18 July 2006 DESCRI PTION PROCESS FOR PRODUCI NG

(R) - 3- HYDROXY- 3- ( 2- PHENYLETHYL) HEXANOI C ACI D AND | TS | NTERVED) ﬁﬁﬁ% 6
Technical Field 5 The present invention relates to a production 9% d of
(R) - 3- hydr oxy- 3- (2- phenyl et hyl ) hexanoi ¢ acid, which is a useful synthetic
internediate of an anti-HV agent, aREHRIPRI@ nedi ate thereof. 10

enown Lo be ERQFRES,E0], PROBREERE" LEL Pkt M MR pebinbric
As a useful synthetic internedagis iy e INHOOSHTATE

3- hydr oxy- 3- (2- phenyl et hyl ) hexanoi ¢ acid represented by 15 the foll ow ng
formula (11) CO2H (11) is known. THiecligalk okiebd(2- phenyl et hyl ) hexanoi ¢
acid has . one asy tric carbon atom and includes an (R). i sqQmer an n _(9S)
oot dhd onty. TRPaEEREERC( LAEBRECOR MEMPEAF 30 2 55 SHEITOB: REtaxafor
acid) s syRRNesiodr8£6050( A%k onl c QOMAI A0« TR wildlor 195G wRRELR
i somer of tﬂgpfgl %gw'rnfl 1g%l y gO%G o)?grgul a (Icf 1) KoodY] ( ] ) "

[ (R) - 3- hydr sgytBet 2e phehyteedid fdex@irnm caraci-IV sageref eraafd yuwn used as the
above-nentioned synthetic internmediate. 5 As a nethod of optical resolution
of (R)-3-hydrbaymrediate ;RR#T22% hyl ) hexanoic acid from the above- nenti oned
racem c¢ 3- hydroxy-3-(2-phenyl et hyl .caaeigd, a nmethod using (-)-

nor ephedrine [ (1S, 2S)-nor ephedri ne]ﬁﬁgﬁagggﬁdcg%‘\genti onally reported (J.

O g. Chetn, Vol. B3y-N0062, refseni34B-b43She £l 1Adeigdifegmindat Riz3 net hod,
however, (R)-3-hydroxy-3-(2 15 20 25 phenyl et hyl ) hexanoi ¢ acid havi ng an
optical purity of nogyl ess~

(I)

is known to be useful as an anti-HIV agent being developed in

recent years. As a useful synthetic intermediate for PNU-

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- (2-phenylethyl)hexanoic 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
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than 98%.e. is obtained after two tines of recrystallization of a salt
with (-)-norephedrine (92%.e.), which is industrially ineffgquy50
addition, a nethod such as this has a problemthat the yiel it %lghl
optlcally pure (R)-3- _hydroxy-3-(2-phenyl ethyl)hexanoic acid throughout the
reaction sy&rgma 4T 6tlxer words, the total yield of highly optically pure
(R) - 3- hydr oxy- 3- (2- phenyl et hyl ) hexanoic acid relative to racemc

3- hydr oxy- 3- (2- phenyljet hyl ) hexanoi ¢ acid (hereinafter sonetinmes to be
sinply referred to as. total yield") is low (about 27%. In the
above-nenti oned report It is described that even the use of generally used
am ne, such as cin6byHephedrile, sparteine and .

g, - net hyl be id not lead to an effective optical resolution, and
there is a 2 &yret hod capabl e of efficiently affording highly
optically pure{R)-3-hydroxy-3-(2-phenyl et hyl ) hexanoic acid in a higher
total yield. In the neantine, as an internediate for the above nentioned

3- hydr oxy- 3{629pBehyHebhyF)hexapbényhetuylYhemmm@ia aﬁﬁdln3ﬁznkﬁfendnmy

3- hydr oxy- 3- ( 2- phenyl| et hyl ) hexanoate of the follow ng rmula (1V) 5 10 15
20 25 CO2Et UERY) a?sﬁ% ovﬁsmﬁnﬁé‘?ﬁ%‘a ?thb?BﬂﬁﬁlﬁEegﬂﬁq?ﬁ%em c et hyI

3- hydroxys 3- (2-phenyl h I &N qﬁﬂ
lithiumsalt of e%llgl rg%g%(b%l 8?%@@% aelnf/]fé%sggganoyl ﬁfk e et ltd(i&]of uran
(THF) is knpwenyEethprLBnaxahobﬁ atid frdébitine aadnteﬂﬁe:ettinﬂeoaoﬁc&tnac 3-

however, ﬁrotonation from et h]é-lllk acetate with a strong base such as
i t hi um di ahkgrakyod-ddorkeeyletiel ) kerrelaagidng dethodamend | §) -

(vooor 120101 PrPREFHHRE S e €25 'é‘?aéﬁwﬁl@&ﬁé‘r%%s ca%%‘éq%féw%ﬁa) A

reported (J. Org. Chem., Vol. 63, No. 1998, 7348-7356).

10 According to this method, however, (R)-3-hydroxy-3-(2-
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. In addition, a method such as this

15 has a problem that the yield of a highly optically pure (R)-3-
hydroxy-3—-{2-phenyiethyl) hexancic acid throughout the reaction
system, in cther words, the total yield of highly optically
pure (R)-3-hydroxy-3-(2-phenylethyl)hexanocic acid relative to
racemic 3-hydroxy-3-(2-phenylethyl)hexancic acid (hereinafter

20 sometimes to be simply referred to as “total yield”) is low
(about 27%). In the above-mentioned 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

optically 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)hexanoic acid, racemic
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reaction at such an ultra-low tenperature contains many industrially
di sadvant ageous aspects, for exanple, it requires a special}§ﬁﬁk58%5umt
0 u

and the operation is conplicated and the |Iike. As a nethod ci ng
racem c et hyl 3-hydroxy-3-(2- phenylethyl)hexanoate in a tenperature range
that does n&thydeguih réxé’précifgrpéééb'ﬂ-ﬁ hifhi bexpReatigeCbf thef spkheekng
reaction isfc%%§i%gr%%. The Reformatskii reaction is a conventionally
known reaction Wﬁicﬁ p?oduces 0-oxyaci d ester by condensation of

u, - hal ogen ester and a car,bonyl conpound such as al dehyde, ketone and the
like in the presence of zijnc. For this Reformatskii reaction to proceed
snoot hly, the above- nentfoned zinc needs to have a high activity
(reactivity). As a nethod for producing activated zinc, the foll ow ng
conventi onal met hod <( D)C@ymL knoppyy Any activated zinc obtained by

t hese net ho a propl @émas shown in the 3 18 July 2006 foll ow ng. The

met hod i s nq act i calOfor use for the above- nentioned Reformat ski
reaction and xdcen c et hyl 3-hydroxy-3- (2-phenyl ethyl)hexanoate coul d not
be obtained in a sufficient vyield. 51 Athdf t 11' bd r re ari () |
10 15 20 25130kPO¥T-ne 0 o ng me a is zinc y re ucing zinc sat such as

zinc chlogide andAEhS hggﬁoﬁjkgrp8£§é§éfﬂﬁ Q@Qﬁeféégﬁic ethyl 3-hydroxy-3-
{2-phenylethyl) hexanoate, a method comprising addition of a
lithium salt of ethyl acetate to l-phenyl-3-hexanone in
tetrahydrefuran (THF) is known. For preparation of a lithium
-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. 1998, 63, 7348-7356). A
reaction at such an ultra-low temperature contains many
15 industrially disadvantageous aspects, for example, it requires
a special cooling unit and the operation is complicated and the
like.
As a method for producing racemic ethyl 3-hydroxy-3-(2-
phenylethyl)hexancate in a temperature range that dces not
20 require a special cooling unit, the use of Reformatskii
reaction is considered. The Reformatskii reacticn is a
conventionally known reaction which produces B-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 (reactivity). 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
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lithiumand the like. This nmethod has a problemin safety because a water-
prohibiting nmetal is used and the like. (2) A nethod for actL% Hi3806
metallic zinc with hydrochloric acid. According to this net

application to a Reformatskii reaction, which is a mater-prohlbltlng
reaction, refikesingct That mekhef éPnEOtcﬁﬁﬁpﬁtéaleﬁ@ﬁa¢5®ff@het%@l%bQN@P

drying, and t e I.on |icated a racti 3).. A _net hod

for activat |r?1egnh%cﬁ’te(g%%af£ |tnsg§f 'E%I C% ¢ % /L rtaﬁn%méccgggg} é %’? d5Px¥T$ver
salt in acet ZLﬁHéﬂ¥ﬂé%H¥Dﬂhé¥&dﬂdﬁ@ycd@l@hn%QpB%ro%&a%hb&e&n Besa9§§c§éhey
I's prepared |n acetic acid, acetic acid needs to be conpletely renoved by

washi ng vmtiymﬂﬂdﬁ' and onIy after drying on washing with water, can it be

used for éﬁfornagﬁgxtd{eactlon whi ch | a wat er - prohi hi ti ng reactlon
and the prep Jath &IF Pﬁ?PQJlEHdeﬁﬁ &d€i g&Pc EX)rﬁQHEFHSdZFBF salt

activating zing By lilltrfca%‘ﬂ'l'oﬁ'l\ﬂ@’%ndl %h%h'likgewf%? fl: pBYak glmcnlnagﬁ?gm for

the production of activated zinc requires a su y stfo rasoénic
osci | | at or. IEhgrieforamd tthies lidehod is not entirely practical. (5) A et hod
for activating zinc by stirring zinc wth chlorotrinmethylsilane in ether.
This method is deffddsi PethRd: Rae & ﬁrsﬁﬂymlﬁa|§ﬁﬁaBVebe§eu%@n@ ¥yEPras

ether is us?%o%ﬁ%i%ﬁ% Gl t Y OLSE§ aBBt@h élnc i's not always high

enough. In reacti on uslng Phe above- nen |one activated zinc, 4 18

July 200805 (P B5m2@hdd Fowaateicaniagninegailne zsnerﬁﬂﬂﬁeﬂy@ﬂgcmépf@l al
waste treatnent is necessary to avoid environnmental pollution. In the
above- nent i @%@ .reaction, a bronpacetic acid ester is used. Bronpacetic

B oo st oo PSS lﬁggtggg§5§st LRR9a, ' SB010G.PISROLEYa RO S esnis
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 for 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
zinc is not always high enough.

In the reaction using the above-mentioned activated zinc,
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and heal th problens. The present invention has been made to sol ve the
above- nentioned problens and ains at providing a production ?E&P ﬁ
capabl e of efficient production of (R)-3-hydroxy-3-(2 phenyle ? exanoi ¢
acid useful as a starting material of a pharnmaceutical agent from racemc
3- hydr oxy- 3- %ﬂa%rﬁqr&mmm ésa@lrd’du\metdw aé!dhlagﬁp@p’tlﬁéawagﬁﬁl ty and

in a relatlvel hi_ gh .t ot al i eld. n addl i on,. anoth obj t .of the
resent 1 nvara T 15 resi<heYa tho R o S AIBENG 23 RYALGRFOR: (2-

phenyl et hyl ) hexanai £ %meeﬁnes@fl@lméda&@a@tu@nl oWehrefshckRaB aBid ester
conventional nethod, by the use of general productlon apparatuses. As

result of irteensiarb sBUQtnescehlanaaLdemster01ssekpenSi\h@ mvﬁamtsm

probl ems, ;the present |nventorsdp6% Ieted t he E esent ipventiaon. The
present i nveérftaiond FrEREY 't RS F"‘O\ﬁeﬁ‘é’ ignsUpdagr £hgr SERE PASeArfeRY [ 1]

A producti onyietRd +@f dri13nfaydr oxy-3-(2- phenyl et hyl ) hexanoi ¢ acid, which
conprises optically resolving racem c 3-hydroxy-3-(2-phenyl et hyl ) hexanoi c
acid using an optihealpresectt Lavanitienohashbebar matia €V bblve the GRER &
(M11) 30 wherein R2 is 3, 4-di net hoxyphenyl or 2-chlorophenyl (hereinafter
to be al so FERiCaEd Hroblens: pRg pyMacRityBTaNiAENT( & PFPERCtion gngthed 2006

(R)- 3y o) P02 She Ayt AL RSB SahP s g, AP, FraveBghearfo-attive

am ne (VE?| phieniyQleitsival) hezadolie @82dotsBBLE aki AdstattsnbVRatsr o4l est ed
fromethyl acetate, nethanol, 5 isopropanol, ethanol, acetonitrile, nethyl
i sobut yl kep@ﬁgm@gegglg@l agent from racemic 3- hydroxy -3-(2-

phenylethyl)hexanoic acid, with a high optical purity and in a
 relatively high total yield.
In addition, another object of the present invention is
15 to provide a method of producing 3-hydroxy-3-(2-
phenylethyl)hexanoic acid ester safely and at arlower 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
- CHeR

H (VIII)

wherein R® is 3,4~dimethoxyphenyl or 2-chlorophenyl

30 (hereinafter to be also referred to as “optically active amine

(VIII) ™).



25 30 (M RK), acetone, nethyl ethyl ketone, diisopropyl ether,
di net hoxyet hane and THF, wherein the solvent optionally furtﬂﬁﬁﬂ SHK ai ns
water. [3] The production nethod of the above-nentioned [1], efrelin the

optically active amne (VIlI1) is obtained by condensing )

(R) - | - phenylléd h¥hgnPreditFthol BeRBsdnet ofhe hePeve gt Fenedid 1 (vwhessin a
wherein R2 i s,as _defiLned_ and,se I i QMR 4]
The productﬁg%%ng hégyos ﬁ g¥§ﬁ%vg-ﬁ%h?#%%ggefﬁﬁ?)%é#%ﬁﬁiﬁgﬂ%#|segﬁptﬂé
recovering bpeiepiigahbyiaet amenaniveIfMV 14 )coféeilDpiédain rasdldtt inixre [ 5]
A production nethod of (R)-3-hydroxy-3-(2- phenyl ethyl)hexanoic acid, which
conpri ses hkdndbyefngodvensgentteatey dfony-Sthvl prefa it hyrgthaamoi ¢ aci d
ester to . produce racem c_3-hydroxy-3-(2- phenyl et hyl) hexanai ci d,
extracting %ﬁ89589ﬁ88ﬁd ﬂn%ﬁe %¥eﬁ%$%t€+ﬁﬁs Tﬁéggg\ﬁﬁﬁ é%i%jkﬁﬁQﬂffr(nn
ethyl acetaifirgi} BacEBbhY! :ﬁébrg}l KStRPE, ke thhs ORI LMY RIder it IHF, and
optically resolving the conpound by crystallizing a salt of

(R) - 3- hydr odym8th@xyphbant eahy | THEX anivd re brei thev sdbwenbpintciairal lac tiwether
amne (VII11I) using a Eart or the entirety left of the extraction sol vent
as a sol veRPPEBENBPYRESF - resol ution. [6] The production nethod of the

above- nenti d ] ! td j ] 5 Idqly) i ced
by condensi 8! (S IERRaR T ST AT Sand el Wit e e W o et iE
R2- CHO {WI theidptheskip &#2tive amniled i (R Hbawve, otatradi reeti g regpridemsriesul ti ng
compound. [7 Thg@groduction met hod of the above-nentioned [5], which 6 18
July 2006 céhprizeserstathylapireabpt iz gapatid wE dhiendqula Rar£EP

optcal resobytion [8l.A preuct Lon Iethad abo(R) - SahydLant i (Pne

phenyl et hyl ) hexanol ¢ ‘aci conpri §és reacti ng magnesi um

hal oaceti c agsd1 esh&r cafisodndhenyl - 3- hexanone to produce racemc
3- hydr oxy- 3- ( 2- phenyl et hyl ) hexanoi c_acid ester, hydrolyzing this conpound
to give racétd cTlze yeedygt By method of the above-mentioned [1], which

15 comprises recovering the optically active amine (VIII) after
optical resolution.
[5] A production method of (R)-3-hydroxy-3—(2-
prhenylethyl)hexancic acid, which comprises hydrolyzing a
racemic 3-hydroxy-3—(2-phenylethyl)hexanoic acid ester to

20 produce racemic 3-hydroxy-3-{2-phenylethyl)hexanoic acid,
extracting the compound with one or more kinds of solvents
selected from ethyl acetate, MIBK, methyl ethyl ketone,
diisopropyl ether and THF, and optically resolving the compound
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 sclvent 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)-1-phenylethylamine with a compound of the formula R*-CHO
(VIII-i) wherein R® is as defined above, and reducing the
resulting coempound.

[7] The production method of the above-mentioned [5}], which
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phenyl et hyl ) hexanoi ¢ acid, and optically resolving this conpound using the
optically active amne (VIIl1). 10 [9] The production nethod ﬁi‘hg§006
above-nmentioned [8], wherein the hal oacetic acid ester is a c% Foacetic
acid ester. [10] The production nethod of the above-nentioned %8}, wherein
a salt of tlempRisgshygcoverang2tpreAPréchlyhagbhvrcameng WIikl) tafter
optically active nine'éVIEl% Is crystallized in one or 15 nore kinds of

sol vent s~ sePB&t&8 Yt FERCAPRYPPacet ate, nethanol, isopropanol, ethanol
acetoni tril qgiMaRKroaeetreBa, meehbBYl o€t i) -3kp{anexydsi$opropyl ether,

di met hoxyet hane and THF, wherein the solvent optionally further contains
wat er. [11] pFeeypettydd hemametibodcddl, t Weiabhogemprhséoneeadsling vinegresium 20

after progducing.the racem ¢ 3-hydroxy-3-(2-phenyl et hyl)hexanoic cid, the
esul g coBRARACRS ExErAt: BATRFL ANOnt BREREr Lok FRRAGRS <o VErR LR ect od
from et hyl : e, thylio_ | r and THF,
and optical?%g%gggl35%55ﬁ§g§r§ségl?%ggkég?%gﬂgg??é%€g?ﬁ§?%#hiﬁgﬁiy-3-(2 25
phenyl et hyl hiexangzdngcitlini thmpoun@t teayiiye acscaeiandfAeyddty)3- (B5+ng a

part or the entiretx left of the extraction solvent as a solvent for
optical resBhehYdRELyidbheFaBOBFOBGEE T oA AePRBHCHELY Hee Db EIGetiDned [ 8],
wherein th l.cal l.y:actl ) I 1S.0 | ne condensi ng 30
(FQ-l-phenyﬁg"éPgﬁi%élﬁ tFM§ %g%%gﬁ%%go+é¥%eef%ﬁ%%?aﬁﬁ§¥EHO (M=)
wherein R2 iig]aghdeproadcabor emetlied r 6€Uch & dathdiee —riestd st LONPGHEke i[nl 3]
The production nmethod of the above-nentioned [8], which 7 18 July 2006
conpri ses ré&hevealegcehic opeidadsiencts v drioregoallo agfickrestest-i cal

| ution. 4] .Th d ' hod of .t he ,above- t i d- I8]. wher.ei
ragnesi um i {881 FORBROSSEE R HRE G Gat i e AR Gl B TR abitve AR Shed
[ 14], wher epnga IROSLSEREN (R) @iﬂy@ﬁ&q{wig%ﬂéﬂﬂ«?d@m@w@d&%ﬂ@ agaEawedn

hydr ocarbon. [16] The production nethod of the above-nentioned [15],

wher ei n _thehehbptbsélhmesct$vse@mtmed(V?Iﬁmti&a@FK&Rﬁlﬁjﬁﬁdﬂinuynﬁ o0

chi orotr ety skl 208 o1 h] L0EL "RLTNL £ At SV ST GRang AN
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 ketcone, 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 resolution.
[12] The production method of the above-mentioned [8], wherein
the optically active amine (VIII) is obtained by condensing

30 (R)~1-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
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[17] The production nmethod of the above-nentioned [15], wherein the
hal ogenat ed hydrocarbon is selected fromthe group consistiﬂghﬁ¥ 66&y|
brom de, iodonethane, iodoethane, benzyl 15 brom de, 1, 2-dii odoe %ane and
1, 2-di bronoet hane. [ 18] The production method of the above-nentioned [ 8],
wherein 1- FREAYRSSShERGAVBAELNG bhe apREHCRHY Ly orerehiss ez & dehly *E /% h
2- pentanone in.th resence of a base to give propyl styryl ketone, and
reduci ng th8p55F3?n2858$8§§?n5tyryI ket one. 20 [19] A production nethod of

a racem c 31hyqr 9xyu- 3rbducRISAYMELRYHE ) HEXEROT £ Swd tndiSt RnedNi &N, GATEYLiSES
reacting magnesium hal oacetic acid ester and 1-phenyl-3-hexanone. [20]

The product megneetihondisfathévabede- menti oned [ 19], wherein the hal oacetic
acid ester is_a chloroa$etic acid ester, 25 [21] The productign method aof

the above” mehPi ohBE PISFUCTHARE SPAThARhHesH 3RO &I G 2)* Irparheredn
producti on HQHH‘%EF% t be, aboyer ugn | pReth 12 s 3 WML £i dhg TBINGRINENES

activated wt orosi | anes and hal ogenat ed ydrocarbon. 30 [ 23] The
producti on nptbodagbohhe above-nentioned [22], wherein chlorosilanes is
selected fromthe group _consisting of chlorotrinethylsilane,

di chl or odi méihy| Zhe apEoduabiey | nethef RosHhaRP ARG AR rdsi I -aféeTs i
July 2000 Ledl IRE.RLOSHERLON: JELinCOlg ! on?bﬁ'}/ee% U ilAdlg Wperein
}eC e cf‘ e group cC 5’]’:

hal ogenat ed "hydrocar bon 1S se rom onsi st1ng allyl

broni de, 10 ogRIBLHEREMe tREDSL hame, drFYd rdd Bmales1sli lanedi | odoet hane and
1, 2-di bronoet hane. 5 [25] The production nmethod of the above-nentioned
[19], wher eathylpheayloBohiblkampmnd steybraginarasi Jéditdensi ng benzal dehyde

ith 2- inth f tQ gi | styryl t one,
and r educi nd2{ he B AHERIETREURA Y Rt s sl A wBER e
I nvention 1ghdhgs PEgehiStd®Mmymtdtridn tie JuRsaMg IfeaNtdheN Gy | ses,  as

shown in the followng reaction scheme 1, a part or the entirety of the
steps of (ayonsistipgfef pkdudiranide acdedamedhandro¥ypddethane, benzyl

sheny! ety nckae o 51gh ester ol e 5 AU, g, herel nafter o b
[18] The production method of the above-mentiocned [8], wherein
l-phenyl-3-hexanone is obtained by condensing benzaldehyde with
2-pentanone in the presence of a base te give propyl styryl
ketone, and reducing the obtained propyl styryl ketone.

20 [19] A production method of a racemic 3-hydroxy-3-(2-
phenylethyl)hexanoic acid ester, which comprises reacting
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.

45 [21] The production method of the above-mentioned [19], wherein
magnesium is activated.

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

3¢ [23) The production method of the above-mentioned [22], wherein
chlorosilanes is selected from the group consisting of
chlorotrimethylsilane, dichlorodimethylsilane,

methyltrichlorosilane and tetrachloresilane.
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ester (VI1)") by reacting 1-phenyl -3-hexanone of the fornula (V)
(hereinafter to be also referred to as "ketone (V)"), a hal f@%ﬁgbﬁoé‘:id
ester of the formula (VI) (hereinafter to be also referred 1o as " ester
(VI)") and magnesium 20 (b): a step for producing racem c 3-hydroxy-3-(2-
phenyl et hyl JBé&tahbecraefucsionheethethrh {)M)ake%‘@”év%%@?ec{ of2dle Fhgrein
referred to_,as "racem.c. carboxylic acid (11)" hydrol vzi ng,the racemc
car boxylic Qéiagsgﬁi?d( ngf?cﬁﬁém(]cﬁ %e.é?cé%e% of’yOp"Fo ueci%%oup bonkisting
(R) - 3-hydroxy- 3109128 -BheAx! eiB&b&@ﬂ%@ﬁ'@} Ci 8L 1fnd heodroiylrdnlilde, 1,2-
(hereinafter to e also referred to as "(R-carboxylic acid (I111)") by
optical reddiotdbenhaheracdnic2edilbwonydetthamwed (11) using the optically

active amine (VI1]). [scheme 1] 9 18 July 2006 ( CO2H , H (VII]1)
j/_~002HrQOH[%fflér ehR REoHdctieR Bethed (2t uths ?@W\Q“ﬂ?%"&gg gfz?gﬂa-s wheIgdds
not influenge eact | [ ﬁgﬁ@ ieh | - ;

di nmet hoxyphgn ngyizi %ggggﬁ%ni??o%ac s]?%g&ls ex%l%a n%eeglzi%nlc%eﬁgde with
foll ow ng. 2ipeRradunti on shepppésemcent B-Busl oo/ -gife2-propyl styryl

phenyl et hyl ) hexanoi c acid ester [step (a)] This step (a) conprises, as
shown in t hEehBBe- ABAL F%ﬁ\é@m%c%@?m"@}a#%tﬁrrﬁ’ﬂ pHefp L & one

ket one (0], el oo ol e st ot Bl ifufpstge im0 o1 ve
car boxyl iec a>c/i d eéhérpfyglh&'ﬂ:zoﬂ_ hﬁétl‘[c&ﬁCdf Gthd prierintz dhvantiiosry cwpiilses,
si mul t aneously adding ketone (V) and ester (VI) to magnesi um charged in
the 15 sol veatshewadiantke &elbewing kereEiqvIschame Iy & wmag ook e (V)
and nagnesigg£§9g£9egfiQhéhgtéggwgpt i n advance.
(a): a step for producing a racemic 3-hydroxy-3-(2-
phenylethyl)hexanoic acid ester of the formula (VII)
15 (hereinafter to be alsoc 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 teo as “ester (VI)”) and magnesium,
20 (b): a step for producing racemic 3-hydroxy-3-(2-
phenylethyl) hexancic acid of the formula (II} (hereinafter to
be also 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]



In the above-nentioned reaction, the anmount of magnesium to be used is
preferably 1 nole - 5 noles, per 1 nole of ketone (V), but flg%@y%o
econonmi c aspect, it is nore preferably 1.1 20 noles - 2.0 nole& - I'n ?he
above-nenti oned reaction, when the anount of magnesiumto be used is |ess
than 1 nole per 1 nole of ketSdrep(\Mg) ketone (V) partly may BSdregpn (b)

unreacted, thereby Step (a) - (VI) My Step (c) optical
FEAXGeR 1

the reaction efficielcy. In the(gigve- nentioned rfeaction, noreover, the
use of magnest i portion of more t-han el €sOpRf 1 pole-—of ket one
(V) is econ ally usel ess, be se the @ of _magnesi umunrel ated 5

to the reacti beconmes | arge. 1 n*t he above d reaction, the anount
of ester (VI) to ¢)used is preferably 1 nole -(\BIfiples per 1 nole of
ketone (V), but fromthe econom c aspect, it is nore preferably 1 nole -
2 noles. In the above-nentioned rea%tion, en the anount of 10 ester (V)
to be used is less than 1 nole per 1?T%E"e(é':f ketone (V), ketgne (V) partly

may remai n unreacted; thereby ROSSERIlY rkawerihg dhe reactiofi efficiency.
In the above-geni d.coegcti_on, noreover, when the Dy, ESLE (V1)

to be used eeds |3 nolés per 1 nolg of ketone (V) is Bconomcally 15
usel ess, be e th®Hnmount of ester §VI) unrelated ©the r@ction becones
| ar ge, and noreover he ester repminsd i CHJR™ resulting ﬁ:goﬂ ct may neke
purification of th&Ig oduct dif ult.NThe ester (V) to( ged for the
above-nentioned step 20 (a) is Ee ofHany particular limtation as |ong
as X is a halogen atomand Rl does netriqfl uence the reaction. X in the
formula (M) is exenplified by fluorine atom chlorine atom

wherein R' is free of particular limitation as long as it does

not influence the reaction, X is a halogen atom and R? is 3,4-
dimethoxyphenyl or 2-chlorophenyl.
> Each step is explained in the following.

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

phenylethyl)hexanoic acid ester [step (a)]

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

scheme 1, reacting l-phenyl-3-hexanone [ketcone (V)], halcacetic

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

This reaction is realized by, for example, simultaneously
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



brom ne atom iodine atomand the like, with preference given to chlorine

atom As Rl in the formula (VI), straight or 25 b h d h" 1k }gpﬁéngg t (
30 car on a ons e.g., ‘ranc e c al.n ay group awing nethyl, e I,

i sopropyl, n-butyl, isobutyl, sec-butyl,6 tert- butyl, pentyl, isopentyl,
neopent yl , Wé%&?‘ll?éléft cl.oj”‘elr§¥‘ge>?§’1?perFF deneERiFrEPEY enck g BRY' ST r ai ght
or branched i Kl 95 0WP haHeR@el - C o] 3 t hyl,

et hyl , isop?§%§ fﬂﬁ££u%ffglisdbutykg geé-%ﬁ?y?%gtgfﬁﬁggﬁﬁ%?uge%%h§. As

pref erabl e estoporition of ahblrer ahaat SCmated pskel, molbeb€i Re¥oné the fornul a
(VI) is chlorine atom_ is nentioned, 11 18 July 2006 nore preferably a

chl or oacet i €CRFCRigRR}Y 8sedpssuhbrEpHSR the eRPBRLnef raghapiuRiunpEelated

st rai ght 9rt%r%ﬂ%h§%a%Q§Lg %I%ghF%rggg ehaving 1 - 6, preferably 1 - 4,

carbon atons.” Speciti ¢ éxanples ereoP i nclude nethyl chloroacetate, ethyl

5 chloroacetate, irsOpheP¥bovh-aeRasBhaticreAchuby! €ht0sREERE 3L, e B 5(PH)
25 30 tert-butyl chloroacetate and the Iike. O these, use of ethyl
chi or oacet atte be used- bt prefhireboncét mpdei s prodiéeabper 1bmeheisefiketsne

O ot g5, e SERL T BR s SREPLET, B0l RD e e GREA T '
reaction temper ghyeg 1 Srh OMRL 40N Inbnt {difed SR ABATRYHIOGERI ALY 0%
may not proceed at all. Wien the reaction tenperature exceeds 100C, the
st arti ngihaeeteal ,(Viketonkbe( Wpedmiy besdetbaposeadole pée I emsle onf rietane,
or the resu ) MEREAS T PaTeT) Cnss PONY A Calre S ESd & ekt aBy Bies 1y
lowering the reaction efficiency. In the above-mentioned
reaction, moreover, when the amount of ester (VI) to be used
exceeds 3 moles per 1 mole of ketone (V}), it is economically
1> useless, because the amount of ester (VI) unrelated to the
reaction becomes large, and moreover, the ester remained in the
resulting product may make purification of the product
difficult.
The ester (VI) to be used for the above-mentioned step
20 (a) is free of any particular limitation as long as X is a
halogen atom and R!' does not influence the reaction. X in the
formula (VI} is exemplified by fluorine atom, chlorine atom,
bromine atom, iodine atom and the like, with preference given
to chlorine atom. As R! in the formula (VI), straight or
25 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.) is
exemplified, with preference given to straight or branched
chain alkyl group having 1 - 4 carbon atoms (e.g., methyl,
30 ethyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
etc.}).

As preferable ester (VI), a chloroacetic acid ester,

wherein X of the formula (VI) is chlorine atom, is mentioned,
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deconposed, thus lowering the yield of the reaction. The above-nenti oned
reaction is generally carried out in 30 min - 20 hr by the 3 gqhﬁkﬂﬂ6°f
ester (VI) to a nixture of ketone (V) and nagne5|un1 or by t

si mul t aneous additio ket one and, ester to na nesium . The
sol vent to HECERdd % ‘?r?l'l’l]ey a%o?r}?elc?ﬁg?)ﬁqﬁé“d arce‘aﬂ:tat r‘f%‘%?lpoﬁglés

|t does not {phibidc ther eand 1o aad rasthier %rSBEQn?ﬁgEtchg £X80801 group

di met hoxyet hane an and a m xed solvent o ers a
sol vent sel egd€eihd rom 6y qned ferdylds acar Bonscaathadn aﬂ:ohfsn268§eciﬁldﬂene
xylene and the |ike, aliphatic hydrocarbons such as heptane, hexane,

octane and %*ﬁﬁ@#%ﬁa%ﬁﬁf%ﬂf[ﬁ3ﬁ¥94ﬂﬂﬂﬁﬁh¥%jChNRﬁ?%?Qﬁ@%@d sshydnt is to be

used, a typi conventlon pphti.ed faor
m xi ng. The ENOURETT -1 He' s 4 %gqgliﬁggﬁg% |§I§Bnera %y% %blﬁfoace§668
nL, preferabterdstikl cﬂmardeta&r ahdmadie afikeat 008 thdsef OisSN@Otdhyl

reactlon and i nproved productivity by reaction. By the above- nent i oned step
(a), racem ccltbytmaagtiatacin tept-ttll whdgow g etates i20p2eisdabieer (VI 1)
can be prodqged safel | .qwer cost Epan by a conventional manner. That
i s, because rﬁﬁﬂ?ﬁﬁﬁi& differs froma conventional

met hod that uses |THJ“&HB¢HJHéﬁHfEHé®?mé@@ilo%og% @%he&ﬁqur%aﬁri@écéhgnlﬁt
around an ultra-low tenperature (around -78C), production can be done

ef fi ci entiPy anitdmperatuneethfgsr of 45eCi al 1808t nyrafiedabliyn 28040 +i a0cC.
because expen5|ve l'ithiumdial kylam de is nQt used, racem c carboxylic
acid ester Hﬁ?ﬁﬁ%ﬂ@u&@ﬂ“%ﬁr%iqnﬁméﬁ d6¥er X @éﬁrapdﬁ the tFrection

above-ﬂﬂﬂﬂgﬂbﬁgﬁ?{%éﬁgw@ew&a sdbocald gamabhe malyenis 1S not

used, unlik using activated zinc ronoacet ate, and
t her ef ore, tﬂ‘@d‘lﬁldiﬂdzeil@e&aftﬁwdex@:alédsCQDV}GOL Eﬂ]ﬁé yswmlim@ B« ,
carboxylic acid ester (VII)
ketone (V), may be decomposed in the reaction mixture, or the
15 resulting product, racemic carboxylic acid ester (VII) may be
decomposed, thus lowering the yield of the reaction.
The above-mentioned reaction is generally carried ocut in
30 min - 20 hr by the addition of ester (VI} to a mixture of
ketone (V) and magnesium, or by the simultaneous addition of
20 ketone (V) and ester (VI) to magnesium.
The solvent to be used for the abéve—mentioned reaction
may be any as long as it does not inhibit the reaction, and
ethers such as THF, dioxane, dimethoxyethane and the like and a
mixed solvent of the ethers and any solvent selected from
25 aromatic hydrocarbons such as benzene, toluene, xylene and the
like, aliphatic hydrocarbons such as heptane, hexane, coctane
and the like can be preferably used. When a mixed solvent is
to be used, a typical conventionally-known mixing ratio may be
applied for mixing.
30 The amount of the solvent to be used is generally 100 mL
- 2000 mL, preferably 150 mL - 1500 mL, per 1 mcle of ketone
(V) for smooth reaction and imﬁroved productivity by reaction.

