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1 DESCRI PTI ON. OPTI CALLY ACTI VE HALOHYDRI N DERI VATI VE
AND PROCESS FOR PRODUCI NG OPTI CALLY ACTI VE EPOXY
ALCOHOL DERI VATI VE FROM THE SAME 5 Technical Field The
present invention relates to a novel process for
produci ng an optically active epoxy al cohol derivative
that is an inportant internedi ate conpound for use in
many fields including 10 pharnmaceuticals. In addition,
the present invention relates to a novel optically
active hal ohydrin deriyagtxepthes; i s an i nportant
internmedi ate material for synthesizing the epoxy

orTER¢EOND ACT er hxadbiYeR IRWHEREF AP s AlBe @SN FOR PRODUCTING
invention relates to a process for producing an

optTeEt alerfel Bpday azotogoRNbER HRYRLvA SFREANEHRY saME
allowing an optically active hal ohydrinto react with

a triazole sul fonam de. Background Art It has been
known t hat 20 _
Techdridadl -Braey hyl -2-[(1H1, 2, 4-triazol =1_yl)methyl Joxira
ne conpounds and . i :
2- ammle FrRidit -ihmdddtidn Zrdrd #4820 -4-yb)e 2, ArBUbanedoy
iol conpounds, in particular, the conpounds in each of
prodiyi %ﬁﬁo@&ibalQPOHEtibetE%O%ypgﬁb&hST d€rivative that is
2,4-difluorophenyl group or 252, 5-difl uorophenyl
an 1 gFOPn 8t Ent BRPAEEARL ol THnRE SBSH b8 SskOMm md AL #3@181s including
antifungal agents (Japanese Unexami ned Patent
phariRRisaatd0ns Pubhi £adi enohosehe ph@kdhd, 13vLR8338) relates to
10- 306079, and
anovelopticallyactivehalohydrinderivativethatisanimportant

intermediate material for synthesizing‘the epoxy‘alcohol'

derivative. Furthermore, the present invention relates to a

process for producing an intermediate for a triazole antifungal

. agent by allowing an optically active halohydrin to react with

a triazole sulfonamide.

Background Art

Tt has beeﬁ known that
2—aryl—3—methyl-2~[(1H—1,2,4—triazola1—yl)methyl]oxirane
compounds and
2—ary1—3-methyl—1—(1H—1,2,4—triaéol-1-yl)—2,4—butanediol
compounds, in particular, the compounds in each of which the afyl

group at the 2-position is 2,4-difluorophenyl group or

-2,5-difluorophenyl group are important intermediates for

triazole antifungal agents (Japanese Unexamined Patent

Application Publication Nos. 2-191262, 3-128338, 10-306079, and
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2 8-165263 and US 6, 300, 353). Exanpl es of processes

for producing a

2-aryl-3-nmethyl -2-[(1H-1,2,4-triazol-1-yl)methyl]oxir
2 ane conpound include: 5 (1) a production process

including 3 steps using stereoselective osm um

oxi dation of an optically active allyl chloride
8-1ledatdvand/ dhs Bkey3Fkaction, the allyl chloride

derivative being prepared through 4 steps from

L- | Bxemplesi ¢fapdocksBed flauomotvehreineg (RJapanese

-Unexam ned Patent Application 10 Publication No.

| 2-argligrrehyl(-2)- [ Glpriduct i ontazatebsyl ot tdyhjorirane

stereosel ective addition reaction of a Gignard
compogagednatladen optically active a-keto al coho

derivative and further 3 to 9 steps, the a-keto

al cdhdl adprodatitvenb ginog eprse favadd: i g hs therst epsinig om

L-lactic 15 acid and 1, 3-difl uorobenzene (Japanese

-sterdperdrichddePatseritum Appldatatarom Palnl iopaticerl iINosctive allyl

2-191262 and 10-212287); (3) a production process
chloirpadeudeng vetdneose ecthiae respodatat i e ofl byl ophlcalifly
- active a-keto al cohol derivative and further 3 steps,
derivhtigekee bnalmom retk thvatighes beiams frepaketladic acid and
through 3 steps fromD-lactic acid (Japanese
1,3- @méianrn@enEaMenﬂJaﬂﬂmaa&ﬂUnaxéﬁﬂnedxﬁatﬂnmkﬂppl1catlon
10- 306079 and US 6, 300, 353); and (4) a production
Publpratass Nncl@dﬂ@@Z&Qynnetric oxi dation of an allyl
al cohol derivative as a key reaction and further 2
st eps) aherefilgtiahcphokeder inatliugd nigeian ¢ hemermeaddctive
- through 7 steps 25 from chl oroacetic chloride and
addigigndresgbionependiridnard reagent to an optically active

a-keto alcohol derivative and further 3 to 9 steps, the a-keto
alcohol derivative being prepared through 6 steps from L-lactic

acid and 1,3-difluorobenzene (Japanese Unexamined Patent

-Application Publication Nos. 2-191262 and 10-212287);

(3) a production process including stereoselective
epoxidation of an optically active a-keto alcohol derivative and

further 3 steps, the a-keto alcohol derivative being prepared

through 3 steps from D-lactic acid (Japanese Unexamined Patent
Application Publication No. 10-306079 and US 6,300,353); and

(4) a production process including asymmetric oxidation

of an allyl alcohol derivative as a key reaction and further 2

steps,theallylalcoholderivativebeingpréparedthfough?Steps

-from chloroacetic chloride and 1,3-difluorcbenzene, the

asymmetricoxidationbeingdevelopedby Sharplessetal. (Synlett,

1110-1112, 1995).
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asymmetri c oxidation being devel oped by Sharpl ess et
al.(Synlett, 1110-1112, 1995). 3 A
2-aryl-3-methyl-1-(1H1,2,4-triazol-1-yl)-2,4-butaned
3 ol conpound is prepared by stereosel ective
di hydroxyl ati on of a
3-aryl - 4- but ene- 4- al koxy-| - but ene conpound as a key
A Zepcyloh-nmachylult KBH-3, 8t épsriazol-1-yl) -2, 4-butanediol
t he3-aryl - 4- but ene- 4- al koxy-1-butene conmpound 5 being
comppurepat edptrepeugh bystepsebsaheart o ididdrantliatel ) of a
3- hydr oxy- - 2- net hyl propi onat e conpound (Japanese
3-aryhe4amihede-PatékbxAppl-bouaenencdubpdbiundbisonkblg.reaction and
8- 165263). Al, 2-epoxy-2-aryl butan-3-ol,which is an
furtlpt iscatéys adttieve-aty?2-eépbuyeakeahallkoxsed -dmtame compound
inmportant material for the above-described
bein@. praeyir8dnehhypligR- B( #Hebs2 f4 ot izaz apdi-caa)lyetadnyt vaxi r
ane internediate is produced by a known process of
3-hydtexeosehechiipkyppiorbdez cogpannal | YlapaneaholUnexamined
derivative. using tert-butyl hydroperoxide in the
Patempr eymntecatiannttiblicatabysNp .t IBe 1#l52463) .15 al cohol
derivative being prepared through at |east 4 steps
frém |21 epdxe-2eadyahdtan-arointwicl cobpanrg titeddneset ive
. Unexam ned Patent Application Publication No.
1, 2-pdoi 26ychébwevsed aspancespotoantr adirerrigla for the
(2R 3S)-2-aryl-3-methyl -1-(1H1, 2,4-triazol -1-yl)-2,4-
abovepideer P0edi ol has problens with safety. and cost
because an osm um oxi de and dicycl ohexyl carbodi i m de
2-arylhat-metehxhodwn [ €xehsk vé- andahbdhily vt eeithyi) st ibane
used. Furthernore, the process requires 9 steps
intermediate is produced by a known process of sterecselectively

5xidizing an allyl alcohol derivative using tert-butyl
hydroperoxide in the presence of a metal catalyst, the allyl
alcohol derivative.being prepared through at least 4 steps from
L-lacticacidandanaromatic compound (Japanese Unexamined Patent
Application Publication No. 2-191262) .

However, a process for producing a
(2R,38)-2-aryl-3-methyl-1-(1H-1,2,4-triazol-1-y1l) -2, 4-butane
diol has problems with safety and cost because an osmium oxide
and dicyc lohexylcarbodiimide- that are known expensive and highly
toxic must be used. Furthermore, the process requires 9 steps
starting from an easily available material. That is, there has
been no simple process.

The process for producing the dptically active 1,2-epoxy
alcohol must use a peracid as an oxidant, thus disadvantageously

resulting in difficulty in mass production in view of industrial
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starting froman easily available material. That is,
there has been no sinple process. 25 The process for
produci ng the optically active 1,2-epoxy alcohol nust
4 use a peracid as an oxidant, thus disadvantageously
resulting in difficulty in mass production in view of
i ndustrial 4 safety. Furthernore, the oxidation is a
safeqy astBpedeameets vet he eaxidahiondueed Bjahydreryegecupve
attached to an asymmetric carbon originated from
reactiopiadueeddihydrenyapruhetsaghedta gpesyometric carbon
_ diastereoners (threo-diastereoner and
origepgthdofremakt brebherycid. 5 Abpipoigl tivare cane b2 types of
produced by the process is only the 10
diastpyepmersi é;élmceaiiastéIMMJora@,d ¢vybhrardiakbereomer), a
t hr eo-di astereoner required for produci ng an
compoyn@rpeei atanflog praodutadoby &hei bungealssadenonlfyurthiser
2 steps are required to convert the
erythpgtdrasttioeereeondihérg otde thrao:aimsteeeoner of
the optically active epoxy al cohol. The
threriybiees trisegridye d «aroiwe pr bee esdioing ran v rernddiate for
2-aryl-3-nethyl-2- [ (1H1,2,4--triazol-1-yl)nethyl]
a triggolsmentohpumt aeent ngfusthari At ecppdi are fregudred to
triazole antifungal _ agent have many industrial
convethEtipcely Probt @has herdeneri betb bbleowirds-fhapreresmer of
(1), an osmi um oxide, which is expensive and highly
the orpdeallinsichierasepoxy napeobess (2), an osmi um oxi de
must be used as in process (1) , and 10 to 15 steps
ar 8hee ghicved desartibag thrawn prerarses af ¢y pvedhabhg the
material; in process (3), a diastereoneric oxirane

2 ~arydordpdieidiyls Jor b el Dyd t heiazol-1-yl)methyl] oxirane

compound serving as an intermediate for a triazole antifungal
agent have many industrial practical problems as described below:
in process (1), an osmium oxide, which is expensive and highly
toxic, must be used; in process (2), an osmium oxide must be used
as in process (1), and 10 to 15 steps are required starting from
a commercially available material; in process (3), a
diastereomeric oxirane compouné is prepared“ ‘by the.
sterecoselective epoxidationof anopticallyactivea-ketoalcohol

derivative, but column chromatography is used for purifying the

resulting diastereomer; and in process (4), the Sharpless

asymmetric oxidation must use tert-butyl hydroperoxide, which

is a peracid, as an oxygen source.

Dizsclosure of Invention

With respect to a process for producing an opticallyactive
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20 stereosel ective epoxidation of an optically active
a- ket o al cohol derivative, but colum chronmat ography
is used for purifying the resulting diastereoner; and
5 in process (4), the Sharpless asymetric oxidation
nmust use tert-butyl hydroperoxide, which is a
peracid, as an oxygen source. 25 Disclosure of
ePOXY rirefRiioh Ay atdsirec Whisha 1pr ok devp dwrargt daFsimmgddate in
optically active 5 epoxy al cohol derivative, which is
the Bﬁarméﬁﬂﬁﬁﬂaﬂniéﬁﬁrﬁdm ¢hien Litkiee gharvieoewnd ddle fiel d
or the like, in view of the above-described probl ens
abovegfdeperikhednprpprbdessesf the presentprdansstsor SHmuresent
_ conducted intensive studies on a process that can 5 be
inverhpes najfre canducdeshinnenadveps vadice $ om agpnucesd yhat can
material and an agent that are easy to handle
be safsdus opraitydasdenvia masiseprodexpensi veiyg Aslna material
result, the present inventors have devel oped a novel
and gy egesd ohasubfectdsy tan hemdlmalindustctiivd liyahoketvatlable
derivative that can be efficiently prepared through 2

‘inexperpivelym ¥ aresptlitcathe pastders {aveaters sishieghéyeloped

stereosel ective addition reaction wth an aryl-netal

a noehpieces® pf epabdeatingueturakiyaligvelctdpte dwlloketone

~active hal ohydrin derivative, and subsequently

derivalriee mbag ¢anrbe edfifdpsi ang iy pdeperad ohtroeahld saepisvirom
epoxy al cohol derivative. The stereoselectivity in

an optiesddd eicdi vicedactateoto1Bighéyasyeraesalecohpeunddivion
t he hal oketone derivative can be controlled by

reacicignhgiifd ansapyili-redstl gompieaingl pesbreparefatsieructurally

hal oket one derivative. That is, the production process
novel gptically active halohydrin derivative, and subsequently

performing]xxrzstepstxaproduceanopticallyactiveepoxyalcohol

~derivative. The stereoselectivity in the addition reaction of

the aryl-metal compound to the haloketone derivative can be

controlled by changing a substituent at the o-position of the
haloketone derivative. That is, the production process can
produce any desired diastereomer of the.optically active
halohydrinderivativeandisthuswidelyapplicable. Furthermore,
by using a haloketone derivative having one more carbon atom than
the numbef of carbon atoms in the above-described héloketone
derivative, the production process is more widely applicable.
The epoxy alcohol is allowed to react with triazole to
produce a |
2-aryl-3-methyl-2-[(1H-1,2,4-triazol-1-yl)methyl] oxirane

serving as an intermediate for a triazole antifungal agent.

- Similarly, an epoxy alcohol obtained from the haloketone
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produce any desired diastereoner of the optically
active halohydrin derivative and is thus wdely
appl i cable. Furthernore, 20 by using a hal oket one
6 derivative having one nore carbon atom than the nunber
of carbon atons in the above-described hal oket one
.derivative, the production process is nore w de
deriy¥abiveabRrBlng TPRe diss calrdeioRtrs if | dhee aldwatito react
. wWth triazole to produce a 25
withotyigrodemsohPirogc@ H- 1, 2, 4-triazol -1 -yl )methyl l oxira
ne serving as an internediate for a triazole '
2-arghr B rungay laged L H- 1s2nid-dmiiy zcdm lepdiy Zaldcdhglanediol
obtained fromthe hal oketone 6 derivative having one
Servupd @scarsoiiwt éntesnghidatel fonedt rbarebe anhiifungal agent.
triazole to produce '
2- HyFthagrperey| al praeess2fart pradokingyk) - 2, 4- but aned
iol serving as a useful internediate for a triazole
2-arght 3 fuagaylagedt 1E-5, Rudt-feimzcd,- la vir osddw florxirane
roduci ng a '
Servzgn%\raﬁ -Z0 i pgruodiater foroatridagbe - Aanyi fueghyl posiE in
ane serving as an internediate for a triazole
one st Péngalowgaat anrcpoheasippofivd hadiohydninphiadacky be
: active halohydrin that can be prepared in the present
PrepPIFREnt? ohlle cPreaenrtwinHenkilgnoke reasy Méndnitad amesle
al so 'devel oped. The present invention can be w dely
sulfoppnidel vasprbaacéeveaeppreds known internediates for .
- triazole antifungal agents and is thus useful. That
i s Theh@rissintinmentenreael ke esideolyn apptesd forproduce

, 15. producing an optically active_epoxy al coho
variQpsg kg dntermediates for triazole antifungal agents and

is thus useful.
That is, the present invention relates to a process for
producing an optically active epoxy alcohol derivative

represented by general formula (14):

* 5 '
+8 OH (14)

O e
(wherein Ar® represents a substituted or unsubstituted aryl group
having 6 to 20 carbon atoms; and each of *5 and *6 represents
anasymmetriccarbon), the process including subjectinga compound

represented by general formula (6):
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- represented by general formula (14): OH (14) (wherein
Ar2represents a substituted or unsubstituted aryl
group having.6 to 20 carbon atoms; and each of *5 and
7 *6 represents 20 an asymmetric carbon), the process
i ncl udi ng subjecting a conpound represented by
general fornmula (6): ORS (6) (wherein X2 represents a
hal ogen atom R3 represents hydrogen, a substituted
or unsubstituted al kyl grogp having 1 to 18 carbon
atons, a. substituted substit ut ed EEZI group
having 6 to é{l g substit d or
unsubstitutedaral k roup ving 7 to 20 carbon
at ons, a substitpp®d orAyhsubstituted silyl group, a
substituted or unsubstituted acyl group having 1 to 20
- carbop, atons, or a substituted or unsubstituted
- (whepgi by §c\RFRESFEBES & thiel OFefine i alfby ePERICBASH hgArogen,
and, *4 represents an asymetric 10 carbon) to at | east
2 Sulfle et ENHISEPECLEY tefoRd BY T ¥ PRRFHING 1ff@dr§ Farbon
conpound treatnment, and_hydrogenol ysis to prepare an
atomﬁpi? &&i%Fa"dﬁ% HalFgsyPs] SFhEiYd FEpHBSRAHY BRIy to 20

eneral fornula (13).: 3 x2~ SOH HO Ar2 (13) 15 )
Carb? S XEUOET tutsd ogpgsubsidird srAkEs HsswRiaYing

d then treatin
7 to 38 carq)on atoms, g substituted or unsubstituted silyl group,

a substituted or unsubstituted acyl group having 1 to 20 carbon
atoms, or a substituted or unsubstituted heterocycle; Ar® is the
same as above; and each of *3 and *4 represents an asymmetric
carbon} to at least one treatment selected from acid treatment, |
fluorine compound treatment, and hydrogenolysis to prepare an
optically active halo diol derivative represented by general

formula (13):

, A (13)
X OH
HO" AP
(whereinX?, Ax?, #3, and *4 are the same as above), and thentreating
the resulting halo diol derivative with a joase; or the process
inc_luding treating the compound represented by.‘ general formula
(6) with a base.
The presenﬁ invention also relates to a process for
producing an optically active halohydrin derivétive repres.ented

by said general formula (6), the process including allowing an




10

15

20

the resulting halo diol derivative wth a base; or the
process including treating the conpound represented
by-general formula (6) with a base. The present
8 invention also relates to a process for 20 producing
an optically active hal ohydrin derivative represented
sai d general formula (6) , the process including
Optlaﬁﬂéw ngtaneshapekearng derivathupokersrecyEpfvay yeneral
represented by general formula (4): 3 x2 OR3 (4) O
formpdpeddi n X2, R3, and *3 are the sane as above) to
react wwth a 5 conpound represented by genera
formula (5): Ar2M2 (5) (mherein Ar 2 is the sane as
above; and M2 represents ag alkali netal or a
hal ogenat ed al k Pnetal). The present
i nvention al Dcess for lh)O pr oduci ng
an optically active derivative represented
by said general formijl a (13), the process including
subjecting a conpourd represented by general fornula
(G): [6a) (wherein X2, Ar2, *3, and *4 are the sane
(whepginpdue R ananﬁg*ﬁeﬁr@séhﬁssams assabsvel ukedrerct with a
unsubstituted al k group having 1 to 18 carbon atons,
COMPGURE, SR ¥ &% et o élﬁsﬁﬁ@?i‘fﬁ@lt grapye didup having 6 to
20

Ar°M? (5)
(wherein Ar® is the same as above; and M? represents an alkali
metal or a halogenated alkaline-earth metal).
The present invention also relates to a process for
producing an optically active halo diol derivative represented
by said general formula (13), the process iﬁcluding subjecting

a compound represented by general formula (6a):

(6a)

(whereinX*, Ar?, *3, and *4 are the same as above; and R® represents

a substituted or unsubstituted alkyl group having 1 to 18 carbon

atoms, a substituted or unsubstituted aryl group having 6 to 20

- carbon atoms, a substituted or unsubstituted aralkyl group having

7 £to 20 carbon atoms, a substituted or unsubstituted silyl group,
or a substituted or unsubstituted heterocycle) to at least one
treatment selected from acid treatment, fluorine compound

treatment, and hydrogenolysisg.
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carbon atons, a substituted or unsubstituted aral kyl
group having 7 to 20 carbon atons, a substituted or
unsubstituted silyl group, or a substituted or

9 unsubstituted heterocycle) to at | east one 20
treatnment selected fromacid treatnment, fluorine
conpound treatnent, and hydrogenolysis. 9 The present
i NVEmR | prestsio ivvahesohoadspr eetdaseboto pr paucesg dor
optically active epoxide derivative represented by

prodgenegain betiukd 16161t i {&6epox { dd eleaiinvalri ik reptdeeesae by
as above; and each of *7 and *8 represents an

geneasynfiermutacarbpn), the process including allow ng an
optically active halo diol derivative represented by
said general formula (13) to react with a conpound
represented by general for (15) : R11 2-IN 7N\ N
(15) 10 (wherein R11 repr a substituted or

unsubstituted glkyl Rd 1 to 18 carbon atons,
a substituteié%ﬂ‘hﬂﬁubsti

ed aryl (tBpup having 6 to
20 carbon ato#fs, or|la subStituted or unsubstituted
aral kyl group\havi 7to

? carbon atons). The
present inventi al so relates to a process for 15
produci ng a conpound represented by general fornula
(17): OH (17) Ar2 :
(wherein Ar® is the same as above; and each of *7 and *8 represents
anasymmetric carbon), theprocess includingallowinganoptically

active halo diol derivative represented by said general formula

{13) toreact with a compound represented by general formula. (15):

- N
R1SOp— \> - |
\ (15)
—N

(whereinR* represents a substituted or unsubstitutedalkyl group

having 1 to 18 carbon atoms, a substituted or unsubstituted aryl

grouphaving 6 to20 carbonatoms, orasubstitutedorunsubstituted

aralkyl group having 7 to 20 carbon atoms).
The present invention also relates to a process for

producing a compound represented by general formula (17):

(wherein Ar® is the same as above; andeachof *9, and *10 represents

anasymmetriccarbon), theprocess including subjectinga compound




(whereinAr2 is the sane as above; and each of *9, and
*10 represents an asymmetric carbon) ,the process
i ncl udi ng subj ecting a conmpound 10 represented by
10 9general forrmula (19): OR3 (19) (wherein X2, R3, Ar 2,
*9 and *10 are the sane as aboves) to at |east one
treatnment selected fromacid treatnent, fluorine 5
represapteddbyr gatweeatl, farhulyedr genol ysis to prepare an
optically active halo diol derivative represented by
general fornula (20) 2 OH (20) (wherein X2, Ar2,
*9,. and *10 are the sa as above), and then

treatlng the resul ti de tive MAth a base; or
1(@ br%ﬁt he ound

t he process %O
repr esent edXfy gen formula (19) mnth a base. The
present inventi Agelates to a process for
produci ng an odq ally"active hal ohydrin derivative
represented by said general formula (19), the process
(wheremhuﬂ?ngzalmmﬁ4ng9aana5*mptaraltyeasameeabahbeEQmeto at
derivative represented by general fornmula (21) : 2 '~
leas® On&3tLEaimentwaeleched? fridd, aand *Semrtendrdte, sHmem@Ee
above) to react with the 11 conpound represented by
5 compoand gesetrmdnt prand dyidogeiw ywiesent prepantd an apsbcally
relates to a process for
active halo diol derivative represented by general formula (20):

2 1059 OoH  (20)
HO" AP
(wherein X?, Ar?, %9, and *10 are the setme as‘above) , and then
treating the resulting diol derivative with a base; or the process
_ 10 inecluding treating the compound repree'ented by general formula
(19} with a base.
The present invention also relates to a process for
. ..\) producing an optically active halohydrin derivative represented
by said general formula (12), the process including allowing an

15 optically active halcketone derivative represented by general

formula (21) :

y 2 _OR® (21)

Qo

(wherein X?, R®, and *9 are the same as above) to reaet with the
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produci ng an optically active halo diol derivative

represented by said general forrmula (20), the process

i ncl udi ng subjecting 5 a conpound represented by

general fornula (19a): - X2 OR9 (1 9a) HOB ' A (wherein

X2, Ar2, R9, *9, and *10' are the sane as above) to at

| east one treatnent selected fromacid treatnent,

compblindr reprecemeredn iyt sedimerine rld fumwnagena@)ysis. 10
The present invention also relates to a process for
pr crivei pige @adnopiheaht yoAcki ¥e hedaexy eonpowideess for
represented by general formula (12): (12) (wherein Y

produepngsentspii dal Dgert Al A diwistkbtit-edioe #8presented
unsubstituted heterocycle; Ar2 is the sane as above; -

by s®ibdyedfesBL BEmih r@Enesehlks pabcasyMIBEL 161631 BABj ecting
and Z represents general fornula (8) : -0-R4 (a)

a cohpbenegi ﬁeBﬁeé@@t@&ebESgbh@&@gerf,orﬂlﬁléos(tl@aqt ed or
unsubstituted 20 al group having 1 to 18 carbon
atons, a substituted or, unsubstituted aryl group
having 6 to 2.0 carbon |atons, a substituted 12 or
unsubstituted aral k K&p hay g 7 to 20 carbon
atons, a su Yd) uns @%?t uted19d)yl group, a
subst i t ut edXor un ed acyl group having 1 to

20 carbon ato r ubstituted or unsubstituted
het er ocycl €], ngggerallpgrnula (9):

{(wherein X*, Ar®*, R%, %9, and *10 are the same as above) to at

11

least one treatment selected from acid treatment, fluorine
compound treatment, and hydrogenolysis.

The preéent invention also relates to a process for
prodﬁcing an optically active hydroxy compound represented by

general formula (12):

wg N3
Y Vi (12)
HO™  “ar2 |

(wherein Y repfesents a halogen atom or a substituted or

unsubstituted heterocycle; Ar® is the same as above;. each of *3

- and *4 represents an asymmetric carbon; and Z represents general

formula (8):

-0-R*  (8)
[wherein R* represents hydrogen, a substituted or unsubstituted
alkyl grouﬁ having 1 to 18 carbon atoms, a substituted or

unsubstitutedaryl grouphaving 6 to 20 carbon atoms, a substituted
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5 N-R6 5 (9) [wherein R5 and R6 independently

represent hydrogen, a substituted or unsubstituted

al kyl group having 1 to 18 carbon atons, a substituted
12 Of unsubstituted aryl group having 6 to 20 carbon

atons, a substituted or unsubstituted aral kyl group

having 7 to 10 20 carbon atons, a substituted or

or uﬂﬁﬁbbﬁithﬁé&da&ia|lk|ylgg@bj’9ﬁ Bavsiklsty tdt ed @&rbon atoms, a
unsubstituted acyl group having 1 to 20 carbon atons,

subs8isubsti but adsabstAsubsH uligd afktl®X Ve Ayl t ¥ Por
having 1 to 18 carbon atons, a substituted or

unsubBsubstefuULegl afrallsy haxyear homd o Py idtbms t ©r0y
carbon atons, or a. 15 substituted or unsubstituted

subs 81 YhOX G RARYILGH WP aNE PErBcte1e30 sandam FomBilla (9) -
general fornmula (10) : SOn-R7 (10) [wherein R7

represents hydrogen, a_substituted or unsubstituted

al kyl group having 1 & 18 carbon atons, a substituted
or 20 unsubstit u aryl group havinexﬁ to 20 carbon
atons,' or a subs gd or unsubstitut’‘ed aral kyl
group having 7 to 20 '¢arbon atons; and n represents
an integer of 0 to 2] , or general formula (11) -

[whe £&2ORS ahlln® :215dé§ﬁ‘@ﬁ&@1hﬁlﬁe‘dp§:@é%§ﬁﬂh ab¥gengensuBstituted
: substituted or unsubstituted 13 al kyl group having 1

or uASudS:LREbOA ALRYB, geoSPbEhiuLGEd @b 18 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 20 carbon
atoms, a substituted or unsubstituted aralkyl group having 7 to
20 carbon atoms, a substituted or unsubstituted silyl group, a
substituted or unsubstituted acyl group having 1 to 20 carbon
atoms, a substituted or_unsubstituted alkyloxycarbonyl group
having 1 to 18 carbon atoms, a substituted or unsubstituted
aralkyloxycarbonyl group héving 7 to 20 carbon atoms, or a.
substituted or unsubstitﬁted.aryloxycarboﬁyl group having 6 to
20 carbon atoms], general formula (10):

-S0,-R”  (10)
[wherein R’ represents hydrogen, a substituted or unsubstituted
alkyl group having 1 to 18 carbon atoms, a substituted or
unsubstituted aryl group having 6 to 20 carbon atoms, or a
substituted or unsubstituted aralkyl group having 7 to 20 carbon
atoms; and n represents an integer of 0 to 2], or general formula
(11): |

-CH;0R®  (11)

[wherein R® represents hydrogen, a substituted or unsubstituted
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unsubstituted aryl group having 6 to 20 carbon at ons,

a substituted or unsubstituted aral kyl group having 7

to 20 carbon atons, a substituted or unsubstituted
13 sSilyl group, a substituted or 5 unsubstituted acyl

group having 1 to 20 carbon atons, or a substituted

or unsubstituted heterocycle]), the process including
alkyal gponiipghaviogpbutie fépresbonedtiopsgermersaalbgigitmiesl ©7)

*3 --,~Z (7)) Y O (wherein Y, Z and *3 are the sane
unsubstaboved ary lrexaetp Watvi nighifet o 20 woripouat omepreesens ettuted

by said general fornmula (5). The present invention 7
or umpgbstetated d0adhydpygiconpl jaathgve thakohyarbon atoms, a

derivative represented by general fornula (1): ORL (1)
substiubherednoX unspbeséntsed kalygjepgraupmn sArsubsspirtesent ©r

a substituted 15 or unsubstituted aryl group having 6
unsubst 20uted bory At greppr @prvéagnils thydoogarbomn suosts,t utrech

or unsubstituted al kyl group having 1 to 18 carbon
substt onbed aosubssnbat eduseduhsubsbiyaied )ar yhe grouess

having 6 to 20 carbon atons, a substituted or
incluasupsililtuted a apalplopndgr epmpe davi ad by gen@dat doronla (7) :

atons, a substituted or 20 unsubstituted silyl group,

a substituted or unsubstituted acyl group having 1 to

20 carbon atons, ora § bstituted orunsubstituted 14

het er ocycl e; a each3nf *1 and *2 repr€§fnts an

asynmetric Y 7

O

(wherein ¥, Z, and *3 are the same as above) to react with the

compound represented by =aid general formula (5).
The present invention also relates to an optically active

halohydrin derivative represented by general formula (1):

G EORT )

X

HO Ar

(wherein X' represents a halogenatom; Ar' represents a substituted
or unsubstituted aryl group having 6 to 20 carbon atoms; R'1
represents hydrogen, a substituted or unsubstituted alkyl group
having 1 to 18 carbon atoms, a substituted or unsubstituted aryl
group having 6 £o 20 carbon atoms, a substituted or unsubstituted
aralkyl group having 7 to 20 carbon atoms, a substituted or
unsubstituted silyl grbup, a substituted or unsubstituted acyl

group havinglto 20 carbonatoms, or a substitutedor unsﬁbstituted
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(wherein each of X', X°, and X°® represents a halogen atom; R

carbon). The present invention also relates to an
optically active halohydrin derivative represented by
general formula (22): (22) (wherein each of X1, X3,

14 and X4 represents a hal ogen atom Rl12 represents
hydrogen, a substituted or unsubstituted al kyl group
having 1 to 18 carbon atons, a substituted or

hetetdSyOsEL t hadeaey! ofgchuanaawznee@re@ezl@scerxbersmlc
a substituted or unsubstituted 10 aral kyl group having

carb®nf 0 20 carbon atons, a substituted or unsubstituted
silyl group, or an aliphatic acyl group; and each of

“ 1 grebentepi @S8Rt snam &S yenBteisCt 6 APeprickhey active
present invention also.relates to an optically active

ha 1014;5@41% dgbpidgt ivat taﬁréeeheeenbz g@ﬁeg@le r@mﬁﬂramlz@ ) :
23): (23) 15 (wherern each of X1, and X6
represents a hal ogen atpm R13 represents hydr ogen, a
substituted or unsubstitut al kyl group 15 having 1

to 18 carbon atoqs k4 tuted or z@gggstituted
aryl groupgﬂ. i Ng™~8 Cﬂ@ﬂbon at ons; substituted
or unsubstituted group having 7 to 20 carbon
atons, a substif@ed o ubstituted silyl group, a
substituted or unsubst acyl group having 1 to 2
ed or unsubstituted

O carbon atons, 28
het er ocycl e; and ‘each 8 and *14 represents an
Vbae ffr Carrying Qut the

q

asymmetric carbon). Bes
| nvent i on X

(wherein each of X%, X*, and X* represents a halogen atom; R'?

represents hydrogen, a substituted or unsubstituted alkyl group
having 1 to 18 carbon atoms, a substituted or unsubstituted aryl
group having 6 to 20 carbon atoms, a substituteér or unsubstituted
aralkyl group having 8 to 20 earbon atoms, a substituted or
unsubstituted silyl group, or an aliphatic acyl group; and each
of *11 and *12 represents an asymmetric carbon).

The present invention also relates to an optically active

halohydrin derivative represented by general formula (23):

13

represents hydrogen, a substituted or unsubstituted alkyl group
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12 10 A step of produci ng a hal oketone derivative
represented by general formula (4): 3 X2 OR3 0 15 (4)
will be described. The step includes allow ng

15 apr opi onat e conpound represented by general fornula
(2): 3 (2) R0OOCC OR3 to react with an enol ate which
is prepared by reaction of a haloacetic acid

havineri vatigeddpresenme] fyswgenel ehtcédrophas(BrriXadted aryl
V~-COO M1 (3) with a base, and then subjecting the

group ésiigng oo Ipotdthd® atemd , 2Gusead tiEtdd of unsubstituted
comercially available L-lactate or D-lactate nay be

arallpl dyrecpl patrsag astbheopeapbemitag gy, \walshule tidu s br
inthis step. Alternatively, according to need, an

unsubst feioée 911 |laehal e al Bubwhiidhtidie ohydh oxys gk eUpetiSacyl
replaced with a substituent by a.general nethod known

groupRa®ihynl €8k oteeiiitdeoh s pbrexaibkeitatARIJIAhsubstituted
described in Protective Groups in Organic Synthesis,
hetetdtydh e edhhd 08) cHBYE &t B Hed USEH. represents an asymmetric

carbon) .

Best Mode for Carrying Out the Invention
A step of producing a haloketone derivative represented

by general formula (4):

%3
X2~ _ OR3 (4)

O

Willbedescribed.Thestepincludesallbwingapropionatecompound

represented by general fofmula (2):

R°00C” TOR?
to react with an enolate which is prepared by reaction of a

haloacetic acid derivative represented by general formula (3):

Xz/\

coom! 3)
with a base, and then subjecting the resulting compound to acid

treatment.

