Description Title of Invention: Method for Producing | -Am no-

1- Al koxycar bonyl-2-Vi nyl cycl opropane Techni cal Field [0001] The
present invention relates to a nethod for producing

(1R 2S)/ (1S, 2R) - 1- am no- | - al koxycar bony1- 2-vi nyl cycl opr opane and a
synthetic internediate thereof. The (1R 2S)/ (1S, 2R)-1-am no- 1

- al koxycar bonyl- 2-vi nyl cycl opropane produced by the nethod of the present
invention is useful as a syntheti e&gbﬁ&pediate of therapeutic agents for
hepatitis C. Background Art [0002

(1R, 2Shifl¢ eSpeRYion- ami no- | - et hoxycar bonyl - 2-vi nyl cycl opropane is an

I nt er niydinad fr BaRfitthy | HAmihDe - SXpERESLS 19t vgIhQYSopapes of HCV NS3 prot ease
inhibﬁ?g%s aﬁd t he %ike,lmhich g?e gé;ren}?;yuﬁ%gé devel opnent as

t herapeutic agents for hepatitis C. It is considered that

1, 1- ditRhied ¥ bony1- 2-vi nyl cycl opropane and a chiral form of
1-ethﬁé§ﬁ§rbonyl-2-vinylcyclopropane carboxylic acid are useful as

i nter tes for synthesizing the

(1R 29)/ ( 1STRRYredenainiveioh rehthom naadthainipd prddudispy/ | cycl opr opane. [ 0003]
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| n addiepdtdis,C.Non Patent Docunents 1 to 3 and the |ike describe a reaction
of form ng a cycl opropane ring using 1, 4-dichl oro-2-butene or

, 4-di br ono- 2- but ene. However, these nethods are industrially

di sad\BaskergestArtin terms of yield, and in that dichloronethane that is a
hal oggpp@qmpound is used as a solvent and also in that the reactionis a

colt 17401 (440 o, Lo Lop, [Prlon At Dourentel. L atshy Pocurent
( 1981 )useful for the synthesis of various types of HCV NS3 protease inhibitors and the like, which are
currently under development as therapeutic agents for hepatitis C. It is considered that
1,1-di-ethoxycarbonyl-2-vinylcyclopropane and a chiral form of
1-ethoxycarbonyl-2-vinylcyclopropane carboxylic acid are useful as intermediates for
synthesizing the (1R,28)/(15,2R)-1-amino-1-ethoxycarbonyl-2-vinylcyclopropane.
[0003]

Patent Document 1 and Example 21 of Patent Document 2 describe that
trans-1,4-dibromo-2-butene is allowed to react with diethyl malonate in dichloromethane in the
presence of potassium hydroxide (90% flake form) and tricaprylylmethylammonium chloride, so
as to obtain 1,1-di-ethoxycarbonyl-2-vinylcyclopropane at a yield of 89%.

{0004]

In addition, Non Patent Documents 1 to 3 and the like describe a reaction of forming a
cyclopropane ring using 1,4-dichloro-2-butene or 1,4-dibromo-2-butene. However, these
methods are industrially disadvantagéous in terms of yield, and in that dichloromethane that is a
halogen compound is used as a solvent and also in that the reaction is a solid-liquid two phase

reaction.

[Prior Axt Doczﬁnents]
{Patent Documents]
f0005)]



[ Patent Docunent 2] U.S. Patent No. 4,252,739 [Non Patent Docunents] [0006]
[ Non Patent Docunent 1] Steven D. R Christie etal., Chem Comrun., 2004,
2474-2475 [ Non Patent Document 2] Katsulliko Mura et al., SYNLEIT 2006,
No. 12, pp. 1883-1886 [Non Patent Docunent 3] Katsuhiko Mura et al., J.
O g. Chem 2004, 69, 2427-2430 Disclosure of Invention Cbject to be Sol ved
by the Invention [0007] It is an object to be solved by the present

i nvengba&ntm)c%%il A8 Pt YEbliABSN@D KR NoPsQEKILE PY(1981) o
(IR 2 2)/_( 1S, 2R) - 1- am no- 1- al koxycar bonyl - 2-vi nyl cycl opr opane which is
usef ullPagntPosyme @ UeS- PreRNR4i%a84d3%f t her apeutic agents for hepatitis C

and a [RyaPhettifocimeasmedi ate thereof That is to say, it is the object to be
sol veﬂ(}/ the present invention to provide an industrially applicable

met hod 4%/ produci ng 1-am no-| -al koxycar bonyl- 2-vi nyl cycl opropane and a
synt heNbg Patadteraredemtl¢steteane @ Chkistelet alr,e Hemn. domamhi, z@4, oMA1446d a chiral

form a f Sol vi t he .ect [0 re t i ntensi ve
st udi sO%I?&r?tgg?jeo&ulp?)%?ggtsg’é]ﬁ?@ﬁr%St %l'hg a g}rgnzgpl?’i%%é% pc‘))bj?éeggfl,gg{she pr esent
i nventps Pétantdlogesmentd ] Kpedhike Miwaotalt J.d¥rgalleal. 200e108)2437R4630 de or al kal i
nmetal hydride as a base and have al so used a specific anount of malonic
ester, when a trans-2-butene derivative having | eaving groups at positions

1 and Ysdlepuggldfdigsatiano react with such a malonic ester in the presence of a

base, ffect e doiRdbPVRNhGNEf1ave succeeded in synthesizing a
vi nyl E%/Od opropane ring diester at a high yield, thereby conpleting the

prese O7hvent i on. Moreover, using the thus synthesized conpound, the
i nventors haveandifeendedolve Syt PRSI ifention to provide a novel method for

1-am no-1-al r - 2-Vi cycl oprqpane .and a salt .t hereo whi ch are
o Bdane AR SR e iner et o R P e oot btef SLPE et hod
there bynmmdﬁmddlg?& dfehqpapeavdgents Y@rtcpaiis ( agﬁglgs]ymﬁaml ‘nﬁhm%iiatéo;hbfeef. pr gs ent
i nventd on, . the .foll ow. ng i.nvention.i s provided. met, for producing
e e B LS s TN B e et R n b B ellB P

applicable method for producing 1-amino-1-alkoxycarbonyl-2-vinyleyclopropane and a synthetic

intermediate thereof which are in an achiral form and a chiral form.

Means for Solving the Object
[0008]

As aresult of intensive studies directed towards achieving the aforementioned object, the
present inventors have used a specific amount of alkali metal alkoxide or alkali metal hydride as a
base and have also used a specific amount of malonic ester, when a trans-2-butene derivative
having leaving groups at positions 1 and 4 is allowed to react with such a malonic ester in the
presence of a base, so that the inventors have succeeded in synthesizing a vinylcyclopropane ring
diester at a high yield, thereby completing the present invention.  Moreover, using the thus
synthesized compound, the inventors have succeeded in synthesizing
1-amino-1-alkoxycarbonyl-2-vinylcyclopropane and a salt thereof, which are in a chiral form or
achiral form, by an industrially applicable method, thereby completing the present invention.
[0009]

According to the present invention, the following invention is provided.
[1] A method for producing a compound represented by the following formula (4):

[Formula 2]



R402CCO2R4(4) wherein Rd4represents an al kyl group containing Ito 10 carbon
atons, an aral kyl group containing 7 to 20 carbon atons or an aryl group
containing 6 to 12 carbon atons, each of which nay be optionally
substituted, wherein the nethod conprises a step (i) of allow ng a conpound
represented by the followng fornmula (3): [Fornula 1] ( 3 ) wherein Z
represents a hal ogen atomor OR3, wherein R3 represents an aryl sul fonyl
group containing 6 to 12 carbon atons, an al kyl sul fonyl group containing 1
to 10 carbon atons or al kyl sul fonyl group containing 7 to 20 carbon
atons, each of may optionally substituted, to react wwth a mal onic
ester in the pre ce of an alkali netal al koxide or al kali netal hydride,
to pro re sented by the formula (4), wherein, in the
step (i @gb kal i "koxi de, pr al kali netal hydride is used in an
anount of 1 equi val ents or nore mg% respect to 1 equivalent of the

conpo , d
used ﬁ%@g%ﬁgﬁ&ﬁggkﬁgn?ﬁgéggu ?gﬁil%ffﬁ%#@mﬁ%%ﬁuﬁgéaec?mgﬂi?ﬂ%qaﬁ®gﬁ%nt of
t he allik@P® carearedtomd deowiatid gorupabiainingfeo AP chrpen itgms, epcioqm $lppayrbee et hod
accorg?ﬂﬁmﬁpmhghmdyuﬁgkﬁywther conprises, before the step (i), a step (ii)
of hy Zln an acid or a base, a conpound represented by the
fol l omen@eﬂpqsirwmpasw)step[@@f alvengy cqmypoup sspaisentsd by B f@@w&foanm &ogen
atom oforfRlia 19Nd X2 represents a hydrogen atomor R2, wherein R and R2 each
i ndependent|y represent an al kyl carbonyl group containing 2 to 11 carbon
at ons n arakkyl carbonyl group containing 8 to 21 carbon atons or an
arylcézgenyk SFQua’ con |ning 7 to 13 carbon atonms, each of which may be
optionally substltute prOV|dqugpat XI and X2 do not sinmultaneously
represent hydrogen atons

wherein Z represents a halogen atom or OR®, wherein R’ represents an arylsulfonyl group

containing 6 to 12 carbon atoms, an alkylsulfonyl group containing 1 to 10 carbon atoms or an
aralkylsulfonyl group containing 7 to 20 carbon atoms, each of which may be optionally
substituted,

to react with a malonic ester in the presence of an alkali metal alkoxide or alkali metal hydride, to
produce the compound represented by the formula (4),

wherein, in the step (i), the alkali metal alkoxide or alkali metal hydride is used in an amount of
1.5 equivalents or more with respect to 1 equivalent of the compound represented by the above
formula (3), and the malonic ester is used in an amount of 1 equivalent or more with respect to 1
equivalent of the alkali metal alkoxide or alkali metal hydride.

[0010]

[2] The method according to [1], which further comprises, before the step (i),

a step (ii) of hydrolyzing, with an acid or a base, a compound represented by the following
formula (1):

[Formula 3]

o 2
xS X

wherein X' represents a hydrogen atom or R', and X? represents a hydrogen atom or R?, wherein
R' and R? each independently represent an alkylcarbonyl group containing 2 to 11 carbon atoms,

an aralkylcarbonyl group containing 8 to 21 carbon atoms or an arylcarbonyl group containing 7



so as to produce a conpound represented by the followng formula (2):

[ Formula 4] HOOH(2) a step (iii) of allowi ng the conpound represented by

t he above formula (2), which has been obtained by the above step (ii), to
react with a conmpound represented by TeX (wherein 12.3 represents an
aryl sul fonyl group containing 6 to 12 carbon atons, an al kyl sul fonyl group
containing 1 to 10 carbon atons or an arallcylsul fonyl group containing 7

t o 20 1623 bBorAltenE caddaF v MY tehbpiBaalb euBtit@nflobMes thasX | dndt>edio nd X
represents a ggLogen %tgq), SO as to produce a compound represented by the
f ol | oIy EPEANITE s B Y Ioes #P& 5] R30, Pri oR3(3 b wherein It.3 represents
an ar yh sulofremince gratmed Ppadsaitaphothe &lbdigatbera é)onms, an al kyl sul f onyl
group[ ontﬁ%ﬂing 1 to 10 carbon atons or an aral kyl sul fonyl group

cont aith?'AY 7"t o 20 carbon atoms, each of which may be optionally

substi d; and a step (iv) of crystallizing the conmpound represented by
the ab or T~ i ch has been obtained by the above step (iii), so
as to produce a conpoun presépted by the followi ng (3a): [Fornula 6]

R3() POR3( 3 a) wherein Pi3 represents an aryl sul fonyl group containing 6 to
12 carheg @b B Blowall @b kathsuthf Gp¥dseHELMPME QMR },Qdd Hx8bben atons or

an aral kyl'sul f on group containing 7to 20 carbon atons, each of which may
be opP@isd by thehere stap(dy to repaWithreoppoRptIcRSeBrditd KEYhaFindk [2], whi ch
cConpr ir§RSems &t 8P1sefford plolyy béidaihin IPeAHsh £tGRY, a5 MY BEIdY1 &oep formul a (4)

6€®
after performing the ste i). éﬂ% [4] A nethod. faor producing a
ConpoPRiFBE e 2R EE Of}ﬁorﬁﬁéf Ford! %nﬂﬁr coniesyng { i e 81°ms H 02a co2
RA( 5 edch of which may be optionally substituted; and X represents a halogen atom), so as to produce a
compound represented by the following formula (3b):
[Formula 5]}

RP0_ " oR3

wherein R? represents an arylsulfonyl group containing 6 to 12 carbon atoms, an alkylsulfonyl

(3D)

group containing 1 to 10 carbon atoms or an aralkylsulfonyl group containing 7 to 20 carbon
atoms, each of which may be optionally substituted; and

a step (iv) of crystallizing the compound represented by the above formula (3b), which has been
obtained by the above step (iii), so as to produce a compound represented by the following (3a):
[Formula 6]

3
R O\/\/\ORB

wherein R® represents an arylsulfonyl group containing 6 to 12 carbon atoms, an alkylsulfony!

(3a)

group containing 1 to 10 carbon atoms or an aralkylsulfonyl group containing 7 to 20 carbon
atoms, cach of which may be optionally substituted.

[3] The method according to [1] or 2], which comprises a step of purifying the compound
represented by the formula (4) after performing the step (i).

[0011] ,

[4] A method for producing a compound represented by the following formula (5):
[Formula 8] '



wherein Rdrepresents an al kyl group containing 1 to 10 carbon atons, an
aral kyl group containing 7 to 20 carbon atons or an aryl group containing 6
to 12 carbon atons, each of which nmay be optionally substituted, wherein
the nethod conprises: a step (v) of producing a conpound represented by the
followng formula (4) by the nmethod according to any one of [1] to [3]:
[Formula 7] R402C CO2 R4( 4 ) wherein R4 represents an al kyl group
containing 1 to 10 cggbon atons, an aral kyl group containing 7 to 20 carbon
atons or an ar ,".'p\{éntalnlng 6 to 12 carbon atons, each of which may
be optionally sybgtitute and a step (vi) of subjectlng t he conpound
represent ed by er above fornula (4), which has been obtained by the above
step (v ydr O to hydrolysis and optical resolution, to
produce}#EQZSgnpouAgﬁpg% sented by5the formula (5). [0012] [5] The method
according to [4], wherein the step (vi) is a step (vi-1) of allow ng the

C0r'rpold\ﬁ'l@reErfa'll?‘r @ﬁi@ﬂ:’h%@n Byl Hiud &fn'fﬂt'rluﬁg {4 10 BRI RS a@%@l‘ﬁypﬁbﬁi arehiliyg t he

step & to react wth an enzyne, . cells containing the enzyne, a
pr epar’d? PO FATBIR 4teras erean)asy] gmupéoeallnm&r@%a|cetb%ﬁ°%tea¢h%fd~fﬂw ®aY bairing t he

?ellsf 5@m3§mnggﬁgﬂdw@gag$wQﬂamgﬁbd hipriggt | ve conmpound represented by the( _)
ornmul a . nmet hod, accor erein the step (vi
o o assh CREPIYibe pbPRYS FvGPHE o suls e bradbin S B thed For mul a (4)
obt ai negrdiyg toleay she@ {(Mp [8jo produce a conpound represented by the follow ng
fornukﬁx&g%hﬁ [ Formul a 9]

A
R*0,C” “CO,R*

wherein R* represents an alky! group containing 1 to 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted; and

a step (vi) of subjecting the compound represented by the above formula (4), which has been
obtained by the above step (v), to hydrolysis, or to hydrolysis and optical resolution, to produce
the compound represented by the formula (5).

10012}

[5] The method according to [4], wherein the step (vi} is a step (vi-1) of allowing the compound
represented by the formula (4), which has been obtained by the step (v), to react with an enzyme,
cells containing the enzyme, a preparation of the cells, or a culture solution obtained by culturing
the cells, so as to produce an optically active compound represented by the formula (5).

[0013]

{6] The method according to [4], wherein the step (vi) is a step (vi-2) of hydrolyzing the
compound represented by the formula (4) obtained by the step (v) to produce a compound
represented by the following formula (5a):

[Formula 9] _



HO02C C02 R4 ( 5 a) wherein R4 represents an al kyl group containing 1 to
10 carbon atons, an aral kyl group containing 7 to 20 carbon atons or an
aryl group containing 6 to 12 carbon atons, each of which nay be optionally
substituted, and then subjecting the conpound represented by the formula
(5a) to optical resolution using an enzyne, cells containing the enzyne, a
preparation of the cells, or a culture solution obtained by culturing the
cells, or to optical resolution using an optically active basic conpound or
by chronmat ography, t duce an optically active conpound represented by
the formula (5)] 014] ] The nmethod according to [4], wherein the step
(vi) is a step (w-3) of subjecting the conpound represented by the formul a
(4) obtquﬁeﬂg R &3t5p ¥) to optical resolution using an enzyne, cells
cont ai ni enzyne@Ipreparation(gfathe cells, or a culture solution
obtained by culturing the cells, or to optical resolution by

h Heter re ; ' i f |
chr ongagy @ﬂﬂgp 1%?&%%%%&%%0%%%9?}%@2)@ %Em%ﬁgs, Ry altanﬁ'l él%{ll.l) ow ng rormnula

(4a): [ Formul erein R4 represents an al kyl group

cont aicARtAging 7tie 29 carberr Herms et rHEy] EerrLenkinne Gleddsabenaamsi 43gh 7 Wiclp0 car bon
atonsng@b@@Fg&Mh giaktptegoNt aining 6 to 12 carbon atons, each of which may
nal

be opti .sybstituted, and then hydrol yzi t he ,conmpound represented by
the fBPHIFRSYOIRETNS the CRPRRIAE SeRIsToTt P&ﬁwﬁwﬁe@d}g@o eahﬁgt?ﬁﬁuvw@wﬁt ed by
\tAﬂe f _@ﬁi},ﬁt}]eace(llg):mllt{iiﬁﬁé He cn[zﬁhe,ﬁfp@epﬁﬁtib@]glf tae wrsgﬁrmg:uit(fjweaﬂhﬁti&ﬂ@ﬁﬁﬁ%c{lg/] t (r)] [7],
erein the abspolute stereochem stry of 1 c und represented by the

For miPRnisg st Sy E RO Bt o brue e REF PR AP S M ompound
r epr eskentatghrpht, e piodtdeaniopgeat i motiNeaofpdund|rEjoesenicd b e formula (5).

[0014]

[7] ‘'the method according to [4], wherein the step (vi) is a step (vi-3) of subjecting the

compound represented by the formula (4) obtained by the step (v) to optical resolution using an
enzyme, cells containing the enzyme, a preparation of the cells, or a culture solution obtained by
culturing the cells, or to optical resolution by chromatography, to produce a compound
represented by the following formuia (4a):

{Formula 10}

A
R*0,C” “CO,R*

wherein R represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group

(4 a)

containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted,

and then hydrolyzing the compound represented by the formula (4a), to produce an optically
active compound represented by the formula (5).

[0015]

[8] The method according to any one of [4] to [7], wherein the absolute stereocchemistry of the
compound represented by the formula (5) is (15,28).

[0016]

[9] A method for producing a compound represented by the following formula (7):

[Formula 13}



H21\1' ThO2R4( 7 ) wherein R4 represents an al kyl group containing 1 to 10
carbon atons, an aral kyl group containing 7 to 20 carbon atons, or an aryl
group containing 6 to 12 carbon atons, each of which may be optionally
substituted, or by the following fornula (8): [Fornula 14] H2N CO2R4 HY( 8
) wherein R4 represents an al kyl group containing 1 to 10 carbon atons, an
aral kyl group containing 7 to 20 carbon atons, or an aryl group containing
6 to 12 carbon nms, each of which may be optionally substituted; and HY
represents ' nic acid, sulfonic acid, or carboxylic acid, wherein
the nethod c : a step (vi) of producing a conpound represented by

t he folpeqqhb 4 (5) by the nmethod according to any one of [4] to [7]:
[ Formul a<11] ' C£2R4€J5 ) wherein R4 represents an al kyl group
containing 1,to 10 carbon atoms, an aral kyl group containing 7 to 20 carbon
at onrs vaereanR gieplesepisrasliod aroap pivignieg d éo 1Pcarbonydomann pelkyb&@ehr of whi ch may

be opthR@inkY 1890krbbdidi88ls, or an aryl group containing 6 to 12 carbon atoms, each of which

may be optionally substituted,

or by the following formula (8):
[Formula 14]

AN

HoN" Y CO,R4
HY (8)

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms, or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted; and HY represents an inorganic acid, sulfonic acid, or carboxylic
acid,

wherein the method comprises:

a step (vi) of producing a compound represented by the following formula (5) by the method
according to any one of {4] to [7]: '

[Formula 11}

A
HO,C" ~CO,R* )

wherein R represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted;

a step (vii), in which (vii-1) the compound represented by the formula (5) obtained by the above
step (vi) is allowed to react with a condensation agent or an acid halogenating agent to obtain a
reaction intermediate, and the reaction intermediate is then allowed to react with a metal azide

compound or a trialkylsilyl azide, or



a step (vii), in which (vii-1) the conpound represented by the fornmula (5)
obt ai ned by the above step (vi) is allowed to react with a condensati on
agent or an acid hal ogenating agent to obtain a reaction internedi ate, and
the reaction intermediate is then allowed to react wth a netal azide
conpound or a trialkylsilyl azide, or (vii-2) the conmpound represented by
the formula (5) obtained by the above step (vi) is allowed to react with a
phos pHwpii-2ithacomdpast erprazitadby e fasutaSphittanal nhachate azp ¢a) isaliadwedre aci d
azi de j t ansl socyanate, and the isocyanate is further
al | omé!aa%%%ﬁﬁggg%ww&gcha%gn&%f%%l%édl, t her eby produci ng a conpound represented
by t h&opdlolobikiithen foit srideaandghe adidenidaib then 2pnverted to@n)isogyanatsi mdfMe and R5 each
| ndependentleys fARESIBNEd AfYest: kith 2 HRHDIGAGER HbaGink z{[&n%guﬁcﬁre RenflgoTs, an
aral kyl group containing 7 to 20 carbon atoris, or an aryl group containing
6 to ﬂteafPB‘an&tfﬁﬁ%’,la(égch of which may be optionally substituted; and a
step (Férinu)a 12f all owi ng the conpound represented by the above formula (6)
obt ai ned by the above step (vii) to react with an acid or a base, or
subj ecting the conpou resented by the fornula (6) to a catalytic
hydr ogenati on rea n, so~as to produce the conpound represented by the
formul b theNformula (8). [10] The nethod according to [9], wherein,
in the tQZgH 1‘)\, Qr tion internediate is allowed to react with a
netal azide co und i al kyl silyl azide in the presence of an acid.
[0017] [11] Thé‘*method according t(é)[g] or [10], wherein the absolute
stereochem stry cgf t he conpound represented by the fornula (5) is (1S, 29),
and t hacreisR ard R saedrindephudently represént emellylgrowhentormolivdy) cdpnesers ed by
the f : AL r o 1R, [ 0018]
[ 12] %\ﬁ ?rlleé% lo%‘g%%?fhmr?%%gzﬁwnég@%&%&gnppuﬁgp%lep eégaéﬂtggé%)n§ﬁf’f?1{§ l? o‘%’]%)g\l}vi ng formul a
(7): F@g},s,rﬁ@plaoﬁ‘gqnc FRKRbAORtOP R supstjtuted; and :

a step (viii) of allowing the compound represented by the above formula (6) obtained by the

above step (vii) to react with an acid or a base, or subjecting the compound represented by the
formula {6) to a catalytic hydrogenation reaction, so as to produce the compound represented by
the formula (7) or the formula (8).

[10] The method according to [9], wherein, in the step (vii-1), the reaction intermediate is
allowed to react with a metal azide compound or a trialkylsilyl azide in the presence of an acid.
[0017]

[11] The method according to [9] or [10], wherein the absolute stereochemistry of the
compound represented by the formula (5) is (18S,2S), and the absolute stereochemistry of each of
the compounds represented by the formula (6), the formula (7) and the formula (8) is (1R,2S),
[0018]

[12] A method for producing a compound represented by the following formula (7):

[Formula 16]

:\{\

HoNT SCOR* (o)

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted,
or by the following formula (8):



wherein R4 represents an al kyl group containing 1 to 10 carbon atons, an
aral kyl group containing 7 to 20 carbon atons or an aryl group containing 6
to 12 carbon atons, each of which nmay be optionally substituted, or by the
following fornmula (8): [Forrmula 17] H2 N' CO2R4 HY wherein R4 represents
an al kyl group containing 1 to 10 carbon atons, an arallcyl group
containing 7 to 20 carbon atons, or an aryl group containing 6 to 12 carbon
at ons,[Feawks 611 whi ch nmay be optionally substituted; and HY represents an
inorganic acid, sulfonic acid, or carboxylic acid, wherein the nethod
conprises: a_st {) of producing a conpound represented by the foll ow ng
formula (5) the nmethod according to any one of [4] to [7]: [Formula 15]
HR2C ' CORRANS ) wherein R4 represents an alkyl group containing 1 to 10
carbon ek, arC&aRKY! group containing 7 to 20 carbon atons or an aryl
group c aining 6 to 12 carbon atons, each of which may be optionally
substit and a step (ix){81In which (ix-1) the conpound represented by

d;
the formula, {5) obtained by the above step (vi) is all dtoreact with a
conder‘@ﬁﬁ‘% gRrEsRsgP el Fﬂcm”é‘ﬁéﬁé‘f i%&%&‘ﬁm%@%ﬁ‘gfﬁoﬁp reaction

i nt er cedaiaing,7 ta R0 cdrben ateas or anatyhjretpaiaiiitg 6 © 12@rboaldaomeeachef iRt W th a
rapr edBn e BT RTR AR P R LS Sl Bt Rac desalete bl LS POTERE | ovea
to readtl, with a phosphoric acid ester-azide,

wherein the method comprises:

a step (vi) of producing a compound represented by the following formula (5) by the method

according to any one of [4] to [7]:

[Formula 15]

S
HO,C" ~CO,R4 -

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted; and

a step (ix), in which

(ix-1) the compound represented by the formula (5) obtained by the above step (vi) is allowed to
react with a condensation agent or an acid halogenating agent to obtain a reaction intermediate,
and the reaction intermediate is then allowed to react with a metal azide compound or a
trialkylsilyl azide, or

(1x-2) the compound represented by the formula (5) obtained by the above step (vi) is allowed to
react with a phosphoric acid ester-azide,

so as to obtain an acid azide, and the acid azide is then converted to an isocyanate, and the
isocyanate is further allowed to react with water in the presence of an acid, thereby producing the
compound represented by the formula (7) or the formula (8).

[13] The method according to [12], wherein, in the step (ix-1), the reaction intermediate is
allowed to react with a metal azide compound or a trialkylsilyl azide in the presence of an acid.
[0019] |

{14} The method acco'rding to [12] or [13], wherein the absolute stereochemistry of the

9



SO as to obtain an acid azide, and the acid azide is then converted to an

i socyanate, and the isocyanate is further allowed to react with water in
the presence of an acid, thereby producing the conmpound represented by the
formula (7) or the formula (8). [13] The nethod according to [12],

wherein, in the step (ix-1), the reaction internediate is allowed to react
with a netal azide conpound or a trialkylsilyl azide in the presence of an
aci d. cpBpadY refrdséited he tirefoivada €Q COf18i23Y ahad thelidpolote sfeidlhemvibiey &f aach be

absol | f n by the formula (5) is
(1S, 2 © CO%%&%%%%%E % u%/y g Oer?ngloac(ﬁ)o‘{rnmﬁl %m@?é@ %ag){f%t) he conpounds
repre§@ﬁﬂbd by the fornula (7) and the fornula (8) is (1R 2S). [0020] [15]

A et ng formula (7):
[ For mﬁﬁi fg?eﬁééﬁﬁ”W%d%&%?@@ﬁ@?%?ﬁ%@ BT HEERA P oroup

cont al¥irmylaii% o 10 carbon atoms, an aral kyl group contalnlng 7 to 20 carbon
atons or an aryl_ group containing 6 to 12 carbon atons, each of which may
be opti onal ituted, wherein the nethod conprises: a step (x) of
produci ng a npound represented by the following formula (8) by the nethod
accordnqghj gggg4of [9] to [14]: [Formula 18] H2 N CO2R4 HY( 8 )

wher ei rep s an allkyl group containing 1 to 10 carbon atons, an
aral l cyl group containing 7 to 20 carbon atons or an aryl group containing
6 to WBerehr hbrrc;aés&fm areaﬁdyl @fouphécteininy 1be aptdacial dtymsuls tatdliod egdourand HY

repr e%@n@&ﬁ;ng v t(') IR LABN SRS Imd an arulI gfrglﬂal ((::on?almng 6% lfgargo (l)rlné: B qu' whlcgld

may be optionally substituted, wherein the method comprises:

a step (x) of producing a compound represented by the following formula (8) by the method
according to any one of {9] to [14]:
[Formula 18]

Vel

HoN" ~CO,R?
HY (8)

wherein R* represents an alkyl group containing ! to 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted; and HY represents an inorganic acid, sulfonic acid, or carboxylic
acid; and

a step (xi) of allowing the compound represented by the formula (8) obtained by the above step

(x) to react with a base.

[0021]
[16] A method for producing a compound represented by the following formula (8):
[Formula 21}
{\
WM
HoN" T~ CO,R?
HY (8)

10



a step (xi) of allowi ng the conpound represented by the fornmula (8)

obt ai ned by the above step (x) to react with a base. [0021] [16] A nethod
for producing a conmpound represented by the followng formula (8): [Formula
21] H2 N CO2R4 HY(8) wherein R4 represents an al kyl group containing 1 to
10 carbon atons, an arallcyl group containing 7 to 20 carbon atons or an
aryl group containing 6 to 12 carbon atons, each of which nmay be optionally

subst itheteftR* @mdsdmé shafiybgen Sonddinihg O tg dhéacbacitahys, st bitayl groaei d, or

car boxyl.i.c. aci d, wherein the nmethod conprises; xi.i) of.pr.oducing a
conpo i PR S 2R EEOHY et 8 g O RSB (3 RGP kb RO o g

t 0 anynagre opfiornfaly substitfa8] and [FROrepresent 9] inodgd2dit péid COPRI¢ acid,)or wirbeilin R4
repreggpts an al kyl group containing 1 to 10 carbon atons, an aral kyl group

containrng 7 to 20 carbon atons or an aryl group containing 6 to 12 carbon
at ons whergghthefmethiil comprisps:be optional |y substituted; and a step (xiii) of

al | 0"‘%)@(‘;&}9 r(-vﬂﬁ o?BfSHQ%fﬁ% %cﬁﬂfo%ﬁ@%?egerﬁéﬁ Bye fRoWHoNoknfula OH b3 kRGHAthY t he above

step to reac an inorganic acid, sulfonic acid, or carboxylic
aci d. acendme tprey At ¢fddl adbdi ding to [16], wherein the step (xiii) is a step
of al ryni@ Johe conpound represented by the fornula (7) obtained by the
above step (xii) to react with sulfuric acid in the presence of an organic
sol vent . RN

HoNY TCORY ()

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted; and

a step (xiii) of allowing the compound represented by the formula (7) obtained by the above step
(xii) to react with an inorganic acid, sulfonic acid, or carboxylic acid.

[17] The method according to [16], wherein the step (xiii) is a step of allowing the compound
represented by the formula (7) obtained by the above step (xii) to react with sulfuric acid in the
presence of an organic solvent.

{18] The method according to any one of [9] to [17], which comprises a step of recrystallizing
the compound represented by the formula (8).

[Effects of Invention]

[0022]

According to the present invention,
(1R,28)/(18,2R)-1-amino-1-alkoxycarbonyl-2-vinyleyclopropane, which is useful as a synthetic
intermediate of therapeutic agents for hepatitis C, and a synthetic intermediate thereof, can be
produced by an industrially applicable method.  The production method of the present invention
can be used in the production of therapeutic agents for hepatitis C and a synthetic intermediate
thereof. The compound produced by the production method of the present invention can be used

as a starting substance in the production of therapeutic agents for hepatitis C.

[Embodiments for Carrying out the Invention}
[0023]

11



[ 18] The nethod according to any one of [9] to [17], which conprises a step
of recrystallizing the conpound represented by the fornula (8). [Effects of
| nvention] [0022] According to the present invention,

(1R 2S)/ (1S, 2R) - 1- am no- 1- al koxycar bonyl - 2-vi nyl cycl opr opane, which is
useful as a synthetic internediate of therapeutic agents for hepatitis C,
and a synthetic internedi ate thereof, can be produced by an industrially
appl i cabl e Hethefkr, hempsdisieat fop varfEhhod tafprédant ipreadentvill bavdsidbedican be
used i.n the production of therapeutic agents for hepatitis C and a

synt hél{:{ia “internediate thereof. The conpound produced by the production

met hodApProtitmiop vE€enpound Rentepamteddarfobeulag®d as a starting substance in the
prOduﬁédﬁﬂ of therapeutic agents for hepatitis C. [Enbodi ments for Carrying
out the Tnvention] [0023] Hereinafter, the enbodinments for carrying out

t he presentA¢qeyding fodke mident ipeentfescrdopwdutidrepreseaiel by (he) folbpwisia darmuke (A
Corrpog&gbﬁgrgg@cg(gnt ed by Fornmula (4) [0024] According to the present
i nvention, a compound represented by the following formula (4) can be

pr odut@¥mulaPdd mul a 23] R402C COR2R4( 4 ) wherein R4 representsan al kyl
group containing 1 to 10 carbon atons, -an aral kyl group containing 7 to 20
carbon atons or an aryl ~group containing 6 to 12 carbon atons, each of

whi ch nmay be opt al |y substituted, wherein the nethod of the present

i nvention conprises a step (i) of allowi ng a conpound represented by the

f ol |OWiF%m6)58| 2 C02R4 »

wherein R? represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group containing

7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which may be
optionally substituted, wherein

the method of the present invention comprises a step (i) of allowing a compound represented by
the following formula (3):

[Formula 22]

A VN
‘ (3)

wherein Z represents a halogen atom or OR3, wherein R’ represents an arylsulfonyl group
containing 6 to 12 carbon atoms, an alkylsulfonyl group containing 1 to 10 carbon atoms, or an
aralkylsulfonyl group containing 7 to 20 carbon atoms, each of which may be optionally
substituted,
to react with a malonic ester in the presence of an alkali metal alkoxide or alkali metal hydride so
as to produce the compound represented by the formula (4),
wherein, in the step (i), the alkali metal alkoxide or alkali metal hydride is used in an amount of
1.5 equivalents or more with respect to 1 equivalent of the compound represented by the above
formula (3), and the malonic ester is used in an amount of 1 equivalent or more with respect to 1
equivalent of the alkali metal alkoxide or alkali metal hydride.
[0025]

A compound serving as a reaction substrate in the step (i) of the present invention, which

is represented by the formula (3) in which Z represents a halogen atom, can be a commercially

12



[ Formul a 22] zz( 3 ) wherein Z represents a hal ogen atomor OR3, wherein R3
represents an aryl sul fonyl group containing 6 to 12 carbon atons, an

al kyl sul fonyl group containing 1 to 10 carbon atons, or an aral kyl sul f onyl
group containing 7 to 20 carbon atoms, each of which may be optionally
substituted, to react with a malonic ester in the presence of an al kali
net al al koxi de or alkali nmetal hydride so as to produce the conpound

r epr esenlebid poyduttte ciiobanasbidy grafycedhe pmilying # knawremsthed sgéh)as thehmethdkal i et al

al kox'd@s%ﬁﬂ dlﬁ'diéﬂn's gﬁffﬁér dydri de, bﬁ?ﬁ'sﬁg 153027b, 36MUY490T 1.5 equival ents or

nore w th respect equi val ‘ent e con’pound represented by the above
forrml%{)?éh) and the mal oni ¢ ester is used in an anmount of 1 equival ent or

more with resRech oscebt&mﬁ@wc\bai 8itld s@ifvﬂgm% aGkdtAbh sdBBkAL inth& @) dPofQhe @l kal |
metal hydride. [O ound serving as a reacti,on substrate in

the sPERCYIIveRfony wéwfwéfg@ﬁ%enteﬁ\bémq faﬂnulmwhwmh Zéﬁ?rgs;éﬁ% B ¥he fornul a
(3) i deddhibsnatér.r epresents a hal ogen atom can be a comercially available
produgﬁo gL can be easily produced by applying a known net hod, such as the
met hot’@ehcribed in Genn S. Skinner et al., J. Am Chem Soc. 1950, 70,
1648-1649. T&&&&bpropme ringAn thetréwotorofrodiat sdprisigecbyCthafmmol (S einvhaxgeas a
reacti ubstrat e i.n the, s sent ent i |ch i's
repregg {%ﬁp’g’seﬂt HE RSP T ge %5? e‘“r’?)%cjeoﬁhl f%e%rmens()efﬁtr%é{%es e’r’t? “be descri bed
| at er cofiPORT }epresented byTthe farylao) inpeneh £ rapeesemis & heogepagin orORT, endict
repreaggg ?agoPXfihe formula (4) in the step (i) of the present invention can
f or med y nucl eophilic addition of a malonic ester to the conpound
r epr esent edniije repsion of fauming(s89h 4 gycloprophnezinge hreesmnewndgeiiescnige iy dicom or  OR3,

and diss06 @) hQth Odfcmzconﬁ uration éeHerE@?lﬁQﬁ%ﬁdo?%baﬂjonﬁof B lhettdhsd
cycl ogr opane ring %rgl)oun repr esent ed formiula (3) haV| ng a cis

conf i GUnPEdug st gbwb?rar@'é§ha11 ¢ GAMPSH %9@%@@1% fogrelp dhdsvieg e tiges g
by- pr @&H‘fghraﬁbn a Adgheigly, at @rd&ﬂ@%dr@@fﬁ@féﬁ@g%ﬁmn HRoeSeMEdpRkntcaeyiigy nul a

(3) hav trans conflguratl cC order to_nore eff|C|entIy
obt ai ?P %@FP&&BH’&TW%F@%@HPQSY ERFA% 1;‘1&)%&%{@1;1'@2,)@5 2 frRRs cOBRgrBRAinY:

repreg@Enged by the fornula (3) desirably has a trans configuration. [0028]
ste

e ook Lo B UL RO 1108 (DS Bl
posi t ifiesn a@mofettihentigedatigr io [gmtasd agosifidre2 pftbdum@rqmn@nngld Teprelsent ed by
the f %rﬁwu%dg p)resex%eciibf & %Hn%l (Qf iy r&c%g&
[0029]
In the formula (3), halogen atoms represented by Z include fluorine, chlorine, bromine
and iodine atoms. From the viewpoint of reaction selectivity, a bromine atom is preferable.
{0030}
In the formula (3), examples of the arylsulfonyl group containing 6 to 12 carbon atoms,
the alkylsulfonyl group containing 1 to 10 carbon atoms and the aralkylsulfonyl group containing
7 to 20 carbon atoms, each of which may be optionally substituted, which is represented by R?,
include a benzenesulfonyl group, a p-toluenesulfonyl group, a 1-naphthalenesulfony] group, a
2-naphthalenesulfonyl group, a methanesulfonyl group, an ethanesulfonyl group, a
propanesulfony! group, a trifluoromethanesulfonyl group, and a benzylsulfonyl group.
[0031}
R is preferably an arylsulfonyl group containing 6 to 12 carbon atoms or an
alkylsulfonyl group containing 1 to 10 carbon atoms, each of which may be optionally substituted.
R? is more preferably an arylsulfonyl group containing 6 to 10 carbon atoms or an alkylsulfonyl

group containing 1 to 8 carbon atoms, each of which may be optionally substituted. R is further
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In the formula (3), hal ogen atons represented by Z include fluorine,
chlorine, bromne and iodine atons. Fromthe viewpoint of reaction
selectivity, a bromne atomis preferable. [0030] In the formul a
(3), exanples of the arylsulfonyl group containing 6 to 12 carbon atons,
the allcyl sul fonyl group containing 1 to 10 carbon atons and the

aral | cyl sul fonyl group containing 7 to 20 carbon atons, each of which may
be optrreerablyyn subssiipnlgep confhivingicdo Beptbes elomedr ﬂyylmfonvmwd@naunmg
benzeneguldany Eioglrsou@peoﬁio@ﬂ)t gllr&%nﬁééalfwuou Pz su]:foﬂ?{ Lﬁa"'@sul fonyl
group, a_ 2-napht hal enesul group anesul ,

et handysigluesssyifonyt giopp arg prﬁfep ﬁes@f ﬁh@fﬁyfr pgqlwssulfanrirﬁrqumopwiﬁbhes ul f onyl

gr oup,prﬁaqbra éaeeam}y%ul r‘)m@m B Rpreb @AMy a formula (3bRIvHich Willef@kakibyd an
aryls fo&& roug |n|n 6 to 12 cgagon atons” or an al kyl sul f onyl

gr oup ‘&8 ﬂﬁlﬁqrf& Yt G CaPEBHPIdROTRIPOUAEHY T SthHFRAR fAyD s Ubnal 1y

subst ieffiietly. R3 is nDre preferably an nyl sul fonyl group containing 6 to 10
carbon(ﬁ5ﬂgs or an al kyl sul fonyl group containing 1 to 8 carbon atons, each
of mhr% y be optionally substituted. R3 is further preferably an

aryl sul f onyIIn thedoyout=of), ah rkangpl6of the Slkglagringneoatadrimg Do 18l dayHos atohanytlictgr oup
cont ai,p Toénéq%ugs&o%%%ﬁ @h@ﬁr}% r?;%Fs%ﬁéeB 'bﬁﬁ?'g afrﬁ)s{‘éﬁﬁeﬁ%lﬂﬁésﬁt&?wé I%‘EOUD a

benzene are

t hese br@cbpf-dtoo méneﬁqyl gromybommupl ﬁrsl(pauhqncatmw I yﬁx :plrbefteﬁeébt wysubstingel, a

cryst f f |

Gedor ThedybhOTBRYON DERIERETL RIS 1 OURL Sl mopty Bl aby
cryst A6 Eappsoprebasd s&axeawm‘é@rlecﬁmetéﬂfar@rpem ¢thyl er@paz isopropyl grouppp t he

f or mulpgen(A ﬁOpﬁr%.r@ﬁiﬁgﬁbx%la@f)ut&h@ro@ b sogﬁt?i’%oﬁip A& R Groupt Qte%toodiﬂr bon at ons

whi ch may i on substit uted I'S represente , 1S a
subst .gfqrfeen%wakmu §’t°PP=u"Pé%PPeIPW1r€é%‘rP’ aWaWélWé@fO&P» acryﬁ'eprvéy agrwr a §prgah

cont alhastymgrollp,t&ylﬁp yzb@m@aoyaobuey@ub@u&w@én@rgrumﬁ Whsh Efciiegyl | i near,

branched or AS aining 1 to car atons i s nore

pr ef eBEiPe. A ﬁﬁ‘ﬁbgff’%%f}é/“ﬂg‘g E%f‘ﬁﬁrnle‘rneart‘?r@%sé’@ﬁ‘ﬂfi@épﬁeﬁéﬂ e a nethyl group,

an et fgU33proup, an isopropyl group, a normal - propyl group a normal butyl

pentyi aroupt Prbred il RSk ea 3B St iy R oup,
nor rabe Aok gnbsinied, vldydi isprropyited bR is prefeyablyatumbyitugd oupsimtioyl opent y!
rou r : on

ot oo B YEHANRE Yo B By Ak Sl BHB oFRB], BeeAd chabBenfRUET

(4), @& Ibenzar giogyla 4gmothﬂbwmk grov), a¢-methexy2enzyhgtoum ddt@&molvmﬁrgrmya be

optio r

S 5bst ?%%%%b%g%ﬁg bst Ph&f?leﬁl}é&él 55531 Iol g&ﬁ@%@@ %X‘éfﬁﬁ?dn? ‘})B%l@fl}%éﬁ? §¥Ob g'n at oms.
Anongl@¥éke groups, preferred exanpl es include a benzyl group, a

4- et hyl bengyhe @hé&‘dpﬁor{ﬁulé(ﬂeéﬂé%%l@ 8N&EY vl "gﬂn‘dﬁ corﬁmf}mg I@'t@ 1 OBRB&YAo”E OUP, a

4-bro nzyl group enyl| et hyl grou 41- ethyl group, and a
3- phe?rgrcgwwe 0@?@@83’ Slrlo % ebich is rerrﬁseprré‘bg&rem%lrderwhmr £ 2 exanpl es of
t he ankplgh¥gRoupont-abgHting gﬁ)upmnﬂmeﬂwméhyag@ﬁp ARintdthyl¥nle et honal |y

substrt ich is represe i ud henyI group, a
e D RET et o, 31 AR TReR P Al BeRer Ry A BRYR Ay oo &
m et pydeivanytienglr gronn, aa, 3pdxmemmphﬂheBmhp,orzwﬂsmeahiylﬂwﬂﬁtémpynhenyl group, a

™ I BOURBEN S Wl 3 BEIRSEXRIERL, 95 URyn LIRS B prens! Group

2, 6- dB frelithgthplpbay! ggnp a3, Stir3nethypheey hybh e A3, 6-gingthylplend, geu;h aet hyl phenyl
I
g SUBe R g EATSIN BB O AU ERH G BhONP) 2,

and a@pmnrtrophenyl group. [0035] R4 is preferably a net hyl group,
an etﬂm proup, a tert- but yl group, or a benzyl group, and is nore
preferably gn ethyl rouf 36] In the step %é t he conpound
repr esent edt ByprefEabhot mathyl &TS‘}P, s eyl Gy atyt- P‘é&’(ﬁm%a pha bengrl e 2kt er i n
the pLesROsRIRILIRM &hitakdupiet al al koxi de or alkali metal hydride. Exanples
of the alkali netal aIkoxrde that can be used herein include |ithium

et hoxide, lithiumroethoxide, lithiumtert-butoxide, sodium ethoxide,

sodi um et hoxi de, sodi umtert-butoxi de, potassium ethoxi de, potassium

met hoxi de, and potassiumtert-butoxide. Exanples of the al kali netal

hydri de that can be used herein include lithium hydride, sodium hydride,
and potassi um hydri de. However, the exanples are not |limted thereto.



