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DESCRI PTION Optically active quaternary anmoni um

salt having axial asymretry and process for

produci ng a-am no acid and derivative thereof with

the same 5 Technical Field The present invention
relates to an optically active quaternary anmoni um

salt having axial asymetry and a nethod for

produci ng the same. The present invention further
relates to a nmethod for producing 10 an optically

active a-amno acid and derivatives thereof, by using
this optically active qﬁﬁggﬁﬁgﬁq gpnonlun1salt

havi ng axi al asymretry as a ase-transfer catal yst.
Background Art 15 a- Al kyl -a-am no aci ds represented

by the formula H2NCH(R) COOH are very inportant
natQptatdlly atorerquategrsry pmmoniisn sa]ff/ﬂmlvm‘g‘ a:tihbasymmetry and
a- al kyl -a-am no acids exist _in aninmals,

i R96YGdaT Brrdusing semingacidang éeilyﬁ‘éYﬁhfgﬁpfw‘gltb the same
L-configuration at a position carbon, and the L-form
constitutes a pol ypeptide chain. On the 20 ot her
handendibgl Befpr m exists in plants, fungi or

m croorgani sms as a non-protein conpound.

Fur t her nbkie préseat dnstbkdibn aehitbd@o ad dpticdlBpaesenig@dternary
by a formul a HQNC(R)(EF&CII}iare conpounds that are

r e CEHRPRLUGH BNt rh}‘fmﬁ anial gayparears andfa madiod fgnipgeducing the

functi ong, such as e ochenlcall S e and

bePAfenol 8 REET 16’1"8“  SHEDREEPBTos fg P By g Gy fyotucing
ound qi a

pept i egar di ng e a 3 gv%hddgggﬁ%{r%t ?%é’%@%?’ Smg this

Bebbtiedlly Betied qabterndry MaehoniGhednlt h¥Phg Adal .ﬁ;ynﬁ:ﬁét}y as a
1997; and Mossel, E. et al., Tetrahedron 1
Asphaet-tnpnsfeglcat8ystp. 1305, 1997. The conpounds can

be used, for exanple, as peptides having an enhanced
activity, effective enzyne

Background Art

a-Alkyl-o-amino acids represented by- the formula
HzNCH(R)COOH are very important naturally occurring amino acids.
Most of the o-alkyl-c-amino acids exist in animals, plants,
microorganisms or the like in the L-form having a L-configuration at «
position carbon, and the L-form constitutes a polypeptide chain. On the
other hand, the D-form exists in plants,lfungi Or microorganisms as a
non-profein compound. Furthermore, o,c-dialkyl-c-amino acids
represented by a formula H:NC(R}R)COOH are compounds that are
recently gaining attention because of their unique functions such as
being sterecochemically stable and being not susceptible to enzymatic
hydrolysis by protease when the compound is incorporated into a peptide.
Regarding the above-described respects, see Bellier, B, et al., J. Med.
Chem., vol. 40, p. 3947, 1997; and Mossel, E. et al., Tetrahedron



inhibitors, and chiral building bl ocks for

synt hesi zi ng conpounds havi ng various bi ol ogica
activities. Such a, a-dial kyl -a-am no aci ds have been

5 exanmined to be prepared by catalystic asymretric
reaction, but at present, no effective nethod for
preparing the sane has been found out. For exanple,

the significance of chiral phase-transfer catal ysts,

whi ch al | ow stereosel ective al kyl ati on of glycine
derAg¢atihves, vbls 8 ngrasesd19om. t Mae fdopddudlls prOC B8 Sused, for
chem stry because of its easy application. A large

10 examipde, of padblschesings anocdbaiagd aftivity, effective enzyme

phase-transfer catal ysts have been conducted by us'qg .
maitARipitorhotshehirldatidiigs ddegksder suethareine sonpotpfls having

several uyseful t hods hawe been reported (e.q. ee
sni"grirs oogeahpetvinge' SRgK g Rtk itning fide BV beon

sCheRh&lihdd t%di)% eﬁregﬁréépgiyl Qatdlyst&d lalégfmametg%LE%:cVQH:, but at

Wei nheim p. 123, 2000; and O Donnell, M J.

Al giresdnitnhe affdd@ivaciathodafor p3dpannBthe280dg hatbwey frund out.
when such phase-transfer catalysts  are used, various

pr obl ensFerr examblee dhe agnifisanes obrhigah ahagpetrapgloa ratalysts,

I , I ti . ti h it f.
o S 5Pt P SR € A% 5 bR SRR, increased
synhhasizid gf frResd AdtiistR FBalle BEItHSa8P apfSSRided large

above, chiral phase-transfer catal ysts derived from

10SUGlumb? ofivesdoReahkab dicdigar & piotseveinsfeiseftalystd have been
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present inventors have prepared an gftiqalLy active
quabedwcied bammeng umaindy tcitchpnagllsioid desyatrees yntidmgw and
[ be used as a, phase-transfer

clarified that it ¢
catsﬁY‘i)’?f LG ﬁs‘?ﬁ’f%?‘;@%be?f apBeytet ey s, Shiotg Mo et al.

aci ' bqve p ' ,d- Opgn
v i A R U
Patvent Ptk H CWeirHRiNe p. B 20889461 Oapshdedl, M TJ., &lidrichimica
al., J. Am Chem Soc., vol. 122, p.5228, 2000). For

ex dwph.evola 34 pp Bo-200ip o Ui e e whentsedhiphasg-trdmsfer catalysts
follomﬁn& formula is very useful for asynmetric

do@ke esgfikyreens proflems) 319 prusedr furht 19,88 M halogen-based

as)égﬂr%tm[,,i % E{)Dnngo%rltn%g l Iaetaic 1on° fora%ﬁé kﬁlécé%_i%mo@olow temperature
conditions. In particular, for synthesizing a,c-dialkyl-a-amino acids as
described above, chiral phase-transfer catalysts derived from such
cinchona alkaloid are not very useful.

The present inventors have prepared an optically active
quaternary ammonium salt having axial asymmetry, and clarified that it
can be wused as a phase-transfer catalyst for synthesizing
stereoselectively o-amino acids as described above (see Japanese
Laid-Open Patent Publication No. 2001-48866; Japanese Laid-Open
Patent Publication No. 20003-81976; and Ooil, T. et al., J. Am. Chem. Soc.,

vol. 122, p.5228, 2000). For example, a spiro-compound represented by
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acid derivatives (e.g., alanine derivatives): PhF3 \

\' Be5/ /7 \ \ 1 PhF 3 (where PhF3 represents
3,4,5-trifluorophenyl group). However, a |arge

nunber of processes are required in order to prepare

such spire, catalysts, 10 and for exanple, when

chiral binaphthol, which is easily available, is used

as the starting raw material, as many as el even

processes are required only to prepare the

St riue tfollewingofotinade. dNvéReubeFtl foi dgmihetirivedoubdd allpdhtion of
Thus, preparation takes tine and |abor, and results

in gﬁycghe deoiyaiivekiand asaningtye raernabladksion 16 o-alkyl-c-amino

Di scl psure of Invention The r e of the present
i n\?éﬁfa@ﬁ“}té"etsc;e&' o@?ﬂ’éle ‘B’Lrh‘f) B’IO "phase-transfer
f

catal yst having a W e~ hat can be
i @ 20 The
: gpresent ed by

produced by a fe
R2 RA RL R7 R5

t he folhwmngformﬂa
/ R5, Rs R6 N+ X- R

PhF;

(where PhF3 represents 3,4,5-trifluorophenyl group). However, a large
number of processes are required in order to prepare such spiro catalysts,
and for example, when chiral binaphthol, which is easily available, is
used as the starting raw material, as many as eleven processes are
required only to prepare the structural portion on the left side of the
catalyst. Thus, preparation takes time and labor, and results in high

cost, which are large drawbacks.

Disclosure of Invention

The purpose of the present invention is to provide a chiral
phase-transfer catalyst having a simplified structure that can be
produced by a fewer number of processes.

The present invention provides a compound represented by the

following formula (I) below:
R® R?

(D



3 wherein R, R', RR, R'", R3, R3'", R4, R4', R5,

R5', R6, and Rs' are groups independently sel ected
fromthe group consisting of: (i) a hydrogen atom
(ii) -NR2OR21 (where R20 and R21 are each

i ndependently a 5 hydrogen atomor a Cl to C4 al kyl
group); (iii) a cyano group; (iv) a nitro group; (V)
a carbanoyl group; (vi) an N(Cl to C4

al kyl ) car banoyl group; 10 (vii) an NNN-di(Q to C4

al kytigret RANRY | RYRIURS, RV R4, R4 ECOORORY, whe RS B3 §19ups
Cl to ™ alkyl group that may be branched); (ix) a
C1 inder@ndapkly| sedgctebiromattheregpubobsighintietl or form a
cyclic oyp;, 15 (x) a C2 to C6 al kenyl group that

may be bggﬁiﬁg 9

e al kynyl gﬁ%uﬂaz&;@sh&eygbﬁ PAENCY:Plodl 8 Mdbpendenty a

cyclic group; (Xxi

P 8P a cyclic group; (xi) a C2 to

an aral kyl  group, wherein

5ar Wy deddedt ¥odf of BEab @ kilkyl Z@ugy;oup may be

substituted with at | east one group selected fromthe
group consasyanggofupia O to C4 al kyl group that nmay
be branched, a Cl to C5 al koxy group that may be

br anched1h# DEEGIST8#up t hat nay be substituted with
ad to al kyl. grou 25 that may be branched, a
cyano or S8 hpmdibn

i ndependgat by N(BYH 0P8Ry BEAWaSoyl ghdugi0 C4 al kyl
group), a nitro group, a carbanDyF

g Fﬁhere R20 and R21 are each

group, an N-(Cl1

10t 0 C4 al boyd) e@al [ Mrily): tgiCaupkyldenrbamoyl group;
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(viii) -NHCOR? (where R? is a C1 to Cs alkyl group that may be
branched);

(ix) a C1 to C¢ alkyl group that may be branched or form a cyclic
group:

(x) a Ca to Cs alkenyl group that may be branched or form a cyclic
group:

(x1) a Cz2 to Cs alkynyl group that may be branched or form a
cyclic group;

(xii) an aralkyl group, wherein the aryl moiety of the aralkyl
group may be substituted with at least one group selected from the group
consisting of*

a C1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cs alkyl group
that may be branched, a cyano group, -NR20R21 (where R20 and R2! are
each independently a hydrogen atom or a Ci to Ca alkyl group), a nitro

group, a carbamoyl group, an N-(C; to C4 alkylcarbamoyl group, an



4 NNdi(Cl to &4 al kyl)carbanmoyl group, or -NHCOR9
(where RO is a Cl to C4 alkyl group that nmay be
branched), a cyano group, -NR20R21 (where R20 and R21
are each independently a hydrogen 5 atomor a C to
C4 al kyl group), a nitro group, a carbanoyl group, an
N-(Cl to C4 al kyl)carbanmoyl group, an NNN-di (O to C4

. al kyl') carbanoyl group, 10 -NHCOR9 (where RO is a Cl
to C4 alkyl group that may be branched), and a

hal ¥gedi(at senC.(alkiDarhaiveybgamabk yNHSIQRD (wiaere Bf @ a C1 to

heteroaryl noiety, wherein _the heteroaryl noiety may
be %ﬁ%ﬂ\/w& mpvake beshedne group 15 sel ected
fromthe group consisting of a C to C4 al kyl group
that may®bé Ib‘?%’f?é]l‘?ed, a O to C5 al koxy group that

may be brmﬁheﬂ(wﬁé}eaﬁw ard @.upafé]éﬁcmﬁi/dé%%ndently a hydrogen

substituted with a Cl1 to C4 alkyl group that may be
sbr anciad,a €; ey anallglaepupy NR20R21 (where R20 and R21
are 20 each independently a hydrogen atomor a Cl to
C4 al kyl agiigagroum nitro group, a carbanoyl group, an
N-(ClL to C4 . al kyl))carbamoyl group, an N Ndi (O to
C4 al kyl §€ B up, or - NHCOR9 (where R9 is a

oroup, 25 NGBS PRI BB Rt e S e YO

i ndependgnN, N-&(Oy e 0gelkylehfiansyl @réhp,t o C4 al kyl

1
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group), a nitro group,
0

-NHCOR? (where R? is a ;1 to C4 alkyl group that may be
branched), and

a halogen atom;

(xiii) a hetercaralkyl group having a heteroaryl moiety, wherein
the heteroaryl moiety may be substituted with at least one group
selected from the group consisting of:

a C1 to C4 alkyl group that may be branched,

a Cy to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to C4 alkyl group
that may be branched, a cyano group, -NR20R2! (where R2® and R?! are
each independently a hydrogen atom or a C; to Cs alkyl group), a nitro
group, a carbamoyl group, an N-(C; to Cs alkylcarbamoyl group, an
N,N-di{C1 to C4 alkyl)carbamoyl group, or -NHCOR? (where R? is a C; to
Cs alkyl group that may be branched),

a cyano group,

-NR20R21 (where R20 and R2! are each independently a hydrogen
atom or a C; to C4 alkyl group),

a nitro group,



5 a carbanmoyl group, an N-(C to C4 al kyl)carbanoyl
group, an N, N-di (G to C4 al kyl)carbanoyl group,
-NHCOR9 (where RO is a G to C4 al kyl group that nay
be 5 branched), and a hal ogen atom (xiv) an aryl
group, wherein the aryl group may be substituted
with at | east one group selected fromthe group
consisting of a G to C4 alkyl group that nay be
branched, 10 a G to C5 al koxy group that may be

br ancheda carbaaoyll ggowup t hat may be substituted with
a d to 4 _alkyl group., that may be branched, a cyano
group, - ﬁ;’zllto(‘g\fn Drotpampyl@abare  each

ndependen e Qr Cl to C4 al kyl
Igr oug) H%ﬁr%«%? % ﬂgﬁicgf amn%’ylgr%‘%pdup, an N}/(O
to C4 al M{bﬁmmwe 9{9%50’& éafl t:l-)Sd}L mikgﬂ (Fglaufaot]ﬁ% may be

al kyl ) car banmoyl group, or - wher e is a

5t 0 bre&Ackiddiydndyr oup t hat may be branched) a cyano

group, -NR20R21 (where R20 and R21 are each
i ndependehelogen atgm¥ ogen atomor a Cl to C4 al kyl

200w Gyvh e et S h B R Lt By Substituted
al Wlt{\(%]@ﬁ%%% Slﬂygelec%l ér it ‘.dpo%sis%ui%&l to

group at” may a hal ogen

atom ang ¢y 8 Oalky1(avdapehat h&yQ)e bra@thed, and Ris a
Cl to &4 al kyl group that

10 a C; to Cs alkoxy group that may be branched,
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an aryl group that may be substituted with a C; to Cs alkyl group
that may be branched, a eyano group, -NR20R2! (where R2¢ and R2! are
each independently a hydrogen atom or a Ci to Cs alkyl group), a nitro
group, a carbamoyl group, an N-(C: to C4 alkylcarbamoyl group, an
N,N-di(C; to C4 alkyDecarbamoyl group, or -NHCORS? (where R? is a C; to
Cs alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a hydrogen
atom or a Ci to Cq4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkyl)carbamoyl group,

an N,N-di(C; to Cs alkyDcarbamoyl group,

-NHCOR? (where R? is a C; to C4 alkyl group that may be
branched),

a halogen atom, and

-S(0),-R (where nis 0, 1 or 2, and R is a C;1 to Cs alkyl group that



6 may be branched); or may be substituted with
-0-(CH2)m O (where mis 1 or 2) at positions 3 and

4 taken together; and (xv) a heteroaryl group,

wherein the heteroaryl group may be 5 substituted
with at | east one group selected fromthe group
consisting of: a Cl to &4 al kyl group that may be
branched, a Cl to C5 al koxy group that may be
branched, an aryl group that may be substituted with

a Giag be B#amdHed); group that may be branched, a cyano
group, -NR20R21 (where R20 and R21 are 10 each o
i n@EpBaY basubstatwod mae nO: w0~ dwhers g ©4l a1 R} pt positions

it b | , N-(CL t
&1 P B kS oRein, “an N ke dr(Q to Ca
al kyl ) Ca{%[@ﬂet%&ﬂﬁa@%ﬂpj N Q}i\@@fe%elj(:)gryilsgﬁ)ug may be

to 4 a group th y be branched), a ‘cyano

59r Gupstitifie d NR2W B2 leastbas grdigDsdade RAbona ke £GP consisting of:
i ndependently a hgdrogen atomor a Cl to C4 al kyl

group), aCaite Co ajkdigroun thay pawdiel brginebgd, an N-(C, to

C4 al kyl rb roup, .20 an N, N di to 4

al kyl )c-a% @gﬁﬁﬁ?%!‘ , 03&%?%@“&&4’5 ad to

4 al kyl : I

atom RS REb IR hEE ke MAREEEY widBUECT L, 4061 evouy
fr et Rehyob® bRaGeHsl, St éygho 2oupf -NRPIR28 (R}6WcOBBNand R2! are

atom (ii) a Cl to C 2 alkyl group that nmay be
10br @acheddepenidentiyaa bydidgen atom or a Ci-to Cy alkyl group), a nitro
group, a carbamoyl group, an N-(C; to Cs alkylearbamoyl group, an
N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCOR? (where R? is a C; to
Cs alkyl group that may be branched),
a cyano group,
15 -NR20R2! (where R20 and R2! are each independently a hydrogen
atom or a Cy to Cs alkyl group), |
a nitro group,
a carbamoyl group,
an N-(C; to Cs alkyl)carbamoyl group,
20 an N,N-di(C; to Cs alkyDcarbamoyl group,
-NHCOR?® (where R? iz a C; to Ci alkyl group that may be
branched), and
a halogen atom;
R7 and R® are groups independently seiected from the group consisting
25 of
(i) a hydrogen atom;

(ii) a C: to Ciz alkyl group that may be branched or form a cyclic



7 .group; (iii) a C to Cl12 al kenyl group that may be
branched or forma cyclic group; (iv) a C to Cl2

al kynyl group that may be branched or forma 5
cyclic group; (v) an aryl group, wherein the aryl
group may be substituted with at |east one group

sel ected fromthe group consisting of: a Cl to C4

al kyl group that may be branched, a Cl to C5 al koxy
group that may be branched, 10 an aryl group that my
be sulpsti tuted with a Cl to C4 al kyl group that may
be branched, a cyano group, -NR20R21 (where R20 and
R21 are (BhanCy ﬁaéb@rﬁgkmsrlygr&unyfa%geﬁy deobragched o1 form a

to .al kyl .group), a nitro group, a carbanoyl
gré%%@c ﬁ%ﬁi(C1 to C4 al kyl)carbamoyl group, an

N, N-di (G k| :
R

5br apclbeghoupa cyano group, -NR2OR21 (where R20 and R21
are each independently a hydrogen atomor a G to C4
al kyl grodpp,arg! graue wveseiy, thecaryl ezxpupansy be gubsttutad with

Al RT3 B S9N 5t 5EHs T bR W RBRPR € & €1 Lo
C4 al kyl t els d 25 a

hal ogen %gégyel&??ﬁéﬂﬁg?gg%%???q%pgﬁ%?h Yerein the
het er oaryC; 36 04 Ik Boup IHRS hisdyBeishanchdd, at | east

one group selected fromthe group consisting of:

10 an aryl group that may be substituted with a C; to C4 alkyl group
that may be branched, a cyano group, -NR20R2! (where R2® and R2! are
each independently a hydrogen atom or a C; to Cs alkyl group), a nitro

.group, a carbamoyl group, an N-(C; to C4 alkylcarbamoyl group, an
N,N-di(C; to Cy alkyl)carbamoyl group, or -NHCOR? (where R? is a C; to
15 Ci alkyl group that may be branched),
a cyano group,
-NR20R21 V(Where R20 and R2! are each independently a hydrogen
atom or a C1 to Cz alkyl group),
a nitro group,
20 a carbamoyl group,
an N-(C; to Cq4 alkyl)cérbamoyl group,
an N,N-di(C; to Cs alkylearbamoyl group,
-NHCOR? (where R? is a C: to Cs alkyl group that may be
branched), and

25 a halogen atoms:

(vi) a heteroaryl group, wherein the heteroaryl group may be

substituted with at least one group selected from the group consisting of:



8 aClto 4 alkyl group that may be branched, a G
to C5 al koxy group that may be branched, an aryl
group that may be substituted with a G to C4 al kyl
group that may be branched, a cyano group, -NR20R21
(where R20 and R21 are 5 each independently a
hydrogen atomor a Cl to C4 al kyl group), a nitro
group, a carbanoyl group, an N-(Cl to C4

al kyl ) carbamoyl group, an N Ndi(Cl to C4

al kyl ) cas lfanoyls (dkplgrouprchaiNbHGORR Hrahehal, RO is a Cl
to 4 alkyl group that rraézbe branched), a cyano
group, 19 ENP?%@F@ oXxngroup tRad mpydbeRrpnghed.each

i nd dent | h at ] Cl. | k

oo O e o B a0 Sy SRln bR G Ok Byl group
4 1 i»( G 21

o B0 BE B0 Ot ohll, Nl Bhmbit e and B2t ave

5C4 eakk ihdepeaidpntifal hydyodea atbimaneRad) 1o andillylnalo@gl nitro
atom (vii) -(CH2)1000NRlogu (where R10 and R' are
gr cpsp, 20carhsmprhareonp.yaseNdEh dd €« aikylarhamapl group, an

consisting of, ( hydrogen atom (2) a to ¢4 .

al ﬁ@ﬁéﬁ@aﬁo ﬁqéﬂh@wﬁ@mw R OF (Iéﬁ)cé)@wlaere@‘“‘ is a C to
al ken h ched or form a cyclic

gr ﬁpﬂkygé%ﬁﬁ)thgééfnﬁe %ganla%ﬁg@hyl group that may be
branched, efadgipupa cyclic group ; (5) an aral kyl

group, wherein the aryl noiety of the
10 -NR20R?2! (where R2° and R2! are each independently a hydrogen
atom or a C; to Cy4 alkyl group), -
a nitro group,
a carbamoyl group,
an N-(C; to C4 alkyDcarbamoyl group,
15 an N,N-di(C; to Cs alkyl)carbamoyl group,
-NHCORS? (Whére R® is a C1 to Cs4 alkyl group that may be ‘
branched), and -
a halogen atom;
(vii) -(CH2).OCONRR! (where R0 and R!! are groups
20 independently selected from the group consisting oft
(1) a hydrogen atom;
(2) a C;1 to C4 alkyl group that may be branched;
(3) a C2 to Cs alkenyl group that may be branched or form
a cyclic group ;
25 (4) a C2 to Cg alkynyl group that may be branched or form
a cyelic group ;

(5) an aralkyl group, wherein the aryl moiety of the



9 aral kyl group may be substituted with at | east one
group selected from the group consisting of: a d to
C4 al kyl group that may be branched, a Cl to C5

al koxy group that nay be branched, 5 an aryl group
that may be substituted with a C1 to C4 al kyl group
that nmay be branched, a cyano group, -NR20R21 (where
R20 and R21 are each independently a hydrogen atom
or a CltoC4 alkyl group), a nitro group, a
cardvaliyy|grgupumy ba shbéi@utbd vGih alt kyhgtomrebamvoy| selected from
group, an N,N-di (d to C4 al kyl)carbanoyl group, or
-Nﬂ@aagwwtnwom is aCltocC4 alkyl group that

and RoL ar o ode 1 sé%%srﬁgﬁ%l?@“ﬁaﬂ HaPo G S or a

d to C4 al kyly @5 re) a1k%xylg;r5@p aﬁe&%}ay ﬂ,ébéa&a{eaamyl

group, an. N(CG to al kyl") car banmoyl™ group, -

SN, N-di (A to G, abﬂygx)oﬁ:@rﬂaimmlayglﬁwupbsnﬂwtmmmvsheheto Cqy

RO is a Cl to ™4 alkyl group that may be branched)
andlkgd afomndvgérmardmbl(a@):hed hecErem gEdUDy |- NR2RR7) (Where R20

ha:/aé'{&y Eﬁag%gg ﬁ@g{%{d? 2N ?%15’ gé%at@g?oexaﬂ%t Sg bﬁ% Cs alkyl
@?‘S f OU]{pl&{p éﬁ%ﬁ’aé %gpo%gan C%BBH ga]gér ((35‘1(5910} Qicgﬁ carbamoyl

‘al k@¥yp, HIOMINtAI&L, 00§, BEyDIcarisdinshl sdbu@lof -NHOOR t(Rakre RO

may be substituted with a Cl to C4 al kyl group that

10mayis beCibodhoiibs] groupytias mpsogp braR2®R21 (where R20

a cyano group,
-NR20R2! (where R2° and R2! are each independently a
hydrogen atom or a C; to Cs alkyl group),

a nitro group,

15 a carbamoyl group,

an N-(C; to C4 alkylcarbamoyl group,

an N,N-di(C1 to Cs alkyl)carbamoyl group,

-NHCOR? (where R? is a C1 to C4 alkyl group that may be
branched), and

20 a halogen atom;

25

6) a hete.roaralkyl group having a hetercaryl moiety,
wherein the heteroaryl moiety may be substituted with at least one
group selected from the group consisting of:

a Cy to C4 alkyl group that may be branched,

a Cy to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to C4

alkyl group that may be branched, a cyano group, -NR2°R21 (where R20

10



10 and R21 are each independently a hydrogen atom or

a CltoC4 alkyl group), a nitro group, a carbanoyl
group, an N(Cl to C4 al kyl)carbanmoyl group, an

N, N-di (O to C4 al kyl)carbanmoyl group, or -NHCOR9

(where RO is a Cl to &4 al kyl group that may be
branched), 5 a cyano group, -NR20R21 (where R20 and

R21 are each independently a hydrogen atomor a Cl

to C4 alkyl group), a nitro group, a carbanoyl group,

10 aanl R2{ @ie teacliAndéieddeadlybaripdroggmapomarr N, O do (3 alkyl
to 4 &kyl_)car banoyl %;;Jup, - NHCCR9 ere RO i% a
Cl 2reurid azliksp sugbpup cerRamenZrpBp, M Al )G+ alkglgarbamoyl

or Sapher B st CERu et il G Bt 0] Where o
seliggt@ldtof(ﬁp%&pgmgﬁ) Qt%};i)ité%ﬂg:gg@'i ta d to4

al kyl' group that “may be branc o C5 al koxy

5group that may anbreamehed, an aryl group that may be

substituted with a C1 to C4 20 alkyl group that nmay
be branched, aNBj4td @Grhwap R2PNR2d {gherch Radepeaddntly a

R2 re each i ndependently a hydrogen atomor a d to
mllﬁ'l%lﬁ?ﬂen HPBuY) 2 tﬂ%ﬂraé}é&]r%‘l?é,l’ia_ car banoyl group,
an (G to rbamoyl group, an N, N-di(d
to C4 al kyl )ccérrgzlgﬁyt)%ﬁ)oﬁg?oup, or -NHCOR9 (where RO is

a Cl to C4 al kydarBimupl Hhap, My be branched), 25 a
cyano group, -NR20R21 (where R20 and R21 are each

10i ndependent | y aa N{@dto§eallstlarbamaylQiroup, C4 al kyl

15

20

25

group), i
an N,N-di{C1 to C4 alkylcarbamoyl group,

“NHCOR? (where R? is a C; to C4 alkyl group that may be
branched), and
- a halogen atom;
(7) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:
a C1 to Cy alkyl group that may be branched,
a Ci to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C1 to Ca
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydregen atom or a Ci to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyl)carbamoyl
group, an N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCOR? (where R?
is a C1 to Cs alkyl group that may be branched),
a cyano group,
-NR20R2l (where R20 and R2! are each independently a

hydrogen atom or a Ci to Cs alkyl group), -

11



11 a nitro group, a carbanoyl group, an N(C to C4
al kyl ) carbanoyl group, an NNN-di (A to 4

al kyl ) car banmoyl group, 5 -NHCOR9 (where RO is a d to
C4 al kyl group that may be branched), and a hal ogen
atom and (8) a heteroaryl group, wherein the
heteroaryl group may 10 be substituted with at | east
one group selected fromthe group consisting of a C
to C4 alkyl group that may be branched, a O to C5
al koxy group thatro@ypupe branched, an aryl group that
may be substituted with a ClL to C4 15 al kyl group
that may be braschagoybsrepano group, - NRROR21 (where

R20 and R21 ar ch ind dently .a hydrogen atom
or aClto C4a5‘IeJ§§ I%Pé&g??ﬁp rﬂ‘i”flgﬂ %P%E’p, a

oroup, an R VNGNS GREMARBTEALY, o

5- NHCOR9 (wher eNRUORS (wh&de ROisH Caltk Y3, OkPUBrdupahali®ay be

10

15

20

25

be branched), 20 a cyano group, -NR20R21 (wnere R20
an®r®dhedd cargich i ndependently a hydrogen atomor a
d to C4 alkyl group), a nitro group, a carbanoyl
group, 25 an Rfadegempatomia) kyl ) car banoyl group, an

N, Igl—n%i (A to C4 al kyl)carbanmoyl group, -NHCOR9 (where
ROTs a Cl1 to C4 alkyl group that may be

| (8) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group consisting
of:
a C: to C4 alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,

’ an aryl group that may be substituted with a C; to Cs
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to Cy alkylcarbamoyl
group, an N,N-di(C; to C4 alkyDcarbamoyl group, or -NHCOR? (where R?
is a C1 to Cs alkyl group that may be branched),

a cyano group,

-NR20R21 (where R20 and R2! are each independently a
hydrogen atom or a C; to C4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkybDcarbamoyl group,

an N,N-di(C; to C4 alkyl)carbamoyl group,

-NHCOR?® (where R? is a C; to C4 alkyl group that may be

12



12 branched), and a halogen atom and n is an
integer from1l to 12); (viii) -(CH2)aCONR12R13 (where
R12 and Ri 3 are groups 5 independently selected from
the group consisting of: (1) a hydrogen atom (2) a
Cl to &4 alkyl group that may be branched; (3) an
aryl group, wherein the aryl group may be
substituted with at | east one group selected fromthe
group consisting of- 10 a C1 to C4 al kyl group that
mayhrhecHdaanatied, a Cl to Cs al koxy group that may be
branched, an aryl group that may be substituted with
a Cl to C4 akblhdlogrmoaenthat may be branched, a cyano
gro - NR2OR21 ere R20. and R21 are each
%@&ﬂ}%ﬁe%e%yq%bé% omor a Cl to C4 alkyl 15

g °”F’ky| il LAGEHONERIET, SRR R 21Rpa 8 (S " ouns

5al Ky¥AdpeatBRTP ¥bledtURomhe- i grRO is a Cl

i0

15
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to ¢4 al kyl group that may be branched a cyano
group, - NR20RZN 4 hhéroge®Raborahd R21 are each
i ndependent |y drogen atomor a Cl to C4 al kyl

0 h
group), a ni 16 ng@afp)@allbér%a%yhatgma&be baﬁnfﬂae@a to
C4 al kyl) car b;.%pyl %g' an N (n(lC%he ?:éff group ymay be

al kyl ) car bano Wher e

t 0 s hseftibd uﬂfkpﬁpléalgﬁbné@%lﬂiesew&@@ eeflihe #%pRonsisting of:
hal ogen atom and
a C1 to C4 alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to Cs
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(Cy to Cs alkylecarbamoyl
group, an N,N-di(Ci to C4 alkylcarbamoyl group, or -NHCOR? (where R?
is a Cy to Cy alkyl group that may be branched),
' 'a cyano group,
-NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a C; to Cs alkyl group),
a nitro group,
a carbamoyl group,
an N-(C; to C4 alkyl)carbamoyl group,
an N,N-di(C; to Cs alkyllcarbamoyl group,
-NHCOR? (where R? is a C: to Ca alkyl group that may be
branched), and 7

a halogen atom; and

13



13 (4) a heteroaryl group, wherein the heteroaryl

group may be substituted with at | east one group
selected fromthe group consisting of a Cl to 4

al kyl group that may be branched, 5 a C1 to C5 al koxy
group that may be branched, an aryl group that may be
substituted with a C1 to C4 al kyl group that nmay be
branched, a cyano group, -NR20R21 (where R20 and R21
are each independently a hydrogen atomor a Cl to 4

al kyl  group) (4)8alicté1@a8§l0sHdup awhdfdia thy |he@é@upy]l @dup may
N-(Cl to C4 al kyl)carbanoyl 10 group, an N,N-di (O to

C4 hel dupsyitetedamoiil atdeastmnecgroupidCor@ d( fntmmrtbe Reoup somsisting
A to &4 alkyl group that may be branched), a cyano .
grd\fp, - NR20R21 (vvhere R20 and R21 are each

i ndependent |y y rogen_at o 110 | kyl
group), 15 a nq%lr 61 a% Pgroug%g£maﬁrﬁ’e?rcia&p,e§n N-(Cl

sto C4 al kyl )calrdo@m; aIHo Mtﬂt%% bEChrdRHed,

al kyl ) car banoyl group, (where RO is a Cl to
4 al kyl groupnt hstl gmypbthat2@aprianehedjtutahdvith a C1 to Cs
hal ogen atom. and n is an integer from1l to 12

(ia l(gzmy Rt 20aRPS hramehed. Ry 2y i ERRMP, aN@Z&R%dp\shere Rz
o5 S RO R gt %Q?e?ﬂ‘fe(]%"n LGSR ERR R AR 0 atk
oWy at}ﬁt&r@%gbegca@maﬂ AbYp, A VR, WNEr QkYDENAD amoy]

ary group may

10 group, an N,N-di{C; to C4 alkyl)carbamoyl group, or -NHCOR? (where R?

15
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is a C1 to Cs alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a C; to C4 alkyl group),

a nitroe group,

a carbamoyl group,

an N-(C; to C4 alkyl)carbamoyl group,

an N,N-di(C1 to C4 alkyl)carbamoyl group,

-NHCOR?® (where R? is a C;1 to C4 alkyl group that may be
branched), and

a halogen atom;
and n is an integer from 1 to 12);

(ix) -(CH2.NR2ZCOR! (where R!2 and R are groups

independently selected from the group consisting of:

(1) a hydrogen atom;

(2) a C; to Cs alkyl group that may be branched;

(3) an aryl group, wherein the aryl group may be

14



14 substituted wth at | east one group selected from

the group consisting of: a Cl to C4 al kyl group that

may be branched, a G to C5 al koxy group that nmay be
branched, an aryl group that may be substituted with
a G toC 5 alkyl group that may be branched, a
cyano group, -NR20OR21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group), a nitro group, a carbanoyl group, an N-N(Cl to

A abkdititedaaiRy leasgbas BrowNsdledve diffonl tROgfefhp consisting of:
al kyl ) car banoyl group, or -NHCOR9 (where RO 1s a C

to C4 al kyl gadiptetGaallayhgrdag thadmedseby brar@had.cyano

to C4 al kyl)cllo

5

10

15

20

25

group, -NR20R21 (where R20 and R21 are_each
i ndependent | y 2801 19\ JIFERY ToMR Hhataney be Sranehgfyy|

group), @ niTLg LoURod BRLORIDI. SLllu:dP Al ) €Fho o,

oup, an

al kykhcaoRanmyt 4P B8R, braNeblR% @% ?m%, I-NR2KAL (here R20

al’kyl group that may be branc and a hal ogen
at amd RAdaRehdh iaddeireleatlyyh lgrdoogen whemeirnat@eto Cs alkyl
heteroaryl group may be substituted wWth at Iea%t
onErgERk G DikcaTpBp, 4 carhameylgrowp abNsiGiterfe alkylcarbamoyl

CL e oL A BB e DSBS ol e
RO L S A i R
(where R20 andyRad gaswp,each i ndependently a hydrogen
atomor a Cl to C4 al kyl
-NR20R2! (where R20 and R2?! are each independently a
hydrogen atom or a Ci to Cs alkyl group),
a nitro group,
a carbamoyl group,
an N-(C1 to Cs alkylDcarbamoyl group,
an N,N-di(C; to Ca alkyl)carbamoyl group,
-NHCOR? (where R? is a C; to C4 alkyl group that may be
branched), and
a halogen atom; and
{4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group consisting
of:
a C; to Cs alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to Cu
alkyl group that may be branched, a cyano group,r-NRZUR21 (where R20

and R?! are each independently a hydrogen atom or a C; to Cs alkyl

15



15 group), a nitro group, a carbanoyl group, an N (C

to C4 al kyl)carbanoyl group, an NN-di (Cl to C4

al kyl ) car banmoyl group, or -NHCOR9 (where R9 is a Cl

to C4 al kyl group that may be branched), a cyano

group, 5 -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a G to C4 al kyl

group), a nitro group, a carbanmoyl group, an NN(Cl to

C4 al kyl) carbanoyl group, 10 an NNNdi (O to C4

al kbl REDRIRY ro@iH0 U Rarb MRS o (N es &1-R9 10SC ANl DE&rbamoyl
4 al kyl group that may be branched), and a hal ogen

at anpup.and NyNrdi(@ntd 6t ejod)chrlomdylt grodp) or -DNHCOR? (where R?
- (CH2) INR12R13 ivvhere R12 and R13 are groups

i ndepdndents glkvd ereun @at masnbe hearpbedh consi sting of

(1) a hydrogen atom éﬁg a Cl to &4 alkyl group that

may be branchéd™a8)E W aryl group, wherein the aryl

sgroup may be .RG6mMiStyiHb ez LA R éﬁaﬁacclfi qtﬁdé&fg%ﬂgntly a

selected fromthe group consisting of: a

al Kigldregeauproinhat artyto s dikehgdwag), a CL to C5 al koxy
group that may be branched, an aryl group that nay be
substituted wiamte goupo C4 al kyl group that may be
branched, a cyano. group, -NR20R21 (where R20 25 and
R21 are each Pﬁ@gﬁgﬁﬂgﬁ?Pypa hydrogen atomor a Cl to

C4 al kyl group), ni r yl group, an
N-(C to C4 a%y]l\r)qgé? ggngggﬁ&bgggg%@a%%ﬁ% di(ClL to

10C4 al kyl ) car bamoy| N-@i@4Re QralkNEaBmovheroap RO

-NHCOR? (where R? is a C; to C4 alkyl group that may be
branched), and
a halogen atom;

and n is an integer from 1 to 12);

15 (x) -(CH2)uNR12R13 (where R!2 and R!% are groups independently

20

25

selected from the group consisting of:

{1) a hydrogen atoms;

(2) a C1 to C4 alkyl group that may be branched;

(3) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:

a C1 to C4 alkyl group that may be branched, |

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C1 to Cs
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C, alkylhcarbamoyl
group, an N, N-di{C; to Cy alkyl)carbamoyl group, or -NHCOR?® (where R?

16



50r a Cl to CAalikyd gl

16 is a G to C4 alkyl group that may be branched),

a cyano group, -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group), 5 a nitro group, a carbanoyl group, an N (Cl
to &4 al kyl)carbanoyl group, an N,N-di (O to 4

al kyl ) car banoyl group, -NHCOR9 (where RO is a d to
C4 al kyl group that may be 10 branched), and a

hal ogen atom and (4) a heteroaryl group, wherein the

hetighogy 8 COARYP tHA® nPAPBE bidipdai th at | east
one group selected fromthe group consisting of 15 a

d to 4 alkykxgmmmnabhmt may be branched, a Cl to
Cs al koxy grou&_that be branched, an aryl grou
that may be subSEPRAt Wtﬁz"aa@l RY @p ecattkjndepepdently a

reoh ERprrap R pLs Lk GoiIERORABALI ) o hydr ogen at om

group), a nitro group, a

car banoyl group, an N—F to &4 al kyl) car banoyl

group, an N, Nﬂﬂiﬁ%ﬂﬁﬁlgnmplkyl)carbanoyl group, or
-NHCOR9 (where RO is a d C4 al kyl group that may
be branched), aaIﬂjgméoéh@ﬂgﬂﬁmkhgnﬂﬂkﬁpuhere R20 and
R21 are each in

G o' 04" al Ky PRGN OV Crdo KB e oR €arBanyl

group, -NHCOR? (where R? is a C; to Cas alkyl group that may be

10  branched), and

15
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a halogen atom; and

(4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group consisting
of:

a C1 to C4 alkyl group that may be branched,

aCito Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cu
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to Ci alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyl)carbamoyl
group, an N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCOR? (where R?
is a C; to C4 alkyl group that may be branched),

a cyano group,

-NR20R2!L (where R2® and R2! are each independently a
hydrogen atom or a C; to Ca alkyl group),

a nitro group,

a carbamoyl group,

17



17 an N-(Cl1 to C4 al kyl) carbanoyl group, an N, N-di (Ci
to C4 al kyl)carbanoyl group, -NHCORO (where RO is a
G to &4 alkyl group that may be branched), and 5 a
hal ogen atom and n is an integer from1l to 12);
(xi) -(CH2),Y-OR12 (where Yis a C1 to C4 dival ent
saturated hydrocarbon group that may be branched,
and R12 is a group selected fromthe group
consisting of: 10 (1) a hydrogen atom (2) a Cl to C4
al kyl group tRatNiay tb€,bnenrieskiméd)gratparyl group,
wherein the aryl group may be substituted with at
| east one group Nﬁ*ﬂﬂdt(hdof&;caikﬂb‘@r@amupl Lio0p| St i ng
of- acClto™ al roup t hat may be branched, 15 a
(o Gs al kory T GpCvhete Rap be: bp Aol Exiwpsigt may be
% thg@ may be substituted wwth a C1 to &4 al kyl
68 q@ be branched a cyano group, -NR20R21
(mhere R20 ag E%ngach i ndependently a hydrogen
aton1or aCl to C4 al group), a nitro group, a
carpdnid awimdger BOmNE (;63121 o C4 al kyl) carbanoyl 20
group, an N,N-di (d to C4 alkyl)carbanoyl group, or
- NHCOR9 (éw%e(ﬁé{z -OfRg2 a(vs@lere oY G4 alGyito g@ouipvalhat sn’ayrated

be br.anch : y R21 (where
Robydresay gf“ﬂ&bﬁgﬁ doraﬁ%do gﬂ iS 8y grguglselected
b s Eh e g

group, yl ) car banoyl group

10 (1) a hydrogen atom;

15
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(2) a C1 to Cs alkyl gi'oup that may be branched;

(3) an aryl group, wherein the .aryl group may be
substituted with at least one group selected from the group consisting of:

a C1 to C4 alkyl group that may be branched,

a Ci to Cs alkoxy group that may be branched,

an arvl group that may be substituted with a Ci1 to Cu
alkyl group that may be branched, a cyane group, --NR2°R21 {where R20
and R2! are each independently a hydrogen atom or a C; to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyl)carbamoy!
group, an N,N-di(C; to Cs alkylcarbamoyl group, or -NHCOR? (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a C; to Cy alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkyDcarbamoyl group,

18



18 an N,N-di (G to &4 al kyl)carbanoyl group, -NHCOR9
(where RO is a G to C4 alkyl group that may be
branched), and a hal ogen atom and 5 (4) a heteroaryl
group, wherein the heteroaryl group may be
substituted with at | east one group selected fromthe
group consisting of a Cl to C4 al kyl group that nmay
be branched, a G to C5 al koxy group that may be
branched, 10 an aryl group that may be substituted

with a Cl to G4 navkilc,3b @k arﬁﬁﬁﬁogz pgnched, a
cyano group, -NR2OR21 (where are each

i ndependent | y -BNHOR® §ehernt Bmsoa ( tCIC 4 Ak gmhipyhat may be
group), a nitro group, a carbanoyl group, an N-(Cl to

C4 hapighedd arhnoy | group, an N,N-di (0 to C4

al kyl ) car banoyl , (where RO 15 is a

d to C4 aIkyF‘@%%% fpae be branched), a cyano

s9roup, - NR‘ZOR%}) &M&g&%a% 308, @%lzréﬁechg %&rogrjklﬁroup may

I ndependently a hydrogen Rtom or a CL

gr Méubsat el witBra@UpastZthederoad Ralmeidd Boube sabuPpchisisting
to C4 al kyl)carbanoyl group, an N,N-di (C to C4
al k1) car banoyl group, -NHCOR9 (where RO is a d to

ﬁg! 3';;3' atom 2 Rt e CIE%)P 11a1%°§eé=2)
(xii) -(CH2) L} CRIZc( WIGLS fRhdp tioatin ) BYB-SEHEE! €C

fromthe group
10 an aryl group that may be substituted with a C; to Cs

alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C: to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(C; to Cq alkylcarbamoyl
group, an N,N-di(C; to C4 alkyl)earbamoyl group, or -NHCOR? (where R?
15 is a Cy to C4 alkyl group that may be branched),

a cyano group,

-NR26R21 (where R2° and R2?! are each independently a
hydrogen atom or a C; to C4 alkyl group),

a nitro group,

20 a carbamoyl group,

an N-(C: to Cs alkyl)carbamoyl group,

an N,N-di(C; to Cs alkylcarbamoyl group,

-NHCOR? (where R? is a C1 to Cs alkyl group that may be
branched), and

a halogen atom:
and n is an integer from 1 to 12);

(xii) -(CHz2)a-OR12 (where R12 is a group selected from the group

19



19 consisting of: (1) a hydrogen atom (2) a G to C4
al kyl group that may be branched; (3) an aryl group,
wherein the aryl group may be 5 substituted with at
| east one group selected fromthe group consisting
of: a G to &4 alkyl group that may be branched, a
C to C5 al koxy group that may be branched, an aryl
group that may be substituted with a G to C4 alkyl
group that may be branched, a cyano group, -NR20R21
(Whehsisha@ of10 and R21 are each independently a
hydrogen atomor a G to C4 alkyl group), a nitro
group, a car bdhoyhydroaen,atem; N-(C to C4

al kyl ) car banoyl roup, an NNN-di (G to C4 )

al kyl ) car barm)@)@%@@@, s@dkyINporRGhatmay befiganchedy o

to C4 al kyl group that.may be branche a_gyano

group, 15 -N g)RZ'“'f1 (W&r%%/oﬁé’@ 3’?&‘8”@%19%‘? earéécﬁ—mup may  be
| n%%ﬂ?ﬂﬂ%ﬁ !“}it}‘? at EBQQ«,E ghE€ Q‘r(ﬁhpgglg&e@ #9m the %Lﬁl_dﬁ}ﬁkisting of:
group), a nitro group, a carbanoyl group, an (G to

C4 al kyl ) car ban®yto Qr alkpl gdamth Y, mabé Graddheds

al kyl ) car banmoyl group, -NHCOR9 (where RO is a G to

C4 al kyl group €htet Cnalkobe sroumpkiicgdy bahgarchisdl ogen
atom and (4) a heteroary [

| . Wh LNt .
het eroaryl gr 38p®FHy8ros8” Hit ;'g‘%gt]i’et ﬁg ekﬁ?ﬁt?‘ﬂ%gfhlaegétto Ca
, t f [,Sti. :
o eﬂl%ﬁ%g@%ﬂ%% ififly (o WPaBfie 8" £ 4Pafid Lt R 201" (swhere R20

group that may
10 and R2! are each independently a hydrogen atom or a C; to C4 alkyl

cnt

group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyDecarbamoyl '
group, an N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCOR?® (where R?
is a C1 to C4 alkyl group that may be branched),

& cyano group,
15 -NR20R2! (where R2¢ and R2! are each independently a
hydrogen atom or a Ci to Cs alkyl group),

a nitro group,

a carbamoyl group,

an N-(C1 to Cs alkyDcarbamoyl group,
20 an N,N-di(C; to C4 alkyl)carbamoyl group,

-NHCOR? (where R?® is a C; to C4 alkyl group that may be
branched), and

a halogen atom: and

{4) a heteroaryl group, wherein the heteroaryl group may
25  be substituted with at least one group selected from the group consisting
of:

a C1 to Cs alkyl group that may be branched,

20



20 a G to C5 al koxy group that may be branched, an

aryl group that nay be substituted with a d to 4

al kyl . group that nay be branched, a cyano group,

-NR20R21 (where R20 and R21 are each independently a

hydrogen atomor a d to C4 alkyl 5 group), a nitro

group, a carbanoyl group, an N(GC to C4

al kyl ) carbanmoyl group, an NNN-di (O to C4

al kyl ) car banmoyl group, or -NHCOR9 (where R9 is a C

to &4 alkyl ¢ t 0

group, - NRZOR%cltl}Il?tvc\’hdgfél%% ggﬁgbf R%?%%g%%g%]m&

i ndependent | yaa afQ dpdpoan mhprbcosulsstiEutéd widh al Kylto Cq

group), a nitro group, a carbanoyl group, an I\I-(IC1 to
(where R20

C4 adklygrpoartbaboyiy edupnched. . REanq groupg ~BR2RE
al kyl r banmoyl roup, .15 -N where R9 is. a C
o 58 BB T Bt I SRS Lb ProsRmalyD St G 60 Cs alky]

TSR0, Bl ey O SO 1 g

10
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f r @) @ rONONL (R 0oCON SIS icAEb a@h oyl Trowdp, it HNIPEORA®HEre RY
(2) a d to C4 alkyl group that may be branched; (3)
anima tgréuslky Wpempi that heayalve/bragicbe®, may be

substituted with at | east one group selected fromthe
group consi st 2rfy28P 885 a4 d to C4 al kyl group that

B o e T L A M s
a &l at&eGhtom or a C; to Cs alkyl group),
a nitro group,
a carbamoyl group,
- an N-(C1 to C4 alkyDcarbamoyl group,
an N,N-di(C; to C4 alkyDcarbamoyl group,
-NHCORS?® (where R9 is a C; to C4 alkyl group that may be
branched); and |
a halogen atom;
and n is an integer from 1 to 12);
(xiii) -(CHz)n-S-R12 (where R!2 is a group selected from the group
consisting of:
(1) a hydrogen atom;
(2) a Cy to C4 alkyl group that may be branched;
(3) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:
a C; to C4 alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cs

21
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21 al kyl group that may be branched, a cyano group,
-NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a G to C4 alkyl group), a nitro

group, a carbanoyl group, an N-(Cl to C4

al kyl ) carbanoyl group, an NN-di (G to C4

al kyl ) car banoyl group, or -NHCOR9 (where RO 5 is a

C to 4 alkyl group that may be branched), a cyano
group, -NR20R21 (where R20 and R21 are each

in n | k2 Ay, 20
ar ooyt SEe, thefd iy HeOBGRALET ok rold SR A e ®
t 0 adl RPKyk9 cachamdyperglcatly, a iydoériatdzh droaG: to C4 alkyl
al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to

C4 eabyay) agrituepenofiat aeaybdseoylgrane. et N-(Girtg Abalkylcarbamoyl

b 958 51 R BN o MO

on r el r isting of: a
G BB GRRSL Bl L B O BHCEERE, 2 M08 o
to C5 al koxy @r@dpotdiadp may be branched, an aryl
group that may be substituted with a C1L to C4 al kyl
group that mayNBRE'R# awdived, R® aydRy! gueupach MRRGRDEently a
(where R20 and R21 are each i ndependently a hydrogen
at derieeer atem o w414 Ku2lkgr@9BP). a nitro group, a
car banoyl group...an N-(C to C4 al kyl)carbanmoyl 25
group, an N, I\I-aaﬁn(]a 08P ¢4 al kyl ) car banoyl group, or

10- NHCOR9  (wher ¢ BBbaimsyPelohpt © C4 al kyl group that may

15
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be branched), a cyano group,
an N-(C; to Cs alkyDearbamoyl group,

an N,N-di(C; to C¢ alkylcarbamoyl group,

“NHCOR? (where R? is a C; to Cqs alkyl group that may be
branched), and

a halogen atom: and

(4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group consisting
of:

a C1to Cs alkyl group that may be branched,

a C; to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cs
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to Ci alkyl
group), a nitro group, a carbamoyl group, an N-(C; to Cs alkyl)carbamoyl
group, an N,N-di(C; to Cs alkylcarbamoyl group, or -NHCOR? (where R®
is a Ct to Cs alkyl group that may be branched),

a cyano group,

22



22 -NR20R21 (where R20 and R21 are each independently
a hydrogen atomor a Cl1 to C4 alkyl group), a nitro
group, a carbanoyl group, 5 an N-(Cl to C4

al kyl ) carbamoyl group, an N,N-di (C1l to 4

al kyl ) car banoyl group, NHCOR9 (where RO is a G to C4
al kyl group that may be branched), and a hal ogen
atom 10 and nis an integer from1 to 12); (XxivV)
-(CH2)a-SO-Ri 2 (where R12 is a group selected from
the group con th420 (4 yg40gen

G to 4 al kylﬁgtr%o%p vﬂnetrerr%y %%Hblgaln agc}in}l‘ééﬁe)ndenﬂy a
ar Yy dab&4Patowh6F i ths AkY o@upyp may be

substituted with at | east one group selected fromthe
group consi st iangitaf group, CL to C4 al kyl group that may
be branched, a Cl to C5 al koxy group that may be
branched, an &SATbameybetoNit may be substituted with

Fyan oroup, - NERURP ST RO Ag et ar o cah”

| ndependent | y .3 KeESo &, UPeBblnot PeiFip! kY|

group), a nitro group, a carbanmoyl group, an N-(Cl to

C4 al kyl) car baNByCORY(Whigne RNisNa K db ((Glalkpl &bup that may be
al kyl ) car banoyl group, or -NHCOR9 (where RO is a G
tob@ndm@Jﬂg%/oup that may be branched), 25 a cyano
group, NR20R2 (V\/nere R20 and R21 are each

i ndependent | y 2P 4RRR B8 atomor a CL to C4 al kyl

1097 Qﬂﬂ)n is an integer from 1 to 12);

(xiv) -(CH2)n"SO-R!2 (where R!2 is a group selected from the group
consisting of: '
(1) a hydrogen atom;

(2) a Ci to C4 alkyl group that may be branched;

15 (3) an aryl group, wherein the aryl group may be

20

25

substituted with at least one group selected from the group consisting of:
a Ci to C4 alkyl group that may be branched,
a C; to G5 alkoxy group that may be branched,

_ an. aryl group that may be substituted with a C; to Cu
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to Ci alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyl)carbamoyl
group, an N,N-di(C; to Cs alkylcarbamoyl group, or -NHCOR? (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group,
-NR20R2: (where R?0 and R2! are each independently a

hydrogen atom or a C1 to Cs alkyl group),

23



23 a nitro group, a carbanoyl group, an N-(C to C4
al kyl ) carbanoyl group, an NNN-di (G to 4
al kyl ) car banmoyl group, 5 -NHCOR9 (where RO is a G to

~C4 al kyl group that nmay be branched), and a hal ogen

atom and (4) a heteroaryl group, wherein the
heteroaryl group may be substituted with at | east
one group selected fromthe group consisting 10 of.’

~a G to & alkyl group that may be branched, a G to

o

C5 al koxy grouyp..tha y be branched, an aryl group
that may be s%gnsllmilz)t%rtogg’with a G toC alkyl group

that may be branehedoyPek)XaN0 dgroup, -NR20OR21 (where
R20 15 and R21 are each independently a hydrogen
atom or a Cl ta MACak&yl: ajkyihyaybamoyligroopgr oup, a
car banoyl group, an N (Cl to_C4. al kyl) car banoyl
group, an N, N2BiN.&di(& e Gy allkyhesbamar\grogPoup, or

- NHCOR9 (wher € hea Cl 1o. CA al k th

be branched), elgﬁg%/%iﬁo(v&%‘%rﬁpf,{ 2o* ﬁlﬁ%gﬁi’%&?y\/\%@%%gaﬂay be
ang,:RRdhah & gach i ndependently a hydrogen atomor a

G to C4 alkyl group), a nitro group, a carbanoyl

group, an N (&hdlegddatinkydgdar banoyl group, 25 an
N, N-di (G to C4 al kyl)carbanmoyl group, -NHCOR9 (where
RO is a G to{44a delgroayylognoupherberealy the heperaarHegtpup may

an . . _
%e substituted with at least one group selected from the group consisting

10 of:
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a C; to C4 alkyl group that may be branched,

a Ci to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to C4
alkylr group that may be branched, a cyano group, -NR20R2l (where R20
and R2! are each independently a hydrogen atom or a C: to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkylcarbamoyl
group, an N,N-di(C; to C4 alkyl)carbamoyl group, or "NHCORS? (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a
bydrogen atom or a C: to Cs alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkyl)carbamoyl group,

an N,N-di(C; to C4 alkyllearbamoyl group,

-NHCOR? (where R? is a C1 to C4 alkyl group that may be
branched), and

24



24 a halogen atom and n is an integer from1l to 12);
and (xv) -(CH2)n-SQ2-R12 (where R12 is a group
selected fromthe group consisting of 5 (1) a
hydrogen atom (2) a O to C4 al kyl group that may be
branched; (3) an aryl group, wherein the aryl group
may be substituted with at | east one group sel ected
fromthe group consisting of a Cl to C4 al kyl group
that may be branched, 10 a Cl to C5 al koxy group that

may be branch -group that may be
substi tuted mﬁg%agg%gg%%lc4 al kyl group that may be

br ap@hed aitasrrgioup 12NRRAR21 (where R20 and R21
are each independently a hydrogen atomor a Cd to 4
al kyl  g=eLp)CHRu A0pRI? fwbene, RY is argranp pelegreduipymahe group
N-(Cl tg C4 al kyl)carbanmoyl 15 group, an N,N-di (C to
C4 canRsting fbanoyl group, or -NHCORO (where RO is a

Cl to &4 al kyl\0r Qup.. t hat be branched), a cyano
5 Ré!l_)gf(\ 31%@1;0 I8 % SRY

group, -NR20 and R21 are each

i ndependent |y (@) 5 iy dp QH%‘]]kﬁththFthﬂ fhy 1ha Ye4neday|

group), 20 a nitro group, a carbanmoyl group, an N (Cl

to C4 al kyl) céd8bamydryr geomp, awhbrdindith<l atyd Ebup may be
al kyl ) car bamoy!l group, -NHCOR9 (where R9 is a O to .

c4 sabgeytutgd suEh ﬁ% éﬁasgﬁye peoumsplegtadh rosy the groypponsisting of:
hal ogen atom &aggm(aéz aﬁyll']glt‘oeurpo‘ﬁ{a\élmg; ggi‘anc %El,el n the

het eroaryl gr

10 a C1 to C; alkoxy group that may be branched,

15

20

25

an aryl group that may be substituted with a C1 to Cu
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(Cy to Cs alkyDcarbamoyl
group, an N,N-di(C; to Cs alkyDcarbamoyl group, or -NHCOR? (where R?
is a C; to Cy4 alkyl group that may be branched),

a eyano group,

-NR20R21 (where R2® and R2! are each independently a
hydrogen atom or a Ci to Cq alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to Cs alkyDcarbamoyl group,

an N,N-di(C; to Cs alkyl)carbamoyl group,

-NHCOR? (where R? is a C1 to C4 alkyl group that may be
branched), and

a halogen atom; and

{4) a heteroaryl group, wherein the heteroaryl group may

25



25 be substituted with at |east one group sel ected
fromthe group consisting of: a Cl to C4 al kyl group
that may be branched, a G to C5 al koxy group that

may be branched, 5 an aryl group that may be
substituted with a Cl1 to C4 alkyl group that may be
branched, a cyano group, -NR20R21 (where R20 and R21
are each independently a hydrogen atomor a Cl to 4

al kyl group), a nitro group, a carbanoyl group, an

N- (| . I ) I [ g
0 151 et i R AL B ok R R e gy i
a Gk to C4 alkyl group that may be branched), a cyano
group, -NR20R21 (where R20 and R21 are each

i ndependent | y aaCt toydr abkerh gadwntlort maxChe boar@hed] kyl
group), a nitro_group,. 15 a carbanoyl group, .an N-(Cl
to C4 al kyl) c&r bhabolyt 2ot srounthatnpgy pebranched,

20,1 ) Carbamoyl, gralg s NGB (HCLn Bk 80 it 4 @1 10 4

C4 al kyl group't _ be bra

ha'a@Eﬁn%%hﬁmha@r}Qaﬁ HeSbidchéd, €0 Fakd @fdub, I-RkER}I: @here R20
R7 and R8 are taken together to form a dival ent

gr cung B&l ecd edcli rindefdieiegtlyup Igakrsgest angnodr a- CCER )0g alkyl

(where m is an integer from2 to 8); /[-Op_ 25 %nd
\ " _g@)@), E_I}ltro group, a carbamoyl group, an N-(C1 to Ca alkyl}carbamoyl

group, an N,N-di(C: to C4 alkylcarbamoyl group, or -NHCOR? (where R?

10  is a C;1 to Cs alkyl group that may be branched),

15
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a cyano group,

-NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a C1 to C4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(C1 to Ca alkyl)carbamoyl group,

an N,N-di(C; to Cs alkyl)carbamoyl group,

-NHCOR? (where R? is a C; to C4 alkyl group that may be
branched), and

a halogen atom:
and n is an ihteger from 1 to 12); or R and R?® are taken together to form
a divalent group selected from the group consisting of: -(CHz)n- (where m

is an integer from 2 to 8);

~~—0 o©
-0 o]
—

; and

X 18 an anion selected from the group consisting of a halide anion, SCN-,
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X- is an anion selected fromthe group consisting of
a halide anion, SCN-, 26 HSO4 and HF2-. In one

enbodi nent, R1l, R1", R2, RZ', R3, R3', R4, R4', R5,
R5', R6, and R6' of the conpound represented by the
formula (1) are groups independently selected from
the group consisting of: 5 (i) a hydrogen atom (XxiV)
an aryl group, wherein the aryl group nay be
substituted with at | east one group selected from

t haggopupddersi sting of: a Cl to C4 al kyl group that
may be branched, a Cl to C5 al koxy group that may be

br anchedln ¢ embadithenfy ipRt hBE, RfaR*bB> s Bhsh1 (R, &Y, RS, and
mﬁtQ,a C to C4 alkyl group that may be branéped, a
cydho Yr &b, compoord1rqripeseRoby iy fprpnla, @) eaks groups

i ndependent a h en.atomor a.Cl to.C4 al kyl
or S aseeaBhiry shiclel BORTR ARLR coittnt 8 0 N Tt 1o

5C4 al kyl icanpargpsh atgmoup, an N, N-di (Cl to C4
al kyl ) car banmoyl group, or -NHCOR9 (where RO 15 is a

Cl to CAabkyh agybgpouhathemin ke bigingiveg) mag sy anbstituted
group, -NR20R21 (where R20 and R21 are each
i ndeple At lasst gne sreRmsdegead Arasmths grougicopsistagiky |

orow) s I 140 SLaUPuNS0.R SRR SEEL )
o1k aroup Thathal b T DR SRR ot
10at om and - S( @haaf}l(oapethati Baf, belsistdut@neyith iaSCa to Cq
cl atf.l]gylcg‘rimgy(t lat may be branched, a cyano group, -NR2°R2! (where R20
and R2?! are each independently a hydrogen atom or a C; to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyDcarbamoyl
group, an N,N-di(C; to Cs alkylcarbamoyl group, or -NHCOR? (where R?
15 is a Ci to Cs alkyl group that may be branched),
a cyano group,
-NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a C; to Cy alkyl group),
a nitro group,
20 a carbamoyl group,
an N-(C; to Ci alkyl)carbamoyl group,
an N,N-di(C; to C; alkyl)carbamoyl group,
-NHCOR? (where R? is a C; to C4 alkyl group that may be
branched),
25 a halogen atom, and

-S(O)n'R (where nis 0, 1 or 2, and R is a C; to C4 alkyl

group that may be branched);
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group that may be branched); 27 or may be substituted
wth -0-(CH2)m O (where mis 1 or 2) at positions 3
and 4 taken together; and (xv) a heteroaryl group,
wherein the heteroaryl group may be substituted with

at | east one group selected fromthe group consisting

of- 5a Cl to C4 alkyl group that nay be branched, a

C to Cr, alkoxy group that may be branched, an aryl
group that may be substituted with a C1 to C4 al kyl

gr Q#imbPak ABYtiRER DR PO CHR) CYRTRhSFOHDs T HRBPERR positions
(where R2 and R21 are each independently a hydrogen

at cdhmnt 4dakdn tage@derabkygl 10 group), a nitro group, a

car banoyl| roup, an N—(Cl to &4 al kyl) car banoyl

group, akvN anhgbqrenrst ogmpam r)%@aﬁ%%l RsyeTOgEBUBToUgr may be

e BPAREHE A B2 Leaed of St s fim HhEFRRIPpothe of

sR21 are each iy PR)e@fQIkSrh)ércﬁlp dt YAV POBFRHER) O a

Cl to C4 al kyl group nitro group, a carbanoyl

group, an N (@ICti Chalklokylereds tiarowhy §é dupychad,

N, Ndi (O to C4 al kyl)carbanoyl group, 20 - NHCOR9

(where R9 is @nChrstozronpathay| mgy Subﬁttuﬁﬁy with a C1 to Cs

S ST 0 S o
Flfl@@&ﬁ% in@¢ JA&%EE@ ndepan 0 dﬁﬁp nied @])/ 8‘5 I'lﬁ alkyl

fornu are groups sel ecte

10f r @m)utqkbe alitle[ero QP Sh Shibign®fl g@ohy,dno EIG(TC 180Ty alkyl)carbamoyl

15
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3,4,5-trifluorophenyl group, a 3,4,5-trichlorophenyl
gr @upyp.aan N,N-di(C; to C4 alkylcarbamoyl group, or -NHCOR? (where R?

is a C1 to C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R2° and R2?! are each independently a
hydrogen atom or a C1 to Cs alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkyl)carbamoyl group,

an N,N-di(C; to Cs alkyDcarbamoyl group,

-NHCOR? (where R? is a C1 to C4 alkyl group that may be
branched), and

a halogen atom.