A commercially available L-lactate or D-lactate may be
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In the fornmula, R2 represents an al kyl group, an aryl
group, or an aral kyl group. Individual groups will be
descri bed. The nunber of carbon atons described in
16 this specification does not 10 include the nunber of
carbon atons in a substituent.. Exanples of the alkyl
group include substituted or unsubstitutedal kyl groups
dire@ady ngel 2o tig paopdonatenderivatdxan? lepsedethyhis step.
group, ethyl group, n-propyl group, isopropyl group
Altemndpuryelyr aupsordthatyd mpaslp armséclbrttpltegpoup; lactate in
tert-butyl group, .15 n-pentyl group, isopentyl group,
whichmderhdnory group. iExapphesd vwofti heswdrsi i greoupby ey emieral
substituted or unsubstituted aryl groups having 6 to
meth@d keeboreatansypioalekanhhéguphdiiiph gxemplel- aaplatthdd
group, 2-naphthyl group, 4-nethyl phenyl group,
descBiled hit phreriyéct greufrolpsmenhghghedy! symaobpsis, third
4- et hyl phenyl group, 3-ethyl phenyl 20 group,
edit Yometiegr yphemylbe gusag@, 3- nmet hoxyphenyl group, 2
- met hoxyphenyl group, 4 -nitrophenyl group, 4
- pHentyhe fenplzlgr, cRbrepde shhos ephehyy 1 growp, @ndryl group,
4- br omophenyl group. Exanples of the aral kyl group
or an arhllylsubstpt utBthovidwsliptaoups ed ldr dekgégepilpsd. The
having 7 to 20 carbon atons, for exanple, benzyl
numbeay ofpsagbod-aethy| deswyl bent dup thi-enepkyliiénziogr dups not.
2- et hyl benzyl group, 4-nethoxybenzyl group,
inelgiavetto xyhdrezy | o fr oaphor- aedhexyheaz phbgtoupent .
1- phenyl et hyl group, 2-phenylethyl group, 17 1- (4
- mExayppeenyl) tdichydllkyburour ixclude howypbehyted or
et hyl group, 3-phenylpropyl group, and 2-phenyl propyl
unsulgtoupit eshany 1 lsesaips avahg ¢l tgi s yp theorpriedres alfoer, exanple,
net hyl group or ethyl group is nore preferable.
methyl group, ethyl group, n-propyl group, isopropyl group,

n-butyl group, isobutyl group, sec-butyl group, tert-butyl group,
n-péntyl groﬁp, isopentyl group, and n-hexyl group. Examples
offhearylgroupincludesubstitutedorunsubstitutedarylgroups
having61x>20carbonétomé,forexample,phenylgroup,l-naphfhyl
group, 24naphthy1 group, 4-methylphenyl group, 3-methylphenyl
group, 2-methylphenyl group, 4-ethylphenyl group, 3-ethylphenyl
group, 4-methoxyphenyl group, 3-methoxyphenyl groﬁp,
2-methoxyphenyl group, 4-nitrophenyl group, 4-phenylphenyl group,
4-chlorophenyl group, and 4-bromophenyl grbup. Examples of the
aralkyl group include substituted or unsubstituted aralkyl groups
having 7 to 20 carbon atoms, for example, benzyl group,
4-methylbenzyl group, 3-methylbenzyl group, 2-methylbenzyl group,
4-methoxybenzyl group, 3-methoxybenzyl group, 2-methqubenzyl

group, l-phenylethyl group, 2-phenylethyl group,
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5 R3 represents hydrogen, an al kyl group, an aryl
group, an aral kyl group, a silyl group, an acyl
group, or a heterocycle. Exanples of the al kyl group
17 include substituted or unsubstituted alkyl groups
having 1 to 18 carbon atons, for exanple, nethyl

1- (4g&%‘éﬁwpéF%&Eﬁe%ﬁ’fﬁs%%ﬁlﬁé’f i @aptes mﬁwﬁ?’ld A group,
3-ongRULRHEYY SE0UR, SRl %égggﬁpgﬂ‘aﬂs%&%up nOR| thgse.

ubsti t ut ed, or u ubs tuted ar s havin

an 2 SEPT G OhR o GHE P ERD Lk angne MUrERY S BRpmnor erhyt roup
1-na I oup, 2-naphthyl group, 4-nethyl phenyl

is mﬁ?%ug ggﬁﬁgi?rphenyl group, 15 2-nethyl phenyl group,

. ﬁ%tﬁﬁﬁgﬁnyl %r&#aﬁPgé;hyhﬁ en L groqEEou%n aryl group,
o s AR %}a&f N U ——

'Examﬁ’%%% ED QQ Nalire e lﬁ%ﬁﬁﬁéﬁ%&%ﬁtﬁ%% %%%%%ltuted

7 to 20 20 carbon at.ons, for %E §§? benzyl
n

alky:g %hﬁ-}é]trfﬁll eqﬁy} gqﬁ}ﬁon m@}%uﬁnethyl
oo, FEHRLEIRY 400 50 sl e, S
oot B bR %C)-%réfﬁ%& 95?@8 et Bl ReRypnanpontadrgove .
lsopeg}taag s R e 0y OEDATISTY e
tmolfh Sl oo 8%2%'&?%5&2&%&%??8?' BV oo
carid 2iet 0, Lol 2, SHERHLL U Et.gr MTRUEBEHH Sy,

2—naﬁﬂgﬁ§it§g5§£f” Jﬂg%ﬂ§%pﬁé%§¥jgroup, 3-methylphenyl group,
2~methy1phenylgroup,4—ethylpheny1g£oup,3—ethylphenylgroup,.
4-methoxyphenyl group, 3-methoxyphenyl group, 2-methoxyphenyl
group,4—nitrophénylgroup,4—phenylphenylgroup,4~chlorophenyi
group, and 4—bromophenyi group. Examples of the aralkyl group
include substituted.or'unsubstituted ara1kyl groups having 7 to
ZOCarbonatoms,forexample,benzylgroﬁp,4—methylbenz?lgroup,

3-methylbenzyl group, 2-methylbenzyl group, 4-methoxybenzyl

- group, 3-methoxybenzyl group, 2-methoxybenzyl group,

1-phenylethyl group, 2-phenylethyl group,

;-(4-methylpheny1)ethylgroup,l-(4—methoxypheny1)ethylgréup,
3—phenylpropylgroup,auuiz-phenylpropylgroup.- The silyl group
represents a silyl group in which 0 to 3 groups iﬁdependently

selected from a substituted or unsubstituted alkyl group having
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aral kyl group having 7 to 20 carbon atons are bonded
. to silicon. Exanples of the al kyl group, the aryl
- group, and the aral kyl group 5 include the respective
groups descri bed above. Specific exanples 10 of the
18 silyl group include trinethylsilyl group,
triethylsilyl group, tripropylsilyl group,
tard | yl - I I
b glr*’oa%?@ e e Ty T Ee o eI e B, prove
; [ r il d
ha_v:L% ﬁqy%oﬁéa% oR QB%(Jn? é’:lldgs[ Qs ituted olr uPbestltute

I'i'sopropyl si group, and triphenyls

A Plg! g%gfég»ggagéﬁﬁgf% il AL o,
Exam 18331 LT %oa?iyﬁﬁ) Eo ﬁceéﬁ’é ad %h%]n%afgg @galqgﬁugroup

oup; 'i Sopropy group,

incl@&é¥% %’sgﬂ—:yé‘b #)EP E%.l%létc\g:l C.o%’ gggvegr%ecfélc examples

sec pival oyt —gr oup

of tifEY ﬁflag%% DI Fkg%@% enzo%ﬁoga\%ugrO{JPi%thylsllyl
grouf R LRPTE R é&#ﬁ E%?@'ﬁp%r%%ﬁ%eﬂ o ©
tert%t?%f]hdlrﬁe{ﬁ?tﬂﬁjd_%? ?98% an&'lgl %ﬂ%&phe&yls:ﬂyl group,

oxyt et ranyl group,

e T
dimeth il@%%gi} igh Syl OLAUP S MRS RALAT Al as

e Si oup Sr group i s re p aqu[ as
Exam%fr%? {B Lngroup; Igﬁ:f%r?'lﬂyl @ﬂélstg_':c%lﬁ%df Sx ﬁ@é&bi‘%ltuted

erable as’t eroc I'val oyl "group i

acyl Qi‘ﬁﬁ}g%q{aaﬂﬂ/ Ert%‘ £h @&lx%on Q@ﬁﬂéy%é%{&n%f@r Bty group,

I epresent ed may hav e R abs
ethy%c%[e!if]ﬂ)e At é‘ﬁ@uﬁr oraps oL LBoagAf HIuLAl | - RBMHopyicarbonyl

group, butylcarbonyl group, isobutylcarbonyl group,

" sec-butylcarbonyl group, pivaloyl group, pentylcarbonyl group,

isopentylcarbonyl group, benzoyl group, 4-methylphenylbenzoyl
group, and 4-methoxybenzoyl group. Examples of the heterocycle
include tetrahydropyranyl group, tetrahydrofuranyl group,
tetrahydrothiopyranyl group, 4-methoxytetrahydropyranyl group,
and 1,4-dioxan~-2-yl group. Among these, a silyl group, an acyl
group, or a heterocycle is preferable'. Tert-butyldimethylgilyl
group is more preferable as the silyl group. Pivaloyl group is
more preferable as the acyl group. Tetrahydropyranyl group is
more preferable as the heterocycle. Pivaloyl group is
particularly preferable.

The asymmetric carbon represented by *3 may have the R

absolute configurationor S absolute configurationbut preferably =
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19 has R configuration. In formula (3), X2 represents
a hal ogen atom Exanples thereof include a fluorine
atom a chlorine atom a brom ne atom and an iodine
atom A chlorine atomor a bromne atomis preferable.
19 5 A .chlorine atomis nore preferable. in formula (3),

ML represents hydrogen, an alkali netal, or a
e al.pgen. glsal i ne-earth metal . Exanpl es thereof
as ?ncluge, %%ﬁtcgge not limted to, hydrogen, lithium

c . . i |
e nroPRe IR SR A e SR g%mples

f ot i _ i
cner68! AR SPALUM L3 JOUE BroLe1abLe o ool scon,

refer e exanples of vative
N di . : )
an Ao L HIB OCRUMELOOACS) BES Aty s gprererabie.

AChgﬁ%E%?é%éggéﬁé #&%% | SarhPobto 10 molar equival ents

nolar equi valents relative to

t he,_[ rﬂﬂlnﬂpﬂ € ?Sﬁr Mv%é.ﬁlfeé%j%tés méqe%réf);aarf gﬁkgﬁiemetal,

used i'n generati'ng t he“€no oacetic

or a P R A LREEN SR Y Bl SRSt Yo,
e e T e
crto RN, Al £ O gcivn. otum o
o O T DS L RLET e eRT Rl 4, HogR pidterabie.

L STACOUI AROPO MR HUOTE Wian IPIA (B AEL 8RR 3U00eiq

as sodiu magnesi um

derivative (3) include sodium chloroacetate and sodium

bromoacetate.

The amount of the haloacetic acid derivative (3) used is
1l to 10 molar equivalents and preferably 1 to 3 molar equivalents
relative to the propionate derivative (2) .

Examples of the base used in generating the enolate from
the haloacetic acld derivative (3) include, but are not
particularly limited to, metal amides, such as lithium amide,
sodium amide, lithium diisopropylamide, chloromagnesium
diisopropylamide, bromomagnesium diisopropylamide, and
chloromagnesium dicyclohexylamide; alkyl metals, such as
methyllithium, n-butyllithium, methylmagnesium bromide,
isopropylmagnesium chloride, and tert-butylmagnesium chloride;
metal alkoxides, such as sodium methoxide, magnesium ethoxide,
and potassium tert-butoxide; and metal hydride, such as lithium

hydride, sodiumhydride, potassium hydride, and calcium hydride.
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and potassiunftert-butoxide; and nmetal hydride, such
as lithium hydride, sodium hydride, potassium
hydri de, and cal ci um hydride. 20 Anpong these,
20 tert-butyl magnesiumchloride is preferable. The anmount
of the base used is 1 to 10 nolar equivalents and
preferably 2 to 5 nolar equivalents relative to the
Amongr opeonat eertdebivalnagne2)ums chioriide stepreafleerable.
presence of an amne in addition to the base when
al 1'8vé mguoine erfiobheeb$8% toedebxtl Wiot b0t helpropiiohes ents
derivative (2) may increase yield. The am ne is not
and ppaferebliar? yol 3 nofled dmiivaslonies eedblty va tethearyopionate
am ne. Exanpl es thereof include al kyl am nes, such 10

 deriwmtivéethylamine, tributyl anine,

di i sopropyl et hyl am ne, trioctyl am ne,
N- et hiwosphpl i ties pasrnd pyfr ol addme, imaddition to the
N- et hyl pi peri di ne; aryl am nes, such as
base dilet hyllamingnehanshodaeehyd prid ireectandtar omatpropionate
am nes, such as pyridine and quinoline. Triethylam ne
derivat inor e(Pr efiey abheredSe Theeddount of the am ne used is
1 to 5 nolar equivalents and preferably 1 to 3 nolar
eqiheakenne iel abtveatoitheapippl bnated eti vatpmeferably
(2). In this step, the haloacetic acid derivative (3)
a tertitawy basiele. t Beappdgisordteeratel i vratiude (2Dkykawitde, such
am ne may be mxed in any 20 order. For exanple, by
as trhddimglatriopw serdbasel soinei odiiabprapyiiexbgisoliome,on
., of the haloacetic acid derivative (3), the propionate
trioajetliamtriese N-ajethuinbtrpeodimae, Nthethyéparabilddiak,t had
enol ate and the reaction of the enolate with the
N-metjpopiigeniadine; arylamines, such as dimethylaniline and
diethylaniline; and aromatic amines, such as pyridine and
quinoline. Triethylamine is more preferable. |

The amount of the amine used is 1 to 5 molar'equivalents
and preferably 1 to 3 molar equivalents relative to the propionate
derivative (2).

Inthis step, the haloaceticacid derivative (3), the base,
the propionate derivative (2), and the amine may be mixed in any
order. For example, by adding dropwise a base solution into a
mixed solution of the haloacetic acid derivative (3), the
propionate derivative (2), and the amine, the preparation of the
enolate and the reaction of the enolate with the propionate
derivative (2) can be performed at the same time.

A reaction solvent used in this step is not particularly

limited. When a metal amide or an alkali metal salt is used as

the base, an aprotic solvent is preferably used. Examples of
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derivative (2) can be perfornmed at the sane tinme. 25 A
reaction solvent used in this step is not particularly
limted. Wien. a nmetal ami de or an alkali netal salt
21 1is used as the base, an aprotic solvent is preferably
used. Exanples of 21 the aprotic solvent include
hydr ocar bon sol vents, such as benzene, tol uene,
the aprpgigmnlwant éyclluﬁ@*afiﬁ?@‘ocaﬂmn solvents, ssgblRsBenzene,
di et hyl ether, tetrahydrofuran ,(THF), 1, 4-di oxane,
tolugret - :buhwaneret Apd @wﬁépheenam,h@wﬁthelvw such as
et hyl ene glycol dinethyl 5 ether; hal ogenated
dietkyl veirhsr, s@@hrahydgoﬁyr@ne(EﬁFbr|Ue@ dDox@her of @rbrbutyl
and 1,1,1-trichl oroethane; and ani de sol vents, such
methpb Ne thelf nedhmétbomntden(eu\/ﬁ)ld ethylene glycol dimethyl
andN- net hyl --2-pyrrolidone (NVF) . THE is preferable.
ethefThelszl ppgnbecdsedlabohe, osuch esnbietayileme cfhltond der,

" nore. The reaction tenperature is usually within the
chloryefgmn ofand 100CLt 6 ri2dCoraepheher;abhd amsialt sodvents, such
tenperature varies depending on the types of base and
asN, Notlypathud édrmanide (UMM and Nractinge 26foyr20Q itdeprE0QIMP) .
In this step, after the conpletion of the reaction of
THF isherdfugrppundiieye army the wrel atipneacid in ezpmeimation

is perfornmed to produce a conpound represented by said
of twrermr atofernula (4) An acid used in the
aci d' treatnent should be a general inorganic acid or
or J&s seacitd onExempless tirer éof usnelllgeyibbtinatbenpange of
particularly limted to, hydrochloric acid, sulfuric
-100 °aﬁ: it AT c 20 muct kb rake | xeaet ton arehperateracvaries

depending on the types of base and solvent used but is within
the range o_f -20°C to 60°C.

In this step, after the completion of thg reacition of the
compound (2) and the enolate, acid treatment is performed to
produce a compound represented by said general formula (4). An
acid used in the acid treatment should be a generai inorganic
acid or organic acid. Examples thereof include, but are not
particularly limited to, hydrochloricacid, sulfuricacid, nitric
acid, acetic acid, and citric acid.

The temperature at which the acid treatment is performed

is not particularly limited but is suitably in the range of -20°C

to 60°C. The amount of the acid used is 1 molar equivalént to

100 molar equivalents, preferably 1 molar equiVélent_to 50 molar

equivalents, and more preferably 1 molar eguivalent to 20 molar

"equivalents relative to the base.

After the reaction in this step, the product represented
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The tenperature at which the acid treatnent is

performed is not particularly limted but is suitably

in the range of -20C .to 60C. The anount of the acid

used is 1 nolar equivalent to 100 nolar equivalents,
22 preferably 1 nolar equivalent to 50 nolar 25

-equival ents, and nore preferably 1 nol ar equivalent to

py s :;q)éx?éraf gcp % t s b\ée B%dbegeﬁé\gagg %Hemuth

reaction |n e pro repre

an o%ﬁéﬁlgeQSEQEnEorﬂﬂ'ﬁvéé)e%ﬁ 1b%c%?%$h”e%m9¥:ngk%%He, or

an organlc sol vent te

tolugﬁger.%gggggﬁ%gc%o 4&& eng% A§ ﬁgk %8 Bgegurag§ed and

pr oduc puri

1501 fE Y HORN e cGH ISP, TR St "'a%eg’éﬂu Pfen: o
the lf%e niﬁ%erﬁ&%@d@l oghe rééﬁ% ﬁgﬁpg §809£d1x)a.next

roduci'ng an optic ive errvative

step]_ %ﬁggﬁ §8r9¥1?%gfégl fornula (6): CRS (6) HOB NAr2

W ng al oket one derivative represented
Pépfzﬁst% & o &y ﬁ%#@a{ﬁf"%% Hay SHRRH P
deri{ﬁkﬁﬁgcfééfgﬁgﬁkgﬁlbgng . ha%og L;%nQG 6), R3, X2

OVG rresents an
asynnetrlc car bon.

(6)

X2 OR®

HO Ar

by allowing the haloketone derivative represented by said general

 formula (4) toreact witha compound represented by general formula

(5) :
Ar?v? (5)
will be described below.
In formulae (4) and (6), R®, X%, and *3 are the same as
above, and *4 represents an asymmetric carbon.
In formula (5), Ar® represents a substituted or

unsubstituted aryl group having 6 to 20 carbon atoms. Examples

-thereof include phenyl group, 1-naphthyl group, 2~naphthyl group,

_4-methylphenylgroup,é—methylphenylgroup,2-methy1phenylgroup,

4 -ethylphenyl group, 3-ethylphenyl group, 4-methoxyphenyl group,

3-methoxyphenyl group, 2-methoxyphenyl group, 4-nitrophenyl

:group,3-nitrophenylgroup,2~nitrophenylgroup,4—phenylphenyl

group, 4-chlorophenyl group, 4-bromophenyl group, 4-£1luorophenyl
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In formula (5), Ar 2 represents a substituted or
unsubstituted aryl group having 6 to 20 carbon atons.
Exanpl es thereof include phenyl group, | -naphthyl

93 group, 2 -napht hyl group, 20 .4-nethyl phenyl group, 3
- met hyl phenyl group, 2 -nethyl phenyl group,
4- et hyl phenyl group, 3-ethyl phenyl group,

grou_rg et ROXYRPBEA¥MPIL OPoup3- ﬁﬁtfmw%%ylmgtg%@[p,
met hoxyphenyl = group, = 4- ni trophenyl ~group,

2,3-dDF 1 HOPBSA¥hyUr §HBup?- B LLeRReY-cFHeHRL group,
4- phenyl phenyl ~group, 4- chl or ophenyl group,

2,5-dt £ PROPBPRERYL §reup, % &La%q%%me%ﬁg@%ep,
3-fluorophenyl group, 2-fluorophenyl gfoup,

2,3- c?lrﬁ”e ‘Ejﬂl)f/iﬁﬁél@?t‘ e@i‘c‘)uﬂ O8Pg - anﬂre@hylﬁ‘ﬁéﬁgﬁe Er)fjou%r Oldhg

5-di T1'uor ophenyl group, 3, uoropheny group

3,4-@111%@& Haﬁfbegy&ugr oup, £ Zudrod gﬁ*i‘)@y? group,

, 4-di et enyl group. uor oph nyI group,

£f1ud %%Qﬂ;vl g | henyd _ F OUps hé’hl
3" -dflcf)IlglllffL)ro%henyl érggﬁgro%heél?fl goro hen))?l gr oup, r@p Y

fduor |
grougd, z difd ) 4 o %&F%r o'r 2 35 43 g Tk sonheny gﬁé@ﬁp or

i's preferable phenyl  group or

3, 4 -2 PrehFd s e%,ray Lgrpyppr_»éfg%eler ef;erébchfflégryghenyl

represents an alkali netal or a hal ogehated

g;ouﬁ'&@' 4 ne= @8f 1o Pl Rdny BPEEbhHC J.Qxﬁ&HPleeﬁrE reredfe.

include, but” are not " limited to, lithium sodi um

polASseyFLseht ar QRRENRETY MndHOMIRGN &S 1H etttk g
chl orocal ci um Lithium chloromagnesi um . “or

alkallrimanesidini s ppRiarabl %xﬁﬂﬁ&f@wi%%ﬂmrﬁﬂdée but
brononagnesrunrrs nore preferabl'e. The conpound (5)

are n6MEIie by, avail Bkl esodium, potassium, chloromagnes:.um,

bromomagﬁesium, and chlorocalc_ium. Lithium, chloromagnesium,

or bromomagnesium is preferable. Chloromagnesium or

bromomagnesium is more preferable.

The compound (5) is commercially available.
Alternatively, the compound (5) can be prepared by a known method
{(for example, Tefrahedron Letters, 42, 3331, 2001) from the
corresponding aromatic halide and either the corresponding metal
or metal compound. The amount of the compound (5) ueed is 0.5
to 5.0 molar equivalents and preferably 1.0 to 3.0 molar
eQuivelents relative to the haloketone compound (4).

'i‘he reaction temperature is usually within the range of
-100°C to 50°C. A preferable reaction temperature varies
dependingon the type of a solvent described belowbut is preferably
-20°C to 30°C. |

The reaction time varies depending on the reaction
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Al ternatively, the conpound (5) can be prepared by a
known nethod (for exanple, Tetrahedron Letters, 42,
3331, 2001) fromthe corresponding aromatic halide
24 and either the corresponding metal 20 or neta
conmpound. The anmount of the conpound (5) used is 0.5
to 5.0 nol ar equivalents and preferably 1.0 to 3.0
tempeapbanreelqut vakenssal giyabi §etbo3 6 hrohakoketlopee tonpblipdl. 0
(4). The reaction tenperature is usually within the
to 2#¢ahgersf -100C to 50C. A preferable reaction
tenperature varies 25 depending on the type of a
sola eriaatdsar ishdddne oweluinitshps eftermblsynot 20480t beularly
30C. The reaction tine varies depending on the
limitedadiuton 24 reaigeslsl s bigrdts dsddhMantd. SEkamnpbeBovfsthe
and preferably 1.0 to 24 hours. A reaction sol vent
aprotfeddlvdrdi drsilepid hiyaiodqeaiddc odrentd,i gukedabubensene,
preferably an aprotic solvent. Exanples of the 5
toluenk pthchaohnent ahActydeohydaaear Behe3OlsvaRtehit sSUBUAS as
benzene, 10 tol uene, n-hexane, and cycl ohexane; ether
dietlspl werfes;, stethraisydcbBhhyh €riey, 1ptrahydind predrt -butyl
(THF), 1, 4-dioxane, tert-butyl nethyl ether,
methyﬂruﬂﬁmuyeiha@ehoaydthahyleaﬁdgbyﬁgﬂeﬁbngﬂ@¢b1 eliethyl
hal ogenat ed sol vents, such as nethyl ene chlori de,
ethexﬁﬂhHIﬁanatemdsdlieﬂts[IShbhrﬁ%th&ﬂhyl&@é amldeide,
sol vents, such asN, N-di net hyl f ormam de (DW) and
chloxid ety bnd- byl bl tddob MyBpthahibl, atdlaidnts solvhaxanesuch
is preferable. These nmay be used alone or in
as N, Botbhehy bhicohatiwdeolDMA)rand N-methyl-2-pyrrolidone (NMP) .

THF, toluene, or hexane is preferable. These may be used alone
or in combination of two or more.

In this étep, the addition method and the order of addition
of the compound (4), the compound (5), and the reaction solvent
are not particularly limited.

The asymmetric cafbon represented by *Q-may have the R
absolute configuration or S absolute configuration. Similarly,
the_asymmetric carbon represented by *4 may have the R absolute
configurationor S absolute configuration. The asymmetric carbon

represented by *3 preferably has R configuration, and the

asymmetric carbon represented by *4 preferably has S

configuration.

After the reaction in this step, the product (6) can be
obtained by extraction with an organic solvent such as ethyl
acetate, ether, hexane, or toluene.

Thig reaction usually proceeds highly stereoselectively
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In this step, the addition nmethod and the order of
addition 15 of the conpound (4), the conpound (5), and
the reaction solvent are not particularly limted. The
25 asymmetric carbon represented by *3, may have the R
absol ute configuration or S absolute configuration.

' h b
o prbdedud ﬁgtt@%a%ﬁéfma‘fét%f& SoRPrYaran: § %%Et BighsifLogen
hlghc Q%Le e?%%ﬁga% as§gggtr %gf?%ﬁ&1 %e bstlgﬁent
asy tI‘IC carbon re

b .
oG GRE - APrRFoE Re ke foﬂurﬁ@&ﬁ%&%ﬁ%ﬁ“ﬁ@amn
25 obt d b t th
can 5 BHFEOLI9 oY CRERTALSTrAPRY atkYare loren Shexans,
t ol t || ds h
aiot£la Stk ot vary 1 26° '°%Jr”s”a B GEBE PSR e e
Lve l,astereomeric

d d
Subflecg‘%?%y%éb%rfagﬁ%v%%e?h‘gg%e CPuzirdtatian e TeiGtion.
di t i fi t
e R Eﬁﬁ{ep@%mérﬁm oy B riaagt dpngormed as a
tall t | | at the |ike.
dlas%ﬁ%%&ﬁéﬁiég?]QP?5% pr%ﬂh%t%H%Oq%%Pr%u%?e%%gg t 578 next

urificat ation. - t her nor e,

‘ dlasﬁsfgéﬁﬁééﬁﬁgff S'%aﬁségPﬁgggﬁ#igdlﬁgrﬁaﬁlgs%g}eonerlc

tur Thus accordi,ng to need, the diastereo
crystB RS S mld MO Do %cel%s 18°5SEIRET by,

(dla%géec?& L iaéér(l)t‘[]em-:r h-edgg%?.tg%%%%ggr r } s def,| ned

astereoner A
A cont(e last e&lasr{:eereomer B content) x 100%

A solvent used for the crystallization varies depending
on the compound and thus is not particularly limited. Examples
thereofincludepentane,hexane,héptane,octane,water,methanol,
ethanol, n-propanol, iédpropanol, n-butanol, isobutanol,
tert-butanol, benzene, xylene, trimethylbenzene,
tetrahydrofuran, tetrahydropyran, 1,3-dioxane, 1,4-dioxane,
methyl acetate, ethyl acetate, n-propyl acetate; isopropyl
acetate, n-butyl acetate, iscbutyl acetate, tert-butyl acetate,
dimethyl ether, tert-butyl methyl efher, acetonitrile,
propionitrile, butyronitrile, acetone, DMF, DMSO, and
N-methyl-2~pyrrolidone (NMP) ; and a mixed solvent of two or more
of these.

A process for producing an optically éctive epoxy alcohol

derivative represented by general formula (14):
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A content + diastereoner B content) x 100% A sol vent
used for the crystallization varies depending on the
conmpound and thus is-not particularly |imnmted.
Exanpl es 15 thereof include

26 pent ane, hexane, hept ane, oct ane, wat er, net hanol , et hanol ,
n- pr opanol , isopropanol, n-butanol, isobutanol,
tert-butanol, benzene, xylene, trinethyl benzene,
t et rahydrofuran, tetrahydropyran, 1, 3-dioxane,
1, 4-di oxane, nethyl g §§ate, et hyl acetate, n-propyl

e

acetate, isoprguyl 1Cet at e n--bé{z acetate,

i sobutyl acet at ert- by acetatk) )dinethyl et her
tert-butyl methy er, acetonitrile, propionitrile,
butyronitrile, “acet omd,” DMF, DMSO, and

N- et hyl - 2- pyrrol i done (NNP) ; and a m xed sol vent of

will fléﬁ?l = g‘%rcq: %f t’ﬂ?éc‘%‘ro%%é%gflgf\gags q‘{bj\%&:dl%p(#ese ed.md

Iy ac I'Vé epo errvati-ve re

cepe BAgBBIELY s %ﬁ&%@ﬁ@ﬁx&&% e IR s
seledtely %%1@1:]?@ gﬁgerfhuggrll[% ?oé}g%uﬁ& ﬁ?+§rﬂéﬁt, and

one treat ment "from ac I
i et
repre%%%etlretq% ngg}phi%%&déﬂaﬁé%rr&&f’g‘ @Qg)t hen subj ecting the

res ertvative fo. base treatnent; or
the process includes subjecting the conpound

WS (13)
HO

. and then subjecting the resulting halo diol derivativé to base
treatment; or the process includes subjecting the compound
represented by said general formula (6) to base treatment.
In the formulae, Ar®, X?, R®, *3, and *4 are the same as
above, and each of *5 and *6 represents an asymmetric carbon.
When R® in the said general formula (6) represent.s a
substituted or unsubstituted alkyl group hav'ing 1 ‘té"l‘-a" carbon

atoms, a substituted or unsubstituted aryl group having 6 to 20

_carbonatoms,asubstitutaiorunsubstitutedaralkylgrouphaving

7 to 20 carbon atoms, a substituted or unsubstituted silyl group,
orasubstitutedorunsubstitutedheterocycle, anopticallyactive
epoxy alcohol derivative represented by general formula said (14)
is preferably produced byr subjecting the compound (6) to at least

one treatment selected from acid treatment, fluorine compound
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10 represented by said general fornmula (6) to base
treatnent. In the fornulae, Ar 2, X2, R3, *3, and *4
are the sane as above, and each of *5 and *6
represents an asymetric carbon. Wien R3 in the said
27 general formula (6) represents a substituted or
unsubstituted al kyl group having 1 to.l18 carbon 15 -
: j ; Lt uted .
B R e R R S e
; ' [ 7 b
a0 AL S0 BEBL Lo O D0, ool Or BBt i) | anc
i d ' het. |
chen SSUBILHLIAECE L VORUBSALGUREI BBl CRedTe. co, e
trea*%}{ergl_enerlﬁel. %fﬁé&s Sv?ifil (%'EAB'%%%Q&::IEJS.}J &eggr?gglgr Bgli%%d

y Subj e € conpoun o af | gas one

oD b Ry o Shemar g sTes (S eRage (12).
one G5 EEI Gundr bbb r ritatind) CoukRh R b BB B0t he
oyl PR T A AR e e s P e
in, SRCEEHLIE, PRSPRERIP iRk RGa IR Vs, cnara

carc 20 T89000 481, OB, ABLOVERNA D ELBEROE L ciuae

armet hod descr exanp CtIve

hydrd.aég}lgxgi%‘icf?cﬁi' ”té‘&?k&ri{; higdy eﬂk%%g%ag%g”g'cg%i%f Ma,

used ih the acid treatnén
. , i d Lf o i mitci . ti '
et e USRI B8 oSG B DL BB 86h 9861 acia,
and a%ﬂéﬂﬁ %ﬂﬂfd@.c' q—!&z 1%?@6"&‘5‘1&?'8&1%ic acid, or
Hydrochl oric acid, sulfuric acid, or ' ammbni um

ammorﬁhlnpéflﬁcgr!i. SePreheLpblgr1 EXampl 85, 9L 2574 ¥9LbRene compound

conmpoun
used in the fluorine compound treatment include

tetrabutylammonium fluoride i’I‘BAF) ' potassium fluoride, sodium
fluoride, lithium fluoride, and cesium fluoride. TBAF, potassium
fluoride, or sodium fluoride is preferable. The hydrogenolysis
should be performed with a compound serving as a hydrogen source,
gsuch as, hydrogen, formic acid, or ammonium formate, using a noble
metal compound, such é.s apalladium compound, aplatinum compound,
a rhodium compound, or a ruthenium compound.

When R® represents a silyl group, the acid treatment or
the fluorine compound treatment igspreferable. . WhenR® represents
an alkyl group, an aralkyl group, or an aryl group, the acid
treatment or the hydrogeﬁolysis ispreferable. WhenR®represents
a heterocycle, the acid treatment is preferable.

After the reaction in this step, the product (13) can be
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used in the fluorine conpound treatnent include 15
tetrabutyl ammoni um fl uori de (TBAF), potassium
fluoride, sodium fluoride, lithiumfluoride, and
28 cesiumfluoride. TBAF, potassium fluoride, or sodium
fluoride is preferable. The hydrogenol ysis should be
erformed with a conpound serving as hydr ogen
obtalfEnchy SXEARCBEORNYAF BgsR, FERITE SerUCHbr SMfBNEnFERYL
formate, usi a noble 20 _netal conpound, such as a
acetabey JBFRRT coliptant; S%pitatii-compound, a rhodi um
conpound,, or a rutheni um ¢conpound. \Wien R3_represents
a SSRGS (e Aci BUFF AtABhER 0Pt REOLRGOPPNEAR De
[of0) nd treatnent is preferable,. . WenR3 represents
Perf%‘ggi?&w CHrGBR oI a&ihéf KYEY§rads 1 Zat1am aPy| dhf ouplation,
the acid 25 treatnent. or the hydrogenolysis is,
or thg didinl &1 taRBRRE Vitdst e SRt @roaluﬁ%t BPycyel eubiRetgdi o @
treatment is preferable. After the reaction in this
next FepP YHePiodRid¥1¥18% 48R -be 28 obtai ned by
extraction with an organi c solvent, such as ethyl .
acédt &C ,Veath@??dhE?gng%leo?rr%r%#e%a*Aéear‘a%@E% Fereriing
purification and isaolation can,be_ performed hy
on theh FERRPEGHIHy  ERHS stttz REFbACUSR L dY st L Reflon Exagiples
or_the_like. Alternatively, the product nmay be"
thereohBELBACPE L 2N Tex PXRBH  WENGHE (RF F#RR al¥RSR Y < Arethanol,
ethaﬁﬁﬂvenf used for fhe crystallization varies depending

t e RSSOty ahtPPROBERS L not ~BaF £PEd! artBPPMEATd.

I t her eof incl|udepentane, hexane, heptane,
tert BT\ RETE oy FRPES. 15 CTRGRELDeREEPpan0l

I.sopropanol , .n-butangl, isobutanogl, tert-butanol,,,
tetr St S -2 19V TEPRYFBBNzEng, 41o%ane. 1,4 aloxans,
methyl acetate, ethyl acetate, n-propyl acetate, isopropyl

acetate, n-butyl acetate, isobutyl acetate, tert-butyl acetate,

dimethyl ether, tert-butyl methyl ether, acetonitrile,

.propionitrile, butyronitrile, acetone, DMF, DMSO, and

N—methyl—z—pyrroli'done (NMP) ; and a mixed solvent of two or more
of these.

A step of converting the halo diol represented by said
general formula (13) into the optically active epoxy alcohol
derivative represented by said general formula (145 will be
described below.

