DESCRI PTI ON Optically active quaternary amoni um salt havi ng axi al
asymetry and process for producing a-am no acid and derivative thereof
with the sane 5 Technical Field The present invention relates to an
optically active quaternary ammoni um salt having axial asymmetry and a

met hod for producing the sanme. The present invention further relates to a
nmet hod for producing 10 an optically active a-am no acid and derivatives
thereof, by using this optically active quaternary anmoni um salt havi ng
axial asymmetry as a phase-transfer catal yst. Background Art

15a- Al kyl - a- am noaci dsr epr esent edbyhafptloay HZNCH(R) COOH are very

i nportant naturally occurring am no acids. Mst of the a-al kyl -a-am no
acids exist in animals, plants, mcroorganisns or the like in the L-form
having a L-configuration at a position carbon, and the L-formconstitutes a
pol ypept i de cHatinallOactivreqpdtesrdarathagivpiraliChdvneesial ssxmimetpy ands, f ungi
or microorgani sns as a non-protein conpound, Furthernore, .a. .a - dialkyl- a
- amno aci dsPlr"é?ﬁF%g"érﬂrﬁu‘Eigg&"?‘B?%ﬁ ﬁ?ﬁl@(%)%ﬁwfé&ﬁog?"é&b%%ﬁs t hat
are recentdy gaining attention because of their unique functions such as
bei ng stereochem cally stable and being not susceptible to enzymatic 25
hydr ol ysi s byTfhat@ase.1ahen the conpound is incorporated into a peptide.
Regar di ng the above-descri bed respects, see Bellier, B, et al.. J. Med.
Chem, vol. 40, p. T3@4resd@0ihveandnMissiek, toban eptrhlly abetve aedeomry
Asymmetry, vol. 8, p. 1305, 1997, The conpounds can_be used, for exanple,
as peptides MEHIPRGIER BhhhaUsd axsali apvpymetay fagds ¢ MetBed JorePioARFBELBES, and
chiral buildi I s_for Si zj conpounds _havin arioys .bi ol ogi cal
Setivities,  SioC s TG pkinr YV APRCA At SOTRAUR 1B LR XA BT
prepared Ry catl abyishilf ReY¥EMBhiuico LERChh@MerRUkivdl tRERRENEy R LthgCti Ve
nmet hod for preparing the sane has been found out. or exanple, the
si gni fi cance @fticablyrativphaseeinhanshenogiahakyktimyvind bl akymweotry as a
stereosel ective al kyl ation of glycine derivatives, is increased in the
field of procEwsethamifer pdtabstause of its easy application. A large 10
nunber of researches as to design of phase-transfer catal ysts have been
conducted by using mainly cinchona al kal oi d derivatives until now and
several usef hogds ve been reported (e.g., see Shioiri, T. et al.,
Stinmul ating g%%%%%ts |ﬁp%henistry, edited by Vogtle, F. et al., WLEY-VCH
Wi nhei m1p 123, 200Mkyaacaidoonnatids M represetled | Chiym Cehel5 Aghdulavol . 34,
p.3, 2001). However, when such phase-transfer catal ysts are used, various
probl ens ar e BaNSEYRCOA hare serpfimpontdmsgeatusalie dbeswinmentamiaol ands.t i me
reaction, or the necessity of |ow tenperature conditions. In particular,
for synthesi 2t a? -&gﬁlkyﬁhﬁdéﬁ?ﬂﬁmhcﬁﬂ Sas CHEG c AP bl ighdtve, PR al
phase- L1 ansf e, 3l alyshs. J8LhY ¢! hOMSHER R0, Slnghona, akkal.old, are not
very useful. He present 1 nventors have prepare n opflchﬁy active

quat ernary anggaisiesdoh, RAN RO La%kAl coRsHPRE lYpoiddbitdadifihedohhak it can
be used as a phase-transfer catalyst for synthesizing stereoselectively

a- anm no &l dsothsr desdr thed -dbov ex{sseen Jdpare den@bot arideOpeamiPatserd a
Publ i cati on No. 2001-48866; J%Fanese Lai d- Open Pat ent Publication No.
2003-81976; an@EmiteinT ceppapnd. j  Rwtheragye. sop o dialkyl-a-amino  acids

represented by a formula HoaNCR)R)COOH are compounds that are
recently gaining attention because of their unique functions such as
being stereochemically stable and being not susceptible to enzymatic
25 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



vol . 122, p.5228, 2000). For exanple, a spiro-conpound represented by the
followng formula is very useful for asymmetric doubl e al kyl ati on of

gl ycine derivatives and asynmetric nonoal kyl ati on of a-al kyl -a-am no acid
derivatives (e.g., alanine derivatives): PhF3 Br PhF3 (where PhF3
represents 3,4.5-trifluorophenyl group). However, a |arge nunber of
processes are required in order to prepare such spiro catal ysts, and for
exanpl e, when chiral binaphthol, which is easily available, is used as the
starting raw material, as nmany as el even processes are required only to

repare the s rtion <t eftmsi de _of the catal yst hus,
T ebar ot o (ARUEMEEAL b 90 2L e el il il Yt

preparation ta and 1 . resul cost,” W grg | ar ge
drawbacks.  SUEBSI¥, as pe%ﬁ@@sor}ﬂ'vﬁ% t:9 anhhhadd aSBeRY, em%@eRlze%z%%\ékg,ed a

conmpound represented by the followng fornula (1) below
R2' (1) wher eiimhibit@asdaml 'chanébiiildependant foy sntlasylingconmpouniehavimgt he aryl
group may be substituted with at |east_one group selected fromthe group
consi sting of Yaripwy biotpetypl sickiyitigr o@pwhrpa@vql%tﬁ;ky&@v@mmﬁ@dﬁ heyg Igent o Cs
SHEECTRL N, DN AN T O T R
(where R29 ang Bl a6&ffective method for preparing the same has been found out.
For example, the significance of chiral phase-transfer catalysts,
which allow stereoselective alkylation of glycine derivatives, is increased
in the field of process chemistry because of its easy application. A large
10 number of researches as to design of phase-transfer catalysts have been
conducted by using mainly cinchona alkaloid derivatives until now and
several useful methods have been reported (e.g., see Shioiri, T. et al.,
Stimulating Concepts in Chemistry, edited by Vogtle, F. et al.,
WILEY-VCH: Weinheim, p.123, 2000; and O'Donnell, M. J., Aldrichimica
15 Acta, vol. 34, p.3, 2001). However, when such phase-transfer catalysts
are used, various problems are caused such as use of a halogen-based
solvent, a long time reaction, or the necessity of low temperature
conditions. In particular, for synthesizing «,o-dialkyl-c-amino acids as
described above, chiral phase-transfer catalysts derived from such
20 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 used as a phase-transfer catalyst for synthesizing
stereoselectively o-amino acids as described above (see Japanese
25  Laid-Open Patent Publication No. 2001-48866: Japanese Laid-Open
Patent Publication No. 2003-81976; and Oo1, T. et al., J. Am. Chem. Soc.,

vol. 122, p.5228, 2000). For example, a spiro-compound represented by



each independently a hydrogen atomor a Cl to C4 alkyl group), a nitro
group, a carbanoyl group, an NN(C to C4 al kyl)carbanoyl group, an 20

N, Ndi (G to C4 al kyl)carbanoyl group, or -NHCOR9 (where RO is a C to
atomor a C to 04 al kyl group), 25a nitro group, a carbanoyl group, an
N-(C, to 04 al kyl)carbanoyl group, an N,N-di (G to 04 al kypcar banoyl group,
-NHCOR3 (where 116 is a G to 04 al kyl group that may be branched), a

hal ogen at ersruéMIEES HuyirSm@irid dOLbR aldRthtRd sf 2 G to
C4 al kyl g?c('%pf@itl a%ngn%§m€é§%ér)gncyﬁéd) or mgjy be substitut eg W th

- 0- (G 12) - Quly@he -dr{vGkiRp2-Lrd aty:pesitiic onsndalapthtiort akenaliylretdreino wher ei n
R2, R2', R3, R3', R4, Rd', R5, R5', R6, and Rel '‘are hydrogen atons; wherein
R7 and 12 &cadéenmdtem@@’uﬂdy&ﬂm@em‘(ﬁf@‘l%) aI kyl group that may be br anched
or forma cyclic group; or _a : Q_forma divalent group
selected fromthe group c§
from2 to 8); ; and H2c-&

PhF,
(where PhF; 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 binaphthoel, 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.



wherein X- is an anion_selected fromthe group consisting of a halide .
. ani on, SON., H804- and I'IF2'. ~ According to a second aspect, there is _
~provided a method for producing the conmpound represented by -the fornula (1)
of the present invention, which conprises: reacting a conpound represented
by the following formula (11): R3 R2 -5 CH2Z CH2Z Rl 10R3' R21(I1) with a
secondary angpemkgPresented by the following fornula (I11): R7 R(II1) in
an organic solvent in the presence of an acid scavengi ng agent, 15 wherei'n
in the formula (IAgcordRig dndk Brst aspedtntepeirdervidedan campruRd seRsCseise di Ret he
aryl group qgﬁ be %ubsHi?H%ep with at | east one group selected fromthe
group consi s HSH%H?H%FE: 5 04 al kyl group that may be branched, a 01 to
Cs al koxy group that may be branched, 20an aryl group that may be
substituted with a G to 04 al kylz@rogR that may be branched, a cyano
group, NRZOR21 (where R20 and_R21 ¢ach ipdependently a hydrogen atom or
a C to 04 alkyl group), a nR O ar banmoyl group, an N-(Cl to 04
al kyl kar banoyl group, -an N, N-di | / alkynca;banoyl group, or -NHCOR9
(where RO is a G to 25 C4 al kyN gFot 5 be branched), a cyano
gr oup, - N1/ 20R21 ( e RZfj#ar exeach i ndependently a
hydrogen atomor a G to 04 aﬁ§§ 3 nh&gp group, a carbanoyl group,

o R RZ )
wherein R! and RV az;e independently an aryl group, wherein the aryl
group may be substituted with at least one group selected from the group
.consisting oft |
a C1 to Cs alkyl group that may be branched,
.15 a C; to Cs alkoxy group that may be branched,
| an aryl _groﬁp that may be substituted with a C; to Cs4 alkyl group
that rﬁay be branched, a cyano group, -NR?R?1 (where R* and R2 are
each independently a hydrogen atbm or a C1 to Cy alkyl group), a nitro
-5 | group,‘ a barbamoyl group, an N-(C; to Cs alkyl)cai‘bamoyl group, an
20 N,N-di{C; to Cq alkyDcarbamoyl group, or -NHCOR?® (where R? is a Ci to
Cs alkyl group that may be branched),
‘acyanbgroup, | :
‘NR20R2! (where R20 and R% are each independently a hydrogen
atom or a Ci to C4 alkyl group),
25 a nitro group,
a carbamoyl group,
an N-(Cy to Cs alkylcarbamoyl group,
an N,N-di(Cl to Cq alkyDcarbamoyl group,

3a



5an N-(Cl to C4 al kyl)carbanmoyl group, an N,N-di (C to 04 al kypear banoyl
.group, ~ -NTICOR9 (where RO is a Cl to &4 alkyl group that may be _
“branched), a hal ogen atom and 10-S(0).-R (where nis 0, 1 or 2, and Ris a
Cl to 04 alkyl .group that may be branched); or may be substituted with
-0-(CH2)-0- or -0-(CHz)2-0- at positions 3 and 4 taken together; R2, Ry,
'Rs, Rs', R4, R4., Rs, R5', R6, and R6 are all hydrogen atons; 15 and Z is a

hal ogen atom and -NHCORW&/teirs RA fshe 09r vail @ (dlky) . grBtpatihtRin ¥ e

i ndependently a Cl to C s al kyl group that may be branched or forma cyclic
group; or arérhaken)f ogether to forma dival ent group selected fromthe
group consisting of: 20 -(CEI2)m (where mis an integer from2 to 8); H2
i2 CH-CH2 \ _c "abalogen appin, @CH2 ; CH2 | -C "*CG 0CY" 112 H2 OH2- OH2

~ -5(0)n'R (wherenis 0, 1 or 2, é.nd Risa C; to Cs alkyl group that

may be branched); | _ | .-
or may be substituted with -O-(CH2)-O- or -O-(CHz):-O- at positions 3
and 4 taken together; ‘
wherein R?, RZ, RS, RS, R¢, R¥, R5, R¥, RS, and RS are hydrogen atoms;
wherein R7 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 ofi “(CHa)m- (where m is an

integer from 2 to 8);

HzC'—CHz HZ 'CHE"-C\H?_- -

g —cr© 07 Ol

N ; and 2 . -~ CHz ;and
CHZ "'"’CHZ

-.%__O‘ O-—-CHz ’
1
2 CHy~CH,

wherein X' is an anion selected from the group consisting of a halide

anion, SCN', HSO4 and HFy'.
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According to a third aspect, there is provided a nethod for

. Stereosel ectively produci.ng a conpound represented by the formula (VI):

whi ch conprises: alkylating a compound represented by the formula (1V) RI16
N- C-00-0-R17 R15v) with a conpound of the formula (V): R18-WV) using a
conpound represented by the fornmula (1) that is pure with respect to axis
symmetry as a phase-transfer catal yst: in a nmedumin the presence of an
i norgani c base, Accordi rehdhd e Al : ' .

i ndependently an aryl fg égpgtfgédh&héek%%}h ﬂﬁ}uéqgrlgrf){qg%%&?Alﬁg{);gb}eg}spﬁgéﬁ%%%hgd
with at | eastorapaingreprpsestedégttealfidmotn hef e prascatamednsivhghiok compfiest 0 04
al kyl group that may be branched, a C to 05 al koxy group that may be
branched, an aryl §tatpng Agompepndaesnesantedtbodths folloavigg foomaha AlIkyl group
15 that may be branched, a cyano group, -NR29R21 (where R29 and R21 are
each independently a hydrogen atommgh ag€l to C4 alkyl group), a nitro
group, a %arbam)yl group, an l\l—£Ci o 04 al kyl)carbanmoyl group, an

N,N-di (G "to 04 al kyl karbam)yIR % KOR9 (where RO is a C to C4

al kyl” group that nmay be branched)j group, - NR20R21 (where
1129 and R21 are each independe R, omor a Cl to 04 al kyl

group), - R
. Rsl
_ CH>Z
) R4' R'I'
10 | RY R? (11)
with a secondary amine represented by the following formula (III):
HN’R |
\RB ‘ (:{ID

~in an organic solvent in the presence of an acid scavenging agent,
15 wherein in the formula (II), R! and R are independently an aryl
group, wherein t};e aryl group may be substifuted with at least one group
selected from thé group consisting of: |
a Ci to Cy4 alkyl group that may be Eranched,
a C; to Cs alkoxy group that may be branched,

20 an aryl group that may be Substituted with a C; to Cq4 alkyi group
that may be branched, a cyano gréup, -NR20R21 (ﬁfhere R20 and R2! are
each independently a hydrogen atom or a C; to C4 alkyl éroup), a nitro
group, a carbamoyl group, an N-(C: to Cs alkylcarbamoyl group, an
N,N-di(C; to C¢ alkylcarbamoyl group, or -NHCOR?® (where Rf is a C; to

25  Cas alkyl group that may be branched),

a cyano group,
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a nitro group, a carbanmoyl group, 25an N-(Cl to 04 al kyl kar banoyl group, an
N, N°di (G “te 04 al kyl kar bamoyl group, -NHCOR9 (where RO is a G to
04 al kyl group that may be branched), a hal ogen atom and _

-S(0)n-R (whereenis 0, 1 or 2, and Ris a C to 04 alkyl group that 5 may
be branched); or nmay be substituted with -0-(CH2)-0- or -0-(CH2)2-0- at
positions 3 and 4 taken together; 1t2, R2', Rs, Rs'," R4, Rd', R5, R5', RG,
and R6' are all hyorRORM &iesm RY and Risasy eatlndepepuialdtyy a 1GidigeR12

al kyl group that may be 10 branched or forma cyclic group; or are taken

t oget her to &mmmoa adCysd Eatllgriganiip),gr oup sel ected fromthe group

consisting of: -(CH2)m (where inis an integer from2 to 8); is a
hal i de ani on, whereRHrpgre®® formulae (1V) and (VI), R14 and R15 are each
i ndependently 20(i) a _hydrqgen atom or (ii) an-aryl group that may

be substituted wi thearhemaeyd 858 e) kyl group that nay be br anched, a Cl to C5
ol koxy Group Lhal ey B Bt el SRR 20T o 1o LS
R16 is a group sel&:&eﬁ_é{(eﬂé E‘ﬁ a%w@ar%%rgéﬁtérggppf : (i) a hydrogen atom
-I\:T}EICDR9 (where R? is a C; to C4 alkyl group that may be |
branched), | '
a halogen atom, and
10 -5(0)s-R (where n is 0, 1 oi 2, and R is a C; to G4 alkyl group that
may be brancheci); ' -
or m;ay be substituted with -0-(CHs)-O- or -O-(CHy)3-O- at positions 3
and 4 taken together; -
R%, R?, B3, R, R4, R#, RS, R¥, RS, and RY are all hydrogen atoms;
15 and | 7 |
| Zisa halogen atom, and | _
Whereiﬁ in the formula .(III), R7 and R® are independently a Ci to
Ciz alkyl group that may be branched or form a cyclic group; or are taken
together to form a divalent group selected fron.n the group consisting of

20 -(CHow (where m is an integer from 2 to 8);

H,C—CHa Ha | ,cHz'?Hz

g —ciy €0 O
N ; and 2 ?Hz
Dy

- 2 bh,dh,

25
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(ili) a O to Cro alkyl group that may be branched or forma cyclic group;
(iir) a C to Cs al kenyl group that may be branched or forma cyclic group;
"5(iv) a C2 to Cs alkynyl group that may be branched or forma cyclic group;
(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:
10a C to 04 al kyl group that nmay be branched, a C to C5 al koxy group that-
may be branched, an aryl group that may be substituted with a C to
C4 al kyl group that may be branched, a cyano group, -NR20R21 (where R20 and
R21 are each independently a hydrogen atomor a O to C4 al kyl group), a .
nitro 15 group, a carbanoyl group, an N-(ClL to &4 al kyl) carbanoyl group, an
N, N-di (Cr to 04 al kyl karbanoyl group, or -NHCOR9 (where RO is a O to C4
al kyl group that may be branched), a cyano group, - NR20R21
(where R20 and R21 are each independently a hydrogen 20 atomor a G to 4
sl kyl group), a nitro group, a carbanoyl group, an N-(Cr to (4
al kyl') car banoyl group, an N, N-di (G to C4 al kyncarbanoyl group, 25- NHCOR9
(where RO is a O to 04 alkyl group that may be branched), and a hal ogen:
atom (vi) a heteroaral kyl group haying a heteroaryl noiety,
wherein the heter, i tuted with at . |least one
sel ected fromt h”eb’“%g(?%uﬁr?éogts@iﬁg %&% ﬁllépeg PISIEE Ak O%rfgﬁﬁtefar?é? e%’é'ﬁiybe
br anched, 5@0@10}'&1@&@51‘{1@1}1&@@%})@@@11@ b éile fomyulaeVDE anched, an aryl
gr oup that may be substituted with a G to 04 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 géoup), a nitro group, a carbanoyl
group, an N-(Cl1 to 04 al kyé),par ba group, an 10 N,N-di (C1 to 04
al kyl') car banoyl group, or - re ROis aC to C4 alkyl group that
may be' branched), r}-‘N O0—R'T .

* .

15
R R18 (VI)

which comprises:

alkylating a compound represented by the formula (IV)

R‘iB
R14 |
| N-*"Cl}”(')O*-CJ--F-‘-:’7
RS H (IV)

with a compound of the formula (V):

R®-w (V)
using a compound represented by the formula (I) that is pure with

respect to axis symmetry as a phase-transfer catalyst:

3e



a cyano group, -NR20R21 (where R20 and R21 are each independently a
- hydrogen atomor a Cl to C4 al kyl group), 15a nitro group, a carbanoyl
group, an N-(Cl to 04 al kyl)carbanoyl group, an NN-di (C to 04
al kyl ) car banmoyl group, : C : -NHCOR9 (where R9 is a Cl
to 04 al kyl group that may be 20 branched), and a hal ogen atom
(vii) an aryl group, wherein the aryl group may be substituted with at
| east one -group sel ected fromtkil{a r oyp consisting of: a C to C4 al kyl
group that may be branched, 25at¥l t% C5 al koxy group that may be branched,
an aryl group that may be sgbst ] ] a G to 04 Alkyl group that may

be branched, a cyano group, WoORP1 tyfiere R20 and R21 are each .

i ndependently a hydrogen at omjp 2 Lo 04 algkyl group), a nitro group, a
car banoyl group, an N-(CG tRS r Dayl group, an N,N-di (G to C4
al kyl') car banmoyl group, or -NHEO ere RIN(s 01 to 04 al kyl group that
may be branched), a. cyano > ' MR20RB1 (where R20 and R21 are

to C4 al kyl group), a nitro

§4= al kyl ) car banoyl group, an

N, N-di (G to 04 al kyl) car banoyl . “-NHCOR9 (where R9 is
a G to 04 alkyl group that may /e H %nched), and(Id hal ogen atom and
15(viii) a heteroaryl group, wherein the heteroaryl group may be

substituted %;ﬂ{h@&i&ﬁﬁtﬁ};{?rﬁ%g%ﬁ%épqgfagin%ﬁq%%gn@%ei he group consisti hg of :

each independently a hydrogen.
group, a carbanoyl group,

aC to04 a group ‘
wherein in the formula (I), R! and R! are independently an aryl

10  group, wherein the aryl group may be substituted with at least one group
selected from the group consisting oft
a C1 to C4 alkyl group that may be branched, |
a C1 to Cs alkoxy group that may be branched,
an aryl group f:hat may be substituted with a C; to C;‘alkyl groﬁp
| 15 that may be branchecf., a Cyano group, -NRzURzl (where R20 and R2! are
each independently a hydrogen atom or a Cy to C4 alkyl gro:up), a nitro
group, a carbamoyl group, an N-(C; to Ca alkyDcarbamoyl group, an
N,N-di(C; to C4 alkyDecarbamoyl group, or “NHCOR?® (where R? is a C; to
Cq alkyl group that may be branched),
20 & cyano group, . -
-NR20R2! (where R20 and R?1 are each independently a hydrogen
atom or a C; to Cq alkyl group), | |
a nitz;o group,
a carbamoyl group, -
25 an N-(C: to C; alkyDcarbamoyl group,
an N,N-di(C; to C4 alkyl)carbamoyl group,

3f



a Cl to 05 al koxy group that may be branched, an aryl:- group that may be
substituted with a G to 04 alkyl group 20 that may be branched, a cyano
"group, -NR201t21 (where R20 and R21 are each.independently a hydrogen atom
or a Cl to 04 alkyl group), a nitro group, a carbanmoyl group, an N-(Cl to
04 al kyl ) carbanoyl group, an N,N-di (C to 04 al kyl)carbanoyl group, or
-NHCOR9 (where RO is a G to 04 alkyl group that may be branched), 25a
cyano group, .z o0R21 (where R20 and R21 are each i ndependently a
hydr ogen at om or a'@%&“ﬁ%ﬁ?@ﬁﬂéu@)pl to P4 mékyk gmpup thatambayrdel -
group, an NG t,0- al kyl kar banoyl group, an N,N-di (G to C4

al kypear-bano&’lraﬂ?lb‘?jigf' g -NHCOR9 (where R9 is a G to C4 al kyl group

. that may be branch d alogen atom R1l7 is a G to C8 al kyl group
that may be br anchggga(%? o?‘%ng’ 4&%3% i'c group), 10 wherein in the fornul ae
(V) and (VI), R18 i . e r he .qr.odp Siat. | of :

(i) ad to Co al k%@ﬁ?{)ﬁ%@%%:%%ngyggg %thrﬁicﬁéig aotré?rté(r??ﬁ%ﬁ&{/gﬁ@ gﬁaotup;
(i) a Cssto sy Bbbyhn@«)p or substituted alLlyl group that nmay be 15
branched or forma cyclic group; (i) a C2 to Cs al kenyl group
that may be loranehes: eubftitwted eytt) tQ@-(GHMHD- or -O-(CHYM)- at GosiQold 3

al kynyl group. that nay be branched or forma cyclic group; 20(v) an aral kyl
group, wher eizmdthtakantogebhetty of the aral kyl group may be substituted with
at |l east one_group_selected fromthe group consisting of; a G to C4 alkyl

h
group that - B. BPaRtnel Rh 1) B Répaal iRk prerbpydivgenmigmise branched,
2oan aryl 07 qHP oLQ%ke B MRasphRldtl & I 40 B ikl Fhod Wac®hoay e

10  branched or form a cyclic group; or are taken together to form a divalent
organic group selected from the group consisting oft -(CHa)m- (where m is

an integer from 2 to 8);

H2C— CHZ H2 ,cHz'”(in
g ey -0 <
N ; and 2 CHy | and
CHz _'CHZ Ci:
15 6Q o
HZ \ i
CHz’CHz e

X- 18 a halide anion,
wherein in the formulae (IV) and (VI),
R4 é.nd RI5 are each independently .
20 (i) a hydrogen atom; - |
(i) an aryl group that may be substituted with a Ci to Cq alkyl
group that may be branched, a Ci to C; alkoxy group that may be
branched, or a halogen atom; |
with the proviso the case where béth R34 and R are hydrogen
256  atoms ig excluded,
" R6isa group selected from the group consisting of

(i) a hydrogen atom;



that may be branched, a cyano. group, -NR20R21 (where R2 and R21 are each
independently a hydrogen atomor a G to C4 alkyl group), a nitro group, a
carbanmoyl group, an N-(Cl to C4 al kyncarbanoyl group, an N,N-di (G to C4

al kyl ) carbanoyl group, or -NHCOR9 (where RO is a Cl to C4 al kyl group that
may be branched), a cyano group, .NR20 R21 (where R20.and R21 are
each independently a hydrogen atomor a Cl1 to C4 al kyl group), a nitro -
group, a carbanoyl _ i MPAIRY 0am:

N, N-di (G to C4 al é%?é‘?ké‘ﬁ%‘?’a%?éu%,@“%@mﬁ% R A
a Cl to G4 al geipgroup that nmay be branched), and a hal ogen atom

(vi) a heteroaral kyl group having a heteroaryl noiety, wherein 15 the
heteroaryl noiety Yy dHeCsubdls alitemy] vimlpathdeasty dechgrmihpdser deted f rom
the group a G to C4 alkyl group that may be branched, a G to C5 al koxy
group that rra%é’cbé gsp@Prched, an aryl group that may be substituted with a Cl
to C4 alkyl group 20.th may. be _brapched, a cyano group, NR2oR21 (where
R20 and Rzél are ga W) i desp i desntiy oyl [8ranpgeintatiy b0 hraorbed o formyd
~group), a-nitro,.group,. a carbanmoyl group, an NN(Cl to C4 alkyl)carbanoyl
group, an N, ,\gy&}lﬁgoﬁg C4 al kyl ) car banoyl group, or -NHCOR9 (where RO is a

NR2ORDT (wher e o0 ek Hup T A6l RRSIEN tnSBREANS SRR nrallr e o
to C4 alkyl gh@yPhe sudshithidd Wiﬂ&’%ﬁ_t %ﬁg%kﬁg;-%&gcteﬁngﬁng Ghet %r%

al kyl) car banmoyl.”" group, an N, N-di ( to O anoyl group,
' consisting oft

}
10 _ a Cy to Cq4 alkyl group that may be branched,

- & C1 to Cs alkoxy group that may be branched, | |
an aryl grouia that may be substituted with a Cy to C4 alkyl group
that may be branched, a cyano group, -NR20R2! (where R2° and R2! are
_ each independently a hydroge_n atom or a Ci to C4 alkyl group), a nitro
15 ° group, a carbamoyl group, an N-(C; to C4 alkyDcarbamoyl groﬁp, an
| N,N-di(C; to Cs alkyDcarbamoyl group, or -NHCOR?® (where R? is a Cito
Cq alkyl group that may be branched), B
a cyano group, -
-NR20R2! (where R20 and R?! are each independently a hydrogen
20 ~ atom or a C; to C4 alkyl group),
a nitro group,
a carbamoyl group,
an N-(Ci1 to Cq alkylearbamoyl group,
an N,N-di(C; to C4 alkyDcarbamoyl group,
25 "NHCOR® (where R? is a C; to C. alkyl group that may be
branched), and '

a halogen atom;

3h



-NHCOR9 (where It is a Cl to 04 alkyl group that may be branched), and a
hal ogen at om , (vii) an aryl group, wherein the aryl group may be
"substituted with at | east one group selected fromthe group consisting of;
"10a C to C4 alkyl group that may be branched, a C to 05 al koxy group that
may be branched, ~an aryl group that nmay be substituted with a G to
04 al kyl group that may be branched, a cyano group, .NR20R21 (where R20 and

R21 h ind Ly.a.h tomor a O, to 04 alkyl
nitro 15 group. & G Bnfeyop it MR RErite Softarbesih Baldandyerhoun

N, N-di (Ci k s ' Cl to 04
Ayl group (hat he obe nrknebay o, B By W "6 ohRp ey ' ©

(where R20 and]de2dd alogn €RE Bréd}yienenegntloy: a hydrogen 20 atomor a G to C4
al kyl group), a nitro group,- a carbanoyl group, an N-(Cl to C4

al kyl ) car bamoyl gr eup, toad M diro&h thet edaybkpr-asadpnoyl group, 25- NHCOR9
(where RO is a C to 04 al kyl group that may be branched), and a hal ogen
atom 5 (viii) aepeCpaliydxygroup thaethensy bettenbtleé®r oaryl group nmay be
substituted with at | east one group selected fromthe group consisting of:
a G to 04 al kyl grewY! BEERumMByatbmayhashketitwdediwith 08 ab Khxalkgt gryupt hat
may be branchcgrd 5an_ aryl gE\‘OHp that may be substitgéed with a G to 04

al kyl group that &Y bebnsmcherea, CyAn0y &Iy r U R2NREberel ReaadeREDEeand

R21 h i d I hyd T 4 al kyl ,
ntro oroup, AbaPBarg D e SRR S s%a Ty FrlFeCRD QR GHRY an
N,Ncli(CG t k , - RO i G to 10
Ot abkyl oroTOERaE pay seoy Errach NG R G B kB rhags”
(where REG and NRQHOHt8 CARIkYINAERRAUFNERY R S NRBVTRALSMA RA 1S, (004

al kyl group),
Cs alkyl group that may be branched),

a cyano‘ group, _
-NR%R? (where R2® and R2! are each independently a hydrogen
atom or a C; to Cq alkyl group),
15 a nitro group,
| a chrbainoyl 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 Cq alkyl group that may be~
20 branched), and | ' |
| a halogen atom,;
(vii) an aryl group, wherein the aryl group may be substituted
with at least one group selected from the group consisting of:
a Ci to Cg¢ alkyl group that may be branched, |
25 a Ci to C; 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 aﬁd R?1 are
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a nitro group, 15a carbanoyl group, an N-(Cl to &4 al kyl) carbanoyl group,
an N,N-di (G to C4 al kyl)carbanoyl group, - -NHCOR9 (where RO is a G
"to 04 al kyl group that may be.branched), and 20a hal ogen atom and

(ix) a C3 to 09 propargyl group or substituted propargyl group that may be
branched, and wherein in the fornula ('Si), Wis a functional group having
a leaving ability, and 25 wherein in the fornmula (VI), * shows a newy

d d i dj - t, th i
br oduced asyel 6 RANLALY « boorernfSSORCLIG Lo @ GOUN BRREFLa ARTe 1
conprises: hygh Y& B@bamdyin ARug! o NRC, 14 b4%y@'&a§§éxﬁ6¥ﬂﬂg9%‘rgp,g§%§”)

of the conpound represented by the fornula 5(VI') that 1s obtarn

met hod of t hil, Bréi$€nto iMvellylearbauncdr g@uipack dNGICORM Gitane HILE% O RL7
-R18(VI) 10(where R1-4, R15, R15, R17 and R b are the sane groups as defined

in the presefi alkviegromprihat may beArenched)y to a fifth aspect, there is
provi ded a nmethod for producing an optically active a-am no acid, which
conpri ses?. 15hydr ot g¥4myeeant,m no group (WR150=N-) of the conpound

represented by the |a (VI) that is_obtained by the nethod of the
present inventi on,'ﬁﬁzz’f@ljl ZWE‘QFR &'e ,a@éngﬂ REheach independently a hydrogen

atom or a C; to C4 alkyl group),
a nitro group,
a carbamoyl gi‘oup,
10 an N-(C; to Cs alkyDcarbamoyl! group,
an N,N-di(C; to Cq4 alkyl)carhamoyl group,
"NHCORS® (where R® is a Ci to Ci alkyl group that may be
branched), and |
a halogen atom; and
15 (viii) a heteroaryl groui), wherein the heteroaryl group may be
substituted with at least one grdup selected from the group consisting of
.a Cl' to C4 alkyl group that may be branched,
~'a G to Cs alkoxy group that may be Branched,
an aryl group that may be substituted with a C; to C4 alkyl group
20 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'(Cl te Cs alkyDcarbamoyl grbup, an
N,N-di(C; to Cy alkyl)carbamoyl group, or -NHCOR?® (where R? is a C; to
Cs alkyl group that may be branched),
25 & cyano group, .
"NR20R#! (where R? and R®! are each independently a hydrogen
atom or a C; to C4 alkyl group),



~(where R14, RI5, RRGand Rib are the sanme groups as defined in the present
_invéntion), and - hydrol yzi ng an ester group (-CO2R17) of the
acid hydrol yzed 25 product under an acidic or basic condition.

According to a sixth aspect, there is provided a nethod for producing an
optically active a-am no acid, which conprises: - hydrol yzi ng an ester
group (-0Q@211.17) of the conpound represented by the formula (VI) that is
obt ai ned by the nerar}g@rcp%w@tpbe present invention, under a basic condition:
10(where R14, R15, R16, Rl17 and RIB are the sane groups as defined in the
present invention) a ca#damoyl grdidr ol yzing an i mno group (1114R3-50=N-) of
t he basi c hydrol yzed product under an acidic condition. D sclosure of

| nvention The pur peseNdCtth€ ulkgBrirbanneyitgronp| s to provide a chiral
phase-transfer catal yst hayving a si nE)I ified structure that can be produced
by a fewer nunber &R NAbdedyeo. Cs alkyDeateamppkerdug,nvention provides a
conpound represent he, follow ng formula (1) below R3 R2 wherei n
R, Rl', R, R2', %ﬁ%@ﬁs (herpaR? R52 R to Hgy alkal Reroupr thafr aupy be

i ndependent |y sel ectied f,romthe group consisting of: (1) a
hydr ogen ato ancgec{), and _ _ |

& halogen atom; _
R17 is a C; to Csg alkyl‘ group t:hat. may be branched or form a cyclic.
group), T | |
10 wherein in the formulae (V) and (VD),
R18 is a group selected from the group consisting of:
() a C1 to Cip alkyl group that ﬁ:xay be bfanched or form a cyclic -
group;
(i) a Cs to Cp allyl group or substituted allyl groﬁp that may be
18 branched or form a cyclic group; | |
(1)) a Cz to Ce alkenyl group that may:be branched or form a
cyclic group; .
(iv) a Cy to Cs alkynyl group that may be branched or form. a
eyclic groups " |
20 (v) an aralkyl group, wherein the aryl moiety of the aralkyl group
‘may be subs‘pituted with at least one group selected from the group
consisting of; ‘ |
a Ci1 to Cq4 alkyl group that may be brancﬁed,
a Gy to Cp alkoxy group that may be branched,
25 an aryl group that may be substitutéd 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 ‘C.; alkyl group), a nitro
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(ii) -NR20R21 (where R2 and R21 are each independently a 5 hydrogen atom or
.a G to C al kyl group); (ii1) a cyano group; (iv) a
nitro group; ‘ (v) a carl oanoyl group; (vi) an N-(C1
to C al kyl)carbanoyl group; 10(vii) an N,N-di (G to C4 al kyGCcar banoyl

group; -NHCOR9 (where RO is a Cl to C alkyl group that may be branched);
(ix) a G to Co6 alkyl group that may be branched or forma cyclic group;

15 C2 t lgk t BN i ;
(1)) a G2 1o TR B ke e B a5, B O A ek R e, S oup

(xi1). an aralRN-dgiCup, Cyaiidicarbicl gtou®i & INBTORe (@haldk®b ;2% 8] gup may

be substituted with at | east one group selected fromthe group consisting

of: a C to % allyykroumtipet hay beelyrabehkdinched, a CL to C5 al koxy group
that may be branched, an aryl group that nay be substituted with a G to C4

al kyl group 25 that av@polgodpanched, a cyano group, -N R20R21 (where R20
and R21 are each i pendently a hydrogen atomor a CI to C4 al kyl group),
a nitro group, a cgﬁgﬁﬁ?l whese RP an Errecach widependantiznmpydgogemp, an
N, N-di (C1 toar%4 al k Iddcar(faﬁ%ﬂ royp, or -NHCOR9 (where RO is a Cl to C4
al kyl group tHER ¥e§ Belbra H?O“ » cyano group, -NR2 R21 (where
R20 and R21 are eagthin%dgl%%gdently a hydrogen atomor a G to .4 al kyl
group), S ’ _ .
: a carbamoyl group,

| an N+(C; to Cs alkyDearbamoyl group,
10 an N,N-di(C, to Cs4 alkyDcarbamoyl group,
-NHCORS® (where R® is a Cr to C4 alkyl group thaf may lbe
branched), and
a hé.l'ogen atom;
(vi} a heteroa.r.a]kyl.group having a heteroaryl moiety, wherein
15 the heteroaryl moiety may be substituted with at least one group
selected from the group | 7
a C1 to Cy alkyl group that may be brgnched,
a C1 to Cs alkoxy group that may- be branched,
‘an aryl group that may be substituted with a C; to Cs alkyl group
20 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 C. alkylcarbamoyl group, an
N,N-di(C; to C¢ alkyDcarbamoyl group, of ‘NHCORS® (where R%is a Ci to
C4 alkyl group that may be branched), '
25 & Cyano group, “
-NR20R21 .(where R%.and R? are each independently a hydrogen
atom or a C; to C4 alkyl group); |
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a nitro group, a carbanmoyl group, an N-(Cl to 04 al kyl)carbanmoyl group, an
N,N-di (C to C4 al kyl)carbamoyl group, 10-NHCOR9 (where RO is a Cl to C4

al kyl group that may be branched), and a hal ogen atom (xiii) a
‘het eroar al kyl group haying a heteroaryl noiety, wherein the heteroaryl '
noi ety may be substituted with at | east one group 15selected fromthe group
consisting of: a Cl to 04 al kyl group that nay be branched, a Cl to 05

al koxy group that Mtgbegﬁ%pched, _ an aryl group that may be
substituted with a C to 04 al kyl group that nay be branched, a cyano

group, -NR20 R21 (whakbaiidd9l grghp21l are 20 each independently a hydrogen
atomor a Cl to 04 alkyl group), a nitro group, a carbanoyl group, an N-(Cl
to C4 al kyl) car bamayl Nd€otp CiaikN)dbdiabfbylt @0GA, al kyl ) car banoyl group, or
-NHCOR9 (where RO is a Cl to 04 alkyl group that may be branched), a cyano
group, 25- NR2OR21 ewHédedRE1dndCflkydcerkamby] grbependent |y a hydrogen at om
or a C tgq C4 alkyl roulg%, a nitro group, -a carbanoyl group, an N-(Cl to
C4 al kyecar banoy| gN%tﬁp rﬁ“l\h!eNBdeGS. at 61040 alkylkghraranpy thayr angy be

- NHCOR9 (wherbe Rgh'dS) a gl to C4 alkyl group that may be 5 branched), and a
hal ogen at om°TaRCcaed), BRE\) an aryl group, wherein the aryl group may be
substituted wth at il east e group selected fromthe group consisting of:
a C to 04 al kyl g%l(%iuagggeﬁlagpol%’y be branched, ' :

(vii) an aryl group, wherein the aryl group may be substituted
with at least one group selected from the group consisting of;
10 a C; to Cs alkyl group that may be branched,
a C1 to Cs alkoxy group that i:nay be branched,
an aryl group that may be substituted with a C1 to C4 alkyl group
that may be branched, a cyano group, -NR20R?! (where R20 and R2! are
each independently a hydrogen atom or a C; to C4 alkyl group), a nitro
15 group, a carbamoyl group, an Nf(Ca to Cs alkylcarbamoyl group, an
N,N-di(C; to C4 alkyDecarbamoyl group, or -NHCORB (where R? is a Ci to ,
Cq alkyl group that may be bra_nched),
a cyano group, o
-NR20R2! (where R20 and R2! are each independently.a hydrogeil
20 atom or a Ci to C¢ alkyl group),
a nitro group,
a carbamoyl group,
an N-(Cy to Cq alkyDcarbamoy! group,
an N,N-di(C; to C4 alkylearbamoyl! group,
25 "NHCOR® (where R® is a C; to Cq¢ alkyl group that may be
branched), and

a halogen atom.
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10a CI to C5 al koxy group that may be branched, an aryl group that

. may be substituted with a G to C al kyl group that may be branched, a cyano
group, -NR20R21 (where R20 and R21 are each independently a hydrogen atom
or a Cl to 04 alkyl group), a nitro group, a carbanoyl -group, an N-(Cl to
04 al kyl )carbanoyl group, an 15 N,N-di (G to C al kyl)carbanoyl group, or
-NHCOR9 (where RO is a Cl to C. alkyl group that my be branched), a cyano

group, -NR (30824 KovbesaryRratg, Rerate thaChetdrdepdngeinl ey Bydr ogen
atomor a G to 4 al kyl group), 20a nitro group, a carbanoyl group, an
N-(Cl to 04 shietituted Ratbout lepsdwpe groudl shlladité¢Cifrdm thé mbkyplcpasisbamol
group, -NHCOR9 (where RO is a Cl to 04 al kyl group that nay be
25 branched), a ha 6gén Catadley! ayeip Sed)maRrbewranshadis 0, 1 or 2, and Ris
a Cl to 4 alkyl group that, may be hranched); or may be substituted with
-0-(CH2), - 0- (wher&aCmbp £sRIBpXPEroyp Parli wagre branthed, t aken toget her; and

Wih i Ibast one T BU HERBLRA FFORFCHESGRGI BHbRE iy Corld BP0 O
o 91000 W P R f Lt BB R g 08,
s 01,9000 ek s e e eogp i & R o EPRIRY, oy gand 21
A0, 2P, s bamlen ot 0600k oot b kgt 2
al kyl group thEtdit@ytd€ihpDbetemeyiograne, gr oNBCORINRAMRR R she(y tB20 and
R21 are each independently a hydrogen atomor a G to C4 al kyl group), a
nitro grbap, Ca athylesoup|thgt eugy be branched), '
- a Cyano group,
-NR20R2! (where R? and R2! are each independently a hydrogen
atom or a Cj to Cy alkyl group), |
a nitro group,
15  a carbamoyl group,
an N-(C; to Cs alkyDearbamoyl group,
an N,N-di(C; to Cq alkylDcarbamoyl group,
-NHCOR? (where R® is a Ci to Cs alkyl group that may be
branched), and | |
20 a halogen atom; and
(ix). a Ca to Co propargyl group or substituted propargyl group
thatjmay be branched, and '
wherein in the formula (V), -
W is a functional group having a leaving ability, and

25 wherein in the formula (VD),

* shows a newly produced asymmetric center.
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an N-(Cl to C4 al kyl)carbanoyl group, 20an N, N- di (Cl1 to 4 al kyl ) car banoyl

. group, -NHCOR9 (where Ra is a G to C4 alkyl group that nay be
branched),. and a hal ogen at om 127 and R8 are groups i-ndependently
selected fromthe group consisting 25o0f: (i) a hydrogen atom (il) a Cl to
Cl2 al kyl group that may be branched or forma cyclic group; (i)

a C2 to Cl12 al kenyl group that may be branched or forma cyclic group;

(iv) a C to Cl12 alkynyl group that may be branched or forma 5 cyclic
group; (v) an aryl group, wherein the aryl group nay be substituted
with at | east one roggnselectedfromthe group consisting of: a G to C4
al kyl group that Hriane fayth asmpt,tfée@wamm@edgmap ﬁaﬁorrm“ydmg an .

branched, 10 Pt be stituted. wt G4 .al k

gioup t hat rra%g E?wabrf%& A}%B%ggcﬁg gr%ﬁg, ﬁiﬁ‘z“é Wlh @ng@% a%n%émgpe

each i ndependBhRl iC«-@H)yadd@geﬁteﬁgz@np T8¢ 320! deh%oiﬂE&)ﬁd 18pRYEed By Mietfbfnula
up, .an N(Cl to C4 al kyl Thar am)yl group, an ’

group, a car ?%Dtg :
N, N-di (G 5t o Ptklgﬁ BHsd ey he ?@P@GBO Hre PrRESCORD epigre pad wan@cahmoqdﬁms c4
al kyl group that may be branched), a cyapo group, -NR20og21 (where
R20 and R21 are each independgngly a g ogen atomor a Cl to C4 al kyl
group), a nitro group, .20a ca Pél ro p an N-(Cl to C4 al kypcar banoyl
group, an N,N-di (C4 to C4 al kyp -NHCOR9 (where R9 is
a GG to 4 al kyl group that rﬁys be br

R‘!B | (VI)

10 (where R4, R15, R16, R17 and R1® are the same groups as defined

in the present 1nvent1on)

According to a fifth aspect, there is provided a method for producing an optically
~ active g-amino acid, which comprises:
15 hydrolyzing an imino group (RM4R!5C=N-) of the compound
represented by the formula (VI) that is obtained by the method of

- the present invention, under an acidic condition:

R14 R180
=N '
20 R‘l?—- * O—R™
_ R18 ' (VD

(where R14, R15, R16, R17 and R!® are the same groups as defined

in the present invention), and

hydrolyzing' an ester group (-COsR!T) of the acid hydrolyzed

25  product under an acidic or basic condition.
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25a hal ogen at om - (vi) a heteroaryl group, wherein the heteroaryl
.group may be substituted wth at |east one group selected fromthe group
"consisting of: a Cl to C4 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 Cg al kyl group that may be branched, a cyano group, -NR20R21
(where R20 and R21 are 5 each independently a hydrogen atomor a G to (4
al kyl group), a nitro group, a carbamyl group, an N-N(Cl to C4 . . :
al kypcar barmoyl gr oéﬁ?OfglﬁgN'? RSBtk esPecl tesre & megYed A mategd fog marficingran oRfigabivo

(where R9 is an%at-&ninoaéiho%%c%m%is&é? C4 al kyl group), a nitro group, a
carbanoyl group, an N-(Cl to C4 al kKyl')<carbanoyl group, 15an N,N-cli(Cl to

| kyl b I . - [ 1 04 _al kyl
group that mmy be BAGSRZRE Sy SR oaEhibl (PO 2o hé Fpheiba
- ((CH2) COONRLO LG o bafvasien REBe 388mRld (F1F tﬂé@‘i?%b%giﬂhe’&dﬁgec'ﬁ@eﬂfe'tﬂoé?;gem ed
fromthe group ‘consisting of: 1) a hydrogen atom ) a G

to C grous t hik prRyntlievdatiamGhaes a basic condition:  (3) a 02 to 06 al kenyl group
that may be branched or forma cyclic group ; :

=N
R‘IS * OMR‘W ‘
R18 (VD
10 . (where R4, R15, R, R!7 and RI8 are the same groups as defined

in the present invention), and.
hydrolyzing an imino group (RM4RC=N-) of the basic hydrolyzed

product under an acidic condition.,

Disclosure of Invention

The purpose of the present invention is io 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® R2

(1)



25(4) a C2 to C6 al kynyl group that may be branched or forma cyclic group
; (5) an aral kyl group, wherein the aryl noiety of the aralkyl 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 C4 to C5 al koxy group
that may be branched, 5an aryl group that may be substituted with a Cl to
C4 al kyl group that may be branched, a cyano group, .NR20R21 (where R2 and
R21 are each independently a hydrogen atomor a G to C4 al kyl group), a
nitro group, a carbanoyl group, an N-(Cl to C4 al kyncarbanoyl group, an

N N-di (C4 to LK) Bar RAnDY I 0ROUR, 9F pNEEORY pe RI.10is a C4 to
C4 al kyl grod%ﬁ?%% ¥%h§ bg’g?%%ghgd)gﬁgeéf%h?'grdd%%bﬁ rErdiips - NR29

R21 (where R2Q4apehZti2de Q8¢ RonhtiaPendenionkis@inBydr ogen atomor a G to C4
al kyl group), a nitro group, 15a carbanmoyl group, an N-(Cl to C4

al kyCQcar | oanaoyl gfouphydangdt Modi;(C4 to C4 al kyl ) car banmoyl group

-NHCOR9 (where RO is a Cl to gé al kyl group_that may be branched), and 20a
hal ogen atom i) -NR20R#( fyherendt®Br oad aRKyargr eagh Haderrpdeniist ér oar yl
noi ety, rein. the heteroaryl [ may ke substituted with at |east one
group serggtg%w¥?6ﬁ??ﬁgnﬁfgd%l%g§%$%¥}ﬁﬁxg$f a Cl to C4 alkyl group that
may be branched, 2%g)Gl.tq -koxy group that may be branched,

an aryl group that néy jﬁ“ggggﬁétuted with a Cl to C4 al kyl group that nmay
be branched, a cyaft@)gnfitp,grolR201(21 (where R2 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 alkyl group), a nitro group, a
car banoyl group, aﬁWNl@ﬂﬁan@ngﬂamkyl)carbanpyl group, an N, N-di (& to 04
ﬁggyggcg: ggg‘;gg)erwan%@mcsﬁ S oy oty 0 G4 alkyl group that

10 {vii) an N,N-di(C; to C4 alkylicarbamoyl group:
{viil) -NHCOR? (where R® is a C; to C4 alkyl group that may be
branched);

(ix) a C: to Cs alkyl group that may be branched or form a cyclic
group:
15 {x) a Cz2 to Cs alkenyl group that may be branched or form a cyclic
group;
(xi) a C2 to C¢ alkynyl group that may be branched or form a
cyclic group;
{xii) an aralkyl group, wherein the aryl moiety of the aralkyl
20  group may be substituted with at least one group selected from the group
congisting of:
a C: to C4 alkyl group that may be branched,
a C; to Cs alkoxy group that may be branched,
an aryvl group that may be substituted with a C; to Cy alkyl group
25 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 Cs alkyDcarbamoyl group, an



5a cyano group, -NR29 R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a G to C4 alkyl group), a nitro group, a
car banoyl group, 10an N-(Cl to C4 al kyl)carbanoyl group, an N,N-di (Cl to 04
al kyl ) car banmoyl group, -NHCOR9 (where RO is a G to 04 al kyl
group that may be branched), and a hal ogen atom 15(7) an aryl group,
wherein the aryl group may be substituted with at | east one group sel ected
fromthe group consisting of: a Cl to 04 alkyl group that may be branched,
a Cl to 05 al koxy group that may be branched, an aryl group that may be

substituted w . |, t |.kyl ~aroup t h; e, branched, ,a cyano
group, - Nmowlﬁ(%(grtg %%ﬁ@gﬁf Hgoryé%é%%ﬁ n e%(gﬁéegﬁfvwreaﬁﬁ)}%?o%bw at om or
a G to C4 al kyh1ignQuplp tithtthhy Pe BrRhdhedp carl oamoyl group, an N-(Cl to 04
al kyl ) car banmoyl group, an N,N-di (G, to 04 al kyl)carbanoyl group, or
-NHCOR9 (where R9 iascyan@igréwp,04 al kyl group that may be branched), 25a
cyano group, -NR20R21 (where R20 and R21 are each

i ndependent |y a hydN&§8H! dvbaroR*haal RD 208 agckyindgpendsntly @ hyidregengr oup, a

car banoyl %;ou&f an Nﬂ(gkh%@E§7 aIk1CbarbanDyl group, an N, N-di (G4 to 4
al kyCcar batoy o3t 8Up, Y15 TWHBFe RO is a G to C4 alkyl group that may
be branched), and glgghpggﬂpgton1
a carbamoyl group,
an N-(Ci to C4 alkyl)carbamoyl group,
an N,N-di(C: to C4 alkylearbamoyl group,
10 -NHCOR? (where R? is a C1 to Cy alkyl group that may be
branched), and
a halogen atom;
(xiii) a heteroaralkyl group having a hetercaryl moiety, wherein
the hetervaryl moiety may be substituted with at least one group
15 selected from the group consisting of:
a C1 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 R2¢ and R2! are
20 each independently a hydrogen atom or a Ci to Cs alkyl group), a nitro
group, a carbamoyl group, an N-(C; to Ci alkyDcarbamoyl group, an
N,N-di(C; to C4 alkyDearbamoyl group, or -NHCORS® (where RY is a C, to
C4 alkyl group that may be branched),
a ¢yano group,
25 -NR20R2! (where R20 and R2! are each independently a hydrogen
atom or a C; to Cy4 alkyl group),

a nitro group,

jeii



and (8) a heteroaryl group, wherein the heteroaryl group
may 10 be substituted with at | east one group selected fromthe group
consisting of: a G to C4 alkyl group that nay be branched, a Cl1 to C5

al koxy group that may be branched, an aryl group that may be substituted
with a G to C4 15 al kyl group that may be branched, a cyano group,
-NR20R21 (where R20 and R21 are each independently a hydrogen atomor a ¢4
to C4 al kyl group), a nitro group, a carbanoyl group, an NN(Cl to C4

al kyl') carbanoyl group, an N,N-di (G to C4 al kyCcar banoyl group, or -NHCOR9

(where RO is a &4 to oup that may be branched), 20a cyano group,
-NR20R21 (where F\’Z(%1 C&%a%gyé}rogg’each i ndependently a hydrogen atomor a C

to C4 al kyl group) .anaNfCt @ CYaB)cadbLabhl M*D, group, 25an N-(Cl to C4
al kyCcar banoyl group, an N,N-di (G to C4 al kyl)carbanoyl group, -NHCOR9

(where RO is a Cl to XAN-dikylto §huedkyldaabamayl peup5 i ndependent |y sel ect ed
fromthe group consjsting of: ) (11) a hydrogen atom (2) a
C to C4 alkyl grouH}icﬁ%ﬁs fEpere Bt dhchda; to Cs alkyl group that pmyy dw aryi
group, wherein th ryl ,group may be substituted with at | east one group
sel ected ?‘{ron?rtaﬁétga?%oéﬁdconsi sting of: 10a C1 to &4 al kyl group that may be
branched, a G to G5 ahkaxXyrogf;oup that may be branched, an
aryl group that nay be substituted with a C1 to C. alkyl group that may be
branched, a cyano @riolpn aNRARIA (WWaesia RR0280¢:rRA1 Mmse beaatbstinde@endent |y
a hydrogen atomor a Cl to C4 alkyl 15 group), a nitro group, a carbanoyl
group, an N (Tthtas leastguedrpensplentd fromdine srawp Rppighipcafito C4

al kyl ) car banoyl grgt@%ﬁ@ @?@Eﬁ%{p(tm%[gay@e b?ane}:hg | to C4 al kyl group that

may be branched), -NR20R21 (where R2 and
R21 are epch indepgndentdyaikodd oMl AE8M A BWPIndhe® to C4 alkyl group), a

nitro group, _
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 C; to C4 alkyl group), a nitro
group, a carbamoyl group, an N-(C; to Cy alkylecarbamoyl group, an
15 N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCOR? (where R® is a C) to
Cy alkyl group that may be branched),
a cyano group,
‘NR20R21 (where R? and R2! are each independently a hydrogen
atom or a C; to C4 alkyl group),
20 a nitro group,
a carbamoyl group,
an N-(C; to Cq alkylcarbamoyl group,
an N,N-di(C; to C4 alkyDcarbamoyl group,
-NHCOR? (where R? is a Ci1 to Cs alkyl group that may be
25  branched),
a halogen atom, and

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



a carbamoyl group, an N-(Cl to C4 al kyncarbanmoyl group, an NNN-di (G to C4
al kyl ) car banoyl group. 25-NHCOR9 (where RO is a Cl to &4 al kyl group that
may be 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 fromthe group consisting of; a Cl to C4 al kyl
group that may be branched, 5a 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 each

i ndependent |y, tomor a G to C4 alkyl group), a nitro group, a
car banoyl gro%%?géﬁggg{?%ﬁto 4 al kyl ) carbanmoyl 10 group, an N, N-di (G to

C4 al kyl ) car hanayy barabptit@ed-WNHBACFIDSTR Rhers nft il ok @) G4 pakititnsgr oup
that may be branched), a cyano group, -NR20R21 (where R20 and
R21 are each 3 audpgaendentdgethetiypdidogen atomor a G to C4 al kyl group), 15a
nitro group, a carbagoyl group, an N-(ClL to C4 al kyl)carbanoyl group, an
N,N-di (G to C4 al BW))% RireyY! GFHep, wherein the heterdaryl groummenRye(wher e

R0 TS 2 O AN 0 24 3k TP R0 I RNGE kB0 2, Bl Ogen atom

and n is an iSrlllteger_ rom 1 3 (where R12
and R13 are groupsalg]c{gqglncgﬁg%é%uﬁgbggm Bd pFRdcRAeq 9r oup consisting of:
a

25(1) a hydrogen atom (2) to C4 al kyl group that nay 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
10  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(Cy to Ca alkylcarbamoyl group, or -NHCOR?® (where R? is a C; to
C4 alkyl group that may be branched),
a cyano group,
15 -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-(Cy to Cy4 alkyDcarbamoy] group,
20 an N,N-di(C; to Cs alkylcarbamoyl group,
‘NHCOR?® (where R® is a C: to Cy alkyl group that may be
branched), and
a halogen atom;
R7 and R® are groups independently selected from the group consisting
25 of:
(i) a hydrogen atom;

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



(3) an aryl group, wherein the aryl 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, a G to C5 al koxy group that may be branched, an aryl
group that may be substituted with a C to C. 5 alkyl group that may be
branched, a cyano group, -NR20R21 (where R20 and R21 are each independently
a hydrogen atomor a G to &4 alkyl group), a nitro group, a carbanoyl
group, an NN(CG to C9 al kyl)carbanmoyl group, an NNN-di (G to C4

al kyl ) car banoyl group, or -NHCOR9 (where RO is a Cl1 to C4 al kyl group that
may be branch é . 10a cyano group, -NR20R21 (where R20 and
R21 are each T'n gbendently a hydrogen atomor a Cl to C4 al kyl group), a

nitro group, a carhbamyC,a60uR, alkeafl Brdiplike frh a&&%kamreaadmvdmﬂaourx an
N, N-di (Ct to C9 al kyl)carl oanpyl group, -NHCOR9 (where RO is a C to 4

al kyl group tdvalicgeyube branched), and a hal ogen atom and 20(4) a

het eroaryl group, erein the heteroaryl group may be substituted with at
| east one group seli@beel: fipdmetdeyayogiywworkatsmias poprandedi Damapky |
group that ma e branched, a Cl to C5 al koxy group that may be branched,
25an aryl gro fﬁﬂpuﬁay be substituted with'a G to C4 alkyl group that

may be branched, a(gyANQrI2bEp, wﬁﬁeapﬁ?é%a&% B9 iRt u it Rach

i ndependent |y a hydrogen “atomor
at least one group selected from the group consisting of:

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

10 an aryl group that may be substituted with a C; to C4 alkyl group
that may be branched, a cyano group, -NR29R2! (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 C4 alkyDearbamoyl group, or -NHCOR? (where R? ig a C; to

15  Cu alkyl group that may be branched),

a cyano group,

-NR20R21 _(Where R20 and R2! are each independently a hydrogen
atom or a C1 to C4 alkyl group),

a nitro group,

20 a carbamoyl group,

an N-(Cy to Cy 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

25 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:



group), a nitro group, a carbanmnoyl group, an NN(C to 04 al kyl) carbanoyl
group, an N,N-di (G to 04 al kyecarbanoyl group, or -NHCOR9 (where R9 is a
Cl to &4 alkyl group that may be branched), a cyano group, 5R21 (where R20
and R21 are each independently a hydrogen atomor a G to 04 al kyl group),
a nitro group, a carbanaoyl group, an N-(G to 04 al kyncarbanoyl group,
10an N,N-di (G to C4 al kyDcarl oanoyl group, -NHCOR9 (where RO is a C to 4
al kyl group that may be branched), and a hal ogen atom and n is an integer
froml to 12); 15(x) -(CH2),NR12R13 (where R12 and R13 are groups

i ndependently sel eg;@%f)fcgége[%%pgﬁc%%&%gt gaoag,s%?ga'arrlghg&: (1) a

hydr ogen atom (2) gr ou nay 'be branched;

(3) an aryl group, a\hapaimikbey ﬁfdﬂp @0 Wy BY bR B@dsubstituted with at
| east one group selected fromthe group consisting of: a G to 04 alkyl

group that nmay be bnamghseupah@t niay &bsalskoyeQwoapa Chat Grealkiegtunanched,
an aryl group_that nmay be substituted with a Cl to 04 alﬁl%l group t hat may
be branched, ®aéyannbgrsapchednro oy examier YRR Jwhgpel RE 2nd % eaven

ndepercent | o YICCRLLBLETIRGAG LB, O AL AT a0 Lo roue, s
al kyl') car bamoyl,,@r QUR, rbQb v NHEPRD, GWheE@, R ¢, alkylcarbamoyl group, an
N,N-di(C1 to C4 alkylcarbamoyl group, or -NHCOR? (where R? is a C: to
C4 alkyl group that may be branched),
a cyano group,
10 -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-(C; to C4 alkyDcarbamoyl group,
15 an N,N-di{C; to Cs alkylecarbamoy! group,
‘NHCOR?® (where RY is a C1 to Cs alkyl group that may be |
branched), and
a halogen atom;
(vii) -(CH2}nOCONRWR! {where R1® and R are groups
20  independently selected from the group consisting of:
(1) a hydrogen atom:
(2) a Cy to Cy4 alkyl group that may be branched;
(3) a Cq to C¢ alkenyl group that may be branched or form
a cyclic group ;
25 {4) a Cz to Cg alkynyl group that may be branched or form
a cyclic group ;

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



is aCltoC4 alkyl group that may be branched), a cyano group,

-NR20R21 (where R2 and R21 are each ndependently a hydrogen atomor a Cl to
C4 al kyl group), 5a nitro group, a carbanoyl group, an N-(Cl to C4

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

-NHCOR9 (where RO is a Cl to ¢4 al kyl group that nmay be 10 branched), and a
hal ogen atom and (4) a heteroaryl group, wherein the

het eroaryl group may be substituted with at | east one group sel ected from

t he group consisting of: 15a Cl to C4 al kyl group that nmay be branched, a

Cl to & al kO gqﬁ£¥ %Eys%gtll%t%(ﬁjvpﬁﬂ at least one lgﬁm%p s&ec%dy%oﬂr oup

that nmay be sub Kyl "group ranched, a

cyano group, m@l@@ﬁg@oﬁgmgi'ﬁgomo and R21 are each |ndependently a hydrogen
atomor a C to C4 alkyl 20 group), a nitro group, a carbanoyl group, an

N(C to C4 al kyl) carbam@h tcgﬂmatkyl@nod}p bhati p&y bedr&Actaddkyl ) car banoyl
group, or -NHCOR9 (where RO is a Cl to (4 alkylmg@oup that may be
branched), a cyano groupt €1 te Cs alkoxy group that gy ere R2 and R21

are each inhdependent | a 25 dro e ton1o k 0 a
nitro_grp&% g carban%yl 4 (ETyté éE%%VbVF§4%ﬁ§a t%#%hp, an
N, N-di (G to e@ﬁ P‘Ei‘é’d %tbﬁ%?%e Qfeﬁi&ﬁied &"‘c‘%’ﬁ@ g(rwﬁr@\?ﬁ@Rms(x@th k® C. group

that may be brancfied), and 5a hal ogen atom
and R2%! are each independently a hydrogen atom or a C; to Cs alkyl

group), a nitro group, a carbamoyl group, an N-(C;1 to Cs alkylDcarbamoyl
group, an N,N-di(C; to Cs alkylcarbamoyl group, or -“NHCOR?® (where R?
10  isa C;to Cy4 alkyl group that may be branched),

& cyano group,

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

a nitro group,

15 a carbamoyl group,

an N-(C; to Cs alkyDcarbamoyl group,

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

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

20 a halogen atom:

(8) a heteroaralkyl group having a hetercaryl moiety,
wherein the heteroaryl moiety may be substituted with at least ome
group selected from the group consisting of:

a C1 to Cs alkyl group that may be branched,

25 a Ci 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

10



and nis an integer froml to 12); (xi) -(CH2)0Y-0R12 (where Y is a
Cl 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 G to C4 alkyl 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 G to C4 alkyl group that may be branched,
15a 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 oroup. sAFGR: A LS. Ran AN AL AEG SR LD IPRERAS by aliydr ogen

atomor a Cl group a ntro oup, a car up,”an N-(C1

to C4 al kyl) cafhal,a0mltrad Brd@ip0 WibarBAmMbY Ne@iupCant 0-(CA ALK MR ARLRPRARYY gr oup,
or - NHCOR9 (V\%rerg R9 ig gr O’potoa& a:{\)lﬁ% ;Epogrpl t hat may beﬂbraanche%), a

cyano group, group, an N,N-di(C: NRRQ alRil){anhamey R2fuandr REMCOR® ealndre RS

i ndependently a hydrogen atomor a G to C4 al kyl group), 25a nitro group,
a carbanoyl gEdup! taf: RIKYEETew thatapry be brph . group, an N, N-di (G to C4
al kyl)car%rmyl group. -NHCOR9 (where RO is a G to C4 al kyl
group that” may be branche&)?*°#Hd"8 hal ogen atom and 5(4) a heteroaryl

group, wherein the hetergaiyk:0PHP"RY B substit ubed 3 'dtegeﬂedt%a%t one
group selected fromthe group consisting of: a C to C4 al kyl group that

may be branchegdrogeCatdd oo @l to0Ryalydupodhat may be branched, 10an aryl
group that may be substituted with a G to C4 alkyl group that may be
branched, a cyano group,a aNRPER2IP, (where R20 and R21 are each independently
a hydrogen atomor a G to ali | group), a nitro group, a carbanoyl
group, an N-(Cl to C4 alk§t"°¢5t¥ éf) ‘group, an N,N-di (G to C4

al kyl') carqamoyl group, of, NM@%%JM?D%@%@?I%%@,G to C4 al kyl group

that nmay be branched),
an N,N-di{C; to Cs alkyDcarbamoy! group,

-NHCOR? (where R? is a C; to C4 alkyl group that may be
branched), and
a halogen atom:
15 {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 Cy alkyl group that may be branched,
a C; to Cp alkoxy group that may be branched,
an aryl group that may be substituted with a C; to Cq
20 alkyl group that may be branched, a cyano group, -NR20R2! (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; te Cy alkyDcarbamoy!
group, an N,N-di{C; to Ci alkyDcarbamoy! group, or -NHCOR? (where R?
is a C1 to Cq alkyl group that may be branched),
25 a cyano group,
-NR20R2! (where R20 and R2! are each independently a

hydrogen atom or a C; to Cy alkyl group),

11



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

i ndependently a hydrogen atomor a G to G alkyl group), a nitro group,
20a carbanoyl group, an N-(Cl to C4 al kylicarbanoyl group, an NNN-di (G to
C4 al kyl ) car banoyl group, -NHCOR9 (where RO is a G to 4

al kyl group that may be branched), and 25a hal ogen atom and n is an
integer froml to 12); (xii) -(CH2),-OR 2 (where R12 is a group selected
fromthe group 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 sub%thﬁfg%%ugith at | east one group selected fromthe
group consisting of: a fkyl group that may be branched, a Cl to

C5 al koxy group that may; &8bRf§T B, an aryl group that may
be substituted with a G to C4 al kyl group that may be branched, a cyano

group, -NR20R21 (where RZONAC:andRAkyDearbamaghgtoupependent |y a hydrogen
atomor a Cl1 to C alkyl group),.a nitro 8roup, a_carbanoyl group, an N-(C
to C4 al kyl)carbamoyl grauly;N: ((N,‘N-Qﬁ ey Degrbemoxl g9k ar banoyl group, or

-NHCOR9 (where R9 is a C@%@Oﬁé (%?@! Rgrié)ﬁ%tt%n %%@ﬁégﬁ?‘%’r %l&he%%,bea cyano
|

group, 15-NR20Rn (where and are eac y a h1§/1 ogen atom
or a G to Chahkibd)9heep), a nitro group, a carbanoyl group, an N-(Cl to

C4 al kyl ) car banoyl group,
a halogen atom;
and
(8) a heteroaryl group, wherein the heteroaryl group may
10  be substituted with at least one group selected from the group consisting
of-
a Cy to Cy4 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
15  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
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),
20 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,
25 an N-(C: to Cy alkyDcarbamoyl group,
an N,N-di{C; to C4 alkyDcarbamoyl group,
-NHCOR? (where R? is a C; to Cy4 alkyl group that may be

i2



20an N, N-di (G to C4 al kyncar banoyl group, - NHCOR9 (where R9
isaC toC4 alkyl group that may be branched), and a hal ogen atom and
(4) a heteroaryl group, wherein the heteroaryl group nay 25 be substituted
with at | east one group selected 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

br anched, an aryl group that nay be substituted with a Cl to
C4 al kyl group that nay be branched, a cyano group, -NR20R21 (where R2 and
R21 are each independently a hydrogen atomor a Cl to C4 alkyl 5 group), a
nitro group, @ %%éQﬁ Xh group, an NN(Cl to C4 al kyncar banoyl group, an
N,Ndi (G to a F%carbannyl group, or -NHCOR9 (where RO is a C to 4

al kyl group that may be pranchgdiom@ Cyano group,
-NR20R21 (where R20 and R21 are each independently a 10 hydrogen atomor a

C to C4 al kyaindynasph,ineeger tfrom @riou); a car bamoyl group, an N-(Cl to C4
al kyl) car bamoyl group, an NN-di (C to C4 aIkbearbanDél group, 15- NHCOR9
(where RO is a Cl folts -EiHyhCGRGUPRPhawheay BRbranschBe) |, avend gzodal ogen

atom and is.an integer from1l tao 12); . ) -(CH2),-S-R12
(where RerDn i s’“ngeﬁ‘?"bc{}’ﬁl%@eﬁe&ctt@%]f@%%’% ﬁ’)eoué’rﬁﬂﬁlsﬁﬁlgcﬁhsi sting of:

(1) a hydrogen atom (2) j cyl group that may be branched:;

(3) an aryl group, vvhere(llﬁat éﬁg e%la%%{(;up may be substituted with at | east

one group sel ected fromEhe QreUY, HRFEESUPNGa0kay2Babfnchod,C4 al kyl group
that may be branched, a Cl to C5 al koxy 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:
10 a Cy 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 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 C4 alkyl
15 group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkylcarbamoyl
group, an N,N-di(C; to Ci alkyDcarbamoyl 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
20  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 alkylcarbamoyl group.,
25 -NHCOR? (where R? is a Ci to Cs alkyl group that may be
branched), and

a halogen atom; and

13



an aryl group that may be substituted with a Cl to C4 al kyl group that may
be branched, a cyano group, -NR29R21 (where R2 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 alkyl group), a nitro group, a
car banoyl group, an N-(Cl to 04 al kypcarbanaoyl group, an NNN-di (C. to 04
al kyl ) car bamoyl group, or -NHCOR9 (where RO 5 is a C to ¢4 al kyl group
that nmay be branched), a cyano group, -NR291{21 (where R2 and
R21 are each independently a hydrogen atomor a C to 04 al kyl group), a
nitro group, 10a carbanoyl group, an N-(C to C4 al kypcarbanoyl group, an

G to 04 al Kyl group tnat nenr bRt Boneayhereip tehsiaPehtlhE S g S °
(4% ha [lelterogwéutgsrtﬁupad ml r@ﬂt 1@%@@11@?@%0%@%&@&9(9%%@ RS cf%&&@fst&ilntgut eg

Wi at |east one group selecte romthe group consisting of a

al kyl group tdfat may be branched, 20a Cl to 05 al koxy group that may be

br anched, an aré ﬁ@pup that nmay be substituted with a G to
04 al kyl group that may #%%e: i ane ag“&HbVEﬁdm@WbﬁbfmmmRQOR21 (where gm and

oL ore oo | ndependently g WUESL SOMAT S h Bl groun), &
NN di (C] o 04 al kypoarfanpy| gllaPaOhyNEOORSGilien el 4 caPct o 04
al kyl group that may be branched a cyano group. L NR2OR21
(where R20 andkRRP granetieachalynigependdsd| ¥ @aby dhrogen NRORPOwherelR0 C4
al kyl group), a nitro group, a carbanmoyl group, an N-(Cl to C
al kyl ) car bamﬁ,ﬂd groupe eashNodedeg@intls o oadwigky redambarmay C1 gootip,alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkylDcarbamoy!
10 group, an N,N-di(C; to C4 alkyDearbamoyl group, or -NHCOR? (where R?
is a C1 to C4 alkyl group that may be branched),
a cyano group,
-NR20R21 (where R2¢ and R?! are each independently a
hydrogen atom or a C; to C4 alkyl group),
15 a nitro group,
a carbamoyl group,
an N-(Cy to C4 alkyDcarbamoyl group,
an N, N-di{(C; to C4 alkyDearbamoyl group,
-NHCOR? (where R? is a C; to Cs alkyl group that may be
20  branched), and
a halogen atom;
and n is an integer from 1 to 12):
(ix) -(CH2)nNR2ZCOR!* (where R!Z and R!® are groups
independently selected from the group consisting of:
25 (1) a hydrogen atom;
(2) a C; to Cy alkyl group that may be branched:

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

14



-NHCOR9 (where RO is a C to C4 al kyl group that nay be branched), and a
hal ogen atom 10 and n is an integer froml to 12); (xiv)
-(CH2).-SO R12 (where R12 is a group selected fromthe group consisting of:
(1) a hydrogen atom (2) a G to C4 alkyl group that may be branched; 15(3)
an aryl group, wherein the aryl group nmay be substituted with at |east one
group selected fromthe group consisting of: a Cl to C4 al kyl group that
may be branched, a CI to C5 al koxy group that nay be branched, an aryl
group that may be substituted with a G to C9 20 al kyl group that may be

branched, a oX0R:GAYR, sNEAORRC RS CifeRq Nty 3 oA GAGlLcddgoendent |y

a hydrogen atom or group roup, a carbanoyl

group, an N-(Cl to C4 alky| )car RBko@s thid, man bDbhaaiddd to C4
al kyncar banoyl group, or -NHCOR9 (where RO is a Cl to C4 al kyl group that

may be branched), 25a cyafiotgfeuapkoxy group that may beNR2OERM, (where R213 and
R21 are each independently a _hydrogen atomor a C, to C4 alkyl graoup), a
nitro group, a carbanoylalgpBipgrosw NegtcpayoboAuRriiHearBdhoy Cigfolp,  an

10 CSh o it FLARCIRSRY B AR 0 yfByiA L £
(4) a heteroafy] par QuP.cabheh8bPedtBcRCh SR RALYER %t%pp%YCPQOSG$§§ﬁ§1Ut ed
with at | east one group selected fromthe group consisting 10of: a Cl to C4
al kyl group tgatplraynibe poapchedrbamoyl group, an N-(C; to C4 alkylcarbamoyl
group, an N,N-di{C; to C4 alkylearbamoyl group, or -NHCOR? (where R?
is a Cy to C4 alkyl group that may be branched),
10 a cyano group,
‘NR20R21 (where R20 and R?! are each independently a
hydrogen atom or a C; to Cs alkyl group),
a nitro group,
a carbamoyl group,
15 an N-(C1 to Cs alkyDearbamoyl group,
an N,N-di(C; to C4 alkylecarbamoyl group,
-NHCOR?® (where R? is a C; to Cs alkyl group that may be
branched), and
a halogen atom: and
20 (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 Ci to Cs alkoxy group that may be branched,
25 an aryl group that may be substituted with a C; to Cs
alkyl group that may be branched, a cyano group,.'NRZ"R21 {(where R20

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

15



a &4 to G5 al koxy group that may be branched, an aryl group
that nay be substituted with a C1 to &4 al kyl group that may be branched, a
cyano group, -NR20R21 (where R20 15 and R21 are each independently a
hydrogen atomor a C4 to 04 al kyl group), a nitro group, a carbanoyl group,
an N-(Cl to C al kyQcar banoyl group, an N,N-di (G to 04 al kyl) car banoyl
group, or -NHCOR9 (where RO is a Cl to &4 al kyl group that may be
branched), a cyano group, 20-NR20 R21 (where R2 and R21 are each

i ndependently a hydrogen atomor a Cl to C.group), a nitro group, a

car banmoyl grou n N(Cl to C al kyl)carbanoyl gr.au 25an.N, N-di (G to 04
al kyl ) car bam%lﬁ)uﬁﬁoau%ftgo STOup, 2 Carggm%ymgtj\&ﬁégé&hgéia Yzﬂé’i\tﬁ%g al kyl

group that I i i er from
o 12y androuh hARURAL (G R OO e B R ROk IRt e

fromthe group acON&d €1 aligy] @howd(Hyt Bahpdbogethaald om (2) a G to 04
al kyl group that nmay be branched; (3) an aryl group, wherein the
aryl group may be substi et &iovh. at | east one group selected fromthe

group consjsting of: a C4,.t0.04 kyl ou at may e,_é‘?]%an@ed 10a C to
C5 al koxy Yroup that nanggglaﬁ%%‘é, R anld htz]l are eaég pe ed’ﬁib’ fhat may

be substitut ] 4 | that nay be branched, a cyano
group, -NR20%%’1%%\%@?%0%%%a§1dt0%{X1§y2é{e)()g@k)f i ndependently a hydrogen atom

or a C4 to 04 al kyl grouphpitr@giddy,0 group, a carbanoyl group, an N-(Cl to
C4 al kyl ) carbanoyl 15 group, an N.N-di (Cl to Cg al kyl ) carbanoyl group, or
-NHCOR9 (where RO is a Gl camba@bydkkydp.group that may be branched), a cyano

ﬁroup, _-NRZI%QZ_@ (WI"I(J@I’% Rﬁoar%nd R21 are each independently a
ydrogen atomor a G to? 191 U1l Busar ey hE¥ 99 gr oup,
10 an N,N-di(C; to Cs alkyDecarbamoyl group,
‘NHCORS?® (where R? iz a C: to C4 alkyl group that may be
branched), and
a halogen atoms;
and n is an integer from 1 to 12);
15 (x) -(CH2}hNR!ZR!3 (where R!2 and R?% are groups independently
selected from the group consisting of:
(1) a hydrogen atom;
(2} a C; to Cy 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 consisting of:
a C1 to C4 alkyl group that may be branched,
a C1 to Cp alkoxy group that may be branched,
an aryl group that may be substituted with a Ci1 to Cq
alkyl group that may be branched, a cyano group, -NR20R2! (where R2¢
25 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 C4 alkylcarbamoyl

group, an N,N-di{(C; to C4 alkyDcarbamoyl! group, or -NHCOR? (where R?

is



a carbamoyl group, an N-(C4 to &4 al kyl)carbanoyl group, an NN-di (C4 to C4
al kyl ) car banoyl group, -NHCOR9 (where RO is a C4to 4
al kyl group that may be 25 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 fromthe 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,
5an aryl group that may be substituted with a CI to C4 al kyl group that may
be branched, a cyano group, -NR20R21 (where R20 and R21 are each

i ndependent | Yied Bgﬁorﬁgg%y?tlgggn‘@gghaa%kr%xkgb an&le}&yl group), a nitro group, a

car banoyl group, carbanoyl 'group, an NNN-di (G to 4
al kyncar banoyl group, or; MicF3upwhere RO 10 is a C to C4 al kyl group
that may be branched), a cyano group,

-NR20R21 (where R2 and RXR28RE balsdrei RéfepaddBpit hye aahy dmdgpenddnam ar a Cl
to C.group), a nitro group, 15a carbanoyl group, an N-(C to (4

al kyl ) car baroiydrgeerptomar j (v @i ¢Crlkybgoad) kyl ) car banoyl  group,

-NHCOR9 (where RO is a G _to C4 alkyl group that may be branched), and 20a
hal ogen atbm and n is dh™I*'R 8F3P>from 1 to 12); or R7 and R8 are taken
together to forma dival ected fromthe group consisting of:
-(CH2).- (where mis an‘?ﬁ%@%&gﬁfﬁgﬁﬁb to 8);

an N-(C; to Cq alkyDcarbamoyl group,
an N,N-di(C; to C4 alkylcarbamoyl group,
-NHCOR? (where R? is a C1 to Cq4 alkyl group that may be
10  Dbranched), and
a halogen atom: and
{4) a heteroaryl group, wherein the hetercaryl group may
be substituted with at least one group selected from the group consisting
of:
15 a C; to Cy4 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 Cq
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to Cs4 alkyl
20  group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyDearbamoyl
group, an N,N-di(C;: to Cs alkylcarbamoyl group, or -NHCOR? (where R?
is a Cy to Cy4 alkyl group that may be branched),
a cyano group,
-NR20R2! (where R20 and R2! are each independently a
25  hydrogen atom or a C; to Cy alkyl group),
a nitro group,

a carbamoyl group,
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X- is an anion selected fromthe group consisting of a halide anion. SCN,

El SO4- and HF2-. In one enbodinent, R, RI', R, R, R3, R3', R4,
Rr, R5, R5', R6, and R6' of the conpound represented by the forrmula (lI) are
groups i ndependently selected fromthe group consisting of: 5(i) a hydrogen
atom (xiy) an aryl group, wherein the aryl 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, a Cl to C5 al koxy group that may be
branched, 10an aryl group that nay be substituted with a C1 to C4 al kyl

group that may be branc I 0, P (where R29 and R21 are
each independently a hy roaeﬁjlg%gg(%%lﬁgy%lbaf%l al’kyl group), a nitro
group, a carbanoyl groupan BINM(Elid O, kyBlip /I group, an

N, Ndi (G to ¢4 al kyl)carbanoyl group, or -NH where RO 15 is a G to

04 al kyl group that may -DEIBORACWEE)e R4 icpalioteg€pujkyl group that may be- NR
20R21 (where R29 gnﬁ% R21 are each independently a hydrogen atomor a G to
04 al kyl grou’bl)&,rLC e®y 8R® group, 20a carbamoyl group, an N-(Cl to C4

al kyCcar banoyl group, an i .to &4 al kyl) carbanoyl group, -N TCOR9
(where Rgaélns) ald to4 %Flﬁylgg%%%%’that may be branched), 25a hal ogen

atom and and n is an integek GonR1(twhene n is 0, 1 or 2, and Ris a G to 4
al kyl group that may be branched); or may be substituted with -0-(CH2).-0-

(where mis 1 or 2fxiat-(@HsLYIGRS Gvhand ¥ iaked:tageLheivalandsaturated (xv)
a heteroaryl group, wherein the heteroaryl group may be substituted with at
| east one gr oGpireerdenetropp dmat heayrksuprashedsehd R Gfis Sgraw selecwdal kyl

group that na%ogeth%rgarggg %gﬂsisting of:

10 (1) a hydrogen atom;
(2) a C; to C4 alkyl group that may be branched:
(8) an aryl group, wherein the aryl group may be
substituted with at least one group selecied 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 arvl group that may be substituted with a Ci to Cy
alkyl group that may be branched, a cyano group, .-NR2°R21 (where R20
and R2l are each independently a hydrogen atom or a C: to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to C4 alkylearbamoy!
20 group, an N,N-di{C; to C4 alkylcarbamoyl group, or -NHCOR? (where R?
is a €y to Cs alkyl group that may be branched),
a cyano group,
-NR20R2! (where R2® and R2! are each independently a
hydrogen atom or a Ci to Cs alkyl group),
25 a nitro group,
a carbamoy!l group,

an N-(C; to Cs alkyDcarbamoyl group,

18



a Cl to C5 al koxy group that may be branched, an aryl group
that nay be substituted with a &4 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 C alkyl 10 group), a nitro group, a carbanoyl group, an
N(Cl to C4 al kyl)carbamoyl group, an N,N-di (C to C4 al kyl) car banoyl

group, or -NHCOR9 (where RO is a Cl to &4 al kyl group that may be
branched), a cyano group, -NR2 R21 (where R20 and R21
are each independently a 15 hydrogen atomor a Cl to C al kyl group), a

nitro group, a carbanoyl ( ? ar bamoyl group, an

N, Ndi (Ct to C4 alkyl)caﬁg j?“?WoND Q%gDh%8%%§%'§% e ROisacCltoC

al kyl group that may be r@oomedihea®oads hat ogeo, aqum roup & that hBydel Ur t her
enbodi mrent, R1, R1', R2, R, R3, R3', R4, R4 f R6, and R6' of the

conpound reprbﬁwnheﬂ bydt he fornula (I) are groups 25 i ndependently
sel ected fromthe group consrstrng of a hydrogen atom a
3,4,5-trffluorophenyl gr%prgQHEth53¥¢rchIorophenyI group, a

3, 4-di fl uar ophenyl group ntro n ano roup, a
benzot hi ogg henyl - 2 -yl (& Sulbt Hagy gmd%f Ivﬁ‘berr(e.)%hgle 5‘? 150 grcé m%

3-trifluoromefhylipheydd 4HQUR 1e§st2e>ﬁle Qfofupué?erk%gg'@ Aln a{eogzﬁmpaconsmtmg
3- et hyl sul f onyl phenyl group, and a 2,3-bis(trifluoromet hypphenyl group.

5In a furtherofenbodi nent, the conpound represented by the formul a
(I') is a conmpound represented by the following fornula (1'): R1L 10 RIP(1"' )
(where RL and RV are groupsté ﬁdeﬂéﬁd@'ﬁwyh@emﬁtbe@rﬁndmdt he group

consi sting of a hydroge 4,5-trifl uoroph roup, a
3,4, 5-trichl orophenyl %@b g?ﬁe}laoxa.sﬁoaar BhEHyIP }%&f}? & 3initrophenyl 15
group, a gycyanophenyl girP‘éB%} r&ﬁ{‘%ﬂéé‘h he Py%ubém deod HR: aa& to C4

3, 5-di fl uor ophenyl group, a uor one eny group
2, 4-di f1 uor opIRRAY briPUiRat & a3-BEbIHBURS gnxﬂapbegwhp gmmazawdh@re R20

2,3-bis(trifluoronethyl)phenyl group, and R7. It and X- are groups
i ndependent | yarab R‘}'éfaraeeehcihnnrdleabmmﬂy 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 alkylearbamoyl group, or -NHCOR?® (where R?
15  is a C: to Cs alkyl group that may be branched),
a cyano group,
"NR20R2! (where R2® and R?! are each independently a
hydrogen atom or a C; to C4 alkyl group),
a nitro group,
20 a carbamoyl group,
an N-(C1 to C4 alkyDcarbamoyl group,
an N,N-di{C; to C4 alkyDcarbamoyl group,
-NHCOR? (where R? is a C; to Cs alkyl group that may be
branched), and
25 a halogen atom;

and n is an integer from 1 to 12);

(xii) -(CHg)n-OR2 (where R12 is a group selected from the group
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20l n one enbodi nent, R7 and R8 of the conpound represented by the formula
(1) are groups independently selected fromthe group consisting of:

(i) a G to 012 al kyl group that may be branched or forma cyclic group;
and 25(xii) -(CH2)n-012,12 (where R12 is a group selected fromthe group
consisting of: (1) a hydrogen atom (2) aCd to C4 al kyl group
that nmay 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 alkyl group that nay be branched, 5a G to C5 al koxy group

that may be b : an aryl group that may be substituted
with a G to %ﬁggﬁﬁgﬁdbroup that nay be branched, a cyano group, .NR20R21

(where R20 and R21 are e@gh Hyadepensient;l y a hydrogen atomor a C to 04

al kyl group), a nitro group, a carbanoyl group, an N-(Cl to 04

al kyl ) car bamoyl 10 group(2) arCiNpNeci k@ gtampGhaalnkaspleabirambytl: gr oup, or
-NHCOR9 (where RO is a C to 04 al kyl group that nay be branched), a cyano
gr oup, - NR320f0 1 2xskh €FeniR2 velfd e 1thea Aey e aTHUP nad¥erftent |y a

hyd Cl.t | kyl 1 it . a. b |
ot oup. an v (ebBuis e bne o uR btist e R e B R TR B
al kyl') carbamoyl group, 4 ¢,y alkyl group that N opbRde RO is a O to C4

al kyl group that may be 20 branched), and a hal ogen atom and

(4) a heteroaryl group, aligereiCn allbwyhabapadnymagriepameyede substituted
wth at |east one group selected fromthe group consisting of: 25a G to 04
al kyl group that may be ®r amchetpuratigt ros0be ajubsiyutgdowpht hat: hayChe

branched, an glrk¥rﬁ g%t?puehéthgfayr?ey brbasnc%léB,Stai éy%tn%dgr\ém;l%),h-ﬁRQRﬁ ?w%re R0
10 and R2i are each independently a hvdrogen atom or a C; to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(C: to Cs alkylearbamoyl
group, an N,N-di(C: to Cs alkylDcarbamoyl group, or -NHCORS? (where R?
is a C; to C4 alkyl group that may be branched),
4 cyano group,
15 -NR20R21 (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 Cs alkyl)carbamoyl group,
20 an N,N-di(C; to C4 alkylcarbamoyl group,
-NHCOR? (where R? is a C;1 to Cqs 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 Cy4 alkyl group that may be branched,

20



al kyl group that may be branched, a cyano group, -NR20R21 (where R2 and R21
are each i ndependently a hydrogen atomor a Cl to C alkyl group), a nitro
group, a carloanmoyl group, an N-(Cl to C al kyl)car banaoyl group, an

N, N-di (C4 to C al kyl)carbanoyl group, or -NHCOR9 (where RO 5is a Cl to 4
al kyl group that may be branched), a cyano group, -NR 20R21
(where R20 and R21 are each independently a hydrogen atomor a Cl to 4

al kyl group), a nitro group, 10a carbanmoyl group, an N-(Cl to C4

al kyncar banoyl group, an N,N-di (G to C4 al kyl) carbanoyl group,

-NEI COR9 (where R9 is azg%_EoCCQHglkyIOgég@gs&g§§mqﬁ%nggxpranched), and 15a

hal ogen atom and n is an i At 6GEr-of o nh anot her

enbodi ment, R7 and R8 ofyf @@ypgfm&umaﬂ aiyeseni®deibitelieithos ney & (d) are

groups i ndependently selected fromthe group consisting of a nmethyl group,
an et hyl grougkyhpraupbthiatl mgy dupbrareh2q, i sghut \Wrogp oUFR2BRA fwitkeeyR20gr oup
and a cycl ohexyl group. _ In a further enbodi nent, R7 and R8 of the
conmpound reprféy?eﬁ%édwbwatchemld@wﬁﬂ%t{ﬂ p hydrogpe afameor a Ci to £ adlndt her

nmbodi t, R7 R8..of th d t b he,.f I I
Caken §ogek haroD Fob Gt o SREUPGUp RBPoab o 3504 FoRPIRBGH B
consi sting ofgyqy %)NWN-&N@?E@Cﬁ%‘l?yl%rb%ggleémhbpm ?ﬁH@(ﬁiﬁ” %vvl{erg @ ; and
I es a netho u

The present inhvention ‘al so provi or producing the conpound
represented by a Oeid OF BlyA gtdyp thhanapbbodasenydl i ses: a step of

reacting a conmpound represented by the following formula (I1);
a cyano group,
-NR20R2! (where R20 and R2! are each independently a
10 hydrogen atom or a C; to Cy alkyl group),
a nitro group,
a carbamoyl group,
an N-(C; to Cy alkyDcarbamoyl group,
an N,N-di(C; to Cy alkyDcarbamoyl group,
15 -NHCORS? (where R? is a Ci to Cs alkyl group that may be
branched); and
a halogen atom;
and n is an integer from 1 to 12);
(xiii) -(CHa)n"S-R12 (where R!2 is a group selected from the group
20  consisting of’
{1) a2 hydrogen atom:;
{(2) a C; to Cs 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:
25 a Ci 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 Ci to Cy
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10 in an organic solvent in the presence of an acid scavengi ng agent,
wherein in the formula (I1). R3, R3, R2, RR', R3, R3, R4, R4, R5, R5',
20 R6, and R6. are groups independently selected fromthe group consisting

of : (i) a hydrogen atom -NR20R21 (where R20 and R21 are each
i ndependently a hydrogen atomor a Cl to C4 alkyl group); 25(iii) a cyano
group; (iv) a nitro group; (v) a carbanoyl group; (vi) an N-(Cl to

C4 al kyl) carbanoyl group; (vii) an N,N-di (C to C4 al kyl)carbanoyl group;
(viii) -NHCOR9 (where RO is a Cl to C4 al kyl group that may be branched);

(120,02 80 Pkl SRS BEIRE, PISINSH L, A, SYfblcnsrou

group; (x) a gr oup ed or Torma cyclic

(xi) a C to &y ﬁ_zkﬁ@Mlez&hoﬁﬁingﬁ&eW aDBy do2BE NRHnObr fotM @ &0GYEI C
group; (xii) an aral kyl group, wherein the aryl noiety of the

ar al kyl grouperoay), kengnbgtdupiteechrivdmbylbgronpaah M€, gr Guplisdlcastizadoflr om t he
group consisting of: a Cl1 to C4 alkyl group that may be branched, 15a G to
C5 al koxy gr oHpuphae Maydie: ke Analed)carbamoyl gipugr 91 -NHEGRY (veherpdy be

substi t ut wth.a CL t al kyl qgroup that be branched, a cyano

group, - %Oﬁﬁf ?We&éa%yg%r%‘fﬁy}ﬁﬁm@f@ei’é%ﬁc}}%ependentIy a hydrogen atom

or a C to 4 alkyl grou,cp)fya .OEI\IIEO group, a carbanoyl group, an N(Cl to
2 :

C4 al kyl ) car banoyl group, an N-di (C to C4 al kyl)carbanoyl group, or
-NHCOR9 (where R9 is a GNROREA(Gwhdey! Rer aup Rbatrémacheindepaediedly, a

hydrogen atom or a Ci to Cs alkyl group),
a nitro group,
10 a carbamoyl group,
an N-(C: to C4 alkylecarbamoyl group,
an N,N-di{C: to C4 alkyDearbamoyl group,
-NHCOR? (where R? is a C: to Cs alkyl group that may be
branched), and
15 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,
20 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, -NR20R2l (where R2¢
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
25  group, an N,N-di(C; to Cs alkyDcarbamoyl group, or -NHCOR? {where R?
is a C1 to Cy4 alkyl group that may be branched),

a ¢yano group,
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atomor a Cl to ¢4 al kyl group), 25a nitro group, a carbanoyl group, an
N-(ClL to C4 al kyl)carbanmoyl group, an N, N-di (G to 04 al kypcar banoyl
group, -NHCOR9 (where RO is a G to C4 al kyl group that nay be
branched), and a hal ogen atom 5(xiii) a heteroaral kyl group having a

het eroaryl nviety, wherein the heteroaryl noiety may be substituted with at
| east one group selected fromthe group consisting of: a Cl to al alkyl
group that may be branched, a CI to 05 al koxy group that may be branched,
10an aryl group that may be substitut ed with a G to 04 al kyl group that

may be branched, a cyano.gsQ4p, Le and. R21 are each
i ndependent |y a hydr ogenl\ﬁ%o% os Wﬁl %hg ke geraSEpﬁn!ﬁ%ge]hé‘ﬁtE §roup, a

car banoyl gro ro@gh%c(rgortaocpﬁj @lgmy)%ﬁ{ moyl group, an N, N-di (G to 04
al kyl') car banmoyl group, or - where is aC to 15 04 al kyl group

that may be branched), a aytamgr(gxmup, -NR20R21 (where R20 and R21
are each i ndependently a hydrogen atomor a G to 04 alkyl group), a nitro
gr oup, 20a carbamoyl grouparbamayl g o C4 al kyl ) car banoyl group, an
N N-ai (G % o G al ky@arapxggpé/dl t%r(94 eﬂkyl Jearbamoyl group,
an N,N-di{C; to Cs alkyDcarbamoyl group,
-NHCOR? (where R? is a C; to Cu alkyl group that may be
branched), and
a halogen atom;
10  and nis an integer from 1 to 12);
(xiv) -(CHg)n"SO-R12 (where R!2 is a group selected from the group
consisting of:
{1) a hydrogen atom;
(2) a Cy to Cy alkyl group that may be branched;
15 (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 alky] group that may be branched,
a C; to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to Cu
20  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 Cy alkyl)carbamoyl
group, an N,N-di(C; to Cs alkyllcarbamoyl group, or -NHCOR? (where R?
is a C; to Cq alky! group that may be branched),
25 a cyano group,

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

hydrogen atom or a C; to C: alkyl group),
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-NHCOR9 (where RO is a G to C al kyl group that may be branched), and 25a
hal ogen at om (xiv) an aryl group, wherein the aryl group may be
substituted with at | east one group selected fromthe group consisting of:
a Cl 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 Cl to
C4 al kyl group that may be branched, a cyano group, -NR 20R21 (where R20
and R21 are 5 each independently a hydrogen atomor a Cl to C4 al kyl
group), a nitro group, a carbanmoyl group, an NN(Cl to C4 al kyl) car banoyl
group, an NNdi (G to 4 ﬁlﬁkggcarbarmyl group, or -NHCOR9 (where Ra is a
C to &4 al kyl group t hat ™ ?/ %uporanched), a cyano group, 10-NR20R21
(where R20 and R21 are eaghypl.pdgpepgdgnt!y a hydrogen atomor a G to C4
al kyl group), a nitro group, a carbanoyl group, an N-(Cl to C4

al kyCcar banoyl group, 15anNNOW@iCGilkiDedshanmloky bddiar, banoyl group,
-NHCOR9 (where RO is a Cl1 to C4 alkyl group that nmay be branched), a
hal ogen atom and an N,N-dig¢oyo1G+ flkghhabempyl group.1 or 2, and Ris a

Cl to 4 kyl group tha y, be branched); aqr be supstituted with
-0- (CH2), -D- (where misk}}‘gP%g)(nger%ﬁﬁ% ronsiollhall awe ogarer; and
(xy) a heteroglra)ﬁlch&[)oglqd wherein the heteroaryl group may be substituted
with at | east one group selected fromthe group consisting of: 25a G to C4

al kyl group that may be Dbrargbgdiod; tadto 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 {¢yanwtgroup] grddR2GRRIciwtier et ghdrRDImaye each
i ndependently a hydrogen atomor a Cl to C4 _al kyl group), a nitro group, a
car | oanoyl gr‘b%ﬁ"‘,ﬁ)sé ug%d(@itth@ %&S%Plk‘i/ﬁ%‘ﬂ’b‘%fh?w&/ gioguphe PUR, Wngistiae to 4
al kyl)carﬂ?rmé/ilz group, or -NHCOR9 (where RO is a G to

a Ci to Cs alky] 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, -NR20R21 (where R20
15 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 alkylcarbamoyl
group, an N,N-di(C; to Cs alkyDearbamoy! group, or -NHCOR? (where R?
is a C1 to C4 alkyl group that may be branched),
a cyano group,
20 -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 alkyDcarbamoyl group,
25 an N,N-di(C; to C4 alkylicarbamoyl group,
-NHCOR? (where R? is a C; to Cy alkyl group that may be
branched), and
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5 &4 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

al kyl group), a nitro group. 10a carbanoyl group, an N-(Cl to C4

al kyl) carbanmoyl group, 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 15a
hal ogen atom and Z is a hal ogen atom and inthe formula (Il11), R7
and R8 are groups independently selected fromthe group consisting of: (i)
a hydrogen atom 20(ii) a Cl to Cl12 al kyl group that may be branched or

forma cyclic group; i) . a C to Cl2 al kenyl group that may be
branched or forma cyclﬁ%ha¥§%%fﬁgnh - (iv) a C to Cl2 al kynyl
group that mayndbg ibhanahedr efonk @1t01@):ZmmLyClic group; (v) an aryl

group, wherein the aryl group may be substituted with at |east one group
sel ected fromthe groufCEORSBtRYdwhkre R 6ia pouMsedddtyd fighotie phap may be
branched, a Cl1 to C5 al koxy group that may be branched, an aryl
group that nﬁ?nﬁ@tgﬁbiiituted with a G to C4 alkyl group that may be
branched, a cyano group, NE%%RZl (%?ene R2 and R21 are 5 each

i ndependent |y a hydrogen R T L al kyl group), a nitro group, a

car banoyl group, an N-( I §PM9 N-di (G to 04
al kyncar banoyl group, Oﬁé}kﬁ%gégﬁaﬁﬁgfg&%gmgékgﬂi1 tgm%§hg$kyl group that

may be branched), a cyan@) gaupryll@rNpRORAkréMhehe R2Q andufR2hagr @eeach
i ndependently a hydrogen
substituted with at least one group selected from the group consisting oft
a C; to Cy alkyl group that may be branched,
10 a C; to Cs alkoxy group that may be branched,
an ary! group that may be substituted with a C; to Cu
alkyl group that may be branched, a cyanc 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 alkyDearbamoyl
15  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 eyano group,
-NR2R2! (where R20 and R2?! are each independently a
hydrogen atom or a C1 to Ca alkyl group),
20 a nitro group,
a carbamoyl group,
an N~(C; to Cs alkyl)carbamoyl group,
an N,N-di(C; to C4 alkylcarbamoyl group,
-NHCORS? {(where RY is a C1 to C4 alkyl group that may be
25  branched), and
a halogen atom: and

(4) a heteroaryl group, wherein the hetercaryl group may
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atomor a G to C4 alkyl group), a nitro group, a carbanmoyl group. an N-(Cl
to C4 al kyncarbanmoyl group, 15an N,N-di (G to &4 al kyGCcar banoyl group,
-NHCOR9 (where RO is a Cl to ¢4 al kyl group that nay be branched), and a
hal ogen at om (vi) a heteroaryl group, wherein the heteroaryl group
may be 20 substituted with at | east one group selected fromthe group
consisting of: a G to 04 al kyl group that nmay be branched, a Cl to 05

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 a 1 ar ..each | ndependent | drogen atomor.a. Cl to 04
kol gr oupy A b te B8 R1oh R SR PR pole Be L BERS ALY i
al kyl ) car bamoyt group, an N,N-di (G to 04 al kyl)carbanoyl group, or -NHCOR9
(where RO is a GG to 4 alkyl group that nay be branched), a cyano group,
-NR20R21 (where R20 and &RP1tafCe adlgdhzrpng epenoentbeybranblydt,ogen atom or a G
to C4 alkyl group), a nitro group, a carbanoyl group, an NN(Cl to C4

al kyl Thar bamoyl group, ahOCNINCaiatkxytgroan thla{wa)&’(hfr%fmk#?dgroup,

hgﬁgggg (at renr eR9Is a (%n ta?'yicgro%pk)ﬁlatg Iﬁoal'w b:[a hs% Sg?gtegew%t% Qr@ln %Q e&) . and a
alkyl group that may be branched, a cyano group, -NR20R2l (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 alkylcarbamoyl
group, an N,N-di(C; to C4 alkylcarbamoyl group, or -NHCOR? (where R?

10  is 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,
15 a carbamoyl group,
an N-(Ci to Cq alkylDcarbamoyl group,
an N,N-di(C; to C4 alkybcarbamoyl group,
-NHCORS? (where R? 18 a C; to C4 alkyl group that may be
branched), and
20 a halogen atom;
and n is an integer from 1 to 12); or R7 and R® are taken together to form

a divalent group selected from the group consisting of' “(CHz)p {where m

ig an integer from 2 to 8);

'
~0 0

]

25
; and \“O O ;
L

X' is an anion selected from the group consisting of a halide anion, SCN-,
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(vii) -(CH2).000ONR19R11 (where RI and R11 are each independently a group
sel ected fromthe group consisting of: (1) a hydrogen atom 15(2) a Cl to
C4 al kyl group that nay be branched, (3) a C to C6 al kenyl
group that may be branched or forma cyclic group ; (4) a 2
to C6 al kynyl group that may be branched or forma cyclic group ; 20(5) an
aral kyl group, wherein the aryl noiety of the aral kyl group may be
substituted with at | east one group selected fromthe group consisting of:
a Cl to C4 alkyl group that may be branched, a G to C5 al koxy group that
may be branc go.%%%pg%ryl group that may be substituted with a G to C4

al kyl group that ‘may be ’branched, a cyano group, -NR20R21 (where R2 and R21

are each independentloye anfdiQeeN B @M @ B> Gbs tiy G Rkyh ROrRURMG @ Nitro
group, a carbanoyl group, an N-(Cl to €4 al kyl)carbamyl group, an

N, N-di (Cl to B¢ af khHe) campamny| rgseupntedr byNHEORIorwdiar é1)Rrk s gaou@s t o C4
al kyl group that may be branched), a cyano group, . NR2OR2
(where R20 arﬂ@quméﬁélye%@éwte%ér@ﬁe%mqw WORFENEgEn atomor a Cl to C4

21 car ooyt or S0 IBHRNAGRT (G Yo 04 alkyl ) car bamoy! o oup.
hgﬁgggﬁ ém?nr ® RO IR abe altﬁ g(}?%§| gyl{ﬂ%}é%g?%%r% k; Y g ol%%y l%ﬁg\%lﬁ;ggﬁgh eg'?g(rjogr yl
moi ety, 15 whert@idt lbha Jet@bapkylecrid Rby iRy rbep selsttitybed Wi th at | east
one group selected fromthe group consisting of: a Cl to C4 al kyl group
that may be branched, a C; to Cq alkyl group that may be branched,
a Cy to Cs alkoxy group that may be branched,
10 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 Cy alkyl
group), a nitro group, a carbamoyl group, an N-(C; to €4 alkyDecarbamoyl
group, an N,N-di(C; to C; alkylcarbamoyl group, or -NHCOR? {(where R®
15 is a Ci to Cy 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,
20 a carbamoyl group,
an N-(Ci to Cs alkyDearbamoyl group,
an N,N-di(C; to C4 alkylcarbamoyl group,
-NHCOR? {(where R? is a C) to Cy alkyl group that may be
branched),
25 a halogen atom, and

-8(0)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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a Cl, to 05 al koxy group that may be branched, an aryl group that may be
substituted with a C1 to 04 20 al kyl group that may be branched, a cyano
group, -NR20R21 (where R20 and R21 are each i ndependently a hydrogen atom
or a Cl to 04 alkyl group), a nitro group, a carbanoyl group. an NN(Cl to
C4 al kyl ) carbanoyl group, an N,N-di (G to 04 al kyl)carbanoyl group, or
-NHCORO (where RO is a G to 04 alkyl group that may be branched), 2b5a
cyano group, -NR20R2i (where R20 and R21 are each

| ndependently a hydrogen atomor a G to C4 alkyl group), a nitro group, a

ol kyl ) car bano a7 G i RAieR Py el PP 1 R PGS ¢ hat
nmay be branchegd)q 4a0dea thadtBELAAL OM (7) an aryl group,
wherein the aryl group may be substituted with at | east one group sel ected

fromthe group con&istangtefoardlgr@b, twh&bial thy| hgemaryl aduprayape
branched, a C to C5 al koxy group that may be branched,
aryl group tHabshaytedevibisdteasitad swum seleciedtisomiha grynp grsigsinhaf nay be

branched, ,a cyano group, Mwhere R2 and re each i ndependently
a hydroger® atom or a Cl & &%él Lerguy Hhioypay be rt"‘P‘E)hedfoup, a car banmoy!l

group, an N-(Cl to C4 alkyn ) o 4
al kyl Thar barmoyl group, oér'(b- @@g@% ggg}gy@ha% g‘ﬁﬂ'ﬂ{[agg&& al kyl group that

nmay be branched), a cyantm @i@lproup that may be substitutedNRRERRIC( ¢here R2 and
R21 are each independently a 20 hydrogen atomor a G to C4 al kyl group), a
nitro group, dklz‘hgbam)yhafgmﬁ)e bramghedlataya®d sabwyl NERPBANDyhemyr B¥p, an
N N-di (G to and %ﬂlfyalr?e Cee}arc an%epegc{entpy a hydrogen atom or a C; to C4 alkyl
10  group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyDcarbamoyl
group, an N,N-di(C; to C; alkyDcarbamoyl group, or -NHCOR? (where R?
is a Cy to Cy4 alkyl group that may be branched),
a cyano group,
-NR20R2! (where R20 and R2! are each independently a
15 hydrogen atom or a Ci to Cs alkyl group),
a nitro group,
a carbamoyl group,
an N-(C; to C4 alkyllcarbamoyl group,
an N,N-di(C; to C4 alkyl)carbamoyl group,
20 -NHCOR?® (where R? is a C; to Cs alkyl group that may be
branched), and
a halogen atom.
In a further embodiment, Rt, RV, R2, R?, R? R¥, R4, R¥, R5, R5, Re,
and RS of the compound represented by the formula (I) are groups
25 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,
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25-NHCOR9 (where RO is a G to C4 alkyl group that nmay be branched), and a
hal ogen atom and (8) a heteroaryl group, wherein the

het eroaryl group may be substituted with at | east one group selected from
the group consisting of: 5a G to C4 al kyl group that nay be branched, a G
to C5 al koxy group that may be branched, an aryl group that
may be substituted with a CI to &4 al kyl group that may be branched, a
cyano group, -NR20R21, (where R2 and R21 are each independently a hydrogen
atomor a Cl to C4 alkyl 10 group), a nitro group, a carbanoyl group, an
N(ClL to &4 al kyl ).carbamyl .group,_.an N N-dif ;. | kyl ) car bamyyl
group, or -Nl—mgn(z\?\;]}élro ggéylijs?g &t aliad%l?%rﬁgh?’llét ﬁg‘?“ e °
branched), a gyanQoffi@Pylphenyl group, a 2,4-aMRAREHedMheLe (2 and R21
are each i ndependently ay1p5 hj}rdr o%enpatom or aCl t%%k?l lggoup), a
nitro group, &nmahbaniighyipheup, @wudk (£Adt e C43dikytiflaardmerhyl)phenyip, an
N, N-di (G to C4 al kyCcar banoyl group, 20-NHCOR9 (where RO is a Clto C4

al kyl group t#¥&UPmay be branched), and a hal ogen atom and n is an integer
froml to 12); £ fxmig@'gmao ONR12R13 ﬁwhere R12 an %13 are
groups 25 7 ndependdht fy W B ORISR hE S r GBI CeBAs FEPFRPEE : PY 1)P¢a

hydrogen at o, {,2)a &) ¢ a BmFhufl k¥ reB. 048 dyale MBYwRG REANEES:

SR

I/ / /RT
¢ x

NN

(1)

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

15 group, a S-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
2,3-bis(trifluoromethyl)phenyl group, and R, R and X are groups
independently as defined in claim 1).

20 In one embodiment, R7 and R® of the compound represented by
the formula (I) are groups independently selected from the group
congisting of’

(i1) a C: to Ciz alkyl group that may be branched or form a cyclic
group; and

25 (xii) -(CHo)n-OR12 (where R% is a group selected from the group
consisting of:

(1) a hydrogen atom,
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(3) an aryl group, wherein the aryl group may be substituted wth at | east
one group selected fromthe group consisting of: a Cl to &4 al kyl group
that may be branched, a C4 to C5 al koxy group that may be branched, 5an
aryl group that nay be substituted with a G to C4 al kyl group that may be
branched, a cyano group, -NR 20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a G to C4 alkyl group), a nitro group, a
car banoyl group, an N-(Cl to C4 al kyl)carbanoyl group, an NN-di (C4 to C4
al kyncar banoyl group, or -NHCOR9 (where RO 10 is a G to C4 al kyl group

that may be branched), 1 (where R20 and
R21 are each |ndependent §Xgﬂﬁ§ 4%35%1%”“ hatnu%ﬁbﬁ%ﬁﬁﬁﬂﬁgkyl group), a

nitro group, 15a carbanuyl Ofosil afody, (@hebéinC4hal ky@carbanomhaygmeup, an

N, Ndi (G to C4 al kyl)carbanoyl group,

- NHCOR9 (whersibRAtutmdavith at desCd oablgybu@sdmeﬂﬁmmmhy ghanbeamsctiad) ¢f° and 20a
hal ogen at om and het er oar group,. wherein the

het eroaryl group may beESGbgipﬁap%ﬂ&ﬁ@ﬁﬁ%ﬂtméﬁéﬁkﬁﬁ%dﬁﬁoup sel ected from

t he group consisting of 1At roup. that e branched, 25a
G to C5 éfkoxy group tha? f C %ﬂﬂﬁ?gﬁ ]%Bybe%) ”EMMPan aryl group

that may be substituted j rabvl {Jupt %@m@ykw bR teliakitBy detbrgnehed, a
cyano group, -NR20R21 (where R%O and R21 are each |ndependently a hydrogen

atom or a Cl 4layCéraipkiatgnay e, beanthtd 0a gfanp groue aNiitlyl (wiaapR?an N- (Cl
to 4 aIkyI)carbanDyI group, an N, N-di (G to C al kyl)carbanmoyl group, or
-NHCOR9 (whera@@R&?*} grg e@mht@d@elﬁe@iy QrWOgWHtatﬁ@ymbé‘ bt éﬁcﬁfe@}kﬂSa cyano

0O onfph PP B ST , BN B TAESRRNETL ) S
10an N-(Gh tq r%pa£§ﬂ i\ﬂﬁ'{@ﬁf@ﬂ; aPkHA¥Rrbamoyl group, or -NHCORY (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
hydrogen atom or a C1 to Cs alkyl group),
i5 a nitro group,
a carbamoyl group,
an N-(C; to Cs alkylcarbamoyl group,
an N,N-di(C; to C4 alkylcarbamoyl group,
-NHCORS?® (where R? is a C; to C4 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 C; to C4 alkyl group that may be branched,
a C; to C;5 alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cq4
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an N,N-di (C. to C al kyl)carbanoyl group, - NHCOR9 (where R9
is aCl toC4 alkyl group that nmay be branched), and a hal ogen atom 15 and
nis an integer from1l to 12); (ix) -(CH2).NR12COR13 (where R12 and
R13 are groups independently selected fromthe group consisting of: (1) a
hydrogen atom (2) a Cl to C4 al kyl group that may be branched; 20(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, a G to C5 al koxy group that nay be branched, an aryl

group that rm:ﬁk?leg%oug)shll %ﬂagokﬁz&ra(n g& 5 %llorzé‘ﬂ lkYNRQngy %ﬁehr%t Ry be

branched, a cyano~gr ere are ea pendently

a hydrogen atgm o a s?le 8 HHepbi¥dntBr QURYA ﬂls&eﬁl group:, B CardRy|
group. an NN(Cl to Cral kayl )caregannﬁgrgrg%pﬁ@gn N, N-di (G 1to A

al kyucar banoygrogpbupniter grdddCaRArsdneyegiRfpi sn &L th@«ﬁu@ﬂ]@ykbzgﬁqdp t hat
may be branched), a cyano 8roup - NR29R21 émhere R2 and
R21 are each ﬁﬁﬂépé‘hd\aﬁt i at%oﬁ)?éi]ﬁﬁéféﬁbia’%l@ﬁ goun. oL NEGORGMdAre dg'oup) , a

NN di (a o B4 G Tk areRRsyr PR T kPt whel o Ro 15 a G t6 G
al kyl group that may be , eyano group,
-NR20R2: (where R20 and R2?! are each independently a
hydrogen atom or a C: to Cy alkyl group),
a nitre group,
10 a carbamoyl group,
an N-(Cy to C4 alkylcarbamoyl group,
an N,N-di(C; to C4 alkyDcarbamoy! group,
-NHCORS? (where R? is a C; to Cs alkyl group that may be
branched), and
15 a halogen atom,
and n is an integer of 1 to 12).

In ancther embodiment, R7 and R® of the compound represented
by the formula (I) are groups independently selected from the group
congisting of a methyl group, an ethyl group, an n-butyl group, an

20  isobutyl group, an n-decyl group, and a cyclohexyl group.

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

In another embodiment, R7 and R8 of the compound represented
by the formula (I) are taken together to form a divalent group selected

25  from the group consisting of' -(CH2)n- (where m is an integer from 2 to

8);
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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 150f: a C4 to C 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 wwth a C4 to &4 al kyl group that may be
branched, a cyano group, -NR20R21 (where 1120 20 and R21 are each

i ndependently a hydrogen atomor a Cl1L to C4 alkyl group), a nitro group, a
car banoyl group, an N-(Cl to C al kyl)carbamoyl group, an N Ndi(C to C4

al kyl ) car banoyl group, or -NHCOR9 (where R9 is a Cl to C4 al kyl group that
may be branched)—a cyano group, 25- NR%QBQl (where R2 and R21 are each

i ndependently a” hydkQgen at om or tqpC4 al kyl group), a nitro group, a
car banoyl group} 1 to 4 a ky )car]annyl group, an NNdi (G to C4
al kyl') car banmoyl gra and NHCOR9 (where RO is a Cl to 4

al kyl group that na 5 branched) a hal ogen atom and n is an
integer froml to 12); (x) (CH2)1)NR12R13 (where R12 and R13 are

de dent | | ected f i Sti f. 10(1
o baena oor " Dhe SR b BT Sy BB RAAL RSB e
(3) an aryl %o%tﬂyun\ﬁ*}%b?ééénw@bﬂ%ﬂé fARAHR <ﬂ3¥h@&e§w&§&dn§m§& with at |east

one group sel ected fromthe group consisting of to G4 al kyl group
that may be brancheadgteh5af Gleatingda addedyyungr Qupretsbﬂatedmy bie: FoRnehed,

an aryl group that may be substituted with a C1 to ¢4 al kyl group that may
be branched, fareypdm8Ilhr oup, -NRZQR%E (where R2 and R21 are each
|ndependently a hydrogen atom or C4 al kyl group), a nitro group, a

car banoyl group, an N-(Cl to yl
10
RS - GHoZ
RY.
™ —Csz
R4'/ \RT

(IT)

15 with a secondary amine represented by the following formula (III):

HN

~

RS (I11)
in an organic solvent in the presence of an acid scavenging agent,
wherein in the formula (ID), R, RY, R2, R?, R3, R¥, R4, R4, R5 RS,
20 RE and RY¥ are groups independently selected from the group consisting
of:
(i) a hydrogen atom:
(1) -NR2°R2! {where R2® and R?' are each independently a
hydrogen atom or a C; to Cy alkyl group);
25 (iii} a cyano group;
(iv) a nitro group;

(v) a carbamoyl group;
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20 group, an N, N-di (G to &4 al kyQcarbanoyl group, or -NHCOR9 (where RI is
a C to C4 alkyl group that nmay be branched), a cyano group,

-NR20R21 (where R2 and R21 are each independently a hydrogen atomor a Cl
to C4 al kyl group), 25a nitro group, a carbanmoyl group, an NN(Cl to C4

al kypcar banoyl group, an N.N-di (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(4) a heteroaryl group, wherein the heteroaryl group nmay
be substituted with at | east one group selected fromthe group consisting

of: a G to C alkyl.qgr t ha e branched, a Cl1 to C5 al koxy group
that may be branchg‘&?gfg%aﬁch?%p%gy& caphar DMOB%’ substituted with a Cl to

C4 al kyl group thatey Renbiianched, agywmng;ﬂ%p@uﬁﬂmoml (where R2 and
R21 are each independently a hydrogen atomor a Cl to C4 al kyl group), a

nitro group, a car ey NHTORDP, (wanrd\NRE Gd at 01 €4 Gl Xiyl) gashacmyt mgydigp, an

N,Ndi (G to C4 al ka/l)carbam)yl group, or -NHCOR9 (where RO 15 is a Cl to

C4 al kyl grouprangheday be branched), a cyano group, -NR20R21
racl toc4

(where R20. and R21,are geach_j ndependently a hydrogen_at.om
al kyl group), a ni t(lrxg agﬁbﬁ‘b;cl"' Zf’gléﬁc%ﬂblﬁnt\%?; ”b?%g%%g%cqﬁ-d(%lf%p@ Ehyelic
al kyl ) car barm%IlD&ggoup, an N,Ndi (G to C4 al kyncarbanoyl group, -NHCOR9
(where R9 is to C4 al kyl group that nay be
(x) a Cz to Ce alkenyl group that may be branched or form a cyclic

group:
{xi) a C2 to Cg¢ alkynyl group that may be branched or form a
10 cyelic 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 C; to Cy 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 Cy4 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 Ci alkyDcarbamoyl group, an

20  N,N-di{C; to C4 alkyDcarbamoyl group, or -NHCORS? (where R? is a C1 to
C4 alkyl group that may be branched),

8 cyano group,

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

26 a nitro group,
a carbamoyl group,

an N-(C; to Cs alkylcarbamoyl group,
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branched), and 25a hal ogen atom and n is an integer from1l to 12); (xi)
-(Cl112)0Y-OR 2 (where Yis a Cl to ¢4 divalent saturated hydrocarbon group
that may be branched, and R12 is a group selected fromthe group consisting
of: (1) a hydrogen atom (2) a Cl to C4 al kyl group that may 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 ClL to &4 al kyl 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 10 al kyl group that may be

branched, a cyano r d R21 are each independently
a hydrogen atontor (ﬁ@iQ%fﬁutW%mxﬁa nIPfO group, a carbanoyl

group, an N-(G to m@@gwmw@mt eg@lue@ @pa 8%?1»&%4&& Gffay be
al kyl ) car banoyl group, or -NHCORO (where RO is a C1 al kyl "group t hat

may be branchednchddaangano group, -NR20R21 (where R20 and
R21 are each independently a hydrogen atomor a Cl to C4 alkyl group), a
nitro group, a car@d#ﬁ?%mhﬁﬁﬁb 20an N4C1 to C4 al kyl kar banmoyl group, an

ko S odh t hat it B TR R R e gohe Gty Bticse e
het er oaryl grﬁ'}éphe‘f\é}%ﬁﬁllnnfoh&yh%a%r QR" ¥lib H QUL WYL 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,

10 an aryl group that may be substituted with a C; to Cs alkyl group
that may be branched, a cyano group, -NR20R2l (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-(Ci to C; alkyDcarbamoyl group, an
N,N-di(C; to Cs alkyDcarbamoy! group, or -NHCOR? (where R? is a C; to

15  Cs alkyl group that may be branched),

a cyano group,

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

a nitro group,

20 a carbamoyl group,

an N-(C1 to Cs 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

25 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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be substituted with at |east one group selected fromthe group consisting
of: a G to C4 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 alkyl group that nay be branched, a cyano group, -NR291121
(where R20 5 and R21 are each independently a hydrogen atomor a G to C4
al kyl group), a nitro group, a carbanoyl group, an N-(C to (4

al kyl ) carbanmoyl group, an N,N-di (C to C4 al kyncar banoyl group, or -NHCOR9
(where RO is a G to C4 alkyl group that may be branched), a cyano group,
10- NR2OR21 (where a l.are. each ind ndent .y a hydrogen atom or a
Cl to C4 al kyl gro%ﬁg}‘;tc’a %?ﬁy%gﬁoﬁguﬁat%?’aﬁ%gﬁ%%he(gi’r oup, an N-(C to C4

al kyl ) carbamoyl gr qup, tolGaR bk Nel G n &4 vahkyRgREbamy!  group,
-NHCOR9 (where RO is a G to al Kyl group that may be branched), and a
hal ogen atom and anisyhgrdup @gemdy bansibdtdiutdd wid04>0itp G4 £IHR) BrdaRl 2
(where R12 is a group selected fromthe group consistin

of :
a hydrogen atéwt P2y bg kepnchedp gykyd strwup NFAR naghese B amdhBY: are
(3) an aryl] group, wherein.th ryl group may be substituted with at
| east one ro?ﬁf%s@d%?lé‘ge“fq}yoﬁﬁlyﬁéx%ﬁf?ngé’ﬁs%/ gﬁitﬁéé‘o?]?uky SEQUIY o A DY kyl
group that r . -akk g s br.anched,
an aryl gromrjnsé(l:tﬂtktll f%nggmégyggg&ggsrﬁlg’ut%ggﬁw&%hggmd E%B&alt%tnﬁ{}? %IE%B’pat at may
be branched, H, XA @rouplkyhNR2RARLY (@nbes,corRAHA0® Ryhedd BRI€2GIC, to
i ndependently a hydrogen atomor a Cl1 to 04 al kyl group), a nitro group, a
car banoy! gr otipalkah grpyrCthatongybebkymdadbanoy |

a cyano group,

(1)

10 -NR20R21 (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 Cy4 alkyDearbamoyl group,
15 an N,N-di(C: to Cs alkylearbamoyl group,
-NHCOR? (where R® is a C: to C: alkyl group that may be
branched),
a halogen atom, and
-8(0)n R (where nis 0, 1 or 2, and R is a Cy to Cy4 alkyl group that
20 may be branched);
or may be substituted with -O-(CHz}n-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:
25 a C1 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
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5 group, an

N, Ndi (G to 04 al kyl)carbanmoyl group, or -NHCOR9 (where RI is
a C to C4 alkyl group that may be branched), a cyano group,
-NR20 R21 (where R20 and R21 are each independently a hydrogen atomor a C

and a

to C. alkyl group), 10a nitro group, a carbanmoyl group, an N(GC. to C4
al kyncar banoyl group, an N,N-di (Ct to C4 al kyl ) car banoyl group,

-NHCOR9 (where RO is a Cl to 04 alkyl group that may be 15 branched),
hal ogen at om and (4) a heteroaryl group, wherein the

het eroaryl ¢
the group co
Cl to 05 alk
that may be
cyano group,

N-(CL to C4

branched),,
each i ndepe

group, or -N 1{Gutere #@Yﬁga@a@(ﬂ Srow. Atk NHGPEA pwheeet R
n

roup may be substituted with at | east one group selected from

i sti f.. 2 i 4 al kyl o b | hed,
ne Ia%tﬂlgﬁé}%t%gpgﬁn%g ab%)g%l}oaﬁxg%ué%,ﬁ e (twaaétre @ygﬁﬁaﬁ{ anghe a

oxy gr g

ylmﬁroup

saest énﬁ@%&gie‘ﬂitiyha %ﬁgmg&l bl c9roup, et MY be ffanched, a

- NR20R21 (where

alga to

and R21 are each i ndependently a hydrogen

atomor a C groufd aakdphndyl grroup) anaNaithr o @houlkylaaganhadogtougr aup,
al kyl) carbanoyl group, an N,N-di (G to C4 alkyl%%srbannyl

an

-NR20R21 (where R20 and R21 are

3%§¥ﬁ§9§ﬂﬁ§ﬁﬁ%ﬂéﬁa%P%HF%Rdﬁd i to 04 alkyl group), a nitro

group, 5a carbannyhcgaﬂygrggp N-(Cl to 04 al kyl)carbanmoyl group, an
a

N, N-di (G to

G to C4 al kyl

an integer f

10

15

20

C4 al kyhcar

roml to 12);
atom or a C; to Cq alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to Cs alkyDcarbamoyl group,

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

"NHCOR? (where R% is a Ci to Cy alkyl group that may be
branched), and

a halogen atom; and

Z is a halogen atom, and

in the formula (III), R7 and R® are groups independently selected
from the group consisting of:

(1) a hydrogen atom;

(i1) a C: 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 C2 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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(xiii) -(CH2)11-S-R12 (where R12 is a group selected fromthe group
consisting of: (1) a hydrogen atom 15(2) a G to C4 al kyl group that may
be branched,; (3) an aryl group, wherein the aryl group nay be
substituted with at | east one group selected fromthe group consisting of:
a G to 04 al kyl group that may be branched, a G to 05 al koxy group that
may be branched, 20an aryl group that may be substituted with a Cl to 04
al kyl group that may be branched, a cyano group, -NR20 R21 (where R20 and
R21 are each independently a hydrogen atomor a Cl1 to C4 al kyl group), a

nitro group, a car I n t kyl ) car banoyl group, an
N,Ndi (G to C4 al %a(rl‘gg‘l%gpgm%rp t%fa?% &f\l%ﬂﬁé Where RO 25 is a G to C

al kyl group that rraxclb@ @Jﬂ%ﬁfg}ou};ﬁt}ﬁxm Bt B¥PnchelR20 R21 (where R2 and
R21 are each independently a hydrogen atomor a Cl to C4 al kyl group), a

nitro group, a carbamnylggﬁ@u@uwamawbééﬂbiﬂxwﬁﬁiahﬁyhXhabUanﬁkyIgﬁ@mp, an
N,Ndi (G to C4 alkyl)carba group (where RO is a
Cl to C9 al kythagrmeuy berkia 93/ be chrmnErew)  NRTR% %&eégé%?" atméniimam

h he h b d
Gn a1 chortashd g RER R, E PR e S T OrRBE] RGP B 2 B0 o Ca
al kyl group t@%hF”%ycma%@qcél%QP anCl-ta & @l E%X’)M&%’Oﬁ%{ﬁé bI Kyl

branched, an aryl group th be substituted w'th

group t hat nauml(lﬂla:nomwmkyb)cmmwrg@m orNRZOCBER? (Ghoey RO 20 @ng R21 are
each |ndependently a hydrogen atomor a G to C4 alkyl group), a nitro
group, a car b@noliyl groupthadmay pchrawched).al kyl ) car banoyl group, an