In a further embodiment, R!, RY, R2, RZ, R3, R¥, R4, R4, RS, R¥, RS,
and R¢ of the compound represented by the formula (I) are groups
independently selected from the group consisting of a hydrogen atom, a
3,4,6-trifluorophenyl  group, a  3,4,56-trichlorophenyl group, a

3,4-difluorophenyl group, a 3-nitrophenyl group, a 3-cyanophenyl group,

28



3, 4-di fl uorophenyl group, a 3-nitrophenyl group, a
3-cyanophenyl group, 28 a benzothi ophenyl -2-yl
group, a 3,5-difluorophenyl group, a
3trifluoronethyl phenyl group, a 2,4-difluorophenyl
group, a 3-nethylsul fonyl phenyl group, and a
2,3-bis(trifluoronethyl)phenyl group 5 In a further
enbodi ment, the conpound represented by the formula
(1) is a conpound represented by the follow ng
f oranul BenbtBiopi¥hyR2-94-  Hoodp,R" a( | '3,3-diWresshdiyl angrdtp, a
are groups independently selected fromthe group
corstufligynofthplpipdrbgegroapom aa 2,4-difluorophenyl  group, a
3,4, 5- trlfluorophenyl group, a, 3,4,5-trichlorophe

gr otiprethylsulfonyiphepylo sienpl  gpdup, S3 @ﬁiﬁvreﬂwﬁ%hﬂ)zﬁshenﬂ

1Byn & 3-cyanophenyl group, a benzot hi ophenyl - 2-vyl

gré%p,Pa 3, 5-di fl uorophenyl group, a

53-trifl upk oret i RhemBbdaMD, tid c@mﬂbﬁﬁd'ﬂé@féﬁéhﬁé&"by the

group, a 3-nethyl sul fonyi phenyl group, and

2, Jotrheld () fd aicompedid/ teprhemtkd dyabp ,folhm:inBIorlﬂﬁilaa(lﬁ ol
X- are groups independently as defined in claim1l).
20 In one enbogdt F%.nd R8 of the compound

represented by nula ( . are groups
5 group consi sting of:

i ndependent |y <
forma cyclic _grQupiand 5\ ii) -(CH2)n OR12

10(where R12 is gelectet fromthe group

consi sting of

R" )
(where R! and RV are groups independently selected from the group
consisting of a hydrogen atom, a 3,4,5-trifluorophenyl group, a

3.4,6-trichlorophenyl group, 2 3,4-difluorophenyl group, a 3-nitrophenyl

15 group, a 3-cyanophenyl group, a benzothiophenyl-2-yl group, a

3,5-difluorophenyl group, a  3-trifluoromethylphenyl group, a
2,4-diftuorophenyl group, a 3-methylsulfonylphenyl group, and a
2,3-bis(trifluoromethyl)phenyl group, and R7, R® and X are groups

independently as defined in claim 1).

20 In one embodiment, R” and R8 of the compound represented by

25

the formula (I) are groups independently selected from the group
consisting of’ |

(i1) a Ci to Cyz alkyl group that may be branched or form a cyclic
group; and

(xii) -(CH2)n-OR!2 (where R!2 is a group selected from the group
congsisting of:

(1) a hydrogen atom,
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(1) a hydrogen atom 29 (2) a G to C4 al kyl group
that may be branched, (3) an aryl group, wherein the
aryl group may be substituted with at |east one
group selected fromthe group consisting of: a G to
C4 al kyl group that may be branched, 5 a Cl to C5

al koxy group that may be branched, an aryl group that
may be substituted with a G to C4 alkyl group that
may be branched, a cyano group, -NR20R21 (where R20

and R21 are e&@ha Chdeorndeyitdryus thstohag®e ahothad, a

Cl to ™ alkyl group), a nitro group, a carbanoyl

group, an N-(€) tam Garyll gxdupcawbermy| th® sryduproupn may be
N, Ndi (A to C4 al kyl)carbanoyl, group, ar -NHCOR9 , . .
( wsapetipged wdth apeast opry gléqq&wlécge,{g olnhgl%e kaﬁgnsmtmg of:
branched), a cyan r - N e and R21
are each indese(%dée%ng‘f %ﬂigd BRy r%gé#%%ggar&%g& to C4

sal kyl group), 315 & O} ANRxPLPstd thtGMPBEBYAndeUp, an
N(ClL to &G4 al kyl)carbanmoyl group, an NNNdi (G to C4

al kyl ) car banmoyh grydugroup NHEDOR8a) Wee sebdRBuitad avith at €1 to Ca
C4 al kyl group that may be 20 branched), and a _
haledgdnetetprihag faay #p Rrapehed oheyanegeey, "ReHE! {wihgge R

GEETINLTY RS P
2 S48, Bt B B B b
10  group, an N,N-di(C; to C4 alkyDcarbamoyl group, or -NHCOR? (where R?
is a Cj to C4 alkyl group that may be branched),
a cyano group,
-NR20R2! (where R20 and R2?! are each independently a
hydrogen atom or a Ci to Cs alkyl group),
15 a nitro group,
a carbamoyl group,
an N-(C; to Cs alkyl)earbamoyl group,
an N,N-di(C; to C4 alkyl)carbamoyl group,
-NHCOR? (where R? is a C; to Cy4 alkyl group that may be
20  branched), and
a halogen atom, and
(4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group consisting
of:
25 a C1 to C4 alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to C4

30



an aryl group that may be substituted with a G to 4

30 al kyl group that may be branched, a cyano group,
-NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a Cl to C4 al kyl group), a nitro

group, a carbanoyl group, an N-(Cl to C4

al kyl ) carbanoyl group, an N Ndi (O to C4

al kyl ) car banmoyl group, or -NHCOR9 (where R9 5 is a

G to &4 alkyl group that may be branched), a cyano

Or Uyl g3 BaE hih dechBAbhallth Blan AERHUPACNR2R2L (where R20
i ndependently a hydrogen atomor a C to C4 al kyl

gr eud) R2laard each gndegpndd0tly & diyidaogep atpmouyp, aa(m b ((@lalkyl
to &4 al kyl) car banoyl roup, an N, N-dl&gl to

al 187PYR a P BHFRSVETOYP 0B ST RIS O ERn Y & tPsCélaa]éIDWbamoyl

% b PNt 02y SPYIRD ol ANER Wy HINICBRS (where B

5anqt her; 8 Qeﬂk?? ?foup&ia@ E’&Byﬁge Qfaﬂchgd)c onpound

represente he formula (lI) are groups
i ndependent | yasgdaﬁctgeahﬁ romthe group consisting of
a nethyl group, an ethyl group, an n-butyl group, an

20 i sobutyl grlziﬁﬁ"RZén(wbeaeec%ﬂ“ bl asdeacheyeigreadyntly a
furth 7 and R8 of th
coﬁ‘éfﬁfﬂﬁ?ﬁr"’jﬁ?’g@rﬁ?{é&o@fq#ﬂe P EPrul gn( 1) a?e th:

sanme. |In anoth l%r%g grrent R7 and Rs of the
conpound represen y the formula (1) are taken

10t oget her to fardarBafbyiddrenp, group sel ected 25 from

15

20

25

the group consisting of: -(CH2)m (where mis an
i nteger from 2antl-(C8}o Cs alkylcarbamoyl group,

an N,N-di(C; to Cs alkylcarbamoyl group,
-NHCORS? (where R? is a C1 to Cs alkyl group that may be -
branched), and
a halogen atom,
and n is an integer of 1 to 12).

In another embodiment, R7 and R8 of the compound represented
by the formula (I) are groups independently selected from the group
consisting of a methyl group, an ethyl group, an n-butyl group, an
isobutyl group, an n-decyl group, and a cyclohexyl group.

In a further embodiment, R7 and R® of the compound represented
by the formula (I) are the same.

In another embodiment, R” and R8 of the compound represented
by the formula (I) are taken together to form a divalent group selected
from the group consisting of: -(CH2)m- (where m is an integer from 2 to

8);
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31 CD b; ; and 5 The present invention al so provides
a nethod for producing the conpound represented by
the formula (1), the nethod conprises: a step of
reacting a conpound represented by the follow ng
formula (I1): RBRR RA1T \'\ Rl 10 RS Re/ CH2Z R5

Rs / / CH2Z R4" \' \ RL R3" R2'" (Il) 15 with a

secondary am ne represented by the follow ng fornul a

(I11): R7 HNRS (I11) in an organic solvent in the
presence of an acid scavengi ng agent, wherein in the
formuja—{ll), R, RI', R2, /Ry, R3, R3', R4, R4', R5,

R5', 6.~ and R6' arg—dPou i ndependent |y
sel ected \ t he group,consistijng of: (i) a
hydr ogen \a (i -N 1 ere R20 and R21 are

each indepéndently a hydrbgeh atomor a Cl to C4
al kyl group); 25 (iii) a cyano group; (iv) anitro
59roup;  (¥he %r&%‘h@ AEOYhtiGh QR pl?bzcm(éé' 3 RAGtnbh (6 p&@dﬁng the

alkyl)carba
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group;

compound represented by the formula (I), the method comprises:
a step of reacting a compound represented by the following

formula (II):

R¥ R? (ID)
with a secondary amine represented by the following formula (II1):
R7
ANge  am

in an organic solvent in the presence of an acid scavenging agent,

wherein in the formula (II), R1, RI, R2, RZ, R3, R¥, R4, R4, R5, R5',
Ré, and R¢ are groups independently selected from the group consisting
of:

(i) a hydrogen atom;

{(ii) -NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a Ci to C4 alkyl group);

(iii) a cyano group;

(iv} a nitro group;

(v) a carbamoyl group;
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(vit) an N,N-di (G to C4 al kyl)carbanoyl group;
(viii) -NHCOR9 (where RO is a O to C4 al kyl group
that may be branched); 5 (ix) a G to C6 al kyl group
that may be branched or forma cyclic group; (x) a
C2 to Cc al kenyl group that may be branched or forma
cyclic group; (xi) a C to C6 alkynyl group that may
be branched or forma 10 cyclic group; (xii) an

aral kyl group, wherein the aryl noiety of the aral kyl

group maggiben SStlotall Alyniddbattoyl 8as; one group
sel ected fromthe group consisting of]‘D to 4
al kyl gr otiip abEIN-GHY ; be Caradkyiheabambp aoﬁp to C5 ,
al koxy g p that may be branched, an aryl group_that
rray be s@b‘& |NH@&R Mthers B9 1% o QtoabkplEdrmopp thakmay be
be br nch a cyano group, -NR20R21 (where R20
?’ each i ndependently a hydrogen atomor a

CL to 04(1@' ko, 197 @HBkoy1 %T.suﬂ R SROUR. bﬁn@ﬁécpéﬁﬁ%h a cyelic
group, an (]Jl to C4 al’kyl’) car banoyl group, an

N, Nrehg;Ci to C4 al kyl ) car banmoyl group, or -

(where RO is a G to C4 alkyl group that

br anchedy) aoipdoalieonbgrourtRoRmEY bmbmcmé oaerm a cyclic
1121 are each independently a hydrogen atomor a C

t 0 SEQUR| Ky | group) 25 a nitro group, a carbanoyl

gr oup, 3&1)'\'51 | tg %%k?%?%?}ngﬁ Qﬂﬁ@ﬂaﬂbg%ancﬁs@d 3P form a

N, N-di (Ci group,

cyclic group;

(xii) an aralky]l group, wherein the aryl moiety of the aralkyl
group may be substituted with at least one group selected from the group
consisting of

a Ci to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C: to Cs alkyl group
that may be branched, a cyano group, -NR20R2! (where R20 and R2! are
each independently a hydrogen atom or a Ci to Cs alkyl group), a nitro
group, a éarbambyl group, an N-(C; to Cs alkylcarbamoyl group, an
N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCOR? (where R? is a C1 to
C, alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a hydrogen
atom or a C1 to Cq alkyl group),

a nitro group,

a carbamoyl! group,

an N-(C; to C4 alkylDcarbamoyl group,
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-NHCOR9 (where RO is a G to C4 al kyl group that may
be branched), and a hal ogen atom 5 (xiii) a
het er oar al kyl group having a heteroaryl noiety,
wherein the heteroaryl noiety may be substituted
with at | east one group selected fromthe group
consisting of a C1 to C4 alkyl group that may be
branched, a Cl to C5 al koxy group that may be
branched, 10 an aryl group that may be substituted
with a GlnthoNHi(el kyC, anQuRarididdyl gayype branched, a
cyano group, -NR20R21 (where R20 and 1 are each

i ndependelIICORY kwhereg®i &t anCortoa O¢lalkgl Gdoap ktHat may be
group), a.nitro group, a carbanmoyl group, an N (Cl
t o beanghad)y 3%hr banoyl group, an N, N-di (O to C4

al kyl ) car ba | group, or -NHCORO (where R9 is a
to 15 @%%Pa&?%p that may be branched), a cyano

5group, NE29R2 ]he(t)é\fb%ﬁ'glkgg %rt?tﬂfj hggllnga{i &4 18211 IaDIOiI?)W’ wherein

i ndependently a hydrogen™ atomor a ClL to

gr @hip) hetardiryT Omeledr Pmay Obé Gstionyl witiouR, lart breCkroup
to &4 al kyl)carbanoyl group, an N,N-di (C to C4

al legleytealr inompthle gyeoppensiMOORD (where RO is a G to

4 al kyl t hat b b d), d 25
hal gge¥ %?"g%ﬁ?%@ﬁq%l %ﬁk{%ﬂgﬁ ﬁlzgﬂ)%%%ﬁ}‘}%}l‘ N theaar yl
group / %o %ﬂ;@ﬂﬁé){}g%tgqg thhi Hla?tbel itc},}’e,?l({]e group

sel ecte romthe g onsistrng o aCltoC

10al kyl grwRrthabupBRadmalrRnaReituted with a Cy to C4 alkyl group
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that may be branched, a cyano group, -NR20R2! {(where R20 and R2! are
each independently a hydrogen atom or a C; to C4 alkyl group), a nitro
group, a carbamoyl group, an N-(C; to Cs4 alkyDcarbamoyl group, an
N,N-di(C; to C4 alkylecarbamoyl group, or -NHCOR? (where R? is a C; to
C4 alkyl group that may be branched),

& cyano group,

-NR20R2! (where R20 and R2! are each independently a hydrogen
atom or a C; to C4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to Cs alkyDcarbamoyl group,

an N,N-di(C; to C4 alkyDcarbamoyl group,

“NHCOR?® (where R?® is a Ci to C4 alkyl group that may be
branched), and

a halogen atom;

(xiv) an aryl group, wherein the aryl group may be substituted

with at least one group selected from the group consisting of:
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a Cl to C5 al koxy group that may be branched, an aryl
group that may be substituted with a G to C4 al kyl
group that may be branched, a cyano group, -NR20R21
(where R20 and R21 are 5 each independently a
hydrogen atomor a C to C4 al kyl group), a nitro
group, a carbanoyl group, an N(GC to C4

al kyl ) carbanmoyl group, an N Ndi (O to C4

al kyl ) car banmoyl group, or -NHCOR9 (where RO is a C
to C4 ajd kyho @,eupyltfetp RNt hayhedirahedd, a cyano
group, 10 -NR20R21 (where R20 and R21 are each

i ndependeft Ity Ca sleiyogronp thabmagrbesdbr@gnched.C4 al kyl

&k é"regi@sbéa‘?m% oy o ealr{Rie fech ol brous
I kyl b oy
2 b SAEDATRER SLOUR, o7 NI oRER: R?whéﬁ AR ohf Rt are

gr oup

?:t QAkh Aepeadhayh E%ﬁfg%nrhtbﬁl 8 alCOto 4 a@lﬁ!ﬂ ﬁohﬁ) & nitro

C4 al kyl group that 20 may be branched); or

rmyg-rb@ subsirbambgH gnbud) 20 NCE2)tm Ox a(lkvﬂécraebﬂmlosl Zrogp, an
at_positions 3 and 4 taken together: a d (x r% ACr to
il 1

2)
hetl‘éN‘ié}((}ll t‘gﬂe@dkyl\)\*%bémﬁﬂ FEOURe OB Y
h at ygr oup sel ect ed fromthe
gff'pal%ﬁ ﬁt&’fayb raﬁm&dto C4 al kyl group that
rray be bggyﬁwe C, to C5 al koxy group that may be
branched, an a?ryol group that may be substituted with

cyano group, -NR20R21 (where R20 and R21 are
atom or a Cy to C4 alkyl group),

a nitro group,
a carbamoy! group,
an N-(C: to Cs alkylcarbamoyl group,

an N,N-di(C; to Cs alkyDcarbamoyl group,

-NHCOR? (where R? is a Ci1 to Cs alkyl group that may be

branched),

a halogen atom, and

-8(0)n-R (wherenis 0, 1 or 2, and R is a C; to Cy4 alkyl group that

may be branched);

or may be substituted with -O-(CH2)m O- (where m is 1 or 2) at positions

3 and 4 taken together; and

(xv) a heteroary! group, wherein the heteroaryl group may be

substituted with at least one group selected from the group consisting of:

a Ci to C4 alkyl group that may be branched,

a C: to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to C4 alkyl group
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each i ndependently a hydrogen atomor a Cl to (4

al kyl group), a nitro group, a carbanoyl group, an
N(C to C4 al kyl)carbamoyl group, an N Ndi(Cl to
C4 al kyl) car banoyl group, or -NHCOR9 (where RO is a
Cl to 5 C4 alkyl group that may be branched), a
cyano group, -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a d to C4 al kyl
group), a nitro group, 10 a carbanmoyl group, an N (Cl

t 0 tB4t ahdy bl GRERHTY la &F AHéPgrodD, N»Jtdzahz( GrhtR R% and R2! are

f orFe: £l ¢arpampyl guoumgan¥-

al kyl ) carbanoyl group, -NHC%hQ ( ere ROis acClto

C4 ealchyihdgremdpntifyat hydyodea atbranched) to Gaclid group), a nitro

hal ogen ato and Z is a hal ogen atom and in the
(gmot@p b@m)w group, an

A SUBICa b SET AR %gﬁqso@gfggggggﬂﬁa Whigediia @ O to

5ma>c bﬁkpr%%{a%ﬁa%afy%&b@a&nwc group; (iii) a Q2
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&2 Al enyl group that may be branched or forma
cycl | C 0& @itgio gowp, a C2 to Cl2 al kynyl group that may
be branched or forma 25 c C|IC group; (v) an aryl

group, WHERBRA tvhergr B0 @mb aeg eeh ndependentdy anhydrogen

at | east ope g el ect\ed fron1the group consi sting
of@'gﬁiﬁftﬁ & ﬂﬁﬁ P“@%oup that may be branched,

a nitro group,

a carbamoyl group,

an N-(Cy to C4 alkyDcarbamoy! group,

an N,N-di{C; to C4 alkyDecarbamoyl group,

-NHCOR? (where R? is a C; to C4 alkyl group that may be
branched), and

a halogen atom; and

Z is a halogen atom, and

in the formula (ITI), R” and R® are groups independently selected
from the group consisting of:

(i) a hydrogen atom:

(ii) a C1 to Ci2 alkyl group that may be branched or form a cyclic
group;

{iii) a Cz to Ciz alkenyl group that may be branched or form a
cyclic group;

(iv) a Cz to Ci2 alkynyl group that may be branched or form a
cyclic group;

(v) an aryl group, wherein the aryl group may be substituted with

at least one group selected from the group consisting of:
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a G to C5 al koxy group that may be branched, an aryl
group that may be substituted with a G to C4 al kyl
group that may be branched, a cyano group, -NR20R21
(where R20 and R21 are 5 each independently a
hydrogen atomor a Cl to C4 al kyl group), a nitro
group, a carbanoyl group, an NN(Cl to C4

al kyl ) carbanmoyl group, an N Ndi (O to C4

al kyl ) car banmoyl group, or -NHCOR9 (where RO is a G
to C4 aj}kyho @,QuByItdaty 1Y Bayeanaheshd, a cyan
group, 10 -NR20R21 (where R20 and R21 are each

i ndepende it lty C3 dikekyogrenp thaomagrbecbr@hched, C4 al kyI

group) a nitro group, a carbanoyl % ougI an N (

to
C4 al kyl % amaﬁeyp tb?‘bﬁlﬁy bpssudystity @btftﬁ4 alkyl group

S by B S N Y e

5at QLh (lﬂaape%dasﬂ?r@ﬁwfog%%em Werel p bh%lmtg%aﬁy ¥ nitro

group may be O substituted with at |east one group

selgeeieda fd’aﬂbhmbﬁl grout) £onsi(€f itogCofalkylica@bamoylCéroup, an

algﬁglgroup that may be branched, a G to C5 al koxy

161 torkly ableylieabemer], seowpapy INHCSR triere rﬁi’yls teC1 to

su te h a G, to C4 alkyl group that may be
brgﬂ %glgﬁuBfgﬁB“ﬁW&WH”a R21 (where R20 and R21
are ggﬁgendently a hydrogen atomor a Cl to
A aIkyI group nitro group, a carbanoyl group, an

10N (Gt o-NHzorb Kb rarReanant R¥ et eaé ind¥pbh@értG atBydrogen

4 al kyl ) carbanoyl group, or -NHCORO (where RO is a
Cﬂewwm(321CnnaDkyﬂqg@mmgﬂthat may be branched),

15

20

25

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkyl)earbamoyl group,

an N,N-di(C; to Cs alkyl)carba_moyl group,

-NHCOR? (where R® is a Ci to Cs alkyl group that may be
branched), and

a halogen atom:

(vi) a heteroaryl group, wherein the heteroaryl group may be
substituted with at least one group selected from the group consisting of:

a C1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an 'aryl group that may be substituted with a C1 to C4 alkyl group
that may be branched, a cyano group, -NR20R2! (where R20 and R2?! are
each independently a hydrogen atom or a C1 to Cz alkyl group), a nitro
group, a carbamoyl group, an N-(C; to Cs alkylcarbamoyl group, an
N,N-di{C; to C4 alkyDcarbamoyl group, or -NHCOR? (where R? is a Ci to
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a cyan group, -NR20R21 (where R20 and R21 are each
i ndependently a hydrogen atomor a C to C4 al kyl
group), 5 a nitro group, a carbanoyl group, an N-(Ci
to &4 al kyl)carbanoyl group, an N, N-di (G to 4
al kyl ) car banmoyl group, -NHCOR9 (where RO is a d to
4 al kyl group that may be 10 branched), and a
hal ogen atom (vii) -(CH2) 10CONRloRu (where R10 and
Rl are each independently a group selected fromthe
gr qyapazﬁ? siowbl thelt @fay(Hd brundled)pgen atom 15 (2) a C1
to C4 al kyl group that nmay be branched; (3) a C to
Cs al kenykygrogmwuphat rray be branched or form a

to, C6 al kynyl .group .t hat

cyclic grou may
be br ancﬁ‘é‘ég&21 g%%?ﬁe %Zoc%‘?ﬂ B QF%GﬁCh 1‘%%?1’(385191&]115’ a hydrogen

aral kyl grgau in e aryl noiety of the
ara‘ﬁtﬁl¥l grg B g ﬁgﬁ tituted with at | east one

5Qroup seglggttrg%gﬁlpm the group consisting of: a d to

C4 al kyl group that may be branched, a d to C5

al koxy g# oafhairiaftl grayp,be branched, 25 an aryl group
that may be substituted with a d to C4 alkyl group

that mayah &-HraiochedlkyReripameyy 85082, - NR2OR21 (wher e
and R2 ach..in e ntI ahdrogen at om or
a Cl to %ﬂkaﬁ{(@(s %)80@?]3‘8@)'3 5‘1?1? ‘oup, a
car banoyINGERHD: (FRedd 89 ist @ €4 & '@4' A3 HADRY! that may be

10  branched), and
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a halogen atom;
(vii) -(CH2.OCONRIR! (where R!® and R! are each
independently a group selected from the group consisting of:
(1) a hydrogen atom;
(2) a C1 to C4 alkyl group that may be branched;
(38) a Cs to Cs alkenyl group that may be branched or form
a cyclic group
(4) a Cz to Cs alkynyl group that may be branched or form
- a cyclie group ; |
(5) an aralkyl group, wherein the aryl moiety of the
aralkyl group may be substituted with at least one group selected from
the group consisting of:
a C1 to C4 alkyl group that may be branched,
a Ci to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci1 to Cs
alkyl group that may be branched, a cyano group, -NR20R2! (where R20

and R2! are each independently a hydrogen atom or a C; to Cs alkyl
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group, an NNNdi (G to C4 al kyl)carbanoyl group, or
-NHCOR9 (where RO is a G to &4 al kyl group that may
be branched), a cyano group, 5 -NR20R21 (where R20
and R21 are each independently a hydrogen atomor a
A to &4 alkyl group), a nitro group, a carbanoyl
group, an N-(C, to C4 al kyl)carbanoyl group, 10 an

N, N-di (O to C4 al kyl)carbanoyl group, -NHCOR9 (where
RO is a Cl to ™4 alkyl group that may be branched),

angrgufakaaen Sbap] aQ‘ﬁ}beﬁmgﬁtgﬁ'f)@ﬁraﬁi Kyl O o QUPalRGVEQBamoyl

a heteroaryl noiety, 15 wherein the heteroaryl
NDigebyp,neay Nol¥-di (Bistd Cutbgwhtinndyl lgeass, ondNHGOBIfwhere R?
sel ected fromthe group conS|st|ng of: aClto 4

al Ry R Griger alkat evanp that mrashbnbernchadle to c5 al koxy
group that may be branched, an aryl group that may be
substituted witHE°E W c4 20 al kyl group that may

sbe branched, axgyée Gnoie. R-oNRRPRRL (Mhesd R@@epe%ﬂgnﬂy

R21 are each i ndependently a hydrogen atomor a

C4 3idkyden gooUE) a (A t8iC41kgr @spp),a car banoyl gr oup,
an N-(C, to C4 al kyl)carbamoyl group, an N, N-di(Cto
C4 al kyl ) car barnyto grogBp, or -NHCOR9 (where R9 is a

C to al kyl that may be branched), 25 a cyan
group, -NRZORQf%E&ﬁE‘PEP%pand R21 are each

d dent | d 4 al kyl
ndependent ] Y of NIELOBSMRIAE: Ayl Grob, 4 A1 K

10 an N N- d1(Cl to C4 alkyl)earbamoyl group,

-NHCOR? (where R? is a C; to C4 alkyl group that may be
branched), and

a halogen atom;

(6) a heteroaralkyl group having a heteroaryl moiety,
15 wherein the heteroaryl moiety may be substituted with at least one
group selected from the group consisting of:

a Cy to Cs alkyl group that may be branched,

a Ci to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cs
20  alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R?! are each independently a hydrogen atom or a Ci to Cs4 alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkylcarbamoyl
group, an N,N-di{Ci-to C4 alkyl)carbamoyl group, or -NHCOR? (where R?
is a C1 to Cq alkyl group that may be branched),
25 a cyano group,
-NR20R2! (where R2° and R2! are each independently a

hydrogen atom or a Ci to Cs alkyl group),
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a carbanoyl group, an N-(Cl to C4 al kyl) car banoyl
group, an NNNdi (G to C4 al kyl)carbanoyl group, 5
-NHCOR9 (where RO is a G to C4 al kyl group that nay
be branched), and a hal ogen atom (7) an aryl group,
wherein the aryl group may be substituted with at

| east one group selected fromthe group consisting of
10 a G to C4 alkyl group that nmay be branched, a C
to C5 al koxy group that may be branched, an aryl
group that may geroSespi tuted with a G to G4  al kyl
group that may be branched, a cyano group, -NR20R21
(where R20 ancaRRdmaylegmaph i ndependently a hydrogen
atomor a G to al kyl 15 group), .a nitro group, a
car banoyl gr o@p, N4k ke Pepllg/cesbapex) gredr-banoy |

: N, N- di (G _ .t | kvl b I :
NicorRs(her & RSNl B RS RBI R s Oy

sbe branched), .REQYFRO (BhAWPR? isNRRORE T, (arker £roBRhabghay be
R21 are each independently a 20 hydrogen atomor a

C branékkdaldnd group), a nitro group, a carbanoyl
group, an N-(C_to C4 al kyl)carbanmoyl group, an
N, N-di (C to ehalpgsn dearbanoyl group, 25 - NHCORO

(shere 1 15 20,10, B aroupeLiol IBY B may bo
substituted with at least one group selected from the group consisting of:

10 a Ci to Cs alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to Cs
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to Cs alkyl
15  group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyllcarbamoyl
group, an N,N-di(C: to Cs alkyDearbamoy! group, or -NHCOR? (where R?
is a C1 to Cq alkyl group that may be branched),

a cyano group,

-NR20R21 (where R20 and R2! are each independently a
20 hydrogen atom or a Ci to Cs alkyl group),
a nitro group,
a carbamoyl group,
an N-(Cy to Cs alkyDearbamoyl group,
an N,N-di(Ci to Ca alkyl)carbamoyl group,
25 -NHCOR? (where R? is a C; to C4 alkyl group that may be
branched), and

a halogen atom;
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(8) a heteroaryl group, wherein the heteroaryl group
may be substituted with at | east one group sel ected
fromthe group consisting of: 5a G to C4 alkyl
group that may be branched, a C to C5 al koxy group
that may be branched, an aryl group that nmay be
substituted with a G to C4 alkyl group that nay be
branched, a cyano group, -NR20R21 (where R20 and R21
are each independently a hydrogen atomor a G to 4
al kylag 10 group), a nitro group, a carbanoyl group, an
N(C to C4 al kyl)carbanmoyl group, an N,N-di (O to
C4 al kyI ) car b&®ioy lhegproamy] grpup NHMBORIN (thi dregeriR8ryli grogp may
G to 4 al kyl %roup that may be branched), a cyano
gr dgpubsiifpioroi b\f&ﬁé‘i‘@t@@ SABP Rolecteddiroamdhe group consisting
|ndgpendently a 15 hydrogen atomor a G to C4 al kyl

a nitro group, a carbamoyl group, an N-(Cl to

C4 al kyl)carb 1 ﬁfh it HhdyThe bfarfehed,
al kyl ) car barmslr@%i?oo%{)?&g 5 pNi (\A}ﬁ%‘?e RO |es a

to C4 al kyl gh(xﬂlptot@@ﬁlkﬁﬁygb@lp thaniety bramnded,
hal ogen atom and n is an integer from1l to 12)

(viii) -(CH2) aconml2Resp (theérmarie aﬁbﬁtmwdafv@ﬂgrao@sto Ca

25 '1]?}%? %ﬁ%i@{%y Sel&géﬁfigf% rgté?%?og rg%’i%al &Eﬁ%b}gzt o(ﬁere R20
th%*ndnﬁyl BF. BaA0GhRgenddhal ) WABEH oW 2 YOPESIC) alkyl

the aryl group ma
group), a nitro group, a carbamoyl group, an N-(C; to C; alkyl)carbamoyl

group, an N,N-di{C1 to C4 alkyl)carbamoyl group, or -NHCOR? (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a Ci to C4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(C1 to C4 alkylearbamoyl group,

an N,N-di(C; to C4 alkyl)carbamoyl group,

-NHCOR? (where R® is a C1 to C4 alkyl group that may be
branched), and

a halogen atom;
and n is an integer from 1 to 12);

(vii) -(CH2),CONR!12R!? (where R1Z and R!® are groups

independently selected from the group consisting of:

(1) a hydrogen atom;

(2) a C1 to C4 alkyl group that may be branched;
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substituted with at | east one group selected fromthe
group consisting of: a G to &4 alkyl group that may
be branched, a G to C5 al koxy group that nay be
branched, 5 an aryl group that nmay be substituted
with a G to C alkyl group that may be branched, a
cyan group, -NR20R21 (where R20 and R21 are each
i ndependently a hydrogen atomor a G to C4 al kyl
group), a nitro group, a carbanmoyl group, an NN(C to

C4 al kyl ) car bagyoy] u N {hdeedh ( Ghe t &yTAgroup may be
al kyl ) car banoyl grnou%l,szpo?m}‘?ll—m (where Rgpllo |ps a

C substifitad kyith gt apt bhagramysdiectbd rnohed) groapapasisting of:
group, -NR20R21 (where R20 and R21 are each

i ndependent | yagCt ¥yl dlsah sEaupnihet masche pranchedy ky |

group), a nitro,gro 15 a carha | _grou an N-(Cl

to C4 al kyl )cﬁr%a{%gfa]éﬁoﬁﬁﬁo%aﬁgoﬁgﬁ ?@%rg%c}‘&ﬁ’

al kyl ) car bamo 5 NEGORa§ WRe L gb R ubst Hifh o €1 to ©
C4 al kyl grou%htﬂé?uérrbgypbe brgir(lched), aﬁd 201a ;L
halaligeingr@up rtha@iday 4 brahehat, GatydndEaitp, -NRSYRA r(wheee R20
heteroaryl group may be substituted with at | east

onangr Btipayekech dddépandentls gyrivdpogeanstariqrga ©f te (@ alkyl
to C4 al kyl, group that .nma e branch 25.a . Ci..to

C5 AP ¥R HHBUBORReE Cﬂﬁgﬁ%@fqﬁaﬁ’%ﬁéﬂ&q%} 8% algff‘aﬁﬁpfbﬂmoﬂ
th V. it uke j {1t a 3 )
t naro MR p R R e PRk B nfdi o i s MO0, Slore &

R2Qs a 4% 31T}, R S¥cRiperdab mdidepeadeREd)y a hydrogen
atomor a Cl1 to 4 al kyl
a cyano group,
-NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a C; to C1 alkyl group),
a nitro group,
a carbamoyl group,
an N-(C; to C4 alkylearbamoyl group,
an N,N-di(C; to Cy alkyl)carbamoy! group,
-NHCORS?® (where R? is a C; to C4 alkyl group that may be
branched), and
a halogen atom: and
(4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group consisting
of:
a Ci to Cs alkyl group that may be branched,
a Ci1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to Cs

alkyl group that may be branched, a cyano group, -NR20R2! (where R20
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group), a nitro group, a carbanoyl group, an N-(Cl to

4 al kyl ) carbanoyl group, an NNN-di (GO to C4 '

al kyl ) car banmoyl group, or -NHCOR9 (where RO is a Ci

to C4 al kyl group that may be branched), 5 a cyano

group, -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl1 to C4 al kyl

group), a nitro group, a carbanoyl group, 10 an N (Cl

to ¢4 al kyl)carbanoyl group, an N, N-di (G to 4

al kyld) gar BaKEh GhmBHPen deNEHG R (MDSIE aBni & b Ty alkyl
4 al kyl group that may be” branched), and a hal ogen

at girpup)l 5 woEh group, ararbdeeErerbupnad Nt (C112) G4 4lk¢))carbamoyl
-(CH2) . NR12COR13 (where R12 and R13 are groups

i ndEpamdand, Y-&élete Sd ailirsré}qaﬁﬂwen@ficamumms-il\ﬁﬂﬂ& dwhere R?

1). a dr tom (2) a o &4 al kyl group that
oy BT R BT 5o 2t 2fhhs bogrBed: “Werer n t ho

fryl group na @HO%}E@HM ed wth at | east one
group selecte rom ‘group consisting of: a Cl to

C4 al kyl groupNiRzeg21NGyhdde RPAAEHERET @reCladlD iflependently a
al koxy group that may be branched, an aryl group that

maybydeoswbstiont ot @ CviotCr dk@ignoop4 25 al kyl group
that may be branched, a cyano group, -NR20R21 (where
R20 and R21 &EEERYPndependently a hydrogen atom

or aClto maaéa@‘!imﬁ?{%%%g a nitro group, a

car banoyl group, an C4 al kyl) car banoyl 43

Iogllr\loup, an N, Nygi N@C, £8 CPhla)ikskd £abPaieyb, 9roup, or

HCOR9 (where R9
an N,N-di(C; to Cg alkyl)carbamoyl group,

-NHCOR? (where R? is a C: to C4 alkyl group that may be
branched), and

a halogen atom;

15 and nis an integer from 1 to 12);

(ix) -(CH2),NR12COR'3 (where RI1Z and RI!3 are groups
independently selected from the group consisting of:
(1) a hydrogen atom;

(2) a C1 to C4 alkyl group that may be branched;

20 (3) an aryl group, wherein the aryl group may be

25

substituted with at least one group selected from the group consisting of:

a C1 to Cs alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Ca
alkyl group that may be branched, a cyano group, -NR2°R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to C4.a1ky1

group), a nitro group, a carbamoyl group, an N-(C;1 to Cs alkylcarbamoyl
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is aCltoC4 alkyl group that nmay be branched), a
cyano group, -NR20R21 (where R20 and R21 are each

i ndependently a 5 hydrogen atomor a Cl to C4 al kyl
group), a nitro group, a carbanmoyl group, an N-(Cl to
C4 al kyl) carbanoyl group, an NNN-di (d to C4

al kyl ) car banoyl group, 10 -NHCOR9 (where R9 is a Cl
to C4 alkyl group that may be branched), and a

hal ogen atom and (4) a heteroaryl group, wherein the
het5LQAT ¥k NONQGUPCRY C, BByt drhésied o [ -NHESBSW(where R?
one-group selected fromthe group consisting 15 of:
a Gk at@ ACadlkyl ggruuthat hedy bayrdehbdanched, a Cl to
C5 al koxy group that may be branched, an aryl group
that may be s@tvabp@gredp.with a CL to C4 al kyl group

R20 20’ and RORTAE" e AR AAGRT | 57 R B adently 2

at I a nitro group, a
5car g?r%@ﬁ% fgﬁ}]’gﬂ% ggﬁackkl@(é&g{’g&%&pél ky: ) car garrg)el

group, an N, Nadii¢fd gdoapC4 al kyl ) car banoyl group, or
-NHCOR9 (where RO 1s a d to C4 al kyl group that may
be branched), axachamoyhgwup, 25 - NR2OR21 (where R20
and R21 are each .independently a hydrogen atomor a
d to C4 al kyPogNdfipyo Caai]f3f1$‘@rbﬁ‘18ﬂ5bl,grﬂﬂp’a car banoyl

group, an N,N-di{C; to C4 alkyl)carbamoyl group,

10 -NHCOR? (where R® is a C1 to C4 alkyl group that may be

branched), and
a halogen atom; and
(4) a heteroaryl group, wherein the heteroaryl group may

be substituted with at least one group selected from the group consisting

15 of:

- 20

25

a Ci1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may bé branched,

an aryl group that may be substituted with a C; to Cs
alkyl group that may be branched, a cyano group, NR2R2! (where R20
and R2! are each independently a hydrogen atom or a C: to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C: to C4 alkyl)carbamoyl
group, an N,N-di(C;: to C4 alkyDcarbamoyl group, or -NHCOR? (where R?
is a Cy to C¢ alkyl group that may be branched),

a cyano group,

-NR20R21 (where R20 and R2! are each independently a
hydrogen atom or a C; to C4 alkyl group),

a nitro group,
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an NN(Cl to C4 al kyl)carbanmoyl group, an N, N-di (O to
4 al kyl ) carbanoyl group, -NHCOR9 (where R9 is a Cl
to C4 alkyl group that may be 5 branched), and a

hal ogen atom and n is an integer from1l to 12); (x)
-(CH2) . NR12R13 (where R12 and R13 are groups

i ndependently selected fromthe group consisting of
10 (1) a hydrogen atom (2) a ClL to C4 al kyl group
that may be branched; (3) an aryl group, wherein the
aryl group na)é&@baﬁgﬁlséfotuﬁ ed wth at |east one
group selected fromthe group consisting of- a Cl to
C4 al kyl groupnt NdC; . eékyl)anbiedy! gibup, C1 to Cs

al koxy group that may be branch§d, an aryl group that
may be substi NN WCh ta @rlkpeabanprlgrogpoup t hat

may be brancheg, n r -NR2 ere R2

and R21 are ea%ﬁ@g%g‘gﬁ%%n?f% %ﬁﬁﬁ%ﬁg’gd}ﬁﬂpo@a may be
lkyl group), a nitro group, a carbanoyl

group, an N-(C to C4 al kyl)carbanoyl 20 group, an

N, N-di (C to Glhalbgetd y&asibanoyl group, or - NHCOR9

(where RO is a G to C4 alkyl group that nay be

br samched an integembrogr bop 125NR20R21 (where R20 and R21

o Ky or B CRSENE Y (Grbgrd i 458 o Bfhckyp it tndspelfently
{\t)(S%Ca?q&%?g%‘?%)ﬁ%@wﬂm‘ﬁhg%wup' 45 an N, N-di (C1

I""group,

10 (1) a hydrogen atom;

15

20

25

(2) a C1 to C4 alkyl group that may be branched;

(3) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:

a C1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cs
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkyl)carbamoyl
group, an N,N-di(C: to C4 alkyl)carbamoyl group, or -NHCOR? (where R?
is a C1 to Cq alky] group that may be branched),

a cyano group,

-NR29R21 (where R20 and R2! are each independently a
hydrogen atom or a C: to Cs alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkyDecarbamoyl group,
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-NHCOR9 (where RO is a Cl to C4 al kyl group that may
be branched), and a hal ogen atom and 5 (4) a

het eroaryl group, wherein the heteroaryl group may

be substituted with at | east one group selected from
the group consisting of a Cl1 to C4 al kyl group that
may be branched, a Cl to C5 al koxy group that may be
branched, 10 an aryl group that may be substituted
with a Cl to C4 alkyl group that may be branched, a
cyano group, aH%Wd%@ﬁ%l@%ar@Mo%oﬁf)e each

i ndependently a hydrogen atom'or a to C4 al ky
group), a nitrNHIORP(wheredRbanmyh tg rCQLEﬂky]agroNp(ﬁﬁlxt tneay be
A alkyl)carbanoyl group, an NNNdi(Cl to C4

al lyprySeedbaansy | group, or -NHCOR9 (where RO 15 is a
Clto 4 aIkyI o that y be branched), a cyano
group, NR20R21 FORYFUNd R21 are each

s ndependently (g a@é%&;ggg ggsg ! hegiﬁh& %e%oah%rw may

10

15

20

25

group), a nltro group, anmoyl ‘group

t 0 beAudkdipihck 8 3F10R I Va0l Broah sMebbedi fedh the gedup consisting
al kyl ) car banmoyl group, -NHCOR9 (where RO is a G to
C4ofil kyl group that may be branched), and 25 a

(xi) S crpy vacka Gualbrboipsiat ment B bnsbod b
saturated 46, trooé {ﬁ’;%?y gf&b"tha’ﬂ%aﬁéf bPEndRlgnched.

and R12 is a gr p Se
an aryl group that may be substituted with a C; to C4

alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to C4 alkyDcarbamoyl
group, an N,N-di(C; to C4 alkylcarbamoyl group, or -NHCOR? (where R?
is a C1 to Cs alkyl group that may be branched),

a cyano group,

-NR20R2! (where R2® and R2! are each independently a
hydrogen atom or a C; to Cy alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to Cs alkylDcarbamoyl group,

an N,N “di(Cl_ to C4 alkyl)carbamoyl group,

-NHCOR? (where R? is a C1 to C4 alkyl group that may be
branched), and

a halogen atom;
and n is an integer from 1 to 12);

(xi) -(CH2)nY-OR!2 (where Y is a C: to Cs divalent saturated
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fromthe group consisting of (1) a hydrogen atom (2)
a d to 4 alkyl group that nmay be branched; 5 (3) an
aryl group, wherein the aryl group may be

substituted with at | east one group selected fromthe
group consisting of: a d to C4 al kyl group that may
be branched, a G to C5 al koxy group that nmay be
branched, an aryl group that may be substituted with
aC toCs 10 alkyl group that may be branched, a

cy : GrRachdNhfF RiA{L Up selected
[ n%g'glé(%rgg%% ?gﬁﬁggﬁﬁ‘é" g%or% o(r: a dClaL to A4 gle%fl)l b selecte
gr @) thélgfidp @n@iRiHE ofa car banoyl group, an N-(C to

C4 al kyl) carbanoyl group, an NNNdi (G to C4

al kyl ) car bamoyl) gyhpdwgenrateNHCOR9 (where RO is a C
to C4 al kyl graup that y .be branched), 15 a .cyano
gr oup, -NRZOR@ %Wﬁé‘?@“@@’laﬁﬁﬂu ata‘Péyu}é’ﬁé'iamhed’

5i ndependent | ylf% awda!rgrgegro O%EETe%qhé oar% g’t‘]d% (rbay be

10

15

20

25

group), a nit group; a“car banoyl “group,

1 0 oCHsi@ldtyd Watd RETEAXE ofE %ﬂﬂl @l dve Nfidin He §H1Ouptonsisting of:
al kyl ) car banmoyl group, - HC&?9 (where RO is a G to

C4 al kyl group Ghiat Cnalkyberoupr tdrat hexd) be brechcheflal ogen
atom and 25 (4) a heteroaryl group, wherein_the

het eroaryl gr 8dp telys alkexy gbaay thatapaxpe hrachedast

one, 3ok <2185 oy o gy AU CEIBITH 0 il 0% c.
alkyl group that may be branched, a cyano group, -NR2'R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to Ci alkyl
group), a nitro group, a carbamoyl group, an N-(Ci to Cq4 alkyl)carbamoyl
group, an N,N-di(C; to C4 alkyDecarbamoyl group, or -NHCOR? (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R?2! are each independently a
hydrogen atom or a C; to Cs alkyl group),

a nitro group,

a carbamoyl group,

an N-(Cj to C4 alkyl)carbamoyl group,

an N,N-di(C; to C4 alkylearbamoyl group,

-NHCORS? (where R? is a C1 to C4 alkyl group that may be
branched), and

a halogen atom; and

(4) a heteroaryl group, wherein the heteroaryl group may

be substituted with at least one group selected from the group consisting

of:
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a G to C5 al koxy group that may be branched, an aryl
group that may be substituted with a G to C4 alkyl
group that may be branched, a cyano group, -NR20R21
(where R2Z0 5 and 11.21 are each independently a
hydrogen atomor a Cl to C4 al kyl group), a nitro
group, a carbanoyl group, an NN(Cl to C4

al kyl ) carbanmoyl group, an NNN-di (G to C4

al kyl ) car bamoyl group, or -NHCOR9 (where RO is a Ci

to G4 alkyl gpqupthal a2 brahch¥RNO
group, 10 NR%O r [ahéi?géﬁg% ar?d 1 arre gach

i ndependent | yaat, il‘my(d;r QAkeRy gk@ip thatanddt bé brlithatlkyl
group), a nitro group, a carbanoyl group, an N-(C, to
C4 al kyl ) car barogiylggroup, thes may NenswhtTuted wigh a C: to Cs

O Ao Gt R TRy GO VR e B
Sat %ﬁ% Rglg%i qué ‘ﬁElyf:E dl'oée% %ect e%o (e 'ba C4 alkyl

ere IS ag oup se romt

9 r %lﬂ@up)c QtStdroap Oh catbamey]Breh® aanNad® b Q@lkﬁl}@rhamoyl
fkyl group t hat may be branched; (3) an ary

gr @np)up vire NeN rlifChetoaCy hllfg'ﬂ)@a}doawl 2o B)rsNiE@ORﬂt(where R

with at |east one group sel ect ed the group

cong pdtiiteCiorkyl grogp thgt @pvabk ?arﬁ}:‘@ﬁp that may be

branched, a G to CB al koxy group that nmay be

branched, 48%aA*8Y V" GYroup that may be substituted

oW th a Cl to GdrzoR2: (where R20 and R2! are each independently a
hydrogen atom or a Ci to C4 alkyl group),
a nitro group,
a carbamoyl group,
an N-(C: to Cy alkyDcarbamoyl group,
i5 an N,N-di(C: to Cs alkyl)carbamoyl group,
-NHCOR? (where R? is a C1 to C4 alkyl group that may be
branched), and
a halogen atom;
and n is an integer from 1 to 12);
20 (xii) -(CH2)n-OR'2 (where R!2 is a group selected from the group
cohsisting of: 7
(1) a hydrogen atom;
(2) a C1 to C4 alkyl group that may be branched; '
(8) an aryl group, wherein the aryl group may be
25  substituted with at least one group selected from the group consisting of:
a Cjy to C4 alkyl group that rﬁay be branched,

a C1 to C; alkoxy group that may be branched,
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al kyl group that may be branched, a cyano group,

-NR20R21 (where R20 and R21 are each independently a

hydrogen atomor a ClL to C4 al kyl group), a nitro

group, a carbanoyl group, an N-(C to C4

al kyl ) carbamoyl 5 group, an NNNdi(ClL to C4

al kyl ) car banoyl group, or -NHCOR9 (where RO is a Cl

to C4 al kyl group that may be branched), a cyano

group, -NR20R21 (where R20 and 1121 are each

i ndependent |y d n 0 r . Y,

group), 10 a nal%t rag}’l g%lg)glg, t}ggtc%!ragalﬁegf %tﬁ%ﬁ%é vgilﬁﬁlé (CC]:1t0 Ca

t 0 {MyRkiotp) fHtbaEPHe BF0ldRed 20 cMahb Grdly, -NR2GH2L (where R20

al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to

C4 alk PR grogpch hatlepadepdly 4Shisiragohedym and @: to Cs alkyl
atom and (4) a heteroaryl wherein the

hal oge group, _
hetsEpBRh W NiGFORHY YR CRHRABON ST ¥ Nif @ toges lxearbamoy]

AR NI EC RN BRI B Aot G

G iglak@xip O Akp1 RAL (RY vy BE BRGREdd), an aryl group
thétanay be g%%stit&%ed j??% a Cl to ¢ alkyl group

that may be branyehedroap,cyan group, -NR20R21 (where
R20 and R21 are each independenak%?a hydr ogen_at om

or a Cl to C4 BRAR? Jevhpre B5° an r aregedelp independently a
carbanoyl grou N-(Ci.,tp C4 al kyl)carbanoyl
gr &Jd%,rc’%eﬁl %Oﬁlgﬁlf‘@ tf’oé“@}k%fﬁ?l“})gar%ahoyl gr oﬁp, or

o NHCOR9 (wher g H9., kg Cl1 to C4 alkyl group that may

be branched), 49 a ¢yano group,
a carbamoyl group,

an N-(C; to C4 alkyl)earbamoyl group,
an N,N-di(C; to Cs alkyDcarbamoyl group,
-NHCORS? (where R? is a C; to Cy4 alkyl group that may be

15  branched), and

20

a halogen atom; and

(4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group consisting
of:

a C1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Ca
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to Cy4 alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkylcarbamoyl
group, an N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCOR? (where R?

is a C1 to C4 alkyl group that may be branched),
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. NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a Cl to C4 al kyl group), a nitro
group, 5 a carbanoyl group, an N-(Cl to C4

al kyl ) car banoyl group, an NN-di (O to C4

al kyl ) car banoyl group, -NHCOR9 (where RO is a d to
4 al kyl group that may be branched), and 10 a

hal ogen atom and n is an integer froml to 12);
(xiii) -(CH2)a-S-R12 (where R12 is a group sel ected
fromthe grou LS§d ng of: (1) a hydrogen atom
15 (2) a d t%cﬁgg%ﬁﬂ’group that nmay be branched;
(3) an aryl greBRR200eRIr® RAeamd VB2 g410Upadyndpendently a
substituted with at | east one group selected fromthe
gr dypregsnsitem orya 6%-to £1@lkylgrenphl kyl group that may
be branched, a Cl1 to C5 al koxy group that may be
branched, 20 &M*4%™FPoup that nay be substituted

sgwvthaClto g@g%%%%gﬁp that may be branched, a

10

15

20

25

cyano group, e R2 and R21 are each

i ndependent | y 43 XYY 69€R aBlyOPaBharof groGp.C4 al kyl
group), a nitro group, a carbanobyl group, an N-(Cl to

C4 al kyl ) car bandyIN-dgCotip CsabkN)ddrbiapcyl grouns
al kyl ) car banoy] _gr ou or -NHCOR9, (where R9 25 is a
to C4 al kyI'NE&d&Bmerer%gymb% Gértgr@hégyl, g”&“@féﬁ& may be

d
grou - OR21 (where R20 and R21 are each
in%é%%cﬁgﬁtzﬁn@za 50 hydrogen atomor a Cl to C4 al kyl

group), a halogen atom;
and n is an integer from 1 to 12);
(xiii) -(CH2)o-S-R12 (where R12 is a group selected from the group

consisting of-

(1) a hydrogen atom;

(2) a C1 to C4 alkyl group that may be branched;

(8} an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:

a Ci to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci1 to Cs
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(C: to C4 alkylcarbamoyl
group, an N,N-di(C1 to C4 alkyl)ecarbamoyl group, or -NHCOR?® (where R?
is a C1 to Cy alkyl group that may be branched),

a cyano group,

-NR20R2L {(where R2® and R2! are each independently a

o0



a nitro group, a carbanmoyl group, an N-(ClL to 4

al kyl ) carbanoyl group, 5 an NNN-di (G to C4

al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to
C4 al kyl group that may be branched), and a hal ogen
atom and (4) a heteroaryl group, wherein the
heteroaryl group may 10 be substituted with at | east
one group selected fromthe group consisting of a C
to C4 al kyl group that may be branched, a Cl to C5
al “iﬂ?@f gﬂ’% , an aryl group that
may “be sﬁ%@ﬁ%ﬁ% W t 4%E%€&?g§%4 15 al kyl group
that may be braii¢hegkoup, Cyano group, -NR20R21 (where
R2 and R21 are each independently a hydrogen atom or
a Cl to C4 al lydarbgmonbgroua, nitro group, a carbanoyl
group, an N (C A kyl ).car armyl group, an

N, N-di (CL to @E‘]gq%l/ltﬁ ?Ja @G&TOBP NHCOR9

5&)\;\2%&?? IZEag gﬁﬁgﬁgﬁpgkﬁ%g%g%e% R20 and

R21 are each iRERTBRIGHhLN R® iy @) 9N BLPIMERfupdhd may be
to C4 alkyl group), a nitro group, a carbanoyl group,

25 baan¢hedClanid C4 al kyl ) carbanoyl group, an N, N-di (CL
to ¢4 al kyl)carbarmyl group, -NHCOR9 (where RO is a
Clto 4 al kylalgqf *’rﬁily be 51 branched), and

(4) a heteroaryl group, wherein the heteroaryl group may

10  be substituted with at least one group selected from the group consisting

15

20

2b

of:

a C1 to Cq alkyl group that may be branched,

a Ci to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to C4
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyl)carbamoyl
group, an N,N-di(C; to C4 alkyl)ecarbamoyl group, or -NHCOR? (where R?
is a C1 to Cq alkyl group that may be branched),

a cyano group,

-NR20R21 (where R20 and R2?! are each independently a
hydrogen atom or a C1 to Cs alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkylcarbamoyl group,

an N,N-di(C; to C4 alkyl)carbamoyl group,

-NHCORS?® (where R? is a C; to C4 alkyl group that may be

o1
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a halogen atom and n is an integer from1l to 12);
(xiv) -(CH2)11-SO- R12 (where R12 is a group selected
fromthe group 5 consisting of: (1) a hydrogen atom
(2) a Cl to 4 alkyl group that may be branched; (3)
an aryl group, wherein the aryl group may be
substituted with at | east one group selected fromthe
group consisting of- 10 a C1 to C4 al kyl group that
may be branched, a Cl to C5 al koxy group that nmay be
br ggﬁ ryl group that nmay be substituted with
a 3§&$o L%ﬂg?kyl group that may be branched, a cyano
group, -NR20RZh{ivbat etoB20 and R21 are each

i ndependently a hydrogen atomor a G to ¢4 al kyl 15
gr cumd)n ismmintegelgfrompl t@l®ar bamoyl gr oup, an N-(Cl to

A aIkyI an_ N, N-di ( 0

al kyI )ca ng% gwhenq%@a(gm& éelagtcﬁ.fgf’%téf group

to k group that may be branched), a cyano
COH&SHR%@BRQl (where R20 and R21 are each

|ndependently(gziggdﬂﬁgﬁgggﬁJaton1or ad to 4 alkyl

group), a nitro group, a carbanmoyl group, an NN(C to

C4 al kyl) car bé&zoy C1 g6 €4plksdrgrdtiat(Ghy he b&dnched;

al kyl ) car banoyl group, 25 -NHCOR9 (where RO is a Cl

to C4 al kyl %/ upartrﬁany nEPWe WHPEMBhERD anyhgerpup may be

th ﬁdg% g@%ﬁ%‘gwﬂ beﬁst %/gla"ouq)eéﬁec(%aé ¥rort9{19eugfou%c%¥131sﬁng oft

10 a C; to C4 alkyl group that may be branched,

a Ci to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to Cq4
alkyl group that may be branched, a cyano group, -NR20R2l (where R20

and R2! are each independently a hydrogen atom or a Ci to C4 alkyl

15 group), a nitro group, a carbamoyl group, an N-(C; to Cs alkylcarbamoyl

~ group, an N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCOR? (where R?
is a C1 to Cy alkyl group that may be branched),
a cyano group,

-NR20R2! (where R2® and R2! are each independently a

20 hydrogen atom or a Ci to Cs alkyl group),

25

a nitro group,

a carbamoyl group,

an N-(C; to Cs alkylcarbamoyl group,

an N,N-di{C; to Cs alkylDearbamoyl group,

-NHCOR? (where R? is a C; to Cs alkyl group that may be
branched), and

a halogen atom: and
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be substituted with at | east one group selected from

the group consisting of: a G to C4 al kyl group that

may be branched, 5 a C to C5 al koxy group that my

be branched, an aryl group that may be substituted

with a G to C alkyl group that may be branched, a
cyano group, -NR20OR21 (where R20 and R21 are each

i ndependently a hydrogen atomor a G to C4 al kyl

group), a nitro group, a carbanmoyl group, an NN(C to

C4 al kyl)carb I u n di

al kyl ) car bamsﬁpérhgé%og%@ &OMB%\&E tﬁg}ﬁ%&o%l Sgrp may
t 0 HhsblskiytitedWitR dtNadstiy Reupraneh@dromahey@b@p consisting
group, -NR20R21 (where R20 and R21 are each

i ndépendently a hydrogen atomor a Cl to C4 al kyl
group), 15 a nitro roup a carbanoyl_ group, an N-(Cl

to C4 al kyl )cé‘r%h??oa‘i alley) gpoumihat mexb¢ branchedy

S 2l kot or ous ChitEhaoBE e [IRRL B ok 991 H°
hal ogen atom aangy ! Wﬁntﬂa!%tﬁgﬁrbef @,eﬂatitumi Jeaih @@q to Ca
(xv) -(CH2)a-SO2-R12 (where R12 is a group sel ected

f r adkglherogpotbat mmﬁsbies}tnanghexi a 2pard pranphy NRSSREMN (where R20
atom %6‘2 a Cl to &4 alkyl group that may be
br &5¢h a(%)eaalh indsnengently, 2 iiregen ﬁﬁén aryr Gr duPe alkyl

b ubsti t ut ed th.at | t
ety St Sk o Sar i g, M 'Ol Dearbamoyt

10 group, an N,N-di{C; to C4 alkylcarbamoyl group, or -NHCOR? (where R?.

15

20

25

is a C1 to C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2?! are each independently a
hydrogen atom or a C; to C4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(C: to C4 alkyDcarbamoyl group,

an N,N-di(C; to C; alkyl)carbamoyl group,

-NHCOR? (where R? is a €1 to Cqs alkyl group that may be
branched), and

a halogen atom;
and n is an integer from 1 to 12); and

(xv) ~(CH2)a-S02-R12 (where R12 is a group selected from the group

consisting of:

(1) a hydrogen atom;

(2) a C; to Cy4 alkyl group that may be branched;

(80 an aryl group, wherein the aryl group may be
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a G to 4 alkyl group that may be branched, a G to
C5 al koxy group that may be branched, an aryl group
that may be substituted with a G to C4 5 alkyl
group that may be branched, a cyano group, -NR20R21
(where R20 and R21 are each independently a hydrogen
atomor a G to C4 alkyl group), a nitro group, a
car banoyl group, an N-(Cl to C4 al kyl) car banoyl

group, an N,N-di (G to C4 al kyl)carbanmoyl group, or

%C t %I%R% éegbs?/ gﬁ% gr seq4 ct%bé%)@%ﬁ? gﬁou&)hc%hin'@%g of:

a_nd R21 are each, tdld?ﬁﬂﬁ‘li%%ﬁﬁ/t]?at hYH 5088 MmAeaM Or a
C to C4 alkyl group), a nitro group, a carbanoyl

group, 15 an MN-CCio Coalklbxalgkwp clartbmap pk byzuaed, an
N, N-di (Ci toC4aIkyI)carbarmyI roup, -NHCOR9 (where
RO is a O toa@sarylisgiougr thah Mt %rﬁyi’ﬁét“t%ﬁf mﬂh@d)cl to Ca

d h | het
By Bt TheP BBk 15 Bl v i B MY e B
at a!rﬁ{aﬁtzl Qre egﬁlﬁ)l’lﬁd%%rﬁﬁhﬁg ErlB’HrBQEﬁl GESHPorCQ n@i £ '@galkyl

of . Clto group that may be branched
@] gtr@ulﬁ;') aadikoxgrogp o8 Rataboyiegrotie, & Ahhed, Cﬁﬂkéll')carbamoyl

aryl group that may be substituted with a Cl to C4
al Wpu@r«'@ubl Nri{C ey Chalkyillsathreoyl greyarms QHEUPR® (where R
Py BaerT st oTFEH £epver 6 Tor B ROFSOR or oupy . a i Lr o
108 kTS car bamogi o no s, an (L Lo f
-NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a C1 to Cs alkyl group),
a nitro group,
a carbamoyl group,
an N-(C; to Cs alkyl)carbamoyl group,
an N,N-di(C; to Cs alkyDcarbamoyl group,
-NHCORS? (where R? is a C1 to C4 alkyl group that may be
branched), and
a halogen atom; and
(4) a heteroaryl group, wherein the heteroaryl group rmay
be substituted with at least one group selected from the group consisting
of:
a C1 to C4 alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to Cs
alkyl group that may be branched, a cyano group, -NR20R2! (where R20

and RZ1 are each independently a hydrogen atom or a C; to C4 alkyl
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group, an NNNdi (G to C4 al kyl)carbanoyl group, or
-NHCOR9 (where RO is a G to C4 al kyl group that may
be branched), a cyano group, 5 -NR20R21 (where R20
and R21 are each independently a hydrogen atomor a
C to &4 alkyl group), a nitro group, a carbanoyl
group, an N-(ClL to 4 al kyl)carbanoyl group, 10 an

N, Ndi (O to C4 al kyl)carbanmoyl group, -NHCOR9 (where
ROis aC to 4 alkyl group that may be branched),

and I 0 tom _an n nt.eqe fr 1.
1 Z)g'rg%ﬁ; I?dg Oé"lrﬁélpaa ca?b t I an {)C toobm alf%ﬁcarbamoyl
di gﬂ@@taxgw NR1iSE] ﬁﬁb?qmwemahﬁoygrg%@p Wﬁeom <%ere R®

where in is an integer from?2 to 8); /-
andsh@@(ﬂnaldmbgmﬂpommsz b&bramdehed), R2, R2', R3,
R3', R4, R4', R5, R5', R6, and 20 R6' of the
conmpound r epr &s¥RDEErPYP;t he formula (11) are groups
i ndependent |y ed .from,the graup consi.sti of.:
(0 B hyar oo Ree “Guaihs e Spd P4 e Sxith apdfheiiply o
a1 Yy 08 QPSR 08 @%9%4'41H§le&oumth at |east one
group selected fromthe group consisting of: 25 a Cl1
to C4 al kyl gmotprd h@upmay be branched, a G to C5

al koxy group that may be branched, an aryl group that
may be substi tueebamorhgreug to C4 55 al kyl group

R0 and Ro1 aPoVuGeko PapaeRhP e ogen at om

1007 @ Cl to C4al &M\ll'di(cl to C4 alkyDcarbamoyl group,

-NHCORS? (where R? is a C; to C4 alkyl group that may be
branched), and
a halogen atom;

and n is an integer from 1 to 12); or R7 and R are taken together to form

15 a divalent group selected from the group consisting of: -(CHz)m" (where m

20

25

-0 o

\—o\__joj

is an integer from 2 to 8);
; and

In one embodiment, R, RY, R2 R?, R3, R¥, R4, R4, RS, R¥, RS, and
R¢ of the compound represented by the formula (II) are groups
independently selected from the group consisting of:
(i) a hydrogen atom;
(xiv) an aryl group, wherein the aryl group may be substituted
with at least one group selected from the group consisting of:
a C1 to Cs alkyl group that may be branched,
a Ci to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cs
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group), a nitro group, a carbanmoyl group, an N-(Cl to
4 al kyl ) carbanoyl group, an NNNdi (G to C4

al kyl ) car banmoyl group, or -NHCOR9 (where R9 5 is a
Cl to &4 alkyl group that may be branched), a cyano
group, -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a G to C4 al kyl
group), a nitro group, 10 a carbanmoyl group, an N (Cl
to &4 al kyl)carbanoyl group, an N, N-di (G to 4

al kyl )car L gr N | Rp3ortd: 20
o SHUS R TIR fL0 HR. DS, (UG 68, vl e
at gRd BAd 5 reSEEYIR-IRAENINCELD 4 hydroderPhtctn @NE &) k6 @& alkyl
Cl to &4 alkyl group that nay be branched); or may

be gyoipst htnitreczraub ha <@ @) mr@p,(ah & €1rtoi Gy dlkyhe@bamoyl
at positions_ 3 and 4 taken together; and 2

3 0 X\#)’g a
het@p@arat NgNoliff;1 thes alyDemebameed eaarsy| orgNILpORE fwhere R

subst i ut i.th at |east aone grou el ected fromthe

gr ¢Bp éc%ﬁg?“s%ﬁgg’b%p t%g%a‘a% of nﬁﬁﬁ@l’ group that may

be branched, g {lanhQr&mp,al koxy group that may be
branched, an aryl group that may be substituted with

a G to C4 25NBRRBA @rieuwp RitatindreBl:bgrebeaic wdbpeadently a
cyano group, -NR20R21 (where R20. and R21 are each

i ndedeogsaratbyp or afdrtodernliyigrosr).a CL to C4 al kyl

group), a nitro .group, a carbanmoyl group, an N(Cl to

C4 al kyl )carb& 'OgL%B‘Pgroup, an N,N-di (0 to C4

fo 08 ol kyl orouar il By Manchedy .
an N-(C; to C4 alkyDcarbamoyl group,
~an N,N-di(C; to C4 alkyl)carbamoyl group,
-NHCOR? (where R? is a C; to Cy alkyl group that may be
branched),
a halogen atom, and
-S(0)p-R (where n is 0, 1 or 2, and R is a C; to C4 alkyl
group that may be branched);
or may be substituted with -O-(CHg)m-O- (wherg m is I or 2) at positions
3 and 4 taken together; and
(xv) a heteroaryl group, wherein the heteroaryl group may be
substituted with at least one group selected from the group consisting of:
a C1 to C4 alkyl group that may be branched,
a Ci to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to Cs
alkyl group that may be branched, a cyano group, -NR20R21 (where R20
and R2! are each independently a hydrogen atom or a C: to Ci alkyl

group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyl)ecarbamoyl
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a cyano group, -NR20R21 (where R20 and R21 are each

i ndependently a 5 hydrogen atomor a Cl to C4 al kyl
group), a nitro group, a carbanoyl group, an N-(Cl to
CA4 al kyl) carbanoyl group, an NNN-di (d to C4

al kyl ) car banmoyl group, 10 -NHCOR9 (where R9 is a Cl
to C4 al kyl group that nmay be branched), and a

hal ogen atom In a further enbodinent, R, R', R2,
R2', R3, R, R4, R4', R5, R5', R6, and R6' of the

ig rg%ﬁlg}g,daﬂ gpl(ledﬁ&f] 1t t%:j%% %%Waiﬁ%l %1‘61![ )ora-'i\ﬁ-l(g{)ﬁy RS here R?

pendentTy se rom t e “gr olip consi sting

of ;3 ahydfoagenkat %ﬂ%hp&h%t%ér bé bfdnens@phenyl group, a
3,4,5-trichl orophenyl group, a 3,4-difluorophenyl

group, a 3-ni reyphegyéugr oup, a 3-cyanophenyl group,

a benzothlophenél-Z-yl grou a 3,5-difluorophenyl

group, a 3-trNRFRST éﬁ&%?lgﬁem Bft oifg, each independently a

2,4-difluorophen roup 20 3c et hyl sul f onyl phenyl
o SBrosgh A GRS s 3 RAPEDBSRE ny ) phenyl — o bup.
In a further gnhpdidap, the conpound represented by
the formula (11) i's a compound represented by the
fol |l owi ng for méhebdthbyl) grokp, 25 CHZZ CHZZ R (11")
57 (where R and R1l' are groups independently

sel ected fromenRe(gr bup+ agl@d&agbam@flaroap,hydr ogen

atom a3, 4, 5.0 N-HRE0R0 ke PamS1 group,
-NHCOR? (where R? is a C; to C4 alkyl group that may be
branched), and
a halogen atom.