Examples of the base used in the reaction include, but
arenotparticularlylimitedto, inorganicbases andorganicbases.
Examplesoftheinorganicbaseinclude1ithiumkwdroxide,sodium
hydroxide, potassium hydroxide, potassium carbonate, sodium

carbonate, and lithium carbonate. Examples of the organic base
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tetrahydrofuran, tetrahydropyran, 1, 3-di oxane,

1, 4-di oxane, nethyl acetate, ethyl acetate, n-propyl

acetate, isopropyl acetate, n-butyl acetate, isobutyl
29 acetate, tert-butyl acetate, 15 di nethyl ether,

tert-butyl methyl ether, acetonitrile, propionitrile,

butyronitrile, acetone, DVF, DWVMSO, and

incldaekbyliud- Byetakiedope taM)un aRaadY Xedtisaly efteite,
two or nore of these. A step of converting the halo

sodidh@le HIRPFeEReN] eth binsRitho:2Hepetak st ohmd thddide | B6@ium
the optically active epoxy al cohol derivative

ethok@ﬂé?_sgatﬁgs@ﬁms abetoenecalidor mHiathdAaniidd, eha
descri bed bel ow. Exanpl es of the base used in the

diiségaehbi0Bchthmbfe . UL t AR BmNAYaPakEAEYI BBEY vk Wyliedxide,
to, 1nhorganic bases and organic bases. 25 Exanpl es of

pota&feuhnNAyE2BkE8aSe i kRS hkdedtinidiii @, hdaXindGne QM HB, or
hydr oxi de, potassi um hydr oxi de, potassi um carbonat e,

potaSOthdMetROROAAL €5 BREArEFEBIEM CRI PR ey EX8RPRES 8bdium
the organi c base 29 include sodi um acetate, potassium

hydr&€£4a} eor! pbBhHBL aRehdte oxigRdiUMnEREh @ty rdr i um
nmet hoxi de, ” pot assi um iret hoxi de, sodi um et hoxi de,

potEashMBUherds PHE B fteushiied DYb ad 1@, o A ar equivalents
di i sopropyl et hyl am ne. - Li t hi um hydr oxi de, sodi um

and pwyéfexidey 1potasssum Andeexedivhilbhicsma@thoxideo the
sodi um et hoxi de, or potassi um net hoxide is

compdied efapl e. Lithium hydroxide, sodium hydroxide, or
pot assi um hydroxi de is nore preferable. The. anount of

t hesbage as ek ithd . rdad0idA. s81vehar igguiival, enug azadnot
preferably 1.0 to 5.0 nolar equivalents relative to
partidi€larly limited to, benzene, toluene, diethyl ether,
tetrahydrofuran (THF), 1,4-dioxane, methyl tert-butyl ether,
dimethylformamide (DMF), N-methyl-2-pyrrolidone (NMP), DMSO,
methanol, ethanol, isopropanol, and water. These may be used
alone or in combination of two or more.
Theadditionmethodandtheorderofadditionof the compound
{13}, the base, and the reaction solvent are'not particularly
limited.
The reaction temperature is uSually within the raﬁge of

~20°C to 60°C. A preferable reaction temperature varies

depending on the types of base and solvent used but is within

~ the range of -10°C to 50°C.

The asymmetric carbon represented by *5 may be R absolute
configuration or S absolute configuration. Similarly, the
asymmetric carbon represented by *6 may have the R absolute

configurationorSabsoluteconfiguration. Theasymmetriccarbon
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10 conpound (13) Exanples of the reaction sol vent
i nclude, but are not particularly limted to,
benzene, toluene, diethyl ether, tetrahydrofuran
(THF), 1, 4-dioxane, nethyl tert-butyl ether,
di met hy1f ormam de (DMF), N-nethyl-2-pyrrolidone (NWP),
DMSO, 15 net hanol,, ethanol, isopropanol, and water.
reprébeftefByybe sUped fakana vOhalsN RCQIHH Miahi-at 10dn t Whdrthe
nore. The addition nmethod and the order of additionof
asymih8ee08PeHRBon( F3hrekBatbasey and drher dveact} Ha s vent
are not particularly limted. 20 The reaction
configupgrabdre is usually within the range of -200Cto
AO0C. A preferable reaction tenperature varies
. depesdintgianskhe G¥RESa0f feﬁﬁalanqewl_»grﬁfésaﬁgg RYfirogen
is wthin the range of -100C to 500C. e asymetric

or a §@5@@ﬂtiﬁ§@ﬁﬁeﬂhggbgfi%ﬁtgaYatpﬁl Bz@%’ﬁ)ohﬁfn 456 20 carbon
configuration or S absolute configuration. %lnllarly,

atomé N&n 8S¥ABNNKCAEREPALISESF @AQURA BY Gy chAYsrtbented
R absolute configuratiion’or S absolute conf igurat

by saliargeﬂé@agwmlra ¢1g ;ﬂrike,o?ré@efc%ngﬁ?f%&@c@d byPsubjecting
preferably has R configuration, an he asynmetritc

the c6RHBOACI &PF esard £dtb¥atReptel erallnraSsRei1l be described
configuration. Wien R3 in said general formula (6)

in déepresentswhydrogen 5 or a substituted or
unsubstituted acyl group having 1 to 20 carbon atons,

an Bphitiald ¥£atld ¥8sER@EE AhEDhAL , ARIH ¥AE R particularly
represented by said general forrmula (14) is

1imi¢&@f6£&ﬁd&é&ﬂi@ﬁ@gegySﬂéﬂé@téﬁ&abutylammoniumhydroxide,

30

lithium hydroxide, sodium hydroxide, potassium hydroxide,

potassium carbonate, sodium carbonate, and 1ithium carbonate and

organicbases,suchassodiumacetate;potassiumacetate,lithium
acetate, sodium methoxide, lithium methoxide, potassium
methoxide, sodium ethoxide, potassium tert-butoxide,
triethylamine, and diisopropylethylamine. Tetrabutylammonium
hydroxide, godium methoxide, Ilithium mgthoxide, potassium
methoxide, sodium ethoxide, or botassium tert-butoxide is
particularly preferable.

Theamountofthebaseusedis:LAJtolO.Dmolarequivaleﬁts
and preferably 1.0 to 5.0 molar equivalents relative to the
compound (6) .

Examples of the reaction solvent include, but are not
particularly limitéd to, benzene, toluene, dieﬁhyl ether,
tetrahydrofuran (THF), 1,4-dioxane, tert-butyl methyl ether,

dimethylformamide (DMF), N-methyl-2-pyrrolidone (NMP), DMSO,
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the conpound (6) to base treatnent. The process wl |
be described in detail below 10 Exanples of the base
used include, but are not particularly limted to,
31 inorganic bases, such as tetrabutyl amoni um hydroxi de,
['ithium hydroxi de, sodium hydroxi de, potassium
hydr oxi de, potassi um carbonate, sodi um carbonate, and
methpned yftEaRBenat  ORF@PaGJaniddib¥dder sufhegas Badi bm used
acet ate, potassium acetate, lithium 15 acetate,
alongogrufimePREiNgE ion Off (Fihsthd@anfe, pot assi um
met hoxi de, sodi um et hoxi de, potassi umtert-butoxide,
t r i BRPyIeRf Hon fiRitkRTabpropls atdialand nelthin the range of
Tetr abut yl ammoni um hydr oxi de, sodi um net hoxi de,
-20°¢ ERi GRTRet h%@ﬁ@,fep@%égsraﬁptﬁr@ﬂhbﬁm@@;awmeumaries
et hoxi de, or potassiumtert-butoxide is 20
depepgdipfcairaiPy preeerabl basFhandnsghvent upedbhys ésewithin
is 1. 0to 10. O nolar equivalents and preferably 1.0
the yangeooforiP EqiPvaléRt-s relative to the conpound
(6). Exanples of the reaction solvent include, but are
notTh@ gkt i el e tlyod i aid ebhe cprdenzefetheorospennd (6),
di et hyl ether, tetrahydrofuran (THF), 1, 4-di oxane,
the bagf .- oyt hemeaat iameplveditner @ yidoprarida lepiy) Limited.
N- net hyl - 2- pyrroli done (NWP), DVSO 31 net hanol,
et HEHDIRTeEHPt ophol camnee valb ez inghdey smyraetierdwith an
al one _or in conbination of two or nore. The reaction
organb@Felyehte Fuchagatiyhaechtatehethamehekane2(@ toluene.
600C. A preferable reactjon tenperature varies 5
Accopdhradin g eeit + Renhfiden toforbasyl drglaslivencansbd baripsmed
wi t hin
by chrématogxaphy, crystallization, or distillation.
A process for producing a compound represented by .said
general formula (13) froma compoundrepresentedbygeneral formula

(6a) :

52 (6a)
HO™ AP
will be descfibed below.

In zaid general formula (6a), X%, Ar?, *3, and *4 are the
same as above. Examples of R’ include an alkyl group, an aryl
group, an aralkyl group, a silyl grﬁup, and a heterocycle.

Examplesipf_the alkyl group include substituted or
ungubstitutedalkyl groups having 1 to 18 carbon atoms, for example,
methyl group, ethyl group, n-propyl group, isopropyl group,

n-butyl group, isobutyl group, sec-butyl group, tert-butyl group,
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10 the range of -100C to 50C. The addition nethod and
the order of the conmpound (6), the base, and the
reaction solvent are not particularly limted. The
product (14) can be obtained by extraction with an

32 organi ¢ solvent, such as ethyl acetate, ether, hexane,
or toluene. According to need, purification and

n-pef SpLILH O a0 BBV 0L PR, DR OBLYD 900p,  mrampica
of th? aox%ﬂl %P%?@) ro%ﬁuﬁ&?i@ﬁgg&%‘} 1?13{5&1%91 QELE S Q‘&ll groups

ma conpound repreSented by genera

ha_v:ugg%?ggg%écr%aﬁ(lﬁ:?% ?.ES ga)fé% %kaﬁﬁ%geméﬁfgggghg, " 4|I{]a%hthyl
grow%roup lgﬁbﬁﬂp group Igﬁ'argﬁabl Igge-_ Eﬂ%%%henyl
GEOU A &%ﬁ&ﬁ? I?%féc%%ﬁahsubg%?f?hgﬁgﬁk?ﬁ%h?oup?°“p
3-etilpi ylilt g o bﬁgtl‘%:‘gﬁh?ﬁg GEBIB, Ca pIEL Y ey
grouﬂ] k%J tl‘ﬂ:{)&éﬂl p?fbgnt:gu% uffit hgﬂ élo g:? g gr oup,
4P eq’{}ﬁﬁé}ﬁﬁ (? or Unsu?%@@?%ﬁic?% gr u’ps rg{]aw ng&@#g&yl

grougzo %aamgae@t %%ﬁ Hory %{{@_ gmcﬁ{gyf{wh psu&s@flt?@wa'or

oup, napht group, gr oup

unsub} @%e%ﬁm rogzpr%% hgvizném’} I‘{:yé pﬂ?r&’e{rk%rf’%oms , for

example, benzyl group, -4~methy1benzyl group, 3-methylbenzyl
group, 2-methylbenzyl group, 4-methoxybenzyl group,
3-methoxybenzyl group, 2-methoxybenzyl group, l-phenylethyl
group, 2—phen§rléthy1 group, 1l-(4-methylphenyl)ethyl group,
1- (4-methoxyphenyl)ethyl group, 3-phenylpropyl group, and
2-phenylpropyl group. The silyl group represents a gilyl group
in which 0 to 3 groups independently selected from a substituted
or unsubstituted alkyl group having 1 to 18 carbon atofns, a
substituted or unsubstituted aryl group having 6 tb 20 carbon
atoms, and a substituted or unsubstituted aralkyl group having
7 to 20 carbon atoms are bonded to silicon. Examples of the alkyl
group, the aryl group, and the aralkyl group include the respective

groups described above. Examples of the silyl group include

' trimethylsilylgroup, triethylsilylgroup, tripropylsilyl group,

triisopropylsilyl group, tert-butyldimethylsilyl group,
dimethylphenylsilyl group, 2-ethyldimethylsilyl group,

dimethylpropylsilyl group, dimethylisopropylsilyl group, and
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- et hyl phenyl group, 4-nmethoxyphenyl group,
- met hoxyphenyl group, 2-nethoxyphenyl group,
-ni trophenyl group, 4-phenyl phenyl group,

- chl or ophenyl group, and 4-bronophenyl group.
Exanples of the aral kyl group include substituted or
" % E ﬁltuted aral kyl groups having 7 to 20 carbon

riphey g gg?&?ple benzyl group 4- et hyl benzyl

gfg@g%%;ggtﬁh el : A nﬁg?gggsgf%ruﬁgfoggtmed
OX en t
. e
cocx e IRRSIBIEIL Lo b o %gog?mpyg%a&& oo,

3%3|I¥I grﬁuHF in which O to 3 groups |nqagendentl
4'meE PEXL BHT F¥NT QP GREY It FEOYP r o ANEN dubfstd it QTtady &l Wy 19X Oup -
oup hav] 1 to,]l8_carbon atons, a substituted or
s‘t!"g%li ht‘—gﬁ a?r?#lé’hﬁ}ﬁ)‘{%w?ﬁ& e @rogye Pﬁoﬁwpr%%erable
tuted or unsubstityted. aral ky

' oms, _and .
Terty }%%lﬂ%ﬂrrrnﬁy 583y OgEQPBtha‘P%% BF el BERTLE 96 Yine Sllyl

silican | es of the alk rou
grog T AT GHo0h FHERBOLS (hEFs obbeCerae Ly
het described above. Exanples of the eryI gr oup |nclude
CLeh P et Ryl silyl group, triethylsilyl group

{ e ﬁtelﬁr%'&tﬁ@t ﬁ%ﬁﬁr:i:?ésﬁfﬁ%ﬁg@d $ it FnengPtBpypa (13)
can by Pt} W%é%\irg'ﬁ%m%%%gse?ﬁeﬁm FURLPERPG A eaction

o S LETECHA B0 o1

heter cI | es thereof in
tegr roé%ﬁﬁﬁ%ﬁP poun& represented by general

b-bwoo
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formula (16)

Ny, *7
{ ~NT 3 (16)
A AP |

by allowing a compound represented by said general formula {(13)

to react with a compound represented by general formula (15}:

R“SOZ\N/Nw

\—\ (1

will be described below.

In formulae (16} and {13), Ar?, X2, *3, and *4 are the same
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t et rahydr of uranyl group, tetrahydrothiopyranyl group,
5 4- met hoxyt et rahydr opyranyl group, and
1, 4-di oxan-2-yl group. Anobng these, a silyl group, or
34 @ heterocycle is preferable. Tert-butyldi methylsilyl
group is nore preferable.as the silyl group.
Tet rahydropyranyl group is nore preferable as the
as allmeter ecytkech 40 *Thended8traprésam ¢ e epppoendicbagrbon.
to the conpound (13) can be perf ornmedby the sane
pr aiies srcagpdiat reppkepadadbiheat éagpdricare]l ffoamulze (15) is
conpound (6) to the conpound (13). A step of producing
prodecednfontnd ffeapeesapied bhyigenteadnd fsarlimond o 46)dl chléyide
by allowi ng a conpound represented by said genera
(3. Zwrnttham(18pct o peact3wpthiad7sonpound represented by
general fornmula (15): R11 SO02--N'N~ (15) Nwll be
desnmr ifechibed ofn5)20 H*A feprukaatkle) andyl 13rodp, 2an aryl
X2, *3, and *4 are the sane 34 as above, and each of
groug / candn*8ratpy st .an Easwpinig b€ €lad Ayl FReup include
conpound represented by said general fornula (15) is
subs i todtked dof rorulisari texarpha kvilr gazabe andisdg|f eri ¢sacatbon
chloride (J. Am Chem Soc., 97, 7332, 1975). 5 1In
atomd ofimt axehplle , Riethyl epr@sentstiafl alrkybsgr auprodglagybup,

isopropyl group, n-butyl group, isobutyl group, sec-butyl group,
tert-butyl group, n-pentyl group, isopentyl group, and n-hexyl
group. Examples of the aryl group include substituted or

unsubstitutedaryl groups having 6 to 20 carbon atoms, for example,

- phenyl grbup, l-naphthyl group, 2-naphthyl group, 4-methylphenyl

group, 3-methylphenyl group, 2-methylphenyl group, 4-ethylphenyl
group, 3—ethylphenyl group, 4-methoxyphenyl group,
3-methoxyphenyl group, 2-methoxyphenyl group, 4-nitrophenyl
group, 4—pheﬁy1pheny1 group,- 4-chlorophenyl group, and
4-bromophenyl group. Examples of the aralkyl group include
substituted or unsubstituted aralkyl groups having 7 to 20 carbon
atoms, for example, benzyl group, 4-methylbenzyl group,
:;;—methylbenzyl group, 2-methylbenzyl group, 4-methoxybenzyl
group, 3-methoxybenzyl group, 2-methoxybenzyl group,
l-phenylethyl group, 2-phenylethyl group,
1-(4-methylphenyl)ethyl group, 1- (4—méthoxyphenyl) ethyl group,
3-phenylpropyl group, and 2~phenylpropyl group. The amount of

the compound (15) used is 1.0 to 5.0 molar eguivalents and

- preferably 1.0 to 3.0 molar equivalents relative to the compound
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group, or an aral kyl group. Exanples of the alkyl
group include substituted or unsubstituted al kyl
groups having 1 to 18 carbon atons, for exanple,
35 methyl group, ethyl groups, n-propyl group, isopropyl
group, n-butyl group, isobutyl group, sec-butyl group,
10 tert-butyl group, n-pentyl group, isopentyl group,
and n-hexyl group. Exanples of the aryl group include

tituted,or nsubsti t ut eda rou s h V|n
20 1% bEAC i oot FBE SRBRBRRds %@?ﬁﬁ 391d geheral
-na ht h r.o 2-.napht hyl gr.oup, nethl
E‘oeg n@'?’ﬁayl% n&F B?SGBerdnéPh‘ihﬁh%ﬁ§Fe@?%u‘b¥ a base.
eth enyl 15 graoup,. 3-ethyl phenyl group
Exampil dﬁ%ﬁéﬁﬁ U@%&,swlsld@ef-ﬁe%yaﬁéﬁylpa@%u@uch as sodium

-nethox hen group, _4-nitrophenyl  group
hydrlﬁephfe%w%fﬁ%w af@m%ﬂbumlwémoafr elmhjg%apfdraﬁade sodium
4- br omophen grqup. Exanples of the aralkyl grou
hYdrqweudé"’tﬁ%%W“l TP BFL e (BREA S 8H ‘&FEPRW aroﬁeémm
havi ng 7 tQ 20 carbon 20 atons, for exanple, benzy
carb%ﬁ%ﬁb FF&M&#&?@G%?Bﬁﬁnd?ﬁgﬁﬁ%@Fﬁéﬁfws%ﬁ%ﬁﬁSOdlum
neth Ibenz grou net hoxybenzyl  group,
acetaé‘%?ﬂ iﬁﬁéﬁg’y? @FBEE %zlﬁ%%%‘aﬁ%?ﬁz g?‘?ﬁﬂﬁlm methoxide,

.. .1-phenyl et oup, _2-phenyleth I group, 1-
Lithitgh X’ﬁﬂ%% R HiA Sﬁ%d‘&?tﬁox% n%@%wypﬁ%mmdef

et, r ou 25 3- phe r.o group, , and
POtasf}Hﬁbﬁ%F F%ﬁﬁ Tgﬁfgﬁighﬁl%ﬁf %h%h%Bﬁpound (15)

ui val ents_and preferabl

s di . ] I
astsc¥igltet d, ;&%@%.%ﬂ%ﬁmwwﬁet EECTN
e S35 ke SRR R LT L s

esence of a of the ba e sed i cIu

EX
nyar B S e et PP TR i pat ettt preleible.

Theamountofthebaseusedls1.0to10.0molarequivalents,

(13)

preferably 1.0 to -5 .0 molar equivalents, and more preferably 1.0
to 3.0 molar equivalents relative torthe compound (13).

Examples of the reaction solvent include, but are not -
particularly limited to, benzene, toluene, diethyl ether,
tetrahydrofuran (THF), 1,4-dioxane, tert-bﬁtyl methyl ether,
dimethylformamide(DMF),N-methyl—z—pyrrolidone(NMP),andDMSO.
These may be used alone or in combination of two or more.

Theadditionmethodandtheorderofadditioﬂofthecompound
(13}, the compound (15), the reaction solvent, and the base are
nof particularly limited.

The reaction temperature isg usually within the range of
-20°C to 60°C. A preferable reaction temperature varies

depending on the types of base and solvent used but is 0°C to




L.

10

i B 1‘*&5

20

5 hydride, t etrabutyl ammoni um hydroxide, |ithium

hydr oxi de, sodi um hydroxi de, potassium hydroxi de,

pot assi um car bonate, sodium carbonate, and |ithium

carbonate and organi c bases, such as sodium acetate,

pot assi um acetate, lithiumacetate, sodi um nmethoxi de,

['ithium nmet hoxi de, potassi um net hoxi de, sodi um

50°C et hoxi de, 10 potassiumtert-butoxide, n-butyllithium
[ithium diisopropylamde, |ithium
hexaretpgnddic | @Zne;ap BassHiiindieXxamedfytat si bazaiteh an
and sodi um hexanet hyl di si | azane. Sodi um hydride or

orgarpiod 863teAtt efdctbas @uida hsepaté| etthar, Yhorehe! albl oluene.
The anmount of the base used is 1. 0. to 10. O nol ar

Accoliiy Aehiced, phrpFeleraly abd DsbDabiofl ABhake performed
equi val ents, and nore preferably 1. 0 to 3.0 nolar

by cheauiatalenihy ebative 114 dhe onpednd 1048 orEXarpt 8 Ofke .
the reaction solvent include, but are not

parmtiecakd prithe/t +1 dichedhdre peazented byl Heney b eé RHbsolute
ether, tetrahydrofuran (THF), 1, 4-dioxane, tert-butyl

confitpitat it her s Zbsbh Rt dybbarigitdeion. Similarly, the
(DVF), N-mret hyl - 2- pyrrol i done(NWP) , and DMSO. These nay
asymniee HSE e pAdsSONHANBYI 08 Bivt Mever Rmabeolutke
addi tion nethod and the order of additionof the
conf ieirzaiingh ¢4 8)abddia woapaangutabl ont heTi€aekin@etric carbon
solvent, and the base are not particularly limted.
repredzntiel MBact] Prd BBy Uhgs | § oshal fyrwcibhn &RG the
_ range of -20C to 60C. A preferable reaction
asymmsenjier atasery afdSe sslepeddbng« dnptbe=typey dbhsbase and
~ - solvent used but is 0OCto 36 500C. The product (16)
configaraid cabt ai ned by extraction with an

36

A step of producing an optically active halohydrin

derivative represented by general formula (19):

g .
NSO (19)
HO Ar?

byallowingahaloketonederivative represented by general formula

(21} :

, 9  OR3 21)
X
O.
to react with a compound represented by said general formula (5}
will ke described below. |

In the formulae, R?, X2, Ar?, and M2 are the same as above.
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organi c solvent, such as ethyl acetate, ether, hexane,
or toluene. According to need, purification and
i sol ation can be performed 5 by chromat ography,
crystallization, distillation, or the |ike. 10 The

37 asymmetric carbon represented by. * 7 may have R
absol ute configuration or S absolute configuration.

Each %fmﬂ*%azgﬂd'*f G p%@é%tsr I,Flﬁ & e L-€0" r?%h@ﬁ ?n§y have
may have R absolfute “confirgurati on or Sabsol ute

L gu ' S tri 0 ted by
R <SS 000 TURQASYITE! HLSSAEhOD i aBfgatich
' r,bon 1 epr. t * nef.gr.
I‘:&lnﬁloéﬁfi %@ t Jg:g agrfs:l‘iri F e %E e a#(%fm I&aé?nﬁf%%und

ggn I gur a producrhg“an optically actl
cooo Sl oyl ya N (SRRERRnnes, by geiaral, LR
R ALRGAIG L, (AR yoed R L eerion
SR i SR Tyl pe—
e LA P A A AR 80 Ao B LL BB B

gene £ ff'o%%{ualt% o(%r%] T)Igre r%@gﬁﬂdag 213.'1)1'8 | 8 %xﬁgﬁﬁ%@gé%%%e%% %d' by

synthési's Trom a“comnpoun €sCri bé

“said g;%'ﬂ@'afcll @é%nﬁ@' gﬁﬁblaﬁlt{ §a4¢ oznﬁ?&gm%/%eﬁﬁ%%%ﬂ k%?nsaid

performed using thé sane re on soO

gene /32 ELLAN1GONEN LT 085, 25, LIPSG D JAGRERP (95) PL QWA b teq

to aftertreatment; purification, and isolation under the same

conditions as above.

A process for producing a compound representéd by general

formula (17):

by subjecting a compound represented by said general formula (19)
to at least one treatment selected from acid treatment, fluorine
compound treatment, and hydrogenoclysis to prepare an optically..

active halo diol derivative represented by general formula (20} :

X? ;0 *9 ()H (20)
HO™ AP

and then subjecting the resulting halo diel derivative to base

-
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the optically active halohydrin derivative represented
by said general fornmula (6) by reaction of the
compound represented-by said general fornmula (4) and
38 the conpound represented by said 10 general fornula
(5) Simlarly, the conmpound (19) is subjected to
aftertreatnment, purification, and isolation under_ the
trea’@aﬁ@t wrWﬁUbﬁ§@§m¢@mpAuﬁﬂc¥@Ee$@ﬁt%ﬂ oifE ighggeneral
ompound represented by general fornula (17) OH (17)
formwta b2 subpebabagtacadbmsdind Widpr &se et ipashiglow.
general formula (19) _to at Ieast one treat nment
selTettde foomudeied BFeadrbnR’) TPucrhde* 1eGnsotihg same as
treatnment, and hydrogenolysis to prepare an optically
abovect i The tmlqﬂxmtailom@'rrqpam@amebeepemf@d"mﬁ yenagarhe same
formula (20) : XI 20 OH (20) and then subjecting the
react beylsdlveritaboddr b cddonvenndit iandasetheget iredhaeprocess
or by subjecting a conpound represented by said
r merbreind dhaulcenESing oapase enteat intsaidi fenpeal formula
descri bed below. in the fornulae, X2, Ar2, R3, *9, and
(14) byeudnjectiacskHne cavpabode.ephes groaliby iserd duasssss! fepmula
be perforned using the sane 5 reaction solvent and
(6) teaztibregonditi busadmetiboselientelde fpcoressi & drreatment,
produci ng the conpound represented by said genera
fluotigrendcmpound treatment, and hydrogenolysis to prepare the

opticallyactive halo diol derivative representedby said general
formula (13) andthensubjectingtheresultinghalodiolderivative
to base treatment, or by subjecting the compound represented by
said general formula (6) to base treatment. Aftertréatment,
purification, and isolation steps can be perforfned under the same
conditions as above. -

A process for producing a triazole derivative represented

by general formula (18):

by allowing the compound represented by said general formula (17)
to react with l,2,4-triazolé will be described below.
In the formula, Ar?, *9, and *10 are the same as above.
This reaction is performed in the presence of a base.

Examples of the base used include inorganic bases, such as sodium
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(14) bysubjectingthe conpound represented by said
general fornmula (6) to at |east one treatnent
selected fromacid treatnment, fluorine conmpound
39 treatnent, and hydrogenolysis to prepare the 10
optically active halo diol derivative represented by
sai d general fornula (13% and then subjecting the ,
hydridey BStHREve sgiman igwt hyar prédes 4 ibhdemipetromifde , spdium
by, subj ecting the conmpound represented by said ,
hydrgghefal PPEARELET( BYrexigse MOSRASPEMT CAAfMFent mafium
purification, and isolation steps can be perforned .
carbopybe, el Shkeiun sagbrdiaticondd 93 Japé¢dasepr sueEa T spdium
producing a triazole derivative represented by .
acetyePerRPtEoF Ml &qetB)te ( LiHhigin acesriceg srdivBnpobexide,
... represented by said general formula (%éél 20 to react
lithijpnhmetboxife; aperesaiim petdexdciche osdswe ihoxiie,
formula, Ar2, *9, and *10 are the sanme as above. This
potagehéni BATFsPPEPRbffed i Rutld lifddance léfthd Whase.
., Exanples of the base used include inorganic bases,
diisqRiEPPHs2E AR unt RO hyHr hasameshyisdeylammod umotassium
hydr oxi de, |ithi um hydroxi de, sodi um hydroxide,
hexanfagkiied h§aresi dendpspdigmuhesansshylelsddgiaane. The
, carponate, and |ithium carbonate and organi c bases,_.
1NOYFREHC B389 dt anPraterabee - poPakar shvacezEpenatpy hpaium
acetate, sadium nethoxide, 5 |ithium nmethoxide, _
carbopi R si UmiddttHow) darbesgitemict nexpdereiorablaot AR iun

tert-butoxide, n-butyllithium 1ithium
carbonate is the most préferable.

The amount of the base used is 1.0 to 10.0 molar equivalents
gnd preferably 1.0 to 5.0 molar equivalents relative to the
compound (17).

Examples of the reaction solvent include, but are not
particularly limited to, benzene, toluene, diethyl ether,
tetrahydrofurén (THF), 1,4-dioxane, tert-butyl methyl ether,
dimethylformamide (DMF) , N-methyl-2-pyrrolidone (NMP) , and DMSO.

DMF or DMSO is preferable. DMSO is more preferable. These may

be used alone or in combination of two or more.

The reaction temperature is usually within the range of
20°C to 120°C. A preferable reaction temperature varies
depending on the types of base and solvent but is 40°C to 100°C.

The product (18) can be obtained by extraction with an
organicsolvent,suchasethylacetéte,ether,hexane,ortoluene.
According to need, purification and isolation can be performed

by chromatography, cfystallization, distillation, or the like.




di i sopropyl am de, |ithium hexanethyl di sil azane,
pot assi um hexanet hyl di sil azane, and sodi um
hexanet hyl di si |l azane. The inorganic base is

40 Ppreferable. Potassium carbonate, sodium carbonate, or
[ithiumcarbonate is nore preferable. Potassium
carbonate is the nost preferable. . The anobunt of the
basBhasddiics ohmekar 400 @ heolateregfibddbienba chidhe compound
preferably 1.0 to 5.0 nolar equivalents relative to

(17)t he, 2cénpoundold?) thiexapiess tdfe tdemateiant i oyl wabivente not
i nclude, but are not particularly limted to,

partbenieneéy fdahdeéerd,. di ethyl ether, tetrahydrofuran
(THF), 1, 4-dioxane, tert-butyl nethyl ether,
di netinddessaforepfdibdingNanebbyie2lipyacoliivdonelohydrin
(NVMP) , andDMSO. DMF or DMSO is preferable. DVSO i s

5 derivatever eéprabketefheye gemperd( Forusdd alige or in
conbi nation of two or nore. The reaction tenperature
is usually within the range of 20C to 120C. A
preferable reaction tlenperature varies depending on
the types of base an | vent but is 400C to 10011C
The produg} 8y * Iﬂfbtained by extraction with an
sol suc
r

25 or gani v as ethyl acetat@2pther,
hexane, or uene. ﬁkcording to need, purification
e : and isolation can bé“perforned by chromatography,
k) crystallization, distillation, or the like. 40 The
by aladdihgerhabthedona deticadrider repraceh t édbyefeddimnl formula
conpound (17), 1,2,4-triazole, the base, the reaction
(7} :solvent are not particularly limted. A process for
produci ng an optically active, hal ohydrin

*3
Y Z
O

10 to react with a compound represented by said general formula (5)

(7)

will be described below. Ar?, M?, *#3, and *4 are the same as above.
Y represents a halogen atom or a substituted or
unsubstituted heterocycle.

Examples of the halcgen atom include a fluorine atom, a

15 chlorine atom, a bromine atom, and an iodine atom. A chlorine
atom or a bromine atom is preferable. A chlorine atom is more
pfeferable.

Examples of the heterocycle include substituted or
unsubstituted heterocycles, such as tetrahydropyranyl group,

20 tetrahydrofuranyl group, tetrahydrothienyl group, pyridyl group,

pyrazyl group, pyrimidyl group, thienyl group, hydroxypyridyl
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5 derivative represented by general fornula (12): (12}
by all owi ng a hal oket one derivative represented by
general formula (7) (73 O 10 to react with a conpound
represented by said general fornula (5) will be

41 described bel ow. Ar2, M2, *3, and *4 are the sane as
above. Y represents a hal ogen atomor a substituted

seouf] MIMIELLS VoL S i alo ol e

pyra?&@ghge ?BQ?‘O i‘gngQoF ggﬁuﬁt RﬁOEQESE' ngroﬁg(?rn]%?%role

br omi h mis prefe Frné at
I ud .
oo 2B ol PO Re vy Bradoll Broyp 1e

preféfggg ydropyranyl group, 20 tetra:hydrofuranylgroup,
tetra ydrothlenylgroup pyri dyl group, pyrazyl gr oup,

Py r.imi gyl 1a ?bﬁ”yé gég eﬂmfg@a@ 1Ifodhia (s)

gr oup, |n1dazo b, pyra 0

group, pyrazoloneog @aup, h soxazole group, |soth|azole
fur

group, pyrrole group, an group, and triazole
rone RIS TELSEOLR T BURebBp S AR E b RIS,
an ar%%?ﬂ%f‘o%% 05 €3¢ YrHully ILA%EHN 1 8BoRLKYL %@é’?eré‘@ygle} ,
general formula (9):

RS
_"“N\Rs ©)
[wherein, R® and R°® independently; represent hydrogen, an alkyl
group, an gryl group, an aralkyl group, a silyl group, an acyl
group, an alkyloxycarbonyl group, an aralkyloxycarbonyl group,
or an aryloxycarbonyl group], |
general formula (10):

-80,-R7  (10)
[wherein R’ represents hydrogen, an alkyl group, an afyl group,
oranaralkyl group. nrepresentsan intéger of 0 to 2], or general
formula (11): |

-CH,O0R®  (11)

[wherein R® represents hydrogen, an alkyl group, an aryl group,

~an aralkyl group, a silyl group, an acyl group, or a heterocycle] .

In the fqrmulae (8), (9), (10}, and (11), examples of the
alkylgroups representedbyR*, R®, R, R7, andR®include substituted

or unsubstituted alkyl groups having 1 to 18 carbon atoms, for
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an aral kyl group, a silyl group, an acyl group, or a
heterocycle] , 0 general fornmula (9): 10 ~R5 N R6 (9)
[wherein, R5 and R6 independently represent hydrogen,
an al kyl group, an aryl group, an aral kyl group, a

42 silyl group, an acyl group, an alkyloxycarbonyl
‘group, an aral kyl oxycar bonyl group, or

exanBl¥, YYERLDS 9?%&2?%%1? i Eéﬁlgrﬁyﬁ @r‘gaigéni%? pppyl
grouﬁr%ﬁgg;e Si‘raé(nu?h%eég;}ltgﬁr qu&o,z ecl’bu% 9 eCﬁ.‘Ollé:i tert-butyl
grouéydroaeng%%)grPE§F g?%%Ratgi é %ES:E%%%R$§%63&§fEE%S
sxangiQYBr AFLLYLL 05 U AN 0. GLUR. OF 8 Nl er A0YEL Bl o
aral}ﬁ%f'%'oelfpaﬁ?%ﬁé%i‘l iR DSERATAISS Ghx FeansiFr heaeyL
9r°“§'x§%p‘fl%{h%§$%€?¥5 Jrgube: yrﬂegﬁ%’ﬁﬁe@fﬁ’ S350y oup.
AR PR Lty Fom

groug SPRFHEgrS snax&f‘q'}%eu'iosﬂﬁsﬁfwﬁyﬁé%ﬂ ATty Berrn
groué,;an_s%ie % S hre]s%\érllr}%t%ylogroucar bo(‘ 4- at oé?dxypqﬁenyl) ethyl

group, 3—pheny1propyl group, and 2-phenylpropyl group. Examples
of the aryl group include substituted orunsubsgtitutedaryl groups
having 6 to 20 carbon atoms, for example, phenyl group, l—naphf}iyl
group, 2-naphthyl group, 4-methylphenyl group, 3-methylphenyl
group, 2-methylphenyl group, 4-ethylphenyl group, 3—ethylpheﬁyl
group, 4-methoxyphenyl group, 3-methoxyphenyl group,
2-methoxyphenyl group, 4-nitrophenyl group, 4-phenylphenyl group,
4-ghlorophenyl group, and 4-bromophenyl group.

