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DESCRI PTION  Process for production of

nmono- substituted al kyl ated conpound usi ng al di m ne,

or derivative thereof 5 Technical Field The present
invention relates to nmethods for producing

nono- substituted al kyl ated conpounds of a-am no acids
using aldimne or a derivative thereof. 10

Background Art a-Am no aci ds have significant

bi ochem cal i nportance frequently used as a
raw material for drugsigggﬁﬁggﬁgﬂg§biotics, ,

anti neopl astic agents, and enzyne inhibitors. There

are natural and 15 non-naturally occurring a-am no

_ael e a-am;ne..aci ds,of, ,both type .
A8 R IR o0t b B AT § R G0 OpbRE] uoing
series of discovgsy 0 -natural ly occurring,

benefi ci al physi%ﬁ%%ﬁ§§1§§aggyggggi%ﬁf%gpacids such

as L-dopa and L-azatyrosine, .and there is a need for
research into the practical asymetrical synthesis of
TediticaPPicg@t i cal I'y- active a-am no acids. One option

for the practical asymmetrical synthesis of

opt i CHhé y praséniyeigverlis® aelsies StoASHBIRbIE Cqhr producing
nono-substitution al kylation. In conventiona

- mpnactubseitutdd bikyheed coap@mmdD of ¥Lamink &lcidd A8iiy/ R8imine

Schi ff base for asymetrical nono-substitution
oral Hetiapioe terecf.Donnel |, M J. et al., J. Am Chem
Soc., 1989, vol. 111, p.2353). Ketimne-type Schiff
bases are conplex to manufacture and thus generally
are expensive. This has caused a-am no acids that are
Backgreunddirtoy asymmetrical mono- substitution

alkyléhhgn to be expensive as well. S _
o 1no acids have significant biochemical importance, and are

frequently used as a raw material for drugs such as antibiotics,
antineoplastic agents, and enzyme inhibitors. There are natural and
non-naturally occurring o-amino acids, and many useful a-amino acids of

both types have been found. In recent years, there have been a series of

discoveries of non-naturally occurring, beneficial physiologically active

- amino acids such as L-dopa and L-azatyrosine, and there is a need for

research‘ into the practical asymmetrical synthesis of such
optically-active a-amino acids. | |

| One option for the practical asymmetrical synthesis of
optically-active a-amino acids is asymmetrical mono-substitution
alkylation. In conventional practice, it has been common to use a
ketimine-type Schiff base for asymmetrical mono-substitution alkylation
(O'Donnell, M. J. et al., J. Am. Chem. Soc, 1989, vol. 111, p.2353).
Ketimine-type Schiff bases are complex to manufacture and thus

generally are expensive. This has caused o-amino acids that are
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The reason why ketim ne-type Schiff bases are used-
shall be explained based on the characteristics of
ketim ne-type Schiff bases that 5 contribute to the
reaction. Schiff bases include ketim ne-type Schiff
bases and al di m ne-type Schi ff bases, for exanple. In
general, it is strongly believed that aldimne-type
Schiff bases result in a racem zation of the product
there is al npst no pKa difference between the

becaus

PEGHBRAAY RORBIERCAD oM SULPLIFUTGN (R BY bigem tarr eapensive

ketisqyine type 10 Schiff bases inhibit racem zation of
1B‘;roduct obt ai ned because this difference is

llgzrgST%O Ponnel | Igl%l}getu%m%%al Ch$gﬂlftA aéﬁ%nézzgg%lseéoshaﬂ be
103 013 h . :

?@Y%ﬁ?ﬁa a% it %, st P W deliifacs i SeBisf bases thay

Le1h 191% §§Q%1{%3nba w i)%%e © Ihe 3%%{3 g%mmme type Schiff

COﬂS eration O e over proau

b&ééé G GYdi e 3&% &g 1ﬂr9?é’é‘s‘ 'fa 58 og A epyy r%‘%}vagai it is

hi g er, attentio een OCUSG I m zi

sﬂf@h@ﬁﬁﬁelﬁl@&e EEYANRIG hGEAb-tyDY B8R bR r@Ql%ltcﬁ’:Tz% ¥acemization

actrve a-amno acids using ketimne-type

ofbebe prolett Hebfuby RBefb dkMiRLodtY RS é?IZQ d)ﬂf&réﬁ@é b@ﬁ%een the
(Ha) Rl Ha RI Ha NCOCEt N - COCEt 25 Rl =H

setBndaly HydiBe8n —akitlziffle 28rt2ary GdPHsekD. Qh@ﬁeésh%e@irﬁﬁ{e -type
hand, recently, there was a report of an exanple of

S(ﬁnﬁéjzn&mm nhhiit syebhdsatousohghsamodet edghiied because this
aldimne (Park, H -G et al., J Og. Chew, 2005,

| dlﬁﬁetrena@;s prEa0) Dotowdly &vl, Jt hitddriehiam ! Aper.t 2008, vl 34, p.3,

X@n;ret rical synthesis using a conpound obtai ned by
mpkagFdiarich@oi.ola Geeneral Boubes, 2008, wlqlD8ep.3013).
d| fferent fromthe Schiff bases
Thus, in this technical field, based on the presumption that -
ketimine-type Schiff bases will be used in consideration of the overall
production efﬁéiency, even though production costs are somewhat higher,
attention has been focused on optimizing the methods for asymmetrical

synthesis of optically-active a-amino acids using ketimine;type Schiff

bases.

Ketimine-type Aldimine-type

- pKa (Ha) , pKa (Ha)

R! Ha R! Ha
N oot N X cooet

¢ J@J
Rl=H 18.7 R'=H 18.8
=CH,Ph 232 =CH,Ph 19.0

On the other hand, recently, there was a report of an example of




of the technical field. Summary It is an aimof the

present disclosure to provide a nmethod for

. produci ng nono- substituted al kyl ated conmpounds t hat
are useful for asymretrical nono substitution

al kyl ati on, which is one nethod of synthesizing

a- am no acids and that are | ess expensive. According

hoeldl §P§}S %s?%%‘&e?ﬁgﬂ”%&@sﬁ%gﬂéﬁﬂé’ Rkl G ot

eose
a%)%/y( rrr?r"dlegc%m hg% O|5(I’)1|r “atr %)I igogteagqvg%&%%élscﬁmﬁﬁ}?rmms
BRI WA, ) g Bncing

alailﬁlryg g L ﬂla'(:Porﬁolr;EﬁméJ rﬁz%&r%% Qﬁl (%%?Pe%ﬁs?rf aghgﬁc}:uff bases

optically-active asé-
and 3 quenching the

ofaHue8LBnicAPHEY2AMi c base sol ution;
reaction at  a tinme earlier than a the tine for

conpl etion of a stoichiometric reaction of the
compound represented by the formula (11) with the

Sugompgund represented by the formula (111); wherein
inthe formula (1) and the fornula (I1), Ris is an

ar yI Toris henea.xmr vl Groypesdnat disalpshe dobgrividé ed widthod for
.producmg mono- substltuted alkylated compounds that are useful for
] asymmetncal mono: substltutlon alkylation, which is one rethod of
_' synthcsmmg g-amino amds, and that are less expensive.
According to a first aspect, therc 1s Iﬁrovidcd a method for stereoselecﬁvely
producing a compound represented by the following formula (I):
R
N/LCORE"
S G AN
compri.singi ' 7-

initiating a reaction of a compound represented by tEe formula

(1

an

with a compound represented by the formula (I11):

1B8—wy B 21))
in a medium in the presence of an optically-active phase-

transfer catalyst and an aqueous inorganic base solution; and
3



at | east one group selected fromthe group consisting
of: a G to Ca alkyl group that may be branched and

that may be substituted with a halogen atom a G to
Cs al koxy group that may be branched and that may be

su t € e nOEOMR: tthab f
e e i

4P hhet johBatrRerbi e od thBdedhpb ufi@)repeesented
- COH@IESFP%t ed V\nthloa hal ogen atom or a G to C5 al koxy

by EhOUBrkhdd (TBY wihd bharohgbwant répresemayd ey the formula
substituted wth a hal ogen atom a cyano group,
(III»NR30OR31, wherein R30 and R31 are each independently

e oL B o o b g6 A B, LT

TR L FE A e L e s
T
S R TING R  ——
oo BAPELAd T ey R 2 e 7 aryl ooup et

be Db
o SIS P, 0,50 AL o S b

t lggﬁ%g%g wherein R28 is a group
subgﬁ?ﬁ%gf%l%%%%ﬁ group consi sting of a hydrogen
at QH‘ aﬁqglr%&pafﬂﬁt G D bt bl stimayte dewithud Stalo g chitoirt, b
al kyl group that may be substituted with a

Kol mgl ogenleyloBroapCihat Gsaxl koxhrapcbeg wmst they ey be
. Substituted with a
substituted with a halogen atom, or a C1 to Cs alkoxy group that may
be branched and that may be substituted with a halogen atom,
a cyano group, |
NR3°R31 wherein R3 .and R are ea(‘:h' iﬁdepeﬁdenﬂ;} a
hydrogen atom or a Ci to Cq alkyl group that may be subst1tuted W1th
“a halogen atom, '
a nitro group,
. avcarbamojflgroup,
an N-(C; to C4 alkyDcarbamoyl group,
an N,N-di(C; to Cs alkyl)carbanioyl group,
‘N.fICOR*’, 'c;vher'ein R® is a Ci to Cy alkyl group that may be
. branched and that may be substituted with a halogen atom, and

- a halogen atom;

R20 i5 -OR19, Wherem R19 is a C; to Cs alkyl group that may be

substituted with a halogen atom or an aryl group that may be

substﬂ:uted with a halogen atom, and that may be branched or form a

3a



hal ogen atom or a halogen atom and R29 is an aryl
group that may be substituted with a Cl1 to C4 al kyl
group that may be substituted with a hal ogen atom a
CS to Ca al koxy group that may be substituted with a
cybit egenpaso M REPRE, hehagen RitPcamd &5! aCREALh inkdependently
- R101 is a C1 to Cs alkyl group or a benzyl group;
a hphéragem ptorpheCHRELS Whyr@ndlg%%@ ¢ growd aelectqg from the
R18 is a group selected fromthe_group consistjng of
grenp oprElsting Glod ANAFeeER AMBnAaRd ay 2BEl BT Heat g2y be

: I d.th be subst i i
oS BEHL 5P B e R MR sttt o
bstituted wmith at . .
no B b8 1B, P50, B LRSSk E AR wyen o

0 _ . . |
TR LT 1000 0k, B e OBt ety v
subt%gtitgé& WE2EMN CRdeneNgRnt lo¥odp thYEnoHePe 2MRGIE] Fith a

al kyl group that "may be substituted wth a

haloab8aLBmAt:0 M, t? O kg gtiup ehevranby lsudstitptedwith 4
N(CS toe C4 al kyl )carbanmoyl group, an NNNdi (G to C4
halakky |atear, banm palggen piomNCORE O wivehaienn A%t ¢s a Cilte &s
C4 al kyl group that nmay be branched and that may be
alkzligsoup or adbanzizacwpd ogen atom - - CORY, wherein RI is

oIS 68 P oEB AR S hAPBgRRE M R nd b
RSt R e e PR, 2
KR SH T k) B9 95998 SRR ot
group and that may be substituted with a halogen atom, wherein the
) alkyl gipup may Be ‘strll'l)stitl.itédtwith.at least one group selected from
the group consisting of | \
a C-l. to -Cs all_{-ox'y- group that may be b(;janched and that may'be
substituted with a halégeﬁ atom, -
| a cyéno group, 7 7
-NR30R31 'whe'x;ein R30 and R3! are each independently a

hydrogen atom or a C1 to C4 alkyl group that may be substituted with

_a halqgen atom,

a nitro‘ groﬁp,

a carbamoyl group,

an N-(C; to C4 alkyDcarbamoyl group,

an N,N-di(C, t_o_.C4 alkylcarbamoyl group,

7 -NHCOR?, wherecin R® is é. Ci to C4 alkyl group that may be

branched and that may be substifzuted with a halogen atom,

-CORS?, Wherein R? is a C: to Cy4 alkyl group that may be
branched and that may be substituted Wifh a halogen atom, and

K's)



atom or having a substituent(s) at position 1 and/or
2 and/or 3 and having 4 to 15 carbon atons in total;
(ii1) a C to Cs al kenyl group that may be branched

or form@Reyehiee St o ignd ¢hab ORYa1RS1 SURSY
wth a I% ogen at%m (i \})g a Cg toc%sa a%ynyl gﬁ%ﬁgqﬂay be

bhadcHudya e thapnehe deosulBithitad vayk i Kalpeumtand t hat
may be substituted with a hal ogen atom (v) an

ar al kyii) grroaplyl wirenpi or thbstatytednadldt groofp hheimy al kylogen
group may be substituted with at | east one group

stinecureliay it srebstgrusup(Doms pesitivg 3f and/orC) anel/@4 3 and
| kyl group that may be branched and that nay be

%BQBI lﬁ?é@%rbﬁna’e‘tﬁwso@ewté{l’om a Cl to Cs al koxy
- nehdie St ﬁabﬁ%ﬁn@gzﬁ%’%gﬁﬁa Thelith Dernched adorm a
RS RHRId f Y O AP ARk RE R Y hatoge afela™
subet e g’ﬁ%t @“831%99?30%?%?3‘1%2‘%0*3 RRiRd o fprm 2

- NR30 erein

' o@rctﬂé Greas rdl fHA 1O ¥ $SshBsGuted With aghawgehh@ttozﬂﬂy
be. branched and that nay be substituted wth a

hal o§en aat amlkalngtdup, givdispeira thardeioploigsyoup thanaralkyl
N-(Cl to C4 al kyl)carbanoyl group, an N,N-di (Cl to
goaup| kgl ) basohetrtited ovigh af leastHEERErowgh ssedicie ®Frpm the
a G to C4 alkyl group that may be branched -and that"
SHAYD kensishing efit ed with a hal ogenatom a cyano group,

L R B B BB e
STHRHEIB ¢ Sy a0t e W 2 Pl
a Gy to Cs alkoxy group that may be branched and that may be
suBsmtuted with a halogen atom,
- an aryl group tﬁat ﬁay be substituted .Witil a halogen atom, a
Ci1 to C4 alk /1 group that may be branched and that may be.
substituted with a halogen atom, a cyano group, -NR3'R31, wherein
R® .and R3! are each indepen&enﬂ;} a hydrogen atom or a C; to Ca
alkyi group that may be branched and that may be substituted with a
halogen atom, a mnitro gro'up, a carbamoyl group, an N-(C: to Ca
alkyDecarbamoyl group, an N,N -di{C; to C4 alkyl)cérbamoyl group, or -
NHCORS, wherein R® is a Ci1 to C4 alkyl group that may be branched
and that may be substituted with a halogenatom, |

a cyano group,

-NR%0R3! wherein R?* and R? are each independenily a

L Aw

hydrogen atom or a Ci to C4 alkyl group that may be branched and

that may be substituted with a halogen atom,



an NN(Cl-to C4 al kyl)carbanmoyl group, an N Ndi (G to
4 al kyl ) carbanoyl group, -NHCOR9, wherein RO is a G
to C4 alkyl group that may be branched and that may
be substll;cut ed with a halogen atom and a hal ogen

atom EAMHYThE* Ryl noiety of the aralkyl group is a
G to I that nmay be branched or forma
cycl [ C%rgﬂﬂ%ﬁa gfﬁ%f may be substituted with a.

hal ogep, ai-ea] t&\w a?gyhﬁfa%%'bﬁi k¥dugJroup having a

het eroaryl noiety, wherein e heteroaryl noiety may

be subﬁNNaﬁwﬂdﬂcahmﬁmrbaaﬁ)ygrg@@ﬁp sel ected from
the group consisting of a to C4 al kyI group that

may beVHCORYed landid T# mmy (heto QAbalhyﬂugﬂmP\/\nthdm aay be

hal ogen atom a G .to Cs al koxy group that may be
bxmfg:teeﬂazadldhaha;nayrﬂw dbstzubed tith edhalioghn athml, agdn

atom an aryI g}roup that may be substituted with a
hal ogehatagsm atpmepndo C4 al kyl group that may be

2{ Z‘Rf the il g rem, tpot ﬁm%ﬁyﬁt SHBPernt F300 At Eroup
A%, 6P GRS AP Sy v
sﬁ}#&%{ﬂutt&?%ﬂtwg ﬁa%getha gbgﬁn atom a nitro group, a

car bano group, an N to C4 al kyl) car banoyl

gr ouffvi)an H¥tdesH {Flcy 1 %r%op H AN h R hBasRNHry Y By, Gk herein
NHCOR9, . wherein RO Is to C4 al kyl group that may

the heﬁm@heszﬂ naoiktyhataymhy bebstitwiedt wtithd ati ldasa one group
hal ogen atom a cyano group, -NR30OR31 wherein R30 and

SRElctadérceadﬁledegenmmstgngaOf hydrogen atomor a Cl
to C4 al kyl group_that may be branched and that may

be s@bGt iteubealiwl rgrauﬁaﬂ}ﬁgewaé& Bonb raached and that may be

substituted with a halogen atom, 7

a C;to Cg alkoxy group that may Be branch"_ed and that may be
substituted ﬁrith a halogen atom, ' ' ) _

an aryl group that may be substituted with a halogen atom, a
C1 to C4 alkyll 'group that ‘may be branched and ﬁhat may be
substituted with a halogen atom, a cyano group, -NR20R31 wherein
R30 and R%1 are each independently a hydrogen atom or a Ci to Ca
alkyl group.that may be branched and that may be substituted with a
haloggn atom, a nitro group, a carbamoyl group, anr N‘(Cl to Cq4
_alkyDcarbamoyl group, an N,N-di(C; to Cs alkyl)carbamoyl group, or -
NHCOR”; wherein R®%is a Ci to Cs alkyl group that may be branched
and that may be substituted with a halogen atom,

a cyano group,

‘NR®R31, wherein R30 and R31 are each independently a
hydrogen atom or a Ci to C¢ alkyl group that may l_be branched and

that may be substituted with a kalogen atom,

3d



a nitro group, a carbanoyl group, an N-(d to C4

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

al kyl ) car banmoyl group, NHCOR9, wherein RO is a G to
C4 al kyl group that may be branched and that may be
substituted with a hal ogen atom and a hal ogen atom
and t lenidtkgtompj ety of the heteroaral kyl group is a
C to Cs alkyl_  group that nay be branched or forma
cycl i & cgFrbupoyhsdorpat nay be substitut ed with a

gﬁlbgtggglﬁlg@ 3’2‘!&‘?‘@‘}11 C&Fg@g‘oﬁ gt lagrggi;agren at o:jn or

1 .3
navi rgp 30 R E G 0k STbea B So Botanor e n in the
| o NG, ety B 06! 2R OO BB IRaf ey be

bt Ot dRddBahd khat tnh$ b%nsde%R%éd Gvﬁﬂﬁhlhaqe zén 2206,
wherein.in the formula (1), * shows a nevvly proé‘ced

asynarbhidgenc&tdmr andccording to a second aspect,.
.there is provided a method for stereoselectively
“pr odiei Aikyd mompyuot] thefretsmaretiyztohe {0kl GnitogCs allkyl
formula (1):  Rla NXCOR20 conprising: R15 n
SLORPt Phaty W@Yabﬁela&n@@doﬁr domse rp epelic gegupgeni éliabynay be

subs%tugecir%n?h (La)c;gen atom, 5&

- (vii) a propargyl group or substituted prop argyl group having a
halogen atom or ‘having a substztuent(s) at pos1t10n 1 and/or 3 and
having 4 to 9 carbon atoms in. total,

wherein in the formula (am,

W ié a functional group that has a leaving ability;

wherein in the fdrmula (I) and the formula (II),

n is an integer from 1 to 4; and

‘wherein in the fprniufa (D,
* shows a newly produced asymmetric center.
According to a second asi)ect, there is provided a method for

stereosclectively producing a compound represented by the following formula (I):

R18

N/l\CORZO B
D
qomprising: R15 n

_ initia_ting a reaction of a compound represented by the formula
(ID):
COR?

R15

T @an

3e



n (lI1) 3e with a conpound represented by the fornul a
(rrr) R1I8-W(IIl) in a nmediumin the presence of an
optically- active phase- transfer catalyst and an
agueous_ i norgani ¢ base sol utjon; and q n ng the

" oactVigh 2neomPORRE TeRIGAE N4 PR Phis forpals éﬁrﬁow ng
inequality: 50 < A (%e)X Y&th@Wa <10& 00 wherein
At .is the optical purity {%oee) of the g npound

ngﬁiﬁls Stnfeh ubl%%a%:hleon %1&! )ofI I&%T ogﬁ;l%ﬁgahgﬁge bﬂhase

%fﬁ?tchm 0f 5l reﬁg% ek dm%?é’alﬁ'c@a?s'ess&lﬁﬁo%ﬁ" ﬁl.uq (%

€ compoun by 't he ormul a
I s oah@haﬁ%gbmata%M1da:g athe tieaGt tit ahtidfibh T’ﬁﬁetfollowmg '
from the initiation of the reaction; wherein in the
ifhequwaligy:(1) and the fornmula (11), R is an aryl or
het eroaryl group that nay be substituted with at
| east one group selg fﬁd%$®6ﬁﬂﬂhéﬁbrgg@ consi sting
of: a Cl to Cs alk§1 group togat may . be branched and
that may be substituted with a hal ogen atom a Cl to
al koxy group that may be branched and that may be
"Sﬁb%?%tuted with a hal ogen atom an aryl group t hat

gf‘ K g:r Sto{p}sig‘: 1%% %‘r 3% ﬁ@gﬂ] .f’"d Gl e%ex%ed by

gSt ! tﬁaﬁy&g&c 1680 %%m gqgfé?chﬁ{% 2 Qreta@tlg:ﬁ e?cl %Qi‘ﬁie %
| ﬁ%ﬁ?%ﬁé MkRdioM b tBcNRLOMEH; AkeM . a Cyano gr oup, |

YLD: is the yield (%) of the compound represented by the

" formula (I) that is obtained by quenching the reaction at a time t from

the initiation of the reaction; -
wherein in the formula (D) and the formula (IT),

R15 is an aryl or heteroaryl group that may be substﬂ:uted w1th
at least one group selected from the group consisting of:
aCito Cs alkyl group that may be branched and that may be
subsmtuted with a halogen atom, '
a C; to Cs alkoxy group that may be branched and that may be
substituted with a halogen atom,
~an aryl group that may be substituted with a halogen atom, la
C, to Cs alkyl group. that may be branched and that may be
substituted with a halb_gen afom, or a C; to Cs alkoxy group that may
be branched and that may be substituted with a ‘halogen atom, '
a cyano group,
-NR30R3!, wherein R? and R?! are each independently a

hydrogen atom or a Ci to Cs alkyl group that may be substituted with

a halogen atom,



-NR30R31, wherein R30 and R31 are each independently
a hydrogen atomor a G to C4 alkyl group that may
be substituted with a halogen atom 3f a nitro
group, a carbanoyl group, an N-(Cl to C4

al leyhixeagbadpyl group, TT -di(C 1 n 1-_i)c 1 an LV, LV
Nui~i.l ~O~4 aln.y i/c.arbanmoyi group, -NHCOR9,
wherarha®@yl graugl to C4 al kyl group that may be
branched and_t hat y be bstituted with a hal ogen

at amNdfd ta (rap PRB: - 0?19 wherei n R19
is a . C al kyl grgup hat 2 substituted
wi &R *‘glﬁgl“fg%e‘r? e G "ﬁhb"a?w O&Wp that may be

SURBIHS el Ll Smbakoges, abonl o380k Lhake B Ofay be

cyclic group - R51

a
ot 45 200 gy syl g

sel ed_fr.om.the dgroup consisting of a hydrogen
' %Egltog a’nmaryl group that may be substituted with

1 i 00@6‘19 aldndre BT BUP 1§ BAC; BYCHElISALSLupUtied miayhbe
ha ogen atom a C,. to C3 al koxy group that may be

aubsﬁ-lﬂ’ﬂ’e‘éd twitdd aviHdlogen hatwageor asnmurydr gaotual tgen magpnbe
-and R29 is an aryl group that may be substituted

substiittrte diwdth taoh & gahkatiorgr ap thahimasabe beasabsd or dora a
- with a halogen atom a ClL to C3_al koxy group
cycliengyote, subNRStREedvivinein é%ﬁ"wmdogéha@a ach épd %\perpafedfgtéﬁ
atom or -0OR101 vvher n 81 i.s a Clto
» hydrasep e b%ﬁRfFR et ésiﬂogmpasetl?steﬁlﬁ% i gbe
formula.(lI is a roup C r
‘group &Qgrg%gtti“h% oé a( Ihydao%‘ln 2o S ettrg(il O%ogg] E]:{Eet ﬁa?)“f?e

o BRI ST A S e .

halogen atom, a Cito Cs alkoxy group that may be subst1tuted w1th a
halogen atom, or a halogen atom, and R?® is an aryl group that may be
subétituted with a C1 to Cs alkyl group that may be substituted with a
halogen atam, a Cito Cs alkoxjr group that may be substituted With_ a
halagén atom, or a halogen atam, or "OR1%1 wherein R1is a C; to Cs
alkyl gr:oupbr a benzyl group; . |
in the formula (D) and the formula (I1D),

R18 is a group selected froni the group consisting oft

) a C1 to Cyp alkyl group that may be branchad or form a cjrclic?
group and that may be substituted Wlth a halogen atom, wherein the
alkyl group may be substituted with at Ieast one group selected from
the group consisting of
a C1 to Cs alkoxy group that may be branched and that may be
-~ substituted with a halogen atom, - 7

a ¢cyano group,



al kyl group may be substituted with at | east one
group selected from the group consisting of a C, to
C5 al koxy group that may be branched and that rray be

bsti h I .
R L ML g Bt AR f?%ptéy a
. hydrogen,atom or ~a,Cit0,,C4 a . rou t. hat }/
ngHERETT B A 0 onCo a0t Sual Bpih e iy o BuR e wirh

oup, an N-(Cl to &4 al kyl) car banoyl
ag?é([)lg QB% O%[I\I-di (G to C4 al kyl)carbanoyl group, .
-NHCCB%“ 'lpR9|saC| to C4 al kyl group that
may be branched and that nmay be substituted with a |

hal O%mﬁ&mﬂﬁ@@ .wherein RO is a G to C4 alkyl
group that may branched and t hat may be

substdnt N-6¢h wi Ch aakhﬁbm@mmeﬁlogmuamd -CO2R9, wherein
ROisaC to C4, alk group that may be branched .
and tami, Na@a(ﬁetslﬁas lll)ccédbwﬂtobr gHa.ogen atom (i)

[ bst it ut: I h
o o B a8 s S 58 Bl R, gy e
d/ d/ .h 5 t
A I S 8, 2o
- b I h
D TSR RS ROHE A ORI A Bl Yl ma e

b AARY & nxg{ %&t B{ﬁl b%‘%ﬁb?ﬁt@féﬂnﬁ@ﬁﬂa %al&@éﬁna@omcmhl c

group a substituted with hal ogen

at ony CO\éR*?aﬁv]:ﬂér%ﬁh)’Rg gis0epCr Wher®i allkyie gﬁﬁ&]_b theitemay be
of the aral kyl group may be substituted with at

biaeahedenel ﬂisﬁ;uma@eb@subdtltmmuh wiitdh a@mdqg)emah@nst i ng
o (i) an allyl group or substﬁ:uted allyl group having a halogen
atom or haﬁng a substituént(s) at .p;Jsitio-n 1 and/or 2 aﬁd/or' 3 afn'd.
having 4 to 15 carbon atoms in total; o
(111) a Cz to Ce alkenyl group that may be branched or form a
cyclic group and that may be substn:ute_d with a halogen atom;
(iv) a Cs2 to Ce alkynyl group i:hat may be branched or fdrin a
-¢cyclic group and thz-;t may ble subétituted with a halogen atom; |
(v) an aralkyl group, whei'ein the aryl moiety of the aralkyl
group may be substituted with at Ieas? one gi'oup selected from the
group consisting of: |
a Cy to Cy alkyl'group that may be branched and that may be
s.ﬁbstituted with a halogen atom,

a Ci1 to Cs alkoxy group that may be branched and that may be

substifuted with a haldge‘n atom, |
an aryl group that may be substituted with a halogen atom, a

to Cy4 alkyl group that may be branched and that may be

2
o



a G to 4 alkyl group that may be branched and that
may be substituted with a halogen atom a G to Cs
al koxy group that nmay be branched and that may be
substituted with a hal ogen atom an aryl group that
submtitubed suliht at b bgeni tbom, halcggan @tomm, -NRPREBY @herein
- al kyl group that may be branched and that may be 3h
R3%samd t Rilutee ewichhind dredrolpertlataolydaogymmdogy onp C1 to Cy
-NR30OR31 wherein R30 and R31 are each independently. -
- alkyl lgydvp ddat an e ter bxarched gt that kydy be supstitratednayth a
be branched and that may be substituted with a .
halpgppgatPrat oim DATG| E08Pgrd R bA R bEFAR: 8Rodp(Cardo C4

(Ci. to C4 al kyl ) I , , N-di: (C,  t
.alkgkg%h@ﬁyzbgsgm%ﬁ 3?‘5,\83%09 %Mﬂ%@%@? E%,rﬁespiogf '
o 1.0 CA4 al kyl . t hat be. b d ,and_th
Nty aGhtl K FiRe' T RIPRY aRu AR J6fk LRl
- . i h
‘and:%n eperﬁl ﬁ?ﬁﬁ%ﬁtﬁ%ﬂ%&%ﬂ%&%@% gg@néiarsoegz al kyl 7

gr QuRathadrgtly be branched and that may be

subsfituted wi'th a hal ogen atom a nitro group, a

cariiaaeR$l, gmcthirei@NRRP (44dt R34 aabkyhik aibdepepldently a
. group, an N[N-di (G to C4 al kyl)carbanoyl group,
hydropgORSpmber#iGn R Gsaklkyd grompChat kydy dedepanchad and

may be branched_and that may be substituted with a
thathglaygee sabstituted with al krjegeatart.and t he al kyl

moi-ety of the aral kylgroup is a C to C6 alkyl group

* t hat B RS br anched or forma cyclic group and that

be subst#tut'ed with a halogen atom (vi) a

may,
hetae%_lé?aéfl&’y ¢ ®ip having a heteroaryl noiety,
m%rI?Nl(Cl to CsalkyDcarbamoyl group, '

an N,N-di(C) to C4 alkylecarbamoyl group,
A 'NHCORS*, whefein R? is a Cz to C% alkyl group that_inay- be
branchéd and that may be subsﬂtuted with a halo-ge.n atom, énd
~ a halogen atom; and | o

the alkyl moietj of -"thé- éralkyl_ group is a Cy to Cq aikyl group that
_ ‘m-aj.r be branchéd or form a cyclic group and that may be subgtitutéd
with a halogen atom; ] o

(vi) a‘ heteroaralkyl group having a heteroaryl moiety, wherein
the heteroaryl moiety may be substituted with at least one group
selected from the grmip consisting of- | | -

a C‘i to C;; alkyl group that may be branched and that may be
substituted -with a halogen atom,

a C; to Cs alkoxy gronp that may be branched and that may be

substituted with a halogen atom,

3i



the heteroaryl' noiety may be substituted with at

| east one group selected fromthe group consisting
of: a G to C4 alkyl group that may be branched and
that may be substituted with a halogen atom a C, to

C5 HECHOIS R W By sk Pnabed oo il oY 6, o

substitu

Gdzfﬁél g?/ alPBy IS Yhshipt Uhed Wi B r@r'a%ﬁ@gata%@ tRat Céleatsp be

group that may be "branched and- that may

sabbStidedt edtiiad Mhadobah 0aem, 3k @Fana €A WRURS! wherein
-NR30OR31, wherein R30 and R31 are each independently

R#° laydlr B§ermrat @mebrindefbnfeni@t a dlyldybgo aitpmd bata iy to Ca
be branched and that may be substituted with a
aHeylagenpdibemmayrie boagelnidband that baawppe grbstipntahwith a
- g?Cl to C4 al kyl) carbanoyl r%roup, an N Ndi (G to
beloeaPk ¢FYRarh AEFP GO, 2ofatbapedrerovmena N1G1 it Ce
to CA _al kyl _gro i be _branched nd t hat
Pk est el B dreg i NHOATG By 6A SRt agatiogroup, or -
power ekn r ach -
'N?{}%tggg’ngeﬁg? %Z/hlg 9“%y%$%19%&§@t%ﬂ %)E§ %\u%tgtﬁ g g4 %ﬂek%amhe‘i '

ax9d Ohgx RS b BULREHREAN S adfogd b Ak By bE

substituted with a halogen atony a nitro group, a
car hasmito groey, an N-(Cl to C4 al kyl ) car banoyl
- group, -an N,N-di (G to C4. al kyl)carbanoyl group,
- NHOORG BiHer eilrerigdni R @ndt R4 azkkyghchr du@epditdedtdy a
. be branched and that may be substituted with a
bydzperre Rtamonr aurfdh 40 Hd grastp thawtl ndte bal kydnched and
group is a Cl to Cs al kyl

thg?bféy})g%&w%ﬁgst r"‘f%F ar?lcﬁ%iﬂ’géﬁ F8Fm a cyclic group
an_d Ea‘lﬂrll%rorrga%u%% ‘
a carbamoyl gro.up,
an N-(C; to Ca alk;%l)carbamoyi group,
~an N,N-di(C1 to C« alkyDcarbamoyl group, 7
'-NHCOR9 wherein R isra'C1 to Cs alkyl group that may bé
branched and that may be substituted with a halogen atoxﬁ, and
a halogen atom; and _ |
the alkyl moiety of the heteroaralkyl group is a Cl to Cs alkyl group
-that may be branched or form a cyclic group- and that may be
substituted with a'halogen atom; and |
(vii) a propargyl group. or a substituted propargyl group having

-

1 and/or 3 and

a halogen atom or having a substituent(s) at position
having 4 to 9 carbon atoms in total;

in the formula (ITI),

3]



substituted with a halogen atom and (vii) a

propargyl group or a substituted propargyl group

having a hal ogen atom or having a substituent(s) at
position 1 and/or 3 and having 4 to 9 carbon atons
intotal; inthe fornula (I1l11), 3] Wis a functional
group thatiyhas a | eavi ability,;. in the formula (I)

and t he fc}?’rfﬁ|aa§%T?*5*7nﬁnﬁg*sv%ht$%ft byer lerving abdits | *

and iy I shows Wy produced

asymret r}%egl%géln lergﬁd.l?langldzn%ee E%%Haan@ %, the present

di scl osur g @&l $9 RV t.hod f '

st ereosel ectively %éé’grﬁgﬁg ﬁé %oarlr%%und represented by

the finlthewbrgflgraiul a (1): R18 N~CORRO R15 n (1)

the method conprises: initiating-a reaction of. a
conpound Fehb@&e@&ﬁvl?ypltda&c@gréwhﬁm&-é):éngehl}lml

RIS n (Il1) wth a compound represented by the . ‘
f orbulome( pmbpdiment8-feé ( prdshni Rigl s Wké NotdhSies method fo
¢ g%;?s?.nc of .an optically- active phase-tra}rjwsfer : L
 SETCRIRAHYSY RIRHUSRE ArformRaing rbprsesntacbly Bie fiknhi Tarnillg (1):
reaction at a tine earlier than.a time for

conpl etion of a stoichionetdic reaction of the

- conpound represent ed y/[\'
- . N~ Cor®
RS | | n )
the method comprises: | '

_iﬁitiating a reaction of a compound represented by the formula

(ID): - |
| N Scor
R15 :
b -
with a compound represented by the formula (III)!V
R18—w | (I

in a medium in the presence of an optically~active phase-transfer

c’atalyst and an inorganic base; and
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(I'l) with the conpound represented by the
formula (I11); wherein in the formula (I) and the
formula (11), 5 R15 is an aryl group or a heteroaryl

~group that may be substituted wth at [east one
group selected fromthe group consisting of a Cl1 to
C8 al kyl group that may be branched and that may be
substituted with a halogen atom a Cl to C5 al koxy
group that may be branched and that may be 10

SUbStde Hchsh W {he arbadtdenaat @Miide aaMiergribum tdatime for
may be substTtuted with a halogen atom a d to Cs

coRhekiol 8FR ddathibmetbe Risniiedf ahe cohatoumsly régeresented by
substituted with a halogen atom or a Cl to C5

thl feexdn18 (D) By ithath @ym peuhd asp et naod by tthatformmpldIID);
substituted with a hal ogen atom 15 a cyan group,

- NR3GHRBdrefhinrtheR30marid (Rdndrthe dachulsmtdhendent |y a

hydrogen atomor a Cl to C4 alkyl group that may be

substR# s e atstlpraupaiogdetertasy) graumthatomgydep substituted

a carbanmoyl group, an N-(C to C4 al kyl)carbamyl
wighatpleaah one [grdip Geledbe tAremkihe) srovpieaistyns ok,

-NHCOR9 (where RO is a Cl. to C4 al kyl group.that, may

be Ir &chieEsanbsthatoupafhak 1%@]53%‘1 %Eﬁ@&l‘;ﬁo ?Hlaathat may be

hal ogen_ataonm),. and 25 a hal ogen atom R20 is -OR19
subgfisntedRyoth @ halogepate®al kyl group that may be

substituted with a hal ogen atom o n aryl.qar t hat
may @ecllFOsGbsatIEPﬁYe%'O e that m’:ﬁyob% ARG d%ﬁ?’?’ﬂ%@” be
..be prapnched or forma cyclic group) or NRSOR51 :
S“%Fge E’O{hﬁgl%{ggeﬂra&%’ach_ i ndependently a hydrogen |
o T orsub (HAPhEBE diboRitdidt Vit hRARECR M, 2 Ca

to Cg alkyl group that may be branched and that may be substitute’d‘ with

the fornmul a
I
I

a halogen atom, or a Ci to Cs alkoxjr group i_:hat may be branched and
that may be substituted ,-with a halogen atom,

a cyano group,

-NR30R3! (where R3¢ and R3! are each independently a hydrogen
atom or a C1 to Cs alkyl group that may be substituted with a halogen
atom), |

| ‘a nitro group,

a carbamoyl gi'oup,

an N-(Cy té C4 alkyDcarbamoyl group,

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

'NHCOR9 (where R is a Ci to Cs4 alkyl group that may be
branched and that may be substituted with a halogen atom), and

a halogen atom;

R20 ig -OR1? (where R1? is a C; to Cs alkyl group that may be

substituted with a halogen atom or an aryl group that may be
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consisting of a hydrogen atom and an aryl group that
-may be 5 substituted with a G to C4 al kyl group that

may be substituted with a halogen atom a G to C3

al koxy group that nay be substituted with a hal ogen
atom or a halogen atom and R29 is an aryl group

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

that may be substituted with a halogen atom a Cl to

C3 al koxy group that may be substituted with a 10
sulRtRAEMH %&@ma Waldodila8sy) AidhadmaOREOBrindtedeor form a

Riolis a to Cs al kyl group or a benzyl group));
cy‘éﬂ@ r lolp) rbrt IR IMUwchdre) R&henthRST arenslaah( ilnldep,endently a
I's a group selected fromthe group consisting of

hy(drbgéln Gitoh -CEOR 2R I(wieoe R hata groppbeslpetodcfromh she group

forma cyclic 15 group and that may be substituted

conkistigr haf agehydtagen witenej mittheanapkyl gjoowp ey peay be

substituted with at | east one groug sel ect ed fromthe
sustitntabmatista g tof Ca atkyl gram shrboyay heupubHatutdywith a

be branched and that nmay be substltute wth a
hatlageyertont, amCi2tp &scybensygety, th %9( %ﬂ#é?tét“é% with a

T L T e
S"é’ﬁtlﬁl‘gl?fd wHBh (%)4Caltl€’yp)* &gk%far%ﬁ wp 3?‘8@6’1&% ‘?@%ﬁ%gﬁ with a
h%g%%ﬁif"iﬁ "B Suoaiy sy Mé}ﬁ’@%ﬁ@%ﬁﬁa with
b bg ‘?%E{é}; I@\t/%u%]r%% \Q"w@tt%gﬁ 45 méﬁ'thgp% gr ouggtecﬁa(gs alkyl

grou% ora ggﬁgy hger%up)),

wherein in the formula (I) and the formula (I1D),
R18 is a group selected from the group consisting of:

G) a C; to Cio alkyl group that may be branched or form a cyclic

~group and that may be éubs_tituted with a halogen atom, wherein the

alkyl gfoup may be substituted with at least one group selected from the
group consisting of* .

a C1 to Cs alkoxy group that may be branched and that may be
substituted with a halogen atom, |

a cyano group,

-NR30R3! (where R39 and R31 are each independently a hydrogen
atom or a C1 to Cs alkyl group that may be substituted with a halogen
atom), '

a nitro group,

a c_arbamoyl group,

an N-(Cj to Cs alkylearb amoyl group,

an N,N-di{(C; to Cs alkyDcarbamoyl group,
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5 and that may be substituted with a hal ogen atom
and - C02R9 (where RO is-a Cl to C4 al kyl group that
may be branched and that may be substituted with a
hal ogen atonm); (ii) a C3 to C15 allyl group or
substituted allyl group that may be branched or form
a cyclic group and that may be substituted with a 10
hal ogen atom (iii) a C2 to C6 al kenyl group that may
be branched or forma cyclic group and that may be

SUDSUINHRSRI (it NEbORET, 460 (.Y MIRICESG Fhat. may be

al kynyl group at may ranched or tforma  cyclic

bEA AR PRA] tREE R bBeupLhEhtddiveth wuaho?e@ akoapn
atom 15 (v) an aral kyl group, wherein the aryl

moi ety hafloddieatdml kyl group may be substituted with
at | east one group selected fromthe group

consi-¥ORY (fthette ®? {0a @ &d Il aldydyprotbathateyiapebe branched
branched and that may be substituted with a hal ogen

anfl ahat 200 @ bEbubeti€htal witly adralugen hadmipgnde br anched
and that may be substituted with a hal ogen atom an
aryl -gHomR? raRy iba CulistC4 atlgd gvovlp thataneydre branched
atom a d to &4 alkyl group that may_be branched
addhahmayrhy Sbé)ssidlbmtil wuidt%ea halpgen ater)ogen atom a -
cyan group, -NR3QR31 (where R30 and R31 _are each_25
i nded@de ity G1hglybgeenmosmuhstiutad wdlybgranr phat may be
group that may be _branched apd _that may be. = . .
bransbed: or ST @h cClifalZ5eBR %@@rﬁha‘ﬂamﬂﬁ be sgbdifuted with a
ar bampyl group, an N-(Cl to C4 al kyDcar banoyl group,
halgges a{°RHi (G to ¢4 al kyl ) carbarmoyi group, or

N (e 2 L8y Clpbo, Sl L S SR P o

MR T R TR N

(iv) a Cz to Cs alkynyl group that may be branched or form a
cyclic group and that may be substituted with a halogen atom; - |

(v) an aralkyl group, wherein the ax;yl moiety of the aralkyl group
may be substituted with at least one group selected from the group
consisting of:

a Ci to C4 alkyl group that may be branched and that may be
substituted with a hﬁlogén atom,

a C1 to C5Ia1koxy group that may be branched and that may be
substituted with a halogen atom, '

an aryl group that may be substit‘ute.d with a halogen atom, a C;

to C4 alkyl group that may be branched and that may be substituted with

a halogen atom, a cyano group, -NR30R3! (where R30 and R3! are each

independently a hydrogen atom or a Ci to C4 alkyl group that may be
branched and that may be substituted with a halogen atom), a nitro

group, a carbamoyl group, an N-(Ci to Cs alkyl)carbamoyl group, an
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atomor a Cl to C4 al kyl group that may be branched

and that may be substituted with a halogen atom, a
nitro group, a-carbanmoyl.group, 10 an N-(Cl to C4

al kyl ) car banoyl. group, an N,N-di (C1 to C4

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

C4 al kyl group that may be branched and that may be
substituted with a hal ogen aton), and a hal ogen atom
and 15 the al kyl noiety of the aralkyl group is a Cl

A i - o
ggg‘P;l (ec%{ Mrﬁ:‘h%ﬁr KYha®uPHPhBaWhBtitated with a |

ere| n e heteroaryl noiety may

ut ed W|th at | east one group 20 selected
h%qg%éﬁltghseﬁ%’roup consisting of. a Cl to C4 al kyl group

t hat 4B ched and that may be substituted
with a hrfbe%en atom a C to C5 al koxy group that ma

be branpbRet GpHetd @30 End B8 auhsicht indepenidently a hydrogen
hal ogen atom 25 an aryl group that may be

atoHbetid e W, tdikel habagethat may be Grantbedand Ik]yat may be
group that may be branched and that may .be
subdbitiitd Uiveth wilidloganhebogen atom a cyano group,
-NR30R31 (where R30 and R31 are each 7 independently
a hydrngengabwm or a C1 to C4 al kyl group that may be
branched and that may be substituted with a hal ogen
at omg, carbaimayd greupup, a car banoyl group, an N-(C to
C4 al kyl ) car banoyl oup, an_ N Ndi (A to 4
al kyla)ncbl)r h%éca@amwﬁcﬁﬁﬁgp(v\here RO is a Cl

4
2 ST bR e O

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

a halogen atom; and | '

the alkyl moiety of the aralkyl group is a Ci to Ce alkyl group
that may be branched or form a cyclic group and that may be substituted
with 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 Ca alkyl group that may be branched and that may be
substituted with a halogen atom,

a C1 to Cs alkoxy group thét may be branched and that may bre
substituted with a.halogen atom,

an aryl group that may be substituted with a halogen atom, a Ci
to C4 alkyl group that may be branched and that may be substituted with

a halogen atom, a cyano group, -NR3R3 (where R3¢ and R3! are each
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subptitatdd withaathalegenaite

a cyan group, -NR30OR31 (where R30 and R31 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group that may be branched and that nay be 10
substituted with a hal ogen aton), a nitro group, a
car banoyl group, an N-(Cl to C4 al kyl) car banoyl
group, an N,N-di (d to C4 al kyl carbanoyl group, 15
-NHCOR9 (where RO is a Cl to C4 al kyl group that nay
be branched and that nay be substituted with a

X | d
m&%@%?@enrﬁh Y o 57#%?%%% B gr e S 3] rBufyihat may be
t b . ; ;
e
| ! - i 1 group, an
gré}\%,lpér gﬁg%ygﬁgggi‘te;]lgpaiﬁw (8%, O4P (A aBHARdairbbeEy] group, a

t may be branched "and that nay be

- N,ﬁ‘orﬁm%ﬁ&( ?? F}‘l;kgr%?%%%eé‘rcﬁiﬂ'ﬂr -NWEORN(rhetehB? is a Ci to

a f'unctional group that has a i
| gigyt ith b Yaav 22 MBgcRed 4 thet ferynbé aubstiteied with a
C"t%ﬂ?ﬁ%ﬂfa %II)E}Yn is an integer from1l to 4; and

hath& Lo the formula (1), S * shows a newy
apr%gﬁc-ed asymmetric center. In one enbodi nent, the

opt i gadyanoagdoupe phase transfer catalyst is an
optically- active quaternary ammoni um salt phase -

t r ansNEBORHt G liste B30 andpRES are reashf wrdepgndeptly a hydrogen
conpl exed with an optically-active netal, atom g’éél?n a1
athon bher Cgndoo@i: redikyy] grhepdﬂxatcmayybea@lrap@h@ctgﬁ@r fymay e

ammoni um sal t phase-t ragﬁf er catalyst is an
ary ammonium salt that has
a bi phenyl backbone and/or bi napht hyl
a nitro group,
a carbamoyl group,
an N-(C1 to C4 alkyl)carbamoyl group,
an N,N-di(C1 to C4 alkyDcarbamoyl group, |
“NHCOR? (where R® is a C1 to Cs alkyl group that may be
branched and that may be substituted with a halogen atom), and
a halogen atom; and
the alkyl moiety of the heteroaralkyl group is a C1 to Cs alkyl
group that may be branched or form a cyclic group and that may be
substituted with a halogen atom; and
(vi) a Cs to Co¢ propargyl group or gsubstituted propargyl group
that may be branched and that may be substituted with a halogen atom;
wherein in the formula (IID), |
W is a functional group that has a leaving ability;
wherein in the formula (I) and the formula (II),

n is an integer from 1 to 4; and

wherein in the formula (I),
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backbone, or an optically-active cinchona al kal oi d
quaternary anmonium salt. 10 In a further

enbodi ment, the optically- active quaternary
anmoni um salt phase-transfer catalyst is an
optically- active quaternary ammoniumsalt, or an
enantioner thereof, which is represented by; HHH

Br'CICI NH6 NN 15 HO',,,, HHOHHOH N\ / / H
/ /'.,...1 CF3 N\ \N HHH BeCd O HNNHN?20
P\fAthHQQ Xy 2 nowll piOdubedl Ny ntinGir) cexfegH 25 RN 9
(where Is a hydrogen atom a G to C4 al kyl group

t hat THBY PembbARASHE bhetoSliclly Gotiak kbasegransfarmeatalyst is
may be branched, or a halogen atom, H _
an optically-active guaternary ammonium salt phase-transfer catalyst or
a phase-transfer catalyst complexed with an optically-active metal atom.
In a further embodiment, the opltically'-active guaternary
ammonium salt phaée'transfer catalyst is an optically-active quaternary
ammonium salt that has a biphenyl backbone ~and/or binaphthyl
backbone, or an optically-active cinchona alkaloid quaternary ammonium
salt.
In a further embodiment, the optically-active quaternary
ammonium salt phase-transfer catalyst is an 0ptically‘activé guaternary

ammonium salt, or an enantiomer thereof, which is represented by:




Br NV H38f rji " HNHNTr) ., AHH //~~ ."y \ NI\
/I NO...nHoNHHo -N2Z 10 HHNOR ROH\ /
H 15 (where R is a hydrogen atomor an allyl group,

and Zis d or Br), eH 2C0 HN/ / le HN HOH
MO HOm... H"!IH N/ / 1 \ 201 \ \N H H/ H B!
Ba e HON Ph\ HN '

-

(where R” is a hydrogen atom, a Ci to Cs alkyl group that may be

branched, a Ci to Cs alkoxy group that may be branched, or a halogen

atoni),

10

15

20

25
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HH 25/ /1 \/ / N \N 10 MOOW H,,,,,, H O
~N NN "N OHHOGe A 5 RR(where Ris a nethyl
M ',,-p-MeO-Ph Me O

-P N 10 NO 210 2Be M ~
~P-MeO- Ph, Me -p-Me-Ph 000 Me -p-Me-Ph 4- CF3PhCH20

group or a hydrogen aton),
~p- MO Ph  Meo-Ph t Bu> :r

, OCH2Ph-4-CF3 Bap 15 t-Bu

\

(where R is a methyl group or a hydrogen atom),

{———p-MeO—Ph

¥p-Mao-Ph
>< _——pHMeOPh
s

Ty 21

Me

p-MeO-Ph ,

@

@N s‘\\“N .
2Br

4-CF3PhCH,0 WOCHPh4-CF;3
’ Br ©

4.CF5PhCH,0™ OCH,Ph-4-CF3

In a still further embodiment, the optically-active quaternary

ammonium salt phase-transfer catalyst that has a biphenyl backbone

and/or binaphthyl backbone is an optically-active quaternary ammonium

salt represented by*

R21
OIS
- @
N
OO R22 OO

11

R21
PONES
®
N
99
U
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D(c)p Me-Ph 21 e 4-CF3PhCH20. OCH2Ph-4-CF3 M
\--p-Me-Ph or In a still further enbodi nent, the
optically- active quaternary anmmoni um salt
phase-transfer catal yst that has a bi phenyl backbone
20 and/ or bi napht hyl backbone is an optically-active
guat ernary ammoni um salt represented by: R21 R21 N
N 25\ \ Rez \ \ \ \ RR2 11 RR1 RR1 X | 23 RN X
R4 \ RR2\ \ \ \ RR2 10, or Re Re R21 R23 R27
O RTty\ / | R4 R2e R22 15 2e' wherein R21 and
R22_ar gzeach independently a group.selggtted fromthe

, O

R27'

O N\R24
RZS . R22

R¥

wherein

R21 and R22- are each independently a group selected from the group

consisting of:

(i) a hydrogen atom; |

i) -NRS'RS! (where R3® and R31 are each independently a
hydrogen atom or a Ci to C4 alkyl group that may be branched and that
may be substituted with a halogen atom);

(iii) a eyano group;

(iv) a nitro group;

(v) a carbamoyl group;

(vi) an N-(C1 to C4 alkyl)carbamoyl group;

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

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

(ix) a halogen atom; |

(x) a C1 to Cg alkyl group that may be branched or form a cyclic

group and that may be substituted with a halogen atom.