In a further embodiment, R1, RT, RZ, R?, R3, R¥, R4, RY, R5, RY, RS,
and RS of the compound represented by the formula (II) are groups
independently selected from the group consisting of a hydrogen atom, a
3,4,5-trifluorophenyl group, a  3,4,5-trichlorophenyl group, a
3,4-difluorophenyl group, a 3-nitrophenyl group, a 3-cyanophenyl group,
a  benzothiophenyl-2-yl group, a 3,b-difluorophenyl group, a
3-trifluoromethylphenyl group, a 2,4-difluorophenyl group, a
3-methylsulfonylphenyl group, and a 2,3-bis(trifluoromethyl)phenyl
group.

In a further embodiment, the compound represented by the

formula (II) is a compound represented by the following formula (IF):
R1
(I Yoz
OO
R (11"
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3,4,5-trichl orophenyl group, a 3,4-difluorophenyl
group, a 3-nitrophenyl group, a 3-cyanophenyl group,
a benzot hi ophenyl -2-yl group, a 5 3,5-difl uorophenyl
group, a 3-trifluoronethyl phenyl group, a

2, 4-di fl uorophenyl group, a 3-nethyl sul fonyl phenyl
group, and a 2,3-bis(trifluoronethyl)phenyl group,
and R7, R8 and Z are groups independently as defined
above). In another enbodi nent, R7 and R8 of the

Se%ﬂgﬁl X{lagﬁ@eﬁl 136" ﬁ§§elﬁti &i)énh?%él@&@@'ﬁoﬁ' Be group

are groups |ndependen y selected from the group

conrshsikiing of &i ihydeodkeh tatoGl 2 aal Ky|5-giarobhedylngtoup, =
be branched or forma cyclic roup; and (xii)
- ( GrHRpgrickRlozop dren csrRUP; & B4 dgilwirppbentsd caredp f &o?nmth@henyl

?L%up;%r‘@s%atﬁwmaf PRy
o AR gAREATe A, TI0U% TN B SR S,

00@34 aiﬂmopﬁenyﬂ%rauﬁl g0 S%eﬁlﬂlecﬂl&MﬂyD agnm:py bad a
branched, a Cl to C5 al koxy group that may

br %hmﬂtrlﬁmnmn:gplthgbmqnyﬂ hetoupayaik BUbEE| amtﬂ ed wid hgroups
aClto 4 _alkyl groupﬁygat may be branched, a cyano
gréﬁ%ﬂmnﬂﬁ2ﬂﬂﬁf and R21 are each

| ndependlentl o8 erhlg%{b%%‘%” &t o%]a ‘? £ tfothe s%lﬁéi{ tamme

group), group, a “Chr gr oup
104 ¢ ;%Méﬁt%ﬁrwmlforn%ﬂlfml) A %o“‘pg'lfl@petlﬁegﬂy selected from

al kyl ) car banoyl group, or where RO 1s a Cl
t 0 thd gadugytorgiaige sfhat may be br anched) , 58 a cyano
?nggénwﬂﬁo(fe‘f %0 Vl\?glrkeyl Ig_'gul? ggatRiﬁy%reebrea?lgﬂed or form a cyclic |
group; and
(xii) -(CH2)n-OR2 (where R!2 is a group selected from the group
15 consisting of:
(1) a hydrogen atom,
(2) a C1 to C4 alkyl group that may be branched,
(3) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:
20 a C1 to C4 alkyl group that may be branched,
a Ci1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to Cy4
alkyl group that may be branched, a cyano group, -NR20R2! {(where R20
and R2l are each independently a hydrogen atom or a Ci to Ci alkyl
25  group), a nitro group, a carbamoyl group, an N-(C; to Cs alkylearbamoyl
group, an N,N-di(C; to C; alkyDcarbamoyl group, or -NHCOR? (where R?

ig a C; to C4 alkyl group that may be branched),
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hydrogen atomor a Cl1 to C4 al kyl group), a nitro
group, 5 a carbanoyl group, an N(C to C4

al kyl ) carbamoyl group, an N,N-di (C1l to 4

al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to
C4 al kyl group that may be branched), and 10 a

hal ogen atom and (4) a heteroaryl group, wherein the
het eroaryl group may be substituted with at | east
one group selected fromthe group consisting of a Cl
to &4 al kyl grpo y be branched, 15 a Cl to
C5 al koxy gro&p&%ﬁ%{&%’ be branched, an aryl group
that may be sulNS2iRUt @chetttR20aakd RO &% eadikyhdéeamdpntly a
that may be branched, a cyano group, -NR20R21 (where
R2GrydaegerR@tbimereadach Gradbpegrdent.l y a hydrogen at om
or a CltoC4 alkyl group), a nitro group, a

car banoyl gr o2 EhERMPC to C4 al kyl ) car banoyl 20

group, an N, N-dj( | kyl ) car banmoyl group, or
5 NHCOR9 (V\herg%g%?%&a&éfgto C4 al kyl group that may

be branched), J& KY@190 @; QU calNRRARAL6wper e R0 and
R21 are each independently a hydrogen atomor a Cl

to C4 al kyl groulR)N-d2&: o fitalkbyliraatpmonl gamupanoy|
group, an NN(ClL to C4

RN (G o OVEHIRGT fEarisaREy 4 on darss SIRFDEro(She sy be
R9birism&e%i)’ Lo C4 al kyl group that may be
10 a halogen atom, and
(4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group consisting
of:
a C1 to Cy4 alkyl group that may be branched,
15 a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to Cu
-alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to Cs alkyl)carbamoyl
20 group, an N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCOR? (where R?
is a C1 to C4 alkyl group that may be branched), |
a cyano group,
-NR29R2! (where R20 and R2! are each independently a
hydrogen atom or a Ci to C4 alkyl group),
25 a nitre group,

a carbamoyl group,

an N-(C; to C4 alkyDcarbamoyl group,
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branched), and a halogen atom 5 and n is an integer
of 1 to 12. In a further enbodi nent, R7 and R8 of the
secondary amne represented by the formula (I1) are
groups i ndependently selected from the group

consi sting of a nethyl group, an ethyl group, an

n- butyl group, an isobutyl group, an n-decyl group,
and a cycl ohexyl group. 10 In a still further

enbodi nent, R7 and R8 of the secondary am ne

repr esent ed b}éntﬁtqq ggg@m})? (a|1k§1 éﬁ'ﬁaﬁﬂ?ﬁ S30E: I n

anot her enbodi nent R8 o t he secondary ani ne
represented byNH@EORO(whd R 1s) a & @o takeRyl p@abhhat tay be
forma divalent group selected fromthe group
comginthady ofd - (CH2)m (where mis an 15 integer

from2 to 8); I-q 0 > and X-O O The present invention
further provi G Ie8SHR 08 for stereosel ectively

gg¥iig%ggIﬁﬁggfgnﬁﬁhggresented by the formula (VI):
R18 (VI) the nethod
cormrl Sefn adlkdathat Iéﬁ%cﬂlﬁ@ﬂpowdaﬂ@mseﬁﬁrth@obelaandsn@ amine
formula (1V) 25 14 R16 ~N-C COOR17 R15 H (1V) 60
Wi trhpiesentedon tho fornneaf Ghnateagioups imidpendendly selected from
the group consisting of a methyl group, an ethyl group, an n-butyl group,
an isobutyl group, an n-decyl group, and a cyclohexyl group.

In a still further embodiment, R7 and R8 of the secondary amine
represented by the formula (II) are the same.

In another embodiment, R7 and R8% of the secondary amine
represented by the formula (II) are taken together to form a divalent

group selected from the group consisting of: -(CHz)n- (where m is an

integer from 2 to 8); —~—0 0
-0 oj
| —

; and

The present invention further provides a method for

stereoselectively producing a compound represented by the formula (VI):

=N
R15>—— * O—R17
R18 (VI)

the method comprises:

alkylating a cmﬁpound represented by the formula (IV)

~16
14 R
R | 17
N-—(I)—CO-O—R
RS H (IV)
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usi ng a conpound represented by the formula (1) that
is pure with respect to axis symmetry as a
phase-transfer catalyst: 5 RB R2 R4 RL R7 RS R5, R6
R N+y \Rs R4 R 10 R3, R2 (I) in a nmediumin
the presence of an inorganic base, wherein in the
formula (1), R, R', R, R'", R3, R3', R4, R4', R5,
R5', R6, and R6' are groups independently sel ected
fromthe group consisting of 15 (i) a hydrogen atom

(i igéma @ﬁ%ﬁ%ﬂ}n&"éﬁ%@fmlgrw)iml are each

i ndepen hydrogen atomor a Cl to C4 al kyl

group); (iii) a cympm@-ygyoup; (fjv) a nitro group; 20

(v) a carbanoyl group; (vi) an N(Cl to C4

al losing ar bempyindreppssepied byathd\fotnaulaC(D t thaClis pure with
al kyl) carbanmoyl group; (vijii) -NHCORO (where R9 is a

C1 Te8Pach Lo Pidp| SYSHBEAY R 4t Py tsansipy sifabed) . 25 (i x)

5 C to C6 al kyl gredp tHfat may be branched or form a
cyclic group; é;) c2 G4 al kenyl group that may

be branched or Toxf 1

5 /R7
R5, RS ' N* X
R \RS
R4
10 RY R? 1)

in a medium in the presence of an inorganic base,

wherein in the formula (I), RL, R!, R2, RZ, R3, R%, R4, R%, R5, R¥,
Ré, and R® are groups independently selected from the group consisting
of:
15 (i) a hyﬂrogen étom;

(ii) -NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a C; to Ca alkyl group);

(iii) a cyano group;

(iv) a nitro group;

(v) a carbamoyl group;

(vi) an N-(C1 to C4 alkyl)carbamoyl group;

(vii) an N,N-di(C1 to C4 alkylcarbamoyl group;

(viii) -NHCOR?® (where R? iz a C; to Ci alkyl group that may be
branched);

(ix) a C1 to Cs alkyl group that may be branched or form a cyclic
group:

(x) a Cz2 to Cs alkenyl group that may be branched or form a cyclic
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group; (xi) a C to C al kynyl group that may be
branched or forma cyclic group; (xii) an aralkyl

group, wherein the aryl noiety of the aralkyl 5

group may be substituted with at | east one group
selected fromthe group consisting of a G to C4

al kyl group that may be branched, a C to Cs al koxy
group that may be branched, an aryl group that may be
substituted with a G to C4 alkyl group 10 that may

be hranched, a cyano group, -NR20R21 (where R20 and

R2T are each independently a hydrogen atomor a Cl

to C4 aliy) 2000WP)Ce AlkYNT @ro@s QURL ndaxt Ak AEAYhed or form a
group, an N-(Cl to C4 al kyl)carbanmoyl group, an

N, Nycli Gioupd C4 al kyl ) car bamoyl group, or -NHC(PQ

(where §9 s aClto 4 alkyl group that may

br-anchedyil 1@ are];ké(ﬁo%r@muﬁ'herﬂﬁszrxfhﬁ@ﬂ%wot%&ralkyl

R21g6§r :fxﬁasrl surb {%upeddexg{t{hyate}eg Jn%ggr%ug%% i mglrfr&n%-’le group

ZOCQHSlghﬁg,fto C4 al kyl ) car barmyl group, an N, N-di(Cl
to C4 al kyl)carbanoyl group, -NHCORO (where R9 is a
C to Ch €hkylCigdkyipsrohpthatmalpde bmankékd), and a
hal ogen atom 25 (xiii) a heteroaral kyl group having
a het er caFyto fpisdkexy %@@Péhﬁt mayebenietadcbedy|  noi ety

Y e SHTHHL TPl gl S5 208 BP0, BELSSHRY v
that may be branched, a cyano group, -NR20R2! (where R20 and R2! are
each independently a hydrogen atom or a C; to Cs alkyl group), a nitro
group, a carbamoyl group, an N-(Ci to Cs alkyDearbamoyl group, an
N,N-di(C; to Cs alkyDcarbamoyl group, or -NHCOR? (where R? is a C; to
C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a hydrogen
atom br a C; to C4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(C: to C4 alkyl)carbamoyl group,

an N,N-di(C; to Cs alkyl)carbamoyl group,

-NHCOR?® (where R? is a Ci to Cs alkyl group that may be
branched), and

a halogen atom:

(xiii) a heteroaralkyl group having a heteroaryl moiety, wherein
the heteroaryl moiety may be substituted with ﬁt least one group

selected from the group consisting of:

62



a Cl to 4 alkyl group that may be branched, a Cl to
C5 al koxy group that may be branched, an aryl group
that may be substituted with a ClL to C4 al kyl group
that may be branched, a cyano group, -NR20R21 (where
R20 and R21 are 5 each independently a hydrogen atom
or a Cl to C4 alkyl group), a nitro group, a

car banoyl group, an N-(Cl to C4 al kyl) car banoyl

group, an N, N—di(d to ¢4 al kyl) carbanoyl group, or

- NHCOR9 oup that may
be branc eé%%34 yﬁko 3§4B%pmf' e%ﬁé%%%%!(mhere R20

and R21 @(Etsmfalkm;emmg&mtmaguwﬁmm atomor a
Cl to &4 alkyl group), a nitro group, a carbanoyl

% r oug, éam nexl@roup tmltt aialy%bta) @dTSbaw@yll wighaui) tdl 64 akkyl group
h A

o that day b Sreacheti! S BotRat Vb v he ﬁ Sk B are
5292 BRLBAS. IO plilan A L o & HPC, WIEASHBUIS niero

ary grou

gr %&l@uﬁehe@rﬁgmf)ﬁp@%ﬁ? gﬁomcmeswtdmg)@frbaﬁoﬁl ghdup, an
C4 al kyl group that nmay be branched, a Cl to
al ROy dif€otigp Ciu dkyaaybhmopl grucipe dy MHQQISH (v@m:ra Rétisat C1 to
may_ be_ substituted with a Cl1 to C4 al kyl group that
)C*ib'fé BreioRdhat magyhmbragcBed); - NR2OR21 (where R20
and R21 are 25 each independently a hydrogen atom or
a d to THYEI"Broup), a nitro group, a carbanoyl

1Ogr OUD’ aJNIQ*“f{@ (WierAral kyd rearhapp 1195[9%@9&% hydrogen
di(d to &4 al kyl) carbanoyl group, or -
(\Maedsm d?% Cst@aCChlityd gré6dp),
a nitro group,
a carbamoyl group,
an N-(C to Cs alkyDcarbamoyl group,
15 an N,N-di{(C; to C4 alkyDcarbamoyl group,
-NHCOR? (where R? is a C; to Ci alkyl group that may be
branched), and
a halogen atom:
{xiv) an aryl group, wherein the aryl group may be substituted
20  with at least one group selected from the group consisting of:
a C1 to C4 alkyl group that may be branched,
a Cy to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C: to C4 alkyl group
that may be branched, a cyano group, -NR2/R2! (where R20 and R21 are
25 each independently a hydrogen atom or a C; to Cas alkyl group), a nitro
group, a carbamoyl gﬂ)up, an N-(C; to Cs alkyDcarbamoyl group, an
N,N-di(C; to C4 alkyDcarbamoyl group, or -NHCORS? (where R? is a C; to
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C4 al kyl group that may be branched), a cyano group,
-NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a Cl to C4 alkyl group), 5 a nitro
group, a carbanoyl group, an N-(Cl to C4

al kyl ) car banoyl group, an NN-di (A to C4

al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to
C4 al kyl group that nmay be 10 branched), a hal ogen
atom and -S(On-R (where nis 0, 1 or 2, and Ris a
C1 I be branched) or may
be @sﬁabls légﬁgh%fw%@%%gﬁ}mb (where mis 1 or 2)
at positaepsno gBwup, and 4 taken together; and (xv) a
heteroary@grou&v wherein the heteroaryl gr oup . may
subst i t ut here| BYsand RE" groapehs tidepepdentinm lti:ﬁ#ogen
gr oup consj stl 1 to &4 al kyl group that may
be BPREHe 1t°a fﬂfyc}%u Pkoxy group that nay be
spranched gtg g @If group that may be substituted
W|th acC kyl group that may be branched, a
cyano gr@u@nba-nNBa@Ede(V\here R20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group), anmN-{Gro @d@l)cwmw&ﬁmp .group, an N-(C1

ol ky 1) cat b B Ao Foee e RO (s a C1
oroup. B0 FERER WGk T %%%?%‘%wﬂ BY@MRay be

10l nq_ﬁgﬁé}@qm,tly a hydrogen 64

a halogen atom, and
-8(0)n'R (Where nis 0, 1 or 2, and R is a C; to Cs alkyl group that
may be branched);

or may be substituted with -O-(CHz2)m-C- (where m is 1 or 2) at positions

15 3 and 4 taken together; and

20

25

(xv) a heteroaryl group, wherein the heteroaryl group may be
substituted with at least one group selected from the group consisting of:

a Ci to C4 alkyl group that may be branched,

a Ci to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to Cs alkyl group
that may be branched, a cyano group, -NR2°R2! (where R20 and R2! are
each independently a hydrogen atom or a C; to Cs alkyl group), a nitro
group, a carbamoyl group, an N-(C{ to Ci alkyDcarbamoyl group, an
N,N-di(C1 to Cs alkylcarbamoyl group, or -NHCOR? (where R? is a C; to
C; alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a hydrogen
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atomor a G to C4 alkyl group), a nitro group, a
carbanoyl group, an NN(C to C4 al kyl) car banoyl
group, 5 an NNdi (G to C4 al kyl)carbanoyl group,
-NHCOR9 (where RO is a G to C4 al kyl group that nay
be branched), and a hal ogen atom and R7 and R8 are
each independently a nonoval ent organic group or are
10 taken together to forma dival ent organic group,
X- is a halide anion, in the fornmulae (1V) and (Vl1),

m%t&ﬂq)r%lglﬁ?.ﬁ ggxﬁjfgjrr%gfgpendent ly (i) a hydrogen

atom ofr group that may be
substit uf agriMgtdya ClL to C4 al kyl group that may be
branched, a Cl to C5 al koxy group that may be

br ancheda caorbamdydigoggn atom with the proviso the
case where b th R14 and R15 are hydrogen atons is
excl udedaﬂ% ig Gsalgyheybgaas] €849 from the group

gloﬂfl: Stglrf?) No& & é 90 é‘bh%g g%)g,?g&? &)Ir’lrr? aacycl |t g o
group. (JNHéoﬁa%Eé}eCﬁsaiskﬁnmk {@r @kﬂpalk!ﬁﬁtgrﬂg et Zay be
ranched or forma 25 cyclic group; (iv)
al lbymydhedd,cangl t hat may be branched or forma cycl [ c
aroup; 6a5 halogen atom; and
R7 and R8 are each independently a monovalent organic group or are
taken together to form a divalent organic group,
X- is a halide anion,
in the formulae (IV) and (VD),
R4 and R!® are each independently
(1) a hydrogen atom; or
(ii) an aryl group that may be substituted with a Ci to C4 alkyl
group that may be branched, a C: to Cs alkoxy group that may be
branched, or a halogen atom;
with the proviso the case where both R4 and R1% are hydrogen
atoms is éxcluded,
R16 is a group selected from the group consisting of:
(i} a hydrogen atom;
(ii) a C; to Cio alkyl group that m;ay be branched or form a cyclic
group:
(i) a Q2 to Cs alkenyl group that may be branched or form a
cyclic group:
(iv) a Cg to Cs alkynyl group that may be branched or form a

cyclie group;
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(v) an aral kyl group, wherein the aryl group of the
aral kyl group may be substituted with at |east one
group selected fromthe group consisting of. a G to
C4 al kyl group that may be branched, 5 a Cl to G5

al koxy group that may be branched, an aryl group that
may be substituted with a G to C4 al kyl group that
may be branched, a cyano group, -NR20R21 (where R20
and R21 are each independently a hydrogen atomor a

Cl to CAalky Lt r car

aroup, ai et e b B PerctptR Rl grous
N, Mk (e stistfedtad kith Gar RRAD YN0 WP, sdléctedHEERIthe group
(where RO is a Cl to 4 alkyl group that nmay be

br @nshetihg of cyano group, -NR20R21 (where R20 and R21
are each independently a hydrogen atomor a Cl to 4

al kyl grabpyo Cralylgronp thibmsy be keapekafoyl group, an
N-(CL ¢ | b di (G to C4
( 0 gi 5 y@%&ﬁ&g@%ﬂﬁl e @r%ng@e'\&, H( 0

al kyl ) cat gro ere 's a Cl to

C4 al kyl 5 96PHRbRR R ABM R e Athdbianahedh o @DEh 8, alkyl group
hal ogen atonm (vi) a heteroaral kyl group having a
hettRapaiay benbirebshedwWaetyeino giolnp, HER2RSA(whewDR Yt yndridp! are
be substituted wth at |east one grogg)gselected from

t heagh dnferepdsnEy iy drogepmigmoer o ¥ YY1 greup), & nitro
that may be pranched a Cl.t | k roup t.hat
B bp Ry L arayn, iR R 81 SHINEEBR o Broup, an

' IOSU%,N-HHE?% wzltali'kﬁ)cgﬂrb&ﬁo% gﬁJulf)Y br IAWORDEvhere RO is a C1 to

15

20

25

C; alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a hydrogen
atom or a C; to C4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkyl)carbamoyl group,

an N,N-di(C;: to C, alkyDcarbamoyl group,

-NHCOR? (where R® is a C; to Cs alkyl group that may be
branched), and

a halogen atom;

(vi) a heteroaralkyl group having a heteroaryl moiety, wherein
the heteroaryl moiety may be substituted with at least one group
selected from the group consisting of:

a C; to C4 alkyl group that may be branched,

a C: to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to C4 alkyl group
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that may be branched, a cyano group, -NR20R21 (where
R20 and R21 are each independently a hydrogen atom
or a C to C4 alkyl group), a nitro group, a

car banoyl group, an N-(Cl to C4 al kyl) car banoyl
group, an N Ndi (A to &4 al kyl)carbanoyl group, or
-NHCOR9 (where RO is a Cl to 5 C4 al kyl group that
may be branched), a cyano group, -NR20R21 (where R20
and R21 are each independently a hydrogen atomor a

CL 0t ?é‘ kﬁ%ﬁ&%}%‘d& fa&ﬂ %:’ gfﬁRQbRﬁL@wﬁeI%aREbaﬁ?&’ lR21 are

group, banoy gr oup

N, I‘éadh(l dndedtial Kvkd h%rf@yi 096 QUPto cm'dixﬁfag&wﬁrasmtro
RO is a Clﬁto C4§al kylﬁ%%oup that may be branched),
angradp, aahrairbgmnyhtgmmp,(wmlm (En tar Gk ajkvidmrbwheykeiroup, an
the ar grogg rmy be substituted w.th at, |east one

gr d%ﬂ'é%ﬂeé@ aﬁh@meybwwoﬁgulgﬂ%fioﬁv%ﬁreﬁ iga Cito
C4 I nched, a Cl to G5
allg“aaﬂﬁ OBPQH%Pmr%;y g%@hed 20 an aryl group

t hat rmyatgfa glsotututed vvlth a G to C al kyl group

that may be branched, a cyano group, -NR2OR21 (where

R20 and M%Bﬁ]e(w]ﬁﬁﬁmﬂomiﬁbﬁﬂdem bychaimispendenintdydrogen
or aClto™ alk group), a nitro group, a

c ardbhemoy 2 @rtm@ga llﬂl"e@.l?,to C4 al kyl ) car banoyl

group, an N, N-di (G to C4 al kyl)carbanoyl group, or
“NHCOR9 {RHEP8™B¥is a G to 25 C4 al kyl group that

may be branghs g%p ano group, -NR20R21 (where R20
10 2 ach i ndhg%

15
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and R21 are e endently a hydrogen 67
an N-(C; to C4 alkyllcarbamoyl group,

an N,N-di(C; to C4 alkylcarbamoyl group,

-NHCOR? (where R? is a C; to Cs alkyl group that may be
branched), and

a halogen atom;

(vil) an aryl group, wherein the aryl group may be substituted
with at least one group selected from the group consisting of:

a C; to C4 alkyl group that may be branched,

a C; to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C: to C4 alkyl group
that may be branched, a cyano group, -NR20R2! (where R20 and R?! are
each independently a hydrogen atom or a Cy to C4 alkyl group), a nitro
group, a carbamoyl group, an N-(C: to Ci alkyllcarbamoyl group, an
N,N-di(C: to C4 alkyl)carbamoyl group, or -NHCOR? (where R?is a C; to
Cs alkyl group that may be branched),

a cyano group,

-NR2R2! (where R20 and R2! are each independently a hydrogen

67



atomor a Cl to C4 alkyl group), a nitro group, a
carbanoyl group, an NN(Cl to C4 al kyl) car banoyl

group, 5 an NNdi (G to C4 al kyl)carbanoyl group,
-NHCOR9 (where RO is a Cl to C4 al kyl group that nmay
be branched), and a hal ogen atom and (viii) a

het eroaryl group, wherein the heteroaryl group may be
10 substituted with at | east one group selected from
the group consisting of a G to C4 alkyl group that

nayétg[ﬁ %a ahp 64 aﬁg&gﬁ Cs al koxy group that may be

br an hat may be substituted with
a Cl to Chiigh y&u roup that nay be branched, a cyano
group, -NR20RZ1 (mhere R20 and R21 are 15 each

i ndependeaitbansoyiyslogen atomor a G to C4 al kyl
group), a nltro gro a carbannyl group, an N-(Cl to
C4 al kyl3md¥ @ﬁial)sar bamoy\grewll, (0 to C4
alkyl)carb y u where RO is a Cl
%o 4 aéflk&l%gé‘%gb&{ ﬁg?&%ﬁai}’@nbﬁ%%&ﬁ%) a cyano
group, 2QrdBEOREILLMNEE &;sR20cang %%1 LaR5P g%a&fﬂ that may be
i ndependently a hydrogen atom or o 4 al

gr dugmched),nidd 0 group, a car banoyl group, an I\I-(O to

C4 al kyl ) carbanoyl group, 25 an NNNdi (G to C4
al kyl ) ca& baleggh agewy pnd - NHCCRQ (where RO is a G to

G al kyl(vgl aphgtg%argia)én?uep, grrcla%‘r? etgl) heteroars%_ group may be

10 substituted with at least one group selected from the group consisting of:
a C1 to C4 alkyl group that may be branched,
a Cy to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to C4 alkyl group
that may be branched, a cyano group, -NR20R2! (where R2¢ and R2! are
15 each independently a hydrogen atom or a C; to Cs alkyl group), a nitro
group, a carbamoyl group, an N-(C; to Cs4 alkyDcarbamoyl group, an
N,N-di(C: to C4 alkyl)carbamoyl group, or "NHCOR? (where R? is a Ci to
Cq alkyl group that may be branched),
a cyano group,
20 -NR20R2t (where R2? and R2! are each independently a hydrogen
atom or a Ci to Cs alkyl group),
a nitro group,
a carbamoyl group,
an N-(Cj to Cq alkyl)carbanioyl group,
25 - an N,N-di(C; to C4 alkyl)carbamoyl group,
-NHCOR? (where R® is a C; to Cis alkyl group that may be
branched), and
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a halogen atom Rl17 is a G to Cs al kyl group that
may be branched or forma cyclic group), in the
formulae (V) and (VI), 5 R18 is a group selected from
the group consisting of: (i) a ClL to Co alkyl group
that may be branched or forma cyclic group; (ii) a
C3 to Cs allyl group or substituted allyl group that
may be branched or forma cyclic group; 10 (iii) a
C2 to O al kenyl group that may be branched or form a

cyclic gr%é?d egia\Q)ma C2 to C6 al kynyl group that may
be branched &F form a cyclic group; (v) an aral kyl

gr @ip, isWh et et dshaket ﬁrpﬁ%itﬁhy 2y bBerahah&y lor FoBMPa cyclic
15 may be substituted with at |east one group

selgrotpld fromthe group consisting of a Cl to C4

al kyl group th?t rma be branched, a Cl to C5 al koxy

gr dophe fermwag (Band hPhed, an aryl group that may be

su L.tuted with a.Cl to, C4 al kyl group. 20 that nmay

be 1o ihd g Sg AR e s e e R0 and

R21 are (pacly tonégom%g&&ab YL P IR brah MR Pbr forfl a cyclic
to C4 alkyl group), a nitro group, a carbanoyl

gr gepup;an N-(ClL to C4 al kyl ) carbanmoyl group, an

N, N-di (O to C4 al kyl)carbanoyl group, or -NHCORO
(wher e RO1ix Ca teCa allylogroapkey syhstitiptedhaliylgrpupdhat may be

o PIEPELTTOr A WENISAERY & hyarogen alom or & CL
to G4 al &ﬁﬂ a%QLéQ)GG gﬁienyl group that may be branched or form a
cyclic group; _

(iv) a Cz2 to Ce alkynyl group that may be branched or form a
cyclic group;

(v) an aralkyl group, wherein the aryl moiety of the aralkyl group
may be substituted with at least one group selected from the group
consisting of;

a C1 to C4 alkyl group that may be branched,

a C; to C; alkoxy group that may be branched,

an aryl group that may be substituted with a C; to C4 alkyl group
that may be branched, a cyano group, -NR2°R21 (where R20 and R2! are
each independently a hydrogen atom or a C; to Cs alkyl group), a nitro
group, a carbamoyl group, an N-(C; to Cs alkyl)carbamoyl group, an
N,N-di(C1 to C4 alkyDecarbamoyl group, or -NHCORS? (where R? is a C; to
Ci alkyl group that may be branched),

a cyano group, o

“NR20R2! (where R20 and R2! are each independently a hydrogen

atom or a Ci to C4 alkyl group),
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a nitro group, a carbanmoyl group, an N-(C to 4
al kyl ) carbanoyl group, an NNN-di (G to 4
al kyl ) car banmoyl group, 5 -NHCOR9 (where RO is a Cl to
C4 al kyl group that may be branched), and a hal ogen
atom (vi) a heteroaral kyl group having a heteroaryl
noi ety, wherein the heteroaryl noiety nay be
substituted with at |east one group 10 selected from
the group a G to C4 al kyl group that may be
branched 'ﬁo?xmﬁpo C5 al koxy group that may be

ryl™’

br anched‘?L h group that may be substituted with

a Cl to S4aidavdyl@hesp that may be branched, a cyano
group, -NR20R21 (where R20 and R21 are 15 each

i ndependeniN-{Caton§ dalkgbnadtammoydrerancCl to C4 al kyl
group), a nitro,group, a carbanoyl group, an N-(Cl to
C4 al kyl %%Ha%& t(g&eaﬁeyl)éﬁrbwm&rm, to C4

| kyl) car roun, HQr. - NHEORO ere.R9 is j
5?0 A aIlkk@ﬁa::‘)\'g;ﬁrsog"ff)&%’IQ"?atR(g rrlasy abelbroa%ﬂ%%f,l %'O‘éi}aﬁlé’lg may be
O Qncidy) - MR OR21 (where R20 and R21 are each
i ndependently a hydrogen atomor a G to C4 al kyl
group), ahaidgea agomup, a car banmoyl group, an NN(C to
&4 al kylaqarbarmyl group, 25 an N, Ndi (G to C4 )
al kyl ) catviapoetetrasaly! - suseproaving ¢ deRgoaryl angipty, gvherein

G t%le kﬁtlete%a%f) l}mr)]lae v rr]%gy bge sbt{basgl%fl_]tee%) ‘vvianndat7?east one group
10  selected from the group |
a C1 to C4 alkyl group that may be branched,
a C; to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to C4 alkyl group
that may be branched, a cyano group, -NR2°R2! (where R2¢ and R2! are
15 each independently a hydrogen atom or a C; to Cs alkyl group), a nitro
group, a carbamoyl group, an N-(C; to Cs alkyDcarbamoyl group, an
N,N-di(C; to C4 alkylcarbamoyl group, or -NHCOR? (where R?is a C; to
Cq alkyl group that may be branched), |
a cyano group,
20 -NR20R21 (where R20 and R?! are each independently a hydrogen
atom or a C1 to C4 alkyl group),
a nitro group,
a carbamoyl group,
an N-(Ci to Cs alkylDcarbamoyl group,
25 an N,N-di(C; to Cs alky'l)c.:aﬂ):amoyl group,
-NHCOR? (where R% is a C; to Cs alkyl group that may be

branched), and
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a hal ogen atom (vii) an aryl group, wherein the aryl
group may be substituted wth at | east one group
selected fromthe group consisting of, a G to C4

al kyl group that may be branched, 5 a d to C5

al koxy group that may be branched, an aryl group that
may be substituted with a C1 to C4 al kyl group that
may be branched, a cyano group, -NR20R21 (where R20
and R21 are each independently a hydrogen atomor a
Cl to CA  abkywbnQkQMP), @ nitro group, a carbanoyl
group, an NN(ClL to C4 al kyl)carbanoyl group, an 10

N, N- di ( Glviid GurChryll Elupe aripaeiy thg beypgroap mMy@EROubstituted
(where RO is a Cl to C4 alkyl group that may be

br avithheti}eash ony grenmsdegred L1gRe O grqupeoneiskag adnd R21

Al kyl arblps CapE mbmd tBNGBRY 1 PRty “oroup, an

N(C t Ayl di(d to 4
%al (kyl )cg? girtfgy 5%%%%&%%%%%% &Iii’sl g C1 ?o

10

15

20

25

C4 al kyl aapHRbhipth iR aRDe Sfbsbitataeith,a @neh €, alkyl group
hal ogen atom (vili) a heteroaryl group, wherein the

hetkaparayl bgboanchedy abeyansubroupt UNB#RY (Whette R¥amnd R2! are
one rou&m selected fromthe group consisting.of: a X
C1 epeh aadepepdpntly Gu By Legen AI™Her Brianth &y alsd gropn). @onitro

T S
t hﬂ,mcgﬁo b, AMENGGirb AmbY PR S B4 PNHOGROR et Wk C1 to
R20 ‘and 1121 are 71
Cz alkyl group that may be branched),
a cyano group,
-NR20R2! (where R20 and R2! are each independently a hydrogen
atom or a C1 to Cy4 alkyl group),
a nitro group,
a carbamoyl group,
an N-(C; to C4 alkyDcarbamoyl group,
an N,N-di(C; to Cs alkyDecarbamoyl group,
-NHCOR?® (where R? is a C; to Cs alkyl group that may be
branched), and
a halogen atom:
{(viil) a heteroaryl group, wherein the heteroaryl group may be
substituted with at least one group selected from the group consisting of:
a C1 to Cs alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to C4 alkyl group

that may be branched, a cyano group, -NR20R2! (where R2® and R?! are
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each independently a hydrogen atomor a Cl to (4

al kyl group), a nitro group, a carbanoyl group, an
N-(CL to C4 al kyl)carbanmoyl group, an N Ndi (G to
C4 al kyl) car banoyl group, or -NHCOR9 (where RO is a
G to ¢4 alkyl group that may be branched), 5 a
cyano group, -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group), a nitro group, a carbanoyl group, 10 an N-(C

to CA4 al kyl I N, N~ dj ( G (07} .
ol 16575 SaidpdriB S T e ¥ eRiRyepB pln e kG o Gegup) & mitro
G4 Abky! agéé}ﬁgm%?ﬁtgr@x be Nicanshed)alk AnchrBa R3PS up, an
atom and 15 (ix) a to C9 propargyl group or

suli$IN-fi(Cedo @hefikylerbamoylpgroaupabr M GRRbivamohRY, is a C; to
and in the formula (V), Wis a functional group

haWar)ksl gxoawpithgt sy he kranghed). i n the formula (W),

20 * shows a new y produced asymmetric center. In one
enbodineﬁf?a%ﬁggﬂ§’R8 of the conpound represented by

the for 20Rk) 0 igad

rom chp SRofL) (PhauCER 0 KASREUSN Ry AELRPY framoser
gr upmtdiad Ciey Challbianeled or forma cyclic 25 group
and/or may be substituted with a hal ogen atom (ii) a

C2 to Cl2nairkemewp,group that may be branched or form

a cyclic grou nd/ or may be substituted with a
hal ogen %\F%‘fﬁa'&iﬁ group,

10 an N-(C; to C4 alkyDcarbameoyl group,

15

20

25

an N,N-di{C; to Cs alkyl)carbamoyl group,

-NHCOR?® (where R? is a C1 to C4 alkyl group that may be
branched), and

a halogen atom; and

(ix) a C3 to Cs propargyl group or substituted propargyl group
that may be branched, and
in the formula (V),

W is a functional group having a leaving ability, and
in the formula (VD),
* shows a newly produced asymmetric center.

In one embodiment, R7 and R® of the compound represented by
the formula (I) are groups independently selected from the group
consisting of:

(i) a C1 to Ciz alkyl group that may be branched or form a eyclic
group and/or may be substituted with a halogen atom;

(ii) a C2 to Ciz alkenyl group that may be branched or form a

cyclic group and/or may be substituted with a halogen atoms;
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(ii1) a C to C12 al kynyl group that may be branched
or forma cyclic group and/or nmay be substituted
with a halogen atom (iv) an aryl group, wherein the
aryl group may be substituted wth at |east one
group selected fromthe group consisting of: 5 a C
to C4 al kyl group that nmay be branched, a G to C5
al koxy group that may be branched, an aryl group that
may be substituted with a C1 to C4 al kyl group that

may be branched cyajno grou NR20R2

and o GRESCtn G IREn ARy TRRTRRE SRR Y form
R4 WitH 2 Whog H3EHaMY!

gr 6’3%1 Ccém hk%/dd/&fﬁﬁ%%eas%@tﬁ C%Fi bartmyl g?g()up, an

N, N- di (Ohv)t an Gyl deyhp c athleasimythegaotlpgroap milriGERAubstituted

(where RO is a Cl to C4 alkyl E@oup that may be

br amithet Jeastony afn@lrgaﬂﬁespted e o zrqmlsm dnd R21

are each indepen dro mor acClto
54 al kyla&‘rl&‘&%)‘ T]é"q %FB*’B B@ group, an
N-(Cl to, I m(o to 4
alkyl)carg§n§$*¥%%oup, QB%hﬁﬁéﬁggj @%@re is a Cl

to C4 alkyhrarauip thad nimybebﬁzbsbﬁamh@ﬂh,a @neb @, alkyl group
hal ogen atom (v) a heteroaryl group, wherein the
hetthabmaw beyboamchvdy abeyansupoupt tNBEPRA (Whalte R&asnd R21 are

one g{l seI ected fromthe group consi T]gvof 25 a
enepglpnt mbﬁmﬁnrﬁéymoer Bréankh aa legropp), @ nitro

585 AR B B A A e, o
N,N-di(C; to C4 alkyDcarbamoyl group, or -NHCOR? (where R? is a C: to
Cs alkyl group that may be branched),
a cyano group,
-NR20R?1 (where R20 and R2! are each independently a hydrogen
15 atom or a C1 to Cs alkyl group),
a nitro group,
a carbamoyl group,
an N-(C; to Cs alkyl)carbamoyl! group,

an N,N-di(C; to C4 alkyl)carbamoyl group,

20 -NHCOR?® {(where R? is a Ci1 to Ci alkyl group that may be

branched), and

a halogen atom;

{v) a heteroaryl group, wherein the heteroaryl group may be
substituted with at least one group selected from the group consisting of:
25 a Ci to C4 alkyl group that may be branched,

a Ci to Cs al]%oxy group that may be branched,

an aryl group that may be substituted with a C; to C4 alkyl group
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that may be branched, a cyano group, -NR20R21 (where
R20 and R21 are each independently a hydrogen atom
or aC to C4 alkyl group), a nitro group, a

car banoyl group, an N-(C to C4 al kyl) car banoyl
group, an N Ndi (G to &4 al kyl)carbanoyl group, or
-NHCOR9 (where RO is a G to 5 C4 alkyl group that
may be branched), a cyano group, -NR20R21 (where R20
and R21 are each independently a hydrogen atomor a

or G0, S ek el b p DR [ Refn RAY e e

arbanoyl group, an

N, Db i (fdepe@dbAtd! L hiifabRanmyl 00k WPte CNBIGRETOHWHE Henitro
RO is a éﬂﬂC)(Mgalkgl gr oup th%t nay(%e abranched),

angrdifp, aa halbganyhicomap, (an )N<CCHB) COBINRIGRIAm (yiherap, an
R10 and R11 are groups independent]|y selected from
t heV.Yr &ilfp: toksiad yl?f@rbnmw(llaroalphyarlﬁéé}?%%

erp 159 iﬁ a C1 to

a | kyl t hat be branched; 20 (3
5 §U6d kbR S8 BhalBHly oo branched or ror m

10

15

20

25

a cycli mnkd) a C to C6 al kynyl group that

may be %}%ﬁ@ﬁ@%ﬂg?

aral kyl QVRR2! (hiesei B2othel BeYhrdrehdt yndehehdentl?5 hydrogen
aral kyl group may be substituted with at | east one

gr etgm oelaeCt edCi pBeml greied)gr oup consisting of: a Cl to

"form a cyclic group ; (5) an

alkylagégg%n;ﬂgt may be branched, 74

-~ a carbamoyl group,
an N-(C1 to C4 alkyl)carbamoyl group,
an N,N-di(C; to Cs alkyl)carbamoyl group,
-NHCOR? (where R? is a C; to Cs alkyl group that may be
branched), and
a halogen atom;
(vi) -(CH2).OCONRR!l (where R and R!M are groups
independently selected from the group consisting of-
(1) a hydrogen atom;
(2) a C1 to Cy alkyl group that may be branched;
(3) a C2 to Cg alkenyl group that may be branched or form
a eyclic group ;
(4) a C2 to Cs alkynyl group that may be branched or form
a cyclic group ;
(5) an aralkyl group, wherein the aryl moiety of the
aralkyl group may be substituted with at least one group selected from
the group consisiing of:

a C1 to Cy alkyl group that may be branched,
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a Cl to C5 al koxy group that may be branched, an aryl
group that may be substituted with a G to C4 alkyl
group that may be branched, a cyano group, -NR20R21
(where R20 and R21 are each independently a hydrogen
atomor a G to C4 alkyl 5 group), a nitro group, a
carbanoyl group, an NN(C to C4 al kyl) car banoyl

group, an N,N-di (O to C4 al kyl)carbamoyl group, or
-NHCOR9 (where RO is a d to 4 al kyl group t hat may

be branched), rou ere, R0 and

R21 are each |ﬁ%“e’t)§a(2§1"’e]%? Oup%a%moar ogeenma orFr\?or a

G to C4 alkyl ng£ é%r t'ﬂ'a% rrﬁa rf%“@ubs%tﬁ?édo%ﬁﬂ:yla C1 to Cs
group, an N-( kyI )car anoyl group, an

N, MHIEH (&oup oched xﬁ:hgk}]bb)lﬁcaﬁblwimd cgimuproud’s -NRAHEBRIwhere R20
(where RO 1s a G to C4 al kyl group that may be

br andhBe) arerdch indénsgdantly onhydsygen Rtomeogag ik Cs alkyl

5%2%25155?%151 a%fqﬁé%?iﬂé%%’@' ST RO 4t Tiggexbamos]
o oy S RS i A A YR RSN Qe e

C5 jah ks (%rzﬂ!igl bhab theY nlke e BRcheed), an aryl gr oup
that may be substituted with a G to C4 alkyl group

that nmay be bmawehedrow, cyano group, - NR20R21 (where
R20 25 and R21 are e@w nlgepeng L I : @‘ﬁ’og’b‘% ndently a
atom or a Cl tJRERZIWheryBlpy fi reo P& y
N R L L T
- NHCOR9 (wher g 8% draup,
a carbamoyl group,
an N-(C1 to C4 alkyl)carbamoyl group,
an N,N-di(C; to C4 alkyDcarbamoyl group,
15 -NHCOR?® (where R? is a C; to Cs alkyl group that may be
branched), and
a halogen atom;
(6) a hetervaralkyl group having a heteroaryl moiety,
wherein the heteroarylrmoiety may be substituted with at least one
20 group selected from the group consisting of _
a Ci to Cq alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to Ca
alkyl group that may be branched, a cyano group, -NR20R2! {(where R20
95 and R?! are each independently a hydrogen atom or a Ci to Ci alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCOR? (where R?
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isaC to 4 alkyl group that nay be branched), a
cyano group, -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a G to C4 al kyl
group), 5 a nitro group, a carbanoyl group, an N (Cl
to &4 al kyl)carbanoyl group, an N,N-di (O to 4

al kyl ) car banoyl group, -NHCOR9 (where RO is a G to
C4 al kyl group that may be 10 branched), and a

hal ogen atom (7) an aryl group, wherein the aryl

grQup bstituted wiih at st one group
slceli:%f}‘t(gg%fé)ﬁt"}ukﬁ’ﬁ%roé‘ﬁ’ofg’ﬁtE%ﬁ?s{’is}’zwls * 8 G to Cs

al kyl group ranche a 0

al koxy group ?hgta néflag)é branched, an aryl group that

may be substi t NReGR2M (Whee G20t anLAR21 846y bad QniflepcR@bntly a

may be branched, a cyano group, -NR20R21 (where R2
andly}aidgearaxoeaonha|(hcte[§hwdkyﬂt¢1y>ua) hydr ogen atom or a

G

Sgroup, an N ( @mt

to G4 al kyl ?roup) a nitro group, a carbanoyl
% &52YR{ kyl ) car banmoyl 20 group, an

N,Ndi (G to C4 2 kl%/l}%{rbarmyl group, or -NHCOR9
0

(where RO is 2

aPkyI group that may be

branched), a G%a04cOrOUR alkIRRbZRo(MBELE, R2O and R2L
are each independently a hydrogen atomor a G to 4

al kyl group), adSNAN-di(Cr eo glcilkyl)@rbambgingyplipgr oup, an
N(C to ¢4 al k}&@ carbam)yIRgrou

10

15

20

25

OR? (where RY is a Cs to 7064 alkyl group that may be
branched), and
a halogen atom;

(7) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:
a C; to C4 alkyl group that may be branched,

a Cj to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci1 to Cu
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C: to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(Ci to Cy alkyDcarbamoyl
group, an N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCOR? (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a Cy to Cs alkyl group),

a nitro group,

a carbamoyl group,

~an N-(C; to C4 alkylcarbamoyl group,
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an N,Ndi (G to C4 al kyl)carbanoyl group, -NHCOR9
(where RO is a G to C4 alkyl group that may be
branched), and a hal ogen atom and 5 (8) a heteroaryl
group, wherein the heteroaryl group may be
substituted with at | east one group selected fromthe
group consisting of: a G to &4 alkyl group that may
be branched, a G to C5 al koxy group that may be
branched, 10 an aryl group that may be substituted
with a G to C__alkyl group. that may bhe branched, a
cyano group, ﬂNQﬁ@Pﬂ4CQ%hQFéuﬁﬂka§WHn 1841 each

i ndependent I'y lgfllb)(%@g;veﬁ]er%t Mo Czlfl t(g 336Lagkﬁg%r%k§ %gat pmay be

group), a nitro grotp, & carbanby

CApshkorledsampanoyl  group, an N, N-di (G to C4
al kyl ) car banoyl group, or -NHCOR9 (where R9 15 is a

G to C4 al kyh hgiegem dtoai: amdy be branched), a cyano
group, -NR20R21 (where R20 and 1121 are each
5 ndependent | y{& 2 hythroawh zaewm Bhergircthe deterogrytygroup may

0 4Bk T S0 DR 05,5 DAL 128, 2o Shein
al kyl ) car bamoyl group, -NHCOR9 (where R9 is a G to

C4 al kyl group that may be branched), and 25 a

hal ogen at om a Gn@ Q@ alkyBgrdupttbge indy osbdanched,2) ;

(vii) -(CH2)1CONR12R13 (where R12 and R13 are groups

77 a C1 to C5 alkoxy group that may be branched,

10 an aryl group that may be substituted with a C; to C4
alky!l group that may be branched, a cyano group, -NR20R2! (where R20
and R2?! are each independently a hydrogen atom or a Ci to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(C; to Cs alkyDcarbamoyl
group, an N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCOR? (where R®

15 is a Cito Cy alkyl group that may be branched),

a cyano group,

-NR20R21 (where R20 and R2! are each independently a
hydrogen atom or a C1 to C1 alkyl group),

a nitro group,

20 a carbamoyl group,

an N-(C; to C4 alkyl)carbamoyl group,

an N,N-di(C; to C4 alkylcarbamoyl group,

-NHCOR? (where R? is a Cy to Ca alkyl group that may be
branched), and

25 - a halogen atoms:

and n is an integer from 1 to 12);

(vi) -(CH2),CONR2R!3 (where R!2 and R!? are groups
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i ndependently selected fromthe group consisting of:
(1) a hydrogen atonm (2) a Cl1L to C4 al kyl group that
may be branched; (3) an aryl group, wherein the aryl
group may be 5 substituted with at | east one group
selected fromthe group consisting of: a Cl to C4

al kyl group that may be branched, a G to Cs al koxy
group that may be branched, an aryl group that may be
substituted with a G to C4 alkyl group that may be

branched,. a cyapo up, .- NR20R21 (where.R20 10 and

ming?@nélﬁl?ﬂyiysﬁg’éb%ﬁ%ﬁ‘tth %‘)HQ&Pgééﬁn%P%m or aClto

C4 al kyl gr oup )?gg@h) Q QLQup, a carbanoyl group, an
ar

N(GC to &4 alkKy

anoy group, an NN-di (G to

C4 al kyl ) car bagoy €, g6 0URIkArgrodbichiIdmewetgaihed; s a

G

to C4 al kyl group that may be branched), a cyano

group, 15 - NRESR2 (antyer ercR@Q whdrd@] the eawdchroup may be

o1

i ndependently a hydrogen atom_or Clto 4 alk
gr SUPFtitubed witly af }e@ﬁb?n%\gwpo%ﬁ%%‘gﬁﬁg o

C4 al kyl b 20 ) L (C
oKy ) bat bamogiC et et bl E ey,

bl’ne g:f?uﬂ_ceéliis{:igg of:

C4 al kyl group that cg@koﬁf orbERacdaddy babdaicHaal ogen

atom and (4) a heteroary

group, wherein the

het eroaryl gr ampardygrofp timtsmbstbd stbstitmted vath [edktto Cs

one group selected fromthe group consistin of o
adﬁylagwm e upay Watbrﬁﬁyhﬁg P CHARN EBOUP, 'Eﬂ%z{’%‘“égvhere R20

to

10aI lél%)((:lnglr g.% eta.gﬁl tinggﬁlen%.%nglryagCl:llqyeﬂ'bgeg%tom or a C1 to C4 alkyl

15

20

25

group), a nitro group, a carbamoyl group, an N-(C: to C4 alkyl)carbamoyl
group, an N,N-di(C; to C« alkyl)carbamoyl group, or -NHCOR? (where R?
is a C; to Cs alkyl group that may be branched),

a cyano group,

-NR20R21 (where R20 and R2! are each independently a
hydrogen atom or a C1 to Cs alkyl group),

a nifro group,

a carbamoyl group,

an N-(C; to C4 alkylcarbamoyl group,

an N,N-di(C; to Cs alkyDcarbamoyl group,

-NHCOR?® (where R? is a C; to Cs alkyl group that may be
branched), and

a halogen atom; and

(4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group consisting
of: a C1 to C4 alkyl group that may be branched,

a C; to Cs alkoxy group that may be branched,
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an aryl group that may be substituted with a G to 4

al kyl group that may be branched, a cyano group,

-NR20R21 (where Rea and R21 are each independently a
hydrogen atomor a Cl to C4 al kyl group), a nitro

group, a carbanoyl group, an N-(Cl to C4

al kyl ) carbanoyl 5 group, an NNN-di (d to C4

al kyl ) car banmoyl group, or -NHCOR9 (where R9 is a C

to C4 al kyl group that may be branched), a cyano

group, -NR20R21 (where R2Q and 1l are each, .

i ndependent | y 28 OQTSQ‘Bn&?ttoWFBr eaS@Stftbl%@lwdF}kﬁ 1 to Cq
9 Q4P it OURR 21 Nfiele R20
T WYy i a9 Wnc o 3 BRFRY el R Pl

al kyld) rer RamRYEL Gh@sfn delHGORM(Mbgse atin i & © té @4 alkyl
4 al kyl group that may be 15 branched), and a

halgvgem, atotmo grany, a casbaamoylraregerarf Noff ot dlkyDcarbamoyl
(viii) _(CH'%'N 2C0R13. (where R12 and R13 .QuUpS

| ndEpEndEh iy Slfheioreriabis %W@’ﬁ&ﬁﬁ“%&#s‘@&ﬂggg?’gm R
20.(1) dr n. at 2 t al kyl group

tha{% an%lstot% %lrggf}%??él&%ﬂ(aé;mg ng%\%arncg?@ép, wherein the

aryl group may RQ8nogvdetituted with at |east one

group selected fromthe group consisting of: a Cl to

C4 al kyl gr oupNRA®R?! nfmshere BianohelP! 2% aad itdep@hdently a
al koxy group that may be branched, an aryl group that

d
mayhyiezogemmatom et 2 € 1P Gy adkd soyp&a  al kyl group t hat
y be branched,..a cyano group, -NR20R21 (where R2
a nitro group,
a carbamoyl group,
an N-(C1 to C4 alkylearbamoyl group,
an N,N-di(C; to C¢ alkyl)carbamoyl group,

-NHCOR?® (where R? is a C; to Cs alkyl group that may be

15 branched), and

a halogen atom;
and n is an integer from 1 to 12);
(viii) -(CH2).NR!2COR1%® (where R!2 and R'® are groups

independently selected from the group consisting of:

20 (1) a hydrogen atom;

25

(2) a C1 to C4 alkyl group that may be branched;

(3) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:
a C; to C4 alkyl group that may be branched,

a Ci to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci1 to Cq4

alkyl group that may be branched, a cyano group, -NR20R?! (where R20
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and R21 are each independently a hydrogen atomor a
G to ™ alkyl group), a nitro group, a carbanoyl
group, an N(d to C4 al kyl)carbanmoyl group, an

N, N-di (O to C4 al kyl)carbanmoyl group, or -NHCOR9
(where RO is a d to 4 alkyl group that may be
branched), 5 a cyano group, -NR20R21 (where R20 and
R21 are each independently a hydrogen atomor a Ci
to C4 alkyl group), a nitro group, a carbanoyl group,

10 sad RRY Qe bacKAnabieddeadybamydrogimodpom i N OV éb (@ alkyl
to C4 al kyl)carbanoyl group, -NHCORO (where RO is a
G greuddaaliiy| grgpoup caﬂaxmquﬁrb@, A3y Nn@hécg)& alispl) garbamoyl

hal ogen at t er oar grou I
t hETHER e%ﬁmkhda Qfﬁilot?pcﬁﬁ Dpehest R RN AR frbere R
Ie r p consi sti ng
%}L 8 (% %9 é%lll%c%lr%g a%{ngga%ﬁ%c;% branched, a
50 t o C5 aI kox%yahowpodlat nmay be br anched 20 an
aryl group that nmay be substituted wwth a C1 to 4
al kyl group tHIR2tRY (whebe R hau] Re! cyraneadr oafependently a
-NR2QR21 (where R20 and R21 are) each i ndependently a
hy & 8Ereisnaatem Gra £1¢e Gl PR group), a nitro
group, a car bam)¥1_ r oup, an N(GC to 4
al kyl)carbarm)% gor >an N, N-dl(Cl to 4
al kyl') car barmxlca%%gyi SoupNHCOR9 (where RO 25 is a
C to &4 alkyl group that may be branched), a cyano
10gr oup, - NR2ORah N\Aﬂetecmﬂ:ﬁndrmﬂoﬁrgoﬁﬁch
i ndependently a 80
an N,N-di(C; to C4 alkyl)carbamoyl group,
-NHCORS? (where R® is a C1 to C4 alkyl group that may be
branched), and
a halogen atom; and
15 (4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group consisting
of:
a C1 to Cy alkyl group that may be branched,
a Ci to Cs alkoxy group that may be branched,
20 | an aryl group that may be substituted with a C; to Cs
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkybcarbamoyl
group, an N,N-di(C; to Cs alkyDcarbamoyl group, or -“NHCOR? (where R?
25 is a C1 to C4 alkyl group that may be branched),

a cyano group,

-NR20R21 (where R20 and R2! are each independently a
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hydrogen atomor a Cl to C4 al kyl group), a nitro
group, a carbanoyl group, an N-N(Cl to C4

al kyl ) carbamoyl group, 5 an NNNdi (G to C4

al kyl ) car bamoyl group, -NHCOR9 (where RO is a G to
C4 al kyl group that may be branched), and a hal ogen
atom and nis an integer from1l to 12); 10 (ix)
-(CH2). NR12R13 (where R12 and R13 are groups

i ndependently selected fromthe group consisting of:

( 1)hpdroygek agemn ofbay to( @) alkyClrdu) C4 al kyl group that
may be branched; (3) an aryl group, wherein the aryl
group may be asitsupstiptuted with at | east one group
selected fromthe group consisting of: a Cl to C4
al kyl group t HafaThajrogbemnched, a CL to C5 al koxy

group that may . nche n.aryl group that nmay be
substituted vviatnﬁl%a(@@%tcdc% yﬁ%rg?}%oﬁl?%rﬁﬁgt hat may be

goranched, a Cyame, aUR, to-ARARFBdarbURS ERAE, 20 and

R21 are each independently a hydrogen atomor a Cl to

C4 al kyl gr oupNHGORP {whegyr Bbijis a &;1car®patizy] ggrupuihataiay be
N(Cl to al kyl ) carbanmoyl group, an N,N-di (O to

c4 RipRG9Eathnoy| group, or -NHCOR9 (where RO is a

A to C4 alkyl, group that. may be branched), a cyano
group, 25 -NRfO%Rg‘%)%g%’ R20 and R21 are each

| NOGREAYSHA kifreBor RYAI PISA2AtOM Or @ C to C4 alkyl
group), a nitro group, 81
10 (ix) -(CH2),NR12R13 (where R1? and R1® are groups independently
selected from the group consisting of:

(1) a hydrogen atom;

(2) a C1 to Cq alkyl group that may be branched;

(3) an aryl group, wherein the aryl group may be
15  substituted with at least one group selected from the group consisting of:

a C1 to Cy4 alkyl group that may be branched,

a C; to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cq4
alkyl group that may be branched, a cyano group,‘ -NR20R2! (where R20
20 and R? are each independently a hydrogen atom or a Ci to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyl)carbamoyl
group, an N,N-di(C; to C4 alkylcarbamoyl group, or -NHCOR? (where R?
is a C1 to Cy alkyl group that may be branched),

a ¢yano group,
25 -NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a C;1 to C4 alkyl group),

a nitro group,
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a carbanoyl group, an N-(C to C4 al kyl) car banoyl
group, an N,N-di (G to C4 al kyl)carbanoyl group,
-NHCOR9 (where RO is a G to C4 al kyl group that nay

5 branched), and a hal ogen atom and (4) a

het eroaryl group, wherein the heteroaryl group may
be substituted with at | east one group selected from

the group consisting of: 10 a G to C4 al kyl group
that may be branched, a G to Cs al koxy group that

may be branch Bl o1 oup that may be
substi tuted V\A%?cﬁra ] émcg)l

branched, a Cﬁam(maﬂmaﬂﬁﬂ&a%@!ﬂgemp,wo and R21
are each mdependently a E%dro en atomor a Cl to 4

al kyl 15 grouph, NA-di€n éo

(’\3|_4( gllk;lo) ggr gm(ﬁ@% Eﬂb‘*%loﬁg i%{\ﬁelé%%%{lﬁ%%%g tihtggglay be

al kyl group that may be

adiyDcarbampel@yrPgr oup, an

c I group that may be branched), a cyano
5gr§%§?&§?€2%‘§21

(where R20 and R21 are each

i ndependent | y gghald@n¥@iNged atomor a Cl to ¢G4 al kyl
group), a nitro group, a carbanmoyl group, an N-(Cl to

C4 al kyl)car bé@ogllhegiroml gmu]N Vsdhdre(lmthe dne@ttoaryl group may
al kyI ) car,

(where

bamyyl group
t 0 beguRpiinteg vms% af ﬁ%ﬁst&&ﬁ A ﬁ?lﬁﬁﬁ?ﬂéasm fegraup Somsisting

10
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20
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haIO%gen atom 82

a C1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cu
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyl)carbamoyl
group, an N,N-di(C; to Ca alkyl)carbamoyl group, or -NHCORS? {(where R?
is a C1 to Cy alkyl group that may be branched),

& cyano group,

-NR20R2! (where R2® and R2! are each independently a
hydrogen atom or a Cj to Ca alkyl group),

a nitro group, -

a carbamoyl group,

an N-(C1 to C4 alkyl)carbamoyl group,

an N,N-di(C; to C4 alkyDcarbamoyl group,

-NHCOR? {(where R? is a C1 to Cs alkyl group that may be
branched), and

a halogen atom;
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o

and nis an integer from1l to 12); (x) -(CH2).Y-OR12
(where Yis a G to &4 divalent saturated

hydr ocarbon group that may be branched, and R12 is a
group selected fromthe group consisting of. 5 (1) a
hydrogen atom (2) a G to C4 al kyl group that may be
branched; (3) an aryl group, wherein the aryl group
may be substituted with at | east one group sel ected
fromthe group consisting of: a Cl to &4 alkyl group

t hat ranc .Cl to C5 al koxy group that
na?ngen%sr%%g%erg ar%? foup that may be

substi t utpd(@itvyoRE (RnéA Yalli(YA (\%h%lpcl hﬁ&am&y daurated
branched, a cyano group, -NR2 ere RR0 and R21

ar ehydmﬁarbdrdgp@qdehht Yn &y bydrrage‘mechtazm B2 & @lgoap Gklected
al kyl roup), a nitro oup, a carbanoyl group, an
N(f@mlfcge @PWWS}Q’,&W&)@%D 15 group, an N,N-di (G to

4 al kyl)carb g rou Nels -NHCOR9 (where RO is a

G to C4 al kyl gﬁr ﬁg %8 be branched), a cyano
group, - NR20ReH 4 YJ\’hSB %4%@%1%911}8%11‘&1%@}7%%&&& ed,

i ndependently a rogen atomor a Cl'to Kyl
group), 20 a (@)t ra: g4QUpgroupeawharay! the oah@d @fbdisf (bdy be
to &4 al kyl)carbanoyl group, an NN N-di (G to 4

al lsyb;tcmtb@mgh afytemgp one Blrmlﬁqmé fxonROh¢ grogpChnsisting of:

C4 al kyl grou hat 25 _branch d
hal ogex a?om paqtﬂ]dto(g‘;rgﬁ‘yﬁgf%}po%s\}lm@f g%iaraw%iie. n the

pheteroaryl gr QUP, (7Y, aﬁ(%xy group that may be branched,

15

20

25

an aryl group that may be substituted with a C; to Cs
alkyl group that may be branched, a cyano group, -NR2R2! (where R20
and R2! are each independently a hydrogen atom or a C; to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C¢ alkyDcarbamoyl
group, an N,N-di(C; to Cs alkylcarbamoyl group, or -NHCOR? (where R?®
is a C; to C4 alkyl group that may be branched),

4 cyano group,

-NR2'R21 (where R20 and R2! are each independently a
hydrogen atom or a Cy to Cs alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkylearbamoyl group,

an N,N-di(C; to Cs alkyl)ecarbamoyl group,

-NHCOR? (where R? is a C1 to C4 alkyl group that may be
branched), and

a halogen atom; and

(4) a heteroaryl group, wherein the heteroaryl group may
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be substituted with at | east one group selected from
the group consisting of a G to C4 al kyl group that
may be branched, a C to C5 al koxy group that may be
branched, 5 an aryl group that nmay be substituted
with a G to C alkyl group that may be branched, a
cyano group, -NR20R21 (where R20 and R21 are each
i ndependently a hydrogen atomor a Cl to C4 al kyl
group), a nitro group, a carbanoyl group, an N-N(Cl to
C4 bal suplsliceieBamitllat legssme mroupstledied@romahEgroup consisting
al kyl ) car banoyl group, or -NHCOR9 (where R9 10 is a
0 C4 al kyl group that may be branched), a cyano

group, NR20R2 r 0 a ach

i ndependent | y %a ?\qhg‘r kgﬁg]é?u@n%hg% (ﬁ E’éartﬁl?egl kyl
group), a nlt%qzlg{ooofalk&y%r&wMA gk gy&ch@ﬂ N- (G
to C4 al kyl) carbanoyl group, an N, 37

5al kyl ) car banoyh mmpupmaf\lmaesﬂjd?&utﬁi &nﬂi al @1 to Cy

10

15

20

25

C4 al kyl group that may be branched), and 20 a
hapdgdrerauprihat ey heibyansheditiegesnd gompl -NE*4RY ;(where R2

