10

15

20

25

DESCRI PTION Optically active quaternary amoni um salt
havi ng axial asymetry and process for producing
a-amno acid and derivative thereof with the same 5
Technical Field The present invention relates to an

~optically active quaternary ammonium salt having

axial asymmetry and a nethod for producing the sane.
The present invention further relates to a nethod for
producing 10 an opti caII active a-amno acid and
derivatives thereof, PAGIPAION opti cal Iy active
guat ernary anmmoni um salt havi ng axial asymetry as a
phase-transfer catal yst. Background Art 15

- Al k kja am no aC| ds represented by the fornula
W REEFP JUSIRRALY] HPRUUND Ratiuhaying @@@baﬁmgnetry and

am no i ds Most of the a-al kyl -a-am no _acids e ﬁ

PTOSHRSRF PTORPGNE S amping 8 dREivg R areRE WP Phe same

L-form having a L-configuration at a position carbon,

and the L-formconstitutes a pol ypeptide chain. On the

%&ﬂﬁi@ ﬁﬁﬁd the D-formexists in plants, fungi or
roorganlsns as a non- protein conpound.

e s O b
éﬁ‘h%ﬁlltﬁfn %ﬁ![ﬂq gll?é %ﬁﬂ:ﬁ' rRRGEHS Gnflfa | 0t Zﬂé:r gﬁ%r%;cmg the

functions SUC el ng tereo henlca

£8hB9 MRk Vﬁf@%ﬁﬁtlh%ﬁtlbﬁ BRENERLLGE9 thyﬁgpc%%%ﬂsfot?yproducmg

pr ot ease en the conmpound i s 1ncorporate nto a

PERiptiRlly Retiae didgnime a@ﬂpﬁﬁddﬁéﬁﬁrhbﬁ‘és rt?r%@@@f,so %%eng this
Bellier, B, et al., J. Chem, vol. 40, g

d;ﬂﬁk?alljaadtlﬁfbSﬁﬁiterlEarﬁhnﬂhomu'Eﬁtsfaahh@ﬁz@ﬂﬂg ai{lacls sﬁﬁﬁh:[e)try as a
vol. 8, p. 1305, 1997. The conpounds can be used, for

pﬂxwmtmnsh eepiystes havi ng an enhanced activity,
effective enzyne inhibitors, and chiral building
bl ocks for synthesizing conpounds having
Background Art

o-Alkyl-o-amino acids  represented by the formula
HeNCH(R)COOH are very important naturally occurring amino acids.-
Most of the o-alkyl-a-amino acids exist in animals, plants,
microorganisms or.the like in the L-form having a L-conﬁgﬁration at o
position carbon, and the L-form constitutes a polypeptide c;hain. On the
other hand, the D-form exists in plants, fungi or microorganisms as a
non-protein compound. Furthermore, o,a-dialkyl-c-amino acids

represented by a formula HoNC(R)(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

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




10

15

20

25

various biological activities. Such a, a- dialkyl-a-

am no acids have been 5 exam ned to be prepared by

catal ystic asynmetric reaction, but at present, no
effective nethod for preparing the sanme has been found

out. For exanple, the significance of chira

phase-transfer catal ysts, which allow stereosel ective

al kyl ati on of glycine derivatives, is increased in

the field of process chem stry because of its easy
Appminsetryorvol A8, ap.gd 30380 1AdvherThe¢ cosepewnfiescass heo used, for

~desi gn of phase-transfer catal ysts have been cgnducted

p¥a Pl g agaPAPiides nBAGIE Ak Adiancgdr pobiviteselipative enzyme
nqQw, and seyeral .useful nethods have been reported .
.@?E°r§e@‘éﬁm5\fli yuiiding; blgeks forspypihesizing espeepeds having

{r,%figﬂgi Sfo%qajggét%%%@téy a%glgcg %&iﬁglﬁi&l-al-é@ip\évéc%gé \ﬁda;rte been

Al dri chini -15 Act |. 34 .3, 2001 .Ho

GrAREEIL nop e Prebafid Y catiiic asg R Fa g bt at
| d . of hal -

Bl o BHBofiR e aRRU e s 3%t o SRmoRey PEsSonngont

tenmpergiul .'é§6m§1§9 lg%’g f%%?i:f%&n%@r&l 81‘.['i|rg(fj’g)lga%re-tggggﬁrbcé%talysts,

synt hesizin c-am no aci

" @B?%}? allpk ét%'rg@é@égﬁit% ?%%giroglaﬁgélﬁiﬁe ﬂgfsiiggagﬁ{eéfrﬁgefincreased

suc 20 cinchona very

Y fRCHleld BY POQUE dMRYSisRFE BaEShASr RRIGH dppREiNE A large
quat ernary ammoni um sal t "havi ng axi al asymretry, and

ehdibeli FhelBatchds af 8h de8igis 8¢ pAssa-tPAASRYId=AANRE have been
catal yst for synthesizing stereo selectively a-am no
asiditted Weaeind athiabdp\eendlsnt HRABRD de2brdttvelk GREN now and
Patent Publication No. 2001-48866; Japanese Lai d-Open
deveeal uRublli entthods Noave? ®@3n 8ipottedid.goisee BhieirialT. et al.,
J. Am Chem Soc., vol. 122, p.5228, 2000). For
Eamdhéinga €pncepteonpoudtemépiveseadisdd byby 2Vogte, F. et al,
following formula is very useful for asymetric double
Wilky1YaViCoh: $feinheimi nel 2 r3004)% iandsOdnonnel mivbt 4 Aldrichimica
nonoal kyl ati on of a-al kyl-a-am no acid derivatives

A¢tag volaPdnpnb 20Dy atfi eyer, Wil 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,a-dialkyl-a-amino acids as

described above, chiral phase-transfer catalysts derived from such
cinchona alkaloid are not very useful.

The present inventors have prepared an optically active
quaternary ammonium salt having axial asymmetry, and clarified that it
can be wused as a phase-transfer catalyst for synthesizing

stereoselectively o-amino acids as described above (see Japanese

- Laid-Open Patent Publication No. 2001-48866; Japanese Laid-Open
“Patent Publication No. 2003-81976; and Ooi, T. et al., J. Am. Chem. Soc.,

vol. 122, p.5228, 2000). For example, a spiro-compound represented by
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BP 5 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, 10 and for exanple, when chiral

bi napht hol, which is easily available, is wused as the
starting raw material, as many as el even processes are

required only to prepare the structural portion on the

| eft side of the catalyst. Thus, preparation takes
therfoliowling bomukmis vessussfilnfoniagymmesric dihikde adkglation of
| arge drawbacks. 15 Disclosure of Invention The i
glicpes degivatieesp padeasyinmednid sronaalkylagioyiddermlkyl-a-amino

chiral . phase-transfer catalyst &a}nvi ng a sinplified
4¢ r&Y%tlY%%lfe-Sar@lﬁémepﬁi%ﬂﬂﬁé’@ﬂe a fewer nunber of
processes. 20 The I € ent _prent | royi des a

rorula (1)

compound represg
R 6 FR N X_ R8

"R 4" R'" RT RZ 3 wh R3, R3', R4,
R4% R5, R5', R6, 2 g 3. 1 pdependent |y
selected fromt Nsi ) a hydrogen
atom (ii) -NR20OR g 4_are each

i ndependently a PhF3
(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 binaphthol, which is easily available, is
used as the starting raw material, as many as eleven processes are

required only to prepare the structural portion on the left side of the

- catalyst. Thus, preparation takes time and labor, and results in high.

cost, which are large drawbacks.

Disclosure of Invention

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

The present invention provides a compound represented by the

following formula (I) below:

(I
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5 hydrogen atomor a Cl to C4 alkyl group); (iii) a
cyano group; (iv) a nitro group; M a carbanoyl group;
(vi) an N-(CG to 4 al kyl)carbanoyl group; 10 (vii) an
N, N-di (O to C4 al kyl)carbanmoyl group; (viii) -NHCOR9
(where RO is a Cl to &4 al kyl group that may be
branched); ) a Cl to CG al kyl. group that may be
branched or forma cyclic group; 15 Wa C2 to C6
al kenyl _group_that may be branched or forma cyclic
ghewpin Rii kY aRE:ZR% oREGREI Rk, BPoBD. RhaandmRf &wee groups
branched or fqorm a cycllc group; (xili) an ar al-kyl .
ndgnglyeseleeted fap thevarauy consishagatal kyl 20
group &ﬁy be substituted with at | east one group
sel ect hatshress agp®ap conS|st|ng of* C to C4

ar oup St NAE: Blherendt 4 %H,Pﬁl S pathaindmehdently

tituted th CL. t . 25 t hat
R O o2 S b ST PBlrnt " hner o RBo. ang”

R21 ar %) § each |0nde%endently a hydrogen atomor a Cl to
4 al k@lr cYuE)]) Ritro group, a carbanoyl group, an
N (Ci %ln%c%l arbanDyI group, an 4 N Ndi(d to
4 al k@ﬂcar group, or -NHCOR9 (where RO is a C
to vvhgt rmy be branched), a cyano
group, - ere h20 and R21 are each

. pgﬁpe@@mﬁlw (el @8@405%5}1)(:5&&&@;579@&1@ to C4 alkyl
aroue) (’vu) an N,N-di(C1 to C¢ alkylcarbamoyl group;

(viii) -NHCOR?® (where R? is a C; to Cs alkyl group thét may be
branched); |

(ix) a C1 to Cs alkyl group that may be branched or form a cyclic
group;

(x) a Cz to Cs alkenyl group that may be branched or form a cyclic
group;

(xi) a Cz to Cs¢ alkynyl group that may be branched or form a

~¢yelic 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 Ci1to Cs alky‘kl group that may be branched,

a C1to Cs alkoxy group that may be branched,

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

group, a carbamoyl group, an N-(Cy to Cs alkylcarbamoyl group, an
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a nitro group, a carbanmoyl group, an N-(ClL to 4

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

al kyl ) car banmoyl group, 10 -NHCOR9 (where RO is a Cl to
C4 al kyl group that may be branched), and a hal ogen
atom (xiii) a heteroaral kyl group having a heteroaryl
noi ety, wherein the heteroaryl noiety nay be
substituted with at |east one group 15 selected from

t he oup consisting of. Cl to ™4 a roup that
%@bﬁ@rﬁht@l&yl Jeathamoylgrenkons - E}HX@RE whepgyRbi a Ci to

branched an _aryl group that y be substituted with a
alleylgroapiihatgnaype branched), be branched, a cyano

group, -NR20R21 (where R20 and R21 are 20 each

i ndepeh8&nt9 grellhydr ogen atomor a Cl to ¢4 al kyI

%ELOQFLWI?Z %%&s@@ gfzoﬁngj{lﬁa%%xé%qq{ R?a]%fl}ll-t y a Bydrogen

&%P& ég?&% %lggfgﬁ%ﬁp%e_ Elr ancheé?he;ec%ngsg?o%, He

25 NR2 11~ V\’h%re R20 and R21 are each independently a
hydrogaeﬁ1 BB a G to &4 al kyl group), a nitro

2y BT e an i N (G to ot
o oo e e 1212 5. Lo o
atom an N,N-di(C; to Cs alkyl)carbamoyl group,

-NHCOR? (where R? is a C1 to Cas 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:

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 C: to Cs alkyl group
that may be branched, a cyano group, -NR20R21 (where R? 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 alkylDearbamoyl group, an
N,N-di(C1 to C4 alkylcarbamoyl group, or -NHCOR? (where R9 is a C to
Cs alkyl group that may be branched),

a cyano group,

-NR20R21 (where R2?0 and R2! are each independently a hydrogen
atom or a C1 to Cs alkyl group),

a nitro group,
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(xiv) an aryl. group, wherein the aryl group may be
substituted wth at |east one group selected fromthe
group consisting of: a C, to C4 al kyl group that nay
be branched, 10 a Cl to C5 al koxy group that may be
branched, an aryl group that nmay be substituted with a
Cl to ™ alkyl group that may be branched, a cyano
group, -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group)a carhzirthoywl gopugip, a car banoyl group, an N-(Cl to
4 al kyl ) carbanmoyl group, an 15 NNN-di (A to 4

al kyl )araNo&@oyd Cél@dgﬂ)cwbammnere ROis aClto

C4 al kyl group that may be branched), a cyano group,
. NRZOml\gNﬁélr(QlM@e@]émgrbﬁ@oé’ééﬁoﬁlmdependent ly a

Do AT R & 6 LY FF I s v
@%@iﬁmzl g£832 iarIQII—EI:’OI;I-Q.dI(\(/vl?erfaoRQCZLi sal to4
and - & BAISERUSHERE n s 0. 1 or 2 And Ris G to
G821 810 S5 0SBl BT B p g Bpsted
LG g 0yd SANTR PRI P b o o
%o ST D ) S0 g R L o
g?gngﬁaeg?%G@l-eé’l’koxggﬁﬂp%a@'ﬁ&%%e%&%h@ﬂ?t may be

an aryl group that may be substituted with a Ci1 to Cs alkyl group
that may be branched, a cyano group, -NR20R?! (where R20 and R?! are
each independently a hydrogen atom or a Ci to C4 alkyl group), a nitro
group, a carbamoyl group, an N-(C; to Cs alkylcarbamoyl group, an
N,N-di(C; to C4 alkylearbamoyl group, or -NHCOR? (where. R91is a C; to
C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where RZO and R2! are each independeritly a hydrogen
atom or a Ci1 to Cq¢ alkyl group),

a nitro group,

a carbamoyl group,

an N-(Ci to Cy alkyDcarbamoyl group,

an N,N-di{(Ci to Cs alkyl)carbamoyl group, |

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

a halogen atom, and

-S(0)x'R (where nis 0, 1 or 2, and R is a C; to C4 alkyl group that
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an aryl group that may be substituted with a G to 4
al kyl group that may be branched, a cyano group,
-NR20R21 (where R20 and R21 are 10 each independently
a hydrogen atomor a C, to C4 alkyl. group), a nitro
group, a carbanoyl group, an N-(Cl to C4

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

al kyl ) car banmoyl group, or -NHCOR9 (where RO is a Cl to
C4 al kyl group that may be branched), a cyano group,
AayNR2bRdcHasher e R20 and R21 are each independently a
hydrogen atomor a G to (4 al kyI roup), nitro

or gy, be cabbtitrotdd yrithupQ -GN Qr (wheod m is 1 or 2) at positions

- al kyl ) car banoyl group, 20 an N Ndi (O to 4

dland ¥ takeatogethgroapd - NHCOR9 (where R9 is a G to c4
al kyl &Fs)up that nmay be br anched) and a halg
at om andiatereaty | gaMs Whaspendenthsteserisdt skpun gRay be

%1? St o) a@jlae eaésgtf%’gf’ (S'r%aﬁtﬁfg ¥ishg PR OT @&S.ﬁfaﬁg of:
may beh Gr ARk BBlR 5t EyeY PE 1Bt ”?4(. 02 to
cyel i & broa s fbmnte hatongy e etne aryl
R S NN S
aﬂ%yhaag; 8&'@)1‘%@1@&@&?& aﬁuﬁf gP&H’Ed*NR%Rﬂ (where R2® and R2! are
each independently a hydrogen atom or a Ci to Cs alkyl group), a nitro
group, & carbamoyl group, an N-(C; to Csi alkyl)carbamoyl group, an
N,N-di(C; to Cs alkyDcarbamoyl group, or -NHCORS? (ﬁrhere R%is a C1 to
C4 alkyl group that may be branched), |

a cyano group,

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

a nitro group,

a carbamoyl group,

an N-(C; to Cs alkylcarbamoyl group,

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

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

a halogen atom;
R7 and R3 are gfoups independently selected from the group consisting
of:

(i) a hydrogen atom;

(i1) a C1 to Ciz alkyl group that may be branched or form a cyclic
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a Cl to C5 al koxy group that nmay be branched, 10 an

aryl group that nay be substituted with a Cl to 4

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

-NR2OR21 (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-N(Cl to C4

al kyl ) carbanmoyl group, an NNdi (G to C4

al kyl ) car banoyl group, or -NHCORO (where RO is a Cl to
g¢bodpd al kyl group that may be branched), a cyano

group, .NR20R21 (where R20 and R21 are each

i ndepetidkmt 0z @ Kyoradgenyl groap dhai Bayt be Grazickhed or form a
group), a nitro group, 20 a carbanmoyl group, an N-(Cl
cxclicdgmpy| ) car bamoyl group, an N, N-di (C to C4

al kyl ) car bampyl group, -NHCOR9 (where R9 is a C%A o] Cf‘

al kyl GvoapCertat Crmypllenybesoemddnt may be brampsg 6éé?¥ orm a
atom (vi) a heteroaryl group, wherein the heteroaryl
eYDIFSIPP be substituted with at | east one group

:uelk)e/ |Ct @S@I}{,&%&ﬁ% %x@?ﬁﬁhﬁt@g?z? gg&p tnga % ﬁu%g%uted with
dh e b ian wsien oo Ry ofuehRe il oy oo

are 5 e CLANRANRHR el g A B O 27t T

ER t R BN R g S R P
1) PR S L BT U650, & G Pesn
that may be branched, a cyano group, -NR20R2! (where R2° and R?! are
each independently a hydrogen atom or a Cj to Cs alkyl group), a nitro
sroup, a carbamoyl group, an N-(C: to Cs alkyDcarbamoyl group, an
N,N-di(C; to C4 alkyDcarbamoyl group, or -NHCOR? (where R? is a C1 to
Cq4 alkyl group that may be branched),

a cyano group,

-NR20R21 (where R20 and R?! are each independently a hydrogen

~-atom or a C1 to Cs alkyl group),

a nitro group,

a carbamoyl group,

an N-(C1 to Cs alkylcarbamoyl group,

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

-NHCOR? (where R? is a Ci1 to Ci alkyl group that may be
branched), and

a halogen atom;

(vi) a heteroaryl group; wherein the heferoaryl group may be

substituted with at least one group selected from the group consisting of:
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10 -NR20R21 (where R20 and R21 are each independently
a hydrogen atomor a G to C4 alkyl group), nitro
group, carbanmoyl group, an N-(C to 4

al kyl ) car bamoyl group, 15 an NNN-di (d to C4

al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4
al kyl group that may be branched),and a hal ogen atom
(vii) -(CH2), OCONRI OR' (where RIO and R' are groups

20 i ndependently sel ected fromthe group consisting
of : (13 Ca thy@y alder gabupith@?)may 6& hrenched) kyl group
that may be branched; (3) a C2 to CG al kenyl group

t hat nmf1be Gr alishydgronupf drahmagye beangphedp ;. 25 (4) a
C2 to C6 al kynyl group that may be branched_or form
cycl i capyesyberoys fhahmayabk pubgtibuted Wit aiGn thE+4lkyl group

s e el S A TR A0
AN i, DTS
BEGHE AT B AP LA, Sl o, o
CPUEE 3R o T AT T P ERIRO, SR 98D . o
SR L] G v Rb Bt 2yl carvaroyl
rrgl;l(‘ﬁ?gg %grﬁggijﬁ 10is a G to C4 alkyl group that
-NR20R2! (where R20 and R2! are each independently a hydrogen
atom or a Ci to Cs alkyl group),
a nitro group,
a carbamoyl group,
an N-(C1 to C« alkyl)carbamoyl group,
an N,N-di(C; to Cs alkyDearbamoyl group,
-NHCOR? (where R? is a Ci to Cs alkyl group that may be
branched), and
a halogen atom;
(vii) '(CHz)nOCONRloRl-l (where R1®© and R are groups
independently selected from the group consisting of: |
(1) a hydrogen atom;
(2) a C1 to C4 alkyl group that may be branched;
(3) a Cg to Cs alkenyl group that may be branchéd or form
a cyclic 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

9
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a cyano group, .NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a G to C4 al kyl
group), a nitro group, 15 a carbanmoyl group, an N (Cl
to ¢4 al kyl)carbanoyl group, an N,N-di (G to 4

al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4
al kyl group that may be branched), and 20 a hal ogen
atom (6) a heteroaral kyl group having a heteroaryl

noi ety, wherein the heteroaryl noiety may be

sstiky] Euden may heatubsistiedmeithyab lgastedne geoup reotedthd from
group consisting of: a Cl to C4 al kyl group that nay
the groarpctetkistifg off C, to C5 al koxy group that may be
branched, an aryl group that nay be substituted with a
G to C4 al&{k tgrcgtqdkvharomyhb‘emﬁcsah@H&éapcla%yano
group, -NR20R21 (where R20 10 and R21_are each

i ndependent 183/Ca toaral5eRY &rerPdhah meay g t(?‘;@néf‘@i

o 8 L U S, BRI 8 o
L S A T TSP i e
SO RO L D, PR o, ey
i T 3 R —
@lol@bl, )a%aN?ﬁU@iXbl 95 Palkyl)carbamoyl group, or -NHCOR? (where R®
is a C1 to C4 alkyl group that may be branched),

a cyano group,

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

| a nitro group,

a carbamoyl group,

an N-(C; to Cs alkylcarbamoyl gfoup,

an N,N-di(C;1 to Cs alkylcarbamoyl group,

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

a halogen atom;

(6) a heteroaralkyl group having a heteroaryl moiety,

wherein the heteroaryl moiety may be substituted with at least one

group selected from the group consisting of:
a Ci1 to Cs alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to Cs

alkyl group that may be branched, a cyano group, -NR20R?! (where R20

10
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-NHCOR9 (where RO is a Cl to C4 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 selected fromthe group consisting

of : G to &4 alkyl group that may be branched, G

to C5 al koxy group that may be branched, an aryl group
that may be substituted with a ClL to C4 20 al kyl

group that may be branched, a cyano group, -NR20R21
ivbers R2O eaaRdifBbeaideneBch hydependendhy oa oyCh ogeds alkyl
atomor a G to C4 alkyl group), a nitro group, a "
SRR MBMitrOEen, B0aMbdbyl grdib, alkN-{Catdfhmikyl)carbamoyl
group, an N,Ndi (O to C4 al kyl)carbanoyl group, or
eNHGORS NiNed¥CRI0 € sakkyOlarba@byllgrghpgoooHEQR faghere R?
be branched), 25 a cyano group, -NR20R21 (where R20 :
anal (R0 Gu elkyd groin ddpé mienbeybranchedh.ogen atom or a

Cl to &4 alkyl group), 11 nitro group, carbanoyl

group, an N yan®g®mml kyl ) car banoyl group, an

N, N-di (G to C4 al kyl).carbanpyl group, 5 -N
“(where RO i sNRER% dwdprsl RyT Qj%‘glﬁ)zl{t A&k w?cg%ﬁependenﬂy a

branched), and a_hal ggen.atony .and (8) a heteroaryl
@Y@mger\mf@méiorﬁatﬂetﬁégéﬂéé{iﬁro‘gl’)oup my 10 be

substituted with at | east one group selected fromthe
group consi st PHGC &PUP: C1 to C4 al kyl group that may

be branched,
: a carbamoyl group,

an N-(C; to Cy4 alkylcarbamoyl group,

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

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

a halogen atom;

(7) an aryl group, wherein the aryl gfoup may be

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

a C1 to Cs alkyl group that may be branched,

a Ci1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to Ca4
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 Cq alkylcarbamoyl
group, an N,N-di(C1 to Cs alkyl)carbamoyl group, or -NHCOR? (where R®
is a C1 to Cq alkyl group that may be.branched),

a ¢yano group, -

-NR20R2! (where R2?0 and R2! are each independently a

hydrogen atom or a C1 to C4 alkyl group),

11
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pranchen

C to C5 al koxy group that nmay 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,

-NR2OR21 (where R20 and R21 are each independently a

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

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

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

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

to C4 al kyl .z giteyerbhpl may be branched), .20 a cyano

group, .NR20R21 (where R20 and R21 are each

i ndependent lgycarbdnyalylogempat om or a Cl to C4 al kyl

group), nitro group, carbanmoyl group, 25 an N-(CG to

4 al kyl ) cardmbdd(C: 4y GuplkphcatbandexiGrony, C4

al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4

al kyl ~ group dth, NdifCodo CGoalkyiiceneampoihgretmal ogen

atom and n is an integer_froml to 12); (viii)

_(CH2) , CONRIEHE QRihbveeri R dnd Brtart: @P%’&p%muﬁ that may be

i ndependently selected fromthe group consisting of:
s,dﬁl%%en atom (2) a G to C4 alkyl group that

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

group may be? ﬁ§lft§setn| $@d with at | east one group

sel ected fromthe group consisting of: 10 a G to (4

#%yl group that may be branched, a Cl to C5 al koxy

h b d .
TUbsti 1 ut ed G higRaparyl G Phitesfl AP pAbal gt may
e %ﬂggﬁgﬂte% WA UL Rine W&le@t@?ﬁﬁ%nﬁ%ﬁe group consisting

.of:

aCito C4Aalky1 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, -NR20R21 (where R2¢
and R2! are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkylcarbamoyl
group, an N,N-di(C; to Cs alkyDcarbamoyl group, or -NHCOR? (where R?
is a C1 to Cl4 alkyl group that may be bran_ched),

a cyano group,

-NR20R2! (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 alkyl)carbamoyl group,

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

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

12
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and R21 are each independently a hydrogen atomor a C
to C4 al kyl 15 group), a nitro group, a carbanoyl
group, an NN(Qg to C4 al kyl)carbanmoyl group, an

N, Ndi (A to C4 al kyDcar banoyl group, or -NHCOR9
(where RO is a Cl to &4 al kyl group that may be
branched), a cyano group, ~NRHR21 (where R20 and R21
are each independently a 20 hydrogen atomor a Cl to
C4 al kyl group), nitro group, carbanoyl group, an
PeArdhedd, £4d al kyl ) car banoyl group, an N,N-di (O to C4
al kyl ) car banoyl group, 25 -NHCOR9 (where RO is a Cl to
C4 al kyl groupaldgetn atombe branched), and a hal ogen
atom and 13 (4) a heteroaryl group, wherein the

aed er oy intpeeudromyl thd25ubst i tuted with at | east one
group selected fron1the]grou consi st i ng

C4 al Kytiihr optieh&IONBy*BE breheteed R'4 am@i?f By Gepve  groups
al koxy group t hat y be branched, .an ary] group that
yaslepeadsubist $Et19'€f@élnap%t goRR CESISENZRAL gr oup t hat
and 21 ar e dacHT HAGBBRIGHLI y a hydrogen atom o a CL
(001 110 GSLOUBlo gL T 0SBy BB
%90, (A AN a8t e o v
T T et e S R SR
al kyl group), Cj to Cq4 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 Cq
alkyl group that may be branched, a cyano group, -NR2°R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to Cs alkylcarbamoyl
group, an N,N-di(C1 to Ca alkyl)carbamoyl group, or -NHCOR? (where R®
is a C1 to C4 alkyl group that may be branched),

a cyano group,

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

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkylcarbamoyl 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

~ a halogen atom; and

13
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15 a nitro group, a carbanoyl group, an N(C to C4

al kyl ) carbanoyl group, an NNN-di (A to 4

al kyl ) car banmoyl group, -NHCOR9 (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); (iXx)
-(CH2) . NR12COR13 (where R12 and R13 are groups

i ndependently selected fromthe group consisting of.

25 (1) a hydrogen atom (2) a Cl to C4 al kyl group

that may be (by anedtedoartyd)cramparwheginithe hdterearylt group may
aryl. group may be 14 substituted wth at |east one

[):1 @ubsﬁﬁhﬁdt\edshf atoleashengrgnoppcsalsiteti frgmothe goyup goxgsting
al kyl ‘group that may be branched, C to C5 al koxy

@t oup that may be branched, an aryl group that may be
substituted with a G to C4 5 al kyl group that may be

br anched, aac(ffatmcgraéklﬂ grauep thRet m@xhes brd F@@mdand R21

are each i ndependently a hydro en ato or Ct} &o A4

al kyl group? 1é0rq5t&£0§Yc&§BuP h@ﬁr%%)%ﬁl NGRS an

N-(Cl to C4 al kyl b

al (kyl )cgr barﬁaiylarﬁi S&%rﬁugo? R % \ﬁﬂag?téhg_@ﬁl g’vché E’Cl&élt0 Cq
[ k b h d 1

@&aﬁgr%uny r°“pmﬁ%%ga@fée§ﬁa é%“ﬁa%s oHNRHRA Grhere R
dent | t I

O Sreearh ] 43% HshanByEeftatatt ot ¢V to €y alkl
group)kxllhgxaor kg’?o”&’ﬁ’ ! galgo%oyl group, an N-(C1 to C4 alkyl)carbamoyl

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),

a cyano group,

-NR20R?! (where R2® and R2! are each independently a
hydrlogen atom or a C1 to Ca4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(C1 to C4 alkyDecarbamoyl group,

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

-NHCOR? (where R? is a Ci1 to C4 alkyl group that may be
branched), and

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

(ix) -(CH2).NR1ZCOR!® (where R!2 and R are groups
independently selected from the group consisting of:
- (1) a hydrogen atom;
(2) a C1to C4 alkyl group that may be branched;

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

14
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an N,N-di (d to C4 al kyl)carbanoyl group, -NHCOR9
(where RO is a Cl to C4 alkyl group that may be
branched), and a hal ogen atom and 20 (4) a heteroaryl
group, wherein the beteroaryl group may be
substituted with at | east one group selected fromthe
group consisting of: G to C4 alkyl group that nmay
be branched, Cl to C5 al koxy group that nay be
branched, 25 an aryl group that may be substituted

whbdtiautel WwiehGh leakkyhe group sehatedfiyorhehbraroapednsisting of:
cyano group, -NR2()R21 (where R20 and R21 are each
i ndependent |y Ca tbyCl alkgh gabamthat andy bedr@achbdyl 15
group), a nitro group, a carbanmoyl group, an NN(C to
C4 al kyl) card@nuylCs gikony, granpNhissdn agibet radshed,
al kyl ) car bamoyl group, or -NHCOR9 (where RO is G
to C4 al kyl @ cupl tdrauprbyatbensy dlﬁcﬁ@b?tlt@t%%/a‘ﬁéh a Cl to Cq
group, 5 NR20R21 (where R20 and R21 are each - 20
aHcd pexedgnthat anashberlmgaéwhsdom eyanp group, A RAIRY| (Where R
grou nitro group, _carba roup, an N-(C
anﬂy }%amaﬁm% pdeRand emlsa n?amrase(laatpal ex & &1 18 & allkyl
al kyl,) car banmoyl group wher g_ P 10
BroR); griviey gmpyn%yab@msy R )ani@a ﬁ%ﬁé‘ﬁbcagﬁamoﬂ
atom oml .to 12) g
g{@%%ﬁ%ﬁ%@%ﬁ& i?a%‘?ylaﬁ’r@u& 8t pgmﬁom (where R
5sng%31 6 i]yyl gsr%lu%Cttha Jlerlsg hr%r%h%ﬂ?, consi sting of. ‘

a cyano group,

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

a nitro group,

a carbamoyl group,

an N-(C; to C¢ alkylDcarbamoyl group,

an N,N-di(C;1 to Cs alkylecarbamoyl group,

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

a halogen atom; and

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

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

_ofi

a Ci to Cs alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to G4

alkyl group that may be branched, a cyano group, -NR20R?! (where R20

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

15
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‘to C4 al kyl YEBIRALRY

(1) a hydrogen atom (2) a C, to C4 al kyl group that
may be branched; (3) an aryl group, wherein the aryl.
group- may be 20 substituted with at |east one group
sel ected fromthe group consisting of. Clto 4

al kyl group that may be branched, 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, -NR2OR21 (where R20 25 and

@ohp@f 8 1HeE gk oEe Pe B hyy Bghyds,apeN-4Coto €y akglcarhamoyl

alkyl group), a nitro group, a carbanoyl. group, an
D, droNCW-al(Ky | tho@y hiagdydarbgnonp, granpNoh- MIHCOR dwdxere RO
al kyl') car banmoyl group, or -NHCOR9 (where R9 16 is a
la (q t64C ah Kyl gyooppthiabatayde enshadbhed), a cyano
group, -NR20R21 (where R20 and R21 are each
i ndependent |y cpantgdowgen atomor a Cl to C4 al kyl
group), 5 a nitro group, a_carbamoyl group, an N (G
to C4 al kyb)d\éR%?mgyﬁwlgerI@u&” andy K'drre each dpdependently a
al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4
by &x02egr e OF 8 %m§9 (yealkyd %Pﬁﬂ)ehed) ,and a hal ogen
atom and (4) a heteroaryl. group, wherein the
het eroaryl of 84 OrY"Phe substituted with at |east one
group sel ected fromt{]e roup consisting of. 15 a C

g ‘be branched, a Cl to C5

T

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

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

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

(x) -(CH2)uNR1ZR1 (where R12 and R13 are groups independently
selected from the group consisting of:
" (1) a hydrogen atom;

(9) 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 selected from the group consisting of:

a C1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C1 to Ca
alkyl group that may be branched, a cyano group, -NR#R?! (where R20
and R?l are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkyl)carbamoyl

group, an N,N-di(C1 to Cs alkyl)carbamoyl group, or -NHCOR? (where R?
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- Brigy

al kyl . group that may be branched, a cyano group,
-NR2OR21 (where R20 and R21 are each independently a
hydrogen atomor a ClL to C4 al kyl 20 group), a nitro
group, a carbanoyl group, an N-(CG to C4

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

al kyl ) car banoyl group, or -NHCOR9 (where R9 is a C
to C4 alkyl. group that may be branched), a cyano
group, -NR20R2'" (where R20 and R21 are each

indenendenhliyylarodd thudragebediramchedy G to C4 al kyl
group), nitro group, carbanoyl group, 17 an N-(C to
C4 al ' kyl) cad bpamylergipup, an N,N-di (G to C4

al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to C4
al kyl group -NRPR¥y(veerebRah ched)R2lande Sachhandepandently a
atom and nis an integer froml to 12); (xi)

hi CHYenyaoRl 21 (anberte G4 alkyd gBpuph C4 di val ent
saturated hydrocarbon group that may be branched, and
R12 is a groupigelsreu®d fromthe group consisting of.
10 (1) a hydrogen atom (2) a Cl1L to C4 al kyl group
that nay be bearRaeayl 89Uin aryl group, wherein the

el ected | o MLCutady BERDFSTHABOS E0Fra to oF
aroup that " 8 b Bl Cicd: Ay ieshRaRatis b Re may be”
branched, a SYHCERr SukeE RSt ey BTk R I may be
e}iaecdj, Erﬂqgependent ly a hydrogen atomor a Cl to 4
a halogen atom; and
(4) a heteroaryl group, wherein the heteroaryl group may

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

a C1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C1 to C4
alkyl group that may be branched, a cyano group, -NR2'R2! (where R20
and R? are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to Cq alkylDcarbamoyl
group, an N,N-di(C1 to Cs alkyl)carbamoyl group, or -NHCOR? (where R®
is a C1 to Cs alkyl group that may be branched),

a cyano group,

-NR20R?! (where R20 and R2! are each independently a
hydrogen atom or a C1 to Cs alkyl group),

a nitro group,

a carbamoyl group,

17
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group), a nitro group, a carbanmoyl group, an NN(C to
4 al kyl ) carbanoyl 20 group, an NNN-di (A to 4

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

toC4 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), 25 a nitro
group, a carbanoyl group, an N-(Cl to C4
al kyl ) carbanoyl group, 18 an NNN-di(C to 4

‘al kyl ) car baray IN-0E ot (s MR Hasheylegi@p, s a CL to o

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

atom and 5 g@N,N- ﬂf(Certoa(EMﬂkgrﬂ)wpbamwi grouphe

het eroaryl group may be substituted with at |east one

group sel ectdHEOR thkexy Bdgs cofisitet Cnglkydfgroupdhatomay be
4 al kyl group that may be branched, Cl to C5 al koxy

grmtﬂletdﬁa@ndmy be branched, 10 an aryI group that may

be substltuted with a C to C4 alkyl group that may

be branched,& Ral9Eemcatgmeup, - NR2OR21 (where R20  and

R21 are each in pendentl a hydrogen atomor a G to

and dl’r@yﬂml@?e(&%%rmﬁ hiq |13 'group, a carbanoyl group, an

15 68 R i s
]gly Cﬁﬁglﬁk}yﬁ? Eou that ngﬁ%n%beif Z?I?lg g[-g’)lhls acéll%Ql% selected
%nde 3%291?# %é?%SlS %%)(&gen atomor a C, to C4 al kyl

(1) a hydrogen atom;

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

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

a C1 to Ca alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl gfoup that may be substituted with a Ci1 to Cs
alkyl group that may be branched, a cyano group, -NR20R2! (where R?
and R?! are each independently a hydrogen atom or a Ci to C4 alkyl

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

“group, an N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCOR? (where R®

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

a cyano group,

-NR20R2! (where R20 énd 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 alkyl)carbamoyl group,

18
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20 a carbanoyl group, an NN(Cl to C4 al kyl) car banoyl

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

-NHCOR9 (where RO is a Cl to C4 al kyl group that nay

be branched), and 25 a hal ogen atom and n is an

integer from1 to 12); (xii) -(CH2).-OR12 (where R12

is a group selected fromthe group 19 consisting of.

(1) a hydrogen atom (2) a C, to C4 al kyl group that

may be branched; (3) an aryl. group, wherein the aryl

group may ben N, Nu@gCh totCda Nyl kasbamesstrome gr oup

sel ected fromthe group consisting -of. Clto 4

al kyl group -NTACORH (vkefr RAdhed(: t€C4 alk3d grokpxihat may be
group that may be branched, an aryl group that may be
seehsthedltasdwi th a C1L to C4 al kyl group that may be
branched, a cyano group, -NR20R21 (where R20 10 and

R21 are eacla habmesendteom’snd hydrogen atomor a Cl to

C4 al kyl grOUf), a nitro group, a carbanoyl group, an

N-(Cl to C4 (@) kyhyteapamnogrounyreberelnthg Retgrearyh gragp may
al kyl ) car banoyl.. group, or -NHC(@ ( re isacCl. .
ko sehsEfripd ‘gi’f&hﬁgiw Gy 8B E E‘i‘?g(]fl‘,onhi%ﬁmup consisting
group, 15 -NR2OR21 (where R20 and R21 are each
‘i’ﬁwdependently a hydrogen atomor a Cl to C4 al kyl

SLOR), 1 Tt BT P B SSE e B B, *°
al kyl) car banafbll tgr(%ugl’koxy 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 R20
and R?! are each independently a hydrogen atom or a Ci to Cas alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cq alkyDcarbamoyl
group, an N,N-di(C: to Cs alkyl)carbamoyl group, or -NHCOR? (where R?
is a C1to Cs ‘alkyl group that may be branched),

a cyano group,

| -NR20R2! (where R20 and R2?! are each independently a

hydrogen atom or a C1 to Cs alkyl group),

a nitro group,

a carbamoyl group,

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

an N,N-di(C; to C¢ alkyDcarbamoyl group, |

-NHCOR? (where R? is a C1 to Cq alkyl group that may be
braﬁchéd), and 4

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

(xii) -(CH2n-OR!2 (where R!2 is a group selected from the group
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-NHCOR9 (where RO is a Cl to C4 al kyl group that nmay

be branched), and a hal ogen atom and (4) a

het eroaryl group, wherein the heteroaryl group may 25

be substituted with at | east one group selected from

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

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

be branched, an aryl group that may be substituted

with a G to C4 alkyl group that may be branched, a
i efp, - NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a G to C4 alkyl 5
group), a ni(l) e lgrdregenatoasbanoyl . group, an N-(C to

C4 al kyl)carbanoyl. group, an N,N-di (O to 4

al kyl ) car barf@yb Gr oufys adkyl ste0QRgtwney e erancheds G

to C4 al kyl group that nmay be branghedfq, a cyano

group, - NR2AR21abwheeyk BR@Imndviereinr éheagkyl group may be
I ndependent|y a 10 hydrogen atomor a Cl to C4 al kyl . .
@tbﬁﬁft)l,ted mtﬁ@tdeaafpgne gaPBRABIACtR Sinwn TR %@P@COP@YS@M of:
al kyl ) car banmoy!l group n N, Ndi(C tggl d

al kyl ) car ban’ﬁbéll tgCenplkyl gro maheedrageheda 1 to

Cé kol oroUp Lk e besnchied) sad 2 hghgoen
oroun 20 comseeTagent 1 I A aRR AR AN S wo o
alkyl group that may be branched, a cyano group, -NR20R21 (where R20
and R?! are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(Ci to Cs alkylcarbamoyl group, or -NHCOR? (where R®
is a C1 to Cs alkyl group that may be branched),

a cyano group, |

-NR2'R2! (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; t0 C4 alkylcarbamoyl group,

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

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

a halogen atom; 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 Cq alkyl group that may be branched,
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(2) a Cl to &4 alkyl group that may be branched; (3)

an aryl group, wherein the aryl group may be

substituted with at | east one group selected fromthe
group consisting of: 25 a G 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

Cl to &4 21 alkyl group that may be branched, a cyano
group, -NR20R21 (where R20 and R21 are each

i ndependent |y (3 tBytYy dleryatrompothad Chy the hnzhk| .

group), a nitro group, a carbanoyl group, an N-(G to

C4 al kyl) carhamayl groupuphaiamay Medis@bstitetegswith a Ci to Cq
al kyl ) car bamoyl group, or -NHCORO (where R9 5 is (a C1
#1kyClomiipy thagr sy bhatramepetie sbrranhetyupa NRAH (where R20
group, -NR20R21 (where R20 and 1121 are each :
andeR¥ndeatdachaindgpinsgailaromydrogemiator oF & kyto Cs alkyl
group), a nitro group, 10 a carbanoyl _group,.an. N-(Cl
goupd, al Wjrg getandhrhaBap! SEeUIN, AR dY ‘g‘én te '&&kyl)(cafbamoyl

al kyl ) carbamyl group, .-N (Where R9 is (o)

Braun, G 0BG Theky: By arheman] Erang. 25 N HEPRiy here B
ato and (4) .a beteroaryl. .group, rein the

We%Erﬁé’r‘S# afeyd gromRythag %ﬁﬁ’%tl?lfagic ith at |east one
group selected fromthe group consisting of: a Cl to

C4 al kyl gr cupY*RAE* A& be branched, 20 a Cl to C5

el 2 T R ey

may be substi 1“5t olp T
1B 05 PLANS Y B (6N YiBupy,NR2OR21 (wher e RH

a nitro group,

a carbamoyl group,

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

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

-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) -(CH2)n-S-R12 {(where R!2 is a group selected from the group

- consisting of:

(1) a hydrogen atom;
(2) a C1 to Cq alkyl group that may be branched;

(3) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:
a Ci to C¢ 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 _C4
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and R21 are each independently a hydrogen atomor a Cl
to C4 alkyl group), a nitro group, a carbanoyl group,
an NN(ClL to C4 al kyl ) carbanmoyl 25 group, an N, N-di(dC
to ¢4 al kyl) carbanoyl group, or -NHCOR9 (where RO is
a Cl to 4 alkyl group that may be branched), a cyano
group, 22 NR20R2' (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group), nitro group, carbanmoyl group, 5 an NN(C to

Qﬂ:y@'%ﬁﬁ%%ﬁ&nﬁ\dy B6 GancBBd NaNytinCerdwp, GNR20R2! (where R20
al kyl") car banoyl group, -NHCOR9 (where RO is a G to (4

2h K YR2106 8! R alchain depgnidentlyr anbpér)gerandom balodénto Cs4 alkyl
atom 10 and n is an integer from1l to 12); (xivbp

efoil) a18QREPomhecertRidoylsgmugr, cupNs ettt €d Flkyhcarmoyl
group consisting of: (1) a hydrogen atom (ﬁpa G, to 0
S, el NgNodif Ct HatCralkyBleasbamstyé grous, pR)NEQR)| (where R
group, wherein the aryl. group may.be  substituted ,

i 4 €1d0 Cealltyl @veuprtbap may bethwanthed.t he group

consi sting of. G to ™A alkyl group-that may be
branched, CLCYRREBIMK0XYy group that may be branched,

20 al Kyl “or GOptORaL iPTBe e Ahatl areyanh GaURpdently o
- NR2OR2' (where n 1 are each i ndependently a

hy qg@@naianaﬁ;&.gi%@{ﬁtagkgggq) P group), a nitro

group, a carbanp roup, an N(G to 4

|
al kyl ) car baerWtrgﬁlngB: an N,N-di (O to 4

al kyl ) car ban&ax[ﬂgﬂgg& glporup', NHCOR9 (where RO

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

an N,N-di(C; to Cq alkyDecarbamoyl group,

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

a halogen atom; and

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

a C1 to C4 alkyl group that may be branched,

a 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, -NR20RZ (where R20
and R2?! are each independently a hydrogen atom or a Ci to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(C: to C4 alkyDcarbamoyl -
group, an N,N-di(C; to Cs alkyDcarbamoyl group, or -NHCOR? (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group,
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isad to ™4 alkyl group that may be branched), 25 a

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

i ndependently a hydrogen atomor a Cl to C4 al kyl
group), 23 nitro group, carbanmoyl group, an N-(Cl to
C4 al kyl) carbanoyl group, an N,N-di (Cl to C4

al kyl ) car banoyl group, 5 -NHCOR9 (where RO is a G to
C4 al kyl group that may be branched), and a hal ogen
atom and (4) a heteroaryl group, wherein the

het eroaryl gNRRIRABYwHigeSBRStEAIRM mid Roah fmdegtencieatly a
group selected fromthe group consisting 10 of Cl to

Adaigex! at@roup at Oato Khyalksl grawhed, Cl to C5 al koxy
group that may be branched, an aryl group that may be
substi t ut ed amtthogr@upt o C4 al kyl group that may be
branched, a cyano group, -NR20R21 (where R20 15 and
R21 are eaclha canbsproylegtdup,a hydrogen atomor a Cl to

C4 al kyl groupﬁ] anitro r%up, a carbanoyl group, an
N-(Cl to C4ad ((y‘cm@arﬁdﬁylcyhﬂw?yla%r%mm(d to C4

al kyl ) car banoyl _ group, or_- (where RO is a C

to C4 al kyl aj duP- xSt thdye g‘é‘%ﬁ%ﬁ@@?’fgﬁo%@’ano

roup, 20 -N re Q angd R21.ar ach

igndegendent I'&Z I%%%r‘%géﬁ d?‘nao&l 50(]94 ?ﬁ‘ygégrgluﬁ’yi‘fhat may be

grou ), hitro group, carbanoyl group, an N(C to C4
W(I}qq)e r Hoyl  group,

a halogen atom;

and n is an integer from 1 to 12}
(xiv) -(CH2)a-SO-RI2 (where R12 is a group selected from the group

consisting of:

(1) a hydrogen atom;

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

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

a C1 to Cq alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to Cs
alkyl group that may be branched, a cyano group, -NR*(R (where R20
and R?! are each independently a hydrogen atom or a Ci to Ca4 alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkylecarbamoyl
sroup, an N,N-di(C: to C4 alkyDcarbamoyl group, or -NHCOR? (where RS
is a C1 to C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a

hydrogen atom or a C1 to Cs4 alkyl group),
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25 an NNNdi (G to C4 al kyl)carbanmoyl group, -NHCOR9
(where RO is a G to C4 alkyl group that may be

‘branched), and 24 a halogen atom and n is an integer

froml to 12); and (xv) -(CH2),-S02-RI 2 (where R12 is
a group selected fromthe group consisting of. 5 (1)
a hydrogen atom (2) a G 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 sel ected
fromthe graupiengbaping of: a Cl to C4 alkyl group
that nmay be branched, 10 a G to C5 al koxy group that
may be branchegrbsanoglr gtowgr,oup t hat nmay be substituted
with a Cl to C4 alkyl group that may be branched, a
cyano group,an NRQ@RQ(lC(mdikychmemﬁgmm,are each

i ndependently a hydrogen atomor a G to C4 al kyl
group), a nidm N,-4ifE1 ta Carlikshrarbamayh grawPN- (Cl to

C4 al kyl) carbanoyl 1 roup, .an N, N-di( to 4

al kyl ) car barré\pﬂcé}%%gyg@?e %ﬁHé@@IGﬁh@f ghﬁd group thgt may be
to 4 aBkyI group that may be branched), a cyano

braowghed) NRR2OR21 (where R20 and R21 are each

i ndependent|y_a_. hydrogen a&om or aCl to C4 alkyl

" group), ‘20 & HelegPyRUIP, 28%car banoyl group, an N-(CL

ol ky 1) car bandy 1= GPBTS Y KRS Y herd 18 Phferofn) grogp may
gla lé)(xlbs%%gyepd %J:Eé’ﬁ aﬁgasqeonezgrgﬁﬁggﬁ%@d £9 the group consisting
of:

a C1 to Cq alkyl group that may be branched,

a C1 to Cs alkoxy group that may be Branched, _

an aryl group that may be substituted with a Ci1 to Cq
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-(C1 to C4 alkyDcarbamoyl

" group, an N,N-di(C; to C4 alkylcarbamoyl group, or -NHCOR? (where R9

‘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),

a nitro group,

a carbamoyl group,

an N-(C; to Cs alkylDcarbamoyl group,

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

-NHCOR? (where R? is a C1 to C4 alkyl group that may be
branched), and
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a hal ogen atom and (4) a heteroaryl group, wherein
the heteroaryl group may 25 be substituted with at

| east one group selected fromthe group consisting

of: Cl to C4 alkyl group that may be branched, C1
to C5 al koxy group that may be branched, 5 an aryl
group that may be substituted with a C1 to C4 al kyl
group that may be branched, a cyano group, -NR20R21
(where R0 and R21 are each independently a hydrogen
atom or a Clg heldgénadtioyd; group), a nitro group, a
carbanoyl group, an NN(C to C4 al kyl) car banoyl

A dwPis @ iftelediffGh 1 to €8);adiky/| ) car banoyl group, or
-NHCOR9 (where RO 10 is a Cl to C4 al kyl group that
may bexloy altisd)SOaRy dmbergRotips . gurapReleqtof drempghy group
and R21 are each independently a hydrogen atomor a
@hstietiog ofl kyl group), a nitro group, . 15 a
carbanmoyl group, an N-(G to C4 al kyl)carbanoyl group,
an N, N-di (A(1} @ loodreeryatearbanoyl group, - NHCORO
(where R9 is Cl to C4 alkyl graup that b .

br anched), ar@?zochtﬁgi‘i@égﬁfﬁ%'%%ﬁ g}é%dmi‘?‘ﬂ Eengﬁal?‘ﬁﬂteéiger
froml to 12); or R7 and R8 are taken together tao for
a dival ent gPoupPsTEEt BEOYR0nY PHEEIGr &E}B Hgi 819y illy be

Sl Rt 8o BT g et o
consi sting Oa]: o) tga(lhi gﬁ{yﬁl%&%ﬂp' tﬁgl}l'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, -NR?'R# (where R20
and R2?1 are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(Ci to Cq alkylcarbamoyl
group, an N,N-di(Ci to Cs alkylcarbamoyl group, or -NHCOR? (where R?
is 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 Ci to Cs alkyl group),

a nitro group,

a carbamoyl group,

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

aﬁ N,N-di(C; to Ca alkyDcarbamoyl group,

;NHCOR9 (where R? is a C; to Cs alkyl group that may be
branched), and

‘a halogen atom; and

(4) a heteroaryl group, wherein the heteroaryl group may
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26 HS04- and HF2-. In one enmbodinent, Rl, R', R2, R2',
R3, R3, R4, R4, R5, R5', R6, and R6' of the conpound
represented by the fornmula Ware groups independently
sel ected fromthe group consisting of* 5 Wa hydrogen
atom (xiv) an aryl. group, wherein the aryl group may
be substituted wth at | east one group selected from
the group consisting of: Cl to C4 al kyl group that
may be branched, Cl to C5 al koxy group that nmay be

bé @ﬁﬁﬁﬁﬂuteﬂow@ﬁh af Yéagraupgtdigl seleytdoefrwubshe tgrve consisting
wth a Cl to &4 alkyl group that may be branched, a

¢yano group, -NR20R21 (where R20 and R21 are each
i ndependently a hydrogen atomor a G to C4 al kyl
group), a nid Co tgrOuplkyd granbdimy may bepraashpd( g to
4 al kyl) carbanmoyl  group, an NNdi (C to C4
al kyl) car barmyh tgrGuplkozy gmmt(mﬁlb@ ]Rgmcb@di s a
C to 4 alkyl group that, may be br anghed) no C
gr oup, N@@Qlarym@p@babmam ahbsessted with & Cu to Cs
| ndependent ly a drogen_atomor a Cl to y
g}lsadpgrow Hhat sag g@pbraz@ §dea'2‘r 5&%@@@?&@“@%& t"t‘ﬂere R20
aIkyI)c r bapoyl ro Ndi (C to C4

iyt card T DRI Ther s Hm sor TPty €4 alkyl
al kyI t hat nma anched
E’EQ}’rﬁ c%g@tép,Ra lésruglopq gg{)l&), n &\f %91 t K2 %ﬁmrl)carbamoyl
gxloépo, ac::r14 l\ﬁ&\}(-ﬁl(&%rooég aiﬁ;%ﬁca%n?%lbér%ﬂ%b%g) NHEEOR? (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group,

-NR20R?1 (where R2® and R2! are each independently a
hydrogen atom or a C1 to Cs alkyl group), |

a nitro group,

a carbamoyl group,

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

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

-NHCOR? (where R? is a C1 to C1 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

a divalent group selected from the group consisting of: -(CH2)m- (where m

is an integer from 2 to 8);

’ l

0 oj

- and \‘0 O
-/

X-is an anion selected from the group consisting of a halide anion, SCN,,
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or may be substituted with -0-(CH2)~-O (where mis 1

or 2) at positions 3 and 4 taken together; and (xv) a

het eroaryl group, wherein the heteroaryl group may be
substituted with at | east one group selected fromthe
group consisting of: 5 a Cl to C4 al kyl group that

may be branched, a Cl to C5 al koxy group that may be
branched, an aryl group that nay be substituted with a

C to 4 alkyl group that nay be branched, a cyano

TSP andNREGR21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl .10

gr oup)In n@ichilod sy, R, Bt Mnﬁw Rjr &dp R%MNR?;BMR and
C4 al kyl)carbanoyl group, an NNNdi (O to C4

RFKyif) ¢he baomyougrd uEpreseniddCdRe (hhefarnrala | @) aapa groups
to C4 alkyl group that may be branched), a cyano
g’rdapmndemﬁzfm:l&ci(edﬁeom ARDgrowd REIsiakiagadch

i ndependently a 15 hydrogen atomor a Cl to C4 al kyl
group) (W arimécggn@lﬁpm? car banoyl group, an N(Cl to 4

al kyDcar banoyl group, an_ N, N-di( tp C4 .

al kyl )@ra b aRr0sTY lgE IR, vzberwﬂcér@ a(rﬂﬁ&reulﬂegmﬁé’ he gubstjtuted

C4 al k roup that che and haI gen
wighat #ﬁsg G EHORHP ﬁﬁ%gnféﬂ p oopgstiggoing

Tep esent od BEIRLY aﬁ?&ggowi@?a gs%%f%%ﬁgﬁu”d

SR . °
04 SRS AT 4B, oy 3 EREPSER, C o
érﬁ(gapgx%a%%ﬁéto RNEM Yl Bl cHGO WP ey £ncd grodp! FNBRORNERWhere R0
and R2! are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyl)carbamoyl
groﬁp, an N,N-di(C1 to C4 alkyl)carbamoyl group, or "-NHCOR? (where R®
is a C1 to Cs alkyl group that may be branched),

a cyano group,

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

a nitro group,

a carbamoyl group,

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

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

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

a halogen atom, and

-8(0)a-R (where n is 0, 1 or 2, and R is a C1 to Cs alkyl

group that may be branched);
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3 -trifluoronmethylp he nyl group, a 2,4-difluorophenyl
group, a 3-nethylsul fonyl phenyl group, and a
2,3-bis(trifluoronethyl)phenyl group. 5 In a further
enbodi nent, the conpound represented by the formula

(1) is a conpound represented by the follow ng fornula
(I"): M /+ R7 10 RB R' W(where RL and R' are

groups i ndependently selected fromthe group

consi sting of a hydrogen atom a 3,4,5-trifl uorophenyl

oFf ba subsfithtéd ineloh 0 OoflHAW-Ogr(edizrean is 1 or 2) at positions
3, 4-di fl uorophenyl group, a 3-nitrophenyl 15 group, a
3-anvbpaphenytbggtlairp and benzot hi ophenyl - 2-yl group, a

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

group, Ga) 2,Heteirb4xydr grhemywhgreup tha heteroaryl group may be

.3- et hyl sul f onyl phenyl group, and a

guBstiiwetriithuotr mst onk)grbepydelepted fromridieRgrouRgconfsting of:
X- are groups independently as defined in claim1l).

20 I'n one enbéditivekt allyd gneaprdasrmardedyinnshad;
represented by the fornmula (1) are gr

i ndependent | § Lselioces éH&@YO%Q‘%Petlbq‘to‘@ﬁYq%gﬁﬁar%‘iheﬂg of .
(1) 2QL to Gz gl anpup thely my,oe brannad ero o o,
RS oY B TR e BRI, ey £55 OBy NIy B W here R
e e e T T
Ele'cl)uepc)t, etk S @r&ﬂﬁ ' 3¥Ra 1A7F ig?l)ﬁﬂgaﬂfN-(Cl to Cy alkylcarbamoyl
group, an N,N-di(C; to Cqa alkyl)carbamoyl group, or -NHCOR? (where R?
is a C1 to Cq4 alkyl group that may be branched),
| a cyano group,

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

a nitro group,

a carbamoyl group,

an N-(C1 to Cy« alkyl)carbamoyl “group,

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

-NHCORS? (where R? is a C1 to Cs alkyl group that may be

branched), and

a halogen atom.

In a further embodiment, R1, R?, R2, RZ, R8, R¥, R%, R#, RS, R¥, RS,
and Rf of the compound represented by the formula (I) are groups
independently selected from the group consisting of a hydrogen atom, a
38,4,5-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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a Cl to 4 alkyl group that may be branched, 5 a Cl to
C5 al koxy group that may be branched, an aryl group
that may be substituted with a C, 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 C to 4 alkyl group), a nitro group, a carbanoyl
group, an N(Cl to C4 al kyl)carbanmoyl 10 group, an
N, N-di (O to C4 al kyl)carbanmoyl group, or -NHCOR9
4 WhBsgzdBiopSertyl€2-yl0 Ghowp kyla gr Bfpdithadrophynpk group, a
branched), a cyano group, .NR20R21 (where R20 and R21
st EifRaebmetHehdrdeyit | yerauphydrogeh4atifimosophecyl t ogomp, a
al kyl group), 15 a nitro group, a carbanpyl group, an
Nnf éthyloulCnyipkehnyt arvanpy | agdown, 2a% bie (Eiffivocpmeghyidphenyl
al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4
gitokapl. group that may be 20 branched), and a hal ogen
atom and (4) a heteroaryl. group, wherein the h
het er dar i fyrblgr repbodisnenihsthe ueeraparpd aepresgitedy the
roup sel ected fromithe group consjst.i .of . 25 I
%ém@daémﬁ a @P&P@Wﬂﬁlalfemgﬁ?e%"é"db}?%ﬁi&ﬁ éﬁﬂg‘” &1@0%‘1&&1)'
al koxy group that may be,pranched, an aryl group that
<Yz gV S ¥ G to 4 30 al kyl group

a cyano_group, -NR21R21 (where
rinodepeydent |y a hydrogen at om or
RfNi t e group, a carbanoyl

Ncar banoyl  group, an
anﬂ€§ group, or - NHCOR9

R20 and R21%are
a G to 4 alkyl
group, an N-(
N, Ndi (d to
(where RO

R 1)

(where R! and R! are groups 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 J3-cyanophenyl group, a benzothiophenyl-2-yl group, a
3,5-difluorophenyl group, a 3-trifluoromethylphenyl group, a
2,4-difluorophenyl group, a 3-methylsuifonylphenyl group, and a
2.3-bis(trifluoromethyDphenyl group, and R7, R® and X' are groups
independently as defined in claim 1).

In one embodiment, R7 and RS of the compound represented by
the formula (I) are groups independently selected from the group
cénsisting of:

(ii) a C1 to Ciz alkyl group that may be branched or form a cyelic
group; and ' |

(xii) -(CHs)a-OR12 (where R!2 is a group selected from the group
consisting of:

(1) a hydrogen atom,
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5is acClto ™ alkyl group that may be branched) a

cyano group, .NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl

group), a nitro group, 10 a carbanmoyl group, an N-(C

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

al kyl ) car banoyl group, -NHCOR9 (where RO is a G to (4

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

atom and nis an integer of 1 to 12). In another

enbodi ment, (BY aa@@tR8,eflkihgraagioanchafelps bsemttad, by

the formula Ware groups 1 ndependently selected from

the group d@hshat iatgl ogreupretwliéregnothe arykbt pydup may be
group, an n-butyl group, an 20 isobutyl group, an
sulskityited voith, atdedstiony grotexylecged mm Ithe grbuptdeasisting of:
enbodi nent, R7 and R8 of the .conpound represented by

the formul a 4 Cr tar@: a¥ky]l gaoep that anay herbrampbed.ent ,

R7 and R8 of the conmpound represented by the_ faor nul a
Ware taken & 6géoHér akkoxyrona @a\taném ecj?l@dw hed) ect ed

25 fromthe group_consisting of: - m (where &?h
an integer f%rﬁrylt&ww)t af] may (beosuhﬁﬂt%teﬁhé"lb}ﬂe% to Cs

‘ipvention pro es thod for produ
bk o th rsr@mﬁactw el Gy A0 WO ke MEFHGA (where R2

SR 5 b SRaqpEngls, POnfdRoaRe Hital BR"£6IEC, atkyt
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkyl)carbamoyl
group, an N,N-di(C:1 to Cq alkyl)carbamoyl group, or -NHCORS? (where R?
is a C1 to Ca alkyl group that may be branched),

a cyano group,

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

a nitro group,

a carbamoyl group,

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

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

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

a halogen atom, and

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

a Ci to C4 alkyl group that may be branched,

a Ci1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to Cs
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RA RL 10 RS CHZ ~6 ~R g~6'-~5- R R~:" | CHZ

R4" zz~' IR" R'" RR" (H 15 with a secondary am ne
represented by the following forrmula (I1l1): HN ~ R7

R8 in an organic solvent in the presence of an acid
scavengi ng agent, wherein in the formula (I1), R,

R', R, RR', R3, R3, R4, R4', R5, R5" 20 R6, and RV

are groups independently selected fromthe group
consisting of: (i) a hydrogen atom (ii) -NR20R21

41Rear @roRpOtleatd nfadd barleraambiedi mdependembiy, aNRASRA dgdrere R

atomor a Cl to C4 alkyl group); 25 (iii) a cyano
gnauR?! aféWach mdeperglendly aVhy deagdarmdpm g}ﬁo@pgl 40 Ca alkyl
s Aot ceeioas A yac oastron s N {0 ko . adeBharbamor!
e R e e eae e ot TR REaRs (ehere RS
branched or forma cyclic r oup; C2 to C6 al kenyl
o aép. tiohQe abex] greupr H@aygw bf@f%%%&ycl ic

a cyano group,

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

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkylcarbamoyl group,

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

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

a halogen atom,
and 1 is an integer of 1 to 12).

In another embodimeﬁt, R7 and RS of the compound represented

by the formula (I) are groups independently selected from the group

consisting of a methyl group, an ethyl group, an n-butyl group, an
isobutyl group, an n-decyl group, and a cyclohexyl group.

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

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

8);
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group; (xi) a C to C6 al kynyl group that may be

branched or forma 10 cyclic group; (xii) an aralkyl
group, wherein the aryl noiety of the aral kyl group

may be substituted with at | east one group sel ected
fromthe group consisting of. a G to C4 al kyl group

that may be branched, 15 a Cl to C5 al koxy 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 R20 and R21 are each

i ndependent|ly a hydrogen atomor a Cl to C4 al kyl
groéup),Na-hnitro group,20car®anoyl group, an N-(G to

A banDyI grogg,r an 20|N,N-di (G to C4

al kyT) & yla%oup, (where RO is aClto

4 al kyM=g¥oup that may ba_bﬂanched) a cyano group,
-NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a G, to C4 al kyl rou% C%Efaniara h
gr oup, The canesanbynvepdop, alsn wmie% g wgthod for producing the

al kyl ) car banoyl gr.qup ( A .
mmyp)l@érr@me@qnf@ddq}bfh g@n&ﬁ@wlmemﬁéh?% COMBFISLE 4
al kyl . group that branched), and a, hal,ogen .
oo s bt of Boatg oar cPRPP BT he et 1 Fhe following
teroa@ii nnlety wherein the heteroaryl noiety may

uted with at Réasqq%ne group selected from
the group conS|st|ng of |
may be branched,

aCl t??C4 al kyl group that

r R2| (II)
with a secondary amine represented by the following formula (_III)Z

RT

e

HN\RB (III)

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

wherein in the formula (II), R1, RV, R2, R?, R, R¥, R4 R4, R3, R¥,
RS, and RE are groups independently selected from the group consisting
of:

(1) a hydrogen atom;

(i) -NR20R2! (where R2 and R2! are each independently a
hydrogen atom or a Ci to Cs alkyl group);

(iii) a cyano group;

(iv) a nitro group;

(v) a carbamoyl group;
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a Cl to C5 al koxy group that nmay be branched, 10 an

aryl. group that may be substituted with a G to C4

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

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

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

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

15 C4 @hkyh N0y potthed]kybyablealoghghed);, a cyano

group, .NR20R21 (where R20 and R21 are each

i ndepe(wdﬁnatri W, N-@ifGr ag iy alkybenobamogl gtauiG4 al kyl

group), a nitro group, 20 a carbanoyl grou an N-(C

to CA (i) NEEHEORPo hayeoBp is an ON, 1 6 (alkcy graap that may be
al kyl)carbarmyl group, -NHCOR9 (where RO is a Cl to C4

Tt akydh e@ﬂ:‘oup that may be branched), and 25 a hal ogen

atom (xiv) an aryl_grou wherein the ary o y%

be subsxl ebedo (e ﬂky&tgrpenst#laérmagr%br%w@%t pipA cvelic
the group consisting of: 34 a Cl1 to C4 alkyl group

gIP may be branched, a Cl to C5 al koxy group that

Y, DS SLARECth SRRV SRl HEY, b8 BB ISl

anqQ group, -NR20R21 (where R20 and R21 are 5 each
%d’é‘pendently a hydrogen atomor a Cl to C4 al kyl

T L AN
@Flf barmyl group or -NHCOR9 (where RO is a Cl to
aCI group that may be branched), a cyano group,

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

a C1 to C4 alkyl group that may be branched,

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

an aryl group that may be substituted with a C1 to Cs alkyl group

that may be branched, a cyano group, -NR20R2! (where R20 and R2! are

‘each independently a hydrogen atom or a C: to C4 alkyl group), a nitro

eroup, a carbamoyl group, an N-(C: to Cs alkyDcarbamoyl group, an
N,N-di(C; to Cq alkjrl)carbamoyl group, or -NHCOR? (where RY is a C; to
C4 alkyl group that may be branched),

a ¢yano group,

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

" a nitro group,
a carbamoyl group,

an N-(C; to Cs alkyDcarbamoyl group,
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10 -NR20R21 (where R20 and R21 are each independently
a hydrogen atomor a Cl to C4 alkyl group), a nitro
group, a carbanoyl group, an N-(g to C4

al kyl ) car bamoyl group, 15 an NNN-di (d to C4

al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4
al kyl group that may be branched), a hal ogen atom
and -S(On-R (where nis 0, 1 or 2, and Ris a C, to
C4 al kyl group that 20 may be branched); or may be

subst i g DN -M (N toC{ AHRINeEbamhelybgeoupi s 1 or 2) at
positions 3 and 4 taken together; and (xv) a

het er oAFHICQROUpherheRe iv tsheChdbefaaaliiyigeveyp ndyatbmay be
substituted with at | east one group selected fromthe
pragheddrandting of: 25 a C, to C4 al kyl group that

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

br anchedalegemaatdmgr oup that may be substituted with a

Cl to &4 al kﬁj@ﬁgroup 35 that, mpy be brancheq, a. cyan

gr oup, (xi roprrdksl myouRfpRpE afheteroaty moiety, wherein
oo TaR FIS: GBRY e AR BEEHOdy A, ArIFE R o8O
%R%le%%”g’:%g? Ilbg‘i)‘?SL{gﬁngW ((ji/vl(wgr et (I-zegciéls aClto
o Bl el s R Mg, 00 2P
1S 0 TS g e b, 2 1110

an aryl group that may be substituted with a Ci to Cs alkyl group
that may be branched, a cyano group, -NR2'R?! (where R20 and R% are
each independently a hydrogen afom or a C1 to C¢ alkyl group), a nitro
group, a carbamoyl group, an N-(C: to Cs alkyDearbamoyl group, an
N,N-di(C1 to C4 alkyl)carbamoyl group, or -NHCOR? (where R? is a Ci1 to
C4 alkyl group that may be branched),

a cyano group,

-NR20R?! (where R%0 and R2! are each independently a hydrogen
atom or a Ci1 to Cs alkyl group), |

a nitro group,

a carbamoyl group,

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

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

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

a halogen atom;

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

with at least one group selected from the group consisting of:
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an N(C to C4 al kyl)carbanmoyl group, an N, N-di (O to
4 al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to
C4 al kyl group that may be branched), and 15 a

hal ogen atom and Z is a hal ogen atom and in the
formula (111), R7 and R8 are groups independently.
selected fromthe group consisting of: Wa hydrogen
atom 20 (ii) a G to Cl2 alkyl group that may be
branched or forma cyclic group; (iii) a C to Cl2
al kenyd Qartou(y 4Hail grayp bbabmamy hedbramchedm a  cyclic
group; Qv) a C2 to C12 al kynyl group that may be
branche€:ido Coatkoxy @supyidiatangy dephrawchedar yI gr oup,

wher ei n the aryl g]; up may be_substituted
| east m@rrg mplps foReEy ¢§ﬁbﬁﬁéﬂ§ﬁdo%ﬂb6 @Cﬁ&llaﬂ*group

%P%Eiedlrtiih ctlr%e@yﬁming(}roapel m@oﬁggle%mgsé a nitro
AT S TR A
AR Caho R oS Ta By B0 B CEIA G AR Re is 2 O to
gﬁgﬁ%ﬁl %%%dpstl?at%a&%e ﬁﬁaﬂf@ﬁ) group that may be

a cyano-group, NR20R21 (where R20 and
R21 ar pendently a hydrogen atomor a Cl to
c4 al k§|°§g§§§] ?gﬁ

-NR2°R2! (where R20 and R?! are each independently a hydrogen

atom or a C1 to C4 alkyl group),

a nitro group,

a carbamoyl group,

anr N-(C;1 to C4 alkyl)carbamoyl group,

an N,N-di(C; to Cq« alkyl)’carb‘amoyl group,

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

a halogen atom, and

-8(0)sx R (where nis 0, 1 or 2, and R is a C1 to Cs4 alkyl group that

‘may be branched);

or may be substituted with -0-(CH2)n"O- (where m is 1 or 2) at positions
3 and 4 taken together; and

(xv) a heteroarylr group, wherein the heteroaryl group may be
substituted with at least one group selected from the group consisting of*

a C1 to Cs alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C1 to C4 alkyl group
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nitro group, carbanmoyl group, an N-(Cl to 4

al kyl ) carbanoyl group, 15 an NNN-di (A to 4

al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to C4
al kyl group that may be branched), and a hal ogen
atom (vi) a heteroaryl group, wherein the heteroaryl
group may be 20 substituted with at | east one group
selected fromthe group consisting of. a Cl to C4

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

tHaumdyhbe mychedbragehed greup ,arNRQ‘QR?é upvhdrat R?Pagtnd eR2! are

-Substituted with a C1 to C4 alkyl group that may be

bacinihéeperadentinia hydrygen NRPORY a(@hée & Ratkydrgrorpl. a nitro
are 25 each independently a hydro en atomor a Cl to

ol kgl caybampyy]l groug,r engPo(P; ta ar@&ﬁwm‘@ﬁ@@ﬁl gﬁup, an
N(C to C4 al kylgcarbarm | group, an. N, N ﬁ
N, Nydly(eartb@mlksg caubamsiy ] -gupaERor (INFEE SREeORigtors 1 s C1 to
37 4 al kyl oup that may be . branched), a cyano

eyl grootat masdrebraechai, R21 are each

|ndependently a hydrogen atomor a G to C4 al kyl
group)aCSaﬁor&rPPB’ group, a carbanoyl group, an N-(Ci

al kyI ) %J;im%'wqge?gﬁ% R a’(%\ﬁéF}g ipgeptSURly o hggrogen
S P b 0 e and ol cgen
each a nitro group,
a carbamoyl group,
an N-(C; to C4 alkyl)carbamoyl group,
an N,N-di(C; to C4 alkylDcarbamoyl group,
-NHCOR? (where R? is a Ci1 to Cs¢ alkyl group that may be
branched), and
a halogen atom; and
7 is a halogen atom, and
in the formula (IIT), R7 and R8 are groups independently selected
from the group consisting of"
(i) a hydrogen atom;
(i) a Ci to Ci2 alkyl group that may be branched or form a cyclic
group; |
(iii) a Cs to Ciz alkenyl group that may be branched or form a
cyclic group;
(iv) a Cs to Cus alkynyl group that may bé branched or form a
cyclic group;
(v) an ary! group, wherein the aryl group may be substituted Wit_h

at least one group selected from the group consisting of® -
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i ndependently a group selected fromthe group

consisting of: (1) a hydrogen atom 15 (2) a G to 4

al kyl group that may be branched; (3) a C2 to C6

al kenyl group that may be branched or form a cyclic

group ; (4) a C2 to C6 al kynyl group that may be

branched or form a cyclic group ; 20 (5) an aral kyl

group, wherein the aryl noiety of the aralkyl group

may be substituted with at | east one group sel ected

from 48 t9rOuRlsAnRgbepithatehay de@rahehed, al kyl group

that nmay be branched, a G to C5 al koxy group that

may bes Ighandbedlkody amuartHatgnaybet tatncimey, be

substituted with a Cl1 to C4 alkyl group that may be

br anched arpl gyanptyabmmy bNRRBRA tuiesheitdh m tcaﬂei arlml group

are each i ndependently a hydrogen atom (o] to

ﬁh:kwmaWEedrmunp}leda anéyany group, - a(ﬁﬂ;ﬂreg]%"uﬁndaﬂgl are

al kyl ) car banoyl group, ({( (1

QSfyIH)ld@NfaiWﬂy @ buprogsm am@a@a(%é@ e,C4R® % sﬁ-’r&U@) a nitro

to C4 al kyl group that may_.b ranghe

EF VP, 2 5cAINREEIRA1 SY iR énR%?%hd‘ORé fg'jféd)éa%amoyl group, an

* SSTBTC Tl aflsh S8 Bt oo RO R e b 1 o

Fefky eyt B8 PHIBd (whero RS a c1 to o1

al kyl group that may be branched), and a hal ogen
at on 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 Cs alkyl)carbamoyl group,

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

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

a halogen atom;

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

a C1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C1 to Cs alkyl group
that may be branched, a cyano group, -NR2°R?! (where R?* and R?! are
each independently a hydrogen atom or a Ci to Cs alkyl group), a nitro

sroup, a carbamoyl group, an N-(Ci to Cs alkylcarbamoyl group, an

'N,N-di(C;1 to Cq alkyl)carbamoyl group, or -NHCOR? (where R? is a C1 to
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(6) a heteroaral kyl group having a heteroaryl nviety,
15 wherein the heteroaryl noiety nay be substituted
with at | east one group selected fromthe group
consisting of. Cl to C4 alkyl group that nmay be

br anched, Cl to C5 al koxy group that may be
branched, an aryl. group that nay be substituted with
aC toC4 20 alkyl group that may be branched, a
cyano group, -NR20R21 (where R20 and R21 are each

- Cnddipdngienipl that mysitederamihed)or a C1 to C4 al kyl

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

C4 al kykyeao gaomy,l group, an NN Ndi (O to C4

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

to C4 jﬂwﬁzbr(w@prerﬁ%ﬂ amy B2 aneapetiedndependendisn gohydrogen
group, -NR20R21 (where R20 and R21. are each
adepemdEntd Cealkll gregeh atomor a CL to C4 al kyl

group), 39 nitro group, carbanmoyl group, an N(g to

C4 al kyyrardamByl group, an N,N-di (4O to C4

al kyl ) car hanoyl roup, 5 -NHCOR9 (where RO is a G to

C4 al k§F2 *%H}BYI( Uay be branched), and a hal ogen

atom (7 r 0 wherejn the aryl group nmay be
subst ié%ﬁfgaw%? ﬁ‘*é‘(qfiyggé’fbao’ﬂgy POl sel gct gd ffom %/he

roup CoRsisti of 0 0 I roup that

oy DR ALY B Qo B hah iyl BBl | D0 Py e

b h b [ i f+h

2o MERRITMRAEOHE, 13 EFitoDR.SHINL ) Wdihnfay e

R21 (where RR0 and R21 are each '
iglﬁ} epgrq?j":%t% y a hydrogen atomor a G to C4 al kyl

a halogen atom;
(vi) -(CH2),OCONRR1! (where R® and RY are each
independently a group selected from the group consisting of:
(1) a hydrogen atom;
(2) a C1 to Cq alkyl group that may be branched:
(3) a Cz to Cs alkenyl group that may be branched or form
a cyclic group ;
(4) a Cg to Cs alkynyl group that may be branched or form
a cyclic group
(5) an aralkyl group, wherein the aryl moiety of the
aralkyl group may be substituted with at least one group selected from
the group consisting of:
a C1 to Cs alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to Cs4
alkyl group that may be branched, a cyano group, -NR20R21 (where R20

and R2! are each independently a hydrogen atom or a Ci to Cs alkyl
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15 group), a nitro group, a carbanoyl. group, an N-(Cl

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

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

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

group, .NR20R21 (where R20 and R21 are each

i ndependently a 20 hydrogen atomor a Cl to C4 al kyl
group), nitro group, carbanmoyl group, an NN(ClL to C4

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

atdayl)) aaribanpydumgro uarb 2B oy NHCORY (mbef@: 19 JusalkyBraxtmmoyl
4 al kyl group that may be branched), and a hal ogen

atcory, A40NGNAd(6) ta GieaBrdmaybagroylgrownese; NHGE@R® (where RO
heteroaryl group nay be substituted with at |east one
wrodh tgé%/e@ d grpumtbhé ngapbe wemchedl.ng of: 5 a CL

to C4 al kyl group that nmay be branched, a G to C5

al koxy group e¥0 gE8Uhe branched, an aryl group that

may be substiut ith a to al kyl oup, t hat

may be br anc’Mﬁoﬁgl yﬁ%eg%%&mfﬁﬁﬁoﬁ&%/ e@%ﬁe? degsgidently a
nd R21 are each_i ndependent | hydr ogen atomor a G
ﬁlﬁg’f%eéll &y Téaggbﬁ‘b()é? aﬂ?‘ﬁrgf%‘l@r oup, a carbanoyl .