By the above-mentioned step (a), racemic carboxylic acid
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W thout a waste treatnment. The preparation of nagnesiumis easy as
conpared to the aforenentioned preparation of activated Zinfsnﬁ %o@@e
operation of the production is efficient. In the above-nentioned Step (a)
nor eover, hal oacetic acid ester (e.g., chloroacetic acid esteg}%fl ot her than
expensi ve arRPHRHIVIIh <@l e Rroveest isefadivd adseedovgl Bestis&8ani RYwAi ch
case racemc carq%§¥lic acid ester (VII) can be produced at a | ow cost

wi t hout any e ny 0 aHyéIlaélrﬂecr'probl em |In the above-nentioned step (a),

magnesi um to be useghd Ss,PrRAI@RAR ¥haCkibkdeetienkiohBE 8RayeBPNLE eREHsSt ep
(a), magnesium whether activated or not, affords the above- nentioned

ef fect, but fitwn usecrfveadtiioratle dhefrhgde sham mekess lihbinmadiadkylampdeduard
racem c cgrbox lic acid ester &gll .smooth and safer sed herein
|

As by
the "activatd¥i® S TEGREIEN? SR arteﬁ’ﬁf?&f‘dofnau%ﬁ_ﬁgfiﬂi’fet?'ﬁﬁﬁﬁfﬁﬁ@
reaction on Rl Uhgskl f ageoahbPi FRNYak ASE€Sabhe | Sr i didMm

oxi de) to enhance the reactivity. As a nethod for actlvatfﬁé magnesi um
for exanpl eneedl)focacta sgteicda lbyocaldagbundti. onIwfaddd nre f ibeidudesi | ane and
zinc chloride, (2) activation by chlorotrinethylsilane alone, 13 18 Jul
2006 (3) actS*Pstisdiyeby iitddiife ddrdhylapifieadsi pati BRcBy BRaEobfnadrlexybic

| odi ne and effy] %ﬁ:%l@a(%tﬁt gaﬁ(g)e g%gﬁ@gaoggbx %ow%?”PaQé‘F"}ﬂ: frding to
chl orosi | anes "and hal ogenat e ydrocCarbon, an the I''ke are nenti1one
(her ei naft€ erchec hibowvet-meftibylesi k&ap qa¢, hobebvd®, 15 ROgRDy 3On£istmab1é de
to be used for the nmethod of the above-nentioned (1), _

"chl or ot r i nECHYIESt dsenotoupedusunlibe machadehvding aebivabey ez hpatanted
(2), "iodine’

(2] b o S5, BEplaatateL VoL 1ed Bl o BURYERIRTEL 128, (Bla can
above- ment i eRedendbndng pebBHAEESELABASc carboxylic acid ester (VII)
without a waste treatment. The preparation of magnesium is

15 easy as compared to the aforementioned preparation of activated

zinc, and the operation of the production is efficient. In the
above-mentioned step (a), moreover, haloacetic acid ester
(e.g., chloroacetic acid ester) other than expensive and highly
tearing bromcacetic acid ester can be used, in which case

20 racemic carboxylic acid 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-menticned 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,
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and hal ogenat ed hydrocarbon” to be used for the nethod of the
above-nentioned (5) are also collectively referred to as " a(ﬁ%iJvﬁ;[ﬂfO%)' o
these, the activation nmethod by chlorotrinethylsilane alone o e

above-nention 2).is more preferable, because activation is easy and a
starting mat é??a%cgbﬁ"??’r%ﬂll?ytbo'{lﬂarl’ﬂl%lq‘%e not4 uReE1vatiamiky én comdnation

activation t : o) i ogenat ed hydr.acar bon of the
above- nent i oﬁgdﬂ?%l%l!s%réeﬂajé%f%%i e, tga(g‘ltzea’usQﬁmaagcntel)s("i'Elutf‘ﬁo(?a Y fe nore
effectively eotbimteionhaf ¢hothnesilatymeidiangloddlaiat Hymidash$ionang nand
the |ike used alone. For the activation of magnesiumin the above-nenti oned
step (a), antBRtiikR ARrodspkianed thaxe awdden Muidicatodinimedhyie idane and

si mul t anegus i e.start .of the, reaction of esium ketone (V) and
ester (V) i%ny%gms%lfhvéen ag na{%eb B ttihc?nglftrhé’ggﬁ or’fl.heTSbBéfeS‘fS‘é&(C#P&?d
an activator (i, austerbicr 1801 R 4R Pl sl %B'rvecﬂg 'glgtﬁgéﬁa%? gr @
m xture of ketone (V), ester (VI) and an activator is added, or "a mH‘ure

of ketone (3povgrdnesstiamngd/l {2)and imdiaet'i rat be medbdoaddne meprbat 6EYthéo
magnesi um chaab(rﬁ%ed i n.t.he s l(% nt i.n agdvance. Alternatively, a mxture of
i

ester (V1) &ne an Setirits raddEGIT6r 20&; &FhE ?r"ﬁlﬁécéﬁaﬁéfi tatbe wagd
be added Sepmymtidley method WX te BhbvekREARE o)l 31 QHQ”‘%ELEE}SQJ‘.’%%?%:S

the sol vent in advance. Wen the above-nentioned ‘activator 1S Sep

added, it%i ny hed opeinat2008ypireterabhy added usBadifaietie bréerned agdi tihon
of a mxture of ketone ge\/) gnd ester (VI) _or ester (VI), or sinultaneously
added (nor e FP¥EPEHN OBl (PAn8sBsPysadEedlrAtave v ntefesany . to Fos

addi tion of si;be ;3heue~yenthpngd, act iﬁ\;ﬁ% Ogctﬁ’Maéd‘egs‘eé@@?’S’ 5 (V) and ester

(VI) is added in advance and an activator is " & rred for a

sui tabl e pechddrotriimeehfdsidbher abgneadt thét abbeelmePRel Ghad €(F) S&) mdid er
whi ch the renmai_nin ketone (V) and ester (VI) may be added. en the
activator i BTef§TBRlgddRACaUPEr AFELYatinke beteasy oandey $earriappmedtdmiad a

10 sol ut tonqeertahRkngot HEnaSL! YA QL. 1 fsagvanse depgding on the 15 20
method by chlorosilanes and halogenated hydrocarbon of the
above-mentioned (5) is more preferable, because magnesium can
be more effectively activated than jedine, iodomethane,
chlorotrimethylsilane and the like used alone.

20 For the activation of magnesium in the above-mentioned
step (a), an activator only needs to be-added immediately

before or simultaneously with the start of the reaction of

magnesium, ketone (V) and ester (VI) in a solvent in the above-

mentioned reaction.

25 . - a '
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-mentiocned activator is separately added, it is
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25 30 kind thereof. In this case, the solvent therefor is preferably the
af orenenti oned sol vent used for the reaction. Each nethod fOf ﬁ%# ﬂging
magnesi umin the above- nentioned step (a) is specifically exp ned in the
followng. (1) Activation by chlorotrinethylsilane and zinc chloride in
conblnat|onpmﬁgﬁrﬁﬁéﬁe§ﬁéﬁﬁlémﬁéﬁﬂﬁﬁ?éa ByfesrbrAdhblornPbr dtRixEeFgI 2t | ane
and zinc chlori de, of | grotri h |Iane 19 use S
preferably 8 Bgendbg %e (VE rerpre eraé? 0.91 o Pga%eﬂ“%%Y per
1 mol e of &aaeasImmreV\beefbhabmf,mgmﬁmmtaﬁéb@ép;;raa&é&nyiﬁIéaﬂmﬁos@@eédﬁﬁd
Is less than 0. 005 nol e per e of magnesi um mnmagnesi um may not be
suff|C|entlyoacaddamednand the sbpeetinentienedi anthwytonpta past avf eketone
smoot hly. . Vﬂgn th anount(gﬁ? Chlor trlnEtthS|Iane 0 be used exceeds 0.1
1

mol e per ﬁﬁ§ﬁ€3| righg ?ﬁn%ﬂa? PRIESN Rt hearacts on
with chl Orahabaeshw §th§9@d EBfrsbyup%ﬁlQlg{eﬂf&@wt@im@m@f\ ﬁeéﬁu
anount of nmagnesiumto conplete the reaction, whi econoni ca

di sadvant ageadssulhebasotenpetatiune rhbe)td&ft@rbmhiuhxths xﬁmﬁfnfmdy 0.01
mole - 0.1 nole, nore preferably 0.01 nole - 0.07 nole, per 1 nole of

magnesi um Fﬁ@ﬁ“?hévhnﬁﬁﬁteEFeflﬁgImeﬁYlg% ek y¥ben ithe astivpiRToisy

nol e per 1 lg.0 n I

sufficientl §Ba§ Fi %g?'@g gﬁgg% gEgI et(s': %\%g?%‘é |£Lo§ma] pe EFQ{)&B c%bﬁtto @
snoot hl y2¢ Visehuthenasonthiningi tke CAtOIv4&€oE Oin Qﬁ:hkt&&ﬁb edanatitti iy brimdte: per
1 nol e of magnesi um magnesium may be consunmed by the reaction with zinc

chloride, thkérebyherpessi bﬁry Helcegiacat ithy mle'ﬁ@éss?,haﬁﬁémr aF paghesrbAvt o
conpl ete thﬁ nLeagll méngh £ooNn m ca Iy advant equs. In a net hod
for producing r acent B0 ?%I?% BTy e er °f 3 shin Ibbove ment i oned
step (a), when wag@@ﬁlrﬂ@th@daﬁétVﬁ@ﬂvmlx@nﬁagnémmhlﬁ aiHd ragdwd-si | ane

and zinc chloride, 10 the tenperature of the above-nentioned reaction
condi ti ons mentperedcster| Yahres espéxtificalle exniganefd 25C they F@Q Yordma.he

aforemenis opefl L2088+ 200 P JFot SRy S And AL A0 1%ride in

combination

When magnesium is activated by combining
chlorotrimethylsilane 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 mcle of magnesium, magnesium may
not be sufficiently activated and the objective reaction may
not be started smoothly. When the amount of

25 chlorotrimethylsilane to be used exceeds 0.1 mole per 1 mole of
magnesium, magnesium may be conéumed 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 0.0l mole per 1 mole of magnesium, magnesium may
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hr - 10 hr fromthe aforenenti oned range. Wen magnesiumis activated by
conbining 15 chlorotrinethyl silane and zinc chloride as nenthsq&@iﬁegve,
activation is performed particularly effectively as conpared ' td “actrvation
of magnesium by a different nmethod. This is_ benefjcial because the

obj ecti ve r&8@&t bensuiA isdestart agtavaked| anedr thenpki achive peaghion may
Activation by chlorotrinmethylsilane one t V. ' t a),
magnesi um &Y &< E%Fir&gﬁe Mﬁthgyéhﬁtllreo r%rpreet y?]ﬂgpioeﬁ ;r%gdalcagﬁce&%'f%zt%
amount of gl grelr brekRuksh. angotle perusedols HFehegabdsyul, A0Sg®S Bum Map
mole, nore preferably 0.01 nole - 0.3 nole, per 1 nole of 25 nmagnesium
Wien the anmbentoosumkedobyt theerbatsibaneith péngselloride esthereliv 0. 005
nol e per nmol e , of na%nesi nesiun1na¥ not e?%ufficiently activated
t 0

. um e
and the obj ECFF¢EL¥el FFéﬁlﬁﬁ§lnaanbﬁxg?3 heY | PRIRFERT hE° ampunt  of
ChlorOtr'ne%@%hibk@n%hgorggcﬂ§sﬂ,e%ﬁ?@ﬁsig-écBH&ﬁi@@Il} ﬁP@éﬁ@ﬁnégbeous.

magnesi um maghesi um nay be consuned by the reaction wt
chl orot ri net hyl si Lane, mehbebdbyopopsotlyinecessemnit i carloxekoe sscidnsrar of
magnesiumto conplete the reaction, which is econgm cally di sadvant ageous.

16 18 July 2386&)| Anathet RBAVECTCRELARLH Nt FRCEM ¢ CRFBIFFRSHEY dt st er
6 18 July "a et R9E” FoF CalPLy . |
(V1) int gﬂég%%ewg; 80RM: RLEE (Rlor MPPINIBIPESL Y Sand L HE G i ge,

chl orotrine sr'l-ane one, e~t enper e above-nenti oned
reacti onitordet irempeirstpaet beutBel ¥bobvermért ibhyd i Peddiei srangendi t K3 -1650C
fromthe aforenentioned range, and the tine is particularly preferably 2
hr - 10 hr pherséruharavoptatarabhedinablye. raven shghe’ am’08Cak¥PRat® by

using chloraqtrinethylsil.ane alone_as_npentione 0 | vat |

magnesi um | S BEPPERTLaTEdY FRRAF ar F)0eH eor el §° ests Ebnty piEdanty 2
activation gf magpegrupyby enhdi ftsrentnredhed. rdhgs. is beneficial because
the objective reaction can be started at a |ower tenperature and el enents

probl ematic to th@henvinagneehum He motivneesd thy eondgying 3) Activation by
' odine a'h'onghlorotrimethylsilane 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 0.0l 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, magneésium 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

3% 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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In the above-nentioned step (a), magnesium may be activated using iodine
al one as an activator. The anobunt of iodine to be used is p{%%§§§€¢d
0.0001 nole - 0.01 nole and nore preferably 0.0003 nole - O. nol e, per
1 nole of 20 nmagnesi um Wen the anmount of iodine to be used is | ess than
0.0001 nol e per 1 IlfoPemgthrgghesi BrPIREdREsFARPRAT RBFPBBRY1LGf 2FLdenttgr

activated a e .qbject i re L y S e y; Wien the
anount of i@&?ﬁg ﬁ% %@gugé v&x@%&éggngaofggélZSEér_ﬁé%Dﬂ%aggg%Q%n%%iun)
nmagnesi um may:th&aeeas bedhly rderifetheastioneWal bnk pdtRE, téhps £hyupessE bl y
necessitating an excess amount of nagnesiumto conplete the reaction,

which is ecbrorbexkerpeditigtiedntragedion randitkohsdls opaprbdabandy racenic
carboxylig acid ester (VI in the ab sment ioned st (a), when, .
agnos! urn | BEEGCTEbTYalld B FABPRCOR G T e o npePa thFe 6P FAEREbaDES
mentioned reapkkOn 6aNghkl @Agel ispﬁéktﬁéhﬁéﬂ¥p§§é€é§%¥y'iﬂ khe. f@nge of
25C - 65C fromthe aforenentioned range, and the tine is particularly

preferably Zrbm théOaficrementibeed7rdBgdul y 2006 af orenmenti oned range. By

usi ng i odine alone for activation of nmpgnesium as , nenti oned above,
particul arly the BPERAn™EEPBFLER %ﬁea?Eég?F%ﬂ DY or24Rdn di sappears when
magnesi um i I : : 5 . NBONES] IS
activated b?/"hgt(g.\j P%lg\régsﬁgltg ﬁggﬁg%ﬁggpgggggn?%gg%%gfﬁgc| It%’t es con%ﬁgn%t?fon
of activali sagnédjuncisvperforiydi parttcabsr By hyifdcoipaletad ecdnipared to
conbination |In the above-nentioned step ég%, ethyl bronpacetate may be
used i n addpftédnatéophefapageesiihibyicdl ¢blitaeens BRENQAL e TR Snd§nesi um
When magnesj i i y L i ng. i odine 1 5 .30 et hyl

br onpacet at iej,gg]? Egcg%uﬁgégﬁsgoaﬁﬁgp%gé%glﬂ%e%g?%@ﬂ%} e aerrggb ys%.ro aLr}:l)lae -
0.01 nol e, mBwerptempealdtiird. 88Q3e1@hénts Pr¥lendtf: fLrthle MHE @nment
magnesi um for the sanme reason as given for the above-nentioned (3). The
anount of edhyhobroeedcteabe weede used is preferably

15 (3) Activation by iodine alone

In the above-mentioned step (a), magnesium may be
activated using iocdine alone as an activator. The amount of
iodine to be used is preferably 0.0001 mole - 0.01 mole and
more preferably 0.0003 mole — 0.002 mole, per 1 mole of

| 20 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 objective 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 a2 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

17



0.001 nole - 0.01 nole, nore preferably 0.002 nole - 0.005 nole, per 1 nol e
of magnesi um Wen the amount of ethyl bronpacetate to be u§§ aé%

than 0.001 nole per 1 nole of rmagnesium magnesi um nay not be’s |C|ently
activated and the objective reaction may not be started smoothly. WWen the
anount of et&ﬁﬂerQﬂﬁkﬂnﬁanﬁﬂgﬁ -be used exceeds 0.01 nole per 1 nole of
magnesi um magnesi wisth_e

b h
br onpacet ate, the é’b?‘lsp%é%e i r}}s?g(’a e%/ rﬁ&rc va&@é’sgfa%gﬁﬁgémnﬁﬁnem um

to CO”D'etexﬁéﬁtf&ﬁé&'éHbvéM“ﬁQIﬂféur%El@oEh%aﬁfbw%'%%d%%”b%g%ﬁﬂsreéﬂtﬁon
met hod for producing racem c carboxylic acid ester (VIIl) in

above- nent i crreldi tsiteep disappaesars m&gmesmgmaﬁsumaaslmatedahydcowhenlngmpadede
and ethyl .brompacetate, the tenperature of the above-mentioned reaction

conditiond it® p%ﬁ |°ﬁﬂear“1h5ﬁrﬁr éf'ra&n&ﬁll;‘ﬂ“ﬁ St ﬁé’tulé{ﬁ‘&?doPYBBéhermEtPPGm vhéch
aforenentlo q?y} %@%1 % %%53& gbﬁ g%eggEgpgﬁé 8 hr - 10 hr
e an

fromthe aforenentlon IS case, ine may be a first and

t hen et hyl bﬁpnuaﬁﬁhaﬁﬂcﬂawybaomddedanﬂSetaylubyoaBaaeEate ih 20mBEn8¥ion
usi ng iodine and ethyl bronmpacetate in conbination for_ activation of
magnesi um as nent ildnd&dcaBEP¥ S-Parcionrgr BFePhd2a) re8ERY dnPRPRPBFETETE MMEY

bear @ or e oolls 30NN S (ACt LKALLORCAE 1 0RACT RN UDEN, SOIPRES

to the case esrumis actlva

advant ag@gu%{a)gnefs&@kd l tﬁh@ﬁ :ﬁ@tgﬁééiﬁﬁﬁl 08 &t e ta@ibP conidn ey | MALIreN i -
chl orosi | anes and hal ogenat ed hydrocarbon in conbination A nethod for

produci ng r &F&iyilc bFompacetpts- ( Zhephaaynét h§l yhdiarote heidsedt &% by
ot vatl on SEABYISTLUD Bhod pedtDLDR 69781t Negeh! SLEPLLERES, 6005 mote
3- hydr oxycarbexybizc maakd pest €M mo1dhbs ABHHEYihs €¥P! 8h8efahd tbesdeldow ng
I ncl uding the production of other 3-hydroxycarboxylic acid esters.
given for the above-mentioned (3).
15 The amount of ethyl bromoacetate to be used is preferably
0.001 mole - 0.01 mole, more preferably 0.002 mole - 0.005
mole, per 1 mole of magnesium. When the amount of ethyl
bromoacetate to be used is less than 0.001 mole per 1 mole of
magnesium, magnesium may not be sufficiently activated and the
20 objective reaction may not be started smoothly. When the
amount of ethyl bromocacetate to be used exceeds 0.0l mole per 1
mole of magnesium, magnesium may be consumed by the reaction
with ethyl bromcacetate, thereby possibly necessitating an
excess amount of magnesium to complete the reaction, which is
25 economically disadvantageous.
In a method feor producing racemic carboxylic acid ester
(VII) in the above-mentioned step (a), when magnesium is
activated by combining iodine and ethyl bromoacetate, the
temperature cf 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 aforementiocned range. In this case, iodine

may be added first and then ethyl bromoacetate may be added.
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This method is, as shown in the follow ng schene, a production nethod
conprising reacting a carbonyl conpound of the formula (i) ﬁ@%p?b@@éter to
be also referred to as "carbonyl conpound (i)"), the above-nentioned ester
(V') and nmagnesium activated by chl orosilanes and hal ogenated hydrocarhbon
to give 3-hydroxy@ Bedpd dosding é@ﬁeﬁt@wﬂ)bépmpﬁ@etﬁ@enanacemb}ﬁatlon for
herei nafter .al s ferred to_as "ester (i.l)"), such.as,t
Sbover ment | Gied AT @5 RS Ao meERaRheet AbPyRaxBRGEE CirA ESTR?
[racem ¢ cankeetich atixtuest eurn( Yol bkar(k) oX=CH2E02BE a0¥hY Rian0tfd HO
-}~ /CO2R1 Mg I v 2t Activation R a Chlorosilanes Hal ogenated
hydr ocar bon agitéveitior @famdgResiame Wwhee cbmparedctbathei maseat wharas | ong
as they do not show an influence on the reaction, and Rl and X are 19 18

July 2006 5TEYPFSIPE 285 3GTIYGEF REdABETemethedealBoRYI 2EBAPEARECEFIYL 0
be used for f:i;3 iREREUCLIAR; ABRLAGH b¥ Q0L $UREEHL o any particul ar

limtation as long as it iIs aldehyde or ketone that can react with ester
(M) to givd5)eskariveitipn Ber chlarpkelaakdehydehalolehanedohytihecheoml an

(i), wherein Rla is a |lower alkyl group optionally having
combination

A method for producing racemic 3-hydroxy-3-(2-

10 phenylethyl)hexanoic acid ester by activation of magnesium by a
combination of the chlorcsilanes and halogenated hydrocarbon is
applicable to the-production of other 3-hydroxycarboxylic acid
esters. This method is explained in the following including
the production of other 3-hydroxycarboxylic acid esters.

15 This method is, as shown in the following scheme, a
production method comprising reacting a carbonyl compound of
the formula (i) (hereinafter to be also referred to as
"carbonyl compound (i)”), the above-mentioned ester (V1) and
magnesium activated by chlorosilanes and halogenated

20 hydrocarbon to give 3-hydroxycarboxylic acid ester (ii) of the
formula (ii) (hereinafter to be also referred to as “ester
(ii) "), such as the above-mentioned racemic 3-hydroxy-3-(2-

phenylethyl)hexanoic acid ester [racemic carboxylic acid ester

(VII)].
1
X-CH-COsR
Rla 2 2 Rla
\ (VI) l _
0 > HO CO,R*
25 R2a Mg r22
(i) T.Activation (ii)
Chlorosilanes

Halcgenated hydreocarbon
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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substituents, an aryl group optionally having substituents, an aral kyl
group optionally having substituents and the like, and R2a i pegeEN
atom a lower alkyl group optionally having substituents, an ar% group
optionally haV|n% substituents, an aral kyl group optionally having

subst i t uent 8ScS§fTB8eReAPPERed. Specific exanples i ncl ude acet al dehyde,

benzal dehyde, ace&ggef?ﬁggggx|c8ﬁg¥% &eR aggt€€§?nggg %ﬁ ﬁfﬁgﬁﬁg¥%?p

1- phenyl - 3- hexanone ove- |one ke one

preference giettndt aslnphesybsdchexanang paheiabdye- Ibnitonesh et noey (34 ]
because it is a synthetic internediate for PNU- 140690 useful as an
anti-HV agéﬁtlSAélﬁﬁéyd?oﬂEerFR9¢ Hhatpcanfreaet "voerestey| (\Goupe give
optionally ha |ng

f d
strai ght or B Sﬁcﬁéﬂi LI #Jfg%’f%ﬂ‘ ]ge:'otlfgq?gv{%e ma%étone a an&"?“?&acar bon

atons, such (as, nphlykinek®lis Br OB¥kr alk9BR' gR%lip BF;E&:!)naniprwhn
sec- butyl tert- butyl, pentyl, isopentyl, neopenty hexyl hepty? octyl,

nonyl , decyBUHﬁdltUhetBLken akYh @reﬁpr@mteogﬁbbm haw;ngugﬂbstzﬁuﬂnngﬂ ,an

but yl ent e the | ke. The "ar rou of the "ar
gr oﬁp opltol oﬁ)-f/lF‘H?Yﬁ éFﬂ’dp gﬁﬁé‘i’ g]eﬁt VIR ?‘Hés%’og%)%m’n%rﬂq nee Rll-"al‘ean(?r%% 2a

is exenplifged by a%e,iéb atoRaPht Iyl r23 DRPAL a%heny?aewﬁgh% %éﬂﬁg,y' 9

anthryl and the |1 Wi th preference givento - napht

2- napht hiA aanthEuénke, aheafplaﬁkgﬁpgnpmibnaﬁlgfhavfﬂgﬂéqﬂsqﬂtMﬁhts, an
optional ly haV|ng substituents”_ for the above-nentioned Rla and R 2a is

exenpl i fi ed2BFLEH! PEPRY | OB LR Whe rka v R eSuR S Hawy Gan tife mEgtigneg.y

110, “pr ot cvabryt 2o ralBits AU Ldl Be plienAIE i nyi ket

1- phenet hylmeﬂaphe@emwlkeeorp@,erwd@trmn@m, Heifz dphehons t n—@jh@‘ ece
given to 2-phenethyl and the like. The "substituent” of the "Iower alkyl

group opt i %@Von‘ha{ﬁ-h@ %QMSQTWW@ed lﬁmn@rﬁﬁd @Rd Gl 11y keay migh
et B0 L 0P SR PO N0 PSSR e
as long as két@@@S(Wmﬁ béﬁﬁ&%é iﬁ“iéibf#yﬁﬂﬂéﬂlcfﬁﬂiéfhéaﬂﬁﬂ@'f%&e@Nb¥ | ower
al kyl group (such as
140620 useful as an anti-HIV agent.
As the “lower alkyl group” of the "“lower alkyl group
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 méthyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl, neopentyl, hexyl, heptyl, octyvl, nonyl, decyl and
the like, with preference given to propyl, iscpropyl, 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 tec phenyl, 1-
0 naphthyl, 2-naphthyl and the like.
The “aralkyl group” of the “aralkyl group opticnally
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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t hose nenti oned above, that cannot be a substituent for the "lower alkyl
group optionally having substituents”), halogen atom (e.g. lﬂﬂ?ﬂdﬂg atom
chlorine atom brom ne atom i odine aton1 etc.), |ower alkoxy g oup,

arylo roup, aral kyl ox ro m no group an The
rbor) of " T rBand! 2 ne b K Pianed ciHad it e Sl Boisty
1-3, whereip, %hf—f bsg; dHENLS) JrBy- doeé BARIE A d'ELﬁﬂhSﬂés @ﬁe%@gf 'Owef

al koxy group” for t ove ment i oned stituent hear ranched

chain alkoxylgwlumbrbanzgﬂ Zﬂ}phﬂﬂkﬂhyﬁ(Nﬁ}ﬁhéﬂbthyi o8 -pRrnylpedpydiagd i S
exenplified by nethoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy

sec- but oxy, t@%r¥l¥ﬁu(ﬁaﬁh[Rﬁﬁ%ﬁFﬁQFe|9§§ﬁ§hﬂ§1@k?heﬁéﬁbéﬂtﬁpéxﬁhe ﬁé%?loxy

and the liske. As t e v ti ned 25
substit uent, phenoxy, 1- négét oxy, Q&ﬁihgf&, %1%52 % optionally
2-anthryl Oxma&@tﬁ%wm "t he‘éﬁy&e q&@mpbe,ptfa@hlagugd haAs_nE;he

"aral kyl oxy group” for the above-nentioned substituent, benzyl oxy,

1- phenet hyl Ws@@@r@’hﬁ@far@lkmiempoymopmtyoandlwhbammg can be

menti oned. 30_.As the "dhﬁ n rou far t ove- neptj oned
substi t uent , S ﬁ%y g%b % in %ePFﬁQEFgo R% 1S9 shdact
moi ety having lamy %é&.ﬂﬁt}fﬁlﬁt QT 1937 1% E%ntl'oﬂ%er 1\efnasegnnaleelﬁhhsmt the
noi eties are the same or different. Exanples 21 18 July 2006 thereof

i ncl ude dPmetdadtammo,ardi dishyexampdd. f iethplymibkeranilikgl gaduphésiickeas The
"chl orosilanes" to be used fgg t he above-nentioned nethod are not subject

to any parti %ﬁ'WQQﬁ%ﬁﬂﬁq) Yol a&sCa@“?ﬁeyecénSHPFFééP%nﬁaﬁﬁésF%ﬂ1
Ex | h
anpl es t hergple, ; Jﬁﬂ.g&% éso%ngﬁa?Q%eﬂggﬁﬁglEﬁﬂgﬁleﬁeﬁgg forﬂyiggéﬁ")

R3anSi d (4-n) (||| a'is a group or aryl group”and n
s an i ntegegonof(eQR., Adudlrdnél awem,akkybrgheuptomndbramyhe ghottp, iodine

atom, etc.), lower alkoxy group, aryloxy group, aralkyloxy
15 group, dialkylamino group and the like. The number of the
substituent is not particularly limited and is preferably 1-3,
wherein the substituents may be the same or different.
As the “lower alkoxy group” for the above-mentioned
substituent, a linear or branched chain alkoxy group having
20 carbon atoms 1-10 can be mentioned, which is exemplified by
methoxy, ethoxy, propoxy, isopropoxy, bﬁtoxy, isobutoxy, sec-
butoxy, tert-butoxy, pentyloxy, isopentyloxy, neopentyloxy,
hexyloxy and the like.
As the “aryloxy group” for the above-mentioned
25 substituent, phenoxy, l-naphthoxy, 2-naphthoxy, l-anthryloxy,
2-anthryloxy, 9-anthryloxy and the like can be mentioned.