N, Ndi (G to C4 al kyl karbanoyl group, or -NHCOR9 (where RO is a Cl to C9

al kyl group that mdyYBECBFAHthed), 20a cyano group,

10 -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,
15 an N,N-di(C; to Cs alkylcarbamoyl 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
20  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, -NR20R2! {where R2¢ and R2! are
25 each independently a hydrogen atom or a C; to Cs alkyl group), a nitro
group, a carbamoyl group, an N-(C; to Ci alkylcarbamoyl group, an
N,N-di(C: to Cs alkyDcarbamoyl group, or -NHCOR® (where R? is a C; to
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-NR20R2i (where R2 and R21 are each independently a hydrogen atomor a Cl
to C4 alkyl group), a nitro group, a carbanoyl group, 25an N-(Cl to C4

al kyCcar banoyl group, an N,N-di (G to C4 al kyl)carbanoyl group, -NHCOR9
(where RO is a Cl to C4 al kyl group that may be branched), and a hal ogen
atom and nis an integer froml to 12); (xiv) -(CH2),-SOR12
(where R12 is a group selected fromthe group 5consisting of:

(1) a hydrogen atom (2) a C to C4 alkyl group that nay be branched,

(3) an aryl group, wherein the aryl group nmay be substituted with at | east

one group seI@g%%g%g{oq{;@ E&{ﬁ‘%,{r%ﬁ@@bg%%ﬂeﬁfi ng of: 10a Cl to C4 al kyl group

that nay be bra oXy '‘group that may be branched,

an aryl group that ;n@ynberéypstituted with a Cl to C4 alkyl group that may
be branched, a cyano group, -NR20R21 (where 1(2 and are each independently
a hydrogen at om or -MR®R? dwBdreaRRY hnd R2Yraoe@ach dndépamiegtlyup hydragnbanoy|
group, an N-(C, to 4 al kyl)carbanoyl group, an NN Ndi (C to C4

al kyl ) car bar‘ro@q‘mg?lbﬁl&l t@ral-ﬂ\lﬂ‘m“() ere RO is a G to C4 alkyl group that
may be branched), a cyano group, -NR20R21 (where R20 and
R21 are each indepgr{ﬂgrr?ﬁr? ¥ 20 hydrogen atomor a Cl to C4 alkyl group), a
nitro group, a carbanpyly,ghiopRupan N-(C, to C4 al kyCcarbamoyl group, an

N, Ndi (G to C4 al kyl)carbanoyl group, 25-NHCOR9 (where RO is a Cl to C4

al kyl group that may ¥€Cbtaoghag))cashunoyl group,

an N,N-di(C; to C4 alkylcarbamoyl group,
‘NHCOR?® (where R® is a C; to C, alkyl group that may be
10 branched), and
a halogen atom;
(vii) -(CH2)sOCONRR! (where RI® and R are each
independently a group selected from the group consisting of:
(1) a hydrogen atom;
15 (2) a Ci to Cq alkyl group that may be branched:
(3) a Cs to Cs alkenyl group that may be branched or form
a cyclic group
(4) a Cs to Ce alkynyl group that may be branched or form
& cyclic group
20 {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 Cy to Cq alkyl group that may be branched,
a C; to Cs alkoxy group that may be branched,
25 an aryl group that may be substituted with a Ci to C4
alkyl group that may be branched, a cyano group, -NR20R21l (where R20

and R2! are each independently a hydrogen atom or a C; to Cs alkyl
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a hal ogen atom and (4) a heteroaryl group, wherein the
het eroaryl group may be substituted with at | east one group selected from
the group consisting a C4 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 G to ¢4 alkyl group that may be branched, a cyano

group. -NR20R21 (where R20 and R21 are each independently a hydrogen atom
or a C4to 4 alkyl group), a nitro group, a carbanoyl group, an NN(Cl to
C4 al kyl ) carbanoyl 10 group, an N.N-di (C4 to C al kyl) carbanoyl group, or

TR (her ) |y, St YRR, WS B heanshe e, cvane

group, ere ea ndependently a

hydrogen at 0@t aa ki, Nogitd; 8 kY lal B¥i0uRhaméPreRiub! Br ATAWD RB(wEDIvOY|
group, an NN(Cl to C4 al kyl)carbanmoyl group, an N N-di (C4 to 04

al kyl ) car banoigla §r o alkyl group that may be brand#d@DRO (where RO is a Cl to C4
al kyl group that may be 20 branched), and a hal ogen atom and n is an
integer from1l to 12); &nheéranogroup(xy) -(CH2)n-S02-R12 (where R12 is a

2110 h akyl oroup tnat ey bE B Bhaand B &R AP BHBHERTRE B 1t ne
ar up consi ot e ar T AR CCP S I S15B2 (Rat My be branched, & 1 fo
C5 al koxy group that maw hgrbpanghed,
a carbamoyl group,
an N-(C: to C4 alkylcarbamoyl group,
10 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:
(8) 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 oft
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
20  alkvl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hyvdrogen atom or a C: to C: alkyl
group), a nitro group, a carbamoyl group, an N-(C; to Ca alkylcarbamoyl
group, an N,N-di(C; .to Cs alkylcarbamoyl group, or -NHCOR? (where R®
is a C1 to Cs alkyl group that may be branched),
25 A Cyano group,
-NR20R2! (where R20 and R2! are each independently a

hydrogen atom or a C; to C4 alkyl group),
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an aryl group that may be substituted with a G to C4 5 al kyl group that
may be branched, a cyano group, -NR20R21 (where R20 and R21 are each

i ndependent|ly a hydrogen atomor a G to C alkyl group), a nitro group, a
car banoyl group, an N-(C to C al kyl)carbanmoyl group, an NNN-di (G to C

al kyl) car banoyl group, or -NHCOR9 (where RO is a G to C4 al kyl group that
may be branched), 10a cyano group, -NR20R21 (where R20 and
R21 are each independently a hydrogen atomor a C to 04 al kyl group), a
nitro group, a carbanoyl group, 15an N-(Cl to C4 al kyl ) carbanoyl group, an
N,Ndi (G to C4 al kyncarbgr‘g%/lr roup, -NHCOR9 (where RO is a Cl to 4 al kyl
group that may be branche P4 hal ogen atom and 20(4) a heteroaryl
group, wherein the heterogiyhnfi0Ppodfpy be substituted with at |east one
group selected fromthe group consisting of: a G to 04 al kyl group that
may be branched, a G t oarChl-@hkoxXy: akplparbhatoybasodpe br anched, 25an aryl
group that may be substituted with a G tqo C4 al kyl group that may be
branched, a cyano group,an NRIOR: fowherlkyRearbampyReiowe each i ndependent |y

a hydrogen atomor a Cl (?éﬁgl K )C ﬁll;'\‘i[ 195.0U h% car q)armyl
group, an N (Cl to 04 al{%\&ﬂ a{ﬁ%‘ﬁfegr 8 Qaff kéf?g&f& 4™
al kyl ) car banoy, ll(?)nghg&bpangr -NHCOR9 (where RO is a G to 04 al kyl group that

may be branch a cyano group, 5-NR20R24 (where R20 and R21 are each
i ndependent |y a hydrogem aklygeftténC to 04 al kyl group), a nitro group,

(7) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:
10 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 C; to Cy4
alkyl group that may be branched, a cyano group, -NR2VR2! (where R20
and R2! are each independently a hydrogen atom or a C; to Cy alkyl
15  group), a nitro group, a carbamoyl group, an N-(C; to Cs alkyDecarbamoyl
group, an N,N-di{Cy to C4 alkyllearbamoyl group, or -NHCOR?® (where R?
is a C1 to Cy alkyl group that may be branched),
a cyano group,
-NR20R2! (where R2° and R?! are each independently a
20  hydrogen atom or a C: to Cs alkyl group),
a nitro group,
a carbamoyl group,
an N-(C; to C4 alkyDearbamoyl group,
an N,N-di{(C; to C4 alkyDearbamoyl group,
25 -NHCOR? (where R? is a C; to Cs alkyl group that may be
branched), and

a halogen atom;
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a carbamoyl group, an N-(Cl to 04 al kyl)carbanoyl group, 10an N,N-di (C4 to
04 al kyl Thar banoyl group, -NHCOR9 (where RO is a G to 04

al kyl group that may be branched), and a hal ogen atom and n is an
integer from1l to 12); or R7 and R8 are taken together to form15 a

di val ent group selected fromthe group consisting of: -(CH2).- (where m is
an integer from2 to 8); In one enbodi nent, R44 Rl'. R2, R2',
R3, R, R4, R4&', W R5', R6, and 20 R6' of the compound represented by the
formula (11) are groups independently selected fromthe group consisting
of : (i) a hyq%g en atom (xiv) an aryl group, wherein the aryl group
may be substituted with at | east one group selected fromthe group

consisting of: 25a C4 toglC4 RltkMargl gtiipt RatterfBY tREL D80G E G 0@ Hayt 0 05

al koxy group that may be branched, an aryl group that may be substituted
with a C to iB9sulatitntedgwabmttlaast oreygivapbyedercad donea oy arvmpgroosmtingNR2OR2 1
(where R2 and R21- are each independently a hydrogen atomor a G to C4

al kyl group)ﬁﬁé nitro group, a carbanoyl group, an N-(Cl to C4

(uher b RO 15 T4 a Cl Lo CHOAPRST Gradsorh e A b Ao} “a eyano o oup.
-NR29R21 (where R2 and R2g. a5 e, @ach i()é}@ﬁp@ﬁggﬁlta:yybe%ﬁylgﬁggen atomor a Cl
to C4 al kyl group), a nitro group, Ira car banoyl group, an N-(Cl to 04
al kyl') car banoyl group, am Mri gidup thet @dyabkydubsatitedoyithgaoOpto 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 Cy alkyl
10  group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyDearbamoyl
group, an N,N-di(C: to Cs alkyDcarbamoy] 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
15  hydrogen atom or a C; to Cs alkyl group),
a nitro group,
a carbamoyl group,
an N-(C; to Ca alkylcarbamoy] group,
an N,N-di{C; to C4 alkyDcarbamoyl group,
20 -NHCOR? (where R? is a C: to Cs alkyl group that may be
branched), and
a halogen atom;
and n is an integer from 1 to 12);
(viii) -(CH2)»CONR2ZR13 (where R!2 and R1® are groups
25 independently selected from the group consisting of:
(1) a hydrogen atom:
(2} a Cy to C4 alkyl group that may be branched:
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-NHCOR9 (where RO is a G to C4 alkyl group that may be branched), 15a

hal ogen atom and -5(0),-R (where nis 0, 1 or 2, and
C to 04 alkyl group that may be branched); or may be substituted w
-0-(CH2).-0- (where mis 1 or 2) at positions 3 and 4 taken together;

20(xy) a heteroaryl group, wherein the heteroaryl group may be subst

with at

al kyl

group that may be branc nQ ou
each independently a hylcajr§ grg]u

| east one group selected fromthe group consisting of: a G

Ris a
th

and
ituted
to 04

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 25 al kyl

ogen a Yom®6F %hetrgmozltl%l I?%?wg"’lr%%) Ay {4

group, a car bamyky@HdoMRh ANkt ((He gtreupée@l:&@w f}&]ﬁrtlﬂa@w,lp oG B
N, N-di (C4 to C4 al kyl ) carbanmoyl group, or - where RO Is C1

group that may be ebﬂamlﬁfedlky}@mmammtgmayme branched

al kyl

-NR29R21 (where 1(20 and R21 are each independently a 5

e R29 an R21 are

ro

to C4

drogen atomor a

Cl to C4 al kyI group), a ki t9 &> gllowy, eraue s @*amylbeghmpheﬂgn N-(ClL to C4
al kyCcar baqm)
(where RO s

atom

10

20

group, an N, N-

ar. a 10- NHCOR9

a Cl to C9 Ht @Yld ’g%ﬂbg]ﬂﬁtap%ggbs)él SHERE e‘H)t%r (g % K& ogen

alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to Cy4 alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkylearbamoyl
group, an N,N-di(C; to Cs alkyllcarbamoyl group, or -NHCOR?Y (where R?
is a C; to Cy4 alkyl group that may be branched),

a cyano group,

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

a nitro group,

a carbamoyl group,

an N-(Ci to Cs alkyDcarbamoyl group,

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

-NHCOR? (where R? is a C) to C: 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 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

alkyl group that may be branched, a cyano group, -NR2R2! (where R20
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In a further enbodinment, R, RlI', R2, R2', 113, R3', R4, R4', 12,5, R5',
R6, and R6. of the conpound represented by the formula (11) are groups 15
i ndependently sel ected fromthe group consisting of a hydrogen atom a
3.4,5-trifluorophenyl group, a 3,4,5-trichlorophenyl group, a

3, 4-di fl uorophenyl group, a 3-nitrophenyl group, a 3-cyanophenyl group, a
benzot hi ophenyl - 2 -y1 group, a 3, 5 - difluorop he nyl group, a
3-trifluoromet hyl phenyl group, a 2,4 - difluorop henyl group, a 20

3-met hyl sul f onyl phenyl group, and a 2, 3- bis(trifluoronethyl)phenyl group.

I furth t I
[0 2 further ot et BISERTRAUG, LEBLERSDL ooty of o Lol L) 1S 2
groups i ndepeadaps, |3Ynft§(l> erdf o fd'a@ﬂhﬂahgl%‘r'l Cﬁaﬁqmcm@gaﬂtywcawa@lﬁgﬁen at om

a 3,4,5-trifluorophenyl group, a | or ophenyl group, a

3, 4- d|f|uorop@mnyjagﬂﬁ&bdﬂ@1$eﬂh&ﬂhﬂhﬁmb&mgybmmupaoﬂjNHﬁNHﬂheﬂyheQWOup, a
benzot hi opheny1-2 yl group, a 5 3,5-difluorophenyl group, a

3-trifl uor oneishyEphefyrlkgl upup sthar maybe buardiienyl group, a
3- et hyl sul f onyl phenyl group, and a 2, 3-bis(trifluoromethypphenyl group,
and R7, 1t% and Z are grbBHEi% #¢8Bendent |y as defined above). In

anot her - erbodi ment, R7 anckaBot il Recondany: am necA0£plensaked by the

formula (11) are groups independently selected fromthe group corsisting

of : (1 hydragéh ateom 612 @ &yl gkQUprddpat may be branched or form a
cyclic group; and (xii) -(CH2).-0R12 (where R12 is a group

sel ected fromthe group d5itcossiwti ng of : (1) a hydrogen
atom (2) a G to C4 alkyl group.that nay be branched,

(3) an aryl group, mhere?ﬁaé@ﬁ?gg L §FoWr oup may be substituted with at |east

one groupg§elected fron1%£gl§f8§ Eﬁgibaﬂ%ngKWE n?ﬁ) Cl to &4 al kyl group
all ma

that nmay be branched y group y be branched,

an aryl group that may bg, suRsdiidWoad, m&hc@b%éy@g%fgl kyl group that may
be branched, a cyano group, -NR20R21 (where R2 and R21 are each

i ndependent I y a hydr ogenNHOORE(whefd Rf ds €4C atk§l aB&l growprhatamajtheo group,
a carbanoyl group n N-(Cl to C4 al kyl)carbamoyl group, an N, N-di (C4 to C4
alkylkarbanoylmﬁﬁbﬁg agf - NHOOR9 (where RO is a G to C4 alkyl group that

may be branched), a cyanﬁ g} -NR20R21 (where R20 and R21
are each independently & R ﬁ8ﬁ§ﬁ”ﬁton1or a Cl to C4 alkyl group), a nitro

group, 5a1§ar§gaqugnghg%@rﬂ%%lmTQQ§)to C4 al kyl') carbanoyl group, an
N, N-di (G to C al kyl)carbanoyl group, -NHCOR9 (where R9 is a
Cl to C4 al kyl groGg th&rHpaWRbEGRENCHE Yre aR® and R!3 are groups
independently selected from the group consisting of’
(1) a hydrogen atom;
(2) a C1 to Cs alkyl group that may be branched;
20 (8) an aryl group, wherein the aryl group may be
gubstituted 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 Cs
25 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.a1ky1

group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyl)carbamoyl
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10a hal ogen atom and (4) a heteroaryl group, wherein the

het eroaryl group may be substituted with at | east one group selected from
the group consisting of: a G to C4 alkyl group that may be branched, 15a
Cl to C5 al koxy group that nay be branched, an aryl group
that may be substituted with a G4 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 C4 al kyl group), a nitro group, a carbanoyl group, an N-(Cl
to C4 al kyl)carbanoyl 20 group, an NNNdi (4 to C4 alkypcarbannyl group, or

- NHCOR9 (wher ] 21 (1O o] e a cyano
group, Erolip, b Nah%léf;éﬂ(% %tllallg%i %algﬁﬁf g@&‘pg?% Iggcﬁj epen 9nt ly a
hydr ogen at omsQr cudCd, hikyE96@Mat ﬁéﬁb@%&&ﬂc@d@up, a carbamoyl group, an
N-(ClL to C4 al kyl)carbanmoyl” group, an N, N-di(C. to C4 al kypcar banoyl

group, -NH(xmqgnfmpe ROis a Cl to 4 alkyl group that may
be branched), and a halo en atom and n is_an integer of 1 to 12.

In a further errbodl ment , ‘)Eﬁd("l@r@f RthandeRonaae yeashi Wwéepeteadbneed by

t he fornul are ﬁ)rou nde Pt §el ected fromthe group

consi stin H’%‘frhf} g&p,l%?n "ef?]%\}' u’p an n-butyl group, an isobutyl
group, an n- decyl group, aﬁﬁgogr&%cl ohexyl group. 10ln a still further
enbodi nent, R7 and R8 of the Secondary amine represented by the fornul a

(1) are the sane. a carbagivel @ﬁo’uperrbodl ment, R7 and R8 of the secondary
am ne represented by the formula L are taken together to forma dival ent
group sel ected fromthe apr dufs 1dorsi dkyheprbhmoy] €@p, - (where mis an / 15

integer fromz2 to 8);/- Oan Na,ﬁ('j&l(C]_ to (B; a%]lkyl)carbamoy} group,

10 -NHCORS? {(where R is a C1 to Ct 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:
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 Cy
alkyl group that may be branched, a cvano group, -NR2R2! (where R20
20 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 alkylcarbamoyl
group, an N,N-di(C; to C4 alkyDearbamoyl group, or -NHCOR? (where R®
is & C1 to C4 alkyl group that may be branched),
a eyano group,
25 -NR20R2! (where R2? and Rl are each independently a
hydrogen atom or a C; to Ca alkyl group),

a nitro group,
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The present invention further provides a nethod for stereosel ectively
produci ng a conpound represented by the fornula (VI): 20R14R160 O R17 R18(
V 1) the nmethod conprises: al kylating a conpound represented by the formula
(1'V) 146R1 25R N C-00-0-R17 (Iv) with a conmpound of the fornmula (V):
R18-W V) using a conpound represented by the formula (1) that is pure with
respect to axis symmetry as a phase-transfer catalyst: R3 R2 R3R2(l) in a
mediumin the presence of an inorganic base, wherein in the formul a
(1), R, RI', R, R'", R3, R3', R4, R4', R5, R5', R6, and R6 are groups

i ndependently sel ected fr [ consisting of: 15(i) a hydrogen atom
(i1) -NR2OR2i (where R2 aa%%b%&%yg go ach independently a hydrogen atom or a

G to C4 alkyl group); an N-(CythiCalkf)EMBAMOYIT BHRip, (iv) anitro
group; 20(v) a carbanoyl group; (vi) an N-(C1 to &4 al kyl) car banoyl
group; (vii) an N, N-di ( Gin NaN@4(Gl toyT) daybeanbyimogt gripip,
-NHCORS?® (where R? is a C; to Cu alkyl group that may be
5 branched), and
a halogen atom;
and n is an integer from 1 to 12);
(x) -(CH2),NR12R!3 (where RI2 and R13 are groups independently
selected from the group consisting of:
10 (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 oft
a C1 to C4 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, -NR20R21 (where R20
and R2! are each independently a hydrogen atom or a Ci to Cy alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkylearbamoyl
20  group, an N,N-di(C; to C4 alkylcarbamoy! 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 C: to Cs alkyl group),
25 a nitro group,
a carbamoyl group,

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

45



(viii) -NHCOR9 (where RO is a G to C4 alkyl group that may be branched);
25(ix) a G to C6 al kyl group that may be branched or forma cyclic group;
(x) a C to C6 al kenyl group that may be branched or forma cyclic group;
(xi) a C to C6 al kynyl group that may be branched or forma cyclic group;
(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 consisting of:
a G to 4 alkyl group that may be branched. a Cl to C6 al koxy group that
may be branched, an aryl group that may be substituted with a G to C al kyl

group 10 that may be branc 218 C 0,4l -NR2OR21 (where R29 and R21
are each i ndependently aarhgg‘godglgjrf tﬁf(?)ﬁlgyﬁg&aﬁn%%% Ouzﬂ’kyl group), a nitro

group, a carbanmoyl groupNIROON: (FhetORAs §|$1Ydo)@?-ﬁh§y’m%¥bl%%ﬂ&pma Mhe
N, Ndi (G to C4 al kypcarbanoyl group, or -NHCOR9 (where isaCltoC4

al kyl group tiatched), bed br anched), 15a cyano group, - NR20R21 (where
R20 and R21 are each indegendently a g%drogen atomor a Cl1 to 4 al kyl
group), a nitro group, & Balopemsydmgareip, 20an N-(Cl to C4 al kyl ) car banoyl

sroup an N6 L0 58 AL SILEIRN MU o eSS, TS
et eroalyT Moy ety Ry R R T ar G R a4 r om
the group congiisting of: a C to 04 al kyl group that nay be branched,

a Cy to Cy alkyl group that may be branched,

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

10 an aryl group that may be substituted with a Cy to Cy4
alkyl group that may be branched, a cyano group, "NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C: to Ca 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*

15 is a Cito Cys alkyl group that may be branched),

a cyano group,

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

a nitro group,

20 a carbamoyl group,

an N-(C; to C4 alkylcarbamoyl group,

an N,N-di{C; to C4 alkylcarbamoy! group,

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

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

(xi} -(CH2),Y-OR!2 (where Y ig a C; to Cs divalent saturated
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a G to 05 al koxy group that may be branched, an aryl group that may
be substituted with a G to 04 alkyl group that may be branched, a cyano
group, -NR20R21 (where R20 and R21 are 5 each independently a hydrogen atom
or a Cl to 04 alkyl group), a nitro group, a carbanoyl group, an NN(C to
04 al kypcar banoyl group, an N,Ndi (G to 04 al kyncar banoyl group, or
-NHCOR9 (where RO is a Cl to 04 al kyl group that nay be branched), a cyano
group, 10-NR20R21 (where R2 and R21 are each independently a hydrogen atom
or aCl to 04 aIkyI group), a nitro group, a carbannyl group, an NN(Cl to

04 al kyncarb oup 15a N N- di to,0 ypcar banoyl group,
PNHooR (aner Bkge R wotgothel Bekyie Brotiotndrtols et s el g
hal ogen at oM f.om the roup Conégh}{écgn aryl group, wherein the aryl group may
be substituted 20 vvlgt | east one group selected fromthe group
consisting of: a Cl to 0‘24) alHevilkro gimoarpnt;hat may be branched, a Cl to 05

al koxy group that may be branched, an aryl group that may be substituted
with a G to 04 alkyl gr@up QMtCW§KYbér€b¥pa @y be by@m@eé'r oup, - NR20R2i

(where R2 and R21 are 25 _each |£§ependen ‘g% at om or % to 04
al kyl group), a nitro gr@ Al o 24T RS "‘bﬁ/ed'ﬁﬁl IQ-rYJCIgTPBPOPaY
al kyncar bam)yé RHRyd @h'\%t%%t(oge d%%ﬁ%?l%'ck%' &rn%{g%ﬁlé%%%{gmngno NFCCRD

(where R9 is a gro bra group,
-NR20R24 (where R2 and @@1%@4@@@3&1 drode RRAC 8L e }afahygécggen atomor a Cl

to ¢4 al kyl group),
a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to Cs
10  alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R are each independently a hydrogen atom or a C; to Cs4 alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to C; alkyDcarbamoyl
group, an N,N-di(C; to C4 alkyDecarbamoy! group, or -NHCOR? (where R?
i1s a C1 to C4 alkyl group that may be branched),
15 4 cyano group,
-NR20R2! (where R2' and R2! aye each independently a
hydrogen atom or a C; to Cs alkyl group),
a nitro group,
a carbamoyl group,
20 an N-(C; to C4 alkyDearbamoyl group,
an N,N-di(C; to Cs alkyl}carbamoyl group,
“NHCORS?® (where R? is a C; to C4 alkyl group that may be
branched), and
a halogen atom: and
25 (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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5a nitro group, a carbanoyl group, an N-(C4 to C4 al kyncarbanoyl group, an
N, N-di (G to C4 al kyl)carl oanoyl group, -NHCOR9 (where R9 is a
Cl to &4 alkyl group that may be 10 branched), a hal ogen atom and
-S(0).-R (where nis 0, 1 or 2, and Ris a Cl1 to C4 al kyl group that nay be
branched) ; or may be substituted with -0-(CH2).-0- (where mis 1 or 2)
at positions 15 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: a G to C4 al kyl group that nay be

branched, a C to C5 al§96¥Hggg%@Qﬁgﬁ%ﬂﬁg¥%§$ﬂg%%Q%Q§%§¥Foan aryl group

that nay be substituted W up "may be branched, a

cyano group, -NR0R21 (wher & 8%@1@&4}_%%%&9%% RAGHehdapradent |y a hydrogen
atomor a Cl to C4 al kyl group), a nitro group, a carbanoyl group, an N-(Cl

to C4 al kypcarbanoyl gr aip argingidy dh{iChdyob&bubkiiypedr baboyl Cgtougy, or
-NHCOR9 (where R9 is a Cl to 25 C4 al kyl group that may be branched), a
cyano group,fﬂNRth%HJ(Mﬁem@Yﬁ%fhﬁﬁ“ﬁ@i,aﬂ§aéadﬁ0ﬂhd@ﬁéﬁﬁéhﬁﬁbm@ R¥fdr ogen

etomor &5 b Bl BBl FSTE A R S et ™ (©
hal ogen &t om Pnl € nrh D, e Bbiko DRRND, HISEIGEY P <L ARARSHhor e ©
organi ¢ groupz@hapaie N,-&dk e U0eek#tarbOmber Moapdby aNBNIORY GAHre For oup,
is a C1 to C4 alkyl group that may be branched),
a cyano group,
10 -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 alkyllcarbamoyl group,
15 an N,N-di(C; to C4 alkylcarbamoyl 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 (xi1) “(CH2)n"OR!2 (where R? is a group 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
25  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,
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X- is a halide anion, in the fornulae (1V) and (VI), R14 and R15 are each

i ndependently (i) a hydrogen atom or 15(ii) an aryl group that nay be
substituted with a Cl to Cg al kyl group that nay be branched, a Cl1 to C5

al koxy group that may be branched, or a hal ogen atom with the

provi so the case where both R14 and R15 are hydrogen atons is excluded, 20
R15 is a group selected fromthe group consisting of: (i) a

hydr ogen at om (ii) a G to Co alkyl group that may be branched or
forma cyclic group; (itii) a C to Co al kenyl group that may

be branched or forma 25 cycljc group; iv) a,C2.to | kynyl
group that may be branch& a5¥1| ?’6“?’7’% gﬁ)%tyg’laiycbﬁr%’%ﬁ?})mted with aqsll% kéffn

aral kyl group,jphet&inchfiemdi e BFQHRA! at&%nérg%ﬁ%(ﬂ GROED (BieRRCR20
substituted wth at |'east oné group selectéd fromthe group consisting of:

a Cl to C4 aldkwl Ritoup ddeat indeyeddedilsanchedkogan Gloino ot &l kox g, gilloylp t hat
may be branched, ~an aryl group that may be substituted with a Cl to
C4" al kyl grougrouhata niyo eouw aneiibaimonl expane agrieup; te NR2bRAkatwees R20 and

R21 are each independently a hydr omor a G tc l. group), a
nitro group, HUHr Bﬁﬁg\l dépbﬁ‘b,ﬁ*ﬁg}%ﬁl&@%ﬁ?}fiy CRPKGY ?@M%h@%ﬁgﬁp, an 10
N, Ndi (G to I ) g%}ﬁ[ Bve gﬁ@ (where RO is ad to 4
al kyl group t%éhg%bﬁgﬁ%}? nc eit‘i}%,[tq}am%g?gr%agur_}lloup’, -NR20R21 (where R2
and R21 are each independepdddyzrdupydrogen atomor a G to C4 al kyl group),

15a nitro group, a carbanoyl group, an N-(Cl to C4 al kyl) car banoyl group,
an N,N-di (G to 04 al kym®dtBBHo(Whepeollp and R2! are each independently a

hydrogen atom or a C1 to Cq alkyl group),
10 a nitro group,
a carbamovl group,
an N-(C: to C4 alkyDcarbamoyl group,
an N,N-di{C; to Cs alkyDcarbamoyl group,
-NHCORS? (where R? is a C; to C4 alkyl group that may be
15 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:
20 a C; 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 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 C4 alkyl
25  group), a nitro group, a carbamoyl group, an N-(C; to C4 alkylcarbamoyl
group, an N,N-di(C: to C4 alkylecarbamoyl group, or -NHCOR?® (where R

is a C1 to C4 alkyl group that may be branched),
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-NHCOR9 (where RO is a G to C4 alkyl group that nmay be 20 branched), and a
hal ogen at om (vi) a heteroaral kyl group haying a heteroaryl noiety,
wherein the heteroaryl noiety nay be substituted with at | east one group
selected fromthe group consisting of: 25a Cl1 to 04 al kyl group that nay be
branched, a G to C5 al koxy group that may be branched, an aryl group that
may be substituted with a G to &4 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 kyncarbanmoyl gr %&axﬁ%r%y di (G to &4 al kyncarbanoyl group, or
-NHCOR9 (where RO is a G C4 'al kyl group that may be branched), a
cyano group, - NR2DIR2IR{Wheieae RR® and R21asd eadachdepdependent |y a
hydrogen atomor a G to C4 al kyl group), a nitro group, 10a carbanoyl
group, an N- (IGidregemoatoz Ryﬁ)%aﬁ%%nrgkylw an N,N-di (G to ¢4

al kyncar banoyl group -NHCOR9 (where RO is a G to C4 al kyl group
that may be branched) S tHSETONR} ogen at on (vii) an aryl group,

wherein t aryl group npy, psid ut ed with at | east one group sel ected
fromthe rgzr)reoup consisting o dl?gm%yg T8 c4 al kyl group that may be branched,

a G to 05 al koxy group gmﬂt(mydggl]bﬂmhggwyegmparyl group that may be
substituted with a G to 04 al k@ group that may be branched, a cyano
s

group, -NR20R21 (where R2ONaNdii 0ﬁ4a1kabmnbnmpégdzemtly a hydr ogen at om
or a Cl to 04 alkyl grou nitro group, a car bano group, (Cl1 to C
al kyl) car bamoyl group, aﬁ?}i[\p‘sl- Wt’ﬂ?ret@ (S R ?téﬂ%’gwp ﬁk%u‘ﬁay&te NHCOR9
é\r/\gﬁge RO is b%agch 8, §nd04 al kyI group that may be branched), a cyano

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

(xii1) (CH2ln-S-R12 (where R12 is a group selected from the group
consisting of:
{1) a hydrogen atom;

i5 {2) a C1 to Cs 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 oft
a Cito Cy 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 Cq
alkyl group that may be branched, a cyano group, -NR29R2! (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 Cy4 alkylcarbamoyl
group, an N,N-di{C: to Cs alkyDcarbamoyl group, or ‘NHCORS? (where R9

25 is a C: to Cy alkyl group that may be branched),

a cyano group,

-NR2°R2! (where R20 and R?! are each independently a
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-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(C to C4

al kyl ) carbanmoyl group, an N,N-di (& to C4 al kyncar banoyl group,

-NHCOR9 (where RO is a Cl to C4 al kyl group that nay be branched), and a
hal ogen atom and (viii) a heteroaryl group, wherein the heteroaryl
group may be 10 substituted with at | east one group selected fromthe group
consisting of: a G to C4 alkyl group that nay be branched, a G to C5

al koxy group that may be branched an aryl group that may be

substituted with a C to C4 alky o] t hat may be branched, a cyano
group, -NR20 1({}8%%0%6&a(?fdmlié"lg%?’ggﬁ%lpzach i ndependently a hydrogen
atomor a Cl to C4 alkyl, giipyplou® Nitro group, a carbamoyl group, an N-(Cl
to C4 al kypcarbanoyl group, an N N-di (G to C4 al kyCcarbanoyl group, or
-NHCOR9 (where RO is a G cdbafdvaklodp,group that may be branched), a cyano

group, 20-NR20R21 (where R20 and R21 are each independently a hydrogen atom
or a Cl to C4 al kyl group) N-&iiptGanlgybensbamorhegtsawoyl group, an N-(Cl to

CNHOORS (uhere Fo 15 a @t FoNH Gy ehslemadioNE We br anched) and a
232??5%?233 | RL7 1s a Oui@oRS @hkyd rIGOUR:HOAE, HA%1 RS alahed, 9 forma
branched), and
a halogen atom; and
(4) a heteroaryl group, wherein the heteroaryl group may
10  Dbe 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 Cy
15  alkyl group that may be branched, a cvano group, -NR20R2! (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 Cs alkyl)carbamoyl
group, an N,N-di{C1 to C4 alkyDearbamoyl group, or -NHCOR? (where R?
18 a C1 to Cy alkyl group that may be branched),
20 a cyano group,
‘NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a Ci to Cy alkyl group),
a nitro group,
a carbamoyl group,
25 an N-(C; to C; alkylearbamoyl group,
an N,N-di(C; to C4 alkyDcarbamoyl group,
-NHCOR? (where R? is a C; to C4 alkyl group that may be
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in the formulae (V) and (VD, 5 R18 is a group selected fromthe group

consi sting of: (i) ad to CMalkyl group that may be branched or
forma cyclic group; (i) a C3to CO allyl group or substituted
allyl group that may be branched or forma cyclic group; 10(iii) a C2 to C6
al kenyl group that may be branched or forma cyclic group; (iv) a
C2 to C6 al kynyl group that nmay be branched or forma cyclic group;

(v) an aral kyl group, wherein the aryl noiety of the aral kyl group 15 may
be substituted with at | east one group selected fromthe group consisting
of; aClto al k(}/da gr(ﬁup that may be branched, a C to C5 al koxy group
that nmay be brﬁﬁﬁlﬁe ') aryl group that nmay be substituted with a C to 4
al kyl group 20 that may abﬁa}g%@l@%p@lg;, a cyano group, -NR 20R21 (where R20
and R21 are each independently a hydrogen atomor a G to C4 al kyl group),
a nitro groumndntasbangbr Goaup,todd):N- (01 to C4 al kyl ) carbanmoyl group, an
N, N-di (G to C4 al kyl)carbanoyl group, or -NHCOR9 (where RO is a C to 4
al kyl group that nﬁgiV)béCbi?hxrr‘éédﬂ‘%,(W%@ Bifane grosppselected from pNRogiRR2p (wher e

R20 and are each independently a hydrogen atomor a Cl to C4 al kyl
group), ni PPEEHPERS, a carbamoyl group, an N-(Cl to C al kyl)car banoyl
group, an N,N-di (4 to rb /I group, -NHCOR9 (where RO is
a CltoC4 alkyl group S%g%%%/&%g z%%ched), and a hal ogen atom

(vi) a heteroaral kyl graupalauweny Akiei@uganhyt ol ¥ranshedei n the
het eroaryl noiety may be substituted wth at |east one group 10 sel ected

fromthe group a C4 to C8) abkyhryjr gueut hathemely b@ebrayic hedup am@ly the C5
al koxy group gur}])as‘}:itigtaeﬁ v&tr)i%h tz)i[;: Q&Ssqeo?lb group selected from the group consisting of:
10 a Cy 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 Cq4
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 Cs alkyDcarbamoyl
group, an N,N-di{(C; to Cs alkyllcarbamoyl group, or -NHCOR?Y (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
20 hydrogen atom or a C1 to Cy alkyl group),
a nitro group,
a carbamoyl group,
an N-(C; to Cs alkylcarbamoyl group,
an N,N-di(C; to C4 alkylcarbamoyl group,
25 -NHCOR? (where R is a C; to Cs alkyl group that may be
branched), and

a halogen atom: and
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an aryl group that may be substituted with a Cl1 to C4 al kyl group that may
be branched, a cyano group, -NR2 R21 (where R20 and R21 are 15 each

i ndependently a hydrogen atomor a C to C4 alkyl group), a nitro group, a
car banoyl group, an N-(Cl to C al kyncarbanoyl group, an NN-di (G to C4

al kyl ) car banoyl group, or -NHCOR9 (where RO is a Cl1 to C4 al kyl group that
may be branched), a cyano group, 20-NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a C to C alkyl group), a nitro group, a
car banoyl group, an N-(Cl to C al kyl)carbamoyl group, 25an N, N-di (C4 to C

al kyl kar barmoyl group, - NH where R9.is a,C al k grou
tha%/ may be %ragchgg) a2 %etﬁﬁqqagggﬁgoﬁpoﬂ%ereid the het(e\li?"iw)ygﬁmﬁ’r aygrouB

wherei n the agyl,slRups TRYHPS: E‘AQLSBM g%&ﬁ% gfmééaeﬁtfm'n@@ﬁé g%‘@r . n%EsQ dlsge' ect ed

fromthe group consisting of; a C. group that may acClto
C5 al koxy grosp that may be branched an aryl group that may be
substituted wwth a G to C4 al kyl glroup t hat nay be branched, a cyano
group, -NR20R21 (where RRO:14n&:RMylareupsbt ivastdpdrdenidds a hydrogen at om

2, 3 Bt oot P B R Rt 27,
o (where T 1S 1 G U, ALy P 4 kR RENR ) g cyent
atomor a G my%r@iﬂwﬂlatgmg}pae bidd:hi! ﬁ%yﬁ&;@uﬁouﬁ- %RWDWVhQKeORm an
N-(Cl to C4 al kyecar banoyl group, an N, N- di (G to &4 al kyncarbanoyl group,
- NHCOR9 (wher &nd®RR¥ sira @lcht mdependdatly grbuthdglaatatn&y obex 24 tor Encdikyd) , and
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkylDcarbamoyl
10 group, an N,N-di(C; to C4 alkyllcarbamoyl! group, or -NHCOR? {where R?
is a Cq to C4 alkyl group that may be branched),
& cyano group,
-NR20R?2! (where R20 and R2! are each independently a
hydrogen atom or a C; to Cy4 alkyl group),
15 a nitro group,
a carbamoyl group,
an N-(C; to C4 alkylcarbamoyl group,
an N,N-di(C; to C4 alkyl)carbamoy! group,
-NHCOR? (where R? is a C; to C4 alkyl group that may be
20  branched), and
a halogen atom:
and n is an integer from 1 to 12); and
(xv) -(CH2)n-SO0:2-R12 {(where R22 is a group selected from the group
congisting of:
25 (1) a hydrogen atom;
{(2) a C; to Cy alkyl group that may be branched;

(3) an aryl group, wherein the aryl group may be
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a hal ogen at om (viii) a heteroaryl group, wherein the heteroaryl
group may be substituted with at | east one group selected fromthe group
consisting of: a G to C4 alkyl group that may be branched, 25a C to C5
al koxy group that nmay be branched, an aryl group that may be
substituted with a Cl to C4 al kyl group that may be branched, a cyano
group, -NR20R21 (where R20 and R21 are each independently a hydrogen atom
or a G to 4 alkyl group), a nitro group, a carbanoyl group, an NN(Cl to
C4 al kyCcar bamoyl group, an N,N-di (C to C4 al kyl)carbanoyl group, or

aroup, o SR iR ek e R £ @tdﬁaéﬁﬁggﬁléﬁé%‘#‘fﬁ%‘?%%?ﬁr ogen
atomor a G to 4 al kyla@ﬁ@(y@q’alﬁyla r{)kﬁl\géf%%vb% &%ﬁpﬂﬁz group, 1l0an

N-(Cl to C4 al kyl)carbamoyl group, yncar banmoyl group,

-NHCOR9 (where R9 is a Gi Ct @ C4 alflkds¥! g10upUBat hal JebraBehd anched), and a
hal ogen atom and 15(ix) a C3 to Cg propargyl group or substituted

pr opar gyl group t hat mayaterbr gnohredhatamiy he tsvdstionted] withVy. CWﬁb La
functlonal p. havin IeaV|ng abi hty, and in the fornulg ﬁ 20 *
shows a new lg“?’ 56‘&%%%5?‘% Qra cyano gropp, ghe* &b W’@nRZO R7 and

R of the Conagwu SR SR DA hR, LOLIMLBoA LR By O 94PS bdgpgndent |y

selected fro roup consi's al kyl

group_t hat ”ag/rol@x%)biﬁf’&@@fbdﬂ f&rrﬂhaog;yglldug, 4] mr(@}l@o @n%pyrl)da@yaxﬁ@y
substituted wth a hal ogen atom i) to Cl12 al kenyl group

that may be bgamuphed MNN- ﬁrﬁﬁntaa(}@mdkyldc@bmmpyhgmb/u@r ormely HIgE) Bubsiidit ed Wit h
a hal ogen at om (1 a to Cl2 al ky group that may be
branched or fbrifateferiky @F%‘Hpﬂéﬁfdﬁér' bgyapeh bstl tuted with a hal ogen

atom 10 a cyano group,

-NR20R2! (where R20 and R?! are each independently a
hydrogen atom or a C; to C, alkyl group),
a nitro group,
a carbamoyl group,
15 an N+(C; to Cs alkyDearbamoyl group,
an N,N-di{C; to Cs alkyDcarbamoyl group,
-NHCOR? (where R9 is a C; to C4 alkyl group that may be
branched), and
a halogen atom; and
20 {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 Cy alkyl group that may be branched,
a Ci to Cs alkoxy group that may be branched,
25 an aryl group that may be substituted with a C; to Cu
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
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(iv) an aryl group, wherein the aryl group nmay be substituted wth at | east

one group selected fromthe group consisting of: 5a C4 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 Cl1 to C4 al kyl group that may

be branched, a cyano group, -NR 20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a G to C4 alkyl group), a nitro 10 group,

a carbamoyl group, an N-(Cl to C4 al kyl)carbanoyl group, an N,N-di (C4 to C4

al kyl ) car banoyl group, or -NHCOR9 (where RO is a G to C4 al kyl group that

may be branc 0 » NRe@ gﬂﬁ; Rf.and R21
r@ghp),% ﬁ%@%@?ﬂé}, HQ’arbzilgoyi group, ag 5 ﬁ?)olg% o é);:fi o O% T a

are each i ndependently a rogen at om or

nitro group, @oapsBAMON-dGCOUPC, alkNhdaBahoyiChroabkyd )ICHICIUIRION hegt @GP, an
N, Ndi (G to C4 al kyl)carbanmoyl group, 20-NHCOR9 (where RO is a G to C4
al kyl group tisat CrntyChelliyl gnotrethat mayr ba bnahdgdh at om (v) a

het eroaryl group, wherein the heteroaryl group may be substituted with at
| east one group sel ect ed* M ERBPgr oup consisting of: 25a C4 to C4 al kyl

group t hat5 may be branc h&{hze%zzfﬁ?ﬁ%ecgzﬁltaﬁa;ﬁ%%%?%%&Q:E%%g?gnﬁ%gr anc hed,

an aryl group that may bé subs uted w grou t hat may

be branched, Wyd@ayaawatiw¥Pa GNB2ORAky( vhrye R20 and R21 are each
i ndependently a hydrogen atomor a G to al kyl group), a nitro group, a

car banoyl group, an N (CGlnitoo &bual kyl ) car banoyl group, an NNNdi (G to C4
al kyCcar banoyl group, or -NHCOR9 (where RO is a G to 5 C4 al kyl group that
may be branched), a cyarﬁ)c%ﬂoéﬁ)ﬁyl sroup, - NR2 R21 (where R20 and R21 are

g?gnpi ndependently a hyda{nogje(rbl%waq[{yﬁcacl;iba%l%ypgm%lplfyl group), a nitro
10 an N,N-di{(C; to Cq alkyl)carbamoyl group,
-NHCOR? (where R? is a C; to Cs alkyl group that may be
branched), and
a halogen atom;

and n is an integer from 1 to 12); or R7 and R8 are taken together to form

15 a divalent group selected from the group consisting of: -(CHa2)m- (where m

J

In one embodiment, R, RV, Rz, RZ, Ré, R¥, R4, R4, R5, R¥, RS, and

is an integer from 2 to 8);

0 0O
. and \‘O O
[

20 RY 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:
25 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 Cy
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10a carbanoyl group, an N-(Cl to C4 al kyl)carbanmoyl group, an NNNdi (G to
C4 al kypcar banoyi group, -NHCOR9 (where RO is a Cl to C4 al kyl group
that may be branched), and 15a hal ogen at om (vi) -(CH2) 11000NR
ioRii (where R10 and Ril are groups independently selected fromthe group
consisting of: (1) a hydrogen atom (2) a G to ¢4 alkyl group that may be
branched; 20(3) a C2 to C6 al kenyl group that nmay be branched or forma
cyclic group ; (4) a C to C6 al kynyl group that may be
branched or forma cyclic group ; ' (5) an aral kyl group,

wh in th I i et f the 2 | kyl ifute ith at
Pt R SR Y A R L G

t hat b s nched,
I Caryl ot oupt BT ABCORM, in Ry ARG, AR OLBHD o B TR

be branched, @oQpanongr®gvup, NREGRZho{WRLS, BRA Miid: R2 T, atleyrlRashamoyl
i ndependently a hydrogen atomor a G to C4 alkyl 5 group), a nitro group,

a carbanmoyl ggroup, aniN.N-A¢T1 to Ceallatlkoprhaapphempp. gr NPCER fyrdiRC to C4

oy b ok £yl b HIERE 0l O 102 ) S0P N
R21 are each independent]y aLamlggonﬁdrogen atomor a G to &4 al kyl group), a
nitro group, a carbanoyl g}Foup, ah N-(Cl to C4 al kyncar banoyl group, an

N, N-di (G to C4 al kyl karbaeogi: grRuR, RIGNHCRRO JtWherr RAehsnderdely to C4
al kyl group that may be
hydrogen atom or a C1 to Cs alkyl group),

a nitro group,
10 a carbamoyl group,
an N-(C: to C: alkyDcarbamoyl group,
an N,N-di(C; to C4 alkylcarbamoyl group,
-NHCOR? (where R? is a C: to C4 alkyl group that may be
branched),
5] a halogen atom, and
-8(0)p R (where nis 0, 1 or 2, and R is a C: to Cy4 alkyl
group that may be branched);
or may be substituted with -O-(CHz)p O~ (where m is 1 or 2} at positions
3 and 4 taken together; and
20 (xv) a heteroaryl group, wherein the heteroaryl group may be
substituted with at least one group selected from the group consisting of:
a C: 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 Ci to Cq
25  alkyl group that may be branched, a cyvano 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 Cy alkylcarbamoyl
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branched), and a hal ogen at om (6) a heteroaral kyl group
havi ng a heteroaryl noiety, wherein the heteroaryl npiety may be
substituted with at | east one 20 group selected fromthe group consisting
of: a C to C4 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 4
al kyl group that nmay be branched, a cyano group, -NR20R21 (where R20 25 and
R21 are each independently a hydrogen atomor a G to C4 al kyl group), a
nitro group, a carbanoyl group, an N-(Cl to C4 al kyl ) carbanoyl group, an

NG (CL t0, e 81 Kl SERRIDY e, Q1R 0 MRS CNRER R chiferd 000,

al kyl group tHatPmay e brahd OR21

(where R20 ang @18 -8848RrbdeRandephbh-anthddnogen atomor a Cl to 04
al kyl group), 5a nitro group, a carbanmoyl group, an NN(Cl to 04

al kypcar banmoyl group, ana byddodireGh, to 04 al kypcar banoyl group,
-NHCOR9 (where RO is a Cl to 04 al kyl %roup that nmay be 10 branched), and a
hal ogen at om (7) N By (Whersu B windr B arhecsahyindgpendenthy abe

substitute ith at | east on rqup..sel ected fromthe group consisting of:
ad to amﬁmé‘?%ﬁgomﬁﬁta (ﬁ‘ag‘ @@%’iﬁﬁwﬁz, 15a Ci to 05 al koxy group that
may be branched, a nitro g (g{bbaryl group that may be substituted with a
C to 04 al kyl group that may be )ranched, a cyano group, -NR20R21 (where
R2 and R21 are each i ndepenaaaidyy gaodiydrogen atomor a Cl to 04 al kyl
group), a nitro group, a carbanmoyl group, an NN(Cl to 04 al kyCcar banoyl 20
group, an N, N-di (G to Oxn -G tpdar danbydrbgroyp gram, - NHCOR9 (where RI is a
C to 04 alkyl group that br apched),,
i g P an W'(ﬁ&h to 421?{&‘})0&1'})&1{10371 group,
10 -NHCOR? (where R% is a C: to C4 alkyl group that may be
branched), and
a halogen atom,
In a further embodiment, R1, RV, R2, RZ, R3 R¥ R4, R4, R5, R¥, RS,
and R® of the compound represented by the formula (II) are groups
15 independently selected from the group consisting of a hydrogen atom, a
3,4,5-trifluorophenyl  group, a  8,4,5-trichlorophenyl group, a
3,4-difluorophenyl group, a 3-nitrophenyl group, a 3-cyanophenyl group,
a  benzothiophenyl-2-yI  group, a  3,5-difluorophenyl group, a
3-trifluoromethylphenyl  group, a  2,4-difluorophenyl group, a
20  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 (II'):

R1
. (T Yoz
Se vy
RY (11’)
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a cyano group, -NR20 R21 (where R2 and R21 are each

i ndependently a hydrogen atomor a G to 04 al kyl group), 25a nitro group,
a earbanmoyl group, an N-(C to 04 al kyecarbanoyl group, an N, N-di(C to 04
al kyCcar banoyl group, -NHCOR9 (where Wis a & to ¢4 al kyl
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 C4 al kyl group that
may be branched, a Cl to 05 al koxy group that nay be branched, 10an aryl

group that be bsti.tyted with a Cl to | k r t hat may be
branched, a c?é'élﬁ(%e 3?1038,‘1 RNF&’E?R?P"(%B}‘*&PE&%%% %Efg%ffg%é‘égﬁei %‘Eﬁ’éﬁendent ly
a hydrogen atomQkingd Jf t0 £HadbEY! a8RUPL . 33 BlekiFQuo5 ity 8 gfafPanpy!
group, an N-(CI to 04 al kylg;ﬁclar garm?l group, an N I\I—Og(lg(()' ytog04pt’)

al kyCcar banoys, 4 gr @ithlo@p he MACER%p( WheHaliRAoddp hegyR gfbupt, & Shitbllibngr oup
that nmay be branched), a cyano group, ) -NR20 R21 (where R20
and R21 are ezfehpri ndepeacawphyngl hgtuogen dhaoymothrioph@ivltloyiCagaivpy| agr oup) ,

s iiro Stoumy . cerharey) mraup. an Ie(G L0, gLkl cacbarol oroup. |
a G to C4 algylg;gLopnbhet FRYpPe 2Prapchedlwbid, a3dnahogsn AeM,
2,3-bis(triflucromethylDphenyl group, and R7, R® and Z are groups
independently as defined above).
In another embodiment, R7 and R® of the secondary amine
10  represented by the formula (II) are groups independently selected from
the group consisting of:
(i1} a Ci to Ci2 alkyl group that may be branched or form a cyclic
group; and
{xii) -(CH2),"OR!2 (where R!2 is a group selected from the group
15  consisting oft
(1) a hydrogen atom,
(2) a Cq to Cy4 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 Ci to Cy 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 Ci to Cy
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2' are each independently a hvdrogen atom or a C: to Cs alkyl
25  group), a nitro group, a carbamoyl group, an N-(C1 to Ca alkyDcarbamoyl
group, an N,N-di(C; to C4 alkyDearbamoyl group, or -NHCOR? (where R?

is a C; to Cs alkyl group that may be branched),
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and nis an integer from1l to 12); (yid) -(CH2). CONR12R13 (where R12 and
R13 are groups independently selected fromthe group consisting of:

(1) a hydrogen atom (2) a G to C4 alkyl group that nay be branched,

(3) an aryl group, wherein the aryl group nay be 5 substituted with at

| east one group selected fromthe group consisting of: a C to C4 al kyl
group that may be branched, a G to 05 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 10 and R21 are each

i ndependently a hydrogen %%a%rg ) Cl to &4 alkyl group), a nitro group, a
car banoyl group, an N-(Cﬁ 0 aPkyI)carbam)yI group, an NNN-di (G to 4

al kyl ) car baroyl group. ONRMIIORILuNGLE B 5! ArCledkh Blcplidugy QU that
may be branched), a cyano group, 15-NR2oR21 (where R2 and 1 are each

i ndependent | yhaidoyeh agen oatoth ar Caalkyl toupd, al kyl group), a nitro group, a
car banoyl group, an N1-(Cl to C4 al kyl)carbanmoyl group, 20an N, N-di (G to
04 al kyl Thar banoyl group? nitro group, -NHCOR9 (where RO is a G to 04

al kyl gr oqu that may be branched), and a hal ogen atom and

(4) a hetetoaryl group, WHEPEPIY BEet eroaryl group may 25 be substitut ed

with at | east one group %iret\e@ﬁg é%ﬂé&f)‘%‘%b%g&g?ﬁgx sisting of:a Cl to 4

al kyl group that may be anche ‘group that may be

br anched, an NalN-d& (G todT Oyl Bath a1 lbeowglbstituted with a Cl
to C4 al kyl group that may be branched, a cyano group, -NR20R21 (where R20
and R21 are each i ndependeh€OR®dwihptk Byenadtom Or abkyCiroep Clatainkylbegr oup) ,
a nitro groupl,P %éa ban&yl group, an NN(GC to C4 al kyl)carbanmoyl 5 group,

an N, N-di (G 7?8224t RYF) car banoyl group, or -NHCOR9 (where RO is a G to

C4 alkyl group that may bg hranched), .

(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 C; alkyl group that may be branched,

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

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

a cyano group,

-NR20R21 {where R2° and R2' are each independently a
hydrogen atom or a Ci to Cs alkyl group),

25 a nitro group,
a carbamoyl group,

an N-(C; to Cs alkylcarbamoyl group,
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a cyano group, -NR20R21 (where R2 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl group), 10a nitro group,
a carbanmoyl group, an N-(C to C al kyl)carbanmoyl group, an NN-di (G to C4
al kyl) car banoyl group, -NHCOR9 (where RO is a G to C. group that may be 15
branched), and a hal ogen atom and n is an integer from1l to 12);
-(CH2) . NR12COR13 (where R12 and R13 are groups independently selected from
the group consisting of: 20(1) a hydrogen atom (2) a G toC

al kyl group that may be branched; (3) an aryl group, wherein the
aryl group may be substitu sel ected fromthe
group consisting of: a W(ﬁiﬂ%ﬁ?a(?é aﬁ{ ﬁca ﬁgio%rr&y Pe branched, 25a C1 to
C5 al koxy group that ﬁaymﬁcém{af@%m% RY is a C to C, alkyl 3hody Ylllatgﬁlgyﬁ)et hat may
be substituted with a C1 to C4 al kyl group tlhat may be branched,  a cyano
group. - NR2ORzZhnghbdr enfR2 and R21 are each independently a hydr ogen atom
or a Cl to C4 alkyl group), a nitro group, a carbanoyl group, an NN(C to
04 al kyl ) carbanmoyl groupt halegspn Rt@ir(CG to C4 al kyl ) carbanoyl group, or

- NHCOR9 (V\here (Brgils 611111;{ﬁ%t OE%W?}I kyl group that may be branched), 5a cyano

group, re R20 and R21 are each i ndependently a
hydr ogen at om or el }de%é}{tp)}%f £ QeI QUR. R dG | group,
10an (G to 4 aI yeca]rr'glam)y grloup, %n%% & to 04 al E{/I car banoyl
group, represented by the formula (II) are groups 1ndependently 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.
10 In a still further embodiment, R7 and R8 of the secondary amine
represented by the formula (II) are the same.
In another embodiment, K7 and R® of the secondary aminse
represented by the formula (II) are taken together to form a divalent
group selected from the group consisting off -(CHz)n- (where m is an

15  integer from 2 to 8); ~0 0

0 o]

; and
\d

The present invention further provides a method for

stereoselectively producing a compound represented by the formula (VD):

20 R14 R1BO
=N
R15 x O—RY
R18 (VD

the method comprises:

alkylating a corﬁpound represented by the formula (IV)

r\g~~--cl;~co—o-—I'@G7
R15 H (1V)
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-NHCOR9 (where RO is a G to C4 al kyl group that nay be branched), and a
hal ogen atom and 15(4) a heteroaryl group, wherein the heteroaryl group
may be substituted with at | east one group selected fromthe group
consisting of: a Cl to 04 alkyl group that nay be branched. a C to 05

al koxy group that may be branched, 20an aryl group that nmay be substituted
with a G to 04 alkyl group that nay be branched, a cyano group. -NR20R21
(where R20 and R21 are each independently a hydrogen atomor a Cl to 04

al kyl group), a nitro group, a carbanoyl group, an N-(Cl to C4

al kyl) car bamoyl..gr ou an Ndi (Ci,1QnC4 al kyl)carbanmoyl group, or -NHCOR9
(where R9 25 %éthga %‘B‘E’%‘”&‘I’\%&ihﬁ?f’{’g‘rﬂoaug’)t hat may be branched), a cyano
group, -NR2oR21 (where R20 apgsRgd are gh i ndependently a hydrogen atom
or a Cl to &4 alkyl group), a nitro group, a carbanoyl group, an NN(Cl to
C4 al kyl ) car basiny| a gloaifpundnrdgrdedite i bt ah&Afoatkayndar bhavyk greupith
-NHCOR9 (where RO is a C to C4 alkyl group that may be branched), and a
hal ogen at om resRectriojaFiasymmestyets f Poap tragsier)catalgei'x) - (CH2) ONRL2R13
(where R12_and RI 3 are groups gndependently selected fromthe group

consi sting of: %Jt) alh doge&atom

10 R R? (1)
in a medium in the presence of an inorganic base,
wherein in the formula (I), RI, R, R2, R?, R3, R¥, R4, R¥, R5, R?,
Ré, and RS are groups independently selected from the group consisting
of:
15 (i) a hydrogen atom;
(ii) -NR2°R2l (where R20 and R2?! are each independently a
hydrogen atom or a C1 to Cs alkyl group):
(iii) a cyano group;
(iv) a nitro group;
20 (v) a carbamoyl group;
(vi) an N-(Cy to Cy alkyDearbamoyl group:
{vii) an N,N-di{C; to Cs alkyDearbamoy] group;
(viii} -NHCOR?® (where R? is a C; to C4 alkyl group that may be
branched);
25 _ {ix) a C1 to Cg alkyl group that may be branched or form a cyclic
group;

{x) a Cz to C¢ alkenyl group that may be branched or form a cyclic
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(2) aC to C4 alkyl group that may be branched; (3) an ar
group, wherein the aryl group may be 15 substituted with at | east one group
selected fromthe group consisting of: a G to C4 al kyl group that nay be
branched, a Cl1 to C5 al koxy group that may be branched,

aryl group that may be substituted wth a C1 to 4 al kyl

branched, a cyano group, -NR20R21 (where R29 20 and R21 are each
i ndependently a hydrogen atomor a Cl to C4 alkyl group), a nitro gr
car banoyl group, an N-(Cl to C4 al kyl karbanmoyl group, an N.N-di (G t

al kyl)carl oa

may be branch

car banoyl group, an N-(Cl to C4 al Kyncar
al kyncar banoydyctir @uiup;

yl

an

oup,
o4

. "a cyano group, 25.NR20R21 (where R20 and R21 are each
i ndependent |y a hydgpger,a,on) Ofik ﬁlgltog.gcﬁlﬁl sl B B¥ohed M _%(%%;g{
[ :

anoyl group, an N,N-d

al kyl group that may be 5 branched), and a hal ogen atom and
(4) " a heteroaryl gfdilpanviredeiingtae. eheebartyle grdupoiety dbetheubstlkrlt ed
with at | east one

ro sel ected fr.0 he_group consi sti of - 10a G
2l kyl “grodb. (ARETARGY BB SBPaRCHEd I o gt B8° SPREKIHTEUS Thake RE) e
ting of: @n aryl group that nay be substituted with a Cl to
at may be branched, a cyano group, -NR20R21 (where R2 and

br anched,

C4 al kyl group t

R21 are each
nitro group,
N,Ndi (G to

consi_ls

I ndeparciemt ¢ yaldyhyer@ognt at8nMebrandgbdf 0 C4 al kyl 15 gr

oup,
to 04

-NHCOR9 (where RO is a G to 4

oup) ,

a carbamoyl group, an N-(Cl to C4 al kyl)carbanoyl group, an

04 al ky0) wafbalioyy syrouthatanay ReidORchedhere RO is a Ci

al kyl group that may be_branched), a cyano. group..
-NR2OR21 (where R267EHY! ROIPAMAT &BhPe Al ﬂéﬂ&@ﬁt“righaﬂmor@w%géﬁrwom or a

G to 4 ?d kyéhagrzﬂh'ﬁ )b’e @ra’ﬁicfa&f’, 59%95'190 ggmﬁ)a,‘rW%L] GR¥P R20 and R2! are

15

20

25

each independently a hydrogen atom or a C; to Cs alkyl group), a nitro
group, a carbamoyl group, an N+(C: to Ci alkylcarbamoyl group, an
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,

-NR20R2! (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 Cy alkyllcarbamoyl group.