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

N, N-di (Ot & BFQ8 9 Pcarbanoyl group, or - NHCOR9

~(where RO is a,C | kyl group that may be
branched), aa(&?/rz;j%n%ﬁo%u%.wmoml (where R20 and R21

gﬂlealeﬁ‘;f‘ ingaﬁgﬁ’?@P%A ¥, ATk DM RGENe R or a CL to

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

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

a halogen atom;

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

a C1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to Cu
alkyl group that may be branched, a cyano group, -NR2'R?! (where R20
and R?! are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkyDcarbamoyl
group, an N,N-di(C1 to Cs alkyl)carbamoyl group, or -NHCOR? (where R®
is a C1 to Cs alkyl group that may be branched), _

4 cyano group,

-NR20R?! (where R20 and R2l are each independently a

hydrogen atom or a Ci1 to Cy alkyl group),
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a nitro group, a carbanmoyl group, an N-(ClL to 4

al kyl ) carbanoyl group, an NNN-di (A to 4

al kyl ) car banmoyl group, 20 -NHCOR9 (where RO is a G to
C4 al kyl group that may be branched), and a hal ogen
atom and nis an integer froml to 12); (viii)
-(CH2) nCONR12R13 (where R12 and R13 are groups 25

i ndependently selected fromthe group consisting of:
(1) a hydrogen atom (2) a C, to C4 al kyl group that
may be branehettro gaeup3) an aryl group, wherein the
aryl group may be substituted with at |east one group
sel ected fronfathamgeBugroddnsi sting of: a G to C4

mwm{fﬁm}w@ ey,

S e S R A T

R21

s B e B LA AR T -

N-a}(&ﬁ Z’ al kyl ) carbanoyl group, an NN-dl(CI to 4
}561r (?‘m group, or -NHCOR9 (where R9 10 is a

to ¢4 al p may be branched), a cyano
group, -NRZ%T (g%learl% 0 and R21 are each

| ndependent Igpy ay ﬁé’?g%%@ﬁ O%HéreéinC%hbo aefl a@i‘dﬂp may be
group), a nltro gro 5 a carbanoyl group, -
Mot a Gt dekbhsabha By hp GeRitBed from the group consmtmg of:
a C1 to Cq alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to Cs
alkyl group that may be branched, a cyano group, -NR2/R?! (where R20
and R2! are each independently a hydrogen atom or a C: to Cs alkyl

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

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

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

a cyano group,

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

a nitro group,

a carbamoyl group,

an N-(C: to Cs alkylcarbamoyl group,

an N,N-di(C1 to C4 alkylcarbamoyl group,

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

a halogen atom;
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an N,N-di (d to C4 al kyl)carbanoyl group, -NHCOR9
(where RO is a Cl to C4 al kyl group that may be
branched), and 20 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 of: a d to &4 alkyl group that may
be branched, 25 a O to C5 al koxy group that nmay be
branched, an aryl group that nay be substituted with a
gAdto C4 al kyl group that may be branched, a cyano
group, -NR20R21 (where R2 42 and R21 are_each

i ndependent I(B) @ hythrogeyl arwm.orherain the bategppyyl group may

group), a nitro group, a carbanoyl group, N-(Ci ..
b@mgsuymgmwmy leasjranfpgrap Rﬁlﬁcg‘%d( Egom the grgup consisting
t oC4al kyl ) car bamoyl group, or -NHCOR9 (where RO is a

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

, . NR20 R20 1 h
ndependent 13 Ca tolyah DG EraRBIHRaF T Ppg GAPEY

, i b | ad c1
o) 1 T Bada P apksiS BT AR et Bt

ool orbbaSHethgl Buat LR, SHPEREAR P £ o Co
R
i AgeRendentd 1S 6h 86 S drtHM 4 G 96 8UP ABRSIoxt ANG: @b: Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkylcarbamoyl
group, an N,N-di(C1 to Cs alkyl)carbamoyl group, or -NHCOR? (where R®
is a C1 to Cqs alkyl group that may be branched),

a cyano group,

-NR2R2! (where R2? and R2?! are each independently a
hydrogen atom or a Ci to Cs alkyl group),

a nitro group,

a carbamoyl group,

an N-(Cy to Cs alkyl)carbamoyl groﬁp,

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

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

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

(viii) -(CH2).CONR12R1% (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;
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(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

sel ected fromthe group consisting of: Cl toC4al kyl
group that may be branched, C toCbal koxy group that

may be branched, an aryl group that nmay be substituted
with a ClL to C4 25 alkyl group that may be branched,

a cyano group, -NR20OR21 (where R20 and R21 are each

i ndependent I(8) aahy dirghepratmmvonerzicl the @4yhl ggaup may be
group), a nitro group, a carbanmoyl group, an N-(Cl _ . ]
sty ll moiah ekt 048 gyow peleahed\l?mn@l ittlej grpyp censisting of:
al kyl ) car bamoyl group, or -NHCOR9 (where RO _is a Ci

to C4 al kyl ayfoup Gielkykgyone thrhmtely branghato

group, -NR20R21 (where R20 and R21 are_each

i ndependent 13/Ca to X ssikosyemronpdiadmay be hrgnehed) ky|

group), a nitro group, a carbanoyl grou an N-.(G t

C4 al kyl ) cardarmyl gj”PBEpJEh%FnWBN){E’i géﬁS‘SB“féﬁ With'a ‘G to Cs
al kyl ) carbanmoyl group, 10.- NHCOR9 (where R9,.i i

S| PRGNS mANa b B EBe b Pa I Fro T R agaicte R2?

 FedoRBaRe bR et e oy BT bR YR Gy to G otk

BN, 355 Bl TR RGO, gl hebamoy
PR ESEAT A PO A0 v o nrs
is a C1 to C4 alkyl group that may be branched),

a cyano group,

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

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkyDcarbamoyl group,

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

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

a halogen atom; and

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

a G to Cy alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl gi'oup that may be substituted with a C1 to Cq4

alkyl group that may be branched, a cyano group, -NRZ'R?! (where R20
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al kyl group that may be branched, a cyano group,

-NR2() R21 (where R20 20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl

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

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

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

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

group, 25 NR20R21 (where R20 and R21 are each

and epEndentdachaindpmmgenlyatohydrogerChtbm 64 alGylto Cs4 alkyl
group), a nitro group, 44 a carbanoyl group, an N-(C
gwup), aliiyto gertmmyarhanoap, geouml ae & '?@ te §4@dkyl)carbamoyl
al kyl ) car banoyl grou ere RO is a C

p, .- NHCOR9 (wh . tog C4
araxp, agy Du-di{&h tedy: abkylbagbamayd @rounnar aNﬁHﬂ@gg,{Where R®

ato and n iis an integer froam1l to_ 12); W
‘iS(@%)t,O 3 jl)

Npa2beyd grapertbarmay Re brasched).gr oups

[ ndependentlc#/ sel ected fromthe group consisting of:
10 (1) a hydt BYRMN° &tOHR: (2) a C1 to C4 al kyl group

h b . (3 wherei . th
aryl o dup YR dusep Bred il o offs SO ilbrBepy =

- d f h i sti f. C o
GGG i o) SHEIBSTRAAT 15 2 T (o B al kony

group that . ched, an aryl group that nay be
substi t ut edrgvivl}é%%sﬁéﬁﬂto C4 al kyl group that may be

branched, a Qf‘t%n ' -NR20R21 (where R20 and R21
are each indeg%en é‘%éﬁ;ﬁguﬁydrogen atomor a C, to 4

A O Bt s gl O .
an N,N-di(C: to Cs alkyl)carbamoyl group,
-NHCOR? (where R? is a C1 to C4 alkyl group that may be
branched), and
a halogen atom;
and n is an integer from 1 to 12);
(ix) -(CH2).NR!22COR!® (where R12 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;
(3) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:
a Ci to Cq4 alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to Ca
alkyl group that may be branched, a cyano group, -NR2'R?! (where R20

and R21 are each independently a hydrogen atom or a C: to Cs alkyl

group), a nitro group, a carbamoyl group, an N-(C1 to C¢ alkyDcarbamoyl
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20 group, an N, N-di (G to &4 al kyl)carbanoyl group, or
-NHCOR9 (where RO is a Cl to &4 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), 25 a nitro group, a carbanoyl group,
an N-(G to &4 al kyl) carbanoyl group, 45 an N, Ndi(dC
to C4 al kyl) carbanoyl group, -NHCORO (where R9'is a C
to C4 al kyl group that may be branched), and a hal ogen
aitonp, aant¥, B-dU4L: doHd4 alkydloprbgmuyp graner ei nNEHEOR? (where R?
heteroaryl group may be substituted with at |east one
groh tedl eatkyd groumthaé ryapbp lvemshedl.ng of: Cl to
C4 al kyl group that may be branched, Cl to C5 al koxy
group that reagydeo Bratiched, 10 an aryl group that may
be substituted with

G tg. 4 | kyl group,that ma
be br anched,"%@%hc@‘@%@pﬁzq IQ@%F@% ?%é-’raéhR%(ie%@enﬂY a

R21 are each i ndgpendent a hydrogen atomor a Cl to
@ﬂd%a@ﬁlam&?%ﬁ)&l Oﬁﬁt%@bm )/, 2" car barmoyl - group, an
N-(CltoC4aIk%I)carbarmyI group, an NNNdi (O to 4
al kyl ) car barb$H"*§=508PP: or - NHCOR9 (where RO 15 is a
C to 4 al kyl rou(ngt hat _may be branched), a cyano
group, -NR2 ﬂﬁﬂ\ ‘and R21 are each

aroupy. & nith STV IS0 BBy ekl 1 21 Y]

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

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

| a halogen atom; and

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

aC 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 Ci to Cs
alkyl group that may be branched, a cyano group, -NR20R?! (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-(Ci to C4 alkyl)carbamoyl
group, an N,N-di(Ci1 to C¢ alkyDearbamoyl group, or -NHCOR? (where R?
is a C1 to Csq alkyl group that may be branched),

a cyano gfoup,

-NR20R2!l (where R2® and R2! are each indepAendently a
hydrogen atom or a C1 to Cq alkyl group), | |

a nitro group,
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an NN(C to C4 al kyl)carbanmoyl group, an N, N-di (O to
4 al kyl ) carbanoyl group, -NHCOR9 (where RO is a Cl to
C4 al kyl group that may be branched), and 25 a
hal ogen atom and n is an integer from1l to 12); (xi)
-(CH2) ny-OR12 (where Yis a Cl to C4 divalent
saturated 46 hydrocarbon group that may be branched,
and R12 is a group selected fromthe group consisting
of: (1) a hydrogen atom (2) a Cl1 to &4 al kyl group
that may be drartchedyl gro@®), an aryl group, wherein the
aryl group may be substituted with at | east one group
sel ected from MNéECgtolp adbyBiathiamoplf groupCl to C4
al kyl group that may be branched, G to C5 al koxy
group that reyNodl-gr&hdheds a]éﬂylkaaybawbgr@%t may be
substituted with a Cl to C4 10 al kyl _grqup that
be branched, I‘H{@%%(‘@h%@pRQJNWQ@RZQ Conbsd geoup 'g‘raﬁ’é may be
R21 are each i ndependently a hydrogen atomor a G to
), a’@ﬁioup) a nitro group, a carbanoyl group, an
N(CG to A4 a ki/l arbarmyl group, an NN-di (d to C4
aI kyl)carbanaoi}fa MOy " . NHCORO (where RO is a Cl

daaplsaéza ks ol b Y on"Fol e sach © "
'groﬁswe t%igﬁ%g W RIS g o O epngently
el LRI, 00O Gn@LA N ol (A Lo O

Car
(1) a hydrogen atom:

(2) a C1to 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 of
a C1to Cs alkyl group that may be branched,

a Cito Cs alkoxy group that may be branched,

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

a cyano group, '

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

a nitro group,

a carbamoyl group,

an N-(C1 to Cs alkyl)carbamoyl group,
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-NHCOR9 (where RO is a G to C4 al kyl group that may
be branched), and a hal ogen atom and 25 (4) a

het eroaryl group, wherein the heteroaryl group may be
substituted with at | east one group selected fromthe
group consisting of: 47 Cl to C4 al kyl group that
may be branched, C, to C5 al koxy group that may be
branched, an aryl group that nay be substituted with a
C to C4 alkyl group that nay be branched, a cyano
group, - NR2OER N, NMHCe tBAD, atkydldrRamoxl gr@@l@h

i ndependently a hydrogen atomor a Cl to (4 al

group), a niNHC§RUpvhareRPHar{h tgruplk grgmupdhqtomay be
4 al kyl)carbanDyI group, an NNNdi (O to C4
hidoytHec) anbdnoyl group, or -NHCOR9 (where RO is a C
to C4 al kyl group that nmay be branched), a cyano
group, 10 NRebRbagenwwme: 820 and R21 are each

i ndependently a _hydrogen atom o to,4 al

group), nit¥d ahstaroarrh smywﬁsr%le}ptheaheﬁrpe{ﬂ group may
I kyl 15 N, N- Lo
B e SRn ATt 9 b o Bt Dol b s sepopgepgisone

%kyl group that may be branched), and a hal ogen
8tom and nis an integer from1l to 12); 20 (xii)

(09 0, (nere, AR SRy R sckiear (o
a C; to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci1 to Cu
alkyl group that may be branched, a cyano grbup, -NR20R2! (where R20 |
and R2?! are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkylcarbamoyl
group, an N,N-di(C1 to Cs alkyl)carbamoyl group, or -NHCOR? (where R®
is a C1 to Og alkyl group that may be branched), |
| a cyano group,
-NR20R2! (where R20 and R?! are each independently. a
hydrogen atom or a Cz to C4 alkyl group),
a nitro group,
a carbamoyl group,
an N-(C1 to Cq alkyl)carbamoyl group,
an N,N-di(C1 to Cs alkyl)carbamoyl group, 7
-NHCOR? (wj:lere R? is a 1 to C4 alkyl group that may be
branched), and
a halogen atom;

and n is an integer from 1 to 12);

(xi) -(CH2).Y-OR'? (where Y is a Ci to Cs4 divalent saturated
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(2) aCl to 4 alkyl group that may be branched; (3)
an aryl group, wherein the aryl group may be 25
substituted with at | east one group selected fromthe
group consisting of: a Cl to C4 al kyl group that may
be branched, a Cl1 to C5 al koxy group that may be
branched, 48 an aryl group that may be substituted
with a G to C4 alkyl group that nmay be branched, a
cyano group, -NR20R21 (where R20 and R21 are each

hpdenersentdioup sl eaepn bt bRawched, Gnd R1B4isabkydoup selected
group), a nitro group, a carbanoyl group, an N-(d to

Sénatky peaupaonyistinggsfoup, an N, N-di (O to C4

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

to &4 al kyl (g%ladwdﬂm@bnrmyondie branched), a cyano

group, .NR2OR21 (where R20 and R21 are each

i ndependent 1) a ChyelCagdhyhgommthat @iayt e branrthed

group), 10 a nitro group, a carbanmoyl group,_ an N (Cl

to C4 al kyl )@hr banmyy] geoeny, awhereingithel agpl cgroup may be
al kyl ) car banpyl group, -NHCOR9 (where RO is a G to. C4 .
sihsituged pith adtleast ope graup pelassed diom 4he groHR| @gsksting of:

atom and (4) a hetergaryl group, wherein th
het er oar y| g’f’r@&ﬁoné«/al é%BBgttﬁﬁbﬂ“é%IY th’t'agf’ﬁfj@’ast one

oroup select s rom L roup con oL paBh 2 0L
o oy oun Nl TR e RLAIEHSt, A AK e QB %, o .
DA% 085 0RL ACACHa P bE AR B QYR oy NRF §R6dp ( VRESRIGyhere R20
and R? are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C: to Cs alkyl)earbamoyl
group, an N,N-di(C; to C4 alkyl)earbamoyl group, or -NHCOR? (where R?
is a C1 to Cq alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a
hydrogen at,om'or a C1 to Cs alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkyDcarbamoyl group,

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

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

a halogen atom; and

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

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

of:
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and R21 are each independently a hydrogen atomor a Cl
to C4 al kyl 25 group), a nitro group, a carbanoyl
group, an N-(Cl to C4 al kyl)carbanmoyl ~ group, an

N, N-di (O to C4 al kyl)carbanmoyl group, or -NHCOR9
(where RO is a Cl to &4 al kyl group that may be
branched), 49 a cyano group, -NR20R21 (where R20 and
R21 are each independently a hydrogen atomor a G to
C4 al kyl group), a nitro group, 5 a carbanoyl group,
an N-(C to £€;abkyl 3 sl paoaylthgt eupy barbriinkhed,(C to
4 al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to

C4 al kyl grau@itthd®s alyxlyegrompariciied)y benbrarChad,

hal ogen atom and n is an integer froml to 12);

(xiii) -(CH2n -8yRigropmhéhat Ry ike subpitipteseradtl et C1 to Cs
fromthe group consisting of: (1) a hydrogen atzq 15 20
11y groupt thada sk pe bpraniphedhat cyano BaowpanyREH ?Eé/yhere R

an_aryl group, wherein the aryl group may be '
eRBSRTt arecash dgpandentiv e fsegen AteB @8 4 rOmtpnks alkyl

SEoTBPaRONEES TP 1 esh BPREL ST PHAL Hag pavDekzbamoy]
S e ROl G OB SRR Gehere o
e R R R U A

group), a nif gﬁ%lg‘# %&1&% a carbanoyl group, an N-(C to

C4a|ky|)car2b g%’up, an N,Ndi (d to 4
al kyl') car banyh 20820 U hdVe RWIGERP KWNEEE &L independently a

hydrogen atom or a Ci to Cs alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to Cs alkyDcarbamoyl group,

- an N,N-di(C; to Cs 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);

(xii) -(CH2)x-OR!2 (where R12 is a group selected from the group

consisting of:

(1) a hydrogen atom;

(2) a Ci to Cs alkyl group that may be branched:

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

a C1 to C¢ alkyl group that may be branched,

‘ a Ci1 to Cs alkoxy group that may be branched,
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25 is a G to 4 alkyl group that may be branched), a
cyano group, -NR20OR21 (where R20 and R21 are each

i ndependently a 50 hydrogen atomor a C to C4 al kyl
group), nitro group, carbanmoyl group, an NN(C to

C4 al kyl ) carbanoyl group, 5 an NNN-di (G to 4

al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4

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

atom and (4) a heteroaryl group, wherein the

het eroaryl gouryiregroubOtiet sntosthict stibdtituteld atith ead?: to Ca
one group selec ted fromthe group consistin of: Cl
alkyC4eralpythagr may bhairamehelie abegarhedoup, N %FQR%S(ere R20
al koxy group that may be branched, an aryl group that

Y I&é sobsteichuiedeneandenslyCa hydoagen sitaikpr grioupo Cq alkyl
that may be branched, a cyano group, .- NR2OR21 (where
SEOID) 2 AR EBe WD e €Arh araepkatam. 40 N-HG Ui Eetrﬁ%fﬁf@ﬁﬁ@?amoyl
aClto 4 alkyl group),.a pitro_group, a oy
@W%&P@,a%N:N—'@@éltt@ %a&mmwew%ﬂrouar Bt b&ﬁ@h@ (vbere R?
N, N-di t al kyl) car ba | grou or - NHCOR9
](s\ﬁgﬁé?s’%‘* aﬁ%"%r@lpt%‘a@:&n@’ %Ybrﬁg‘ﬁgﬁgz’hat may be

branched), 20 a cyano group, . NR2()R21 (where R20 and

R21 are eacf?%%%gﬁ?i'éﬁgrtly a hydrogen atomor a Cl to

v AL O Rel (Wi R L HARRY e O WRde R el
hydrogen atom or a C1 to Cy alkyl group), '

a nitro group,

a carbamoyl group,

an N-(C; to Cy alkylcarbamoyl group,

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

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

a halogen atom; and

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

a C1 to Cq alkyl group that may be branched,

a Ci1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to 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 Ci alkyl
group), a nitro groull)l, a carbamoyl group, an N-(Cy to C4 alkylcarbamoyl
group, an N,N-di(C1 to Cs alkyl)carbamoyl group, or -NHCOR? (where R?®

is a C1 to Ca alkyl group that may be branched),
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an N,N-di (d to C4 al kyl)carbanoyl group, -NHCOR9
(where RO is a Cl to C4 alkyl group that may be 51
branched), and a hal ogen atom and n is an integer
froml to 12); (xiv) -(CH2),-SOR 2 (where R12 is a
group selected fromthe group 5 consisting of: (1) a
hydrogen atonm (2) a Cl1 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 sel ected
fromthe groaupyongratn,ng of. 10 a Cl1 to C4 al kyl

group that may be branched C_to. C5 al koxy. group
that nay be - %Bﬁ’eéwmﬁea%q %lﬂ?ltﬁ%ﬁ eﬁtﬁg Hér{ependently a
substituted with_ a ClL tq 4 yl group that may be

GrngeaEtom ey aner & SuRlkyN 1 (where RRO and R21
are each |ndependently a hydrogen atomor a G to 4
al kyl 15 gr gupit r°£rHPPfo group, a carbanoyl group, an
N (Ci toC4aIk carbam)I group, an NNNdi(Cl to C4
al kyl ) car barfb§# > NHCOR9 (where RO is a C

o oup, - NR cf%%“?%ﬁoré @%ylig%*pnﬁ%&gﬁe%)f’ e

|ndependentl nﬁINQQ @XQQQ%% kgq}%g}fgé?ﬂggp%r&%pm al kyl

group), a nitro gro ‘N (G to
4 al kyl)car. Q(VQH%.G b 1&'&%9'1;6@4 hnc roup that may be
al kyl ) car bamoyl” group, (where IS to

Ahoaod) ghgup that may be branched) and

a halogen atom;
and n is an integer from 1 to 12);
(xiii) -(CH2)n-S-R12 {where R12 is a group selected from the group
consisting of:
(1) a hydrogen atom;
(2) a C1 to Cq alkyl group that may be branched;
(3) an aryl group, wherein the aryl group may be
substituted with at léast one group selected from the group consisting of:
a C1 to Cs alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci1 to Cq4

“alkyl group that may be branched, a cyano group, -NR?(R2! (where R20

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

| a cyano group,

-NR20R?! (where R20 and R?' are each independently a
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group), 15 AmN @1&?

a hal ogen atom and 52 (4) a heteroaryl group, wherein
the heteroaryl group may be substituted with at |east
one group selected fromthe group consisting of. a C
to 4 alkyl group that may be branched, 5 a C, 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, -NR20R2' (where R20
and R21 are each independently a hydrogen atomor a Cl
hpdfigeal ktom ograoGpYo Ca alkyt grempup, a car bamoyl group,
an N-(G to &4 al kyl)carbanoyl. 10 group, an N, N-di (C
to C4 al kyl )z akraraypbpgroup, or -NHCOR9 (where RO is
a G to 4 alkyl group that may be branched), a cyano
group, - NR2ORearhagpeyksyamw.and R21 are each

i ndependent |y a hydro om or to C4 al kyl
&%@qu )6%1:}{?&983}1 g’@‘?’”&hp, an N-( G

fﬂokﬁl) ?Lfﬁéﬁﬁg{%ﬁ& torroaRy %ﬁgﬁaﬂ g‘r'f%“% C, to C4
o 1 90U O B 2R 15, ISR ms e

RI2 (where R12 is a group selected from
Pﬁéﬂ@&up ‘é’onsn sting of: 25 (1) a hydrogen atom (2)
2yl oroup, SEiTHRAIEATY 00 ey be

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

a C1 to C4 alkyl group that may be branched,

a C1to 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, -NR2R# (where R20
and R2! are each independently a hydrogen atom or a Ci to C4 alkyl

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

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

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

a cyano group,

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

a nitro group,

a carbamoyl group,

an N-(C1 to C4 alkylcarbamoyl group,

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

-NHCOR? (where R? is a C1 to Cs alkyl group that may be
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53 substituted with at | east one group selected from
the group consisting of: a G to C4 alkyl. group that
may be branched, a ClL to C5 al koxy group that nmay be
branched, an aryl group that nay be substituted with a
Cl to 4 5 alkyl group that nay be branched, a cyano
group, -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group), a nitro group, a carbanmoyl group, an NN(( to
Sihradhed) ) mad banoyl  group, an N, N-di (C, to C4

al kyl ) car banoyl group, or -NHCOR9 (where RO is a C
to C4 al kyl sghelggenhstionmway be branched), 10 a cyano.
group, ~NRNR21 (where R20  and R21 are each

and eperde mtegea framdy bydRatomor a Cl to C4 al kyl
group), a nitro group, ,a carbamoyl. group, 15.an N (Cl
to C4 (amw(%h?djg%wé Gvbere Ré%lﬁr\r,ar&ra}lmelﬁ%eézrom {h6"group
al kyl ),car banoyl group, -NHCORO (where RO is a G to C4
@]ﬂ@}thl@g@ﬁ'p that may be branched), and a hal ogen at om

and 20 (4) eterparyl group, wherein the heteroaryl
group may gﬁ% I‘loﬁéflé’gom’th at | east one group

el et d {1001, B PUBEOT AL O By b,
grou Uhal oy b, WEACURfp 28Rk 610" UL { Dby bo
OISR o U004 RRER PSS e o
C4 alkyl 54, ¢ t0 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 Ci to Ca
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to C4 alkyl
group), avnitro group, a carbamoyl group, an N-(C1 to Cs alkyl)carbamoyl
group, an N,N-di(C: to Cu alkylcarbamoyl group, or -NHCOR?® (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group,

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

a nitro group,

a carbamoyl group,

an N-(C1 to C¢ alkyDecarbamoy! group,

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

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

a halogen atom; and
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group), a nitro group, a carbanmoyl group, an N-(Cl to

4 al kyl ) carbanmoyl  group, an NNNdi (G to C4

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

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

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

i ndependently a hydrogen atomor a Cl1 to C4 al kyl

group), nitro group, carbanmoyl group, an N-(G to 4

al kyl ) car bano group, 10 an NNN-di (A to C4

al kyl ) car barféi la hetmrparylNEHOOR v(hm@m the hetezo@iyltgrogp may
al kyl group that may be branched), and a hal ogen

Tt substatuted Withaat lesssgare groom seleeted2fromyphergroie cresisting
are taken together to form 15 a dival ent group

el ected fromthe group conS|st|ng of (CH2)m (where

m is an integer from2. to % ~~-OOIn
one enbodi mehf1 tRC4 #kylnazoumhat W@Yh@ rapgheds  R5.

e S P T e

an aryl orod ARbEIPHE, °aP§ﬁy Z)Po%aﬁwﬂﬁufﬁ B @0 o .
@m@rbﬁﬁ%%% A S
g{:ea%célgﬁdyl}degyegdeh(ewcg 1’;&59@ B{Ja& Yo 8, alkyl

anche an -ar rou tute wth a

%Jou%g ’ ﬁﬁ@g?g V\% g4 f;&%gﬂa&rd{ﬁy HE N’ (@P 9(51 ed.alRyD¥&hmoyl

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

a cyano group,

-NR29R2! (where R2" and R2! are each independently a
hydrogen atom or a Ci to Cs alkyl group),

a nitrogroup,

- a carbamoyl group,

an N-(Cy to C4 alkylcarbamoyl group,

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

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

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

(xv) -(CHz2)nSO02-R12 (where R1% is a group selected from the group

consisting of: '

(1) a hydrogen atom;

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

(3) an aryl group, wherein the aryl group may be
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and R21 are each independently a hydrogen atomor a Cl
to C4 alkyl group), a nitro group, a carbanoyl group,
an NN(ClL to C4 al kyl)carbamoyl group, an N,N-di (C to
C4 al kyl) car banoyl group, or -NHCOR9 (where RO 5 is a
G to &4 alkyl group that may be branched), a cyano
group, .NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group), a nitro group, 10 a carbanmoyl group, an N-(G
§10h Ptk R W it artblagey bng ooy saledskdifelinh Ghetgro@p consisting of:
al kyl ) car banoyl group, -NHCOR9 (where RO is a G to C4
al kyl group 4 Rattorwaleyl ghoapnchatmay bedrhacbgén at om

and -S(On-R (where nis 0, 1 or 2, and Ris a G to

C4 al kyl groGh toHat adkeyyisrobpahetiedny berbranghed,
substituted with -0-(CH2).-0O (where mis | or ézl at
positions Smredyl greppnthaigenserhe substibufed wigh a C1 to Cq

het eroaryl . group, wherein the heteroaryl gr be
akkyd tgroupethal mambe keanchefe agevamRe SEPBRL TIRHRIT e R20

LI ont L L g, bt by B T, ato
SRS, S0 252 Bl T O SR 1 M e
BN R S S s e, SRR QR (e
98 3 B LI B TSP, o (T o

al kyl ) car ba or -NHCOR9 (where RO is a Cl
to C4 al kyl r‘%x %%5%%@,”&)/ be branched),
-NR20R2! (where R20 and R2! are each independently a

hydrogen atom or a Ci to C4 alkyl group),

a nitro group,

a carbamoyl group,

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

an N,N-di(Cy to Cs alkylcarbamoyl group,

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

a halogen atom; and

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

a C1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

a.ﬁ aryl group that may be substituted with a C1 to Cs
alkyl group that may be branched, a cyano group, -NR2R?! (where R

and R2! are each independently a hydrogen atom or a C: to Cs alkyl
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a cyano group, -NR20R21 (where R20 and R21 are each

i ndependently a 5 hydrogen atomor a Cl to C4 al kyl
group), nitro group, carbanmoyl group, an N(ClL to C4
al kyl ) car banoyl group, an NN-di (Q to C4

al kyl ) car banoyl group, 10 -NHCOR9 (where RO is a G to
4 al kyl group that may be branched), and a hal ogen
atom In a further enbodinent, R, R', R2, R2" R3,
R3', R4, RT, R5, R5', R6, and R6' of the conpound

sevsenties poup) e tormthaeyl gtgumre b tGpw Cl%lkyDcarbamoyl
I ndependently selected fromthe group consisting of a
moatpo genNaNodi(Ca t8, (G, ﬂ-kwﬂ)dah‘bmmp'hgmyup,gmmMHQﬁW (where R
3,4,5-trichl orophenyl group, a 3,4-difluorophenyl
igraoGp, to & Balkiyl ophe that grawpe kwagebodhophenyl group,

a benzot hi ophenyl -2-yl group, a 3,5-difluorophenyl

group, a 3-aeNgnugyGiet hyl phenyl group, a

2,4-di fluorophenyl group, a.20 3-nethyl sul f onyl phenyl
group, and aR‘ﬁ%ﬁB}i g?"threil”ff‘l Bt st I%thl)i‘a’f?eﬁfi‘lcﬁ {V:ﬂ‘fﬁi’ﬁ deptly a
a further enbodi gent,  t onpound represented by the
hytsages gtem or & gf%pﬁ(ﬁﬂgﬂfgg%fésent ed by the

followi ng formyl a élll): Rl 25 CH2Z CH2Z 57 (where

R and R arfe™fro&bs"Pndependently sel ected fromthe

group consisting of ;a hydrogen atom a
3,4,5-trifl l?o?sor&%é]ﬁwl b, a, 3,4,5-trichlorophenyl

g1oup 2 3 SIS ePIR DS D il oo
group, a an N,N-di(C; to Cs alkyl)carbamoyl group,
-NHCOR? (where ‘R9 is a C1 to Cy alkyl group that may be
branched), and
a halogen atom;
and n is an integer from 1 to 12); or R7 and R® are taken together to form
a divalent group selected from the group consisting of: -(CHg)w" (where m
is an integer from 2 to 8); /—O/_—C\)
]
; and \“O\_JO
In one embodime:ﬁt, R1, RY, R2, R?, R3, R?, R4, R%, RS, R¥, RS, and
R® of the compound represented by the formula (II) are groups
independently selected from the group consisting of:
(i) a hydrogen atom;
(xiv) an aryl gfoup, wherein the aryl group may be substituted
with at least one group selected from the group consisting of:
a C1 to Cs alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C1 to Cq4
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5 3,5-clifluorophenyl group, a 3-trifluoronethyl phenyl
group, a 2,4-difluorophenyl group, a

3- et hyl sul f onyl phenyl group, and a
2,3-bis(trifluoronethyl)phenyl group, and R7, R8 and Z

are groups independently as defined above). In

anot her enbodi nent, R7 and R8 of the secondary am ne

10 represented by the formula (I1) are groups

i ndependently selected from the group consisti of :

4ikiyl groGp thmtCh2yabkyhragrchegd, wheyanmgroep, brl\&R&%Zg (gfhere R0
forma cyclic group; and (xii) -(CH2).-OR12 (where

RA@ RY argreoeh selarndénthom hﬁérm@u@tomsoéofhﬁlstt@r@l alkyl
of . 4) a hydrogen atom (2).a Cl to al kyl

£10MD) N ik BYQliy HedarBNoEh SR, fg‘ré‘h 1 ‘v‘ﬂw&é}lgyﬁﬁ%rbamoyl

aryl grou substituted with at Ieas
g@%taébl‘fNo%(phéog(%ﬁHiﬁiﬁ@é’b§mW Epup, 65 NHGORS @fere R?
al k group,.that may.be branc , | to C5 al koxy

]@rfbﬁé tPh(gi Hﬁgl ggaupt Qﬁ&ﬁ’éﬂy%ﬁgb ‘oup that may be
substituted with a Cl to 4 aIkyI groupthat may be
branched, a &P EF%IH% -NR20R21 (where R20 and R21

are each indwﬁgpt( edce ggo gep ﬁo%%my hc&a%e%enﬂy a

al kyl 25 gro g oup, car

ﬁ?«é%%e Oa%%“éybl ‘E@r(ﬂaeﬁ%{éh ﬁﬁﬁ%p an N, N-di (Cl to CA

car am)yl oup, (where RO is a C

to 4 aI kyl may be branched), 58 a cyano
group, - Nmoagg%%?\%erg R20 and R21 are each
i ndependent |y &by ogRNAt omor a Cl to C4 al kyl
group), a nitro group, 5 a carbamoyl. group,

an N-(Ci1 to Cs alkylcarbamoyl group,

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

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

a halogen atom, and

-8(0)n'R (where nis 0, 1 or 2, and R is a Ci1 to Cq4 alkyl

" group that 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:
a C1 to Cyq alkyl group that may be branched,
a Ci to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci1 to Cs
alkyl group that may be branched, a cyano group, -NR2'R?! (where R20
and R2! are each independently a hydrogen atom or a Ci to Cs alkyl

group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkyl)carbamoyl
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an NN(ClL to C4 al kyl)carbanmoyl group, an N Ndi (G to
4 al kyl ) carbanoyl group, _NHCOR9 (where RO is a Cl to
C4 al kyl group that may be branched), and 10 a

hal ogen atom and (4) a heteroaryl group, wherein the
het eroaryl group may be substituted with at |east one
group selected fromthe group consisting of: a G to
C4 alkyl. group that may be branched, 15 a G to C5
al koxy group that may be branched, an aryl group that
FRYiphansMUSt di(Qt €8 OV 4lkyd)cethamolh grahpydr - JHILPRP Hathere R®
may be branched, a cyano group, NR?0OR21 (where R20
andCR24 Gy £kedahouipdbpensenbe pranbledlpogen atomor a G
to C4 alkyl. group), a nitro group, a carbanoyl

group, an Na Slanogfiuml kyl ) car banoyl 20 group, an

N, N-di (Cl to C4 al kyl)carbanoyl group, or -NHCOR9
(where RO i-NR2OBRY! i(wheseaRRY langr Kb armreashyinslependently a
branched), a cyano group, .NR20R21 (where R20 and R21
ydrogeotatomiepandehe Oy akyhg¥rulen atomor a ClL to C4
al kyl group), 25 a nitro group, a carbanoyl group, an
N-(C to C42alKyp)arBarpyl group, 59 an N, N-di (O to
C4 al kyl ) carbamgyl group, -NHCOR9 (where RO is a G to
C4 al kyl gr @uﬁan‘ﬁ}?é%’owoﬁé” branched), and a hal ogen

crbodi ment . RN RECR LR SRR P e
an N,N-di(C; to Cq alkyl)carbamoy! group,
"NHCOR? (where R? is a C1 to C4 alkyl group that may be
branched), and
a halogen atom.
In a further embodiment, R1, RY, R2, RZ, R8, R¥, R4, R, RS, R%, R§,
and RS of the compound represented by the formula (I) are groups

independently selected from the group consisting of a hydrogen atom, a

.3,4,5-triﬂuoropheny1 group, a  3,4,5-trichlorophenyl group, a

3,4-difluorophenyl group, a S-nitrophenyl group, a 3-cyanophenyl group,
a benzothiophenyl-2-yl group, a 3,5-difluorophenyl group, a
3-trifluoromethylphenyl group, a 2,4-difluorophenyl group, a
3-methylsulfonylphenyl group, and a 2,3-bis(trifluoromethylphenyl
group.

In a further embodiment, the compound represented by the

formula (II) is a compound represented by the following formula (ID):
R1
(L Lena
QO
R" (Ir)
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represented by the fornula (I1) are groups

i ndependently selected from the group consisting of a

nmet hyl group, an ethyl group, an n-butyl group, an

i sobutyl group, an n-decyl group, and a cycl ohexyl

group. 10 In a still further enbodi ment, R7 and R8 of

the secondary am ne represented by the fornmula (11)

are the sane. -1n anot her enbodi nent, R7 and R8 of the
secondary amne represented by the formula (I1) are

(wlkae R¥gehleR!t aré amoupsdindipenidenglyosplesed e dirent thengroup
the group consisting of: -(CH2)m (where mis an 15
dontségpime f redma2 hgd8ger - atbrfl, and3 \;0{IToeophasdntgroup, a .
invention further provides a nethod for stereo

3d} Ettrichbirppheosligrogp aachiptifhwropheesk graw.by 3-hitrophenyl
formula (M): 20 R-NR160 17 R15 OGR RI1B (V_I t he
gioniped T opeyaephenyly|gmoupg & cbapeetidopkprelsdnteBeyp, a
the formula (1V) 25 14 R16 R~=N-L | ;-L;UUR7 |

‘Rbsdiflyarophengh’ weTdim conpodifdiibrotomeethylphgnayly group, a
"R18-w (V) usi nI? a conpound repLegselﬁiqed by the fornul a d
%f)dl{fhﬁ’(ropgeﬁﬁ e St Ih ﬁles%g@(t y nylp r §T8P 5 and a

f,B?l?i%tttriﬁgggo%eﬁ)aytlﬁlﬁ/esﬁﬂ 5groRu}%%, I:\z);trizd ﬁ'f', R8 and Z are groups
independently as defined above).

In another embodiment, R7 and R® of the secondary amine .
represented by the fqrmula (II) are groups independently selected from
the group consisting of:

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

" group; and

(xii) -(CH2)»-OR12 (where R!2 is a group selected from the group

consisting of:

(1) a‘ﬁhydrbgen atom,

(2) a C1 to Cq alkyl group that may be branched,

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

a Ci to Cs alkyl group that may be branched,

a Ci to Cs alkoxy group that may be branched,

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

is a C1 to Ca alkyl group that may be branched),
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4 R RRL RRI /+R7 X R5 R6 R N\ RB R4 R
10 R RZW in a nediumin the presence of an
i norgani c base, wherein in the formula (1), R R', R2,
R2" R3, RV, R4, R4, R5, R5', R6, and R6' are groups
i ndependently selected fromthe group consisting of.
15 Wa hydrogen atom (ii) -NR2OR21 (where R20 and R21
are each independently a hydrogen atomor a Cl to 4
al kyl group); (iii) a cyano group; (iv) a nitro
group; 20 Macgaidgrmyg, group; (vi) an N-(Cl to C4
al kyl ) car banoyl group; (vii) an NNN-di (G to C4
al kyl ) car banmdbiR20B2bprhefrei R?) andHBRIRoatavrach Redepengdently a
C to &4 alkyl group that may be branched); 25 (ix) a
Igdtage@tankpk agobp Guralkyhayoww), br anched or form a
cyclic group; Wa C2 to C6 al kenyl group that may be
branched or & otigp&reyplic 61 group; (xi) a C2 to C6
al kynyl group that may be branched or forma cyclic
group; (xii) el gT0Wh oup, wherein the aryi
moi ety of t haen ﬁ?&hk %/cl C4 alkyDcarbamoyl group,

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

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

a halogen atom, and

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

a C1 to 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 Ci1 to Cs
alkyl group that may be branched, a cyano group, -NR20R?! (where R20
and R2?! are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to C4 alkylcarbamoyl
group, an N,N-di(C: to Cs alkyDcarbamoyl group, or "NHCOR? (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group,

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

a nitro group,

a carbamoyl group,

an N-(C1 to C4 alkyl)carbamoyl group,
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5 group may be substituted with at | east one group

sel ected fromthe group consisting of: Cl to C4

al kyl group that may be branched, 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 10 that may
be branched, a cyano group, -NR2()R21 (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- (O to 24 NaNkgi(Dg ap tnaikly Lgaobigmoghgraumy- di (A to

- 4 al kyl) carbanoyl group, or -NHCOR9 (where RO is a C

to C4 al kyl-NF OGRS tvebermR? lie sbCarioHedilkyl Zraupyides may be
group, .NR20OR21 (where R20 and R21 are each

bretetheddesmdy a hydrogen atomor a Cl to C4 al kyl

group), nitro group, carbanoyl group, 20 an N-(C to

C4 al kyl) carbhamgenggiomp, an N, N-di (G to C4

al kyl ) car bamoyl group, -NHCOR9 (where RO is a G to C4
andyl L yptesso rlaﬁp E% branched), and a hal ogen

atom 25 (xjii.) a heter.oaral r havj.ng a .
het er oTéhPf fﬁﬁﬁgry ,en&%{lge[pt, f%lé al%?éf g[igsoa??ﬁh eeppda, amine

Dot e e 58 YR ESAEEDE A o

TR e ?&?‘%g?%' of gy BBt e Siity an TP Brdulf af B 1 group,
Cl. )

T it B 2 i Bec BRIk S B ARRERH: extufplan©

| ndepep gnéntjiﬂi‘f rfg[rﬁi’éif 0983 4ahe Mt OR7 :{dl REGfEheAbdédndary amine |

group);,
represented by the formula (II) are the same.

In another embodiment, R7 and R& of the secondary amine
represented by the formula (II) are taken together to form a divalent
group selected from the group consisting of -(CHz)m- (where m is an

integer from 2 to 8); ~—0 0

]

The present invention further provides a method for

; and \_OL__IO

stereoselectively producing a compound represented by the formula VI):

=14 R160
==N
15>_ " 0—R17
R R18 (VI)

the method comprises:

alkylating a compound represented by the formula av)

16
14 R
R I 17
>——=N-—(I3-CO-O—R
R15 H (Iv)
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group, a carbanoyl group, an N-(Cd to C4

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

al kyl ) car banmoyl group, or -NHCOR9 (where RO is a G to
C4 al kyl group that may be branched), a cyano group,
10 NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a Cl to C4 al kyl group), nitro
group, carbanmoyl group, an N-((J to 4

al kyl ) car bamoyl group, 15 an NNN-di (d to C4

@lftyh coardoannlybdf giofrmulHOORI (where RO is a G to C4
al kyl group that rmg/ be branched), and a hal ogen
atom (xiv) an arRi%gnbup, wh¥hein the aryl group may
be substituted 20 with at |east one gro sel ect ed .
tisiom aheoxqupoupdc orpteseintgd opy the fenula :(hqﬁ af i§ypure with
that may be branched, Cl to G5 I'kox%/ group that may
tesplechtc AELE semmatyy a@r%nbaﬁwﬁarh%r satalypkt i t ut ed
with a Cl to G4 al gl GhDUP that may be branched, a
cyano group, -NR20R2' (‘where R20 and R21 are 25 each
i ndependent |y { hyeeogeh.a Bhor a d to C4 al kyl
group), a nitro ¢ ¢ar banoyl_ group, an N-(C to
C4 al kyl ) car banmoy ~ N, Rdi (O to ¢4

al kyl ) car banoyR” g GER9 (where RO is a G to
63 4 al kyl %ﬁu ched), a cyano
group, .NR20 3 are each

i ndependently a atomor a Cl to C4 al kyl.

group) 5 a niH0 O glbanoyl group,

RY R? ey

in a medium in the presence of an inorganic base,

wherein in the formula (I), B!, RY, R2, R?, R3, R¥, R4 R4, RS, RS,

RS, and Rf are groups independently selected from the group consisting

of:

(1) a hydrogen atom;

(ii) -NR2°R2! (where R20 and R2! are each independently a
hydrogen atom or a C1 to Cy alkyl group);

(iii) a cyano group;

(iv) a nitro group;

(v) a carbamoyl group;

(vi) an N-(C1 to Cy alkyDcarbamoyl group;

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

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

(ix) a C1 to Cs alkyl group that may be branched or form a cyclic
group;

(2) a Ca to Cs alkenyl group that may be branched or form a cyclic
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an NN(Cl to C4 al ky) carbanoyl group, an N,N-di (C to
4 al kyl ) carbanoyl group, -NHCOR9 (where RO is a Cl to

- C4 al kyl group that may be 10 branched), a hal ogen

atom and -S(O.-R (wherenis 0, 1 or 2, and Ris a

Cl to &4 alkyl group that nay be branched); or may be
substituted with -0-(CH2).-O (where ra is 1 or 2) at
positions 15 3 and 4 taken together; and (xv) a

het eroaryl group, wherein the heteroaryl group may be
stghi tuted with at | east one group selected fromthe
group consisting of: Cl to &4 alkyl. group that may

be brdathadCs 1@ (Os0alBynsl karoypgtloalp rhimatberhyabehed or form a
branched, 20 an aryl group that may be substituted

opciie gro@p;to C4 al kyl group that may be branched, a

cyano group, -NR20R21 (where R20 and R21 are each '
i ndepemiidnahyazalkytaygen, arlenean theCpryb mgiesykgd the aralkyl
group), a nitro_ group, .a carbanoyl group, an N-(C .to
opul Tay) basphadiitedr Gl atipastonedgroup tedeetgd from the group
al kyl ) car banoyl group, or -NHCOR9 (where RO is a Cl to
@S@tlﬁgl@ﬁ group that may be branched), a cyano

, =NRVR21 R2 d 1 h
nepinBepILy: A GuoyBA BB A S IGARSIER (o O al kyl

&Pl o et BB AR B wRR, o

o0 TR P N TR TR k00, gronn;

‘that may be branched, a cyano group, -NR20R# (where R20 and R?! are

each independently a hydrogen atom or a C; to Cq4 alkyl group), a nitro
g;oup, a carbamoyl group, an N-(Ci to Cas alkylearbamoyl group, an
N,N-di(C; to Cq alkyl)carbamoyl group, or -NHCOR? (where R® is a C1 to
Cs alkyl group that may be branched),

a cyano group,

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

 a nitro group, -

a carbamoyl group,

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

an N,N-di(C1 to Cs alkyDearbamoyl group,

“NHCOR® (where R? is a Ci to C4 alkyl group that may be
bra_nched), 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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a hal ogen atom and R7 and R8 are each independently a
nmonoval ent organic group or are 10 taken together to
forma dival ent organic group, X- is a halide anion,
in the formulae (1V) and (VI), R14 and R15 are each

i ndependently (i) a hydrogen atom or 15 Q) an aryl
group that may be substituted with a C1 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 wth the
provi s0Ct he uaslkyhMgesep bhth nRiy barkdtaRtBedir e hydr ogen
atons is excluded, 20 R16 is a group selected fromthe
gr oup = Gnsd s aldrosf .gro@p thatydapderbmmshed(ii) a Cl to
C10 al kyl group that may be branched or forma cyclic
gr oup;ax ary)) gwup2that ©Eyab& enhstitpiedpwithas Grebp Ge alkyl group
branched or forma 25 cyclic gr

; C2 tg C6
Hadymply be dupnched, aegyase sr%h'%ﬁ%"ﬁ%%warheae %@c%@ R*! are
roup; 65 an aral kyl roup, wherein fhe.aryl r .
G R S ko e h R s A U oL it
FDT 8 GpPagrs pExHRL Rty NS D arChat Ry Deathapory, Teghp, an

LPEIZISS, SRS IR, R Pianched, BB doH: QIR MR i o

Grane S oy RERBARY, 2 yor ogen atom o a

Clto %ygﬁg)&o@[;,oup) , anitro.

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

a nitro group,

a carbamoyl group,

an N-(C; to Cs alkyDcarbamoyl group,

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

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

“branched), and

a halogen atom;

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

a Cj to Cs alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

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

al kyl ) carbanoyl group, an 10 NNN-di (A to 4

al kyl ) car banmoyl group, or -NHCOR9 (where RO is 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 Cl to C4 al kyl group), 15 a nitro
group, a carbanoyl group, an N-(Cl to C4

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

@l kibdarapoitatahavbe bidieERA) (where RO is a G to C4
al kyl group that may be 20 branched), and a hal ogen
atom 4 vvan@gheder oar al kyl group having a heteroaryl
noi ety, wherein the heteroaryl noiety may be

subst |*NR%’R2W(Wﬂneae R¥asnd A¥é mreoench sedeptrstpritipm hidrogen
group consi st ng1 25 a ClL to ¢4 al kyl group that
ateyn oe abCahe Kad kyhgavup)o C5 al koxy group that may be
branched, an aryl group that nay be substituted with a
C1 to@lfdpléfpugroup 66 that may be branched, a cyano
group, -NR20R21 (where R20 and R21 are each
|ndepe’ﬂlf1l@fhar1§0.‘él W.'Fbgen atomor a Cl to C4 al kyl

0o 8B bl B SRR S7P, 2 (O e
5 Ch | Ca?}? %"%95%‘@? éHﬁfyca@NF'%%n?’Sr&%éas?ﬁeaR?ygﬁoag?ouLf’
Oy 0., 1P, 5,506 PR e 1o
Bathed),

a halogen atom, and

-S(0)»'R (where nis 0, 1 or 2, and R is a C1 to C4 alkyl group that
may be branched);
or may be substituted with -O-(CHz)m-O- (where m is 1 or 2) at positions
3 and 4 taken together: and

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

a C1 to Cs alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to C4 alkyl group

that may be branched, a cyano group, -NR20R2! (where R20 and R?! are

‘each independently a hydrogen atom or a Ci to Cs alkyl group), a nitro

group, a carbamoyl group, an N-(C: to C4 alkyDcarbamoyl group, an

N,N-di(C1 to Cs alkyl)carbamoyl group, or -NHCOR? (where R? is a C1 to

C4 alkyl group that may be branched),
a.cyano group,

-NR20R21 (where R?? and R?! are each independently a hydrogen
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10 a carbanoyl. group, an N-(Cl to C4 al kyl) car banoyl
group, an N,N-di (O to C4 al kyDcar banoyl group,
-NHCOR9 (where RO is a G to C4 al kyl group that nay
be branched), and 15 a hal ogen atom (vii) an aryl
group, wherein the aryl group may be substituted wth
at | east one group selected fromthe group consisting
of: Cl to C4 alkyl group that may be branched, C1
to C5 al koxy group that may be branched, 20 an aryl
o pr th@i tondy d&ybgbsupk uted with a G to C4 al kyl
group that may be branched, a cyano group, -NR20R21
(wher ea R2@ogrduR9l are each i ndependently a hydrogen
atomor a Cl to C4 alkyl group), a nitro group, a
car barmyarhﬁmopl gl (Cl to C4 al kyl ) carbanoyl group,
an N, N-dli to 4. al kyl)carbanoyl group, or -NHCOR9
(wher eRIRN- @150@} Btlliyl)%rh?@ﬂl’]k@lm@)r oup that may be

T S AT
4
W &meesg %, 990 B RR o h, y ve

C4 al :) banmoyl group, -NHCOR9 (where RO is a Cl to
hl?é I@1‘5oup that may be Dbranched), and a hal ogen

atom a VIII Orﬁl eroaryl group, wherein the

hetero% %3%6%) rria e 10 substituted with at | east

RS %paf‘@ le%%ﬁleﬂl(iép%'ﬂcfe@ﬁ}g raoﬂfbrfb%%ﬁﬂ bBga e’ group or are
taken together to form a divalent organic group,
X- is a halide anion,
in the formulae (IV) and (VI),
R4 and R'5 are each independently

(i) a hydrogen atom; or

(i) an aryl group that may be substituted with a C1 to C4 alkyl
group that may be branched, a Ci to Cs alkoxy group that may be
branched, or a halogen atom;

with the proviso the case where both R4 and R are hydrogen
atoms is excluded,
R16 is a group selected from the group consisting of:

(1) a hydrogen atom;

(i1) a C1 to Cio alkyl group that may be branched or form a cyclic

- group:;

(iii) a Cg to Ce alkenyl group that may be branched or form a

cyclic group;

(iv) a Cg to Ce alkynyl group that may be branched or form a

cyclic group;
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Cl to &4 alkyl group that may be branched, G to C5

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

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

may be branched, a cyano group, -NR20R21 (where R20

and R21 are 15 each independently a hydrogen atom or

a Cl to 4 alkyl group), a nitro group, a carbanoyl

group, an N-(Cl to C4 al kyDcar banoyl group, an

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

(wher &(vRUd sralk§l droup Cérhrirkid the eyl ghatp wiyhberalkyl group
branched), a cyano group, 20 -NR20R21 (where R20 and

Hh31 bar eubstttutiedd eptindeniéastachy dgagen sektcoed oirom ¢he group
to &4 alkyl group), nitro group, carbanmoyl group, an
dbr{sEtihg of4 al kyl ) car bamoyl group, 25 an N,N-di (O to

4 al kyl ) car banoyl group, - NHCORO V\,here ROisad to

C4 al kg tgrGuplisagronmythiss m%Yeli’ﬁcbi‘@dl)C 8Ad 68 a

hal ogen ato R17 is a G to C8 alk up that may
be br @&é@%& atleyxm grogpcihad mgw&wpgranq%eﬁhe formul ae

Consi Si® gg;i;gmi(ﬁﬁﬁé et B GHBBARL SO Haf g Erous
Shaty e B Anchafe i EXAGR EEPY: 4013 i ‘i)ﬁva*%erﬁa?‘p%%a R2! are
R A P ad BICRd of S SR a mitro.
gxr'oupo, a carbamoyl group, an N-(C: to Cs alkylcarbamoyl group, an
N,N-di(C; to C4 alkyDcarbamoyl group, or -NHCOR? (where Re is a C1 to

Cz_; alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a hydrogen

~ atom or a C1 to G4 alkyl group),

a nitro group,

a carbamoyl group,

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

an N,N-di(C; to Cs alkyDecarbamoy! group,

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

a halogen atom:

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

a C1 to Cs alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C1 to Cs alkyl group
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(iv) a C to C6 al kynyl. group that may be branched or
forma «cyclic group; Man 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; Cl to C4 alkyl group that nmay

be branched, Cl to C5 al koxy group that may be '
branched, an aryl. group that may be substituted with

a Clto 4 alkyl group 20 that may be branched, a
MANRayIh® IR anc MR ORZY atithgf i 2N RWR 2RI hatre R¥aghd R?! are
i ndependently a hydrogen atomor a Cl to C4 al kyl

Gl depndiehtly adiydipgea strharoy!Cgtodh, alkyl NroGp),t® nitro
C4 al kyl') carbamoyl group, an N Ndi (O to G4
aitday), ) £ ardrhamdy] gemup, an NNESORS Cwhedkel)P@rlissnaylCgrowp, an
4 al kyl group that may be branched), 25 a cyano )

N uhi(C: MREQRIkyDwhshamBeD gaoup, R - NEC@R& Kwhere R? is a C1 to
i ndependently a hydrogen atomor a Cl to C4 al kyl
@4auml,gﬁgpat{lﬁittmw@legl%ncbedér barmoyl group, an N-(Ci

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

al kyl )& ardeByulyr oup, 5 - NHCOR9 (where RO is a Cl to

ctom NRPRE Ruberoaiiagh B i s Hetspanelia Dasyhydrogen

noi et y, rejn_.the heteroary-1 noiety may be
%ﬁ?b’%#@u&g‘} §4tq]fk$fg}"b‘3%)t one group 10 selected from
the grou i to C4 al kyl group that may be branched,

G
a toacg&if’@%p’group that may be branched,

a carbamoyl group,

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

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

-NHCOR® (where R? is a Ci to Cs 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:

a Ci 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 C4 alkyl group
that may be branched, a cyano group, -NR20R2! (where R20 and R?! are

each independently a hydrogen atom or a Ci to Ca alkyl group), a nitro

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

N,N-di(C1 to Ca alkylcarbamoyl group, or -NHCORS? (where R? is a C1 to
Cs alkyl group that may be branched),
a cyano group,

-NR20R?! (where R2° and R2! are each independently a hydrogen
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an aryl group that may be substituted wwth a C1 to C4
al kyl group that may be branched, a cyano group,
-NR20R21 (where R20 and R21 are 15 each independently
a hydrogen atomor a G to C4 alkyl group), a nitro
group, a carbanoyl group, an N-(C to C4

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

al kyl ) car banmoyl group, or -NHCOR9 (where RO is a Cl to
C4 al kyl group that may be branched), a cyano group,

2A0m MRA0B21c Cuhdkel B2duind R21 are each independently
a hydrogen atomor a Cl to C4 alkyl group), nitro

group,a nc@olgagoay| group, an N-(Cl to C4

al kyl ) carbamoyl group, 25 an NNN-di (d to C4
alkyl)a:aaﬂ&tmgjzlglmup -NHCOR9 (where RO is a Cl to ¢4
al kyl group that I\é branched), and 70 a hal ogen
at om FvN-{Caip Eayil @}@%F&ammé]r%ﬂwpbhe aryl group may
be substituted wth at l[east one_group selected from
the grasupNodCattpriy: akkylcarbamos! €10@Pkyl group t hat

R e B o e el Lo B 5Ll may be

W|th a EZI C4 al kyl group that may be branched, a
Rxpdcbed oﬁ‘}b‘? NR20R21 (where R20 and R21 are each

|ndepenetl en atomor a Cl to 4 al kyl.
gr oup)? P & %Co%r%]ﬁ% a carbanoyl group, an N-(C to

acl4k§: ;@é?ﬂggnggpo %*‘%up,aﬁfgé%ﬁﬁﬁ Mere exh@c¥'group may be
it fER %Qﬁﬁgggan‘?j%&f@%?%?%gﬁ B e %%ﬂ"tmg_ of

hydr ogeg,; to C4 alkyl group that may be branched,

a Ci1 to Cs alkoxy group that may be branched,

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

a cyano group,

-NR20R2! (where R20 and R2! are each independently a hydrogen
atom or a Ci1 to C4 alkyl group), |

a nitro group,

a carbamoyi éroup,

an N-(C: to Cs alkyDcarbamoyl group,

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

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

branched), and
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atomor a Cl to C4 alkyl group), 15 a nitro group, a
carbanoyl. group, an N-(ClL to &4 al kyl) car banoyl

group, an N,N-di (O to C4 al kyl)carbanoyl group,
-NHCOR9 (where RO is a C to C4 al kyl group that nmay
be 20 branched), and a hal ogen atom (viii) 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 nay
be br anbhRFenbtomnCl to C5 al koxy group that may be
branched, an aryl group that may be substituted with a
KI7 10 aCfatkyls gilopipgriiatthaaymbag be amehmededaoryfanm a cyclic
group, -NR20R21 (where R20 and R21 are 71 each
g'mcd:@Sendently a hydrogen atomor a Cl to C4 al kyl

group), a nitro group, a carbanoyl group, an N-(Q to
m@foynyxdaekiyﬁmdd FBup, an N N-di (O to C4
al kyDcar banmoyl group, or -NHCOR9 (where RO is a Cl to
I# islkgrouy selgctathfromnyhegrovmsensigfingof cyano group,

. NR20R21 (where R20Q. and R21 are each |ndepengrentl a
hydr od&na G tmCse 2dkd grepucthat may e ¢% fprm a cyclic
group, carbanoyl group, 10 an N-(g to C4
%OWI’)carbarmyl group, an N,N-di (C to C4

2 )(&3 B rha? ot o SHEB e (e a B h P ope DAt May be

brannhea or form a cyclic group;

(iii) a Cz to Ce alkenyl group that may be branched or form a
cyclic group;

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

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

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

‘consisting of;

a C1 to C4 alkyl group that may be branched,

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

an aryl gi'oup that may be substituted with a Ci1 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 Cs alkyl group), a nitro

~ group, a carbamoyl group, an N-(C; to Cs4 alkyDcarbamoyl group, an

N,N-di(C: to C4 alkyl)ecarbamoyl group, or -NHCOR? (where R? is a C1 to
C4 alkyl group that may be branched),
| a cyano group,

-NR20R2! (where R2° and R2! are each independently a hydrogen

atom or a C1 to Cs alkyl group),
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15 (ix) a C3 to C9 propargyl group or substituted

‘propargyl group that may be branched, and in the

formula (V), Wis a functional group having a | eaving
ability, and in the formula (VI), 20 shows a newy
produced asymetric center. In one enbodi nent, R7 and
R8 of the conpound represented by the fornula M are
groups i ndependently selected fromthe group
consisting of: Wa G to Cl2 al kyl group that may be
br anchaeitmo dromg, a cyclic 25 group and/ or may be
substituted with a halogen atom (ii) a C2 to Cl12

" al keny4 cgrivupoyhgtoumy be branched or forma cyclic

group and/or may be s§bst|tut ed wth a hal ogen atom
72 (iiay Ny @21:@&4@11@57 cayframnopt sEP Mhat may be
branched or_forma _cycli c group and/ or nmay be

subst i 2SN di t@@laﬁgﬁé axParovL| ﬁ??uﬁn aryl group,

wher ei n group may be subst]

| east %‘l%ll&g?ﬁ V%}éqr@c%edlglraonﬁ ﬁ@ i}‘ﬁo%?%iﬂbﬁo@ay be
aI kyl group that nay be branched, a G

g’fﬁ”&é‘eé]ls %5%3 group that may be branched, an aryl group

that ma age sub tituted with a Cl1 to C4 al kyl group

t hat IT%;] dH¥ed, a cyano group, -NR20R21 (wher e

5, TN ey BUEREISTI Ly AESOE nBhAD, G

R 2 oy et UL AGOF AR, i Mg o e

%) 88l KOl Shégfdupo C4 alkyl group that rmy be
ranched), a cyano group, -NR20R21 (where R20 and R21

g;ealeil@ reléﬁggkgg)agqrgﬂoﬁp%bmﬁagm hrkmchedm or a G to

a Ci1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to C4 alkyl group
that may be branched, a cyano group, -NR29R2! (where R20 and R?! are
each independently a hydrogen atom or a Ci to Ce alkyl group), a nitro
group, a carbamoyl group, an N-(C1 to Cq alkyl)earbamoyl group, an
N,N-di(C; to Cq alkyl)carbamoyl group, or -NHCOR? (where R? is a C1 to
C; alkyl group that may be branched),

a ¢yano group,

-NR20R2! (where R20 and R2! are each independently a hydrogen
atom or a Ci1 to C4 alkyl group),

a nitro group,

a carbamoyl group,

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

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

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

branched), and
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nitro group, carbanmoyl group, an N-(C to 4

al kyl ) carbanoyl group, an NNN-di (A to 4

al kyl ) car banmoyl group, 20 -NHCOR9 (where RO is a G to
C4 al kyl group that may be branched), and a hal ogen
atom M a heteroaryl group, wherein the heteroaryl
group may be substituted with at | east one group

sel ected fromthe group consisting of. 25 a Cl to (4
al kyl group that may be branched, a G to C5 al koxy
group &haflogayatienbr anched, an aryl group that nay be
substituted with a G to &4 alkyl group 73 that ma

be br atvifiean =yt ysmwopgrebereinNRRORZY! @nbep enreObeysgbstituted
R21 are each independently a hydrogen atomor a Cl to
®ithabk yéasgranepgroup sdleeted épuubhe arewp benyigtingrdup, an
N(C to 4 al kf/l)carbarmyl group,. an N.Ndi(Cl to 4
al kyI)@eﬁlH@n@yB lyrl @rpupdhatnpenRe eshedrg is a CL to
5 C4 al kyl grou that may be branched) a cyano group,
. NReore (C1(fifie P koxy SHegPRNAtIAYRE r?I?‘Fcl@yﬁiendent ly a

S?ELS?SQ@TX ggﬂ%ﬁﬁﬂ %batfyghgl Uz}:ﬁ’lﬁ%&l‘gqg{ ﬁ.)l 646 Po 84 alkyl group
Shal MeabB b diogpeyd %@&%g (B herg BEY ppd B2t axe
%?% ?r ouﬁd%%%% nched)(‘él o %ga(%‘id %Jlaé&gl%'? o itro

gf‘oqﬂp,sa carbamoyl group, an N-(Ci to Cs alkyl)carbamoyl group, an
N,N-di(C1 to C4 alkyl)carbamoyl group, or -NHCOR? (where R? is a C1 to
C¢ alkyl group that may be branched),

a cyano group,

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

| a nitro group,

a carbamoyl group,

an N-(Ci to C¢ alkylcarbamoyl group,

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

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

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

a C1 to Cs alkyl group that may be branched,

a Cito C5. alkoxy group tﬁat may be branched,

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

that may be branched, a cyano group, -NR2°R21 (where R20 and R?! are
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i ndependently selected fromthe group consisting of.'

(1) a hydrogen atonm (2) a Cl1L to C4 al kyl group that

may be branched; 20 (3) a C2 to C6 al kenyl group that

may be branched or form cyclic group ; (4) a C2to

C6 al kynyl group that may be branched or form «cyclic
group ; (5) an aral kyl group, wherein the aryl noiety

of the 25 aral kyl group may be substituted with at

| east one group selected from the group consisting _
@fch tddpendeGilyahKyy d@geupatonatornmyCibe Mhankyddrouph @ nitro
C to C5 al koxy . group that nmay be branched, an aryl
groupy 4 hetrbampoybegudpst 2t UNeC ikt Ca amyl)oaﬂmmgyﬂwoup, an
group that may be branched, a cyano group, -NR20R21
NyiNetiéC Reo CiaalltyRzarbamoghehoumdepai ﬁx& (wheyaheyem C1 to
atomor a Cl to C4 alkyl 5 group), a nitro group, a
Carbarherougrthap, may be franchedss al kyl ) car banoyl

group, an N,Ndi (O to C4 al kyDcar banoyl group, or

- NHCOROCYaieBEOU® s a Cl to C4 al kyl group that may

be branch a_cya gro . NR20R21 . ere an _
R21 ar'éq%zigﬁi i(wbsﬁ%ﬁﬁgze"rﬁmfw’ﬁl 2 ?ﬁ%} bé@%%d&%%& aaﬂ&imgen
to C4 al kyl 0 ni tyro group, carbanoyl group, an
Nlo(nhortaoédo gﬂéi%l:gr%%w group, an N,N-di (d to C4
al kyl ) car bano group, 15 -NHCOR9 (where RO is a Cl to

|
c4 al PP &BPhat may be branched), and a hal ogen

atom carbamoyl group,

an N-(Cy to C4 alkyl)carbamoy! group,

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

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

a halogen atom; and

(ix) a Cs to Cg propargyl group or substituted propargyl group
that may be branched, and
in the formula (V),

W is a functional group having a leaving ability, and
in the formula (VD),
* shows a newly produced asymmetric center.

In one embodiment, R? and R8 of the compound represented by
the formula (I) are groups independently selected from the group
consisting of:

(i) a C1 to Ciz alkyl group that may be branched or form a cyclic
group and/or may be substituted with a halogen atom;

(ii) a Ca 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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(6) a heteroaral kyl group having a heteroaryl nviety,
wherein the heteroaryl. noiety may be substituted with
at | east one 20 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
branched, an aryl group that may be substituted with a
Cl to &4 alkyl group that nay be branched, a cyano
group, -NR20R21 (where R20 25 and R21 are each

i ndepdiigleat Cy @ Oysmdkenylagesamthat Ghay beChrahidyéd or form a
group), a nitro group, a carbanoyl group, an N-(Cl to
&4lial deplopoat drarayhy bgrsadystitate d\niibidia(1Glogen G4om;

al kyl ) car banoyl group, or -NHCOR9 (where RO 75 is a .

Cl to (B9 abhkgkylgeoomp,t Wteremy the wrdngtmy) man ke substituted
group, .NR2OR21 (where R20 and R21 are each
wiidepeldehtone groupyshleced faewntihesr groupcanpiging|aty|

group), 5 a nitro_group, a carbamyl group, an N-(Cl

to C4 alkyp)cantkateyrupitbap mam by uaarket. to 4
a1 i1 5Fo0p Catkdret,hED TTERanCRGIRRCERt. & hal ogen
o e o8 B8, 8t WP
RSNt el R B2 g ar
e TN A T
P P PTGt o o e Ry PRy gou an
N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCORS? (where R® is a C1 to
C4 alkyl group that may be branched),

a cyano group,

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

a nitro group,

a carbamoyl group,

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

~an N,N-di(Ci to Cs alkylcarbamoyl group,

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

a halogen atom:

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

a Ci to C4 alkyl group that may be branched,

a Ci to C5 alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to Cs alkyl group
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group), a nitro group, a carbanmoyl group, an N-(Cl to
4 al kyl ) carbanoyl 20 group, an NN Ndi (Cl to 4

al kyl ) car banmoyl group, or -NHCOR9 (where R9 is a Cl
to C4 al kyl group that may be branched), a cyano
group, .NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a C, to C4 al kyl
group), 25 a nitro group, a carbanmoyl group, an N (Cl
to ¢4 al kyl)carbanoyl group, 76 an N,N-di(C to 4

Bldtyagabd arraylch 08 OH Poy aniNHEERS , (MR PR ?RAwileera K30 4nd Q! are
al kyl group that may be branched), and a hal ogen )
@idimindeybiled)y a hedeigear ytomraup, Cmbe i alkyheroup), a nitro
het eroaryl group may 'be substituted with at |east one
gronyp s etsabhesbyflr grotheanyr BufCx snsCstalkglcarbameyl ggoup, an
4 al kyl. group that may be branched, Cl to G5 .