[ 0037] In the step (i), the alkali netal al koxide or alkali netal
hydride is used in an anount of 1.5 equivalents or nore with respect to 1
equi val ent of the compound represented by the fornmula (3). In addition, the
mal onic ester is used in an anount of 1 equivalent or nore with respect to
1 equivalent of the alkali netal al koxide or alkali nmetal hydride. Using
the al kali netal al koxide or alkali netal hydride and the nmalonic ester in
the afl¢3éientioned anounts, the remaining of raw materials and generation

of by-produgtg. ﬁ@;ﬁ(l)bﬁle %%&ﬁﬁ%ﬁﬂcseht@@ 881he fo uia 3) Eaﬂgﬁw?gqgt)%tﬂ he al kali

met al al koxi de or dl kal'i use ener equi val ents or
nor e, TMEEGISEH Flyﬂl?tP@Sf‘@q%?fiﬁail Bélrrrtlsnfﬁrl aflKide Oaﬁtsalmptei lpriefier dixapplzs of

equi valeantas n%tal rmro%,de Wat EanltRIBECHerdiR ink A8 Uitk BMbxiAL, ihem eetmwad
represent ed g mula (3). |n addition, it is generally 3

equi v rrtléerb “*‘P’% PBPEAF-yodium reiinxide) sadfuen srt-Yubexide, erﬁ%rswm e
pr ef eembkide, %o&smu lnié&io@iﬂ% Sanﬁ hola@sien tap-Budloi@S PERhmpies aftﬁaatkaaaalneﬂat of the

conpo nt ed the r g Nbreo t he
o gide cdﬁrdcg%etlgrdt?%@ﬁg s, o Byt PRI P o o,
prefeﬁbh&yﬂlmﬁeﬂmummahﬁﬂﬁQnmﬁdﬁﬁﬁﬁ; and nore preferably 2.0 equival ents or
nor e, ?E respect to | equival ent of the conpound represented by the

)

fornu In addition, it is generally 3.0 equivalents or |ess,
prefer abI y 12 U5 stepui)vihb elirhls metal bleedde amdkattonaal juydfideriabded iR arRarequuit vil ent s or

| ess, {4 h
ol 2 Sy R bk S Bl B AU LGRS

gener &) ylmadditieg the aplenic eger igmped in @h iRoyns spbequitadent oemyolewdthanspegifio f he

al kal bquredidk ofhk Qﬂihﬁiﬁtet@f alﬁt!rxl'i@é dr aﬂﬁh%'tetﬁ‘ﬁgéﬂdie Ugi'ﬁg@%dzlﬂta'h%t?l'alkokﬁlegener all'y

2.0 ECIUI vaI ents qr less, and preferab equi val ents or eSS

adopt Prajkali estaldiydtide and ghg faelome ﬁ@errlééketfrf‘efﬁme&r%et ApPws, fhe reEnisg eérarrr ) is
Slgnlﬁm&ﬁa&bﬂd%ﬁ@ﬁﬁ&@@%whﬁ&ﬁkhcmnbemgmniﬁﬂ type of a reaction solvent is
not pﬁ{% ularly imted, as long as it does not inhibit the reaction. A
pl ura glof solvents may be used in conbination, at any given ratio.
Exzﬁrrpl Fs ofTheawohntaf sel el tmdtdl alkodie oﬁﬂkiﬂhﬁbtaBWcM&@h@d ﬁg‘éﬂe@.ﬁy tﬂ)TEt hanfﬂ

et hang or nal |.sopr o nor mal . but ano

cer ongurlkel B o, SR¥rafly S ¥ Rhnyals OB R LR BrecmBY oD HelRBE bl ot ¢
hydr omarebwrth resparih teelseduenipenel, the alnusned repydsana], bycthé rmbRriZ2ené, acaitttbn

trifi - hexane,
- hept arenealh BERAEN Gy SR ARl R GRS S bt BERARRE 22 DTO0YI
et her equmaﬂ@rtﬁpn dfpss [withtrhepest telil cqavaient of ﬂte)cbme@thldrrqurmenﬂw by Qmﬁompya (38t her,

met hylgg %ﬂrt-butyl ether, ethyl-tert-butyl ether, cyclopentyltnethyl ether,
tetra of uran, di oxane, and 1, 2- dlnethoxyethane am des such as

N, N- di rret hy Mogsowernihg emonntiaf dierealonjs exiesused iglacnezala InE epsivalenisyr mord, done:

hal oggaatad hy@w&.@&m}%&y GRd adrdpehl &tm%@ﬁtﬂﬁm%}' R4 Af e eB BN

tetrachl oride nd 1, 2-di chl oroet hane; and di nmethyl sul foxi de. Anbng these
subst gyeedent ?%P‘Uéﬁ’é’o“%@/’feéﬁéemtdétyrtaﬁ%ﬁ“ﬁlﬁtﬁ?’)anIn r@rmarw geapralledAanol are

- pref eéq@btaemsaﬁ @t:st kit aisty zetdqan@ientq ANk adl MO Pt BI 2 hRvaRhis @k RsdlOr €
pr ef od accordrg to t pr esent i nvention can

be gert@'t? 5PSP t%tr Baleplrt ﬂéetw&‘ft"léﬁ%é’i’%ﬁ?ﬂ“’éi Byt o 100C. The

t enpejoataire that i s advant ageous for the reactlon is preferably fromOC to

80C, and no r ef er.apl om 20C rea tion time, enerally 1
Lo 40" hour s PRRE AR Maloh Buiisst A eondiny RO shiiibl B mpley Vish FsP5 hour
[0043p 1 equtvalentlﬂf thchdkaterbdigchllactie od rikgli totat h‘g&irqde eslantidition,ént pawrraligf t er t he
conp r Ilo to I t.with a
al ort DRl PRSI bt TtRaltt of S, BB BN SR ERE e 2
hydrHﬂemaﬁhenﬂkmﬁnWCnégméw(ﬂemﬂwnﬁmmByHQMUVmb t he conpound represented by
the fgpppl a (3) and an al kyl netal conpound or an alkali netal hydride to
t he Aﬁlo ic_ester remaining in the reaction solution at the above-nentioned
amount r at i Be typreofecpsgomeplyaspiseobparbeniasly limiecds avlang 25 if des oelrinbit thar t her

pr oduggsion ThA $rRRRY 8t IPRnGEHhYRR 18& nicBRbRMkod, 8P8FeBRh Yatiol 0844 ples of

Furt hernore, the conpound represented by the forfmula (4) obtained by the
above step (i) is preferably purlfle% bef ore being subjected to the
subsequent st ep.



The conpound represented by the formula (4) can be purified by separating
the remai ning nal onic ester fromthe conpound represented by the fornula
(4). The remai ning nmal oni c ester can be, separated fromthe conpound
represented by the fornmula (4) by distillation, chromatography, or an
operation of selectively hydrolyzing and extracting the malonic ester.
Anong ot hers, the operation of selectively hydrolyzing and extracting the
mal onisechesstobient isclpdes hleotalh bavénts suel ms&nﬂhadui,gﬂlm@emml proyy! alspledi fical |y,

after ; se, F a bl e

or ganl C l[sgg}’ven?l B, ol Aogrgaidb%%uf gémrlegasic agr?c%@f ?lbgﬁﬂ&e ﬁ){i 1%%%&{}"0m c
ester kctgnmytchmﬁlhyilﬁd;focaams strbirag bénzene, t(éuenat?@ienb,al}rlémhegzmmded by a liquid
separ %ﬁﬂ&mﬁmﬁéﬁa@ al aﬁJﬂyﬁrmt}&%cﬁ 55 Ips&%%sn ROsad, BligplaRe, S8Par at e the

remai ni nq1 onic ester nore ficiently and in a shorter tjne than those
by di s¥¢iphesacopthep S@hra@ﬁﬁw&ﬁth?sh@-mmﬁ@ Pé‘?m‘b%tbﬁddlﬁséﬂ'ioééleeﬁteédh‘ﬁ?m%e formul a

(4) c@ﬁtyb&h&%@&ﬂmp@m@%@xﬁétﬁﬁkérﬂau@mﬁeatdmt@ﬁbﬁgl Mir,Or gam ¢ solvent and
the re e . SO t.er corrpletlon

oncent rati.qn
of thé&Y %R&B&Yﬁaﬁhy e %@E@F{YP%‘W%‘?“’%%’F@E&1%@1913&'5?63‘%’?35‘?21 mdw&c | oni ¢ ester
may bay Nailhﬁd:ﬂi’ﬂfd?&lhmﬂfénel’i\l &ﬁiﬁﬂ@ﬁﬁaﬁzﬁiﬂeCumd(bf—nﬁﬂamwhﬂliaﬁm@fhaldgenﬂmpound

f d t th
L o eREpTCN st s HERTP Rk By aE R B Be S i PR s 1o
base ambdinethel sulfoxikibe Amang these ssbﬂtamte@rmiuem tdytent, tetrahgdnofmoy methatdle m xt ure
f th f
P ooagpnd ATRSHAL phFRLEE SPh Bty dldfol AldbRel U aRthddPaIMATPRIE.
bi car b¥d4dt e of al kall nmetal are used as bases in the above-descri bed

hydrol ysis.p y@pﬁ%{hhhcacg%@ﬁgsﬁsth'en;?rle%ﬂ?:ﬂvieﬁtm Lo vdr ey Ak Ut ik oxi de,

pot assi um hydr oxI I um carbonat e, and sodi um car bonat e. Anong t hese

conpotampsatire thonurdBGde bole, Brsdiewnenipmr 81t deadiratagronader bmrparipos de are
pr ef e?f&?&!r@ol %91 5t gacky droxioe fe?eréﬂ?f %roef ebeer abiec. [@Qél¥aacuon time ighe

amount of t ase used is enera equi val ents to 20 equival ents,

pr ef eBesraly 1 t@&@lﬂl%ﬁé’ﬁﬁfe’tﬁ@y%@ gﬂ]ﬂi"%félaéﬁf"é’re }gﬁ%fr 2R ks abl'y 1 equi val ent
to 3 emysyalents, with respect to 1 equivalent of the remaining malonic
ester. The reactlﬁtgn tinme,is ggnera I%/1 5. mn teﬁﬁto 24 hours, %ﬁ%g‘ﬁéably 10
m nut es to [R3M97BEiPad aceprtingf dhg prasent Benlion {RUPPYIL RGP ©

react f(ﬁmﬂag(ﬂpﬁﬁiab&h@%llbﬁ*e@wei’aaﬂ With farxﬁsmama @€let ﬂ:@?&semeaffeanﬁmk@h ﬁmﬁn} 10C
to 60 nor re rLom 0 0048 et an
or ganf%go’ggff \f’én?lgffg a%’ﬁfé‘g % %henglta F?ﬁ% Iregl[!ﬁlv 15 Pagne el%’r’fé’% gléé)l t is
abl e raq)res;ema:r by ehefﬁommlaval)eemd oA gikyd nadtaltopnqnbum gami eikslommhhsdrmytobhe used in
conbi |on t en r YReaQf i ot

ot i cOpiaptyeq et b Pt Mo, {015t RO0R" s BRARRE SRUCKERd, e

pl ur abwm}gouotﬂ repeaentedby the Ifwwtas(f’rh@p by durthsedrodnced o nbhis aperation car baedrrigd ven

rati oout%gﬁhgs of such a solvent include: aromatic hydrocarbons such as

benzene xyl ene, chl orobenzene, and trifl uoronethyl benzene;
keton3§4§hch as 2 but anone and net hyl isobutyl ketone; aliphatic

hydr ocar bo %n%&%:@%h&oﬂﬁeﬁ@l%pre&n%wnﬁe foﬂnmmmemmg Ry PORERAE;
ethers such as diethyl ether,  di-nornal | ether, diisopropyl ether,

di - notSrf e@h@wlﬁf%@rfore#@Pﬁﬂh}%céf&riaswsu‘a%w Stit hyl - tert-butyl et her,
et hyl -t ert -inet ¥dm@buh@ rrepreseateaPenting i (Bt ber be mﬁﬁad Zoydbdpatatiax e hane;

and hal ogenat ed hydr arhons such, as dic oro chl orof orm carbon
tetra’éeﬁ}ag]”i’%’@aoﬁlﬁ&stirémﬂ HICBWEEt SWSS“?&H(? @E‘ﬂbstances benzene,

t ol uene, xyite rlemmnﬂigdnﬁihﬁc lestee car Be, Wpelfaarda(’@chﬁ thq Gﬁﬂiﬂjund represent&'cﬂl éyabarpound

servi r.eact ..on su te i,n the ste ) represent ed by
The 1 BRI 35 FstiRio R 3oh b et Bl o5 Rtoy o1, S Elsh TS PR B ount
r epr esentig Iy tiabnfcopsiar aA@er)g ¢thas, fhe :aaerz@actafomlqanw}adwdmivmmasd ep

b t | t hod,
Sueh galpine QP RUNTCC 8RR ReRAECT: 36601 o Ml SheBolP!  Sikiat A adPt O
Bi oor epmNetibn dffteseadt®sa base; watmazaqu@ter Asolblearrizanit splvenhns dédmﬂpfgah@ can be
obt ai pedi A¥%okilEn 8 ha2 MeNHaisilie Bierqf hHi‘@lyPJd,eMeﬂeé‘{Y&,nat WREr layer is removed

16



a step (ii) of hydrolyzing, with an acid or a base, a conpound represented
by the following forrmula (1): [Fornula 24] X1-()CY X2(1) wherein Xl
represents a hydrogen atomor R, and X2 represents a hydrogen atom or R2,
wherein RL and R2 each i ndependently represent an al kyl carbonyl group
containing 2 to 11 carbon atons, an aral kyl carbonyl group containing 8 to
21 carbon atons or an aryl earbonyl group containing 7 to 13 carbon atons,
each of adigucleepastidneopoptipondhyt @aisstudahcnd titthteeanespoesibld éwlsaphate th¢ rearchi? do not

" epr eLaNERLE e’fl%‘ﬁéééf?%%ﬁﬁoyw%% A8 W pr? B AuRBAK BB ERIRAINE | o
(iii) Toe Ctanpqwmi Hpraspriecnpe ulﬁe(ﬁ}f@@ pb@m@?br AecHtegehen epeatiyn ugipg &h has

been Q%ﬁb@@f@erﬁﬁn&ﬁﬁr&%ﬁoﬁﬁ@%k&eﬂ%ycoﬁa@erﬁﬁé&{ with a conpound represented
by R3X (wherein R3 represents an arylsul fonyl group containing 6 to 12

car boH)Oé?bms, an al kyl sul fonyl group containing 1 to 10 carbon atons or an
ar al kyl sul f gl cogfpmﬁlan@@meaﬂemtmg %etdpelaaoxcaf b@&n&ézsm@dromﬁ{g @é niMeh may be

opti onal I bsti.t uted nts a ato roduce
o onBRtIeS B B 55 oo ERTo MR Bl G ETBRLUTY EF R S phd

R30- rfqrm&( (43 ahd thavhetoaicnesR3. r &paragiRalys ﬂﬁnafaﬂfemleﬁmdnfed)mpbragdsmmymm ning 6
to 12 carban at sulfony p, centai nin rbon at ons
or ancaRsr 2o SfFiowh bl slnE 8 tEP a9l s 85 Bkl RolibR Pl nrch
may bamup'tngdhmmimrs obte icompaeuti ra:miseaateé beihe forviulaof) ardtbt mkloniestgr t he
corrpom epresented by the fornula (3b), which has been obtained by the
above® st ejé) (iii), so as to produce a conpound represented ty the foll ow ng
(3a): [For rfnlganezal] IIRBBRORESS suyh wheydepidayanbepniesebicarbenntaeidlsali moal/l gr oup

cont ai, i 46,4t Bast? 1ﬁ%@%o% 9 1beanhﬁir ykisul é?ﬂ'&)ﬁc gk esC%h@E Ni@gml to 10

car bon atoms or. an arallcyl sultfonyl group contal ning to 20 carbon atons,

each BYdrowife Kodiay hydrogisie: Ravaripy hyidenside; petasgiuny %wte and sodium carbonate.

Among these compounds, lithium hydroxide, sodium hydroxide and potassium hydroxide are
preferable; and sodium hydroxide is more preferable.
[0047} .

The amount of the base used is generally 0.5 equivalents to 20 equivalents, preferably 1
equivalent to 10 equivalents, and more preferably 1 equivalent to 3 equivalents, with respect to 1
equivalent of the remaining malonic ester.  The reaction time is generally 5 minutes to 24 hours,
preferably 10 minutes to 12 hours, and more preferably 30 minutes to 4 hours. The reaction
temperature is generally from -20°C to 100°C, preferably from -10°C to 60°C, and more
preferably from 0°C to 40°C.

[0048]

The type of an organic solvent to be added is not particularly limited, as long as it is able
to separate from water. A plurality of organic solvents may be used in combination, at any given
ratio. The type of a reaction solvent is not particularly limited, as long as it does not inhibit the
reaction. A plurality of reaction solvents may be used in combination, at any given ratio.
Examples of such a solvent include: aromatic hydrocarbons such as benzene, toluene, xylene,
chlorobenzene, and trifluoromethylbenzene; ketones such as 2-butanone and methyl isobutyl
ketone; aliphatic hydrocarbons such as n-pentane, n-hexane, n-heptane, and cyclohexane; ethers
such as diethyl ether, di-normal propyl ether, diisopropyl ether, di-normal butyl ether,
methylisopropyl ether, methyl-tert-butyl ether, ethyl-tert-butyl ether, cyclopentylmethyl ether, and
1,2-dimethoxyethane; and halogenated hydrocarbons such as dichloromethane, chloroform,

carbon tetrachloride, and 1,2-dichloroethane. Among these substances, benzene, toluene, xylene,
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In the fornmula (1), RI and R2 each independently represent an al kyl carbonyl
group containing 2 to 11 carbon atons, an aral kyl carbonyl group containi ng
8 to 21 carbon atons or an aryl carbonyl group containing 7 to 13 carbon
atons, each of which may be optionally substituted. These groups are the
sanme as carbonyl groups having an aryl group containing 6 to 12 carbon
atons, an al kyl group containing 1 to 10 carbon atons, and an arall cyl

gr oupabthe dkairpgreferetde.20 car bon at ons, which are described above in the
presepymgpecification. Exanpl es of preferred RI and R2 include an acetyl
group, an et hyl carbonyl group, a nornal propylcarbonyl group, an

i sopr opy| eaFissApPPOWHSERYIngas darararn paeiatcE o (1)@,?@% is gprepaiig Y e ar bony|
gro ;Jplforﬁ‘m%((@) i?%h%h%fe?&@éﬂts ORY Md?&icm%s Ttlrelbz'é?n}ﬁl)tﬁﬁrrbﬁ@%éhte? O WR, foﬁnmg mal |
pentyl ear bony roup, .an, i sopentyl carbon group, a tert-pentyl carbony

gr oup,(3a§thﬁ@aﬁé YIEAPERSHiA tﬁ@?ﬁ@ﬁ{aw- aThﬁﬁﬁéPmHﬂém BaPERRFA a%e&ﬁ% o

cyc: opiitdiely Iﬁlaﬁrh(ﬁ{bﬂ}odgitﬁhlﬁs thanfémlli@bs&iwlad;adrlgﬁm le,gh (EbtﬂericaDBlle et al., o]
cycl opent rhon p ohexyl car bony roup, enz ar bony

o oup Bt M Q6L 00 4P TEE s ISR R bor b e Pr oo e

3- phefojlopimgydps af the pyckery iroujona 4- net hyl benzyl car bonyl group, a

4- et . oup, -chl Rzyl.c a

4 br on ROy S ATP e R S5 ST p R PR e BB 2 bony

gr oupformula{&nl or ophenyl ear bonyl group, a 4-bronophenyl carbonyl group, a

4- et h | ear bonyl group, a 1-naphthyl carbonyl group, and a
s

2- nap xbonyl group. [0051] Anmong others, Rl and R2 each
i ndependently represent, pref | y an al kyl carbonyl group containing 2 to
11 carbon\atons ‘wW.carbhbnyl group containing 7 to 13 carbon atons,

optio&ﬁ |y substituted, anklJrepresent{(qmpre preferably an acetyl group,
et hyl car bonyl group, tert-butyl carbonyl group or benzoyl group, and

r epr egRats X'ueibRhts A9 iREabANm AP RAGRE XP rdpiatiils a hjBOG2latdR3 ot R, therefnor mul ae
(3b) d ( hag th ane definitions as those of , R3 in.the fornula (3)
{05 R"ond Vot dencfest epreten Bl RO R 418 SPupieg 1) iboR RBmt ap. 1 1)
T g B B g T L 00541
o ot o AR afofiss Hh O wh S G BE bhilell DR P Ra N B S o & B 6t

conposimdltsrepushs eptescht bydrogva sfomsyul a (1) i ncl ude: bases such as |ithium

hydr o] I i t i ) i Jithium carbonate, sodium
carbo%&%Z?p%@ﬂgﬁg#ﬁﬁg@%ﬁ%&%g?gglﬁﬁ@%#ﬁ%?ég%%é#%ggllithiun1nethoxide,

l'i t hi thermele25but oxi de, sodi um et hoxi de, sodi um net hoxi de, sodi um
tert-but oxi de, potassium ethoxi de, potassium nethoxide, and potassi um
tert-bk#()gi¥;;£§§gfgﬁLgs such as hydrochloric acid and sul furic acid.

[ 0055] P erre@DkVanplﬁf of R3 X used in the step (iii) include
met hanesul foni ¢ chl ori de, ethan sblfonic chloride, normal propanesul fonic
chl oride, .isopropanesul fonic chloride, normal butanesul fonic chloride,

trif | §¥polEl Haeyirethmomnenadiepgeentsshy iha tormyla kt)cwaish Bps Rggn obtained by

p- t ol theRBSsteptii); tlahdd i, copmpBldirBRAKH @E&?n MvEer6iR[FOrégiesentd afiOr Mal

but yl ph | sul fonic chlorid -tertbutyl phenyl sul fonic chlorid
o- ot FARYBHRAGIONE PIEHPIEE 610 b7 41Ron 30t £ P RUFHAT hGTOBRENNAZIR f Sh1 % chi ori de,
p- chl earepeeiyd Sitin fagulityGsubibhyl gk @), copraiingop 6 ybew hth o) dcic of wiitidmay be

p-i odophenyl sul f oni c oride - cyanophenyl sul foni ¢ _chl ori de,

b it PRRRAN RSk Bl ML ARBTRE T PareE Bt oosey

The atzpseserdieisyrthdbdowingrioimyda 8bdf t he conpound represented by the formul a
(D) a@%ngagzg action of the conpound represented by the above formula (2)
with the co und represented by R3X can be carried out, for exanple, by

m Xin t$fbconpounds represented by the fornmula (1), a solvent that does
not aﬁﬁb L?;(pe%Q%%?wr\g basg, and a phase-transfer catalyst (e.g.

t et ra- n- but yIahmoni bronOIR tetragnsputyl ammoni um chl ori de,

benzyl tri et hyl arnnmoni um chl ori de, benzyltriethyl anmoni um br onm de,

trioctyl nmet hyl arnnoni um chl oride, etc.), then stirring the obtained m xture
at roomtenperature for a certain period of tinme, and then adding the
conpound represented by R3X to the reaction product, followed by performng
a reaction at roomtenperature. I8



[ 0057] Exanpl es of the solvent include: water; alcohols such as
nmet hanol , et hanol, normal propyl alcohol, isopropyl alcohol, and nornal

but anol ; ket ones such as acetone, 2-butanone, and nethyl isobutyl ketone;
aromati ¢ hydrocarbons such as benzene, toluene, xylene, chlorobenzene, and
trifluoronethyl benzene; aliphatic hydrocarbons such as n-pentane, n-hexane,
n- hept ane, and cycl ohexane; esters such as nethyl acetate, ethyl acetate,
and i s’dpradlp&i repusesnist e, ardsutonyl genprroawindiged foyll2 cetbhe ptondi anrpdsuliopylopy |
ether, i I h { et her,

ot ny e SRR AN o T Sifbon fn PO Rl on gl G ol P LRI BBy et her.
tetrahﬁ@ﬁoﬁﬂhahWh@héwaﬁéOWah@Hﬂm@ﬂﬁWﬁéﬁﬁéxyethane am des such as

N, N- di; b ivh 50 padTliARs AR doNpdind irdRe BNk @G IR T HRia (rab WhicB%asteh as

acetonitrile and propionitrile; and hal ogenat ed hX g %fbons such_as

i chi GPiEt RUHE 200¥ SPdHBrh2S SpBeie f CORRRHIOGHTERTIeS RY (g [UGER (¥ oet hane.
Pr ef enraehutxappl es of the solvent include water; al cohols such as nethano
et hanol, nornmal propyl al cohol, and isopropyl aIcohoI aromatic

hydroczég s such_as benzene and t ol uene; ketones such as acet one,

2-buta 25 Eﬁ ket one; and am des such as

N, N-dlnethylfornani e. M #%refert&d)exanples of the solvent include

wat er, ethanol met hyl isobutyl ketone, N, N-dinethylfonnarnide, and a m xed
sol vemheteheR aepresedis apaspsifonyierammenbes @d 2chdse aose i akylswionyl

above; t m of the
conpoégﬁigégggggﬁtggoghb&h&gﬁo mﬂﬁﬁggzhﬂﬂ. mm %ﬁ%r1 E?ﬂﬁﬁﬁgﬁaII|Z|ng

t he c@ﬁp@uﬁ@hP%wh@%éﬁfg@°ﬁW”@%b$®@ﬁWﬁﬁa (3). The crystalllzatlon met hod i s
not p@ﬁgbfularly limted. The conpound represented by the fornula (3) may
be mxed with a solvent that does not affect crystallization, and the

af or enent i ofethe ESmYRMAY Rayd Beeatch éneprndensivapreset aralkderrinomt E8YP i ncr easi ng
the t e@ﬂiﬁﬁﬁg ure 11 JBseabhean afah@qda}%hwgeoﬁmntaﬂuﬁ 2eual dapbos @@hR6r al OF

exanp toice chilled tem rature SO 0, pr eci |tate stal.. Then,
t he p?’é’%ﬂ%%&’t%ﬂ‘%@?@%‘?g F8T00B Plogtt ¥4 @W’F‘F\r‘ ?8?1“0“@3 gé%tegf t he

sol verrhedd $echiph fre Glicysainalak bambnyq) g\roupnzﬂauﬂg al I’a.ﬁyl‘mtduﬁ clmycﬁimg@rtb on caﬂbdm/ ents,
al coho soIV@n et her, sol,ven

Sfore Bisnbsnenpedrar Sroanandraud b Sand! el Etihel B0 aromati c
hydr ocabdostoma whith 8¢ Seschibaabbwd in elmq;remhtcspbmhcmoh v elfstagpb obipaierma®Rhanol |

et han?md hat lﬁgg ar4¢ %@Yéroggl) Caggﬂxlylca}tbﬁgﬁ ch%r aﬁer&%ppﬁljopylﬁﬁgod}f)éﬂﬁ]% aBUt anol ; and

et her “€olVent's SUt sopro or mal propyl
et her jsogiopyloarbely! by, a mmelrbutmwm gow, epyebdylkabonyhetdagla t ert - but yl

th | , hydr of
ona arosanitba bbb Bleor b LR P BIARY b %§‘ }’:OI il a (5)
Accor éiopgntylenrpdnyl gfpeeeﬁ@rwwélmrb@w gaHp.GiePRatISarkany | greup 8 mpBIA
repr eggRi@eholy b, Eeyéz&wbmcafr%%rauri 5):{(:153{@5!‘15@1‘!)&1}'12@33@ aH 02C CO2 Ra( 5 )

wherein R4 represents an a group_contai nin 10 carbon atons, an

aralk9ﬂ3ﬁWBﬁbm€@hX&Wﬂﬁn@CWﬂ@@X29“@§Wb§ﬁ“%ﬁﬂhﬁzg%m%WYHF9W%§roup contai ning 6
to 322 GAE hﬁ&e@ﬁ@myl 9@9@ ﬁéhyiehyit@%%ohe gRib) mﬁhén‘{/}piéﬂg'&fafﬁoﬁflleg‘i‘oupc?n beI
pr odu in e oun ornmul a
Uy < Gechibrad b ot B PR O B0 FBEPT AL AING st ep ( A)
i's SUQtoaptagde;omobMdymbxsbsnﬁ 216D, i@enlﬂ&ﬂl’gﬁiu)ﬁsa $—n&lﬂdrip3ﬁhyl€eabony9§mhmtal 0?4) [ 0060]
0 nve ng the r epr esent t to
the ogE ‘%’Jg) yé‘%?fqt?"%{ W%Sd% %@8’? P‘@HPg’S?uP f‘?e‘%%?‘ﬁ’fﬂ gexfyé‘}arbotnhfe‘re can be
appl i edbup, abi -sapheyi cagdonytedrdugo aridst B papinbiydcbyboaf! gbadpai ni ng an optically active
COHpOﬁﬂg y a single step using an enzyne having ability to hydrol yze an

ester p, cells contalnlng the enzyne, a preparation of the cells, or a
cul tur e sol éticop othlotsaR hard! Ibwaduinﬂwendﬁglﬂw mepresedt] prefembhaammdiiadbail per f or ni ng

hydr oby3h SoRfing Bk § Rbarb&SRAbHE bof £Yic£86H1 Biold 85:80Ling 79P$3 cdDREHms,

optionally substituted, and represent more preferably an acetyl group, ethylcarbonyl group,
tert-butylcarbonyl group or benzoyl group, and represents further preferably an acetyl group.
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When hydrol ysis and optical resolution are perfornmed by each different
steps, either a step (step (vi-2)) of hydrolyzing the conpound represented
by the formula (4), and then performng optical resolution on the obtained
conpound represented by the followng fornula (5a): [Fornula 29] H 02C CO2
R4 ( 5 a) wherein R4 represents an al kyl group containing 1 to 10 carbon
atons, an_aral kyl group containing 7 to 20 carbon atons or an aryl group
cont aili?™§ 6 to 12 carbon atons, each of which may be optionally

substi t ut edr® Arth@fosheRe @%{)ﬁﬂi E¥imShk sthe BETAQNTLOGoQRIARE AL 1,k ¢Sl | on on
t he conpound represented by the fornmula (4), and then hydrolyzing an

opticéi}y active conpound represented by the following fornmula (4a):
[ For mjpas3B0] R402C CO2R4 ( 4 a ) wherein R4 represents an al kyl group

cont ai nin to 10 carbon at.ons, an aral kyl gro containin to 20 carbon
atons or gn %?P’pﬁP‘HﬁrﬁpréﬁFH{egi%ﬁ it}??g‘aoﬁn‘ﬁﬁ)?@% E“ﬁgi% zi%ac% ?mg‘é‘?ﬂ’ %f whi ch may
be optekomgt, by teuresdtionh uf BUutenrayl-diel it setieshhyfli@6 21 by the reactiddbrbotadidnd n t he

f or mul hggtkhﬁkfhe above steps (vi-1) to (vi-3), the forrmula (5a) in the
step (vi-2), and the fornmula (4a) in the step (vi-3), has the sane

def i nil®458hs of those of R4 defined in the previous fornmula (4).

Preferred examples of the acid or base used in the hydrolysis of the compound
represented by the formula (1) include: bases such as lithium hydroxide, sodium hydroxide,
potassium hydroxide, lithium carbonate, sodium carbonate, potassium carbonate, lithium ethoxide,
lithium methoxide, lithium tert~but6xide, sodium ethoxide, sodium methoxide, sodium
tert-butoxide, potassium ethoxide, potassium methoxide, and potassium tert-butoxide; and acids
such as hydrochloric acid and sulfuric acid.

[0055]

Preferred examples of R® X used in the step (iii) include methanesulfonic chloride,
ethanesulfonic chloride, normal propanesulfonic chloride, isopropanesulfonic chloride, normal
butanesulfonic chloride, trifluoromethanesulfonic chloride, phenylsulfoniec chloride,
p-toluenesulfonic chloride, p-ethylphenylsulfonic chloride, p-normal butylphenylsulfonic chloride,
p-tertbutylphenylsulfonic chloride, p-methoxyphenylisulfonic chioride,
p-trifluoromethylphenylsulfonic chloride, p-chlorophenylsulfonic chloride,
p-bromophenylsulfonic chloride, p-iodophenylsulfonic chloride, p-cyanophenylsulfonic chloride,
p-nitrophenylsulfonic chloride, and benzylsulfonic chloride.

[0056]

The above-described hydrolysis of the compound represented by the formula (1) and the
reaction of the compound represented by the above formula (2) with the compound represented by
R’X can be carried out, for example, by mixing the compounds represented by the formula (1), a
solvent that does not affect the reaction, a base, and a phase-transfer catalyst (e.g.
tetra-n-butylammonium bromide, tetra-n-butylammonium chloride, benzyltriethylammonium
chloride, benzyltriethylammonium bromide, trioctylmethylammonium chloride, etc.), then stirring
the obtained mixture at room temperature for a certain period of time, and then adding the
compound represented by R’X to the reaction product, followed by performing a reaction at room
temperature.

[0057]
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[ 0063] In the hydrolysis perforned by the biochem cal nethod in the
step (vi-1), an enzyne having ability to hydrol yze an ester group, cells
containing the enzyne, a preparation of the cells, or a culture solution
obtained by culturing the cells can be used. Such an enzyne, cells
containing the enzyne, a preparation of the cells, or a culture solution
obt ai ned by culturing the cells, recggnrzes a stereo structure at position

2 on the cyBramlepife seiven indludehwaien glsebmeisuch py mebancletiapok Rernfabr mmul a ( 4)

and a@r@aypmemr %bf@ 1 cohbl, exrct xrb%amednbﬁ RBBfios sa&phs%et&reezsefaﬁoﬂa st

prefer i al zes, only one of two ester groups at position 1 on the
cycl oﬁregrryé @L%rlnéfoneo%?fﬁ%&c thimﬁrré‘PlerSé?h SHePEPngdAlEFIs: Selengnetl efﬁ?rle%ner y active

?Oﬁpouﬂ@tﬁfﬁl@fqﬁﬁeﬂ{yﬂlﬁdzéw, Elhbﬁatfc@rlyﬂ%l:@b&rﬁ)su&lﬁééln&%bn&n@ Qi dxE, aihkegan@fmca (1RI |2R)
orm or atl ve an e , cells
ot n o s e S0 D ™ ey Dbkt ply et snd diopioyYdsp e SOPE 6B Aot ut | on
obt ai nmyﬁaythe:uﬂ:t nirmaicprofye cthed, Hssoproegzlcng}mrzcb&omaﬂuaerwah&t muth kioerodyl posi tion
2 on %&%r %&’eﬁl ?Penot%ﬂ%pae} %Erfy?{%gr rhgr ﬁ§c30pepwmetﬁ§%§ te & ngé}ggu%fr\?\gr g's[‘gr one

of the eren zZes
gr oupdloa@nqaesi k,i-dnnelhamethm, uyldbmpbmy-dmm@ylfsmmim aid preferentially

ﬁSC?Lgﬁ%e%%%ylgﬁrd&ﬁ% h“%%%}‘%&&%@“ﬁ%%%ﬁ R B Mgl T G g ¢ he
ot her hydreeashons supdies dishlsrpayatianarchiomeforn. learbhy thiepRioreds, bk h2-gichiotnethane est er

gr OUp?re@érrdﬂ%bxﬁﬁl@ﬁof]th@{bhﬁeﬁﬁm@d@é \%%510 Ql@:@l?olé’ 428 as ﬁl@@%l ethanol, nddtg1 hydrol ysi s
in the ste - and the step.( I's carried out’ using a comerci al l'y

avai | 8P isorgept ?@ﬂrq&rﬁm@}mxm@w PR EtnSRPEEIR e%toaren?;ot assi um
hydr oxétghges sidh a%@béioz&u%u@ﬁod&yﬂfdcﬂiéihﬁfidoﬁu@tplt&ozﬁr arflnfitidsisGergl d, and an

enzy b||| e an, es rou cells containing the
onzy iAol ProfaRe Gt Saliges it B st RictioiSrah SBPSE nea by

cul t urretigl i‘sbimtyleleﬂoae NNQﬁﬁ]:thjdformbmd&yﬂrdcd rylb“{b&scﬂ%ni iersef s Baes, wbem cal
nethod n 1 on the cyclopropane ring

is prefer eﬁ%lsraﬁﬂfoseﬁsegr% V\EO © égﬁcr’?’ﬁ(gfteﬁﬁ@ c?:‘b thd represented by the

f or ru[W58}4) can be converted to the conpound represented by the formul a

(52), and 98 Gt bt e BuRBRaR L ASKITEL be sSRILISHLANANel 3o gener ated. I

the stereo structure o COﬂ ur a enera at pOSItIOﬂ
1 on @Ibretaléﬂymgqugpm@drrﬁmgseaedézyrtlesgfutmulmﬁ)t h’éheremihmvwnmemdumtst ereo

st ruchuigualy 199§édt' Qﬁe gotﬁ}ﬂ)uhg' &x&ltéa%aﬁq@ﬁﬁmmaq xhéy%z‘n&e& Bem G bk &aPoNdi ng

reaction subst redo nant er eas stereo structure at
posi t therdops pef aﬁectmsgallpﬁae% anchiRA eforqmymgPyed compoundypey bpbercdissobed &t ut i on i n

the siheRole¥it b#incAiddin hﬁt&h atfél -@herbﬁteparrém&@lueﬂraylau gAdRIRCheRE g8 et hod

usi ng an enzyne, S containing the enzyne, a eparation of the cells,
or a CHMPH Y @%P‘Hﬁ?dlo‘ﬁmﬁ?ﬁﬂﬁf%é(ﬁ“ﬁ? PEeGIPiigle |aﬁ6’3§allre ﬁ'@P’I the pgfippigtedierytidni cal
met hoghayibé fgleadd BpLitedbh.y 168 oPRS kElveR rm:@uﬂ dsys@mzbaronane@crbaerr@hmfen met hod
byt HBTGERB AT ST R O e bypab, gy mbbics GRUGRETOIH ch hae at | cast
one aiffbteideyticel ecyead., meffnaﬂmp@&BIdftﬁe)SoIventhﬂdlﬁ@I yrbexaamhﬁﬁab@fbogr oup,
E;?Bgsﬁ) \%:eél{,slbg%hc%t ﬂgenn a%laohotl Xdlven¥s suc. Xé/sl fcthan 1 %B'Eanélt annapprop}}l)élcoﬁold cave a

isopropyl alcohol, and normal butanol; and ether solvents such as diethyl ether, diisopropyl ether,

di-normal propyl ether, di-normal butyl ether, methylisopropyl! ether, methyl-tert-butyl ether,

cthyl-tert-butyl ether, cyclopentylmethyl ether, tetrahydrofuran, and dioxane.