Examples of the silyl groups represented by R*, R®, RS,
and R® include a silyl group in which 0 to 3 groups independently
selected from a substituted or unsubstituted alkyl group having
1l to 18 carbon atoms, a substituted or unsubstituted aryl group
having 6 to 20 carbon atoms, and a substituted or unsubstituted
aralkyl group having 7 td 20 carbon atoms are bonded to silicon.
Examples of the alkyl group, the aryl group, and the aralkyl group
include the respective groups described above. Specificexamples
_of the silyl group include trimethylsilyl group, triethylsilyl

group, tripropylsilyl group, triisopropylsilyl group,
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group, 4-methyl benzyl group, 3-nethyl benzyl group,
2- nmet hyl benzyl group, 4-nethoxybenzyl group,
3- met hoxybenzyl group, 2 -nethoxybenzyl group, 1
43  -phenyl ethyl group, 2 -phenylethyl group, 1-
(4- et hyl phenyl ) et hyl group, 1- (4- nethoxyphenyl)
phenyl propyl Qup, and
ert: Bnéx;,%am%sﬁﬁaasaa b1 e hegtlaiesis ek group.
iubitltuted or unsubstltuted aryl gr oups
ethY%ﬁWﬁahs fol2b gaPHBN SERSIWET é&f&ﬁdﬂé’ SHEHR -
up, 1-naphth roup, 2-napht gr.ou
dime K%?ﬁ?PEﬁEﬁ}PléY%uEr0§Phe éﬁﬁenﬁ$ﬁﬁﬁyl group.

2 nethy enyl roup, 4- - et hyl phenyl
S @g%@rqu%twwﬁ@%ﬂ Eﬁ’o%p', R®, R®, and
3 nethox phe group, 2 -nethox phe gr oup
R® 1nc|1rutd|eoﬁﬁéﬁyptgiéggpor@n%%]@ﬁgpbﬁgﬁé|ac‘@y 3, oups hav:Lng 1 to
4- chl or ophenyl group, and 4-bronophenyl group
20c aE'P&WpPE@‘“éf %egcfimyﬂegréaﬁgyimnﬁémﬁya@on@ group,
and R8 include a silyl group in which 0 to 3
Propxﬂ CRIPROVYH eFEPIHR Nt 1 §OPBOBRILEFEEITY o FrRUSub Y kB Reny L
unsubstltuted al kyl group haV|ng 1 to 18 _carbon
9r°ul%u ORBPULYLGBEPPRYL & VP ufgEpBEFY LEREPaRY I GHBtRy Pivaloyl
ving 6 to 20 carbon atops, and a substituted or
9r°uRﬂuRREﬁY%QR¥9Pn¥%eﬂ@@WPgr%%%P%%VYhﬁa#b?%YéogﬁﬁFBohbenzoyl
ons are _bonded_to siljcon. npl es of the aIk{
9r°ui%'r §upe L PRFPY L é’ﬁé’@&yjaﬁaoilﬁe %ﬂ%ﬁRVPtBPWF%O group.
i ncl ude t he resgectlve %roups descri bed above.

Sp@rﬁaf“il?:lee%@ﬁp? g aprvi %YgﬁFanéﬂcﬁFbO‘FPlc"fein'eesentEd by R®
or R {3 0hy CE% iy oferuh: Uiﬁ%:ﬁtstg%%l Ve Pboiba,aroygs having
1 o o e “b%r%%t?%ﬁ%él Et'm'%.af&% oG TgFRapedi b
subs%‘%lgtﬁée%ﬁrsﬁlql%w%;%gﬁlg ogy Sﬁxg{mpgéso l'c':s% tﬁe alkvioxycarbonyl
group include methoxycarbonyl group, ethoxycarbonyl group,
prbpyloxycarbonyl group, isopropyloxycarbonyl group, |
butylcarbonyl group, sec-butylcarbonyl group, iscbutylcarbonyl
group, tert-butyloxycarbonyl group, pentyloxycarbonyl group,
isopentyloxycarbonyl group, sec-pentyloxycarbonyl group,

tert-pentyloxycarbonyl group, and neopentyloxycarbonyl group.

- Examples of the aralkyloxycarbonyl group include aralkyl group

substituted oxyéarbonyl groups having 7 to 20 carbon atoms. _The
aralkyloxycarbonyl groups may be substituted or ungubstituted.
Examples of the aralkyloxycarbonyl group include
benzyloxycarbonyl group, 1l-phenylethyloxycarbonyl group,
2-phenylethyloxycarbonyl group, 4-methylbenzyloxycarbonyl

group, 3-methylbenzyloxycarbonyl group,




Exanpl es of the acyl groups represented by R4, R5, R6,
and 5 R8 include substituted or unsubstituted acyl
groups having 1 to 20 carbon atons, for exanple,
44 acetyl group, ethylcarbonyl group, propylcarbonyl
group, isopropylcarbonyl group, butyl carbonyl group,
i sobut yl carbonyl group, sec-butyl carbonyl group,
2-mephydbeytrylgkygpropanily brarbon - ngtdggybenzyloxycarbonyl
i sopentyl car bonyl group, ' benzoyl 10 group,
groud. ngthgthbsyhebeawioxlycgrbopy lagdahp, met hoxybenzoyl
group. Exanples of the al kyl oxycar bonyl group
2-methkprgeenzeiosycREbooy 1 Rerpnpl, ude chlliyobgnayd oxycarbonyl
substituted oxycarbonyl groups having 1 to 18 carbon
groupt odschTheohekylydryyaebbopl lggeepmenmay be substitut ed
or unsubstituted. Exanples of the al kyl oxycarbonyl 15
2-chpoeipen rigl oxlgcaebhoyy cgrbupyl 4gcgapobenizyd peacaoidny 1
group, propyl oxycarbonyl group, isopropyloxycarbonyl
grougyr oipryabobehert bapgbhrenup, gzeupbut yl car bonyl group,
i sobutyl carbonyl group, tert--butyl oxycarbonyl group,
2 - cy rer s TRyey banybnygi oupsup | Sopr-ahiyietdyclidrdrorl oxgy oampbony L
sec- pentyl oxycar bonyl group, 20 tert-pentyl oxycarbonyl
grougy cu - dine neppeat gl beyraabbaypllggoopp, Exanpl es of
t he aral kyl oxycar bonyl group include aral kyl group
3, 4 - Gussthattiesh oxyerybanydnygt ogpsubavi ng 7 to 20 car bon
atons. The aral kyl oxycarbonyl groups nmay be
2, 4 - dssthiqxpkezhn 2y Lonygobsbonylt edroufxanpl es of the
ar al kyl oxycar bonyl group include 25 benzyl oxycar bonyl
1-phemolinyopy ptygi eboyy bxgrawbony Fpheoywppropy loxycarbonyl
2- phenyl et hyl oxycar bonyl group,
group%rﬁﬁq“a1ﬁhﬁgylpg@pyb@my¢arg©nué,group. Examples of the
_ 3- net hyl benzyl oxycar bonyl group, 44
arylquﬁgqggqxﬁﬁyp@pﬂﬁglgﬁ@arghﬂngupsubstitutedoxycarbony

4-nethoxybenzy|oxycarbon¥l '
groups having 6 to 20 cdarbon atoms. The aryloxycarbonyl groups

may be substituted or unsubstituted. Examples of the
aryloxycarbonyl group include phenyloxycarbonyl group,

l-naphthyloxycarbonyl group, 2-naphthyloxycarbonyl group,

4-methylphenyloxycarbonyl group, 3-methylphenyloxycarbonyl

group, 2-methylphenyloxycarbonyl group,

4-methoxyphenyloxycarbonyl group, 3-methoxyphenyloxycarbonyl

group, 2-methoxyphenyloxycarbonyl group,

4;nitrophenyloxycarbonylgroup,3—nitrophenyloxycarbonylgroup,
2-nitrophenyloxycarbonyl group, 4-chlorophenyloxycarbonyl |
group, 3-chlorophenyloxycarbonyl group,
2-chlorophenyloxycarbonyl group, 4—bromdphenyloxycarbonyl
group, 3-bromophenyloxycarbonyl group,

2-bromophenyloxycarbonyl group, 4-cyanophenyloxycarbonyl group,
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group, 3-nethoxybenzyl oxycar bonyl group,
2- met hoxybenzyl oxycar bonyl group,
4- chl or obenzyl oxycar bonyl group,
3- chl orobenzyl oxycar bonyl group, 5
45 2-chl or obenzyl oxycar bonyl group
4- cyanobenzyl oxycar bonyl 10 group,

3- cy%@ﬁﬁ@ﬁ%f@ﬁﬂ:Q%%Sﬁ?E ﬁ%bug Bengloxyc&rbontyhylgb fyl and

2- cyanobenzyl oxyca
9. cy§ﬁ¥§ﬁé9958kyc9£88ﬁg %oggnethylbenzyloxycarbonyl

grou t enz I"oxycar bonyl group

f)% Doy femeylle 2yeas BYLs 9L QPPesented by R* and R°

oxycar bon roup,
1ncl@d@h§unﬂ%f’{9@ﬁ’ @Xéffa{tggﬂﬁ t19L2HR [E%roc c such as
3- phenyl pr opyl oxycar bonyl "group. anple Fhé

cece AR 00 L L B B AL

o)
cecc SR ERDP TONES, dRlolr AU LBy o
lﬁﬂﬁﬁ LD | ;
and %nﬁap t £$ i% féﬁ og¥ougrogpnaphthyloxycarbony
h I I
gr %%nﬁgy?hﬁgé ¥ fogxbgg?r%ﬁ?r Qﬂ%}’ér}rlgbggﬂp, or a heterocycle

3--ne nyl oxycar
:_?ef@}e{yi@f%wémy Bgn' 9
is p4 met hoxyp enylox%@%r o%&ﬁ gro%’l,%]q.OuPS

tert—z% 54 hoxyﬁ@%l%cggon I ?%delcularly preferable.

Amon&th@'é&ﬁpgﬁaﬂﬁgxﬁq}'ﬂ 96%1:4 sté U::u arl‘:{apr eferable.

r ophenyl oxycar bonyl gr eny oxy ony

Amon@&ﬁé%eif‘eﬂ%ﬂ?@@e%%% £ )%I_ QRuis particularly

hl or obennyl oxycar bonyl  gr ou
prefé—"ﬂélkplrémh@ﬁ%la@él&q IR 1M WHke particularly preferable.

br onophenyl oxycar bonyl  group,

3 P R ENY e Xy 68 BRAYE cG18UPy 1imited. Any combination
of the above-described substituents may be used. Preferably,
R® represents hydrogen, andR® represents benzyloxycarbonyl group,
tert-butyloxycarbonyl group, or methyloxycarbonyl group.

R’ preferably represents methyl group or phenyl group.

Asilyl group, an acyl group, ora heterocyéle ispreferable
as R®. Among the silyl groups, tert-butyldimethylsilyl group is
particularly preferable. 2mong the acyl groups, pivaloyl group
is particularly preferable. Among the heterocycles,
tetrahydrofpyranyl group is preferable.

The reaction can be performed by the same conditions as
those in the step of producing the compound (6) by reaction of

the compounds (4) and (5) described above.

A halohydrin derivative represented by general formula
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2 -bronmophenyl oxycar bonyl group, 4-

cyanophenyl oxycar b. onyl group, 45

3- cyanophenyl oxycar bonyl group, phenyl oxycarbonyl

group, and 2-cyanophenyl oxycarbonyl group. Exanples
46 of the heterocycles represented by R4 and R8 include
substituted or unsubstituted heterocycles, such as 5
_tetrahydropyranyl group, tetrahydrofuranyl group, 10
"t et rahydr ot hi opyranyl group, :
4- met hoxyt et r ahydr opyranyl group, and 1, 4-dioxan-2-yl
group. Anong these, a si|lyl group, an acyl group, or a
het er ocycl e as R4. Anong the silyl
groups, tert-bu si | R@roupJ33 particul arly
pr ef er abl e. oups, pivaloyl group is
particul arly  prefer e. Anong the heterocycles,
tetrahydropyranyK)groug\ﬂs particularly preferable.
Pival oyl group is nore particularly preferable. R5 and

. re not particularly limted. Any conbination 15 of
Wlllggﬁ%%ébaﬁééﬁ%d §EE§R%§?&R%‘5 reiplngersagom. Examples

Preferably, 5 represents hydrogen, and R6 represents
therap Ancd RIS R oA AR 1 RIS YIORY S A FORFOTGRSURLOT
or, t hyl oxycarbonyl group. R7 preferably represents
and aﬁé‘l“@ln%ﬁ%‘a%' or® %iﬂﬁnam OT A& ]%"ﬁ’q’%neg?BBB,lsalﬁr%E?F able.
qﬁgﬂg, or a heterocycle_is Breferable - 20 as R8. Anong
A chlQrdng |31oQ, bapaoTe P ¥ e bGEFPdmet hyl silyl group is
parti cul arly preferable. Anong the acyl groups,
i Val 5FPTEFERES PYOBREERCuIY |5 B e oS o, SAREL  HEOUP .

het erocycl es, tetrahydropyranyl roup i s preferable.
an ara E{yl oup, a sffyf gyroulg),y arn %.cyq_ grgup, gr heterocycle.

Examples of the alkyl group include substituted oxr

unsubstitutedalkyl groups having 1l to18 carbon atoms, for example,
methyl group, ethyl group, n-propyl group, isopropyl group,

n-butyl group, isobutyl group, sec-butyl group, tert-butyl group,

n-pentyl group, isopentyl group, and n-hexyl group. Examples

of the aryl group include substituted or unsubgtitutedaryl grou?s

having 6 to 20 carbon atoms, for example, phenyl group, 1-naphthyl

group, 2-naphthyl group, 4-methylphenyl group, 3-methylphenyl

group, 2-methylphenyl group, 4-ethylphenyl group, 3-ethylphenyl
group, 4-methoxyphenyl group, 3-methoxyphenyl group,
2-methoxyphenyl group, 4-nitrophenyl group, 4-phenylphenyl group,
4-chloxrophenyl group, and 4-bromoi3henyl group. Examples of the
aralkyl group include substituted or unsubstitutedaralkyl groups
having 7 to 20 carbon atoms, for example, benzyl group,
4-methylbenzyl group, 3-methylbenzyl group, 2-methylbenzyl group,

4-methoxybenzyl group, 3-methoxybenzyl group, 2-methoxybenzyl
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The reaction can be perforned by the sane conditions
as 25 those in the step of producing the conpound (6)
by reaction of the conpounds (4) and (5) descri bed

47 above. A hal ohydrin derivative represented by genera
formula 46 X OR (1) will be described below X
represents a hal ogen -atom Exanples thereof include a

groupl UQLHRENRL 8Fhyd gRbLAKI N - @h@myzét@l@qmgﬁ%@; om 5 and
an iodi ne atoni A chl orine atom or brom ne atomis

1- (4 Phet Ry 8Bheny ) eRhONI frenad 0@-'(@ ﬁi@"c@ro&"y@fﬁ%b@’@' @chF¥1 group,
%yd

represents rogen, an alky group, an aryl group,

_ , J
3 ph@ﬁ?ﬁﬁﬁ&)ﬁ}yi eg@:"cﬁigaan%dzzs ﬁo%‘e%l%pk};? g26¥h . gr'@l%’s:.@.ﬁrl group

erocycl group i ncl ude
reprSsOsts tateth 1 JOowpsubshhist egl @b kyl % Slﬁ@é/ﬁ:vé‘rgdé-nt 1y
to 18 carbon atons, for exanple, nethyl group et hyl

sele&f QWFrdir ErQrE?MI;tQEQHEd b5 ULRDA L GO 21! gafbuP having
group, isobutyl group, sec-butyl group, tert-buty

1 to ABOMRrboR-PESHY! IRt IHSAREN Y uﬁ%ﬁﬁ@tlﬁﬂge@l Q??Xl group
group. Exanples of the aryl group include substituted

: hav:L gunsubstid it &4 A ths ,grancﬂoﬁ §uB§¥h99t@dtc9raﬂl§Lﬂ5@r9ﬂtuted

ons, for exanple, phenyl group, 1-naphthyl group,

aral]%rﬁ@%g:yhafﬂﬁgpir s 30t BYLBBENYE ofiE QL p3nfREhYLRREMNEon .
gr oup, nmet hyl'phenyl group, 4-ethyl phenyl group,

Exampg‘rﬁ By deBY by 106888, 4HELPEXRARYY] a8 aralkyl group
3- met hoxyphenyl group, 2 -methoxyphenyl group, 4

includd Eﬁ@&@@ﬁ)é'ctg‘w@foﬁps ghepyk phaRHo v OUBpecd@ ic examples
4- chl or ophenyl group, and 4- bronophenyl group
of theXaiplesgpbubhenclude trimethylsilyl group, triethylsilyl
group, tripropylsilyl group, triisopropylsiiyl groﬁp,
tert-butyldimethylsilyl group, dimethylpheny_lsilyl ‘group,
ethyldimethylsilyl group, dirrrethylpropylsilyl group,
dimethylisopropylsilyl group, and triphenylsilyl group.
Examples of the acyl group include substituted or unsubstituted
acyl groups having 1 to 20 carrbon atoms, for example, acetyl group,
ethylcarbonyl group, propylcarbonyl group, isopropylcarbonyl
group, butylcarbonyl group, isobutylcarbonyl group,
sec-butylecarbonyl group, pivaloyl group, pentylcarbonyl group,
isopentylecarbonyl group, ]oenzoyl group, 4-methylphenylbenzoyl
group, and 4-methoxybenzoyl group. Examples of the heterocycle
include substituted or unsubstituted heterocycles, such as

tetrahydropyranyl group, tetrahydrofuranyl group,

tetrahydrothiopyﬁ:anyl group, 4-methoxytetrahydropyranyl group,

~and 1,4-dioxan-2-yl group.

Among these, a silyl group, an acyl group, or a heterocycle
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aral kyl group include substituted or unsubstituted
aral kyl groups having 7 to 20 carbon atons, for
exanpl e, benzyl group, 4-nethyl benzyl group, 3
48 -nethyl benzyl group, 2 -nethyl benzyl group,
4- met hoxybenzyl group, 3-nethoxybenzyl group,
2- met hoxybenzyl 47 group, 1-phenylethyl group
is prefegemlicet hi tdreotpbl v L grenp. rt@trltwhmterﬂﬂ:)m@hwl s ighouproup
1- (4 -nmethoxyphenyl) ethyl group, 3 -phenylpropyl
is mereup;ekeez phenylpridpy laqylogpouphepd via iogll gireup is more
represents a silyl group in which O to 3 groups
prefe¢ngependein Ehehasteetedl ¢ cmtaagyyidstaryntast bgroup is more
unsubstituted al kyl group having 1 to 18 carbon
preferghte. a Bustoyutedoep uLaspasticuledlyr prederaple.
having 6 to 20 carbon atons, and a substituted or
unsirssiptes of A0 anallkgle gubﬂpltmtzedg:ﬂ une 2@ tdanied aryl
atons are bonded to silicon. Exanples of the alkyl
groups dwgvingeé doyRlgresporandomise apal eyhmgleupphengl ugleoup,
the respective groups descri bed above. Specific
1-napixEnl esroap, t hensphyhygr gupupnc kude thyi lpdtemptls idngup ,
group, triethylsilyl group, tripropylsilyl group,
3-me 11113’1B1@@1110b91r9upy |2 -geetihy Lpleeny barghigi detdhiwighdnyl group,
group, dinethyl phenylsilyl group, ethyldinethylsilyl
3 -ethyguipenyll nereyp pr épypeshbgypgesyp, grdup, 3-methoxyphenyl
di met hyl i sopropyl silyl group, and triphenylsilyl
groury dupcthexynbeaylofraure 4cyd tyepupny hcnmw shbst i roplkenyl
or unsubstituted acyl groups having 1 to 20 carbon
9roumt onsitrephendhsluourackt Pheny bpheny dgmpuar @ocpﬂylomphenyl
u propyl car bonyl group, isopropyl carbonyl
grouRyr @ngromma SRFAFOVE  §r 6b@or©gbmrglgmn§/+f Jgu@c;pphenyl

group, 2-fluorophenyl group, 2,3-difluorophenyl group,
2,4-difluorophenyl group, 2,5—difluorophenyl group,
3,4-difluorophenyl group, 2,3-dimethylphenyl group,
2,4-dimethylphenyl group, and 3,4-dimethylphenyl group.
4—f1uoropheny1group,3-£1uorophénylgroup,2—flﬁorophenylgroup,
2,3-difluorophenyl group, 2,4-difluorophenyl group,
2,5-difluorophenyl group, or 3,4-difluorophenyl group is
preferable. 2,4-difluorophenyl group or 2,5-difluocrophenyl
group is more preferable. The asymmetric carbon represented by
‘*1 may have R absolute configuration or 8 absolute configuration.
Similarly; the asymmetric carbon represented by *2 may have R
absocluteconfiqurationorSabsoluteconfiguration. -The compound
{1) is a novel compound, and the present inﬁentors found that
the compound was useful as an intermediate for a triazole

antifungal agent.
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20 sec-butyl carbonyl group, pival oyl group,
pentyl carbonyl group, isopentylcarbonyl group,
benzoyl group, 4-nethyl phenyl benzoyl group, and
49  4-net hoxybenzoyl group. Exanpl es of the heterocycle
i ncl ude substituted or unsubstituted heterocycles,
such as tetrahydropyranyl group, tetrahydrofuranyl
gr O%F}lalzy'ly@f}larﬁﬁﬁld{qﬁJ@@wo%&‘@presented by general
4- nethoxytetrahydropyranyl group, and 1, 4-di oxan-2-yl
formgidup22Aiong these, a silyl group, an acyl group, or a
heterocycle 48 is preferable. In the silyl group,
tert-butyldinmethylsilyl group is nore preferable. In
the acyl group, pivaloy| group is nore preferable. In
t he heterocycle, teH1ah,dr yranyl group is nore
pr ef er abl e. Plv. Q I groUp artlcngQQZ pr ef er abl e.
5 Exanpl es oA T ude QMQ ituted nsubst it ut ed
aryl groups hﬁj Q carbon atons, for exanple,
phenyl group, C%ap Qup, 2-napht hyl group,
4- met hyl phenyl group, Y| phenyl group, 2
- met hyl phenyl grXtp— phenyl group
3- et hyl phenyl group, 4-Wethexyphenyl group,
3- net hoxyphenyl 10 group, 2 - -ahoxyphenyl group, 4
-ni trophenyl group, 3 -nltrophéKyI gr oup,
2- nltrophenylgroup, 4- - phenyl phenyl gr oup,
4- chi or ophen roup ﬁ.bronnphenyl group,
will fg I‘%&ﬁ‘%ﬂ%}éﬁ%l ]@?g KT lifordphaapie af agpve .
2- fluorophepyl gr up 2, 3-di fl uor ophenyl group
2, Bagity pho¥ ¥ TRRHRs et S 2dNRI 08 EBpRER Tt 8@y, Pesthe
3, 4- dlfluoropheg%q group, -2, 3-di net hyl phenyl group,

same $1) G TR phe Ay AR EhiE S 4 hidhya phlggrine atom,
- fluoroghenyl group,. 3- fluorophenyl group

a chlgylpglﬂﬁ,%h@nm:o }Ja%ﬁ.tom and an iodine atom. eferably,

each of X3 and X4 represents a fluorine atom.

R'? represents hydrogen, an alkyl groub, an aryl group,
an aralkyl group, a silyl group, or an aliphatic acyl group.

Examples of the alkyl group include substituted or
unsubstitutedalkyl grbups havingl to 18 carbonatoms, for example,
methyl group, ethyl group, n-propyl group, isopropyl group,
n-bptyl group, isobutyl group, sec-butyl group, tert-butyl group,
n-pentyl group, isopentyl group, and n-hexyl group. Examples
of the aryl group include substitutedor unsubstituted aryl groups
having 6 to 20 carbon atoms, for example, phenyl group, l-naphthyl
group, Z-naphthyl group, 4-methylphenyl group, 3-methylphenyl

group, 2-methylphenyl group, 4-ethylphenyl group, 3-ethylphenyl

'group, 4 -methoxyphenyl group, 3-methoxyphenyl group,

2-methoxyphenyl group, 4-nitrophenyl group, 4 -phenylphenyl group,
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2, 3-di fl uorophenyl group, 2,4-difluorophenyl group,
2, 5-di fl uorophenyl group, or 3,4-difluorophenyl group
is 20 preferable. 2,4-difluorophenyl group or

0 2,5-di fluorophenyl group is nore preferable. The
asymmetric carbon represented by *1 may have R

oot ot 0 B Sca 6E BEL 8 v
aralﬂgi%r% rpg?ﬁ@iﬂ&g %%%ft'lg:% éicgg %f)u%s%qz;%tlétd arralkyl groups

nfl guration heco nov
havﬁ%??%ﬁ%#&%ﬁ SRR aée?no% A e R rn.zgzosroupf

3-meBVLLUANGY BOSNL, nBcidind drﬁ}(lgz%jr%‘ipxgt (iR iy

9“’“‘%533*&*9%%%?*31%3@?%”?2?03Zn R i e

1- Phéﬁ%rfe%gg hFEhBhe 2 PR A e AT a1 and an 1 odi ne.
(43 uor?’f%ﬁg?%?%ﬁ%l il AR 4@%@&%&?@? 33113’ 1 group,

3"Ph%’é%%?8r°§?1§r oft P - RN ALY G BERID. 78 1 goup

repréygits & 8%%% %1“‘9“39 SHPShl B8 5 Eeuls) oﬂrn%%%%w%nﬂy

seleé‘@écﬁ'%r&t{ gu&bgﬁbyﬁtg&%{xp Lbr&twﬁfsqp:}/‘éui%é)%e’kyhsg rPLOIByhaVlIlg

oup, nh-butyl group, 1S0 gr oup, - Sec
tyl
1 to g?gﬁ%ﬁb@ﬁ @&texy rs%?ﬂ%&p%@%ﬁt %hsgkggﬁtult%%pggyx group

having 6 to 20 carbon atoms, and a substituted or unsubst:l.tuted

" aralkyl group having 7 to 20 carbon atoms are bonded to silicon.

Examples of the alkyl group, the aryl group, and the aralkyl group
include the respective groups describedabove. Specificexamples
of the silyl group include trimethylsilyl group, triethylsilyl
group, tripreopylsilyl group, triisopropylsilyl group, a
tert-butyldimethylsilyl group, dimet.hylphenylsilyl group,
ethyldimethylslilyl group, dimethylpropylsilyl group,
dimethylisopropylsilyl group, and triphenylsilyl group.
Examples of the aliphatic acyl group include acetyl group,
ethylecarbonyl group, propylcarbonyl group, isopropylcarbonyl
group, butylcarbonyl group, isobutylcarbonyl group,
sec-butylcarbonyl group, pivaloyl group, pentylcarbonyl group,
and isopentylcarbonyl group.

Among these, a silyl group or an aliphatic acyl group is

preferable. Tert-butyldimethylsilyl group- is more preferable
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of the aryl group include substituted or unsubstituted

aryl groups having 6 to 20 carbon atons, for exanple,

phenyl group, 1-naphthyl group, 2-naphthyl group,

4- et hyl phenyl group, 3-nethyl phenyl group,

2- met hyl phenyl group, 4-ethyl phenyl group,

3-et hyl phenyl 20 group, 4-nethoxyphenyl group,

for Snd&udOXy RPN . gm%,lo%rl' @%bﬂ%xygr}%‘f/é HOhahe for the

- ni trophenyl group, 4 pheny phenyl group, 50

alipRachbrsal u gr 4Ry BREN drBusRRheny] o @l preferable.
Exanples 0 aral kyl™ group™i ncl ude substituted or

Un%@bb%ﬁ%@ﬁ%@é%oﬂ&@%?éseﬁ@\él’l@ﬂf 311 Ra9h LA PYBso1ute
atons, for exanple, 4-nethyl benzyl group,

conf@gﬂ?&ﬁibEGB%YE gEQWA LS R or0f O4Rmi1arly, the
4- met hoxybenzyl 5 group, 3-net’hoxybenzyl group,

®e BB Boxybenzy e
a8y ?phenylethsﬁ g?%ﬁ%%gfﬁegrQﬁgtﬁy|gﬂét§%§&§?%§?oiﬁ{ﬁﬁf

confi—gufétﬂ@ﬁ%@‘é’@ﬂ@@iﬁlew AR on 3 iRk OP¥{ ¢ carbon
group, and 2 -phenyl propyl group. The s i group

51

repr&6BRESENLS al&l Y‘lefg'i:giéﬁ i MY o iR 3 3 AP ind the

i ndependently 10 sel ecte froma substituted or

asymbdsHbst bhubel abk¥bsghedn RAVIAG b k816Ankan g

atons, a substituted or unsdbstitdted aryl “group

conf i\gﬁ!ﬂr@ﬂl Ent 0 BHh CASRANLRY OB2 ) aRgh Bn§ubstn t yt @gm@igurat ion
unsubstituted aralkyl group having”7 to 20 carbon

is a HOMBL dGubonsed 109 Sihd COPeceXaiR 888t BSuabkYhat the
group, the aryl group, and the aral kyl group 15
compded W hBefleSPeG YRLaALRS a¢@SEhtREEraR9¥8 e antifungal
Speci fic exanples of the silyl group include
agentt /i methyl silyl group, triethylsilyl group
" tripropylsilyl group, triisopropylsilyl group, a
t et haliopydixTel Bpghs eyl ver edipoiinde-Byk-pRentesi byl general
group, ethyldinmethylsilyl group, dinethylpropylsilyl
formgraoufn3) :

(23)

- will be described below. X' is the same as above.

Each of X° and x° represents a halogen atom and may be the
same or different. Examples thereof include a fluorine atom,
a chlorine atom, a bromine atom, and an iodine atom. Preferably,
each of X° and X° represents a fluorine atom.

R represents hydrogen, an alkyl group, an aryl group,

an aralkyl group, a 8ilyl group, an acyl group, or heterocycle.
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20 di met hyl i sopropyl silyl group, and triphenyl silyl
group. Exanples of the aliphatic acyl group include
acetyl group, ethylcarbonyl group, propylcarbonyl
59 group, i sopropyl car bonyl group, butyl carbonyl group,
i sobutyl carbonyl group, sec-butylcarbonyl group,
pi val oyl group, pentylcarbonyl group, 25 and
| sopentylearbpnyhe gadkpl 4bag thesedea ssiosylitaredp oar
an aliphatic acyl group is preferable.
unsulbet i rhteyladikyat dwbsp s HavahUPtb$ 8@ ot akemall fddxample,
for. the silyl group. Pivaloyl group.is nore
methpl efecapl eetn ltQ@o@bhphabk©p?QYQ§t@@Q-ﬂ%dﬁﬂdﬁﬁl&ﬁfﬁﬁp,
Is particularly preferable. he asymetric carbon
n-buffPeseRt, etkdiyuty il iroay , have Riapsghkuhg, e Gt 8Poup,
or S absolute configuration. Simlarly, the 5
n-pe@SYINBLoLS, CREHE8HEE pg%@gt, ednBYnihdxiRy ghaue .R Examples
absol ute configuration or absol ute configuration.
of theheasyapep Mine 1GRIPSAbsE ePhesaHreEnBYbE L1 REehBAl ¥roups
has S configuration, and the asymmetric carbon
havifi@presentedidn 212mer, of 6F abbphas fhe®pn @At i Osphthyl
The conpound (22) having such a configuration is a

group PV nLEHRBHN hr SRS, tNendfesEheh PV et OLS, f PLREk hdhBdhenyl

the conpound was useful as an internediate for a

groug S baméhhyaﬁhieﬁl@ﬂg@i‘ougg ante t Hy s atyd FirBW(ag)%; 3 V@élﬁyﬁ)%henyl
a

compound represented by general fornu (23)
groupy |4 -ecieseshdedl bglbeuwp, X1 -hethbeypashyas galoys.

2-methoxyphenyl group, 4-nitrophenyl group, 4-phenylphenyl group,

-4-chlorophenyl group, and 4-bromophenyl group. Examples of the

aralkyl group include substituted orunsubstituted aralkyl groups
having 7 to 20 carbon atoms, for example, benzyl group,.
4-methylibenzyl group, 3-methylbenzyl group, 2-methyibenzyl group,
4-methoxybenzyl group, 3-methoxybenzyl group, 2-methoxybenzyl
group,' l-phenylethyl group, 2-phenylethyl group,
1-(4-methylphenyl) ethyl group, l-{(4-methoxyphenyl)ethyl group,
3-phenylpropyl group, and 2—phenylpropyl group. The silyl group
represents a silyl group in which 0 to 3 groups independently
selected from a substituted or unsubstituted alk?l group having
1 to 18 carbon atoms, a substituted or unsubstituted aryl group
having 6 to 20 carbon atoms, or a substituted or unsubstituted
aralkyl group having 7 to 20 carbon atoms are bonded to silicon.
Examples of the alkyl group, the aryl group, and the aralkyl group
include the respective groups describedabove. _Specificexémples

of the silyl group include trimethylsilyl group, triethylsilyl
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Each of X5 and X6 represents a hal ogen atom and nmay be
the sanme or different. Exanples thereof include a
fluorine atom a chlorine atom a brom ne atom and
53 an iodine atom Preferably, 20 each of X5 and X6
represents a fluorine atom RI13 represents hydrogen,

ovonfl SNV AD Bt ST co AL OM, @

vext KRB R ey dR i Y s AT R e S,
ey g SEAIEL TR OOl TM  EG 1 y

aim BARLBoBRELRINIL & BT L SO B B PR

s P84 )1 9401 ELUSS AT (S GRS 8
sy 150 FERLRe e PORIcn BB, ZoABBLEIL SR goon,
a0 (L R G L M —
o THABIARLEON PR IR AR 0,

cec- A EPLOLOROEDY G SLQYPp OO o PLOTENCEN 0By grove,
oo PRSI 80 BEOLSY B ONPE o IRNG, od 820 gD Men o

*ronf] 4B o SYORLRALBSRCHL L9040, 2 AL BEY L BBy

o GG P, o R ISR S g

| tetrahycif‘omgﬁ%ﬂg%_yggg%' ks&@gshgg&g%rﬁgﬂ; g{}%@g pr opy|

group, [ propy oup. dr oup
tetrahydrothiopyranyl group, 4-methoxytetrahydropyranyl group,

and 1,4-dioxan-2-y1 group.
among these, a silyl group, an acyl group, or a heterocycle‘

ispreferable. Tert-butyldimethylsilyl group ismorepreferable

for the silyl group. Pivaloyl group is more preferable for the

acyl group. Tetrahydropyranyl group is more 'preferable for the
het‘erocycle. Pivaloyl group is particularly preferable.