N NodifCgtodp alkatl)canhameybigaoeped: -NEGARS (yhege Jpis a Ci to
that may be substituted with Cl to &4 alkyl group
Chalkylegrove thednopgde krangded) gr oup, - NR2OR21 (where

R20 and R21 are each independently a hydrogen atom or
a Cl t»CEABKYMP: group), a nitro group, a carbanoyl

B R pb! Gt Ry S d TR, SRy  ydrogen

wher e 15,is,a,Cl to C4 al kyl group that may be
%?Oé‘ﬁé’ﬁé’d 1tQ ¥ ‘b@ _NR20R21 (where R20 and R21

are each,] ndelpendently a hydrogen atomor a Cl to 4
al kyl- HPOER)EEPhitro group,

a carbamoyl group,
an N-(C; to C4 alkyDcarbamoyl group,
an N,N-di(C; to Cs alkyDcarbamoyl group,
-NHCOR? (where R? is a C1 to C4 alkyl group that may be
branched), and
a halogen atom;
(vi) -(CH2).OCONRI9R! (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;
(8) a C2 to Cs alkenyl group that may be branched or form
a cyclic group
(4) a Cz to Cs alkynyl group that may be branched or form
a cyclic group ;
(5) an aralkyl group, wherein the aryl moiety of the
aralkyl group may be substituted with at least one group selected from
the group consisting of:

a C1 to Cs alkyl group that may be branched,
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20 a carbanoyl group, an N-(C to C4 al kyl)carbanoyl
group, an N,N-di (O to C4 al kyl)carbanoyl group,
-NHCOR9 (where RO is a G to C4 al kyl group that nay
be branched), and 25 a hal ogen atom and n is an
integer from1 to 12); (vii) -(CH 2), CONRI2R13 (where
R12 and RI3 are groups 77 independently selected from
the group consisting of (1) a hydrogen atom (2) a Cl
to C4 alkyl group that may be branched; (3) an aryl
group, wherej 0 th€sad1kbxgr@uip eyt ieay hedirasichedf ed
with at |east one group selected fromthe group

consi sting afii aryCkrbapCGhatl kydy dreospbttitutedawitie a C1 to Cs
branched, C to C5 al koxy group that may be branched,

atkyargtougr thet that bedyramehsdpst ¢taredrowp,h-MRERA dwdere R

al kyl group that may be branched, a cyano group,

anRORI ard whaeheirependenslyd aRRydsogere adtmi poepdndsnt Py alkyl
a hydrogen atomor a C, to C4 alkyl gr up%, antro

grao, aanitey geomyla grhamohgregian gigﬂl o Cy alkyl)carbamoyl
al kyl ) carbamoyl group,, an N Ndi (O to C4

g au, e No MRS 1 ¢ demallen cambmﬁ @HABP cORINHGOR? dwhere R?
fo al kyl group that may be brangched), a cyano
J@r%%,toﬁﬁ Nﬂ@z'éfgzquwﬁé*ﬁ@l@geéwanﬁgig re each

i ndependent I¥ a hédr opgen atomor a Cl to C4 al kyl

group), a ni& PPt etiFPa carbamoyl group, an N-(Cl to

G4 al kyl )Caﬁgﬁ{%gézgér%%@é ﬁgﬂ %@1&“ ’ﬁ\!'ldicu(edeatcﬁ %dependently a

al kyl ) car ba
hydrogen atom or a Ci1 to C¢ alkyl group),

a nitro group,

a carbamoyl group,

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

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

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

a halogen atom;

(8) a heteroaralkyl gi‘oup having a heteroaryl moiety,
wherein the heteroaryl moiety may be substituted with at least one
group selected from the group consisting of:

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

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci: to Cs
alkyl group that may be branched, a cyano group, -NR2'R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyl)carbamoyl
group, an N,N-di(Ci to Cs alkyl)carbamoyl group, or -NHCOR? (where R?
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-NHCOR9 (where RO is a Cl to C4 al kyl group that may
be branched), and a hal ogen atom and (4) a

het eroaryl group, wherein the heteroaryl group may 25
be substituted with at | east one group selected from
the group consisting of: a Cl to C4 al kyl group that
may be branched, a Cl to C5 al koxy group that may be
branched, 78 an aryl group that nmay be substituted
with a ClL to C4 alkyl group that may be branched, a .
809 t8TOUkyl NRERFR2haf whey Be R2@nched), R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group), a nid ¢y gegup,a car banoyl . group, an N-(Cl to
C4 al kyl ) carbanmoyl 5 group, an N, N-di (O to C4

al kyl ) car bandiR20B2bphese RRHADRO RZhhere eroh indepeggently a
to C4 al kyl group that nmay be branched), a cyano

lyy deogen-NRRORR B Cwhe e atPl anai21 are each

I ndependently a hydrogen atomor a Cl to C4 al kyl
group), 10 & nitrp@rgdBup, a carbanoyl group, an N-(C
to C4 al kyl)carbanoyl, group, an NNN-di (O to C4

al kyI)carbarPon}l@%Qﬁﬂ,gton (where RO is a C to 4

Lo o 10 g Bl 0
Jionhiahiee BN C RN KR ER N T
s (I’)lat( 1)”&;1 quéﬁgﬁ%?ﬁeﬁzi@ s %10t1 e %4 gi_]i%lgr%ﬁ.@uiﬂlat may be
branched), and

a halogen atom;

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

| a C1 to Cy4 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 Ci to C4

‘alkyl group that may be branched, a cyano group, -NR2R2! (where R20

and R2! are each independentiy a hydrogen atom or a Ci to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to C4 alkylDcarbamoyl
group, an N,N-di(C1 to C4 alkylcarbamoyl group, or -NHCOR?® (where R?
is a C1 to C4 alkyl group that may be branched),

a ¢yano group,

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

a nitro group,

" a carbamoyl group,

an N-(C; to C4 alkyl)carbamoyl group,
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(3) an aryl group, wherein the aryl group may be

substituted with at | east one group selected fromthe
group consisting of: a Cl to C4 al kyl group that my
be branched, 25 a G to C5 al koxy group that may 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 79 and R21 are each

i ndependently a hydrogen atomor a G to C4 al kyl

group), a nidn O, YF6lP; ta Codlkabewlbanoesbgreup N- (Cl to

4 al kyDecar banoyl group, an NNN-di (A to 4

al kyl ) car banWHCQ}Rﬁthhenre RAHCER0: tuh®r el grospah@t may be

to 4 al kyl group that may be branched), 5 a cyano

ranghed) NB2DR21 (where R20 and R21 are each

|ndependently a hydrogen atomor a Cl1 to C4 al kyl

group), nita abl&@@pattmbaatmbrmyl group, 10 an N(C to

C4 al kyl ) car bano group, an N, N-di(d _to

al kyl ) car banﬁﬁi/la éefeﬁrgary INEFOTRY V{ hperin qh@ h%teaowlt grogp may

aIk grou be branche n al ogen

sté’ﬁ.g,e%w(t% a %agxsﬂup @q g’g B} g]i“f'] SEPaP consisting

teroaryl group may be substituted with at | east one
foup selected fromthe group consisting of." Cl to

oot R AT b T
e st it Y Bahy Lo Bk Sty 3oL T

R21 are eachy %@?Pegrfgs{athyatanlwfb%%ﬁb@aamear Wit (@ to C4

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

a cyano group,

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

a nitro group,

a carbamoyl group,

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

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

(vil) -(CH3),CONRI2R1® (where R12 and R! are groupé
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group), a nitro group, a carbanmoyl group, an N-(Cl to
4 al kyl ) carbanoyl  group, an NNN-di (O to C4
al kyl ) car banmoyl group, or -NHCOR9 (where R9 25 is a
Cl to &4 alkyl group that may be branched), a cyano
group, -NR20R21 (where R20 and R21 are each
i ndependently a 80 hydrogen atomor a Cl to C4 al kyl
group), a nitro group, a carbanmoyl group, an N-(Cl to
C4 al kyl ) carbanoyl group, 5 an NNN-di (G to 4
aldepkendantignmyéctgd divpn theHEORD ¢ofstenRefis a G to C4
al kyl group that may be branched), and a hal ogen
atom and r1) s lgndrogergdonfirom 1 to 12); 10 x)
-(CH2), NR12RI 3 (where R12 and R13 are grou
i ndependent () ad@i @cﬂe@lkybm‘ctﬂmﬂg&fomﬁymgxﬁqwi of .
(1) a hydro&en atom (2) a G to C4 alkyl group that
rray be brandBedan( aryhnegun, g’i’]éftrﬁln\/\ﬁh?e@ﬁﬂ higtogipy | may be
up may be. 15 substituted wth Ieat one grouP £
St fvvléhqattrl@agtrmgé%%lsg qcﬁ@da ngPBPé&nS sting of:

al kyl group t y be branch t

group that r@r%ﬁé’h@ﬂ"“ﬁ ﬁtﬁaygp?)g’ﬁa?hg‘? ’may be
substi t ut ed to G4 al I hat be
br anched, m@éﬁ%%” LSS ETEY) 6&%5@ and

- R21 are each |nde endent LQQ
C4 al kyl groupyy §rﬁ}l¥’r%¥%8§%‘gb§ gg?%é\rmy ?;V?%lfa @1 to Cs

U S o B, e o e e
494 %@Lﬂ‘xy le a9h oL dadlde BN BERPERSEE D om or a C1 to Cs alkyl

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

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

a cyano group,

-NR20R21 (where R20 and R?! are each independently a

hydrogen atom or a C1 to Cs alkyl group),

a nitro group,

a carbamoyl group,

an N-(Cy to C4 alkylcarbamoyl group,

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

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

a halogen atom; and

(4) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group consisting
of: a Ci to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,
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a cyano group, 25 NR20R21 (where R20 and R21 are each
i ndependently a hydrogen atomor a Cl to C4 al kyl
group), a nitro group, 81 a carbanoyl group, an N-(Cl

~to C4 al kyl)carbanmoyl group, an NNNdi (G to C4

al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4

al kyl group that may be 5 branched), and a hal ogen

atom and (4) a heteroaryl. group, wherein the

heteroaryl group may be substituted with at |east one
group sel ectat #ybraronp thaupnepns subastituted withaa € to Ca

to C4 al kyl. group that rrac%uebe branched, a Cl to %&h %0
alldxgraypothat may Raybusachednehemanagrany) QRGP aere R

way BE Brarasbais oty aub Chpereion dhek LRl Cs allsl
glgodlﬁﬁ’z é‘l %fo gg&g{?’?ﬁlng;&e%gﬁﬁ :‘%Olgﬁl,?%pg rl\?g&g gq? E;gmn%]%&l)%a% amoyl
R R NG 8 s B G R (e w0
raiedy U0t Paln® R tdliere R0 and Rt
are each i ndfgfwﬁll‘%gpda 20 hydrogen atomor a Cl to

C4 al kyl grou group, carbanoyl group, an

N-(C to CA.aiposRpCaGhrey Reo Y Rz180rdN Mell (ddefdhdehtly a
al kyl ) car banmoyl group,

hydrogen atom or a Ci to Cas alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to Cs alkylcarbamoyl group,

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

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

a halogen atom;

and n is an integer from 1 to 12);

(viii) -(CH2)nNR12COR13 (where R!2 and R!® are groups
independently selected from the group consisting of*
(1) a hydrogen atom;
(2) a C1 to Cy alkyl group that may be branched;

(3) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:
a C1 to Cq alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

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

alkyl group that may be branched, a cyano group, -NR2R2!l (where R20-
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25 -NHCOR9 (where RO is a G to C4 al kyl group that

may be branched), and a hal ogen atom 82 and n is an
integer froml to 12); W-(CH2), Y-OR12 (where Y is a

Cl to &4 divalent saturated hydrocarbon group that

may be branched, and R12 is a group selected fromthe
group consisting of: 5 (1) a hydrogen atom (2) a Cl

to C4 al kyl group that may be branched; (3) an aryl

grOﬁﬁ, wherein the aryl. group may be substituted

andhR &t area@tchonsiegqemgi@mgt echydrégeamathm groudC: to Cs alkyl
consisting of. a G to C4 alkyl group, that may be)
pravheditnogsow a eadsmpbkbgyows, dup N-Hat torky dylDcarbamoyl

branched, _an _aryl group that nay be substituted with a
gY0%R @N,g-qfipyl gtp%z‘ﬁoaflﬁa?caﬁhﬁwl isranened N eQF] g where R?
grouyp,. -NR2 1 (where R2() nd 1 are each
}%i@éﬁ@ﬁﬂ%&rﬂ%rﬁ é@a&ﬁ%@nﬁeﬁfto C4 al kyl

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

C4 al kyDcar lf’aﬁ%%}?‘) Egg‘ﬁ?’oup, an N,N-di (d to ¢4

I kyl b 3 RO, | Cl

T &1 atkyl rbeRE L imeRe, RO AR Aihome <Ak, kiidbetently o
. 1 h :

ke AR Y2 CLEEGIRRLERRY .70 (o o oty

group), 20 ' up, a carbanoyl group, an N-(Cl
to C4 al kyl %gi%g%giiﬁ’group, an N,Ndi (G to C4

~al kyl') car banpyl +12-MA, oo (where RO is a Cl to C4

al kyl group that may be 5 branched), and
an N-(C1 to Cs alkyl)carbamoyl group,

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

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

a halogen atom; and

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

a C1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci1 to Cs
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2 are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C¢ alkyl)carbamoyl
group, an N,N-di(C to Cs alkyl)carbamoyl group, or -NHCOR? (where R?
isa Cl_ to C4 alkyl group that may be branched),

a cyano group,

‘NR2°R2! (where R2° and R2?! are each independently a
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a hal ogen atom and (4) a heteroaryl group, wherein

. the heteroaryl group may 83 be substituted with at

| east one group selected fromthe group consisting
of: C to C4 alkyl group that may be branched, c
to C5 al koxy group that may be branched, 5 an aryl
group that may be substituted with a G to C4 alkyl
group that may be branched, a cyano group, -NR20R21
(where R20 and R21 are each independently a hydrogen
By @rogen @tosh oira C4 talCuydikydeoo)), a nitro group, a
carbanoyl group, an N(Cl to C4 al kyl) car banoyl
group, an Nd\ndir6@roup, C4 al kyl ) car banoyl group, or
-NHCOR9 (where RO 10 is a Cl to C4 al kyl group that
may be branchea)hamoglgrommr oup, - NR20R21 (where R20
and R21 are each |ndependently a hydrogen atomor a
C, to C4 al I@lﬂ‘bf@ub} CaalhyDearhpmoop, g18iva car banoyl
group, an N-(Cl to )carbanDyI group, an
N, N-di (O toachNd;(Qlctar%«a Degrbamoyl RECORO (wher e
ROis aCltg 4 alk gr oup that, may_be
br anched) , an'aui[@odmng‘f’% Atigm C1 éﬁocﬁau§71£¥°|uﬁt@b9érmay be
J‘groml o 12); (xi) (CH2)n OR12 (where R12 is a group
> ##%m t he group consisting of: (1) a hydrogen
atom 25 (2) g E)l to t al kyl group that nmay be
br anched:; &Y+ oup, wherein the aryl group

IBY PR an mteger from 1 to 12);
(ix) -(CH2),NR12R18 (where R!2 and R13 are groups independently
selected from the group consisting of:
(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

'su_bstituted with at least one group selected from the group consisting of:

a Ci1 to Cs alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to Cq
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to Cas alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyDcarbamoyl
sroup, 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,

-NR20R21 (where R20 and R2! are each independently a

~ hydrogen atom or a C1 to Cs alkyl group),

a nitro group,
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substituted with at | east one group selected fromthe
group consisting of. 84 Cl to C4 al kyl group that
may be branched, Cl to C5 al koxy group that nay be
branched, an aryl group that nay be substituted with a
Cl to &4 alkyl group that nay be branched, a cyano
group, -NR20R21 (where R20 5 and R21 are each
i ndependently a hydrogen atomor a G to C4 al kyl
group), a nitro group, a carbanmoyl. group, an N-(C to
C4 al kyl ) cardbeathdmogl gremp,an N, N-di (G to C4
al kyl ) car banoyl group, or -NHCOR9 (where R9 is a C
to C4 al kyl agINJ%JI thmﬂkyBeaﬂiraancyﬂe@k)oupa cyano
group, 10 -NR20R21 (where R20 and 1121 are each
i ndependent lan ¥, NhgdCaderCatlkylivarbamioyt gradp.al ky!
group), nitro gro%eﬁ car banoyl grou an N(Cl to 4
al kyl ) car bardVHCQRUpvhame B i anCdite &« andzgroup that may be
aI kyl.) car bapoyl group, -NHCORO (where RO is a G to 4
e&? that may be branched), and a hal ogen
atom and (4), a, heteroaryl group, wherein the
het er oar yl &BB ﬁ?ﬁ‘yﬁoﬂ)’%‘gsubstitut ed with at |east
one group s d from.t rou consi, st

Lo o al ky! @Féu e‘i@ﬁﬁﬁgﬁla%r oY B e hO%rofkyigratp may
R Sha BB W b T e %%%05%20@5&8?%#‘9 gl BRbisting

at may be branched, a cyano group, -NR20R21 (where
’0 and R21 are each |ndependently a hydrogen atom or

Group, an Nt o) o SR Y hRE RIS E prtnCREATEY

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to Cs

.alkyl group that may be branched, a cyano group, -NR20R2! (where R20

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

a cyano group,

-NR20R2! (where R20 and R2! are each independently a -
hydrogen atom or a Ci to Cs4 alkyl group), |

| a nitro group,

a carbamoyl group,

an N'(Cll to Cs alkyl)carbamoyl group,

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

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

a halogen atom:
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~to C4 al kyl grou&éetlhat may be branched J;D

85 group, an N,N-di (G to &4 al kyl)carbanoyl group, or
-NHCOR9 (where RO is a Cl to &4 al kyl group that may
be branched), a cyano group, -NR20R2l (where R20 and
R21 are each independently a 5 hydrogen atomor a Ci
to &4 alkyl group), nitro group,. carbanoyl group,
an N-(G to &4 al kyl)carbanoyl group, an NN-di (O to
C4 al kyl) carbanoyl group, 10 -NHCOR9 (where RO is a C,
to C4 alkyl group that may be branched), and a hal ogen
ahdm is amdnteges faomi htce@é/ froml to 12); (xii)
-(CH2), -SRI 2 (where R12 is a group selected fromth
gr oup (x5 (E5hi QR &Whe(‘Q)Yalﬁhyﬂer)gé?ﬁ SnofHval 95113 asa@urated
3). an ar
By drgrarhp rgzonpt falnyay deobranaliecheand Jy'étist at@"&% pelected
gqo | east one group. sel ct ed fromthe group consisting
m the) ggown cpRsighing group that nmay be branched, a

of oup that o) bliy&?%gp.q %ﬁywahb;a?:‘ihfﬂ ci‘” Z{{'yl

h b 1
Dunere oo Gha wol SRalERL et B AR R b G gen
atomor a C 8’?10394 arﬁ!_f(ém‘?%gégﬁgﬁ)ﬁ%n Itr%ﬁo g%qlp amaLy be

car banoyl I)carb

&;i\ﬁ%%@g ﬁer g Fl%%t bfe %ﬁ’ ‘gng%gtg gﬁm %r%g co?lrsmtlng of:

be branched); (88, ¢4 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 Cq4

alkyl group that may be branched, a cyano group, -NR20R2! (where R20

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

group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkylcarbamoyl
sroup, an N,N-di(C; to C4 alkylcarbamoyl group, or -NHCORS? (where R?
is a C1 to Cs alkyl group that may be branched),

a cyano group,

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

a nitro group, |

a carbamoyl group,

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

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

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

a halogen atom; and

(4) a heteroaryl group, wherein the heteroaryl group may
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a cyano group, -NR20R2lI (where R20 and R21 are each

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

al kyl ) car banmoyl group, -NHCOR9 (where RO is a G to 4
al kyl group that may be branched),and 10 a hal ogen
atom and (4) a heteroaryl group, wherein the

het eroaryl group may be substituted with at |east one
b6 supstetied et pbleddteorgr gupirselsctid frgm ohe gro@ cppsisting
4 al kyl group that may be branched, 15 a G to C5
af:koxy group that may be branched, an aryI group that
may be substituted vmthaCltoC4 al k group that
may be branch€d todlcylbayd ggpun;thatmmh,@%r@m Beé, R20
and R21 are each independently a hydrogen atom gr a Cl
to C4 al kyl a§undadys aﬁioﬁb’tgr@“@r mayg& edgr oup,

N(Cl to C4 al kyl b I N- di
?2 C4(al kyf)%ragaﬂr&ﬁoﬁg: am)y ?Y%@q&#qg \}\]}?@rgﬂﬁgl $ 1 to Cq
é}kafipgroun@?ééﬁaa(ﬁﬁqé“@wﬁé% ﬂ%y@é{noﬁéigﬁﬁiﬁﬁﬂﬁfiﬁy@v%ere R
dent | t Cl.to ¢4 al kyl’
%ﬁ%?”a%% cgthy i PRPSSTG S A BERE APBuST Srhpcde Akl

%ﬁ&ﬂ ) %Lﬂ%ﬁ%&%ﬁ%%ﬁﬁrﬁaﬁgyl gr081]p,ae{h Nf bbdlté %4 il%y%arbamoyl

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

a cyano group,

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

a nitro group,

a carbamoyl group,

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

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

-NHCOR? (where R? is a Ci1 to C4 alkyl group that may be
branched), and | |

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

(xi) -(CH2)»-OR12 (where R12 is a group selected from the group

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:
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-NHCOR9 (where RO is a G to C4 alkyl. group that may
be branched), and a halogen atom 5 and n is an
integer froml1l to 12); (xiii) -(CH2),-SO R12 (where
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; 10 (3) an aryl group, wherein
the aryl group nmay be substituted with at | east one
group selected fromthe group consisting of: Clto
C4 al kyl graufitthd?s aldkyligrobp dhehetyy bel ragclpsdal koxy
group that may be branched, an aryl group that may be
substituted ithCﬁlhoay@mouwhaltmay bedupnchat, rray
be branched, a cyano group, OR21 (vvhere R2Q . an
R21 are eact® mIghaasRt Flyatant@éarb@géh i brhedr vatlcn t(?)l to Ca

§ﬁ<<y Sbupcha R Baranspit, g oo SRRty ke R
fl Sﬁﬁﬁ%ﬁouﬁqweﬁw Be B e Yoo o e Os alky]
smzem MR R T —
L L X
{Yﬂl )tgr oumﬁﬁrg{ﬁg%ﬂge n[}%%%an?ﬁed@ RgmIolsaahglzllozygnC4

at om and 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‘-(Cl to C4 alkyl)carbamoyl group,

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

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

a halogen atom: and

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

a C1 to Cq4 alkyl group that may be branched,

a Ci1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to C4
alkyl group that may be branched, a cyano group, -NR20R2! (where R20

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

'g.roup), a nitro group, a carbamoyl group, an N-(Ci to Cy alkyl)carbamoyl
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(4) a heteroaryl group, wherein the heteroaryl group
may be substituted with at | east one group sel ected
fromthe group consisting 5 of." a Cl 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 Cl to C4 alkyl group that nay be

" branched, a cyano group, -NR20R21 (where R20 10 and

R21 are each i ndependent |y a_hydrogen atomor_a .9(31341 o
gw@l lyt NgNodi€:1 ta G eblylipashpmox] gapupneyrNEHeOR® Eihere B
to C4 al kyl) car banoyl roup n NNdi(d to 4

- 7@|a<ﬂl)t@£4oa1k39|grgﬁmbaténay chattre RO is a G

to &4 al kyl group that may be branched), a cyano
group, 15 - NROORA B{WHere R20 and R21 are each

i nd dent | a

group) . a ni ﬁ%og?*’ﬁsﬁ?e” B0 b 2o Radifondgnily o
al k car bano OanNN—d ad to ™

]gA Q@MW é%&%ﬁf%ﬁh )Wherel I(?€9 isad toC4

al kyI group th MRY, he br anched) and a hal ogen atom

and n is an & fit eae%' FPom 1 to 12); and 25 (xiv)

-(CH2), - sSQe2- e is a group selected from
DrE s e,

the group consi (1) a hydrogen atom 89 (2)
aga to 4 vbpki (©f sy, the 1)%%3%0 réneed; (3) an

aryl group, erein the ar group nay be substituted
with at | easatn BR-E{(CYRo ) e@my@)féaibmosrhgraﬁpup

consi sting of
NHCOR9 (where R? is a C; to Cq4 alkyl group that may be
branched), and
a halogen atom;
and n is an integer from 1 to 12);
(xii) -(CHg)a-S-R2 (where R12 is a group selected from the group
consisting of:
(1) a hydrogen atom;
(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:
a Ci to C4 alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,

_ an aryl group that may be substituted with a C; to Cs
alkyl group that may be branched, a cyano group, -NR2'R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyl)carbamoyl
group, an N,N-di(C; to Cs alkyDcarbamoyl group, or -NHCOR?® (where R?

- is a Cy to Cy alkyl group that may be branched),
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a Cl to 4 alkyl group that may be branched, 5 a G to
C5 al koxy group that may be branched, an aryl group
that may be substituted with a ClL to C4 al kyl group
that may be branched, a cyano group, -NR20R21 (where
R20 and R21 are each independently a hydrogen atom or
a G to 4 alkyl group), a nitro group, a carbanoyl
group, an NN(Qg to C4 al kyl)carbanmoyl 10 group, an

N, N-di (O to C4 al kyl)carbanmoyl group, or -NHCOR9
(where RO iBSCBaaIIQ BTG4 al kyl group that may be

branched), ano roup NI'-\’ZOI'-\’Zl2 wher e Rﬁo a(? Iﬁé@
are each |nd 2f({B@n P‘@E‘ée ﬁf/odraé’é]erR t 8FR &2 qren@gntly a

group), 15 a ni oup a car banoyl group, an
ﬁmlflégefloat@m ar@y@) E%F{aaﬁw an N,N-di (0 to C4
al kyDcar ba E%/ g?r -NHC(RQ (vvhere ROisacClto™
al kyl group &Hh 5“B’e 20 branched), and a hal ogen

atom and (4) a heterloar | group, wherein the
het er oar y! ARP ARy abst it ut ed with at |east one

| ect ed f.' 25 a G
Lo C1 al kyl 3}%‘9{’% ST T L NI
| k t hat
oL 9 oud RN, 05 S ANGYRG #gPL oo e
that may be. NHO@T@dﬁvﬁei%YRsz %rGF@o Cﬁwydrogeo{lmra% may be

R20 and R21 are each 1 ndependent n atom or

Frdakhk), Qflndal kyl group), a nitro group, a carbanoyl
group, an N-(G to C4 al kyl)carbanoyl group, an

N, N-di (A ta Bdloakkydtheardatoyl group, or - NHCOR9
(V\,her e RO

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

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

a Ci1 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 éyano 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-(Cs to Cs alkyDcarbamoyl
group, an N,N-di(C1 to C4 alkyl)carbamoyl group, or -NHCORS? (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group, _

-NR20R21 (where R20 and R2?! are each independently a
hydrogen atom or a Cq to Cs4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(C1 to Cs alkyDcarbamoyl group,
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5is acClto ™ alkyl group that may be branched), a
cyano group, .NR20R21 (where R20 and R21 are each

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

al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4
al kyl group that may be branched), and 15 a hal ogen
atom and n is_an integer froml to 12): or R7 and R8
are taken t@gb%@fdﬂélg%fcmal y icﬁélP%‘ﬁPY]gEHU’pP’sel ect ed

nteger t PortEEH) Snat B is o Chih B HIGT 'S0t shsabay ve
enbogliﬁ nt,.Rl, R, R, R2', R3, R3', R4, R4, R5, R5',
fggne g?‘%d of the compound represented by the

formula (1) aée]é%r oups __.i ndependently sel ected from
the group cShePrERPRS8F W a hydrogen atom 25 (xiV)

BB iRy ARy 0P 21 orcup ey b

ubstit ast one group selected fromthe

group (ﬁﬂg}zj&,@tﬂ%% S;ﬁ"gla (\91'18%@ g{]@' i@h @{"bug rQURLLE ?I'orﬁg%le group

be branc 1 to koxy group that may

éyngggm?gof;an aryl group that nmay be substituted with a
G to al kyl group that may be branched, a cyano

group, -NRZQRPS HydiekenB20m;and R21 are each
i ndependently a hydrogen atomor a Cl to C4 al kyl
(2) a C1 to Cq alkyl group that may be branched;
(3) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:
a 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 Ci1 to C4

alkyl group that may be branched, a cyano group, -NR20R2! (where R20

- and R2! are each independently a hydrogen atom or a Ci to Cu4 alkyl

group), a nitro group, a carbamoyl group, an N-(C: to Cs alkyl)ecarbamoyl
group, an N,N-di(C1 to C4 alkylDcarbamoyl group, or -NHCOR? (where R?
is a C1 to Cq alkyl group that may be branched),

a cyano group,

-NR2R21 (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 alkyl)ecarbamoyl group,
an N,N-di(C; to C4 alkyDcarbamoyl group,
-NHCORS? (where R? is a C1 to C4 alkyl group that may be
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5 group), a nitro group, a carbanoyl group, an N (G
to C4 al kyl)carbanoyl group, an NNN-di (O to C4

al kyl ) car banmoyl group, or -NHCOR9 (where RO is a C
to C4 al kyl group that may be branched), a cyano
group, NR2OR21 (where R20 and R21 are each

i ndependently a 10 hydrogen atomor a Cl to C4 al kyl.
group), nitro group, carbanoyl group, an N-(Cl to C4
al kyl ) carbanoyl group, an NN-di (O to C4

laa Aoyl group, 15 - NHCORO (where R9 is a Cl to

C4 al kyl group that may be _branched), a hal ogen atom
and -S(O.-R atam: gad1 or 2, and Ris a O to

- C4 al kyl r hat nmay, be branghed); .20, or may .be
subst i %/ut eg (\%ﬁ)%hﬁﬁﬁrf’éi'—é) 8I@P»(V,ﬁg¥eé}1,ﬁheshg{egpa§l group may

ositions and 4.taken together; an XV), a .
FosbbaiFSe witat IsdrirdienStinp ReleeRiaryi o ssom fopsisting
substituted with at | east one group selected fromthe
%#oup consisting of. a Cl to C4 al kyl group that may

be branched, j b
oranched. arf Shyp G iy Slafe SREY s MR HAREDY T

Cl to C4 al t

oroup, - NroORoE DierE R oRD ARHRER SR heane

| ndependent |y 3,y ALQABNtRAOM LY o SubbAtGbdaliivh a C1 to Cy

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

&yl dpplpcaitaniBy be KHa0iBedan N Mhdlichbhip ! NRAOR2! (where R20
al kyl’) car banoyl group, or -N (where RO is a G

419d Q21ab iy les@houpddgeaidei®@ly lae hpdangdiedlomb o £Yenaeo Cs alkyl
grro?ll;s: a nitro group, a carbamoyl group, an N-(C1 to C4 alkylcarbamoyl
group, an N,N-di(C1 to Cs alkyl)earbamoyl group, or -NHCORS? (where R
isa Ci to ,04 alkyl group that may be branched),

a cyano group,

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

a nitro group,

a carbamoyl group,

an N-(Ci to C4 alkylcarbamoyl group,

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

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

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

(xiv) -(CHg2)n-SO2-R12 (where R12 is a group seleéted from the

group consisting of:

(1) a hydrogen atom;
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-NR20R21 (where R20 and R21 are each independently a

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

group, carbanmoyl group, 10 an N-(C to C4

al kyDcar banoyl group, an N,N-di (d to C4

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

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

atom 15 In a further enbodi ment, Rl, R', R2, RT, R3,
and R6' of the conpound

oy coont od B) arGiets Gr AFH FHaRe R OBEY b4 B htly
el SoLed 1A L0E Lo e ST e USEPIERS By
Sl SRR bnd 5RR Blecked bin shE BPUG Mmsisting of
20 2 benoL BT el ke Ry Bk B e

o oup, and. & 5T B ARRy bous VBR Bo He REBOETY ] |

a further e%?rﬁ?%ﬁggnﬁxﬁ%“% Eﬁl%tgﬁ@r{%%ig%iﬁi/ 48 to C4

25 formul a epresented

iRlﬂklyg ?]géi‘ogg fIR0t"H8 by braRcReARA cyfshoXprdifh, NEOHMNGFIere R20

are groups independently selected fromthe
A OURR! PN Saghi 1 plende AV QORHIASRN adom or a Ci to Ca alkyl

3,4,5-trifluorophenyl group, a 3,4,5-trichlorophenyl
o), adidedteidy, uncophenyy! gFcu) .arN3E@ td Gphdkylcarbamoyl
group, an N,N-di(C: to C4 alkyDcarbamoyl group, or -NHCOR? (where R®
is a C1 to Cq alkyl group that may be branched),

a cyano group, |

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

a nitro group,

a carbamoyl group,

an N-(C; to Cq alkyl)carbamoyl 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

(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 Cs alkyl group that may be branched,

a Ci to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C: to Cs
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group, a 3-cyanophenyl group, a benzothi ophenyl - 2-yl

group, a 10 3,5-difl uorophenyl group, a
3-trifluoronethyl phenyl group, a 2,4-difluorophenyl

group, a 3-nethyl sul fonyl phenyl group, and a
2,3-bis(trifluoronethyl)phenyl group, and R7, Rs and

X- are groups independently as defined above). In

anot her enbodi nent, R7 and R8 of the conpound

represented 15 by the formula (1) are grou

pHad smedenthat mevebe dramcsafls ﬁecsgar%grown'sﬁ%‘%fiﬂ?gl (gthere R

may be branch

'Sé%nﬁgoépéfqag ZE}? ky';nd%%gfy?ﬁf E?’&Iqm)a_tomg Wegg’e?é Cs alkyl
oo WPt Bynt iy 1B b
G, Gt oR: i Bh I8 T p S AR BB, b INERRARS Wihere B9
Bre SR G AT ISuEBHR LT REMBN | 25 2 Ol oy

.group that "%éﬁfo E%ﬁ-[}f,hed’ an aryl group that nmay be
a

substituted w o C4 94 alkyl group that may
be br anChed’-l\ﬁ{@Raﬂq‘évq{eQHpR% NRR0 Rl éi’@‘eera%hR%Qieé%@ﬂently a

R21 are each 1 ndependently a hydrogen atomor a to

ﬁédﬁigléﬁl atoSd 8¥R) 01 8o U.ld1RyDERM), @ car banoyl group, an
(G to C4 al kyl)carbanmoyl = group, an N,N-di (G to 4

al kyl ) car banpyitrgic@gfp, or - NHCOR9 (where R9 5 is a C
to C4 al kyl group that may be branched), a cyano
group, . NRZGRZdrbawheylegisa@,and R21 are each

i ndependently a hydrogen atomor a G to C4 al kyl
group), a nigm B-gEotpCs alkyl)carbamoyl group,

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

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

a halogen atom:
and n is an integer from 1 to 12); or R7 and R8 are taken together to form
a divalent group selected from the group consisting of: -(CHa)m- (where m

is an integer from 2 to 8); ~—0 0

]

In one embodiment, R!, RY, R% R?, R, R?¥, R4, R4, R5 R%, RS, and

: and \—‘O O
v/

R¢ of the compound represented by the formula (I) are groups
independently selectéd from the grouﬁ consisting of:

(1) 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 Ci1 to Cs alkyl group that may be branched,
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10 a carbanoyl group, an NN(Cl to C4 al kyl) car banoyl
group, an N,N-di (G to C4 al kyl)carbanoyl group,
-NHCOR9 (where RO is a G to C4 al kyl group that nay
be branched), and 15 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 alkyl group that may
be branched, to C5 alkox group .that_ may be
branched, arf QWP% BEFXY REO U én%mﬁgthrta@pbadwth a

Clto ™4 alkyl p that may b ched, .a ano
group, -NRZ@QQFIY Rayl 1sg @u@g@ﬁ‘W1 a Ci1 to Cq

- fRSTFONE Yl By ﬁa 2eBednanbyincyErti. TG tagre RY

SR %%%E@W‘@e&&&dgaﬁ’yp m%ﬁéédmé&%mpe@r F iy 0t allkyl
%I%u? Qggwol\%% £ !(j%‘lbear eggzgr %@dg & eyaaqul)carbamoyl
N0 D LI 5 SRR

i el ley 'k?‘P%?Uﬁp Qhﬁ’ﬁ'ﬂm Be Nrindhéd, to C4
al kyl)car ambyl™ grioup, (where’R9 is a C to C4

al kyl group gt RaindByole branched) and a hal ogen atom
10 and n is an |nteger of 1 to 12.
-NR20R2! (where R20 and R2?! are each independently a

hydrogen atom or a Ci to C4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(Ci to Cy alkylcarbamoyl group,

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

-NHCORS? (where R is a Ci1 to C4 alkyl group that may be
branched),

a halogen atom, and

-S(0)n-R (where n is 0, 1 or 2, and R is a C; to Cq4 alkyl
group that may be branched);
or may be substituted with 'O'(CHZ)m'O' (where m is 1 or 2) at positions
3 and 4 taken together; and

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

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

a C1 to Cq4 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 C4

alkyl group that may be branched, a cyano group, -NR20R2! (where R20
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In a further enbodi nent, R7 and R8 of the conpound
represented by the forrmula (1) are groups

i ndependently selected fromthe group consisting of a
met hyl group, an ethyl group, an n-butyl group, an

i sobutyl group, an n-decyl group, and a cycl ohexyl
group. 15 In a still further enbodi nent, R7 and R8 of
t he conpound represented by the formula (1) are the

SED e ArS dachy mdrbense i 2 Ry diriem koM PBb(aro iy alkyl

f°ﬁl§> S aLff”c}u #£7; rbsa%%ﬁa‘%lte%‘élﬁ,f°"§‘bffh?%§éralky9ﬁa@amoyl
20.8

2 o&ﬁldNrJéTp@ B2 0 35 Bl ilearb Bt a0 & TOREQRT where Ro

18 bg&ﬁ 32@‘9’}55(8 Een%ea“%@b??%a%ﬁ%@ra (|V)Of|tnhgne

enbodl ment, .t d represented by the formula W
is used in a ratio”of "0.005 nmol %to 0.05 nol % per |

nol of the cRipoRed (wlrb eRE‘ﬁ%?l'at g Dyl Ieﬁcflofrm#g%nfdently a

(1'V). The present invention al'so provides a net

Hyﬂ%@géhQ&oﬁﬁorﬁpgiﬁﬁth%ﬂﬁﬁIgMﬁqg ami no acid, the
nmet hod conprises: hydrol yzihg an i mno group

(R14R150—l\|-)1mglogm0@%ter group 5 (-CO2RI7) of the
conmpound represented by the formula (VI) that is

obt ai ned by atdwrbalosd greuppd, under an acidic
condition: R14 RI60 N 17 ORR15 4
an N-(C: to Cq4 alkylcarbamoyl group,
an N,N-di(C; to C4 alkyl)carbamoyl group,
"NHCOR®? (where R? is a C1 to Cs alkyl group that may be
branched), and
a halogen atom.

In a further embodiment, R, RY, R2, RZ, R3, R¥, R4 R4, R5, R, RS,
and RE of the compound represented by the formula (I) are groups
independently selecfed 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-y1 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.

In a further embodiment, the compound represented by the

formula (I) is a compound represented by the following formula (I):
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R18 (V I) 10 (where R14, R15, R16, R17 and R18 are the
sane groups as defined above). The present invention
al so provides a nethod for producing an optically
active cc-am no acid, the nmethod conpri ses:
hydrolyzing an imno group (R4R -'C=N-) of the
conpound 15 represented by the formula (VI) that is
obt ai ned by the above nethod, under an acidic
condition: R14 RI60 ~_N* .1 ORl7 R15 4 R18 (V)
20 (where R14, / 3 1Rand R18 are the sane
groups as defi nefl and hydrol yzing an ester

group (-CO2RI7) 5 e agidK drdR§zed product under

an acidic or basic con He present i nvention

al so provides a nefhod oduci Nng an 25 optically
-~ a

active a-amino ag pet-tod ®&fhprises: hydrol yzi ng
an ester group ( pf the conmpound represented
by the formula (Vi -the s bt ai ned ?y t he above

met hod, 97 under a basic c dition:(-ﬂ 0-Rl7 R'60 R

%%1&8 RiVah) R gﬁ@@gérﬁiuﬁégiﬁe%enﬁ%gtlﬂ&e%egd Fﬂ'gmartﬁe group

e saffe groups as
consisting of a hydrogen atom, a 3,4,5-triflucrophenyl group, a

3,4,5-trichlorophenyl group, a 3,4-difluorophenyl group, a 3-nitrophenyl
group, a J3-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 R7, R® and X are groups
independently as defined above). |
In another embodiment, R7 and R& of the compound represented
by the formula (I} are groups independently selected from the group
consisting of:
(ii) a Cy to Ci2 alkyl group that may be branched or form a cyclic
group; and
(xii) -(CH2)x"OR12 (where R!2 is a group selected from the group
conéisting of:
(1) a hydrogen atom,
(2) a Cy to Cy 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 C1 to C¢ alkyl group that may be branched,

a Ci1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to Cs
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above), and hydrolyzing an imno group (R 4RI 5C=N-) of
the basic hydrol yzed product under an acidic
condition. The present invention provides a chira
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 conmpounds. Thus, the phase-transfer
ntion that can he

catal yst of, the present inv

ﬁﬁ‘evji%fé’alpwﬁf’et B 5961%%10@8 ufi FYRAY BEORP s INRARA! Avlpre R20
f of anple, .a-alkyl-a- amn cid derivatives_ and

and &5 Wﬂ&bam%%&&%aéﬁf fsﬁgag?g%@éomoprc%r%mg& alkyl

the l.nvention Hereinafter, the t sed | he
Shulng HREREN LFrP Doy Geiqdas FHCpht Satkeh ofpamoyt
t hat~ g by anched or for

choafth S NCIRC) A8 U T TeaRb AR T B P BF (HELOGH; (where Ro
[ I r [ t prPpon at ons, any

ibsréla%ghtg?g%%kl gg?gaptﬂﬁgw%’éb% btqgﬁﬁﬁg%gr bon atons, and

any cyclic al kyln® having 3 to n carbon atons.

Exanpl es of |i'near~al Kyl groups having 1 to 6 carbon

at ons i ncl udgfraogehyy, bo JRrdPIRERY it

n- pentyl, and nzflﬁexil(}ﬂ.he%(?\%pl ggldo:‘mgéﬁer %ﬁgﬂeé{dﬁpﬁﬁdenﬂy &

Iy s nhesinner 8 CotdCARPNgAY)s | ncl ude isopropyl,

i sobutyl, tert-butyl, and isopentyl. Exanples of

cyclic al kyla gitesigsoumavi ng 3 to 6 carbon atons
i ncl ude cycl obutyl, cyclopentyl, and 98 cycl ohexyl.

~ Furt her nor e a egrbanid@Gil groufl2 al kyl group that may be

branched or forma cyclic group and/ or may be

subst i t ut ed awi Nr{Ga toh@i eler) atrbaindyd grefiprred to, any
l'inear al kyl group having 1 to 12 carbon atons, any
branched al Ry NgNudifChbw CagilByDoartmmaybgrovat,oms, 5

and any cycljc_al Iﬁél roup_having 3 to 12 carbon atons

are i ncl udedNHRA@R dvhere Rers atOniaCraalkypgeonp shabimay be

btrg%% e&ika)gd groups may be substituted

a halogen atom, and

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

a C1 to Cy4 alkyl group that may be branched,

a Ci to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C1 to Cs
alkyl group that may be branched, a cyano group, -NR20R2! (where R.20
and R?! are each independently a hydrogen atom or a Ci to Cs alkyl

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

- group, an N,N-di(C1 to Cs alkyl)carbamoyl group, or -NHCOR? (where R?

is a C1 to Cy4 alkyl group that may be branched),

a cyano group,
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with a hal ogen atom Exanples of such an.al kyl group

i ncl ude n-heptyl, isoheptyl, n-octyl, isooctyl,
n-decyl, and n-dodecyl. In N(ClL to C4 al kyl)

car banmoyl groups and N,N-di (Gl to C4 alkyl) 10

car banoyl groups, "O to C4 alkyl group” neans Cl to
4 linear alkyl groups or C3 to &4 branched al kyl
groups. The phrase "C2 to Cn al kenyl group that may be
branched or form a cyclic group” (where n is an

integer) incINB¥R2AnywHhdimeR2 akdil! groupsh hadépendently a

to n carbon atons, any branched al kenyl groups havi ng
hydmgenlstmmmmcattoné, alkyll gaoypkycl i c al kenyl groups
having 3 to n carbon atons. Exanples of |inear :
al kenyl groupBLI¥QETAYP2 to 6 carbon atons include

et henyl, 1-propenyl, 2-propenyl, |-butenyl, 2-butenyl,
1- pent enyl , 2 9a¥HREYNEIOW. pent enyl , 4- pentenyl, and

5 L e ban et healhel fanBpenglousg S eV M9
Lo ooy SRR B TR BB g™ Y
rou na s Co N Re GEATRL B9 1810 B S0%) ol ERie EbAtRRay be

t I, and cycl ohexenyl. Furthernore, when "C2
?%a%g?%ﬁg,l %g%yl group that may be branched or forma

cyclic group, L, i@y, be 25 substituted with a
hal ogen at onf ?ggg%eferre’d to, any linear alkenyl

ARQWOS Navhitged ofq 21 £ar bon atons, any branched
al kenyl groups having 3 to 12 carbon atonms, and any

cycli crrah Kariter0&a8B8iaNt, 7 3nldoR 8f t 88 c6RAMRAM Jd G R sented
are included, and a hydrogen atom at any poSition of

bihade f@ickehy(Doneeipsotpy BRlcpiaslentlit @elastdd flom the group
hal ogen atom Exanples of such an al kenyl group

- domslhaties | eheptoesity]l gedigpt enykthyil- gebemylan ntbdedegybup, an

and 1-dodecenyl. 5 The phrase "C2 to C. al kynyl group
ishhetytegrong, bnamdeeyl groumrand a cyyhesyheoayy. (where n

~is an integer) includes any linear alkynyl groups

havi ngdn2 & ostill cfutsbar aembedimentbrRhcet BY kgfnyhe compound
groups having 3 to n
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
from the group consisting of: -(CH2)m (where m is an integer from 2 to

. _
: and \—O @)
[

In one embodiment, the compound represented by the formula (I)

is used in a ratio of 0.001 mol % to 0.1 mol % per 1 mol of the compound

represented by the formula (IV).

In one embodiment, the compound represented by the formula (I)

15 used in a ratio of 0.005 mol % to 0.05 mol % per 1 mol of the compound
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carbon atons, and any cyclic al kynyl groups having 3

to n carbon atons. Exanples of |inear alkynyl groups
having -2 to 6 carbon atons include 10 et hynyl,

1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl,

1-pentynyl, and 1-hexynyl. Exanples of branched

al kynyl groups having 3 to 6 carbon atons include

1- met hyl - 2- propynyl . Exanpl es of cyclic al kynyl groups
having 3 to 6 carbon atons include cycl opropyl et hynyl,
zardeseyisdobytlé dotmnld (INBur t hermore, when "C2 to Cl12

al kynyl group that 15 may be branched or forma cyclic
group Bheél/myesenly invesiibstalsatmovwiesh aamdthbdgfen mtodniting an
is.referred to, any |inear alkgn | groups having 1 to
apticaldy pek varopmingragidrtdeched gi kgmpiriggsdups havi ng 3

to 12 carbon atons, . and any cyclic al kyayl groups

havi nghSBJIlO APEC ARHERIRR OFHS Ul éRf‘%FeH5G&é\Ayar,5] andcea ester group

U TR T
h I I { ncl ude "1- hept l,,..1-o0ct I,
L T e

al koxy group thas may kp@’l ancheT' (where n is an
integer) inclu al koxy gnoups having any |inear

al kyl groups hay, car b&g atons and al koxy

groups havi ng ﬁr‘] br anched alQyt % groups having 3 to

n carbon atonst anpl e, 4 her eof i ncl uﬁgﬁet hyl oxy,

et hyl oxy, n-propyl oxy, RSopropyl oxy, a

tert- 12 panphespof , , Argds ol

pr eseﬁfu}?élrl{\e/gt 1 ?r? z|rrﬁcl’3%le a%%g@bé%gyﬁ?@gﬁgﬁe?ﬁﬁb,% %%éieﬁned
dpiad hyl net hyl . Exanpl es of "heteroaral kyl group” in

the present invention include pyridylnethyl,

i ndol yItee phydant! Wiydddhdlso tgroeiesnBt R¥thod@®dr producing an
pyrrolylmethyl. 5 Exanples of "aryl group"” in the

" opteEsdip active ntaminé acld)ddephetid comppizeby! , ant hryl

and phenanthryl. Exanples of "heteroaryl group” in the

pr esemmydrolgembg oani nalinde grpwpi dRM4RBO=NDylof the compound
i m dazol %/1I , furyl, i ndoIVyI , thienyl, oxazolyl,

represented by the formula (VI) that is obtained by the above method,

under an acidic condition:

R14 R160
=N
R15 | . O_...R17
R16 (VI

(where R4, R15, R16, R17 and R!8 are the same groups as defined
above), énd |

hydrolyzing an ester group (-CO2R!7) of the acid hydrolyzed
product under an acidic or basic condition.

The present invention also provides a method for producing an
optically active a-amino acid, the method comprises:

hydrolyzing an ester group (-CO2R1") of the compound

represented by the formula (VI) that is obtained by the above method,

97




10

15

20

25

.atmngrou

benzot hi ophenyl - 2-yl, thiazolyl,

3, 4- net hyl enedi oxyphenyl, 10 3,4 -ethyl ene

di oxyphenyl and tetrazolyl. Exanples of "hal ogen atont
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 exanples thereof include a

chl oride ion, a bromde ion, an iodide ion and 15 a
ihder & dasiomndibienphrase "C3 to Cn allyl group or
substituted aIIyI roupginaD may be branched or form
a cyclic group” ere I s{lan integer) refers to

al lyl groups or a%ﬁwqus it ted aII | groups having a
substituent(s) at / posi 2 and/or 3 and
lmwng4toncﬂ@m1Mo intMaI f or

exanpl e, includes 2- but eRﬂ/ﬂ 1-cycl open?ynl/ net hyl ,
rase "C3 to

d Th C.
SPopar &{ﬂ? T r]%up Pg t%&sﬁ{lﬁ g athyy Famgr Gasnshag defined

Qn

‘ %Z anched" (vvhere nis an integer) refers to
Bg? @’%ﬁ groups or any substituted propargyl groups

e AT A i T G e
qfaahggﬁﬁd%r% a&icc%{alm%“'ﬂethy'S"y' 2- propynyl .

resen hvent 1on, “the term "functional group

havi n@m@e %erlte V‘@Hﬂl{ﬁf lﬂrb{r}’desng 5\{1 g%taggjt9£n§f3r catalyst

eaves oma subs

lfd’btiﬁ}g'é Hdre i i3t d OBk t@fb el Tﬁ@sﬁ%ﬁééﬁn‘lc%agﬁ‘fé&legﬁalﬁﬁa&an be

a leaving group, and for exa

pﬁ‘@ﬂﬁ@@d‘ b3t @ Fewdh thiBnb&r b PRYERY s ThAWPeorvetiddi compounds.
present specification, for conveni ence, the group

Tons i tHd plaseftrandidr tatifrsal dythd pebsedthaivdmY¥o®&hat can be
branched, -G to C5 al koxy group that may be

plromdzah]ednow eusyly ghaupet batlidsdy foe Sulthekizihed fof t Example,
Cl to &4 al kyl group
a-alkyl-a-amino acid derivatives and o, a-dialkyl-a-amino acids.

Best Mode for Carrying Out the Invention

Hereinafter, the terms used in the present invention will be
defined.

The phrase “Ci to C, alkyl group that may be branched or form a
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
branched alkyl groups having 3 to 6 carbon atoms include isopropyl,
isobutyl, tert-butyl, and isopentyl. Examples of cyclic alkyl groups

having 3 to 6 carbon atoms include cyclobutyl, cyclopentyl, and
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10 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

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

an N, Ndi (G to &4 al kyl)carbanoyl group, or -NHCOR9
(where RO is a Cl to C4 alkyl group that nmay be
branched), 15 a cyano group, .NR2OR21 (where R20 and

R21 are each independently a hydrogen atomor a G to
&tlathdaptl. griduphermont,t chat 0@, t@ Car bilowly krguputhat2thay be
an N-(d to &4 al kyl)carbanoyl group, an NN-di (O to
lzaradhied! peafdranoy | cygdeugroaplHOORG r( wher ehedRSubstauGid twith a
C4 al kyl group that may be branched), and a hal ogen
kalogenagtde” rief mferxkd doasinyy rlmqaroalkylzsrm giavahget , to 12
the present invention will be described nore

eppbenf aeans,yany dranchedt alkydrgroapmbaving Sata 18f cathen atoms,
pr esent |nvent|on|s ure wth respect to axial

%Eé SRt glically] sreun bayoemd frOebZ é%’ébﬂféét(ﬁf‘}staﬁ@ included, and

%l Wa;@%&%@&i}mﬁtpn g these aiﬂiyl groRprs I%Sayll?; sﬁgstﬁetuted
with a halogen atom. Examples of such an alkyl group include n-heptyl,
ischeptyl, n-octyl, isooctyl, n-decyl, and n-dodecyl.

In N-(C: to Cs alkyl) carbamoyl groups and N,N-di(C; to Cs alkyl)
carbamoyl groups, “Ci to Cs4 alkyl group” means C; to C4 linear alkyl
groups or Cs to C4 branched alkyl groups.

Thé phrase “Cz to C, 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
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
ethenyl, 1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl, 1-pentenyl,
2-pentenyl, 3-pentenyl, 4-pentenyl, and 1-hexenyl. Examples of
branched alkenyl groups having 3 to 6 carbon atoms include isopropenyl,
1-methyl-1-propenyl, 1-methyl-2-propenyl, 2-methyl-1-propenyl,
2-methyl-2-propenyl, and I-methyl-2-butenyl. Examples of cyclic
alkenyl groups having 3 to 6 carbon atoms include cyclobutenyl,
cyclopentenyl, and cyclohexenyl. Furthermore, when “Cy to Ciz2 alkenyl
group that may be branched or form a cyclic group and/or may be
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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R3 RZMI10 (where RI, R', R2, R2', R3, RT, R4, R4,

R5, R5', R6, and R6' are groups independently

selected fromthe group consisting of' Wa hydrogen

atom (ii) -NRROR21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl

group); 15 (iii).a cyano group; (iv) a nitro group;

(v) a carbanoyl group; (vi) an N(GC to C4

al kyl ) car banoyl group; (vii) an NNN-di (C to C4
alrkyh)atantasmyinduded; ard a My dirgsenNKoORAt (arhiepesiRdbn of these
a Cl to C4 alkyl group that nmay be branched); (ix) a
flkehpl Eooapkyhaygrheupubidtutrdywiveh lbr hakiged atorhior Mxamples of
cyclic group; Wa C2 to C6 al kenyl group that may be
darchn cived adkedylr ngroupy clidud@s Ighepinylxi 2-leptenyl dsoctenyl,
al kynyl group that nmay be branched or forma cyclic
hdecgnyliead(kidojleeanydr al kyl group, wherein the aryl

moi ety of the aralkyl roup. may be substituted with

at | eahe pheats o@ptcsaneaﬂmyi £ Realrobe (xgpnched or form

conS|st|ng to C4 al kyl group th
BHENBERUD 5{@%@ 1 63 e iatRess) 1ges st ﬁ‘ﬁ?f @éﬁynyl groups

ST B SRR LA o
ﬁﬁﬁ%ﬁ@&éﬁ% ARGzahy 45 6 A BT BN B (R [gpgirbon atoms.
Ei@iﬁ 5)%2‘ tdaQ ryo Lﬁ}%uigr ba%%o )él 2 X8 PearB3nNidoHhs i8ctude
ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, and
1-hexynyl. Examples of branched alkyny! groups having 3 to 6 cafbon
atoms include 1-methyl-2-propynyl. Examples of cyclic alkynyl groups
having 3 to 6 carbon atoms include cyclopropylethynyl, and -
cyclobutylethynyl. Furthermore, when “Cz to Ciz alkynyl group that
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
substituted with a halogen atom. Examples of such an alkynyl group
include 1-heptynyl, 1-octynyl, 1-decynyl, and 1-dodecynyl.
The phrase “Ci to Cn alkoxy group that may be branched” (where
n is an integer) includes alkoxy groups having any linear alkyl groups
having 1 to n carbon atoms and alkoxy groués having any branched alkyl
groups having 3 to n carbon atoms. Examples thereof include methyloxy,
ethyloxy, n-propyloxy, isop‘ropyloxy, and tert-butyloxy.

Examples of “aralkyl group” in the present invention include

100




10

15

20

25

10 NNNdi (A to C4 al kyDcar banoyl group, or - NHCOR9
(where RO is a Clto C4 alkyl. group that may be
branched), a cyano group, -NR20R21 (where R20 and R21
are each independently a hydrogen atomor a G to C4
al kyl group), 15 a nitro group, a carbanoyl group, an
N-(Cl to C4 al kyl)carbanmoyl group, an NNN-di (O to C4
al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to C4

B BRB PPy hodch v i BReB bup havi ng a et er oary
noi et y_wherein tgﬁle [
a

1 £ 1:het eroaryl noi et be ) .
subst i PEUSE G ¢ at' RGO 0Ne groUp. Lol By ok sepih fention
Sl [Rridehatill) (BRoR e e R laERLT BB pfibens, and

: mthe group (Q or may be substituted
reEE e

YmO (where mis | or 2) at positions 3

and 4 fhab, ALE oF aKAN gr%Qtﬁ” :iﬁg%%rﬁe;seﬁf‘ q?‘(ré(ﬂ/t)loﬂ include phenyl,

het eroaryl “group, Wher ei eteroaryl group nmay be
§M§H3§1%1gg}§y1t§héghgﬁgﬁghgq_e group selected fromthe

group and R8 are each independently a
nDnQVEiEﬁmﬁpoésg@ﬁ!“heﬂél@@@ypfgré@gﬂh tﬁet]ﬁﬁ%bh@finb_@nﬁ@ﬁ'ﬂnclude
a dival ent organic group, and X- is a halide anion,

Badyl, HSp4rraly],HF2midaZdigl,cofperind frejulekenthibnydy tdyazolyl,
formula (1) may have a configuration of either (S) or
leRyzotltvp hearyidiipl r epr eshidmdylby f or mB|anm(dthybbmdéoxyphenyl, -
usefully functions as a phase-transfer catal yst for
hhodbylenednxpphenpl dyd detriazelyll0 a- ani no acid or
derivative thereof, in particular, an a, a- dialkyl-

“a- anila®amples of “halogen atom” in the present invention include a

chlorine atom, a bromine atom, an iodine 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
a fluoride ion.

The phrase “Cz to Cn 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
for example, ‘includes 2-butenyl, 1-cyclopentenylmethyl, and
3-methyl-2-butenyl.

The phrase “Cz to Ca 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

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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acid or derivative thereof. Mre specifically, when
the conpound represented by fornula Wabove is used
as a phase-transfer catalyst to produce an optically
active a-amno acid or derivative thereof represented
by formula (VI) by al kylating a conpound represented
by 15 formula (1V) with a conpound represented by
formula (V), the anmonium m)i ety constituti ng a

ti. f d I 20 t t t
R RE AT yuFa 7O SH S * atgﬁfa &Crﬁgpﬁﬁh%pﬁ?ﬁﬁ% from a
I et R'  R3' :
Tohstebin 11 BTG SAiub o8 AeRkPUREpop T epggion, that is, a

LKyl her ef od
Bird(hg' ER0\phe WuhpBbina REDH Bu el f oPATIEL™ WaPy ead
ﬁ&@glg&ya%-ougn retain the reactivity and selectivity

erl t he amoni um noi ety and the bi napht hyl
noi et yg € b isti
roact | 1ot BEeFaly kel 0o Ry 2alont (il the Bup qopsisting
snoval ent organi c groups or dival ent organlc gr oups
that are nore inactive than the anmmoni um noi ety and

t he bipanhihy) af@l%rﬁup'ﬂhat%ﬁ?%e@ﬂﬁhea7 and R8 are

not groups that are highly reactive thenselves (or

i tsel 3 Citst CORULRS dhvaip tiath@hydd BedndHed, reaction in

the 10 production of the am.no acid or derivative

t her eodn talgl gtsuleber idadbé aubstitud etittahi Oety Ciialkyl group
the formula Wabove, R7 and R8 are (nonoval ent

tdreganmiay) bgrimamshiedd ap@rmgwuls,eﬂéﬁﬁwlf(mdmxehﬁz‘g rodpR2! are
consi sting of: -

each mdepegndently a hydrogen atom or a Ci to Cs alkyl group), a nitro

group, a carbamoyl group, an N-(Ci to Ci alkyDcarbamoyl group, an

N,N-di{C; to C4 alkyl)carbamoyl group, or -NHCOR? (where R? is a C1 to
C4 alkyl group that may be branched),
a cyano group,
~-NR20R21 (whgre R20 and R2! are each independently a hydrogen
atom or a Cj to C4 alkyl group),
. 4 nitro group,
“a carbamoyl group,
an N-(C; to C4 alkyDcarbamoyl group,
an N,N-di(C1 to C4 alkyl)carbamoyl group,
-NHCOR? (where R? is a Ci to Ci alkyl group that may be

- branched), and

a halogen atom may be referred to as “group (Q)”.

Hereinafter, the present invention will be described more

specifically.
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Q a Cl to C12 alkyl group that may be branched or
forma cyclic group and/or may be substituted with a
hal ogen atom 15 (ii) a C2 to Cl12 al kenyl group that
may be branched or forma cyclic group and/ or may be
substituted with a hal ogen atom (iii) a C2 to Cl12

al kynyl group that nmay be branched or forma cyclic
group and/or may be substituted with a hal ogen atom

(iv) an aryl group, wherein the r be. .
Subst | R BALeTRATY, ATTARING, S Bﬁ) 'é}%%ﬁ% to R eptioR s puze

het
e PSP g1 i ey B ESLATH IUF T RY b e e b he

sel ected frromthe group (Q; (vi)
ﬂ)&%ﬁ}lg&gﬁﬁig@l (wher and R' are groups
i ndependent |y sel ect edR rorR he group consisting of:
25 (1) a hydrogenﬁato ito C4 al kyl group
that may be branchedy o C6 aI kenyl group
that may be branched gl ic group (4) a
C2 to C6 al kynyl g50Up Ay nched or form
cyclic group (5) ag IQsa FR?/I NWherXal n the aryl
noi ety of the al ks oz 2 basubstltuted Wi th
at | east one group SE om the group (Q; (6) a
het er oar al kyl group.-Ra et eroaryl noiety,
wherein the heterBaryl fy nBy be substituted vvith
at | east one group seRéctege’'fromthe grgyp (Q;
(7) an aryl group, wherein the aryl group nmay be
Guibstd BRIt &, WREhREt Rt aRf, dtfe BY,oR5, I, eBé ednflr Bfn atee groups
group (Q; and (8) a heteroaryl group, wherein the -
iretependeytlygsadeqteteffombthe ghtp tunsdtingtdf: at | east one
group selected fromthe group (Q, and n

i) a hydrogen atom;

(i1) -NR2°R2! (where R20 and R2! are each independently a

hydrogen atom or a Ci1 to Cs alkyl group);

(iii) a eyano group;

(iv) a nitro group;

(v) a carbamoyl group;

(vi) an N-(C1 to Cq alkylearbamoyl group;

(vii) an N,N-di(Ci to Cs aIk.yl)carbamoyl group;

(viii) “NHCOR? (where R? is a C: to Cs alkyl group that may be
branched);

(ix) a C1 to Cs alkyl group that may be branched or form a cyclic
group;

(x) a Cz to Cs alkenyl group that may be branched or form a cyclic
group; | |

(xi) a Cz to Ce¢ alkynyl group that may be branched or form a

cyclic group;

103




10

15

20

25

iIs an integer from1l to 12); 15 (vii) -(CH2)nCONR1L2R 3
(where R12 and R13 are groups independently sel ected
fromthe group consisting of: (1) a hydrogen atom (2)
a Cl to 4 alkyl group that may be branched; (3) an

~aryl group, wherein the aryl group may be 20

substituted wth at |east one group selected fromthe
group (Q; and (4) a heteroaryl group, wherei n t he

hetero grou be supsti.tuted with at | ea
group @éﬁxe@ﬂe%lr qﬂ%'nrn &Iﬁélpgrvggg,retlé) he, &1y m]ﬂgetg 2P Lng aralkyl

RO ShPatip i tgt das R bR STERER SRS IS eroup

@)e (g[( co S|st|ng of .* (1) a hydrogen atom (2) a
f group that may be branched 107 (3)

I t
23b2tr Y?Lgﬁggbk\?\% ?%pyg‘trgerllogg %gﬁéx rb%L%gshe ect ed fromthe
th
et or A oo A K ey R L Mot ome
O un 781 Biodd ) B PR AT %L1 O el srow

sk BE So1@RMRY 'n\éﬁﬁ% Btipy-NReIROt GehdrcoRPt hed R2! are
grougi]éé{onm sting of s h%rogen atom (2) aClto 4

BhMY linge difvdy ahydbesdi abehesk al0; ¢3)Caallylygroup), a nitro
group, erein the aryl group may be substituted with

atougast caabengsyugroep canetN-{Corot e ghndatthmaoyhdgroup, an
(4) a heteroaryl group, wherein the heter oar yl group
Nel¥ - A€ Su B4 alknlmmmsdtgrbapsbr o GO VBMECR%@!S a Ci to
fromthe group (Q, and n is an integer from1l to
C2)lkyl group that may be branched),

a ¢yano group,

-NR20R2! (where R20 and R2! are each independently a hydrogen
atom or a C1 to Cas 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,

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

branched), and

a halogen atom;

(xiii) a hetefoaralkyl group having a heteroaryl moiety, wherein
the heteroaryl moiety may be substituted with at least one group
selected from the group (Q);

(xiv) an aryl groﬁp, wherein the aryl group may be substituted
with at least one group selected from the group (Q) or may be substituted

with -O-(CH2)m O- (where m is 1 or 2) at positions 3 and 4 that are taken
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15 W-(CH2),Y-OR 2 (where Yis a C1 to C4 dival ent
saturated hydrocarbon group that may be branched, and
R12 is a group selected fromthe group consisting of:
(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 (Q; and (4) a heteroaryl
%%EUﬁ, wherein the heteroaryl group may be

PHAEY with at |east one group selected fromthe

9 o0 bk Helafents it GG ”%E%lté%t‘éaéﬁvﬂo i ey be

SSBeg iy |at31%85foovﬁa€!°ﬂaf‘é§%c%%$ Brdh e fafol@: 2
87 iy Bt Aot By BibhaRBlodt BAldA i dul dMtaken
fobb iRl 8?&?@;{ i dienP “v’mr%”%ﬁ"’? Pk aroup sel ot ed

wher e 2 is a group

ffz’%nbtm‘?‘g %%%%Cgé R%S]? 1 8 Q'PF Nt epRé cbiBuhd Pepresented

(xi1

' fltﬁé tf@ﬂnm:? @)tlﬁﬁy ‘-HER}éDa cSﬁﬂ?hﬁﬂlﬂﬂ 0®@leitHek)(SR oh Y®h.ogen

om 10 group that may be

br anChFHe (og)nﬁb’hrﬁI ykeﬂf&@ﬁte&h%&elf@rﬂlﬁaar(‘ﬂ ghoup usefully
may be substituted with at | east one group sel ected

furstidrite agro whatetranstér( tadydtefoer perdilcigg cup optically active
wherein the heteroaryl group may be substituted with

atarhas hicither deoivatdel cledied], fmparﬂleukylrpap ¢,Qr disdkyl-p-amino
15 is an integer froml to 12);

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 a-amino acid or derivative thereof
represented by formula (VD) by alkylating a compound represented by

formula (IV) with a compound represented by formula (V), the

 ammonium moiety constituting a cation of this compound:

contributes to the reactivity in the alkylation, and the binaphthyl

moiety:
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(xiii) -(CH2),-SO-R 2 (where R12 is a group sel ected
fromthe group consisting of: (1) a hydrogen atom
(2) aCl to C4 alkyl group that may be branched; 20
(3) an aryl group, wherein the aryl group nmay be
substituted with at | east one group selected fromthe
group (Q; and (4) a heteroaryl group, wherein the

het eroaryl group nmay be substitut ed with at | east one

group selected fromthe grou :
?Qﬂfég}@%teﬁrfgrﬁ 18 qt@rch:)elecghﬂtggn( e\aliy? %&OIRI >Therefore,

Evpercrhadimon 35 ‘r’xﬁiﬁ% LT LB 1 eeepd by grmuta
@hé’%@l o?u&;g fgwﬂ}tc e be %Bzgehaeg{mg’ %afla{] ei %izﬂlYL% rived from
i mRepiy Bﬂ@ﬁ‘%@? 3%&“5%?&#35@? B8 G nBR r&%%) 4B does

LY S CUREELSFSH, 09 can b
rﬁ)%l%%?tg gaﬁ oﬁﬁ@%trhﬁﬁvélgﬁﬁ OfyPaié Urbab8Nthat are more

organlc e group consisting o

e 'thﬁ&éﬁ“?lﬁ@ fRybfordflod 0%y hbAMEe iAnaBhthit moiety. In

and ~~-O0 0 present invention, in
biger okrld @) OVRE Rle Kt gfFipsltBat RBe REhlyR4eactive
R4, R5, R5", R6, and R6' are preferably gr oups
thslapends r(‘i)lr)&tseﬂ@)', Qﬁite%’rcfd ke dor noip a¢feositht im@ction in the
15 Wa hydrogen atom (xiv) an aryl group, wherein the
prydu@icupf vy abeimubdtidrudeddvative thereof that is described later.

Alternatively, in the formula (I) above, R7 and R® are (monovalent

organic) groups independently selected from the group consisting of

(i) a C1 to Ciz2 alkyl group that may be branched or form a cyclic
group and/or may be substituted with a halogen atom;

(i1} a C2 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 Ci2 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
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 (@)
(vi) -(CH2):OCONRIR1 (where R0 and R! are groups
independently selected from the group consisting of:
(1) a hydrogen atom;
(2) a C1 to Ca alkyl group that may be branched;
(3) a Cs to Cs alkenyl group that may be branched or form
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with at | east one group selected fromthe group
consisting of. a Cl to C4 al kyl group that nay be
branched, a Cl to C5 al koxy group that may be
branched, 20 an aryl group that may be substituted
with a Cl to C4 alkyl group that may be branched, a
cyano group, -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a G to C4 al kyl
group), a nitro group, a carbanoyl group, an N-(Cl to
Mygﬁkﬂ?%rbamyl group, an N,N-di (C to 4

To O1al kyl a1 oue LR My BT Shpa CHekymoR hey g chod o form

gro . NR2O0R21 (where R20 and R21 are each
r‘fﬁéﬁ‘éﬁa‘é?\?l’y a 110 hydrogen atomor a G to C4 al kyl

: I ; b | i .
U1 on G168 AP BERT N Bl Soid) of ehe

BH4IEY! SASHR AL Y 8Bt R b s ph Sl from

%lhd -%}PI@'R (where nis 0, 1 or 2, and Ris a Cl to
‘ glf 10 group that may be branched); or may be

SubS [ ut ed () 4 HOIGGHRIMYD choAPIEnigS ol WiieRdardl moiets,

positions 3 and 4 taken together; and (xv)
Wobesigaklb BéRWParyiheidbey theyheé efdatituted owpthay Reist one

"substituted with at | east one group selected fromthe

gifcippseiesisidsirongtled prodp(@);C to C4 al kyl group that
may be branched, a G to C5 al koxy group that may be
branched, ar(7aryh gnelipgthat, malielssnsdhst istryl edroup hmmy be
s?1bstt?tu(‘ggd 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 (Q), and n
is an integer from 1 to 12);
(vii) -(CH2)»CONR12R1® (where R!2 and R!® are groups
independently selected from the group consisting of:
| (1) a hydrogen atom;
(2) a C1 to Cy alkyl group that may be branched;
(3) an aryl group, Wherein the aryl group may be
substituted with at least one group selected from the group (@); 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); |
(vii) -(CH2).NRI2COR!3 (where R!2 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;

107




10

15

20

25

al kyl group that may be branched, a cyano group,

-NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a 01 to C4 al kyl 20-group), a nitro

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

al kyl ) carbanoyl group, an N,N-di (C 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 ’)l (where_ R20 and Rﬁl are %%ch b
i ndependent |) a A2 AT} 4 BEORR, aVBATHR dher argl Oﬁr(%ﬂfkymay e

e s o S il 2519 07,5
a1 oroup Gk %ﬁﬁ%}%aéyf“sr%h\&ﬁ‘%relgnﬁ?%hst%gﬁaﬁf 85 may

g% %%sﬁﬁ§§%§%5§$ %St the ]6%8%[%8 &?r%n; rtﬁgnglrgﬁp (Q), and n
%,4 §-{r'f| folfe @glm group, a 3,4,5- trlchl or ophenyl
£ 4 Jotdges B8 T

["aor ophenyl group, a 3-nitrophenyl

0r oup. () - @IEIENGAORIY | BRI BRCRECLRL QRHAY kndepdndently

group, a 3 uor opheny O group, a

Slbie d'ﬂQﬁPPPFé ¥$@ﬁ%&ﬂgl iU a 2, 4-clifluorophenyl
group, a met hyl'sul f onyl phenyl group, and a

2, 3-bi s(trl fliyer py@idpeh) eyl group. In particul ar,
of the conpounds Tepresented by the fornula W above,

a conpound r@precens € dkyl @ﬁoﬁplth@tfl\lhi’@ bobrwhehdl); is
preferable: 15 Rl R7 [+ X- W

(3) an aryl group, wherem 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);

(x) “(CHg)nY-OR!2 (where Y is a Ci1 to Ci divalent saturated
hydrocarbon group that may be branched, and R? is a group selected
from the group consisting of*

(1) a hydrogen atom;

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

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

(xi) -(CH2)»-OR!2 (where R!? is a group selecfed from the group
consisting of:

(1) a hydrogen atom;
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20 (where, RI and R' are groups sel ected i ndependently
fromthe 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 benzothi ophenyl - 2-yl
group, a 3,5-difluorophenyl group, a
34trifluoronethylphenyl group, a 25 2, 4- difluorophenyl

97381 <111 b Gkt KSR Rpa oo bl b h‘fan%%e‘%ind

X- are each ndepend ntly the bove i ned gro ,
112 Furt her n@:) o r 8%, r%%’/'f/ gﬁﬁ}nRg;%ﬁf 3% 8 Haaay be

PR TEae D %te#t%g% fgﬁgf%uflzsﬁﬂ(ﬁ?lec%a Tt dieard 5 (Q)afand
(110,33 SEAI B PR B EAOAARS B mar
%gubgﬁﬁéﬁr&){ﬂr@t}f‘ lﬁ?&{&%ﬂg &@ﬁ¢ge%g9éifﬁ ron? B8k %trbﬁﬁ ({Q‘),: and n

rogen atom ( yl group t
§;3) an aryl group, wherein the
aryxﬂ %{J ?ff‘f&ﬁdubt&fiz

p nmay Substituted with at |east one group

- sel ect(%_jl)f (OF1,) "S- RIOGPh RN RILB %ggﬁfup sldeled drésA the group

al kyl group t hat may be branched, a to C5 al koxy

&ifyigrihRajf: may be branched, an aryI group that may be
substituted with a ClL to C4 15 al kyl . group that nay
be branched, (1 ackadgghoatom;- NR20OR21 (where R20 and
R21 are each i ndependently a hydrogen atomor a Cl to

"C4 al kyl  gri@p) Ci #o Qstalbylgoonp that ardyabeprageloeds,

N(C to C4 al kyl)carbamoyl group, an N, N-di (C to C4

-~ al kyI ) car barf8y| agxrcxwyl groupHogRerdinhdhe Reyli greur) may be

to ¢4 al kyl %r that may be branched), 20 a cy(arso
sliftuted 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); |
(xiii) -(CHz)x-SO-R12 (where R12 is a group selected from the group
consisting of:
(1) a hydrogen atom;
(2) a C1 to Cq alkyl group that may be branched:

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

- substituted with at least one group selected from the group (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); and

| (xiv) -(CH2)a-SO2-R!2 (where R12 is a group selected from the
group consisting of:

(1) a hydrogen atom;
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-NR20R21 (where R20 and 1121 are each independently a
hydrogen atomor a Cl to C4 al kyl group), a nitro
group, a carbanoyl group, 25 an N(ClL to C4

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

al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4
al kyl group that may be 113 branched), and a hal ogen
atom and (4) a heteroaryl group, wherein the

het eroaryl group_ may, . be substituted with at |easf one
group sel ect%é’gafq;b'?ﬁ phél%@’]o%’ﬁ?“&b tspayPe Br C.esaO' to
4 al kyl gr t hat y be branched Cl to, C5 al kox
group t hat g(gfe pB Wgﬁcﬁwp’aﬁvng‘?’iﬁmgr%ﬁpaFﬂ]ath paray be

T TR R T

Ot al kyl gr by RERHBENY iy X8R b R0 diteldhy may
85 A B0 SO b S UG bt
e T o6 Ro0 and oL Ae eath

RNdeRERIERE W kdn fhvetRget 89O (didaleht! Ordehid gbdtup (s:ilected
0

‘group), nitro group, carbanoyl group, an N (G

2bky thé arbapontn gt of 20 CHIIN: Nnlier& mtie 44 integer from 2 to
al kyl ) car banmoyl group, -N where RO is a G to 4

& kyl/ group that may be 0 O]
: and \—O 0]
W

In the present invention, in the formula (I) above, R1, RY, R?, R?,
R3, R¥, R4, R%, RS R%, RS, and R¥ are preferably groups independently
selected from the group consisting of:
(1) a hydrogen atom;
(xiv) an aryl group, wherein the aryl group' may be substituted
with at least one group selected from the group consisting of*
a C1 to C4 alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to Cs

alkyl group that may be branched, a cyano group, -NR20R2! (where R20

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

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

a cyano group,

-NR20R2! (where R20 and R2?! are each independently a

110




10

15

20

25

branched), and a hal ogen atom and n is an integer of 1
to 12, nore preferably, they are selected fromthe
group consisting of a nmethyl 25 group, an ethyl
group, an n-butyl group, an isobutyl group, an n-decyl
group, and a cycl ohexyl group. Furthernore, R7 and R8
are preferably the sanme, or a conpound in which R7
and R8 are taken. together to forma 114 divalent
group selected fromthe group c%nsisting of : -(CH2). -
hyhsge npgtony oy g @hiﬁ%éﬂrﬂ%ﬁ’gﬁ%ﬂo 8); "-00 b and O
5 The quaternary ammoni um salt represented by the
formula W caR'e 8PBHuced by reacting a conpound
repr esent ed bg &pe fq!lomﬁng formula (I1): RSB RR R4
RL R5 CH2z % S3fa@ne% BR8P R 51-- ~:~ | CH2Z R4" IR

RT RZ (wh R ' : ' T. R4% R5, R5',

R6, anéI‘ Rg'reaé} ]e\r-{(f%etos?ﬁalgél)c%a@gﬁdn%g’%ph the formul a

. d7i : -
R T
(where R7 ang g @(&H&éﬁﬁ%@f@%l@f%ﬁﬁ &i¥ip that may be
formula W in an 0 organic solvent in tHe preSence

?’fax?c‘ﬁeﬁ?i d scavengi ng agent. The conpound of the
ormula (11) can be prepared easily from for

a halogen atom, and
-8(0)a'R (where n is 0, 1 or 2, and R is a C1 to C4 alkyl
group that may be branched);

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

'3 and 4 taken together; and

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

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

a C1to Cs alkyl group that may be branched,

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

an aryl group that may be substituted with a Ci to Cs
alkyl group that may be branched, a cyano group, -NR2R?! (where R20
and R2! are‘each independently a hydrogen atom or a Ci to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkyl)earbamoyl
group, an N,N-di(C1 to Cs alkyl)carbamoyl group, or -NHCOR? (where R?
isa C1to Cs alkyi grdup that may be branched),

a cyano group,

-NR26321 (where R20 and R2! are each independently a
hydrogen atom or a C; to Cq alkyl group),

é nitro group,

: a'carbamoyl group,
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exanpl e, easily avail able

1,1 -binaphthyl -2, 2" -di carboxylic acid (see Seki, M
et al., Synthesis, 2000, p.1677) in a known process as
described in the following Schenme 1 (see Qoi, T. et
al., J. Org. Chem, vol.68, p.4577, 25 2003). The

1,1 -bi napht hyl -2, 2" -di carboxylic acid nay be either
the (S)-formor (R)- form 115 F SBr F-(~F COOH i PrBr
CO0 0 COOPri B% COOH B HSO4 COOPri  Coope .