(i KA B2 e 2y b group sel et from
gr )%}o %[?O gguﬂj\?m %&)glﬂ Lé’gﬁreﬂagl?{/yl 'Eg%ﬁgg Sdrﬁfg aieg QS %4 fﬁﬁ;’l)@e[}bamoyl
Sulgség, Wirel, Midi (C o €Lalkdyonth @Sl gr&g, @t - oMk here R?
group consisting of: 84
is a C1 to-Cs alkyl group that may be branched),
a cyano group,
-NR20R2! (where R2® and R2?! are each independently a
hydrogen atom or a C;: to C4 alkyl group),
a nitro group,
a carbamoyl group,
an N-(C; to C4 alkylDearbamoyl group,
an N,N-di(C; to C4 alkyl)carbamoyl group,
-NHCORS? (where R? is a C; to C4 alkyl group that may be
branched), and
a halogen atom;
and n is an integer from 1 to 12);
(xi) -(CH2)a"OR12 (where R1? is a group selected from the group
consisting of:
(1) a hydrogen atom;
(2) a C1 to Ca alkyl group that may be branched;
(8) an aryl group, wherein the aryl group may be

substituted with at least one group selected from the group consisting of:
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a G to 4 alkyl group that may be branched, a Cl to
C5 al koxy group that may be branched, an aryl group
that may be substituted with a G to C4 alkyl group
that may be branched, a cyano group, -NR20R21 (where
R20 5 and R21 are each independently a hydrogen atom
or a Cl to C4 alkyl group), a nitro group, a

car banoyl group, an N-(Cl to C4 alkyl)carbannyl

group, an N,N-di (A to C4 al kyl)carbano group, or
-NHCOR9 (wher & Roto Csalkybigrewp thrtapiy be grmﬂ@eflhat rray

and R2L are edof TTOEPORGEREPYD BUGEY BEEmBRSh or
C1 L0 Of al kylyy0 aibkroud, LAY Bad BB EREOHR 0 10 C,

group, an N—( car army group, 15 an

N, NIty GoupOtHad zahwie) CANRARDYL cgind group\HEEROR{ WtHe@e R20
RO is a Cl to 4 alkyl group that may be branched),
Sancael Rl egersach ondepardieftly a heiregqxaawmgaroapcl to C4 alkyl

wherein the heteroaryl gro ubst
W| tﬁ?"ﬁl?) RHER FREPGR SAFP %%P@c&régp’f R{){E g$ )Carbamoyl

conabib: 0N Rigift Jo £0 aH1AbINmd UPub N AFRORE (rhere Re

br aBeahegdso @@amwFT ttxa@gtwayameaﬂbstltut ed with
aCltoC 25 alkyl group that may be branched, a

cyano group, -aNRaORZtodimhere R20 and R21 are each
mdependently a_hydrogen atom or to &4 alk

10yr oup), a nit rRG szlﬁpW@réaB%’a%?IRzéerea% 1@@@”"@6‘1}’

al kgge)n rothlager y lCl to %4 alkyl group),

a nitre group,
a carbamoyl group,
an N-(Ci to C4 alkyl)earbamoyl group,
15 an N,N-di(C; to C4 alkylcarbamoyl group,

-NHCORS? (where R? is a C1 to Cq alkyl group that may be
branched), and

a halogen atom; and

(4) a heteroaryl group, wherein the heteroaryl group may
20 Dbe substituted with at least one group selected from the group consisting
of:

a C1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Ca
25  alkyl group that may be branched, a cyano grouﬁ, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to Cs alkyl

group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyl)carbamoyl
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group, an N,N-di (O to C4 al kyl)carbanoyl group, or
-NHCOR9 (where RO is a Cl to &4 al kyl group that may
be branched), a cyan group, -NR20R21 (where R20 and
R21 are each independently a 5 hydrogen atomor a Cl
to &4 al kyl group), a nitro group, a carbanoyl group,
an N-(ClL to &4 al kyl)carbanoyl group, an NN-di (O to
4 al kyl)carbam)yl group, 10 -NHCOR9 (where R9 is a
Clto 4 alk roup that my be branched%\mand ee
hal%@l@h gt O dl onC4 glka(ﬂa)camaé@@fl grewpn of “PNFHGOR? (where R?
I R12 ( oup sel ected
6ﬁ%tq}etcg‘r|24o%h ué’ot\re{glf YF%B B?anc?‘igia hydr ogen
atom (2) a C, group that may be
branched; (3) a aryf group, wherein the aryl group

may be subst i-NRth&ctlvﬁvdHaaratR:#neaﬁa RMeagr osigh sed@pehdently a
fromthe group consistin 20 ad to 4 alkyl

bgr duygrageat atneyorbe Omtarﬁhl‘ghyl grogplto C5 al koxy group

10

15

20

25

that may be branched an aryl group that may be
substitut ed wAHIR &Py 4™ al kyl group that may be

branched, a c p R20R21 (where R20 and R21
are each mdeéggge%%[ gamﬁ drogen atomor a Cl to C4

al kyl 25 grough,N4CDkd 09 al;aMRrbam6A B3APY! group, an
N-(Cl to C4 al kyl)carbanmoyl group, an NN-di (O to

C4 al kyI ) car banDyIN-gi{6upo CaralkNHEERSmoyheospRY i s a
Cl to C4 alkyl N%Ir OUIQ E\Q}?érenﬁ 1Sb§ C?rtgn§4h§%grf grso?lp that may be
branched), and
a halogen atom;
and n is an integer from 1 to 12);
(xii) -(CH2)n-S-Ri2 (where R12 is a group selected from the group
consisting of:
(1) a hydrogen atom;
(2) a C1 to Cq alkyl group that may be branched;
(3) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:
a Cy to Cs alkyl group that may be branched,
a Ci to C; alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to C4
alkyl group that may be branched, a cyano group, “NR2R?! (where R20
and R2! are each independently a hydrogen atom or a C_l to Cs alkyl
group), a nitro group, a carbamoyl! group, an N-(C1 to Cs alkyl)carbamoyl
group, an N,N-di(C1 to C4 alkylearbamoyl group, or -NHCOR? (where R?

is a C; to C4 alkyl group that may be branched),
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a cyano group, -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl1 to C4 al kyl
group), a nitro group, 5 a carbanoyl group, an N-(Ci
to &4 al kyl)carbanoyl group, an N,N-di (C1l to 4

al kyl ) car banmoyl group, -NHCOR9 (where RO is a G to
4 al kyl group that may be branched), and 10 a

hal ogen atom and (4) a heteroaryl group, wherein the
het eroaryl group may be substituted with at | east
one group sel ectyeaofgrow®.t he group consisting of: a

Cl to &4 al kyl_gr at be nched, . 15.a G
to C5 al k?xy gw%aﬁé%‘fh _?ﬁgﬁ%ea_‘?%?ch%ﬁ :%fﬂl Cimplesdfnﬂy a
gr [ a 0 al ky
gr%&?jr%%gjta%gyymgg Cgﬁgﬁ%haéggrﬁgogk}%no group, -NR20R21

(where R20 anG;igdlsaug, each independently a hydrogen
atomor a Cl to C4 alkyl group), a nitro group, a

Scar banoyl gr oapsarbambyl@Gioupo C4 al kyl ) car banoyl 20

10

15

20

25

group, an N, N-di ((%I to C4_al kyl)carbhanoyl group, or
“NHCOR9 (wher @npy (Cp §0 §+ elkxlisarPrmpyd ATo8Poup t hat may

Ro1 are. cach FRISyERISRErS A AP bR R M or & o1
to C4 al kyl grQUOORLEByReRIRY R HCOUP.CAIER ngtlhat may be
group, an N-(Cl to C4 al kyl ) carbanoyl group, 7
branched), and
a halogen atom: and
(4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group consisting
of:
a C; to C4 alkyl group that may be branched,
a Cy to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to Cz
alkyl group that may be branched, a cyano group, -NR2R2! (where R20
and R2! are each independently a hydrogen atom or a C; to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyl)carbamoyl
group, an N,N-di(C; to C4 alkylcarbamoyl group, or -NHCOR? (where R?
is a C1 to Cy4 alkyl group that may be braﬁched),
4 cyano group,
-NR20R2! (where R2® and R2! are each independently a
hydrogen atom or a C1 to Cs alkyl group),
a nitro group,
a carbamoyl group,

an N-(C; to C4 alkyl)carbamoyl group,
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1

1

an N,N-di (d to C4 al kyl)carbanoyl group, -NHCOR9
(where RO is a G to C4 alkyl group that may be
branched), and a hal ogen atom 5 and n is an integer
froml to 12); (xiii) -(CH2)n-SO R12 (where R12 is a
group selected fromthe group consisting of: (1) a
hydrogen atonm (2) a Cl1 to C4 al kyl group that may be
branched; 10 (3) an aryl group, wherein the aryl
group may be substituted with at | east one group

sel ect ed f r omamhd, Njnddlp te Sasilkyesgbamoyl grogp. to C4

al kyl group th e, br hed, ag,r to C5 al kgx

group t hat my%@%ﬁ"&h%aﬁ%}? g to 40?}83’]( g?éﬂ“pnfg&?)é@éay be
su Liwted with a CL to C4 15 al kyl group that nay
beq%%g%%iﬁ’ M% cyano group, -NR20R21 (where R20 and

R21 are each ignglgpestlemi;y a hydrogen atomor a Cl to

C4 al kyl group), a nitro group, a carbanoyl group,

fan dAxd(1Cls 4wiGégert frph) téo BAYoyl group, an N, N-di (O

to ¢4 al y_I_? carbarmél group, or, - NHCOR9 (where R9 is

a Cl to @ihleHn?OiR” (WhereR)? is@ HPunspleated Bomghe group
cyano qgr.oup,. NR2OR21 (where R20 and R21 are each
ind?SB%%é%ﬁt"Fy a hydrogen atomor a Cl to C4 al kyl

group), a nitrg gnolfged atampanoyl group, 25 an N-(C1
to C4 al kyl)carbanoyl group, an NNN-di (O to C4

al kyl ) car banoy2) gaup Cs-alNciI@ROup whatr @aRdeitgaackdd;t o
OC4 alkyl or Ou%?»)t hﬁ?ll: ng gfoup?swherein the aryl group may be
substituted with at least one group selected from the group consisting of:
a Ci to C4 alkyl group that may be branched,
a C: to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to Ca
5 alkyl group that may be branched, a cyano group, -NR20R2! {where R20
and R2! are each independently a hydrogen atom or a Ci to C4 alkyl
group), a nitro group, a carbamoy] group, an N-(C; to C4 alkyl)carbamoyl
group, an N,N-di(C; to C4 alkyllearbamoyl group, or -NHCOR? (where R?

is a C1 to Cy4 alkyl group that may be branched),

20 a cyano group,

-NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a C; to Cs alkyl group),
a nitro group,

a carbamoyl group,

25 an N-(C; to C4 alkylcarbamoyl group,

an N,N-di(C; to C4 alkylecarbamoyl group,
-NHCOR? (where R® is a C; to Cs alkyl group that may be
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branched), and a hal ogen atomy and (4) a heteroaryl
group, wherein the heteroaryl group may be
substituted with at | east one group selected fromthe
group consisting 5 of a G to C4 al kyl group that
may be branched, a C to C5 al koxy group that may be
branched, an aryl group that may be substituted with
a G toC4 alkyl group that nay be branched, a cyano
group, -NR20R21 (where R20 10 and R21 are each

i ndepesiedhtdnd a hydrogen atomor a Cl to C4 al kyl
group), a nitr roup, a ca anoyl group, an N-(C to
C4 al kyl)car béﬁ%ﬂﬂ[’gﬂb? N,Ndi (C to C4

al kyl') car banoy %upr}}%g Oa?l%ygrbe oF a%"{g%@ h%%ero%rﬁylagr%p may

to C4 al kyl

gr %%ub@t@tutmﬁg he (¥R eRA9uaRAlREl Rb8 t%@céi‘oup consisting
i ndependently a hydrogen atomor a Cl to C4 al kyl

grefip), a nitro group, a car banDyI group, an N(Cl to
C4 al kyl ) car barmyl roup 20 an N-dij ( to 4
al kyl ) car bano$ Cigiookip Nacmﬂxa\m?ﬁsébﬁbran&hadm to

4 al kyl b
Som YngdnorR gt ol %%@FY#F%W%%Q By pEBaindd 09
- (CH2) n- SOG2- R4 :ﬂ/}ﬁeél% Flglatsmﬁy%@gﬁbﬁﬁlﬁé‘& eA:H %10@1 to Cu

the group consisting o a hydrogen atom
alkyl group that may be branched, a cyano group, -NR20R2! (where R20

and R2! are each independently a hydrogen atom or a C; to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkylcarbamoyl
group, an N,N-di(C; to C4 alkyDcarbamoyl group, or -NHCOR? (where R?
is a C;1 to C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R2° and R2! are each independently a
hydrogen atom or a C; to Cy4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkyl)carbamoyl group,

an N,N-di(C; to Cs alkyDearbamoyl group,

-NHCOR? {where R? is a C; to C4 alkyl group that may be
branched), and

a halogen atom;
and n is an integer from 1 to 12); and

(xiv) -(CH2)x-802-R12 (where R!2 is a group selected from the

group congisting of:

(1) a hydrogen atom;
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(2) a G to 4 alkyl group that may be branched; (3)
an aryl group, wherein the aryl group may be
substituted with at | east one group selected fromthe
group consisting of a d to C4 al kyl group that nay
be branched, 5 a G to C5 al koxy group that may be
branched, an aryl group that may be substituted with
a CltoCs alkyl group that nay be branched, a cyano
group, -NR20R21 (where R20 and R21 are each

i ndependent | y (@ &{dite§erlatiegroop thatomar(becbatamh@ﬂl
group), a nitrgo group, .a carbanpyl group an N-(G to
C4 al kyl )carbz@oyﬂﬂ 15y SERYP: aMIRFSE a0 aph, gpup may e

?lo %&gﬁﬁkgﬁ%¥% 39 ie?a%? Pné;gro@_%n d ﬁ&% aleRgroug coﬁs&glng of:

group, - NRZOR%lc{ whel ﬂk%?@::@\ﬁﬂﬂﬁ%&n@rse Bmhed
i ndependently a hydrogen atomor a Cl to C4 al kyl

5group), 15 a nmi€¢rw @erwllkpxya‘rmmtimtuydlybebr@chad N-(C1

to C4 al kyl)carbamyl group, N, N-di (O to C4
al kyl ) car banoyn gwélﬁoumlr@@ma(véf?e% ui:%d ¥igy 2 G to Cq

C4 al kyl O br anched Y
el BB s R 1 YeREhed gu AN oD RSV (hgee B2
heLaHOREY by QP ilBYpend@nlybS tHydb &G W Ala '@1&% C4 alkyl
one group selected fromthe group consisting of:

a @roum, &hiadokgtoupgy muarhdiMylrmyujnaﬂ)Na(lﬂihedh alhymarbamoyl

- C5 al koxy oup that be branched, an ar roup
101 parow s SUBG oo cal kbt g oroBHCORS (Where R

15

20

25

is a C; to C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a C; to C4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(C1 to C4 alkyDcarbamoyl group,

an N,N-di(C; to C4 alkylcarbamoyl group,

-NHCORS? (where R? is a C;1 to Cq alkyl group that may be
branched), and

a halogen atom; and

(4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group consisting
of:

a Ci1 to Cs alkyl group that may be branched,

a C; to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C1 to Cu
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al kyl group that may be branched, a cyano group,

-NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a G to C4 alkyl group), a nitro

group, a carbanoyl group, an N-(O to C4

al kyl ) carbanoyl group, an N,N-di (O to C4

al kyl ) car banoyl group, or -NHCOR9 (where RO 5 is a

Cl to &4 alkyl group that may be branched), a cyano
group, -NR20R21 (where R20 and R21 are each

i ndaé}axelngmwl thag may dedgenchedm eyarp etoum @B%W%lwhere R20

? 20%21 B Rgr carbaRGRengPaHg, & A RORILALER (Roncdy to Cr alkyl
%Pﬁ@? a&?g}&%ért 0};_' %%/bwc’mche d?J & ﬂg%%ﬂlﬁ}l)&ﬂ’bamoyl

hal 9g6p M WIN-E0; fb £ a By DchHnRgesyl fdhroup, lort WHEDRYGwhere R?
R7 and R8 are taken together to form a dival ent

59r asp GeloeCi dityt gompt thet graguipe bomehsdl, ng of : - (CH2) ni

(where m is an integer from2 to 8); Q; and \'~-Q0
20 I n one enb@d¥FBALEIOWR, R', R2 R2', R3, R3', R4,
R4 RS, R5 ﬁ%ﬁ‘gﬁwdw;% Te l%{ S I&qngoundch independently a

represented by ) Are gr oups

nqgRende i o &eéQﬁttQQJJJIEW @pfroup consisting of:
(|) a hydrogen atom 25 (xiv) an aryl group, wherein
the aryl group mes peupubstituted with at | east one
group selected fromthe group consisting of: a G to

10c4 al kyl group eambemgByEEPbr anched, 91

an N-(C; to C4 alkyl)carbamoyl group,
an N,N-di(C; to C4 alkyl)carbamoyl group,
- “NHCOR? (where R? is a C1 to Cq alkyl group that may be
branched), and

15 a halogen atom:

and n is an integer from 1 to 12); or R7 and R8 are taken together to form

a divalent group selected from the group consisting of: -(CHz)n- (where m

is an integer from 2 to 8); /-—0/_2)
; and \—0qu
20
In one embodiment, Ri, RY, R2, R?, R3, R¥, R4, R¥, R5, R%, R, and
R¢ of the compound represented by the formula (D) are groups
independently selected from the group consisting of:
(i) a hydrogen atom;
25 (xiv) an aryl group, wherein the aryl group may be substituted

with at least one group selected from the group consisting of:

a C1 to C4 alkyl group that may be branched,

91



a G to C5 al koxy group that may be branched, an aryl
group that may be substituted with a C1 to C4 al kyl
group that may be branched, a cyan group, -NR20R21
(where R20 and R21 are each independently a hydrogen
atomor a Cl to C4 alkyl 5 group), a nitro group, a
carbanoyl group, an N(Cl to C4 al kyl) car banoyl

group, an N,N-di (O to C4 al kyl)carbanoyl group, or
-NHCOR9 (where RO is a Cl to C4 al kyl group that may
be branched), asdCciafoalmosygroup\NiRReR2dy bevbesmschRd0 and
R21 are each independently a 10 hydrogen atomor a
Cl to C4 al kyPngrBpgroun élaﬁr%alﬁr%ﬁ?bglté‘é?%d‘ﬁb@la C1 to G4

N(Cl t | k b | rrof¥ELL (. 20
Ry R @Pup s iy ) RathtE T SO oS Rigelfiagwhere B
(WhGIERR9 16 eBcifintiOpdetieatiYh dk&{d%&(r%)r{ pgam gYab® to C4 alkyl

branched), a hal ogen atom "an (where nis
50, gtowy), 2 nitddErRup Sa @afilanhey] Goa, kad N-@HooC4 d&y])empamoyl
be brancheg; 20 or may be substituted with ‘
- ogramp)an B Ndiler @ G piyDearbamoyd s ari -QHECOR? fwhere R?
4 tak t gget her; and,(xv t erparyl group,
whds il PR ﬂEYL%é‘Pﬁh(aéP%ﬂfgb%ﬁﬁﬁ%geg%ubst ituted with
~at | east one gr ted fromthe group consisting
of- aClto "g'ﬁ%’/%ﬂé‘?%up that may be branched, 25 a

Cl to C5 al koxyRg/RIp(witiae Rayade B ageheskh andéeylently a
group that may be substituted with a d to C4 alkyl
10gr duygrageatatmeyorbe Chrtaiedliyl grosplano group, - NR2OR21
(where R20 9%1 nitro group,
a carbamoyl group,
an N-(Cy to C4 alkyDcarbamoyl group,
an N,N-di(C; to Cs alkylDcarbamoyl group,
15 -NHCOR? (where R? is a C; to Cs alkyl group that may be
branched),
a halogen atom, and
“S(0)yR (where nis 0, 1 or 2, and R is a C; to C4 alkyl
group that may be branched);
20  or may be substituted with -O-(CHg)m-O- (where m is 1 or 2) at positions
3 and 4 taken together; and
(xv) a heteroaryl group, wherein the heteroaryl group may be
substituted with at least one group selected from the group consisting of:
a C1 to C4 alkyl group that may be branched,
25 a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Cy to Cs

alkyl group that may be branched, a cyano group, -NR20R2! (where R20
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and R21 are each independently a hydrogen atomor a

Cl to ™ alkyl group), a nitro group, a carbanoyl

group, an NN(CG to C4 al kyl)carbanmoyl -group, an

N, Ndi (G to C4 al kyl)carbanmoyl group, or -NHCOR9

(where RO is a Cl to &4 al kyl group that may be
branched), 5 a cyano group, -NR2R21 (where R20 and

R21 are each independently a hydrogen atomor a Cl

to C4 alkyl group), a nitro group, a carbanoyl group,

10 aand R2Y( @fe Becmdnaéﬂqddpuﬂwbaﬁv@roma@m am &, G to (& alkyl
to C4 al kyl) carbanoyl group ere is a

c1 araulgA agikep| STgRBUP CR mwﬁﬁr%n %r%fn@éa)cﬁmﬁgarbamyl

5 P850, 8o 6 L SRR o e
thqs QQEE%L%%J&§F§1%%?%§9D%' wsrafﬂehm' a (1) are

gr oups ependéntly seiected fromthe group
sconsi sting of aa:yh;adrge@lqn atom a

3,4,5-trif|uoro hen ou trlchloro henyl
group, a 3,4 H FIRF Qﬂ‘%’ﬂé zogﬁlﬁijdizlaa@ fAqhy dently a
group, a 3-.cyano

be SpHeRy - g?&tx&‘*gﬂg& gém’slp)s di f | uor ophenyl

group, a 3 t ,“ t hyl phenyl group, a
2,4-difluor op%er%yll% gﬁ a 3-nethyl sul fonyl phenyl

group, and a &caﬁbi}h&&ltgﬂoﬁbuor onet hyl ) phenyl  group.
In a further enbodi ment, the conpound represented by
10t he 25 fornuka N1(§31 ttsCaqudh@ubmnmépgregﬁnt ed by the

follow ng for Tﬂlﬁ ()C. to% R}kﬁzcarbamoyl group,

-NHCOR? (where R? is a C; to Cy alkyl group that may be
branched), and

a halogen atom.
15 In a further embodiment, R, RY, R2, RZ, R3, R¥, R4, R¢, RS, R¥, RS,
and RS of the compound represented by the formula (I) are groups
independently selected from the group consisting of a hydrogen atom, a
3,4,5-trifluorophenyl  group, a  38,4,5-trichlorophenyl group, a
3,4-difluorophenyl group, a 3-nitrophenyl group, a 3-cyanophenyl group,
20 a benzothiophenyl-2-yl group, a 3,5-difluorophenyl group, a
3-trifluoromethylphenyl group, a 2,4-difluorophenyl group, a
3-methylsulfonylphenyl group, and a 2,3-bis(triflucromethyl)phenyl
group.

In a further embodiment, the compound represented by the

25 formula (I) i¢ a compound represented by the following formula (I'):
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X-/ ERS 5 R (I" ) (where R and R' are groups

i ndependently selected fromthe group consisting of
a hydrogen atom a 3,4,5-trifluorophenyl group, a
3,4,5-trichl orophenyl group, a 3,4-difl uorophenyl
group, a 3-nitrophenyl group, a 3-cyanophenyl group,
a benzot hi ophenyl -2-yl group, a 10 3, 5-difl uorophenyl
group, a 3-trifluoronethyl phenyl group, a

2, 4-di fl uorophenyl group, a 3-nethyl sul fonyl phenyl
group, and a 2, 3-bkg(teill EFonEthyI)phenyI group,
and R7, RS and X- DS i ndependently as

defi ned above). In erpodi Rent, R7 and R8 of

t he compound represéente £heyfornul a (1) are
groups i ndependent!| y _selected Pqn%t e group
consisting of-' (i o—C12 Rf kyl group that may
be branched or fo c group; and (xii)

5 (CH2)n OR12 (wher S ardroup set’ected fromthe
grou 20 consisting of: (1) a hydrogen atom (2) a
Cl (wheet Bl kyd B oup gioaps nadependsmalyc baddeted3fromn the group

aryl graup, erein the aryl grou .he

sulsSPFELPEd Ohi fh THICTPERESt a%“ﬁ‘é ot ogﬁ[%élﬁl%?‘é’ah?%‘m §Rep. 2
r { St f; 5 . oyp;.

o RSB pf e TSP 04D labpnens

br anehed, a a%-@*’aﬁbﬁﬂéﬂ?ﬁp drbap, My ezebbsilcnyl-2d1W drbup, a

ad tocC 94 alkyl group that may be branched, a

10cy s diftwarpphe iy 0R2dur,Wwher e R2GfluarmhaRdtlpdeaybacgroup, a

indefendentlg a _hydrogen atomar a Cl tao C4_al kyl
2,4-difluoropbenyl “group, a 3-methylsulfonylphenyl group, and a

2,3-bis(trifluoromethyl)phenyl group, and R?, R® and X are groups
independently as defined above).
In another embodiment, R? and R® of the compound represented
15 by the formula (I) are groups independently selected from the group
consisting of:
(ii) a Cy to Ciz alkyl group that may be branched or form a cyclic
group; and
(xi1) -(CHz)n-OR!2 (where R12 is a group selected from the group
20 consisting of:
(1) a hydrogen atom,
(2) a C1 to C4 alkyl group that may be branched,
(8) an aryl group, wherein the aryl group may be
“substituted with at Ieast one group selected from the group consisting of:
25 a Ci1 to C4 alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C1 to Cs
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group), a nitro group, a carbanmoyl group, an N-(Cl to

4 al kyl ) carbanoyl group, an NNN-di (GO to C4

al kyl ) car banmoyl group, or -NHCOR9 (where R9 5 is a

G to &4 alkyl group that may be branched), a cyano
group, -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl1 to C4 al kyl
group), a nitro group, 10 a carbanoyl group, an N-(C

to ¢4 al kyl)carbanoyl group, an N, N-di (G to 4

al lajky)lcgrobartbat ngao e, bramplEdRg: ¢wrer erR®, i NREPRY (where R0
4 al kyl group .tha branched), and 15

ha%&eﬁ aﬁwa%lhdnémenéeﬁ ¥ et GRPyPEgt SR %h%r(&ﬂ’tcﬁ alkyl

gﬁtg%l;uop {J%lnSI%r Fuga¥ ¢ om%[na g@%&égﬁ}g aglglﬁ\é\fl(%?;o%zl fhﬁfﬁéarbamoyl
cl &J%@N@Jdlwl%pcl ARy 1) 8Rb a0 rgR B & NI—?@OB9 Givhere R?

to CB al koxy group that may be branche an aryl

5gr oup GihatCaredkyberesphibit matydek isnched)CL to C4  al kyl

group that may be branched, a cyano group, -NR20R21
(where R20 aRdYRRQ SEPW: each i ndependent |y a hydr ogen

atomor a G t | u nltro
oy bamoy or SRR \biere HEACRY i Uk Syl Bigdently o
gr I arbanDyI group, or

- Nl?%%r:%g%ﬁ ﬁgﬁ@%@}ltg@é%kﬁ é%@l};al kyl group that may

be branched) adityagrougs oup, 95 - NR2OR21 (where R20
and R21 are each independently a hydrogen atomor a

10C1L to C4 al kyk cgrloupyyl group,

15

20

25

an N-(C; to Cs alkylcarbamoyl group,

an N,N-di(C; to C4 alkylcarbamoyl group,

-NHCOR? (where R? is a C: to Ca alkyl group that may be
branched), and

a halogen atom, and

(4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group consisting
of:

a C1 to Cy alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cy
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a Ci: to Csi alkyl
group), a nitro group, a carbamoyl group, an N-(C; to Cs alkyl)carbamoyl
group, an N,N-di(C; to C4 alkylcarbamoyl group, or -NHCOR? {where R?
is a C1 to Cs alkyl group that may be branched),

a cyano group,
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a nitro group, a carbamoyl group, 5 an N-(C to 4

al kyl ) carbanoyl group, an NNN-di (G to 4

al kyl ) car banmoyl group, -NHCOR9 (where RO is a d to
C4 al kyl group that may be branched), and a hal ogen
atom 10 and nis an integer of 1 to 12. In a
further enbodi nent, R7 and R8 of the conpound
represented by the fornula (1) are groups

i ndependently selected fromthe group consisting of
a met hyl gr oupNRAtR%t (wHergriipandirRH - dmgt yhchyrindgpendently a
i sQbutyl group, an_ n- dec% group and a cycl ohexyl

gr dwisroges ateruow Gy tofiydlkek evemBbdi ment, R7 and R8 of
t he compound _represented by the forml a (1) are the
same. In anot e ]én%rgélprrent R7 and R8 of the

conmpound repr gsenhefloyPYrolpe formula (1) are taken
together to forma divalent group selected fromthe

5gr oup consi st |amgNdC1 te Myﬁca@b\.hnoﬁ groizg, an i nt eger
from2 to 20 8); ; and \--0 0 In one
enbodi nent, th& Md@q@ﬁeml@sl&wbﬁmwl £198Pf or nul a

)5 Sty BRI A Dbt o

forﬂﬂh&e@g@ 4! n one enbodi nent, the conpound _
repr esent e ytheformJIa(I) is used in a ratio of

- 0.005 nol %t @ ¥alefer®ton? per 1 nol of the conpound
96 represented by the fornula (1V). The present
10i nwerdt ik tnamlietespr o/l ted2.a met hod for producing an

opticall Yn aCEllrt er em%rgd?n(?{egtclfg J]ﬁs nP%llPeogonggo n Iseep%esented
by the formula (I) are groups independently selected from the group
consisting of a methyl group, an ethyl group, an n-butyl group, an
isobutyl group, an n-decyl group, and a cyclohexyl group.
15 In a still further embodiment, K7 and R83 of the compound
represented by the formula (I) are the same.

In another embodiment, R7 and R® of the compound represented
by the formula (I) are taken together to form a divalent group selected
from the group consisting of: -(CHz)m- (where m is an integer from 2 to

20 8); Pur e
; and \‘0qu

In one embodiment, the compound represented by the formula (I)

is used in a ratio of 0.001 mol % to 0.1 mol % per 1 mol of the compound
25 represented by the formula (IV).

In one embodiment, the compound represented by the formula (I)

is used in a ratio of 0.005 mol % to 0.05 mol % per 1 mol of the compound
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hydrol yzing an i mno group (R14R15C=N-) and an ester
group 5 (-CO2R17) of the conpound represented by the
formula (VI) that is obtained by the above nethod,

under an acidic condition: Rl14 8160 ) R15 =N * Q R17
Rls (VI) 10 (where R14, R15, R16, R17 and R18 are the
sane groups as defined above). The present invention

al so provides a nethod for producing an optically
active a-amno acid, the nethod conpri ses:

hy depteseinieg lanthenfornmude 0. (R14R15C=N-) of the

conpound__ 15 represented by the fornul a %I) that is

obt ai nedTBY PEARENE HEYRDTER H’ﬁﬁp Profidrsy 2 dpethodgfog producing an
conditign: R14 8160 )= R17., R15 R16 (\VI) 20

( V\hoé’ltl@a%ii‘,mﬁl%,anﬁfé’, Qcﬁlﬁlgﬁaetﬁ% c%?‘gntsﬁsc(é sane groups

as defi nggyy a % YEHIOS588NSSHhER 9 OdMRer grou
(-COZRl?l)w%foﬁlt%gﬂége;gi 3&%%%}%3%6%% qglrgﬁu?t Eundg{l an BrOHP
s5aci(ei@:RM) basithe cengoiindnepTéenprdedgnthd foentlaoVEl shat is
provi des a nethod for producing an 25 optically
actobyaingd asithe aa@vedpneﬁﬁ@i, rded AnEsHEe perdition:

hydrol yzi ng an esygr gr Quis -CO2R17) of the conpound
represented by t formuja|(VI) that is obtained by

t he above net hod%

—pi7
R15 * O—R
R18 (VI)
10 (Where R4, R15, R16, R17 and R!8 are the same groups as defined

above).

The present invention also provides a method for producing an
optically active a-amino acid, the method comprises:

hydrolyzing an imino group (R14R15C=N-) of the compound
15 represented by the formula (VI) that is obtained by the above method,

under an acidic condifion:

R14 R169
=N
R15 ¥ O—RY
R18 (VI)
20 (where RM, R15, R16, R17 and R!® are the same groups as defined

above), and

hydrolyzing an ester group (-CO:R17) of the acid hydrolyzed
product under an acidic or basic condition.

The present invention also provides a method for producing an
25  optically active o-amino acid, the method comprises:
hydrolyzing an ester group (-CO2R!7) of the compound

represented by the formula (VI) that is obtained by the above method,
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under a basic condition: R14 8160 >=N R15 * O Rl7
R18 (M) 5 (where R14, R15, Rl16, R17 and R18 are the
same groups as defined above), and hydrol yzi ng an

i mno group (RL4R15C=N-) of the basic hydrolyzed
product under an acidic condition. The present

i nvention provides a chiral phase-transfer catalyst
10 having a nore sinplified structure. This
phase-transfer catalyst can be produced by a fewer
nurdneler efbagicomadsieésnt han conventi onal conpounds.

Thus, the phase-trgnsfer | yst of the present

i nvention that caRVpe ed nore easily can be
utilized for synthesizN ex | e,

a-al kyl -a-am no kgl deri tives a, a- dialkyl-a-
am no acids. 15 st Nbdﬁ%ﬁpr Carrying Qyt)the

I nvention Hereinafter, t ternms used in the present
5i nvent i otwheirk IRMeR 15, NBY. adfth8phreathe S43be tevo@s as defined
al kyl group that may be branched or forma 20 cyclic
gr G8pve/{ARere n is an integer) includes any |inear

al kyl grou having .1 .to n car _QnE, br.ancg
2ol or Do §3mh® o 88 IRAR AT or 3R ARG M Mebhy e
CY GhbFuhitMbr ShUHPIBRYABGioR. L O N carbon atons.
Exanpl es of |inear al kyl groups having 1 to 6 carbon
at ons i NThalgeescitimybntieh Mibyides pr ohigh] phakataginsfer catalyst
n-pentyl, and n-hexyl. Exanples of 25 branched al kyl

10gr dapinshawiarg sdmpifigd sirusdnreat dies Phesatrensiasabpyst can be
i sobutyl, tert-butyl, .and . sopentyl.. Exanples o
_cy(PF?‘i'Y“ﬁld@’l 2 SPREpRumBRY q#d)rggﬁsae%hz% fGieatgng! compounds
: ne[lhtﬁ%te the ‘fylllgpéﬂi:ﬂnsfé:rygz!tt%wtéfl theaﬁ%sent invention that can be

provided more easily can be utilized for synthesizing, for example,

o-alkyl-a-amino acid derivatives and a,a-dialkyl-c-amino acids.
15
Best Mode for Carrying Out the Invention
Hereinafter, the terms used in the present invention will be
defined.
The phrase “Ci to Cp alkyl group that may be branched or form a
20 cyclic group” (where n is an integer) includes any linear alkyl group
having 1 to n carbon atoms, any branched alkyl group having 3 to n
carbon atoms, and any cyclic alkyl group having 3 to n carbon atoms.
Examples of linear alkyl groups having 1 to 6 carbon atoms include
methyl, ethyl, n-propyl, n-butyl, n-pentyl, and n-hexyl. Examples of
25 branched alkyl groups having 3 to 6 carbon atoms include isopropyl,
isobutyl, tert-butyl, and isopentyl. Examples of cyclic alkyl groups

having 3 to 6 carbon atoms include cyclobutyl, eyclopentyl, and
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98 cycl ohexyl. Furthernore, when "C to C e alkyl
group that may be branched or forma cyclic group
and/or nmay be substituted with a halogen atonf is
referred to, any linear alkyl group having 1 to 12
carbon atons, any branched al kyl group having 3 to 12
carbon atons, 5 and any cyclic al kyl group having 3
to 12 carbon atoms are included, and a hydrogen atom
at any position of these alkyl groups may be

suws’clphaxséd Efurllihedralﬂal g atorke QmaﬁﬂiYésgmﬂpsthﬁl’ﬁ B3y be
s obendied B e 'a srihin b ADOH LAY (e SHEFieged with a
oy e%aap?afm 0488 B P Gl L 4 10 12

10 carb anoy rou p mean

t 0 c&fbdd BEFhs aé@/ mramapﬁkyr ghsuyf ga%gbs &che@lamohyétoms
groups. The phrase "C2 to Cn al kenyl group that nay

5be apdanghesdtlioralkylrgroup bayolg 8 tgl8upibqomiene areiigclnded, and
i nteger) includes any |]jnear alkenﬁ%%groups havi n

to arh@ar%%aﬁ%ﬁé anawsmoamfﬁéasw Froupsdups b ﬁavgﬁgtuted

h aVIIEh a 5%1§§%&1b%t%gxb Ogﬁryge%%ﬁ%s 0 Eéclgxd Ilﬁ;g?glrggﬂé%clgéeoﬁﬁleptyl,

es

al K@d]ﬁé:ptﬂr BURSyINRMLAG] Z1-HEcyE, &Rl B%d@éﬂm i ncl ude
et heny 1-propenyl, 2-propenyl, 1-butenyl,
2- but enylIn Nl((pent@mgdﬂsyl) cﬁrhlﬁﬂbﬁlﬂgﬂonp@apddﬁ éhgli((h to Ca alkyl)
4-pentenyl, and 1-hexen Exanpl es of branched

103] leatBAmFlogiesPhale néo 4t #lkg] @apwen meesHECi ﬁbl%d‘éﬂear alkyl

S BB 1 He Fmenat kA HrOBES? openy!
2- et hyl p@s gflﬁ ennﬁz 110 &) daﬂieﬂﬁ:[ é:% E%hgym%%bm@& 6P form

of cyclic yl "groups havi ng carbon atons

I nal dydBc gyShPbluiteny h,is agyigtanpehiedydes @iidlinear alkenyl groups
cycl ohexenyl. Furthernore, when "C2 to G e al kenyl
gr dapinghitto nayamnmtamheaydiraﬁohﬁ alkepr] gxougsdgying 3 to n

LT 0 29 SUESLLES AN bl oo SOl S o,
12 A0 850 N RCREURE KA Rl 8
hagikhy3, t @-pkdpenyl, 2-propenyl, 1-butenyl, 2-butenyl, 1-pentenyl,
2-pentenyl, 3-pentenyl, 4-pentenyl, and 1-hexenyl. Examples of
branched alkenyl groups having 3 to 6 carbon atoms include isopropenyl,

20 I-methyl-1-propenyl, 1-methyl-2-propenyl, 2-methyl-1-propenyl,
2-methyl-2-propenyl, and 1-methyl-2-butenyl. Examples of cyclic
alkenyl groups having 3 to 6 carbon atoms include cyclobutenyl,
cyclopentenyl, and cyclohexenyl. Furthermore, when “Cz to Ciz alkenyl
group that may be branched or form a cyclic group and/or may be

25  substituted with a halogen atom” is referred to, any linear alkenyl

groups having 2 to 12 carbon atoms, any branched alkenyl groups having

3 to 12 carbon atoms, and any cyclic alkenyl groups having 3 to 12

99



99 carbon atons are included, and a hydrogen atom at

any position of these al kenyl groups may be

substituted with a hal ogen atom Exanples of such an

al kenyl group include 1-heptenyl, 2-heptenyl,

l-octenyl, 1-decenyl, and 1-dodecenyl. 5 The phrase

"C2 to C aIkynyI group that may be branched or form

a cyclic group” (where n is an integer) includes any

l'i near al kynyl groups having 2 to n carbon atons,
anyathemeteas aekpaliideds anpe Medroen stom ah ang posdien of these

B 54l N BB Dl v o

Qa\épg%yﬁ%t Odlg ,%a %39 yﬁt mggggggﬁgt%@éetmaﬁenyz, 1-octenyl,

1- peddey Ay, andnddodecBayynyl . Exanpl es of branched
al kynyl groups haV|ng 3 to 6 carbon atons include

51- met hy| The phogeenis. to Eeanlples! gfoupytbht maal heybyanched or form

groups havi n to 6 carbon a ncl u
cy & SHe gyt %yfiwe n&ﬁ am W%seaﬁ)mn@w&sw near alkynyl groups
Furt her

t
ha}‘a’mgg?anc%eadr or ] gg%%r?hgge@r%l&%gy% t"{i)% ha]é%% Ston
Sufeﬁiuotnuat%ﬁlswahh aaly H21ie 38Ry Bl PFbup Sh&Rh S 8n @rbodNoms.

i near aIkynyI groups having 1 to 12 carbon atons,
an\Exangrieh efl ladeky mlkymylogrosiphdhavimme 3 too6 Tarkar boyms include
atons, _and any fclic aIkYn I %roups havi n 12

10c alrBFRYAt drRFoRYBY r?éP-'EFﬂ?é’@Y = i‘ﬂ?& Wy arfaﬁ¥HYﬁt%ﬁﬁla‘tynyl and

0si t of t al k
SRRy avha HRvRp e Sonih sl IraRbRErRd fpp Gparbon
al YSML 1GEIQHP 1- fd@@hﬂd@p}omy nEkamﬂJIeQQ;de}}ﬁlc alkynyl groups
1-decynyl, and 1-dodecynyl. "The phrase
al lhaxihggr auptot hat dmpode drwmac hﬁdlud(ev\ﬁ'@kzh)prﬂpylst]@ﬁlyl, and
inte%er) i ncl udes al koxy groups having any |inear
al ley¢ olgmfof&gtbynhlavuﬁgthemr@ow cahdbn Cattgn§12aﬁﬂiyalb’fkc§¥9up that

1o0F Q0B g A B anched Ll 22000488, DG wi

s A P A

Pr gt AtdMENhhehraAeidddfkynyl groups having 3 to 12 carbon atoms,

and any cyclic alkynyl groups having 3 to 12 carbon atoms are included,

and a hydrogen atom at any position of these alkynyl groups may be

20 substituted with a halogen atom. Examples of such an alkynyl group
include 1-heptynyl, 1-octynyl, 1-decynyl, and 1-dodecynyl.

The phrase “Ci to Cn alkoxy group that may be branched” (where

n is an integer) includes alkoxy groups having any linear alkyl groups

having 1 to n carbon atoms and alkoxy groups having any branched alkyl

25 groups having 3 to n carbon atoms. Examples thereof include methyloxy,

ethyloxy, n-propyloxy, isopropyloxy, and tert-butyloxy.

Examples of “aralkyl group” in the present invention include
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100 benzyl, phenethyl, and napht hyl net hyl. Exanpl es
of "heteroaral kyl group” in the present invention

i ncl ude pyridyl methyl, indolylnmethyl, furyl methyl,
thienylmethyl, and pyrrolylnethyl. 5 Exanples of
"aryl group” in the present invention include phenyl,
naphthyl, ant hryl and phenant hryl. Exanpl es of

"het er oaryl group in the present invention include

pyridyl, gyrrol , imdazolyl, furyl, indolyl,
thll@nyyl pbsaetbly Iandb@riztbyhn@qbbrényl 2. yl, thiazolyl,

3, 4- nethéleneflox enyl , %p 3, 4- e} hyl epnedi oxypheny
and t et r 559Eple tRoag] Yha%?@l@n % dfit PR imvention
Pr 9380k 'ﬂ}‘é dd}hh%@ 1%%5&9%189?11 uo?&fﬁﬂﬁaﬁ&ﬁ,‘mﬂiﬁ%& ug&hg!if and

atom an

pr%@@ﬂﬁﬂhﬂ%ﬁﬂllon the term "halide anion" refers to

hal ogen i ons and exanples thereof include a chloride

5i on, a bExmmplesiodifardrerooni tdetheopreapolt in¥sntiof indndedehenyl,
ion. The phrase "Cato C allyl group or substituted
aIP@Whgﬁ’uﬁnﬂﬁﬁ¥anﬁ§%38§nﬂF&hched or forn1a cycllc

gr oup” LS to

les LS 3o gero)u T, ¥ ntion include
gr oups o %]"Trﬂ} stit ligaya?l i g?o 55? ﬁ?ﬁ? rilﬁl S
S u Qﬁfi‘idtyy € nf){flsr))lyqt iRRahLdien 1f1ﬁ§1j/ oz[nd%lﬁn d/ tﬁien%’l angdxazolyl,

aV|ng to n carbon atons in total,

ex depkahidphehyd2 gl 2- butemhkmoﬁdcyc|Op&ﬂhﬁﬁ&bﬁﬁmﬂﬁhyphenyL
and 3-nethyl-2-butenyl. The phrase "C3 to C
10préb%?§yﬂlgﬂévﬁTﬁﬁn§hBQ@t@@ﬂ@ﬂYbropargyl group that

, f
o ypar oyE P EGY Gt hiet T (Pe PraroarysROgH 335@@19 a
ha\(:hﬂ)glr% aSI:HQISt ' ﬁ%%(es:;toﬁit a%%o@ﬁ&' éfﬂogfl %ldad’]ﬂ/u&rmg’ a'la,tﬂﬂ

having 4 to i “carbon at Omg in ot
eX ahP lpasehh GhwtdR fon? thuttyiy |“haldé anion” refers to halogen ions and

3-trinethylsilyl-2-propynyl. In the present .
i nesanples, theteoftinemdefaieldoiidaadn,gg brgmidavibngamiodide ion and
15 a fluoride ion.

The phrase “Cz to Cy allyl group or substituted aliyl group that
may be branched or form a cyclic group” (where n is an integer) refers to
allyl groups or any substituted allyl groups having a substituent(s) at
position 1 and/or 2 and/or 3 and having 4 to n carbon atoms in total, and

20 for example, includes 2-butenyl, 1-cyclopentenylmethyl, and
3-methyl-2-butenyl.

The phrase “Cs to Cn propargyl group or substituted propargyl
group that may be branched” (where n is an integer) refers to propargyl
groups or any substituted propargyl groups having a substituent(s) at

25 position 1 and/or 3 and having 4 to n carbon atoms in total, and for
example, includes 2-butynyl, and 3-trimethylsilyl-2-propynyl.

In the present invention, the term “functional group having a
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101 |l eaving ability" nmeans an atom or an atom group

that | eaves froma substrate in a substitution

reaction or an elimnation reaction, that is, a

| eavi ng group, and for exanple, includes a hal ogen

atom and a sulfonyloxy group. 5 In the present
specification, for convenience, the group consisting

of: a G to C4 alkyl group that may be branched, a

C to C5 al koxy group that nay be branched, an aryl

gr degvinpatbilityy imeassibbst rtarhed wntdtom Efourotight kakygs from a

gr%;g 10 t hat ngé be branched, a cyano group,
R RLE {th FEbrD Lt rREioR 93 ave@éﬁlw&@p@?a@ﬂﬂ thag is, a
y ragxgeg %;ég{gr)]ag%nﬁ? g)rl‘oﬁ%?mnall\ll-( c&ltget Oug}(alggerﬁl taﬁ;c?m and a

algmh%ﬁﬁﬁgﬁggyﬁpgroup an N Ndi(d to 4
al kyl') car banmoyl™ group, or -NHCOR9 (where RO is a C

sto C4 alikyihe precunt ffwificaion)doeamnehiedye, thd srowy anmsisting
group, -NR20R21 (where R20 and R21 are each
|nd%pendently a hydrogen atomor a Cl to C4 al kyl

7o) AL TR 10 2 M

al kyl) cag panpyd f{ shesenled s @ Cl to
4 al kyl group5 éggﬁgyug branched)n d%d a hal ogen

at om mayabarylefreap @lat ;aashe' gistiu{c@ with 826, to Cs alkyl group
Herei nafter, the present invention will be described
10nprthat g%rcw ibzan¢hed, a cyano group, -NR2R2! {where R20 and R2! are
each independently a hydrogen atom or a Ci to Cs alkyl group), a nitro
group, a carbamoyl group, an N-(C: to Cs alkylcarbamoyl group, an
N,N-di(C; to C4 alkyl)carbamoy] group, or -NHCORS? (where R? is a C; to
Cs alkyl group that may be branched), |
ib a cyano group,

-NR20R2! (where R20 and R2! are each independently a hydrogen
atom or a C; to C4 alkyl group),

a nitro group,

a carbamoyl group,
20 an N-(C; to Cs alkylcarbamoyl group,

an N,N-di(C; to C4 alkyl)carbamoyl group,

-NHCOR? {(where R? is a Ci; to Cs alkyl group that may be
branched), and

a halogen atom may be referred to as “group (Q)”.
25

Hereinafter, the present invention will be described more

specifically.
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102 A quaternary amonium salt of the present
invention is pure wth respect to axial asymetry,
and is a conmpound represented by the follow ng

formula (I1): RBR2 R4R- 51\ \ RrT R/ / R5R6

R6:
consisting of (i) a hydrogen atom (ii) -NR20R21

(where mmrm ame e saﬂdeﬁememqsynb inyamdiayg éh pure
atomor a Cl to alklﬁtgy

gr TSR TegRass ta axial asvyty
I'kyl banoyl S (Vi
e, e g (1)

-NHCOR9 (where RO is a

Re' N+ X R/ / Ra R4, | R, R3, R' (1) 10 (where

R', R, R'", R3, R3', R4, R4', R5, RS, R6, and
are groups independently selected fromthe group

;1%& &gﬁg%%reaﬁﬁejﬁyed by the

A aI kyl group that nmay

branched); (i x)R% a'kyl group that may

5be branched or forma group;
R
& v
Rs, RS N* X
R \RS
R¥
RY R? (D

10

15

20

25

(where R1, R", R2, RZ, R?, R?%¥, R4 R%, R5 R%, RS, and RS are groups
independently selected from the group consisting of:

{i) a hydrogen atom;

(ii) -NR29R2! (where R20 and R2! are each independently a
hydrogen atom or a C1 to Ci alkyl group);

{iii) a cyano group;

(iv) a nitro group:

(v} a carbamoyl group;

(vi) an N-(C; to C4 alkyDcarbamoyl group:

(vii) an N,N-di(C; to Cs alkylDcarbamoyl group;

(viii) -NHCOR? (where R? is a C1 to Cs alkyl group that may be
branched);

(ix) a C1 to Cg alkyl group that may be branched or form a cyclic
group:

(x) a Ca to Cs alkenyl group that may be branched or form a cyclic
group;

(xi) a Cz to Cg alkynyl group that may be branched or form a

cyclic group;
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(x) a C to Cc al kenyl group that may be branched or
forma cyclic 25 group; (xi) a C to C6 al kynyl
group that may be branched or forma cyclic group;
103 (xii) an aral kyl. group, wherein the aryl noiety
of the aral kyl group may be substituted with at
| east one group selected fromthe group (Q
consisting of: a G to C4 alkyl group that may be
branched, 5 a Cl to C5 al koxy group that nay be
br anched(xuélrararayhlkg'ﬂ apup hathersip e suylstidietyeof whe Iaralkyl
a G to ™4 al kyI ou t hat. may be branched, a cya
gr GPUP MRy \%H WF@C)atalﬁ@StF@f gPED sglected from the group
ct egrgses %/ a hydrogen atomor a G to C4 al kyl
o@@)“ é 7o group, a carbanoyl group, an N-(Cl

Lo G4 al s, BABPYdrodp HRs ma9 bhGNnbhali (G to C4
al kyl)caéf(%a%rgy% grou%? gr - HC%?9 (r where RO is a Cl

fto C4 al Kyko @5 alkodyhatoupahabemayrianiafaedhed,a cyano

10be Ndbei{t tnt Ed a

15

20

25

group, -NR20R21 (where R20 and R21 are each
i ndepeno@]ﬂml oAy dhagaay het phstituigdarithg €4talkplkyl group

o Y e, S LRy P SRR RRCd  rapts B ad R are

al r
%F%Qﬁ’ﬂ%%ggﬁﬂgl ao Y drog%lﬁlqgg% ér anc ‘édgﬁ%“ a?lqg gq%u]tgp a nitro
halgeges) ataibaryy] |g}co@ heh eNdes abk@l gkalghrbamofly gdoup, an

het eroaryl noi ea\g wherein the heteroaryl noiety may
Yhcazxbainegk grovpe oy r SHEOR? {(where R? is a Ci to
Cs alkyl group that may be branched),

a cyano group,

-NR20R21 (where R20 and R?! are each independently a hydrogen
atom or a C; to Cy alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkyl)carbamoyl group,

an N,N-di(C; to C4 alkyl)carbamoyl group,

-NHCOR? (where R? is a C: to Cs alkyl group that may be
branched), and .

a halogen atom:

(xiii) a heteroaralkyl group having a heteroaryl moiety, wherein
the heteroaryl moiety may be substituted with at least one group
_selected from the group (@);

(xiv) an aryl group, wherein the aryl group may be substituted
with at least one group selected from the group (Q) or may be substituted

with -O-(CH2)n-O- (where m is 1 or 2) at positions 3 and 4 that are taken
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selected fromthe group (Q; 25 (xiv) an aryl group,
wherein the aryl group may be substituted wth at

| east one group selected fromthe group (Q or may be
substituted with -G (CH2)m O (where mis 1 or 2) at
positions 3 and 4 that are taken 104 together; and
(xv) a heteroaryl group, wherein the heteroaryl group
may be substituted with at | east one group sel ected
fromthe group (Q; R7 and R8 are each independently
a rogedhat;emd or gani c group or taken 5 toget her to
forma djval ent orgalc grou, and is ah

ani on, <G 2 BeHrogr L oo delePe eeeﬁpealay be

b L 0 t her
AU B MG ER
abquea MB &8 lHrle)éacEQBﬁ&ﬂ:é&ﬂﬁn@Er @nmmﬁre&lrc APS4HE group or taken
catal yst for producing an optically active 10

5a- aogatbentd fhrov a devdlyvat onganidemoapf and n particul ar, an

a, a-di al kyl -a-am no acid or derivative thereof. Mre
spé%nsf rcedlide anean SO EbRoeEdHTY pﬂ%@ewe:&pw represented

ot bl P bty RS BT ) aci o
or deri v | V@oﬁlﬁgﬁﬁ?f re;ﬁ%lé@b%ﬁntl:gd Bymbes nul aaﬁ&W@ Qé(efully

al kyl ati ng a conpound represent by 15 fornul a

W fhin@iasnpounshiepirassiet edtdyst Grnpdoduéidy, ard bptlcally active
ammoni um noi ety constituting a cation of this

10como@mmb agid @Oderorativebthessol an patipwan tany oy diafyim amino

15

20

25

al kyl t ﬁ%ggv}e hﬁ:e?rlegfé phM]oX'e specn'glaca)ﬁy, Rshen th84 fﬁ‘iE\)I]flP‘l"md

represented by formula (I} above is used as a phase-transfer catalyst to
produce an optically active o-amino acid or derivative thereof
represented by formula (VI) by alkylating a compound represented by
formula (V) with a compound represented by formula (V), the

ammonium moiety constituting a cation of this compound:

contributes to the reactivity in the alkylation, and the binaphthyl

moiety:
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25 R4. R R3, RZ, 105 contributes to the

stereosel ectivity in the al kyl ation reaction.

Therefore, in one enbodinment, R7 and R8 in the

conmpound represented by fornula (I) are groups that

can retain the reactivity and selectivity derived

from the ammoni um noi ety and the bi naphthyl noiety

of the cation. (or does 5 not inhibit the reactivity

and selectivity). For exanple, they can be

norontailares oo ghnsterenselessivaly igi thaladklatipganidiay. odherefore,
that are npre inagcti VS éﬁﬁhan t he amrmonj um nDi etgQ agg

t hél g gsppefimendi B gnd | B 1y the pomypoupd represgpieody fogmula
no roups th are hi chi L vt

e SRS BT et il e FEFH ulERES gbilfed from

I N thd G nkBo RIS Wedib N 0f thd 81 HPHIRyRRbIR LR of GBS kX@bh V@r does
thereof that is described later. Alternatively, in
5t haot dnhibia the )reabdviey f ankbcR8ital. e Koroexamplentthey can be
organi c) groups independent|y selected fromthe group
comInpVRleRtoprganio grouns pp diyplent |oygange oﬁrﬁupﬁd@agm%re more
be.br anch or,forma cyclic. grou nd/ .or be .
SuBRHER BB SR RRrGYen e 16 BF pao BB Baegs.  In
al ke QWP fhaind By BeebLaNChRUpOT tHaRr Br& high€) | active
group and/or nay be substituted w Ph a hal ogen atom
(i ithgmeelees tler Eiclfialbity nbugs alipt dhatot nEfecbehdranahaedin the
or forma «cyclic group and/or may be substituted. '
10wi o dudyi egtrommo Jeild pr darvigpiive gheyapt thandp deperitpd later.
aryl. grou y be sybstituted .20 wih at | east .one
gr é&&%@?@&ﬁc}nf ﬁ%ﬁnl%?%“]é‘r 6§p apeyje, %)ﬂ@i %t BFpdfppovalent
gr . Ln.: | _ -
SuBEp BRI LA L et B8 BB seviing ol
group (Q) a(®™ido €(;GHRy1 SFANRIORha{ WaesranEhe BBE iRt a cyclic

are groups independently selected fromthe group
comsogt And/oofmay be substituted with a halogen atom;
15 (ii) a Cz to Ci2 alkenyl group that may be branched or form a
cyelic group and/or may be substituted with a halogen atom:
(iii)) a C2 to Ci2 alkynyl group that may be branched or form a
eyclic group and/or may be substituted with a halogen atom;
(iv) an aryl group, wherein the aryl group may be substituted
20 with at least one group selected from the group (Q);
{v) a heteroaryl group, wherein the hetercaryl group may be
substituted with at least one group selected from the group (Q);
(vi) -(CH2),OCONR9R1! (where R1® and R are groups
independently selected from the group consisting of-
25 (1) a hydrogen atom;
(2) a C1 to C4 alkyl group that may be branched;

(3) a Cz2 to Cs alkenyl group that may be branched or form
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25 (1) a hydrogen atom (2) a d to C4 al kyl group

that may be branched; (3) a C2 to Cc al kenyl group

that may be branched or form 106 a cyclic group ;

(4) a C to C6 al kynyl group that may be branched or
form a cyclic group ; (5) an aral kyl group, wherein

the aryl noiety of the 5 aralkyl group may be
substituted with at | east one group selected from

the group (Q; (6) a heteroaral kyl group having a
hetsesyole glouypi ety, wherein the heteroaryl noiety may

be substitut e? wth at | east one roup sel ected from

t he group (Q) 10 Cetp Gerpllynyl ajpeaghaweb% brameheg gf form
grou ga)é_f e . substituted with at | east one group

selae CeG=T ¥ the group (Q; and (8) a heteroaryl

group, wher ei gt (o] &sT01a} :
substituted V\/F?)hlaglt %Fée%g?aggﬁ{épgr oupeisﬁgmé%tﬁlf?lglr%t%’ h%f the

59r uplkyOerownehay bé Substiiuit®gath fak dpast dre gidhip sblected from
(vii) -(CH2) 1ICONR12R13 (where R12 and R13 are groups
i ndbpendun )y sel ected fromt he gr oup COI’]SI sting of:

fé)y geh%?;ggﬁg@at‘ﬂ‘?gﬁté’ﬁ%@%}' gr%pp z%:ﬁg A rogﬁ)a%gs}moiety,
0" Qa8 L0 AR RUDE LISl B lbsli8A5h 036 4F WAt one

romt oup eteroary

gr @4Pup M&t@&@rdﬂehbgywpm)yl group may be
substituted with at | east one group selected fromthe

10group (Q, anéln an sargh gmupgewhereim the oary2) grofupi imdy be
g cs:ll_lllz)gtltl}l.ll?g-c% %121: {evgg;te (r)ge g%ozupasr(]a?ecgg fr%rn? tl?er gor%%% (Q); and
(8) a hetercaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group (), and n
is an integer from 1 to 12);
15 (vii) -(CH2h2CONR¥2R13 (where R and R'* are groups
independently selected from the group consisting of:
(1) a hydrogen atom;
(2) a C1 to C4 alkyl group that may be branched;
(3) an aryl group, wherein the aryl group may be
20 substituted with at least one group selected from the group (Q); and
(4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group (Q), and n
is an integer from 1 to 12);
(viii) -(CH2),NR12COR%¢ (where R!}2 and RI® are groups
25  independently selected from the group consisting of:
(1) a hydrogen atom;

(2) a C1 to Cy4 alkyl group that may be branched;
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25 independently selected fromthe group consisting
of: (1) a hydrogen atom (2) a Cl1 to C4 al kyl group
that may be branched; 107 (3) an aryl group, wherein
the aryl group may be substituted with at |east one
group selected fromthe group (Q; and (4) a

het eroaryl group, wherein the heteroaryl group may

be substituted with at | east one group selected from
the group (Q, and n 5 is an integer froml to 12);
(i x) -(CH2) nNFRARR&8 £nsfhegmuR]l 2wanrkiR]l har &ydr gupw may be
indigendently selected fromthe group consistieﬁ_of' '
( 1)suhshiedgarh at dast opg erown selertes fromcphe grogpd Whard

may be branched; 10 (3 n_aryl _aroup, erein._th

aryl group rra$g)bgjhe§%"8)§lfﬁt%'togé’ wWeh atth\fé\gléeé"?m%]rﬂl%l group may
Or GeRsudelieleAdn i hUMLAR e gué1 Qlect@Fréi)thd group (Q), and n

het eroaryl group, wherein t eteroaryl group nay
5be isuhshtdget ébowiltth 12); | east one group sel ected from

t he grgﬁg (%?, and n is an integer_ from1l to éﬁi; 15
(x) - ( CHIFNYCERANR FRE: @vherp R4 agfl R azg s3pyng sptependently
sat uy at hydr ocar bon group that may be branched,
an (fekf?eqd@"%‘ %P&IB“B é’P’é‘%’?féBg °¥'r om t he group
consi sting of :(1)(&?:%& yareggn atom (2) a Cl to C4
y

al kyl group that e branched; 20 (3) an aryl

group, wherei 2 H€;a6 Y, kAot Yhdemasg boHrahehieal
with at |east one group selected fromthe group (Q;
10and (4) a het éBoary| anyl ogrpupnhwhefaint blee hatydr ggqupl may be

0B o 5 AL Tob b g Bk R 4Bl o
froml to 12) (4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group (Q), and n
is an integer from 1 to 12);
15 (x) -(CH2nY-OR!2 (where Y is a C1 to C: divalent saturated
bydrocarbon group that may be branched, and R!% is a group selected
from the group consisting of:
(1) a hydrogen atom;
(2) a C1 to C4 alkyl group that may be branched;
20 (3) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group (Q); and
(4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group (Q), and n
is an integer from 1 to 12);
25 (x1) -(CH2)a-OR!2 (where R!2 is a group selected from the group
consisting of:

(1) a hydrogen atom;
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25 (xi) -(CH2)n-OR12 (where R12 is a group sel ected
fromthe group consisting of (1) a hydrogen atom
108 (2) a G to C4 al kyl group that may be branched;
(3) an aryl group, wherein the aryl group nmay be
substituted with at | east one group selected fromthe
group (Q; and (4) a heteroaryl group, wherein the
het eroaryl group may 5 be substituted with at | east
one group selected fromthe group (Q, and n is an

i nteger from 12t C12) C:@lkyl)groGftR)tnmSy R brankisrde R12
is a group selected fromthe group consisting of (1)
a hydrogen at 1y} graup. t Hhewein| B Yrdupgraupatmay be

o &
or SUBSHEY DA b Akt (P AR FEIGHHER B8t Mot Egp gy, dod
sel ected fr Om(l)?%élgﬁ%gr)ﬁ%uﬁp@hgﬁ)jn INY %%g&%ﬁ{-ﬂ' eroup may

group, wherein eteroaryl group nay

55 Ut dubdtiegkediviibh at 1éLa9heQioup kolspteddtantttd dgro@m(@hand n
group (Q, and n 15 is an integer from1l to 12);
( xiip By infe@ep fronsdtRA2);(where R12 is a group sel ected

fromthe gro c |.Ssti.n (.1) a hydrogen_atom

(2) & QO ATy RyR 2o HiFe (25 feagrodd S51eAieh atpm she eroup
(3) | ~group, wherein the aryl group may be
sut%?l&fgﬁﬁégfvvi th at | east one group selected fromthe

group (Q; andi(fhy&rdsehereatyl group, wherein the
het eroaryl group may be substituted with at | east

i0one group sel éDtxellto Omaiked goopph{tQpay badranchest:an
' nteger from %3)t Oanlzaerrl aglqoup, wherein the aryl group may be
substituted with at least one group selected from the group (Q); and
(4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group (Q), and n
15 is an integer from 1 to 12);
(xiii} -(CH2)n-SO-R12 (where R!2 is a group selected from the group
consisting of:
(1) a hydrogen atom:
(2) a C1 to Cs alkyl group that may be branched;
20 (3) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group (Q); and
(4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group (Q), and n
is an integer from 1 to 12); and
25 (xiv) -(CHg)a"S02-R12 (where R1Z is a group selected from the
group consisting of:

(1) a hydrogen atom;
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25 (xiv) -(CH2)a-SO2-R12 (where R12 is a group

sel ected fromthe group consisting of: (1) a
hydrogen atom 109 (2) a Cl to C4 al kyl group that
may be branched; (3) an aryl group, wherein the aryl
group may be substituted with at | east one group
selected fromthe group (Q; and (4) a heteroaryl
group, wherein the heteroaryl group may 5 be
substituted with at | east one group selected fromthe
group (Q, and2ra Ciso & alktlegenp thamnbythe bkahcheals R7
and R8 are ta %n together to forma (dival ent

or gani c) grougsseﬂﬂeoﬁl‘é’él graupm Fhergpobke cotdi stqupg ey be

. . . ; D0
10 R PR ABLS5RE S8R R 10 arfedtbl Fom Ui b ) apa
(1) above, Ri %RA 'hetﬁgarﬁ%mg})];%he%h'th.gl}zggg%ﬁr 1Foup may

R5', R6, and are preéefera groups I ndependently

5s elbeciuddtifutedviible aglei omenEbap istigcld £6m (Bearoup (Q), and n
hydrogen atom (xiv) an aryl group, wherein the aryl

gr dupnAnkegbefrogbdtp tl@bed with at | east one group

sel ecte romthe gro consi st of: aClto 4

al »B? |af5f BE Bre ﬁ%‘feq«%ﬁegﬁmb@aﬁemﬂ ?*%Va{ee:t organis) grogg,gplected

gr t -pr: L ] I

e 2 48 e Y AR RR RO E Gt ' B BRI B 2 o

be glor amt \, a cyano group ON OR21 (where R20 and

R21 ar Y pdependent |4 a hy gen atomor a Cl to
104 al ky ), a nitro\group car banmoyl group,

an N-(Cl toC4/al kydcar ba¥n§iﬂ_,b

In the present invention, in the formula (I) above, R1, R, R2, R?,
R3, R¥, R4, R4, R5, R%, R85, and R¢ are preferably groups independently
selected from the group consisting oft |

15 (i} a hydrogen atom;

(xiv) an aryl group, wherein the aryl group may be substituted
with at least one group selected from the group consisting of:
a C1 to C4 alkyl group that may be branched,
a Ci1 to Cs alkoxy group that may be branched,

20 an aryl group that may be substituted with a C; to Ca
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to C; alkyl
group), a nitro group, a carbamoyl group, an N-(C; to Cs alkyl)carbamoyl
group, an N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCOR? (where R?