12
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20 (ii1) -NR30OR31 (where R30 and R31 are each

i ndependently a hydrogen atomor a Cl1 to C4 al kyl

group that may be branched and that may be

substituted with a halogen atom; (iii) a cyano

group; (iv) a nitro group; 25 (v) a carbanoyl group;

(vi) an N-(Cl to 4 al kyl)carbanmoyl group; (vii) an

N, Ndi (G to C4 al kyl)carbanmoyl group; (viii) -NHCOR9
(where RO is a Cl to C4 al kyl group that may be

branched and .t hat be subst it ut it g a
at om0 G otp Gergah P k) By BRERAeR form

cxdhi Hhnip e Bt B B I Bg i)
(xi) (gﬁ%yg; £ 3 ka0t that iRy Rebbsaddiedr dorm

form i € group -a may be substituted with

1C B : Iy ubétib@te h
cy%,ggaglgggg:%x%% ﬂg%t (¥} be Bubeétit @@owalhky Bullogdoatomhat

or forma cyclic group-and that may

be sybsty Lut i 11 ho@hal WEERiat o syl xhbidtyat the aralkyl
ar al L{?ng?gug?a%r%i r#i?he aryl noiety of the aral kyl

: gl%ruiﬁuﬁa Ve D&hSUDSedt Wiiedatidalat ahel grasp sehectgd dudin the group
se

ect fromthe group consisting of a Cl to 4
c(ﬁ{sﬁﬁn?BﬁUp that may be branched and that may be
substituted with a halogen atom 10 a Cl to C5 al koxy
gr oumy t(n_ato wab]q;]bwghaarIdayrm my_(}b@d and that may be
substituted with a hal ogen atom an aryl group that
suBRtitheed wish isf htbgen 4toma, hal ogen atom a Cl1 to C4

al kyl group that may be branched and tha @E , b
substa tGat ed Osi a¥koxy gredwythatovty bg b:w%leg%%%, hat may be
-NR30R31 (where R30 and R31 are each 15 independently °
subdtitartedenthtaohabrges @O0 C4 al kyl group that may be

an aryl group that may be substituted with a halogen atom, a Cy
to Cy4 alkyl group that may be branched and that may be substituted with
a halogen atom, a cyano group, -NR3(R3! (where R30 and R3! are each
independently a hydrogen atom or a C1 to Csz alkyl group that may be
bfémched and that may be substituted with a halogen atom), a nitro
group, a carbamoyl group, an N-(C1 to C4 alkyDcarbamoyl group, an
N,N-di(Cy to Cs alkyl)earbamoyl group, or -NHCOR? (where R?is a C; to
C4 alkyl groui) that may be branched and that may be substitutgd with a
halogen atom),

a cyano group,

“NR30R3! (where R3% and R3! are each independently a hydrogen
atom .or a C1 to Ca alkyl group that may be bran_ched and that may be
substituted with a halogen atom),

a nitro group,

a carbamoyl group,

an N-(Cq to C4 alkyl)earbamoyl group,

13
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branched and that may be substituted with a hal ogen
atom, a nitro group, a carbanoyl group, an N-(CG to
C4 al kyl) carbanoyl group, an N Ndi(GC to C4

al kyl ) car bamoyl group, or -NHCOR9 (where RO is a Cl
"to C4 alkyl group that may be branched and that may
be substituted with a 20 hal ogen aton), a cyan
group, -NR30R31 (where R30 and R31 are each

i ndependently a hydrogen atomor a G to C4 al kyl

SUbstm O Sutie o srvegen Bt oey Bl 't ro group. a

o oup N e et Pl 1 o SiTEp RO MASTLREIDY dhat may be
bigno PR e R pEp hiy IR I g Rt

hal o?aggﬁgég%;ﬂatoﬁg a hal ogen atom 5 (xiv) a

het e group having a heteroaryl noiety,

wher ety § NG {10 SLARGY ! 'Hi‘i’f)q{zi/viﬁg)’a hetstst] tubiedy, wherein -
with At"l &ast one ar oug-r sel ected fromthe group
ONRltaH 0 I h9vTheakkpbtiitedp wblat atrelgabe one group
t Cer Q%ésgié%ﬁg%dhtoﬁ%? mayybe substituted with a hal ogen

, se%@,@d #0mPd %ﬁcﬁiﬁoﬁéikﬁﬁgcﬁtoup that may be branched
and t

hat may be 'substituted with a hal ogen atoniq an

aryl groupo thaklleply ghays that imayee wirahchedansgshat may be

atom a G to &4 alkyl group that may be branched
cdndittad wial HRakigestatomhed with a hal ogen atom a

cyano group, -NR30R31 (where R30 and R31_are eacP1 15

i ndepei@ietd I0s alHoxgr guperp shatmmesy dechranshed apdg fpat may be
group that may be branched and that may be
swhdtstutedtvedhwi hblogematagen aton), a nitro

an afyl sroup that may be substituted with a halogen atom, a C:

| to C4 alkyl group that may be branched and that may be substituted with

a halogen atom, a cyano group, -NR30R3! (where R30 and R3! are each
independently a hydrogen atom or a Ci to Cs alkyl group that may be

branched and that may be substituted with a halogen atom), a nitro

" group, a carbamoyl group, an N-(C1 to Cu _alkyl)ca_rbamoyl group, an

N,N-di(C; to C4 alkyl)earbamoyl group, or -NHCOR? (where R?is a C1 to
C4 alkyl group that may be branched and that may be substituted with a
halogen atom),

a cyano group,

;NR39R31 (where R3¢ and R3! are each independently a hydrogen
atom or a C1 to Ca alkyl group that may be blranched and that may be
substituted with a halogen atom),

a nitro group,

a carbamoyl group,

an N-(C: to C4 alkyDcarbamoyl group,

14
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group, a carbanoyl group,, an N-(C to 4

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

al kyl ) car banmoyl group, or -NHCOR9 (where RO is a C
to C4 alkyl group that may be branched and. that nay
be substituted with a 20 hal ogen atom, a cyano
group, -NR30OR3' (where R30 and 1131 are each

i ndependently a hydrogen atomor a G to C4 al kyl
group that may be branched and that may be

car b Ngillh fo %h%'ké%cgf‘@é R 5%’5‘51%6102? barmoyl T
P e
gr%@%@%@ oagre RS i % P ) AR oiR g, $h8kPmay b
brﬁiéxl gbgar}lﬁw@}ﬁtaﬁ%%rw a&ﬁﬂ?ﬁhﬁ%d‘%&ﬂﬁt a @%lic?é@an\"hfdhﬁ and |

ogen at om an aryl

group Lot aryI group .may be substltuted
dapm gglt on€ group selected fromthe group

c 0 ns i ( )d r;igln g}¥]h %ﬁg%.%t %@eﬁg ke &FAURrduiRtm apbedeub stituted

br ancl substituted with a hal ogen

%eﬁ@e%dq&@mm oupRsbigstingnched
W&'hdzgné e%s?%n&%g%plo substituted %Itth a hal ogen atom

an araylolgfcpm hT1af ?W.l;behﬁtlbﬁhythﬁ ddanihdl andatbgemay be
atom a Cl to kyl' group that nay be branched

suditibad witly abeatogeatdtioui,ed With - a hal ogen atom a
cyano group, -NR30R31 (where R30 and R31 are each

i ndepeent Oy «dkbydrongap thammay hediranghed egqldqthat may be

group.-that may be 15 branched and that nay be
susRtéditwech wi hhlogehaltogen atom), a nitro gr oup, a

O oupyn any BRNHERD: may Be SR Bikby DGIARER, 2t 2 O
to- é\l‘m érvgqu%rt%alzégmgr bae l()jranc%ed and that may be substituted with
a halogen atom, a cyano group, -NR3R3! (where R30 and R31 are each
independently a hydrogen atom or a C to C4 alkyl group that may be
branched and trhat may be substituted with a halogen atom), a nitro
group, a éarbamoyl group, an N-(C; to Cq alkyl)carbamoyl group, an
N,N-di(C.l to Cy alkyDcarbamoyl group, or -NHCOR® (where R is a Ci to
Cs alkyl gfoup thﬁt may be branched and that may be substituted with a
halogen atom),

a cyano group,

“NR3R3! (where R3? and R3! are each independently a hydrogen

atom or a C; to Cs alkyl group that may be branched and that may be

" substituted with a halogen atom),

a nitro group,

a-carbamoy] group,

‘an N-(C1 to C4 alkylcarbamoyl group,

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

15
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C4 al kyl group that may be branched and that may be
substituted with a halogen atom, 20 a cyano group,
-NR30R3i (where R30-and R31 are each independently a
hydrogen atomor a C to C4 al kyl .group that nmay be
branched and that may be substituted with a hal ogen
atom, a nitro group, 25 acarbanoyl group, an N (C

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

al kyl ) car banoyl group, 15 -NHCOR9 (where RO is a Ci

2 CSHRREIRAT I P4 ) S s e
b b Dol o AL BE LB e Pt R

t oget her; i) a heteroaryl group, wherein the
heter%gr l?gaeglr%é%ﬂnay be substituted with at | east

one 9510?4%;5 gheshedifutem wha gooamggw &hote @f is @ 64 2) at

group that . may be branched and that may
&@twi@@&hﬁuﬂﬁﬁﬁ%ﬂehta%eﬁaddg@@ﬂeﬂt@m 10 a G to C5

al koxy group that may be branched and that nay be :
subst (xkt thé\tetrbagylh OgENwaieesin dheahylergarlpgtdat may be
may be substituted wth a hal ogen atom a G to C4
sl deituted euiph thhdeastyndgrbupselete dificbm the grayplensisting of:
substituted with a hal ogen atom a cyano ou
- NR3ORTY; (v ellR30gemth RB4t amey dae Hnraachergemﬁdbat lpay be
a hydrogen atomor a Cl to C4 al kyl group that may be

sujrsdiricited vl a halogenyatios,substituted with a haI ogen
atom, a nitro group, a carbanoyl oup, an .
C4 a|aqﬂ1)txaﬂmamléapwm that masNb agf( nchgdcnd nd that may be
al kyl) carbanDyIanroup, or -NHCOR9 (where RO is a Cl
syhgtituted with a halogen atom,

an aryl group that may be substituted with a halogen atom, a C
to ‘C4 alkyl group that may -be branched and that may be substituted with
a halogen atom, .a cyano group, -NR3IVR3L (where R3® and R3! are each
independently a hydrogen atom or a Ci1 to Cs alkyl group that may be
branched and that may be substituted with a halogen atom), a nitro
group, a carbamoyl group, an N-(C1 to Cs alkyDecarbamoyl group, an
N,N-di(C: to C4 alkyl)carbamoyl group, or -NHCOR? (where R? is a C1 to
C4 alkyl group that may be branched and that may be substituted with a
halogen atom), o

a cyano group,

-NR30R31 (where R30 and R3! are each independently a hydrogen
atom or a Ci to Cs alkyl group fhat may be branched and that may be
substituted with a halogen atom), 7

a nitro group,

-a carbamoyl group,

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

16
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C4 al kyl group that may be branched and that may be
‘substituted with a 20 hal ogen atom, a cyano group,
-NR30R31 (where R30 and R31 are each independently a
“hydrogen atomor a C to C4 alkyl group that may be
branched and that may be substituted with a hal ogen
atom, 25 a nitro group, a carbanoyl group, an N (Cl
to C4 al kyl)carbanoyl group, 16 an N,N-di(C to 4
al kyl ) car banmoyl -group, - NHCOR9 (where ROisad to

subsit bt BEeiPy ﬁoaéﬁgﬁ‘)é’féﬁ‘ﬂ&br AP R 2 hal ogen 4t om

o elHEgRe, (&’(%F SIS S0 4o ok Ok P nay o
bigd egaF%n(P gh%t v Bé’%ﬁgs%%&da\gw Q e?/{ 209m), '?1%1:&

are eac epen a group

sel ec - oup consi sting- of 10 (i) a
hydr o%ggkge%n&%q% a§&a hal ogen atom (iii) an alkyl

g U Y eEEDY.-RN&wRbIY n W QA id 9, ShdlR 15aalkyb Cs alkyl

gr oup t at may be substituted With a hal ogen atom
e HatPRa ?rlyé boARMRed aRddieR hARtbendybstEubedneithc halogen
forma cyclic group; and 15 (iv) an al koxy group, -
ategtein the al koxy group is a G to C5 alkoxy group
that nmay be substituted with a hal ogen atom and/or an
R#[ W25, Reoupnd RAY are idagh imdppbedantpchetowp sthucked from the
cycllc group;, R27 and R27' are each independently a
groupuprsedteng eft from the group consisting of.

(1) a hydrogen atom;

(ii) a halogen atom; |

(iii) an alkyl group, wherein the alkyl group is a Ci to Cs alkyl
group thaf may be substituted with a balogen atom and/or an aryl group,
and/or that may be branched or form a cyclic group; and

(iv) an alkoxy group, wherein the alkoxy group is a Ci to Cs
alkoxy group that may be substituted with a h,alogen' atom and/or an aryl
group, and/or fhat may be branched or form a cyclic group;

R?7 and R?” are each independently a group selected from the group
consisting of:
| (1) a halogen atom;

(i) an alkyl group, wherein the alkyl group is a C1 to Cs alkyl
sroup that may be substituted with a halogen atom and/or an aryl group,
and/or that may be branched or form a cyclic group; and |

(iii) an alkoxy group, wherein the alkoxy group is a Ci to Cs
alkoxy group that may be substitutéd with a halogen atom and/or an aryl
group, and/or that may be branched or form a cyclic group;

R2 and R? are each independently a group selected from the group

17
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20 (i) a halogen atom (ii) an al kyl group, wherein
the alkyl group is a G to C5 alkyl group that may
be substituted with a hal ogen atom and/ or an aryl
group, and/or that may be branched or forma cyclic
group; and (iii) an al koxy group, wherein the al koxy
group is a Cl to C5 25 al koxy group that may be
substituted with a hal ogen atom and/ or an aryl
" group, and/or that may be branched or forma cyclic
cosPiiphe BB3 and R24 are each independently a group
selected fromthe group 17 consisting of. (i) a G 7
to C¥p aldyto Wg@@lkﬁh@i‘oﬁfﬁ%h@ﬁ niybehatmehelarmferm a cyclic
cyclic group and that may be substituted with a
gridapageh il PMay bé kubsfituted €ith alHedogdn gtoup t hat may
be branched or forma 5 cyclic group and that may be
subst(ii} ut €3 16 tChzaatkenylegroapothal may he Geanchedi2r form a
al kynyl group that may be branched or forma cyclic
cyghiogpoapcinichtiiatmmasble substit wigdesithi 2 hadogest atpans
atom (iv) an aryl group, wherein the aryl graup, nay
be s&hét #tQt 6d Cwd a%qmyh geaitb Ghat gravi e brapehed orgerm a

cselaigomap el theeiashe AHbEHER SRy Bea DeJean FORt
A

R R e B R O R R L

ot e AR S AT M v

SU5§%E§ﬁ%}%§ hariggggﬁnqsﬂ}ly a hydrogen atomor a Cl

at ndy be. branched and that may

be sybst i i ] , i ,
2o B HOSMILD ol SHRRALTL Ay A0ty e

sﬁg,ﬁsﬁﬁfﬁﬁ(%ﬁé@fgﬁlﬂo%é%ﬁ C4 al kyl ) car banoyl group,

ere Is aClto ,
an aryl group that may be substituted with a halogen atom, a Ci

to Cy alkyl group that may be branchéd and that may be substituted with
;':1 halogen atom, a cyano group, -NR3R# (where R30 and R3! are each
independently a hydrogen atom or a Ci to Cu alkyl group that may be
branched and that may be substituted with a halogen atom), a nitro
sroup, a carbamoyl group, an N-(Ci to C4 alkylecarbamoyl group, an
N,N-di(C;1 to Cq4 alkylcarbamoyl group, or -NHCOR? {where R?is a C; to
Cq4 alkyl group that may be branched and that may be substituted with a
halogen atom),

a cyano group,

-NR3'R3! (where R30 and R3! are each independently a hydrogen
atom or a C1 to Cs alkyl group that may be branched and that may be
substituted with a halogen atom),

- a nitro group,

18
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C4 al kyl group that may be branched and that may be

substituted with a halogen atonm), a cyano group,

. NR30R31 (where R30 and R31 are each independently a

hydrogen 25 atomor a Cl to C4 al kyl group that may

"be branched and that may be substituted with a

hal ogen atom, a nitro group, 18 a carbanoyl group,

an NN(ClL to C4 al kyl)carbanmoyl group, an N, Ndi (G to

C4 al kyl ) car banoyl group, NHCOR9 (where Ris a G to

4 al may be 5 branched and that ma
iR & 2 ’

be su "a hal ogen aton), and a hal ogen

atomaﬂ'}@.(%l et ARF Yo 0Hpy] ghipei n the heteroaryl
group may be substituted with at | east one group

sel ecl,eey N-@110hH e @f Syl rarbasioyhgrodp, a G to C4

al kyl group that may be branched and that nmay be 10
substiNHOBRW (WhaehReogem diorp Ciaalbiylt sram dbréxipay be
group that may be branched and that may be

bitheedt s @ ghat idayabéatibgebutedomwithan hadggery a‘gmg),tqf;git

may be substituted with a halogen atom a G to C4
al kyl a Gadogert Atdmiray be branched and that may be

substituted with 15 a hal ogen atqm .a cyano, group, .

- _Nzesoﬁéla(hmt _ eaRﬂOga@?P,Rgh%eéﬂk lefg’éh heﬁ%:éﬁét b ?ﬁth%ﬁ’l‘l@ ypay be

ydrogen atomor a 0 a rou a . .
sistiotied el atheaskagpe @0&9@@#@%@ JEOR R S1ORR &gﬁ?tmg of
aton), a nitro roup, a carbanp rou [yt

A al ky0) darGasdbyl gremp t mﬁ,yyl\i)%ig‘tréﬁe?%‘?%im ftat bflay be

al kyl ) car bapoy roup,, or -NHCOR9 (where RO is a G
sulstppited aitRyd bglegss #4 nay be branched and that

ey bg 81u %g t(j}5t gh?o%yw.glt'ohupa thgglrﬁgfme%ﬂmched and that may be
substituted with a hélogen atom,

an aryl group that may be substituted with a halogen atom, a Ci

to Oy alkyl group that may be branched aﬁd that may be substituted with

a halogen atoni, a cyaﬁb group, -NRA3R3! (where R30 and R3! are each

independently a hy.drogen atom or a C1 to Cy4 alkyl group that may be

branched and that may be substituted with a Ihélogen atom), a ni_tro

group, a carbamoyl group, an N-(C1 to Cu alkyDcarbamoyl group, an

 N,N-di(C; to C4 alkyllcarbamoyl group, or -NHCOR? (where R? is a Cy to

Cq4 alkyl group that may be branched and that may be substituted with a

halogen atom),

a cyano group,

-NR30R31 (where R30 and R3! are each indgpendenﬂy a hydrogen
atom or a C; to Ca alkyl groupl that may be branched and that may be
substit_uted with a halogen atom),

a nitro group,

a carbamoy!l group,
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a cyano group, -NR30R31 (where R30 and R31 are each
i ndependently a hydrogen atomor a G to C4 al kyl
group that may be branched and that nay be 25
substituted with a hal ogen aton), a nitro group, a
car banoyl group, 19 an NN(Cl to C4 al kyl) car banoyl
group, an N,N-di (Cl to C4 al kyl ) carbanoyl group,
-NHCOR9 (where RO is a Cl to C4 al kyl group that nay
be branched and that nay be substituted with a

W%%@%q{‘aﬂg?@%o and alg\e/I )each

i nde r &holyl epddihe group
cons%??ﬁgut g%(cﬁtg (gymyk@}q%%gﬁgatogrm@a()z aClto™

al kyl.\grrewpRd h@athdray RPeidranched @pdalkdt grd@p nthatbenay be
substituted with a halogen atom (3) a C2 to

bire@Rdl a0 et ket beeyibbE thtedneitdda dramgemamm& yad c
group and that may be substituted with a hal ogen
at oma héloger(Rtdm; C6 al kynyl group that nay be
branched or form a cyclic group and that nmay be
subst(vilut eCHLOGODNREEEh dwhere 15RES) Emﬂarﬁflkylare each
group, wherein the aryl noiety of the aralkyl group
intdeyehdentlysd grovedeldicted drom éﬁgtgr@ﬁﬁ gREIRYIRSPECt ed
from the group consisting of: a Cl to C4 al kyl group
that may bdlbparwdregeamtottat may be substituted

with a hal ogen atom 20 a Cl to al koxy grou at.
 may be brardéh&dCarig Enalkyl W%&%@H&ﬁy %1)83%'@[&}1?& d that

haltI;Jﬁgenb%t om davr‘llt%rylha%éaeuxpagohlgs may be substituted

~ (3) a Cz.to Ce alkenyl group that may be branched or form

a cyclic group and that may be substituted with a halogen atom;

(4) a C» to Cg alkynyl group that may be branched or form
a cyclic group and that may be substituted with a halogen atom;
(5) an aralkyl group, wherein the aryl moiety of the

ar-alkyl group may be substituted with at least one group selected from

the group conmstmg of:

a C1 to Cq alkyl group that may be branched and that may
be substituted with a halogen atom,
| a C1 to Cs alkoxy group that may be branched and that
may be substituted with a halogen atom,
an aryl group that may Be substituted with a halogen
atom, a C1 to Cs .alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group, -NR30R3! (where R3? and
R31 .are each independently é hydrogen atom or a Ci to Cs alkyl group
that may be branched and that may be substituted with a halogen atom),

a nitro group, a carbamoyl group, an N-(C1 to Cq alkyDcarbamoyl group,
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atom a Cl to C4 alkyl group that may be branched and
that may be substituted with a hal ogen atom a cyano
group, -NR30R31 (where R30 and 25 1131 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group that may be branched and that may be
substituted with a halogen atomy, a nitro group, a
car bamoyl group, an N-(Cl to C4 al kyl) car baroy!

group, 20 an N, N—di(Ci to C4 al kyl) carbanoyl group,

a]?r; Nyl%lé}ﬂﬁg F}Ig b%n?orgglgrg% ™ Pjﬂ@bf@r(%rbrﬁi is a C;

e substituted with a

tdﬂe L QIR0 gfoqm th % gfa%ed&sammmyvm E8b&BButed with

re eac ependently a hydrogen atomor a
a@al&%ez?ﬁt&hb‘w group that may be branched and that
e substituted with a hal ogen atom), a nitro
group, a cg baamykrai@up, 10 an N-(CA to C4
al kyl ) car banoyl grhf)upl? an N,N-di (d to C4
al kyl ) car baNBA°Rgt duthere NREOR BT erdR@aich mnddipendently a
C4 al kyl group that may be branched and that may be
hgdisieint aitead oml 4 ICratoh€l adkyl grauy thahtay halhrggnh@ql @nd that
15 (6) a heteroaral kyl group having a heteroaryl

. oy Ied yubstiheted withhe hadegaoatam),moi ety may be

substituted with at | east one group selected from
the group consiretgragppf a A to C4 al kyl group that
may be branched and that may be substituted with a
hal ogen at dntatipae 1 SRBes al koxy group that may be

atom an arg NGroti ey ISR ETERI Rt cd w i h e
e anorod arp N gy g sikyﬁca%gm%yi aaSugy be
“NHCOR? (where R? is a C; to Cs alkyl group that may be
branched and that may be substituted with a halogen atom), and -
a halogen atom; |
(6) a heteroaralkyl group having a heteroaryl moiety,
wherein the heteroaryl moiéty may be substituted with at least one
sroup selected from the group consisting of: |

a C; to Cs alkyl group that may be branched and that may

be substituted with a halogen atom,

a 1 to Cs alkoxy group that may be branched and that

| may be substituted with a halogen atom,

an aryl .group that may be substitutéd with a halogen
atom, a Ci to C4 alkyl group that may be branched and fhat may be
substituted with a halogen atom, a cyano group, -NR30R2! (where R30 and
R31 are each independently a hydrogen atom or a Ci to Cs4 aikyi group
that may be branched and that may be substituted with a halogen atom),

a nitro group, a carbamoyl group, an N-(C1 to Cs alkyl)carbamoyl group,
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substituted with a hal ogen atom a cyano group,

- NR3OR31 (where R30 and 25 R31 are each independently
a hydrogen atomor a Cl to C4 al kyl group that may
be branched and that may be substituted with a

hal ogen aton), a nitro group, a carbanoyl group, an
N(C to C4 al kyl)carbanmoyl group, 21 an.N,N-di(Ci
to C4 al kyl)carbanoyl group, or -NHCOR9 (where RO is
a Cl .to &4 alkyl group that may be branched and t hat

TR e b R (e s 0 O

I Ad Vi b f?é];[%@ e K sabidituted with
tog@%é%hhgy%éeﬁé?ancﬁe “and %%?h ﬁna;@r be
I with a hal ogen atom, a nitro group, a
a%é?(%ﬁﬁ{ogfﬁg)r’oup, 10 an N-(d to C4 al kyl) car banoyl
S group, an I}i,é\yéﬂc(ggodrg C4 al kyl) car banoyl group,
-NHCOR9 (where RO7is'a O to C4 al kyl group that mady
be  branchefpeoH3t atherey R9e mubRI't atecdavht Independently a
hal ogen-atom), and a hal ogen atom 15 (7{) an arél
h@h@gen e orm ChetoaCylalybgpoumyhse masube thirancbed and that
with at | east one group selected fromthe group '
me§nisi stbstituitd wiahGl hadogeh atdyl, group that may be
branched and that nay be substituted with a hal ogen
atom a C & oit@ gabkpxy group that may be branched
and that 20 may be substituted with a hal ogen atom
an aryl grcugartbesaponegrd®,substituted with a hal ogen

atom a Cl to C4 al kyl oup that be branched and
that may ben Noer fa éﬂ@gﬂﬂﬁﬁﬁrb&rﬁ%’ %@r‘l‘pat om a cyano
group, -NR30R31. é\/ﬁ re 0 an 1l are each

i ndependentﬂWNaNl(ﬁ &é&@ﬁﬁ?ﬂ?ﬁq&aﬁa@fﬁ??ﬂp’al kyl

group -NHCORS?® (where' RS is a Ci to C4 alkyl group that may be

branched and that may be substituted with a halogen atom), and

a balogen atom; o

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

a C; to Cq alkyl group that may be branched and that may

be substituted with a halogen atom,

a O to Cs alkoxy group that may be branched and that

| may be substituted with a halogen atom,

an aryl group that may be substituted with a halogen
atom, a C1 to Cs alkylr group that may berbranched and that may be
substitutéd with a halogen atom, a cyano group, -NR30R3! (where R30 and
R3! are each independently a hydrogen atom or a Ci to C4 alkyl group
that may be branched and that may be substituted with a halogen atom),
a nitro group, a carbamoyl group, an N-(Cy to C4 alkylcarbamoyl- group,

an N,N-di(C; to C4 alkylDcarbamoyl group, or -NHCOR? (where R%is a C;
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25 that may be branched and that may be substituted
with a hal ogen aton), a nitro group, a carbanoyl
group, an NN(CG to C4 al kyl)carbanmoyl group, an

N, Ndi (C1 to. C4 al kyl) carbanoyl group, or -NHCOR9
(where RO is a Cl 22 to C4 alkyl group that may be
branched and that nay be substituted with a hal ogen
aton), a cyano group, .NR30R31 (where R30 and R31 are
each independently a 5 hydrogen atomor a Cl to 4

toggg\sé{uigﬂj&ébglpf/m{lﬁt Igamﬁgbmmmegaﬁ haty b@@ﬁb@@tutgd with

gen atom, a nitro group, a

f Lgsoup, an N-(Cl to C4 al kyl) car banoyl
agl%g%{ﬁ)%mg% N, Ndi (ClL to C4 al kyl ) car banmoyl group,

- NHCCOR9 (V‘*}fﬁﬁa@ kSumt G to C4 alkyl group that may
be branched "and tghat may -be substituted with a

hal ogen at opr2@et (HhakoBen aidmslaatk (@chaindependently a
het eroaryl group, wherein the heteroaryl group ma

h%@rdg%nsmidr%ﬂ wd Ch adkyl gesip ohet grau beéma@cheé and that
romthe group consisting of a Cl to C4 al kyl group
niayelie saystieutedanithes hadekdrhatonyy be substitut ed

with a halogen atom a Cl to C5 al koxy group that nay

be branched andotdraup, 20 may be substituted with a

hal ogen atom an aryl group that nay be substituted

Wi th a hal cgemrbamoyd 20wl to C4 al kyl group that may

be branched and, that may_ b s%%gti uted with a

hal ogen at dml“ﬁ(@y%&gﬁﬁbﬁﬁ,car R34 MUkher e R30 and

R31 are each independent]|y drogen atomor a Cl to

c4 al kyl grftmys%d%@ttoréﬁ/aﬁ‘é’q%iﬂﬁﬁg]?@é’?ﬁﬁﬂu?hat ey

be substit U&\]eﬁc\%ﬁj‘l (v%hgxaé ?{gefg efl TC?_@O’ C4 alkyl group that may be
branched and that may be substituted with a halogen atom), and

~ a halogen atom; and |
(8) a heteroaryl group, wherein the beteroaryl group may

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

.ofl

a C1 to C4 alkyl group that may be branched and that may
be substituted with a halogen atdm,

a Cy to Cs alkoxy group that may be branched and that
may be substituted with a halogen atom,

an aryl group that may be substituted with a halogen
atom, a C; to Cs alkyl group that may be branched and that may be
substituted with a halogen atdm, a cyano group, -NR3'R31 (where R30 and
R31 are each independently a hydrogen atom or a Ci to-C4 alkyl group
that may be branched and that may be substituted with a halogen atom),
a nitro group, a carbamoyl group, an N-(C; to Cy alkyl)carbamoyl group,

an N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCORS? (where R? is a Cs
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a nitro group, a carbanmoyl group, an N-(ClL to 4

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

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

.23 to C4 al kyl group that may be branched and that

may be substituted wth a hal ogen atom), a cyano

group, -NR30R31 (where R30 and R31 are each .

i ndependently a 5 hydrogen atomor a Cl to C4 al kyl

group that may be branched and that may be h-

bsti tut ed d thaith&0 bgraihztituted wit

to%%%‘ﬁ@ﬁgﬁp%é? ngafﬁ%?%%ﬁfgé&@ﬂal kyl )ca?barmyl

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

ére RO is a Cl to C4 alkyl group that may
be branchg p,my be substituted with a
hal ogen aton), and a hal ogen atom and n is an :
“integer frompkoR® IRherd SR{Viaind ReCH2p, colRizRependently a
(where R12 and R13 are each independently a grou hat
hytBbeshadold 8 e torOuplicdnsiost thptonay he bragalieshand tha
atom (2) a Cl to &4 al kyl group that may be branched

mégfl)etitﬂistiﬂmy&efviﬂih-bshhlageacﬁwDIh a hal ogen atom 20
- (

) an aryl group, wherein the aryl group may be
substi tut ech mitkd gabupeast one group selected fromthe
group consisting o a d to C4 alkyl group that may
be br anchech eardbampenl §HOWD; be substituted with a ‘

D anched amd. Nnis to28 ey BETRAASRON LU wi 11 o
hal ogen atom A% $1¥, 1 G Bt RboBBkofPaRi Tued
~ -NHCORS? (where R? is a C1 to C4 alkyl group that may be
branched and that may be substitgted with a halogen atom), and
 a halogen atom;

and n is an integer from 1 to 12);
(vid) -(CH2.CONR2R13 (where R!? and R' are each

independently a group selected from the group consisting of:

(1) a hydrogen atom;

(9) a Ci to C1 alkyl group that may be branched and that
may be substituted with a halogen atoms

(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 Cs alkyl group that may be branched and that may

be substituted with a halogen atom,

a (1 to Cs alkoxy group that may be branched and that

may be substituted with a halogen atom,

an aryl group that may be substituted with a halogen

atom, a Ci to Csz alkyl group that may be branched and that may be
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atom a O to C4 al kyl. group that may be branched and
that may be 24 substituted wth a hal ogen atom a
cyan group, -NR30R31 (where R30 and R31 are each

i ndependently a hydrogen atomor a G to C4 al kyl
group that may be branched and that may be
substituted with a halogen atomy, a nitro group, a
car banoyl group, an N-(G to C4 al kyl ) car banoyl

group, 5 an NNNdi (O to C4 al kyl)carbanoyl group, or

-:N wh i | . t d
AR B0 b Fro oo
R%g%?@%récﬁtfg:h Pﬁglél%)ﬁ 9 P4 ProgbIR3HR3. drvheCe tiRI0, ality] group

are ea pendently a- 10 hydrogen atomor a

AtmARyehabbtanchbditng idlagen atom),
t%ty&%g%ugéﬁéhuﬁgﬁ%t?ﬁ a {ﬂ%l ogen atom), a nitro '
a Wi Perdut 3l BafPyhogl evdup,adn W(Cy tbdC C4lkyDcarbamoyl group,
al kyI%Tcarbam)yl group, 15 an N, N-di (A to C4 o
2B NON-HE@ b0y la 1y D birb arhbiIGRD uppher-NIRCOR? Gwigrre B is a C1
C4 al kyl group that may be branched and that nmay- be .
e Chalkylubeaipitidt maysbobemctesiynd shdt mambegahsttviad with
and (4) a heteroaryl group, wherein the heteroaryl
a(iadogermatomP0 be substituted with at |east one group

" selected fromthe group consisting of a d to C4

~al kyl groum tymno gggube branched and that may -be -
substituted with a tr:al ogen_ato Cl to al (I,ioxg/ dentl
group t hat -RE§*RE! b RAArip rﬁ? apg gaeepenaently a
substituted with_a haJ ogen. atom ,an, aryl .grou hat _
hydxogsa %mtqrt%lt%dt%ﬂmﬁ%gyh&?%ﬁ%r‘f ag piy by Repnehea and that

' millyk%/el sglr)gtlilguttelaaévitq;ag h%‘iogéfg%gn%i and that had be

a nitro group,

a carbamoyl group,

an N—(Cl to C4 alkylcarbamoyl eroup,

~ an N,N-di(C; to Cy alkyDcarbamoyl group,

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

a halogen atom; and |

(4) a heteroaryl group, wherein the hete'roarylw'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 and that may

be substituted with a halogen atom,

a C1 to Cs alkoﬁ(y group that may be branched and that

may be substituted with a halogen atpm,

an aryl group that may be substituted with a halogen

atom, a C1 to Cs alkyl group that may be branched and that may be
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25 substituted wth a hal ogen atom a cyano group,
-NR3OR31 (where R30 and R31 are each independently a
hydrogen atomor a ClL to C4 al kyl group that nmay be
branched and that may be substituted with a hal ogen
atonm), a nitro group, a carbanoyl group, an N-(Cl to
4 al kyl ) carbanoyl group, 5 an NNN-di (A to C4

al kyl ) car banmoyl group, or -NHCOR9 (where RO is a Cl
to C4 al kyl group that may be branched and that nay

bstituted wth hal ;
sulfgeionsd "Ohar B lesnaiatist capad E8fte, ARVANE REPYO R and
0 _hyd t C , :
BBy cehom kg "ERar ey Reednneit 28 G) 1Y AN growp.
hal ' . .
RIS e e AL FRARERP b SuESHEARRY i Ao gom).

| N ; 1 o i ‘group, '
a%t@@ﬁ ;la'a[ Q?%ﬁ&&élg% ?ﬂtﬁ.}&)y DIRORS, tyvrer £13Y) chgbamo¥] group

_ gr ouy be Dbranched and that nmay
angig,rﬁn@%(‘dltw ed gﬁ§ﬁcﬁ‘b%ﬂd}ﬂ%o@b9ma'NE{\@O&{%(&H.ﬁQ‘EFRQ isa C1

and ni1s anh integer froml to 12); 20 (viii)

r COHT :W& fWhafeeb iR hadda il Bhat evayabé substituted with
toi gdepe%l ently a grglgp sel ected fromthe group

a BANSEst hwn®Pf . (1) a hydrogen atom (2) a Cl to C4

al kyl group that may be branched and that nay be
substi t ut edy wydho gréw@,ogen atom 25 (3) an aryl

group, wherein the aryl group may be substituted

with at | eadNRBRE! whepesBPe et BY oare hachr trfppendently a
consisting of: a Cl to C4 al kyl group.that may bg
hpderpemestoandrt hdl wafs adbyl group that may be branched and that

~ may be substituted with a halogen a_ttom), ‘

a nitro group,

a carbamoyl group,

an N-(Cy to Cy alkylcarbamoyl group,

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

-NHCOR? (where R? -is a C1 to Cy alkyl group that may be
branched and thaf mayA be substituted with a halogen atom), and

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

(vii) -(CHz)uNR!22COR'3 (where R12 and R!? -are each

independently a group selected from the group consisting of:

(1) a hydrogen atom;

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

 may be substituted with a halogen atom,

(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 gr.oup that may be branched and that may
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be substituted wth a hal ogen atom a Cl to C5 al koxy
group that may be branched and that may be
substituted with a hal ogen atom an aryl group that
may be substituted with a halogen 5 atom a Cl to C4
al kyl group that may be branched and that may be
substituted with a hal ogen atom a cyano group,
-NR30R31 (where R30 and R31 are each independently a
hydrogen atomor a Cl to C4 al kyl group that may be -

branched and. tha be, substituted with a hal ogen
bepw t}tutﬁarﬁ”tt &ag%ﬂnﬁt%rbamyl group, an N-(Cl to

kol ) Lat bambgt oy SRR it DehPrithod gnd thas
to .4 al kyl t hed d that
mﬁg %%'@ﬁﬁtlﬂtgg%\%ﬁphgﬁglé%\hog@r?? ’21? gﬁ) fa aa(r:]yanoagr gﬁ)r;
- NR3ORS3i . d i |
15 hyar oge e o G Ry P lo8m
a‘%g:r,bﬁa@‘f Q%dg?'lﬂgygférouﬁa%@@ nSdP el bid@ched bhdathat may be

ogen ato ro group, - a carbanoyl group, an

' #h 3 rodp, MRMRH divhire BRI and
s%@%&? with & Kéﬂol)g%irmyé I(\:Igﬁﬁbl Bxo V\g divh@ire an

yl') carbanoyl™ group, -NHCORO (where RO is a C

R4105 £ cakk YindepeuBehtigt a Meyddogenbiiane eda ddte Ha4 abgyl group
be substituted with a hal ogen aton), and a hal ogen

{13l aihy aRthizdiche dnet @ that yhagbe smbstitretes] witthe halogen atom),
heteroaryl group may 25 be substituted with at | east

a aiErogE@up, Setediaroft groumeny Nl 1 6o gikiydlgarbamoyl group,
G to &4 alkyl group that may be branched _and that_ .

a2y, N-2# ChetosUbsiky Dembamoxl grona, 69eNIAEOR® (Where R? is a C1

to Cy alkyl group that may Be branched an& that may be substituted with

a halogen atom),

a cyano group,

-NR3°R3! (where R30 and R are each independently a
hydrogen atom or a Ci to Cy alkyl group that may be branched and that
may be substituted with a halogen atom),

a nitro grdup,

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 Cy alkyl group that may be
branched and that may be éubstit_uted with a halogen atom), and

a halogen atorﬁ; and | | |

(4) a heteroaryl group, wherein the heteroaryl 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 and that may
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a G to C5 al koxy group that may be branched and that
maybe substituted with a hal ogen atom an aryl group
that may be substituted with a halogen 5 atom a G
to C4 al kyl group that may be branched and that nay
be substituted with a hal ogen atom a cyano group,
-NR3OR31 (where R30 and 931 are each independently a
hydrogen atomor a ClL to C4 al kyl group that nay be
branched and that may be substituted with a hal ogen

ST e o, 00RO e
L LB AN B i

B ) e D g

e e e L

0 o) , i droapofiouPmar bar beamoHedgnadpthainmay be
aﬂle\}@%’oge(?b%&%ﬁ%ﬁc%bgmyl gre?up, 20 an N,N-di (d to
subAt Ry Waelk RaRR gedr om, NCEORD gtovyer SVROR3S (where R3° and

C4 al kyl group that may be branched and that may be
RSUPSE iehth Gddebbhdentlyl adeniragen)gtoandraa Hal bydh atiohgroup
and nis an integer from1l to 12); 25 (ix)
thalt GhiRy ByRS2RER e(vied ¢h&l fanbe RuBstiFeteshwhith a halogen atom),
i ndependently a group selected,fromthe_group

a @oiTs goupg soarkznopl yairmgen NiGnfo £ 1y lsaciapgybgroup,
as\,lﬁg%lb d?(rq?g ér ;ﬁ‘ksgw?é/ﬁ;%eam bryalﬁgﬁg’, 0£ 3&}?50?{9)’&19&%“1?9 isa Ci

© to Cq alkyl group that may be branched and that may be substituted with

a halogen atom),

a cyano group,

-NR39R3! (where R3® and R3! are each independently a
hydrogen atom or a C1 to C; alkyl group that may be branched and that
may be substituted with a halogen atom),

a nitro group,

a carbamoyl group,

an N-(C1 to C4 alkyDcarbamoyl group,

an N,N-di(C; to Cq4 alkyl}carbamoyl group,

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

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

(ix) -(CH2).NR12R1% (where R!%2 and R'3 are each independently a
group selected from the group consisting of:

(1) a hydrogen atom;
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substituted with at | east one group selected fromthe

group consisting of- a Cl1 to C4 al kyl group that nmay

be branched and that may 5 be substituted with a

hal ogen atom a G to C5 al koxy group that may be

branched and that may be substituted with a hal ogen

atom an aryl group that may be substituted with a

hal ogen atom a Cl to C4 al kyl group that nmay be

branched and that may be 10 substituted with a

hal ogen at 0 1 R34y bettanacRad; and

R31 are eagﬂ]??dgéﬁﬁg%%ﬁ;ﬁgu ;td%réogenyatom or aClto b

C4 al kyl group,t rtisnrehedtlendatiatgromy beay be

subst i t ut ed>wi Th g?%laln%ﬁé)éﬁﬁ’-aton), anitro group? _at_ e

ca . \ iut eeledial frph) the beomy consisting ol
S“g’lsgﬁ%@g&/gvﬁ%QKF%?%%ﬁétg@ al kyl car banoyl group, or

- NHCORO (whefie 1R 4 ;ﬂkﬁl Gtodp that Glapbkiragebed ameathat may

may be branched and that may be substituted with a

- p@0astal APkh fhalae gtamp, - NR3OR31 (where R30 and

are each i ndependently a hydrogen atomor-a .Cl '
to C4 al kyly @y 0tepOshalicomsty gtusirhithale meay Reabramhedygnd that
may be substituted with a hal ogen atom), a nitro

i G D

al kyl ) car bamyiryfrgnopp 2Bat N;q@@qée (Wﬁlﬁ@d ;with a halogen
aémgn,ggbgn ikt}t/alucggklfaf?nl glg)tumanﬁ @‘ger%nﬁgg?%] ?J*r’aiﬁ%ﬁegff Fi‘té’lragté]é%?%ayi be
citearoatyr by ouscnie o aBee RO e 7 and
R301n :reg re%lég isnedle%%tnﬁgn];: yog1 ﬁ?&i@gre%u ReSQY §t&Ngo ©f alkyl group
that may be braﬁched and that may be substituted witﬁ a halogen atom),
a nitro group, a carbamoyl group, an N-(Cy to C4 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 and that may be substituted with

a halogen atom),

a cyano group,

_NR30R3! (where R80 and R3! are each independently a
hydrogen atom or a (1 to Ca alkyl group that may be branched and that
may be sﬁbstituted with a halogen atom),

a nitro group,

a carbamoyl group,

an N-(C1 to C4 alkyDcarbamoyl group,

an N,N-di(Ci to Cs alkyDcarbamoyl group,

"NHCOR® (where R? is a C1 to Cq alkyl group that may be
branched and that may be gubstituted with a halogen atom), and

a halogen atom; and
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a G to 4 alkyl group that may be branched and that
may 5 be substituted with a halogen atom a Cl to C5
al koxy group that nay be branched and that nay be
substituted with a hal ogen atom an aryl group that
may be substituted wth a halogen atom a Cl to C4
al kyl group that may be branched and that nmay be 10
substituted with a hal ogen atom a cyano group,
-NR30R31 (where R30 and R31 are each independently a

hydr ogen at@mﬁgl?g\%@r{é KB W NbrdIROR LEHoaRRY Rty may

branched an tituted wth a hal ogen

bg) ogjﬂgy‘lf L D I0 2100 orfk &ﬁflﬁ?‘g@éﬁéﬂ Béa thB éﬁs‘oﬁ@ coheisting

car am)yl group, — an N, N-di ( to
?l kyl ) car banoyl group, or -NHCOR9 (vvhere R9 is a Cl
5to G al kyl group that nmay be branched. and that

may be sub % \M]gﬁ @upallegan agathendramchsydamod that may
group, -NR3 wher e O and R31 are each

bbRUGRERLRT WitRa Hmag@ﬂ&moﬁi;om or a Cl to C4 al kyl
group that may be branched and that 20 may be

substi t ut edy Wit o aChallogen gadwpjthad mayr e dq—r@uphed\ and that
car banoyl group, an N-(Cl to C4 al kyl ) car banoyl -

nﬁ@b@suﬁ@hﬁaﬂﬂddwﬁmmﬂml@gemlakqmmar banoyl group, 25
NHCOR9 (where RO is a G to 4 al kyl_ group .t hat

be branchesh amdlt EmumﬂlabeWbb@l vahslitujednwath B halogen

a::]?rlnggg;n&? ’zcg Rﬂagcnngllgyohlf}l( 3;?12? (1%}3.%“ e{:}fgﬁ%gﬂgah@%%a]t Jnay be
i e S g 5 B o
I{tﬁeatrgreoauc% Sr?({]e%esi}&e%gcly a hydrogen atom or a Cy to Cy alkyl group
that may be branched and that may be substituted with a halogen atom),
a nitro group, a caibamoyl group, an N-(C: to Ca alkyl)carbamoyl group,
an N,N-di(C; to Cs alkyDcarbamoyl -group, or -NHCOR? (where R? is a C1
to Cy alkyl 'groﬁp that may be branched and that may be substituted with |
a halogen atqm),

a cyano group, |

‘NR3R3! (where R3 and RS are each independently a
hydi'ogén atom or a C1 to Cs alkyl group that may be branched and that
may be substituted with a halogeﬁ atom),

a nitro group,

a carbamoyl group,

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

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

“NHCOR? (where R? is a C; to Ca alkyl group that may be

branched and that may be substituted with a halogen atom), and

a halogen atom;
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5 (1) a hydrogen atom (2) a Cl1 to &4 al kyl group
that nmay be branched and that may be substituted
with a hal ogen atom (3) an aryl group, wherein the
-aryl group may be substituted with at [east one
group selected fromthe group consisting of: 10 a Cl
to C4 al kyl group that nay be branched and that may
be substituted with a halogen atom a Cl to C5 al koxy
group that may be branched and that may be
substituted wth a hal n atom an aryl group that
am@VJEéHSU@§EFFé¥@%5%$QEgg halogen 15 atom .a d to

L0 N Pl B g s
- R30
YA;@CB%P SﬂrBﬁ%thaat E}afgf bed)t I?‘{(heﬁdegaﬁi%gﬁg elﬁgét{]%%g{lbyseﬁected

ched and tha be substituted with a hal ogen '
- ﬁﬁ%ﬂ}‘e gr%ul?’lf:?’il%ls&wggf a carbanoyl group, an N-(C to

4 al kyl)cz(ng lr@% g@ﬂ%onzgo an N,Ndi (G to 4

al kyl)carb - NHCOR9. (where RO is a Cl
to C4 al kyleogr, @Qt{)f@ia SRy anehathyabsl brhathedynd that
be substit t2 & with ogenatom, a cyano group,

m, W&béﬁfﬁ%ﬁm @%@1@%39111 QﬁﬁnEaCh i ndependently a

ydrogen atomor a G to C4 al kyl group that nay

be branchedgpngdnt hatl gBoupe whbsdint thed anyt hgwup may be
hal ogen atorrgi a nitro group, 31 a carbanoyl group,

sﬁbtﬂu&@- wi®h G4 Telky bhe arbapoyledied fpmahe riugicparisting of:
4 al kyl ) carbanoyl group, -NHCOR9 (where RO is a G- '
to C4 al kyla @rnaepCt hHtylrerpupethed agrehexanghgdtand that may
may be substituted with a hal ogen atom, and
be substltuted with a halogen atom,

a Ci to Cs alkoxy group that may be branched and that
may be substituted with a halogen atom,

an aryl group that may be substituted with a halogen
atom, a C1 to Cs alkyl group that may be branched and that may be
substifuted with a halogen atom, a cyano group, "NR3'R# (where R30 and
R3! are each independently a hydrogen atom or a C to C4 alkyl group

that may be branched and that may be substituted with a halogen atom),

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

an N,N-di(C; to C4 alkylcarbamoyl group, or -NHCOR? (where R is a C;
to C4 alkyl group that may be branched and that may be substituted with
a halogen atom),

a cyano group,

-NR30R3! (where R3¢ and R3' are each independently a
hydrogen atom or a Ci to Cs alkyl group that may be branched and that
may be substituted with a halogen atom),

a nitro group,
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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: 10 a G to ¢4 alkyl group that may be branched
and that may be substituted with a hal ogen atom a
Cl to C5 al koxy group that may be branched and t hat
may be substituted with a hal ogen atom an aryl group
that may be substituted with a halogen 15 atom a Cl
to &4 al kyl group that may be branched and that nay
be substi tBusEP PP %mﬂgﬁogen atom a cyano group,

- NR30OR31 (whe 'Fé{gg‘b@l?%k@%%ﬁa%ﬁ%? S’L&%gependent ly a

hydr ogen at that may be
branched and that .y .be~s ' A D hal ogen

atom), a it &Q%%@Fﬁ%%@?ﬁuﬁ%ﬁ’ u%, mg%’ N-(C to

C4 al kyl)ca bl 4Eylt&obp that may be
al kyl ) car ba%%%g%ggg% Rg%bs—%g\l (vvh‘ier e d [ gﬁa C1

' | k b o ,
bt TS 2 B R B e e e oup.

-N {, 30R31 TothAngnR31 are each independently
a 25 hydroaéléﬁﬁggfeom or a }Clll to C4 al kyl group that

may be br ar(%%‘n%dhafﬁotalﬂﬂ ordRy, Whesaibsthe hetatoaryhgeoup may
hal ogen atom, a nitro group, 32 a carbanoyl group,

o5ttty ool Sl i
o0 C4 alkyl group that may be 5 branched and that
may be substituted with a hal ogen atonm), and a
hal ogen at a1 to Cs alkyl group that may be branched and that may
be substituted with a halogen atom,
a C1 to Cs -alk'oxy group that may Be branched and-that
may be substituted with a hallagen atom, l '
an aryl group that may be substituted with a halogen
atom, a Ci to C4 alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group, -NR3UR31 (where R30 and
R31 ai‘e each independently a hydrogen afoni or a C1 to Cs alkyl group
that may be branched and that may be substituted with a halogen atom),
a nitro group, a carbamoyl group, an N-(Cy to Cq4 alkylearbamoyl group,
an N,N'di(Cl to C4 alkyDearbamoyl group, or -NHCORS? (where R?is a C;
to (54. alkyl group that may be branched and that may be substituted with
a halogen atom),
a cyaho group,

"NR2OR3! (where R%0 and R¥! are each independently a

‘hydrogen atom or a Ci to Cs alkyl group that may be branched and that

may be substituted with a halogen atom),

a nitro group,
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and nis an integer from1l to 12); (xi) -(CH2)n-OR12
(where R12 is a group selected fromthe group
consisting of. 10 (1) a hydrogen atom (2) a Cl to 4
al kyl group that may be branched and that may be
substituted with a hal ogen atom (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 alkyl group that may be branched
and that may subtltuted with a hal ogen atom a
Cl to Cs alfkﬁ% %ﬁaﬁﬁ TGP rmy be branched and t hat

that bﬁali:ﬁlzéébﬁiﬁfsé“ﬁé&lﬁyﬁ Fadind @l L Y 0o
4
be Ceubst ) i MRG0 RS REFRERSE Bhgu o TR
- NR30R31 (%@5@9@9&9 gllsaakell g, amqrg%eqﬁ%lax rﬁay be

hydr ogen a group ‘that may be

bRLANCNEE, #0flal J mu%etﬁm okt sqla%ggh atdha),apan

a n| a carbanoyl group, an N-(Cl to
C4a|ky|)c and?:Hp 25 an N, N-di (Cl to C4
al kyl)carbanD roup, or -NHCOR9 (where RO is a Cl

%&ncfgb K)o c@k-Q¥Pmt 126 18Ry be branched and that may
su

stituted with a halogen atom, 33 a cyan

gr oupxiy NRESRHORMEwdeRBRaNd woapes&iacﬂed from the group
i ndependently a hydrogen atomor a G to C4 al kyl

c@isEnkha@ may be branched and that may be
substituted with a halogen atomy, 5 a nitro group, a
car banoyl diduphydrogsn(fiomt;o C4 al kyl ) car banoyl
oroip (2) a C1 to Cq alkyl group‘ that may be branched anfi that
may be substituted with a halogen atom;
(3) an aryl group, wherein the aryl gfoup may be
subst1tuted with at least one group selected from the group consisting of:
a C1 to C4 alkyl group that may be branched and that may
be substituted with a halogen atom,

a C1 to Cs alkoxy group that may. be branched and that
may be substituted with a halogen atom,

" an aryl group that may be substif:uted with a halogen
atrom, a Ci to C4 alkyl group thaﬁ: may be branched and that may be
substituted with a halogen atom, 4 cyano group, -NR30R3! (where R20 and
R31 are each independently a hydrogen atom or a Ci to C4 alkyl group
that may be branched and that may be substituted with a halogen atom),
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?1is a Csx

to C4 alkyl group that may be branched and that may be substituted with

a halogen atom),

33



10

15

20

25

an N,Ndi (G to C4 al kyl)carbanoyl group, -NHCOR9
(where RO is a G to C4 alkyl group that may be 10
branched and that nay be substituted with a hal ogen
aton), and a hal ogen atom and (4) a heteroaryl

group, wherein the heteroaryl group may be
substituted with at | east one group selected fromthe
group consisting of. 15 a G to C4 al kyl group that
‘may be branched and.that may be substituted with a
hal ogen atom a Ci t C5 al koxy group that may be
branched aR&YERAE™°HBY be substituted with a hal ogen

atom an ar Qu Yahe ReDSirkt eddd indleperdently a
hal ogen (}th%g‘n g”%)&aét oﬁﬂ&aal kyl group that may be

h fhatcad ayiHehbeatdieggand that
hygg%%?ngl g?anotag?‘ %Eg@d‘ NR;%Q &F:/\hhélre %MO anél'ﬁt RS?bare
&ﬁls u%%‘éﬁﬁ@éjcf%%ﬂ a%ﬂb%@ﬁ%;ﬁnﬂtom or aC to4

that may be branched and that nmay be

substltut eq Webd lﬁal ogen atom, a nitro group, a
car banoyl group, an N-(Cl to C4 al kyl) car banoyl

group, 25 aneghbbintliyl@roup, C4 al kyI ) car banoyl group, '
or -NHCOR9 (where RO is a G to CA4 alkyl group that

may be brapehKd(Gib ChatkylgatbeubsPibited with a

hal ogen atom, 34 a cyano gro NR30 where R30
and R31 ar enedgN- dnﬁﬂeperﬂ:hﬁﬂﬂy Cﬁr WB%% Batomor a

'Cl to C4 -alkyl group that_my b d.and b
- may be subsNHGORP héh‘r%lRﬁdﬁé’g t%ta(?ﬁn% %ggoﬁi’%tat may be
group, a carbanoyl_ group,

ﬁﬂc}nle)l@ﬁtd)ahwmayb@gubgﬁtw WSTEBCE 11[360%? atom), and
al kyl ) car banmoyl group,
a halogen atom; and

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

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

~of:

a O3 to C4 alkyl group that may be branched and that may

" be S{J.bstituted with a halogen atom,

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

may be substituted with a halogen atom,

an aryl group that may be substltuted with a halogen

atom. a Ci to C4 alkyl group that may be branched and that may be

30
substituted with a halogen atom, a cyano group, -NR3R3! (where R3? and

R3! are each independently a hydi‘ogen atom or a Ci to C4\alky1 group
that may be branc;,hed and that may be substituted with g halogen atom),
a nitro group, a carbamoyl group, an N'(Cl to C4 alkylcarbamoyl group,
an N,N-di(C; to Cs alkyDcarbamoyl group, or -NHCOR? (where R?is a G

to C4 alkyl group that may be branched and that may be substituted with

a halogen atom),
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-NHCOR9 (where RO is a Cl to C4 al kyl group that may
be 10 branched and that may be substituted with a
hal ogen aton), and a hal ogen atom and n is an
integer from1 to 12); (xii) -(CH2)11l-S-R12 (where
R12 is a group selected fromthe group consisting
of: 15 (1) a hydrogen atom (2) a d to C4 al kyl
group that may be branched and that may be
substituted with a hal ogen atom (3) an aryl group,

wherein the aryl group nmay be substituted with at
| east one j’r@{%l%gpeu&o’ed fromthe group consisting

f: 20 b 1
0 ana%é%g@g U(%JS L, fsouRd 1Bt sRy caehbiaivphedently a

and t hat Ituted wth a hal ogen atom a

h%{ptg%élc%@%é kaxy arQue, tIes] BRYuPehdr anghbe tradchbdiand that

tituted wth a hal ogen atom an aryl group

n{agrae&gg?{i@ﬁﬁﬂhﬁtﬁwm%géﬂ Btanhal ogen 25 atom a Cl

group that may be branched and that may

be substitp}adoWibiipa hal ogen atom a cyano group,
-NR30R31 (v%ere %8 ﬁla)nd R31 are each i ndependently a -

hydrogen atpp@§amofd cicupgA4 al kyl group 35 that may
be branched and that nay be substituted with a

hal ogen, atgmN-(CataiQraikghoarhamoyhgtsaioyl group, an
N-(Cl to C4 al kyl)carbanoyl group an_ N,Ndi (G to
C4 al kyl ) cagih 2DV i(§hctopC: atkyllachmnoyhigsP PRI i s a

Cl to C4 alkyl group that may be brgnched and t hat ,
may be substNHGQRR® @where 5%9alsrfalcagt@ngaﬁgﬁd{ g@ﬂé&,ﬂ?ﬁﬁ“ may be
group, -NR30OR31 (where R30 and R31 a%gl each - ), and
biadenaehdedttht ananpersabepitatedmarh 2 kalogsn &om dp

group that may be branched and that may be

substi t ut eda Wialegen AE®Bgen at on),

and n is an integer from 1 to 12); |
(xii) '(CHz)n'S'R12 (where R? 1s a group selected from the group

consisting of:

(1) a hydrogen atom;

(2) a C1 to Cs alkyl group that may be branched and that
may be substituted with a halogen atoms,

(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 Cs alkyl group that may be branched and that may

be substituted with a halogen atom,

a Cy to Cs alkoxy group that may be branched and that

may be substituted with a halogen atom,

an aryl group that may be substituted with a halogen
atom, a Ci to C4 alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group, -NR30R3! (where R3% and

R31 are each independently a hydrogen atom or a C‘1 to C4 alkyl group
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10 a nitro group, a carbanoyl group, an N(ClL 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 15 branched and that may
be substituted wth a hal ogen atom, and 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: 20

Uintmon b Sa e S BE g R AR N S A8 mtom),
o S ol kS S RE, 04, P TR eyt s,
O PRSP H R B R ERE o5 B PR el e 2
£ EDS it%r?)%ﬁ)\gghteaqéagaﬂeogxe e%n@tﬁ%@?& O¥Rbstituted with

and are eac ndependently a

rogen. atpmor a Cl to C4 al kyl group 36 that may
aglé??ﬁ %F]Oé%?’and that nmay be substituted with a

hal ogen at |4 0 group, a carbanoyl group, an
N(C to ﬁﬂi@??&r%anoyl group, an N, Ndi (G to

G4 al kyl) ca 1 (e, RS aNHIEROafeviech BRldpenalently a
C to C4 alkyl group that nay be branched and that

hiBb 8 SRS ort HICR0MCE ikl gréwap oben nedby branchedend that
‘group, -NR30OR31 (where R30 and R31 are each '

miayARpeusetd tédawithydhadsgerattombr a G to C4 al kyl
group that may be branched and that nay be .
substi t ut ech nitirb grohpl ogen atom), 10 a nitro group,
a carbamoyl group,
"an N-(C; to C¢ alkylcarbamoyl gll'oup,'
an N,N-di(C1 to C4 alkyl)carbamoyl group,
“NHCOR? (where R? is a C1 to C4 alkyl group that may be
branched and that may bersub stituted with a halogen atom), 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 alkjrl group that may be branched and that may
be substituted with a halogen atom,

a Cy to Cs alkoxy group that may be branched and that

may be substituted with a halogen atom,

an aryl group that may be substituted with a halogen

atom, a C1 to Ca alkyl group that may be branched and that may be

' s.ubstituted with a halogen atom, a cyano group, -NR3(R3! (where R3° and

R8! are each independently a hydrogen atom or a C1 to C4 alkyl group
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a carbanoyl group, an N-(C, to C4 al kyl) car banoyl
group, an N,N-di (G to C4 al kyl)carbanoyl group,
-NHCOR9 (where RO is a Cl to C4 al kyl group that nay
be 15 branched and that may be substituted with a
hal ogen atom), and a hal ogen atom and n is an
integer from1l to 12); (xiii) -(CH2)n SO R12 (where
R12 is a group selected fromthe group consisting
of 20 (1) a hydrogen atom (2) a O to C4 al kyl

romthe group consisting of

ﬁgﬁ-&i(@%% Qili‘;bl ca@bﬁﬁz{«bsﬂ uppyr BNHE@BSHeteand®? is a Ci

be subsStituted with a hal ogen atom a Cl to

104 éhigﬁ@oa QR LAY ety bedanahtishtamayt brasubgitutey with
be  substitu ed with a hal ogen atom an aryl group

a hA® Y tde), substituted with a halogen atom a Cl to
(@] %kyl group that may be branched and that may be
substi t ut eq, yydrb grdigd,ogen atom a cyano group,
-NR30R31 (where R30 and 5 R31 are each mdgp}ﬂ}f? ent | 1
a hydr ogen -NIGRRSY (wheiret B3Camd B #icoggcht ently a
be branched and that rra be substfét ut ed

hjrtidogganat@towy,a Ca 19 Cr @ bybabourht 3 b PLEHPBGBedé"rPd that
N-(Ci toC4aIkyILcarbam)yI op, an N N-di (G to :
m@srtadkgdbg’r@iartbdrml,i lggemppta IRﬁICO@ (where RO is a
to ¢4 al kyl group that may be branched and that
rray be subst RO EAOWPth 10 a hal ogen aton) a cyan

roup,
E P a earbamoyl group,

an N-(C1 to Cs alkylcarbamoyl group,

an N,N'ai(Cl to C4 alkyDcarbamoyl group,

_NHCOR? (where R? is a C1 to Cs alkyl group that may be
branched and that may be substituted with a halogen atom), and