Pd( OAC) 2, B Ppidky meyhgrowW.5 FFF F F

Gobr F F D FLN RS th s BRYDSRIpaopb Rt eﬂ’rSrrEOT The

following is le exp at i on,.based
Scheme 1 Sﬁé&fﬁ”r é‘?ﬁ gﬁﬁ@xb q’ ‘t%ky( 1%r°u§’ that may be
ﬁ]gsaa[nvgl Zd t(g a corresponding dii sopropyl ester (2) -

pyl brom de, a catalyst BWN HS04 and 15

KF-21120. The tain onpound (2) is treated with
magnesi um b5t s%%g% a‘%‘témstietrarns\t hyl pi per am de)

'141'3?5 GEP%E}%SI &l Al (Q1d%ed MILGIMPNR gAY 138RIRIHe of a

eto to give

hydrogen atom, a 3,4,5-trifluorophenyl group, a 38,4,5-trichlorophenyl

group, a 3,4-difluorophenyl group, a S3-nitrophenyl group, a
3-cyanophenyl group, a benzothioﬁhenyl-Z'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. In particular, of the compounds represented by the formula @
above, a compound represented by the following formula () is

preferable:
R1

RY (1)

(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
3,56-difluorophenyl group, a  3-triflucromethylphenyl group, a
2,4-difluorophenyl group, a 3-methylsulfonylphenyl group, and a
2,3-bis(trifluoromethyl)phenyl group, and R?7, R® and X  are each

independently the above-defined groups).
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3,3 -di bronp-1, 1' - di napht hyl - 2, 2' - di car boxi |l ye aci d
ester (3). Then, the obtained conpound (3) and
3,4,5-trifluorophenyl boronic acid are 20 subjected to
the Suzuki-M yaura cross-coupling reaction in the
presence of palladiumacetate, triphenyl phosphi ne and
pot assi um carbonate to give

3,3 -bis(3,4,5-trifluorophenyl)-1,1"-binaphthyl-2,2'-d

i carboxylic acid ester._(4).. Further e, this (4) is
reduc eﬁ%/lmhq!rnmr,&} me{eéabfx,) [ aHfic]gﬁ 8?1%? @Wé%gepresented

btai ned al co 5 is treated with PBr3,.s0 tha

b ?@@mvgs,w s%0%RI OFF EBPIES pseePaeRHE FURRId, from the

él I‘_ffeabove. cgqr}. be obtai ned. On the other hand, a

LR CHHBYEPER t he secondary amines of the fornula
(ren) oV I e~CO rci.al viaj | :
Can eI it SEnATRl g B3P hrBRCLA'BE Bt cyelic
é‘eﬁi ctetgdas appropriate. Exanples of an organic '

0

bl

ent used in the process for producing the

0f, . b t]
Con”pougkqnlalo éCtI-{E?T %%%% 11 €aGH LRt} RE1ceP eI He group

the fo ormula (I11'l) include
Hddibtigel vents (e.g., acetonitrile, 5

propionitrile), ether solvents (e.g., dioxane,

t et r ahydr of Uf13’, hy&agearom et her, diethyl ether,

di met hoxyet hane, 2-nethoxyethyl ether), al cohol

sol vents (me@handl to €uhdrel grouprthpancly, bé dopndpatol |,
n-butanol, tert-butanol). In the present invention,
acetonitril e3)s apardriytulgaoty, whefemnalthe &Eyhngresp ofnay be
an aci d scavengi ng agent include inorganic 10 bases .
sulndtitageforthsituimastichergrbup ssdeitadhitempdeagnoup consisting of:
pot assi um hydrogencar bonate, sodi um

hydr ogencar bdkatte)Cs skl taronpddwitonay hedraachadar v

am ne of the formula (I111) is referahly used in | to

4 equi val ent® Cirferles pheomsT gusup &%fomﬁyé&bl%ﬂ

to
t he compound of the formuJa (11)., The acid, scavengin
agent is 15 ?J‘Fe%réﬁlaﬂdqogﬂpuﬁéat imay be Salbgaa}l%chw?g’a 8, to Cs

B A R0 R S NS R (vhere R0

LA L B SR SR b 3108, e
érho%p ?iadni%xqc? \é%] i’ng cggl%]ﬁ:\ow g#0up, an N-(C1 to Cs alkylcarbamoyl
group, an N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCOR® (where R®
is a C1 to Cq alkyl group that may be branched),

a cyano grdup,

-NR20R?1 (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-(C1 to Cs alkyl)carbamoyl group,

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

-NHCORS?® (where R? is a- C1 to C4 alkyl group that may be
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appropriate organic solvent with stirring. The
reaction tenperature is 20 preferably fromroom

~tenperature to the boiling point of the organic

solvent, and nore preferably the reaction is perforned
under heating reflux. The reaction tinme is preferably
30 mnutes to 24 hours, nore preferably 6 to 12
hours. In this case, the organic solvent is preferably
used 5 to 5Q tinmes, nore preferably 5 to 30 tinmes the
hﬁﬁyﬂﬁﬂﬁfaﬁﬂe 25 conpound of the forrmula (I1) in the
ratio of volu (m)/weight (9). After the reaction
is finished,agghpg%hﬁ?ﬁBnaﬂﬁxture is extracted with

di chl t , . dj chl th . . b
etrachi or dd) EkhALSarEL Etpuih Ty DaFRI U Peiegogyy] exoup may

B8l ARy SELABA O g B8 BB stins

2action mxture nay be used, as it is, as a
phase-transfer catalyst in the nmethod for producing

a-am no aci rd.veat | , ' i igeel

speci ficall Sa@g ¢ e(gé'cgrll Eegrpgkg?l.awﬁéﬁ%%gb_t aﬁlﬁggd’ _
compound of 4 g QMR droad MtGRaF bd Brahdirld de
anion has a pure formw th reSpect to axial asymetry,

and can_ be Lkﬁ?qaryiis%x%u@h_@ﬁ& th APl subatidhied witkr£,C: to Cq
“pure with respect to axial asymretry" neans that

ANBN g Shay aniys BEE s asdd a0by@xs @roldp, ANRIRIY (where R20
the rate of the presence of one specific isonmer is

Mh@hR? bhareachhaidgferalchely iss biyei-sgePraaber all y, Ct e C4 alkyl
rate of the presence of the one specific isomer is

SO0 anmitsy groue prefleambyy g8G9p,0can M) tarklt alkehlcarbamoyl
nore preferably 98% or nore. Furthernore, the conpound
pourherf O, MaddCq tp Cnalthilidarkanaylagroud, hal- NdECOH otwhere RO
can be made_into a conpound in which the halide anion

issa Cadaver aarligyosonhat msan bediramched) f or exanpl e,

- through the followng process. First, a nmethod for

produci ng t HeCX¥pEEMP.of the formula (1) in which X
'S SO or '_-%Ofgfz_oR\% l(lvvhk:a%edﬁ% raluPc‘f dR21 are each independently a

‘hydrogen atom or a Ci1 to Cs alkyl group),

a nitro group,

a carbamoyl group,

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

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

-NHCOR? (where R? is a C1 to Cq alkyl group that may be

branched), and

a halogen atom, and n is an integer of 1 to 12,
more preferably, they are selected from the group consisting of a methyl
group, an ethyl group, an n-butyl group, an isobutyl group, an n-decyl
group, and a cyclohexyl group. Furthermore, R7 and R8 are preferably

the same, or a compound in which R7 and R8 are taken together to form a
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20 The conpound of the fornmula (1) obtained in the
above-descri bed manner in which X- is a halide anion
is dissolved in, for exanple, a suitable second
organi ¢ solvent according to the nmethod described in
Japanese Lai d- Qpen Patent Publication No. 2002-173492

‘and m xed with a saturated agueous sol ution of an

aI kali netal salt of thi ocyani c acid so 25 that the

de ani on o .S co erted to S a 0
%%swrbﬁa%ﬁr%d §%ﬂ’39 Bisiip onoighogsEh TopEhy Grhere m
exchan clu et hane, chloroform/
Wl%‘h%‘%&@?ﬁ dzetcié t'et r ahydrof uran, met ytQ -
et her, diisopropyl eth 7/ 8t hyl acetate. Exanples
of the alkali netal salt ocy.apiyc acis-pncl
pot assi um t hi ocyanat e and s&#um t’hi ocyanat e.\_Eof
exanpl e, by m xing the conpound of the formula Win

whi Cho’? : éudt%rﬁla laing}glo?l%ﬂln s&’ltt RoR sehkal ibymeh&lformula (D

sal t ocyani ¢ acid in a solution under "a

EAl Bl YRbMdEd By CRNIGEII LY S41EPoBAd URGREsERA by the following
tenperature so as to conme into contact, the reaction
forengaf(ipan proceed easily. ,and the reacti on pr oduct
(e.g., the conpound of K'he orrrula Win which X- is

SCN-) can be obtaigfed ilp a antRl ative yield. 10

Furt hernore, by react gonmpound of the fornmula W
ncgg_\t ted nitric acid
2?3 fromSCN to

in which X- is SCN

solution, X- can
HS04- By further re

S with an al kal i

ﬁ?@zlde, 15 sodi um

a conpound represent ed

RIR'5 "o, 1 RR5 R6

the formula (1) iR
netal fluoride (e.g.,
fluoride or [ithium/f
by the. fornula

"FR6' ONV+ F 20 4' 1. R R?2 (1D

(where R1, R, R2, RZ R3, R?, R4, R4, R5 RS5, R¢, and RY are the same as

‘defined in the formula (I), and Z is a halogen atom) with a secondary

amine represented by the following formula (ITD):
R?

(where R7 and RS are the same as defined in the formula (I)) in an

‘organic solvent in the presence of an acid scavenging agent.

The compoﬁnd of the formula (II) can be prepared easily from, for
example, easil& 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,
2063). The 1,1-binaphthyl-2,2™-dicarboxylic acid may be either the
(S)-form or (R)-form.
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I \ RB RR RT RZ a) (where R, R\, R2, RR", R3, R3',
R4, RT, R5, R5', RG and R6' are the sane as defined
in the formula W can be obtained, which can be used
as a catalyst, for exanple, in a reaction of a silyl
enol ether and a carbonyl 25 conpound (al do
reaction). Exanples of silyl enol ether used in the
al dol reaction include a trialkylsilyl enol ether. A
trialkylsilyl enol ether can be prepared in 119
adyance by reacting a chlorosilane sugh asg EF
. nd‘.t\n@(iTEP)lay chlorid
v (¥Fg. Brke( one” tet PYRAT i ves BOMH,
ShrG A penlefin 2- one,  ghethyl, ket oneadoac,
@@ enona.;p.gkg@op one, butyrokapht bhne, PPhs K2COj3
cycl ohexanone, |-oxolndan, 1-tetral onée
2-t&ralone) in the pf@sence of a base.®Yn addition to
t he carbonyl conpound (the above-descri bed ket one
derivativesg), which is a precursor of a silyl eno

et her, exanplres of the carpanyl conpound that_ cah be
reacted with a silyl @ used in al dol
re Y, Incl ude alf N conpounds s @ F
~acetyhaf d8R5deam prep~roitaPdehyBRs putyl ardékyde,

i sQbu @ég@hyde, i soxalse gehyde, capromal dellyde,
dod 1l dehyde, pal &l dehyde, stea , de,
acr ol ern, ot onal dehyde, ohexanecar ,
benzal dehyde;r ani sal dehyde;¥nircot i nal dehyde, F

ci nnanal dehyde, a-napht hal dehyde, and F
0- napithal dehyde. 15 Wt respect to such a®ilyl enol
et her and such a carbonyl sc?.'%r;?gqnd, t he compound

I"a

represented by the formnula 1) IS used as a catal yst
i n t hella¢ dellowdngtis oh neeret Rpgcififeexnlenabion b%%qfllpflygﬁ?hﬁme 1

- the reaction can be controll e)d. Next, a pethod for

hotuci Harsthedicarbouis grcid hilr 83 neAnyertad jtg a corresponding
diisopropylester (2) using isopropyl bromide, a catalyst BusN-HSO4 and‘
KF-2H;0. The obtained compound (2) is treated with magnesium
bis(2,2,6,6-tetramethylpiperamide)  (hereinafter, referred to as
Mg(TMP)2), and then Brs is added thereto to give
3,3’-dibromo-1,1’-dinaphthyl-2,2"-dicarboxilyc acid ester (3). Then, the
obtained compound (3) and 8,4,5'triﬂgoropheny1 boronic acid are
subjected to the Suzuki-Miyaura cross-coupling reaction in the presence
of palladium acetate, triphenylphosphine and potassium carbonate to
give 3,3-bis(3,4,5-trifluorophenyl)-1,1"-binaphthyl-2,2"-dicarboxylic acid
ester (4). Furthermore, this (4) is reduced with LiAlH4 to obtain alcohol
(5) and the obtained alcohol (5) is treated with PBrs so that dibromide (6),
which corresponds to the formula (II) above, can be obtained.

On the other hand, a large number of the secondary amines of the

formula (IIT) above are commercially available, and therefore can be
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20 which X- is HF2 will be described. The conpound of
the formula Q 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
internediate is produced. As the ion-exchange resin,
any ion-exchange resin can be selected 25 by those
skilled in the art. Specific exanples of the
ion:géﬁsan e resin that can be used include, Arberl yst

pberipefieaspaing? Abeliblay sy berciretedorrarREPPONte: 120
T PR es o Aty ereA TG GhIeE ord o8 LD, ioass for producing
i - hange Si by .di | ving .the. conpound,of, th
H EoRpOSIRon i Feptala G2 Bx tedtring e GHepeiad of the formula
{ta Ieep?h'rd | .an assing this sol ution v
) GBI gmbodiina (A SR dE HEas [idoRRl (8 b agstqnitrile,
he. 1 hitd hat d :
RRondiBfidellef Pt SBtvel: (C8T diBkSE i GhngliEindan, isopropyl
| : .ncl | ,
AR €5 )1 BHRONOlim SOl RLhAC AR ELIMIA! 601, clconol
glicehed . (aldthangh nethdhdn ted &Bﬁ%fg&?- ﬂétagf drINO n-butanol,

[imtation regarding the anounts the c ound’ of

g aheDIUl 8n (the | Prod@nghinvert$o® BRALtARLAN A8 BBGticularly
the third solvent that are used in this contact, and
pReyrelle. beLsehpdss afpaePatidl echyeridiagt Apset ifkiddeeihorganic
In the art. Thus, the first internediate is produced.

Bhsyy, dudvh obd apoethsidmstcdrbbantedisadeéuins aiabbnate, zqbtassium
with a 15 hydrogen fluoride aqueous sol ution

by éf egeaichybaw d teg sbd nnemthgidrggthearbomlatent . There is no
limtation regarding the anmount of the hydrogen

f 1 uor i He thgueoastien] thieoretsutiryn antimepoésere formula (IID) is

“invention. In view of increasing the productivity,

praderakin ysed e laipod eauitalsaltacmene poefdrabln@ toydeagévalents
fluoride is reacted in an anmount at_ | east equival ent .
top thpacogpound of the formula (II). The acid scavenging agent is
preferably used in 1 to 4 equivalents, more preferably about 1 to 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 solvent with stirring. The reaction temperature is

preferably from room temperature to the boiling point of the organic

solvent, and more preferably the reaction is performed under heating
reflux. The reaction time is preferably 30 minutes to 24 hours, more
preferably 6 to 12 hours. In this case, the organic solvent is preferably
used 5 to 50 times, more preferably 5 to 30 times the amount of the
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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the conpound of the formula (1) in which X- is a
hal i de anion. Thus, the first internediate is
neutralized, and a conmpound represented by the

formula (Ib): A RBRR RLR 25 R5 6" /+7 5 R63 R
RV N\ HF2 R8 R4 R' R3' RZ (I b) 121 in which X
is further converted fromthe halide anion to HF2_ can
be precipitated in the solution. Thereafter, the

Eo0 RHUs R MLcacrIeEY A TBRHaETaBaN! 19 thabd %f%gﬂpound
?ﬁﬁher Somapie (Dofen i BReafpds , AitesBasveli they Bpatgn Tixture
BRSBE O AL 3R B89 nhAS pransie” %t@%l?’% Shefhé iRbthod for

derivative

C| g a- ‘T‘l no_ agl Sl
BAERRo SR Rl Bep S hs “FRist LAY it smggisioalty

by the fornula Was a phase transfer
%%?:gﬂ%@ a%gfl be described. An a-amno acid derivative

et eoPhhE S iirdCedohl ol 9 (h PRI M) GHLBG: X i a halide

produ st er eos a process for ylating

@moﬁ%ﬂ@%@uf@ﬂﬁ% %ﬂ&ﬁ%@g«se&mﬁ‘o aﬁidi%yﬁgmfe@fmrai tdY)be used

a conpound of 15 a formula (V), Using t

a@@”@%&@ﬁséﬂ:ﬁﬁﬁ§ﬁ@t edtdlysthe HeraUl guiteasyidh respect to axial
phase-transfer in a nediumin t he presence of an

aganganie’ basans1Glat among the stereoisomers based on axial

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
specific 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
halide anion can be made into a compound in which the halide anion is
converted to SCN-, HSO+ or HFy, 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.

The compound of the formula (I) obtained in the above-described

manner in which X is a halide anion is dissolved in, for example, a

suitable second organic solvent according to the method described in

Japanese Laid-Open Patent Publication No. 2002-173492 and mixed with

a saturated aqueous solution of an alkali metal salt of thiocyanic acid so

~ that the halide anion of X" is converted to SCN".

Examples of the second organic solvent that can be used for this

exchange include dichloromethane, chloroform, dichlorcethane,
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* formula (Ia): |

R RL5 -N ORLl7 (V1) 20 (where R14 and R15 are each
i ndependently Wa hydrogen atomy or (ii) an aryl
group that may be substituted with a C1 to C4 al kyl
group that may be branched, a G to C5 al koxy group
that may be 25 branched, or a halogen atom w th the
provi so that the case where both R14 and R15 are
hydrogen atonms is excluded, R16 is a group sel ected

%89%%%'1"1%*? f%ﬁ SO T ﬁ&(ﬂ%ﬁ%@p?ﬁ%ﬁ?%ﬁﬁeﬁﬁ and othyl
SRy KB iRl aR ot Lkt etk SRy b AnFanid g ipelude
At B A e

moi et yFé)xr e%gﬁ i aigpsk ]ng%? lﬂge C nqe?ﬁmcfgp %ﬁé tf%ﬂl%%f)@n which

at | east” one ro’u fro

OT@'itHgTﬁeoﬁ&iozﬁ V%Et On G 19 ttcﬁafhlggyaﬁ’f% acid in a

ranc koxy group that may

RJ1afiehe dyn ddy aéylreﬂe[ r)]rt hat1dmBYs RELBUOSIL At 88 WrldRra room
Cl to &4 al kyl group at may be branched, a cyano

@'hgp%atumg Rasltd E@ﬁreexngQ:oﬁ‘ﬂQctR%ﬂie aleBctiba ﬁﬁzﬁ'egf can proceed

i ndependently a hydrogen atomor a Cl1 to C4 al

QOUP hndathy tetii0pRod BctC@. HNBY | cotigiipad a8 the (fotmtuda (D) in
C4 al kyl) carbanoyl group, an N Ndi (O to C4

whigH Xcar 8800y tay beughtaded NHGQR: {titetiee Reelds a C to
C4 al kyl group that may be branched),

Furthermore, by reacting the compound of the formula () in
which X' is SCN" with a concentrated nitric acid solution, X can be
converted easily from SCN-to HSOyq.

By further reacting thus obtained compound of the formula (I) in
which X' is HSO4 with an alkali metal fluoride (e.g., potassium fluoride,

sodium fluoride or lithium fluoride), a compound represented by the

(Ia)

(where RY, RV, R2, R? R3, R¥, R4, RY, R5, R¥, RS, 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 silyl enol ether and a carbonyl

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

119



10

15

20

25

a cyano group, 20 NR20R21 (where R20 and R21 are each
i ndependently a hydrogen atomor a Cl to C4 al kyl
group), a nitro group, a carbanmoyl group, an N(Cl to
C4 al kyl) carbanoyl group, 25 an NNNdi (O to C4

al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4
al kyl group that may be branched), and 123 a hal ogen
atom (vi) a heteroaral kyl group having a heteroaryl

i , wher ej h I i . . .
ek bYctrticthe a pEREIERE reBup® SupBindir} higride and
, Qs N | e L
BB RN b S BOT B UL G G B aivarives
'é?c!}?%&\‘j'\ﬁfwﬂr{o?x% 9, t£s- oand &i’ét}r}gi ge{b‘?{e?r%é%&;henone,
erern the hete gt oUup nay be

group, roaryl

i ' 0 e . -
T R Rabihe LRI IREIGR, LR ILAN Liftalone
& 2nehedoRE) fP{HR Br&aktlck Gf AlPagd.oup; R18 is a group
selected fromthe group consisting of' Wa Cl1 to C10

al kyl i ga@itidato TBY cRehMANGeFo@hd (BidhBoeydbbdribed ketone
group; (ii) a C3to C9 allyl group or substituted

dddivhtiveslouphichals aayrdeersdbobmasibEdnel et exagyslescof the
group; (iii) a C2 to C6 al kenyl group that may be
darboafkdompouadnmlat cyché cegrtedpyitli o kilyl anRetlerGied in the
al kynyl . group that may be branched or forma cyclic
gldolipreaction, include aldehyde compounds such as acetylaldehyde,
propionaldehyde, butylaldehyde, isobutylaldehyde, isovaleraldehyde,
capronaldehyde, dodecylaldehyde, palmitinaldehyde, stearinaldehyde,
acrolein, crotonaldehyde, cyclohexanecarbaldehyde, benzaldehyde,
anisaldehyde, nicotinaldehyde, cinnamaldehyde, a-naphthaldehyde, and
B-naphthaldehyde.

With respect to such a silyl enol ether and such a carbohyl
compound, the compound represented by the formula (Ia) is used as a
catalyst in the aldol reaction so that the stereoselectivity in the reaction
Vcan be controiled.

Next, a method for producing the compound of the formula (I) in
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 is produced.

As the ion-exchange resin, any ion-exchange resin can be selected
by those skilled in the art. Specific examples of the ion-exchange resin

that can be wused include Amberlyst A26 (OH) (manufactured by
ORGANO CORPORATION).
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20 (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; (vi) a

het er oar al kyl group having a heteroaryl nviety,

wherein the heteroaryl noiety may be substituted with

at |l east one group selected fromthe group (Q; 25

(vii) an aryl group, wherein the aryl group nay be
substituted wth aj, |east one,group, selgcted. fromthe

gr oup %%f-coewqqr)da kg 2?%}19% ?ﬂdpo‘ﬁb}ﬁ\/\%e}se?ﬁwtl anion can

VREGFRH S0 RIS i
¢ mPoRBy Bty SwnEH? (e St3ie 8 Ren/HRE, Ghupdin  suitable
PB4 G i 0 s R B o
GRSl 108 R GO g IS s
dontdct,l YGHPNRv K QURr & 88y fh1k ARG AL kb iples of alcohol

Exanpl'es of the mediumused In this process I nclude

£99280¢ inchleU 9ethyl YARBRO] ebt}ﬁéﬁ aldol, KSROPPYlalcohol, and
ether, tetrahydrofuran, and 15 di oxane.

whitreahakopsel dlcohble alBbiugh HBY liveitéd therdibase nmedi um
contai ning water and a nedi um of these which is

i mm scThéw ¥ hb lwaittion Tegaridpwhen@yobetss€dhe wompound of
volume (nmL)/weight (g) ratio of a factor, preferably

tdfe fortnoul0 (D) nor whpele e rialbd hadideoaftort andhehe timrduslvent that
t he

are used in this contact, and they can be set as appropriate by the those
skilled in the art. |

Thus, the first intermédiate 1s produced.

Then, the obtained first intermediate is neutralized with a
hydrogen fluoride aqueous solution preferably without removing the
éoivent. |

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
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)




10

15

20

25

formula (1V). 20 Exanples of the inorganic base used

in this process include |ithium hydroxide, sodium

hydr oxi de, potassi um hydroxi de, .cal ci um hydroxi de,

r ubi di um hydr oxi de, and cesi um hydroxi de. The

i norganic base may be used preferably in 2 to 10

equi valents, nore preferably 3 to 7 equivalents to

the conpound of the formula (1V). The inorganic base

25 y.bg used in the formof a 10 to 60 w v% al kal |
f0EbEE SotREHeTafRveried Toptinbis alifes Seice tﬁ‘aﬁﬂﬁe can be
gref.eragl%.a %act];)r.of 4 to 20, nore preferably 8 to ‘
BRI ET i HRa BRIyt (g) ratio to the conpound of

compoulResE e 6 EQ?P&I'D% eﬁ?'&ﬁ’ﬂ o sPdBLRGT Ren' B castly
ik [ ; v 1, 1
%s((])llsat%(aub af&ﬂ%ginn&nghg SGhat aus1¥tgr léng)élaélgl}xaﬁiﬂ(}y 1u§%d by those

urval ents; ven nore pre

.mﬁe\ﬂailnefﬂesahﬁet he conpound of the 5 fornmula (1V). iThe

conmpound of t formula (1) is used, as a
phase- : r ' ; %1
0. 1 ol "5 s BtRoupfl A PRl PGB g as 2

¢alydko0fprolacEAMeuIthdRflcdil thet MYl atMeosd¥etively and
t he phase-transfer catal yst used in the present

venbsddBetinslyccdtgfllatt i vity, and therefore by using

"the catalyst at only 10 a small anount to 1 nole of

t he caNpet)nd nodtHoldefofrof rdh@ind W) andndesiid eldriveiveauking the
active a-amno acid and derivatives thereof can be
peaicunedy dmntdmupr esentouml efitthenprdsenaddivenoiont sepresented
such a phase-transfer catalyst, achiral quaternary

bymhbe formetd (13 ssux bhase tteansbucptalyatmoHi hendbsanb e

(TBAB) may be also used in the reaction system 15

si nul tAnevasiipo Fud deravptive repr@seniadthisohise {ellawing formula
fo\iat alyst in the_ reaction systemin the present i

ViV estt die tRrormspeveterpesaleelivelyt bana aregassolcicisdkylading a
its derivatives obtained nd, al so can rt her reduce
qorep e AePEYseted hyathe fol F&?@ﬂ‘éllay gﬂr%ﬁﬁve%éfﬁmpund of

i1 S0 e Yol d N PLESENY dVEDE 00T as o

phase-transfer in a medium in the presence of an inorganic base:

' R14 'R160
=N
R15 * O_R17
R18 (VI)

(where R4 and R15 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 Ci1 to Cs alkoxy group that may be
branched, or a halogen atom; with the proviso that the case where both
R4 and R15 are hydrogen atoms is exclﬁded,

R16 15 a group selected from the group consisting of:
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20 the present invention is preferably 0.005 nol %to
0.1 nmol % and nore preferably 0.01 to 0.06 nmol %to
1 nol of the conmpound of the forrmula (1V). The

al kyl ati on process is perfornmed at a suitable
tenperature between -30'C to room tenperature,
preferably -20°'Cto 0'C, in air, 25 preferably in an
argon at nosphere. This process is perfornmed with
stirriG’E VS{? a suitable period until an al kyl ation
reacti a?ny 9888 &8™  sufficient extent. The

more. phbrecnie, O AR £8P gy S Sordniy: pb o @ crelic

maglpod of the present invention using the conpound of
the™ornul a Wof the present invention as descri bed
above,:.. tipcall Y f

oy P B S R R GO R MESh A o form o

1< urity. Here, "high optical purity"” refers to
gsfé* e%lsotu%éO% ee, preferably at | east 85% ee, nore

prefer@pl y BQ%Le, érkqmyqvglgbdfao&Eaprxﬁafr@éolb\faﬁhhé&ao%t form a

95% ee. I n another aspect of the present i1nvention, a

Oﬁlg,r; produci ng an optically active a-am no acid
I's provided. 10 In the present invention, an optically
acti ve(viaana Adkel gfoganwhereir ttugad Myidqgrdfaha aglkyl group
for exanple, either one of the follow ng procedures,
mgiynbe tshidstiptiteabktivh adt ieset opeperong oflettwe]l faymmtha group (Q)
(M) (optically active a-amno acid derivative) that
¢ansodttingoéd by the above-described nethod. 15 In a
first nethod, the imno group (RL4R15C=N-) npi ety of
the optidalTyakiyligreupdinpdumaly be hraachedyul a (V1)
(optically active a-amno_ acid derivative) that is
obt ai fe@1b9 Ghelkess\grospsdyatbaay et huanched, hydr ol yzed
under an acjdic condition (imne acidi¢ _hydrolysis

pr oces¥) aryExearn Batomayhee subatitisied with A1 1 fre alkyl group
Lo S SSr AL A LS e o
éac aﬂilcfependently a hydrogen atom or a Ci to Cq alkyl group), a nitro
group, a carbamoyl group, an N-(C; to Ci alkylecarbamoyl group, an
N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCOR? (where R? is a C1 to
C4 alkyl group that may be branched),

a cyano group, |

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

a nitro group,

a carbamoyl group,

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

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

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

branched), and
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acids containing tribasic acid (e.g., acetic acid,
citric acid). More specifically, the imne acidic
hydrol ysis process proceeds by treating the conpound
of the formula (VI) in a suitable nedium(e.qg.,
tetrahydrofuran or toluene) at a suitable tenperature
(e.g., room 25 tenperature) using an agueous sol ution
of the acid as described above. As a result, an ester
derivat'v? of amino acid in which the termnal am no
gr oup ?ZHH?%%}Q‘EB’can be obtained as an acidic

i no 40l & BaliReetpdr ergt & Vtaﬂgd%ﬁ%eﬁ%ﬁ?ﬂer%m@bi%i ¥herein

tydrﬁ%b%%‘?%fy SRR r°°§’§§§§§sf’ly9*%fﬁ ) toha;easlt ome group
&&EQ&%{ %agllﬁ g&%(@?lons the imne acidic hydrolysis

Thus, a desired 5 am no

aci d 'ﬁzyﬁﬁ*hmegﬂo%??ev?ﬂéréiﬁ El{be gg@géuﬁyﬂ% ¥k stituted

product (i. group acl

RWYH 8F Vst dMeOSRt) s 1ECRIET onf BAO XY @stcaﬁﬂd can be

obtai ned. Alternatively, in a second

pr ocesgiRPROSet&rca®yl BRoupEthRd et sSitie Retkah kSup may be

adopted. That is toysgﬁ, ?ﬁe ester group 109y%502§17) Y

subdthmitodtwithldtyleast bie geoup@alvttod fida thergioup Q)

(optically active a-am no acid derivative) obtained in

t he alldVeasde€etolihdalksl lgybap ithat meay biediranshéd rogtform a cyclic

hydr ol yzed under basic conditions (ester basic

gmodpol ysi s process). In this ester basic hydrolysis

process, an al kali aqueous solution such as sodi um

hy dr ot Hdsaggeous selertad fone ghe lgroupeunsisimyoBuch

hydrol ysi s a basi c_h dronS|s product_in which the

t er mi &) adf: te Keo adkpbareupfthehenaprhubeagohed or ferm a cyclic

an ester group (-C021117) in the conpound of the

§ioMRel a (V1)) becones carboxylic acid can be obtai ned.

Then, the i ar R14R15C= no f the

above- Gt B éwpopwwg bﬁs&%ftﬁhyg BRGHP dibps day be

undeé @ %%§d|c con dition (imne 20 acidic hydrolysis
Nramched or 5hﬁF¥§ Sﬁr?ﬂ%’a0|d used in the inine

?gl gl G pyg @(%h ér%%lpugﬁaf "S5 %ne' %rgﬁ('ﬂgesd or form a
cyclic group:

(v) a C2 to C¢ alkynyl group that may be branched or form a
cyclic group;

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

: maSr 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);

(vii) an aryl group, wherein the aryl group may be substituted
with at least one group selected from the group (Q);

(viil) a heteroaryl group, wherein the heteroaryl group may be
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phosphoric acid, sulfuric acid) and organic acids
including tribasic acid (e.g., acetic acid, citric
acid). Mre specifically, the imne acidic hydrolysis
process proceeds by treating the basis hydrolysis
product in a 25 suitable nedium (e.g., tetrahydrofuran
or toluene) at a suitable tenperature (e.g., room
tenperature) using an aqueous solution of the acid as
descri hed abpve., As a result, esi.red am no acigd.in
SritRd 2Bt 1erR faf Shnhselhert ot B8 A5l Wl g

obt ai I p thepresent i nventio [ . C

on am 2ol R OREaaTeonL i ekt BopRfs erouwn
I \Y/ i tih the first method or the second

%eg%tﬁgglnéeyt%%mg{fgd?&gnd ei ther can be sel ected

arbi trari NEL I -accordi ng

fo the Shake Bty Refonlle AiRebE cBhter 570 be

actual ly pr oduce1ql and gter production conditions. In

this manner, arugsired |optically active a-amno acid

can be produced leertD~Er®R Gpti onal |y wit hout

limtations on_j{ss structure. 10 Exanpl

Herei nafter, tRe presef invention will Ig\z)m)re

specifically described by way of exanples, but is not

(wharteeR1 4, IRIF RIS ahd R¥earfeotHeovamg saxdefiihed in ithe iMRula (VD);

spectrum was nmeasured on a JEOL JNM FX400 (400 MHz)

spdct rometer and a JMIC- 400/ 54/ SS (400 15 MHz)

spectroneter. The@g_i I purdq%é of a reaction product
‘was neasured by hi h-r}gfforrm i quid chromat ography

HPLC) with an apparatus Shipadzu 10 using 4.§.nin X__ . -
wm Bdf dél tioni saane ers apfinabip, the formaga {Vitheand W is a

eacfion progress was_ nonitored gﬁth a Merck
%M&@&l@é@rw@w&@é alepving a§eiitydo GF254, 0.25 mm) for
thin film 20 chromatogy.aphy égLC . KReference(Exanqle
1. synt¥pmplespt dogr mergumbitspall (RENPERSRFSERBfe benzene,
tSOXEéIIg(E,SIXZyIIQge,qUe% §eri ng{}}/er?n{g%?)lrggrlsaét&l?er,lZt%trahydrofuran, 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 (IV).

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 aqueous solution, and

the volume in this case may be preferably a factor of 4 to 20, more

preferably 8 to 15 in volume (mL)/weight (g) ratio to the compound of the
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F F.( M(TMP)2, I c¢" COOPr* T (1)" _'~ coopr COOH
PrBr Br2 B(OH) 2 COOH BU4N-HSO 4 COOPe 1~ COOPr |
Pd(OAC) 2, KF-2H20 PPh3, K2C&3 (2) (3) FFF 5FFF
FFF COOPrl UAIH4 CH20H PBr3 CH2Br COOPri CH20H
cH2Br FFF FFFFFF (4) (5 10 Schenme 1 A
conpound 1 (S-form, isopropyl bromde in 10

equi valents with respect to the conmpound 1, 20 nmol %

f a caﬁ&byst BUN. HSO4, and 10 equival ents of
gHPé‘é]@i fluoride dihydrate were allowed to react for

S
e t“?&Bﬁéee’é?%“v%wpr%2%&%%@32%%5 KELT TS
rops\?/l%gl:&a d p}"g? her égf]té berqfu?_]q;a Félﬁ%t%? 2%@ C%n%pound of the
%ﬁ‘n&lta' fﬁ?ﬁ* at 'l{h%on&otjﬁﬁ@&ﬁ@t Uk etlflgr f&fula (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
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
simultaneously. For example, TBAB functions as a cocatalyst in the
reaction system in the present invention to improve the yield of an
a-amino acid and its derivatives obtained, and also can further reduce
the amount of the phase-transfer catalyst represented by the formula (I)
used in the present invention. The amount of TBAB that can be used in

the present invention is preferably 0.005 mol % to 0.1 mol %, and more

preferably 0.01 to 0.06 mol % to 1 mol of the compound of the formula

(IV).

The alkylation process is performed at a suitable temperature

between -30°C to room temperature, preferably -20°C to 0°C, in air,

preferably in an argon atmosphere. This process is performed with
stirring over a suitable period until an alkylation reaction proceeds to a

sufficient extent. The reaction time is preferably 30 min to 48 hours,
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hour to give a conmpound 3 in a 91%yield. The conpound
3 and 2.4 20 equivalents of 3,4,5-trifluorophenyl
boronic acid were subjected to the Suzuki-M yaura
cross-coupling reaction in the presence of 5 nol % of
pal | adi um acetate, 15 nol % of PPh3 and 3 equival ents
of potassium carbonate .in dinethylformmde at 90' C
for 8 hours to give a conpound 4 in a 94%yi el d.

T RS e e T 5 sl e 23
Comer st Tp, e L8 BFLEOTRRA Elion win
LR M A R SO e
BRoPEiedry NAE PRMB IR S the SRR, ID) LR HRiRd in
. . / ; . o
o g BB, sy By G Qb o
LIRS B ées'ﬂr@f%@abhzgg 188st 85% &80hbre p‘iiiaf%li'taﬁlzsl' a0v€e, and
ol ), an (82 ny,

140 ~tL, 0.8 pot assi um car bonat e

Bvén m‘ﬁréfé‘raﬁﬂﬁta&%héﬁ bgy(&.m) was heated and
refluxed for 10 hours with

In another aspect of the present invention, a method for

producing an optically active a-amino acid is provided.
In the present invention, an optically active o-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 o-amino acid derivative) that is obtained by the
above-described method.
In a first method, the imino group (R#4R!C=N-) moiety of the

optically active compound of the formula (VI) (optically active a-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 is liberated can be obtained as an acidic hydrolysis product.
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stirring. The m xture was poured into water and
extracted with 15 di chl oronet hane. The organic | ayer
extract was dried over sodium sulfate, and
concentrated. The residue was purified by silica ge

col um chromat ography (el uent:

met hanol / di chl or onmet hane = 1:20) for purification to
give a conpound 7 (S-form (247nmg, 0.33 mol) in a 83%

%“Se:‘ gr 0 Th EJP tru 1%1; t he obt ai ned%%g%yﬁrolysis
é 033540;) gtgbt%%lp Qy Aﬁ’le_bkgboveg§5 I“—Pedd ngj)ceis4 1§H§ub]®cted to a
5584 il ot B o P f s s
%ﬁ%‘lﬁ{@ﬂ%ﬁoﬂﬁ%{%&g&gg@* Iy C%chggY%ﬁ}&é?l%g\lﬁég desired

£ Sk Bl LG 1Peh t@fe teﬂﬁlﬁaﬁéﬁfﬁé acidid® H %Hré%‘g?s product (i.e., an

JCF= 253 15, 15Hz), 138.31, 136.86, 1
) 1(3@0%17)1% Ihe 188480, hidBolddis 1121%d2§t) becomes
127.6 1 7.37, 7131 123.34, 115.31-113776 (m, 57.5

&ﬁ'b%iyh@‘hcﬁi)caﬁ%ei’&)talﬁe@4 For the R-formof the
compound 6, the sane procedure was perforned to give

t he coAftewngtiveliR-inoamecond<bxetiplde e Pooddssnapparitofto the
a- benzyl ation of alanine> 0 S-(7) 0 p-d-Ph,,.
m)e)hod.deﬁsfﬂﬂ&ﬁﬂiovetisi adaptall. H2Rh&Buis to- dAlyCHPBr ester group
C)' '~ toluene THF 1-13" CH3 Ph (8) (9) 10 To a
"CReR® uf the aptivally mmw cemmmq:d of rthe dbemuja (BEhldftically
base (conpound 8) (134 @%n mol % of the
@@muﬁdamlp@ fa@:a derml‘[‘ﬁénqutabn da (the2 above-described
equi val-ent s) mL of to]uene, cesium hydroxi de - .
éwan areeci(lenéq Jisphibaserely spdsunder hagic woditigag (ester basic

rre .
(irolysm process). In this ester basic hydrolysis process, an alkali
aqueous solution such as sodium hydroxide aqueous solution can be used.
By such hydrolysis, a basic hydrolysis product in which the terminal of

the compound of the formula (VI) (i.e., an ester group (-CO2zR!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
acidic hydrolysis process). Examples of the acid used in the imine acidic
hydrolysis process include inorganic acids (e.g., hydrochloric acid,
phosphoric acid, sulfuric acid) and organic acids including tribasic acid
(e.g., acetic acid, citric acid). More specifically, the imine acidic
hydrolysis process proceeds by treating the basis hydrolysis product in a
suitable medium (e.g., tetrahydrofﬁran 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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under an argon atnosphere at O C for 3 hours. The
reaction mxture 15 was poured into water and
extracted with dichloronethane, and the solvent was
renmoved, and then the residue was dissolved in 5 nL of
tetrahydrofuran. Then, 5 nL of 0.5 Mcitric acid
aqueous solution was added thereto and the m xture
was stirred at roomtenperature for one hour. The
eou ggghed th _ether . aqgaalkalized Wi th
ﬁyﬁ?%géﬁ @anéﬁﬁo'%%ﬂe s extracted
Mﬁth i chl oronet hane. The or ic |ayer, was dried

over s tﬁﬁ‘?} DIPTeItte MAFRI QRN & n 8 t%h@"’\/é‘r‘aﬁn&’iqw acid is
Brog “c%td TS spbiatied &%P%@ﬁ%gdu: @‘N@?pt 31 eﬁfﬁh%dﬁ%& method
E%?‘ﬁ%%%%%hﬁ&%é%%e RS ER e —-—
1%_1]%%% ?%meté%ﬂgf | ra %@%c%%%grt%dlﬂﬁé Sp‘@%ﬁlca%ﬂly&%‘}e of the
Qﬁﬁﬁﬂ ea[chd; ephe p&@&lﬂly %ﬁ*odﬁ?e? ?id%tﬂg@ éfofogﬁgﬁ ﬂtdoﬁ'a]ltlons
orm

tinme: form = .

Wen tme taﬁ%@gﬁﬁnwd@rd&@r&{ 9;%@10@'11 aPNGE 0 W@Sino amd can be
per formed at 20" ¢, a conpound 9 having substantially

sl e féidatitly asdl @RiovA Y witBOYEREMi MRG0 RP bl iBS dtriutture.
a 85%yield. 5 <Exanple 3: Synthesis of quaternary

amoni um salt (conmpound 10)> F 10 gN D Be, (10) The
same procedure as in Exanple 1 was perforned except
Ekamplé$ the R-formof the compound 6 (140 ng, 0.2

nmol ) was used and dicycl ohexyl am ne was used instead

‘of di bdeydiaaites, thHee Ip:te@dntt ineentigur willedebymetd i specifically

el colunn chr omat ogr ap to give a conmpound 10
secrdiad) by seunel emm_pleméqt ismad loodted diegeby.

In the following examples, !H NMR spectrum was measured on a
JEOL JNM-FX400 (400 MHz) spectrometer and a JMTC-400/54/SS (400
MHz) spectrometer. The optical purity of a reaction product was
measuréd by high-performance liquid chromatography (HPLC) with an
apparatus Shimadzu 10 using 4.6 mm % 25 c¢m Daicel Chiralcel OD,
OD-H, AD or AD-H. The reaction progress was monitored with a Merck
precoated TLC plate (silica gel 60 GF254, 0.25 mm) for thin film

‘chromatography (TLC).

<Reference Example 1: Synthesis of starting material (compound 6) for

synthesizing quaternary ammonium salt>
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The NVR spectrum of the obtai ned conpound was as

follows: 1H 20 NWR (400MHz, CDC 3) 5 8.05 (4H, bs,

Ar-H)y, 7.65 (2H, t, r--7.7Hz, Ar-H), 7.49 (4H, bs,

Ar-H)y, 7.38 (2H, t, T--7.5Hz, Ar-H), 7.27-7.24 (2H, m

Ar-H), 5.15 (2H, d, J=13.9Hz, Ar-CH2), 4.20 (2H, d,

~T--13.5Hz, Ar-CH2), . 3.18 (2H, bs, CH2), 3.05 (1H,

bs, NNCH), 2.34 (2H, d, ~T--9.9Hz, CH2), 2.16 (2Hr d,

- 1. 82- 0=88 CH_age~CEPR); 13 MR

: i & (}GOP1139 5

3480 (d, ——=>
Y8 pIOPT 127 PHEACk,

. @@ 54, 89, PPhs, Ko2CO3

53. 37(1) 52. 99 '133 30 (35 2l\/9 28.39, 26).62, 26.45,

24.88, 24.76. <Exanple 4. Synthesis of quaternary

‘ammoni um sakt (conpound 11)>. FF 5 F 00 N1 61: F

F F 10 Thelsane procedure ag im Exanple 1 was

perfornmed exgept that orm of the conp d 6
(14 irﬁml ) N e F

1- aza Cfeprl?,utsl&t r aoXaey &ﬁz?ﬁent aBtec ane~ngs FHed

I nst gagd-~af.,,4i butyl a Ehe,product ed by
sili olpumm 15 Qgreaphy to orpound

11 (59 ny, 07 mmol) B5% vyield.
spect rum o [ 3

{4) (3) 6

Scheme 1 _
A compound 1 (S-form), isopropyl bromide in 10 equivalents with

respect to the compound 1, 20 mol % of a catalyst BusN-HSOQOy4, and 10
equivalents of potassium fluoride dihydrate were allowed to react for 24
hours under reflex in tetrahydrofuran to give a compound 2 in a 95%
yield. Then, 4 equivalents of Mg(TMP): that was newly prepared in
tetrahydrofuran was added dropwise to the compound 2 at 0°C, and
subsequently 8 equivalents of bromine was added dropwise at -78°C.

Thereafter, the reaction mixture was stirred at room temperature for one

~ hour to give a compound 3 in a 91% yield. The compound 3 and 2.4
P

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 in a 94% yield. Then, the compound 4 was reduced with 3 equivalents
of LiAlH, in tetrahydrofuljan at 0°C to room temperature. Then, the
obtained compound 5 was stirred with 0.5 equivalents of PBrz in

tetrahydrofuran at 0°C for one hour to give a compound 6 (S-form) in a

130



10

; 15

20

25

NVR (400MHz, CDCI3) 6 8.05-8.03 (4H m Ar-H),
7.68-7.64 (2H m Ar-H), 7.43-7.35 (4H, in, Ar-H),
7.26-7.16 (4H m Ar-H), 4.89 (2H d, 20 F--13.9Hz,
Ar-CH2), 4.08 (2H, bs), 4.03 (2H, d, T---13.5Hz,
Ar-CH), 3.77-3.74 (2H, m CH2), 3.58-3.54 (2H, m
CH2) 3.50-3.45 (10H, m CH2), 3.38-3.35 (2H, m
3.07-3.03 (2H m CH2). <Exarrp| e 5: Synthesis of

ter ry iumsalt (co oun > 134 FF F
853? i LTBR oD eas proBAt i the shme FAGEHe
procedure as in Exanple 1 was performed except that
the R-form of the compound 6 (140 ng, 0.2 mol) was

dn]ll' di Ysp‘?{g]%ﬁ?e;ﬁe\é\'a%égffj Sé%%}lpnstté%a%alg {eqmp %und 7)>

coI urm chrormt og aphy to give a conpound 12 (R forrr)

(120 ny, in a 87%yield. The NI\/R S um
of the 0 anrpound VBas Bds fol | ows

(400 6 8F02 (4H, Nbs, Ar- , ¥
T-7. 5 < H) | 741(2|5'| T- -4

7.35-7.27 (|6H, T Ar- &
Ar - 64 (PH, d, J--CLAGNZ,gtz,X .47

- CH3)., 2.73 (2H, q,
N- CH2-SHE) 064 6H, t, T-6.9Hz,

(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
dichloromethane. The organic layer 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%
yield. | |

The NMR spectrum of the obtained compound 7 (S-form) was as
follows:'H NMR (400MHz, CDCls) 6 7.97-7.95 (4H, m, Ar-H), 7.55-7.51

(2H, m, Ar-H), 7.27-7.23 (8H m, Ar-H), 4.99 (2H, d, J~14.2Hz, Ar-CH),

3.74 (2H, d, J/~13.9Hz, Ar-CHJ), 3.32 (2H, t, /&=12.56Hz, N-CHz-CHby), 2.56
(2H, t, J=12.3Hz, N-CH:-CH2), 1.06-0.97 (6H, m, CHaz), 0.71 (6H, t,
J=6.9Hz, CHy), 0.23 (2H, bs, CHy); 13C NMR (100MHz, CDCls) & 150.95

(d, Jor=253Hz), 139.61 (ddd, Jor=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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20 <Exampl e 6: Synthesis of quaternary ammoni um salt
(conmpound 13)> F F Fe B N25 F ~~, g9zzz~~ F F
(13) 135 The sanme procedure as in Exanple | was
performed except that the R-formof the conmpound 6
(140 ng, 0.2 mol) was used and

1, 2, 3, 4-tetrahydroi soqui noli ne was used i nstead of

di butyl am ne. The product was purified by silica ge

%E@“ﬂéﬁnﬁ?w%""%% 781 37 2 LR Rpser Fibor t he
OCBETS;] ﬁ‘d C d ms@%ﬁﬁ{ 8%hgnop$nd7%7 {\ﬂ\;/eR @%nte?'_pmﬁ,‘adure was
ﬁ%ri*-’é%?ﬂesl %%l%ﬁi?le&‘éﬁépo'ﬂrﬁdf‘?ﬁ%:forﬁﬁﬁﬁ AR 6 o9

(2H, d, J--7.5Hz, Ar-H), 6.63 (1H, d, J--7.5Hz, 10
Ar-H), 5.45 (1H, d, T---15.0Hz, N-CH2), 5.42 (111, d,

Eg e b BBhagef A bl g g 02

N-CH2) 3.66 dJH, dd, T--11.7, 6Hz), 3.36 (1H, dt, ©
~Terd2. 4, 5.3Hz), 3.15-3.06 OHsORIH02. Slrid aid, %N\%\Ost

TS A DGEB) . + 18hGiERa

quat er nary C%nm)nl umsalt (conpddH@¥e14)> B F Frc o
3

(8) )

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 mlL of toluene, cesium
hydroxide - monohydrate (5 equivalents) Wés added at 0°C, and stirred
under an argon atmosphere at 0‘.’C for 3 hours. The reaction mixture
was poured into water and extracted with dichloromethane, and the
solvent was removed, and then the residue was dissolved in 5 mL of
tetrahydrofuran. Then, 5 mL of 0.6 M citric acid aqueous solution was
added thereto and the mixture was stirred at room temp.erature for one

hour. The aqueous layer was washed with ether and alkalized with

sodium  hydrogencarbonate, and then was extracted with

dichloromethane. The organic layer was dried over sodium sulfate and
concentrated‘ to give an oily product. The obtained oily product was
subjected to silica gel column chromatography (eluent: ethyl
acetate/hexane = 2/1) to give a benzylated product of alanine (compound
9) in 97%ee and a 82% yield. The optical pui‘ity 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

132




10

15

20

25

I/CH3 e X4NBr 20CH3 F F F (14) The sane
procedure as in Exanple | was perforned except that
25 the S-formof the conpound 6 (140 ng, 0.2 nmol) was
used and dinethyl am ne was used instead of
di butyl ami ne. The product was purified by silica gel
coI um chr omat ography to give a conpound 14 (117 136

ng, 0.18 nmol) in a 88%yield. The NVR spectrum of the
Obtil ned conmpound.was as follows: IH NWR (400VHz,

TPRE3) 6 8.03-8.01 (4H, m Ar-H), 7.64 (2H, t,

bs, Ar\%ﬁl?en @eg;g‘fbcgarq?s GIJI- ;r%%ggwém rantmgérsp ere Zvalszpc(azfl ormed at

%xg:é’? é:oglpféyl:a ﬁ? i}aglég % t@pﬁ:gi%) gﬂ,ﬂléﬁ 6He§g|nftloseiect1v1ty

@Q}@egr%%seaﬁgaéngg amin %4 1 1N\/\gs Serforlfrefjlgiclp?

t hat

<Example 3: Synthesis of quaternary ammonium salt (compound 10)>

(10)

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 -
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 foilowsi 1H
NMR (400MHz, CDCls) 6 8.05 (4H, bs, Ar-H), 7.65 (2H, t, J7.7Hz,
Ar-H), 7.49 (4H, bs, Ar-H), 7.38 (2H, t, /~7.5Hz, Ar-H), 7.27-7.24 (2H, m,
ArH), 5.15 (2H, d, /=13.9Hz, Ar-CHy), 4.20 (2H, d, J=13.5Hz, Ar-CH),
8.18 (2H, bs, CHy), 3.05 (1H, bs, N-CH), 2.34 (2H, d, /=9.9Hz, CH), 2.16
(2H, d, /8.7Hz, CH»), 1.82-0.88 (15H, m, CH and CHz); *C NMR
(100MHz, CDCly) § 151.08 (d, Jcr=249Hz), 189.56 (d, Jor=254Hz),
138.43, 136.76, 134.80 (d, Jcr=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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the S-formof the conpound 6 (140 ng, 0.2 mml) was

used and diisobutylam ne was used instead of

di butyl am ne. The product was purified by silica gel
col um chromat ography to give a conpound 15 (137 20
ng, 0.18 nmmol) in a 91%yield. The NWVR spectrum of the
obt ai ned conpound was as follows: 1H NWR (400VHz,
CDC13) 6 8.00-7.96 (4H, m Ar-H), 7.58-7.54 (2H, m

b0y 2eled S B ap b Buug i be ot 15 . oo,

3.08 (2H, dd, J---13.3, 4.9Hz, N-CH2-CH), 2. 39 (2H, 25
dd, T---13.4, 4.9Hz, N—CH2 C}D 2.00-1.93 (2H, in,

St @Hatsie oef %%‘EGEB%F% a8l el >

salt (conpound 16)> F Fndo21 \ n d,
- OH21 F F F (16) 10 Sam® procedure as in
Exanpl e 1 was perforned pt that the S-form of t he .

conmpound 6 (140 g
di - n-decyl am ne
product was puri
chr omat ogr aphy tg
mmol ) in a 64%
obt ai ned conpound

sed and
qﬁe\\ﬁ&a{o di but yl am ne. The

i1 ca geI ol um
a (117 ny, 0.13
5 The NMectrum of the .

ows: 1H
F

(1n

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-4,7,10,18-tetraoxacyclopentadecane was used instead of
dibutylamine. The product was purified by silica gel column
chromatography to give a compound 11 (59 mg, 0.07 mmol) in a 35%
yield.

The NMR spectrum of the obtained compound was as follows: 1H
NMR (400MHz, CDCls) & 8.05-8.03 (4H, m, Ar-H), 7.68-7.64 (2H, m,
Ar-H), 7.43-7.35 (4H, m, Ar-H), 7.26-7.16 (4H, m, Ar-H), 4.89 (2H, 4,

J~=13.9Hz, Ar-CHg), 4.08 (2H, bs), 4.03 (2H, d, =13.5Hz, Ar-CHy),

3.77-3.74 (2H, m, CHy), 3.58-3.54 (2H, m, CHy), 3.50-3.45 (10H, m, CHy),
3.38-3.35 (2H, m, CHy), 8.07-3.03 (2H, m, CHy).

<Example 5: Synthesis of quaternary ammonium salt (compound 12)>
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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-CH2), 3.76 (2H, d,
J--14.2Hz, Ar-CH2), 3.22 (2H, t, J=12.7Hz, Ar-CH2),
2.78 (1H, t, J=8.1Hz, Ar-CH2), 2.60 (2H, t,
J--11.1Hz, CH2), 1.80 (1H, bs), 1.29-0.85 20 (34H,
M, 0.34 (2H, M. <Reference Exanple 2: Synthesis of
starting material (compound 18) for synthesizing

quat ernary ammoni um sal t> 1838 eH 720 MgMel OTIf
pyridine N Cl2 (dppp) CH3 tol uene OIf MIBE CH3 5
NBS CH2Br Al BS CH2R 8»To a mixture of a
compound 17 (R—f pyridine in 4 equivalents to
t he compound 17, eq entE of trifluoronethane

sul foni c acid anhydride (TF20 ©h tol uene was added
dropwi se over 40 @@‘ der @™nitrogen at nosphere at 2
to 9" C with stirrspgsAte heé 15 droppi ng of W20,
the resulting m xture vvasrred at room tenperature
for 3 hours. To this m xturg, ~pyridine, water and 35%
hydrochloric acid were added, then the organic |ayer
was collected to give a trifurylated product

‘quantitatively. Then, Y2 (3 equival ents) was added

dr opwi'Eke stmenpbbeediirequs vialxdmpls dl whs qgrerifdrmed except that
tert-butyl nethyl ester (MIBE), and 20 Ni C12 (dppp)
e B fermi vél Bt Lomyasaradid@d(t4fermep, 0.8nanmod) was used and
trifurylated product was further added dropw se
digthplaaninghevae aesddonngteadiref Wabutyaimined aThss5pepduct was
under heating and reflux for 30 mn, and tol uene was
purified by silica gel column chromatography to give a compound 12
(R-form) (120 mg, 0.17 mmol) in a 87% yield.

The NMR spectrum of the obtained compound was as follows: 1H
NMR (400MHz, CDCls) § 8.02 (4H, bs, Ar-H), 7.67 (2H, t, J=7.5Hz,
Ar-H), 7.41 (H, t, J=7.7Hz, Ar-H), 7.35-7.27 (6H, m, Ar-H), 5.04 (2H, d,
J/=13.9Hz, Ar-CHy), 3.64 (2H, d, J/~14.2Hz, Ar-CHy), 3.55-3.47 (2H, m,
N-CH.-CHg), 2.73 (2H, q, J£&6.9Hz, N-CH.-CHj), 0.64 (6H, t, J/~=6.9Hz,

CHa).

<Example 6: Synthesis of quaternary ammonium salt (compound 13)>
F

F

F e
Br
&
N Q
F
F

(13)
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added thereto. The resulting m xture was poured into
cool water, and then hydrochloric acid was added
thereto. Thereafter, the organic |ayer 25 was
collected to give a dinmethylated product in a 96.1%
yield. Then, N-bronosuccinimde (NBS, 2.5

equi val ents) and 2,2'-azobisisobutyronitrile (AlBN,
0. 05 equival ents) were added to the 139 dinethyl ated

d | oh t t t d '
eact | DR A GRBOGETReAt 0 REPLY T Rad HeEomaR dugept that

M i T .
N R R
?éécg{#ggﬁr%g ?ggl(ikﬂf bp%sﬁ%é’ aéegt 8%129@3 %ﬂg%&ét@%r%g& él’oo give a
YRR B R s frormound 19)

Exanplend N@R @ﬁééﬁh%%f %ﬁ%ecﬁattaiﬂi@{ cotpPue@RaLnG fllows: 1H
(R-form (88 ng, 0.2 mml) was used an
NMRCKMH@@MMES& gsogisiomt@ed of Arm)lyyar-ns3 (2H, m,
The product was purified by silica gel col um
ARIOET.agrABBY (410, @i VArdI;onpeund 41854, A6-HY, 7.071QRH, dd,
nmmol) in a 50%yi el d. The NMR spectrum of - t he obtai ned
dotyso mbHwaAreH) f 6|99@E, IdH SVRHz4 0OV, 6@RC(EH, d, /~7.5Hz,
8.12 (2H, d, T--8.3Hz, Ar-H), 8.02 (2H, d, T--8. 7Hz,
ArIB),, 5159(1}1,251 =1§=15r@Ha NG HA, 5&)12 (71I59d(2ﬁ13dsa,1Hz N-CHby),
J--7, 3Hz, -H), 7.42 (2H, T--8

4?836(1(IEH;1 &6126’1127 Dé Cﬁzlsrtlzﬁ(rlH—bd efsl%%’@ (&@Hﬁ 3.94-3.86

~T-12. M 2H, d, T--
@Femy @ﬁCHz) 3. 63 (1H dd f(f—ll 7,6. le) 3 36 (lH dt, JL)124 5.3Hz),

3.15-3.06 (1H, m), 2.83 (1H, dd, ~18.2, 4.7Hz, CHa3).

| <Example 7: Synthesis of quaternary ammonium salt (compound 14)>

(14)

The same procedure as in Example 1 was performed except that

the S-form of the compound 6 (140 mg, 0.2 mmol) was used and
dimethylamine was used instead of dibutylamine. The product was

purified by silica gel column chromatography to give a compound 14 (117
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t, J--11.9Hz, CHO, 3.17 (2H, bs, CHO 3.03 (2H, d,
T-10.3Hz, CH2), 2.47 (2H, d, eF-11.1Hz, CH2),
2.25-1.07 (14H, nm). 140 <Exanple 11: (x-Benzylation by
vari ous phase-transfer catal ysts> Ph 0 phase-transfer
catalyst 0 50%CH Ph + Ph/-N,\~ OBu Ph Br Ph>-N
toluenet 5 OBU OOC (20) (21) Ph dycine tert-butyl
ester benzophenone Schiff base (conpound 20) (14.8

S ) BB s o, U STS 1 et o
PSS BB oAbt S
E‘l\tgL B &é@c wa)sCﬂ@f&P ??gggg%{)\@%f}laﬁkgﬁfo@%égz% t, #=7.8Hz,

By hed1. 85 TEDL & TARSIOW. 18 RERT BACALGN, £BXIHEC 4OR5 51,

pouréd i nto wate and “éxtrac t

. S irf, ha S. t ine, g over
SRR R A S i R R
pressure. The oily residue was subjected to silica
gel colum chromat ography (eluted with ether/hexane =
4E38ingle 8: @M heSs dMaivleahany Ao rh8hinAWat (@oiﬁ}t%a_sund 15)>
benzophenone Schiff base (corppound 21). The opti cal
purity of the obtained product was anal yzed 20 by HPLC
[Daicel Chiralcel OD; eluent: ang/ 2- propanol = 100
1, 0.5 nmL /mn; retentio ne: D-form= 14.8 m n,
(S)-form= 28.2 m.r @ i r Phase-transfer

catal yst (Anount yme Optical purity

(19)

The same procedure as in Example 1 was performed except that

“the S-form of the compound 6 (140 mg, 0.2 mmol) was used and

diisobutylamine was used instead of dibutylamine. The product was
purified by silica gel column chromatography to give a compound 15 (137
mg, 0.18 mmol) in a 91% yield.

The NMR spectrum of the obtained compound was as follows: 'H
NMR (400MHz, CDCls) §8.00-7.96 (4H, m, Ar-E), 7.58-7.54 (2H, m,
Ar-H), 7.34-7.21 (8H, m, Ar-H), 4.54 (2H, d, /~13.1Hz, Ar-CHz), 4.11 (2H,
d, /18.4Hz, Ar-CHy), 3.08 (2H, dd, J=13.3, 4.9Hz, N-CH.-CH), 2.39 (2H,
dd, J=13.4, 4.9Hz, N-CH.-CH), 2.00-1.93 (2H, m, CH), 0.86 (2H, d,
J=6.3Hz, CHs), 0.76(2H, d, J=6.7Hz, CHs). |
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hr Yield MNee) T PhF I Conmpound O N. Br 10 48 14 5
(IM1% ():XPhF3 5 PhF i-~ Br 0 0 Conmpound ~: O 1 20
94 87 PhF3 ~~,P h F I C21-15 Conmpound (~~N~ Br 12 48
14 89 | Ph C211, Omol% 10 F3 PhF 3 C41-19 Conpound

"N Br 7 21 86 97 C41-19 (3nol % C~CPhF, 11::~I: XPhF3

+ 13 r Conpound 13 32 80 85 - Onol% PhF3 15 PhF 3

<Example 9: Synthesis of quaternary ammonium salt (compound 16)>

(16)

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-decylamine was used instead of dibutylamine. The product was
purified by silica gel column chromatography to give a compound 16 (117
mg, 0.13 mmol) in a 64% yield.

| The NMR spectrum of the obtained compound was as follows: 1H
NMR (400MHz, CDClg) § 7.98-7.97 (4H, m, Ar-H), 7.57-7.53 (2H, m,
Ar-H), 7.82-7.27 (8H, m, Ar-H), 4.96 (2H, d, #13.9Hz, Ar-CH2), 3.76 (2H,
d, J~14.2Hz, Ar-CHg), 3.22 (2H, t, J=12.7Hz, ‘Ar-CHy), 2.78 (1H, t,
J=8.1Hz, Ar-CHy), 2.60 (2H, t, /~11.1Hz, CHy), 1.80 (1H, bs), 1.29-0.85
(34H, m), 0.34 (2H, m).

-<Reference Example 2: Synthesis of starting material (compound 18) for

synthesizing quaternary ammonium salt>
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N~CH3 B - Conpound (':-:X+r 14 54 63 14 CH, (3nmol %

(): XPhF3 PhF Br Compound 'N 15 36 80 1 (3nml %)

C:~CPW 20 PhF 3 |I-d OHR1 Compound ():~[P n-d OH21
Br 16 48 20 98 MOWh F3 PhF3 Conpound n_C, OH21 Br
16 48 18 97 n-CG DH21 (3mol %9 h F3 25 Conpound N. Br
19 7 days 11 6 OXO (3nol % 142 <Exanple 12:

Exam nation of effect of tenperature of cc-benzylation
henzyl ati on was
ajure, using 3-Md
MgMel

NiClz {dppp)
—_————— i~
MTBE

(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 (Tfz0) in toluene was added dropwise over 40
min under a nitrogen atmosphere at 2 to 9°C with stirring. After the
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
prdduct quantitatively. Then, Mel (3 equivalents) was added dropwise
to a Mg (3 equivalents) solution in tert-butyl methyl ester (MTBE), and
NiClz (dppp) (0.05 equivalents) was added thereto, and the trifurylated
product was further added dropwise thereto. The reaction mixture was
stirred at 55°C under heating al_:td 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
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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7 (R or compound 16 (S)). The results are shown in
Table 2. 5 Table 2 Reaction Optical Reaction Yield
Phase-transfer catalyst tenperature time Mpurity (hr)
Nee) PhF OOC 21 86 97 N, C4H, 131 Conpound 7 Qor phF,
room tenperature 3 95 71 10 PhF3 OOC 48 18 97

"o (~""~tn-G oH21 - Conpound - 'N ~n-C,DH21 Br 16
roomCt)[P/hF3 tenperature 1 91 92 There is a

HERERR ot ot Qo b v TR 11 o8 JoRe By nand the
oLtk v s SRBe s ol WPLaFY P8 B, gth stirring.
RRleer ﬂ?é DSB&HPQLWQS %%o?eﬂp to CRITQ %‘Eﬁx@a’_&@é ﬁ}yldgcetate was

synt hesi zi ng quat ernary anmmoni Um sa

%@d C&gggéto%ci:‘t?:eén 2 53-9 éﬁé&fiﬁﬁ&?&ﬁ%&\)@'@& whter. 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%

yvield. -

<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) § 8.12 (2H, d, ~8.8Hz, Ar-H), 8.02 (2H, 4,
J=8.7Hz, Ar-H), 7.90 (2H, d, ﬁS.BHz., Ar-H), 7.59 (2H, dd, /7.6, 8.3Hz,
Ar-H), 7.42 (2H, d, /=8.7Hz, Ar-H), 7.36 (2H, dd, J/=17.6, 8.3Hz, Ar-H),
5.40 (2H, d, /&~12.7Hz, Ar-CHz), 3.61 (2H, d, /~13.5Hz, Ar-CH>), 3.36 (2H,
t, ~11.9Hz, CHz), 8.17 (2H, bs, CHy), 8.03 (2H,.d, J=10.3Hz, CHa), 2.47

(2H, d, /~11.1Hz, CHy), 2.25-1.07 (14H, m).
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OH 25 BBr3 CH2Br ' ~' Ko"I CH2Br I OH (25) 143 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
conmpound 23 in a good yield. The conmpound 23 was

heat ed and refl uxed together with 2.2 equivalents of 5
N- br onmosucei ni m de (NBS) and 0.1 equi val ents of

2,2' -azobi si sobutyronitrile (AIBN) in benzene to give
a conmpound 24 in a good yield. Then, the conpound 24

SRR o P S o s PR et
prepared in the same procedure. 10 <Exanple 13:

Synt hesi s of quaternary a npound 26) >
OCH3Ph BF n- Cl oH2 n?)%gfés Jatay%gah The s
e

pr ocedyu&e as |n Ex;a h;e/‘ixvva X

t he enpo (S-form Vs usetesnd di - - g dec
was used 20 i nstead of dibutyl afene. The product was
purified by silica gel columm chromatography t Fqnl ve
a corrpoun(ng in a good yield. (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 hydroxide agqueous
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-pfopan01 =100 :1, 0.5

mL /min; retention time: (R)-form = 14.8 min, (S)-form = 28.2 min].
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<Exanpl e 14: Synthesis of quaternary ammoni um salt

(conpound 27)> OH 25 Br

n- Cl

KN DH21 \ C

n- 010H21

OH (27) 144 The sane procedure as in Exanple 1 was

performed except that
used and di
di but yl am ne.
col umm

as foll ows:

-n-decyl am ne was used
The product was purified by silica ge
chr omat ography to give a conpound 27 in a good
yield. 5 The NVR spectrum
IH NWVR (400VHzZ,

the conpound 25 (S-form was
i nstead of

t he obtai ned conpound was

ablexii3) 6 8.04 (2H s,

Ar-H—799(2H d .8 3Hz Ar.H) 7.62-7.59 (7H
m AlPheH}—traﬁsfé}%atZlyﬁZAr(nQ’bBiH;sedh %ﬁ“‘?@t‘m% 9%191{ &H, 89’“3259)“@
13. J_HZ, \.,I'IL), 3743 (m', OIVIL, Ar—CHz &
3. 17| (M _Jbr.8, - CH2- Yoo 2uufdl- 2. 68 (2H m - CH2-),
1.2500.8% (poH erim - CH2ro, -|CH3) 480. 34| (2Hy br|s, 5
- CHz2:) (I <Ref erence (momhpl e 4: Synthesis off starting
mat ef i al " E8pound 29) for | synthesizing quatlernary
anmo |:t> C(CI—.|3)3 C(CH3)3 Or' B{OH)2 C(CH3)3
C(CHR) 3 X 3 B2 BiComgaad [NBS, Al BN £H3 CH3 |CH2Br
orf 11 20 94 87
(1mol%)
PhFg
PhF3
OQ tCHs - Compound
N % °Br 12 48 14 89
CY L G (1o
PhF3
~PhFs
OO +,C4H9 - Compound
Br 7 21 86 97
(X o (3mol)
PhFg
PhF; -
O Compound
:@ 3 32 80 85
(1mol%)
PhF
PhFs
OO CH3 Compound
14 o4 63 14
OO CHS (3mol%)
PhF,
PhF3
‘0 Compound
15 36 80 1
(3mol%)
PhF
PhF3
+ in C10H21 - compound
16 48 20 98
CO Gtz {1mol%)
PhF;
PhF;
00 +nCigHzy - Compound
N oo B 16 48 18 97
X 1on21 (3mol%)
PhFs
QC *;O - Compound
N Br .19 7 days 11 6
O (3molt)
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(30) 1 &) was “perflar
exce 29 (S-fdrm,wayd used gnd
di - n} in54 ad |of 2di bLtyISBm're. %he
pr od N ca gefj cofu I5
chro :on’g’é’ﬂbd 30 8n 3 g@ad i elrd.
<Ref RORPEWEN of stlarting
“mat ef i-a Pﬁf’gpgund 32) 0°c 48 18 97
N, 072t o = Gompound
/n-CagHay 16 room
PhFs temperature 1 91 92

(22) C(CH3)3 C(CH3)3 (28) (29) The conpound 22
(S-form and 3,5-di-tert-butyl phenyl boronic 20 acid
in 2 equivalents to the conmpound 22 were subjected to
a Suzuki coupling reaction in barium hydroxide
hexahydrate in 3 equivalents to the conmpound 22, 5
nmol % of pall adium acetate and 1.2 nol % of

tri phenyl phosphine in water and di methyl ether for 7

DB Lo B e SR o

oo SR AR RIS e SO A 3 0 o

' 9% Vi T o L he i refl.ux

1403 DAL, T80 pl S REPRUIEL 08 AP fompoun
PAR) V2 Bioud 26 RN N RNEENAL Ot SRS TAR o
concentrated, and then subjecte $5 <M ca gel” 'Col um
chr omat ography to give a cq%%]gd 29 in a 77%vyi el d.
The Q..f_gpm_c_a.n_b.e__p,pepnrpd Ln the sane prm“@dllrp 5
<Exafwpl e 15: Synthesis of |q rReaghergni sgl Pptical
( conpouhdassoyransfeggatajyst n-@_ﬁg CE&'{] 1timg, rldrﬁ%ui 10utBU

e T

There is a tendency that when the temperature is high, the
reaction time is short and the yield 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>

B(OH OCHs
oTt © )2 O
OO CH, OCHs OO CHa

—
L e
OTf

NBS, AIBN
e
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for synthesizing quaternary ammoniumsalt> H2 R' 20
orf R ":Q, Pd(QAC)2 CH3 NBS, AlIBN CH2Br CH3 PPh3
CH3 benzene CH2Br ckl ~,; &' 107 K2CC3 THF (22) (31)
R' (32) R® 25 (where R' is p-fluoro, mfluoro,
3,4-difluoro, 3,4,5-trifluoro, p-chloro, mchloro,
3,4,5-trichloro, 3,5-trifluoronethyl,
3,5-di-tert-butyl, p-nethoxy, p-trifluoronethoxy,

Vao o 15850 SO AR oeBp st 4 thop R Bohic acid in 2
%Hwarl%%%sﬁﬁg %@O {:@fnrp%db%2 K@%of’lﬁgrrwgfe Ui&E8 s a Suzuki

€ CcOo and an ar or oni acrd

i [ is Y C 22 r
CT0R% ety o8 S b a2 B LRMRELM 2 THE Gmpound
8gUui WAk e ted pﬁi@s%ﬂﬂ?cﬁ&d&%éé&?elmw@ﬂi a??’i’.u@qui alents of
phosphate, 5 nol % of palladiumacetate and 1.2 m)Y %
of-bdrh BEGAYhINREP N NeNBS) t et rghydr of wran f ogqivARILS of
under reflux. The resulting m xture was cooled to
podazbbipestaltyenitend (ATBA)URMAD Sez A aRNicive &odipdithd 24 in a
solution was added thereto, and the m xture was
godd sidldd When, ehlsydordPowh b4 tvasdireatad adopua@dqdlvilents of
a 87%yield. Then, the conpound 31 was refluxed with
BBeqth gateeatcsngfoukdRbimsugondiyiélde &fltk B-fbrm can be prepared
equi val ents of 2,2'-azobisisobutyronitrile in benzene
fotheopamiegeirocaddreoncentrated, and then was subj ect ed
to silica gel colum chromat ography to give a
conmpound 32 in a 97%yield. The R-formcan be prepared

iﬂ t he same . 15 procedure. .
<kxample 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 yield.