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

-NHCORS® (where RY is a C; to Cs4 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 consisting of:
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an NN(Cl to C4 al kyl)carbanmoyl group, an NN Ndi (G to C4 al kyl) carbanoyl
group, 25-NHCOR9 (where RO is a G to C4 alkyl group that may be branched),
and a halogen atom and nis an integer from1l to 12); (x)
-(CH2),Y-OR12 (where Yis a C4 to C4 dival ent saturated hydrocarbon group
that may be branched, and R12 is a group selected fromthe group consisting
of: 5(1) a hydrogen atom (2) a ™ to 04 al kyl group that may be

br anched; (3) an aryl group, wherein the aryl group nay be
substituted with at | east one group selected fromthe group consisting of:

a G to Calkyl gro hat be br.anched Oa Cl to C5 al koxy group that
may be branched, &™! o'Cs al@ygﬁ%pa%t r&?’yoh%%f% ®fhay be substituted with a

G to C alkyl group ghatciay branahed, . ans ¥ang.goup, - NR20R24 (where R2
and R21 are each indegendgeT%t F%’?% h‘%r ogena)gtom orca Cl to 04 al kyl group),

a nitro group, a canbawdytougltiap manbNstbititweChitd Ky :)eal LAR®pY Erokp group,
an N,Ndi (C to 04 al kyl)carbanoyl group, or -NHCOR9 (where RO is a G to
04 al kyl groughathaey rheybisachedncheado gaouy apR2gRYuwhere R and R2 are NR2OR21

(where R20 and 1 are each independently a hydrogen atomor .a Cl. to 04
al kyl group), &8al QP?%‘?QQVB'UE)TL@W%&F%WF"Q oup,“a P@&“H)oao‘lftm

o e W A ot .0 2 MDA O o,
hal ogen at om NaWdii(®) teaCHEkS DO M @ QBup WHENHT OO Ewhet£RO3E Y| C gfoUP May
C4 alkyl group that may be branched),
4 cyano group,
10 -NR20R2! (where R20 and R2?! are each independently a hydrogen
atom or a C; to C4 alky! group),
a nitro group,
a carbamoyl group,
an N-(C; to C4 alkylecarbamoyl group,
15 an N,N-di{Cy to Cs alkyllcarbamoyl group,
-NHCOR? (where R?® is a C: to Cs 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 Cy4 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, -NR20R21 (where R2® and R2! are
25 each independently a hydrogen atom or a C: to Cs alkyl group), a nitro
group, a carbamoyl gréup, an N-(C; to Cs alkyDcarbamoyl group, an

N,N-di(C; to Cs alkyDearbamoyl group, or "NHCORS? (where R? is a C1 to
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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, 5an aryl group that may be substituted with a CL to
C4 al kyl group that may be branched, a cyano group, -NR20R21 (where R20 and
R21 are each independently a hydrogen atomor a Cl1 to ¢4 al kyl group), a
nitro group, a carbanmoyl group, an N-(Cl to &4 al kyncar banoyl group, an

N, Ndi (G to C4 al kyl)carbarnoyl group, or -NHCOR9 (where RO 10 is a Cl to
C4 al kyl group that nmay be branched), a cyano group, -NR2 R21

(where R29 a e i ﬂ“ﬂﬁc@l a hydrogen atomor a Cl to 4
al kyl group) ?é%ﬁ%%%g%&gpr%%g,ﬁ%ggggar a%tl%l group. an N-(C to C4

al kyl') car banoyl gr @uganagrg¥-di (G to C4 al kyl ) carbanoyl group,

-NHCOR9 (where RO is a Cl to C4 al kyl group that may be branched), and 20a
hal ogen atom and riNR&Rgh (wheegBE® indml are ¢d2) ;independenflyiy hy(GHeh, - OR12
(where R12 is a group, selected fromthe group consisting of: (1) a hydrogen
atom 25(2) attem ¢%a &4 ta1GeAkgr®apPthat may be branched: (3)
an aryl group, vvhegg{i rDthr u ryl group may be substituted with at | east one
group sel ected from e%ro P consisting of: a Cl to &4 al kyl group that
may be branched, a,ChrbPmbP gbkpxy group that may be branched,

an aryl group that may be substituted with a Cl to C4 al kyl group that may
be branched, a cyaaa N{6upy C: NBRORZ#b(mbydrgzo®20 5 and R21 are each

i ndependently a hydrogen atomor a G to C4 alkyl group), a nitro group, a
car banoyl group, aRnNs.OCEH(Co tek allylicpebabarigioulr oup, an N, N-di (G to C4

al 1) car banoyl | or Qi s MRS 7%, 16, B LG Mo ShOP N

10  branched),

a halogen atom, and

-S(0)uR (where nis 0, 1 or 2, and R is a C; to C4 alkyl group that
may be branched);
or may be substituted with -O-(CHg)n-O- (where m is 1 or 2) at positions

15 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 C; to Cq 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 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 C;s alkyl group), a nitro
group, a carbamoyl group, an N-(C; to C; alkylDcarbamoyl group, an
N,N-di(C; to C4 alkyDcarbamoyl group, or -NHCOR? (where R? is a C; to

25  C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a hydrogen
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a cyano group, 10-NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a C4 to C4 al kyl group), a nitro group, a carbanoyl group,
an N-(Cl to C4 al kyl)carbanoyl group, 15an N,N-di (C4 to C4 al kypear banoyl
group, -NHCOR9 (where R9 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 20 be substituted with at | east one
group selected fromthe group consisting of: a G to C4 al kyl group that
may be branched, a G to CS al koxy group that nay be branched, an aryl

group that may _he substi tut Wi t h Cl to &4 25 al kyl group that may be
branched, a 6%8%5“@?2%5? ﬂﬁﬁgykafu?ahere R20 and R21 are each independently

a hydrogen atom or ,&;f, d8upA al kyl group), a nitro group, a carbanoyl
group, an N(Cl to ¢4 al ylgﬁarbannyl group, an NN-di (Cl to C4

al kyl ) car banoyl grauprbanoyINHGGRO (Wwhere RO is a Cl to C4 al kyl group that
may be branched), a cyano grouP, -NR20R21 (where R2 and

R21 are each i ndep8Rdentl © G+ slyperthparoddismarer a CL to C4 al kyl group), a

L L, & SPTERTEAL BEoUPe, S AR R, oo carbaroy oroup. 2
-NHCOR? (where R% is a Ci: to Ci alkyl group that may be
branched), and
a halogen atom; and
R7 and R® are each independently a monovalent organic group or are
10  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
(i} 2 hydrogen atom; or
15 (ii) an aryl group that may be substituted with a C; to Caq alkyl
group that may be branched, a C; to C; alkoxy group that may be
branched, or a halogen atom;
with the provigo the case where both R4 and R!'5 are hydrogen
atoms is excluded,
20 R!%1s a group selected from the group consisting oft
(i) a hydrogen atom;
(ii) & C: to Cio alkyl group that may be branched or form a cyclic
group:
(ii1) a C2 to Cs alkenyl group that may be branched or form a
25  cyclic group;
(iv) a C2 to C¢ alkynyl group that may be branched or form a

eyclic group;



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

hal ogen atom and n is an integer froml to 12); (xii)
-(CH2)n-S-R12 (where R12 is a group selected fromthe group 15consisting

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 substituted with at | east one group selected fromthe group
consisting of: 20a Cl to C4 alkyl group that nay be branched, a C to C5
al koxy group that nmay be branched, an aryl group that may be

substituted with a, G _to al kyl grqup that may be branched, cyano group,
-NR20R21 (where m&vgaar?daf?gkyla %gugac‘:‘ﬁl e?%l etgléan%ré%lgr?/upaoﬁghcﬁ %ﬁaenr;\%a?gr‘%? or a G

to C4 al kyl 2g,9rQuRhbst@ulbd IWitA! 2Reas® SR RATRY lse BLAMP frodD the (&buho C4
al kyl ) carbanmoyl " group, an N,N-di (4 to C4 alkyl)carbanmoyl group, or -NECOR9

(where RO is @nkikting &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 04 al kyl group) 2 (G taiGradkyl sigyp Bat emvoambyancedup, an N-(Cl to 04

al kyl ) car hanmoyl group, Ndi (G to C kyl)c rgarmyl group,

- NHCOR9 (vhere R9 F‘;&:f‘%ﬁ" At\fgo’éﬁgéqq?yt{haﬁrn&?g{}? %ﬁ%mﬁﬁ ' be branched), and 10a
hal ogen at om and .10 IhaLel e
het er oaryl group n%]f/ at%l %rl?ggttihtaﬁfl{ea Bm‘gtsﬂﬁ%t&%?ég%ﬁtho%?{g?oup ]ég% %é):ugd from
the group congiastrhag befiradckdd, 4 oy ghdiyp, -ReeRe thaleramee hadbRancked, 15a
C to C5 al koxy group that nmay be branched, an _aryl group
that may be saasbtindepedienitivha iy@togen @nalkyl Cgrodp alkat grawp)be Mttanched, a

cyano group, -NR20R21 (where R20 and are each j.ndependently a hydrogen
atomor a Cl ¥'8'B4 2af Ianlj)rygLﬁi}’?Paaﬁi ﬁ?@lg%ﬁﬂ, a]gybé’i“g’&ml? gPelpan N-(C1

to G4 al k]?’dqca‘i(f%ﬂ?@d[ to Cy4 alkyDcarbamoyl group, or -NHCOR? (where R%is 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),

15 a nitro group,

a carbamoyl group,

an N-(C; to C4 alkylcarbamoyl group,

an N,N-di(C; to Cy alkyDearbamoyl group,

‘NHCOR? (where R? is a Ci to Cs alkyl group that may be

20 branched), and

a halogen atom;

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

25 a Cj to G4 alky! 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 Cy alkyl group
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20 group, an N,N-di (G to 04 al kyl)carbanoyl group, or -NHCOR9 (where R9 is
a G to 04 alkyl group that nmay be branched), a cyano group,

-NR20R21 (where R20 and R21 are each independently a hydrogen atomor a C
to 04 al kyl group), 25a nitro group, a carbanoyl group, an NN(Cl to 04

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

-NHCOR9 (where RO is a Cl to C4 al kyl group that may be branched), and a
hal ogen atom 5 and n is an integer from1l to 12);

-(CH2)11-SO- R12 (where R12 is a group selected fromthe group consisting

of : (1) a hydrogen ato 2 Cl to | k Qup .t haty,h8 br.anched;
T0(3) an-aryi gt ann rebfhe B St Tl X R T R R o

| east one grOé%hsﬁdgﬁéx%nftfwg‘}{gﬁ@o@ﬂ)blfbn?%Psai 84 ith L OhikyR gbbhu) 0a Ghtil KY!
group that may be branched, a Cl1 to C5 al koxy group that may be branched,

an aryl groupgitohatl amayrbaencsilibgbup uthedNwid:hia (GClaliaylicgribm @il kgdougr amp t hat
may be branched, a cyano group, -NR20R21 (where R20 and 1(21 are_ each
i ndependent | yNaN1@rdg Reapamagl srocaraNEFOF? suppre B i &r@ tgroup, a

e
car banoyl group,..an N-(Cl to C4. alkyl)carbanoyl group, an NN-di (C4 to C4
al kypcar ba%oy 43&6’35?0 gﬁ%ﬁeﬁbe %ﬁ%@%’@g% isaCltoC4 alkyl group that
may be branched). %Q%ggg%;g&lpﬁroup, - NR20R21 (where 1(20 and
1(21 are each independently "hydrogen atomor a Cl to C. group), a nitro

group, a carbanoyl -gROWE?} (where R2¢ and R2! are each independently a hydrogen
atom or a C; to Cs alkyl group),
é nitro group,
10 a carbamoyl group,
an N-(C: to C4 alkyDcarbamoyl 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

15 a halogen atom:

{(vii) 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,

20 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 Cs alkylcarbamoyl group, an
N,N-di{C; to Cs alkyDearbamoyl group, or -NHCORS? (where R? is a C; to

25  Cq4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R2® and R2! are each independently a hydrogen
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25an N-(Cl to &4 al kyl)carbanmoyl group, an N,N-di (4 to C4 al kypcar banoyl
group, -NHCOR9 (where 1(9 is a ¢4 to ¢4 al kyl group that may be branched),
and a hal ogen atom and (4) a heteroaryl group, wherein the
het eroaryl group may be substituted with at | east one group selected from
the group consisting 50f: a C4 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 C1 to C4 al kyl group that may be branched, a
cyano group, -NR29 R21 (where R2 10 and R21 are each independently a

hydrogen atom.,or a C%:%Q(F%ﬂﬁ%ﬁ%l youp), a nitro group, a carbanoyl group,
y

an N-(Cl to Cﬂmgﬁﬁ@?)éarbénn o P, an NNN-di (G to C4 al kyl) carbanoy

group, or -NHCOR9 (whereB9pis a ClL to C4 alkyl group that may be
branched), a cyano group, 15-NR29 R21 (where R2 and R21 are each

i ndependently a hydreagemmaglogmoap, a C1L to C4 al kyl group), a nitro group, a
carbarnoyl group, an N-(ClL to C4 al kyl)carbanoyl group, 20an N,N-di (G to
C4 al kyncar banoyl @nAWPC: to Cy alkybearbamoyigzomd. (where 119 is a C to C4

ok oroup that my be anchedh, gid, & Lalpastyatom and 1 e an it oger
fromthe group consygiddge c{tv:here R is a C; to Cs alkyl group that may be
branched), and
a halogen atom; and
(viii) a heteroaryl group, wherein the heteroaryl group may be
10 substituted with at least one group selected from the group consisting of*
a C: to Cy 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, -NR2°R2! (where R20 and R2! are
15 each independently a hydrogen atom or a C: to Cs alkyl group), a nitro
oroup, a carbamoyl group, an N-(C: to Ci alkyDcarbamoyl group, an
N,N-di(C; to Cs alkybDcarbamoyl group, or -NHCOR? (where R? is a C;1 to
C, alkyl group that may be branched),
a cyano group,
20 -NR20R21 {(where R2¢ and R2! are each independently a hydrogen
atom or a Ci to Cy alkyl group),
a nitro group,
a carbamoy! group,
an N-(Ci to C4 alkyl)carbamoyl group,
25 an N,N-di(C; to Cs alkylecarbamoyl! group,
-NHCOR?® (where R® is a C; to Cs alkyl group that may be
branched), and
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(1) a hydrogen atom (2) a G to 4 alkyl group that may be

br anched; (3) an aryl group, wherein the aryl group may be
substituted with at | east one group selected fromthe group consisting of:
a GG to C4 alkyl group that may be branched, 5a Cl to C5 al koxy group that
may be branched, an aryl group that may be substituted with
a Cl to C9 al kyl group that nay be branched, a cyano group, -NR20R21 (where
R2 and R21 are each independently a hydrogen atomor a G to C4 al kyl
group), a nitro group, a carbanoyl group, an NN(Cl to C. 10 group, an
N,Ndi (G to 04 aIkyI%parbaﬁgﬁ group, or -NHCOR9 (where RO is a Cl to (4
al kyl group that 8 ed), a cyano group, - NR20R21

(where R2 andpid 2l .ape (gagh arme@%ﬂgemaltymaywedwmeat Y ¥ @crico 4

al kyl group), 15a nitro group, a carbanmoyl group, an N-(Cl t

al kypcar banoygrogipoup, an N, N-di (G to 04 al kyl) car banoyl group,

-NHCOR9 (where 1(9 is a G to 04 alkyl group that may be 20 branched), and
a hal ogen at o thenfgrmulae (V) and (VD), (4) a heteroaryl group, wherein the

het er oar yl gr be s bstitute th at | east gne group sel ected from
t he group %on sFFh%“HPSG 1“?%? BPRVPEﬂF%H% hat may be branched, a

Cl to CS al koxy 9" QR 13 mri 3, BLB0ShEMm ALY GLRUR 1A, D

substituted with a a cyano
group, -NR20ORzZdpwhere R20 and R21 are each |ndependently a hydrogen atom
or a G to ™4 alkyl group), a nitro group, a carbanoyl group, an NN(Cl to
C4 al kyncar banoyl gnbarﬁa @nCNaNyHg@@g ot sulkitaltky pdiat lgeemyy thgroap,beor
-NHCOR9 (where RO 5 is a G tq C4 alkyl group that may be branched), a
cyano group, branched or form a cREBORPIP( wher e R20 and R21 are each

i ndependept Iy a hy(énsge’b 21089 1ken3%1g1t~o%p% 4 3.§|y ¥ B¥Rched or form a

cyelic groups
(iv) a C2 to Ce alkynyl group that may be branched or form a
eyelie group:
(v} an aralkyl group, wherein the aryl moiety of the aralkyl group
15 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 C; to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to C4 alkyl group
20  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 Ci alkyDecarbamoyl group, an
N,N-di(C; to C4 alkyDearbamoyl group, or -NHCOR? (where R? is a C;1 to
C4 alkyl group that may be branched),
25 a cyano group,
-NR20R?! (where R?® and R?! are each independently a hydrogen

atom or a C; to 4 alkyl group),
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a nitro group, 10a carbanoyl group, an N-(ClL to &4 al kyl) carbanoyl group,
an N, Ndi (G to &4 al kyl) carbanoyl group, -NHCOR9 (where Wis
a Cl to C alkyl group that may be branched), and 15a hal ogen atom and n
is an integer from1 to 12); or R7 and R8 are taken together to forma

di val ent group selected fromthe group consisting of: -(CH2).- (where in /
is an integer from2 to 8);z--0/ In one enbodinent, R, R, RZ2,

R2', Ra, w, R4, R4A', R5, R5', R6, and R6' of the compound represented by
the formula (1) are groups independently selected fromthe group consisting
of: (0 a hydrogen aton. %r%ﬁ?i v) an aryl group, wherein the aryl group may
be substituted with at |%®&ast’ one group selected fromthe group consisting
of: a Cl to C group dheimbRysBapbranched, a Cl to C5 al koxy group that may
be branched, an aryl group that may be substituted with a Cl
to C4 al kyl group whaf-(fayw Deabiydrehmdnod @xpapo group, - NRROR21 (where R20
and R21 are each independently a hydrogen atomor a Cl to C4 alkyl 5
group), a nitro gr@ﬂd}il\ﬁdg@ﬂﬁ%ﬁzﬁﬂk@&@tﬁbfi‘maﬁl NopE1 to ¢4 al kyl) car banoyl

group, an N, N-di (G | kyl banpy, [ w10n = NH where RO is a
G to ¢4 afkyl gr ouiﬁ%(gjgg 3‘3’5‘%5%% and edd) ,90 g@‘gfé%& gHoEp ol WES Se

-NR20R21 (whegg fRRe@ndnk21 are each independently a 10 hydrogen atomor a
Cl to C4 alkyl group), a nitro group, a carbanoyl group, an NN(Cl to C4
al kyl') car banoyl graumlogen atom;

(vi}) a heteroaralkyl group having a heteroaryl moiety, wherein
the heteroaryl moiety may be substituted with at least one group
10 selected from the group
a C; 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, -NR2°R2! (where R2¢ and R?! are
15  each independently a hydrogen atom or a C; to Ca alkyl group), a nitro
group, a carbamoyl group, an N-(C: to Cs alkylcarbamoyl group, an
N,N-di{C; to C4 alkylcarbamoyl group, or "NHCOR? (where R? is a C; to
C4 alkyl group that may be branched),
a cyano group,
20 -NR2R?! (where R2® and R?! are each independently a hydrogen
atom or a Ci to C4 alkyl group),
a nitro group,
a carbamoyl group,
an N-(C1 to Cs alkylcarbamoyl group,
25 an N,N-di(C1 to C4 alkyllcarbamoyl group,
-NHCOR?® (where R? is a C: to Ci alkyl group that may be
branched), and
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an N,N-di (C4 to ¢4 al kyl) carbanoyl group, 15-NHCOR9 (where RO is a Cl to 4
al kyl group that may be branched), a hal ogen atom and

-S(0)-R (where nis 0, 1 or 2, and Ris a C4 to &4 al kyl group that may be
branched); 20 or may be substituted with -0-(CH2).-0- (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 sel ected
fromthe group consisting of: a Cl1 to C4 al kyl group that may be branched,
25a Cl to CS al koxy group that nmay be branched, an aryl group
that may be substitut with a Cl to C4 al kyl group that may be branched, a
cyano group, -NRQOEBTﬁgaﬁh%QHhQO and R2I are each independently a hydrogen

atomor a G to C Nib%n%r?ll%)mu'\;]ﬁ, Whéredn FHhe U] a%rsagls baspyk GnaRutaan N- (G
to C al kyl)carbamoyl group, an N,N-di (C to 04 al kyl)carbanoyl group, or

- NHCOR9 (wherwitRAtilsast dde grouf4elabied frgnabp grbap comyistheg bff anched), 5a cyano
group, -NR20R21 (where R20 and R21 are each independently a
hydr ogen at om or a2 todC-Culkyl Ryqurgibatpyay Be Arandiegr oup, a car banmoyl group,

10an N-(Cl, to 04 al kyl)carbanmoyl group, an di (G, to 04 al kyncar banoyl
group, o a%%fﬁﬁgﬁggof%ﬁggg)ﬁgmfﬁa%g%ﬁﬁ?%&fﬁ“aIkyI group that may
be branched), and : - i t r, Rz,
R Ra R3S o and FepFa®nt ed by

the formul a (dhatangy Geospschadepengdenttoups eNetRY (fwhem RIe agdoRP £eNsi sting
of a hydrogen atom a 3,4, 5-trifluorophenyl group, a 3,4,5-trichlorophenyl
group, a 3, 4-wichlindeppriemyly grivdpogea atom tor opheriy| Cgrlnbgranrs. syxtophenyl

group, 20 5 bencetl epeni 21 SR By Sl Lbucropnanyl, qroue. o
R R T T
a conpound r ep| gEeDEEShPMh 8 BE bexwdm@df,ormula (1°):
a cyano group,
-NR2°R2! (where R20 and R?! are each independently a hydrogen
atom or a C; to Cy alkyl group),
15 a nitro group,
a carbamoyl group,
an N-(C; to C4 alkyl)carbamoyl group,
an N,N-di(C; to Cs alkyllcarbamoy! group,
-NHCOR?® (where R? is a Ci to Cs alkyl group that may be
20 branched), and
a halogen atom;
{(viii) a heteroaryl group, wherein the hetercaryl 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,
25 a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to G4 alkyl group

that may be branched, a cyano group, -NR20R2! (where R2¢ and R2! are
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S5RIi (1" ) (where RL and RI' are groups independently selected fromthe
group consisting of a hydrogen atom a 3,4,5-trifluorophenyl group, a
3,4,5-trichl orophenyl group, a 3,4-difluorophenyl group, a 3-nitrophenyl
group, a 3-cyanophenyl group, a benzothi ophenyl-2-y1l group, a 10

3, 5-di fl uorophenyl group, a 3-trifluoronethyl phenyl group, a

2, 4-di fl uorophenyl group, a 3-ntothyl sul fonyl phenyl group, and a
2,3-bis(trifluoronethyl)phenyl group, and R7, R8 and X- are groups

i ndependent|y as defined above). I n anot her enbodi nent, R7 and RS8

of the conpo repts e | ac~(l r [ ndent |y
sel ected froﬁ%&ﬁéggfgﬁﬁﬂ%gﬁg%éﬁ%%E%%?&ﬂﬁ%ya’C%ﬁ%f%dgé?f§§R§£2ggﬁE§I group
that may be bfianghed sy @oGyChhCNUQURI @NGikyDcarbamoyl grlo¥hl Jan
-(CH2).-0R12 (where R12 is a group selected fromthe group 20 consi sting
of : N,N-di(C1 to(Qy) alkyhyabegey! gtom, of2NHCCR ehey BP kybh Qrioup t hat
may be branched, (3 n aryl group, wherein the aryl
group may be Subdyi grrwdthstipasabe p ¢Bhe group selected fromthe group
consi sting of: 25aag;at8 Qﬁlalkyl group that may be branched, a C to C5
al koxy group that nay Be 86t Hnched, "an aryl group that may be substituted

with a Cl to Cg 20Rp:8{KYLefLRP JHAR20BY. RERARGNEHenfyCY ARArdeAUP,
-NR(where R20 and R21 are each i1 ndependently a hydrogen agon1or ald toc

al kyl group),atannbt & @,godumlkel gracpanoyl group, an N-(Cl to C4

al kyl ) car bamoyl group, an N,N-di (G to C4 al kyncarbanoyl group, or -NHCOR9
(where RO 5 is a Camgrog@rodgbkyl group that may be branched), a cyano group,
-NR20R21 (where R20 anﬁ R%éAare each independently a hydrogen atomor a Cl

to C4 al kyl group)® A'REPY P8bp, 10a carbamoyl group, an N-(G to C

al kyl') Carﬂﬁrmyl gr QURN-(C1 to Cy alkybDcarbamoyl group,
an N,N-di(C; to C« alkylcarbamoyl group,
-NHCOR? (where R? is a C: to Cs alkyl group that may be
branched), and
a halogen atom; and
15 (ix) a Cs to Cy propargyl group or substituted propargyl group
that may be branched, and
in the formula (V),
W iz a functional group having a leaving ability, and
in the formula (V1),
20  * shows a newly produced asymmetric center.
in one embodiment, R7 and R8 of the compound represented by
the formula (I) are groups independently selected from the group
consisting of:
(1) a C: to Ciz alky! group that may be branched or form a cyclic
25  group and/or may be substituted with a halogen atom;
(it} a Cg to Ciz alkenyl group that may be branched or form a

cyclic group and/or may be substituted with a halogen atom:
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an N,N-di (G to C4 al kyncar bamoyl group, -NHCOR9 (where RO is a Cl to C

al kyl group that may be branched), and 15a hal ogen atom and

(4) a heteroaryl group, wherein the heteroaryl group nay be substituted
with at | east one group selected fromthe group consisting of: a G to C
al kyl group that may be branched, 20a Cl1 to C5 al koxy group that may be

br anched, an aryl group that nay be substituted with a Cl to
C al kyl group that may be branched, a cyano group, -NR20R21 (where R20 and
R21 are each independently a hydrogen atomor a Cl1 to C4 al kyl group), a

NS, Sroup, & car Ay b, 91 up A0nlt Licks! Byt AlRCRERATRYI o2R B UP. an

N,Ndi (G to C4 al ar banoyl wher e Is a o4

al kyl group tdatic FRupPendbARGRESH sulit&NRA0 BhURalogen atom: - NR201{ 21
(where 1120 and Rgfpi%are each independently a hydrogen atomor a Cl to C4

al kyl group), a nitivb agr exyd, gwuparddeveid tigr eupl gbarr MgChetmb@tituted
al kypcar banoyl group, an N,N-di (G to C4 al kyl)carbanpyl group,
-NHCOR9 (wher®itRaitileass ome grauaelgried froppdlp srpap consjsBe Fanched), and a

hal ogen at§m 10 agg‘gr’cg}@ﬁaﬂgyjcg}o%ﬁeﬁlg%al ﬁeob%atznécge%y thel n a further

enbodi nent, R7 and nmpound” represe formula (1) are

groups i ndependent |,y S8l @C{iREx{ LR 38t W AUPe 6LNRI3HI Ng of a methyl group,
an ethyl group, an n-butyl group, an i1sobutyl group, an n-decyl group, and

a cycl ohexyl groupanbdyhg@uptiiblat niayr bhetbeidaoed ek 2 (L1 GndkRBgwiupt he
conpound represented by the formula (1) are the sane. | n anot her

enbodi nent , | tBagmeaRBe diranhleed grporrderapr eNERRD hern &R anduRd ) are
ke, Loge bt 10 LRI RIS sk ecbe, C SRANG AR B0t St
10  group, a carbamoyl group, an N-(C: to Ci alkyDcarbamoyl group, an
N,N-di(Cy to C4 alkyDcarbamoyl group, or -NHCOR? (where R? is a C; to
Cs alkyl group that may be branched),
a cyano group,
-NR20R21 (where R20 and R?! are each independently a hydrogen
15 atom or a C: to Ca alkyl group),
a nitro group,
a carbamoyl group,
an N-(C: to Cy alkyDecarbamoyl! group,
an N, N-di(C; to Cs alkyllcarbamoyl group,
20 -NHCOR?® (where R% is a C: to Cs alkyl group that may be
branched), and
a halogen atom;
(v} a heteroaryl group, wherein the hetercaryl 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 C4 alkyl group
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I n one enbodi nent, the conmpound represented by the fornula (1) is used in a
ratio of 0.001 nol %to 0.1 nol % per 1 nol of the conpound 25 represented
by the formula (1V). I n one enbodi nent, the conmpound represented by
the formula (1) is used in a ratio of 0.005 mol %to 0.05 nol % per 1 nol

of the conmpound represented by the fornula (1V). The present

i nvention also provides a nethod for producing an optically active a-am no
acid, the nethod conpri ses: hydrol yzing an i mno group (1114R15C=N-)
and an ester group (-CO2R17) of the conpound represented by the fornula

(VI) that is | 0 .. a1 | a6 hiti.an: R160
Rl4 -N* O Rl@%ﬂ%{s\?/ﬂf %8%1%%(?2& \Fl{farglgegltv@%mg@%% g%@gérg! t ﬁgasrﬁgineérgroups as
defined abovelach independbR@lyPs aSARbcdnN YRR 0O &) $6 (Araxides,up)ethed for
produci ng an opti calﬁ’y active a-amno acid, the nethod conprises:

hydrol yzi ng agroitpmi nocaggbeupy{ RirdRL5EaNN)(Cof ta Itk glbypoanhd mkF] repnesent ed by
the formula (\VI) that is Obtpﬁi ned by the above_net ho?, under .an acidic
condition: RIAGA(Cr tp Gatkrhgarbamoy] geypumh o s NRIGORRIwhery BY isjp {7 t4nd R18

are the s r as _defined above d hydrol yzi ng an ester
gr oup (-CgeRl‘%é)%?F%Oélpa@laé nﬁ%rg%gfl%%d&egjr?oduct under an acidic or basic
condi tion. a cyand 8fodY,€sent invention also provides a method for

produci ng an 25 optically active a-am no acid, the nethod conpri ses:
-NR20R2! (where R2% and R2! are each independently a hydrogen

atom or a C1 to Cq alkyl group),
a nifro group,
10 a carbamoyl group,
an N-(C; to C4 alkyDcarbamoyl group,
an N,N-di(C; to C4 alkyDecarbamoyl group,
-NHCOR?® (where R® is a C; to Cs alkyl group that may be
branched), and
15 a halogen atom;
(vi) -(CH2)nOCONRWSR! (where R® and R are groups
independently selected from the group consisting of:
(1) a hydrogen atom:
(2) a C1 to Cq alkyl group that may be branched;
20 (3) a Cs to Ce alkenyl group that may be branched or form
a cyelic group ;
(4) a Cz to Cs alkynyl group that may be branched or form
a cyclic group ;
(5) an aralkyl group, wherein the aryl moiety of the
25 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,
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hydrol yzi ng an ester group (-CO2R1-7) of the conpound represented by the
formula (VI) that is obtained by the above nethod, wunder a basic
condition: R14R160 5(where R14, R15, Ris, R17 and R18 are the sane
groups as defined above), and hydrol yzi ng an i m no group
(R14R15C=N-) of the basic hydrol yzed product under an acidic condition. The
present invention provides a chiral phase-transfer catalyst 10 having a
nore sinplified structure. This phase-transfer catal yst can be produced by
a fewer nunber of processes than conventional conpounds. Thus, the

phase-transfer catalyst aob tmh% RIESS né}l_oh]g;éﬁgg%%g bterh LGSR be provided nore
easily can be utilized forlsynfhe5| iTg, for exanple, a-al'kyl-a-am no acid

derivatives and a, a-di alkylar@- afddiP tR& Gy o Bestivdadexiiar . G@r ryimg Qut

t he I nvention Hereinafter, the terns used in the present invention
will be definglityl EheyphiicsmayGe boarGhed] kydyago aupup hatRHWRY! behdraR¥hed or
forma 20 cycl ié:dgzroup" (where n is an integer) includes any |inear alkyl

group havi ng and & aaressh derendenily Br Arblaen AR oyrobp Wali mékd to n
Bl ea o | FRBEF ST e HavPhe! B P aTeuR B SRR et ny 1
R . S S R R i
tert-butyl, aiRcth Csepcntiily]l ghxanhasmef bepwehhehedd Kyl groups having 3 to 6
carbon atons include cyclobutyl, cyclopentyl, and
a cyano group,
-NR20R2l (where R2° and R2! are each independently a
10  hydrogen atom or a C; to Cy alkyl group),
a nitre group,
a carbamoyl group,
an N-(C1 to Cs alkylDcarbamoyl group,
an N,N-di(C; to C4 alkyDearbamoyl group,
15 -NHCOR? {(where R? is a C; to Cs alkyl group that may be
branched), and
a halogen atom.
(6) a heteroaralkyl group having a hetercaryl moiety,
wherein the heteroaryvl molety may be substituted with at least one
20  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 C: to C4
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
25 and R2! are each independently a hyvdrogen atom or a C; to Cy alkyl

group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyDcarbamoyl

group, an N,N-di(C; to C; alkylicarbamoyl group, or -NHCOR? (where R?
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cycl ohexyl . Furthernore, when "Cl to Cl12 al kyl group that nmay be branched
or forma cyclic group and/or may be substituted with a hal ogen atont is
referred to, any linear alkyl group haying 1 to 12 carbon atons, any
branched al kyl group haying 3 to 12 carbon atons, 5 and any cyclic al kyl
group having 3 to 12 carbon atons are included, and a hydrogen atom at any
position of these al kyl groups may be substituted with a hal ogen atom
Exanpl es of such an al kyl group include n-heptyl, isoheptyl, n-octyl,

i sooctyl, n-decyl, and n-dodecyl. In NN(C1 to C4 al kyl) carbanoyl
groups and N\ N-di(Ci ~ t al kyl), 10 carbamyl,,groups, "Cl to C4 al kyl
group" neans er ?é%‘.‘g‘* Fﬁ(ﬁrgg#% {}i/a?t nﬁ? ‘éﬁsbr%xr%)’to C branched al kyl groups.
The phrase "C2 to C. al kepydndhQUp. that may be branched or forma cyclic
group” (where n is an integer) includes any linear alkenyl groups haying 2
to n carbon atonms, any bdEtreREd(vehdenk® ahdufRs hayidagh 3irddependdmtbanbon
atons, and any cyclic al kenyl groups haying 3 to n carbon atons. Exanpl es
of linear alk 03@¢@H§§°hé%ﬁd@‘Qi@%@@géaﬁgon atoms incl ude ethenyl,
1-propeny|5 2- propenyl 1-§uteﬁ%§; 2-butenyl, 1-pentenyl, 2-pentenyl,
3-pentenyl? 4-pentenyl, BhitfF48H&¥enyl . Exanpl es of branched al kenyl groups
haying 3 to 6 carbon atq ; i.sopropenyl, 201- methyl- 1-propenyl,1 -
me thyl-2-p rop e nyI,Zfﬁg?ﬁeﬁ#&gg?%&?op e nyl. 2-methyl-2-propenyl, and
1-net hyl - 2-but enyl . Exargd ss(@ftoayicdlikel)ad hamlyl gragps haying 3 to 6 carbon
atons include cycl obutenyl, cyclopentenyl, and cycl ohexenyl. Furthernore,
when "C2 to Cl12 al kenyl ayr duls-dif{at torfewalsDbadmotied govur,orm a cyclic group
and/ or may be 25 substit i.th a hal ggen atont js.referred to, any

li near al kenyl groups haﬁlﬁ‘gog"t(whﬁe ArHén-ato ?ikgﬁﬁrﬁwaﬁwe@am@enw
groups hayin t 2 rbon atons, and any cyclic al kenyl groups haying 3
to 12 ca¥ ogb§¥%§%é%?gaincluded, and a hydrogen atom at any position of

t hese al kenyl groups nay, BgicskRstdhited with a hal ogen atom Exanples of
such an al kenyl group include 1-heptenyl, 2-heptenyl, 1-octenyl, 1-decenyl,
and 1-dodecenyl. 5The phi7asen" €21t @r&up.alvkynyin gheuprthatronpy nae breanched
or forma cyclic group” (where n is an integer) includes any |inear alkynyl
groups hayi ngsustéuipdcsitBav leasspne %ﬁypﬁ?%ﬁkﬁ@e‘%ﬂoraltk?@wlgﬁm%ti%vﬁ:ng 3to
n carbon atons, and any cycli¢, alkynyl groups havin to n carbon atons.
Exanpl es of |inear aIkyd@plé?gﬁﬁ?“ﬁéépﬁgtgafgaﬁ%@épg8ﬁh%ﬁons include 10
et hynyl , 4= propynyl, 2- | ,.1ils I =Dyt spentynyl, and
1-hexynylﬂﬁxanples of b?%ggﬁgghéfﬁﬁﬁﬁ%%g¥éﬁﬁé g&%2§%§3%%£6 carbon atons

i ncl ude 1-nmet hyl - 2- pr opysyy lary Exedq) €Ba0fin0y &k igibatikyieyl wahoups, having 3 to

6 carbon atons include cycl opropyl et hynyl, and cyclobut%Jethynyl.

Furt hernore, whahgtap thatCrayahkpramchydoapcanateresp ndyRP&?b fathetseBor f or m
a cyclic grou or may_ be substituted with a hal ogen onl is ferred
to, any |inea$ﬂ<§|q%wﬁ @%Vﬁbuwsdeﬂs %&Tmhngear%aw 8F it %nf* BLSAched

al kynyl group ing; 2 .car gﬁﬁ ;i cl i groups
having 3 to 1 roglgy’b{og%ng? gﬁ)s arae&lrﬁ%?ﬁg%a , Ehgﬂg‘fﬁ%%géﬁ%@%%m%}y
position 2 these® ahkyMNHi(Qr e4ES AMRYDOEbZRSHBShipt b e RY aviabggen at om
Exanpl es of such an al kynyl group include 1-heptynyl, 1-octynyl, 1-decynyl,
and 1- dodecynigla Ci to Cs alkitherply tise &t bedr@nctaldkoxy group that may be
branched” (where n is an integer) includes al koxy groups having any |inear
al kyl groups having 1 to® AE¥r8#8HPat ons and al koxy groups havi ng any
branched al kyl 25 groups_,hayhbhng,3, 10 m.carbon.atons. anpl es. t her eof

i ncl ude net hyl oxy, ethyl xy,#n-sg%%Vﬁg&yfuﬁs 5r3€§ﬁ3fg?uﬁ%ae?%?ﬁgbﬁtyloxy.
Exampl es of "gi@lok¥h 28:QWP s ¢Nid Ofaliie p)l nvention i nclude benzyl, .
phenet hyl , and napht hyl nmet hyl . anpl es of "heteroaral kyl group" in
the presem invention inchidegpyud, dyl met hyl, indolyl nethyl, furyl methyl,
thi enyl net hyl, and pyrrolyl methyl. 5Exanples of "aryl group” in the present
i nvention include phenyla cadgmdyErownt hryl and phenant hryl .

an N-(C; to C4 alkylcarbamoyl group,
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Exanpl es of "heteroaryl group” in the present invention include pyridyl,

pyrrolyl, imdazolyl, furyl, indolyl, thienyl, oxazolyl,
benzot hi ophenyl-2-yl, thiazolyl, 3,4-mnethylenedi oxyphenyl, 10
3, 4- et hyl enedi oxyphenyl and tetrazolyl. Exanpl es of "hal ogen atonf

in the present invention include a chlorine atom a brom ne atom an iodine
atom and a fluorine atom In the present invention, the term "halide
anion" refers to hal ogen ions and exanpl es thereof include a chloride ion,
a brom de ion, an iodide ion and 15a fluoride ion. The phrase "C3 to

C. allyl group or substitu r may be branched or forma
cyclic group” (where n Iaancﬁ{ 1:é)r(? &ggg%&ta % Igy‘l) pgroups or any
substituted allyl groupsNBEHRY @LSHPR iid H%Ho%&‘lkﬁ%%&ﬁ @Hatlm%w
and/or 3 and having 4 to n carbon atons in total, and

exanpl e, i ncl uslencRedutadyl ,1 - cyclop e nte nylne t hyl , and 3 -met hyl-2
-bute nyl. The phrase 'C3 to Cn propargyl group or substituted
propar gyl group that may?2 belogeanttmdand¢where n is an integer) refers to

propar gyl groups or any bstltuted r opar gyl havi n
SubSti tuerlt(s) at 25 posit PoRFILeaY BT VHF ALy G RaTF o GRPBOR A oms i n
total, and f I u I b

. Ior? y%ﬁh%d {N é’éji%a?lﬁmpe %M)@l Sel@(ﬂgd 1{&1}1 the %Oélpt cons:s,t*n&nct  onal

3-trinethyls ropyny i nvention, erm

group having g: leaving ability" nmeans an atonlor an atom group that |eaves
froma substrate in a substitution reaction or an elimnation reaction,
that is, a leaving group CandChoeikexanmh thali melyuddsaachal ogen atom and a
sul fonyl oxy group. 5l n the present specification, for convenience, the
group consisting of: a @%ﬁé‘) Aaglf%?’lgr@?‘%l‘jba? H%?ty ‘bekragehetanched, a G to

C5 alkoxy roup that may_ be byanche an ar e,s stituted
wth a Ci(?o 04 al kyl gr%%ﬁwX%%Fﬂg%%%ﬁ'nggr Fanc Pguu% cﬂgﬁ% §¥ou39

- NR20R21 (\Ahemyﬁérmﬁtmlm@eo@amdh@éw%%etéﬂsug wgfoﬂgenwﬁé&mw a d
to C4 al kyl group), nitro group, a carbanoyl group, an (G to C4

aIkyncarbannyén@ﬁ@ﬂpweanmw Ndabhéfieritty @4haddogehcambanpyd (grioup, «dkyk NHCOR9
(where RO is a G to &4 al kyl group that may be brancheda 15a cyano group,
“NR2OR21 (wheSWeURBG: BIE0 RIOMPA Becaghemoy heropenaeny 11 &0 Ry atlodiarbamaylor a C1

al kyncar bamoy o A T e PG oRY ry iy bR Slgrere ®
15 is a C; to C4 alkyl group that may be branched),
a cyano group,
-NR2°R2! (where R2® and R2! are each independently a
hydrogen atom or a Ci to Cy alkyl group),
a nitroe group,
20 a carbamoyl group,
an N-(C: to C4 alkyDcarbamoyl group,
an N,N-di(C; to C4 alkyDcarbamoyl group,
-NHCORS? (where R® is a C; to C4 alkyl group that may be
branched), and
25 a halogen atom;
and n is an integer from 1 to 12);

(vii) -(CH2)»CONR!2R1® (where R!2 and RI!3 are groups
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-NHCOR9 (where RO is a G to 04 al kyl group that nay be branched), and a
hal ogen atom may be referred to as "group (Q". 25 Hereinafter, the
present invention will be described nore specifically. A quat ernary
ammoni um salt of the present invention is pure with respect to axi al
asymmetry and is a conpound represented by the followng formula (1):

R3'R2' (1) 10(where R1, RI', R2, R2', R3, R3', R4, R4A', R5, R5', R6, and R6'
are groups i ndependently selected fromthe group consisting of: (0 a

hydr ogen at om -NR29R21 (where R20 and R21 are each
i ndependent | vy: I roup); 15(iii) a cyano
group; (iv) énﬁlepérﬁg&egg Se%c?g%ﬁgmggﬁb%}&p%nrggﬁ% (%vi) an N-(Cl to 4

al kypcar banoyl group; (Vi1hh ardhedt stol to C4 al kyl Thar banoyl group;
20(viii) -NHCOR9 (where RO is a Cl to C4 alkyl group that may be branched):

(ix) a G to C6 al kyl gr@up G:hatCamitybgrdmpaihehethyobe bornrhadcyclic group 25
droup (3) an aryl group, wherein the aryl group may be
5 substituted with at least one group selected from the group consisting of*
a C1 to Cy4 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 Cs4
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
10  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, an N,N-di(C: to Cu alkyDearbamoyl group, or -NHCOR? (where R?
is a C1 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 C; to Cy4 alkyl group),
a nitro group,
a carbamoy! group,
an N-(C; to C4 alkylcarbamoyl group,
20 an N,N-di(C; to Cs alkyDcarbamoy! 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  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,
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(x) a C to C6 al kenyl group that may be branched or forma cyclic

(xi) a C to C6 alkynyl group that may be branched or forma cyclic group:
(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 04 alkyl group that nmay be branched, 5a Cl to C5 al koxy group
that nmay be branched, an aryl group that nmay be substituted with a
Cl to &4 alkyl group that may be branched, a cyano group, -NR20R21 (where
R20 and R21 are each independently a hydrogen atomor a G to C4 al kyl

group), a nitro group, carba URy . a ‘ -al kypc moy!|
group, an 10 N, N-di (C ?don %Ei&ag%/q% g%%bgir?gype gr“g’%t&tgﬁi%ﬁﬁcé@ ?rgvml{glre RO is
a G to 04 al iyl Qf&%ptﬁa{'taﬁza?% beaRhadchegdhno ar6NANNRORUP (where R20 - NR2
R21 (where R2 and R21 are each independently a hydrogen atomor a G to 4
al kyl group) ,arb&R2hiatre o agh otmgep endrarthya aolyy d peen ptomn oNa( C1 tooCO4lkyl

al kyl ) carbanoyl group, an N,N-di (G to 04 al kylé%%ar banoyl (%roup,

- NHCOR9 (wher&0RD), jsshHrCRIqup: @LaaPRPPYoeioup: A (Faje be2dyllspthnned), and a
hal ogen at,om Y et erqaral kyl _group hayi het.er oayyl

noi ety, wher iR Phd™ ﬁ\gﬁe%g ?‘? %ﬁrﬁ?l@fq?caﬁé%%lg%ﬁ%gt Pt u*ggx%{ t ﬁv%e_tre ﬁ%é)ast one
group sel ected f&om Ehgngn Q¥Pud Rat &é{,%b%}a%e@mw group, wherein the aryl
group may be substituted with at |east one group selected fromthe group

(Q or may be substitut edeywidoherolp(CH2) . -0- (where mis 1 or 2) at
positions 3 and 4 that are taken together; and (xv) a heteroaryl

group, wherein the het erdd¥R*glwherenBy’ badsBhsere waeh nidependentiagt one

group sel ect e}(xjy(Irrt.)ggx]l %Qo?n %L %u(& t(o%i alkyl group),

10 a nitro group,
a carbamoyl groﬁp,
an N-(C1 to Cq alkyDearbamoyl group,
an N,N-di{C; to C4 alkylcarbamoyl group,
-NHCORS? (where R? is a C1 to C4 alkyl group that may be
15 branched), and
a halogen atom;
and n is an integer from 1 to 12);
(viii) -(CHg)nNR122COR13 (where R!2 and RI13 are groups
independently selected from the group consisting of:
20 (1) a hydrogen atom:
(2) a C1 to Cq 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 Ci1 to Cy alkyl group that may be branched,
25 a Cy 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 cyano group, NR20R2! (where R20
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R7 and R8 are each independently a nonoval ent organic group or taken 5
together to forma divalent organic group, and X- is a halide anion, SCt,
HSO4- or HF2.). The conpound represented by the fornmula (1) may have a
configuration of either (S) or (R). The conpound represented by
formula (1) above usefully functions as a phase-transfer catal yst for
produci ng an optically active 10 a-am no acid or derivative thereof, in
particular, an a,a-dial kyl-a-amno acid or derivative thereof. Mre
specifically, when the conpound represented by forrmula (1) above is used as
a phase-transfer tal yst,to . produce an opiically active~a- 1 n cid or
el ivative t HEReB- PEprasarpaRbaiteEhat BRevR wofl i rarf 6 dound
represented hyqdg) %ogm ?ro(ulp\,/_)a b8y IGABRGUAH N-ef] ﬁﬁ@?ﬁﬂﬁrlﬁé){rﬁeﬁﬁ&%' a (Vv),

t he ammoni umnoi ety constitufing a cation of this conpound:” 20 cortri butes
to the reactigrotyy, amN, NedidCkyd &t iadkny])capichrhbel driongpbi HYH Codtselmkiere R
contributes to the stereoselectivi y in the alkylation reaction. Therefore,
in one enbodiifrerts: topls aﬁdlwlimthﬂﬁéﬂ%bh@bnw}k@égr esented by formula (1) are
groups th can retain the reactivity and selectivity derived fromthe
anmoni um rbi ety and t he HPFESHAYP moi ety of the cation. (or does 5 not

i nhibit the reactivity apgssgheclish! ¥l F8' ROXQPPlGen LAY, GARAPE o
nonoval ent organi ¢ groups or divalent organic groups that ‘are nore inactive
t han the amuogid¢sgdDaRhy oAt ReC bilRaPaiduyd, noiety. In other words, R7 and
R8 are not groups that are highly reactive thenselves (or itself), but
groups that do not affectnithegraweti on in the 10 production of the am no
acid or derivative thereof that is described later. Alternatively, in the
formula (1) above, R7 arfd°R8%H°E' EffdHoval ent organi c) groups independently
sel ected om t he group CORsi-st.i : i)..a G to Cl2 al kyl group
t hat may {L branched orE§%$%$§t%g%fﬁ%y%%%gﬁmgﬁ%%%%ﬂhay be substituted with
a hal ogen atom 15(ii) &R naiZealkaryhcahauRyl BRlupgray be branched or
forma cyclic group and/or may be substituted with a hal ogen atom

(iii) a C to Cl2 al kynyINHEORp (whate Rtys beCibtoafic hBg] grodorimtamay dki ¢ gr oup
and/ or may be substituted with a hal ogen atom (iv) an aryl
group, wher eilappleddy §0d gr oup may be substituted 20 with at |east one group

selected fromthe group (Q. ) ) a heteroaryl group, wherein the
het eroaryl group nmay be‘%%%?§??ﬁf%%’ﬁé¥h at | east one group selected from

the group{ Q: 0 5 E o CHRQO B AR (eS8, RO AELR1L- are

groups i ndependently selected fromt group consisting o

hydr ogen at orje {udjstidutell & hCh Rhitydnggoup dehatedriynbehdgnghedsistiay a C2 to
C6 al kenyl group that may be branched or form a cyclic group ;

(4) a C2 to @8 al kynyl group that may be branched or forma cyclic group ;

a Cy to Cy4 alkyl group that may be branched,
a C: to Cs alkoxy group that may be branched,

20 an aryl group that mayv 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), a nitro group, a carbamoyl group, an N-(C; to Cs alkyl)carbamoyl
group, an N,N-di{C: to Cs alkylcarbamoyl group, or -NHCORS? {where R?

25 iga Ci to Cqs alkyl group that may be branched),

a cyano group,

-NR20R21 (where R2® and R2! are each independently a
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(5) an aral kyl group, wherein the aryl noiety of the 5 aral kyl group may be
substituted with at | east one group selected fromthe group (Q;

(6) a heteroaral kyl group having a heteroaryl noiety, wherein the

het eroaryl noiety may be substituted with at | east one group selected from
the group (Q; 10(7) an aryl group, wherein the aryl group may be
substituted with at | east one group selected fromthe group (Q; and

(8) a heteroaryl group, wherein the heteroaryl group nay be substituted
with at | east one group selected fromthe group (Q, and n is an integer
from1l to 12) CONRL ere R12 and R13 are groups

i ndependent | y™s y(filoé %cf“?rom%%lhté) é\l &R% W?sti ng of:

(1) a hydrogen atom (2); gitfd g{,&l aI kyI group that may be branched;

(3) an aryl group, wherein the aryI group may be 20 substituted with at

| east one group sel ect ech arbemtopeggngyp (Q; and (4) a

het eroaryl group, wherein the heteroaryl oup nmay be substituted with at

| east one group sel ect eddi Noﬁﬁztth&mlbméc%r%imoaharwms an integer from1l to

12); (viii) 2 1 ere R12 and R13 are groups 25
i ndependert Iy sel ect ed f%ﬁ'ﬁmcﬁ %lggi@h GPARPYSEIOYPL)  a hydrogen at om
(2) a G to C4 alkyl gr O'N}I?Bﬁb (%erpﬁf’ l?é’ Qr@ dC% u%kgé grou hat Iing)é bo( 3) an

aryl group, wherein the ar group may be sub st one
group sel ect ggkahchea)t hgdgroup (Q; and (4) a heteroaryl
group, wherein the heteroaryl group may be substituted with at |east one
group selected fromthe ghowvwgei @omand n 5 is an integer from1 to 12);
(ix) -(CH2).1\ I R12R13 (where R12 and R13 are groups independently sel ected
fromthe groupPeBipreiptigepfron {ytogd Prydrogen atom (2) a G to ¢4 alkyl

gr oup tha{ may be ﬁg{ N]gz%tégﬁg \Qﬂer%rﬁhl e Cpgpa rer 915 5 end(%éfgr oup may

be substituted wt one roup se and

(4) a heteroadydct8d Bk t}ygﬁ%r RiptohbBRheter oaryl group may be substituted
with at | east one group selected fromthe group (Q, and n is an integer

from1l to 12); 15(x) - (CERx.hyd@REd {tehere Y is a Cl to C4 dival ent
sat ur at ed
(2) a Cy to Cy 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 C: to Cy 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 Cy
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
20 and R2! are each independently a hydrogen atom or a C; to Cys alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyDcarbamoyl
group, an N,N-di{C; to C; alkylearbamoyl group, or -NHCOR? (where R?
is a C; to Cs alkyl group that may be branched),
a eyano group,
25 -NR20R?! (where R?Y and R2! are each independently a
hydrogen atom or a C; to C4 alkyl group),

a nitro group,
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hydr ocar bon group that nmay be branched. and R12 is a group selected from
the group consisting of: (1) a hydrogen atom (2) a G to &4 al kyl group
that may be branched; 20(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 nay be substituted
with at | east one group selected fromthe group (Q, and n is an integer
from1l to 12); 25(xi) -(CH2),-OR12 (where R12 is a group selected fromthe
group consisting of: (1) a hydrogen atom (2) adG to 4
al kyl group that may be branched; (3) an aryl group, wherein
the aryl group may be subSHPEHCEYSHIHh at | east one group selected from the

group (Q; and an N-(C, b1, ARDBLERARIY] cQhUP. wherein the

het eroaryl group may 5 be substituted wth at ast one group selected from
the group (Q, and n is anNN NtRgertof ¢ omkIDedbhdoyl group, (Xii)
-(CH2).-S-R12 (where R12 is a group selected fromthe group consisting of:
(1) a hydrogen atom 10(-2JHEOB1 (whe@4 Ralikyl Cigroolpatiydtermey thet beariehed:

(3) an aryl g}:}%?p (¥3/ner in the aryl group nay be substituted with at | east
one group el ety 8Rflt he group (Q; and (4) a

het eroaryl group, wherei heteroaryl group may be substituted with at
| east one group sel ect ef?gﬂ%}e?%{)]&d’r%ﬁ% (Q, and n 15 is an integer froml

to 12); - (CHA) 3lne3rd3l41 (WIS G iR}einl £hePheRbiirys @h&GS Biyf rom t he
group consisting of: (1) a hydrogen atom (2) a Cl to C4 al kyl "group that

may be br anchledsul20{t3)edanitdr ytl legstoups gwhuereilevtéd éroar yhe graupeonmmisting
substituted with at |east one group selected fromthe group (Q,; and
(4) a het eroa‘?%/l group, wherein the heteroaryl group nay be substituted

Wih at | ggst one oroup Sgl ecled oM LNG & Q4P il runlh XIS an it eger
a Ci 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 C; to Cs alkyl
15  group), a nitro group, a carbamoyl group, an N-(Cy to Cs alkyllcarbamoyl
group, an N,N-di{C; to C4 alkylcarbamoyl group, or -NHCOR? (where R?
is a C; to Cy alkyl group that may be branched),
a cyano group,
-NR20R2!l {where R?0 and R2! are each independently a
20  hydrogen atom or a Ci to Cs alkyl group),
a nitro group,
a carbamoyl group,
an N-(C: to Cs alkylearbamoyl group,
an N,N-di(C; to Cs alkylcarbamoyl group,
25 -NHCORS? {where R? is a C; to Cs alkyl group that may be
branched}, and

a halogen atom;
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25(xiv) -(CH2).-S02-R12 (where R12 is a group selected fromthe group

consisting of: (1) a hydrogen atom (2) ad to ™4 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 from
the group (Q, and nis an integer from1l to 12); or R7 and 10 are taken
together to forma (dival ent organic) group selected fromthe group

consi sting of; sz (wher i ninteger from2 to/ 8); 10 ; and\-0
0- - I?\nqégé%égg%ter?rﬁ\%?ttﬁl%? inthe fornula (I) above, R1, Rl',

R2, R2', R3, Re', W) ReWNyv-B8%1 Rher@nd iB6a aredisf 8raint SLRuR&d
i ndependently selected fromthe group consisting of: 15(i) a hydrogen atom

(xiv) an arylhglrotgprbomtgnep nthiaenay We raopedmyndeR Sulbst igrarirededstdd at

| east one group selected fromthe group consisting of: a Cl to C4 al kyl
group that meiyoldhyeanenheensigiogy of o C5 al koxy group that may be branched,
20an aryl %roup t hat rray(lge substituted with a G to 04 al kyl group that
may be brahched, a cyano“gf émg- R21 (where R2 and R21 are each

i ndependently a hydrogensat gmQre gaifht £QuR4rak kydv B8 BHched Nitro group, a
car banoyl group, an N-(glﬁt ??04 al kg&éar ggm)yl gryoup, ar? ﬁ,N—di (G to 04

al kyl') car banoyl group, ds)-NriCERA Ewher e wiren ithea a&ll t@o&d aldeylbegr oup
that may be branched), a cyano group, -NR20 1(21 (where 1(20 and 1&21 are
each i ndependaemstijutgd with at least one group selected from the group consisting o
a Cy to Cq alkyl group that may be branched,
10 a Ci1 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, -NR2R2! (where R20
and R%' are each independently a hydrogen atom or a C: to Cy4 alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkylicarbamoyl
15  group, an N,N-di{C; to C1 alkylearbamoyl group, or -NHCORS? (where R?
is a C; to Ca alkyl group that may be branched),
a cyano group,
‘NR20R?! (where R20 and R?! are each independently a
hydrogen atom or a Ci to Cs alkyl group),
20 a nitro group,
a carbamoyl group,
an N-(C; to Cs alkyDecarbamoyl group,
an N,N-di(C; to Cs alkylcarbamoyl group,
-NHCOR? (where R? is a C; to C4 alkyl group that may be
25  branched), and

a halogen atom:; and

(4) a heteroaryl group, wherein the heteroaryl group may
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hydrogen atomor a Cl1 to C4 al kyl group), a nitro group, a carbanoyl group,
an N-(Cl to C al kyncarbanoyl group, an N,Ndi (G to C al kyl) carbanoyl

group, -NHCOR9 (where RO is a G to C4 alkyl group that nay be branched), a
hal ogen atom and -8(0)0-R (where nis 0, 1 or 2, and
It is acClto ™ alkyl 10 group that nmay be branched); or may be
substituted with -0-(CH2),-0- (where mis 1 or 2) at positions 3 and 4

t aken toget her; and (xv) a heteroaryl group, wherein the

het eroaryl group may be substituted with at | east one group selected from

the group congi st fy..15a G 1.0 C alkyl gr t ha e hranched, a G
to ' al koxy 0 Su Pl 0 skt ohnts By s AUR AR nd RO JECRERRECC, O
may be substigmited with a C1 to C al kyl group that may be branched, a cyano
group, -NR20R21 (where R20 and R21 are each i ndependently a hydrogen atom
or a G to & alkyl 20 ga Gup) Csallgltgrougtbapmag bedrrhacimd, group, an N-(C
to C al kyl)carbanmoyl group, an N,N-di (C to C al kyl) carbanoyl group, or
_NHOOR9 (where R9 is a Q Ctéo 64 adkasyl srgupibat mey herapehettanched), a cyano
group. - NR20R21 ere 0 and are eagh

i ndependerit |y a 25 hydr oYEA*5t SFB téa j %Yogz&f“i’ﬁf&‘%ér%tfg)?@ i t%o group,
a carbamoyl gy thhi fby i Gharinion! )k CALARMDYL, INORRR2 AN fi( T  to
C4 al kypcar barmyp’ga?%p, y L RHCO r%v\ﬁ{%%’re R9 isng Cl to ¢4

al kyl group that RRyareesdvhanelhed)deid aahhéd@genutehonr a0xetopCefkabl y,
they are selected fromthe group consisting of a hydrogen atom a
3,4,5-trifl uozrophéry hitge gupip, a @raasoyt guhivorophéy ko §r aliyDaarbamoyl

L dit uoronheryl grouey @, % M LieRenNl  groUR, 2, 2 UIGREINL g 2
10  is a C; to C4 alkyl group that may be branched),
a ¢yano group,
-NR20R2! (where R2® and R2! are each independently a
hydrogen atom or a C; to Cy alkyl group),
a nitro group,
15 a carbamoyl group,
an N-(Ci to C4 alkylcarbamoy! group,
an N,N-di(C; to C4 alkyDcarbamoyl group,
-NHCORS? (where R? is a C1 to C4 alkyl group that may be
branched), and
20 a halogen atom;
and n is an integer from 1 to 12);
(xi) “(CH2),-OR!% (where R!2 is a group selected from the group
consisting of:
(1) a hydrogen atom;
25 (2) a C1 to Cy4 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:
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10 group, a 3-trifluoronethyl phenyl group, a 2,4-difluorophenyl group, a
3-net hyl sul f onyl phenyl group, and a 2, 3-bis(trifluoronethyl)phenyl group.
In particular, of the conpounds represented by the formula (1) above, a
conpound represented by the following formula (1') is preferable: 20
(where, 111 andare groups sel ected i ndependently fromthe group consisting
of a hydrogen atom a 3,4,5-trifluorophenyl group, a 3,4,5-trichl orophenyl
group, a 3,4-difluorophenyl group, a 3-nitrophenyl group, a 3-cyanophenyl
group, a benzot hi ophenyl-2-y1 group, a 3,5 - difluorophenyl group, a 3

-trifluoronethyl phenyl gqf pup, ca §54%§%§9E W@E?@P?ﬂthﬂ:ouD’ a

3-net hyl sul f onyl phenyl group an uoronet ypphenyl group,

and R7, R8 and X- are eacl; wdgzaﬁi&@rgtrbupm@t Ahove-ahimed groups).
Furthernnre preferably, R7 and R8 of the conpound represented by the

formula (1) above are gnnups?hgﬂepeﬁmﬁnukmrbehﬂbsednbdownhheigruupk
consi sting of: i) a G to_Cl2 al kyl group_that may be branched
or forma cycffdrklrf1 Brejothnt %}ﬁa be branch@gh ﬁ)CYﬂPQZEIQ‘)‘Pv- IR \/\ffé‘i@fe is a

group sel ect ed m_ t he ng 1) dro e ak 2) a G
PooCh ark ittt o B EPRR by A adtaptdr By B g wﬁerua(ln he
ar oup-cons ??ryr33§> W*‘* e ity %?ﬁ%a@ﬂ%‘é%?%%@q’ﬁmw 5

al koxy group ghap, ﬁﬁ)N bbdﬂb@aﬁchtedlkﬁ]maaha{mOglrmppt bt N Hay) Ire(waheles tHot ut ed
wth a G to C4 15 al kyl group t hat na% be branched a cyano group, -NR2
R21 (where R26 safidtP1 2livé seahthaidapehednenshed) hydr ogen atomor a O to C4
al kyl group), a nitro grou a carbamoyl group, an N-(Cl to 4

al kyl ) car banoyl group, &h® QQQFTP) to C4 al kyl)carbanoyl group, or -NHCOR9

(where s adcC to04 Yho1 O PRt Bad yrbe 0 group,
- NR20R21 Q/\here R20 and §2F§2 azrle( each rﬁndgggn ent Pé aeragﬁe%)d 8%%?%1? raor a G

to C4 al kyl gr@UBYen atdthbf@ ©F RUD; alkytard@pyl group, 25an N-(Cl to C4
al kyl Thar bamoyl group, an N,N-di (G to C4 al kyl)carbamoyl group,
a nitro group,
a carbamoyl group,
an N-(C; to C4 alkyDcarbamoyl group,
15 an N,N-di{C1 to Cs alkylcarbamoyl group,
-NHCOR? (where R? is a C; to Cq4 alkyl group that may be
branched), and
a halogen atom; and
(4) a heteroaryl group, wherein the heteroaryl group may
20 be 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 Cs5 alkoxy group that may be branched,
an arvl group that may be substituted with a Ci to Cy
25  alkyl group that may be branched, a cyano group, -NR20R2! (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 C: alkyDearbamoyl
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-NHCOR9 (where RO is a C to C4 alkyl group that may be branched), and a
hal ogen atom and (4) a heteroaryl group, wherein the

het eroaryl group may be substituted with at | east one group selected from
the group consisting 50of: a C4 to C4 al kyl group that nay be branched, a C4
to C5 al koxy group that may be branched, an aryl group that
may be substituted with a ClL to &4 al kyl group that may be branched, a
cyano group, -NR29R21 (where R20 10 and R21 are each independently a
hydrogen atomor a Cl to C4 aIkyI group) a nitro group, a carbamoyl group,

an N-(Cl to C4 al k r Ny t carjanoyl
aroup. or - neoRs ThASRCAETH BB R Sl of ARG8T
branched), Igréaopt&opurkyrgomr%mrﬁ;ylbéwﬂsﬁ&lﬁ? and R21 are each

i ndependently a hydrogen atomor a C to C4 alkyl group), a nitro group, a

car banoyl group, an N-(@hﬁxmﬁ%mapkyncarbanoyl group, 20an N,N-di (G to 4
al kypcar banmoyl group, wher e isaCto 4 alkyl
group that may be branché\d:)%RﬁnHN%erIEIaRB énda l“arﬁ?Ch indepgndentger of 1

to 12, mor.e r ef er abl they are.sel ected ronrthe group consisting of a
met hyl 25 XD%ﬁ‘%%ﬁ§ &#@Jﬁ(lh k f ' group, an isobutyl group, an

n- decyl group and a cyqiﬂﬂg§ roup. Furthernore R7 and R8 are
preferably the sane, a co ou d in which R7 and R8 are taken together to

forma dival ent group sghg@hﬁmytgﬂﬁhghe group consisting of; -(CH2) m
(where m
an N-(C: to Cs alkyDcarbamoyl group,
an N,N-di(C; to C4 alkyl)carbamoyl group,
10 -NHCOR? (where R? is a C; to Cy alkyl group that may be
branched), and
a halogen atom;
and n is an integer from 1 to 12);
(xi1) -(CHg2)n"S-R!2 {(where Ri2 is a group selected from the group
15 consisting of:
(1) a hydrogen atom;
(2) a C1 to Cs 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 Ci to Cys 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, -NR20R21 (where R20
and R?! are each independently a hyvdrogen atom or a C; to Cs alkyl
25  group), a nitro group, a carbamoyl group, an N-(C; to Cs alkylcarbamoyl
group, an N,N-di{(C: to Cq alkyDcarbamoyl group, or -NHCOR?® {where R?

is a C: to C4 alkyl group that may be branched),
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5The quaternary ammonium salt represented by the formula (1) can be

produced by reacting a conpound represented by the follow ng (where
Rl, Rr, R2, RR",R3, Re', R4, Rd', R5, R5'. R6, and R6' are the sane as 15
defined in the formula (0, and Z is a halogen aton) with a secondary am ne

represented by the followng formula (111); FIN NRS(III) (where R7 and
R8 are the sane as defined in the formula (1)) in an 20 organic solvent in
the presence of an acid scavengi ng agent. The conpound of the

formula (11) can be prepared easily from for exanple, easily available
1, 1' - bi napht hy1-2, 2' - di caa%pa%é%ioggaci d (see Seki, M et al., Synthesis,
rocess

2000, p.1677) in a known 's described in the followi ng Schene 1

(see Qoi, T. et al., J. -QmoREhRMereVRE. 68d BD 8803hch TR@ependently a

1, 1' - bi napht hyl1-2, 2' -di carboxylic acid may be either the (S)-formor

(R -form FhySrGdRatonPdf 04%)22, CLRky1Srouk2003 Schene 1 The
followng is a nore specific explanation based on Schene 1 above. First,

di carboxylic acid (1) i< BBHVBY®®d to a correspondi ng diisopropyl ester (2)
usi ng i sopropyl brom de, a catal ?:St Bu4N- HSO4 and 15 KF-2H20. The obt ai ned

conpound (2) is treated WHH*HEGhEET Wm
bis(2, 2, 6, 6-tetranet hyl pj,prt@7de),(heredRehkes BRigr redt oas

My( TMP) 2) , andt henBr 2 i saddedt hereto togi ve
an N,N-di(C; to C4 alkylcarbamoyl group,
“NHCOR? (where R? is a C; to C4 alkyl group that may be
branched), and
10 a halogen atom:; and
(4) a heteroaryl group, wherein the heteroarvl group may
be substituted with at least one group selected from the group consisting
of:
a C; to Cy4 alkyl group that may be branched,
15 a C; to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci1 to C4
alkyl group that may be branched, a cyano group, -NR20R21 (where R2¢
and R2Z! 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 alkyllcarbamoyl group, or -NHCOR? (where R?
is a C; to Cy4 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),
25 a nitro group,
a carbamoyl group,

an N-(C; to C¢ alkyDcarbamoyl group,
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3,3 -dibrono -1, - dinaphthyl - 2,2' -dicarboxilyc acid ester (3). Then,

t he obtai ned conmpound (3) and 3,4,5-trifluorophenyl boronic acid are 20
subj ected to the Suzuki-M yaura cross-coupling reaction in the presence of
pal | adi um acetate, triphenyl phosphi ne and potassi um carbonate to give 3,3
-b 1s(3, 4,5 -trifluorophe nyl) - 1. I' -binaphthyl-2,2'-dicarboxylic acid
ester (4). Furthernore, this (4) is reduced with LiAll-14 to obtain al cohol
(5) and the obtained alcohol (5) is treated with PBr3 so that di brom de
(6), 25 which corresponds to the fornula (11) above, can be obtai ned.