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

(xiiij '(CI-Iz);_qrSO'R12 (where R12is a group selected from the group

consisting of: |

(1) a hydrogen atom;

(2) a C1 to C4 alkyl group that may be branched and that
may be substituted with a halogen atom: |

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

a Ci to Cq4 elkyl group that may be branched and that may

be substituted with a halogen atom,

a Cy to Cs alkoxy group that may be branched and that
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NR30Rsi (where R30 and R31 are each independently a
hydrogen atomor a Cl to C4 al kyl group that nmay be
branched and that may be substituted with a hal ogen
aton), 15 a nitro group, a carbanoyl group, an N (Cl
to &4 al kyl)carbanoyl group, an N,N-di (O to 4

al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to
C4 al kyl group that may be 20 branched and that nay
be substituted wth a hal ogen atom), and-a hal ogen

atom and..(4),a.het I , Wwherein the
m%?’@r%’%sg}t(lé%%%%nﬁlsﬁgﬁgﬁéu g)tﬁliqltout ed vvilth at | east

one group sel LeMt e nEPUR capsiistisdy with 25halogen
Clto 4 a%gyﬁggf%ﬁ‘éﬁ?hat may %e branched and t hat

- i Wirh Nt 0088 tnrched £adtihatSmay be
atg o%l(sélgr%gﬁi t%ggﬁ%géhge br anca?gd and that 38 nay be

| suzaggﬁg'tédl&ﬁﬁh W Ezﬁ.‘logeﬁ?dt@:ﬁﬁrh ap om0 geoumrNRYREUpwhaze R3O and

e substituted with a halogen atom a G to C4
rAl kol 8610 URALPehdamilybe Hydroghe ditand ot reatCinty Gsealkyl group
~substituted wth a hal ogen atom a cyano group, -
hnhNRRORBL Hashehe dRA0] ahat fA3Ghe anbs@heied Witdpe adpgqy atom),
a hydrogen atomor a G to C4 alkyl group .that ma
a Betrbranched anthdmay] geyurhers 0b5E t@%éoﬂﬁwﬂ)ﬁagbamoh group,
hal ogen atom), a nitro group, a car r Qup, . _
arl\N, SEdi(6, @6 @ kikyldcanbamnesl grogpor "ﬁﬁ%hﬁi‘ﬁ%@fetﬁﬁ a Gy
C4 al kyl ) car banoyl group, or -N (where R9, is .
to@4 athyl @roaplhhatgnenbe heandheg M%‘h%db%ﬁﬁb%%‘?te.d with
may be substituted with 10 a hal ogen atom, a cyano
a halogen atg®BHOR31 (where R30 and R31 are each

i ndependently a
a cyano group,

-NR30R3! (where RS0 a.nd' R3! are each independently a
hydrogen atom or a Ci to Cs4 alkyl group that may be branbhed and that
may be substituted with a halogen atom),

a nitro group,

a carbamoyl group,

an N-(C1 to C4 alkyDcarbamoyl group,

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

‘NHCOR9 (where R? is a C1 to Cs alkyl group that may be
branched and that may be substituted with a halogen atom), 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 O to Cq alkyl group that may be branched and that may

be substituted with a halogen atom,

a Oy to Cs alkoxy group that may be branched and that
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hydrogen atomor a Cl to C4 al kyl group that may be

branched and that may be substituted with a hal ogen

aton), 15 a nitro group, a carbanoyl 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 20 branched and that nmay

be substituted with a hal ogen atom, and a hal ogen

atom and n is an integer from1 to 12); and (xivV)

- (Ch 7 : A dt8ng group selected from
m?i%%&(?ﬁ%@%%éé%%ﬁg . 25 EI%) a hydrogen atom (2)

a Cl to C4,al kw1 %.5,@‘%) fthet mhmy Hee shbatitwied srigh aahalogen

may be substituted with a hal ogen atom 39 (3 t%tma be
atBfy| a 95045 CYhATPl Brétip drall mgmobp brandhed snl Bhat WAV

ituted with at | east one group selected. fromt
srﬁ)rs’l?xtbéﬁt@ Ratistl lﬁﬂlogénaltﬁin,ta)cﬂncagkcymp,g~m36§tqhg\frﬁﬁﬁ% B80 and.
e

ranched and that nmay be substituted with '
rlegaatpin ol o backbi xSl iy v
ranched an at may be substitut.e a_ha
th¥k Qfihy a5 Iaﬂtfaﬂch@dmrpdd t%g i kb:@@@a%?ﬁﬁ?’é@ ISR atom),
alogen atom a C ao al ky 0 ‘
a lﬂﬁﬂc@cmparwcaﬁmmmlygﬁﬁlspés%?ﬁ 3&&1#8 oéwa%ﬁa“ﬁg%%lé) ¥, group,
atom a cyano group, - 31 ere (ﬂ@dsgfiperlgsgg- c
axa:rﬁ,b?dwﬁlliﬂmd@fht ﬂfﬁgﬁlb ’EPéJé‘n " oft ﬁ@r a t@o C41S’aL jl
al kyl group at ma rgnene Yib8fituted with
tesObsikylgrapihat @aﬁg%gﬁp‘gi‘eod;rfl,ld ﬁaﬂﬁ ?]tﬂ?%bg?o up, a
carbanoyl group, an NN(Cl to C4 al kyl) car banoyl
a dpadegen ateN, N-di (O to C4 al kyl) carbanoyl group, or
-NHCOR9 (where RO is a C
- a cyano group,

NR#R#! (where R30 and R3! are ecach independently a

- hydrogen atom or a C1 to Cy alkyl group that may be branched and that

may be substituted with a halogen atom),
a nitro group,
a carbamoyl group,
an N-(C1 to C4 alkyDcarbamoyl group,
an N,N-di(C1 to C4 alkylearbamoyl group, _
"NHCOR? (where R? is a C1 to Cs alkyl grbup that may be

" branched and that may be substituted with a halogen atom), and

a halogen atom;
and n is an integer from 1 to 12); and |
(ﬁiv) (CH2n-S02-R12 (where R isu a groﬁp selected from the
group consisting of: |
(1) a hydrogen atom;
(2) a Ci to Cs alkyl group that may be branched and that

may be substituted with a halogen atoms;
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to &4 al kyl group that may be branched and that nay
be substituted with 15 a hal ogen aton), a cyano
group, -NR30R31 (where R30 and R31 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group that may be branched and that may. be
substituted with a halogen atom), 20 a nitro group, a
car banoyl group, an N-(C to C4 al kyDcar banmoyl group,
an N,N-di (d to C4 al kyl)carbanoyl group, -NHCOR9

(where RO js a G _t ky. P thieat y p 2may be
a"ﬁﬁ @I’i‘atarrﬁy%%@é’ WhEFEHD thos aryhyghe:

branched ubstituted with a hal ogen ¢
atom, .and,a hal o ANkt d )frdmvbleepoapydonsisting of:

sub%t}bt,ed\m&}]e%f%%g%ﬁéféé?o ryl group nay 40 %E ithat
substituted wth agagkfp%t €h Uy Isebeohakd apaithik may
gr oup cons?s%%r;]ogc% a flft%g 4 al kyl group that may

RSB Ao, SO L Ml e
branched agds g o, kobe grubpt itast wayube Pramkard g that
atom an aryl group that mmy be substituted with a

(YR RLO U Ratognathyt, oup et oy be
atom a CygRoagybypoup NREGRBIAY se sabpgibutedy V\ilglll nghalogen

atgirﬂ(;y: a? QLI Bcdf ltﬁ;gle %Lip:t&g%%gge a.t _o rﬂq%%@aﬁgg ’rg]gat%ay be

bAEbaTsY ik alcmnibot, » & 00 Kreghy S BEEL fer R0 and

Rﬂgﬂltgiu@g’@aélzpiﬁgég R_gliegnlﬁt g;jl?d[rg lgg : 251%% P)%g%))oe} u]p&[ . %?al#.g;l/ group

thl;i III?L;; I;Jcehberdanacr]]l?edt Q}?& tﬁg%/ n‘Pa?y Be %%1 's%llt'ltxﬁaqi Wiémal halogen atom),

a nitro group, é carbamoyl group, an N-(C; to C4 alkyl)carbgmoyl group,

an N,N-di(C; to C4 alkylcarbamoyl group, or NHCOR? (where R®is a C1

to C4 &iikyl group that may be branched and that mlay be substituted with |

a halogen atom),

a cyano group, |

-NR30R31 (Whére R3° and R3! are each independently a
hydrogen atom or a (4 to C4 alkyl group that may be branched and t?hat
may be substituted with a halogen atom),

a nitro group,

" a carbamoyl group,

an N-(C1 to Cs alkyDearbamoyl group,

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

“NHCOR? (where R? is a C1 to C4 alkyl group that may be
branched and that may be substituted with a halogen atom}, and

a halogen atom; and

(4) a heteroaryl group, wherein the heteroaryl group may
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15 a hal ogen aton), a cyano group, -NR30R31 (where
R30 and R31 are each independently a hydrogen atom
or.a Cl to C4 alkyl group that may be branched and
that may be substituted with a hal ogen atom), 20 a
nitro group, a carbanoyl group, an N-(Cl to 4

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

al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to
C4 al kyl group that may be 25 branched and that may

oLESHTE A0 R 8 B

nd R24 are taken together to forma d| val ent group
Sel ected fromthe group consisting of -(CH2)m

(Wher e mis, an thrq} e%ﬁ{ylf r30b4Ha? Bhy be ¥rsdicABE dndtlat may

U and X- |s on In a further enbodi nent,

béé\?b ﬁft%dt&ﬁﬁséﬁf gé@hvo% conplexed with an

y-active net atomis a netal conplex, or an

enanti oner et L@t S Qnaesﬁmj;d:cb byancﬂltﬂd and that
H NN ovvkaoU/1 (Wher e K?’P% T o

may be substituted Wlth a halogen atom,

an aryl group that may be substituted with a halogen
atom, a G1 to Cs4 alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group, -NR30R3! {(where R3® and

R3! are each independently a hydrogen atom or a Ci to Ca alkyl group

_that may be branched and that may be substituted with a halogen atom),

a- nitro group, a carbamoy! 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 branc]iéd and that may be substituted with '
a halogen afom),

a cyano group,

-NRS0R$! (where R3° and R3! are each independently a
hydrogen atom or a C; to Cs alkyl group that may be branched and that
may be substituted with a halogen atom),

| a nitro group,

a carbamoyl group,

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

an N,N-di(C;to (4 alkyl)earbamoyl group,

“NHCOR? (where R? is a C1 to Cs alkyl group that may be
branched and that may be substitﬁted with a halogen atom), and

a halogen atom;

and n is an integer from 1 to 12); or
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In one enbodi ment, at the tine earlier than a tine
for conpletion of the stoichionetric reaction, an
optical purity of the conmpound represented by the
formula (1) is 70% ee or nore. The present disclosure
al so provides nmethod for stereosel ectively producing
a conpound represented by the following formula W

Rls NCORZO ~ R15 n (I) the nethod conprises: 42
initiating a reaction of a conpound represented by
Rbvey A praubae thihbh ¢ to 16D D d{valdnt prddp 8elected from the

conmpound represented by the formula (111): R18-W

grlolub) conlsfst@n @B um in the presence of an optically-
active phase-transfer catalyst and an inorganic

base; -&TE N0 (Guenehhng aohetegacfroon2ab 8% time t that
sati sfi-es the foll ow ng inﬁlity: 50 < At (%e) x

YLDt /(9% \<100 100 (V\,her/e 5 jjis t he opti cal

purit % e®) of the conpound represented by the
formul a t hat. i sambt ai\ngd by-gquenching the
reaction at a tihe t from initiation of the

~react eod; and
" X' is a halide anion.
71&1 a furfher embodiment, the phase-tragsfer.pataljst compi.exedi
with an opticaily-éctive metal atom is a metal cqmple_x, or an enantiomer

- thereof, which is represented by*

l Hl];iu--

(where M is Nior Cu). |

In one embodiment, at th_e t'i;ne earlier than a time for completion
of Ithe stoichiometric reaction, an optical 'purity of the compound
represented by the formula (I) is 70% ee or more.

The present disclosure also provides method for stereoselectively

producing a compound represented by the following formula D:

R‘]B

@

the method comprises:
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YLDt i's the yield (% of the conpound represented by
the formula (1) that is obtained by quenching the
reaction at atinet fromthe 20 initiation of the
reaction); wherein in the formula (1) and the fornul a
(I'l'), R15 is an aryl group or a heteroaryl group that
may be substituted wth at | east one group sel ected
fromthe group consisting of a ClL to Cs al kyl group
that may be branched and that nay be 25 substituted

ith.a.hal.ogen ato a
\kIJVIe brABHEHERE A4 Jeﬁﬁgbnn%gabéoqngﬁ%%% :&?’ %‘%%Tn%ét&hﬁg%he "¥mula

group that may be branthed ar@ORA
substituted with a hglpgen atom
“al koxy group that mai/l branched jand that may be
substituted with a RA §gen at om cyano group,
-NR30R31 (where R30 and R31 are €ach independdli}ly a
hydrogen atomor a Cl to C4 al kyl group that may be
substy{tHt LEMbband Rpregaiteddyothe farmmilar @D oup, 10
a carbanoyl group, an NN(C to C4 al kyl) carbanp 5
group, an N,N-di (G to @'8at&W ) car banoyl grodﬁﬁ |
- NHCOR9 (where R9, is a G to C4-al kyl group that may
be Hhanehediuandntthatpresgnbe of amsepiicalésaghvp phase-transfer
hal ogen aton), and 15 a hal ogen atom R20 is -OR19
catwhasteardl AniinorgChicthmses aadkyl group that may be :
substituted with a hal ogen atom or an argl. ro;@?tﬁﬁ .
. may bprernshbsgithe sdaciion 3t Bab@ded HYnsadages tpwmg
be branched or forma : -
inequality-

t may be
r ad toCh5

' a al ogen atom 43 an aryl group that may be
Ubstituted with a hal gep~at om C to Cs alkyl

A, (%ee)x YLD, (%)
100

50< <100

~ (where

Ay is the opticalr-purity (% ee) of the compound represented by the
formula (D) that is obtained by quenching the reaction at a time t from
the initiation of the ré-action; and

| YLD: is the yield (%) of the compound represented by the formula
(I) that is obtained by quenching the reaction at a time t from the
initiation of the reaction);
wherein in the formula (I) and the formula (II),
'R15is an aryl group or a heteroaryl group that may be substituted
V;vith at least one group selected from the group consisting of:

a C; to Cs alkyl groui) that may be branched and that may be

substituted with a halogen atom,

a Cy to Cs alkoxy group that may be branched and that may be

substituted with a halogen atom,
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cyclic group) or -NR50R51 (where R50 and R51 are each
i ndependently a 20 hydrogen atom -CHR28R29 (where
R28 is a group selected fromthe group consisting of
a hydrogen atom and an aryl group that nay be
substituted with a Cl1 to C4 al kyl group that may be
substituted with a halogen atom a Cl to C3 al koxy
group that may be substituted with a hal ogen atom
or a halogen atom and R29 is an aryl group that may

be 25 sub |tute IP::?;\ detiehtal kith er bapgehattom, a Ci
may & & glaﬂw bQShaI ogen atom a Cl to C3

rou tn SRl Antl €6 dinfal @snmmgmed with

to{j ﬁi}}gérgg u% gﬁ‘en or -3?101 (vvherlg Rlbo bls a@ed 1

Y, oy |lthgt anpy)he bnan an
?anrlﬁr%?csaltﬁnkadﬁda eg?gr%r)r&%o}?i@e ,,IyR18 is a group

tha[%l(ﬁ%lgr% £ Mt 8d SFieMm Bahsiest atom,of (i) a CS to o
al'ky

group that may be branched or forma cyclic 5
groupav\ﬁgln&gﬁgu y be substituted with a . hal ogen
at om erein-t al kyl group may be substltu ed
‘with qqmog@st(wmeg{&mnéeﬂt%cmdeml@nndmembw a bydrogen

consisting of a CS to C5 al koxy group.that ng ,
atyshgdCaes Ghalkylegrobe thabmast bﬁe&ilhﬁitlttﬁt%f ﬁ%?ﬁgae,balogen

atom 10 a cyan group, -NR30R31 (where R30 and R31
a@g),each independently a hydrogen atomor a Cl to C4
al kyl group that may be substituted with a hal ogen

at om a matmi gnowpgr oup, 15 a car banoyl group, an N (Cl
to C4 al kyl)carbanoyl group, an N,N-di (Cl to C4

al kyl 3 carlbanoy! gg@‘tﬂjp, -NHCOR (where RO is a CSto C4

al kyl groyp that branched and that may be
subst amNé&nﬁPtQ# %QIC%QW up
“an N,N-di(C1 to C« alkyl)carbamoyl group,
NHCOR? (where R® is a Ci to Cs alkyl group that may be
branched and that may be substituted with a halogen atom), and
a halogen atom; ,
R20 ig -OR® (where R is a C1 to Cs alkyl group that may be
substituted with a halogen atom or an aryl group that may be
substituted with a halogen atom, and that may be branched or form a

cyclic group) or -NR#R5! (where R and R5! are each independently a

hydrogen atom, -~CHR28R2® (Whefe R28 is a group selected from the group

consisting of a hydrogen atom, and an aryl group that may be
substituted with a Ci to Cs alkyl group that may be substituted with a
halogen atom, a Ci to Cg alkoxy group that may be substituted with a
halogen atom, or a halo-gen atbm, and R2? is an aryl group that may be
substituted with a C1 to C4 alkyl group that may be substituted with a -
halogen atom, a C1 to Cs alkoxy group that may be _substituted with a

halogen atom, or a halogen atom) or -OR101 (where R10 is a C1 to Cs alkyl
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20 a hal ogen atom -COR9 (where Ris a Cl to C4 al kyl
group that may be branched and that nay be
substituted with a hal ogen aton), and - CO2R9 (where
RO is a CSto C4 alkyl group that may be branched
and that may be substituted with a hal ogen atom; 25
(ii) a C3to Cl15 allyl group or substituted allyl
group that may be branched or forma cyclic group
and that may be substituted with a hal ogen atom 45
iii) a C2 t.0 -kenyl group that may be branched
grgpp r%%nzyg}%%ﬁlg%g’r oup and that may be substituted
. whith-a h e ' 182 to Cs al kynyl group
mm?gt Oﬁy?%@b%%gﬁgéoééﬁ%%gm% cyclic group and that
may l}ﬁﬁyg%fohﬁt &fl e Wielihfrémhil ogerupat@mgisBngwf: an
aral Kyl “group, wherein the aryl noiety of the aral kyl )
gr oup;) ey, t%ec%ﬂ%kﬂ st vhathnety bedsanched groigpm a cyclic
sel ected fromthe group consisting of. a C to o th
gﬁhgygn@rm hat beeyukeitutadchid anbalogen afgmpgvherein the
substituted with a halogen atom 10 a Cl to al$?rx0¥n'
ecfe the

alByPBokPalay by dibstitatehedtrad leash onagrHEP S

substituted with a hal ogen atom an aryl group that

e dmsidthss of uted with a halogen atom a G to C4

al kyl group that may be branched and tha

substd CuttedCwialkoxn graupgeintatém ﬁ%%mﬁeé?%qi?hat may be

-NR30R31 (where R30 and R31 are each 15 independently '
subshititedsrithnohalwgea @00 C4 al kyl group that nay be

branched and that may be substituted with a. hal ogen

at omsg, cyami gY@ P.gr oup, a carbanoyl group, an N-(Cl to

C4 al kyl ) car bapoyl 0 N N di ¢.C

o AR Dot SRR 90, bbbl (e ey bty o hydroeen
t C4 al kyl t hat ; 1
i s ot G G Ao B PR RO B baloges

atom),

a nitro group,

a carbamoyl group,

an N-(Cy to C4 alkyDcarbamoyl group,

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

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

a halogen atom,

_.COR? (where R? is a C1 to G4 alkyl group that may be branched
and that may be substituted with a halogen atom), and

-CO2zR? (where R? is él C; to C4 alkyl group that may be branched
and that may be substitui:ed with a halogen atom);

| (31) a Cs to Cis allyl group or sﬁbstituted allyl group that may be

branched or form a cyclic group and that may be substituted with a

halogen atom;
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a cyano group, -NR30R31 (where R30 and R31 are each’

i ndependently a hydrogen atomor a G to C4 al kyl
group that may be branched and that may be
substituted with a hal ogen aton), 25 a nitro group, a
car banoyl group, an N-(C to C4 al kyl) car banoyl

group, 46 an N,N-di (G to &4 al kyl) carbanoyl group,
-NHCOR9 (where RO.is a G to C4 al kyl group that nay
be branched and that nay be substituted with a

hal ogen

o1 e GHbR helonin R oG ALY e htRpRhed gpform @
oAy B g thar s pe el ek Sy B b g o0 tha

C\,ﬁte?g 4l t}é ldélrjg haV| n% S%ﬁg@%ﬁ&%lb trﬁ%lgl%e% or form a
ol SR BRSPS PR B

br anc@z%gﬁfalkgg‘gr% Qi‘ﬁeréﬂpﬁﬁ%Eﬁleﬁoﬂt&rbf%h@ai&gﬁﬁl group

atom Xy group that” may bé branched
dyth S, t aoRaesd 28-6M the grou
m%% ke @%%g?hgﬁwnaéﬂ ggéﬁbgtbl Fﬁ(tﬁgg wi th a hal ogen STOEP
Sgg@,l g to C4 al kyl group that may be branched
ﬁ t rmy be substituted with a halogen atom a
cyano, qnoue, s NRBPRZtophdiae 1R3¢ hohrRdthad earhchat may be
i ndependently a hydrogen atomor a G to C4 al kyl
sEbuURitkhatithRy hatogdar atvghed and that nay be -
substituted with a halogen atomy, a nitro 20 group, a
car baga¥yl t@Buplkoxy Szl that @apiteybyamtsdnapd that may be -
group, an N Ndi (O to C4 al kyl)car banoyl group, or
sulj\diﬂﬁiﬂ%@d(wﬂﬁhraehaﬁ)gw atadn, t o

an aryl group that may be substituted with a halogen atom, a Ci

to C4 alkyl group that may be branched and that may be substituted with
a halogen atom, a cyano group, -NR3%0R3! (where R3® and R3! are each
independently a hydrogen atom or a Ci to Cs alkyl group that may be
branched arnd that may be substituted with a. halogen atom), a nitro
group, a carbamoyl group, an N-(C; to C4 alkylcarbamoyl group, an
N,N-di(C; to Ca alkyl)carbamoyl eroup, or “NHCORS? (where R9is a C1 to
C4 alkyl group that may be branched andrthat may be substituted with a
halogen atom),
a cyano group,

-NR30R3! (where R30 and R3! are each independently a hydrogen

atom or a C1 to Ca alkyl group that may be branched and that may be

substituted with a halogen atom),
a nitro group,
a carbamoyl group,

an N-(C1 to Cz alkyl)carbamoyl group,
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C4 al kyl group that may be branched and that may be
substituted with a halogen atom, a cyano group, 25
-NR30R31 (where R30 and R31 are each independently a
hydrogen atomor a G to C4 alkyl group that may be
branched and that may be substituted with a hal ogen
atom, 47 a nitro group, a carbanoyl group, an N (C
to C4 atkyl)carbanoyl group, an N,N-di (Cl to 4

al kyl ) car bamoyl group, -NHCOR9 (where RO is a d to

G al k¥H,&8%@€ttg%%%lngrbgﬁ1%§}p@g(ﬁld@nd that nmay be

substd h™a gen ato a hal ogen atom

and gl (THsbyrel d he Getier oar allil ggnoupthiag may be

G to group that nmay be branched or forma

‘blﬁayr?éhie(ﬁ eru? lﬂﬂaﬁﬁgagf hatupatibeteisth 4 biadozan atbm} and

ogen atom and (vii) a Cs to C9 propargyl group or

Substéfhléq(ggﬂpﬁﬂﬁﬁ[gﬁﬂ group that may be branched and
that may be substituted with a hal ogen atom_. in the

(O Amokdtl) of tNd sralkylngbiprial a GhdepCs kdkyhaeoyp that may
eaving ability; in the fornula (1) and the fo_rrrul(? h
b6 Irhnched oraforintegeilid pomp and thatapdy bp syhstituted with a

formula (1), * shows a newy produced asymetric
h&Rpe@r atodgicording to the present disclosure, it is
possible to obtain a reaction _prodti}ct W t hout . herein
al | ow(vil & hetefobeatkydf greme HaVARE oh heserrary) maiRl% ™ 7
when an al di m ne-type Schiff _base is used. Thus, i
the heesbhrd mmietsés@aéfxﬁl@nﬁu@émuﬁﬁdé\ﬂ”&g‘ 2k 88 bhe group
asymmetrical nono -substijt uth al kyl at ed

selected from the group consisting oi- ‘

a C; to Cs alkyl group that may be branched and 1‘:hat may be
substituted with a halogen atom,

a Cy to Cs alkoxy group that may be branched and that may be
substituted with a halogen atom, ' | |

an aryl group that may be substituted with a halogen atom, a C1
to Cs alkyl group that may be branched and that may be substituted with
a halogen atom, a cyano group, “NR3°R3! {(where R30 and R3! are each
indepéndently a hydrogen atom or a Ci to C4 alkyl group that may be
branched and that may be Substifuted with a halogen atom), a nitro‘
group, a carbamoyl group, an N-(C; to Cs alkyDcarbamoyl group, an
N,N-di(C;s to Cs alkyDcarbamoyl group, or -NHCOR? (where R? is a C1 to
C4 alkyl group that may be branched and that may be substituted with a
halogen atom),

4 cyano group,

-NR3R3! (where R3¢ and R8! are each independently a hydrogen

atom or a C1 to C4 alkyl group that may be branched and that may be

substituted with a halogen atom),
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conpound. Best Mbde for Carrying Qut the I'nvention
Hereinafter, the terns used in the present invention
will be defined. 48 The phrase "C to Cn al kyl group
that may be branched or forma cyclic group” (where
nis an integer) includes any linear alkyl group
having 1 to n carbon atons, any branched al kyl group
having -3 to n carbon atonms, and any cyclic al kyl
group having 3 to n carbon atons. 5 Exanpl es of

| i nearg alteylor@rpups having 1 to 6 carbon atons

i nclude nethyl, ethyl, n-propyl, n-butyl, n- pentyl

and n;ﬁ@fx}blam@aagmhl% of branched al kyl groups
having 3 to 6 carbon atons. include isopropyl,

i sobutayl N-f(grib- Oubity) @nthasoperbyb, Exanpl es of

~cyclic alkyl. oups having 3 to 6 carbon atons

i ncl ude Nylﬁkbgﬂt y CicnlkyDpertaphoylagrdup) cycl ohexyl .
Furthernmore, when "Cl to Cl2 al kyl group that may be

br anc N QDRF ofwhare yBY iis gr Suptarfés mélpyberoup that may be
“substituted with a halogen atonl is referred- :
braneked apkyihatmap Hﬁa&ﬂlhﬁéltﬂt@@ with aghajegen Ldem, a@day
branched aIkyI group having 3 to 12 carbon atons, and

any cg¢didlegempigm: goslip having 3 to 12. carbon at onms

are_jincluded, and a hydrogen_ 15 atom a |on ' _
the allagswointiyaf e hﬁgerﬁaya 16389 11 8 € oL eipLav] Eokp that
halog n ato Apl es such an.a up_in
| mROHpPyAnchy @%E?@Ewc:ﬁ Fyrab flg dbey e BaBebRBtdied with
: Rﬁﬁgdecyl -to C4 al kyl) carbanoyl groups and

a opra aI kyI) car banoyl groups, "d to C4

o il anhet dpropphanoE SRR ptfatel growp
t%itkeW b@%{@.ﬂ%bﬁ%ngﬁﬁﬁne%%‘ B SRB Bl iRl il atomi
1a¢aﬁ edﬁ ﬁEﬂzylhgygzgszhESiﬂgcgr?gnnatgg?boﬁngtons ' |

and apYis Y fildotiGlAetuPiHPRad 316 0GnE ARy car bon
in the formula () and the formula (1),
nisan mteger from 1 to 4; and
in the formula (I),
* shows a newly pi‘oduced asymmetric éenter.
According to the present diéclosure, it s possibie‘ to obtain
reaction product without allowing the effect of racemization to occur,
- even when an aldimine-type Schiff base is used. Thﬁs, it is possible to

less expensively provide an asymmetrical mono-subsiituted alkylated

compound.

Best Mode for Carrying Out the Invention

Hereinafter, the terms used in the present invention will be

defined.

48
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25 Exanpl es of linear al kenyl groups having 2 to 6

carbon atons include ethenyl, 1-propenyl,

2- propenyl, 1-butenyl, 2-butenyl, 1-pentenyl,

2-pentenyl, 3-pentenyl, 4-pentenyl, and 1-hexenyl.

Exanpl es of 49 branched al kenyl groups having 3 to 6

carbon atons incl ude isopropenyl,

1- met hyl - 1- propenyl, 1-nethyl -2-propenyl,

2-nmet hyl - 1- propenyl, 2-nethyl -2-propenyl, and

1- metQyl - 2= but "E@%’ko (ﬁ’%@lﬂf@fﬂ gso@p thycmay bal emghed or form a

grou A ng 3 to 6 carbon atons include " vl .

cycl en Rhespdr) imcbideschofiekeagt alkyli grou
Cyﬁﬁ?t%lg’ba re,h(\e/\%e%ygécz%tﬁo ggf al kenyl  group that .may
Bl AN BdcAbooRRAs ey brgnchgsl adkylrayowe having' 3 to n

subStituted wth a halogen atont is referred to, _any
cabhB AT toR & eI argF eyplc hdlyhgraup havingad HonLaFHREN 2toms.

any branched al kenyl groups havi na 3 to 12 carpon include
L2l AFtes andinsyr eyl grahkenyivipeolpto HarPRBes 167>

10 carbon atons are included, and a hgdr_ en, at %Qa%&ples of
m@f}yylpo(ﬁﬂhtgﬂl,om-pfomﬂesnebuwlkemwenélfbu% nﬁgﬁ :

DS Ut ed 3 g AT SRS s Ofnct 845 B0y,
is%éﬁgglge) nt)(gri; -énluliy](rj; 36/ grelg?/ L)w%g%gf ) g&&%%gpr%:s%g hrhgzgﬁg { Q?%rl mgro ups
hae 3 cyclic aroun (ere nLBdl LSRG, [QRllARy, and
cxciolorylat JhErARBRRy TEYER T Sty Gyt b0 e opl, ot Jray be

to n carbon atons...

e ipae ¥l wighoalfal
brnahed o5 £ & 4786 EXDBRET AP EAL® Sr Ry ™ ogen

1-propynyl, 2-propynyl,. 1 HnHEYINgd 12 carbon atoms,
atopept ¥ F?Bfgﬁg %@Tﬁ%"%&z}}w)@égﬁpl es %f br anched .

al kynyl . groups,hayi 09 rpogarthoaBomschndeany cyclic
agyﬁéaﬁwhggéﬁ%gﬂ,ﬁ%%‘?’ E?%‘efl{n% gsE%f cyclic al kynyl .

rQups .. _havi NN adb@EBatenddidded, and a hydrogen
aﬁ?ﬂl gﬁ“&p%&e’%n%yf‘& 1gngl c-ycl?obut yl et hynyl .

urt her PGheke Akel ¢l mayole sthstitufed with a
R AT L S S s

or forma cyclic group and nay be
hﬁi‘%ﬁi t4bef WHmApkE vl sgeh anhortkyls grefer slude n-heptyl,
any’ i near al kynyl groups having 1 to 12
isoheptyl, n-octyl, isooctyl, n-decyl, and n-dodecyl.

In N-(C: to Cs alkyl) carbamoyl groups and N, N-di(Cy to C4 alkyl)
carbamoyl groups, “Cs to Ca4 alkyl” means Ci1 to C4 linear alkyl groups or
(5 to Cs branched alkyl groups.

The phrase “Cz to Ca alkenyl group that may be branched or form
a cyclic group” (where n is an integer) includeg any linear alkenyl groups
having 2 to n carbon atoms, any branched alkenyl groups having 3 ton
carbon atoms, and a_ﬁy cyclic alkenyl groups having 3 ton carbon atoms.
Examples of linear alkenyl groups having 2 to 6 carbon atoms include
ethenyl, 1-propenyl, 2-propenyl, 1-butenyl, 2'buteny1, 1-pentenyl,

2-pentenyl, 3-pentenyl, 4-pentenyl, and 1-hexenyl.  Examples of
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carbon atons, any branched al kynyl groups having 3 to
12 carbon atons, and any cyclic al kynyl groups
‘having 3 to 12 carbon atons are included, 50 and a
hydrogen atom at any position of these al kynyl groups
may be substituted with a hal ogen atom Exanples of
such an al kynyl group include 1-heptynyl, 1-octynyl,
1-decynyl, and 1-dodecynyl. The phrase "C to Cn

al koxy group that nmay be branched” (where 5 nis an

b-rigﬁtgsgg %x?l%%r@l éj%g% AL LM% 9%6WPearidox dignanindlideasoprop enyl;

ng 1 to n carbon atons and al koxy

qar . ' ny brapehedi-akadpengt,oups 2neeithgl-3-mropenyl,
1 ﬁ]egg.?g&ﬂﬁﬁpg%g? Exanpl es ?herﬁéof i ncl ude met hyl oxy,

- oRYPPYLAAY 1-hEabyDRYbweyyl.and Examples “of cyclic
2§%€%¥&g§¥%ﬁo§gy&9aaml es of "aral kyl group" in the
alRbh Fn%:dl{f)‘éeiﬁdﬁﬁgi il edes  darbbenatbmspHankidey | cyckphptenyl,
napht hyl nethyl . Exanpl es of "heteroaral kyl group® inlk 1
cy"cl"tgye‘iﬁ@ﬁ?ntaﬂm\tyﬁbh@ﬁenyhcIEmiﬂ:hpyn:uog% TrheRy[C2 to Ciz alkeny
indol ylmethyl, furylmethyl, thienylmethyl, and . .
g’ @hwt Meidyy |be Eberpbesl ofr formy| agepel §3pihgnd may
present invention include phenyl, 15 naphthyl
cuibtituybd awithp e teadobes L atomnpiseefgrred, &Persd%?%/ ))ﬁnear alkenyl
roup” in the present invention jinclud [ .
gn%wprsgiaﬁingi QrthSZma}‘ﬂDpnfq]:PmS,s anyJBTAR ?168 alﬁgnyf'é}oups having
benzot hi ophen-2-yl, thienyl, ..oxazoly],_ thiazoly: Lt 12
3 Fomaohyb BecnonrA & AVElinyTEradl sy lRe B ving § to
tetrazolyl. 20 Exampl es .of ."hal ogen. at ond' | : f these
cphesaHon N RN ERe Fie” 2 EhEar AHanaoat? gopfion of
ato an iodine ato d, a; f.l.uQr HNatbf. theamples of
alé‘le@éfnir&fopﬁéﬁfiyo © Sﬂ]?ec’%lt%élp%g 'W]lgﬁi%em%gﬁéégﬁ'a refers top .
hal ogen ions and_ exanpl t hen hac! vag ] or i-@etenyl,
suehh, a8 pHERMEe B6AYPan Flg‘?ledefilge%%%n%lf a f(lelﬁtgﬂ?lde |
ion. 25 | e Pr t invention, the phrase "C3 to
1@%cgpyﬁ|ar&i%d&cgﬁggbst ituted allyl group that may
be brape ri)%dragé QY &, QYEhfl Souprthat may be branched or form
a cyclic group” (where n is an integer) includes any linear alkynyl groups
having 2 to n carbon atoms, any branched alkynyl groups having 3 to n
carbon atoms, and any cyclic alkynyl groups having 3. to n carbon atoms.
Examples of linear alkynyl groups having 2 to 6 carbon atoms include
ethynyl, 1-propynyl, 9-propynyl, 1-butynyl, 2-butynyl, 1'pentyny1, and
1-hexynyl. Examples of branched alkynyl groups having 3 to_ 6 carbon
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 bi‘anched or form a eyclic group and 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,
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(where nis an integer) refers.to allyl groups or any
substituted allyl 51 groups having a substituent(s)
at position 1 and/or 2 and/.or 3 and having 4 to n
carbon atons in total, and for exanple, includes
2-butenyl, 1-cyclopentenylmethyl, and

3-nethyl -2-butenyl. In the present invention, the
phrase "C3 to C. propargyl group or 5 substituted
propargyl group that may be branched" (where n is an

' aﬁ@taegrﬁ@roggﬁeé&rﬁ Qaboﬁﬁgaﬁ&éﬂiogf BERBEC ARYnyl groups may be

substitut propar gy roups having a substituent(s) ,
s@stPQRba ! 9l a2 Ren3a e, NTLREBstF BudabROAlkynyl group’
atons I'n total, and for exanple, includes 2-butynyl,
irfhede &fﬁéﬁt@tﬁgnyi-%bwﬂylg1m¢@9n@y,l and 0-dodechayhr esent

I nvention, e term "“functional group having a

| eaviMle atirhké YO, MBS atitosdt growy that atpnbgbrapchédit (where
| eaves froma substrate in a substitution reaction

ndE £ iatdgirhdhthnlgsealioxgngrdim hasing anyebueag alkyl groups

group,  and for exanple, includes a hal ogen atom and
havingul tomytabpngxiomps anf dlkoxperpnps daving any branched alkyl
specification, the term"group (Q" is used to ‘ .
gnpel hawing: toesembpni asoms. or Esampden tirreof pdufe methyloxy,
referred to the group consisting of: G to 4 .
ethiylkyxy, gr pgpyilhay, iseprany lpEn kb dersi -may be
substituted with a hal ogen atom 20 a Cl to.C5 %lkox%_lki
gr oupiixsraplempibeasl bRk HEQURN R HAL RESSARE 1nvention rhciude

bstituted with hal : | t hat
o, e aARSSR O o0, oY oroup, et
| kyl  that smy be branched amd. t hat . :
o Y G40 TR BE RIS, 3904 ol TBLRGe invomion
. - OR31. R30 R3 ' :
e TR R SR 3R PR, FRIEDAEEHRL e

br anghed,and that may be substituted with a hal ogen
Py (ifm%hﬁ'?'tro group, a carbanoyl group, an N-(G ‘to

G4 al Kyl heMPEFOYy19,BUB? iAMthe present invention include phenyl,
naphthjfl, anthryl and phenanthryl.

Examples of “heteroaryl group” in the present invention include
pyridyl, pyrrolyl, imidazolyl, furyl, iﬁdolyl, benzothiophen-2-yl, thienyl,
oxazolyl, thiazolyl, 3,4-methylenedioxyphenyl, 3,4-ethylenedioxyphenyl
and tetrazolyl.

Examples of “halogen atom” in the present invention include a
chlorine atom, a brominé atom, an iodiné atom, and a fluorine atom. In
the present invention, the term “halide anion” refers to halogen ions and
examples thereof include a chioride ion, a bromide ion, an iodide ion and
a fluoride ion.

In the present invention, the phrase “Cs to Ca 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
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52 N,N-di (G to C4 al kyl)carbanoyl group, or -NHCOR9
(where RO is a Cl to 4 alkyl group that may be
branched and that may be substituted with a hal ogen
aton), a cyano group, 5 -NR30R31 (where R30 and R31
are each independently a hydrogen atomor a Cl to C4
al kyl group that may be branched and that may be
substituted with a hal ogen aton), a nitro group, a
car banoyl group, 10 an NN(Cl to C4 al kyl) car banoyl

- i 1Cah HRFTY hndh d havi
g@h&%&%@%ﬁeﬁﬁ%ﬂeﬁtg@% Oéifyéghalc%l g%ug@toﬁg?{naﬁa : aving

1 b8 Prapshed@pds thatormy pedsfsestkimpds dndlndas 2-butenyl,
hal ogen atom, and a hal ogen atom 15 Hereinafter,

1-E§ﬂa09éﬁ§eq1yqlﬂemugntam3vmbthﬂézﬂiasmﬁbed mor e
specifically. The present invention provides a nethod
for mnoglichigean ingsytiorl the phrasn6Cs dbE prapgey! group or
al kyl ated conpound. An exanple of the asym”TeEri cal . :
subBused Spropatresl] afroyipatbdt @eycbapbranthedat (€hare@r is an
produced with the present invention_ s represente '
inbysdh erefais! @rpnop eyhgraups) othappgubriiguteg prepargyl groups
COR20 25 R15 n W_ Here, R15 is an aryl group or, a
hdwiheroauphtigneontis Rhmasisionel sagl ¢ @ndyharmigd fp g;carbon
| east one dgroup selected fromthe gro consj stin f
atoms 1in tgtal, P and for example, glnclfgdes é%utygyﬂ and
3-trimethylsilyl-2-.propynyl.
In the present invention, the term “functional group having a
leaving ability” means an atom or an atom group that leaves from a
substrate in a substitution reaction or an elimination reaction, that is, a
leaving group, and for example, includes a halogen atom, and a -
sulfonyloxy group.

In the pi'esent specification, the term “group (Q)” is used to
simplify the description, for convenience, and is referred to the group
consisting of: |

a C; to Cs alkyl group that may be branched and that may be
substituted with a halogen atom,

a Ci to Cs alkoxy group that may be branched and that may be
substituted with a halogen atom,

an aryl group that may be substituted with a halogen atom, a Ci
to C4 alkyl group that may be branched and that may be substituted with
a halogen atom, a cyano group, -NR30R3! (where R20 and R3! are each
independently a hydrogen atom or a Ci to Cs alkyl group that may be
branched and that may be substituted with a halogen atom), a mitro

group, a carbamoyl group, an N-(Cy to Cs alkyDcarbamoyl group, an

52




10

15

20

25

a Cl to Cs al kyl group that may be branched and t hat
may be substituted with a halogen atom a Cl to C5
al koxy group that may be branched and that may be 5
substituted with_-a hal ogen atom an aryl group that
may be substituted wth a hal ogen'atom a Cl1 to Cs
al kyl group that may be branched and that may be
substituted with a halogen atom or a Cl1 to C5

al koxy group t hat may be branched and “that may be

t h | ) .

NN rshate EnntkeleS e iRt B AR EEORP is 2 On to
daewith

C’Js%]g‘é’i %I%BFB mﬁg%%ﬁ%gég%%a@g ;atgﬁ%%%ggpggg# 1§W1t 2

h carb§rmy group; an N-(C, to C4 al kyl) car banoyl
33? RN, N- di (C1 to &4 al Kyl) carbanoyl group;

Hcgig’(%%g%r e 9 is a Cl to C4 alkyl group that may
branc adthat may be substituted with a

haI 0g oM hand f@@ A R0aes cichnindiDenidentlPRd hydrogen
(V\herm :Tzwa Cl to Cs al kyl group that may be

atﬁﬂlbﬁg'é o ed o, ikl @bﬁﬁeﬂhaatmyohe hnanchéd groupbathatay be

substituted wth a hal ogen atom and that may

su%tl@{x@étm@ﬂl arhdlepshatoayel i ¢ group) or - NRSOR51
(where RS0 and R51 are each independently a 25

hydrggﬁﬂr@g@mp CHR28R29 (where R28 is a group

sel ected fromthe group consisting of a hydrogen

at oma @nfhaamwydrgtoug; oup that may be substituted with
a Cl to &4 alkyl group that may be substituted with a
54 halnoNe(Ciatooty adkyicarhagzodll #9%P, gr oup t hat may be
substituted with a hal ggen, ato and a hal ogen at om
and R29N,N-&ihCaty 1C by &Cﬁﬁ BAMPKY SHIPs

NHCOR® (where R® is a Ci to Cy alkyl group that may be
branched and that may be substituted with a halogen atom), and

a halogen atom.

Hereinafter, the present invention will be described more
specifically.
The present invention provides a method for producing an

asymmetrical mono-substituted alkylated compound.

An example of the asymmetrical mono-substituted alkylated
compound that can be produced with the present invention 1is

represented by the following formula (I) below:
R1 8

PN

N COR%

R15 n (1).

Here,

R15 is an aryl group or a heteroaryl group that may be substituted
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substituted with a Cl1 to C4 al kyl group that may be
substituted with a halogen atom a Cl to C3 al koxy
group that may be substituted with a 5 hal ogen atom
or a hal ogen aton) or -OR101 (where R101 is a Cl to
C8 al kyl group or a benzyl group)); R18 is a group
sel ected fromthe group consisting of (i) a Cl to do
al kyl group that may be branched or forma cyclic
group and that may be substituted with a hal ogen

. atom wherein the 10 alkyl . subst iet ut ed
R R e

i St Cr.to C5 . al :
br anchdd Snd-n U Pt Diatairy ot SRehr e SR Phat may be
t : .15 -NR30OR31 (wh R30 d R31
S&%%ﬁgﬂ%ﬁg@géﬁg%?ﬂ @toén’hydr ogeg Ztr gm or gnC1 to A4
| kyl h : ' [ | b
al Ky %aloﬁ‘?tdﬁoa rogg%gﬁ,%ps Hﬁ%ﬁa% l%@ Wadrhadheh @GBAt may be

atom? > A tcar group, 20 an N-(C

t,0 alikyil ) ca up, an N, N-di (CSto ¢4

S W%%lﬁtggr %koayﬁggi;%\lﬁ}p?ﬂ{nl%l—m (where RO is a Cl to

G al éf%( la}rgggij@%}gliﬁtat Yy bR sianehed virl 4 halogmyatn, a Ci
i T Ut &d=w

subst a hal ogen atom, a hal ogen at gm 2:23@‘l -
y EPRNA IR, i 109 13 bEOnHedhky khgt ey bhaubstijutes wi
t%r anc]f{]§ed ziﬁ)dﬁ%1 g

that nmay be substituted with a hal ogen

aq]ﬁje{l%enait@m,@ﬁ BOC{ WaeCe #RRoky gro@p thatChax kylbrgnehpd and
that "may be branched 55 and that nay be substituted

M o Bk eentwednith(a halege@BatamC15 al |yl group. or
substituted allyl group that may be branched or form
a cychicgagh@epuphd that nmay be substituted with a

-NR30R3! (where R3? and R3! are each independently a hydrog_en
atom or a C1 to Cs alkyl group that may be substituted with a halogen
atom); '

a nitro group:;

a carbamoyl group;

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

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

_NHCOR? (where R? is a C1 to Cs alkyl group that may be
branched énd that may be substituted with a halogen atom); and

" a halogen atom;

R2 is -OR1® (where R!® is a Ci to Cg alkyl group that may be
substituted with. a halogen atom or an aryl group that may | be
substituted with a halogen atom, and that may be branched or form a
eyclic group) or -NR5R51 (where R50 and R5! are each independently a
hydrogen atom, -CHR28R2? (where R28 is a group selected from the group

consisting of a hydrogen atom, and an aryl group that may be

substituted with a C1 to Cq alkyl group that may be substituted with a
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: hé?[b%éhﬁ L@, 6¥ &l halogeauptonanar -QR
W

hal ogen atom 5 (iii) a C2 to C6 al kenyl group that
may be branched or forma cyclic group and that may
be substituted with a hal ogen atom (iv) a C2 to C6
al kynyl group that may be branched or forma cyclic
group and that may be substituted with a hal ogen
atom (v) an aral kyl group, wherein the aryl noiety
of the aral kyl group 10 nmay be substituted with at

| east one group selected fromthe group (Q, and the

Lkyl ol ety cof Ot sy Bb substRudbdywith a
h ?%%Jp at%ﬁllgt? & ncglytctlgﬁ’b YQrcﬁprt&@aﬂ gy 2}

ranched or forma cyclic group

1be 15ubsth bibed and R2 & halogbgratmithat may be
ha?@%ﬁ gﬁirg?g%ﬁgaé?;%kyé group having a heteroaryl

cRkiBhded WIEL 8 U (5CLhakhbpeowprtiht mapthy sulstbmted with a
Su

stituted with at |least one group selected from “h

helfgo:0RHR:, (0: AN hikaabkgtouptha 1y bReshatifypd with a

group is a G to C6 al kyl groug}gt hat nag/,lb._e br nchgd kvl
(wlpre &'EUSsE Ly 215Y

a hafogen atom and (vii) a C3 to Cs propargyl

gréupUR DbesgfisgidudBd propargyl group 20 that nmay be

branched and that may be substituted w. 8 aﬁjgal ogen

at omR181is iasgrampi seleged froghthe gEOUR CORRISHIESns a

new y produced asymmetric center. Ln . the pres :

Vel o fa e ATkyb eeemponRl Y PRETPRERGR forn 2 cyelic

and the conpound_of the .formul a,(llI we 4Rin th
groepcani rthatemays bgr 89 Wé@t@gugr‘lﬂbﬁ’t i%‘laﬂ%re)?/.l- Qg(%:r?f ve él%_m ©

hase-transfer catalyst .and,an { ng i AS8lected from th
allyb geo wamEaY Dersh thté&}eﬁév‘?‘@f%r eag ?%3520%23%1“ e¢ from BA6

al kyl ati on pr%cess). The conpound of the formula (11)
STORRt CONS1EIIRE OFn the present 56 invention is an

- aldimne-type Sehiff Dasest I pati Mg chBer&ed that may be
repr é’sg‘gtfé’dEB)ﬁ%ﬂ§yf%ﬁ%}wﬂ%t ?%[rs}rml a (I1): (NcoRO
su]bstituted with a halogen atom,
a4 cyano group,
“N'R3R3! (where R3® and R8! arc each independently a hydrogen

afom or a C1 to Cs alkyl group that may be substituted with a halogen

atom),

a nitro group,

a carbamoyl group,

an N-(C1 to Ca alkyDearbamoyl group,

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

.NHCOR? (where R? is a C1 to Cs alkyl group that may be
branched and that may be substituted with a halogen atom),

a halogen atom,

-COR? (where R9. is a C1 to Cs alkyl group that may be pranched
and that may be substituted with a halogen atom), and

-CO3R® (where R? is a C1 to Cs alkyl group that may be branched
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5R5 In (Il). Here, R15 R20, and n are the sane as
defined for the above-described fornmula W Exanpl es
of the conpound of the formula (I1) that is used in
the 10 present invention include benzal dehyde Schiff
base of glycine ethyl ester, p-anisal dehyde Schiff
base of glycine ethyl ester, p-chlorobenzal dehyde
Schi ff base of glycine ethyl ester, benzal dehyde
Schiff base of glycine tert-butyl ester,

- chl b I d hi.ff .b f Ci
afa fhab i b supaPtiG oGP Raidiy schi 1 base
PN Sy S0 g SBBLRAT SBUY SRS that may e
2- et hyl b | deh i ff f Gl & : I wi
w06, 0 LVAE B0 n RSBl BT ited with o
- Of i tert-butyl ter, t ht hal al dehyde.
h%@ﬁlg#lyfa%gglge 51[ gl ;c%/nee:t ﬁ;l es?gsl,o ang genga?/dghyde

Schi fd;;pas th%)egjfsygmé%y@i%@j@@ykm hyd@HedBradéhether form a

conpound o ormul a ( that is used in the
' ; B8 subStitecenpith a belpgaduted; by
Cy%igz%e‘?{ﬁg %ﬂ&éggéialﬁ%ﬁyde ~derivative wit h@ggl yci ne
est eriy)ydros hboCi dkiyinyl heroppeslencen®f bet bretdhddaornerm a
(see -P. Bey and J. P. Vevert, Tetrahedron Lett.,
cye¥ié 7 roumeﬂd‘lﬂ’iaﬂﬂ:Eﬁa be 28bdticutanpoilng heflogdreataniul a
(I'11) that is used in the present invention is a
conpduhentheikphgreup eabergnoheuprylandicty of ébe egaHedEroup
by the following formula (I11): 57 (111) R18-W
mblgrle; sRiitwterhwitna lagstiens magup greledied from the group (Q),
above-descri bed fornmul a é;sf and Wi a a fémg_r[i qnal :
amt ¢he alkpt ntdety of dhei axglhpl Breyp is a Ci to Ce alkyl group that

may be branched or form a cyclic groupk and that may be substituted with

a halogen atom;

(vi) a heteroaralkyl group having a heteroaryl moiety, wherein

~ the heteroaryl moie'ty" may be substituted with at least one group

selected from the group (Q), and the alkyl moiety of the aralkyl group is
a Ci1 to Cs alkyl group that may be branched or foim a cyclic group and
that may be substituted with a halogen atom; and

(vii) a C3 to Cs propargyl group or substituted propargyl group
that may be branched and that may be substituted with a halogen atom;

.n is an integer from 1 to 4; and

* shows a newly produced asymmetric center.

In the present invention, first, the conﬁpoﬁnd of the formula (II)
and the compound of the formula (III) are allowed to react in the
presence of an optically-active phase-transfer catalyst and an inorganie
base (hereinafter, this may be referred to as the alkylation process).

The compound of the formula (II) that is used in the present
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Exanpl es of the conmpound of the formula (I111) that is
used in the 5 present invention include benzyl

brom de, p-nethyl benzyl brom de, p-fluorobenzyl

brom de, 1-brononethyl naphthal ene, cinnanyl bromn de,
I odoet hane, allyl brom de, nethallyl brom de,
2-1odobenzyl brom de, 3-iodobenzyl brom de, and

p-i odobenzyl brom de. The optically- active .
phase-transfer catalyst that is used in the 10

PSR SOV ent | o SRSeNDas S e Ay fiey 'GP dEARRY Sthereof

n as a ase-1rans

G PR R . et bartroular

limtations regarding such conpounds, so |ong as
they are optically- Acttwe_ ph e-transfer catal ysts
that are known in t art, 58 peci fic exanples 15
t hereof include pha transfer clat al ysts conplexed
with optically- actiwve netal atjoms, and
optically-active lﬂua ernary a m um salts. Further
exanpl es- i ncl ude optically- active phase{lfy.ansfer
catal ysts having a biphenyl backbone and/ or
bi napHeky, RECkB3ne, awdd rcompoutits kammen assdefined for the
optically-active cinchona al kal oi d quat ernary
abowmdesurilsal farm (e(I20 exanpl e of optically- active
phase-transfer catal ysts that can be used_.in
pr eselikainplenbdi ¢he icovipuiesd af ;thaiermtlémﬁﬂé rthélétlal%ﬁ‘@d in the
conplexed with optically- active netal at om an
prsant uamtmnenebtde heneHdebyde &@héﬁéwtsed) ycips qiigyl ester,
where Mis Cu or Ni).
pms@d@ sdei ekifhhase-afr &h@t@ e&’aﬂaﬁ%etrs Pc%‘#ﬁt‘%b@e‘bzaldehyde

ST Rt o AL B bR STBRTE AT
tcbibuth gstes, gUEBjoroBeRPR AR BB QHSene) SRanp (Tt buts]
es(%er,an prﬁe%hyﬂteﬁzaﬁ%ﬁly\é Schiff base of glycine ethyl ester,
p-methylbenzaldehyde Schiff base of glycine ethyl ester,
2-methylbenzaldehyde Schiff base of glycine tert-butyl ester,
p-methylbenzaldehyde Schiff base of glycine tert-butyl Vester, |
terephthalaldehyde Schiff base of glycine ethyl ester, and benzaldehyde
Schiff base of glycine diphenylmethylamide. |

The compound of the formula (H) that is used in the present
invention can, for example, be produced by reacting a benzaldehyde
derivative with glycine ester hydrochloride in the presence of
triethylamine (see P. Bey and J. P. Vevert, Tetrahedron Lett., 1977,
pp.1445-1458).

The compound of the formula (III) that is used in the present
invention is a compound that has a leaving group, and is represented by

the following formula (II):

o7



10

15

20

25

phase-transfer catalyst that can be used in the
present invention is an optically-active cinchona

al kal oi d quaternary ammoni um salt, and enantioner

t hereof, which is represented by: HHH 10 N ge N C
. (r) HHO4u.. H\ HOm,.. HHO HI / CF3 HN N
N HHH 15 eacr / HNNH PhCHZOHO,,.. HHOH
.,.,H NV \''/ N20Ocl gH N (where R" is a
hydrogen atom a Cl to C4 al kyl group that may be 25
branched, a Cl to C5 grRR&—gifgup that n@yNbe
branched, or a halogen atom, 59 o NHr Br 3B HN

H H Nfble, RH is dhdizaie &s Hefined for the above-described formula
(D, and W is a functional group that has a leaving ability.