<Example 14: Synthesis of quaternary ammonium salt (compound 27)>
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<Exanpl e 16: Synthesis (1) of quaternary anmmoni um salt
(conpound 33)> 20 R7- NR8'" Br R' (33) 25 The sane
procedure as in Exanple 1 was perforned except that
the conpound 32 (S-form was used and di butyl am ne as
used in Exanple 1 or diamne R7-NH-R8 (where R7 and
R8 are the sane and are 147 nethyl, n-butyl,

i sobutyl, 1-hydroxyethyl, 1-methoxyethyl, n-decyl,

| oh - [ ,. R8 t ak
Loget hﬁﬁgt%nﬁ%mg%f@e% inE el 1 @Si‘%eeuﬁa@n%@eeamept that

& %ﬁw?w‘idgﬁt G WEF ki R e Pon O WAL used
fﬂs\fga& 1ik ﬁiﬂm%‘?he' N e GeOG, ¥ %hg %I%T 1?18& l;rjg ch%agelbgolumn

are same procedure. 2 g
t
é%-‘edﬁ%%?fﬁ@ng VS ST AT ool ieldS 08 "
X?Pll-l)e PhE Nﬂﬁ‘llggeéﬁ%h Whe%ﬁ?ﬂecﬁ‘cﬁﬁ:%}l%g%fg as g)élows 1H

NMR?(@(MH% 643013)3ra 8.0 (4, s 7A§*‘H)é4"‘99 0y, dAU—BI)3Hz Ar-H),
7.40-7.29 (8H m Ar-H), 5 \e/\//\5.00 (2H d,

15277 180, (2 - faHA)r- 13, 8 7¢282 d2H) m, ;h;’rFD 4\r92 (BH, d J=13.1Hz,
Ar-CH2), 3.21 (2H, t, J = 12.9 Hz, )
Ar-CHbs), 3.43 (2H, d, ~13.1Hz, Ar-CHy), 3. 17 (2H, brs, -CHz-), 2.74-2.68

(2H, m, -CHz-), 1.25-0.82 (36H, m, -CHy-, -CHs), 0.34 (2H, brs, -CHz-).

<Reference Example 4: Synthesis of starting material (compound 29) for

sypthesizing guaternary ammonium salt>
 C{CHgz)s

B(OH),
OTf
oC Seaar
CHs CHs NBS, AIBN
—_— ——
oo
OTf O C{CHg)s

C(CHa)s
(28) (29)

The compound 22 (S-form) and 3,5-di-tert-butylphenyl boronic

(22)

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% yield. Then,
the compound 28 was refluxed together with 2 equivalents of NBS and
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2, 2.55 (2H, dt, 4.0, 12.9 Hz, N CH2-CH2-),

1.01-0.98 (4H, m -CH2-), 0.92-0.85 (2H, m -CH2)I

0.67 (6H t, J =6.9 F Hz, -CHs), 0.23-0.20 (2H, m

-CH2-) 'H NWR (400 MHz, CDCl13) 6 8.03 (2H, s, Ar-H),

8.00 (2H, d, J=7.9 Hz, Ar-H), 7.61 (2H, dd, J= 6.7, -

6.7 Hz, Br Ar-H), 7.54 (8H, brs Ar-H)y, 7.37-7.29

(4H, m Ar-H), 10 5.03 (2H d, :139Hz Ar - CHA
§11aq %leleﬁs éﬂ%ﬁ% 1}1|zber+&eeq§w\”\% %) arﬁ Fglg'gg_ﬁtxaﬁ%d, and

‘g}ugh Sg‘(%gaé:t%lgm %‘%a @ql 50?3@%%&1{(&&&@&%@%%#9& compound
5 oy ol

d, J =8.3 H, Ar-H), 7.60-7.57 (4H, mArH) r
735728(8H m Ar-H), 7.12 (2H, dd, J= 8.3 Hz,

%p&_lzﬁi' Qﬂgﬂhfgfs’ ﬁ%rﬁﬁ%ﬁgﬁmga&m%ﬂ (Cé)n}gognd 30)>
N- CH2 ) 0. 95-0. 89 | i [,J 0. 61 (6H, t , J=
6.1 Hz, -CH3), 013 r_) e F 20 '"H NMR

(400 MHz, CDC13) 6 § Ar- . 8.00 (2H, ~Ee)
d, J =7.9 Hz, Ar- /nd;t,d, = 7.3 Hz, Ar-H),
Br 7.56 (4H, brs, Ar-H), 7 43%(2H, d, J = 7.5 H,

Ar-H), 7.37-7.29 (6 W) "BHO5 (2H, brs, N-CH2),

3.60 (2H, .

(30)

The same procedure as in Example 1 was performed except that

the compound 29 (S-form) was used and di-n-decylamine was used
instead of dibutylamine. The product was purified by silica gel column

chromatography to give a compound 30 in a good yield.

<Reference Example 5: Synthesis (1) of starting material (compound 32)

for synthesizing quaternary ammonium salt>
B(OH),
orr X
Cor
€M pa(oAc), NBS, AIBN
—b.

benzene

(22)

()

(where R” is p-fluoro, m-fluoro, 3,4-difluoro, 3,4,5-trifluoro, p-chloro,

m-chloro, 3,4,5-trichloro, 3,5-trifluoromethyl, 3,5-di-tert-butyl, p-methoxy,

'p-triﬂuorom.ethoxy, p-hydroxy, 3,5-diphenyl, p'(_3,4-?5-triﬂuorophenyl),
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: [ﬁklesw 1:(':1}6c

brs, NNCH2), 3.19 (2H, brs, N-CH2-), 2.51 (2H, brs,
N-CH2-), 0.97-0.84 (6H m -CH2-), 0.65 (6H, t, J= 6.7
Hz, -CH.),0.15 (2H, brs, -CH -) 25 O 149 Table 4 ci
"H NMR (400 MHz, CDCl,) (58.05 (2H, s, Ar-H), 8.05
(2H, d, J= 8.0 Hz, Ar-H), 7.73-7.63 (6H, m Ar-H),
7.42 r e (2H dd, J~ 8.3 8.3 Hz, Ar-H), 7.33 (2H, d,
)= 8.3 h 5Ar-H), 499(2H d, J= 13.9 Hz, Ar-CH2)
78 (2H, d, Ar-CHA 3.34 (2H, t, J= 1
Plz(2 ?r+4c§~|§ Rﬁl@aﬁuorqplﬁ%x dHM-EYanQ Oy Iy nitry, angtwo " may be
%13111 (4H m -CH2-), 1.03-0.99 (2H,
ergnfkH, = 7.5 H "CH), 0.39-0.35

gg: s h'@\rco%g cbgg (§~g) Pg}ﬁa axgl axy%bg%?c (e%?d }#rivative in
5 OBt Y gt 8 Rrf gl 7d3f§ S,?,é*w@ i gpupling
ﬂgaé]—cl?qr%i% ﬁévggzx%tiﬂ% o%aé,szluni%ygr% de’ %%sw)phosphate
588 LB U5 5 e B i i

_%ﬁyd?&fur&é fold ’P‘l'\‘ﬂ%lﬂréognggg ﬁ%p (’l%ég 1‘%&318% n§1xture was

i = T ) T
Afo‘léﬂ td - Pdorh2Hemperature, and a saturated ammonium chlonde

solution was added thereto, and the mixture was extracted with ethyl

ether to give a compound 31 in a 87% yield. 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 (whefe R and R® are the same and are
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15

Br Ar-H), 7.82-7.78 (8H M Ar-H), 7.69-7.62 OH, m
Ar-H), N 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 Ph = 12.5 Hz, N-CH -CH -), 2.77 (2H,

dt, J = 4.4, 12.7 Hz, N CH2-CH2-), 1.00-0.95 (4H, m

~CH2-), 0.82-0.78 (2H, m -CH2-), 0.47-0.44 (8H m
~CH2-, -CH3) 20 Ph CN 'H NVR(400 Mz, CDC13 65' C) 6

| ?ﬂeggy72?¥?bg‘gﬂ Jlseﬁ%fylAr gbhyﬁz”‘)g&zet >—é th&fygﬁhﬂ) g decyl,

Cul oot b BBy e

3.31 (2H, br N- CH2 6(2H brs, NCH2-), 1.05
73;?&, 2 (3 25 -G
, brs
CF3 HNI\/R 40|\/Hz CDCI)(5822(2H
8-~10-8. 05( 7. :
vec F3 5 Br -,7 44 H 'm

7.40-7.38(2H, m - 483 (2H, d, 14.3 Hz,

4.03(2H d J ~ 14.3 Hz, Ar-CH2), 3.37 (2H,
J={13.1 Hz, N-CH2-CH2-), 2.65 (2Ht J= 12.9 He,

CH2-), 1.10 m eH2\), CF3 0.87 (2H,
CH27) 0.63 (6H @ , -CHs), 0.32

O |

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 yield. The R-form can be prepared in the same procedure.

The structural formulae and the NMR spectrum data of the

obtained specific compounds are shown in Tables 3 to 7.
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leo (2H, brs, -CH2-) r() CF3 *CH,, CH3 'H NWR (400
MHz, CDC13) (5 8.01 (2H, s, Ar-H), 7.97 (2H, 10 E I
d, J=7.9 Hz, Ar-H), 7.60-7.56 (2H, m Ar-H), 7.46
(4H, E) brs, Ar-H), 7.32-7.31 (4H, m Ar-H), 7.08

(4H, d, J= 8.0 r Hz,
Ar-CH2), 3.84 (6H, s,

Hz, Ar-CH2), 3.03 (2H,

2.52 (2H, dt, J= 4.0,

(6H m -CH2-), 0.62 (6H,

0.21-0.17 (2H, brs, -

Ar-H), 5.05 (2H, d, J= 13.5 Hz,

-OCHs), 3.57 (2H, d, J = 13.5

t = 13.1 Hz, N-CH,-CH2-),

12.3 N-CH2-CH, -), O.94-0.87
’ﬁﬁe %.9 Hz, -CH),

) OCH3 NO2 'H NMVR (400 Mz,

CDC13, 65*C) & 8.34 (2H s, Ar-H), 15 8.33 (2H, d, |
a 8.12

dd,

7.1

(fg'ﬂlyl (40@'@4%[)8613 X &\p? |-§4Hﬁg—gll) 8.02
_&2]—{ A JB)BS 2. A5 i 463 @i, ddgy =77.3: 7.3 Hz,
BG-HQ 2168 @H, prs; ﬁg—ﬁ) HAO- g2 @H m, Ar-H),
5.08 (7B d( 2H, 130, Hd A8, B.88A2H, d, /= 137
SHz, Mr@i2,),)3,2122158, {2HR.9tHz, N-GH,3@H,P), 2.55
- @HOQ:, (AE4 028 ¢Iz|2N)cH OCHZa 01 $00.98 (4H,

d@@wﬁ% £ ok

g N&‘RS D@ 708 éf((%:" ir—H), 8.00
{54 19 Hz Ar—H) 7.61 (9H, dd, J= 6.7, 6.7 Hz,
Ar—H) 754 (8H, brs, Ar-H), 7.37-7.29 (4H, m, Ar-H),
503 (2H, d, J= 13.9 Hz, Ar—CH,), 3.64 (2H, d, /= 139 |
Hz, Ar-CH,), 3.14 (2H, t, J= 13.0 Hz, N-CH,~CH,~), 2.52
(2H, dt, J = 4.4, 13.0 Hz, N-CH,~CH,-), 0.98-0.96 (4H,
m, ~CH,-), 0.84-0.82 (2H, m, —CH,~), 0.65 (6H, t, /= 6.9
Hz, ~CH,), 0.20-0.15 {(2H, m, =CH,-)

'H NMR (400 MHz, CDCI) &8.02 (2H, s, Ar-H), 7.98
(2H, d, J = 8.3 Hz, Ar-H), 7.60-7.57 (4H, m, Ar-H),
7.35-7.28 (8H, m, Ar-H), 7.12 (2H, dd, /= 8.3 Hz, Ar-H),
5.03 (2H, br, N-CH,-), 3.61 (2H, d, = 12.7 Hz, N-CH,~),
3.15 (2H, br, N-CH,-), 2.51 (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, CDCI;) & 8.03(2H, s, Ar-H), 8.00 (2H,
d, /= 7.9 Hz, A-H), 7.61 (2H, dd, J = 7.3 Hz, Ar-H),
7.56 (4H, brs, Ar-H), 7.43 (2H, d, J = 7.5 Hz, Ar-H),
7.37-7.29 (6H, m, Ar—H), 5.05 (2H, brs, N-CH,), 3.60 (2H,
brs, N-CH,), 3.19 (2H, brs, N-CH,-), 2.51 (2H, brs,
N-CH,-), 0.97-0.84 (6H, m, —-CH,~), 0.65 (6H, t, /= 6.7
Hz, ~CH,), 0.15 (2H, brs, ~CH,-)
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r 7.09(2H, d, J= 7.9 Hz, Ar-H), 5.26 OH, brs, N CH2-),
4.96 0 H, d, J = 12.3 Hz, NCH2-), 3.88 (3H, s,
~OCH3), 3.78 OH, d, J= 13.9 Hz, N-CH27), 3.59 (2H d,
J= 12.3 25 NO2 Hz, N-CH2-), 2.82-2.78 OH, m N CH2-),
2.57 (2H, brs, NCH2-), 1.08 (2H, brs, -CH2-), 0.93
(4H, brs, -CH2-), ©0.66 (3H, t, J = 6.1 Hz, -CH3),

0.58 (3H, t, J = 7.2 Hz, -CHO 0.32-0.24 (2H m
-CH2-) 151 Table 6 H'H N E4OO MHz, CD30D) (58. 12
(2H, s, Ar-H), 8.09 (2H dab¥®4 g3 H, Ar-H),
7.64-7.60 (2H, m Ar-H), e Br 7.51-7.22 (8H m
' 6 Ar—H)—4-86—(2H 5 N-d—IF—=
8 (2H, d, J = 13.5 Hz, 2.55

H AMB2¢400 hieHz, SDCH) -85 Y2, ZH.Ar-H), 8.05
: 3@9 95J(=@|'d HMAr—I—@"E?@—? 68 (8}1 m, (HH), 7.42
Dgﬁ? L g} r§3't6 % '\/B~83Hz
DRkt A o o &ig .4, -
Hz, AFC 33&'&42 N H;~CHz),
rzp;) (2H5 dpo/ £, 18] H},N qgg-gHHg 1.13-1.11
@H, 13-GHHz 1. 0Ar0.00HRY, m3-Ql6—) B3 (6H, t, v
= @5i32) ~CHR), 529238, (2, m,/-CHl, 9. 0,
1.42 (18H, s, -CH3), 1.37 (18H,
4H brs -CH2-) 0.84-0.82 (2H
'H NMR (400 MHz, CDCl) &8.06 (2H, s, Ar-H), 8.03
(2H, d, J = 7.9 Hz, ArH), 7.66-7.62 (6H, m, ArH),
7.45-7.32 (8H, m, Ar-H), 507 (2H, d, J = 139 Hz,
Ar-CH,), 3.70 (2H, d, J= 13.9 Hz, Ar-CH,), 3.20 (2H, t, J
= 125 Hz, N-CH,~CH,~), 257 (2H, t J = 129 Hz,
N-CH,~CH,-), 0.98-0.95 (4H, m, -CH,~), 0.90-0.87 (2H,
m, ~CH,-), 0.65 (6H, t, /= 6.9 Hz, CHj), 0.25-0.21 (2H,
m, —CH,~)

'H NMR (400 MHz, CDCl,) 8821 (2H, s, Ar-H), 8.08
(2H, d, /= 8.3 Hz, Ar-H), 7.99 (2H, 5, Ar-H), 7.94 (2H, s,
Ar-H), 7.82-7.78 (8H, m, Ar-H), 7.69-7.62 (4H, m, Ar—H),
753-7.33 (16H, m, ArH), 515 (2H, d, J = 13.7 Hz,
Ar-CH,), 3.87 (2H, d, J= 13.7 Hz, Ar—CH}), 3.24 (2H, t, J
= 12.5 Hz, N-CH,~CH,-), 2.77 (2H, dt, J = 44, 12.7 Hz,
N~CH,-CH,~), 1.00-0.95 (4H, m, -CH,~), 0.82-0.78 (2H,
m, ~CH,—), 0.47-0.44 (8H, m, -CH,~, —CH,)

Ph

CN
O 'H NMR(400 MHz, CDCl, 65°C) & 8.07-7.99 (6H, m,
Ar-H), 7.82-7.77 (6H, m, Ar-H), 7.67 (2H, dd, /= 7.7, 1.7
OO B Hz, Ar—H), 7.41 (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
NN\ (2H, m, N-CH,~), 3.31 (2H, br, N-CH,), 2.56 (2H, brs,
CO N-CH,~), 1.05 (4H, brs, —CH,-), 0.93-0.92 (2H, m,
O -CH,~), 0.69 (6H, t, J = 7.1 Hz, —CH,), 0.24 (2H, brs,

~GH,~)
CN
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(6H, t, J= 6.9 Hz, -CH3), 0.53-0.49 (2H, brs,
CH2-) 15 F F F 'H NMR (400 MHz, CDOQ (58.12 (2H, s,

H, 805 (2H d, J = 8.3 Hz, Ar-H), 7.74-7.64 OOH,
m Ar-H), Br e 7.42-7.36 (4H, m Ar-H), 7.30-7.26 (4H,
m Ar-H), 5.20 (2H, d, J = 13.7 Hz, Ar-CH.), 3.68
(2H, d, J = 13.7 Hz, Ar-CH2), 3.26 (2H t, J = 12.7

Hz, N-CH2-CH2-), 2.56 20 (2H, dt, J = 4.0, 12.7 Hz,

N- CH2- CH2-), 0.98-0.96 (4H bg/l CH27) 0.87-0.82 (2H,

m -CH2-), 0.53 (6H, t, J=18P8 5F Hz, " “aHB), 0.26-0.23
-CH2-) F 25 152 Table 7 FF F 'HNWR (400

3) 68.15 (2H, s, Ar-H), 8.07 5 F e (2H,_d, J~

AH, brs Ar-H, 770765 r(6H

AH, Ar-H), 5.21 (2H,

_ H(zwm (40Q) MHz1 FCGCI s,z\z (@j:!Q)brs Ar-H),

. 78.H-8.05F GHACHANH), 7.7667.69 ng(leArH)

D495 4660H, m Ar-EH2730-708@R, ¢HH--H), 4.83

(29, 48062143 hi,sqﬁ@hj%-fs).osl@HFd,F.Jzﬁata 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,"),

0.87 (2H, brs, -CH,~), 0.63 (6H, t, /= 6.7 Hz, ~CH,}, 0.32

(2H, brs, ~CH,~)

:
8

'H NMR (400 MHz, CDGCl,) § 8.01 (2H, s, Ar-H), 7.97 (2H,
d, J= 7.9 Hz, Ar-H), 7.60-7.56 (2H, m, Ar-H), 7.46 (4H,
brs, Ar-H), 7.32-7.31 (4H, m, Ar-H), 7.08 (4H, d, /= 8.0
Hz, Ar-H), 5.05 (2H, d, /= 13.5 Hz, Ar—CH,), 3.84 (6H, s,
-~QCH,), 357 (2H, d, /= 13.5 Hz, Ar-CH,), 3.03 (2H, t,
= 131 Hz, N-CH,~CH,), 2.52 (2H, dt, J = 4.0, 123 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,~}

'H NMR (400 MHz, CDCl, 65°C) 8834 (2H, s, Ar-H),
833 (2H, d, J = 7.9 Hz, ArH), 8.12 (2H, s, ArH),
8.10-8.06 (4H, m, Ar-H), 7.90 (2H, dd, /= 7.7, 7.7 Hz,
Ar-H), 7.68 (2H, dd, J= 7.1, 7.1 Hz, Ar-H), 7.43 (2H, dd,
J =73, 7.3 Hz, Ar—H), 7.36 (2H, d, J = 8.7 Hz, Ar-H),
505 (2H, brs, N-CH,~), 3.78 (2H, d, J = 131 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, ~CHy), 0.22(2H, brs,
—-CH,-)

'H NMR(400 MHz, CDCl, 65°C) &8.37 (IH, s, Ar-H),
8.32 (1H, d, =83 Hz, Ar-H), 8.24 (1H, d, J= 7.5 Hz,
Ar-H), 8.12 (1H, s, ArH), 8.08-7.86 (4H, m, Ar-H),
768-7.61 (2H, m, Ar-H), 7.43-730 (6H, m, Ar-H),
7.00(2H, d, J = 7.9 Hz, Ar-H), 526 (1H, brs, N-CH,-),
4.96 (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, /= 123
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,"),
0.66 (3H, t, J= 6.1 Hz, ~CH,), 0.58 (3H, t, J= 7.2 Hz,
~CH,), 0.32-0.24 (2H, m, -GH,~)
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400 MHz, CDCQ (57.98-7.96 (4H, m Ar-H),

Ar-H), 7.34 (4H, brs, Ar-H), 7.26
Ar-H), 7.11 (2H, dd, J= 7.7, 7.7 He,
dd,r J = 7.5, 7.5 Hz, Ar-H),

= 7.9 Hz, Ar-H), N _/N4.92 (2H, d, J=
- CH2-),

3.97 (2H, d, J= 13.7 15 F Hz,

3.79 (2H, m -CH2-), 3.14-3.09 (2H m

3.
.99-2.95 (2H, m - 2.54-2.49 (2H, -m F
"H NMR (400 W,T%gﬁ&) 68.05 (2H, s,

3 E) F(2H d, J= 8.3 Hz, Ar-H), 7.64

= 7.5 Hz, \::/\ Ar-H), 7.41-7.33 (4H,

Ar-H), 4.99 20 N (2H, d, J =
l‘l—( RMR @00 MHz, ﬁ:&cﬁa)Hﬁam\mN(} Ar—H), 8.09
'szmd ﬁHZszé Hz3 AJJH)( Gld4-860 (2H, m, Ar-H),
981 8 m; A?Hﬁ) o8 (4|1f bré’ AE—H)2536 (2H,
%‘%ﬁ )955“—‘?Ir D% 135 Hy
EGQ{Q 1 es'f 9.7 tl\?rCnI-P ch,), 255
2H, brs N CH,- GHZ) 1.00-0.95 (6H, m, —CH,-), 0.71
(6H, t, /= 6.3 Hz, ~CH,), 0.23 (2H, brs, ~CH,~)

'H NMR (400 MHz, CDOCI,) 6809 (2H, s, Ar-H), 8.06
(2H, d, J= 8.3 Hz, Ar-H), 7.66-7.62 (2H, m, Ar-H), 7.57
(2H, s, Ar-H), 7.47 (2H, s, Ar-H), 7.42-7.37 (4H, m,
Ar-H), 7.21 (2H, s, Ar-H), 509 (2H, d, J = 135 Hz,
Ar-CH,), 3.79 (2H, d, J/= 13.5 Hz, Ar-CH,), 3.16 (2H, t, J
= 13.1 Hz, N-CH,~CH,-), 2.52 (2H, t, J = 6.0, 13.3 Hz,
N-GH,~CH,-), 1.42 (18H, s, ~CHy), 1.37 (18H, s, ~CH,),
1.05-1.02 (4H, brs, ~-CH,~), 0.84-0.82 (2H, brs, ~CH,™),
0.62 (6H, t, /= 6.9 Hz, ~CHy,), 0.53-0.49 (2H, brs, =CH,~)

'H NMR (400 MHz, CDCl;) §8.12 (2H, s, Ar-H), 805
(2H, d, J = 83 Hz, Ar-H), 7.74-7.64 (10H, m, ArH),
7.42-7.36 (4H, m, Ar-H), 7.30-7.26 (4H, m, Ar-H), 5.20
(2H, d, J = 13.7 Hz, Ar-CH,), 3.68 (2H, d, J = 13.7 Hz,
Ar-CHyp), 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,~), 0.53 (6H, t, J= 6.9
Hz, =CH,), 0.26-0.23 (2H, m, —~CH,~)
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CHS CH3 CH2Br

Pd(PAC)2 NBS, AIBN 5 H PPh3 CH benzono

CH2Br C 3 K2003 Z~-,, N~~OTf THF R.. R .. (22)
(31') (32') (where R.. is 10 NO2 CN 0- C1 ClL "' CS
F IS5 FOw -aCF3 F 0O CFF3 11 -CH3 0 20 F F F F3C
FFCF3 25 F or CF3 F3C

Table 7

'H NMR (400 MHz, CDC!;) &8.15 (2H, s, Ar-H), 8.07
(2H, d, J= 7.9 Hz, Ar-H), 7.76 (4H, brs, Ar-H), 7.70-7.65
(6H, m, Ar-H), 7.44-7.33 (4H, m, Ar-H), 5.21 (2H, d, J =
13.7 Hz, Ar-CH,), 3.75 (2H, d, /= 13.7 Hz, Ar—CH,), 3.29
(2H, t, J = 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,-)

'H NMR (400 MHz, CDCI,) &7.98-7.96 (4H, m, Ar-H),
7.60~7.56 (2H, m, Ar-H), 7.34 (4H, brs, Ar-H), 7.26 (4H,
br, A—H), 7.11 (2H, dd, /= 7.7, 7.7 Hz, Ar-H), 6.82 (1H,
dd, /= 1.5, 7.5 Hz, Ar-H), 6.59 (2H, d, /= 7.9 Hz, Ar-H),
492 (2H, d, J= 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,~), 2.89-2.95 (2H, m, -CH,-), 2.54-2.49 (2H, m,
~CH,~)

H NMR (400 MHz, CDCIl;) §8.05 (2H, s, Ar-H), 8.03
(2H, d, /= 8.3 Hz, Ar-H), 7.64 (2H, dd, J= 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, J = 13.5 Hz, Ar-CH,), 401 (2H, d, /= 13.5 Hz,
Ar-CH,), 3.57-3.54 (6H, m, —CH,~), 3.11 (8H, s, ~OCHy),
3.07 (?H, d, J= 9.2 Hz, -CH,-)
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154 and the two R .. may be the sane or different).
The conpound 22 (S-form) and an aryl boronic acid
derivative in 2 equivalents to the conpound 22 were
subjected to a Suzuki coupling reaction in 3
equi val ents of potassi um hydroxi de or potassium
phosphate, 5 5 nol % of palladium acetate and 1.2 nol
% of triphenyl phosphi ne in tetrahydrofuran for 7

e T ST
B R B ihre ACRER DS R Bo f%, M Tompounds 310 in

ylelds bel ow. Theg he conpound 31 10 was refl uxed
(OH = m

wi t B2 _equial ent § : S I'ni M de and~Q_] R

eq s of 2, ﬁ'-azc tyronitrile ne

we heurcHnd ? ent L4 d t hen we
by silida gel cofﬂﬁﬂ”chronat-graphy N%%AEer c pounds

32' ' elds bel The-spegific St LLGLAdr @
t ‘Fﬂsfthg%zs3 ddka of th
C ORPQUAQ 1' 15 and'3 g _shawn in Tabl e

The R f or m &h beTﬁ?epared in th§ sane procedure 185
Table 8 Cbnpound 31" Yield and NVR spectrum data

Yi el df2274% ' H NVR(400vHz, (Hia )(52 03(s, 6H)82)
7.14(d, 5 J = 8.4 Hz, 2H): 7.25-7.27(m 2H):
GwBaec7RBA6m 8H): 7.57(d, J= 8.0 Hz, 8H): 7.70(tr, J
= 8.0 Hz~2H); 7.91 (d, J 10.0OHz, 4H). NO2 Vi el d:
(400\/Hz CDC13)(51 9é§, 7.11(d,

1 . 28 n1 2 48(tr /= 7.2Hz,

H)y; 7.86(s, 2H)
[=7.2Hz, 1.6Hz,

lO 37 O

FsC
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2:NO2 ON Yield: 72.5% ' H NVR(400MHz, CDC13) (5
1.92(s, 6H); 7.09(d, 2H, J= 8.8Hz); 7.29(tr, 2H, J=
8.OHz): 7.47(tr, J= 7.6Hz, 2H); 7.60(d, J= 8.OHz,
2H): 7,77(d, J= 8.0OHz, 2H): 7.83(s, 2H); 7.91(d, J=
8.4Hz, 2H,). CN 15 0 Yield: 77% ' H NVR(400VHz,
CDC13) (5 1.94(s, 6H): 6.02(s, 4H): 6.83-6.98 (m
6H): TOM J = 8AHz, 2H); 7.20-7. 25 (m 2H): 7.41(tr,
J= 8AHz, 2H).

e o855 B ks R B0, 5 BE

spect r dat 3 oufal% Q/Q%?df? 83 %nd ?nNgﬁ%_g% acid derivative in
% %@a]}%&g‘@“% C(gmi]’)?(xhﬁl %%Zwez El)ﬁ%]e#%% ’té) a@;{ﬁ?xkﬂmuphng
{?k%?ﬁjgld\ﬂlé e%emllen%%'%f Bé‘i%(sghm-r%rﬁf&udz%z@potﬁ'ssmm phosphate,

§ 1ﬂ'6'17- %Qd'ﬂ)paﬂa&ﬁuz a?c%@;ﬁte %'ﬂ)d 1A 3&017‘%43frﬂr1p}§’éﬁylphosphme in
H:7.88-7. 93(m  4H)

€e‘-’cr§h§&(0‘fur@ﬂﬂ)for':7 )ﬂcﬁir@ uﬂ@e% réﬂuﬁmmbﬁultﬁiéﬁlﬁi)xtﬁre was
1.94 (s, 6H); 6.83 -6.88 (m 2H); 7.00-7.05 (m 4H);

dod18d (6o Jsom temperature, and a saturated ammonium chloride
solution was added thereto, and the mixture was extracted with ethyl
ether to give compounds 31’ in yields below. 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 purified by silica gel column chromatography

to give compounds 32’ in yields below. The specific structural formulae,

| the yields and the NMR spectrum data of the obtained compounds 3V

and 32’ are shown in Tables 8 to 15. The R-form can be prepared in the

same procedure.
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8.4Hz, 2H); 7.26-7.31(m 2H); 7.44-7.48 (m 2H); 7.84

(S 2H); 7.91 (d, J =8.4Hz, 2H,). 15 F A M Yield:

60% 'H NVR(400vHz, CDCQ (51.95(s, 6H); 3.87(s, 6H,);
6.91-6.94 (m 2H); 7.02-7.11(m 6H); 7,21-7.25 (m
2H); 7.35-7.43(m 4H); 7.84-7.89 (m Ow 4H). 20 157
Tabl e 10 Conpound 31' Yield and NVR spectrum data CF3
Yield: 91% 1H NVR (400VHz, CDCQ (51.94(s, 6H); 5

7.11 (d, J = 8.4 Hz, 2H); pg -7831(m 2H); 7.44-7.48

(m 2H): 7.58 (d, J = 8 O 23R "7.64-7.68 (m 4H):

CF3 7.76 (s, 2H); 7.85 (s, 2H); 7.91 (tr, J= 8AHz,

H) CE3 Yield: 81% 'H NVR(40QWHz, CDCQ. (51.94(s

6H) ;  Gomrbuidi3t’'J= 8. 8Hz, 2H); ViefﬂﬁlnaNMB(mctQH)data
743745(m 0, 2H) ] 7.59(d, J 8AHz 4H) ' 71(d
g = 7.88 e 89

CF3 el d: 83% %ﬁdN@1 SO D@!Qﬁ%é%ﬁ]‘l) 7.14(d,
GH) ; -7.02(m 4HY;= BAbizy ZME 5 ~22(m, 2HY7{.31-75&m, 8H),
8. O . 7.43(tr| 1.3%d8/ 6Ed, HAISD-I} 77083 ()5, 8. @ Hy,: 2H); 7.91(d, J
7. 89 . OHz | = 26pHz, BH).

Yield: 74%, "H NMR(400MHz, CDCI,) & 1.94(s, 6H); 7.11(d,
J =88Hz, 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, /=7.2Hz, 1.6Hz, 2H,).

Yield: 72.5%, 'H NMR(400MHz, CDCI) & 1.82(s, 8H);
7.09(d, 2H, /= 8.8Hz); 7.29(tr, 2H, J = 8.0Hz); 7.47{tr, J=
7.6Hz, 2H); 7.60(d, J = 8.0Hz, 2H); 7.77(d, = 8.0Hz, 2H);
7.83(s, 2H); 7.91(d, J= 8.4Hz, 2H,).

Yield: 77%, 'H NMR(400MHz, CDCL) & 1.94(s, 6H);
8.02(s, 4H); 6.83-6.98 (m, 6H); 7.07(d, / = 8.4Hz, 2H);
7.20-7.25 (m, 2H); 7.41(tr, / = 7.6Hz, 2H); 7.81(s, 2H);
7.87(d, J= 8.4Hz, 2H).

156



10

15

20

FO "0 Yield 61% 'H NVR(400vHz, CDC13): (51.94(s,
6H); 3.15(s, 6H); 7.11 (d, J = 8AHz, 2H); 7.30(tr, J
= 7.6Hz, 2H); 7.47(tr, J= 7.6Hz, 2H); 7.70(d, J=

8. OHz, 4H); 20 7.85(s, 2H); 7.92(d, J= 8.0Hz, 4H);

8. 05(d, J=S. OHz, 4H). s % 158 Table 11 Conpound 31
Yield and NWR spectrumdata F F Yield: 42% 'H
NVR(400vHz, CDC13) (51.94 Ar F (s, 6H); 6,88-6.91(m

2H); 6.88 -6.91(m 2H); C.@r}ﬂ 308 (d, J= 4.2Hz, 4H);
7.16 (d, J~ 8AHz, 2H); 5 7.32°Ctr, J= 7.6Hz, 2H); 7.37
(s, 8H); 7.50 (tr, r J= 7.6Hz, 2H); 7.90 (s, 2H);

7.95 (d, )= 8 4Hz, ~AFFF2I—h Yield: 70% 'H
NI\/F(4O(]@:€IZHP0®§G(D (5 2102 (S Yed and NMR sifeditrudd data8. 8Hz,
2H[; 7. . 2—|);743747(m2H) 750754
(m| 4H) dd, -14: 7,

4H) . d-"83% 1H ‘J”' %o@l—é‘ -6? §b 2(3%**)
6H) ; 20 (m 4HE707i(d26‘ B.Abg, thy 7.2}y 33(my 45 - 45(tr J=
7. 49( - _7.88(s, 2HPHz 2ZHYTGA(, J= sptHaH&H): 25¥( d, V5 F0Hz,

2H); 7.61(s, 2H); 7.89(d, /= 8.0Hz, 2H).

Yield: 73%, 'H NMR(400MHz, CDCIy) & 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, /= 7.0Hz, 0.8Hz, 2H): 7.88-7.93(m, 4H):;
8.18(s, 2H).

Yield: 93%, 'H NMR(400MHz, CDCIl,) & 1.94 (s, 6H);
6.83 ~6.88 (m, 2H,); 7.00-7.05 (m, 4H); 7.08 (d, /=

| 8.4Hz, 2H}; 7.26-7.31(m, 2H); 7.44-7.48 (m, 2H); 7.84 .

(s, 2H); 7.91(d, /= 8.4Hz, 2H,).

OMe

Yield: 60% 'H NMR(400MHz, CDCI;) & 1.95(s, 6H);
3.87(s, 6H); 6.91-6.94 (m, 2H) 7.02-7.11(m, 6H):
7.21-7.25 (m, 2H); 7.35-7.43(m, 4H); 7.84~7.89 (m,
4H). '
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CF3 r A CF3 Yield: 73% 'H NVR(400MHz, CDA 3) 6 2. 05

-7.35(m

(s, 6H); 7.18(d, J = 8AHz, 2H); 7.31 Ar:

411); 7.47-7.51(m 2H); 7.77(dd, J = 4.4Hz, 1.6Hz,
4H); 7.93(s, 4H); 7.95(s, 2H); 7.97(s, CF3 Ar 2H); B.

11 (s, 8H).

20 CF3 159 Table 12 Conpound 32' Yield

and NVR spectrumdata 5 Yield: 86% 'H NVR(400vHz,
CDC13) (54.36(s, 4H); 7.30(d, J CH2Br 8.0Hz, 2H);

7.32(tr,

/= 8. OHz, 2H): 7. Bﬁr /= 8.0Hz, 2H): CH2Br
7.48-7.55(m 6H): 7.69-7. 7@% e 10

H; 7.95(tr, J=

- 8.0Hz, 4H). 5~" NO2 Yield: 81% 'H NVR(400VHz,
CDC13) (52.04(s. 6H); 4.20(s, CH213r 4H); 7.17(d, J =

- 8. (_]—|Z, dripound38: 7. 36

m 2H); YeldBdiINMR sbecttlim Gatad. OHz,

2 %, ~ CH2Br He~7.81(dd, J = 6.8Hz, 1. 6Hz, 4H); 7.93(s,

2H) ; (d,).J% 8.0Hz, 2H); 8.37(d, J= 8.0Hz, 4H).

NO2 | 4G%s ' HYRMRE U0 VMR GDOMIB, (OB5),186d,94(s, 6H);
5 4H); ° CCH2BI 7.81(8Hz = &1z, H)32267736(n2HR H)44-7.48

7. 56( 8.8Hz, 2Hym, 2t5HEIS3Md, (1~ 466a, 281);~7.61-568 (m, 4H);

4H) A G Oy 78 o)/ 7 89Sam)2T8 1 (o, L2 Ja1BA0),

10

Yield: 81%, 'H NMR(400MHz, CDCl,): & 1.94(s, 6H);
7.11(d, J= 8.8Hz, 2H); 7.26-7.32(m, 2H); 7.43-7.45(m,
2H); 7.59(d, J = 8.4Hz, 4H); 7.71(d, J = 8.4Hz, 4H);
7.83(s, 2H); 7.89(d, /=8.0Hz, 2H).

15

Yield: 83%, 'H NMR(400MHz, CDCly): & 1.86(s, 6H);
6.90~7.02(m, 4H); 7.10-7.13(m, 2H), 7.27(d, /= 8.0Hz,
2H); 7.43(tr, J/ = 8.0Hz, 4H); 7.83(s, 2H); 7.89(d, J =
8.0Hz, 2H).

20

Yield: 61%, 'H NMR{400MHz, CDCl;): & 1.94(s, 6H);
3.15(s, 6H); 7.11(d, J= 8.4Hz, 2H); 7.30(tr, J = 7.6Hz,
2H); 7.47Gr, J = 7.6Hz, 2H); 7.70(d, / = 8.0Hz, 4H);
7.85(s, 2H); 7.92(d, /= 8.0Hz, 4H); 8.05(d, /= 8.0Hz,
4H).
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0> 0 Yield 71%
6.92(d, J CCH2Br
7.11(s, 2H); 7.13(d,
7.611z, 2H); 7.51(tr,
7-87(s, 2H); 7.89(d,
Conmpound 32' Yield and NWR s
84%
7.13(d, J

J=C38

= 8.4 Hz, 2H)

CH2Br 7.47(dd, J = 8.4Hz,
cl 7.88(s, 2H); 7.92(d,
1H NVR(400WHz, CDA,) (54.4

"H NVR(400vHz, CDCl, ) (34.28(s,
8. 4Hz, 2H)
.4Hz, 2H)
J= 8.4Hz, 2H)
J= 8.4Hz, 2H)

"H NVR(400MHz, CDCl,) 6 4.19(s,

7"21%@912];4) J 7.53.7. 58(m ;4H) :

J= 8.4 Hz,

4H) ;
/= 8.0Hz, 2H)
7.28(d, J=
CH2Br C 20 O
0 160 Table 13
pectrumdata cl Yield:
4H~--, 5 C H2BBr
7.6 Hz, 2H) gC

7.06(d,

2H) . cl Yield: 67%
(s, 4H); CH213r 7.17 (d

J= 8AHZ Blehnpound 31’ - 7 43 (m

6H) ; Yield2nd/NBR sp&ittugBiata

(m 2H): 7.70 (s,

9

i@ 4om) 'UHIMREodMHA ©DGI) & 1.94
k. - 6H), FsEs X'e?dn@' 2@9&% 16 51 (m, 21,

13 16 z, 2H);
%ﬁa f;‘éggg?g% }%—lso (tr,
2‘(?76‘7‘%2@4\#}2“82@;') 95 &1, U= 8.4Hz,
2H

Yield: 70%, 'H NMR(400MHz, CDCI,) & 2.02
(s, BH);, 7.19 (d, J/ = 8.8Hz, 2H); 7.27-7.31(m,
2H); 7.43-7.47 (m, 2H); 7.50~7.54 (m, 4H); 7.62
(dd, J= B.4Hz, 2.0Hz); 7.90-7.87 (m, 4H).

Yield: 83% 'H NMR(400MHz, CDCI;) & 1.92
(s, 6H); 7.16~7.20 (m, 4H); 7.26-7.28 (m, 4H);
7.32~ 7.49(m, 6H); 7.88(s, 2H), 7.91(d, J/ =1{
8.0Hz, 2H).

Yield: 73%, 'H NMR(400MHz, CDCl,) & 205
(s, 6H) 7.18(d, J = B.4Hz, 2H); 7.31-7.35(m,
4H); 7.47-7.51(m, 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, 8H).
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F OV Yield: 84% 1 H NMR (400VHz, CDCO (5 3.87 (s,

6H) ;

4.29 (s,

4H): 6.97-7.00 (m 2K 7.15-7.21(m 6H);

C H2Br 2Br 7.27-7.31(m 2H); 7.39 (tr, /= 8.4Hz, 2H);
7.49-7.53 OWe (m 2H); 7.91(d, J= 8AHz, 2H): 7.92(s,
20 Yiel d:81% 'H NVR (400VHz, CDCQ 64.27(s, 4H);

2H) .
CH2Br

2H) ;

7.89(d,

Yi el d: 80%
-rz,

C

CH2Br

6.90-6.93(m 2H): 7.10-7.17(m 6H): 7.25-7.29(m
7.34(tr,

2H) ;
J= C H2Br 7.90(s, 2H). 25 161
Tabl e 14 Conpound 32‘ (e}‘galé]%g?%\lm spectrum data CF3
"H NI\/R(4OOM—Iz, CDCl,) 6 4.12(s, 4H); 5

J:80Hz 7.48-7.52(m 2H);

7.10 (d, J=8.4Hz, 2H); 7.24-7.28(m -

2H) Gon-‘lgﬁa(ut:d 32J= 7.]2Hz, 2H); YielB56d NMRkpe@rBata 2H) ;

Crp13r CF3 2H); 7.76(d, J= 8.0Hz,

gH). CF3 Yield: 85% 'H NI\/R(4OC]\/H2

4H); CHzBr 7.17(d, J= 8.0OHz, 2H)

7 Yk M%?Hn‘\IMR(ﬂmMBHﬁ BOCRH) 4. 36, 74@0 t%30(d, J
. 91F8.0H2HH);, T3868( d= 8DHz, 3)07.386tr, 2FB.0Hz, 2H);
7.48-7.55(m, 6H); 7.69~7.76(m, 12H); 7.95(tr, /= 8.0Hz, 4H).

Yield: 81%, 'H NMR(400MHz, CDCl,) S 2.04(s, 6H); 4.20(s,
4H); 7.17(d, J = 8.0Hz, 2H); 7.35-7.36(m, 2H); 7.58(tr, J/ =
40Hz, 2H); 7.81(dd, J = 6.8Hz1.6Hz, 4H); 7.93(s, 2H);
7.96(d, /= 8.0Hz, 2H); 8.37(d, /= 8.0Hz, 4H).

Yield: 84%, 'H NMR(400MHz, CDCl,) & 4.18(s, 4H); 7.15(d, /
= 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, J = 8.0Hz, 4H); 7.89(s, 2H);
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).
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CH2Br Not determined 15 CH2Br F 0 11 s Yield: 83%
"H NMR(400VHz, CDCQ (5 3.16(s, 6H); 4.20(s, 4H);
7.17(d, J= 8.4Hz, 2H); 7.33-7.37(m 2H); C H2Br
7.57(tr, J= 7.6Hz, 2H); 7.85(d, J= 8.4Hz, 4H); 7.91(s,
20 CH213r, CH Br 0/ 2H); 7.95(d, J= 8.4Hz, 2H);
8.09(d, J= 8.4Hz, 4H). S\ 0 162 Table 15 Conpound 32'
Yield and NWVR spectrumdata F F ~Ar F 5 CH2Br Ar
not determ ned CH2Br F %A{) F_F Yield: 66% 'H
NMVR( 400MHz, CDC13) (5 able 13

Compound 32’ Yield and NMR spectrum data

7.88(s, 2H); 7.92(d, /=84 Hz, 2H).

Yield: 84%, '"H NMR(400MHz, CDGCl) & 4.19(s, 4H);
7.13(d, J = 84 Hz, 2H);, 7.32(tr, J = 7.6 Hz, 2H);
747(dd, J = 8.4Hz, 2Hz, 2H), 7.53-7.58(m, 4H);

Yield: 67% 'H NMR(400MHz, CDCI;) & 4.48 (s, 4H);

8.4Hz, 2H); 8.19 (s, 2H).

7.17 {d, J= 8.4Hz, 2H); 7.3t ~7.43 (m, 6H); 7.52-7.57
{m, 2H); 7.70 (s, 2H); 7.85-7.90 (m, 4H); 7.94 (d, J =

8.0Hz, 2H); 7.90(s, 2H); 7.92(d, /= 8.4Hz, 2H).

Yield: 89%, "H NMR(400MHz, CDCl,) & 4.20(d, / =
10Hz, 2H); 4.23(d, = 10Hz, 2H); 6.87-6.93(m, 2H);
7.13-7.18(m, 6H); 7.32(tr, /= 8.0Hz, 2H); 7.54(tr, J =

| (m, 2H); 7.91(d, /= 8.4Hz, 2H); 7.92(s, 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, /= 8.4Hz, 2H); 7.49-7.53

8.0Hz, 2H); 7.90(s, 2H).

Yield:81%, '"H NMR (400MHz, CDCI;) & 4.27(s, 4H);
6.90-6.93(m, 2H); 7.10-7.17(m, 6H); 7.25-7.29%(m, 2H};
7.34(tr, J = 8.0Hz, 2H); 7.48-7.52(m, 2H); 7.89(d, /=
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CH2Br 4.35(s, 4H); 7,23(d, J= 8-8Hz, 2H); 7.33(tr, J
10 = 7.6Hz, 2H); 7.52-7.56(m 6H); 7.76(d, J= ~-,

C ~- 1 CH2Br 8AHz, 2H);

7.92-7.96(m 8H): 7.99(d, J

8.8Hz, 2H); 8.10(s, 2H). F CH2Br 15 Not determn ned

CH2Br F CF3 Ar Yield:
CF3 4.32(d, J= 10. OHz,

81% ' H NVR(400MHz, CDCL3)
2H): 3.56(d, J= 10.0Hz, 20 A

r: 2H); 7.24(d, J = 8.4Hz, 2H); 7.37-7.41(m CH2Br

211); 7.58-7.62(m 2H);
7.94(s, 4H); 8.00(d, J

7.88 = 5.6Hz, CF3 2H);
@EMEH) CaAr 8. 06(s,

2H); 8.17(s, 8H). CF3 163 <Reference Exanpl e 17:
Synthesis (2) of starting material (conpound 33') for

y ammoni ¥#EldSadINM-Rspectrltn data€ N

synihe5|nomgmquamernar
Br )
Exa

The sane procedure as I n
d except that
Yield: 80%, 'H NMR(400MHz, CDCI,) § 4.12(s, 4H);

710 (d, /= 8.4Hz, 2H); 7.24-7.28(m, 2H}; 7.48(tr, J=
7.2Hz, 2H); 7.55(tr, /= 8.0Hz, 2H}, 7.64(d, /= 8.0Hz,
2H); 7.76(d, /= 8.0Hz, 2H); 7.83-7.87(m, 6H).

Yield: 85%, 'H NMR(400MHz, CDCI,) & 4.22(s, 4H);
7.17(d, J= 8.0Hz, 2H); 7.31-7.35(m, 2H); 7.53-7.57(m,
2H), 7.76(tr, J = 6.4Hz, 8H), 7.91(s, 2H); 7.93(d, /=
8.0 Hz, 2H).

Not determined

Yield: 83%, "H NMR(400MHz, CDCL,) & 3.16(s, 8H);
4.20(s, 4H); 7.17(d, /= 8.4Hz, 2H); 7.33-7.37(m, 2H);
7.57(tr, J= 7.6Hz, 2H); 7.85(d, /= 8.4Hz, 4H); 7.91(s,
2H}); 7.95(d, J= 8.4Hz, 2H); 8.08(d, /= 8.4Hz, 4H).
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10 the conpounds 32' (S-form obtained in Reference
Exanpl e 6 were used and di butyl am ne as used in
Exanple 1 was used. The product were purified by
silica gel colum chromatography to give conpounds 33
respectively in good yields. The R-form can be
prepared in the sane procedure. 15 The specific
structural formulae and the NVR spectrumdata of the
obt ai ned conmpounds 33" are sgfmT in Tables 16 to 19.
164 Table 16 Conpound 33’ And NMVR spectrum dat a
Yield: 81% 'H NVR(400vHz, CDCl,) (50.26(br, 2H)
0.82(tr, J~ 7.2Hz, 6H); 0.84-1.64 (m_6H); 2.62(tr., 5

13. 2Hz, 2HCpm@oub@@el, J = 13. 2Hz, 2Mjgld &hdOMRIspedtruM/dBra

14. OHz, 2H): 5.18(d, JF—r_l4 OHz, 2H) 7.35-7.40(m
GFD 7. 46(tr J = 8.z 4H); | 7.63-7.69(m 10H);
. FOHz| 2H); 8]A(s 2H) . NO2
CDC13) (5 0.15-0.22(m
; | Bot8fétetmidd m  6H) ;
J=|13.2Hz, 2H); 3.80(d, J=
N, B | 5(d, |J = 14. OHz, 2H); 7.37(d,
= 88Hz 2H); 7.45 = F.6Hz, 2H); 7.70(tr, J=

|Z.6Hz.  2H): 7.85(d. J= 8 8Hz| 2H): 8.08(d. J= 8 411z,

Cstr
8.8Hz, 2H); 8.10(s, 2H).

2H; WNO 2 8.1 '@ . 8.4p(d, J= 8.4Hz, 4H). ¢
gl. gltsd(t7 _Hz 6H) - OCQ l§15 '3% é@R Szt s
0.94-1.C F-f)*zBrz 52 (tr, J4~35{§9_\|451 72 , J5 B8hiz gl—,l) 7.303(r, J

= 7.6Hz, 2H); 7.52-7.56(m, 6 ) 776(d J =
84Hz, 2H); 7.92-7.96(m, 8H); 7.99(d, J =

Not determined

I'E“[D CH,Br

Ar 8.06(s, 2H); 8.17(s, 8H).

Yield: 81%, 'H NMR(400MHz, CDCl) &
4.32(d, J = 10.0Hz, 2H); 3.56(d, 4= 10.0Hz,
Ar O 2H);, 7.24(d, J = 8.4Hz, 2H); 7.37-741(m,

2H), 7.58-7.62(m, 2H); 7.88(tr, J = 5.6Hz,

CH,Br
O CF, | 2H); 7.94(s, 4H); 8.00(d, J = 1.6Hz, 6H);
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12. 414z, 2H); 3.73 (d, J= 14.4Hz, 2H); 5.03 (d, J= CW
| Br 15 14AHz, 2H); 7.34 (d, J = 8.4Hz, 2H); 7.40-7.44
(m 2H); 7.68 (tr, J= 7.2Hz, 2H); 7.78 (d, J= 8.OHz,
4H); CON 7.89(d, J= 8.0Hz, 4H); 8.06 (d, J= 8.0OHz,

2H): 8.09 (s, 2H). O Yield: 86% 'H NVR(400VHz,

CDC13) 60.42 (b, 2H): 0.74(tr, J= 6.8Hz, :
0.98-1.07 (m SH): 2.60-2.63 (m 2H): 3.16-3.18 (m

RN S N T -
g for s 824d. ) = 7 BHe 2H) . 20, O- 8.00 (tr, J=.
§. 3)'@&‘,5 CSEIRg qUALeTPTY ARMARIULSAN™1 7' Coppound 33"
Yi el d and NWR spectyrum datagrci cl Yield: 65% 'H NWR
(400VHz, CDOQ 6 o ﬁ); 0.69(tr, J = 7.2Hz,

OF!: 2

6H); 0.89 -1.02 (
2H); 3.59-3.65(m
4H): 7.54-7.70(m
Yield: 76% 'H N
7.2Hz, 6H); 0.709-

> 2.5¢{7br, 2H); 3.19(br,
5. 05bn, /" Br ; 7.28-7.41 (m
R g4l (m~ cl 4H . z ci
eDCQR® 0-19(tr, J s

8H); 2.73-2.74(m 2H); 3.22
RIII

(33Y)

The same procedure as in Example 1 was performed except that
the compounds 32’ (S-form) obtained in Reference Example 6 were used
and dibutylamine as used in Example 1 was used. The product were
purified by silica gel column chromatography to give compounds 33’
respectively in gdod yields. The R-form can be prepared in the same
procedure. |

The specific structural formulae and the NMR spectrum data of

) the obtained compounds 33’ are shown in Tables 16 to 19.
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(tr, J=16.OHz, 2H); 3.70 (d, J= 14.OHz, 2H); 5.60(d, J
B, 10 = 14. OHz, 2H); 7.33-7.43 (m 8H); 7.66(tr, J=
8,OHz, s 2H): 7.86(d, J= 7.6Hz, 4H): 8.05(d, /= 8.4
Hz, 4H); 8.30(s, 2H. F Yield: 62% 'H NVIR (400VHz,
CDO,) 6 0.32-0.34(m F 2H); 0.71(tr, I= 7.2Hz, 6H);
0.99-1.09(m 6H): 3.27(tr, /11/~ Br J= 12.8Hz, 2H);

3.73(d, J= 14.4Hz, 2H); 5. OO(d J= Nt~ ~ 14.4Hz, 2H);
6.90(tr, J = 8.8Hz, 2H); E?I? 3(m 15 F 4H);
7.23-7.39(m 4H); 7.62(tr, 2H); 8.02(d, J=
8.4Hz, 2H): 8.04(s, 2H). F Y| eld: 79% 1 H NIVIR
(40QVHz, CDCO (5 0.20 (b, OMe 2H): 0.65 (tr. J =

7. 2Hz, 6®l)mp00m9331 04(m 6H); Y@ldazdﬂmzlsp@wumaata

13. J= 13. 2Hz, CNI 3.64(m 2H);

g-f H)’seld7 2(1% i% oé'MHzBYCD%QS)@N%(br 2H):
7. 2 2‘%2( N?‘%%k 4“2”2 Gﬁi g%z? gre /=
2H) b?‘%-lz 5/ 4694’ J =
oDl iz P JS—1  2h5 14Hp; 2H): 135 7.40(m,
0. ¢ .463'1) NBtRr =(kﬁr0H22H)-|) 5684. 60, 10H)
2H) : . G084y 4H)2H05(d, Ot B0H2216), 84(5r2H).

4H); H} 7.52 (br, 2H); 25 7.98 (d, J=
gﬁ o8 5% Uﬁ NMF\‘(g'b MHZ €D I 38108 5168%22(m,

2 BH). 0.87-1.01(m, 6H);
2.55—2.63(m, oH): 3.25(tr, J= 13.2Hz, 2H); 3.80(d, J=
140Hz, 2H) 5.05(d, J = 14.0Hz, 2H); 7.37(d, J =
8.8Hz, 2H); 7.45(tr, J = 7.6Hz, 2H); 7.70(tr, J/= 7.6Hz,
9H): 7.85(d, J = 8.8Hz, 2H); 8.08(d, J = 8.4Hz, 2H);
8.12(s, 2H); 8.46(d, /= 8.4Hz, 4H).

Yield: 78%, 'H NMR{400MHz, CDCl;) &0.17-0.19 (m,
2H), 0.66 (tr, J = 7.2Hz, 6H); 0.84-0.87 (m, 2H);
0.94-1.00 (m, 4H); 2.52 (tr, /= 8.4Hz, 2H); 3.23 (tr, J/
= 12.4Hz, 2H); 3.73 (d, /= 14.4Hz, 2H); 503 (d, J/=
14.4Hz, 2H); 7.34 (d, J = 8.4Hz, 2H); 7.40-7.44 (m,
2HY, 7.68 (tr, J= 7.2Hz, 2H); 7.78 (d, /= 8.0Hz, 4H);
7.89(d, /= 8.0Hz, 4H); 8.06 (d, /= 8.0Hz, 2H); 8.09
(s, 2H).

Yield: 86%, 'H NMR(400MHz, CDCl,) &§0.42 (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); 357-3.60 (m, 2H);
5.23-5.29 (m, 2H); 6.05 (d, J/= 12.0Hz, 4H); 7.04-7.06
(m, 6H); 7.32-7.38 {m, 4H); 7.62(d, J = 7.6Hz, 2H);

8.00 (tr, J= 8.0Hz, 2H); 8.04 (s, 2H).
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Yield: 62%
0.60 (tr,
5 Br J= 13.2Hz, 2H);
J= 14. OHz, 2H);
CF3 4H);
7.87(d,
71%
7.2Hz, 6H);
2H) ;
Hz,
2H) ;

J= 14. OHz, 2
SAHz, 2H); 7.42(tr, J = 7.2Hz,
7.2Hz, 2H): 7,78(d, J = 8. OHz, 4H):

'H NMR(400MHz, CDCI,)60.15(b, 2H); CF3
7.2Hz, 6H): 0.72-0.98 (m 6H): 2.59(tr,
3.15(tr, J= 13.2Hz, 2H), 3.75(d,

J = 14.0Hz, 2H); 7.36-7.44(m

. . J=7.6Hz, 2H); 7.77-7.79(m 4H);
J= 7.6Hz, 4H);
1H NMR(400VHz, CDCl,)60.15(br, 2H); O, 61(tr, /=
0.74-0.98 (m H,?H%I? b’ézo(” J= 12.81-1z,

8.03-8.13(m 4H). CF3 Yield:

J= 14.0 10 WBr_

Yi

gno

CH3 7. 8Rldhpor@ 8 OHZ, AF); 8. O6(ath arki MR Gdetrudidhta F
f I ‘

, CDCI3) & 0.35(br, 2H);
Yield: %9% 11PR(R @baMHz CDCIa) 3023(br

% B? r12J8H§ "Q 3:8620th di 6n)

g( f EE} 7gi[’;ss 2H); 5.05br.
28d 4ia dH ,75487 1425-8.11(m,

H}H}FOYleId 75% 'H

A(br, 2H); 0 0.88(tr, /=7 2Hz,

——

2.56(tr, J= 13.21-1z, 2H);
Hyipld3 762 ('8, NBIRG00KIMz, GBRGI,) DH) t9(tr, =
7.2Hz, 88) @.7990.96 B, sBALZ3-2H)m, 2H); 3.22
(! JEE b2, 28457 350 Bdizs= 14200200H); §k0(d J
BL G 0plz 28 487 £, B ey, 2EDgioH:,
2H); 7.86(d, J = 7.6Hz, 4H); 8.05(d, J = 8.4 Hz, 4H);
8.30(s, 2H).

Yield: 62%, "H NMR (400MHz, CDCI,) & 0.32-0.34(m,
ZH); 0.71(tr, J= 7.2Hz, 6H); 0.99-1.09(m, 6H); 3.27(tr,
J = 12.8Hz, 2H); 3.73(d, /= 14.4Hz, 2H); 5.00(d, /=
14.4Hz, 2H); 6.90(tr, J = 8.8Hz, 2H); 7.05-7.23(m,
4H); 7.23-7.39(m, 4H); 7.62(tr, J = 8.4Hz, 2H); 8.02(d,
J = 8.4Hz, 2H); 8.04(s, 2H).

Yield: 79%, '"H NMR (400MHz, CDCL) &0.20 (b,
2H), 0.65 (tr, J = 7.2Hz, 6H); 0.93-1.04(m, 6H);
2.62-2.64 (tr, J = 13.2Hz, 2H); 3.06(tr, J = 13.2Hz,
2H); 3.64(m, 2H); 3.91(s, 6H); 5.08(m, 2H); 7.02(d, /=
8.0Hz, 2H); 7.18-7.20 (m, 2H): 7.38(d, J= 4Hz, 4H);
7.49-750 (m, 2H); 7.62-7.66(m, 2H); 8.03(d, J =
8.4Hz, 2H); 8.08(s, 2H).

Yield: 89%, 'H NMR (400MHz, CDCl) & 0.27(br,
2H); 0.62(tr, J = 7.2Hz, 6H); 0.80-0.85 (br, 6H); 2.48
(br, 2H); 2.94 (br, 2H); 3.51 (br, 2H); 5.30 (br, 2H);
6.92-6.99(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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W 167 Table 19 Conpoun
data F F Yield: 61%,
0.39-0.41(m 2H); 0.49

0.90-1.01(m 6H); 2.75-
WBuU)2 An: 12.8Hz, 2H);

5.09(d, j = 14.0Hz, 2
F2H; 7.67 -7.70(m 2

8.00(s, 2H); 8.08(d, J

Yield: 74% ' H NVR(40
0.46-0.96(m IOH): 2.6
J= 13.2Hz, 2H); 7.75(d,

d 33" Yield and NI VIR spectrum

" H NVR(400vHz, CDCO 6 Ar

(tr, J =7.2Hz, 6H); F

2.80(m 2H); 3.29(tr, J 5
3.89(d, J= 14. OHz, 2H);

H; 7. 35-7.47(m 12H); 7.63(s,

H) ; 7 78(d J = 8.BHz, 2H);

= H:; F F 8.15(s, 2H).

(]VHZTa 6 -0.21(br, 4H);

2(tr, J= 13.2Hz, 2H); 3.00(tr,
10 N, Br- j =14 0OHz, 2H);

5. 08( br ,Coﬁ-’ﬂbund?&'_’,ss 7.4

2(m  4Hyield7anB 3tMR §REtAUm 4t} ;

7.9

7(d, J = 6.8Hz, 4H);
Iisid: @44, ." HYNRIRGE00MEBY6 CDEL) 8 0.15(, 2H);

0. 424 & (1. 20k mmm 0,7230.98_(n, 7, 2.590r,
B%f #3 Eéa 5 1@2% G, 395, v=
ory | T % 7.3651.44(m,
7.67 %7%1(&‘, J7- -9 gt 7377 '_&H) 7.87{d:
8. 4Hz, JQFQBH?S*%HM(@ b?rcm 4. CF3 Vi el d:
apci1s 5

Br-

Yield: 71%, '"H NMR(400MHz, CDCI,) & 0.15(br, 2H);
0.81(tr, /= 7.2Hz, 6H); 0.74-0.98 (m, 6H); 3.20(tr, J=
12.8Hz, 2H); 3.75(d, /= 14.0Hz, 2H); 5.09(d, /= 14.0
Hz, 2H); 7.36(d, J = 8.4Hz, 2H); 7.42(tr, J = 7.2Hz,
2H); 7.68(tr, /= 7.2Hz, 2H): 7.78(d, < = 8.0Hz, 4H):
7.88(d, /= 8.0Hz, 4H); 8.06(d, /= 8.0Hz, ZH).

Br-

Yield: 73%'H NMR(400MHz, CDCl,) & 0.35(br, 2H);
0.72tr, J = 7.2Hz, 6H); 089-1.08(m, 6H);
2.65-2.69(m, 2H); 3.20(tr, /= 12.8Hz, 2H); 3.75(d, J=
14,0Hz, 2H), 497(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, 2H): 8.03(d, /= 8.0Hz, 2H); 8.11(d, /= 8.0Hz,
2H).

Yield: 75%, 'H NMR(400MHz, CDGl,) & 0.24(br, 2H); |-
0.88(tr, /= 7.2Hz, 6H); 1.24-1.43 (m, 6H); 2.56(tr, J=
13.2Hz, 2H); 3.28(tr, J = 13.2Hz, 2H); 3.72(d, J =
14.0Hz, 2H) 4.97(d, J = 14.0Hz 2H); 7.39(d, J =
8.4Hz, 2H); 7.46(tr, J= 7.6Hz, 2H); 7.70(tr, J = 7.6Hz,
2H); 7.79(br, 4H); 8.08(d, J = 8.4Hz, 2H); 8.11(s, 2H);
8.20(d, J= 8.4Hz, 4H).
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Ar CF 0.52(tr, J = 7.2Hz, 6H)

© 0.81-0.94(m 8H); 3

2.82(tr, J= 13.6Hz, 2H); 3.31(tr, J= 13.61-1z, N (BU2
Ar: 2H); 3.94(d, J = 14. 04z, 2H); 5.07(d, J = 20

14. OHz, 2H); 7.47(d, J= 3.6Hz, 4H); 7.69-7.74 r CF3
(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, CF3 2H);
8.14-8.17(m 8H); 8.20(s, 2H). 168 <Exanple 18:

Exam nation (1) of effect
phase-transfer catal yst>
0O [1%CH Ph P,/-NZko..t +
But. OOC 5 0

f tituent of
Eﬂ%@gﬂfransfer catalyst Ph 0

Ph- ~Br Ph/-N toluene

(20) (21 Ph According to Exanple 11

a- benzyl at Conpowms3Per f or med &

it 0" Cyieldusitd NyIRSspaedrurftaisth

phase-transfer catal ysts desd
bel ow. The results are
’ é" 20 Phase-tr

N*(Bu), Ar

vidReds1labt as NifRA®MZ, cDCl) &
1 0138-TARL €912 D 408r.27 = H0Hz, 6H);
%.%B—aﬂ.é’i%;axj&rzﬁr—z.so(m, 9H): 3.29(tr, J
= 12.8Hz, 2H); 3.89(d, /= 14.0Hz, 2H); 5.09(d,
J = 140Hz, 2H); 7.35-747(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).

Yield: 74%, 'H NMR(400MHz, CDCl;) &
-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,
J = 14.0Hz, 2H); 5.08(br, 2H); 7.38-7.42(m,
4H), 7.53-1.59(m, 4H), 7.65-7.69(m, 4H);
792(d, J = 6.8Hz, 4H); 8.07-8.09(m, 6&H);
8.21(s, 2H).

Yield: 45%, "H NMR(400MHz, CDCI,) § 0.42(b,
2H); 0.71(tr, J = 7.2Hz, 6H); 2.62-2.69 (m,
2H);3.87-3.91(m, 2H); 4.27(d, J= 14.0Hz, 2H);
5.28(d, J = 14.0Hz, 2H); 7.22(d, J = 8.4Hz,
2H); 7.37-7.42(m, 6H}, 7,55(tr, J= 7.6Hz, 2H);
7.64-7.67 (m, 2H) 7.76(tr, J = 7.6Hz, 2H);
8.07(d, /= 8.4Hz, 2H); 8.16(s, 2H).

N g
Sl
)

O 4\/\ Br-
o v
F
CF3
o -
N'(Bu); A Qib

Yield: 93%, 'H NMR(400MHz, CDCly &
0.52(tr, J = 7.2Hz, 6H); 0.81-0.94(m, 8H);
2.82(tr, J = 13.6Hz, 2H); 3.31(tr, /= 13.6Hz,
2H); 3.94(d, J = 140Hz, 2H), 5.07(d, J =
14.0Hz, 2H); 7.4Nd, 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).
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n-CoH21 e/ 5 N 14~ n-C G221 Av Reaction Yield
Optical Ar Ar' time N purity (hr) (%e) 10 -0-OCH3
_0 0CH3 1.5 65 65 MNO2 JO2 1.5 88 87 15 - 0 _OCH3 2 65
80 NO2 24 86 58 _OHOH1 7064 20 4 87 66 25 170
Table 21 Phase-transfer catalyst: Ar Br 5 N r Ar
Reaction tinme Yield Optical purity (hr) N (%e) _&F
7 92-82 10 '

<Example 18! Examination (1) of effect of substituent of phase-transfer

catalyst>
phase-transfer catalyst

Ph
50%KOH Ph
>:N\/{k o+ o g >=N
OB toluene PH OByt

0°c
(20) 21) ™
According to Example 11, a-benzylation 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.

169




10

15

20

25

ad 79383 29777 F49475 15 dd F -0-F 21 86 97
20 C1 36293 F597 91 F OCH3 3 85 71 25 NO2 3 89
89 171 Table 22 Phase-transfer catal yst:
FR NR R F 10 14~ F F \0/ R Reaction tine Yield

"Optical purity

FF 5 Br

Table 20
Phase—transfer catalyst:
Ar P
O ﬁ /n-C1oH21
CO \n-C1uH21
Ar'
Reaction . Cptical
Ar Ar’ time Y(';;d purity
, (hr) (%ee)
—QOCHa @OCHa 15 65 65
NO»
@ Q 15 88 | 87
NO4
‘Qo% Q 2 65 80
NOg
O |0 [
GOH .~©70H. 1 70 64
| & %ﬁ: s | v | e
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o Ar B?
o8N
' Ar

IN, (hr) M(%e) 15 N7 98 93 \9 CHN 1 78 81 20 N
\-/ N-0 2 55 78 172 <Exanple 19: Exam nation (2) of

ef fect of substituent of phase-transfer

phase-transfer catalyst Ph 0 0 50%CH Ph
5 00C 0 (20)
Ph (21 According to Exanple 11, a-benzylation was

Ph/- --N QBu Ph> Ph Br t tol uene But

catal ysts descri bed Tables 23 to 26 bel ow.
results are shown in Tabl efabl 2b 26. 10 173 Table 23
Reaction Optical Phase-transfer catalyst tine Yield M

purity

Phase—transfer catalyst:

cat al yst >
\--N, + |

‘performed at OC, using 3 nol % of phase-transfer
The

Reaction time Yield Optical purity
{hr) %) {%ea)
@F 7 92 82
@—m 7 93 83
Q 2 97 77
F
‘Q 4 94 75
Ci
F
F
Cl
—Q—CI 3 62 93
Cl
< 2 F 5 97 91
F
‘ —QOCHs 3 85 71
NO»
89 89
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(hr) (%ee) 5 N Br- 3 78 68.7 5~ N02 10 CWBr- 3

©88. 7 92. 2 NO2 CN 15 CN\+ Br 3 91 93. 8 C N 20 C\+

Br- 386 74. 5 CO0 0 174 Table 24 Reaction
Optical purity Phase-transfer catalyst tine Yield N
(%ee) (hr) 5 N Br- 391 86. 9 C1 10 N,

S .
Table 22

Phase—transfer catalyst:

3 71 90 Br

\e/R Reaction time Yield Optical purity
/N\R' (hr) (%) (%ee)
O
N TS 7 98 93
/ \/\O/
N > 1 78 81
s \/\OH
DR 2 55 78
NS
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FF NBr 39492. 8 15 F F W 352 73.4 N Br 20
W OH N+ Br- 385 77. 8 OH 25 175 Table 25 Reaction
" Optical Phase-transfer catalyst tine Yield purity
(hr) (%¢e) 5 CF3 Br- 3 89 82. 8 CF3 CF3 10 W 3 89

90. 5 Br GF3 F F

<Example 19: Examination (2) of effect of substituent of phase-transfer

catalyst>

Ph phase- transfer catalyst
N R
Ph OBut toluene
According to Example 11, a-benzylation was performed at 0°C,

using 3 mol % of phase-transfer catalysts described Tables 23 to 26 below.

