325 (N-H), 1514 (N-H)
Reference Example 2
(R) -N- (o—chlorobenzyl) —g-phenylethylamine

In the same manner as in Reference Exaﬁple 2-2 except
that Z-chlorobenzaldehyde was used instead of 3,4-
15 dimethoxybenzaldehyde, (R)-N-(o-chlorobenzyl)-—g—
phenylethylamine was obtained. The yield was 98.5%.
IR spectrum: (v cm™') 3322 (N-H)}, 1444 (N-H)

Example 15

(R) -3-hydroxy-3-(2-phenylethyl) hexanoic acid . (R)-N-(3,4-

20 dimethoxybenzyl)-l-phenylethylamine salt

To a seclution (445.7 g, pure content of racemic 3-
hydroxy-3-(2-phenylethyl) hexanoic acid 189.8 g, 0.803 mole) of
racemic 3-hydroxy-3-(2-phenylethyl)hexanoic acid obtained in
Example 13 in MIBK was added MIBK (1420 mL). The mixture was

25 heated to 55 - 60°C and a solution {300 mL) of (R)-N-(3,4-
dimethoxybenzyl)-1-phenylethylamine (215.6 g, pure content
196.16 g, 0.723 mole) in MIBK was added over 15 min in a thin
stream. When cooled to 51°C over 30 min, a crystal of (R)-3-
hydroxy-3-(2-phenylethyl) hexanoic acid . (R}-N-(3,4-

30 dimethoxybenzyl)-l-phenylethylamine salt was inoculated and,
after cooling to 45 - 49°C, the mixture was stirred at the same
temperature for 30 min. After cooling to 25°C over 2 hr, the

mixture was stirred at the same temperature for 2 hr. The
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A crude crystal (238.46 g, optical purity 92.0%e.e.) of

(R) -3-hydroxy-3- (2-phenylethyl) hexancic acid . (R)-N-(3,4-

10 dimethoxybenzyl)-l-phenylethylamine salt obtained in the same
manner as in Example 15 was dissolved in MIBK (2385 mL) at
80°C. The mixture was cooled to 76°C and (R)-3-hydroxy-3-(2-
phenylethyl)hexanocic acid . (R)-N-(3,4-dimethoxybenzyl)-1-
phenylethylamine salt was inoculated. The mixture was stirred

15 at 63 - 67°C for 1 hr. After cooling to 25°C over 10 hr, the
resulting crystal was collected by filtration and washed with
MIBK (250 mL) to give the title salt as a colorless crystal
(216.37 g, yield 90.74%, optical purity 99.55%e.e.).

Example 17
20 {R)-3-hydroxy-3-(2-phenylethyl)hexanoic acid . (R)-N-(3,4-

dimethoxybenzyl)-l-phenylethylamine salt

To a solution (468.5 g, pure content of racemic 3-
hydroxy-3—-(2-phenylethyl)hexanoic acid 202.6 g, 0.857 mole) of
racemic 3-hydroxy-3-(2-phenylethyl)hexancic acid obtained in

25 the same manner as in Example 13 in MIBK was added a filtrate
(1536 mL, including (R)-3-hydroxy-3-(2-phenylethyl)hexanoic
acid . (R)-N-(3,4-dimethoxybenzyl)~l-phenylethylamine salt
0.026 mole) obtained in Example 16. The mixture was heated to
60-63°C. Thereto was added a solution of (R)-N-(3,4-

30 dimethoxybenzyl)-l-phenylethylamine (229.3 g, pure content
209.4 g, 0.7716 mole) dissolved in the filtrate obtained
Example 16 (300 mL, containing (R)-3-hydroxy-3-(2-
phenylethyl)hexanoic acid . (R)-N-(3,4-dimethoxybenzyl)-1-
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(R) -3-Hydroxy-3- (2-phenylethyl)hexanoic acid . (R}-N-