[0059]

(B) Production of Compound Represented by Formula (5)

According to the present invention, an optically active compound represented by the
following formula (5):

[Formula 28]
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ability to esterify, am date, reduce or decarboxylate a carboxyl group,
cells containing the aforenenti oned enzyne, a preparation of the cells, or
a culture solution obtained by culturing the cells, can be used. [0069]
Moreover, in the optical resolution perforned by the biochem cal nmethod in
the step (vi-3), an enzyne having ability to hydrol yze and/or transesterify
an ester group, or cells containing the aforenentioned enzyne, a
preparation of the cglls or a culture solution obtained by culturing the
cells, can be 0] The enzyne havi ng the above-descri bed
ab|I|ty can be\uged in the step (vi-1) to the step (vi-3). Specifically, an
enzyne havi ng q lity to preferentially hydrolyze an ester group of either
one is fo the co ound represented by the fornula (4) or
t he cozﬂsg r epr esent€d by t he fé la (5a) can be used. Exanples of the
enzynme that can be used herein include pig liver-derived esterase, pig
pancr e@sl-eﬂem‘i &@dsdnts@@&ﬁcy(lj gxianpmdlmﬁﬂ &F Bserbin, atcbmsgaﬁieralkﬂzggﬁﬂlﬁ | i pase M,
|zonu rive | an aci ubtilis-deriyv
ar e RPEPOBEI) R 80Pl £E0s of BB tohibing o § B dBliphpdnd b Ehpan, (v
car boxpaly besptisrale sukiRtitated, Badbk ptodscedlyttid step- (d8rwhesdh thacempiundobenzy|

t | ysi d
opt | cpresEilt BEmRESLELAT, brthits w3d3 oAl AR EREHIE BescodMHRE AU 27
Mor eoviep (A), it subjected wdw(italyss) or tpuhgdnolwéuamii@nowerds@@mr ase, pig

pancr oferived |ipase, carboxyl esterase NP, |ipase E30000, Iipase MY, or
Rhi zormucor m ehei -derived |ipase can be preferably used. Using

enzynes, opht darthpdabiurrigng Basomrowd rerresanisd by the Tormypa @ o the @H@?ﬂ)’ [ 0073]

The ea&moﬁlﬁ@&d'rg&sﬁﬁm@ BY fea@brnti@s@), uﬁér@zahnl 1% apPlied d BibdheslidaPmatod &abpat ed and
purlfled enz ont ai ni ng aratjon ﬁ? t he

cel | s(vid) shetinpie 86 PRAGeOK ﬁbf?&?fﬁgﬁmﬁ%émnﬁ r%f%gds’cnﬁéneéﬁ@ haying abHY | i ke may
al so hﬁyd&ﬂﬂze A @&t éddroup, cells confﬁhﬁlgfmé hﬁ@xn@,@lﬁéﬁhrﬁgmto@tﬁehelm besaurd nventi on

is gen raII car,ri ed out n a gan al so be
carri &4 (X’t"ﬂnetdr?g Cﬁmé‘h%rfh%“@f* gléozitol%gﬁ’é"%’r‘%k%\ﬁe 1%%% %rﬂp Ahhen such a
sol verdsoluoniseehch diffengl @spsof t he sol vent used include glycerol, ethylene
glycol;lo6 t hanol , ethanol, 1-propanol, 2-propanol, dinethyl sulfoxide,

di et ;ﬁ rmam de, n-hexane, n-heptane, ethyl acetate, isopropyl acetate,
but yl acetdwbﬁﬂudnﬁgﬁemmumﬁuénawuﬁmtaneﬁﬁanedbm@&mzﬁﬁ@aammme met hyl

el B 12 O D o B LR bt ] o] e
et hy| perérmingapyical eeshbtion ey me@b@megi pmpwﬂ r@trwemed bbﬁﬁiﬂ#ﬂfl@g fwanla di oxane,

1, 2- dg thoxyethane acetonitrile, propionitrile, dichloronethane,
fo

chlor rn1 carbon tetrachl oride, and 1, 2-dichl oroet hane. [0075]
[Formula 29]

AN
HO,C™ ~COLR* (50)

wherein R? represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionaliy‘z substituted, or

a step (step (vi-3)) of performing optical resolution on the compound represented by the formula
(4), and then hydrolyzing an optically active compound represented by the following formula
(4a):

{Formula 30}

22



The met hod according to the present invention can be carried out generally
at a tenperature fromOC to 80C. The tenperature that is advantageous for
the reaction depends on the thernostability of an enzyne. It is preferably
from 20C to 50C. [0076] The reaction tine that el apses before
termnation of the enzynme reaction is not particularly limted. It is
generally about 1 to 120 hours, and preferably about 2 to 40 hours. [0077]
In the optical resol ugeon perfornmed by the chem cal nethod, a racem c form
of the conmpound d by the fornula (5a) is allowed to react with an
optically activ sic conmpound, so that it is converted to a m xture of
two types, of diasfereoneric, salts. Thereafter, the diastereoneric salts
are di a phySi Fﬁ%thod such as recrystallization, in which a
difference 14 the crysta|init4=0f the diastereoneric salts or a difference
in the solubility in a solvent is utilized. The thus divided di astereoneric
sal t s whaRitR' @pr@bﬁﬂfsta&(ilﬁyl)gr@uﬂ&ﬁita’lﬁdg Opd i Cadrbon dehd, weakkyngrefip t he conpound

o e e bl LS e (B B el ng oo pdoueth, AR Rcld L9088 o

t he f araybk aptidally substitndf maelenelected.sal ts i nclude: optically active am nes
such 6 ) - phenyl et hyl am ne, (R)-phenylethylam ne, (S)-naphthylethylamn ne,
and ( phthylethylanlne am no acid esters such as (S)-phenyl glycine
met hyl est &’ , R inlesfophulg () di the abmeretyeps 6813k, (vi-H) thedaimube(Saeintihd siegst er
and ( | dinid } e am de
QQE :ﬁ%g‘)%&lggéa) gﬁuﬁ%ep @f@dP g?asrat?%/at I vggg%gg as%?§$?pﬁ§%“3? "’8| yci nol
and (ﬂFH&ﬁéﬂyﬁmgnyﬁﬁhol and natural al kal oi ds such as ci nchoni ne,
C|nchgn5g]ne bruci ne, and strychnine. [0079] An exanpl e of the
separation nethod invol ving chromat ography i s a nethod of subjecting the

racem c f orhtheydedesi reglopied tydhs bpeRrrace methgd Hﬂl}est% FHUP-£nEBRS 0 an
Opt i CBhvihSLHma t@%lgﬁd @tsePEd ) célmoh@jmﬁg)dhel m)yme§@p@§m§tmnaﬁwoan§ an

tical t f d chronat hy f

o o b S iPE oG by eulfuring kel e SRl SBEREERD S o oich ms
% |n L ?g@eddrrneﬁg fHeeRzyed) prmphmtladoﬂikle Alis ot la Gﬁmrp@maﬁmmmﬁggﬂlﬁﬁmgaﬁﬁ |r 23 o
Tokyo ehrreearét hatiee oy e & oo gipdraleBRpERr2ih LSRRI < devel oped
usi ngrepeeseted wethe fumutaypesid abts prefamitizlly oh videt sne maoderbarfdfa (s sgme gmen hexane,
et ha” :{eferéﬁ‘%‘af‘;?‘ﬁfdmlyie% %Hﬁoq% @?Ma e%&? %‘%ﬂ#’g &t I}?]Ioﬁ?oﬁ [ L4 {h‘é g&&igﬁ%&%dn% ri‘%‘é

die %0 as to
separ tba@lt aqunm&mgeneme Qﬁﬁiealb’faﬁm cqny®80d represented tyrfhe fremplad® of gas
chro ARIYig 5 t h§QORRS 1S injected into a chiral
colugﬁé‘ﬂﬂér |§ g§%§L gg§{?§§9§3h33#; %uch as SUPELCO DEX Series or Astec
CHI RAIOSEK Series nanufactured by Sigma-Aldrich, and the mixture is then

devel oped u@teagmwa?rshcmf?‘eﬁ?&@ Rfs wnkahqg%ﬂw eﬁ@m@%&gmaﬁmm@&n@sar
separate an optical .isoner. therefrom cific exanples of a

chir at C@W%Wf%@afwm v Grltwing thegivass 5@903%?;3 asmf%ﬁ@c@m HRPEEP OO R (4.6 nm
X 25003F£lﬂ ﬁé #ifed @hdicRMALRY twodsddds. Mahdh a:sgm@gio&yofaw 0@ lisdai@r at i on,

Chiral c article dlane ter manuf.actured b
e e R i A i
pm kbt peledngid [ pyenbaitd ehe @nbmyraatwmmpﬁhnd fbpadatodDyhd Hr@ulagdx 250 mm

g\%r }?I al( Zeflggf{ tﬁgrrﬁ%%l %@Rg?? yo acg*(%l(gbg%gyf?rm Cfgegarcd\onrgqﬁe gt&ler 1sdmecrhslurc.:ﬁl pak
an enzyme or the like hydrolyzes both of the two ester groups at position I on the cyclopropane
ring.
[0065]
The hydrolysis in the step (vi-2) and the step (vi-3) is carried out using a commercially
available base such as lithium hydroxide, sodium hydroxide or potassium hydroxide, an acid such

as hydrochloric acid or sulfuric acid, and an enzyme having ability to hydrolyze an ester group,
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p. M manufactured by Daicel Corporation, Chiralpak A (4.6 mmx 250 mm
particle dianmeter: 5 pn) manufactured by Daicel Corporation, Chiral pak TB
(4.6 mmx 250 ram particle dianmeter: 5 p.nm nmanufactured by Daicel
Corporation, Chiralpak IC (4 6 mn x 250 mm particle diameter: 5 1.1m
manuf act ured by Dai eel Corporation, Chiralcel OB-H (4.6 mmx 250 nm
particle dianeter: 51.tnm) manufactured by Daicel Corporation, TCl Chiral
MB- S ¢dls@onminingtBoenmmpe.parenanition df Gueells or Soultpge sahition abipinedly BytuTeky o

Chem gal.chndustry Co., Ltd., TCl Chiral CHS (4.6 nmx 150 nm particle
dianeter: 5 (m manufactured by Tokyo Chem cal Industry Co., Ltd., and TC
Chiral%8pls (4.6 nmx 150 nm particle diameter 5 (m) manufactured by Tokyo

Cheni cal hI rlﬂlﬂl?et}{yldr&:%is,pe%%d}{)ﬂ&ﬁﬁéﬂ%{eﬁaﬁggmegﬂd,%wlﬁllegﬁf gfe tRoelbcal col um used
in gas chromatogra is - X 0. mm_ nenbr ane

i ClemeSin 0D pifoRkanths 6 PG B3y GHSEoAPlh S e BhEBTDE- descr i bed

opt i cadpraseaed bit the forfiali@an dt eonityd Sahecospeand iepresentitiiyase Himoipt$pal

r esol utdeo_n. Thte Oept'cfal re olcut on tmat'hod 1|,E9]ednoi thl s”t‘y;[edrtcrt]u%re-%e [ 0082]
The r AXER 0 AiSPd REmESHSSIREF AP dSERP LRy 1t e SFEP ST 82&, whi ch has
bee nt edytrmnatdclodnyigtiatorsgeapraled pt pisitiond qorteserioprapasuingas,a resiltsbijeect ed to agy
reac .in_the P / - - .compoun
(5 i hlre Lok iy o Relddf 280 o ¥%§%ﬁ?§§9@§f?§@§_é§*§%@f%§

( 1R, 2Rpctidnrsubdieatept éxpredoninanbnitticenas whireths sleppo striveturp ai pospioaZds 8bRés from

i ndust,chahingnd economi cal viewpoints. [0083] (C) Production of Conpounds

RepreSent e y Formul ae (7) and (8) According to the present invention,
(vii)l4%é& conpound represented by the formula (5), which has been produced

by the et had Jgse tdsbiadod B hd\@erARRY PandttRPstdRi-B 5is SatBb@6it@d attibchbgickiol | owi ng
step (vu-1) or step (vij-2): . (vii-1) the conpouynd represented by the
F or mulstodisipg anpzBReelb isiRIPe e SR b RUEHEITY YiISEORE & i
hal ogenatdnBtaaeny chvuriptiad GlI8 o 8aathanclmdidiagdingte optpllgsalveedsiby t he
| &0t oREY §sénrtsioh FGJIRE Sfes HALOPHIOEUEHE dof i nit1ons a6 those of the
abovefodegicri bed R4; and A represents a hal ogen atom and the reaction
Tl o o B B Bt G A o TBhql g ommourS or @

enzyme, which has at least one ability selected from among ability to hydrolyze an ester group,

transesterification ability, hydroxylation ability, ability to cleave a carbon-carbon bond, and

ability to esterify, amidate, reduce or decarboxylate a carboxyl group, cells containing the

aforementioned enzyme, a preparation of the cells, or a culture solution obtained by culturing the

cells, can be used.

[0069]

Moreover, in the optical resolution performed by the biochemical method in the step

(vi-3), an enzyme having ability to hydrolyze and/or transesterify an ester group, or cells

containing the aforementioned enzyme, a preparation of the cells or a culture solution obtained by

culturing the cells, can be used.

[0070]

The enzyme having the above-described ability can be used in the step (vi-1) to the step

(vi-3). Specifically, an enzyme having ability to preferentially hydrolyze an ester group of either

one isomer of, for example, the compound represented by the formula (4) or the compound

represented by the formula (5a) can be used. Examples of the enzyme that can be used herein

include pig liver-derived esterase, pig pancreas-derived lipase, carboxyl esterase NP, lipase
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(vii-2) the conpound represented by the formula (5) is allowed to react
with a phosphoric acid ester-azide, so as to obtain an acid azi de.
Thereafter, the acid azide obtained by the above step (vii4) or (vii-2) is
converted to an isocyanate, and the isocyanate is further allowed to react
wi th an al cohol, thereby producing a conpound represented by the foll ow ng
formula (6): [Forrrul a 32] ( 6) wherein R4 and R5 each independently

r epr es380600atipat M, Rrzoupca onit/ai-érngd liptso, 100 BoalporvbtitioAgivedn aral kyl group
cont a| n O%EMV\%SQ arbon atoms or an awl group containing 6 to 12 carbon
atoms may be optionally substituted. [0084] R4 in the
forrml{%O'/(lB) in the above step (vii) has the sane definitions as those of R4

defined in {ha RLAYIOHS stfeﬁfﬂlig%m(bﬁ)cyl ek BRASShP and Baczllds%u&t}ﬂﬁ’ Jeﬂﬁé&' a (6), the
al kyl group contai ni ng carbon atons I C

N
subst iPrIgtrEERbendYl etierpse Cﬁ’éb‘?@§@?ﬁb§’d‘sﬁ‘} Rgsing @ﬂ%ﬁé%ﬁ@?e&b%/ ’Wd&’i& é"t%lrg’t%ﬂf%d or

unsub%sbﬁlggﬁgmﬂelcgﬁﬁaQutthﬁg_%ﬁléﬁﬁléﬁﬁy cyclic alkyl group containing 1 to 10
carbon atons. A substitute unsubstituted, linear, branched or cyclic

al kyl @r%p containing 1 to 6 carbon atonms is nore preferable O these
al kyl grOUpIBIorel@fJ@I1ﬁlﬂiidaa‘ﬂ3p€()¢ﬁm)pb1g31vbmdﬁmdéeﬁermlﬂngballjplf@fs‘l{iﬁ:l‘l\&ﬂ 1@adeyl group, an

L T N )
[ 0086 preferably used. Using these enzymes, optical resolutwn can be carried out at hlgh efﬁcxency
[0073]

The enzyme used in the optical resolution is not limited to an isolated and purified
enzyme. Cells containing such an enzyme, a preparation of the cells, a culture solution obtained
by culturing the cells, and the like may also be used.

{0074}

The method according to the present invention is generally carried out in an aqueous
buffer. However, it can also be carried out in the presence of at least one organic solvent.
When such a solvent is used, examples of the solvent used include glycerol, ethylene glycol,
methanol, ethanol, 1-propanel, 2-propanol, dimethy! sulfoxide, dimethylformamide, n-hexane,
n-heptane, ethyl acetate, isopropyl acetate, butyl acetate, benzene, toluene, xylene, acetone,
2-butanone, methyl isobutyl ketone, diethyl ether, di-normal propyl ether, diisopropyl ether,
di-normal buty] ether, methylisopropyl ether, methyl-tert-butyl ether, ethyl-tert-butyl ether,
cyclopentylmethy] ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane, acetonitrile,
propionitrile, dichloromethane, chloroform, carbon tetrachloride, and 1,2-dichloroethane.
[0075]

The method according to the present ihvention can be carried out generally at a
temperature from 0°C to 80°C.  The temperature that is advantageous for the reaction depends
on the thermostability of an enzyme. It is preferably from 20°C to 50°C.

[0076]

The reaction time that elapses before termination of the enzyme reaction is not
particularly limited. It is generally about 1 to 120 hours, and preferably about 2 to 40 hours.
[0077} ,

In the optical resolution performed by the chemical method, a racemic form of the
compound represented by the formula (5a) is allowed to react with an optically active basic

compound, so that it is converted to a mixture of two types of diastereomeric salts. Thereafter,
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In the formula (6), the aral kyl group containing 7 to 20 carbon atons which
may be optionally substituted, which is represented by R5, is preferably a
substituted or unsubstituted aral kyl group containing 7 to 12 carbon atons.
O these aral kyl groups, preferred exanples include a benzyl group, a

4- et hyl benzyl group, a 4-nethoxybenzyl group, a 4-chlorobenzyl group, and
a 4- bronobenzyl group. [0087] In the formul a 86), preferred exanpl es
of t heheatigstergpruuio salovrradimidadbpa playsical wethérbsucheoresrywillic#tionaip Wdchopt i onal |y

subst ig Efﬁ&%@e ik Ext}sialgmft? Bﬁﬂﬁ 81L& RRnes bineptlhﬁgx%n& 19 Iﬂ@:ﬂ% ubgﬁﬁhﬁpa a

1- napht roup group, an o- roup
m et H?llvim éﬂrﬁilllzgi} oulhe thus dﬁ’ifi?étdlfﬂ?iefﬂ?wp S(éiﬁé‘@lbbe %V@T‘?ﬁ‘éf’ ﬁg‘k%’/fﬁﬁ éﬁ‘%aﬂﬁr oup, a

m met Q&ma@&wﬁw&&hﬁbun@m@r&&ﬁ&ﬂ?y BH emlilagh Phibeird eald HifkRhRyidphenyl group,
a 2, 4-dinethyl phenyl™ group, di et hyl phenyl group, a

2, 6- de\qglghW phenyl group, a 3, 4-dinethyl phenyl group, a 3,5-dinethyl phenyl
group, a 2, e5rﬁfcl’elx %l@é/ofﬁhe%]/dm@dgéidﬂme@fﬁ c&w@rtinlglt}madompbmhﬁdﬂyhe fravip, a

2,4, 6- t t h | ,
Zhd AP #ﬁ"@?%%ﬁ%ﬂ el oBsfly Redve SR Gt PP B RNV o1 o,
an et io}})-pmolumylamlmee(S)-riapmtyjrletgylmnmepanda(magﬁwﬂylghsdmm,aminw scidreatas

?{/?T )e & Q'h% (@) ; Y t1 ﬁl? C%ané‘fgﬂ 1 Fgﬁrl’ éfg epq-‘[%le“g gggnr%e meﬂ%ﬁ egt &g) rfe%ti%l} eét%e step
st er eend (R)bprolmeencahylpsisn, o0 amd@mlddaeutdwl(&b}mobmmw ﬁgi rine Rugle; S f orm
Is al lafﬁ dat chdeh‘??l%}es WchRs ?)?ﬂ%ﬂ@g@%bp&dgﬁ?%engf ;igl?ﬂmﬁcé.rﬂ TRk Q9RAREdsNY

agent, I's conv m Xxe de or an acid halide
repre§@‘}ht%d1ﬁl§90m¢ﬁecm@mmﬂl@, poyine, andeiryhnigi de conpound or a trialkylsilyl
azi degj@yg @l lowed to act on the m xed anhydride or aC| d haI ide (step vii-1),

or the carboxylic acid represented by the fornul a & dto
directly achnermplppghpirprptonppioduvalviogshrpmatags y\x,qqmgt 0 as to

gener @ﬁ@e@ﬁgﬁfé‘r@ceﬁﬁbﬂﬁmrﬁnré&@t&ﬂ aﬁ%a&muld@@sﬁmlofbnnmaqs@rmmeﬁbttm heating the
acid azide, and as a r

? acid azide is ¢ verteg % an i socyanate.
Ther o ARREF sePATIBHETIRE B HRIPra 20 Bl BorHa R Rat ed
i socyanat e, Inghe &Se thcQﬁHﬂﬂ@hﬁo@@l@ﬁbWﬁ:@h@%ﬂ:ﬁﬁre&é nptma]sﬂsmnemis dddécer est |
whi ch t t.h
R e RIARE
cycl omaopﬁaﬁxeolbtyg)alal ﬁ.‘anpntaaom ed TCTOhisal Seties mmmﬁunumoli byfTokrytJ €hemicak epr esent ed
by th rit I n
agcor a({r‘ilgt %gdgaaﬁ& ﬁ‘{éﬁegg - {J&% 1%%‘& :ﬂ%d anﬁhe\%ﬁ%&duﬁ‘ H@gg &C&%unﬂ of yt he
f or mulsalvérss, andlbwﬂfnro(e g héleme,r@hﬁngh mdlamlelswfomgi, Wemmit!l_ﬂeoﬁlﬂuh@a@%ﬁ@l opr opane
' Ir,: ng 'a§1d 15@?%% eth. %u%fye({r%?ﬁfagmofraymﬁ&d RAsidnl Qhslo MpalaREnGpatapr opane

m nocar ic acid ester represenf ed by the formula (6),
whi chiwrﬁié@ﬁmobt ained by the step (vi), is naned as S. When the conpound
Sis l{ the stereochem stry of the am nocarboxylic acid ester is naned
as R [00391} Exanpl es of the condensation agent or acjd |ng agent
that can belngBeepst Al gasshomaoeraphy. APyX U ot (B CHACRFS léﬁwregfog et hyl

Chl O QAR is @doKdcahh 06IGRLEH & SUBBITODYX wie%pmmmmm’w
OB T S0 AP PSS LR i
t hi onylitragbh, Gkiighe or higbMRY ks Prsepirae an @;h&s}pbmomshdreﬂcﬁﬂnl ori de, phosphorus
pent a(t&ggqi i de, phosphorus oxytrichl ori de,
Specific examples of a chiral column used in liguid chromatography include

Chiralcel OD-RH (4.6 mm x 250 mm; particle diameter: 5 pm) manufactured by Daicel

Corporation, Chiralcel OD-H (4.6 mm % 250 mm; particle diameter: 5 pum) manufactured by

Daicel Corporation, Chiralcel OJ-H (4.6 mm x 250 mm; particle diameter: 5 pm) manufactured

by Daicel Corporation, Chiralpak AD-H (4.6 mm x 250 mm,; particle diameter: 5 pm)

manufactured by Daicel Corporation, Chiralpak AD-RH (4.6 mm x 250 mm,; particle diameter: 5
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phosphorous tribrom de, phosphorous pentabrom de, phosphorus oxytribrom de,
oxal yl chloride, oxalyl brom de, nethanesul fonyl chloride,

4-tol uenesul fonyl chloride, and trifluoronethanesul fonyl chloride. Anmong

t hese conpounds, nethyl chloroformate, ethyl chloroformate, allyl

chl orof ormat e, isopropyl chloroformate, benzyl chloroformte, n-butyl

chl orof ormate, isobutyl chlorofoimate, and tert-butyl chloroformate are

pr ef en@@lryaim@@wred[lﬁﬁwqel Corporation, i Hitakpaks {4046 wim = 250 mph paticlediesmassari on agent

or ac ;ﬂﬂn haleacRakd u;e?ﬁ&?ﬂkr 8@%9%&%@% 4] %mvg%mﬁ%%k% ddn@e0s 7 to 10

equi v nt s, and er ab equi valents, with respect to 1
equi v&!@nﬁm’@fmﬁlw hydlpieel prpetaen.(Ghitalpak IC (4.6 murh 54 @at PrERledinE Sarri ed

out g%grr@elnwacﬁyedaeytmc&pefa%oﬁ r@ﬂ;&a&@@stg (498 xThe ning sl diasetéhat i s
advant ageous for the reactjon is pr ]afrg P { -10(r‘ @o SOC 0093]

The r St} BHvESIUEhY PacH sememtiopc U kirip 1"%?‘%{ mmy IPQRGL RECE does not

i nhi bidianidte: 5 Qﬂo;ma@mfacn&e@bjaﬁ‘akyot@neﬁﬁcaa;Qiduant@o niet,, BET aaies amsqmmmati on,

at any given r ol vent i.nclu et as
acetonelg:"0 a%hé%@mntﬁ r?él? f?%%‘ﬁﬂ?% }lﬁy @Wg‘lcagb dﬁ‘ﬁf’fé hlgt r’ocar gns such

as berthemERP-Sql deme x 15Y Inemqa,artmltd darotien 2 énpmamdgttired by okyortdtenydabenzene;

al i ph qxtldu%tr h&g r Efdar l?r? stdl ﬁ'ﬂcgh &%{ﬂ%fepo%gt ﬂ}?ﬁ coﬁn@ﬁﬁ@({]ﬁ fay %ﬁ}gﬁﬁﬁgﬁah}al@ d

cycl ohexan acetate ate i sopropyl
acet at(EiIRétuﬁéf‘ersGs%EBOas ><dli %trh@at memh@ne thetikaessr (i (n@rr@gyl[acwffdeby di i sopr opyl

et her g t rt-butyl
%ﬁ%ﬂ]ﬂﬁt i t’hjgzut y bed ’Egﬁ&ﬁ' LdsSOREPRYhoRldEEn]y ShdWecitie

et her, | opentyl met hyl et her, tetrahydrofuran,

di oxaﬁémﬁpﬂ)fFPQC@FWﬁ@}(yé&hﬁéﬁ@al E?ﬁ*iﬂa%@l mether HEONIRI hereRy | f or mani de and
N, N- dirggoyl acet amide; nitriles such as acetonitrile and propionitrile;

hal ogenat ed_hydrocarbons such as dichl oro tha ch orofo m, carbon
tetrachl ori G raggsyjc forpL Qflﬂ?rﬂoBWBE‘%drf&PFésenéFﬂ fgfl’é‘?lﬁ(‘gn‘i"?\‘@% BER" as

triet f&:ﬂaﬁﬁlﬁ B thelstdpl (SRPERA iBGentidh,1is Qibjdd’&ﬁ k(ﬁﬁﬂjryrleéﬁﬂibﬂﬁx thasidp (v1 1) to

N- net hyl nor I i ne. t hese t ol uen | ene acet at e,
sopr Gy ToRATEE b o AP LD RAeePtobt RS S d Frsrbiimne “ang
t ol ueres,i2s) amim (PREREr dbkie.present inveniitre theestapt(vio) is pwﬁarmiﬁe fiem émdaktiriy] about 5
m nutes,to S‘ﬁ rs atnd preferably about 15 minutes to 3 hours. [0094]

In thém%'i‘fo&glﬁc VPR P on in the step (vii), a metal azide conpound, a

trial K§48ilyl azide, or a phosphoric acid ester-azide can be used as an
azi da ﬁ@l ound that can be used
her ei &trﬁc?@%@h géﬁ g?%gm%g‘t%g ?:gllnl?lg%e:(q? (Elc(gjg l'ithium azide. An exanple
of the tri alAcpbdingyd thezregentidvgptioan be used herein is trimethylsilyl azide.

oea ei n include
" pg rﬁ‘%ﬁ os”tﬁ)’ﬂ%r y{&g&@&&adﬁofﬁé f&nﬁaw p%fcg flad %@ﬁ a{;slag%ee%ywan@d u

t he alesreiberbiadhg dhode ston dhts %’I‘?Jeﬁféﬁ& ihéﬁo opfiRe Sién (El) ﬁbs"%‘[é’ﬁtz)can be used in

a rangg;- @E@dﬂfdﬁnﬁ rRRsOntdd $1Pthd GorBRbH (SPs AN Wed 8 RshcPWRA 8 ballleNsalipoigeht 0 2

equi val ent respect to 1 equival ent f the rea é &e slrbstrate

The r &&gh F%h%%nﬁfélg@é@# tablaine f@%ﬂ%‘? Hyiqrpe f“eéeptr@ﬁ‘ﬁ Y Bedof98R8 - s0C to
100C. f&}hﬁl}g{ m)erature that is advantageous for the reaction is preferably
from - %0 0C. [0096] The reaction solvent is not particularly

i mit &Py %1 ng as it does not inhibit the reaction. A plurality of

sol vents ma used in conbination, at any given ratio. Exanples of such a

sol vent : ter; ketones such as acetone, 2-butanone, and net hyl

i sobut yl'\ ket one; aropgti c hydrocarbons such as benzene, toluene, xylene,
chl or obep¥ene, and trlgluoronethylbenzene; al i phati c hydrocarbons such as
n- pentane Cngane n-hept ane, and cyclohexane esters such as nethyl
acet at e, ethy acetate, and iso rop | acetate; ethers such as diethyl

et her wheieim@repabsepts o0 QEENO 5OV hes Fesamedefirsionsias hassof tet her |

met hylisQ chH%'cd ?ti ha% A 1Bl g}%qg e, afd her, ethyl-tert-butyl ether,
cycl openty ‘ether, tetra ydro ur an, dloxane and
the reaction xntermediate is then allowed to react with a metal azide compound or a triatkylsily!

azide, so as to obtain an acid azide, or
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1, 2- di met hoxyet hane; am des such as N, N-di net hyl f or mam de and

N, N- di net hyl acetam de; nitrites such as acetonitrile and propionitrile;

hal ogenat ed hydrocarbons such as dichl oromet hane, chl orof orm carbon
tetrachl oride, and 1, 2-dichloroethane; and tertiary am nes such as
triethylamne, triisopropylam ne, diisopropylethylamne, and

N- et hyl nor phol i ne. Anbng t hese conpounds, water, acetone, 2-butanone,

met hyl(vii-8pthetythpdeed capesserited biethe forsapladfkels akevind to acaet wities phospinrigppid acet at e,
tetra r I ne are preferable, and water, acetone,

t ol ue%éetg%%d&a% nggbtg |a§§ﬁ¥a?’h%r eof are nore preferable. The
reaction ti Herdaderythearcil dzide abeined by SebenestapdvikdDoHFHr Is caRRrisH &F &r abl vy
about [ rRAxapphles of the
al cohoﬁk %ﬂuﬁ %ng ﬂ?egisw%ﬁe h f%ﬁ%?iléoxagﬁ%{egétﬂgg{%ﬁﬁoﬁgl gl\éfég} Ia)2| deﬂ’%as been
converpagoung T%Hﬁ%seil%@)EX/ﬁﬁé@ vige PErPlB % ng a rearrangenent reaction, include
nmet harpp(gmueatj) nol, propanol, isopropanol, tert-butyl alcohol, and benzyl

al cohol . [0098] I'n t he rearrangenent reaction in the step (vii),

t he al cohol can be us a range generally from0.9 to 20 equivalents,

and preferably fr equi valents, wth respect to 1 equivalent of the

reacti ?512 ﬁ;rate The reaction can be carried out generally at a
t enper 2 E

§0$4The tenmperature that is advantageous for the
reaction is prefgrabl 40C to ,1Q0C. [0099] The reaction
solvent is not rticularly limted®las long as it does not inhibit the
reaction. {)I urality of solvents may be used in conbination, at any given
rati owhereanR] e Rofaguiofiepandeotly eapresénth aliel eren ewteiniag b kp Hicaghoatinms,

2-but gp Whieyt 83 g%aaﬁé?%ﬁh%(g%&%axﬂo K BNG an Eﬁg&{ b GolilReAb DoRSbLENC as

benzene oro enzene, rifluoromnethyl benzene;
al i phatoms, mﬂpﬁw@pbmsbgeewna%ywbﬁ@meéne n- hexane, n-heptane, and
cycl ohgpgape;, esters such as nethyl acetate, et hyI acetate, and isopropyl

acet ate ~ethers such as dieth et her nor ma her «di i sopropyl
et her, oy ke foreylp (Qumte a g?ﬁé’*tSFFyl(V’%B? gwpxngfiﬁgqltlfxﬁgfﬁweq & t-butyl

et her ,deﬂelam,ﬂ{e%gw@wf&}nuﬂ(qpr cycl opentyl net hyl ether, tetrahydrofuran,

di oxarE ﬁnd 1, 2-di met hoxyet hane; ami des such as N, N- di met hyl f or mam de and
N, I\I—dl?t@ts yl acetam de; nitriles such as acetonitrile and propionitrile;

hal ogenat edinhy¢foaaaln benthe alkghgrasp clincdihing d et hansn atdwhsowldflomay bear bon

h chl
R T
N- et rhxyiba:wrprivhbd orecyclivaikyg grdvesenteimimeolnd§, carzboseatome Astbstitatesis,  net hyl
| SObUtqu bkt 28 qinegrogrﬂﬁ&%fl ﬁ%%@cﬁ@ glkyliér@éﬂ co?x rgéofto 4 gafri]’rgi nQRhs 8 GREAL €,

tetrahy tran and ot acetone and tol uene
are nmr@crpblef epEthese alkyl groups, FWéeﬂreé&EW@?ﬁ 1tli>1Pf@C 3 megEhsew, by othpgEeuP ahour t o

40 hoyy i p?f%glﬁ{ Ekgﬁ?ﬁ kyoﬁgpﬁ%qp : nGﬁ)ﬁ’e{l SufyPerélh, RO WoButyl é}é&}pb dribitple present

|nvent| epr esenfed by the fornul'a (6) obtained by
the alsowe. en@plaklwvl)grp@,andeweép WlgEd®t with an acid or a base, or is
subj eg@@;@ jto a cat al ytic hydrogenation reaction, so as to produce an am no

acid ester resented by the follown 7 3
E formula (6), th)é aralkyl group contanungg g‘% car or? atoxLx may% ]
optionally substituted, which is represented by R®, is preferably a substituted or unsubstituted

aralky] group containing 7 to 12 carbon atoms.  Of these aralkyl groups, preferred examples

include a benzy! group, a 4-methylbenzyl group, a 4-methoxybenzyl group, a 4-chlorobenzyl
group, and a 4-bromobenzyl group.
{0087]

In the formula (6), preferred examples of the aryl group containing 6 to 12 carbon atoms
which may be optionally substituted, which is represented by R®, include a phenyl group, a
1-naphthyl group, a 2-naphthyl group, an o-methylphenyl group, a m-methylphenyl group, a
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I -1 2NCO2R4( 7 ) wherein R4 represents an al kyl group containing 1 to 10
carbon atons, an aral kyl group containing 7 to 20 carbon atons or an aryl
group containing 6 to 12 carbon atons, each of which may be optionally
substituted, or an amno acid ester salt represented by the foll ow ng
formula (8): [Fornula 34] H2IV CO2R4 HY( 8 ) wherein R4 represents an

al kyl group containing 1 to 10 carbon atons, an _aral kyl group containing 7
t o 20 PoBFBY ALY OHEWL I rineiRyPREPBIUE W, A TSR RBCd B19%Pchr bon at oms, each

of WhipCheti®phéyPRbLR RS I-MintRghed et and diethapiasenbsp, an i nor ganic
aci d, gygfoRégwacHd, or ca&bo li,c acid. L?éQf% B R4 in the fornula
(7) ard-TRETY PR Top)2 T dmprdaRshY ety A thigheny@rotide definiti ons
gs t h?ﬁ%diﬁ)fethjzﬁ);ﬁer@eéidﬁﬁ,@ Q,RSIiﬂ]?ﬁetFylphéi?Ugrgﬁ}Qralﬁ,ﬂ,&tr(rﬁéthylﬁl&h@ﬁgroup, a

peci f,i xa ) HY in the forpula (8) i.n the, above step.(Vvii

ool udece PR et s MLbre bt o M gbobd) BRRS Bt S bl
1/ 3H3REBp. 2/ 3113P03, and H31303; sulfonic acids such as nethanesul fonic
acid 8g-toluenesulfonic acid; and carboxylic acids such as
trifluoroacetic acid, tartaric acid, glutaric acid, citric acid, acetic
aci d, mal ei R iapredkraink imsthat grgup.andthyligroimiaderhbitl tPeedier heagyl @xauppitds  of HY
inC'U@ﬁnﬁ%Q&ﬁﬁ%ﬁ?§%§@§myﬁgﬁﬁﬂ1 met hanesul foni ¢ acid, p-toluenesulfonic

acid, and trifludroacetic acid. Among these substances, HCl, 1/2H2804,
1125049988hd p-tol uenesul fonic acid are particularly preferable because of a

hi gh depr ot @¢ink 0ghchi@fith ey @1 thelafRx IR Rt repederited BO @k BFME4 o) hni ty, and

good Qv nc | ebétclﬂrleé g/ti'uc[u?g' z(%?t?f}]osition 1 on the cyclopropane ring has ani R or S form, is allowed to
react with a condensation agent or an acid halogenating agent, so that it is converted to a mixed
anhydride or an acid halide represented by the formula (9). A metal azide compound or a
trialkylsilyl azide is allowed to act on the mixed anhydride or acid halide (step vii-1), or the
carboxylic acid represented by the formula (5) is allowed to directly act on a phosphoric acid
ester-azide (step vii-2), so as to generate an acid azide. A rearrangement reaction is promoted by
heating the acid azide, and as a result, the acid azide is converted to an isocyanate. Thereafter,
alcohol represented by R’OH is added to the generated isocyanate, so as to generate an
aminocarboxylic acid ester of interest, which is represented by the formula (6).
[0090]

In the step (vii), the reaction progresses, while the stereochemistry at position 1 on the
cyclopropane ring is maintained. Thus, the compound of interest represented by the formula (6)
can be obtained without a decrease in optical purity. In accordance with Cahn-Ingold-Prelog
priority rule, when the compound of the formula (5) in which the stereo structure at position 1 on
the cyclopropane ring is R is used, the stereochemistry at position 1 on the cyclopropane ring in
the aminocarboxylic acid ester represented by the formula (6), which has been obtained by the
step (vi), is named as S. When the compound S is used, the stereochemistry of the
aminocarboxylic acid ester is named as R.

[0091}

Examples of the condensation agent or acid halogenating agent that can be used in the
step (vii-1) include methyl chloroformate, ethyl chloroformate, allyl chloroformate, isopropyl
chloroformate, benzyl chloroformate, n-butyl chloroformate, isobutyl chloroformate, tert-butyl
chloroformate, pivaloyl chloride, acetyl chloride, benzoy! chloride, thionyl chloride, thionyl

bromide, phosphorus trichloride, phosphorus pentachloride, phosphorus oxytrichloride,
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Wth regard to the conversion of the carboxylic acid am de represented by
the formula (6) to the amno acid ester represented by the fornula (7) in
the step (viii), the carboxylic acid am de can be converted to the am no
acid ester represented by the fornmula (7) by a reaction of renoving a
protecting group froman am no group, or the carboxylic acid am de can be
converted to the salt represented by .the fojnula foll owed by treating
't wi PHOSHALTTBIOR Yo PReR rouspegigh Wl%?%ﬁsahq%owﬁﬁ%nﬁa ralys phipride,

r epr eseslylegonide! hehdnesrtha dh%hde 4 toluenesMPsBOVI@b5idd, hagl reacti on of converting

t he am nocar ste esent ed e f 6).to the am no
gtk T e B R A o D
convechibrodortiate, aivl nidomifdromate 1sepra;ﬁ,yl dhleﬁif@-mateobdnlzﬁ cAlrsfornaae, ah-tesgler

repre 9!3 I adt ntreating it Wt the correspondi ng
acid ?@&tc? %, {E’%&% rfgl?#ag%en &q bl‘)lfyl FIH%m ormite P(r\é\%e’?a%a‘ﬁerw se, the
react i®32bf renoving a protecting group froman ami no group and t he

conver si on IBQhetJ?% (%ﬁ‘lIZﬁle%@ﬁﬁeH?th@E%énﬁgr a%&at}ﬁ%gghﬂtﬁﬁg?g&y

Bot h the am no ter represented b ]hLeE] am no acid
est er T23g¢ gencelly el e &p W%Wéieﬂ@raﬂélpaefwyly &g ble Sotsmivielsal wh EEspeski6t i on

wth a@q@cﬁgﬁgfth@rg@ﬁ&lsuggﬁa@y catal ytic hydrogenation. In the case of
obtaining t ﬁ am no acid ester represented by the formul a
&

it is
preferable ¢ {ea‘f:t}?é R EDEATHS B ssusratiiaha eepeirefippeadt’ gdotléoéj rd&etion with
a basempeatiat jHal i€ alNaElf0@R8 &t readlon 3 frERALIERIM WbH t@fpeaci d or a sol ution
cont ambhgp such an acid, and be then treated with a base. In the case of
obt ai the amno acid ester salt represented by the fornmula (8), it is
preferable Tﬂeaéactlditesodtmpmlnntbaﬁicufeﬁ)]lymlﬂlad,(eﬁ)loﬂfgeis$ﬂlhjs£ﬂdt@1dn!510thard’a@t@(ﬁlt ion with

an aci ase, . or cat dr ogenat. on nd be then
P ear Al SEEIAR ML Bed Akl R RO e Y BERBLIEOS 8T8 20 L hET
of t halemi theludedkeiones fueh assmetping 3-Hutanbixg amct mpthyknsohu)yl ketohey devnimidr ogen

fl | . de, | f

ot q Pforat QR BOBe et ofbent X AASHIARRMAAL cn U A, 0 T e
aci dsa 114#9%#@@#‘90@@@5 weh as mpentangl f-bedase, acheptane, ang rexdeheatsiceestEx sashkes of the
base ﬁﬁ%@@l Retfl &h&i@@éth't@eacxilh'léomogm fuEoxhde sucﬁ%g g m%h&ﬁ%%' Ll r}ﬂ&p@?S' um

hydr oxi dé, . sodi um net i um et hoxi de, ut oxi tassi um

et hox"r‘th‘@ dijsgpranylicther. rﬁjé'ﬁlﬁ@iéi batyl gl @@hﬂ@?rﬂbﬂﬁéﬁrad@t YaoRit- h‘FfV]c%IF%onat e,
lhi Ejhl stAyicad el ﬁéttﬁer &Rthp Bﬁ&lﬁfeﬁiy@@ﬂl&afeﬂﬁlﬁﬁﬁ-&uraﬁmm&n% :}ﬁée corrpoun(é)s( Sfd' Umf

ro a a33| e. are pore preferable anples o
aycat g?@%@ F?fap u F‘?ffg I‘ﬁﬁ%@t@éﬁ?@mﬁﬁ ﬂ&@%%?%ﬁacsm al ;TP ic
hydr ogietied subiad a’th@ﬂoﬂﬁﬁe Rad b@gﬂommle rmudgeﬁutwﬂydfﬂc&tﬁbmh ad’klhaﬁbzloﬁﬁﬁﬁﬁ cg_r bon
m Xt ur er eo ese .catalysts, palladium
car bo?‘l&‘i’rgpﬁ?’e‘faé °£§1[’1§F @88@6 %iiaél]w%ometham qﬂﬁq?rh@y PERES qun thg step
(vii |t):,ethtylamlm;trdsapmpybmmrsdﬂbdpfbpgleﬂ@t@ﬁn@&:ité]%hétb{ylﬁxb@hbﬂne? tAendh@0

f bl 1t th t to 1

caut VAP Rpe A BLECEANY b oSl MiePuab ikl P ange
generfalbthylafmmé)plﬁfetﬂdﬂelemdmlqmnwalmesj;efaﬂdb preferably fromO0.5 to 5
caui Val ent s Yk T G108 Shud 1 eSO NALRDL, ST el ARGKEAN Syt aLe.