The results are shown in Tables 23 to 26..
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15 N*, ,-~ Br- 389. 891 FFO0O 11 S, 20 KN+ 3 83
90 Br- O, I /S, \0 176 Table 26 Reaction Opti cal
Phase-transfer catalyst tine Yield Mpurity (hr)

20

(%ee) FF 5 Ar F N#(BU2 Ar. 376. 581. 05 r FF
F10 N, Br- 3 60 77. 2
Table 23
: Reaction Optical
Phase-transfer catalyst time Yield (%) purity
{hr) ' (%ee)
’ g .
OG N+’\/\ - 3 78 68. 7
oo vl
NQO»
; O -
NS o 3 88.7 | 92 2
oS¢ v
O NO»
g
15 O
g WS g 3 91 03. 8
O~
( on
b
SO
N*\/MC Br- 3 86 74. 5
I~
O
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95

WF 15 Br- N+ 3 92 61.6 F CF3 20 Ar CF3 WBU) 2 Ar 3
77 81.4 CF3 r CF3 25 177 <kExanpl e 20: Exam nation of
effect of stirring> Ph 0 phase-transfer catalyst +
Ph-~~Br 50%OH Ph \--N 1\ O toluene Ph/ Bu" 0*C 5 Ph
(20) (21) According to Exanple 11, benzyl ation was
performed at O C for one hour, by using 3 nol % of
the conpound 16 (S-form as a phase-transfer catal yst
under stirring with a stronger stirrer. In spite 10 of
only one hour reaction, th'Eﬁgliﬂieez"d- based on the HPLC
analysis of the reaction mxture was 78% and after
purification on a silica gel colum the yield was

72% [ and the optical puritly mas 0% e. The|reaction
timel i oyueh. shardaisend thegyiel ds g (fPraical ey
the results shown in (hr) {%ee)
3 o1 86. 9
3 71 90
3 94 02. 8
3 52 73. 4
3 85 77. 8
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hydr pg pptat e, cEnd t hen extracted W th

di chi ¢ ang.~={he organic |laygr was drijed over
sodi um sul ) concenlrated tq give an| oily
- pr odpet—TFhe—oht aldr_&cu ot Hy—pr-oduct-—was—stbjrected—to
siliga gel 10 urh chromat ogr aphy (el uent: ethyl

Table 1, which indicates that stronger stirring

provi des nmuch better 15 reaction efficiency. <Exanple
21: Benzylation (1) of al anine> 0 phase-transfer
catalyst 0 p-d-Ph,,,"z~~,,N OBut PK~Br citric acid
N H2N OBut 20 YI CsOHH20 THF H3 C~~ CH3 tol uene Ph
(8 OOC, inair To a m xture of alanine tert-butyl
ester-p-chl orobenzyl Schiff base (conpound 8) (134
ng, 0.5 mmol ), phase-transfer catal ysts described in
25 Tabl e 27 bel ow (3 nol WabkdZbenzyl bromide (1.2
equivalents) in 2 nL of toluene, cesium hydroxide -
nonohydrate (5 equivalents) was added at O C, and the
m xtyre was stirred under [aR.Rtikn dt MOSpher ¢ apphdaf flor

30 178 t ess n1xt was
pour ed Pﬁ]ta% %’tsge? cgncYgP )rac(g'%d Wi taﬁg%l%ghl oggett%harle,

and the—solvent—was—r-eppved resi-due
of tetrdhydrofuran Then,| 5 nL of
ueous$ sol utign was added t heret|o

di ssol ved i_n @

re wa SStHredatroomtemmrMUrefcr

one how sécohd—proces aqueou | ayer
washed with et Ner—and al kal i zgd g(?dl um 8278

acetptg RE 2/1) to give a Dhenzylated product |of
al an| ng The|optical |purity off the :
obt a] ned piodugt anal_zedSby HPLC8PDai ¢el 90. 5
Chirpl ge ; . Bhekane/ i sogropanol #* 30 : 1,
0.5 rrL retsgntion tipe: (R)-florm= 129 mn,

(S)-form Ab -8t The yield and the optji cal purifty
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179 Table 27 Optical Optical Yield Yield
Phase-transfer catalyst (S) purity Phase-transfer
catal yst purity Nee) Nee) PhF, PhF 3 5 Br Br ./,CH3
58 63 N ~ICH3 N 72 49 PhF, ():XPhF, PhF G PhF ' Bre
3 Br 10 BU.O0O N\ 76 97 N 71 80 BU PhF, PhF, PhF e
SBr ~BuBu N65546595 N 151 . S-Bu D\ Bu

tj PhF3 PhF Ph e Br Br

Table 26
Reaction Optical
Phase—transfer catalyst time Yield (%) purity
{hr) (%ee)

N'Bu),  Ar O 3 76.5 | 81.05

Oe N& Br-
99
F |

3 02 61. 6

CCr s

B, A L ) 3 77 81. 4

OO o O CFy
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:/n-AOHR21 B, "N\ n-dOH1 65 95 \bU 70 61 20 tj PhF3
CF3 PhF3 Br CF, BU NO) 72 82 N\ Br 70 94 Bu 25
PhF, CF3 CF3 180 <Exanple 22: Benzylation (2) of
al ani ne> phase-transfer catalyst 0 p-C-Ph,, ~N
citric acid 2Nt OBut OBu CsOHH20 THF H3 CH3
toluene Ph 5 -200C, under argon atnosphere (8) (9)
Al ani ne was benzylated in the sane manner as in

npl e 2 except .t hat ase-transfer catalyst
\%g‘aﬁ%&? ‘%91 Bxgminagion pf e%%ﬁﬁggsﬂi'ﬁﬁ‘&ber catal ysts
described in Table 28 bel ow were used, and the
reaction condition was changed to -20 *C under an
argop_atmospBere in 10 thehkéerteansior crtaist. The results
are i% i n|Tabl e 28. Jable 2&0¥ieii ptffkal Yiefd
Opt i

| : as % r amst erBreat a! Ysio %) p r :
PhasB?t r ansf er E%\t alyst Mpurit OBu

(20) o (21) ™

According to Example 11, benzylation was performed at 0°C for
one hour, by using 3 mol % of the compound 16 (S-form) as a
phase-transfer catalyst under stirring with a stronger stirrer. In spite
of only one hour reaction, the yield based on the HPLC analysis of the
reaction mixture was 78% and after purification on a silica gel column
the yield was 72%, and the optical purity was 99%ee. The reaction time
18 much shorter and the yields are higher than the results shown in
Table 1, which indicates that stronger stirring provides much better

reaction efficiency.

<Example 21: Benzylation (1) of alanine>

phase-transfer catalyst

O
N
P e itric aci
p-CI-Ph N 7 citric acid HoN
~F \H‘\OBut : - - S
CsOH-H,O THF HaC

CHs
foluene
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
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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15

Nee) Nee) 15 PhF3 PhF, Br Br n-CIOH/ CH3 21 IN 78
85 78 98 \CH, n-d OH1 PhF, PhF, PhF, PhF Br Br
20 Bu N\ Bu 85 99 71 67 PhF3 ():t)~PhF3 PhF PhF3 3
Br Br iso-Bu 25 N76 73 N85 92 \iso-Bu 0 ~PjhF3
0::)~JPhF3 181 <Exanple 23: Allylation of

phenyl al ani ne> phase-transfer catal yst 0O

. p-Cl-Ph,,".,NBr citric acid H2ZN "KOBut OBut CsOH H20

THF PhA-\\ ' . ) .
min &?rst process). The reaction mixture was poured into water and

extracted with dichioromethane, 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

- stirred at room temperature for one hour (second process). The agueous

layer was washed with ether and alkalized with sodium
hydrogencarbonate, and then extracted with dichloromethane. The

organic layer was dried over sodium sulfate and concentrated to give an

oily product. The obtained oily product was subjected to silica gel

column chromatography (eluent: ethyl acetate/hexane = 2/1) to give a

benzylated product of ‘alanine (compound 9). The optical purity of the

‘obtained product was analyzed by HPLC [Daicel Chiralcel AD; eluent:

hexanefisopropanol = 80 : 1, 0.5 mL /min; retention time: (R)-form = 12.9

min, (S)-form = 20.5 min]. The yield and the optical purity are shown in

Table 27.
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tol uene 5 -200C, under argon atnosphere (34) (35) To
a mxture of phenylalanine tert-butyl

ester-p-chl orobenzyl Schiff base (conmpound 34) (172
ng, 0.5 mmol ), phase-transfer catalysts described in
Table 29 below (1 mol %, and allyl bromde (1.2 10
equivalents) in 2 nL of toluene, cesium hydroxide -
nonohydrate (5 equivalents) was added at 0*C, and the
m xture was stirred under @n%@ r9on at nosphere at
-20'C for 30 min (first prog gg The reaction

m xture was poured into water and extracted with

di chl oronet hane, and the solvent was renoved, and the

resi due was di ssol ved |n bopdecafif 15 tetrahydrofurfan.  |optical

ThePhasé-tiahsfef cafahit M C gf’ : padl (| ROBROUSHsER btbyen v?'@e’ﬁd
added thereto and stir d%eeh qom t enperature for

purity
(%ee)

| hydr bonagg, angd then exfr
di chl™of o . * The} or gani_c Iaye
sodi u | nd cond®nir &8e
pr od di ned| oi |y produd

hour (second process The aqifeous Tayer mas mashed
R af kal i ped With |sqeium

a Iunn chy omaf ogr aph
acetate/hexane =1/2)|to give

49

pnenylalanlne éconpound 35). T

t he Preduct mwas fnal yj
Chir Jentp hexane/ |
0.5 atention tipe: 2
(S)-fo 20./2\ni n] .| The| r &ul
29. e 29"Yield Opti cal
Phase catalyst plurity

80

8
DO
isc-Bu
o/

N 65 54

OO ‘ \iso—Bu
PhFs

85

o

Phfs B
O O n-CipHz1
G!/

N 65 85

61

3 ]
72| 82

70

94
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C - OO
PhFs PhF3

PhF PhF Br -COH H, n 21 :z Br 'N ~101-1, 65 70
J')N\n-AdOHR21 79 95 CbCPhF3 0:)~PhF3 Ph'3 Br- PhF3
Br Bu 10 N\Bu 76 97 No 72 96 r PhF, PhF3 PhF se
"iso- Bu 15 \is~Bu 76 74 ~j PhF3 <Exanple 24:

G nnanyl ati on of phenyl al anine> PhF Bu 20 Br Su (7)
O PhF, 0 p-C-Ph,,,,~NJ~ Ph"~~Br citric acid H, 2N
oBut - CsOHH20 - THF OBUt Ph Ph toluene 'Ph 25 (34)

ZB09% 14398 B AL Y9818k TS BPES5:1689)

phase-transfer catalyst

o]
p-CHPh. N oo PR Br __citcacd  HN
CHs CsOH-H,O THF
foluene :
-20°C, under argon atmosphere
(8) (©)

Alanine was benzylated in the same manner as in Example 21,
except that the phase-transfer catalyst was used in 1 mol %, the
phase-transfer catalysts described in Table 28 below were used, and the
reaction condition was changed to -20 °C under an argon atmosphere in

the first process. The results are shown in Table 28.

Table 28
. Optical , Optical
Phase—transfer catalyst YE;Z;d purity Phase—transfer catalyst Y(!;;;d purity
(%ee) (%ee)
PhFs o ' ‘ ‘ PhFs  gr
n-CqgH
OO . /CH3 - o/ 107121 .
N\ 78 85 N\ 78 98
|99 W SO
PhF3

PhF,

o

PhF; B° PhFs @
/BU OO
@, (::)
AN 85 | 99 NO 7 | 87
Sl L,
_ PhFs

S SO
iso-Bu )
C O
N N

PhF

85 92
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A ci nnanyl ated product of phenyl al ani ne (conpound 36)
was obtained in the sane nmanner as in Exanple 23,
except that cinnanyl 183 brom de was used instead of
al Lyl brom de and the conmpound 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 69% and the optical purity

92%ee. 5, < | e . _Propargyl ati on of
SRR UL L] P Ry B ARt yst 0 |
p-d -Ph,,,~*. Br citric aci CsO+H20 THIF Ph P
tol uene 10 (34) -Zodje,‘ilseuﬁeﬁggrg%g S at nosphere (37) A
propar gyl at ed| pr oduct ofxphenyl al ani ne. (caonpound 37)
VRIS ol g lthe 3 TR 18 gHzg < osu
except that|propargyl Bromdg was usegyjnst eard/eﬂ‘
allyl brom in the fi rff’j}ﬁﬁ ocess. The 15 optircal
purity of therobtained p %t was anal yzed by HPLC.
The r'es$31'4? are sHOm UWACTRIINEMEPIIB4” Tabl e 30 Y<3% d
Optical Yield Optical Phase-transfer catalyst pur't))
Phase-transfer catalyst purity N (%e) M (%e) PhF

PhF' Blo 38 BrixbufedofnpEebBllanhhed Sted8-bullyl 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 - monohydrate (5

" equivalents) was added at 0°C, and the mixture was stirred under an

argon atmosphere at -20°C for 30 min (first process). The reaction
mixture was poured into water and extracted with dichloromethane, and
the solvent was removed, and the residue was dissolved in 5 mL of
tetrahydrofuran. Then, 5 mL of 0.5 M citric acid aqueous sblution was
added thereto and stirred at room temperature for one hour (second
process). The aqueous layei- 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 givé an

allylated product of phenylalanine (compound 35). The optical purity of

the obtained product was analyzed by HPLC [Daicel Chiralpak AD;

eluent: hexane/isopropancl = 100 @ 1, 0.5 mL /min; retention timei

(R)-form = 14.9 min, (S)-form = 20.2 min]. The results are shown in

" Table 29,
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77 91 \CH n-CDH21 PhF3 PhF:. 3 PhF PhF 3,Br 3 Br
Bu 10 "N \Bu 61 94 77 92 ():)~JPhF3 ~PhF, PhF, Bre
jSO0-BU J'N\iso-Bu 67 62 15 ~PhF3 <Exanpl e 26:
tert-But oxycar bonyl net hyl ati on of phenyl al ani ne> PhF
F3 Bu20NBr Bu O [PhF, (7) 0 p-d-Ph,,,,,~N
oBut Brl | _~CO0Bu' citric acid A H2ZN OBut CsOH H20
THF Ph COOBut toluene 25 (34) -200C, under argon

at nosphere (38) A conpound 3% \/\?5 obtai ned in the sane
manner as in Exanple 23, &3REpEYthat a- bronacetic

- s used instead of 185 agllyl
brom de and the cong_o Jlogﬁdé,fs us_ed as the ol Optical
- pirRsstraais! @talyse gﬁi plitytfhepHase-stangreosmapst ThE" | purity
optical purity of obt(méehdd product (%ee)
Phfs g | PhFy e
OO ﬁ/CHS - Oe ﬁ/n‘CAlDHz‘]
N 79 95
SO vl 9@ e
PhFs PhF;
PhF3 oo PhFs 2
L . ()
a/
N\ 76 g7 O 72 96
SO 99
PhF3 PhFa
PhF; e
OO N iso-Bu
N 76 74
OO iso-Bu
PhF

<Example 24: Cinnamylation of phenylalanine>
PhFs
OO +Bu  _
o Wy
PhEs  (7)

Q O

/\/\ itri id
p-Cl-Ph N Ph Br citric aci HaoN
~F OBut - - - S
CsCH-H,0O THF &
2 oh -
Ph toluene o
-20°C, under argon atmosphere
(34) (36)

A cinnamylated product of phenylalanine (compound 36) was

obtained in the same manner as in Example 23, except that cinnamyl.

183




10

15

"vvas anal yzed by HPLC. The yield was 66% and the

optical purity was 94%e. 5 <Exanple 27: Exam nation
of catalyst formation and benzylation in one vessel>
R secondary anmine Br K2CO3 10 Br dioxane, reflux R
(39) Ph 0 ~--N Ph"_~sr 50%KCH Ph '---N 0 Ph "Il AOBut +
toluene Pn/ OBut OOC 15 (20) (21 Ph The conpound 39
(S-form described in Table 31 below (3 nol W
econgary am ne. descri hed, i;n._Tabl,e 10, bel aw (6 | ~9
R b e e PR R b8 i B Hpy TRl 7 Was used
| ) n i rred.f o 10 20 ur i . .
R SR R bty S B p s Pon T dhieat pusity of

' MY : e $HAI L 69%, and
B B Bengiohodle e SRy PRI HPHTTII0P, ER TELETR o0, an
ﬂyé;lg, k QHss §94dkion (1-0 nl), and toluene (3.0
L %r%le%glggg, and é’enzyl brom de (1.2 equival ents)
was added dropwise at OC. After stirring at OC
respectively for a period as 25 described in Table 31
bEkﬁMplb%i@@@hkﬁﬁla@ldﬁ bf Sh¥asladomiRe i nto water,

et her. The ether extract was washed

and extracted wt
Wi th saturated brinehasgitiaagfereatalystsodi um sul fate ang

concentr at ed finder reduc,ed\
B Ny citic acid ~ HoN
OBu' — :

p-CHPh. N

—_— R
CsOH-H,0 THF P
Ph toluene Ph
(3 4) —-20°C, under argon atmosphere (37)

A propargylated product of phenylalanine (compound 37) was
obtained in the same manner as in Example 23, except that propargyl
bromide was used instead of allyl bromide in the first process. The
optical purity of the obtained product was analyzed by HPLC. The

results are shown in Table 30.
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186 pressure. The oily residue was subjected to silica
gel colum chronmat ography (eluted with ether/hexane
1/10) to give (S)-phenylalanine tert-butyl ester
benzophenone Schiff base (conmpound 21). The opti cal
purity of the obtained product was anal yzed by HPLC 5
[ Dai cel Chiralcel OD; eluent: hexane/ 2-propanol = 100
1, 0.6 nL /mn; retentiontine: (R-form= 14.8
mn, (S)-form=28.2 mn]. T,Jhr%e%]{eﬁgl ts are shown all
together in Table 31. 187 1 Secondary am ne R=H
R=Ph R=3 5-(CE3)2Ph R=3 4 5-F3Ph (CH3)qgNH 12%e 26%e

1 %ee 7%e (66% B@g Oﬁ&%l 5days) (57% 30hr) (YM}C% Optical

O

4 RuSy-trarsfeeatA3Ye | /@ epuBtife e PhseCf2did®r 2bilyes 3Y4 purity

72h1). (89% Sahr) {85% |daee)| (76% 24hr) (O L1 ONH Ghee)

-u%ee 58%€€ 96Y€e;9/v€a ( /9fh 9onr) (8b% Z4hr
[~ 9 ‘

(9 e 88% F2hr) [(* So- Yee 22%¢
44 de’ (52% T2hr) |(14 © 34%C §4h'

)
gg(q
\10 ~0 77 91
368" 71%
3%e 2% e t%ae

(65% 4days ST vee 41 Yee 75Pee
72hr) Behr) (50% |4d8y
’ 7vee ‘8% ¢ 81 Yee
4dg 33% 29hr) [ (83%| 24hr
PBihr) (f2% 4days)| (10% 7day¥y (13%

U

aw O (44%
Uuay D) I I J-;hFlalBre PhFS Ber
OO /Bu OO
o . .
AN 61 94 ‘O 77 92

NO 67 | 62

<Example 26: tert-Butoxycarbonylmethylation of phenylalanine>

‘ ‘ PhF;
+/BU

N\ Br
90 W
o PhF;  (7)
TN £ I R
p-CLPh N Br COOBu citric acid HaN
~F oBu! - >
CsOH-H,0 . THF P
Bh foluene Ph
-20°C, under argon atmosphere
(34) ° g (38)

- A compound 38 was obtained in the same manner as in Example

23, except that o-bromoacetic acid tert-butyl ester was used instead of
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N 7%e 5%e 31 %e 43%e (56% 4days) (78% 24hr)
(24% 4days) (80% 24hr) H N 23%e 33%e 41 %e 20%e
0 (67% 48hr) (82% 12hr) (3% 8days) (72% 48hr) 20
HN -8%e n.t. n.t. 8%e (54% 24hr) (23% 7days) N-D
1 Oke NHn.t. n.t. n.t. (13% 6hr) The values in the
tabl e show the optical purity Nee). 25 The

par ent hesi zed vaI ues [ n the tabl e showthe yi eI d (9

dtge re ct| : eoptlcal rity
9@1’731 TR et ﬁ%’lHP& dcha%aW %%éh@pﬁé@ﬁ?éramfﬂ
bt d. Th :
P hﬁ&ér%'aasrpgw?h”fha@@t%% PUri Gheae Eﬁ@n@ﬁawoduct
Rr i b
IR, PRGN B R B e B i hg Hif qpticnt puri was

bgol.ation. <Exanple 28: a-Benzylation (1) in which the
anount of the 5 phase-transfer catal yst used is

reduced> Ph 0 phase-transfer catalyst 0 50%OH Ph
Ph/-N\'"AOBut + Ph Br toluene Ph/ OBUt OOCC (20) (2 1
PRxhen ey ei: nEx&ﬁﬁﬁaﬁ?hydf @aﬁ:%%stb%?ﬁ%@[“é%ﬁ Be-thtion in one
base (‘compound

poase-transfer catalyst (conmpound 7) obtained in

Exanple 1in 0.05 mol %to the conpound 20, 50%

Rydr oxi de aqueous solution (1.0 nL) and

3.0 nmL) were m xed
secondary amine

Br KzCOs

dioxane, reflux

R
(39)

Y

Ph 9 5 Ph o

pun \)k b oy, —SOBKOH Ve

PhH OBu! toluene PH OBt
0°C :

(20) '(21) Ph

The compound 39 (S-form) described in Table 31 below {3 mol %),
secondary amine described in Table 10 below (6 mol %) and potassium
carbonate (4.5 mol %) were mixed in dioxane (5 mL), and stirred for 10
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 aqueous solution (1.0 mL), and
toluene (3.0 mL) were added, and benzyl bromide (1.2 equivalents) was
added dropwise at 0°C. After stirring at 0°C respectively for a period as
described in Table 31 below, the reaction mixture was poured 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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and benzyl brom de (43 lug, 0.36 mmvl) was added
dropwise at OC 15 After stirring vigorously at OC
over 4 hours, the reaction nmixture was poured into
water, and extracted with ether. The ether extract was
washed with saturated brine, dried over sodiumsulfate
and concentrated wunder reduced pressure. The oily
residue was subjected to silica gel colum

AR S @Ya}rggﬁdﬁg Meit "REEORIAES i) g&l column
S T, :
OTRFRSRER B ol tﬁﬁzs‘éwﬁs%u%%’%z@hg o8 b Gto  give

i%ﬁﬁ%\}%ﬂa | C%gtgatﬁ %@&I beﬂgiﬁgﬂﬁl fsl‘EBﬁff‘GA&ste écgga_pound
3f). SCT‘P[@ "Br. t;{/ fpgif’ri%lyh 8 OB edTﬁgoo%cg vgaé%ali?fed by HPLC

opti talne co 1 are

aﬁ@m Uh1FﬁEEF03? eﬁl%ﬁs"}ﬁ'e%aﬁ@lz -Br&Sol Atiodn: 120.6 Bl /min;

which the anount of the 189 phase-transfer catalyst

H388tion FiathiC@) ol =Phar®y hihalSheodr+ 28us Yhirfst @he results
benzophenone Schiff base (conpound 21) was obt ai ned

e Pesdarall fgketheeasTadleidl. t he same manner as in
Exanpl e 28, except that the amount of the
phase-transfer 5 catal yst (conpound 7) obtained in
Exanple 1 was 0.01 nmol %to the conpound 20, and that
the reaction tine was 26 hours. The yield and the
optical purity of the obtained conmpound 21 are shown
in Table 32. <Exanple 30: a-Benzylation (3) in which
the amount of the 10 phase-transfer catal yst used is
reduced> (R)-Phenyl al anine tert-butyl ester
benzophenone Schi ff base (conpound 21) was obtai ned
by performng a reaction in the sane nmanner as in
Exanpl e 28, except that the anmount of the
phase-transfer catalyst (conmpound 7) obtained in .
Exanple 1 was 0.005 nol %to the 15 conpound 20, and
that the reaction tine was 26 hours. The yield and
the optical purity of the obtained conpound 21 are
shown in Table 32.
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<Exanpl e 31:
t he

base

a- Benzyl at i

on (4)

reaction in the sane manner as in Exanple 28,

t hat ,

in addition to the phase-transfer

(conpound 7) obtained in Exarrpl e 1,

anmoni um br

20 was added as 25 cocat al

om de ( TBAB)

@E‘Bleog}ld th

t et rabutyl

in which the anount of
phase-transfer catal yst used is reduced> 20
(R) - Phenyl al ani ne tert-butyl
(compound 21) was obtai ned by performng a
except
cat al yst

ester benzophenone Schiff

%to the compound
at the reaction

()
e

time was 1.5 hours. The yield and the optical purity
of the obtai ned corrpound 21 are shoywn T B2.
<SEREBNETIE| a- B8mZYl atilon F577n wﬁ-ﬁ@b gﬁﬂ %t—%%?‘*:sph
IIl: pllabl: tran balcl y Bbl l:u I D lEl.ild EU) 7%ee
( RXCPaR al aﬂé@é’ﬁ gt Y e;tﬁa 5 Jse%%% Z5R9° RILAI
. aAST \DUII’JL urru J to) \vAVAY blCu IJy o IIU 97%ee
ri ;egar.; EilgHthENt h'gtn :§ %ggﬂ Yo “Eggghg Eﬂa grfg ) | (76%, 24hr)
catalyst N ¢ m:)ouha%F obpt ai ABHesen 2e%se 97%ee
t ot ?dahzﬁltz\/l At T0R Cf;lﬁrrn{%%(?ﬁwﬁ\ Bf%ﬂgﬁhﬁ)m (@ne’t%w 72hr)
t L6 oNp{c 20— W&eadded a82%sscat hl yst4%aad that ¥hkee
react| on’t | e(5a%. ¥2krh Lﬁr1§.%Tﬁd;ﬂV§)i A%hd2fhe | (65%, Adays)
optl capuriity of the o tai ned conppund 21 are ghown
bl e{ 32,y 10 <(91E;e -BenZ/I at+ qé N agee
i ch thelano %‘é% eg n$ i st usHl
iH—red > %‘gﬁhg@y}al a £ E":t?} 659 (8%, 6hr)
benzoBhenone Schiff bas (conpound| 21) was obt i ned
Dy performing a reactiop in the sang 15 manner|as in
B@@g, excephodopat | | ngpigieli O t 07ddige 81%ee
P ransfle(gsgatzanysl (Gacspesysh 1)k apord | 1839%, 24hr)
Exanpl e 1, tletrabutyl a nium bromde (TBAB) | n
0. 0167 b 10 the conpound 20 vvas added as
.@ al EZLJ and . the rea\s% M Wag.2 Nolrs. gosee
~- yiehd and 4 06 sqphi ¢adz o a%s)o (586, ORlghNEd1 3%, Gcaye)
conpolfind 21 lare shown i m a l'e 32.
H
N —7%ee 5%ee 31%ee 43%ee
i / (56%, 4days) | (78%, 24hr) | (24%, 4days) | (80%, 24hr)
ﬁ
—23%ee 33%ee 41%ee 20%ee
(67%, 48hr) | (82%, 12hr) | (3%, Bdays) | (72%, 48hr)
HN/\/// —8%ee £ t B8%ee
N | (54%, 24hr) - n- (23%, 7days)
nt. nt. ni. 10%ee

(139, 6hr)

The values in the table show the optical purity (%ee).
The parenthesized values in the table show the vield (%) and the reaction time.
In the optical purity, the values with — show that a product having the opposite configuration

was ohtained.

The n.t. shows that no experiment was performed.
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20 191 Table 32 the phase-transfer Yield of Optical
catal yst Anpbunt of Reaction Purity of obtained in
TBAB time conpound 21 conpound Exanple 1 (nol % *|

(hr) W21 (mol%*1 (%e) Exanple 28 0.05 no 4 87 99
Exanple 29 0.01 no 26 41 97 Exanple 30 0.005 no 26 29
94 Exanple 31 005 0.05 1.5 99 94 Exanple 32 0.05
0.025 1.5 91 95 Exanpl e 33 005 91 96 0167 2 *1 Based

e cor dFRES & PR o Hast ot mhpsh PRt Gad gie used

henyl al ani ne tert-bu St henone
&l 308 ¥ e rRlan gt et Wes P RheLIRBER even
better opt| cal purity. Furthernore, when TBAB is used
in conbi nation as a cocatal yst 15 (Exan'pl es 31 to 33),

Eﬁ%aéﬂi d 9%: PPBQR olny UiNe GaMRRUNG g?d?ﬂﬁe of the

|rrpro and the r i'me up to achi eV| n

’ﬁ'?g?élﬁe?ﬁﬁgf ﬁ?%i&@gusé& utﬁm time. <Exanple 34:

olysis tert ester> 20 0 0
phase-transfer catalyst

Ph

50%KOH
>= N\/K e e :
PH oBut toluene

0°C

Y

(20)

Glycine‘ tert-butyl ester benzophenone Schiff base (compound 20)
(88.6 mg, 0.3 mmol), the phase-transfer catalyst (compound 7) obtéined
in Example 1 in 0.05 mol % to the compound 20, 50% potassium
hydroxide aqueous solution (1.0 mL), and toluene (3.0 mL) were mixed,
and benzyl bromide (43 pg, 0.36 mmol) was added dropwise at 0°C.
Aftor stirring vigorously at 0°C over 4 hours, the reaction no.ixture was
poured into water, and extracted with ether. The ether extroct was
washed with saturated brine, dried over sodium sulfate and concentrated
under reduced pressure. The oily residue was subjected to silica gel
column chromatography (eluted with ether/hexane = 1/10) to give
(R)-phenylalanine tert-butyl ester benzophenone Schiff base {(compound
21). The optical purity of the obtained product was analyzed by HPLC
[Daicel Chiralcel OD; eluent: hexane/2-propanol = 100 : 1, flow rate: 0.5
mL /min; retention time: (R)-form = 14.8 min, (S)- form 28.2 min].

The yield and the optical purity of the obtamed compound 21 are
shown in Table 32.

<Example 29: a-Benzylation (2) in which the amount of _the
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H2N OBU 1) 5N KOH 2N OH H Ph 2) 2N HClI H3C Ph (9)
pH 6.0 (40) 25 To the benzyl ated product (conmpound 9)
obtai ned by either one of Exanple 2, 21 or 22, a 5N
pot assi um hydr oxi de aqueous sol ution (an excessive
anmount with respect to the conpound 9) is added, and
the 192 mxture is stirred for one hour until the
sol uti on beconmes uniformon a water bath at 40'C to
to,roomte erature 2N

Bfgﬂ?%é?ﬁ‘ ?Ecg%rlgig‘?’ﬁs%b%ﬂe mE&sqd” tlfﬁe pH reaches 6.0.

A

Sol ot R PhEH ﬂ?%}ﬁﬁ%ﬁ%@? %:331 gg%ﬁ%rlq%;ec' hft%%%f;?n Elcﬁlff base
CRERRBE e by inei 6 S %ﬁ%f% dimeagigp gy the same
\é?fﬂé'rgzm i ﬁ@iﬂﬁ]@xﬁgeﬁ@é@o hﬁlo%n‘(?izr%dty d fhds&Pfhnsfer

I'cal pur ol ysi's

S gl 0o U BB A0 8

&lmb&uRALE0 NSl ithad tﬁg%alé'tﬁhdtﬁi@v@e@ QG%oﬂér ! %é Bield and

the sane manner as in Exanple 34, except that the

tHd ¥hEEL0p RFieH 6€the CHOARRUNEIIPIURR A AROshdwia R ife 32.
23 is used instead of the benzylated product

(conpound 9) obtained by either one of Exanple 2, 21

. or 22. 20 <Exanple 36: Hydrolysis (3) of tert-butyl

<Exersple B0:H @Bendyléfibn OB) L SWIKEH GHe 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 reaction time was 26 hours. The yield and

the optical purity of the obtained compound 21 are shown in Table 32.

<Example 31: oa-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 yield and the

optical purity of the obtained compound 21 are shown in Table 32.
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2) 2N HC Ph _Ph pH 6.0 Ph"' Ph 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 cinnanylated 193 product (conmpound 36)
obtained in Exanple 24 is used instead of the

benzyl ated product (conpound 9) obtained by either one
of Exanple 2, 21 or 22. 5 <kExanple 37: Hydrol ysis (4)

RESaPHp ?53 u%il esﬁéﬁgylgﬁ%@ gl(ﬁ?g ?%g)wolelﬁg) 53{% s ?Nnaf the
PhasEsien gggtalggiug0@%&@?%;5@'@5a{ hﬁgrlhé .
37 i .
E&Zﬁé{@z@ﬁﬁwb éﬁn}“éiéteéviﬁnrfﬁeﬁft fateh, @%ﬁ%‘gﬁ%ao%%‘o&aaff base
t t 2,2
(EHPRYEE 2D, SR ISR st QR SRR B the same
%gf\li or %%Qn E‘yal}_ln ‘ U&&EX?&%t%tﬁgﬁl a(a'dm%ﬂ tgotﬁe Eﬁagé'tra'nsfer

catalyst (compound 7) obtained in Example I, 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.

<Example 33: oa-Benzylation (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

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.
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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 88), the yield of the optically active compound 21 can be

improved, and the reaction time up to achieving this can be also reduced

af the same time.

<Example 34: Hydrolysis (1) of tert-butyl ester>

20

25

15N KOH  HaN

2) 2N HCI
pH 6.0

H3C

(40)

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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R5~tR-\ RB R4 R RT RZW 10 wherein R1, R1',

R2, R, R3, R3'", R4, R4, R5, R5', R6, and Ware groups

i ndependently selected fromthe group consisting of. W

a hydrogen atom (ii) -NR20R21 (where R20 and R21 are

each independently a 15 hydrogen atomor a Cl to (4

al kyl group); (iii) a cyano group; (iv) a nitro

group; (v) a carbanoyl group (vi) an N-(Ci to C4

al kyl ) car banoy] _group; 1) anNN—dl to

m& FhahBsA {igqroe}se I{O\Hr. wtﬁ NhesrdugRe Pecol%eft gnaf%? on a

eata wpthgpo b L R AR R i atpepTatie, 2N

Brditbmcrs m g, agé%ﬂr@' KB Rapea g T A confirming
h b hed

@ve %F%ch%(?cr OyRt té)){'lg%n)pn?% a? 13 rlgspu%lc?n 1%rst1 "Eé@né&rﬁl %%@e coo mg for

§'§ | eaSOf tﬂl% ?lg Cl%llt tﬁgr%uD;Flrom (?h SHPSHakHbgd thhh ethanol

t one g fect ed e group consisting

pprép&aga a%ﬁoﬁ:ﬂt)al kpile GF-QHATS Qgé o{)f?%c}] c% %JV @n&!}@r‘i’ugh? to give

oxy group that may
the compound 40 in a good yield and optical purity.

<Example 35: Hydrolysis (2) of tert-butyl ester>

3 osu! 1)SNKOH PN g,

P 2) 2N HCI ot

The compound 41 is obtained in a gbod vield and optical purity in
the same manner as in Example 34, except that the allylated product
(compound 35) obtained in Example 28 is used instead of the benzylated

product {(compound 9) obtained by either one of Example 2, 21 or 22.

<Example 36: Hydrolysis (8) of tert-butyl ester>
5 _

HoN
OBu! 1) SN KOH

\ 2) 2N HCl
Ph  pH6.0

//[, -

Ph

(42)

(36)

The compound 42 is obtained in a good yield and optical purity in

the same manner as in Example 34, except that the cinnamylated
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an aryl. group that may be substituted with a G to C4
al kyl group that may be branched, a cyano group,
-NR20OR21 (where R20 and R21 are each independently a
hydrogen atomor a Cl1 to C4 alkyl. group), a nitro 10
group, 6 carbanoyl group, an N-(C to C4

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

al kyl ) car banmoyl group, or -NHCORO (V\/nere ROis acClto

Slodhdy gcogﬁ &Bld'%f% 6;% ﬁg%%am le C1¥a199 t}%lt%’ad of the

- NR20R2 ere are ea e ehden

bydrPeesd plaédaétogébﬁf pdurfd 9 O n@h“t%sl %ghgy Bhe of Bddfple 2, 21
group, carbanoyl group, an a t

al kgl ) car banoyl group, an N, N—di (G to 4

al kyl ) car banoyl group, 20 -NHCOR9 (where RO is a G to

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

atom (xiii) a heteroaral kyl group having a

WExannaleyd7: Hydetlysisvde oéitert-binglketesoaryl noiety nay

be substituted wth at |east one group 25 selected
fromthe group gonsisting of. a C1 to C4 al kyl
that mayHgR . br hed, a G to C5 al koxyHg
may be branched, QB@ an ary) 5NrKOB t hat _
substltuted\w h a Cl to G4 atkyl—group thaf

br anchegh -4 cyano Noup, - NZIRHCI wher e R20 an
are eacF‘11 i ndependent!ly a hydr_gg@n atonPbr a C1 to
al kyl group), a nitro group, ar banoyl group, an
N(dd to 4 Zzﬁt);l)carbarmyl group, an 5 N, N-di (43) to
C4 al kyl ) car group, or -NHCOR9 (vvhere ROis a

gr ou%ﬁ Xinp unlépﬁl r1]sa tobtaﬁae% 1nbar1 agr(])((:)g yield gngyoapr%?cal purity in

the same manner as in Example 34, except that the propargylated
product (compound 37) obtained in Example 25 is used instead of the

benzylated product (compound 9) obtained by either one of Example 2, 21
or 22.

<Example 38: Hydrolysis (5) of tert-butyl ester>

OBt 1)SNKOH oM
COOBU'  2)2NHCI o P
pH 6.0
38) | (a4)

The compound 44 is obtained in a good yield and optical purity in
the same manner as in Example 34, except that the
tert-butoxycarbonylmethylated product (compound 38) obtained in

Example 26 is used instead of the benzylated product (compound 9) .
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-NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a G to C4 alkyl group), 10 a nitro
group, a carbanoyl group, an N-(C to C4
al kyl ) car banoyl group, an N,N-di (A to C4
al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4
al kyl group that may be 15 branched), and a hal ogen
atom (xiv) an aryl group, wherein the aryl group may
substituted wt ne roup selected from
P '@lﬁ?éi’éf‘%} %"f%’f‘?ﬁ’g laecé EB 2al kyl group that
may be branched, 20 a Cl to C5 al koxy group that may
be branched, an aryl group that may be substituted

| kyl group that may be branched, a
mé\ Str]ga%}ﬂ?%%ﬁg 1 (vvhere R20 and R21 are each

' ndepe—fiﬂg rHlje eﬁlt ri}ﬂ@éﬁ%%ﬂ c())vn1q L acgéllzal u%ﬁm%e Iniéﬁ(s&r catalyst

group),
S B B o
cﬁic‘éﬂ' b%z%uﬁ'e%"i“ Y h e cfo R%%S&?s@ea %Bantional

98 . NR2OR21 (where R20 an are eac pen ent

@Jxﬁjﬂgﬁﬂ&eﬂvm@hof@dﬁce@ Hhe teBsfA BLkyla Qﬂ]ﬂié%)tran@férr Patalyst is
group, car barmyl group, 5 an N(CG to

wdisyhyefal tf@ﬂ@ htlE QY R oa N Qirh o h@ld%d derivatives thereof
al kyDcar bam)y group, (where RO is a Cl to 4 :
anh & yot, cgdtialioy I & e ey abﬁ:l difchﬂ@hﬂ;@)tives thereof. The amino acid
and derivatives thereof play a special role in the design of a peptide
having enhanced characteristics as an effective enzyme inhibitor and as
a chiral structure block for synthesis of compounds having various

biological activities. 'Therefore, the present invention is useful for

development of novel foods or pharmaceuticals.
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a hal ogen atom and 10 -S(On-R (where nis 0, 1 or 2,
and Ris a C to C alkyl group that my be
branched); or may be substituted with -0-(CH2) m O-
(where mis 1 or 2) at positions 3 and 4 taken
together;. and (xv) a heteroaryl group, wherein the
heteroaryl group may be 15 substituted with at | east
one group selected fromthe group consisting of.’' c
to C4 al kyl group that may ge Er nched, Cl to C5

al koxy group that may be b , 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

nd ,R21 are .20 _each i ndepend lLy. a hydr t.om.or
o i B n R By YR ol DL RO
group, an N-(Cl to C4 af kyl)carbanoyl group, an

N, N-di (A to C4 al kyl yrar b&noyl group, or -NHCOR9
(where RO is a ClRto A gfoup that may be
branched), a cyano 0 “NR20R21 (where R20 and
hydrogen7 atomor a Cl to
C4 al kyl group), NI 1997a carbanoyl group,
an N-(O to C4 al kylRec grDip, & N Ndi (T to
C4 al kyl ) car bano 1E6UR N 0 (Where RO is a Cl to
4 al kyl group that 3 branched), and a hal ogen
atom R7 and R8 are- mdependent |y sel ected from
the group consi st'tng

." IWa'ydrogen atom

R® R? (1)
wherein R?, RY, R?, R?, R3, R¥%, R4, R¥, RS, R¥, RS, and RS are groups
independently Selectéd from the group consisting of:

(i) a hydrogen atom;

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

(iii) a cyano group;

(iv) a nitro group;

- {v) a carbamoyl group;

(vi) an N-(C1 to C4 alkyDecarbamoyl group;

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

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

(ix) a Ci1 to Cs alkyl group that may be branched or form a cyclic
group:

(x) a Cz to Cg alkenyl group that may be branched or form a cyclic
groups |

(xi) a Cz to C¢ alkynyl group that\may.be branched or form a
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10 (ii) a C to Cl2 alkyl group that may be branched
or forma cyclic group; (iii) a C to G 2 al kenyl
group that may be branched or forma cyclic group; GO
a C to Cl12 al kynyl group that may be branched or form
a 15 cyclic group; Man aryl group, wherein the aryl
- group may be substituted with at |east one group
seI ected fromthe group consisting of." C to 4
g%ﬁgfp that may be branched, C to C5 al koxy
oup may be branched, 20 an aryl -group that may

b b ool dhCHAlAA Boleh WnEeB By SiPoiddobs TR arallyl
Bufiay s@%*ab pdeRsPdent by 1@a§%yod£[e°g&pwg§@%@gr Bl t%% group

al kyl” group), a nitro group,
dbrdihtihe 484 al kyl ) carbanoyl group, an N Ndi(C to C4
al kyl ) car banmoyl group, or -NHCOR9 (where RO is a G to

5 25 C4 aldoto Of aUeyItdatpatisaPanshethedd Cyano
group, -Nmomluﬁfm%?epmo anEd&R21 are eacth

i ndependartol @5 alkuss @oep th?a(tqnaszq:m BfarfcHel, t0 C4 al kyl

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

C4 al kan pepl promy Ehar oisy, b6 sabshithbed ¢Ah bC b C4 alkyl group
al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl t %4

tatymaygbe lpratichedmaycsmo praushedR2ORM dwehérel R@Oeand R2! are
atonm (vi) a heteroaryl group, wherein the heteroaryl
efchupn nsentho ashpdrdgent atbmi drha of: teddt alkyd goowp, a nitro
sel ected fromthe group conS| sting of’
10 group, a carbamoyl group, an N-(C: to Cq alkyl)carbamoyl group, an
N,N-di(C1 to C4 alkyDcarbamoyl group, or -NHCOR? (where R? is a C; to
Cs4 alkyl group that may be branched),
a cyano group,
-NR20R21 (where R2® and R2! are each independently a hydrogen
15 atom or a C; to Cs4 alkyl group),
| a nitro group,
a carbamoyl group,
an N-(C; to Cs alkyl)carbamoyl group,
an N,N-di(C; to Cs alkyl)carbamoyl group,
20 -NHCOR? (where R? is a C;1 to Cs4 alkyl group that may be
branched), and
a halogen atom;
(xiii) a heteroaralkyl group having a hetercaryl moiety, wherein
the heteroaryl moiety may be substituted with at least one group
25 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,
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Cl to &4 alkyl group that may be branched, Cl to C5
al koxy group that may be branched, an aryl group that
may be substituted with a C1L to C4 al kyl group that
may be branched, a cyano group, -NR20R21 (where R20
and R21 are 15 each independently a hydrogen atom or
a G to C4 alkyl group), a nitro group, a carbanoyl.
group, an NN(Cl to C4 alkyl)carbannyl group, an

(N\Mlzlé(rjleégg arSfP g léﬁiltiﬂﬁlc )n‘@;; B L@Wst?c%@é’(?%i?{l y B?%?@; alkyl group
bk 2 &8 he @raﬁ'}@ﬁﬁ gf Qﬁr'é)ﬁxy E‘é%r ogen ﬁel%zgiza%%dt R21 are

R21 are each | ndepéndent m or a

Gdclalikiibp g Aitly =2 ‘ ce : n
N-((:Cll to A kB);I )?glri%g%é&ﬁg’%oﬂ%,a Q@'@{Ialﬁj}dpgéu@ a nitro

Glowd kil pesdangly kroaplan NKODRS OWang IR rbanibyPleld
C4 al kyl group thlgf rrlgy gle ranchggh n;zyn)(;@[r Ylgidlp, an

Mo Nogd (1 ab By alksil)darbatd)l, MRbQ?Nnge(vﬁhé}eaRd ifa Cy to

are groups independently selected fromthe group
Cemdkylk gropothat(hpysbdpeandad)atom 5 (2) a G to C4
al kyl group that may be branched; (3) a C2 to C6
al keny# cganagroupt nmay be br anched or form cyclic
20 ko oSt S BFemenbe i drogen
roup erei.n the aryl noiety of the aralkyl group

%W@é %\Eb§9lq4lﬁ@ 1 grewpht | east one group sel ected
from a nitro group,

a carbamoyl group,

an N-(Ci to C4 alkyDcarbamoyl group,

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

-NHCOR? (where R9 is a Ci1 to Cs alkyl group that may be
branched), and

a halogen atom;

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

a Ci1 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 C1 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 C; to Cs alkyl group), a nitro
group, a carbamoyl group, an N-(C: to Cs alkyDcarbamoyl group, an
N,N-di(C: to C4 alkyl)carbamoyl group, or -NHCOR?® (where R? is a C; to
Cq4 alkyl group that may be branched),

a cyano group,
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the group consisting of: G to C4 alkyl group that
may be branched, C to C5 al koxy group that may be
branched, 15 an 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

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

| g|4 k ;l: ;ﬁg%%mrg u %,E(P %F"d- Me%gp@e%grﬁ%ﬂysa Jiydrogen

0. A ~alky, oyp_that may be branched), a cyano
g%%%po,r?@gé"lg{ '8YR20 and R21 are each

I ndepe I hydrogen atomor a Cl1 to C4 al kyl
group)?qlg% I}Og]lp(jroup, 25 a carbanoyl group, an N-(Ci

to &4 al group, an NNN-di (G to C4
al ky|)§§?‘é%%’%??pgﬁ%, 202 - NHCORO (where R9 is a Cl

to C4 ahhydcgroup, %ﬂkﬁﬂ)cqﬁuaﬁ%ﬂgmghed), and a

hal ogen atom (6) eteroara ‘oup having a

het er ogh W, NV @ Y0 CP aRA@irbabiy1Nabepoar yl noiety
may be substituted wth at | east ‘one group sel ected

from tIHEARY GansicsHINGs of :CR 16 (1,0 aldyRldeYhp IFIMP may be
that may be branched, a Cl to C5 al koxy group t hat
beandbeddr anched, an aryl group that nmay be substituted
with a G to C 10 alkyl group that may be branched,
a cyardhglagem atdiR26R@1 (where R20 and R21 are each
i ndependent|y a hydrogen atomor a Cl1 to C4 alkyl
gr oup)-S(@)nRt tvobereonps Ga lear BaanyIR gs aud; taCsMlkel gtoup that
4 al kgl ) car banoyl
may be ranched?;
or may be substituted with -O-(CHa)m O- (where m is 1 or 2) at positions
3 and 4 taken together; and

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

a Ci to Cy4 alkyl group that may be branched, '

a Ci1 to C;5 alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cs alkyl group
that may be branched, a cyano group, -NR2R?! (where R20 and R2! are
each independently a hydrogen atom or a Clwto C4 alkyl group), a nitro
group, a carbamoyl group, an N-(C: to C4 alkyDearbamoyl group, an
N,N-di(C1 to Cs alkyl)carbamoyl group, or -NHCOR? (where R? is a Cy to
Cs alkyl group that may be branched),

a cyano group,

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

a nitro group,
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| group, an N,N-di (O to C4 al kyl)carbanmoyl group, or

-NHCOR9 (where RO is a G to &4 al kyl group that may
be branched), 15 a cyano group, -NR20R21 (where R20
and R21 are each independently a hydrogen atomor a
Cl to &4 alkyl group), nitro group, carbanoyl group,
20 an N-(Cl to &4 al kyl) carbanoyl group, an N, N-di (C
to C4 al kyl)carbanoyl group, -NHCOR9 (where RO is a Cl
to &4 alk r oyp that may be branched), and a

hal ogeﬁcﬁbﬁ&‘ g &9YPan aryl group, wherein the aryl

A o P@Ekageé“ﬁo%a%% st e oo,
203 Ci c5
. kzgyggﬁsagwazﬁm%w% s ots cha
C
ey b RHSOR UL U 2L L0 £ R SO LAY e

BpghEck)agageach i ndependently a hydrogen atomor a G
to C4 alkyl 5 group), a nitro group, a carbanoyl

group, g Haldbkdhtd®; C4 al kyl ) carbanoyl  group, an
N, Ndi (O to C4 al kyl)carbanoyl group, or -NHCOR9

- Rihaid ROard graupd ihfehén @l @&éﬁt@dtﬂ%@ﬁa Ry é}%up Rczoilsmtmg

branched), a cyano group, -NR20R21 (where R20 and
af:e each independently a 10 hydrogen atomor a G to
4 al kél group), a nitro group, a carbanoyl group, an
N- (G (bal®yydaiokyh)atanbamoyl group,

(i) a Cy to C12 alkyl group that may be branched or form a cyclic
group;

(iii) a C» to Ci2 alkenyl group that may be branched or form a
cyclic group;

(v) a Cz to Ci2 alkynyl grbup that may be branched or form a
cyelic group;

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

a Cl to Cq alkyl group that may be branched,

a Ci1 to Cs alkoxy group that may be branched,

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

a cyano group,

NR20Rz21 (Where R2?0 and R?! are each independently a hydrogen
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an N,N-di (O to C4 al kyl)carbanoyl group, 15 - NHCOR9
(where RO is a G to C4 alkyl group that may be
branched), and a hal ogen atom and (8) a heteroaryl
group, wherein the heteroaryl group may 20 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 ar that may be substituted with
atam orq Ea to éé&@ r@?&ap that may be branched, a
cyano % - NR20R21 (where R20 and R21 are each

i ndepehdeH §7°%Phydr ogen atomor a ClL to C4 al kyl

gr oup) 2 nitro, grou a carbanoyl group, an N-(Cl to
C4 al KyI°¢ E%?Iﬁg%gf I;204 group, an N,N-di (O to C4

¥ Lk&)gﬁﬁ‘??@oé#&d%ﬂ?‘@Fa%amw bhed) - a cyano
group, 5 %}(dl\’\%egf%ﬁéq)caﬁ@a%lﬁrrgu ach f

|ndepen ent en atom’or a to C4 al kyl
9f°Up)~NHEJ(§R9 @R, RoCH bﬁr@}"togmumk Nohb il thet Gay be
al kyl ) car banoyl group, an (d to

Q}Agyd})éaqrgﬁgoyl group, 10 - NHC(RQ (where RO is a G to
C4 al kyl " group that may be branched), and a hal ogen

atom g dadoged Bt@A; i nteger from1l to 12); (viii)
-(CH2), CONR12R 3 (where R12 and R13 are groups

(v1) a heteroaryl group, wherein the heteroaryl 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 C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C1 to Cq4 alkyl group
that may be branched, a cyano group, -NR20R2! (where R20 and R2?! are
each independently a hydrogen atom or a Ci to Cs alkyl group), a nitro
group, a carbamoyl group, an N-(C: to Cs alkyllcarbamoyl group, an
N,N-di(C1 to Cs alkyl)carbamoyl group, or -NHCORS? (where R? is a Ci to
Cs alkyl group that may be branched),

a cyano group,

-NR20R?! (where R20 and R?2! are each independently a hydrogen
atom or a C1 to Cs alkyl group),

da nitro group,

a carbamoyl group,

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

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

-NHCOR? (where R® is a Ci to Ci alkyl group that may be
branched), and
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15 i ndependently 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 substituted with at | east one group
selected fromthe group consisting of. 20a Cl to (4
al kyl group that may be branched, a CI to C5 al koxy
group that may be branched, an aryl group that may be
substitglqd Wi t h a .Cl to ¢4 alkyl group that may be
br anch& 3™r oup, -NR20R21 (where R20 and R21

S{Eyfag‘@)'gr”gﬁﬁfzwd@@ﬁwg" U ke PR gRblipaFan eroups
PP il il
e sty

Ci

group), a nitro group, oup,

~to C4 al kyl )(@rab@%}zﬂCegﬁW?%hﬂh%%(&a Géalnchedcnr form

al kyl ) car banmoyl group, ere

alcylic giroup ;t hat may be branched), and 10 a hal ogen

atom and (4) a heteroaryl group, wherein the

heteroaryl gudupCray Chgllsuls tdrbupathavihhy He bRashed 6 form

group selected fromthe group consisting of. a Cl to
T4yalikgrogp oup that may be branched, 15 a Cl to C5
al koxy gr oup that may be branched,

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

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

a nitro group,

a carbamoyl group,

an N-(C: to Cs alkyDcarbamoyl group,
an N,N-di(C: to Cs alkyl)carbamoyl group,
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an aryl group that may be substituted with a G to 4
al kyl group that may be branched, a eyano group,
-NR20R2' (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-(Cd to C4

al kyl ) carbanoyl 20 group, an NNN-di (A to 4

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

to C4 al kyl | at . m e branched), cyano

group, .NR20 %2?@}1%‘%}%&5 Lor g‘*@é\%ﬁl £roUp that may be
independent hy a hydrogen atomor a Cl1 to C4 al kyl

BF%%‘%}‘% 2808 nitro group, a carbanoyl group, an N (C

to &4 al kyl)car oup, 206 an N,N-di (G to 4
al kyl)carbarr%ya?(g%%%%?o%i\lm (where RO is a G to C4

al kyl group (ghal, HBYeRGra 1) pggﬁ%,?g{ﬂg_a{“?ﬁ%@?&hrﬂ moiety,

atom 5 and n'is an intege

witebedn NRE 2R3 2 Y e SieBl 2na)dpBISu R tet #eAURSth at least one

i ndependently sel ected fromthe group consisting of:

ElduPseAUBONA TR r6d) cBnkibtiny & al kyl group that
may be branched; 10 (3) an aryl group, wherein the

_aryl group ray,he Céb!lk%ﬂigtrﬁhpcth\ﬁittxﬁa?tbdiﬁaﬁich@ﬁ,e group

selected fromthe group consisting o Clto ™4
al kyl group 4 Ratton®y alkmxiyr @oheihat whytise bamdHeadxy
group that may be branched, an aryl group that may be
subst it ut ed am tdryh glioupotitdt mMay bk gubgtiduped watthnayC: to Ca
be branched, a cyano group, -NR2OR21 (where R20 and
syl groupathet nigpbaderatiched, ly dyagegratipm NR2RE (where R20
4 _al kyl
‘and Rﬂyare each independently a hydrogen atom or a C: to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkyl)carbamoyl
group, an N,N-di(C: to C¢ alkyl)carbamoyl group, or -NHCOR? (where R?
is 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 Ci to Cs alkyl group),

a nitro group,

a carbamoyl group,

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

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

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

 branched), and

a halogen atom;

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

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

a Ci1 to C4 alkyl group that may be branched,
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group), a nitro group, a carbanmoyl group, an NN(C to
4 al kyDecar banoyl group, an NNN-di (G to 4

al kyl ) car banmoyl group, or -NHCOR9 (where R9 is a Cl
to C4 al kyl group that may be branched), 20 a cyano
group, .NR2()R21 . (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl1 to C4 al kyl
group), nitro group, carbanmoyl group, 25 an N-(Cl to

Kyl ) val banByit: B GOATEENEBEREP Pl rsres PEanchsd o ca

RS S L RO
STkt R0 (A6 HalThe RESLOIGE' L HBRE ik, ENRAR%! (§Bre oo
SPARERY, o URAL R IR O NARERE hiom Ty KOG O i
gge;u € aSHRSH idrbtifdaWakDafh o }g&eu%&%gggyl tgféyanﬁggéarbamoyl

e branched, a cyano group, (wher e

.g%o@,dam, NHI@(BRENCl RARPR B Hrh oy g, Qﬂ'e'NHUQ{R"D (wHere R?

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

& Quly, toaly Bk gitcupChaal vl isab Panahdd), group, an
N, Ndi (O to C4 al kyl)carbanoyl group, or -NHCOR9

(where RO ia&cgafb grougd al kyl group that may be
branched), a cyano group, 15 NR20R21 (where R20 and
R21 are each NRéERNOenitey R dydrRYenrat @olorindefindently a
C4 al kyl group), nitro-group,
hydrogen atom or a C1 to Cs alkyl group),
a nitro group,
a carbamoyl group,
an N-(C; to Cz alkylearbamoyl group,
an N,N-di(C; to C4 alkylcarbamoyl group,
-NHCORS? (where R? is a C1 to C4 alkyl group that may be
branched), and
a halogen atom;
énd
(8) a heteroaryl group, wherein the heteroaryl group may

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

of:

a Ci1 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 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 Ci alkyl

group), a nitro group, a carbamoyl group, an N-(C; to C4 alkylcarbamoyl
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car banoyl group, an N-(C to C4 al kyl)carbanoyl group,
20 an N,N-di (A to C4 al kyl)carbanmoyl group, - NHCOR9
(where RO is a G to C4 alkyl group that may be
branched), and a halogen atomi and n is an integer
froml to 12); 25 W-(CH2), NR12R 3 (where R12 and R13
are groups independently selected fromthe group
consisting of: (1) a hydrogen atom 208 (2) a Cl to

oD, AT EHR G o oI erohd) g NEEORS fere B

&t o lgast ce8-ar g roup consisting
of?(ﬁa Clgto %@;@%ﬁ%ﬁ tﬁ]@\%ﬁﬁn&g%d%’e branched, 5 a
G to G5 al kpxya86@¥puphat may be branched, an aryl
group that may be substituted with a ClL to C4 al kyl

group that rayRbR2br@nedRd R28 £YAMR2GLPHPeacNFRAEBdndently a
(where R2Z0 and R21 are each independently a hydrogen

hydrogen atdsh ok C4 taltyhlkydre@up), @ nitro group, a

car banoyl group, an N-(Cl to C4 al kyl ) carbanoyl 10
group, an N dndiro@roup, C4 al kyl ) car banoyl group, or
-NHCOR9 (where RO is a G to C4 al kyl group that may
be branched)s carlearanpl grayp, NR2OR21 (where R20 and
R21 are each independently a hydrogen atomor a Cl to
C4 atkyl groamN-( StG%ialﬁml)garhmnonl gardmnoyl group,
an N-(Cl to C4_al kg!)carbam)i/l Iqroup, an N,N-di (d to
C4 al kyl ) caraaMbN-dfsup, Cs alkyllcarbamoyl 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);

(viii) -(CH;)HCONR12R13 (where R1Z and RI3 are groups

independently selected from the group consisting of:

(1) a hydrogen atom;

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

(8) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:
-a C; to C4 alkyl group that may be branched,

a Ci to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci1 to Cs
alkyl group that may be branched, a cyano group, -NR20R21 (Where R20
and R?! are each independently a hydrogen atom or a Ci to Ca 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?

1is a C; to Cs alkyl group that may be branched),
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-NHCOR9 (where RO is a C to C4 al kyl group that may
be 20 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. 25 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 nay be substituted with a
Clto 4 209 aIk I %roup that may be branched, a
cyano group, mhere R20 and R21 are each

|ndependentI¥qgmﬁ¥g g@g g;%%§§3 gﬁggpgﬁghlﬁﬁ%efn@%pﬂy a

group), a nitro grou

di(d to 4
gﬁgﬁ%ﬂarﬁgﬁmy{gﬁﬁgag?4%ﬂ{yl (i/vfwere %9 5isacCl

to C4 al kyl grg V\% ,may be branched), a cyano
group, -NR20R21H? "R20 and R21 are each

|ndependentIé{cgrbmgg,pgﬁghlgtom or a C to C4 alkyl
group), a nitro group, 10 a carbanoyl group, an N-(C

to C4 al kyl)£anpaapys (Hrélkgl)cafbﬂnbbﬂgf& to C4
al kyl ) car banoyl group, where RO i's a G to C4

al kyl group 4ma Nvay(heo ©f angﬂhsé)rbaﬁﬂgdlg@oaphal ogen

atom and nis an integer from1l to
- (CH2) nY- ORI-NHWERE (Whise B%Gls 4 ¢G4 i ‘a@kﬁngroup that may be

saturated hydrocarbon group that nay be branched, and
Riznghedd, gmdup sel ected fromthe group consisting of:

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 C1 to Cq
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C1 to Cq alkyl'
group), a nitro group, a carbﬁmoyl group, an N-(C; to Cq alkyl)carbamoyl
group, an N,N-di(C; to C. aikyl)carbamoyl group, or "NHCOR? (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group,

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

a nitro group,

a carbamoyl group,

an N-(C: to Cy alkylcarbamoyl group,
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20 (1) a hydrogen atom (2) a Cl to C4 al kyl group
that may be branched; (3) an aryl group, wherein the
aryl group may be substituted with at |east one group
selected fromthe group consisting of. a Cl to C4

al kyl group that may be branched, 25 a Cl to C5 al koxy
group that may be branched, an aryl group that may be
substituted with a Cl to C4 alkyl group that may be

%Ei‘”gik‘ild’eai‘hﬂ Rhehahtare 94“5@%%5&%‘#%?@%%%?, Z o

ca .

N (G to oF ENGRLhal Bk & AR PR ey be
9¥§%ng<q§r goyl group, or -NHCOR9 (where RO is a G

to al'’kyl "group that may be branched), 5 a cyano

group, .NRZC)EB%%M%@%%@OIBQO and R21 are each
i ndependently a ™hydrogen atomor a Cl to C4 al kyl

8hAYPIs af iRtdde? MEMUP toa2ar bamoyl group, 10 an N-(G
to &4 al kyl)carbanoyl group, an N,N-di (G to 4

al ky De@agbartyYH  gNRZCORHCORIhewherR12RO aind aRT1 tgreCA groups
al kyl group that may be branched), and a hal ogen

didupendedtliSsdlddted froiretloapyduy tongistinfgesfei n t he
het eroaryl group may be substituted with at |east one
group sel ect(@d af hydmdgea afomip consisting of: a G to
C4 al kyl group that nmay be branched, a G to C5
al koxy groug2) aa€1 besadkpt gnehe thamanbabyangredip
that may be substituted with a C1 to C4
an aryl group, wherein the aryl group may be

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

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

a Ci1 to Cs alkoxy group that may be branched,

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

’ a cyano group,

-NR2°R21 (where R20 and R2?! are each independently a
hydrogen atom or a Ci to Cs alkyl group),

a nitro group,

a carbamoyl group,

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

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

-NHCOR? (where R? is a C; to Cq alkyl group that may be
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al kyl group that may be branched, a cyano group,
-NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a G to C4 alkyl group), a nitro
group, a carbanoyl group, an N-(Cl to C4
al kyl ) carbanoyl group, an NNN-di (G to C4
al kyl ) car banoyl group, or -NHCOR9 (where RO 25 is a
Cl to &4 alkyl group that may be branched), a cyano
Ohed R21 (where R20 and R21 are each
igﬁdepéar%g%% y a 211 hydrogen atomor a C, to C4 al kyl
group) , ni € anoyl group, an N-(C to
C4 al kyl )car%g%tl)y %FQ%OL%, g%Han N,Ndi (d to 4
al kyl ) car ban@y!y geeiRarvN ; ' |
al kyl gr oup%at may bey randh&erg?%%dﬁge E%F%go(e&lﬁyia gfnffp may
badubstisuil witlegeleddtadnd ghdug ddlecldd €drh khe group consisting
-(CH2),-0OR12 (where R12 is a group selected from Phe
gf-foup consisting of. (1) a hydrogen atom (2) a Cl to
C4 al kyl group that may be branched; (3) an aryl
group, wher e @:1ttbeCaaldylgroup thmy nhey btShraubatidf ut ed
with at | east one group selected fromthe group
consi sting df Ci to (Glalkwx@4graupyihagrmup Hehlata e dbe
branched, C to C5 al koxy group that may be branched,
an aryl groun taval greypbthatubsay thet edbuiithtesdl Gfithoa @ to Ca

| kyl group that nmay be branched, a cyano
2Ny o (e

ERO¥P (Whidr mapbe mnshedraicano gaehpi r %E&jaaeewhg,re R20
%iugyl}gz’rlo E%&%}S Tﬁge%g}fya%hghgéqrgra%gg ’oraa n(IEI rtg Cs alkyl
galjo%li)’cg "8 r%ogll*oup, a carbamoyl group, an N-(C; to Cq alkyl)carbamoyl
group, an N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCOR? (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group,

“NR20R?! (where R20 and R?l are each independently a
hydrogen atom or a C: to Cs4 alkyl group),

a nitro group,

a carbamoyl group,

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

an N,N-di(C: to Cs4 alkyl)carbamoyl group,

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

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

(x) -(CH2)oNR!2R1% (where R!? and R13 are groups independently

selected from the group consisting of:

(1) a hydrogen atom;
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group, an N,N-di (O to C4 al kyl)carbanoyl group, or

-NHCOR9 (where RO is a Cl to &4 al kyl group that may
be branched), a cyano group, 25 NR20R21 (where R20 and
R21 are each independently a hydrogen atomor a Cl to
C4 al kyl group), a nitro group, 212 a carbanoyl group,
an N-(G to &4 al kyl)carbanoyl group, an NNN-di (G to
C4 al kyl) carbanoyl group, -NHCOR9 (where RO is a Cl to

C4 alkyl gr 0@ éﬂt E?tto '@yalgﬁl é?%%%%ﬁéﬁ' %?geylf Rg E;%gralcﬂgé;()gen

atom and (4 eteroar

heter oary| OGURNTEyIDE SRS HULAS Wk B! G355 OBy be

group selected from p consi'stin

@btk Rk it MR akDBhe @Muﬁ%eﬁ%ﬁ@& Figry thl% %ﬂoal gc%%zsé%ting of:

al koxy group that may be branc an ary
may be substd QItteC IV &rElip t®a®n stk t
Hy1&rblpithal N%QORéﬁra(n\%%QHP

hat
may be branched, a cyano, group, - ere R20
and R21 are ®8ho Cylen@rgeniy thadtndapirbatRiRear a G

to C4 alkyl 15 group), a nitro group, a carbanoyl.
group, an NdClatyd @éual Kyt eedpIO¥ubsgt@tsd wibh a Ci1 to Cq
N,N-di (C to C4 al kyl)carbanoyl group, or -NHCOR9
{ivérayor9 that magi bedbr@hchkllyh. cyrmugrotipt -NRPORE (where R20
branched), a cyano group, -NR20R2' (where R20 and R21
and Bcare maspeidtapengeatly?@ hydragmen savmnmoora aCClot O, alkyl
A aBkyI .group), nitro group, carbanmyl group,
group), & nifro group, a carbamoyl group, an N-(C; to Cq alkyDcarbamoyl
group, an N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCOR?® (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group,

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

~ a nitro group,

a carbamoyl group,

an N-(Ci to Cy alkyl)carbamoy! group,

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

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

a halogen atom; and

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

a C1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be .branched,

an aryl group that may be substituted with a. Ci to Ca
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an NN(C to C4 al kyl)carbanmoyl group, an N, N-di (O to

4 al kyl ) carbanoyl group, 25 -NHCOR9 (where RO is a C

to C4 al kyl group that may be branched), and a hal ogen
atom 213 and n is an integer from1l to 12); (xiii)
-(CH2).-S-RI2 (where R12 is a group selected fromthe
group consisting of: (1) a hydrogen atom 5 (2) a G

to C4 al kyl group that may be branched; (3) an aryl.
alIeHPer MR BAD i @B{-aﬂ&gﬁ? AR aﬁlg RS LiNpboRS: \WhBre R20
at | I ontt e%

east one group selected fr roup consisting

ahd R2ChrbOcdeh dhiype Sty tPay dRYRE d 1
to C5 al koxy group %at may be *br agghe%gr?g&g% grlytlg Cs alkyl

growy), tehattrogyohip, 8WashaidyeE¥ihhad 64T 30@, agilrg)iéarbamoyl

.group that may be branched, a cyano group, -NR2

gy, ea iR, N-di(C;R1Cangk gRedybantependent, lor -NHYGRU6Fhere R?
atomor a G to C4 alkyl group), a nitro group, a
taa KantwyC4 gilogipgroap fatGhat beBratdhdd) car banoyl
group, an N,Ndi (A to C4 al kyDcar banoyl group, or

- NHCOR9 (wher ey®80 gitdups a Cl to C4 al kyl group that
may be branched oup, .NR20R21 (where R20

a cyano gr
- and R21 are '%E%tho(é‘{imn%g&zl’ yard R3ideogeenclt amlepemdently a

Cl.to C4 alkyl group), a_nitro group, 20 a carbanoyl
Brdipgenaptaw cer Co tef walkyl gravbhnoyl group, an

N, N-di (O to C4 al kyl)carbanmoyl group, -NHCOR9 (where
ROis a G tHMHOLFRYP, group that may be

a carbamoyl group,

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

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

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

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

(xi) -(CH2):Y-OR!2 (where Y is a C; to Cs divalent saturated
hydrocarbon group that may be branched, and R!2 is a group selected
from the group consisting of: -

(1) a hydrogen atom; |

(2) a C1 to Cy 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,

a Ci1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C1 to Ca

“alkyl group that may be branched, a cyano group, -NR20R2! (where R20
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_|n epende

branched), and 25 a hal ogen atom and (4) a
heteroaryl. group, wherein the heteroaryl group nay

be substituted with at | east one group selected from
the group consisting 214 of' G to C4 al kyl group
that may be branched, Cl to C5 al koxy group that may
be branched, an aryl group that may be substituted
with a Cl to C4 5 alkyl group that may be branched, a

GHANR20 Cfﬁ%?f&}lﬁﬂi%ﬁﬁ%&h&é’ﬂ? '%pdro%%% 5?01 aff TR0 & kafhto Cs alkyl

ogen at om

)) ya] g"ht% rguglr QWrb Aol %qﬁlﬁﬁﬁ g,ﬂr%%l t%crgi\kaiﬁ)éa%bamoyl

car gr oup,

%&gﬁ) &ﬁww 19deQQ’a1E§I)c %;? o?aNH@cm@(where RS
al kyl group that may ranc a cyano

& AU, to DRAIRA1{oMerientRAR atmbﬁ?ﬂcl?é each
i ndependent I(P]E/?lag hydr ogen gtom or a éai to ¢4 al kyl
group), nitgeyghewyroupcarbanoyl group, 15 an N-(C to
C4 al kyl) carbanoyl group, an NNN-di (d to C4
al kyl ) car bamiyR2qt% ufivhe AHEERIat M RPe a8 bscla iGdeponéntly a
al kyl group that may be branched), and a hal ogen
hydmpgerRatandrm (8 tarC4 aﬂlkg@@roﬁphm 1to 12); (xiv)
-(CH2)n-SO R12 (where R12 is a group selected fromthe

‘group consiamiiny gfoup, (1) a hydrogen atom (2) a Cl

to C4 al kyl group that may be branched,;
a carbamoyl group,

an N-(C1 to Cs alkyl)carbamoyl group,
“an N,N-di(C; to Cs alkylcarbamoy! 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

be sub\stituted with at least one group selected from the group consisting

of:

a C1 to C4 alkyl group that may be branched,

a Cy to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to Ca
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R21 are each indépendently a hydrogen atom or a Ci to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(Ci to Ca alkyl)carbamoyl
group, an N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCORS? (where R
is a Cy to C4 alkyl group that may be branched),

a cyano group, |

‘NR20R2! (where R20 and R?! are each independently a
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25 (3) an aryl group, wherein the aryl 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, 215 a G to C5 al koxy group that nmay be
branched, an aryl group that nmay be substituted with a
Clto & alkyl group that may be branched, a cyano
group, -NR20R21 (where R20 and R21 are each

[ y a rogens.at:omoryva Cl to C4 al kyl 5
&%ﬁg?&gg@#ntorroalglo pe4 A0 O group, an N-(C to

C4 al kyl) car qﬂpy oup, an NNN-di(d to C4 :
al kyl)carbam%y gdr {Jopqi{p’or -NHCOR9 (where RO is a Cl

aroup, - NooRL (aRSPE WP ana R21 are bach "
i ndependent | ¥naN-(&9Q tQ@JQ&g@cgggg%n%gl %r&}p,t o G4 al kyl
yl group,

group), a nitro group, a carbano an N(d to

C4 al kyl : '
al kyl ) car RamoN- dgf@UR, C?%l%l%a‘i‘(b@ﬂmﬁ%gﬂp,

al kyl ) car banoyl group, 15 wher'e IsacClto
C4 al kyl gr opHIOGR? fhebs Rovisancheg) 04%.'].‘Eylﬁgﬂﬁhpgﬁﬁt may be

atom and (4) a heteroaryl group, wherein the
hedarcloat)ybndr oup may be substituted with at |east one
group selected fromthe group consisting 20 of: a G

to C4 al kyl ghalpgdrhatomby be branched, a Cl to C5

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

aag s snbstegertfzdmad td 12)C1 to C4  al kyl group that

may be, branched, a cyano group, -NR20R21 (where R20

25 and(A"‘F'llﬁl'?Qi[‘Iﬁ2 © &9 % Gwdw@nﬁéﬁis ¢ ardudselpetedtfoomotheagroup
Cl to . C4 0%! kyl

consisting
(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:

a Ci to C4 alkyl group that may be branched,

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

an aryl group that may be substituted with a C; to Ca
alkyl group that may be branched, a cyano group, -NR20R2l (where R20
and R are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cy4 alkyl)carbamoyl
group, an N,N-di(Ci to Cs alkyDcarbamoyl group, or -NHCORS? (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group,

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

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

al kyl ) car banmoyl group, or -NHCOR9 (where RO 216 is a
Cl to &4 alkyl group that may be branched), a cyano
group, .NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl1 to C4 al kyl
group), 5.a nitro group, a carbanoyl group, an N (Cl

t:tycl“) 2%5%2%3‘3%%9@4”%6%1, Hfibore (wher e RO t:?:: o o
at o?/n gnd ﬁ Ei“%ﬁir@?ﬁ? gg’ee}&?pgfanﬂgﬁpgwl%ﬂignd (xv)g
-(CH2), - 802-51 gq, & tlg]@ﬁéﬁi}%&ggﬁ%ﬁglgggﬁhgd from

the group consi’sting or. tom (2)

a G to G ml\h‘ﬂb@ﬁﬁ?‘ﬁﬂep@ﬁ”ﬁy&l@q tor epGmed: gdodp Mat may be
aryl group, wherein the aryl group nmay be " substituted
Bihihcdq)! gagt one group selected fromthe group

.consisting of: a G to C4 alkyl group that may be

branched, 20, afbgdPatdmabkaxy group that nay be
branched, an aryl group that nay be substituted with a

Cl to C4 al{yla beesparhibpromy, Whebsiantie theta@roayshgroup may
group, -NR20R21 (where R20 and R21 are each o
bedependanid with hy de agemeateompsebc@id fmnt4bal gypup consisting
group), a nitro group, a carbanmoyl group, an N-(Cl to

&2 al kyl ) carbanmoyl 25 group, an N, N-di (G to 4

al kyl) car banmoyl group, or -NHCOR9 (where RO _is a Cl

to C4 al kyl giCaue €hatkytegronp thesrohedye branched,

a C1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a Ci to Gy
alkyl group that may be branched, a cyano group, -NR2(R%! (Where R20
and R2! are each independently a hydrogen atom or a Ci to Ca alksrl
group), a nitro group, a carbamoyl group, an N-(Cy to C¢ alkylcarbamoyl
group, an N,N-di(C1 to C¢ alkyl)carbamoyl group, or -NHCOR?® (where R®
is a C1 to Cs alkyl group that may be branched),
a cyano group,
- -NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a Ci1 to Cq alkyl group),
. a nitro group,
a carbamoyl group,
an N-(C1 to Cy alkyl)carbamoyl group,
an N,N-di(C; to C4 alkyl)carbamoyl group,
-NHCOR? (where R? is a Ci to C4 alkyl group that may be
branched), and ' |

a halogen atom:
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a cyano group, 217 .NR20R21 (where R20 and R21 are
each independently a hydrogen atomor a Cl to C4
al kyl group), nitro group, carbanoyl group, 5 an
N(GC to C4 al kyl)carbanmoyl group, an NNNdi (Cl to C4
al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4
al kyl group that may be branched),and a hal ogen atom
and 10 (4) a heteroaryl. group, wherein the heteroaryl

ghfabia dntreet a%liﬁﬁ%&nsf o |atng|_ %o "1 to o
aroup Sl R B B 2 Toheas 12 Shin rov GRIIeS HETTp Broup

g&% %guted Wi th a Cl to &4 alkyl group that nmay
FANE N a cyano group, -NR20R21 (where R20 and

R21 are eac t hydrogen atomor a G to
) AEPERARRLA bR

C4 al kyl group ro group, a carbanoyl group, an
N(GC to 4 .0 4

al (kyl ) car ban(%g:éygrgﬁp@gg?ﬂ ﬁ%@?ﬁﬁ%géé@ﬁ

Clto 4 al 0 hat. Ry n d),

group, -Nm%lg%m%r% gzo and ‘p%%&rlgr gﬁgacaﬁ'y? Bl may be

sulspRnEeRiitl =& leB¥H6R8 %‘ﬂoﬁf) QElted fﬂnttﬁe%oﬁbké@nmstmg of:
group), a nitro group, Z5 a carbanoyl group, an

to C4 al kyl )cear hardydlkgl eedup aRabNmhFbe Grahehtd,
al kyl ) car banmoyl group,

a Ci1 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, -NR2°R2! (where R20
and R?! are each independently a hydrogen atom or a Ci to Cs alkyl |
group), a nitro group, a carbamoyl group, an N-(C1 to C4 alkylecarbamoyl
group, an N,N-di(C;: to Cs alkyDcarbamoyl group, or -NHCORS® (where R?
is a C1 to Cq alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are éach independently a
hydrogen atom or a Ci to Cy4 alkyl group),r

a nitro group,

a carbamoyl group,

an N-(C1 to Cs alkyDearbamoyl group,

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

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

a halogen atom; and

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

- be substituted with at least one group selected from the group consisting
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218 -NHCOR9 (where RO is a G to C4 alkyl 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 form 5 a divalent group selected fromthe group
consisting of: -(CH2)m (where m is an integer from 2
to 8; '/-00 and \--O0 10 X- is an anion selected
fromthe group consisting of a halide anion, SCN,

504- and HF2-. 2. The conpound of claim1, wherein

, RR', R, R, R3, RT, R4, R4', R5, R5', R6, and

5
R6' of the cao@?%Hgg%%ﬁﬁﬂg%ggbte%&ke#%%%efw rﬂém%’(l) are

15 groups i ndepen the ELgr ou

consi st1 9. of O\ YRGS A MoKl b ABridHedg! OUP.

wherein the aryl group substituted wt

| east one groum$el SLRdthaPMEPeHIABRLIERNS] $HikR% of; to Cs
a Cl to 4 alkyl. group that nay be branched, 20 a Cl

A ey T r@hulpOrta tO AP bk Nt deRe do gﬁx@@ hedup APNRZIR219(HPHre R20
that may be substituted with a to &4 al kyl. group

shat R¥eyrdedehancd@rbndentlsano hgdeogen -NorDR21a (GhabeCy alkyl
R20 and R21 are each independently a hydrogen atom or

grdiip)t a G4rakkytp, gearimmonl growm o NHC: 3o G dkkybyehrbamoyl
group,-an N(C to (4 al k%l)car banoyl 25 group, an

o i aeCN, Nod 081 dbky4 byl wmayl @roupoor - NEGCRRS (where R?
(where RO is a Cl to ¢4 alkyl group that nay be
Brafotedys akkyd exavp dhetipnap be bemebrd), (where R20 and
R21 are each independently a hydrogen atomor a Cl to
C4 al kyl gr cdugyano group,
-NR2°R2! (where R20 and R2! are each independently a
hydrogen atom or a C; to Cz alkyl group),
a nitro group, |
a carbamoyl group,
an N-(C; to Cq alkylcarbamoyl group,
an N,N-di{C; to C4 alkyDcarbamoyl group,
-NHCORS? (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);
(xiv) -(CH2)a"SO-R12 (where R12 is a group selected from the group
consisting of:
(1) a hydrogen atom;
(2) a C1 to Cq alkyl group that may be branched;
(3) an aryl group, wherein the aryl group may be

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

a Ci1 to C4 alkyl group that may be branched,
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nitro group, carbanmoyl group, 5 an N(C to C4

al kyl ) carbanoyl group, an NNN-di (A to 4

al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to C4
al kyl group that may be branched), a hal ogen atom
and 10 -S(O.-R (where nis 0, 1 or 2, and Ris a C
to C4 alkyl group that may be branched); or may be

“substituted with -0-(CH2)m0- (where mis 1 or 2) at

Roteroaryl g Sino Gnapary enemari Bar i oty be
15 subst i tuted Jian it 8ASEARE 1 QURBELERI SO, 1o C.
InNg O rou

the group consi's hat

gﬁéfnlggragf f‘l‘f@f?%ﬁl Ye BPa &l kaoﬁf%ﬂ(‘i %%Bu haN 21b@Where R2o

an aryl’ group that  may ftute

G gt Rz%reaéa{% uga &J]ﬁ%y r@mﬂ%gé@%daﬁg oraacm'fm c4 alkyl
group, -NR20 ere R2 and R21 are each

ERslape aded gr@ulh,vg QB AMAED @r@lﬁp AafINI(C; ¢4 @ Klﬂigll)carbamoyl

groupj, a nitro group, a carbanoyl group, an N

hod), ko NS AT-A8iM Vo CQaOkyl) caibalhdylGirodp, e NZHCOR9 (where R?
al kyl)carbam)yl group, or -NHCOR9 (where RO is a Cl

ioa © tal Ry hligriamwuphidiatrmyyie brantledd), a cyano
group, 25 NR20R21 (where R20 and R21 are each
i ndependent |y cpantigdoupen atomor a G to C4 al kyl
group), a nitro grou 220 a carbanoyl group, an N-(C
to C4 al kyl )QeR¥ whgrsuR2° cand\, REdagel each ¢ndependently &
al kyl ) car banoyl %r oup, e
hydrogen atom or a Cj to Cq alkyl group),

a nitro group,

a carbamoyl group,

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

an N,N-di(C: to Cy alkylcarbamoyl group,

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

a halogen atom; and

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

a Ci 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 Ci1 to Cs-
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to Cs alkylcarbamoyl

group, an N,N-di(C; to Cs alkyDcarbamoy] group, or -NHCOR? (where R?
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-NHCOR9 (where RO is a Cl to C4 al kyl group that may
be 5 branched), and a hal ogen atom 3. The conpound of
claim2, wherein R, R', R, R2', R3, R3', R4, R4, R5,
R5', R6, and RV of the conmpound represented by the
formula Ware 10 groups independently selected from
the group consisting of a hydrogen atom a

3 4, 5- trifluorophenyl group, a 3,4,5-trichl orophenyl

4-di 11 uor oph 3- ni t r ophenyl
BB, 0 Csa&%lr%rﬁw%ﬁ{ho e B3 i opheny! - 2- 1

group, a 3,5-difluorophenyl group, a
3- trlfluorod%Fﬂ SrPre €P group, a 2, 4 dlfluorophenyl

3 i s(trifi uoré@‘ TG Bnany 1y B0 WG o R iBdspendepely 2
Pram Tt L Eh o A BITRINER, 23"[,535 L“ee?oFYoEJ“ﬁg

formula (1')4 %ﬂ*o% ? R8 R' W25 (where Rl and R
are groups in epen ently selected fromthe group

consi sting Oécérﬁ%%ﬁg gfhwif,om a 3,4,5-trifluorophenyl
group, a 3,4,5-trichlorophenyl group, a

3, 4-di f1 uor oph@nyC, 8 mmlkﬂ)@afbd:ﬁ@ﬁhgm 221 group,

a 3-cyanophenyl group, a benzot hi ophenyl yl group, a

3, 5-di f | uor cpi@nN-dgiaup, C@aﬁcﬁl)da&bam@m%&hﬁbphenyl

group, a 2,4-difluorophenyl group, a

3- met hyl sul f-NMHIGDRBO (WwhereoBf,isan@1a0 Ce alkyl group that may be
2,3-bis(trifluoronethyl)phenyl group, and R7, R8 and
Mearrhedgy angs 5 i ndependently as defined in claim1).