25 is a C; to C4 alkyl group that may be branched),

a cyano group,

-NR20R21 {(where R2° and R2?! are each independently a
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group, an NNN-di (G to C4 al kyl)carbanoyl group, or
-NHCOR9 (where RO 25 is a G to &4 al kyl group that
may be branched), a cyano group, -NR20R21 (where R20
and R21 are each independently a 110 hydrogen atom
or a G to 4 alkyl group), a nitro group, a
carbanoyl group, an NN(C to C4 al kyl) car banoyl
group, 5 an N N-di (G to C4 al kyl)carbanmoyl group,
-NHCOR9 (where RO is a Cl to C4 al kyl group that nay
be hyliregeshetd)n oaa Kaltogarlbylgrouphd - S(O) a- R (where n
is 0, 1 or 2, and Ris aCl to C4 alkyl 10 group
that may be b ’f?e%f)oupor may be substituted with
-0-(CH2)m O V\(l!ﬂa% e mlsl_O or 2) at positions 3 and
4 taken togethert; 8Y1(§< }lpa het eroaryl group,

wherein the h%tnem@gy(l) ngg%g)cggya}ggyl SYhpgtituted with
at | east one group selected fromthe group consisting

sof 15 a Cl t anC¥ Nudky) tgmmmkyll?taﬂrbmyylbgobpanched a

10

15

20

25

Cl to C5 al koxlz@%)roug that may be branched, an ary
group that nmayNBECQE QWth@t%gdlsv\ﬁ‘tqiu tg (@alks! @@updahﬁymay be
gwﬁug t.h may be branched, a cyano group, -NR20R21

and R21 are each i ndependently a hydrogen

atom or a Cl ta%ﬁélgé:l g%lm 2Q,q9roup), a nitro group, a
car banoyl group, an to C4 al kyl) car banoyl

group, an N, N8R (t@h@@ glikyd, ) ar Rarmmdl Rde auf; t6rCy alkyl
-NHCOR9 (where RO is a Cl to C4 al kyl group that may
be gboumthascanay dedyanchegdoup,

or may be substituted with -O-(CHg2)m-O- (where m is 1 or 2) at positions
3 and 4 taken together; and
(xv) a heteroaryl group, wherein the heteroaryl group may be

substituted with at least one group selected from the group consisting of*

a Cj to Cy alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to Ca
alkyl group that may be branched, a cyano group, -NR20R21 (where R20
and R2! are each independently a hydrogen atom or a C: to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkyl)carbamoyl
group, an N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCOR? (where R?
is a Ci to Cq alkyl group that may be branched),

a cyano group, 7

-NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a Ci1 to Cs alkyl group),

a nitro group,

a carbamoyl group,
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-NR20R21 (where R20 and R21 are each independently a
25 hydrogen atomor a Cl1 to C4 al kyl group), a nitro
group, a carbanoyl group, 111 an N-(Cl to C4

al kyl ) car banoyl group, an NNN-di (G to C4

al kyl ) car banmoyl group, -NHCOR9 (where RO is a d to
4 al kyl group that may be branched), and 5 a

hal ogen atom nore preferably, they are selected from
the group consisting of a h}/drogen atom a

3,4, 5-trifl uoropNdRyto §n aligrcariBamoy-grevghl or opheny!

group, a 3,4-dif] é"h@q a3n|trophenyl

group, a 3- C)?‘ﬁ‘n]g;ﬁﬁ' ﬁd@gﬂﬁzg‘% HOYR8Peny | - 2- yI
group, a 3, 5-

3-trifl uororretﬁﬁp eng‘ﬁﬁgroup, gfé%’b&laﬁi o?ggﬁétrlﬁ?f may be
gr @& Rnctdd) 3adet hyl sul f onyl phenyl group, and a

, 3-bis(trifluoronethyl)phenyl group. In particular,
50f the conpoundsalpgpra®ent ed by the formula (1)

above, a conpound represented by the follow ng
fornmneapm )"ahlg tbﬂéf@@a@ﬂ@ctem fropy the\ groyy; %ﬂsvstleszs of a

wh |
i n&é’ é/ rero%% etrlgfrlllgao hengn Sﬁq{)ﬁéj P2 Lg:% 5 %rlc}(ljlorophenyl

n
hy%&&g@n at OFl4- @ fidofoptieh! | Igaeﬁgphgnyh rﬁfr@ﬂﬁeny‘:l 3roup, a
trichl orophenyl group, a 3, 4-difl uorophenyl
gr GigyanapRemiltgrophenpenzothiophenyl-2-yl group, a 3,5-difluorophenyl
10 group, a 3-trifluoromethylphenyl group, a 2,4-difluoropheny! group, a
3-methylsulfonylphenyl group, and a 2,3-bis(trifiuoromethyl)phenyl
group. In particular, of the compounds represented by the formula (I)

above, a compound represented by the following formula (I} is

preferable:

e Ve R

AN
7
o R
i
@
S _/ \RB
RNy

)

15

\ _/

\/\R1' (I’)

€04

20 (where, R! and RY are groups selected independently from the group
consisting of a hydrogen atom, a 3,4 5-trifluorophenyl group, a
3,4,5-trichlorophenyl group, a 3,4-difluoropheny! group, a 3-nitrophenyl
group, a 3d-cyanophenyl group, a benzothiophenyl-2-yl group, a
3,6-difluorophenyl group, a  3-trifluoromethylphenyl group, a

25  2,4-difluorophenyl group, a 3-methylsulfonylphenyl group, and a
2 3-bis(trifluoromethyl)pheny! group, and R7, R® and X are each

independently the above-defined groups).
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group, a 3-cyanophenyl group, a benzothi ophenyl - 2-yl
group, a 3,5-difluorophenyl group, a
3-trifluoronethyl phenyl group, a 25
2, 4-di fl uorophenyl group, a 3-nethyl sul fonyl phenyl
group, and a 2,3-bis(trifluoromnethyl)phenyl group,
and R7, R8 and X- are each independently the
above-defined groups). 112 Furthernore, preferably,
R7 and R8 of the conpound re resented by the formul a
( 1) abov@u%@hél’lgﬁtm pyefergbly Bg KF efctheceaspp qyngnyappesented
S|st|n to Cl2

Pha” i, TP A b l?eoefﬂ“gscg?é@%ﬂf?ee%r Belgcte]pfiom the
(x 12 (where R12 is a group sel ected

éﬁbu he grou&gﬁionsisting of (1) a hydrogen atom
( 2) a CdGidae HAtaldiy klignaupup bhit iRy Hecblamaheh e forh0a cyclic
(3) an aryl group, wherein the aryl group nay be
5subs@ﬂﬁuﬂ@b Wi th at | east one group selected fron1the

group co s - alk hat
be branc dﬁ%ﬂ q]%l hé’F?(gﬁz % rao%ﬁ? Cﬁ%y group

br 1 aryl group that may be substituted MAth
a ?fﬁggg%§3915 al kyl group that may be branched, a

cyano group, {(NR2AFbcewhesa, R2 and R21 are each
i ndependently a hydrogen atomor a Cl to C4 al kyl

group), a nitfd Egﬂﬁ)mp) Caialkdrgranpyhatgmey pe baandlkedd to
C4 al kyl)carb WD group, an N N—dl(d to 4
10aI kyl ) car banmo g'ﬂ\”oufﬁfy 0 BTOURHOPROTRA &R wl fv’%"“&’ apay be

8%8?4’0%8%%"{) tgn% Oué)nSch?g?_& grr gﬁ the ﬁroup %Qfs)stmg of:
| ndependent 'y age, mél Q87 (A QMRN: Baybe bparféﬂeal kyl
aroup). a Ci to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to Cy
15 alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a Ci: to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to Cs alkylDcarbamoyl
group, an N,N-di(C; to C4 alkylDcarbamoyl group, or -NHCOR? (where R®
is a C1 to C4 alkyl group that may be branched),
20 a cyano group,
-NR20R2L (where R20 and R2! are each independently a
hydrogen atom or a Ci to C4 alkyl group),
a nitro group,
a carbamoyl group,
25 an N-(C1 to Cs alkylearbamoyl group,
an N,N-di(C; to Cs alkyl)carbamoyl group,
-NHCOR? (where R®? is a C1 to C4 alkyl group that may be
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a nitro group, a carbanmoyl group, 25 an N-(C, to 4
al kyl ) carbanoyl group, an N Ndi (C, to 4

al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to
C4 al kyl group that may be 113 branched), and a

hal ogen atom and (4) a heteroaryl group, wherein the
heteroaryl group may be substituted with at | east
one group selected fromthe group consisting 5 of. a
Clto 4 %I kyl group that may be branched, a Cl to
C5 tprebsd)gredip t hat nmay be branched, an aryl group
that may be substituted with,a G to C4 alkyl group
that may be blﬂab‘?ﬁ%lﬂg%ﬁ ag’n&’y%fﬁio group, - NRR2OR21 (where

R20 10 and R%l) %ﬁgf@gﬁrlg%gg)e%gfg&yth@ I{Bégfogggarhroup may

atomor a Cl to , a nitro group,

carbeadibytit@ledupithan 1bhdtGhet @0t salekddd) Bambd@®tbup consisting
group, an N,N-di (O to C4 al kyl)carbamoyl group, or

5-NliEOR9 (where RO is a O to C4 alkyl group that nmay

be b hed), , 15 -NR20 R20

a(ra]d nggca?e) eé‘gﬂf{%@’gﬁﬂﬁ;{gggﬂwgﬁt I’I’ﬁ%ﬁ%ééﬁgﬁg‘gaﬁ] or a

ad to &4 al kyl [ b |

ot oup, an n (&0 8 BBl Bt B SRLPATRY

N, N-di (G to G4 ahlyidoup! faA0Mhy 05O WRbstitNEKORALK Whes &0 Cy

ROis al to ™ alkyl group that may be branched),
analkyl group that may be branched, a eyano group, -NR20R2! (where R20

10 and R2! are each independently a hydrogen atom or a C; to Cs alkyl

15

20

25

group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyDcarbamoyl
group, an N,N-di(C1 to C4 alkyl)carbamoyl group, or -NHCOR? (where R?
is a C1 to Cs alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a C; to Cs alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to Cs alkylcarbamoyl group,

an N,N-di(C: to Cs alkyl)carbamoyl group,

-NHCOR? {where R? is a C1 to Ci alkyl group that may be
branched), and

a halogen atom, and n is an integer of 1 to 12,
more preferably, they are selected from the group consisting of a methyl
group, an ethyl group, an n-butyl group, an iscbutyl group, an n-decyl
group, and a cyclohexyl group. Furthermore, R? and R® are preferably

the same, or a compound in which R7 and R8 are taken together to form a
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a hal ogen atom and n is an integer of 1 to 12, nore
preferably, they are selected fromthe group

consi sting of a nethyl 25 group, an ethyl group, an

n- butyl group, an isobutyl group, an n-decyl group,

and a cycl ohexyl group. Furthernore, R7 and R8 are
preferably the sane, or a conpound in which RV and

R8 are taken together to forma 114 dival ent group

sel ected fromthe group consisting of. -(CH2) m

(whivelent groumaseliried feomfihengr@ upoco@yisting OFO (B A-- wdEre m
5 The quaterl}ary amuoni alt represented by—the

f orfdianfeger ok 298 8y dduce reacting a—ddnpgund
represented by the fol l'Qw rmula (11): ngzlm

Il '\ Rl RS /6 / CH2Z 10 g KR YY Ré&

R3 R2 (Il) (where R1, R', , " R3, R3', R4&—R4',
R5, R5', R6, and R6' are the sane as 15 defined in

5 he fornliha qub)kermarg dinonanthatalgenp@sengedvbyt ha formula (1)

10as described in theRs.

15

20

25

secondary amne represented by the follow ng fornula .
(1 158 berprodypgretaby regotingnh ejosnimngn geprgsepied ppethegfallowing
asfdefi{}eﬁl)i_n the formula (1)) in an 20 organic
sol'VERM4 Wt he presenceRSf aci d scavengi ng agent.

The conpound of thesz ormul a II)Rqan be prepared

easily from for exam easity avail abl e

1,1 -bi naphthyl -2,2"' - & [ %il_ﬁ?%ad (see Seki, M
et al., Synthesis, 2000 known process

R¥ R? (I1)
(where RL, RY, R2, RZ,R3, R¥, R, R, R5, R¥, RS, and R are the same as
defined in the formula (I), and Z is a halogen atom) with a secondary
amine represented by the following formula (III):

R7

~

HN\Rs (I11)

(where R7 and R8 are the same as defined in the formula (I)) in an’
organic solvent in the presence of an acid scavenging agent.

The compound of the formula (I} can be prepared easily from, for
example, easily available 1,1-binaphthyl-2,2"-dicarboxylic acid (see Seki,
M. et al., Synthesis, 2000, p.1677) in a known process as described in the
following Scheme 1 (see Ooi, T. et al., J. Org. Chem., vol.68, p.4577,
2003). The 1,1-binaphthyl-2,2’-dicarboxylic acid may be either the
(S)-form or (R)-form.
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following Schene 1 (see Qoi, T. et al., J. Og.
Chem, vol .68, p.4577, 25 2003). The

1, 1' - bi napht hyl -2, 2" -di carboxylic acid may be either
the (S)-formor (R-form 115 F, \ \ \' \ \' \ (F

MBTMP) ~J COON i PrBr cooPr' Br2 i Br F, / /| COOPr

B(OH)2 C/ / COOH Bu4NHSO4 coort / / | COOPr'
Pd(OAc)2, 11 KF2H20 \ \ Br PPh3, K2C8 \ \ (1) (2)

(3) 5FFF FFF FF\ FCOOPr' LiAlH4 CH2OH PBr3
CH28r CCH2OH CH2Br F F F F F F sooelOFFFF(é)

5 sch | Th ' f
NG RN Ao T i
di carboxylddy agiahsf,l) pyerted t CRLESS POFDAG,
di i sQpkobyl eskerHb?) I sopropyl de, a PPhg KaCO;g
cat al yﬁ Bu4NHSO4 and éz? KF-21120. The (th %i ned
d (2) is treated”wi th magnesi um

conpod
5

10

15

20

25

Scheme 1
The following is a more specific explanation based on Scheme 1

above. First, dicarboxylic acid (1) is converted to a corresponding
diisopropylester (2) using isopropyl bromide, a catalyst BusN-HSO4 and
KF-2H20. The obtained compound (2) is treated with magnesium
bis(2,2,6,6-tetramethylpiperamide)  (hereinafter, referred to as
Mg(TMP)2), and then Bras is added thereto to give
3,3-dibromo-1,1’-dinaphthyl-2,2"-dicarboxilyc acid ester (3). Then, the
obtained compound (3) and 3.,4,5-trifluorophenyl boronic acid are
subjected to the Suzuki-Miyaura cross-coupling reaction in the presence
of palladium acetate, triphenylphosphine and potassium carbonate to
give 3,3-bis(3,4,5-trifluorophenyl)-1,1’-binaphthyl-2,2-dicarboxylic acid
ester (4). Furthermore, this (4) is reduced with LiAlH,4 to obtain alcohol
(5) and the obtained alcohol (5) is treated with PBrs so that dibromide (6),
which corresponds to the formula (IT) above, can be obtained.

On the other hand, a large number of the secondatry amines of the

formula (III) above are commercially available, and therefore can be
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bi s(2, 2,6, 6-tetramet hyl pi peram de) (hereinafter,

referred to as M(TMP)2), and then Br2 is added

thereto to give

3,3 -di bronp-1, 1' - di napht hyl - 2, 2' - di carboxi |l yc acid

ester (3). Then, the obtained conmpound (3) and
3,4,5-trifluorophenyl boronic acid are 20 subjected

to the Suzuki-M yaura cross-coupling reaction in the
presence of palladiumacetate, triphenyl phosphine

an dabp@maé @laaﬂnf carthohthey ¢am begsalected as appropriate.

3,3 -bis g@t i fl uorophenyl) bi_ napht hyl - 2, 2" -

di car box Fiﬂep a%gfge%mf( ﬂ? Ve‘F"uF’E %ﬂ%eeprqcﬁﬁ%ﬁ)( Fyoducing
i s thé %H%?)g}l% to? tiI gﬁ;ljﬁ%ulgq éllgtlﬁ%("tﬂg%hmpg@utl ﬁf]?h ! E?mula

obt al ne I's so

di rpnae (K 'forraﬁlél‘nllqh Iﬁ&hﬂgsﬂ@ﬁﬂ}?‘ sbRehbie (€. gr Mile@onitrile,
(1'1) above, can be obtained. On the other han

5 arpgepnouxﬂufle) afthehesobeotndagy divknes @ﬂ:rethydroﬁmamuisapropyl
(111) abgve are comercially_avail able, and therefore

carfthe @&@yéb@t&lueﬁeeﬂéa@wethéaet ﬁanmih%ye@a(ﬁ qjger), aleohol

sele as._a mpl.es._of, an_o ]
sl oEEt SRRy BhGiadks P SEpd Ca IR nbutanol
co 'I'Qf’c%ﬂ:aﬁfﬂ)t hepf %Qubf’eséﬁi) iB¥eliSALt h%oﬁﬂﬁl& quf?é&‘%ﬁ:ularly
of the formula™ (I1) Wth the formula (I'I1) incl
ni tprefeealde] va@htasifles gof, amcelidichvdrgéng gent mclude inorganic
propionitrile), ether solvents (e.g., dioxane,

10t etb@ﬁeﬁ/oﬁlwhuraén pqt&%spv@pwar ‘élaﬁ%r SOén@@ hgarhenhte; | potassium

thox eaﬂfne eth ﬁ% al coho
soI gﬁ? >£‘(: OI’i’ﬁﬁ%ISO b'{’ﬂ gros C’Ff |, isopropanol,
but
n-bou anoin thb eféacplﬂha'}ﬂle) seic;?ﬂd%l}e ]@e JEEe&t tfégvfgﬂﬁh&n qII) is

acetonitrile is particular anpl es o

an paéfedalsigaised Gh D t@guivaIShiddthord prgferiily POsdbBsgaivalents
such as potassi um carbonate, sodi um carbonate,

pottastdieupompgard génieer Bomatle, (IBodiThn acid scavenging agent is
h dr oge qﬁarbo ate). In the reaction, the seﬁﬁnda
mpﬁ CHE0Y hese F’E)thPa (9‘1‘&1)’3 %ts ﬁ?%‘feepé‘ffﬁ Egbouf § to 2

eﬁﬁg&%ntélt%q: %o?or]!?é:lo% 0 nu ¥llu)% t(ﬁi%S 'ﬁﬂ(y gﬁbgﬂﬁé of the

€ “conpoun

SC@Uﬁﬁ‘Qﬂa”QDagﬁﬂttHessée%nﬂﬁﬂf ﬁﬁﬁﬂé of Li:ﬁ@dfok‘ﬁlui-a t(HI)“fare reacted
equi val ents, nore preferably about 1 to

with each other in the presence of the acid scavenglng agent in an

appropriate organic solvent with stirring. The reaction temperature is
20 preferably from room temperature to the boiling point of the organic
solvent, and more preferably the reaction is performed under heating
reflux. The reaction time is preferably 30 minutes to 24 hours, more
preferably 6 to 12 hours. In this case, the organic solvent is preferably
used 5 to 50 times, more preferably 5 to 30 times the amount of the
25 compound of the formula (II) in the ratio of volume (mL)/weight (g).
After the reaction is finished, the reaction mixture is extracted with

dichloromethane, dichloroethane, or carbon tetrachloride, and isolated
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equi val ents to the conmpound of the forrmula (11). The
conpound of the fornmula (I1) and the secondary am ne
of the formula (Il11) are reacted w th each other in
t he presence of the acid scavengi ng agent in an
appropriate organic solvent with stirring. The
reaction tenperature is 20 preferably fromroom
tenperature to the boiling point of the organic

solvent, and nore preferably the reaction is.
pe refngr preifiesh s rilesagelngplumaf dhygmaftgzapisace ithat thergomgound

SR [ % 0 TR i RS LR
%%u%; Ebgl A edusa%dﬁs %1559 hﬁﬂaggstraﬁg?&ec%; gslzs%r%blcgo%étﬁod for

I'mes t anDunt oun
( | Iprodecihf eoc’fa&h!n@ Qkidv ﬂbﬂﬂ@tv’zé’tﬂ-)%h@hghﬁll (89 -moR tebcifically
the reaction is finished, the reaction m xture is
Sextdeactilestl lateth  di chl or onet hane, dichl oroet hane, or

car bon tetrachlorlde and s | at and_pyrifjed
by silichb 5%9 f@é‘P%ﬂfﬁP‘%ﬁ? afgﬁfyui[asé) Phabigh g 15 o halide
conpeun

f
Al taguon?x 58 [ilureefﬁrnqrw e O%Qctccgréxpaq a%ﬁté%%gg and can, be used

rna e reac
It dgS.a Ghale RPEARSs IANSHBE. Caliddey Stpurd Fvli‘lﬁl ri%bfi&ﬁ ft@r axial
produci ng a-am no acid derivatives, which wll be
nora@ympetr§’ aabdnys thade soronige dhb at@recifmersobraededn axial
compound of the formula (1) in which X- i.s a haljde
10gnjasHmmeiTy tharate of Hevprearenesefame gcifig lafrmer is higher than
can as.a has ransf

d b d
c a%égng g? %tlll—%??(’m‘eﬂjﬁr ePw%%r?bll% s%lg c attta &&P &iresence of the one
as;g E.E Xso[ﬂ@labeQE)%aJr ATP& Imbie p?éf@xra%w 884ELS n:t?fi‘@ egnd even

xi al 10 asymmetry, theé rate of the presence of

onen@pq&bfdrably%wmua)rb] gher than that of other
i soners. Preferably, the rate of the presence of the

one speEuttﬂleermmtﬁlel conansk ofrblre formiﬂ@ @r @1 arhiphyX is a

95% nor.e, an eve nor e preferabl
15Fu AOPRS CaR SR BreomRIRG TR BICK the Balide: anjon is
-d i O b t u
n V&te% %%’g%ggm grnq-lﬂgz, %r“@&%lﬂlé‘ 911%11%3%% fb‘i‘lowmg
Process.

First, a method for producing the compound of the formula (I) in
which X is SCN- or HSO4 will be described.

20 The compound of the formula (I) obtained in the above-described
manner in which X' is a ‘halide anion is dissolved in, for example, a
suitable second organic solvent according to the method described in
Japanese Laid-Open Patent Publication No. 2002-173492 and mixed with
a saturated aqueous solution of an alkali metal salt of thiocyanic acid so

25  that the halide anion of X is converted to SCN".

Examples of the second organic solvent that can be used for this

exchange include dichloromethane, chloroform, dichloroethane,
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converted to SCN-, HS04 or HF2 , for exanple, through

the following process. First, a nethod for producing

the conpound of the formula (1) in which X- is SCN\

or HSO4 will be described. 20 The conpound of the

formula (1) obtained in the above-described manner

in which X- is a halide anion is dissolved in, for

exanple, a suitable second organic solvent according

to the nethod described in Japanese Lai d-Open Patent

Pubktedydiungm, 2E0RYI 231971 astdieni didomopil egher, and ethyl
net al salt_of

sat ur ated gqueous sol ution of an._al kal | t
t hiA5EYR Bagmplesoot e el t%tahsﬂahd thiporpnds agd jaclude

cony : I of, . cond organic

sol \?ggn%S%?lﬂgg m?gﬁ\h%%%ﬁ%? tgjﬁ‘lgc gnéé)é(‘eéhange i ncl ude

di chl or opByt £aiiRpieC By RRIRAQS Phe SbRPHAIOSE NRBrmulkl8) in which
tetrahydrofuran, nethyl t-butyl ether, diisopropyl

Set Heris archlide hytionaedhate. alkxbnpbed @it bhehmkkadic acid in a
metal salt of thi oc;iani c acid_include potassium

t hisgByFpat enderd as ottty elRi geildingenditipg, saglynps eunger room

m xing the conmpoynd of the formula (1) .in ich. 5 X-

s YRatatieS AR ip R TR sPRcT Mepsheddh RGBS oh Froceed

t hieQeN AN @fel RaltloR pro@idil ) $RAGM B UG @lithY Fhdmula (1) in

mld condition such as under room tenperature so as

t 0 widnk X i ®CNOdaadie obithénddeimcd hasntifigveofieldan

proceed _easily, and the reaction product (e.g., the _
10c onpoundFwfthermoten s raagting ithe snirdnnd of shedrpuimdD in

be ghtained | 1 quantitative yi.eld.. 10 Furthernoge,
by L (X 5 SRR SO Gt IRey R e Bithis) A6 SO om s i be

X- . cePge d nitric acid solution,
X- cgg%é%e%gé ve?’tned ea%hlt ?)jb]‘%r'om SCN- to HS04. By

further Beaeithsd réduifngothal siRditean@ediRmaloftthe formula (1) in
formula (1) in which Xis HS04 with an alkali netal
f | odrich & (eHO: pothass iallpalf mssal Hooridd $e.gogbtassium fluoride,
fl [ | i thi fl [

15byléf? i %’f‘ ﬂc':lrorid!et o:lr %Eghiu#lohhgghé),aa Cc%%%%gg Ite(?)gésee?:l%g& eb% the

R R2

formula (Ia):

20

R R? (Ia)
(where R1, R, R2, RZ,R3, R%, R4, R4, R5 R%, R6, and RS are the same as
defined in the formula (I)) can be obtained, which can be used as a
catalyst, for example, in a reaction of a silyl encl ether and a carbonyl
25 compound (aldol reaction).
Examples of silyl enol ether l;sed in the aldol reaction include a

trialkylsilyl enol ether. A trialkylsilyl enol ether can be prepared in
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formula (la): RBR M1 \ R R7T RO R5, R R6 N~ F

RB 20 4" R' RB R (I a) (where R, R', R, R2', 6 R3,

R3', R4, R4, R5, R5', R6, and R6' are the sane as
defined in the fornmula (1)) can be obtained, which

can be used as a catalyst, for exanple, in a

reaction of a silyl enol ether and a carbonyl 25
conmpound (al dol reaction). Exanples of sinI eno

ether used in the aldol reaction_inc

tr |aﬂ1IVR9F95 ﬂolsfynea@ﬁag schlorosilgner $‘bﬁhk915 §T-1|H§ﬁfth§]fﬁ"8|5’1 ghlggide and

o EREEEEE auth & PR Cofns iR i aklang derivatives

t r 'S‘ﬁEHV Si b&ﬂutgﬂ&%r ' qepe‘ﬂtéﬁlz%r&ar Ei%@}{%l ancetophenone

) etone derivatives such as 2-butanon e,

4 ﬁ@ﬂpﬁﬁh&adﬂb@ Jbudyeinaphtdiet epelohagfic@hdrdendan, 1-tetralone
propi ophenone, butyronaphtone, cycl ohexanone,
51- % G tetiealond indhe aireseace 6f abaget et ral one) in the
presence

corrpoundht ?ﬁ‘gtlgggt\%é:hﬁé’ dqq’lé’ 198‘&18%"8?1‘@ Iet%& r bo{&f'?f‘éged ketone
dt%Ewaﬁst)p rvﬁﬁ{:‘]ﬁ 3% ]glfecg %%k'aétfl a S091 ef51NGher d@%\%ﬂﬁﬁ@s; of the

carbony can € reacté

SI le}tbaRPkoRbbesid Uﬁ:ﬂﬁcdﬂlbé Rfictatl @ath A St drdf etleR Glsbd@n the
al dehyde conpounds such as acetyl al dehyde, 10

pr apdadned abetond apchudey hllelisiy dempeuihst yiel dehydgylaldehyde,
i soval er al dehyde,  capronal dehyde, dodecyl al dehyde
10pa PP iPHAIdERY R, b by litheacibly it nlsovaleraldehyde

SR O N —

Ci RRATBIndehydeon AdMaRt h%y@ﬁiﬁé@ﬁne@}galdehyd& benzaldehyde,
anisaldehyde, nicotinaldehyde, cinnamaldehyde, a-naphthaldehyde, and
f-naphthaldehyde.

15 With respect to such a rsilyl enol ether and such a carbonyl
compound, the compound represented by the formula (Ia) is used as a
catalyst in the aldol reaction so that the stereoselectivity in the reaction
can be controlled.

Next, a method for producing the compound of the formula (I) in

20 which X" is HFy will be described.

The compound of the formula (I) obtained in the above-described
manner in which X is a halide anion is first brought in contact with an
ion-exchange regin so that a first intermediate 1s produced.

As the ion-exchange resin, any ion-exchange resin can be selected

25 by those gkilled in the art. Specific examples of the ion-exchange resin
that can be used include Amberlyst A26 (OH) (manufactured by
ORGANO CORPORATION).
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p- napht hal dehyde. 15 Wth respect to such a silyl

enol ether and such a carbonyl conpound, the

compound represented by the formula (la) is used as a
catalyst in the aldol reaction so that the

stereosel ectivity in the reaction can be controll ed.
Next, a method for producing the conpound of the

formula (1) in 20 which X- is HF2" will be

descri bed. The conpound of the formnula &&) obt ai ned

in the aBbyeonpounivéibe frammda (Drinwnhich Xxis pchadide anion can
hal.i de anion._is first b ought in contact with an .

| orbeeREER ot SePIA ovithaftialon TEhARRE dp A Yt Bispelving the
pr . in, ~exchan

e aiHiflaa 37 o AUFG IR \RORTE g ARMal WA EE A Eeable

ar tthirdpetvdrtCa @K pERNIRS tBfs doM@tib® Ah@eha 86 uhfs filled with the
that can be used include Anberlyst A26 (COH)

5 maowkaciargedrdsyn. ORGANO tBORPSHATHONat da0 b¥hesed for such a
compound of the forrmula (1) |[n which X- is a halide
anic8ntacknalcgBol polygRts are @éﬂfeaa'?lew PRedfc jegarmlen gf gdeohol

in by di [ vi h f f |
irﬁssl‘xﬂ‘fiegﬁs k{}a?lge\érln%glr)h glcoﬁc%npe%ﬂgp g?cglljl}t){,]gls?%?lroggL%I%)ﬁol, and

I"de "ani on 1

solnvefial pRshylaseied dificughAditiieied BEQEgh a col um
filled wmth the 5 ion-exchange resin. As the third

sol vent Thate isarp henitsgioh fagardinghtha amanttacit thalcomipolind of
solvents are Ereferable. Speci fic exanpl es of al coho

105 o|thedexmidacillde wichy¥ iglacbabde apigyangthekbird solvent that
[ .al gohol , d I | al cohol.
a1 PROUBHE ot H1H et ERATBED Cothe B 125 BRI s e those
reggﬂﬁdq%ﬂ%ggﬂ@nnunts of the conmpound of 10 the
a

formu in which X- is a halide anion and the

third solfhed)tthe Fdkt iteemudate idpitddusediont act, and
they can be set as appropriate by the those skilled
i n the aFhen,Thhes, ohthenddi first | imtermmadiizt @s | seydraldzedeqvith a

15 hydrogen fluoride aqueous solution preferably without removing the
solvent.

There is no limitation regarding the amount of the hydrogen
fluoride agueous solution used in the present invention. In view of
increasing the productivity, preferably, the amount is selected so that

20 hydrogen fluoride is reacted in an amount at least eguivalent to that of

the compound of the formula (I) in which X" is a halide anion. Thus, the

first intermediate is neutralized, and a compound represented by the
R® R? '

formula (Ib):

25 - ' N™ HF2 -
. , AN

(Ib)
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Then, the obtained first internmediate is neutralized
with a 15 hydrogen fluoride aqueous sol ution
preferably without renoving the solvent. There is no
limtation regarding the anount of the hydrogen
fluori de aqueous solution used in the present
invention. In view of increasing the productivity,
preferably, the amobunt is selected so that 20
hydrogen fluoride is reacted in an anmount at | east
equhveihishtXt s furdhemtonventede apotind helide mnipwtmAtBe can be
(1) in which X- is.a.halide anion. Thus, the first

i nthEPHRERRd thefolitiot zed, and a compound

represen h ropla: (lh). . R& (W
25 RNHFZ&‘E%IgQ%EQ{’ Rpe %’nﬁ%’l“t“g) i mﬁlu%c rﬁﬂg !"]Ms 8" casily
f urisdl8tedC B YREHOVEnd AR 4dIRediabisidg MBLAY dsdally2us@@By those
be precipitated in the solution. Thereafter, the
5corspdipwdingfhetdyt.s fornula (1 b) can be easily isolated

by renoving the sol vent using means usually used b

! y
those 5TRRS Phiginsd compourd of e forgytlai (Hlcazbhp stittired as a
19{) rctaga?lg%a rqrpri ls?oéﬁl:%? ggag Pnégrﬁg*éto%nlhl;%}%jcs & d‘cilastglaetogtlalggttively and

di agharieeaeldifely ¥ShtroBed enantiosel ectively
controll ed. Next, a nethod for producing a-amno acid

deri vat i Mest, usinathddéor dddgeiaker-amiyo anitibdénivatives using the
conpound of the present invention represented by the
10f oamgberngry ammenivm gemnonndfd theapresgat igyemtiogerepresented

oo A (B 10261 5L MR Y7 BE BRSNS, O
An ¢-amino acid derivative represented by the following formula
(VI) can be produced stereoselectively by a process for alkylating a
compound represented by the following formula (IV) with a compound of
15 a formula (V), using the compound represented by the formula (I) as a

phase-transfer in a medium in the presence of an inorganic base:

—N
R15>_ “ O_R‘iT
R18 (VI

20
(where R14 and R15 are each independently
(i) a hydrogen atom; or
(i1) an aryl group that may be substituted with a C; to Cs alkyl
group that may be branched, a C: to Cs alkoxy group that may be
25  branched, or a halogen atom; with the proviso that the case where both
R4 and R are hydrogen atoms is excluded,

R1!6 ig a group selected from the group consisting of*
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(VI) can be produced stereosel ectively by a process
for alkylating a conpound represented by the
following formula (1V) with a conpound of 15 a
formula (V), using the compound represented by the
formula (1) as a phase-transfer in a nmediumin the
presence of an inorganic base: R14 8160 >=N R15
O R1l7 20 Rls (VI) (where R14 and R15 are each

I ndependently (i) a hydrogen atomy or (ii) an aryl
group thaiarhaﬁrwnsa}b@eututed with a d to C4 alkyl

Phat mayoBe Co4° Srantnidrom st meg g R o Fiolpgvere

prgé% . that the case where both Rl14 and R15 are
o‘glgn atons is excluded, R16 is a group sel ected

from t he(igy auQ: GONGY alkegl Group 1BAt iy deyrdhoigeNor form a
atom (ii) a Cl to G o alkyl group that nmay be
Sbr amcliegroop: f orm a cyclic group; (iii) a C2 to Co
al kenyl oup_t hat be branch d or f
cycl ic g& Bup; Cr 9/)06%% SRRy ¢ %Wyggsmgapﬁ%&d RRform a
8 éﬁgor forma cyclic group; (v) an aral kyl
P, ein the aryl noiety of the aral kyl group

may be s@bshidrdtied gbd) WhedeBRshe 2R Iﬂ@l@tﬁpoﬁﬂﬂeeﬁﬁﬂ@l group
fromthe group (Q 10 consisting of. a Cl to

al lydy he cupstiheed veiph be lbasinetre droupasebicttd fian a:hk @xyup (Q)
gr %ggmtsplgtg Ofrpay be branched,
a C1 to C4 alkyl group that may be branched,
a Cj to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to Cs alkyl group
that may be branched, a cyano group, -NR2R?1 (where R2° and R2! are
15 each independently a hydrogen atom or a C; to Cs alkyl group), a nitro
group, a carbamoyl group, an N'(Cl to Cs alkyDcarbamoyl group, an
N,N-di(C; to C4 alkylcarbamoyl group, or -NHCORS? (where R? is a C1 to
C4 alkyl group that may be branched),
a ¢yano group,
20 -NR20R2! (where R20 and R2! are each independently a hydrogen
atom or a C1 to C4 alkyl group),
a nitro group,
a carbamoyl group,
an N-(C1 to Cs alkyl)carbamoyl group,
25 ~ an N,N-di{C; to Ca4 alkyl)ca;:bamoyl group,
-NHCOR?® (where R? is a C; to Cs4 alkyl group that may be

branched), and
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an aryl group that may be substituted wwth a C1 to C4
al kyl group that may be branched, a cyano group,
-NR20R21 (where R20 and R21 are 15 each

i ndependently a hydrogen atomor a G to C4 al kyl
group), a nitro group, a carbanmoyl group, an NN(C to
4 al kyl ) carbanoyl group, an N Ndi (O to C4

al kyl ) car banmoyl group, or -NHCOR9 (where RO is a CL
to C4 alkyl group that may be branched), a cyano
group, 26 halegrotemiwhere R20 and R21 are each

I ndependent |y hydr n atomar a Cl to al kyl .

or oupy | ki heeata e e bAROPE T BBHONT RO, Yherein
A k r y hdd : di(; 0

o 1) R TS TR s RP\ PO ER AR A1y e o
A saideydd goputhet Btp @Y, be branched), and 123 a

hal ogen atom (vi) a heteroaral kyl group having a

Shet er oar (Mii) noi eryl, gwiwer of lrereith éhé eyl genupl mmyi bt pubstytuted
be supstituted wth at st one group, .selected from

I
t heVigk Gl feqstypne grown Fsle%tggémt ¢ STPP (GHerBEn t he

aryl group:..{may; he substituted i.t hpat, | east_one
o oup s o B BT it B pe it W psE Ry Rou may be

hets@boat Wtk d SO Rt 1M 68E Brddirsd16died @Y thdk (@py be
substituted with at | east one group selected fromthe

group (@R iRa7Ci ® @s alkyl grayp Hdtyhagbobmidhat ordyrdve cyclic
branched or forma cyclic 10 group; R18 is a group
10sele@ed from the group consisting of: (i) a Cl to

C10 al ky kil QB LB 31T RSmPHAGHES cShsili9h bR cYelic

{1) a C1 to Cio alkyl group that may be branched or form a eyclic
group;
(ii) a C3 to Cp allyl group or substituted allyl group that may be
15  branched or form a cyclic group;
(iii) a Cs2 to Cs alkenyl group that may be branched or form a
cyclic group;
(iv) a Cz to Cs alkynyl group that may be branched or form a
cyclic group; .
20 (v) an aralkyl group, wherein the aryl moiety of the aralkyl group
may be substituted with at least one group selected from the group (Q);
(vi) a hetervaralkyl group having a heteroaryl moiety, wherein
the heteroaryl moiety may be substituted with at least one group
selected from the group (Q);
25 (vii) an aryl group, wherein the aryl group may be substituted
with at least one group selected from the group (Q);

{viii) a heteroaryl group, wherein the hetercaryl group may be
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10

group; (ii) a C3 to C9 allyl group or substituted
allyl group that may be 15 branched or forma cyclic
group; (iii) a C to C6 al kenyl group that may be
branched or forma cyclic group; (iv) a C to O

al kynyl group that may be branched or forma cyclic
group; 20 (v) an aral kyl group, wherein the aryl

noi ety of the aral kyl group nmay be substituted with
at | east one group selected fromthe group (Q;, (Vi
a Kubstiouedwith attensh onagronp selesedfom vhe stspt(@); an

wher ei n e heteroaryl noiety may be bstituted with

at | easté’gn% g% g?lpé19 ﬁ@‘?p@gggldgfor"é’nﬁ ﬁggéi‘%ﬁﬁé (p@)l,)a%]i group
(Vighdt 83 q)rydraggﬁ&g,a wherein the aryl group may be
substituted Wth at 1east one group selected from

the groupsKdds a ey sefelitt & pOARMeH8E Bétiter;Wher ei n t he
het eroaryl group may be 1 24 substituted with at
5l east one group iﬁﬂ ecteR'Promthe group (Q; and (ix)

a Cs to CO propargyl grau r sybgtituted propargyl
group that may b%§n$_w-%"ﬁ* shows a newy
generated asynmeRff c cepfer; 5 Rl4 RLZIV)
~=N-C-CO- O R17 R15 H (1V) (where R14, R15, Rs and

Rl{wBER RheRrsampes anddRfi 538 dhb Ratolesf @iAedan ¥k )idimula (VI));
and 10 Rils W(V) (where R'$ is the same as defined in

t henflormula (VI), and Wis a functional group having
a leaving ability) ‘R18-\y (V)
(where R!® ig the same as defined in the formula (VI), and W is a
functional group having a leaving ability).
Examples of the medium used in this process include benzene,

“toluene, xvlene, ethyl ether, isopropyl ether, tetrahydrofuran, and

15 dioxane. Alternatively, the medium may be a two-phase medium

containing water and a medium of these which is immiscible with water.

The medium may be used in a volume (mL)/weight (g) ratio of a factor,

preferably of 5 to 80, more preferably 8 to 25 to the compound of the
. formula (IV).

20 Examples of the inorganic base used in this process include

Iithium hydroxide, sodium hydroxide, potassium hydroxide, calcium
hydroxide, rubidium hydroxide, and cesium hydroxide. The inorganic
base may be used preferably in 2 to 10 eqguivalents, more preferably 3 to

7 equivalents to the compound of the formula (IV). The inorganic base

25 may be used in the form of a 10 to 60 w/v% alkali agueous solution, and

the volume in this case may be preferably a factor of 4 to 20, more

preferably 8 to 15 in volume (mL)/weight (g} ratio to the compound of the
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Exanpl es of the nmediumused in this process include
benzene, toluene, xylene, ethyl ether, isopropyl

et her, tetrahydrofuran, and 15 di oxane.

Al ternatively, the nmedium nmay be a two-phase nmedi um
contai ning water and a nedi um of these which is

imm scible with water. The nedium nmay be used in a
volunme (nL)/weight (g) ratio of a factor, preferably
of 5 to 30, nore preferably 8 to 25 to the conmpound
of ?ﬁéuhﬁgphula (1V). 20 Exanples of the inorganic

o um P e BEeR s tronr it SLHPGPHER )5 usea
Y 401tk sty 1£1L1b15 (4B Eror B LN 1YSlE S fifyalents,

The 1 norganic base may be USE preferably In

equindadveRt mordPredeibef arah] y.28 dq&wale:ﬂgtﬂovc&b ebinpohfd of the
t he conpound of the formula (1V). The inor anlc base

525 forayuloe (W8kd iFhe henimrumdofofathe fogmada Wil vimaldeati as a

ayeous SOl %Etea%'%ﬁp;é#‘lfaﬁs%%%ﬂm@ S SR BB oD more
15 i
PR TR TN 8. ob Bl 3 h0a' .ofoﬁfp}szcmeswﬁ

Comm afVv)t habfer RHE BpKadk- ttrﬁnsi&e@ataqsz@cf a@&blm bR Present
to 1.5 equivalents, nore preferably 1.1 to 1.

eqmnvaﬁenthasaénghemenﬂmnamdpmgﬁﬁna&Wymathhmc@mB&tatonhf
equi valents to the conpound of the 5 forpula_ (

10The %ﬁ%@w%fwthwwmeacwyoq%d Qfs@& fogmuja (), @ desired

20

25

phas ansf.er cata er abl 01 .nol

0. DofipH RS o BhPuria sl BEHBR e PRty Pt

to 1 ol pknd I}ﬁe%%ﬁtﬁﬁ tlHea.d(flﬁE)WOaSI(dh\Qi HdMdStransfer
the phase-transfer catal yst used in the presen?

i neatilyan hdsiral hq@teﬂmatnyvmtmmoanﬂnt keltef eneh bys usdthgbutyl
the catal yst at on 10 . a small amount to 1 nole of

th@m@w@m@r@m@méﬁmymwlwu@% ip ghte reaction system

c a- am no. a atives th
1500 kg aleedthen F et Sty chaB b Bhny 3 X ReAT S the

addiddiom ts?stﬁi:h(:li]nat}:@hﬁ§§se§1£ E.'Lﬂ%é]?ﬂion to improve the vield of an

o-amino acid and its derivatives obtained, and also can further reduce
the amount of the phase-transfer catalyst represented by the formula (I)
used in the present invention. The amount of TBAB that can be used in
the present invention is preferably 0.005 mol % to 0.1 mol %, and more
preferably 0.01 to 0.06 mol % to 1 mol of the compound of the formula
(Iv).

The alkylation process is performed at a suitable temperature
between -30°C to room temperature, preferably -20°C to 0°C, in air,
preferably in an argon atmosphere. This process is performed with
stirring over a suitable period until an alkylation reaction proceeds to a

sufficient extent. The reaction time is preferably 30 min to 48 hours,
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catal yst, achiral quaternary amoni um salts such as
tetrabutyl ammoni um brom de (TBAB) may be al so used
in the reaction system 15 simultaneously. For
exanpl e, TBAB functions as a cocatalyst in the
reaction systemin the present invention to inprove
the yield of an a-amno acid and its derivatives
obt ai ned, and al so can further reduce the anount of
t he phase-transfer catalyst represented by the
f ordvepreforablisbdorhta B bpiesent i nvention. The
amount of TBA:u}hgttéan b eg Ln 20 the.Bre

& &t

ent .-
i nventi onAch?r a Fymﬁ. o heo/ﬂegeﬂt. "o lq’% i the

MO S mpduahieraRk Yofn @k PO+ HOp RN dvendio Bk dREctib&d above,
compound of the formula (1V). The al kyl ati on process

i s grepptitaid aativa conpbabd eftibepratils ¢VD)bainmbe vbi@MeEd in a
to roomtenperature, preferably -20C to OC, in air,
55 ebivéeldtand highapptiged dvriynosisker dishraptdcad mawdlys refers to

f d with stirri i tabl ' il
B Gt o RARPIB B SSE R0 & oG PP R BN 0% e, and
exteq,gh.m%;gnrefqum i dEodes preferably 30 min to 48

hour's, more preferably 1 hour to 24 hours.

Accor di ngn t anéther NRégeetl of thbe ppeReNinvieAYien] i ®Nmethod for
using the conpound of the formula (1) of the present

i nuendicng ag déselly setivaloosmeino agsiddppiavadddy active
conmpound_of the fornmula (VI) can.be obtained in a 5

10hi gh yi et aTeegh By teR AT ESAIT e o-RgRo Acid can be

opt | uri ty" st_.80% :
pr &r girﬁé% y bgt )ﬁegg)g%?@%tfgre,gﬁoné%g’p reé&%r ag%/ Lbfo%‘ %e??uowmg
anthrofMRAeNDLEINR" BRELBLNIR adtBRS LoBBIARE of | theaRdtl\R (VI)
aspect of the present invention, a nethod for

pr ddpigéally avtopt iocahine acid véermvanvealotlagi ds i gbtained by the
provided. 10 In the present invention, an optically
actabpre-deserikied methpdean be produced by perforning,

1 SXTEL S L B0 GLh 5, SEND 2RI S o
(Vigbtically active compound of the formula (VI) (optically active o-amino

acid derivative) that is obtained by the above-described method is

hydrolyzed under an acidic condition (imine acidic hydrolysis process).

Examples of the acid used in the imine acidic hydrolysis process include
20 inorganic acids (e.g., hydrochloric acid or phosphoric acid) and organic
acids containing tribasic acid (e.g., acetic acid, citric acid). More
specifically, the imine acidic hydrolysis process proceeds by treating the
compound of the formula (VI) in a suitable medium (e.g.,
tetrahydrofuran or toluene) at a suitable temperature (e.g., room
25 temperature) using an aqueous solution of the acid as described above.

As a resuli, an ester derivative of amino acid in which the terminal

amino group is liberated can be obtained as an acidic hydrolysis product.
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(optically active a-amno acid derivative) that is
obt ai ned by the above-described nethod. 15 In a

first nethod, the imno group (RL4R15C=N-) npi ety of

the optically active conpound of the fornmula (V)
(optically active a-amno acid derivative) that is
obt ai ned by the above-described nethod is hydrolyzed
under an acidic condition (imne acidic hydrolysis
process). Exanples of the acid used in the imne

aci di c h%?@l B¢ seprpcaedvaied (rie apong natigafrcédigchydrolysis

o aitec cebtiel b o i e REREREST, eialite ' Sfleiedoto a
aciy, Slk'gi(ri' ﬁa@ﬁbﬂ) if ﬁ@egsaﬁpﬁﬁﬂéf Qélbllél coﬁcﬁﬁohgnsﬂ%nger than

aci rolysis process proceeds by treating th

co rfh@ Liﬂﬂn@facid'l@ hiyaeeipkia drVhndémbasis ubﬁ@lbioasne'ﬂhuﬁn a desired
(e.g., tetrahydrofuran or toluene) at a suitable

5t erqpeinatagidein( whiph theosmmesaltditbe matdic bydmoésrswgpmduct (i.e., an
aqueous sol ut f the acid as,.desc ed above.
a FEET (87O Eg%%”erlpv PvacHic 5 @r&%a%% dPTHuGH; @ﬁcomes
th%ah&ﬁ%h@% déyﬂﬂg)gmé%%PIS I!berated can be

f

obtained as an acidic ol ysis product. 127 Then,

the est enlteidtikally, vin af sa:ﬂhﬂomeﬂida, (thei phoceddy st fo the
product) obtai ned by the above-described process is

subjl@ﬁmédddsoribed hatdvel isshdoptedct Mont is ftonsedbarester group

er acidic conditions stronger thapn the im
10aC| &Qzﬁqy%wnotbfsmﬂﬁﬂmwe prapeundh At the ngwlerm) (ogtically
an no aci n1na# of th

L
a0 Iagléwe h )?L &%}H)PSI %(:18r odc?a%:vtatl(ves] p?&me ol o ar %lbove described
(- GHRAGbn irBadithR RCHL hylA¥E2bY ShdePhRLY @&ﬂdlﬁ@ﬁ@ (E&%er basic

carboxylic acid can be obtained. Alternatively, in a
setyddolyeit hndeedshe i abes @soppbadit enyidoolybis preetdiocin alkali
descri bed above is adopted. That is to say, the ester
g r @ayeoq@so(luw Rwl} ap potthen dyetredds yqva%qusvs@lwﬁa@ﬂmbe used.

he fo i % opt. c I active cc
15 d e Y\/%‘f(i};\/jéxrﬁjr(gﬁ‘{ (}j(cl }e ﬁbs‘vgrodiélg% ] ng‘ach %he %ermlnal of
al k é%tﬂn Bu @%@%@%&&mﬁa et Q%Aral ¥zed HBLET(-E85H19) in the
COﬂ Itio ester basic

compound of the formula (VI)) becomes carboxylic acid can be obtained.
Then, the 1mino group (R14R15C=N-) moiety of the above-obtained
basic hydrolysis product is hydrolyzed under an acidic condition (imine
20  acidic hydrolysis process). Examples of the acid used in the imine acidic
hydrolysis process include inorganic acids (e.g., hydrochloric acid,
phosphoric acid, sulfuric acid) and organic acids including tribasic acid
(e.g., acetic acid, citric acid). More specifically, the imine acidic
hydrolysis process proceeds by treating the basis hydrolysis product in a
25 suitable medium (e.g., tetrahydrofuran or toluene) at a suitable

temperature (e.g., room temperature) using an aqgueous solution of the

acid as described above. As a result, a desired amino acid in which the
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hydrol ysis process). In this ester basic hydrolysis
process, an al kali aqueous solution such as sodi um
hydr oxi de aqueous sol ution can be used. 15 By such
hydrol ysis, a basic hydrolysis product in which the
term nal of the conpound of the formula (VI) (i.e.,
an ester group (-CO2R17) in the conpound of the
formula (VI)) becomes carboxylic acid can be
obt ai ned. Then, the imno group (RL4RL5C=N-) niety
of teFrRIng)aYne ekl irdiberpiad ErReRtgprinsds pr oduct is

hydr ol di dj.t
aX. 0 PSR ket Billfon” BRCR Slbel WHERS axd Appipg gid is

ptrb@udem f?@m%b%o%ﬂ%ﬂ%%b%oﬁﬁ%e@ﬁ) 'é’iﬁ{éfqﬁe flrst method
|norgan|c acids (e.g., hydrochloric aci'd, phosphoric

aciodl thes gédoudi lﬁeﬂiﬂ(ﬂl)na&ﬂﬁa wiedanhd eitbictlg8an Ib@lsulialcﬂsgl arbitrarily
tribasic acid , acetic acid, citric acid). Mre

5spdFi thosa | gkjlled He the met. sxdcerding Hp dvhst §B¢<§ﬁ<prséll}@§%r9 of the

ca
1000

20

roceeds treating the_ basis h rodu
P B R o R By R YRR G adiriont
tol uene)Inatb}glg ﬁltélllt.n@p | £ detsﬁ'gﬁ%ﬁfcﬁfl? éc%lv% o aLn?ﬂlg] acné can be
t enperat’'ure) using an aqueous sol ution of t

as piedie i Reficiahflyan dAsptionadiyubithowt ia&iatods aRiif0staGdtdre.
in which the 128 terminal amno acid is |iberated

can be obtained. In the present invention, in the
gﬂﬁre an amno acid is produced fromthe
©df the formula (M), either the first method

or the ; h ther can be .

061 s o HERAREL Pl TS0, WSkl A0 s
ac@es@Hd Byowhpof sRempld<C bt Is*'&%tl'lhﬁlt@a thél%by am no

acid to be actually produced and ot her production

condi t i dmsthel follbhiisg erameles, dH AENIR gk capin cedsl l;aeasured on a
active a-am no acbﬁpcan e produced efficiently

optTE&Jrale WAHAOSUH00; Mtz spevigorapter tandse rJ%TGr‘lé)O/Mi%S (400

f h |
nnre pgg??ﬁgég tegggérﬁﬁgﬁfgégag@ X?neigﬁﬁﬁ%spmgﬁ?t was
i Snﬂa%%ufécmofr qgght}?errﬁﬁ)ﬁlaﬂc@ ﬁtﬁﬁdfﬁ%ﬁ‘ﬁhﬁgaﬁﬂﬁm%) with an

spectrum was neasured on
apparatus Shimadzu 10 using 4.6 mm %X 25 cm Daicel Chiralcel OD,

OD-H, AD or AD-H. The reaction progress was monitored with a Merck
precoated TLC plate (silica gel 60 GF254, 0.25 mm) for thin film
chromatography (TLC).

<Reference Example 1 Synthesis of starting material (compound 6) for

synthesizing quaternary ammonium salt>
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JECL JNM FX400 (400 MHz) spectroneter and a
JMIC- 400/ 54/ SS (400 15 MHz) spectroneter. The
optical purity of a reaction product was nmeasured by

hi gh- performance |iquid chromatography (HPLC) with an

apparatus Shimadzu 10 using 4.6 mm x 25 cm Dai cel
Chiralcel GO, Ob-H AD or AD-H The reaction

progress was nonitored with a Merck precoated TLC

pl at e ica gel 60 GE254, 0.25 nm
20 ch 296800 3

Synt hesi § of st_é?}/ftikng rraterla

synt hg @%&@E‘&P

M MP \ F. F &0H

[ COOH Bu4NHSO4 COOPr' @/ COOPr' Pd(O@@)Z \

KF-2F Z0 \ \ \ \ Br PPh3, K2C8 (1) (2) (3) FFF 5

/| FFF \\ F\ V' \ F\ \ & COOP' LiAJH4 EH2OH

5PBr 3 CH2Br ] Q07 2Br \ \
\' FF \ 10 Sche
1 (s thoh Ja apldeoi n 19, eq

10

15

20

25

4) (5

Scheme 1
A compound 1 (S-form), isopropyl bromide in 10 equivalents with

respect to the compound I, 20 mol % of a catalyst BusN-HSO4, and 10
equivalents of potassium fluoride dihydrate were allowed to react for 24
hours under reflex in tetrahydrofuran to give a compound 2 in a 95%
yield. Then, 4 equivalents of Mg(TMP): that was newly prepared in
tetrahydrofuran was added dropwise to the compound 2 at 0°C, and
subsequently 8 egquivalents of bromine was added dropwise at -78°C.
Thereafter, the reaction mixture was stirred at room temperature for one
hour to give a compound 3 in a 91% yield. The compound 3 and 2.4
equivalents of 3,4,5-trifluorophenyl boronic acid were subjected to the
Suzuki-Miyaura cross-coupling reaction in the presence of 5 mol % of
palladium acetate, 15 mol % of PPhs and 3 equivalents of potassium
carbonate in dimethylformamide at 90°C for 8 hours to give a compound
4 1in a 94% yield. Then, the compound 4 was reduced with 3 equivalents
of LiAlH4 in tetrahydrofuran at 0°C to room temperature. Then, the
obtained compound 5 was stirred with 0.5 eguivalents of PBr: in

tetrahydrofuran at 0°C for one hour to give a compound 6 (S-form) in a
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respect to the conmpound 1, 20 nol % of a catal yst
Bu4NHSO4, and 10 equival ents of potassiumfluoride
di hydrate were allowed to react for 24 hours under
reflex in tetrahydrofuran to give a conpound 2 in a
95% 15 yield. Then, 4 equivalents of My(TMP)2 that
was newly prepared in tetrahydrofuran was added
dropwi se to the conpound 2 at OC and subsequently 8
eqU|vaIen& ff %;on1ne was add ropw se at -78C
Thet®artedd, TheRrianavyhPraray é“ Salp§ Fed@deEt room
tenperature for one hour to give a conpound 3 in a
91% vyield. The conmpound 3 and 2.4 20 equival ents of

3, Ardrhpiel1u ﬁrﬁﬂ%’i’é’bf PRIt Lrydfh AoWRIE sBH LSRR Sthd 9>

the Suzuki -
presence of 5 nol % ef palladium acetate,
of PPh3 and 3 ed

yaura cross-coupling reaction ig the
%

F

l ents gj th&SSIUﬁ] carb are in

i et hyl 3. ate90C f orN'8 hour s 4 e,
conpound a_94%yi el d. When t pnpound 4 was
reduced thY3 eqwi val ent s KXBs0f Li A Bu
t et rahy ran gt 0C to gpemdgnper t%he
obt ai neo nd 5 was stirred wth ¥ui vl ent s
of PBr3 oI'n ydr of uran at 0C fo

give a conpound -forn) ina 130 9096y|e The

S

10

15

20

25

R-f or m was preparrd n the sane manner. <Exalfpl & 1:
nthesi s of quat&rnary ammoni um salt (conpouﬁd 7)> F

F FF BuBu& \ \ \ FN\ \ \ F Br @? N Br
Br CH3CNy LEELMY BOthd éongpéuﬂ_ﬂ \s \(ijmxmf 280 mg,

0.4 mmol),
dibutylamine (140 pL, 0.8 mmol), and potassium carbonate (82 mg, 0.6
mmol) in acetonitrile (5 mL) was heated and refluxed for 10 hours with
stirring. The mixture was poured into water and extracted with
dichloromethane. The organic layer extract was dried over sodium
sulfate, and concentrated. The residue was purified by silica gel column
chromatography f{eluent: methanol/dichloromethane = 1:20) for
purification to give a compound 7 (S-form) (247mg, 0.33 mmol) in a 83%
vield.

The NMR spectrum of the obtained compound 7 (S-form) was as
follows:'H NMR (400MHz, CDCls) § 7.97-7.95 (4H, m, Ar-H), 7.55-7.51
(2H, m, Ar-H), 7.27-7.23 (8H m, Ar-H), 4.99 (2H, d, /~14.2Hz, Ar-CHy),
3.74 (2H, d, /13.9Hz, Ar-CHbs), 3.32 (2H, t, J/12.5Hz, N-CHy CHbz), 2.56
(2H, t, #12.3Hz, N-CHs-CHy), 1.06-0.97 (6H, m, CHs), 0.71 (6H, t,
J=6.9Hz, CHs), 0.23 (2H, bs, CHz); 13C NMR (100MHz, CDCls) § 150.95
(d, Jor=253Hz), 139.61 (ddd, Jor=253, 15, 15Hz), 138.31, 136.86, 134.64
(d, Jocr=4Hz), 133.44, 131.13, 130.85, 128.31, 128.28, 127.66, 127.37,
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F FF 10 (6) (7) A mxture of the conmpound 6

(S-form (280 ng, 0.4 mmol ), dibutylamne (140 L

0.8 mmol ), and potassium carbonate (82 ng, 0.6 mmol)

in acetonitrile (5 nmL.) was heated and refl uxed for 10

hours with stirring. The m xture was poured into

wat er and extracted with 15 di chl oronmet hane. The

organi c layer extract was dried over sodiun1 sul fat e,

and concentrat ed. ng resi due was purified b% silica
), 32 13

gell%otarho-3drtionth Bh SPmP: @g}%g@ R b

met hanol Lo h 20 urification to
give a cgﬁ}pggndﬁﬁé ?P%h %)ﬁpf)u °§: 45 mol) Anoa e
83 %Pertbir@led. toé@v MpaT:N M}ﬁ,(ﬁﬁﬁcft (RL%IQJ{;) t he obt ai ned

conpound 7 (S-form was as follows:1H NVR (400VHz,

CDClB) 6 7.97-7.95 (4H, in, Ar-H), 7.55-7.51 (2H,
-H), 7.27-7.23 (8H m Ar-H), 4,99 (2H, d,

~T <F4<a2rﬂzle ZAICDeﬁzymtma of & pengylation of algnme>,  Ar - CH2) |

3.32 (2H, t, rpl2.5Hz, N-CH2-CHRJy 2.56 (2H, t, 0

~T-12, 3Hz, N-Ci2- CH2), 1.06-0. Rokfdd: oo sl 2)in

(6HF 25N Hg; CHBPhCHIBR23—(2H—bs —CH2)-» 1 é OB

(100MHz, CDC13) 6 150.95 (d, Jieugper53hy WHF139. 6

(ddd, Jc-F=25% 15 15Hz), 138.31, 136.86, 134.64

(d, Jc-F=4kz), 133.44, 131.13, 130.85, 128.31,

128.28, 12¥)66, 127.37, 131 123.34, 115.31-113.76(%)
57.58, 57.37, 24.60, 32, 13.24. _For.the

(R"? ormo ﬁrfel%arfpaﬁﬁb&%ne adm&ahﬁstﬁr Besderokend Schiff base

per(q%o%né%cf 8) Biave tgh% 5:9[&9195'”? Jol( Jf%mco oaﬁéafr% -Form),

i OF Of CA- benzyl ation of alanine

0 ap@ HBERLYINDLrEBUet (E’MBIV&@&@@? H20 oCikhTi 6f a6ludnENesium
oBut toluene THE H3C
hydroxide - monchydrate C"') equivalents) was added at 0°C, and stirred

under an argon atmosphere at 0°C for 3 hours. The reaction mixture
was poured into water and extracted with dichloromethane, and the
solvent was removed, and then the residue was dissclved in 5 mL of
tetrahydrofuran. Then, 5 mL of 0.5 M citric acid aqueous solution was
added thereto and the mixture was stirred at room temperature for one
hour. The aqueous layer was Washed with ether and alkalized with
sodium  hydrogencarbonate, and then was extracted with
dichloromethane. The organic layer was dried over sodium sulfate and
concentrated to give an oily product. The obtained oily product was
subjected to silica gel column chromatography (eluent: ethyl
acetate/hexane = 2/1) to give a benzylated product of alanine {compound
9) in 97%ee and a 82% yield. The optical purity of the obtained product
was analyzed by HPLC [Daicel Chiralcel AD; eluent: hexanefisopropanol

= 30 : 1, 0.5 mL /min; retention time: (R)-form = 12.9 min, (8)-form = 20.5
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CH3 Ph (8) (9) 10 To a mxture of alanine (t)-butyl
ester-p-chl orobenzyl Schiff base (conpound 8) (134
ng, 0.5 muol), 1 nol % of the conmpound 7 (S-form,
and benzyl brom de (1.2 equivalents) in 2 nmL of

tol uene, cesium hydroxide - nonohydrate (5
equi val ents) was added at 0C, and stirred under an
argon at nosphere at OC for 3 hours. The reaction
nixtnie 15 was poured into water and extracted with
di @dr onet hane, and the sol vent mas renoved, and
then th esi dque_was dlsgolved in 5

et r ahyab SPar 4R Pirhan, wabe S 5sgbh budlers wag gerformed at

AqUEPHS S QRbHipoRR dGShadRE eAbENETBIE aHplche emaasttagaemWW
was stirred at roomtenperature for one hour.

aqueerise) vayeobnadsedvash 88%withl. et her and al kal i zed

with 20 sodi um hydrogencar bonate, and then was

extracted with dichloronethane. The organic | ayer

r|e odi sulfate and conce rated t
o cEaiite By St of diase Siatx no B St (e dai 10>
subjected to silica gel col-gm chromat ogr aphy
(eluent: ethyl acetate/ hexane= 2/1) to give a

benzyl at ed product conpound 25 9) in
97%e and a 82%yi [ real purity of the
BHPLC [ Dai cel

obt ai ned product
op¥ opanol = 30 : 1,
i :-form: 12.9 m n,
Ajen~t he process under an

Chiral cel AD; eluent:
1099, 5 i /mr1 reten
argon at nosphere was perfo i at -20C, a compound 9
[ [ € Bnanti osel ectivity
(99%e) was obtained in a 8%5%yield. 5 <Exanple 3:
Synthesi s of quaternary @gponi um salt (conmpound 10)>
F

o

The same procedure as in Example 1 was performed except that

15 the R-form of the compound 6 (140 mg, 0.2 mmol) was used and

dicyclohexylamine was used instead of dibutylamine. The product was

purified by silica gel column chromatography to give a compound 10
(R-form) (96 mg, 0.12 mmol) in a 60% yield.