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

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

wherein the alkyl moieties are the same or different. Examples
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for R3a, those exenplified for the "I ower al kyl group” and "aryl group"” of
t he above-nentioned Rla and Rza can be nenti oned. Chlorosilﬂ?ﬁﬁ %&%
concretely exenplified by chlorotrinethylsilane, dichlorodine y¥5| ane,
met hyltrichlorosilane, tetrachl orosil ane and the |ike. The "hal oggenat ed
hydr ocar bonthegend G841 ﬂ@tgﬁieﬁénﬂen??%ﬁ%ﬂlﬁ%%%%d ?Eh¥ihe AT} o
any particulay L@ 3gion as long as it can activate nmagnesi um Exanples

t hereof include hydrocarbon wherein 1 or 2 optional hydrogen atons are
substituted by halragenchlilorosBiahbe” " ballogensed ofdr | sSheresindve-aidoticeedit om
brom ne atom iodine atomand the |ike, and by the "hydrocarbon" is neant
strai ght or mgthpehagechatnsubPkaft, to adRE R b RYFRr ahtni 1ok s HBAh @S
1-10, preferably 1-7 n . and ti I Vi . i tuents.
Exanpl s of EHLCSTEFFEIBNE TAET CubRr y AR ErEREoR) R NN S

napht hyl, 2-papkbBYllanekCor @Rd Ebemhike(i#p) the hal ogenated hydrocarbon,
allyl brom de, iodonethane, iodoethane, benzyl brom de, 1, 2-diiodoethane,

1, 2- di bronoet hane and the |ike ar 8%FéElti-nal(iiidentioned, with

fer ' to_allyl b i d ' th d 1 2- dib th . Th
Rbove. mont | BREGSHE: Rod "Fs o SZEFeR by LaPRONP aRBo0SY L AEPEP N Or™ 1 ihy|

conpound (i }naBgesberolyl) AL ROragiep %1k%§ %&bﬁpzogﬁdphéigﬁdgkau "
sol vent in advance, or by the addition of esfer ™ (VI) to a mxture o

car bonyl 2t offpouRd ,( ithosed exegpdsifued €har ged Mhowesodlknl growpVaod. |In

t he above-nentioned nethod, chlorosilanes and 5 ,hal ogengted hydrocarbon are
added to actP¥¥tedhagResPinthasaberedneiriined iy t #ed Rt F#8t B®nagnesi unt
is neant reppying,a4q Substance on magnesi um surface that inhibits reaction
(in many cases, It 1s a filmof oxidized nmagnesium to enhance

reactivity. 10 Thehastoynlames Ghrdragiastetsly «tdnplddiileands, and

hal ogenat ed dirocarbon may be conducted i mmedi ately before the start of

the reacti ofRéPTarBHgetRY hsilengr chedslorgdimathywledddnén or both. To be
Spec'f'Cl5CH%Qﬂ?kaf@ﬁfof%@&lane, 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 hydrogen atoms are

20 substituted by halogen atom. By the “halogen atom” is meant
chlorine atom, bromine atom, iodine atom 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, iodoethane, benzyl bromide, 1,2-diiodcethane, 1,2~
dibromoethane 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
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hal ogenat ed hydrocarbon are added to magnesi um charged in a 15 solvent in
advance; a m xture of carbonyl conpound (i), ester (VlI), chigﬁﬁgbbages and
hal ogenat ed hydrocarbon is added to nagnesium charged in a solvent in
advance; a m xture of carbonyl conpound (i) and ester (VI), and a m xture
of chl or osichaxgedadidt Ralsedeeatednhodrevaebonraby thparddatyonddEdegbeto

magnesi um ch ed in a.sqlvent .in_advance; hal ogenated ydrocarbon is
added to nadﬁ@gi%ﬁléhgﬂﬁgarfnog §8FVeRY iﬁomaavgﬁcZ}?aﬁﬂgtﬂ@ﬂnﬁsﬁ?Qture of
car bonyl corppaudd(ith a€8bebentVih 8RdanBLorosilanes is added; hal ogenated
hydr ocarbon is "added to magnesi um charged in a solvent in advance, and
then a 25 m xt ur eIof tber bboyke—menpdondd(methad, eshkordé¥i)anasndand

chl orosil anes _are separately added; halo%enated hydrocarbon is  added to
magnesi um cRalgegrated b¥PyeRerPANadvantededngot ABRL ¥ LR RAGRRS BEm caSony |

conmpound (i s -Vl ) 1.,C r Qsj gn r on is
added; haloégﬁgtgggﬁégfoggrgg% igbggggg%2@g?%gﬁégﬁes?%ﬁ?%%%?g%%gééﬁgg a

sol vent in adbanadceadd hhghesiumi xhufeceof that bonyibLospesue{on) e meater
(VI'), and a mxture of chlorosilanes and hal ogenated hydrocarbon are
separately cag8éd; i& AbPxpuféldfobseridizpgd magnes ben) ateserimanréeml ogenat ed
23 18 July ggggtﬁ¥g£ocarbon is added to a m xture of carbonyl conpound (i)
and nmagnesitim’C arggd in a solvent in advance; ester (VI), and a mxture

of chl orosil anes ®@Rd Qatwsﬁaé@dobm%@émﬁ by cHBEPSSA Binefddef to a

m xture of carbonyl conpound (i) and magnesi um charged in a solvent in
advance; hahageganatiedOhy8rgga 5ol Ondyy deeceridnctad aduest tatal wibafimee dfhe

Chen a m xt APRECoPE b & ams POk b BETTBrEst A h RSPy Aibcar bon | s
added; hal ogepategnyargsen bonrd peadded ieq A Brilies19bnesanhgny! compound
(i) and magnesium charged 1n a solvent in advance, and then ester (VI) and
a m xture ohatbyenased ampdrarairbéral axge neddet htysl monprdxinm schaddedl Separ atel y
and the h;kgélggét 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 solvent 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 solvent in advance, and then a
25 mixture of carbonyl compound (i) and ester (VI), and
chlorcsilanes 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
39 added to magnesium charged in a solvent in advance, and then a
mixture of carbonyl compound (i) and ester (VI), and a mixture

of chloresilanes and halogenated hydrocarbon are separately

added; a mixture of ester (VI), chlorosilanes and halogenated
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the activation is not limted to these. Wen chlorosilanes or halogenated
hydr ocarbon i s added separately, they are preferably added |?qﬁ9 P
bef ore addition of a m xture of carbonyl conpound (i) and es 8@ ?

ester (M), S|nultaneousl therewi th (nnrefpreferably S|nultaneously
added in a RHTPGAR S ESidach o @dREM TG ofhE bRy ImsRIPoHEd (1) ahd

chl orosi | anes or dr.ocar Qar np d_(i1)
and ester (ﬁﬁ e adgﬁﬁﬁ&§%1g¥bs %gﬁg%%F %glogéﬁ%ted hy%rocaFEZﬁ ?geaaded
and stirred fdOftifress Wi AN rddiMRned atld haldgenddedUnlaboeatrbapenat ure

rise), and then the renaining carbonyl conpound (i) and ester (VI) may be

added. \hersarduntesiy adslast tealcogdmanae infdceshobyd compguad (gépandtel Y,

it may be.pre ared in i into a soI en nt ai ni t he 5@ In the
above- ment i éh? QWg %adﬁe?gﬁﬁFcFo % laggaa §9referably
0.5 ol e - %j&l‘cﬁ‘c’%ﬂ%n 5 9elRieRf toC%r mwhr@omoea@bem EH&lﬁbthdS (79I &nd
preferably 0.9 nole - 2 noles fromthe econom c aspect.

above- nment i ormyphesriewc tdhargadhem aheoaweumt1nfadugnesuuandothenuaem1K$uress
than 0.5 nole per 1 nole of _.carbgnyl compound, (i the efficiency of the

reaction rra;beL?%’ﬁfr e(fVérr)abI°§1W&Qﬁ&&é&eﬁaf"!@gdP?lglg)@h?ﬁefihgyﬁoférﬁ'%y-"-2006

car bonyl gg%ggi EE%%II r degql
above- nmenti one rea(':—:%]"lor %%reoyggghkﬁgbésggogagggnggl%n&?%tugicggs of 5
nol es ped? ]l gartergfl eanpoayld qanpanddmaéghesiumechaegedalihyauselesst because

it leads to the use of a |arge 5 amount of nmagnesi um not involved_ in the
reaction. | Rdve@cghopehihenogsdered¥Ei oandt Remikbune of eblercgyignesa2n@

used 1 P ehenalh L PG BaBLES 0L d ok etlas SR DO £OTPONOY 1.

rmreprﬁeraﬁyg rom omc a

above- nent i aned alceaskitabn WeeRothe ihdtagoust thbsest szhe(ﬁ/lahldtdlﬁil@%% iox
|l ess than 1 nole per 1 nole of carbonyl conpound (i), the efficiency of

t he reactioha#@gemetedahw@mbya@égnaéedaddedtaepheatalhonyheroﬁp©und (i)
he use o BEFEFieUly PAoEqcateeples STy BOREr 0HLTEoR6oh1 = AT BORT SF
3????33&(;ﬁa'm%ﬁﬁ?qgg?gﬁég% uiggsga 8tepukes) BHMbELEAL (O) ofofhe product
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 halocgenated 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
3% 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 tec the
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to the use of a |l arge anobunt of ester unnecessary for the reaction with
carbonyl conpound (i). In the above-nentioned reaction, the t 20
chl orosilanes to be used is preferably 0.005 nole - 0.6 nole?gqﬁgF%BB
preferably 0.01 nole - 0.3 nole, per 1 nole of nmagnesium \When the anount
of chl or osi | GRERORY! hECTRYHNF s (}leskenhdh Iy (U5 Lifplly peirepahside ofn the

TRgnesi UM MRgOGSI WD FBY: 19t e S | GLeNldye . achivalad and e R el ve

reaction may nhot be™s snoot hl'y. en t he anount™ o orosi Nanes

to be used exgesds o 9.Moldd pderl hdld e OfcAMWIRE WmpBRaesiiumigny be
consuned by the reaction wth chlorosilanes, thereby possibly

necessit at i ngcomemibxebby wsmless ofbemapassiiimterdoty dahe tise odaet lemge

whi ch issecononicqgéy disadyanéggfaus. In the 3§Pve-nentioned reaction,
the amount ofMOYRat YelREFIHHY b S5t W dd'S F555A8 abl y 0. 001 nol e
- 0.6 mole, nore prefe{allt 00 MRYRd A3 1RIE B ahol®le % es}e (g&)
magnesi um When the anount of hal ogenated hydrocarbon to be 25 18 qu 6
used i s | esstd hzen s 1i s fearalkll ydl encdfe magnesiles peagdesiolm offay not be

sufficiently activated and the qgbjective reaction _may _not be started
smoot hl y. WREAFRMEY hRATROWBIY hel ) ogdedse Prafrededr Bofols beu®edeexEEas

0.6 ol e per%r}e D&M P U, ‘Eﬁg”?ﬁ&%‘-ﬂ@ﬁtﬁ?gngﬁ’@é’é@@iﬁ en the

t
reaction wt hal ogenat e ydr'ocarbon er éby possibl'y necéessitating an
excess amfunimaintraghesdten t(rIQorgy elee ushel rieadlesenthehi thmb3e peoNONMMEdL! Y
di sadvant ageous, and the yield may decrease due to a side reaction. 10 The
above- ment i dHedFarkanylorrdmpaimd | @d .orhe gfficiensypefatheerpaggéonfmay be
generally 15C - 10QC . preferab 0C.- 70C. . This is _becays when_t he
enct  on’ t enpeetiivG RS Yok, £ e FRenPilyd, FBRBREDU Tl oB8RRIBEY. or
the reacti onpd@iallgt HrREREE@A! 2hl thandb¥heiméhei sead ot fiperature
exceeds 15 1000C, carbonyl conpound (i), which is a starting material, may
. be deconpogmr€avarhe theastsicow fniesttere, (Vd) 4ot excess) pfwhi bblées par 1 mole

resul ti nggproduct, may be deconposed.to possi bl educe.the _reactjon
Vield, THE SHo e Ra o FOHTPURR (a0 18 SERBPELFY . 1FalF FLO= 8L R hkeF i n -
20 hr. 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 0.01 mole ~ 0.3 mole, pér 1 mole of magnesium.
When the amount of chlorosilanes 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 mole 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 mole -
0.6 mole, more preferable 0.005 mele - 0.3 mole, per 1 mole of

magnesium. When the amount of halogenated hydrocarbon to be

25



20 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 ag ‘Ehl@zoﬁkoxane,
di met hoxyet hane and the like, or a m xed solvent of such ethers~“and any
sel ected fromaromatic hydrocarbons, such as benzene, toluene, xylene and
the |ike, 25U8RE &Fi pREPI ERAYAP 0RBE UBRLS SRRR handrstehdIagReEE, duanes iam
the like, ar r rabl ) XE olvent, is:to he used, .t.he
may be m xedI%g? §I’§o§§e% ?gﬁg ?%/{%Eﬁo%ﬁ{qb‘f)‘%g%%a nég‘%%ef)o?lﬂeocn.mﬁereﬁﬁ%ory

amount of t h@agoh¥enbet orhets8esnbStREBNET Mhleyy t3Q LAGuik: onHQQo%‘bnﬁeédl
nol e of carbonyl compound (i), and for a snooth reaction and enhanced
producti vi t yhpfireerbeactpope wsediexgpedertid yndso par -1 180G ®f In the

bove- td d nethod, b ' 1- | -3 26 Jul.y 2006
[iet one. (V)] P44 Gat Wony PauBREBIRI T )oaPrats by His REATOR MatE
condi tions thai géRatbe ﬁf@?o@é’f%ﬂj Oflfe Fsby o3Ik BIAL 5 1AGEMW
3- hydr oxy- 3- ( 2-% enill et hyl ) hexanoi ¢ aci d eys'[beor [racem c casrlboxyl igg azrilci d
ester (VIl)]exaasheannbimt nefl. m&gidwiwacemacomplete the reaction, which is
3- hydr oxy- 3- ( 2- phenyl et hyl ) hexanoi c acid ester [racem c carboxylic acid
ester (Vil)]SoBtemH il SRR ARAS AR GHSH e yiedd Mgy plecrssss: Sucane
purified by a cgooventional method. For exanple, the reaction mxture is
poured into acidic water, and after partitioning, the organic 10 |ayer is
washed and filtratede difteveobientierhdd |dgaaitd ors ik5 3¢ rieshedt dhi ¢deand

concentrated under reduced pressure to__.isolate racem c carboxylic acid
ester (VII).toReratwet K3nge oF slensaiplve 1 3°F maj 0B s umjafarad Ivo 26°Ci ca

gel colum aphy. rifdcation._ln addition, racem G
car boxylic aﬁ@éggg‘%gr%(@?l ?é%lf/g%é ‘%1{11 i ected 5 5t %h t(eS)petr@q:@ere WEn %6 Fed
bel ow Wi t houthdnirigdcGatthen rebbeient by (¥rdcéodbslovsed, f@F W€ reaction may

above-nentioned step (a) can be obtained by various conventionally known
met hods, or Ret grareed @t wldvaidnghwhepndheayepetidcnd teMperkttvacekieds be

used for ishe aave 1ALl 09ed 3L eRna( 71 S48 PLOW S AR BIL LR nay
~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 opticnal
proportion.

The total amount 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 productivity of the reaction, it
is preferably 150 mL - 1500 mL.

In the above-mentioned method, by using l-phenyl-3-
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publication No. 2002/ 0013501A or a nethod conprising oxidization of
1- phenyl - 3-hexanol w th hypochlorite (JP-A-2002- 265409), or &g sCial ly
avai |l abl e one can be used. However, one obtai ned by the follomﬁng net hod

proposed by the present inventors is preferable. Pr oduct i on met hod of

1- phenyl - 3- SEARRTRE (U}‘Et@ﬁbh Byl a8 (raThne [ClPé‘tH?h’éld(\f)l cad 5etEEPSi ned
b d t
DY oendens o pE A Ay olodie (A Ko AP R ANNNG . 0Lt U

reaction scheimd trfegiote, Rrayhic IHNdkatyeme (czf—;ihfae@lylfe&hwweéc‘énbub) acand
then reduci ng the obtained propyl styryl ketone (V-iii). 27 18 July 2006
(V) Each st egster elgesmied sardwy Fis |a<mdq@stest dyYIND1 Tains bet eptadnedr

obt ai ni ng :pr opyl ryl_ket.on V- N enzal dehyde .(V-i)
wth 2- perslt anone ?@Y |r) efblcl? %@I’df?’ét G?p (%y ﬁ?%hﬂég SEABGC 4¢id
condensat i on:4&AUCtdHEmild/-dardokylide It ildies te@ndg33li eptheaekl 98, the
2-pentanone (V-ii) is preferably used generally in a proportion of 1.1 nol
- 5.0 nol, dhavepmerariaied istep pledpaan dre disolaledplend PuFifikd bgl ative

to 1 mol of benzal dehyde (V-i).in_view of the reaction tine. The so]vent to
be used for thfﬂ‘?nrtéétf{qqoﬁ“?@cz‘l’ot Egpj expmp ‘6'aﬁ?epﬁ???Eh‘P%rm’r’FW‘E%t:’r%n as

long as it é&nlﬂﬂyﬂ%$fdfé“%a é%ac%!%naf@%Qe %EEthgniﬂéve@EesHEBaEEC

water, prinmary or secondary al cohol’s hano

i sopropan8l ,layeirc.i)s utaeslﬁeldaraylcalfddhnh&e@e gThetebtaimé@nbiltfaeu:é -y

al cohol, etc.), aronmatic conpound (e.g., toluene, nonaochlorobenzene,

etc.), ether@ghedy drigd ag w&enétrétﬁd andganrgdyred REEERUFS ROstarting

material, aqgoﬂy%elgg%é&lc carboxylic acid ester (VII). After isolation,
for example, it may be subjected to silica gel column
chromatography for purification. In addition, racemic

15 carboxylic acid ester (VII} may be subjected to step (b) to be
mentioned below without purification.

The ester (VI) to be used for the above-mentioned step
(a) can be obtained by various conventionally known methods, or
a commercially available one may be used.

20 The ketone (V) to 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-hexanol 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 1-phenyl-3-hexanone (V)

1-Phenyl-3-hexancne [ketone (V)] can be obtained by
condensing benzaldehyde of the formula (V-i) with Z2-pentanone
30 of the formula (V-ii) in the presence of a base as shown in the
following reaction scheme to give propyl styryl ketone of the
formula (V-iii), and then reducing the obtained propyl styryl
ketone (V-1iii).
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m xed sol vents thereof are used. This solvent is preferably wused in an

anmount of generally 50 nL - 500 nL relative to 1 nole of benqg g g

(V-1). Fromthe econom c aspect and snoothness of the reactlon it Ts 150

m. - 400 nL. In the case of a m xed solvent, they are nmxed at a

conventional ly known general pr&imgidnlto make t he t ot al Strem@nV-£al |

within the abgve-g@pgtiongd rap déﬂyag%&we nentlo'ed reag%qq%ﬁfbﬁarrled
anples o al ka

out in the pr ce of a pase. . ude met al
hydr oxi de (so hydrioxi t assium hyd de, etc.), alkalt 28 I8 July
2006 netal carbonate (sodi um carbonate, pots um car bonate, sodi um

hydr ogencar bdfratk, etc.) (Vadidde (triethylanine, etl®)idghd the Iike. O
these, alkali metal hygdroxide is preferable. Particularly, sodium hydroxide
and pOtaSSIUﬂlhydrOXId“ are 5 preferable fromthe aspect of solubility in
water. In adc a~anpunt of base to be used is generally 0.1 nol -
1.0 nol relati % of benzal dehyde (V-i). Fromthe econom c aspect
and for the snooth p Bgness of the reaction, it is preferably 0.2 nol -
0.5 nmol. 10 Th b - vt ot 5.20 25 30 e nmen one reac ion s ep
is carrie out geﬁ@?ﬁ* R i3 F @ﬁ&?@rénr§ﬁﬁe%8glﬂﬁéng 100C. For
sufficient ian speed whi | e suppressing a side reaction, a reaction in
a tenperatu€§%$%HQE'of 55C - 75C is preferable. This reaction is generally
carried out in a rHdac isdrerd iine fofr obtaining propyl styryl ketone (V-iii)

5 by c¢cndensing benzaldehyde (V-i)}) with 2-pentanone (V-ii).

In this condensation reaction, 2-pentancne (V-ii) is
preferably used generally in a proportion of 1.1 mol ~ 5.0 mol,
but preferably in a proportion of 2.0 mol - 3.5 mol, relative
to 1 meol of benzaldehyde (V-i) in view of the reaction time.

10 The solvent to be used for this reaction is not subject
to any particular limitation as long as it does not inhibit the
reaction. Generally, a solvent such as water, primary or
secondary alcohols (e.g., methanol, ethanol, isopropancl,
etc.), tertiary alcohols (e.g., tert-butanol, tert-amyl

15 alecohol, etc.), aromatic compound (e.g., toluene,
monochlorcbenzene, etc.), ethers (e.g., THF, dioxane, etc.), 2-
pentancone, 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-mentioconed 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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about 30 mn - 24 hr. Step V-2 By reducing propyl styryl ketone (V-iii)
obtained in the above-nentioned step V-1, 1-phenyl-3- hexanoqg J(ﬂyzo‘bﬁn be
produced. This reaction is generally carried out by adding a reduction
catalyst to a solvent such as water, primary or secondary alcohols (e.g.,
met hanol , ethahal, cashprapranbicdium carbarmts ametalsedhel sambopate, sodium
tert - but anol ert-anyl. al cohol tc.),., aromatic . c qund (e.g., taol uene,
nonochl orobe]ﬂiiéﬁ%ge%g%ﬂi?n %?'erestci' .'g.a?mjéi%y tieHhaming, ety d e fRMe The
etc.), ethersike. 9.or Hesedi @12084 Rbta) nkALBRSE. ﬁs;grefég%%@ met hyl
et hyl ketone), nitriles (e.g., acetonitrile, propionitrile) and the |ike,

that do not Pahthetlathe, rsatitunrhysirexitddex ethds gotants ithe hedfroxpdel arabl v,
ethyl acetate, THF, acetone or a m xed sol vent thereof, and reacting

propy! st?ryPr%%@%ﬁRQ?\ﬁ#?W)tWﬁtQ?HﬁﬁﬂwﬁﬁﬂﬁohWPﬂL§t§I§6 w35€%i-bl Bt 0 use the
reaction m x er “%38’ - ti.Qn t a I gn,sol vent
of this redu%%%fé%hc%%%% Vtﬁéﬁ?giafgzg:(%b%hg%?}a%égt %gﬁeé:%?g'&ygf lt BDEe_
used for this.oesslimsldtsiveexeml infoled foyvepalalladhyfeC gVben.. Pedba i

pal | adi um hydroxi de, platinum oxide, platinum platinum carbon, ruthenium
oxi de, rut he?FRRMIUtGRARIIMATE Bor &h¢ sheothkprogresiess, thepakbatiiom it

carbon and pj at.i | de Aar. r.ef erall e, .and pal | adi um carbon is
particuIarIyL%rég%ggﬁﬁgﬁrfﬁépgﬁEUn 00 [Re - reduction catal yst to be used

I's generably 2 g -TrR20 abovePhh@lidbe 4edctidB Yrepeliat byerieglonrl e of
propyl styryl ketone (V-iii). Wen the anount of the reduction catalyst to

10 be used igenexslhat 2 ganpleaibituset cahgeobE 0°Qrophd0st.yrbr ket one
(V-iii), ther ctkggbtendﬁﬁto becoge gn&referabl slow, and when it
exceeds 20 ¢ EF et EHT @ SREFHy " P -EhEVRREEREINF o2 el dS cHeR SRR, 2
at tai ned, Wé&%ﬂi%rﬁq.‘?ﬁ%mt%ﬂple)éa‘t‘_ﬂﬁ?[ee;ﬁﬁggl ¢ 5Bec amounl ok Rydragep,Lo be
used in this stepis not 15 particularly limted as long as'iIt can reduce
propyl styryihiletmeetivn iiis) geaerdalihe ceactiednoptessuaeréscygboeraimy & kPa

- 1000 kRa, aq)ro%fter3%blrn3/in7g Iélzah;:‘ZOO kPa, nore preferably 90 kPa - 150 kPa.

Step V-2

By reducing propyl styryl ketone (V-iii) obtained in the
above-mentioned step V-1, l-phenyl-3-hexanone (V) can be
produced.

20 This reaction is generally carried out by adding a
reduction catalyst to a solvent such as water, primary or
secondary alcohols (e.g., methanol, ethanol, isopropanocl,
etc.), tertiary alcohels (e.g., tert-butancl, tert-amyl
alcohol, etc.), aromatic compound (e.g., toluene,

25 monochlorcobenzene, etc.), esters (e.g., ethyl acetate, butyl
acetate, etc.), ethers (e.g., THF, dioxane, etc.), ketones
(e.g., acetone, methyl ethyl ketone), nitriles (e.g.,
acetonitrile, propionitrile) and the like, that do not inhibit
the reaction or a mixed solvent therecf, preferably, ethyl

30 acetate, THF, acetone or a mixed solvent thereof, and reacting
propyl styryl ketone (V-iii) with hydrogen. It is also
possible to use the reaction mixture after the above-mentioned

step V-1 as a reaction solvent of this reduction reaction.
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In this step, a base such as triethylam ne, soda ash and 20 the |Iike may
be added in an attenpt to suppress a side reaction such as 3%ﬁ{k§ﬂﬂﬁ§ion
of propyl styryl ketone (V-iii), which is a product, and the°""

1- Phenyl - 3- hexanone (V) [ketone (V)] obtained as above can be isolated by
a conventional netFee. reEdiceieppfatatyrt 2 kewaebf Gatthisirdastioroded by

filtration, and tfff%%tﬁg'ﬁ%%jé%d%onccea@k{%t'edaahi daeJiurmeq;Jp%ng iessur eto

achi eve isol 3t 00. | et one € puri yugﬁstillation

under reduciegdpéesgel] epBigi ddie dAddcRs, IgLAddiun 0l ARE a¥boaN @ henium
applied to the above-nentioned step (a) without purification. 30 Obtai nnent
of ketone (\Wxideberwthkeniymi eugdisniam manbionedidksitdies (dkeby Ofethese,
above-nmentd oned reaction is benefjcial as coppared to the t hod descri bed
TS Ut |t D 0 Sk B e O G, KRG FaPL 2 40Fon 30 1 8
July 2006 of 5 dy pheqh -G RSNl gty WRGAH Yrid adfleA- 2602- 265309) ot the

because side reaction does not occur easily. 2. Step for producing racemc
3- hydr oxy- 3-X&dughimy | @ tydy) e xandiec aad isstgemea)l]lys 2Thi s 20ep,i s for
produci ng 3-hydroxy-3-(2- phenyl et hyl)hexanoi c _acid [racem ¢ carboxylic
acid (11)] tigfrefr%%*&x/s‘% g gt %‘g&mr@lﬁqﬂ'@r &oy 13medepRénPrerny FREXHAoi c
acid ester I Gy Carpoxyld.c. ac (VEI ' '

car boxylic é%% estgiqupr) Fggge%h§e§ﬁ¢§ﬁtt%%s{é?e%@éégﬁ%$§1%§%§g%%%d?%rIy
limted, It he et eisnlllessobfaimed yellae igkote- 1IMpBlLeoBEdpEbppl(8Lyryhe
hydrol ysis of the racem c carboxylic acid ester (VIl) can be conducted
accordi ng t ketavhvemiidnal the Fe@ction terdgplte, begeani unpaebexgbiy ated,

cster (V1) 08 AAELLL THAledS SOmOUR e LoRoLedl g8 YTl opflts

salt of racem<t “carboxylitc aci

acid as necesTR Yude@ GlsV 10RAGRAG nedl, DY bhC iaCkdohbhicalle SAb¥EeRErdw1bE
used for step (b) may be, for exanple, nethanol, ethanol, water and the .

like; or a mxed Jdlevamoupt ofehwdirogpneter bbl ysedt én. thhe stepnisafothe
E?lggptlhgg%%F'Sg%g%g%i}ﬁ&m&QEdy%s ggggrgL|¥tlcgn_r%8uéé B£g£§£ag£¥r%lL "o
ketone (V-iii), and the reaction pressure is generally 50 kPa -
1000 kPa, preferably 70 kPa — 200 kPa, more preferably 90 kPa -
150 kPa.
In this step, a base such as triethylamine, soda ash and
20 the like may be added in an attempt to suppress a side reaction
such as overreduction of propyl styryl ketone (V-iii)}, which is
a product, and the like.
1-Phenyl-3-hexanone (V) [ketcne (V)] obtained as above
can be isolated by a conventional method. For example, the
25 reduction catalyst is removed by filtration, and the filtrate
is concentrated under reduced pressure to achieve isolation.
The isolated ketone (V) can be purified by distillation under
reduced pressure and the like. In addition, ketone (V) can be
applied to the above-mentioned step (a) without purification.
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 oxidizaticn
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carboxylic acid ester (VII). The alkali metal conpound to be used in step
(b) is 25 exenplified by sodi um hydroxi de and pot assi um hydr _lhﬂﬁéqo it h
preference given to sodi um hydroxi de. The anmount of the al kall a
conpound to be used is general li/n 1.0 nole - 10 ef er abl 5 nol es

: nol es r 1.
- 2.5 nol esofpérrheppledcheratehi ¢1th B HRGH 1T Hes d‘%%‘t‘g‘rzqw‘l%ﬁg‘\ﬂ?én the
anmount of the alkali.30 : ed i ess than 1.0 nole
relative togfcaﬁﬁ esﬁaerggéﬁ#%ggggﬁ%gg?ég éé?%?:é%éﬁi(\ﬂl), t he reaction
may not coppl gt8p PbHECHrbSuERYg ei St €. 3 Wpdrdty+3- (sed in excess of 10
nol es, an effect corresponding to the anbuni to be used 31 18 July 2006 is
not attai neghentilehhyd) bexaopi cat¢id ubptes e e. The alkali netal

f
conpound smay be added to the regaction systemas it ~is, hut addition as an
aqueous s%nliuti on GRL§ %B‘?\%Il§o$‘iffi%°?‘§glrb‘?er33fya%ﬁ°@fy %e nmount of a

sol vent to ggeﬂifgtﬁgi)ﬁézﬁéﬂéi/é NG B afr Rbde & SR LI QUG | @ Tynclpided in
t he anopunt the above-nentioned solvent to be used. In step (b), the
acid to be hgddolpsiseofrnddcamtic oh-hwdraxenpt (Fimeryl dbidrlodidx@ncd acad.d
sul furic acid, phosphoric acid and the |like and _the anoupt _of use thereof
is such an $Ot8FOLRECHEIFRREPPRE HH 3719 S 1t o Ini xWBf‘éeg &r SRFFMAGL
nore than 7 I t I ( g%gai- t he
racem c car%%%)ﬁ%giggi%c es?éérllf)él(evf‘haﬂw's%% lgans&a alflarne% a% conpo&%g etpends
on the kimdpaptiehkatiy neimitedmposinis gk fdakann whtdirededfy tthebabssed and
15 the like. The reaction is generally carried out at 15C - 100C,

pref erabl y Bextioged stgRl (herally ends in 30 min - 30 hr, preferably 1.5
hr - 20 hr. The racem c.carboxyl i Ci | ). obtal P t

i sol ated and puri |%g]h %@r%{ Soln%l/eon{i%nealcka(r#eetnﬁlocd.éa%la%ei%& %xg‘r?%%e,(e%%a%ﬁ?

reaction m xiNreei Sofxidasd esbbidirdy S erdonvamshat 1anek thidd.r aked and t he
obtained filtrate is washed, dried and concentrated under reduced pressure

to isol ate esvamplie, rCHLRy|darkwivl (a 19cidies tear eild ) c ansorylikiad lagegad| | )
ggf 3; In gg”IOP cgr%ggulgct{) )azlrg geoacp‘éeed eirna suos_l.evden ttr})o%;[iv%ural fslac.l.%t Io%n ’ra%remgsc a
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, ?referably water.

The amount of the scolvent 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

31



racem c carboxylic acid (lI1) leaving a part or the entirety of the
extraction solvent in the isolation step, for step (c) to b§ mﬁ§bb8 ed
bel ow. That is, a solution of the extraction solvent of racen1c carboxylic

acid (I1) obtalned in step ( .only rtlaII concentrated and used in
the fol | owi fg S FHR §%’d°§‘n l(E"c)e H‘&Gtal& nBBREESZETFERISn THE s way,

by using ra C EQ%éyl ) ol.ut or .t
entirety of%gﬁbgft?gctloﬁbé %€%£5&%§ b%ogéde vg%tkﬁ% %?%%k?g? tg@%%m as 9@
menti oned belsgwbua sidelltiionh asomneauabusnseadnthenosrt bedohwhi ebliiSion is
econoni cal |y advantageous. In addition, a heat treatnent for concentration
can be avoi @é@fea?ﬁ@lleowe?h?l Fneurect o2 h%%%"%i%‘%o’h?)d@ tygrf ofos dhramliving

carboxyl i, g6l i, BRRLe AKaNAORUTuaNRLIF. 10 oA, hE grlractor

sol vent, thoSe UsSée or I'éso

bel ow, sucha@@v@nmegﬁloﬁeaes&uﬂaﬁtotosggvgaga_selected fromethyl acetate,
M RK, nethyl ethyl ketone, diisopropyl ether and THF, and the |like are

menti oned, w th plafeitencdbyi-véhet acitiBke Be @sed for peotivalhgation is
(R) - 3- hydr oxy- 3- (2--ph ny | et hyl ) hexanoic_ a |d e he step for
broduc ng. ( RFERPRs aRsa, By bEarbREEBREerar HexabrOrst | AR R PEAT BRS¢
acid (111)] ak8g ghar %ﬁ&e&hiedaﬁa the uasuRt QPtbQé' tHe ACLE VEs af, B0 af the
formula N CH2R2 (VII1) H 20 25 wherein R2 is 3, -dlnethoxyp%eny or

2- chloroﬁheambHPMpascmakys ahelpH afii hike (dedttionwhixtures gmerally meti ve,

as an agent for tical resolution of (R)-carboxylic acid (I1l) from
racem c 3- h?HF8x§h§n( «pRERYPERRYY ) RekdAdFe Be2W Pracenmic carboxylic acid

(r1)]. To be Speckﬁ'gteﬁh?b§3e@héerQ@£f&ﬂe5fzfﬁ%t@%ééﬁigsgéfgoxylic acid
ester (VII) with an alkali metal compound depends on the kind
of alkali metal compound and the amount thereof to be used and

15 the like. The reaction is generally carried out at 15°C —
100°C, preferably 30°C - 60°C, and generally ends in 30 min - 30
hr, preferably 1.5 hr - 20 hr.

The racemic carboxylic acid (II) obtained in step (b) can
be isclated and purified by a conventional method. For

20 example, the reaction mixture is extracted with a solvent,
washed and filtrated and the obtained filtrate is washed, dried
and concentrated under reduced pressure to isolate racemic
carboxylic acid (II). |

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

25 preferably used without purification, or as a solution of
racemic carboxylic acid (II) leaving a part or the entirety of
the extraction solvent in the isolation 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 (c¢) 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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(R) - N-(3, 4-di net hoxybenzyl ) - a- phenyl et hyl am ne of the follow ng formula
(VMIllTa) (Mlla) (hereinafter to be also referred to as "di me[tllggé%z?ggm
(Vitta)"), or (R -N-(o-chlorobenzyl)-a-phenyl et hyl am ne of the July
2006 following formula (M 1Ib) (VIIIb) (hereinafter to be alsg referred to
as "chloro fSEHHAE Hib)Etep (84 BgeRET{oPNEHt PEAPYY e80FEBPORCTS In the
follow ng, dj f.orm (VIila hl ot be sinply
referred toq%g§%$h %?ngglp%%t%@é%ﬁéQgggfigégg%i%g]?%¥$%#9%a£?¥hout

particul ar didtdrmieidedtis ACTAr §HAPLIGn SUSThed €Pcfea tmdiR) -Ff v draaadibn
(1) having an optical purity of not |less than 97%.e. can be 10 bt d th
t 1' 1d f c@radse avieided,haggd 1sweg y5ed3d dus toyhead decomposition ¢f py

the use o t he above-nmentioned opti ly_active. ampe (VI as_an agent
for optioal TPEEBIG: FaTEoRY IR AFaR | hnERP P et HERYEREr S 11 T fS5er of n
Rl is 3,4-di met hoxepherylkxitsabtedn §BlveRfl POXYEE Cuded ded |+ h@yi ng not
| ess than 99%.e. can be obtained in the total yield of not |ess than 34%

As descri bedesallordont He pregudtd oonbehwenbiondd pelsent suclvens | @mne oz

afford a salt of (R)-carboxylic acid, (Il aving the sane |evel or high
| evel of opfi°&Lsl "gt‘}f"isti?fi ﬁoﬁi‘{@nftﬁt ﬁFléFEFé EFOIHO thyl acetate, MIBK,

methyl ethyl ketone, diisopropyl ether and THF, and the like
10 are mentioned, with preference given to MIBK.