5. The conmpound of claim1l, wherein R7 and R8 of the
conpound reph@baﬁﬂedhby’the formula Ware groups

i ndependently se| ected from

- and n is an integer from 1 to 12); and

(xv) -(CHg2)n-SO2-R12 (where R12 is a group selected from the group
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:
‘a2 C1to 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 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 Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyDcarbamoyl
group, an N,N-di{(C; to Cs alkyl)carbamoyl group, or -NHCOR? (where R?
is a C1 to C4 alkyl group that may be branched), |

a cyano group,
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. the group consisting of* 10 (ii) a Cl1 to Cl2 al kyl

group that may be branched or forma cyclic group;
and (xii) -(CH2),-OR12 (where R12 is a group sel ected
fromthe group consisting of: (1) a hydrogen atom 15
(2) a G to 4 alkyl group that may be branched, (3)
an aryl group, wherein the aryl group may be
substituted with at | east one group selected fromthe

9roup_ const St (o, G Ko Gyl 9COURLY Bl acnrly

- B ERSGG oEh Efh W ABLEBbREY oy b br anched, a

cyano group,, - (where R20 and R21 are each
independentl?/ngﬁﬁ%r%égén atomor a G to C4 al kyl

group), a nij cQrEHAHR ofEar banoyl group, an N-(G to
C4 al kyl) car arr%y g}r%up@an N, N-di (O to C4

al kyl) car bangy IN-gCP P C. 0l ky NeXRnbyhgrayR9 25 is a
Cl to &4 alkyl group that may be branched), a cyano

group, - NR20RzN,fNMIEIR 1820, angyfakbakty@@bup,
i ndependently a 222 hydrogen atomor a Cl to C4 al kyl

gr oup), ni NE CPRYPwhecaRaR0y IC1oo0p alleyl deduBlthat may be
C4 al kyl ) carbanoyl group, 5 an NNN-di (G to 4

htdaydhedds hadoyl group, -NHCOR9 (where RO is a Cl to C4

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

atom and (43 hal¢getreaimamyindr oup, wherein the

het-eroaryl group may )

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

a Ci1 to Cq 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 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 Ci alkyl

group), a nitro group, a carbamoyl group, an N-(C; to C¢ alkyDcarbamoyl -
group, an N,N-di(C1 to Ca alkyl)carbamoyl group, or -NHCOR® (where R?
is a C1 to Cs alkyl group that may be branched),

a cyano group, |

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

a nitro group,

a carbamoyl group,

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

an N,N-di(C; to C4 alkyl)carbamoyl group,
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10 be substituted with at | east one group sel ected
fromthe group consisting of: Cl to C4 al kyl group
that may be branched, C to C5 al koxy group that nay
be branched, an aryl group that may be substituted
with a ClL to C4 15 alkyl group that may be branched,
a cyano group, -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl

group), a ni] , ,a caybano rQup n NN(G, to

C4 al kyl)car mﬁyg%%? ?%,rﬂsl\? ﬁloq%((g} a%%?’ﬂcﬂroupqhat may be
car bagoyl group, or -NHCOR9 (where RO is a Cl

p%%eéﬁk%ggr oup that may be branched), 20 a cyano

group, -NR20Q e R20 and R21 are each
independentl%ﬁélé#dégod%h atomor a C to C4 al kyl

TPl ) S Mg 300 Akt 6 o
AR AT e AR A8 Bl AR e

@t@ﬁrﬁm%@@lfpﬂﬂlszwgb;nt eger of 1 to 12). 5 6. The
conpound of claim5, wherein R7 and R8 of the conpound

gsented by the formdla [1) are groups
o\ sel ect£€d fro ;'he group consisting of a

'epr

pup, an ethyl group,|an n-butyl group, an

| groupnd an n- yl @foup, and a cycl ohexyl

group. 10 7. The conpour\rd—éf claim6, wherein R7 and

R8 of the conpound represented by the formula (1) are
XHe amaniors selpioted Gromodhd grbupl ainmidtingloémehali®Z sarion, SCN-,
R8 of the_conpound

HSO4 and HFy.

2. The compound of claim 1, wherein R1, RY, R2, R?, R3, R¥, R4, R4, RS,

R¥, RS, and R¢ of the compound represented by the formula (I} are
groups indepéndently selected from the group consisting of:
(i) a hydrogen atom;
(xiv) an aryl group, wherein the aryl group may be substituted
with at least one group selected from the group consisting of:
a C1 to Cq alkyl group that may be branched,
a Ci1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to Cs

alkyl group that may be branched, a cyano group, "NR20R2! (where R20

and R?! are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to C4 alkyl)carbamoyl
group, an N,N-di(C1 to C4 alkyl)carbamoyl group, or -NHCOR?® (where R
18 a C1 to C4 alkyl group that 'may be branched),

a cyano group,
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represented by the formula (1) are taken together to
forma divalent 15 group selected fromthe group
consisting of' -(CH2)m (where mis an integer from?2
to 8); '/-00 b; and \-O0 20 9. A nethod for
produci ng the conpound represented by the formula (I)
of claim1, conprising: a step of reacting a conpound
represented.by the follomﬁng 25 formula (I1): 224 R3

\I/Qvl2 t I§4a I:\rs ec ocﬁz)?ﬁg}n% éle'rg pﬁgg earsﬂcg OFQES az)feh Q%F&Rﬁ%@&%%%nﬂy a
ﬂ;ﬂ(ﬁlﬁlge?l dtld br 2 E{g(l]iaaclggli—ggg n an organic sol vent

presencé of ngi ng agent, wherein

in the for , R", R3, RT, R4, R4',
R5, RS gg;ﬂltgé %811 are groups |ndependently

ﬁi'dfﬁtgiﬂ 2t o AT (where Reo and ReL are
each indepengeRN-((; & C4 alkyl)carbamoyl group,

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

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

a halogen atom, and

-S(0)n'R (where n is 0, 1 or 2, and R is a C; to Cq¢ alkyl
group that may be branched); |
or may be substituted with -O-(CHg)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 Ci to Cy alkyl group that may be branched,

a Cj to G5 alkoxy group that may be branched,

an aryl grbup that may be substituted with a Ci to Cq
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R’-‘ZI‘ are each independently a hydrogen atom or a C: to Cy4 alkyl
group), a nitro group, a carb‘amoyl group, an N-(C; to Ca alkyDcarbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group, or “NHCOR?® (where R®
is a C1 to Cy alkyl group that may be branched),

a cyano group,

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

a nitro group,
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hydrogen atomor a Cl to C4 al kyl group); (iii) a
cyano group; (iv) a nitro group; 20 M a carbanoyl
group; (vi) an N-(Cl to C4 al kyl) carbanoyl group;
(vii) an NUN-di (G to C4 al kyl)carbanmoyl group; (viii)
-NHCOR9 (where RO is a Cl to C4 al kyl group that may
be branched); 25 (ix) a Cl to C6 al kyl group that nay
be branched or forma cyclic group; Wa C to C6

al kenyl grou h}éa %/ be branched or forma cyclic
225 group; (%FFFRI18 LB al kynyl group that may be

Siiﬂé,“eﬁhiie%rm@ i Y oy BogH B bL L8R, 01 87 oup
may be substéﬁlﬁgﬂ Yﬂd%a@ J‘lg‘%ﬁ}c&%?nﬂfﬁ%’}f’éél ect ed

fromthe group” ’consi t|n gr oup

that may be Nﬁmd(whe@r{@qs%ﬁ'%ggyg AUt th AP ay be

be branched, an aryl group tha ubstTtuted

Mgﬁ@dﬁ ah@ C4 alkyl group 10 that may be branched,
a cyano group, -NR20R21 (where R20 and R21 are each

i ndependent | y haldpyet gean. atomor a Cl to C4 al kyl

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

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

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

g4 ahkydongpoupd tofadaimmy2, ehdreindie gL, B5 B2 cRANBY, R4, R4, RS,
group, .NR20R2" (where R20 and R21 are each

RAddifonatedt R§ af liher cppoundommesant thy Cheafdeptula (1) are
group),

groups independently selected from the group consisting of a hydrogen
atom, a 3,4,5-trifluorophenyl group, a 3,4,5-trichlorophenyl group, a
3,4-difluorophenyl group, a 3-nitrophenyl group, a 3-cyanophenyl group,
a benzothiophenyl-2-yl group, a 3,5-difluorophenyl group, a
3-trifluoromethylphenyl group, a  2,4-difluorophenyl group, a
3-methylsulfonylphenyl group, and a 2,3-bis(trifluoromethyl)phenyl

group.

4. The compound of claim 3, wherein the compound represented by the

formula (I) is a compound represented by the following formula (I):

R1
(XL«
SO

R" )

(where R! and R' are groups independently selected from the group

X-

VAN

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
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nitro group, carbanoyl group, 20 an N-(Cl to 4

al kyl ) carbanoyl group, an NNN-di (A to 4

al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to C4
al’kyl group that may be branched), and a hal ogen
atom 25 (xiii) a heteroaral kyl group having a
heteroaryl noiety, wherein the heteroaryl noiety may
be substituted with at |east one group selected from

R SRR st & Sl AR IRY g, o
S A rE] S dooR, PR S e, o
9%%‘@8%%%P°ﬁﬂﬁeny'¥%%égé“ﬁ“2% SRS, " o
SRR SRR SERBATOYh 960 Ayl Tk o

&%’I%e)lﬁ%&ﬁgﬂgwde HQWRn Ahi (where RO is a Cl to

%m )

group that may be branched), a cyano group,
10 NR2C]R’21 (where R20 and R21 are each independently a
hydrogen atomor a Cl to C4 al kyl group), nitro

B OUPhe &RhPerBY! o0eDiits BN wWhdrein tR7 Gnd R8 of the compound
al kyl ) car banoyl group, 15 an N,N-di (G to C4

adydspassd dyoyhe dopunla {I\)HQER%rbufperleldB@ehaeﬁﬂ@l sdlected from
al kyl group that may be branched), and a hal ogen
th®group consisting of:
(ii) a Ci to Cig alkyl group that may be branched or form a cyclic
group; and
| (xii) -(CH2)a*OR!2 (where R12 is a group selected from the group
consisting of:
(1) a hydrogen atom,
(2) a C1 to Cy alkyl group that may be branched,
(3) an aryl group, wherein the aryl group may be
sﬁbstituted with at least one group selected from the group consisting of:
a C1 to C4 alkyl group that may be branched,
a Cito 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, 'NR§°R21 (where R20
and R2! are each independently a hydrogen atom or a C: to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to Cs alkyDcarbamoyl
group, an N,N-di(C; to Cs alkyDecarbamoyl group, or -NHCOR? (where R®
is a C1 to Cy alkyl group that may be branched),
a cyano group,

-NR20R2! (where R2? and R2?! are each independently a
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(xiv) an aryl group, wherein the aryl group may be
substituted 20 with at |east one group selected from
the group consisting of. Cl to C4 al kyl group that
may be branched, Cl to C5 al koxy group that nmay be
branched, an aryl group that may be substituted with a
Cl to ™4 alkyl group that may be branched, a cyano
group, -NR20R21 (where R20 and R21 are 25 each

| ndependently a hydrogen.,atomor,a Cl to C4 al kyl
b}’ga%%n LR OF & @.&393?4 AR EAR group, an N-{Cl to
4 al kyl ) carbanmpyl _group, an N Ndi (O to C4
alkyl)carbaﬂ%?yméﬁg BP or -NHCOR9 (where RO is a Cl to

227 4 al kyl_grqup that may be branched), a cyano
gr oup, .N@d@i&%ﬁ%@?@g ‘and R21 are each

i nd dent | yd ' C4 al kyl

orouny 5o 0 i ELES B UG ERBy Fadih B Y

to C4 al kyl ' 4

alokyl )gar%a%&%ﬁgl%mn%%%giﬁgféﬂ% Clto 4

al kyl group -NHCOW(»@BeréL@{*’%%[‘@;%)m %1]&&1' g&gﬁ% & QMpay be
O, 1 or 2, and R to

and -S(O.-R (where nis O, is a

Fadied), gh@up that may be branched); or may be
substituted with -0-(CH2) M O (where mis | or 2) at

positions lbhdlaeh didnakendt oget her; and (xv) a

het eroaryl group, wherein the heteroaryl group may be

subst it ut ed (4) shhaterbaagl gene,gwhepeisetlrchetbronoyl gheup may
group consi sting of: C to &4 alkyl group that may

be shbatithied, with at tead$ alkgroumeeleptdad tommilie lproup consistin
br anched, :

of:

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

a C1 to Cs alkoxy group that may be Branched,

an aryl group that may be substituted with a C; to 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-(C1 to Cs alkylcarbamoyl

group, an N,N-di(C; to Cs alkyl)carbamoyl group, or “NHCOR? (where R?
is a C1 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 C4 alkyl group),

a nitro group,

a carbamoyi group,

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

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

-NHCOR? (where R® is a C1 to Cy alkyl group that.may be
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20 an aryl group that may be substituted with a G to
4 al kyl group that may be branched, a cyano group,
-NR20OR21 (where R20 and R21 are each independently a
hydrogen atomor a Cl to C4 al kyl group), a nitro
group, a carbanoyl group, an N-(Cl to C4

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

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

25 Lkyl ,group that may be branched), a cyano
5?%‘%",8%)1\&‘2@?2' (where R20 and R21 are each

independentl%v alh drot%en 228 atomor-a Cl to C4 al kyl
group),  ni% PBIYERPO M ar banoyl group, an N-(CQ to

CA.al kyl) car banoyl, gr , 5an NNdi(d to 4

%ﬁ%)ﬂ 5%%%5%%[‘ Oérloﬁ)p?ﬂ)?Nl—CO?Q (where RO is aClto ™4
al kyl group that nmay be branched), and a hal ogen
atom and Z is a halogen atom and 10 in the formula

?I | Ihe ROnAMLAP & BLGROUPS wHAIEREREERL] Y E%ﬁlo?cﬂ?ed.cloinpound

rom'the group consi'sting of": a hydrogen atont (i

?epq\]eséﬁteqlgyaﬂﬂﬁygo%ﬂ%’ (g)héciée {égbfu %@P%@‘g‘l”]ﬁ?&lﬂ& sfe%ﬁgta from

cyclic group; 1 nyl group t

Y g RANPEGRG BAA o Uf d MdThe] g8¥&p) £n SERYPErdup)ar@nFuts? group,
Cl12 al Kynyl group that may be branched or forma

£ dlnutgl euPup, (4 r@@e@ﬂ?ro_ﬁbo HAd a6ed18hExyinerodpy |

group may be substitute with 20 at |east one group

sel ected fromthe group consisting of:

7. The compound of claim 6, wherein R7 and R® of the compound

represented by the formula (I) are the same.

8. The compound of claim 1, wherein R7 and R® of the compound
represented by the formula (I) are taken together to form a divalent
group selected from the group consisting of: “(CH2)m- (where m is an

integer from 2 to 8);

9. A method for producing the compound represented by the formula (I)
of claim 1, comprising:
a step of reacting a compound represented by the following

formula (ID):
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a G to 4 alkyl group that may be branched, a G to
C5 al koxy group that may be branched, an aryl group
that may be substituted with a G to C4 al kyl group
that may be branched, a cyano group, -NR20R21 (where
R20 and R21 are 25 each independently a hydrogen atom
or a G to C4 alkyl group), a nitro group, a carbanoyl
group, an N-(d to C4 al kyl)carbanmoyl group, an

N,Ndi (O to C4 al kyl)carbanmoyl group, or -NHCOR9
(where RO is a G to 239 CRzal kyl group that may be
branched), a cyano,grojp, -NR20P,121 (where R20 and
R21 are each i ndepBidentiy dFogen atomor a G to
C4 al kyl group), 5 a a car banmoyl group,
an N-(CltoC4aIk|¥é ! an N,N-di (d to
4 al kyl ) car banoyl where RO is a Cl to
C4 al kyl group thaﬁ&rﬂﬁ/ ranched), and a

hal ogen atom (vi) a- @Lp, wherein the

het eroaryl group may g tuted with at | east one
gr oup selectedfrjga- e, gf oYy Rsiisting-of: ad to
C4 al kyl group that mayi be ' ed, 15 a C1 to C5

al koxy group that may HR3'br ®fched, an @dyl. group that
may be substituted with a C1 to C4 al kyl group that
with hecbomdehesmife ¢¥presegted by thyRRMBAine\ibeme &RZE1):
and R21 are each indepet}dently a hydrogen atom or a
Cl to &4 al kyl group),/R nitro group, a carbanoyl
group, an N-(Cd to ENal kyl)c ﬁ :;myl group, an 20
N,Ndi(d to 4 al kyl)cmsbarm3 g oup, or - NHCOR9
(where RO is a Cl to C4 alkyl group that may be
imam@mgg{mc solvent in the presence of an acid scavenging agent,

wherein in the formula (II), R1, RY, R2, R?, R3, R?¥, R4, RY, RS, R¥,

R8, and R® are groups independently selected from the group consisting
of:

(i) a hydrogen atom;

(ii) -NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a Ci1 to Cs alkyl group);

(iii') a cyano group;

(iv) a nitro group;

.(v) a carbamoyl group;

(vi) an N-(C1 to Cs alkyDcarbamoyl group;

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

(viii) -NHCOR?® (where R? is a Ci1 to C4 alkyl group that may be
branched);

(ix) a Cy to Cs alkyl group that may be branched or form a cyclic
group:

{(x) a Cz to Cs alkeny! group that may be branched or form a cyclic
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a cyano group, -NR20R21 (where R20 and R21 are each
‘independently a hydrogen atomor a Cl to C4 al kyl
group), 25 a nitro group, a carbanmoyl group, an N-(C
to ¢4 al kyl)carbanoyl group, 230 an NN-di (O to C4
al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4
al kyl group that may be branched), and a hal ogen
atom 5 (vii) -(CH2),OCONR ORIl (where RIO and RII are
each . i ndependently a group selected fromthe group
gHHS’sting of: (1) a hydrogen atom (2) a G to C4

al kyl . oup, t hat, may be .branched; . (3 '

al kenyq graog:ﬁ {]Ong“ts ¥ %Oﬁcﬁgat &le}rg?e%%r%gcggd or form a
C qlic roup ; (4) a C2 to C6 al kynyl group that may
E%C_bcr%%c éd or form a cyclic group ; (5) an aralkyl

0 oup, (LT B 1111 Al ML ELYA ST ALK OF U8 aralkyl

may be“subs east one group se

ng%' eqpﬁf't'l.}? t Mo dPscldkdtbm the grou
gf@ﬁ}p t a%g%gggg%r anc eg, Oor%eogﬂ& pgllsko?(y ar ogfo group
gmisﬁg%({fe branched, an aryl group that may be
substituted with a Cl. to C4 alkyl group that may be

br anchgd; @ Cyang/1geup, tabRaRdk mhehedR20 20 and

R21 are each 1 ndependently a hydrogen atomor a Cl to
G4 al kyIC;g000palkcxyngicu® tHatupaydbchriadtmd, group, an

N-(C to C4 al kyl)carbanmoyl group, an NNN-di (O to C4
al kyl ) sarrahgyduythapmor be NubER8utatheith RIC: 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 Cs alkyl group), a nitro
sroup, a carbamoyl group, an N-(C: to Cq alkyDcarbamoyl group, an
N,N-di(C1 to Cs alkyDcarbamoyl group, or -NHCORS? (where R? is a C1 to
Cq4 alkyl group that may be branched),

a ¢yano group,

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

a nitro group,

a carbamoyl group,

an N-(C1 to Cs alkylcarbamoyl group,

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

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

branched), and

a halogen atom;

(xiii) a heteroaralkyl group having a heteroaryl moiety, wherein

the heteroaryl moiety may be substituted with at least ome group

‘selected from the group consisting of:
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is aCltoC4 alkyl group that nmay be branched), a
cyano group, 25 -NR20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group), a nitro group, 231 a carbanoyl group, an N (GCi
to &4 al kyl)carbanoyl group, an N, N-di (G to 4

al kyl ) car banoyl group, -NHCOR9 (where RO is a G to (4
al kyl group that rray be 5 branched) and a hal ogen
atom ( a het aral kyl group.having, a heteroaryl
rmi-etya%’)l\ﬁﬁ tgéOHEt bﬁgaal'wb @wh y be

substit at | east .o ected fromthe
group %ﬁﬁp {’1‘?’1]3‘06‘?’ e TN ’%18 ulg‘f aroup t hat

by AncrE = EESp t@%aﬂ&yc‘h%ﬁuﬁa%}%éaﬂ 340 r (Gl Ch Ry groun

i tL%a%kﬁ%ﬁ%fh%&ﬁéfci%g@ "R Glhy® B4R R e
é%e'ﬂ?&'&%}{de\ﬁ g'_t OJI' ? é:l £d %4041]1%1 %{J&ul)? a nitro

group), a nit car army gt oup;

G A o o4 LI 4 By o) v, o

NON%(@!L l&U'CﬁzﬁM)cﬁ?@é @y oBEupr GACREORA (GHRBE RY is a C1 to

group, - wher e 0 and R21 are each
CQ@ﬂa%qr@m&ﬂﬁha& ma9 HyyeFaaerdat omor a Cl to C4 al kyl
u

gro a nitro group, a carbamoyl group, an N-(C to
C4 al kykysrs gasmy,| group,

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

a nitro group,

a carbamoyl group,

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

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

-NHCORS® (Where R® is a C; to Ci alkyl group that may be

" branched), and

a halogen atom;

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

a Ci1 to C4 alkyl group that may be branched,

a Ci1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to C4 alkyl group
that may.be branched, a cyano group, -NR20R2! (where R20 and R?! are

each independently a hydrogen atom or a Ci to Cs alkyl group), a nitro

- group, a carbamoyl group, an N-(C: to C4 alkylcarbamoyl group, an
'N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCOR? (where R? is a C; to
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an N,N-di (A to C4 al kyl)carbanoyl. group, 25 - NHCOR9
(where RO is a G to C4 alkyl group that may be
branched), and a hal ogen atom 232 (7) an aryl group,
wherein the aryl group may be substituted with at

| east one group selected fromthe group consisting of:
Cl to ™4 alkyl group that may be branched, Cl1 to C5
al koxy group that may be branched, 5 an aryl group

a stitute Cl to &4 alkyl group
éﬁkﬁ%‘ '@} é[;b g group, -NR20R21 (where
R20 and Rgl are_each |ndependently a hydrogen atom or
ad td%2 %Igﬁw group), a nitro group, a carbanoyl

group, (%Q 0?{2(1 &,ﬁﬁq‘ﬁ%zoagﬁ Igﬁa Rapny mg@%% a hydrogen

N, N-d car army group

é aﬁ%lt&(bg §1 g} g)04 al kyl group that may be

ranc ed) NR20R21 (where R20 and R21
are ea&lhlhlad@%%tﬂ,dently a hydrogen atomor a Cl to ¢4
al kyl group); a nitro group, 15 a carbanoyl group, an

N-(C1 ﬁga%ﬁbky@&@bamyl group, an N,N-di (A to C4
al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to C4

al kyl g OMICS hatC ratkybearbameghgddumnd 20 a hal ogen
atom and (8) a heteroaryl group, wherein the

het er ogii W, Nydo((h, o+ ableyl eiriayledoupt h at | east one

group sel ected fromthe group consisting of:
-NHCOR?® (where R? is a C; to Ci alkyl group that may be

branched),

a halogen atom, and

-S(0)a-R (wherenis 0, 1 br 2, and R is a C1 to Cs alkyl group that
may be branched);
or may be substituted with -O-(CHg)n 0O~ (where m is 1 or 2) at positions
3 and 4 taken together; and

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

a C1 to C4 alkyl group that may be branched,

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, -NR20R?! (where R20 and R are
each independently a hydrogen atom or a Ci to Cs alkyl group), a nitro
group, a carbamoyl group, an N-(C: to Cs | alkyl)carbamoyl group, an
N,N-di(C1 to Ca alkylcarbamoyl group, or “NHCOR?® (where R? is a Ci to
C4 alkyl group that may be branched),

a byano group,

-NR20R2! (where R20 and R?! are each independently a hydrogen
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25 a Cl to &4 al kyl group that may be branched, a Cl

to C5 al koxy group that may be branched, an aryl group
that may be substituted with a ClL to C4 233 al kyl
group that may be branched, a cyano group, -NR20R21
(where R20 and R21 are each independently a hydrogen

atomor a Cl to C4 alkyl group), a nitro group, a

car banoyl group, an N-(CI to C4 al kyl) car banoyl

oup, an, N, Nxdi aI kyl ) car banoyl group, or
ggﬂw Enj\AHQI}Eé‘* yl§rP§p to C4 al kyl group that
may be br\anched a cyano group, . NR2OR21 (where R20
and R2 ’i ndependently a hydrogen atomor a

C : it , 10 b I
ar oup, %ﬁ%%’ﬂygr 3 alak;: )cr:gr ga?rg)el ar oﬁp?aanam)y
N N- di ! - NHCOR9 (wh

[ | &9&\1 (@1%4@4 %%y%ﬁg?ig%%gﬂg ]%!yay be br ancned;er °

and 15 eger from1 to
12); (%alrp%q?%@emk r%?nhfwoey?ggfg% and R13 are

gr oups-NHTHGRE NAeRE ey I§39|1§Cé ed; fioomp.t B@kﬂf @#Pup that may be
consisting of: (1) a hydrogen atom 20 (2) a Cl to 4

- Btdydhe@)onAdt hat may be branched; (3) an aryl group,

wher ei n 't he aryl group may be substltuted wi th at
| east aielogonptenl eatded from the group consisting of:

C to 4 alkyl group that may be branched, C to C5
al koxyZds aupalogah atayn,lndr anched, 25 an aryl group
that may be substituted with a Cl1 to C4

in the formula (IIT), R7 and R8 are groups independently selected
from the group consisting of:

(i) a hydrogen atom;

(if) a C1 to Ciz 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;

(Gv) a Cz to Ciz 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:

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

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to 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 Cs alkyl group), a nitro

group, a carbamoyl group, an N-(C; to Cs4 alkyDcarbamoyl group, an

N,N-di(C: to C4 alkyDcarbamoyl group, or -NHCOR? (where R?is a C1 to-
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al kyl group that may be branched, a cyano group,
-NR2() R21 (where R20 and R21 are each independently a
hydrogen atomor a ClL to C4 al kyl 234 group), a nitro
group, a carbanoyl group, an N-(O to C4

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

al kyl ) car banoyl group, or -NHCOR9 (where RO is a Cl
to C4 al kyl group that nmay be branched), a cyano

ﬁ oG (P PRV ROBGR AR or & G Lo O al ky

up) nitro group, carbanoyl group, an N(C to C4
al kyl)%ﬁyﬁﬁﬂ@?gﬁ’roup, 10 an N, N-di (O to C4

AR e aﬂ@'q%’??% PO idsbfufhihy € b¥drogen
%fo%‘oraep@ (t6)04aalljkﬁag§8% group, wherein the

eteroaryl group 'be substituted with at |east

one grg E’tz% RS ed fromthe group consisting of. Cl
to 4 allbk group that may be branched, G to G5

al koxya%%bg;phd{ﬁy be branched, an aryI group that
may be substitutéd w'th a Cl to C4 20 al kyl group

t hat WMCP%@'GE@EKD@an@ﬁ@yDg% -NR20R21 (where
R20 and R21 are each i ndependently a hydrogen atom or

a Cl ts&n G&NakkY; todf oyl carbaiddy] gireup, a car banoyl
group, an N-(Cl to C4 al kyl)carbanmoyl group, an

N, N- di (NHOQRTAwd eyl Reaihamo§d tor Qupalloyl ghbiioRhat may be
(where RO is a G to 4 alkyl group that may be
toreevdtedd) an@5 a cyano group, - NR2OR21 (where R20 and
R21 are each independently a

a halogen atom;

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

a Ci to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

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

a cyano group,

-NR2°R2! (where R20 and R21 are each independently a hydrogen
atom or a C1 to Cq alkyl group),

a nitro group,

a carbamoyl group,

an N-(C; to Cs alkyl)carbamoyl group,
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hydrogen atomor a Cl to C4 al kyl group), 235 a nitro
group, a carbanoyl group, an N(GC to C4

al kyl ) carbamoyl group, an N,N-di (C to C4 '
al kyl ) car banmoyl group, 5 -NHCOR9 (where RO is a G to
C4 al kyl group that may be branched), and a hal ogen
atom and nis an integer froml to 12); &)

-(CH2), NR12COR13 (where R12 and R13 are groups 10

i ndepend .sel ected fromthe group consisting of:
(1) a Wﬁ’z\géﬁ%gtt@ 4 biyy] %%ailﬁ’yéégfﬁllRyl group t hat

b . (3 | . Wherein th |
or up. AR Jigtatk WPl 12 (Bt a6 CondiktngTenbuhat may be

. sel ect fromthe group consisting of: 15 a C to (4
ER TR

%t hat may be branched, a G to C5 al koxy

group na e branched, an aryl group that may be
substi%&%z%gevl\%/?ﬁo%’a to C4 alkyl group that may be

br anc h@fﬂﬂ i a é%‘j‘%@e %@R?Iﬁl’i‘mgﬁ%&ré Wi e 512(9 Clﬁ?lg gé each

are each’i ndepen ydr n atom or

| i . ,
Rt YRl s MR RO R, O
al kyl') car bampyh 19rféBentondyHCOR9 (where RO is a Cl

to C4 alkyl group that may be branched), a cyano
group, -NP, 20R3IC{ whey alkRDeaith dt Aag BaBRanched;

i ndependently a 25 hydrogen atomor a Cl to C4 al kyl
group), nit(BPagCoHEp Cs £ikichaleybugtBdP may be branched or form
a cyclic group ;

(4) a Cs to Ce alkynyl group that may be branched or form
a cyclic group ;

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

a Ci1 to Cq alkyl group that may be branched,

a Ci to Cs alkoxy group that may be brané:hed,

an aryl group that may be substituted with a C; to C4
alkyl group that may be branched, a cyano group, -NR2°R21_ (where R20

and R?1 are each independently a hydrogen atom or a Ci to Cg alkyl

: ‘group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkylcarbamoyl

group, an N,N-di(C: to C4 alkylcarbamoyl group, or -NHCOR? (where R?
isa Ci to Cy4 alkyl group that may be branched),
a cyano group,
| -NR29R2! (where R2° and R2! are each independently a
hydrogen atom or a Ci to Cs alkyl group),

a nitro group,
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236 an N-(G to C4 al kyl)carbanmoyl group, an N, N-di (C
to C4 al kyl)carbanoyl group, -NHCOR9 (where RO is a G
to C4 alkyl group that may be branched), and 5 a

hal ogen atom and (4) a heteroaryl group, wherein the
het eroaryl group may be substituted with at |east one
group selected fromthe group consisting of: a Cl to
C4 al kyl group that may be branched, 10 a G to C5

al koxy group that may. be branched, an aryl group that
may be subst?f’ﬁ?@%‘n\?%]t B'Y s to C4  alkyl group that

be b h - NR2OR21 (wh R20

and Fo1 ar & SRk ChibarSHLRS ARGH B8 at om or a O

to C4 al kyl : i b I :

an (G Fo BRI A BN R Gt BATR & 0

to C4 al kyl). '

2 CL 0 Ch PRyl DR ouDERare e D& BrahShot £ 4 T patomey be

Ef%’x’cﬂ]ed),NBg R21 (where R20 and R21 are each :
ependent

I n y a hydrogen atomor a Cl to C4 al kyl

group), 20 aaﬁiag(gébrgém; a carbanoyl group, an N (C

to C4 al kyDcar banmoyl group, an NNNdi (O to C4

al kyl) car bangy! agh@t@nar&gng@@r&melﬁfvﬁ% iaS Ibtedodr§] Ghoiety,

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

- wheitin ahd hHeicioafyl nicigey hagnbe dubstRute@3with at least one

group selected from the group consisting of:

a C1 to Cy alkyl group that may be branched,

a C1to 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 each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to Cs alkylcarbamoyl
group, an N,N-di(Ci to Cs alkyl)carbamoyl group, or -NHCORS? (where R?
isa Cito Cs alkyl group that may be branched),

a cyano group,

-NR2°R2! (where R20 and R2! are each independently a
hydrogen atom or a Ci to Cs alkyl group),

a nitro group,

a carbamoyl group,

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

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

-NHCOR? (where R? is a C1 to C¢ alkyl group that may be

branched), and

a halogen atom;
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W-(CH2),NR12RI 3 (where R12 and RI3 are groups

i ndependently selected fromthe group consisting of:
(1) a hydrogen atom (2) a G to C4 alkyl group that
may be branched; 5 (3) an aryl group, wherein the aryl
group may be substituted with at | east one group

sel ected fromthe group consisting of. G to™4

al kyl group that may be branched, Cl to C5 al koxy

Jubsti Ef‘teg“%’ft ERES T e
. ; -N . Y

%ﬁe’a&%ﬁz‘%’ﬂl‘éﬁiwh%ﬁ R B el ol B h o M¥ygine of

4 ' . ,

N (G o o SR CatibigPus e IRYRAER P, &

al kyl) car bampyd, g7 ey oL (phene Rimdrhan C1

to C4 al kyl group that e branc ), 15 a cyano

group, . NR2ORR1,MherRReRafnflafPle aidsRated with a Ci1 to Cs
i ndependently a “hydrogen atomor a Cl to C4 al kyl

189 Prouptha® ndd P bR, br@ﬁﬂi@@ﬂ%ykefﬂﬁ@ oup? -HR2PRECAwhere R20
C4 al kyl ) car banoyl group, an N, N-di ( to 4

shéyRcarbasmtl igiopindeNHOGRYydwbese R Sraa Gl tto C4 alkyl
al kyl group that may be branched),and a hal ogen atom

gruh 5 a(ditra ghetipr aaaybagogli grouhesariN-(Cheo &4 aikydicpirbamoyl
group may be substituted with at | east one group
sl g taar N, Mo (ChetogCoapkyddressibsniay] grotp, 023 RCORY ovhere R?
C4 al kyl group that may be branched,
is a C1 to Cs alkyl group that may be branched),

a cyano group,

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

a nitro group,

a carbamoyl group,

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

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

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

a halogen atom;
and

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

a C1 to Cq alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

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

233



10

15

20

25

a G to C5 al koxy group that may be branched, an aryl
group that may be substituted with a C1 to C4 al kyl
group that may be branched, a cyano group, -NR20R21
(where RM 5 and R21 are each independently a hydrogen
atomor a Cl to C4 alkyl group), a nitro group, a
carbanoyl group, an NN(CO to C4 al kyl) car banoyl

group, an N, N-di (CI to 4 aI kyl)car bam)yl group, or

3 %&#m‘ﬁﬁat e, Qﬁzba C d Ak C4 al kyl mﬁte?g%om%re R20

B, SE D BT, B SV 8,47

08D, 55, B BRI SR 00, B ATy
L?nﬂ K&’rgrll\gi\ﬁﬁlﬁgﬁcﬁtq%?&gﬁ%afxﬂﬁ eg%lnh}gagg Zgl-?glb?@e@vhere R®

1s(e@ki%)toY09§ﬂ1%zl(g&‘aa Eh¥sidiaf Helhdehctéas! Vil e

sat ur at ed hydroca on group that” may 'be branched, and
R12 is a groaugy fromthe group consisting
of .* (1) a hy rogen atom (2) a Cl to C4 al kyl group

that may be -NRARAEdiwhdTre( BP0 ath@rBAl §fWRchVid@d&dhdently a
the aryl group may be substituted with at |east one

iy drizesed wei ed of Com hexlgydgpowensi sting of. a Cl to
C4 al kyl group that may be branched, 239 a G to C5

al koxy group hitab graypbe branched, an aryl group that
may be substituted wwth a G to 4
a carbamoyl group,
an N-(C: to Cs alkylearbamoyl group,
an N,N-di(C; to Cs alkyDcarbamoyl group,
-NHCOR? (where R? is a C1 to C4 alkyl group that may be
branched), and |
a halogen atom;
and n is an integer from 1 to 12);
(viii) '(CHz)nCONR12R13 (where R12 and RI18 are groups
independently selected from the group consisting of:
(1) a hydrogen atom;
(2) a Cyto .C4 alkyl group that may be branched;
(8) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consiéting of:
a C1 to C4 alkyl group that may be branched,
a Ci1 to Cs alkoxy group that may be branched,
_ an aryl group that may be substituted with a C1 to Cs4 -
alkyl group that may be branched, a cyano group, 'NR-“JORQ1 (where R20

and R?! are each independently a hydrogen atom or a Ci to Cs alkyl
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al kyl group that may be branched, a cyano group,
-NR2OR21 (where R20 and R21 are each independently a
hydrogen atomor a Cl to C4 alkyl 5 group), a nitro
group, a carbanoyl. group, an N-((J to 4
al kyl ) carbanoyl group, an N,N-di (C to C4
al kyl ) car banoyl group, or -NHCOR9 (where RO is a C
to ¢4 al kyl gr0up that may be branched), a cyano

nd R21

r%!@é AIRET Bdub 16 R EniRiost Mot a8 15 B8 9. aligllgprbamoyt
an NH@HOUR a By SALRATRY, SHaEP or BUHEORs (here B2
?é 5)(Flk&)aﬂg;rgo I%I%Ealguﬁlaaf%ay%e%a?’r Sm?lgaI ﬁalaoglent °

atom and (4 .a,h8ke5Qaryl group, wherein the
het er oar yl grgﬁ% rrtag)%/ %e substituted with at |east one

group sel ect@gRIMEEM (ige @r BUP £ONSREL hRg e&7c@1 9£d%%eﬁently a
to &4 al kyl group that may be branched,

Bl ogerus @ ok hat, 1BYC Dl anehigd, an aryl grourJ t hat
may be substituted with a G to C4 alkyl group that

may be branchadkroggroypno group, - NR20R21 (where R20
25 and R21 are each independently a hydrogen atomor a
Cl to &4 al kytaxpraonpyl gmuptro group, a carbanoyl .
group, an NN(d to C4 alk car banoyl group, an

N, N-di (O tacN-§Ckyo Xha&lﬁaﬁoqtba;noubgrmrp NHCOR9
(where RO 240 is a Cl to C4 al kyI grou that may be
br anched), @b{t%dl@i@a@zx alyabre grgéom,o and R21

are each independently
HCOR?® ( ere R? is a C1 to Cs4 alkyl group that may be

branched), and
| a halogen atom; and

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

a Ci1 to 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 Ci to Ca
alkyl group that may be branched, a cyano group, -NR20R2! (where R20

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

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

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

a Cyano group,

-NR20R21 (Where. R? and R2! are each independently a

hydrogen atom or a Ci to Cq alkyl group),
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hydrogen atomor a Cl1 to C4 al kyl group), 5 a nitro
group, a carbanoyl group, an N(GC to C4

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

al kyl') car bamoyl group, -NHCOR9 (where RO is a G to C4
al kyl group that may be 10 branched), and a hal ogen
atom and nis an integer from1l to 12); (xii)
-(CH2).-0R12 (where R12 is a group selected fromthe
group consi sti. 15 (1) a hydrogen atom (2) a Cl
to C4 al kyl . agrl%%pgrtoﬁgt may be branched; (3) an aryl

gr oup, wher e| nt oup may be substitut ed with
| east onée® lﬂfbm%?/@é(ﬂgﬂ fromthe gr oup consi sting

of a G to % %&%@%"EQ%%‘H%I anched 20 a

G to C5 alzfioxy g an aryl
group that t al kyl
group that rraylﬁ?qgranc @l&ﬁg}%%ﬁg%nr lrgq gﬁVRZORZl
(where R20 F«{gﬁeﬁé@é@ 'srhdeﬂ%d@mahy YR PR may be

at om or aCltoC4a group), a nitro group, a

bRy aggoup, an N-(CI to C4 al kyl)carbanoyl 25
group, an N,Ndi (O to C4 al kyl)carbanmoyl group, or

- NHCOR9 (wheq BaR$sen 8toinC to C4 alkyl. group that may
be branched), a cyano group, 241 -NR20R21 (where R20

and n%lalamt@@@rfrbmdpp@rmﬁnt ly a hydrogen atomor a
Cl to &4 alkyl group), a nitro group, a carbanoyl
group,ix) -(CH2xNRI2COR1® (where R!2 and R!3 are groups
independently selected from the group consisting of:

(1) a hydrogen atom;

(2) a Ci1to 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:

a Cj 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 Ci 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 Cs alkyl
group), a nitro group, a carbamoyl group, an N-(Ci to Ca4 alkyl)carbamo&l
group, an N,N-di(Cy to C4 alkylcarbamoyl group, or -NHCOR? (where R?
is a C1 to C4 alkyl group that may be branched),

a cyano group,

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

| a nitro group,

a-carbamoyl group,
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5 an N(C to C4 al kyDcar banoyl group, an N,N-di (C to
4 al kyl ) car banoyl group, -NHCOR9 (where RO is a G to
C4 al kyl group that may be branched), and a hal ogen
atom and 10 (4) a heteroaryl group, wherein the

het eroaryl group may be substituted with at |east one
group selected fromthe group consisting of: a Cl to
C4 al kyl group that nmay be branched aCltoC5

al koxy group that an aryl group
that may be %%Ilﬁt(pﬁgég %@?@’ﬁcﬁr mf’8 &Pl kyl group

R0 and R R Rb A edpEadl e e R?ﬁ%”ﬁén‘ﬁ?ﬁ?neor

aCltoC4 al 5 gnitr 0 car ba

group, an N (I\Eélé[lq()ﬁcgw%i@% cgrabgrlrogcﬁl ég&?%%”&’ﬁn%t may be
Vé}‘j 4‘% g 4 al kyDcar banoyl group, or -NHCOR9

ie\ﬁ- ere Ois aCltoC4 alkyl group that nmay be
branched), R20R21 (where R20 and R21

are each mde%ﬁ%‘ﬁ?{lwga éldrogen atomor a C to 4

al kyl group) () Retdi@ady P Swhe FALDRIDY

N(Cl to C4 (aRky [)carb agj;m)g U{;Irzoupfe an N, Et%ogyfl gfiw may

Bé kybktiantrRyth g€ Qekst or?ééromte(df\ﬁ%h@ th8 grﬁuﬁ c@iamstmg
to ¢4 al kyl group that may be branched), and

il ogen atom and nis an integer from1l to 12), 5

(xiii) -(CH2)n-S-RI2 (where R12 is a group sel ected

fromthe grauf: to Cs alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to C4
alkyl group that may be branched, a cyano group, -NR2R2! (where R20
and R?! are each independently a hydrogen atom or a Ci to Cu alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkylcarbamoyl
group, an N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCOR? (where R®
is a Ci to Cy4 alkyl group that may be branched),

a cyano group,

-NR20R2! (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 alkyDecarbamoyl group,

an N,N-di(C; to Cs alkyDcarbamoy! group,

-NHCOR? (where R? is a C1 to Ca alkyl group that may be

branched), and

a halogen atom:

and n is an integer from 1 to 12);
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consisting of." (1) a hydrogen atom (2) a G to C4
al kyl group that nmay be branched; (3) an aryl group,
wherein the aryl group may be 10 substituted with at
| east one group selected fromthe group consisting of:
G to &4 alkyl group that may be branched, C to C5

“al koxy group that may be branched, an aryl. group that

may be substituted with a G to C4 alkyl group that

15 and e CERE By Rasdh ot roR by theo SEATAT v chongtontly
Dt et SO Byl 06, Bhour @ e bamoy
Cvhore ro 1 © 3 HENSEEEREY' 200 inat may bo.

branched) , a(z%a@&&ggﬁwiﬂgr%gﬁgénﬁw& BrRAthéd:

d
R21 are each i ndepen gen“atomor a Cl to
C4 al kyl grawp) N1 0 86 QYP . wheAliRarmy! UBro@® may be
N-(C to mqlng)E}?)c%argmy@’grvgup, 25 an N, diE(CI@IE]to Y

Mbﬁhmbﬂ%fthmhsﬂbﬁé'F@rouﬂ%@ﬁ%‘@e&%@ﬁ&h@%ﬂo& dhsidting of:
C4 al kyl. group that may be branched), and 243 a

hal ogen at orna Cand {Ailkylhebapahny imgy dethrankebed] n t he

het eroaryl group may be substituted with at |east one
group sel ecte@iftodiy ilkexyroopupclingimby g bafnched,a G

to C4 alkyl group that may be branched, a G to C5

al koxy groupn hayl mypupethatanchgde substituted with a Ci1 to Cs

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

“and R?! are each independently a hydrogen atom or a Ci to Cq4 alkyl

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

a cyano group,

-NR20R2! (where R20 and R2! are each independently a

hydrogen atom or a C1 to Ca alkyl group),

a nitro group,

a carbamoyl group,

an N;(Cl to Cs alkylcarbamoyl group,

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

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

a halogen atom; and

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

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

of:
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an aryl. group that may be substituted with a Cl1 to 4
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 10 group), a nitro
group, a carbanoyl group, an N-(Cl to C4

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

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

Co 5 ol il R B dtal
Pniesencen 13 .16, LGSR BL AN 1R G110

a1 k1) car bany*19) ipeeobr i etk shBeltusd witha gy o O
%&ﬁl é‘ﬁf)glr?gﬂ?ébon}%ﬁ%e n@lyarﬁ:%efib raagﬁ-;é}?&l )gt{'g?ﬂ,d Eﬁﬂag‘ﬁ{ﬁg%}here R20

nits I nt eger fom 0] X'V
EHR) | - i d, f t
S8 JFOR (e i DALOHE oo GO aln

oy, aldiyto gFOUP 4 Batb Yy PeriipNeh of(C; 244 (AkydRarbamoyl

aryl group, wherein the aryl group nmay be substituted

gidud, ain NeNsi(Cnaodl oI 8Bk athyl ie@dubher GNGIOOR? (where R?
consisting of: a G to C4 alkyl group that may be

fw b eds s allsl groufFhalt koxy bgriaumchbdl, may be .
branched, 5 an aryl group that nay be substituted with
a Cl to C4 atyato graup that nay be branched, a cyano
group, -NR20R21 (where R20 and R21 are each
i ndependent I"WR2BjH r{wdereaR8inaord R4 ate cathalikgdpendently a
hydrogen atom or a Ci to Cs alkyl group),

a nitro group,

a carbamoyl group,

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

an N,N-di(C: to C4 alkylearbamoyl 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);

(x1) -(CH2)nY-OR!2 (where Y is a C1 to C: divalent saturated
hydrocarbon group that may be branched, and R!2 is a group selected
from the group consisting of: |

(1) a hydrogen atom;
(2) a C1 to Cs alkyl group that may be branched;
(3) an aryl group, wherein the aryl group may be

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

a C1 to C4 alkyl group that may be branched,
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group), a nitro group, a carbanmoyl group, an NN(C to
4 al kyDecar banoyl group, an NNN-di (A to 4
al kyl ) car banmoyl group, or -NHCOR9 (where R9 10 is a

"Cl to C4 alkyl group that may be branched), a cyano

group, -NR20R21 (where R20 and R21 are each
i ndependently a hydrogen atomor a Cl to C4 al kyl
group), a nitro group, 15 a carbanmoyl group, an N (Cl

B kyl) car barbyt 0ot s o itanay i ity e 1o o4

| kyl b h

At om 333??4%‘9 FTieeds sFAER50E DeusPErR i WAL o .

AR AR, E H%Daép?#t BghIS s YARE albhl, SRRAGRA (Plifre R
1

Lo e TR, X M, 3 i . o

SR € a Stsd E&éﬁ}?da Wai’llf'alﬁoﬂ g?@u;@an Rg@ 8 &%@%&rhamoyl

may be branc a cyano grotp, -NR2 1 (where

farah RS- a{(el&accm hldaRensardyl grolipd bpgﬂm{@ow (where R®
to ¢4 al kyl group), a nitro group, a carbanoyl

QFEDGH todly AtCTlgrbapAdlak h ) ¢ deliammchedyr oup, an

N, N-di (C, toC4al kyl)carbanoyl group, or -NHCOR9 (where

RO is aCl tacgdhad kydumgroup that may be branched), 5 a
cyano group, ~NWOR21 (where R20 and R21 are each

i ndependent |- NR2ORAy dwdpee REOmmit R21CArd a@thl kydependently a

Ejgc(l)r%%)en atrcl)lrrtl E)g ag(rl?lizjg C4 alkyl group),

a nitro group,

a carbamqyl group,

an N-(Ci to Cy alkyl)earbamoyl group,

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

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

a halogen atom; and

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

a C1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci1 to Cs
alkyl group that may be branched, a cyano group, -NR20R21 (where R20
and R2! are each independently a hydrogen atom or a Ci to C4 alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkyl)carbamoyl
group, an N,N-di(C: to Cs alkylcarbamoyl group, or -NHCOR? (where R?
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car banoyl group, 10 an N-(C toC4al kyl) car banoyl

group, an N, N-di (d toC4al kyl) carbanoyl group, -NHCOR9
(where R9 is a Cl toC4al kyl group that may be
branched), and a hal ogen atom 15 and n is an integer
froml to 12); and (xv) -(CH2).-SO2-R 2 (where Rl12is a
group selected fromthe group consisting of: (1) a
hydrogen atom (2) a Cl toC4al kyl group that may be

e e G Al el ity Hhetniod gr oup ool ected

fromthe group consisting of: aCl to C4dal kyl group
that may be HFEABREIUBCL to Csal koxy group that nay

be b hed, . I t b bsti t.ut,ed ‘

R U ST TR T R A
: - ' 0 d R21 h

By I IR0 AR and et e e

group), a nijtengr a carbanoyl group, an N-(Cl to
4 al kyl)car%amrglﬁéggés group, an N,N-di (d to C4

al kyl) car banpyh rigH Q8P gRfup, NHOOR9 (where RO is a G
to C4 alkyl group that may be branched), a cyano

group; . NRRORRZ N-(@hes €,RARyBegriRhodl BrAaLh
i ndependently a 5 hydrogen atomor-a G 'to C4 al kyl

g0, DN eThUBgam ki (o o
al kyl ) car bamdNHCORUPwhere R? is a C; to Cq alkyl group that may be
branched), and |

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

(xii) -(CH2)a"OR2 (where R12 is a group selected from the group

consisting of: _

(1) a hydrogen atom;

(2) a C1 to Ca alkyl group that ﬁlay be branched;

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

a Ci1 to C4 alkyl group that may be branched,-

a Ci to Cs élkoxy group that may be branched,

an aryl group that may be substituted with a C1 to Cq4
alkyl grdup that may be branched, a cyano group, -NR20R2! (where R20
and .R21 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, an N,N-di(C; to Cq alkyl)carbamoyl group, or -NHCOR? (where RS
is a C1 to Cy alkyl group that may be branched),

a cyano group,
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10 -NHCOR9 (where RO is a G to C4 al kyl group that
may be Dbranched), 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 15 of: Cl to C4 al kyl group that
may be branched, Cl to C5 al koxy group that may be
branched, an aryl group that nay be substituted with a

ot ou. - ot Dl A8 Rt SRR i M hdently
' dent | | kyl
hPRERRSm b QY0 S 2R * L1 L0 CANTG 1o

C4 al kyl) car I oup, an NNN-di(Cl to C4
al kyl ) car barr%g@ér%gg?’ or -NHCOR9 (where RO is a Cl

to C4 al kyl fg;‘% be branched), a cyano
group, 25 Ngg%%gﬁfege 0 and R21 are each
i ndependent | 3, &1-(OY 85 €9eNkeD eI mayBrdup, A al kyl

group), a nitro group, 247 a carbanoyl group, an N (G
to C4 al kyl )LaN&RBYIC HoQUPall3N) dirba s rb@p A
RN feroer

al kyl ) car banmoyl group, - ere isaC to4

al kyl group -NHECORY (WRerdRorianc 0edp, @ndlleylnadoagethat may be
atom and n is-an integer froml to 12); or R7 and R8

brandhaidenahdget her to form a dival ent group sel ected
fromthe group consisting of: -(CH2).- (where m is an
i nt eger from Ralaged) atoif; abhd

(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 Ci1 to Cs 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 R20
and R2?! are each independently a hydrogen atom or a Ci to Cq4 alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkyl)carbamoyl
group, an N,N-di(C; to C4 alkylcarbamoyl group, or -NHCOR? (where R®
is a C1 to C¢ 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 alkyi 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,
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"--00 and \-O 0 10. The nmethod of claim9, wherein

R, R, R, RR', R3, R, R4, R4", R5, 15 RY, R6, and

R6' of the conpound represented by the formula (I1)
are groups independently selected fromthe group

consisting of. (i) a hydrogen atom (xiv) an aryl

group, wherein the aryl. group nay be substituted
with at | east one group selected fromthe group

consi sting o i.to al k rQup.t.hat may..b
br anched, aﬁﬁ%?)oﬁgcggv BeRS 18@0?6 tghg‘fg B Up/thHE may be
%ﬂ{m@g,agﬁl aryl group that nay be substituted with a

o & “alkyl group that nmay be branched, a cyano
group, -NR2 e 20 and R21 are each
i ndependent ?A;ﬂ?%%g%ﬁzatom or a Cl to C4 alkyl 25
SHEYPIS R ifldde? (B5APto 3297 DaDY| . group, an N-(G to

C4 al kyl') car banoy group, an NNNdi (O to C4

al kyl') & p 0L , B-BIP (where MIEGRY (g%'%}? &R tedl TrémGhe group
to &4 al kyl group that may be branched), 248 a cyano

&rHigting WR20R21 (where R20 and R21 are each
i ndependently a hydrogen atomor a Cl to C4 al kyl

group), a ni(l) a lgydegenmtancar banoyl group, an N (Cl
to &4 al kyl)carbanoyl group, an N,N-di (G to 4
al kyl ) car barf@yh ©r bufs alMHCER tier maRObé dranched;o C4
al kyl group that may be branched), 10 a hal ogen atom
and -S(O), - B3} waer eyl grayp,1 wheinaritieR aryl ag@ug omay be
C4 al kyl = group that may be branched); o
substituted with at least one group selected from the group consisting of:
a Ci1 to C4 alkyl group that may be branched,
a Cj to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C1 to G4
alkyl group that may be branched, a cyano group, -NR20R21 (where R20
and R2 are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C; to Cs alkylcarbamoyl
group, an N,N-di(C; to C4 alkyl)earbamoyl group, or -NHCOR? (where R?
is a Ci1 to Cq 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 Cq alkyl)carbamoyl group,

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

-NHCOR? (where R? is a C1 to Cs alkyl group that may be
branched), and
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or may be substituted with -0-(CH2)m O (where mis |
or 2) at positions 3 and 4 taken together; and 15
(xv) a heteroaryl group, wherein the heteroaryl group
may be substituted with at | east one group sel ected
fromthe group consisting of: a Cl to C4 al kyl group
that nmay be branched, a Cl to C5 al koxy group that may
be branched, an aryl group that may be substituted

with a Cl to 841 20 a %ﬁ oup that may be branched,
a cyano group ( re R20 and R21 are each

rcoenent i §¥ﬁ A5 BBy ety Ul sitoiRcera mo
N
T SR T D M

t@ C4 alkyl group that may be branched), 25 a cyano
group, .NR20R21 (where R20 and R21 are each

d dent | t Kyl
oroup) | 249 & e G BN LrOUR TRt xiY be (BB 1

to C4 alkyl )é@ltt@f@é’hllﬂ)’}@ru%ou%ntﬂﬂtl\h%(bg blta&c%d

al kyl ) car banmoyl group, wher e s a

C4 al kyl graoup diyatg @ bieat Qﬁ@flod@@hbsﬁmteﬂ h;ﬁk;m@rcl to Cq
atom 11. The net hod claim 10, wherein R R', R2,

Xyl gPoupRhatRhayRbe, bidmched) aReyand@roapd- R0 A1 tAlgere R20
compound represented by the formula (H) are groups

amdl € ndentdaghs bl dapterdlefuthymat hedgogap atonsiopt a r©1 @b @4 alkyl
hydrogen atom a 3,4,5-trifluorophenyl group

@rompd, anittd graphenyhrhgmop] grows, sk N-{Cuto @ams{hyl)carbamoyl
group, a_3-nitrophenyl group, a 3-cyanophenyl group

SLoliEn Aat N,Nptﬂﬂé@yItozcyalkyrllmpbam@'l@rdupl aor BFHeOR? (Where Re®

1%rao%1 to C4 alkyl group that may be branched),

a cyano group,

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

a nitro group,

a carbamoyl group,

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

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

-NHCOR? (where R? is a C; to Cq4 alkyl group that may be

branched), and

a halogen atom;
and n is an integer from 1 to 12);
(xiv) (CH2)a"SO-R12 (where R12 is a group selected from the group
consisting of*
(1) a hydrogen atom;
~ (2) a C1 to Cs alkyl group that may be branched;

244



10

15

20

25

15 3-trifluoronethyl phenyl group, a 2,4-difluorophenyl
group, a 3-nethylsul fonyl phenyl group, and a
2,3-bis(trifluoronethyl)phenyl group. 12. The nethod
of claim 11, wherein the conpound represented by the
20 formula (H) is a conmpound represented by the
followng formula (111): RL CH2Z CH2Z 25 R' (I11)
(where RI and R' are groups independently sel ected
fromthe gro

3 a5 111 ool offervigrEdtps: o pgkgn 4H ST gfoup may be
' I 4~ f ] henyl _ . .. .
Bl POt R At LR ORI Bpgoving o
2 penzo! N o &1 uliod Ry thatdn By e RRESTY
p gny gr oﬁp, a

-group, a 3-trifluoroneth

2,4-difluor I ) I eoEy yl

group, and g@@gﬂ)ﬁ;%&%l er%fOI% %Jrﬁye’%lﬁwp eE{ny %gfoup,

and R7 R8 angh 7131l €g:@hu@UpBat mSe RSN deBktiu dathNed; to Ca
inclaim9). 13. The néthod of claim9, wherein R7 and

&kydfgrong SlecoRtaf bedfidihedeRr @_fm@ eahollly, ENR2ORIINU Rere R20
(I'l) are groups independently selected from 10 the
ama up>'c ans i exichngn ddper(denklyd aChydeogeh? sbky lorgs aOpP thh@h alkyl
may be branched or forma cyclic group; and (xii)
g1O0ID) o -10RIP gfavier 2 cRilansy hgoron s N-€Ct ed Oy dioyoerb amoyl
group consisting of. 15 (1) a hydrogen atom (2) a G
grou@s aal RyN-di{6ugot Gaalkmdicarbahranredp, 08y NAHCARY| (where R9
ar o%p, wherein the aryl group may be
is a C1 to C4 alkyl group that may be branched),

a cyano group,

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

| a nitro group,

a carbamoyl group,

an N-(C1 to Cq4 alkyl)carbamoyl 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; and

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

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

of:
| a Ci1 to C4 alkyl group that may be branched,
a Ci1 to Cs alkoxy group that may be branched,
an aryl group ‘that may be substituted with a C: to Cs

alkyl group that may be branched, a cyano group, -NR20R2! (where R20.
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substituted with at | east one group selected fromthe
group consisting of. a Cl to &4 al kyl group that may
be branched, 20 a Cl1 to C5 al koxy group that may be
branched, an aryl group that nay be substituted with a
Cl to &4 alkyl group that nay be branched, a cyano
group, -NR20R21 (where R20 and R21 are each
Lndependently a hydrogen atomor a Cl to C4 al kyl

B8URE: oo WA LB QYR AR F b o) agcéei gn&“b (G £9 alkyl
gdg) ?’ﬁl%'g L}% %’%B{bé’ﬁmyggﬁﬁﬁ %‘N"(él aslk}l)gllrbamoyl

ig{ld ﬁendenﬁy a hydrémé{l a?%%n?q}qag%ﬁp oF ¢ W?OI?’ (where RS

e )to@- EIH réifWhat @n up, 5 an N‘(C1
to @H 4 ﬂ%barrgy agr oﬁ%@%cﬁgg?(d to 4

al kyl)carbargpyj,a]g(;gmp NHCOR9 (where R9 is a G to C4
al kyl group that nay be branched), and a hal ogen
atom and 10NRBZRA! HeilwreaRy? HOWRE! wherdich théependently a
het eroaryl group may be substituted with at |east one
lyy drogesned oot ed of Coto healgybgpowensi sting of.' Cl to
C4 al kyl group that may be branched, Cl to G5 al koxy
‘group that rmayitive gwpapched, 15 an aryl group that may
be substituted with a Cl to C4 al kyl group that may
be branched,a eambpameylgromp, - NR2OR21 (where R20 and
R21 are each |nd endentl % hydrogen atomor a Cl to
C4 al kyl graéu st eafthamoxlagteaoy| group, an

N(C to O al Q&).gf(&?%o 6’4 alkylcarbamoyl group,

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

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

(xv) -(CH2)a-SO2-R!2 (where R12 is a group selected from the group

consisting of:

(1) a hydrogen atom;

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

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

a Cjy to Cs alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to Cs.
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to C4 alkyl

group), a nitro group, a carbamoyl group, an N-(C1 to C¢ alkyDcarbamoyl
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group, an NN-di (O to C4 al kyl)carbanmoyl group, or

=NHCOR9 (where RO 20 is a Cl to &4 al kyl group that

may be branched), a cyano group, -NR20R21 (where R20

and R21 are each independently a hydrogen atomor a

Cl to &4 alkyl group), a nitro group, 25 a carbanoyl

group, an N-(C to C4 al kyl)carbanoyl group, an
N,N-di (G to C4 al kyl)carbanmoyl group, 252

g%ched) ?( I é4 %lﬁlgé%b%mﬁﬁl’ lkélrgﬁg’r py@ﬁbﬁ@%’where RA
kh /YL, Of a}]ﬁtdlq%%o%gft ; t]ﬁlla %{JL gl?Of cl ai m 13,

wherein con ary a repr esent ed

by the for U avhhd ke rgﬁ? gr oups i ndependently sel ected
from the group consi sting of a nethyl group, an ethyl

group, an n-QURR2Yr QPere F2oi SRPURY agé OéJa[bh Eiﬁﬁependenﬂy a
n-decyl group, and a cycl ohexyl group.

hgﬂfmgémétd}h@trfﬁ T4 to Vihes iy gBau?)’ld RS of the secondary
amne represented by the fornmula (I11) are the sane.

16. The net hoditeb groapm 9, wherein R7 and R8 of the
secondary amine 15 represented by the formula (I1)
are taken togeathermoyl gorup,a di val ent group sel ect ed
fromthe group consisting of. -(CH2)m (where mis an
i nteger from2N-(C8yq Ca aﬂk@l)cbrlmrdoybgroﬁlm 20

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

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

a halogen atom; and

(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 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 R?! are each independently a hydrogen atom or a C1 to Cq4 alkyl
group),‘ a nitro group, a carbamoyl group, an N-(C; to C4 alkylcarbamoyl

group, an N,N-di(C: to Cs alkyl)carbamoyl group, or -NHCOR?® (where R?

18 a Cy to C4 alkyl group that may be branched),

a cyano group,
-NR2°R21 (where R2° and R2! are each independently a
hydrogen atom or a Ci to Cs alkyl group),

a nitro group,
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17. A nmethod for stereoselectively producing a

conpound represented by the formula (VI): R R1L60 25
R15 --N 4A* OR 17 R18 (V 1) 253 conpri sing:

al kyl ating a conmpound represented by the formula (IV)
R14 RI6 ~==NUCOORW | 5 RIS H(l V) wth a
conpound of the formula (V): R18-w (V) using a
compound represented by the fornula Wthat is pure

with respe try as a phase transfer
cat al yst: C&%&éﬁb l&é%glfm RL R7 R5 'O. |

RS, R6 R6' NynNX CdlalkyHBatita “113&# - 15
RT RZ Min a nnedﬁlrng(lgn4taf]ey§r %sennég 0? [ norganl C

base, whereigh NN k(e Ql]iﬂl)oarﬁhmo‘?l erbdp, R2', R3,
RX, R4, R4, R5,
NHCOR9 (where R? is a C; to C4 alkyl group that may be
branched), and
a halogen atom;
and n is an integer from 1 to 12); or R7 and R8 are taken together to form

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

is an integer from 2 to 8);

! l
j

0 o
_/

; and
10. The method of claim 9, wherein RI, RY, R2, R?, R3, R¥, R4 R%, Rj,
R%, RS, and R® of the compound represented by the formula (II) are
groups independently selected from the group consisting of:
(i) a hydrogen atom;
(xiv) an aryl group, wherein the aryl group may be substituted
with at least one group selected from the group consisting of:
a C1 to Cs alkyl group that may be branched,
a C1 to Cs alkoxy group that may be branched,
an aryl g:foup that may be substituted with a Ci1 to Cs
alkyl group that may be branched, a cyano group, -NR?"]E?.21 (where R20
and.R21 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, an N,N-di(C; to C4 alkyDcarbamoyl group, or -NHCOR® (where R?

is a C; to Cs alkyl group that may be branched),
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R6, and R6' are groups independently selected fromthe
group consisting of: .20 Wa hydrogen atom (ii)
-NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a Cl1L to C4 al kyl group); (iii) a
cyano group; (iv) a nitro group; 25 M a carbanoyl
group; (vi) an N-(CG to C4 al kyl)carbanoyl group;
(vii) an NN-di (A to C4 al kyl)carbanoyl group; 254

(viii) -NHCOR is a G to C4 alkyl group
that may be b?’%@%ﬁ}lﬁg(ix) a G to C6 al kyl group

that may be mﬁnqmdg exfeorafbaaﬁ%%hcﬁggfgr ' iﬁdxg&(%ﬂy a

to C6 al kenyl group at may be Dbranc orm

byabdgen SAHRr 4 Uiod A1 kynyl . group that may
be branched or forlmoa : cyg?ig?gg@dup; (xii) an aral kyl
group, whered hifhegduyl noiety of the aralkyl 10
group may be substituted with at |east one group

sel ected fraicaFigagopligrogynsi sting of: G to C4
al kyl group that may be branched, G to C5 al koxy

group that nayNo€Cbtaithdltyl)earianibybgeiip,t hat may be
substituted with a Cl to C4 al kyl group 15 that may

be branched,amNPNadd Qyrioudy alkyRayRamoyeeoap R20 and
R21 are each independently-a hydrogen atomor a Cl to
C4 al kyl gr odfICQRh(where éﬂdam Ca toaCbabill grogepothst may be
an N ( to C4 al kyl)carbanoyl group, an N, Ndi(d to ‘
}f&'@neﬂhl%l arbanoyl . group, or -NHCOR9 (where R9 is a Cl
to

a halogen atom, and

-S(O)n°R (where n is 0, 1 or 2, and R is a Ci1 to Cs alkyl
grdup that may be branched);
or may be substituted with -O-(CHz)m-O- (where m is 1 or 2) at positions
3 and 4 taken together; and

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

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

a C1 to Cy4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be brdnched,

an aryl group that may be substituted with a Ci to Cy
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
a_nd R?! are each independently a hydrogen atom or a Cj to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkyl)earbamoyl
group, an N,N-di(C; to Cs alkyl)carbamoyl group, or "NHCORS? (where R?
is a C1 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 group),

249



10

15

20 -

25

C4 al kyl group that may be branched), 20 a cyano
group, ~NR2OR21 (where R20 and R21 are each

i ndependently a hydrogen atomor a G to C4 al kyl
group), a nitro group, a carbanoyl group, 25 an N (Cl
to &4 al kyl)carbanoyl group, an N,N-di (G to 4

al kyl ) car banoyl group, -NHCOR9 (where RO is a C to (4
al kyl group that may be 255 branched), and a hal ogen
atom (xiii),a:het ral kyl group having a heteroaryl
noi ety, V\her%?ﬁ%t%%ﬁéteroaryl noi ety may be

substituted Mk ne group 5 selected from
the group consi%%ﬁyggﬁu%l to C4 al kyl group that

may be branched-(C; & 0,01 1@5&9&% hat may be
branched, an aryl érouﬁ t%gt) may gﬁ’l; sté’t uted with a

Cl to C4 al kyh NyNoRf(C,tthat 1R@rBEARRA cyano
group, -NR20R21 (V\/neré F€204 an sz are %gmég’ch

i ndependent |-WHCORT GgkeraROM: &f (1 t61 Cf A1IGA gfllokx})g,hatt may be
0

. group), a nitro group, a carbanoyl group, an N

e maihed),) mad bamoyl group, an N, N-di (0 to C4
al kyl ) car banoyl group, or -NHCOR9 (where RO is a Cl to

C4 al kyl groubatdgstn sty be branched), a cyano group,
15 NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a Cl to C4 al kyl group), nitro

ro carbanoyl_ group, an N-(Cl to 4

kyhe aeins, ot gleompl0, wherein KI, RY, R2, R?, RS, R¥, R4, RY, RS,
R¥%, RS, and RY of the compound represented by the formula (I) are
groups independently selected from the group consisting of a hydrogen
atom, a 3,4,5-triflucrophenyl group, a 3,4,5-trichlorophenyl group, a
3,4-difluorophenyl group, a 3-nitrophenyl group, a 3-cyanophenyl group,
a benzothiophenyl-_z-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.