(3,4-dimethoxybenzyl)-1-phenylethylamine salt (180.58 g, 355.7
mmole) was suspended in MIBK (542 mL), and thereto was added
10% sulfuric acid (355.6 g) and the mixture was stirred for 30
15 min. After the aqueous layer (aqueous layer 1) was removed by
partitioning and water (50 g) was added to the organic layer.
After stirring for 30 min, the aquecus layer was removed
{(agqueous layer 2).
To the organic layer was added dilute aqueocus sulfuric
20 zcid (50 g, pH 2) and the mixture was stirred, washed and
partitioned to remove the aqueous layer. The organic layer was
again washed with dilute aqueous sulfuric acid (50 g, pH 2).
To the organic layer was added 0.04% agqueous sodium hydroxide
(30 g) and the mixture was stirred and the aqueous layer was
25 removed by partitioning. The organic layer was concentrated
(depressurization degree 6.4 KPa, internal temperature to 87°C)
to give the title compound as a colorless oil (%91.5 g, purity
87.9%, pure amount 80.43 g) (Quantitative analysis by HPLC).
NMR data were the same as in Example 13.

30 Example 19
Recovery of (R)-N-(3,4-dimethoxybenzyl}-l-phenvlethylamine

The filtrates (containing solvent MIBK, 1964.8 g, 3-
hydroxy-3-(2-phenylethyl) hexanoic acid 0.4313 mole, (R)-N-(3,4-
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k642.7 g, including (R)-N-(3,4-dimethoxybenzyl)-1-

phenylethylamine 96.5 g) obtained in Example 18 was added MIBK
(386 g) and 20% aquecus sodium hydroxide (149.4 g) was added.
The mixture was stirred and stood still. The agqueous layer was

20 removed and water (290 g) was added to the organic layer. The
mixture was again stirred and étood still. The aqueous layer
was removed to give an MIBK solution containing the title
compound (417.4 g, purity 21.86%, pure amount %91.26 g, yield
94.55%) (Quantitative determination analysis by HPLC).

25 Example 21-1

{R) -3-hydroxy-3—-(2-phenylethyl)hexanoic acid . (R})-N-(3,4-

dimethoxybenzyl) -g-phenylethylamine salt

To a solution of racemic 3-hydroxy-3-(2-
phenylethyl)hexanoic acid (21.3 g, purity: 83.2%, pure
30 amount :17.72 g, 75 mmole) in MIBK (270 mL)} was added (R)-N-
(3,4-dimethoxybenzyl) -g-phenylethylamine (18.32 g, 67.5 mmole)
and dissolved at 60°C. After cooling to 55°C, (R)-N-(3,4-
dimethoxybenzyl) -g—phenylethylamine salt (20 mg) of (R)-3-
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The (R)—N—(3 4- dlmethoxybenzyl)—a—pheﬁylethylamlne salt
(15.0 g) of (R)-3-hydroxy—-3-(2-phenylethyl)hexancic acid
obtained in Example 21-1 and having an optical purity of
90%e.e. was dissolved in MIBK (180 mL) at 75°C. After cooling
the obtained sclution to 65°C, (R)-N-(3,4-dimethoxybenzyl)-g-
15 phenylethylamine salt (20 mg) of {(R) -3-hydroxy-3-(2-
phenylethyl) hexanoic acid was added and the solution was cooled
to 30°C. The resulting salt was collected by filtration to
give an amine salt (13.2 g, yield: 86.8%) of (R)-3-hydroxy-3-
(2-phenylethyl) hexanoic acid with 99.4%e.e. (the total yield:
20 35.3%).
Example 21-3

(R) ~3-hydroxy—-3- (2-phenylethyl) hexanoic acid . (R)-N-(o-

chlorobenzyl)—qg-phenylethylamine salt

To a solution of racemic 3-hydroxy-3- (2~

25 phenylethyl)hexanoic acid (7.34 g, purity: 80.5%, pure amount:
5.91 g, 25 mmole) in MIBK (90 mL) was added (R)-N-(o-—
chlorobenzyl) -g-phenylethylamine (5.53 g, 22.5 mmole), and
dissolved at 55°C. After cocling to 50°C, (R)-N-(o-
chlorobenzyl)—awphenylefhylamine salt (20 mg) of (R)~3~

30 hydroxy-3- (2-phenylethyl)hexanoic acid was added. Thereafter,
the mixture was cooled to 30°C and stirred at the same
temperature for 2 hr. The resulting salt was collected by

filtration to give an amine salt (5.30 g, yield: 44.0%) of (R)-
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Example 21-4

Purification of (R)-3-hydroxy-3-(2-phenylethyl)hexanoic acid .