The reaction can be car ener a at ate ure rom 20Cto
150C. mipgEes fefpeurat ure that is advant ageous for the reaction is preferably
from @6940 100C, and nore preferably from 10C to 80C. [0107] The
reaction soI vent is not particul arlg limted, as long as it does not

i nhi bit t hén Hsgeidptim reaction uythe ster (v, agnstaleids compoune, aisielkyisilylesidsi dat i on,

at arwprwsmmcra&aleaep@wmh@@u@h am@&l@mﬁgh lﬂt E)@ﬁ]lplé@%fﬂa‘é@ﬁe%iﬁmﬁé cohol s
nor mal propy cohol sop o yl al cohol, and

such as IEﬁ:@nol
nor nefPHGE Ptcaké? 8?? élegeablﬁcla%e 0dBRpTpr7ade, EOffﬁﬁtuah grife- | ABbut v
ket ongam@leqifeid tﬁalhjﬂéﬁﬁﬂ@ﬁﬁ@@x@ﬁcaﬁ% ms@i&e&gﬂi&mmmhgu aBide. Xl‘:‘/iaﬁ@&.s of the

chl or %t())(sap oo aeid esr{er-az;de that can be used herein include diphenylphosphoryl azide and

diethyllphosphoryl azide.
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trifluoronethyl benzene; aliphatic hydrocarbons such as n-pentane, n-hexane,
n- hept ane, and cycl ohexane; esters such as nethyl acetate, ethyl acetate,
and i sopropyl acetate; ethers such as diethyl ether, di-normal propyl

et her, diisopropyl ether, di-normal butyl ether, nmethylisopropyl ether,

met hyl -tert-butyl ether, ethyl-tert-butyl ether, cyclopentyl nethyl ether,

t et rahydr of uran, di oxane, and 1, 2-di net hoxyet hane; am des such as

N, N- dif] SBaylformam'de and N, N-di net hyl acetami de; nitriles such as

gceth Ionl tril Hnmfixb@‘l’@cpﬂs&meﬁ rahl:lﬁwnh@dcﬁ@@ﬂ&l&maiwgﬁg@ﬁt&fabﬁﬂﬁseﬂlﬁﬁhr@ Sc
I cnl Or oOne,

hl or of. | d 1,2-dic t hane;
and o EFRTRIN ST PR DE I SRS e BTt L B TE YT AL bt ate, - and

diOXanﬁuﬁﬂanmfﬁheﬁ&ﬁMEm$mnﬁe The reaction tine is generally about 5

mnutes to hours, and pr.e erabl hour s [

Vor eover . i Rl RrELAT AR B oS HoRr Bl Ry e or mut a
(5), Whhpﬂnatmghdbésadvmamme"dr tbg/rdabtemrrepﬂa&o:hbdte&mm bed o A0B) above, (ix-1)
is aII ? to react with a condensation agent or an acid hal ogenating agent
to obtaln the reaction internedi ate represented bg the fornula (9), and the
obt ai ned r eBlea feasion seleentisdioapastipuariyimites) psdmrgiestibioes aetinkipit eacavteml azi de

Cormowﬁufaqnyaoftssﬂvéﬂté%hﬁ bé ﬁ@ed %o@!ﬁm%en 8 arlydi GENEHAT &:@MpRE| bfjsu‘%ﬁ hde, or
(ix-2) 1s al'lowed to_react phosphoric acid ester-azide, so as to

gener &bl inciidewaisy Yeones such as acef‘ms ABRARGRS; ed PRI RSOBHY] FAR B A (i x-1)
or (i &y@x%cdr’ﬁonﬁ@ﬁbh%%@&eh@ t@Hene SHLE WM RobedRshe! € mm&a&tﬁy@eﬂz&l@l | oved to

furthe rea t.with n the presence, of an dro hIorlc
RS2 AT I A B A e R e T Ay
trifl uetioneichad) ety dcotate amitibahropglihdetitd; ethagistch aphﬁmwl ethieg dagdrthal ﬂstyﬁlgrlogen

brom d d I d i d i id
ost er “PEpPELERTELet B Sy st PO TSR pRnyofer meffgt AR vl ol
represéwb&dtmmdbhnrabﬁmenﬁ@nﬂmﬂa&@ﬁ)ﬂu@mﬁbﬁnp{mdmneduﬁy a single step,

th by th
1 oty SaEabl gl UGRYEN AR B FUIBO N SEBRAISIRACY e
t he amtdles:awhtaeaqsr n erpngd propiogérilgehdegenityd hydseaachoss ﬁt@hm@wélqmm@haemt s, and
pref eg mmosfmfgf eﬁbén@eac%z&ﬁwaylalz%n&ém@e%ﬁl&e Jﬁ&nﬁesesqeﬂ yalent of the

reaction su wat er can use range generally from

0.7 t érwsmm@qa|tvra¢mm>§amlaﬁdiuﬁqmmemiwﬁ c@ﬁdﬂ methplmnosphelipal edheng wi t h

I espegfesd Qmipoftidl Wake @&et&{e yA B@Laﬁ&a@%btﬁﬂ iSIHRBA k&b, toiuene lendMenyl €acti on can
be carried out general @% nper at u fron10 g The tenperature

t hat ﬁ%etaa%i\»@ﬁf%@&a@fef ré’éé*ﬂ isthy emineare g rg}ﬂ% 5 28BONEYOC,
[Ollololueneandarrﬂ%&sél@éﬁttﬁe@ébf&ﬁhﬂ Egelf@am@t particularly linmted, as long as

e Motk b SRSl e BhaE Lol SRR Bl gt '

ket ones2(shoals. as acet one, 2-but anone, and met hyl isobutyl ketone; aromatic
hydro&@r ns such as benzene, toluene, xylene, chlorobenzene, and
trifl ? t hyl benzene; aliphatic hydrocarbons such as n-pentane, n-hexane,
n- hept ane, lamitk stapavioh exeariles; of éstabrobolsusedtoasactreith gh iwcmiatb,ea;fteethhytbidac et at e,
and i [ I her r Jropyl

i’g&) Qag%een%%gfr&{e? to glte s%c?anﬁt‘é%glp@%ur?rl ﬁé Q%’ehmgﬁgt%&e{lﬁ{g%angg ﬁ@u

et her “di 180opr o nor |sdpropyl et her,
met hytnethemi d.’shmp pmphreﬁ lstalrmaholt@rttbub{ha théxamér’oenzyil@lb@ipéntyl met hyl et her,
tetrapm :pfuran di oxane, and 1, 2-di net hoxyet hane; am des such as

N, N-di methyl f ormami de and N, N-di met hyl acetani de; nitriles such as

acet oni t ri | & AnEFAFARESMEA] TeAGHR in tha bl bri theialghel sdieprdinalanecas

di chl nfafaﬁp %ﬁﬁ; : %‘Jﬁméqqmrems SRTRAEbBFRE NPt EfigvalARdwih Zesflice ) or oet hane;
and dlneth é@? oxid Anmong these conpounds, acetone, toluene, ethyl

acet a?‘é“"aﬂf‘élf? Eﬁagf%r%?ﬁtr%ﬁ oxane, and a mxed sol vent thereof are
pref er abl e. The reaction tREbd &26Ed D géricrBlylaba ﬂ:ﬁﬁ:@fa@lré Yromlouto @s@chouns to 40

hour Stem?}grgtu?e &L’Sg gc?vagtaggo%lél %or thehr%ggtmg?s plrgfera%Py ﬁom 40°C to 100°C.

[0099]
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[0111] As an acid used in the reaction in the step (ix), a

p-tol uenesul fonic acid nonohydrate is particularly preferable. In the
reaction in the step (ix), an organic solvent is preferably used to

di ssol ve the conpound represented by the formula (5), as well as water
added as a reaction reagent. Since such a p-toluenesulfonic acid
nonohydrate is easily dissolved in such an organic sol vent, when conpared
Wi t h i nor gahlecreansion soleend is nes paienlabiimitade aslepgiasgt dagg petiphibit Hieirepctiphe

react ifufafRi JHsyivaii PR LBS8Rd iMINAMN:EOR, o8 hCAvaUEtL. 8 Hubgleyengsnkf oni ¢ acid
rnonohydrate contains 1 equival ent of watgr wth resg(gct to the acid, it
Hleglryg%i

enabl &3VeE &Fldsclesiqngs sich ahasstorfiat BiHanoRe.Gn phyIksioperomaiiten conpar ed
W t h GbietarBis d8chts $8DeNE thlhdhe 2tV 1@k SairEhem N e tri Suebm@hylBaRtiee aci d,

met hangsul.fonic acid or trifluoroacetic acid, and thus, it nmakes the

Cont ¢ ATHe fikrar s Birsy ot igins, i Fhhu ol FoBE SEheh o

p- t ol wetesd udetadn iethy baetdterrmmiabypdsad ecetdid) ethesaath anlicshyd b, Becamebkpropyl

h d . t I 7
B A i7) A A T A
step Ethyl-Jertehutstl hthes ceponenty)metinH ethet, hrabpdrpbeanddioxgmesmdnt ed by the formul a
5 i : .eag 1 of i : I i .ogenatin
bgent T2 e R N o aci d s
pr ef enitley sushlappretbnitylerad propinaitile; pdlogeuaird hydregarhens pipdns ehloramnctiar.d,

hy dr oRRBIf &R Chrfon RIS, AR11D-AEh1bREthblK EnFRAIaRLakiaQGucHT e use of
hydrochloric acid is particularly preferable., The reaction rate can be

i npr oVaIMAG TP RRARBIER isPrEonyditay laraine 4gd Abmsty B rcliphe 4BMound of the
f or mikigsd &mRSnds, Bittdde Idainoaa mdiky! iLURPT BSGR0IERE xGRAS @ityT @fkiagn of the

hydrochl oric acid ed i.s not, partjcul arl imted, It is 0.1 to 2

o oSopp acBils AP e St ST eds Yafeete: S achiopt Stotiet et e

conc emior@pricfrpabi, Lhe azi datidng agent . [8113] ﬁ\ccordi nlg to8t he presgnt 4 b
I nvent i on, X ne.conpound,,r epr nt the tor [ gaduce
e Above. dUesbickiaR eERIDEAORN SREFT Rk T s Yol Gnd BLefRteRy fithe Lo RGOS BY

conpo@hdouwrepr esented by the fornula (8) is allowed to react wth a base, so
as to {?)lrogguce an amino acid ester represented by the following fornmula (7):
[Formg a 35] H2Nr CO2R4(7) wherein R4 represents an al kyl group contai ning
1 to 10 carlbdhe pressnbipventionr al kyl group containing 7 to 20 carbon atons or

an ar yl; | Jd kS G
opt § 0Nl e Uetnal BeisBile Lol e KenfR PR ERIITY mERH: p ) RMERA T e step
(xi) Fesel Widkean soidhoruniaps @F Bshiactedsiod catel iy iy dredatioisegivn; sors My predusede,

sodi ugh GRAIRQBRATSer e@e@édee@%@m%ﬁlgf&%@@@bzum carbonate, sodium
bi carbonat ¢, and pot assi um bi carbonate. Anpbng these conpounds, sodi um

hydr oXi¥@v233l assi um hydr oxi de, sodi um bi carbonate, and potassi um

bi carbonate are re preferable.
%

HoNY ~CO,R* (7)

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralky] group
containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted,

or an amino acid ester salt represented by the following formula (8):

[Formula 34]
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[ 0115] The base can be used in a range generally from0.5 to 100
equi val ents, and preferably fromO0.5 to 5 equivalents, with respect to 1
equi val ent of the reaction substrate. The reaction tenperature can be in a
range generally from-30C to 150C, and preferably from-5C to 35C. The
reaction time is generally O mnute to 10 hours, and preferably 5 m nutes
to 30 minutes. [0116] The reaction solvent is not particularly
limted, as |ong# t does not inhibit the reaction. A plurality of

sol vents may Ybe/used 1 n conbination, at any given ratio. Exanples of such a
sol vent incl udg water, alcohols such as nethanol, ethanol, normal propyl

al cohol , propys Cﬁi hoI and nornmal butanol, acetone, 2-butanone, nethyl
i sobut yl tone, b ene, toluene, xylene, chlorobenzene,

trifluond t hyl benzene, n-pentgne, n-hexane, n-heptane, cycl ohexane, nethyl
acetate, ethyl acetate, isopropyl acetate, diethyl ether, di-normal propyl
et her whelicirs® prepjeydntsenatiy] grdip oontaising bus 10 czehzdmeatqmsr;rem hlylklylsgrpumpyl et her,
nethyl I I

Tot rLsoAs ALY 10 80 Bitbon SLRYLr W) %ﬁ%{nhnag% 19REBEY bR Wbh &G

N, N- dmwtbhpptﬁcmalinmba@umdmd|Hﬁérdmsqé%mﬂm@nm%tsmfmpya%lqra@”h@iyaéet onitril
e, prgpionitrile, dichloromethane, chloroform carbon tetrachloride,
1,2-dic 1oroethane and di met hyl sul f oxi de. Anpong these conpounds, water,

t ol uef@O01Hi - normal propyl ether, diisopropyl ether, di-normal butyl ether,

net hyl i soprebylhabhfiia (ﬁﬁﬁ@ﬁh’e‘f&rx&!ﬂi (8) inghd&Hove SbH Wm)thabﬂfe)ébmeﬂéfﬁﬁtwns
cyclopentylneth et.her, nethyl te, ethyl acetate and i sopropyl

acet afehapeeri eéti’llglepéer‘(&“\ﬁé?rg?*‘?a thyl -t-butyl ether, toluene, ethyl
acet afgoand a nlxed sol vent thereof are nore preferable [0117] Accor di ng

to th t d the f |
(7' broduesiesynne aney i e boprR B ERE v T 3P Ml Wl L0g ™ @
(Xiii peiihenchhs HF fied], H@W@MM%W st BAHROt IféHiRﬁamddd{s(PD)s suffosit | owed to

r t th ted by th
o | ot i ehisvmr Reriy kA EERAG R AT EBIARIG Al bihuS Rt bl GRERRED o0 & an
al ky| tiftompearicl, aitage deid, gluigicosidp dfricacivhracetia acidrmadlidy keidrmoalis acidha ni ng 7
to Zos&c%rnt?(g&xd’"t %@fexg{dl &%E%QBPH? i 'Eﬁe% '%H?S(SJ,)H}% ﬁﬁ'@:ﬁﬁ%sé‘i’f%am@a(:h of

whi e option stltute rep FeSents. an I norgani ¢ aci d,
sul f opftglugmwdfong:rac@ambﬁmﬁpﬁr@a@@p gmd[ o@pggxg these substances HCI, 1/2H,804,

H280s, and p-toluenesulfonic acid are particularly preferable because of a high deprotection

reaction rate, high selectivity, good crystallinity, and good handlability.
[0103}

With regard to the conversion of the carboxylic acid amide represented by the formula
(6) to the amino acid ester represented by the formula (7) in the step (viii), the carboxylic acid
amide can be converted to the amino acid ester represented by the formula (7) by a reaction of
removing a protecting group from an amino group, or the carboxylic acid amide can be converted
to the salt represented by the formula (8), followed by treating it with a base or the like, so as to
obtain the amino acid ester represented by the formula (7).

Moreover, the reaction of converting the aminocarboxylic acid ester represented by the
formula (6) to the amino acid ester salt represented by the formula (8) can be carried out by
converting the aminocarboxylic acid ester to the amino acid ester represented by the formula (7)
and then treating it with the corresponding acid to obtain the salt represented by the formula (8).
Otherwise, the reaction of removing a protecting group from an amino group and the conversion
to the salts can be carried out simultaneously.

[0104]
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Speci fic exanples of the HY used in the step (xiii) include: inorganic
acids such as HF, HCl, HBr, H, 1/2H2SO4, H2SO4, 113H3P03, 2/3H3P03, and
H3P03; sul fonic acids such as nethanesul fonic acid and p-tol uenesul fonic
acid; and carboxylic acids such as trifiuoroacetic acid, tartaric acid,
glutaric acid, citric acid, acetic acid, maleic acid, malic acid, and
succinic acid. Pr ef erred exanpl es of ncl u HCL, 112H2SO4, H SO4

met hanesul f GHtkths amgpo aﬁ%"éﬁ%@ﬁ@é‘iﬂ‘@ﬁ% %E‘Wlla?‘gr?ﬂ%hﬁiam‘%?c SEPE aci d.
Anong régresaiesd b HednaRis (8HEn be bbA2804 a r&dBﬁQﬁlvm}a&tdaqad brod wes @s by Eadlite aci d

are particul rIy refera bec se of a h deprotecti o n rate,
i on JerieEielrey 1B UBsacpBria ey o afd b SoatRaAr B Py if BAf

The agraferain thaetha sedpiund af fcamgka (Gerenbibdtyd Pragmdiod with 208¢, exalytical ent s, and
prefe , t of the
r eact |hgg) gngﬁtgl{no?a Ee#ﬁler}lt V\ggx::%n,lag rc]i L, SOM%(EIPCOD&?IBIE%&HCB%I}%I&%E Plul?e r ange
gener &lehipd fith mbago Clrt the $506f olam:lma ﬁ?@f@nafmi(yd ¢stasalt @@“ﬂts@lf@m therfpempleact i on
time g Qw&g}albbé thht @ﬂe% ﬁoﬁrﬁ FPo: IR @) b@gﬁgjegtregftc% I%Q&t%anm iﬂl‘!&:ﬁ fo 1 hour.
[ 0120] reaction solvent i1s hot particularly limted, as long as
it doé%ﬂc‘ﬂ@’tW‘lﬂhhb%ﬁestmtchfélﬁl@h}ﬁfpﬁﬂﬁaﬁ% pndheghen yeated vWith K ﬁfésq}’a@pnbe used in
conbi ragﬁtblgﬁlgsgghmy given ratio. Exanples of such a solvent include water,
al cohql] uch as net hanol, ethanol, nornmal propyl alcohol, isopropyl

al coh ormal butanol and tert- butanol, acetone, 2-butanone, nethyl

i sobut yI keﬁa&aﬁpleb@m@mﬁd ude@ @B geaction ig e, stephviin Qhﬁﬂé @fdrogen fluoride,

et al QUSRT a0 Bl hes TeBRRaIp st O GE g Loy PPEREC <t MO AR pr opyl

et her ,andhriﬂsnomacf}my lacigt hﬁjnpngithemcrmj hyidtticyilone'adﬁléland mmlhy héis eprpogydablet her ,

met hyl.{ - et h cycl her,

t et ra?ff%‘?@fg %J%/tla%eg guged m}/ mélu%uﬁtx de XO% ‘%PE‘I?%X H%hpﬁ%‘%?ﬁnam de,

N, N- dihmmhylb,aso@tnann&ﬂlsmdﬁt mmmyt:tbwdﬁ;hmmebumsdbmwasmwhi@thomdo,pl onitrile,

di chl I td: r wndl.Gh ne, and
i ot ot g BB Rl Eh Py el AP i el S BOARLAR

i sopr 6Py Dnaéstetﬁan@,g thase pympaungy sydiun hydrpxignand rstaseine }aﬂ@Xpiue@ﬁen%ml e, and

et hanglemgtilyl acetate, toluene and a m xed sol vent thereof are nore
prefe able [0121] In particular, when sulfuric acid js used as HY
in the stepBFamplpyof assﬁta&»fsbfé}ﬁﬁ1&u%eé|1%?ﬂrowf§1°5r0§%wawpﬁr%éd cgialylicr eact i on

sol VeRydroQinash 1h€l§d&@'1‘f9&1%dmﬁﬁﬂfu§§ eRtifEh i sbiiutddarBsh ik@e thérbofddeh HY is

1/2H2804 has | gw sol u I|t an o anl sol vent, the corrpound of the
f or muFemplSy theren wike gml}esr'g tglyg HoHSORr e %% isolated by
cryst glopgati on. As an organi c sol vent used herein, ethyl acetate or

1 xed I f.t I h f bl I f
I SR K e R T T
i sopr e@yiralajtg eﬂirb;brpfembmmd»mbmm anqliyalang wﬁthrrespbmmcahedluwa@em nftht reastéonal cohol S,
th I f bl
Chese il Thsdpiften e SRR o SpRF fuseftl 1337 100 AnTRIESPLEWRRIT ot ot
or a fmmeQ:lS Bvo‘ii squivalepfs, mﬂxm@mt @}ricbqaivebhfmf tecasadtipndilstraleves sul furl c acid,
generation g}, k@&m%%%?%’&g?&{e&#gé&g%@% Qi’exﬁp'& tJrQ!E}%Hx' %0‘3;8&) 15090, Waigh BY i's

1/ 2H2SO4, progresses ra 2 represented by the
for rrutﬁ'alp(e@)urﬁ ﬂlaM|aéWnB¥e¢11§ fqr/ﬂzqaﬁz@@m is nmfecqbimcgnlﬁ fp Y¥feraadewré n such a

sol ve ;efermysﬁgﬁq@o@wﬁ sal linity, and thus, it can be efficiently collected
by cr stal |1 zation. [0123] In the present invention, a step of

recryst&fiizing the corrpound of thc fornula (8), in which HY is

p- t ol uenesutHeQBicEoRedishnt isSot FHRHHRE Hnflteads 108Lasf ddeh Botalamethd esehidbed
st epSA pﬁura{ity o& solvents may be used in combination, at any given ratio. Examples of such a
solvent include: water; alcohols such as methanol, ethanol, normal propyl alcohel, isopropyl
aleohol, and normal butanol; ketones such as acetone, 2-butanone, and methyl isobutyl ketone;

aromatic hydrocarbons such as benzene, toluene, xylene, chlorobenzene, and
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the optical purity of the conpound represented by the formula (7) or the
formula (8) can be inproved. [0124] The conpound represented by the
formula (8) in which HY is p-toluenesul fonic acid, which has been obtained
by recrystallization, is subjected to the step (xi), so as to synthesize

t he conpound represented by the forrmula (7). Mor eover, the conpound
represent ed tg)ét he forpula (7) obtai ned by any one of tg§ above- descri bed
st eps MHEI0EIRG l@@aerteoalmhelehyéf?cerms spch WPWWHBEX&B‘W Plapt Aty of the
Cﬁrrpouytsioﬁeemeemﬁ adh Ry mbiael zfc@ﬂéﬁuétlﬁyl(a&gate i did MabeRyH¥eta; @havhghance ot her

t han ne ic a an _al so be

recry gfeéhyﬁ ?tg%ﬁ 5 Hﬁ‘aﬂi’? F@er SOBLOPY’ R zﬁ‘{;’g Yﬁ‘r‘?b‘%}gﬂ fﬂ%ﬂl%lbsﬁﬁ%’ﬁﬂd

lr3 epr es@gﬁ, ﬁﬁﬂﬁytetﬂftﬁn)ﬂ@m&u |eﬁ1y( &gybutym ctivdi, efcldpéniyin@hyl ethes nembydroferan, aci d, may
e mxed wt ol vent at crystal.lLization, anditrraybe
t hen &1°486t %ddﬁ%'aiél?%}?oﬁy% AR ‘F\Sgsugbr?ls lﬁN ?ﬁlgth%[fx REEd ma? be gradual |y

cool eti,Nsion¢thdbcetermidey sitales omh abscepmediepnd atopbnitileehadedenaed hydiecapiosei pi t at ed

cryst fzgxmnlgro%étﬂaﬁst ﬁ% &*émt c&%ﬁwe'ttrgpgm%éam %df&ﬁlo?&ﬁuhaﬁe?'a}{@&tme din the

recrys Izat1on 1 ncl erizene ene, X ene acet at et hyl
acet ab@foxided Bswpe Sesd competndsecthamab wthy! vsiste, 8161 dierns aretpgqf@réhle and et hyl

acetat e ar erelcRhR e is generally abbies hEREHA ¢ hSwr@RRE hRErddy oGt 5SSOl uti on
by heatin |s general [y Trom20C to 150C, and preferably Trom 40C to 70C.

The cbeis RghoBRperature is generally from-50C to 80C, and preferably from
-10C tmogpC. [0126] The corrpound represented by the formnul a (5) whose

absol ute stereochem s IS fg whi ch has be(e %al an(ﬁ? e step

(vi) of theMIFeyEnin} oE Bwentioea b B aRquad 1REeSEHE F%@e R Bstep

]gvi i lhasQJ“eeBﬁb@dﬁdee}b eh@@eth@néea?aw@uo@l)abmeme corrEoundf repr esent ed_ b%/ the
or nul.a and, f or.nu absal ute mstry is

(TR 581 Sriave B bt S0 pitet o S0 Y REPORE S BRI o1 Ve

synt heactoondhtesrardiatispteygns Wthd—lﬁ‘rtn&l&@)pmmitthask&amtﬁqe@uttoonmemdlatehe li ke,

e Pk RS Me it Sta SUE] QRIFRING 8% HOETIRAUALE BOCRIERL JOPALTHT S

C. e conpoun epr esen or mul whose
absol améarsdfeloeochem stry is (I R 2R), which has been obtained by the step

(vi) ?I{ 2 E%}l]letvgéﬁ)%zt O\f?ﬁﬁ @i)h&g»hoﬁcsac%&e‘f%ﬁ shQs fohggan Ghh@B abiet he step

(viii tain the co S represented by the
fornul a (6) Thé wcﬁmﬂx qoryineslid theabara Gx-Deyr (w@sec%wdaﬂénepeiae%wé% stry is

(1S, dRksockaratit BRweli O &ifther react wnhlde'i&amé bRkench B?arpz[c%ﬁ rgt hydw&ﬂﬁﬂcon will
be described nore in detail in the | owi ng exa?ﬁ r, these

exanphed adrelusaesulipnie Ade opehydrals, fﬂeﬁh@eesghfeﬁeaw tfifleorpig e"r?ﬁu NG on.
[ 0128}uifuExasm| Ifho hoHE adly qtyufuge@taroﬂm&b By drdgehn Tud B8 Hiskd:b geayb@dy, ea—)tpw ene

10,0 B e eSSBS R 10 SRS s SR o 20y ©
i nt o gpleettedigchke dbdve &sdhuladBPean be produced by a single step, without the mediation of

production of the compound represented by the formula (6) (step (ix)).

[0109] ‘

In the reaction in the step (ix), the acid can be used in a range generally from 0.5 to 100
equivalents, and preferably from 1 to 5 equivalents, with respect to I equivalent of the reaction
substrate.

The water can be used in a range generally from 0.7 to 300 equivalents, and preferably
from 1 to 20 equivalents, with respect to | equivalent of the reaction substrate.

The reaction can be carried out generally at a temperature from 0°C to 200°C. The
temperature that is advantageous for the reaction is preferably from 15°C to 100°C,

[0110]
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m.), and thereafter, 0.936 g (2.90 nmmol) of tetra-n-butylamoni um brom de
was added thereto as a phase-transfer catal yst. The obtai ned m xture was
stirred at roomtenperature for 1 hour, and 27.7 g (145 nunol) of

4-tol uenesul fonyl chloride was then added to the reaction solution. The
obtained m xture was stirred at roomtenperature for 2.5 hours, and 100 niL
of water and 50 nL of toluene were then added to the reaction solutlon to

facilitate Thegqaiaionspegnhisinghrartevdarty iveitpdeasderg &f ¢aceaot IBHpIL e "6Ct%hi ¢ | ayer

was t@eﬁlu@ﬁ%f@&xeghts hBELOLGRM CnlbR¥Ebn, WeSn QanWl tHxahPRs btsueh awat er three
times, and resultant was then filtrat

$ mﬁl hlngﬁyne residue with

t ol ueﬁ%lvenrrf@htslstlﬁa%ﬂwh P{ #o5108S \gu1egRE @AY Pthy S%ﬁutﬁéi Oh RS duced

FL eSfSugr&ocas&m@@u&lgs@aizandﬂ t%ﬁ’enfg >@1e|@1% clalo‘iohihzeﬁeteﬁh&t@ﬂh%@hétmﬂyérﬁgﬁg 2- bFB iSS] in
e (0] e uc (0] a .

LB il niSeRs e Gt S pp S 1 ry St b e ko Se P

ﬁ4a7bgueﬁfy1 ‘ta)dee;ta; emglmcpmdmlsapmpy | doethite; 4tht1® Isutéxmesllwltlf}d) n@xbioﬁyncﬁ‘mblmgmé whi ch
a een t al he Into a

00- oEors SaioBrab bt B Bud oA Ry idpreBl) SR IR WEBELRLAGT (N0 B

at 60€myWhHﬁeaﬂbémgcyﬁwmahhmﬁMQdﬂsok@m&whomﬂm-@ﬂ&ﬁ@amﬁy cooled to OC, and

It wag Zt(l(]ﬁgthﬁ% e'a{aﬁg ab@les 3 QA N-ELERA %&ﬁ&mc{eaﬁmz@%rﬁm&ﬁs&%wst al was

col l ecte it on. e talne cryst was was m. of cold
t ol uen@rﬂeamh i acgtenitrilsand ﬁ?qpéﬂltéle hedegepetedhieirenathoas sush agdicklgrogisiapg 13.6 g
of tr @ﬁléro%orfh %bé‘n tRhAERRSE) %quzydlam{fo&hmt ﬁiﬁxh@th&ﬂ%itﬁﬂﬂéﬂ q&m@ngqﬁés@rl ess

crystal (yield: 55% trans/cis = 100/ (2 f.result of ana , the
col or FUBROWEY dpapnevipiiens SV FsHie trtiglydrofuran, dioxane, and a mixed solvent 120
t r ansyb,ferdianid- t ol uenesul f onyl oxy- 2- but ene. [0130]

1H NMVR .CDC13) 82, 46(6H $). 4, 47(2H 5Hz) , 4. 48 5.74
2H, ddd,(J- 1L f2a°§°121 ey e e%%@“&”%@“ﬁﬁ%‘}]{’ *73%%*8@&% f‘bﬁ"“sl?ﬂﬂi )[0131](

[ Exanpb aod}. Productlon of trans-1, 4-di-4-tol uenesul fonyl oxy- 2- butene

4. 47 ﬁg a crude product of 1,4-di-4-toluenesulfonyloxy-2-butene, which
had b bbtained in the same manner as that of Exanmple 1, and 22 nL of
et hanol , wers aaddéuisddnn theaeachiOn il thé btasix), apdolt¢resdfoadacprroohobydraiads

conpl e i SS i t: £0 r iyhed
corp! ShAkat) GEALEY, Lok DRl ol Ofn B P pradB TS
Ther edissa@ye the h@nmn‘uad ranetsentecblbmhy Syrmlulafs) aewell ecwater dg¢led g ateeptionn. The

obt ai pg g ! YSha Su\é\ﬁﬁ g\‘}@iﬁé}%gm%ﬁcrhcfh ﬂzﬂg)‘ﬂ;rdr&% |1éjea§1t1§"@i9§2) ved &06hch bn YREnithen

dri ed at room tenp ture, so as ain

trans sqzvem,dvhensp@p@re%@b irosgicoaeifls Sudhfs éﬁfém@ii%orwgn# Irsuifetc aikBicor | ess
Cryst @lacko fabidly #ofessty. aNBdrbdvRr, SindORR ) p-1oBeteshIfH deidho¥WRiaRal ysis, the

colorless crystal was con firmed t
{ T ansSantaiog} S A, e Wlé}hsﬁﬁrefw%f%ﬁde f&naties sy incorporation of water into

an organic solvent, when compared with other acids dissolved in an organic solvent, such as
acetic acid, methanesulfonic acid or trifluoreacetic acid, and thus, it makes the control of water
confent easy. Using a solvent that dissolves such a p-toluenesulfonic acid monohydrate, the
reaction system becomes homogeneous, and as a result, the compound represented by the formula
(7) or the formula (8) can be obtained more selectively.

[0112]

In the step (vii) or the step (ix), when the compound represented by the formula (5) is
allowed to react with a condensation agent or an acid halogenating agent and is then allowed to
react with a metal azide compound, an acid is preferably allowed to be present.  As such an acid,
hydrochloric acid, hydrobromic acid, sulfuric acid or the like can be used. The use of
hydrochloric acid is particularly preferable. The reaction rate can be improved by adding

hydrochloric acid, and generation of the compound of the formula (5) as a by-product can be
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[ Exanpl e 4] Production of 1,4-di-4-toluenesul fonyl oxy-2-butene 30.0
g (174 maol ) of 1, 4-diacetoxy-2-butene (trans/cis = 85/15), 300 niL of

tol uene, and 150 nlL of a 50% sodi um hydr oxi de aqueous sol uti on were added
into a four-necked flask (1 L), and thereafter, 2.81 g (8.71 mmol) of
tetra-n-butyl arnmoni um brom de was then added thereto as a phase-transfer

cat al yst t ai ned mxt e roomtenperature for .1 hour,
and 68“Wf63%34ggﬁ8?f8r3‘)‘*‘536110’1$ A *&m@ﬁ%@fﬂr‘f&ﬁ |uss%quf@éﬂ{f$1§rl¥ jedgdéds to t he
r eact i0aNtoSOeutvalehts, didepreftablyn@sl tanl Xhuivdempith tdspéceth & conemritRapgriad ure for
6 hours, .and 300 nL of water was then added to the reaction solution to
facil afg?tgl 1Bt d separation. The m xture was stirred, and an organic |ayer
was tmalm}separat ed. A water |ayer was re-extracted vvith 150 nL of tol uene,

and or gani hAélg%ﬁl][;ﬁ_to rlﬁa%eg]egk,%?&per ed. The gathered organic |ayer was

washed wit ee tinmes, and the resultant was filtrated,
whi | e (mmﬂm@omrepemrmdéWQ formule(®rie profhesd diytla avere-fiesetibedtstep\(uis) or
conce%ﬁgg @t 45C under reduced pressure. Thereafter, 60 nL of toluene
was added to the residue, and the residue was_ conpl etely di ssol ved therein
at 606x) thaabtained eompoupd reprsentedly the fasmplad8liasllqyasda atart ™ighbbee esbC, and

it V\ﬂﬁroﬁb&fhn%hhﬁdﬁﬂhés%hrrrépr&%&édbﬂ_ﬂhgfcmo%ﬁgofohﬁ*ﬁl@@)crySta' was col | ected by
f||tr§3 on, g?e obt ai ned crystal  was washed with 30 nL of cold toluene, and
it wa B]ﬁ ied at roomtenperature, so as to obtain 31.2 g of

trans-1, 4-di | uenesul f onyl oxy-2-butene in the formof a colorless
crystal WS% trans/cis = 100/0). As a result of NMR analysis, the
col Ori‘Eﬁ 6‘5 was confirmed to be

trans di 2 uenesul ffonyl oxy- 2-but ene. [0133] [ Exanple 5] Production

of 1 4+ Bol Su f 0..0 7 f

1, 4- dl&lalggg oxy 5['5’%5% eng'é1 %@%L%s‘%& Col?l%lggge 1%3 101% B atg’f‘g’t éeal %n‘gj 300 nL
of a &0%sisiogi/dnhyaboxitdes aneeovkeregt einiaomng\e tel adubah dtorthy cachf durbidecked

fl ask ter, 2.81 g (8.71 =op of tetra-n-butyl anmoni um
brom g]g}bébptéogg@%ﬁg?%{lo as a phase-transfer catal yst. The obtained

m xt utlflas stirred at roomtenperature for 1 hour, and 79.7 g (418 mmol)

of 4-1ol uengauli-QQy heﬁoaéﬂsbaiﬁl t‘ﬁ@§tef) heninededintn hﬁom@%aleﬁ h%/@xloﬂki'con The
obtai ned m xture was stirred roomtenperature hours, "and. 480 nL of

wat er PYAHIUES hyAyoxidss w@mﬁebmf% Hiham faehonateo peespa agabiies sdiimon t o
faci | bcabnakd, Ot ge@@ﬁlﬁt biwrboﬂ_d?@ MAthOHEE (MBS hipolied, RBMmAMyeigRR] C | ayer

was t hen s arate wa S re extr cted vvlth 150 of tol uene,
and oPYa leélffBﬁl %@t“gﬂ%’ﬁé‘i}?o BRfOSSHEPI AP MBS BPEF AT E':raméyer was

washep{n\M]th 120 nL of water three tines, and the resultant was filtrated,

whi | e washi therS|devmthtou aln.e filtrat
whil e vashing Lhe (Gehdys, sl obusnse e oA ted (L dateuas
was aftoed.3© Stdyeivaiests Ouigh reapadtibheeqnfvsﬁem t}msaod:ompnbeirﬁby Thessawtived t herein

at 60C Thereafter., the qbtal ne; I cool 0, and
"t wesTpRa R Baye o SRR a0 WORe SRR HrSR R e ed by
filtr&kd mactioThieeobgaierady Oonipste & lwmmmgdfevabm*ﬁ mihumg t@30 malutkst ol uene, and
it wag, @en dried at roomtenperature, so as to obtain 35.4 g of

trans- i -4-tol uenesul fonyl oxy-2-butene in the formof a colorless
crystal (yildkedeacBangoltenhisgiotpasticnlarydimitey, asAgngayigdegstnobiphiiirheangadtiosi s, t he

col Orh‘]f'fﬁt%aﬂ't&%ﬁts% vedRSn£H0B Ld-nad cBQibf?ﬁtmn at any Bzven ratlo Exampies of such a
trans 4-di -4-t ol uenesul f onyl oxy- 2- but éne. nPI e 6] Production

of 1,%lynt @tchﬁlﬁy‘éaﬁrb@wﬂola-swhw Srdhenpl Shand; e P Prepysgleghels sopropith| ) of
di et hMboHasalaﬁ@afoﬁnmﬂu&{Bi néeeehet%umeweﬂlyadﬂedtyi nkRné bdakar; Reeded flask
(50 nmL %@2 08 ni (gl%g rrg&b% a 20% sodi um et hoxi de et h?nol sol ution
was tRATa dHEEPLERSRE Gilyaroge NZORpfr BRI SR JFRPIEE SIPPR%at room
t erfp&lhaﬂhillrzgeﬂca@[ etflylSach@tel lﬁs?pxapﬁ abét@ﬂéecﬁf:th@lrethel, &Glognaﬁ%)r@'g’ri aired blnmf)ropél ]
trans | nesu ene i in the
same. SiRtmarnare] bt G b gL eSS ey Fen RIS, "rhe
obt ai eyebbpmtxinetleyl was sthex r ed a:tralnscdmﬁmaa,rrper atiewzee,f or 5, hdinrethoxpntichng0 nl of
water was then added to the reaction solution. The m xture was stirred, and
an organic layer was then separated.g,The organic |ayer was washed with 10
m. of water twice, and with 10 nL of brine once. The resultant was
filtrated, while washing the residue with toluene. The obtained filtrate
was concentrated at 45C under reduced pressure, so as to obtain a crude
product of a light yellow oily substance. [0135] Thi s crude product,
20 nil, of toluene, and 5 nL of a 25% sodi um hydr oxi de aqueous sol ution

were added into a three-necked flask (50 nmL), and thereafter, 40.7 ng
(0.126 mmol ) of tetra-n-butylammoni um brom de was added thereto as a



[0137] [Exanple 7] Production of 1, 1-di-ethoxycarbonyl-2-vinylcyclopropane
31.8 g (198 mml ) of diethyl malonate and 358 nL of toluene were added into
a three-necked flask (1 L), and thereafter, 74.3 nL (190 mmol) of a 20%
sodi um et hoxi de et hanol solution was then added thereto as a base. The
obtained m xture was stirred at roomtenperature for 0.5 hours, and 35.8
g(90.3 mml) of trans-1,4-di-4- toluenesulfﬁﬁ{loxy-z but ene, which had been

obt ai ReY-diRehHErmamidennnAbN-diehasetapidsy anpracthyiryElideatied #sianHEles eact i on

sol ut Ip@@m‘ﬁm O%Hbﬂﬁ@t}%éﬂ URIRrof&Sn, S barbéie Geflichl21a8) t1e:zraiemetdé&ené Ohnd3
hour s, 217 Odlun1M¥FrOXIde agueous sol ut | %hen added

to théntltct tﬁl&#?xgtst ut ﬁ‘?g tﬁeenf% ad5aWalh | Pliege:s GFnarma tnrop n
or ganidéisdpaytet etﬂa‘Sdlt-ﬂ’miﬂal&ﬁtQ&féﬁﬁeﬁﬁleﬂ'&hW@fyl EAYe mell@Bt-Fiylextet, aﬂtyedeyt h 180

mL of ol uene ic layers were. th ere at he organi c
ayer Mgk TelGiraf s BH 8y Sl ATt 5y nrae SR BSOSk AR nireRflee

filt rancedvate\mmhteyl\ﬁa}amlr@hetrh@lueesl adud asktate 4ndl aeneed Fhenoltcaiofiete fidet r at e
was c&&&gﬁggated at 45C under reduced pressure, so as to obtain 22.4 g of
1, 1-dr- oxycar bonyl-2-vi nyl cycl opropane in the formof a crude product of
a |ightllykll ow oily substance. This crude product contained 19.1 g of

1,1-di-etho opropane (yield: 99% . [0138] [Exanple 8]
Pr oduct.i on %%£%ﬁ££%¥$g%ﬁo¥§¥gﬁﬁg%yl 2- V|nylcyclo Eane g (221

T nol JXiBfhcifasteynd raicsviRdebyathel formmlar) efplt@atc%ne evegisaibed ﬁtee (‘an)

t hr eeopggked, fdaask (1 L), and thereafter, 82.7 ni (211 nnDI) of a 20%
sodi um_et’hoxj de et hanol  sol uti on was add hereto as ba The obt ai ned
mi xt uPEIEE tatnrﬂf BRI HEsSE ’é‘t‘é’?ﬁ?f@"?%@ %iowsﬁtosrea% tsh;‘i‘feog%q

trans pﬂodﬂcazhnMﬁmchd 6 eflereprbOechidddyl the RUbRRGFOMuUNBERYS act ured by

Slgna %%gi was then added to the reaction solution. The obtained
ntxtu irred at roomtenperature for 22 hours, and 241 nL of a 1 M
sodlunthy exaqueous sol ution was then added to the reaction solution.
The ntxtur s stirred for 1 hour, and an organic |ayer was then

separ Rﬁ Eﬁ@gkgiayer was re-extracted with 240 nL of toluene, and

or ganifé2iMayer t hen gathered. The gathered organic | ayer was washed
with B ni of water three tiges. The resultant was filtrated, while
washing the residue with toluene. The obtained filtrate was concentrated at
45C umderein BYuemesepisess atkal gawpaeontamingtlan 19 agbog gpms, an aralkyl group