12. The method of claim 11, wherein the compound represented by the

formula (II) is a compound represented by the following formula (IT):
_ .
OO CH.Z
Sow
R" (11")

(where R! and RY are groups independently selected from the group

~ consisting of a hydrogen atom, a 3,4,5-trifluorophenyl group, a
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20 an N,N-di (A to C4 al kyl)carbanmoyl. group, -NHCOR9
(where RO is a Cl to C4 alkyl group that may be
branched), and a hal ogen atom (xiv) an aryl group,
wherein the aryl group may be substituted 25 with at
| east one group selected fromthe group consisting of.
Cl to &4 alkyl group that may be branched, Cl to G5
al koxy group that may be branched, 256 an aryl group

P tﬁb%ﬂ A iré%%le’g ag e sglﬁér@t@&e%hﬁ‘ééég& ARG trophenyl
R o o s G BRR) BAERRT 1F o Py Bupierh g iy ke, @

TP, et L P A S o,

Q\’!‘&{f?u f

branch %p&%ng%/a I'Bﬁ%')oup, aé%%gﬁm?mﬁ%heg% %ﬁaup&land a
8IRbRAGHLBASRENSAN hond BHELRICANd aTt‘gm RE anfl 7t Qurf? sroups
aTkyI group), 10 a nitro group, a carbanmoyl group, an
MddpbridenC¥ a4 Wxfiheariaanmth @roup, an N, N-di (0 to C4

al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to C4

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

and -S(On-R (where nis 0, 1 or 2, and Ris a GG to 4

- 28 kyThegmetiod ldtclaimyd,behbrahcRed)id B8 sbthd€econdary amine

substituted with -0-(CH2) m0- (where mis 1 or 2) at
pogiesentesl bpohe fmdallat AEkare gyeubsrindependently selected from

the group consisting of:

' (ii) a Ci1 to Ciz alkyl group that may be branched or form a ecyclic
group; and
(xii) -(CH2)a-OR12 (where R12 is a group selected from the group
consisting oft
(1) a hydrogen atom, |
(2) a Ci 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 Ci to C4 alkyl group that may be branched,
a Ci1 to Cs alkoxy group that may be branched,

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

~ alkyl group that may be branched, a cyano group, -NR20R2! (where R20

and R?! are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group,.an N-(C: to Cs alkylecarbamoyl
group, an N,N-di(C: to Cs alkyl)carbamoyl group, or -NHCOR? (where R?
is a C1to C4 alkyl group that may be branched),

-8 cyano group,
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(xv) a heteroaryl group, wherein the heteroaryl group
may be substituted with at | east one group sel ected
fromthe group consisting of: Cl to &4 al kyl group
that may be branched, C to C5 al koxy group that nay
be branched, 25 an aryl group that nmay be substituted
wth a Cl to &4 alkyl group that may be branched, a

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

i nd dent | t 1 to C4,al.kyl.

aroupy . a ni YR RERES 1 R5d5 %Dﬂrig?@cgﬁ(lgﬁﬁfeninﬂy a
0 rda r , an , [ 0

g?ﬁﬁ%%ﬁ@ﬁ%?fﬂ?ﬂgﬁp@ %Mllﬁgl&% (where RO is a Cl to

C4 al kyl groyp: be branched), a cyano group, 5
-NR2OR21 (V\hgr&g%oﬁ% R21 are each independently a.

g hydr ogen atQ%ﬂFaxﬁog g}&lﬁ al kyl group), nitro

group, carbanoyl grou N(ClL to C4

al kyl ) car bangpy INGCOYP C,10L3N Akl B d&h, A
al kyl ) car barmoyl group, g NH%%% (V\hg?gbﬁgﬂ?’s a Clto C4

al kyl group ihal Nvayheo OF angNechrbadit1arbapogen

atom and R7 and R8 are each independently a .
nonoval ent oNHOQGRY(wHproRoaken ChStot @k alkylogeiuiethdtomay be

forma divalent organic group, X- is a halide anion,
brandhed)pandl ae (1V) and (VI), R4 and R15 are each
i ndependently Wa hydrogen atom or 20 (ii) an aryl
group that mapabegesubtimtandd with a Cl to C4 al kyl
tg Lg? pngl;aten@{ abﬁesgfiggglegfoép,Cv%rhtegeigstl?el ig’)c(grog;;lugroup may
be substituted with at least one group selected from the .group consisting
of: |

a C1 to C4 alkyl group that may be branched,

a Ci1 to Cs alkoxy group that may be branched,

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

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

a nitro group,

a carbamoyl group,

an N-(C1 to C4 alkylcarbamoyl group,
- an N,N-di(C; to Cq alkyl)carbamoyl group,
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branched, or a hal ogen atom w th the proviso the case
where both R14 and R15 are hydrogen atons is

excl uded, 25 R16 is a group selected fromthe group
consisting of: (i) a hydrogen atom (ii) a Cl1 to G o
al kyl group that may be branched or forma cyclic 258
group; (iii) a C to C6 al kenyl group that nay be
branched or forma cycllc group Q) a Cto Co6

al kynyl grou Q{E@B or .for

group; M an &I Erg bﬁﬁe fiﬂ ‘E%Q%Igﬂa%?%)éﬁ?t may be
%hen rgdakgl group nay be- subst ituted with at | east

ﬁ%%i‘ Iectedfromthe group consisting of: a G

to 4 al kyI gtrh%lf{))gé@grt IHay be branched, 10 a G to C5

alkoxy group Y&’ branched, an aryl group that

th a G to C4 al kyl group that
nay rggs %#2%&%1% (ﬁdlg)/%%o group, -NR20R21 (where R20

and R21 are each i ndependently a hydrogen atomor a
Cl to &4 alkyl group), a nitro group, a carbanoyl

Qflouﬂ‘heaﬂle%hé@loftc@al% 13, kvhdGRh DRIMIYH R¢ 8 Phe @Beddary amine
N-di (O to C4 al kyl)carbanoyl group, or - NHCOR9

(‘él}h%fs@n@i b ﬁw_@foﬂr@ulaCGH?'dﬂé' WupisPid e ndRY tREselected from
branched), Z cyano group, NR20 iﬁ(év\here R20 alr%g R21

thie geaah consigpepdehi nvethyledoagean a@hginggbup, £h d-butA group,
al kyl group), 20 a nitro group, a carbanoyl group, an

Al (18bbuty]l @oap kyhordbeyiogitougy, @uyg, a cyclohexyl group.

15. The method of claim 14, wherein R7 and R® of the secondary amine

represented by the formula (II) are the same.

16. The method of claim 9, wherein R7 and R2 of the secondary amine
represented by the formula (II) are taken together to form a divalent
group selected from the group consisting of: -(CHgzln (where m is an

integer from 2 to 8);

~—0 0
]

0 o

© sand
v/

17. A method for stereoselectively producing a compound represented

by the formula (VI):

| R14 R160
=N
R15 * O_Rw
R18 (VI)
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an N,N-di (d to C4 al kyl)carbanoyl group, -NHCOR9
(where RO is a G to C4 alkyl group that may be 25
branched), and a hal ogen atom (vi) a heteroaral kyl
group having a heteroaryl noiety, wherein 259 the
heteroaryl noiety 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
alkoxy that may be branched, 5 an aryl group

t hat éﬁ%stltuted with a Cl to C4 al kyl group

t hat br anched ano (

R20 a%%ﬁ C%lggﬁﬂpﬁ&)éggﬁ%%}{pﬁﬁﬂyatb}%r@éﬁ m or
acClto ™ al kyI group)yqgd Nitro group, a carbanoyl
group, an N-(CRto 4 kyl ) car banoyl group, an

N, N-di (G to C4§:k!\||l IWL ~oup, or -NHCOR9
(where RO is a C/t k group that may be
branched), a cyfo gropp, - NR2OR21 (wheile/R20 and R21
are each independently a hydrogen atomor a Cl to 4
#idly b @RQPHInd 8f thd FngWRUEAN): 15 a carbanoyl group, an
N(C to C4 al kyl)carbamoyl group, an NNNdi (O to C4
al kyl ) car bamoyl grd -N where RO is a Cl to C4
al kyl group that may be branched), and 20 a hal ogen
ating a( eompoamdarybrapented Whettel doialar) aeuis Hatre with
be substituted wth at |east one group selected from
rdspegt tapxmospan sidtng agfa phasECitramsiesd cata\dybt ‘group that
may be branched, R? R?

RS' RZ' ' (I)

in a medium in the presence of an inorganic base,

wherein in the formula (I), R, R, R2, R?, R3, R¥, R4, R%, RS, R5.',
R6, and R® are groups independently selected from the group consisting
of* |

(i} a hydrogen atom;

(i) -NR2'R21 (where R20 and R?! are each independently a
hydrogen atom or a Ci to C4 alkyl group);

(iii) a cyano group;

(iv) a nitro group;

(v) a carbamoyl group;

(vi) an N-(C: to Cs alkylcarbamoyl group;

(vii) an N,N-di(C; to C¢ alkyl)carbamoyl group;
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a Cl to C5 al koxy group that nmay be branched, 25 an
aryl group that nay be substituted with a Cl to 4

al kyl group that nay be branched, a cyano group,
-NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a Cl1 to C4 alkyl group), a nitro 260
group, a carbanoyl group, an N(Cl to C4

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

al kyl ) gar.ba 0 or o r is.aglto

&r o K OO e B ahaniets Cine L B oyPotfat Bay be
Ngg . (where R20 and R21 are each i ndependently a

P1y rogen’ atomor a Cl to C4 alkyl group), a nitro

group, (: | (Gt :
2l kyl 5 82 %gérrg$ g“r%uﬁ?%“@ﬂtﬁt@ﬁ % Hanhed or form a cyelic
g{&)ﬂ;)carbamyl group, -NHCORO (where RO is a Cl to 4

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

and (Vvig)ia) C3th @eeél‘k%h)f(fi s96 QP Rha¥hes bR B1he chel &rOREM a cyclic
group may be 15 substituted wth at |east one group
gehgsted fromthe group consisting of. a G to C4

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

group Gdlata fRytd€sbainaiddgramp ahyt @aPURe tHrahchey deform a

- substituted wwth a Cl to C4 alkyl group that may be

tydicgwedip;a cyano group, - NR20R21 (where R20 and R21
are 20 each independently a hydrogen atomor a Cl to
C4 al kil ganusmdalkyl rgronp, grbersinatiardryhomloigyoaH,thanaralkyl
N-(CG to C4 al kyDcarbanoyl group, an N Ndi(C to C4
ara mear basvblifutedpwitdr at g&a@@@e( geapesdtected &og the group
C4 al kyl- %r oup that may be branched), a cyano group,
consisting of:

a C1 to C4 alkyl group that may be branched,

a Ci1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to Cs alkyl group
that may be branched, a cyano group, -NR20R?! (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-(C: to Ci alkyl)carbamoyl 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,

-NR20R21 (Where R20 and R?! are each independently a hydrogen
atom or a Ci1 to C4 alkyl group), |

a nitro group,

a carbamoyl group,

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

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

-NHCOR? (where R? is a C: to Cs4 alkyl group that may be
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25 NR20R2" (where R20nd R21 are each independently a
hydrogen atomor a Cl to C4 al kyl group), a nitro

-group, 261 a carbanmoyl group, an N-(C to 4

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

al kyl ) car banmoyl group, -NHCOR9 (where RO is a G to 4
al kyl group that may be 5 branched), and a hal ogen
atom R17 is a G to C8 alkyl group that may be

graw forma cyclic group), in the fornulae M
q a’i@ R18 is a group selected fromthe group
consi st Wa G to Go alkyl group that may be
br anch%é?ag?g%?m%’ cyclic group; (ii) a C3 to C9

o Gy ﬁ%?esrﬁggls%léfé’ﬂ%%%asoﬁ%"“%au%%? LT T
| b |

LS S 80, L SRS ETH A b s

%}@%ﬁeﬁo tﬁé)g{%%c&ﬂ& g?(#oup, M an aral kyl group,

ereint rety o e aral kyl group 20 may

De_SUbs Ui Crlatthd Bl (63T 1 8P Bednalipneg! ected from

the group consisting of, group that

my be Ul%ﬁ@aeﬁlkoxy%rohﬁ 1%1:%59)13@ erﬁih‘heﬂhat may be
branched, an aryl group that may be substituted with a

Clto e@ﬂa@&kﬁi‘o bdaubbByuhel Righaedio €4caMapbgroup
group, -NR20R21 (V\,her e 0 and R21 are
that may be branched, a cyano group, -NR2°R2! (where R20 and R?! are
each independently a hydrogen atom or a C1 to C4 alkyl group), a nitro
group, a carbamoyl group, an N-(C; to Cs alkyDecarbamoyl group, an
N,N-di(C; to Cs alkylcarbamoyl group, or -NHCORS? (where R? is a Ci to
Cs alkyl group that may be branched),

a cyano group,

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

a nitro group,

a carbamoyl group,

~an N-(Ci1 to C4 alkyl)carbamoyl group,
~an N,N'di(Cl to Ca alkyDcarbamoyl group,

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

a halogen atom;

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

a Cy to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,
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each independently a hydrogen atomor a Cl to C4 al kyl
group), a nitro group, a carbanoyl group, an N-(Q to
C4 al kyl) carbanoyl group, an 262 N Ndi(Cd to C4

al kyl ) car banoyl group, or -NHCORO (where RO is a Cl to
C4 al kyl group that may be branched), a cyano group,
-NR2OR21 (where R20 and R21 are each independently a’
hydrogen 5 atomor a G to C4 alkyl group), nitro
roup, _car

s iy h A eyl gt
B pl DB GRAh: aYAER EBP BNl AberenBrogaf R are
Anadidndtalll % RRURLSN 8051 3% J9, G AR 88, a nitro
%@%Léﬂ%ﬁf&eﬁ% Boufegr %’P‘S%%Lt?ﬁ%e AR GRED, P, an
SN B(E (B COMTI AR FBtp D5y PRACORS: (b3l b is & Cu to
g, QURy1 %ﬁipfl?s)’tﬁ%ybdéﬂfeiféhetﬁ cyano group, -NR20R21
(wher'e 0 "and

RP1"are 20 each independently a

hydr oggRyahemrenpa G to C4 alkyl group), a nitro
group, a carbanoyl group, an N-(Cd to C4

al kyl ) O¥RB®REY v h@roUR?0 and RENuH 64th tiadédendently a hydrogen
al kyl ) car banmoyl group, or -NHCOR9 (where RO is a Cl to
&¥bmloeyd Cgrtouh 4llkgl geayphe branched), a cyano group,
25 -NR20R21 (where R20 and R21 are each independently
a hydrogetro moam or a G .to C4 al kyl group),

a carbamoyl group,

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

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

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

a halogen ai:om, and

-S(0)xR (where nis 0, 1 or 2, and R is a C1 to C« alkyl group that

may be branched);

or may be substituted with -0-(CHz)nO- (where m is 1 or 2) at positions

3 and 4 taken together; and

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

a C1 to Cs alkyl group that may be branched,

a Ci to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci1 to C4 alkyl group
that may be branched, a cyano group, -NR20R2! (where R20 and R?! are

each independently a hydrogen atom or a Ci to Cs alkyl group), a nitro
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a nitro group, 263 a carbanmoyl group, an N-(Cl to 4
al kyl’) carbanoyl group, an NNN-di (A to 4
al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to C4
al kyl group that may be 5 branched), and a hal ogen
atom (vii) an aryl group, wherein the aryl group may
be substituted wth at | east one group selected from
the group consisting of,” a Cl to C4 al kyl group that
be_br anched

e BrafcHE a ?ﬁ’larg%?c’)“@r gﬂi‘pﬁﬁ%ﬁ’l&@é@%ﬂ%&b%&z’t@&n@ oup, an
' C , .
M ARRGER,C. SeahtbopfiR Bonb B HEBRILAETH i 0r o

tpd W BudrposR, Mo a CL to Ct al kyl
g

group), a nitro oup, a carbanoy]. group, an N-(Cl

to C4 alkyl) Rgnoyl group, an 15 N,N-di (A to C4
al kyl)cgg%arm%sfj g’roup, or -NHCOR9 (where RO is a Cl to

4 al ke u y 3 : , :
CNroO el a gl B eonaRIed (AENERR AP o ogen

fpehi @genC; 3b @Y Alkyd gedupy C4 al kyl group), 20 a nitro
group, a carbanoyl. group, an N-(Cl to 4

al kyl )z aifrargphipgr oup, an N, N-di (C to C4
al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4
al kyl agrarhmmbgal gregp,be 25 branched), and a hal ogen
atom (viii) a heteroaryl group, wherein the
het er caxr N '(ér tuE4redlybDearbamoyl group,

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

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

branched), and

a halogen atom; and
R7 and R® are each independently a monovalent organic group or are
taken together to form a divalent organic group,
X- is a halide anion,
in the formulae (IV) and (VI),
R4 and R15 are each independently

(i) a hydrogen atom; or

(i1 anl aryl group that may be substituted with a C1 to Cq alkyl
group that may be branched, a Ci to Cs alkoxy group that may be
branched, or a halogen atom?

with the proviso the case where both R4 and R15 are hydrogen
atoms is excluded,
R16 is a group selected from lthe group consisting of:

(i) a hydrogen atom;

(i) a Cl_ to Cio alkyl group that may be branched or form a cyclic
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264 substituted with at | east one group selected from
the group consisting of: G to &4 al kyl group that
may be branched, C to C5 al koxy group that may be
branched, an aryl group that nay be substituted with a
Cl to &4 alkyl group 5 that nay be branched, a cyano
group, -NR2OR21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl

g‘ﬁoqyaqo), a nitro group, a carbanoyl group, an NN(G to
' ‘kyl ) carbanoyl group, an N, Ndi(d to C4

al kyDcay: | . grou - ere R9.is a Cl to

o Ao & O Bl BT Rhe S % Hefaflp®d orform
HP% -NR20R21 (where R20 and R21 are each

%fgep rr(l)él1 ﬁtly a hydrogen atomor a Cl to C4 al kyl

gr oup)G [ u r t

G 0aPT) B B B GOy ot o4y P sl o
& remphamoyl group, -NHCORO (where RO is a G to C4

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

atom @NAn28r4lig] pRobP, WheeBiPtRPAYYY |gr§lﬁ€ldﬂ t8e aralkyl group
substituted propargyl group that nay be branched, and

iyt be fwbgtidieted\VivithVdts Ieadtuoss i @alp geldepedaftbng the group
| eaving ability, and in the formula M, 25 shows a
conslistipg offuced asymetric center. 18. The met hod of
claim17, wherein R7 and R8 of the compound 265

r epr eseft éd (hyaliyd growpkhat i3y hedrgnohpd,
i ndependent|y sel ected from -

a Ci to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci1 to Cs alkyl group
that may be branched, a cyano group, -NR20R21 (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 Cs alkyDcarbamoyl groﬁp, an
N,N-di(C: to C4 alkyl)carbamoyl group, or -NHCOR? (where R? is a C; to
Cs alkyl group that may be branched), |

a cyano group,

"NR20R21 (where R20 and R2! are each independently a hydrogen
atom or a Ci to Cy alkyl group),

a nitro group,

a carbamoyl group,

‘an N-(C1 to C4 alkyDearbamoyl group,

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

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

a halogen atom;

(vi) a heteroaralkyl group having a heteroaryl moiety, wherein

259




10

15

20

25

the group consisting of: Wa Cl1 to Cl al kyl group that
may be branched or forma cyclic group and/or may be
substituted with a halogen atom 5 (ii) a C to Cl12

-al kenyl group that may be branched or forma cyclic

group and/or may be substituted with a hal ogen atom
(iii) a C to Cl12 alkynyl. group that may be branched
or forma «cyclic group and/or nmay be substituted with

L T L .
S0 Chart P BRE e BHRRERE O 1 00 5 alkoxy group
233%2 FGadh G ?ﬂﬁge%?“?o%%%?%ﬂ%@%@edﬁét :Egy be

are 120k B O AR At B R ot o

C4 al kyh a%%PEﬂ)u thit E:g%gfz QUPBstiRutdd Rﬁ'ﬁ?ﬁl_%?g%@i%ﬁggroup

N(C to al kyl’?)car group, an

£ ¢y la5AH O BN hEH O WPey o pRHEORINRMRIe(W % deSR® GhdlR2: are
C4 al kyl group that may be branched), a cyano group,

24 INRRMEEh deMity @ Fe@rand RPdmase ac@t ol OA8PSFISRAIY, & nitro
hydrogen atomor a Cl to C4 alkyl group), nitro

groagp, a cabhatmyll ggyglpanaN-06{ €@ 09 &¥%kylcarbamoyl group, an
al kyl ) carbamoyl group, 25 an NNN-di (O to C4

N Nydif €ath Swalkydreanpa mofHEERAp ( oh eNEIGOR'S(whaze R4 C; to
al kyl group that may be branched), and 266 a hal ogen
Gt ebryiNraupettextonny ibegbanzhedder ei n t he het eroaryl
group may be
a cyano group,
-NR20R21 (where R?° and R?! are each independently a hydrogen
atom or a C1 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)carbamoy! group,
-NHCOR?® (where R? is a Ci1 to C4 alkyl group that may be
branched), and |
a halogen atom;
(vil) an aryl group, wherein the aryl group may be substituted
with at least one group selected from the group consisting of:
a C1 to C4 alkyl group that may be lbranched,
a Ci1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C: to C4 alkyl group

that may be branched, a cyano group, -NR20R2! (where R2° and R2! are

each independently a hydrogen atom or a Ci to Cy alkyl group), a nitro
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substituted with at | east one group selected fromthe
group consisting of a Cl to C4 al kyl group that nay
be branched, 5 a Cl to C5 al koxy group that nay be
branched, an aryl group that nay be substituted with a
Cl to &4 alkyl group that nay be branched, a cyano
group, -NR20R21 (where R20 and R21 are each
i ndependently a hydrogen atomor a Cl to C4 al kyl

oup), itro _group, anoyl an N-( to

%Ho‘éﬂ”kfi‘DE%’F o yi ErgEpusn %ﬁ'@@ iq QMﬁﬁ@erwb@moy group, an
SNRTL G alﬁm‘iuapr#&%wé FHO%Re wégfe@gga@h%%p i€'a Oy to
o 1 R2

o ?ﬁggﬁﬁrf‘%a Ehwfowaa’ 8505 Kyl aroup) 15 & it o

group, _a_carbamoyl. group, an N-(Cl to 4

al kyl )Cayggwpu roup, an N,Ndi (G to C4

| kyl HGRR9 t

a’ Ky )CIQ E@I{@i)’d I%r%uﬁgo aNQ ai@ gaﬁ 1@ﬁg§gaﬁ§figg% r}]:197A(irogge11

al kyl group t hat 0 branch

QE&H‘or(é.”@l @% R@%WB " (where RIO and R' are
groups endent | ected fromthe group
consi sgllﬁgroo rodpl) a hydrogen atom 25 (2) a G to C4
al kyl group tThat may be branched; (3) a C2 to C6
al kenyj cgg«pyﬁogrh%zoﬁ@ be branched or form a cyclic
group 267 (4) a to C6 al kynyl group that may be
br anchgd 21(Cf 610, alks¥ehirbaioplerd®p, an aral kyl group,
wherein the aryl noiety of the

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

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

branched), and

a halogen atom; and

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

a Ci1 to C4 alkyl group that may be branched,

a Ci1 to Cs alkoxy group that may be branched,

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

a ¢yano group,

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

- a nitro group,
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aral kyl group may be substituted with at | east one
group selected from 5 the group consisting of: Cl to
C4 al kyl. group that may be branched, Cl to G5

al koxy 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
10 and R21 are each independently a hydrogen atomor a
G to 4 kyl ?roup), a nitro group, a carbanoyl .
group, &4®R¥ Y150 al kyl ) carbanoyl group, an

LR i s g, & e
15.- NR2OR21 R20

R.r?_in:;rk g“@%&ﬁ'ﬁ@ﬂﬁ%%?@m’\}c@%‘aﬁf o%ré’gl atgineor a ?:2 to

Ch lokusoup om0 000, ) LT, o o

) banmoyl group, -NHCOR9 (where RO is a G to
%alg'%lt&yd[)’ %rﬁgup that may be branched), and a hal ogen

“atom L Na18z5eLe5@ar al kyl group having a heteroaryl

noi ety, 25 wherein the heteroaryl noiety nay be

Rubsti 4 utedoWot t'511§§71 |g€1‘*6§:§ 8 PR PEARCAET i RIPnh NE cyclic
group consisting of. a to C4 al kyl group that may :
beoWs)anched, 268 a Cl to C5 al koxy group that may be
branched, an aryl group that nay be substituted with a

12l the fanubleV) gidPIX hat may be branched, a cyano
group, -NR20R21 (where R20 and R21 are each
Ridepz gdenp |sglactay dromaehegtromparonziing of'C4 al kyl

(@) a Ci1 to Cio alkyl group that may be branched or form a cyclic
group:; _

(i) a Cs to Cs allyl group or substituted allyl group that may be
branched or form a cyclic group;

(iii) a Cz to Cs alkenyl group that may be branched or form a
cyclic group;

(iv) a C2 to Cg¢ alkynyl group that may be branched or form a
cyclic group; |

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

a Cy to Cq alkyl group that may be branched,

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

an aryl group that may be substituted with a Ci to C4 alkyl group

that may be branched, a cyano group, -NR20R2! (where R20 and R2! are

each independently a hydrogen atom or a C; to Cs alkyl group), a nitro

group, a carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl group, an
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5 group), a nitro group, a carbanoyl. group, an N (Cl
to C4 al kyl)carbanoyl group, an NNN-di (Cl to C4

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

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

I I b N, N-d : ;
STttty Fotensl el s e 11
kyl t hat hed), nd hal
G ks gy B, R Bponcred), and o helogen,
bsti I I d f h
Subst Ll hbly 2 ezt one group selected from e

zﬁznsﬁggﬂwgﬁ'ﬂﬁﬁe@g%ﬁ;&?ﬁﬁ' LU eI, Do

Storh QrGf C13hKY al t may be branched, a cyano
grooup,r II22 4am§‘9 0 and R21 are each

: |ndepe5]<;ﬁﬁtol%g0@l phydrogen atomor a G to C4 alkyl 25

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

C4 al kykhelpaibe ?‘pgfoulgroup, an N,N-di (d to C4
al kyl ) car banmoyl group, or -NHCOR9 (where R9 is a Cl

to C4 ahANKCotolh dlkehcaslyaeybgenghed), 269 a cyano
group, -NR20R21 (where R20 and R21 are each

i ndepend ®hN-#i(€1 toy@l aljerl) @trbammyl grlipt 0 C4 al ky!
group), a nitro group, 5 a carbanoyl group,

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

a halogen atom;

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

a C1to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

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

group, a carbamoyl group, an N-(C: to Cs alkylcarbamoyl group, an

- N,N-di{C; to C4 alkylcarbamoyl group, or -NHCOR? (where R? is a Ci to

Cs alkyl group that may be branched),

a cyano group,

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

- a nitro group,
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an NN(ClL to C4 al kyl)carbanmoyl group, an N,N-di (O to
4 al kyl ) car banoyl group, -NHCOR9 (where RO is a G to
C4 al kyl group that nmay be branched), and 10 a hal ogen
atom and (8) a heteroaryl group, wherein the

het eroaryl 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, 15 a Cl to C5

may bo® SRCLRP B Wt h o 1 Lo Gt al kyl gt oup that

and Rty SCLERIC T ERRERRY! hifr ogen' atam or a c1

an ~ (B Y GR P RGRASeBaE™ TN 8 (S

2 ar A e R (ERE 18 B O Lt o Wyl dmay be

PEhed) NRRR21 (where R20 and R21 are each
i ndependently a hydrogen atomor a Cl to C4 alkyl

gr oup) a hddosehidm; 9roup, a carbanoyl group, an N-(Cl
to C4 al kyl) carbanoyl group, 270 an NN-di (O to C4

al kyl ) Gad) basroity] gsreu, whikedROtHeMagyE ofBup SmayBe tsubsdituted

al kyl group that may be branched), and a hal ogen
aidmt keandne goumnsdlotiedefrotd the gréwp ¢@nsistivig of;
-(CH2). CONR12R 3 (where R12 and R13 are groups

a Ci1 to Cq alkyl group that may be branched,

a Ci to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C; to C4 alkyl group
that may be branched, a cyano group, -NR20R2! (where R?0 and R2! are
each independently a hydrogen atom or a C; to Cs alkyl group), a nitro
group, a carbamoyl groﬁp, an N-(C1 to Cu alkyDearbamoyl group, an
N,N-di(C: to Cs alkyl)carbamoyl group, or -NHCOR?® (where R? is a C; to
C4 alkyl group that may be brzinched),

‘a cyano group,

-NR2R2! (where R29 and R2! are each independently a hydrogen
atom or a C1 to Cq alkyl group),

a nitro group,

a carbamoyl group,

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

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

-NHCOR?® (where R? is a Cl. to Cs4 alkyl group that may be
branched), and '

a halogen atom;

(viii) a heteroaryl group, wherein the heteroaryl group may be
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i ndependently selected fromthe group consisting of: W

a hydrogen atom (2) a Cl to C4 al kyl group that nay

be branched; 10 (3) an aryl group, wherein the aryl

group may be substituted with at | east one group

selected fromthe group consisting of: Clto™4

al kyl group that nmay be branched, G 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 . !
b ssitaed avith atdpasoone gupup srikzoed frqmtibeERRp congtpting of:
R21 are each i ndependently a hydrqogen atgmor a Cl to

c4 al Ky Cr tgrlouphkyl grapp téagmeat bebramebatoyl group, an
N-(d tg C4 al kyl b | , N,Ndi (O to C4
B Kyl ) Gy ks gouy thaber o et | a C1
0 5 oL SR TG 7t g
i dent| d ¢ t0.CA _abkyl
AR R A, B R S R b
A, al kyl o] | N, ' t .
S 1SRRI ni e B LA S Eheas®s el gropp) g mitro
| 2% , u
By SIGHPaR N B Can R (G, 20°CF iy DR Bty PUiBup, an
NeUEL08] ¥b c%fgl%grm%i‘b%ﬁ%gf g@@ﬁﬁ} o STHE ORI AW HSRSRE NG Cr to
e grou G

group selecte rom-t p consisting 5 of: a
G?ﬁﬁéylaéﬂéhb HAUBRaY R brmcHg) br anched, a G to G5
a

oXy group that may be branched, an aryl. group that
may bey syidigd steied with a G to 4
-NR20R2! (where R20 and R?! are each independently a hydrogen
atom or a C1 to Cs alkyl group),
| a nitro group,
a carbamoyl group,
an N-(C1 to C4 alkyl)carbamoyl group,
an N,N-di(C; to C¢ alkyDcarbamoyl group,
-NHCOR? (where R? is a C; to C4 alkyl group that may be
branched), and
a'halogen atom; and
(ix) a Cs to Cy propargyl group or substituted propargyl group
that may be branched, and
in the formula (V),
W 1s a functional group having a leaving ability, and |
in the formula (VI),

* shows a newly produced asymmetric center.

18. The method of claim 17, wherein R7 and R® of the compound
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al kyl group that may be branched, a cyano group,
-NR20R21 (where R20 and R21 are each independently a
hydrogen atomor a CIl to C4 al kyl 10 group), a nitro
group, a carbanoyl group, an N-(O to C4

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

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

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

group, -NR20R21 %vvhere R20 and R21 are each -
r&mﬁenwéhﬂalyytbe aEmhjad(Dgare arowpsrindependenidy selrgtied from
%Zpo nitro group carbanoyl. group, an NN(CG to

SR Y%%%Ei%y@ group, an N, N-di (Ol to C4

o 41 KT % gﬁrél@w ﬁj‘ﬁ‘g)%%g‘ép EREABE DRNELEcAF doum & cyclic
'%S&%fﬂ% cBar L TS R halohes st 25

(1) ae‘ﬂ@ew&%fe@em dﬁﬁ%ﬂ%ﬁéﬁ”@?ﬁBfft&'&ﬁﬁ?fﬁaqr form a
S Gredi A5 e Lol BBt iR S BoglBHEE oroup

sel ected) &y e Ley, 91y ?ggnﬁlog C}gﬁ&%to%ﬁy Be %at‘ﬂ%k‘g& or form a

aI kyI group that may

be substit uﬂ%rqﬁaﬁfb%%%%uﬁe@%ﬁy g&ﬂ 4tdal; may

p that may
be bra@ehas agyl¥anepy IwHiRein NREORAN @‘Y‘@@fi enR¢0be ahstituted

R21 are each |ndependently a hydrogen atomor a Cl to

_ %}ﬂthéastgﬂéU%)o updsdledted fi6@UEhe gr&igd BaRB¥tingl AUP, an

N(C to C4 al kyl) car banoyl
a Cito Gy alky] group that may be branched,

a Ci1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to C4 alkyl group
that may be branched, a cyano group, -NR20R2! (where R20 and R2! are

each independently a hydrogen atom or a Ci to Ca alkyl group), a nitro

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

N,N-di(C: to Cs alkyDcarbamoyl group, or -NHCOR? (where R? is a C1 to
Cs alkyl group that may be branched),

a ¢yano group,

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

a nitro group,

a carbamoyl group,

an N-(C1 to C4 alkyl)carbamoyl grouf;,

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

-NHCOR? (where R? is a Ci to Cs alkyl group that may be
branched), and |
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group, an NN-di (O to C4 al kyl)carbanmoyl group, or
-NHCOR9 (where RO 10 is a Cl to &4 al kyl group that
may be branched), a cyano group, .NR2OR2' (where R20
and R21 are each independently a hydrogen atomor a
Cl to &4 alkyl group), a nitro group, 15 a carbanoyl
group, an N-(Cd to C4 al kyl)carbanoyl group, an
N, N-di (G to C4 al kyl)carbamoyl group, -NHCOR9 (where
ROis a C to 4 alkyl group that may be branched),
and 20a halegeggatprat om and (4) a heteroary]. group,
V\,herelglt)the heteroaryl group may be substituted wth
ankelgr @w ssr@ém,emh&r@mﬂrk@ émg@@ahsgwpngnay be
acC to al k group that ranched,
Izﬁtlweelﬂvﬁhkaaxlya %@ SEARP Sﬁ%ﬂtga e?crouarf:%sgﬁrtmg of:
group t e.substi tuted a C al kyl
group & ﬁgt’w@y ﬁ@lt&raﬂeﬁ t may gﬁ&a@%ﬁé - NR2OR21
(where 73.and R21 e each m@li ntly a
hydr ogaeﬁzj? (ﬁﬁ‘%‘]lk%y@foflg tefpﬁ?lbe %H‘E‘)e%’ anitro
group, rou 1
o ko R PRl 2B A BB b8 ReRetifitiaCitheg O to Ca allel group
I oyp I R202 21
1?'1&3“:04&? ?Egm)rﬁghg&’t c{ya(}fo g%h%rl %anche H) e(“ggere R aga R2! are

PR Pl h@%?’%e? AT AR %Egt@;“a&c%yalﬁrf P, & nitro

SHRHP) a cdtbhitbydl Stup, &AT REMEY lto ICQUWRkycarbamoyl group, an
N,N-di(C; to Cs alkyDcarbamoyl group, or -NHCOR? {(where R? is a C; to
C: alkyl group that may be branched),
a cyano group,
-NR20R2! (where .R2° and R2! are each independently a hydrogen
atom or a Ci1 to Cs alkyl group),
a nitro group,
a carbamoyl group,
an N-(Cy to C4 alkyDcarbamoyl group,
an N,N-di(C; to C4 alkyl)carbamoyl group,
"NHCOR? (where .R9 is a Cy to C4 alkyl group that may be
branched), and
a halogen atom; -
(vi) -(CH2,OCONRRI (where RI10© and R!' are groups
independently selected from the group consisting of:
(1) a hydrogen atoms;
 (2) a C1 to Cs alkyl group that may be branched;
(8) a Cz to Cs alkenyl group that may be branched or fqrm

a cyclic group
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10 an N-(Cl to C4 al kyl)carbanoyl group, an N, N-di (Ci
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 atomr 15 and n is an integer from1 to 12);
(ix) -(CH2),NR12R s (where R12 and R13 are groups

i ndependently selected fromthe group consisting of.
(1) a hydrogen atom (2) a G to C4 alkyl group that
may be branched; 20 (3) an aryl group, wherein the
aryl group iy ade: te Wssalkynybgranp khat mande hysached gy form
sel ected fromthe group consisting of. G to ™4
BCKGHC FVD’ that nmay be branched, Cl to C5 al koxy

SUbei tutea Gl (3 AXaIRgD s waEg i BT habolaty” of the
BeRFE BEORS m A TR WO Bhined OfF & oHD gelfed from
G Bl QR g2 7L 0, 97, & Corbaro group an

O to on ar it I alkibifoudihab kDo iRbRL) S @
gfoup’ - NR2QRA1 1§ Whengo %%ﬂﬁ?tﬁ%ﬁéﬁé@%n&eawl

|ndependently a 5 hydr om or 1to

group), a nNig @rPI YWhup2t A RePWe Qﬁ?é}’tﬁtu@ﬂ Wifla ) to Cs
C4 al kyl) carbanoyl group, an N,/ N-di (C to

Alkley o6 ap by rp@n)rahehe&IHEQ%%ﬂdN@%@ RéNRSOI@@lleE@e R20
C4 alkyl group that may be

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

a cyano group,

-NR20R2!1 (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-(Ci1 to C4 alkyl)carbamoyl group,
an N,N-di(C: to Cs alkyl)carbamoyl group,
| -NHCOR? (where R? is a C; to C4 alkyl group that may be
bi‘anched), and
a halogen atom;

(6) a heteroaralkyl group having a heteroaryl moiety,

wherein the heteroaryl moiety may be substituted with at least one

group selected from the group consisting of:

a C1 to C4 alkyl group that may be branched,
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branched), and a hal ogen atomy and (4) a heteroaryl
group, wherein the heteroaryl group may be
substituted with at | east one group selected fromthe
group consisting 15 of G to C4 al kyl group that nay
be branched, C to C5 al koxy group that nmay be
branched, an aryl group that may be substituted with a
Cl to 4 alkyl group that nay be branched, a cyano
group, -NR20R21 (where R20 20 and R21 are each

i ndependent |3 Ca tihy@r abexyagusmpothat maythe xrnahed,
group), a nitro group, a carbanoyl grou

; N-(C t
C4 al kyl) carandyl 2igupyphatmay l\bedis(-lélspi{tg’?%a, W1(ch a G to Ca

b PRy e Bt drumthdayipa MjarR (where R

ghg:gzelnég%ﬁ%% RRGEG o aroRst AtPE & &1 Ryite Cs alkyl

SR Py il R ARt SRR & WD oMb bamon

B ST BRI eclP %éﬁﬁ?%%#e%%@uﬁﬁaﬁhﬁ%?@&f%m RS
| i 2); W

B O o Ealls (e ROR Ay M BRab BR o) L) o

saturated hydyogakb group that may be branched, and
R12 is a grougﬁse?gc?lg%’ 10 fromthe group consisting

of : (1) a hydRDeR: axAMdre R20 and R2! are each independently a

~ hydrogen atom or a C; to Cy4 alkyl group),

a nitro group,

a carbamoyl group,

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

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

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

a halogen atom;

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

| a C1 to Cy4 alkyl group that may be branched,
a Cy to Cs alkoxy group that may be branched,
~an aryl group that may be substituted with a Cl. to Cs

alkyl group that may be branched, a cyano group, -NR*R?! (where R20
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 Cy alkyl)carbamoyl
group, an N,N-di(C; to Ca alkyl)carbamoyl group, or -NHCOR? (where R? -

“is a C1 to C4 alkyl group that may be branched),
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(2) a Cl to &4 alkyl group that may be branched; (3)
an aryl group, wherein the aryl group may be
substituted with at | east one group selected fromthe
group consisting of. 15 a Cl to C4 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
Cl to &4 alkyl group that nay be branched, a cyano
group, -NR20R21 (where R20 and 1121 are each

i ndependent 1§ Ca2RY gEdden atomor a G to C4 aIkyI 20

&alky 1) cgiﬁ\iﬁnﬁﬁ)”@ﬁdﬁﬁcﬁa a&“&%ﬁ oL ooy i Sendently a
RO C1
ﬁ%‘@éﬁ) car% ¥&§ %ﬂg{ ?%‘)Yllgé ancheg)re a cylafloa

group, .NR20R21 V\,here R20 and R21 are each

|ndependentl‘r§/ nitr Hydr ogen atomor a Cl to C4 al kyl
group), ni t,c{ga%) alllrbam)yl group, 276 an N-(Ci
to &4 al kyl)car ano le anNN—di(CI to 4

| kyl b G toc4
a1 k1 or oup TRAY %68 “ﬁ" Cé DS B iy 2 hal ogen
atom and (@nNN‘-‘HRW%WJM tut%ﬂﬁ%

het eroaryl group may be su 1 east one

group sel ect-aggtioome e ﬂJR“-"H copsicst 1 ‘g
C4 al kyl group that Erayebe brgncgzdé G}%Q ﬂﬁrou% %at ay be

sk dlr ong that may be branched, an aryl group that
may be substituted with a C1 to C4 al kyl group that
may be branchidlogencytane gidup, - NR2OR21 (where R20

(8) 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 Ci1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C1 to Ca

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

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

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

a cyano group,

-NR29R2! (where R20 and R2! are each independéntly a.
hydrogen atom or a Ci to C4 alkyl group),

a nitro group,

a carbamoyl gfoup,

an N-(C; to Cs alkyl)carbamoyl group,
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and R21 are each independently a hydrogen atomor a Cl
to C4 alkyl group), a nitro group, a carbanoyl group,
an NN(C to C4 al kyl)carbanmoyl 15 group, an N, N-di (C
to C4 al kyl)carbanoyl group, or -NHCOR9 (where RO is
a Cl to 4 alkyl group that may be branched), a cyano
group, .NR2OR21 (where R20 and R21 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group), 20 a nitro group, a carbanoyl group, an N-(C

to C4 al kyl )mbbhhdﬁclqua@allaﬂ)wmmocrbgro@pm
alkyl)carba%%{ge where RO is a G to 4

al kyl group € wberez@%.saméhef@)& aHeylasyeairotfeat may be
atom nd nis an integer froml to 12); 277 (xi)

brapghed) 12 (where R12 is a group selected fromthe

gr oup consish g of: (1) a hydrogen atom (2) a Cl to
C4 al kyl . grddg %%’tatr?é? be branched; 5 (3) an aryl

gﬁﬁ%ﬁgsﬁﬁ%ﬁeg%rk%miﬁge%?? ‘omthe group cons: st Y“né,h

Lo cs gf“l%ggxf%@@w Rp GhaFanBroq 2 2801 4, grouws

RSk AP, SURSLLLMb I LRy Gluli@eit o0 2l !

branc cyano gr up, - NR20R21

' (vvhere R20 |ndependently a hydrogen
@?‘% @&alﬁ%yle&%@

atomor a Cl

group), a nitro group, a
corbemy| QUG OF M By B AT OB,
-NHCOR9 (wheis® BB aryl group, wherein the aryl group may be
substituted with at least one group selected from the group consisting of:

a C1 to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a C1 to Cs

alkyl group that may be branched, a cyano group, -NR20R2! (where R20

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

group), a nitro group, a carbamoyl group, an N-(C1 to Cy4 alkyDcarbamoyl
group, an N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCOR® (where R9
is a C1 te Cy4 alkyl group that may be branched), ‘

a cyano group,

-NR20R21 (where R20 and R2! are each independently a

hydrogen atom or a C1 to Cq alkyl group),

a nitro group,

a carbamoyl group,

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

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

-NHCORS? (where R? is a C1 to Cs alkyl group that may be
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is aCltoC4 alkyl group that nmay be branched), 15 a
cyano group, -NP,20R21 (where R20 and R21 are each

i ndependently a hydrogen atomor a G to C4 al kyl
group), nitro group, carbanmoyl group, 20 an N-(Cl to
C4 al kyl) carbanoyl group, an NNN-di (d to C4

al kyl ) car banoyl group, -NHCOR9 (where RO is a G to (4
al kyl group that may be branched), and a hal ogen
atom. and 25 (4) a heteroaryl group, wherein the

heand ydndgroup may be substituted with at |east
one group selected fromthe group consisting of: 278
Cl to C4 al Kybalpgsspatamtandy be branched,  Cl to G5

al koxy group that may be branched, an ary roup t hat
may be SUbS I} gt BETGHPRR SR G rel&|ﬁ;ﬂ £§€968§r¥]h§¥0up may

e .br hed, cyano group, -NR20R21 ere RRO 5. . |
BR RS Pu R BTt af A ueRrats selstrcbiom Sh6 sroho fogsisting
to C4 al kyl ni.tro group, a_ carbanoyl .group,
% NG to %ﬁiﬁi‘% SR gxt ihad sy Be hrancked (o 1o
4 al kyl) car I - e is a
Clto )(/34) al kagﬁﬁér%%%ﬁ{t%%gtéyr%ly %wgﬁ\gﬁlg%ﬁn%%egyano
roup, 10 N e h_.:
igndggenden_t %p?}%%p%eﬁﬁ%f%rﬁgéﬁﬁgﬁg gil_lt(%llla C1 to Cs
A3y %roup NMHA O OHR. braGRhBAMY by H P WRoufN- NRER 21 Quidhe R20
al kyl") car banmoyl ¢roup, ‘
and R?! are each independently a hydrogen atom or a Ci to C4 alkyl

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

group, an N,N-di(C: to Cs alkyl)carbamoyl group, or -NHCOR? (where R?

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

a cyano group,

-NR20R2! (where R2® 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 C4 alkylcarbamoyl group,

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

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

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

(viii) -(CH2).NR!2COR® (where Rz and RI3 are groups

independently selected from the group consisting of:

(1) a hydrogen atom;

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

272




10

15

20

25

15 an N, N-di (A to &4 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 n is an integer

froml to 12); 20 (xii) -(CH2),-S-R12 (where R12 is a
group selected fromthe group consisting of: (1) a
hydrogen atom (2) a Cl1 to C4 al kyl group that may be
branched; (3) an aryl group, wherein the aryl group

may be 25 substituted with at | east one group

sel ected fro@®the @olpeeonsi svhatpisf the @@Yﬂogmup may be
al kyl be branched, a G tg C5 al ko

: gcr Qup. t hat rmg
- gibiitutadiwithyatoleast aneeagup seiertad fmlgq ther BFRDt thpsisting of:

may be substit ted Wi

my be br anch Oacwﬁ%édggpalaﬁ agmp%gh?glbwgp@ koo,

R21

tag C4 al E)rlle ‘;g‘fgﬁ&p?l eWn tegh%’ ﬁl?gymtﬁo%%ﬁr’]k&% %::qr oup,
N-(Cl ’

?2 AP k;f))ac%rao‘” Wcar %ﬁzg%? B 2 t@%eg YWidh(E e to o

B R B e BT B R0 sy iR o
éﬂﬂeﬂﬁnﬁggtéa}éha n@élﬁén%‘?{hyat 0 %%gexf'atfoﬁl & 3l éKI_tF Cs alkyl

7o Tgroup, group,

%’[qﬂ‘@‘; 'y ¢ %*ang?‘F@%r%BSETMﬂM%‘?%%é g“ﬂggl ItFS) Q%%lkyl) carbamoyl

grdug, £ NUR-BN@, (38, By li&irBhahesbupabd -NHCORS? (Where R
is a Cj to C4 alkyl group that may be branched),

a cyano group;

-NR2°R?1 (where R? and R2?! are each independently a
hydrogen atom or a Ci to Cq4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(Cy to C¢ alkyl)carbamoyl group,

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

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

a halogen atom; and

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

a Ci to C4 alkyl group that may be branched,

a Ci1 to G5 alkoxy group that may be branched,

an aryl group that may be substituted with a Ci1 to Ca

alkyl group that may be branched, a cyano group, -NR20R2! (where R20

273




10

15

20

25

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 of: 20 a
Cl 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 C4 al kyl group that
may be branched, a cyano, group, -NR20R21 (where R20
and R21 are each |ndependentlé a hydrogen atomor a Cl1
Y

aed A apky|eazh prdanendeathy ognoBadyl to Cs alkyl
grou an N-(Cl to &4 al kyl)car barmyl roup
ON-pSi ?C’}lt’f%g@l‘ll%l 4(911]51@&13 lgﬂufgr%m (‘gr m@%gl)carbamoyl

é‘r??:z %é’dR% N Toyanpiibrasbant 8‘%@9553}%% BB Rs farhere R
d I h c
Egh b Eros fher 8y Do e Boeh: banoyl oroup,
an I\I-(CI to 4 al kgl%carbam)yl group, an N, N-di(d to
C4a|ky|)car% p, -NHCOR9 (where RO is a Cl to

C4 al kyl gr ayppihat (mrQedeO %{szr@ﬁ)areaflb%[cgofgependently a

hal ogen atom and nis an i nteger from

1§3)f(d1‘0'g%: ~4d by aS@i %%4(a\’l@gf g¥§ﬁ% is a group sel ected

e group  consistin (1) a hydrogen atom
15 (2) a Cl 4 Qi4 bky) - group that may be branched;
(3) an aryl group,” wherein the aryl group may be

a carbamoyl group,

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

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

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

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

(ix) -(CHg)nNR12R1! (where R12 and R are groups independently

selected from the group consisting of:

(1) a hydrogen atom;

(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 selercted from the lgroup consisting of:

a Ci to Cs alkyl group that may be branched,

a Ci1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci to Cs

alkyl group that‘may be branched, a cyano group, -NR20R?1 (where R20

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

group), a nitro group, a carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
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substituted with at | east one group selected fromthe
group consisting of: C to ™ alkyl. group that may
be branched, Cl to C5 al koxy group that may be
branched, 20 an aryl group that may be substituted
with a Cl to C4 alkyl. group that may be branched, a
cyano group, -NR20R21 (where R20 and R21 are each
i ndependently a hydrogen atomor a G to C4 al kyl
group), a nrtro roup, a carbanoyl group, an I\I-é) (to
ol lan N p Cyabag )casrhamqsrlcgre@, pp " BHCOR?® (where R®
aIk )ca I grou or - where RO 25 is-a
tozétaf’ﬂgr}f ggpeapﬁﬂﬁaram hr@n&ilsﬁbhed) a cyano
group, NR20R21 (where R20 and R21 are each
independentl%/c%anozglio"rﬁﬁdr ogen atomor a C to C4 al kyl

%Elogmyl ) car Nﬁ%@?{ 3?‘@1% g ??"’}ﬁ)ﬁz&gr OUD dépencfently a

@r@%’e%?‘%t%?r"?ﬁgt Oh g0 By gl anRg 3 ﬁaf"‘ogcént 0

atom and aryl group vvherein t he
het er oaryl gr oﬁpg%s{lﬁ’lo be substituted with at | east

“one group se] easgn 10&90 e group consisting of. a Cl

to &4 al kyl group t "be branched, a G to C5
al koxy groupd RatcMycher ey group that
may be substltutg V\/It% aE% to Oﬁn% éll)blkyl group

that may be d RNERGAC; 3o TAa% cﬁk'ﬁ’amo?l‘ﬁg pigd, (where
R20 and R21 are each independently a hydrogen atom or

a Cl to C4 aNgJCORYr Gelidre R? Ak tar 01 86 iPalld/l Gaoapniidt may be
group, an N(d to ¢4 al kyl)carbarroyl

branched), and

a halogen atom; and

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

a Ci1 to 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 Ci to C4 |
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a C; to Cy alkyl
gr_oup), a nitro group, a carbamoyl group, an N-(Cy to Cq alkyl)carbamoyl
group, an N,N-di(C: to Cs alkyl)carbamoyl group, or -NHCOR? (where R®
is a C1 to Cs4 alkyl group that may be branched),

a cyano group,

-NR20R?1 (where R2° and R2! are each independently a

hydrogen atom or a C1 to Cs alkyl group),

a nitro group,
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group, an N,N-di (O to C4 al kyl)carbanoyl group, or
-NHCOR9 (where RO is a Cl to &4 al kyl group that may
be branched), 20 a cyano group, .NR20R21 (where R20
and R21 are each independently a hydrogen atomor a
Cl to &4 alkyl group), a nitro group, a carbanoyl
group, 25 an NN(C to C4 al kyl)carbanoyl group, an

N, Ndi (A to C4 al kyl)carbanmoyl group, -NHCOR9 (where
ROis aC to 4 Ayl group that may be 282 branched),
and a hal ogawcmthalmosdrgtompl,s an integer from1l to 12);
and (xiv) - N)n S2-RI 2 (where R12 is a group

sel ect ed fr@m heC1 B Gradbsy @m@qagnwigg@fup(l) a

hydr ogen atom G to group that may be

br anched; #N) ’Epléﬁ’&ﬁpal éb%mloﬁégﬁ?w, gr oup

may be subs |.east, one, grQup sel ec

fr)c;mthe gr oﬁpﬁébﬁ%g"i’ hewe 8F is a1f1 go(ﬁziggﬁ(y@égrgppyt{hat may be
roup that y be branched, a Cl to C5 al koxy group

?’f?&l&?ﬁ; aJé‘inta)ranched an aryl group that may be

substi tuted E) to C4 alkyl. group that may be

br anched, V\b% eﬁraotl?ﬂfl -NR20R21 (where R20 and R21

%ﬁfyeﬁi 1&%%8?@9%% ilzjﬁydmgen atomor a Cl to C4

a nitro group, a carbanmoyl group, an

N-(Cl (3%?) %}%akyb)l@ar RaBY v- ﬁg%‘)gg} (t CN B‘%lglgz dfurated

4 alk oyl group, or -
ﬁdﬁo@a%lﬁlg@fﬁp HHPHP b e "BYa el ae[]:ﬁf‘@ﬂ)z 1i5% CHIND selected

group
from the group 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:
a C1 to C4 alkyl group that may be‘branched,

a Ci1 to Cs alkoxy group that may be branched,
an aryl group that may be substituted with a C; to C4
alkyl group that may be branched, a cyano group, -NR20R2?! (where R20

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

group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkyDcarbamoyl

group, an N,N.'di(C1 to Cy4 alkyDcarbamoyl group, or -NHCOR? (where R?

isa Ci to Cs alkyl group that may be branched),

a cyano group,

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

a nitro group,

a carbamoyl group,
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. NR20R21 (where R20 and R21 are each independently a
20 hydrogen atomor a Cl1 to C4 alkyl. group), nitro
group, carbanmoyl group, an N-(C to 4

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

al kyDcar banoyl group, 25 -NHCOR9 (where RO is a G to
4 al kyl group that may be branched), and a hal ogen
atom and 283 (4) a heteroaryl group, wherein the

het er oar yl grOlf\F may be substituted with at |east one
group sel ectaniN-fGnte ke ajkpllpadmmpst grapp.of . a C to
C4 al kyl group_that may be branched, 5 a G to C5

al koxy gr oupant RalN-gil{o1tie Gr ablsiicarbamoxd growpoup t hat

may be substituted with a G to al ky roup that

Ty be br anchUCORY jaere s a Chitode bl imprelgrs may be
nd R21.are_each independently a hydrogen atomor a Cl .
wrshed)ys®d group), a nitro group, a carbamoyl group,

N-(d | Kyl b | 10 , N, N-di (C
?2 'C4(al k??)%ﬁ@%&%&%&g’;’ogﬁn&yor - NEIE:OO% (%ere R9I (i s
ot oup. - N0 R PEPBD B w6 G aE BteroffY B may
' td V. . .
SRR DTS BT O e 0 oo

5$ 4 al kyl ) carbanmoyl group, an NNN-di (A to 4
al kyl ) car banmoyl group, -NHCOR9 (where RO is a G to C4

al kyl group 4 patoM®Yals] group that may be branched,

a Ci to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci1 to 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 Cq4 alkyl)carbamoyl
group, an N,N-di(C; to C4 alkylecarbamoyl group, or -NHCOR? (where R?

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

a cyano group,

-NR20R?1 (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 Cy4 alkyl)carbamoyl group,

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

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

a halogen atom;

and n is an integer from 1 to 12);
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20 branched), and a hal ogen atom and n is an integer
froml to 12); or R7 and R8 are taken together to form
a divalent group selected fromthe group consisting
of. -(CH2).- (where m is an integer from2 to 8); 25
; and b \-O0 284 19. The nethod of claim 18, wherein
R, R\, R, R', R3, RX, R4, R4, R5, R5', R6, and RU
of the conpound represented by the fornula Ware
groups, independently selected fromthe gro
consi s&ihe (%ﬂz n\ﬂ)B{“’yn (dhereRdtiong SouRi %9l ealr%daflgﬂm the group
gr oup, mhereln the aryl group may be substituted wth
%ﬁn$%%§g(5ne group sel ected fromthe group consisting
a Ky group that may be branched, a
to c5 alkoxﬁﬁ& YORSF R be branched, an aryl gr oup

t hat b h CLto 4 .1 I

grgupn?%aten@\}J é %ﬂgﬁé’r]lgﬁ gﬁg%li/ %€Wulﬁe %rgﬁé&él

R A L
: N- .. .

sgﬁgsﬁgtn%gd xﬁtﬁ_# 1{%? ?négi ﬁ k%%cggirfg%&%&p%g&%é consmtmg of*

- NHCOR9 (whe t

be br anc(hed)a[ %iggg'ilc%la %@ro ﬁt%t%@hﬁq{r%\%@g%gamgay

d R21

& to ca arkoite, ou%@‘@geéﬁ’f“#ﬁgafﬁ%%?q’%e%ﬁ%% |

group, 20 amNAlfl ddufAtik vhdf HPIMBHitae@ Rvith a C1 to Ca

alkyl group that may be branched, a cyano group, -NR20R2! (where R20

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

~group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkylcarbamoyl

group, an N,N-di(C: to Cs alkylecarbamoyl group, or "NHCOR? (where R?
is a C1 to C4 alkyl group that may be branched),
| a cyano group, |

-NR2°R2!L (where R20 and R2?! are each independently a
hydrogen atom or a C1 to Cs alkyl group),

a nitro group,

a carbamoyl group,

an N-(C: to C4 alkylcarbamoyl group,

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

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

a halogen atom; and

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

of:
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an N,N-di (d to C4 al kyl)carbanoyl group, -NHCOR9
(where RO is a G to C4 alkyl group that may be
branched), a hal ogen atom and 25 -S(O.-R (where n is
O, 1 or 2, and Ris a Cl to &4 alkyl group that nmay
be branched); or may be substituted with -0-(CH2) m O-
(where mis | or 2) at positions 285 3 and 4 taken
toget her; and (xv) a heteroaryl group, wherein the
heteroaryl group nmay be. substjtuted with at_|east one

gr ogr)kslel e?fﬁﬁi fﬁ;&m kgl gz@‘g?gﬁéhzz%‘ft Eﬁ@rémhe G to |

al koxyygr gc;’)up?l Eh&? WBESYWQHEH: £ DRy Qﬁ;hra@cgaéjst hat
e DS ol o
PR R ORISR0, AT, Gy
09254kt 8, AT R Ber B MO . e
AT Bl ek i e
%ﬁ%‘gmg%ﬁdﬂglﬁgdﬁr(]e% £B XS %’&‘éﬂ)cg}ggi;ngg n’gyﬁ&%trgﬁ pq’Q'I-g(%@R'*? ((Where R9

Qq@q I ad to 4
%I%I(?Ié})cd%arroy:%@gﬁ%ﬁg,%- b@rernBEg%X,Rg isacCltoC™

al kyl . group g &aindByolig 20 br anched) and a hal ogen
aom -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 Cs alkyl)carbamoyl group,

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

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

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

(xii) “(CH2)a"S-R12 (where R!2 is a group selected from the group
consisting of:
| - (1) a hydrogen atom; |

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

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

a C; to C4 alkyl group that may be b.ranched,

a C1'to Cs alkoxy group that may be branched,
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20. The nethod of claim19, wherein RI, R', R2, R2',

R3, R3', R4, RT, R5, R5', R6, and R6' of the conpound
represented by the fornula Ware 25 groups

i ndependently selected fromthe group consisting of a
hydrogen atom a 3,4,5-trifluorophenyl group, a
3,4,5-trichl orophenyl group, a 3,4-difluorophenyl

group, a 3-nitrophenyl group, a 3-cyanophenyl group,

286 a benzot hi ophenyl -2-yl group, a 3,5-difluoro heq¥l
group, a 3-an i@vlhcewst Byabheny besshptitated with a Ci to Cq

4-di f| uorophenyl _group, _.a _ 3-net hyl sul fon Iphenyt
é.lfcyépﬂroaﬁdﬂaatzarsl&bb@(hmnqh@ép Gneyand enepy [ NRgtRtpiwhere R0

dab B Afe Ay CHASDRABRII A By drecen CRPGRG C1 to Cu alkyl
RSN AR AR TE N S NG L T
B S O S B Pl g B (e
B A OSBRI VIRP Lty ot oprery!

benzot hi oph = 2= oup, a 3,5-difluorophenyl
group, a S-ﬁlg#?lﬁ%é%?ﬁ’hyl phenyl group, a

2, 4-di f | uor opfigRYl: qg;(y{é?ﬁ ?28-5['@{ 13%{]mihpm@y$ndenﬂy a

group, and a 2, 3-bi uor onet hyl enyl gro

%?de%énzﬂ%nﬁaﬂaxeleéqhgﬂﬁypgmnﬁg’independently as
efi 22.°T

ned in claim1l7). e method of claim 17,

wherein R7 angditik8 gebuphe conmpound represented by the
formula (1) are groups independently selected from
the group censasamgylogrowd (ii) a G to Cl2 al kyl
group that may be branched or forma cyclic

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

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

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

| a halogen atom; and

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

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

is a C; to Cs alkyl group that may be branched),
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group; and (xii) -(CH2)n-OR12 (where R12 is a group
sel ected fromthe group 287 consisting of' (1) a
hydrogen atom (2) a C to C4 al kyl group that may be

" ‘branched, (3) an aryl. group, wherein the aryl. group

may be 5 substituted with at |east one group sel ected
fromthe group consisting of. Cl to &4 al kyl group
that may be branched, C to C5 al koxy group that nay
be branched, an aryl group that may be substituted
with a C t® Ganakkyhp,group that may be branched, a
cyano group, -NR20OR21 (where R20 10 and R21 are each
i ndependent | " WR2ORHrsgeareaRdinand R are efhalikg¢pendently a
roup), a nitro group, a_carba | group, an N-(Cl to
d@&@wé}f@m%rﬁoahto syl groweN di (O to 4
al kyl ) car banoyl group, or -NHCOR9 (where RO is a Cl
to C4 al kyl HPY¥P &'REP> may be branched), a cyano

group, 15 NR20R2blad§vm]§re R20 and R21 are each
i ndependent |3 & PARAY oW Pat omor a CI to C4 al kyl .

a1 kyl ) car barby N Fobh CaBkaeR et R e oy
a1 or oup Tha iRy o EE AR B0 exdiBoen atom
aroup Tmy 2500 PREHT RS B e (LAl IOREM nay may be
ﬁﬁirﬁ:‘ﬂeﬁ@[ f{x@m the group consisting of:

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

(xiii) -(CHg)n-SO-R12 (where R!2 is a group selected from the group

consisting of:

(1) a hydrogen atom;

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

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

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

a 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 Ci to Ca
alkyl group that may be branched, a cyano group, -NR2°R21 (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-(C1 to Cq alkyDcarbamoyl
group, an N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCORS? (where R?
is a C1 to Cs alkyl group that may be branched),

a cyaﬁo group,

-NR20R21 (where R2® and R2?! are each independently a
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a Cl to 4 alkyl group that may be branched, 288 a Cl
to C5 al koxy group that may be branched, an aryl group
that may be substituted with a C1L 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 Cl to 4 alkyl 5 group), a nitro group, a carbanoyl
group, an N(Cl to C4 al kyl)carbanmoyl group, an

"N, Ndi (A to ¢4 al kyldcarbam)yl group, or -NHCOR9
©

nRetom 9r 4 €1 te &4cikal gydumk oup t hat may be
branched), a cyano group, .NR20R21 (where R20 and R21
are each i ndepER@ETONY; a 10 hydrogen atomor a Cl to
C4 al kyl group),, nitro group, carbanoyl group, an
N-(G to C4 &FRSHARAYLEEMP: group, an N N-di (O to C4

al kyl ) car banmoyl - gr,o 15 - ere ROis acClto

C4 al kyl gr ogb‘%N gg% g‘ﬁgf} ﬂﬁ]éyf}lgﬁ%&g]gf% a hal ogen

atom and n i 1,1 f to, 12. 20 23. The

method of ot 35 G B Herbierbagiost R compoun
represented . § praul ax¥V.ar e~gr.ouRs _{ndependent |y

sel ect ed fro%?@g&%ﬁ%recgnélgs |C 5’00 * gik%ﬁt ry?/)lu%g{rhoal}:p{nay be

up, an n-butyl group, an isobutyl group,
%Iﬁcfh%éb:’y?ﬁgroup, and a cycl ohexyl group. 25 24. The

nmet hod of clﬁgg%%nfm%,eéﬂim and R8 of the conpound

repr esent ed e fornula (I) are the same. 289 25.
The nethod ql) ¢l Bb#Brddryl 3 éﬁif, Ry Rdr ARG HRBh&ferbAByl group may

conmpound represented by ormula (lI) are taken
bogabigtufed WHhaldlistdImNéroup selected from the group consisting
of: .

a C1 to Cs alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may be substituted with a Ci1 to Cs
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independeﬁtly a hydrogen atom or a Ci; to Cy alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkyl)carbamoyl
group, an N,N-di(C: to C4 alkyl)carbamoyl group, or -NHCOR? (where R?
1s a C1 to C4 alkyl group that may be branched),

a cyano group,

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

a nitro group,

a carbamoyl group,

an N-(C; to Cq alkylcarbamoyl group,

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

-NHCOR”' (where R? is a C1 to C4 alkyl group that may be
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group selected fromthe group consisting of: -(CH2)m
(where mis an integer from2 to 8); 5--00 ;and O
26. The nethod of claim 17, wherein the conmpound
represented by the 10 fornmula Wis used in a ratio of
0.001 mol %to 0.1 nmol % per 1 nol of the conpound
represented by the fornmula (I1V). 27. The nethod of
claim 17, wherein the conmpound represented by the
formula Wis used in a ratio of 0.005 nol %to 0.05
baancheddrand ol of 15 the compound represented by the
formula (1V). 28. A nmethod for producing an optically
active (x-arf h@l%ind?toné’orrpri sing: hydrolyzing an
inglno_ group. (R R'SC=I\I-?% gnd n ester group (-CO2R 7)
A s TR AP TFOpr bEAZEAMY the fornmula (V1) that

is 20 obtai by, Lh od of,.gny one of clains .1

to 26, GiVael HamROaRe oihe; o 1orp4 RTED. SHPORd from the
RL5 4 * O R RL8 (V) 25 (where Rl4, R15, R16, RL7 and
BPAPFWLHUE e groups as defined above). 290 29. A

nmet hod f or ' n ti.cally active a-am no acid,
conpri si ng: %@%ﬁ%@?ﬁﬁ agﬁlﬂu’m no group (RL4RLC=N-) of

the cOmpoUNdy, Lol 670tk Pl Y APl YedndtA: 1

obt ai ned by
(8) an aryl group, wherein the aryl group may be

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

a Ci to C4 alkyl group that may be branched,

a Ci to Cs alkoxy group that'may be branched,

an aryl group that may be substituted with a C1 to Cs
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to Cs alkyl

group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkylcarbamoyl

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

20

25

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

a cyano group,

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

a nitro group,

a carbamoyl group,

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

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

-NHCOR9 (where R? is a C1 to Cq alkyl group that may be
branched), rand

a halogen atom; and -
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5 one of clains 17 to 26, under an acidic condition: R
160 R1I5 -NOR 7 (V1) 10 (where R14, R15, RIG R17
and RIG are the sane groups as defined above), and
hydrol yzing an ester group (-CO2RI 7) of the acid
hydrol yzed product under an acidic or basic
condition. 15 30. A nethod for producing an optically
active a-amno acid, conprising: hydrolyzing an ester
group ( COZﬁ} ) of t he conpound represented by the
formula (V) raabereéfoabflagr@w by hereinnha temoasﬁlygroup may
ne f claufs ﬁRﬂ under a basic ondlﬁlon
stlp;pt@ it E leg Srét QR £ epye(% gﬂ'oumnsmtmg
,G, R17 and R18 are the sane groups as defined 25-
Above), and hydrolyzing an inino group (R14R15C—N-) of

Egﬁd,b?,s'oﬁ hyg lltxzfir alkprlogoxl'lcj)%a thlla may beab ancﬁed

a Ci1 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, -NR20R21 (where R20
and R2! are each independently a hydrogen atom or 4 Ci to Ci alkyl
group), a nitro group, a carbamoyl group, an N-(Ci 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),

a cyano group,

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

| a nitro group,

a carbamoyl group,

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

an N,N-di(C; to Cs alkylDcarbamoyl 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 R?® are taken together to form
a divalent group selected from the group consisting of: -(CHz)m- (where m

is an integer from 2 to 8);

&
~~0 0

¥o\_,o] 'f

; and
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19. The method of claim 18, wherein RY, RY, R2, R%, R3, R¥, R4, R4, RS,
R¥, R6, and R¥ of the compound represented by the formula (I) 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 onc; group selected from the group consisting of:

a Ci1 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 C1 to Cq
alkyl group that may be branched, a cyano group, -NR20R2l (where R20
and R?! are each independently a hydrogen atom or a Ci to Cs alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to C¢ alkylcarbamoyl
group, an N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCOR? (where R?
is a C; to C4 alkyl group that may be branched),

a cyano group,

-NR20R2! (where R20 and R2! are each independently a
hydrogen atom or a Ci to Cs4 alkyl group),

a nitro groﬁp,

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 C; to C4 alkyl group that may be
branched),

a halogen atom, and

-S(O)n'R (where nis 0, 1 or 2, and R is a C: 'to Cs alkyl
Vgroup that may be branched); |
or may be substituted with -O-(CHz)u"O- (where m is 1 or 2) at positions
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3 and 4 taken together; and
(xv) a hetéroaryl group, wherein the hetercaryl gréup may be

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

a Cy to Cyg alkyl group that may be branched,

a Ci to Cs alkoxy group that may be branched,

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

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

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

a cyano group,

-NR2°R2! (where R20 and R2! are each independently a
hydrogen atom or a Ci to Cs alkyl group),

a nitro group,

a carbamoyl group,

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

an N,N-di(C1 to Cs alkyDcarbamoyl group,

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

a halogen atom.

20. The method of claim 19, wherein R1, R, R2, R%, R3, R¥, R4, R%, RS,
R, R8, 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'triﬂuo.ropheny1 group, a 3,4,5-trichlorophenyl group, a

3,4-difluorophenyl group, a 3-nitrophenyl group, a 3-cyanophenyl group, -
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a  benzothiophenyl-2-yl group, a 3,5-difluorophenyl group, a

3-trifluoromethylphenyl group, a 2,4-difluorophenyl group, a

‘S'methylsulfonylphenyl group, and al 2,3-bis(trifluoromethyl)phenyl

group.
=y

21. The method of claim 20, wherein the compound represented by the

formula (I) is a compound represented by the following formula (I):

R'1
PPy
X_
e
RY ()

(where R! and R! are groups independently selected from the group

N

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-trifluoromethylphenyl group, a
2,4-difluorophenyl group, a 3-methylsulfonylphenyl group, and a
2,3-bis(trifluoromethyl)phenyl group, and R7, R8 and X are groups

independently as defined in claim 17).

22. The method of claim l17, wherein R7 and R® of the compound
represented by the formula (I) are groups independently selected from
the group consisting of:

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

(xii) -(CHg}a"OR22 (where R12 is a group selected from the group
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consisting of:

(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 selected from the group consisting of:

a Cy to C4 alkyl group that may be branched,

a C1 to Cs alkoxy group that may be branched,

an aryl group that may ber substituted with a Ci to Cq
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a Ci to Cs4 alkyl
group), a nitro group, a carbamoyl group, an N-(C1 to Cs alkyl)carbamoyl
group, an N,N-di(C:1 to Cq4 alkyl)carbamoyl group, or -‘NHCOR? (where R?
is a C1 to Cq élkyl group that may be branched),

a cyano group; |

-NR20R21 (where R2® and R2! are each independently a
hydrogen atom or a_Cl to Cy4 alkyl group),

a nitro group,

a carbamoyl group,

an N-(Ci to C4 alkylDcarbamoyl group,

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

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

| a halogen atom, and

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

a C1 to C4 alkyl group that may be branched,
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a Ci1 to Cs alkoxy group that may be branched,

an aryl gioup that may be substituted with a Ci1 to Cu
alkyl group that may be branched, a cyano group, -NR20R2! (where R20
and R2! are each independently a hydrogen atom or a Ci 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 alkyl)carbamoyl group, or -NHCORS? (where R?
is a C1 to Cy alkyl group that may be branched),

a cyano- group, | |

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

a nitro group,

a carbamoyl group,

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

an N,N-di(C: to Cs alkylDcarbamoy! group,

-NHCOR? (where R? is a C1 to Cy4 alkyl group. that may be
branched), and

a halogen atom,

and n is an integer of 1 to 12.

23. The method of claim 22, wherein R” and RE of the compound
represented by the formula (I) are groups independently selected from
the group consisting of a methyl group, an ethyl group, an n-butyl group,

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

24, The method of claim 23, wherein R7 and R& of the compound

represented by the formula (I) are the same.
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25. The method of claim 17, wherein R7 and R& of the compound
represented by the formula (I} are taken together to form a divalent
group selected from the group consisting of: -(CHs)m- (where m is an

integer from 2 to 8);

[~
0 0

]

; and \"O O
J

26. The method of claim 17, 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).

27. The method of claim 17, wherein the compound represented by the
formula (I) is used in a ratio of 0.005 mol % to 0.05 mol % per 1 mol of

th_é compound represented by the formula (IV).

28. A method for producing an optically active o-amino acid,
comprising’ hydrolyzing an imino group (R14R15C=N-) and an ester group
(-CO2R!) of the compound represented by the formula (VI) that is

obtained by the method of any one of claims 17 to 26, under an acidic

condition:
R14 Rr160
—==N
R’I?—' * ' Ome
R18 (VI)

(where R14, R!5, R16 R17 and R18 are the same groups as defined

above).
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29. A method for producing an optically active c-amino acid,
comprising:

hydrolyzing an imino group (R14R15C=N-) of the compound
represented by the formula (VI) that is obtained by the method of any

one of claims 17 to 26, under an acidic condition:

R14 R160
—N_
R15>_‘ * O__R17
R18 (VD)

(where R14, R15, R16, R17 and R18 are the same groups as defined

above), and
hydrolyzing an ester grouﬁ (-COzR17) of the acid hydrolyzed

product under an acidic or basic condition.

30. A method for producing an optically active a-amino acid,
comprising: |

hydrolyzing an ester group (-CO2R!7) of the compound
represented by the formula (VI) that is obtained by the method of any

one of claims 17 to 26, under a basic condition:

R‘[4 R160
=N
RTS% * O—R1?
R18 (VI)

(where R4, R15, R16, R17 and R!8 are the same groups as defined

above), and

hydrolyzing an imino group (R¥#R15C=N-) of the basic hydrolyzed

~product under an acidic condition.
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