5 (R)~N-(o—-chlorcbenzyl) —q-phenylethylamine salt

The (R)-N-{o~-chlorobenzyl)—-g-phenylethylamine salt (5.0
g) of (R)-3-hydroxy-3-(2-phenylethyl)hexanoic acid obtained in
Example 21-3 and having an optical purity of B4%e.e. is
dissolved in MIBK (75 mlL) at 75°C. After coocling to 60°C, (R)-
1¢ N-{o-chlorobenzyl)-g-phenylethylamine salt (20 mg) of (R)-3-
hydroxy-3—(2-phenylethyl) hexancic acid was added. The mixture
was cooled to 25°C and the resulting salt was collected by
filtration to give an amine salt (4.1 g, yield: 82%) of (R)-3-
hydroxy-3-(2-phenylethyl) hexanoic acid having an optical purity
15 of 97.6%e.e. (the total yield: 36.1%).
Example 21-5

(R) -3-hydroxy-3-(2-phenylethyl)hexanoic acid . (R)-N-(o-

chlorobenzyl)-g-phenylethylamine salt

To an ethyl acetate (90 mL) solution of racemic 3-

20 hydroxy-3-(2-phenylethyl) hexanoic acid (7.34 g, purity: 80.5%,
pure amount: 5.91 g, 25 mmole) was added (R)-N-{o-
chlorobenzyl)-g-phenylethylamine (5.53 g, 22.5 mmeole) at 60°C
in a thin stream. After adding.(R)—N—(o—chlorobénzyl)—a—
phenylethylamine salt (20 mg} of (R)-3-hydroxy-3-(2-

25 phenylethyl)hexanoic acid, the mixture was allowed to cool to
30°C and stirred at the same temperature for 2 hr. The
resulting salt was collected by filtration to give an amine
salt (4.46 g, yield: 37.0%) of (R)-3-hydroxy-3-(2-
phenylethyl) hexanoic acid having an optical purity of 86%e.e.

30 Example 21-6

(R) ~3-hydroxy-3- (2-phenylethyl) hexancic acid . (R)-N-(3,4-

dimethoxybenzyl) —g—-phenylethylamine salt

To an ethyl acetate (90 mL) solution of racemic 3-
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~ 0% () - xY: RYRTexYa Dok (Hhenwhodw )hesappd%u acidC (P4 9.9 ) parity: 80.5%,

pure amount: 5.91 g, 25 mmole) was added (R)-N-(3,4-
dimethoxybenzyl) —-g-phenylethylamine (6.11 g, 22.5 mmole) and
dissolved at 60°C. After cooling to 50°C, (R)-N-(3,4-
dimethoxybenzyl) —-g-phenylethylamine salt (20 mg) of (R)-3-
hydroxy~3—(2—phenylethyl)hexanoic acid was added. The mixture
was allowed to cool to 30°C and stirred at the same temperature
for 2 hr. The resulting salt was collected by filtration to
give an amine salt (5.17 g, yield: 40.9%) of (R)-3-hydroxy-3-
{2-phenylethyl) hexanoic acid having an optical purity of
87%e.e.

Example 21--7

Purification of (R)-3-hydroxy-3-(2-phenylethyl)hexanoic acid .

(R) ~N-(3,4-dimethoxybenzyl) —g-phenylethylamine salt

The (R)-N-(3,4-dimethoxybenzyl)-g-phenylethylamine salt
(5.0 g) of (R)-3-hydroxy-3-(2-phenylethyl)hexanoic acid
cbtained in Example 21-6 and having an optical purity of
B87%e.e. was recrystallized in the same manner as in Example 21-
4 to give amine salt (4.23 g, yield: 84.5%, the total yield:
34.6%) of (R)-3-hydroxy-3-(2-phenylethyl)hexanoic acid having
an optical purity of 99.2%e.e.
Reference Example 3