3. Step for producing (R)-3-hydroxy—-3—-(Z2-phenylethyl)hexanoic

acid [step (c)]

The step for producing (R)-3-hydroxy-3-(2-
phenylethyl)hexancic acid [ (R)-carboxylic acid (III}] is
15 characterized by the use of optically active amine of the

formula

2
o CHaR

H (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)hexanoic acid [racemic
carboxylic acid (II)].
To be specific, the step is characterized by the use cof
(R) -N-(3,4-dimethoxybenzyl) ~g~phenylethylamine of the

25 following formula (VIIIa)

OCH,4

=

(VIIIa)
CH,

(hereinafter to be also referred to as “dimethoxy form

(VIIIa)*), or (R)-N-{o-chlorobenzyl)-g—phenylethylamine of the
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| ess than about 1.3 fold, as conpared to conventional optical resolution of

(R)-carboxylic acid (Il11) using (-)-norephedrine. Such neth?gJ&%b'Fﬁngly

i nproves industrial production efficiency of (R)-carboxylic aci ? ) as

conpared to _conventi opal cases, used herein, by "the total yield" is

meant the yiEPHO{RBIPT %ea%Bﬁﬁﬁtive highly optically pure

(R)-carboxylic acid (Il1l) relative to racem c carboxylic acid (11))

as nmentioned above, which is to be

eld In individual reactions in the reaction

T ¥pl e reference to a "yield" neans "a ratio

roduct S¥I3BPhuly 2006 actual Iy produced
@Edi ately before the reaction for producing

the resulting product, relative to the theoretical anmount of production of

the resul tinhefiodifaies td bAS d1sed reFedired theagPbictabrBUEbLLM iéﬁ@IHEW?
determ ned 10 15 by high performance |iquid chromatography (HPL e

) to

ment i oned belown RBgart £air sufdidadn nesrhodionaceni ¢ carboxylic acid (11)
and the above-nentioned qpti.cal.ly active,amne (VI r specjfically
mxed in a solvenﬁki%%§i£§b%ﬂﬂﬂ tal 'TﬁgPBﬁ? %8 sﬁgilgﬁgc?ﬁgtﬁ%iﬁﬁ? Foxm
give a salt @) eRhbeWIditAyl desekibl Wh! BeABEheall ¥sastbyecayige, The
racem c carboxylic acid (I11) t0 be used for fhis step Is not particularly
limted, butddyeprodoeced VB I)He abidcheunephrthedlatregdiébinesipneferable.

The racem c carboxylic acid gll) and t he oPticaIIy active, am ne iVIII) are
preferably nixed ACCRTAARTEo t8r S¥Ch. gtep1¢) - (4B} aFa¥Bexviic naeid pkEEE abl y

1:0.8 - 1:1 at Q) 50 :QQONL-C y i hé r_yi d hi gher
opti cal purp%gah g% % ghgﬁ%u F%g Qogrigg#l%gg%tﬁggna%?ﬁg'?\ﬂ§%€ ?% be used
is 20 | é%sobltain@ds imoltaer ebahilvgibddlofohetoiesaceiiar 34% hoxythe @gd bt
(I'l), the optical purity tends to increase, but the yield tends to

unpr ef er abl y§ePeXssmedféaneHeORFBOAL LT 28bi Ve althine atVITE) a8 N (ageny to

be used excegds l.9pL¢ ESE@E&%EOL?'%articularly, 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%. As 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 in 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 (II)) 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 vwyield” means “a ratio of the amount of the resulting product
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nol e of racem c carboxylic acid (I1), filtration property of 25 the salt
tends to be degraded. In addition, yield and optical puritylgglggboéhow
any particul ar changes, which is economcally unpreferably usel'dds.” Th

solvent to be used for the above-nentioned m xing racem ¢, carboxylic

f
acid (I1) aﬁ&tﬁﬁé#aaﬂsyd&@@#véIQWiﬁEE(vFPFﬁingomﬁ§g§%@ﬁpimm¢%aa591bd@eéﬁre
ki nd . I 1 [, i |,
Cohanol | Scdne RebRero Fak SO CLY rRR6LRLEy FELURTE! HLEGRIADANS

ether, di mehRoxkebiarecandambintThEsprealvenbs sBytheridsiledngai n 35 18
July 2006 water. Fromthe aspects of the yield and optical purity of the
salt, and s@fredpctdne or nore kinds of the solvents selected from ethyl

acet at e, t hanol ,, i sopr,opanol.. ethanol, .M RK, djiisopropyl,ether and T
From anony.{ ho. abBeSREAt FEREANar 618 BRFLFERI BPFS iy £F of cFbSe 1R sefiyned
fromthe asaﬁ;chigiq bee foexhhact 19434 &EBBtho%;P&;ID@QOY@Pﬂ@Wt&@ step (b),
one or nore “kinds of solvents selected fromeihyl acetate, M BK, nethyl

et hyl ket oneendiibsedr bpybwet her and THF, particularly MBK, are
particularly preferable. The use of these solvents further 10 containing

water is preferabP¥ “ASSnBRPFBAEYCALBIENCGs TRESELE veAHPREY b (AIH )t he
above- nent i gﬂadtmexhﬁgrr f—méﬁ‘ﬁgmugdcgég?%%/”?)%ﬁgvé lirair?@dh\}fﬁ) are

above-nentioned optically active am ., a part or the ‘entirety of
the extr&tt spaciflivalllyomikba ahosessbnéhoned $1rkpw lorydial i pefar ably
left and used. That is, a part or the entirety of the extraction sol vent
for racenic (EEVBSRY| PESGEPHTALLPR) ob? a9Hed #ns2he ebholR)-TRAHRBHED Stass-q b)

s 1eft upon part b ghl ¥,£00C Rl T aLL A, OLy L NOUh, CUCENt LaLLoR, R0l ey g

optical res on"I's p erapfy con I'h the solvent cont ai ni ng

above-menti qnefl g6l yentis@8 PEELEERAE Ystdhei Mo tpoft 1MEl AGY eriEriddonest
solvent to be used is free of any particular limtation For a salt to be
obt ai ned i ana hrgdeeeqi by dtingt dbevermgrriopd csteputiit yis inrsferablef.er abl y

carboxyl 16 actd (TF5. SHREhLe nesimtnt o e (U vl b s el oG btz
than 5 L rehathye (ver1) Kerofpreeemsy GRIRAX AL G akwd Id9 1 veat ing .during
production of the salt may
(molar ratic), more preferably 1:0.8 - 1:1 (molar ratioc), to
economically achieve higher yield and higher optical purity.
When the amount of optically active amine (VIII) to be used is
20 less than 0.5 mole relative to 1 mole of racemic carboxylic
acid (II), the optical purity tends to increase, but the yield
tends to unpreferably decrease. When the amcunt of optically
active amine (VIII) to be used exceeds 1 mole relative to 1
mole of racemic carboxylic acid (II), filtration property of
25 the salt tends to be degraded. In addition, yield and optical
purity do not show any particular changes, which is
economically unpreferably useless.
The solvent to be used for the above-mentioned mixing of
racemic carboxylic acid (II) and optically active amine (VIII)
30 is exemplified by one or more kinds of solvents selected from
ethyl acetate, methanol, isopropanol, ethanol, acetonitrile,
MIBK, acetone, methyl ethyl ketone, diisopropyl ether,

dimethoxyethane and THF. These solvents may further contain
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fail to dissolve the resulting salt, which unpreferably Iowers the opti cal
purity. Wien the anmount of the solvent to be used 30 exceedslg?1§2?8%ative
to 1 kg of racem c carboxylic acid (Il1), the amount of the Sa PV ha

di ssolves in the solvent tends to increase and |lower the yield, which is
unpr ef er ablwat&¥en Frdom dbevespenticonédtbel véaidi ang ﬁP%éGaXOPVEﬁFYSGfIEhe

July 2006 (inclusive of _a mxture with t.er t sol_ven r ' in a
convent i ona$2 ¥t kridfth SRIRTA R %ﬂoot}?\é\ﬁ{ﬁ%{gl @ﬁlgchaec ﬁogl'\}’tee%tt%h%eme)é%gd
above- nent i S, d Y 1,0 R disghnother dikgo I, aEIBKG

car boxylic g%ﬁ@ %i:% i%é%ségghs a solufigh of an 5 extraction sol vent of

t he above- n@nisepeshbel apti{dy) ,aridherdfhmoimim anforich e hex tabeote-erdglopent airs

included in the ampunt of the solvent to be used fOL ogtica# rgs?#ution.
The af or énepr¥ohedlankeReekaralhe i@ogéPHeFPI;rﬁﬂdt BptPREFFy°act¥e amine

VI | xed by addi tJ | ) I | Wik
of ratem ¢ TRFRBSSITE SR o T R R AR St (1) ot 8 Here

or a sol utipin@f of heo PXdriEetd e GRd/ efrion Rt3yEp ade)tatst,i MIBKg mechyilxt ur e
after the addition results in the precipitation of the salt.  Therefore,

the m xt ur eetyleketend y diskaanrary 5ethen @ad FHF 1 Pafibicqud@nly HiiS&el q&e

th lt. Wen di | uti f t i i LGl i EL t th
Fai sed 1 empRRBELFLLAT He ROTRARC Gray TBE PPt Hor CRAAEA RAL CPoF ERE SRR o
di ssol ven. Jgﬁkéiﬁiﬁﬁﬂwagékkﬁgfﬂgéﬂgﬁ&ﬁﬁ@*ﬂj here is simlar to the

af orenenti oned sol vents. 20 25 30 The crystallization of a salt of
(R) - carboxyl i ¢ achsl méntioned taboop . cal Itheactcilwendnitive bevuised ifegl t8es

Tent | oned. SERPYETEHEL GPOh TGt I e PREAELE. FRETC S ek o 157 s SqEadlis 1y
cool ed, and,after. stiffidg Saiden Aty & e/ YmideeRATAYYr @ pRrd or2kee, the
mxture is ??%trated, was eéﬂaﬁt a solvent and stirred to give a highly
optical |y peti€ipetyect std eftfdticar Emiwdnt adi dthe labpviermemngioned step
ator errenltsi O?}g)d J)./SI e]_:LJ.géfeq:Ja{}:ilnj? lsetfi‘tr rajnrgg uV\s’ie:[dh C'(I)‘glaitn sl,m:[';li Il.)agr'peo%a ei S
entirety of the extraction solvent for racemic carboxylic acid
(I1) obtained in the above-mentioned step (b) is left upon
partially concentration or without concentration, and the
optical resoclution is preferébly conducted in the solvent
20 containing the above-mentioned solvent as necessary.

The amount of the above-mentioned solvent to be used is
free of any particular limitation. For a.salt to be obtained
in a higher yield with a higher optical purity, it is
preferably 5 L - 20 L, more preferably 8 L - 16 L, relative to

25 1 kg of racemic carboxylic acid (II). 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 dissolves 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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sufficiently precipitated, the crystal precipitation tenperature is
generally not nore than 50C, preferably 0C - 30C, and the 3tﬁ§ﬁ&§%@b&”9 S
generally 0.5 hr -20 hr. The solvent to be used after filtration-is
preferably a solvent having the solvent conposition used for crystal 37 18

July 2006 pridaidasdmvicort PhBIZHIGRt Wotht Hates) vehbet 8ohEeDERd2FBrMi%Rd ning
. ; pres et o ! oot .
}fl {‘fat gf” T'ﬁ:lg%o%rv&éttﬂo@alﬁ t%glgwgsg%ﬁe@ﬁ?“ghdsaf)fchﬁihgﬂ rat b ’égs &ﬂ'ﬂe{»é‘e

production f € present tnvenfion nay realTzed

by gradual | yrRddivegedmedltibned ebngpki 68! kieashbiiftsatbnbe (Yoéd) tWheh the
solution of racem c carboxylic acid (ll) at roomtenperature (20C) - 50C
to al |l ow gr adaimigr cairporytlionacdéf theE) sapt usaddaal podphatine af xdwre to

cool. By this methqd, the anount_ of the solvept to.be use an_be

Sdvant age UK A6 T B84 VS8 Yo BpSPEASPOY BB R bbORSHOR P BN LR et R Emount
because the sahle d98saBetonegdilenbeidi $501 MQEACOAPLRL ehio@RE Cof Fitie
recrystallization, the solvent to be used for dissolving a salt of

(R) - car boxylsiod vanitd tel bk) usad ffersepitiaal resthatiomed for di ssol ving

racem c carboxylic acid (I1) in the 15 abpve-nenti oned optical_resolution,
wherein the prefeFQSléf?ge§8n§6PU%ﬁtr?§9Thﬁ SARROXIHEC 4 t?%$)t e

solvents to - 1R . eacty ([ S . | :
Ui tatton. CBUERELY, s8EikR AnifaCLVRRL) Sarg SRRy MLNGB@cally |
particul | wcpiekenmbhg §VLII) 1bola selative 6D Bakegndé Gesditylid acid

(R)-carboxylic acid (LI1l), because high yield and high optical purity can
be achi eved.(IheRicgelyaBuin BEvVEREe abdve FeReTahetoStrVemr 1d FRIUEQN iaf

| ess than 4t58{%%%&5¥ti%§ %o%ge?efig g@é%fg$)Efagéfﬂgﬁﬁéyh%%hﬂgggugglEkte&he

salt may be icu I'SSOl've,” unpr abl y & Ical “purity

difficult tenachdayeidfdrebhltsndnf ke COPEENYL B ED0NI&f i €1k tsaltthen it
exceeds 20 L, the anpunt of the digsolved salt tend to increases to
unpr ef er abl Fhezefereowtheynbkturaf iergemsrably hepteditq BO€arbdRPre candi d

(1) w40 Lhepcahone Mgk Lgae0eag Yol el et ah fset ad 1o
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 stiriing at a raised temperature. Then, the mixture
is gradually cooled, 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
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After dissolution of the salt of (R)-carboxylic acid (111), this solution

I's gradual |y cooled and seed crystals are added at a suitabllsjmgature
(e.g., 40C - 80C, preferably 38 18 July 2006 400C - 60C), foll¢ y

stirring. The tipe of the stirring is enerallg about 10 mn - 5 hr.
Furt her, th@?ﬁ’%%@‘?’s‘mgrgaﬁaﬂ“guﬁén@ athg ssbveptisooes-uaed fo¥eferably

0C - 30C, ) N - - LXture | § _stir r .at _a
gi ven tenpce*%/%%lbltrslgg ?1 e§f1g;r.mf1'2 tlcf-q%%tr}rlaﬁ telg,mrI‘V\t/)aét\%‘héag‘dvvlits hgg é@g\l};e’l#t ggﬁglment
dried. The sfdwemsHinhdgehsent ftatid.l trati on and washing is desirably

simlar to that used for crystal precipitation. The obtained filtrate may
be m xed with the Hiorrmashidtased meghodofo£1¢he' presentvinventhop may' de jca

) oh) AP B hS, S, SRETE HE SR abidve®
(R) - carboxyldgi ci @ridd)l JecLan s&%t%@pwo%s@ein@bocs%aﬁ?wexxkha e %'I:I 1)
and optically active amne (VIII) by a conventional nethod. For exanple,
anine salt ofoqR)tecmregmipdec @0r) (+130°0 saleddrposaddua lapregrigdtation
SKal T sor o Rae Sk A CPARGo faBemISEREE, R PO hqudBUs uRIMARRCd,
e e Lt LT e
aci di ¢ aRfl ecddvaeiced snicddmpaardotganhe abbvenriehighed hé&}hedy bivkydnse athel
(). In t@éit does not need to be dissolved completely once.

For recrystallization, the solvent to be used for
dissolving a salt of (R})-carboxylic acid (III) can be similar
to that used for dissolving racemic carboxylic acid (II) in the

15 above-mentioned optical resolution, wherein the preferable
solvent is the same. The amount of these solvents to be used
for this reaction is free of any particular limitation, but it
is preferably 5 L - 20 L, more preferably 5 L - 15 L,
particularly preferably 8 L - 15 L, relative to 1 kg of a salt

20 of (R)-carboxylic acid (III), because high yield and high
optical purity can be achieved. When the amount of the above-
mentioned sclvent 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 dissolve the salt.

After dissolution of the salt of (R)-carboxylic acid

(III), this solution is gradually cooled and seed crystals are

added at a suitable temperature (e.g., 40°C - 80°C, preferably

38



case, the optically active amne (VIIl) can be obtained fromthe aqueous

| ayer. Alternatively, an amne salt of (R)-carboxylic acid (hhhﬁl Ry be
deconposed with an acid (e.g., inorganic acid such as hydrochloric acid,
sulfuric acid etc., and the_ |like) in an  organic sol vent (e%;%é, tol uene,
et hyl acet at®°OMRRO°6} » affi kededsby vehirping heddhentimeh it 4he) s&igring is
extracted with th r |.C | vient t | ve(Rl-carboxylic acid ([11). In
this case, %ef) el%a;fﬁg/ ac?lf%ef@%nlnne (\ﬂol ) cgﬁrﬁgegbt gﬁ%eﬂlﬁ Uh®saft of the
aci d used f Qjrddita AROVRsIEF 1 O ebAREP Pk ON406¢ | Nord M1 $ ok —TRGoC
optically active amne (VI11) used for optical 39 18*}?{“y 200@55 10 15 20’
25 30 resol wven 6% miref-erdblhr.recovered froma salt of 3-hydroxy- 3-

(2- phenyl et hyl ) hexanoi ¢ .acid .or. (R)-.carhbaxylic aci [11) with optically
active amgne (VI 1 152 e rSih e 4 e SH erdeffé‘rrfcg‘&g: s As9i¥EPt with

carboxyl i ¢ agighangdhe é‘.@.") -zs%&}ysfglgfaega,, &Qghégfwa&yafé@m@né%ﬁdof

3- hydroxy- 3- (2Z-phenyl et hyl) hexanoi c acid wth optically active am ne
(M11)  rneardxrised.ecdher godfrenpt toabkyuaetli ferafii berdvioh)afid omash 5eadtis of

racem c carboxylic acid (Il) wth optically active amine (VIII1), and from
a salt cont &sfEidFahva Finiled donddiitny stk feTe CIVESRHLt RECEAPITAFLPRat | BE of

(R) - car boxyl j .G (dslql),. t opt.i cal bV ' r e,
t he recover ydhfccra?r%]legi sfleﬁ]ttroafvye( g&ayc%%b%gﬁeﬁc%ggg %h%%??r\%lhé % hl%gfllgéa%?;{:n&%
active ad?negtdlddllyeanive adaeenyIig) efthcablgmaet cuebafiyiec(¥eid) (I11)
produced by the deconposition of a salt of (R)-carboxylic acid (I111) wth
optical |y a@ndalseghiagainyifior) opAigethsestdutiesovering optically active

amne VLY o O BBl BB o ) LR AL KRB LBy can
be decomposed inte (R)-carboxylic acid (III) and optically
active amine (VIII) by a conventional method. For example,

15 amine salt of (R)-carboxylic acid (III) is decomposed in an
organic solvent (e.g., ethyl acetate, etc.) with, for example,
aqueous caustic alkali solution, aqueocus alkali carbonate
solution or aqueous sodium bicarbonate, and using, for example,
an inocrganic acid such as hydrochloric acid, sulfuric acid and

20 the like, the aqueocus layer is made acidic and extracted with
an organic solvent to give (R)-carboxylic acid (III). In this
case, the optically active amine (VIII}) can be cobtained from
the aqueous layer.

Alternatively, an amine salt of (R)-carboxylic acid (III)

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). In 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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containing a salt of 3-hydroxy-3-(2-phenyl ethyl)hexanoic acid wth
optically active amne (VIIl) or a salt of (R)-carboxylic aqiSquféJqu)S wth
optically active amne (VII1) is deconposed wth aqueous caustic alkal

sol ution, aqueous al kali carbonate solution or aqueous sodi um bi carbonate
in an or ganikespluein ¥ Rrefambjshaecavpaedhdeton @ splmk ofod-RyRireed—3-
sol vent of ese with heptane) t.0 recoyver. opfical aGgt.i ve am ]l
froman or ga{#lc,p eoq%le%h}f%‘gyheerx.grionlCa(?(ﬁlt | o, ‘2’{) f_iciatrlrbétxé’ﬁy%/gs Eﬁglg pn%%&/r gl)th
contai ni ng ays@ldallf Tl Qind (RrReny(mRifinaFexan @t baCad sW kBferred
optically active am'ne (VIII) or a salt of (R)-carboxylic acid (I1l) with
optically acta \es amade (WtH )carpadaddmpesdd windh tive ddkeé"(e.g., inorganic
acid such_.as hydraqchlori¢ acid, sulfuric acid c., and.,th ike). in a
organi ¢ sdl vent (enfsg.‘{setcﬁlht?err%,n'etq]?ﬁ rfé:of§r¥u%°§10663335‘t 2 e,g_F}’VQRPXHFQé
mi xed sol veng, qfy SASA M i NERIARE ) iRl WiREOWPiR23301 20k 10R LnahLy (Rskiye
anm ne (V|||)€%G§r§%g%a acid used fof'fhe éboveﬁﬁénﬁiokeg déconposi%ién ofy
t he am ne saldans Nbremoareryafdferoptrieatligntacafi vichemdgeedUI ILay €romi &hsalt

aqueous 5 caustic alkali sol ution, aweous al kali carbonate solution or
aqueous sodiUmIFER o FRE Y ih@diikd 1)t Wiidhe pPitdcaddYWRERLVEN2BLBaNI C

sol vent (e. QSVItItﬂ' ueng Sy :a] %%q.tta.tc%ntlxlai%éﬁie?.zn\/%l F;ﬁ?ﬁggtégl\vxgﬂgg {rgﬁ.Q'@é:?e

wi t h hept ane 0 dive optically active rom an or

sol vent |ayefroml @ hEheryeceudried tibhn oF |(R)achirpexglineacYl (XITaNwDER
isolated and purified by a conventional nethod. For exanple, an organic
sol vent | ay@pPtdedidivniasfiviee appiecdMIyIacti ve amine (VIII1) is washed with

t d trat to isol ticall ti ' L), AlL
{Sorati on, 11 15 FaeRicrs o g sBRPVER ok itae SPaheEs Bl cestreny e
recovered QRYICAIIINY)aGkiHe opHiRB 1LY bk ikBY aRgndUlireet pdmbansphi fabovery

resolution without purification. Using the optically active amne (VIII)
recovered a®f wpiiiceddy abtiwe ghénept(VEALD) ypaotivedahy nth¢ \Wecympoasi hion

Theref or & OR) PcEPBOKSIE APACFATERHY) 16aRohE (5 oGLCERTR SHETBRLIY ROEIYe The
(R) - 3- hydr oy 3=( 4vRRenRy! et hyl ) hexanoic acid [(R)-
A method for recovering optically active amine (VIII)
from a salt with carboxylic acid and the like may be a
conventional method. For example, a filtrate—-washing mixture
20 containing a salt of 3-hydroxy-3-(2-phenylethyl)hexanoic 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, agqueous 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)hexancic acid with optically
30 active amine (VIII) or a salt of (R)~carboxyiic 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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carboxylic acid (lI11)] obtained as above is considered to be 25 extrenely
useful as a synthetic internmediate for the anti-H 'V agent, gya§ g0. The
derivatization from (R)-carboxylic acid (I1I1) into PNU 1406 cdn be done

as described in, for l e, the above-nentioneq reference (J. Og.

Ghem . Vol - B3tatss B o msThRs ey 197 dA% Gk hebtans) Vto

(R) - 5- hydr oxys 35 -5- yld.at. tanai |sd estarr{Gan, s d by
t he net hod %?%%\gés&gdé bs(é%l()%vr}ﬁf; (%Eﬁéelt%alrl)el ent HY\%e?la?dol?lse u(éi?nlgﬁ ( %)J'-Q %ar%%x%%?g
acid (111). dded 8l yhe? 0o R-aghict i coredreldiethpefs iaftdnc alfl thachinieeaghne .
(Vi) (i) Method 1 The optically active amne (VII1) to be used in the
above- nent i RPN (*§ten traFtElef pwhhthe feypeaspst Hayerf withi aouehdsi4

1-1tht t 0o, r 10 p. 0 e e _present. i nventors. That.is, as
shown i n Che 11T S g Dehairi Tltromsfikebs <l sAREPasce: ppiRfioR of
(herei naft eradgiedifs & SDiureHRIdABdrR RS andC ¥HROUAGe( Vil 1) ekt2BEted with
(R) - 1- phenyl et hyl am ne of the formula (VIII-ii) (hereinafter to be also

referred to & SYRNImisEvemy |(e.id.)," todueneonedhyddacetgitee MABKRi oe a
compound o ieeq A, 8 Wl LoCherelalLs” Lo be also,relerred Lo,as
Ef/} ep .V: : ;-ée%%%&v?{\?ﬁzﬂptﬂ% lah ¥ahe ABIGehY! hherStep VITT-1 R2--CHO
10 The recovered optically active amine (VIII) can be
isolated and purified by a conventional method. For example,
an organic solvent layer containing the optically active amine
(VIII) is washed with water and concentrated to isclate
optically active amine (VIII). After isolation, it is purified
15 py distillation under reduced pressure. The recovered
optically active amine (VIII) may be subjected to optical
resolution without purification.
Using the optically active amine (VIII) recovered as
menfioned above, the optically active amine (VIII) can be used
20 repeatedly and the process is economical than new synthesis.
Therefeore, (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 (III).
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R (MII-i) (MII-ii) 15 20 25 (VIl1) wherein R2 is as defined above. The
production nethod of optically active amne (M11) is expl ai1'§§€hﬁbokh?
e

following. The imne conpound (M I1-iii) in the above-nention reaction
can be obtai ned by condensation_of conpound (VIII-i an(%lnl(:sR -am ne
(M 11-ii) (sPEpavfrion)method v% o il v faingn, (VAR ani ne

(VML -i01) |s{_g?ﬁrﬁg§!l$¥ ysed in an anpunt of 80 nol % 100 nol % preferably
90 nold - 1 onpound (VIIl-i). The solvent in step VIII-1is
not subject to anyTh@asptichBly |ladiivs iaims (VO )axd bed@@ednan ithli bit

the reaction. CGenerally, methanol, ethanol, isopropanol, toluene and the
| i ke, preferappyermenbhoned sy ofanols nuafisnadlanehtad ned by dhea ni xed
solvent thergof, are used.. The above-nentigned solvent is _generally used in
an amount of‘%i%{‘fﬂng '%%Bh?f{] 9?20&%3% Qg%ﬁreqszﬁnitvé'ntv&nf%ﬁﬁl'_e of ~ conpound
(VIT1-i), which isppiefes ably s Mn t10GJT Jioy RecpeONANemBsRRA! oNd
for the snooth progress of the reaction. In the case of a m xed sol vent,

they are mies sormubon(déti-onal {hedeaigaf tgenaralbeprdpor tiedertredmakeas t he

total amount fall wthjn the above-nmentiqned range. The step VIII-11is
carried out g‘é‘?f@?%’?‘i/ iW@’t’e’nﬂer@i’t%r@) Tarferyrerbglamipe ofothe fprEpdat

reacti on spe ' ; ' hde cti reacti.on ;bh_a

t enperature ??n%%li@f gOC -lq%ﬁs%gﬁer%%ﬁegﬁﬁfgggeggt %gn i(gvg%ﬂé?gl |y
10 carri €d o(RIIT+i#i rBacineorcdridenseid aleoufivkd afi Amind0cbmpolth@ bffii BRe
conpound (MII1-iii) thus obtained is reduced to give optically active
ani ne (VI 11)EqEtel UVILEN1ihh denedgafiter ite enataprl yeEarrpddteudshy

above-mant | ondii M s RA | F5 G0  RReO A AT BB kekofnae dF ko

conpound (Viddduddd ) (&) vndr-@gero give optically active amine (VIII).

Step VIII-1 Step VIII-2
Condensation Reduction
HRZ 2
R>CHO + 7 . HyR
H
2 H
(VIII-1i) (VIII-ii) (VIII-iii) (VIII)

15 wherein R? is as defined above.
The production method of optically active amine (VIII) is
explained in the following.
The imine compound (VIII-iii) in the above-mentioned
reaction can be obtained by condensation of compound (VIII-i)
20 and (R)-amine (VIII-ii) (step VIII-1). In this condensation
reaction, (R)-amine (VIII-ii) is generally used in an amount of
80 mol%-100 mol%, preferably 90 mol% - 100 mol%, of compound
(VIII-i).
The solvent in step VIII-1 is not subject to any
25 particular limitation as long as it does not inhibit the
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
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The reduction catalyst is exenplified by palladium carbon, palladium

pal | adi um hydr oxi de, pl ati num oxi de, platinum platinun1car§%qugﬁﬂbpenium
oxi de, ruthenium 20 rutheniumcarbon and the like. Preferred ar | adi um
carbon and platinumoxide, and nore preferred is palladiumcarbon. The
anount of theetaBi¥e| BR %aﬁl@l%s@f t@fwumbdNISUgéderaihlyﬂhl isgpref@rgbly

preferably 1 5 ative to 1 nol.e of npou VILI-i en

t he anount o%é? %gLred%%Ql%‘{h %Ié?%l T TR e atfé’e%f sanICQ%? H%‘r? fl'rﬁ’ oth
relative to dro®tes8fofoMROWKL £ Md | - iTh th@ecﬁgécEEOQ heRds EQl@SﬁQ”Ethey
unpreferably slow, and when it exceeds 10 g, an effect corresponding t

t he anount tarebeixesddat sa Mnmnmdrm,lwmxdwn geemamm@bloytunpr ebemaﬂxlee
The anountg of the hgfro en to be used in step VI11-2 is 30 no particularly

limted as |BHy BT Bedifde' tHeDhIm fde @&?ﬁ@umn@apﬁﬁ@ F-“P}"geThe
5000, kin, "more. pr et TSP Wi tods CRtss adhate Rrgsing 35k HaRpgERcure

VII11-2, a basengalchf ass0 i-eBDYyE anmime, SSﬂffac&%lﬁt aedcthen 'tsbeeHSvanﬁ@éerabl y
added to suppress a side reaction such as hydr ogenol ysi s of optically
active am neSl{RHlT#%Sl%oﬁ ifle |ngactipne amygrctdon: fa Ba§§mP§rb§Ua§d§§ngs

generally O. o refe abI ative to 1

reduction ca alyst vﬁgnetﬁg nU%n %ethghﬁﬁsgéﬁg%ﬁggslfhgﬁneﬁgifﬁ

rel ative 200 dafridd tdift rieducticiztaanalifle of @@ocheadki ARn SUEH AS.
hydrogenol ysis of optically active anmine (VIII) and the |ike unpreferably
may not be sufficﬂﬂhﬂl%ﬁuswpﬁmawgﬁad WWéAIriiid thkoeedbtadngd ihereddoedi bo

catal yst is 055|bl ctivated to, reactiQ ichis

unpr ef er abl 5@§ﬁb§q5ﬁt cafipen ESF%E?aﬁFﬁﬁp(VFFifgﬁgtgﬁﬁﬁﬁ in step
VIT1-2 can %a&q&ﬁ o %e%rmﬁﬂ %Qrkaxea 6ARVEH! hAARhg BELB&d-+FOH exanpl e,
a reduction catalyst is renoved by 15 filtration and ? hen the filtrate is

concent r at eccahedarstr agdudde rpeesdonemfimtursobhfiteonth@haboselatretioped catdyy
rified by dIStI||atI0n under reduced pressure

active anpgn VIII c e
and the I RITRE G5 Pader HSEEPUERGHRNR FORFE et UTLR; COTRR RS (VELL-
above- nenthﬁgq %ﬁ%ﬁ %&herggqut purification.