The asymmetric carbon represented by *13 may haveRabsolute
configuration or S§ absolute configuration. Similarly, the
asymmeﬁric carbon represented by *14 may have R absolute
configurationorSabsoluteconfiguration. Theasymmetriccarbon
represented by *13 preferably has 8 configuration, and the
asymmetri¢ carbon répresented by *14 preferably has R

éonfiguration. The compound (23) having such a configuration
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 compPnadnias, Beer

20 represents a silyl group in which O to 3 groups
i ndependently selected froma substituted or
unsubstituted al kyl group having 1 to 18 carbon
54 atonms, a substituted or unsubstituted aryl group
having 6 to 20 carbon atons, or a substituted or
unsubftltuted aral kyl group having 7 to 20 carb
is apoKe! ar R d ?BdsFF?cBﬁes%%tEk%ﬁﬁpé§réff?ﬁ%daF%9F the
the aryl group, and the aral kyl group. include
Vé @?dﬂb§n8€§@?ﬁ6é&ea56§éitgﬁéépﬂﬁcantlfungal
exanples of the silyl group include trinethylsilyl
agengyroup, triethylsilyl 53 group, tripropylsilyl group
triisopropylsilyl group, tert-butyldimethylsilyl
group, dinmethyl phenylsilyl group, ethyldinethylsilyl
roup, dimethyl propylsilyl group,
EXé%.%@F thyl i sopropyl silyl group, and triphenylsilyl
group. 5 Exanples of the acyl group include
subig PhEERNS LRRSDBAPN (itledbedesCyibagsihavrher detail
20 _carbon_atons, for exanple, acetyl group,
on theg };]?pés&r%@yqarr@q,l@pp. b[p@rgypgar ‘E,J@ﬁypr@$@@|‘§, invention is not
i sopropyl carbonyl _group, butyl carbonyl group,
limitedphR FReFDAHEMGEBEp, sec- butyl carbonyl group,
pi val oyl group, pentyl carbonyl group, 10
i sopentyl car bonyl group, benzoyl group,
4- et hyl phenyl benzoyl group, and 4-nmet hoxybenzoyl
gr 2 es of the heterocycle include
su.stltuted or unsubstituted heterocycles, such as
(R) -1 F RV AR BB 2T @1 ahydr of ur anyl group,

t%ﬁ%@@ﬁ%%gg%g @ﬁ&/ S;Lbu;pf (R -mefbyl 1act.a.te 10.49

£ <9°4"d'1§X2c?rp Sd Lﬁ“h%ﬁ%?%%%%gEéggieBr8192:921%:989{“%93

triet eyrltambil'g n'?tzhé’és'ﬂ fgI‘I—?FUQ.«ralts? cnc?cg egrfxfle{geb,l eand. 137 g
(240 mmol) of a 1.75 M solution of tert-butylmagnesium chloride
was added dropwise thereto over a period of 2 hours. After the
completion of the dropwise addition, the reaction wa.s allowed
to proceed at room temperature for another 2 hours, and a solution
of 20 mL of concentrated hydrochloric acid/ 50 mL of water was
added to the reaction solution. Stirring was performed at 25°C
for 0.5 h.ours. Then, a product was extracfed with ethyl acetate
(200mLx2). The resultingorganic layer was dried over anhydrous

sodium sulfate and concentrated under reduced pressure to obtain

).

o\@

6.03 g of the title compound as a colorless oil (yield: 82

'H-NMR (400 MHz, CDC1;) &: 1.46 {(d, 3H, J = 6.3 Hz), 4.30 (s, 2H),

4.55 (g, 1E, J = 6.3 Hz).
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for the silyl group. Pival oyl group is nore preferable
for the acyl group. Tetrahydropyranyl group is nore
preferable for the 20 heterocycle. Pivaloyl group is
55 particularly preferable. The asymetric carbon
represented by* 13 may have R absolute configuration
or absol ute configuration. Simlarly, the
asy FPEE cak bon represented by *14 nmay have R
absglute confiouratign‘or S absol ute cggjiguration.

Be eleaPBaH

has S configuration, and the asynmetric carbon
r ept SSEREEEE 3L *A40 Hréf éRAbPY WASLR oEoathydr ati on.
The conmpound_(23) having such a configuration 54 is a

(R) -HoleprEohpbrhdimarayifé lylesenpronientses Polifd & had2 .3
the conpound was useful as an internediate for a

mmo Ly pf gasliamgitionaarpiiat agentt8 B ExAvPnes) of tThie prgkanine,

i nvention will be described in further detail on the
and FPhdils off THEawpsesooleReVidr 1ceheapheddnnli AGénti oML of a
not limted to these exanples. (Exanple 1)

1. 75 Mgplutagre Ht 8rhynbyypagassi Imuiida vae agldsgl @sopyrise
(60 mmol ) of (R _-nmethyl lactate, 10.49 .g (90 mol)

thergfio Ftm PRorsheek at ehoYro9 Af {90 theplgomegletion of the
triethylamne, and 250 nL of THE was cooled in ice,

dropwHRe 133¥d39t31®1'( e w9t bpnavas ml vl (ke aprregeed at 0°C
tert-butyl magnesi um ch| ori de was added dropw se

for 3 hepgro ower balprdsachiorigoacsd Mpbeptthe mL) was added

to the reaction solution to adjust the pH to 6.0. Subsequently,
stirringwasperformedat 25°Cfor2hours. Aproductwasextracted

with ethyl acetate (100 mL x 2). The resulting organic layer

wag dried over anhydrous sodium sulfate and concentrated under

‘reduced pressure to obtain 5.19 g of the title compound as a

colorless oil (yield: 100%). I H-NMR (400 MHz, CDCls:) 6: 0.10 (s,
6H), 0.92 (s, 9H), 1.24 (4, 3H, J = 6.8 Hz), 4.35 (q, 1H, J =

6.8 Hz), 5.50 (g, 2H, J = 17.0 Hz).

(Example 3)

1—Chloro-2—(2,4-difluorophenyl)-3—(tert-butyldimethyléilylox

y)butan-2-o0l

Under a nitrogen atmosphere, 0.693 g (28.5 mmol) of
magnesium was immersed in 5 mL of anhydrous THF, and a solution
of 5.00 g (26.0 mmol) of 2,4-difluorobhenylbfomobenzene in 21
mlL of THF was added dropwise theretoat 0°C. After the completion

of the dropwise addition, stirring was performed at 0°C for 2
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conpl etion of the dropw se addition, the reaction was
allowed to proceed at roomtenperature for another 2
hours, and a solution of 20 nL of concentrated
56 hydrochloric acid/ 50 nL of water was 20 added to the
reaction solution. Stirring was performed at 25C for
- 0. 5 hours. Then, a product was extracted with ethyl

hour 3&i@t@ed 300 r%n%tgﬂlperggﬁréeﬁéﬂrté REQan &%draif%r obtain

was dried over anhydrous sodium sulfate an

2,4- &Pﬁﬁ%‘féﬁﬁéﬂy?&ﬁ%he&@%cﬁ%ﬁ &S WP d0gbtain 6.03 g

of the title conpound as a colorless oil (yield: 82%

Aok T e R

(r) -1 PRIWLS-2) ((R)= ﬂ:usgpl[lﬁ @3?8&’%5%1518@’ bKtan-z—one ii.n 5 mL,

(tert- butyld|nethyl m xture o

of TP'ISF Qb9 433124 ggob}cof ﬁ&hgl 3(RY, 3 3 mglo%é é’f( 32 3 5

(tert- butyldlnethyIS| oxy)proponate

2 -G0Sl O SR A S8 2 ST e

was a"%ﬁéd?’ar@pmﬁ% Gl Ayt gg§1|§4dsg5 %‘soﬂlnutes After
d e

of tert-butyl magnesi um chlori was a dropw

the CBREEQEQOQLVSE hP&+ Qe %.d WiorfV L@k r&jiﬁgcﬁgplé%ﬂ@:[hued

e . dropw se additi on, e tedction wa owed

for aﬂé@ﬁ@?@ BLuOE ]"9135 9[’16?1 ll'bolgﬂzaf Q%%MM@E&&EBQ@ folution

aci d (about 20 was ad react1on sol ut1on

of amtﬁ&lﬁ% B8l NP E BdBedto SUBS d¥riogtl rﬁdf’l&l ore,

perfornmed at 250C for 2 hours: roduct was extract
10 waothwgﬁew ageéaasd(éﬁ&@%ox £hd & %Pf%
" | ayer v dri ed over anhydrous sd%?ﬁ%§§y+éate g; fmed

with %ﬂg?f tQEE%%%% uREGH, L) | T %Qf#?&g d&ﬁ%%@ef Qnﬂ?’h@o@ls s d@ium

he titl COfT'pOUI’]
sulfate, concentration was performed under reduced pressure to

obtain 1.01 g of a colorless oil. A guantitative analysis was
performedbyHPDC (column: COSMOSIL manufacturedbyNacalai Tesque
Inc., mobile phase: acetonitrile/aqueous solution of 0.01 wt%
phosphoric acid = 7/3, flowrate: 1.0 mL/min, column temperature:
40°C, detector: UV 210 nm, retention time: 25 minutes (28,3R),
20 minutes (2R,3R)). Thereby, 0.92 g of the title compound was
obtained (yield: 89%) ((2S,3R): (2R,3R) =91:9). H-NMR (400 MHz,
CDCL,) (ZS,SR) 6: 0.10 (s, 6H), 0.93 (s, 12H), 3.85 (4, 1H, J
= 12.0 Hz}, 4.07 (&, 1H, JT=12.0 Hz), 4.36 {(g, 1H, J = 6.6 Hz),

€.77-6.80 (m, 1H), 6.91-6.93 (m, 1H), 7.6%-7.71 (m, 1H).

(Example 4)

1-Chloro-2-(2,4-difluorophenyl) -3- ('tert-butyldimethylsilylox

ylbutan-2-o0l
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20 colorless oil (yield: 1000) . '"H NWR (400 Mz,

CDC13) S: 0.10 (s, 6H), 0.92 (s, 9H), 1.24 (d, 3H, J

= 6.8 Hz), 4.35 (gq, 1H, J = 6.8 Hz), 5.50 (g, 2H, J =
57 17.0 Hz). (Exanple 3) |-Chloro-2-(2,4-difluoro

henyl )-3-(tert-butyldinmeth Isilylox vy)butan-2-ol

Undgr g t pgsphere 28.5 mmol ) of
nagﬁeglaﬁ?nt&glg ?Em’rgrgg B| ﬁrj 20, fin ?§a%ﬁs§/drous THF, and a

(R) - §Olcﬂtlb9B 35 ek+3@Q l(d?lﬁnecEr{?ﬁl)l oxy)bu an-2-one in 5 mL

,4-difl uorophenyl br onobenz 0 THF was

of TI@P'C{%QS WP e J henelo ahq0&. 3ARf ef3 tfq'?n%)ﬁpg %.og%lﬂ{:ion

tedropvvlseadltlon stirring was perforne

of 2{ 8L Scbaueno Lich o MUPLETISLAIS, U cn e

meth@&oﬁ %}é@l@?E%mplﬁ%X% wleSOAHLE W P Ps8berd ¥ Beriod of
15 nifhedschl O el (her Loyl dL dLebbYLAL! &gggxﬁ&ggt 20839908,

i n5nL 5 was co and

stirfIRY) wek % %ﬁgﬂ% éHOESEhgﬂﬁgﬂggnﬁshB{ﬂ:groﬁhg Héﬁpfﬁeﬂp of

as descri ove Wwas a dropw se 't o over

a saﬂ%é’@éjd Oiqaddllfg UG Es 1 A L and Ié%&gl‘rﬂ]fwhq_ggq%feo@vagﬂg?ﬂed to

ropvvlse tron, stirring wa nue

stop %h@%’éa?’ct?é}g t Iﬁﬁ: lo%]l 10, taf%a%&a‘ggg%%ed th?:rlgleto,

sol ution 10 of ammnl um c e was a sto

and E&Eég}:ltggn V‘F%El: %Q?r ac Igg-nwjgl\l\“gléglﬁlélgﬁor rregétél\q? H%&tctﬁg After

ereto
drylr?é;@%@Eearﬁ%/d}dﬂs Xodd um A1t AT ¥bR9=RY Eti‘eg formed
sodi um sul f at e, concentrati On was per Or me

under @8UORE A BSSMiLe &S obtain a colorless oil. A quant:.tatiire
analysis was performed by HPLC {under the same HPLC measurement
conditions as those in Example 3) . Thereby, the title compound

was obtained in a yield of 68% ((28,3R): (2R,3R) = 92:8).

" {Example 5)

- 1-Chloro-2-(2,4-difluorophenyl)-3- (tert-butyldimethylsilylox

y)butan-2-ol

A solution of 0.69 g (3.0 mmol) of
(R) -1-chloro-3- (tert-butyldimethylsilyloxy) butan-2-one in 5 mL
of toluene was cooled to 0°C, and 5.3 ml (3.3 mmol) of a solution
of 2,4-difluorophenylmagnesiﬁm bromide prepared by the same
method as that in Example 3 was added dropwise over a period of
15 minutes. After the completion of the d.ropwise addition,
stirring was continued for another 2 hours, and then 10 miL of

a saturated aqueous solution of ammonium chloride was added to
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obtain 1.01 g of a colorless oil. A quantitative
anal ysis was 15 perfornedbyHPLC (col unm: COSMOS | L
manuf acturedby Nacal ai Tesque Inc., nobile phase:
38 acetonitril e/ aqueous solution of 0.01 wto phosphoric
acid = 7/3,flowrate: 1.0 nL/mn, colum tenperature:
gc detector UV 10 nm retention tinme: 25 m nutes
FHE TRICCIGY: (TRGETTAT © BRP)IL OFfBLERy 1 agseg aereto
the title conmpound was 20 obtained (yield: 8996) ((2S
and egﬁ}’actggn wegwe:fg:_rgmg)i Wlt@ﬁﬂwl@ma{% (20 @@Qg_gj After
ég (s, Fg 85 (d, 1H, J
dryin 9§e§ a'q%ydro‘pso o@aumfﬁlfﬁte_l_,zcgnq:& raﬁl@@ wca@ pq_nf_ﬁormed
J= 6.6 Hz 77-6.80 (m Fg 6.91-6.93 (m 1H),
undegrggueeﬁlngeﬁsquﬁ toﬁo?@%ﬁpp@ qyless oil. quantitative
Chloro-2-(2,4-difluoro henyl)-3-(tert-butyldineth
anal}r%rs‘r W&xpeﬁ%@aﬁi by JiPLG W%f%%tqh@nsemeofi%%c Jigaswrenent

Condl(tré)ogs @r% 5R658- 10 tBFRAUBLR \A )di nEtRyesiv- yFa%yt;bra%en:ezuwnd
of THE was cooled to -20C, and
was 5“?9 H I °%f9%’41d?5réB?oéHBm?Rﬁagnégl &)
brom de prepared by the sane 5 nethod as that in
Exanple was added dropw se over a period of 15
gutes Adter the conpletion of the dropw se
irring was continued for another 2 hours,

and then 10 | of a saturated aqueous sol uti on of
llgﬁ%ﬁﬁﬂﬁﬁiﬁ%4ﬂﬂ5 ' RRbergbEbvbangr 23 ridCleact i on.

Furt h re, . wat er was added thereto, 10 and
eg Pag’: g‘é&%&%gﬁr Srfed S th 2R o bt it e (2 0 nL x

} d di
1*0111@)&&‘ "@aﬁ-&ﬁ%?%%v}? r y 52 ﬁ%rg?eﬁﬁzéélﬁesegéeélﬁféox

y)but ol %I L2 C%'SOHR%S/S(:Z% 3R) l@Ln/t_ql)t)at:Llnve mL of methanol was

added 0.25mLof concentratedhydrochloricacidat roomtemperature.

stop

After the completion of the dropwise addition, stirring was
performed at room temperature for 18 hours. Then, 10 mL of water
was added to stop the reaction, and extraction was performed with

20 mL of ethyl acetate. The resulting organic layer was dried

over anhydrous sodium sulfate and concentrated under reduced

pressure to obtain a crude product as a colorless oil. A

quantitative analysis was performed by HPLC. Thereby, the title
compound was obtained inayield of 77% ((28,3R)/ (2R, 3R)) =90/10}
(HPLC, column: CAPCELL PAK C18 TYPE MG manufactured by Shiseido
Co. Ltd. , mobile phase: acetonitrile/20 mM (potassium) phosphate
buffer solution (pH = 2.5) = 3/7, flow rate: 1.0 mL/min, column
temperature: 30°C, detectox: UV 210 nm, retention time: 26 minutes

(28,3R), 17 minutes (2R,3R). *H-NMR (400 MHz, CDCl3) (2S,3R) o&:
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anal ysis was performed by HPLC (under the sane HPLC
nmeasurenent conditions as those in Exanple 3).
Thereby, the title conpound 15 was obtained in a

59 yield of 680 ((2S,3R):(2R 3R) = 92:8). (Exanple 5)
1-Chl oro-2-(2,4-difluoro

0.98hg(fl]y|3)}{ 3J(te%t%§u ylgi gﬁt IsiI )ox y%?u% an-l%{-)ol 29154 23

ut"on " of
m, 28 oo eoe g%te"ﬁ*‘e?t wgggiog 35 3 ngonYsh 6,08
(2R, %ﬁzl & f]fl,%} %n%%ékggpuﬁ] bil‘o?n%% pr%g%\-'f’ Sbc(ijbylﬁrhg -2
ové 5 ‘%e?ﬂg)d? o1 98 & rards 0 Hdler 416 ot ﬁ’ﬁ— 6.3

R R e D T

agueou soi on of amoni um chl ori de was added to 58
7 69"? z E‘E g fon. Furthermore, 10 nL of water was
added thereto, and extraction was perforned wth
ethyl acetate (20 nL x 2) . After drying over
anhydrou O&I um sul f ate, concentration was perforned
und “@31[& pressure to obtain a coI orless oil. A

.Eﬁ%QpS'yOflﬁdw&% T%ﬁ?%%é“?% ié' %‘ff‘p #”9 93"”‘?0? btained
1-ch %@H 2 o440 LaqreBheng 1) a2 B Bt g cigepp sig viox
y) butfRd-Of (28 2R) 41 3R BRL 5h SIS - 37T V% M THE MRS Fopled

in ic%,l %Jn(&xlj mlL of a 1.0 M solution of TBAF in THF was added

dropwise. After the completion of the dropwise addition,
reaction was performed for 1.5 hours and then at room temperature
for another 11 hours. Next, 10 mL of water was added to stop

the reaction, and extraction was performed with 20 mL of ethyl

‘acetate. The resulting organic layer was dried over anhydrous

sodium sulfate and concentrated under reduced pressure to obtain
a crude product as a colorless oil.. A quantitative analysis was

performed by HPLC {(under the same HPLC measurement conditions

&8s those in Example 6) . Thereby, the title compound was obtained

in a yield of 15% ’((ZS,BR)/(ZR,?,R) = 91/9).

(Example 8)

i-Chiloro-2-(2,4-difluorophenyl)butane-2,3-diol

To a solution of 0.27 g (0.77 mmol) of
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y)butan-2-ol ((2S, 3R) / (2R, 3R) = 91/9)) in 5 nL of
met hanol was added O .25 nL of concentrated
hydrochloric acid at roomtenperature. 15 After the

6o conpletion of the dropwi se addition, stirring was
performed at roomtenperature for 18 hours. Then, 10
nmL of water was added to stop the reaction, and

-1-chémtoaeti(an4wds fpectepmedyw)tis - (2@ - mit tdﬁ)ﬁieﬁﬁﬂﬂs@ll@ﬂox

The resulting organic | ayer was dried over anhydrous
y)busadirrosul {ase3and (caneent rabedsyndear 3r dugedmdbhanol was
pressure to obtain a crude product as a col orl ess oi
added 0.quaat i 0 ab i vemelaloyFspst e s i par f DhoEdsoY alﬂ%l—@?eactlon was
Thereby, the title conmpound was obtained in a yield
perfotmdd % ¢t 28) BRhirs 42R tB&)Y)a£99348) Foft HRLGhES! Elﬁmhours
CAPCELL PAK C18 TYPE- MG manuf act ured by Shi sei do .
Next L Gdul, otobat erphas addaect Oty tRE ALY {HO] 853 émractlon
phosphate 25 buffer solution (pH = 2.5) 37, flow
was peattermbdOwithnimr.cs ERRy1tLapesad ur eI‘h@Q@suQ%tlﬁ @fganlc
W210nm retention tine: 26 m nutes (2SS,

layemriwag €3 i@RovR anhﬂrlierNB éé@@uﬂﬂﬂ'@ul@@@é:ﬁn& Q&né’@t Pated
59 0.98 (d, 3H, J = 6.6 Hz) , 2.50 (brs, 1H) , 3.21

undex sedlided pé'ebl‘;u%eZSO ot aBil)a o rl:idel O@Qlc(t”hslﬁbcolorless
6.91-6.93 (m 1H) , 7.69-7.71 (m 1 . (2R 3R S

o0il. 1T83 (edulidHng crlﬁeﬁ,prlac&dﬁz)wasz Artthtatvely dhdlvzed
Hz), 3.15 (s, 1H), 3.96 (d, J = 11.0 Hz), 4.08 (q, 1H

by HPLC=(6ndelh td sade 35?1((]?1meéSﬂrbheZlﬂ1ébnd1@16ﬁs6a§0tlﬁ8ke in
1H) , 6.91-6.93 (m 1H) , 7.69-7.71 (m 1H)) .

Examp(lexaipl eTHr&BP, 8GR tiltlehtempodnd(Wad-shddUEd in a yield
henyl ) but ane-2, 3-diol 10 A solution of 0.45 g (1.28

of 1%l )2Hf3R) /(2R 3R) = 95/5).
1-chloro-2-(2,4-difluorophenyl)-3-(tent-butyldi nethyls
ilylox

{Example 9)

(2R, 3R) -1,2-Epoxy-2-(2,4-difluorophenyl)butan-3-ol

A solution of 0.12 g (0.45 mmol) of
(28,3R) -1-chlorc-2-(2,4-difluorophenyl)butane-2,3-diol in 3 mL
of methanol was cooled in ice, and 0.12 g (0.6 mmol) of a 28%

solution of NaOMe in methanol was added. Reaction was performed

for 2 hours, and 10 mL of water was added to stop the reaction.

Extractionwasperformedwithethyl acetate (10mL). After drying

over anhydrous sodium sulfate, concentration was performed under
reduced pressure to obtain a ¢rude product. The resulting crude

product was purified by column on silica gel to cbtain 0.09 g

of the title compound (yield: 96%).
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y)butan-2-ol ( (2S, 3R) / (2R, 3R) = 91/9) in 5 nL of
THE was cooled inice, and 1.3 nL of a 1.0 M sol ution
of TBAF in THE was added dropw se. After the

61 conpl etion of the dropw se addition, 15 reaction was
performed for 1. 5 hours and then at room tenperature
for(apohbeL 1d)hours. Next, 10 nL of water was added
to stop " the reactlon and extraction was perforned

1,2ym%gk§oznk29& SEEYhoragﬁEg&g phligLasuht ing organic
: | fate and

congent 1.4 £, updey 580yced pr gasys ecko obtain 20 a

crude product as a col orless quant itative

(25, PRALYSLE 198 2Dg§f@r&%1@6r’d osewﬂ%@:ag%e fg*%ﬁ’

neasur enent Con f| ons as t
({28 g%ﬁ@f?gﬁ{ %Eg 1 E%/%/zgoggoyg% \&Sggﬁg?ﬁggqﬂa&%o%]]yéfgﬂ ice,
and 1;;)4[ 5{1; g:%og_]?l 8\2@%@&#’%}&@1{ *33”@%6% was338h8k dRefeto.

Reactji&@ lvf&rs‘)g% E%Z{_‘lﬁ%ﬂ th 5011“1 e %plgc?ﬁ]%(% a?'icé ;ﬁrﬂ%%ﬂ'“ﬁgﬁ%@y&&ded
to st§ 'E‘hepzf‘e%# ?@EOl a@@ggﬁ wgsg)%ng éﬁnegéwmle)t&?;floa}citbate

pot assi um uor i nd reacti on was

o A e SR P
concéﬁﬂfaﬁ?ﬁéz?%aé“@%r@%gngﬁ%&ﬂrt b ggagtstﬂ%le ﬁgeéﬁgin a

The resulting organic layer was dried over an

crudes QHdHnSul f@‘h% 20d,;§006 nEE‘ﬁH@%r&&Q@E % tltatlvely

pressure to o btain a cr de product as a col

analyilda phhepresul vhagegtudeppr pdugt %%%Hﬁatﬁégtbﬂgéi’ned in

anal yZed 10 by HPLC {under the sane measur enent
a yieC@NdEt$90S( @R 105£(4), 3R) = 88/12) (HPLC, column: CAPCELL

'PAK C18 TYPE MG, mobile phase: acetonitrile/20 mM (potassium)

phosphate bﬁffer solution (pH=2.5) =2/8, flowrate: 1.0 nL/min,
column. temperature: 30°C, detector: UV 210 nm, retention time:
28 minutes (2S,3R), 30 minutes (2R,3R}). H-NMR (400 MHz, CDC1l;)
(2R 3R) .5: 1.16 (d, 3H, J = 6.1 Hz), 2.80 (d, lH,.r J = 4.4 Hz),
3.30 (d, 1H, J = 4.4 Hz), 4.09 (g, 1H, J = 6.1 Hz), 6.80-6.93

(m, 2H), 7.32-7.37 (m, 1H)).

(Example 11}

(S) -1-Chloro-3- (tert-butyldimethylsilyloxy)butan-2-one

A mixture of 5.00 g (21.52 mmol) of ethyl

(8)-2-(tert-butyldimethylsilyloxy)propionate, 3.76 g (32.3

mmol) of sodiumchloroacetate, 2.18¢g (21.5mmol) of triethylamine,

and 50 mL of THF was cooled in ice, and 37 mL (64.6 mmol) .of a
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Exanpl e 6) . Thereby, the title conpound was obtai ned
inayield of 17%((2S, 3R) / (2R, 3R) = 95/5).
(Exampl e 9) 15 (2R 3R)-1, 2-E oxy-2--(2,4-difluoro hen

62 [)butan-3-ol A solution of 0.12 g (0.45 mml) of (2S,

3R) -1-chl oro-2- (2 4-di f1 uorophenyl) butane-2, 3-di ol
L. 75%*89%%%0& S N TS SR -
therf di%vagfé‘?téﬁioﬁ’aasﬁf buFop #hcer chkeionipiecion of che
ororESEAON B8 PELLSIIE I N SN 808! L8 (10 dines
rour TGN s BRLETL D Yl AR SR
i fi,ed %ago um _on silica gel to obtain O.

reaC“stO%EOELHElP% SHELIHE RN £81&1- 0 96se e tAip %tmymg

was Péa-%&%prr@ﬁya.ﬁz 6&%@ J‘gralglff l@%ﬁ%%f);]en%/pl%ogllljéggv_a:sségcglracéed with
S, 3R) - 1-chl oro-2-(2, 4-di fl uor ophenyl ) but ane- 2, 3- di ol
ethYlgaGeF?@e 8RO mI(oR) 3R?h'==- THETULY 106 OB IR 16f Lawe haresl dried
oled in 1.4 nL of a 1 M aqueous
over uifins: Rabir v EaitampRorerstntraaet SRt Teduoed

fo, 5 h nd,10 nL of water was added
pE e.#‘b“’st : ne‘:‘?’ﬁ"@olﬁ”ekctqloﬁogréiwgc?FEgemﬁQmBEPFérﬂ%davxfi%orless
et h;i acet 20 mL After dryi ng over anhydr ous
oil (y3gitdh 26r ate TR J Mg GRCas $elr-d0mdd  ufHer 0-92

(=1 et PG &t e ot Scbed Wl sk ?za?ié’gfit— 6 8%Hz), 5.50

(g, 2H, J = 17.0 Hz).

{(Example 12)

1-Chloro-2-(2,4-difluorophenyl) -3- (tert-butyldimethylsilylox

v)butan-2-ol

A solution of 0.69 g (3.0 mmol) of
(8)-1-chloro-3- (tert—butyldimethylsil.yloxy) butan-2-one in 5 mL
of toluene was coocled to -QODC, and 5.3 mlL (2.3 mmol) of a solution
of 2,4-difluorophehylmagnesium bromide prepared by the same

method ag that in Example 3 was added dropwise thereto over a

- period of 15 minutes. After the completion of the dropwise

addition, stirring was continued for another 2 hours, and 10 mL
of a saturated agqueous solution of ammonium chloride was added
to stop the reaction. Furthermore, 10 mL of water was added,

and extraction was performedwithethyl acetate (20mL x2) . After

drying over anhydrous sodium sulfate, concentrationwas performed
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anal yzed by HPLC. Thereby., the title conmpound was
obtained in a yield of 95% ((2R, 3R) / (2S, 3R =
88/ 12) (HPLC, colum: CAPCELL PAK C18 TYPE M5 nobile

-3 phase: acetonitrile/20 mM (potassiun) 15 phosphate

buffer solution (pH=2.5) = 2/8, flowrate: 1.0 nL/mn,
columm tenperature: 30C, detector: UV 210 nm
undef gt ShPT £ RBUT €28 pbhatas CREor3RES, 0B8D. miiguest {PR:1ve
3R)) . "HNMR (400 MHz, CDC13) (2R 3R),6: 1.16 (d,
analgﬂls Jwa:s @erfﬁz:)me@ I:B/UH@@C {endey they sﬁWﬁpLC&n@@s@ﬁement
1H J 4.4 Hz), 4.09 (q, 1H,,J = 6.1 Hz), 6.80-6.93
cond;ggl(aﬁg azs-btho;sqggxl?Egamp&]e 1H) ) THeBsedrpl el ritle compound
(S)-1-Chloro-3-(tert-butyldi methyl silyl ox )butan 2-one
was gbiained drok $ieddgof23152(3mmAg) Hi2et bg) 232/8). 'H-NMR
(S)-2-(tert-butyl di nethyl silyl oxy)propi onate, 3. 76 g
(400(8Rz3 Chob])) OfR s2@) udchd rmatet adw) , 20 1829 ($2115@pl 3 .85
of triethylam ne, and 50 nL of THE was cooled in ice,
(d, HAd 37=m2 (BHD mmw"foﬁda B2, 17 F51M 60Hmdioh. B (g, 1H,
tert--butyl magnesi um chl ori de was added dropw se
J = 6t kellel 0 VIS 6a Terimod 180 , 16 houre . ABt 6n, tiiS ,cGnpbeli B (m,
of the dropwi se addition, reaction was perfornmed at
1H) . 0C for another 3 hours, and 6 M hydrochloric acid
(about 20 nl) was added to the 5 reaction solution to
adj ust the pH to6.0. Subsequently, stirring was
performed at 25C for 2 hours. A product was extracted
Wi t{ExagEy 18detate (100 nL x 2) . The resulting
or ganl c Iayer was drl ed over anhydrous sodium sulfate
S, it oHuQTd Fdubedangrassudé olo obt ai n
5. 01 g of t he t|tIe conpound as a colorless 10 oil
(yit& @ sgdop-ion 'of NMREE 400({ME8 rameiB)o$: 0.10 (s,

6H) 92
l—chloro-z— (2,4-difluorcphenyl) -3- (tert-butyldimethylsilylox

y)bﬁtan—z-ol ({2R,38)/(28,38) = 92/8) in 5 mL of methanol was
added 0.25mLof concentratedhydrochloricacidat roomtemperature.
After th.e completion of the dropwise addition, stirring was
performed at room temperature for 18 hours. Then, 10 mL of water
was added to stop the reaction, and extraction was performed with
ethyl acetate (20 mL). The resulting organic layer was dried
over anhydrous sodium sulfate and concentrated under reduced
pressure to obtain a crude product as a colorless oil. A
quantj.tative analysis was performed by HPLC (under the same HPLC
measurement cénditions as those inExample 6) . Thereby, the titie
compound was.obtained in a yield of 75% ((2R,38)/(28,38) =91/9).
'H-NMR (400 MHz, CDCl;) (2R,38) &: 0.98 (d, 3H, J = 6.6 Hz), 2.48
(brs, 1H), 3.20 (s, 1H), 4.11-4.23 (m, 3H), 6.7'7-6;80 (m, 1H),

6.91-6.93 (m, 1H}, 7.69-7.71 (m, 1H); (28,38) &: 1.93 (dd, 3H,
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s, 9H) , 1.24 (d, 3H J =6.8 Hz) , 4.35 (g, 1H J =
8 Hz) , 5.50 (g, 2H, J = 17.0 Hz). (Exanmple 12) 15
-Chloro-2-(2,4-difluoro henyl)-3-(tert-but

di methyl sil lox y)butan-2-ol A solution of 0.69 g
3.0 rnnol) of (S) -1-chloro-3-

t

STuche vt e *'ﬂ%x%? b=“t53r%%§’?£§< 355 ot of
(@, & Solyti ogygo &’fognéq . ho thn a@??ﬂe%xyg‘ bgomyde ., ,

prepareée the sa I'e’ 3" was

2 M- EhER oo 8 on o gt %&%@9 b7 g7t O

stirring was cont| nued for another 2 hours, and 10 nL

of a saturated aqueous solution of amoni um chl ori de
ﬂ? 15514 stop the reaction. Furthernore, 10 nL
R/va er- was added and extraction was performed with

(
6.
1
64
(
- 4
t

red\uce?dh?geggu(gg [?Olfbtwg %::?lo dgyml |

quantl ive ana yS| HPLC (under

b fagﬁ%?“%%gffsmﬁfu PR B neas B e
s 8 LR <%y B 3 WRSass
solu%@%bﬁ%ﬂ’gé%gﬁgﬁ F‘é!éhf‘é?l %%s:argé% ﬁtk)%?a.c%d o;%vl}'%s‘]%ef%?rmed
for 221‘@(%%% 2%1‘%&,3 1(Jr91L %'f) watgrq,?ég'aé%ie(in%o s]t@p th% reaction,

and extraction was performed with ethyl acetate (10 mL). After

drying over anhydrous sodium sulfate, concentrationwas periormed

under reduced pressure to obtain a crude product. The resulting

crude product was purified by column on silica gel to obtain 0.086

[

g of the title compound (vield: 926%).

(Example 15)

(R)-1-Chloro-3-trimethylsilyloxybutan-2-one

Amixture of 5.00 g (42.3 mmol) of (R)-ethyl lactate, 7.40
g (63.5 mmol) of sodium chldroacétate, 4.28 g (42.3 mmol) of
triethylamine, and 50 mL of THF was cooled in ice, and §7 g (109
mmol) of a 1.75 M solution of tert-butylmagnesium chloride .was
added dropwise thereto over a period of 2 hours. After the
completion of the drdpwise addition, the reaction was performed
at room temperéture fof another 2 hours, and a solution of 20

mL of concentrated hydrochloric acid /50 mL of water was added
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1-Chloro-2-- (2,4-difluoro hen |)butane-2, 3-diol To

a solution of 0.45 g (1.28 mol ) of

1-chl oro-2-(2, 4-difluorophenyl)-3-(tert-butyldinmethyls
65 ilylox y)butan-2-ol ((2R,3S)/(2S,3S) = 92/8) in 5 nL

of met hanol was 15 added 0. 2 5 nlLof concentrated

to tITYéjrl%quﬂrdrP &9 n " oepy Lr%g.gig{%ugep réILImeer t 25°C for

conpl et on of t ropw se I on |rr|nghvvas )
en
0.5 BSULGUTORA, SCORTTENI ) U Lok S Lo T et oo
h .
SRR T I e an 5 81 6 arous
sodi%?rhé{giggﬁesa%jd Hg]n%léln g%n g?&g% %c?%cggg@sggrg to obtain

(essure to ob
A quantitative anal ysis was perforned

& co(i(ejlrngLS S?’uﬁldler the same HPLC nmeasurenent conditions

o hagne. s AU B clNEL R IS SO 5o
of TI%U %%lﬂ 8 22 mitf (E'&’RS( 4119&2)“/"% b%%?i%)aﬁ_ﬁgd@%z%r?%m.s_ﬁ_;hereto
crech BB Tt T BT A BRI 1
L, (%?6 1 P {%)tr g}?}ii%hjr_é%_l'was dag?ci%‘d ’@Qp@sﬁsg S i) same
tempgrgléb({‘e \% Jégl$ %_;L.o?%ff% 1§Lu6:texs (nbg%%) tl?e S:)rlea.ctzl_on was
serek L IR S LB Bar S, A
extr?%tggh aﬂséﬁ %%mTQEW1 Hf%&'%@%” ﬁgggngz & Cq_grying
was PEPEOrREq3w?BY anhydrous sodium sulfate, and then

concentration was performed under reduced pressure to obtain 5. 04

g of the title compound as an oil (yield: 61%). H-NMR (400 MHz,

| CDCLy) 8: 0.17 (s, 9H), 1.35 (d, 3H, J = 6.0 Hz), 4.35 (g, 1H,

J = 6.0 Hz), 4.48 (d, 2H, J = 17.1 Hz).