{R) -3-hydroxy-1-(l-imidazolyl) -3~ ({2-phenylethyl)hexane—-1l-one

(R} -3-Hydroxy-3- (2-phenylethyl) hexanocic acid (1.0 g,
4.2317 mmole), imidazocle (0.3457 g, 5.078 mmole) and
triethylamine (0.9206 g, 9.098 mmole) were dissolved in THF (6
mL) and cooled to -20°C - 0°C. To this solution was gradually
added thionyl chloride (0.559 g, 4.2317 mmole} diluted in THF
(4 mL) while maintaining at -20°C - 0°C in a thin stream. After
completion of addition in a thin stream, the mixture was
stirred while maintaining at -20°C - 0°C for 30 min to give a
THF sclution containing (R)-3-hydroxy-1-(l-imidazolyl)-3-(2-
phenylethyl)hexane-1l-one (yield not less than 90%, treated with
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V0% ()-/ K71 UxY?./K7C %0%& ()-C %0%& ()-C %0%& ()-/ K71 %C %0%& ()-C
cOA0%& ()- W >./KIC %0%& ()-C %0%& ()-/KI1l %C %0%& ()-C %0%& ()-C
%0%: ()- &gH) C Y%0% ()-C %O0% ()-/ K71l 9%C %10%&' ()-C %40%& ()-C

%4 09&' () C % 167 1(1-7) %@%g (%10 /K7 % 940
- %L0%&! ( 0538%}%}])“@%'0 gBE Y50k 19 A1 ok 12, Converted
to an amide form and quantltatlvely determined as an amide form

by absclute calibration methed using HPLC).

Reference Example 4

5 ethyl (R)-5-hydroxy-3—oxo-5-{2-phenylethyl)octanoate

Potassium monoethyl malonate (1.080 g, 6.348 mmole) was

added to a suspension of magnesium chloride (0.5437 g, 5.713
mmole) and THF (4 mL) and the mixture was stirred at 40°C for 2
hr. To this suspension was added the total amocunt of a

10 golution of (R)-3-hydroxy-1-(l-imidazolyl)-3-(2-
phenylethyl)hexane-l-one in THF obtained in Reference Example 3
at 40°C, and the mixture was stirred at 60°C for 6 hr. After
cooling to 0°C, 10% agquecus hydrochloric acid (4.4 g} was
gradually added in a thin stream and the mixture was stirred at

15 0°C for 15 min. After standing still, the mixture was
partitioned and the aqueous layer was removed. Saturated brine
(4 g) was added to the organic layer and the mixture was
stirred for 15 min while maintaining the temperature. After
standing still, the mixture was partitioned and the aqueous

20 layer was removed. Anhydrous magnesium sulfate (1 g) was added
to the organic layer and dried. Magnesium sulfate was filtered
off and the obtained filtrate was concentrated under reduced
pressure to give a crude product (1.45 g) of ethyl (R)-5-
hydroxy-3-oxo-5-(2-phenylethyl) cctanocate. This was purified by

25 silica gel column chromatography to give ethyl (R)-5-hydroxy-3-
oxo—-5-(2-phenylethyl) octanoate (0.875 g, yield 67.5%).
'H-NMR (CDClz) § = 0.92-0.96 (3H, t, J = 18 Hz), 1.25-1.37 (5H,
m), 1.55-1.60 (2H, m), 1.80-1.85 (2H, m), 2.61-2.68 (2H, m),
2.77 (2H, s), 3.44 (2H, s), 4.16-4.22 (2H, q, J = 18 Hz), 7.17-

3¢ 7.30 (5H, m)
Reference Example 5

(R) -3-hydroxy-1-(l1-imidazolyl)-3- (2-phenylethyl) hexane-1-cne

Imidazole (1.819 g, 26.619 mmole) and triethylamine
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/§%é)£éﬂﬁdbg7lTo this sclution was gradually added thionyl

S
chloride (1.647 g, 12.463 mmole) in a thin stream and the
mixture was stirred for 30 min while maintaining at 0°C. The
obtained cloudy solution was gradually added to a solution of
(R) -3-hydroxy-3- (2-phenylethyl) hexanoic acid (3.0 g, 12.100
mmole) diluted with dry THF (10 mL) and cooled to -20°C - =~
15°C, so that the internal temperature would not exceed -10°C
in a thin stream and further washed with dry THF (5 mlL), which
was also added in a thin stream. After completion of the
addition in a thin stream, the mixture was stirred while
maintaining at -20°C to -15°C for 1 hr, to give a THF solution
containing (R)-3-hydroxy-1-(l-imidazolyl)-3-{2-

phenylethyl) hexane-l-one (yield 100%, quantitative analysis in
the same manner as in Reference Example 3).

Reference Example 6

ethyl 3-(2,6-dichloro-5-fluoropyridyl)-3-oxo—-propionate

In the same manner as in Reference Example 3 and
Reference Example 4, ethyl 3-(2,6-dichloro-5-fluoropyridyl)-3-
oxo-propionate is obtained from 2,6-dichloro-5-fluorenicotinic
acid.