The NMR spectrum of the obtained compound was as follows: 1H

20 NMR (400MHz, CDCls) ¢ 8.05 (4H, bs, Ar-H), 7.65 (2H, t, J=7.THxz,

Ar-H), 7.49 (4H, bs, Ar-H), 7.38 (2H, t, J/=7.5Hz, Ar-H), 7.27-7.24 (2H, m,

Ar-H), 5.15 (2H, d, J=13.9Hz, Ar-CH»), 4.20 (2H, d, /=13.5Hz, Ar-CHb),

3.18 (2H, bs, CHa), 3.05 (1H, bs, N-CH), 2.34 (2H, d, /~9.9Hz, CHo), 2.16

(2H, d, J=8.7Hz, CHaz), 1.82-0.88 (15H, m, CH and CH); 13C NMR

25 (100MHz, CDCls) & 151.08 (d, Jor=249Hz), 139.56 (d, Jcr=254Hz),

138.43, 136.76, 134.80 (d, Jo#=3.8Hz), 133.84, 131.61, 131.05, 128.33,

127.78, 127.44, 123.58, 115.05-114.82 (m), 73.95, 54.89, 53.37, 52.99,
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9CDC13) 6 151.08 (

10

15

20

FKNMBr 10 F F F (10) The sane procedure as in
Exanple 1 was perfornmed except that 15 the R-form of
the conpound 6 (140 ng, 0.2 nmol) was used and
di cycl ohexyl am ne was used instead of dibutyl am ne.
The product was purified by silica gel colum
chromat ography to give a conpound 10 (R-fornm (96
ng, 0.12 nmol) in a 60%yield. The NVR spectrum of
t he obt ai ned conpound was as follows: 1H 20 NWR
(40UNEE: 2893 28)3% 2665 204401 24688, 2/76H), 7.65 (2H, t,
J 7.7Hz, Ar-H), 7.49 (4H, bs, Ar-H), 7.38 (2H, t, el
7.5Hz, Ar-H), 7.27-7.24 (2H, m Ar-H), 5.15 (2H, d,
=13 Qe 1o A SPHRosi amdmdai . g
3.18 (2H ef);;:s oy é‘%?%éf“(%?ﬁr?baﬁ m %agﬁgﬁﬁ%%ﬁ 44
J 9.9Hz, CH2), 2.16 (2H, d, d'-8.7Hz, CH2),
1.82-0.88 (15H, m CH andgﬁzﬁé; 13C NWR 25 (100MHz,
), 139.56 (d,

)
6. 7 4. d,
mg\]—._ja( 128. 33,

JC-F=254Hz), 138
Jc-F=3.311z), 133.
127.78, 127.44, 12,
54.89, 53.37, 52.
26.45, 24.88, 24.7%:
guat ernary ammoni um sal t
JI

05-114. (m, 73.95,
0.736, .69, 28.39, 26.62,
pphe’4: Synthesis of

.q;ound 11)> F FBra 5N

(11)

The same procedure as in Example 1 was performed except that

the R-form of the compound 6 (140 mg, 0.2 mmol}) was used and

‘1-aza-4,7,10,13-tetraoxacyclopentadecane was  used instead of

dibutylamine. The product was purified by =silica gel column
chromatography to give a compound 11 {59 mg, 0.07 mmol) in a 35%
yield.

The NMR spectrum of the obtained compound was as follows: 1H
NMR (400MHz, CDCls) § 8.05-8.03 (4H, m, Ar-H), 7.68-7.64 (2H, m,
Ar-H), 7.43-7.35 (4H, m, Ar-H), 7.26-7.16 (4H, m, Ar-H), 4.89 (2H, d,
J=13.9Hz, Ar-CH»), 4.08 (2H, bs), 4.03 (2H, d, J/~13.5Hz, Ar-CHy),
3.77-3.74 (2H, m, CH2), 3.58-3.54 (2H, m, CHy), 3.50-3.45 (10H, m, CHy),
3.38-3.35 (2ZH, m, CHy), 3.07-3.03 (2H, m, CHy).

<Example 5: Synthesis of quaternary ammonium salt (compound 12)>
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10 (11) The sane procedure as in Exanple 1 was
perfornmed except that the R form of the conpound 6
(140 ng, 0.2 nmmol) was used and
1-aza-4,7,10, 13-t etraoxacycl opent adecane was used
i nstead of dibutylam ne. The product was purified by
silica gel columm 15 chromatography to give a
compound 11 (59 ng, 0.07 nmol) in a 35% yield. The
NMR spectrum of the obtai ned conpound was as foll ows:
1H NWR (400MHz, CDClS) 5 8,)05::8.03 (4H, in, Ar-H),
7.68-7.64 (2H, in, 3-7.35 (4H, m Ar-H),
7.26-7.16 (4H, in, >« 2H, d, 20 .)--13.9Hz,
CAr-CH2), 4.08 (2H, , 2H d, P-13. 5Hz
Ar-CH2), 3.77-3.747(2H, i , 3.58-3.54 (2H
in,. CH), 3.50-3. ] . CH2), 3.38-3.35 (2H,
in, CH2), 3.07-3.03 [ ). <Exanpl e 5:
%Wnthe5|s of quatermn jiorrum salt (conpound 12) >
134 F HF FN Br / / CzH /| I FF (12) The
sane procedure as in Exanple 1 "was per f ormed except
that the R-formof the compound 6 (140 ng, 0.2 mmol)
was used and 10 di et hyk®BX ne was used instead of
di but yl arhéi@amtheropsdithdcds RExptipld ledabpesbimed eg@ipt that
col umm chromat ography to give a conpound 12
the R-form of the compound 6 (140 mg, 0.2 mmol) was used and

10 diethylamine was used instead of dibutylamine. The product was
purified by silica gel column chromatography to give a compound 12
(R-form) (120 mg, 0.17 mmol) in a 87% yield.

The NMR spectrum of the obtained compound was as follows: 1H
NMR (400MHz, CDCls) 6 8.02 (4H, bs, Ar-H), 7.67 (2H, t, &~7.5Hz,

15 ArH), 7.41 (2H, t, &7.7Hz, Ar-H), 7.35-7.27 (6H, m, Ar-H), 5.04 2H, 4,
J~13.9Hz, Ar-CH»), 3.64 (2H, d, ~14.2Hz, Ar-CHy), 3.55-3.47 (2H, m,
N-CH:-CHz3), 2.73 (2H, q, J/=6.9Hz, N-CH,-CHj), 0.64 (6H, t, /~6.9Hz,
CHs). |

20 <Example 6: Synthesis of quaternary ammonium salt (compound 13)>

Se
. e



(Rform (120 ng, 0.17 mml) in a 87%yield. The NWR
spectrum of the obtai ned conpound was as follows: 1H
NVR (400MHz,- CDC13) S 8.02 (4H, bs, Ar-H), 7.67 (2H,
t, J 7.5Hz, 15 Ar-H), 7.41 (2H, t, J7.7Hz, Ar-H),
7.35-7.27 (6H, in, Ar-H), 5.04 (2H, d, J13.9Hz,
Ar-CH2), 3.64 (211, d, J14.2Hz, Ar-CH2), 3.55-3.47
(2H in, NCH2-CH3), 2.73 (2H, q, J6.9Hz,

0.64 (6H, t, J6.9Hz . 20 <Exapp
6 Sy nt(}@? sagye E{’iﬁ’ﬁ?‘g%rﬁaffsy“h%\ﬁﬁ}ﬂ}?nls‘gﬁ p@z,fa%% ﬁﬁcept that
13)1:?19 FRFfoFmBE)f tﬂé?( gorEPofﬁd ((:!lié ] %%? nlg it gP 45, a111tsed and

procedure as

t he1 Raforano arb@os&maﬁﬁ@dwés (ulsé@ XHoal. & HEE%'tj\rlaﬂﬁﬁe The
used and 2Y 3, 4-tetrahydroi soqui noli ne was used

[ ngiredulctof:vadl mmf,ibdarbmeﬂlcﬁhgel mbhdmmtchm:imgm}ﬁh;ectobgive a
silica gel colum chromatography to give a 5

ScorppEpeEnd 4 3(117 mey 0.1 man 7 78% wiekBos yi el d. The

NVR th bt d d f
¥ iﬁ?{%%ﬁ% h3) 3% U o GERGL CompRn gy Sy BtBevs: 11
NMR @ﬁocﬁ\@ﬂz @DCH 3")3087%‘§§((74fi35 (4zt{vIJ{')n 7 A= '!")33 (2H m,

'726714(3 ,

Ar -AdyH), 67 29- 7(254(4H ne1Xr-BHiz ,7.26-7HW, (331,63, (Al-JHJ 7107 (2H dd, .
J7.5Hz, 10 Ar-H), 5.45 (1H d, J15.0Hz, N-CH2), 5.42
(1HE Teh, TaHzoNY- H)Nﬁcmyzﬂ , J=7.5Hz, Ar-H), 6.63 (1H, d, /=7.5Hz,

10 Ar-H), 5.45 (1H, d, &~15.0Hz, N-CHy), 5.42 (1H, d, /~13.9Hz, N-CHy),

15

20

25

4.83 (1H, d, J&~12.7Hz, N-CHy), 4.12 (1H, d, +~13.9Hz, N-CHg2), 3.94-3.86
(2H, m, N-CHb»), 3.66 (1H, dd, /~11.7, 6.1Hz), 3.36 (1H, dt, /~=12.4, 5.3Hz),
3.15-3.06 (1H, m), 2.83 (1H, dd, /~18.2, 4.7Hz, CHa).

<Example 7: Synthesis of quaternary ammonium salt (compound 14)>

(14)

The same procedure as in Example 1 was performed except that

the S-form of the compound 6 (140 mg, 0.2 mmol) was used and
dimethylamine was used instead of dibutylamine. The product was

purified by silica gel column chromatography to give a compound 14 (117

136



5

10

15
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4.83 (1H, d, J12.7Hz, N-CH2), 4.12 (1H, d, J13.9Hz,
N-CH2), 3.94-3.86 (2H, m NCH2), 3.66 (1H, dd,
J11.7, 6.1Hz), 3.36 (1H dt, J12.4, 5.3Hz),
3.15-3.06 (1H, m, 2.83 (1H, dd, J18.2, 4.7Hz, CH3).
15 <kExanpl e 7: Synthesis of quaternary ammoni um salt
(conmpound 14)> F F\ \' \ F / o/CH e N Br / - (
CH 20F / / FF (14) The sane procedure as in
Exanple 1 vva perfor med_except that 25 the S-form of
t hé% Shpo tire 1’{% hijleé 2 mmol ) was used and

di met hyl 'ﬁrln E@v[ﬁ% ggbof] ot glgca%edld éo%c)dn%rqvgg as Bfows: 1H

product Was " purt y ST

chinovRt @G0y GDCQ;') Vg 8a)33S’T§DC(I4Hd mLAAd-11).77. 6136 HNY, JS=7.3Hz,
0.18 nmmmol) in a 88%yield. The NVR spectrum of the

obrAarH)ed £ ABEUAT, wasAa ) f 'ﬁlltzcmﬂ b HAr- HII\R QZO‘IE/J-&,,J-IS 5Hz,
8.03-8.01 m 7 64

3743 1715, ArT6HPH, 7, 15058, dy darC SNE SHahH,

bs, Ar-H), 4.92 (2H, d, J13.5Hz, 5 Ar CH2), 3.76

(2H, d, J =13.911z, Ar- CH2), 2.96 (6H, s, N CH3).

<E>&m é§ @mﬂé%fg &@Iatm&%%ﬁamamu; WSt dnd 15)>
(conpou

(15)

The same procedure as in Example 1 was performed except that
the S-form of the compound 6 (140 mg, 0.2 mmol) was used and
diisobutylamine was used instead of dibutylamine. The product was
purified by silica gel column chromatography to give a compound 15 (137
mg, 0.18 mmol) in a 91% yield.

The NMR spectrum of the obtained compound was as follows: 1H
NMR (400MHz, CDCls) § 8.00-7.96 {(4H, m, Ar-H), 7.58-7.564 (2H, m,
Ar-H), 7.34-7.21 (8H, m, Ar-H), 4.54 (2H, d, /~13.1Hz, Ar-CHb), 4.11 (2H,
d, /=13.4Hz, Ar-CH,), 3.08 (2H, dd, /13.3, 4.9Hz, N-CH.-CH), 2.39 (2H,
dd, #13.4, 4.9Hz, N-CH,-CH), 2.00-1.93 (2H, m, CH), 0.86 (2H, d,
J=6.3Hz, CHs), 0.76(2H, d, /~=6.7Hz, CHa).
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10 eNF F F 15 (15) The same procedure as in
Exanple 1 was perfornmed except that the S-form of
the conpound 6 (140 ng, 0.2 nmol) was used and

di i sobutyl am ne was used instead of dibutylam ne. The
product was purified by silica gel colum

chromat ography to give a conpound 15 (137 20 ny,
0.18 nmol) in a 91@6yie|d The NWMR spectrun1of t he

obt gj ned co was,_ as foll ows: 400VHz
coé%lﬁsanwls BBy 1y afmuq%ﬁr%rymm?n%@n saly &cq«mu% 16)>
Ar-H), 7.34-7.21 (8H, m Ar-HF, 4.54 (2H, d, J13.1Hz,
Ar-CH2), 4.11 (2H, d, J13.4HA._ Ar-CH2), 3.08 (2H,

dd, J13.3, 4.9Hz, N-CH -CH), 9 (gH, 25 dd, J13.4,
4.9Hz, N-Cl1 -CH), 01 H.m CH), 0.86 (211,
d, J 6.3Hz, CH3), @ . d, J6 7THz, CH3). 137
<Exanp|e 9: Synt hesis”orGuater T4ty amoni um sal t

5 conpound 16)> F F Br G, gkg} 5NFF F

(16)

10 The gsame procedure as in Example 1 was performed except that

the S-form of the compound 6 (140 mg, 0.2 mmol) was used and
di-n-decylamine was used instead of dibutylamine. The product was
purified by silica gel column chromatography to give a compound 16 (117
mg, 0.13 mmol) in a 64% yield.

15 The NMR spectrum of the obtained compound was as follows: 1H
NMR (400MHz, CDClz) & 7.98:7.97 (4H, m, Ar-H), 7.57-7.53 (2H, m,
Ar-H), 7.32-7.27 (8H, m, Ar-H), 4.96 (2H, d, /~13.9Hz, Ar-CHby), 3.76 (2H,
d, F14.2Hz, Ar-CH2), 3.22 (2H, t, /12.7THz, Ar-CHy), 2.78 (1H, ¢,
J=8.1Hz, Ar-CHy), 2.60 (2H, t, /=11.1Hz, CHy), 1.80 (1H, bs), 1.29-0.85

20 (34H, m), 0.34 (2H, m).

<Reference Example 2: Synthesis of starting material {compound 18) for

synthesizing quaternary ammonium salt>
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(16) 10 The sanme procedure as in Exanple 1 was
perfornmed except that the S-form of the conpound 6
(140 ng, 0.2 mmol) was used and di-n-decyl am ne was
used instead of dibutylam ne. The product was
purified by silica gel colum chromatography to give
a conpound 16 (117 ng, 0.13 mol) in a 64%yield. 15
The NNR spectrum of the obtai ned conpound was as

follo NVR (400|sz .98-7.97 (4H, in,
Ar-H) | } 53 (2H 732727 Shh T T
Ar-H) | b A, TH=13 p) Me¥eV6 -
cl4.2Hz, Ar}CH2),_ vpdne(2 J12. 7R fgeon)

(1H, o AloilehR) 2H, Tl 1

CH2), bs), 1.2 PP 34H, m, CH;
(2H, erence Exa nt hesi s of

E{mtenal (conpound 18) for synt hesi zi ng quat €f nary
amoni un{s8l t> 138 / / OH Tf20 OTf n\\é

Pyridine N C {-Ipp~/ OH toluene O
5 (17) NBS CH2Br ABS CH2Rgs | F 10

equi val ents to the conpoun 3 eguivalents of
trifluoronethane

10 (18)

To a mixture of a compound 17 (R-form) and pyridine in 4

equivalents to the compound 17, 8 equivalents of trifluoromethane

sulfonic acid anhydride (Tf20) in toluene was added dropwise over 40

min. under a nitrogen atmosphere at 2 to 9°C with stirring. After the

15  dropping of Tf20, the resulting mixture was stirred at room temperature

for 3 hours. To this mixture, pyridine, water and 35% hydrochloric acid

were added, then the organic layer was collected to give a trifurylated

product quantitatively. Then, Mel (3 equivalents) was added dropwise

to a Mg (8 equivalents) solution in tert-butyl methyl ester (MTBE), and

20

NiCls (dppp) (0.05 equivalents) was added thereto, and the trifurylated

product was further added dropwise thereto. The reaction mixture was

stirred at 55°C under heating and reflux for 30 min, and toluene was

added thereto. The resulting mixture was poured into cool water, and

then hydrochloric acid was added thereto. Thereafter, the organic layer

25

was collected to give a dimethylated product in a 96.1% yield. Then,

N-bromosuccinimide (NBS; 2.5 equivalents) and

2,2’-azobisisobutyronitrile (AIBN; 0.05 equivalents) were added to the
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sul fonic acid anhydride (Tf20) in toluene was added
dropwi se over 40 mn under a nitrogen atnosphere at
2 to 9Cwith stirring. After the 15 dropping of Tf20
the resulting mxture was stirred at room tenperature
for 3 hours. To this m xture, pyridine, water and 35%
hydrochloric acid were added, then the organic |ayer
mas collected to give a trifurylated pr oduct
uantit tlvely Then 3_equi val ents) was added
dglm gy Slréqqylc g?ﬁes)atsmqﬂ i mepegature, and the
t er}@g?ﬂéﬁ/ l en o k&s %S}lgegte E )feﬂ%n?d %Qan d%t% s( %P]E)stlrrmg.

UIV was a tere
t ri A6y kl@é %ﬁxtlﬁ‘éoﬂrﬁgtcowﬁeﬂ EdJ Kb BB tetfifdesuIb OQ\VHyEI eacetate was
thereto. The reaction mxture was stirred at
undeatded ghtrotg aaddheahlittxaré eras3@immed andndutred uﬁroewmm The
added thereto, The resulting m xture was poured into
5cod1w%]@li’%‘ie idure M Hiiaed amts mocpresindtata dexalopad, and the

ret.o.. Thereaft he or anic |a

coﬁrsmtat% FegcrllEgtad 18 AP SGmBRUR P (hiarlain gy 54.3%

yi gligig. Then,  N-bronosucci ni ni de (NBS 2.5
equi val ents) and 2, 2'-azobi sisobutyronitrile (AlIBN;
0.05 equivalents) were added to the 139 dinethylated
product in cyclohexane at roomtenperature, and the
r eadiiaomplailRt Sy etheats dfaatasernamy amanoninets4lb feomimmdsl9)>
1O\Mthstlrrlng. After the m xture was cooled to room
tenperature, ethyl 3 added thereto and the
m xture was stirred fed i »ter The 5
two-| ayered m xture po precipitate
devel oped, and the *s cd*lected to give
a conmpound 18 (R-f or) s el d. <Exanpl e
10: Synthesis of qua anno nsalt (conpound
19)> 10 "'0 N Br

15 (19)

The same brocedure as in Example 1 was performed except that
the compound 18 (R-form) (88 mg, 0.2 mmol) was used and
dicyclohexylamine was used instead of dibutylamine. The product was
purified by silica gel column chromatography to give a compound 19 {54

20 mg, 0.10 mmol) in a 50% yield.

The NMR spectrum of the obtained compound was as follows: 1H
NMR (400MHz, CDCls) 6 8.12 (2H, d, /8.3Hz, Ar-H), 8.02 (2H, d,
J=8.THz, Ar-H), 7.90 (2H, d, /8.3Hz, Ar-H), 7.59 (2H, dd, J=7.6, 8.3Hz,
Ar-H), 7.42 (2H, d, J=8.7Hz, Ar-H), 7.36 (2H, dd, /7.6, 8.3Hz, ArH),

25 5.40 (2H, d, /12.7Hz, Ar-CHby), 3.61 (2H, d, /18.5Hz, Ar-CHy), .36 (2H,
t, #=11.9Hz, CHy), 3.17 (2H, bs, CHy), 3.03 (2H, d, /~10.3Hz, CHy), 2.47
(2H, d, &~11.1Hz, CH»), 2.25-1.07 (14H, m).
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15 (19) The sane procedure as in Exanple 1 was
perfornmed except that the conpound 18 (R-form (88
ng, 0.2 mol) was used and dicycl ohexyl am ne was
used instead of dibutylam ne. The product was
purified by silica gel colum chromatography to give
a conpound 19 (54 20 ng, 0.10 mmol) in a 50%yield.
The NMR spectrum of the obtai ned conpound was as

fol |l ows: 1H NVR (400MHz, CDC13) 6 8.12 (2H, d,
J8.3Hz, Ax-H), 8.02 (2H, d, J=8.7Hz, Ar-H), 7.90

(Pt A it £ iy By A

J7.6, 8.3Hz, Ar-H), 25 5.40 (2H, d, J12.7Hz, Ar-CH2),

3 61 (2H d, 3. 5Hz, Ar Cl-ﬂ)ase-ﬂ?ana‘ﬁ'oéﬁlbbt t, J11.9Hz,
q,j; 3. 03 éfbtond, IO 3tz

2 47 Ph 2—%5;1—07‘(1

5<Exanplk 11 a- é@ﬁzylatlon by va(?ous ph&se- transf%&
catal ysts> O phase-transfer catalyst Ph\rN\ [ x~I
50%K0OH Ph q$n2+ Phi\Br N 5 Ph OBut tohene(EathmCBut

ot (20) (21 h dycine tert-butyl ester

benzophenone Schi ff base (conpound 20) (14.8 ng, 0.5
nmol ), pthstnd tanduey]l eatabysiophenomnBelifSbas (compound 20)
descrlbed in 10 Table 1 below to the conpound 20, 50%
potd&8imagh Bonemed) deha@ﬁjwm@fersc@mﬂw‘ﬁ@ﬂn(a}n@lm)as dasaribed in

t I nL) were nixe nlde

10 73950 1 Grl8w b 1 Pl 2 P e igh P ridp @aueous
t f; d

detssgfruitg}%g ab?}élli?f{)g%l % (3 19" eﬂregﬁfﬁeﬁ afld benzyl bromide

er eaCt 1 ONn
(72.8 ug, 0.5 mmol) was added dropw1se thereto at 0°C. After each was

stirred at 0°C for a period as described in Table 1 below, the reaction

mixture was poured into water, and extracted with ether. The ether

15  extract was washed with saturated brine, dried over sodium sulfate and

concentrated under reduced pressure. The oily residue was subjected to
silica gel column chromatography (eluted with ether/hexane = 1/10) to
give (S)-phenylalanine tert-butyl ester benzophenone Schiff base
(compound 21). The optical purity of the obtained product was analyzed
20 by HPLC [Daicel Chiralcel OD; eluent: hexane/2-propanol = 100 : 1, 0.5

mL /min; retention time: (R)-form = 14.8 min, (S)-form = 28.2 minl.
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10

m xture was poured into water, and extracted with
ether. The ether 15 extract was washed wi th saturated
brine, dried over sodiumsulfate and concentrated
under reduced pressure. The oily residue was
subjected to silica gel columm chromatography
(eluted with ether/hexane = 1/10) to give

(S) - phenyl al ani ne tert-butyl ester benzophenone
Schi ff base (conpound 21) Ee optical purity of the
obt ai ned product was analyzga Eblby HPLC [Dalce

G’“ I‘a| 3GI @, CI UCIIL— hC/\ull ’H‘e V\rchan | — 1{" 0 tc"l e
0.5 mPhﬁsmqqnsfer@fﬁéfﬁttq\wttws (‘%’; Sr prv=n g[8 Al )

(S)-fo vwW mn]. 141 T bl e T‘Phase-trarsrer

cat al yst -usedoReagt i on tine [Y3311 (
pthaIerf % ee) mﬂF i + 48 Conpoutdd N Br 20 48
. Q%Fs 5 D|p Br C onj pound {11 20 94

1

587 VCE UWILN PHF3—PhF—++HS—Comnpound—Br—12 4814

89 | 4;@ c)Br PR E[;ﬂpound
20 94 87
OO - (lm o]%)

PhF3
*CoHs - C om pound
N **g 12 48 14 89
@@ o™ aow
PhF,

OO PhFé4Hg - C om pound
C g PhFC4H9 Gm7o]36) 21 86 97

PhF; -
O v C om pound

C:z:> 13 32 80 85
(lm o %)

PhF

15 PhF
OO “CHy - C om pound
NbH Br 14 54 63 14
OO 3 (Bm oo}
PhF,

OO PhF;( B C om pound
15 36 80 1
OO Ph1:< Gm o)
A :

20 PhF;
06 I:I',D-quHm B C om pound
. s
O O 1-C1oHay anlgﬁ{,) 48 20 98
PhF;

PhF;
OO + IP-C10H21 - Com pound
N’ Br 6 48 18 97
'n-CqoHzy Bm o)

PhF;
25 C om pound :
19 7 days 11 6
O Gm o)
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10 PhF +C4H9 _ C ompound N Br 7 21 86 97 C4H9
(3m$' 0) C~-YW PhF3 Br C ompound N :b 13 32 80 85
amOro) PhF3 15 PhF CH3 - Conpound N Br 14 54 63 14
CH3 (3m o0$) PhF3 PhF Br ~ ~ + Conpound 15 36 80 1
(3m o%$0) PhF3 20 PhF3 i N -Cl OH1 C on pound :
"n-CroHzr Br 16 48 20 98 (1m ON) Ph F3 PhF3

+~pj oH21 _ Conpound .

10

15

20

25

<Example 12: Examination of effect of temperature of a-benzylation >
According to Example 11, a-benzylation was performed at 0°C or
room temperature, using 3 mol % of a phase-transfer catalyst (compound

7 (R) or compound 16 (8)). The results are shown in Table 2.

Table 2
. Reactbn . Optial
Reactbn . Yl ;
Phase~transfer catalst tine purity
tem perature thr) %) fhee)
PhF
U o - oC 21 86 97
N Br Compound 7
I, e oo 3 95 71
PhFs tem perature
9 s oC 48 18 97
J"‘C10H21 g~ Com pound
Og n-GypHzy 16 oo
PhFy tem perature 1 91 92

There is a tendency that when the temperature is high, the
reaction time is short and the yield is good, but the optical purity 1s good

when the temperature is low.

<Reference Example 3 Synthesis of starting material (compound 24 and

compound 25) for synthesizing quaternary ammonium salt>

OCH;
B(CH
OTF & O
((Ta © 99
3 OCHg Chs NBS, AIBN
———— ——— Y

SO N Qv
OTf O
OCH,

(23)

(22)
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N Br 16 48 18 97 n-( OH2(3m oF6) PhF3 25 Conpound
N. Br 19 7 days 11 6 (3mo F.) 142 <Exanple 12:

Exam nati on of effect of tenperature of a-benzylation
> According to Exanple 11, a-benzylation was
performed at OC or roomtenperature, using 3 nol % of
a phase-transfer catalyst (conpound 7 (R) or
conmpound 16 (S)). The results are shomn in Table 2. 5

Table 2 acti)n t al Pha
transf er eaf(ﬁﬂ)%l&lﬁf gﬁw(S&n HHL HH%'C EY PRSPy ﬁ!ﬂf%mgé@sﬂ in 2
Ph F 6 I
G B0 by BRI g Sur
O‘@oﬁbhﬁ% g@acﬁon%@@b’ RlcoMfeu@d2i3 0a 200y iei®1 PRe compound
PhF3 tem peratuxe | There is a tendency that when
t h&3t emper htated i sndi gdflutdde together with 2.2 equivalents of
5 N-bromosuccinimide (NBS) and 0.1 equivalents of
2,2’-azobisisobutyronitrile {ATBN) in benzene to give a compound 24 in a
good yield. Then, the compound 24 was treated with 2.4 équivalents of
BBrsto give a compound 25 in a good yield. The R-form can be prepared
in the same procedure.

10

<Example 13: Synthesis of quaternary ammonium salt (compound 26)>

15

(26)

The same procedure as in Example 1 was performed except that
the compound 24 (S-form) was used and di-n-decylamine was used
20 instead of dibutylamine. The product was purified by silica gel column

chromatography to give a compound 26 in a good yield.

<Example 14: Synthesis of quaternary ammonium salt (compound 27)>

25




reaction tinme is short and the yield is good, but the
optical purity is good 15 when the tenperature is

| ow. <Reference Exanple 3: Synthesis of starting

mat eri al (conpound 24 and conpound 25) for

synt hesi zi ng quat ernary anmoni um salt> OCH3 OCH3 B(O
HHz\ orf ~\ \ \ \ \ '\ 20/ / OIf OCH3 CH3 NBS,
AIBN CHzBr / CH3 CH3 CHzBr \ Orf f \ \ \ \ \ (22)

(23) (24) OH K 25 BBr3 OH (25)
143 Thecf%ﬁﬁaaﬂﬁdpw% By amole TP HORGTAERYY except that

BErHT R
b
( g E ?QI %Igé\el&ed ;bu ?%)aesgg'%uz ¥ ﬂc{] %‘lé gﬁﬁ?&l@xﬂn&z was used

r eagtead &quﬁ%ﬁlﬂeom%q%aacﬂ ﬁa@ éﬁi iﬂédyib;ehﬂmaT column
conpound 23 was heated and refluxed together wt

2. Zhequatcgrepbs togiv aNopmvpsUlTinna ghakyieMBS) and 0. 1
equi val ents _of 2, 2'-azobi si sobutyronl trile (AIBN)_i

5benzene The YINB wpestmpbahtheogbtained coppprind BRg. aS%E%‘?s: H

10

20

25

2 t l.e
A SN R I b R e
R- fo8077 GaNolE BF KP#) el 371724 MBS AHBAPEDC 8B @51, JdO ¢=13.1Hz,
<Exanpl e 13: 'Synthesis of quaternary anmoni um sal
( cdopOHBY 326) 2H, d, #~13.1Hz, Ar-CHy), 3.17 (2H, brs, CHz) 2.74-2.68

(2H, m, -CHg-), 1.25-0.82 (36H, m, -CHg-, -CHs), 0.34 (2H, brs, -CHa-).

<Reference Example 4: Synthesis of starting material {(compound 29) for

gynthesizing quaternary ammonium salt>

C(CHs)s
B(OH
OTf ( )2
O C(CH3)3
CHs CHs NBS, AIBN
CHs CH3
OTf C(CHs)s
(22)
C(CHs)3
(28) (29)

The compound 22 (S-form) and 3,5-di-tert-butylphenyl boronic
acid in 2 equivalents to the compound 22 were subjected to a Suzuki
coupling reaction in barium hydroxide hexahydrate in 3 equivalents to
the compound 22, 5 mol % of palladium acetate and 1.2 mol % of
triphenylphosphine in water and dimethyl ether for 7 hours under refiux.
The resulting mixture was cooled to room temperature, and a saturated
ammonium chloride solution was added thereto, and the mixture was
extracted with ethyl ether to give a compound 28 in a 88% yield. Then,

the compound 28 was refluxed together with 2 equivalents of NBS and
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OCH3 / n-C ,H21 n-CiOHn 15 OCH3 (26) The sanme

procedure as in Exanple 1 was perforned except that

the conpound 24 (S-fornm) was used and di-n-decyl am ne
was used 20 instead of dibutylam ne. The product was

purified by silica gel colum chromat ography to give

a conpound 26 in a good yield. <Exanple 14: Synthesis
of quaternary amoni um salt (compound 27)> 0 25

NO H21 ((27) 144 The sanme procedure a
in Oekgﬁm"él tng’b'@r AP rheaze¥: 5t onenagur fﬂh@ CBB?P&’&WHi and

25 50 AP0, LD ARt HEEXAATLARVES SOl corpound

Si ldoci ege’v%gﬁémnn The 'K -e5rat e B@Bi‘eﬂa‘}e& Ry @h@e@@@@%@qure

27 in a good yield. 5 The NWR spectrum of the
obt ai ned conpound was as follows: iH NWR (400VHz,
CDC13) 6804(2H s, Ar-H), 7.99 (2H, d, r7=8.3Hz,

SAr ﬁxampﬂeé Synthesp! quatermarppmmonpnysaip (opmeund30)>

Ar-H), 4.92 (2H, d, J13.1Hz,
J13.1Hz, Ar-CH2), 3.17 (2H

10

15

20

25

eH2), 3.43 (2H d,
-CH2-), 2.74-2.68
[ ith, -CH2-, -CH3),

n-CoHas

(2H, in, -CH2-), 1.25F
0.34 (2H, brs, -CH-

N-CagHzq

(30)

The same procedure as in Example 1 was performed except that

the compound 29 (S-form) was used and di-n-decylamine was used
instead of dibutylamine. The product was purified by silica gel column

chromatography to give a compound 30 in a good yield.

<Reference Example 5° Synthesis (1) of starting material (compound 32)

for synthesizing quaternary ammonium salt>
B(OH),

ore X
O -
CHs  pgioAc),
——— -
cH,  PPhg
K,COs
' OTf

THF

NBS, AIBN
%—

benzene

22 "
) (31) i (32)

(where R” is p-fluoro, m-fluoro, 3,4-difluoro, 3,4,5-trifluoro, p-chloro,
m-chloro, 3,4,5-trichloro, 3,5-trifluoromethyl, 3,5-di-tert-butyl, p-methoxy,

p-trifluoromethoxy, p-hydroxy, 3,5-diphenyl, p-(3,4,5-trifluorophenyl),
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15

20

<Ref erence Exanple 4: Synthesis of starting nmateri al
(conmpound 29) for synthesizing quaternary amoni um
salt> C(CH3)3 C(CH3)3 B(OH2 1 1 ff Tf C(C H3)3
C(CH3)3 H 15 3 CH3 NBS, AIBN CHzZzBr H3 CH3 CHzBr Tf
\' C(CH3)3 \ \ \ C(CH3)3 (22) C(CH3)3 C(CH3)3 (28)
(29) The conpound 22 (S-form and

3,5-di-tert-butyl phenyl boronic 20 acid in 2

d 22 bj ect e ,
SIS T gt R ou SRR o <Baf i Myt dd tw0 B may be

hexabydhdts diferpffiUi val ents to the conpound 22, 5
nol % of pal qlagfbumﬂacet ate and 1.2 nol % of

tri phenyThespoied i22 (Sefoeh) and £H BRHMProgichRid A¥ivdtive in
hours under reflux. The resulting m xture was cool ed

t 0 & evmvalempe tatthe eommodnd 2 weratsaticztdaimarifummki coupling

chl oride sol ution.was dded thereé @gd the m xture
wadeaghiqn Y éauwaﬂéﬁﬂtéto 9P“3§F’d’éﬁ1h€’ TG OB PEGHPIFThA %’hate

in %y, n e efhuxed

2 T e RO, 20 B i o

eqlﬁéﬁi’@hﬁ(ﬂ]ﬁcﬁuﬂn ﬁserN RdurfaniRperoflk. OMhe RGN mixture was
concentrated, and then subjected to silica ge

colcavtad c by ormetogreapieyatwregi arel aa ceartpeated affmémium 7chloride
yield. The R form can be pr &{ereo_l in the sane )
pr selgipmewas addednifiesetos andy h@gxfexrefwmawe“madywnh ethyl

02 nIr rtl)]gsi% 5 ¢ mpngog%q 1%022 g’?‘ﬂ yleltdBu Then 1319 cor%%und 31 was

refluxed with 2 equivalents of N-bromosuccinimide and 0.1 equivalents
of 2,2’-aquisisobutyronitrile in benzene for one hour and concentrated,
and then was subjected to silica gel column chromatography to give a
compound 32 in a 97% yiéld. The R-form can be prepared in the same

procedure.

<Example 16: Synthesis (1) of quaternary ammonium salt (compound

33)>

(33)

The same procedure as in Example 1 was performed except that

the compound 32 (S-form) was used and dibutylamine as used in

Example 1 or diamine R7-NH-R8 (where R7 and R® are the same and are
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‘equi val ents of potassium

10

15

10 tBu (30) The sane procedure as in Exanple 1 was
perfornmed except that the conpound 29 (S-form was
used and di-n-decyl am ne was used instead of

di butyl am ne. The product was purified by silica ge
colum 15 chromat ography to give a conpound 30 in a
good yield. <Reference Exanple 5= Synthesis (1) of
starting mat eri al (conpound 32) for synthesizing

Pd ?t S ngr é_gn%gn%%{% %gigfqéeg‘:ﬁsj %];};b-%%}fgé%&n-d%ﬂ’
Cl—'%?&é)&@%&% ]]}751 F and Ré are 4 g]g n %11-5 her to f§
o Vrlf\uoro p- chloro m chl or o,

‘% t ri%yor om l,
p nethoxy p-triflluor omet hoxy

|ph ny 3,4, 5-trhi flugrophe |
Egg;Lﬁgrophen mcy
and fwo R’ be the sane or dlfferent)

ound 22 (S-form and an aryl boronic acid

derivatijve in 2 equivalents to the conpound 22 were

d to a Suzuki pIino-—n reaction in 3

® Or potassium

phosfhate, 5 mgpl % of pa)l adiy Acetate and 1.2 mol %

of tr yl phosphine ITn tetra ydr&furan for 7 hours

under \reflux. The resulting m xture was cooled to

roon1t::E2rature and a saturated ammoni um chl ori de

sol . d tUGe

extvigg’ci?éeb V‘ﬁ%teﬂ&q @fﬂd F)H%lghﬂne 3da t&h %Jﬁhﬁ) dHC YR product was
purified by silica gel column chromatography to give a compound 33 in a

good yield. The R-form can be prepared in the same procedure.
The structural formulae and the NMR spectrum data of the

obtained specific compounds are shown in Tables 3 to 7.
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10
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20

25

10 ether to give a conmpound 31 in a 87%yield. Then,

t he conpound 31 was
N- br omosucci ni m de and 0.1 equival ents

refluxed wiwth 2 equival ents of

of

2,2' -azobi si sobutyronitrile in benzene for one hour

and concentrat ed,
col umm chromat ography to give a

gel

and

then was subjected to silica
conpound 32 in a

97% vyield. The R-formcan be prepared in the sane 15

procedure.

ammoni um sal t (conpound 33Jsble@ e/ R7

<Exanpl e 16: Synthesis (1) of quaternary

NBr r Ra

(33) 25 The sane procedure as in Exanple 1 was
perfornmed except that

used and di
dldn1ne R7

pd yi el d.

ustavil nst g

pr ocedure.

t he compound 32 (S-form was
a‘ﬁlﬁ#ﬁsqgj HZE)((.‘BB?) §8$5 (?{H s r—H), 8.02
(3 73 Hz,
2y 37% |¥b\»ﬁ W &X?’fst '11 ArH),
?%9%@11 3 ¥ \4 [ B7
ag Hel; 21 1 9 H ~CH,-), 2.55
ur‘ﬁ‘h faw Qﬁ# Plf!va> &ji~0.98 (4H,
éﬁ@étﬁm 2, Re~Gh)i 067{6H. ¢, /= 6.9

2 nCltre 087 @B EdMi ﬁ*”t‘he sane
'H NMR (400 MHz, CDCl,) 8803 (2H, s, Ar-H), 8.00
(2H, d, = 7.9 Hz, ArH), 7.61 (2H, dd, /= 6.7, 6.7 Hz,
Ar—H), 7.54 (8H, brs, Ar-H), 7.37-7.29 (4H, m, ArH),
503 (2H, d, J = 13.9 Hz, A—CH,), 3.64 (2H, d, /= 13.9
Hz, Ar-CH,), 3.14 (2H, t, /= 13.0 Hz, N-CH,—CH,), 2.52
(2H, dt, = 4.4, 13.0 Hz, N-CH,~CH,~), 0.98-0.96 (4H,
m, —“CH,™), 0.84-0.82 (2H, m, -CH,~), 0.65 (6H, t, /= 6.9

Hz, ~GHy), 0.20-0.15 (2H, m, ~CH,~)

'H NMR (400 MHz, CDCl) §8.02 (2H, s, Ar-H), 7.98
(2H, d. 4 = 8.3 Hz, ArH), 7.60-757 (4H, m, Ar-H),
7.35-7.28 (BH, m, Ar—H), 7.12 (2H, dd, J = 8.3 Hz, ArH),
5.03 {2H, br, N-CH,—}, 3.61 (2H, d, J=12.7 Hz, N-CH,-),
3.15 (2H, br, N-CH,-), 2.51 {2H, brs, N-CH,-), 0.95-0.89
{6H, m, ~CH,), 061 (6H, t, /= 6.1 Hz, —CH,), 0.13 (2H,
brs, ~CH,~)

'H NMR (400 MHz, CDCI,) & 8.03(2H, s, Ar—H), 8.00 (2H,
d, /= 7.9 Hz, ArH), 7.61 (2H, dd, « = 7.3 Hz, ArH),
7.56 (4H, brs, Ar-H), 743 (2H, d, J = 7.5 Hz, Ar-H),
7.37-7.29 (6H, m, Ar-H), 5.05 (2H, brs, N-CH,), 3.60 (2H,
brs, N-CH,}, 319 (ZH, brs, N-CH,-), 2.51 (2H, brs,
N-CH,—), 0.87-0.84 (6H, m, —-CH,~), 0.65 (6H, t, /= 6.7
Hz, ~CH,), 0.15 (2H, brs, ~CH,~)
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The structural

68. 05 (2H,

S,
7.63 (2H, dd,
brs, Ar-H),
J = 13.7 Hz, Ar-CH2),

J

formul ae and the NMR spectrum data of
the 15 obtained specific conpounds are shown in
Tables 3 to 7. 148 Table 3 F '"H NWR (400 MHz, CDCl 3)

Ar-H),

8.02 (2H, d, J = 8.3 Hz, Ar-H),

= 7.3, 7.3 Hz, Br Ar-H), 7.58 (4H,
7.40-7.29 (8H, in, Ar-H, 5 5.09 (2H, d,

ArCH2), 321 (2H, t,

3.66 (2H, d, J = 13.7 Hz,

J= 12.9 Hz, NNCH -CH2 ), 2.55 \

\ (2H, dt, J = 4.0, 129mTaNe@|+&z) 1. 01-0. 98

(4H, in, -CHZ ), 0.92-0.85 (2H, in, -CHZ ), 0.67 (6H,
69 023026 2H—m—eBA—F+—H
0 B.03 (2H, s, Ar-H), 8.00 \

HH, NNIR 6400 (M4, CBEL) 58.0% (TH, sBAFH), 8.05
B, di/s, 8.00Hz, W)y-H), 77.73763 (@9 n( AHH), 7.42
©aHd, d= 83 &3 H3.H8-Hiz7.3342KCHR)/,= 8.3 Hz,
Adz), AsgClR )d, v 3149 HE, AHCHL), 3.78(2H, d, v =
. D2.9 Bz, Ae—Ci2p13 38l 2H,  u= 14,54z, NFGHPCH,-),
. Obe7(@H], dt] M7 470K Hz, W-BA~BH82 1.13-1.11
Blrhi, o, ,—ca=), 6.09-0 0bizan, me@)g) 073 (6H, t, J

A 7 5 Hz, l:be/Bsé 4Q8 (Mg, —oﬂf@l
198 151 \ \ e (2H d, / =8.3
H..in, Ar-l—h B./_.Br

H ﬂM#&Oﬁ%’rﬂiz éﬁc: SETYL: @HH% ArsH), 803
FenNs Grl=) 79 3 r—iel)z Higghe /(b'H %r—H)
Pl G A?—kﬁ 56200 ' S) = 139 Ha,
Ar-CH,), 3.70 (2H, d, /= 13.9 Hz, ArGH,), 3.20 (2H, t, /
= 125 Hz, N-CH,CH,~), 257 (2H, t, o = 129 Hz,
N-CH,~CH,~), 0.98-0.95 (4H, m, —GH,~), 0.90-087 (2H,
m, ~CH,-), 0.65 (6H, t, J/= 6.9 Hz, ~CHy), 0.25-0.21 (2H,
m, —CH,~)

'H NMR (400 MHz, CDCI,) 6821 (2H, s, Ar-H), 8.08
(2H, d, /= 83 Hz, Ar-H), 7.99 (2H, s, Ar-H), 7.94 (2H, s,
Ar-H), 7.82-7.78 (8H, m, Ar—H), 7.69-7.62 (4H, m, Ar—H),
753-7.33 (16H, m, Ar-H), 5.15 (24, d, J = 13.7 Hz,
Ar-CH,), 387 (2H, d, = 13.7 Hz, A—GH,), 3.24 (2H, t, J
= 12.5 Hz, N-CH,~CH,™), 2.77 (2H, dt, J = 44, 12.7 Hz,
N-CH,~CH,~), 1.00-0.95 (4H, m, -CH,-), 0.82-0.78 (2H,
m, —GH,—), 0.47-0.44 (8H, m, ~CH,~, —CH,)

"M NMR(400 MHz, CDCI, 65°C) &8.07-7.99 (6M, m,
Ar-H), 7.82-7.77 (6H, m, Ar-H), 7.67 (2H, dd, J= 7.7, 7.7
Hz, Ar—H), 7.41 (2H, dd, /= 7.7, 7.7 Hz, Ar-H), 7.33 (2H,
d, J = 7.9 Hz, Ar-H), 501 (2H, brs, N-CH,), 3.76~3.74
(2H, m, N-CH,), 3.31 (2H, br, N-CH,), 256 (2H, brs,
N-CH,-), 105 (4H, brs, —CH,-), 0.93-0.92 (2H, m,
—CH,~), 0.69 (6H, t, & = 7.1 Hz, —-CH;,), 0.24 {2H, brs,
—CH,-)
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\' A\ (6H m -CHZ), O.

0.13 (2H, brs, -CHZ) F Ca 20 |

CDC13) 58.03(2H, s, Ar-
7.9 Hz, ArH), 7.61 (2H,

7.56 (4H, brs, Ar-H), 7.43 (2H, d, J=17.5
7.37-7.29 (6H, in, ArH),

61 (6H, t, J= 6.1 Hz, -CH3),

"H NMR (400 Mz,
H , 800(2H \\\ ed J =
dd, J = 7.3 Ar -

5.05 (2H, brs, N CH2),

(2H, brs, N-CH2), 3.19 (2H; brs, N-CHz), 2.51 (2H,
brs, \ \ \ NCH), 097084(6H m -CHz), 0.65
(6H t, /=6.7 H, -CH, O TableH, brs, -CH -) 25 O
149 Table 4 'H NMR (400 MHz, CDCl3) 68.05 (2H s,

Ar-H., 8.05 \ \ \ (2H

d, /:80HZ Ar - H)

7.73-7.63 (6HFm Ar- Hj

. 7.42 Br (2H dd, /—8383

élzégb . brs, Ar-H),
r— H m, ArH)
r—

2

r—H) 483
—143Tz d”{—ms Hz,
(2H 1 cgchz—) 265

85!?\‘. %.— 28 MQ, CM 1 1% ; —GH,;~),
0% (’25!(;@ ~EHhr), 068 (6H, 1= 7 6.9 HpCHy), 0.32
(Zﬂ,rbr:H)—GHz—)

'H NMR (400 MHz, CDCl,) 8 8.01 (2H, s; Ar—H), 7.97 (2H,
d, J = 7.9-Hz, Ar-H), 7.60-7.56 (2H, m, Ar—H), 7.46 (4H,
brs, Ar—H), 7.32-7.31 (4H, m, Ar—H), 7.08 (4H, d, /= 8.0
Hz, Ar-H), 5.05 (2H, d, /= 13.5 Hz, Ar—CH,), 3.84 (6H, s,
-0OCH,), 357 {2H, d, /= 13.5 Hz, Ar—CH,), 3.03 (24, t,
= 13.1 Hz, N-CH,~CH,-), 2.52 (2H, dt, /= 4.0, 12.3 Hz,
N-CH,—CH,—), 0.94-0.87 (6H, m, -CH,~), 062 (6H, t, /=
6.9 Hz, —CH,), 0.21—0.17 (2H, brs, -CH,~

'H NMR (400 MHz, CDCl, 65C) 8834 (2H, s, Ar—H),
833 (2H, d, J = 7.9 Hz, ArH), 812 (2H, s, ArH),
8.10-8.06 (4H, m, Ar-H), 7.90 (2H, dd, J = 7.7, 7.7 Hz,
Ar—H), 7.68 (2H, dd, /= 7.1, 7.1 Hz, Ar-H), 7.43 (2H, dd,
J= 173, 7.3 Hz, ArH), 7.36 (2H, d, J = 8.7 Hz, ArH),
505 (2H, brs, N~CH,-), 378 (2H, d, J = 13.1 Hgz

1 N=CH;-), 3.35 (2H, brs, N-CH,~), 256 (2H, t, /= 12.7

Hz, N-CH,-), 1.01-0.89 (4H, m, ~CH,~), 0.82-0.80 (2H,
m, ~CH,-), 0.58 (6H, t, /= 7.5 Hz, —CH,), 0.22 (2H, brs,
—CH,™)

25

'H NMR(400 MHz, CDCl, 65°C) &8.37 (iH, s, ArH),
8.32 (1H, d, /= 8.3 Hz, ArH), 8.24 (1H, d, /= 7.5 Hz,
Ar-H), 8.12 (IH, s, Ar-H), 8.08-7.96 (4H, m, ArH),
768~761 (2H, m, Ar-H), 7.43-7.30 (6H, m, ArH)
7.09(2H, d, J = 7.9 Hz, ArH), 526 (1H, brs, N-CH,~),
4.96 (1H, d, /= 12.3 Hz, N~CH,~), 3.88 (3H, s, —OCH,),
378 (iH, d, /= 13.9 Hz, N-CH,~), 359 (?H, d, /= 12.3
Hz, N-CH,-), 2.82-2.78 (1H, m, N-CH,-), 2.57 (2H, brs,
N-CH,-), 1.08 {2H, brs, -CH,), 0.93 (4H, brs, -CH,~},
066 (3H, t. J = 6.1 Hz, -CH,), 0.58 (3H, t, J = 7.2 Hz,
—CH,), 0.32-0.24 (2H, m, -CH,-)
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Bre 7.45-7.32 (8H, m Ar-H), 5.07
| =

Hz, e~ Ar-CH2), 3.70 (2H, d, L9 Hz, Ar-CHR),
3.20 (2H, t, / N=12.5 Hz, NNCHCH ), 2.57 (2H t,
J = 12.9 Hz, NCHCHz), 0.98-0.95 (4H, m -CHZ ),
0.90-0.87 (2H m -CHZ ), 0.65 (6H, t, J= 6.9 Hz,
“CH3), 0.25-0.21 (2H, CF3 m -CH2-) Ph 15 'H NMWR
(400 MHz, CDCI3) 58.21 (2H, s, Ar-H), 8.08 \ \ \ 6
Ph (2H, d, J= 8.3 Hz, Ar-H), 7.99 (2H, s, Ar-H), 7.94
(2H, s, Br ArH), 7.82-7.78 Zfeble Ar-H), 7.69-7.62
(4H m Ar-H), 7.53-7.33 (16H m Ar-H), 5.15 (2H,

d, J =137 H, ACH), 3.87 (2H d, /= 13.7 Hz,

Ar CH2) , 3. 24 A42F \' \' I Ph =12.5 Hz, NCH CH?),
TDNWR K500 MHz1 GDM@CG—BQI—QM s, Ar-H), 8.09
(2H0 d82Z-=08.7 &z AHH), 'nﬁ4—l}9292j-l, m, Ar-H),
TH3Y.22 (88, m20—1Ph6.960MH, brk] A—H), 4.86 (2H,
€)vS BDRz 7A90H,[ 68 (xH, ¥, V¥ =2\ 135 Hz
MA—BH) H 74 @16 A2k0.7 dd, N-bR,-CHA), 255
(2BHors, 0ehCHIBHA), 71,0070.96 (61, m, AcH)-), 0.71
@H, +J /= 63.HI, 1dA,), A3, brsD-dll-)

13.74 (2H, m NCH ), 3.31

2H, brs, NCHZ ), 1.05 (4H,

2H, m 25 -CHz), 0.69 (6H, t,

A'H QAR (4N0SMHz, -0OHZ) 6@No (2H, s, Ar-H), 8.06
(2H, d, /= 8.3 Hz, ArH), 7.66-7.62 (2H, m, Ar—H), 7.57
(2H, s, Ar-H), 747 (2H, s, Ar-H), 7.42~7.37 (4H, m,
Ar-H), 7.21 {2H, s, Ar-H), 509 (2H, d, J = 135 Hz,
Ar—CH,), 3.79 (2H, d, /= 13.5 Hz, Ar-CH,), 3.16 (2H. ¢,
= 13.1 Hz, N-CH,~CH,), 2.52 (2H, t, « = 6.0, 13.3 Hz,
N-CH,~CH,-), 1.42 (18H, s, —CH,), 1.37 (18H, s, —GH,),
1.05~1.02 (4H, brs, ~CH,), 0.84-0.82 (2H, brs, ~CH,~),
0.62 (6H, t, /= 6.9 Hz, ~CH,), 0.53-0.49 (2H, brs, ~CH,~)

'H NMR (400 MHz, CDGl,) 8812 (2H, s, ArH), 8.05
(2H, d, / = 8.3 Hz, Ar-H), 7.74-764 (10H, m, Ar—H),
7.42-736 (4H, m, Ar-H), 7.30~7.26 (4H, m, Ar-H), 5.20
{2H, d, /= 13.7 Hz, A~CH,), 3.68 (2H, d, /= 13.7 Hz,
Ar—CH,), 326 (2H, t, / = 12.7 Hz, N-GH,~CH,—), 2.56
(2H, dt, J = 40, 12.7 Hz, N-CH,~CH,~), 0.98-0.96 (4H,
m, —CGH,-), 0.87-0.82 (2H, m, -CH,~), 0.53 (6H, +, /= 6.9
Hz, —CHy), 0.26-0.23 (2H, m, —CH,~)

25
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150 Table 5 CF3 t~CF 'H NWR (400 MHz, CDCI3) S 8.22

(2H, brs, ArH), \ \ 8.10-8.05 (8H m ArH),
7.73-7.69 (2H, m ArH), 5/ [/ Br7.48-7.44 (2H, m
Ar-H), 7.40-7.38(2H, m ArH), 4.83 N(2H , d, J =

14.3 Hz, Ar-CH2), 4.03 (2H, d, / = 14.3 Hz, ArCH2),
3.37 (2H, t, J = 13.1 Hz, NNCH -CHZ), 2.65 CF3 t, /=
12.9 Hz, NNCHCH ), 1.10 (4H, brs; -CH ), 3 0.87 (2H,
brs, -CHz), 0.63 (6H, t, J=6.7 Hz, -CH3), 0.32 (2H,
brs, -CHZ ) CF3 CH3 'H NMVR (@ "Mz, CDCl 3)58. 01 (2H,

s, Ar-H), 7.97 (2H, 10 | d, J= 7.9 Hz, ArH),

7.60-7.56 (2H, m Ar-H), 7 46 (4H,  Bre brs, Ar-H),

7.7 , 7.08 (4H, d, J= 8.0 Hz,

Art) 13.5 Hz, Ar-CH2), 3.84 (6H s,

- O 13.5 Hz, ArCH2), 3.03 (2H t,

512 . ( 2Bciba 1d @i 4 Qi) 807
(6i-| N = A 76( r ’AQD@ 0-7.65
-Cl’ ';.)33%'5I H,@, d J=
s / & PPH: el 340 .ch”z” 3.29

: 8 —IFn'T CH—I—@ ?q25 2H m,
(2 t

J l;g\r% )613)1&‘:[ (él-w -gl-._iz—)70(‘12 (6H/t, v =
7. P/ Het ~CHaps039 7.3 He,

Ar - - 8.7 Hz, ArH), 5.05(2H,
1oPr d, d = 13.1 Hz,

15

20

25

'H NMR (400 MHz, CDCl;) &7.98-7.96 (4H, m, ArH),
7.60-7.56 (2H, m, Ar-H), 7.34 (4H, brs, Ar—H), 7.26 (4H,
br, Ar-H), 7.11 (2H, dd, /= 7.7, 7.7 Hz, AH), 6.82 (1H,
dd, /=75, 7.5 Hz, Ar-H), 6.59 (2H, d, /= 7.9 Hz, Ar—H),
492 (2H, d, /= 13.7 Hz, Ar—CH,-), 3.97 (2H, d, J = 13.7
Hz, Ar—CH,~), 3.84-3.78 {2H, m, -CH,~), 3.14-3.09 (2H,
m, -CH,~), 2.99-2.95 (2H, m, -CH,~), 2.54-2.49 (2H, m,
—CH,-}

'H NMR (400 MHz, CDCl,) 8805 (2H. s, Ar~H), 8.03
(2H, d, /= 8.3 Hz, ArH), 7.64 (2H, dd, /= 7.5, 7.5 Hz,
Ar-H), 7.41-7.33 (4H, m, Ar—H), 7.26 (4H, br, Ar—H), 4.99
(2H, d, /= 135 Hz, Ar—CH,), 401 (2H, d, J = 135 Hz,
Ar-CH,), 357-3.54 (6H, m, ~CH,~), 3.1 (6H, s, ~OCH,),
3.07 (2H, d, J= 9.2 Hz, -CH,~)
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N-CH ), 3.35 (2H, brs, NCH2), 2.56 (2H, t, J = 12.7
\ '\ NO2 Hz, NCH ), 1.01-0.99 (4H, m -CHZ),
0.82-0.80 (2H, m -CHZ), 0.58 (6H, t, /= 7.5 Hz,
~CH3), 0.22 (2H, brs, 20/ -CH2) 'H NVR(400 Mz,
CDCI3, 65°C) (58.37 (1H, s, Ar-H), OCH3 8.32 (1H, d,
J= 8.3 Hz, Ar-H), 8.24 (1H, d, /= 7.5 Hz, Ar-H),
812(1Hs -,808796(4HmArH)\\\e

7. 61 7.43-7.30 (6H,
7 O ezfgren&g %E.V.—I?iamp}eg % tlﬁﬁasp.ﬁ (2)50fzséagr(t59.q mgpeglall\q_c@pyund 32)

o e Rl o) S se on

:1232\\3(OH 2 Hz, I\I-CI—F|2) 282278(1H

m N- (2HR1,,

- CH2 % brs,

HZ! B(C'bb'tPAd}z, )

8 2H, ) 151 Fabte 6

CD30B @, EPhaAr - B éenfezeH,
Hz, _64- 7. &P 21

(8H, Ar-H)OTf6 96HF(4H o] :
= 13.5 Hz, Ar-CH2), 3.58 (2H, d, / = 13.5 Hz,
ArCH2) ) 74 (2H, t, | = 1237 He, N-CH CHz), (%5 \
\ (2H brs, NNCH -CHz ), 1.00-0.95 (6H, m
crﬂlth)ere | / (6H, t, J= 6.3 Hz, -CH3), 0.23 (2H,

1007'S 'H NVR (4oo |sz CDCI 3) 58.09 (2H, s,
ArH) O(2H NC} Heny Ar-H), 7.66-7.62
(2H, :

20 FF i
Q
FF F s
or
25
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(2H, s, ArH), 7.47 (2H, s, Ar-H), 7.42-7.37 (4H, m
Br Br ArH), 7.21 (2H, s, Ar-H), 5.09 (2H, d, / = 13.5
Hz, ArCH2), 3.79 (2H, d, /= 13.5 Hz, ArCH2), 3.16
(2H, t, / / =13.1 Hz, NNCHCHz ), 2.52 (2H t, J
6.0, 13.3 Hz, \ \ | \ NCHCHZ), 1.42 (18H, s, -CH3),
1.37 (18H, s, -CH3), 1 05 1.02 (4H, brs, -CH2),

0.84-0.82 (2H, brs i 0.62 (6H t, J= 6.9 H,
o), .0.53-0, H brs -0fz.) 15 F HNI\/R(4OO
‘2% @ %Hle %ﬂmwrﬂﬂ érgnijs (2H d, /| =

g 2 5 Hé 3@5? ?ﬁanuZiQéb @4@9%% A%ﬂ) boronﬁ&racil_e degv&’ave in

( 2k eBuivhlentd 3o Ehb'zoonﬁf()@ﬁa) 22 %e@g sﬁé&ctéﬂl to) a Hulzek{ coupling
Hz, ArCH2), 3.26 (2H t, J = , NCHCH,),

2. El@acti@l in ‘8 equ(ﬁlﬁ'nfdtof pbtassrhrﬂ hyﬂioxldé—lm pbt—a@bhﬁ-lp)msphate
0.98-0.96 (4H, 0.87-0.82 (2H

9. 55311((%”/" qf pa\tjlad@ug aq:xﬁ:ate @Pﬁl 1.8 1261_ & Q%tl(lglp@ny,](phosphme in

Cl_tlar Efu152 1a u7r 1:'1: I\ re ﬁ‘ e res mixture was
Ghedl’ 10 0 Jiguls ey b heslipis i
/ = cZal%dH%@ Aol ’teﬁi&aﬁﬁ%‘; Ph. aAEat'ﬁ'} ted- Zlgn_Zmﬁ%m Blhloride
(6H, m Ar-H) . 7.44-7.33 (4H m Ar-H), 521 (2H " d.
J= solution was added thereto, and the mixture was extracted with ethyl

ether to give compounds 31’ in yields below. Then, the compound 31

10 was refluxed with 2 equivalents of N-bromosuccinimide and 0.1

15

equivalents of 2,2’-azobisisobutyronitrile in benzene for one hour and
concentrated, and then was purified by silica gel column chromatography
to give compounds 32’ in yields below. The specific structural formulae,
the yields and the NMR spectrum data of the obtained compounds 31"
and 32" are shown in Tables 8 to 15. The R-form can be prepared in the

same procedure.
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J=13.7 Hz, ArCH2),

10

15

13.7 Hz, ArCH2), 3.75 (2H, d,
3.29 (2H, t, J =12.7 Hz, NO -CHz ), 2.66-2.59
(2H m \ \ 1 \ NO-CHz), 1.01-0.95 (6H, m -CHz ),
0.62 (6H, t, J= F 6.7 Hz, -CH3), 0.38 (2H, brs,-CHz
) 10 FF F F F 1H NWR (400 MHz, CDCI3) 57.98-7.96
(4H m Ar-H, \ \ 7.60-7.56 (2H, m Ar-H), 7.34
(4H, brs, Ar-H), 7.26 (4H /| BrO F br, Ar-H), 7.11
(2H, dd, J= 7.7, 7.7 i 6 82 (1H, 0//-\ dd,
J:7.5,7.5Hz,Ar,659F2 &, J=7.9 Hz, Ar-H),
4.92 (2H, d, J= 13.7 Hz, ArCH2-), 3.97 (2H, d, J=
13.7 15\ \ | F Hz ArCH2-), 3.84-3.79 (2H_m -CHz
), 13.14-Gergpound® m CHZ ) _2Yiglg.and AR gRktrunnyata CHy
), m FCHZ)FFF\FHNI\/R(4OO
VH; E\im 1'FDNMF§4§% %’P% Y& 7 ( ) P14,
= 8. 280(m, 8H)
A : LAY CE%FZ/ 5' 91,
Ar L1 5 1%} Bi
d, He 873 54 (6H, m - CHD)
3. 307(2Hd/‘92HZ -CHZ )
F
OO Yield: 74%, "H NMR(400MHz, CDGI,) 8 1.94(s, 6H); 7.11(d,
J =8.8Hz, 2H);, 7.29-7.32(m, 2H); 7.48(tr, /= 7.2Hz, 2H);
- 767(dd, J = 7.2Hz, 1.6Hz, 2H), 7.86(s, 2H); 7.93(d, J =
OO 8.0Hz, 2H); 8.33(dd, J/=7.2Hz, 1.6Hz, 2H).
O NO,
O CN
OO Yield: 72.5%, 'H NMR(400MHz, CDCL) & 1.92(s, 6H):
7.09(d, 2H, J = 8.8Hz); 7.29(kr, 2H, = 8.0Hz); 7.47(tr, J =
7.6Hz, 2H), 7.60(d, /= 8.0Hz, 2H); 7.77(d, = B.OHz, 2H);
OO 7.83(s, 2H); 7.91(d, /= 8.4Hz, 2H,).
(Jon
0
O o Yield: 77%, 'H NMR(400MHz, CDCL) & 1.94(s, 6H);
6.02(s, 4H) 6.83-6.98 (m, BH); 7.07(d, J = 8.4Hz, 2H);
7.26-7.25 (m, 2H), 7410, J = 7.6Hz, 2H); 7.81(s, 2H);
Og O Oy | 787(d, J=BaHz, 24
O

20
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<Ref erence Exanple 6: Synthesis (2) of starting

mat eri al

(conpound 32

) for synthesizing quaternary

ammonium salt> B(OHzZz OIf R'\ R CH3 CH3 / CH2Br 5
Pd(PAc)z NBS, AIBN r

K2CO3 Orf THE R"'

10V / V. N2 CN 0 G
CF3FO CF3FOCH3 20FF\ / F / \ FF3C FF

CF3

--  CH3 PPh3 CH3 benzene CHZBr

R (22) (31') (32') (where R is

>/ A SF 15\ F/ Ow /

Table 9

Compound 31'

Yield and NMR spectrum data

g
SO

Yield: 69%, 'H NMR(400MHz, CDCIy) § 1.92(s, 6H);
7.07(d, / = 8.4Hz, 2H); 7.27-7.33(m, 4H); 7.45(tr, /=
7.6Hz, 2H); 7.53(d, J = 8.4Hz, 2H); 7.58( d, J = 2.0Hz,
2H); 7.61(s, 2H); 7.89(d, /= 8.0Hz, 2H).

e o
Y,

Yield: 73%, 'H NMR(400MHz, CDCL;) § 2.16(s, 6H);
7.11¢d, J = 8.4Hz, 2H); 7.27-7.29(m, 2H); 7.34-7.47(m,
8H); 7.83(dd, /= 7.0Hz, 0.8Hz, 2H); 7.88-7.93(m, 4H);
8.18(s, 2H).

Yield: 93%, "H NMR(400MHz, CDCl;) & 1.94 (s, 6H);
6.83 —6.88 (m, 2H,); 7.00-7.05 (m, 4H); 7.08 (d, /=
84Hz, 2H); 7.26-7.31(m, 2H); 7.44-7.48 (m, 2H); 7.84
(s, 2H); 7.91(d, /= 8.4Hz, 2H,).

Yield: 60%, 'H NMR(400MHz, CDCl,) & 1.95(s, 6H):
3.87(s, 6H) 6.91-6.94 (m, 2H); 7.02-7.11(m, 6H);
7.21-7.25 (m, 2H); 7.35-7.43(m, 4H); 7.84-7.89 (m,
4H}.
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Pand |con¥entr at ed, and ¥ %
gel clol pimR ra ﬁ? ‘?é
yi el ds @@ g%em g

25 Ff or CF3 F3C 154 and the two R'"' may be the sane
or different). The conpound 22 (S-form and an aryl
boronic acid derivative in 2 equivalents to the
conpound 22 were subjected to a Suzuki coupling
reaction in 3 equival ents of potassium hydroxide or
pot assi um phosphate, 5 5 nol % of pall adi um acetate
and 1.2 nmol % of triphenyl phosphine in
tetrahydrofuran for 7 hour nd 6 reflux. The
resulting m xture was cool room tenperature,
and a saturated ammoni um chloride solution was added
thereto, _and the mxture was extracted with ethyl

et her|_ta dicpecwsdtiounds 31' i nYigd endddMRrppaimym dilgen

t he clompound 3 was |refluxed with 2 equival ents of
N- br om0 seg QAT and il 0
> o -az utyFom | Qlel 91% RN Hﬁnﬁ-F E:DC[i)] 619 45, BH);

byt

—748
r[[11 4H);
% a%** %fne

yi el ds and the R spectrum data of the obtained

conpounds 3T apel, 37" are shown in Tables 8 10 15.
The R-form ca prepared in the sanme procedure.