- Examples of the compound of the formula (III) that is used in the
présént invention inclﬁde benzyl bromide, p-methylbenzyl bromide,
p-ﬂuofébenzyl bromide, 1-bromomethyl naphthalene, cinnamyl bromide,
iodoethane, allyl bromide, methallyl bromide, Z-iodobe;:lzyl bromide,
3-iodobenzyl bromide, and p-iodobenzyl bromide.

The optically-acti%re phase-transfer catalyst that is'qsed in the
present invention encompasses asymmetrical catalysts that can usefully
function as a phase- transfer catalyst for producmg an optically-active
o-amino acid or derivative thereof There are no particular 11m1tat10ns-
regarding such compounds, so long as they are optically-active
pliase-transfer catalysts that are known in the art, and specific examples..
thereof include phasé-transfer catalysts complexedrwith optically-active

metal atoms, and optically-active guaternary ammonium salts. Further

examples include optically-active phase-transfer catalysts having a

biphenyl backbone and/or binaphthyl backboﬁe, and compounds known
as optically-active cinchona alkaloid quaternary ammonium salts. One
example of optically-active phase-transfer catalysts that can be used in
the present invention includes a phase-transfer catalyst complexed with

optically-active metal atom, and an enantiomer thereof, which is

represented by:

(where M is Cu or Ni).
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/' N Ho 2ZH H- H"... OR 10 ROr'A H (where R
is a hydrogen atomor an allyl group, and Zis d or

" Br), H 2ci 15 HN N H...a~~0Od MO HOm... HHHN

1V / \I'\' N 20HNBH HNBr / HNHOV *~" H Ph\
JON NN 25, or The above-described optically-
active cinchona al kaloid quaternary amonium salts
are known, and the nethods for producing 60 them

al so are known (Maruoka, K. and Ooi, T., Chemni cal

.ReVI eﬁ’e %%%gé-described phase-transfer catalysts complexed with
optically-active metal atoms are known, and the methods for producing

them also are known (Maruoka, K. and Ooi, T., Chemical REeviews, 2003,

vol. 103, p.3013).

Alternatively,  another example of an optically-active -
phase-transfer catalyst that can be used in the present invention is an
optically-active cinchona alkaloid guaternary ammonium salt, and

enantiomer thereof, which is represented by:

(where R” is a hydrogen atom, a Ci to C4 alkyl group that may be
branched, a C; to Cs alkoxy group that may be branched, or a halogen

atom),
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vol . 103, p.3013). Alternatively, yet another exanple
of an optically-active phase-transfer catalyst that

can be used in the present invention is an 5
optically-active quaternary anmonium salt, and
enantionmer thereof,” which is represented by: MO

Ow H,,,.C(A 10 0 RR (where Ris a nethyl, group

or a hydrogen atom), Me ~ M p-MeO-Ph O I-p-MeO
15 t-B p-MO-Ph q (r) 1 ;~N 210N\ I\Z.Br me

OCHZPh

p-MeO-Ph Me p-Me-Ph  Me O -p-l\/b- 16 4- CF3PhCH20

O4-CF3 20 t-Bu //-P-Me-Ph 8r0
4-CF3 M \Apxie- Ph 4CF3PhCHZO , \ /Bi
optically- V& quat er nary anmmani
known,

known
2@63\,/\(?0I

PN

(Where R is a hydrogen atom or an allyl group, and Z is Cl or Br),
‘ "

, or

The above-described  optically-active  cinchona

Ph

alkaloid

quaternary ammonium salts are known, and the methods for producing
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Alternatively, yet another exanple of an optically-
active phase-transfer catalyst that can be used in
the present invention is an 61 optically-active
quat ernary ammoni um salt havi ng a bi phenyl backbone
and/ or bi napht hyl backbone represented by: R21 21 5
NN Rzz\ \ \ \ R2 Rzi XO(\ \ \ RR1 / Tc3xe0: N
10 R25 Rte R21 RR3 R27 e 15 RR7 N X Rza R2 R22 R25
Here, R21 and R22 are each independently a group
1156h @8t e drs koW EVaravka, RO aadnSbitT.nG dmical Weatews, 2003,
hydrogen atom (ii) -NR3OR31 (where R30 and R31 are
vdAlagha) pgenshdently a hydrogen atomor a Cl to C4
al kyl group that may be branched and that may be
substAltetetdivilyh gebalagshent epmds (of i pna eptaemdly-active
group; (iv) a nitro group; (v)_a carbanoyl- group;, 62,
phase-transfer catalyst that can be used in the present invention is an

0pt10a11y-act1ve quaternary ammenium salt, and enantiomer thereof,

which is represented by:

- (where Risa methyl group or a hydrogen atom)

Me {—p-MeO-Ph
\-—-—p-MeO-Ph p
/——p—MeO-Ph o~ |
/ \———p—MeO Ph’ N ’

Me

\ {— p-Me—Ph

Me O | \—-—p Me-Ph
>< : 4CF4PhCH,0 - «OCH,Ph-4-CF3
£Bu .., ) p-Me—Ph T . Bre
O . ,,,///_-__,,;MN 2! e - \\“ . OC
Yy ® 4CFPhCH,0° H,Ph-4-GF3
~——p-Me-Ph
Me o . or

" The above optically-active quaternary ammonium salts are
known, and the methods for producing them also are known (Maruocka, K.
and Ooi, T., Chemical Reviews, 2003, vol. 103, p.3013).

Alternatively, yet another example of an optically-active

phase-transfer catalyst that can be used in the present invention is an
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(vi) an N-(G to C4 al kyl')carbanmoyl group; (vii) an
N, Ndi (G to C4 al kyl)carbanoyl group; (viii) -NHCOR9
(where RO is a GG to C4 alkyl group that may be
branched and that may be substituted with a hal ogen
atonm); 5 (ix) a halogen atom (x) a G to C6 al kyl
group that may be branched or forma cyclic group
and that may be substituted with a hal ogen atom (xi))
a C to Cs al kenyl group that may be branched or form

@t ek Eive Pt e RSy Bl meayhessuliaivih gt Biphddylabackbone
afogen atonm 10 (xii) a C2 to Cs al kynyl group that '

a @%b MEnRp B ash kboheridpaesantelliby- group and that may
be substituted with a hal ogen.atom (xiii) an aralkyl
group, wherein the aryl noi ety of the aral kyl group

ubg?ti t ut ed 0

S group S ] g
substltuted 20 vvlth O(CHZ)pO (vvhereplslor 2)
at 03||_1{2|10ns 3 and 4 that are taken toget her; (xvi)

a %ﬁ) @@ erein tf 6aryl group may .
bd ) ) at | east g pup selgoted from:

t heygr ou (xvii) j sPe'n i sel, 1,

or } to C4 al kyl, 25 pNt hat fray be

b ¢ be subs 0 'thKaRzlaaI ogen

a ) ) 3, and R2 J 3
i ndep ently a group Selected fro th@ 63 group
consi sting of = _ '

Here,

R2! and R2® are each independently a group selected from the group

cous1stmg of*

() a hydrogen atom;
(i) -NR#R3! (where R3 and R3! are each independently a

hydrogen atom or a C1 to Ca alkyl‘ group that may be branched and that

may be substituted with a halogen atom);

(iii) a cyano group;
(iv) a nitro group;

(v) a carbamoy! group;
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(i) a hydrogen atom (ii) a halogen atom (iii) an
al kyl group, wherein the alkyl groupis a G to Cs

al kyl 5 group that may be substituted with a hal ogen
atom and/ or an aryl group, and/or that may be
branched or forma cyclic group; and (iv) an al koxy
group, wherein the alkoxy group is a G to Cs al koxy
group that may be substituted with a hal ogen atom
and/ or an aryl group, and/or that may be branched or
f or niva) &5 QA€ go Gl lkydcrplramAnl BOPPar e each '
i ndependently a group selected fromthe group

cons{ws)iargNoR-di(C) ta Craalbgdisasrameyl 810U al kyl

group, wherein the al kyl group,is Ciyy t I

gr oufyitihaNHH@EQ Rie(velurs: B?dﬁe‘%i%:i ftohaé %Vgég(gu}gttgﬁn]b may be

and/ or an aryl group, . 15 angd/ oy, that : r anched
bramchedt and thgt may §e cwpstinte V"il{]:) a}n’“ﬂ% o%g%?oup,

wherein the al koxy group is a G to C5 al koxy, group
t hat (Gehg Hpdogem&tP®ut ed with a_ hal ogen at om and/ or - an

aryl _group, d/.or .t hat / I Prom lic
cycl {0 &lows %ﬁghﬂﬁﬁﬂr@#@%g ht?eP?] ep(%ie{)}t ly a B yene
grg&]g}é& e A RSt rgtgﬁed 22bH BhRLRR! atom;gr oup

consisting of. (i) a d to

. i
* or oufribii G e e R R P e e

' cygllti(gg]g%& Ia%xlda@% n&{lgycﬁ]ezs Heitbd GFigh 2 hiigemeatons

a” cyclic group and thatbmalr)@/:hbte1 "
substi.tuted wit I abothat2mdy be)bmnCletlooiCierm a
al kygﬁhl)uar oﬁl\glot gg%l%gy%?}gr gnched or f]c;r-m aat@cycl iC

.Qup.an tmav e suibstihitetedithia halgeal dgan o
cyg{l%ﬁ?‘)‘??%fhﬁlaggl Ygroup, wherein the aryl group may vl
be s%gﬁ i&ﬂteﬁdalk%;f gy'oh?, aihémdnt theneryk sugpiede|cdctheg aralky
fromthe group (Q; (v) a heteroaryl group, V\l?ereiil1
gl"bﬂﬁ A8} HeOADLtitfedRvithyatbieast one group selected from the group

(Q;

(xiv) a heteroaralkyl group having a heteroaryl mo’iety, wherein

ihe heteroaryl moiety may be substituted with at least one group

selected from the group (Q); |
(xv) aﬁ aryl group, wherein the aryl group may be gubstituted

With at least one group selected from the group (Q) or may be substituted
with -O-(CHy),-O- (where p is 1 or 2) at positions 3 and 4 that are taken

together;

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

.substituted with at least one group selected from the group (Q); and

(xvii) -S(0)a R (where n is 0, 1, or 2, and R is a Ci to Cs alkyl

group that may be branched and that may be substituted with a halogen

atom);

R25. R25, R26, and R26 are each independently a group selected from the
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substituted with at | east one group selected fromthe
group (Q; (vi) -(CH2), OCONRLIORL11 (where R10 and R1'
are each 5 i ndependently a group selected fromthe
group consi-sting of: (1) a hydrogen atom, (2) a Cl
to C4 alkyl group that may be branched and that may

. be substituted with a halogen atom (3) a C2 to C6
“al kenyl group that may be branched or form 10 a
- cyclic-group and that may be substitfuted with a
E ggﬁglsg f:(4) a C2 to C6 al kynyl group that may

e branche or form a cyclic group and that may be
subs(ll)tauhygi_-[-d/gehha@nh,al ogen atom (5) an aral kyl .

- group, ~wherein the aryl noiety of the aralkyl group
may i) subdbidmtaesimn t h at | east one group sel ected
fram 15 the group (Q; a_heteroaral kyl group -
havi figi)aah @tlkyb@ryhpnmmzn thactlkyh SeABP h"ét%r(glal[')‘ﬁ/l(35 alkyl

-noi ety may be substituted with | east on rou .
groapabbedniy be mﬂet@m@e@ wWith 2 bafggﬁﬁ HoP aaﬁéﬁ% 2yl group,
wherein the ar lg;ffrm be )H:zsubstltuted W th at
aﬂdémsthmmagrhmg eefqrﬁﬂem O’ (’*651 and (8)

a heteroaryl_ group, wherein the, heteroar p
be Slﬁbétanu@]é@m EFOWR, W fmbnté‘ g?‘ él‘m%% Olg ?gl(nto Cs

ali;%‘?w%gé’lﬁﬁ‘z% et B b L Aty on e
5 :
s ey

Rzglugéb ﬂ%f ggef,\ﬁh%t;]h ganﬁgsgnﬁeﬁﬂ?hgd BRicte & Fromy the group

dgen a an aryl group,
wherein he aryl group.may be substltuted with at

col“@%'f‘@ln% group sel ected fromthe group (Q) and

(1) a halogen atom;

(i) an alkyl group, wherein the alkyl group is' a 01 to Cs alkyl
group that may be substituted with a halogen atom and/or an aryl group,
and/or that may be branched or form a cyclic group; and

(iii)) an alkoxy group, Wherem the alkoxy group is a C1 to Cs
alkoxy group that may be substituted with a halogen atom and/or an aryl
group, and/or that may be branched or form a eyclic group;

R23 and R24¢ are each ,indepen(lently a monovalent' organic group,
prefex;ably a group selected from the group consisting of:

G) a Ci to Cso alkyl group that may be branched or form a cyclic
group and that may be substituted with a halogen altom;

(i1) a Cz to Ciz alkenyl group that may be branched or form a
cyclic group and that may-be substituted with a halogen atom;

(iii) a Cq to Ciz alkynyl group that may be branched or form a

cyclic group and that may be subst1tu1:ed with a halogen atom;

(iv) an aryl group, Wherem the aryl group may be substituted
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(4) a heteroaryl group, wherein the heteroaryl group
may 5 be substituted with at | east one group
selected fromthe group (Q; and n is an integer from
1to 12); (viii) -(CH2)1NR12COR13 (where R12 and R13
are each independently a group selected fromthe
group consisting of (1) a hydrogen atom 10 (2) a Cl
to C4 al kyl group that may be branched and that may
be substituted with a halogen atom (3) an aryl

gy oup, erein the Jar I substi tut ed
W’&#‘t#qﬁ?w%%tgr%% Sﬁile B%ésenggpggw}lg%m@ he group (Q;

and a.heteroaryl gro rehd 1herH5Ar 06 may be

gr oué‘@nﬂy,_he‘i%r%g%gu%rstlfﬂﬁélg%v}\ﬁth at [ east 3f)lng gl}/l%)up d

; th0 sclefd drb . FHb | &@);f rom

Su%gtlgﬁ{f%dvn]%%w%égﬁ%u%@ﬁ% (V\,hefe R12 gﬂgﬁgMS are _

each¢i:ndeggd RR1gEoup(wRERCt griof r gadt h®1Yr aue  each

(:,onsi(‘é1 i ngeo g’?%)tﬁ()a hydrogen atom 20 (2) a d to C4 :
i LR dB¥cha Roanthegrandeddmstingmf: be
msué%%{liﬁt?%%%vit% a hgl ogen atom (3) an aryl group,

wher ei n theép)a Kydesssw avey; be  substituted with at-

| east one group selected fromthe group (Q; and (4)

a het er oar () reupe Gxhellsilrgrohp thet enaprbd brpechedrapd that

25 be substituted with at |east one group sel ected
may ba dubetguoeth wiCh ;a halbgeniatoan i nteger from1 to

12); (x) -(CH2), Y-OR12 (where Y is a Cl to C4 _

di val ent ‘sé)ua d=tb Comlkguybermuiothajr way bakraneghedar form

branched, and R12 is a group, sel ected fromth% Ig\l[oup
a qyehisi moupgand that @19y herspdstigatehvsih a dnlogeratel o

al kyI- group()4)tail1 %21?(? ebaelkgggfgpoetgp %?E(ljt %%?be branched or form

a eyclic group and that may be substituted with a halogen atom;
(5) an aralkyl group, wherein the aryl moiety of the

aralkyl group may be substituted with at least one group selected from

the group (Q);

6) a heteroaralkyl group haﬁng a heteroaryl moiety,
whérein the heteroaryl moiety' may be substituted with at least one
group selected from the group (Q);

(") an aryl group, wherein the aryl group may be
substituted with at least one group selected from the group (Q); and

® é 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);

(vid) -(CH2)n.CONRZR13 (where R1Z and R!? are each
independently a group selected from the group consisting of:
(1) a hydrogen atom; ,_ |
(2) a C; to C4 alkyl group that may be branched and that
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5 may be substituted with a hal ogen atom (3) an aryl
group, wherein the aryl group may be substituted
with at | east one group selected fromthe group (Q;
and (4) a heteroaryl group, wherein the heteroaryl
group may be substituted with at | east one group
selected fromthe group (Q; 10 and n is an integer
from1l to 12); (xi) -(CH2)n-OR12 (where R12 is a
group selected fromthe group consisting of (1) a
hyvdro . -A) Emal kyl group that may be
m@?’ﬁﬁ@%@%@%@é@ ﬁé@ ai}%ﬁé%%/ﬂge substituted with a
~hal ogen atg{m 4dr3) afl rhpgr e reishetle natyle gaoyp may be
group may be substituted with at |east one gr _Lap
subStifrlclwifP M 18t Breugrol) siela«fwd(f@matﬁﬁegmm&% ; and
group, wnerei'n the heteroaryl group may be
subst i t ut ey, tHetakodighgironne wdreven shé deterparybgreHe Mmay
group (Q; 20 and nis an integer from1l to 12); .
belstlstitutsHRith StRa2st whegeowi 2clested foouphe gretr L8
fromthe group consisting of: (1) a hydrogen atom

' and?) i@ aGlintegd¥fraink i togtDap that may be branched and

that 25 may be substituted with a _hal ogen a 3) .
an afyiil) gr (QH ) WNRBCORBe Grherey 3&% é?abeh%n ér? ~each
substituted with at | east on g’rou&) sel ec][:.ed ffomthe
indepepddly asgrbuarselayted HemebyE BYPURPORYS it ei n the
het erocaryl group may be substituted with at | east
“one group §BedyEgoEen@eRe group (Q; and nis an -

Loteser From £ 6o 8ot o RS R S
mgy be substituted with a halogen atom; . )
| | (8) an aryl group, wherein the ‘aryl group may be
substituted with at least oh'e group selected from the group (Q); and
| (4) a heteroaryl group, wherein the heteroaryl group may
be substituted with ét least one group selected from the grdup Q;
and n is an integer from 1 to 12);
(ix) "(CHQ)HNR12R13_ (where R12 and R13 are each independently a
group sel'ecfed ffom the group consisting of'i .
| - (.1)' a hydrogen atom; - |
(25 a C1to C4 alkyl gTOup that may be branched and that
may be substituted with a halogen atom; o
(3) an aryl group, wherein the aryl group may be
substitutéd with at leras't one group selected from the group (Q); and
(4) a'heteroéry] group, vﬁfherein the heteroaryl group may
be substituted with at ieast o:ﬁe gToup selected from the group (Q);
and n is an integer from 1 to 12); | |

(%) '(CHz)nY'OR12 (where Y is a C1 to Cs divalent saturﬁated
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(1) a hydrogen atom (2) a Cl to C4 al kyl group that
may. be branched and that may be substituted with a
hal ogen atom (3) an aryl group, wherein the aryl
group may- be 10 substituted with at | east one group
selected fromthe group (Q; and (4) a heteroaryl
- group, wherein the heteroaryl group may be
substituted with at | east one group selected fromthe
group (Q; and n is an integer from1l to 12); and lected
| 3 (phayrenBhad and Boup aserewp aglecte
hﬁg@ﬁ%@%ﬁ%?ﬁﬁ%ﬁﬁsisﬂ ng of (1) a hydrogen atom
) Oprdebigtikylofgroup that may be branched and
fréﬁafi]ﬁ %)}ﬁ)be su’bstigt uted with a hal ogen atom (3) an
aryl group(iwherdirbgéhatamyl group may be 20
substituted with at- | east one group selected fromt hg hat
group (Q; (2nd Chjo & ekl gaoyp thasupay hfcpeanchadeand tha
heteroaryl group may be substituted with at |east
mafdegispitactdetitl of halogeheatgpbup (Q; and n is an
integer from1l to 12); or R23 and. R24 are tlaken mav be
‘toget her t&3¥ cam argl vercsm, SYRAFRIT HRouptyt FZoup may

preferably representing a divale ro sel ect
- siftrsoitut ek wytloap leatirens TR 8¢ eﬂffgr&?m wgg?%ﬁ&@ 'And

hal § de. am o géﬁfmgémﬂ%&@% %@%&ﬁj}g ﬁﬁ? 1}%&'3{@1%39 group may
RCTE TRt e
and n is an integer from 1 to 12); _
(xi) -(CHz)y-OR:2 (where R12 is a group selected froni the group
consisting of: |
(1) a hydrogen atom; |
(2) a C: to Cs alkyl group that may. be branched and that

niéy be substituted with a Halogen atom;

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

.Sl-lbstituted 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);
(xii) -(CHa)a-S-R12 (where R12 is a group selected from the group
consisting of:
(1) a hydrogen atom; |
(2) a C1 to Ca alkyl group that may be branched and that
may be substituted with a halogen atom,
(3) an aryl group, wherein the aryl group may be

substituted with at least one group selected from the group (Q); and
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represented by the followng formula: Rzs R21 R26 .

R21 O R23 Rz' R2Z3 N X N Xe 10 \R24 27' Rza R22 or

" R2s R22 Rzs of the quaternary anmoni um salts havi ng

a bi phenyl backbone and/or bi napht hyl backbone of

the present invention, is used, then R23 and R24 15

are each independently a nonoval ent organi c group,

and preferably are a G to Ce alkyl group that may

be branched or forma cyclic group and that may be
subst i t ut edgn thetarbalyd geoupl erherein thei®terpacy group may
al kyl group  that may be branched or forma cycli &)

-béyél%b%ﬁﬂgdtvﬁ@h JTyabeoselgsoup seldtednom Ahe SroER

atom 20 In the present invention, the method for

atl A4Y G htageititosn rlaroy 12)ammoni um phase- t r ansf er
catalyst that is represented by the fol

n
f or mgkiai) -¢EPIL).RIO-RIZ (whete R 1% grovp §eﬁec{;el€ from tbe \group
69 R21 Xp JI C
consisting of:
\ (1) a hydrogen atom;
(@) a Ci to Cy alkyl group “that may be branched and that
may be substituted with a halogen atom; |
(3) an aryl group, wherein the aryl group may be
substﬂ:uted w1th at least one group selected from the group (Q), and \
4 a heteroaryl group, Wherem the heteroaryl group may
be substitufed with at least one group selected from the group (Q);
and 1 is an integer from 1 to 12); and
(xiv) -(CHz)a-SO2-R12 (where R1? is a group selected from the
group consisting of*
(1 a hydrogen atom;
(2) a Ci to C4 alkyl group that may be branched and that |
in_ay be substituted with a halogen atom.
(3) an aryl group, wherein the aryl group may be
substﬂ:uted with at least one group selected from the group (Q); and
(4 a heteroaryl group, wherein the heteroaryl group may
be shbstitﬁted with at least one group eelected from the group (Q);

and n is an integer from 1 to 12); or

R23 and R2¢ are taken together to form a divalent organic group,

preferably representing a divalent group selected from the group

consisting of:

«(CHs)w- (where m is an integer from 2 to 8);
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R22 5 (where 'R21, R22, and X are the sanme as defined

above) of the quaternary ammonium salts having a

bi phenyl backbone and/or bi naphthyl backbone is well

known (Japanese Lai d-Open Patent Publication No. .

2001- 48866 and Japanese Lai d- Open Pat ent Publ i cati on
- No. .10 2002-326992). Alternatively, a quaternary

amoni um phase-transfer catalyst that has a

bi napht hyl backbone that epresent ed by the
followixng fornula: R21 NyXe 15 \R24 R22 (where
-R21,. R2 23 R24 and X are the same as definred
abovey he %ﬂ@ed\_y f exanpl e, reacting a

-bi napht hy conp:oun represWd by the foll owi ng '
formylags 20 R21 | \ \ CHZZ 22CHZZ R22. (where R21.
and are the sane as defined above, and Zis a

l.o (tRM with a secondary ami ne represented
X%atﬁgﬁflgsﬁlﬂaw ng formula: R23 HNIR24 70 (where R23

and R241ued teen sevdetlost ﬁeftheqd:ea@mt/el)vqntl% Jé'rag gﬁﬁgernary
solvent in the presence of an acid- scavengl 591% b
ammomum salt having a biphenyl backbone and/or bmap thyl backbone

r_epresented by the following formula:

or

of the quaternary ammonium salts having a biphenyl backbone and/or
binaphihyl backbone of the present invention, is used, then R23 and R2

are each independently a monovalent organic group, and preferably are a

‘C1 to Ciz alkyl group that may be branched or form a cyclic group and

“that may be subst1tuted with a halogen atom, or a 013 to Cso a]kyl group

that may be branched or form a cycllc group and that may be substltuted

with a halogen atom.

In the present invention, the method for producing a quaternary

ammonium phase-transfer catalyst that is represented by the following

formula:
(L OO :j :=
O R22 R2
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baekBondi ieambﬂkﬂinmm@apemee

The above bi napht hyl conpound can be easily prepared
from for exanple, easily available 1,

1' - bi napht hyl -2, 2" -di carboxylic acid (see Seki, 5 M
et al., Synthesis, 2000, p.1677) in a known process
as described in the Scheme 1 below (see Qoi, T. et
al., J Og. Chem, 2003, vol. 68, p.4577). The

1, 1' - bi napht hyl -2, 2" -di carboxylic acid nmay be either
the (S)-formor the (R form F F\ \ M(TMP)2, COK
iPrBr ' / [/ COOPr' Br2 COOPI' B(01-)2 10 COOH

X 1 coon PP(OK)2, \ \ KF-2H20 \ \

) () FFF FFF F-\\\ I F
A CH20H PBr3 CHzBr 15 COON CH2OH
\ FFF FFF (d) (e (f)
g is a nore specific explanation
above. First, the dicarboxylic
. erted to a corresponding diisopropyl
ester ('b) using isopropyl brom de, a catalyst Bu4N
HSO4 and KF 2H20. The obtai ned conpound (b)

WHeS tf?ﬁ Wei h, ARODESE Rk same as defined above) of the quaternary

? , 6-t et ranet hyl pi per ami de) hereln

anﬁﬁfo%ﬁeﬁ kaltas haIHFNR) piplamil e epeeu S g iz tbyl

b 3,3 -dib 1' -di ht h
e Hriowac ev Gy OrnenPatsns Bublicglign No
conpound (c) and 3,4, 5- t£| fclyuor ophelyE}/t gr Of; %h%ﬁhgn No.

2071e488bF echad td aaasaz@u ki L@t

2002-326992).

Alternatively, a quaternary ammonium phase-transfer eatalyst

that has a binaphthyl backbone that is represented by the fellowing

formula:

(Where R21 322 R23, R24 and X gre the same as defined above) can be

produced by, for example, reactmg a binaphthyl. compound represented

by the following formula:

- R21
(L Toue
Yt
RZZ,
(where R2! and R22 are the same as de_fi'ned ebove, and Z is a halogen

atom) with a secondary amine represented by the following formula:

N R23
- HN\'R24
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cross-coupling reaction in the presence of pall adi um
acetate, 71 triphenyl phosphine, and potassium
carbonate to give 3,3 -bis(3,4,5- :
trifluorophenyD-1, 1" - bi napht hyl -2, 2' -di car boxylic
acid ester-(d). Furthernore, this conpound (d) is
reduced with LiAlH4 to obtain alcohol (e) and the
obt ai ned al cohol (e) is treated with PBr3, so that it
is possible 5 to obtain the dibronmde (t) that

9% gg@ﬁg&g{; He2 grge(itfébé’é’xﬁebié‘éé’ﬁhémabo@@m wndorgar@n solvent

and, -arge nunber of the secondary

i a{;ﬂéepg o HREE Lk D! dacﬁﬁ%‘éﬁv@flgirfgoﬂﬁﬁﬁt(}i all'y available and

ore can be obtained easily, so that it is

pos S"fﬁee ab?v’ec' i h 2PhdhyAedRepolk@ caadandasiyy piéparihérom, for
Exanpl’es of the organic solvent used include nitrile .
SR YRNe5{19- Srailalie oL, oMbitdpkehy bogi dinkttuyd, acd Heee Seki,
solvents (e.g:, dioxane, tetrahydrofuran, isopr o_gyl .
MEGRGIL, SY:etHaws, 2006/ p. (BT Wtinox kevivanpyocessres ipegeibagiin the

et her, ~cyclopentyl netyl ether), and al cohol solvents
Séieorfe 1 hElohalle, Oel,NEnet al.1%. gz ml;,zq%ﬁﬂépﬁm-,4577)'

n-butanol, tert-butanol), and acetonitrile is '
TRart iehiraphthpt-2fBrdibhshoxmlenptidsme heicitherathn (Phfrm or

agents include inorganic bases such as-potassium
tiea(@efoate, sodi um carbonate, potassium F

-. nc_arbonate, @ di umﬂgiﬁ’gzrf g8

-HSOj @
i ThE &4&Pd-SeAvengi ng agent Y's>presf er abl y
‘used@n 1 to 4 equivalents, and more@referably-
approximately 1 to 2 equivalents, wth respect to

t he bi naphthyl conpound. The bi napht hyl conpdund and
t he secondakyranine are reasted in the presence’ of

the 25 ac Ecavengi ng g® n an apprQp .
org 5ol Veht with d'HQg,.F Ihe ra423,
t enpef ayur s 5 Yy bet ween—-eem t efperature

BtzBr - Qnd

m or gani c @@ O

(]

@ @ (f)
Scheme 1

The following is a more speciﬁé explanation based on Scheme 1
abo;ve. First, the dicarboxylic acid (a) is converted to a corresponding
diisopropyl ester (b} using isopropyl bromide, a catalyst BusN+HSOy4, and
KF+2Hs0. The obtained compound (b) is treated with magnesium
bis(2.2,6,6-tetramethylpiperamide) - (hereinaﬁer, - referred to as
Mg(TMP)2), and then Brs is added to obtain 3,3’-dibr0mo-1,1’-dinaphthy1-
9,2-dicarboxylic acid ester (c). Then, the obtained compound (c) and
3,4,5-trifluorophenylboronic acid are subjected to a Suzuki-Miyaura

cross-coupling reaction in the presence of palladium acetate,
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72 is performed while heating under r

reactlon tinme is preferanyQSO ninutzglgé.ZZhﬁours

and nmore preferably 6 to 12 hours. In this case, the
~organic solvent is used in anmounts at a ratio of
volune (nL)/ mass (g) of the binaphthyl conmpound the

ratio is preferably. 5 to 50 5 tines, and nore
preferably 5 to 30 tines. After the reaction is
f|n|shed the reaction mixture i's extracted with

di_chl hane,
t @b&’ﬁéf filianarbodtec Rbok 3bs(3,4,5-
r 5&’&]& st 4 gb purlflre%l b;/a si | |ggimég1 b

’t
rQPHEW?f)ammm um sa %@%a%@%%@ggﬁgfggghﬂ tygmer (@

F%hggﬁ‘z?}%x glslée/ c?hlga%xf&?ﬁ)l i@rrediuet ity ABELs o edbtain pleohol

fer catalyst in the nethod for

(ei’ tQm DRoLSY IS ist b etbaiwkbH BBed scobhduinds possible
a8 g ta|I later. Alternativel iﬂpadi de

todoBtaah e Hfﬁ%ﬁid&n(ﬂhﬂﬁet teoaresbends aoathe tahdyat bmﬁphthyl |
H@# phe ackbone represented by the %%I | .ow ng

Rz5 R~ R21 15 R23 R27 N

co X -27 Rz

%@M{%ﬂvﬁere R21, R22, R23, R24, R25, RQ5 o R
R27, (RR7the @bbleX laumedt e lseaee neonbey G@fﬁhrﬁ’eée%ﬂfgéet)y amines

can be produced by, for exanple,
' dé‘e@ﬁiﬂe'dnchHo&er@&entoemmercln&gP(ﬂqaé %icu n&m%p ﬁhﬁg&gyl:an be

R26 R21 RV R27"

obtained eas;ly, so that it is possible ta suitably select the secondary

amine. | ,
| Examples of the organic solvent used 1nclude nltrlle solvents (e.g.,
acetonitriie, propionitrile), sther solvents (e.g., dioxane, tetrahydrofuran
isopropyl ether, diethyl ether dimethoxyethane, 2 2-methoxyethyl ether,
cyclopentylmetyl ether), and alcohol solvents (e.g., ‘methanol, ethanol,
__n'propanol, isopropanocl, n-butanol, tert- butanol) and - acetomtrﬂe is
particularly preferable. Examples of acid-scavenging agents mclude
inorganic bases such as potassiﬁm carbonate, sodium' carbonate,
potassium hydrogencarbonate, and sodium hydrogencarbonate. |

In the reaction, the secondary amine is preferably used in 0.5 to 4
equivalents, and more preferably 0.8 to 2 equivalents, with respect t0 the
binaphthyl compound ' The acid-scavenging agent is preferebly used in
1 to 4 equivalents, and more preferably approximately 1 to 2 equivalents,
with respect to the _bmaphthyl compound The binaphthyl compound
and the secondary amine are reacted in the presence of the
acid-scavenrging agent in an appropriate organic solvent with stirring.
The reaction temperature is preferably between room temperature and

the boiling point of the organic solvent, and more preferably the reaction
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gGQ%G' R2R27R2§27R22'nd7§ (vvhercra] R21, R22, R25 R25!
; ' R27, 7, are the sane as i
?gore)_MAth a secondary am ne:represented gsflﬂgd
o owing fornmula: /R 23 HN, R4 5 (where R23 and
soIv2L$ the sane as defined above) in an organic
sol vent |B.the presence of an aci d-scavengi ng égent
fhe al ve bi phenyl conmpound can be synthesized usin
e first nethod or the second nethod outlined X

is ggelﬁcg f&’rfvgﬁ@ph@am‘n'ﬁe dridet yefhibod iEhehsewction time 18

Owve 01 50cC1,
pro@B}ca 03% %VEQSBM\@M EOUZ@L-'ﬁfd lmorefcprg\fgdr\{alta Meqc@%b@urs

OMe MO\ -
In %ﬁé%g&{% 5&1@% e ant® s6Lveat Gy us@.eld weon:!om;qg (hébiioaaggﬂp Qppplume

(m%%(g)%@cwéhyl ?o?n%ou?l% 1‘!]:19 ratio is pre%ébf]\/g to 50
times, and more preferably 5 to 30 times. After the reachon ig finished,
the reactlon mlxture ig extracted with dichloromethane, dichloroethane,
or chloroform for example, and isolated and purified by silica gel column |
chromatography, so that a bln_aphthyl-type quaternary ammonium salt
can be obtained. Alternatively, thé reaction mixture may be used as is
as a phase-tra:osfer' catalyst in the method for producing a
mono-substituted alkylated compound described in detail later.
Alternatively, a quaternary ammonium phase-fransfer catalyst

that has a biphenyl backbone, represented by the following formula:

R25
] R26 R21
R27 @ / X 8
RZ \
RZB' ) R22
R25'

(where R2!, R22, R?3, R24, R25, R2%, R, R2¢, R27, R?7, and X are the same
as defined above) can be produced by, for example, reacting a biphenyl

compound represented by the following formula:

R25
RZB : RZ 1

R27'
O CH.Z
R22
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20 Reffering to the above Schene 2, first,
3,4,5-trimethoxybenzoic acid (for exanple,
commercially available fromAldrich) is dissolved in

an organic solvent (such as chloroforn) and then

N- br onosucci ni mde (NBS) is added thereto and heated
under reflux. Thus, the conpound is bromated at

position 2. Next, the brom nated conpound is

converted to 25 an acid chloride by (i) reacting it _
with 12.4nd, 1t hep., (bl eactongpert Byd( &) ardrfthe same as
(leef,elﬁ-g:i 1 gngﬁitﬁgﬁ’ Hzla’aksdl {/tRen’t R s’u%ﬁ"dag %‘HE, to o

i ve. a, di benzoyl oxyhi t Dl in€ OFREBEnteldt byhole doblewing
deirest ahoxe i‘ﬁlzt?‘hiassggﬂ{&ryggcta%%ﬁ%by ugi@l%tg ot hor

&?-1, 1'-bi-2-naphthol or (R)-1,i'-bi-2-naphthol it
foj "B%‘ssi ble to eagk®y select for the absolute
configuration (Fﬂi\ltO{4m or  R-form of the above

bi phenyl conpound,Rt'hrough the procedur)e di scussed Ivent
|.at erpssThen,pds ' | pxybfinadhiboyk) fompoerghnic solven
(Wo}b%rgi%edglga%o%e?ﬁﬁg%%ed with active-copper powder
s HAPERMeA L DR SridaRhGengilyapent such as DVF) while

eattng under reflux to-effect intranol ecule ) :
coupl Ry abble KiplEheT comppauddeds badyedhesizad Tgng the first
suspension containing |ithiumalumnum hydride and
moBBo Ao tHb @cv@ed stéthiodc itdinesl belowd éreeaTABE- t i ne, so
that-it is possible to obtain a bi phenyl di nethanol 10
conpopRé firkh endthpldn whowmeim&ebemeohpound is react ed

wi th a hal ogenating agent, such as phosphorus .
tribromde (PBr3), to obtain the. above bi pg% OMe.
‘conmpound, pj@ Whi ch R21 Gl R22 hot h
‘at 0mMed BV (LS ¥R inyOMe Bnc.i n
an abovepheﬁy+—> ﬁ @ pound T Whi
are groupy other th acrgé(]_grogen at o@@
" possi bl e £8%Froduce t he’bi phenyl conpourid t Qg pugh,d he
procedure detailed in Scheme 3 below It shoul d be
noted that for thpg.sake of sinmMecity, a case in QOMe’
whi ch R21 and R2J_apmei dentimeal Jis described. N3

halogenating

LAH MeO CHon agent MeO
MeO O CH,OH MeO O CH,Z
MeO
OMe OMe OMe

Scheme 2

Reffering to the above Scheme 2, first, 3.4,5-trimethoxybenzoic
acid (for ex:ample, commercially available frdm Aldrich) is dissolved in an
orgaﬁic solvent (such as chloroform) and then N-brdmosuccinimidg (NBS)
is added thereto and heated under reflux. Thus, the compound is
bromated at position 2. Next, the brominated compound is converted to
an acid chloride by @) reacting it with SOClzand then (ii) reacting with
(S)- or (R)-1,1-bi-2-naphthol in a solvent, such as THF, to give a

dibenzoyloxybinaphthyl compound. It should be noted that in this
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_is RS

20 MeO CH2Z MeO/ CH3 Br 2 MOO CH3 Meo CHZZ MeO/ |

CH3 MO/ -CH3 . j , Mo Meo MO ( Br OV OV QOwe

Ove R21 OV R2' Meo Meo R4-B(OH)2 Meo CH3 MeO | /

CHzZ 25 Pd catalyst MO/ CH3 Meo CH2Z MO R22 Meo

R22 Owe OWe Schene 3 75 Reffering to the above

Schenme 3, .the obtained bi phenyl conpound is ,

dehal ogenat ed usi ng neans ordinarily used in the art,

Then, the dehal ogenated conpound -is dissolved in an _

organi ¢ so] vent . SUGhy as;:. 1RV L4 Reno1ad(H)F o1 -8 2-saphthol it
reaefded) I?Shéﬁ’é’c%‘?l@ﬁrt?ﬁ)ataﬁf tchia%lgjgfel converted to a ? : '
- conpound brom.nat ed at~nosi tions1eteaRdnfigurdtiona (S-form or

ﬁaﬁdt(i’ se%sﬁlg'n seﬂed:@j iéd(%t zjééto the Suzuki-M yaura .

oup| i ng react, on W 1! easitpoand, t Vipugif thor opfagedure
R-gaqng)d i@aﬁifi‘z‘é"‘?%e\gr’ see% ed bytPR21- B(OH) 2 or lpg;ain?i
.R22-B 2. ( e R2 ;88823 8xyiaaphchyl nowponadne e
dl%‘ﬂ@sg’éﬁ@c%’é \ t’ﬁﬁeg%’r B%%s * def(igﬁed above) in =gn®qrgani Crganic

sol vent T HRtnd doppbRepqwisesuependad 13- an 0
ahﬁXFl’fdirﬁ%&%gt gﬁyst. A speglpf ic exanpl e of the baroni

' Sog‘giaing_ @?E‘hvﬁt DYEF) kfhibe Bebtingi dhder mfhenie @ﬂbgﬁ;rttramo‘iecule

e conpound in which the bronine at QII[ﬁ at - on
coﬁ?wfiingonsl‘lﬁé anfhiedhavmporend sebeddedt & & tIHEn SHEREVSIO
‘group or an R22 ‘group i-s produced.  The. obtai ned

cobRARANRdififiub Rakinubaboyeids aud e RiFIrg AR sFrrgd for &
used In the art, so that it is possible to.. r'l%dﬁﬁ%?hanol
pradRtEhemedd sermaunthdtnitvkiposside t¢ st ﬁ%iéﬁe’?% A |

roup other - . . _ o
co?npofnd. - The biphenyldimethanol compound 18 .lreacted with a

halogenating agent, such as phosphorus tribromide (PBrs), to obtain the
above biphenyl coﬁnpound, in which R* and R?2 both are hydrogen
atoms.

| In the present invention, in order to obtain an above biphenyl |
compound in which R21 and R22 are groups other than a hydrogen atom,
it is possible to produce the 'biph.enﬂ qqmpound t_hrqugh the progedure
détaﬂed in ‘Sﬂchéﬁie 3 below. It should be noted thaiﬁ for the sake of

Simpiicify, g case in which R?! and R?2 are identical is described. -

OMe CMe
MeO._ ‘ MeO Q
' ' CH
Q CHoZ 3
MeO 2 :.nneg
) . a8
MeQ g CHyZ . O CHs
MeO A MeQ™ ’
_ ® OMe : OMe
OMe OMe
MeO _R21 _ MeO R21
z
R4~B(OH)2  MeO O CHa, MeO CH»
Pd catalyst MeC Q CHs MeO O CH,Z
MeO R2? MeO - TR22
OMe _ OMe
Scheme 3
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than a hydrogen atom Next, a second nethod for

synt hesi zi ng the bi phenyl conpound is described. The
second nmethod uses a conmercially available ellagic
acid as a 20 starting material. In other words, it
is -possible to obtain an optically active form of

t he di carboxylic acid conpound represented by the
following formula: Ov Meo MO CO2H 25 MeO CO2H Owe
OVe using the nethod of O T. Schmidt et al. (0. T.

oo g ' i@kl dsphan und
Clcﬂ:em ,eq%ﬁg%gﬂee@fg?%}?%e dughdishidialidgsiphényl compoun

using this starting

iR B Io8k 0 96 Udh A Omblnb Nyl ifRE DO ciseld! 1h stiposst bl Eheo, the

y produ elther the S-formor the Rform

f the dicar @J%J a6 giseeRRAUNS . af hergaatioveolvent such as
d%r%h%%‘%/?eegoﬁgo n I{as then produced through the tod 1o
_preced - 3, 1 €6, dida 4 Sahes®, Sobéaiwit dan bhowngepied to a
piﬁ%g‘@}’t r‘gdt%?%r%%é sake of sinplicity, a case in

'&&&R;E%Jrowﬂla%a af Sostienid Galanids SdesEhisheampovadoie then
CO% e o B0 GO2H NBO ( CH2OH_ Br 2

MO
HRGHd M@ SRRk MePaurs dOkplHeMeaCtion T T aqu/:eqsgg@ne type
MEO MeO Br  Ove OV OMe OMe 21 Ove 21 NS LR, 018 5 0m)

of boronic acid derivative represented by R21-B 2 OF 2
(where R2! and R22 are each independently the same as the groups
defined above) in an organic solvent such as THF and in the presence of
a palladium catalyst. A specific example of the boronic acid derivative
is 8_,4,5'triﬂu0ropheny1boronic acid. The compound in ‘which - the
bromine atoms at positions 5 and 5’ have been substituted .with an R21
group or an R?2 group is produced. The obtained compound is finally
halogenated by means ordinarily used in the art, so that it is possible to -
produce a.biphenyl compound in which R2! (and/or R22) is a group other
than a hydrogen atom. ' o

Next, a second method for synthesizing the biphenyl compound is
described. | -

The second method uses a commercially available ellagic acid as a
starting material. ~In other words, it is possible to obtain an optically

active form of the dicarboxylic acid compound reprgsented by the

following formula: Ol_\_/le- |

MeO :
CO,H

MeO

MeO O COZ'H
OMe :
OMe - _
using the method of O. T. Schmidt et al. (Q. T. Schmidt, K. Demmler, and
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R4-B(OH) 2- MeO 3 CH20H PZ3 _ MO0 %.i CH2Z Pd catal yst
MeO CH2OH MeO CH2Z 15 MeO0 R22 Mee 22 Owe OWve Schene
-4 Reffering to the above Schenme 4, the dicarboxylic
acid noiety of the obtained dicarboxylic acid
compound is converted to dinmethanol in 20 an organic
sol vent, such . as THF, using BH3 Me2S. Next, this

~di met hanol conpound is reacted with brom ne in an
organi c solvent, such as pyridine, to produce a

oSO AORIFERS, YoIPITEL B0 (i st

| 4 t] j t e arod
mafirbooRFRi PR PIB RIS IIRG, e b et roduce

oifFes BB o R AARGITRE dReBrBOGNid Adanendentdd, Tho

e as e groups defined above) in an organic

v C Wi isaRHehn prbéugdesiroaghf the procedure
abg’gh g’gﬁt’%%ﬁga?gmot. Algpeci fi (I:) exanpl e of .the 77

de@ggt@giﬁl &ehdnfle’d vatdwe Itsshould be noted that for the sake of
,4,5-trifluorophenyl boronic acid. Thus, the

| sifipTRIRARAIa 6 QRROHNt RAL ahi @2 brreritaeties bissdescribed.

positions 5 and 5 are substituted with an R21 group
or an R22 group is produced. The obtained conmpound
is finall pMeeacted with a IBMegenating agent ,OMSUB(;h as

5 phasgrhorys tribrom dewe@PBr3), so that Me© @

possi bl e @ ert this t he1.0abqye bi phe CH,OH
C 0N O¥ety] n%ri\‘ch R21Me@ndY or F522)_|_25+é"' p ,otfﬁer
t han MeD.bydr ogen at om MiRe-secondary an e-cHoH

t he. procg for produci ng'a *fquaternary BN
phaseMedansfer catal yst®Having a bi phenyf®- 14, B
backbone ¥ he sanme as that“Used in the process for
produci ng a quaternary ammoni um phase-transfer

catal yst having a bi naph mél backbone di sgkhgse-d '
above. The organic s@ove 'S wsed in the procege: for
produci ng a O o O
R4-B(OH)2 - MeO CHon 3 MeO CHZZ .
Pd catalyst M‘?Q ! CH,OH MeO. Q CH,Z
: MeO™ - R%2 : MeO
OMe

RZZ
CMe

Scheme 4 |
‘Reffering to the above Scheme 4, the dicarboxylic acid moiety of .

the obtained dicarboxylic acid compound is converted to dimethanol in

an organic solvent, such ‘as THF, using BHs*MesS. Next, this

dimethanol compound is reacted with bromine in an organic solvent,
such as pyridine, to produce a compound that is brominated at positions
5 a.md'.{i’. This éonipound is subjected to the Suzuki-Miyaura coupling
reaction with at least one type of boronic acid derivative represented by
R21-B(OH): or R22-B(OH)s (where R?! and R2? are each independently the
same as.the groups defined above) in an organic solvent, such as THEF,

and in the presénce of a palladium catalyst. A specific example of the
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- q@&tednasav afRghogidmagehasd 'hraa:ﬁ;f%g'p pf

qguat er nary ammoni um phase-transfer catal yst having a
bi phenyl 15 backbone by using the above bi phenyl
conpound and the secondary amine are the sane as in
. the case of the quaternary amoni um phase-transfer
cat al yst having a bi napht hyl backbone, and i ncl ude
nitrile solvents (e.g., acetonitrile, propionitrile),
et her solvents (e.g., dioxane, tetrahydrofuran,
i sopropyl ether, diethyl ether, 20 din'ethoxy'ethane},l "
2- net hoxyet hyl , et her Hebilc achkr )Thus, the
boaﬂ%ﬁcaﬂ@éhg?rlgarvgnfss 3(%@’8“%%‘5@?%2%? et hanol ;= . -
.n-propanol , isoprQ _ =BHE 3R6ns ah@ositions 5 an are
aimathl SriopyREa FRi hrBl pnoine a08 -

Inparticular, acetonitrile is

B i, BF R0k 26! don SR engupgimgericed. | The

ani ¢ €S such as potassi um car bongte, h as
odi um car te,p $8h ety ithog dmdegdatang agept, suc
Obzﬂﬂl@o%q{ﬁ%g‘%%rlggﬁe%fbonat e.” I'n the reaction, the. n
OREADEAL YriBPbRedb (PPN ebablay itisedossibls & genyert this fo the
plbo(fg'- a en]fs, and nore preferably 0.8 to 2 - ' th '
S B ERY BoortpblinAesRartiich R Kend/ng IHFbieRyrouD other han
cg’#po‘n . T%e aci d-scavengi ng agent is preferably
dtonh O 4 equivalents, and nore preferably
aggg?%%itnnatoely 1 to 2 equivalents,. wth resgect too cing a
the bjphestondarpoansineThisedi pheithe BSRFFINAanB” dyer
secondary amne are reacted in the esence of then.:
HRT S ohar g 1 Dpheny]

solvent with stirring. The reacti t enper.a b&uci q
badigfoneald ythioe caeen 20dMate %‘?a‘t“uggeaﬁﬁo? it gdg{ I(i)irggucmg
poi nt of the organic _solvent,  and [ eLab] Whihhshthyl
qReRThEDY ASMEBIHEr mlsﬁkﬁrflgsﬁ?éaf:?{%yg%gfé%@gﬁl X, phthy
The reaction tine is preferably -30 mnutes-to 24
badihane tgﬁdlrl]mde_abﬁa%?'eralbl y 6 to 12 gours. In this

case, 10 the organic sol vent; i. I8P URLS pabdacing a
rati oThe ovgame (SALYoRSi gt (1‘5’) L%? tﬁhecbi phenyfﬁ '

conmpound, the ratio i I y B0 whivies, aartdphenyl
quatengrEf SIRHOPIET op%g? ﬁ%%éﬁg f_tcg{r;él he react?on is

1 bg}:]g};»;rg? ’ H%gq’%rﬁg&ft%%%emni‘%ﬁgﬁli so@pbuadt addwthé secondary
, i C

! oroethane, or "chloroform for
agé?lgnpn:qgé gnd 1.solated;anghddse! od the sqhateangey ammonium

phase-transfér catalyst having a binaphthyl backbone, and include
nitrilé solvents (e.g., acetonitrile, propionitrile), ether solvents (e.g.,
dioxane.,' tetrahydrofuran, isopropyl ether, diethyl ei?her,_
dimefhoxyethane, 9-methoxyethyl ether, and cyclopgntylmetyl ether?,
and alcohol solvents (e.g., methanol, ethanol, n-propanol, isopropanol,
n-butanol, and tert-butanol), and in particular, _acetonitrile is preferable.
Examples of acid-scavenging agents include inorganic bases such as
potassium carbonate, sodium carbonate, potassium hydrogencarbonate,
and sodium hydrogencarbonate.

In the reaction, the secondary amine is preferably used in 0.5 to 4 |

equivalents, and more preferably 0.8 to 2 equivalents, with respect to the
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15 chromat ography, so that a quaternary ammoni um sal t
havi ng a bi phenyl backbone can be obt ai ned.
Al ternatively, the reaction mxture may be used as
is as a phase-transfer catalyst in the nmethod for
produci ng a nono-substituted al kyl ated conpound
described in detail |later. Exanples of the nmedium
used in the al kylation process include 20 benzene,
tol uene, xylene, ethyl ether, isopropyl ether,
il AN Sb W @N, Thei axaneaverging agent ivpreferablyensed at 1
and "cycl opentyl nethyl ether. Alternatively, the _
to MELieFalEYsakh9d hera hiefhadily aprosonatalyni hio wae@iivalents,
and a nmediuminmmscible with water. The nedium can be
witlse@spbct sorhet biphernylr aimpoohdy o Theebivhepyhesogapoyy and
of the conpound of the 25 formula (11), t&]{e%‘ra,ti Ois .
theretendoly afifet aresteadtegdn Ehrd preseacpradt idieapfifl scpvegeing
30 tinmes. Exanples of the ingrganic base used {h the ..
agahkyinatnoapproweEste rganit|sedeent PR AtHFERSxX i (L:rgl,e reaction
sodi um hydr oxi de, E?t assi um hydroxi de, calci u(in boiling
tempdraiindeis pubfataly HEIFEeRd S0 FRRETARN Ry YF Kibge g

The inorganic base can be ysed at prefefably 0. :
poRe efuithel epganica melyidite apd e fRGT5| eﬁer{%ﬁio%e r2abBon is

ivalents, wth pect th
por Rt TS hopHneh BoarE P IFon THORELEIUR, Smk 1F prtferably

base may

b din,the f : )
somaetene GhLbEEd, 4R e USRI, T e e,

' ic.b i d | f . :
the (3EAaH LolaT6 18 D G athofte (R LrRjioNT ATURR L) weight
(g)gaﬁ@g%?iﬁ}ﬂ%r?%ecéxﬂ%‘bu‘ﬁﬁ? tBF SR peckekablyns th050 times, an

_ ani c=pase’solution 1s preferably 100 .

m&%“'p‘{-é%e%%gy o e timREe nagberahl yobeiequisvdlrished, the

or Fess) "and even nore preferably 30 equivalents or

il b GSPEElrabied REtROdRBWIGmRthhhe, Bichiutaethane, or

re%ﬁ$@91ﬁ¥ﬁér omerlﬁ%ﬁt of the inorganic base that can
chi¥ o812k akdiedxh M f1BE anddisebatedi And ganiifietdse sBotaugebaolumn

I's preferably 0.5 equivalents or nore, 15 and nore_
chPtlﬁqxﬁfa%@Mp\hyQ =8 thayiy ghatémany amnemniwin baktdspdog a piphenyl

the '

backbone can be obtained. Alternatively, the reaction mixture may be

used as is as a phase-transfer catalyst in the method for producing a

_mono*substituted alkylated compound described_in detail later.

Examples of the medium used in the alkylation process include
bénzene,_ toluene, xylene, ethyl ether, isopropyl ether, tetrahydrofuran,
dioxane, methyl tert-butyl ether, and cyclopentyl methyl ether.

Alternétively, the medium may also be a biphasic one containing water

and a medium immiscible with water. The medium can be used in

amounts at a ratio of volume (mL)/weight (g) of the compound of the
formula (II), the ratio is preferably 0.5 to 50 times, and more preferably

1 to 30 times.

Examples of the inorganic base used in the alkylation process
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cqfqo_'r G gﬁ;{{@%ﬁl (ley Eghg%h%]. 5%3((?1?) eouli YAl etdssumMtilroxide.  The

'tb 60 wiw%.

compound of the forrmula (I1). The aqueous

i norgani c-base solution can be used at preferably 20
wwhto 70 ww¥g and nore preferably 30 wwb to 60
wW wW¥% The volume ratio between the nedium and the
aqueous - 20 inorgani c-base solution is a nmedium
volunme (nlL)/inorgani c base aqueous volune (nL) ratio
of preferably 7/1 to 1/5, nore preferably 5/1 to 1/3,
and even nore preferably 4/1 to 1/1. In the -

| kyl at.i ..t h Ak dh i drbxide,
inclnde, gt pRErERidpy S6TIRD BERERi aponr s, g e

und e formula (I1). The e ‘
. optically- acti S RASHE 0.6 (Y sjuivaleaty more
méi’gg%\?’é;l e %Péﬁ%ﬂ%@ﬁﬁyéamuﬁs at a lower limt ¢t
nat l,ess,than 0 : % apgtHakspduteterthll yomdoundt of the
Pﬁeggléalﬁﬂaﬁ 18) ggSBﬁgf%%mgnd at an ﬁ%per limt of
fﬁrelh%r)( ly not nore than 5 nol % and nore preferably
Not"fore than 2 nol % per nole of the conpound of .
the fior my admﬂa)ﬁoﬂ prbéssalakyimdriganicpbasessay ihe. used in the
addition to the optically- active 5 phase-transfer :
£t 3y Stn Rl iabrgustdravar polrfoni ukits A tcasgydpere an
as tetrabutyl anmoni um bronm de (TBAB), can he, al so

| ifbreanfd Pald Rnesabliy the Hormesdaam 2@ L TRABRTERNE HRse Solution,

a Cocatal yst .in the alkylation process and inproves. ..
thhapge tinglt af theamhowgaadr dbasrd thet @y iRFaPPern® |
obtained, and it also allows the t.of th ‘
2gabslihyreae hase pholsdam apSTEloraby (il PYB{vRRES oF loss,
used in.the process to.-be reduced farther.. Ffegtl{}gferably 30

niotet peefatablyab0 osnpivedents, of 1epd aPESHE B eral

o Sl SIS Bhadecd LAl te GBI Tt 0D
Ll T S s g i o
o e R T AP s e mor
aggtei;gq?rlﬁal %/m@?%faé;igsg?zg 'ﬁéi%gfeﬁitgr of A Rr¥Stwithatrespect to the
cbmpound of the formula (ID. The aqueous inorganic-‘base solution can

be used at ﬁréferably 20 wi/w% to 70 w/w%, and more pfefey_bably.BO wiw%

The : volume ratio between the médium and  the VaqueOUS

inorg"ahic-base solution is a medium volume (mL)/inorganic base aqueous

vo-lum.e (mL) ratio of preferably 771 to 1/5, more preferably 5/1 to 1/3, and

even -moré pféferably 4/1 to 1/1.