On the other hand, a |ar ePgHgggﬁﬁgg%gﬁﬁgﬁggi%%%§¥ gnines of the fornul a

(I'11) above are comercia re'fcan be obtai ned

easily, so that they canNigcoO®keghes: &S iaBRNORS CALBkyl group thiXABPIRS of an
organi ¢ solvent used in the process for producing the conpound of the

formula (1) blyranehed)i ngdt he conpound of the formula (I1) with the formula
(I'1'1) include nitrile solvents (e.g., acetonitrile. propionitrile), ether
sol vents (e.g., dioxane,a halogamypsrdf uran, isopropyl ether, diethyl ether,

di mret hoxyet hane, 2-net.hoxyet.hyl et ), alcohol solvents (nethanol,
et hanol , ﬁzpr%%%ﬁd??nﬂ§8ﬁ¥5%ﬁ%%ﬂﬁoﬁgéutanol, tert-butanon. In the present

nventi on, - acet oni i & e, PIOERAUHLY R B LLARLCsclEX BITLRS (] gAflyaCl d

scavengi ng agent include inorganic ases such as potassium carbonat e,
sodi um car bonaingistit@ssi um hydr ogencar bonat e, sodi um hydr ogencar bonat e) .
In the reaction, the secondary amne of the formula (I1l) is preferably

used in 1 to 4 equival enftlsa hydregepratberably 2 to 3 equivalents to the

conmpound of the formula ). Th i d scavengin nt is,15 preferably
used in 1to 4 equivaleﬁ&é?(%ﬂpéiﬁggfggﬁﬁwyﬁﬁgaﬁ%’§§g5“§h§ ui valents to the
conpound the formul a I gﬁ u - 1 f Qr.pul I t he
secondaryﬂ%nine of the H%Pn%?ag ||%§&§$egﬁ§%%¥b ?ﬁﬁgﬁygé%ﬁg%t%gsﬁﬁﬁ t he
presence of thg@%hebdSHAKSRALAG (RE8Rbup ReRBLANPSH ARk Alr6uP CeRILEn S 6t vent
wWith stirring. The reaction tenperature is 20 preferably fromroom
tenperature to the boiliag:poiCataliafl grhep ohglamiag ledhmenbked,and nor e

preferably the reaction is performed under_heating reflux, The reaction
time is preferably 30 mihbtde Gglborynaons thabpaydiedhismshed 6 to 12 hours.

In this case, the organic solvent i ref erabl y.used t0.50 tine nor e
preferably 5 to 30t mesd Hevhanunt Taft oS 98 HoiBEted SRR S & (1)
in the raygo QifkyY%lréjL'fE? tﬁétolm)a!y"‘ﬁé prh_lc(h%)l; aAJyta% gértaﬁp,r SARLIFAN ( Redel Aksshed,

the reaction mxture is extracted wt
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 alkyDcarbamoyl group, or -NHCOR? (where R?
is a Ci to Cq 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 C4 alkyl group),
a nitro group,
a carbamoyl group,
25 an N-(C; to C4 alkyDcarbamoyl group,
an N,N-di{C; to C; alkyDcarbamoyl group,
‘NHCOR? (where R? is a C; to Cs alkyl group that may be
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di chl or onet hane, dichl oroet hane, or carbon tetrachloride, and isolated and
purified by silica gel colum chronmatography, so that the conpound of the
formula (1) can be obtained. Alternatively, the reaction m xture nay be
used, as it is, as a phase-transfer catalyst in the nethod for producing
a-amno acid derivatives, which will be nore specifically 5described |ater.
Thus obt ai ned conpound of the formula (1) in which X- is a halide anion has
a pure formwith respect to axial asymetry, and can be used as a
phase-transfer catalyst. Here, "pure with respect to axial asymetry" neans
t hat anong trbera%}?g oiE{Prrers based on axial 10 asymretry, the rate of the
presence of one Spe i$7¢ i somer is hi gher than that of other isoners.
Preferably, the rate of f{hg pEesenac.@f the one specific isomer is 90% or
nore, nore preferably 95% or nore and even nore preferably 98% or nore.
Furthernore, the conpourd) afhdthmafrol proug, (dheréim i héteXodrsl ardip malyi de

ani on can be nmade into a conpound in which the halide anion is converted to
SCN-, HSO4- de pybptitutfedrwithafpleast ey siogh ehreted flognthrgeionpcessisting

First, a nethqd for producing the conpound of the fornmula (1) in which X-
is SCN- or M- will be described. 20The compound of the fornula (I)
obtained in the above-degsg[ibed aﬁm"g%u;& Ehﬂ\g&;%? WS hrafchdnal i de anion is

di ssolved in, for exanple, a suitable second ofganic solvent according to
the nmethod described i n al@peanesalikaiytroe bhPaimefthePuahtigal i on No.

2002- 173492 and m xed with a saturated aqueous solution of an al kali netal
salt of thiocyanic acidagoags ghatr thet halyi de sabisthutefl withis Cohvéited to

"% cxonango AP Py SERRRNBLACHIS P o oo Bt
oL 2O P s S (iSO 0, WP

pot assi um t h'@%Mﬁﬁ%ﬁﬁtﬁﬁﬁrcﬁ@d|a%£!r§§h!n@§£b’%@@b?gn N-(C: to EQRISXRAP HnoPly M Xi ng
t he conpound of the formula (1) in which X- is a halide anion with an

al kal i metal sahp, of N Nrdi€§gan €:adkd)dambamepl gitoupn ouMIEICCRY @thatrb V¥l y mi | d
condi tion such as under_roomtenperature so as to cone into contact, the
reaction therigdf CcnCoprlbyegaoenthatymay ke brpechedact i on product (e.g., the
conmpound of the forrmula (1) in which X- is SCN) can be obtained in a
quantitative yield. 10Fdr PHEOrEY” by reacting the conpound of the fornula

(1) in whigh X- is SCN .wi:bpa copeenieabad fei Lk Achdind@hdiddy % can be
converted easily fromSCN- to HSO4-. By further reacting thus obtai ned
conmpound of tielrbgemudoan ot p € ncordli slkyKerdup)HSO4- with an al kali et al
fluoride (e.g., potassiumfluoride, 15 sodiumfluoride or Iithium
fluoride), a conpound repr¥seat@w.by the R3 R2 fornmula Oa): 20

a carbamoyl group,
an N-(C; to Cs alkylcarbamoyl group,
20 an N,N-di(C; to Cq alkyDcarbamoyl group,
-NHCORS? (where R? is a C1 to Cs alkyl group that may be
branched), and
a halogen atom;
and 1 is an integer from 1 to 12} and
25 (xiv) -(CH2)n"SOz-R22 {where R2 is a group selected from the
group consisting of:

(1) a hydrogen atom;
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R3'"R2' (I a) (where RI, RI', R2, R, Re, Re', W Rd'", W R5', R6, and R6
are the sane as defined in the fornmula (1)) can be obtai ned, which can be
used as a catalyst, for exanple, in a reaction of a silyl enol ether and a
carbonyl 25 conpound (al dol reaction). Exanpl es of silyl eno
ether used in the aldol reaction include a trialkylsilyl enol ether. A
trialkylsilyl enol ether can be prepared in advance by reacting a

chl orosil ane such as trimethylsilyl chloride and triethylsilyl chloride

wi th a carbonyl conmpound (e.g., ketone derivatives such as 2-butanone,

4- pent en- 2- one, di et hyl (5%@1%1@%@5%%‘2’%8%‘?‘{ g{a&g{e %EBQ&

but yr onapht one, cycl ohexanone, 0 one or 2-tetralone) in
the presence of a base. (3) an atf) adélid | @herBint RBe CarRORYbusORROUN (t he
above-descri bed ketone derivatives), which is a precursor of a silyl enol
et her, exanplssbstfutedevichrldendt cnergroumdelebiatl fean the gregctedismitdofa sil yl
enol ether used in the aldol reaction, include al dehyde conpounds such as
acetyl al dehyde, 10 propi®dhatdehgder! sowy thatdery de bragdms: yi al dehyde,

i I |.dehyde, dehyd dod | a] dehyde, | m tinal dehyde,
stear i nal dehyde. actol oinCt & bt Mo He R BYO R AR aT deny de.
benzal dehyde, ani sal dehyzgp,arg;gi gfgdpn@lllgte be Gunarpldehydes ¢, to Cy

a- napht hal dehyde, and -nap hthal de hyde 15Wth respect to such a silyl enol
et her and sudiikal geopotiydt @eppeubthnchbe, &avpaundoliepNBBREeviaretR® for nul a
(la) is used as a catalyst in the aldol reaction so that the

st er eosel ect iand Rt re recheadereonrdanaly Behrdigenldted. or a Ci to Cs alldxt, a
met hod for producing the conpound of the fornula (I) jn 20 which X- is HF2-
Wil be descr§TBERY & nitro groppe o cashamayl goupygn (Gife (P@Yé%%‘?%%wli n the
above- de i F R i X1k L0830 g ddgs ht in
cont act 3?%hqgﬁupgﬁggygkgﬁggk€g§?% %%REEQ%L% ?Prgtgpntegﬁg%ig?g&?gg
produced. As jkheCi eneexnhangsuy 8sdtimafBy br@fciREhange resin can be sel ected
25 by those skilled in the art. Specific exanples of the ion-exchange resin
t hat can be used i ncl udex &yrberdrgsp, A26 (OH) (rmanufactured by ORGANO
CORPORATI ON) . The conpound of the formula (1) in which X- is a

hal i de ani on can be brougHt™’®n atgcB*hictH B e -eak Hé‘ﬁ@%e?@é’itﬁ’ By

di ssol ving the _gconmpound of the formil [)yin which X is a halide anion in
a suitable tﬁﬁ?%om%feéh Oéﬁdﬂﬂgggiﬁgy?ﬁﬁgkgblution t hrough a colum filled
with the f5 ion-exchange 4 ggrflgrAp, the third solvent that can be used for
such a contact, al cohol solvents are preferable. Specific exanples of

al cohol sol vents incl udea netbayloyakeahnl , et hyl al cohol, isopropyl alcohol,
and normal propyl al cohol, altho%gg noé limted thereto. There is no
limtation regarding t hexmpolntte of alERbBeabapoYheared®, 10 the formula (1) in

which X- is a halide anionNﬁQd.&ge t@ir% @Ol ent that are used in this
contact, and they can be*se é§ bﬁ? HHEIPERIONL Sf s e skil led in the
art. Thus, the first intesgeaigst hbﬁeﬁﬁQQHQ§dM>C4aﬂqﬂ mn;g%&qngpqmobtalned
first internediate is neutralized wth a 15 %ydrogen # uor i de aqueous
sol uti on qr eflemabhyd)wehlout renovi ng the sol vent.
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 Ci to Cs alkyl group that may be branched,
a Cy to Cy alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cy
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There is no limtation regarding the amount of the hydrogen fluoride
aqueous solution used in the present invention. In view of increasing the
productivity, preferably, the anount is selected so that 20 hydrogen
fluoride is reacted in an anount at |east equivalent to that of the
conpound of the formula (1) in which X is a halide anion Thus, the first
internmediate is neutralized, and a conpound represented by the R3 R2 25
R3R2' (I b ) in which X- is further converted fromthe halide anion to HF2-
can be precipitated in the solution. Thereafter, the conmpound of

this fornmula (lb) can be easily jsolated by renpving | vent i ng
means usual | y‘g%‘é’%agr‘b‘? ?}I‘ﬂ)ts*@agsﬁé Hae‘}f eﬁ’ f"H%é’aQPtg.mup’ 'ﬁﬁ'%%%géwﬁ%ﬁea#%ed
conmpound of t from b: il at al 0 ucing a
ni troal cohol t %Egigﬂgﬁggbe%g%gg?£%¥#b§1bggﬁgggﬁgﬁgﬁgge g%t%bgfgﬂgﬂ

control |l ed. Nexthip) a ARENGELUOE REBEMEINEroapaihNO-(Ac t¢l Cd @tk darVesoysi Ng t he
10 quat ernary anmoni um conpound of the present invention represented by the
formula (1) asrompphaseN-ddfistef:cdkdlgpgbamby] ovepdes NHEHIRY (where R%An
a-amno acid derivative represented by the faollowing formula (VI) can be
produced st er§gskl &t ¢BIy spoumt td€%§§efb6?n§? lating a conpound
represented by the follqy% {ég%ggla (I'V) with a conmpound of 15 a formul a
(V), using the conpound tépresented by the formula (1) as a phase-transfer

ina mediumin the presengeopi: &PhéRORIANRING RaSere RIBA mlldpRldeARIB(VI)
(where R14 and R15 are each independently (i) a hydrogen atom or
(ii) an aryl Qydwoped hatmmoay GetosGbstkiyl gt@d)with a G to G al kyl group that
may be branched, a C to C5 al koxy group that nay be
a nitro group,
10 a carbamoyl group,
an N-(C; to Cy4 alkylcarbamoyl group,
an N,N-di{C; to Cu alkyDcarbamoyl group,
- -NHCOR? (where R? is a C; to Cy alkyl group that may be
branched), and
i5 a halogen atom;
and n is an integer from 1 to 12); or R7 and R® are taken together to form
a divalent group selected from the group consisting of: -(CHz)w- (where m
is an integer from 2 to 8); 0 O]

: and \'—O O
[

20
In one embodiment, BRI, RY, Rz, RZ, R3, R¥, R4 R¥, R5 R¥, RS, and
R¢ of the compound represented by the formula (I) 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 C; to Cy4 alkyl group that may be branched,
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25 branched, or a halogen atomi with the proviso that the case where both
R14 and R15 are hydrogen atons is excluded. R16 is a group selected from
the group consisting of: (0 a hydrogen atom (ii) ad to Co

al kyl group that may be branched or forma cyclic group; (rii)
a C2 to CS al kenyl group that may be branched or forma 5 cyclic group;
(iv) a C to C6 alkynyl group that may be branched or forma cyclic group;
(v) 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

10consisting of: a G to, tgb %dkog(mﬁgu}t)hﬁgt ma}gy bl%eb Ei(ged, acCltoC5
oup

al koxy group that may be' at may be

substituted with a G toax%r@ll kydu fg%wﬁa@abe%sa@u@&aw%eg , CALEXANO
group, -NR20R21 (where R20 and R21 are 15 each independently a hydrogen

atomor a G 4leyCéralikyhatgmayd)e, beamhed 0a gryanp, graugarRitBy! (whawpR2an N- (Cl
to C4 al kyncar bam)%/ grou an N, Ndi (G to C4 al kyl) car banoyl group or
-NHCOR9 (wher@R$F*H 9rg @t t@d@e%q&vly gr budrognatatemy ope brdrchedikyla cyano
group, 20-.NR20R21

o e ol 1 cPaeky e BRE sl e em g %ﬁ?e%%?aéﬁ@le”dﬁ”t ﬁ%&%a?% R0

G4 al k b ,
- NHECi:CRgn((:%e?%%Rg igéqﬁ& dgég@o N”‘Eﬂl%f%?%%ﬁﬁf atulf’)r/rg%/ %e brangﬁ%g) and a

hal ogen at omis a C; to Cwlk)ylgrdaqtﬂfaaanaﬂr kybrgheisd) havi ng a heteroaryl noiety,
wherein the heteroaryl noiety may be substituted wth at | east one group
sel ected fromthe group 4 Qano{reip) an aryl group, wherein the aryl group

may be substituted -NR20R2! (where R20 and R2! are each independently a
10 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 alkyl)carbamoyl group,
15 -NHCORS? (where R? is a C; to Cs alkyl group that may be
branched),
a halogen atom, and
S(0)y'R (where n is 0, 1 or 2, and R is a Ci to C4 alkyl
group that may be branched);
20  or may be substituted with -O-(CHz)n 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 C; to C4 alkyl group that may be branched,
25 a C; 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
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with at | east one group selected fromthe group (Q; and (viii) a

het eroaryl group, wherein the heteroaryl group may be substituted with at

| east one group selected fromthe group (Q; RL7 is a G to 08 al kyl group
that may be branched or forma cyclic 10 group; RIBis a group sel ected
fromthe group consisting of: (i) adC to Go alkyl group that may
be branched or forma cyclic group; (iit) a C3to C9 allyl
group or substituted allyl group that nay be 15 branched or forma cyclic
group; (itii) a C2 to C6 al kenyl group that may be branched or form

a cyclic gr O“zf’n R21 are ea%&%/n)d%g%%eﬁng kylﬁ% %XL %}n&ugr %a&. baq ranched

or forma cycli1c group; erein the aryl iety of

the aral kyl g&eup), r@-iﬂz’c?@gﬁﬂﬁﬁh‘é&&'ﬁ@ﬂoy\!% upl ah%&(};%@4gﬁmn}a§§élﬁ§§’1€d from
the group (Q; (vi) a heteroaral group having a heteroaryl

noi ety, mheregmuphenﬁé,ﬁ\édﬂé}uytb Cmﬂlejtlgcam’ag{mbgl sulupt bt tNEHC GRE twiatrelR¥ast one
group selected fromthe_ group (% 5(vii) an aryl group, wherein the aryl
group nay be 1§7oSt £ (e adkshigroumt qte’-&%Y bghaapehad) sel ected from the group
(Q; (viii) a heteroaryl oup, wherein the heteroaryl group may be

substi t ut e%l with at eas?g%%op%%ﬁ’p sel ected fromthe group (Q; and

(ix) a G to 09 propar QVJNWRMP(\}?%I%UR% bt @61 RLORALAYIndgpONE: deiat, may be
branched; and * shows a newly generated asymmetric center; 5R16

N- C- 00- 0- R17 Kydfpgémbere oRRAC: BIG, alRL6gand)R1L7 are the sanme as defi ned in
the formula (VI)); and 10(V)
a nitro group,
a carbamoyl group,
10 an N-(C; to Cs alkyDearbamoyl group,
an N,N-di(C; to C, alkylcarbamoyl group,
-NHCOR? (where R? is a C; to C4 alkyl group that may be
branched), and
a halogen atom.
15 In a further embodiment, R}, R¥, R2, R, 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
3,4.5-trifluorophenyl  group, a  3,4,5-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(trifluoromethylphenyl
group.
In a further embodiment, the compound represented by the

25  formula (I) is a compound represented by the following formula (I'):
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(where R18 is the sane as defined in the formula (VI), and Wis a
functional group having a |eaving ability). - Exanpl es of the nedi um
used in this process include benzene, toluene, xylene, ethyl ether,

i sopropyl ether, tetrahydrofuran, and 15 di oxane. Alternatively, the nedium
may be a two-phase medi um containing water and a nedi um of these which is
imm scible with water. The nmedium nay be used in a volune (m.)/weight (g)
ratio of a factor, preferably of 5 to 30, nore preferably 8 to 25 to the
conmpound of the formula (1V). 20Exanples of the inorganic base used in this
process include |ithium hydroxi de, sodid4m hydroxi de, potassi um hydr oxi de,
cal ci um hydroxi de, rubidiumg# ke and cesi um hydroxi de. The inorganic
base nmay be used preferably 0 equi yal ents, nore preferably 3 to 7
equi val ents to the conpound ofA e a 1V). The inorgani c base 25 may
be used in the formof a 10 to 60 Vy {al i Xdqueous sol ution, and the
volunme in this case nay be pLe { er of 4 to 20, nore preferably
8 to 15 in volunme (m)/weig ) he conpound of the formula
(1rv). _In the al kyl atisQ_pracess .t he conpound of the fornmula (V) is
used prefétably in 1 to 1.5 equival ent?, nor e dﬁe}erably 1.1to0 1.3

equi val ent s, n re,pr.ef ly- Y t.s t e
conmpound of t%%gg:‘/%rﬁugﬁaﬁ(lé}% Eﬁﬁ%scbéﬁ%gﬁ%ge%%}z?ﬁ%gﬁodr ?flluﬂl%g t?lfj)é)liorggused, as
a phase-transf@kisedloal ofSta Ry @b8ERDLYorhN 8. Q0L WPl dhddyl up’o anore
preferably 0.005 nol %to 0.05 nmol %to 1 nol ‘of the conmpound of the
formul a (1V).3 ThugicHtepphaglegtouansf &6-dinatodienyk etbum 4 Rexipopbent!
invention has a high activity, and therefore by using the catalyst at only
10 a snal | anBgHP: t8 1 AGOPEIPIYhestBiRpodnddUTZotHEP heHiA 8l (#P: addesi r ed
optically,act]ve.a-am no id and derivatimes thereof, can be produced.

' the pribentoiOeRcPBRaT o gaHP i oh ¢ 8 SHER W RREde e ne FER Gt &1 yst
achi ral quat eg paf; i, SHP¥RRLYM ﬁl%lutp,s suChnAShiRLIBRHEYbn AMERLEM oM, de
(TBAB) may be also used in the reaction system 15 sinul taneously. For
exanpl e, TBABR Bungtiifiasrasethybohatdl ystup NahleRi edt nad Xysiremegidupshe
present invention to inprove the yield of an a-amino acid and its
derivatives omdaperetenthnes a¢fiepdcalipvurt her reduce the anount of the

phase-transfer catal yst represented by,.the r a (1) used in the present
P vent i onThe. amodhianst R RABD ORI Tl B, E0aT PR SOPAED g TeRRREREAivent | on
is preferably % $,0., 0. 9 0 0. 06
ml %to géom)}fygggt% ﬁg@c%amgguﬁ% %?%e@dgﬁ%ﬁgﬁ?f\%gge%}rﬁ%%%yﬁgt ‘ig%)trt]lgprocess
i's perfornmed ahsatsigidfabl e tenperature between -30C to room tenperature,
preferably -20C to OC, in air, 25 preferably in an argon atnosphere. This

process is performéd aidittosCizratkyigerougrthat suist bbbeapdreidod foni d camic

al kyl ati on reaction groceeds to a
group: an

(xii) -(CH2)n-OR!2 (where R12 iz a group selected from the group
20 consisting of:
(1) a hydrogen atom,
(2) a C1 to Cs 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:
25 a C; to C4 alkyl group that may be branched,
a C1 to Cs alkoxy group that mayv be branched,

an aryl group that may be substituted with a C; to Cu
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sufficient extent. The reaction tine is preferably 30 mn to 48 hours,

nore preferably 1 hour to 24 hours. According to the nethod of the
present invention using the conpound of the formula (1) of the present

i nvention as descri bed above, an optically active conpound of the formula
(VI) can be obtained in a 5 high yield and high optical purity. Here, "high
optical purity" refers to at |east 80%ee, preferably at |east 85%ee, nore
preferably 90% ee, and even nore preferably at |east 95% cc. In

anot her aspect of the present invention, a nethod for producing an
optically actj - am Ldils Lded. nt Jpon, an
optically act%%@ gr-ogﬁ ér%%tg%:a Bc?a]?] ngﬁ%)(go%l%égéj %}%ﬁ’r %ﬁﬁng(ﬁ@grgr%xanpl e,

ei ther one ofafdi@:f akd QWRANRERSELINBS o WEIrRged hBoAPEE GAL toagt iavigyicompound
of the formula (VI) (optically active a-am no acid derivative) that is

obt ai ned by tdreuphaveitesweripbedankeimnoyl grdbp nana N{€sto Gettodicattendyti no

group (R14R15C=N-) npiety of the optically active conmpound of the formula
(M) (opti cal99unctt VeNadifhi HoCaslerlirarhameyv@pupnhat “FECOH Amihede B t he

above- descri bed d_4s;hydrol.yzed under a idic condition (imne
aci di c hyﬁ ol ¥ < QF%?@"C%%%’} .gygpa’?r%afzcensla% egﬁaemg}?i%g used in the inaine acidic
hydrol ysi s process incl ydg 20 g’r!agf,’gani c acids (e.g., hydrochloric acid or

phosphoric acid) and organic acids containing tribasic acid (e.g., acetic
acid, citric acid). MreNggeRif wiaddeyR2%t hedi R¥naraciadh Gnlygmaleyisivs apr ocess
proceeds by treating the conpound of the formula (VI) in a suitable nmedium
(e.g., tetrahiiregan atvroper adluberfe) alky! srosp)t abl e tenperature (e.g., room 25
tenperature) using an aquegus solution of the acid as descri bed above. As a
result, an ester derivati Ve bF™ W no acid in which the terninal amino group

is |iber d can be obt gj i di c hydrolysis product.
Then, thzfozst er derivat ?v%%g?&g%?g%@éi d (acidic hydrolysis product)

obt ai ned by the above- descKilogdo [Y,QlRSScarBasab] ech@d to a hydrol ysis
reaction, if necessary, under acidic conditions stronger than the imne
aci dic hydrolysis or under NoEslitCctor(@i dlkphearbabuy] geoupesi red 5 amino aci d

in which the term nal of ci.dic hydrolysis product (i.e., an ester
group (-0C21iY) in the ég}gég?{ﬁﬁﬂk’éf%/é?és 5r@d‘i§’c‘5} agﬁé’i@ﬁ%@ Ertg8Ry 1%ec aci d
can be obt ai er%.nch dAIter natively, in a second nethod, the process
opposite to the rreefdf%’o%indescri bed above is adopted. That is to say, the
ester groyp 10 (-0R1Z1Pninsthatontisal |y active conpound of the formula
(VI) (optically active a-am no acid derivative) obtained in the
above-descri bed al kyl at i(@harlegetdaop! Emubi mdterbipdtied yeedoarnt eroupasiag
conditions (ester basic hydrolysis process). In this ester basic hydrolysis
process, an arkehstiggiedouihs ‘éﬁ?*owesgi@ﬁpﬁl%ﬁi Horh {ithr OB CORGTEFES

sol ution can % used. 15 By such hydrolysis, a basic hydrolysis product in
which the term nal of the conpound of the fornmula (VI) (i.e.. an ester
group (-C2R17) in the t I ones carboxylic
acid can be obt ai ned. %@P@y%ﬁwﬁgg@ %%g?gjgpﬂr ﬁ%lcaSC:l\l-) noi ety of

t he abovezpbt ai ned basi a Oyes OF wkaypuroap ehat makyidrialayziedi, under an acidic
condition (imne 20 acidic hydrolysis process). Exanples of the acid used
in the imne acidic hydral psyls eprurc eyt gl belesubabiyani withck dst (e (g.

hydr ochl ori c id, phosphoric acjd, sulfuric acid) a ani c acjds

i ncl udi ng trifg%gfj&r%i B(temay,beab‘éw eé&dﬁ?ﬂ&PﬁfPﬁpﬁa&?%%%@re ke
specifically, ol M i g [ S r egds .hy~tr ing the
basi s hydr ol y%l%&;%pr %ggeta%ﬁnﬂlggggyg%ﬁéﬁgl %V%E?IS@F% 8’?% t%éttjraa ?(ﬁﬁgl’%r an or
toluene) at agsup) abhierd SFREY Al déiBahBylPgroub ORMN-€OPES &l Ul cHst o @An
aqueous solution of the acid as described above. As a result, a desired
am no aciZb i ngnalp cmn DN -di(€r ne Kalalgyribaobanbyl goupi berMHEDR%iwHeee diSt ai ned
In the present invention, in the case where an amno acid is produced from
the conpound 6f2 ¥hE® Forkayl greun fhatgpanap b%‘ﬁ’éc}%qdist met hod or the second

nmet hod may be used, and either can be selected arbitrarily
a’cyano group,



5 by those skilled in the art, according to the specific structure of the
am no acid to be actually produced and ot her production conditions.

In this manner, a desired optically active a-am no acid can be produced
efficiently and optionally without Iimtations on its structure. 10

Exanpl es Hereinafter, the present invention will be nore
specifically described by way of exanples, but is not limted thereby.

In the foll owi ng exanples, 1H NWR spectrum was nmeasured on a JEOL JNM FX400
(400 WMHz) spectroneter and a JMIC-400/54/SS (400 15 MHz) spectroneter. The

optical purity of a reac 3%§Ra;? et ﬁ@ﬁagﬁaﬁgrgﬁf%éﬁ@h@@%ggﬁéégﬂyagce

| i qui d chromat ography (H an apparat us using-4.6 nm x

25 cm Dai cel gﬁhﬁﬁggghﬁgggaQqudlAng[ ARpht  The reaction progress was
nonitored with a rck precoated TLC pFate (silica gel 60 GF254, 0.25 nm

for thin film 20 chronmatogitapbywupTLC). <Reference Exanple 1: Synthesis of
starting material (conpound 6) for synthesizing quaternary amoni um salt>
Scheme 1 A conpound 1 (S tabgyoyi s8pepyl brom de in 10 equival ents with

respect to, the conpound 1, .2 | . %.0f..a catal yst Bu4N-1-1504, and 10

equi val ents of potassiuﬂF*Nﬁgﬁggéh&ﬂgygVﬁggnﬁﬁr5“%WPomed to react for 24

hours under reflex in tefrahds;at uan, 1R ghﬁ%aﬂxﬁ@%Fﬂﬂﬁd 2 in a 95% 15
CTiRy 2

yield. Then, 4 equival ents of My at ‘'was new y ‘prepared in

t et rahydrof uran was addeNHICOPM(&BetORP ieacOMpo0Ndlid] ato@Crhanday be
subsequently 8 equival ents of brom ne was added dropw se at -78C.
Thereafter, thmnchedt ko mi xture was stirred at roomtenperature for one
hour to give a conmpound 3.iph a 91% yield. The conpound 3 and 2.4 20
equi val ents of 3,4,5-triﬁpﬁgﬁ83ﬁgﬂ9l boronic acid were subjected to the

ol 1 ach unt Goetyt BIE FE SRRl 981 B3R S"and 3 equi valents of potassi um
carbonate in di met byl SfiRF GebAHinAE ROAnS HIQHTHe OmPbUBd e SRAPOIAM
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, R? and R® of the compound
represented by the formula () 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)n- (where m is an integer from 2 to

20 8) £
]

0 0
; and \—OWO
In one embodiment, the compound represented by the formula (D)
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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4 in a 94%yield. Then, the conpound 4 was reduced wth 3 equivalents 25 of
Li ALH4 in tetrahydrofuran at OC to roomtenperature. Then, the obtained
conpound 5 was stirred with 0.5 equivalents of PBr3 in tetrahydrofuran at
OC for one hour to give a conmpound 6 (S-form) ina 90%yield. The R form
was prepared in the sane manner. <Exanple 1. Synthesis of quaternary
ammoni um salt (conpound 7) > 10(6) (7) A m xture of the conpound 6
(S-form (280 ng, 0.4 mol ), dibutylamne (140 aL, 0.8 mmol), and potassi um
carbonate (82 ng, 0.6 mol) in acetonitrile (5 mM.i) was heated and

refluxed for t|rr The m xture was poured into water and
extracted mﬁtﬁgT Ewg%ﬁ%%%%e a%%ngke organi c | ayer extract was dried over

sodi um sul fate, andneoneeaty ﬁ%@imﬁhﬂswﬁbdms%m@%affblegr@dhéﬁ ia¢a gel
col um chromat ogr aphy (el uent: nethanol /di chl oromet hane ="1:20) for

purification ttigillyeacaive onpoumdadid( Sad metod @Anpgsesd. 33 mmol ) in a 83%
yi el d. 20The NMR spectrum of the obtained conpound 7 (S-for was as
foll ovvs H NVR (4@@%3721@@0&13)1318@ group, OBVRNG=NNy apd 1gn evtesserouRl (2H,

0 A5 o 2hpbefsy HHe Snthna st Gisd hy 35 w0 g 74 (21
J=12. 3He, N%ag@@ &g}m%o%%;etﬁl@  ghlr SR ARG, 1 25 o ot

CH3), 0.23 (2H, ); 13C NWR 6 150.95 (d, Jc.F= 253Ft)
139. 61 (ddd, Jc.F=253, 15, f{i8Hz), 31, 136 86 134.64 (d, Jc-F=4Hz),
133.44, 131.13, 130.85, 128.31,,\128.2 4 127.66, 127.37, 123. 34,
115.31-113.76 (m, 57.58, 57/37, »00,°39-3% 13.24. For the
It-formof the conpound 6, Rt'he sa grocedure ma?\Pe{forned to give the
conpound 7 (It-form. R’ I

10 (where R4, R35, Ri6, R17 and R!® are the same groups as defined

above).

The present invention also provides a method for producing an

optically active o-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 condition:

R4 r16Q
)N
R15 g/ OMR'E"{'
R‘IB (V})
20 {(where R14¢, R15, R16, R17 and R8 are the same groups as defined

above), and
hydrolyzing an ester group (-CO2R7) of the acid hydrolyzed
product under an acidic or bagic condition.
The present invention also provides a method for producing an
25  optically active a-amino acid, the method comprises:
hydrolyzing an ester group (-CO2R!7T) of the compound

represented by the formula (VI) that is obtained by the above method,
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5 <Exanpl e 2: Confirmation of a-benzylation of alanine> S (7)

Cl - PhANCsOHH20ci tric aci dH2N p- But PhCH2Br tol uene CH3 (8) 10To a m xture
of alanine (t)-butyl ester-p-chlorobenzyl Schiff base (conmpound 8) (134 ny,
0.5 mol), 1 nol % of the conpound 7 (S-fornm), and benzyl bromde (1.2
equivalents) in 2 nL of toluene, cesium hydroxi de nonohydrate (5
equi val ents) was added at 0C, and stirred under an argon atnosphere at 0C
for 3 hours. The reaction m xture 15 was poured into water and extracted
wi t h di chl oromet hane, and the sol vent was renoved, and then the residue was
di ssolved in 5 £L oé tetrapydrofuran Then, 5 nL of 0.5 Mcitric acid
aqueous sol ut PO VR 4Y 'K8i et o and the m xture was stirred at room
tenmperature for one hour. ThgisaqueoRs Fﬁyer was washed with ether and

al kalized with 20 sodi um hydr §$n aflbonate, and then was extracted with
di chl oronet hane. The organi c |/ayt s hednover sodi um sul fate and
concentrated to give an oil giproduct;.” The obtained oily product was

subj ected to silica gel colum chropﬁﬁography (eld ani) et hyl acet at e/ hexane

= 2/1) togive ab d Qi ne ound 25 9).in 97%e and
 aoohyi o8 The ofPRt RE AL SR R e 8 e 4he B R gegrous a2 ddhed

above), and

hydrolyzing an imine group (R14R15C=N-) of the basic hydrolyzed

product under an acidic condition.
The present invention provides a chiral phase-transfer catalyst
10  having a more simplified structure. This phase-transfer catalyst can be
produced by a fewer number of processes than conventional compounds.
Thus, the phase-transfer catalyst of the present invention that can be
provided more easily can be utilized for synthesizing, for example,

a-alkyl-o-amino acid derivatives and o,c-dialkyl-o-amino acids.

Best Mode for Carrying Out the Invention
Hereinafter, the terms used in the present invention will be
defined.
The phrase “C; to Cn 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 toc 6 carbon atoms include cyclobutyl, cyclopentyl, and
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was anal yzed by HPLC [Dai cel Chiral cel AD; eluent; hexane/isopropanol = 30
1, 0.5 nm /mn; retention tinme: (R-form=12.9 rain, (5-form= 20.5 mn]
When the process under an argon atnosphere was perfornmed at -20C, a
conmpound 9 having substantially conplete enantioselectivity (99%e) was
obtained in a 85%yield. <Exanple 3: Synthesis of quaternary amoni um salt
(compound 10) > (10) The sane procedure as in Exanple 1 was perforned
except that 15 the R-formof the conmpound 6 (140 ng, 0.2 mmol) was used and
dicyclohexylanine was used instead of dibutylanmne. The product was

ified b | h d1l R-f
(96 g, 0. 12 FHSTPTh o GUSYREre. VhHe KRR L oerTEry S Ehanobrarndd
conpound es kbl e 20, R grégpwd/o%;@b@ A0l b, 01

7.65 (2H, t, Hz, Ar-H) ,

Ar-H), 7.27- mﬁégén?]alomm 1sAfe-fé’ﬁred5;015r(yZHnedr alklegﬂhﬂ), hAKfrr@'lZ) to 4220 (213,
d, J=13.5Hz, Ar-CH2), 3.18 (2H, bs, CH2), 3.05 (1H, bs. N-CH), 2.34 (2H d,
J=9. 9Hz, mz)carhoqatem agy Jaaclmlzall@m)mun isfaumg g8tq 1B arbgn @bmand CH2) ;

]JCBE 2541, VShA RS TGRSl Sy B PR 5ol FUEOghA Oihe 35 siFudsh o
51005 1856l g 00 S o Ay P 0,
Synt hesi's of WHALLRAREYN A0FRNI B Salds (FGRRAUNEkIL y oup include n-heptyl,
ischeptyl, n-octyl, isooctyl, n-decyl, and n-dodecyl.
In N-(C; to C4 alkyl) carbamoyl groups and N,N-di(C; to Ca alkyl)
10  carbamoyl groups, “C; to Cs alkyl group” means C: to C4 linear alkyl
groups or Cs to C4 branched alkyl groups.
The phrase “Ce to Cy, alkenyl group that may be branched or form
a cyclic group” (where n is an integer) includes any linear alkenyl groups
having 2 to n carbon atoms, any branched alkenyl groups having 3 to n
15 carbon atoms, and any cyclic alkenyl groups having 3 to n carbon atoms.
Examples of linear alkenyl groups having 2 to 6 carbon atoms include
ethenvl, 1-propenyl, Z2-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  1-methyl-1-propenyl, 1-methyl-2-propenyl, Z2-methyi-1-propenyl,
2-methyl-2-propenyl, and 1-methyl-2-butenyl. Examples of cyclic
alkenyl groups having 3 to 6 carbon atoms include cyclobutenyl,
eyclopentenyl, and cyclohexenyl. Furthermore, when “Cz to Ciz alkenyl
group that mayv 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
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Ei;P 5 10(11) The sane procedure as in Exanple 1 was perforned
except that the R formof the conpound 6 (140 ng, 0.2 mml) was used and
1-aza-4,7,10, 13-t etraoxacycl opent adecane was used i nstead of

di butyl am ne. The product was purified by silica gel colum 15

chromat ography to give a conpound 11 (59 ng, 0.07 mml) in a 35%yield.

The NWVR spectrum of the obtained conpound was as follows: 1H NVR (400MHz,
CDC13) 8 8.05-8.03 (41-1. 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, 20 J=13.9Hz, Ar-CH2), 4.08
(2H, bs), 4. 03rk@Hatdns drelBiclded, AndGHRY droded htdn i didHbodiio 68 hesd. 58- 3. 54
(2H, m CH2), 3.50-3.45 (10H m 3.38-3.35 (2H m CH2), 3.07-3.03 (2H, m
CH2) . <Exanplaek&1y1$gmhbean5y bk s(watzeﬁmarwnamﬁmlmgmsaﬂotm ( chopapled df2) >

(12) The sanme procedure as in Exanple 1 was perforned except that the
R-form of t heuebnpeundkenyll4oony, 1@012dm’r6r1)913\&9%¥fusgdleﬁh@1ﬂ0 tioetenylani ne
was used |nste d of . di m ne, The product was purified by silica gel

col um chror‘regt %hfﬁbdo{éf@%peﬁylconpound 12 (R-form) (120 ng, 0.17 mml) in

Followd: P11 e (SHOBEER 00 CL Ayt pho BPRL BRAY EONPOUMGETeRE

5. 00 (211 . o ot (ko e T bAhE) i o %ﬁigf pate o,
3.55-3. 47 (2Having R @H2-cEHB), aPnR3 amthragehad-glionty] ekoGQHRhOHBY,3 O 84 (611,
t, J=6.9Hz, CH3 20 <Exanpl e 6: Sy@(r;%gems of quaterpary anponi um sal t
(conpound 13)091' on E‘i‘%‘ﬁ‘s an any gyt %ﬁ?@aa V%%ﬁ“ WB‘P%& P s

ieed and 1, 2 St BR oA AR Bl ki AR s bR P O IER) o

The prod riif- S I ch eab
corrpgundu% ‘(’%ﬁgﬂﬂ 1}(31)&%%%1 Q%k%@ﬁ@%ﬁgﬁ B@ﬁ%ty@gn%myﬁﬂ Al

1- hexynyl Examples of branched alkynyl groups having 3 to 6 carbon

atoms include l-methyl-2-propynyl. Examples of cyclic alkynyl groups
having 3 to 6 carbon atoms include cyclopropylethynyl, and
cvelobutylethynyl. Furthermore, when “Cy to Ciz alkynyl group that
15 may be branched or form a cyclic group and/or may be substituted with a
halogen atom” is referred to, any linear alkynyl groups having 1 to 12
carbon atoms, any branched alkynyl 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
inciude 1-heptynyl, 1-octynyl, 1-decynyl, and 1-dodecynyl.
The phrase “C; to Cy alkoxy group that may be branched” (where
n is an integer) inciudes 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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The NMR spectrum of the obtained conpound was as follows: 1H NVR (400MHz,
CDC13) 6 8.08-8.02 (4H m Ar-H), 7.71-7.63 (2H, m Ar-H), 7.47-7.35 (4H,
m Ar-H), 7.26-7.14 (3H m Ar-H), 7.07 (2H, dd, J=7.5. 7.5Hz, Ar-H), 6.99
(2H, d. J=7.5Hz, Ar-H), 6.63 (1H, d, J=7.5H1, 10 Ar-H), 5.45 (1H, d,
J=15.0Hz, N-CH2), 5.42 (1H, d. J--13.9Hz, N-CH2), 4.83 (1H, d, J=12.7Hz,
N-CH2), 4.12 (1H, d, J=13.9Hz, N-CH2), 3.94-3.86 (2H m NCH2), 3.66 (1H,
dd, J=11.7, 6.1Hz), 3.36 (1H, dt, J=12.4, 5.3Hz), 3.15-3.06 (1H, m, 2.83
(1H dd, J=18.2, 4.7Hz, CH3). 15 <Exanple 7: Synthesis of quaternary

ammoni um sal t, ).> anme procedure as in Exanple 1 was
per f or med exce%%ggﬁﬂgggg%ﬁ-an%f?éﬁé%d%xh Z conpound 6 (140 ng, 0 2 muol)
was used and di met Byhapidie opashdisamrhlket eachu@l i bty hasdene. inkRatihoduct
was purified by silica gel colum chromatography to give a conpound 14 (117
ng, 0.18 | MMinilnda 1889yinedttly]l, indolylm@tieyl NWR € pechylinhimylhethoht anded
conpound was as follows: IH NVR (400MHz, CDCl13) 6 8.03-8.01 (4H, m Ar-H)

7.64 (2H, t, REplgkpethyl 1) 7.41-7.35 (4H, m Ar-H), 7.12 (4H, bs, Ar-H)
4.92 (2H d, eh-43.5H 2. 96

Core S o LBl TR rolpl Sy R Ba%sspﬁwr%%ﬁ%%@?%éhnd 15>

15(15) nam%hyslaggt}plry@%g@ﬂ}%ngﬁtﬂﬁiExarrpl e 1 was perfornmed except that
the S-form of the conpound 0.2 mmol) was used and

di i sobutyl am ne waBxum@dkd blﬁf}&ﬂdrcﬁfryldgﬁm@ﬂmnﬂmepref&& prvedtich ineludpuri fied
by silica gel colum chromatography to g;;e a conmpound 15 (137 20 ng, O0.18
mmol ) in a 91ridvél dpyrrolyl,  iphidapNRl s paaytumisdolyhe %@@llne@X@@fm}pibund was

as follows: 1H NMR CDC13 7.96 (4 m Ar- .58-7.54
(2H, m Ar-H en?@@z;(lf;‘l%(aﬂ )ng-ﬁ)zogf 54 (2&\% hrlgmediptyphgnylypy |

2’ 39 831025 daje?’éggedléﬁy%’)y’l @&Eaéﬁ?&z gdooJ11833( 2ﬁ 9E]z cﬁﬁ CH(ZJ. & | (2H,
d. J=6.3Hz, CH3), EBxdGp«d ofl‘hdieBer HZomCTHB)the present invention include a
chlorine atom, a bromine atom, an 1odine atom, and a fluorine atom. In
the present invention, the term “halide anion” refers to halogen ions and
examples thereof include a chloride ion, a bromide ion, an iodide ion and
15  a fluoride ion.

The phrase “Cs to Cy allyl group or substituted allyl 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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<Exanmpl e 9: Synthesis of quaternary ammonium salt (conpound 16)> (16)
10The sanme procedure as in Exanple 1 was perfornmed except that the S-form
of the compound 6 (140 ng, 0.2 mol) was used and di -n-decyl am ne was used
i nstead of di butylam ne. The product was purified by silica gel colum
chromat ography to give a conpound 16 (117 ng, 0.13 mmol) in a 64%yield.
15The NWR spectrum of the obtai ned conpound was as follows: 1H NVR (400MHz,
CDC13) 6 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, J=13.9Hz. Ar-CL), 3.76 (2H, d, J=14.2Hz, Ar-CH2).

TR T r e S L A et T B T S

<Ref erence Exampl@iLin SYdbRESHS00O e SRt drén BBhERAALN ¢ERANAYDNatlR) af Or
synt hesi zi ng quat ernary anmoni um salt> 10(18) To a mixture of a

conpound 17 (IRafimgmerand pwudi dimeximple,equiludbent shdalogéheatoonpenndal?7, 3
equi val ents of _trifluoronethane sulfonic acid anhydride (Tf20) in toluene
was added dr opMOEIFYEOUD i n under a nitrogen atnmosphere at 2 to 9C with

stirring. After th dropping of Tf20,. the resulti m xture was stirred
2t roomi dher at ur £ 157 PERBL e Sty dot MplrBlthas, I Piolb Beltial o' 5o
hydrochloric gecid were added, then the organic |ayer was collected to give
a trifurylated product quantitatively. Then, Ml (3 equivalents) was added
dropwi se to a My (3 Gowi Gadlént sjoupothat noay babiarchetbut yl met hyl ester
(MIBE), and 20 Ni C12 (dggp) (0.05 equival ents) was added thereto, and the
trifuryl ated produetCni@sCs alkpiepraudedt drophe seandhetet 0. The reaction

m xture was stirred at 55C under heatin d reflux for in, and tol uene
has atged ther e o SaaeyT BTG b LP L R et A6 CaUE LEtEP, and

t hen hydrgchl.gri I T ten, ) ihc, . .ayer 25
was col | e%:)@t:edt@1 tag%?}?/gga i Frg%ﬁ%j g%%ﬁ{ g’%‘% ﬂcﬁg?%@gal (8@9?%%'?@? gﬁgé@‘ll'h%ljﬁ ,

N- br onbsucci nigghd@deNBSlentiyba agdiry@lreitos) oand(C2t2'C.aaebi siaghuswiani trile

(AIBN; 0.05 equivalents) were added to the dinethylated product in
cycl ohexane agrompom terhpered wreupand NHE:r sacki akybiaxthanevwesohpated and

refl uxed for hours with stjirring. After the m r s cooled, to room

t enper at ur e, Iﬁtwp Cac,tétéﬂ @Mga@&wl EHSHe198 '&ﬁ@&ﬁﬁﬁﬁ%ﬁ%ﬁ“’elm 10 rr ed

and poured into er. The - enr m xture was stirred until no

precipitate or}(t‘é@%%%gl&),upané‘tgﬂéeym%? ég%lrbﬁ}lt%g)t’e was collected to give a conpound

18 (R-forfg in a 54. %{ﬁyiég&lq)’ <Exanpl e 10: Synthesis of quaternary anmoni um
0 r

salt (conpound 19)>
-NR20R2! (where R2¢ and R?! are each independently a hydrogen

atom or a Ci to Cq alkyl group),
a nitro group,
a carbamoyl group,
20 an N-(C; to C4 alkybearbamoyl 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 may be referred to as “group (Q)”.
25

Hereinafter, the present invention will be described more

specifically.
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15(19) The sane procedure as in Exanple 1 was perforned except that
the conmpound 18 (R-form (88 ng, 0.2 mmol) was used and di cycl ohexyl am ne
was used instead of dibutylam ne. The product was purified by silica gel

col um chr omat ography to give a conpound 19 (54 20 ng. 0.10 mmol) in a 50%
yi el d. The NMR spectrum of the obtained conpound was as follows: 1H
NVR (400MHz, CDC13) 8 8.12 (2H, d, J=8.3Hz, Ar-H), 8.02 (2H, d, J=8. 7Hz,
Ar-H), 7.90 (2H, d. J=8.3Hz, Ar-H), 7.59 (2H, dd, J=7.6, 8.3Hz, Ar-H), 7.42
(2H, d, J=8.7Hz, Ar-H), 736(2H dd, J=7.6, 8.3Hz, Ar-H), 25540(2H d,

J=12. 7THz, Ar-CHZ) 3 3 1. 9Hz,
CH2), 3.17 (2H bsA%ﬁéM%& %m(‘%ﬂq‘%‘gé I?% %1@?9%)&%@% %; ‘%

J=11. 1Hz, Cl)witd. I?e'éﬁemto(s:l;&!ﬂ afimmetiEXanplie aldompoBanzyhakiaRd by thar i ous
phase- transfer cat al yst s> (20)(21)' 1 G ycine tert-butyl ester
benzophenone fotihiving framelg éBipound 20) (14.8 ng, 0.5 mmol ), phase-transfer
catalysts in anounts as descri bedpn H Table 1 below to the conpound 20,
50% pot assi um hydr oxi de aquegfg.s sdlutilon (140 mL.4), and toluene (3.0 ni)
were m xe and benzyl brom 78 5 mvol) was added dropw se
thereto at- 0OC. After each was st 0C for,7a period as described in
Tabl e 1 bel ow, the reaction ngs pou edF} nto water, and extracted
with ether. The ether 15 extre%é: t h %at ur at ed brine, dried
over sodium sul fate and conc edgéed pressure. The oily

resi due was subjected to silica mm chr omat ography (eluted with

et her/hexane = 1/10) to give g4£)=pheny ' ne tert-butyl ester
benzophenone Schiff base (conmpound.21).. The optical purity of the obtained
product was anal yzed 20 by HPLC MR celR°Chiral cel O el uent:

hexane/ 2- 10Qr 1z Opb sl t N thd ) LG el4 8
mn, (5)- ?g)rm = 28_% g‘l@n] II{'abf% P%as@g ?jgganlgf eltri g%%%l(fgs?;é(jﬁm%junt used:
R eaeti dn ti nirlefdfidentlybsdletod Q)onﬂt}hﬁ beRipRidhiksisying of:

(i} a hydrogen atom;
i) -NR20R2! (where R2® and R2?! are each independently a
hydrogen atom or a C; to Cy4 alkyl group):
15 (i1i) a cyano group;
(iv) a nitro group;
{(v) a carbamoyl group:
(vi) an N-(Ci to C4 alkyllcarbamoyl group:
(vii) an N,N-di{C1 to C4 alkylcarbamoyl group:
20 {viii) -NHCOR?® (where R? is a C; to C4 alkyl group that may be
branched):
(ix) a C1 to Cs alkyl group that may be branched or form a cyclic
group;
(x) a Cg to Ce alkenyl group that may be branched or form a eyclic
25  group
{xi) a C2 to Cs¢ alkynyl group that may be branched or form a

cvelic group:
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$10ee) PhF Conmpound N F10 Om 070 Ph 48 14 5 00 PhF3or-b Br- Conpound
h ..) 11 SSO OOn oF0) PhFs 20 94 87 00 PhF3 +, C21-15- Conpound NBr 12
"b2H, Um oh) PhF3 48 14 89 *0 PhF3

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

a C1 to Cs alkyl group that may be branched,

5 a C; 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 cyvano 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 C; alkylcarbamoyl group, an

10 N,N-di{C; to Cq alkyDecarbamoy! group, or -NHCOR? (where R? is a C; to
C: 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),

15 a nitro group,

a carbamoyl group,

an N-(C; to C4 alkyDcarbamoyl group,

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

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

20  branched), and

a halogen atom;

(xiii) a heteroaralkyl group having a heteroary! moiety, wherein
the heteroaryl molety may be substituted with at least one group
selected from the group (Q):

25 (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-(CHz)m-O- (where m is 1 or 2) at positions 3 and 4 that are taken
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t CAH9- Conpound NBr7 44104H90Om HBO PhF3 21 86 97 PhF3_ Br Conpound N13
1fligmow PhF3 32 80 85 Al PhF3 + illr,C H3-Conpound NBrl14 400l1lbris (3m
oh) """"ir PhF3 54 63

together; and
(xv) a heteroaryl group, wherein the heteroaryl group may be
substituted with at least one group selected from the group (Q);

R7 and R® are each independently a monovalent organic group or taken

o

together to form a divalent organic group, and
X is a halide anion, SCN', H804 or HF¢}). The compound represented
by the formula (I) may have a configuration of either (8) or (R).

The compound represented by formula (I) above usefully
functions as a phase-transfer catalyst for producing an optically active
10 gramine acid or derivative thereof, in particular, an o,o-dialkyl-¢-amino

acid or derivative thereof. More specifically, when the compound
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
15  formula (IV) with a compound represented by formula (V), the

ammonium molety constituting a cation of this compound:

20 contributes to the reactivity in the alkylation, and the binaphthyl

moiety:

25




14 OPhF3 \ NConpound 15 040(3molio) PhF3 36 80 PhF3 tn-Cl01-121-Corn
pound N, n-C131-121Br16 (1m oN) PhF3 48 20 98 Ph F3 tn-Cl101-12, Corn pound
Br16 atN,n-CioNsiOnitlimPhF3 48 18

contributes to the stereoselectivity in the alkylation reaction. Therefore,
in one embodiment, B7 and R8 in the compound represented by formula
(I) are groups that can retain the reactivity and selectivity derived from
the ammonium moiety and the binaphthyl moiety of the cation. (or does

not inhibit the reactivity and selectivity). For example, they can be

o

monovalent organic groups or divalent organic groups that are more
inactive than the ammonium moiety and the binaphthyl moiety. In
other words, R7 and RS are not groups that are highly reactive
themselves (or itself), but groups that do not affect the reaction in the
10  production of the amino acid or derivative thereof that is described later.
Alternatively, in the formula (I) above, R? and R® are (monovalent
organic) groups independently selected from the group consisting of'
(i) a C; to Ci2 alkyl group that may be branched or form a cyclic
group and/or may be substituted with a halogen atom:
15 (ii} a Cs to Ci2 alkenyl group that may be branched or form a
cyclic group and/or may be substituted with a halogen atom;
(iii} a Cs to C12 alkynyl group that may be branched or form a
cyclic 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 heteroaryl group may be
substituted with at least one group selected from the group (Q);
{vi) -(CH2),OCONRRH (where RI® and R} are groups
independently selected from the group consisting of:
25 (1) a hydrogen atom;
(2) a C; 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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97 00- Conpound Br19 04(3moh) 7 days 11 6 The conpound 22
(S-form and 4-net hoxyphenyl boronic acid in 2 equivalents to the conpound
22 (S-form were subjected to a Suzuki coupling reaction to give a conpound
23 in a good yield. The compound 23 was heated and refl uxed together with
2.2 equivalents of 5 N-bronosuccinimde (NBS) and 0.1 equival ents of
2,2'-azobi sisobutyronitrile (AIBN) in benzene to give a conpound 24 in a
good yield. Then, the conpound 24 was treated with 2.4 equivalents of BBr3
to give a conpound 25 in a good yield. The R formcan be prepared in the
sane proceduret(ﬁg <Exgnp|e 13: Synthesis of quaternary ammoni um salt
(conmpound 26)% y é%BY The sane procedure as in Exanple 1 was perforned

except that the compaund GAuo(&; hdsal1 vasuaed ARdpdihrAadrRaydaakRe was
used 20 instead of dibutylam ne. The product was purified by silica gel

col um chr omed ogriaphyup © gi ve a conpound 26 in a good yield. <Exanple 14:
Synt hesis of quaternary apmonium salt (conpound 27)> 25 H
(5) an aralkyl group, wherein the aryl moiety of the
5 aralkyl group may be substituted with at least one group selected from
the group (Q);

(6) a heteroaralkyl group having a heteroaryl moiety,
wherein the hetercaryl moiety may be substituted with at least one
group selected from the group (Q);

10 (7) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group (Q); and

(8) a heteroaryl 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 (vil) -(CH2),CONRI!?R!$ (where RI2 and RI!® 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

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 (@), and n
is an integer from 1 to 12);

(viii) -(CH2,NR!12COR13 (where R*2 and R!® are groups
25  independently selected from the group consisting of:

(1) a hydrogen atom;
(2) a Cy to C4 alkyl group that may be branched:
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Br \iyn-C oH2i n'eloH21 The sane procedure as in Exanple 1 was
performed except that the conpound 25 (S-form was used and di-n-decyl am ne
was used instead of dibutylam ne. The product was purified by silica gel

col um chromat ography to give a conpound 27 in a good yield. 5The NWR
spectrum of the obtained conpound was as follows: IH NVR (400MHz, CDC13) 5
8.04 (211, s, Ar-H), 7.99 (211, d, Jr--8.3Hz, Ar-1-1). 7.62-7.59 (211, m
Ar-H), 7.37-7.22 (1211, m Ar-H, 4.92 (211, d, J=13.1Hz, Ar-CH2), 3.43
(211, d, J= 13.1Hz, Ar-CH2), 3.17 (211, brs -CH2-), 2.74-2.68 (2H m

-CH2-), 1.25-0.82 (3611, , = CH3)
<Ref erence Exanpl e 4: Sf%?heglgngf ?%Rt;Wﬁfmﬂ é%fa@r¥ é%ﬁ%%nahﬁb) “ or

synt hesi zi ng QUALRLAA WitANP:HHns Drbap %1@5@&&&%@%%&3&&) ;ARBN C(CH3) 3 C
(C E13)3C (C F13)3 (28)(29) The conmpound 22 (S-form an

3,5-di-tert-butyl phenyl @bm@nﬁ@uﬂ@yhgnﬂmlﬁdﬂw@ﬂﬂﬂ%ﬁh&ﬂt@n@bgﬂhﬂ}ﬁﬂﬁ@ound 22
were subjected to a Suzuki coupling reaction in barium hydroxide

hexahydr at e i%e Suksiifiuyed E’h*thsaft }@aﬁm@%ﬁﬁ?ﬂ@lﬁ?&l@@@ fimnthe ghonp (A padioum
acetate and 1.2 nol @60 yl phosphine in water and di nethyl ether for
7 hours unter'*re¥ ]Inﬁ?g feg‘]uﬁji ng nixture was cool ed to room tenperature,

d t ted 25 { th
and a saturate gh :f el%okié A@&Rwﬁreagrppoq%s dﬁ%ﬁ&f&en@ e

m xture was extracted mnt er to give a co in a 88%
yi el d. Then, gdm%t@@ﬁ@@um@,gﬁnmaﬁnggﬁhgxed together with 2 equival ents of

NBS and
(1) a hydrogen atom:
(2} a C1 to Cy alkyl group that may be branched:

10 (8) 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);

15 (x) -(CH2)nY-OR!? (where Y is a C; to Cs divalent saturated
hydrocarbon group that may be branched, and R!Z is a group selected
from the group consisting of:

(1) a hydrogen atom;
(2) a C1 to Cy alkyl group that may be branched:

20 (8) 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 (xi) -(CH2)a'OR!? (where R!2 is a group selected from the group

consisting oft

(1) a hydrogen atom;
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0.1 equivalents of AIBN in benzene for one hour and concentrated, and then
subjected to silica gel colum chromatography to give a conpound 29 in a
77% vyield. The R-formcan be prepared in the sane procedure. 5 <kExanple 15:
Synt hesi s of quaternary anmmoni um salt (conpound 30)> tBu (30) The sane
procedure as in Exanple 1 was perfornmed except that t he conpound 29
(S-form was used and di-n-decyl am ne was used instead of dibutylam ne. The
product was purified by silica gel colum 15 chronatography to give a
conmpound 30 in a good yield. <Reference Exanple 5: Synthesis (1) of

starting material (conp 0 hZl I . ammoni um sal t>
B(OH) 2 OTf CH3Pd( OAC) 2 ggggﬁﬁ?’»éz‘é%ﬂ&yf&ﬁ%t %%V%z%%?grﬂé% is p-fluoro,
mfluoro, 3,4-difluoro, (8) 4a®- hivilf WAL, wireeBilOrtBe EFENILE@Y may be
3,4,5-trichloro, 3,5-trifluoronmethyl, 3,5-di-tert-butyl. p-nmethoxy.

p-trifl uor ometdbexiyyted-wiphmodysst 3n6-cutowh eelytteddr (B the Broup {Quandphenyl ),
p-(2,3,4,5, 6-pent af | uorophenyl), mcyano, or mnitro, and two R' may be the
sane or different). (4) athpseragmpo@ioare ¥ legeingihs) hefREoaam] gF3HP BéFoni ¢

Suzuki coupl o S raufl wiR A et AR or P R IR Ry et B mor ©
pot assi um phogphatg.ce? filh 1%0f2)pal | adi um acetate and 1.2 nol % of
tri phenyl phosphine in tetrahydrofuran for 7 hours under reflux. The
resul ting mxture (ad -COHbRES-RO? (ohsmet RHEPRT Atous |y selbcked Radmuttat @duammoni um
chloride solution was added thereto, and the m xture was extracted with
et hyl consisting of:
(1) a hydrogen atom;
10 (2) a C1 to Cy4 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 (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)p-SO-R!2 (where R!2 is a group selected from the group
consisting of:
(1) a hydrogen atom:
(2) a C; to Cy 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) -(CH2)n"80s-R12 (where R!%2 is a group selected from the
group consisting of:

(1) a hydrogen atom;
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10 ether to give a conpound 31 in a 87%yield. Then, the conmpound 31 was
refluxed with 2 equival ents of N bronbsuccinimde and 0.1 equival ents of
2,2' -azobi si sobutyronitrile in benzene for one hour and concentrated, and
then was subjected to silica gel colum chromatography to give a conpound
32 in a 97%yield. The R formcan be prepared in the same 15 procedure.
<Exanpl e 16: Synthesis (1) of quaternary ammoni um salt (conpound 33)> 20 Br
(33) 25The same procedure as in Exanple 1 was performed except that the
conmpound 32 (S-form was used and di butyl am ne as used in Exanple 1 or diam
ne R7-NH R8 (where R7 a re-~t n-butyl,

i sobutyl, 1-hydroxyet hqu,g) g%ﬁgcf)ﬁ%"x{}g?ﬁ%{mpﬁﬂgte%{?% b%@%%h%?(’yl , or
1-propynyl, or R7 and R3zprgntakan ¢-oget Reert@ FHtQEMarP) -gr@lf ! may be WaS
used instead of dibutylamne used in Exanple 1. The product was purified by
silica gel colubstitctedonbh afiegphynegrgiy eelactedfpournte Z3oum(Q): godd yi el d. The
R-form can be prepared in the sanme procedure. The structural fornmulae and
the NMR spectrum data of4t P sheerin; dhechassATYS SE% BIRGW i n

Tables 3 t50 7be sx;liuas;?iltgtea% Woitgoatoleggt oerie/ éllo\up I\Sl\e{e\céed from the group (Q), and n

is an integer from 1 to 12); or
R7 and R® are taken together to form a (divalent organic) group selected

from the group consisting oft -(CHg)n- (where m is an integer from 2 to

. 'S
8 0 0O

]

In the present invention, in the formula (I) above, R!, R, R2, RZ,

10
' ; and \—O O
[

R3, R¥, R4 R4, R85, R, RE, and RY are preferably groups independently
selected from the group consisting of: |

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 Ci to C4 alkyl group that may be branched,
a C; to Cs alkoxy group that may be branched,

20 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 RZ! are each independently a hydrogen atom or a C; to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(Cy to Cs alkylcarbamoyl
group, an N,N-di(C; to Cs alkylcarbamoyl group, or -NHCOR? (where R?