Reference Example 7

ethyl 2-(cinnamoyl) acetate

In the same manner as in Reference Example 3 and
Reference Example 4, ethyl 2-(cinnamoyl) acetate is obtained
from cinnamic acid.

Reference Example 8

ethyl 2-(4-hydroxyphenylacetyl)acetate

In the same manner as in Reference Example 3 and
Reference Example 4, ethyl 2-(4-hydroxyphenylacetyl)acetate is
obtained from 4-hydroxybenzoic acid.

Industrial Applicability

According to the present invention, a method for
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%UC Y0%&' ()-CC %0%& ()-C %0%& ()-C %0%&' ()-C %0%& ()-C %0%& ()-}cl//C
- %409 ()-C 9%0%' ()-C %0%& ()-C %0%& ()-C %0%& ()-C %0 ()-/K71
- %8 T5//C %0%& ()-0C %40%& ()-C %0% ()-C %0% ()-(C %O ()-/K71 %" D*C
% 0% ()-C %0% () - C 94 0%& -C %Q%& ()-C %09 -/ K71 9C ,
- 9409 () - 6r{EAFE o d’y‘/‘é‘f %r&xcfrgquf?yphfw&e YQ hexanpifraeid ggseful

V671109 & ()2 Yoo E [ ovpe Dhog ety Ty [EERAICL ootat eah B Q&L
efficiently produced from racemic 3-hydroxy-3-(2-
phenylethyl) hexanoic acid with a high optical purity and
3 relatively high total yield can be provided.
In addition, the present invention produces 3-hydroxy-3-
(2-phenylethyl) hexanoic acid ester safely and at a lower cost

than a conventional method.

10 This application is based on a patent application Nos.
2002-30724, 2002-41480, 2002-105772 and 2002-242741 filed in
Japan, the contents of.which are hereby incorporated by

reference.
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%410 Yv)10% & ()-6 .Vv)10%& ()-6 v)10% & ()-6 Dv)10% & ()-6 v)10% & ()-6
<Kv) 10% & () - 6yHU| [ : NA4C %410 W) 10%(b& ()-6 Hv)10% & ()-6 v) 109& ()-6
V)10% & ()-6 ;v)10%&& ()-6 Vv)10%& ()-6 KvU4C % uXL6940% & ()- M3

L6940% & ()- M L6%40% & ()- M av&l0% & ().- 0) 10) Y<10% & ()-| [:vUAC % u
*KL69%4.0%J & ()- M %.6940%&' ()- M3 YL6°/<10°/ > MBa ; L69A0% & () -

YL69A0%&' () - t 469409 & VB3I S )L3-Y510% & ()

vv(10% & 8%)}5 10) Y<f%olg/¢)m&' () - XL6 %;é( égéﬁél\/gk%)[Y vuaC % Y

Ys" 10% & () phérfmné)%s&)(bexar&ﬂﬂ%c)m& Which3ebApE5&ek) opt YB4 1D90RE$) ity
C10% & ( IY4 vUAC O/a Y 6& 10%()3 & () CY Y6& 109M& ()-cv, Y6& 109%& ()-c
YY10%) & () - Taeemins¥-hydrogyron [thV@JAbe%nW%&ewgPﬂw an

Y.110% & Y 1. 09

%6#s$/010%(52& %ﬁt’ﬁaﬁ]{w %4‘{&)"21 aé\% f%& t%"( )fgﬁ'éi %&& ()-v YY7 109 & () -
YLI 2p#10% & ()-c LI2p#109& ()-c LI 2p#10%&: ()-c| dHC 94 Y

Y:"v) 109% & () -6 1090KR?) - 6v) 10% & () - 610) 10) 10) Y<10% & () - ABC} SWHC %4
V) 109 & () - 6) 1O% & 0 - 67) v) 10VEERI[) - 6v) 10% & () -6T) V) 10% & () - 6} ~XX@C %
T)v) 109 & () %9 & ()-6T)v) 10% & ()-6v) 109 & () - 6T) %8 pX<HC %4

V) 109 & ()-61)9) 10% & ()-6v) 10% & ()-6T)v) 0% & ()-6v) 10% & ()-6' densWHC
% wherein R® is 3,4-dimethoxy phen%l or 2-chlorophenyl.