1,1- dboxﬁ&xﬁﬁ?%@%%n?ﬁdﬂlmﬂ &yt%re@a Qﬁﬁﬂﬁng B thNe Lol afms e&dhudiﬁ;vtﬁétpd“ﬁ of

ali ow Qi |y substance i's crude product contai néd

1, 1- dma@ ﬁ@ﬁwtlb@wyem@dv ppf HY eprsisnbrariporggnie peid, syffopic afléaefgqart[oleafnm e 9]
Produgﬁaon of 1, 1-di-ethoxycarbonyl-2-vinylcycl opropane 35.2 g (220
”“Dl)gﬁf nalonlc acid diethyl esterdiethyl mal onate and 400 nL of tol uene
wer e 48d into a three-necked flask (1 L), and thereafter, 82.3 nL (210
mrol ) of a $HA8ifis ethinmpRsalf h@H‘ﬂ@sﬁhﬂ&i&@t&p%ﬁthﬂcmﬂe W@&g&dﬂﬁﬁﬁstslﬂ&f silgr,as a

base. bi.ai e [ at er at re for 0.5 hour s,
and 1§£g%8%bg?12§ﬂ§62§%35?&ﬁ@%P§ gﬁ%ﬁﬁgﬁéné ontceids M  ranuf act ur ed
by Toktymaﬁsehﬁnmcahcld adiystolyenésnlfonit beld) andaarbbhgiv satlid eokhtan tlﬁﬂilﬁ)rdizeat@d aofif)

sol utj i ned . m xt.u t.oom ¢ r for 5 days,
and 200 % F5F AR AR Gl Rl aibE S wh RN PR aded o the
r eact Pefersd lexames. oﬁhﬁémﬂwdttﬂ% l\fﬁﬁzs@tulﬁzséﬁ IﬁcthankS\ﬂfwm ac@nd an organic | ayer
was t of tol uene,
and of sau Rk At St AdIRN R o BN Pad o A LR PR B 1 Threr s

was heH2¥P4 tndo@luspestfoniepdd atemaéeutarlmseferabi@lbtqaeserﬁglhk PI‘OWQEOQ hen

i1 7 Rhathn 0B Hign WRSHIN ebdiFcri i SlUe M {dbdbBhdlangy, The obtained filtrate
was concentrate at 45 reducéd pressure, so as to obtain 24.4 g of

1, 1- di®é¥lhoxycar bony1- 2- V|nylcyclopropane in the formof a crude product of

r'it Ill ght %’ﬁ'ﬁh@‘é’cxﬁghﬁ/béwé&rﬁ@ﬁﬁge galﬂe@uy‘mﬁm ﬁfoold)lﬂghmgézlogﬁt@'aﬂ@gng&a g ofI 10]
et hoxycar pon vi nyl cycl opr opan e anpl e
Pr odu’Lé'?‘?’(S’r? 6t "E“li’alaf‘/* E’tth %%F%’o‘?%}‘i"a%“t/? ?éﬁ%‘l‘%‘&t‘ /?? [“qe mal“‘%(?a% g (501
mmol ) of diethyl malonate and 850 nL of toluene were added into a
four-necked flask (2 L), and thereafter, 191.7 nL (489 mml) of a 20%
sodi um et hoxi de et hanol sol ution was,padded thereto as a base. The obtai ned
m xture was stirred at roomtenperature for 1.5 hours, and 51.0 g of
trans-1, 4-di brono- 2-butene (238 nmol ; a reagent manufactured by Al drich)
was then added to the reaction solution. The obtained m xture was stirred
at roomtenperature for 3 hours, and 537 nL of a 1 M sodi um hydroxi de
aqueous sol ution was then added to the reaction solution. The m xture was
stirred for 1 hour, and an organic |ayer was then separated. A water | ayer
was re-extracted with 173 nL of toluene, and organic |ayers were then



[0141] [ Exanple 11] Production of 1,1-di-ethoxycarbonyl-2-vinylcycl opropane
93.4 g (583 mmol ) of diethyl mal onate and 1000 nmL of tol uenel000 nmL were
added into a four-necked flask (2 L), and thereafter, 223 nL (569 mmol) of
a 20% sodi um et hoxi de et hanol solution was added thereto as a base. The
obtained m xture was stirred at roomtenperature for 1.5 hours, and 59.4 ¢
of trans-1,4-di brono-2-butene (278 mmol ; a reagent manuf actured by Al drich)
was theﬁaraewﬁﬁdatémpérﬂercrrmtgemaisoﬂrm FORC 1T heD° G bandipreserably frony €°Gass st i rred
eratur e, for odi um
thoxsgae eﬁﬁ’ﬁﬁ%ﬁc gLTe i %n??v%yq‘s g[?jig%dﬁe%’ aé%ﬁ% %@%ggg{l‘gﬁtogg%%fl on. The
m xt uf@2@hs stirred at roomterrperature for 1 hour, and 29.1 g of
trans-1, 4- di‘dlg ngrt@ﬁog SR ot grégcm lim#ed, %Bﬁ?ﬁs mfrﬁﬁinﬂﬂﬁdh@béaﬁiodr i ch)

was t hen ad thereto. The s obtained m xture was Exlrred g oom
t enperapluraint of slventsura, baerd3ncopbington 24 ARy SHAT iy FrFaXPiER Chdtfédl

sol ut &Oe%ﬁclﬁmﬁaﬁgdﬁ@hﬁ)ﬁeﬁ% Qs nldigantl, Xkhanel, \Maﬁnﬁtprb;lsﬁdﬁddhbl lsbpk’uplyl’ S and

an or ganl c | ayer was ar se uentl r n| C r was
was he@legalnnoripl pytangf %F&Fbufwlgécet%ﬂ’?dg%f‘t ! H‘P?‘gﬁl 1% er” baen 7t ous
sodi upglsdtel atygencf Adnlovirgzday, fitifldrambthplberkaee, olntp&nﬁaacd friHekarat enhasane

concentr ed at er.r.ed ced ressur S f

1, 1-di¥ 6%@5‘?@%@%‘%% ("/‘PH;FF §'c1 8 aﬁcee%llt?i d?%ﬂgﬁf' b8 8 #ﬁjﬂl@l ‘?rg%s;ei ﬁglr53 gduct of
ali glahsqpai;iybmm diynosmbisuayh ether, Teklylisrueey] @h@dmﬁl)’bbbmﬁlquﬂéﬁ gyl bytybf

1, 1-di etho 1-2r nIch 4. on, it
cont a: H‘SH no @%eth 4 na esy [%Qfg (y| %&aneg P?%/%Sg]b%%g%%lﬁe !
(28) - NIﬂ-d]hnethﬁlfmmytmaiemnNNzinWlﬁﬂlyﬂaee}f@mer opgp ethylpyrro idpne i agtongEkal t ed
wat er 0 r d - e tHah€ Mand

pﬁjpﬁ’” g}% élcﬁgfoé'%%g ch‘of‘d%&&n %&Joe!@dm{ra&ﬁﬁee( Pz ﬁf&ﬁl% ¢

Si gna- sol ut1’on prepare }%g di ssol vi ‘?

1, 1- didiregthdx sufoxisiony 1Among ihese \eorperasisandianpli Qb aarchbe isyB riaeen t he
sane Q—bé\‘ii Liat an‘aftoﬁé?é '3}& %rc?erh‘tﬁ!e dingekiavb], sthlyf Quetatte tdlgen@ apdnaeirtd at i on

of 10 re added to nL of a 1 MTris-HCL buffer (pH 7.5). Using a
1-L 1391V¢1?§ﬂ1??é¢?€é¥ef{1?¥ﬁﬁ{?feé&%r ed by Able; nodel: BMJ), the obtained mxture
was regotgd at 30C at a stirring rate of 350 rpmfor 42 hours. After

conpl etion of thereatlo 50Q,nL of, t ction Iut| n t.ract ed
with 1 L of Nepgiqulate %‘t%‘?f”%a‘”f‘ H%“%fﬂaf'ﬁpﬁ gle TR %‘1“ i 3o 35

1, 1- dipregthey Wear Ron yekeRonvioheht y Shmprip asrepauedaemesagted iy tthe formalet @b o

| ut t t | As
For 't EMUAR FEEAGofts TR ety oF ke SR Yl PE o lRToFRE ety e
chr orraﬁozgrcam'ﬁyis(lﬁ‘s‘)ZSOA&aﬁbafefﬁbnenttypsmletadibpmysita&'lzat@n al i quot of the ethyl
acetate exthacl Was gcfv&?ﬂéed%&(%gl @t'ﬂgll zggfaf%%’r a gedoalafv%htrlﬁ’%l%r@%@ﬁlcm then
dlssolvedlﬁ‘ 8t fignof °¢0 , sol ution s th
nmeasuregrefisiig |Equiptes of rthmelt:czi@d @mhquL@ludep@etaaryoésq}Mmbfno Mty ses,

the c t h ey theddicphepmab@amas found
to be %g:@g& ES% mh@ al§1e 6613’?%;%%15§i| tgléy ge\?\t/as fo%nﬁ%ﬁ%e@%G %&e o The

obt ai red e@tanyu arg quefarables endietherplvia siee eepiaplst o tse YL Areietst IS58%%L, and
the c tate was then washed with 30 nL of saturated sodi um bi carbonate
wat er ree times, and then with 30 nL of brine once. The resultant was
dried [61/?&3 anhydrous nmagnesi um sul fate and was then concentrated. [0143]
HPLC opt i cakinBdleihly i ¥Sh snidn@divehDoiStoRicte asd flodHobwssily Gidsulves silfurical pak

IC (4.6 250 ticle di t 5 f
Cor pore&ics SHersi Ol RSB THUSHIE TUoPE RN (O (o PRy 3L EBLESL o
ML/ M Ryrog@dseMpidBIP&f additic, tRSGmpdiid &h&sm‘wc{ B 4] fo{xE;dal(rbl ig vii8¢h B¥oduct i on

? 5 R§ 1)/%}2&%)4,63\?}”@}( B@Xlife%rg rﬁvl%p %\}P nc’y‘fhg% Cq%/)eﬁlr glgé gcpo%nc%ysqﬁﬁmty, and thus, it can be

1, 1- dieffdidrolycoRedogirbylor@tallizatibrecy cl opr opane, whi ch had been obtained in the
sane wﬁr as that of Exanple 7, was separated by |iquid chromatography
usi ng al pak 1C (4.6 mmx 250 min; particle diameter: 5 um manu,factured
by Dai cel Cbrﬂmrmtaemunvmoa @@tpneﬁweormiaﬁim@efe@pe‘m@aqfdbc porpglahvis used,
and ”th&lﬁ is %ttgluglfxesﬁiﬁﬁncswxc}/ %‘ﬁxc%&i fdnyadne @f theHboPd-BesciWddstdpe,grarigatt o t he
retentron tinme enanti1onmers at C, it 'was 10.9 mnutes in the case of
the (2R) form whereas it was 12. 1 mnutes in the case of the (2S) form
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[ Exanpl e1l4] Pr oducti onof (2S)-1, 1-di-ethoxycarbonyl-2-vinyl cycl opropaneand
(2R) -1, 1-di - et hoxycar bonyl- 2-vi nyl cycl opr opane

1, 1-di - et hoxycar bonyl- 2-vi nyl cycl opropane, which had been obtained in the
sanme manner as that of Exanple 10, was continuously separated by sinul ated
novi ng bed |iquid chromatography using four columms, TClI Chiral MB-S (4.6
mm x 250 mm particle dianmeter: 5 unm manufactured by Tokyo Chem cal

| ndusttieyoi@isal, purity of A epnspsiugd mepresprtb kriee GomalanEhor t@ofopwla)(f%}/va@l bsed, and
the flow.tate of the solvent was set at 0.8 nml/mn. The concentration of

t he ra materlal was set at 2.5 g/L. Both the (2R) formand the (28) form
had alP#fity of 98% and a recovery rate of 98% [0146] [Exanple 15]

Production ofe {dmpound represented by the formula (8) in which HY is p-toluenesuifomc acid,

S, 28)/ (1R 2R) - 1- et hoxycar ong/é- -vinylcycl o p Esqanef c acid

4. 22 §rchdiag ﬁwb}w%ﬂdbyrzcrmt 1 %%wéa%%/w 0 3054 *@y is‘éfﬁfe‘mv% ch had
been lemlmadep;@eﬁt%bﬁﬂﬁﬁmﬁﬁme)“ as that of Exarrpl e 7, and 25 mL of

et hanol , nd t fte 950 7 mol )
of sodi um th‘r"B&‘i dt “‘d1"’§‘é’8‘|“v’§tfpl"ﬁe’%"dsﬁ%@"o% 2‘?{ b\gg"‘égﬁéd‘“&r‘%‘ vﬁ(fgg‘“ to the
m xed aboletdes@ibed sy issabjkétad toothe iswe . (xihesot tbarphe aptivabpwiiy of ﬁhvcwtmemi to room

tenperature. ,and t ] } e anol
was di&tTited fied E‘y fie fgr%fltli)g qé?‘!gﬁ g’b ai ne(rjé uﬁétlfn{ %%egg{mng tg‘@g{v?/g%%o}&m%gg ded, and
t he oblsabmenbrmedture was then washed with 20 nL of tert-butyl nmethyl et her .
Thereggt £ 1 N hydrochloric acid was added to the water |ayer, so as to
separ arboxylic acid. This aqueous sol ution was extracted with 20 nL of
et hyl acet athe e#veadlivaton suethadds poiaagisnlirdenisd gahheoomprapd rapsentedish

gat heﬁﬁ%mﬂ}@(ag%W&mwmwﬁ&négﬁmc\A@@ yﬂ\@s&aﬁmwa tvhhafeomm@iat Bsdsmer and it
was then dried over anhydrous magnesi um sul f ultant was

filtratfed ovpiallizationaan xhaaay ke thea disspiged ihgrsin by ﬁ‘ﬁfl‘““&c e&ﬁ‘f the IHFHHBHBE ai ned

fi Ib 't r@’éaﬁu om@ NscCRRCL Bkl @ tatprebfiiattadeThdredus ek PregipBateRorySnl sy {0
obtain

(1S, 28§ F‘elfees gﬁy filtratiopox§remmmitinf thesobenised iy B FSpARUEAIBORAPTLPRES i n t he
f or m @flusae Cﬁjrla{el, eRshydiabstats Ukthyloaverate( yhe lidpropPDacetabs aAmaguihtseofol Wi,

anal y orless o ubst ance was confirmed to be
(1S, 2%}1‘/“?(“? gﬂ@fﬁ?ﬁ&?fé&%‘éﬁ%ﬁyl- 2-vi nyl cycl opr opanecar boxyl i ¢ acid. [0147]
111- NMR( 400Mdzt¢ﬁﬁ1€i&tﬂbe8épp38i BHht didsolutBirA)y, Ra0B ik Heoktalli=20B,28° Gz ) PC19( 1H, dd

J 4 5 ° o o
/RSl Bgmel 5o ‘iu)'fhz S3ing SPPIRTS S 246 Y s a2()

H d JalCBpl@fdza)blYSfrm I(Ufatdaﬁfc; .6,10.1, 16. 9Hz) [0148] [Exanpl e 16]

Pr od

(rlg g I/2?111R 2R) - 1- et hoxycar bony1- i opanecaxboxylic acid

19.0 g (89 .The rompaupd gepresentedby éﬂﬁ Bsmtmt%we%%r}%ﬂé 2%hi ch had

been Wﬂﬁcﬁ'h@@geeh'?ab{ahﬁd 5? F%Wi%ft% F;ebeaﬁ lr@tem@ﬁag@h@e&ed @Kk rk@Riofkn Of
et hanol , were_ added and thereafter, 89 5 (89.5

ol ) thefsten (Xlﬂﬁlprs%ﬁﬁﬁli’rﬁhljéﬁ WP&B“@(}E%WW%IPP‘SW & Lsfepmd? Bwi se to the
m xed f&ﬁb&h’f(’?})&hd&ﬁﬂﬂﬂa @thﬁhgab@dlutb@@reoa_ﬁ'bﬁnﬁt@fﬁpemtmy e ‘M@se doppoeaieant o room

t enper at and t then stirre Then, 4.48 nth
(4. 48%?,1&'31?23353? miami‘e‘ﬁ?tg%’éﬁemq{m%%?ﬁh&qés &E‘B\{Fs%geﬁloéﬁ%c}}r:ﬂ%?oé&&eed dr opwi se
t 0 t henhite@ed AndMheSlide|vhioh area:nﬂertﬂyemd&rtcmélqdnm 1t thepawais afents foehepstifiy r ed f or
7 hours. Thereafter, ethanol was concentrated. The obtained sol ution was
washed"with 95 nL of toluene twice, and 179 nL of 1 N hydrochloric acid was
t hen added hikewike thwadoerpolmalepresnted Syt foamda &) evhoss Busdpicisterepchanisithi s
aqueoy ti t he

obt ai nz(éﬁ% a‘r’fﬁgh eéfé@%g\tg‘ragéf“?% %égﬁere%é&f%g?gg%ﬂ{grﬁg 5 gar(iiltg ayer was
vas he teaglianhin gs: stp (@xﬁl) vathestep kixb 6o 9 tmbtamethq cw@uﬁéwmemed\baéher iltrated,

whi | e I te was then
concen(%éll?%ge f&rﬁ@?&? i &n&é&? @ﬂé%@g%?bﬂg(gﬁggﬁréggﬁ %lg&?gisglb% glr{% 13.7 g o of

(1S, 2S)/ (1R, 2R) - 1- et hoxycar bony1l- 2- vi nyl cycl opr opanecar boxylic acid in the
form efadneol orless oily substance (yield: 83%. As a result of NWR

anal ysis, the colorless oily substance was confirnmed to be

(18,29 /(1R 2R) - 1- et hoxycarbonyl- 2-vi @yl cycl opropanecar boxylic acid. [0149]
[ Exanpl e 17] Production of

(1S, 25)/ (1R, 2R) - 1- et hoxycar bony1- 2- vi nyl cycl opr opanecar boxylic acid

1.03 g (4.87 mol ) of 1, 1-di-ethoxycarbonyl-2-vinylcycl opropane, which had
been obtained in the same manner as that of Exanple 7, and 7.2 nL of

et hanol, were added into a 50-nlL flask, and thereafter, 4.87 nL (4.87
nunol ) of a 1 M potassi um hydroxi de aqueous sol ution was added dropw se to
the m xed sol ution under cooling on ice. The tenperature was increased to



(1S, 2S)/ (1R, 2R) - 1- et hoxycar bony1l- 2- vi nyl cycl opr opanecar boxylic acid in the
formof a colorless oily substance (yield: 75%. As a result of NWR

anal ysis, the colorless oily substance was confirned to be

(1S, 2S)/ (1R, 2R) - 1- et hoxycar bony1l- 2- vi nyl cycl opr opanecar boxyl i c acid. [0150]
[ Exanpl e 18] Production of

(1S, 29) - 1- et hoxycar bony1- 2- vi nyl cycl opr opanecar boxylic acid and production
of (1RER) - 1- et hoxycar bony1l- 2- vi nyl cycl opr opanecar boxyl i c aci d

(18,25)/( 1&1&%@@&@@@1&@[@@@%&1 Yt Bysca e HRe ap@dmnarﬂmwmgaci d, which
had been obtained 1 n the sanme manner 16, was ﬁ@garated

t hat ., of Exanpl e
usi ng SFEIPlehi FgrveKs. BeseAXnpiAT ¥° ?L@Gntﬁﬁ’ffédﬁ%ﬁ?’%}?ee“?ﬁe fegiresent invey
manuf §gtogr ed by Tokyo Chem cal Industry Co., Ltd. As a solvent, n-hexane

100/ ei anol ﬁ/Ptr 1%2{’10161%3’0& golac'sﬁiﬁfonyq%y(%@?t/gvg was used, and the flow rate

of th %ardtothe retention tinme of
enant i omer s1(ed g 83Q, mivbol)wdi $,48lif etk ndttasn franyeiscatiél Sof 100 el ¢S ue®) afior m

Wher e%ﬁ nhﬂ"xa@ %}dwo%wﬁﬁﬁe éqlaeéu}g %olﬁfi‘&ew&te bR 14t} B roRneb ¥ Rasil @%5 1]

(1R Zﬁ)ﬂ)(@@tmaf@,@t%ﬁig-(ﬁﬁﬂ oy eofbesrayte Bty emendhereyiderwrs gdedabeptay | eycl opr

Opane QaffBrsd 2788 m&amﬂ{ftur tirred at temperature for 1 hour,
(1S, 2 lial‘-s{e f g oxycaroo % -2-VI %ya?:%mo;rroogglnecgr boxyl h’% acid, which

had b@@ch bhe él aamph) of freolecsail iyl sblorida wad e etdefEloathn Feactis SORoRY of

acet ONge oBAedRRturk bwak 2irfed ATH tehl crbtﬁztd?&)hYB%Bh@ Eind WB0 el AsTaRLbriafd 60 a

t hr ee- necked fl ask uDQ%QL) and t eafte{a 384 ‘ﬁi gZ 92 I) of

i sobutH ofdplsReor St Hisp addmd 40 ﬁlaa@aum? g pagilifaftionid s argfd‘imut il0f under

coo: | ROx(OR W Stirrdd) 3nd %&%M@ﬁyéﬁvﬁ e smatsd | I‘I?hedrg‘aﬁirc 1@@r whahsbsd undg -
coolin ice,.an , : nu n added to
the r é‘g@ﬁiﬂg H&s‘bfl Vﬂﬁt?%%f,ee %@F%@e fﬁ?m&lﬁ ?""?‘% F@ﬁﬁgeﬂ er‘gasulﬁlm@ﬁe € %lg ing on
ice. with toluen‘EheTﬁaéEtahed filorafelas concebteatal at 46° G’rﬁncbf re’dmded ermsung so agleed, and

t he .Obé ng g ofX 1 4\{\B}t§ente om\gg)? Of%utenéﬂﬂéeofo% O?Ia cxl?)dé dﬁé@of?ggﬁghe_rhe

obt ai R8¢ ver an r'ous magnes m su

resul vall‘n:tWMLd(fm]dtﬂm"/@)d V\/m | e washi ng the resi due with toluene, and the
obt ai mal 1i|trate was then concentrated at 35C under reduced pressure. An
aliqu tol uene was distilled away, so as to obtain 10 nL of a sol ution.
[ 0152 Example 2] Bapdsictior efdrees-4 drditd-tohengsslfonylixg-2-ienca t hr ee- necked flask (100

m), and tWﬁng@lé orudle g%a@& o@mmh%nﬁe@e@ﬁmn@mwdome \ﬂhlﬂﬂ—hﬁfbetaﬁrt but y!

al cohol were a | owed by st r 1 reafter,

irrin Q ho
t he r ehlginedin Bwmple bﬁn@\é%mgftqfrtql‘é‘alea‘b’eIBG@efiémoé ﬁ%‘ﬁﬂlsﬂas gé‘ﬁﬂ%‘ d mixture
Was C?fb‘aﬁ&t\ﬁétc&q KRAedisd /LY aolle RIRSS b!tr&}"canﬂhér&h@tef ﬁ%dﬁ%@né&%&luﬁb@ﬂiaﬁur ified

Eyzgl glra%gal oleg j_ou{r)m Cg%lg 1%;*:'?15 g gtg‘pc%/igg%uxl P2 %%eel affe: dqrgc?p)gta Pe% cryspa}{ | acetate
(1R, 29pk éélﬁct%?by ﬁit(e%neﬁ.t nﬁ@w&ama@wg@mﬁuﬁd?ﬁh h?g;lcfggc%mnyﬂwxﬁr , widhiy | f:ycl ?pr
opane in the formof a yellow oi u n yi e As a result o
NVR af4f f}’ﬁlgne‘fﬁéo%f‘q“?%f%lfrf”foﬁji‘%qbgﬁ%?'&/ﬁé’?conf irmed to be
(1R, 2Gphs II,:S,dz’Z Rytolbier(etidt fonylony-0sbyeae bohy Pami afe-cdlodtdsorpth OidEE5R tabsigis cycl opr
opane._ 1H N VHz. tational isoners
(3: 1) %)8%} ﬁrei!gﬁ %f(lﬁl\%i afaigg iﬁg BiHeSs &%t%@a&’rﬁ' 04
H, dd, fr=fs- 04{31 4&@)1:;@3135@2103}142&)1;@@ 38(6.7H,%),1.56(1 H,dd, J=5.0,7.8Hz), 2.
10( 1H£®(§§Lé =7. 8 .1,9.6Hz),3.97-4. 14(2H, m, 5. 06( 1H, dd, J=2. 0, 10. 3Hz), 5. 23(1H
7 5, 66H1NMBM0M®Z 6DEE ). 461612 k9 4 H2H Bo 1 B b &G H A JoF 2blzakilf BHsddd 1=

1.2,2.8,4.3Hz),7.35(4H,d,J=8.1Hz),7.77(4H,dd,1=1.8,8.4Hz).

[0131} ‘

[Example 3] Production of frans-1,4-di-4-toluenesulfonyloxy-2-butene

4.47 g of a crude product of 1,4-di-4-toluenesulfonyloxy-2-butene, which had been

obtained in the same manner as that of Example 1, and 22 mL of ethanol, were added into a

41



[ 0154] [ Exanple 20] Production of

(1R, 29)/ (1S, 2R) - 1- am no-| - et hoxycar bonyl- 2-vi nyl eycl opr opane usi ng

(IR 2S)/ (1S, 2R)-1-(tert-but oxycar bonyDat ni no- 1- et hoxycar bonyl - 2- vi nyl cycl op
ropane as raw materi al 929 ng (3.64 ranol) of

(1R, 2S)/ (1S, 2R)-1-(tert-but oxycar bonyDam no- 1- et hoxycar bony1- 2-vi nyl cycl opr
opane, which had been obtained in the sane nmanner as that of Exanple 19,
and 0 568 Inlasksf andtimydrudeqreoducewaspempladydigsalyrddn Bn cdguglRh M Cs hapergalirask (100

a{é%fbli Fgm@ﬁm&is %Acféll i soomsto bhe r;m& wa@%emué&@m Thea, Qhé‘r@afﬂ:r ( 4.28

nunol uric acli ssol ved in 0. n_, of ethyl acet v?s added
dr opmi}@é)rftcéPl‘taWé Pk VRoipleded oy %lﬁaﬁorheTBBf’%@Wé‘H“ﬁﬁtiit‘fﬁsé" Wih4Pdd at room

t elﬁpt%%dl'd SN, a§@1t{ﬁa§?ﬁ§&1e@é’cdoc§ﬂi‘%@f&t@@@ofa@fo dhtdOUBS gBie reacti on
sol uti on was. concentrate
concefitfsabed l“ﬁgP@ﬁ?Qngyioy'?'bﬂeg%&nw ﬁ?&%‘aﬁ‘i’el Sﬁ&’i’( é%ﬁ@“‘i‘g g‘g?r %?‘ins s added

to the joepgr Asaemﬁultcﬁmm ah&ly$€ garatotleaniryneal whhtanfiagebous sol uti on was
extract ed )fqn‘g ]1 f 1ter% b&g‘%/l nmet hyl ether twi ce, and the obtained
t ert - BERyL-Hdt ﬁ)}‘?ueé‘fzﬂ’é g e gathered. The gathered | ayer was washed

wth 1[([13121_ of brine, and |t was then dried over anhydrous magnesi um

sulfa r syl i shing the residue with

tert- ?dﬁ {I(ﬁl cgflv}g(??dtic L&eﬁ%ﬁgﬁl IW%E]X'%\%M e was then concentrated at
35C under r3é)dhg:é164 e e led-diseetaey-2-butest (pns/dg2 855 )p$00 mL of toluene, and

(1R 2%3<f Sxi%f%?P%%o&bﬂ}nrl%dgoxﬁfem%%ﬁ%c@ﬁﬂ%lmi% yddearhﬁa'&m%emmgamme f or m of

a colorless o nce a result % I\ﬂ? ai?al ysis, the
yel | o@pd)thxya@;qy %Iag]@eﬂvmgw]@@%feppﬁgwtxlmgmum bromide was then added theretd as

(1R 2§fﬁa(s§:§’oag&r clifaﬁm ”Q‘héb@tﬁﬁ@éﬁﬁ)@ﬁx@%%n@ed/dt Mnﬁté&b@@ﬁﬁ@ﬁ;ﬂﬂi hol)2&6] i
1?- Tl\/g ;%2%4&%%%2-toluenesu(lg 1 c’lﬂjonde was 2hen ag’(ﬁe fhe réai]:hon solu%o %‘hel' 55(1H,
)+ 1. 98bt2iedDiiEire vad 2iridd, A ebmleBipdralredfod s Abla}, add 360 rﬂaLJo:f@@td; m)as fef8( 1H, dd, J=1
[ g? 5%?&{&&%@% lré(l;é%’ s'gbg}gagpcéplgx}?%eél;qu%yz e%)érgfignl( ]Ilf_ilb mnghre WS stm‘ed dndds 2112)
(1 Ft 2 Sygahit 8ay3R)zas]Ihan3epﬂaﬂed et A ma;eu: daybowsl re—zxmamﬁl vastel Oprbphiebichanndul f at e
sa
(1R 2egeppindsvamiete rdh findBE, o eathersd aoppols Iy wps yEPEb b ARe M%hi ch had
been eolateaitmedimes, E»dahqjﬂeeﬂﬁﬁf; wasrfdtrdted) while G&faslengfshb rf’&lﬁ@lf: At folyenee Aldled i nt o

f 17 f
an eg Qteu%”& ﬁ@a@%‘%gs <o hc%gﬁatédl%qtg %ﬂ%nde}&%ﬁﬁ?] H&ure. ﬁqeﬁl&ﬁ&l o %Lf%mblhe&

sulfu I'c aci acetate was ropvvl se to
t he niweealdsdtuthe oasiduf.ainfl Swatkidy wasicomplatsly disrelvedthsraiveel 680% e?hevﬁ@

e

hem smepmtéteéaqyﬁtaﬁ westcrbedtasi iy tirationgn Theo GrY YR} vesp grashed gyt esul t of

NVR geayyaquélgpmaea whithé c}@@wﬁfoom&n aﬁ{er gepsb th Qilatb@ 312 g of o

giﬁ tsr%u@g_]}-,gﬂ 4—)t011]iénesu}fony10xﬁ5 b?l’é}/lg 1anr Po%lm_o é\é!)lg}iesg%gysgp{y?&g Q’S%, ans clils ate
IF:deMR@él@QMsz DVERG SN aBAI¢ 34 the cbiofledslchistil whs dekfitiedith Bb=5. 3, 9. 6Hz) , 1. 53( 1
H

6Hz) | fa’b*zfi -diRuepesulfonyloxy-§-O8i05- 4. 20- 4. 09( 2H, 0 , 5. 08( 1H, dd, J=1

76, 10{@1!%) 5.09(1H, dd, J=1. 76, 17. 2Hz), 5. 28( 1H, ddd, J=9. 1, 10. 1, 17. 2Hz) [0158]

o e R L S A AR e e

(1S, 29)/( 1Rsm (1ﬂ4emm><gfda4 Idmne}axyzl-buﬁaw @yef’r/@pﬁﬁé/aﬁéc@ﬂlﬂdxﬁ touerg pel as raw

mat er Y5 H”&Iu _ 1L

(1S, 2%@ ?l% F?ff 0/ soﬁ@gﬁxﬁ g%%% yl- éfc\%tﬁoy ‘gi}”g %d;?? é%%ﬁg’cuér”ﬁ%kfg Iﬂla%:k (am)d whi ch
had beEChtheﬂ@a%@rn%&I g(8. ’t’lhr@mamétmm@m@@ww typmplg afgp pided deretaps 1 of

tol UCHfase Eﬂgsf?l aft s{ﬂ- 168 b @it R tu@fwds ki @bd Wt kh&um Rex el\élﬁi’r@f(ﬁdqlx@dr hitf 0 a

t hr ee-nec Thereafter thyI

chl or 3% 3@t &mpeb Oﬁgd@‘éleitfﬁ‘émk@lqr@et"ﬁé ﬂ?ﬁ%@%@%ﬂl‘iﬂ?%ﬁ"%@% cog ¥ng on

i ce. ThRinelh@tiBedyalidted £ rouas efipbiafu@éfor §tholrs @ 480U LS ved@lahd gSOMLI ce, and
4.48 g (68.9 mml) of sodium azide was then added to the reaction solution.
The obtained m xture was stirred for4 hours under cooling on ice. This

m xture was washed with 30 niL of brifhe twice, and the obtained tol uene

| ayer was then dried over anhydrous magnesi um sul fate. The resultant was
filtrated, while washing the residue with toluene, and 4.5 g of Ml ecul ar
Si eves 4A Powder was then added to the obtained filtrate. The obtai ned

m Xture was dried at room



tenperature for 12 hours, and it was then filtrated to renove the Ml ecul ar
Si eves. The obtained filtrate was added into a three-necked flask (500 m),
and it was then stirred at 80C for 3 hours. Thereafter, this toluene
solution was cooled to roomtenperature, and it was then added dropw se to
a three-necked flask (500 nL), which contained a.m xed solution of 7.70 g
(78.5 mml) of sulfuric acid, 4.7 g of water and 48 nL of acetone. The

obt ai RéWlurns waredhaneaddest tp threardactipn pajuiinnt te fqstlitate Ligwid Senaratign.holitesnixtiier eaf t er

50 ni.af stYi?dd%nd%% quye} Qal fi6n Eé%%%EédonAssﬂJté%tl d‘,QPwa§ RexFhotbdvgn Y5 then
stirred, and the tofuene [ayer was then removed Then, a 1 N sodiym

hydr oktlgef talyensotiy! ageanin Ipvsws \N%E? ﬂ&‘d@é@e’teé t Hee gastead qr&%}’é’ﬂ“@d"a&?ﬁilﬁ separ ate
am neywifhnhs nANMeRS 58 titheD andma@ réNimaeh einwed Wil weshiap tet:byducanet at e

tw ce, .and the obtai.ned eth acetate | ayers were gat hered,. The, gat hered
et hyl dE®eat th@wv d&ﬁ%ﬂfme e gy L Ueﬁertf?@%s? PIERRYES ¢ T&vafgafmieéiﬁ dri ed
over @ﬂh@ﬂibl@é&& W@gﬂ@@il to mnewéi&&x énd tmmsrdes whi antplsely dissélvedthedin anbdice

hi h eth {a t bt tat
Sor ut niener e 385o plstoRy e bbb RODe bR o yFRgin osf pane.
| t wa§‘he:maﬁupnataﬂcrpgtalmcalﬂmeﬁwéﬂwmmn t Hie: dftoneiheystdl snedashefl withdd cont ai ned

|+ VARG D bt BT Vo) YR R R et MG R A0RERE 1) *1 651 o

d, J=418ns7l, -|d|z4 toluenesulfonyloxy-2-butene in the form ofa colorless crystal (yield: 51%, trans/cis

). 1. 9%(1%b7{l8r ﬁl ?esglggii-lhh/ﬁ’{dagl gfﬁg tﬁegolélﬂe%s é}?@tﬁl’\ﬂas%% ﬁlmi]ea(t@ﬁ& m,5.08(1H, dd, J=1
.76, 10. 4Hz 21 1 H, 1(1H, ddd, J , 10.4,17. 2Hz)

[ 0160F31|}%¢‘éﬁb14é01‘2®]35‘ﬁ06ﬂ9& P@H‘cem

(1R 2f1h41LS, 2R) 1- am no- 1- et hoxycar bony1- 2-vi nyl cycl opr opane hem sul fate
sal t ethyl acetate sol uti of

(1R, 2§}?€‘(”P§ @Iﬁ)“’dll"%‘?ﬁ‘?fg éléﬁﬂW%mg'ﬁ?’inyﬁcyﬁlpﬂﬂ?PWcl opr opane, whi ch had
been obt ai negH § @E@ampl)af&&h Vaslonddad I0thD oflLRagpLRntdaapad flask (300

ol bt wners%qfﬁvéﬁﬁ%%wi PR b s S Sy el FhabL il T "

washi ngs thae added ittleireo Wi 4 baset hﬂie chmbted hextusovastitred atbban tentpeBturg fqryisel d:

59% 1R, 43) S eth § Lgyel ne in the
For m Brct Rkl R R B A SRR R PR BET, e
conf i habkleken obtlamed in the same manner as that of Example 4, was added to the reaction solutlon

glﬁ WE%%%@&D&M@%Q&AM% ROMVERRRANNE 25 HA Y GY §6 BRI ARARE WASHeRUl f at e
ded oMz 1 PRBO- wbKign. Jliearixturgwas stirgeyl, alld@ﬂ@l&amdmawaghgx W}itei 53( 1H, d

1H-N

STHe drganic layer was washed with 10 mL of water twice mL of brine once,
6Hz) 2 02(ng ddd, J 6 9.1,9.6Hz), 4. 09 2H é% dd J= 1 76 10. 1Hz)
5. og(efﬂt@awa&filﬁa% whileppashing ﬂ%%ﬂmed’ﬁal iglugnﬁl ifé)“‘- Szbtff)ﬂe iLtrpio) Was) 1 6.2]
[ ExanpbRedthked? 95HCide Mve@iced pressure, so as to obtain a crude product of a light yellow oily
(1S, 2S) - 1- et hoxycar bony1- 2-vi nyl cycl opr opanecar boxylic acid 682 ng (3.21
mol ) SEBtAReEs) - 17 1- di - et hoxycar bony1- 2- vi nylcycl opr opane, whi ch had been
obt ai pedsj n Exanple 12, and 7 nml of ethanol, were added into a 300-nL
flask, and jhereafte 5 6. 250 sodi.um ydI‘OXI de aqueous
sol ution wa I%Ha@%?fa%bé"gg &dg]ﬂ]ﬁ’ée ﬁ)“ 8 ﬁ'ﬂ’g@@ TRESIHRG BN i ce. The
t enpesd@ttionevat added innbh direenkckal fidsk 650 mAs anmtheeaﬁﬁdéi(l Dmgdohia mmoéroét ure, and
theslutlon vvasthe stingr ter, (et
di sti [&d" a\/\%m%m{nh mmd al%gg(E dﬂ%r{w%nf?p}?ggﬁé%@cg %tr \?\"g%%a%lﬁ%ﬁ, and the
m xt un?extmsvashmdmmp@dtempbﬂah@@fmﬁ hofirst s tan lorgayicisteh yis bethespaatgiice. Then, 1
N hy diaeBl A fuBsl Al YRR AGIES Q. Rkl BB S B Bl fgs epakat e

car boxyl | i'S aqueous solution was extracte th 20 nL of toluene

t hr eerssilians wasfilttatehevilsteashiad thereadiecvithetplbpre. wdbe obtaiwad fitaleersd. The
gat hel’:&ﬁexﬁfa@é’i‘l%Qsdca}ﬁﬁcferM%éﬁﬁﬁ&%e%ta'é‘t@&tﬁﬁ‘bmﬁqg%?' ne, and it was then

dried over anhydrous magnesi um sulfate he resul'tant was filtrated, while
washi hg-ditshorEsrygng- W’ﬁlﬁicé‘ﬂﬂ%ﬁPpﬁ’é@ &t the i@ cfwls atsiugl sfadish YellPREY was t hen
concentrated at 35C under reduced pressure, so as to obtain 526 ng of

(1S, 2S) - 1- et hoxycar bony1- 2- vi nyl cycl opr opanecar boxylic acid in the form of
a colorless oily substance (yield: 89%. As a result of NMR analysis, the
colorless oily substance was confir Y to be

(1S, 28) - 1- et hoxycar bony1- 2-vi nyl cycl opropanecar boxylic acid. [0163]

| H NMR(400MHz, CDC13) 81. 33(3H, Q@=7. 3Hz), 2. 02( 1H, dd, J=4. 5, 8. 6Hz), 2. 19( 1H, dd, J=
4.5,9. 1Hz

),2.77(1H, ddd, J=8.6,8.6,9.1Hz), 4. 24-4.37(2H, m, 5. 27(1H, d, J=10. 1Hz), 5. 42( 1H,
d, J=16.9Hz), 5. 71 (1H, ddd, J=8. 6, 10. 1, 16. 9Hz) [0164]



[ Exanpl e 25] Production of

(1R, 2S) - 1- am no- | - et hoxycar bonyl - 2-vi nyl eycl opr opane 526 ng (2.86
mol ) of (1S, 25)- 1-et hoxycarbonyl-2-vinyl cycl opropanecar boxylic acid, which
had been obtained in Exanple 24, 6 nL of toluene, and 502 pt (3.72 mmol) of
triethylamne, were added into a three-necked flask (50 nL). Thereafter,

2 PPl Ry RS o040 B0 SR 0RO R Gt T

m nut égieldngi®s). cool ing on ice, 240 ng (3.72 mol) of sodium azide was then
added 03 he reaction solution. The m xture was stirred for 2 hours under
coollrltg 8 ice. Thereafter, this mxture was washed with 10 nL of brine
tw ce, HMR{%@W@D@I@I&IQ@QBH&%? RHEy)er.2MAE, tIHA2H . Sdl ladd i=ah®h §Hr ousd
Magnesi llt’Htt U § %gz)z%ﬁtﬁﬁﬁyﬂﬁf‘é 3 a1, gtﬁﬁ%@ﬁwg’@ 1h§d’t?d%*}'~@ Aty 1 esidue

wi th tol’uene, ‘ecular”’si eves “Was t en’added to
the olbizab ﬁ@(dthdldtJr%\ﬁ,éSTﬁt%{%t‘&iﬂéddh&imeiﬁﬁgzhrl ed at roomtenperature
for 24, lb,ar and it was then filtrated to renove the Ml ecul ar Sieves. The
obt ai ned |Itrate was added into a three-necked flask (50 nmL), and it was

t hen sxapmisd/drodugitor ofrl, Bdinghpxycarhpqyi-dyinydqycloprpane o uene sol uti on was
cooled to rpgy :temaﬁas B Beth@shlddatodAg 350 8N, FU6lecheH@PMidSEin®a an

| ant - sh k t i i xed | ut ) f. 7.70
(78, 5 tHiFoH ﬁ%fﬁ’ag&t?ﬁt i et A0 B0 GG R DR s 0 G metot de2thetie T
(i)(t))t §1|_ aﬁ?tlcm wdsuhe adasd mﬂeforaed bﬁie r Q“ﬁabttelﬂaemlatw_e &vaf etirreddit h@ﬂffﬁmpai’@ﬁfele after,
0 ter to ol utl.on ayer
nas S0 4R, st AR T e RO o T I e SN b e it s anded
t 0 t hécanabinelday tie sarsomasnet as thetmilfaamplam wes adiibd ® thaeedios ssitntlmt i dibewas