25 is a C: to Cs alkyl group that may be branched),

a cyano group,

-NR20R2! (where R2' and R2?! are each independently a
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10 'H NVR (400 MHz, CDCI3) 6805 (2H, s, Ar-H), 8.02 (2H, d, J= 8.3 Hz,
Ar-H), 7.63 (211, dd, J= 7.3, 7.3 Hz, Ar-H), 7.58 (4H, brs, Ar-H),
7.40-7.29 (8H, in, Ar-H), 5.09 (2H, d, J = 13.7 Hz, Ar-CH2), 3.66 (2H, d, J
= 13.7 Hz, Ar-CH2), 3.21 (2H, t, J= 12.9 Hz, N-OH2-OH2-), 2.55 (2H, cit. J=
4.0, 12.9 Hz, NOft-CH2-), 1.01-0.98 (4H, m -CH2-), 0.92-0.85 (2H, in,
~CH2-), 0.67 (6H, t, J= 6.9 Hz, -CH3), 0.23-0.20 (2H, m -CH2-) ISO SOO 40
B? OA/\ NW1.1 CI| 'HNWR (400 Mz, Dela)88.03 (2H, s, Ar-H), 8.00 (2H,
d, J =7.9 Hz, Ar-H), 7.61 (2H, dd, J= 6.7, 67Hz, Ar-H), 7.54 (8H, brs,

Ar-H, 7.37- r , 13.9 Hz, Ar-CH2), 3.64
(2H d, J= 13h’§°?’Hée4‘hRFd“?:H5) FQO 4?1%%1%{2&%3L 13.0 Hz, N-CH2-CH2-). 2. 52
(2H, dt, J = 4.4, 130Hgmt%g. 2-CH2-), 0.98-0.96 (4H, in, -CH2-),
0.84-0.82 (2H, m -CH2-). 0.65 (60, t, J = 6.9 Hz, -OHO, 0.20-0.15 (2H, in,
-CH2-) gra * / \ 1H NVR: (0@nisiz gr@Q013) 68.02 (2H, s, Ar-H), 7.98 (2H d,
J = 8.3 H, Ar-H),760757q(}4HmAr- 735728(8HmAr-H),712
(2H dd, Jr 8.3 Hz, Ar-HD Ng( §O(Cm1kblr)ca gl prouwp, 61 (2H, d, Jr 12.7 Hz,

N-CH2-), 3,15 (2H, br, 095089(6H m
~o2-), 0.%1 (6H t, Jr @ngﬂzd‘(&dﬂsl‘f ’géyi)éa”?“?ﬁmyﬁ?‘lﬂ * 1\ 'H NWR
(400 M1z, CDClI3)68. 03(2H,N1§@o'ﬁr9 (lx')hex@R@Qs @t Ae, «Afkyl 3g9 \!zr%thﬁf ikl pel - 61
(2H, dd, J = 7.3 Hz, Ar-H), 7.56 (4H, brs, Ar-H) = 7.5 Hz,
Ar-H), 7.37- m@&ch&H m Ar-H), 5.05 (2H, brs, N-CH2) 3 60 (2H brs,
N-CH2), 3.19 (2H, brs, NNCH2-), 2.51 (2H, brs, N-CH2-), 0.97-0.84 (6H m
_CH,-), 0.65 (6H, t, J =abalpgepatomrepdo. 15 (2H, brs, -Cl12-) Table 4

-S(0)n"R (where n is 0, 1 or 2, and R is a C; to C4 alkyl
10  group that may be branched);
or may be substituted with -O-(CHg2)-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"
13 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 R?1 are each independently a hydrogen atom or a C; to Cs alkyl
20  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?
is a C1 to C4 alkyl group that may be branched),
& cyano group,
-NR20R2! (where R20 and R?! are each independently a
25  hydrogen atom or a C: to Cs alkyl group),
a nitro group,

a carbamoyl group,
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_ir5t * z 1E1 NVR (400 Mz, CDCI3)88.05 (2H, s, Ar-H), 8.05 (2H, d, J= 8.0
Hz, Ar-H), 7.73-7.63 (OH, m Ar-H), 7.42 (2H, dd, J = 8.3 ,8.3 Hz, Ar-H),
7.33 (2H, d, J = 8.3 Hz, Ar-H), 4.99 (2H, d, J= 13.9 Hz, Ar-CH2), 3.78 (2H,
d, J= 13.9 Hz, Ar-CH,), 3.34 (2H, t, J= 13.5 Hz, N OH2-CH2-), 2.67 (2H, dt,
J=4.7, 13.1 Hz, NCH2-CH2-), 1.13-1.11 (4H, m -CH2-), 1.03-0.99 (2H, m
~CH2-), 0.73 (B6H, t, J = 7.5 Hz, -CH3), 0.39-0.35 (2H, m -CH2-) 0 soli O
OCF Br O/\/\ NwIllIl OCF3 1FI NVR (400 Mz, CDC13)68.06 (2H, s, Ar-H),
8.03 (2H, d, J = 7.9Hz, Ar-H),7.66-7.62 (6H, in, Ar-H), 7.45-7.32 (8H m
2

|
7.
Ar-H), 5.07 (2H, d, I 7 , 1 13.9 Hz, Ar-CH2),
3.20 (2H, t, J = 12.5 mééﬁ?% %%)"afb%’??ﬁ%g‘? = 12.9 Hz,
N- CHR- OH2-), 0.98-0.95 (AN MaitHR- 2, oy Pathest %H)u}:m -0112-), 0.65 (6H,
t, 1= 6.9 Hz, -CH ), 0.25-0.21 (2H, in, -CH2-) 001°40. Ph 41111 BrP h 0/\/\
w Ph IP NHCOR? (where R? is a Cito C4 alkyl group that may be
branched), and

a halogen atom,

wn

more preferably, they are selected from the group consisting of a
hydrogen atom, a 3,4,5-trifluoropheny! group, a 3,4,5-trichlorophenyl
group, a 3.4-difluorophenyl group, a 3-nitrophenyl group, a
3-cyanopheny! group, a benzothiophenyl-2-yl group, a 3,5-difluorophenyl
10 group, a S-triﬂuoromethylphényl group, a 2,4-difluorophenyl group, a
3-methylsulfonylphenyl group, and a 2,3-bistriflucromethylphenyl
group. In particular, of the compounds represented by the formula (I)
above, a compound represented by the following formula (') is

preferable:

15 R
OO RY
SO
RT (r)

20 (where, R! and R 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-difluorophenyl group, a 3-nitrophenyl
group, a 3-cyanophenyl group, a benzothiophenyl-2-yl group, a
3,5-difluorophenyl group, a  3-trifiuoromethylphenyl group, a

25  2,4-difluorophenyl group, a 3-methylsulfonylphenyl group, and a
2,3-bis(trifluoromethyl)phenyl group, and R7, R% and X are each

independently the above-defined groups).
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Ph 1H NVR (400 MHz, CDCI3)6 8.21 (2H, s, Ar-H), 8.08 (2H, d, J= 8.3 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), 7.53-7.33 (16H m Ar-H), 5.15 (2H, d, J = 13.7
Hz, Ar-CH2), 3.87 (2H, d, J= 13.7 Hz, Ar-CH2), 3.24 (2H, t, J = 12.5 Hz,
N-Cl L12-CH2-), 2.77 (2H, dt, J= 4A, 12.7 Hz, N-Cl21 _2-CH2-), 1.00-0.95 (4H,
m -CH -), 0.82-0.78 (2H, m -Chic), 0.47-0.44 (8H m -CH2-, -CH3) z .02
o/ \ 11-1NVR(400 MHz, CDCI 3,65 C)6 8.07-7.99 (6H, m Ar-H), 7.82-7.77
6H in, Ar-H, 767(2H dd, 1= 7.7, 7.7 Hz, Ar-H), 7.41 (2H, dd, J= 7.7,
7
7

( i
O A B A ﬁﬁ%ﬁfﬁhg%@%ﬁ%ﬁ et

N-CH2-), 1. O5(AHcRs Sordotile X}})Oa%'eoa%(g%‘ﬁ indefénflent@y GRIdcE}H fhomlthe 7. 1Hz,
o) 0. 24 (3H bra G ) Tabie £ e “TEIANE ( 400ME 00013) 6

8. 22(2H, brs, gﬁmub-l)cpnﬁsﬂ.ﬁg8f05 (8H m Ar-H), 7.73-7.69 (2H m Ar-H)
7.48-7.44 (2H, m Ar-H), 7.40-7.38(2H m Ar- 4.83 (2H,,d, J = 14.3 Hz,
Ar-CH2), 4.03 (2H iy a §1¢0f¢2311k&1 STAMD (hp§ may e/b(fmheé or formymeycliqy |
N-Cl-1-CH2-), 2.6 I{(gHt,JrlZQHz N-CH2- 01-12-), 1.10 (4H, brs,
SCH2-), 087 TSR HIS, -cHe-.), 0.63 (6H, t, J = 6.7 Hz, -CH3)., 0.32 (2H,
brs, -CH2-) SIP 01(x1WCH3)%10R128(WK@/e\17€1\2 iz a group selected from the group

consisting of:
(1) a hydrogen atom,
(2) a C1 to Cy4 alky] group that may be branched,
10 (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 Cyq 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 Ci to Cs
15 alkyl group that may be branched, a cvano group, -NR20R21 (where R20
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(C; to C4 alkyDcarbamoyl group, or “NHCOR? (where R®
is a C1 to Cs alkyl group that may be branched),
20 a cyano group,
-NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a Ci to Cy alkyl group),
a nitre group,
a carbamoy! group,
25 an N-(C: to Cs alkyDearbamoyl group,
an N,N-di(C1 to C4 alkybearbamoyl group,
-NHCOR? (where R? is a C; to Cs alkyl group that may be
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I\/\/ 1101 OCH3 1H NWMR (400 MHz, CDC13) 6' 8.01 (2H, s, Ar-H), 7.97 (2H,
d, Jr 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, Jr 8.0 Hz, AH), 5.05 (2H, d, Jr 13.5
Hz, Ar-CH2), 3.84 (6H, s, r- -OCH3), 3.57 (2H, d, Jr 13.5 Hz, Ar-CH2), 3.03
(2H, t, J = 13.1 Hz, NCH -CH2-), 2.52 (2H, dt, Jr 4.0, 12.3 Hz,
NNOt-CH2-), 0.94-0.87 (6H, m -CH2-), 0.62 (6H, t, J = 6.9 Hz, -CH,),
0.21-0.17 (2H, brs, -CH2-) 6azco / \ . 3H NMR (400 MHz, CDC s, 65 C)88. 34
(2H, s, Ar-H), 8.33 (2H, d, J = 7.9 Hz, Ar-H), 8.12 (2H s, Ar-H),

8. 10- 8. 06 (4 7.90 (2H, dd, Jr 7.7, 7.7 Hz, Ar-H), 7.68 (2H dd,
b 7.1, 7. ﬁ%’a%%@@ 43 (2H, dd, Jr 7.3, 7.3 Hz, Ar-H), 7.36 (2H, d, Jr

8.7 Hz, Ar-H), 5. 05 (2H,apmgelwagfg;and 3.78 (2H, d, J = 13.1 Hz, N CH2-),
3.35 (2H, brs, N-CH -), 2.56 (2H, t, Jr 12.7 Hz, N-CH2-), 1.01-0.99 (4H, m
~CH2-), 0.82-0.80 (2H, rh aGRetoary &Bup6itherginithe Wetbrddzy] exH3)mBy22 ( 2H,
brs, -CH2-) 1SO 410 11S 40 QOH3 Br ne3/\/\ a 1 \/\/ so 111 NWMR(400 WHz,
CDC13, 65 C) &8 gpstitpfedswithratiipastenegroyp selpctert frgmathe grappqpusigling (14 ¢,
Jr 7.5 Hz .

B oft

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 C4
alkyl group that may be branched, a cyano group, -NR2°R2?! (where R20
10 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 alkyDearbamoyl
group, an N,N-di{C; to Ca alkyllcarbamoyl group, or -NHCOR? (where R?
ig a C1 to Cq¢ alkyl group that may be branched),
a cyano group,
15 -NR20R2l (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-(Cy to C4 alkyDcarbamoyl group,
20 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, and n ig an integer of 1 to 12,
more preferably, they are selected from the group consisting of a methyl
25  group, an ethyl group, an n-butyl group, an isobutyl group, an n-decyl
group, and a cyclohexyl group. Furthermore, R7 and R® are preferably

the same, or a compound in which R7 and R® are taken together to form a
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Ar-H),8.12 (1H,s,Ar-H),8.08-7.96(4H mAr-H), 7.68-7.61 (2H, m Ar-H),
7.43-7.30 (6H m Ar-H), 7.09(2H, d, Jr 7.9 Hz, Ar-H), 5.26 (1H, brs,
N-CH2-), 4.96 (1H, d, Jr 12.3 Hz, N-CH2-), 3.88 (3H, s, -00H3), 3.78 (1H,
d, Jr 13.9 Hz, N-CH2-), 3.59 (2H, d, Jr 12.3 Hz, N-CH2-), 2.82-2.78 (1H m
N-CH2-), 2.57 (2H, brs, N-CH2-), 1.08 (2H, brs, -CH2-), 0.93 (4H, brs,
-CH"), 0.66 (3H, t, J =6.1 Hz, -CH3), 0.58 (3H, t, Jr 7.2 Hz, -CH,),
032-0.24 (2H, m -CH2-) TabIe60CPlOaI Br OS5 11-1 NWR (400 Mz,
CD300)88 12 (2H, s, Ar-H), 8.09 (2H, d, J 83Hz Ar-H), 7.64-7.60 (2H,

m Ar-H), 5 2 9 H 2H, d J =
13.5 Hz, Ar-(ﬁ%%leng gs%g“? ﬁg?ec de)’m ’% % (#E,"OR& f %ﬁﬁ E”&fre = 12.7
Hz, N-OH2- OHaB)amgt@g@r(fg(ﬂngogosg), OFR OH2-), 1.00-0. 95 Fi m - CHZ) 0.71
(6H, t, J= 6.3 Hz, 3 (2 cr2 ) 1H4\T|\51?e(
CDCI 3) 68. 09 (2H, s, Ar- H), 806 :83Hz Ar - H) 66762(2H
m Ar-H), 7.57 (2H,s, Ar-H),7.47 (2 A - Hy aid 42- 7\41(_40_{m

r-

Ar-H),7.21(2H, s, Ar-H),5.09 (2Hd,,J —135HZ | >< 3.79 (2H, d,
J=13.5 HZ5’ Ar- m2)1‘he3q&agce£nzal_rly attﬁzm‘]()nium salt represented by the formula (I)

can be produced by reacting a compound represented by the following

formula (IT): R2

R3
I:QZ‘\E)\\\ R
Rs/?/RB' =F CHZZ
5 R
RGA A CH,Z

NN

R R? (In
(where R1, RV, R2, RZ.R%, R¥, R, R+, R5, R¥, RS, and R¢ are the same as

10

15 defined in the formula (1), and Z is a halogen atom) with a secondary
amine represented by the following formula (III):

R?

I

HN\Rs (111}

(where R7 and R® are the same as defined in the formula (I)) in an
20  organic solvent in the presence of an acid scavenging agent.
The compound of the formula (II) 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,
25 2003). The 1,1-binaphthyl-2,2'-dicarboxylic acid may be either the
(S)-form or (R)-form.
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= 13.1 Hz, NCH2-CH2-), 2.52 (2H, t, J = 6.0, 13.3 Hz, N Cl12-CH2-), 1.42
(18H, s, -CH3), 1.37 (18H, s, -CH3), 1.05-1.02 (4H, brs, -CH -), 0.84-0.82
(2H, brs, -CH2-), 0.62 (6H, t, J= 6.9 Hz, -CH3), 0.53-0.49 (2H, brs,
-CH2-) 111 NMR (400 MHz, 000(3)68.12 (2H, s, Ar-H), 8.05 (2H, d, J = 8.3
Hz, Ar-H), 7.74-7.64 (10H, in, Ar-H), 7.42-7.36 (4H, m Ar-H), 7.30-7.26
(4H m Ar-H), 5.20 0 (2H, d, J = 13.7 Hz, Ar-CH2), 3.68 (2H, d, J = 13.7
Hz, Ar-CH2), 3.26 (2H, t, J = 12.7 Hz, N-Cl:12-CH2-), 2.56 (2H, dt, J =
4.0, 12.7 Hz, N-CH2- CH2-), 0.98-0, 96 (4H,

I

“ FAF
(1 (T coons M @3
COOH BU4N H504 COOPr COOPY Pd{OAc);,
KF-2H50 . B Pphg) KoCO5
T

3

fu) |

10

4 (6}

Scheme 1
The following is a more specific explanation based on Scheme 1

above. First, dicarboxylic acid (1) is converted to a corresponding
diigopropylester (2) using isopropyl bromide, a catalyst BusN-HSO4 and
15 KF.2H:0. The obtained compound (2) is treated with magnesium
bis{2,2,6,6-tetramethylpiperamide}  (hereinafter, referred to as
Mg(TMP)s), and then Bre 1s added thereto to give
3,8 -dibromo-1,1 -dinaphthyl-2,2-dicarboxilyc acid ester (3). Then, the
obtained compound (3) and 3,4,5-trifluorophenyl boronic acid are
20 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 LiAlH4 to obtain aleohol
(5) and the obtained alcohol (5} is treated with PBxs so that dibromide (6),

25  which corresponds to the formula (II) above, can be obtained.
On the other hand, a large number of the secondary amines of the

formula (III) above are commercially available, and therefore can be
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m -CH2-), 0.87-0.82 (2H, in, -CH2-), 0.53 (6H, t, 1= 6.9 Hz, -CH3),

0.26-0.23 (2H, m -CH2-) Table 7 Li.Li. * ez7 /| \ 1H NMR (400 Mz,
CDC13)68.15 (2H, s, Ar-H), 8.07 (2H, d, J= 7.9 Hz, Ar-H), 7.76 (4H, brs,
Ar-H), 7.70-7.65 (OH, m Ar-H), 7.44-7.33 (4H, m Ar-H), 5.21 (2H, d, Jr
13.7 Hz, Ar-CH2), 3.75 (2H, d, J= 133 Hz, Ar-CH2), 3.29 (2H t, J = 12.7
Hz, N-CH2-CH2-), 2.66-2.59 (2H, m N-Cl13,-0H2-), 1.01-0.95 (6H, m -CH2-),
0.62 (6H, t, J= 6.7 Hz, -CH ), 0.38 (2H, brs,-CH2-) 1H NVR (400 Mz,

CDC13)67.98 7.96 (4H m Ar-H), 1 -74/ L 7.60- 7 56 (2H m Ar-H, 7.34
(4Hbrs =7.7, 7.7 Hz, Ar-H),

.82 (1H, dd, ‘w@am?’%as Y’Séol—@av“,&ﬁewl_gﬁ B¢ %%le%’%é! E‘Soﬁppjff)pr?‘ﬁ?ia Hz, Ar-H),

Examples of an organic solvent used in the process for producing
the compound of the formula (I) by reacting the compound of the formula
(I1) with the formula (III) include nitrile solvents {e.g., acetonitrile,

propionitrile), ether solvents (e.g., dioxane, tetrahydrofuran, isopropyl

[y}

ether, diethyl ether, dimethoxyethane, 2-methoxvethyl ether), alcchol
solvents (methanol, ethanol, n-propanol, isopropanol, n-butanol,
tert-butanol). In the present invention, acetonitrile is particularly
preferable. Examples of an acid scavenging agent include inorganic

10 bases such as potassium carbonate, sodium carbonate, potassium
hydrogencarbonate, sodium hydrogencarbonate).

In the reaction, the secondary amine of the formula (III) is
preferably used in 1 to 4 equivalents, more preferably 2 to 3 equivalents
to the compound of the formula (II). The acid scavenging agent is

15 preferably used in 1 to 4 equivalents, more preferably about 1 tc 2
equivalents to the compound of the formula (II). The compound of the
formula (II) and the secondary amine of the formula (III) are reacted
with each other in the presence of the acid scavenging agent in an
appropriate organic selvent 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 B0 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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4.92 (2H, d, J= 13.7 Hz, Ar-CH2-), 3.97 (2H, d, J= 13.7 Hz, Ar-CH2-),
3.84-3.79 (2H, m -CH,-), 3.14-3.09 (2H, m -CH,-), 2.99-2.95 (2H, m
-CH2--), 2.54-2.49 (2H, m -CH2-) 'H NWR (400 MHz, CDC13)68.05 (2H, s,
Ar-H), 8.03 (2H, d, J =8.3 Hz, Ar-H), 7.64 (2H, dd, Jr 7.5, 7.5 Hz,
s'-\<c5 ez Ar-H), 7.41-7.33 (4H, m Ar-H), 7.26 (4H, hr. Ar-H, 4.99 (2H,
d, Jr 13.5 Hz, Ar-CH2), 4.01 (2H, d, Jr 13.5 Hz, Ar-CH2), 3.57-3.54 (6H,
m -CH2-), 3.11 (6H, s, -00H3), 3.07 (2H, d, Jr 9.2 Hz, -CH2-) <Reference
Exanpl e 6: Synthesis (2) of starting material (conpound 32') for

synt hesi zi ng Whgh%%rdybyamg iggm(ﬁahltn>chromatography, so that the compound

of the formula (I) can be obtained. Alternatively, the reaction mixture
may be used, as it is, as a phase-transfer catalyst in the method for
producing o-amino acid derivatives, which will be meore specifically

described later.

o

Thus obtained compound of the formula (I} in which X is a halide
anion has a pure form with respect to axial asymmetry, and can be used
as a phase-transfer catalyst. Here, “pure with respect to axial
asymmetry’ means that among the stereoisomers based on axial

10 asymmetry, the rate of the presence of one specific isomer is higher than
that of other isomers. Preferably, the rate of the presence of the one
gpecific isomer is 90% or more, more preferably 95% or more, and even
more preferably 98% or more.

Furthermore, the compound of the formula (I) in which X is a

15 halide anion can be made into a compound in which the halide anion is
converted to SCN-, H80s or HF2, for example, through the following
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 agueous solution of an alkali metal salt of thioecyanic 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 dichioromethane, chloroform, dichloroethane,
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(22)(31')(32'") (where R'" is and the two R'" may be the sane or different).
The conmpound 22 (S-form and an aryl boronic acid derivative in 2

equi valents to the conpound 22 were subjected to a Suzuki coupling reaction
in 3 equival ents of potassium hydroxi de or potassi um phosphate, 5 5 nmol %
of palladium acetate and L2 nmol % of triphenyl phosphine in tetrahydrofuran
for 7 hours under reflux. The resulting m xture was cooled to room
tenperature, and a saturated anmoni um chl oride sol ution was added thereto,
and the m xture was extracted with ethyl ether to give conmpounds 31' in

yields bel ow. teIrEg) d O%’&Hn 3%‘11%' Séﬁr gfdsgﬁlquayg étrﬂiblz eaglldl Vﬁk nt S of

N- br onosucci ni (Vnd equ v Utyronl le in

benzene for OthurE%aﬂlpqwgfe%é 1R Iﬁ@@hltém ofanidRyahic £ddbncRidel ca gel
col utm chr omat ography to give conpounds 32" in yields below The specific

structural fqmnuﬁaenaMﬂ@mynehdsnéadhuheﬂmmﬁaﬂ@&atrun1data of the obtained
conpounds 31' 15 and 32' are shown in Tables 8 to 15. The R—forn1can be
prepared in the saﬁﬁrﬁﬁﬁ@éhuﬁgIHHWHEWéeSU@Eﬁhéﬁﬁﬂt@%ﬁW¥ﬂéPéIdﬁdWNWh
spectrumdata,--, <c-z: -, . [, "-----= 74@6 11- l NNR 400MHz,

CDC13) 6 2 03¢si® %éﬁhde?a&wedm?}] Ensalkaﬁzmeﬁ% 1?@? hyocyapig agidy

7.37-7.50(m &'I'émox? ﬁﬁé& 9= r@ia%v'é%» BEY) cohdhd Tsuch™ & OQutder 2bhm 7- 91(d,
J = 10.0Hz, 4H). Jr

temperature S0 a8 to come into contact, the reaction thereof can proceed
easily, and the reaction product {e.g., the compound of the formula (I} in
which X' is SCN°) can be obtained in a quantitative yield.

10 Furthermore, by reacting the compound of the formula (I) in
which X 18 SCN with a concentrated nitric acid solution, X can be
converted easily from SCN™ to HSOy.

By further reacting thus obtained compound of the formula (D) in

which X' is HSO4 with an alkali metal fluoride (e.g., potassium fluoride,

15  sodium fluoride or lithium fluoride), a compound represented by the
R® R?

formula (Ia):

20

(where R1, RV, R2, RZ R3, R%, R, R¥, R5, R¥, R¢, and R¢ 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 silvl encl ether and a carbonyl

25  compound (aldol reaction).
Examples of silyl enol ether used in the aldol reaction include a

trialkylsilyl enol ether. A trialkylsilyl enol ether can be prepared in
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Yiel d: 74% 1HNMVR(400MHz, COCO a 1.94(s, 6H); 7.11(d, J =8.8Hz, 2H);
7.29-7.32(m 2H): 7.48(tr, J= 7.2Hz, 2H): 7.67(dd, J = 7.2Hz, 1.6Hz, 2H):
7.86(s, 2H): 7.93(d, J = 8.0Hz, 2H): 8.33(dd, J=7.2Hz, 1.6Hz, 2W. 410 1
--, | ON CN Yield: 72. 5% 1HNMVR( 400MHz, al i as) 6 1.92(s,6H); 7.09(d, 2H, J=
8.8Hz); 7.29(tr, 2H, J = 8.0Hz); 7.47(tr, J= 7.6Hz, 2H); 7.60(d, J= 8.0Hz,
2W 7.77(d, J= 8.0Hz, 2H): 7.83(s, 2H): 7.91(d, J= 8.4Hz, 2H ). SO5 ! 0
Yi el d: 77% 1 HNMVR(400MHz, CDC13) 6 1.94(s, 6H); 6.02(s, 4H): 6.83-6.98 (in,
6H); 7.07(d, ,./ = 8.4Hz, 2H); 7.20-7.25 (m 2H); 7.41(tr, J = 7.6Hz, 2H);

Spect rum dat 44070 et SPugol o Sk SORRE e M AaER Gy
7.07(d, J = GrfthBylAW) chlbridé-witBH BArbAYT comfSdAd {e.d = ketone derivatives
such as 2-butanone, 4-penten-2-one, diethyl ketone, acetophenone,
propiophenone, butyronaphtone, cyclohexanone, 1l-oxcindan, 1-tetralone
5 or 2-tetralone) in the presence of a base.

In addition to the carbonyl compound (the above-described ketone
derivatives), which is a precursor of a silyl enol ether, examples of the
carbonyl compound that can be reacted with a silyl enol ether used in the
aldol reaction, include aldehyde compounds such as acetylaldehyde,

10  propionaldehyde, butylaldehvde, isobutylaldehyde, 1sovaleraldehyde,
capronaldehyde, dodecylaldehyde, palmitinaldehyde, stearinaldehyde,
acrolein, crotonaldehyde, cyclohexanecarbaldehyde, benzaldehyde,
anisaldehyde, nicotinaldehyde, cinnamaldehyde, a-naphthaldehyde, and
B-naphthaldehyde.

15 With respect to such a silyl 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 HF2 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 resin so that a first intermediate 1s produced.

As the ion-exchange resin, any ion-exchange resin can be selected

25 by those skilled 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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O 7.6Hz, 2W 7.53(d, J= 8.4Hz, 2H); 7.58( d, J= 2.0Hz, 40 2H); 7.61(s,
2H): 7.89(d, J= 8.0Hz, 2H). d I/\  Yield: 73% 'H NVR(400MHz, CDCl3) a
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, J= 7.0Hz, 0.8Hz, 2H); 7.88-7.93(m 41-1); SOB.18(s, th 2H). II
Yield: 93% 11-1 NVR(400MHz, COCO61.94 (s, 61-0; II11

The compound of the formula (I) in which X' is a halide anion can
be brought in contact with an ion-exchange resin by dissolving the
compound of the formula (I) in which X is a halide anion in a suitable

third solvent and passing this solution through a column filled with the

jo}

ion-exchange resin. As the third solvent that can be used for such a
contact, alcohol solvents are preferable. Specific examples of alcohol
solvents include methyl alcohol, ethyl alcohol, isopropyl alcohol, and
normal propyl alechol, although not limited thereto.
There is no limitation regarding the amounts of the compound of
10 the formula (I) in which X is a halide anion and the third solvent that
are used in this contact, and they can be set as appropriate by the those
skilled in the art.

Thus, the first intermediate is produced.

Then, the obtained first intermediate is neutralized with a

15 hydrogen fluoride aqueous solution preferably without removing the
solvent.

There is no limitation regarding the amount of the hydrogen
fluoride aqueous 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 equivalent 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

formula (Ib):

(ib)



6.83 -6.88 (m 2H,); 7.00-7.05 (m 4H); 7.08 (d, J= 8.4Hz, 2H);
7.26-7.31(m 2H): 7.44-7.48 (m 2H): 7.84 4040nF (s, 21-1): 7.91(d, J=

8.4Hz, 2H,). ,..- ----- | 40400k fl Yield: 60% 'H NVR(400MHz, CDC13)6
1.95(s, 6H); 3.87(s,6H,);6.91-6.94(m2W 7.02-7.11(m 6H); 00 47;12i-725 Km
2H); 7.35-7.43(m 4H); 7.84-7.89 (rn, . .OMe Table 10 Conpound 31' Yield
and NWVR spectrumdata |11 SCcF,

in which X is further converted from the halide anion to HF: can be
precipitated in the solution.

Thereafter, the compound of this formula (Ib) can be easily
isolated by removing the solvent using means usually used by those

5 skilled in the art.

Thus obtained compound of the formula (Ib) can be utilized as a
catalyst for producing a nitroalcohol that is diastereoselectively and
enanticselectively controlled. |

Next, a method for producing ¢-amino acid derivatives using the

10 guaternary ammonium compound of the present invention represented
by the formula (I) as a phase-transfer catalyst will be described.

An o-amine acid derivative represented by the following formula
(VD 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-trangfer in a medium in the presence of an inorganic base:

R14 R150
==
R15>—— * O_R17
R18 (VD)

20
(where R4 and R!% are each independently
(i} a hydrogen atom; or
(ii) an aryl group that may be substituted with a C; to Cs alkyl
group that may be branched, a C: to s alkoxy group that may be
25  branched, or a halogen atom; with the proviso that the case where both
Rit and RS are hydrogen atoms is excluded,

R is a group selected from the group consisting of:
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al cF3 Yield: 91% 1H NMVR (400MHz, CDCI3):8 1.94(s, 6H); 7.11(d, J= 8.4 Hz,
2W 7.26-7.31(m 2H); 7.44-7.48 (m 2H); 7.58 (d, J = 8.0Hz, 2H); 7.64-7.68

(lii, 411); 7.76 (s, 2H); 7.85 (s, 2W 7.91 (tr, J= 8.4Hz, 21-1). CF3 1
N.---, Yield: 81% 11-1 NVR(400MHz, CDCI3):cl 1.94(s, 6H); 7.11(d, J=
8.8Hz, 2H); 7.26-732(m 2H); 7.43-7.45(m 2H); 7.59(d, J = 8.4Hz, 4H);
7.71(d, | = 8.4Hz, 4H); 7.83(s, 2W 7.89(d, J=8,0Hz, 2H). CF3

1, 1---Le---i ----- .---- Yield: 83% 1H NVR(400MHz, 000l 3):61.86(s, 6H);
6.90-7.02(m 4H); 7.10-7.13(m 2H); 7.27(d, 1= 8.0Hz, 2H): 7.43(tr, J =
8.0Hz, 4W 7.83(s, @WhydhoBH Ghond = 8- OHz, 2H). ---. .. ----- 1 F o=w=0 |/
\ N

(ii) a C1 to Cio alkyl group that may be branched or form a cyclic
group:;
(iii) a Cs to Cs alkenyl group that may be branched or form a
5  cyclic group;
{(iv) a Cz to Cs 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 (Q)
10 consisting oft
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 Cs 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 Ci alkyl group), a nitro
group, a carbamoyl group, an N-(C: to Cs alkyDcarbamoyl 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,
20 -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 Cq alkyl)carbamoyl group,
25 . an N,N-di(C; to Cs alkylicarbamoyl group,
-NHCOR? {(where RY is a C; to Cs alkyl group that may be
branched), and
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Yield: 61% 1H NVR(400M-z, ODCL3):81.94(s, 6H); 3.15(s, 6H): 7.11(d, J=

8.4Hz, 2H); 7.30(tr, I= 7.6Hz, 2H); 7.47(tr, 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, I= 8.0Hz, 4H).
Tabl e 11 Conpound 31’ Yield and NWVR spectrumdata disu I111PA 4040 Ar Ar

. fa F Yield: 42% 11- 1INVR(400MHz, CDCl 3)81.94 (s, 6F1); 6.88-6.91(m 2H);
6.88 -6.91(m 2W 7.08 (d, Jr 4.2Hz, 4H); 7.16 (d, J= 8.4Hz, 2H): 7.32 (tr,
J= 7.6Hz, 2H): 7 37 (s, 8H); 7.50 (tr, J= 7.6Hz, 21-1); 7.90 (s, 2H); 7.95
(d, J= 8. 4Hz, 1SOsi  Yield: 70% 1H NVR(400MHz, CDCl3)82.02 (s, 6H);

7.19 (d, J 8 8Hz .7.31(m 2H); 7.43-7.47 (m 2H); 7.50-7.54 (m
AH) . 7.62 (dd, J= @@genza% 7.90-7.97 (m 4H).

vi) a heteroaralkyl group having a heteroaryl moiety, wherein
the hetercaryl molety may be substituted with at least one group
selected from the group (Q);

5 (vii) an aryl group, wherein the aryl group may be substituted
with at least one group selected from the group (Q); and

(viil) a heteroaryl group, wherein the heteroaryl group may be
substituted with at least one group selected from the group (Q);

R17 i a C1 to Cg alkyl group that may be branched or form a cyclic

10 group.

R18 ig a group selected from the group consisting of*

(i) a C: to C1o alkyl group that may be branched or form a cyclic
group;

{ii) a Cs to Cs allyl group or substituted allyl group that may be

15  branched or form a cyclic group;

(iii) a C2 to Cs alkenyl group that may be branched or form a
cyelic group;

(iv) a Cz to Cs alkvnyl 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 heteroaralkyl 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 heteroaryl group may be
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Yi el d: 83%
7.26-7.28 (m 4W 7.32- 7.49(m 6H); 7.88(s, 2H), 7.91(d, J = 8.0Hz,

SW 040 Ar

6H) ;

10

20

25

1H NVR(400MHz, CDCl,) 81.92 (s, 6H); 7.16-7.20 (m 4H);

21-1).

CF3 0 eF CF . cF3 Yield: 73% 1H NVR(400MHz, CDC13)82.05 (s,
7.18(d,J = 8.4Hz, 2H); 7.31-7.35(m

substituted with at least one group selected from the group (Q); and
{(ix) a C3 to Cs propargyl group or substituted propargyl group
that may be branched; and

* ghows a newly generated asymmetric center;

16
14 R
R ‘ 17
N—gmcomowR
R'S H (1v)

(where R14, R15, R16 and R17 are the same as defined in the formula (VD)
and

R16-w (V)
(where R% iz 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, xylene, ethyl ether, isopropyl ether, tetrahydrofuran, and
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 30, more preferably 8§ to 25 to the compound of the

. formula (V).

Examples of the inorganic base used in this process include
lithium hydroxide, sodium hydroxide, potassium hydroxide, calcium
hydroxide, rubidium hydroxide, and cesium hydroxide. The inorganic
base may be used preferably in 2 to 10 equivalents, more preferably 3 to
7 equivalents to the compound of the formula (IV). The inorganic base
may be used in the form of a 10 to 60 w/v% alkali agueous solution, and
the volume in thig 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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4H) ;7. 47-7.51(m 2H); 7. 77(dd, J =4.4Hz, 1.6Hz,4H);7.93(s,4H); 7.95(s, 21-1);
7.97(s, 2H); 8.11(s, 8H). Tabl e 12 Conpound 32 Yield and NMR spectrum
data 110 00 CH2Br 040 CH2Br 111/ Yield: 86% 1H NVMR(400MHz, CDCl1l3) a
4.36(s, 4H); 7.30(d, J = 8.0Hz, 2W 7.32(tr, 1= 8.0Hz, 2H); 7.38(tr, J =
8.0Hz, 2H); 7.48-7.55(m 6H); 7.69-7.76(m 12H); 7.95(tr, J= 8.0Hz, 4H).
NO2 'r O CH2Br 40 CH2Br 10 NO2 Yield: 81% 'H NVMR(400MHz, CDC13) a 2.04(s,
6H); 4.20(s, 4H); 7.17(d, J = 8.0Hz, 2H); 7.35-7.36(m 2W 738(tr, LI =

4.0Hz, 2H); 7.81(dd, | = 6.8Hz, 1.6Hz, 4H); 7.93(s, 2H); 7.96(d, 1= 8.0Hz,
2H): 8.37(d, fgl;%%%og@ 4H). 40 CN --- CH2Br lies CH2 Br 11" ON Yield: 84%
1H NVR( 400MHz, 13) (5 4.18(s, 4H); 7.15(d, J = 8.8Hz, 2W 7.32-7.36(m

2H); 7.56(tr, J = 8n 8k alldttion protess, the ToBpotiad ofkhs fofnB04 4V) ik dweld. OHz,
4H); 7.89(s, 2W 7.94(d, J= 8.0Hz, 2H). 0 0 110400
preferably in 1 to 1.5 equivalents, more preferably 1.1 to 1.3 equivalents,
and even more preferably 1.2 to 1.25 equivalents to the compound of the
5 formula (V). The compound of the formula (I) is used, as a
phase-transfer catalyst, preferably in 0.001 mol % to 0.1 mol %, more
preferably 0.005 mol % to 0.05 mol % to 1 mol of the compound of the
formula (IV). Thus, the phase-transfer catalyst used in the present
invention has a high activity, and therefore by using the catalyst at only
10  a small amount to 1 mole of the compound of the formula (IV), a desired
optically active a-amino acid and derivatives thereof can be produced.

In the present invention, in addition to such a phase-transfer
catalyst, achiral quaternary ammonium salts such as tetrabutyl
ammonium bromide (TBAB) may be also used in the reaction system

15 simultaneously. For example, TBAB functions as a cocatalyst in the
reaction system in the present invention to improve the vield of an
o-amino acid and 1ts 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

20  the present invention 1s 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,

25 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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CH2Br ---'CH2Br Yield: 71% 11-1 NVR(400MHz, CDC s) a 4.28(s, 4H); 6.92(d,

J

7.
8.
040 CH2Br

7
\
7.
7.

= 8. 4Hz,
28(d, J =
AHz, 2H)

2H): 7.06(d, J = 8.0Hz, 2W 7.11(s, 2H): 7.13(d, 1= 8. 4Hz,

2H) ;

7.6Hz, 2H); 7.51(tr, J = 8.4Hz, 2H); 7.87(s, 2W 7.89(d, 1=
Tabl e 13 Conpound 32 Yield and NVR spectrumdata a G CH2Br

8.4Hz, 21-0; 7.32(tr,J = 7.6Hz, 2W 7.47(dd,J =8.4Hz, 2Hz, 2H);

th Yield:

.53-7.58(m 4W 7.88(s, 2W 7.92(d, J= 8.4 Hz, 2H). Il S zz CH2Br sir
67% 1H NI\/R(400M—IZ CDCl 3)84. 48 (s, 4H); 7.17 (d, J= 8. 4Hz,

O \d Yield: 84% 1H NVR(400MHz, CDC13) a 4.19(s, 4H): 7.13(d,J

CHBr
2W

31 -7.43 52-7. 57 7.70 oH): 7,85-7.90 M, 4
94 (d. J Sl’goﬁwr‘gfﬁﬁhyg (t%wi’\ﬂ}‘vg (s 20 :

10

20

25

According to the method of the present invention using the
compound of the formula (I} of the present invention as described above,
an optically active compound of the formula (VI) can be obtained in a
high yvield and high optical purity. Here, “high optical purity” refers to
at least 80% ee, preferably at least 85% ee, more preferably 90% ee, and
even more preferably at least 95% ee.

In another aspect of the present invention, a method for
producing an optically active c-amino acid is provided.

In the present invention, an optically active c-amino acid can be
produced by performing, for example, either one of the following
procedures, using the optically active compound of the formula (VI)
(optically active «-amino acid derivative) that is obtained by the
above-described method.

In a first method, the imino group (RMRBC=N-) moiety of the
optically active compound of the formula (VI) (optically active ¢-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
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
temperature) using an aqueous solution of the acid as described above.
As a result, an ester derivative of amino acid in which the terminal

amino group ic liberated can be obtained as an acidic hydrolysis product.
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F 4110 F SO CH2Br 040 CH2Br F \ F Yield: 89% ' H NVR(400MHz, DQJO 6
4.20(d, J = 10Hz, 2H); 4.23(d, J = 10Hz, 21-1); 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, 21-1);
7.90(s, 2H); 7.92(d, J= 8.4Hz, 2H). 'I inOwe CH2Br CH2Br onme 40 Yiel d:
84% 1H NWR (400MHz, CDC13)83.87 (s, 6H); 4.29 (s, 4H); 6.97-7.00 (m 2H);
7.15-7.21(m 6H); 7.27-7.31(m 2H); 7.39 (tr, J = 8.4Hz, 2H); 7.49-7.53
(111, 2H); 7.91(d, J= 8.4Hz, 21-1); 7.92(s, 2H. ni OH,--xCH2Br OS CH2Br\
OH Yield: 81% 11-1 NI\/R (400M—Iz CDC84. 27( s, 4H) 6.90-6.93(m 2H);

21 7 8o(a - b. e ous) Mprofpuniapy o wes RtolufinaBANeE 0" ony

NVR spectrum ﬂ%ﬁﬁcﬂ)l (Fdined by the above-described process is subjected to a

hvdrolysis reaction, if necessary, under acidic conditions stronger than

the imine acidic hydrolysis or under basic conditions. Thus, a desired

5 amino acid in which the terminal of the acidic hydrolysis product (i.e., an

ester group (-CO3R!7) in the acidic hydrolysis product) becomes

carboxylic acid can be obtained.

Alternatively, in a second method, the process opposite to the

method described above is adopted. That is to say, the ester group

10 (-CO2R17) in the optically active compound of the formula (VI) (optically

active o-amino acid derivative) obtained in the above-described

-alkylation reaction is first hydrolyzed under basic conditions (ester basic

hydrolysis process). In this ester basic hydrolysis process, an alkali

aqueous solution such as sodium hydroxide agueous solution can be used.

15 By such hydrolysis, a basic hydrolysig product in which the terminal of

the compound of the formula (VI) (i.e., an ester group (-CO2R!7) in the
compound of the formula (VI)) becomes carboxylic acid can be obtained.

Then, the imino 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

bydrolysis process include inorganic acids (e.g., hyvdrochloric acid,

phosphoric acid, sulfuric acid) and organic acids including tribasic acid

(e.g., acetic acid, citric acidj, More specifically, the imine acidic

hydrolysis process proceeds by treating the basis hyvdrolysis product in a

25 suitable medium f{e.g., tetrahydrofuran or toluene) at a suitable

temperature {(e.g., room temperature) using an aqueous solution of the

acid as described above. As a result, a desired amino acid in which the
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CH2Br cH, Br

cFs Yield: 80% 1H NVR(400MHz, CDCI3) 6 4.12(s, 4H); 710 (d, J

= 8.4Hz, 2H); 7.24-7.28(m 2H): 7.48(tr, Jr 7.2Hz, 21-1): 7.55(tr, Jr

8.0Hz, 2H);

7.64(d, J = 8.0Hz, 2H); 7.76(d, J = 8.0Hz, 2H); 7.83-7.87(m

6H). 40 us OP CH2Br 0401 CH2 Br -CF3 Yield: 85% 'H NVR(400MHz, CDC13) a

4.22(s, 4H);

7.76(tr, J
., ----CH2Br

10

15

20

7.17(d, Jr 8.0Hz, 2FQ 7.31-7.35(m 2H); 7.53-7.57(m 2H),
6.4Hz, 8H), 7.91(s, 2W 7.93(d, J =8.0 Hz, 2H. F., O F ?
el CH2Br Not determined FF oIl 06 O CH2Br 10401 CH2Br R4 S,

terminal amino acid is liberated can be obtained.

In the present invention, in the case where an amino acid is
produced from the compound of the formula (VI}, either the first method
or the second method may be used, and either can be selected arbitrarily
by those skilled in the art, according to the specific structure of the
amino acid to be actually produced and other production conditions.

In this manner, a desired optically active a-amino acid can be

produced efficiently and optionally without limitations on its structure.

Examples

Hereinafter, the present invention will be more specifically
described by way of examples, but is not limited thereby.

In the following examples, 1H NMR spectrum was measured on a
JEOL JNM-FX400 (400 MHz) spectrometer and a JMTC-400/54/SS (400
MHgz) spectrometer. The optical purity of a reaction product was
measured by high-performance liquid chromatography (HPLC) with an
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

gsynthesizing quaternary ammonium salt>
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1\ID Yield: 83% 1H NVR(400MHz, CDCI3) 6 3.16(s, 6EO0; 4.20(s, 4H); 7.17(d,
J = 8.4Hz, 2W 7.33-7.37(m 2W 7.57(tr, J = 7.6Hz, 2H); 7.85(d, J = 8.4Hz,
4H); 7.91(s, 2H); 7.95(d, J = 8.4Hz, 2H); 8.09(d, J = 8.4Hz, 4H). Table 15
Compound 32" Yield and NVR spectrumdata oral _Acrii2Brll Arto, so _CH2Br
Aat F not determined 1, \ I1- WCH2Br 410110 CH2Br '--.. i--- Yield:
66% 1H NVR(400MHz, CDCl3)a 4.35(s, 4H); 7.23(d, J = 8.8Hz, 2H); 7.33(tr, J
= 7.6Hz, 2H); 7.52-7.56(m 6H); 7.76(d, J = 8.4Hz, 2H); 7.92-7.96(m 8H);
7.99(d, J = 8.8Hz, 2H); 8.10(s, 2H).

OO Mg(TMP), “j
COCH IPFBF COOPT Bf' COOPFJ B(OH)2
_—_—
= COOH BU4N HSC, CooPF CoOPY PA(OAC):,
' KF+2H,0 PPhy KGOy
Br :

(m (2) 3)

10

Scheme 1
A compound I (S-form), isopropyl bromide in 10 equivalents with

respect to the compound 1, 20 mol % of a catalyst BusN-HSO4, and 10
equivalents of potassium fluoride dihvdrate were allowed to react for 24
hours under reflex in tetrahydrofuran to give a compound 2 in a 95%
15  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 equivalents of bromine was added dropwise at -78°C.
Thereafter, the reaction mixture was stirred at room temperature for ons
hour to give a compound 3 in a 91% yield. The compound 3 and 2.4
20 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
25 of 1iAlHs in tetrahydrofuran at 0°C to room temperature. Then, the
obtained compound 5 was stirred with 0.5 equivalents of PBrs in

tetrahydrofuran at 0°C for one hour to give a compound 6 (S-form) in a
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F 40 SSCH2Br CH2Br F Not determ ned cF3 aAr/ \ ' el--- CH2Br Ar. \/
---CH2Br \ \/ Ar r cF3 CF3 CF Yield: 81% 1HNVR(400MHz, CDCl 3)a J =
10. 0Hz, 2H); 3.56(d, J = 10.0Hz, 2H);7.24(d,J = 8.4Hz, 2W7.37-7.41(m 2H);
7.58-7.62(m2H);7.88(tr,J = 5.6Hz, 2H);7.94(s, 4H);8.00(aJ =1.6Hz, 6H);
8.06(s, 2H); 8.17(s, 8H).

90% yield. The R-form was prepared in the same manner.

<Example 1' Synthesis of quaternary ammonium salt (compound 7)>
F

5 Bu\N /Bu
H
KoCO, N
CH3CN, reflux
10
(6) (7

A mixture of the compound 6 (S-form) (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

15  dichloromethane. The organic layver extract was dried over sodium
sulfate, and concentrated. The residue was purified by silica gel column
chromatography {(eluent: methanol/dichloromethane = 1:20) for
purification to give a compound 7 (S-form) (247mg, 0.33 mmol) in a 83%
vield.

20 The NMR spectrum of the obtained compound 7 (S-form) was as
follows:'H NMR (400MHz, CDCls) 67.97-7.95 (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, J~18.9Hz, Ar-CHy), 3.32 (2H, t, /=12.5Hz, N-CHz-CHp), 2.56
(2H, t, J=12.3Hz, N-CH-CHg), 1.06-0.97 (6H, m, CHz), 0.71 (6H, ¢,

25  J=6.9Hz, CH3), 0.23 (2H, bs, CHy); 13C NMR (100MHz, CDCls} § 150.95
(d, Jcr=253Hz), 139.61 (ddd, Jo.r=253, 15, 15Hz), 138.31, 136.86, 134.64
(d, Jor=4Hz), 133.44, 131.13, 130.85, 128.31, 128.28, 127.66, 127.37,
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<Ref erence Exanple 17: Synthesis (2) of starting material (conpound 33')
for synthesizing quaternary anmmoni um salt> (33") The sane procedure as
in Exanple 1 was perfornmed except that 10 the conpounds 32' (S-form
obtained in Reference Exanple 6 were used and di butyl am ne as used in
Exanple 1 was used. The product were purified by silica gel colum
chromat ography to give conpounds 33" respectively in good yields. The
R-form can be prepared in the same procedure. 15The specific structural
formul ae and the NMR spectrum data of the obtained conpounds 33" are shown
I n Tabl es 16 Tah Yi. el spectrum data |

S 16 {4 &2 1158 a0 #\ﬁé@(&?'ﬁ’f’g@%ﬁ% ¢ ]%-53%?81;3- % T VR 400z,

S:DC13) a 0. 26( br %15'} tHe: 82fobfn of the edhiBoufdds, theB4ahebfrdcBiu@was2. 62(tr,

performed to give the compound 7 (R-form).

5 <Example 2: Confirmation of a-benzylation of alanine>

o 5-7) 2
| CsOH-H,0 ciiric acid HsN
p-CiPh. N opyt  + PhCHBr i - O osu
toluene THF HoC
CH, Ph
(8) (@)
10 To a mixture of alanine (t)-butyl ester-p-chlorobenzyl Schiff base

(compound 8) (134 mg, 0.5 mmol), 1 mol % of the compound 7 (S-form),
and benzyl bromide (1.2 equivalents) in 2 mL of toluene, cesium
hvdroxide - monochydrate (5 equivalents) was added at 0°C, and stirred
under an argon atmosphere at 0°C for 3 hours. The reaction mixture
15 was poured into water and extracted with dichloromethane, and the
solvent was removed, and then the residue was dissolved in & 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
20 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
25  9) in 97%ee and a 82% yield. 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, (S)-form = 20.5
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13. 2Hz, 2H); 3. 12(d, J =13. 2Hz, 2H); 3. 69(d, J = 14.0Hz, 2H):5.18(d,J =14. OHz,
2H): 7.35-7.40(m 6H):7.46(tr,J =8.0Hz, 4H):7.63-7.69(m 10H); 7.84(m 4H);
8.05(d, J = 8.0Hz, 21-1); 8.14(s, 2H). 4040 110 N2 1 Br- \' 'NO2 Vi el d:
52% 'H NVR(400MHz, CDC13) a 0.15-0.22(m 2H); 0.60(tr, J = 7.2Hz, OH);

0.87-1.01(m OH); 2.55-2.63(m 2H); 3.25(tr, J = 13.2Hz, 2W 3.80(d, J =

1848. 0: 2z, 2 H2) 11. )7.455RO0t5r(dJ J7-.6HLz4e2HHz): 7271-10)(;
tr731(d7,.6JH= 2H): 7.85(d, J = 8.8Hz, 2H); 8.08(d, J = 8.4Hz, 2H): 8.12(s,
2H): 8.46(d, J= 8.4Hz, 4H ON Nt ------ "o" .- 0l. IPON Br Yield: 78%H

NVR( 400MHz,, %15)80. 17-0.19 (m 2H), 0.66 (tr, J = 7.2Hz, OH): 0.84-0.87
(m 2H): 0.94-1.00 (m 4W 2.52 (tr, J = 8.4Hz, 2H): 3.23 (tr, J = 12.4Hz,

2H); 3.73 (d, J = Whdtihe gf‘@cés@uﬁael{ dn drgonldafbEBherdHiis Dedfbri@d ot =
8.4Hz, 2H); 7.40-7.44 (m 21-1); 7.68 (tr, J = 7.2Hz, 2H); 7.78 (d, J =
8. 0Hz, 4H); 7289(.da Pbmp@uHE, hdtipy SuiBBaidally com@Pl@klzen2H)gseBcdFitys, 2H).

1S ..- -, ,Nn-0> . . R
(99%ee) was obtained in a 85% yield.
5

<Example 3: Synthesis of quaternary ammonium salt (compound 10)>

r
=
OO S | F
0,
10 __/ k/i
O F
~F

F

F

(10)

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, CDCly) & 8.06 (4H, bs, Ar-H), 7.65 (2H, t, J=7.7Hz,

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, #13.9Hz, Ar-CHs), 4.20 (2H, d, J/=13.5Hz, Ar-CHy),

8.18 (2H, bs, CHz), 3.05 (1H, bs, N-CH), 2.34 (2H, d, /=9.9Hz, CHy), 2.16

(2H, d, J/=8.7Hz, CHy), 1.82-0.88 (15H, m, CH and CHs); 13C NMR

25 {100MHz, CDCls) 6 151.08 (d, Jo-r=249Hz), 139.56 (d, Jo-r=254Hz),

188.43, 136.76, 134.80 (d, Jor=3.3Hz), 133.34, 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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.0 ,---. N Br Yield: 86% 1E1 NVR(400MHz, CDCl3)a 042 (6, 2H); O, 74(tr,
= 6.8Hz, 61-1); 0.98-1.07 (m 6H); 2.60-2.63 Cm 2H); 3.16-3.18 (m 2W
2H); 5.23-5.29 (m 2H); 6.05 (d, J = 12.0Hz, 4H); 7.04-7.06
7.62(d, J = 7.6Hz, 2H); 8.00 (tr, J= 8.0Hz,
2H). Table 17 Conmpound 33" Yield and NVR spectrum data C
40.1 1?1'-Br- N...----."-- So ivCYield: 65% 1H NVR(400M1z, CDC13)8
0.69(tr,J =7.2Hz, 6H); 0.89-1.02(m 6H); 2.56(br, 2H); 3.19(br,

3.57-3.60 (m

(m 6H); 7.32-7.38 (m 4H);

2H); 8.04 Cs,
0.23(br, 2H);

2W 359-3.65(m 2H): 5.05br, 2H); 7.28-741(m 4H): 7.54-7.70(m 8H);

10

20

Br -

(1)

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) 6 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, 4,
J=13.9Hz, Ar-CHz), 4.08 (2H, bs), 4.03 (2H, d, J=13.5Hz, Ar-CHy),
3.77-3.74 (2H, m, CHb), 3.58-3.54 (2H, m, CHa), 3.50-5.45 (10H, m, CHy),
3.38-3.35 (2H, m, CHb»), 3.07-3.03 (2H, m, CHy).

<Example 5' Synthesis of quaternary ammonium salt (compound 12)>
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ISS Al - 111111S Yield: 76% 111 NVR(400MHz, CDC13) 8 0.19(tr, J = 7.2Hz,
6H): 0.79-0.96 (m 8H): 233-2.74(m 2H): 3.22 (tr, 1=16.0Hz, 2H): 3.70 (d,
J= 14.0Hz, 2H): 5.60(d, J = 14.0Hz, 2H): 7.33-7A3 (m 8H): 7.66(tr, J=

8.0Hz, 2H); 7.86(d, J= 7.6Hz, 4H); 8.05(d, J = 8.4 Hz, 4W 8.30(s, 2H). 40

FNO-,"/"---- Br /FF Yield: 62% 1FI NWR (400MHz, COCO 60.32-0.34(m 2W
0.71(tr, J= 7.2Hz, 6W 0.99-1.09(m 6H): 3.27(tr, J= 12.8Hz, 2H): 3.73(d,
| = 14. 4Hz, 2H); 5.00(d, |= 14.4Hz, 2W 6.90(tr, J = 8.8Hz, 2H);
7.05-7.23(m 4H); 7.23-7.39(m 4W 7.62(tr, J = 8.4Hz, 2W 8.02(d, J=
8.4Hz, 2H); 8.04(s, 2H). 01OMe 55/--. . ' --co--- .. N#Br Yield: 79% 1H

NVR( 400MHz, CDCl 3) 80. 20(b, 2H); 0. 65(t#rJ-=7. 2Hz, 6H); 0. 93- 1. 04(m 6H);

2.62-2.64(tr, | = 13.2Hz, 2H): 3.06( J = 13.2Hz, 2H): 3.64(m 2H);:
3.91(s, 6W 5.08(m 2H); 7.02 - 8N0Hr, 2H): 7.18-7.20(m 2H); 7.38(d,
J=4Hz, 4H); 7.49-7.50(m 2H); 7. 62- Z!66(msmH); 8. 03(d, I = 8.4Hz, 2H); 8.08(s,
2H). |SOve 111040 OH --"-"N'y"-f--- K N+BP- Yield: 89%

1HNVR( 400MHz, CDCI 3) a 0. 27(br

5]

(12)
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
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: 'H
NMR (400MHz, CDCls) § 8.02 (4H, bs, Ar-H), 7.67 (2H, t, J=7.5Hz,
15  Ar-H), 7.41 (2H. t, J/=7.7Hz, Ar-H), 7.35-7.27 (6H, m, Ar-H), 5.04 (2H, d,
J=13.9Hz, Ar-CHj), 3.64 (2H, d, /~14.2Hz, Ar-CHo), 3.55-3.47 (2H, m,
N-CHy-CH3), 2.73 (2H, g, J=6.9Hz, N-CH2-CHa), 0.64 (6H, t, /=6.9Hz,
CHs).

20 <Example 6: Synthesis of quaternary ammonium salt (compound 13)>
F




2H); 0.62(tr, J= 7.2Hz, 6H); 0.80-0.85 (br, 6H); 2.48 (br, 2W 2.94 (br,
2W 3.51 (br, 2W 5.30 (br, 2H); 6.92-6.99(br, 4H); 7.24-7.32 (m 8W 7.52
(br, 2H); 7.98 (d, J= 8.4Hz, 2H); 8.04 (s, 2H); 8.47 (br, 2H. OH Table
18 Conmpound 33" Yield and NWR spectrumdata :1 CF3 400 f------ Br

N ...--- S . CF3 Yield: 62% 'HNVR(400MHz, CDClI 3) a 0.15(b, 21-1);
0.60 (ti-, J =7.2Hz, 6H); 0.72-0.98 (m 6H); 2.59(tr, J= 13.2Hz, 2H);
3.15(tr, J= 13.2Hz, 2H), 3.75(d, J= 14 OHz 2H); 5.04(d, J = 14.0Hz, 2H);
7.36-7.44(m 4H); 7.67(tr, J =7.6Hz, 7.77-7.79(m 4H); 7.87(d, J=

7.6Hz, 4H); 8.03-8:s & ég)éllg) 1 A exconBiaatl - F
Yield: 71% 'H NNR?&%%%Z EQCD%GC %ﬁé %ﬂf’%ﬁﬂe s e gfffme gﬁe‘?‘%}?%, 6H) :
0.74-0.98 (MtheHR;fo8m2Qft the %&m@BuﬁtﬂZG @HD; m¥, 76Ldmnlsl) 1¢a®Hesed2lHhd 5. 09(d,
J=14.0 Hz, 2H); 7.36(d, J = 8.4Hz, 2H); 7.42(tr, J = 7.2Hz, 2H); 7.68(tr,
J = 7.2Hz, 2H).2.374 ¥8fahydroisoguitatine s us8d( thstehd 8f AHmtylging, 06he, J=
8.0Hz, 2H). FF 1100---,. /,----{) Il\&l,..----_ )
product was purified by silica gel ¢olumn chromatography to give a
5 ecompound 13 {117 mg, 0.16 mmol) in a 78% yield.
The NMR spectrum of the obtained compound was as follows: 1H
NMR (400MHz, CDClg) 6 8.08-8.02 (4H, m, Ar-H), 7.71-7.63 (2H, m,
Ar-H), 7.47-7.35 (4H, m, Ar-H), 7.26-7.14 (3H, m, Ar-H), 7.07 (2H, dd,
J=7.5, 7.5Hz, Ar-H}, 6.99 (2H, d, J=7.5Hz, Ar-H), 6.63 (1H, 4, /~7.5Hz,
10 Ar-H), 5.45 (1H, d, #~15.0Hz, N-CHy), 5.42 (1H, d, #~18.9Hz, N-CH,),
4.83 (1H, d, J=12.7Hz, N-CHa), 4.12 (1H, d, /~13.9Hz, N-CH>), 3.94-3.86
(2H, m, N-CHy), 3.66 (1H, dd, J=11.7, 6.1Hz), 3.86 (1H, dt, /=12.4, 5.3Hz),

3.15-3.06 (1H, m), 2.83 (1H, dd, J=18.2, 4.7Hz, CHs).

15 <Example 7' Synthesis of quaternary ammonium salt (compound 14)>

20

(14)

The same procedure as in Example 1 was performed except that

25 the S-form of the compound 6 (140 mg, 0.2 mmol) was used and
dimethylamine was used instead of dibutyvlamine. The product was

purified by silica gel column chromatography to give a compound 14 (117
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le Yield: 73%HNVR(400MHz, CDCI 3) a 0.35(br, 2H); 0.72(tr,J=7.2Hz, 6H);
0.89-1.08(rn,6W 2.65-2.69(m 2H); 3.20(tr, J= 12.8Hz, 2H); 3.75(d, J=
14. OHz, 2H); 4.97(d, J =14.0Hz, 2H);6.91-6.99(m 2H);7.16(br, 4H);
7.32-7.41(m 4H); 7. 64(tr,J = 7.6Hz, 2W8.03(d, J= 8.0Hz, 2H); 8.11(d, J=
8.0Hz, 2H). al2 N. N " _.---,,,,,,,,,-Br- ilRd --,--,.8",0 -,..,.%---
Yield: 75% 1H NVR(400MHz, CDC13)6 0.24(br, 2H); 0.88(tr, J= 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, J = 8.4Hz, 2H);
7.46(tr, J-? , b 10LEL, = 7.6Hz, 2H); 7.79(br, 4H); 8.08(d, J =
8. 4H§ %H? 1870l 1§‘.azé%(3y1%@‘8.4Hz, 4H). Table 19 Conpound 33'
Yield and NNR SpeCtIHérNE]ER 8pdetibhfdf the obtained compound was as follows: 1H

NMR (400MHz, CDCls) § 8.03-8.01 (4H, m, Ar-H), 7.64 (2H, t, J=7.3Hz,
Ar-H), 7.41-7.35 (4H, m, Ar-H), 7.12 (4H, bs, Ar-H), 4.92 (2H, d, #=13.5Hz,
5 Ar-CHo), 3.76 (2H, 4, J=13.9Hz, Ar- CHs), 2.96 (6H, s, N-CHj).