In the alkylation process, the compound of the formula (III) is

Vused at preferably 0.5 to 10 equivalents, and more preferably 0.8 to 5

equivalents, with respect to the compound of the formula (ID). The
opticalljr"active i}hase"transfef catalyst is used as a cat_alyst preferably in

amounts at a lower limit not 1ess thém 0.001 mol% and more preferably
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reduced further. The al kyl ation process is perforned
at a suitable tenperature between -70C and room
- tenperature, preferably -20C to 20C, nore 20
‘preferably -10C to 5C, in air, under a nitrogen
at nosphere or under an argon atnosphere, and
preferably under an argon atnosphere. The process
can be performed with stirring. Wen the aqueous
I nor gani c- base solution is used in the alkylation

it eadbine 098 5amaltls Abat BorBir WAl g PRl i more
ol h e PR B SR RS B o bp Pk Hole of the
comppnbottin fmmata B nTs tine. 81 1% is preferabl e

to ! ffi_tgl%fghli%ﬂog( ﬁ%g%gg %ﬁ”&ddﬂtfo‘iﬁ q80khagopticdlbe active

or s mxture is then

~_cool ed and the,ague by r(gme' £n PR35 aneabHiu@nedls, such as
'P%eﬁ'afﬂﬁg?’re?%,alg%et at%cgf%gl tion of the conpound of

he f.0f myl Sohiid [EBAB), The beetipsnakdrdmudéineously.
teﬁ:{)aelgggﬁ agmgﬁék%&x?ﬁ?ﬂg%%g pr e1)er ably between -20C and
20 [ @}%Br  orReh ¥R BocataGrdnth tRE, alkpbhteveprocess
F%%gap _elg’era y g%%oen -10C and 5C Thua, int he@fet od
' OgRSS dfnis icdhadnasadésnrd hisd dativasivet ¢htained,
al?lheg}éillﬁggggstﬂﬁ%hen quenched at a tine earlier than the

ahd "B hlo GORRLtthen anddunf of hthes topitiail onective phase-transfer
reaction of the conpound of the fornula (11) with the

cRAMPQURA+E sba iborheproced 9 be goduped furthsecones
possible to stereoselectively produce the o
asymegFihedl inovhe- alibghiiont poocEsky itaiedlse mg@,‘lﬁ tgfuse an
the formula (1). Here, the "time for conpletion of . I
o fi€a 13§ -aictive qriedsd-tramsden atalyef and TTPHE IS SORP YR, suc
the formula (I1) wth the_conmpound of]g%he fo_[ﬁsnyl Aiine as.a
ad [I8-rovirs 6t sien altapepnsky t FOT| ¢FamBlCe; HCRHWE Rt uncH :
chem cal reaction to the conpletion of .the. ¥ it
coopalsorn PO aHOR TGRS 3 SPRABY ORI AT a0t v amine
a(r:i?iagilldoiq:s (Ileq'ivative obtained, and it also allows the amount of the

optically-active phase-transfer catalyst that-is usedl in the process to ?Je

reduced further.

The alkylation process is performed at a suitable témperature

‘between -70°C and room temperatﬁre, preferably -20°C to 20°C, more

preferably -10°C to 5°C, in air, under a nitrogen atmosphere or under an

argon atmosphére, and preferably under an argon atmosphere. The
process can be performed with stirring.

When the aqueous inorganic-base splution is used in_ the
alkylation process, it is for example preferable to perform the procedure
as described below. That is, first, the compound of the formula (ID, the
optically-active phase-transfer catalyst, and the compound of the formula

(ITD) are each added to the medium to prepare a mixture. At this time,
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- thpromgoupd

ot her words, -it refers to the tine until either one
of the two conpounds disappears. The "tinme of

di sappearance” refers to the tine until either 20 one
of the conpound of the formula (Il) or the conpound
.of the formula (I111) falls preferably 1% nore
preferably 0.1% and even nore preferably 0.01% in
nol e nunber bel ow the nol e nunber of the conpound at
the initiation of the reaction. This tine can be

easi |y neasured by persons, skilled in t [ t:.by, .
itf oy peafanable, torsadlieienglst FETsFRE 11 “5%"&%?‘ ‘g‘?&%‘% Oy e of

reaction m xture over, tine, direct or e ‘
ichysalol §azi exempder allibga o BYIre; fa th%gcf ‘img%&mérxl uF}_ée, a[%/ueouS
_anal ytical neans well-known i.n_the grt - Q@Sof th
inemgani Ritfea R LeR) ?%ra‘ﬂ‘%&l%{eeﬁffgg"r rr%%c‘éhfrsﬁi&%‘%ﬁ“&@ of the

.ch 8 LO) . . t hgy gl |
comangER 65 PR A0 PR dy | SPP R s S0 co°!

- subst i t ut ed. al ¢ d byreforabl
iR @nitrus proerably; BEReGRIRY Oy ahPar R hRebpre brably
b%t:?gq?e‘)ﬁ A%ﬁ"t(? %gﬁﬁ%b%‘, pg%jioéjverpf[mhléleﬁftﬁaﬁéﬁlgnbeiﬁv@elml- 10°C and

no-"substituted al kyl ated 5 conpound

, 5@23 been produced, and its optical purity is
€

trenmely high. However, as the reaction progresses,
t he &fﬁ‘ggtirpﬁhéﬂélﬁyﬁétﬁﬂ igrot&s irtiayedtasddemmpmengbove, the
produced i ncreases, but the optical purity drops due _ |
réa%tid}ﬁisoﬂf&i{ §58heRe Platra¢aAE 2atrlion than dhediimg E)r ggympletion
guenching the reaction at a tine earlier than the . )
of LB <k Sicheiiplet ireAciabnt dletho compiosmidopk the dormula (ID) with
- reaction, that is, before the progression of

tHACRBBADNef ithe iforpoadsi {iIB, t 0 othadi it baggrs possible to

obsidlos sty ot bane dog, A D P KOS Seth plkylated

invention, at the tine earlier than the tine for :
coapphatiofthetformalgtBichiometric reaction, it is -

F Lgf eﬁi[%?]é,gﬂtmﬁ fa‘}gn%e:] )%019 g:tolg:fp :eggg (I)égb/é) fé‘,géigﬁio(ﬁ)e By an&tion” of

ook hia ErRBlE (L0 P AR BRO P OF S fppyula (1D
S5y R, Y USRS SR o il complosion
OE' 1?12.9 %ﬁgglligli r%gc%ifon without artificial interruption of the reaction, ip
other words, it refers_ .to the time until éither one of the two compounds
disappeé'rs. The “time of disappearance” refers to the time until either
one of the compound of the formula (II_) or the compound of Vthe formula
(I1D) falls preferably 1%, more preferably 0.1%, and even more preferably
0.01%, in mole number below the mole number of the compound at the
initiétion of the reaction. This time can be easily measured by persons
skilled iﬁ the art by, for example, ﬁzeaéuring the starting amount of the
reaction mixture over time directly or after hydrolysis of an aliquot of

the reaction mixture, by analytical means well-known in the art, such as

gas chromatography (GC) or high-performance liquid chromatography
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gl B?ésibﬁa abtomkaRe abshopoendistifpte el
r

the stoichionetric reaction, as long as it is before,
the start of gradual 20 racem zation of the reaction
product. An appropriate tinme after the tine for
conpl etion of the stoichionmetric reaction refers to a
tinme before the reaction product is influenced by
racem zation thereof. Such a tine is preferably a
time up until the optical purity of the conmpound of
the formula (1) is found to have fallen bel ow 70%

- ee, and nore preferably a 25 tine .until .it | )
(HHLOW 8¥lhese ,tEWh élkstlﬁ@%gpp?%cépérb Je Hﬁyﬁg&é# hl(!gl tfl@ d1%ylation

reaction product_in the rgactj Syst i £t& by th
proyesmahet mmo-ﬁ’ebmtu‘aﬁ& Pﬁ%éﬁ%{ﬁ(ﬁ)ficﬁ%ti’ﬁg@gr ?eﬁr%%%% AP

hi gh- per f i qui,d 83 iod
fomitde (Drie FOGRAL G 1 8 FUoLLPOR SO St o 11 e Naa

etion tinme has
assed. In this quenching pr , ugBEbifed iadkylated
Ofgéh‘? oFSASHIBY ﬁd&g??gf Q\E‘logrn!et gffﬁ% rrgglg??'on m xture h N
obt ai ned by, the al kyl ati o) itan®eRtreafely high.
comepang pasubeaRaortnl, S G Tl Fhein

“tines, and

nore 5 preferably. 1 Q. [ s heumedofmarsesubstituted
Hpwever: k% %eoﬁe %é[bu% Epslfo%r%éehmﬁe ul - )

; f'oce ternatively, the i ue
| kyl ation initi . aEéHashtatioveptiagl erity drops due
a]%gi%i@ﬂecd)nqu%ﬁiﬁ ip%ﬁtqcﬁg?&?at isfies the f~-olbl ow ng-eh_ the
[ ualj Ly Al b8 8a tionL DtAcofdingdy byoguepghing Ul
to(&ﬁgrék%iyﬁsg ?’h;()fop?i cal purity (%ee) of the . "
rec%mg) un% repEsagnicadiby thenf oheuktang| Jox hﬁaﬁtmp@twn of the
(?b ained by quenching the reaction at a-tine t fram, . it
s%ﬁ}?ﬁb?ieﬁ;ki@txjeﬁeti%h, thet igdatformthaprogensionsok yaceignton.
% of the conmpound represented bggtgdfornggl?&%élv?y% high
off t :
omthe initiation of the reaction).. By quenchi
opti€allfufi@pahi #reeataivhdsgielned vieldt I tb_%é%l‘?éﬁ? - f%"en%on’ at
st ereosel ectively produce a_ nono-sufstit

ted L .o
1o it edriierpchur thecdomer ey COTIEUABY Abd st Stejghiometric

present invention, it is possible to. obtai th
réditions) ityis mrefevablaoifrtstis PPF&E‘ﬁ Buﬁ}twy&aﬁé% cZomn galrc]l dQf °
‘represented by the fornmula (1) -at a high optical
forun ikay (1) év et lédgstafD% ee.

Alternatively, in the present invention, the optiqally-active

‘reaction product of interest may be obtained by quenching the reaction

at an appropriate time that may even fall after the time for completion of
thek stoichiometric reaction, as long as it is before the start of gradual

racemiiatioh'of' the reaction product. An appropriate time after the

‘time for completion of the stoichiometric reaction refers to a time before

_the reaction product is influenced by racemization thereof. Such a time

is preferably a time up until the optical purity of the compound- of the
tormula (I) is found to have fallen below 70% ee, and more preferably a
timé up until it falls below 80% ee, when the optical purity of the
reaction product in the reaction system is measuréd by analytical means

well-known in the art, such as high-performance liquid chromatography
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.20 aldimne-type Schiff base is used. Here [
optical purity refers to preferably 70%ee Q:rgqumre
rm{)e preferably S0% ee or nore, even nore preferabl’y'
90% ee or nore, and yet even nore preferably 95% ee
:)nrmrroreb t_'I'he optical purity of , the

o-substituted al kyl ated conpound represe
the formula (1) can be neasured by, forloexarrglt :d %
hi gh- performance |iquid chromat ogr aphy (HPLC) ,

d |
e R R TR S Pparpb e
d .
PO et hing S hogh%fd} B R £56 Bor PRl bpdding
/ coR2 B RIB-{ ——
ngéé?ﬁm geaﬁ1@§gnﬁgﬂr% %8@%2@& a%]{ljélgtlf?%(l)ﬁg)@cbbs The
amount o; S 'tgr S92 ahra RS dﬁggﬂ%’o 0.N t@oi’ﬁotrmés,l 4nd more

preferably O. 5 to 8 times, the medium used in the alkylation process.
Alternatlvely, the alkylation ipitiated as descrlbed above may be
quenched at a time t that satisfies the following inequalify: -

A, (%ee)x YLD, (%)
100

<100

50 <

(where At is the optical purity (% ee) of the compound represented by the
formula (D) that is obtained by quenching the reaction at a time t from
the initiation of the reaction;.and YLD: is the yield (%) of the compound

represented by the formula (I) that is obtained by quenching the reaction

‘at a time t from the initiation of the reaction). . By qﬁenching the

reaction at this time t, it is possible to stereoselectively produce a

mono-substituted alkylated compound

According to the method of the present invention, it is possﬂole to

'obtain an optlcally active Mmono- substltuted alkylated compound
: represented by the formula (1) at a high optical purity, even if an

aldlmlne -type Schiff base is used. Here, hlgh optlcal purity refers to

preferably 70% ee or more, more preferably 80% ee or more, even more
preferably 20% ee or‘more and yet even more preferebiy 95% ee or more.
The optlcal purity of :the mono- substltuted alkylated compound
represented by the formula (I) can be measured by, for example,
high- performance hquld chromatography (HPLC) dlrectly or after
hydroly51s - '

The specific examples of the compound of the formula (¥) that can
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10 optlcagjxi active nono-substitute

20 RIB.R18 1eCORzO ~OR20 N COR20 Rte N COR20 N Y
R78 N R200C\ /N CORze 25 R200C/\R1B and R18 but the
present invention is not particularly limted to
these conpounds. 85 In the present invention, it is
possible to use the optically- active nono-
substituted al kyl ated conpound (optically- active
a-am no acid derivative) represented by the formula
(1) obtained through the above' nmet hod to produce the
optically- active a-am no epresent
bef piddmoedghionghthe nehhodral oh E‘égﬁﬁl e\}jeﬂ%’?ha%e
exanpl-e, through any one of the foIIOMAﬁb pr ocedur es.
First, theRafdim no group (RL5CH=N-) of the

dY al k“# Rat ed
conpoundy(opteéorbd y- - actjive a-am Cld derivative)
representled by the fornula (1) obﬂg%‘ d through the

nder acidic

congi=t=<ons (al di m ne acidic-hydr ysi s process).
$ of the acid used pagsthe yal-di mne aci di c-
5i.s process include inorganic acids (sych as
15 hydrochloric acid, Sulfuric agid, and phosphoric
acid) and organic acids (such _as acetic acid, citric
acid, and p-tol uenesul fonic acid). SpeC|f|§aIIy

this al dimne acﬁﬂ?c hydrol ysis progggs pr?ceeds by

treating the 0-substituted ghkyl at ed &0 nd at
aswtabletemq ra@m#‘?(eg , roomtenpdrature) wth
an aqueous sol ytion of the acid, in a tabl e 20
\‘ etrahydrofuran tquen r ethanol).
|t possi ble to ObtaIKLﬁ ester
der| el or an1de derivative of
) \_ Rzooc\( zoﬁﬁ\
R 7 L R2°0C
R2°oc , ,
R1‘B

/l\ 18
COR® R _4<

R1B
00R2°
R1a COR2°
N—'\
)\ ' 18
R2OC Rr18 , and R

but the present invention is not particularly limited to these compounds.
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acid, in which the termnal am no group ha

freed, as an acidic-hydrolysis,prgducP.,héx?eerf
necessary, the ester derivative or the am de ’
derivative of 25 the ami no acid obtained as above
(acidic-hydrolysis product) is subjected to

hydrol ysi s under stronger acidic conditions than
those under which the aldimne was hydrolyzed, or
under basic.conditions. Thus, it is 86 possibie to

? g: ﬁ{lgat?}(qd%esrq%% %r?egﬁm?ﬁ Iég ik iy%r Sth é‘ttﬁ qlskéYtHeh§pt1caﬂy active

aci di
S B IR i, e

‘?%li}%t Fggfeseﬁzg%r & ?%Pﬂﬁﬁh' @ %'téime'ﬂ ﬁxm@leﬂ;he above

i nvention is described in

fic det al .+ b
Rl R8indoHEid ted by t
mpﬁmti b TRah b ne oI cpArR asindutid sernakentod by the

f(') escri ]glm%tlgewse the 10 neasurenents were
g‘ﬁ?’l’lflgggout der the fol R®ing conditions: The iH

NVR spectrum was neasured|on the AVANCE-400 (400
by Bruker Bl OSPIN. The#ylkcal purity of 'Eeact iMeIrZ1)
product was neasur edH,N r ougeQ®gh- perfo? hﬁnce [iquid
chromat ography (HPLC) with a Waters 2690 using a 4.6

fomxén@@ecmr@e?heanﬁhne alf ¢he fDyWOR Proo®UUePsS-AD-H. 15

Progressi on of the reaction was nitored. with.thin

| ayerFirghy orthtogmddiyinol L @roudi ngﬁé GHRFNC) pr}@@beﬂ’ed of the

TLC plate (silica gel 60 G254
ofbiediny @ctiveSymimesubsiitutsen @ékﬂré‘ﬁ% eco%m?"fﬂfld gggygmgﬂ%f active

gl yci-ne 20 ethyl ester (COWE un 39
a%ﬁn&@ﬁﬂ?ﬂeﬁv&ﬁws represente the formula (E g'bl\%almrough
the above*descnbed_ method 18 hydrolyzed under acidic conditions
(aldimine acidic-hydrolysis ,p_rocess). Examples of the acid used in the
aldimine acidic-hydrolysis process include inorganic acids (such as
hydrochloric ac1d sulfurlc acid, and phosphoric acid) and organic acids
(such as acetic acid, citric acid, and p-toluenesulfonic acid). Spemflcally,
this aldimine acidic-hydrolysis process proceeds by treating the
mono-substituted alkylated compound at a suitable temperature (e.g.,
room temperature) with an aqueous solution of the acid, in a suitable
medium (e.g., tetrahydrofuran, toluene, or ethanol). As a result, it is
possible to obtain an ester derivative or an amide derivative of the amino
acid, in which the terminal amino group has been freed, as an
acidic- hydrolysis product.

Next, if necessary, the ester derivative or the amide derivative of

the amino acid obtained as above (acidic- hydr01y51s product) is subjected

to hydrolysis under stronger acidic conditions than those under which

the aldimine was hydrolyzed, or under basic conditions. Thus,- it 1s
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HCl EtOH 2 96% 3 25°-dycine ethyl ester
hydrochl ori de (conmpound 1) (34.9 g; 250 mol) was
added to ethanol (500 nL), then triethylamne (25.3
g; 250 mmol) was added thereto, and the mixture was
stirred. Further, 87 benzal dehyde (conmpound 2) (25.4
g> 244 mol ) dissolved in ethanol (500 M) was added
dropwi se to the ethanol m xture of the conpound 1.
The reaction mxture was stirred at room tenperature

~ for two hours, and. then.the ethanol
 posible fabius B riesiarieming add Ephesitas B E frpggle OV)

10
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nm.) was_added to

b bRy termiRRh b 501 HoRy S £ i LR, FARECE, P st

| ] ected. ,The st . » _
xlioar gheraButs B G GRPR Hn Y e REIEL BrapRisidRRoduct) has

. under reduced,. ressure to give the title conpound 3
bgcpgne agar P?@H?F&l ‘yellow oil, yield 96% . The NMWR
spect rum of the obtained conpound 3 10 is shown in
Table 1. Table 1 NVR spectrum of conpound 3 .

£200M+z . H NVR(CDCI 3) : 88, 21(1 H, s, CHN),
STESTT70(2H, my,  7:45-7.38(3H, nm), 4.41(2H,

s, N ) 4 : £ Tnebitiof-is Gdgctbed Lir36patific detail
t, 7%gln&ﬁ§&8§g?§%§g]fiergnce 1(I)Exalrsrpl e 2. Synthesis

bgfwapyaa'féfaﬂ?nw@m%qgiﬁ(ft Ib@sedofhegbteci ne et hyl est er
corfpound 13) > Usi ng p-ani sal dehyde i nstead of

benzat,gefyslefifoviele @naapldsx anplass] destribed npbleriEs, the

(yield 89% was prepared. The NVR 20 spectrum of the
bl aRd nes Wsencarkied sushander tha follewme vapfiigns: The H -
NMR spectrum was measured on the AVANCE-400 (400 MHZ) by Bruker
B.IOS'PINl. The optical purity of a reaction product was measured
thrdugh high-performance liquid chromatography (HPLC) with a Waters
2690 using a 4.6 mm X 25 cm Daicel Chiralcel 0D, OD-H, AD or AD-H.
Prog‘réssion of the reaction was monitored with thin layer

chromatography (TLC) using a Merck precoated TLC plate (silica gel 60

GF254, 0.25 mm).

<Reference Example 1: Synthesis of benzaldehyde Schiff base of glycine

ethy! ester (compound 3)>

V PN
CHO Et;N N ~COOEt
H,N" COOEt  + [::j/ |
HCl EtOH
! : 96% 3

Glycine ethyl ester hydrochloride (compound 1) (84.9 g 250
mmol) was added to ethanol (500 mL), then triethylamine (25.3 g5 250

mmol) was added thereto, and the mixture was stirred.  Further,
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- NWR spectrum of conpound 13 400MHz 1 H NWMR(CDCl 3)
(5 8.300H, s, CH=N), 7.74-7.70(214, m,
6.95-6.92(2H, m, 4.36(214, s, NNCH O, 4.23(214, q,
J=7.2Hz, 0- CHzC),3.82(3H, s, O-CH3), 1.30(3H, t,
7.2Hz, C-CH3) 25 <Reference Exanple 3: Synthesis of
p- chl orobenzal dehyde Schiff base of glycine ethyl

ester (conpound 15)> 88 Using p-chl orobenzal dehyde
i nstead of benzal dehyde of Reference Exanple 1, the

ORI BTG (A oy s

mﬁﬁﬁgﬁp%@%%w?ﬁﬁgﬁ%ﬁg%ggﬂg dothoatam Thz

refggfogf%:ée redq?s’c)stl {eéd{%ﬁfm{:{ I\E'e?\'f%&)atuﬂe %61 )&Hfo Bours, e::d
heay,the eglé@éo ngl Véﬁ}%ve%/ %%xﬁ@?'r%dﬁ&e@?@é@tﬁ%hydﬁlf satura

tert-butyl ester (conpound

| sarglg%q zzw g!ftﬂ )évacn%dtdgﬁi’ﬁ%)bfﬁé’ e GaLEl alMdfidehkas iettéracted with

ester hydrochlorlde of

ere %Qa@ﬁé thalsiing detaenmyas wadeollected. The

anol , the conpound 9 was

¢ b¥dr sodiline sﬁlbﬁtes;a@dtthﬁn penqemgrated
e@ﬁ%%es %g%%é gtrliés@ 15]f 2?101\/m in Table Tabl e 4

_ u@@%@ﬁﬁ&é&@r&%sﬁ%@ugﬂe%m&m c])lmpmd:[&](éij . ggslightly

M 7.77-7.70(2H, m., 745738% n% 43
yé‘lil_?évg'(o?lﬂ yield D). C)Thémwkpetztxum ()f;ﬂgg gptaimed compun
erence Exanple 5. Synthesis of

1§Smﬂﬁﬁk{&m;@|1dehyde Schi ff base of
Table 1

NMR spectrum of compound 3
400MHz 'H-NMR(CDCI,) : & 8.21(1H, s, CH=N), 7.77-7.70(2H, m),
17.45-7.38(3H, m), 4.41(2H, s, N-CH,~C), 4.24(2H, q, J=7.2Hz, O-
CH,~C), 1.30(3H, t, 7.2Hz, C—-CH,)

<Reference Example 2: Synthesis of p-anisaldehyde Schiff ba_se» of glycine

ethyl ester (compound 13)>

Usmg p -anisaldehyde instead of benzaldehyde of Reference
Example 1, the compound 13 (y1e1d 89%) was prepared.' The NMR
spectrum of the obtained compound 13 is shown in Table 2

Table 2

NMR spectrum of compound 13

- |400MHz TH-NMR(CDCIy) : § 8.30(1H, s, CH=N), 7.74-1.70(2H, m),
6.95-6.92(2H, m), 4.36(2H, s, N- CH,~C), 4.23(2H, q, J=7.2Hz, 0—
CH,~ 0)382(3H s, O—CH,), 1.30(3H, t 7.2Hz, C—-CHy)

<Reference Example 3: Syﬁthesis of p-chlorob'enzaldehyde Schiff base of

glycine ethyl ester (compound 15)>
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~glycine tert-butyl ester (conpound 17)> Usi '
tert-butyl ester hydrochlorlgg |nsteaé O#BBPSC?LgCIne
ethyl ester hydr ochl ori de of Reference Exanple 1, and
using 25 p-chl orobenzal dehgde i nstead of |
benzaloehyoe ‘the conpound 17 was pr epar ed
(quantitatively). The NWR spectrum of the obt ai ned
conmpound 17 is shown in Table 5. 89 Table 5 NWR
spectrum of - conpound 17 400MHz 1H-NVR(CDCI3) : S

5t el R Mg g

Ex ety SRR £ A g iAo e N

(R

b o ke (i Sl oo |

Schi ff [JaseN EOOlEt 74% 6T28%%8 ee The benzal dehyde
of glycine ethyl ester (conpound. 3)

' NMR spectrum of compound 15

4OOMHz TH-NMR(CDC},) : 5 8.25(1H, s, CH=N),- 7.77-1. 70(2H m)

7 45-7.38(2H, m), 4.40(2H, s, " N-CH,—C), 4. 24(2H g, =71.2Hz, O-

GH,-G), 1.30(3H, t, 7.2Hz, C-CHy)

<Reference Example 4: Synthesis of benzaldehyde Schiff base of glycine
tert-butyl ester (compound: 9)> |
Using giycine tert-butyl ester hydrochloride instead of glycine
ethyl ester hydrochlorlde of Reference. Example 1, and using toluene as
the solvent instead of ethanol, the compound 9 was prepared
(quantitatively). The NMR spectrum of the obtained compound 9 is

gshown in Table 4.
Table 4

NMR spectrum of compound 9

400MHz "H-NMR(CDCYy) : 6 8.27(1H, s, CH=N), 7.77- ~7.70(2H, m),
7 45-7.38(3H, m), 4.31(2H, s, N-CH,~C). 1.49(9H, 5, C~(CHy)y)

<Reference Example 5: Synthesis of p-chlorobénzaldehyde Schiff base of

~ glycine tert-butyl ester (compound 17)>

Using glycine "tert-butyl ester hydrochlorlde mstead of glycmer
ethyl ester hydrochloride of Reference Example 1, and using
p'ohlorobenzaldehyde instead of benzaldehyde, the compound 17 was
prepared (quaintitatively). The NMR spectrum of the obtained

compound 17 is shown in Table 5.
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20 (3.82 g; 20 mmol ), benzyl brom de (3.24 g; 19
mol ), and the conmpound (R)-4 (14.8 ny; 20 nol) were
added to toluene (20 nlL), and the m xture was
stirred vigorously (1400 rpnm) with ice-salt cooling.
When the internal tenperature thereof had dropped to
-5C or less, 48% KOH aqueous solution (4.50 g; 39
nmol , 1.95 equival ents) was added thereto. 25 The

m xture was stirred for three hours, while

mai ntaining the internal t erature between -5C and
-2C. Distilled water (20 tﬁ S added t heret o and
the toluene |l ayer was- colleected; ann the

al kyl afed Schiff NMB qggwmpfrﬁ?mpw cted
Wi th tgbm%mamm» TRE2NNR, cgp@ci? ﬂ{f'é@Ht 51N

obt ai nigg:.COMALIRG, AB1(ZH, STONeH,+6), TA2KHb se0—GHBYe 6 NVR
spect r'dmoet—compournd 5 400MHz TH- NVR(CDCI 3): 6 7.93(1
H s), 7.70-7.68(2H, n), 7.40- 5 7.37(3H, ), -

<E7§;;égpl79 ig gm%eg%oggﬁinﬂa]lgé% tg?ykl e%té%@ﬁpﬁd}d 6)>

1.25(3H, t, 7.2Hz) Next, rthe extract ed corrpound 5 was
conbined with the coll eg tol uene layer, and 1 N

hydrochl oric acid (40 nk @s added thereto and the
' ' @@ enperature for one hour.
The aqueous 10 | ay€ér Yhasyaobl ect ed by separatl on, and
t hen the aqueous ; : S
mL), and sodi um { e _
carefully to avoid too gQr ous bubbling until pH of

the solution reached notl "I bwer than 11 (confirned by
uni versal pH test pdRdr).” The mixfure vvastract ed

with eth,)d ‘?Eetateuéﬁ@:m#m%)s) to collect thesethyl

a

acetatg 15° yerpenditpontields esicet af e | aye ried
ove@égne& u

centrated under.

red d pressure torgreeetmhe titl e cpripound
(S) - phehyl al ani ne 4@t kot 1@séEr (conpoudd 6) (2.69 g;
yield 74% optical pursby 94% ee). The opti cal
purity of the phenylal anine ethyl ester (compound- 6)

1N HGL /p
E——
1hr

H.N" “COOEt
74 % 6
- 94% ee

The benzaldehyde Schiff base of glycine 'ethyi_ ester (compound 3)

(3.82 g; 20 mmol), benzyl bromide (3.24 g; 19 mmol), and the compound

(R)-4 (14.8 mg; 20 pmol) were added to toluene (20 mL), and the mixture

was stirred vigorously (1400 rpm) with ice-salt cooling. When the

internal temperature thereof had dropped to -5°C or less, 48% KOH

aqueous solution (4.50 g5 39 mmol, 1.95 equivalents) was added thereto.

The mixture was stirred for three hours, while maintaining the internal

C. Distilled water (20 mL) was added
d Schiff

temperature between -5°C and -2°

thereto and the toluene layer was collected, and then the alkylate
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20 was neasured by HPLC under the Pt

bel ow. Col um: CHI RALCEL CD-H (4. 6(:?rrnncﬂjfI E(I ggsci;ﬁown
M)bl |-e phase: hexane/ et hanol /diethylanm ne = 97/3/0.1
A ow rate: 1.0 nl/min Tenperature: roomt en‘per-at'uré

S !I)et_ ection: U 254 nmRetention tine: (R)-fornm=10.2
mn; (S)-formrl0.7 mn. The NWMR spectrum of the .
obt ai ned conmpound (S)-6 is shown in 91 Table 7

Tabl e 7 NVR spectrum of compound (S) 6 400MHz -

1H NVR( CDCl 3) .: ' -

o BEESP Srabetf il B g0 oo
. , . 5.=5.2 13. : '

speeyrgn of3he @,ta@ﬁihf?mff’%&?ﬁﬁz 8 ‘ﬁg% Nrﬁa%lg—é(llzg' ( 3E|d'
t, 7.2Hz, C-CH) <Exanple %.'abfggm nation of the chanée
o:/ﬁrl ti ms | n/t he opt |.cal purity of the phenyl ni ne
Exax‘pl F ter Eggnywﬁsaécﬂ‘amm'%o,s@mm procedure as|in
aqueou #OQMﬂﬁjtﬁ'—EW%QQCEEéﬁﬁ%ggh g)hggmd’u]é%ﬁ{%@%—;o;
equi va|TaTta, m, ckRf-yaftai m), -2 ) ?Sg HPad?®
(addi t {52l 130H). Sdd{ ais BlH2 | Ht T urs

because the starting material did not disappear) as

det ai gi- T .
¢ 1 hel80hA R debRNoualds tWis campined vdth the rellected
react#lgn mXture was an‘g yzed by HPLC every hour?m@

tigg/g%gﬁé} Ohd HNRShf@Fochieridliakic(4Mm s wasardded shexpto and

_ aqueous solution are shown in Table 8 be
. . . , OW.
tlg GrikBsrd lBsterrsionrdom Teinpersturpalor o108 Iew ntef‘lbqwaqueous
tical purity of conmpound 6 (%€e) 48% KOH 1 hr 2. hr
la?yeki'r whshicofiebtedd by séphration, and then the aqueous layer was
washed with toluene (40 mL), and sodium carbonate was added thereto
carefully to avoid too vigorous b_ubbling until pH of the solution reached
not lower than 11 (confirmed by universal pH test paper) . The mixture

was extracted with ethyl acetate (50 mLx3) to collect the ethyl acetate

layer. The ethyl acetate layer was dried over magnesium sulfate and

 concentrated under reduced pressure to give the title compound

(S)-phenylalanine efhyl ester (compound 6) (2.69 g; yield 7 4%., optical
purity 94% ee). | | |

The opfic’al purity of fhe'phe‘ny_lalanine ethyl ester (compound 6)
was measured bj HPLC under the conditions shown below.

Column: CHIRALCEL OD-H (4.6 mm¢ x 25 cm)

Mobile phase: hexane/ethanol/diethylamine = 97/3/0.1

Flow rate: 1.0 mL/min

Temﬁeraturei room temperature

Detection: UV 254 nm
Retention time: (R)-form=10.2 min; (S)-form=10.7 min.

The NMR spectrum of the obtained compound (S)-6 is shown in *
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79 20 (reaction was 39 93 (startin not 7
stgpped: 20 equival ents neteri al d?séppeapggiu;:??d
4699 94 94 1.95 94 (starting (reaction. was

equi val ents neterial stopped: yeild 74%

di sappeared) 94 (starting meterial 1 95 94

di sappeared, - equivalent reaction was 25 stopped:

yeild 6899 79 82 (reaction 0.5+0.5 94 90 87 .

(starting was equivalents 95 94 (addition of KCH)
Tiﬁgerlal stopped: disappeared) yeild 40% 92 In the

[fly stage of the reaction, the conpound (S)-6 with

~high optical purity was irned f
or all cas
Thus, it is found that bipbna}gjrﬁustl ng the am)u(ritS of

base ape—the—teagprL b &moﬂorﬁp%umwsbl e to obtain
t he coppound , g
yi el d. @owgmn@(gnc@(a@fgm@@fm,t (z?-l 4 g

time i p72He GH.eCH3dAdH: ¢k J D |@‘é¥ e
benzy! |=s@mBaHICHEBNRA MK, >’"'i7ﬁ’e1 zgl’%@ lﬂg”hi ff
base oforg M), ne3eHny7.28et @rCHstonpound 3)  (1.91 4; 10

nmol ), benzyl brom de (1 '
conpound (1.62 g; 9.5 mol ), and the

<Example 2: Exammatmn of the change over,time in the optical purity of

il

:T

- the phenylalanine ethyl ester (compound 6) >

The same procedure as in Example 1 was performed except that
the 48% KOH aqueous solution was used at 1.95 equivalents, 3.9
equivalents, 1 equlvalent or 0.5 equivalents (additional 0.5 equivalents
added after three hours because the startmg material did not disappear)
as detailed in Table 8 below, and the compound 6 in the reaction mixture
was analyzed by HPLC every hour. The reaction times for the diffsrent
quantities of 48% KOH aqueous solution are shOWﬁ_ in Table 8 below.

The results are shown in Table 8.

Table 8
Amount of . QOptical purlty of compound & (%ee)
{ 48% KOH | 1 hr 2 hr 3hr 4 hr 5hr 6 hr 7 hr
' _ 79 20
39 (starting : (reaction was! _ _ =
equivalents 3 meterial (not measured) stopped:
disappeared) veild 46%)
94
1.95 {starting ?4 _ . _
. a4 - {reaction was —
equivalents meterial stopped: veild 74%)
|disappeared) ppec: ¥
84
i {starting meterial
. 85 94 disappeared, — — — —
equivalent .
reaction was
stopped: veild 68%)
82 (re:c?tio‘n
0.5+0.5 94 (starting
equivalents 9 o {addition of KOH) %0 87 ~ meterial stc‘::::nse &
disappearad) veild 40%)
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10 (R -4 (7.4 ng; 10 nol) were added to toluene (10
m.), and the m xture was stirred vigorously (1100
rpm with ice-salt cooling. Wien the internal
tenperature thereof had dropped to -5C or |ess, 48%
KOH aqueous solution (4.66 g; 40 mmol, 4.0

equi val ents) was added thereto. The m xture was .
stirred for two hours while maintaining the internal
15 tenperature between -5C and -2C. Distilled water

(10 nlL) was added to a tRE ot RMssend 49 B with high
col | Eetthe. eartyiSEASS | 0? % I%g (%Chl ff bisz
(conpound 5)

ext r act e ol yer@, (#0ismio)d that by
opTitat PwhEaIYAY 0336 a%e;wsga\l%g% e g%nbl ned Svvl th the

t ol uene | ayer coll re anginde Nt is possible to
acigeiig Hifr PEIE O DL P e Gl e e

vvas added thereto and the

. moxture . ﬁ%ﬁ tiepenat high ymldone
Obﬁwth%@nﬁaﬂgg nghf%;lg I(Tlpl ected by separation,
and then the aqueous Iayer vvas washed with tol uene

- (20 nmL), and sodi um carbonate was added 't hereto

ar ef ul Ly QF HeoOkhAnse bubbltimg imnthd Yﬁﬁlldoﬁ‘nd the
I{("; g tl]}%%r?iérg% eltcli not | ower than 11 (confirnmed by

RANRIp T (cdnxpomad 85> was .
Opg: aﬁg&%ﬂgw e%%%yl acet?;:e (25 m.x3) to coII ct the

ethy éfl?&ﬁ&ﬁ&ﬁdeh?ﬂ@fSch'ﬁﬁEbmmyf ghssne pthykgier jgampotnd 3)
dri ed over magnesi um sul fate and ncent[ at e %ﬁnder ound
(1@?%‘5 90 RAnSsiyUpeniyl lgiommidene. 62 12 &- é@%@ﬁﬂq )t & CORp
g; yiel ‘d 74% optical purity. 91% ei) nEi ﬁ%%mlxture
(I%)h@ ('?qnﬁlg(?qmﬂphicﬁ)lSve(ré%ﬂd@tfaiﬁdé’@@@ oA
, 4.0 equi val ent 1100 nfm] |]1 When the
wb@a%ﬂfé&l \&agoﬁimeﬁl]ﬂO 3pm mvﬁ@hegze sellf; oeROTITE-

I&ZFLiy t;;%bgegg rstheg]q%eilge :gé{;q%gg”d r°§t1|e§zg' g?g) KOH
a?{gd?t\bl\lgb QR&?&%@%@I ,Z%g;emgali? Lf g e(q%gg'gﬂegl\iéﬂya%oaade(ﬁthereto
T)it(mlné;gfne?v@g? s@%ﬁ? ﬁgflo Exu{E QAR @1_1291 tﬁixﬁﬂgaﬁh@ Anternal
temperature between -5° C and -2°C. Distilled water (10 mL) was added
thereto and the toluene layer was collected. fFurther the alkylated
Schiff base (compound 5) was extracted with toluene (10 mLx2). Thus
oEtained toluene layers were combined with the toluene layer collected
previously, and 1 N hydrochloric ac_;iéﬁl (20 mL) was added thereto and the
mixture was stirred at room tempei‘ature, for one hour. The aqueous
layer was collected by separation, and then the agueous layer was
washed with toluene (20 mL), and sodium carbonate was added thereto
carefully to avoid too vigorous bubbling until pH of the soluﬁmn reached
not lower than 11 (conﬁrmed by universal pH test paper). The mixture
was extracted with ethyl acetate (25 mLx3) to collect the ethyl acetate

layer. The ethyl acetate layer was dried over magnesium sulfate and

concentrated under reduced pressure to give the title compound (S)-6
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(1.BAtgmneld T¢%paPEERT BUBEY

. (MIBE) > The conpound 3 (1.91 g; 10 mmwol ), benzyl
bromide (1.62 g; 9.5 15 mmol), and the conpound
(R -4 (7.5 ng; 10 gnol) were added to nethyl
tert-butyl ether (MIBE: 10 nlL), and the m xture was
stirred vigorously (1400 rpm) with ice-salt cooling.
When the internal tenperature thereof had dropped to
-5C or | ess, 48% KOH aqueous solution (1.17 g; 10 :
mrol , 1.0 equival ents) was added thereto. "The m xture
was stirred 20 f.or, six,hQuk i le maintaining the
jeld 7 ‘ L S and oe Distilled =
water (10 nL) was add JKOPatheondrBE utiay é4.66 2
wais Md%cﬁk@d?a@ﬁr‘f%’éﬁ%d%%g%}gﬁyl at edtlSchiff base . 30
(conmpound 5) ., was .th X eglem&éghtmfs@a(slstqﬂpezl)a
A0THISOb 0 AOURREES i OPs PRy

layers =~ were conbined with the’

MIBE | ayer. coll.ected oV Qlsiry, aaddthe Nigd and the optical
mipeSc Hi gPV‘E %c]i‘%}ir((gﬂéﬂn%g was added thereto and th

“mxture was,.Sti.r  <[Padn t Thpeesliis aré shogHe R 'fable_Q.
PUEEyy at eatdﬁlgguvg%%a?/%%s\{/\l/aﬁ?ncol'l ected by separation,
and then the aqueous | ayer was washed with MIBE (20
m.), 94 and sodi um carbonate was added thereto
carefully to avoid too vi@ableu8 bubbling until pH of
- the solution reached not |ower than ll{eenfiyneqg
unifversar pH T est |paiew) .| Ther mi|xt2ie wad hixt a@?‘ﬁ
wi.tlh_ethyl- —aecetatle(20TEX3L Tq caokle¢t e et hid
acdt at eAl ¥gjief%) The etq?l‘yl ar_gzah S%ay TS T [T
OV el FRANG Slit(Rdd) [f at® and ncdnt PAt e uﬁ\@pr reduce
. pr éssuae to,y ye tfTe :g,g, oungh. (9) - G7(1.1648; Yyiet8
- 649% ofriRal 1R | tiy Yoloe)—<Bxanpte 57 Synthesi s
of 3-iodophenyl al ani ne ethyl -ester (conpound 8)> 10 -

N COCEt (R)-4° (6.t mol 9%, IN HOL. 3-i0doLjienz¥brt-butyl ether
<Ekhgiplel @: (Bx80ningjlon m&‘iggif_}ow %&%ﬂ %1’ U YV | _
(MTBE)> | : B
The compound 3 (1.91 g 10 mmol), benzyl bromide (1.62 g 9.5

mmol), and the compound (R)-4 (7.5 mg; 10 pmol) were added to methyl

tert-butyl ether (MTBE: 10 ml), and the mixture was stirred vigorously

(1400 rpm) with ice-salt cooling. When the internal temperature

thereof had dropped to -5°C or Jess, 48% KOH agqueous solution (1.17 &
10 mmol, 1.0 e'quivalents) was added thereto. The mixture was stirred

; o]
for six hours while maintaining the internal temperature between -5°C

and -2°C. Distilled water (10 mL) was added thereto, and Vthe MTBE
layer was collected. Further, the alkylated Schiff base (cpmpound 5)

was then extrécted with MTBE (10 mLx2). Thus obtained MTBE layers

were combined with the MTBE layer collected previously, and 1 N

hydrochloric acid (20 mL) was added thereto and the mixture was stirred

The agueous layer was collected by

od with MTBE (20 mL),

at room temperature for one hour.

separation, and then the aqueous layer was wash
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3 PhMve (3: 1 M I 63y 8 48% KOH, (1.9 eq) 81 / ee

-5C, 2.5 hr 7 15 The conpound 3 (0.96 g; 5.0 muol),

3-i odobenzyl bromide (1.19 g> 4.0 mmol), and the

compound (R)-4 (3.7 ng; 5 nol) were added to toluene

(5 nm), and the m xture was stirred vigorously (1400

rpm with ice-salt cooling. Wen the internal

tenperature thereof had dropped to -5C or less, 48%

KOH aqueous solution (1.15 g; 9.8 mol) was _added 20

thereto. The mixture d ohpmid tobivigorous
andrspAERPaTHORAES WAt @ﬁﬁ%ﬁﬁ%‘e%ﬁ% 04‘%&‘12 H

enperature etvveen -5C and

-2C. Di st 3§ afdRavdrheiat A1 @odfirmed
bubking g1nfa Bhe% em%(’&&%ow%ctgg Furtheérrh t he oo

by ﬁ{&klzfl)e?éa?h GEPLLL DASS) 7 wap sxbdan eehavictbraaobdiewith( Sthyl

tol uene | ayers were comnbi ned

Wi th I t 258 (Heyethylnacetate
seiight SR P Aol B A OB SRR B S,

m Xt ur Ay IOQUIT 4 tngmed abncemttratetbﬁédﬁbﬁﬁguced
laypg v a&%&@%é‘%ﬂa%&msucol I ec:ﬂed by ﬁg&g%%gnmﬂ purity

40C enn b he paserd (S ey é1.1695 s8
pr‘?%ﬁ“ﬁ% Eg‘% @hé ang sodi um car bonat e .was added
935/h‘?é)eto carefully to avoid too vigorous bubbling

pH of the solution. reached not lower than 11

(confirmed by universal pH test paper). The mxture

was extracted with ethyl acetate (30 2),to, coll ect
<Bnfld W Spninsiabestiasiophenyialentiyc ethabenta (o P“‘?d 8)>

drl ed over magnesium sulfate and concentr ated ‘
under reduced pressure to-give the g ound (S)-8 1

(0.80 g; i eI(RMo;,O/g”optl cal purity %ee) The - f@
opt i eedEt urlt m ned by |benzoyl attNig t he
IOI'{rrpound 8"°bef%yébr8'5'?e gqeq{)un ty of €A% benzoyirat ed N CooEt
onpound 8 vvaswg@a&ured 10 b LC under thg -
fol | owi ng casslion onseqCol prm: | RALCEL| OD- H (4 6 - B1%ee
nmdx25 cm)  Mobelzesnphase: i_hexane/4 sopr

anol 95/ 5

‘The compound 3 (0.96 g5 5.0 mmol), 3-iodobenzyl bromide (1.19 g
4.0 mmol), and the compound (R)-4 (3.7 mg; 5 pmol) were added to
toluené (5 mL), and the mixture was stirred vigorously (1400 rpm) with
ice-salt cooling. -‘W'hen the internal temperature thereof had dropped to
-5°C or less, 48% KOH aqueous ‘solution (1.15 g 9.8 mmol) was added
thereto;- The mixture was stirred for 9.5 hours while maintaining the
iﬁternal temperature between -5°C and -2°C. Distilled water (6 mL)

was added thereto and the toluene layer Was collected. Further, the

| -alkylated Schiff base 7 was extracted w1th toluene (5 mLx2). Thus

obtained toluene layers were combmed Wlﬂl the toluene 1ayer collected'

previously, 1 N hydrochlorm ac:1d (10 mL) was added thereto and the

mixture Was stlrred at room: temperature for one hour The aqueous_‘_.

layer was collected by separatlon at 40 C and then the aqueous layer :
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" Flowrate: 1.5 nL/mn Tenperature: room

15 Detection: W254 nm Retention tine: (R; ??.gﬂritlgr(e)
mn; (S)-fornmrl3.8 min The NVR spectrum of the .
obt ai ned conmpound (S)-8 is shown in Table 10. Table
10 20 NMR spectrum of conpound (S)-8 400Mz
IHNWR(CDCI3) @ S 7.57-7.59(2H, m, 7.18(1 H, d, J
7.8Hz), 7.04(fH t, J =7.8Hz). 4.1.7(2H, q, J =7. | Hz
CH2 C), 3.68(1 H, dd, 1=5.4, 7.8Hz CHC), 2.99(1 H,-

dd, /=5. 4
W?t% vigﬁhe ;:'; ’Eo?izlg]}?ﬁW)mL);- glf?r\li&—%_édﬂ% %?g?_lxﬁai:te’ was added

th@p:eié) E?Wéﬁj}g)m %,( éwgo?%?%?gbﬂg%mﬁﬁlgf%ﬁ bé theesolution

ﬁs % rr?eg tﬁ%‘i%)@%ﬁﬁﬂﬁe& By uiiverdhl GH ¥est papexd The

o T ki 0 S Tk
ac(e%gﬁgjgléﬁg%g) 16 44791 Zootiod )lasberans Briod: gt oREEnesitm
1?3%%3 %ﬁ%ﬁo%%@ﬂ%‘ﬂfﬁﬁﬁ%ﬁd@n pedurkdd pressaire dioi giwe the compound
(9)-8 (0.80 g; yield 63%, optical purity 81% ee). The 0pt1ca1 purity was
determmed by benzoyla_tmg the compound 8.

The optical purity of the benzoylated éqmpound 8 was measured
by HPLC under the following conditions: 7 |

Column: CHTRALCEL OD-H (4.6 mm¢x25 cm)

Mobile phase: hexane/isopropanol = 95/5

Flow rate: 1.5 mL/min

Temperature: room temperature

Detection! UV 254 nm

Retention timei.(R)-formil0.0 min; (S)-form=13.8 min

The NMR spectrum of the obtained compound (8)-8 is shown in

Table 10.

Table 10

NMR spectrum of compound (S)—B_
400MHz TH- ~-NMR{CDCly) : 8 757-759(2H, m), 1. 18(1H, d, |

=7.8H2), 7.04(1H, t, J =7.8H2), 417(2H, q, J =1.1Hz, CHy~ ~0),

3.68(1H, dd, J =5.4, 7.8Hz CH-C), 2.99(1H, dd, =54, 13.5Hz,
CHPh), 2.82(1H, dd, J=7.8, 13.4Hz, CHPh), 157(2H br s, NH,),

1.25(3H, t, 7.2Hz, C-CHy)

<Example 6 Examination of the use of a cinéhond alkaloid qliatefnary

ammomum phase transfer catalyst>
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0.2 mvol) were added to toluene (4 nL), and the

m xture was stirred vigorously (1400 rpm wth
ice-salt cooling. Wien the internal tenperature

t her eof- had dropped to -5C .or |ess, 48% KOH aqueous
solution (0.46 g; 4 mmol, 2 equival ents) was added
thereto. The m xture 15 was stirred for one hour
while nmaintaining the internal tenperature between
-5C and -2C. Distilled water (10 nmL) was added
thereto and the; yene | ayer- was col | ected, and

t hen the aIkyI.l uhu}f base (conpound 11) was
extracted with} J &l ughg (A0 nmix2). Thus obtained

tol uene | ayers mer ed with the toluene |ayer
col l ected preV|ou§ly 1 N.hydrochloric acid (10
m.) was added thefet and the mxture was stirred
at roomtenperature for one hour. Th q eous | ayer

was col | ect edhymseparati onj and t t he aqueous
a]/\POQﬁaS VB aforieldles etyol uene (1 5, and 808 um
@Jbonate was—added—theret o ly to| avoid T oQy " ~coomu
i gor ous bubbl PgeEofMti | pH of @g sol utifon reache
d

not |ower 25 PP confir y univefsal pH test
paper). The m xt lfr"‘“e was extracted vifth ethyl acetate
(10 m.x3) to collect the ethyl acetate |ayer 'quz "
et hylTRe etbahealdulgdevaSchiff edhageero nﬁ}ﬁ%@leurﬁ"éﬂl yb ester
and 97 concentrated under reduced preg ] |ve and
(c6§)pome1n9) 4024 ge 2t smheBubynzykbrapide ‘i’éguﬁ’d 9 -
11 g; yield 25% optical purity.80% e .
d@taﬁﬁlrapenylmaﬁiyllMBcbmuﬁu chisride o8 ba}leﬁ %?) (107 meg
HPLC under the follow ng conditio
0. SHRA D EReED-ad ded. o rrlpes g Ll/oﬁ?fiet hBJs‘éme was stirred

Vf%g)églgﬁlgl 33268?3‘2’%){ ev%%‘{hz a{:clg(r)% %}g{?@mg onwg 2Bhe internal
e S ST s M AR
S(llfitisorr]loe/(\lliﬁ g; 4 mmol, 2 equ1valents) was added thereto. The mixture
was stlrred for one hour while maintaining the internal temperature
lletween -5°C and -2°C. Distilled water (10 mL) was added thereto angl
the toluene layer was collected, and then the alkylated Schiff base
(compound 11) was extracted with toluene (10 mLx2). Thus obtained
toluene layers were combined with the tolgene layer collected previously,
1 N hydrochloric acid (10 mL) was added thereto, and the mixture was
stirred at room. temperature for one hour. The aqueous layer was

collected by separation- and then the aqueous layer was washed with

toluene (10 mL), and sodium carbonate was added thereto carefully to

; av01d teo Vlgorous bubblmg until pH of the solutmn reached not lower

than 11 (confirmed by universal pH test paper) The mlxture was

extracted with ethyl acetate (10 mIx3) to collect the ethyl acetate layer.’

o ..:'Th_e.""etliyl'.'acetaf;_e-' leyer ‘was “dried- ever_ mag_n_esmm sulfate and -

- 97
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- mol) ¥ebde - hexhablismEropan okt

Tabl e 11. Table 11 NWVR spectrum of conpound (S)-12

400MHz 1H- NVMR(CDCI 3): S 7.19-7.33(5H, m -Ph),

3.61(1H, dd, J 15 =5.7, 7.8Hz CH C), 3.03(1H, dd,

J=5.6, 13.6Hz, CHPh), 2.87(1H, . dd, J =7.7, 13.5Hz,

CHPh), 1.60(2H, br s, NH2), 1.43(9H, s, G (CH3)3)

<Conparative Exanple 1> The sane procedure was.

performed under the same conditions as 20 in Exanple

6, after_stirring for four hours while maintaining butol
- the internal tenne et weeR - P piehy1 2Enins tert-butyl
COE’@§HF’EE&E$H’§1 5%@%%&%%%&%?% ﬁ(I)éﬁ?lai n(gg} in ?63% yi el d,

t he /enti ' 9% ecal phxapR0ss ze). The
A I Gt RRE R L i v S S

ml %9 1 ' igew=d. fasqyed. hC-nnder the
OM‘E?T?PEW Y%Qgﬂ 2‘)5%@1' 53% HzN COOEt 13 48% KOH
. : .6 -51G 5.hr 14 95%e 98 The
f°gf°§“'r%?‘§§%)&élhy e Schi ff base of glycine ethyl ester
(Con’pggl%niléi-ﬂmﬂ@ﬂlj OD-Bht. B, mingk@ypl cxbr oni de (0. 81
g; 4. mol ), and the conpound (R)-4 (3.7 ng; 5
§3§/?and the mxture

was stirred vigorously (1400 rpn) with ice-salt .
cool i Pyw When 150 b/t er nal tenperature thereof had
dropped to -5C or less, 48% KOH aqueous solution (9
g; 78Tsmpbratiaresreguiealradiréas added thereto.- The
m xture was stirred for three hours while maintaining
t he i Dbbgatimn: WE¥HH ature bet ween -5C and - 2C.

Distilled water (20 .m) was agdded /. _ .
Retention tim((ai (OR)"fo)rm=10.? i (S)-form=11.2 min

| Th;e NMR specfrum of the obtained compound (8)-12 is shown in

Table 11. N
Table 11

NMR spectrum of compound (8)-12
100MHz 'H-NMR(CDCI,): & 7.19-7.33(5H, m, Ph), 3.61(1H, dd, J
57 7.8Hz GH—C), 3.03(1H, dd, J =5.6, 13.6Hz, CHPh), 2.87(1H,
ad. J =77, 135Hz, CHPh), 1.60(2H, br s, NHy), 1.43(9H, s, C-

(CH3)y)

<Comparative Example 1>

The same procedure was performed under the same conditions as
in Exaﬁpie 6, ‘after stirring for four hours while ma_intainjng the
internél t’empefature betWeén .5°C and -2°C. As a result, the compound

12 was obtained in a 63% yield, however, the optical purity Was‘ 0% ee.

* <Example 7: Examination of Schiff base — 1>

. NACOdEt . (R}{ (0.1 mol%) I@ | e . o |
. ~ benzyl bromide (0.95 eq) _ N NCOOEE — .
MeO .

. : I . H.N" TCOOEt
~ PhMe (13:0.25 M) : : e A

B . AB%KOH (15500 - |'yeo~? e
©.5eC,5hr . L R TE - . 95%

98
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‘thereto and the toluene | ayer was coll ected, and then
the al kylated Schiff 10 base (conpound 14) was
extracted with toluene (20 nix2). Thus obt ai ned

tol uene layers were conbined with the tol uene | ayer
collected previously, 1 N hydrochloric acid (10 niL)
-was added thereto, and the mxture was stirred at
roomtenperature for one hour. The aqueous | ayer was
col | écted by separation, and then the aqueous | ayer

o bt o waee bR REFLE Setd JighypRbckaad sty Ceonnd.
1?\;)0?“]3\[,]\%‘; b# Eﬂgllﬁ-lﬂ %@5&*1 pdilogﬁ dbhﬁ) 80! pf i4075 reasdisd and the

contirne y uni versal pH test

| d h
cog;go%%@(é;@ thlfé ftS p‘Qﬁt?l) exbFRsd s v toiuenbyROankd aged the

e ethyl acetate |ayer. The .

S A48 BhiGeh VBbriRTy dnised ey witigiesbain mobing. o When

nCentrat&d under reduced pressure to giv

S t hard tonG°6)o 198324 % KOH
¢ ( Q%Qg%t&hg %@p‘r{ﬁé!re ?/3385%: el(eosngEExa | )e Ig é

i nati f(gSehi7hf mask 153> en 3 afde ﬂ?@mm
@@g?fﬁh&ﬂ)& (985 ggnzylsﬁrom d:m%]g@ eq)(vga;s %

'I‘%lEI\ éﬁ%{ﬂi‘%ﬁ& @tu@e@ FoMhrzd\hGOOEW hibp ypain taming/ em@ﬁernal
Cl-- 55%e -5C, 4 hr 16 99 The

pfeengtaco i cartc iy il v
e ol dod tharlgend daymioivas iectedoMBERT e, lk(y}%teél Schiff |
LKt ebptreds L14) schaviagSForisRy %(eanﬁoéﬁﬁ% (aAMLENE Thus
oggéhzg:‘ttoﬂ];&?eld h;gej@ng\egg n@gﬁ,ﬁe Wy t%agf]g%/ 0 utern%t Hiy%r collected

previously, 1N hydrochlonc acid (10 mlL) was added thereto, and the
mixture was stirred at room temperature for one hour. The agueous
layer was collected by separation,‘ and then the agueous layer was
washed with toluene (10 mL), and sodium carbonate was added thereto
carefully to avoid too vigorous bub_bling until pH of the solution reached
not lower than 11 (confirmed by universal pH test pap-er)' The mixture
was extracted with ethyl acetate (20 mL><3) to collect the efhyl acetate
layer. The ethyl acetate layer was dried over magnesmm sulfate and

eoncehtrated under reduced pressure to give (8)-phenylalanine ethyl

ester (c_c-)m‘l-)ouﬁd-r é), (0.42 g; yield 53%, optical purity 95% ee).