Xt GGVl Qo & Pt BHEYLITRE Qs BEDELd 91 751 809 1) D8 ght i ned

uene Tayers were olheRe a er was washed with 10
mL of hydrbxide atalndmsplumarswah@m @Hdpétsb the esactigmisplitions Ttagmeewmwmétﬁu The
resul H%ﬁr ’jé ﬁgw]gw/ffﬂehgep\ﬁ@a%d' NG WAE his WANG- &ufa&e&%tgt@dhm thy'

et her, and t he obt al ne was concentTated at er re

pr ess tnteene.id pregnic Aayers waseiben egtherpd  tFhetgathated |0r@tlﬁ;}tyeétvwewaa}taewahst| | | ed

avay . 1Jhar et ti&Athan ?Be resultant was filtrated, while washing the residue with toluene.
(1R 252%1 ani no- 1- et hoxycar bony1- 2-vi nyl cycl opropané in the reactl on

sol ut TBhopact Riratewrs Gorssmimicdst 4815 prdsf rGSWWSW 80 axforbEn dut g 0

Quant i ﬁtd;eﬂiogybay@ayicma&tyiesﬂd@ptbpzae il fhe fdrﬁll’df'atwlcﬁé pReRfubeydf a@tTgHtegFeHSQ'cMS/l on,
usi ng

t he neasurene pt.i cal
For t BN GTSter AP B GrOBOIUTTOR bl £ d3 o FOT s PR R OP PR opt i cal
purityytawc899%)en measured using liquid chromat ography (HPLC). As a result of
the a 5% the content of the
(1R, 2@%1 am no-| - et hoxycar bonyl- 2- vi nyl cycl opr opan was found to be 625 ng,
and t fxaoptel & &rodootidnt of 1viadi-dilexpchrbhamyba-védldSelepwpafe0165] HPI, C neasur enent

cond 1 onS 1. 55 L PUFuc LR TP LR AR e g 150,

particle di anet ure oration, frobi | e phase:
wat er tl@@frdcli%ithsleﬂhw, atctherealvo, A2 rnL rﬁél Irmmha bk 20% SQddﬁm)eihOP(i(bwthamle

ﬁi{ m N%{utfoog %[%rfgfrét@tag%?% 4Oﬁae ﬂg%%@é&gxlgd al) roo t%mpelfi%m fox;s 5(1H dd,
J=4 . 85 howspanyl 21, Sgoyfiangi 4$#br2meicbutﬂedaa gl 7 reagqn’fgmpéaytuzp by

. 23- 4&%%2&1(:183}1) was %n adddadd ﬂéré&cﬁ@n éld?utf'o'ﬂz) The &khiked mixture was stirred at
H dd, J 76, 17. 2Hz) 71(1H, ddd, J 17.2Hz) [0167] | Exanpl e 26]

Pr od u’f?PF‘dﬁmB‘Ffa‘Hq:foE%:’} hqu-ra ﬁtdn%ilm%%et%a%%w@xv? Wleegﬁép PRPahe

?(:IE-TF? ;ﬂh&z ad®Rd t@ﬂﬁb Treactton soiuthfg e Ti*:tle mixture was sttrred for 1 hour, and an organic layer Ev)t(ras o o5
am n et hoxycar bony pr.opane obt ai ne i n Exanpl e

e ot Sl o AnwS dhre van B ark i TR SRAES 0 RS Toeth wiSD

pr odutten fdkr28) -Thegathted Iorg,eﬁﬂadawﬁaam:w&d Rith 2y intyd wap dpanemdzenilsell f at e

salt. reLtgtlagtB J«as filtrated, while washing the residue with toluene. The obtained filtrate was

concentrated at 45°C under reduced pressure, so as to obtain 23.6 g of
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HPLC optical purify analysis conditions are as follows. Columm: Chiral pak

AD-RH (4.6 min x 150 mm particle dianmeter: 5gm manufactured by Daicel

Cor poration, nobile phase: water 30/0. 1% di et hyl am ne-cont ai ni ng et hanol

70 (v/v), flowrate: 0.5 nL/mn, colum terrperature: 40C, UV: 210 nm [0169]

1H NVR(400MHz, DMSO- d6) 6( 1. 21( 3H, t, J=7. le) 1. 44( 1H, dd, J=5. 3, 9. 6Hz) , 1. 53( 1H,

dd, J=5.3,7. 6H42. 02(1H,ddd, J=7.6,9.1,9 t)420409(211rr)508(1

H, dd, Jﬂldlsegxog_{mcal!p@yl @,vgg(cyﬂog{gp@eln the fonno a crude product of a light yellow oil

76, 17 s@idghe 65 Md@%db@fco%&aﬁwé@l 3 .01of 1 AHE JetHdRF A onk EX 2191 c?claﬁrbpzﬁfeOdUCtl on

of (1S,.29)-1-ethoxycarbonyl-2-vinyl cycl opropanecarboxylic acid

(Bi océlf‘élldy%@ Process) 40 M of a 1 M potassium phosphate buffer (pH

7.0), @139 m. of desalted water, 12.58 g of the

1, 1- d| rbonyl-2-vin ane,obt ained in Exanple 10, and 6 ¢

of a \I@fm@? Cpar’f‘é‘g@ﬂ%f"tés ﬂ‘e‘%q’%% 8‘%&?? VNS ItORES’ PE%6 i sol ated in Reference

Exampl e 2, mymmm of raalbrik agid dieftgt esadiethyl maidnatt@mdoiﬂﬂaﬂneﬁomemﬁ ure was

t hen reac C.at pH.7..0 hours.

artor “ERE o e HeaRiiaiefndh, Beihbiner S2a8e Al il BAMIRLodim 1012,

r ermvetihomld@mharmé scrlwa:mtwamdéaﬁl therbtoms a amd. 8Ohqeblehed nixtanwaisred hervomdded t o

the r t Aty QR t enperature
gé%epdtﬂgécﬁcbl dﬂu?ﬂe bl% ghf(t? s S BEAIBR. %:ﬂﬁne@ (166 Sthola r z%@

for 2 nut ayer was separ at ed, d the remaining

1, 1- dimasefeised &y H@hWCMP%WW ops b@éﬁ‘éﬂs\%@ aflggdrio ﬁ@ﬁﬁ@ﬁé‘ﬂn Swlqnhe obt ai ned

wat er ﬁ@Mﬁﬁxne@mNt% IvJak' Etﬁr?edaa@}déni’@ﬁpé’tgﬂ?edfor §Qayishald Jubentpbt of Mdagiusol uti on
was adjusted to pH 2.0. Thereafter, of ‘t.ol ueﬂ)e was added, tq_.the

sol ut ff‘b‘?fom%ﬁﬂ‘{eﬁ‘ég sobtiap wedither sddsd & %?a‘t’tﬁé’rﬁo@ﬁ‘f’? r etheAPXPBO R SR5E %t ure for

(2f1JSm2 g ll'lb@ls ancs@l @gmﬁ(ﬁza@&w@ fhed sé;sakeuwe A \aytanayeﬁlwgm f}@ﬂ%tadi ngd 200 mLhof )
oxycar.bon Vi n ar boxyl i ¢ _aci e thus

obt ai gaﬁkfé?yer%ﬁerﬁﬁwﬁﬁg%ﬁ‘%%e gﬁ“‘\é 58&%?1“5 @ih Wa%‘HBShF%S“%bt ai ned

m xt upeo M&ﬂv&m&lﬂ tigtd tﬁxﬁ@dar&itthé eoultahewpehat fireted orhiRGvashing thesesidue witit ai n a

t ol ue nt.a

|
(15 280erY ¢ TR e v g Pet b S eSSy PE e P 98B 1 1y and
opt i cak.4gurfiltlydiefthdxherianyblwinglcydbprepeelimthe forveefe anskgueddt ¢ha lidght C

anal Y%ﬁ Apligsy! tTh1§f'r§lgig ?1%&1?&'%0 findd'®.5

(18,2 hoXycar bon cyc opropan%carboxyllc acid was found to be
4 22 ¢.1¢d- eﬂ®3}’¢m¥tonygflﬂindcyd@pr59@w(taﬁld 93%e)- optical purity was found to be
98. 40/? [0171] HPLC purity analysis condl tions are as follows. Columm:
Nacal Q']es ue COSMOSI L5C18 - MsIl (4 nm x 250 nm ), nobile phase: a
i xed[%?ﬁﬂmpﬂqHHPéffdu@M%ffldr‘iheéhOéE@adb%] %rmndlwﬁﬁeroa@ét onitrile (wherein the

Concelnt ratigyn %&(5@‘? ffhﬂal') L dl&hwal%alloﬂaﬁf 2a8 830 fho rafaéﬁieﬁ@wz&o/amarmtaoa m nut es
in a linear gradi ent mahne ure:
40 Ernadied SisH 0 T BERAteRPSR TP 8 Ti3ah i § P00 S CROHR BRoRb o o as
f ol | ouslutidzowaalde CileBAL LG @%%@Mnﬁxﬁ@wm’ﬁnr@a? io@hl&elﬁptﬁ‘?ﬁf(ﬁbf 3 p.mM
ot hand 1 Bs a1 B - Bbioo-1-Posrs BoB 0k hichin, MG by

t enpenadrithe: wr?@@i%n Mged ﬂﬂlemﬁc{tﬂ% X}B]ulﬁ[)lEX arel @tsﬁ&]dﬁ:noﬂme tvam ][Btmf:d @l R@S8) - 1

-am no-1 -et haxycarbonyl-.2-vin r ne.p-t n

3 TR EPORUB R ot B EXFR R RS SR RSB SR eddpa |
(15, 2%) thk- Ieadnmnysohmmmnyﬂhemetmy Ivew cliopd dpahéoar bak gh icrgaati Myobvas thend i n

Exanp an
(1R DEgpaplegt O 68dr 1k Sl L BENACEM, 195 L of tolucne, ang organic layore were then, |
a 5- Lgatberndi- bﬁtetgaﬁmefddaskamcahderu wasvishechwrth 86 ohle df Uﬁter buice, BRd it wasBe89 g of
t ol ue S | d | Indgenm@as Shérred.

Ther eglfqt e@%gs%ré£é®%%5%i%1 ?ati)%thar P%pﬁglgt?r?langg%as%?aéddedldr opwi se to

‘the remmtmﬁedsolant |4 owafer4sredasdt eyessie t e ¥netot | Aein397B.80 & 0B. 6658
mol ) of. cﬁlek}bbky&mcﬂszpi-orn@ﬁy@oﬁﬂﬁhn%% 880 @fafcﬁ{dﬁ%ﬂﬁiuw@df% Rddeeldwbay a 10-L

separabl e fl m Xt ur oo ed to 0OC. To

this §\848tﬁpf«eon Th§ ‘i%‘ﬂ“u%fﬁéucé aple}fdpgﬂqm@? gt?ﬂ @%ﬂy F@%Yﬁ\éf%wl?s“@f cyclopropane

(1R, 28);&018. 2R, - In adbitgy; 1t ceithiauycodib@yyhal@nawdsny| eycl opr opane, whi ch had
been previously prepar ed was added dropw se over 2 hours.
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[0173] Thereafter, an aqueous solution prepared by m xi ng 249.65 ¢
(3.8404 nol) of sodiumazide with 1,2861 kg of water was added dropw se to
the m xed solution over 35 mnutes. Subsequently, a hydrochloric acid
solution prepared by m xing 109.25 g (1.0474 nol) of 35% hydrochloric acid
with 192.92 g of water was added dropwi se to the m xed solution over 1 hour
20 m nutes. The obtained m xture was stirred for 14 hours. After conpletion
of thdé¥dhction, a water | ayer was renoved, and a toluene |ayer was washed
Wi th 1B8&6hge Df Pﬁa%;&aﬁhdfmlbdxreafohmaﬁc@ymmmcwb@epmﬁnd then vvnth 772.4 g of

magnes: um St BLERSCIAAGEA HRcEHe RIHERN mice ket Bt SR BRI ed” a
oC 1;1 or fglﬁén?nkwtfhsk (¥ D), Mdrr?gﬁiﬂ 123tmh1($&9nnmbhglﬁe§0%m0§mhf a:h@{wmhamsged
1o Sogicinyh faed ReENGs O30 I8 AR b B Pl BaL BB Blipalib 10
addedl.5ahalirs, haed rﬁ9x’eg af ofans il ghditeasiot hbwterst (2r78 gdmak a0Gagant n&nhfagmed by

foll O‘ﬁﬁ&’uéﬂ% s 'tﬁerna&ddgci‘ to Eﬁereké&oﬁ‘%fu%n Sifa% éﬁ‘@é%l Mﬁdﬁ}gﬁa‘é‘ stifed 22 rooth 9 Of

t ol uene t1on was m xe trate, so as
obt ai fFrEperairg é‘cﬁél l@@{su@xidow9gnL (278 mmol) of a 20% sodmm ethoxide ethanol solution was

(1R 2%&%@8}0 éﬂe &@Jcﬁ&%(é(&ﬂ[dﬂo Nyfa mixtire Wds %Mﬁé@ﬁr@&ananﬁeaamwﬂ 1 agirde.

[0174] of toluene was added into S rable flask,
and i ﬁn%%lt%‘éfﬁf%éﬁe@ 110810870@1"3%@%? SFERlnG rEEFTI TN m‘edLby AlHioR) was
(1R, 28ch @dRdARretd- (eﬁ&&xymﬁxhwm@mamg @uﬂr&b’a@ |r61:@1|i fﬁﬂﬁi&mﬁamap@m@m@e,

af or cAehPoRad PorisR R SRRt ol R 87 OnBIRE TR et THe ALY

addi t ktred fohed (hbﬁr@,l Odhnnorgdnic Bryvwasasd thed beparasidi r BegteqtenB) @hd agaiic Tybour s,

and it _was_.t Ie 0 Toth tLon, 16 g
(1. 0618° %ftﬁe Sﬁmhp Eé’%é”saﬁ r(ff}cangcl‘f Srr%’ﬁ%hycf%?ée ryﬁ%g‘dﬁ% %Iffzétetone
wer e slloees by ﬁéfa;aomddﬁd obEived dibitaé wesdcanbertrated at( Csiniderrredhiced pr2gp@ref sr 9

nour oo BlosP08 8 iF O Sho@barbI) 6V e MDA BO-h Y 2l Saucpd L hen

_erea n sol ution was concentrated to a
vol unmef of dight Lyellomd pite eeNsEeeR r at Shigaeredse rprhduet e gontaingb 8320 & hpk

concenyr rd%teﬁxgxﬂcaéo%ﬁ;l KQin0f yab;sréﬁaae QR¥ld; 64585, Vﬁ%déﬁ@ﬁ% ds. R SE aNal 40

m nut es was theh cool ed to 20C ovef 2 hours 20 mnutes. Théreafter,
t he r@ﬁlﬂnﬁtafht was aged at 20C for 2 hours, and the generated crystal was
then galbected by f||trat|on The crystal vvas washed with 443.49 g of
di i sopropyl ether n dried, un duced pressureunder nitrogen
curre Xag’ééeskz&gmd&?tﬁ’@%m%& ‘F‘ﬂ’&f@‘ycarbony?g ~inyleycloprophne )
(IR 28) /( 13,52|R)L &f@@alm@wateetﬂmoxrymaﬂm@ww&maeﬁwldewddqgfammehased from

gngfly a@ n%téﬁénﬁtfiﬁft Lﬁ%wg?gpﬁg%gdisgo%lbrovm crystal.As a result of
(1R 2§)- dl-eajmxynarbbnﬁtmomylcwlmnpdne avhwhrmﬂ byl cbpiireddmtheparhonasme sulbéionat e was

found. |0, b6, S35, 288, (4ye83. Molo VLBl J803%. ANChDEABbi ol AU Y ves

f ound® en cal anal'ysi's conditions are
as f olltipWsil bﬁﬁetrlipﬁ 7.5 ch$1nmm1(Iﬂaa6fenmr»ter1$@nufmturpdabx Ableemdd%ln@vlé)r; the5 um)

et A6 e TSGR 5 ivelHaLL AN, AN B8 53 4bRSLL! UARer Japan, oDl | @

phase: rogen ueous sol uti on!
acet opiraplpticn qfrﬂmewapa 504 nd. npﬁ_thmeﬁctm@@phuﬁw WW@I@@JW@ 1405@ ethylace® nm | n

addi t | QE’&@ﬁ%fohgﬁi zwuht)yyc%%hyiszﬁlng;iem&;rbm§ raﬁa@n@gmftaé leQfon Col umm:
Chira pa particle dianeter: um manuf actured by

Dai cefoleimsnd qrm@surﬁ%Wéowa%@mtwﬁ@rﬂmW@WH| e%srfgn RERRANEEHICE] ni ng
et hapgleth)Padethe/dxtrabtl v mc@biBed $hingy dib choMatoEAbMTGEC MPR S tHE 8ticdQfarithV: 210

&”‘Nm@wzofmwwt@gew wasepnaquysted auchdried, thg Obtzied PRISENES 11082 11, dd, J

&@solved in ethanol to prepare a solution, and the solution was then measured using liquid

m 2o A R A Ou 0B} il B0t 00U 1TS 00 )= 26,20 200

(2S) 1,1-di-ethoxycarbonyl-2-vinylcyclopropane was found to be 682 mg, and the optical purity
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[0176] [ Exanple 29] Recrystallization of

(I R, 28) - 1- am no- 1- et hoxycar bonyl - 2-vi nyl cycl opr opane p-tol uenesul fonate
517. 37g(1. 580nol ) out of t hecr ude

(1R, 28) - 1- am noThet hoxycar bonyl - 2- vi nyl eycl opr opane p-tol uenesul f onat e
obtained in Exanple 28 was placed in a 10-L separable flask, and 2241.9 ¢
of tol uene S, t adde er.et.o,. he obt ai ned m xture s heated . to 70C,
20t hatSerutEs b Bt on b Lo T fleet oDl ol oot EN R & VO ot ai ned
sol ut i Wmlvasd deebedtntrae 5as m\tmvaﬁleh@\um1530anﬁdoﬂ\as;rattdstemdagebicaborﬁfé Wwoér 3 hours.
The geperated crystal ected b f||t ation he cr | was washed
't IREE G afd 15h BB InGAnaBe bRG, et tsn b e b B 2 undier
nitrog&nmcﬂmneﬂﬂ#eaﬁWHsﬂmmcabmammmﬂQQ 7 g of pure (1R 2S)-1-amno- 1
-ethoiygggbonyl 2-vinyl cycl opropane p-toluenesulfonate in the formof a
yello wn crystal. As a result of anal¥5|s by HPLC, the content of the
(1R, 2S)-1- aﬁPhGIWQGﬂEWﬁb%V@E%%@W@EmQSW?hw069W$opropane p-tol uenesul f onat e
vas f quidnd eHisi48Re ge@rgg,lx 483, 0 art1Mle§ loflotc?% @9 ma ke OBLEQAl pUTTEY

was found to be 99.5 [0177 C chemcal purity anaIyS|s condi tions
are asERATRtRsmORA Ridss: nherae | e"@'i‘lﬂoézr(r\‘ﬁ’l(ﬂﬂ‘ﬁﬁatﬁnﬁ5ﬁ&(fﬁ¥lcT UHR aneter: 5 pm
nanufq&ﬁyﬁggmby;@h§v1gﬁh§nEvaluatlon and Research Institute, Japan, nobile
phase: 0{ 0 30 nNIsodlun1d|hydrogen phosphat e aqueous sol ution! 60%
acetonft¥ile Flow rate: 1.0 m./ mn, colum tenperature: 40C, UV: 210 nmIn
addi t i[BxampHPL] Pogiucdad oﬂc(IaJS)Llf,y-daaabmmﬁomm&iﬁjlmkpwpanmdf ol l ows. Col um:

Chi r al_pak : 4.6 n x. 150 article dianeter: 5 pm manufactured by
Dai cel(ﬁ)%é}’ﬁ"%'g‘f_‘{?)é’ﬁ?rgﬂwlé%r‘gn W%orén{;g%g er 30/0. 1% di et hyl am ne- cont ai ni ng

met hanol 701,{adi-ethpxychibany] & anylQychopadpang, whichdlad reent ebtqierdat theesamd 0C, UV: 210
um|[O

(1R 2 gﬁker s THaL ¢ ﬁ(aﬁ%}) X’};rggg geg)%fffeﬁf(}\}ilqﬁg;i céarogrllat%ﬁr%}ahg using Chiralpak IC (4.6

498. 4@ 51258 mm;487ickolametd8 pm) ounalacthed by Daicel Corporanon As a solvent,

(1R, 2%)-he§:a1ﬁ:m09@fhla.?ﬁt2k{9?w€v§§ R8Y-ha A AW LR FHRPLARBNGasRel £ oUsREAHL f onat e

obt ai ned
With regard to the retention time of enantiomers at 35°C, it was 10.9 minutes in the case of the

(2R) form, whereas it was 12.1 minutes in the case of the (28) form.
[0145]
[Example  14] Production of  (28)-1,1-di-ethoxycarbonyl-2-vinylcyclopropane  and
(2R)-1,1-di-ethoxycarbonyl-2-vinyleyclopropane

1,1-di-ethoxycarbonyl-2-vinylcyclopropane, which had been obtained in the same
manner as that of Example 10, was continuously separated by simulated moving bed liquid
chromatography using four columns, TCI Chiral MB-S (4.6 mm x 250 mm; particle diameter; 5
pm) manufactured by Tokyo Chemical Industry Co., Ltd. As a solvent, n-hexane 90/ethanol 10
(v/v) was used, and the flow rate of the solvent was set at 0.8 mL/min. The concentration of the
raw material was set at 2.5 g/L..  Both the (2R) form and the (28) form had a purity of 98% and a
recovery rate of 98%.
[0146]
[Example 15] Production of (18,28)/(1R,2R)-1-ethoxycarbonyl-2-vinyleyclopropanecarboxylic
acid

4.22 g (19.9 mmol) of 1,1-di-ethoxycarbonyi-2-vinylcyclopropane, which had been
obtained in the same manner as that of Example 7, and 25 mL of ethanol, were added into a
200-mL flask, and thereafter, 950 mg (23.7 mmol) of sodium hydroxide dissolved in 5.5 mL of

water was added dropwise to the mixed solution under cooling on ice. The temperature was
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29 and 2. 1915 kg of ethyl acetate were added into a 10-L separable fl ask,

and the obtained mxture was then cooled to 6C. To this mxture, a

pot assi um bi car bonat e aqueous sol uti on consisting of 220.04 g (2.2259 nol)
of potassi um bi carbonate and 971.7 g of water was added dropw se over 20

m nut es, so as to separate

(1R, 29) - m, no | - et hoxycar bo - Vi n cl.o ure was
i T ST R S et NS B o HE U Bg st Thots SOkl an
et hyl dicsiedtaeval ayes th%Btaﬁle@aﬁ’&tcad20 Th, of wagtt @s hdalydrand 48.obkigdedixtaedi um

hi d et dd d mxt
i 1 niee B pibe By B WA RAGF BT s 2B, G BSE aerare
| ayer wdaisd sapawameuyerAfcieerto sdpesteapoaylicmid. 43Bisqyeons settiopl wacetate was
added &vﬂ&&ﬁﬁﬂo&{eﬁ{ pedeyaker 1%}!%@ tﬁe*b%tdﬁ}%% Vé%ﬁfé 1%1 %%txﬂérgth‘é@ g&@@ Sfiler red at

26C fo our Rd"an et yI aCetate

oper at L%hﬁrmgm]émré’dils yasled ryiddtOguk Ofmr@eal’cdl ifrees théﬁ;l <I1rledf0V@Il‘Pé1hE¢Fh‘}ﬁ acet ate

| ayer spWeleen@auife edriidteditdf was %ﬁ%éda%ﬁe tvks%%igl th@ﬁ%ﬁdﬁ@@ltﬂ%%{c@ﬂte' ayer was
then cooled to 6C. Then, 121.47 g of sodi um sul fate was added t hereto, and

t he obtuitheebtansd iilfrate s thep é‘?ﬂ%ﬁ%“?"e@i 3p T urgior rerlpasd PEESSUTH SO 8HWI BRI Ul f at e
was thzss 5 erwes) R Sr)-1- Etﬁbkﬁﬂrboﬂyl@evlﬁﬂgjcﬂﬁﬁrcﬁﬁhéc@ib@xmd@ﬁE&Cfoiofh b:ha 438.3 ¢

of eth cet te, and t, sol ut i s.then mxed w,th
P11 b melo eSS B S diig e 8300t eSSt ok KB St hohe gpro0ess Shy Shoiifoe
( 1R, 2Syasleoaflinmak-tb be{ ISRSyL B DR Y-;thdxaroh gy B liape apaiepandartvxyisatid, of

anal ys'(ﬁ ﬂy the content of the
(1R, 255) ‘i am no- | - et hoxycar bonyl - 2- vi nyl cycl opr opane was found to be 212. 86

g (yi eTHNMIEAA0RHZ, CICT0} JHRLIC, &#Vemmlozpm id ;Fmﬁlyl:s)ml%lﬁl,dﬁ,ﬁébﬁsiﬁze as

follo _ I Ity i

nanuf\z,a\%:)[ ‘%)iélag?/j éﬁ‘l%cgqlm)’&ﬁgﬁu g%& é%ggp #%g?qi?lﬁjéﬁgglé) $oi ) nmobi | e
phase: (1H34d368.6N0 4 ddi%im di hydrogen phosphate aqueous sol ution / 60%

acet onjghigil € Flow rate: 1.0 nl/mn, colum tenperature: 40C, UV: 210 nm

[ 0180] Exarrpl e 31] Production of

( 1R, 29Fxamplgi! Abbrodigatinn 2/ d 8¢ a2 R)- lrpth%s@y@méﬁo‘ﬁ@)ﬂ@-ycm@mw@péﬂ@a| t

An et hylg acetate solution of the (1R, 2S)-1-am no-

1- et hoxycar hony1l- 2- vi ny| cycl opr opane obt ai ned |n Exanp s cooled to
2C, and theﬁ8 &éﬁ%ananﬁ}%%lpl -Agetheryrabonsgg-vinyleyclopropase, ngla €795 sul furic

acid V@ﬁmﬂéﬁidﬁdae@&ﬁ?ﬂaﬁ@eﬂab&hﬁéﬁx@ﬂ@fe B and" 90UhE 8 etftlof, WekCadaed Bhtd £Mai ning in

oot ot DO B AR ot GBL I ey s i Ul ateoBteduRb, oL
?indu't h&asmdaédﬂrepmstottbemmé @ﬂ&fﬁﬂmgeﬂr;dgnﬁmn Ycﬁ? k[raiiederpp@aawv@sﬁmwm: L eln 2 a
v g B B Rlate. 2nk e MR RHAR! 550 S8OFFONE" Bron 4 8RBT, e P! [P0

M xt urd aHad sbélgm Hyépiidealygtoas sdhichoras ad(miuir@wmdte ﬂ@anmtzan eduizamy sidehe was

col ! echo Mtk LA AR T8 APYALOSO FlYSHAL obES VASDSHatdd) 4308 0

t ol uene, room ours under

nitr ogéxfﬂlmsﬂrsp@ﬁpn wihwashed weth 95 intl eldsluetre tw@euamﬂelrw nddeicled hpdregdenicacat 40C
for 10wﬂQHJnsadd§chQ§e @v&eﬂg}rféi“sga&@é%gagatgc#ﬂoxg}m acid. This aqueous solutmn was

(IR 2S)-1-am no- 1- et hoxycar bon vin opr opane msulfate salt in

t he fovashest wigh %nﬂéfé@iy@m@m m@a% exdjthe sbtraﬂnzmrsamy ﬁygrsmféﬁt e1ieased he

(1R Zsifhe]%ﬁﬁ}eﬁ%;_é;bﬁ%h%yw R wih vk ] @Walt&ﬁﬁx@@ﬁﬂ@s REdMns Wshdewagal t was
f ound

é ield: 95.6% andtheo cal purity was fé)undto be
99. 2% ﬂE“? G’ﬂélf]waﬁpl& h@ﬁ%?hq“&éi‘rlmﬁalﬂ?ftey EH%PV%IP Eu"i’%sélﬁ?él capeeniiaied @) | ows
Col um5°tuﬁmrumCéd4pr@ss{ﬁm§@alaoommargtdfcl e dianeter: 5 urT) manuf act ured by

Chemi ¢ tion and Researc stitute bi ., 40% 30 MM
sod urh SRR B RS ST 2 o RBPERS-6ho TR GO AL B GHL A roress
oily substance (yleld 83%). Asaresult of NMR analysis, the colorless oily substance was

confirmed to be (18,2S)/(1R,2R)-1-ethoxycarbonyl-2-vinyleyclopropanecarboxylic acid.
[0149]
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Flow rate: 1.0 nL/mn, colum tenperature: 40C, UV: 210 nmIn addition,
HPLC optical purify analysis conditions are as follows. Columm: Chiral pak
AD-RH (4.6 mm x 150 mm particle diameter: 5 urn) nmanufactured by Daicel
Cor poration, nobile phase: water 30/0. 1% di et hyl am ne-cont ai ni ng net hanol
70 (v/iv), flowrate: 05 nL/mn, colum tenperature: 40C, UV: 210 nm [0182]

[ Ref erence ampl e 1] d_ oni ng of para-N trqbenzyl Esterase Gene (pnbA3027;
SEQ | D?}?@“P%(WE%ME%W@ Oéﬁ%ﬁg/&&? )-1-ethaxycay Oagl%mﬁwﬁgprgwa%ﬁeoxmmcsozz
were cdidi vated overnight in liquid nmedia designated by the culture

col l ection. Ther ter,.c sonal S prepared frgm.each of the

bt ai ned_ cel 1o haada b P EREED mpoti J S e, CHPAZE R ed by
QT AGENYbtained in the Baseshnaer -a tige sff xaeglichasd {.Detleofmlibanel, weefsldedcidict=o as
pnbA23857. . | D.NO. 2 cqdi ar,a- ni benzyl EAas 4 from
Baci 1 00 BeRarg kR 87501682 ATRLL LIARGAGLY S GIARE, 0] poifitn

( her ei waf added dbwise extht mixed sPNBELBBET¢ooliep Baitk. ACeetemperatuNovasARrOB&D3235,
SEQ | i : LfyLNg:.asf n -ni. 1t obenzyl
ester?gg%%%lgem%re ’gegit%eﬁééggﬁhhi%ﬁ? g%fig(sepdé.d#ﬁeg%%gﬁglgﬁogggieque_nces of

t he twepngentigisds Aheobddipedpolutiosmas WEshribwith 5l piofene gad SBdydpeRioic4 (pnbA

R in jhewsCANeRRRd d Bt WaGr 1a0&SRER ¥ hdie carboxylic 4Rl "THisHBuRSRALRA
chronmosomal DNA a al S0 usi ng rcl)bA F .and pnbA R as priners,

s a tenpl ate, and

a DNA TrugHigsied wﬂﬂﬁn&%ﬁg@e@rwsﬁfr@%i%?@w@e FEPIOBISTSANEE fePed by PCR
E%Sg] ge(tlge)red;r g{h_@@%@:@@@%ﬂf@&ﬁﬁ@i@ghe&g@%ﬁﬁ rzné_, oAfwaté:J@iratgtixhaal?mm LY g p|KV32

at ent . Publ i cati on (Kokali : - S ate, and al so
st no. PRBUE Gt SPRRORRR DBrORde1 ol TSEB NS TRl e el
( pPKVXmzkiBh) wih alvenk,iinSEQ obliNOfilttate @ad thagembénttated At 36°81 wdeabdapdpr oxi mat el y
4 kbp VA s an:gl i fti eﬁailﬁys’??CR' fThe anplified fragment was digested with Xmal,
and t WerEart er®® U8 ng Li 61&(1 on- Conveni ence Kit (manufactured by N ppon Gene
Co., L{18,28)/(IR,2Ryakctbokyjcatbbmd-2t0nd edcloprapgatchbnxylitheidab the faed ofd ederieds was

named I§¥\§f€ - by ( P i - r iLQn: 1Pl ' I n
accor d% c% W ﬁ()gglégﬁ f’)ha?)s a&ést% ﬁggwfﬁ%ﬂ%ﬂ&%ﬁg@%ﬁ? %ggtﬂgﬁ,%_ TR (1) above
was i neonditoeteld bee 112D ER ZRorhiethyxyeathony - HRINBRY gersppaneeirbaxylioycidbove.

Her ei n[@flg@r, the obtained plasmd was referred to as ppnbA3027.

- [Example 18] Production of (18,28)-1-ethoxycarbonyl-2-vinyleyclopropanecarboxylic acid and
production of (1R,2R)-1-ethoxycarbonyi-2-vinylcyclopropanecarboxylic acid
(18,28)/(1R,2R)-1-ethoxycarbonyl-2-vinylcyclopropanecarboxylic acid, which had been
obtained in the same manner as that of Example 16, was separated using TCI Chiral MB-S (4.6
mm X 150 mm; particle diameter; 5 pum) manufactured by Tokyo Chemical Industry Co., Ltd.
As a solvent, n-hexane 100/ethanol 2/trifluoroacetic acid 0.05 (v/v/v) was used, and the flow rate
of the solvent was set at 0.5 mL/min. With regard to the retention time of enantiomers at 30°C,
it was 8.6 minutes in the case of the (18,28) form, whereas it was 11.9 minutes in the case of the
(1R,2R) form.
[0151]
[Example 19] Production of
(1R,28)/(18,2R)-1 -(teri-butoxycarbonyl)amino-1 -ethoxycarbonyl-2-vinylcyclopropane
421.0 mg (2.29 mmol) of
(18,28)/(1R,2R)-1-ethoxycarbonyl-2-vinylcyclopropanecarboxylic acid, which had been obtained
in the same manner as that of Example 16, 10 mL of acetone, and 395 uL (2.93 mmol} of
triethylamine, were added into a three-necked flask (100 mL), and thercafter, 384 pl. (2.92 mmol)

of isobuty! chloroformate was added dropwise to the mixed solution under cooling onice. The
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The DNA sequence inserted into the plasm d was anal yzed, and as a result,
it was confirnmed that it contained a gene conprising 1467-bp ORE The

obt ai ned gene was named as pnbA3027, and the sequence of the gene was as
shown in SEQID NO. 7. The am no acid sequence encoded by this DNA sequence
was naned as PNBE3027, and it was as shown in SEQ ID NO 8. The am no acid
sequence PNBE3027 showed sequence identity of ,90s% wi th t&(ra kno equence
PNBE2388#inct ppgep “[anétffé“fdefﬁlbﬂ’ TElpylep Pades FoqiiBaop igeattidohd ¥ 9 9d-lmn\358§enzy|

Est er as®live BaddWad théd QId6E td 1B rcadtioMsbRatibgfollowed by stilgingGortd@upd vdged d
ppnbA302¥. obtained in Reference Exanple 1 as a tenplate, and al so using the
pri mer “{YPERW °shown in SEQ ID NO 9 in the sequence listing and the prinmer
(L70RV) showWheteaft&HQ thiDmiidurel 00 i df duenie quae ndded) dod thenebtaiadirkiChanges Ml ti
Site-Djrected. M enesks. Ki.t . uf actur.ed b tr . oyed to
it r odHES TPARAGH AR PoR it M PEbe R Rl She RO LRy BB DL &
nunber mAgndsinm duifataf ot mrmestliaoted traisdivdile vashtingthe sassluaayth telsénagandilee pri mer

(L31SE¥)§- ' E%I inl3e i.Sti j mer
(U313r0) = RE kel b i oel KMERGRechin? | AR HNGHBNG THY o
was i nvebdisidied avay.¢o as muabtadnl? B cdrceldliony t he | euci ne residue at amno acid
nunbergﬁg ., in the aforenentioned plasm d; and using the priner

73

(L270L shown in SEQ ID NO. .13 in the sequence |]jsti and the_prinmer
(L2701 273Rv) TGRS $91eBedwepadder it & Hioq P SLAATALD s ertferet domt

mut at i @fh_rﬂ&@&oﬁsmcem7 Oﬂldi 43{12 ggtéﬁt_LtQ@tl iﬁlﬂ:@ﬁc%l %M‘d&gthmg), Ifclﬂme@ 8y k@singues hat
am no aci.d nu rs an ,.i.n the afqrementioned m d. . Using the
t hus og’tr éiq‘ﬂéfd prgeiisrbe F?F?‘EP&GE’@H%W&%%”&? aizé%ﬁéj?‘i Qh‘?“é{gcgﬁ‘f’ Ogﬁ%ﬁ’gé

(manuf méxttue ks byncdgkadddamBeaeddcdd phessies add he shdneeds tes purthiadgytsdicapelor di nary
net hod. [ 0186 Thereafter, clon .. 26 _was,.isal ated firom.the thus
obt a1 neelA Ebmpisapte A R LB et iy e AR s 30 3ncE DIEBIEG {5

t he pl algandopbegpssed by the present clone was then analyzed. As a result,
t he se i . . The

ani no Q%@e%%@gg%@%8%82%%2@%@%&%@%? © \92%81’ uﬂgﬁggoé\lggé}%é?re as
PNBE30Tm26 2 yallew eil svbstandedyicdgtidht e Asagesil of hdfh atalysSeelyBlovooiln 6. [ 0187]

[ Ref er gpcenEXMRLShred RS gduct i on of
1, 1-di - et hoxyc 1 f— 2-€é|jn | cycl opr opane 79 g (54.9 mmol ) of

xycar bony y 8.
di et hy(IReDEHaR)- brffart-dotogy caghony harpiaprd -sikoxucasors 2 vEYE YSlopIRPEE. necked f1 ask
(300 s3and thereafter, 20,5 nL (52.4 mml) of a 20% sodi um et hoxi de
et hano] solution was added thereto as a base. The Qgtained m xture was

sti rr ed-AMR MR arstisof DGO-90 gngeptational ioaessPrdy), 9.89 g (24.9 mol)
01; r ?Lfﬁl_ll}li.?%(ﬂinh}?i.B%MH,SM!E%U;@!]@&XLBS(QEEEQ_ ,e38@171:1:,@),h@am,@egwbpe&mgmi l;y e
Dbt o iR A8 o050 3 o e AL BBl SR i s 30 S R e Do
sol ut i D3.66{IHRddERIcHOd, 1.2 7820 HEbk), T.640 a5 Hjbesdm t enperature for 3.5

hour s, thereafter, 59.9 nL of a 1 M sodi um hydr oxi de aqueous sol ution
was ad o the reaction solution. The obtained m xture was stirred for 1

hour, Hixdmale 20} Badicionay &R, WHL 1%, 2R -swper bt dxycArbwetl - vihdyetopaesine

re- ext | r | ‘ r.ed. The
gat her %@%@gﬁﬁ’@%@&% ?/\r/gs’u%%cﬁ%ggwa?ﬂg%gncﬁﬁgg%rﬂ\ﬁg%%ﬁnﬁfﬁggowg ,agand t he
resul t amtmatersalt hen filtrated, while washing the residue with toluene. The

obt ai ned filghbala3WaSkaNGENt rated at 45C under reduced pressure, so as to
obtain 22.4 ﬂ-¥g9(1 1?13?-5e]'§iﬁoxycar bony1- 2-vi nyl cycl opropane in the formof a

0 y
crude ﬁm%?s,m)— k{5t prbO@W)@iﬁp?lﬁﬂﬁ%‘ﬁ%@y?{%ﬂi@%ﬁlﬂﬁépﬂ%‘d@&
cont ai RRhedn dRaiflecdh tho hnldimBhHN YIGRALPRAYLTY biVd.0Y HILOFEORRREtdy Weled: 249
and 3. 948@?, of 1, 1-di-ethoxycar bo%— 3- thyl cyc| opentene (yiel d; 74%].
a ai msaqefl lthimgesplapetan fask (9P stlvetndg %O%WJOEHW&H? Bi3? BsR AR 18y Otthe
fol | owirrg, .92 QIQTES lfnélﬁol) dffseIfuid a@id&iissoﬁi@&@.?oﬁg oRg%yifhc):taw Vel @HdﬂadR4| I
represents, an .gro cont.al n Ro) car at ons an ar.a rou
Cont o fiPigise B syt Moty o Brk ik G SRoe Broan AT B L 6TED carbon
at ons, ma@meR, i thdhi a¢ BOTafr bacwapt Thn@hdtionsolbdsn i @deenivhed gind 10 mL of

50



the nethod conprises a step (i) of allowi ng a conpound represented by the
followng formula (3): [Formula 1] ( 3 ) wherein Z represents a hal ogen
atomor OR3, wherein R3 represents an aryl sul fonyl group containing 6 to 12
carbon atons, an al kyl sul fonyl group containing 1 to 10 carbon atons or an
aral kyl sul fonyl group containing 7 to 20 carbon atons, each of which may be

optional |y substitute to reactnﬁlth a malonic ester in the presence of an

d ; J
al kal i WAt Wps Bekasirde 1B conprbpie mbberpafisydy i 1 godivg hydrayide aauenes sobiigbund

r IeEr esend aeidecbtlw th@atf:ﬂwelﬁ,lsg ag ) sgpar_ﬁt@ra@ﬁrma MhistaG@eot &@ut(dn%wa]s-fefsat@ac@édkﬁi}% net al
a OoXI r al | t rirae.l.,s e I N n a unt . o . equl val ents or
oo o o B R e Pt e e MR e s B AR P L PR Mo By ¢ . above

f or nul gatifeByd, dhe githeecdriayanvas vestcdrwiihs] (UsEdf bineamdanwasntheodricl cegui val ent or
nore w ct . uival f t | kali_ netal .al i de..or alkali
ot ol R GERE R sty U B vk e B Wb Ele B SREMTET P
conpr i sedutyireétbyletteh and thepblained fitiratd wps then Jonodntated mod 5yiunder reduckd an aci d or

a bas%reQ&P%%%@gt&aﬁwa%%ed by the following formula (1): [Fornmula 3] x1

-f 4- 1-coc2é X2( whererrn Xl represents a hydrogen atomor RI, and X2
r epr es@Ri%S /Al Hkdr bgamodrabaxgparfeny-dtvapédyalomopanedn R fere pf 4 sdefsenelbnt | y

repr esgBiafR (ALKYIRA AR e QURMIO A 8 yelldwPoilylsu®RhRL R L MIEme@N
ar al kyl gargfirzgl groug cont ai ni ng %to 21 carcgé)n at'ons or an aryl carbonyl
gr oup CERCELAPHGSFRYG-aanc: helercatoond ;2 BaRRYSIP M eh nmay be optional |y

ﬁugstimmgd, provi ded that Xi ‘and X2 do not sinultaneously repreant _

Py oSk AP A B EES S TR, LN R B b Bo e
ConpouiN bR, BYd, 4867, Ao MElZf, a2 Tl 12(2(2h), 5 bl Hludiias.7bgenHes.zi(ned by
t he abﬁ\ég,Jé]{.?éflf_iﬁ%),s }l&é,ggﬁzg\gr%ozﬁj%%%gpund represented by | eX (wherein

| e repriesents’an aryl’'s ony ining 6 to 12 carbon atons, an
al | cyl{9U¥dionyl group containing 1 to 10 carbon atons or an aral kyl sul f onyl