<Example 8 Synthesis of quaternary ammonium salt (compound 15)>

10

15 (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
dilsobutylamine was used instead of dibutylamine. The product was
purified by silica gel column chromatography to give a compound 15 (137

20  mg, 0.18 mmol) in a 91% yield.

The NMR spectrum of the obtained compound was as follows: *H
NMR (400MHz, CDCls) 6 8.00-7.96 (4H, m, Ar-H), 7.58-7.54 (2H, m,
Ar-H), 7.34-7.21 (8H, m, Ar-H), 4.54 (2H, d, /=13.1Hz, Ar-CHa), 4.11 (2H,
d, J=13.4Hz, Ar-CHpg), 8.08 (2H, dd, #=13.3, 4.9Hz, N-CH:-CH), 2.39 (2H,

25 dd, #=13.4, 4.9Hz, N-CHs-CH), 2.00-1.93 (2H, m, CH), 0.86 (2H, d,
J=6.3Hz, CHs), 0.76(2H, d, J=6.7Hz, CHj).
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~-- Nr(Bu)2Ar- 40 Arfik Yield:61% 1 HNVR(400MHz, CDCI 3) 6 0.39-0.41(m 2H);
0.49(tr, J = 7.2Hz, 6H): 0.90-1.01(m 6H): 2.75-2.80(m 2H): 3.29(tr, J =
12. 8Hz, 2H); 3.89(d, J= 14.0Hz, 2H); 5.09(d, , =14.0Hz, 2H);

7.35-7.47(m 12H); 7.63(s, 2H):7.67 -7.70(m 2H); 7.78(d,J = 8.8Hz, 2H);
8.00(s, 2H); 8.08(d, J =8.0Hz, 2H); 8.15(s, 2H). 110Yiel d: 74%1

HNVR( 400MHz, 0D013) 6 400-0.21(br, 4H); 0.46-0.96(m 10H); 2.62(tr, J=
13.2Hz, 2H); 3.00(tr, J= 13.2Hz, 2H); 7.75(d, \IV+Br-J =14.0Hz, 2W5. 08(br,
2H): 7.38- 7 42 (M ---..-.--..." ill4H);7.53-7. 59(m4H) 7.65-7.69(m 4H) ;

oS80 o B Al %9%%?%&%% Ebpididsay dboplaPigys - MG
2.62-2.69 (m 2H); 387391(m 2H); 4. 27(d, J—140Hz 2H): 5.28(d, J =
14.0Hz, 2W 7.22(d, J = 8.4Hz, 2H); a2(m 6H); 7,55(tr, J= 7.6Hz,

JW 7.64-7.67 (m 2H): 7.76(tr, J 2Hp: 8.07(d, J= 8.4Hz, 2H);

8.16(s, 2H). -,-..ilp 9F3 F
n-CagHas
5 N
F \n"Conm
S ‘ SN
‘/ F
F
(16}
10 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
di-n-decyvlamine 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, CDCls) 6 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-CHo), 8.76 (2H,
d, #14.2Hz, Ar-CHo), 3.22 (2H, t, J=12.7Hz, Ar-CHa), 2.78 (1H, t,
J=8.1Hz, Ar-CHy), 2.60 (2H, t, J=11.1Hz, CHs), 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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Ar O 111 CF3 N 0302Ar: it OS. cF3 oF, Yield:93%,1 HNVR(400MHz, CDC* 6
0.52(tr, J = 7.2Hz, 6H); 0.81-0.94(m 8H); 2.82(tr, J= 13.6Hz, 2I-1);
3.31(tr, J= 13.6Hz, 2H); 3.94(d, J = 14.0Hz, 2H); 5.07(d, J = 14.0Hz, 2H)
7.47(d, J= 3.6Hz, 4H); 7.69-7.74 (m 2H); 7.75(s, 2H); 7.91(d, J= 3. 6Hz,
2H); 7.92(d, J = 1.6Hz, 2H); 8.05(s, 2H); 8.12(s, 2H); 8.14-8.17(m 8H);
8.20(s, 2H). <Exanple 18: Exam nation (1) of effect of substituent of
phase-transfer catal yst> phase-transfer catalyst PhO0O + PhBr -N \zNN
PhBut t ol uene 0C (20) (21)r" According to Exanple 11, a-benzylation
was performed at 6¢€ ing 3 mol %o e-transfer catal ysts described

Tables 20 to 22[be| in Tabl es . Table 20
ot MsMel CH
NCE dppp 3

P hase-transfer “eabFa

pyridine

OH foluene

10 | (18)

To a mixture of a compound 17 (R-form) and pyridine in 4
equivalents to the compound 17, 3 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 (3 equivalents) solution in tert-butyl methyl ester (MTBE), and

20 NiClz (dppp) (0.05 equivalents) was added thereto, and the trifurylated
product was further added dropwise theretc. 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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Ar Al Reactimthe hr) Y jell % O pttal purity e/oee) 1.8 65 65

OCH3

10

15

20

dimethylated product in cyclohexane at room temperature, and the
reaction mixture was heated and refluxed for 2 hours with stirring.
After the mixture was cooled to room temperature, ethyl acetate was
added thereto and the mixture was stirred and poured into water. The
two-layered mixture was stirred until no precipitate developed, and the
precipitate was collected to give a compound 18 (R-form) in a 54.3%

vield.

<Example 10: Synthesis of quaternary ammonium salt {(compound 19)>

(19)

The same procedure 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
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, 4, J/=8.3Hz, Ar-H), 8.02 (2H, d,
J=8.THz, Ar-H), 7.90 (2H, d, J=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, J=7.6, 8.3Hz, Ar-H),
5.40 (2H, d, /~12.7Hz, Ar-CHb2), 3.61 (2H, d, /~13.5Hz, Ar-CHz), 3.36 (2H,
t, #=11.9Hz, CHy), 3.17 (2H, bs, CHa), 3.03 (2H, d, /=10.3Hz, CHz), 2.47
(2H, d, /~11.1Hz, CHz), 2.25-1.07 (14H, m).
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<Example 11: o-Benzylation by various phase-transfer catalysts>

phase-transfer catalyst

0 0

Ph T 50%KOH Ph l

I e e O

PH oBut toliene P OByt
0°C

(20) 21 ™

Glycine tert-butyl ester benzophenone Schiff base (compound 20)
(14.8 mg, 0.5 mmol), phase-transfer catalysts in amounts as described in
Table 1 below to the compound 20, 50% potassium hyvdroxide aqueous
solution (1.0 mL), and toluene (3.0 mL) were mixed, and benzyl bromide
(72.8 pg, 0.5 mmol) was added dropwise 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
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
by HPLC [Daicel Chiralcel OD; eluent: hexane/2-propanocl = 100 : 1, 0.5

mL /min; retention time: (R)-form = 14.8 min, (S)-form = 28.2 min].
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Table 1

P hase—transfer catalyst &m ount used

Reactbn the

fur)

Yl )

0 ptical purity
biee)

PhF
Cij—\ D C om pound
10
@ii/ (imokt)
PhF

48

14

OO PEFSCOI_\()\B; C om pound
i il
i.milﬁ PhF,

20

94

87

g
Q. p (m o)
PhF,
0‘ + Csz Com pound
12

OO 0285 (Im o b}
PhF,

48

i4

89

_ PhFy
Oc CHe - C om pound
N, Br

7
Bm ol

21

86

97

C om pound
13
(im o)

32

B0

85

C om potind
14
Gm ol

54

63

i4

Com pound
15
Gm ol

36

80

- Compound
16
(mol)

48

20

98

C om pound
113}
Bm o)

48

iB

97

C om pound
19
Bm o)

T days

11
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<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
. Rezctbn re Optial
Phase—transier camlyst wieaei?;?w the ¥ g)ﬁ purity
b ) fhee)
PhF
OO + 034Hg A oC 21 86 97
N B Compound 7
S W mon 3 95 71
Phes iem perature
29 PR oC 48 18 97
l}n'Cme i C om pound
1oty 16
; oH
96 sl IR 91 92

There is a tendency that when the temperature is high, the
reaction time is short and the vield is good, but the optical purity is good

when the temperature is low.

<Reference Example 3: Synthesis of starting material (compound 24 and

compound 25) for synthesizing quaternary ammonium salt>

OCH
/\‘[/ 3

B(OH);
O oTf “
CH
‘ 3 OCHs NBS, AIBN
9SS
OTi
- OCH,
(23}
BBFS
e
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The compound 22 (S-form) and 4-methoxyphenyl boronic acid in 2
equivalents to the compound 22 (S-form) were subjected to a Suzuki
coupling reaction to give a compound 23 in a good yield. The compound
23 was heated and refluxed together with 2.2 equivalents of
N-bromosuccinimide (NBS) and 0.1 equivalents of
2,2’-azobisisobutyronitrile (AIBN) in benzene to give a compound 24 in a
good yield. Then, the compound 24 was treated with 2.4 equivalents of
BBrsto give a compound 25 in a good yield. The R-form can be prepared

in the same procedure.

<Example 13: Synthesis of quaternary ammonium salt (compound 26)>

(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
instead of dibutylamine. The product was purified by silica gel column

chromatography to give a compound 26 in a good vield.

<Example 14 Synthesis of quaternary ammonium salt (compound 27)>
/\(DH
R 4

o /_—\ n-CoagHag
i

/\/j_/ Ui
S
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Tabl e 21 P hase-transfer catal yst: Ar Reactbn tin e r)

The same procedure as in Example 1 was performed except that
the compound 25 (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 27 in a good yield.

The NMR spectrum of the obtained compound was as follows: 1H
NMR (400MHz, CDCls) & 8.04 (2H, s, Ar-H), 7.99 (2H, d, /8.3Hz, Ar-H),
7.62-7.59 (2H, m, Ar-H), 7.87-7.22 (12H, m, Ar-H), 4.92 (2H, d, J=13.1Hz,
Ar-CHs), 3.43 (2H, 4, /~13.1Hz, Ar-CHb), 8.17 (2H, brs, -CHz"), 2.74-2.68
(2H, m, -CHz-), 1.25-0.82 (36H, m, -CH,-, -CHs), 0.34 (2H, brs, -CHz").

<Reference Example 4° Synthesis of starting material (compound 29) for

synthesizing gquaternary ammonium salt>

C(CH3)q C{CH3)s
oTf §(OH), O] ')W
L
OO0 A5 OOl e O o™
~#—CHg i CHg NBS. AIBN .CHQBf
E—— —
OO CH3 “ i/ | CH3 & l/ | CHQBF
oTf Sy N C{CHg)s Sy N C(CHa)s
L : o
(22)
C{CHa)a ClCHg)s
(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 reflux.
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% vield. Then,

the compound 28 was refluxed together with 2 equivalents of NBS and
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0.1 equivalents of AIBN in benzene for one hour and concentrated, and
then subjected to silica gel column chromatography to give a compound

29 in a 77% yield. The R-form can be prepared in the same procedure.

<Example 15: Synthesis of quaternary ammonium salt (compound 30)>
tBu

(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 vield.

<Reference Example 5' Synthesis (1) of starting material (compound 32)

for synthesizing quaternary ammonium salt>
B(OH),

NBS, AIBN
—_———

benzene

(22)

{32)

{where R” is p-fluoro, m-fluoro, 3,4-difluore, 3,4,5-trifluoro, p-chloro,
m-chloro, 3,4,5-trichioro, 3,5-trifluoromethyl, 3,5-di-tert-butyl, p-methoxy,

p-trifluoromethoxy, p-hydroxy, 3.5-diphenyl, p-(8,4,5-trifluorophenyl),
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4 94 75

p-(2,3,4,5,6-pentafluorophenyl), m-cyano, or m-nitro, and two R” may be
the same or different).

The compouﬁd 22 (S-form) and an aryl boronic acid derivative in
2 equivalents to the compound 22 were subjected to a Suzuki coupling
reaction in 3 equivalents of potassium hydroxide or potassium phosphate,
5 mol % of palladium acetate and 1.2 mol % of triphenylphosphine in
tetrahydrofuran for 7 hours under reflux. 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 31 in a 87% vield. Then, the compound 31 was
refluxed with 2 equivalents of N-bromosuccinimide and 0.1 equivalents
of 2,2 -azobisisobutyronitrile in benzene for one hour and concentrated,
and then was subjected to silica gel column chromatography to give a
compound 32 in a 97% yield. 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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F 2186 97 . 0 3 62 93

10

15

methyl, n-butyl, isobutyl, I-hydroxyethyl, 1-methoxyethyl, n-decyl,

cyclohexyl, or 1-propynyl, or R? and R® are taken together to form:

A~ %
~ 200
- S=92

was used instead of dibutylamine used in Example 1. The product was
purified by silica gel column chromatography to give a compound 33 in a
good vield. 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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Table 3

'H NMR {400 MHz, CDCl,) &8.05 (2H, s, Ar-H), 8.02
{2H, d, J = 8.3 Hz, Ar-H), 7.63 (ZH, dd, v/ = 7.3, 7.3 Hz,
Ar-H), 7.58 (4H, brs, Ar-H), 7.40~7.23 (8H, m, Ar—H),
509 (2H, d, /= 13.7 Hz, Ar-CH,), 3.66 {(2H, d, /= 13.7
Hz, Ar-CH,), 3.21 (2H, t, J/= 12.9 Hz, N-CH,~CH,-), 2.55
(2H, dt. J = 40, 12.9 Hz, N-CH,~CH,~), 1.01-0.98 (4H,
m, ~CH,—), 0.92-0.85 (2H, m, —-CH,~), 0.67 (6H, t, /= 6.9
Hz, —CH,), 0.23~0.20 (2H, m, ~CH,~)

'H NMR (400 MMz, CDCL) 8803 (2H, s Ar-H), 800
(2H, d, /= 7.9 Hz, Ar-H}, 7.61 (2H, dd, /= 6.7, 6.7 Hz,
Ar-H}, 7.54 {(8H, brs, Ar~H), 7.37-7.29 (4H, m, Ar-H),
5.03 (2H, d, J = 13.9 Hz, Ar-CH,), 3.64 (2H, d, /= 139
Hz, Ar-CH,), 3.14 (2H, t, /= 13.0 Hz, N-CH,~CH,-), 2.52
{2H, dt, /= 4.4, 13.0 Hz, N~CH,~CGH,~), 0.98-0.96 (4H,
m, ~CH,-), 0.84-0.82 (2H, m, ~CH,-), D.65 (6H, t, J = 6.9
Hz, —CH,), 0.20-0.15 (2H, m, -CH,~)

'H NMR (400 MHz, CDGl,) §8.02 (2H, s, Ar-H), 7.98
(2H, d, J/ = B3 Hz, Ar-H), 7.60-7.57 (4H, m, Ar-H),
7.35-7.28 (BH, m, Ar—H), 7.12 (2H, dd, /= 8.3 Hz, ArH},
5.03 (2H, br, N-CH,-), 381 (2H, d, J= 12.7 Hz, N~GH,-),
3.15 (2H, br, N=CH,-), 251 (2H, brs, N-CH,~), 0.95-0.89
(6H, m, —CH,~), 0.61 (6H, t, /= 6.1 Hz, —CH.), 0.13 (2H,
brs, ~CH,—)

'H NMR (400 MHz, CDGI,) & 8.03(2H, s, Ar-H), 8.00 (2H,
d, J = 7.9 Hz, Ar-H), 7.61 (2H, dd, «/ = 7.3 Hz, Ar-H),
756 (4H, brs, Ar-H), 743 (2H, d, « = 7.5 Hz, ArH)
1.37-7.29 (6H, m, Ar-H), 5.05 (2ZH, brs, N-CH,), 3.60 (2H,
brs, N-CH,), 3.18 {2H, brs, N-CH,~), 2.51 {2H, brs,
N~-CH,—}, 0.97-0.84 {6H, m, ~CH,~), 0.65 (6H, ¢, /= 6.7
Hz, —CHg), 0.15 (2H, brs, -CH,—)
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Table 4

‘H NMR (400 MHz, CDCl,} &8.05 (2H, s, Ar-H), 805
{2H, d, = 8.0 Hz, Ar-H), 7.73-7.63 (8H, m, Ar-H), 742
(2H, dd, /= 8.3 8.3 Hz, Ar-H), 7.33 (2H, d, /= 8.3 Hz,
Ar-H), 4.89 (2H, d, /= 13.9 Hz, Ar-CH,), 3.78 (2H, d, J=
13.9 Hz, Ar—CH,), 3.34 (2H, t, J = 13.5 Hz, N-CH,~CH,),
2.67 (2H, dt. J = 47, 13.1 Hz, N~CH,~CH,-), 1.13-1.11
(4H, m, -CH,~), 1.03-0.99 (2H, m, —CH,~), 0.73 (6H, t,
= 7.5 Hz, -CH,), 0.38-0.35 (2H, m, -CH,~)

'H NMR (400 MHz, CDCLy 85806 (2H, s, Ar-H}, 8.03
(2H, d, «/ = 7.8 Hz, Ar-H), 7.66-762 (6H, m, Ar-H),
7.45-7.32 (8H, m, Ar-H), 507 (2H, d, «/ = 13.8 Hz,
Ar~CH,), 3.70 (2H, d, J= 13.9 Hz, Ar—CH,), 3.20 (2H, t,
= 125 Hz, N-CH,~CH,~), 2.57 (2H t J = 128 Hz,
N-CH,~CH,-), 0.98-0.95 (4H, m, ~CH,~), 0.90-0.87 (2H,
m, ~CH,=), 0.65 (6H, t, J/ = 6.9 Hz, ~CHy), 0.25-0.21 (2H,
m, —CH,~)

'H NMR (400 MHz, CDCi,) 88.21 (2H, s, Ar-H), 808
(2H, d, /= 8.3 Mz, Ar-H), 7.99 (24, =, Ar—H), 7.94 (2H, s,
Ar-H), 7.82-7.78 (8H, m, Ar—H), 7.69-7.62 (4H, m, Ar-H),
7.53-7.33 (16H, m, Ar-H), 5.15 (2H, d, J/ = 13.7 Hz
Ar-CH,), 387 (2H, d, J = 13.7 Hz, Ar—CH,), 3.24 (2H, t, J
= 12.5 Hz, N-CH,—CH,—), 2.77 (2H, dt, /= 44, 12.7 Hz,
N-CH,~CH,—}, 1.00-0.95 (4H, m, —CH,-), 0.82-0.78 {2H,
m, —“CH,—}, 0.47-0.44 (8H, m, ~CH,~, ~CH,)

'H NMR(400 MHz, CDCi, 65°C) 68.07-7.99 (6H, m,
Ar-H), 7.82-7.77 (6H, m, Ar-H), 7.67 (2H, dd, /=77, 7.7
Hz, ArH), 741 (2H, dd, J= 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,~), 0.83-0.92 (2H, m,
-CH,~), 0.69 (6H, t, /= 7.1 Hz, —-CH,), 0.24 (2H, brs,
=GHy)
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Tabl e 22 P hase-transfer catal yst:

06) O pticalpurity (kee) N/

(;K

Table 5

'H NMR {400 MHz, CDCly) § 8.22 (2H, brs, ArH),
8.10-8.05 (8H, m, Ar-H), 7.73~769 (2H m, ArH),
7.48-7.44 (2H, m, Ar—H), 7.40-7.38(2H, m, Ar-H), 483
(2H, d, /= 14.3 Hz, Ar-CH,}, 4.03 (2H, d, J = 14.3 Hz,
Ar-CH,), 3.37 (2H, t, J = 13.1 Hz, N~CH,~CH,~), 2.65
(2H, t, /= 12.9 Hz, N-CH,~CH,-), 1.10 (4H, brs, -CH,-),
087 (2H, brs, —CH,—), 0.63 (6H, t, /= 6.7 Hz, ~CH,), 0.32
(2H, brs, ~CH,~)

10

'H NMR (400 MHz, CDCl,) 5 8.01 (2H, s, Ar-H), 7.97 (2H,
d, = 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 (BH, s,
~OCH,), 357 (2H, d, /= 13.5 Hz, Ar-CHM,), 3.03 (2H, t,
= 13.1 Hz, N~CH,~CH,~), 2.52 (2H, dt, J = 4.0, 12.3 Hz,
N-CH,~CH,~), 0.94-0.87 (6H, m, ~CH,~), 0.62 (6H, t, J =
8.9 Hz, ~CH,), 0.21-0.17 (2H, brs, ~CH,~)

15

20

'H NMR (400 MHz, CDGl,, 65C) §8.34 (2H, s, ArH),
833 (2H, d J = 7.9 Hz, Ar-H), 812 (2H s ArH),
8.10-8.06 (4H, m, Ar-H), 7.90 (2H, dd, J = 7.7, 1.7 Hz,
Ar-H), 7.68 (2H, dd, /= 7.1, 7.1 Hz, Ar-H), 7.43 (2H, dd,
J =173 7.3 Hz, Ar-H), 7.36 (2H, d, / = 8.7 Hz, Ar-H),
505 (2H, brs, N-CH,~), 3.78 (2H, d, « = 13.1 Hz
N-CH,~), 3.35 (2H, brs, N~CH,~), 2.56 (2H, t, J = 12.7
Hz, N-CH,), 1.01-0.99 (4H, m, -CH,~), 0.82-0.80 (2H,
m, =CH,~), 0.58 (6H, t, J = 7.5 Hz, —CH,), 0.22 (2H, brs,
~GH,~)

25

'H NMR{400 MHz, CDCl, 65C) §8.37 (1H, s, ArH),
832 (1H, d, /=83 Hz, Ar-H), 8.24 (1H, d, J= 7.5 Hz,
Ar-H), 812 (1H, s, Ar-H), 8.08-7.96 (4H, m, Ar-H),
7.68-761 (2H, m, ArH), 743-730 (64, m, Ar-H),
7.09(2H, d J = 79 Hz, Ar-H), 526 (1H, brs, N~CH,~),
496 (1H, d, « = 12.3 Hz, N-CH,~), 3.88 (3H, s, ~OCH,),
3.78 (1H, d, /= 13.9 Hz, N-CH,-), 3.59 (2H, 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, /= 6.1 Hz, ~CH,), 0.58 (3H, t, J = 7.2 Hz,
—-CH,), 0.32-0.24 (2H, m, ~CH,~)
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Table 6

'H NMR (400 MHz, GD,0D) &8.12 (2H, s, Ar-H), 809
{2H, d, J = 8.3 Hz, ArH), 7.64-7.60 (2H, m, Ar-H),
7.51-7.22 (8H, m, Ar—H), 6.86 (4H, brs, Ar—H), 4.86 (?H,
d J = 135 Hz, Ar-CH,), 358 (2H, d, < = 135 Hz,
Ar-CH,}, 274 (2H, t, J = 12.7 Hz, N-CH,~CH,~}, 255
(2H, brs, N-CH,~CH,—}, 1.00-0.95 (6H, m, —CH,-), 0.71
(6H, t, /= 6.3 Hz, —CH,), 0.23 (2H, brs, ~CH,~)

10

15

'H NMR (400 MHz, CDCl,) &8.09 {2H, s, Ar-H), 806
(2H, d, /= 8.3 Hz, Ar-H), 7.66-7.62 (ZH, m, Ar—H), 7.57
(2H, s, Ar-H), 747 (2H, s, ArH), 742-7.37 {4H, m,
Ar-H), 7.21 (2H, s, Ar-H), 509 (2H, d = 135 Hz
Ar-CH,}, 3.79 (2H, d, J= 135 Hz, Ar—CH,), 3.16 (2H, t,
= 13.1 Hz, N-CH,~CH,-), 2.52 (2H, ¢, J = 6.0, 13.3 Hz,
N-CH,—CH,-), 1.42 (18H, s, ~CH,), 1.37 (18H, s, -CH;),
1.05-1.02 (4H, brs, -CH,—), 0.84-0.82 {2H, brs, -CH,~),
0.62 (6H, t, J= 6.9 Hz, —CH,), 0.53-0.49 (2H, brs, ~CH,™)

20

'H NMR (400 MHz, CDCly) &8.12 {2H, s, Ar-H}, 805
(2H, d, J = 8.3 Hz, Ar-H), 7.74-7.64 (10H, m, Ar-H),
7.42-7.36 (44, m, Ar-H), 7.30-7.26 (4H, m, Ar-H), 5.20
{(2H, d, J/ = 13.7 Hz, Ar—CH,), 368 (2H, d, J = 13.7 Hz,
Ar—CH,), 3.26 (2H, t, J = 12.7 Hz, N-CH,~CH,~), 2.56
(2H, dt, J = 4.0, 12.7 Hz, N-CH,-CH,—), 0.98-0.96 (4H,
m, ~CH,~), 0.87-0.82 (2H, m, -CH,~), 6.53 (BH, t, /=69
Hz, —CH,), 0.26-0.23 (2H, m, ~CH,~)

25




<Exanpl e 19: Exam nation (2) of effect of substituent of phase-transfer

cat al yst > (20)(21) r" According to Exanple 11, a-benzyl ation was
performed at OC, using 3 nobl % of phase-transfer catal ysts described Tabl es
23 to 26 below. The results are shown in Tables 23 to 26. Table 23
Phase-transfer catalyst Reaction tine (hr) Yield (%

Table 7

'H NMR (400 MHz, CDCl,} §8.15 (2H, s, Ar-H), 8.07
(2H, d, = 7.9 Hz, Ar-H), 7.76 (4H, brs, Ar—H), 7.70-7.65
(6H, m, Ar-H), 7.44~7.33 (4H, m, Ar-H), 5.21 {2H, d, v =
13.7 Hz, Ar-CH,}, 3.75 (2H, d, /= 13.7 Hz, Ar~CH,), 3.29
(2H, t, v = 12.7 Hz, N-CH,~CH,-), 2.66-2.59 {2H, m,
N-CH,~CH,~), 1.01~0.95 (6H, m, ~CH,~), 0.62 (6H, t, /=
6.7 Hz, ~CH,), 0.38 (2H, brs,~CH,~)

10

'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, J= 7.7, 7.7 Hz, Ar-H), 6.82 (1H,
dd, /= 7.5, 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, /= 13.7
Hz, Ar-CH,-), 3.84-3.79 (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, CDCI,) 88.05 (2H, s, Ar-H), 803
(2H, d, /= 8.3 Hz, Ar-H), 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, v = 135 Hz, Ar—CH,), 401 (2H, d, /= 13.5 Hz,
Ar~CH,), 357-3.54 (6H, m, ~CH,~), 3.11 (6H, s, ~OCH,),
3.07 (2H, d, /= 9.2 Hz, ~CH,~)

20
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<Reference Example 6: Synthesis (2) of starting material (compound 32

for synthesizing gquaternary ammonium salt>
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91 93.8 ,r----,-- 01lo) r,,,, ,,s__ ") -0 Br- Co 8674. 5 Table 24
Phase-transfer catalyst Reaction tinme (hr) Yield (90 Optical purity (%e)
is ci 40401-,1110 ci (--,z---- Br_ il / 3

and the two R™” may be the same or different).
The compound 22 (S-form) and an aryl boronic acid derivative in
2 equivalents to the compound 22 were subjected to a Suzuki coupling
reaction in 3 equivalents of potassium hydroxide or potassium phosphate,
5 5 mol % of palladium acetate and 1.2 mol % of friphenylphosphine in
tetrahydrofuran for 7 hours under reflux. The resulting mixture was
cooled to room femperature, and a saturated ammonium chioride
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
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 yvields below. The specific structural formulae,
the vields and the NMR spectrum data of the obtained compounds 31
15 and 32 are shown in Tables 8 to 15. The R-form can be prepared in the

game procedure,



91 86.9 |

Il 11110S ,--",/---, N#Br- ------- "-- S\ 37190 IP 114)F .F 3
94 92. 8 illll

ome Br OwWe 3 52 73.4 | SSCH

Table 8

Compound 31 Yield and NMR spectrum data

Yield: 74% 'H NMR{400MHz, CDCI;) § 2.03(s, 6H}; 7.14(d,
J = 84 Hz, 2H); 7.25-72Hm, 2ZH); 7.37-7.50(m, 8H);
7.57d, J= 8.0 Hz, 8H); 7.70(tr, /= 8.0 Hz, 2H); 7.91(d, v
= 10.0Hz, 4H).

Yield: 74%, "H NMR{400MHz, CDCl,) § 1.94(s, 8H); 7.11(d,
J =8.8Hz, 2H); 7.29-7.32(m, 2H); 7.48{tr, = 7.2Hz, 2H);
767(dd, o = 7.2Hz, 1.6Hz, 2H); 7.86(s, 2H); 7.93(d, J =

10 8.0Hz, 2H); 8.33(dd, J=7.2Hz, 1.6Hz, 2H,.

Yield: 72.5%, *H NMR(400MHz, CDCly & 1.82(s, 6H);
7.09(d, 2H, J= B.8Hz); 7.29(tr, 2M, /= B.OHz); 747(tr, J=
7.6Hz, 2H); 7.60(d, = 8.0Hz, 2H}; 7.77(d, «/ = 8.0Hz, 2H);
7.83(s, 2H); 7.91(d, /= 8.4Hz, 2H,).

15

Yield: 77%, 'H NMR(400MHz, CDCl) & 1.94(s, 6H);
6.02(s, 4H); 6.83-6.98 (m, 6H); 7.07(d, J = 8.4Hz, 2H);
7.20-7.25 (m, 2H);, 741(tr, J = 7.6Hz, 2H); 7.81(s, 2H);
7.87(d, J=8.4Hz, 2H).

20
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, OOH 385 177.8 Table 25 Phase-transfer catal yst Reaction tine (hr)

Yield (%9 Optical purity (%e) 11l CF3 3 89 82.8 /----Br Nt _,..... ---- ]

Table 9

Compound 31’ Yield and NMR spectrum data

Yield: 69%, 'H NMR(400MHz, CDCI) & 1.92(s, 6H);
7.07(d, J = 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, /= 2.0Hz,
2H); 7.61(s, 2H); 7.88(d, J = 8.0Hz, 2H).

Yield: 73%, 'H NMR(400MHz, CDCL) & 2.16(s, 6H);
7.11{d, /= 8.4Hz, 2H); 7.27-7.29(m, 2H); 7.34-7.47(m,
8H); 7.83(dd, J = 7.0Hz, 0.8Hz, 2H); 7.88-7.93(m, 4H);

10 8.18(s, 2H).

Yield: 93% 'H NMR(400MHz, CDCi,) & 1.94 (s, 6H);
6.83 ~6.88 {m, 2H,); 7.00-7.05 (m, 4H); 7.08 {d, J =
8.4Hz, 2H); 7.26-7.31(m, 2H); 7.44-7.48 (m, 2H); 7.84

(s, 2H); 7.9%{d, /= 8.4Hz, 2H,).
15

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);
7.21-1.25 {m, 2H); 7.35-7.43(m, 4H); 7.84-7.89 (m,
4H).

20
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CF3 cF3 Br_ CF3 89 90.5 F 1 Br- F389.89190s....
(:),'/ SO

, 8 OPP,"---, Br-

Table 10

Compound 31 Yield and NMR spectrum data

Yield: 91%, *H NMR (400MHz, CDCly): 8 1.94(s, 6H);
711(d, J = 8.4 Hz, 2H); 7.26-7.31(m, 2H); 7.44-7.48
{m, 2H); 7.58 {d, J = 80Hz, 2H); 7.64-7.68 (m, 4H);
7.76 (s, 2H); 7.85 (s, 2H); 7.91 (tr, J = 8.4Hz, 2H).

ot

Yield: 81%, 'H NMR(400MHz, CDCl): & 1.94(s, 6H);
7.11(d, /= 8.8Hz, 2H); 7.26-7.32(m, 2H}), 7.43~7.45(m,
2H): 7.59(d, / = 8.4Hz, 4H); 7.71(d, J = 8.4Hz, 4H);
7.83(s, 2H); 7.89(d, /=8.0Hz, 2H).

10

Yield: 83% 'H NMR(400MHz, CDChL): & 1.86(s, 6H};
6.80-7.02(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, v =

15 8.0Hz, 2H).

Yield: 61%, 'H NMR(400MHz, CDCl): & 1.94(s. 6H);
3.15{s, 6H); 7.11{d, /= 8.4Hz, 2H); 7.30{(tr, /= 7.6Hz,
2H); 7470r, J = 7.6Hz, 2H), 7.70(d, = 8.0Hz, 4H);
7.85(s, 2H); 7.92(d, = 8.0Hz, 4H); 8.05(d, J = 8.0Hz,
4H).

20
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--- 3 83 90 Table 26 Phase-transfer catal yst

Optical purity (%e) lar N(BL)2 040 Ar 111 Ar* 4. F 3 76.5

10

15

20

Table 11

Compound 31°

Yield and NMR spectrum data

\Ar
e

Yield: 42%, 'H NMR(400MHz, CDCi; & 194
{s, 6H); 6.88-6.91(m, 2H); 688 ~6.91(m, 2H),
7.08 (d, J= 4.2Hz, 4H); 7.16 (d, / = 8.4Hz, 2H);
7.32 (tr, J = 7.6Hz, 2H); 7.37 (s, 8H); 7.50 (tr,
= T.6Hz, 2H); 7.80 (s, 2H); 7.95 (d, /= 8.4Hz,
2H).

9
\__/

Yield: 70%, 'H NMR(400MHz, CDC) & 2.02
{s, 6H); 7.10 (d, J = 8.8Hz, 2H): 7.27-1.31(m,
2H}; 7.43~7.47 (m, 2H); 7.50-7.54 (m, 4H); 7.62
(dd, /= 8.4Hz, 2.0Hz); 7.90~7.97 (m, 4H).

Yield: 83%, 'H NMR(400MHz, CDCL,) &6 192
(s, 8HY; 7.16-7.20 (m, 4H); 7.26-7.28 (m, 4H);
7.32~ 7.49(m, 6H); 7.88(s, 2H), 791{d, J =
8.0Hz, 2H).

Yield: 73%, "H NMR{400MHz, CDCL,) & 2.05
(s, 6H); 7.18(d, / = BAHz, 2H); 7.31-7.35(m,
4H); 7.47-75Hm, 2H) 7.77(dd, J = 4.4Hz,
1.6Hz, 4H); 7.93(s, 4H); 7.95(s, 2H); 7.97(s,
2H); 8.11(s, BH).

159
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Ar ini 10302

Table 12
Compound 32 Yield and NMR spectrum data
S
5 ” Yield: 86%, "H NMR(400MHz, CDCL,) & 4.36(s, 4H); 7.30(d, J/
CHgbr = 8.0Hz, 2H); 7.32(tr, J = 8.0Hz, 2H); 7.38{tr, /= 8.0Hz, 2H);
OO CHBr 7.48-7.55(m, 6H); 7.68-7.76(m, 12H); 7.85{tr, /= 8.0Hz, 4H).

Yield: 81%, 'H NMR(400MHz, CDCl,) & 2.04(s, 6H); 4.20(s,
4H); 7.17(d, = 8.0Hz, 2H}; 7.35-7.36{m, 2H); 7.58(tr, /=

10 40Hz, 2H); 781(dd, J = B8Hz16Hz 4H); 7.93(s, 2H);
7.96(d, /= 8.0Hz, 2H); 8.37(d, /= 8.0Hz, 4H).
Yield: 84%, 'H NMR{400MHz, cDCly) & 4.18(s, 4H);, 7.15(d, J
= 8.8Hz, 2H): 7.32-7.36(m, 2H); 7.56(tr, J = 8.8Hz, 2H):
7.74(d, J = 8.0Hz, 4H): 7.80(d, /= 8.0Hz, 4H); 7.89(s. 2H):

15 7.94(d, J = 8.0Hz, 2H).
Yield: 71%, "H NMR(400MHz, CDCL,) & 4.28(s, 4H); 6.92(d, J
= 8.4Hz, 2H); 7.06(d, = 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. /= 8.4Hz, 2H).

20
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oS Ar CFill Ar:* cF, CF3 cF3 3 77 81.4 <Exanple 20: Exam nation of effect
of stirring> phase-transfer catalyst 0 50%KOHPh +PhBr \Z7N ()But 5 (20)(21)
"1 According to Exanple 11, benzylation was performed at OC for one
hour, by using 3 nmol % of the conpound 16 (S-forn) as a phase-transfer

catal yst under stirring wwth a stronger stirrer. In spite 10 of only one
hour reaction, the yield based on the HPLC analysis of the reaction m xture
was 78% and after purification on a silica gel colum the yield was 72%
and the optical purity was 99%e. The reaction time is nuch shorter and the
yields are higher than the results shﬁﬁg iia Table 1, which indicates that
stronger stirring provides nuch better B *Peacti on ef ficiency. <Exanple 21:
Benzyl ation (1) of al ani ne>

Compound 32’ Yield and NMR spectrum data

Yield: 84%, 'H NMR(400MHz, CDCL) S 4.19(s, 4H);
7.13(d, J/ = 84 Hz, 2H); 7.32(tr, J = 7.6 Hz, 2H);
747dd, J = 84Hz, 2Hz, 2H); 7.53-7.58(m, 4H);
7.88(s, 2H); 7.92(d, J/ = 8.4 Hz, 2H).

o

Yield: 67%, *H NMR(400MHz, CDCl,) & 4.48 (s, 4H);
747 (d, J = 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); 794 (d, /=

10 8.4Hz, 2H); 8.18 (s, 2H).

Yield: 89%, 'H NMR(400MHz, CDCl) 5 4.20(d, J =
10Hz, 2H); 4.23(d, J = 10Hz, 2H); 6.87-6.93(m, 2H);
7.13-7.18m, 6H); 7.32(tr, /= 8.0Hz, 2H}; 7.54(tr, J =

15 8.0Hz, 2H); 7.90(s, 2H); 7.92(d, /= 8.4Hz, 2H).

Yield: 84%, 'H NMR (400MHz, CDCl,} & 3.87 (s, 6H);
429 (s, 4H); 6.97-7.00 (m, 2H)% 7.15-7.21(m, 6H)
7.27-7.31(m, 2H); 7.39 (tr, J = 8.4Hz, ZM); 7.49-7.53
{m, 2H); 7.91(d, /= B.4Hz, 2H); 7.82(s, 2H).

20

Yield:81%, "H NMR (400MHz, CDCL,) &§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, o = 8.0Hz, 2H); 7.48-7.52(m, 2H); 7.89(d, v =
8.0Hz, 2H); 7.90(s, 2H).

25
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To a m xture of alanine tert-butyl ester-p-chlorobenzyl Schiff base
(compound 8) (134 ng, 0.5 mmol), phase-transfer catal ysts described in 25
Tabl e 27 below (3 nol %, and benzyl bromde (1.2 equivalents) in 2 nL of

t ol uene, cesium hydroxi de nonohydrate (5 equival ents) was added at 0C, and
the m xture was stirred under an air atnosphere at OC for 30 mn (first
process). The reaction m xture was poured into water and extracted with

di chl oronet hane, and the sol vent was renoved, and the residue was dissol ved
in5 nm of tetrahydrofuran. Then, 5 nL of 0.5 Mcitric acid aqueous

sol ution was added thereto and the ni *yLgmas 5 stirred at room
tenperature for one hour (second process% 4The aqueous | ayer was washed
with ether and alkallzed W th sodlun1hydrogencarbonate and then extracted

wi t h di chl or onethare—7Fhe art-e—t-ayer—was—dt evetr—soat-um-sul-fiat e and
concentr at ed to g: e %WDNHH\Q nr nrhjct 7 Thn\?}ﬂﬁ\?@ jiSPRFtI"{"F %?aoduct \'AAS

subj ected to siljica gel chronatography (eluent ethyl

acet at e/ hexane = 21

> | gfed f 7S pound 9).
22 Y, é’d% H RiNREARIHOf et 8B L e rclﬁhﬁDai un

2
The optlc% puriit y,

) c
Chiral cel "AD; eljuent: 7H§@ # %4 §Hﬁ9§i¥§£q %£%? %ention
time: (R-form=1 “ ) 5 i g optica
purity are shown iR.] . ) %?Ef {ﬁ ﬁﬁase tr%ﬁg er catalyct Y iel

Go 0 ptha 1 purilty e6e.e) 8 ansfer catalyst Y iekl ei)

Yield: 85%, "H NMR(400MHz, CDCL) § 4.22(s, 4H),
7.17(d, J = 8.0Hz, 2H}); 7.31-7.35(m, 2M); 7.53~7.57(m,
2H), 7.76(tr, / = 6.4Hz, 8H), 7.91(s, 2H); 7.93(d, v =

10
8.0 Hz, 2H).
Not determined
15
Yield: 83%, *H NMR(400MHz, CDCl,) & 3.16(s, BH);
4.20(s, 4H}); 7.17(d, J = 84Hz, 2H): 7.33-7.37(m, 2H};
920 7.57(tr, /= 7.68Hz, 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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O pttal purity 0680 Si. PhF3 ciE 4;3 58 63 50 00 PhF3ser 72 49 0/ N"C H3
PhF3 e/Th zli \___j .. | PhF3 PhF3 Br 76

Table 15

Compound 32’ Yield and NMR spectrum data

An O not determined

F
TRy Ry . l Yield: 66%, 'H NMR(400MHz, CDCl,) &

4.35(s, 4H); 7.23(d, /= 8.8Hz, 2H);, 7.33(tr, v
= 7.6Hz, 2H); 7.52~756(m, 6H); 7.76(d, J =
8.4Hz, 2H); 7.92-7.86(m, 8H);, 7.99(d, J =
8.8Hz, 2H): 8.10(s, 2H).

10

Not determined

N /7 Yield: 81%, 'H NMR(400MHz, CDOl) &

i 432(d, J = 10.0Hz, 2H); 3.56(d, /= 10.0Hz,

20 = CHaBr A = 2H); 7.24(d, J = 8.4Hz 2H) 7.37-7.41(m,

P . 2H); 7.58-7.62(m, 2H); 7.88(t, J = 5.6Hz,

Y T Negr, | 2HY 7.94(s, 4H); BOO(, J = 1.6Hz, 6H);
Al g 8.06(s, 2H); 8.17(s, BH).

Vi
aQ
xil
[

(%]
T3
w
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97 hF3 * O Ph F3e Br 71 80 ---''.---- Bu ./ N\ Bu O PhF3 =)

<Reference Example 17! Synthesis (2) of starting material (compound

33’) for synthesizing quaternary ammonium salt>

RIH

(33°)

The same procedure as in Example I was performed except that

10 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.

15 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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Table 16

Compound 33 Yield and NMR spectrum data

Yield: 81%, "H NMR(400MHz, CDCl,) 8 0.26(br, 2H);
0.82(tr, /= 7.2Hz, 6H); 0.84-1.64 (m, 6H); 2.62(tr, /=
13.2Hz, 2M); 3.12(d, = 13.2Hz, 2H); 369(d J =
14.0Hz, 2H): 5.18(d, J = 14.0Hz, 2H); 7.35-7.40(m,
6H); 7.46(r, = B8.0Hz, 4H); 7.63-7.6%m, 1CH);
7.84(m, 4H); 8.05(d, v = 8.0Hz, 2H}; B.14(s, 2H).

Yield: 52%, 'H NMR(400MHz, CDCI,) 8 0.15-0.22(m,
2H). 0.60(tr, J = 7.2Hz, BH); 0.87-1.01(m, 6H};
2.55-2.63m, 2H); 3.25(tr, /= 13.2Hz, 2H); 3.80(d, v/ =
14.0Hz, 2H), 5.05(d, J = 140Hz, 2H) 737(d, J =
8.8Hz, 2H); 745, J = 7.6MHz, 2H); 7.70(tr, /= 7.6Hz,
2H); 7.85(d, J = 8.8Hz, ZH); 8.08(d, J = 84Hz, 2H);
B.12(s, 2H), 8.46(d, /= B.4Hz, 4H).

Yield: 78%, "H NMR(400MHz, cDeCl) §0.17-0.18 (m,
2H), 0.66 (tr, = 72Kz, 6H); 0.8B4-087 {(m, 2H)
0.94-1.00 (m, 4H); 2.52 (tr, /= B.4Hz, 2H): 3.23 (tr,
= 12.4Hz, 2H): 3.73 (d, /= 14.4Hz, 2H), 503 (d, J =
14.4Hz, 2H);, 7.34 (d, J = 8.4Hz 2H); 7.40-7.44 (m,
2H), 768 (tr, of = 7.2Hz, 2H); 7.78 {d, J = 8.0Hz, 4H);
789%(d, J= 8.0Hz, 4H); 8.06 {d, = 8.0Hz 2H) 8.09
(s, 2H).

Yield: 86%, 'H NMR(400MHz, CDCL) 6042 (b, 2H);
0.74(tr, / = 6.8Hz, 6H); 0.98-1.07 (m, 6H) 2.60-2.63
{m, 2H); 3.16-3.18 (m, 2H) 3.57-360 (m, 2H):
5.23-5.29 (m, 2H); 6.05 (d, J = 12.0Hz, 4H); 7.04-7.08
{m, 6H}; 7.32-7.38 {m, 4H); 7.62(d, J = 7.6Hz, 2H)
8.00 {tr, /= 8B.0Hz, 2H); 8.04 (s, 2H).

10

20
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Pn- C1ION21 I MO " hF3

Table 17

Compound 33’ Yield and NMR spectrum data

Yield: 65%, 'H NMR (400MHz, CDCl) & 0.23(br,
2H); 0.89(tr, J = 7.2Hz, 6H), 0.89 -1.02 {m, 6H);
2.56(br, 2H); 3.19(br, 2H); 3.59-3.65(m, 2H); 5.03br,
2H); 7.28~7.41(m, 4H); 7.54-7.70(m, 8H); 8.25-8.11(m,
4H).

Yield: 76%, 'H NMR(400MHz, CDCl,) & 0.18(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); 7.33-743 (m, 8H); 7.66(tr, / = 8.0Hz,
2H); 7.86(d, J = 7.6Hz, 4H); 8.05(d, J/ = 8.4 Hz, 4H);
8.30(s, 2H).

10

Yield: 62% "H NMR {400MHz, CDCl,) & 0.32-0.34(m,
2H); 0.71(tr, /= 7.2Hz, 6H); 0.93-1.09(m, 6H); 3.27(tr,
J = 12.8Hz, 2H);, 3.73(d, J = 14.4Hz, 2H); 5.00(d, =
14.4Hz, 2H); 6.90(r, J = 8.8Hz, 2H); 7.05-7.23(m,
4H); 7.23-7.3%(m, 4H); 7.62(tr, / = 8.4Hz, 2H); 8.02(d,
J = 8.4Hz, 2H); 8.04{s, 2H).

15

Yieid: 79%, 'H NMR (400MHz, CDCL) 6020 (b,
2H);, 065 (tr, J = 7.2Hz, 6H) 0.93-1.04{m, &)
2.62~264 {tr, J = 13.2Hz, 2H); 3.06(tr, J = 13.2Hz,
2H); 3.84(m, 2H); 3.91(s, BH); 5.08(m, 2H); 702{d, J=
8.0Hz, 2H); 7.18-7.20 (m, 2H): 7.38(d, J = 4Hz, 4H);
1.49-750 (m, 2H); 7.62-7.66(m, 2H) 8.03(d, / =
8.4Hz, 2H); 8.08(s, 2H).

20

Yieid: 89%, 'H NMR (400MHz, chCly & 0.27(br,
2H), 0.62(tr, / = 7.2Hz, 6H); 0.80-0.85 (br, 6H); 2.48
(br, 2H); 2.84 (br, 2H) 351 (br, 2H)» 530 {br, 2H);
§.92~6.99(br, 4H); 7.24-7.32 (m, 8H); 7.52 {(br, 2H):
7.98 {d, J= 8.4Hz, 2H); 8.04 (s, 2H); 8.47 (br, 2H).
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Table 18

Compound 33 Yield and NMR spectrum data

Yield: 62%, 'H NMR(400MHz, CDCl,) & 0.15(b, 2H);
0.60 {tr, J = 7.2Hz, 6H); 0.72-0.98 (m, 6H}; 2.59(tr,
o = 13.2Hz, 2H); 3.150r, /= 13.2Mz, 2H), 3.75(d, J=
14.0Hz, 2H); 5.04{d J = 14.0Hz, 2H); 7.36-7.44(m,
4H); 7.67(tr, J =7.6Hz, 2H); 7.77-7.78(m, 4H): 7.87(d,
J = 7.6Hz, 4H); 8.03-8.13(m, 4H).

Yield: 71%, *H NMR(400MHz, GDCL,) & 0.15(br, 2H):;
0.81(tr, /= 7.2Hz, 6H); 0.74-0.98 {m, 6H); 3.20tr, /=
12.8Hz, 2H); 3.75(d, /= 14.0Hz, 2H); 5.00(d, /= 14.0
Hz, 2H); 7.36(d, = 84Hz, 2H); 7.42(tr, /= T.2Hz,
2H), 7.68(tr, J = 7.2Hz, 2H); 7.78(d, J = B.0Hz, 4H):
7.88(d, = 8.0Hz, 4H); 8.06(d, /= 8.0Hz, 2H),

10

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, J= 12.8Hz, 2H); 3.75(d, J=
140Hz, 2H); 4.97(d, = 14.0Hz, 2H); 6.91-6.9%m,
2H); 7.16(br, 4H) 7.32-7.41(m, 4H) 7.84(tr, J =
7.6Hz, 2H); 8.03(d, J= 8.0Hz, 2H); 8.11{d, J = 8.0Hz,
2H).

15

Yield: 75%, 'H NMR(400MHz, CDCL,) & 0.24(br, 2H);
0.88(tr, /= 7.2Hz, 8H}); 1.24-1.43 (m, 6H); 2.56(tr, /=
13.2Hz, 2H), 3.28(tr, J = 13.2Hz, 2H); 3.72(d, J =
14.0Mz, 2H), 4.87(d, J = 14.0Hz, 2H); 7.38(d, J =
8.4Hz, 2H); 7.46(tr, J = 7.8Hz, 2H); 7.70(tr, J = 7.8Hz,
2H); 7.79(br, 4H); 8.08(d, J = 8.4Hz, 2H); 8.11(s, 2H);
8.20(d, /= 8.4Hz, 4H).

20
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<Exanpl e 22: Benzyl ation (2) of al anine> phase-transfer catalyst O
PhBrcitric acid p-Cl-Ph 013ut CsOH -H20THF CH3 tol uene 5-20C, under argon
at nosphere (8) Al ani ne was benzylated in the sane manner as in
Exanpl e 21, except that the phase-transfer catalyst was used in 1 nol %

t he phase-transfer catalysts described in Table 28 bel ow were used, and the
reaction condition was changed to -20 C under an argon atnosphere in 10 the
first process. The results are shown in Table 28. Table 28 Phase-transfer
catalyst . Y Ell 9% pO tba purity (bee) Phase-transfer catalyst Y }:1 eA) O

pthal purity O nee) Table 19

Compound 33’ Yield and NMR spectrum data
Yield: 61%, 'H NMR(400MHz, CDCL) &

F
A F 0.39-041(m, 2H); 0.49(tr, J = 7.2Hz, 6H);
@ij; F | 0.90-1.01(m, 6H); 2.75~2.80(m, 2H); 3.29(tr, /
5 A\ ou, A O = 12.8Hz, 2H); 3.89(d, /= 14.0Hz, 2H): 5.09(d,
= 2 J = 140Hz, 2H); 7.35-7.47(m, 12H); 7.63(s,
Q@i O £ | 2H): 7.67 -7.70(m, 2H): 7.78(d, J = 8.8Hz,

i
i F
F

2H), 8.00(s, 2H); 8.08(d, v = 8.0Hz, 2H);
8.15(s, 2H).

- g Yield: 74% ., 'H NMR(400MHz, CDCL) &
OO = ~0.21(br, 4H); 0.46-0.96(m, 10H); 2.62(tr, J =

13.2Hz, 2H): 3.00(tr, /= 13.2Hz, 2H); 7.75(d,
10 TN B J = 140Hz, 2H); 5.08(br, 2H); 7.38-7.42(m,
= AW);  7.53-7.58(m, 4M) 7.85-7.58(m, 4H)
792(d, J = B.8Hz, 4H) 8.07-8.09(m, 6H)
8.21(s, 2H).

Yield: 45%, 'H NMR{400MHz, CDCI,) & 0.42(b,
¢ R 2y 0.71(tr, J = 7.2Hz, 6H); 2.62-2.69 (m,
OO ~S B 2H%3.87-3.91(m, 2H); 4.27(d, /= 14.0Hz, 2H);
5.28(d, = 14.0Hz, 2H): 7.22(d, J/ = B.4Hz,
2HY, 7.37-7.42(m, 8H); 7,55(tr, /= 7.6Hz, 2H);

7.64-767 {m, 2H) 7.76(kr, J = 7.6Hz, 2H);
8.07(d, /= B8.4Hz, 2H); 8.16(s, 2H).

15

CF3 Yieid: 93%, 'H NMR(400MHz, GDCi) &
Q 0.52(tr, = 7.2Hz, 6H); 0.81-0.94(m, 8H);
CFs | 282(tr, o = 13.6Hz, 2H): 3.31(r, J = 13.6Hz,
2H): 3.94{d, J = 14.0Hz, 2H); 507(d, J =
14.0Hz, 2H); 7.47(d, J = 3.6Hz, 4H); 7.69-7.74
O CFs | (m, 2H) 7.75(s, 2H); 7.91(d, J = 3.6Hz, 2H);
: 7.92(d, J = 1.6Hz, 2H); 8.05(s, 2M); 8.12(s,
CFy 2H): 8.14-8.17(m, 8H): 8.20(s, 2H).

20
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in OO0 PhF3Br, 78 85 . 100 PhF3. Br 78 98 co/ N NCH3 n-C oH21 co,/ N
\ n- C oN21 PhF3

<Example 18: Examination (1) of effect of substituent of phase-transfer

catalyst>
phase-transfer catalyst

o} _

Ph 0
50%KOH Ph

Ph OBt toluene /\

PH OBu!
0C
B
(20) (1)
According to Example 11, o-benzvlation was performed at 0°C,
using 3 mol % of phase-transfer catalysts described Tables 20 to 22 below.
The results are shown in Tables 20 to 22,

10
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PhF3

imlS PhF3 Br 85 99 Bu PhF3Br 71 67 e Nu  ------ N
Table 20
Phase-transfer catalst:
53
Reactbn . Opteal
Ar Af th e Y;}}H purty
(%] 0 fhee)
10 —©~OCH3 —@—OCHa 15 65 65
NG,
_@ Q 15 88 87
NO,
NO,
5 |0 =[]~
—@—OH w@% 1 70 64
20
4 87 66
25
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PhF3 PhF3 inmp SO PhF3, Br 76 73 inp PhF3Br 85 92 0//so-Bu N N.

Table 21
Phase-transier catakst:
Ar B?
5 ﬁ/\/\
\/\/
Ar
Ar Reactbn tin e Yeld O ptialpurity
b §) flee)
—@—F 7 92 82
10
_Q—cz 7 93 83
Q 2 97 77
F
'Q 4 94 75
15 oy
F
‘va 21 86 97
¥
Ci
Gl
F
i 2 b 97 91
F
’@-DCHQ, 3 85 71
25 No,
‘@ 3 39 89
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i so-Bu PhF3 PhF3 <Exanpl e 23: Allylation of phenyl al ani ne>
phase-transfer catalyst O To a m xture of phenyl al ani ne
tert-butyl ester-p-chlorobenzyl Schiff base (compound 34) (172 ng, 0 5
mol ), phase-transfer catal ysts described in Table 29 below (1 nol %, and
allyl bromde (1.2 10 equivalents) in 2 nalL of toluene, cesium hydroxide
nonohydrate (5 equival ents) was added at OC, and the m xture was stirred
under an argon atnosphere at -20C for 30 rain (first process). The reaction
m xture was poured into water and extracted w th dichl oronet hane, and the
sol vent was renoved, and the residue *@@Bq&psolved in5 nm of

Phase—transfer catalst:

5
10
N Reacton tme | YeHd | Optialpuriy
A m) ) thee)
0
5 @ ™~
15 \N/\/ 7 98 93
Ve \/\O/
N > 1 78 81
/ \/\OH
N\
20 /zi’in 9 55 78
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15 tetrahydrofuran. Then, 5 nL of 0.5 Mcitric acid aqueous sol ution was
added thereto and stirred at roomtenperature for one hour (second

process). The aqueous | ayer was washed with ether and al kalized with sodi um
hydr ogencar bonate, and then extracted with di chl oronet hane. The organic

| ayer was dried over sodiumsulfate and concentrated to give 20 an oily
product. The obtained oily product was subjected to silica gel colum
chromat ography (eluent: ethyl acetate/ hexane = 1/2) to give an allylated
product of phenyl al ani ne (conpound 35). The optical purity of the obtained

Rexanel | Sopr GRGRVRSE ToBXpimycs: ) Fhrathel PLeBRH B Phass YR or m =

14.9 mn, (S)étgﬁﬂ%f 20.2 min]. The results are shown in Table 29. Table
29 Phase-transter catalyst Yl:1 SO0 pttal purity See) Phase-transfer

catal yst Y11 % %hpthal<purity See) | phae-anbliafcaBlyst6, / 65_29 00 0 PhF3

| : 50%KOH Ph ;
>zN\/L\ * Ph/\Br . >=N
P OBt toiuene 0By

5 el
(20) 21) ™

According to Example 11, o-benzylation was performed at 0°C,

usging 3 mol % of phase-transfer catalysts described Tables 23 to 26 below.
The results are shown in Tables 23 to 26.

10
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Br 79 95 CH3 N \N cHs n- C101- 121 o/ N\ n-Cl01-121 PhF3 PhF3

Table 23
Reaction Optical
Phase—transfer catalyst time Yield (%) purity
(hr) {%ee)
5
3 78 68, 7
10
3 88. 7 Q2. 2
15
3 a1 93. 8
20 3 86 74. 5
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IS MO PhF3 Br

10

20

76

97 0 -", PhF3G Br

72 96 Bu N\ Bu

.1----N N PhF3

Table 24
Reaction Optical it
Phase-transfer catalyst time Yield (%) prical punty
(%ee)
(hr)
g
CC
r YT 3 91 86. 9
SN /=l
‘\)\cs
CCf
S S
4 N e 3 71 90
¢
H | S
D
F
F
A 3 04 92. 8
A/ F
S 9
£
O =y O OMe
/i
N{:;:‘“ Br 3 52 73. 4
S A
s
O i “‘OH
TN e 3 85 77. 8
L~
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PhF3 so 040 PhF3 u 76 74 'so-Bu a/ N '!so-Bu

Table 25
Reaction Optical
Phase—transfer catalyst time Yield (%) purity
{hr) (%ee)
5
3 89 82. 8
10
3 89 80. 5
15
3 80.8 01
F
%
B
il o
e
20 e
Wl 3 83 90
Br-
> S T
Q/
T SN S\\
| o
P
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PhF3

obtained in the sane manner as in Exanple 23,
was used instead of allyl
phase-transfer catalyst
obt ai ned product was anal yzed by HPLC. The yield was 69%
purity was 92%e.
phase-transfer catal yst O

A cinnanyl ated product of phenyl al ani ne (conpound 36) was

The opti cal

except that cinnanyl
brom de and the conpound 7 was used as the
in the first process.

brom de

purity of the

and the optical
<Exanpl e 25: Propargyl ati on of phenyl al ani ne>
A propargyl at ed product of

phenyl al ani ne (conmpound 37) was obtained in the same manner as in Exanple

- 23,

catalyst Y iel

10

15

20

25

except that propargyl
first process.
by HPLC. The results are shown in Table 30.

| 0@ (pt|Ga| p”l:'ty g@n\ P
\/l L]

brom de
The 15 optical puri

vy BHER

hase-trancf ar
TTUAO'CO CT T ATTIT OT

cat al vycet
A>2 CCAT IO

Reaction Opéca
Phase—transfer catalyst time Yield (%) purity
(hr) (%ee)
3 76. 5 81. 08
3 60 77.2
F
/tg
SN T
A 3 92 61.6
9o Vg |
F
CFs
o s
' N'(Bu)s  Ar 3 77 81. 4
99 \
Ar / . CFs
CF,

177

6instead of allyl bromde in the
€ obtai ned product was anal yzed
Tabl e 30 Phase-transfer

jell 06)



O ptha 1) urity %e) PhF3a Br 79 63 op 4001 PhF3 ricBr 21 77 91 CH3 N

\ CH3 co/ N\ n-C 0H21

<Example 20 Examination of effect of stirring>

phase-transfer catalyst

Ph Q Ph )
%N \/{K b 50%KOH >=N
PH 0Byt toluene PR OByt
0C
5
(20) en ™

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 stirring with a stronger stirrer. In spite

10 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 vield was 72%, 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

15 reaction efficiency.

<Example 21: Benzylation (1) of alanine>

phase-transfer catalyst

’ 0
p_CE_Ph\/NW)‘\OBut Ph Br _ CItncac:|d= HoN ‘.
20 ! CsOHH,O THF Ha
CH,
toluene
0°C, in air

(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

25 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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PhF3 PhF3 Sip 010 PhF3 far 61 94 am O PhF3Br 77 92 Bu N/ "Bu

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.tetrahydrofuran. Then, 5 mL of 0.5 M
citric acid aqueous solution was added thereto and the mixture was
5  stirred at room temperature for one hour (second process). The aqueous
layer was washed with ether and alkalized with sodium
hyvdrogencarbonate, and then extracted with dichloromethane. The
organic layver was dried over sodium sulfate and concentrated 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
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, (S)-form = 20.5 minl. The yield and the optical purity are shown in

15  Table 27.
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10

20

25

PhFa PhF3 S PhF3e Br 67 62 | so- Bu
Table 27
. O ptial . Opteal
Phase~transfer catalyst Yé;}ﬁ purity Phase—transfer catalyst Yg?)]d purity
7 Gheo) ’ oe)
PhFy oo

72 49
71 80
65 23]
70 61
70 94
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41 N iso-Bu PhF3 <Exanpl e 26: tert-Butoxycarbonyl nethylat on of
phenyl al ani ne> A conmpound 38 was obtained in the sanme manner as
in Exanpl e 23, except that a-bronpacetic acid tert-butyl ester was used
instead of allyl brom de and the conpound 7 was used as the phase-transfer
catalyst in the first process. The optical purity of the obtained product
was anal yzed by HPLC. The yield was 66% and the optical purity was 94%e.
<Exanpl e 27: Exam nation of catalyst formation and benzyl ation in one
vessel > (39)

<Example 22: Benzylation (2) of alanine>

phase-transfer catalyst
o

Ok Ph Br citricacid  H,N
p-Ct Ph\\///N\)\OBu‘ N AN
éHs CsOH-H,0 THF HaC
toluene
b -20°C, under argon atmosphere
(8) (9)

Alanine was benzylated in the same manner as in Example 21,
except that the phase-transfer catalvst 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

10 the first process. The results are shown in Table 28.