<Example 8: Examination of Schiff base — 2>

Ncoost  (RRA@AmIE) J:© : AN HC!
/@ﬂ' benzyl brom:de.(j_..z eq). , |N cooEt . '1h,- S

: . ‘ 7 Hz;N “*COOEL
ol . PhMe (15: 0.25 M) . I 2% 6
B T . % KOH (15.5 e , '
48% KOH (15.5 eq), cl 55% ee

-5°C, 4 hr L 18 .
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KOH aqueous solution (36 g; 0.31 mmol, 15.5

equi val ents) was added thereto. The mxture was
stirred for 4.5 hours while maintaining the i nternal -
tenperature between -5C and 2C. Distilled water (20
m.) { was added thereto and thé tol uene | ayer was
separated off, and then the 10 al kylated Schiff base
(conpound 16) was extracted with toluene (25 nLx3).
Thus obt ai ned t ol uene Iayers were conbined with the

ol d Theov Fhjormbenaaely n o bing | pho B FLRE MBH] Coster
<c§é1&péé@§ féky@?givn%e%@er atﬂeﬁ ohP¥L B le 12 B84 ramol), and
comP S Tt bt e AR5 fEe dded! @) Lanent RBOMAL). and
he AT Y2 il %@ﬁ%ﬁ“ﬁ%ﬁﬁ???opﬂ”%’y o line:
VS AR TG U e GHeReo KR AnbpUQUbN gl loss, 45%

coll ect the et acet ate

@ eT)hH% &fl@ﬂor@@% a};e0 I3y eimvR s15.6i e@lurmésm’@h) was added

Ium's te and concentrated under reduced

Tt rr@&f‘ur’?%é Cinﬁit%l%e ) sefiend! fokr anbnkowtshydhiles myintaining the

conpoun 40 g; yield 62% optical urity 55%

in%ﬁ}naﬂ&emﬁ@ﬁt@ﬁeow@wagmm strivk -26. cBistiled vyater (20 mL)
e conpound 6 produced through this reactjon wa

- wiBasMeAdsheTb®o apdi tirl taluene ﬁay\aswagssepgo;@‘@él akf, gﬁa then the

hour, 85% ee at two hours, and 62% ee at four. hgﬁ ©5
a]ﬂﬂ&tedt Ise héftinpase dcompasndb l4) nEaswextrapiegh Yok taipene -
purity in the early stage of the reaction, 100 ., o
RGN Mg olbanedavl eenofayers FenpsomPiged Wét the toluene

formula (Il11) - 1> F F F.BP
layer collecg:ed Izrevmusly, 1N hydrongorlc acid (120 ml) was added

thereto, and the mixture was stirred at room temperat_ure for one hour.
The aqueous layer was collected by separation, and then the aqueous
layer was washed with toluene (30 ml), and éodium carbonate was
added thereto carefully to avoid too Vlgorous bubbhng unt11 pH of the

solution reached not lower than 11 (confirmed by universal pH test

‘paper). The mixture was extracted with ethyl acetate (100 mLx2) to

collect the ethyl acetate layer. The ethyl acetate layer was dried over
magnesium sulfate and concentrated under reduced pressure to give
(S)'phenylalanino ethyl eoter (compound 6) (2.40 g; yield 62%, optical
purity 55% ee). | -

The change over time in the optlcal purlty of the compound 6
produced through this reaction was measured. The optlcal purity was
90% ee at one hour, 85% ee at two hours, and 62% ee at four hours.

Thus, the compound 6 was obtained with high optical purity in the early

. stage of the reaction.
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(R R-18 NCOOBU (RR-18 (1 nol?

. brom de (1.2 eq) N COO BU ?N HCI( I /()THEeIr—]éle CIBu
Cl 17 PhMe (17: 0.15 M 99% 50% KOH (23 e 12 q) C -
12 98%ee OC, 2hr 19 10 Under an argon atonosphere,

t he p-chl orobenzal dehyde Schiff base of glycine
tert-butyl ester (compound 17) (76.1 ng; 0.30 mmol ),
benzyl brom de (61 5 nmg; 0.36 mmol ), and the conpound
(RR-18 (2.7 ng; 3 nol) were added to toluene (2.0

<ﬁ9(3mg?§1§. EEEFﬁh Yo Mas Emhpoedd of tigofomsila WD 1>
I'ce- t coolings MWen the internal tenperature
thereof 15 had d de to OC or |less, 50% KCH aqueous

i 08 _nol, 23 equivalents) was

added ther =@Q ' e was Sti (rqred for %vvo hour s

iternal tenperature at OC.

whil e mai nt3

Distilled piapes as added thereto a '
nd th

tol uene | a “!'!ﬁ' seed of f, and then the ©

al kyl at ed SChIff age (conpound 19) was extracted
wth 20 ether (19 »lL). Thus obtai ned ether |ayer was

conbi ned with ther-tol uene layer col.ected -
pr eV| ously, dried r\”/°% sodijum sul fatn
W&

congerepat ed W?EZ pressur he | r esigu |
d e was
ted wth™ “(1%8 1 hyglrc?@?f?“o iTagrd (10
00Bu

o-Mg was added Fthhﬁfze,hmat 0, the m xture was "N
stirted for 3Qu@kombess Aftlery urned t rodm 25 - 12

tenperature, thgcmmture wds washeg withlether.  Then, ***

‘the ether layer was extracted - :
hydr JGRRGS (43 SREeh FOPGRP AP oo etop hcnidehyde Schiff

col | ect -
base o?cgl?rgmeaggrtt Pylnggtterratcoﬁﬁ?od’ﬂ& h'ﬁo@'ﬁufnméﬂl).BO mmiol),

benzyl bromide (61.5 mg; 0.36 mmol) and the compound (R,R)-18 (2.7

mg; 3 pmol) were added to toluene (2.0 mL), and the mixture was stlrred '
vigorously with ice-salt cooling. When the internal temperature thereof
had dropped to 0°C or less, 50% KOH aqueous solution (0.6 mL; 0.008
mol, 23 equivalents) W;B_S added thereto. The mixture was stirred for
two hours while m.;slintaim'ng the internal temi)erature at 0°C. Distilled
water (10 mL) was added thereto and the toluene.l.ayer was separated off,
and then the alkylated Schiff base (compound 19) was extracted w1th'
other (10 mL). Thus obtained ether layer was combined with the
toluene layer collected previously, dried over sodium sulfate and
concentrated under reduced pressure. The residue was diluted with
THF (10 mL), 1 N hydrochloric acid (10 ﬁll) was added thereto at 0°C,
and the mixture was stirred for 30 minutes. After returned to room
temperature, the mixture was washed with ether. ‘Then, the ether layer
was extracted again with 1 N hydrochloric acid. The acidic agqueous

layer was collected, and then neutralized with sodium
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hydr ogencar bonate at 0C. The m.xture was extracted

wth ethyl acetate (10 nix2) to collect the ethyl

acetate layer. The ethyl acetate |ayer was dried

over sodium sulfate and concentrated under reduced

pressure, and then the mxture was purified by silica

gel colum 5 chromat ography (hexane/ethyl acetate

1/3) to give (S)-phenylalanine tert-butyl ester

(conmpound 12) (65.7 ng; yield 99% optical purdilty_{_’%S%th1

e). The, optic i tymof Sixtphenyhal artmeted with etny
hyaég’ngg}?géets{?t 2irt Rj(d?()rrpgglr?d 12) ta\/\/as nmeasured by HPLC

C
' ' b ofHdi biloylsa amm-The ethyl acetate
actiE AL BIbOp R Sectont bl Isacetd B .

15X AR SLRANRLbE aidihamuAts 46D 1moentratpdyipder reduced
Y5 W/ m n - Tenper at ur e: roomtenperature Detecti on: g

LV 254 g%alglgﬁe) tiRhepykalreniwes terifipdt by sbicgy sel coumn
p %%/on‘pbun 43) (63 ny; yield 95%. %ptical p@j 9?0/ ne
che6hatBsraitaleganeletind seatateniéd) &3 giFe a‘ﬁ%ﬂn@ ant

except that the conpound (S)-4 (2.2 Jlr%,g?j rml.%{a(lvvasi 98%
Lo HSBEty1 aRbeddonipotinel dBMIOBTAmER Wpld F936 PRI PYLY

0 287 HZNCCOOX Bu 43 <Exanpl e 10: Exam nation of the
eefonmpound of . the formula (111) - 2> M \I '

|

I Me
WD (nztiie (Lm0 fors Bk oo
(C(?m;gll\:id(llg):wgé }:rflseall\gur%gi byHPLC under the following conditions:
 Column: CHIRALCEL OD-H (4.6 mm¢x25 cm)
| Mobile phase.i hexaﬁe/ethanol/diethylam'me = 100/1/0.1
Flow rafei 0.5 mL/min | |
Temperature: room temperature
Det_ectiorii uv 254 nm |
(R)-Phenylalanine tert-butyl ester (compound 43) (63 mg; yield
95%, optical purity 98% ee) was obtained in the same manner as in

Example 9, except that the compound (S)-4 (2.2 mg; 3 pmol) was used

instead of the compound (R,R)-lS as a catalyst.

<Example 10: Exéﬁihation of the compound of the formula (III) — 2>

B Me 7|
. Me
N~ COO#Bu (R R 18 (1 mol%) L@ ok |
/@J A p-methylbenzyl bromide.(1.2 eq) | : 1N HCI .

N” COoOtBuU _
, J . THF HzN COQtBU
a . : PhMe (17: 0.15 M) : 21
17 : 7%
50% KOH (23 eq) L cl ’ 9% ee
0°C, 2 hr 20 N
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(S) - (p- Met hyl phenyl ) al ani ne tort-butyl ester :
(conpound 21) (68.5 ng; yield 97% optical purity
. 99% ee) was obtained in the same manner as in

Exanpl e 9 except that p-nethyl benzyl brom de (66.6

ng; 0.36 mmol) was used instead of benzyl bromde. 5
The optical purity of (S)-(p-nethylphenyl)alanine
tert-butyl ester (conpound 21) was neasured by Pligl( 8.5
unde(s't@me@hy?nm1maﬂma vers; but@blegter. (coppniese21) (68,
oD H 24. 6- MmHx25 cn) Mobil e phase:

m%%@meemmi(igﬂi;ﬁxm aftinecwegoybtaed IFithg, sae manner
0.5 nL/mn 10 Tenperature room.tenp rat,urpagn( 6 me; 0.36
as D6l @idmple W 25depimthR} -1 RS ATE niTomden (&6 me: 0.0
tert-butyl ester (conpound 44) (67.8 ng; yield 96%
m@phiwas uped itytcadoofdwnaAdreptidened in the same

T o ST A0 2XCER S PR ot
o St e PSP gl IR Bl
o Gonoman SHIBAL AT O B4 fuf2d fpde Tl o rhe
e Ic\:/%l)):i eUIih%.eIpﬁ]e'\:/cban(e}gfha%o]t}%}l&}%:lamine =100/1/0.1
Flow rate: 0.5 ﬁlL(min
Temperature : room températur’e
Detection: UV 254 nm
(R)-(p-Met]iylphensfi)élanine tert-butyl ester (comppund 44) (67'8.
mg; yield 96%-, optical purity 98% ee) Was obtained; in the same manner
as in Example 10 except that the compound (8)-4 (2.2 mg’ 3 pmol) was
used instead of compound (R,R)-18 as a catalyst.

jon

H,N~ COO#BU
o

<Example 11: Examination of the compound of the formula (1)) — 3>

. _ . | |
| ' F
N CooBu (RRF18(1mO%) - r@ _
/©) . pAfiuorobenzyl bromide (1.1eq) e |

L {sj COO0Bu
. H,N” ~CCOfBu
a * PhMe {17: 0.15M) ’ THF ’ 2
17 ] S | Be%
50 % KOH (23 eq) o ’ - 95% ae

0°C, 2 hr L 22 _

(S)-(pfFluoropheayljalahine_ tert-butyl ester (compound 23) (71.1

mg; yield 99%, optical purity 95% ee) was obtained in the same ‘manner‘

103




17 50 % KOH(23eq) C / 99% g5 %€e O0C, 2 hr 22 25
(S)-(p-Fluorophenyl)al anine tert-butyl ester _
(conpound 23) (71.1 np; yield 99% optical purity : , 5
95% ee) was obtained in the same manner 103 as in
Exanpl e 9 except that p-fluorobenzyl brom de (68.0
nmg; 0.36 mmol) was used instead of benzyl brom de.
The optical purity of (S)-(p-fluorophenyl)al ani ne
tert-butyl ester (conmpound 23) was neasured by HPLC -

A A CRRL, %‘;vg 'u}o_'égl?“gﬂ 53 PO HT (E8103AESBts6 mmoD)

. hexane/ et hanol / di et mlg = 100/1/0.1 Flow rate:
was Sisetl/iniste arepilee A 8m tenperature Detection:

g;/t é?ﬁg%o D ( lgggz%) :}}Enélljo ﬁ g?ggfaﬂlﬁétfeﬁ%)ﬁ'tyl ester

opt i cal

purlty 990 ee) was obt TSINEEf aditidn
(cpranmingd 23 ‘E’ﬁéé’ﬁ?aﬁm ?Zﬁ‘gﬁ 3 Somyﬁaggouseé ©

5 15 - Coknd? %gf@?%i&ﬁﬁ@?%ﬁ“@zﬁ‘ﬁ% "on of the
i GODBLO(R R
o (i il%%gﬂ%%#’h%‘?gﬁteﬁﬁ S ) TN L
N | %rawi(pgng’mﬁu{ﬂ 0.15 M H2N CooBU

Temperature- room temper_ature

Detection: UV 254 nm |
10 (R)-(p-Fluorophenyl)alanine tert-butyl ester (compound 45) (69.6

mg; yield 87 %, optical purity 99% ee) was obtained in the same manner

as in Example 11 except that (S)-4 (2.2 mg, 3 p,mol) was used instead of

the compound (R,R)-18 as a catalyst.

15 . :
H,N~ - ~COO#Bu
45
<Example 12: Examination of the compound of the formula (HI,) -4
T o 0
20 !NACOOfBu (R,R}- 18 {1 mol%) * ) , INHCI O
— 1-bromomethyl naphthalens (1.2 eq) ' N“TcooBy | T
' THF HN" ~COOMBU
cl - PhMe (17: 0.15 M) 96% 25
50% KOH {23 eq) cl 24 ' 98% e
0°C, 2 hr L -

(S)-1-Naphthylalanine tert-butyl ester (compound 25) (78.1 mg;
25  yield 96%, optical purity 099% ee) was obtained in the same manner as in

Example 9 except that 1-bromomethyl naphthalene (79.6 mg; 0.36 mmol)

was used instead of benzyl bromide.
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17 96% 25 50% KOH (23 e9) C 24 99%e O0C, 2 hr hr
(S) - 1- Napht hyl al ani ne tert-butyl ester (conpound 25)
(78.1 ng . 25 yield 96% optical purity 99% ee) was -
obtained in the sane manner as in Exanple 9 except
t hat 1-bronomet hyl naphthal ene (79.6 ng; 0.36 nmmol)
was used instead of benzyl bromi de. 104 The optical
purity of (S)-1-naphthylalanine tert-butyl ester
(conpound 25) was neasured by HPLC under the

follow ng condjtion | o - ' _
s AR B S e iy o
FI ow r 5-nl/ m Py
oot S ST I RISy el g b ons
ester oM RY.c RS licto86%) optical
puri tgfs l‘l/;ﬁll d;gﬁwas gg?"a?n%)e?gﬁln(sﬁ%q)sg%e rr)ange:r as in

10 ampgend (S)-4 (2.2
m@llggﬁggéﬁg%g{e@:% %IJ]‘?ﬁltg%e con‘pougd)(R (R) 18ngs

a cat@Vstatek ~]Q)Q9anU 15 46 <Exanple 13:
Examnatlono ecorrpound of the formula (111).- 5>

é}f(PdDﬂl‘téﬁiﬁbrﬁﬂllfé) ci nnanyl broni de (1.~2
eq) |m|\F%ﬁ%@@coasu 7HF H2N OOCBu P (17:

0. 15 Miection: UV 254 nm
(R)- Naphthylalamne tert-butyl ester (compound 46) (78 1 mg;

yleld 96% optical purity 98% ce) was obtained in the same mapner as in
Example 12 except that the compound (8)-4 (2.2 mg; 3 umol) was used

instead of the compound (R R)-18asa catalyst

<Example 13: Examination of the compound of the formula (IIT) — 5>

_— Ph. 7]
C _ | Ph
iN"‘cormau (RA-18 (1 mol%) ‘ Il
- cinnamy! bromide (1.2 eq) N COOBU _lzl(‘;i_* o
ol : : CTHE COOMBuU
17 : : PhMe (17: 0.15 M) . : o 7
50% KOH (23 eq) | cl 84% o8
26 _—

0°C, 6 hr

(S)-1-Cinnamylglycine tert-butyl ester (compound 27) (61.1 mg;
yield 82%,l optiéal ﬁﬁrity 94% ee) was obtained in the same manner as in
Example 9 except that cinnamyl bromide (70.9 mg; 0.36 mmol) was gsed

instead of benzyl bromide. |
The optical purity of (S)-1-cinpamylglycine tert-butyl ester

~ (compound 27) Wasr measured by HPLC under the following conditions:
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20 17 50% KOH (23 eq) ci | 82% 27 ee O0C, 6 hr 26
(S)-1-C nnanyl gl ycine tert-butyl ester (conpound 27)
(61.1 ng; vyield 82% -optical purity 94% ee) was
obtained in the sane manner as in Exanple 9 except
“that cinnanyl bromde (70.9 ng; 0.36 mml) was used
25 instead of benzyl brom de. The optical purity of

- (S)-1-cinnanyl glycine tert-butyl ester (conpound 27)
was measured by HPLC under- the foll ow ng conditions:

105 Col.um: £l (4 6 % : Mobile -

phas: :Olﬁ%n@:ﬁm#‘?@% a% ne ég?&%@l/ 0.1 Flow
rate: 0O [ mn, Tenmper 113 LERRer abor1¢o.15

Det eMP@ﬁ?rSLI)\?SQSEe’f? %@éﬂ\iﬁ?&l&p ctrum of the

obt ained caonp =27 is shown in Table 12. Table
12 N °§“p’é"’cg‘tef Qkﬁ’%ﬁ’%r’%pound (S)-27 400 MHz 1H NMR

(Cm’lsea?lp%rza%ﬁ}géagqﬁFééﬁﬂ%ﬂ@(urer 22 (1 H m, 6.48 10

(1 H, 1H m, 3.49 (1H t, Jr

6.0 F . 57 , 1.69 (2H, b) 1.46 (9H, s)

(R)-?%]tr?ggrﬁ? g%%ﬁg ]%%rt-butyl ester (conpound 47) )
(67. Ipig N Ebé’ct%ﬁ%ﬁ oOPhé Gdtapied tompewnddf) Rdsis shown in
obtai'ned In the sane manner as in Exanple 13 except

Tik@at14 he compound (S)-4 (2.2 ng; 3 nmol) was used 15
I'nstead of the conmpound. (R R)-18 as a catal yst. Ph
HZN*COOt Bu 47 20 - Table 12 -

: NMR spectrum of compound (8)-27 _
400 MHz "H-NMR (CDCl,) & 7.35-7.26 (4H, m), 7.22 (1H, m), 6.48
{(iH, d, = 16.0 Hz), 6.15 (1H, m), 349 (1H, t, J= 60 Hz), 2.57
(2H, m), 1.69 (2H, b) 1.46 (9H, s) S

(R)-Cinnamylglycine tert-butyl ester (compound 47) (67.1 mg;
yield 90%, optical purity 89% ee) was obtained in the same manner as in
Example 18 except that the compound (8)-4 (2.2 mg; 8 pmol) was used

instead of the compound (R,R)'lS asa catal_yst.
Ph

e

H,N” ~COOtBu
47

<Example 14: Examination of the compound of the formula (IID — 6> .

HoN™ "GOOy BzHN" ~COOBu
THE 2 EtN

29 30
93% 99% ee

(R,Ry- 18 (1 mol%) 7 .
NcooBr . . /L/ INHG /( benzoy! chioride ,(
! lodoethane (10 eq) N ~Co0m —
/©) PhMe (17: D.15 M) j
al

17 50 % KOH (23 eq) | o
0°C, 5 hr

28

Under an argon atomosphere, the p-chlorobenzaldehyde Schiff

base of glycine tert-butyl ester {compound 17) (76.1 mg; 0.30 mmol),
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<Exanpl e 14: Exam nation of the conpound of the
formula (111) --6> (Rf)- 18 (1 nol% N, COOBU I N HO
benzoyl chloride iodoethane (10 eq) N THE HN 000t Qu

Ef 3N. BzHN cootBu CI PhMe (17: 0.15 M | cooteu 29 30
Ul, g 17 50 % KOH (23 eq) g 28 93% 99% ee 25 0OC, 5 hr
Under an argon atormsphere the p-chl orobenzal dehyde
Schiff base of glycine tert-butyl ester (conpound.

17) (76.1 ng; 0.30 nmol), 106 iodoethane (240 L; 3.0 -

, rmol), and the d R, - . X -
NN adaﬁ@emwgiﬁﬁﬁzga%g i VE stireed

il bk U358, WA £ e BBy shoreot
St i d f h .
nEkesiei o1 RS 0P LILP L B 0 e p o
0 an
mohe RSt HERRISTER) SRS FaEteS TRBMEkagooas S‘Md for
extracted wt
RS Sth aBhE e, Mo Yimpanuoiarter isciled

wglg"' B} SELORESY AUSkYhelb e dna U toDeinasiek et esaputated off,

uced pressure. The residue was

lfﬂe‘ﬁd £k g;{lgyirﬂ’éd( SQhIﬂ':l)basb oRysbiaah 16) iwascxdricted with

was ad thereto at 0C, and the m xture was

e'rIr (e £A7). 3S0TALAUbIERInAAt etherellayeredvdD aooorined - with the
enperature, the m xture was washed with ether. Next,

tcﬂﬂ@n@t heYed afTectdd V\/ﬁﬁe@omlsc;t elaticalg adverwi stodzqu sulfate and -
ydrochloric acid. The acidic aqueous |ayer was

cldn®siRd, vaiddrt Retudeduprasswed b reswugmwas Siluted with
hydrogencar bonate at 0OC. The mi xture was extracted
TW T l{16hh0) 0i AN rhydrochloric acid (10 ml) was added thersto at 0°C
and the mixture was stirred for 30 ‘minutes. After returned to room
temperature, the mixture was washed with ether. Next, the ether laSrer
was eﬁtracted again with 1 N hydrbchloﬁc acid. The acidic arqueous
layer was collected, and then neutralized with sodium
hydrogencarbonate at '0°C. The mixture was extracted with chloroform
(10 mLx2) to collect- the chloroform layer. The chloroform laye;' was
dried over sodium sulfate and filtered. To the filtrate, triethylamine
(84.0 uLs; 0.6 mmél) and benzoyl chloride (70.0 pL; 0.6 mmol) were added
at 0°C. The mixture was stirred for one hour at 0°C and then purified
by silica gel column chromatography (hexane/ethyl acetate = 9/1) to give
(8)-N-benzoyl-ethylglycine tert-butyl ester (compound 30) (73.2 mg; yield
93%, optical purity 99% ee). -
The optical purity of (8)-N- benzoyl ethylglycine tert-butyl ester

(compound 30) was measured by HPLC under the following conditions:

Column: CHTRALCEL AD-H (4.6 mm¢x25 cm)
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(10 m.x2) to collect the chloroformlayer. The
chloroform |l ayer was dried over sodiumsulfate and
filtered. To the filtrate, triethylamne 20 (84.0 L;
0.6 nmmol ) and benzoyl chloride (70.0 L; 0.6 nmol)

- were added -at 0OC. The m xture was stirred for one
hour at OC and then purified by silica gel colum
chr omat ogr aphy (hexane/ ethyl acetate = 9/1) to give
(S) - N-benzoyl -ethyl gl ycine tert-butyl ester (conpound
30) (73.2 ng; yield 93% optical ilrlty 99% ee). 25
The dyithdalphpsei hgxae/Ryrorapeh z@sfﬂ et hyl gl yci ne
tert-butyl ester (compound 30) was neasured by HPLC
underFloweratel O dwindgneidndi ti ons:  Col unmm: CHI RALCEL AD
-H (4.6 mmx25 cm). 107 Mbi| e phase: ,
hexarfkenEpenagpesratoos SomPerH e rate: 0.5 nl/nmin
- Tenperature= roomtenperature Detection: U/ 254 nm5
(R - @@@ﬂ‘@@?i@l@?l’lﬂm ne tert-butyl ester (conpound

N
mfgngfi’é %é oBe]o‘g opa °“nﬁﬁ1§a‘6ifé{ d9(§¥ %}rq%s g]sat%lﬁggzlg\’\% sﬂ:j?tll%dmanner
D, heéccpg% t a@%@p c?nﬂéun@(gynﬁln@ 2%5913 fimel) was

N coo
A Bl #@?@%@%%%%&%%s s

BzHN COOBu

BzHN™ COOtBu
48

10

<Example 15: Examination of the compound of the formula (IIT) — 7>

N (R.R- 18 {1 mol%) E | |
T i : enzoyl chioride
Ityl bromide (1.2 e INHC benzoy
' l i ( o ?' CO0Bu " FN™ "COOBu N ™ BzHNT COOEu
Phia (17: 0.15 M) /©) THF Ely .
o

15 -7 50% KOH (23 eq) cl 84% 0% oo
0°C, 2 hr

32

: (S)'N‘Béﬁzoyl'al'lylgljcine' tert-butyl ester (compound 33) 7('69.8_
mg; yield 84%. optical purity 92% ee) was obtained iﬁ the same manner
as in Example 14 except that allyl bromide (43.6 mg, 0.36 mmol) was
20 used instead of iodoethane (240 uls 3.0 mmol). '
The'optical purity of (S)-N-benzoyl-allylglycine tert-butyl ester
(compound 33) was measured by HPLC under the fbllowing conditions:
Column: CHTRALCEL AD-H (4.6 mm¢x25 cm)
Mobile phase: hexane/2-propanol = 20/1
595  Flowrate: 0.5 mLmin
Temperature: room temperature

Detection: UV 254 nm
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PhMe (17: 015 M ~~ 32 33 84% 02%e 15 Cl 17 50% KOH
(23 eq) A" 31 0C, 2 hr (S)-NBenzoyl -allylglycine
tert-butyl ester (conpound 33) (69.3 ng; yield 84%
optical purity 92% ee) was obtained in the sane
manner as in Exanple 14 except - that allyl brom de
(43.6 ng; 0.36 mmol) was 20 used instead of

i odoet hane (240 L; 3.0 mml). The optical purity of
(S) - N-benzoyl -al |yl glyC| ne tert-butyl ester

SPTTRST B STIVRT Bl ELALIPAE g 40 (000

X 25 ‘L e ohas
™) m);(\p],daé:% 6, @pglcgnf Ip%rh %‘% nﬂ%tg oBLERRA% ﬂ]@@éﬂae Bfanner

ture: roomtenperature )
Det ect i on; 254 nm,1 8 R a 451(2 ¥l sy S nmol was
ag aptEFRDPIe ggt"e’Fce@% h& é@&;?@ﬂ e my; yi elgd 92%
opt i cal 8% o4 alsrae@hth dgthe same
uﬁ%%&ea inthgé;)? rﬁﬂqﬁ;dlgﬁgycept t hat ﬁwe conpound
(S)-4 (2.2 nu; Bgrml)l used instead of ‘the
5 conpound (R R)-18 as 3 catal yst. 5 J BzHN*COO: Bu 49
<Exanpl e 16: Exami natton of the conpound of the.
Cformula (111) - 8uNEO-EO®BU76 (i nol %9 N COOf du-
methallyl -) I N HCl benzZQOyi chloride brom de (1:2 eq
~i~I11 EfaN gili N COOB8u

<Example 16° Examination of the compound of the formula ,(IIlI) ~ 8>

10 ‘ (RR)- 18 (1 mol%) - : | : : ' . o
NTCoOBY L N HCl benzoyl chloride
| methallyl bromide (1.2 eq) N SCOOBu N Co0m |
s N
- PhMe (17: 0.15 M) @J THF Ei:N
cl

35
17 50% KOH (23 eq) o
0°C, 2 hr

36
0% 08% ee

(8)-N- Benzojfl -methallylglycine tert-butyl ester (cOmpound 36)
15 (85.9 mg, yield 99%, optical purity 98% ee) was obtamed in the same
manner as in Example 14, except that methallyl bromlde (48.6 mg; 0. 36
mmol) was used instead of 1odoethane (240 pL; 3.0 mmol).
The optical purity of (S)'N'benzoyl-methallylglycme tert-butyl
' esi:er (compound 36) Waé measured by HPLC under the following
20 conditions:
Column: CHIRALCEL AD-H (4.6 mm¢x25 cm)
Mobile phase: hexane/2-propanol = 20/1
Flow rate: 0.5 mL/min |
Temperature: room temperature
25 Détectioni UV 254 nm
(R)'N-Benzoyl;methallylglycine tert-butyl ester (compound 50)

(82.5 mg; yield 95%, optical purity 96% ee) was obtained in the same

109

CBE “COOEY



10

15

90

25

PhMe. 7: 0.75 N COO tBu THE HzN 35 COO(r)u 36 98%e

Cl 17 50% KOH 3e ) C 34 99%0C, 2 hr .

(S) - N-Benzoyl - net hal | yl gl yC| ne tert-butyl ester
(conpound 36) 15 (85.9 ny; yield 99% optical purity
98% ee) was obtained in the same nmanner as in

Exanpl e 14, except that nethallyl bronide (48.6 ny;
0.36 mol) was used instead of iodoethane (240 L 3.0
mrol ). The opti cal purity of :

(S)-Nb -met hal | yl t - butyl :
oapome: Shymls Rl ShEHEEE eSO 22 me o

T S e ST P 0B

Flow rate: 0.5 nL/mn erature: roomtenperature
25 Detection: W254 nm ( -N-Benzoyl - et hal 'yl gl yci ne
tert-butyl ester (conpoand 50) (82.5 ng; yield 95%
optical purity 96% MBso8kRyal ned in the same 109
manner as in Exanple 16 except that the conpound
(S)-4 (2.2 ng; 3 nol) wa8 used instead of the
conpound (R, R)-18 as a catalyst. BzHN"COOBu 5 50
<Exanple 17: Al kylation using the conpound (S, S)-37 -

<ﬂh>:gnw1%ge %%%@%tﬁ?ﬂé%%ﬁ@coﬁﬁoﬁq@m,S9~3’D*-M=}O Ph o

p—MeO -Ph o ,
p—MeO -Ph )
tBu>< p-MeO- Ph . ) ‘ _ .
- p—MeO—Ph o
y nol% /@ ' )
PIACOOEt (S’Sl)_bs? (1‘: (')I(/:) 5 eq) : INHG! /©
: mide (1.2 & A . 2
. ) benzyl bromide (1.2 2q . N COOE : A
- . 1 hr H,N” “COOEt
. Phie (3: 0.1 M) . 39
48% KOH (4 eq) : t 76% ee
A5°C, 19 hr L . -

Under a nitrogexi atomosphere, the benzaldehyde Schiff base_ of
giycine ethyl ester (compound 8) (191 mg; 1.0 mmol), benzyl bromide
(257 mg 1.5 mmol), and TaDias-[(48,58)-2-tert-butyl-2-methyl-
N,N,N’,N’-tetrakis(4- methoxybenzyl)]dnollde (compound (8,8)- 37) 9.7
mg; 0.01 ‘mmol) were added to toluene (10.0 mL), and the mixture was
stirred vigorously with ice-salt cooling. When the internal temperature
thereof had drbpped to -15°C or less, 48% KOH aqueous solution (0.47 g
4 ﬁlmol, 4 equivalents) was added thereto. The mixture was stirred for
19 hou.rs‘ while maintaining the internal temperature at 15°C
Distilled water (5 mL) was added thereto and the toluene layer was
collected, and thén the alkyiated Schiff base (compound 38) was

extracted with toluene (10 mLx2). Thus obtained toluene layers were
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| (Papgsind B (TA G ngsey Lok 78%: PRECAHDWILR
(1

N COCEt (S 5)37 (1 nol % -benzyl bromide (1.5 eq) IN
HCI N COOEt 1 hr H2N OOOEt 3 PhMe (3: 0.1 M 39
48% KOH. (4 eq) 73% 76% ee 15C, 19 hr 38 15 Under a
ni trogen atonosphere,.the benzal dehyde Schiff base of
gl ycine ethyl ester (conpound 3) (191 ny; 1.0 mmol),
benzyl bromde (257.ng; 1.5 mmol), and

TaDi as-[(4S,5S)-2-tert-butyl.2-methyl- N, N, N ;

N -tetrakis(4-net hoxybenzyl)]diiolide (conmpound

(S,9)-37). (9.7 20 gy, 0.01 g £ Fdesudy 1 N
_ cognﬂiu)@de ‘%’lfi} dhe)to W‘t??é’em(ioli}? }eé\ﬁerv@gs st‘igLrlérlg’d then

vigorously with ice-salt .cqqhi ikRherwak stirred
hydspblonaAed {handor in g aeReho, SRR B e ot

KOH aqueous. sol ut.i on T 4 fraUvaalceliveied by
A EETRAGBPRIALIEY v e U OrpaTRr B g e

e mxture was stirred for

 sobartiosn bl A QLo ddEy Rl ehs ashetneltal tlae at (5 mL),

m.) was added thereto and

a | yeneyla | ; flllshéo aviosd too vigorous
a%(;:' %9%@{%}%@8?%?& B;%%Zatzl&@d i R0, carbfllizhen 00 Vi 1S

_ conpound 38) was ext raﬁi\id lgﬁ 1
a5 ol en ' ) utidhUeaebtdinuedower udma Lhjeprinrme
b%}i;léng fﬂ%ﬁcg% 5P tgle)%_%lutla_ a ‘

Ined wth the toluene | ayer collected

b S BHSLY pH 88 Talerhy dThohirdktreasiad estracjedwasith ethyl
adde eret'o, and the mxture was stirred at _r'o'[n otat
adeRAPLUTH Uh ExbPtoQRMtlcR0 the dlihel agatateslayayer Thasethy acetate
collecte y separation, and then the aqueOLés Igé/er duced
1as Wi hed W idy ilgesturh Sulfgte Brthpencssdryipd under re g
Carbonate was added thereto car efus_l‘%]to voi.d to 1 ester

pMi@aEOUSo Bitebl flreg titlei coyiound; r(B_ RIS
not 1ower than 11 (confirned by unl,ver,@,)?) t est
[ 1Y acetate
m.x2) to collect the ethyl acetate |ayer. The
et hyl acetate

<Example 18: Alkylation using the compound (8,5)-37 ~ 2>

(5,8)-37 (1 mol%) ‘ _/© .
e il o1 & ey : H ' 1N HCl :
benzyt bromide (1.5 eq) P A 0By >
1hr .
PhMe {g: 0.1 M) HoN cporsu
40 32% »
-48% KOH (4 eq) o 2 %

-15°C, 19 hr L | N

INACOOIBU

83% ee

The title compound (R)-phenylalanine-tert-butyl ester (compound
41) (70 mg; yield -32%, optical“purity 83% ec) was obtained in the same
manner as in Example 17 except that the benzaldehyde Schiff base of
glycine tert-butyl ester (compound 9) (219 mg 1.0 mmol) was u'sgd

instead of the benzaldehyde Schiff base of glycine ethyl ester (compound

3) (191 mg; 1.0 mmol).

<Example 19: Alkylation using the compound (R)-42>

111



10

15

20

25

| ayer was dried over magnesi um sul f
concentrated under reduged 10 pressﬁﬁ': ?gdgi ve the
title conpound (R)-phenyl al ani ne ethyl ester *
(conpound 39) (140 ny; yield 73% optical purity 76%
ee). <Exanple 18: Al kylation using the conpound
(S,9)-37 - 2> NCOXxBu ~ 1IN HCl | 15 beniyl brom de
(1.5 eq) NCOOXBu Phve (9: 0.1 M 1 hr HN-COOX & 9
40 32% 41 48% KOH. (4 eq) 83%ee -15C, ,19 hr The
title conpound (R)- phenyl al ani ne-tert-butyl ester
(c(())rrpound 20 41) (oo, yield 32% optical purity
83% ee) was obt.g . the same nmanner as in
. t. t he benzal dehyde
of glycine tert- L@rg'ltcz;é%trgr (con‘pou%d 9)SC?I2f1f9 2386
. |"ﬁggszﬁdl of the ‘benzal dehyde ’
. 3 yl ester (conmpound 3

ng; 1.0 mmol) 2@pl e 19: Al kyl(at rrgn usi ng)tgégl

‘conpound (R)-42> 11} F F KGk'n Br E5'] F
N COOE {R)-42 (0.1 mol%) f@ , o
COORt

. , , H.N" ~COOEt
48% KOH (4 eq) 86% - e
8°C, 6 hr L

3.

: ©) B - benzy! bromide (09563) | N . INHGE I@ :
. _ _ e ! !
) PhMe (3: 0.1 M) ©) ) 1hr

" 8B% ee

The benzaldehyde Schiff base of -glyoine ethyl ester (compound 3)
(191 mg 1 mmol), benzyl bromide (162 mg 0.95 mmol), and the |
compound (R)-42 (1.25 mg; 1 umol) were added to toluene (10 mL), and

the mixture was stured v1gorously (1400 rpm) with ice-salt coohng

When the internal temperature thereof had dropped to -5°C or less, 48%

KOH aqueous solutlon (0.47 g 4 mmol, 4 equlvalents) was added thereto.
The mixture was stured for 6 hours while maintaining the 1nter;1a1 |
temperature between -5°C and -2°C. D1st1lled water (5 mL) was added
thereto and the toluene layer was collected, and then the alkylated Schiff
pase (compound 5) was extracted ‘with tolueme (10 mLx2). Thus

obtaine'd toluene layero were combined with the toluene layer oo11ected

previously, then 1 N hydrot:hldric acid (2.5 - mlL) was added thereto and

the mixture was Vstirred at room temperéture for one hour. The aquecus
layer was collected by separation, and then sodium carbonate was added
thereto carefully to avoid too vigorous bubblmg until pH of the solution
reached not Jower than 11 (confirmed by universal pH test paper). The
mixture W'as extractedr with ethyl acetaté ‘('5 mLx3) to colleet the ethyl

acetate layer. | The ethyl acetate layer was dried over magnesium
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NCOOEt (R)-42 (0.1 nol % benzyl brom de (0.95 eq) 1IN
HCl Np COOEt PhMe (3: 0.1 ND 1 hr H2ZN f COOEt 3 48%
KOH (4 eq) 66% 6 0C, 6 hr 66% ee 10 The benzal dehyde
Schi ff base of glycine ethyl ester (conpound 3) (191
ng; 1 mmol ), benzyl bromde (162 ng; 0.95 mol), and
the conpound (R)-42 (1.25 ng; 1 nol) were added to
~toluene (10 nL), and the mxture was stirred ‘
vigorously (1400 rpnm) with ice-salt cooling. Wen

the internal te ratur her h p eSCﬁh@r; title
B e R N M LhEL S e i

equi v t s, added I . Wdurieowas; yield 66%,
cogin ‘}‘%‘%'@oﬁ’sﬂ%‘yﬁgﬁ?n\%ﬁﬁﬁ% ! ﬁg%e%t (S?ln}i?%@h e) L(l nt er %a?rle

t enper at.urge..between -5C . and -2C. Distilled water (5
oRbicR \Hégltgo%e% “Xnereto and the tol uene |ayer was

col lected, and then the al kyl ated Schiff base
(conpound 5) was extracted with toluene (10 nix2).

| <§g§]§lp¥$zebﬁ@#§§%ﬁéﬂ Yefe: Lawipbanderde conbi ned with

ol uene r collected previously, then 1 N .
<]§¥%§@@|ﬁ.gp"mwrﬁﬁoa BE Jtheaseragtih lnhdetstde Hehifft hese of
mxture was stifred at roomtenperature for one hour.
gl}Eﬁle gi)légterl(@}éﬁipdlbﬁﬁl go)> ected by separation, and
en sodi um carbonate was added. thereto cacedrl |y to
avoi d too vigorous bubpling until pH of t  gplution
25 reached not |ower t 11 (confirmed by TUhi versal
pH test payp€rcpoEThe mi re waskixtracted with ethyl.
acetate (5HLx3) tb col t thepgihyl ace .
The ethyl adetate |ayer Wwas drieg,over magnésium 112
sul fate and concentrat @dSonder reduced pregStxe to
‘give the title conmpound (S)-phenyl al ani O%t)nyl
ester (conpound 6) (120%hy; yield 66% %& cal
purity 88%ee). 5 <kExanple 20: Benzylation of the

Conporljggef 4at> ‘nitrogen atmosphere, toluene (35 ml) was added.to

glycine ethyl estér hydrochloride (compound 1) (8.72 g5 62.5 mmol), apd
then triethylamine (10.45 mLs 75 mmol) was added thereto and the
mixture was stirred. Further, terephthalaldehyde (compound 43) (3.35

g; 25 mmol) was added thereto, and the mixture was warmed and stirred

at 50°C for two hours. Water (50 mL) and toluene (50 mL) was added
thereto, and the mixture was separated to two layers. The toluenellayer

was washed with water (40 mlL) and saturated saline (40 ml), and then

concentrated by evaporator to give compound 44 (6.7 g5 yield 88%).7 The
NMR spectrum of the obtained compound 44 is shown in Table }3.
Table 13

NMR spectrum of compound 44

400MHz 'H-NMR(CDCly): & 8.32(2H, s, CH=N), 7.84(4H, s, ArH),
4.42(4H, s, N-GH,~CO), 4.25(4H, q, J=7.2Hz, 0~CH,~C), 1.30(6H,

m, C"'CH_';) -
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<Exanpl e 20-1: Preparation of the terephthal al dehyde
Schiff base of glycine ethyl ester (conpound 44)>
COOEt O H- NH H2N--000Et Et3N, HCl + PhMe 10
88% HO H,IN 43 EtOOC) 44 Under a nitrogen

at nosphere, toluene (35 nL) was added to gl ycine

et hyl ester hydrochloride (conpound 1) (8.72 g; 62.5
nmmol ), and 15 then triethylam ne (10.45 nL; 75 mol)
was added thereto and the m xture was stirred. '

Furt her terepht al ald de 43) (3.35 g;
<Bmampit PO E%I PR ¥‘8 COEM ?n>xt ure was

war med and stirreq ]gt 50C for two hours. Water (50
m.) and tol uene B L) was added- thereto, and the
' > el to two | ayers. The tol uene

; S th water (40 nL) and saturated
saline (40 nL)[, afkPhen concentrated by evapor at or-
to -give .& | 6.7T0; Id 88%]. The NWR
spectrum o & <obttal ned |conpoyfid 44 is| shown in

: TabI e 13. Tabl e MR spect r umefcEonpound 44 400MHz
' IR CDCI 3) .32(2H S, h7.84(4H, s, ArH),
25 <4 42(4H, it 4.25(4H] q, JE7.2Hz, O GHZ
) 1.30(6H™*f '“?—“QZ 13 <Exagiphe 20} 2: , ..
Befizyl at i BRAELFOTYE mqéalﬁ‘pound- 44> B I :

1hr

PhMe (44: 0.5 M) HOSN o HN” “COOEt
T3 %
HTSN 48% KOH (3.9 eq) EtOOC B
EtOOC 0°C, 1.5 hr : B4% ee

a4 | L 45 B |
Under a nitrogen atmosphere, the terephthalaldehyd_e_ Schiff base

of glycine ethyl ester (compound 44) (1.52 g5 5 mmol), benzyl bromide

| (1.62 g; 9.5 mmol), and the compound (R)-4 (7.4 mg; 10 pmol) were added

to toluene (10 mlL), and the mixture was stirred vigorously (1000 rpm)
with- ice-saltr cooling. When the.- internal temperature thereof had
dropped to 0° C or less, 48% KOH aqueous solutlon (2.28 g; 19 mmol 3.9 w
equivalents) was added thereto. The mixture was stirred for 1.5 hours
while maintaining the internal temperature between 0°C and 5°C.
Disti_lléd water (10 mL) and ethyl acetate (30 mL) were added thereto
and thé toluene;ethyl acetate layer was collected, then ethyl acetate (20
mL) was added again thereto to extract the alkylated Schiff base
(compound 45). The NMR spectrum of the obtained compound 45 is.

chown in Table 14.
Table 14

NMR spectrum of compound 45

400MHz 'H-NMR(CDCl,): & 7. 91(2H, s), 7.70(4H, s), 7.25-
7.10(10H, m), 4.21-4.15(6H, m), 3. 36(2H, dd, 5.2Hz, 13.6Hz)}
3.14(2H, dd, 9.2Hz, 13.6Hz), 1.25(6H, t, 7. 2Hz) :
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FF F 5FCOOEt ~COOEt (R4 FNv H NH(R-4 (0.2
not %9 benzyl bromde (1.9 eq) 1IN HCl PhMe (44: 0.5 M
HN21hr HZN 6,00a oa HIN 48%KOH (3.9 eq) Etooc
73% Et OOC 0C, 1.5 hr 84%e 10 44 45 Under a nitrogen
at nosphere, the terephthal al dehyde Schiff base of
gl yci ne ethyl 'ester (conpound 44) (1.52 g; 5 nmol),
benzyl bromde (1.62 g; 9.5 nmol), and the conpound
(R - (74rrg, 10 mol) were added to toluene (10

) ;cqggz 56025007 W OB 380, ant
ngaﬁﬁ&éur 2 4 le]?g\?%r gﬁﬁgg ﬁh%r?t% Oé:nci §8e: nAlfare was

ng{qxie:d:,/ &é}%e?% 1 89&95%‘}9 vﬁ:ﬁj b hile. m’Pﬂeura%ldé@ﬁs layer was

ours | e mai ntaining the internal

cq}%@gég)%}‘%%%}%tt%f NHAG g%éj a'i{ﬁeou@ 18ybt hats waisbied(With ethyl '

ate ( wer e added thereto 20

al8bbaxES wheadilkld dotredy carefully
a%ﬁgté gm%ﬁ?&?ﬁ%&%%géﬁﬁnﬁ) was added again thereto

.‘ trfr% f&%g%ﬁ%@bﬁhbﬁhg%rﬂﬁhpﬂ obtizesolutimnpreavhedsyot lower
I\/R spec

trumof the obtalned conmpound 45 is

HSNOWY i (RodBPhed 1By Tablersdll P8 MR pppedr urTh¢ mixture was
conpound 45 400M‘g "H NVR(CDCI 3): S 7. 91(2H S) :
eftrﬁ@fe‘li"ﬁltlﬁbthﬂ 2&etafe 140 lmHXS)ﬁQ cdlloct- ﬂlelst(lmh aqu:ate layer
(2H dd, 5 2Hz, 13.6Hz), 3.14(2H, dd, 9.2Hz,

Th@ fial‘tlﬁ)zl &ce?l;'é(:@Hlayer maslz)dned over magnesmm sulfate and.

.concentrated under reduced pressu‘re to give the title compound

(S)-phenylélénine éthyl ester (compound 6) (1.33 g5 yield 73%, optic_al

purity 84% ee).

<Example 21: Benzylation of the compound 49>
<Example 21-11 Preparation of the benzaldehyde Schiff base of glycine

dlphenylmethylamlde (compound 49)>

PhyCHNH; \ .
GG . HCUMEOH
BocHN” “COOH ~ Tor BocHN™ )Y Crystallization
. O Ph . from EtOAc
46 a7 62% (2 steps)
oo
Ph
, PhCHO/EN N/'\H/NY
HCT N Ph J o e
2 Yh PhMe/EtOH Ph
© P 98%
48 49

With ice-water cooling, N,N’-dicyclohexylearbodiimide (DCC, 9.3
5 45 mmol) was added to THF (100 mlL), and then Boc-glycine

(compoﬁnd 46) (1.5 g 42.9 mmol) was added. Then, benzhydrylamine

(8.3 g 45 mmol) was added thereto, returned to room temperature and
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114 The col l ected tol uene-ethyl acetate layers were
corrb_l ned, and 1 N hydrochloric acid (20 nL) was
added thereto, and the m xture was stirred at room
tenperature for one hour. The aqueous | ayer was
collected by separation, then the aqueous |ayer was
washed with ethyl 5 acetate (10 nL), and then sodi um
carbonate was added thereto carefully to avoid too
Vi ?olrous bubﬁl ing until pH of the solution reached
not .l ower  than 1 f Yy gLV - itat .
Hairyiee: %(Ta#iefo%&?reéiﬂ??%?f-e o R Rlis e gitate weo
: X 0 thwl tage
sl ohtLehd AR Stk Faf  QhiesTaRkol s by Blon iR S
(lgﬁdn%ﬂ CANCEAl LAt dﬂz@dl%rsid@dlémdtpé assulténg pretipdtate was
e title conpoun S) - phenyl al ani ne ethyl ester
ﬁﬁgiﬁg@g@g 9%“'( 13[%% Bitevd Bbthyl 3et Ot 168k warimiashe84vith 5%
ee). < aﬁp e.21: Benzyl ation of the conpound 49> 15 :
ci@%ag&l e (- la LRy EPasAida@ed okalihe E&mszE,efB,aderz&eﬂi fsbdium
ase of glycine dllphen'y-l met hyl am de (conpound 49) >
h R0 EENERr b RaGe Nufite HAUOMedhk 2)Botidy-Gatkirated Bolipm (39 mL),
“Crystallization 0 fromEtOAc 46 47 62% (2 steps) 20 .
ddibd v CE R3S N difd¥e Pind HBlenHEOh édntEa Al P I‘@YEt]Cg-ﬁ Fh 9t the
Ph 98%48 49 Wth ice-water cooling, | a
cr&i,lec)odzancg?ﬁ)éyl carbodiimde (DCC, 9.3 25 ¢g; 45 \
nmo was added to THE (100 ni), and then Bpc- [ '
~ Next, a 10% hydrochloric a_c-%d methano s‘oﬁi:tigrll yﬁ)lynel‘okyo

Chemical Industry) (120 mL) were added to the ‘cbmpOund'47 (14.8 ),
and the mi)'_d;ﬁre was é.tirred'for 6 hours. The methanol-was removed
under reduced 'pressure, then etilyi acetate (120 mL) was added thereto
and the mixture was cooled to 5°C. The precipitated sediﬁnent was

filtered and washed with ethyl acetate (120 ml). The precipitate

obtained was dried by blowing at 50°C (12 hours) to give the compound

48 (7.10 g, 62%).
The compound 48 (2.77 g; 10 mmol) was added to toluene (20 mL)

‘and the mixture was stirred. Then, {riethylamine (1,11 g; 11 mmol) and

benzaldehyde (1.06 g5 11 mmol) were added thereto and the mixture was
stirred for two hours. FEthanol was added (10 mL) thereto and the
mixture was stirred for additional two hours. After removing the
solvent under reduced pressure, ethyl acetate (40 m1) and water (20 mL)
were added thereto. The crystal precipitated was filtered and then
washed with Water-l(m ml) and ethyl acetate (20 mL). The obtained
precipitate was dried by blowing at 50°C (12 hours) to give 1.40 g of the
compoun.d' 49. This filtrate was concentrated and the precipitate was '

dissolved in chloroform (100 ml), the solution was washed with water

116




10

15

20

25

(conpound 46) (7.5 g; 42.9 mol) was added. Then,
benzhydrylam ne (8.3 g; 45 mmol) was added thereto,
returned to roomtenperature and 115 the m xture was
stirred for three hours. The resulting precipitate
was filtered out and the filtrate was concentrated,
and then ethyl acetate (150 nL) was added to the
resi due and the resulting precipitate was -filtered
out again. The filtered ethyl acetate |ayer was.

CHRIED U d316P bt b il maihers abucattedted under

, saturated sodium hydrogencarbonate

: ' Hhahedsal 80 e, (3320 glyhen combined
re‘éﬁl}cé%péré%srl{%e;%% ﬁlrﬁegﬁlféf%?%ﬂand t hen co%cent'r ated to .
wilinvendl EP&,@ cPfsthlieyietd Wdes)corfiouNMR7spadéxtm of tigywbtained

hydrochl oric "aci d net hanol solution (by Tokyo 10
oAt ER ol adHS WY In [2BR: 1E) were added to the

compound 47 (14.8 g), and the m xture was stirred

for 6 hours. The nethanolTatds Ifenoved. under reduced
pressure, .then ethyl ot at e 0—+H s—atleec

theretp and the MM SpeEyiR e , 1’0 5C—TFhe

pr eci plsb@iued 'S RURTEDEI WS 8.38(1Ht & rGHENATI4nAsREY ry t h
et hyl Beet 94614180, /58 bz, NHEQ) BEI-Pi40@HEem1EHALLned
was _dr 79%»4, WG FIROL U2 8iBELPRICH04 8@, she
compou Héé) (7.10 g, 62% . The conpound 48 (2.7¢ 0,
10 nmobias—added—to—totueme (20 ) —and 1 he
m xture was stirred. Then, -triethylamne (1.11 g; 11

mmol ) and benzal dehyde, (;1.06 g; 1 ) were added
<Enemgle 24n% Brazyhation of C%ggﬂl&#g for two hours.

- AT/ audutTu

. Ethanol was added (10 nmi).theketo and the mixture

was stirred for additional @
the sprveng @nfer reduced hressure, ethyl acetate
(gfo nmL)_ andswaj e BerOArgL) ere @dded thereto. The
ctystal Jofeci hilal ed was filtkged and then washed
with water 3@ nl) and ethyl asetate (20 nL). The
obt ai ned 25 precipitate was dried by blow ng at 50C
(12 hopurs) t&YPEE™™. 40 ¢ ofenthe, conpound 49. This

0 hours. After renoving

fi, @ Sergyd rerein (1 e ed andj\ﬁlﬁ\r@;e i pigte was : ¥
. N I ———
ph)l o FPh PhMe (49: D.O3 M) Ph)l &5 Ph 5% HzN/\g 1;
48% KOH (150 eq) : 52
5

@ . ©0eC,1.5hr " oa% ee

Under a nitrogen atmosphere, anlaldimine Schiff base of gljrcine
diphenylmethylamide .and benzal&ehyde _(compouhd 49) (49.2 mgf’ -0.15
mmol), benzyl bromide (25.6 nig; 0.15 mmol), and the compound (8,5)-50
(5 mg; 3 pmol ) were added to 'toluene (5 mL), and the mixture was
stirred vigorously (1000 rpm) vﬁthe jce-salt cooling. When the internal
temper.ature‘ thereof had dropped to 0°C or less, 48% KOH aqueous
solution (2.6 g; 22 mmol, 150 equiveilenté) was added thereto. The
mixture was stirred for 1.5 hours while maintaining ‘the internal
temperature between 0°C and 5°C. Distilled water (5 mL) and toluene

(10 mL) were added thereto, the toluene layer was collected, and the
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di ssolved in chloroform (100 nL), the sol ution was
washed with water 116 (20 mix2) and dried over

sodi um sul fate, and then concentrated under reduced
pressure to give the conpound 49 (1.80 g, 3.20 g when
conbined wth the above crystal; yield 98%. The NWR
spectrum of the obtained conpound 49 is shown in
Table 15. 5 Table 15 NMR spectrum of conpound 49
400MHz 1H- NVR(CDCI 3): & 8.34(1H, s, CH=N), :

, al;?é%?;%%%%ﬁ?as% (C&Wu%;.f gg? Qv%géé%}éﬁ&gtbrﬁi:&;&rﬁﬁ:biurﬂﬂd@@bll}ene .
37(1 H d, J = 8.8H, Ph2CH), 4.36(2H, s, NCH2
u@dni‘%xanpl e 21-2: Benzyl ation of th((e' comsaound 4950)

F, C - ' ‘
it T RO NoRET borsa o Chare (e, (o

mgg’gc . Pleid ¥BORRL) waLhdPedehérdo adOtheMniRbisie-wRh stirred
Alﬁz"ﬁlo B Il Ph  48% KOH (150 eq) 52 4d9\)moc', 1.5 hr

at foodd t8RYeestiiRdasr enaiiouegeMbet apspiver Byearvas erHestad by
Schiff base of glycine diphenylnethylam de and
se?ﬁ?éﬁbﬂeﬁlﬁﬁ ehé & GipoLNuEois)lagee wasngasied Bitlp golwepe)(10 mL),

: enzyl_’brom’de (25.6 ng; 0.15 mpl and the coppound
a{ B aS)8%0sddumy hydroside) ameeuaédb&)lqrb a5 agﬁ@i (tggﬁ?_%)o' until
~and the m xture was ’

pH of the aqueous layer reached not lower than 11 (confirmed by
univefsal pH test pap_er)._ The mixture was extracted with ethyl acetate
(10 mLx3) to collect the ethyl acetate layer. The ethyl acetate layer was
dried over magnesium sulfate and concentrated under reduced pressure
to give the title compound 52 (30 mg; by NMR analysis it was found that
this contained glycine diphenylmethylamide ‘derived from the startirig

material 49, and thus the content of the compound 52 was approximately

40%, and. the yield from the compound 49 was 25%). The optical purity

- was 90% ee.