Subst i [EoRnRE 2 ¥hoducith SH RSO A B A et 2 GBS Y i
r epr edeptisdfatsygali he fol lowing formula (3b): [Fornula 5] R30,f-sOR3( 3 b))
482 mg (3.11 mmol) of (1R,28)/(1S,2R)-1-amino-1~ethoxycarbonyl-2-vinyleyclopropane,
which had been obtained in Example 20, and 1.0 mL of ethyl acetate, were added into an
eggplant-shaped flask (100 ml.). Thereafter, 176 mg (1.79 mmol) of sulfuric acid dissolved in
1.0 mL of ethyl acetate was added dropwise to the mixed solution, followed by stirring. The
obtained powder was filtrated, while washing the residue with ethyl acetate, so as to obtain 357
mg of (1R,28)/(15,2R)-1-amino-1-ethoxycarbonyl-2-vinylcyclopropane hemisulfate salt in the
form of a white powder (yield: 43%). As a result of NMR analysis, the white powder was
confirmed to be (1R,28)/(18,2R)~1-amino-1-ethoxycarbonyl-2-vinylcyclopropane hemisulfate
salt.
[0157]
'H-NMR (400MHz,DMSO-d6)31,21(3H,1,]=7.1Hz),1.44(1H,dd,}=5.3,9.6Hz),1.53(1H,dd,J=5.3,7.
6Hz),2.02(1H,ddd,J=7.6,9.1,9.6Hz),4.20-4.09(2H,m),5.08(1 H,dd,1=1.76,10.1Hz),5.09(1 H,dd,J=1.
76,17.2Hz),5.28(1H,ddd,}=9.1,10.1,17.2Hz)
[0158]
{Example 22] Production of (1R,28)/(1S,2R)-1-amino-1-ethoxycarbonyl-2-vinyleyclopropane
using (15,28)/(1R,2R)-1-cthoxycarbonyl-2-vinylcyclopropanecarboxylc acid as raw material
9.66 g (52.4 mmol) of (18,28)/(1R,2R)-1-ethoxycarbonyl-2-vinylcyclopropanecarboxylic

acid, which had been obtained in the same manner as that of Example 16, 150 mL of toluene, and
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wherein |l e represents an aryl sul fonyl group containing 6 to 12 carbon
atons, an al kyl sul fonyl group containing 1 to 10 carbon atons or an

ar al kyl sul fonyl group containing 7 to 20 carbon atons, each of which nay be
optionally substituted; and a step (iv) of crystallizing the conpound
represented by the above formula (3b), which has been obtained by the above
step (iii), so as to produce a conpound represented by the follow ng (3a):

[ For rru? 48 BIL (638ymra} oFrighylamiicerere pddedapp edpe-geckad BrsHEH Bhy | gr oup
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mixture was then stirred, and the toluene layer was then removed. Then, a 1 N sodium
hydroxide aqueous solution was added to the water layer, so as to separate amine. This aqueous
solution was extracted with 50 mL of ethyl acetate twice, and the obtained ethyl acetate layers
were gathered. The gathered ethyl acetate layer was washed with 50 mL of brine, and it was
then dried over anhydrous magnesium sulfate. The resultant was filtrated, while washing the
residue with ethyl acetate, so as to obtain an ethyl acetate solution of
(IR,28)/(18,2R)-1-amino-1-cthoxycarbonyl-2-vinylcyclopropane. It was confirmed by NMR
analysis that the aforementioned solution contained
(1R,28)/(18,2R)-1-amino-1-ethoxycarbony!-2-vinylcyclopropane.
[0159]
"H-NMR(400MHz,CDC13)51.28(3H,t,J=7.3Hz),1.33(1 H,dd,]=4.8,9.4Hz),1.55(1H, dd J=4.8,7.4Hz
),1.99(2H,br.5),2.02(1H,ddd,)=8.7,9.4,9.4Hz),4.23-4.12(2H,m),5.08(1H,dd,J=1.76,10.4Hz),5.21(1
H,dd,J=1.76,17.2Hz),5.71(1H,ddd,]=9.4,10.4,17.2Hz)
[0160]
[Example 23] Production of (1R,28)/(18,2R)-1-amino-1-ethoxycarbonyl-2-vinylcyclopropane
hemisulfate salt '

The ethyl acetate solution of
(1R,28)/(18,2R)-1-amino-1-ethoxycarbonyl-2-vinylcyclopropane, which had been obtained in
Example 22, was added into an eggplant-shaped flask (300 mL), and 2.02 g (20.6 mmol) of
sulfuric acid was then added dropwise to the solution, followed by stirring. The obtained

powder was filtrated, while washing the residue with ethyl acetate, so as to obtain 6.31 g (yield:
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[Claim5] The nethod according to claim4, wherein the step (vi) is a step
(vi-1) of allowi ng the conpound represented by the formula (4), which has
been obtained by the step (v), to react with an enzyne, cells containing

t he enzyne, a preparation of the cells, or a culture solution obtained by
culturing the cells, so as to produce an optically active conpound

repr esent ed formul a .. [Caim@] . t hod d I 4,
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(4a): inBedselhdonhdler cooling onice. The temperature of the obtained solution was increased to
room temperature, and the solution was then stirred for 9 hours, Thereafter, ethanol was
distilled away. To the obtained solution, 20 mL of water was added, and the mixture was then
washed with 30 mL of tert-butylmethyl ether twice. Then, 1 N hydrochloric acid was added to
the water layer, so as to separate carboxylic acid. This aqueous solution was extracted with 20
mL of toluene three times, and the obtained organic layers were then gathered. The gathered
organic layer was washed with 30 mL of brine, and it was then dried over anhydrous magnesium
sulfate. The resultant was filtrated, while washing the residue with ethyl acetate, and the
obtained filtrate was then concentrated at 35°C under reduced pressure, so as to obtain 526 mg of
(18,28)-1-ethoxycarbonyl-2-vinyleyclopropanecarboxylic acid in the form of a colorless oily
substance (yield: 89%). As aresult of NMR analysis, the colorless oily substance was
confirmed to be (18,25)-1-ethoxycarbonyl-2-vinylcyclopropanecarboxylic acid.
[0163]
"H-NMR(400MHz,CDCl3)81.33(3H,t,J=7.3H2),2,02(1H,dd,J=4.5,8.6Hz),2.19(1H,dd,]=4.5,9. 1 Hz
),2.77(1H,ddd,J=8.6,8.6,9.1Hz),4.24-4.37(2H,m),5.27(1H,d,J=10.1Hz),5.42(1H,d,J=16.9Hz),5.71
(1H,ddd,J]=8.6,10.1,16.9Hz)
[0164]
[Example 25] Production of (1R,28)-1-amino-i-ethoxycarbonyl-2-vinyleyclopropane
526 mg (2.86 mmol) of (18,28)-1-ethoxycarbonyl-2-vinyleyclopropanecarboxylic acid,
which had been obtained in Example 24, 6 mL of toluene, and 502 ul, (3.72 mmol) of
iriethylamine, were added into a three-necked flask (50 mL). Thereafter, 354 uL (3.72 mmol) of
“ethyl chloroformate was added dropwise to the mixed solution under cooling on ice. The

obtained mixture was stirred for 30 minutes under cooling on ice, 240 mg (3.72 mmol} of sodium
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R402C CO9R4 ( 4 a ) wherein R4 represents an al kyl group containing 1 to 10
carbon atons, an aral kyl group containing 7 to 20 carbon atons or an aryl
group containing 6 to 12 carbon atons, each of which may be optionally
substituted, and then hydrolyzing the conpound represented by the fornula
(4a), to produce an optically active conpound represented by the formula

(5. [d aim8] The nethod according to any one of c]ai 4 to, 7 erein
t he ab%(ifm@ nAdesln A T8G9n 8R1Vtqre  dBRPSTIHG "Yaéﬁ?’éfé}efgf gﬁﬂ%wdﬁéccr PEul a (5)
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was then filtrated to remove the Molecular Sleves The obtained filtrate was added into a
three-necked flask (50 mL), and it was then stirred at 80°C for 3 hours. Thereafter, this toluene
solution was cooled to room temperature, and it was then added dropwise to an eggplant-shaped
flask (50 mL.), which contained a mixed solution of 7.70 g (78.5 mmol) of sulfuric acid, 250 mg
of water and 2.6 mL of acetone, The obtained mixture was stirred at room temperature for 24
hours. Thereafter, 10 mL of water was added to the reaction solution, and the toluene layer was
then removed. Then, a 50% sodium hydroxide aqueous solution was added to the water layer, so
as to separate amine, This aqueous solution was extracted with 10 mL of tert-butylmethyl ether
twice, and the obtained toluene layers were gathered. The gathered toluene layer was washed
with 10 ml. of brine, and it was then dried over anhydrous magnesium sulfate. The resultant
was filtrated, while washing the residue with tert-butylmethyl ether, and the obtained filtrate was
concentrated at 35°C under reduced pressure, so that an aliquot of the tert-butylmethyl ether was
distilled away. The quantification of (1R,28)-1-amino-1-ethoxycarbonyl-2-vinylcyclopropane in
the reaction solution and the measurement of optical purity were carried out.  Quantification was
carried out on the tert-butylmethyl ether solution, using NMR.  As for the measurement of the
optical purity, the tert-butylmethyl ether solution was dissolved in ethanol, and the optical purity
was then measured using liquid chromatography (HPLC).  As a result of the analyses, the
content of the (1R,28)-1-amino-1-ethoxycarbonyl-2-vinylcyclopropan was found Ito be 625 mg,
and the optical purity was found to be 94.5%e.¢c.
[0165]
HPLC measurement conditions are as follows.
Column: Chiralpak AD-RH (4.6 mm % 150 mm; particle diameter: 5 jim) manufactured by Daicel
Corporation, mobile phase: water 30/0.1% diethylamine-containing methanol 70 (v/v), flow rate:
0.5 mL/min, column temperature: 40°C, UV: 210 nm
[0166]
"H-NMR(400MHzZ,CDCl3)81.28(3H,t,]=7.3Hz),1.33(1H,dd,J=4.8,9.4Hz2),1.55(1H,dd,}=4.8,7 4Hz
),1.99(2H,br.8),2.02(1H,ddd,J=8.7,9.4,9.4Hz),4.23-4.12(2H,m),5.08(1H,dd,J=1.76,10.4Hz),5.21(1
H,dd,J=1.76,17.2Hz),5.71(1H,ddd,]=9.4,10.4,17 2Hz)
[0167]
[Example 26] Production of (1R,28)-1-amino-1-ethoxycarbonyl-2-vinyleyclopropane hemisulfate
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wherein R4 represents an al kyl group containing 1 to 10 carbon atons, an
aral kyl group containing 7 to 20 carbon atons, or an aryl group containing
6 to 12 carbon atons, each of which may be optionally substituted; and HY
represents an inorganic acid, sulfonic acid, or carboxylic acid, wherein
the nethod conprises: a step (vi) of producing a conmpound represented by
the following fornula (5) by the nmethod according to any one of clains 4 to
7: [Fo%Wula 11] HXRC' CR2R4( 5 ) wherein R4 represents an al kyl group
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40 mL of a | M potassium phosphate buffer (pH 7.0), 331 mL of desalted water, 12.58 g
of the 1,1-di-~ethoxycarbonyl-2-vinylcyclopropane obtained in Example 10, and 6 g of a wet cell
mass of Escherichia coli clone No. 26 isolated in Reference Example 2, were mixed in a 1-L jar
fermenter, and the obtained mixture was then reacted at 30°C at pH 7.0 at a stirring rate of 500
rpm for 22 hours. After completion of the reaction, the cell mass and the cell residue were
removed from the reaction solution, and 80 mL of toluene was then added to the remaining
solution. The mixed solution was stirred at room temperature for 20 minutes, and the toluene
layer was then separated, and the remaining 1,1-di-ethoxycarbonyl-2-vinylcyclopropane was then
removed. To the obtained water layer, 6 N sulfuric acid was added, so that the pH of the
solution was adjusted to pH 2.0. Thereafter, 80 mL of toluene was added to the solution, and the
obtained mixture was then stirred at room temperature for 20 minutes, so as to obtain a toluene
layer, which contained (18,28)-1-ethoxycarbonyl-2-vinylcyclopropanecarboxylic acid. To the
thus obtained water layer, 80 mL of toluene was added again, and the obtained mixture was then
stirred at room temperature for 20 minutes, to obtain a toluene layer containing
(18,28)-1-ethoxycarbonyl-2-vinylcyclopropanecarboxylic acid. The purity and optical purity of
the obtained toluene layer were measured by HPLC analysis. As a result, the content of the
(1S,ZS)-1~ethoxycarbony1-2—vinylcyclopmpanecarbokylic acid was found to be 4.22‘g (0.023 mol,
yield: 40.5%), and the optical purity was found to be 98.4%e.e.

[0171]
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[ aim10] The nethod according to claim9, wherein, in the step (vii-1),
the reaction internediate is allowed to react wwth a netal azi de conpound
or atrialkylsilyl azide in the presence of an acid. [Caim 11] The nethod
according to claim9 or 10, wherein the absolute stereochem stry of the
conpound represented by the formula (5) is (1S,2S), and the absolute

of .each of t s represented by the fornula (6),

st ereochem
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[Example 28] Production of (1R,28)-1-amino-1-¢ethoxycarbonyl-2-vinyleyclopropane
p-toluenesuifonate

3.7387 kg of a toluene solution containing 381.34 g (2.0704 mol) of the
(18,28)-1-ethoxycarbonyl-2-vinylcyclopropanecarboxylic acid obtained in Example 27 and
261.71 g (1.4209 mol) of (1R,2R)-1-ethoxycarbonyl-2-vinylcyclopropanecarboxylic acid was
added into a 5-1. round-bottom flask, and it was then cooled on ice. Then, 166.89 g of toluene
was added to this solution, and the obtained mixture was stirred. Thereafter, 370.94 g (3.6658
mol) of triethylamine was added dropwise to the reaction solution over 45 minutes. At the same
time, 397.80 g (3.6658 mol) of ethyl chloroformate and 868.08 g of toluene were added into a
10-L separable flask, and the mixture was stirred and was then cooled to 0°C. To this solution, a
toluene solution of triethylamine salts of
(IR,28)/(18,2R)~1-amino-~1-ethoxycarbonyl-2-vinyleyclopropane, which had been previously
prepared, was added dropwise over 2 hours.
[0173] |

Thereafier, an aqueous solution prepared by mixing 249.65 g (3.8404 mol) of sodium
azide with 12861 kg of water was added dropwise to the mixed solution over 35 minutes.
Subsequently, a hydrochloric acid solution prepared by mixing 109.25 g (1.0474 mol) of 35%
hydrochloric acid with 192,92 g of water was added dropwise to the mixed solution over 1 hour
20 minutes. The obtained mixture was stirred for 14 hours. After completion of the reaction, a
water layer was removed, and a toluene layer was washed with 1350 g of 5% sodium bicarbonate
water twice, and then with 772.4 g of a 20% saline once. To the obtained toluene layer, 160.86 g
of anhydrous magnesium sulfate was added, and the obtained mixture was then stirred at 0°C for
30 minutes, followed by filtration. Magnesium sulfate was washed with 222.27 g of toluene,
and the washing solution was mixed with the filtrate. To this toluene solution, 64.36 g of

Molecular Sieves 4A was added, and the mixed solution was then stirred at 0°C for 8 hours,
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H®R2C ' CO2R4(5) wherein R4 represents an al kyl group containing 1 to 10
carbon atons, an aral kyl group containing 7 to 20 carbon atons or an aryl
group containing 6 to 12 carbon atons, each of which may be optionally
substituted; and a step (ix), in which (ix-1) the conpound represented by
the formul a (5) obt ai ned by the above step (vi) is allowed to react with a

condensati o nt. or hal ogenati ng agent tai.n a reacti.on
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the neshgpgea?e%r% rﬁ.()s@.s “To this concentrate, 4.4357 kg of diisopropyl ether was added dropwise

over 40 minutes, and it was then cooled to 20°C over 2 hours 20 minutes. Thereafter, the

resultant was aged at 20°C for 2 hours, and the generated crystal was then collected by filtration.

The crystal was washed with 443.49 g of diisopropyl ether, and was then dried under reduced

pressure  under  nifrogen current, so as {0 obtain 6561 g of crude

(1IR,28)/(1S,2R)-1-amino-1-ethoxycarbonyl-2-vinylcyclopropane p-toluenesulfonate in the form

of a yellow-brown crystal. As a result of analysis by HPLC, the content of the

(1R,28)-1-amino-1-ethoxycarbonyl-2-vinyleyclopropane p-toluenesulfonate was found to be

518.29 g (1.583 mol, yield: 76.5%), and the optical purity was found to be 99.2%e.e.

[0175]

HPLC chemical purity _analysis conditions are as follows,

Column: L-column (4.6 mm x 150 mm; particle diameter: 5 pm) manufactured by Chemicals

Evaluation and Research Institute, Japan, mobile phase: 40% 30 mM scodium dihydrogen

phosphate agueous solution / 60% acetonitrile

Flow rate: 1.0 mL/min, column temperature: 40°C, UV: 210 nm

In addition, HPLC optical purify analysis conditions are as follows.

Columun: Chiralpak AD-RH (4.6 mm x 150 mm; particle diameter; 5 pm) manufactured by Daicel

Corporation, mobile phase: water 30/0.1% diethylamine-containing methanol 70 (v/v), flow rate:

0.5 mL/min, column temperature: 40°C, UV: 210 nm

! H-NMR{(400MHz,CDC13)61.18(3H,t,/=7.3Hz),1.56(1H,dd,J/=6.6,8.3Hz),1.92(1H,dd,J=6.6,10.1

Hz),2.55(1H,ddd,/=8.3,10.1,10,1Hz),4.04-4,17(2H,m),5.09(1 H,dd,/=1.24,10.11z),5.20(1 H,dd,J=

1.24,I7.7HZ),S.60(IH,ddd,J=8.3,10.1,17.2Hz)
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a step (x) of producing a conpound represented by the follow ng fornula (8)
by the nethod according to any one of clains 9 to 14: [Fornula 18] H2N |
CO2R4 HY( 8 ) wherein R4 represents an al kyl group containing | to 10
carbon atons, an aral kyl group containing 7 to 20 carbon atons or an aryl
group containing 6 to 12 carbon atons, each of which may be optionally
substlbﬁ%§d and HY represents an inorganic acid, sulfonic acid, or

car box acid; and a step (xi) of allow ng the conpound represented by

t he fo[mashale( 8)9) oBkayagUz4dnt e alrQY®- Sisho(Xthdx@cdrBast-2Widyityalop@pane [ C ai m
16] A thod ﬁ% Qrodu0|ng a conmpound represented by the follow ng fornul a
(8): [POVHTESHIOMIC "o\ ORR4 HY(8) wherein R4 represents an al kyl group
cont ai ni ng 15176710 cag bon aﬂdﬁﬁ an anhl kyl guwtoup cofit ai nithg 7 t cni@ car bon

at ons ar gr c t , f lL.ch may
be optﬁ nﬁiqllym)s{}ﬁ tgﬁ}%gfc &ﬁgklc?ml%ﬁoé en gtrogl%nesﬁig?nggen bgaqg% gEx\sé%#J oni c
aci d, of weaplerdyihiacl Cale s@arahheﬁizek rengl (@4 h‘étgmfdolocrwpwsstésl adgled tlegpetd.xi THe of

pr Oduc&)lﬂ&n?ﬂ FRmmeuRd }{e § & %‘t@% oYt tE@ af génllé?lWFﬁla@ %Qj?ﬁﬂlﬁ%@ufaz hiisO¥fvddg met hod
according to any one o clalns
toluene. The obtamed solution was cooied to 5°C over 5 hours and was then aged at 5°C for 3

hours. The generated crystal was collected by filtration. The crystal was washed with 448.3 g
of toluene and was then dried under reduced pressure under nitrogen current, so as to obtain 499.7
g of pure (IR,28)-1-amino-I-ethoxycarbonyl-2-vinyleyclopropane p-toluenesulfonate in the
form of a yellow-brown crystal. As a result of analysis by HPLC, the content of the
(1R,28)-1-amino-1-ethoxycarbonyl-2-vinylcyclopropane p-toluenesulfonate was found to be
485.8 g (1.484 mol, yield: 93.9%), and the optical purity was found to be 99.5%e.e.
{0177}

HPLC chemical purity analysis conditions are as follows.
Column; L-column (4.6 mm x 150 mm; particle diameter: 5 um) manufactured by Chemicals
Evaluation and Research Institute, Japan, mobile phase: 40% 30 mM sodium dihydrogen
phosphate aqueous solution / 60% acetonitrile
Flow rate: 1.0 mL/min, column temperature: 40°C, UV: 210 nm

In addition, HPLC optical purify analysis conditions are as follows.
Column: Chiralpak AD-RH (4.6 mm x 150 mm,; particle diameter: 5 pm) manufactured by Daicel
Corporation, mobile phase: water 30/0.1% diethylamine-containing methanol 70 (v/v), flow rate:
0.5 mL/min, column temperature: 40°C, UV: 210 nm
[0178]
[Example 30] Production of (1R,28)-1-amino-1-ethoxycarbonyl-2-vinylcyclopropane

498.4 g (content: 484.49 g, 1.48 mol) out of the
(1R,28)-1-amino-1-ethoxycarbonyl-2-vinylcyclopropane p-toluenesulfonate obtained in Example
29 and 2.1915 kg of ethyl acetate were added into a 10-1. separable flask, and the obtained
mixture was then cooled to 6°C. To this mixture, a potassium bicarbonate aqueous solution
consisting of 220.04 g (2.2259 mol) of potassium bicarbonate and 971.7 g of water was added
dropwise over 20 minutes, S0 as fo separate
(1R,28)-1-amino-1-ethoxycarbonyl-2-vinylcyclopropane. The mixture was stirred for 1 hour,
while maintaining the temperature at 6°C, so that an cthyl acctate layer was separated. To a
water layer, 48.54 g of sodium chloride and 876.8 g of ethyl acetate were added, and the obtained
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1-121V CO2R4( 7) wherein R4 represents an al kyl group containing I to 10
carbon atons, an aral kyl group containing 7 to 20 carbon atons or an aryl
group containing 6 to 12 carbon atons, each of which may be optionally
substituted; and a step (xiii) of allow ng the conpound represented by the
formula (7) obtained by the above step (xii) to react with an inorganic
acid, sulfonic acid, or carboxylic acid. [Caim1l7] The method according to
cl ai m mecturgives shon siived of 8- fori T houri28 famétte%p Hllere&ft?ro%? RiGYY HstatcolRps Ut

r _EIOLeS bra@d byAfibents opbidlien, 473, 3cgbdfaalﬂﬁedcdwc wae a@ha e tRt®micdiviatertlgyer eact
TG RN N AT CEIC R L Y
I ecr ysSiephdated] MOhik b@ra@ﬁﬁm mq)eﬁtecny eseind ed ﬂlnye tilnes. f oylheflthe €BYl.acetBEQYENCE
I am nBo SRS AT BN 20 GiTH YL P BB RG] 262 UL SEURRG > <1 70
Pat ent 121 .47eg sf mdn@a fulfe®1 @as ddde@ n}fbnetaﬂ,&gd dR1ohtaiRR TS waBdeh|stigsd §ud0i | i s
minutes. The sodium sulfate was then removed by filtration. ‘The sodium sulfate was washed
with 438.3 g of ethyl acetate, and the washing solution was then mixed with the filirate, so as to
obtain an ethyl acetate solution of (1R,2S)-1-amino-1-ethoxycarbonyl-2-vinylcyclopropane. As
a result of analysis by HPLC, the content of the
(1R,28)-1-amino-1-ethoxycarbonyl-2-vinyleyclopropane was found to be 212.86 g (yvield:
95.1%).
[0179]
HPLC chemical purity analysis conditions are as follows.
Column; L-column (4.6 mm x 150 mmy; particle diameter: 5 pm) manufactured by Chemicals
Evaluation and Research Institute, Japan, mobile phase: 40% 30 mM sodium dihydrogen
phosphate aqueous solution / 60% acetonitrile
Flow rate: 1.0 mL/min, column temperature: 40°C, UV: 210 nm
[0180]
[Example 31] Production of (1R,28)-1-amino-1-ethoxycarbonyl-2-vinylcyclopropane hemisulfate
salt
An ethyl acetate solution of the (1R,2S)-1-amino-1-ethoxycarbonyl-2-vinyleyclopropane
obtained in Example 30 was cooled to 2°C, and then, using a dropping funnel, 69.34 g (1.372
mmol) of 97% sulfuric acid was added dropwise thereto over 50 minutes. Sulfuric acid
remaining in the dropping funnel was transferred to the mixture using 87.64 g of ethyl acetate.
Thereafter, the temperature of the mixture was increased to 40°C, and the mixture was then
concentrated under reduced pressure to result in a liquid amount of 3.2 I.. To the obtained
concentrate, 1.2606 kg of toluene was added, and the mixture was then cooled to 0°C over 2
hours. After the mixture had been kept cold at 0°C for 2 hours, the generated crystal was
collected by filtration. The obtained crystal was washed with 420.3 g of toluene, and it was then
dried at room temperature for 2 hours under nitrogen current. Thereafter, it was dried under
reduced pressure at 40°C  for 10 houis, so as to obtain 26779 g of
(1R,28)-1-amino-1-ethoxycarbonyl-2-vinylcyclopropane hemisulfate salt in the form of a white
crystal.
As a result of HPLC analysis, the content of the
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<400> 1 Met Thr Hs Gn lle Val Thr Thr Gn Tyr Ay Lys Val Lys Ay Thr
151015 Thr G u Asn Ay Val Hs Lys Trp Lys Ay Ile Pro Tyr Ala Lys Pro
202530 Pro Val Ay Gn Trp Arg Phe Lys Ala Pro Qu Pro Pro Gu Val Trp
354045 G u Asp Val Leu Asp Ala Thr Ala Tyr Ay Ser Ile Cys Pro Gn Pro
505560 Ser Asp Leu Leu Ser Leu Ser Tyr Thr G u Leu Pro Arg Gn Ser Qu
65707580 Asp Cys Leu Tyr Val Asn Val Phe Ala Pro Asp Thr Pro Ser Lys Asn
859095(lBe’=l$)1:0rammlaﬂ -effieryoggionylr HhvinyleyHpryoang h@lgsumtaswéaﬂ‘g‘ﬁmiwe@@ R a

100105 4Q:168 9% 6B afd tHe &R allRityTWhs SR LY 958¥elys Leu Ala Ala Gn Ay Qu
{0181]

HPLC chemical purity analysis conditions are as follows.

Column: L-column (4.6 mm x 150 mm; particle diameter: 5 pm) manufactured by Chemicals
Evaluation and Research Institute, Japan, mobile phase: 40% 30 mM sodium dihydrogen
phosphate aqueous solution / 60% acetonitrile

Flow rate: 1.0 mL/min, column temperature: 40°C, UV: 210 nm

In addition, HPLC optical purify analysis conditions are as follows.

Column: Chiralpak AD-RH (4.6 mm x 150 min; particle diameter: 5 pm) manufactured by Daicel
Corporation, mobile phase: water 30/0.1% diethylamine-containing methanol 70 (v/\}), flow rate:
0.5 mL/min, column temperature: 40°C, UV: 210 nm
[0182]
[Reference Example 1] Cloning of para-Nitrobenzyl Esterase Gene (pnbA3027;SEQ ID NO. 2)
(1) Gene Cloning

Bacillus subtilis strain, NBRC3027, were cultivated overnight in liquid media
designated by the culture collection. Thereafter, chromosomal DNA was prepared from each of
the obtained cell masses, using DNeasy Blood & Tissue Kit (manufactured by QIAGEN).

Based on a gene sequence (hereinafter referred to as pnbA23857, SEQ ID NO. 2)
encoding para-nitrobenzyl esterase derived from Bacillus subtilis ATCC23857 whose genome
sequence had been known (hereinafier referred to as PNBE23857, GenBank Accession No.
ZP 03593235, SEQ ID NO. 1), primers for amplifying a full-length para-nitrobenzyl esterase
gene were designed and synthesized. The nucleotide sequences of the two primers are shown in
SEQ ID NO. 3 (pnbA F) and SEQ ID NO. 4 (pnbA R) in the sequence listing, respectively.

Using the prepared chromosomal DNA as a template, and also using pnbA F and pnbA R
as primers, a DNA fragment with a size of approximately 1.5 kbp was amplified by PCR.

[0183]
(2) Preparation of Expression Vector

Using the plasmid pKV32 (JP Patent Publication (Kokai) No. 2005-34025 A) as a template,
and also using the primer (pKVXmalFW) shown in SEQ ID NO. 5 and the primer (pKVXmalRV)
shown in SEQ ID NO. 6, a fragment with a size of approximately 4 kbp was amplified by PCR.
The amplified fragment was digested with Xmal, and thereafter, using Ligation-Convenience Kit
(manufactured by Nippon Gene Co., Ltd.), it was subjected to self ligation. The obtained plasmid
was named as pKW32.

[0184]
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115120125 Val Ile Vval Val Thr Leu Asn Tyr Arg Leu Gy Pro Phe Ay Phe Leu
130135140 His Leu Ser Ser Phe Asn Qu Ala Tyr Ser Asp Asn Leu Gy Leu Leu
145150155160 Asp G n Ala Ala Ala Leu Lys Trp Val Arg Gu Asn Ile Ser Al a
Phe 165170175 Ay Ay Asp Pro Asp Asn Val Thr Val Phe Ay GQu Ser Ala Gy
dy 180185190 Met Ser IIe Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Ay Leu
Phe 19%%%0205 g % dI\/let Gu Ser Ay Ala Ser Arg Thr Met Thr Lys
du 21 Bef?rﬁ“@ EeSHPT lég?l Thr Ser Ala Ala Phe Leu A n Val Leu Ay lie
Asn 22523023b24érdance with an ordinary method, the DNA fragment obtained in (1) above was

introduced into the cloning vector pKW32 prepared in (2) above. Hereinafter, the obtained
plasmid was referred to as ppnbA3027.

The DNA sequence inserted into the plasmid was analyzed, and as a result, it was
confirmed that it contained a gene comprising 1467-bp ORF. The obtained gene was named as
pnbA3027, and the sequence of the gene was as shown in SEQ ID NO. 7. The amino acid
sequence encoded by this DNA sequence was named as PNBE3027, and it was as shown in SEQ
ID NO. 8. The amino acid sequence PNBE3027 showed sequence identity of 90s% with the
known sequence PNBE23857.

[0185]
[Reference Example 2] Modification of para~Nitrobenzyi Esterase Gene by Introduction of
Mutation

Using the plasmid ppnbA3027 obtained in Reference Example | as a template, and also
using the primer (L70FW) shown in SEQ ID NO. 9 in the sequence listing and the primer
(L70RV) shown in SEQ ID NO. 10 in the sequence listing, QuikChange Multi Site-Directed
Mutagenesis Kit (manufactured by Stratagene) was employed to introduce random mutation into a
nucleotide encoding leucine at amino acid number 70 in the aforementioned plasmid. In the
same way, using the primer (L313FW) shown in SEQ ID NO. 11 in the sequence listing and the
primer (L313RV) shown in SEQ ID NO. 12 in the sequence listing, random mutation was
infroduced into a nucleotide encoding the leucine residue at amino acid number 313, in the
aforementioned plasmid; and using the primer (L270L273FW) shown in SEQ ID NO. 13 in the
sequence listing and the primer (1.270L273RV) shown in SEQ ID NO. 14 in the sequence listing,
random mutation was introduced into nucleotides encoding the leucine residues at amino acid
numbers 270 and 273, in the aforementioned plasmid.  Using the thus obtained
mutation-introduced plasmid, Escherichia coli IM109 (manufactured by Takara Bio, Inc.) was
transformed according fo an ordinary method. |
[0186]

Thereafter, clone No, 26 was isolated from the thus obtained recombinant Escherichia
coli, and the DNA sequence inserted into the plasmid possessed by the present clone was then
analyzed. As a result, the sequence (named as pnbA3027-26) was as shown in SEQ ID NO. 15,
The amino acid sequence encoded by the present DNA sequence was named as PNBE3027-26.
The amino acid sequence was as shown in SEQ ID NO. 16.

[0187]
[Reference Example 3] Production of 1,1-di-ethoxycarbonyl-2-vinylcyclopropane
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Gu Gy Gn Leu Asp Lys Leu H's Thr Val Ser Ala GQu Asp Leu Leu 245250255
Lys Ala Ala Asp G n Leu Arg Ile Ala Qu Lys Gu Asn Ile Phe G n 260265270
Leu Phe Phe G n Pro Ala Leu Asp Pro Lys Thr Leu Pro Gu G u Pro 275280285
Qu Lys Ala lle Ala u Gy Ala Ala Ser Gy Ile Pro Leu Leu Ile 290295300
Ay Thr Thr Arg Asp u Qvy Tyr Leu Phe Phe Thr Pro Asp Ser Asp

305310315320 Val Hs Ser G.n GQu Thr Leu Asp Ala Ala Le u Tyr Leu Leu
Gy 325330335984 ﬁr‘@nﬁ%afﬁﬁﬁy@ﬂ%%w%w ﬂﬁlf aftﬂg’ﬁnw%re? edpplg aar g Ser Leu
A u 34035200 dREk GO0 mIl)SarkitBerdditer, MBIS nlh(52A8AMbBWT b @UVRBgiuTIdghoAldg Pro Al a

val 355&? ?SO?H’CIOH was added thereto as a base. The obtained mixture was stirred at room
temperature for 0.5 hours. Thereafter, 9.89 g (24.9 mmol) of
cis-1,4-di-4-toluenesulfonyloxy-2-butene, which had been obtained by performing the same
operations as those in Example 1 and then purifying the obtained compound by silica gel
chromatography, was added to the reaction solution. The obtained mixture was stirred at room
temperature for 3.5 hours, and thereafter, 59.9 ml. of a 1 M sodium hydroxide aqueous solution
was added to the reaction solution. The obtained mixture was stirred for I hour, and an organic
layer was then separated. A water layer was re-extracted with 50 mL of toluene, and organic
layers were gathered. The gathered organic layer was washed with 50 ml. of water three times,
and the resultant was then filtrated, while washing the residue with toluene. The obtained filtrate
was concentrated at 45°C under reduced pressure, so as to obtain 22.4 g of
1,1-di~ethoxycarbonyl-2-vinylcyclopropane in the form of a crude product of a light yellow oily
substance. This crude product contained 1.25 g of 1,1-di-ethoxycarbonyl-2-vinylcyclopropane
(vield: 24%) and 3.94 g of 1,1-di-ethoxycarbonyl-3-vinylcyclopentene (yield: 74%).
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Ala Tyr Ala Ser Ala Gn Ser Hs Tyr Ala Pro Val Trp Met Tyr Arg 370375380
Phe Asp Trp His Pro Lys Lys Pro Pro Tyr Asn Lys Ala Phe H s Ala
385390395400 Leu A u Leu Pro Phe Val Phe Ay Asn Leu Asp Gy Leu Qu Arg
Met 405410415 Ala Lys Ala Gu Ile Thr Asp Au Val Lys Gn Leu Ser His Thr
Il e 420425430 G n Ser Ala Trp Ile Thr Phe Ala Lys Thr Gy Asn Pro Ser Thr
G u 435440445 Ala Val Asn Trp Pro Ala Tyr HHs GQu GQu Thr Arg Au Thr Leu
Il e 450455460 Leu Asp Ser Gu Ile F#™| e G u Asn Asp Pro Gu Ser Gu Lys
Arg 465470475480 G n Lys Leu Phe Pro Ser Lys Ay Qu

[Claim 1] A method for producing a compound represented by the following formula (4):

{Formula 2]

X
R*0,C7 “CO,R*

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group containing
7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, cach of which may be
optionally substituted, wherein

the method comprises a step (i) of allowing a compound represented by the following formula (3):
[Formula 1]

Lo X
A (3)

wherein Z represents a halogen atom or OR?, wherein R® represents an arylsulfonyl group
containing 6 to 12 carbon atoms, an alkylsulfony! group containing I to 10 carbon atoms or an
aralkylsulfonyl group containing 7 to 20 carbon atoms, each of which may be optionally
substituted,
to react with a malonic ester in the presence of an alkali metal alkoxide or alkali metal hydride, to
produce the compound represented by the formula (4),
wherein, in the step (i), the alkali metal alkoxide or alkali metal hydride is used in an amount of
1.5 equivalents or more with respect to 1 equivalent of the compound represented by the above
formula (3), and the malonic ester is used in an amount of 1 equivalent or more with respect to 1

equivalent of the alkali metal alkoxide or alkali metal hydride.

[Claim 2] The method according to claim 1, which further comprises, before the step (i),
a step (if) of hydrolyzing, with an acid or a base, a compound represented by the following
formula (1):
[Formula 3]

‘ 2
X.],O\/\JJJ‘J\O,X

(1)
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485 <210> 2 <211> 1470 <212> DNA <213> Bacillus subti <400> 2 atgactcatc
aaat agt aac gt acat aagt ggaaaggcat gcacctgagc cgcctgaagt tgcccgcagc
cgtctgattt gattgettgt atgtcaatgt gtgtggattc acggaggcgc tcaaaacttg
cggcacaggg tttggattt tgcacttgtc gaccaagccg ccgcgctgaa gataacgtaa cagtatttgg
at gcct gegg caaaaggcct at gacgaaag aacaageggc gagggccaac tggataaatt

cagette

gda 1 gcagaaa ccgaaaacgc _t,gcct.gaaga cc tattaa tt cqac .
gt t catfiEfea %Bﬁaﬁa%wah@&g%&aa@ﬁ Y Iﬁg }%trafgraseﬁfﬁgﬁv £ afalag’ggge%&em
t ggat ®@'as@RrRyeich GgRpddekilyagaoeht & Atilédkghet drogl doachoat @ iapgigaacas, 10 3
aaaacagga CCCaagcac agdacgc, ttttagactc ca tat, tcccttcaaa.<210>
SRR A e R Y %?’?cgr@e%@fougtwgfg&&é&
tttttad £l eargaamhs atdch of Wwhivhtniayate cptigully gugtinagaabeidgt thagk 't sxddfaact
gagcaccgﬁ%ngﬁ %%%%%%H}g&%%gg&%%g accagaaaaa ccgtgatgaa tgatgcagcg

ct cgtcgcc at ge

tccgegtt atccgaag tggaaatctg getttetcac cgaagagtg agagattacg
aggagaata@ prggcaaeqpzandmgosedet by g flovgatfgmuy(?at act g gacaccccaa

ggagc aiohcgttacat gaggcgtatt gagaatattt ggcgggatga gcaatcatgg
gcagcctttt tgtgaggaag tttcagotgt gcgatcgcag ggatatttat ctcgagtatt

ct ggaa gcat gcgcac aagccgccgt gacggattgg acgatacaat aattggcctg
at cgaa Cg\\aaﬁgéapdﬁbxgg aacggc tcggacaatg gcgttttaaa ccacagcgta
cggctctatt agetgccccg ¢ chcga 2yt aaaaat ct tectgtcatg gtgagccatt
gt at gacgga t gaactatcg gct ggggccg ctgataacct tgggetttta cagcgtttgg

etg tgt g tatsfeg Qiiig@ﬂil{o%%wﬁe tg(?ﬁpauh@ @iprRaneteose ebdve Gra@RACY Whadaggbemnt tgggattaac
atttut aaa ctgat tettccagcc cgccottgat, aa tccggt afst ttttcacccce
ggatt8&@5@35g8W58@@§§pé3Eé%%@ﬁEﬁgéﬁﬁPW@QFHFmgggggég3§#(ﬁé%gW‘sta cgccectgtc
acaat agegentghi irgRoljes| gacgaatiggag d aaiheyyagqiaeg eghijgatifoatgbtggec
cgtat %gﬁtggingqa%g 59385 e%r%s? 81%%%‘&%1{}19&%%}%%@&% containing 7 to 20 carbon atoms,

each of which may be optionally substituted; and X represents a halogen atomy), so as to produce a
compound represented by the following formula (3b):
[Formula 5]

3
RO~ oR3

wherein R® represents an arylsulfonyl! group containing 6 to 12 carbon atoms, an alkylsulfonyl

(3b)

group containing 1 to 10 carbon atoms or an aralkylsulfonyl group containing 7 to 20 carbon
atoms, each of which may be optionally substituted; and

a step (iv) of crystallizing the compound represented by the above formula (3b), which has been
obtained by the above step (iii), so as to produce a compound represented by the following (3a):
[Formula 6]

RBO\/\/\O R3

wherein R? represents an arylsulfonyl group containing 6 to 12 carbon atoms, an alkylsulfonyl

(3a)

group containing 1 to 10 carbon atoms or an aralkylsulfonyl group containing 7 to 20 carbon

atoms, each of which may be optionally substituted.

[Claim 3] The method according to claim 1 or 2, which comprises a step of purifying the

compound represented by the formula (4) after performing the step (i).
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<212> DNA <213> Artificial <220> <223> PCR primer <400> 3 gcgaatt cat

gact cat caa atagtaacga ctc33 <210> 4 <211> 33 <212> DNA <213> Artificial
<220> <223> PCR prinmer <400> 4 gctctagatt attctecttt tgaagggaat agc33 <210>
5 <211> 32 <212> DNA <213> Artificial <220> <223> PCR prinmer <400> 5
teccccoggg tcaaggcgca ctcccgttct gg32

{Claim 4] A method for producing a compound represented by the following formula (5):
[Formula 8]

AN
HO,C" ~CO,R* 5

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralky! group containing
7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, cach of which may be
optionally substituted, wherein the method comprises:

a step (v) of producing a compound represented by the following formula (4) by the method
according to any one of claims 1 to 3:

[Formula 7]

A
R*0,C7 "CO,R*

wherein R* represents an alkyl group containing 1 fo 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted; and

a step (vi) of subjecting the compound represented by the above formula (4), which has been
obtained by the above step (v), to hydrolysis, or to hydrolysis and opticzﬂ resolution, to produce

the compound represented by the formula (5).

[Claim 5] The method according to claim 4, wherein the step (vi) is a step (vi~1) of allowing the
compound represented by the formula (4), which has been obtained by the step (v), to react with
an enzyme, cells containing the enzyme, a preparation of the cells, or a culture solution obtained

by culturing the cells, so as to produce an optically active compound represented by the formula

().