Vv)10% & ()-6v) 109 & () - 6T)V) 10 & ()-6v)10% & ()-6T)v) 16)/()& ()-6!"#bcxX@HC
%4 T)V)lO@@&.() 6V)10@@&.() 6T)V)1096&.() 6V)1096&.() 6T) cdpX<HC %

10% & 0% & {40, T 6v) 109 & () - 6 SWHC
g/?i v)@lo%fé( (ﬁ)éé‘gﬁ ){}‘? ?)?%%}To ‘Q%‘? 3 /() é‘)&‘iﬁ >( C %
T) v) 10% &b 5
v§ \{)0%8/? ()(6 V) 1 /@& () 6v) é%% “%’T‘?*v‘*%%%f‘i %%1%&%&55(E)S 64 W ke

04 v) 10% & @otdwel Gapie( )(xm)m) 1e%¢&ye)&am;a@a@%(q?m@)xﬂﬁgx&ﬁ(gdﬁwx&c

o4 T 1099 & 6v) 109 0% & 6v) 109 & < 0

D100 K () GOVPTS GLFoEhi1aeph CERET) S5ebhhRs (e thanaby SARHBAANHHC %0
109 & & &' 1 XK>

hV1e5 O Sehaadhe %ﬁ%%i?@a SEBY 1 SRAT by T AR Vel etenth

V$10@6)&.()e&hwil&eﬂﬁﬁﬁ?&ﬁ&lé¢pr%byl ether, dimethoxyethane and

15 tetrahydrofuran, wherein the solvent optionally further

contains water.

3. The production method of claim 1, wherein the optically
active amine (VIII) is obtained by condensing (R)-1- _

20 phenylethylamine with a compound of the formula R:*~CHO (VIII-i)
wherein R? is as defined above,. and reducing the resulting

compound.

4. The production method of claim 1, which comprises recovering

25 the optically active amine (VIII) after optical resolution.

5. A production method of (R)-3-hydroxy-3-(2-

phenylethyl) hexancic acid, which comprises hydrolyzing a

racemic 3-hydroxy-3-(2-phenylethyl)hexancic acid ester to
30 produce racemic 3-hydroxy-3-(2-phenylethyl)hexanoic acid,

extracting the compound with one or more kinds of soclvents
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compound using the optically active amine of the formula (VIII)
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wherein R® is 3,4-dimethoxyphenyl or 2-chlorophenyl.
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16. The production method of claim 15, wherein the
chlorosilanes is selected from the group consisting of
chlorotrimethylsilane, dichlorodimethylsilane,

methyltrichlorosilane and tetrachlorosilane.

17. The production method of claim 15, wherein the halogenated
hydrocarbon is selected from the group consisting of allyl
bromide, iodomethane, iodoethane, benzyl bromide, 1,2-

diiodoethane and 1,2-dibromoethane.

18. The production method of claim 8, wherein l-phenyl-3-
hexanone is obtained by condensing benzaldehyde with 2-
pentanone in the presence of a base to give propyl styryl

ketone, and reducing the obtained propyl styryl ketone.
19. A production method of a racemic 3-hydroxy-3-(2-
phenylethyl) hexancic acid ester, which comprises reacting

magnesium, haloacetic acid ester and l-phenyl-3-hexanone.

20. The production method of claim 19, wherein the haloacetic

acid ester is a chlorocacetic acid ester.

21. The production method of claim 19, wherein magnesium is

activated.

22. The production method of claim 21, wherein magnesium is

activated with chlorcosilanes and halogenated hydrocarbon.
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23. The production method of claim 22, wherein chlorosilanes is
selected from the group consisting of chlorotrimethylsilane,
~dichlorodimethylsilane, methyltrichlorosilane and

tetrachlorosilane.

24. The production method of claim 22, wherein halogenated
hydrocarbon is selected from the group consisting of allyl
bromide, iodomethane, iodoethane, benzyl bromide, 1,2-

diiodeocethane and 1,2-dibromoethane.

25. The production method of claim 19, wherein l-phenyl-3-
hexanone is obtained by condensing benzaldehyde with 2-
pentanone in the presence of a base to give propyl styryl

ketone, and reducing the obtained propyl styryl ketone.

B6