The opﬁc&l purity of the compound 52 v?as" measured by HPLC
under the following conditions: 7 '
Column: CHIRALCEL OD-H (4.6 mm¢x25 cm)
Mobile phase: hexane/ethanol/diethylamine = 95/5/0.1
Flow rate: 0.5 mL/min |
Temperature: room temperature
Detection: UV 225 nm
Retention time: (S)-form = 31 min; (R)-form: 63 min.
" The NMR spectrum of the obtained compound 52 is shown in

“Table 16.
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stirred vigorously (1000 rpm) withe ice-salt cooling.
Wien the internal  tenperature thereof had dropped to
OC or less, 48% KOH aqueous solution (2.6 g; 22
mmol , 150 equi val ents) was added thereto. The 25
m xture was stirred for 1.5 hours while maintaining
the internal tenperature between 0C and 5C.
Distilled water (5 nL) and toluene (10 niL) were
added thereto, the toluene |ayer was collected, and
the 117 al kylated Schiff 86 ¢ compound 51) was
extracted with further tofUene ~ (10 nd) . The toluene
| ayers c¢ol I ect ed mmmmmumeﬂpomdmtﬁ’en 2 N _
hydr och G, aGL ke m.) 6\Ag§2(ﬁ¢d@dl;t:b@g§tnymnﬂ4a—he
m xt ure tirreg ﬂl—i room Eﬁgﬂtéme:;f;ﬂﬂ_;o,ﬂ':‘
hour . T eBU? Cﬁl‘)HeClSh?%l gr@é Lon,
and t hef aléb‘ﬂr ‘25 W th ol uéng
(10 nL) —ngﬁ’dis I‘ESB}B%G Ul?!(?)(ﬁ Flﬂlllpnllc solu ion
was added thereto until pH of the agueous | ayer
~reached not |ower than 11 (confirmed by universal
<hgainfares) Bohkgldtiod Wiehsas-teknaldehgde beliflebhge of glycme
acetate 10 (10 mLx3) to .collect the ethyl acetate

ol RsterTROnAIdud 58Bt at e | ayer was dried over
magnesi um sul fate and concentrat ed: under.. r educed

pr essThe cotpogink 58hweas iprbparashioahd 88% )(‘%HBQP tejyraldehyde
NMR analysis it was found that  this contg E&%g"t £
irgtyad o6 bebphkinHyet iy Refrrance dxampier Fon bR MR, ppeGigum ©
material 49, and thus the content of the conpound 52
thesbeipedxcbmataind 58 iaghpwant TABIQIZI d from t he

conmpound 49 was 25% . The optical purity was 90% ee.

The optical purity of the compound 52 was neasured by
HPLC under the follow ng d%,gl ons: Col um:

CH RALCEL OD-H (4.6 mTO25TEﬁ£] Mobi | e phase:

hexanef et ot /o gy LALIIR of omjoehsd _FTow rat ¢

' T R onos: & BIRC L GHRY, W Fo-7.6002H, m),
7.30-7.20(2H, m), 4.38(2H, s, N-CH,~C), 4.24(2H, a. J/=7.2Hz, O-
CH;~C), 2.52(3H, s) 1 30(3H, t, 7.2Hz, C-CHy)

Thén, th.e reaction was carried out for six hours under the same
conditiolns_ as in Example 1, except that the compound 53 (2.05 g 10
mmol) was used instead of the compound 3 to give the compound 6 (1.16

g; yield 63%, optical purity 93% ee).

Amol)
N NCOOE (R}-4{0'1 mol%) /(©
: I benzyl bromide (0.95 eq) . 2N HCH :
- |

COOEt
1hr

e . PhMe (53: 1 M) HaN” COOEt
48% KOH (1.95eq) | o 83% 8
5 0°C, 6 hr 5é $3% ee

<Example 23: Benzylation of the o-tolualdehyde Schiff base of glycine

ethyl ester (compound 55)>
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Detecti-on: UV 225 nm Retention tine: (S)-form= 31
mn; (R-form 63 mn. 25 The NVR spectrum of the
obt-ai ned conmpound 52 is shown in Table 16. 118 Table
16 NMR spectrum of conpound 52 400MHz 1H NVR(CDCI 3):
(58.02(1 H d, J=9.0Hz, NH), 7.40- 7.10(15H, m
ArH, 6.37(1 H d, J = 9.0Hz, Ph2CH), 3.770H, m

- NCHCO), 3.27(1 H, dd, J=4.2Hz, 13.7Hz, PhCH2Q),

2. 81(1H, dd, J =8.9Hz, 13.7Hz, PhCH2C), 1.60(2H, br -
s, N 5 <Exanpl g.22: Benzyl at : .
p- t olhﬁgél‘? 88%}’83%‘%?:%‘7’ MHREP B %g y%dgée%'Z?hs§?g é)sttoglrlalde}lyde

e S e G L L S B

SRR E IR d ool PEuPBR S REGIH R Tabl0 180

al ned conmpoun own In Table 17. Table 17
NMR spectrum of conpound 53 400MHz 1H NMR(CDCl 3) (5
8.250 H, s, CH=N), 7.70-7.60(2H, m, 7.30-7.20(2H,
m, 4.38(2H, s, NCHZ O T+h14&H, q, /=7.2Hz, 0- 15

CHz-C), 2.52(3H,.s) 1.30(3H. t. 7.2Hz. C CHR) Then,
t he rea{ct_i on was CcHKMRispe:tamt off @mpsund Sour s under_|t he
) ' dagf
k42 ﬁ,”i{fléﬁ -3 &tgﬁ,dck',-f‘ﬂﬁ-ﬁi o9l
, u .16 ; Mield
il 8 Esaits, PADEUAGS 2o
mol % benzyl bromide (0.95 eq) N COOEt 2N HCI
The reaction was carried out for four hours under the same

same 32 z'.?él gﬁ&:ﬁ(ﬂ Exaal@ 1 cienpepbs-haH! he
“conpou baP2y %

the co é_ql 'g

63% opteat T ) t (R4 (01

conditions as in Example 1, except that the compound 55 (2.05 g 10
mmol) was used instead of the compound 3 to givg the compoqnd 6 (1.28

g; yield 70%, optical purity 86% ee).

N CODE: (R)~4 (0.1 mol%). ;
: i benzyl bromide (0.95 eq) - "2N HCI

IN COOEt

CHa PhMe (55: 1 M) - 1hr HNCOOEL
55 48% KOH (1.95 eq) _ CHy 70% 6
0°C, 4 hr 56 B6% ee

‘Industrial Applicability

According to the present invention, it is possible to obtain a
reaction product without allowing the effect of racemization to occur,
even when an aldimine-typé Schiff base is used. Thus, an asymmetrical

mono-substituted alkylated compound can be provided less expensively.
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H30 PhMe (53:1 M 1 hr H2N COOEt 48% KOH (1. 95 eq)
63% 53 H3C 6 O0C, 6 hr 54 93%e 25 <Exanple 23:
Benzyl ati on of ‘the o-tolual dehyde Schiff base of
glycine ethyl ester (conmpound 55)> 119 The conpound
55 was prepared (yield 96% using o-tol ual dehyde

i nstead of the benzal dehyde i n Reference Exanple 1.
The NMR spectrum of the obtained conmpound 55 is

shown in Table 18. 5 Table 18 NMWR spectrum of

cgmegnd 55 400MHz 1H- NMR(CDCI 3): 58.73(1 H, s,

CH=N), 7.95-7.90(1 H m, 7.45-7.10(3H, m; 4.42(2H,
s, NNCHzC), 4.24(2H, q, J=7.2Hz, O CHZ G, 2.67(3H,
s) 1.31(3H, t, 7.2Hz, C The_reaction_was carried
lout Aor nfesbpdhodiers (steeqoselrstiyalie DIPAASHEE t | Bnscoagpound
in Exanple 1, except. that the gonpound 55 (2.05 g; 10
reprsishniekbrdbe follomeag rmmla (@Orrpound 3 to give the.
conmpound 6 (1.28 g; vyields#0% qptical purity 86%
ee). N(R-4 (0.1 nol¢ t beRzyl. brom de 0.95
eq) '2N HCl N COCEt 15 C) «CH3 Ph (55: 1 M I hr
H2N COOEt 55 48% K 9 2 70% 6 0C, 4 hr 56
56%e |Industrial Appli Eabi I Tty 20f According to the
present invention, it\i/Js possible/to obtain a i

. , O

comprising:

initiating a reaction of a compound represented by the formula

(ID:

(ID
with a compound represented by the formula (IID:
R18—w (I1D)
in a medium in the presence of an optically-active phase-
transfer catalyst and an agueous inorganic base solution; and
quenching the reaction at a time earliler than & the time for
completion of a stoichiometric reaction of the compound represented
by the formula (II) with the compound represented by the formula
(I1D; |
wherein in the formula (I) and the formula (II),
R!5 is an aryl or heteroaryl group that may be substituted with

at least one group selected from the group consisting of*
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reaction product wthout allow ng the effect of
racem zation to occur, even when an al di m ne-type
Schi ff base is used. Thus, an asymetri cal

nono- substituted al kyl ated conpound can be provi ded
| ess expensively. 120 CLAIMS 1- A nethod for
stereosel ectively producing a conpound represented
by the following fornula (1): 5 Rte N COR21 RI15 n

- (1) conprising: 10 initiating a reaction of a

 Ras R O (Ge SIS R LB OF e e ek be

Ml) in andiumin the

f I : -
‘ SB%@EW%S(%#%% h(F)%g?%yéH;y- active phase- transfer

cat al yst F}@@% o@?“@%’ﬁi QR 9AY e BagecIsA Hhiddhataddy be
I ng the feac

20 queric tion at a'tinme earlier than a
shb&titdi¥a §Bh a ¢RIBESL h@m0f a stoichionmetric reaction

of the conpound represented by the fornula SII) with

t he seMGINgongptieste mad bbysutsbithvedntidh 4 halygen atom, a

wherein in the formula (1) and the fornula (1l), 25

CR1%0i €samlleylylgrouphdbet omrasl T crenchad aad fbat may be

~ substituted with at |east one groug S(ﬂ{ect ed fr_%n
 substitppiedpwedngi haleggnatomnor a L1 to Cs alkoxy group that may

be branched and that may be substituted with a halogen atom,

a éyano group,

-NR30R31, wherein R and R3! are each indepehdentliv a
hydrogeﬁ atom or a C; to Cq alkyl eroup that may be substituted with
a halogen atom, "

a nitro group,

a carbanioyl group, _
an N-(C; to C4 alkyDcarbamoyl group,
an N,N-di(Ci1 to C4 alkyDcarbamoyl group,
-NHCOR*’, v.vherein‘ R9 is a C; to C4 alkyl group that may be

_branched and that may be substituted with a halogen atom, and

a halogen atom;

R20 is -OR1!9, wherein R1% is a C; to Cg alkyl group that may be
substituted with a halogen atom or an aryl group that may be
substituted with a halogen atom, an& that may be branched or form a
cyclic group or -NR5R5!, wherein R5 and RS5! are each independent_ly
a hydrogen atom, -CHR?28R?2?, wherein R28 is a group selected from the
group consisting of a hydrogen atom, and an aryl group that may be

substituted with a C;1 to C4 alkyl group that may be substituted with a

" halogen atom, a C1 to Cs alkoxy group that may be substituted with a
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- be

| aByQledoRpGhagl by isubstitpted atithe) 1ask 0pe g CYPeF

a G to Cs alkyl group that may be branched and that

may be substituted with a halogen atom a G to C5

al koxy group that nmay be branched and that may be

substituted with a hal ogen atom 5 an aryl group that

may be substituted wth a hal ogen atom a G to Cs

al kyl group that may be branched and that may be

substituted with a halogen atom or a G to Cs al koxy

group that may be branched and that may be .

substi tute | n @W i aayayd ggoapthat IDay be
h@%ﬁﬁﬁ@ﬁ?’\%\g é%&%%hgaﬁg, al}g% are each i r:ggepe_ndent Iy
s@stmxgé@%@h% eMt8C AaliyltgRoy thhkylaxgbe smbshiduterhyith a

e substituted with a halogen atom a nitro, group,.

LAloaRhARRY |4 0% aepC; Bikary M@ that Davabk prpetitBEafbyIith

group, an N,N-di (G to C4 al kyl).carbanoyl up,
haNgeaRgp myhar &bl Rgen tamCprt ’,ﬂk%elarlg{i’g 1? fafr to Ce
may be branched and that may be substituted with a
alkail ggenp arcnPe AW EEOHRI ogen atom 20 R20 is - ORLY,

-wherejn RI9 is a.C t alikyl may be
subs¥hexRiBdn fo&%%%o@iﬁngﬁ ér%%%ﬁgﬁag?g?’ group t hat

may . substit i I hetatimndf:t hat may -
R S v S

wher@ n 35 FAERedt mgepebeantied oaform a cyclic
hydr@ggnclﬁa}g)orenl?"‘;i-&lﬁﬁgzngéfa wherein R28 is a grou )
SR h Aty Be 2abgtioupd eith sthripeeh FHOMATbGHHN the
atom. and an -aryl group that may be substitut id vvit&
fFted om

hal ogen atom a G to C3 al koxy group that may be
tlsaigstup oomsistinghoa 122 hal ogen atom or a hal ogen

at oma %?%ORCZ'S ail?o:%p g%t\{gl) tﬂgg li':?aj} g tbxﬁ%XhQ& and that may be
substituted with a halogeﬁ atom,
a cyano group,

.NR#R#, wherein R and RS! are each independently a
hydrogen atom or a C1 to C4 alkyl group that may be substituted with
a halogen atom,

a nitro group,

a carb amoyl group,

an N-(C; to Ca4 alkyl)carbamoyl group,

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

-NHCOR?®, wherein R? is a C; to C4 alkyl group that may be
branched and that may be substituted with a halogen atom,

-COR?, wherein R? is a C1 to Cq4 alkyl group that may be
Lranched and that may be substituted with a halogen atom, and

-CO3R?, wherein R® is a Ci to Cq alkyl 'group that may be
branched and that may be substituted with a halogen atom;
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substituted with a Cl1 to C4 al kyl group that may be
substituted with a halogen atom a O to C3 al koxy
group that may be substituted with a hal ogen atom
or a hal ogen atom or -OR101, wherein Rolis a d to
C8 5 alkyl group or a benzylgroup; wherein in the
formula (I) and the formula (111), R18 is a group
selected fromthe group consisting of: (i) a Cl to
C o al kyl group that may be branched or forma cyclic

grou iiﬁ%gr% ?,:f Fgggl}(p %8 %}ﬂu&@&eﬂlw 5up RAVRGLA halogen

at om roup ‘may be substituted

atied Igrziga$i%%sé : sqg}%éﬁzrut%gﬁ@%z e%tle Ebgﬂiofnr QMnd e Yraidlor 3 and

consisting-o oxy group that may be

hdViapehes 1874 rhbatathRs fetotalibsti tuted with a hal ogen
atom a cyano group, 15 -NR30R31, wherein R30 and R31
are ¢€apha iCyap€hdeikeny] asronpdilegenast benbspnghed opdform 2
al kyl group that may be substituted with a.hal ogen

cyaliorgroaprind tha oy, be sudpbiawRA Vifitoa RalogPmAtaNre C1

C4 al kyl ) car banpy! , N N-di (€Lt
ol (ivoc# Ky o RUATES L NPBREISREY cbih SrenPacd ogsforss »

B T e A T A

oy St R TRy E il

t hat a hal ogen atom an

gr&%ﬁ% E@ ?19:! 110 i Swa HCht t1ea k¥ ook kitlougr eelpctdtbatframythe
e an

e branc that may be substituted with a
gﬂa,%lpo(gﬁ[giﬁiﬁgbf: 123 (ii) an allyl group or substituted

al 'yl group having a hal ogen atom or having_ a :
subsi ihuenCi kst grospt tioat maanbie drazchad/aid 3hahgnay be
substituted with a halogen atom,
a C1 to Cs alkoxy group that may be branched and that may be
suBstituted with a halogen atom,
an aryl group that_iuay be substituted with a halogen atom, a
C1 to Cs alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group, -NR30R31, wherein
R3% and R3! are éach independently a hydrogen atom or a Ci to Cs-
alkyi group that may be branched and that may be substituted with a
halogen atom, a mnitro group, & carbamoyl group, an N-(Ci to Cs
alkyl)carbamdyl group, an N,N-di(C; to Cs alkyl)carbamoyl group, or -
NHCORS?, wherein R? ié a Ci to Cq alkyl group that may bQ branched

and that may be substituted with a halogenatom,

a cyano group,

o

-NR30R3!1 wherein R?' and R3 are each independently
hydrogen atom or a Ci to Cs alkyl group that may be branched and
that may be substituted with a halogen atom,
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having 4 to 15 carbon atons in total; (iii) a C to
C6 al kenyl group that nay be branched or forma 5
cyclic group and that nmay be substituted with a

"hal ogen atom (iv)-a C2 to Ce al kynyl group that nay
be branched or forma cyclic group and that may be
substituted with a hal ogen atom (v) an aral kyl

group, wherein the aryl noiety of the aral kyl group
may be substituted with at | east one group selected
‘fromthe 10 group consisting of a CS to C4 al kyl

gr oupf BHEP &H8Y¥Pbe. branched and that may be |,

subst.. it hal ogen atom a CS to Cs al koxy.
group (%#g)t%%n% %é)%gr’anched and that may be L
substynt Mt&SL W £ AkhBLoGRImeFOFRoudd an aryl grou

that nmay be substituted with a halogen atom a Cl to
CA aldgyN, §Fdil@, tthal, sy karbamoghetowmd t hat nay be
substituted with a hal ogen atom a cyano group,
- NRIOIBCO RihewbiereinRRY mna R31toafe @i&h gTRyEpErRte Ay be
a hydrogen atomor a Cl to &4 alk

| | ha
bizndhedriorkthahmanhe swhytiated path %mhag{aggﬁg P}ﬁ"%t’ Qg‘%y

hal ogen atom a nitro group, a carbanoyl. group, an
N- (@halpeer atgmypRdar banoyl group, an N, N-di (Cl to

C4 al kyl b I 1 o) i Srou

2 P R O Bra PO i T s S8 Ol frowe
R ' it hal t i : be
ALy ARG W o] ogonat gmucs o vy b

sup¥iaResdentha Ral agen; atomor a CS to C4 al kyl
group that may be branched and that may be

subgui)t atledevodinlkyharogprhatiog a hede roarivl meoigtpuphezein
car banmoyl group, . . :
the heteroaryl molety may be substituted with at least one group
selected from the group consisting of:
| a C1 to Cs alkyl group that may be blf-anched and that may be
substituted with a halogen atom, '
a C; to Cs alkoxy group that may be branched and that may be
substituted with a halogen atom, _
an aryl group that may be substituted with a halogen atom, a
C: to C4 alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group, -NR3R3!, wherein
R30 and R3! are each indepéndently a hydrogen atom or a C; to C4
alkyl group that may be branched and that may be sub stituted with a
halogen atom, a nitro group, a carbamoyl groﬁp, a,;a N-(C; to Cs
alkylcarbamoyl gr(;up,_ an N,N-di(C; to Cs alkyl)carbamoyl group, or -
NH}JOR?, wherein RY is a C; to Cq alkyl group that may be branched
and that may be substituted with a halogen atom,
a cyano group,
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an (G to C4 al kyl)carbanmoyl group, an N Ndi (G to
C4 al kyl ) carbanmoyl group, 5 -NHCOR9, wherein RO is a

C to &4 alkyl group that may be branched and that

may be substituted with a hal ogen atom and a hal ogen
atom and the alkyl noiety of the aralkyl group is a

C to C6 al kyl group that may be branched or forma
cyclic group and that may be 10 substituted with a -
hal ogen atom (vi) a heteroaral kyl group having a

het engRdopls: M BbYeinMEMCiahd tRE hakercehylindepengemtdy 2
be substituted with at |east one group selected from

: h&&fb%&qoaﬁ)xﬁogtsiascilrt@ Of :alkyCigrowp Ghahlmkyy by bupnehed and
may

e branched and that may be 15 substituted with
t1oa thialag densab ctit ute dGithoa GalegdofipP®r oup that nmay be
branched and that may be " substituted with a hal ogen
at oma antrargrougroup that may be substituted with a
hal ogen atom a C to C4 al kyl group that may be
br ancher baTReX h&f°%Why be 20 substituted with a -

hal- i, wherein R30
and A e ARG AT SR G ogen atom or a
G to G4 %@{Hﬂﬂ , 9' GYRIENAa BB 03E gebapched and t hat

may be su I'tuted wth a hal ogen atom a nitro -
- gF OUNHCPRY, DAYk i0RMURs 22N Cl tkyTAgroup that may b

al kyl') carbaroyl group, an N,N-di (G to C4
baddoHedcas d akay lm gy bizpsubstitusd MECORCh alegeai atops 4nd 5
C to C4 alkyl group that may be branched and that
may dHhadogest atemédndi th a hal ogen atom a cyano
group, 125 -NR3DR31, wherein R3 d R31 .are  each
i ndefhenabsil w%etmyﬁrtbgehaetsmﬁaghéggﬁ’“ﬁ P& aHfR/F“ alkyl
group. t hat y be branched. and _ hat b
ot Ehe peey e Aranras Gag o, dyille #rPEnd that may be
substituted with a halogen atom; and
(vii) a propargyl group or substituted propargyl group having a
halogen atom or having a substituent(s) at position 1 and/or 3 and
having 4 to 9 carbon atoms in totals
wherein in the formula (IID),
W is a functional group that has a leaving ability;
wherein in the formula (I) and the formula (II),
n is an integer from 1 to 4; and

wherein in the formula (D,

*+ shows a newly produced asymmetric center.

2. The method of claim 1, wherein therop‘tically-active rphase~
transfer catalyst is an optically-active quaternary ammonium sali
phase-transfer catalyst or an optically-active phase-transfer catalyst
complexed with a metal atom.
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a nitro group, 5 a carbanmoyl group, an N-(C to 4

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

al kyl ) car banmoyl group, <NHCOR9, wherein RO is a G to

C4 al kyl group that may be branched and that may be

substituted with a halogen atom and 10 a hal ogen

atom and the al kyl npoiety of the heteroaral kyl group

is aC to C6 alkyl group that may be branched or

forma cyclic group and that may be substituted with

a hal ogen atom and (vii) a propargyl group or

‘substituted propargyl group having a 15 hal ogen atom

Lﬁf havifig & :BubSE diuant £ Sywhateipotid bpricdllaadiive @isderhary
aving 4 to 9 carbon atons in total; wherein in the

drordpiam( k41t )phadbitsansternatdlystals am oppicelutachiys guaternary

leaving ability; wherein in the formula (1) angﬁghe hol

dmnouiam( |41t tRQ rhis anbinhesglr backhent agdfor Jfigaphthy

wherein in the formula (1), * sh a .new roduced .

heclmae r oica e entisally RCtR SR IRIGR 1%‘%%%?‘9“ ear‘é}nr?n_mm

the optically-active phase- 25 transfer catalyst is
t-optical | y-active quaternary ammoni um salt
phase-transfer catal yst or an optically-active

phase-transfer catalyst conplexed with a netal atom

426 3*1*1@%&13550&% ahif! 81 FhRreidh e bptitiky aptiveajdaternary

active quaternary ammonium salt phase-transfer

- SahRi e bsltahLaptireabley casalysy & guapecally yactyensritarmary

salt that has a bi phenyl backbone and/or binaphtth'S
haakheam sdt, @nanphbosiomerdbiersa, HibmehinzerapseRtel &y’
quat ernary ammoni um salt.
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4. The method of claim2, wherein the optically-
active quaternary ammonium salt phase-transfer
catalyst is an optically- active quaternary 10
amoni um salt, or an enantionmer thereof, which is

represented by: HHH NBe Nc HNHc HQ,,.. H\
5HCQCF3 15\ , NA\N HH G20 NBr NH (r) Cla H
PhCH 0 HO,,.. H- I HN NNN H25 CO OH'NONH

N 127 wherein R' is a hydrogen atom a.C to C4 al kyl
group that may be branched, a d to C5 al koxy group
that nmay be branched, or a halogen atomy 5 H H 3Br
&@eNnORM 1@ a, hydiogeh atom,~a\CHIN Go alky} group that may be

branched, a C1 to Cs alkoxy group that may be branched, or a halogen

atom,
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HH zz H_ HN_H-- OR 15 Ro "NH HwereinR
is a hydrogen atomor an alkyl group, and Zis d or
- Br, 20H H2G (r) le HH.+uOH Mo H25 HI \ [/ [/
ter. H128 HHBr Be e HN (r) HOHNPh\/p ',,,HH
N51 1/ NMOOWR H N '

wherein R is a methyl groui) or a hydrogen atom,

\ {—p-MeO—Ph

\‘-—p-MeO-Ph _ - _
t—Bu>< /‘—&MeO-Ph o _ E .

Ty N@ 21

Me —MEO-Ph , , ,

4-CF3PhCH0 _\\OCHéPh-tt-CFS
m B

: o
4-CF3PhCH,0" OCHPh-4-CF4
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NK 10 OHHO C R wherein Ris a nethyl group or
a hydrogen atom M 15 N 1~-p-MeO-Ph I M om
-p-MeO-Ph t-Bu p-MeO-Ph (r)N ~N O 21le 26e M-
\-p-MeO Ph 20 Me p-Me-Ph ~ Me -p_Me-Ph 4- CF3PhCH20
OCHPh-0-CF3 ( \- °~ Br 25 }-R~ ~0o-M2-Ph O (jp 210
4- CF3PhCH20 OCH2Ph-4-CF3 Me \-p-Me-Ph , or 129 5.

‘The met hod of claim3, wherein the optically- active

quaternary ammoni um salt phase-transfer catal yst
that has a bi phenyl backbone and/or binaphthyl
backbone is an optically active quaternary anmoni um

g sal tTI&ee %eet%%ﬁt gidcﬁ\ﬁn 5,waH%Qei\n \;hé o\pti\caﬁgilac@vle)@aaternary

ammonium salt phase-transfer catalyst that has a- biphenyl backbone

and/or binaphthyl backbone is an optically-active quaternary ammonium

salt represented by:

wherein

R21 and R22 are each independently a group selected from the group
consisting of:

(i) a hydrogen atom;

T3

(i) -NR#R21, wherein R% and R# are each independently a
hydrogen atom or a Ci to Cs alkyl group that may be branched and that

may be substituted with a halogen atom;
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NNRg\ \\\ R2\ 10 RR1 R21 \ Xp 23 G X \R2a
\ Rz2\ \ \' \ Rzz 15, or R25 R26 R21 R23 R27 Ot/
R2r \Re4 R25' R22 20 R25' wherein R21 and R22 are
each independently a group selected fromthe group
consisting of: U a hydrogen atom 25 ui) -NR30R-1
wherein RO and Ra' are each i ndependently a hydrogen
atomor a Cl to C4 al kyl group that may be branched
and that my be substituted with a hal ogen atom 130

(iii)(%ica/anog S'Qp (|v) a nitro group;

a cyan
Gv) a nitro group;
(v) a carbamoyl group;
(vi) an N-(Cy to C4 alkyllcarbamoyl group;
(vii) an N,N-di(C; to Cs alkyl)carbamoyl group;
| (viii) -NHCORS?, wherein R? is a C; to Cq alkyl group that may be
branched and that rﬁay be substituted with a halogen atom; |
. (®a halogen atom; |
(x) a C1 to Cs alkyl group that may be branched or form a cyclic
gfoup and that may be substituted with a halogen atom;
(xi) a Cz to Cs alkenyl group that may be branched or form a
eyclic group and that méy be substituted with a halogen atom;
© (xii) a Cs to Cg¢ alkynyl group that may be branched or form a
cyclic group and that may be substituted with a halogen atom;
(xiii) an aralkyl group, wherein the aryl moiety of the aralkyl

group may be sub stituted with at least one group selected from the group

consisting oft

a Ci to C4 alkyl gr‘oup that may be branched and that may be
substituted with a hai;o'gen atom,

a C; to Cs alkoxy group that may be branched and that may be-
substituted with a halogen atom, '

an aryl group that may bé substituted with a halogen atom, a C1
to C¢ alkyl group that may be branched and that may be substituted with
a halogen atom, a cyano group, "NR30R3:, Whgrein R3% and R3! are each
independently a hydrogen atom or a Ci to G4 alky! group that may be
branched and that may be substituted with a halogen atom, a nitro

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

131



- 10

- 15

20

B
W

‘a Cl &

(v) a carbanoyl group; (vi) an N(Cl to (4 .

al kyl ) carbanoyl group; 5 (vii) an NNN-di (G- to C4 ,
al kyl ) car banoyl  group; (viii) -NHCOR9, wherein R9 is
a G to & alkyl group that may be branched and t hat
may be substituted wth a hal ogen atom (ix) a°

hal ogen atom (x) a ClL to Cs al kyl group that may be
branched or forma cyclic 10 group and that may be

substituted with a halogen atom (xi) a C2 to Cs

al ken group that may be branche

| .
@rhiuhel(émtb EnatkyRgarba sy FFPHbt %%Kﬁqggg’hm%{ﬁsﬁﬁ% i5a G

atom _(xii).a C2 to | k [, ar t.hat : .

o el b 6iR5 BAvC PrAt gAY Mg tigieuted with

substituted with a hal ogen atom 15 (xiii) an aral kyl

E{;F‘Giﬁﬁenvﬂ@%i n the aryl noiety of the aral kyl group

may b tituted with at |east one group sel ected

fromt é}égl?’o%%wpéonsi sting of a G to C4 al kyl group

that nRR:bRsbGANRGERORANGLE ITH af@¥akle inddpesidentlyesl hydrogen

with a halogen atom 20 a Cl1 to C5 al koxy group that '

40yh be Hranehed stigd ghatp teyt ey bubsanthaddnd thatauay be

hal ogen atom an aryl group that nmay be substituted

sabishitatdibivoiea hatogan ata®, to C4 al kyl group that may

be branched and that may be substituted with a

hal og@nnigro&fow.cyano group, - NR30R31, wherein R30

and R31 a%ge each 25 independently a hydrogen atom or
AMORyE*YtHup that may be branched and that

may be hsti,t We | rggipatom a nitro

gr oup,anyggtgg%@%ké@)ggg?ﬂgﬁ& V\%?CIL) to C4

al kyugar IBAmbyNesipCl to C4
al kyl %?alﬁgg%g?%f%g%}ﬁg?m- NI—%O%IQ\,b V\lprear ein RO is a C

‘to CA-RIEKGORYS ederehatRimy deCibtar@hetkydngraumthahymay be

be substituted with a hal ogen atom
branched and that may be substituted with a halogen atom, and

a halogen atom;

{(xiv) a heteroaralkyl group having a heteroaryl moiety, wherein

the heteroaryl mbiety may be substituted with at least one group

selected from the group consisting of*

a Ci to Cq alkyl group that may be branched and that may be
substituted with a halogen aiom, -

a C; to Cs alkoxy group that may be branched and that may be
substituted with a halogen atom,

an aryl group that may be substituted with a halogen atom, a C
to Cg alkyl group that may be branched and that may be substituted with
a-halogen atom, a cyano group, -NR3R3! wherein R3® and R3i are each.
independently a hydrbgen atom or a Ci1 to Cs alkyl group that may be
branched and that may be substituted with a halogen atom, a nitro

group, a carbamoyl group, an N-(C; to Cs alkyDcarbamoyl group, an
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a cyano group, 5 -NR30R31 wherein R30 and R31 are

each i ndependently a hydrogen atomor a G to 4

al kyl group that may -be branched and that may be
substituted with a hal ogen atom a nitro group, a

car banoyl group, 10 an NN(Cl to C4 al kyl) car banoyl

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

-NHCOR9, wherein RO is a G to C4 al kyl group that

may be branched and that may be substituted with a
ﬁaikm , 8 @Dalﬁ?gcﬂb@%cgﬂeg}oap oo -NHOORY)wherein R? is a C:
ét eroaral kyl group having a heteroaryl noi eti/}

whey ailyl drbép heheroar yé bramdey amlythes mabbe ispgsgbuted with
with at | east one group selected fromthe group
shndogm swigngf = a G to C4 al kyl group that may be
branched and that nay be substituted with a hal ogen

at om 2 &EEFTOUP: Cs . al koxy group that may be branched

gpgl th AR, g{% SUPRE! 3 2 By @e%%ﬁﬁaghgra h§8rogen
b m
0 B Muﬁ%@ A B B o
erei n an are eac
%gt?g%&algpen th a%QQ%&atd&ﬁ R30 d 1131 h

ently a hydrogen atomor a G to C4 alkyl
group 4 hatko gRYupe branched and that may be
substituted with a hal ogen atom a nitro group, a

- car banpydrbgraiyp granpN- (G to C4 al kyl) car banoyl

group, an- 132 N,N-di (G _to C4 al kyl)carbanoyl group,.
or desig(clme@ea}kyﬂé@arb,araori grotg: 4 al kyl group

that may be branch giksg t hat ma}/ be substltuted with
a hal cgeN.Hid 15(3(@ }egpamoy! er

-NHCOR?, wherein R® is a Ci to C4 alkyl group that may be

branched and that may be substituted with a halogen atom, and

-a halogen atom;
(xv) an aryl group, wherein the aryl group may be substituted
with at least one group selected from the group consisting of:

a C; to Cq4 alkyl group that may be branched and that may be

‘substituted with a halogen atom,

a C; to Cs alkoxy group that may be branched and that may be
substituted with a halogen atom,

an aryl group that may be substituted with a halogen atom, a G
to Cs alkyl group that may be branched and that may be substituted with
a halogen atom, a cyano group, -NR30R3!, wherein R30 and R3! are each
independently a hydrogen atom or a Ci to C4 alkyl group that may be
branched and that mny be s“hstltuted with a halogen atom, a nitro
group, a carbamoyl group, an N-(C; to C4 alkyDearbamoyl group, an

N,N-di{C; to Cq4 alkyDcarbamoyl group, or -NHCORS®, wherein R% is a Gy
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5 -NR30R31, wherein R30 and R31 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group that may be branched and that may be
substituted with a halogen atom a nitro group, a
carbanoyl group, 10 an N-(Cl to C4 al kyl) car banoyl
group, an N,N-di (G to C4 al kyl)carbanoyl group,

- NHCOR9, wherein RO is a Cl to C4 al kyl group that

may be branched and that nmay be substituted with a

ogen, atom and .a hal 0gen atom (b8 hXy be@Rbakitkied with
G’?tﬁ%,ﬁ{-}\;\ﬁgé?@ ﬁg‘?ﬂg}a}r}% i)gr ousan%? be sub%lt Ftuted
i st one group selected fromthe group ‘
%Mg%%gg%i#g&éf a Cl to 4 alkyl group that may be
br anc@e@aql@dgxbggg may be substituted with a hal ogen
atom a G to al koxy group that may be branched
and t hANR3MRY, beéherah Rébstd Rit ede aacthindarspdgaily Brgrogen

-an aryl group that nmay be substituted w.th a hal ogen
aiponpr @ Ch tot G« @Akl &xgupgkhspmebe gﬁ?n?}'@%b?%aéllﬁ‘ég may be

and that may be substituted wwth a hal ogen atom a
gibshisubpdoWph & NRsegeMatRker ei n R30 and Rsl are each
i ndependent|ly a hydrogen atomor a G to C4 al kyl
gr oup &t Be 25 branched and that may be -

substi_t yt ' hal ogen atom a nitro group, a
car baﬁbc;/é]rsglrn\gg%%gurﬁ’l\l-(a to ¢4 al kyl) car banoyl

gr oup » naQ- (bl 41§ Dearifefin aflketlohpar banmoyl group, or -
-NHCOR9, wherein RO'is a C 133 to C4 al kyl group

t hat gRYNhe dif@nrhed adnd)dahbsmopl ghmipsubsti tuted with

a hal ogen atom a cyano group, -NR30R31, wherein R30

and RANEE@Reacthdmevefhderi [Gr to Hudplgdnsronatht spay be
a Cl to C4 alkyl group_that ‘X ge Brf;\nche _and tdhat
brapched and that may be substituted with a halogen atom, an |

a halogen atom; _ _

or may be substitﬁted with 'O'(CHz)p'O', wherein pis 1 or 2, at
positibns 3 and 4 that are taken together; '

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

a C; to Cs alkyl group that may be bfanched and that may be
substituted with a halogen atom, | .' _

a C1 to Cs alkoxy group that may be branched and that may be
substituted with a halogen atom, '

an aryl group that may be substituted with a halogen atom, a Ci
to Cs alkyl group that may be branched and that may be substituted with

a halogen atom, a cyano group, -NR¥R?!, wherein R and R3! are each

; AT A Tyl graun ©
independently a hydrogen atom or a C1 to Cq alkyl group ©

branched and that may be substituted with a halogen atom, a nitro

group, a carbamoyl group, an N+(Ci to Cs alkyDcarbamoyl group, an
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substituted with a hal ogen atom a nitro group, a
carbanoyl group, an NN(Cl to C4 al kyl) car banoyl
group, 10 an N,N-di (C1 to C4 al kyl)carbanoyl group,
- NHCOR9, wherein RO is a Cl to C4 al kyl group that
may be branched and that nmay be substituted with a
hal ogen atom and a hal ogen atom or may be
substituted with -O(CH2)P-O, wherein pis 1 or 2,
at 15 positi-ons 3 and 4 that are taken together;

I s

ag@%ﬁgft o%rfoapttl'a@ fge b99ﬂat 509 1ft m ?b@lsdt%tﬁﬁted with

branc ed and tha
§L1pa515é,gﬂtt1€0qnvmth a hal ogen atom 20 a Cl to Cr
al koxy group that may be branched and that nay be
subst i 4 gy£eb wtdup,a hal ogen atom an aryl group that
may be substituted with a hal ogen atom a C1 to C4
al kyl GFRWRSY, veltermiry R5@ alpdaitrard eant mﬁ@merrﬁewﬂtlyea hydrogen
substituted with a hal ogen atom a cyano ldp
aNRsoma Cmmﬂeuqukméamm thel makbedERn that may be

depe tly dr ogen atom or aCltoC4aIkyI
@‘1‘ “ttﬁ Fllh?all?gx ¥Hed and that nay be
substltuttgd vvllbg;t a hal ogen atom-a nitro group, a
car barfo f %lgS "an N-(C to C4 al kyl) car banoyl

group %, |(O to C4 al kyl ) carbanoyl group,
I%(P& ére%'RglsaO to C4 al kyl group

that NBY NP B0 £ BBE) 1adhi @l ] peyuphe substituted with

~a hal ogen atom a cyano group, 5 -NR30R31, wherein

R30 argh R3N-df@; saCh alkylbeehdernyl greuthydr ogen  at om
or a Cl to C4 -alkyl group that may be bhranched. and
t hat mHEOR?, wherein R? is a C1 to Cq4 alkyl group that may be
branched and that may be substituted Wit.h a halogen atom, and

a halogen atom; and _

(xvii) ~8(0)r-R, wherein nis 0, 1, or 2, and R is a C1 to Cq alkyl
group that may be branched and that may be substituted with a halogen

atom;

R25, R25' R26 and R2 are each independently a group selected from the

group ct)nsisting of"

) a hydrogen atom;
(ii) a halogen atom:;

(iii) an alky! group, wherein the alkyl group is a C: to Cs alkyl

group that may be substituted with a halogen atom and/or an aryl group,

and/or that may be branched or form a cyclic group; and
(iv) an alkeoxy group, wherein the alkexy group is a C; to Cs
alkoxy group that may be substituted with a halogen atom and/or an aryl

group, and/or that may be branched or form a cyclic groups
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substituted with a hal ogen atom a nitro group, a
carbanoyl group, 10 an NN(C to C4 al kyl) car banoyl
group, an N,Ndi (G to C4 al kyl)carbanoyl group,
NHCOR9, wherein RO is a O to C4 al kyl group that nay
be branched and that nay be substituted with a

hal ogen atom and a hal ogen atom and 15 (xvii)
-S(O"-R whereinnis 0, 1, or 2, and Ris a Cl to
C4 al kyl group that may be branched and that may be
Bribs kit pred v ddrha ikhpdpeganntlat grome Sselewsd 0w, thh@Eroup
R26'- are each i ndependently a group selected fromthe
@neiRionsi sting of: 20 (1) a hydrogen atom (ii) a
hal ogen atom (iii) an al kyl group, wherein the al kyI
group (Vs halogentess al kyI group that may be

b d h h
ookl e st ‘e st SESVER iR B P
d 2 | k wp.
PR TR AR
atxhtg?r %ha 2990 Bf q{%ﬁﬁ‘%%nﬁ% & e gretipdnd and/ or

branc or forma cyclic group; 135 R27

and R2Z% Qﬁeamg@ gfgj@peﬁﬂeﬁﬁlhw}ﬁ ghioxy gelupcied Choin Cs

.the group. consisting of : (i) a hal o?en atom - (i) an

-..ﬂhdsx%r g%@y Phad\heiyebd snmlmtkg/ Iwith odylogemaigm t&@d@ an aryl
group that may be subst i tut eg‘%vvl th a hal ogen
o) andlourrthan maay |begnaaphed A ERTEY & CREHC BERFPhe

Bfoapd KHo ke rPadko sadaRsige g{xga 20 (bl 2Rol ¥R8group
consisting of

() a C to Cao alkyl group that may be branched or form a cyclic
groﬁ'p. and that m-ay be substituted with a halogen atom;

(i) a Cs to Ciz alkenyl group that may be branched or form a
eyclic gfoup and that may be substituted with a halogen atom:

(iii) a Cs to Ciz alkynyl group that may be branched or form a

" cyclic group and that may be substituted with a halogen atom;

(iv) an aryl group, wherein the aryl group may be substituted B
with at least one group selected from the group consisting of:
a C; to Cq alkyl group that may be branched and that may be

substituted with a halogen atom,

a C1 to Cs alkoxy group that may be branched and that may be
substituted with a halogen atom,

an aryl group that may be substituted with a halogen atom, a Ci
to Ca alky! group that may be branched and that may be substituted with

a halogen atom, a cyano group, -NR3R3!, wherein R3 and R3! are each

independently a hydrogen atom or a Ci to C4 alkyl group that may be
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al koxy group that may be substituted with a hal ogen
atom and/ or an aryl group, and/or that nay be

branched or forma cyclic group; 10 R23 and R24 are
each i ndependently a group selected fromthe group
consisting of: (i) a Cl to C30 al kyl group that may

~be branched or forma cyclic group and that nay be

substituted with a hal ogen atom (ii) a C to Cl2
al kenyl group that may be branched or forma 15

s i T e

P& hapshed] Yrofip! BnaN-QyCkd cC ORI @rbaidegl drevp, an
e Substituted with a hal ogen atom (iv) an aryl
N Nui{ Cwbe Ori dikyhea syt oyd ravapp ey - el GUBSt wheted R? is a Cy
with at | east one group selected fromthe group . o
trofis A Btyil pyoup thad maydie brarched|and thatonpy bedubshijutss with
branched and that may be substituted with a hal ogen -
ateiager ¥Pm.o C5 al koxy group that may be branched
and that nmay be substituted with a hal ogen atom an
aryl &rolrt " Pray be substituted with a hal ogen
atom g R?al‘?‘ﬁwﬁe?ein sl Ky! 39%9@@&51@%(1&@1(1@?1 a1e1ydr0gen

branched- an at may be substituted w th a halogen
AoHMor & €Y ARBOCY 0P PO meher&ibRalidi: Badd Rkt ahay be

each independently a hydrogen atomor a Cl to 4

alderiltugsduptt hatalomsh Hwm,136 branched and that may be
substituted with a halogen atom a nitro group, a
car bamyitrgegomgp, an N-(Cl to C4 al kyl ) car banoyl

group, an. N,N-di (G to C4 al kyl)carbanoyl group, or
- NHCORS:ariyhBYodt §X¢¥P.i s a C1 to C4 al kyl group that

nal 0g8# Hbmbod> CYReGT AL ReSBRSL, wherein R3O
& bR A e R e SRR RCG and that
may beNHCOR9, wherein R® is a C to C4 alkyl group that may be
branched and that may be substituted with a halogen atom, and

a halogen atom;

(v) a heteroaryl group, wherein the hetercaryl group mayw be

. substituted with at least one group selected from the group consisting oﬁ

a C; to C4 alkyl group that may be branched and that may be
substituted with a halogen atom,

~a C; to Cs alkoxy group that may be branched and that may be
substituted with a halogen atom,

an aryl group that may be substituted with a halogen atom, a C;

to C4 alkyl group that may be branched and that may be substituted With

a halogen atom, a cyano group; -NR30R3t, wherein R3¢ and R3! are each

independently a hydrogen atom or a Ci to Cs alkyl group that may be

branched and that may be substituted with a halogen atom, a nitro
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substituted with a halogen atom 10 a nitro group, a
car banoyl group, an N(Cl to C4 al kyl) car banoyl

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

- NHCOR9, wherein RO is a Cl to C4 al kyl group that

may be 15 branched and that may be substituted with

a hal ogen atom and a hal ogen atom (v) a heteroaryl
group, wherein the heteroaryl group may be

substituted with at |east one group sel ected dfy:}lom t he
gr.oup_ consi.std.n9 CNH0; @ 8l kalkyDeabpntdydtgmumy, an

gb%@%rang%igﬁggg %I%gltp ?raﬁlf/:NbJé ' 20 subst?t uted with a .

z\gﬁi-@ﬁieﬁ‘ (Bl DehrbOmes] ghdups yrgNHPORTawhensing@’ is a G
ranched and that may be substituted with a hal.oggy..h :

LRIk sNgAfuy! thgtanpy bedtraneledand that mayt ResyisHY wit
hal ogen atom a - to C4 al kyl group that may be

allidnghedtand that may be substituted with 25 a :
hal ogen atom a cyano group, -NR30R31 wherein R30 and
R31 aneyanelrP¥iependently a hydrogen atomor a Cl to
4 al k r.oup, t hat y ,510L.aN - : Vavid@oeen
T e e e e Ml

b | 6t arhaioydt b
ool A i o ol (et pRap belbidtichearaaalivdt may be

BIQ%B% r£h 91 igtom,C to C4 alkyl group that
Slrlray e grégﬁghed a(ljr?%nt hat may be substituted with a

hal oggmiddeOsBoud, @ cyano group, -NR3oRsi wherein R3
and Rai are each independently a hydrogen atomor a.
G toaCArldikyl] groogp t hat may be branched and that
may be substituted with a hzilg%gen atom a nitro

gr oupan N-(C1 to Cq alkyl)carbamoy up,
an N,N-di(C; to Ca alkyDcarbamoyl group, 7
“NHCOR?, wherein R? is a Ci to C4 alkyl group that m'a_ly be
branchec-i and that may be substituted with a halogen atom,'and
a halogen atom;

(vi) '(CHz)nOCONRlei, "wherein R and R!! are each

independently a group selected from the group consisting of:

(1) a hydrogen atom; .
(2) a C; to Ca alkyl group that may be branched and that

may be substituted with a halogen atom:

" (3) a Csp to Ce alkenyl group that may be branched or form

a cyclic group and that may be substituted with a halogen atom;
(4) a Ca to Cs alkynyl group that may be branched or form

a cyclic éroup and that may be substituted with a halogen atom:
(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:
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10 a carbanoyl group, an N(Cl to &4 al kyl) car banoyl
group, an N,N-di (G to C4 alkyl)carbanoyl group,
-NHCOR9, wherein RO is a G to C4 _al kyl group that
may be branched and that nmay be substituted with a
hal ogen atom and 15 a hal ogen atom (vi)
-(CHz).000NR Rii, wherein Rio and Rii are each

i ndependently a group selected fromthe group
consisting of: (1) a hydrogen atom (2) a G to 4

al kyl group, thal FpyEbe cRraehetmagde hainch2d amdythod may
substi t ut e%ﬁ?& a ha?oéen@ﬂat(jm (3) aCtoCr

1l keRykuOWRH Haklsmy denhr anched or form a cyclic.
group and that may be substituted with a hal oge

atonm (4) aa @ to (Goalkbkyrgrbupridap mAxtb B2 ed and that
branched or form 'a cyclic group and that may be
sapbt istbsatuisd: wWith hhblgen @e®m 25 (5) an aral kyl

group, wherein the aryl .noiet f the.,.ar g
may be subs3i tafvéRTRPhiBAL Pb%/a‘{'s eoﬁgbsgt%%%a%é sk%{tgc%ggﬂogen

f t onsi st i - ' :
KPR (et ey P BIEH ot R ey e, fromay be

Sz‘%gf}éﬁt:eﬁ;?&%mf}t lEeélgggﬁlaQ BN ALPMo Brédp, - WICBRAI, kekyrein 330

ranched and that my be

SHPREL tub et M (RIS hdladigna akpdhogbn adtoar wir growpo taslkyl

may be substituted with a halogen atom a Cl to C4

Abkylthat @u? bbairamelyebenbrhat heay bedubtatutedywish a halogen
te

Substitu with a hal ogen atom a no 0

zthiR3@RBikro venpj B Rabamail EFBIP.a#% lﬂﬁh tg %e%gﬁl}‘é?ﬁ‘ﬁmﬂ
a hydrogen atomor a C7 to- al kyl T OuUR .
Ql‘eubrangﬂé\ﬂ‘da bth Qu %yﬁﬁ%%gw RS P%\T@Rwhem
hal ogen: 10 at om ni tro,.,qrou I )

Ry i £o @%él %%Y?C%PBB t m%’y Be Grﬁfapxéﬂpd/ arfl ENEb nﬂy be
substituted with a halogen atom,

a cyano group,

-NRR3!, wherein R30 and R3! are each independently a
hydrogen atom or a Ci to O alkyl group that may be branched and that
may be substituted with a halogen atom,

a nitro gfoup,

a carbamoyl group,

an N-(C1 to C4 alkyl)carb_amoyl group,

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

;NHCOR9, wherein R? is a C; to C4 alkyl group that may
be branched and thét,may be substituted with a halogen atom, and

| a halogen atom; |

(6)7 a heteroarallyl group having a hetercaryl moiety,

wherein the heteroaryl moiety may be substituted with at least one

group selected from the group consisting of:.
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group, an NNNdi (G to C4 al kyl)carbanoyl group, or
-NHCOR9, wherein Rl is a Cl to C4 al kyl group that
may be branched and that may be substituted with a

" hal ogen atom a cyano group, 15 -NR30R31, wherein R30

and R31 are each independently a hydrogen atomor a
Cl to C4 alkyl group that may be branched and that

may be substituted with a hal ogen atom a nitro

group, a carbanoyl group, 20 an N(GC to C4

al kyl ) car bamyd, g eyRikAnDubHttiat Glayt Be 4anched and that-may
aIkyI)carba%ylgrggp, }qm wherein RO is a C7 to )

Ho aliktitdEQWath ek aleByn abembr anched and that may be
substituted with a hal ogen atom and a hal ogen atom

25 (g) a het er Gartal €y lallgryugrdigy tingt mayebertaapyhed and that
noi ety, wherein the heteroar%/I noi ety may be ) '
smiaythet snleditnited wath pdedegswshatomyr oup sel ected from

the group consisting of--. 139 a G to C4 alkyl .gro
that may be BPaRERed R thAhI™ARPE ﬁ&gﬁ%‘é&e.‘it %‘fl‘%"da Bllogen

e L

 IAURIGLE S % AL BRLR A Py bR e
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15

20
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ogen — ato group that may

be, prigeic P shRBbe RELLDE o ByHSddehUbREn Vit B @ to Cs alkyl
hgﬁl%g}gﬁ %feg%é alcya%eo gr o%, -sl\}lR30R31, wherei n R30 iy

apthup3thaAr8afashbidadbpenddntiat mai pdrodetitatednwigh @ halogen
Cl to C4 alkyl group that may be branched and t tyagrbamo |
netpnfea stibst gtanpec: vatbamosiarogenanNatokp @ wkyls vl
%grr%;ﬁ%kw%) &Z&Eﬁ%g :to %&%})@Q@%&Hﬁr@@, o, “NJICOR?, wherein
aﬁ&{sls)sf %P%m é/‘;l a%quugfou%r tﬁﬁl_%g’oe\'@rearn%hgd and that may be
substituted with a halogen atom,

a cyano group, |

-NR30R31, wherein R0 and R* are each independently a
hydrogen atom or a Ci to Cq alkyl group' that may be Branched and that
may be substituted with a halogen atom,

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkylDearbamoyl group,

an N,N-di(C; to Cs4 alkyl)carbamoyl group,

-NHCOR?, wherein R? is a C; to C4 alkyl group that may
be branched and that may be substituted with a halogen atom, 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 Cp to C4 alkyl group that may be branched and that may
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RO is a Cl to ™ alkyl group that may be branched and
that may be substituted with a hal ogen atom a cyano
group, 15 -NR3OR31, wherein R30 and R31 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl
group that may be branched and that may be
substituted with a hal ogen atom a nitro group, a

car banoyl group, 20 an NN(Cl to C4 al kyDcar banoy|

group, an N,N-di (G to C4 al kyl)carbanoyl group,
b@"g‘@%ﬁwé@'&%ﬁhna RAldgenaaton,t o C4 al kyl group that

may be branched and that may be substltut ed. wi H h
hal ogen at ora Gantb £5haallkogﬁrgrawmrﬂ1325ﬂ%y7) a ra&?"}?le fnd that
group, wherein the ar group may be substituted
\Mzt}hbatsubetamtedmeit@r@}ép logen@t®®e from t he gr oup

consisting of: a Cl to al kyl b 1

branched andn Wlnwupl%tb@%’ Bgt?%ttg :Lﬁ%h % halogen

hal ogen ato o C5 ) ﬁg@d ARY it may be
ety g o e 5T SR

w th a hal ogen

OREY, hwise Rs0
R U R g o S v

%r %”E@ﬁ%_r@%c&lh%d@%hd*égﬂysw bstdrogér dhtaint or a Hal m:géh alkyl
tom a cyano group, -NR30R31, wherein Rao and R31
%"r@uﬁ?%ﬁﬁt depenganthad anﬂl)ttia’ogfexy be ewbgitugedwith acaalogen

group that may be branched and hat
&lﬂb@ﬂ; iat tittedl gubtuh, a deabegenl Saawm arg N %byﬁtéarbamoyl

b | N-(Cl..to, C4 b
' '?gl?gwg,rraoédq.% &(‘a@n %@1@41)@?@9@03{2%3%%3& 39%0%9 wherein
“NHOOR9, wh C| 3 ;
o, T S B L, e e

sulbgggute%t {Ph a halogen atom,

a cyano group,

NR3°R31 wherein B3 and R3! are each 1ndependent1y a
hydrogen atom or a Ci to Cs alkyl group that may be branched and that
i’nay be substituted with a halogen atom, '

a nitro groﬁp,

a carbamoyl group,

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

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

-NHCORS, wherein R? is a Ci to C4 alkyl group that may
be branched and that may be substituted with a halogen atoxﬁ, and

a halogen atom; and

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

a G to Ca alkyl group that may be branched and that may
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, Eﬁ?{st@ﬁtgaﬁvﬁheﬂ Hanesdrhatotpy dyenosgrospi th
a

a cyano group, -NR30R3i wherein R30 and R31 are each

i ndependently a 15 hydrogen atomor a Cl to C4 al kyl
group that may be branched and that rmay be
substituted with a hal ogen atom a nitro group, a

car banoyl group, an N-(Cl to C4 al kyl) car banoyl

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

- NHCOR9, wherein RO isa Cl to C4 al kyl group that N
may be branched and that nmay be substituted with a
halsaperitwedwithradhalogah @§@®. at om and (8) a

het eroaryl group, wherein the heteroar r -

25 be subst iat Gt el@ b EAERY FEIH %i’)?]temgé}%bf)%sr%llﬁg%?@(yfnd that

fromthe group, cansisti,n 0 Cl to &4 al kyl group

et beargyb t%?%ﬁ%‘ﬂééﬁéﬁ}ag‘?ﬁ%{“r&}’ay 141 be substituted

with a hal ogen at B komytighdp witiata Haogen
ot b el g T |

be branched y be suUbstituted with a
5l 00SNCALAT, ANl Yol QUBL i} HeRbrdiedbstd tibiednay be

7 i OO ogén 5 atom a G to C4 al kyl %é@% -;ﬁgéethﬁﬂ
ogen atom a cyan group, -NR30R31 wherein 0 nd
Rad RFeaeaciachndelpprddenily a byfaeesgeatemot & Ca i bt pkv!
O S, e e, i AL e
Corsamoll Lo, S0 ILGoL ) SRR BT grhamon
LR, AAEHSD B, PGl Y 00Ot e
?{%l %ggnC?ttng‘; 41£YP80%9 QHBL may be branched and that may be

substituted with a halogén atom,

a cyano group,

-NR3CR31, whefei’n R3¢ and R3! are each independently a
hydrogen atom or a C1 to C4 alkyl group that may be branchéd and that
méy be substituted wi-th a halogen atom,

a nitro group,

a carbamoyl group,

an N-(C; to Ca4 alkylcarbamoyl group,

an N,N-di(Ci to Cs alkyDcarbamoyl group,

-NHCORS?, wherein R? ié a C; to Cs alkyl group that may
be branched and that ﬁay be substituféd with a halogen atom, and