Table 28
. Optbaw ... |optial
Phase—transfer catalyst ¥ g)ﬂ purity Phase-transfer catalst Yéa)ﬁ purity
: thee) ' thee)
15 . Phfy of
78 98
20
71 67
25 85 92
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Ph

secondary am ne BrK2CO3 Br di oxane, reflux O

(20)(21) Ph The conmpound 39 (S-forn) described in Table 31 below (3 nol 9%,
secondary am ne described in Table 10 below (6 nol % and potassium
carbonate (4.5 mol % were mixed in dioxane (5 nL), and stirred for
hours wth heating and reflux. Then, to this reaction m xture, glyci

tert-butyl

ester

0C. After stigmﬂ'}g{)ﬁtzﬁgﬂ SRGE L Mg lél%gm?eﬁe” od as 25 described i

31 below, the reac

Ion m Xture was poure

ether. The ether extract was wasmbecranitérltatgigétur ated brine, dried over

sul fate and concentrated @under redyced._ pressure. The oily re
]
&n’a{o\

subj ected to sidbca_gel | um chro opraphy ( efriveat i
1/10) to give oBu' J - AR
CSOH-H,0 THF P
5 toluane Ph AN

10

15

20

Ph
(3 4) -20°C, under argon atmosphere

(39)

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
equivalents) in 2 mL of toluene, cesium hydroxide - monchydrate (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
tetrahydrofuran. Then, 5 mL of 0.5 M citric acid agueous solution was
added thereto and stirred at room temperature for one hour (second
process). The aqueous 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
an oily product. The obtained oily product was subjected to silica gel
column chromatography (eluent’ ethyl acetate/hexane = 1/2) to give an
allylated product of phenylalanine (compound 385). The optical purity of
the obtained product was analyzed by HPLC [Daicel Chiralpak AD;
eluent’ hexane/isopropanol = 100 : 1, 0.5 ml, /min! retention time:
(R)-form = 14.9 min, (S)-form = 20.2 min]. The results are shown in

Table 29.
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benzophenone Schiff base (conpound 20) (1 equivalent, 0.5
nmol ), 50% pot assi um hydr oxi de aqueous solution (1.0 ni),
m.) were added, and benzyl

and toluene (3.0
brom de (1.2 equivalents) was added dropw se at
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into water, and extracted with

sodi um
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(S).-phenylalanine tert-butyl ester benzophenone Schiff base (conpound 21).
The optical purity of the obtained product was anal yzed by HPLC 5 Wi cel
Chiral cel OD; eluent: hexane/2-propanol = 100 : 1, 0.5 nL /mn; retention
time: (R -form=14.8 mn, (5-form=28.2 min]. The results are shown all
together in Table 31. Table 31 Seeondaiyanhe RH R= Ph R=3,5- CF 3)2Ph
R=3,4,5- F3Ph CH3) 2NH 1 2% e e 66% 5&mM 26% ee 68% 5days) 1%ee 6 rA ,
30n) 7% ee 4449% A4days) C4AH9) 2N1-1 6 27,% le r) 3% 43% ee 89% 5411r)

Table 29
ron 0 ptial voy |OptEal
Phase-transfer catalyst %) | puriy Phase—transfer catalyst ) purty
* tiee) ’ thee)
PhFy  .©
5 a /"-Cszn
. 65 70 N 79 95
}ijij:—/ 1-CapHay
= PhF4
10 76 97 72 96
76 74
15

<Example 24: Cinnamylation of phenylalanine>

O SN o4
. I + Bu _
20 N Br

hY
Sk
phe,  (7)
o)

p-Ci-Ph N Ph Br citric aci
o \,)J\OBU‘ -

| CsOHH,0 THF
\Ph toluene
-20°C, under argon atmosphere
9F (34) (36)

A cinnamylated product of phenylalanine {(compound 36) was

obtained in the same manner as in Example 23, except that cinnamyl
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70% ee 85%
2411r) 96% ee 06% 241r) 9 7% e e 86% 721r) (so- CAH9) 2NH -

ee 86%

48hr) 97%ee (76% 24hr) cion2 0 2N 1 - 17%ee (76% 90w) 58%

9% ee

62% 72w) 2 2% e e 414% 5days) 4 4% e e 04% 24hr) 7% ee 65% 4days) /ori

\1l 1% ee

10

15

bromide was used instead of allyl bromide and the compound 7 was used
as the phase-transfer catalyst in the first process. The optical purity of
the obtained product was analyzed by HPLC. The yield was 69%, and

the optical purity was 92%ee.

<Example 25: Propargylation of phenylalanine>

phase-{ransfer catalyst

o
Br/\\ itric aci
_Ci-Ph N RS citric acid
P ~F OB »
CsOH-H,0 THF
Ph foluene
-20°C, under argon atmosphera
(34) ’ P (37)

A propargylated product of phenylalanine (compound 37) was
obtained in the same manner as in Example 28, except that propargyl
bromide was used instead of allyl bromide in the first process. The
optical purity of the obtained product was analyzed_ by HPLC. The

results are shown in Table 30.
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69% 72w) 41% ee 86% 36hr) 75% ee 60% 4days) 83%ee 08% Chr) ----, .
..---41 - 19%ee 83% 36hr) - 57%ee (71% 4days) 78% ee 03% 29hr) 81%
ee 83% 24hr) la N H 22% ee 44% 51hr) 3% ee (72% 4days) 2% ee 410%
7days)

Table 30
. Optial . 0 ptial
Phase~transfer catalyst ¥ g)ﬂ pPUITy P hase—transfer catalst ¥ @H purity
bhee) ’ fhee)
5)
79 63 77 91
10 61 94 77 92
67 62
156
<Example 26: tert-Butoxycarbonylmethylation of phenylalanine>
20
O P
Woil COOBUt it id HoN
p-Cl Ph\/N\:)\OBu‘ Br u _ citric aci _ 3
5 CsOH-H,0 THF -
\Ph toluene Ph
-20°C, under argon atmosphere
% (34) aon simes? (38)

A compound 38 was obtained in the same manner as in Example

23, except that a-bromoacetic acid tert-butyl ester was used instead of
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6% e e 413% 6days) HN ) - 7%ee 66% 4days) 5% ee (78% 2411r) 31% ee
34% 4days) 43% ee 80% 241r) - 23%ee 67% 48hr) 3 3% ee 82% 12w) 41%
ee 0% 8days) 20% ee (72% 48hr) \

allyl bromide and the compound 7 was used as the phase-transfer
catalyst in the first process. The optical purity of the obtained product

was analyzed by HPLC. The yield was 66%, and the optical purity was

S4%ee.
5
<Example 27: Examination of catalyst formation and benzylation in one
vessel>
secondary amine
K,COs
10
dioxane, reflux
¥
Q 0
0 Ph
J\ b 50%KOH >$N
oBut toluene PH oy
15 e
5 .
~
(20) 1) ™

The compound 89 (S-form) described in Table 31 below (3 mol %), -
secondary amine described in Table 10 below (6 mol %) and potassium
carbonate (4.5 mol %) were mixed in dioxane (5 mL), and stirred for 10

20  hours with heating and reflux. Then, to this reaction mixture, glycine
tert-butyl ester benzophenone Schiff base (compound 20) (1 equivalent,
0.5 mmol), 50% potassium hydroxide agueous 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 re.spectiveiy for a period as
25  described in Table 31 below, the reaction mixture was poured into 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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---- HN\----.< - 8%ee 64% 24hr) n.t. n.t. 8%ee 3%
10% ee 413%bhr)

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 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 min]. The results

are shown all together in Table 31.
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The vales h the tafth show the opthal purity Cbee).
vahes h the tabb show t he yi el

opt hal pat hy,

the vall es

w ft

In the

25The parent hesi zed
% and the inaetbn tin e.
- show that a prpcluct haviig the opposte

confrprati mw as obtahed. The n.t shows that no experin ent was perfonn ed.

Thus,

i s reduced> phase-transfer catalyst 50%OHPh

10@ ycine tert-butyl ester benzophenong, 5S¢

i sol ati on.

it was found that the phase-transfer catalyst can be used for
al kyl ation of a-amno acid derivatives wthout
a- Benzyl ation (1)

<Exanpl e 28:
in which the anount of the 5 phase-transfer catal yst used

tol uenePh 0C (20)(21)r"

hi ff base (conpound 20) (88.6 nuy,

0.3 mmol ), the phase-transfer catal yst conpound 7) obtained in Exanple 1
| n 0.05 n-Dl n0/... pnf QCCI HA h\lrlr nvn r~| :\nllnnllc S | ut| on
(1.0 n), ang sg%&g@ﬂ% i(e:’- 0 mpver ¢ mi xady, andee,rBzwiermm:ebeu(4‘31:&19, 0. 36
mon was added dropwi selat 0C_ 15 After stirring vigorously at OC oyer 4
hours, the reacngm ﬁﬁxturelﬂésepoured2$hp@ wat er 1%amed extralted wifh
ether. The etlher exfract 0, | KiSPan Setsliy arhdde hi%He| BAveddaivel sodi um
sulfate a onqgn@r@ged und%@6¢%duceqi§%995u e. Mheeonily resi%dere was
subj ected to |silica gel e m7 2% dnett (cﬁﬁ%ﬁd@ﬁh% hgﬁ/%&@ﬁp ane =
1/10) to give 20 (R mmenyréy%h ter%g%ﬁﬁyl est féb%nzap éﬁ7ﬂ@3§ chiff
base (conpound-2.) Thn 9:/.\53 Ui 1'8 {2;( F?Q ‘?’ n r{(f/r anal yzed
by HPLC [ Dai de ipahesl CDYeEuent ghe/ ] Jafdl. £ 100721, flow
by PPL Dol debrnbabnl cHPeRuelLy Bexanel & ahengl L g0l 11 S
mn]. The yield and the optlcal purlty of the obtalned canpound 21 are 25
shown in Tablle/32. <E§anple1z&m cc+{Benzylati on (2)5% Be Whi ch g¢hg=@nmount of
the phase-trlapsfer catal ys®oused i|s getdus@d>] 60%, 444R) 1 Phesy] al-anj ne
tert-butylyester nzophenone Schi fif base (cogpound 21) was obtai ned by
perform ng a feaction—H—the—sape—tHanner Exanp!c 28—exeept—tpat the
anount of the - ansfer cat al yst onpOun obt @i n anpl e 1
was 0.01 nol {%lt ot h Hpcngggﬁ%/gg a@qﬁ?ﬁg vsh éﬁggqﬁ%gn ngagﬁﬁZG hours.
The yield and the optical purity of the obtaih compoungl 21 are shpwn in
Tabl e 32.
O\ /O 22% ee 3% ee 2% ee 6% ee
N 44%, Hlhy 2%, 4days) {1.0%, 7days) 4 3%, 6Gdays)
15 H
N -~ 7% ee 5% ee 31% ee 43% ee
; / 66%, 4days) 8%, 24hr) £4%, 4days) 80%, 24hy)
N
\ — 23% ee 33% ee 41% ee 20% ee
67%, 4&r) 82%, 1hr) 8%, 8days) 7 2%, 48hr)
20 w — 8% ee . . 8% ee
Nt 64%, 24n1) - . £3%, 7days)
KZB N . . 10% ee
- - - {1 3%, 6hr)
i NH
./
The valies © the tabE show the opitalpurity fee).
25 The parenthesized valies i the tebk show the vl #) and the reactbn ti e.

T the opticalpurty, the valies wih ~ show that a pwduct having the opposie confoguratbn

was obtahed.

The n.t. shows that no expermentwas perfom ed.
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<Exanpl e 30: a-Benzylation (3) in which the amobunt of the 10 phase-transfer
catal yst used is reduced> (R) - Phenyl al anine tert-butyl ester
benzophenone Schiff base (conpound 21) was obtai ned by performng a
reaction in the sane manner as in Exanple 28, except that the anount of the
phase-transfer catal yst (conpound 7) obtained in Exanple 1 was 0.005 nol %
to the 15 conpound 20, and that the reaction time was 26 hours. The yield
and the optical purity of the obtained conpound 21 are shown in Table 32.
<Exanpl e 31: a-Benzylation (4) in which the anmount of the phase-transfer

catal yst used is r?ﬂgﬁg%%&@%)% 'E'Ea(’tng‘?e'b H%%ﬁrra%feibc‘dtcéfl s£ 248 he DgRGOPhenone

Schiff base (conpoun ) was obt al ne ormng a fteaction in the sanme
manner as in fexamplig:ids of EeR dcb@bleril fiidddiithent iL1dthm phase-transfer
catal yst (conpound 7) obtained in Exanple 1, tetrabutyl ammoni um brom de
(TBAB) in 0.05 nol %to the conpound 20 was added as 25 cocatal yst, and
that the reaction tine was 1.5 hours. Tge,yield and the optical purity of
the obtai ned TorpBRkd 24 A Bespuffionn Fabie 3Jvhich <phanmmowy: of BdSzyl ation
(5) in whigch the ampunt, of If pOFsedfansier catalyst used is reduced>

(R) - Phenyl“al dhifé T&rt bt i estet “benzophienone Schiff base (conpound 21)
was obtai ned by performfg a reaction phesettiresigaaeyd manner
28, except that,Fﬁgmaddi ion to the phasestskonsfer Feat
obtained in Exangk"”ﬁ, Jabut Y amffoni uig, prom de ggﬁ '
t he conpound 20 was added as cocatal yst, apg that t"he rebcti B8R time was 1.5
hours. The yield and the optical purity of the obtained conpound 21 are
shown in Table 32. 10(2EBxanple 33: a-Benzyl ation (6) A whffch t he anount of
t he phase-transfer catal yst used is reduced> (R) - Phenyl al ani ne
tert-buty]yester b I i aed by
perforniﬁg}a react?gﬁaga%gﬁgﬁggﬁgg%gb%g%ﬁg%ﬁggpgﬁﬂgiﬁé%fg% ) eg%%g% t hat,
in addition t@stheghesenhsbnsfepheat-alayster (aodlpouGdmpoualt Ai siedided Exanpl e
1, tetrabutyl anmmoni um brom de (TBAB) in 0.0167 nmol %to the conmpound 20
was added as iwodataipist] and.Ghatok fle toeslt i ompoumd Whs 2% qutsssidhe yiel d

and the optical purity of the obtained conpound 21 are shown in Table 32.
20 Table 32 hmﬁlﬁ%ta%wﬁﬁéoldﬁaogleiw&&@r@%ﬁ&?%&-%{lﬂ%@&r%mmg
and benzyl bromide (43 pg, 0.36 mmol was added dropwise at 0°C.

as in Exanple
i (conpound 7)
i _0.025 nol %to

15  After stirring vigorously at 0°C over 4 hours, the reaction mixture 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

20 (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

25 shown in Table 32.

<Example 29 o-Benzylation (2) in which the amount of the
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Exani pin 1 in ot)*1 Amount of TBAB boT6)*1 . Reactnn tin e r) fi
. conmpound 21 e/o) O ptral purity of conpound pound 21 ()bee) Exam ple 28
0.05 no 4 87 99 Example 29 0.01 no

o

10

20

25

phase-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-transfer
catalyst (compound 7) obtained in Example 1 was 0.01 mol % to the
compound 20, and that the reaction time was 26 hours. The yield and

the optical purity of the obtained compound 21 are shown in Table 32.

- <Example 30° a-Benzylation (3) in which the amount of the

phase-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-transfer
catalyst (compound 7) obtained in Example 1 was 0.005 mol % to the
compound 20, and that the reactio_n time was 26 hours. The yield and

the optical purity of the obtained compound 21 are shown in Table 32.

<Example 31 o-Benzylation (4) in which the amount of the
phase-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, in addition to the phase-transfer
catalyst (compound 7) obtained in Example 1, tetrabutyl ammonium
bromide (TBAB) in 0.05 mol % to the compound 20 was added as
cocatalyst, and that the reaction time was 1.5 hours. The vield and the

optical purity of the obtained compound 21 are shown in Table 32.
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26 41 97 Examrile 30 0.005 no 26 29 94 Exam ph 31 0.05 0.05 1.5 99 94 Exam
pie 32 0.05 0.025 1.5 91 95 Exam pie 33 0.05 0.0167

<Example 32° o-Benzylation (5) in which the amount of the
phase-transfer catalyst used is reduced>
(R)-Phenylalanine tert-butyl ester benzophenone Schiff base
{compound 21) was obtained by performing a reaction in the same
5 manner as in Example 28, except that, in addition to the phase-transfer
catalyst (compound 7) obtained in Example 1, tetrabutyl ammonium
bromide (TBAB) in 0.025 mol % to the compound 20 was added as
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.
10
<Fxample 33° o-Bengylation (6) in which the amount of the
phase-transfer catalyst used is reduced>
(R)-Phenylalanine tert-butyl ester benzophenone Schiff base
(compound 21) was obtained by performing a reaction in the same
15 manner as 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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2 91 96
Tabl e 32,

(R) - phenyl al ani ne tert-butyl

can be produced in an even better optical

used in conbination as a cocatal yst 15 (Exanples 31 to 33),

*1 Based on the am ount of com pound 20 10
according to the nethods described in Exanples 28 to 33,
ester benzophenone Schiff base (conpound 21)

As shown in

purity. Furthernore, when TBAB is

the optically active conpound 21 can be i nproved,
to achieving this can be al so reduced at the sane tine.
benzyl at ed product (conpound 9) obtained by either one of Exanple 2, 21 or

22, a 514s;

respect to the conpound 9)

i s added,

and t

he

t he

yi el d of

and the reaction tine up

25To

t he

pot assi um hydr oxi de aqueopg,sgbution (an excessive amount with
m xture is stirred for

one

hour until the porOtTonmTRECOES, DN formor a water batih ar 40C 1o 50C
After cooling tp roomtepperatizel 2N hydriochl oricyagi.d i sPmételed until the
pH reaches 6.0.| After canfs\iag | H%“’Wﬁéudvﬁﬁﬁ“ f.oupdoasd ﬁ?%?éd t he
solution is stifred undgr obeeeco| i ng,for |5 ° min. 9The p?@@ﬁﬁl ate is
filtered and washed with ewimariol [appropriate ampunt®). The @lLystlal s are
dried at 50C overnight tlo @iodit he conpourdd 40 in a good yield and optical
purity. h (41) EdbFhesgonpddhnd 4] isrobtgined in a §ood yi 8 d gnd optica
purity in the spgrmparaer asoin Exampie 34, except that ftheoallyl ated
product (conpoung%ﬁ3£3@ttalagg | EXagpl € 23 S Uisedygl NSt ead, of [t he
benzyl at ed prod pound -9 optar ngd— tireT S (M—We 2, 21 or
22. go <Exaﬁp|e Egmbéﬁ oy (ot o or ply Too .
Exampk 32 005 0.025 15 91 95
Examplk 33 0.0 0.0167 2 91 96
*] Based on the am ount of com pound 20
10
As shown in Table 32, according to the methods described in
Examples 28 to 33, (R)-phenylalanine tert-butyl ester benzophenone
Schiff base (compound 21) can be produced in an even better optical
purity. Furthermore, when TBAB is used in combination as a cocatalyst
15 (Examples 31 to 33), the vield of the optically active compound 21 can be
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
1) 5N KOH
2) 2N HCI
(9) pH 6.0
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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25(36) (42) The conpound 42 is obtained in a good yield and opti cal
purity in the sane manner as in Exanple 34, except that the cinnanyl ated
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> 10(37)(43)

The conpound 43 is obtained in a good yield and optical purity in the sane
manner as in Exanple 34, except that the propargyl ated product (conpound
37) obtained in Exanple 25 is used instead of the benzyl ated product

(conmpound 9) rgg}tﬁi@?%%&%eﬁldﬁ)p%le %%r%ntﬁxﬁngp%oqgéori %Jec oL u%?fbrm. on( 38) (44)

The conpound I's obtalned I n a good yie nd optical purity in 25 the

sane nmanner agafed AN @083, toe30ENt Afiat chbhiend 6 trobit eXMparhany | smt hyl at ed
product (conpound 38) obtained in Exanple 26 is used instead of the

benzyl at ed prigdirothlpvomeolingd adjled obittdi thedp Hyremichbe 6.(oneAfodr Exdimpliag2, 21 or
22. Industrial Applicability The present invention provides a chiral
phase-t r ansf et,hedgpépgﬁéqn of precipitate, the solution is stirred under ice cooling for
5 30 min. The precipitate is filtered and washed with ethanol
(appropriate amount). The crystals are dried at 50°C overnight to give

the compound 40 in a good yield and optical purity.

<Example 35: Hydrolysis (2) of tert-butyl ester>

10
1)5NKOH  H2Ns
2) 2N HCI
(35) pH 6.0 Ph/ (41)
15 The compound 41 is obtained in a good vield and optical purity in

the same manner as in Example 34, except that the allylated product
(compound 35) obtained in Example 23 is used instead of the benzylated

product (compound 9) obtained by either one of Example 2, 21 or 22.
20 <Example 36: Hydrolysis (3) of tert-butyl ester>

1) 5N KOH

2) 2N HC!
Ph pH 6.0

25
The compound 42 is obtained in a good vield and optical purity in

the same manner as in Example 34, except that the cinnamylated
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5 having a sinpler configuration. This phase-transfer catalyst can be
produced by a fewer nunber of processes than for a conventional conpound,
whi ch reduces the cost. Such a phase-transfer catalyst is very useful for
synt hesis of a-al kyl-a-am no acid and derivatives thereof and
a.a-di al kyl -a-am no acid and derivatives thereof. The am no acid 10 and
derivatives thereof play a special role in the design of a peptide having
enhanced characteristics as an effective enzyne inhibitor and as a chiral
structure block for synthesis of conmpounds having various bi ol ogi cal

activities. T 0 t ps@S -1 nventd i nt of
novel foods ég%gﬁg}E@%ﬁﬁ?ﬁgéﬁgﬁaﬁ%fkﬁkg?E?%%”@%ﬁ%%ﬁ%gg?igégggﬁﬁgg%%s t he
fol I owi ng foryadzalatéd phehRWcodnpiHE20)(dbkaitansi sitiRh ARbMzamdple 2, 21

i ndependently an aryl group, wherein the aryl group may be substituted with
at | east one grilip sel ected fromthe group consisting of: a G to C4 al kyl
group that may be branched, 15a Cl to C5 al koxy group that nmay be branched,
an aryl group that may be substituted with a G to C4 al kyl group that may
be branched, cya . -NR%Q he 9_and R21 are each
independe%fljggf’?ﬁ@é%ggyaT%lsgr g%%ﬁg¥§ué§6§?17l group), a nitro group, a
car banoyl group, an N-(C t¢ C4 al kyncarbanoyl group, anc20 N Ndi (C to C4
al kyl') car bamoyl group, pjor HCOR9 (where RO is a %I\tlo atomor a Cl to
C4 al kyl group), 25a fi T grogp! a cantBankgpH gr oup? &y to 04

al kyCcar banoyl group, an’ N-di (G to—ﬁﬁ—a#kyfrcarbangs group,
2) 2N HC 3
Ph AN ) P N\
pH 6.0

10 (37 “3)

The compound 43 is obtained in a good yvield and optical purity iﬁ
the same manner as in Example 34, except that the propargylated
product {compound 387} obtained in Example 25 is used instead of the
benzylated product (compound 9) obtained by either one of Example 2, 21

156 or 22.

<Example 38' Hydrolysis (5) of tert-butyl ester>

HoN

oBu! 1) 5N KOH N
COOBU  2) 2N HCl o
pH 6.0

20 §

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 f{compound 838} obtained in

Example 26 iz used instead of the benzylated product {compound 9)
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-NHCOR9 (where RO is a G to C4 alkyl group that may be branched), a

hal ogen atom and -S5(0).-R (where nis O, 1 or 2, and Ris a G
to C4 alkyl group that 5 may be branched); or may be substituted with
-0-(CH2)-0- or -0-(CH2)2-0- at positions 3 and 4 taken together; wherein
R2, R", R3, Rs', R4, R4', Rs, Re', R6, and R6' are hydrogen atons; wherein
R7 and Re are independently a Cl1 to C12 al kyl group that nay be 10 branched
or forma cyclic group; or are taken together to forma dival ent group
selected fromthe group consisting of: -(CH2) m (where mis an integer from
2 to 8); Hc- ! , 2.cH2 ; and \CH,
-CH2,-CH GO0 08&5@%‘; %?t%%?h%hog%mQL% zgnor% on selected fromthe group
consisting of a halide anion, SCN, HSO4* and HF2'. 20 2. The conpound of
claiml, wherein Rl and Rr of the conpound represent ed by the fornula (1)
are groups i nadpetrdeintpplicsbllgst ed from the group consisting of a
3,4,5-trifluorophenyl group,. a 3,4,5-trichlor henyl group,

3,4-difl uorophenyl oQFﬁSB%F nVeREeBPRATIAC SR Glia é’@sﬁ§§%ﬁ‘eﬁ'ﬂai§ﬁoup a
benzot hi O%her%l 89@9 co%f%%r%tli d' :f}h&jsor %%hen nsger Oggtab?st can be

3-trifluoro hen group, eny group

3- et hyl sul f%})éHH&QWHy G QtPer AfnBer o% Phozbddels f Liar CfHPtahMBEk}@x@Mbn&lr oup.
3. The conpound of claim1, wherein R7 and R8 of the conpound represented by

the formul a (dommared ndepknddntdsytise Chstt 0 SaicB @lghplse granyfert batalysyisbe
branched or forma cyclic group. 5 4. The conpound of claim3, wherein R7
and R8 of theveeBripsidor epridsaist Bkt e ameraarid f\n}c} dgmeagysuihereot

d dent | | ect t.h t h
oot oo Y G R P RS 58 B ROR Beo et TR pmdi OB g
cycl ohexyjy group demaavlmh&%pgw OE &ha F&lél’m"‘ﬂf‘er abagﬁ%fag%e%dgf the

conpound represented by the fornula (I) are
having enhanced characteristics as an effectwe enzyvme 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.



6. The conmpound of claim1, wherein R7 and R8 of the conpound repr esent ed
_by the formula (1) are taken together to forma divalent 15 group sel ected
"fromthe group consisting of. -(CH2)m (where mis an integer from2 to 8);
H2C. "*" . CH2H2 i CH2'' Cii2 ; and2 \CHCH2 -CH2 CrCH2 H2 CHf CH2 7, A nethod
for produci ng the conpound represented by the formula (1) of claim1, which
conprises: r %tr%g a conpound represented by the following formula (11):
Rl CH2Z CH2 ' * (I'l) with a secondary am ne represented by the
following formula (I11): in an organic solvent in the presence of an acid
scavengi ng agent, 15 wherein in the fornula (1| ), Rl and Rr are

i ndependent | §. an & yémgpouog reprasested byiéhadyl o‘gmm%)mmlalﬁb) Balpwtituted with
at | east one group selected fromthe group consisting of: a G to C4 al kyl
group that may be branched, a C1, »al koxy group that may be branched,
20an aryl_ group that may be subst tutd with a Cl to C4 al kyl group that
may be brﬁanched, a cyano groRR, Ll Fhere R20 and R21 are each

i ndependently a hydrogen atom 0 y C4 al kyl group), a nitro group, a
carbanoyl group, an N-(Cl to C44al kyecy pyl RJroup, an N,N-di (Cl to C4

al kyncar banoyl group, or -NHSOR (Mhar ¢ [ Nef Cix.to 25 C4 al kyl group that
may be branched), ' \ ‘

10 R® R? (N
‘wherein R! and RY afe 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,
15 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, -NR20R21 (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 C: alkyllcarbamoyl group, an
20 N,N-di{C1 to C4 alkyDcarbamoyl group, or -NHCORS?® (where R®? is a C; to
Cs alkyl group that may be branched),
a cyano group,
-NR20R2! (where R20 and R% are each independently a hydrogen
atom or a C; to Cs alkyl group),
25 a nitro group,
a carbamoyl group,
an N-(C; to Cs alkyDcarbamoyl group,
an N,N-di(C; to C4 alkyDcarbamoyl group,
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a cyano group, -NR20R21 (where R2 and R21 are each independently a
hydrogen atomor a G to C4 alkyl group), a nitro group, a carbanoyl group,
"5an N-(Cl to C4 al kyl)carbanoyl group, an N,N-cli (G to al alkyl)carbanoyl
group, -NHCOR9 (where 12,8 is a G to al alkyl group that may be
branched), a hal ogen atom and 10-8(0).-R (where nis O, 1 or 2, and Ris a
C to al alkyl group that may be branched); or may be substituted with

-0- (CH2)-0- or - O~KEIG@RE- Grhade BOSid 10 30204 AlkyakemupogriianayRBe R2'
113, Ry, R4, R4', 1/5, R51, R6, and R6 are all hydrogen atons; 15 and Z is
a hal ogen atlommnched), wherein in the formula (111), 117 and R8 are

i ndependently a C1 to Cl2 alkyl group that may be branched or forma cyclic
group; or are tak@rhal@genhéomu @ngorm a dival ent group selected fromthe

roup consi sting of 2)m. (where_m i a | ge om2 to 25
gnd 2 4CH2- CH2 92 $(Q)n‘R (W%H(f)i n-xﬁgb or-mrg 1nsa 1to 64 af kyl group tﬁai

" 5 may be branched);
or may be substituted with -0-(CH2)-O- or -0-(CHj2)2-O- at positions 3
and 4 taken together;
wherein R2, R?, R3, R¥, R4, R¥, R5, R%, R6, and R® are hydrogen atoms;
wherein R7 and R® are independently a C; to Ci2 alkyl group that may be
10 branched or form a cyclic group, or are taken together to form a divalent
group selected from the group consisting off -(CHg)y (where m is an

integer from 2 to 8);

HzC_CHz H2 FHz"-({HE.
g —CH’C -0~ O\ ‘
N ; and 2 : ?Hz ; and
CH, —CHy_ ~CH
15 6Q o7
Ha 1]
CHz'CHa

wherein X' is an anion selected from the group consisting of a halide

anion, SCN', HSO4 and HF»",

20 2. The compound of claim 1, wherein R! and RY 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 benzothiopﬁenyl*%yl group, a

25 3,5-diﬂuorophenyi group, a 3-triﬂuoromethylphenyl group, a
2,4-difluorophenyl group, a 3-methylsulfonylphenyl group, and a
2,3-bis(trifluoromethyllphenyl group.
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| ""CH2,C GO0 C' H2 H2 tl CH2-CH2 8. The nethod of claim7, wherein Rl and
~RI:"of the conpound represented by the fornula (I1) are groups

i ndependently sel ected fromthe group consisting of a 3,4,5-trifluorophenyl
group, a 3,4,5-trichlorophenyl group, a 3,4-difluorophenyl group, a

3-ni trophenyl group, a 3-cyanophenyl group, a benzothi ophenyl-2-yl group, a
3, 5-di fl uorophenyl group, a 3-trifluoronethyl phenyl group, a

2, 4-di f1 uor opheny|Tiy eufpoand- o ehins U] thureph @y hngr RUpf thedeanpound
2,3-bis(trifluoromethypphenyl group. 10 9. The nethod of claim7, wherein R7
and R8 of theemesortddrhy tind ﬁa-mehar&bem extldpendeetlyon il @ Cid alkylgeoup

i ndependently a C to 012 al kyl group that nmay be branched or forma cyclic
gr oup. thpt AR becimasghod o farmaccyclin@rend- R7 and R8 of the secondary
am ne 15 represented by the fornula (I11) are groups independently sel ected
fromthe group consisting of a nethyl group, an ethyl group, an n-butyl

group, an | SQDULYlnar g 0N ASEXL. 8T QiR AR ACKENDNL BB

11. The thod of clfaim Wher eé1'n € secondary am ne

repr esent ed %r%@%g%a{]ﬁ%tﬁe(fokﬁg)ulér(@ LIE g$89F: indepe iRt IELERELRS fdndti M 7,

wherein R7 a secondary am ne represented by the fornula (I11)
are taken togel Clzllgébrfs%ﬂifhéoﬂh\éﬂéﬁﬁﬂ g6@piPa 5 LIREL eebulp @ i hetel Stiup,

consi sting of - (where mis an 25 integer from2.to 8); .C -0 and0%
- CH2 \ CH; cH2andsthutel Grdug Hh hizle6fl grobp, 484 areydloklefydrgrstipr eosel ecti vel y
produci ng a conpound represented by the formula - (Vl):

10 5. The compound of claim 4, wherein R7 and R& of the compound

represented by the formula (I) are the same.

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
15 group selected from the group conmsisting of -(CHg)m- (where m is an

integer from 2 to 8);

l;lZCwCHz My O,CHz'Cin
-~ O
N and o2 \?Hz
CHz . '—CHz

-0 O~

20
H2 sz'éHg
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whi.ch conpri ses: 15al kyl'ati ng a corrpound represented by the formula (IV)

R s 1 NNC00-0-R17 H R15 (IV) 20 with a conpound of the fornula
"(V): R18-WV) using a conpound represented by the fornula (1) that is pure

wWith respect to axis symmetry as a phase-transfer catalyst: in a nediumin

t he presence of an inorganic base, wherein in the formula (1), Rl

and Rr are independently an aryl 10 group, wherein the aryl group may be
substituted with a gﬂlgs,gﬂ isti,ng of:
adC to C4 aYvkyI g%o%gaﬁdafwsrpargage rar??%gexggﬂar{ %@%E@e&%%@g@%%at hat
may be branchEdef dgiranywigde®ebmphitfesmay be substituted with a Cl to 04

al kyl group 15 that may be branched, a cyano group, -NR20R21 (where R20 and
R21 are each i ndepeeridintd g camippdndgepredenne d by ahelfollowdde dbdavhiagIoup), a
nitro group, a carbanoyl group, an N-(Cl to 04 al kyCcarbanoyl group, an

N, Ndi (G to 04 al kyncarbanoyl groys of2-NHCOR9 (where RO is a Cl to 04
al kyl grogp that nmay be branched), R0a ‘¢yano 1group,
i ) ' R

R4

. Rsl
R¥ RY
10 R¥ R? (11)
with a secondary amine represented by the following formula (ITI):
7
HN’R
“‘gg (11D

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

15 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:

a Ci1to Cq alkyl group that may be Branched,
a C1 to Cs alkoxy group that may be branched,

20 an aryl group that may be substituted with a C; to Cy alkyi group
that may be branched, a cyano gréup, -NR26R21 (Where R20 gnd 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: alkylcarbamoyl group, an
N,N-di(C: to Cs alkylcarbamoyl group, or -“NHCOR? (where R? is a C; to

26  C4 alkyl group that may be branched),

a cyano group,
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-NR20R21 (where R20 and R21 are each independently a hydrogen atomor a Cl
to C4 alkyl group), a nitro group, a carbanoyl group, 25an N-(Cl to C4

al kyl.) car banmoyl group, an N,N-di (ClL to 04 al kypear banoyl = group,

-NHCOR9 (where R3 is a G to C4 alkyl group that may be branched), a

hal ogen atom and -S(0):-R (where nis 0, 1 or 2, and Ris a Cl to
al alkyl group that 5 may be branched); or may be substituted with

-0-(CH2) - 0- or - O~-NBH#R2- Grhéte RUShhl B adeddithdidBiRndeaOgt Nafydrbien 112',
R3, R3, R4, R41l, R5, Re", 116, and R6 are all hydrogen atons; R 1 and Its
are i ndependatond yr a @ tat O Gl 1agdrkyp),group that may be 10 branched or forma
cyclic group; or are taken together to forma dival ent organic group

sel ected from t he agRdtPEEVBHSI sting of -(CH2) - (where mis an integer from
2 to 8); H2C CH2H2 FH%-Q Yi2 0% -CH2 ; andCH2 ; and cH2-CH 2-C-0 0*-CH2
15H2 ENH ', 112-i - # S&rPREI0Y BEP¥Re ani on, wherein in the fornulae (1V) and

(V). 1134 and 1118 gr, 3, LRYBRSISAEEA0L!) @ hydrogen atom or
an N,N-di(C; to C4 alkylcarbamoyl group,
-NHCOR? (where R® is a C; to C4 alkyl group that may be
branched),
a halogen atom, and
10 -5(0h-R (_Where nis 0, lor2, and Rl is a C; to Cs alkyl group that
may be branched); ' |
or may be substituted with -O-(CHp)-O- or -O-(CHz)s-O- at positions 3
and 4 taken together: —
R2, R%, R3, R¥, R4, R4, RS, R%, RS, and R¥ are all hydreogen atoms;
15 and
| Z is a halogen atom, and _
wherein in the formula (IID, R7 and R8 are independently a C; to
Ci2 alkyl group that may be branched or form a cyclic group; or are taken
together to form a divalent group selected froﬁl the group consisting of:

20 -(CHpm- (where m is an integer from 2 to 8);

*jo""“CHz H2 _OICHZ'Cin
— G- 0
N ;and — “CH
CH2 -—CHZ

sg_q 'o—- CHZ
2 CH,-CH,

25
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(ii) an aryl group that may be substituted with a Cl1 to C4 al kyl group-that
may' be branched, a Cl to C5 al koxy group that may be branched, or a hal ogen
“atom with the proviso the case where both R14 and 1115 are
hydrogen 25 atons is excluded, 1116 is a group selected fromthe group
consisting of (1) a hydrogen atom (ii1) ad to do al kyl group
that nay be branched or forma cyclic group; (ii1) a C2 to C6 al kenyl
group that mgy be PranabgtbdffAaima7cwidreiPupndS @V pf ahe2 compCandl kynyl
group that may be branched or forma cyclic group; (v) an aral kyl
group, wher ereprehentadyby dheuprmiuld KH) aral gnpupgrindpp emgedy sebsted dted with
at | east one group selected fromthe group consisting of 10a CI to 04 al kyl
group that ni§e begpriimcheensigtize t ®fCs aal k3o Gridsrepkantay 86Uy anghed,

an aryl group {pat. be substituted wi.th a Cl to C4 al kyl_ group, that may
be branched, gé‘@%‘ﬁg?%%ﬁﬁ?ﬁ mtaz%smiw%%en&harm 4 3 0ie oyl

i ndependently_a hydrogen atomaor,a Cl to 04.al kyl. .qgr vaainitro 15 group,
2 carbamoyl EFOHE, hn OPEPPLEGs ETRSH) chr BAREYRIGPEUNL AN NEREP( 2t o 04

al kyncar banoyl . gy -NH(%BQ (where 0.4 |-ky, oup,t hat
may be br ancﬁ’eBdg{ _aggg‘%\%ﬂgro P, p: "R ﬂlﬂ?&%%q%%ﬁe Férggl;hd o1 are
each i ndepenﬂ%&iﬂuo&oﬁuéﬁﬂgeﬁ%, ataOWBQﬁetﬁly@ulfdhﬁghéhﬁ’ | g @iP)and® Ritro
group, a carbanmoyl group, an N-(Cl to C4 al kyl)carbanmoyl group, an
N, N-di (G to2@Ebalieyileanbstin)phgnpligrouds- NHCORO (where RO is a Cl to C4
al kyl group that may be branched), and a hal ogen atom

10 9. The method of claim 7, wherein R7 and R8 of the secondary amine

represented by the formula (III) are independently a C; to Ciz alkyl

group that may be branched or form a cyclic group.

10. The method of claim 9, w_herein R7 and R® of the secondary amine
15 represented by the formula (III) 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.

11. The method of claim 10, wherein R? and R8® of the secondary

20 amine represented by the formula (III) are the same.

12. The method of claim 7, wherein R? and R8 of the secondary amine
represented by the formula (III) are taken together to form a divalent
group selected from the group consisting of: -(CHg2)y- (where m is an

25 integer from 2 to 8);
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(vi) a heteroaral kyl. group having a heteroaryl noviety, wherein the
heteroaryl noiety nmay be substituted with at | east one group selected from
"the group consisting of: a Cl. to C4 alkyl group that nay be branched, 5a
Cl to C5 al koxy group that nay be branched, ~an aryl group that may be
substituted with a Cl to 04 al kyl group that may be branched, a cyano
group, -NR20R21 (where R20 and R21 are each independently a hydrogen atom
or a Cl to 04 alkyl group), a nitro group, a carbanoyl group, an NN(Cl to
04 al kyl ) carbanoyl group, an 10 N,N-di (G to al alkyl)carbanoyl group, or

- NHCOR9  (wher, %NEEHIS a Cl to 04 al kygygeQup that may be branched), a cyano
group, oR21 (where R20 ?fé are each i ndependently a hydrogen
atomor a Cl to 04 yld@@pup§H215a n| Pngroup, a carbamoyl group, an
N-(Cl to 04 atduyk Ranoy| grg%p an gi (G to 04 alkyl) carbanoyl

group, \ = NHCOR9 (mhere s Q &I to 04 al kyl group that may be
20 branched), and a hal ogen at om CHfCHz(vrr) an aryl group, wherein the
aryl grdup may be substituted with at | east one group selected fromthe
group consisting of: a C to C4 alkyl group that nmay be branched, 25a Cl to

05 al koxy group that may be branched an aryl group that may be
substituted Cl 04 al kyI p that nmay be branched, a cyano
group, - NR2 @m@t@oge% chivel) expdurigs epmeRrRg TaPRAEERN at om

or adC to . a nrtro group, a carbanmoyl group, an N-(Cl to
4 aIkyI)ca‘§)13[5>5ﬁ"%)§%/]'J gﬂ an N,N-di (G to 04 al kyl)carbanoyl group, or

-NHCOR9 (where RO is a C to C4 al kyl group that nay be branched), 5a cyano
group, -NR20R21 (where R20 and 1 are each independently a hydrogen
atomoriga Cl1 to C4 al kyl qigup) gt ro group, a carbanmoyl group, 10an

I

N-(G to C4 al kyCcar banoy %roup,
N 17
O0—R

%

15
R R18 (VD
which comprises:
15 alkylating a compound represented by the formula (Iv)
R14 {?16
N-*CI}*CO-O-R”
R™ H | (IV)

20 with a compound of the formula (V):
RTBHW (V)

using a compound represented by the formula (I) that is pure with

respect to axis symmetry as a phase-transfer catalyst:
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an N,N-di (G to C4 al kyl)carbanoyl group, -NHCOR9 (where RO is a Cl1
to C4 al kyl group that nay be branched), and a hal ogen atom and 15(viii) a
“heteroaryl group, wherein the heteroaryl group may be substituted with at

| east one group selected fromthe group consisting of a ClL to C4 al kyl
group that may be branched, a Cl to C5 al koxy group that may be branched,
an aryl group that nmay be substituted with a ClL to &4 al kyl group 20 that
may be branched, a cyano group, -NR20521 (where R20 and R21 are each

i ndependently a hydrogen atom oR%a ®“to ¢4 al kyl group), a nitro group, a
carbanoyl group, an N-(Cl tm4 i nmoyl group, an N,N-di (G to 4

al kyl ) car banoyl group, or -N e is aCC toC4 alkyl group that
may be branched), 25a cyano grio - NR2 1 (where R20 and R21 are
each independently a hydroge¥ aps Nt g al kyl group), a nitro
group, a carbanoyl group, I)é%{rbarmyl group, an

N, Ndi (G to C4 al kyl) car bdhd> =XH (where RBis a CG to C4

al kyl gro@ip that may be branc a halogen atom Rl17 is a Cl to Cs

al kyl group that may be br ' J-oT & cyclic group), 10 wherein in the
formulae (V) and (M), R18 is a group,, se ected fromthe group consisting

of ; (i) a G to Go &kylRYroup that rfd) be branched or forma
cyclic group; (ii) a Cato C9 allyl group or substituted allyl

group that ngy,hfednP ARG 8de ¥nch U TnAnGYLA G 1EQUP:

wherein in the formula (I), R! and R! are independently an aryl

10  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 C: to C; alkyl group
15 that may be branched, a cyano group, -NR_20R21 (where R2% and R2! are
each independently a hydrogen atom or a Ci to C4 alkyl gro.up), a nitro
group, a carbamoyl group, an N-(C: to Cs alkylDcarbamoyl group, an
N,N-di(C: to Cs alkyl)carbamoyl group, or -NHCORS® (where R? is a Ci to
Cs alkyl group that may be branched),
20 a cyano group,
-NR20R2! (where R2° and R2! are each independently a hydrogen
atom or a C; to Cq alkyl group),
a nitfo group,
a carbamoyl group,
25 an N-(Ci to Cs alkyDecarbamoy! group,
| an N,N-di(C; to C4 alkyl)carbamoyl group,
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(tii) a C to C6 al kenyl group that may be branched or forma cyclic group;
(ivy a C to C6 al kynyl group that may be branched or forma cyclic group;
~20(v) an aral kyl group, wherein the aryl noiety of the aral kyl group nay be
substituted with at | east one group selected fromthe group consisting of;
a Cl to &4 al kyl group that may be branched, a G to C5 al koxy group that
may be branched, 25an aryl group that may be substituted with a Cl to C4

al kyl group that may be bra&nched, a cyano group, -NR20R21 (where R20 and
R21 are each i ndep@WdEMBY (wheyeirBYydn atGmter Ca aiktlogGmmlthet grayupp, a
nitro group, a(g}ae@;armyl group,- an NN(Cl to C4 al kyCcar banoyl group, an

N, N-di (G to & | I car banoyl group, or -NHCOR9 (where 1t9 is a Cl to (4

al kyl group that r ed a cyano group, -NR2 R21 (where R20
and R21 are each {T%ﬁég‘%‘%g‘e%@% ae{kqwdr ogen atomor a Cl to C4 al kyl group),

a nitro group, a . i 4 " ar, rQup, l1l0an
NN (O Tor o al Eap T e iPie 81 B bCknl R (R i G PR G, 10

C4 al kyl grouythabrdmheld® branched), and a hal ogen atom (vO0 a
het er oar al kyl group having a heteroaryl noiety, wherein 15 the heteroaryl
noi ety nmay ber swigsthet eleatitnited vaithl €xsCHan® - grrotP-(EFH L5 daf pogitidie group a
Cl to &4 alkyl group that may be branched, a G to C5 al koxy group that may
be branched, 284 4diakengossiherhat may be substituted with a C1 to C4 al kyl

group R?, R?, RS, R¥, R4, R¥, RS, R¥, RS, and R¢ are all hydrogen atoms;
R7 and R® are independently a C, to Ciz alkyl group that may be
10  branched or form a cyclic group; or are taken together to form a divalent
organic group selected from the group consisting of -(CHa)m- (where m is

an integer from 2 to 8);

H,C-~CH, Hay ,CHz‘C{Hé
’ —eiy© 0 o0
N ; and 2 ?Hz ; and
CH —CH
15 * 6-0. o~
2 CH,~CH,

X- is a halide anion,
wherein in the formulae (IV) and (VI),
R14 and R15 are each independently
20 (i) a hydrogen atom; or
(i) an aryl group that may be substituted with a C, to Cq4 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 R15 are hydrogen
25  atoms is excluded,
R16 is a group selected from the group consisting oft

(i) a hydrogen atom;
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20 that may be branched, 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, an NN(Cl to C4 al kyl) carbanoyl group, an

N, Ndi (G to C4 al kyncarbanoyl group, or -NHCOR9 (where RO is a G to C4
al kyl group that may be branched), 25a cyano group, - NR20R21 (where
R20 and R21 are each independently a hydrogen atomor a G to &4 al kyl

3o an™N I SO QSRR Y iR R M ot BBt of bt Reie 4 1
to ¢4 al kyl BUB; that may be branched), and a hal ogen atom (vii) an
aryl group, erein the aryl group may be substituted with at | east one

group sel ected froGifhe @ e CLANSNTY i Gy fthajcoﬁag;lbé %r%c%la%ydr %r%'paa;hat

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

aryl group tharlchagymk;s substituted with a C to C4 al kyl group that may be
branched, a cyano group, -NR20R21 (where R20 and R21 are each independently
a-hydroge® at om or () @ont@aaallky’hybrgm@ that ninbyobd Hhrgnohed ca fanbanoyl
group, an N-(Cl to C4 al kyncarbanoyl group, an NNN-di (G to C4

al kyocar bamﬁyCB?SWP’or -NHCOR9 (where R9 is a Cl to Cg al kyl group that
may be branched), a u - NR20R21 re R20 and R21 are
each i ndependent | y?z) ‘%%/3?%8%& %6“%1 Bhetrindbe agy g@ﬁ“ﬁlq\g} earalieyl ezoumi tr o

NN d (o o dla ShpopaR, Btk Belh e e shienea oy e Clrong o4
al kyl gr oup teBatistRy 47e branched), and
| 10 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 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 Cq alkyl group), a nitro
15 ' group, a carbamoyl group, an N-(C: to Cs alkyDecarbamoyl group, an
N, N-di(Cy to Cy alkylDcarbamoyl group, or -NHCOR? (where R?is a C; to
Cs alkyl group that may be branched), |
a cyano group,
-NR20R2! (where R?0 and R2! are each independently a hydrogen
20 atom or a C; to Cq4 alkyl group),
a nitro group,
a carbamoyl group,
an N-(Ci to C4 alkyDcarbamoyl group,
an N,N-di(C; to C4 alkyl)carbamoyl group,
25 "NHCOR?® (where R is a C: to Cs alkyl group that may be
branched), and

a halogen atom;
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a hal ogen at om (viii) a heteroaryl group, wherein the heteroaryl group

~may be substituted with at | east one group selected fromthe group
consisting of: a Cs to 04 al kyl group that nay be branched, a Cs to C5

al koxy group that may be branched, 5an aryl group that may be substituted

with a C 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 nit5p 50 I QLI . : .
al kyl ) car banoy! grg{ig,a %ﬁf%oﬁ?%l%?g%%yoﬁﬁgﬁ )kgég?%%a(ﬁ%fﬁglﬁ ’ p?hSFeIFNHCO?Q

(where R9 isthe Qeﬁe@oarylahﬁﬁétg'f mfay! bd Gubhtithied WHAURL, 136D ddd %'ogpp, 15a
car banoyl group, an N-(Cl to 04 al kyl)carbanmoyl group, an N, N-di ( o4
al kyl ) car baneglectpdofrpm the groupNHEERGifgwbEre RO is a G to 04 al kyl group
that may be branchegi], and 20a hal ogen atom and (ix) a C to Cs
propar gyl group ora§uietGsalked gprumpthapyinagrheupramchedmay be branched, and

25111 ty, Bnd 25 wibleln QHAlHEY Earwibas(WEF be basmsheda new y pr oduced
compound T epr esent TR Ee GRRIPAY B )R HE A qupioneAL @arect od
from that may be branched, a cyano group, -NR20R2! (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 C4 alkyl)carbémoyl group, an
10 N,N-di(C; to Cs alkyDcarbamoyl group, or "NHCORS? (where R9 is a C; to
Cs alkyl group that may be branched),
a cyano group,'
-NR20R2! (where R20 and R?! are each independently a hydrogen
atom or a Ci to C4 alkyl group),
15 a nitro group,
a carbamoyl group,
an N-(C; to C4 alkyl)carbamoyl group,
an N,N-di(C; to C4 alkyl)carbamoyl group,
"NHCORS® (where R% is a Ci to Cs alkyl group that may be‘
20  branched), and | |
a halogen atom;
(vit) 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,
25 a Ci to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to Cq alkyl group

that may be branched, a cyano group, NR20R2! (where R20 and R2! are
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t hegroupconsi sting of a3,4,5-trifluorophenyl group, 3,4,5-trichlorophenyl
group, a 3,4-difluorophenyl group, a 3-nitrophenyl 5 group, a 3-cyanophenyl
‘group, a benzot hi ophenyl-2-y1 group, a 3,5-difluorophenyl group, a
3-trifluoronethyl phenyl group, a 2,4-difluorophenyl group, a

3- et hyl sul f onyl phenyl group, and a 2,3 -b is (trifluoronethypp henyl
group. 10 15. The nethod of claim 13, wherein R7 and R8 of the conpound

d ; i i Kyl . ,
ot oy b b n SRR B B R AEBRIGPH Y o Gioahih Rl im0 B 1
15, whereln Blowda Fa:8holdy? HOWBOURM NICI 48" €3Nk cBM ddiEy! g@g%ﬁaﬁ') are

groups i ndependently sel ecte romthe group consisting o group,

an et hyl gr obpN-@&INCn+b@ydlkgheabandeyli grely] ¥t -NFICORS df hard geyik egtg%?’ and
a cycl ohexyl group. 17. The method of claim:16, wherein R and V of

t he conpoundCz@lkdmgreserthed nhyy bhdrénelmd)a (1) are the sane. 18. The
met hod of_ claim 13, wherein R7 and R8 of the conpound represented by the
formula (3) are takeYRROEWer to forma dival ent group sel ected fromthe

T het nod of o ai MRS Ehets, ehandohDotriuerabradermndsnaly ey ok a (1)

is'used in a i.Q 0O . B0 | %to 0.1 nol % per 1 nol of the conpound
represent ed %yo ﬁeafd(c:) Qrﬁ,uﬁé]a(lmg.mf@?’ 20. The method of claim 13, wherein

t he conpound repreasﬁ{grﬁ%g),y the formula (1) is used in a ratio of ‘0.005 nol
%to 0.05 nol %per 1 Ir I% t he conpound represented by the formula (1V).
15 21. The conpound: @drbem@dyNgoupherei n either one of R7 and R8 of the
conmpound represented by the formula (1) is a Cl to C12 al kyl group that may
be branced or foran N'éiﬂcﬂoi C: glipdjzaabambhegaidper of R7 and R8 of the
conpound represented_by the formul a&}i) is a 02 to Cl2 al kyl group that may
be branched or foran ¥ .By&i(CcteyfeupkyDarbanmyd geompound of claim 4, wherein

ei ther one of R7 qﬁﬁ'{&é %f t he cor‘g)(_)und represented by the fornula (1) is a
group selected fro RS Gtibereords) 4% i g oftoaCuealkyl grosmp thah menybe gr oup,

an n-butyl grou i sobutyl group, an n-decyl group, and a cycl ohexyl
group and t%%r &%ﬁggfc?fndcz)S R7 and R8 of the conpound represented by the

formula (1) is selaeﬁ£]§ eflraqgg;ra%dgroup consi sting of an ethyl group, an
n- butyl group, an i1sobdtyl group, an n-decyl group, and a cycl ohexyl group.

15 (viii) 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 C; to Cs alkoxy group that may be Branched,
an aryl group that may be substituted with a C; to Cs alkyl group
20 that may be branched, a cyano group, -NR20R2! (where R20 and R2! are
each independently a hydrogen atom or a C; to Cq alkyl group), a nitro
group, a carbamoyl group, an N-+(C; to C; alkyDcarbamoyl group, an
N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCORS® (where R is a C; to
Cs alkyl group that may be branched), |
25 a cyano group,
-NR20R2! (where R% and R?! are each independently a hydrogen
atom or a C; to Cy alkyl group),
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23. The nethod of claim9, wherein either one of R7 and R8 of the secondary
am ne represented by the formula (111) is a Cl1 to Cl12 al kyl group that may
" be branched or forma cyclic group and the other of R7 and R8 of the
secondary am ne represented by the fornmula (111) is a C to 5 Cl12 al kyl
group that may be branched or forma cyclic group. 24. The method of claim
10, wherein either one of BY and R8 of the secondary am ne represented by
the formula (I11) L%i?rog%r%ﬁB sel ected fromthe group consisting of a nethyl
group, an ethyl group, ahn n=butyl 10 group, an isobutyl group, an n-decyl
group, and a cycl ohexybafbPupriipd the other of R7 and R8 of the secondary
amine represented by the formula’ (I11) is selected fromthe group

consi sting of an ehRW-(Q§ esi|0 aanymcmwoggr?y%, an i sobutyl group, an
n-decyl group, and a cycl ohexyl group. 15 Z5. The nethod of claim 15,

wherei n either oneanfN,Nrdd6d tREoflkyheatdmnpedngonppr esent ed by the fornul a
(1) isaCl to Cl2 alkyl group that may be branched or forma cyclic group
and the of her of R‘NHFRY@ dwhere Bdrigoant: repiGas ebkdd ghyupt Hhaftormayt &e( 1) i s
a Cto Cl2 gl%i/l %;o%?» that may be branched or forma cyclic group. 20

26. The net hoB*Hha04i 346, wherein either one of R7 and R8 of the compound

represented by the Ia‘%l .1s a group selected fromthe group
consisting of a ne?%%pg%rno% ,n}’a_n et.hyl group, an n-butyl group, an isobutyl

group, an n-gec fcau n C h { ot her of 25.R7 and
R8 of the ‘cofrtpoﬁ%\dggrcép?oes(%ng g%%ﬁ“%e%%é r?'%%’g%%l ?{J?%cﬂs}% 8Lt ?o??fcelﬁe
group consi sgraigh)of an ethyl group, "an n-butyl group, an isobutyl group, an
n-decyl group, and a cycl ohexyl group. 27.A nethod for produci ng an

opti cal | 10 acwiheeeia- ianfheofoamivdae W) ghd ¢¥Tpri ses: hydrol yzing an imno group
(R14R18C=N-) _and an ester group (-CO2R17) of the conpound represented by
the fornul a BV a Beeun seleptedi fronh the givapnmnisisting ofiny one of clains 13 to
19, 25 and 26, un([’jjl(s'?:9 5. an acidj.c _condition:- 10(where R14, R15, R16, R17
and R18 are the sabe2drioth§ malkidigraan thatanay helyanched or form a cyelic

group;
(i) a Cs to Cs allyl group or substituted allyl group that may be

15  branched or form a cyclic group;

(i) a Cs to Cs alkenyl group that may.be branched or form a
cyclic group;

iv) a Cz to Cs alkyny!l 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
consisting of;

a Ci1 to Cq alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,

25 an aryl group that may be substituted with a Ci to Cy4 alkyl group

that may be branched, a cyano group, -NR2R2! (where R? and R2 are

each independently a hydrogen atom or a C; to C, alkyl group), a nitro
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28. A nethod for producing an optically active a-am no acid, which
conprises: 15hydrolyzing an imno group (RL4R18C=N-) of the conpound
"represented by the formula (VI) that is obtained by the nethod of any one
of clainms 13 to 19, 25 and 26, under an acidic condition: R160 O0-R17 (w)
(where R14, R15, R16, R17 and R18 are the same groups as defined in claim
13), -and hydrol yzi ng an ester group (-CO2R17) of the acid

o oduc ng. an FEUPcHl P37 R osih 45 SUCH S, Giechlislsrpemer! group, an
Formul & (V) ThCeCB oL R ey Okl oB NRU Bl iiei? T8 & e oo
19, 25 and 2@, dlR@LErcupP@titinEPBdidraRBhef14R16 0-R17 RI18(VI) 10(where
R14, R15, RIG R17 and R18 are the sane groups as defined in claim13), and
hydrol yzi ng an i m aeygnogpofiR14R18C=N-) of the basic hydrol yzed product
under an acidic condition.
: 5 -NR2R#! (where R20 and R?! are each independently a hydrogen
atom or a C; to Cq alkyl group),
a nitro group,
a ca-rbamoyl group,
| an N-(Ci to C4 alkyDearbamoyl group,
10 an N,N-di(C, to C4 alkyl)carbamoyl group,
-NHCOR? (where RS is a Ci1 to Cy alkyl group that may be
branched), and |
a halogen atom;
(vi) a heteroaralkyl group having a heteroaryl moiety, wherein
15 the heteroaryl moiety may be substituted with at least one group
selected from the group
a C1 to C4 alkyl group that may be brat_nched,
a Ci1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to Cq alkyl group
20  that may be branched, a cyano group, -NR20R2! (where R2® and R2! are
each independently a hydrogen atom or a C; to Cq4 alkyl group), a nitro
group, a carbamoyl group, an N-(C; to C. alkyllearbamoyl group, an
N,N-di(C; to Cq alkyl)carbamoyl group, or -NHCOR? (where R? is a Ci to
Ca alkyl group that may be branched), '
25 a cyano group,
-NR20R21 (where R?° and R2! are each independently a hydrogen
atom or a C; to Cq alkyl groﬁp), |
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Optically active quaternary ammoni um salt having axial asymretry and
process for producing a-am no acid and derivative thereof with the sane

" ABSTRACT 5 The present invention provides a conpound of the
followng formula (1) below. This conpound (1) can be produced by reacting
a 2,2'-dinmethyl ene brom de-1, 1' - bi napht hyl derivative, which can be
produced by a relatively small nunber of processes, with an easily 10

avai | abl e secondar ag ne. This conpound (1) is useful as a chiral
phase-transfer cataY¥C e REPrR2  (1). (no suitable figure)

a carbamoy! group,
an N-(C; to C; alkylcarbamoyl group,
an N,N-di(C; to C4 alkylcarbamoyl group,
5 ‘NHCORS?® (where R? is a Ci to Cq4 alkyl group that may be
branched), and
a halogen atom;
(vii) an aryl group, wherein the aryl group may be substituted
with at least one group selected from the group consisting of;
10 a Cy to Cy4 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 R20 and R2! are
each independently a hydrogen atom or a C1 to C4 alkyl group), a nitro
15 group, a carbamoyl group, an N (C1 to Cq4 alkyDcarbamoyl group, an
N,N-di(C; to C4 alkylcarbamoyl group, or 'NHCOR’a (where R9 is.a Cito
C4 alkyl group that may be branched),
a cyano group, -
-NR20R?1 (where R20 and R2! are each independently a hydrogen
20 atom or a C; to Cq alkyl group),
a nitro group,
a carbamoyl group,
an N-(C1 to Cq alkyl)carbamoyl group,
an N,N-di(C; to C4 alkyDcarbamoyl group,
25 "NHCOR® (where R® is a C; to C4 alkyl group that may be
branched), and

a halogen atom;
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(viii) a heteroaryl group, wherein the hetercaryl group may be
substituted with at least one group selected from the gfoup consisting of:

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

a Cyano group,

-NR20R2! (where R2¢ and R?! are each independently a hydrogen
atom or a C) to Cq alkyl group),

a nitro group,

a carbamoyl group,

an N-(C1 to C4 alkyDcarbamoyl group,

an N,N-di(C; to Cq4 alkyDcarbamoyl group,

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

a halogen atom; and

(ix) a Cs to Co propargyl group or substituted propargyl group
that may be branched, and
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.
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14, The method of claim 13, wherein R! and R! of the compound

represented by the formula (I) are groups independently selected from

the group consisting

group, a 3-cyanophenyl

3,5-difluorophenyl
2,4-difluorophenyl

group,

group,

of a 3,4,5-triflucrophenyl

group, a benzothiophenyl-2-yl
a  3-trifluoromethylphenyl

a 3-methylsulfonylphenyl

~ 2,3-bis(trifluoromethyl)phenyl group.

group, a.

3,4,5-trichlorophenyl group, a 3,4-difluorophenyl! group, a 3-nitrophenyl

group, a
group, a
group, and a

15. The method of claim 13, wherein R7 and R® of the compound

represented by the formula () are independently a Ci to Ciz alkyl group :

that may be branched or form a cyclic group.

16. The method of claim 15, wherein R7 and R® of the compound

represented by the formula (I) are groups independently selected from

the group consisting of a methyl group, an ethyi group, an n-butyl group,

an isobutyl group, an n-decyl group, and a cyclohexyl group.

17. The method of claim 16, wherein R7 and RE of the compound

represented by the formula (I) are the same.

18. The method of claim 13, wherein R7 and R® of the compound

represented by the formula (I) are taken together to form a divalent

group selected from the group comsisting of: *(CHs)m- (where m is an

integer from 2 to 8);
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22 dCH2°C\H2
Oh.clzHz
ng_q O—-CHz
[
2 CHp~CHy

19. The method of claim 13, wherein 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 represented by the formula (IV).

20. The method of claim 13, wherein the compound represented by
the formula () is used in a ratio of 0.005 mol % to 0.05 mol % per 1 mol
of the compound represented by the formula (IV).

21. The compound of claim 3, wherein either one of R7 and R8 of the
compound represented by the formula (I) is a C; to Ciz alkyl group that
may be bra;lched or form a cyclic group and the other of R7 and R8 of the
compound represented by the formula (I) is a Cz to Ci2 alkyl group that

may be branched or form a cyclic group.

22. The compound of claim 4, wherein either one of R7 and R8 of the -
compound represented by the formula (I) 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
R? and R® of the compound represented by the formula (I) is selected
from the group cbnsisting of an etfxyl group, an n-butyl group, an

isobutyl group, an n-decyl group, and a cyclohexyl group.
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23. The method of claim 9, wherein either one of R7 and R® of the
secondary amine represented by the formula (III) is a C; to Ciz alkyl
group that may be branched or form a cyclic group and the other of R7
and RE of the secondary amine represented by the formula (II) is a Cz to

Ciz alkyl group that may be branched or form a eyclic group.

24. The method of claim 10, wherein either one of R?7 and R8 of the
secondary amine represemted by the formula (III) is a group selected
from the group consistiné of a methyl group, an ethyl group, an n-butyl
group, an iscbutyl group, an n-decyl group,-and a cyclohexyl group and
the other of R7 and RS of the secondary amine represented by the formula
(I1D 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.

25. The method of claim 15, wherein either one of R7 and R8 of the
compound represented by the formula (I) is a C; to Cis aikyl group that
may be branched or form a cyclic group and the other of R7 and R8 of the
compound represented by the formula (I) is a Cz to Ciz alkyl group that

may be branched or form a cyclic group.

26. The methed of claim 16, wherein either one of R7 and R® of the
compound represented by the formula (I) 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 R® of the compound represented by the formula () 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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217. A method for producing an. optically active o-amino acid, which
comprises: hydrolyzing an imino group (R14R!5C=N-) and an ester group
(-CO2R1") 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:

==\
R15 * O—_RW
R‘I8’ (VI)

(where R14, R15, Ri6, R17 and R18 are the same groups as defined

in claim 18).

28. A method for producing an optically active c-amino acid, which
comprises: _'

hydrolyzing an imino group (R14RC=N-) 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:

R14 R160
==
R'15>-— * O—Rw
R‘TS (VI)

(where R14, R15, R16, R!7 and RI8 are the same groups as defined
in claim 13), and
hydrolyzing an ester group (-CO3R!") of the acid hydrolyzed

product under an acidic or basic condition.
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29. A method for producing an optically active aramino acid, which
comprises:

hydrolyzing an ester group (-CO:R1") of the compound
represented by the formula (VI) that is obtained by the method of any

5 one of claims 13 to 19, 25 and 26, under a basic condition:

R14 RTSO
=NL
R’!S * O""""R17
R18 (VD)
10 (where R4, R15, R16, R1" and R18 are the same groups as defined

in claim 13), and
hydrolyzing an imino group (R14R16C=N-) of the basic hydrolyzed

product under an acidic condition.

216



10

Optically active quaternary ammonium salt having axial asymmetry and

‘process for producing a-amino acid and derivative thereof with the same
ABSTRACT

The present invention provides a compound of the following
formula (I) below. This compound (I} can be produced by reacting a
2,2-dimethylene bromide-1,1"-binaphthyl derivative, which can be
produced by a relatively small number of processes, with an easily
available secondary amine. This compound (I) is useful as a chiral

phase-transfer catalyst.

(no suitable figure) |
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