The reduction catalyst is exemplified by palladium
carbon, palladium, palladium hydroxide, platinum oxide,
platinum, platinum carbon, ruthenium oxide, ruthenium,

20 ruthenium carbon and the like. Preferred are palladium carbon
and platinum oxide, and more preferred is palladium carbon.
The amount of the reduction catalyst to be used is generally 1
g — 10 g, preferably 1.5 g - 5.0 g, relative to 1 mole of
compound (VIII-i). When the amount of the reduction catalyst

25 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 kPa, more preferably
200 kPa - 1500 kPa.
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20 The above-nentioned reduction during production of optically active
amne (VI11) used in the above-nentioned step (c) is economy g 1v3D06
conpared to reduction using a reducing agent such as sodi um hydrlde

and the |ike, because a ng agent does not need . to be used I.n
Stoi chiometric 25 BSHAP éﬁg Ao ase: SHCBard) SLEoChN BRLSeqoPERearhal y.

|n 80 addi tinp Gamliea p%@eq%qg 2agsuchoas,lpeaunosl £iaa olatbon

reduci ng agent an not necessary an convenli ent operatl! on of

filtration thmhasr@@m@ugmmod@babysﬁ apticadigeattatreoamahef (VILA) ¢ &8d
sufficient, thus advantageously making the step efficient. (ii) Method 2

The di net hoxt;her drihe(- Vi Tha) arpmytr\pf 3the draee Heoxypeadded is generally 0.1
a- phenyl eth an&ge% % Q%I%Bt Iy agtlve gg]gg FV%II% use 4 18 July
é' t K& 9ent|oﬁ can 4 tq

2006 in step (c) o e presen sO 0 in the

fol I owing. RiddsictioR) chtpheBy. etmélantme |&n<§\ﬂd@%ﬂ\ﬂtﬂ§ ﬁw@é Iﬂg l?es‘lg than
di met hoxybenzal dehyde sol ution to about 40C - 60C. The 5 1t t di ' 13
4-A, v n hObllg edative t® 20925fsthe sveduotienoggtahyate yi@eiseaqﬁim@e

O e LBl LI b5k 0 A0, SYSTEE! Lhede DYy UELIERL, o PRPLAOPOP) ana ene
1-phenyl et hyl;3@ QetarReaBdgealySnbR BePEAPPLLLIOALD) SQpPPlIaed 00 wiRld 10
4-d|nethoxybenzaFdehy de.
10 exceeds 10 g, the reduction catalyst is possibly inactivated to
make the reaction slow, which is unpreferable.

The recovered optically active amine (VIII) obtained in
step VIII-2 can be isolated and purified by a conventional
method. For example, a reduction catalyst is removed by

15 filtration and then the filtrate is concentrated under reduced
pressure for isoclation. The isclated optically active amine
(VIII) can be purified by distillation under reduced pressure
and the like. The optically active amine (VIII) may be
subjected to the above-mentioned step (c¢) ﬁithout purification.

20 The above-mentioned reduction during production of
coptically active amine (VIII) used in the above-mentioned step
(c) is economical as compared to reduction using a reducing
agent such as sodium borohydride and the like, because a
reducing agent does not need to be used in a stoichiometric

25 amount and the reduction catalyst can be used repeatedly. In
addition, complicated manipulation such as decomposition of the
reducing agent and the like is not necessary and a convenient
operation of filtration of the reduction catalyst and
concentration of filtrate is sufficient, thus advantageously

30 making the step efficient.

(ii) Method 2

The dimethoxy form (VIlIa) [(R)-N-(3,4-dimethoxybenzyl)-
o~phenylethylamine] of the optically active amine (VIII) used
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After the addition of (R)-1-phenylethylamne, the mxture is stirred with
heating for about 0.5 hr - 2 hr and cooled to 20C - 35C, aff?ful%’ﬁb(ﬁﬂ

sodi um borohydride is added. In view of the reactivity, sodi um borohydride
is preferably added in a _proportion of about 1:0.5 (nolar ratio) relative
to 1 nole off? 3t&Pdi(fdt RéxFBENPEPEERTJRNVAREEPt ARN ABB VRl perehonkeed as in
reaction, th?1 n‘iféii Ee.'s extracted with toluene and the |ike, washed and
concentr at e& Sy &-met'Add  known per se to give

(R) - N- (3, 4-di net hexygenzyR) - 2-phBANYLRY D81 1€ adu&dl i 01d HdBting 3,4~
(M1Ib)[(R -N-(0o-chl orobenzyl)-a- phenyl ethyl am ne] of the optically active
am ne (VI 1| ¥ipeshbaybebeaildelyia sbtuthor hanakoutsi®if thé0a€or eftent i oned

synt heti c. net hod of  di net ho form(Vllla) except at  2-.

Sl or obers APOLREHE £8 BLBHOLTE! S aimatad gbeRts SRR o,

Pr oducti on = XYr3- OX& = ct, | i
ester This %%Eggugéf(ggmgﬁgﬁéﬁng?%e foI?%%mgln%@sc gﬁn%ﬁ%w%r ol?l}]grﬁ)g%goq’
met hod conpetbanglreadtthg [Rre 3- Mjdriex prafcd a3 epheay! ehby bjpbaxansic (rgi-d

[ (R -car boxxl ic acid (Il11)], a halogenating agent and an i m dazol e
conpound of LtRRePBLATENRI2NING ThPRi FEAeD 1T ol hed HEP Iy &f 199 Fol%-

"i mdazol e 1 ¥)2)al base to give an .

i mdazol i desggp@ﬁggﬁ)%l%’%u?%ﬁa%lg%(%&n%%&?%g( herei nafter to be al so
referred@o as "Afitdazohé deddd vdon ,oMhimh-1-Fraaald s IEmdneobittienad xtsire
reacted with nmalonic acid nonoester of the formula (v) (hereinafter to be
al so referr&d $hinsedndl bhikeaking Moaayt (075 )hy 1 2hdrrs apde sopdedofcoa

di val ent | d ted.with id t iye . .
(s hyar g s o Be st SRR e, FrdlerhielRurtldf ua sogeqnoTroritems
(X) (hereingftetiet oder )58y e QUM B A5, ddiRle 1R85 13Cdaest ¢h a

(X)"). The (R) -carboxylic acid (I1ll) to "be used for this nethod is not
particul ar | propedtich avfl abmitl( dbt&ai (e sac certdialg red attioenephddmdéecpifbed

:oPe;‘]ér g\%é %f%?%@%%ﬁz%ltggg agzsg?gﬁ??oﬁgg tngpl I(lé)e \gZLh
After the above-mentioned 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 chlorc form (VIIIb) [(R)-N-{o-chlorobenzyl)-g-
phenylethylamine] of the optically active amine (VIII) can be
obtained in the same manner as in the aforementioned synthetic
method of dimethoxy form (VIIIa) except that 2-
chlorobenzaldehyde is used instead of 3,4-

25 dimethoxybenzaldehyde.

4., Production method of (R)-5-hydroxy—-3-oxo-5-(2-

phenylethyl) octanoic acid ester

This method is, as shown in the following scheme, a
production 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 give an imidazolide of the
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(iv) Hal ogenating agent CO2H Base (I1X) 2is 1) ~02R2c (v) D valent netal
salt 2) Acid 110/. OR CO2Rlc (X) wherein Rib, R2b and R 3b agfﬂgggo me or
different and each is 15 hydrogen atom or organic group, an and R20

are free of particular limtation as |long as_they do not influence the

reaction. TRPEMHERhédXtanlBEeappften 0 BeprbiRckehetTRd ¥ 3®toester ot her
than (R)-cagboxulic,agid . boxyl | G.aci 4 ot
(R car boxyr P der e SREPL. Lo%sch PhBaado) S8 PRI o Belfoc? 1Pl ddia

fol owing ipekHdinAgche api@duehbostet &B8-11ed opstwildt fey (h@reinafter to
(R)-carboxylic acid ester 46 18 July 2006 (X) . As shown in the follow ng
scheme, carbexglee mefdroedthe agolmalenivijcidarenoedtier (0O De il she

f d " b ligG. id h R) - yl.i id (111),
elerred §0pssaSaroon s LA GUD) sueh ao (R sarbuuicadd (),
presence of ja,hasg 19—3&&?0#9_15135%%@(?ipﬁ%'kfgié;ﬁg&d)ao&ﬁféﬂaic (Jli;:{c?'erbaéetxer

to be also referred to as "im dazolide (vil t he obt ai ne

i m dazol i deofvthe fermedet ¢d) W hdrabhafiter ad dbe nohoe stefexXnad ito tdwe ™ (R) -
presence of a divalent netal salt, and treat with an acid to

€ ; ) .give
(3- ket oest eF2BPOLHELF R AU aBFVFF i §X) Ther dififaf(Fd BEHEY Il§anéger(Féa) t 5%s
"(3-ket0estgé &géa'%éi’this method is not particularly limited and one

10 obtained according to the method described in J. Org. Chem.,
Vol. 63, No. 21, 1998, p7348-7356 and the like, with preference

given to one produced by the above-mentioned step (c).

R2b
N
R :]g (iv)

N 3p

H

Halogenating 0o R1P
- OH —
OH Base ap
R R2b

(ITI) (IX)

Co,R!®
1 {(v)
) <cozmz"

Divalent metal
salt

2) Acid

wherein R®, R® and R* are the same or different and each is
15 hydrogen atom or organic group, and R'® and R®*® are free of
particular limitation as long as they do not influence the
reaction.
This method can be applied to a produce method (-
ketoester other than (R)-carboxylic acid ester (X) from a
20 carboxylic acid other than (R)-carboxylic acid (III). The
production method is explained in the following including the

production of B-ketoester other than (R) -carboxylic acid ester
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such as (R) -carboxylic acid ester (X). The R ketoester (viii) obtained by
this nethod is a useful internediate for a pharnaceuti cal g££€§ﬁ§ 006
pesticide and the like. RRb 15 20 25 71 CORic NH 9b 1) ° gv

Hal ogenating O1 R b Divalent nmetal agent id salt Rid CO2H R N\ N

Ri dcOCH2CO2R¥¢ - ' Base 2) Acid (vi) RA0O \ 2b (viii) Step viii-1 (vii) Step
viii-2 wherein Rdg_is,an or and R R2b

as defined above. hgh oPga rou%ygi'(l)nngag%rflet hc ﬂa (vcp 4 tﬁi{e
above- nent i gpeguPLOqyEs i Qﬂe%@&ﬁ@ﬁtb% exepel aissdr@feaféalt@r@ypncﬁﬁdmaidy
havi ng substituents, cycloal kyl group optionally having substituents, aryl
group optioaahﬂy(hawrmgsaahsastmahtsarbaxnlkylag;@upltﬁﬁicﬂuha%pgﬂﬂﬂtkpg

substitue ts, heteroar I ptionally havin substit nis nd the
e et haueRtianagrby L aREpRe SHB0aY nt('HS r@ai%% £ ot ot i onal | y

havi ng SUbrSTEH:EB‘éHEE" ofsérﬁéggt tBV%Pi}é”ﬁjﬂfﬂa é‘l’"&’ﬂe gf&ﬂiihi‘éiv g)1 - 20

carbon ato I'S nentioned ereo |nc ude net hyl, ethyl, propyl
i sopropyl, bhbyblnafsebutylbesemsbufyferfedttbuﬁyl“1mmﬂﬁ@dllde (v11)") and
i sopentyl,. _neopentyl, 47 18 July 2006 hexyl, heptyl octyl, nonyl, decyl,
undecyl . doBBeyPbtaipgdcimidageiidpedyii) phit keretfd withde\anigastisiecyl

oct adecyl | Bn%gggig' évi)cgﬁyihgn rkDEnbLKSe £'S1GL ALY mld Il O
branched ch3P up havin carbon a suc
10 treat with an acid to give p-ketoester of the formula (viii)
(hereinafter to be also referred to as “B-ketoester (viii)"),
such as (R)~carboxylic acid ester (X). The B-ketoester (viii)
obtained by this method is a useful intermediate for a

pharmaceutical product, pesticide and the like.

R2P
ib N lec
R [ (iv) cozn -
15 Halogenating JOL RP Dlvalent metal
agent salt
R*%co,H -~ RN Ry - R'9COCH,CO,R'®
. Base 3b/L=< 2) Acid
(vi) R \i2b (viii)
Step viii~1  (vii) Step viii-2

wherein R is an organic group and R™, R®™, R*®, R!® and R*® are
as defined above.
The “organic group” for R™ of the formula (vi) in the
above-mentioned production method is exemplified by alkyl group
20 optionally having substituents, cycloalkyl group optionally
having substituents, aryl group opticnally having substituents,
aralkyl group optionally having substituents, heterocaryl 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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5 ethyl, heptyl, heptadecyl, 3-heptyl and the |like can be nentioned. The
al kyl group may have a double bond or a triple bond, and ex§§ﬁéﬁ%ﬁb@ereof
i nclude allyl, propinyl and the |ike. The "cycl oal kyl group” 0Of “the
above-nentioned "cycl oal kyl 10 group optionally having substituents” is

exenpl i fi ed B§xYEychertvyi F6lh Hmenny Fecw carsioeydtodedenydh dgidecyl,

cycl opropyl, |, yl,. cyel ohexyl . .cycl oheptyl., . cygl ooctyl
and the i keF&ﬁéé(?%%%% yp&%:?lic'fe'(;% ylhegxr%%ef Ykrlidvi)ﬁr%v tgé%'-cy 'cﬁc&&qeﬁgﬁs, such
as, cycl opr opyhad&ygl ohxydy Bnchd hend ke 15p¢aRe b IPNt LRPEIghENE " ar Y!

group” of the above-nentioned "aryl group optionally ﬁaV|ng Substi tuents”

i s exenplifikdebyhed yhagrowpl khavinupre daydmantlons 18 <catBonsachmas, sphéngk,
1- napht hyl;, 2-_ napht hyl .. 1-anthryl, 2-anthryl, 9-anthryl and the Ilike. 20
Preferabli, %F%XfZJHﬁﬁ%xﬁﬂnqﬁfﬁﬁQ%ﬁﬁ%'ag6%§ﬁ§3; f@% §g€hl&§e GREnbE,
zmmmw4@&@@&%%%mﬁ%%%mw%ﬁ@y&5%%&&&%%{@&w
above-nentioned "aral kyl group optionally having substituents™, ar ar

group havi g, 20 cawdmpiest e remf heclede andgl ,wpebpinythandr yhe25

noiety is the same as the above-nentioned "aryl group”, and the al kyl
noi ety is a sthei ght or branched chain al kyl group having 1 - 14 carbon

. | f b AR Lm&r hy|
L o

group hav?ngrbup Mptoiamadrl y3Gastiogs subseitasntd~phgngkenpyYified by
2- (2-phenyl ethyl)pentyl and the |ike. The al kyl nmoiety of this aralkyl
group may h&rEleaddd @royendagingr Bpre 8beadgborngtenanpseshodssuch aral kyl

group inclu | ;and_the,like. 48 18 July.2006 The "heteroa oup"
of “the aboveredtRtohyd ek dBREyT . SVsBeBEE bnab 5 IRARTRD: SHESIT YL
is exenplifigdipcryd- afemkaeed ikel3-rRdher s het@foatailiyl REERRY NN IRE 07
nore hetero atons selected fromthe group consisting of nitrogén 5 atom
sul fur at om—afd c@tpgan agerum, asdcl asi2cyalbpnopybnscycElaexy bsandietioflike
i ncl ude pyridyl, quinglyl, .isoquinolyl, thienyl, furyl, pyridyl, oxazolyl,
t hi azol yl , iﬁ#‘d??ol"&%%l%B?P‘rm dinyl, pyrazinyl and the like, with

preference given e “aryl group” of the above-mentioned raryl group
optionally having substituents” is exemplified by aryl group
having carbon atoms 6 - 18, such as, phenyl, l-naphthyl, 2-
naphthyl, l-anthryl, 2-anthryl, 9-anthryl and the like.
20 preferably, aryl group having carbon atoms 6 - 12, such as
prhenyl, 2-naphthyl and the like can be mentioned.

As regards “aralkyl group” of the above-mentioned
“"aralkyl group optionally having substituents”, aralkyl group
having 7 - 20 carbon atoms can be mentioned, wherein the aryl
25 moiety is the same as the above-mentioned “aryl group”, and the
alkyl moiety is a straight or branched chain alkyl group having
1 - 14 carbon atoms. Examples thereof include benzyl, 1-
phenethyl, 2-phenethyl, 2-phenylethyl, 2-(2~phenylethyl)pentyl
and the like. Preferred is aralkyl group having 7 - 16 carbon
30 atoms, such as, 2-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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6- menbered - 13-nenbered heteroaryl ring group having one 10 nitrogen atom
and 5 - 9 carbon atons, such as, pyridyl, quinolyl and the I ? gse
groups nmay have a substituent that does not inhibit this reac ah Such as
hydr oxyl group, hal ogen atom (e.g., chlorine atom fluorine atom brom ne
atom iodine atomThkec" betQEbQﬁy&nqrqypﬁupﬂuﬂhauybbve—&eaadbondafbaﬁe@eagyl

th th | h | t
B Koxyear borA iR BrEEaRaT o B iy Rl S . 6 Ko fS Rl R¥bBNIT
et hoxycar bonydmp &P OX YCARME re D Y, Zéjl’ng ﬁ’ﬁ@tﬂﬁgo&ﬁgafngoﬂ)ﬁe

hexyl oxycar bonyl , heptyl oxycarbonyl, etc. nitro group, 0Xx0 group,
nitrile gr odps;tam chet a0 U Thesnti ety From &hecaﬁ:bmp alonsl stang. off AL gRELER,
acet am de, prop|onan1de butyl am de, pentaneanm de, hexaneani de,

hept anani de, 2t a?’réla’?ﬁ & tqFe nhicaw geay @t)pm é@d\/\él - 42 eRsbapoesomefi ned

et br oaryl AL HeEe P B g Bkl BptpoTi®. Yao@ @t Rent 1 <

not partlcultaf:lem}n,mﬂtﬂqﬁl Dyyritdyils o&raQEQnyib' ¥hlazo3y1Whimhagpy1pe the
sane or different. Preferable exanples of carboxylic aci d (vi) in the
above- nenthﬂﬁkm%#kﬂnkn|RMTaWEMdeaaﬁetbﬁownkEm Wh§hfpr95apﬁgce3@1?&9 e

carboxyllc d avin abo ned " rou tipnally having
substltuents M I|£1 ed" eﬁngpﬁgﬁefoaﬁg d; nggfguﬁcﬁﬁV1§?e fc acid,
2- et hyl herangiteRferd Ah @ 5l Lke. 48pL8 A%bﬁszogﬁcﬁzisThByfﬁ&?PXy|'C aci d
havi ng the above-nentioned "cycl oal kyl group optional l'y"having

substltuentSﬁquﬂeﬂemmd'ﬁh@dlbye cycl opropanoi ¢ acid, cyclohexanoic acid
and the |iKke. he carboxylic acid haV|ng§the above- ment i oned °

group 5 optlonall SR&V FRGUEELERYt 8Nes? ?éﬁb???l%ﬂaByd%%ﬁia?% %Eh%?lt
4- hydr oxybenzgisC -agicd.1 AaPBLRE! 88engarak Qxékbﬁ Qloéen%&&ﬁopee oi ¢ acid

and the like. (4) The carboxylic acid havin ove- nent i oned “aral kyl
group opti omdllloyimayatgms ulfdtibt-iaat atoms Bxemphefaedmbyléﬁﬂﬂb atom, etc.),

phenyl pr glo ic acid, 2-c¢ clohexyl-2 hydr oxy- 2- phenyl acetic acid, cinnamc
acid, 3- ? ﬁﬁ Wéﬁﬁ?P?hE?Hﬁch aci fl, Cérh9ﬂréi9m531?nghéW?¢Qﬂ%ﬁM)Qﬁb&ﬁﬁn(:

acid and the l,bk&y, butoxy, pentyloxy, hexyloxy, etc.), alkoxycarbonyl
group having 2 to 8 carbon atoms (e.g., methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl,
pentyloxycarbonyl, hexyloxycarbonyl, heptyloxycarbonyl, etc.),
20 nitro group, oxo group, nitrile group, amide group having 1 - 8
carbon atoms (e.g., formamide, acetamide, propiocnamide,
butylamide, pentaneamide, hexaneamide, heptanamide,
octaneamide, benzamide, etc.), as well as the above-defined
“alkyl group”, “cycloalkyl group”, “aryl group”, “aralkyl
25 group” and “heteroaryl group” and the like. While the number
of the substituent is not particularly limited, but it is
preferably 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-ethylhexanoic acid and the

like.
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(5) The carboxylic acid having the above-nenti oned "heteroaryl group
optionally having substituents” is exenplified by 2 15 chlorqghﬁﬁgidyéc
acid, 2,6-dichloro-5-fluoronicotinic acid, quinoline-3-carboxyli’c acid and
the like. O these, 3-hydroxy-3-(2-phenylethyl)hexanoic acid (particularly
an (R) isonerd2i h&heorprboxpl §f cafdd obaving jeheomhote mentioned clewrmlral kyl

aci d, 4-hydroxyhenzoic aci nd 20 the like are preferabl e because they can
produce O- ke?gégPe?phon igygrsla‘éﬁn? n?‘g?%ﬂ?%?rétsf or*% %‘%‘%ﬁ%{ﬁ#ﬁ’éﬁ agent .

useru

The "ini dazokg-copPepafsitNatie, abpyEcH@MONeh o Qiietimn matdod refers
to a conmpound wherein the hydrogen atom bonded to the carbon of im dazole

i s optionall y325Teebsarboxelidyaeid draaing o ghowaterdsioriad deaaglle grdup
met hyl i m dazol e, and the like, wth preference given to . imdazole. The |
Tor gani ¢ 5 oOBEL PO LR EhS YRS TR T S AR hed AR G,
is exenplifigdydydyln P OMPacBP GV W QUp, i g aral Kyl
group and the |ka£. gs Itlhe af%?en%nt%lﬁggé("éaqﬁl grr(?l%%gllg (rg%lqg t4or
branched chahbhoablyhzdibwiagid and es baikeat ons, such as net hyl, ethyl,

propyl, isoproFyI, butyl, isobutyl, sec-butyl, tert-butyl, 50 18 July 2006
pentyl, isopéhtyThe redbepytic redA hawinhdhe ebvarmsativned Jesalkyhe

af orenentiongd " cy, HQHPP | S ﬁﬁqﬁﬁ! fi.ed, lkyl. group
having 3 - GSg%?%oﬁ$§?%ﬁ%%L€uc %ﬁé cyc 6%¥§%§I3¥Ef%¥%%ﬁ§fﬁ¥db§€lgpentyl
and the |i%kephdiiglpd & Doy | utiedl, "Brogc @Ry 1 -25- e dRly-2-pt by 1 BReRY k.
naphthyl, tolyl, xylyl, nmesityl, cumenyl and the like. The aforenentioned
"aral kyl grodprdi sCiaeamls fadid by~ Ferphany Isitdydy ipixanshienpicptopyhaddoxite
l'i ke. 10 The,aforenenti gned ."hal ogenating agent’. is.not particularly
limted and ?s§e 3%%&¥4?ihfiﬁ?%ﬁﬁ i a&ﬁ%o?% thetiF%ﬁyl_bronide, phosgene,
di phosgene, t5) phosgeneand tdacild v iNd RhRr abehenmendivaRdt 8hbhbeYky1
chloride. The "base" in the above-nentioned nethod is exenplified 15 by

al i phatic t eyrdup ordHiagresl e Ipving iswsshyiltaents,” isr esehplafied, by 2-

tribUtyleﬁyrgilé¥é€¥ggf¥ﬁgSHJQQA%WEQ%J%Q%h g%o—S—fluoronicotinic acid,
quinoline-3-carboxylic acid and the like.

Of these, 3-hydroxy-3-(2-phenylethyl)hexanoic acid
(particularly arn (R} isomer thereof), 2,6-dichloro-5-
fluorcnicotinic acid, cinnamic acid, 4-hydroxybenzoic acid and

20 the like are preferable because they can produce B-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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|ike), aromatic tertiary amnes (e.g., pyridine, picoline, 2,6- |utidine,
col l'idine, 4-(N, N-dinmethylam no)pyridine, N N dinethylaniliqgwﬂyzooﬁ
N, N-di ethyl aniline and the like) or alkali 20 netal carbonate ge.g., sodi um
carbonate, potassiumcarbonate and the like). Preferred is triethylamne
or sodi um c@epdydte isapensaiti sePRERFYpreherrédand theethlPafPRePeThe

"mal oni ¢ acid ngnoester (v)" to be used for the above-nentioned nethod is
free of parfe&H PG nitation and is 25 exenplified by malonic acid

monoal kyl ester, ofpa GeERaHRHtIbnbRE “EQETHLAKY) gbepel DsRéRempl sE18d ghby or
branched chain al kyl group having 1 - 6 carbon atons (e.g., nmethyl, ethyl,

i sopropyl, rylelopllkylsoroupl havéogbdt yl & terbobusybmspesngh, asi sopentyl,
neopentyl, hexyl, etc.), preferably straight ot 30 branched chain al kyl

gr oup hayfn@YElDP4°@a#boHY§FSFEt€é!gF¥°?88ﬁ9F¥ii§8ﬁr%§?l?lg%rt-butyl,_etc.)
and RZ0 is hydrog%ﬂeaggmfnen@e%a' eqt- me@&ésho_ma_ 8xEhB18BL YA BY kghdny1
nmetal atom (e.g., ‘sodium potassium e?c. . Specifically, potassium et yT
51 18 July 2096 tHgllQnabeylsosiylylet hgkinglonetmenpdt asdi thei $bkeopy|

mal onate, potassiumtert-butyl malonate_and the |like are nentipngd. In
view of easiness 8heobfaranentiopstadararketngronal ohit 8XeRPL iy y

d. 5 The "dival | " bov&- nent i oped method i
Efgferab|yeﬁﬁak§ rﬁ%ﬁ?ﬁe%ﬁﬁéZ?b%ﬁgkﬁﬁ%ggyﬂi%xghgﬁgb%gggheﬂ?ioﬁed method s

exenpl i fied by mirper akc2emdathioned, ~hydogehheihg agent~ hydrebtom c acid,
sulfuric acid, nitric acid, phosphoric acid and the like), 10 organic acids
(e.g., acetperddictlaplypilonitedchrod imeenempiifiedibyathgonyd| cleheside onic

acid and the_like nd .the Iike, with preference given t d iC
acid. In théhalﬁ’(‘i‘y_ér- ﬁﬁﬁfﬂr‘&ﬁedph_ﬁ%a?'bQEP{e“PaaFaafmffhpﬁ%s‘g%%"é&?‘g }%ant
addi tion of jap.acid+hopRek@dehb@NgA¥hUEs €hisfdit ERDorieof a reaction
m xture to an acid to changing thé liquid property of the reaction m xture

fromneutral to weak abede¢. inStkp sboverm@ntiaved onetho@rbeueeeinpd Heied i de

(vii) is,realized by . reacting carboxylic acid (vi al pgenati ng agent
and 20 iﬁ%d&io?élEBﬁﬁéﬁn&eEF% IT¥nayle Fvgﬁtgrn ﬁé&%F€¥£ﬁ%%g%f a base.

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 monoester (v)” to be used for the

above-mentioned method is free of particular limitation and is

25 exemplified by malonic acid monoalkylester, 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.d.,
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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In the above-nentioned reaction, the order of addition of reagents is not
particularly limted and, for exanple, halogenating agent igg5
m xture of imdazole compound (iv) and carboxylic acid (vi) cha ge |n a
solvent in advance 25 in the presence of a base; after adding

hal ogenat i ngnéblgmﬁtéto SQ%%ﬁﬂl‘éflcmﬁimd‘—e(rl Pptansiysd 1isﬁ’P§°§é’llvE'ﬁtl°Pﬁt?he
presence of baseh%ﬁggqh] %%Qq (VI EHP t%rtﬁe&eagg%dmegElgkgar ﬁglng

a mxture ofP¥ STESEN ogenating age
charged in a15g} Vﬁ"teaéh@{é?s@()df GG iGmEtt), pdtassilbr bk lagdednand the
like. In the above-mentioned reaction, the anount of i i dazol e conpound

(iv) to be qsmfemhﬂr;eftmeablylnole- 3 noles relative to 1 nole of
carboxyli¢ acid (vi i 'S mor e 52 SJuly 2006 refera .

2.2 nol esgfromtheﬂ%‘c \rgc}ﬁag J&taly r?aﬁg‘n 15.b5$ YFGW@B F‘éﬁ@fil %ghﬁﬁen
the anmount af_ i éiaezp% RPN idbh HQdee used is less than 1 nole
relative toO'L r%%]1 gar boxylic ac‘:jl dO(VI ), reaction efficiency nmay reduce

because 5 carboxylTie a@ddViin riepiaboveaneny ionedantetod| hst brempdified

mentioned reaction, the use of imdazole compound (iv) in excess of 3
mol es rel at iR Migieradplacishs d&roxy Mivdrgashdoric) ardd, ebyAERPEAMEG acid,

unpr ef er abl e SE J azgal 0 d i I action
exists in ad gﬁ%l?ianoué%dj %SL q:nl%t %qa gm%ﬁtgggﬁe \Figaé ?olﬁﬂe Egkéﬁﬁunt of
the hal dggensidaig AgRiildd o(g. LJS%d:elticpl’ae:ﬁ.ﬂr,abh:)ﬁploﬁﬁleac:L&i 1 nol es
relative to 1 nole of carboxylic acid (vi), which is nore referably 1.01
nol es - 1. 0Beatdlagesfuldianiee a@c-@homoéug@p@@tlfonnﬁ prédapBdethentibaedand

reaction, t.he amou hal ogenat i ng S s less than
1 nol e rel\gﬂi ltl}el r%g:lth c,eé:reﬁgfyﬁlgegc 8 ﬁéfaf"c e%%gagfdﬂ %n ef fici ency
may reduce becausﬁﬁ D RBVCmaGitd oh¥t) mE@ABHNSbPartk¥atadenctRdan adidhe
above-nentioned reaction, when the amount of hal ogenating agent to be used

exceeds 1.1 implesmtelagditdonoof 20 mohd ©b sarbaxgylien méktufei pr, additiee
anmount of, haI ogenatin ent unnecessary.for the reacti ith _carboxylic
acid (Vi ) Lgi’sé:(?ac\ﬁao@h%ilé‘tﬂfﬁe %ﬁl ?neé‘\éﬁgmteal:ﬁ§nﬂﬁﬁge£€?m%f%ubgt may
cause si degx%%%t 9N TG AS AR Bhaki REuERACLLANeRLLAL NBbT FBak T S8EHIED

and the lik cadse hal ogenating agent renains in
Step viii-1

A reaction to produce imidazolide (vii) is realized by
reacting carboxylic acid (vi), a halogenating agent and
20 imidazole compound (iv) in a solvent in the presence of a base.
In the above-mentioned reaction, the order of addition of
reagents is not particularly limited and, for example,
halogenating agent is added to a mixture of imidazole compound
(iv) and carboxylic acid (vi) charged in a solvent inradvance
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)
3¢ is 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 is more
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25 the resulting product. In the above-nentioned reaction, the anmount of
base to be wused is preferably 1 nole - 3 noles relative to } W%O@B
carboxylic acid (vi), which is nore preferably 1.1 noles - 2.§ es from
t he econom c aspect. In the above-nentioned 30 reaction, when the anount of
base to be uRERIE§E2PEEsL thdarrlies mplde  @okes £ran Ltheplecamondgy BERgcte a&nd

(vi), the reaction efficiency. may reduce hecause carboxylic .acid i
remai ns parﬁl?/ af}?l?ve%c %%Fl?%g%droﬁ?/aﬁtolnqn t ng err"e;i:c § MWK l?rfg 1%19%%;[3)% 53

18 July 2006:@fpslsd anty it her a1 JRAGEd A silGha3S 10ed AHd13G i1RRAGHL ANmole
elimnation reaction and the |ike nmay be caused. In the above- nentioned
reaction, no?Eos@rhoxtbic tawidinbuint, ofedardsieon e@ifd cieey mayeadsiugenbeeguse

relative to 1 |l e of carboxyljc acid 5 (vi),. a | arge anpunt of.  base

L noceesary (bRl e EaaA N P e b AT AT AR O o R oS PR eTeT o
econom cal | A r : e JTRJH i ctd S,aCalkLh ed..out
general ly \%\An? hin Igéc?elarf%eﬁlto&?'e t‘?’%ﬁ‘éﬁs of - 5'59%%28%% tgfg‘%é"r“z’& 31&50%11- - 10
10C. When t hexaencto OB tneoipey atelratiive [tesd wedre ofbCarbbayldachicad ney) is

proceed slowy, or the reaction may not proceed at all, and when the
reaction terffenAMTUYER lbit sprferaddpepause aiidegeile crRpPelnds (Avit apti ng
mat eri al , na.é grgf ed | . r I.on . _m_xtuyr l.m.dazolide (vii),
which is a I "lrooglsu ?i%q%}%(fue&?&%%y ig%gescgr?pgselérgg regllljlg‘g‘the reaction

yield. The reacti am tiHee 2fovidihedq\berede Helxefednr, edtkel aMoluatNBE the
particularly limted and the reaction conpletes generally in 30 mn - 1
hr. 20 The dwihaganatdins: agsadt fior behasgidove- peefesabdyr éavelen— hay belaay

20 000 2, I L (e raacthan andy SIS S Ryl 85 QLB ().
W th any solgeifera3aleat.ed fcQ@sar-onahisc myds0¢26RoRAeSUEBnsRi eS80t .
tol uene, 25 xylene and the like, aliphatic hydrocarbons such as heptane,
hexane, oct dive thed abive d-imen tdamele rpaeftéoabl yhesedhel amphet oése of a nixed
SOl vent ibhoy e mXed AU oanvent Lonal by Lkagwn,gener AL, BT 9RRLLISD L2 5
mole of carboxylic acid (vi), the reaction efficiency may
reduce because carboxylic acid (vi) remains partly unreacted.
In the above-mentioned reaction, when the amount of
halogenating agent to be used exceeds 1.1 moles relative to 1
20 mole of carboxylic acid (vi), a large amount of halogenating
agent unnecessary for the reaction with carboxylic acid (vi) is
used, which is not only economically unpreferable but may cause
side reaction such as dehydrating reaction, eliminatiocn
reaction and the like, because halogenating agent remains in
25 the resulting product.
In the above-mentioned reaction, the amount of base to be
used is preferably 1 mole - 3 moles relative to 1 mole of
carboxylic acid (vi), which is more preferably 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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t he above-nenti oned range. 30 The anmpbunt of the solvent to be used is
generally 800 nL - 4500 nL relative to 1 nole of carboxyli Cl%‘?'uﬁri()‘r?k)’
which is preferably 1000 nL - 3000 nL for the snooth progress o

reaction and_enhanced productivity. 54 18 July 2006 | m dazolide (vii) can
be i sol at ed éﬁéldibﬁrFFi’leHh%yshd‘RnBWCtl-%’bl%H‘Flbrlaﬁ"réﬁmdh(%ﬁglq roaqtden,on,

dryi ng and tgflhigg%%ﬁg f9§c§f°§n£%@y r|{1cat|on1¥;g%95%&§ r &Bcthgnabove-

crystallization an e used B

mxture w thedhtibnédot@iteioRNtndtdtd £AlHIMN Hehnbrt 28 B2l de
(vii) obtained as nentioned above, for exarrpl e, Is reacted with malonic

aci d nonoestesedvgxepeds Ionebes Irenlat@@rﬁwlnc@l(ﬁ of diardiosaytl inealidsal t