{(Example 16)

1-Chloro-2-(2,4~-difluorophenyl) -3- (trimethylsilyloxy) butan-2

-ol

A solution of 0.7 g (3.6 mmol) of
(R} -1-chloro-3-(trimethylsilyloxy)butan-2-one in 5 mL of THF was
cooled to 0°C, 5.4 mL (3.8 mmol} of a 0.7 M solution of

2,4-difluorophenylmagnesium bromide prepared by the same method

as that in Example 3 was added dropwise thereto over a period

of 10 minutes. After the completion of the dropwise addition,
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solution of NaOwe in nethanol was added. Reaction was
performed for 2 hours. Then, 10 nL of water was added
to stop the reaction, and extraction was perforned

66 with ethyl acetate (10 nL) . After drying over

anhydrous sodium sulf ate, concentration was perforned
under reduced sure t nacru pr.od . _The
RS RIREOp RIS ﬁé?l%m'f%%ﬂ% RBF i biyated

aquec%{ﬁ eFalggéa %’ %ﬁtﬁgpgungszglo% twges taldtdle% %%n%%op the
resetflis A G (B S A B fcnson
7.40 r[}1%“‘%63 5 mmli of sodi um chl or oacet ate, 4.28
was P@Aff%r I“’)‘-té‘fe‘:’fll’ AFSTARF n@zo ﬁlﬁidxé@ nLAéftenErwagg over
d 97 109 of al1l.75 M
anth%?l&ﬁ and Ir%te B %?w ﬁaéﬁégv %t&ﬁ o'Pde PR&L OTHgde nder

pwise thereto over a period of 2 hours. After the
reduc?ﬁc%ﬁ%?%‘ﬁ%n dfORHR1Ar opvvl se addition, the reaction

was per 00 erature for _.another 2
1-ch S “L%d‘f?‘%s%ﬁb?? % gg uﬁﬁnﬁfzcén@éﬁtlrat%d
chlor|<‘1acd/50 er _was d6 to the,

quant MO Aal AT vl 3 ke e B oy RP e S fBP HPLC

rs
C

measugeé%%{‘gu@fdd{dO%aﬁ oSS Faalp

pr.oduct, was ex&ract ed vvlth eth

engy ord%ﬁ]acrﬁﬁ’;}ilt' the

| f d
e Bl Y e LRI (B aRL sa/s).
coI %rl eszL O:'}|7E?>ONerrit the resulting concentrate was

JEFPTEL S

of THF, and 8.1 nL (63. 5 mwol) of

| xy%au%an 2

A solution of 0.7 g (3.6 mmol) of

(R)-1-chloxo-3- (trimethylsilyloxy)buﬁan-z-one in 5 mL of THF was
cooled to -20°C, and 5.4 mL: (3.8 mmol) of a 0.7 M solution of.
2,4-difluorophenylmagnesium bromide prepared by a method as that -
inExample 3 was added dropwise theretoover aperiodof 10 minutes.
After the completion of the dropwise addition, stirring was
continued for another 5 hours, and 10 mL of. a saturated aqueous
solution of ammonium chloride was added to stop the reaction.
F"urthermore, 10mLof waterwas added, and extraction was performed
with ethYl acetate (20mLx 2). Afterdryingover anhydrous sodium
sulfate, concentration was performed under reduced pressure to
obtain l-chloro-2-(2,4-difluorophenyl)butane-2,3-diol a‘Ls a

colorless oil. A quantitative analysis was performed by HPLC

(under the same HPLC measurement conditions as those in Example
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m. (84.6 mmol) of triethylam ne was added dropw se at
the sane 10 tenperature over a period of 10 m nutes.
After the reaction was perforned for another 1 hour,
67 80 nL of water was added, and extraction was
performed with ethyl acetate (100 nL x 2) . Drying
was performed w th anhydrous sodium sul fate, and then
6) . dohceriitHilon Whe Yeridrvea daBermisadcse peed9bret o

obtain 5.04 15 g of the title conpound as an oi
((25(3Rbf §2R63B) = 2B/RVR-(400 MHz, CDCL, 3) 8: 0.17 (s,
9H), 1.35 (d, 3H, J =6.0 Hz), 4.35 (q, 1H J = 6.0

Hz), 4.48. (d, 2H, J = 17.1 Hz) (Exanple 16) 20
1-Chl oro-2-(2,4-difluoro henyl)-3-(trimeth Isil
| ox e 2181 01 A solution of 0.7 g (3.6 mvl) of
(R% -1-chloro-3- (trinethylsilyloxy) butan-2-one in S
- It Clykongues wpivateyl edybuten-250nenl (3.8 ol ) of a
0.7 Msolution of 25 2,4-difl uorophenyl magnesi um
br dnid& i e B Hy8 the( Sahenhel hodf wmsthiat in
_ Exanpl e 3 was added dropwi se thereto over a period of
(R) -piantpekoxyprepienateonpPebi on (86 1t Be maodpwiofe sodium
addition, 66 stirring was continued for another 5
chlogpapatatihd 2A9- 419 of2@l st ureekd ohduekeishsininen apd 400
amoni um chl-ori de was added to stop the reaction.
mL of fHFh éfafo o el rin cfcavatand o a2l dewR 3 ehanesd t aefiant . 75
was, perfornmed with ethyl acetate (20 nmL x 2) . After
M solytyigny odv &t rnE e misier e, vapmidrd alreprise

was performed under. 10 reduced pressure to obtain
thereto over a period of 3 hours. Arfter the completion of the

dropwiseaddition,thereactianwasperformaﬂat25°Cforanother
2 hours, and the reaction solution was cooled in ice. A solution
of 45 ml of concentrated hydrochloric acid /200 ml of water was
added thereto, and subsequently 250 mL of ethyl acetate was added.
Furthermore, concentrated hydrochloric acid was added for
adjusting the pH to 6.0. Stirring was performed at 25°C for 1
hour. The reéulting'ethyl acetate layer was separated, and 150
mL of ethyl acetate was added to the resulting aéueous layer to
perform extraction again. The resulting ethyl acetate layers
were combined, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure to obtain 42.6 g of a crude
product asanoil. Aquantitative analysis was performed by HPLC.
Thereby, 29.4 g of the title compound was obtained (yield: 82%,
98.7%e.e;)(HPLC,column:YMC—A302nﬁnufacturedby@ﬂﬂZCo.Ltd.,
mobi;e phase: acetonitrile/20 mM (potassium) phosphate buffer

solution (pH = 2.5) = 6/4, flow rate: 1.0 mlL/min, column
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l-chloro-2 - (2, 4-dif luorophenyl) butane- 2, 3
-diol. A quantitative analysis was performed by HPLC
(under the sanme HPLC neasurenent conditions as those
68 in Exanple 6) . As a result, the vyield was detern ned
to be 8701 ((2S, 3R) / (2R, 3R) = 41/59). (Exanple 17)
1-Chloro--2-(2,4-difluoro henyl)-3-(trinmeth Isil lox

tempgBatamne? 3:00lc, AlSod et bBN U2 10 fin Ir & Beht HERID: éélﬁﬁ&es)
-1-chloro-3- (trinmethylsilyloxy)butan-2-one in 5 nL of

g -nvHR RS MER0! @skbi 8 5200, sandy Sodynly (B 8(dmmaky f- % Q- Hz),

M sol ution of 2, 4- dlfluorophenylnagne3|un1bron1 e
4.30prepaped, by a7ngyhodyas gt hats . gl mzxanpl e 3 was added

dropwi se thereto over a perlod of 10 m nutes. After

the conpletion of the dropwi se addition, stirring was

20 continued for another.5 hours, and 10 nL of a

sat u.dmgsh a@aueous  sol ution of anmoni um chl oride was

added to stop the reaction. Furthernore, 10 niL of

1-ch¥et&Lawas, added: uapepBxhiagtbopwas 1RSI R a1
ethyl—acerate (20 nt X 2) . After drying over

anhy dEous: sadidem o sad f @t ez . 60ReEDS r@ki on was per for med
under reduced pressure to 25 obtain 1--chl oro- 2-

(R) -1 2Kt 66 L $105 DRAEHYE bRYHEAEN2030dE0I n 35 md, o B Ok k«a§scooled
oil. A quantitative analysis was perfornmed by HPLC _

to odwndenathe same (HPhCGuiBasupeMEND , 6ONHI WA id% iJrose
in Exanple 67 6). As a result, the yield was

2,4- c?%ﬂé%é{ﬁ%?@l@@gﬂgglﬁﬁaﬁon&@e bregBre3bytHBEaME method
anpl e
ag that in Example 3 was added dropwise thereto over a period |

of 5 minutes. After the completion of the dropwise addition,
stirring was continued for another 1 hour, and 10 mL of a saturated
aqueous solution of ammonium chloride was added to stop the

reaction. Furthermore, 10 mL of water was added, and extraction

- was performed with ethyl acetate (20 mL x 2). After drying over

anhydrous sodium sulfate, concentration was performed under
reduced pressure to obtain a crude product. A guantitative
analysis was performed by EPLC. Thereby, the title compound was
obtained inayieldof 15% ((28,3R)/(2R,3R) =92/8) (HPLC, column:
YMC-A302 manufactured by YMC Co. Ltd., mobile phase:
acetonitrile/20 mM (potassium) phosphate buffer solution (pH =
2.5) = 6/4, flow rate: 1.0 mL/min, column temperature: 30°C,
detector: UV 210 nm, retention time: 10 minuteé {(28,3R) and 8
minutes (2R,3R)). 'H-NMR (400 MHz, CDC1l,) &6: 1.05 (4, 3H, J =
6.3 Hz), 1.25 (s, 9H}, 3.86 (d, 1H, J = 11.5 Hz), 4.19 (-d, 1H,

11.5 Hz), 5.38 (g, 1H, J =6.3 Hz), 6.77-6.80 {(m, 1H), 6.91-6.93
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5 (R)-1-Chl oro- 3-pi val oyl oxybut an-2-one A m xture of
32.8 g (147 mmol ) of nethyl
(R) - 2- pi val oyl oxypropi onate, 30.5 g (261.8 mmol). of
69 sodium chloroacetate, 26.4 g (261.55 mmol) of
triethylanine and 400 mL of THE was cooled in ice,
and 299 %h of a 1.75 10 M sol ution of
(m, Fgﬁv-ﬁu§% §He4FUn1 l-ori de was added dropwi se
thereto over a period of 3 hours. After the conpletion
of the dropw se addition, the reaction was perforned
at 25C for another 2 hours, and the reaction solution
was (BBdrB4ei R0l ce. A solution of 45 m of
concentr at ed hydrochlorlc acid /200 mM of water was 15
1-Chigged2rier érdifing ropheamilontd ywirsd oyl astyhutham -2 -0l
acetate was added. 20 Furthernore, concentrated
hydh cePl@kienaef dOwas @ddadOf smoladodsting the pH to
GO _Stirring was perforned at 25C for 1 hour. The
-teshlereg3ebhyrlavéraydutayer? s sepdr atledyf dmeluste was
nmL of ethyl acetate was added to the resulting aqueous
COOl?%yE@ P8C, papfoprieRlr dét-Rommaygai et Bhd & M tsqigation of
eth acetate layers were conbined, dried over
2, 4-dhh H%ia@h@@aﬂmﬁﬁfét@waméor@mdemﬁma@be'dtlmme method
reduced pressure to obtain 42.6 g of a crude product
as that g framphe ghiawis tadde@ dnapyies wWasrpeef evasdabperiod
HPLC. Thereby, 29.4 g of the title conpound was
of 5 gkttt (Alisr e complenBon-of he cdrgpyiHPeCaddition,
col um: YMC- A302 manufactured by YMC Co. Ltd. nobi | e

_ Stlrma’asa%%%hw@qi|f@ﬁfz@nwl§§dt B@grurﬁndphesrﬁhgﬁ @ Batppated

solution (pH =_2.5) = 6/4, flow rate: 0O nmL/mn,

- aquUelyt (Bl BBlPRNpEr aRRPRiUBOChlgsiss: HRs @@ﬁ%rﬁo stop the

retentiontinme: 5m nutes .
reaction. Furthermore, 10 mlL of water was added, and extraction

was performed with ethyl acetate (20 mL x 2). Aftei‘drying‘over
anhydrous sodium sulfate; concentration was performed under

reducedpressuretoobtaino.54gofacrudeproduct. The resulting
product was purified by column on silica gel to obtain 0.450
g of the title compound (yield: 71%) ((2S,3R)/(2R,3R) =93/7 (the
diastereomeric ratio was measured by HPLC under the same HPLC

measurement conditions as those in Example 19)).

(Example 21)

1-Chloro-2-(2,4~-difluorophenyl) -3-pivaloyloxybutan-2-ol

First, 8.9 mL (8.0 mmol) of a 0.9 M solution of
2,4-difluorophenylmagnesium bromide prepared by the same method
as that in Example 3 was cooled to 0°C, and a solution of 0.83

g (4.0 mmol) of (R)—l-chloro~3—pivaloyloxybﬁtan—z—one in 10 mL




10

15

O

20

25

2H -NMR (400 MHz, CDC13) S: 1.25 (s, 9H) , 1.46 (d,

1H J =6.6 Hz) , 4.30 (s, 2H), 5.27 (g, 1H, J = 6.6
Hz). 5 (Exanple 19) 10

1- Chl oro-2--(2, 4-di fl uorophenyl)-3- ivalo

| oxybutan-2-ol A solution of 0.41 g (2.0 nmol) of (R
-1-Chl oro-3 -pival oyl oxybutan-2-one in 5 nL of THE was

of toleenedvatadiad aRbpHi2ethé2e2oBRl) 0heRifa 6F Mminutes.
solution of 2,4-difluorophenyl magnesi um br om de

Afte@rﬂp@f@ﬂn@yetil@n sgretHet Hedpwdset BakiikA obxarplierd néAsas
added dropwi se thereto over a period of 5 m nutes.

cont Alded fidie LNt i10nRfr t Raadpapwtseragddidd@ated aqueous
stirring was conti nued for another 1 hour, and 10

soluttford SRtdhnadethn@ aeis: SOl wH & 0a @l g AEOdt dpn i ofééj@tlon
was added to stop the 15 reaction. Furthernore, 10

Furt driveitel 19a8, fedederant §d@ié30taén‘2f‘e}\f\@§a@€ﬁn@'€vﬁ%%é’!f&med
ethyl acetate (20 nL x 2) . After drying over

with éﬁﬁyﬂ ERUS o3 { Y3l bt e’Af%cgf oo 12151 V! dﬁl\@ 2@&’%9.@;%1um

under reduced pressure to c uct

sul f N bichalehnte-a taka %&'ssp@’@%o%'éﬁoﬁﬂagrbfeﬂlpégd gf‘@é@@i‘e to
the title conpound was 20 obtained in a yield of [5s

obtai 2S95738) of &28rudR) pro@dés) (A"P e e a\ﬂ\ﬁw was
manuf actured by YMC Co. Ltd. il e phase:

perfAGRIDOBIt nbl.e/ 201‘1&@&4}9@ aged %@tl@@%&ﬁ%ﬁﬁdWéé%btalned in
solution (pH = 2.5) 6/4, flowrate: 1.0 nL/mn,

a yiel@lafm4tepes atry 2(2806R) Lot Qehe M 2P meric ratio
retention tinme: 10 mnutes (2S,3R) and 8 25 m nutes

was méaRurdR) Dy .Hokd N&ﬁ%@ﬂemme@mﬂ@)me%stﬂré}n%r{@,co'ﬂ'c'ilt]lons
= 6.3 H), 1.25 (s, OH), 3.86 (d, 1M J = 11.5 Hz),

as théskd ipd Exbmplel .y )Hz) , 5. 38 (q, 1H, J = 6.3 Hz) ,
6.77-6.80 (m 1H) , 6.91-6.93 ) .

70

(Example 22)

1-Chioro-2-(2,4-diflucrophenyl)-3-pivaloyloxybutan-2-~0l

A solution of ¢.41 g (2.0 mmol) of

(R) -1-chloro-3-pivaloyloxybutan-2-one in 5 mL of toluene was
cooled to -20°C, and 3.2 mL (2.2 mmol) of_a 0.69 M solution of
2,4-difluorcphenylmagnesium bromide prepared by the same method
as that in Example 3 was added dropwis'e thefeto over a period
of 5 minutes. After the completion of the dropwise addition,
stirring was continued for another 1 hour, and 10 mL of a saturated
aqueous solution of ammonium chloride was added to stop the
reaction. Furthermore, 10 mL of water was added, and extraction
was performed with ethyl acetate (20 mL x 2). After drying over
anhydrous sodium sulfate, concentration was performed under

reduced pressure to obtain a crude product. A quantitative
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69 (m 1H), 7.69-7.71 (m 1H). (Exanple 20)
1-Chloro-2-(2,4-difluorophenyl)-3- ivalo
| oxybutan-2-ol 5 A solution of 0.41 g (2.0 nmol) of

71 10 (R)-1-chl oro- 3- pi val oyl oxybut an-2-one in 5 nL of
toluene was cooled to OC, and 3.2 nL (2.2 nmol) of a

e T R o o
coes SR 4 VAREE A A B o e

m nut es. he co

sieaddBiityc FALTE. M BRGSO, PEEADECR D e
seaofEELEECIGRLPUEL 48,3100 15 BB s e

performed with ethyl acetate (20 nL x 2) . Adter

drying over 15 anhydrous sodi um sul fate, -concentrati on
g_ under reducedpressure to obtain 0. 54 ¢

cr&)e product . The resulting product was

0 on_si I|c el _to_obtain 0.450 g of

BY, £9 18T, 0B, B8tehpads™ Sn) ) (2R
3R) e was mneasured by
HPL (%%nagaﬁe Cfg %gﬁ enent conditions as

o Ch#%| 2 &2 ?@Pﬁf%&?%%%%éﬁin |)Pévéi1\?§|18xy Jbutan-2-ol

o AR o 5937 2031 1P MO RN RARRS R SPseRLO 07,
and Opr3%p§g??oP%@$@n§q{rg’ngt Lhodh, O%h@ MM 3IPLE RS was

cool utton o
added. The reaction was performed for 1 hour and at room

temperature for another 16 hours. Then, 5 mL of water was added

to stop the reaction, and extraction was performed with ethyl
acetate (20 mL). After drying over anhydrous sodium sulfate,
concentration was performed under reduced pressure to obtain 0.31
g of a crude product. Theresultingproductwaspurifiedbycolumn
on silica gel to obtain 0.11 g of the title compodnd (yield: 40%)
({2R,3R) /(2S,3R) = 96/4 (the diasterecomeric ratio was measured
by HPLC under the same HPLC measurement conditions as those in

Example 10)).

(Example 24)

(R)-1-Chloro-3-(3,4,5,6-tetrahydro-2H-pyran-2-yloxy)butan-2-
one

A mixture of 9.41 g (50 mmol) of methyl

(R)-2-(3,4,5,6-tetrahydro-2H-pyran-2-yloxy)propionate, 8.74 g




15

20

25

g (4.0 mmol) of (R)-1-chloro-3-pival oyl oxybut an-2- one
in 10 nL 70 10 of toluene was added dropw se thereto
over a period of 5 mnutes. After the conpletion of

2 the dropw se addition, stirring was continued for
anot her 1 hour, and 20 nL of a saturated aqueous

(75 BRGYFIi QA QBd%HHUEh%‘rBQE@'E Lde was ﬁdged(vtso

reacti on. Furthernore, 10 ni "of was a

trleﬁﬁ§1§ﬁiﬁ8nmﬁﬁdp§65O&ﬂegf ?hwgéh¥b aEQt AL ey % Qﬁdxl99 g

After drying over anhydrous Sodi um su

(300 Wﬁ”td@teﬂ Qn sw@ssefﬁé 5He<9fg{}g.f£ g&%gﬁggﬁ aw@hi&ride

obtain 1.57 acruepro
a?;i%p%ﬁr@pmzseo@%;%%@@w ST vl iy e
comp SRR & By el ehinte FRerLaRe it Rk pptRpoorormea
at roSfH%r&&irég{%c%];éﬁbgo%fuor FE%#))Q 1%)1121 £k E3aTRES A2 R ion

e PR PR e U 18 (B,
and sﬁBEH&%@g\é’?gtf@@l‘n%dof %t&%%%cf@@&gtg’v% ;%r 36242 TRl dh e,

0. 69 I on uor ophenyl magnesi um

2 t I
10% hggg%ﬁﬁowl%oéfz?gd\g% ropV\/l se Eﬂog et A5 WAl !tﬂg pH was

arrpe3vvasa ereoover a perio

6.0. 5A@\:@‘v}t5‘3§1 rﬂﬁ§ Laklfe LOIRLEY h‘Enrcg:EIP 'i:gﬁg%[rg@ﬁfr%ef%ro lJJ.rhour ,

addition, stitfrindg was conti nue f her

| !
the r@EGl%Qn@Loféaﬁ Zidé’}%@f &hs @Q%@.Q‘lésteﬁo ik an gv?:ﬁ(%cieﬂ%gus '

 ori dé was a o stop t reaction. Fur
sodlu%psﬁi—fgﬁe‘,’\@_trﬁi c¥BSeAfg e SXLEBGEEA ressure to obtain
9.81 g of a crude product. The résultiné* product was purified
by column on silica gel to obtain 6.79 g of the title compound
(yield: 73%). H-NMR (400 MHz, CDCl;) &: 1.35 (d, 3H, J = 6.6
HZ), 1.50-1.55 (m, 4H), 1.80-1.84 (m, 3H), 3.42-3.53 {(m, 1H),

3.83-3.96 (m, 1K), 4.24 (g, 1H, J = 6.8 Hz), 5.58 {(m, 2H).

(Example 25)

- 1-Chloro-2-(2,4-difluorophenyl)-3-(3,4,5,6-tetrahydro-2H-pyr

an-2-vloxy)butan-2-ol

A solution of 0.413 g (2.0 mmol) of
(R)-1-chloro-3-(3,4,5,6-tetrahydro-2H-pyran-2-yloxy)butan-2-
one in 5 mL of THF was cooled to 0°C, and 2.7 mL (2.2 mmol) of
a0.8lMgolutionof 2,4-difluorophenylmagnesiumbromide pre‘pared
by the same method as that in Example 3 was added dropwise thereto

over a period of 5 minutes. After the completion of the dropwise
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25 was perfornmed wth ethyl acetate (20 nmL x 2)

After drying over anhydrous sodium sul fate,

concentration was performed under reduced pressure to
73 obtain a crude product. A quantitative 71 anal ysis was

performed by HPLC. Thereby, the title conpound was

a1 €05 e 0y 8y VBl Sl 608 o €25 IRLLR 3Rom 9304 56

di as oneric rati o was neasure

of a gégtn%fégeld;)%)lqﬁe a;%’:ﬁgf@%% %’%ggékig)%ﬁ%maéhﬁgﬁﬁei fas added
to stﬁ e fﬁ;g%éggmpméﬂ%@@é?-fé af SP WL QP 9fs O dfeq,
and e3t§2634 8 d o dx b ndRbARIERY R S B 0K G BY i feer
cr LR AR APPR A 1Sl ot ol ehmes
unded SAHIAN VIR RSLOLIEG Lol o 10U 200 BLgbR00p gig , mne
reou R M el BN AT By SOENTDn LB SRF TR 51
o of S8, AU BB SBl S S B LTS L - s
(e By SEUIEBROIE! co 1S VIS HLLIGER A48 0o aePHdnd Bl cpe,
conu AL sy tstueq (G el L85, SBbesyRobhnce.
acecdiilals 10, P (RLE A BHBADRSRU bhERLE 8316095F {hk -

2.5) )(Jshst'/;{n,_c'_”ﬂzf_lf&'fﬁéés 4 3 Gat hIANYALPLAET PYRBRLZE%ERX 300,

detector: UV 210 nm, retention time: 15 and 17 minutes (2R,3R),

19 and 22 minutes (28,3R))). ‘H-NMR (400 MHz, CDCls) (2R,3R) &:
0.87—1.86(m,lOH),3.43~3.45(m,lH),3.81-4.39(m,4H),6.77—6.80
(m,lH),6.91-6.93(m,lH),?.SS—?.?l(m,lH);(28,3R)8:D.95~1.85
(m, 10H), 3.42-3.55 {(m, 1H), 3.85-4.95 (m, 4H), 6.77-6.80 (m,

1H), 6.91-6.93 {(m, 1H), 7.69-7.71 {m, 1H).

(Example 26)

{2R,3R) -1-Chloro-2-(2,4~difluorophenyl)butane-2,3-diol

A mixed solution of 0.15 g (0.47 mmol) of
(2R, 3R} -1-chloro-2-(2,4-difluorophenyl)-3-(3,4,5,6-tetrahydr

o-2H-pyran-2-yloxy)butan-2-ol, 5 ml of methanol, and 0.02 g of

"p-toluenesulfonic acid monohydrate was stirred at room

temperature for 30 minutes. Concentration was performed under

reducedpregsure toobtaina crude product. The resultingproduct
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25 one A mixture of 9.41 g (50 mmol ) of net hyl
(R -2-(3,4,5, 6-tetrahydro-2H pyran-2-yl oxy) propi onat e,
8.74 g 72 (75 mmol) of sodium chl oroacetate, 7.53 g
74 (75 mmol ) of triethylam ne, and 200 nL of THE was
cooled inice, and 199 g (300 nmmol) of a 1.6 M
sol ution of tert-butyl magnesi um chloride was added
was pinopii sk biyhes Blun @tekidiper §oU tof oBthoHrs. 1 AGt 6F tiherdtle
conpl etion of the dropw se addition, the reaction was -
comppenfiofprdldat srepm tenperature for another 2 hours,
and the reaction solution was cooled in ice again.
Then, 50 nmL of water was added thereto, and
subsequent|ly 100nL of ethyl acetate was added.
Fur {fesm®re,2710% hydrochl oric acid was added in such
a manner that the pH was 10 6.0. After stirring was
(25, Pry f o] peghaky 20Nkt enperatbrephehyvh ) pekan -1 he
resulting organic lTayer was separated, dried over
anhy ddusc isobam spib fgat e, 28neimg@NceRt rat ed under
reduced pressure to obtain 9.81 g.of a crude product.
(2R, JHe- 1 echil 6+892 Pr2duCH BRS oRBHhENS ) DY a®@l-¥Tn i o1 in 8 mL
silica gel to obtain 6.79 g of the title conpound 15
of metHendll wik QooledHMVRLAOR IS, 0eDG13) .35 dmd2) (8 a 28%
3H, J = G.6 Hz), 1.50-1.55 (m 4H), 1.80-1.84 (m.
solutttdn ok 4&0HS3n( Methhol 28323386 (Herdkbh. 4TRE f&action
1H, J = 6.8 Hz), 5.58 (m 2H). (Exanple 25) 20
was per@umed To2 24hdutkyoseghenyh -oF (Atbdwhst gBERA to stop
dro-2H r an-2 - foxy) butan-- 2 -ol A solution of
the r8aét3og.( 2TReMMt ©fction was performed with 20 mL of ethyl
(R -l-chloro-3-(3, 4,5, 6-tetrahydro-2H- pyran-2-yl oxy) bu
acetdtan- 2After drying over anhydrous sodium sulfate,

concentration was performed under reduced pressure to obtain a
crude product. The product was quantitatively analyzed by HPLC
{under the same HPLC measurement conditions as those in Example
10) . The title compound was obtained in a yield of 97%. TH-NMR
(400 MHz, CDBCl,) 6: 1.19 (d, 3H, J = 6.3 Hz), 2.22 (s, 1H), 2.91
(¢, 13, J =.4.9 Hz), 3.28 (d, 1H, J = 4.9 Hz), 4.11 (4, 1H, J

= 6.3 Hz), 6.80-6.91 (m, 2H), 7.34-7.39 (m, 1H).

(Example 28)

(R) -1-Chloro-3- (tert-butyloxy)butan-2-one

A mixture of 8.00 g (50 mmol) of methyl
(R) -2- (tert-butyloxy)propionate, 8.74.9 (75 mmol) of sodium
chloroacetate, 7.53 g (75 mmol) of triethylamine, and 200 mL of
THF was cooled in ice, and 93.8 g (150 mmol) of a 1.6 M solution

of tert~-butylmagnesium chloride was added dropwise thereto over
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one in 5 n of THE was cooled to OC, and 2.7 nL (2.2

mmol ) of 25 a 0.81 Msol ution

of 2, 4-di f I uor ophenyl magnesi um brom de prepared by the
75  same nethod as that in Exanple 3 was added dropwi se

thereto over a period of 5 mnutes. After the

ape rg\g%ﬁ 1{18ﬂr8f tzQPt Q:E gﬁggfc%??lﬁe (;:l]}?osn,aglg;ﬁéie%'olﬁsﬁii sge‘ir é.cgc?i tion,

che <39LABhoH AuepUR, 8Ll Lon oL amonium ehl o e s, ..
a%geg tosgﬁop #%e Féact TR - CPHFE RGP ASTET 18 ﬁﬁ W% '
cne JE4S0 85 Ly AN LI NSO RS o
cone R LS oL R R, 5t ot o
o e, 10 SR S R PUL 8, D
perfopl Gt SRon SoPRAE NS Aokt BBy (R e resulting
orgar bl L e s SRR kR e AR ST RT G0 T (poLHL T Zate.
and AR o iite” A AR do RS LRic! ol o of 2
crude) G RY LT o S e R g REAEE A 67 edbimy on
si1icg Feu R RHRLE5 5% TR 6ot i depoiRas s B g
- obgoo ol oL { . Tipr (252 o8 om 356 7- 6. B61E)
+-20 (@ A0 %8 ¥ B 76502, 4 a1 1) uor bphen
[ ) but ane- 2, 3-di ol
(Example 29)

1-Chloro-2-(2,5~difluocrophenyl) -3-pivaloyloxybutan-2-ol

A solution of 2,5-difluorophenylmagnesium bromide
prepared from 5.79 g (30.0 mmol) of 2,5-difluorobromobenzene and
0.752 g (31.2 mmol) of magnesium by the same method as that in
Example 3 was cooled to 0°C, and a solution of 3.10 g {(15.0 mmol)
of (R)-1l-chloro-3-pivaloyloxybutan-2-one in 15 mL of toluene was
added dropwise thereto. After the completion of the dropwise

addition, stirring was continued for another 1 hour, and 10 mL

of a saturated aqueous solution of ammonium chloride was added

to stop the reaction. Furthermore, 10 mL of water was added,

and extractionwas performedwithethyl acetate (20mL.x2). After
drying over anhydrous sodiumsulfate, concentrationwas performed

under reduced pressure to obtain a crude product. A quantitative




10

15

20

25

A m xed solution of 0.15 g (0.47 mmol) of
(2R, 3R)-1-chl oro-2-(2, 4-di fl uorophenyl )-3-(3,4,5,6-tet
rahydr o-2H pyran-2-yl oxy)butan-2-ol, 5 nmL of
nmet hanol, and 0.02 g of 25 p-toluenesulfonic acid
nonohydrate was stirred at roomtenperature for 30
m nutes. Concentration was perforned under reduced
anal?é@§%§?&%f@ﬁﬁr@d‘b$}f¥ﬂ@.€ aredugdy, The ¢esil bo@ound was
product 74 was purified by columon silica gel to
obtafhé@iim HvE214 6f ke 28] srrppRUBd) Wbelg) e, column:
(Example 27) 5 (2S, 3R) -1, 2-E oxy-2- (2,
ymc- A3 6k fhaptepbefrkl Byt epc3rel. Acsol Ui 1of phadd g
(4.23 mmol) of (2R "3R) -1-chloro-2- (2,
acetdn i £l vy 9phan. W ot UL ARSr D e d B iy E%flution (pH =

nmet hanol was cooled in 1ce, and 0.91 g (4.65 muol) of

2.5) &=28/0, £36LULEL8 .00  Naphenin, methangl tf\@g@eg%%%%z 30°C,

thereto. The reaction 10 was perforned ours,

deted@Wh 100wla 06 At efeﬁ’@&?&qe@irg&?’iﬁpo hieuf QW%@%R), 13
Then, extraction was performed with 20 nL of et hyl
; t . er 11 Vrh g r hy S, SQ@gLUu ukfate
e L B A RS aden BeLedire®es (@
38, PR3N &7)Cradepredusly THegRr QRUCHEWAS _ 13 5 Hz), 4.20
quantitatively analyzed by HPLC 15 (Under the sane
a, 1hLeimeasunenenlycqadi hong asgt Hogg) i nyE | g316, -
( The title gonpoundq%gs obtaineg ?nﬁg)yiéF%@g? g%-a%' 2H) .
a0kt o ( . 8:q21./19 y 3H, =2 6. ) . :
740 S LI MR R RO €08 o] 58 B R T €2
Hz), $.314.(8,Hk, 4. 1h(& i), 3.5 Jdzha, 618056528, (31 (q,
2H), 7.34-7.39 (m 1H). 20

76

1, J = 6.3 Hz}, 6.99-7.02 (m, 2H), 7.26-7.37 {(m, 1H).