155 Tlalkdt? @ pound  31Vie¥i @b 0 HandROBARHS PErsdLs: USY GLag, aH);
Yi el d: (4% _AH NVR(400Mrizy(q, GRGkR), BR), 03€-9 s2(RHH), 7.43-7.45(m,

10/-14(d, S = 8.4 Hz, Ak 750(u 2P darel G} 17405 = 84z, an);

7.37-7.

7. 574 8h(s, bid. Padly, H2gol3 ). 7. 70(tr
/= 8.10 J '="10.0Hz, 4H).

OO Yield: 83%, 'H NMR(400MHz, CDCI,): & 1.86(s, 6H):
6.90-7.02(m, 4H): 7.10-7.13(m, 2H): 7.27(d. /= 8.0Hz,

2H); 7.43(tr, J = 8.0Hz, 4H); 7.83(s, 2H); 7.89(d, J/ =
15 OO O 8.0Hz, 2H).

20

F
F
O
1]
S
o Yield: 61% 'H NMR(400MHz, CDCL,): & 1.94(s, 6H);
OO 3.15(s, 6H); 7.11(d, J= 8.4Hz, 2H); 7.30(tr, J/ = 7.6Hz,
2H); 7A7(r, J = 7.6Hz, 2H); 7.70(d, J = 8.0Hz, 4H);

7.85(s, 2H); 7.92(d, J = 8.0Hz, 4H); 8.05(d, /= 8.0Hz,

SO
S\\
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NC2 Yiel d: 74% 1H NVR(400MHz, CDCI3) 81.94(s, 6H):
711(d, / =8.8Hz, 2H); 7.29-7.32(m 2H): 7.48(tr, | =
7.2Mz, 2H); 7.67(dd, / = 7.2Hz, 1.6Hz, 2H); 7.86(s,
oH): 7.93(d, J = 10 8.0Hz, 2H): 8.33(dd, /=7.2Hz,
1.6Hz, 2H). / N2 ON Yield: 72.5% 1 H NVR(400Mz,
CDC(3) 6 1.92(s, 6H): 7.09(d, 2H, /= 8.8Hz): 7.29(tr,
2H, /= 8.0Hz): 7.47(tr, /= 7.6Hz, 2H) 7.60(d, /=
8.0Hz, 2H): 7.77(d, J= 8. .83(s, 2H):
7.91(d, /= 8.4Hz, 2H,). \%ﬁélf’ﬁqls 00 VYield 77% °
H NVR(400MHz, CDOI3) (5 1,94(s, 6H); 6.02(s, 4H);

6_RQRQR(m Gl—h 707(d | = 8 AHz 7.20-7_ 25
(m_2H: 7 @q’mundw = 7 6Hz | 2H) - *?elmr(dql*fMR)spgqtfum@a

7.87(d,
Yi €l d ap

2H: 7.61(s. 7. B0Hz, 2H).

YEl6: 22%b [ kb NMRCSAGL GCRIL'S 1.94
Gl it} 6.98-69Hm, BDIH88 +6.91(m, ZH);
889 (d, v S4THD R 16Jd: J= 8.4Hz, 2H);
| 7.32 @5 Ut 7.6Hz, 2H),77.6KE 8H); 7.50 (tr,
T /58(6He 2H)Y) 79@(sO0AHx,7.95 O, J = 8.4Hz,

(dd, /= 8.4Hz, 2.0Hz); 7.90-7.97 (m, 4H).

Yield: 70%, 'H NMR(400MHz, CDCIl;) & 2.02
(s, 6H), 7.19 {d, = 8.8Hz, 2H); 7.27-7.31(m,
2H); 7.43-7.47 (m, 2H); 7.50~7.54 (m, 4H); 7.62

8.0Hz, 2H).

Yield: 83%, *H NMR(400MHz, CDCly) & 1.82
(s, 6H); 7.16-7.20 (m, 4H);, 7.26-7.28 (m, 4H);
7.32— 7.48(m, 6H): 7.88(s, 2H), 791{d, =

2H); 8.11¢s, 8H).

Yield: 73%, "H NMR{400MHz, CcDCl,) 8205
(s, 6H); 7.18(d, < = 8.4Hz, 2H); 7.31-7.35(m,
4H), 747-151Wm, 2H); 7.77(dd, J = 4.4Hz
1.6Hz, 4H);, 7.93(s, 4H) 7.95(s, 2H); 7.97(s,
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cl 1\ / s Yield: 73% 'H NVR(400MHz, CDCI3) S
2.16(s, 6H): 7.11(d, /= 8.4Hz, 2H): 7.27-7.29(m

2H); 7.34-7.47(m
2H): 7.88-7.93(m 4

8H); 7.83(dd, J= 7.0Hz, O.8Hz,

H,; 8.18(s, 2H). 10 s F/ F

Yield: 93% 1H NVR(400MHz, CDC13) S 1.94 (s, 6H);

6.83 -6.88 (m 2H,)

; 7.00-7-05 (m 4H); 7.08 (d, /

8.4Hz, 2H); 7.26-7.31(m 2H); 7.44-7.48 (m 2H); 7.84

F (s, 2H); 7.91(d,
60% 1H NVR(400MHz,
6H,); 6.91-6.94 (m

"ot ) WU (s, 6ny 3 67(s,

2H): 7.02-7.11(m 6H): 7.21-7.25
m 4H); 7 84-7 89 (m Qe 4H) 20

(m ’)!—I), 7. 35-7 AQ(

(g nelH) s 7

nd 31" Yi elYigldanéN ta
NVR (400MHz, CDCI3): 61.94(s, 6H):
L 2H: 7.2607.31(m 2H): 7.44-7.48

I3 Bud b, 2 Mrubordit: &8s & 3o, 4. 7.304
: 8-58!&& 246 @3é(?r(?u%b§%ﬁ§,?2n); %s%g f%.gHsf(:Hg;j

7.48-7.55(m, 6H); 7.69-7.76(m, 12H); 7.95(tr, /= 8.0Hz, 4H).

10

Yield: 81%, 'H NMR(400MHz, CDGI,) & 2.04(s, 6H); 4.20(s,
4H); 7.17(d, J = 8.0Hz, 2H); 7.35-7.36(m, 2H); 7.58(tr, J =
40Hz, 2H);, 7.81(dd, < = 6.8Hz,1.6Hz, 4H); 7.93(s, 2H);
7.96(d, /= 8.0Hz, 2H), 8.37(d, /= 8.0Hz, 4H).

15

Yield: 84%, 'H NMR(400MHz, CDCl,) § 4.18(s, 4H); 7.15(d, J
= 8.8Hz, 2H); 7.32-7.36(m, 2H); 7.56(tr, = B8.8Hz, 2H);

1 7.74(d, J = 8.0Hz, 4HY}, 7.80(d, / = 8.0Hz, 4H); 7.89(s, 2H);

7.94{d, J= 8.0Hz, 2H).

20

Yield: 71%, 'H NMR(400MHz, CDCl,) & 4.28(s, 4H); 6.92(d,
= 8.4Hz, 2H); 7.06(d, J = 8.0Hz, 2H); 7.11(s, 2H); 7.13(d, J/ =
8.4Hz, 2H), 7.28(d, J = 7.6Hz, 2H); 7.51(tr, J = 8.4Hz, 2H);
7.87(s, 2H); 7.89(d, J= 8.4Hz, 2H).
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/ CF3\ \ \ Yield: 81% 'H NVR(400Miz, CDCl3):

61.94(s, 6H); 7.11(d,
2H); 7.43-745(m
7.71(d, | = 8.4Hz, 4H);

/= 8.8Hz, 2H): 7.26-7.32(m

10 2H); 7.59(d, / = 8.4Hz, 4H);

7.83(s, 2H); 7.89(d,

/=8.0Hz, 2H). CF3 F Yield: 83% 'H NVR(400MHz,
S 1.86(s, 6H);

CDCl 3) :

7.10-7.13(m 2H);
1z, 4H);
2HH. F FO O S O Yield

= 8.01-

CDCl 3) :
2H); £

7.83(s,

81. 94(s 6H) ;

J= 7 RI—I7

6.90-7.02(m 4H);

7.27(d, J= 8.0Hz, 2H): 7.43(tr, |/

> d, J = 15 8.0H,
H)T"é’i e NIVR( 400MHz ,

3. 15(s, 6H) 7.11(d, J= 8.4Hz,
’)I—I\ 7A7(fr 'I—7Gl—|7

4H) \Mdmdsw%pecﬂw data_9o((d

2H) ;
J= 8.{

Tabl e| 1

Y| el d;

%H) ;
J= 4.

/= BAHz ON, / 4H) SAO 158
mesh.dmnm NVR(@®pied, ropa, bng. s 4H);

MHZ3(d, CDEI83) HS 2D 4 328, JF= (7%, Hz, 2H):

B4R, -5 =941y 28E) 21), 7599 5bh, aH):
7886, Sr¥ATEd, 2508:4 Hz, 2H).

10

Yield: 67%, 'H NMR(400MHz, CDCL,) & 4.48 (s, 4H):
7.7 (d, /= 8.4Hz, 2H); 7.31 -7.43 (m, 6H); 7.52-7.57
{m, 2H); 7.70 (s, 2H); 7.85-7.90 (m, 4H); 7.94 (d, /=
8.4Hz, 2H); 8.19 (s, 2H).

15

Yield: 89% 'H NMR(400MHz, CDCl,) & 4.20(d, =
10Hz, 2H); 4.23(d, J = 10Hz, 2H); 6.87-6.93(m, 2H);
7.13-7.18(m, 6H); 7.32(tr, J = 8.0Hz, 2H); 7.54(tr, J/ =
8.0Hz, 2H); 7.90(s, 2H); 7.92(d, J/ = 8.4Hz, 2H).

20

Yiefd: 84%, 'H NMR (400MHz, CDCl;) §3.87 (s, 6H);
14.28 (s, 4H);, 6.97-7.00 (m, 2H); 7.15~721(m, 6H);
7.27-7.31(m, 2H); 7.39 (tr, J = 8.4Hz, 2H); 7.40-7.53
{m, 2H); 7.91(d, /= 8.4Hz, 2H); 7.92(s, 2H).

Yield:81%, 'H NMR (400MHz, CDCI,) & 4.27(s, 4H);
6.90-6.93(m, 2H); 7.10-7.17(m, 6H); 7.25-7.29(m, 2H);
7.34(tr, J = 8.0Hz, 2H); 7.48~7.52(m, 2H); 7.89(d, /=
8.0Hz, 2H); 7.90(s, 2H).

25
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20

5.7.32 (tr, [/
Uz x" FJ: 7.6Hz, 2H); 7.90 (s, 2H): 7.95 (d, /=
8.4Hz, F 2H). Yield: 70% 'H NVR(400MHz, CDC 3)
52.02 (s, 6H): 7.19 (d, J = 8.8Hz, 2H): 7.27-7.31(m
oH): 7.43-7.47 (m 2H); 7.50-7.54 (m 4H); 7.62 10 |
| \'\ (dd, /= 8.4Hz, 2.0Hz); 7.90 7.97 (m 4H). F
Yiel d: 83% 'H NVR(400MHz, CDCI3)61.92 (s, 6H);
7.16-7.20 (m 4H): 7.26-7. 7.32- 7.49(m
6H); 7.88(s, 2H), 7.91(d, /leab(lgg“om 2H). 15 F CF3
Ar CF3 Yield: 73% 'H NVR(400MHz, CDCI3) 62.05 _ (s,
6H); 7-18(d,J = 8. A4Hz, ?H\ 7 31-7 35(m Pr: 4Fh

= 7.6Hz, 2H); 7.37 (s; 8H); 7.50 (tr,

7.47-1 m(.@f)mm“?? 77( , J —Y@idmﬂ NMR Bpegpm datp)) -
7.93(s, ; 97(s, 4r CFS 2H)
8.11(8,

1) . 3 D 1
and NWVR A ( 1% )ﬂ%@g%tz 4:0_
CDCl 3);64. ( | % 8257 5(rJ 2H74(dJ 8.0Hz,
- 7

7.32(¢r,
), 7.76(d :80Hz2 8’3—-73msH)

Yield: 85% 'H NMR(400MHz, CDOCL) & 4.22(s, 4H);
7.17(d, J = 8.0Hz, 2H); 7.31-7.35(m, 2H): 7.53-7.57(m,
2H), 7.76(tr, J = 6.4Hz, BH), 7.91(s, 2H); 7.93(d, J =

10
8.0 Hz, 2H).

Not determined

15

Yield: 83%, 'H NMR(400MHz, CDCl,) & 3.16(s, 6H);
4.20(s, 4H);, 7.1%d, J = 8.4Hz, 2H); 7.33-7.37(m, 2H);
7.57(tr, /= 7.6Hz, 2H); 7.85(d, /= 8.4Hz, 4H}; 7.91(s,
2H); 7.95(d, /= 8.4Hz, 2H); 8.09(d, /= 8.4Hz, 4H).
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CH2Br 7.48-7.55(m 6H);

7.69-7.76(m 12H);

7.95(tr,

J= 8.0Hz, 4H). Yield: 81%, 'H NVR(400Mz,
CDCI 3) 62. 04(s, 6H); 4.20(s, CCCH2Br NO2 4H); 7.17(d,
| = 8.0Hz, 2H); 7.35-7.36(m 2H); 7.58(tr, J = 10
4.0Hz, 2H); 7.81(dd, / = 6.8Hz, 1.6Hz, 4H); 7.93(s,
2H): 7.96(d, J= 8.0Hz, 2H): 8.37(d, J= 8.0Hz, 4H).
NO2 CN Yield: 84%, 'H NVR(400MHz, CDCl 3)64.18(s,
4H): 7.15(d, J 8.8Hz, 2H): §7 36(m 2H);

7.56(tr, J = 8.8Hz, 2H): &ﬂi&l‘i PC , H2 774(dJ8. OHz,
4H): 7.80(d, /8.0Hz, 4H): 7.89(s, 2H): 15 7.94(d, /=
B. QHz,—2H) . CN_ QO Yield: 71% 'H N M(A00NHz,

CD(CL3) 64 mrQomwnd 326 92(d, J | COCHpany NEIR sppotrum idyta
7. (6(d J= 8.0Hz, 2H); 7. ¥l(s,| 2H); 7.13(d, /8.4Hz,
2H) ; 8(d, 7. 51(tr, | = 8.4Hz, 2H);
o7 jf;( DH)T: 8 AHz,| 2 20 o 160 Table 13
Coirpou NI\/R speq,[, &éEQnﬂiﬁéaa [ a

Yi ¢l d: I\/Hz CD(JS{ S 4.19(s, 4H); 5
CH2Br ; 7.32(tr, J = 7.6 Hz,
2H);

10

15

20

Yield: 66%, 'H NMR(400MHz, CDCl) &
4.35(s, 4H};, 7.23(d, /= 8.8Hz, 2H); 7.33(wr, J
= 7.6Hz, 2H); 7.52-756(m, 6H); 7.76(d, J =
8.4Hz, 2H): 7.92-7.96(m, 8H); 7.99(d, ./ =
8.8Hz, 2H); 8.10(s, 2H).

Not determined

Ar

S Nis

Ar

CH,Br

Yield: 81%, 'H NMR(400MHz, CDCi) &
4.32(d, J = 10.0Hz, 2H); 3.56(d, / = 10.0Hz,
2H), 724(d, J = 84Hz, 2H); 7.37-741(m,
2H); 7.58-7.62(m, 2H); 7.88(tr, J = 5.6Hz,
2H). 794(s, 4H);, 8.00(d, J = 1.6Hz, 6H);
8.06(s, 2H); 8.17(s, 8H).
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Svield:81% 1H NWR (

10

15

| CH2Br 7.47(dd, J = 8.4Hz, 2Hz, 2H); 7.53-7.58(m
4H); C 7.88(s, 2H); 7.92(d, /= 8.4 Hz, 2H). cCi
Yield: 67% 'H NVR(400MHz, CDCl3) 54.48 (s, 4H);
CH2Br 7.17 (d, /= 8.4Hz, 2H); 7.31 -7.43 (m 6H);
7.52-7.57 CH2Br (m 2H); 7.70 (s, 2H); 7.85-7.90 (m
4H); 7.94 (d, J 10 s 8.4Hz, 2H); 8.19 (s, 2H). F F
Yiel d: 89% 'H NVR(400MHz, CDCl3) S 4.20(d, / tc

Cﬂz)%ef%a%%’? ety §7 Sahionsy (D wé@eﬁiﬁ'g%%:rz}gé{j‘ompound
3? )fﬁgéﬁ’&ﬁ)‘?“"‘%&éﬁ%&&@ e’i”é‘m’ﬁ’g}“%gfﬁ%ﬁ (400|sz( '

CDCI3) 53.87 (s, 6 <aRH2Br 4.29 (s, 4H):
6.97-7.00 (m 2H); 1(m 6H); | / CH2Br Owe

. 4Hz o2H): 7.49-7.53
(m 2H); 7.91(d, J—84,

7.27-7.31(m 2H);
931’8 2H). 20 OH
_CDCI 8¢ 64. 27(s, 4H);
) CH2Br 6. 90-6.93(m 107 7(m 6H);
7.25-7.29(m 2H); R= 8. 0Hz, 2H);
7.48-7.52(m 2H); 7. 89(d J= b~ CF]ArCH 8.0Hz, 2H);
7.90(s, 2H). 25 161 Table 14 Conpound 32' Yield and
NMR spectrum data CF3 Yi g;p) 80% 'H NVR(400MHz,
CDCI3) 6 4.12(s, 4H);
he same procedure as in Example 1 was performed except that
the compounds 32" (S-form) obtained in Reference Example 6 were used
and dibutylamine as used in Example 1 was used. The product were
purified by silica gel column chromatography to give compounds 33
respectively in good yields. The R-form can be prepared in the same
procedure.
The specific structural formulae and the NMR spectrum data of

the obtained compounds 33’ are shown in Tables 16 to 19.
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5/ CHZBr 7.10 (d, J= BAHz, 2H); 7.24-728(m 2H);
7.48(tr, J= 7.2Hz, 2H)

7.64(d, J

8. OHz
8. OHz

8.0Hz, [ [/

7.55(tr, J= B.OHz, 2H);
CHZBr 0 CF3 2H); 7.76(d, /=

, 2H); 7.83-7.87(m 6H). CF3 Yield: 85% 'H
NVR( 400MHz, CDCl 3) 84.22(s, 4H); CHzBr 7.17(d, /=
, 2H); 7.31-7.35(m 2H); 7.53-7.57(m 10 2H),

7.76(tr, J= 6.4Hz, 8H), _
CH2Br 8.0 Hz, 2H). CF3 F CHZBr Not determ ned 15
F FO ii O YieldTaegds H NVR(400Mz,

CHZBr

CDA 3) 6 3. 16(s,

7.91(s, 2H): 7.93(d, J=

6H): CCH2Br S~ 4.20(s, 4H): 7.17(d,

Hz, 2H); 7.33-7.37(m 2H); 20 7.57(tr. J=

8. AHz, Ad)d and NSIR(spectruln dhta 2H) ;

3.09(d, J= 8.4Hz, 4H). SAO
Yield: 81%, 'H NMR(400MHz, CDCI,) & 0.26(br, 2H);
0.82(tr, J/= 7.2Hz, 6H); 0.84-1.64 (m, 6H); 2.62{tr, J=
13.2Hz, 2H), 3.12(d, «/ = 13.2Hz, 2H) 369(d, =
14.0Hz, 2H). 5.18(d, = 14.0Hz 2H); 7.35-7.40(m,
6H);, 7.46(tr, J = B.0Hz, 4H); 7.63-7.69(m, 10H);
7.84(m, 4H); 8.05(d, /= 8.0Hz, 2H); 8.14(s, 2H).

Yield: 52%, 'H NMR(400MHz, CDCI,) & 0.15-0.22(m,
2H). 0.60(r, J = 7.2Hz, 6H); 087-1.01(m, &H);
2.55-2.63(m, 2H); 3.25(tr, /= 13.2Hz, 2H); 3.80(d, /=
140Hz, 2H); 5.05(d « = 140Hz, 2H); 7.3%d, J =
8.8Hz, 2H); 745(tr, J = 7.6Hz, 2H); 7.70(tr, /= 7.6Hz,
2H); 7.85(d, J = 8.8Hz, 2H); 8.08(d, J = 8.4Hz, 2H);
8.12(s, 2H); 8.46(d, /= 8.4Hz, 4H).

Yield: 78%, 'H NMR(400MHz, CDCI,) 6 0.17-0.19 (m,
2H), 0.68 (tr, J = 7.2Hz, 6H): 0.84-0.87 (m, 2H);
0.94-1.00 (m, 4H); 2,52 (tr, /= 8.4Hz, 2H); 3.23 (tr, J
= 12.4Hz, 2H); 3.73 {d, /= 14.4Hz, 2H); 503 (d, /=
14.4Hz, 2H);, 7.34 (d, J = 8.4Hz, 2H); 7.40-7.44 (m,
2H); 7.68 (tr, J = 7.2Hz, 2H); 7.78 (d, J/ = 8.0Hz, 4H);
7.89(d, J = 8.0Hz, 4H); 8.06 (d, J = 8.0Hz, 2H); 8.09
(s, 2H).

J= 8.
7. 6Hz|,__ 2H) Gorpe@@(3d, J=
7.95(d, J= 8.4Hz, 2H);
162 Tabl e 15
5
Br-
10
ib
20

Yield: 86%, 'H NMR(400MHz, CDCl,) 6042 (b, 2H);
0.74(tr, J = 6.8Hz, 6H); 0.98-1.07 (m, 6H); 2.60~2.63
(m, 2H); 3.16-3.18 (m, 2H); 357-3.60 (m, 2H):
5.23-5.29 (m, 2H); 6.05 (d, /= 12.0Hz, 4H); 7.04-7.06
{m, 6H); 7.32-7.38 (m, 4H); 7.62(d, J = 7.6Hz, 2H)
8.00 (ir, /= 8.0Hz, 2H); 8.04 (s, 2H).
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Conmpound 32'

Ar F
FF

CH2Br
10

8. 4Hz, 2H):

Yield and NVR spectrumdata F F ~\ \

5i / CH2Br Ar: not determined i CH2Br Ar F

\' A\ \ Yield: 66%

"H NMR(400MHz, CDC],) (5 i

4.35(s, 4H); 7.23(d, J = 8.8Hz, 2H); 7.33(tr, J

= 7.6Hz, 2H); 7.52-7.56
7.92-7.96(m 8H): 7.99(d, J = \ \ \ \

8.8Hz, 2H): 8.10(s, 2H).

FCF3 Ar Yield: 81%
CF3 4.32(d,

CH2Br
7. 37-

56(m 6H); 7.76(d / = CH2Br
F C-'CHAr 15 Not determ ned

"H NVR(400Mz, CDOI3) 6 1\ \
J= 10.0Hz, 2H);T=bl&d{d, J = 10. OHz,

20 Ar: 2H); 7.24(d, J = 8.4Hz, 2H);

7.41(m _ thCHBr 2

H) . 7.58-7.62(m 2H): 7.88(tr.

J =

. 6Hz, GO"IPFIBIC' 23-1) 7.

D4(s, AHjield Sid0Rebpecirum databiHz ,

6H) ;

.L7(s, 8H).

Yield: 65%, 'H NMR (400MHz, CDCl;) & 0.23(br,
2H), 0.69(tr, J = 7.2Hz 6H), 089 -1.02 (m, 6H);
2.56(br, 2H); 3.19(br, 2H); 3.59-3.65(m, 2H); 5.0%br,
2H); 7.28-7.41(m, 4H); 7.54-7.70(m, 8H), 8.25-8.11{m,
4H).

10

Yield: 76%, "H NMR(400MHz, CDCl,) & 0.19(tr, J =
7.2Hz, 6H); 0.79-0.96 {m, 8H); 2.73-2.74(m, 2H); 3.22
(tr, J=16.0Hz, 2H); 3.70 (d, /= 14.0Hz, 2H); 5.60(d,
= 14.0Hz, 2H); 7.33-7.43 (m, 8H); 7.66(tr, = 8.0Hz,
2H); 7.86(d, J = 7.6Hz, 4H); 8.05(d, /= 8.4 Hz, 4H);
8.30(s, 2H).

15

Yield: 62%, '"H NMR (400MHz, CDCL,) & 0.32-0.34(m,
2H); 0.71(tr, &= 7.2Hz, 6H); 0.99-1.09(m, 6H); 3.27(ir,
J = 12.8Hz, 2H); 3.73(d, J = 14.4Hz, 2H); 5.00(d, /= |
14.4Hz, 2H); 690(r, J = 88Hz, 2H); 7.05-7.23(m,
4H); 7.23-7.39%(m, 4H); 7.62(tr, / = 8.4Hz, 2H), 8.02(d,
J = 8.4Hz, 2H); 8.04(s, 2H).

20

Yield: 79%, 'H NMR (400MHz, CDGCL) 8020 (b,
2H);, 065 (ir, J = 7.2Hz, 6H); 0.93-1.04{m, 6H);
2.62-2.64 {(tr, J = 13.2Hz, 2H); 3.06(tr, = 13.2Hz,
2H); 3.64(m, 2H); 3.91(s, 6H); 5.08(m, 2H) 7.02(d, J =
8.0Hz, 2H); 7.18-7.20 (m, 2H); 7.38(d, /= 4Hz, 4H);
7.49-750 (m, 2H); 7.62-7.66(m, 2H) 8.03(d, J =
8.4Hz, 2H); 8.08(s, 2H}.

25

Yield: 89%, '"H NMR (400MHz, CDGl,) & 0.27(br,
2H); 0.62(tr, J = 7.2Hz, 6H); 0.80~0.85 (br, 6H); 2.48
{br, 2H}; 2.94 (br, 2H); 351 (br, 2H); 5.30 (br, 2H);
6.92-6.99%(br, 4H); 7.24-7.32 (m, 8H); 7.52 (br, ZH);
7.98 {d, /= 8.4Hz, 2H); 8.04 (s, 2H); 8.47 {br, 2H).
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the
-are

56H)

10

15

20

CF3 163 <Reference Exanple 17: Synthesis (2) of

starting mat

(33")

performed except that 10 the conpounds 32'
obtai ned in Reference Exanple 6 were used

eri al

(conmpound 33')
quaternary amoni umsalt> e/WO N Br

for synthesi zing

R, \ \ I R,,
The sane procedure as in Exanple 1 was
(S-form

and

di butyl am ne as used in Exanple 1 was used. The

product were

chromat ography to give co

good vyi el ds.
procedure.

purified by silica gel

col umm

4833  respectively in

The R-form can be prepared in the sane

15 The specific structural

f or rul ae and

NMVR sr@emnquumi&‘jat a aof

t he JfFidant 8RR coopoudds 33’

33'
NIVR(

3.12
2H) :
7.46
7. 84

Spect
f80. 26

]_

to 19. 164 Table 16 Compound
i Fa%.a HYNMRGOOMEizoLDEIPS 0.15(k, 2H):;
(A0 (R 7.2Hg, (4 72-0.98=(n7 BH}2.59(tr,
D= r2H);/ 3 55 JF3I 3 2k ZHQB{)'S(d J=
148HE FHY | 5.00d= N 98:0Hz, B 239 FA4(m,
,AH2 67 (67 3 B.6HF, Y Try7-7.8%dp, 4H); 7.87(d,
JT1.88: MDA 1300 MY,  /

8 OHz, 2H): 8 14(s_2H) No?

Yi el
0. 60

Hz,

R( 400Nz 9%3' ) RachRrO

6H)|;

Br

- BRI 0,15 am);
0.896e8 =1-2001 6. 0.949b 88 (m, 6H): 3206, o=
12.8Hz, 2H): 3.75(d, J = 140Hz, 2H): 509(d, J= 140
Hz, 2H): 7.36(d, J = 8.4Hz, 2H); 7.42(tr, J = 7.2Hz, |
H). 7.68(tr, J = 7.2Hz, 2H); 7.78(d, o = B.0Hz, 4H):
7.88(d, /= 8.0Hz, 4H); 8.06(d, /= 8.0Hz, 2H).

Br-

Yield: 73%*H NMR(400MHz, CDCly) & 0.35(br, 2H);
0.72(tr, 7.2Hz, 6H); 0.89-1.08(m, 6H);
2.65-2.69(m, 2H); 3.20(tr, /= 12.8Hz, 2H); 3.75(d, /=
140Hz, 2H); 4.97(d, «/ = 14.0Hz, 2H); 6.91-6.99m,
2H);, 7.16(br, 4H) 7.32-7.41(m, 4H); 7.64{(r, / =
7.6Hz, 2H); 8.03(d, = 8.0Hz, 2H); 8.11(d, /= 8.0Hz,
2H).

Br-

Yield: 75%, 'H NMR{400MHz, GDCI,) 6 0.24(br, 2H);
0.88(tr, = 7.2Hz, 6H); 1.24—1.43 (m, BH); 2.56{r, J=
13.2Hz, 2H); 3.28(tr, J = 13.2Hz, 2H); 3.72(d, J =
140Hz, 2H) 497(d, J = 140Hz, 2H}: 7.39%(d, J =
8.4Hz, 2H}; 7.46(tr, = 7.6Hz, 2H}; 7.70{r, J = 7.6Hz,
2H), 7.79(br, 4H); 8.08(d, / = 8.4Hz, 2H); 8.11(s, 2H);
8.20(d, /= 8.4Hz, 4H).
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2.55-2.63(m 2H);
14. 0Hz, 2H); 5.
7.45(tr, /=

10 NBr-

/[ = 8.8Hz, 2H);

7.6Hz,

8.4Hz, 2H); No2 8.12(s, 2H);
CN Yield: 78%
2H), 0.66 (tr,
0.94-1.00 (m 4H);
J i = 12.4Hz, 2H);

2H); 7.85(d, |

J= N Br 14.4Hz, 2H);

3.25(tr,

05(d,

/= 13.2Hz, 2H): 3.80(d,

J_
J = 14.0Hz, 2H): 7.37(d,
7.6Hz, 2H): 7.70(tr, /=

= 8.8Hz, 2H); 8.08(d, J =

8.46(d, J= 8.4Hz, 4H).

"H NMR(400MHz, CDCI 3) 50.17-0.19 (m
J = 7.2Hz, 6H); 0.84-0.87 (m 2H);

2.52 (tr,
3.73 (d,Tabte 19. 4Hz, 2H); 5.03 (d,

/= 8.4Hz, 2H); 3.23 (tr,

7.34 (d, | = 8.4Hz, 2H):

7.40-7.44 (m 15\ \ | 2H): 7.68 (tr, J= 7.2Hz, 2H);
7.78 (d, J= Gn3bimg 3.4H) CN 7.89(d, Yidr afid KM spedir)m data
8.06 (d, J= 8.0Hz, Yista: @), . * 1 elictaooW@%6 cbkbly) o

NMVR( 400M—|Z CDCl 3)

Corpound 33" Yield
65%—-H-NVR(400M1z;

[ £ 7.2Hz
2H): 3
7.08-7

10

& 0. 98-1.

20307-0.41%m, 021} dAdd T v 4 FouHz, 6H);
0.58-B81R 608 2782 6, D320,

m 2H); (mz afi)2i0): Dlaac? - 23r4dHZ 9H): 5.09(d,

JOBUY dir ’143H 421—: 2967 228, Qo™ g3,

38 (m gl—% 78(d O = 88Hz,

d= 8. 0Hz, dazta 0 gHz 2H);
M 3) S%UI tj\r)’{qgl 2H) V] 0 ag(t =

-1.02 (npYidbd) 7 74% 5 1B rNMFﬂeﬂ[&ﬂﬁbr gDCL) 6
. 59- 3. 65(|m0.22bf) 2H)S0.05me6(m, BHY 2.62(tr, v =
4- 7 70( m 132HY, :2HB 3BGerBu : 1G.PRiz, 2H); 7.75(<,

J = 140Hz, 2H); 5.08(br, 2H); 7.38-7.42(m,
4H); 7.53-7.59(m, 4H). 7.65-7.6%(m, 4H);
7.92(d, J = 6.8Hz, 4H); 8.07-8.0%(m, BH);
8.21(s, 2H).

15

Yieid: 45%, 'H NMR(400MHz, CDCl,) & 0.42(b,
2H), 0.71(tr, v = 7.2Hz, 6H); 2.62-2.69 (m,
2H),3.87-3.91(m, 2H); 4.27(d, /= 14.0Hz, 2H);
5.28(d, J = 14.0Hz, 2H); 7.22(d, J = 8.4Hz
2H); 7.37-7.42(m, 6H); 7.55(tr, /= 7.8Hz, 2H);
7.64-767 (m, 2H), 7.76(tr, J = 7.6Hz, 2H);
8.07(d, v = 8.4Hz, 2H); 8.16(s, 2H).

20

Yield: 93%, 'H NMR(400MHz, CDCI) &
0.52(tr, = 7.2Hz, 6H); 0.81-0.94(m, BH);
2.82(tr, J = 13.6Hz, 2H); 3.31(tr, / = 13.6Hz,
2H);, 394(d, J/ = 14.0Hz, 2H), 507(d, « =
14.0Hz, 2H), 7.47(d, /= 3.6Hz, 4H); 7.65-7.74
(m, 2H); 7.75(s, 2H), 7.91(d, J = 3.6Hz, 2H);
7.92(d, 4 = 1.6Hz, 2H); 8.05(s, 2H); 8.12(s,
2H); 8.14-8.17(m, 8H); 8.20(s, 2H).

168




cl 4H). / ci Yield: 76% 'H NVR(400MHz, CDCI3) S
0.19(tr, J = S 7.2Hz, 6H); 0.79-0.96 (m 8H);
2.73-2.74(m 2H); 3.22 i i ~~ (tr, J=16.0Hz, 2H);
3.70 (d, J= 14.0Hz, 2H); 5.60(d, J 10 Nom Br =
14.0Hz, 2H); 7.33-7.43 (m 8H); 7.66(tr, / = 8.0H,
s 2H); 7.86(d, / = 7.6Hz, 4H); 8.05(d, J= 8.4 Hz,
4H); '\ 8.30(s, 2H). F / Yi eld: 62% 1H NVR (400MHz,
CDd 3) 50. 32-0. 34(m 0.71(tr, J= 7.2Hz, 6H);
0. 9@3}1&1@9@,8 @Ggam@aﬁﬂ)pt of |ffe¢t_of:|_=2ul®|t-n:pe12ﬂ—pf phase transfer
3. 73%%? /= 14.4Hz, 2H); 5.00(d, J= Nt 14.4Hz, 2H);
6. 96 tJ—88HZ 2H); 7.05-7.23(m 15F4H); :
7.23-7.39(m 7. 62(tr phasSirabbierca@iybt; 8. 02(d, /

J= 8. 4Pk, 2H) 8 04( s, . F Yowkds 79°/€*>'3:H N
( 400 20Pl( BrzH)—Iq‘gb—’(t r
IV|(;53104(g OVe 2. 6952 64 (tF 3
513 oHz, 2H): 3. O6(tr '/ = 13.2Hz,  2H): 3. 64( ._
3.91(s, 6HY205.08(m 2H); 7.02(d, J= N Br gxfe
OH): 7.18-7.20 (m 2H):; 7.38(d, J= 4Hz, 4 20

_ g 2327 38&0”@11:@% Exgﬁ)plg daﬁwa%z'gpl%s % de{;gormeé at 0°C,

4 a T C sLse eS OW.
( I—I)Q{%MO?% (I)]g(:)l)@g ?’ gr Lo Er%h@fe at?zh%/ t Qi @gx(lfaéd( Thbls éO%b‘ZZQ bel

2. @he(tesultR blye sBowd 1(1 H}ableglﬁo t052230 (br, 2H) ;

10
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OH 6.92-6.99(br,

2H): | \ 7.98
(br, 2H).

NVR spectrum data Yield: 62%
CF3 0.60 (tr,
5 ~ Br'

0.15(b, 2H);
(m 6H); 2.59(t
J= 13. 2Hz, 2H),
J
=7.6Hz, 2H);

14. 0Hz, 2H);

(d,

r,

4H) ;

7.24-7.32 (m 8H)
/= 8.4Hz, 2H);
25 / 166 Table 18 Conpound 33
"H NMR(400MHz, CDCI 3) 8
7.2Hz, 6H);

3. 75(d,

J=

8.04 (s,

J
J= 13.2Hz, 2H);
N,
7.

~ 14.0Hz, 2H);
7.36-7.44(m CF3 4H):
7.77-7.79(m 4Fgble 2087(d,

2H) ;

0. 72-
3. 15(t

67(tr,

J= 7.6Hz,

7.52 (br,
8. 47
Yiel d and

0.98
r ’

5. 04(d,

J

170

4H); 8.03-8.13(m 4H). CF3 Yield: 71% 1H NVR(400VHz,
CDCl 3PuScOmi&Sbnmyat)) ; 0.61(tr, J= 7.2Hz, 6H);
0.74-0.98 (m 6H);,3.20(tr, J= 12.8Hz, 2H); 3.75(d,
J= 14. OHZ, S 5.09(8, /= 14.0 10 N, Br- Hz, 2H);
7.36(d, 2H ¢ . 42(tr, J = 7.2Hz,  2H);
7.68(tr, 2Hz \ZH) ¥ 7. 78(d, J = 8.0Hz, 41-1): /
BCF3 7. 88( ¢ .OHY, 4H): 8.06(d, /= 8.0Hz, 2H). F F
Yiel d: 789 R 400'I\7Flz”21CDCIS) 8 0. 35(br 2H) ;
0.72(tr, 6H); 0.89-1.08(m 6
2.65-2.69 >H) 8. 20(tr, J= 12.8Hz, 2H) 3.75(d, J=
Br- 1A—OHz—2H—4— 076 —3—=d4—CHey_2H)-
6.91-16.99(m , 2H); 7\ 16(br, 4H; 7. 3%%?1_?.1’&1(%]@14}1)0?%1
7.64(ftr, J =715 7.6Hz, 2H)'8.03(d| JES8|0oHE) 2HWW
! 3 oL b e Q’II‘) ee)
8. 11(jd—3==DBbrz—FpHH—F
10 —@OCHS @OCHS 15 65 65
NO,
_@ @ 15 | 88 87
NO,,
5 OOCHg —Q 2 65 80
O | O |*]=]-
Gon ' OOH 1 70 64
20 |
25




O S~ Yield: 75%

' H NVR(400MHz, CDCl 3) 80. 24(br,

2H); 0 0.88(tr, /= 7.2Hz, 6H); 1.24-1.43 (m 6H);
2.56(tr, J= 13.2Hz, 2H); 3.28(tr, J = 13.2Hz, 2H);
3.72(d, J = - 14.0Hz, 2H); 4.97(d, J = 14.0Hz, 2H);
7.39(d, / = N~~ Br- 8.4Hz, 2H); 7.46(tr, J= 7.6Hz,
2H); 7.70(tr, J= 7.6Hz, 20 Q/ 2H); 7.79(br, 4H);
8.08(d, J= 8.4Hz, 2H); 8.11 (s, 2H); SO0 8.20(d, J=
8.4Hz, 4H). 167 Tabl e 19 Conpound 33" Yield and NWR

spectrumdata F F Yield: 61Bgble 2ZH NVR(400MHz, CDCI 3)

S Ar/ 0.39-0.41(m 2H); 0.49(tr, / = 7.2Hz, 6H); F
0.90-1.01(m 6H); 2.75-2.80(m 2H); 3.29(tr, / 5 - =
12. 8Hz, Bhe-uRisBO¢atlyd= 14. OHz, 2H); 5.09(d, N¢<(Bu),
Ar: \ [ ] Ok, 241); 7.35-7.47(m 12H); 7.63(s,
\ F 2H); 70(ﬁ12|—|) 7.78(d, / = 8.8Hz, Ar .
2H); 8. 06 ; 14(1%%>J 8.0Hz. 2H); F F 8.15(s,
2H) . VYield: 74% 'R NVR(200M#z, CDAI3) S -0.21(br,
4H); 0. 46 ™~2-62(tr, J= ~~~ 13.2Hz, 2H);
3.00(tr, 21-1z, 2H); 7.75(d, 10 N*Br- / =
14. 0Hz, 2W; br, 2H); 7.38-7.42(m 4H);
7.53-7. ‘>9(m 4H) 765" 7. PReBtodtle | /v98( O} 0ptcaipurty
6.8Hz, 4H); 8.07°8.09(m bH); tuB.21(s, . fiee)
@F 7 92 82
10
—@—c; 7 93 83
VQ 2 97 77
F
Q 4 94 75
15 -
F
—Q‘F 21 86 97
F
Cl
20 ‘Q—cn 3 62 93
Cl
F
‘Q 5 97 91
F
4@706&, 3 85 71
25 v
@ 3 89 89
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F Yield: 45% 'H NVR(400MHz, CDCI3) S 0.42(b,
0.71(tr, J = 7.2Hz, 6H): 2.62-2.69 (m
3.87-3.91(m 2H): 4.27(d, /= 14.0Hz, 2H);
| = 14.0Hz, 2H); 7.22(d, J = 8.4Hz,
7.37-7.42(m 6H); 7,55(tr, J= 7.6Hz, 2H);
/ 8.07(d,
8.4Hz, 2H): 8.16(s, 2H). F CF3 Yield: 93%

(m 2H); 7.76(tr, / = 7.6Hz, 2H);

NVR(400MHz, CDCI3) S Ar 0.52(tr,
0.81-0.94(m 8H); CF3 2.82T4hle 22
3.31(tr, / = 13.6Hz, 2H): 3.94(d,
5.07(d, 7. 47(d

7.69-7. ?ﬁaséﬁﬁn%ferﬁ H%MftzH) 75(s, 2H):

2H); 7.92(d, / = 1.6#z, 2H); 8.05(s,

CF3 2H);8.14-8.17(m
18: Exam nation (1)
dphase-transfer
Ph 50%0O
5 0oC (20)
a- benzyl at 'on was pe .%f/or med at OC,

H);F8. 20( s,

Br -
2H) ;

2H) ;
2H) ;
5.28(d,

7.64-7.67

J=
H

7.21-1z, 6H);

3.6Hz, 2H);
14. 0Hz, 2H);
/= 3.6Hz, 4H);
7.91(d,
2H) ;

/= 3.6Hz,

8.12(s,

168 <Exanpl e

st f eet of substituent of

| ysit > & phase-transfer catal yst
But " Ph"~Br tol uene Phl-N Gsut

Accgy ding to Exanple 11,

10 F
F
\@/R Reactbn tine YiH 0 ptialpuriy
/N\R' tr) &) fee)
0
15 N TS 7 08 93
v \/\0/
Ny > 1 78 81
A
20 \e/-\
2 5h 78
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using 3 nol % of phase-transfer catal ysts described
Tables 20 to 22 below. The results are shown in

Tables 20 to 22. 10 169 Table 20 Phase-transfer
catalyst: Ar Br /n-OR21 5 N\n-GoHzi \ \ A

Reacthn ,,. Optical Ar A tin e purity 41r) ~) See)
10/ \ OCH, -0-CCH, 1.5 65 65 NO2 1.5 88 87 NOz 15
OCH3 2 6580 NO2 ~\ \ 24 86 58 CH/ \ CH1 70 64

20 4 87 66 25 170 Table 21 Phase-transfer catal yst:

<Example 19: Examination (2} of effect of substituent of phase-transfer

catalyst>

phase-transfer catalyst

0 0
PP PN 50%KOH PP
>=N o e T — =N
PH OBU toluene PH OB

5 0T

10

(20) 1 ™
According to Example 11, o-benzylation was performed at 0°C,

using 3 mo! % of phase-transfer catalysts described Tables 23 to 26 below.

The results are shown in Tables 23 to 26.
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Ar Br 5 Nccc At Reacthn th e YMH Opt hal purity Q)
% (fee) 7 9282 10/ \ a 793 83 297 77 F 4 94
75 15 C F --O-F 218 97 FCQ 20C 36293 C
/' \ F597 91 F/ \ OCH3 3 85 71 25 NO2 3 89 89
171 Table 22 Phase-transfer catYyst: F F
Table 23
Reaction ) Optical
Phase~-transfer catalyst time Yield (%) purity
(hr) (%ee)
5
3 78 68. 7
10
3 88.7 a2 2
15
3 91 93. 8
20 3 86 74. 5
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r Br FR NF10 F F \(r)/R Reacthn the YhU
Opthal purby NR Qr) 0') %e) 15 N7 98 93 /OH /N
OH1 78 81 20 /F 255 78 172 <Exanple 19:

Exam nation (2) of effect of substituent of
phase-transfer catalyst> O phase-transfer catal yst
Ph Ph O 50%OH Ph/-N OBu' + Ph"~Br toluene Phl N OBO
5 CC (20) (21) Ph According to Exanple 11,

a- benzyl ati on was perfornmed at 0C, using 3 nol % of
phase-transfer catal ysts dé&bilé Béd Tables 23 to 26
bel ow. The results are shown in Tables 23 to 26. 10
173 '

’ ‘ Reaction . Ootical purit
Phase—transfer catalyst time Yield (%) ptical purity
(%ee)
o (hr) /
3 91 86. 9
3 71 20
3 94 92. 8
3 52 73. 4
3 85 77.8
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15

20

Tabl e 23 Reaction Optical Phase-transfer catalyst
time Yield (%9 purity (hr) (Y%€e) 5 NV Br- 3 78 68.
7 NOZ 10\ 3 88.7 92. 2 N\ Br NO2 ON 15 N Sr 3
91 93. 8 CN 20 N+ Br- 3 86 74.5 o0 174 Table 24
Reaction Optical purity Phase-transfer catal yst tine
Yield NNee) (hr) / C 5\ ci NCBr- 39186. 9 d
~\ \' s

Table 25

. 'Reaction Optical
Phase—transfer catalyst time Yield (%) purity
(hr) (%ee)
3 89 82.8
3 89 90.5

3 89.8 91

3 83 90

176



10

15

20

25

10 N* Br- 37190 \ \ ~SFF

Nsr 394092 8 15 F

Ok | ~- NBr 35273.40OM 20/ OHBr- 385 77. 8
OH 25 175 Tabl e 25 Reaction Optical Phase-transfer
catalyst time Yield (%9 purity (hr) (%®e) 5 CF3 /-
~ NBr 389 82. 8 CF3 CF3
Table 26
Reaction Optical
Phase—transfer catalyst time Yield (%) purity
{hr) (%ee)
3 76. 5 81. 05
3 60 77.2
3 a2 61.6
3 77 81.4
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10\ \ '\ 389 90. 5 N'\- Br CF3 F F 15 N**t - Br- 3
89.891 FFOIlI S 10 20 3' 83 90 Br- 00\ 0 176
Tabl e 26 Reaction Optical Phase-transfer catalyst
time Yield (%9 purity (hr) (%ee) F 5 F WBuh Ar: 3
76.5 81.05 AFF

10

15

20

25

<Example 20: Examination of effect of stirring>

bt o phase-transfer catalyst
' SO%KOH '
)= NJJ\ o e >7
PH OByt toluene ut
(20) 21 ™

According to Example 11, benzylation was performed at 0°C for
one hour, by using 3 mol % of the compound 16 (S-form) as a
phase-transfer catalyst under sfirring with a stronger stirrer. In spite
of only one hour reaction, the yield based on the HPLC analysis of the
reaction mixture was 78% and after purification on a silica gel column
the yield was 792%, and the optical purity was 99%ee. The reaction time
is much shorter and the yields are higher than the results shown in
Table 1, which indicates that stronger stirring provides much better

reaction efficiency.

<Example 21: Benzylation (1) of alanine>

phase-transfer catalyst

' o]
/\
Ph Br itric acid ~ H.N
p-Cl-Ph._ N Gi ,
~ WJ\OBUt - >
CsOH H,0 THF HaC

CHa

toluene
0°C, inair

(8) (9)

To a mixture of alanine tert-butyl ester-p-chlorobenzyl Schiff base
(compound 8) {134 mg, 0.5 mmol), phase-transfer catalysts described in
Table 27 below (3 mol %), and benzyl bromide (1.2 equivalents) in 2 mL
of toluene, cesium hydroxide - monohydrate (5 equivalents) was added at

0°C, and the mixture was stirred under an air atmosphere at 0°C for 30
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10\ V' \ j j N Br- 36077. 2 F 15 Br- N 3 92 61.

6 FCF3 201 \' \ s CF, WBuU)2 Ar. 3 77 81. 4 \ \ |

Ar CF3 CF3 25 177 <Exanpl e 20: Exam nation of effect

of stirring> O phase-transfer catalyst 0 Ph Il

50%pH Ph  ~N, Jc + PI{ Br N Ph \~~/// ~~\OBut

toluene Pn/ OBut 000 5 (20) (21) Ph According to
Exanpl e 11, benzylation was perfornmed at OC for one
hour, by using 3 nmol % of the conmpound 16 (S-forn) as

a mphadfrst rpnsée). CHialysdticndaktwei wis pgud nt@ water and
stronger stirrer. In spite 10 of only one hour

r eg&tiasted wah dichlgropgteans mnd thepolveningky gemoyed.t tred the

;?&I‘étg'g%g eS8 5 55 M BLhS A | S8 BE F o5 M

citric acid agueous solution was added thereto and the mixture was

5 stirred at room temperature for one hour {(second process). The agqueous

layer was washed with ether and alkalized with sodium
hydrogencarbonate, and then extracted with dichloromethane. The
organic layer was dried over sodium sulfate and coneentrated to give an

oily product. The obtained oily product was subjected to silica gel

10  column chromatography (eluent: ethyl acetate/hexane = 2/1) to give a

15

benzylated product of alanine (compound 9). The optical purity of the
obtained product was analyzed by HPLC [Daicel Chiralcel AD; eluent:
hexane/isopropanol = 30 : 1, 0.5 mL /min; retention time: (R)-form = 12.9
min, (8)-form = 20.5 min]. The yield and the optical purity are shown in

Table 27.
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the yield was 72% and the optical purity was 99%e.
The reaction time is much shorter and the yields are
hi gher than the results shown in Table 1, which

i ndi cates that stronger stirring provides nuch better
15 reaction efficiency. <Exanple 21: Benzylation (1)
of al ani ne> O phase-transfer catalyst O p-Cl-Ph N
Ph' ~~Br citric acid H N OBUt OBut 20 CsOH H20 THE
H3C CH3 toluene Ph (8) OC, in air (9) To a m xture of
al anine tert-butyl ester-p-BloLdbenzyl Schiff base
(conpound 8) (134 ng, 0.5 mol), phase-transfer
catalysts described in 25 Table 27 below (3 nol 9,

arjd benzyl brom de (1.7 €qyyalents) tn 2 nL Of [ Toptcal]l
t dl ueRRyse-apsiRIPRAYEr OXI B@H V&L @ankBr catakyst YE)H purity
equi val ents) was added Mee) land t he m xture wa& Gee)
stlirred under n ai r atnospher g at OC for 30 178 mn
i % The rfact|on njx ws poer ed i ntfo
th di chljpronethane;, and tlhe
hdigt Negs riesi due was Hi ssoljvedl | 4g
uran} Theh, 0 5" M
utipn 2 ihereto dnd
red.pt r n1tenperd%%re fdr one
T Theragugpus—tayer—y sheq
bd W th
t hep ext
U api ¢ |
trate 80
3|Iy pro
> Nr onp|t ogr S
agetate/hexane = 2/1) 1o qglve benzvlated product
of| al ani ne (coppound 9). The odt i purity of the
2 B
(LT e &
: R 65 | 54 65 | 95
OO fso-Bu ]
PhFy “_/
VPhF3 B : &
C O -Caobzg Bu
4 65 | 95 R 70| 61
N AN
SO OO
PhF; Pi
PhFg e
SONER
)
72 82 70 94
S W
PhF3
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obt ai ned product was anal yzed by HPLC [ Dai cel
Chiralcel AD;, eluent: hexane/isopropanol = 30 : 1,
0.5 nm /mn; retention tine: (R-form= 12.9 nmn,
(S)-form= 20.5 mn]. The yield and the opti cal
purity are shown in 15 Table 27. 179 Table 27 Optna
Optia Phase-transfer catalyst Y(YOL9- | ) purity
Phase-transfer catalyst Y) purity %e) %e) PhF3 r
PhF 5 B3 Br N58 63 72 49 / PhF3 \ \ | PhF3 PhF3 r

\ \<B3hdpla 22BBBhzylh6ioB.(2) ofZafihe?l 80 PhF3 PhF3

10

15

20

25

PhF3 Br Br Bu N 65 5%&%%9%@@& i s0-BU N Bu \
i =
Ph/\Br

PhF3 \ \ PhF3 Br Ph Br Bu 0
- citric acid HoN
p-CkHPh. =N oBut - - N oBut
SH, CsOH-H,0 THF H,C
toluens Ph
—20%C, under argon atmosphere
(8) : P 9)

Alanine was benzylated in the same manner as in Example 21,
except that the phase-transfer catalyst was used in 1 mol %, the
phase-transfer catalysts described in Table 28 below were used, and the
reaction condition was changed to -20 °C under an argon atmosphere in

the first process. The results are shown in Table 28.

Table 28
Tl (}pttall YiH 0 pteall
Phase~transier catalyst &) purity Phase—transfer cata¥st &) purity
fee) fiee)
PhFs 5o PhFy e
] CHg S/”'C1nHzﬁ 7
78 85 78 98
\CH3 \"?'01:1“21
PhF; PhF,
PhFg B?
(I
e/
N 85 99 71 67
90 W
. PhF,
PhFy  pe
S S
N\ 76 73 85 92
CO iso-Bu
PhFs
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N65 95 N70 61 / / n-CtoHzt \Bu 20 \ \ PhF3 Ph CF3
PhF3 Br \ C~\ \ FS N O 72 82 N Br 70 94 \ BU 25
PhF3 \ \ | \ CF3 CF3 180 <Exanple 22: Benzyl ation
(2) of alanine> phase-transfer catalyst 0 0 p-d -Ph
IN Ix Ph/\Br citric acid 2Nt I" OBU OBut CsOH H20
THE H3C CH3 toluene Ph 5 (8) -209C, under argon

at nrosphere (9) Al anine was benzylated in the sane
manner as in Exanple 21, except that the

p h adedntigin 2BeAlighitalystpheaglialssthen 1 nol % the
phase-transfer catal ysts described in Table 28 bel ow
were used, and _the rREECHPRHF EBFH tion was changed,to
-20 C under anjargon atmegphere in 10 the first
pr oe€5™. B Lts are show? in Tadf& %8 Thbi
YL-11 Optiva |YBH &'Jti cs cdmase -transfag catal St
purity Phase-transfer catg|yst purity ~) bes] % P,

5bee) (3 4) Fh -20°C, under argon atmosphere (3 5)

OBu!

To a mixture of phenylalanine tert-butyl ester-p-chlorobenzyl
Schiff base (compound 34) (172 mg, 0.5 mmol), phase-transfer catalysts
-described in Table 29 below (1 mol %), and allyl bromide (1.2
10 equivalents) in 2 mL of toluene, cesium hydroxide - monohydrate (5
equivalents) was added at 0°C, and the mixture was stirred under an
argon atmosphere at -20°C for 30 min (first process). The reaction
mixture was poured into water and extracted with dichloromethane, and
the solvent was removed, and the residue was dissolved in 5 mL of
15 tetrahydrofuran. Then, 5 mL of 0.5 M citric acid aqueous solution was
added thereto and stirred at room temperature for one hour (second
process). The agueous layer was washed with ether and alkalized with
sodium hydrogencarbonate, and then extracted with dichloromethane.
The organic layer was dried over sodium sulfate and concentrated to give
20 an oily product. The obtained oily product was subjected to silica gel
column chromatography (eluent: ethy! acetate/hexane = 1/2) to give an
allylated product of phenylalanine (compound 35). The optical purity of
the obtained product was analyzed by HPLC [Daicel Chiralpak AD;
eluent: hexane/isopropanol = 100 : I, 0.5 mL /min; retention time:
25 (R)-form = 14.9 min, (S)-form = 20.2 minl. The results are shown in

Table 29.
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10

15

25

15 PhF3 PhF Br Br / j /CH3 / /| ~n-CIOH2I N 78 85 N
7898 / [/ CH3 / |/ n-A OHR1 PhF3 PhF3 PhF3 Br PhF3
Br 20 \Bu 8 99/ / NJ 71 67 | PhF3 \ \ PhF3 \ \
PhF3 Br \ \ PhF3 Br ~Bu 25 N 76 73 "NC 85 92 [/ /
iso-Bu / \ \ I PhF3 \ PhF3 181 <Exanpl e 23:

Al lyl ation of phenyl al ani ne> phase-transfer catal yst
O p-CA-Ph /N~ Br citric acid RN OBu t CsOHH0 THE
013U Ph Ph toluene 5 (34) -20C, under argon

at nosphere (35) To a m xt urkabdf 2phenyl al ani ne
tert-butyl ester-p-chlorobenzyl Schiff base

(conpound 34) (172 g, Ofpujpl). phase-transter 0 ptial

cat aﬂ’ﬁé§é—§ransfer catalyst Yg)ﬁ purity Phase—transfer catalyst Y;}H purity |
fhee) thee)
PhFs of . PhFs e
oE || oAl
O Q \CH3 65 70 O O \n_C1DH21 79 95
PhF, PhF,

o « PIFs @
PhFs ¢ 3 2
Bu
/ .
S

SR,

PhFs CO PhFs
PhF; e
OO iso-B
@/fSO- 1]
N 76 74
OO iso-Bu
PhF3
<Example 24: Cinnamylation of phenylalanine>
pol
) Bu
20 N B
N
S9 W
° Phr, (7)
p-CI-Ph _ N Ph/\\\/\Br citric acid HoN
\/ OBUi : o \\“‘
CsOH+H,0 THF P
Ph foluene Ph
—-20°C, under argon atmosphere
(34) (36)

A cinnamylated product of phenylalanine (compound 86) was

obtained in the same manner as in Example 23, except that cinnamyl

183



described in Table 29 below (1 nmol 9%, and allyl

brom de (1.2 10 equivalents) in 2 nL of tol uene,

cesi um hydroxi de - nonohydrate (5 equival ents) was
added at 0C, and the m xture was stirred under an

argon at nosphere at -20C for 30 mn (first process).

The reaction mxture was poured into water and
extracted with dichl oronethane, and the solvent was
renoved, and the residue was dissolved in 5 nL of 15

t ebradydly @hsimaad iddtend oballdl nfortids abd aht rcompaand 7 was used
aqueous sol ution was added thereto and stirred at )

r oasthe mheseatransféroeatalyst o the fiseiconegesspr Ghespticalrparity of

i LR SRR GERE SPAUHAT &5 HRCE DO P I bEpa % nd
Wt he g%g%l?ﬁ[%%g?ggza% dhe organic |ayer was dried ,

over s nd concentrated to give 20 an

50i |y product. The obtained oily product was subjected

to silica gel colum chromatography (eluent: ethyl
ac effatneiie 2ahBropat£Pntivo ofiphenpialahey| at ed product
of phenyl al ani ne (conmpound 35).. The optical purity of
t he obt ai ned pboductnaggggﬁgéé?gagby HPLC [ Dai cel o
Chiral pak AD; [lel uent: Bexang/li soproRanal.i = ;
O.SWWfE#n%H, e B@ion_Lf§;2§§S_4£§ﬂiginfgyliggg
(S)-form= 20.2 mn]. Theoresal ts are wHown in~
29. 182 Tabl en29 Y1H Opt Eaue¥tH Optta PhasePtTansfer<ss

10catal yst purjty" Phagg- tJn@‘g}%‘%EﬁSatg@g alyst ~) purity
n-& oH2

15

%ee) ee) (MF3 Br PhE3 Br N CH3 66370

N n-Cr2l 79 95 \ \ PhF3 \ \ PhF3 _
A propargylated product of phenylalanine (compound 37) was

obtained in the same manner as in Example 23, except that propargyl
bromide was used instead of allyl bromide in the first process. The
optical purity of the obtained product was analyzed_r by HPLC. The

results are shown in Table 30.
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\ PhF3 Br PhF3 Br 10 N 76 97 N U 72 96 \ \ PhF3 PhF3
PhFgo-Bu N 76 74 15 / | iso-Bu \ PhF3 <Exanpl e 24:

Ci nnanyl ati on of phenyl al anine> PhF3 20 N\ Br Bu
PhF3 (7) 0 O p-C-Ph\/Nt Ph"~\Br citric acid H2N
OBut OBu CsOHH20 THE Phj tol.uene 25 (34) Ph -20C,
under argon atnosphere (36) Ph A cinnanyl ated
product of phenyl al ani ne (conpound 36) was obt ai ned
in the sane manner as in Exanple 23, except that

ci nnanyl 183 brom de was UBdde BAst ead of allyl

brom de and the conpound 7 was used as the

phgse-transfer catalfyst ilg,{hg first process. The _ [opizal
opti eadse pthitbyeadlyst t|NEEBLAINED mEdEGERIaS 0] VIR huriy
by {HPLC. The yi el d was™69%e=afjd the optical pufi thee)
wag 9Z2%e. 5 <Exanplle Z5] Propargylation_of
. PiF; e PhF ®
phen O@ E%s gf r
. 5 RI/CHS 79 63 ﬁ/n-CmHm
17 91
\CH3 \nC1oH21
PhF5 PhFs
Phis o PhF;  ®
Oe Bu Oe
o/
10 N, 61 94 @ 77 | 92
S0 W I
PhF3 | PhFa
PhF; o
OO ﬁ/iso-Bu
N obu 67 62
v I
N PhE,

<Example 26: tert-Butoxycarbonylmethylation of phenylalanine>

20

25

PO
.IL/BU
N

Br—

SN
99 s
PhFs  (7)

o]
N t . :
-CHPh N Br COQBu citric acid Hoh
P ~F OBt - - 3 OBt
CsOH-HR0 THF
2 o COOBU!
h toluene
-20°C, under argon atmosphere
(34) (38)

A compound 38 was obtained in the same manner as in Example

23, except that c-bromoacetic acid tert-butyl ester was used instead of
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phase-transfer catalyst O Br citric acid HZN p-Cl-Ph

/ N ~~ OBLt - OBut CsOHH20 THE Ph tol uene Ph 10

(34) -20C, under argon atnosphere (37) A

propar gyl ated product of phenyl al ani ne (conpound 37)

was obtained in the same manner as in Exanple 23,

except that propargyl brom de was used instead of

allyl bromde in the first process. The 15 optica

purity of the obtained product was anal yzed by HPLC
Theliyl g5dhiide adrel IheWeorhpouked|7e w3, uiédt adkahbhe Pas¥-tihnsfer
Optba Y~Id Optra Phase transfer catal yst purity
Phaselystamsther Geatairpeess~) Tharoptipal Sadty sbthe Obﬂan@davroduct

1\ \ PhF (r t)/h 79 63 .\ 7

91 WaEHRD Ywddw&‘ﬁ% FsTfl Hld ﬂf?@aé)@gﬁp%n'\%h%ﬂk%wérp%y was
N %yg O 77 92 \ BU PhF3 PhF3 PhF3 r Br

/i so-

<Example 27' Examination of catalyst formation and benzylation in one

vessel>

secondary amine
K,CO,

dioxane, reflux

¥

0, Ph
P I .. B W
OBu' toiuene PH OB
0°C
(20) | 1) ™

The compound 39 (S-form) described in Table 31 below (3 mol %), -
~secondary amine described in Table 10 below (6 mol %) and potassium

carbonate (4.5 mol %) wére mixed in dioxane (5 mL), and s_tirrec'[‘for 10
hours with heating énc{ reflux. Then, to this reaction mixture, glycine
tert-butyl ester benzophenone Schiff base (compound 20) (1 equivalent,
0.5 mmol), 50% potassium hydroxide aqueous solution (1.0 mL), and
toluene (3.0 mL) were added, and benzyl bromide (1.2 equivalents) was
added dropwise at 0°C. After stirring at 0°C respectively for a period as
described in Table 31 below, the reaction mixture was poured intc water,
and extracted with ether. The ether extract was washed with saturated

brine, dried over sodium sulfate and concentrated under reduced
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N 67 62 / \/ iso-Bu 15 - \ PhF5 <Exanpl e 26:

tert-But oxycar bonyl net hyl ati on of phenyl al ani ne> ~

PhF/ / Bu 20 N\ Br Bu \ PhF3 (7) 0 O p-Cl-Ph\/ [

N OBU Bra\COOBu' citric acid - H2N - - - OBUr

CsOHH20 THE tol uene Phi COOBu' Ph 25 (34) -209C,

under argon atnosphere (38) A conmpound 38 was

obtained in the sane manner as in Exanple 23, except
that a-bronpacetic acid tert-butyl ester was used

i ngireadiref 186 alllylred0Qs @@sandbjdbe:dc aaPGEl¢h 7galagolumn
used as the phase-transfer catalyst in the first

pr cbessatopnepigpt i €hitepur with ofethémthexamai ned gr¥ducto give

o CRRe Bl adsr Ty stos hemednpmens Fi o diarh depapound
of A8 e o ETBLIRN Pk BRAR.AHAA U8 a1 VAR B
5 [Daicel Chiralcel OD; eluent: hexane/2-propancl = 100 : 1, 0.5 mL /min;

retention time: (R)-form = 14.8 min, (S)-form = 28.2 min]. The results

are shown all together in Table 31.
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Br
Ph
oC
des
am
pot

K2C03 10 Br dioxane, reflux R (39) Ph Il O 50%CH
O ~N, }~ + Phi\Br _ bN Ph \ OBut toluene Ph OBu~
15 (20) (21) Ph The conpound 39 (S-form

cribed in Table 31 below (3 nmol %, secondary

ne described in Table 10 below (6 nmol % and
assium carbonate (4.5 nol %9 were mxed in

di oxane (5 nL), and stirred for 10 20 hours with
heating and reflux. Then, to this. reaction m xture,
glycine tert-butyl ester Rabi®phbenone Schiff base
(conpound 20) (1 equi valent, 0.5 mml) 50%

po
t ol

assium hyalrﬁm deagquepus sol utio . EJ and
Qemeda(yaamcle ) Wetld ad:led Regtrith ben&y%ﬁﬁw eRER42-F;Ph

N Q addad - Af +t or

eqi-valerts)—pas ded—firop c at A et .
stijrr IG}@) aﬁHO [~ rﬁ%%?éﬁ@v 2 %8% ays)per Iﬁg‘b/{)%%h¥5 @140’/2%4521%)

deg

spolr e€.HaeBinat %rg%, ﬁg,}g X g9 i-)§zﬂr)"“ the8

bl | UCU | || a1 t‘279/J. JT UVV,4:§D IC | cﬂbll LA )\l UI CQV?I%
‘}h%ﬂ ™oy, 52119

et hret t:)\_t ractTwas obéécu ot Lsg dl urateq, Ul e, 1IN

over GodiilSyl fage il ponest (el Wit deducets s
ob ressur e. IHS él}/l I eSlI W/ﬁi UDJ&/ %U [§{0] 7(%) ae

si 'gf?cg’é@ XB urghy, CHEOMRL pEG,ARAY( El uiad WS N 659, adays)
et lertexane 1710y to give (S) - ppenylatani ne

tent- b{il\) ester benzophenone Schiff base (conpound

21).{ The o | cal  purdety pf  t4i8e ebt aj ned Presduct was% ee

anah% P E B [@r)cal 86f- r3fhee| T day
I0hexane propanol = 100 1, 0.5 ni}/mn;

Al ;. 8%, 6w

O@ — 1% ee — B7% ee 78% ee 81% ee
NH 83%, 36ur) 7 1%, 4days) 83%, 2% 83%, 24

Q /O 22% se 3% ee 2% ee 6% ee
N @ 4%, 51hr) G 2%, 4ddays) 1 0%, 7days) {1 3%, Bdays)

15

— T% ec 5% ee 31%ee 43% ee
56%, 4days) 78%, 24hr) ©4%, 4days) 80%, 24hr)

20

H
O
H ) .
— 23% ee 33% ee 41% ee 20% ee
| 67%, 481 | 82%, 12w) [ %, 8ays) | 2%, 48w
S

— 8% ee . 0t it 8% ee
\/\ 64%, 24hr) ) ) i 93%, 7days)

HN

H

N

\_/ : : 10% ee

5 n.t. n.t n.t : G_ 3%’ &lr)
N

25

The vahes i the tabk show the optialpurity fee).