[step VIII5-2 10 1] gnd treated Wi an aC|d step Vld-'JéPlr‘f-Z 2] to |ve f 3-
ket oester (vitt): %t PEYT i FOHT = Eisrﬁ?ré’r &Pea&&iatc dRNopith

reagents i s 8othoPRILid Cathad | yodj Md %&ﬂd,wﬁf&h AR ?30“41 Ldqgol ide (vii)

is 15 added to a m xture of malonic aci'd nonoester vaI ent netal
salt chargedunprefecilvbat in advance or nalonic aci d nonoester (v) is
added to a m xture_of imdazolide (vii) and divalent netal salt charged in
a solvent in advantt® @ARPYSIEeNtigned Faartinns is grrigd Qﬁﬁuﬁ?ngraﬂré]{om c

acid m)noest,;;z A, ]_th%ﬂ: f bl reI eto1l
nole of im atzlt() l?da{eqi v'?‘% |éc?1':alq{sg%rn)rfél ;‘)'%Se erah‘%’;/ P%:f %%6 mol es
from the corgrd.c BhprCthe | fedbeiahovanpErd toned $tRss Vt'll'!dn' Zzs,ocv\henet he

anount of mal oni c aci d nonoester (l) to be 25 used is less than 1 nole
rel ative to ZeHBHLHMAHIRELAAGH S qQWdivis) OTt frder ggeritéanembichehcyromged at

Eouce et AR Y I R SRR s

excess of 2 adid e@v:!ﬁ' alHih tl% b g thg Fﬁ‘a@@%@h&deméw beé ﬂéc@xﬁﬂ@é’é‘a Cfllll y

30 unpreferabl e because mal onic aci d monoester not i nvolved 1n

reacti on exists Hepcticar gd xdmment oxi nmldlasciudp, (Vlne) amsbihthofsdaval ent

metal salgg tfésditlng 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. 1In 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 mole 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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used is preferably 1 nole - 2 noles relative to 1 nole of 55 18 July 2006
mal oni ¢ acid nonoester (v), which is nore preferably 1.1 nnl;g ufﬁ%m% nol es
fromthe econom c aspect. In the above-nentioned step viii- _f,y en the
amount of divalent netal salt to be wused is less than 1 nole relative to 1

nmol e of mal oni ¢ acleidazphivtst 6riily)can he rdesdiitad and Puaidiedapyr edbewn
because 10 15 2 5 30 maloni¢ acid noest.er (v) r.emains rtly.unreacted.
In the abov’eg‘?rg%%}%’he'&e_r%%cg 6?1‘?‘-2-%‘?“%%“1?& 6%1Yd1‘\9a|aéﬁ’t%&|lk§é! And; RY
excess of 2 fOkRSyk §hdti ¥EcdOich Mihdd BIPN ¢RG4 ITENA.ILEN ah¥) the
econom cal ly unpreferabl e, because a |arge ™ anount of divalent netal salt
not necessarViker, tdwe maadie arsedriash irmlieniin acirdamroesméxtirke wdthbasent.
This step.is, carried out generally within a tenperature range of 20C -
700C, prefer%&ﬂ%ﬁQ&R?-aQQKEuRNﬁ%FQFHénkeaCtion tenperature is |ess than

20C, the reagtion, gy proceed slowy, or the reaction nmay not proceed at
all, and wh I on tenperature exceeds 70C, im dazolide (vii),

which is a startingidededriice , (vidy betddeedpaseentibhedr aBeirkoneakxture to
reduce the reaction yield. The reaction time of the above-nentioned
reaction i s S¥MPlar thxWeRdted iwlithefladea ichecidatrnorstsmpl(el esnganeral | y
in4 hr - 1 St iii-2-2 1n this st.ep, an acid.may.be added to.the
reaction_M><?égsq%fﬁﬁéﬂg%év§¥ﬁ%ﬁFig ed ?ﬁgglﬁfﬁimfpf} Sﬁl?hés SBCY%bﬁ-EH
mxture i20 stEep ald itrakd@y it addadibo [@repChdiiln-bhi soShepe phe amount
of the acid is preferably 2 noles - 4 noles relative to 1 nole of

i m dazol i de Ketiagstemhibtiii)s nore preferably 2.3 noles - 3 noles fromthe

economi ¢ azgect..Ln_%hg above-nentioned step viii-2-2, when the anount of

acid is les relative to 1 nole of imdazolide (vii),

decarbonation reagl] @ik AP, RhECBeHePULE §HARL Y¥n 8Fdreagents is not
particularly limited and, for example, imidazolide (vii) is

15 added to a mixture of malonic acid monoester (v) and divalent
metal salt charged in a solvent in advance or malconic acid
moncester (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 monoester (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 o¢f malonic¢ acid moncester (v) to be

2> used is less than 1 mole relative to 1 mole of imidazolide
(vii), the reaction efficiency may reduce because imidazolide
(vii) remains partly unreacted. 1In 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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the reaction efficiency my decrease. In the above-nentioned step
viii-2-2, when the anobunt of acid to be used exceeds 4 56 18 lgl.ﬂl 2%%6
noles relative to 1 nole of imdazolide (vii), the reaction "mXture may
cone to have strong acidity and a side reaction such as racen zation,

el i mi nati on PRERTOPAGHY TPRCEI IR of Vi heNicds i iMRF HiFGf@r ey dedumolss
Thi t [ [ t | ' N t : -
10C proferabi b pAEh AR | Sotidild AR h Ehe LABPERbpribieq

the reacti onsv@ay winrepd slvivdry,thy dniirtead idvamhtaletlocead ab &l ,
and when the reaction tenperature exceeds 40C, R-ketoester (viii), which
is 10 a resised nip protucthamely mwelelasdidosed o Ir @plee ofheadeadc egid
yield. 15520 25 30 The,reaction ti above-nentioned reaction is not

of t
particul arl VTR ERF ahd 1 ne'§ SRAT P e GeMBa YT PSR - 30
mn. The solNendni® 28 dSRhdeNtdNeADPEATBAL iaRed ySheR eWickler . 2- In apde St €p
viii-2-2 may be any as long as it does not inhibit “"the reaction and ethers
such as THF,aktwecamsnt dimesd bhepettidne-2-dnd thiee usiskef divalentedeseallveniltof
the ethers wth any solvent selected fromaromatic hydrQcarbons such as

benzene, t ol HerfFCess |¥he At ahdalatd veaiopafiod enpdr BeaPRdfs 28deh as

hept ane, hqﬂgﬂ{& P I |y I case
of a m xed so venst%ﬁ{e@ g{gg EIr#zﬁlecJ lia&%lg"}ggngg%tf%%%g?% b%%%aﬁeggngrggge
proporti dff tamomke dtheliveilantametal fsalllt wotthnecekbargbdve- ghet reaedibange.
The solvents to be used for the above-nentioned steps viii-2-1 and
Viii-2-2 maygd med e asrid giomoesder. (Yhe ignByReedt -t he sol vent to be

ity Samren s ) EhaRe R, 5000 aned S8, wkher st tvng  Endh, A" hPAGe iz
the reacti aardfed gnhpanced poegiugiieddnabl(y3-dfetoestesc (Vinhieh ¢he Beaction

I sol ated and purified by a
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 (vii), 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 eccnomic
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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known isol ation nethod (e.g., extraction, drying and the |like) and by a
known purification nethod (e.g., crystallization, 57 18 JU|yé%99§“£ﬁ%O 15
. er

20 25 30 silica gel colum chronatography nethod and the lik y be

used as it is in a.reactiqn mxtyre thout isolation,.and urification.
The mal oni AR Tehidaster o o) RedepetudBadraPIine ABovl: FBRt FERSE: Mt hod
can be obt i34t nGan el QeahbyekB8e¥BngY 8L AYEy TEAHOHS 100 E00BELST Al I Y
avai |l abl e ones can bé used. According to the above-nenti oned net hod,
0- ket oest ersudlvias yracamibetjoadueddmehbicdornteycaion dndetheobiké hafi the
conventional nethods. That is, the above-nentioned nethod does not use
expensi ve NS¥Widdmgompodich Ba¥oPECHAd 1 equi val ent anount or 2 equi val ent
amounts ef i m dazql. oynd (i ;S uffici f cti t her eb
af f ordi ng produc??%% %?gp3ggkgégéé gr°?§i%%§g£$¥¥%ign¥$§§a é?h%ﬁ@ﬁé%% t.
The productdagreneithedoef  mgkazolhr@gelubily Do theoahovahefeRhioRedcHBEAOM
may be esterification, am dation and the |ike besides synthesis of
( 3- ket oest &empexathHEeabsyvéegenthanedl piodudis crearitilpd may prsicegd( R) - 3-
hydr oxy- 3- (2-phenyl et hyl ) hexanoi ¢ aci d R -carboxylic,acid . (L1I1)]. .(i.e.,
a conpoundgépa e PErﬁﬁFarfefflﬂﬂeTQYnné#dgfgcﬁgg_X{ a%f? and Wheg_the
hydroxy- 2- (:2aphebyl ebhpklrRent¥! Lx86e88" POy if-1@ticdsker) @19i)Selhibg is
various sane reaction conditions as those for this nethod,
(R) - 5- hY¥r exyesudxéng- pRoghehy| menybe odecompasatite msdwre [€HR) -mesadioborl i ¢
acid ester gx@b can be produced via imdazolide (IX). The present
i nvention ¥<® plained in detail by referring to Exanples, which are not
to be construed afie bLobtabhVeindObe Llafbyd MR ch N HERAAGA NPRB: The
optical purity was determ ned hy the Toll ow ng

particularly limited and the reaction completes generally in 15

min - 30 min.

15 The solvent to be used for the above-mentioned step viii-
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 solvent
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 solvent, they are mixed at a conventicnally
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 to 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.

B-Ketoester (viii) can be isolated and purified by a
known isolation method (e.g., extraction, drying and the like)

and by a known purification method (e.g., crystallization,
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met hod. (Optical purity) A part of a sanple (crystal, etc.) was suspended
in toluene and aqueous caustic soda was added. The m xture W%%uﬁ@%%g July
2006 stirred for dissolution. The aqueous | ayer was obtai ned by
partitioning,, and nade acidic with 10% hydrochl oric acid and  extracted

with tol uene®i R (3R Umhy SRR tsea iy Areddodhandpvbe dikey  sopa®8Yand

benzyl bromgle yere AR5 NG, 1 XU 555 A53e0 3hAIOGL9L 98, hay TO
the reaction mxture obtalned by the above-nentioned heating were added

t ol uene and puklfietriaahl ori c acid and t he aqueous | ayer was separated by
partitioning. The toluene |ayer was concentrated.  The residue was

di ssol ved in i sopridfamsiloadd et awameisdear v (RpP Psorepdifoanghespbove-

i soner] were_separated LC. (salid. phase: ., DAl CEL H RALCEL. OD, _nobi |l e
bhaser | 461 SrEaR frehe b B oBERIERELEY SPTYREThRRe L4 ek RAR
nmeasured, basad Ay wWittbhdshe anePidofmle RUBINY YBi%ablwasndst 8AA1 BEdused.
Exanple 1 15 Racem ¢ et hyl 3-hydroxy-3-(2-phenyl et hyl)hexanoate Magnesi um
(37.2 g, 1.53 nol &casasligyspendde aboVEEME6016ned) neshddal pykeboenter (1.4
g, 0.01 nole ream After raising the tenperature

) dd i t hi t
e T T h g L

1 20 phenyl -3 RexaN0 ] , L e t v SHOaGRE Jd,
1.13 ol egl ac%d al | y%%%rl(()#légg%?%ﬁ 5{%‘6% ﬁr%llli)@é] &i%ﬁl—%{ (472.“8%tk{m71a%%§§’5ed

at 35 - 40Cmtemust éxipenisive NhHiNM-catrbeapldEiamiderolet Ay thégubasbémt e
(41.7 g, 0.34 nole) was added at 30 - 40C gver |1 hr_in a thin_stream The
m xture was WU Pred fAUAYElest 2MSURESaR dwidatedet eomepardt bivhrbuct ed

i ' ' - ] f. 35%
yar oohl or | S TSRS GebeCHL AR, N LHEE KD A2E0RE LT Broalt il P R3]
mol e) and WadefloelsZ8@. qv@lii) ne@fibientstyr eannandwparébstoned at 30-40C. The

organic layer was 30 concentrated to give a residue (342.6 g% cont ai ni ng
the title conpouf@e( preducgion epihod. ef) ingdanelide (elbhafgsitheabove-

HPLC) . 1k NMR(PRGER mB BB mdy%Be(Bbebiricit s, MEhiade 28 (St dhe Hike
besides synthesis of B-ketoester.

In the above-mentioned production method, by using (R)-3-
hydroxy-3- (2-phenylethyl) hexanoic acid [ (R)-carboxylic acid
(III)] (i.e., a compound of the formula (vi) wherein R is 2-

20 hydroxy-2- (2-phenylethyl)pentyl) as carboxylic acid (vi) and
setting various same reaction conditions as those for this
method, (R)-5-hydroxy-3-oxo-5-(2-phenylethyl)octanocic acid
ester [(R)-carboxylic acid ester (X)] can be produced via
imidazolide (IX).

25 The present invention is explained in detail by
referring to Examples, which are not to be construed as
limitative.

Note that § in NMR is expressed in ppm.

The optical purity was determined by the following

30 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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50 18 July 2006 = 7 Hz), 1.28-1.41 (2H, n), 1.54-1.59 (2H n), 1.63-1.83
(2H M), 2.53-2.69 (2H m, 3.59 (1H, s). 4.18 (1H q, J = 7§1§‘z§ o 19
ExanpPy 2

(1H, q, J =7 Hz), 7.18-7.19 (3H, m, 7.27-7.29 (2H, m. cemc
et hyl 3-hydroxy-3-(2-phenyl ethyl)hexanoate 10 15 20 25 30 Magnesium (7. 45

g, 0.31 nol ejtivased ubperdiesseutiqm.(1The agypecuadlaveyl wheoabtieined2Byg,
0.0023 nole)_was. added in a thin, stream After raisi e t.emper.at ur

{1 om 20C t o B BEOEERGy 1 Hh 1R ARATI S ot AveiEsmiEde Beiosahgl o)
1- phenyl - 3-hexanones (WK €h1bra?’ TRkero16LAY! 169LeT RASCESABent2dt8d &nd
0.23 nole) and allyl bromde (0.275 g, 0.0023 nole in THE (94.6 g) was :
added at 35 DMREOClbvey’' 2 base reral theinzyls ttrearnde-metdec eddetdhy | Thél mixaees at e

8.34 g, Q.07 mole s added at 30 - .40C over. 40 min in a thin stream
,(Af ter gt i (rgr Riive d’ie%lﬁf%? Py Lornddi Pife FRrpdimdsartidhe Heddth®n i xt ure
was anal yze - td ' i | R : Lt 6
g, yiel dy77fj%0% V\l/ges& o} aﬂll-%'g (%{Je;rﬂrﬁnttg%?%? %r?%legll sw%ggH%E%gﬁp$%ggﬁl&é aééa

were the sarts dsydrodhidarglce akidoanmplthel admediisC 1etyey! was separated by
3- hydr oxy- 3- ( 2- phenyl et hyl )Thexanoat e Magnesium (7.45 g, 0.31 nole) was
suspended i PEHE Flening ) Thgngodrepe bepar deasocoBcgitnabeRs Miee regdsue

added in a thi S fter ralsi t t rature.from?2 = 30C a
sol ution of %$i%10%4%ﬁg{%daéh (;Q‘Lr‘?’lo eo%ﬁl?’g’& Ig:’-l‘%do%ﬁ’ r%’laél%}oTeﬁﬁegSH 31 R8%%hone
(40.0 g, 0. Zhei nEE)e)iscRidPl welHeOsRpeeated bi2BPBt Gsc@id3pABke) BAdcAL! V!
brom de (0.275 g, 0.0023 nole) in THE (94.6 g) was added at 35 - 40C over

2 hr in a tGHRAGEaMD Finaktide, phelsel: 4%l dsopteranel{Begdang) . 0.1 nol e)

was added at 30 - 40C qver 40 r;khn in a thin streaal fte(r:l stiréln %400
for 2 hr, U?eertcieﬂt@g@oﬁ%p Prahe* Sfe Y6 BRZAPXClr P85 %aRBI Y2L8" ahi® a

reaction m g 00t Nd%e.e.) was determined. '

Example 1
15 Racemic ethyl 3-hydroxy-3-(2-phenylethyl)hexanocate

Magnesium (37.2 g, 1.53 mole) was suspended in THF (60.5
g), and allyl bromide (1.4 g, 0.01 mole) was added in a thin
stream. After raising the temperature from 22°C tc 38°C, a
solution of dimethyldichlorosilane (7.3 g, 0.06 mole), 1-

20 phenyl-3-hexanone (180.2 g, 1.02 mole), ethyl chloroacetate
(139.1 g, 1.13 mole) and allyl bromide (1.4 g, 0.01 mole) in
THF (472.9 g) was added at 35 — 40°C over 4.7 hr in a thin
stream. Further, ethyl chloroacetate (41.7 g, 0.34 mole) was
added at 30 - 40°C over 1 hr in a thin stream. The mixture was

25 stirred at 40°C for 1.5 hr and decanted to separate unreacted
magnesium. The decanted reaction mixture was added to a.
mixture of 35% hydrochloric acid (151.8 g, 1.50 mole), ammonium
chloride (15.9 g, 0.30 mole) and water (280.7 g) in a thin
stream and partitioned at 30-40¢C. The organic layer was

30 concentrated to give a residue (342.6 g) containing the title
compound {(215.1 g, yield 79.6%) (quantitative analysis by
HPLC) .

'H-NMR (CDCls, § ppm) 0.94 (3H, t, J = 7.3 Hz), 1.28 (3H, t, J
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the title conpound (46.76 g, yield 77.9% was obtained 60 18 July 2006
(quantitative determ nation analysis by HPLC) The NWR data Vi%rJﬁiytﬂ)%éa”e
as in Exanple 1. Exanple 4 Racenic ethyl

gugggagéé ?n henglg@?{lég %ﬁ?ﬁ d}ggg gfhgaﬁ£§1 %gag ?Z %ng# %@efnal
standard §Hb32a@§62a§g 3bhylmproglgg (Pu28s9) wasg a@?gd gt $1C ynyg thin

stream Theréto was a 25 nl of "a m xéd solution (1437 ") of

di met hyl di @hlior ddil,ame (1=82 gz)147216w0l ¥, (3Hpheny| 7327067 heXan2me h.7. 1
g, 0.267 nole), _ethyl chloroacetate (34.8 g, 0.284 nole), allyl bromde
(0.28 g, 2Examplde-? and THE (49 nl) at 30Cin a th|n stream After 18 min,
exot hernkc . h ose to 32.5C
After 34 RQ%% 309-50¢ BS{qi‘Ltﬂ é:’i‘é}fétlng i xod 1
sol ution was addﬁagﬁbsﬂﬁmlmVEEBaE ,LenperabLer ﬁ&sSguspéﬁaé@V§ﬁ TRF h{12n a
thin stream Thereafter, ethyl | oroacetate (10.2 g, 83.2 nmole) was
added at ag)|,nﬁednalllyér‘rpepm-dﬁe(@f232§h 350 8¥enolehrwas added ninta edhirand

thermal ly insulated at an jntern erature of 36C f The title
conpound i 36°8he S5t LM TG (e TRAR i 20rBatei SR o ur e
Conta'n'ngsBﬁﬁtEbh|8fCH€EH% 9r§éﬁl§r851¥éﬁéd(343§9@ VWesp2 Pbsi&ed 1-
(quantitative anal ysis by The NVR data were the same as in Exanple

1. ExanﬁqepﬁeﬁﬁlRaehExanenbyK4G &ydro&yEBJ(ﬁbp@bnyéthwWIQHEnxnﬁmﬁtate
Nhgne5|un1(5 g | e) was suspended in THE (17 nl and allyl brom de

(0|35 g, O. 662§1n8ke9 aésmaaabda$6ral%x%|Q%&m%ﬁﬁ et mﬁ% Q%ﬁﬁu??%e’
R R

mL) |n a BhréaﬁtrGﬂﬂﬁtﬂgﬁﬁﬁeﬁﬂyﬂWUHMbﬁawbéﬁéﬁﬁ n.8 .131e ot,eperamole)r vae was
nmeasured. In addition, the yield of the title conpound and the 61 18 July
2006 resi dadfedndting?of ioﬁﬁéﬁVFl3Uhé¥ahéﬁbawé§lﬁe§§éﬁé@

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
obtained (quantitative analysis by HPLC). The NMR data were
the same as in Example 1.

20 Example 3
Racemic ethyl 3-hydroxy-3-(2-phenylethyl)hexancate

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 solution of silicon tetrachloride (3.86 g, 0.023 mole), 1-
phenyl~3-hexanone (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 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, yield 77.9%) was obtained
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(quantitative analysis by HPLC). Exanples 6 - 10 Racem c et hyl
3- hydroxy- 3- (2- phenyl et hyl ) hexanoate 5 The sane procedures ag iﬁla%gpl e 5
wer e conducted except that chlorosilane was sinmultaneously agée In a thin
stream The chlorosilanes and the ampbunts added thereof are as shown in
Table 1. The results of Exanples 5 - 10 are as shown in Table 1. 10 Table 1
ount yi el 9 r ' ti - oxXY;- ol esgenp -
(2-nt (Od(@r%lutﬁ%%%qgiﬁ o?gg%gggéﬁ?%ﬁenaﬁﬁ%rlégelﬁ{e%/ )-'of ir (A;ﬁplﬁ Fata
C) henyl - 3rer3® tihd )sarex awonie) aamg loexanone aci d Exanpl e 5none012. 524. 664
Exanpl e ggl rretahzl -10190f of chl or osi | aneneasur edneasur ed Di net hyl - Exanpl e
7ichloro —328. 6 silane inethyl- xanple 8dichloro-52163.824.9 sil ane
Met hyl - Rerlie: Ydrshl of 0rREASE, 626( 2. siddfre Xapp) ieeddlsbd £ £0n53. 556. 226. 4
tetrachl 6ride Exanpl e I1- 1 Ethyl 3-nhydroxy- 3- ( Z- phenyl et hyl ) hexanoat e
Magnesisum ( 6. $lagne@Eizgn i) wes. Stuspended vasTEEspsodeds i THFaA@ % mL)
sol ution of . 1-.ph | - (22..3 ,9,,0. 127 le), I tafe
(26.0 g, C&r%iazlgﬁlg‘{%) ,ﬁ%%gfc%%fckﬁ{};%ﬂ dg(l.4QO9 597 a0l &) AiiWneh! ¥eaesha
gsubstance and allyl bromide (0.28 g) was added at 31°C in a

thin stream. Thereto was added 2.5 mL of a mixed solution (143
mL) of dimethyldichlorosilane (1.84 g, 14.2 mmole), l-phenyl-3-

10 hexanone (47.1 g, 0.267 mole), ethyl chlorocacetate (34.8 g,
0.284 mole), allyl bromide (0.28 g, 2.3 mmole} and THF (49 mL)}
at 30°C in a thin stream. After 18 min, exothermic heat was
observed and the internal temperature rose to 32.5°C. After 34
min from the addition in a thin stream, the remaining mixed

15 solution 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, vyield 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)hexancate

Magnesium (5 g, 0.21 mole) was suspended in THF (17 mL),
and allyl bromide (0.35 g, 0.0029 mole) was added for
activation. Thereto was added a solution of 1-phenyl-3-
hexanone (0.91 g, 5.2 mmole), ethyl chlorcacetate (0.63 g, 5.1

30 mmole) and allyl bromide (6.2 mg, 0.05 mmole) in THF (2.4 mL)
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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(1.93 g, 0.014 nole) and chlorotrinethylsilane (1.54 g, 0.014 nole) in THE
(25 nmL) was added at 25C - 30C over 2 hr in a thin stream F rtg, after
stirring at 25C for 2.5 hr, 10% 62 18 July 2006 hydrochloric 6{098

was added for partitioning to give a THE solution containing the et hyI

3- hydr oxy- 3-¥2sighahydreenyt )dbxarimny (-Z6hexgnore %S geasureded by

absolute cali bratlon curve thod e al standard nethod) using 5
HPLO) . 1H NMVRI{REEY b(Y)ii}?*d}?st) , 1.28 (3H, t, J =7
Hz), 1.28-1. j_—gsr@,_11(54159(2H nm, 1.63-1.83 (2H, n), 2.53-2.69
(2H, m, 3. —5), 418 (1H, q, J =7 Hz), 4.19 (iH q, J =7 Hz),

7.18-7.19 (3Rbcenic el . 2hyPdxyA3- (Jz}plﬁmyn]ee:hyl)he&ahplate
3- hydr oxy-3- (2- phenyl et hyl ) hexanpat e Magnesi um (5.15 g, 0.212 nole) was
suspended % n THE (@Eﬁ‘ Tame %ﬁ&?e?%suﬁsoﬁ”o@xm@nysl WgrﬁeﬁaﬁéﬁﬁtFQZeécgpt

?11529(7% grmi)e%) eJ) C%Ir orotri net#%\%é%aglﬁg%(sﬁ&zf%leg) 181§n%hgpl %rt et hyl

acetate (12. 'ﬂléﬂdhldﬂrd'dﬁé(r% dnd e ashdethtat added th&Q@oﬁiVﬁlreZabrshﬁwﬁ in
thin stream Further, after stirring at 25C for 1.5 hr, 10% hydrochloric
acid (60 m)Takke aJddea‘hﬁowesEéitﬁu ef oRkagPiesgbve bowamwh%tm gfable
sol ution conJit ai ning 20 ethyl 3-hydroxy-3-(2-phenylethyl)hexanoate (22.8 g,
68.2% quantified by absolute calibration curve nethod (external standard
met hod) weing HPLC). Exanple 11-3 Ethyl taple 1

3- hydr oxy-—3—2-phemHethyl-hexanoat-e—25-Maghestum{5 g—0—212—Abl-ej—was
suspended in a m xeg solvent of ] u("2'*'5 n1_ and toI uﬁr?@hl(dZS(%ﬁL) and a
sol ution]of 1-phenyl -3-hexanone (e g 0]127 nol e) Plemanems gégg&@&@t e
(26.0 g, |0.212 nole), zinc chlori dlé—”e(lﬁtgafﬂg Tean(éyg__rml%“)h XY~ Im (%)
chl orotrijmet hyl sil ang (b5 ZEI %ne% o4 medled)  iLn, THE (25 Frif2-was 30 EI
25C - 30C over 1.5 hr1n a lh lr—gﬂmnyﬂwiﬁi af t esiyilﬁing g 2§%fo
2 hr, 10% hydrochl offic acid (60 m3> was ad FZ)r pakithiyilori ng GO
THF-t ol ugne sol ution containing H&agidng) hexanoic hexahone
3- hydr oxy- 3- ( 2- phenyl et hyl ) hexanoate 63 acid
FExample 5 mnone 0 12.5 24 .6 64
Trimethyl- Not Not
fxample 6 chlorosilane 10 19 measured measured
Dimethyl-
Example 7 dichloro- 10 19 57.9 2B.6
silane
Dimethyl-
Example 8 [dichloro- 5 21 - |63.8 24.9
silane
Methyl-
Example 9 |[richloro- |5 24 56.6 26.3
silane
silicon
Example 10 tetrachloride 5 23.5 56.2 26.4
Example 11-1

Ethyl 3-hydroxy-3-(2-phenylethyl)hexanocate

Magnesium (6.8 g, 0.280 mole) was suspended in THF (50
15 mL), and a solution of l-phenyl-3-hexancne (22.3 g, 0.127
mole), ethyl chloroacetate (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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5 10 15 20 18 July 2006 (25.67 g, 76.7% quantified by absolute
calibration curve method (external standard method) using HR 5?()’1 ﬁggrrpl e
11-4 Et hyl 3-hydroxy- 3-(2- phenyl et hyl ) hexanoat e Magnesi um (5. d/ 220

nol e) was su gnded in, THE ( 2_2‘ and 9 nlL of a mxture (qot al amgunt :
57 m) of 1- ’bﬁ hyF ]Sorh%x%fﬁ e‘?% I3’3"&13 (Roded nfrﬂfé)PaarrHTt LsLthA give a

chl oroacet at gyp ( 212 t nc _chloride (0.48
g, 0.0035 m) F §&l§tg?ﬁlocr:otr|% l-Ilew(%/l sﬁ%]an%% %éﬁﬁﬂ: 8IYO(§35((‘2HD| e) in THE (5
m.) were addpmeﬁylaﬁlqgi)laé)fam&te 2@ein gn w1 N qﬁﬂﬁ&rﬂecﬂw edfsioafitet he
tenperature of the reaction mxture was raised to 60C and 48 nL of the
remai ni ng i $@lieratienl cuaurrthay (Aytemahes wslardmeatihaged using

1- phenyl - 3- one and tert-butyl chloroacetate was added at 55C - 65C
over 1 hr in %hln stream Further, after stirring at 60C for 1 hr,

tol uene (50 YH NMENGC m%%hygirgc@lg:gl gmcugl (P& mb)3 wene added (For J =7
partitioning to give a THF-tol uene sol ution containing the tert butyl

3- hydr oxy- 3- I'Q@phbr@l&elh%ll)f&fk.amjatd (B335, (8&.9%) , qu&3tilf.is&d (By, m),
absol ute cal tjo ve nethod (external stan rd met hod) _usi ng HPLC) .
1H NVR (CDCI% §§ i %9&%3#’ 3159 AHy 1)), 4 aé3 AH48.( IH= f) E2d5 4019, 48
(9H, s) 1 5-_”_} (RH: 71')H 1. 777 -1%.-82 1 2. GRH, 29S)(pH2- 2.70
(2H n). E? &7 o150 r%z%fmzé“) 5 (2% Pt %{ fple 11-5

Et hyl 3 Hydmnamgﬂ:eé Zkibmanyl et hyl ) hexanoat e I\/agne3| um (1. 98 g, 0 081 nol e)
was suspended in a mxed solvent of THE (13 nL) and toluene (15 nL), and
t heret o was Etdtitfe B HHBtH %&%wﬂf@inymhud)hwanont@nla nol e) at 28.5C.

0.0507 ol o) and ST IE A0 Be O 4 94 ME L% Wit SHEPERaAR 3BCrAF fh0

over 30 m nnI) 2 drid i YdleaorF Wit h%henyl 3-hexanone (22.3 g, 0.127

mole), ethyl chlorocacetate {(26.0 g, 0.212 mole), zinc chloride
I35 (1.93 g, 0.014 mole), chlorotrimethylsilane (1.54 g, 0.014
meole) and ethyl acetate (12.2 mlL) 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 mlL) was added for
partitioning to give a THF-ethyl acetate solution containing
20 ethyl 3-hydroxy-3-(2-phenylethyl)hexanoate (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)hexanoate

23 Magnesium (5.15 g, 0.212 mole) was suspended in a mixed
solvent of THF (25 mL) and toluene (25 mL), and a solution of
l-phenyl-3-hexanone (22.3 g, 0.127 mole}), ethyl chloroacetate
(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

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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after stirring at 30C for 1.5 hr, 10% hydrochloric acid (30 64 18 July 2006
m.) was added for partitioning to give a THF-tol uene solutioqgjﬁ§n¥ﬁ$ning
t he ethyl 3-hydroxy-3-(2-phenyl ethyl)hexanoate (9.26 g, 69% quantitied by

absol ute cal4dration e .(external d ; ' HPLC) .
xam 5 E 1 %’ﬁl@qlg%g\é‘%%%%gtfﬁ%ﬁ 53%‘ F8§¥ﬂ-%§- ?éiﬁﬁgégﬁg%‘h%ﬂ%xanoate
Magnesi um (fethcdl @x43@nal ekawasraumpenday uBikgFub2E) .m), and thereto
was added a m xture of 1-phenyl-3-hexanone (20.09 g, 0.114 nole), ethyl

chl oroacet &xampd®@ g1g4 0. 170 nole) and chlorotrinethylsilane (15.4 g,

0.142 nol e)_.at .25C over 90 qin Ln a.th n,$Eream The m xture was stirred
at 25C forE£E¥i—4ﬂgigﬁﬂéiﬁéd—%ﬁﬂhgﬂliﬁﬁgﬁ—ibaﬁﬁﬂﬂﬁﬁﬁic acid to give a THF
sol uti onscont ai ni hydr gxypn3 - I y t . g,
51. 6% quantifiegﬁ%yg%ﬁéhaﬁgépgtg'cgf?%?a@?g%ycﬁéeegﬁgﬁﬁggg?eg?e?%gl§§0
st andard metihqd)ands OneLHBECh. mikxanpl dtdtal Embwht: 57 mL) of 1l-phenyl-3-
3-hydroxy-3-(2-pheny|ethgl)hexanoate Nggnesiun1(13.6 g. 0.559 nole) was
suspended BexpAENEST 22133 TndOt héY ePBLlahsaREdEaT B AR kY 4r ghbproacetate

0 564 ol o) ata enPorets MaEhyr Bhaeto Te4Bh ¥E {150 SRISEARE L0 i

over 180 mipnoio3sambhel shHeanlofberim¥thyesnasnstiored @ 206035 mdDE) fon 2
hr and treated with diluted hydrochloric acid to give a THF sol ution

cont ai nithg T&FhI5 BLAyHesryadded- aph2hse et BA°FhexgmodPleminlin g, thisal d:
72.3% quantified b h absol ut e aIibratioq:curv qg}hod q;ternaltgtandard
method) | USTHEMPLORSERARITE, 1119 e ture Of the Feaction Mlxcurd

3- hydr oxy- 3ak2raheBdl ebhgbidexanags endQ MaARe St it xR RO tIREe) was
suspended in THF (50
amount: 57 mL) of the above-mentioned l-phenyl-3-hexanone and

tert-butyl chlorocacetate was added at 55°C — 65°C over 1 hr in

15 a thin stream. Further, after stirring at 60°C for 1 hr,
toluene (50 mL) and 10% hydrochloric acid (60 mlL) were added
for partitioning to give a THF-toluene sclution containing the
tert-butyl 3-hydroxy-3-(2-phenylethyl)hexancate (33.3 g, 89.9%;
quantified by absclute calibration curve method (external

20 gtandard method) using HPLC).
'H-NMR (CDCli:) § = 0.94 (3H, t, J = 7.3 Hz), 1.32-1.45 (2H, m),
1.48 (S9H, 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 (1H, s), 7.16-7.20 (3H, m), 7.26-
7.30 (2H, m).