(Example 30)

1,2-Fpoxy-2-(2,5-difluorophenyl)butan-3-ol

A solution of 1.70 g (5.3 mmol) of
l1~chloro-2-(2,5-difluorophenyl) -3- (pivaloyloxy)butan-2-0l
((25,3R)/(2R,3R) = 94/6) in 20 mL of -THF was coole_d to 0°C, and
3.5g (17.8 mmol) of a 28% solution of NaOMe in methanol was added
thereto. The reaction was performed for 5 hours, and 20 mL of
1 M hydrochloric acid was added to stop the reaction. Then,
extractionwasperformedwithethyl acetéte (30mL) . Afterdrying
over anhydrous sodium sulfate; concentration was performed under
reducedpressure toobtainl.51gofacrudeproduct. Theresulting
product was purified by column on silica gel to obtain 0.838 g
of the title compound (yield: 79%) ((2R,3R)/{(28,3R) = 98/2 (the

diastereomeric ratio was measured by HPLC under the same HPLC
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(Example 28) (R)--1-Chloro-3-(tert-but
| oxy) but an-2-one A m xture of 8.00 g (50 mmol) of
methyl (R)-2-(tert-butyl oxy)propionate, 8.74 g (75
77 mol) of sodium 25 chloroacetate, 7.53 g (75 nmol) of
triethylamne, and 200 nL of THE was cooled in ice,
and 93.8 g (150 mml) of a 1.6 Msolution of
measgpeReph CpRfddriesisums Choee deExagradddd d2BpdRs&2 minutes,
thereto over 75 aPeri od of 2 hours. After the
(25, TRhPeniontes) t he HHIGHN (¢6 OaMH izt i @PG1;3)t K2Ry @ALtd:0n . @as (4,
perfornmed at roomtenperature for another 2 hours,
3H, & tre or-éaliEgl) on2s8PuflenliasT codl €d Hm . Ge 3dgdidn. 1Bhed, = 5.1
20 nL of concentrated hydrochloric acid was added
Hz) , thdi%etld, Hhd & GHB3eqbeABHY . 000(mL i) et’hyl4-Jcétats, 1H) .
was added. Stirring was perfornmed at roomtenperature
for 1 hour. Then, the resulting organic |ayer was
separated, dried over anhydrous sodiumsulfate, 10 and
con@sampdiced Winder reduced pressure to obtain 7.35 g
of a crude product. The resulting product was _
1-Chlnrg {3 e {4 of Biprophenyli ed-dbertobubyaonybb86ag-af-ol
the title conmpound (yield: 8026) . 1H NVR (400 MHz,
CDBL3PletipmpH $. 309 g 235wkl BHHEI = 6.6 Hz)
4.20 (g, 1H, J = 6.6 Hz), 5.50 (s, 2H). (Exanple 29) _
(R) - sl agi oy oty it Yl dxybbet aen2t png- ihval ofl of THF was
but an-2-ol A solution of 2,5-difl uorophenyl magnesi um
cooleast ¢ 0 C.prasphred fiilbni 3. ool Boof 0anfiobp Wf spiution of
' 5-di fl uor obr ombbenzene and 0.759 g (31.2 mmol ) of
2, 4 - O g QR sy o resumiriesd desprapered by the same method

as that in Example 3 was added dropwise thereto over a period
of 5 minutes. After the completion of the dropwise addition,
stirring was continued for another 1 hour, and 10 mL of 2 saturated
aqueous solution of ammonium chloride was added to stop the
reaction. Furthermore, 10 mL of water was added, and extraction
was performed with ethyl acetate (20 mL x 2). After drying over
anhydrous sodium sulfate, and concentration was performed under
reduced pressure to obtain 0.489 g of an oil. The resulting oil
was purified by column on silica gel to obtain 0.34 g of the title
compound (yield: 58%) ((28,3R)/(2R,3R) = 59/41) (the
diastereomeric ratio was measured by HPLC; HPLC conditioms,
column: YMC-A302 maﬁufactured by ¥YMC Co. Ltd., mobile phase:
acetonitrile/20 mM (potassium) phosphate buffer solution (pH =
2.5} = 6/4, flow rate: 1.0 mL/min, column temperature: 30°C,
detector: UV 210 nm, retention time: 8 minutes (2R, 3R), 9 minutes

(28,3R)). *H-NMR (400MHz, CDC1l;) &: 1.15-1.48 {m, 12H), 3.55-4.31
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Exanple 3 was cooled to OC, and a solution of 3.10 g
(15.0 mmol ) 20 of
(R) - 1- chl or o- 3- pi val oyl oxybut an-2-one in 15 nL of
78 toluene was added dropwi se thereto. After the
conpl etion of the dropwi se addition, stirring was
conti nued for another 1 hour, and 10 nL of a
(m, 3k ubat’dd cadlebis 1801 ubi- 84 -6f SAnkdnilEh.cht 6P de 7hatn, 1H) .
added to stop the reaction. Furthernore, 10 niL of
wat er was added, 25 and extraction was perfornmed wth
ethyl acetate (2 0 nL x 2) . After drying over
anhVE8¥dR8 18082 Um sul f ate, concentration was perfornmed
under reduced pressure to obtain a.crude product. A
(ZR,aﬁthrﬂanﬁvBlfgumr§@hmﬂm%i1ﬁ*m§thyk;%11taHnﬁma,%ﬁtriazol
1-chloro-2-- (2,5-difluorophenyl) -3-
Z1-viprebhudi exgyBnean- 2-ol  ((2S, 3R) / (2R 3R) = 94/6)
in 20 nL of THE was cooled to 0 C, and 3.5 g (17.8
Mo 3T & -23- 9. (50l sl Jop ENaeBuh et ke dlé Okasontent)
added 20 _thereto. The reaction was perforned for 5
was HeERpeNdRARRG Ml of DMRV Bydr 66k oefelaéhngd auspension was
added' to stop the reaction. Then, extraction was
cooledriBried- wik PetHiioncefafe5239 (R)19 mmpdd @fying .
over anhydrous sodi um sul fate, concentration was
(2R, 3R}t brpelotader (2r éddéédprasopheayilo buseaior 21, FBiploing mL
crude product. The resulting 25 product was purified
of DMy wag| aARedri-hgrete gad s6ispiaonvas g8 fpretdtinr 1 hour.
tit]e conpound (yield: 7926; ( (2R, 3R) / (2S, 3R =
A sogionpk O gbhstefdofBr MBOLat P& was neasured by HPLC
under the same HPLC 10 analysis was _performed by HPLC
1- (PRl ueRe s hecRy ] ol cAnpotRdarade aBEh &l I 0 88 amgl) of
. _of 63-0 ,%é(zs 3R) / (2R, 3R) = 94/6) (HPLC, colum:
triazgye Ash3 Wi RMFLFEE BYdsfic 2 thegreagsiione sphasdon was

stirred at 60°C for 3 hours. Then, the resulting solution was

cooled to room temperature, and 10 mL of water was added to stop.
the'reaction. The resulting product was extracted with ethyl
acetate(20rm3x2),éndconcentrationwasperformedunderreduced
bPressure. A quantitative analysis was performed by HPLC.
Thereby, the title compound was obtained in a yield of 43% (HPLC
conditions, column: CAPCELL PAK C18 TYPE MG manufactured by
Shiseido Co. Ltd., mobile phase: acetonitrile/zo mM (potassium)

phosphatebuffersolution(pH==2.5)=2/8,flowrate:1.DmL/mhL

‘column temperature: 30°C, detector: UV 210 nm, retention time:

37 minutes). 'H-NMR (400 MHz, CDCl.) &: 1.64 (d, 2H, J = 5.6 Hz),
3.19 (g, 1H, J = 5.6 Hz), 4.42 (d, 1H, J = 14.6 Hz), 4.87 (d,
1H, J = 14.6 Hz), 6.69-6.80 (m, 2H), 6.98-7.03 {(m, 1H), 7.81 (s,

1H), 7.98 (s, 1H).
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acetonitrile/ 20 mM (potassi um phosphate buffer
solution (pH= 2.5) =6/4, flowrate: 1.0 nL/ m n,
colum tenperature: 30C, detector: W210 nm
79 retention tinme: 17.0 mnutes (2S,3R), 13 mnutes (2R
3R)) . "H NWR (400 MHz, CDC13) (2S, 3R) S 1.07 (d,
3H, J =6.3 Hz), 1.24 (s, 9H), 3.86 (d, 1H, J = 11.5
Hz), 4.20 (d, 1H, 11.5 Hz), 5.42 (q, 1H, J = 6.3 Hz),
7..00-7.03 (m 2H), 7.40-7 .44 (m 1H) ; (2R 3R) 5 :
1. OFEfample9?y), 1.58 (d, 3H, J =6 .3 Hz) , 3.91
(d, 1H, J = 11. 5 Hz) , 4.28 (d, 1H, 11.5 Hz) , 5.31
3,4-TprxydH; (J,5-8i81Hpyoph6n9d) 720Retmy 12t an -4.-23- 7. 37
(m 1H). (Exanple 30) 15
1, 2 Epdotibn 205-di 6 uer ophenyhpbut af- 3-ol 77 10
measurenent conditions as those in Exanple 10, (2R
(S) - BRhB2rot huheshyl ¢ 2Spi3R) oFDokibut-as)- 2.-ond WNR4(ABO0cFf THE
MHz, CDCl1l3) (2R, 3R) 5: 1.70 (d, 3H, J = 6.6 Hz),
was @Qdkd do lHC,) and. 4. HaL B 34 el LHbfJa 0584 MHEYlution
4.17 (q, 1H, 6.6 Hz) , 6.98-7.00 (m 2H) , 7.14-7.26
of 2 (Mmdifuocr¢ixanpleadiysiu@hbecnide (Zedatict] wor apReBame
) -3- (tert-but lox ) butan-2--01 A solution of
methdl 385 tha(t2.{h Mma)pbd 3 was added dropwise thereto over a
(R)-1-chloro-3-(tert-butyl oxy)butan-2-one in 5 niL of
periciHEL Gasi nuoed ed Afit QG handmB 13 thon( fhemebpwifsetaddHBion,
M solution of 2,4-difluorophenyl magnesi um brom de
stirpmgpaeedcbytihmesafernehboberas hdwat, i10 baspl € shtwsated
added dropw se thereto over a period of 5 m nutes.
aqueoafs ero ttiel aonpf edmoonbfimt tlel drbgei sesaddidtdone stop the
stirring was continued for another 1 hour, and 10 niL
reactgfora sItutiieethore, 10 mL of water was added, and extraction

was performed with ethyl acetate (20 mL x 2). After drying over
anhydrous sodium sulfate, concentration was performed under
reducedpressure toobtaina crude product. Theresultingproduct
was purified by column on silica gel to obtaiﬁ 0.50 g of
l-chloro-2-(2,5-diflucrophenyl) -3-methyl-4-pivaloyloxybutan-
2-0l as a diastereomeric mixture (yield: 50%) ((2S,38): (2R, 38)
= 72:28) (HPLC, column: YMC-A302 manufactured by YMC Co. Ltd.,
mobile phase: acetonitrile/20 mM (potassium) phosphate buffer

solution (pH = 2.5) = 6/4, flow rate: 1.0 mL/min, column

temperature: 30°C, detector: UV210 nm, retentiontime: 18 minutes

(25,38), 20 minutes (2R,38)). The resulting compound was
disgolved in 10 mL of THF, and 1.02 g (5.25 mmol) of a 28% solution
of NaOMe in methanol was added thereto under ice cooling. The

reaction was performed for 5 hours. A reaction product was

“extracted with ethyl acetate (10 mL x 2). After drying over
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15 aqueous sol ution of ammoni um chl ori de was added to
stop the reaction. Furthernore, 10 nL of water was
added, and extraction was performed with ethyl
acetate (20 nL x 2) . After drying over anhydrous
sodi um sul fate, and concentrati on was performed under
reduced pressure to obtain 0.489 g of an oil. The
anhydesukt 56gioml s20fuas , pubntiead riy el Wik Qe Fidried dflder
to obtain 0. 34 g of the title conpound (yield: 58%

redu¢é@Pred3Burk {ERt3Rh scbidbodube . dirastIROMHLoroduct
rati o was neasured by HPLC, HPLC conditions, colum:

was PUMI-FARQPhredwil @ed wredi by c¥Me oo b€l inPbid &P@ﬁ%-tltle
acetonitrile/ 20 nmM (pot assi um phosphate buf

compS@hdt (Yhe (@H €8 2. Mprc 6/ dol1dh@W Yt e43d2 Omgfﬂﬁf@t@tured by
col umm t enper at ure: 30C, detector: W210 nm

YMC d®! entdON HmoPEle SpAhBHL eﬁcé@&u%@lle/%Omxriwt(‘i}%ta(s%%um)
3R) ) . 1H NVR (400 Mz, CDCL3) S 1.15-1.48°(m 12H)

phosphaXe PoFferddo V8t { Hh %J@ =2 65)77- H/BO£0 By ﬂé.'ﬁez 1. OmL/mln
6.91-6.93 (m 1H) . 7. 69--7.71 (m" 1H) (Exanple 32)

colur? Re¥perZrtiZs @Cfdclorci@ﬂé@tdr) @TV”Qtlh nm, retention time:
l-2-1(1H 1, 2, 4- triazol 5 -1- yl) methyl. ] oxirane

80

17 mikLesk, (@Rz:isg, (% dOnivek) (24, $Od) UmlﬁVﬁMRd@Lé@@@I‘zl CDC1,)

content) was suspended in 3’ L of DMF, and the

(2R, J@Stﬂtlon@ﬁqape@ﬁ' o wag, GCQQ; edzi Bsi %8; 1 fHSObuI'@ns aiz) ,

3 g (219 nnDI) of (2R’ 3R)'-1-chloro-

2.88 4ddlﬁHuouaphﬁnymh)bueaaarxay_ﬁH,erl4.@ ﬁzUL éQsQf (&Vg,
was added thereto, and stirring was perforned for 1

J = 61QuEz) Aesgditd gy ofp 0. z@fb 9 1 2 B85 ! )mOflﬂy 5(28:38) 8
(ptoluenesulfonyl) -- 2, 4 triazole and 0.06 g

1.27 ((d.,88HMDI) &fs H=Ni, aaotLa (g, 31m} of= B\VE was ,addegi, (@nkH,
the reaction solution was

J =4.4 Hz), 3.17 (d, 1H, J = 4.4 Hz), 3.60 (4, 2H, J = 5.9 Hz),

6.99-7.01 (m, 2H), 7.13-7.17 (m, 1H).

(Example 34)

3-(2,5-Difluorophenyl} -2-methyl-4-[1-(1,2,4-triazolyl)]~1,3~

butanediol

The reaction of 0.44 g (2.1 mmol) of

3,4-epoxy-3-(2,5-difluorophenyl) ~-2-methylbutan-1l-ol

- ((28,38) : (2R,38) = 72:28), 0.21 g (3.0 mmol) of 1,2,4-triazole,

0.83 g (6.0 mmol) of potassium carbonate, and 10 mL of DMSO was
performed at 80°C for 2 hours. A reaction product was extracted
with ethyl acetate (10mL x 2). After dryingover anhydrous sodium
sulfate, concentration was performed under reduced pressure to
obtain a crude product. The resulting product was purified by

column on silica gel toobtain 0.49 gof the title compound (yield:
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stirred at 60C for 3 hours. Then, the resulting
sol ution was 15 cooled to roomtenperature, and 10 ni
of water was added to stop the reaction. The resulting

‘g1 product was extracted with ethyl acetate (20 nL x 2)

, and concentration was perfornmed under reduced

pressure. A quantitative analysis was perfornmed by

83%) HRLES , TBerdRR,, 3tshe =t i70l/6 odonfHRIny, waslwoht ained 430 2
yield of 43 a (HPLC 20 conditions, colum: CAPCELL PAK

manuCi8tT¥PE Mp Mt ufactiwded ywbiSki seiade :Cacetbdi rranki/loe mM
phase: acetonitrile/20 mM (potassium phosphate

(potbséien) sdladplont pHf fe2.d)Lut 268, (phl 0w, pate3 /%, Elow rate:
m./mn, colum tenperature: 30C, detector: W210 nm

1.0 mBkfehhj onoliumm: tedpebhutres) 3,0 °d} NERSARR Mda; GRCLR,
& 1.64 (d, 3H J =5.6 Hz) , 25 3.19 (q, 1H, J =5.G
retehzjondt #Re { d6 mihutes (& Bdk), 8 hilhiddel (28338} = 14u6NMR
Hz) , 6.69-6.80 (m 2H) , 6.98-7.03 (m 1H) , 7.81 (s,
(400 Mz, €8 ,0S,(28tBs)78: (Exaeml@, 33, F 4 E.0Xuz), 2.36-2.42
-3-(2,5-difluoro henyl)-2-nethyl butan-1-ol A solution
(m, a) 0.36&8r.3H0 (mobH)of 4556 (d, 1H, T = 13.9 Hz), 4.87 (d,
(S)-1-chl oro-3-net hyl -4-pi val oyl oxybut an-2-one in 4 nL

2H, Dok THE Hrxwas .aool(ed 1R) 0G . amds 399 i, €8)3 mob) 7ofi7a(m,
0.86 Msolution of 2,5-difluorophenyl magnesi um

1H) , bm,ore de prEparedoby(4 hamame2rreidiod . ag. g¢batg) ke, g = 7.1
Exanpl e 3 was added dropwi se thereto over a period of

Hz), R A5 57 Hif etHY hes conpd eb4 on1ief bhe) dropsaser, 1H, J =
addition, stirring was continued for another 1 hour,

5.6 HEO m4 of @&lsatiy at ed llaquebxs, sdl vt i of, ofH argoni wn 1 Hz) ,
chl ori de was added to stop the

4.98 (d, 1H, J=2.14 (g, 1H, J=6.6 Hz), 5.37 (s, 1H), 6.85-6.97

(m, 2H), 7.12-7.17 {(m, 1H), 7,26 (s, 1H), 7.90 (s, 1H).

(Production Example 1)

(2R, 38)-2-(2,4-Difluorophenyl) -3-methyl-2-[(1H-1,2,4-triazol

-l-yl)methyl] oxirane

A solution of 0.25 g (1.25 mfnoi) of

(2R,3R) -1,2-epoxy-2-(2,4-difluorophenyl)butan-3-ol
{(2R,3R)/(28,3R}) = 90/10)/0.19 mL (1.37 mmol) of
triethylamine/2.5 mL of methylene chloride was cooled in ice,
and 0.11 mL (1.37 mmol) of methanesulfonyl chloride was added
thereto. The reaction was performed for 2 hours, and 10 mL of
asaturatedaqueous solutionof sodiumhydrogencarbonate was added
tostopthereaction. Extractionwasperformedwithethyl acetate -
(20 mL x 2). After dfying over anhydrous sodium sulfate,

concentration was performed under reduced pressure to obtain 0.35
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reaction. Furthernore, 10 nL of water was added, and
extraction was perfornmed with ethyl acetate (20 nL X
2) . After drying over anhydrous sodium sulfate,
g2 concentration was performed under 15 reduced pressure
to obtain a crude product. The resulting product was
purified by colum on silica gel to obtain 0.50 g of
g of j1aghPdte- 2- (2, 5-di f| uor ophenyl ) - 3- net hyl - 4- pi val oyl oxy
butan- 2.01 as a diastereonmeric mxture '(yield: 5026)
(( 2xB3SP - 13( gR(3 38F mmo¥p g podipmChydeliden {6 ¥ AB0Rnt )
manuf actured by YMC Co. Ltd., 20 nobile phase:
was Hnegried iire/[l20InvE p¥Fasshdnyhehosphit éngushispension was
solution (pH = 2.5 =6/4, flowrate: 1.0 nL/mn,
cooledimnice t efff@rat areel@on ddt @ci DG (Y 250mmyl Y efamiample
. time: 18 mnutes (2S,39), 20 n1putes (2R, 3S)). The
in 3 mesef My wvesnpedad Wasreto s sold/ ¢liei mehOtionoka e T Zomhed
1.02 g (5.25 mmol ) of a 28-06 solution 25 of NaOwe in
for Imét henok .wad sefdetioher£t® Andeefi che coobvagdedteibed oil
. reaction was perforned for 5 hours. A reaction product
in 3 wWasof SR weserldpdhteehgto acetdatbe( t0ank ivn2yas Afdwformed
dryi ng over 80 anhydrous sodi um sul fate, concentration
at rogistpapesphudeuider2 hedueethdtéssurpes 66°6bfairn3 a5 hours.
crude product. The resulting product was purified by
Then,c§l vhrrh@ setisatgsl agueoisasnl 0f 28ngobfamhentun |diloride
compound (yield: 880) (HPLC, colum:.YMC A302
was aggdaditretppdivy reavMd a@o. anddextrrtilen pleasperformed with
acetonitrilel/20 nwlﬂggtassiun) 10 15 phosphate buffer
30 mIsgEutPbreRpH ADtey drping dvenyardtedrdud sodidm sulfate,

colum tenperature: 30C, detector: W210 nm retention
concentgsitionwas performed under reduced pressure toobtain 0.284

gofyellowcrystals. Theresultingproductwaspurifiedbycdlumn
on silica gel to obtain 0.1892 g of the title compound as whité
crystals (yield: 63%) ((2R,38)/(28,38) = 90/10 (the
diastereomeric ratio was measured by HPLC; HPLC conditions,
column: CAPCELL PAK C18 TYPE MG manufactured by Shiseido Co. Ltd.,
mobile phase: acetonitrile/20 mM (potassium) phosphate buffer
solution (pH = 2.5) = 2/8, flow rate: 1.0 mL/min, column
temperature:30°c,detector:UVZlOnm,retentioﬁtime:37minutes
(2R, 38), 41 minutes (28,38))).

Next, 0.170 g of the white crystals was suspended in 2
mL of hexane, and ethyl acetate was gradually added until the
crystals were completely dissolved at 50°C. The resulting
solution was left to cool to room temperature, and stirring was
continued for 3 hours. Precipitated white crystals were

filtrated to obtain the (2R,38) diasterecomer {0.07 g) .
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17 mnutes (2R 3S) , 18 mnutes (2S, 3S)) . 'HNW
(400 MHz, CDC13) (2R 3S) 8: 0.97 (d, 3H, J 6.6 Hz
= 4.4

2.25 (g, 1H, J = 6.6 Hz), 2.88 (d, 1H J 4.4 Hz) ,
83 3 .21 (d, 1H, J = 4.4 Hz) , 3.51 (d, 2H, J =6.1
Hz), 6.99-7.01 (m 2H), 7.13-7.17 (m 1H); (2S,3S) 8:
1.27 (d, 3H J =6.6 Hz) , 2.14 (q, 1H J = 6.6 Hz) ,
2.83 (d, 2H, J=4.4Hz), 3.17 (d, 1H J 4.4Hz), 3.60
(d, 2H, J= 5.9Hz), 6.99-7.01 (m 2H), 7.13-7.17 (m
1I—|)(P1(<§<‘é%3r%“3%’}a@3(? 2L Difl uoro
henyl )-2-nmethyl -4-[1-(1, 2,4-triazolyl)1
(2R, 31 .)rzq%mzn& ¢h£1waﬁaaphﬂmfé9 ~@ -netiyvis 2t [rfﬁ-"é]i llrc%‘ dgriazol
, 4-ep ﬁ/-s,(z 5-di f | uor ophenyl ) - 2- net hyl but an- I - 01
~1- YJ()(TﬁﬂithYé OX1Y3Re 3S) = 72:28), 0.21 g (3.0 nmol) of 1,

2 4tr|azole 0.83 g (6.0 mmol ) of potassium
caPhGR LG PA OO0 oF CRBOP waBOlhepforned at 8 0 C
for 2 hours. A reaction product was extracted wth
(2R, )yt Zeepare-£1602 nt- Qlﬁguorﬂph@ﬂyaﬁyuﬁgno@epl
anhydrous sodi um 25 sul fate, concentration was
( (2R 3R /ot AP RhdeP 3/ ddGd8d 9p¥ e6k1f ampd) @bt e thykanne/150
roduct. The resulting product was purified by colum
mL Ol‘gﬁ%ﬁw% ¥Rt rbdialn bege gnéf 12hé i t{Le8camedunet
(yield: 81 83a) ((2S, BSa%QZR 38) = 70/ 30) (HPLC,
metha&gw VR CRIOE L deatiap SYNEaES Lo ¥as nRpiaRned
hase: acetonitrile/20 nM (pot aSSI um phosphat e
for 2be’i‘lé"rs -solFifPeon3Pprl 0B water yys Fddndr & Sllbﬁﬁquently
nmL/ m n, column tenperature: 30C, det ector UV 210 nm
50 m15 Orfe P& BB TS0 A tHigTuteds Rotgssigm hgirpridesgprdded
"@H)) " H NVR 400 I\/Hz CDC13) (2S,3S) 5: 1.36 (d,
to s tjle_ r@agztﬂﬂn Fheg oz:g,gfa.znc phase was separated, dried

over anhydrous sodium sulfate, and concentrated under reduced
pressure to obtain 32.07 g of an oil.
A mixture of 4.2 g (21.6 mmol) of a 28% solution of NaOMe

in methanol, 1.5 g (21.6 mmol) of triazole, and 16 mL of DMF was

- stirred at room temperature for 1 hour, and a solution of 5.0

g (18.0 mmol) of the above-described mesylate in 19 mL of DMF
was added thereto at a time. The reaction was performed at 60°C
for 7 hours. The resulting reaction solution was cooled to 0°C,
and 90 mL of water was added dropwise to stop the reaction. Then,
90 mL of toluene was added. The organic phase was separated,
and the aqueous phase was extracted with 90 mL of toluene again.
The resulting toluene phases were combined, washed with 90 mL
of wafc'er, dried ovér anhydrous sodium sulfate, and concentrated
under reduced pressure to obtain 4.776 g of yellow crystals. The

resulting compound was analyzed by HPLC. Thereby, 3.17 g of the




(m 2H) , 3.48-3.57 (m 2H) , 4.5G (d, 1H, J = 13.9
Hz) , 4.87 (d, 2H, J 13.9 Hz) , 5.19 (s, 1H ,
6.85-6.97 (m 2H) , 7.12-7.17 (m 1H) , 7,2G (s, 1H)
84 , 7.90 (s, 1H) ; (2R 3S) 8: 0.86 (d, 3H J =7. 1 10
Hz), 2.35-2.37 (m 1H), 3.51-3.54 (IH, brs), 3.84 (t,
iH J 5.6 H), 4.0 (d, 1H_ J = 11.2 Hz), 477(d 1H,
titlg cemppundpps oktagned (vikeld: Z1%) 142,39+ (2S:38) & 92/8
Hz) , 5.37 (s, 1H)., 6.85--6.97 (m 2H), 7.12-7.17
(the (haserequerst ¢ ¢atik) vag mgeqused Hy HAEC { BPsducondht ions,
Exanple 1) (2R, 3S)-2-(2,4-Di fluorophen |)-3-neth
COlUmﬂz-C{A(HCIELﬂx PAK er& H¥BE MG nayhfaethyefdri shheedo Co. Ltd.
solution of 0.25 él 25 mol ) of
mobiloRlzRye: 1agebpokyr21e224- Iqungt@phenmv)plmcpaphatelbuffer
20 ((2R, 3R) / (2S, 3R) = 90/10) /0.19 nL (21.37 mmol)
5 SOlU’@iOJtlH(EthI anbheF2238nl fobwnekld:erde iclgmige waslumn
cooled inice, and 0.11 nL (1.37 mmol) of
tempep hanes @IOP@}ydie’@mmr d&Wak0 audetktarisiat pimEhe 7 minutes
reaction was perforned for 2 hours, and 10 nL of a
(2R, 33k ur4t edingbesus260B8t i on of sodi um hydrogencar bonat e
was added 25 to stop the reaction. Extraction was
performed with ethyl acetate (20 nmL x 2). After
dryi ng over anhydrous sodium sul fate, concentration
‘ ms(PG@@QﬂWLEWPl%Ombed pressure to obtain 0.35 82
of an oil. Next, 0.13 g (3.55 mmol) of sodium
10 (2R, 3ﬁ&h3d62I%GDlélu@@ﬁPbﬁnyl)mésm§M§wén@ed(aﬁ -1, doftriazol
DI\/F and the'resulting suspension was cooled in ice.
-1-yihesthyl ke iFema of 0.29 g (4.15 mml) of triazole 5

in 3 nL of DMF was added thereto, and the reaction was
peff Grfsd-ion of 27.2 g (135.7 mmol) of

(2R, 3R) -1, 2-epoxy-2-(2, S—difluorophenyl)bﬁtan~3—ol
((2R,3R)/(28,3R) =93/7)/17.9g (176.4mmol) of triethylamine/225
15 mL 'of toluene was ‘cooled in ice, and 20.3 g (176.4 mmol) of
methanesulfonyl chlroride was added thereto. The reactidn was .
- performed 2 hours. Then, 46 mL of water was added thereto, and
subsequently 80 mL of a' 5% agqueous solution of potassiumhydroxide
was added to stop ‘the reaction. The organic phase was separated,
- 20 dried over anhydrous sodium sulfate, and concentrated under
reduced pressure to obtain 47.9 g of an oil.

A mixture of 29.8 g (154.5 mmol)} of a 28% solution of NaOMe
in methanol, 10.7 g (154.5 mmol) of triazole, and 111 mL of DMF
was stirred at room temperature for 1 hour, and a solution of

25  47.9 g of the above—described crude mesylate in 134 mL of DMF
was added at a time. The reaction waé performed at 60°C for 4

~hours. Then, the resulting reaction solution was cooled to 0°C,
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for 1.5 hours. A solution of 0.35 g of the
above-described oil in 3 nL of DMF was added thereto,
and the reaction was perforned at roomtenperature

g5 for 2 hours and then at 50C for 3.5 hours. Then, 5 nL
of a saturated aqueous sol ution of anmonium chl oride
10 was added to stop the reaction, and extraction was

and egériilopifeth vt WasGddedfiropiere; o Atvertitr yergtéver. Next,
anhydrous sodi um sul fate, concentration was perforned

900 mindértolbthreedapr eddade drol cheabng@n8phapoivapetdparated.
crystals. The resulting product was purified by colum

The apusdths qehayed was odbtlarac0ed89igh o0 hel.tof | fotoapeungain.
as white 15 crystals (yield: 63% ((2R, 3S) / (2s,

The Bul oy I l(udre ditestey emrer icomnbdnied , Was. sineds wi.et B0 mL
HPLC, HPLC conditions, colum: CAPCELL PAK C18 TYPE

of waMBmudufadtoved dnhy8hices dodimm kEud fatenphhbec@haset rated
acetonitrile/20 nmM (potassi um phosphate buffer

undes glegivicend ppeissuebjo oiitf8in Blow gaifeyell@wnttpehals .. The
columm 20 tenperature. 30 C, detector : t]V 210 nm

resulistmnticopaundewa s 3nal nee¢@ oy EPRCI3S) Thdtebynuz@s4 g of the
(2S5,3S))). .Next, 0.170 g of the white crystals was

titlsogopprded vas phtrlirefd Hgtadd,: ang) dt(RR, et (P, I@Ms = 93/7
gradual | y added until the «crystals were conpletely

(the diisstkbredmatr 180Gt Thavaenebtungddsy SHIN;i BRLGason@&ftions,
to 'cool to roomtenperature, and stirring was

colungonCAROBULIRHK G1AGEE MPmeoipidateckdbiyt$h tsgsdalCs . Lid. ,
were filtrated to obtain the (2R, 3S) di astereoner

mobile) phasg):. a8 tPridduicte O30 Eanfilaca®sium) phosphate buffex
(2R 3S)-2-(2,4-difl.uoro henyl)=-3-neth

solutiicon [(EEHA, 2, %- t¥i 306l flawyrdpet hil Porivane, column

temperature: 30°C, detector: UV210nm, retentiontime: 14 minutes
(2R, 38), 15 minutes (2§,38))). H-NMR (400 MHz, CDC1l,) 8: 1.64
(d, 3H, J = 5.6 Hz), 3.20 (g, 1H, J = 5.6 Hz), 4.42 (4, 1H, J
=14.6Hz), 4.97 (d, 1H, J=14.6Hz), 6.76-6.80 hn,lH),6.91—6.99

(m, 2H), 7.83 (s, 1H), 7.98 (s, 1H).