The parentheszed valies i the tabk show the yieH &) and the Teactbn th e.

T the opticalpuriy, the valies wih — show thata product having the opposie confouratin
was obtaned.

" The n.t shows that no experm ent was perform ed.

188



retention time:. (R -form= 14.8 nmin, (S)-form= 28.2
mn]. The results are shown all together in Table
31. 187 Table 31 Secondary amine R=H R= Ph

R=3, 5- CF3) 2Ph R=3,4,5-F3Ph 12%e 26%e 1% e 7%e
CH3) 2NH (36% 5&r) 68% 5days) 67% 30hr) (44%

4days) 5 CAHI9) 2NH - 27% ee 43% ee 70% ee 97% ee

~33% 720r) (39% 54hr) (35% 48hr) (76% 24r)

CroH2r) 2NH - 17%e 58% e 96%e 97%e (76% 9(hr) 66%
24hr) 96PhudibrwaBfifind7fhat )thel soastH)sf@Nchtal 8% @@ be used
22% ee 44% ee 7% ee 62% 72hr) (i 4% 5days) (34/0,
24Kp1) al31Bi@n ofitaysno @eiid eyt 1is sathyBpisddagn, ee H

69% 72hr) 86% 36hr) 60% 4days) 98% 6hr) 10 o '
-19%3e -57%e 78% e 81%e NH (3 3% 36hr) (71%

i AR, B Mg g2t e

56d®)l&%)se tﬂa’i;s&‘bf*d&talygi’/@@ecﬁféﬁ%dﬁw@e 43%ee Vv 66%

10

15

20

25

4days) (78% 24hr) f7.4% 0% 24hr) HO -
23% eep33% ee 41% ee 20% ee ﬁ%*‘?% b ?ﬁ?’a)‘

(3%8d§>;¢sg4%4&hr/\8ee_2§9_é8ﬁn,n % de
\}j\OBut b o toluene >L .

0/ 121 )

OBut
oC :

(20) | e ™

Glycine tert-butyl ester benzophenone Schiff base (compound 20)
(88.6 mg, 0.3 mmol), the phase-transfer catalyst (compound 7) obtained
in Example 1 in 0.05 mol % to the compound 20, 50% potassium
hydroxide aqueous solution (1.0 mL), and toluene (3.0 mL) were mixed,
and benzyl bromide (43 pg, 0.36 mmol) was added dropwise at 0°C.
After stirring vigorously at 0°C over 4 hours, the reaction migture was
poured into water, and extracted with ether. The ether extract was

washed with saturated brine, dried over sodium sulfate and concentrated

“under reduced pressure. The oily residue was subjected to silica gel

column chromatography (eluted with ether/hexane = 1/10) to give
(R)-phenylalanine tert-butyl ester benzophenone Schiff base (compound
21). The optical purity of the obtained product was analyzed by HPLC
[Daicel Chiralcel OD; eluent: hexane/2-propanol = 100 : 1, flow rate: 0.5
mL /min; retention time: (R)-form = 14.8 min, (S)-form = 28.2 min].

The yield and the optical purity of the obtained compound 21 are
shown in Table 32.

<Example 29: w«-Benzylation (2) in which the amount of the
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64% 24hr) (23% 7days) N-\\// n.t a.t n.t 1 000 ee
(1 3% C)', 6hr) NH The values in the table show the
opt bal purity Cbee). 25 The parenthesi zed val ues it
the table show the yield %9 and the mactbn tin e. 11
t he opt balpur ky, the valres wth - show that a
pnthuct havng t he opposes confgnmat Dn  was obtaned. The
n.t shows that no experin ent was performed. 188
Thus, it was found that the phase-transfer catal yst

c aphaee-tigad ferf atalysk ybal isaedoéed am no aci d
derivatives w thout isolation, <Exanple 28: _
a- Benzy| & 1Bhenyiglapinentipributyé esietinpergoprbpaone Schiff base

h -t f t al t di d d> O . .
OhaCuaR e P WAt diermein bl PHEVROASPR FEABHPENToghe Same
+ P i
{ ettt AL 828R 26 cop fhat @Yl S0 Vil Aranster

520)catlP&. Gofpoudd37)Mobla)ined e Phasplet 1 awmas erorabdl Y¥sto the
(conpound 7) obtained in Exanple 1 in 0.05 nol %to
t heomprpod 28, 20d Be%tbetraseiamtinty gasdboursuedihs vield and
solution (1.0 nm), and toluene (3.0_nl) re m
oAb RO T Hahe P31 05S CORBETHAN FraE RadBd Aole 32.
dropw se at 0C. 15 After stirring vigorously at 0OC

over 4 hours, the reaction m xture was poured into

wat@lxanild &t I acBeszyhiibn eBerin Thdid hee eXinbagt of the
IOWaSphase'transfer catalyst used is reduced>

(R)-Phenylalanine tert-butyl ester benzophenone Schiff base
(compound 21) was obtained by performing a reaction in the same
manner as in Example 28, except that the amount of the phase-iransfer
catalyst (compound 7) obtained in Example 1 was 0.005 mol % to the
15 compound 20, and that the reactiop time was 26 hours. The yield and

the optical purity of the obtained compound 21 are shown in Table 32.

<Example 31.1 a-Benzylation (4) in which the amount of the
phase-transfer catalyst used is reduced>

20 (R)-Phenylalanine tert-butyl ester benzophenone Schiff base
(compound 21) was obtained by performing a reaction in the same
manner as in Example 28, except that, in addition to the phase-transfer
catalysfc (compound 7) obtained in Example 1, tetrabutyl ammonium
bromide (TBAB) in 0.05 mol % to the compound 20 was added as
25  cocatalyst, and that the reaction time was 1.5 hours. The yield and the

optical purity of the obtained compound 21 are shown in Table 32.
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washed with saturated brine, dried over sodium

sul fate and concentrated under reduced pressure. The
oily residue was subjected to silica gel colum
chromat ography (eluted with ether/hexane = 1/10) to
give 20 (R)-phenyl alanine tert-butyl ester
benzophenone Schiff base (conpound 21). The opti cal
purity of the obtained product was anal yzed by HPLC
[Daicel Chiralcel OD; eluent: hexane/ 2-propanol = 100
. KEdfamopler @2 odBbnzythtibmi N5) r ot ewthidn thareamount of the
(R-form=14.8 mn, (S)-form=28.2 mn]. The yield
andhare teansieradatplyst ngedis reducest ai ned conpound 21

15 1o 0B, 6B R BB A e
X PhEhole o) 5of SHSEHD O ARMR] 300 i s e e

521 )mavserol il Begmbye P8 éxuept Higata ik @dditicantd the pleastairensfer
manner as in Exanple 28, except that the anount of

t heaptaste {compvaimdr 75 abaaigegsin Exampdent Rirdbital pegmonium
in_Exanple 1 0.01 nol %¢to t 20,

| maEoarE Th el S o S s oo S 0n e as
th tical i t.y..0f ' d

i oatlyeR LB i pe ol Bl RE0 REMBAHI T Ef and the

WhiggBichNeuasntheafb thiir d kOnpaase Aira8 shewnGatRibys 82.
used i s reduced> (R)-Phenyl al anine tert-butyl ester

10benzophenone Schiff base (conpound 21) was obt ai ned
by perform a reaction in the sane.  manner as i

n . N in
Ex sijeaple, %ﬁc@‘pge?%ﬁ%’ﬁe (Ghoimt wech hghe amount of the
phase-transf.er  catalyst.(c ound 7) obtained in
Exd) ‘ét]ia%es”&?f)%géﬁ%?&%li%ﬁ?%% 15 conpound 20, and
that the)emtdiylahide WeshafylNestes  bdhpphbabsk aBhiff base
the optical purity of the obtained conmpound 21 are
shdwmpsuntaldle B83s obtEkmdpbe BdrfommiBenaytaiciion {w)thensame
whi ch the anmobunt of the phase-transfer catal yst used
15] s masparea>in Example 28, except that, in addition to the phase-transfer
catalyst (compound 7) obtained in Example 1, tetrabutyl ammonium
bromide (TBAB) in 0.0167 mol % to the compound 20 was added as
cocatalyst, and that the reaction time was 2 hours. The yield and the

optical purity of the obtained compound 21 are shown in Table 32.
20
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20 (R)-Phenyl al anine tert-butyl ester benzophenone
Schiff base. (conpound 21) was obtai ned by
performng a reaction in the sane nanner as in
Exanpl e 28, except that, in addition to the
phase-transfer catalyst (conmpound 7) obtained in
Exanple 1, tetrabutyl ammoni um brom de (TBAB) in
.0.05 nol %to the conmpound 20 was added as 25
cocatal yst, and that the reaction tine was 1.5 hours.
The yield and the optical Tabid 8% of the obtained
conpound 21 are shown in Table 32. 190 <Exanple 32:
a- Bengzyl ati on| {byunt 6r ki ch t he gmount pf the 0 ptial
phase} t r ansf efphoset-adhngst| ysed .i s |pedyced>rel of purity of
i neattlst t - butyy,pest erghenzepernsne. ., hound
cotperdit 21y owms bt apnep byl perforam ng

5 manner as i n| Ex | @ 28&ge)
+ +ho nhacao n 'IF
99

cat al y@‘fam{)}a;‘% ‘)nllnpl'057) t ai'Red i:;\J ampleb .

t et r apkay bk honi 6M  briomi de ( TBABFSi n| 0. @25 fol % to

t he corpaupdo 20 wamsadded a® cqcatél ybt, 2and |t hag4

the riegghben {1 megwas 1.5 hosirs.| The y| el dgand t hg

Pt CELRYLLEY DT QbITe OPTE AT (OMRgT. 2T g S
. &Sz 1Y i [ore ft 1 Ao (o) 1N

whi cﬁib ngm’mnf 5t he rf?fa\ge-ire-a..ufe catalystsed

i S redudeastd opR)eRivemylf abrgrime20t ert - but yl ester

10benzophenone Schiff base (conpound 21) was obtai ned
by performng a reaction in the _sane 15 mapner as i

in- .
Exanpl e 48 sheyeept Tabke 3% racsorling df thy mpsbods described in

T AT
0. &LE7r ke %.4Mpbiea GANRANEe J0 MRS P HIeG 8Pen better optical

cocat aFyst, and that the reaction time was 2 hours.
Theuyitel dFarttiethiore, syliancABABUIs dspd Gh chmdimbic aed cocatalyst

conEound 21 are shown in Table 32. 20
(Examples 81 to 33), the yield of the optically active compound 21 can be

o
A |

L-10f)

&
e

15

improved, and the reaction time up to achieving this can be also reduced

at the same time.

<Example 34: Hydrolysis (1) of tert-butyl ester>

20 O
1)5NKOH  FaN g,
2) 2N HCI HC “—ph
25 To the benzylated product (compound 9) obtained by either one of

Example 2, 21 or 22, a 5N potassium hydroxide aqueous solution (an

excessive amount with respect to the compound 9 is added, and the
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15
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25

191 Table 32 Amount of the O ptbal phase-transfer
Am ount of Reactinn YbE of putty of catalyst TBAB
ti ne conmpound conmpound obtained n Tu)*1 Qr) 21 21
Exampb 1 o (fee) 5 (mol0)*1 Exam pb 28 0.05 no 4 87
99 Exampb 29 0.01 no 26 41 97 Exam pb 30 0.005 no
26 29 94 Exanpb 31 0.05 0.05 1.5 99 94 Exam ph 32
0.05 0.025 1.5 91 95 Exam pb 33 0.05 0.0167 2 91 96
*1 Based on the am ount of com pound 20 10 As shown
i N iable B2stimed doxlbig hbar neil rohe hotlsidebesonaduniform on a
Exanples 28 to 33, (R)-phenylal anine tert-butyl ester
bemphéw@heat 4% ftp é’zﬂa@e @e“ﬁﬂrpmﬂmlgzlq Teem Wauperature, 2N
ced.in an. even ter I
o SGiEH raged 1ao)3Be W reafifenbdi ofttes cgnfirming
t o
op??%;%F @t‘cgc?l@@%%ﬁenﬁﬁ S%é%ﬁ‘* i Skl R fing for
t hgor aaft. i ONThé NBrddpiteadhi glicred t Bhé &aikhbe &0 ethanol
reduced at the sane tine. <Exanple 34: Hydrolysis
( 1fappropeiate butopntle s re>cragtals @re MRIAGBUSO°C) ovBikinighik to give

H2ZN OH H3C Ph 2) 2N HC H3" Ph
the compound 40 in a good yield and optical purity.

<Example 35: Hydrolysis (2) of tert-butyl ester>
O

HaN ‘
OBut 1) 5N KOH
Ph/ | 2) 2N HCI P

The compound 41 is obtained in a good yield and optical purity in
the same manner as in Example 34, except that the allylated producf
(compound 35) obtained in Example 28 is used instead of the benzylated

product (compound 9) obtained by either one of Example 2, 21 or 22.
<Example 36: Hydrolysis (3) of tert-butyl ester>

1) 5N KOH
2) 2N HCl

Ph pH6.0

(36) (42)

The compound 42 is obtained in a good yield and optical purity in

the same manner as in Example 34, except that the cinnamylated
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(9) pH 6.0 (40) 25 To the benzyl ated product

(conpound 9) obtained by either one of Exanple 2, 21

or 22, a 5N potassium hydroxi de aqueous solution (an
excessive anount with respect to the conpound 9) is
added, and the 192 m xture is stirred for one hour

until the solution becones uniformon a water bath

at 40C to 50C. After cooling to roomtenperature, 2N
hydrochloric acid is added until the pH reaches 6.0.

Af tpeodwdrcompbngd 3 eobprisddcin Brawnply2dcispitedt mstedteof the

solutign is stirred under, ice cooling.for 5 3Q_mn.
Théeprdatqs pradact ompopaf &y Oﬁwnﬁé%@aﬁw e 8? Fxagiple 2, 21

(a%?rapri ate anmount). The crystals are dried at 50C
ove r% ght to give the conpound 40 in a good yield
and optical purity. <Exanple 35: Hydrolysis (2) of
tert-butyl ester> 10 0 O H2N OBut 1) 5N KOH H2N CH
5Phi<Exanile 3K HEdr#pbis (ABEH) tept-b6tyd ebety 15 The
conpound 41 is olfained in a good yield and op.i cal
purity in the s manner as in Exanple 34, eXcept

that the atiNla aduct nd 3%) ed in
ed KSEEt eadﬁ@mzyl At e pr &lict

Exanple 23 is d G
(conmpound 9) ~db d by eibheg e of Exappl
or 22. Zophggrrpl e 38 Hydrolysis (3) d#ntfert-but

ester> 0 0 H2N OBut 1) 5N K®H BN OH Phi~ 2) 2N HC

10

20

Ph~\ Ph pH 6.0 Ph 25 (36 42

P 50 (36) (42) (43)

The compound 43 is obtained in a good yield and optical purity iﬁ ‘
the same manner as in Example 34, except that the propargylated
product (compound 37) obtained in Example 25 is used instead of the
benzylated product (compound 9) obtained by either one of Example 2, 21

15  or 22.
<Example 38: Hydrolysis (5) of tert-butyl ester>
O
HoN
5 oBut nysnkoH PN
S \—cooBut
Ph/ 2) 2N HCI Ph s
pH 6.0
(38) (44)

The compound 44 is obtained in a good yield and optical purity in
25 the same manner as In Example 34, except that the
tert-butoxycarbonylmethylated product {compound 838) obtained in

Example 26 is used instead of the benzylated product (compound 9)
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The conpound 42 is obtained in a good yield and

optical purity in the sanme manner as in Exanple 34,
except that the cinnanylated 193 product (conpound

36) obtained in Exanple 24 is used instead of the
benzyl at ed product (conpound 9) obtained by either

one of Exanple 2, 21 or 22. 5 <Exanple 37:

Hydrolysis (4) of tert-butyl ester> 0 O HzZN OBut 1)

5N KOH HZN OH Phi~ 2) 2N HCl Phi® pH 6.0 10 (37)

( 43ptainpng by sithsuete 48 Bxeamade Zi Abdr 8- a good yi el d and
optical purity in the sane manner as in Exanple 34,
except that the propargylated product (conpound 37)
obtai - : 25 is used instead of the
begggpggggggg%%%gﬁﬁfconpound 9) obtained by either

one of Er rBsehit idbendion Qfrodidies <EXBIFAl ©hdSs-transfer catalyst
Hydrolysis (5) of tert-butyl ester> O O H2N OBut 1)

55N hé@khgHaNsiokp120 denfig@GBuen.2) TRN pithsePhrdsie@CHtalylst can be
6.0 (38) (44) The conpqound 44 is obtained_ in a good .

yi draduisd 8¥t Aclavwesumumpbern of myogesses dhanndimar cagvenjional

Exanpl e 34, exgept .t hat the ) .
ertrpteaty HIBER R aPut oPudh PhssmRlr eyt e
0bt@i-Nedeful fo b&s 29 o-R1kYPechhiRt £34 290 di®vatives thereof
benzyl ated product (conpound 9) 194

and o,o-dialkyl-a-amino acid and derivatives thereof. The amino acid
.10 and derivatives thereof play a special role in the design of a peptide
having enhanced characteristics as an effecfive enzyme inhibitor and as
a chiral structure block for synthesis of compounds having various

biological activities. Therefore, the present invention is useful for

development of novel foods or pharmaceuticals.
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obt ai ned by either one of Exanple 2, 21 or 22.

I ndustrial Applicability The present invention

provi des a chiral phase-transfer catalyst 5 having a
simpl er configuration. This phase-transfer catal yst
can be produced by a fewer nunber of processes than
for a conventional conpound, which reduces the cost.
Such a phase-transfer catalyst is very useful for
synthesis of a-al kyl-a-am no acid and derivatives
thereof and a, a-di al kyl - a-GEAIMSaci d and derivatives
thereof. The am no acid 10 and derivatives thereof
play a special role in the design of a peptide

havi ng enhanced chara eri.stjces n effegti

oy BFORRIB wGPTARAThy Hhec PR o R EeHa B LTtk f or
syntheS|s of conpounds havi ng various bi ol ogica
activities. Therefore, gshe g¥r esent invention is

suseful for develqgnent of Jnovel, foods or

15

20

25

phar maceuti cal s.
represented by the fqg

substituted with at

be branched, 15 a
10br anched,

A conpound
ornul A1) below R3 R2
RS R N A X7/ RB R4 RL. 10

Ra RL/ R7 RS/

R3, R2 (1) mherelq;ﬁp uR% Rl' ar Mi nd€pendent |y an

aryl group, wher eiff @
group consisting §¢. q A
R

U‘F}Rﬂ’ay be

@ group selected fromthe
] #4' al kyl group that may

alkoxy group)that may be

wherein R! and R are independently an aryl group, wherein the aryl
group may be substituted with at least one group selected from the group
consisting of:

a Ci to C4 alkyl group that may be branched,

a Ci1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cs alkyl group
that may be branched, a cyano group, -NR2°R2! (where R20 and R?! are
each independently a hydrogen atom or a C; to C4 alkyl group), a nitro
group, a carbamoyl group, an N-(C: to Cs alkyDecarbamoyl group, an
N,N-di(C;1 to Cs alkyDcarbamoyl group, or -NHCORS? (where R? is a C; to
C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a hydrogen
atom or a Ci to Cs alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkyl)carbamoyl group,
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an aryl group that may be substituted with a d to 4
al kyl group that may be branched, a cyano group, '
-NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a C to C4 al kyl group), a nitro
group, a carbanoyl group, an N-(Cd to C4

al kyl ) carbanoyl group, an 20 NNN-di (A to 4

al kyl ) car banmoyl group, or -NHCOR9 (where RO is a C
to C4 alkyl group that may be branched), a cyano

group, -ANRMR2L(CwheCeaR3Dcartithrivayil growp,each

i ndependently a hydrogen atomor a G to C4 alky

gr oup) , ZI‘SHQQR”t fwhepreo B3, isa ac &n bndil a@ybﬁougnthqt(@ay be
to. 4 | ) car banoyl group, 196 an NNNdi(CO to C4

al WF‘? anmoyl group, -NHC(PQ (where RO is a G to

4 al kyl be branched), a hal ogen
atom an?:lglg%%?d}a R V\,here nis 0, 1or 2, and Ris

s5a O to GHodl-Ryw@reulsohator 2raindiR i9s @ a0 ach) s1keY givhy that

15

20

25

be substituted wwth -O(CH2)m O (where mis 1 or 2)

at masbt bomsche8)iand 4 taken together; wherein R2,

R2', R3, R3', R4, R4', R5, RS d :
hy & dB&h basghetituted wrikh P H Ol with 1 oy 05 1 O 9 at positions
i ndepe to Cl12 al kyl group that may be

br%n (Pg% }(e to 959 cycllc group; or are taken

t ogetdieln ke IQZE)I’RB] RdRVaRLMRs, FB, QP2 SEREGHE thyfiF SHEntd416ms;
group consisting of -(CHZ)m (where mis an  integer

10f r ovhetetrDRS hnd HREGEHR défr@IgH? C: ko O@HEIKE] goou) that may be

branched or form a cyclic group; or are taken together to form a divalent
group selected from the group consisting of: (CHgz)m- (where m is an

integer from 2 to 8);

HoC—CH, H, dCHz-fin
- - 0
N ;apd o2 “CH, ;and
CH, —CHa ~CHy
C2 Q @]
CHy-CH,

wherein X is an anion selected from the group consisting of a halide

anion, SCN-, HSO4 and HF>'.

2. The compound of claim 1, wherein R! and R! of the compound
represented by the formula (I) are groups independently selected from
the group consisting of a  3,4,5-trifluorophenyl group, a
3.4,5-trichlorophenyl group, a 3,4-difluorophenyl group, a 3-nitrophenyl
group, a 3-cyanophenyl group, a benzothiophenyl-2-yl group, a
3,5-difluoropheny! group, a  3-trifluoromethylphenyl group, a

2,4-difluorophenyl group, a 3-methylsulfonylphenyl group, and a
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15 and CH2 ; and CHZ -CH2,CG O O CHZ H2 CH2- CH2
wherein X- is an anion selected fromthe group
consisting of a halide anion, SCN-, HS04 and HF2 .
20 2. The compound of claim1l, wherein R and R' of
the conpound represented by the fornmula (I) are
groups i ndependently selected from the group
consisting of a 3,4,5-trifluorophenyl group, a
3,4,5-trichl orophenyl group, a 3,4-difl uorophenyl
gr @)p-bidtrfidroiRpReiyhedd gg6@upP, a 3- cyanophenyl
group, a benzot hi ophenyl -2-yl group, a

3, 5- difluorophenyl group, a 3-trifluoronethyl phenyl

3 OUD,H)? s‘{j’lﬂ? SHo! g,pﬁ,@%g?ﬂﬁlg % oup§7 aefy R® of the compound
2, re?.‘lfess nﬁel fll) u%eoﬁ)%&ﬂgg )(ﬂ dﬁgsllnd?ﬁ%ng%n%gﬁ ﬁ%‘tﬁ%%%oup

5 e&hﬁﬁﬁﬁ%ﬂ% Bunkh&d bR & chéilc %roa i ndependently a G
to C12 alkyl group 5 that may Branched or forma

cyclic group. 4. The conpound of claim3, wherein R7
and R8 of the conpound represented by the faqrnula

(1 )% afle grogmssmidn épféwaerﬁ | yhespicBadand o of h@eg F@Hpound

ﬁoﬁébfﬁsggﬁ&o@ %hg‘gl lg.ﬁu asglg uaFr’e ar%uet the ! %_ugtlg ﬁelected from
gr QHE gr@iﬂﬁc&s‘@ﬁﬂ%@@%ﬂetﬂgpg‘ﬁutpﬁ anmﬁylcﬁ{mﬁ%}gnq{utyl group,

claim4, wherein R/ and e compound

10r epiresebiitet ghyupt ha f-desllgaop,)amt & ctdiehagieroukb 6.
The conmpound of claim1l, wherein R7 and R8 of the
compound represented by the formul a (I) are taken

o S B Peeio LFerc) EL B AR R AR o

f r Q'gbges{aﬂteﬁ)by the formula (I) are the same.

15 6. The compound of claim 1, wherein R7 and R$ of the compound
represented by the formula (I) are taken together to form a divalent
group selected from the group consisting of: -(CHz)m- (where m is an

integer from 2 to 8);

20 H,C—CH, B, SH§H
4 —~C _O O

N ;and 2 CH,

cH —CH, &y

2 “e-Q o~
2 CHy-CHsp

25 7. A method for producing the compound represented by the formula (I)
of claim 1, which comprises:

reacting a compound represented by the following formula (ID):
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20 H2G-CH2 ,C2- 1 H2-CH2 and -CH2 C CH2 CH2 - CH2-
HO GCH2 C2 CH2-CH2 25 7. A nethod for producing

t he conpound represented by the formula (1) of claim
1, which conprises: reacting a conpound represented
by the followng formula (11): 198 RB RZ R4\ RL R5
Is/ CHRZ RR5, R5/ /| CH2Z R4 RI R3, R2.
(I'l) with a secondary am ne represented by the
following formula (I11): R7 10 HNRS (1I1) in an
organi c solvent in the prsesenge of an acid scavengi ng
agent, wherein in the fiprnu (II) Rl and R1l' are

i ndependently an argf R®lei n t he aryl group
may be substituted wi t} t one group selected
fromthe group consi S a-§fk, 20 C4 al kyl group
that may be br ancheR® o C5 ?fkoxy group that
may be branched, rRﬁ gro that may be

ssubstit ut ed W|th a%l |

branched, a cyano group R201 (where R20 and R21
are R* AN

R¥ R? (in
with a secondary amine represented by the following formula (III)
/R7
10 HN\R8 (I11)
in an organic solvent in the presence of an acid scavenging agent,
wherein in the formula (II}, R! and R! are independently an aryl
group, wherein the aryl group may be substituted with at least one group
selected from the group consisting of:
15 a C1 to C4 alkyl group that may be branched,
a Ci to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to Cs alkyl group
that may be branched, a cyano group, -NR20R2! (where R2' and R2! are
each independently a hydrogen atom or a C; to Cs alkyl group), 2 nitro
20 group, a carbamoyl group, an N-(C: to C4 alkyDearbamoyl group, an
N,N-di(Ct to C4 alkyl)earbamoyl group, or -NHCORS? (where R? is a C1 to
C,4 alkyl group that may be branched),
a cyano group,
-NR20R21 (where R2 and R2! are each independently a hydrogen
25 atom or a C;1 to Cs alkyl group),

a nitro group,

a carbamoyl group,
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each independently a hydrogen atomor a Cl to (4

al kyl group), a nitro 20 group, a carbanoyl group, an

N-(CL to C4 al kyl)carbanmoyl group, an N Ndi (O to

C4 al kyl) car banoyl group, or -NHCOR9 (where RO is a

Cl to ¢4 alkyl group that may be branched), a cyano

group, -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen 25 atomor a Cl to C4 al kyl

group), a nitro group, a carbanoyl group, 199 an

N- (CL t 0a/OA-ad kvl O LaKDD BB andy0Boudn N, N-di (G to C4

al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to

c4 aIkyIa@@bh@dﬂﬁﬂh>ﬁayﬂﬁ@kaﬂmamuﬂgmmn)5 a hal ogen

atom and_- S Iza R (where nis 0 1l or_2, and R.is

Cl to C4NH Q@ wheret Batis gaf b Qﬂaﬂ@ﬁ%os;m%rt%ymay be

be SUbiithted Mﬁth -0 (CH2)m O (where mis 1 or 2)
IR 3 and 4 taken together; 10 R2, R2', R3,

R3 R4, 3 BdlogeR2to@Oand R6, and R6' are all hydrogen

atons and Is a halogen atom and wherein in the

formil a {S(D))-R (Rhetnd iR®, aree 4, nddR ide 6 1ty Gy «Ikyk group that

Cl2 al kyl group that may be branched or form a cyclic

gr aeay; bobranchetliken 15 together to forn1a di val ent

(S € aHbraried i OHEEur OF Fshis o) o Rbet peptions
H2 0T EhRen todetlers - O O

Rz RZ, R3, R¥, R4, R4, R5 R%, Ré and R® are all hydrogen atoms:

and

Z is a halogen atom, and

wherein in the formula (IIT), R” and R? are independently a C; to
Ciz alkyl group that may be branched or form a cyclic group; or are taken
together to form a divalent group selected from the group consisting of:

-(CH2)m- (where m is an integer from 2 to 8);

H,C—CH, H, ,CHz’CHz
. —ey© 0 O
; and ? ?Hz
CHa —CHa 0 O,CH2
Ho CHy-CHy

8. The method of claim 7, wherein R! and R! of the compound
represented by the formula (II) are groups independently selected from
the group consisting of a  3,4,5-trifluorophenyl group, a
3,4,5-trichlorophenyl group, a 3,4-difluorophenyl group, a 3-nitrophenyl
group, a 3-cyanophenyl group, a benzothiophenyl-2-yl group, a
3,5-difluorophenyl group, a  3-trifluoromethylphenyl group, a

2,4-difluorophenyl group, a 3-methylsulfonylphenyl group, and a
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; and CH2 CH -CH2, CH 2 c-0O0 2 HZ CH2-CH2 20 8.

The nethod of claim 7, wherein RL and R1' of the
compound represented by the formula (I1) are groups

i ndependently selected from the group consisting of

a 3,4,5-trifluorophenyl group, a

3,4,5-trichl orophenyl group, a 3,4-difluorophenyl

group, a 3-nitrophenyl 25 group, a 3-cyanophenyl

group, a benzot hi ophenyl -2-yl group, a

3, 2, SHoid(Hon@RbaRYhy Op syl geord.t ri f | uor onet hyl phenyl

group, a 2,4-difluorophenyl group, a

3- et hyl sul f onyl phenyl group, and a 200 2,
3-bis(trifluoronethyl)phenyl_ group.. 9. The nethod of
cl a‘%-rﬂ(h;e, ol of, et T SPEPTBH Teangieg%r&fa sffPpdary amine
represente he.f or nul I1]). are | endant.| y~a

o TEERERRY %F&lesf"é?“&g% @ﬂ;tarﬁalﬁaﬁée‘b‘{rl’g’%h%dehﬁ‘)f%lrzmalkyl

52 ?68%15 Eht" 5P be HandiR bR &fclielabip.9, wherein R7

and R8 of the secondary amine represented by the
formula (I11) are groups independently selected from

the group consisting of a_nethyl group, an ethyl )
gr d¥p Thenmathng of clyryup, wherpiaR] @@*ﬂa&fsy?f Hreotsongdary amine

I TR PAO S
I eRLESENIFL Ystidiof 20Bthfl Klohb aﬁ‘re@hdstl%og?ﬁ‘,%] g]}:ﬁlt}?group,

The nmet hod of claim 7, wheréin R/ an

10S ecandsiutybgtdwg, ahapiesd diredh, ndt heydshexs ardupl. 1) are
taken together to forma divalent group selected

fromthe group consisting of: -(CH)m (where mis an
I ntﬁQ%efnﬁ&'ﬂoﬁ gfoclzsigﬁl 1H0?%h%l;|ginHﬁ7 (a:ﬂ%_ FEA of the secondary amine

represented by the formula (ITI) are the same.

15 12. The method of claim 7, wherein R7 and R# of the secondary amine
represented by the formula (III) are taken together to form a divalent
group selected from the group consisting oft -(CHp)m (where m is an

integer from 2 to 8);

HoC—CH, H, SHaQHe
e ~C "O O
20 ;and ~ oM “CH,
—CH
CH2 Z‘ﬁ_o C),CH2
Y 2
2 CH,-CHy

13. A method for stereoselectively producing a compound represented by

25  the formula (VI):
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CH C-00- 20 and CH2 CHZ -CHZ,COQ CHZ HZ

CH2-CH2 13. A nethod for stereosel ectively producing
a compound represented by 25 the forrmula (VI): 201
160 Rl14 4*"~O-R1l7 )=N R15 5 R18 (VI) which
conprises: al kylating a conpound represented by the
formula (I1V) Rl4 R1I6 ~=NC-CO O R1l7 10 R16 H (1V)
with a conpound of the fornula (V): R18-W (V) using a
conpound represented by the formula (1) that is pure
with 15 respect to axis symmetry as a phase-transfer
catalyst: RBRRR R4 1 \' \ RLR7 RS 20 R6, R6 R6, N +

X-

10

15

20

25

/ R R4, RL, R3 R, (I)

===\
12_ x O—RY
R R18 (V1)

which comprises:

alkylating a compound represented by the formula (IV)

R14 R16
N—-C-CO-O-RY
R H (1V)

with a compound of the formula (V):

R18-wy (V)

using a compound represented by the formula (I) that is pure with

respect to axis symmetry as a phase-transfer catalyst:

in a medium in the presence of an inorganic base,
wherein in the formula (I), Rl and R!' are independently an aryl
group, wherein the aryl group may be substituted with at least one group

selected from the group consisting of:
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in a mediumin the presence of an inorganic base, 25
wherein in the formula (1), Rl and Rl are

i ndependently an aryl group, wherein the aryl group
may be substituted with at | east one group selected
fromthe group consisting of 202 a C1 to C4 al kyl
group that may be branched, a Cl to Cr, al koxy group
that may be branched, an aryl group that nay be
substituted with a Cl1 to C4 al kyl group that may be
br ancheda (a toyardkgr gopp thARBGRMe nalnehed, R20 and R21
are 5 each independently a hydrogen atomor a Cl to
C4 al kyl a§ndas,alkos gnogpdhat pravabebyamshedsl group, an

N-(Cl to C4_al kyl I N, Nedi

o1 ai Kyl JEAFELoyP BROTR s SRR YR b B 1 srow
a ¢hgt n%r 8k b nHQUR LAk pDENREARCNGHLre RACYANR2L are
group, 10 - NR2OR21 (where 0 and R21 are each

5 ndepkrdéaidndeatlyyd hgdeizenadtom or aaC{Tto Co alédylagdoyb), a nitro
group), a nitro group, a carbanmoyl group, an N-(Cl to
C4 @PRy pcearbameyl sgpampan 18- (&n &4, K« gilkxdearbammgyl group, an

o Nt 2 RO RagmRET st hearCOrharBgarm! # « 01 to
o1 T B e Sy B B6% ) e branched) ;. or
may be subgind bR, W th -0-(CH2)m O (where mis 1 or
2) at positions 3 and 4 taken together; R2, R2', R3,
10R3' , R4, NB»R?*Réyhers R2°Rend &l avéeechlinddpprdentdn a hydrogen
at ot or a C1 to Cs alkyl group),
| a nitro group,
a carbamoyl group,
an N-(C1 to Cy4 alkyl)carbamoyl group,

15 an N,N-di(C; to €4 alkyl)earbamoyl group,

-NHCOR?® (where RY is a C: to Cs alkyl group that may be
branched),

a halogen atom, and

-S(0)nR (where nis 0, 1 or 2, and R is a C; to C; alkyl group that
20 may be branched)?r
or may be substituted with “O-(CH2)mCO- (where m is 1 or 2) at positions
3 and 4 taken together;
R2 RZ, R3, R¥, R4, R¥, R5, R¥, RS, and R¥ are all hydrogen atoms;
R7 and R® are independently a Ci to Ci2 alkyl group that may be
25  branched or form a cyclic group; or are taken together to form a divalent

organic group selected from the group consisting of: -(CHz)m- (where m is

an integer from 2 to 8);
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R7 and R8 are independently a C to Cl2 al kyl group
that may be 25 branched or forma cyclic group; or
are taken together to forma divalent organic group
sel ected fromthe group consisting of- -(CH2)m
(where mis an integer from2 to 8); 203 H2C-CH2 2
Q H2-CHZ and -cH2 O-CH2 and CH2 -CHz,C O 0,CH2 / \

- H2 CH2-CH2 5 X- is a halide anion, wherein in the
formulae (1V) and (VI), R14 and R15 are each
i ndegendent |y (i) a hydnggéh"§om or (ii) an aryl

group that may be squ;jQ@edwth a d to C4 alkyl
10 group Y, r@Rdbe branched, §'cr awl cs al koxy
gr oup®fa {y be brédliehesl, g-CH hal ogen atom with

the provi

5t he case whéekechedh) R14 and R15 are

hydrogen atons is excluded, Rl6 is a group selected
fromthe group consisting of: 15 (i) a hydrogen
s5at v is @iliglide (dioho C o al kyl group that may be

branched or forma cyclic roup; (iii) a C2to C6

al keryreinginothe formulaesf Vhend{¥hched or forma cyclic

: ' G 1
gﬁiﬂ%ﬁ@é%%#%?gﬁhamd@%ﬁﬁ?t oup; (v) an aral kyl
group, V‘Gﬁ&ﬁkrﬁr&é&ﬁ ALyl ,group of the aral kyl group

10

15

20

25

al kynyl group that may be

(ii) an aryl group that may be substituted with a C; to Cis alkyl
group that may be branched, a C; te Cs alkoxy group that may be
branched, or a halogen atom; |

with the proviso the case where both R4 and R are hydrogen
atoms is excluded,

R16 is a group selected from the group consisting of:

{i) a2 hydrogen atom:

{ii) a Cy to Cio alkyl group that may be branched or form a cyclic
group:

{1i) a Cz to Cg alkenyl groﬁp that may be branched or form a
cyclic group;

(iv) a Cs2 to Cs alkynyl group that may be branched or form a
cyclic group;

(v) an aralkyl group, wherein the aryl group of the aralkyl group
may be substituted with at least one group selected from the group
consisting of:

a C1 to Cq alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to C4 alkyl group
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may be substituted wth at | east one group sel ected
fromthe group consisting of: 25 a O to C4 al kyl

group that may be branched, a C to C5 al koxy group

that may be branched, an aryl group that nmay be
substituted with a d to C4 alkyl group 204 that may

be branched, a cyano group, -NR20R21 (where R20 and

R21 are each independently a hydrogen atomor a C

to C4 alkyl group), a nitro group, a carbanoyl

gr chpt nddy bk (b(ﬁé.mtlﬁadgh afdayl groaphaNRgIR2Y I(@hpre B and R2! are
N, N-di (C1 to C4 al kyl)carbanoyl group, or -

(wheaeh IRQenesndsntlbf a ilyd@%n PRy pT grGupe ﬂq@tlkﬂagrose) a nitro

0 O o b a R P SOPton £ N S Chyr SO CHEY DepRRBP VS eegup. an
to \e-aldey ko ?jé%qﬂ}l)%@}bgﬂ%gFFg{u?ggﬁo CORAPRIRRS is a C; to

group, an group, an

5N, Necilk@ gﬂoﬁp%aﬁhkaﬂl)élﬂfdi@ﬁ@dm group, -NHCOR9 (where

ROis ad to ™ alkyl group that may be branched),
and 15 aalmtwygreuet om (vi) a heteroaralkyl group

hovers SRt B Y SheoranFanpeir g hraroen
sel.g g {0 h onsisting of: a Cl to C4

aIk ggoug g%g %&gﬁ%%&”@fanched 20 a Cl to GCs

alkoxy 0% Qo hadp May be branched an aryl group that

may be substituted with a d to Ca al kyl “group that

10may be b amdthzeghyla@rew@ano group, - NR2OR21 (where R20

15

20

25

and R21 are
an N-(C; to C4 alkyl)ecarbamoyl group,

an N,N-di(C1 to C4 alkylcarbamoyl group,

-NHCOR? (where R? is a C1 to Cs alkyl group that may be
branched), and

a halogen atom;

(vi) a heteroaralkyl group having a heteroaryl moiety, wherein
the hetercaryl moiety may be substituted with at least one group
selected from the group consisting of:

a C; to C4 alkyl group that may be branched,

a Ci to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to C4 alkyl group
that may be branched, a cyano group, -NR20R2! (where R2¢ and R2! are
each independently a hydrogen atom or a C; to C4 alkyl group), a nitro
group, a carbamoyl group, an N-(C; to Cs alkylcarbamoyl group, an
N,N-di{C; to Cx alkylcarbamoyl group, or -NHCOR? (where R?% is a C1 to
C4 alkyl group that may be branched),

a cyanc group,
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each independently a hydrogen atomor a Cl to (4

al kyl group), a nitro group, a carbanoyl group, an
N-(CL to C4 al kyl)carbanmoyl group, an 25 N, N-di (C to
C4 al kyl) car banoyl group, or -NHCOR9 (where RO is a
Cl to ¢4 alkyl group that may be branched), a cyano
group, 205 -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a G to C4 al kyl
group), a nitro group, a carbanmoyl group, 5 an N-(Ci
to C4 al RIRPEZr belnoyg| RYraoub RZaardeaé¢hdind@pendertly a hydrogen
al kyl ) car banoyl group, -NHCOR9 (where RO is a G to
c4 aspmyr ageotihCe RBYL§E9"He  branched), and a hal ogen
atom 10 (vii) an aryl group, wherein the aryl group
my be s%%‘%tf?tgﬁ(f'g’d with at | east one group selected

fromthe, gr.euR, dfing of: a G to C4 alkyl group
that may be brao‘é}’gﬁ%ed‘% a G to G5 al koxy group that

may be bambdet@de GralayPbataeay] thatp, may be
substituted with a G to C4 alkyl group 15 that may
be br ancred, Nadit§avoCgrlayp carhapoReIoqaher e R20 and

R21 are i.n endent] y a hydrogen.at om or j

to C4 al @Eg "ugye]?ers E{igt’tsoa1 8ﬂoﬁ9p?&9ag}g§£ k%ﬂﬂ?/lt%ag may be
ar i to C4 al kyl)carbanoyl group, an

N, %?g?c(l%ril)%% al kyl ) car banoyl group, or -NHCOR9

(where R9hhRgenGitond C4 al kyl group that may be

branched), 20 a cyano group, -NR20R21 (where R20 and
R21 are ‘@ii¢han acdpgrmaentilerairh iy egdngroapomayr be sapstituted
to wci;gh gl: l1<eyalst g:rgg lélpgdp selected from the group consisting of:
a Ci to Cs alkyl group that may be branched,
a C; to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to C4 alkyl group
that may be branched, a cyano group, -NR20R2! (where R20 and R?! are
each independently a hydrogen atom or a Ci to Cs alkyl group), a nitro
group, a carbamoyl group, an N-(Ci to C4 alkylcarbamoyl group, an
N,N-di(C; to C¢ alkyl)carbamoyl group, or -NHCOR? (where R® is a C; to
Cs: alkyl group that may be branched),
a cyano group,
-NR20R2! (where R20 and R2! are each independently a hydrogen
atom or a C1 to Cs alkyl group),
a nitre group,
a carbamoy! group,
an N-(C1 to Cq alkyl)carbamoyl group,
an N,N-di(C; to C; alkylearbamoyl group,

-NHCOR? (where R? is a Ci to Cs alkyl group that may be
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a nitro group, a carbanmoyl group, 25 an N-(C to C4
al kyl ) carbanoyl group, an NNN-di (G to 4

al kyl ) car banmoyl group, -NHCOR9 (where RO is a G to
C4 al kyl group that may be 206 branched), and a

hal ogen atom and (viii) a heteroaryl group, wherein
the heteroaryl group may be substituted with at

| east one group selected fromthe group consisting of
5aC to 4 alkyl group that may be branched, a G
t 0 b&Bndieldxandgr oup that may be branched, an aryl
group that rmy be substituted with a G to C4 al kyl
group thielogay emppBAched, a cyano group, - NR2OR21

(where % andhe%z&f;lf) arﬁ )glrc:ug) Ikvhglx%? ﬁ_g?:[}gé%a?y]h%—ﬂ)ru%g%y be

atom or

cabp@Mlced wRtPat ms%ﬁ@é&ﬂ) @eﬁb&ﬂohﬁﬂf%'mngmtmg of:
group, an N, Nd al kyl ) car banmoyl group, or

5- NHCORO A Ghes €4 Bﬂikylgraup]thabma@ébedirhybheglc oup that may
be branched), a cyano grou E - NR20R21 (vvhere R20 and
R21 are ®hehe Cnadnoenupyhat magrksgeanchet at om or a

G oue. WL B SR By 5 e o
%Qe e, ﬁ@b%&lelﬂ}’ ) SABAIRYY, GURMRE RPherbHEREnd R21 are
wher e Rgls a C%ad kyl group that may be .

br %ﬁ@lh@ﬁaape&ﬁdnﬂy hﬂh@@ﬁfgeﬁt@:ﬂm or a C1 to C4 alkyl group), a nitro
10 group, a carbamoyl group, an N-(C; to Ci alkyDcarbamoyl group, an
N,N-di{C1 to C4 alkyDecarbamoyl group, or -NHCOR? (where R? is a C to
C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a hydrogen
15 atom or a C1 to Cq alkyl group),
a nitro group,
a carbamoyl group,
an N-(C; to Cy alkyl)carbamoy! group,
an N,N-di(C; to C4 alkylDcarbamoyl group,
20 -NHCOR?® (where R® is a C;1 to Cs alkyl group that may be
branched), and

a halogen atom;
R!7 is a C; to Cg alkyl group that may be branched or form a cyclic
group),
95 wherein in the formulae (V) and (VI),

R18 ig a group selected from the group consisting of:

(i) a C1 to Cyo alkyl group that may be branched or form a cyclic
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R17 is a G to Cs alkyl group that may be branched or
forma cyclic group), 25 wherein in the fornmulae (V)
and (VI), Ribis a group selected fromthe group
consisting of (i) a G to o alkyl group that may be
branched or forma cyclic 207 group; (ii) a Cs to Cs
allyl group or substituted allyl group that may be
branched or forma cyclic group; (iii) a C2 to C6

al kenyl group that may be branched or forma 5
cyerdep:group; (iv) a C2 to C6 al kynyl group that may

be branched qor form cyclic group;, (v n_ar al

group, V\E’Srae ﬁt?ﬁté’ @?X}I P&fy&w#‘?ﬂf@ﬁa&b{ @Puﬁﬁgﬁémay be
ma bstd fute it . | east one group sel ected
fré%gﬁ%h:eﬁgoﬁofﬁ%)ﬂ al%'cygﬁg?g}%’i ng of a Cl to C4 al kyl

group t hag) gag, ke ¢y anehel grodp Chat @b baltkaxyhall etiform a
that may be branched, an aryl group that nay be

Subgtlid gtomg; With a CL to C4 al kyl group that may be
branched, .a cyan group, -NR2OR21 (where 0 and 1 '
are 15 @dch ¢ndedenatyory gé“?@&h%‘@é‘?ﬁyapg%répg}éf’dgzr dgrm a
C4 al.kyl group), a nitro group, a carbamoyl group, an
N CEL %“%R’ al kyl ) carbanmoyl group, an N, N-di(d to

G4 al kyl s anLbaanw) 36@ Pwh&ein NHCEHRA hybey 6f RO dralld] group
ad to 4 alkyl gréggp@%]hat r%y be branchg)fj), a cyano

gr @ty b20subNBRARAL wWivh ertelda20 omndgiidip ss¢lectedcfrom the group
I ndependently a hydrogen atomor a Cl to C4 al kyl
gr semdistiagafit ro group, -

a Ci to C4 alkyl group that may be branched,

a C; to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cy4 alkyl group
that may be branched, a eyano group, -NR20R21 {where R20 and R2! are
each independently a hydrogen atom or a Ci to C, alkyl group), a nitro
group, a carbamoyl group, an N-(Ci to Cs alkyDcarbamoyl group, an
N,N-di(C; to C4 alkyl)carbamoyl group, or -‘NHCOR? (where R? is a C; to
Cs alkyl group that may be branched),

a cyano group,

-NR20R21 (where R2° and R2! are each independently a hydrogen
atom or a C1 to C4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(C1 to C4 alkyDcarbamoyl group,

an N,N-di(C; to C4 alkyl)carbamoyl group,

-NHCOR? (where R® is a C: to Cs alkyl group that may be
branched), and
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a carbanoyl group, an N-(Cl to C4 al kyl) car banoyl
group, 25 an N,N-di (O to C4 al kyl)carbanoyl group,
-NHCORO (where Rs is a O to C4 al kyl group that nay
be branched), and 208 a hal ogen atom (vi) a
het er oar al kyl group having a heteroaryl noiety,
wherein the heteroaryl noiety may be substituted
with at | east one group selected fromthe group 5 a
Cl to &4 alkyl group that may be branched, a G to
Cr, al koﬁ)haé@mmwhat may be branched an aryl group

t hat may bstltu gvvlthﬁ G grou

t hat may (‘Bg abﬁ‘é\‘i?&ﬁ%ﬁ‘ P4Ro @YIGE QRRQG‘RﬁlmPWﬁ%r@herem
R2 depende dr to

or qg@g% é%&ﬁﬁ W?ﬁ%gro ?Q Qlﬂ)gl tuyetfildvﬂyh (%g?eag% one group
cardaasreyd ﬁgﬁpgpg 1@[1 N(Cl to C4 al kyl )car barmyl

group, an to C4 al kyl) carbanoyl group, or
5 NHCOR9 @\ﬂld:pélﬁgky]smuﬁ]thtmma@beabﬂawchgi oup that may
be branched), ano group, - NR20R21 (where R2(1 and

R21 are 8&cHO] QT’dﬂ eRterupythat mag bybranchel.at om or a
1 %0 B e Bhe b I D R it e
(et R0 1S L PG, SR Rt ey e na 1 e
br aachadiepcatdneyhnahgdaigeat €6 or a C; to Cs alkyl group), a nitro
10 group, a carbamoyl groﬁp, an N-(C: to Cs alkyDecarbamoyl group, an
N,N-di(C: to C4 alkyl)carbamoyl group, or -NHCOR? (where R? is a C; to
Cs alkyl group that may be branched),
a cyano group,
-NR2R21 (where R2° and R2! are each independently a hydrogen
15 atom or a Ci to Cs alkyl group),
a nitro group,
a carbamoyl group,
an N-(C; to C4 alkyl)carbamoyl group,
an N,N-di(C1 to C4 alkyDecarbamoyl group,
20 -NHCOR? (where R® is a C: to C4 alkyl group that may be
branched), and
a halogen atom;
(vi) an aryl group, wherein the aryl group may be substituted
with at least one group selected from the group consisting of;
25 a C1 to C4 alkyl group that may be branched,
a Ci to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cs alkyl group
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(vii) an aryl group, wherein the aryl group may be
substituted wth at |east one group selected from
the group consisting of 25 a C1L to C4 al kyl group
that may be branched, a Cl to C5 al koxy group that
may be branched, an aryl group that may be
substituted with a d to &4 al kyl group 209 that nay
be branched, a cyano group, -NR20R21 (where R20 and
R21 are each i ndependently a hy drogen atomor a Cl

t o tBat anlaoybe droughed. & evancogrogpodiR °£2t Swheneolf® and R?! are
gr oup 1.t al kyl ) car banp g

N NP iBeRa gy A P’%%%E A6 oot br Phplmage).  nitro

Rl g

br definan (bt eloun £ KUY SOP AR Gy, an
ar eNeaat(ch m&m&mﬂﬁﬁdwa@obygﬂﬂ@em -HHOORA (véhdsd ROisGAC: to
al kyl group), a nitro group, 10 a carbanoyl group, an

5N (Glalkpl @puglthyt yoarhmboichgdoup, an N, N-di (O to C4

al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to
C4 al kyl #G¥OHpei°H8t nmay be branched), and 15 a

hal 00N ARREs(Kihl, BOELLTORLY) o BPUNIBBLEID o Rfirogen

heteroar grou

anwgﬁgﬁgig@t@ggggqﬂgﬁgmﬁme group consisting of. a
Cl to &4 alkyl group that may be branched, a Cl to C5

al koxy gamiipo ghaip,nmay be branched, 20 an aryI group
that may be substituted with a Cl1 to C4 al kyl group
10t hat may? Serigmayd §EMP.a cyano group, - NRROR21 (where

or a CL th G S DR R, Y O0en Atem
an N,N-di(C; to C4 alkyl)carbamoyl group,
-NHCOR® (where R?® is a C; to Cs alkyl group that may be
branched), and
15 a halogen atom;
(viii) a heteroaryl group, wherein the _heteroaryl group may be
substituted with at least one group selected from the growup consisting of:
a Cj to C4 alkyl group that may be branched,
a Ci to Cs alkoxy group that may be branched,
20 an arvl group that may be substituted with a C; to C4 alkyl group
that may be branched, a cyano group, -NR20R2?! (where R20 and R2! are
each independently a hydrogen atom or a Ci to Cs alkyl group), a nitro
group, a carbamoyl group, an N-(C: to C: alkyDearbamoyl group, an
N,N-di(C: to C4 alkyl)carbamoyl group, or -NHCOR? (where R® is a C; to
25  C4 alkyl group that may be branched),
a cyano group,

'NR2°R21‘(Where R?® and R2! are each independently a hydrogen

210



group, a carbanoyl group, an N-(Cl to C4

al kyl ) carbanoyl group, an N Ndi (O to C4

al kyl ) car banmoyl group, or -NHCOR9 (where RO is a Cl

to 25 C4 alkyl group that may be branched), a cyano

group, -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen 210 atomor a G to C4

al kyl group), a nitro group, a carbanoyl group, an

N(C to &4 al kyl)carbamyl group, 5 an NNNdi (G to

C4 agpmyiracEr traGoplkyd reoeR). - NHOOR9 (where RO is a Cl

to &4 al kyl, group that may be branched), and a

hal ogen %%Hﬁggﬁﬁgh(ix) a C3 to C9 propargyl group or

substit § rou 10 that may be branched,
u S%bﬁnh&?ﬁ 59§(1%pr,9 P y

and wherein i mula (V), Wis a functiona

group hay N(@ toe@Valkgl)aibaintdgyl gedih, Wherein in the
formula (VI), * shows a newly produced asymretric

5cent er. am B, NAi(Ghe Gealodcafbaneil gra®. wherein Ri

10%_ vy befaaprhehbmp

15

20

25

and R' of _the coppound_ represented by the formula

(1) are QFOUBE® {%}é‘ff@nggnﬁ § éél@c%éd@‘?’grﬁm?ﬂet owgy be
CORSJ. Sty Qf; a 3,4,5-trifluorophenyl group, a
S,EfgyﬁF?gﬁF%%ophenyl group, a 3, 4-difluorophenyl

group, a BalisbhQRE@O¥Hd20 group, a 3-cyanophenyl
group, a benzot hi ophenyl -2-yl group, a
3, 5- di f | wor aphe by | Cgpoamrgel 8edupi H1 sobshiBtthy Igybpangy] group
roup, a 2,4-dif|uorepheny| group, a
group, and a

wherein in the formula (V),
W is a functional group having a leaving ability, and
wherein in the formula (VI),

= shows a newly produced asymmetric center.

14. The method of claim 13, wherein R! and RV of the compound
represented by the formula (I) are groups independently selected from
the group consisting of a  3,4,5-trifluorophenyl group, a
3,4,5-trichloropheny! group, a 3,4-difluorophenyl group, a 3-nitrophenyl
group, a 3-cyanophenyl group, a benzothiophenyl-2-yl group, a
3,5-difluorophenyl  group, a  3-trifluoromethylpheny! group, a
2,4-difluorophenyl group, a 3-methylsulfonylphenyl group, and a

2,3-bis(trifluoromethylphenyl group.

15. The method of claim 13, wherein R7 and R® of the compound
represented by the formula (I) are independently a Ci to Ci2 alkyl group

that may be branched or form a cyclic group.
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2, 3-bis(trifluoronethyl)phenyl group. 25 15. The

met hod of claim 13, wherein R7 and R8 of the conpound
represented by the fornula (1) are independently a G
to Cl12 al kyl group that may be branched or forma
cyclic group. 211 16. The nethod of claim 15, wherein
R7 and R8 of the conpound represented by the fornul a
(1) are groups independently selected from the group
consi sting of a nethyl group, an ethyl group, an

n- but yl group, 5 an isobutyl group, an n-decyl -

O o 1BRS e Oke oty His Bherfi Wb apiua of fie compound
ek ﬁﬁ%ﬁg&i P_¥ t}@%&%@ kg 4de) %ﬁ)r&?s 195 ;%Sﬂg?tlgrose}&ted from

The aim erei
CONRe Wh6up Lomissenbed ndthyherdu®) Bdlaah{ll groap Cah akRityl group,
together to forma divalent group selected fromthe
5gr cupiscontyll groury sof n-de¢yCH2pnp, {rvhececlohixyl groun. nt eger
from2 to 8); HRGCH2 C2 / H2-CH2 15 ; and -cH2 (r)
CH CH2 -CHZ,C O QUCH 2 H2 CH2-CH2 19. The method

ai 1 rein the 0 und r rese
20 lfc[I 4 ‘{“f‘))mﬁs fus,e 60 Rl PRRYCR % cg’g‘f’ound
0. Jre?’félser{?daeﬁy ihd Rkm@fia tlb%re %H@EQJHQd represent ed by
t he romula (1V). 20. The nethod of claim 13, wherein
t he conpound represented by the formula (I) |s used
inaratio of 0.005 nol %to_ 0.05 nmol % per of

1025 hSheThenleethﬂd pémle%nl%dwwrelﬁeﬂﬁoalﬁ%@s (omhe gampound
;gergglgegﬁ yeqizk§ the ﬁ)rmu%é ( Gre Itgkglll ttggegtheg %ooffornI?a (ﬂvalent

group selected from the group consisting of' -(CHg)n (where m is an

integer from 2 to 8);

H,G—CH; H, PSHa§He
< —C "'O O
; . —CH ~
15 N ; and 2 ?Hz
CH —CH
}
2 GH,-CH,

19. The method of claim 13, wherein the compound represented by the
20 formula () is used in a ratio of 0.001 mol % to 0.1 mol % per 1 mol of the

compound represented by the formula (IV).

20. The method of claim 13, wherein the compound represented by the
formula (I) is used in a ratio of 0.005 mol % to 0.05 mol % per 1 mol of

25  the compound represented by the formula (IV).

21. The compound of claim 3, wherein either one of R” and Rf of the
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compound represented by the fornula (1) is a Cl to
Cl2 al kyl group that nay be branched or forma
cyclic group and the other of R7 and R8 of the
conmpound represented by the fornula (1) is a C2to
C12 al kyl group that rmay be branched or forma
cyclic group. 5 22. The conpound of claim4, wherein
either one of R7 and R8 of the conpound represented

by the formula (1) is a group selected fromthe

gr G@Hlp@élﬁéi@i’}‘%@ngﬁd by ke ﬁfgnm@}.aodh)p}s atderyr agkgugroup that
- but yl [ tyl - |

or dtp B eSO i SR o atioe G SR e o or ehe

and, 38, o8hd L REr&RARRURH thE RS8Rt €Kiy d,hg cﬁ&@gﬁ%&h}) that

is selected "fromthe group consisting of an

gr Qhfy babrandhet\Hr form Wcycha gringnbut yl  group, an
n-decyl group, and a cycl ohexyl group. 23. The nethod
50f claim9, wherein either one of R7 and R8 of the

£ A SR SR b o
' 7,
i gré: n é)g}égaﬂre@rgé’eﬁ't@i ﬁgdthtehﬁrﬂl & r(I)o{s R %roﬂﬁ%ﬁia%%’zelcﬂl Pjom the

am ne represented by the Tor

I S gof chisistid@ ofth kitbthgl euduyd, hat ety ghdup) haneRatyiQfroup, an
forma cyclic group. 20 24. The nethod of claim 10,

 whesdiutybgtoher apmededy] BYowndod3a ofclelrxyl gemonaisd yhe other of
aniqe repQFsented by the formula ( Ig% ;? a r?%p

105 e lecprg B phomhe remgrenp rsaﬁegf%dngy e Oﬁ@fl?ﬂ/ﬂ 1s selected
gr Qu n ethyl grou an. n-butyl roup,  an.isqgbut vl

o o & Brofln PnGBns”0nde Sl B Ve TR R, o

t hgs ST 2Rhup Rin 38k P8 cAfur BB dSPGRNIRLY! &Fupe
repr esent ed By the formula 25 (111) is selected from
the group consisting of an ethyl group, an n-butyl

group, an isobutyl group, an n-decyl group, and a
cy Aohkhe meghedpf dagnos, Wﬁ%elﬁeﬁﬁgw omecoiaRh amgl R® of the
151 L 600G Bl 3R el WSS U, 0,

ar Q4pub RRL Yo P B rPE ARANGI P & UPNA FNG hfid $hOWher of RT
angﬂtﬁé ot%gggb? R§ and R8 gf-thg& : g(M&J oo
and R8 of the secondary amine represented by the formula (I11) is a Cz to

Ci2 alkyl group that may be branched or form a cyclic group.

20 24. The method of claim 10, wherein either one of R7 and R8 of the
secondary amine represented by the formula (III) is a group selected
from the group consisting of a methyl group, an ethyl group, an n-butyl
group, an isobutyl group, an n-decyl group, and a cyclohexyl group and
the other of R7 and R8 of the secondary amine represented by the formula
25 (III) is selected from the group consisting of an ethyl group, an n-butyl

group, an isobutyl group, an n-decyl group, and a cyclohexyl group.
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conmpound represented by the fornula (1) is a C2to

Cl2 al kyl group that 5 may be branched or forma

cyclic group. 26. The nmethod of claim 16, wherein

either one of R7 and R5 of the conpound represented

by the formula (1) is a group selected fromthe -

group consisting of a nmethyl group, an ethyl group, -

an n-butyl group, an 10 isobutyl group, an n-decyl

group, and a cycl ohexyl group and the other of R7
an2iReTed nidthod wTpduid 1Bpwhsasihedihyr ke of MWh@ K4 bf the
is selected fromthe group consisting of an ethyl

gr cwpmpoandrreprasghtest buphe farmiukoBlisyh GriouPiz aklyl group that

n- dec roup, .and, a cycl Qhexyl group. 15 27, A
ethEY H°f~* Jrepstsdeie fagmath CBPHS %ﬂswnﬁctt%ie\;ghgr. af Riand RS of the

aci ' [ : Z{ an~ i nmRo u

et o ORI MBI 0000 68 EPHBrous
5 ONRRY BE b SRIHRE RBEN Ry cyichie dreqprul a (V1) that is
obt ai ned by the nethod of any one of clains 13 to 19,

25 and 26, under an acidic condition: 160 20 Rl14
4A*ORL7 N R15 Rla _(Vliﬁj(\/\here R14, R15, R16, R17

and6R Sheamethe of ehaingr Hiipwhareig efithpsqonegf B and R® of the
claim3). :28. A nethod for.proquci\ng an _optic

cerepuohnd WprlBEed O, R ROILTR, FIgBRb BRuich from whe

hy direhyy 2bRGst38e b M3 WRokFIARIAGT ?&-aup(,)fant ll_i‘-%iu‘gyl group, an

compound represented by the fTormula (V) 'that
10obtisonedl gwuphen eddyl godumprind Doecldhiex§l grddp did tie other of
19, 25 and 26, under an acidic condition: 5 R14 8160
N R7 and RS of the compound represented by the formula (I) is selected
from the group consisting of an ethyl group, an n-butyl group, an

isobutyl group, an n-decyl group, and a cyclohexyl group.

15 27. A method for producing an optically active c-amino acid, which
comprises’ hydrolyzing an imino group (R14R15C=N-) and an ester group
(-CO29RY") of the compound represented by the formula (VI) that is
obtained by the method of any one of claims 13 to 19, 25 and 26, under

an acidic condition:

20 R4 R160
=N
R15>—_ * O_R17
R18 (VD

(where R4, R!5, R16, R17 and R!® are the same groups as defined

25 in claim13).

28. A method for producing an optically active o-amino acid, which
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R15 O R17 R18 (V1) (where R14, R15, Rio R17 and R's
are the sane groups as defined 10 in clainm3), and
hydrol yzi ng an ester group (-CO2R17) of the acid
hydrol yzed product under an acidic or basic
condition. 29. A nethod for producing an optically
active a-amno acid, which 15 conprises: hydrolyzing
an ester group (-CO2R17) of the conpound represented
by the formula (VI) that is obtained by the nmethod of
anyompfee@f clains 13 to 19, 25 and 26, under a basic
condition: R14 8160 20 N R11 * &[%1 RL7 R18 (V1)
(wher e Fayfirolywing Raw, irmp geuRr SRARECER) sefrdhyr sempround

o oLk o 07D JuAE shYGh YL b teg et ot aoy
ungﬁé ofP1aRfnls Cil3ctocﬂf §I5ta!n(ar56,%gréler an acidic condition:

R14 R150
—N
15 x O—RY
R R18 (VD)

(where R14, R15, R16, R17 and R!8 are the same groups as defined
in ¢laim13), and
hydrolyzing an ester group (-COzR!7) of the acid hydrolyzed

product under an acidic or basic condition.

29. A method for producing an optically active o-amino acid, which
comprises:

hydrolyzing an ester group (-CO2R!) of the compound
represented by the formula (VI) that is obtained by the method of any

one of claims 13 to 19, 25 and 26, under a basic condition:

R14 R160
=N
12‘ * O—R"
R R18 (VD)

(where R14, R15, R16, R!7 and R18 are the same groups as defined
in c¢laim13), and
hydrolyzing an imino group (R4R!5C=N-) of the basic hydrolyzed

product under an acidic condition.
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