25 Example 11-5

Ethyl 3-hydroxy-3-—(2-phenylethyl)hexancate

Magnesium (1.98 g, 0.081 mole) was suspended in a mixed
solvent of THF (13 mlL) and toluene (15 mL), and thereto was
added chlorotrimethylsilane (0.2 mL, 0.00l16 mole) at 28.5°C.

30 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 gver 30 min in a thin stream. Further,

after stirring at 30°C for 1.5 hr, 10% hydrochloric acid (30
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m.), and thereto was added a m xture of 1-phenyl-3-hexanone (20.09 g,
0.114 nole), ethyl chloroacetate (34.8 g, 0.284 nole) and 8 July 2006
chlorotrimethylsilane (15.4 g, 0.142 nole) at 60C over 180 6& fg Jzuq y 2006

a thin stream The m xture was stirred at_ 600C for

5 10 15 20 ZE 30 n%a ig | >
2 hr and PFéaled GAERAAEPLt BATRYEFORMISr FR GEYR R ol Vo Liome sebitiqdn

quant {1 eqephBAgnindY EhE ety L P DRFANLEY LSRR Senv b Satba 8 e )
usi ng HPLCY, ES&npyeadtifi&lihyy Sbiyliexyes: {Prdbesy | aifvd iexasnpat e

Magnesium (1.73 g, 71.2 mol e) was suspended in THE (15 nl), and iodine
(20 mgy) wadexsgesHalhatendardone ecdlspeinrg dPLlGlas added 1 nL froma mixture

(total agrodnt ¢ 8 m)_.of 1- phenyl -3-hexanone (8.93 g, 50.7 mmvle) and
et hyl chl o 8.70 g, 70.99 nmmole) at 300C in a thin stream The

mxture wegh§li 8LRgaieky19- ideny Bl ishdd 7 n) of the above-
menti oned M Xture . - - 3- hexanone and et hyl
chl or oacet at e waMagmeetunt (80 g, 4D &V arol)hrwdn suspdridedstite AMWF T2S

m xture was_stirred at 300C for 2 hr and 10% hydrochloric acid (20 nL) was
added for %&fu??fgm@?emiw @%ﬂﬁéfﬂé{%ﬁ%ﬁ%&ﬁﬂ%%%&%ﬂe

3. hydr oxy- ga( Zoq plery et Ahd NEXANBa (401 et A0 TP Y morg)

absolute calibraiion curve neth standard usi ng

Exanpl el?1add &hhytofe hyshtloxys B pfishy ef hyl .)lexanda)e Avb@iesi voet 1908 g,
81.4 mmol e) , was suspended in THE (15 nlL), and iodine (10 ngé was added
thereto. TBIRhE" stsHeli Thredls AdgeBixtHEe! Wam atirxedr at(€ot@Ifambumt 20

m.) of 1- %I"T i%t e 3 0. | e) et hyl chl cetate
(504 g o asrig SFOLEHdh Bvcigchalit et B, B e d 17
solution containing ethyl 3-hydroxy-3-(2-phenylethyl)hexanocate
(15.54 g, 51.6%; quantified by the absolute 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

20 (20.09 g, 0.114 mole), ethyl chloroacetate (34.8 g, 0.284 mole)
and chlorotrimethylsilane (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 solution containing ethyl 3-hydroxy-3-(2-

25 phenylethyl)hexanocate (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)hexancate

30 Magnesium (13.6 ¢, 0.559 mole) was suspended in THF (50
mL) , and thereto was added a mixture of l-phenyl-3-hexanone
(20.09 g, 0.114 mole), ethyl chloroacetate (34.8 g, 0.284 mole)
and chlorotrimethylsilane (15.4 g, 0.142 mole) at 60°C over 180
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stirred for 10 mn and allowed to warmthe internal tenperature to 30C
The remaining (19 nL) of the above-nentioned m xture (totallgggggb' 20 )
of 1-phenyl - 3- hexanone and ethyl chloroacetate was added at - 260 over
2 hr in athin stream, The m xture was_stirred at 30C for 1 hr, and 10% 66
18 July 2006y difochitdrire sidie@™-30The ) mivEubel deas f DF1 ERd i 2% o Ry fokhikchr
gave a THE ' Al | .3 = 3- (2% ;phenyl et hyl xanoat e
(10.2 g, 76°?k§3g%¥V%¥€§ﬁby a é%&%%eh§€§¥?§?§%ﬁ§ng%ﬁgvggné#ﬁ%dx(%ﬁ?ernaI
standard netswad)tivsl R@rrallity eth§113-29d2ox303EtanphenflethyEf R¥kanoate
3- hydr oxy- 3- ( 2- phenyl et hyl ) hexanoat e Magnesi um (2.20 g, 90.5 mmol e) was
suspended i n(IBHE4 B5 6f.B%;antanddified( b9 ajpolateaddéibradienosulivet he

suspensi o ed .1 nL.froma mxtur t ot al nt: 21 nL) of 1-
phenyl-3-ﬁef%ﬁ%ﬁgp%§?§§16515Gg?n%ﬁﬁpe?e§ﬁ882tﬁﬁanhﬁggggcetate (11.19 g,
91. 3 mmol e) @ 11— thin stream The m xture was stirred for 10 mn
and al | owed internal tenperature to 35C. The renmaining (20 nl)
of the abov&tmydt iSehgdroxyt-Grd2(-pbeallatbyhl) hednobfeof 1-phenyl - 3- hexanone

and et hyl chl oroacetate was added at 30C - 40C over 2 hr in a _thin stream
The mixture was stPPPEFLRR 38c7Pol  17hr 2afO10Y, VAT dF OEREREFE 1R THE 301 h)

was added f partist i: oni: g, i e . oN G0 | rJ

3- hydr oxy- 3- 23 Sﬁghiﬁgﬁﬂ%|f%§x§ %a?%g(BaﬁgggFﬁggggﬁa &%ﬁﬁ%ﬁ F%%Qﬁ%EQ%B

absol ut el9 cabkisbraidedn 1cmLyv Eromt Aodikextker nabtal aadaidt meidanl)) usf ng- HPLC) .

Exanpl e 11-12 Ethyl 3-hydroxy- 3- 2-phegﬁlethyléhexanoate Magnesi um (1. 98 g,

81. 4 mol e) Phedvdadpbraancra TREPB18. A)7 mapde] oehdeetol ng)lakeRcridis

e et 0 ¢ T1382YBPENSY 8 oY o k) CUEY3bR YA U Ahen AUk erhLohikarRuNt:
was stirred for 15 min and the remaining (17 mL) of the above-

mentioned mixture (total amount: 18 mlL) of l-phenyl-3-hexanone
13 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 2 hr and 10%
hydrochloric acid (20 mlL) was added for partitioning, which
gave a THF solution containing ethyl 3-hydroxy-3-(2-
phenylethyl) hexancate (10.2 g, 75.2%; quantified by absolute
20 calibration curve method (external standard method) using
HPLC) .
Example 11-10

Ethyl 3-hydroxy-3-(2-phenylethyl)hexanoate

Magnesium (1.98 g, 81.4 mmole) was suspended in THF (15
25 mlL), and iodine (10 mg) was added thereto. To the suspension
was added 1 mL from a mixture (total amount: 20 mL) of 1-
phenyl-3-hexancone (8.93 g, 50.7 mmole) and ethyl chloroacetate
{(9.94 g, 81.1 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-menticned mixture
(total amount: 20 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%
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phenyl - 3- hexanone (8.93 g, 50.7 mmle) and ethyl chloroacetate (9.94 g,
81.1 mmol e) added at 50C - 55C over 2 hr in a thin stream Tgg lg,%@géi on

m xture was stirred at 55C for 1 hr and 10% hydrochloric acidl(1 ) was
added for partitioning, which gave a THE sol ution containing ethyl

3- hydr oxy- 3-ydrqieins i Raicheiddhddtle wes. 8Qldgd 6% Pauaatirnéadhyvwhbshl ute
67 18 July 2006 caljhration.curve t.had (external .standar t hod) using
HPLC) . Exanfi® a2 M eIRAY -C}W(ﬁ%&%-lé‘-l(n?-&ﬁéﬁﬁl 3 H?’Pfﬁé‘%aﬁag?é‘ 5 Magnesi um
(1.98 g, 81 Jrpl SusRanded 1ion 22 4T %84 ; sphwentiel ByEahZodull) and
hept ane (7. éfhm_), eg&nh&m?gldi ne (10 d(r%gd)q 2Wag;n gggeda?hereto. Thg| suspensi on was
al l oned to verlmbdmetisfC.cvhwd xtathed t(exaleramiustanderdl peghod) using

1- phenyl - 3- hexanone (8.93 g, 50.7 nmmole) and ethyl chloroacetate (9.94 g,
81.1 10 nmiol'HL%as added at 50C - 60C over 2 hr in a thin stream The

m xt ure was Eﬁﬂ;gﬁleéj.lalt—ﬁpc for 1 hr and 10% hydrochloric acid (30 nL) was

added for p ; I ch gave a THE sol uti on contai ning et hyl

3- hydr oxy- 3-Ktirnjih SuHeidody-ex@ronlet v18£hy 1) 63x8¥ipageant i fi ed by absol ute
calibration curve nethod g. 15 (external standard nethod) using HPLC).
Exanpl e 11-14 Et hplagheigmoxiy- 20 2. pAén Sy mephel ) HagafrBaPEnNagnési THT (2177

g, 113.9 mml.e) was, suspended . n THE (15 ) iL.odihe 0 . added
thereto. To "llﬁe' salf%dpé"r?s O @(9 wes & %egdfgg %E%Prggﬁﬂ'a i'r1r':1’x1§1‘}uere poe\iqgﬁsm%1
amount: 30 Rlds Afadeddhemt] f3diexanareurt3ot Gtot810amBRhEe) 2MAmLHOSE OpY!

chl oroacetate (15.58 g, 114.1 mmole) at 24Cin a thin stream and the
m xt ure was phtenyled-dtex2®@0ne ABCIBoy,.360n7nmmdhe) andcerbrlnthkioreagetate

allowed to rmto 45C.. The r ining_25 (29.5 m) of the above-nentioned
T xture (tor Qi dins SlaP REPLo0T SF ghcnyts 3 AT | A0 BRFTES

chl oroacet atg, Ad48d @y r49C10 RAG QUEM a21BLeliNtd LhBiA ShéCfAredhg1 M Xture
was stirred at 66C for 1.5 hr and 10% hydrochloric acid (30 nmL) was added

for partiti ceimpgradureh tgadéca. THAes dentaion ngon28 milng o30 theopbopgl

3- hydr oxy: 3- (2- phenyl et hyl ) hexanoate (15.7 74%
y ¥5 n&né%onéé miﬁ%uée {total a&ount:921 mL? ¢of l1-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-

29 phenylethyl)hexancate (9.42 g, 70.5%; quantified by absolute
calibration curve method (external standard method) using
HPLC) .

Example 11-12
Ethyl 3-hydroxy-3—(2-phenylethyl)hexanocate

25 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 chlorocacetate
(9.94 g, 81.1 mmole) added at 50°C — 55°C over 2 hr in a thin

30 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) hexanocate (8.88 g, 66%; quantified by absolute
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gquantified by absolute calibration curve nethod (external standard met hod)
using HPLC). 1H-NMR (CDC13) 5 =0.94 (3H, t, J = 7.3 Hz), ¥§n§l§lj 0@

6 68 18 July 2006 Hz), 1.26 (3H, d, J = 6 Hz), 1.35-1.43 (2H ? 3- 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 (lHakdptationr datie) methiBl 7(eko3id]l rgtandazer metdod) 2ksimy. 5
Exanpl e 11-15 FEt hyl 3-hydroxy- 3-(2-phenyl et hyl)hexanoate Magnesi um (1.48 g,
60. 9 nmol e) IWelrsc)suspended in THF (10 nlL), and thereto was added 2 nL from
a mxture (t Boytiy 17 nl) of 1-phenyl - 3-hexanone (8.93 g, 50.7

mol e) and %oacetate (7.46 g, 60.9 nmmole) at 30Cin a thin
stream A [|edtyderdyahrent-340-ghseiNed iWohesdanoaieg the m xture and,
after 15 pin, the tenperature was reached 40C. The mxture was cooled to
have the internal Masissiarid .9l %CSlaﬁdH!Tmle)r YRS ﬁuﬁgepqlgdm;)n of miked

b t t I ph d
cthyl ont or utiehs Sy o7 5887 S hapkrns 11778 L At EPSRE TG
m xture was nif)i Waed acle3AB @t c2. STHE S0SpLALLENEwAL0: ldud@stadsesdh +o

thereafter. 10% Hydrochloric acid (20 nL) was added for partitioning to
give a THF- t5ﬂ°GeneA smixﬂumn torital et hyao &Py drfody-pReh@ 123-hexanone

phenyl et hyl ) noat ( 62. 2% I ed by absol cal i bration
curve metho gt gled ﬁ&éh&&ﬁl’i é rPIPE%}:atExéﬁpgé 91-46- Et hyl
3- hydr oxye3 enylethyidshexa e_ Hesd 8.0 e)
suspended |gﬁ%ﬁ%h(gﬁés%;me§n§)&l gg;’a(tf-]e (2@%;) was%%l&}lt ﬁe?tg:i?)l g;& SO dtiic‘)!?\é
of ethyl bmingace! sts 35rrgd @t256r0) B)r i h HHFad. L $rihydsasch e caddad

ina thin stream To the suspension was added 1 nL froma mixture (total
anount : 16 P BE)1¥gFeRdded. fexaRarEityoning, Bblzb gavifo? eJHAngolution

Lhe mixtur e oee el T aod T8 tuar BREStese G thraft srin he et "l L

was stirred GBOIB%quﬁhlﬂt:L&lﬂddt b¢ ebsBlOtagci1dbbrbtieh thevaheyens@ntioned

m xture (fotal 69
{external standard method) using HPLC).

Example 11-14

Ethyl 3-hydroxy-3-(2-phenylethyl)hexancate

Magnesium (2.77 g, 113.9 mmole) was suspended in THF (15

mL), and iodine (10 myg) was added thereto. To the suspension

20 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
chlorocacetate (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

23 (29.5 mL) of the above-mentioned mixture (total amount: 31 mL)
of i1-phenyl-3-hexanone and isopropyl chloroacetate added at
40°C - 50°C 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 partitioning, which gave a THF solution containing

30 isopropyl 3-hydroxy-3-(2-phenylethyl)hexanocate (15.7 g, 74%;
quantified by absclute calibration curve method (external
standard methed) using HPLC).
'H-NMR (CDCl3) § = 0.94 (3H, t, J = 7.3 Hz), 1.25 (3H, d, J = 6
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18 July 2006 anmount: 16 nlL) of 1-phenyl-3-hexanone and tert-butyl

chl oroacetate was added at 55C - 65C over 1.5 hr in a thin ngﬁ @hoghe

m xture was stirred at 660 for 1 hr, and toluene (10 L) an

hydr ochl ori.g, ,aci;d 5.1 vvereadd rebtionin to,giye

THF-t ol uené Hq‘?o’l u |c(§n coritg 'ni"ng g g )’b té?p? EJ‘:’ (QH ,%) ' 5},(_16‘59 (2H,
3- hydr oxy- gnj(,2-1ptvenyl etzhylzkhexn nOQt 8o( (247 8§),63.8% 2 avapifigd by ¢e
absol ute calibration curve net (external  standard nethod) using HPLC).
Exanpl e 12 (1®,1-sphedyl083- (hﬁxaaepe (J) =pbopy) , sTyrg+7ke®oh8H, m), 7.26-

( 3- oxo- | -pger} | - | -heﬁﬁne) To a m xture of benzal dehyde (30.00 g, 0.283
nol e) and 2- éeﬁ@ (67.33 g, 0.782 nole) was added 10% aqueous sodi um
hydr oxi de g&%ggﬁeginggo nmol e) and the mi xture was heated and 15 stirred at

55 - 65C f reaction mxture was cooled to roomtenperature

and the aqEehyd Bapgrhreag-GrREe-phenalatiedl) bdadidaes (20 g) was added and
after stirring, the aqueous |layer was separated. This step was repeated
twice. The | ow b¥PERREIEBI i - £Bngent0 sYcrmeke - rhrrpridesbnbm TEhydd 20

d the | d d |1l ed d
educed prigder abEotBREELE a8 IRRRE f MET IS o S ol Uy AR
(136 - 150071n3§ Pa)-phatyDSaanoubabe 705 794 LI (I g Q9

3H J = 7.3H, CH3), 1.6 80 (m 25 30 2H, 2.65 (t, 2H J 3Hz,
CH2C0) , 1%. vhlpsoacptate| é?l-ﬁﬁcg, 60 7 nirsglelH, aml:ﬁ?%ml@) a th3n7s@r(aaqn 5H

(20,00 g Bt EbIkBIPEBE A PaPSBEVESY MHihyi dockii G T e ded 5%
b (8.0t B B, DHOUL BRI S s SRR PPN

reduction reacti on was conducted at roomtenperature for
hydrogen pwessaeeledhtochawé yshe wastdindlertesnmeifa tuared atha3°Cl, t aatiethas
washed with ethgbnacetate Et hyl acetate in the obtained filtrate was

distilled GREFIELAGI {E°tRE) 1911 ey PR TMSP Hese T SHRTIE dSoFadorBrrass
oi | (20251119, n¥j ebd ?Qpﬁéﬁyl -3-hexanone and ethyl chloroacetate 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 mlL) 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)hexanocate (8.33 g, 62.2%; quantified by absolute
calibration curve method (external standard method) using
HP1C) .
Example 11-16

Ethyl 3-hydroxy-3-(2-phenylethyl)hexanoate

25 Magnesium (1.18 g, 48.6 mmole) was suspended in THF (8
mL), and iodine (5 mg) was added theretoc. A solution of ethyl
bromoacetate (35 mg, 0.2 mmole) 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-hexanone (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
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1H NWVR (CDC13) 3: 0.89 (t, 3H, J =7.6 Hz, CHI), 1 50-1.70 (m 2H, CH2),

2. 36 (t, 2H, J = 7.4 Hz, CHCO, 2.72 (t, 2H J = 8.0Hz, CH3}, 1%-2%@6('[1
2H, J 8.0 Hz, CH2), 7.05-7.35 (m 5H, 5 aromatlc) Exarrple {lé racem c

3- hydroxy henyl yl hex agi ( g, including
215.1 g of %P'g)(%:lg% cll\é ﬁ%@l 05-2 gg% 13 § g‘*%’e‘%@?e%ﬁw? g&a%%éfg) obtained in
Exanpl e 1Qhlotascadded &a%)aqu@austsgdbmnlhMﬁto&béQ (590ng, i%. 48tAPhe) and
the m xture was stirred at 40 - 50C for 4 hr. To the reaction mxture were
added 19% I#fdeenh| ofhe Btz M@y sfinred amses)oc éna M BK, (284d. flogyenand,

after stirr,i arti,t e e_an or I 455 cont ai ni n
Thetitl e dooBiRa pdas8 ByaTethiarioathds ) EafY reds Aadedlsar e by
HPLC) . 1#+ tﬁ@@gﬁ§n 3t8p§1v9 QGTﬁﬁkkoiuehe sglﬁgﬁon éoﬁ%%gnfg'(égitzo m,
1.60-1. 64 (2H, 1°da . 5),°% BB 01 2
7.17-7.20 pahylnja—hydzaxy 39(22pheny1eﬂxpnpmexamoate (7 47 g, 63.1%;

(R) - N- (3, 4-di net hoxybenzyl ) - 1- phenyl et hyl am ne Veratral dehyde (174 5 g,

1. 05 ol e) H@gtatied) %dabﬁomgﬁr%éh%ra%m Ve tmeighed irxtgial

(R) - 1- phen 2 mmol e) was added at 50 - 60C over 1
2 hrin éltg%‘ﬁlxkﬁag%‘ggﬁ?n&h%?%ﬂ‘grI,*E'Iag er stirring at 50 - 60C for 1 - 2 25

hr, the m mkgg?luaszcool ed to 20C. To this solution were 30 .added

triet hyl am ne : , 50.0 mmol e) and 5% pal | adi um carbon (50% wet, 5.4 @)

at 20 -*%B0&-phanyhe3nhexarensas sti rred under 1 atm hydrogen atnpsphere at
45C f The, cat Sfl red off and the filtrate was

concentrat gé)tgroﬁ?'vesl:%léy% ?‘?g% ?1’60(]]2 lpth'é‘ unt 252.5 g,

yield 93.05% (fyaathigthye @f‘%é&%élé%m}féq:-}o IR (Y omab3 332%) (Mnd) 2-
1514 (N-H). Reference Exanple 1 71 18 Jul'y 2006

(R) - N (3, 4penhenhmyb@hz?y$)ga Q)h’é&\%/lmlw)l ammeaddaem meaqwo;atsersmuuemme

Efziﬁﬁeﬁy| %§?§ %&ggﬁdlss fﬁﬂkéfgﬁﬁth %&ﬂ%are #%s 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 ¢, yield 79.7%)
'H-NMR (CDCl3) §: 0.99 (t, 3H, J = 7.3Hz, CH3), 1.65-1.80 (m,
2H, CHz), 2.65 (t, 2H, J = 7.3Hz, CH;C0), 6.72 (s, 1H,

25 olefinic), 6.77 (s, 1H, 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

30 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 cbtained filtrate was distilled away to give the title
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g, 0.4 nole) was added at 50C in a thin stream The mxture 5 was stirred
at the sane tenperature for 1 hr. Sodium borohydride (9.08 %m@@oﬂ ded at
20C - 30C and the mixture was stirred overnight. The m xture was extracted

with toluene, washed and concentrated to give )

(R) - N (3, 4°8WH€PH8‘x9\5eﬁz§P}9£ eaﬁeﬁgfitet(%g}rgh de Y19¥d199)4%)The yiel d was
98.67% 101 25, (N 1 1 ef n arrpl e
2 (R-N(o- I!(I:W &é[?](g yi') a- gﬂg%yﬁgfhg amlj?le é ﬁﬁ gg‘?rs’ ﬁansﬁdé(ralg@l

Ref erence Bwranphe) 2-2. ®xcepf 28 hat 2-th Q{zobemg@bgiehydezv\@s_ usgd pnstead of
3,4 15 di met hoxybenzal dehyde (R) N- (o-chl or obenzyl) - a- phenyl et hyl am ne
was obt ai n8d0HTheCllilel R vty 08. 28, J R $hdrthaimCHey, ch 05-3323 (M, HpH, 1444
(N-H) Exga | e 1? ‘(: ) - 3- hydr oxy- 3- ( 2- phenyl et hyl ) hexanoic acid (R)-N (3, 4-
20 di netho §8’3ﬁ yFy 2 1- phenyl ethyl amine salt To a solution (445.7 g, pure
cont ent ofﬁ%maclg- hydr oxy- 3- ( 2- phenyl et hyl ) hexanoi c acid 189.8 g, 0.803
nol e) of ~hydr oxy- 3- (2- phenyl et hyl ) hexanoi ¢ acid obtained in
Exanpl e 13rhquEzK3mhgdndnlgd3MRKplﬁéJzﬂﬁDemgl)H’élmmiid weidvas 25 heated to
55 - 60C and a soI ution (300 m.) of (R)-N-(

di met hoxybenzyl ) T2- B%%n’f/?%’c%‘%aﬁ?% t%29!_5 Hl%)iucbm‘éé Tohtlert cfig@cRrig 0. 723

over) 30 m ERGL o yRPAFSP P 2 DR QB oM S8 onfihef At Rtttk
(R-N(B® 41 3Madli aRibaXydPnaybgols phemine thyd 2ol it SEY0 WS 11.16C woaksd anad,

after cooling to 45 - 49C, the mixture was stirred at the same tenperature
for 30 mi nthafpbxters| vagy elpmsl @erd® -hrb0%Chdorniixhar e Trasths | Feagkian t he

t f 2 h 2006
ol | ect od Ut FITe 9078t ae viich T 47 Y40 345, VA o 41 de 14 BRdad
crystal ofaﬁ@emmtl ELS@ 4 @, 3an&0|ﬂ’ﬂe§c5%1ﬁrﬁi§tr§§} (pla&ltl%@ogledykt%l gidd 4%
optical purity 92.6%.e.). Exanpl e 16 Purification of

(R - 3- hydrexgamsig Zlqﬂ‘@my(‘b&lhy'il )Q‘iem@amramqi the title compound (189.8 g,
(R -N(3 4 dlﬁt&é)xyﬁen@/dgn enel ez:;[nryllym.s %ilPLC)

'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
isopropanol (600 ml) at 10 - 40°C and (R}-1-phenylethylamine
(121.2 g, 1.00 mmole) was added at 50 - 60°C over 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
1 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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A crude crystal (238.46 g, optical purity 92.0%.e.) of (R) -3-hydroxy-3-

(2- phenyl ethyl) hexanoic acid . (R -N (3,4 10 18 Tulv 2006

di met hoxybenzyl) - 1- phenyl et hyl am ne salt obtained in the sane nner as in
Exampl e 15 V\(a% dis ol4ve(§ in MRK (2385 niL) at _80C. lThe gixture was cool ed

to 76C and RY; SHE-3ErDS.
Thhcspahl yagosnpstbpteds The

(R) - N- (3, 4- di met haxyhb NN = hyla

m xt ure was stirr?dlﬁlgﬁ%zn)é %Q%yggg Q?h%ﬁg&%f rvrr 20
25 30 , e diesblved dpOmeRpPafod €240eml)tbaAg RrYSpREnYRStRPlwThed(dy. 47
filtration and washed with MBK (250 nL) to give the title salt as a

col orl ess c®ysfPal meded Fpsgadded| gtob074hn gpthitdl ursam. ofhssmgxsuye
Example 14 (R). -3-hydroxy-3: (2-phepyleth hexanojc_aci q, .,.(R-N (3, 4-

i et hoxyhe (a1 L EEREn ST e LR AP ReCEmPE s ohPhL R ( 405 YR it e
content of LaceRyErddenYdr 08YyP- (AsPhgaxbesbybddexaroe aaldtBO2mOxHur- 857
nol e) of racem c 3-hydroxy-3-(2-phenyl et hyl)hexanoic acid obtained in the
sanme manner was stiExendpbeger8ightM Riewaslauded v s idxdtthm@ored #5368 roluene,

i ncl udi ng (R)-3-hydraxy-3-(2-phenyl et hy|)hexanoic acjd._,

(R N (374 HPRBERDR)Beboir s Bt EpEaty Fo fytam me kel § A0 st heordyenmtiah o

I n Exanpl e ' d eat t =5 ot s added a

sol ution of ﬁ(ﬁﬁf}%gfgyzgﬂgﬁﬁg?%g%%eﬁgyI ?fhfﬁg’#%ﬁl% ot y|9§m%r?\§@( 229.3 g, pure
content 1203R4sgecB@riami6 (golke) )didsad ver-H)n tsa.4f i(NHHAt e obt ai ned Exanpl e

16 (300 nmL, _cantaining (R)-3-hydroxy-3-(2 phenylethyl)hexanoic acid .
(R)-M(3,4-&Eégsﬂggh§§mgﬁ73 18 July 2006 phenyl et hyl ani ne salt 0.005
mol e) over 1py M0 (b0cR15PLBeREy 8AML -phenylethylamine

In the same manner as in Reference Example 2-2 except

that 2-chlorcobenzaldehyde was used instead of 3,4-

15 dimethoxybenzaldehyde, (R)-N-{o-chlorobenzyl)-g-
phenylethylamine was obtained. The yield was 98.5%.
IR specfrum: (v ecm™) 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 solution (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 tc 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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After cooling to 58C over 30 mn, a crystal of (R)-3-hydroxy-
3-(2-phenyl et hyl ) hexanoic acid . (R)-N- (3, 4-di net hoxybenzyl) %%O

phenyl et hyl am ne salt was i nocul ated and the m xture was S | rr 50C
for 30 min. Aft L .cooling tg 25C ov 12 hr he, mxture was filtrate and
wnshed w ¢ hIEPRESE90 IS EEG GRS codier bRl @Yy%f‘gFr#l?ﬂea\é\gtV%sg% oL

colorless c 113630 68% 6 e 0
(R - hydr oni® (G080, o, g fpl bridetdbySeds AR CCifLd%alt as 2

(R) - 3- Hydr oxpldr(2sphemykethyl(lBexaaoge atetld ¢R)45%, optical purity

(3, 4-di net hoxybenzyl - 1- phenyl et hyl am ne salt (180.58 g, 355.7 nmmole) was
suspended i #2VPRR-E542 nl), and thereto was added 10%sulfuric acid (355.6
g) and the gé“é;g yas stirred for 30 15 mn. After the aqueous |ayer

(aqueous | a removed by partitioning and water (50 g) was added

to the orgaphgilfayationAbECRSLEBFRTAGok9F 3302 MhRen{ DELBFILIROMEatSYE@a MBS .
renoved (aqueous Tayer 2). To thé organic layeér was added dilute agqueous
sul furic 2dRacNd (58— glmQFhQXYhﬁUZth-hTRh%mjelemfsymm@cBaMShed and

partitioned to repove the aqueous e The o c laye a|n
Pashed wth diluth SEaBustearrnr (e3hchs Iooret it ey JERRSEIT atyer
was added 0.R4¥%zagygeds,sodidnp Ry Pt ) kePaddidng-ide LyLres

stirred and (tﬁe aqgeousy ayérnbvvasgﬁ 5 l?b) MJ a:lL tlt d r r(k?( SO enove y
par i oni#Yy. dametharibenyel) mhsphenmbeltlaybamineé dmml‘esmnramd aim dflrgz e 4
KPa, internal tenperature to 87C)_ to give the title conpound

col orl ess oPRPPSY. 8sginphxppple gid gégs p‘éﬂ‘%s%%'f)“i'ﬁltl%d”’%{ g§23(ecijé?ﬁ’| Bt i ve

anal ysi s by O N e a o appl ]_@ggmgl 9

Recovery of 8?‘%'- N-TF?, Wéﬁ%ﬁh%@%bg%rza;ﬁ? ﬁngn%‘/l e& m%ni}%{d et
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 mlL) 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) hexancic acid 202.6 g, 0.857 mecle) 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)hexancic
acid . {R)-N-(3,4-dimethoxybenzyl)-l1-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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The filtrates (containing solvent MRK 1964.8 g, 3-

hydr oxy- 3- ( 2- phenyl et hyl ) hexanoi ¢ acid 0.4313 nol e, (R)-N-(3u€hﬁg a& Jul y
2006 di net hoxybenzyl) - 1- phenyl et hyl am ne 95.98 g, 0.3537 nole %talned in
Exanple 15 and 17 were extracied o with 10% furic _aci 431, 1 and
once v t i RBSREbFFaT I nie e bh e T e denl B dria Sridmsisdh-
(764.5 9), apBK £48Di g B Woeecadded 30NMhiA0%,a4u6a4s 15081 YR) hydRoxidey—
(277.2 g) was added%ﬂ%he m Xt ure was sﬁﬁrﬁe ang st ood s???l. Tﬁe aﬁ%eous
| ayer was Bemveldemnbteviay Eyh€28Ho i) awisd addRp-Ke (3 he-dimarhexybeayarl) -The

m xture was again stirred and stood still. The aqueous |ayer was renoved

and the orBReRyleehelamire 192 Ko itahtimgatatedgiansd the Mmigtereomgsund as a
col orl esgs Qj 2 05,87.:0, PME] 0 Ur&- o . g,
yield 96. 3%1“(1%%5%% i ?E'Oa"t%?\f(e’%dgtoerz‘rlngﬁat#%#%n%??fg%s b1§° ﬁ%@*}%&a% ggzo
Recovery othd Riidtuss 4t N hevatn ztld wstenwiahhyiar Ne40TALR foXgke of
aqueous | ayer 1 and aqueous layer 2 (642.7 g, including
(R) - N- (3, 42 dimedehosaetieryy 19 theHemdetdalita@sne 9@19rdessbreavasali A128Xahpl e
18 was added%B@%(ﬁg 6%%? and 20% aqueous sodi um hydroxi de (149.4 g) was

1 ' :

added. Ther 1% dd and stood still. The aqueous |ayer was
renmoved a s 1890 g) was added to the organic layer. The m xture was
again stir ood still. The aqueous |ayer was renpved to give an

M RK sdlPut { Rin--chytdrowyed - {fe-phidnyd e thonip nerxehno4 7 adid, purity 21.86% pure
anount 91.26 g, eld_ 94.55%_ (Quantitative dgt erm nation anal%s_iNs_ by

HPLC). Exanpl e 2%%’1‘3(1%1#-%?&36% -phenydpbhyld PRyENRELaA6EE ach

(R-N(3,4 { et %ﬁ&@ﬂz- -_gh i a (o] okyt on
racemnc 3-ﬁ§g%g§§-3-% - p eh?ﬁé?h$#%%§§%ﬁ%§c EF %%%?3(3?§b5?i?9:3§§f%@6
pure anoumiole)’.whk gustenddsl dan MIBW R5402m0) nl hndashadded ¢&- AHded

(3, 4-di net hoxybenzyl ) - a- phenyl et hyl am ne (18.32 g, 67.5 mmol e)
10% "'sulfuric acid (355.6 g) and e 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 aqueous layer was removed
{agqueous layer 2}.