[Claim 6] The method according to claim 4, wherein the step (vi) is a step (vi-2) of hydrolyzing
the compound represented by the formula (4) obtained by the step (v) to produce a compound

represented by the following formula (5a):
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<210> 6 <211> 35 <212> DNA <213> Artificial <220> <223> PCR priner <400> 6
tccecceggg tggggtgcct aatgagtgag ctaac35 <210> 7 <211> 1470 <212> DNA <213>
Bacillus subtilis <400> 7 atgactcatc gtacataaat gcaccggaac tgcccgcagc
aattgcttgt gtgtggattc tcaagacttg tttggatttt gaccaagccg gataacgtaa
atgcctgcgg atgacaacag gagagccaat aagettegga ccgaaaacgc ccgctgttaa

gttca; ctc, aggaaagccg ttgttatttt tggatgtacc ttagagettc gttacggatg
aaaac %ﬁgﬁl gacgct ga cagaagctat <210> 8 <211> 489 <212> PRT <213> Baci
<400> 8 Met Thr His 1 Thr Qu Asn Pro Val Gy

AN
HO,C~ “CO,R* (5 e)

wherein R represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted,

and then subjecting the compound represented by the formula (5a) to optical resolution using an
enzyme, cells containing the enzyme, a preparation of the cells, or a culture solution obtained by
culturing the cells, or to optical resolution using an optically active basic compound or by

chromatography, to produce an optically active compound represented by the formula (5).

[Claim 7] The method according to claim 4, wherein the step (vi) is a step (vi-3) of subjecting
the compound represented by the formula (4) obtained by the step (v) to optical resolution using
an enzyme, cells containing the enzyme, a preparation of the cells, or a culture solution obtained
by culturing the cells, or to optical resolution by chromatography, to produce a compound
represented by the following formula (4a):

{Formula 10]

X

4 4
R*0,C” “COR* |,

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms or an ary] group containing 6 to 12 carbon atoms, each of which
may be optionally substituted, ,

and then hydrolyzing the compound represented by the formula (4a), to produce an optically

active compound represented by the formula (5).

[Claim 8] The method according to any one of claims 4 to 7, wherein the absolute

stereochemistry of the compound represented by the formula (5) is (18,28).

[Claim 9] A method for producing a compound represented by the following formula (7):
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aaat agt aac ggaaaggcat ctccggaagc cgtctgattt atgtcaatgt acggeggcgc
cggcgcaggg tacatttgtc ccgcactgaa cggtatttgg caaaaggcct aaaaagcggc

t ggacagact aagcagaaaa tgoctgaga tcggaacaaa aagaaacgtt ccgatctgta ggcgcceggc
gatttgattg cttttgtttt aggtgaaacg acccaagcac ttttagattc tccettcaaa

gact caatac cocctatgcc gtgggagaac gctgtcactt atttgcgcct tttttatctt
agaagtfatt ticgtttgat atgggtgcga agaatccgct gttccagaaa tagcactgca
gcacadt§f¥la Faaaat ct ¢ accagaaaaa ccgcgatgaa taatgccgeg tccgegttca
cgtcgcctat gcactgtgat cggaaatctg gotttctcat cgaagatgta agagattacg

aggagaat aa aa agaccgcctg gaactggacg tcgtataatg gatactccaa

ggagcgggca gttacac gaggcgtatt gacaatatct ggeggcatga gcgat catgg
gcagcctF%ﬁqrb ged tttcaggtgt gcaatcgcag ggatatttat cttgagtatt
ct agaaagee gect¥egetc aagcdgdeat gacgggttag accatacaat aaat ggccgg

at cgaaaacg aaggcacaac agaaaatggc tegggccatt gcgttttaaa caacagcgta
cggccethatein Rgepgentoy atohgoop gadpigng dda bt arbaodingt earglkyt gagecat t
attc g%xgcgiging%étzé 266 ?:8&19,93991?%21 H5GA @emGhe b 491 LAt nuGAI €k ot Glich

cggtgatccg gcatigccgc gctgctcgca aaageggcgc ttctagaaca tacaggtcct

t gggafaxde catienafesybstituitdeggccgat tattccagece cgececttgat gaggtget ge

t gCCOREBY the libilEREHRRUIGHCL Cagac tatt ggaaca geccgetggca aaatt cat at

gatgai gataggiacaata cgcgcct gt a acaat aaggc gtttcacgca aacgaat ggc aaaagcagag
cagca %ﬁgPi gtttgcc cgtatcatga agaaacaaga atcctgaatc tgaaaaaagg 354045

G u Asn Ju Leu Ala Thr Ala Tyr Ay Pro lle Cys Pro G n Pro 505560 Ser
Asp Lou Lou euwxSer Tyr Asn Gu Lou Pro Arg Gn Ser Gu 65 70 75 80 Asn
Cys Lou Tyr Asn Val Phe Ala Pro Asp Thr Pro Ser G n Asn 859095 Leu Pro
Val Met, Val,. d@;%ﬁs Gy Gy Ala Phe Tyr Leu Gy Ala 100105110 Ay Ser
Gu Pr Phe y Ser Arg Lou Ala Ala Gn dy Qu

HY (8)

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group

containing 7 to 20 carbon atoms, or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted; and HY represents an inorganic acid, sulfonic acid, or carboxylic
acid,

wherein the method comprises:

a step (vi) of producing a compound represented by the following formula (5) by the method
according to any one of claims 4 to 7

[Formula 11}

AN
COZR‘;‘ (5)

HO,C™

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted;

a step (vii), in which (vii-1) the compound represented by the formula (5) obtained by the above
step (vi) is allowed to react with a condensation agent or an acid halogenating agent to obtaina
reaction intermediate, and the reaction intermediate is then allowed to react with a metal azide

compound or a trialkylsilyl azide, or
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115120125 Val Ile Vval Val Thr Leu Asn Tyr Arg Leu Gy Pro Phe Ay Phe Leu
130135140 His Leu Ser Ser Phe Asp Qu Ala Tyr Ser Asp Asn Lou Gy Leu Leu
145150155160 Asp G n Ala Ala Ala Leu Lys Trp Val Arg Asp Asn Ile Ser Al a
Phe 165170175 Ay Ay Asp Pro Asp Asn Val Thr Val Phe Ay GQu Ser Ala Gy
Ay 180185190 Met Ser Ile Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gy Leu
Phe 195200205 G n Lys Ala lle Met Qu Ala Ser Arg Thr Met Thr Thr
Gy 2108 25hoeoyng ARy RS e AL YHGA 0B Sep HNARICHRS 161 y 11 e
Asn 2282807185 30epkdrie adRlesfet-RziQuU Asp Arg Leu His Thr Val Ser Ala Gu Asp
Lou Lou . e Cr e .
50 as to obtain an acid azide, and the acid azide is then converted to an isocyanate, and the
isocyanate is further allowed to react with an alcohol, thereby producing a compound represented
by the following formula (6):

[Formula 12]

X

5
R OZC\H\\ C02R4

(8)

wherein R* and R each independently represent an alkyl group containing 1 to 10 carbon atoms,
an aralkyl group containing 7 to 20 carbon atoms, or an aryl group containing 6 to 12 carbon
atoms, each of which may be optionally substituted; and

a step (viii) of allowing the compound represented by the above formula (6) obtained by the
above step (vii) to react with an acid or a base, or subjecting the compound represented by the
formula (6) to a catalytic hydrogenation reaction, so as to produce the compound represented by
the formula (7) or the formuia (8).

[Claim 10] The method according to claim 9, wherein, in the step (vii-1), the reaction
intermediate is allowed to react with a metal azide compound or a trialkylsilyl azide in the

presence of an acid.

[Claim 11] The method according to claim 9 or 10, wherein the absolute stereochemistry of the
compound represented by the formula (5) is (18,28), and the absolute stereochemistry of each of
the compounds represented by the formula (6), the formula (7) and the formula (8) is (1R,285).

[Claim 12] A method for producing a compound represented by the following formula (7):
[Formula 16]

v
HoN" YCO,R? 0

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group

containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
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245250255 Lys Ala Ala Asp Lys Lou Arg
260265270 Lou Lou Phe Gn Pro Ala Lou
275280285 Au Lys Ala lle Ala Ay Ay
290295300 Ay Thr Asn Arg Asp u Qy
305310315320 Val H's Ser Gn A u Thr
A u 325330335 G.n Pro Lou Ala Lys Lys
A u 34034%53ptomdy seishtifede Hi s Met Met

Val  3%p8p8R68towing formula (8):
[Formula 17]

{\

HoNY ~CO,R*
HY (8)

Lys

Al a
Tyr
Phe
Al a
Thr

Al a
Pro
Al a
Lou
Asn
Al a
Asp

Lys
Al a
Phe
Al a
Asp
Lou

Asn
Thr
Asp
Phe

A u Asn
Lou Pro
Ile Pro
Thr Pro

Ala Lou u

Lou
Lou

Tyr Pro
Phe Trp

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl grou
p

Lou Phe G n
Ala Gu Pro
Lou Lou Ile
Asp Ser Asp
Tyr Lou Lou
My Ser Lou

Arg Pro Ala

containing 7 to 20 carbon atoms, or an aryl group containing 6 to 12 carbon atoms, each of which

may be optionally substituted; and HY represents an inorganic acid, sulfonic acid, or carboxylic

acid,

wherein the method comprises:

a step (vi) of producing a compound represented by the following formula (5) by the method

according to any one of claims 4 to 7:
{Formula 15]

(5)

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group

containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which

may be optionally substituted; and
a step (ix), in which

(ix-1) the compound represented by the formula (5) obtained by the above step (vi) is allowed to

react with a condensation agent or an acid halogenating agent to obtain a reaction intermediate,

and the reaction intermediate is then allowed to react with a metal azide compound or a

trialkylsilyl azide, or

(ix-2) the compound represented by the formula (5) obtained by the above step (vi) is allowed to

react with a phosphoric acid ester-azide,

s0 as to obtain an acid azide, and the acid azide is then converted to an isocyanate, and the

isocyanate is further allowed to react with water in the presence of an acid, thereby producing the

compound represented by the formula (7) or the formula (8).

[Claim 13] The method according to claim 12, wherein, in the step (ix-1), the reaction
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Ala Tyr Ala Ser Ala Gn Ser Gn Tyr Ala Pro Val Trp Met Tyr Arg 370375380
Phe Asp Trp His Ser 385 Lou Qu Lou Pro Phe 405 Ala Lys Ala Qu Val 420 G n
Ser Ala Trp Ile 435 Asp Val Lys Trp Pro 450 Lou Asp Ser Qu Ile Asp Lys
Pro Pro Tyr Asn Lys Ala Phe H s Al a 390395400 Val Phe Gy Asn Lou Asp Gy
Lou Gu Arg Met

intermediate is allowed to react with a metal azide compound or a trialkylsilyl azide in the

presence of an acid.

[Claim 14] The method according to claim 12 or 13, wherein the absolute stereochemistry of the
compound represented by the formula (5) is (18,28), and the absolule slercochemisiry of each off

the compounds represented by the formula (7) and the formuta (8) is (1R,28).

[Claim 15] A method for producing a compound represented by the following formula (7).
[Formula 19]

e

HoN' ~CO,R? (7)

wherein R® represents an alkyl group containing 1 fo 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted, wherein the method comprises:

a step (x) of producing a compound represented by the following formula (8) by the method
according to any one of claims 9 to 14:

[Formula 18]

(8)

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted; and HY represents an inorganic acid, sulfonic acid, or carboxylic acid;
and

a step (xi) of allowing the compound represented by the formula (8) obtained by the above step
(x) to react with a base.

[Claim 16] A method for producing a compound represented by the following formula (8):
{Formula 21}
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410415 Thr Asp Qu Val Lys Arg Lou Ser H's Thr Ile 425430 Thr Phe Al a Lys
Thr Ay Asn Pro Ser Thr G u 440445 Ala Tyr HHs Qu GQu Thr Arg G n Thr Lou
Ile 455460 Thr Ile Gu Asn Asp Pro AQu Ser Gu Lys Arg 465470475480 G n
Lys Lou Phe Pro Ser Lys Gy G u 485 <210> 9 <211> 40 <212> DNA <213>
Artificial <220>

X

HoN™ Y CO,R4
HY (8)

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted; and HY represents an inorganic acid, sulfonic acid, or carboxylic
acid,

wherein the method comprises:

a step (xii) of producing a compound represented by the following formula (7) by the method
according to any one of claims 9 to 15:

[Formula 20]

v
H,NY SCORY ()

wherein R* represents an alkyl group containing 1 to 10 carbon atoms, an aralkyl group
containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms, each of which
may be optionally substituted; and

a step (xiii) of allowing the compound represented by the formula (7) obtained by the above step

(xii) to react with an inorganic acid, sulfonic acid, or carboxylic acid.
[Claim 17] The method according to claim 16, wherein the step (xiii) is a step of allowing the
compound represented by the formula (7) obtained by the above step (xii) to react with sulfuric

acid in the presence of an organic solvent.

[Claim 18] The method according to any one of claims 9 to 17, which comprises a step of

recrystallizing the compound represented by the formula (8).
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<223> PCR prinmer <220> <221> m sc_feature <222>(19)..(20) <223> n;
or C <400> 9 ccgtctgatt tgagtcann ktcgtataat gagetgccce40 <210> 10

40 <212> DNA <213> Artifici al
m sc_feature <222> (20..

<110>
120>
<130>
<160>
<170>
210>
211>
212>
213>
<400>
Met Thr Hlis Gin

1
Thr

Pro
Glu
Ser
65

Asp
Leu
Gly
Val
His
145

Asp

Gly

Glu

Val

Asp

50

Asp

Cys

Pro

Ser

Ile

130

Leu

Gln

Gly

API Corporation

A method for producing I-amino—l-alkoxycarbonyl-2-vinyleyclopropane

1110264

1

6

Patentln

1

489
PRT

Bacillus

1

Asn
Gly
35

Val
Leu
Leu
Val
Glu
115

Val

Ser

Ala.

Asp

Gly

20

Gin

Leu

Leu

Tyr

Met

100

Pro

Val

Ser

Ala

Pro
180

(22) <223> n;

<220> <223> PCR priner <220> <221>
C <400> 10

SEQUENCE LISTING

version 3.1

subtiiis

Tle Val Thr

5
Val

Trp

Asp

Ser

Val

85

Val

Leu

Thr

?he

Ala
165
Asp

His

Arg

Ala

Leu

70

Asn

Trp

Tyr

Leu

Asn

1560

Len

Asn

Lys

Phe

Thr

b5

Ser

Val

Ile

Asp

Asn

135

Glu

Lys

Val

Thr

Trp

Lys

40

Ala

Tyr

Phe

His

Gly

120

Tyr

Ala

Trp

Thr

Gin

Lys

25

Ala

Tyr

Thr

Ala

Gly

105

Ser

Arg

Tyr

Val

Val
185

Tyr
16

Gly
Pro
Gly
Glu
Pxo
90

Gly
Lys
Leu
Ser
Arg

170
Phe

Gly Lys

Ile Pro

Glu Pro

Ser Ile
60

Leu Pro

75

Asp Thr

Ala Phe
Leu Ala
Gly Pro

140
Asp Asn
1565

Glu Asn

Gly Glu

Val

Tyr

Pro

4b

Cys

Arg

Pro

Tyr

Ala

126

Phe

Leu

Ile

Ser

A T, Gor

Lys

Ala

30

Glu

FPro

G1n

Ser

Leu

110

Gin

Gly

Gly

Ser

Ala
190

Gly
15

Lys
Val
Gln
Ser
Lys
956

Gly
Gly
Phe
Leu
Ala

175
Gly

Thr

Pro

Trp

Pro

Glu

80

Asn

Ala

Glu

Leu

Leu

160

Phe

Gly

A T, G
<211>



ggggcaget ¢ attatacgam nnt gacagca aat cagacgg40 <210> 11 <211> 32 <212> DNA
<220> <221> m sc_feature <223> n;

<213> Artificial

<220> <223> PCR pri ner
A T, Gor C <220> <221> misc_feature <222> (17)..(18) <223> n;
C <400> 11 ccgcgatgaa ggatatnnkt ttttcacccc gg32 <210> 12

Met Ser lle Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gly Leu Phe

Gln

Gln

225

Glu

Lys

Leu

Glu

Gly

306

Val

Lys

Ser

Ala

Phe

385

Leu

Ala

Gln

Ala

Leu

Lys

210

Ala

Gly

Ala

Phe

Lys

290

Thr

His

Pro

Gin

Tyr

370

Asp

Glu

Lys

Ser

Val

450
Asp

195
Ala

Ala

Gin

Ala

Phe

275

Ala

Thr

Ser

Leu

Ile

365

Ala

Trp

Leu

Ala

Ala

435

Asn

Ser

Ile

Ser

{eu

Asp

260

Gln

Iie

Arg

Gln

Ala

340

His

Ser

His

Pro

Glu

420

Trp

Trp

Glu

Met

Thr

Asp

245

Gln

Pro

Ala

Asp

Glu

325

Glu

Met

Ala

Pro

FPhe

406

Ile

Ile

Pro

Tle

Glu

Ser

230

Lys

Leu

Ala

Glu

Glu

310

Thr

Lys

Met

Gln

Ser
215
Ala
Leu
Arg
Leu
Gly
285
Gly
Leu
Val

Thr

Ser

. 375

Lys

390

Val

Thr

Thr

Ala

Thr

Lys

Phe

Asp

Phe

Tyr

455
Ile

200
Gly Ala

Ala Phe

His Thr

Tie Ala
265
Asp Pro
280
Ala Ala

Tyr Leu

Asp Ala

Ala Asp
345

Asp Leu

360

His Tyr

Pro Pro

Gly Asn

Glu Val
425

Ala Lys

440

His Glu

Ser
Leu
Val
250
Glu
Lys
Ser
Phe
Ala
330
Leu
Leu
Ala
Tyr
Leu
410
Lys

Thr

Glu

Arg

Gln

235

Ser

Lys

Thx

Gly

Phe

315

Leu

Tyr

Phe

Pro

Asn

395

Asp

Gin

Gly

Thr

Glu Asn Asp Pro

[

Thr

220

Val

Ala

Glu

Leu

Ile

300

Thr

Glu

Pro

Trp

Val

380

Lys

Gly

Leu

Asn

Arg

460
Glu

2056
Met

Leu

Glu

Asn

Pro

285

Pro

Pro

Tyr

Arg

Arg

366

Trp

Ala

Leu

Ser

Pro

445

Glu

Ser

Thr

Gly

Asp

Ile

270

Glu

Leu

Asp

Leu

Ser

350

Pro

Met

Phe

Glu

His

430

Ser

Thr

Glu

Lys

Ile

Leu

255

Phe

Glu

Leu

Ser

Leu

335

Leu

Ala

Tyr

His

Arg

415

Thr

Thr

Leu

Lys

Glu

Asn

240

Leu

Glin

Pro

Tle

Asp

320

Gly

Glu

Val

Arg

Ala

400

Met

Tle

Glu

Tie

Arg

A T, Gor



<211> 32 <212> DNA <213> Artificial <220> <223> PCR prinmer <220> <221>
m sc_feature <222> (15)-(10) <223>n; A T, Gor C <400> 12 ccggggtgaa
aaamnat at ccttcatcgc gg32 <210> 13 <211> 53 <212> DNA <213> Artificial
<220>

465 470 475 480
Gln Lys Leu Phe Pro Ser Lys Gly Glu

485
210> 2
211> 1470
<212> DNA
<213> Bacillus subtilis
400> 2
atgactcatc aaatagtaac gactcaataé ggeaaagtas aagEpcacaac gEasaacgee 60
gtacataagl ggaasaggeat cccctatgee aagecgeetg teoggacaatg gegtittaaa 120
geacctgage cgectgaagt gtgggaagat gtgettgatyg ccacagepta cggetetatt 180
tgeecgeage cgtetgattt getgicactt toptatactg agétgbcccg ccagtecgag 240
gattgettet atglcaatgt attigegeet gacacccecaa gtaaaaatet tectgicatg 300
gtgtggatte acggaggege tittiateta geagegeggea glgagecatt gtatgacgga 360
tcagzactteg cggecacaggg agaagtecatt gtegttacat tgaactateg getgggeceg 420
tttggetttt tgeacttgte ttcatttaat gagepcgtatt ctgataacet tgggetttta 480
gaccaageeg ccgegetgaa atgggtgepga gagaatattt cagegttigeg cggtgatece 540
gataacgitaa cagtatttgg agaatccgee ggegegpatga geattgecge getgettget 600
atgcetgegg caaaaggecet pifecagaaa geaateatgg aaageggege tictcgaacg 660
atgacgaaag aacaagegge gageaccteg goagectttt tacaggtcot tgggattaac 720
gagggccaac tggataaatt geatacgett tetgeggasg atttectaaa ageggetgat 780
cagelicgga tigecagaasaa agaaaatate titcagetgt tettecagee cgecctigat 840
cegaaaacge tgootgaaga accagaaaaa gogategeag aaggggetge ttecggiatt 900
ccgetatiaa ttggaacaac cegigatgas gepatatttat tittcaccee ggaticagac 960
gtteatictc aggaaacget tgatgeageg ctegagtatt tactagggaa geegetggea 1020
gagaaagttg cegatitgta tccgegttct ctggaaagee asmaticatat gatgactgat 1080
ttattatttt ggogeceige cgtegectat geatcegeac agtetcatta cgeccotgte 1140
tggatgtaca ggticgaitg geaccegaag aagecgceegt acaataaage gtttcacgea 1200
ttagagette cttttgtictt tggazatcetg gacgpatipgg aacgaatgge aaaagceggag 1260
attacggatg aggtgaaaca getttelcac acgatacaat cagegteggat cacgttegee 1320
aaaacaggaa acccaageac cgaagetgtg aattggectg cgtateatga agaaacgaga 1380
gagacgetga tittagacte agagaitaceg atcgaaaacg atcccgaate igaaaaaagg 1440
cagaagctat tcectteaaa aggagaataa 1470
210> 3
<211> 33



<223> PCR prinmer <220> <221> m sc_feature <222> (26).. (27) <223> n; A T,
G or C <220> <221> msc_feature <222> (35).. (36) <223>n; A T, Gor C
<400> 13 gettoggaaa gcagaaaatg aaaat nnktt tcagnnktta ttccagcccg ccc53 <210>
14 <211> 53 <212> DNA <213> Artificial <220>

<212> DNA

213> Artificial

2207

223> PCR primer

<400> 3

gegaatticat gactcatcas atagtaacga cte 33
<210> 4

211> 33

212> DNA

213> Artificial

220>

223> PCR primer

400> 4

getetagatt atteotecttt tgaagggaat age 33
<210> 5

211> 32

<212> DNA

213> Artificial

<2207

223> PCR primer

<400> b

tececccceggg teaaggegea ctieccegitet gg 32
210> 6 '

211> 35

212> DNA

213> Artificial

220>

(223> PCR primer

400> 6

tcececccgge tgegggtgeet aatgagtgag ctaac 36
Q210> 7

211> 1470

<212> DNA

<213> Bacillus subtilis

<400> 7



<223> PCR primer <220> <221> mi sc_feature <222> (18)..

G or

(19) <223> n;
C <220> <221> m sc_feature <222> (27).. (28) <223> n;

A T, Gor

<400> 14 gggegggctg gaataanmnc tgaaammnat tttcattttc tgattecga agc53
15 <211> 1470 <212> DNA <213> Bacillus subtilis

atgactcatc aaatagtaac gactcaatac ggeaaaglaa aaggeacaac agaaaatgge
gtacataaat ggaaaggeat cccctatgec agaccgectg tegggecatt gegtittaaa
geaceggaac clococggaage glgggagaac gaactggacg caacagegta cggecotatt
tgecegeage cgtetgattt gotgteactt tecgtataatg agetgeoceg ceagtetgag
aattgettgt atgicastgt atttgegect gatactccaa gtcecaaaacct geootgteatg
gtegtggatic acgregegege titttatett gpagegggea gtgageecatt aticgatgeg
tcaagactig cggegeaggeg agaagicatt gtegttacac tgaatiateg actgreEgeeg
tttggatitt tacatttgtd ticgtitgat gaggegtatt ccgataaccet tggtetttig
gaccaagecg ccgeactgaa atgggtgega gacaatatet cageatttigg cggtgatecg
gataacgtaa cggtatttgg agaatccgel ggeggeatga geattgeege getgetegea
atgcctgege caaaaggecet gticcagasa gegatcatgg aaageggege tletagaaca
atgacaacag aasaagcggce tagcactgea geageocttit taoaggtcctltgggattaac
gagagecaat tggacagact geacactgta tcigeggaag atttgeitaa ageggecgat
aagcttogea aageagaaaa tgaaaatcte tttcagetgt tattccagee cgecettgat
ccgaaaacge tgcctgetga accagaaaaa geaalegcag gaggtgetge tgeegacatt
ccgetgttaa tcggascaaa ccgegatgaa ggatatttat ttitcaccce ggactcagac
gtteattete aagaazcgtt taatgecegeg cttgagtatt tattggaaca gecgetggea
aagaaageeg cegatcigta tecgegiteca ctagaaagee aaatticatat gatgactgat
ttgttatttt ggcgecegge cgtegectat gectecgete agtetcaata cgegecigta
tgegatgtace gatttgattg geactcigat aagecgecat acaataagge gittecacgea
ttagagette ctittgttit cggaaatctg gacgggttag aacgaalgge aaaageagag
gttacggate aggtgaaacg geittetcat accatacaat cageatggat cacgtttgee
aaaacaggaa acccaageac cgaagatgta aaatggecge cgtateatga agaaacaaga

cagacgetga ttitagattc agagattacg atcgaaaacg atcetgaale tgaaaaaagg

cagaagcetat teccecttecaaa aggagaataa

210> 8

211> 489

212> PRT

<{213> Bacillus subtilis

<400> 8

Met Thr His Gln Ile Val Thr Thr Gln Tyr Gly Lys Val Lys Gly Thr
I 5 10 15

Thr Glu Asn Gly Val His Lys Trp Lys Gly Ile Pro Tyr Ala Arg Pro

20 25 30
Pro Val Gly Pro Leu Arg Phe Lys Ala Pro Glu Pro Pro Glu Ala Trp

60
120
i80
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1470

A T,
C
<210>



<400> 15 atgactcatc aaatagtaac gactcaatac gtacataaat ggaaaggcat ccectatgcc

gcaccggagc ctccggaagc gt gggagaac tgcccgcagc cgtctgattt gctgtcagat

aattgettgt atgtcaatgt atttgcgcct gtgtggattc acggeggcgce tttttatett

t caagacttg cggcgcaggg agaagtcatt tttggatttt tacatttgtc ttcgtttgat

gaccaagccg ccgcactgaa at gggtgcga gat aacgtaa cggtatttgg agaat ccgct

atgcct gegg cpaaaggcct gttccggaaa at gacaacag,paaaageggc tagcactgca

gagagccaat t'ggacagact gcacactgta aagettegga aagcagaaaa tgaaaatcag

ccgaa&acdgent@aoctgcigaibc fagddadar ddgcekwt 1 baCtcfgaddadaoccgcgat gaa

gttcattcts aagaaacgtt tagfgccgcg aagaaagggg ccgatctgta tccgegttca

ttgttatttt ggcgccoggc cgtcgecctat tggatgtacc gatttgattg gcactctgat

t t agadet thop dietit kegt St Leg§eadve thgn dtluaeygbitg Avgy§lgdanddugat - Le- t eat

aaaacgggaa acccaagcacpggaagatgta cagaggctga ttttagattg agagattacg

cagaagctat tcccttcaaa aggagaataa <210> 16 <211> 489 <212> PRT <213>

Baci | e Cggben| Tyg Yedobsn %69 PhetrlgHiroHpsy BmnPrq éew/Allnsp Thr G n Tyr Ay Lys

Val Lys Ay Thr 15015 Thr Qu Asmgdy Val Hs LygsTrp Lys Ay Ile Pro Tyr

Ala Arg Pro 202530 Pro .y Pro Leu Arg Phe Lys Ala Pro Gn Pro Pro G n
L@%#ﬂtgija

g Val d
Al a THP" 353023 NetnVadsirrglte Hah CAS FLA Alahife Ag Pro Ile Cys Pro G n
Pro 505560 Ser #Agp Leu Leu Ser 18sp Ser Tyr Asni@n Leu Pro Arg G n Ser Gu

65 70,12 B0 M bl B ¥ oYl Bl RNeafd 3P, 498 Thr Pro Ser Gn Asn
116 120 125
Val Ile Val Val Thr Leu Asn Tyr Arg Leu Gly Pro Phe Gly Phe Leu
130 135 140
His Leu Ser Ser Phe Asp Glu Ala Tyr Ser Asp Asn Leu Gly Leu Leu
145 150 155 160
Asp Gln Ala Ala Ala Leu Lys Trp Val Arg Asp Asn Ile Ser Ala Phe
165 170 175
Gly Gly Asp Pro Asp Asn Val Thr Val Phe Gly Glu Ser Ala Gly Gly
180 185 190
Met Ser Tle Ala Ala Leu Leu Ala Mel Pro Ala Ala Lys Gly Leu Phe
195 200 205
Gln Lys Ala Ile Met Glu Ser Gly Ala Ser Arg Thr Met Thr Thr Glu
210 215 220
Lys Ala Ala Ser Thr Ala Ala Ala Phe Leu Gln Val Leu Gly Ile Asn
225 230 235 240
Glu Ser Gln Leu Asp Arg Leu His Thr Val Ser Ala Glu Asp Leu Leu
245 250 255
Lys Ala Ala Asp Lys Leu Arg Lys Ala Glu Asn Glu Asn Leu Phe Gln
260 265 270
Leu Leu Phe Glin Pro Ala Leu Asp Pro Lys Thr Leu Pro Ala Glu Pro
275 280 285
Glu Lys Ala Ile Ala Gly Gly Ala Ala Ala Asp Ile Pro Leu Leu lle
290 295 300
Gly Thr Asn Arg Asp Glu Gly Tyr Leu Phe Phe Thr Pro Asp Ser Asp
305 310 315 320



859095 Len Pro Val Met Val Trp Ille Hs Ay Ay Ala Phe Tyr Leu Ay Ala

100105110 Ay Ser Qu Pro Leu Phe Asp Gy Ser Arg Leu Ala Ala Gn Ay Qu
115120125 Val Ile Vval Val Thr Leu Asn Tyr Arg Leu Gy Pro Phe Ay Phe Len
130135140 Hi s Leu Ser Ser Phe Asp Qu Ala Tyr Ser Asp Asn Leu Gy Lou Len
145150155160 Asp G n Ala Ala Ala Len Lys Trp Val Arg Asp Asn Ile Ser Al a

e SRk SV e N (Bl B SRR S0 S A s S
Phe 195200205 G n &3 Ala Ile Met 30u Ser Ay Ala38ér Arg Thr Met Thr Thr
Gu Gin Pro Leu Ala Lys Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser Gln Ile His Met Met Thr Asp Leu Leu Phe Trp Arg Pro Als Val
355 360 366
Ala Tyr Ala Ser Ala Gln Ser Gln Tyr Ala Pro Val Trp Met Tyr Arg
370 375 380

Phe Asp Trp His Sgr Asp Lys Pro Pro Tyr Asn Lys Ala Phe His Ala

385 390 395 400

Leu Glu Leu Pro Phe Val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met

405 410 415
Ala Lys Ala Glu Val Thr Asp Glu Val Lys Arg Leu Ser His Thr Ile
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 440 445
Asp Val Lys Trp Pro Ala Tyr His Glu Glu Thr Arg Gin Thr Leu Ile
450 455 460

Leu Asp Ser Glu Ile Thr Ile Glu Asn Asp Pro Glu Ser Glu Lys Arg

465 470 475 480

Gln Lys Leu Phe Pro Ser Lys Gly Glu

485

210> 9

211> 40

<212> DNA

213> Artificial

220>

<223> PCR primer

220>

221> misc_feature

222> (19).. (20)

223> ni A, T, Gor C

400> 9

ceghtotgatt tgetgteann kicgtataat gagetgeceoe 40

210> 10



210215220 Lys Ala Ala Ser Thr Ala Ala Ala Phe Len Gn Val Leu Ay Ile Asn
225230235240 G n Ser G n Len Asp Arg Leu His Thr Val Ser Ala Qu Asp Leu

Leu 245250255 Lys Ala Ala Asp Lys Len Arg Lys Ala G n Asn Gn Asn G n Phe
G n 260265270 Arg Leu Phe Gn Pro Ala Len Asp Pro Lys Thr Len Pro Ala Gu
Pro 275280285 GQu Lys Ala lle Ala Ay Gy Ala Ala Ala Asp Ile Pro Leu Leu
I1e 29g§1%53%g @y Thr Asn Arg Asp Au Gy Tyr Met Phe Phe Thr Pro Asp Ser
Asp 36 0315320 val His Ser Gn GQu Thr Phe Asn Ala Ala Leu Gu Tyr Lou

Lou G<B1325330335
<213> Artificial
<220%
<223> PCR primer
<220>
<221> misc_feature
222> (1)..(22)
223> mi A, T, Gor C
<4005 10
gggecagetc attatacgam nntgacagea aatcagacgg '40
210> 11
211> 32
<212> DNA
<213> Artificial
220>
<223> PCR primer
<2205
<221> misc_feature
<223> ni A, T, Gor C
2207
221> misc_feature
222> (17).. (18}
223> ni A, T, Gor C
<400> 11
ccgcgatgéa ggatatnnkt titteaccce gg 32
210> 12
211> 32
<212> DNA
213> Artificial
<220>
<223> PCR primer
<2200
<221> misc_feature
<222> (16).. (16)



Gn Pro Lou Ala Lys Lys Ala Ala Asp Lou Tyr Pro Arg Ser Lou G u 340345350
Ser Gn lle Hs Met Met Thr Asp Leu Leu Phe Trp Arg Pro Ala Val 355360365
Ala Tyr Ala Ser Ala Gn Ser Gn Tyr Ala Pro Val Trp Met Tyr Arg 370375380
Phe Asp Trp His Ser Asp Lys Pro Pro Tyr Asn Lys Ala Phe H s Al a

385390395400 Lou 4 u Lou Pro Phe Val Phe Ay Asn Lou Asp Ay Lou GQu Arg
Met 4qg 0415 AI Qla G u VvVal Thr Asp Qu Val Lys Arg Lou Ser His Thr
Ile 42 54%0G la Trp Ile Thr Phe Ala Lys Thr Ay Asn Pro Ser Thr
A u 433300445 Asp VaI Lys Trp Pro Ala Tyr HHs Gu Qu Thr Arg Gn Thr Lou

Ile 4%Qég%%§§agx aaamnnatat cettcatege gg 32
<210> 13
<211> B3
<212> DNA
213> Artificial
220>
<223> PCR primer
220>
221> misc_feature
<222> (26)..(27)
223> n; A, T, Gor C
<220>
221> misc_feature
<222> (35).. (38)
223> n; A, T, Gor C
<400> 13
gettegpgaaa geagaaaatg aaaatnnktt tcagnnktta ttccageceg ccc b3
210> 14
211> B3
<212> DNA
<213> Artificial
<2207
223> PCR primer
220>
<221> misc_feature
222> (18)..(19)
223> ni A, T, Gor C
220>
221> misc_feature
<222> (27).. (28)
223> n; A, T, Gor C
<400> 14
ggegceggegctg gaataamnne tgaaamnnat tttcatitte tgetttccga age 53



Leu Asp Ser u lle Thr Ile Gu Asn Asp Pro Qu Ser Qu Lys Arg 465 470 475
480 G n Lys Lou Phe Pro Ser Lys Ay G u 485

210> 15

<Z11> 1470

<212> DNA

<213> Bacillus subtilis

<400> 1b

atgactcatc aasatagtaac gactcaatac ggcaaagtaa aaggcacaac agaaaalgge 60
gtacataaat ggaaaggeat cccetalgee agaccgectg tegggecatt gegititaaa 120
geaccggage ctceggaage gigggagaac gsactggacg caacagegia cggecctatt 180
tgccecgeage cgtetgattt getgteagat tegtataatg agetgececg ccagtcetgag 240
aattgettet atgieaatgt atttgegecet gatactccaa gtcaaaacct geetgleatg 300
gtetegattc acggegecge tttttatett ggagegggea gtgagecatt attegatggg 360
teaagacttg cgpegeagge agaagtcatt gtegttacac tgaatiateg actggggeceg 420
tttggatitt tacatttgic ttcgtttgat gaggegtatt ccgataacet tggtettttg 480
gaccaagecg ccgeactgaa atgggtgega gacaatatet cageatttgg cggtgatecg 540
gataacglaa cgetatttgg agaatccpet ggeggeatga geatigecge getgetegea 600
atgectgegg caaaaggeet gticcagaasa gegatcaigg aaageggege tictagaaca 660
atgacaacag aaasagcgge tageactgea geagectttt tacaggtecet tgggatiaac 720
gagagcecaat tggacagact geacactgta tetgeggaag atttgettaa ageggecgat T80
aagcttcgga aagcagaaaa tgaaaatcag titcageggt tattccagee cgecctltgat 840
ccgaaaacge tgeetgetga accagaaaaa geaatcgeag gaggigetge tgoogacatli 900
cegetgttaa teggaacaaa cegegatgaa ggatatatgt titicaccec ggacteagac 960
gitteattete asgaaacgtt taatgeegeg citgagtatt tattggaaca gecgetggea 1020
aagaaagecg cogateigta teegegttea ctagasagec aaaticatat gatgactgat 1080
tigttatttt ggegeocgee cgtegectat gecteegete agtetcaata cgegectgta 1140
tggatgtace gatttgattg geactetgat aagccgecat acaataagge gtticacgea 1200
ttagagette ctlitigittt cgpasatetg gacgggttapg aacgaatgge azaageagag 1260
gttacgegate ageglgaaacg gottteteat accatacaat cagcatggat cacgtttgee 1320
assdcaggaa acccaageac cgaagatgta saatgpcogg cgtateaips agasacaaga 1380
cagacgetga ttitlagattc agagattacg atcgasaacg atccigaatc tgaasazagg 1440
cagaagetat tcccttcaaa aggagaataa 1470
210> 16

211> 489

212> PRT

213> Bacillus subtilis

<400> 16
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Met

Thr

Pro

Glu

Ser

65

Asn

Leu

Gly

Val

His

145

Asp

Gly

Met

Gln

Lys

225

Glu

Lys

Arg

Thr

Giu

Val

Asn

50

Asp

Cys

Pro

Ser

Ile

130

Leu

Gln

Gly

Ser

Lys

210

Ala

Ser

Ala

Leu

His

Asn

Gly

35

Glu

Leu

Leu

Val

Glu

115

Val

Ser

Ala

Asp

Ile

195

Ala

Ala

Gln

Ala

Phe

Gln

Gly

20

Pro

Leu

Leu

Tyr

Met

100

Pro

Val

Ser

Ala

Pro

180

Ala

Ile

Ser

Leu

Asp

260
Gln

Tle

Val

Leu

Asp

Ser

Val

85

Val

Leu

Thr

Phe

Ala

165

Asp

Ala

Met

Thr

Asp

245

Lys

Pro

Val

His

Arg

Ala

Asp

70

Asn

Trp

Phe

Leu

Asp

150

Leu

Asn

Leu

Glu

Ala

230

Arg

Leu

Ala

Thr

Lys

Phe

Thr

55

Ser

Val

Ile

Asp

Asn

135

Glu

Lys

Val

Leu

Ser

215

Ala

Leu

Arg

Leu

Thr

Ala

Tyr

Phe

His

Gly

120

Tyr

Ala

Trp

Thr

Ala

200

Gly

Ala

His

Asp

Gin

Lys

25

Ala

Tyr

Asn

Ala

Gly

106

Ser

Arg

Tyr

Val

Val

185

Met

Ala

Phe

Thr

Ala

266

Fro

Tyr
i0

Gly
Pro
Gly
Glu
Pro
90

Gly
Arg
Leu
Ser
Arg
170
Phe
Pro
Ser
Leu
Val
250

Glu

Lys

Gly Lys
Tle Pro
Glu Pro
Pro Ile
60
Leu Pro

75
Asp Thr

Ala Phe
Leu Ala
Gly Pro
140
Asp Asn
1556
Asp Asn
Gly Glu
Ala Ala
Arg Thr
220
Gin Val
235
Ser Ala

Asn Glu

Thr Leu

11

Val
Tyr
Pro
45

Cys
Arg
Pro
Tyr
Ala
125
Phe
Leu
Ile
Ser
Lys
205
Met
Leu
Glu

Asn

Pro

Lys
Ala
30

Glu
Pro
Gln
Ser
Leu
110
Gin
Gly
Gly
Ser
Ala
180

Gly

Thr

Asp

Gln
270
Ala

Gly
15

Arg
Ala
Gln
Ser
Gln
3]

Gly
Gly
Phe
Leu
Ala
175
Gly
Leu
Thr
Ile
Leu
255

Phe

Glu

Thr

Pro

Trp

Pro

Glu

80

Asn

Ala

Glu

Leu

Leu

160

Phe

Gly

Phe

Glu

Asn

240

Leu

Gin

Pro



Glu
Gly
305
Val
Gln
Ser
Ala
Phe
385
Leu
Ala
Gin
Asp
leu

465
Gln

Lys
290
Thr
His
Pro
Gln
Tyr
370
Asp
Glu
Lys
Ser
Val
450

Asp

Lys

275
Ala

Asn

Ser

Leu

Ile

3565

Ala

Trp

Leu

Ala

Ala

435

Lys

Ser

Leu

Iie
Arg
Gln
Ala
340
His
Ser
His
Pro
Glu
420
Trp
Trp

Glu

Phe

Ala

Asp

Glu

32b

Lys

Met

Ala

Ser

Phe

405

Val

Ile

Pro

Ile

Pro
485

Gly

Glu

310

Thr

Lys

Met

Gln

Asp

390

Val

Thr

Thr

Ala

Thr

470

Ser

Gly
295
Gly
Phe
Ala
Thr
Ser
375
Lys
Phe
Asp
Phe
Tyr
455

Ile

Lys

280
Ala Ala

Tyr Met
Asn Ala
Ala Asp
345
Asp Leu
360
Gln Tyr
Pro Pro
Gly Asn
Glu Val
425
Ala Lys
440
His Glu

Glu Asn

Gly Glu

Ala

Phe

Ala

330

Leu

Leu

Ala

Tyr

Leu

410

Lys

Thr

Glu

Asp

Asp

Phe

316

Leu

Tyr

Phe

Pro

Asn

395

Asp

Arg

Gly

Thr

Pro
475

Tle

300

Thr

Glu

Pro

Trp

Val

380

Lys

Gly

Leu

Asn

Arg

460
Glu

285

Pro

Pro

Tyr

Arg

Arg

365

Trp

Ala

Leu

Ser

Pro

445

Gln

Ser

Leu
Asp
Leu
Ser
350
Pro
Met
Phe
Glu
His
430
Ser

Thr

Giu

Leu

Ser

Leu

335

Leu

Ala

Tyr

His

Arg

415

Thr

Thr

Leu

Lys

Ile

Asp

320

Glu

Glu

Val

Arg

Ala

400

Met

Tle

Glu

Ile

Arg
480