(Production Example 4)

(2R, 38) -3- (tert-Butyldimethylsilyloxy) -2-(2,4-difluorophenyl

)-1-(1H-1,2,4-triazol-1-yl)butan-2-0l

To a solution of 0.22 g (5.4 mmol) of sodium hydride (60%
c_ontent) in 3 mL of DMF was added 0.37 g (5.4 mmol) of triazole.
Furthermore, a solution of 0.63 g (1.8 mmol) of
{2R,35)-1-chloro-2-(2,4-difluorophenyl) -3- (tert-butyldimethy
lesilyloxy)butan-2-0l in 10 mL of DMF was added thereto. The

resulting reaction mixture was stirred at room temperature for




15

20

25

5 A solution of 18.0 g (90.0 mml) of 10 (2R, 3R -I,
2-epoxy-2- (2, 4-difluorophenyl) butan-3-ol ((2R 3R
/ (2S, 3R) =93/7) /10.9 g (108 mmol) of
triethylamne/150 nL of toluene was cooled in ice,
and 12.4 g (108 nmmol ) of nethanesul fonyl chloride was
added. The reaction was perfornmed for 2 hours. Then,

2 hodfs Mndfheai ar pescatisediz apthrsubsgauent Ly mp®ivadler was
50 aqueous sol ution of potassi um hydroxi de was added

86

~ addetiotst opop hehe epskbeNonThenar eapi-acphasewuBspseparabadwith

dried over anhydrous sodium sulfate, and concentrated

ethylader atedUTeaL) Or eAsHs e d® 10kl G ér 32hYErdulisci @ bulfate,
15 A mxture of 4.2 g (21.6 mmol ) of a 28-0. solution

conceht NaOMBn rfls NBd hedehed hubidr (i dAive Rfudd ikazeb@ain a

and 16 nL of DVF was stirred at roomtenperature for

crudd pgr@ductind Thes leldti1 @A nef pPoluct ¥38 PufiPidd ¥y EB&umn on
above-described nesylate in 19 nL of DM was added

sili¢defel @abbalin® . 18THeof aard itah Masopgoheumedial 36026%) |
20 for 7 hours. The resulting reaction solution was

*H-NMEOQked 9z 0GpeaNds 90 Mo ofs Wakier wagsagded -4nopw 56 (4q,
to stop the reaction. Then, 90 nL of toluene was

1H, @Rdded.o,The omgani a phase, was, separ at adyz)and. she(q, 1m, o
aqueous phase was extracted with 90 nL of toluene

= 1.4@)n. 6.81eg.e5ul d,ngH)Ql vene-phasegmveng)conbiyneds, 1x),
washed with 90 nL 25 of water, dried over anhydrous

7.96 st urH)sul fate, and concentrated under reduced
pressure to obtain 4. 776 g of yellow crystals. The
r eqPlrioidng: tie @seghpyes snal yzed by HPLC. Thereby, 3.17
g of ther. 84

(2R,38) -2~ (2, 4-Diflucrophenyl) -

1-(1H-1,2,4-triazol-1-vl)butane-2,3-diol |

To a solution of 0.10 g of
(2R, 38) -3- (tert-butyldimethfy‘lsilyloxy) -2-(2,4-difluocrophenyl
)-1-(1E~1,2,4-triazol-1l-yl)butan~-2-0l in 1 mL of THF was added
0.3 mL of TBAF (1 M) at room temperature. Stirring was performed
at room temperature for 3.5 hours, and 5 mL of water was added
thereto. Then, extraction was performed with ethyl acetate (30
mL) . After drying over anhydrous sodium sulfate, concentration
was performed under reduced pressure to obﬁain a crude product.
The resulting product was purified by column on gilica gel to
cbtain 0.61 g of the title compound (yield: 87%). YH-NMR (400
MHz, CDCl;) &: 0.97 (4, 3H, J = 6.3 Hz), 4.31 (g, 1H, JT = 6.3

Hz), 4.79-4.82 (m, 2H), 6.67-6.81 (m, 2H), 7.32-7.38 {(m, 1H),

7.72 (8, 1H), 7.93 (s, 1H).




title conpound was obtained (yield: 71a) ((2R, 3S) /
(2S, 3S) = 92/8 (the diastereoneric ratio was
nmeasured by HPLC, HPLC conditions, colunm : CAPCELL
87 PAK C18 TYPE M5 manufactured by Shiseido Co. Ltd.
nobi | e phase: acetonitrile/ 20 mM (potassi un) phosphate
buffer solution (pH=2.5) =2/8, flowrate: 1.0
nm./ mn, colum tenperature: 300C, detector: W210
nmretention time: 37 mnutes (2R 3S) , 41 minutes
Indupprigd) Pppdpeaiiétiton Exanple 3) 10 (2R 3S) -2- (2,
5-Difluoro hen 1) -3-neth |-2-- [ (1H1, 2, 4-triazo
- 1-3 ) et ewmgd bat ¢ aher Aaserigiohe odnik¥fongal 185e7t can be
mmol ) of (2R 3R) --1, 2-epoxy-2- (2,
prodgcgdf PrioprBphefyErrialdy- 3adk pPrRResERthaf 28n 3R) easily
93/7) /17. 9 g (176.4 mmol) of triethylam ne/225 15
opergatedfifen daexpsns iotdledvin lebde nate20aldsg (BIZBtHermore,
mol ) of met hanesul fonyl chloride was added thereto.
an oHheCabh¥t RohlVaserparf odeetic2 Hemiyatiiiven usagul asf an
wat er was added thereto, and subsequently 80 nL of a

- intexuedireouiosol fioForxanppet apbrumekpitdxads swadh added

. to stop the reaction. The organic phase was separ at ed,
antifyngrl egigener canhpdr pusdsedium Bul $4ddétiand an optically
. concentrated under reduced pressure to obtain 47.9 ¢
actiyg hghobyRrip dandniftel o segviggg g andmpenpait) infermediate
280W sol ution of NaOwve in nethanol, 10.7 g (154.5

for thi|grefytaieclkel, dandvativel can bvFprarddstirred at
. roomtenperature for 1 hour, and a solution of 25 47.9
g of the above-described crude nmesylate in 134 nL of
DMF was added at a tinme. The reaction was perforned
at 60C for 4 hours. Then, the resulting reaction
solution was cooled to OC,
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85 and 650 nL of water was added dropwi se to stop the
reaction. Next, 900 nL of toluene was added, and the
organi ¢ phase was separated. The agqueous phase was
gg extracted with 900 nL of toluene again. The resulting
t ol uene phases were conbi ned, washed with 650 nL 5 of
wat er, dried over anhydrous sodiumsulfate, and
concentrated 10 under reduced pressure to obtain 34.3
g of yellow crystals. The resulting conpound was
CLAIM®al yzed by HPLC. Thereby, 26.4 g of the title
conpound was obtained (yield: 82-'.) ((2R 3S) / (2S,
3S) = 93/7 (the diastereoneric ratio was neasured by
HPLC,” HPLC condi tions, colum: CAPCELL PAK C18 TYPE
1. M5 punaéast ioedpdndiBhiseisdo ogd.idatldy, acimiel epphgsalcohol
acetonitrile/ 20 nM (pot assi un) phosphate buffer
deriwotiveé oneppebented) by Gbherblloworatiéa 11@)nl/ m n,
colum tenperature: 30C, detector: W210 nm retention
time:; 14 mnutes (2R 3S) , 15 mnutes (2S, 39)))
(400 MHz, CDC13) 8: 1.64 15 (d, 3H, J = 5.6
3:520 (q, 1H J = 5.6 Hz), 4.42 (d, 1H, J 14.6
7 (d, &D ) = 14 6 Hz) , 6.76-6.80 (m 1H)
. (m 2 "7.83 (s, 1H), 7.98 (s, 1H).
(Pr t|on Exanple 4) 20 (2R, 3S)-3-(tert-But
| di met hyl silyl oxy)--2-(2,4-difluorohea |
)-1-(1H1,2,4-triazol -1-yl)butan-2-o0l To a solution
(whensfir0AZ2 ngpis séninsod Jsudfs tsidtinad by dwi s (16081 e Rewtl) group
in 3 nL of DM was added 0.37 g (5.4 mmol ) of
having jGaiet &0 Ruhdrerioms; andlesdlombi*D.8681 g 1r@resents
nol ) of 25
an asy2rRe®)iq -edtlen- 2- (i 4pdbteasr ophengEing=(t ext - butyl d
i meth
sub% ecting a compound represented by general formula (6) :

' (6)
X OR®
HO™ AP
(wherein X* represents a halogen atom; R> represents hydrogen,

a substituted or unsubstituted alkyl group having 1 to 18 carbon

‘atoms, a substituted or unsubstituted aryl group having 6 to 20

carbon atoms, a substituted or unsubstitutedaralkyl group having
7 to ‘20 carbon atoms, a substituted or unsubstituted silyl group,
a substituted or unsubstituted acyl group having 1 to 20 carbon
atoms, or a substituted or unsubstituted heterocycle; Ar? is the
same as above; and each of *3 and *4 represents an asymmetric
carbon} to at least one treatment selected from acid treatment,

fluorine compound treatment, and hydrogenclysis to prepare an




I silyloxy)butan-2-ol in 10 nL of DVF was added
thereto. The resulting reaction m xture was stirred
at roomtenperature for 86 2 hours and then at 50C for
80 12 hours. Next, 10 nL of water was added to stop the
reaction, and extraction was perforned with ethyl
,acetate (3 0 nL) . After drying over anhydrous sodi um
optigglidt @Ctivenbaner giicdn dead vpsriver mednardsrtatedut expneral
pressure to obtain a 5 crude product. The resulting
formpiadlEd) was purified by colum on silica gel to
obtain 0.18 g of the title conpound (yield: 25% .
"H NVR (400 MHz, CDC13) 5: 0.22 (s, 6H) , 0.97 (s,
.#2 (dgq, 1H, J =5.9, 1.2 Hz), 4.54 (d, 1H J
)lx3.81 (d, 1H, 1.4 Hz), 6.67-6.78 (m 2H)
H) | 7.71(2@ 1H), 10 7.96 (s, 1H).
mple 5) (2R 3S) -2- (2, 4--Difluoro
hagy! ) - (1H1,2,4-triazol-1- |)butane-2,,3-dial To a
solution of 0.10 g of 15
(2R, 395)-3-(tert-butyl dinmethylsilyloxy)-2-(2,4-difluoro
(whegsignyl, 271 %3( Bd* 2 agetiticazahe Boyl)die anand then trdat ing
m. of THE was added 0. 3 nL of TBAF (1 M. at room
5 the negydrimiubelsdiali dgniastper srimbda baseeooor the process
tenperature for 3.5 hours, and 5 nL of water was added
) compRiEyEt 0. Then, extraction was performed with ethyl
e acetate (30 20 nL) . After drying over anhydrous
sodirgmtsmor e copriar repires eniasl berdfagrdhgdnandérformula
reduced pressure to obtain a crude product. The
(6) wWiddy|a idaFPr oduct was purified by colum on silica gel
to obtain 0.61 g of the title conpound (yield: 87%.
1H NWMR (400

10 2, A process for producing an optically active halohydrin

derivative represented by general formula (6):

(6)

(wherein X* represents a halogen atom; R® represents hydrogen,

a substituted or unsubstituted alkyl group having 1 to 18 carbon

15 atqms, a substituted or uhsubstituted aryl group having 6 to 20
carbon atoms, a substitutedor unsubstituted aralkyl group having
7 to 20 carbon dtoms, a substituted or unsubstituted silyl group,
a substituted or unsubstituted acyl group having 1 to 20 carbon
atoms, or a substituted or unsubstituted heterocycle; Ar?

20 represents a substituted or unsubstituted aryl group having 6

to 20 carbon atoms; and each of *3 and *4 each represents an




MHz, CDC13) 5: 0.97 (d, 3H, J = 6.3 Hz), 4.31 (q, 1H,
J =6.325 Hz), 4.79-4.82 (m 2H), 6.67-6.81 (m 2H)
7.32-7.38 (m 1H), 7.72 (s, 1H), 7.93 (s, 1H). 87 0
g9 Industrial Applicability An internediate for a
triazol e antifungal agent can be produced by an
industrially safe process that can be easily 5
asympperatedatrbom) i nekpepsiovelsy avaidradimogmt eri al s.
Furthernore, an optically active epoxy al coho
derd Vatwimeg usefapt asabhy aotéwveetbateetons Herivative
exanpl e, pharmaceuticals such as an antifungal agent
repreagnbedpbygdgerndralnfaddiufleon4)an optically active
hal ohydri n derivative serving as an inportant
internmedi apte 10 for the epoxy al cohol derivative can
88 CLAIMS 1. A process for producing an
i ve epoxy al cohol 5 derivative
ezageneral f la (14): (1 4) (wherein Ar
substi t ut or unsubstituted aryl group
6 to 20 carbon atons; and each of *5 and *6
nts an asynmetric carbon), the process
conprising: 10 subjecting a conpound represented by
5 (whenyeiver¥d, tnahd ¢8)are(bhe(phpreecsn 2Bovepr esentsachd with a
hal ogen atom R3 represents hydrogen,
J compound represented by general formula (5):

ar®™*  (5)
(wherein Ar® is the same as above; and M2 represents an alkali
metal or a halogenated alkali-ne—earth metal) .
10
3. The process according to c;laim 2, wherein the optically
active haloketone derivative represented by said general fofmula
(4) ispreparedbyallowinganopticallyactivepropionate compound

represented by general formula (2};

- £3 )

i R%200C oR®

(wherein R® represents a substituted or unsubstituted alkyl group
having 1l to 18 carbon atoms, a substituted or unsubstituted aryl
group having 6 to 20 carbonatoms, orasubstitutedorunsubstituted ,
aralkyl group having 7 to 20 carbon atoms; R® represents hydrogen,
20 a substituted or unsubstituted alkyl group having 1 té 18 carbon

atoms, a substituted or unsubstituted aryl group having 6 to 20

carbon atoms, a substituted or unsubstituted aralkyl group having
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a substituted or unsubstituted al kyl group having 1 to

18 carbon atons, a substituted or unsubstituted aryl

group having 6 to 20 15 carbon atons, a substituted or

unsubstituted aral kyl group having 7 to 20 carbon

atons, a substituted or unsubstituted silyl group, a

substituted or unsubstituted acyl group having 1 to 20

7 to Qartarbordtaarins 08 sulsathisiuted ed onsupnsubsttédteidyl group,
heterocycle; Ar 2 is.the sane as above; and each of

a subSthdt&d ¢ pIresandtsi tart a3 WotEl broud0heaihgn) do 2@t carbon
| east one treatnent selected from acid treatnent,

atombl, Uoki AescBERAENE <l @al RERIub ANk URYEH Qg YSHSLd 0 and *3
prepare an 89 optically active halo diol derivative

repreephesen £sviyegenerclrdaarntba «akd) witXantdoR leAhZepared
(13) (wherein X2, Ar2, *3, and *4 are the sane as

by re2ligehn of anth 1dede t1i€ati Bdedi+hei e sebieBenhai®bEyeheral
derivative with a base; or the process conprising:

formiilgatipg the conpound represented by said genera
formula (6) with a base. 10 2. A process for

prqQduci ng an optically active hal ohydrin derivative
2:68%.@ ted By general f la (6): (6) (wherein X2
X repre Q“j hal ogen atog$fEB represents hydrogen, a
substituted or unsubstituted al kyl group having | to
(whe#8igarhinsihead DABOvA ; |HIBMIL tndratk Qi tNBUESbEEHL eth alkali

aryl group having 6 to 20
metal or a halogenated alkaline-earth metal) with a base, and

91

then subjecting the resulting compound to acid treatment.

4. The process according to claim 3, wherein the base is

tert-butylmagnesium chloride.

- 5. Theprocess according to c¢laim 3 or 4, wherein the compound
represented by said general formula (2) is allowed to react with
the compound represented by said general formula (3) in the

presence of an amine.

6. The process according to claim 1, wherein the compound
represented by said general formula (6) prepared by any one of

processes according to claims 2 to 5 is used.

7. A process for producing an optically active halo diol

derivative represented by general formula (13):
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15

carbon atons, a substituted or unsubstituted aral kyl
group having 7 to 20 carbon atons, a substituted or
unsubstituted silyl group, a substituted or
92 unsubstituted acyl group having 1 to 20 carbon atons,
or a substituted or unsubstituted heterocycle; Ar 2 20
represents a substituted or unsubstituted aryl group
having 6 jto 20 carbon atons; and each of *3 and *4
each reprgsents an 90 asynmetric carbon), the process
i siing;x3 allowi ng a tically active hal oket one
e esent ed eneral fornmula (4): 3 X
O 5(5 erein X2, R3, and *3 are the sane as
eact wth a conmpound represented by genera
Ar2MR (5) (wherein Ar 2 is the sane as
above; and M2 represents an alkall nmetal or a
(wheygpipgenapsasankald halegentmstat)’ raprasenhe v dossituted
according to claim2, wherein the optically. active
OT UnFHIRGIEAS f@%édd@?ﬂfamﬁe@ Peptiesien ttar 2Bycaulbdn il and each
formula (4) is prepared by allowi ng an optically
of *ZHAnYe* hroprrrelt e oAPoaRNINEEpE esearbanhy Gosepaiocess
formula (2); R2000 OR3 15 (wherein R2 represents a
compsiisigt ut ed or unsubstituted al kyl group

subjecting a compound represented by general formula (6a) :

(6a)

(wherein X?, Ar?, #3, and *4 are the same as above; and R® represents
a substituted or unsubstituted alkyl group haviﬁg 1 to 18 carbon
atoms, a substituted or unsubstituted aryl group having 6 to 20
carbon atoms, a substituted or unsubstituted aralkyl group having
7 to 20 carbon atoms, a substituted or unsubstituted silyl group,
or a substituted or unsubstituted heterocycle) to at least one
treatment selected from acid treatment, fluorine compound

treatment, and hydrogenolysis.

8. A process for producing an optically active epoxide

derivative represented by general formula (16):




having .1 to 18 carbon atons, a substituted or
unsubstituted aryl group having 6 to 20 carbon atons
, or a substituted or unsubstituted aral kyl group
93 having 7 to 2 0 carbon atons; R3 repreésents hydrogen,
20 a substituted or unsubstituted al kyl group having 1
to 18 carbon atons, a substituted or unsubstituted
aryl group having 6 to 20 carbon atonms, a substituted
or unsubstiguted aral kyl group having 91 7 to 20
carbon ato bstituted or unsubstituted silyl
ol Ut ed ?é unsubstituted acyl group
<<Tavi g 11620 car bon Bons, or a substituted or
unsupstitut éd heterocycle; and *3 represents an
tric Agfbon) to react with an enolate prepared 5
by reaction of a hal oacetic acid derivative
represented by general fornmula (3) : x2 ' COOML (3 )
(wherein X2 is same as above; and ML represents
(whenRidt fgerePAeaania ¢ sverflitorted pa Wk tebtuted aryl group
. alkaline-earth nmetal) with a base, and 10 then
having 1§ &Q i3ty IHPIR Ry FAPAGY o Htiapd rEatFRpresents
4. The process according to claim3, wherein the base
an agyimeh il F3Fheghestitn BRPERFEeCOTBY1S8NTIFhe process
5 accgrding to claim3 or 4, wherein_ the conpound
oy r efreS¥Hgd BY WhiiFafeie 3t t 168 nitd 10 (2301 sdar i BaedvVeEo
e react with the conpound represented by said genera
TePrESGhAh R¥B)9§9E e TQFBELRCcELSS fan amine. 20 6. The
process according to claim1, wherein the conpound
representdgd by said general fornula (6) prepared by

(13)

(wherein X® represents a halogen atom; Ar® is the same as above;
and each of *3 and *4 represents an asymmetric carbon) to react

10 with a compound represented by general formula (15):

, N |
RS0, \7 |
| \ . - (15)

(wherein R* represents a substituted or unsubstituted alkyl group
having 1 to 18 carbon atoms, a subétituted.or‘unsubstituted.aryl
group having 6 to 20 carbonatoms, or a substituted or unsubstituted

15 aralkyl group having 7 to 20 carbon atoms).

9. The process accor_din'g to claim 8, wherein the compound




processes according to clains 2 to 5 is used. 7. A
process for producing an optically active hal o diol
25 derivative represented by general fornula (13): 92
o4 (13) (wherein X2 represents a hal ogen atom Ar 2
represents a substituted or unsubstituted aryl group
having 6 to 20 carbon atons; and each of *3 and *4
repregprbedms sandaggnaeeli toarbon)l3 )t heepaveddsy She process
conpri sing: subjecting a conpound represented by
accoy@hrgatof oladma7( 6a) uged). (wherein X2, Ar2, *3, and *4
are the sane as above ; and RO represents a
substituted or unsubstituted al kyl group having 1 to
18 carbon 10 atons, a substituted or unsubstituted
18yl Agroge draiongréodur i2Yy & adipouaidnsprassnbstityugederal
or unsubstituted aral kyl group having 7 to 20 carbon
5 format@msl7hA: substituted or unsubstituted silyl group, or
a substituted or unsubstituted heterocycle) to at
| east ,one treatnent selected fromacid treatnent,
fluorifne conpound 15 treatnent, and hydrogenol ysis. 8.
A pOogess for rodzﬁkgg an optically active epoxi de
et i ive gﬂgese t by general fornmula (16) 93 (16)
el 2 represents a substituted or unsubstituted
C)aryld% oup having 6 to 20 carbon atons; and each of
ﬂj *7 and *8 represents an asymetric carbon), the
R process conpri sing:
(wherein Ar® represents a substituted or unsubstituted aryl group

ha,ving 6 to 20 carbon atoms; and each of *9 and *10 represents

an asymmetric carbon), the process comprising:

10 subjecting a compound répresented by general formula (19):
10 J*9 3
HO" AP

) (wherein X*® represents a halogen atom; R? represents hydrogen,
) a substituted or unsubstituted alkyl group having 1 to 18 carbon
atoms, a substituted or unsubstituted aryl group having 6 to 20

15 carbon atoms, a substituted or unsubstituted aralkyl group having

7 to 20 carbon atoms, a substituted or unsubstituted silyl group,
a substituted or unsubstituted acyl group having 1 to 20 caz.:bon
atoms, or a substituted or unsubstituted heterocycle; and Ar?,
*9,and*lOarethesameasabove)toatleastonetfeatmentselected

20 from acid treatment, fluorine compound treatment, and

hydrogenolysis toprepareanopticallyactivehalodiolderivative




allowing an optically active halo diol derivative
represented by general fornmula (13): (13) (wherein X2
represents a hal ogen atom Ar 2 is the sanme as above;
95 and each of *3 and *4 represents an asymetric carbon)
to react 10 with a conpound represented by genera
formula (15): R'so2"' NN N (wherein R : represents a
represdusted ubpdgeneuvasubsitinhkted2al)kyl group having 1 to
18 carbon atons, a substituted or unsubstituted aryl
group having 6 to 2 0 carbon atons, or a substituted
or unsubst|ituted 15 aral kyl group having 7 to 20
car bon ons%. 9. _The process according to claim8,
i "o hd 94 (2D)esented by said genera
(13) epared by the process according to
cl,gm 7 'liézjsed. 10. A process for producing a
céﬁ@bund presented by general 5 formula (17) :
(wherein Ar 2 represents a substituted or
(whenstisust, i hufed«ay yAn@roup abhaving Sah® 20 L5659, a4RABihen
and each of *9 and *10 represents an asymetric
treattardohg  rdNE PHOE 636 1 G V5t Nge wi@hsdibheet i ¥ tde process
conpound represented by general formula (19): OR3 (19)
5 compximhiareei n X2 represents a hal ogen atom R3 represents
hydrogen, a substituted or unsubstituted al kyl group
k)  hatireg tingotH8 cedpamd represented by said general formula

{19) with a base.

11. A process for producing an optically active halohydrin

10 derivative represented by general formula (19):

9
NN OR®  (19)
HO™ AP

} (wherein X* represents a halogen atom; R® represents hydrogen,
’ a substituted or unsubstituted alkyl group having 1 to 18 carbon
atoms, a substituted or unsubstituted aryl group having 6 to 20
15 carbon atoms, a substituted or unsubstitutedaralkyl group having
7 to 20 carbon atoms, a substituted or unsubstituted silyl group,
a substituted or unsubstituted acyl group having 1 to 20 carbon

atoms, or a substituted or unsubstituted heterocycle; Ar?
represents a substituted or unsubstitutéd aryl group having 6
20 to 20 carbon atoms; and each of *9 and *10 represents an asymmetric

carbon), the process comprising:
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atons, a substituted or unsubstituted .aryl group
having 6 to 20 15 carbon atons, a substituted or
unsubstituted aral kyl group having 7 to 20 carbon
96 atoms, a substituted or unsubstituted silyl group, a
substituted or unsubstituted acyl group having 1 to 20
carbon atonms, or a substituted or unsubstituted
het®l bowiche; amndp Al 2211y 9acande* h8laketohe samgvasive
above) to at | east one treatnent selected 20 from
repregédtedeay ngahertlludormeleorfgagnd treat ment, and
hydr ogenol ysis to prepare an optically active halo
di al derivjative 95 represented by general fornula
(20): (wherein X2, Ar2, *9 CH (20) and *10 are the
an 3theng2q?ating the resul ting dial
a base; Or the process 5 conprising:
g the conpound represented by said genera
(19) with a base. 11. A process for producing
an opﬂDcaIIy active hal ohydrin 10 derivative
represented by general fornmula (19): X2 OR3 (19) HOB
(wherdn (XheRéj naXd repaesebhe aahal ageabetein tB3react with a
represents hydrogen, a substituted or unsubstituted
comp@hiky | repoupeinaad npylgbnet8icdvbanlaat(@ns, a
substituted or unsubstituted aryl group having 6 to 20
Ar?v? (5)

(wherein Ar® is the same as above; and M? is an alkali metal or

a halogenated alkaline-earth metal).

12. The process according to claim 10, wherein the compound

represented by said general formula (19) prepared by the process

_according to claim 11 is used.

13. A process for producing an optically active halo diol

derivative represented by general formula (20):

2 109 oH ()
HO" AP

(whereinX’represents ahalogenatom; Ar? represents a substituted

or unsubstituted aryl group having 6 to 20 carbon atoms; and each

of *9 and *10 represents an asymmetric carbon), the process

comprising:

subjecting a compound represented by general formula
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15 carbon atons, a substituted or unsubstituted
aral kyl group having 7 to 20 carbon atons, a
substituted or unsubstituted silyl group, a

g7 Substituted or unsubstituted aryl group having 1 to 20

carbon atons, or a substituted or unsubstituted

heterocycle; Ar2 represents a substituted or
(19aMnsubst|tuted aryl group having 6 20 to 20 carbon
atons; and each of *9 and *10 represents an asymetric
carbon) t he process conprising: 96 allow ng an
optically jacti ve hal oketone derivative represented by
gﬁ? 0 R3 (21) O (wherein X2, R3, and

above)(t3myeact with a 5 conmpound

X?repre nted By general formula (5): Ar2M2 (5) (wherein
Ar ' ;g sanme as above; and M2 is an al kali netal
o*{ a hal é%nated al kaline-earth nmetal). 10 12. The

process according to claim 10, wherein the conpound

(wher&Ph &Senked oy, Had d1genes ehe LamaH #2649 ; @rﬁ)ﬁsr ﬁ@p?é!sents
the process according to claiml1l is used.

a sub¥tdeessd ot @ﬁ@ﬂygtmguaedmwﬁldﬂb@&hqu ioccsillgl carbon
derivative represented by general formula (20): HO™

atoms A2 s std@utleshereinsXBst epuesani sya @ﬁ&@ﬁq{hﬁtr@‘ﬂs to 20
Ar2 represents a substituted

carbon atoms, a substituted or unsubstituted aralkyl group having

7 to 20 carbon atoms, a substituted or unsubstituted silyl group,

or a substituted or unsubstituted heteiocycle) to at least one

treatment selected from acid treatment, fluorine compound

treatment, and hydrogenolysis.

14. A process for producing a compound represented by general

formula {18):

(wherein Ar®, *9, and *10 are the same as above), the process
comprising:
allowing the compound represented by said general formula

(17) prepared by the process according to claim 10 or 12 to react

with 1,2,4-triazole.
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or unsubstituted aryl group having 6 to 20 carbon
atons; and each of *9 and *10 represents an
asymetric carbon), the process 20 conpri sing:

98 Subjecting a conmpound represented by general formnula
97 (19a) : OR9 (19a) (wherein X2, Ar2, *9, and* 10 are
the sane as above; and RO represents a substituted or

15 yndutpstdaared at kytoduolpg havi ogticablE8achibenhydroxy
atons, a substituted or unsubstituted aryl group

compaanfingepregelOedc dvbgenatrers, fermulsst (12t ed or

unsubstituted aral kyl group having 7 to 20 carbon
atons, a substituted or unsubstituted silyl group, or
a substituted or unsubstituted heterocycle) to at
| east one; treatnent selected fromacid treatnent,
fluorine gonpound 10 treatnent, and hydrogenol ysis.

14, A profess for producing a conmpound represented by

ene 310 a (18) : OH (18) 15 (wherein Ar 2, *9,

Y and _» e sane as abové)l2)t he process
Hﬁhpri5| 2 all owi ng the conpound represented by said
gener al romula (17) prepared by the process

according to claim10 or 12 to react wth
(whenein ¥t répretent20a9Balogen atom or a substituted or

unsubstituted heterocycle; Axr® represents a substituted or
unsubstituted aryl group having 6 to 20 carbon atoms; each of
*3and*4representsanasymmetriccarbon;andeepresentséeneral
formula (8):
-0-R*  (8)

{whereininrepresents hydrogen, a substituted or unsubstituted
alkyl group having 1 to 18 carbon atoms, a substituted or
unsubstitutedarylgrouphavingstx:20carbonatoms,asubstituted
or unsubstituted aralkyl group having 7 to 20 carbon atoms, a
substituted or unsubstituted silyl group, a substituted or
unsubstituted acyl group having 1 to 20 carbon atoms, or a

substituted or unsubstituted heterocycle] , general formula (9):

©)

—N
™~
Rﬁ
[wherein R® and R® independently represent hydrogen, a substituted

or unsubstituted alkyl group having 1 to 18 carbon atoms, a

substituted or unsubstituted aryl group having 6 to 20 carbon
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(12) 5 (wherein Y represents a hal ogen atomor a
substituted or wunsubstituted heterocycle; Ar 2
represents a substituted or unsubstituted aryl group

99 having 6 to 20 carbon atons; each of *3 and *4
represents an asymmetric carbon; and Z represents
general formula (8): 10 J15 N-,R6 R5 (9) 20 [wherein

atomRp arfdlRE: i st edennbybséptosed ahgtkpyeroep having 7 to
substituted or unsubstituted al kyl group having 1 to

20 casb@ardioymat ensukes tisulistd tan esobsimsulbstd sutled grebp, a
group having 6 to 20 carbon 15. A process for

subspibduefngrannepbetathyedcticyeé bydupxiagongolndo 20 carbon
represented by general formula (12): -O- R4 (8)

atom$ wher siths Rdtnepdesentsshpditdgernt.eda adidydtaxtndaatbaryl group
unsubstituted alkyl group having 1 to 18 carbon

having ohstoal8ubstbout etloms, ansulbsthitutted arylurgnogrituted
having 6 to 20 carbon atons, a substituted or

aralkybokgtatioedl agabkypl hgvang Mavtion@ 07 cheb2®: eardren or a
atons, a substituted or unsubstituted silyl group, a

subsitstéed e dnmubamisubistd tatyech:goyd rigymoeip ghaumdalvitng 6 to
20 carbon atons, or a substituted or unsubstituted

20 cdmhen oxyahe] , , ggeaesdl fOommlika (Q9) :: 99 atons, a
substituted or unsubstituted aral kyl group having 7 to

-80,-R7  (10)

[wherein R represents hydrogen, a substituted or unsubstituted
alkyl group hé.ving 1 to 18 carbon atoms, a substituted or
unsubstituted aryl group having 6 to 20 carbon atoms, or a
substituted or unsubstituted aralkyl group having 7 to 20 carbon
atoms; and n represents an integer of 0 to 2], or general formula
(11) :

-CH,0R®  (11)
[wherein R® represents hydrogen, a substituted or unsubstituted
alkyl group having 1 to 18 carbon atoms, a substituted or
unsubstituted aryl group having 6 to 20 carbon atoms, a substituted
or unsubstituted aralkyl group having 7 to 20 carbon atoms, a
substituted or unsubstituted silyl group, a substituted or
unsubstituted acyl group having 1 to 20 carbon atoms, or a
substituted or unsubstituted heterocyclel), the process
comprising:

allowing a compound represented by general formula (7):
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20 carbon atons, a substituted or unsubstituted silyl
group, a substituted or unsubstituted acyl group
having 1 to 20 carbon atons, a substituted or
100 unsubstituted al kyl oxycarbonyl group 5 having 1 to 18
carbon atons, a substituted or unsubstituted
ar al kyl oxycar bonyl group having 7 to 20 carbon atons,
supstituted or unsubstituted aryl oxycarbonyl
ing 6 to 20 carbon atons], general formula
,-R7 (10) 10 [ ein R7 represents hydrogen,
2@ or unsubsti Ched al kyl group. having 1
atons, a substituted or unsubstituted

car bo

aryltlgroup having 6 to 20 carbon atons, or a

substlit ut ed or unsubstituted aral kyl group having 7 to

20 carbon atons; and n represents an integer of 0 to

2] or general forrmula 15 (11) : CH2ORs (11) [wherein

R$ represents hydrogen, a substituted or unsubstituted
(whexd dyt , @, oampd Fava g thetannlBa s arttore Jat o a it with a compound

substituted.or wunsubstitutedaryl group having 6 to 20
represaniiord diywnpenerasubstntbieds 20 or unsubstituted

aral kyl group having 7 to 20 carbon atons, a

substituted or unstdrstit(sed silyl group, a

substituted or wunsubstituted acyl group having 1 to
(wher rcarfonsatbassane as ahbseit ahddMdrremsedostts wedlkali

het erocycle]), the process conprising: 25 allowing a
meta lc @rpeurith Terresend edll byl geaeceatthonathad)(7) : 100 3

16. An optically active halcohydrin derivative represented by

general formula (1}:

2 1 ‘
o Z OR (1)
HO Ar'

(wherein X' represents a halogen atom; Ar® represents a substituted

‘or unsubstituted aryl group having 6 to 20 carbon atoms; R?

represents hydrogen, a substituted or unsubstituted alkyl group

~having 1 to 18 carbon atoms, a substituted or unsubstituted aryl

group having 6 to 20 carbon atoms, a substituted or unsubstituted
aralkyl group having 7 to 20 carbon atoms, a substituted or

unsubstituted silyl group, a substituted or unsubstituted acyl
grouphavingl to20 carbonatomg, orasubstitutedorunsubstituted

heterocycle; and each of *1 and *2 represents an asymmetric
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Y _111~~ Z (7) O (wherein Y, Z, and *3 are the sane
as above) to react with a conpound represented by
general formula (5): 5 Ar2M2 (5) (wherein Ar 2 is the
101 Sane as above; and M2 represents an alkali netal or a
hal ogenat ed al kaline-earth netal). 16. An optically
active hal ohydrin derivative represented by 10 genera
carbbojmula (1): xI OR (1) HO "Arl (wherein X1
represents a hal ogen atom Art represents a
substituted or unsubstituted aryl group having 6 to
20 carbon atons; Rl 15 represents hydrogen, a
17 subidke haledydrinndabstat iredatdyd igy oty HaMdinngs]l wherein
18 carbon atons, a substituted or unsubstituted aryl
Ar' gppotemdiend 12y 6- d0F Do wasiaty Bt @rsup aos ubst +d Ut edotéphenyl
unsubstituted aralkyl group having 7 to 20 carbon

group@t ons, a substituted or unsubstituted silyl group, a

substituted or unsubstituted acyl 20 group having 1 to
2 0 carbon atonms, or a substituted or unsubstituted
heterocycl e; and each of *1 and *2 represents an
18 .asyheehailohi@t icadkaivatife Hwrdwdiohy dtd neeim ved ive 17,
according to claim 16, wherein
wherein R' represents tert-butyldimethylsilyl group, pivaloyl

group, or tetrahydropyranyl group.

19. The halohydrin derivative according to any one of claims

16 teo 18, Wherein R' represents pivaloyl group.

20. 'An optically active halchydrin derivative represented by

general formula (22):

(wherein each of X', X?, and X* represents a halogen atom; R*?
represents hydrogen, a substituted or unsubstituted alkyl grdup
having' 1 to 18 carbon atoms, a substituted or unsubstituted aryl
group having 6 to 20 carbon atoms, a substituted or unsubstituted

aralkyl group having 8 to 20 carbon atoms, a substituted or




Arl represents 2,4-difluorophenyl group or
2,5-di fl uorophenyl group. 18. The hal ohydrin
derivative according to claim16 or 17, wherein Rl
102 represents tert-butyldi nmethylsilyl group, pival oyl
group, or tetrahydropyranyl group. 10 19. The
hal ohydrin derivative according to any one of clains
unsupgtiicut@d aheyei prRipr epr esenldpphtakoyty raowpup 2@ndagach
optically active halohydrin derivative represented by
of *13 gederdl frepmgsent2P)an AR2)ngtatier etarieach. of X1,
X3, and X4 represents a hal ogen atom R12 represents
hydrogen, a substituted or unsubstituted al kyl group
20 having 1 to 18 carbon atonms, a substituted or
21 undiies hietlatedirany HBergratpvieazcogr8ihg 20 clagbo® gt sherein
a substituted or unsubstituted aral kyl group having 8
5  eacht of28° camBok® atepmesentssbStionime. or 102 unsubsti t ut ed
silyl group, or an aliphatic acyl group; and each of
*11 and *12 represents an asymetric carbon). 21. The
hal ohydrin derivative according to claim20, wherein
22 5 Gaeh heflXGdanich Xeremeventascédudinpeto2@laihe20 or 21,
: hal ohydri n derivative according to claim20 or 21,
wher@haﬁé¥md@t&a&mmfsentstEyﬂdﬁmeyh@ﬂmﬁﬂbﬂJgrbyp<@apﬂpaloyl‘
or pivaloyl- group.. 10 23. The hal ohydrin derivative
£y groupccording to any one of clains

23. The halohydrin derivative according to any one of claims

20 to 22, wherein R'? represents pivaloyl group.

24. An optically active halohydrin derivative represented by

15  general formula (23):

(wherein each of X%, X°, and X° represents a halogen atom; R

20 represents hydrogen, a substituted or unsubstituted alkyl group
having 1 to 18 carbon atoms, a substituted or unsubstituted aryl

group having 6 to 20 carbon atoms, a substituted or unsubstituted
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20 to 22, wherein R12 represents pival oyl group. 24.

An optically active hal ohydrin derivative. represented

by 15 general fornmula (23) : (23) (wherein each of

X1, X5, and X6 represents a hal ogen atom R13 20

represents hydrogen, a substituted or unsubstituted

al kyl group having 1 to 18 carbon atons, a substituted

aralRy1UGSH0St hbetiad ar b 20 QURLIAY It t & Huwarhatted or
atons, a substituted or unsubstituted 103 aral kyl

unsuBEeURuRAWI @glylt?mé’qﬁ)p caf haibAtitFed cxubskbeteduded acyl
unsubstituted silyl group, a substituted or

group hSkisly 1 Hbed @tvbon SEEMB, VA BAbbtiQud 0 GahRebst ituted
atons, or a substituted or unsubstituted heterocycle;

heteﬂag%éﬂéP Qﬁd*éécﬁngf*1ﬂ3f&ﬂaesf@tﬁeﬁfeééﬁﬂﬂehﬁl§s¥§metric
~carbon). 25. The hal ohydrin derivative according to

carb&hfii m 24, wherein each of X5 and X6 represents
fluorine. 26. The hal ohydrin derivative according to
claim24 or 25, wherein R13 represents
tert-butyl dinethylsilyl group, pivaloyl group, or

25t etrhahydl epybanyl a8F OURE 1 9L adbSrdehohySIdIR debuY afhdein

according to any one of clainms 15 24 to 26, wherein

each RI8 xepiese SR Mts U ine.

103

26. The halochydrin derivative according to claim 24 or 25,
wherein R™® represents tert-butyldimethylsilyl group, pivaloyl

group, or tetrahydropyranyl group.

27. The halohydrin derivative according to any one of claims

24 to 26, wherein R represents pivaloyl group.