To the organic layer was added dilute aquecus sulfuric

20 acid (50 g, pH 2) and the mixture was stirred, washed and
partitioned to remove the agueous layer. The organic layer was
again washed with dilute aqueous sulfuric acid (50 g, pH 2).
To the organic layer was added 0.04% aqueous socdium hydroxide
(50 g) and the mixture was stirred and the agueous layer was

253 removed by partitioning. The organic layer was conceﬁtrated
(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-phenylethylamine

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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and di ssolved at 60C. After cooling to 55C, (R)-N-(3,4-

di met hoxybenzyl ) - a- phenyl et hylam ne salt (20 ng) of (R)-3 751§§ﬁ_#:‘ib¥6 2006
hydr oxy- 3- ( 2- phenyl et hyl ) hexanoi ¢ acid was added Thereafter e mxture
was cool ed to 300C and stirred at the sane nBer ature for hr. The

resul ting crifidiefh W@Wﬂléﬂled’wylﬁtmﬂ-&fﬂnlé‘ﬁ g-§Bve-afl- aﬁ’?ﬁem@hﬂ (15. 50
, yield: 40 79 h | h d
o Dot cal sl At it MRS 57 BREDY LR LL 08 Bh8L CuRER 1 58! N0

(R) - 3- hydr oxiriFurd-phesid etdntl nheyan@idC odeedwith 10% sulfuric acid (215
(R) - N-(3, 4-di net hoxybenzyl ) - a- phenyl et hyl ami ne salt 10 The
(R) - N- (3, 4- di)rret Bbgybenegls- éapheﬁwemytmbme@aﬁﬂ(51&)0, @JIBHK (485 q)

R) - 3- hyd - 3- I | ).h d t 21-1 and
havi ng an- OB AR PP OroBoESEn2, SeaaEs BYSHHT Ao M A’ (108 r#99 ar 75C.

After cooli ramdéae olpﬁél e8P0t UihONst Or Bl ax(&%)s%&cﬁ émdurret bﬁéyQ&aéxhé-a-
1I5h 1th 11 20 20 25 p eny ey amne sat R) - 3- hydr oxy- 3- ( 2-

phenyl et hyl Jlagreaneias aerndvwas aaddedtand (Rhg gDI uasoadded tootleel ot@aRDC.
The resulting salt was coll ected by flltratlon to O?lve an am ne salt (13.2

g, 'yi ol d:  8620%F -of TERSHER g9 970 phiersaeA (31 a“foer
%. e.
(R) - 3- hydro%@fEl ?to?l% laéjr?;%: g:;[a ﬁy?gﬁgﬁﬁo%sg#g g%ﬁ%{lkﬁ(%qyer was.

chl or obeﬁﬁylcbna-enh;&aytbat hyl gtiveethal tit0eacs@poth@nadfareésbstLess oil

3- hydroxy gz phenyl et hyl ) hexanoic acid (7.34 ¢ gurlty 80.5% pure
anount : 825gmmué)1tyn8m ﬁﬂ%quuﬁﬁ) ama@nad% d4§ Y- Neold 96.3%)

Chrchenc s ;SO M S (5,59 a2 B Bl 1 ool ved

Example 20

Recovery of (R)-N-(3,4-dimethoxybenzyl)-l-phenylethylamine

15 To a mixture of aqueous layer 1 and aqueous layer 2
(642.7 g, including (R)-N-(3,4-dimethoxybenzyl) -1~
phenylethylamine 96.5 g) obtained in Example 18 was added MIBK
(386 g) and 20% aqueous sodium hydroxide (149.4 ¢g) was added.
The mixture was stirred and stood still. The aqueous 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 sclution containing the title
compound (417.4 g, purity 21.86%, pure amcount 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

Te a soclution of racemic 3-hydroxy-3-(2-
phenylethyl) hexancic 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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chl or obenzyl ) - a- phenyl et hyl am ne salt (20 ng) of (R)-3 30
hydr oxy- 3- ( 2- phenyl et hyl ) hexanoi ¢ aci d was added. Thereafterl Jﬁ@?ﬁﬁBXture
was cooled to 30C and stirred at the sane tenperature for ﬁ

resulting salt was | ected.b |Jtration to,give an alt (5.30 g,
Vel a9 Br=sRoTar BeieR iRt bbaeiTho P ;a5id ¥as HadkA o: MicERetasaivc
aci d_havi ngnanmericheal waBUEbbYeQf t§496-c- ar@(%rere%il a4; '%He'f'aﬁ%t'on of
(R) - 3- hydr oxy- 3- ( 2- phenylethyl)hexan0|c acid

(R -N(o- cmbmpebenmyé)farpﬁehyleuﬂhderasuitmﬂg dﬂystal was collected by
(R)-N-(o-cgl robenz g-a ghenylethylan1ne saltbé

(R) - 3- hydr %gt§af:2°éh RyEEYRyRY n@REMDi B2 hki 1D %l%edﬁ?lld‘t‘x"é?rp]ﬂ 23153 and
h t,

ATt er “cool Ry o8Ok %Bﬁt{%ﬂﬁﬁﬁ%%é}?ﬂﬁ R G ot

0 C 0oro nZpnranynefsao®elsd. 20 25 30 y ey g ey ape

hydr oxy- 3- EZ phenyl et hyl ) hexanoi ¢ aci d was added The m xture was cool ed
to 25C and ng salt was collected by filtration to give an am ne

salt (4.1 | 20 hexan0|c aci d
havi ng an ?? ¥ff gtlg ’@f - £C

v \ ‘! Y = - ) v ) \
21-5 (R 3R)Wd39¥¥-§1mefﬂoxw )et#yé ifk%%ﬂ&nﬁ% Gzl R-N(o-
chl or obenzyT)-a-phenyl et hylam ne sa 0 an € € m.) solution

of racetfi ¢ 3- The (R)-N-(3,4-dimethoxybenzyl)-g-phenylethylamine salt

(15.0 g) of (R)-3-hydroxy-3-(2-phenylethyl)hexanoic 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 solution to 65°C, (R)-N~({3,4~dimethoxybenzyl)-g-
1> phenylethylamine salt (20 mg) of (R)-3-hydroxy-3—(2-
phenylethyl) hexanoic acid was added and the solutiocn 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)hexancic acid with 99.4%e.e. (the total yield:
20 35.3%).
Example 21-3

{R) —3-hydroxy—3- (2-phenylethyl) hexanocic acid . {R)-N-(o-

chlorobenzyl) ~g~phenylethylamine salt

To a solution of racemic 3-hydroxy-3-(2-

25 phenylethyl)hexanocic 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 cooling to 50°C, (R)-N-{o-
chlorobenzyl)~g-phenylethylamine 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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hydr oxy- 3- ( 2- phenyl et hyl ) hexanoic acid (7.34 g, purity: 80.5% pure
ampunt: 5.91 g, 25 mmole) was added (R)-N-(o- 18 July 200
chl orobenzyl ) - a- phenyl et hyl am ne (5.53 g, 22.5 nmol e) at 60C 1n a 6hi n

f
of (R 3 s (! oAU IGietord AR e R, B BBGAE8Y, | Ced”

to cool topusDEy and §4s§é r@d at the sane terrperature for 2 hr. The
resulting salt was collected by filtration to give an amne salt (4.46 g,
yi el d: 37.Exampke (3J=4- hydr oxy- 3- (2- phenyl et hyl ) hexanoi ¢ aci d havi ng an

I 6

?% ! galhygl : A O3 e ;)hexano:Lc acid .

di met hoxsyb@%J (@-dlﬁ%%tfé% g{%%h%@:l%ztlegﬂy@%nﬁh@’lsa@&et ate (90 ni)

sol ution
hydr oxy- 3 (2 phélmel e(tH)y-IN)-H@wadeoaroénemdy(LT—&Arpgengalerthylaﬂ@né%salpur(5 0
anount : 25 mm was added (R)

di met hoxyt@naﬁ) Firseny ke n@h(eewiftéyiiQeﬁaﬁﬁﬁpe?caﬂdoba%%ﬁvw at
60C. After t I Nz yl phenylet hyl am ne
salt (20 nEg lé]%)l %r(%@drhc()a%ng_ %2’ %ﬁécgyggt ng%mgxé%o%%%gc?d %S added.
The m xt urdisseAasredl IQWMILBEKD (E0I) 0 a30C5a0d Aftigredoall ilde tRaBRCeMPRY At ur e
for 2 hr The resulting salt was collected by filtration to i ve an am ne

salt (5° 110-g(01ﬁhémfomzq%> —m—p@R}lyjﬂﬁw#mns- sa2tpHéfymal hyg) Bk aAoi ¢
aci d havi not urit e. le 21-7.,Pyrifi.cati.Q f
(R) - 3- hydr o%3F cgqpé phe v é'xtyl% exaﬁ(})‘:la(r:méc acgg was aZideH T m:l.xq:uore

(R -N-(3, 4«43 r&toll@@/tt%nmsba\. an@hemlﬁémmm es St twald dElected by
(R) - N- (3, 4-di met hoxybenzyl ) - a- phenyl et hyl am ne salt (5.0 g) of

(R -3- hydrﬂ;»&;tmt(lzznprt@nwlmehyxm paaroselaci(d. lopt avhedd: nSth@fe(QmI& and

h I d t

S R S --Bhodlar et SIS PR B8 b Lo DB B Y
yield: 152Q34.76%k 00k . (R)thg Qﬁ@équl,gl@ pheny| et hyl ) hexanoi ¢ acid having
an optical purity of

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)hexanocic 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 mmole) at 60°C
in a thin stream. After addingr(R)—N—(o—chlorobenzyl)—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) hexanoic acid . (R)-N-(3,4-

dimethoxybenzyl) —~g-phenylethylamine salt

To an ethyl acetate (90 mL) solution of racemic 3-
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Ref erence Exanple 3

(R) - 3-hydroxy-1-(1-i mdazol yl)-3-(2-phenyl et hyl ) hexane-| - one

(R) - 3- Hydr oxy- 3- ( 2- phenyl et hyl ) hexanoic acid (1.0 g, 25 4. 23&87“%})03

i m dazol e é0.3457 3 5.078 mmle) and trjethylanm ne (0.9206 gC 9. 098
mol e) wer BYHFS¥YT e&2|nh¢111£l%*ehy4=ru)e}aafep%cﬁ@di -9 RAEitE; B9-9%.

sol ution r y ed t hI 5 317 mmol e)

di |l uted i\rll\gﬁ'ﬁg Qxﬂﬁ@ﬂnt) %vhalglf Shaél]%ﬁlg?{él]ie '{é %Od @%‘?’n (;b ‘tthin stream
After 30 amtnbkpmeﬂéyaﬂd&tpmyrbﬁ@mﬁhﬁ reganl tde 29 )8 Wi 189S agid rr ed
while maintaining at -20C - OC for 30 mn to give a THE solution

cont ai ni nngWOQVﬁQdabx@O‘TC (12fredagodying 3t¢ 250%heR) eNyiS) Hexane- | - one

(yield r},ot les n 90%, treated with 78 18 Jul.y tyla

S71 rr e " AR EEHEBRREY By SRl A EY (R HARE (G iamHnde R and
quantitati Hﬁ&i‘oﬁlﬁ-?ﬁf@ ’pléth lﬂ.ﬁcefxﬁhrﬂ P AR WRletal | BrathoRegrL hod
using HPLC). Reference anpl e

(R) - 5- hydreay - 31 bowe®-{2- qncbmhyticetiﬁy’b) andasmateedPatasheuaamen‘oatub\gtature
mal onate (1.080 g, 6.348 Mol e) was _added to_a susgen& on_ of nagnesi um

chl ori de (60154%71‘-5 g'hPISferﬁﬁ‘&FCéf’gaﬁél’FHEa(54cﬁ1]:}e§ﬁﬂ t ¥ ﬁ%%?ﬁ?%l%st%tl rred

at 40C for h i d a

sol ution ?g‘ﬁ?)él?% %Qé%xiafy(?ﬁ S;QZ%%])%Q %?)Ztgqghtg%ﬁgt)h?{)ng%g% one

i n THE H§bt azmdemﬁlaﬂiﬁlﬁw&rﬁWcﬁ.dB haatindPGn apdiche puxttyeodas stl rred
at 60C for 6 hr. After cooling to 0C, 10% aqueous hydrochloric acid (4.4

g) was gr%ﬁfb%ﬂq?y added in a thin streamand the m xture was stirred at 15

0C for 15 ﬂg! fgtﬂ .;tandl ng still, the mxture was partitioned and the

aqueous | ved. Saturat ed brine (4 g) was added to the organic

| ayer and ginei ficdtich W (BiHI-R-IrHoky-B5 (P-phehivylethglnhakahbict Beid .
terrperature Arter standing still, the mXture was part|t|oned and the

aqueous ZO(R)a%T(&\aqs—dJemr@dixM@)mm sitinlemifet ealt g) was added
25 to tge organ | a ed. | fat e tered and
The: obta ned 1 1 O Cotceitieriedvaanow ) sHuEhenY EEbYLFELES 5R4E
crude prodggty (dy 4 Wr)f3 SifitloxyRB~J2~phenylethyl) hexanoic acid

obtained 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:

20 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-l-one

(R) -3-Hydroxy—-3- (2-phenylethyl) hexanoic acid (1.0 g,

25 4.2317 mmole), imidazole (0.3457 g, 5.078 mmole) and
triethylamine (0.9206 g, 9.098 mmcle) 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

30 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 solution containing ({(R)-3-hydroxy-1-{l-imidazolyl)-3-(2-
phenylethyl)hexane-l-one (yield not less than 90%, treated with
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hydr oxy- 3- oxo- 5- ( 2- phenyl et hyl ) oct anoate. This was purified by silica gel

col um chromat ography to give ethyl (R)-5-hydroxy-3-
0Xx0- 5- (2- phenyl et hyl ) oct anoate (0.875 g, vyiel d 67.5% . 1H Nl\/hsz%%? 8
0.92-0.96 = 18 2 37. H 5571, 60

T 80-1 88 TaRTHjatbAg 3t EErad et B0 pdn ol 3B mik 201 nE) (Bhveltea
4.16-4.22 {gthndamide ASrhiZand Topdent a3 kel d@té%@rfﬁ{eﬁﬁ% R i¥ed form
(R) - 3-hydroxy-1-(l-imdazol yl)-3-(2-phenyl ethyl)hexane-I-one |mdazole
(1.819 g, 6. &igolmd efahiiratie e ttimdcelsing §1IRIM)y. 2006 5 (3. 060 g,

30. 249 mml e ver e d| ssol ved in dry THE (20 nmL) and cooled to OC. To this
sol uti on waS~-=i 2t hi chlorlde(l 647 g, 12.463 mole) in a
thin strsea taining at

0C. The ‘ ] er:}ﬁ'lutlon of _
(R - 3- hydroxy 3- E(&taxhenyh ei&ndéﬂt@dammlmmad ((13 0800.g,1%..5A8 mmuilks) waisl ut ed
with dry THE (10 nL) and cooled to -20C - - 15C, so that the internal

t enper at urdddesl| & rﬂ)tS@R%‘b%FQTlG@ margr@&wnh chlogdMeard -Bdiher wadhdd with

90V, T (Sfieg, e k0 1L e e e S5 e b 0

mai nt ai ni Ngr at Po2@kil0 subbenk@onlwhs, aH@eQ'Eﬁeatgtglsahaﬁh@noﬁoﬂtalnlng
(R -3- hydroxy | - (1-imdazolyl)-3-(2- phenyl ethyl)hexane-|-one (yield 100%
quant i t%&t i selutiay it (R &Blstdrdkw-lr(a-e-nmdazmyzfl—ge (@x e manner as in a

erence Xarg%englet%e;le)rheenfaeneaia—%e 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% aqueous hydrochloric acid (4.4 g) was
gradually added in a thin stream and the mixture was stirred at

15 Q0°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 cbtained filtrate was concentrated under reduced
pressure to give a crude product (1.45 g) of ethyl (R)-5-
hydroxy—-3-oxo-5- (2-phenylethyl)octanocate. This was purified by

25 gilica gel column chromatography to give ethyl (R)—S—hydroxy—B—
oxo—-5-(2-phenylethyl) octancate (0.875 g, yield 67.5%).
'"H-NMR (CDCli;) § = 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),

18 Hz), 7.17-

2.77 (2H, s), 3.44 (2H, s), 4.16-4.22 (2H, ¢, J
30 7.30 (5H, m)
Reference Example 5

(R) -3-hydroxy-1-(l-imidazolyl)-3-(2-phenylethyl)hexane-l-one

Imidazole (1.819 g, 26.619 mmole) and triethylamine
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ethyl 3-(2,6-dichloro-5-fluoropyridyl)-3-oxo-propionate |In the same nmanner
as in Reference Exanple 3 and Reference Exanple 4, ethyl 18 Tulv 2006
3-(2,6-dichloro-5-fluoropyridyl)-3 oxo-propionate is obtained8¥r%n1

2, 6-dichloro-5-fluoronicotinic acid. Reference Exanple 7 ethyl

2- (ci nnanoy| (3 - 868t &t-e 30n 22Rempede) nusmer dasspAvedf énedty EHEMHP@ BLhAnand

Ref erence Exanpl . ethyl 2-(ci.nnamoyl). acetate is ohtain from ci npnam c
2014, Retor SRPTRROPRCY dehyiE. SPM B e AFRCaY) AoSesh SBRRRY e
sanme manner cag oirl aBef(er enge gExanphe33nAnde) RehenCRESn EXAPRLA 4na oty

2- (4- hydr oxyphenyl acetyl )acétate is obtained from 4-hydroxybenzol c aci d.

| ndustri al mppitiucabwhist gtiAcedr dbng30omihewhiteemainhaeningnat adatet hoHef or
80 18 July 2006 roviding (R)-3-hydroxy-3-(2-phenyletﬁil hexanoj ¢ aci d
useful as 8P5RdPEANGLAEEEr POLuELon PRAr Hhedvel L4l 29dRht team pelution of
efficiently gkodu LI aeem -3:(2=_.p I 1) h |£ acid
W th s high b oarosarTty SaaobCryl SRl YegaagiobREM PV T INE
provi ded. | mmaddit dodntelewptRsany TAFELO ORI proatcesoBedyes 003 - -
(2-pheny|eth¥%€hexanoic acid ester safely and at a | ower cost than a
convent i onaf>#et herl. that THie bpprinak | taker dfared woinlg paxtesxcgepl Fé4f¢on

Nos. 2002-30Q724 02:41480, 2002-105772_ and.2002- 2427 iled . in Japan,
t he contentggog &ﬁ%ghggﬁéaﬁe?% yg?ﬁ%%?ﬁoV%$%%d5§1 é?%¥gﬁ?%.h§fﬂ¥8‘ﬂhﬁ§%
2006 5 CLAl ¥WBs 3156 RHAEHCIH0A BRINOStPEam R aFtMdIOkp13tidn of the

phenyl et hyl ) hexanoi ¢ acid, which conprises optically resolving racenc
3- hydr oxy- 3agdiphenyint Aythhexahoeamactide usixiguem 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
15 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-flucropyridyl)-3-
20 oxo-propionate is obtained from 2,6-dichloro-5-fluorcnicotinic -
acid.

Reference Example 7

ethyl 2-{cinnamoyl) acetate

In the same manner as in Reference Example 3 and
25 PReference Example 4, ethyl 2-(cinnamoyl) acetate is obtained
from cinnamic acid.

Reference Example 8

ethyi 2—(4-hydroxyphenylacetyl) acetate

In the same manner as in Reference Example 3 and
30 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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optically active anmine of the formula (M11) 2 N-~-CHZR H (VI11) wherein R2
is 3,4-di met hoxyphenyl or 2-chlorophenyl. 10 15 20 2. The prﬁ?ﬁﬁi g et hod
of claim1, wherein a salt of (R)-3- hydroxy-3-(2-phenylethy anoic acid
with the optically active amne VIII is crystallized in one or nore

ki nds of s@Ir@é’ﬁfjéngel(&t‘édhﬁﬂéﬁ?‘érﬁyI( aEE?&YXEt%%WHOJr%OW%WfUl

et hanol , acetonltrll% neth erl Ebu%yl gLone, acetone, B an bthyI
ket one, d||sopropyF Pﬁgr et oxye?h% TG e‘t:rahy%le Ther ei n

the sol vent egpticaaalhy f)b;'ba’ﬂ@éd €0BhalASem@E €5-h rJ:!eae-pl pﬂyctl on method of
claiml1, wherein the optically active amne (VI11) is obtained by

condenS| ng PRenyvlephzhyhexhpbaai aecidi vhtl &onpounebbicahepdoitmland2- CHO
(V- s Wherein Ri IS, defi ned, abgve, and reducing the resulting
conpound 4re%ﬁ§lBF Hu@?gﬁntﬂﬁ? ofit Bt cFaAl n?e, PYRY LH° %Unprises recovering
25 the optically agt h&él@%ﬂe £1¥é'ﬂ>}e§éﬁ€rn?@éﬁ€f$n Oy @FHJ% \Ayﬁs—-
production nmethod of (R)-3- hydr oxy- 3- ( 2- phenylethyl)hexan0|c a

conprises hyadrphgayhgthyl)heraneid- &qﬂdoayték(éhiﬁ&ynﬂnﬂfaﬁ)éumdnur(bdﬂn(j
ester to produce racem c, 3-hydro 3- (2- phenyl et hyl ) hexanoi ¢ aci d,
extracting thelc8nfBRNE I PR2b RS odore kinds of solvents 82 18 July 2006
selected fromethyl acetate, nethyl isobutyl ketone, nethyl ethyl ketone,
di i sopropyl ether and tetrahydrofuran, and optically resolving the
conpounditby nyStﬂhihZhﬁﬁlacaﬁhbnoﬁs based on a patent application Nos.
(R -3- hydroxx %ﬁ g Ieth %Qéxan0|c acid with an optically 5 active
am ne of thé0Paradyasd W? RZQOA1105 Wheragich 4903242741 filed in

3, 4- dlﬂEthOégBhenythe con %ro%@e%ﬂlc %fgyhereby incorporated by

reference.
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part or the entirety left of the extraction solvent as a solvent for
optical resolution. 10 6. The production nmethod of claimS5, ???&9?@06he
optically active amne (VIIl) is produced by condensing (R
phenyl et hyl ami ne with a conpound of thefOnggla R2-CHO (VII11-i) wherein R2
I s as defined above, and reducing the resulting 15 conpound. 7. The

product i on Inetthqetoefuctiainmmetheld off qeypBHhgdarbrgesen2ng the optically
active amne (VII11) after optical resolution. 20 8. A production nethod of

(R) - 3- hydr SORIEEhYIN SFascay ?ﬁéﬁ@an&hécacpémpm%ﬁ ephberbly reselving
nmagnesi um | oacel] t 3 hexano e_to produce
racemc 3- ﬁ?‘Fb?y % %%d%ﬁ% yseﬁ% ﬁ&ﬁ %aﬁ%thg 28etE 8¢t y%?ﬁ?@z?%g this
conpound$t e 1N3C aFta ve- Rwdnexy£3thd Eérﬂb@aylcethyi)hexanm c acid, and
optically resolving this conpound using the optically active am ne of the
formula (M) wherein R2_is 3, 4-di net hoxyphenyl or 2-chl orophenyl. 83 18
July 2006 he odGR on net hod of claim@8, wherein the hal oacetic
acid ester 8roaceti c(BETH ester. 10. The production nethod of claim
8, wherein'q salt of the 5 101-'5-1, d 3 2 h 1 - h 1l hd 10 15 20 25 30

y roxy ( p eny et vy
wherein R® is 3,4-dimethoxyphenyl or 2-chlorophenyl.

2. The production method of claim 1, wherein a salt of (R)-3-
10 hydroxy-3- (2-phenylethyl)hexanoic acid with the optically
active amine (VIII) is crystallized in one or more kinds of
solvents selected from ethyl acetate, methanol, isopropanol,
ethanol, acetonitrile, methyl isobutyl ketone, acetone, methyl
ethyl ketone, diisopropyl 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 c¢laim 1, which comprises recovering

22 the optically active amine (VIII) after optical resclution.

5. A production method of (R)-3-hydroxy-3-(2-

phenylethyl) hexanoic acid, which comprises hydrolyzing a

racemic 3-hydroxy-3-(2-phenylethyl)hexanoic acid ester to
30 produce racemic 3—hydroxy-3—{2—phenylethyl)hexanoic acid,

extracting the compound with one or more kinds of solvents
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) exanoic aci wth the optically active amne (VIIl) is crystallized in
one or nore kinds of solvents selected fromethyl acetate, T?ﬁ&@@@b6

i sopropanol, ethanol, acetonitrile, methyl isobutyl ketone, "acetone,

met hyl et yl n i o] er | et

t etrahydro érlgﬁ;%%g?eoﬁnb?ﬁlgﬂsg%\%gﬁﬁgbp ??ﬁﬁl%gé%ﬁﬂgpﬁe con hinrl\%t%]t er.
11. The pretheli ®etoRehodi@bopkapl Bethber £hdd Béteshpipsifierdty, dme racemc
3-hydroxy-3-&2-phenyleth | )hexanoic acid, the conpound is extracted with
one or nor €Pkifad lgf rsspyEang the| eempaund opy ethystakbizing aredaditt dfsobut vl

ket one, methyl t hyl ketong, diis 0 et her. and tetrahydrof uran nd
opt | cai 1y B oPeBuboxErselar PR EEERRY Lafeoiigi et it At obetarly

3- (2- phenyhethyk) bRxaR0LE eebdr¥ki@n(@Rifcal ly active amne (VIII) using
a part or the entirety left of the extraction solvent as a solvent for
optical resolutioh. 12. The production nethod of claim@8, wherein the
optically aetlive WLEHZRVIII) i s obtained by condensing (R)-1-

phenyl et hyl i¥h a conpdiid)of the fornula R2-CHO (VII1-i) wherein R2
is as defik , and reducing the resulting conmpound. 13. The
production n&thod of claim8, which conprises recovering the optically
active ani weet¥ihl}? aifd &, Lptineadhoxyphenytli of. 23é¢hlbkepheaguct isbngesahod of
claim8, wherein magnesiumis 84 18 July 2006 activated. 15. The production
met hod of BREFnPI4th@hertirehagheEt ik idhe sutraatdeniiac vemtosdsial anes and
hal ogenat e C o] 16. _Th roducti on nmethod of claim15, wherein

t he chlorgg?yg%gs§§€ Q%Fg% gdr ?é%#%ﬁﬁ?@group consi sting of

chl orot¥d et hyl si | ane, di chorodi net hyl silane, nmethyltrichlorosil ane and

tetrachl orosilane. 10 17. The production nethod of claim 15, wherein the
6. The production method of claim 5, wherein the optically

active amine (VIII) is produced by condensing (R)-1-
phenylethylamine with a compound of the formula R?*-CHO (VIII-i)
wherein R? is as defined above, and reducing the resulting

13 compound.

7. The production method of claim 5, which comprises recovering

the optically active amine (VIII) after optical resolution.

20 8. A production method of (R)-3-hydroxy-3-(2-
phenylethyl) hexanoic acid, which comprises reacting magnesium,
a haloacetic acid ester and l-phenyl-3-hexanone to produce
racemic 3-hydroxy-3-(2-phenylethyl)hexancic acid ester,
hydrolyzing this compound to give racemic 3-hydroxy-3-(2-

25 phenylethyl)hexanoic acid, and optically resolving this

compound using the optically active amine of the formula (VIII)

2
N/CH2R

H (VIII)

wherein R? is 3,4~dimethoxyphenyl or 2-chlorophenyl.
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hal ogenat ed hydrocarbon is selected fromthe group consisting of allyl
borm de, iodonethane, iodoethane, benzyl bromde, 1,2-dii odci) tﬁﬁgt}ﬁognd
1, 2-di bronoet hane. 15 18. The production nmethod of claim8, erein

1- phenyl -39 h n ' Q@ﬂ YofORensigg Hﬁslﬂ.%s?jl | =

pent anone ?h ?ﬁg %?‘gglgﬁggg%?ha a%)eofo give Ei|;’ropy strgs{/l?/ed%l?\gto%%g,?ugnd
reduci ng taeidbéataediprapyhlstydodtiketnmgl e, A production nmethod of a
racem c 3- hydroxy-3-(2- phenyl et hyl)hexanoic acid C _6al kyl ester, which
conprises reacting magnesium chloroacetic acid Cl1_6al kyl ester and 1-

phenyl - 3- hexangne. 25.20.. The production nethod of cl.aim 19, wherein
magnesi um :R%( ac ?v%lf%%l?c%c.m ﬁ%’%ﬁ%ﬁfoﬁ% hTFEIE & HP2E, O\?Vngbgi n
Magnesi ¥m () - $oh Pt bxpt B4 MR SR8 RNGHARD Bl et vracangn.
22. The production nmethod of claim 21, wherein chlorosilanes is selectéd
fromthe grotpveomsint i GHOF) ichloncttdlistded il ame, or more kinds of

di chl orodi nef hyl sil ane, 85,18 July 2006 Methyltrichl orqgsilane and
tetrachl or BSTYEHES IAleqtfRd ptrBJ%Rﬁ‘hc%?l'B’ Nigs Sof MEtRERCdY, LFRBFEPAN e

hal ogenat caf o S5l Ctmpegchf 0 0 Si St o] I
brom de, ie%%ﬁc:é/rrrg%%h?\z{e, i orélztet e'Laeﬁ'e, eﬁélyIrﬂstl?’r%grﬁg;&e%t%%%-'d%%ggggghaﬁgeg%
1, 2- di br oretnanetée , The gupaditstl ethet,haddmefthokaierhide wher ei n

1- phenyl,- 3- hexanone is obtained by condensing benzal dehyde with 2 10
pent anone ¥SEIHYHALERY sheregds dheo sqilvens opjiosadyl fugshsse, and

reduci ng the abtal ned Jropyl styryl ketone. 86

11. The production method of claim 8, wherein after producing
the racemic 3-hydroxy-3-(2-phenylethyl)hexanoic acid, the

15 compound is extracted with one or more kinds of solvents
selected from ethyl acetate, methyl isobutyl ketone, methyl
ethyl ketone, diisopropyl ether and tetrahydrofuran, and
optically resolved by crystallizing the salt of (R)}-3-hydroxy-
3-(2-phenylethyl) hexanoic acid with an optically active amine

20 (VIII) using a part or the entirety left of the extraction

solvent as a solvent for optical resolution.

12. The production methed of ¢laim 8, wherein the optically
active amine (VIII) is obtained by condensing (R)-1-

25 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 claim 8, which comprises
30 recovering the optically active amine (VIII} after optical

resoluticen.

14. The production method of ¢laim 8, wherein magnesium is
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18 July 2006

activated.

15. The production method of claim 14, wherein magnesium is

activated with chlorosilanes and halogenated hydrocarbon.

16. The ©production method of c¢laim 15, wherein the
chlorosilanes 1s selected from the group consisting of
chlorctrimethylsilane, dichorodimethylsilane,

methyltrichlorecsilane and tetrachlorosilane.

17. The production method of claim 15, wherein the
halogenated hydrocarbon is selected from the group consisting
of allyl bormide, iodomethane, iocdoethane, benzyl bromide,

1,2-diiodoethane and 1,2-dibromoethane.

18. The production method of c¢laim 8, wherein 1-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)hexanoic acid C;salkyl ester, which comprises
reacting magnesium, chlorcacetic acid Cigalkyl ester and 1-

phenyl-3-hexanone.

20. The production method of claim 19, wherein magnesium is

activated.

21. The production method of claim 20, wherein magnesium is

activated with chlorosilanes and halogenated hydrocarbon.

22. The production methed of claim 21, wherein chlorosilanes
is selected from the group consisting of

chlorotrimethylsilane, dichlorodimethylsilane,
85



18 July 2006

Methyltrichlorosgilane and tetrachlorcgilane.

23. The production method of <c¢laim 21, wherein the
halogenated hydrocarbon is selected from the group consisting
5 of allyl bromide, iodomethane, iodoethane, benzyl bromide,

1l,2-diiodoethane and 1,2-dibromoethane.

24. The production method of claim 19, wherein 1-phenyl-3-
hexanone is obtained by condensing benzaldehyde with 2-
10 pentanone in the presence of a base to give propyl styryl

ketone, and reducing the obtained propyl styryl ketone.
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