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

(vii.) -(CHg2)nCONRI2R13, | wherein R12 and RI3 are each

independently a group selected from the group consisting of:

(1) a hydrogen atom;
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. consisting of: (1) a hydrogen atom 142 (2)

-NR30R31, wherein R3 and R$1 are each independently a

15 hydrogen atomor a G to C4 al kyl group that may
be-branched and that nay be substituted with a

hal ogen atom a nitro group, a carbanoyl group, an

N-(CL to C4 al kyl)carbanmoyl group, 20 an N,N-di (C to

4 al kyl ) carbanoyl group, -NHCOR9, wherein RO is a Cl

to C4 alkyl group that may be branched and that may

be substituted with a hal ogen atom and a hal ogen

atom and n(zznsa 2 thntpaBiylfgroap thto mify ba%rawnchdd and that
- (CH2) " CONRL wherein R12 and R13 are each

'zﬂgﬁ%%%ﬁﬁﬂtﬁte@l ﬁmlu@ haddgeat &dnfir om t he gr oup

C4 al kyl grol® whatanyhygbeibr afered dhe (Fal EW erla}’ be
rou

substituted with a hal ogen at am an_.ar :
\studos b wbetdherithr 3/ 1e@|sbgpe REYID &8 egf@.éjsf%? Og%ughcon isting of:

I ; h -
o]f:ast 5ogeagr g 1@ fﬁi}ﬁyq gzréﬁg]tﬁﬁgfﬂg% @B?ﬁ%ﬁ-ﬂgﬁ%ﬂlﬂthaﬁ ay

hat ma with a halogen atom a
ewsai}“%@/%% é}g riﬁrccfe[g’rmy be branched and t hat
may be subst] taf Eti’kcﬁ{ h ethAt 8y B bakythgl and that
that may be %%S?I t(\gjt ed w t%logﬂ]hal ogen 10 atom a C

trﬁa%e@u‘b)éht{iféwmﬁwalham@gézbetolm anched and that may |
substituted with a hal ogen atom a cyang up
htg’e p910gen

- NR30R31 V\heneawlemu;amhaR&;namt@ eubstt Lﬁt@gpyg

a hydrogen atomor a G to C4 alk 0 _

ctobr, o dheth dha i ETP Bests Rk PEVGACHPd (P thEY mey be
%ggégt@i;g&(ﬁﬁggio@rg%n%ro% Py c?ax?g rgr&?;?,y'Nﬂ%‘?éép' whbrein RS0

 and R8! are each independently a hydrogen atom or a Ci to Cs alkyl

group that may be branched aﬁd that may be substituted with a halogen
atom, a nitr.o group, é cafbamoyl group, an N*(C; to C4'a1ky1)cgrbamoy1
group, an N,N-di(C; to C4 alkyl)carbamoyl ‘group, or -NHCORS?, wherein
R9 is a C; to Cs alkyl group that may be branched and that may be
substituted with a halogen atom,

a cyano group,

-NR30R3!, wherein R3¢ and R3! are each independently a
hydrogen atom or a Ci to Cs alkyl group that may be branched and that
may be substituted with a halogen atom,

a nitro group,

a carbamoyl group, |

an N-(C; to C4 alkyDcarbamoyl group,

an N,N-di(C1 to Cy alkyllearbamoyl group,

-NHCORS?, wherein R® is a C; to Cs4 alkyl group that may

be branched and that may be substituted with a halogen atom, and

143



10

15

20

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

or -NHCOR9, wherein RO is a G to C4 al kyl group

that may be branched and that nay be substituted

with a hal ogen atom a cyano group, NR30ORsi wherein

R30 and R31 are each independently a 20 hydrogen
atomor a G to C4 alkyl group that may be branched

and that my be substituted with a hal ogen atom a
nitro group, a carbanoyl group, an N-(Cl to C4

al kyucar bamy/, todR o N, N-di (C1l to C4

al kyDear barmé/yT‘ag{rg%gB&}w%F%&Q, wherein RO is a G to

CA al kyl gr qup at RaderbBy] dioupy @hehad thechdthadanyhigrbep may
substituted wth a halogen atom and 143 a hal ogen. |
AeOih sBBG ) ith helesoanygroupeplecidefremthehgroup consisting
heteroaryl group may be substituted with at | east '
eofic group selected fromthe group consisting of: 5 a

Cl to &4 al kyl group that may:-be branched. and that
may be subgt Codedet gé”?%ﬂ@ée‘ﬁa-‘étb(? raélc%eg'tagﬁahat may.
al koxy .group t hat be branched and that may be
?@b%’tbisflg‘t“@g Wt@haggﬁéeé’g%‘ﬁmhtom an aryl group that
may be substjtut ed Wi Rat aRtRMrandedt #nd that
C4 al kyl gr o"’hg“ult ﬁoatdgnéaly@og%l%?ggghgd a%% thaf may be

?ﬁg%ﬁ%ﬁ’@ehwﬁh@h%@naﬁ@m a cyano_group,

erein R30 and R31 are each independently

a hydrogen af;pm:91 @oGb tieatChal byl sulgtbuped aithnayhalogen

be branched and that may be substituted with a :
habmagen C:atooly alkyl tgrougr thas, may e barpshedypadpthainmay be

N-(ClL to C4 al kyl)carbanmoyl 15 group, an i to -
Gabatikuyte cuithaamiyd loge o @30 Mo 2 OXOCR PR o, Wheren B9

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

_ group that may be branched and that may be substituted with a halogen

atom, a nitro group, a carbamoyl group, an N-(Ci to Cq alkylcarbamoyl
group, én N,N-di(Crl to Cq alkyDcarbamoyl group, or -NHCOR?, wherein
R% is a 'cl to Cq élkyl group that may be branched and that may be .
substituted with a halogen atom,

a cyano group, |

V'NR3°R31, wherein R3 and R3! are each independently a
hydrogen atom or a Ci to Cq4 élkyl group that may be branched and that
may be éubstituted with a halogen atom,

a nitro group,

a carbamoyl group,

an N-(C; to Cq alkylcarbamoyl group;

-NHCOR?, wherein R? is a C; to C4 alkyl group that may

be branched and that may be substituted with a halogen atom, and
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ROis ad to ™ alkyl group that may be branched and
that may be substituted wth a hal ogen atom a cyano
group, -NRSOR31, wherein R30 and R31 are each '

i ndependently a 20 hydrogen-atomor a Cl to C4 al kyl
group that may be branched and that may be B
substituted with a halogen atom a nitro group, a

car banmoyl group, an N-(C to C4 al kyl)carbanoyl
group, 25 an N,N-d1(C to 4 al kyDcar banmoyl group,

- NHCOR9, wher. gj L§,:8; O to C4 alkyl group that
may - be bran%%ke%(}%%bf%gt may be substituted with a

hal,@9en At 9 c@nthokf4 t8 1pal ogen atom and n is an
i nt eger from% to 12; (viii) -(CH2).NR12COR13,

wher ei {vix)2 40T RISRBGOREch whardeped®dentdnd aRgt oape each
sel ected fromthe group consisting of 5 (1) a

hiydipgede mtilpa grio2p seleted drodd the EyoumronmpsEnarimy be
branched and that nmay be substituted with a hal ogen
atom (3) an{Brahygdreass aigcrein the aryl group may

be substituied with at lLeast one,grou el.ecte rQm

t he group cot{éi aiiiniy gﬁ :allgi rz?“@ltht%&'regy zﬂek Iianﬁg?)%&nd that
t hat .may ,be. brapchgd y be substituted -

PP s Sgléghe(gt‘,ﬁ%% ag’%ée{}gg%?gaal koxy group that may

be branched gd atﬂwaéryln%yom SHisbid UfIRd Wyihgfoup may be

hal ogen atom "an aryl” group that nmay be substituted
WidHitRuba f98Nat kasabamgraufseleetdddrainkye gromppronbatting of:

may be branched and that may be substituted with a |
hal ogen at omy Gy wy@nallgylogropp-tHE8 @R31be hhardied Rxbthat may .
be substituted with a halogen atom, -
a C1 to Cs alkoxy group that may be branched and that :
may be substituted With_ .a halogen atom;
| an ar}l trgroﬁp that m-ajr be substituted with a2 halogen
atom, a C: to C4 alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group, -NR3°R31,‘ %v'herein R30
and R3! are each independently. a hydrogen atom or a C: to Cf; alkyl
group that may be branched and that may be substituted with a halogen -
atom, a nitro group, a carbamoyl group, an N-(C to C4 alkylearbamoyl
group, an N,N-di(C; to Cs alkylcarbamoyl group, or -NHCORS?, wherein
R®is a C; to Cq alkyl group that- may be branched and that may be
substituted- with a halogen atomi,
a cyano group,
-NR30R3!, wherein R30 and R3! are each independently a
wwdrogen atom or a Ci to Cy4 alkyl group that may be branched and tha
may be substituted with a halogen atom,

a nitro group,
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and R31 are each independently a hydrogen atomor a
Cl to C4 alkyl group that may be branched and that
may be substituted with a hal ogen atom a nitro
group, a-carbanmoyl group, an NN(Cl to C4

al kyl ) car banoyl 20 group, an N,N-di (A to C4.

al kyl ) car banoyl group, or -NHCOR9, wherein Rs is a
C to 4 alkyl group that may be branched and that
may be substituted wit-h a hal ogen atom a cyano

group, - -NR3PRFhmleseup, R30 and R31 are each
i ndependently a 25 hydrogen atomor a.Cl to C4 al kyl

group that ngayNo&C btale adidylhagbahayl goprbe
substituted with a halogen atom a niﬁro group, 145
a carbaroyl gr dUN-dER 1 W Caialkplerbamey! gEdibanoy|

group, an N,N-di (G to C4 alkyfcarbanmoyl grqup

~ NHCORO, V\he'ﬁ\&iﬁ’&ﬁ'» ivsherein f%golsc% Cgﬁﬁy% aﬂﬁ’ﬂp&t"ﬁ‘& that may
may. 5 be_ branched and that .. . i i a
et tgasbind ami tita 7B AP SHOH A 4Ry eeh ot Ehd

het eroaryl grou wh i e heteroaryl group nay

be substitutaega&ilg(eﬁl %{O%}“g%\&sc? one group sel ected from

the group cof§ishbiGoaffi &dud, @hetOinCheahkydrogrydugroup may
t hat may. beo(%?gflchedogﬁ% %%a? may . be substituted

Wet S chatQoeitiaholRass dak grougSedddiakjrogr chp eroup cAagisting
be branched and that may be substituted with a

k@l ogen atom an aryl group that may be substituted
R WA SR e G TR TR
ot tRied KNS HAASEOH AUy & hydr ogen atom or a |
Cl. to ¢4 al k&’ lC; to Cs alkoxy group that may be branched and that
may be substituted with a halogen atom,

o an aryl group that may be substituted with a halogen
atom, a C1 to Cs alkyl group that may be branched and that may be |
substituted wifh a halogen atom,- a ¢yano group, -NR39R3!, wherein R
and R3! -are each indepéﬁdently a hydrogen atom or a Ci to C4 alkyl
group that may be branched and that may be substituted with a halogen
atom, a nitro group, a carbamoy! group, an N-(C; to Cq alkylcarbamoyl
group, an N,N-di(Cl. to C4 alkylcarbamoyl group, or -‘NHCOR?®, wherein
RS is a C; to Cq alkyl group that may be branched and that may be
substituted with a halogen atom,

a cyanc group,

-NR3°R31, wherein R3¢ and R3! are each independently a

may be substituted with a halogen atom,

a nitro group,
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group that may be branched and that may be
substituted with a halogen atom a nitro group, a
car banoyl group, an N-(GC to C4 al kyl)carbanoyl 20
group, an N,N-di (ClL to C4 al kyl) carbanoyl group, or
-NHCOR9, wherein R9 is a Cl to C4 al kyl group that
may be branched and that may be substituted with a
hal ogen atom a cyano group, -NR30R31, wherein R30
and R31 are each independently a 25 hydrogen atom or
a Cl to 4 gl kyhMBaprbligt nmay be branched and that
may be substituted with a halogen atom a nitro
group, 146 agchr-ttanmyC. ghlylsarkameyl(greupo C4

al kyl ) car bamoyl group, an N,N-di (C to 4 :

al kyl ) car barm:yN,Ertii&E; to Quedngd)caipapey he¥P s a CL to

C4 al kyl t hat 5 he .branch
Of k1 910 £056 T 5 BE CLORE A Wbk may
L d ni ' f : ()
R ofa she b IRh A P p Mokdnheom, and

i ndependent | Lo el ected fromthe group
consi sting ba%%eﬁ%ﬁhydrogen atom (2) aClto 4

-%@%F%gﬁﬁgmﬁgf&%ﬁ heidpranched; (3) an aryl group,

group may be substituted with at_
| east eg)e-@}p%mgetzem,t atheksionRthend) Rt pre eshsimdapepdently
a d al kyl group that may be branched and that

BYroubSselectedi i tthe entowp chosishagdfen atom a Cl to

Cr,- al koxy group that may be branched and that may
be substitut@dadxdrogendlt®gen atom an aryl group

 that my be (825l gséi %oubfgll\é\grltgr}oapqg!af) @43 be branched:

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

a Cy to Cs alkyl group that may be branched and that may

_ be substituted with a halogen atom,

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

| may be substituted with a halogen atom,

an aryl group that may be substituted with a halogen
atom, a Cp to Ca alkyl group that may be branched and that may be

substituted with a halogen atom, a cyanc group, -NR3R3!, wherein R30

" and R3! are each independently a hydrogen atom or a C; to Cy alkyl

group that may be branched and that may be substituted with a halogen
atom, a nitro group, a carbamoyl group, an N-(C; to C4 alkyDcarbamoyl
éroup, an N,N-di{C; to Cs alkylcarbamoyl group, or -NHCOR?, wherein
R? is a C; to Ca alkyl group that may be branched and that may be
substituted with a halogen atom,

a cyano group,
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atom a Cl to C4 al kyl group that may be branched and
that may be 20 substituted wth a hal ogen atom a

cyano group, -NR3COR31, wherein Rao and R31 are each

i ndependently a hydrogen atomor a G to C4 al kyl

group that may be branched and that may be

substituted with a halogen atom a nitro group, a

car banoyl group, an NN(C to C4 al kyl) car banoyl

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

- NHCOR9, \Nhe.ﬁ\?%:ﬁR25 BetsSinaRBl 69 B4 slekyhclgindgpdrtiantly a
may be branched and that may be substituted with a
r}%{:}%@& Ak O 01 ©4hAROCYROKYL grbAD tHRBGESS butteeaiche ®3@d that
a 1 are each independently a hydrogen atomor a :
Gha¥ BeGhbatikyledowivhpa hakigemeatobs branched and t hat

- may be substituted with a hal ogen atom a nitro

group, 5 a cambawmrbugroup, an N-(Cl to C4
al kyl ) car bamoyl group, an N,N-di (C1 to 4
al kyl ) car ban®$rTRABeY BLOYHCORY, wherein R9 is a Cl to

4 al kyl grou hat y that may be
substi t ut ed %Ell\#f(‘g‘ ﬁgﬁdé"ég%&?%%g%bﬁgg 0°a hal ogen

atom and (4) q; REFRQALYE, kGVRarbiies@igholipe

het eroaryl - group nmay be substituted with at | east S
one group sehegeske roAvidia RY aup ConsCstalkyl gofup that ma
Cl to C4 alkyl group that may be branched and that
MY brak2hbe asidbdidtttibe beviutstautal witdna halngenaton, tagd

C5 al koxy group that may be branched and that nmay be
substitut ed svhiahogerhatcogeanét om an aryl , group that

may be substituted with a hal ogen

at a,Cl to C4
al kyl group {4z hatgroBey hBERh SHFHIP ?ﬂ%@eﬁwaggl 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 and that may

" be substituted with a halogen atom,

a Ci to Cs alkoxyr group that may be br‘anéhed and tha#
may be substituted with a halogen atom,

an aryl group that may be substituted with a halogen
atom, a Ci to Ca alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group, -NR3®R3!, wherein R3o
and R® are each independently a hydrogen atom or a C1 to C4 alkyl
group that may be braﬁched and that may be substituted with a halogen
atom, a nitro group, a carbamoyl group, an N-(C1 to C4 alkyDcarbamoyl
eroup, an N,N-di(C; to C4 alkyDcarbamoyl group, or -NHCORS?, wherein

A
4

RY is a C; to C4 alkyl group that may be branched and that may be

sdbstitﬁted with a halogen atom,

a cyano group,
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‘may be br anBK&IPEREY
hal t . | or i
‘hal ogen a o%&q?gcig?@f%qk?%mbgmg @il n is an

"~ group consjsting,of.

ned B [HrREpBRE SR Mﬁ?l?‘?my

20 substituted with a hal ogen atom a cyano group, .
-NR30R31, wherein R30 and R31 are each independently
a hydrogen atomor a Cl to C4 al kyl group that may
be branched and that may be substituted with a

hal ogen atom a nitro group, a carbanoyl group, an
N-(Cl to C4 al kyl)carbanmoyl group, an NN-di (G to

C4 al kyl ) carbanmoyl group, or -NHCOR9, wherein 25 RO

is aCltoC4alkyl group that may be branched and . .

that may be -)gubsta! wirdein RF anfaRBgere acdminderspseatly a

group, 148 -NR30OR31 wherein R30 and RU are each '

| Detapess ebhyoralydtogeralkylogioor Hatmey bedrapghpd and that

group that may be branched and that may be

sulagthetatteditut echwatthalbedesea®’®®: a nitro group, 5 a

carbanoyl group, an N(Cl to C4 al kyl) car banoyl

group, an N, ARHEOCETW®: C4 al kyl ) car banoyl group, -

- NHCOR9, wherein RO is a Cl to C4 al kyl group that
fﬁ%&“l’rmy be substituted with a

i nteger fro CH2), Y- 2, wherein Yis
aCltoC4 %h@!}@@ﬁ(@%@@iﬁ@l}chﬂ@m&g}onpgr oup

that may be branched, and R12 is a group sel ected

from the grougIODRPStwhegeinfRILE ¢ 1) to Fyddbpearairokat may
(2) a Cl to C4 alkyl group that may be_ branched and

t babrahye dmds tivstt eyt edswhistiutediwitdogr hagﬁg&ﬁ] atogy, agd

aryl group, wherein, the aryl group may be '
substitut ed aihalogen|2e®t one group sel ected fromthe

Cl to &4 al kyl group that

(x) -(CH2),Y-OR!2, wherein Y is a C: to Cs divalent saturated
hydrocarbon group that may be branched, and R12 is a group selected
from the group consisting of:

(1) a hydrogen atom;
(2) a Cs to Cs alkyl group that may be branched and that
may be substituted with a balogen atom;
| (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 Cs alkyl group that may be branched and that may

be substituted with a halogen atom,

a Ci to Cs alkoxy group that may be branched and that

may be substituted with a halogen atom,

an aryl group that may be substituted with a halogen
atom, a C; to Cs alkyl group that may‘ be branched and that may be
substituted with a halogen atom, a cyano group, -NR¥R3!, wherein R80

and R3! are each independently a hydrogen atom or a Ci to C4 alkyl
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be substituted wth a hal ogen atom a CL to C5 al koxy
group that may be branched and that nay be

substituted with a hal ogen atom an aryl group that

may be substituted with a halogen 25 atom a Cl to

C4 al kyd group that may be branched and that may be
substituted with a hal ogen atom a cyano group,

-NR30R31, wherein R30 and R31 are each independently

a hydrogen atomor a C, to C4 alkyl 149 group that :
'E%Mu{;’%hblﬁ %%hﬁg bﬁﬁﬂcﬂdlﬁ&nmyabm@uﬂzssuhmmewvnhh@ halogen
hal ogen atom - a nitro group, a carbanoyl EEV

Mo, of Bited pably) hoarbamoyl grayows NafCiNg Degrbamoy]

C4 al kyl) carbanoyl grou or - NHCOR9, wher
&@ip{ an O Nedk{G: by b @lfﬂéﬂtarhﬁyﬂoafé gs?%c%gl“m% ay herein

-may be 5 substituted wt ahal y ‘
rap%x ﬁx%l a3 may be

Foupa CnApoRz1alkyhdrarn. I&ﬁéﬂ

|nde end | rogen atomor a Cl to ¢4 al kyl
TS Wﬁg‘yaﬁé‘?‘%/ﬁﬂ rf%‘ﬂg]d and that nay be

substltuted W paen atom 10 a nitro group, a

car banoyl gr ou%gngﬁp@ 'ClL to C4 al kyl) car banoyl

group, an N, Ny glboGh wegéinakkvhh&&wmyba@f dngependently a
NHCOR9, wherein R is a Cl to C4 alkyl %roup t hat

'H%f)ﬂroéél eorar @ng hedadd atldtgruay thet suiws biethraaghed emd that
a hal ogen atom and a hal ogen atom and (4) a
hedeboaupktitnmdpwitbhhe helogenaiomet er oaryl group may

be substituted wth at | east one group selected from

t he group coﬁtlslil*éiloig#‘gupof 20 a C1 to ¢4 al kyl group

that may bé branched 1a that may be substituted
with a hal og2R2ERYRPY* BTOUP

an N-(C to Cs alkyDcarbamoyl group,

an N,N-di(C; to Cq _alkyl’)carb amoyl group,

-NHCOR?, wherein R? is a C; to Cq4 alkyl group that may
be branched and that may be substituted with a halogen atom, and

a halogen atomi and \ |

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

a C1 to Cs alkyl group that may be branched and that may
be substituted with a halogen atom, -

a Cj to Cs alkoxy group that may be branched and that
maﬁr be substituted with a halogen atom,

" an aryl group that may be substituted with a halogen

atom, a Ci1 to Ca alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group, -NR30R31, wherein R30

and R3! are each independently a hydrogen atom or a C; to C4 alkyl
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a Cl to C5 al koxy group that may be branched and t hat
may be substituted wth-a hal ogen atom an aryl group
that may be substituted with a halogen 25 atom a Cl

- to C4 alkyl group that nmay be branched and that may

be substituted with a hal ogen atom a cyano group,

- -NR30R31, wherein Rao and R31 are each independently

a hydrogen atomor a Cl to C4 al kyl 150 group that

may be branched and that may be substituted with am! .

hal ¢ ' M, Brdlchb® HdOSHAL rBaf ebaimyitutrdowph amalogen

N?ci]‘%gaghot %&%ﬂ“k?%cugﬁlbgrfag{/l group, an N,N-di (Cl to C4

%M' ;gﬁgltbaggmp,g Balbanesy! -HbCEREn NiHEn épriCs Rilsagbamoyl
to C4 al kyl group that may be branched and iﬁﬁt herei

FRYuden &, BubigCh ttut@dalkiyiearbarapdggreuss 6 Na1efdno whereln

group, -NR30R31, Werein R30 and, R31 arcssgach ¢ mav be

Radeperdene |§: alkvlygrageshal A% Pe DrEnchsd rd WF Y

group that nmy be -branched and that nay be

subsfitiuted avithve palestmeifBn atom 10 a nitro group, a

car banoyl gra%gp, an N-(C to C4 al kyl) carbanoyl

group, an N&FCEF™FE’ ¢4 al kyl car banoy!l group,

- NHCOR9, V\hewe,g B9vbﬁ%;%irQR3b Qrfdd Ral kyk dqichuindepahdently a

may 15 be brancﬁed and that may be substituted with

fiyhalRoeR Al 8fa BRdorhaligugrows ot ang be bsaached and that

|P{tegg(e%r roml to 12; (xi) -(CH2)n-OR12, wherein Rl12

s PbOEebRisakaciied of haogehetgnoup consisting of 20

(1) a hydrogen atom (2) a d to C4 alkyl group that

may be brancheitragdotthat nay be -substituted with a

hal ogen at om

a carbamoyl group,
an N-(C; to C4 alkyllcarbamoyl group,
an N,N-di(C; to Cq alkyDcarbamoyl group,

-NHCORS?, wherein R? is a C; to Cs alkyl group that may -

* be branched and that may be substituted with a hajogen atom, and

a halogen atom:
and n is an integer from 1 to 12;
(xi) -(CHa)o-OR!2, wherein R12is a group selected from the group
consisting of: -
(1) a hydrogen atom; |
(2) a Ci to Cs alkyl group that may be branched and that
may be substituted with a halogen atom; '
(3) an aryl group, wherein the aryl group may be
substituted with a;t least one group selected from the group consisting of
a Gy to Ca alkyl group that may be branched and that may

be substituted with a halogen atom,

a C; to Cs alkoxy group that may be branched and that
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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: 25 .a O to C4 alkyl group that"
may be branched and that may be substituted with a
hal ogen atom a G to C5 al koxy group that may be
branched and that 151 may be substituted with a

hal ogen: atom an aryl group that may be substituted
with a halogen atom a Cl to C4 al kyl group that nay

- be branched an stltuted with a
AEYORfEPH YL HE e ‘g‘%&g ohn%¥%ﬂba° R31 wherein R30 -5

and R31 are each t L ¥y apdkabegentedt aitiora &alogen
G to 4 a i%gggﬁ%gl%@nﬂgyybe br anched and" t hat

may b t Lh anhelegeme biomwhed mnd tbat may be
ac}éﬁ 5 § car arrtgolggl \gé‘fro\uk% an l\l—ga(em to A4

@{1@& LharRy| 2 HHOEdh abomNaNydnb @rotp, MR3OR3!, wherein R
car banoyl group, or -NHCOR9, wherein R%

thtR“Cér@Ie&yh igrdeppntiémtly iy yBEcdiaAEHR R Ad tlH%Qt & alkyl
may be 10 substituted with a hal qgen.a a
graupthatNRAGRS1 brawmdes) #pd:esleatalﬁay 13%5%‘%@% Cﬂ“’% Hhalogen

i ndependently a hydrogen .at om or 1
gtwopathire FEiheA GAERATRRY ER04Pr ﬁnaNQ& 13 @4 aﬂtﬁ)@arhamoy

Eﬁc?%%% Mﬁ?? tgnaa'aﬁ%ﬁﬁa%%%‘%ﬂ%‘?‘)ﬁéﬁ%?#%?m renerein

Bl e %%lﬁ% g!reuﬁhak kB ebBraxydhedr ang, that may be
- ) er I N .

Cl to C4 al kyl group that

'E‘Hﬁsﬁi@ﬁeﬁ%ﬂ%%ﬂﬁﬁﬁgeﬁmhwat may be substituted with
a a

ogen atom and a hal ogen atom and (4) a

“heteroaryl gfegno gherngin the heteroaryl group may

be substitut ed W|th at | east Jone up sel ecte
the group coh&’ﬁ{@ﬁq%gwhernm R30 and %39 pre eac% 1m9=pen8ent1y

hydrogen atom or a Ci to Cs alkyl group that may be branched and that

may be substituted with a halogen atom,
| a nifro group,
a carbamoyl group,
an N-(C; to Ca alkyDcarbamoyl group,
an N,N-di(C1 to C4 alkyDcarbamoyl group,
-NHCORS, wherein R? is a C: to Cs alkyl group that may
be branched and that may be substitﬁted with a halogen etom, 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 Cq all yl group that may be branc

be substituted with a halogen atom,

a C; to Cs alkoxy group that may be branched and that
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of. 25 a Cl to &4 alkyl group that may be branched
and that may be substituted with a hal ogen atom a Cl
to C5 al koxy group that may be branched and that 152
may be substituted with a hal ogen atom an aryl group
that may be substituted with a halogen atom a Cl to
4 al kyl group that may be branched and that may be
substituted with a hal ogen atom a cyano group,
-NR3QR31 wherein R30 5 and R31 are each i ndependently

a hydrogen. ato IkyI group that may
Bsobafe H'uét‘?](ngtl][’% hrfaayé%e%bu stituted with a

hal ogen atgm ni Pmad Barhdptiyhtedr otth aarhalogen
I\I-(O to C4%3 ﬁ%ﬂcgi‘{)‘%qmy g?gup, San N,Ndi (G to C4

| Lcar by | 184108 uP R ha NHEGRYe wharobied am® thet auay be
)acg al E?%l ag?%u% thIgt may be branched and that

Qﬁb’stl?ﬁlte&-%ﬁﬂkhsﬁﬂaﬁdée@dawmha&mb cayoRpar BRI crhifgein RS
group, -NR30R31 wherein R30 and R31 are each C. alkyl
L AderEndentehyh andepemdeyshy &t dydsegen etopcd i O+ alky

group that may be br anched and
gudst thait mdyvite hraalcﬂqlg ay%oe %uriﬁ%tt}lgedg\rx%th a halogen

car banoyl group, an N Cl to b b 1
meﬁpa RIHT ST W (P AT RO LF TP )cglr a%rﬁoy g?g#y Dearbamoy

E@O‘H%—z Wﬁ&géﬁéﬁa (‘t:%a?xygca&gaé&éugst i t u%ﬁ??g herein

gen a @BAt ah@ybe Brdhdheidsaad that may be
%ﬁt eggrC 8%‘1%@%’1 Ehﬁ%‘g. [ (%{?2) -S-R12, wherein
gglgsﬂlﬁlt@dg)h@ﬂ@. §ﬁ|096i1%(ﬂoxi1r om the group consisting

a cyano group,

NR30R31, wherein R3® and R3 are each independently a
hydrogen atom or a Ci to C4 alkyl group that may be branched and that
may be substituted with a halogen atom, -

Ia niﬁro group,

a carbamoyl group,

an N-(C; to Cq alkylcarbamoyl group,

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

-NHCORS, Whereiﬁ R? is a C; to Cq alkyl group that may
be branched and that may be substituted with a halogen atom, and

a halogen atom:
aﬁd n is an integer from 1 to 12

(xii) -(CHz)a-S-R12, wherein R¥?is a group selected from the group

consisting of:

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

may be substituted with a halogen atom.
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25 (i) a hydrogen atom" (2) a C1 to &4 al kyl group
that may be branched and that may be substituted
with a hal ogen atom 153 (3) an aryl group, wherein
the aryl group may be substituted with at |east one
group selected fromthe group consisting of a G to
4 al kyl group that may be branched and that may be -
substituted with a halogen atom 5 a Cl to C5 al koxy

. group that may be branched and that may be

substituted with a hal ogen atom an afyl 0 at;

may be.subst\m ufBd W{ heP%Ral JPeh ™ g%%ma%gl é%%lg t&ay be

al kyl.. grqup..t hat be Snsisti f:

S G iy o G oo Phorh §BL ol Bensisting o

- NR30R31, V"lf}f-‘tgitﬁ (&E@Q}kjy@ 20 ik @EQ Rasfanched and that may
tly ydr ogen

i ndependen atomor a d to ¢G4 al kyl

WOl stiRate RIS HAlGGIEMmANd that may be
substituted wth a halogen atom a nitro group,

a .
car banoy| groWp, tACsNa(Gixy tro@y thisk yhix drepbraoyahed and that

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

-NHCBRS nbeticuteidrwitR% hglaged atp®, C4 al kyl group that

may be branched and that may be .15 substituyted,wt .
a hal ogen atamarylcgren® eatupray. RR3 -??%":r"éﬁ%?{’%&hgmﬁ”{
and R31 are each . independgntl t &hay be’
@tomg 30@%?‘1(?1% &ké'ﬂpg’{‘)’i‘fgt y%k?g %‘?éﬁ%ﬁeg a% Ht }g{ e
nma subst it ut.e ' i -RRARA v Perein R0
Grbapu Gt R Ao oBb A kil RAED SO, e

I rear |- SHhd el Naglidoen t-dofdor a C1 to Cs4 alkyl
%I%:R)C%FEZ%&% %]gar\oup, e NI—Y|IC\I:8?93;€H vvglér ein RO is acClto
GHob ikt HBUPe bRahck@y andthhe nhryabe hebstitvded heith rrehalogen
be substituted with a halo%en atom and '
atom, a nitro group, a carbamoyl group, an N-(C1 to C4 alkyDcarbamoyl

| group, an N,N-di(C; to Cs4 alkylcarbamoyl group, or -NHCORS?®, wherein

R? is a C: to C4 alkyl group that may be br‘anched and that may be
substituted with a halogen atom, '

a cyano group,

-NR%R3!, wherein R0 and R3! are each independently a
hydrogen atom or a Ci to Cq alkyl group that may V-be branched and that
may be substituted with a halogen atom,

| a nitro group,

a carbamoy! group,

an N-(C; to Cq alkybearbamoyl group,

an N,N-di(C; to Cs al}:yl)carbamoyl group,

-NHCORS, wherein R® is a C1 to C4 alkyl group that may
be branched and that may be substituted with a halogen atom, and '

‘a halogen atom; and

(4) a heteroaryl group, wherein the heteroaryl group may
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a hal ogen atom and (4) a heteroaryl group, wherein
the heteroaryl group may 154 be substituted with at

| east- one group selected fromthe group consisting

of a G to C4 alkyl group that may be branched and
that may be substituted with a halogen atom 5 a C1
to C5 al koxy group that may be branched and that nay
be substituted with a hal ogen atom an aryl group
that may be substituted with a halogen atom a Cl to

G @lﬂgitu%dfpﬂ’ﬁ)tﬁ Bate Rk rBhpReRetb NGt biaé gomyp bensisting
substituted with a hal ogen atom a cyano group,

NR3OR31, wherein Rao. 10 and R31 are each

i ndependently a hydrogen atomor a ClL to C4_al kyl_
group that nmybe Grabohedowntbathasyfwybisached and that may
substituted with a halogen atom a nitro group, a

deer hEwbithtegt widh adlegrCAtord C4 al kyl ) car banoyl

0, A e 0 A 3 R e

may be branched and tha y. 15 substituted with

f‘%%l%g“’é‘%sgf‘b‘iﬁ% ‘?a”tg\/%\n%i"gérzgua&?&‘-’ NR30OR31, wherein R30

and R31 are ;S{E‘C len%%%ﬁngl%ft I¥ay2 be Y&l R0 ALWIThOA Ralogen
ylI group t

Clto 4 alk at .may be branched and t hat
MRYmbe $Hbsd IG,ULBE I Wibhpatihal pgenbatemmcéd and that may be
group, a carbanoyl group, an N-(C to C4 )
ahloy Reardawint aghalogen artohd, M- dy410 graoGs NR¥OR?:, wherein R30
al kyl ) car banoyl group, -NHCOR9, wherein R9 is a to-.. .
Gy largr ot §hdepandentlySa ey dyONE R 4 Har tonkys alkyl

?aig% ku)ﬁlsltailz tn:tjefyege V\grtarrllcl?ec{] glﬁg %ﬁgt %:tia% e asllqgst?tuq:g!:ioxgi%ﬁ a halogep
atom, a nifro'group,_a carbamoyl group, an N-(C1 to Cs alkylcarbamoyl
group, an N,N-di(C: to Ca a}kﬂ)carbamdyl group, or -NHCORS?, wherein
RO is a C; to C4 alkyl group that may be branched and that may be
suijstituted with a halogen atom,

| a cyano group,

.NR3R3, wherein R and R3! are each independently a
hydrogen atom or a C; to Ca alkﬂ group that may be branched and that
may be substituted with a halogen atom,

a nitro group,

a carbamoyl group,

an N-(Cy to C4 alkyDcarbamoyl group,

an N,N-di(C; to Cq alkyDcarbamoy! group,

-NHCORS?, wherein R? is a C; to Cs alkyl group that may
be branched and that may be substituted with a halogen atom, an

a halogen atom;

and n is an integer from 1 to 12;
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n

and nis an integer from1l to 12; 155 (xiii) :
-(CH2).-SO R 2, wherein R12 is a group selected from
the group consisting of- (1) a hydrogen atom (2) a.
01 to C4 alkyl group that may be branched and that .5
may be substituted with a hal ogen atom (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 and that may be substituted wth a; h
at om (g6va-(€Hyo %?’kﬂi’ﬁr"glflo#ff thit ShelP bsgl%?éa(%gﬁ%a the
and that . may be substituted with a hal ogen atom an
SroMP RSt nmay be substituted with a hal ogen

atom a G [ k that may be branched and
t hat may bet(ﬁsﬁ ?F?%%neg{o\?\#fh a hal ogen atom a cyano

group, -NR3QE3L, ceicsi NNkRBPrekfy ettt M3% Wy braeendled and that
i ndependent 'y a (F;S/drogen atomor a G to C4 alkyl '

HA B LRy kathahglogen abeint hat may be

substituted with a hal ogen atom a nitrob‘group, a b
car banoyl gr8upanaarit (Toupo Chergiry the afFAn@fPUP may b€
group, an N,N-di (O to C4 al kyl)carbanmpyl group. Qof.: .
shbiEERIed wHbh ait e a R eSEEPURIS &t fléﬂnknﬁ{e é? B Bondpting of
may be branched and that may pe 2 ¢ 0 ¢ '
a hal ogen atiofy taqu%ﬂés{ éf%{v})p&’%tﬁﬁgﬁ%%%%\%géggﬁw%o may‘.
and 1 are each indepen ly a hydrogen atomor a
be s S’éﬁutﬁﬁk‘?]l%%g? bﬁgo eﬁ’a%%y be branched and t hat
may be-substitut

d i o, habegaRa@tesy b25beanthiedoand that
group, a carba ‘S%‘dgr%lug,y;g% I\F(Ci to C4

%ASVLQ cabRam¥h WiQUPhalogen atom,
an aryl group that may be substituted with a halogen
atom, a Ci1 to Cs alkyl gfoup that may be branched and that may be
substituiged with a halogen atom, a cyano group, -NR3R3L, wherein'Rf‘m
and RSl are each indepéndently 2 hydrogen atom or a Ci to Ca alkyl
group that ﬁay kbe branched and that may be substituted with a halogen
atom, a nit¥o group, a carbamoyl group, an N-(C; to Cq alkyl)carbamoyl
group, an N,N-di{C1 to Ca alkyl)carbamoyl group, or -NHCOR?, wherein
R® is a C; to Cs alkyl group that may be branched and that may be
substituted with a halogen atom,
@ cyano group, |
-NR8R3!, wherein R3¢ and R’ are each independently a
hydrogen atom or a Ci to Cs alkyl group that may be branched and that
may be substituted with a halogen atom,
a nitro group,
a carbamoyl group,

an N-(C: to Cq alkyl)carbanioyl group,
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156 an N,N-di (Cl1 to C4 al kyl)carbanoyl group, NHCOR9,
wherein RO is a G to &4 alkyl group that may be
branched and that nay be substituted with a hal ogen
atom and a hal ogen atom and 5 (4) a heteroaryl
group, wherein the heteroaryl group may be
substituted with at | east one group selected fromthe
group consisting of: a Cl to C4 alkyl group that may
be branched and that may be substituted with a

hal ogen at on a1:kh. Lo E Xz gbpupridpat may be
branched an%lﬁgl?,ulﬁ‘ﬁ§£%e%béjsl)t%?t ut edeI@; h@g hal ogen
atom an ar yNigrome, WikeiBR? he asGbst iQutlkg] growp ghat may
hal ogen atom a G to C4 al kyl group that may be

BL ARsha RaEd that mmybbeubstitvsed putted halogemabar ogjeth
atom a cyano group, -NR30R31, wherein Rao 15 and R31
are each i ndepsidentdiyma amddr ogen atomor a G to C4
al kyl group that may be branch

d and,t hat, may: ,
subst i t ut ed () ehheterRd oyl &FOURt Wﬁfre&nﬁihﬁpbe%?%%%?%goup may

carbanmoyl group, apn N(C to C4 al r st
§e @@b?tléhte ,W-tgi ‘(‘*C{]ealsf)%& 2\ dY IsFlgeﬁr%iaérlfg% gr gudpl)l,p orsetne
- NHCOR9, wherein R9 is a Cl to C4 alkyl group that

y be branched and that may be 20 substituted with

a hal ogen atom 8 €yaR91 gf&ktpthatNhByFB%]bx\Mmheﬁ anB3bhat may
and R31 are each indepéndently a hydrogen atomor a

Bh sLBsGhuldodthos Buoddmadtormy be branched and that

may be substituted with a halogen atom 25 a nitro
group, a cardb@ioid (yrallpxy gronp (t@attrgagbe branched and that
al kyl ) car banoyl group, 157 '

may be substituted with a halogen atom,

an zryl group that may be substituted with a halogen

atom, a C; to Ca alkyl group that may be branched and that may be

substituted with a halegen atom, a cyano group, -NR3R3!, wherein 330

~ and R3! are each independently a hydrogen atom or a Ci to C4 alkyl

group théj: may be branched and that may be subétituted with a halogen
ato:ﬁ, a nitro group, a carbamoyl group, an N-(C; to C4 alkylcarbamoyl
group, an N,N-dé(Cl to Ca alkylcarbamoyl group, or -NHCOR9, wherein
RY is a C; to C4 alkyl group that may be branched and that may be
substituted with a halogen atom,

a cyano group,

-NR30R3!, wherein R3 and R3 are each independently a
hydrégen atom or a C1 to Cs alkyl group that may be branched and that
méy be substituted with a halogen atom,

a nitro group,

a carbamoyl group,

an N-(Ci to Cs alkyDcarbamoyl group,

157




10

15

20

an N,N-di (G to C4 al kyl)carbanoyl group, -NHCOR9,
wherein RO is a G to &4 alkyl group that may be
branched and that may be substituted with a hal ogen
atom and a halogen atom 5 and n is an integer from
1 to 12; and (xiv) -(CH2).-S02 R12, wherein 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 and that 10 nay be substituted with a

hal ogen at ogy, »f -4, ab), AkoUparbshssdigrothe aryl
group may be ‘substituted with at | east one group

sel ect ed fr oqpthERYr wHprednr®d st 2y of Cs allkyl groupythat may
al kyl group that may be branched and that may be
SaiBE4 Adhedethdi it mahdleogdstistted with mhaloges 81, 3Rgky
group that may be branched and that nay be

subst it ut edavialpgen BEI®gen atom an aryl group that
mai be substituted with_a hﬁl ogen atom a d to C4
andyl is@motpieetatomy e 2bAifAched and that may be

S ot LR S EROR: gt om

i ndependent|y_a hydrogen atomor a Cl to C4 al kyl
%’Podﬂ?pc%?éstrh%%?/fbe branched and that may be -

~substitutedy 4 hydrd@iogm; atom a nitro group, a

car banoyl group, "an (A to C4 al kyl) car banoy
group, an N(# gi¢Clo Ca alityhitonn) deatbaapyie }@Watﬂfb?d&nd that
- NHCOR9, wherein R9 is a C to C4 alkyl group that
ey hestsitchied vath athedogemyt®y® 25 tituted hal ogen

atom a h 1lalo00.1V G31 atbV I1l, . UDS 414.v a be
cyano group (3. NRBoRBY, EXHBPeiWi‘ﬁ%na% %@'Iarg\é%‘g‘%cﬁlay
| ndependentiy a8 least one group selected from the group consisting of

a Cy to Cy4 al)kyl‘group that may be branched and that may

be substituted with a halogen atom,

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

may be substituted with a halogen atom,

an ary;l group that may be subStituted with a halogen

_atom, a C1 to Cq ‘alkyl group that may be branched and that may be

substituted with a halogen atom, a cyano group, -NR§°R31, wherein R3¢
ana R3! are each independently a hydrogen atom or a Ci to Cq4 alkyl
group that may be branched and that may be substituted with a halogen
atom, a nitro group, a carbamoyl group, an N-(C; to Cq alkylcarbamoyl

group, an N,N-di(C to Cq4 alkyDcarbamoyl group, or -NHCOR?®, wherein

"R9 is a Cy to C4 alkylr group that may be branched and that may be

a ¢yano group,

-NR30R31, wherein R30 and R3! are each independently a
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158 hydrogen atomor a Cl to C4 al kyl group that may

be branched and that may be substituted with a

hal ogen atom a nitro group, a carbanoyl group, 5 an
N(GC to C4 al kyl)carbanmoyl group, an NNNdi (G to C4

al kyl) car banoyl group, NHCOR9, wherein RO is a G to

C4 al kyl group that may be branched and that may be
substituted with a hal ogen atom and a hal ogen atom

and 10 (4) a heteroaryl group, wherein the heteroaryl

roup nay Db upstj teyt Wotdipthd Lasl ©NBraiaisd and that
GuPelRtorDls BT b Ty ey

e group consisting of. a Cl to (4
| fels th@titRY heops@aehied and that may be
%&E,)Sﬁei tu%guwé?h ‘a- hal ogen atom 15 a C1 to C5 al koxy
group that peitheghhw)ched and that nay be
substituted with a hal ogen atom an aryl group that
may be substidarbethopl ghowp.hal ogen atom a Cl to C4

al kyl group that may be branched aqd t hat may be
subst i t ut ed awi NHGa tebogdaVsRRm Y EFAHB group,

 naependent b 3 Ryttt ayBhCaramse BRI TEREP: 1 1y

group that ey, Bga" aeheth Ads Lhel Y, Myl group that may

substituted hal'ogen "atom a nitro group, a .
Ebamy| & Glbdtor€dd Aikey h)icaspanaydm, and
%?égp, aerﬁ1 %ﬁ{@%ﬁ%{by{\% C4 al kyl) car banoyl group, or -

- NHCOR9, whgrigilege Rutbs;an@l to C4 al kyl group that
may be branched and that may be 9.5 substituted with

" a hal ogen at@m leteyenyl group, whiriorde heigeeanivh eraep may

and R31 are each independently a 159 - '_ -
be substituted with at least one group selected from the group consisting

- oft

a Cj to C4 alkyl group that may be branched and that may

be substituted with a halogen atom,

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

may be substituted with a halogen atom,

an aryl group that may be substituted with a halogen

. atom, a C; to Cq alkyl group that may be branched and that may be

substituted with a halogen atom, a cyano group, -NR3¢R3!, wherein R30
and R3! are each independently a hydrogen atom or a C; to Cs alkyl
gfoup that may be branched and that may be substifuted with a halogen
atoz_n: a nitro group, a carbamoyl group, an N-(Cy to Cy4 alkyllcarbamoyl
groﬁp, an N,N-di(C; to Ca alkyl)carbamoyl group, or -NHCORS?, wherein
RS 15 a C; to C4-a1ky1 group that may be branched and that may be
substituted with & halogen atom,
a cyano group,

-NR#R3! wherein R3¢ and R3! are each independently a
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hydrogen atomor a G to C4 al kyl group that may be

branched and that nmay be substituted with a hal ogen

atom a nitro group, a carbanoyl group, 5 an N(CG to

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

al kyl ) car banoyl group, NHCOR9, wherein RO is a G to

4 al kyl group that may be branched and that nay be

substituted with a hal ogen atom and a hal ogen atom

10 and nis an integer from1l to 12; or R23 and R24

re_taken, together .to~f Ly al, r 863 that

PSR SR aar Gt Kt B8y Bofp il PURCa SR 6 th
' : - nloba \o 15 and and X- is

;%]#aplé ggﬁgtﬁf%t%@%th%hgalﬁé?%ggﬁ%f claim' 2, wherein

t he opti cal Igﬁiﬁgtgiry@?, 20 phase-transfer catal yst

conplexed with a netal atomis a netal conplex, or

an enant i onmey cdttemesf],groipch i s represented by:

HPuul.. , H N, IN 25 011 u wherein Mis N or Cu.

160 7. The. et hotCoto Gnglkyhsatharpy) gRUP:t 0 6,

wherein at the tine earligb{h?an t he iime for

conpl etion & P G EhLoaUtri@TPRECY! BFOR he

opt i cal puri fr; A Jne, COIPOKRY 2B §395) BikyPYorblif that may

formula (1)
be branched and that may be substituted with a halogen atom, and

‘a halogen atom;

and n is an integer from 1 to 12; or

'R2% and R24 are takén together to form a divalent group selected from the

group consisting of:

-(CH2)m", v&herein m is an integer from 2 to 8;

' VAR
O w
- o and \_/O ;

and

X- is a halide anion.

6. The method of claim "2, wherein the optically-active
phase-transfer catalyst complexed with a metal atom is a metal complex,

or an enantiomer thereof, which is represented by:

wherein M is Ni or Cu.
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5 8. Anethod for stereo selectively producing a
conpound represented by the followng formula W R s
NCORRo 10 I (1) conprising: RI8 n initiating a
reaction of a conpound represented by the formula
(11) N-~COR20 15 Rts I n (Il) wth a conmpound
represented by the formula (I11)- RIs-W(IIl) in a
mediumin the presence of an optically- active phase-
20 transfer catal yst and an aqueous i.norgani c base

sol ui.on, USRE N0 JERBaTreact iteng, alvharéinTBttthe time
7t'hat ‘%gtn?lgﬁqus O?hgﬂ?ol low ng inequality 50 < A (%e)

eXrlY4Dehd F0hE +H20 forQBmplbtisheasfaihe stbichibmiesricheaction, the
optical purity (%ee) of the conpound represented b

oY
optieal piFityaod the thatpdundobtraiesedtdsy by udecfirmpland) is 70%
reaction at atinet fromthe initiation of the
ee@achoon; and YLDt is the yield (%9 of the conpound
represented by the 5 formula (1) that is obtained by
gquenching the reaction at a tinet from the

81 e gtsofor g o et iecthRAF' "oldliddie” °4 Midpound
represented by the following formula (I):
R18
N)\CORZO
)]
comprising: R\ ' n

initiating a reaction of a compound represented by the formqla

an: |
N CORZ

| RE N an
with a compound represented by the formula (ITD):
R8—W (I1D)
in a medinm in the presence of an optically-active phase-
transfer catalyst and an aqueous inorganic base solution; and

quenching the reaction at a time t that satisfies the following

inequality:
() 0 ’
50 < A (Yoee)x YLD, (%) <100
100
wherein
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R15 is an aryl- or heteroaryl group that may be
substituted with at |east one group selected from
the group consisting of: 10 a C1 to Cs al kyl group
that may be branched and that nay be substituted
with a halogen atom a C to Cs al koxy group that may
‘be branched and that nmay be substituted with a

hal ogen atom an aryl group that nay be substituted
with a halogen atom a 15 G to Cs alkyl group that

may pe.branched. tfo be thsWsipdui®deprddonded by
haI o‘@bh“ eor%%%b"aqg‘gg lg?o ACTTS%)aI ony gr o%p thatewkrmy}:1 ge '

0ehe inel B dichieg thetreaatibal migertime t
tﬁ)‘% m a&cs}g%gtagf%udﬁ&-N %ﬁj wherein R30 and R31

£R€ tEAGhtidepTdantdeyction2@ntlydr ogen atomor a C to
4 al kyl group that may be substituted with a

hal oyed;atworthea yieldr §%gr ofithea compamdy reRFLERiednby the

- N (G to C4 alkyl)carbanmyl grou N-
fcajnkulal&&&h@‘arﬁ) galg,eéLRy quenc gpl\fl:y; gm(n‘\%a%éme t from

wherein R9 is.a Cl t.o C4 alkyl group that may be
th@ %W%ﬁgt}ﬂﬁéﬁa%QDbe substituted with a hal ogen

16 ' OR19, wh
wibegoin 50 g 58l (PRGN BhE MorfiElh ) OFCL9, wherel

Subsghé ue a\t/idyﬁ Q\?Arggﬁﬂ %1‘63.{19 fHatof g7 Vé sgbetiputdivith
rray e su

ute wi t-h | ogen atom and that may

e A sbRcre® fl%xmthblg&ogp @opsising NRSOR51,
V\EEYGI n Fglgng{ld R51 are each i ndependentl

hydr ggent@tGyrullsdHRBRL Shatieapibe 'F&«T‘al(i@%a}}ﬂomﬁt may be
selected fromthe group consisting of a hydrogen
sabstituteddwith ahdlogew@iomhat may be

a C; to Cs alkoxy group that may be branched and that may be
substituted with a halogen atom, |
an aryl group that may be substituted with a halogen atom, a
C: to Cs alkyl group that may be branched and that may be
substitutéd with a haio_gen atom, or a C1to Cs alkoxy group that may
be branc‘hed and that may be substituted with a halogen atom, -
a cyano group, |
-NR30R31, wherein R3 and R3! are each independently a
hydrogen atom or a Ci to Cs alkyl group that may bé substituted with
a halogen atom, '
o a nitro group,
a carbamoyl group,
an N-(C; to C4 alkyDcarbamoyl group, |
an N,N-di{ C to Cs alkylcarbamoyl group,
-NHCORS®, wherein R? is a Cy to Cq alkyl group that may be
branched and that may be substituted with a halogen atom, and |
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substituted with a Cl1 to C4 al kyl group that may be
substituted with a halogen atom a Cl to Cs al koxy
group that may be substituted with a 10 hal ogen at om
or a halogen atom and R29 is an aryl group that nay )
be substituted with a G to C4 alkyl group that may .
be substituted with a halogen atom a Cl to C3
al koxy group that nay be substituted with a hal ogen
atom or a hal ogen atom or -0OR101, wherein R10l is a
G to .al kvl _group or a benzyl group; 15 in the
-forrﬁjpgfc(gle)%%u ?he formula (111), R18 is a group
sel egdoegd fHRM, thge2aRURGRNS G t0Gs aflky] Eowp Ehat may be
C o al kyl group that. may be branched or forma cyclic
s Qntandwibiat 2 Mhyldeens whtshi tart edh wiryh grow@ dheh may be
atom wherein the alkyl -group nay be substituted
substhtiabdl it a drdogrroapose hadt Gt membeobransheg fyfprm a
consisting of a Cl to Cs al ko(g(y {ﬁﬁp t hat ma%%be ¢
cstel ngstvexp, aret NRE#R hay begeins BES e e P56 1Al HiEPGRER 7Y

atom. a cyano gqy. - NR30R31, erei : '
a hvdragen ﬁtﬁﬂ’eﬁm%ﬁzg’ ‘?ﬁeﬁ%‘%%r 5y 8@%‘%&3‘%&%&9

. C4 | k | b b H . ot ma .
glf?gpgﬁglx&g%%uggtagﬁidrnc@én gtoﬁﬂ,lé%l'dtéﬁ %‘iigWgHi'up dhat may b

ro -group, a carbaroyl ™ group,
| | b EHAURay e MNBNtituEEd wioh a
S%tgﬁlﬁ%)%ﬁ%%%y@g%g%ﬁW@ _V\/nsér ein RO is a G
hiReeh Ade] 2 T o8P GshakoRRgrbep thabmmaay foedswheditibed with a
may be substituted with a hal ogen atom -COR9, : .
halReal AoRe, b15addldgém aGdmalangl RE isan amek staup Hat may be
branched and- that may be substituted wth 3 hal o &n : '
subisyituteddwithCOgRoto Ghelleylngma that ©ayihe m,stéw? with a
group that rmay be

" halogen atom, a C1 to Cs alkox.y group that may be substituted with a -

halogen atom, or a halogen atom, or -OR!01 wherein R0 is a C) to Cs
alkyl group‘-or a benzyl group; -7
in the formula (I) and the formula (III), |

R18 is a group selected from the group consisting of:

(i) a C1 to C1o alkyl group that may be branchéd or form a cyclic
group and that may be substituted with a halogen atom, wherein the -
alkyl group may i)e substituted with at leaét one group selected from
the group consisting of

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

- substituted with a halogen atom,

a cyano group,
-NR30R3!, wherein R3° and R3! are each independently a

hydrogen atom or a C1 to Cq alkyl group that may be substituted with

.a halogen atom,

a nitro group,
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branched and that may be substituted with a hal ogen
atom 10 (ii) an allyl group or substituted allyl

group having a halogen atomor having a - ‘
substituent(s) at position 1 and/or 2 and/or 3 and
having 4 to 15 carbon atons in total; (iii) a C2 to

C6 al kenyl group that nay be branched or forma

cyclic group. and that may be substituted with a

hal ogen atom 15 (iv) a C to C6 al kynyl group that
may. he .o Orma cyclic group and that may

be s%%%%%%‘ggd%mﬁt“ﬁ’a hal ogen atom (v) an aral kyl

gr oup,y WRER £1Cl Rk YArbmheflygmfupt he aral kyl  group
may be substituted with at | east one group sel ected:

f r omgyhsy, Ned:¢Op t6 Qi Htyillegrofdmogb gao@. to C4 al kyl

group that may be branched and that may be
subst-NHCEORWiwhezeihaRdgern diohe Ge elkflogreum, thakmay be
group that -may be branched an :

. b
baid b ahel ErAa bR DD ag SRV AOR  nat

ol ky SRR U8 r Shehoq ant rh a0t at maF be

b?%%é%ﬁg%\é% té."r?a bl Q%Efgu @Witﬁ'acﬂﬂ%%_eﬂra‘%blﬂm, and -

1 are each i ndependently

a hyd@lgﬁﬂ’ a\ﬁﬂgkélﬁl ®9Cls 10 (A to 104 dkkY|gmupuphshabay be
f ahc

may be ed and that nmay be substituted with a

beh QR8N Al ARkt an &Y beGsulstitpted vdbh bahaldgegrajopl: an

N-(G to G4 alkyl)carbanmoyl -group, an N, N-di(C S}o

C4 aly! g aiyangrphpgonspbstitutedy roppravingry halogen
a GG to C4 alkyl group that may . be branched . 5-and 4
atdmat orrhyvies suisubstitnentsl @b %P%%%}Pag%rﬁné{}%z 5“@{%8 and
group, -NR30R31, wherei.n qu .and R31 are each
hantipdriget £3rhon ARIRE GBI dm or a CL to C4 al kyl

group.Liat ﬁe ancned andy ot hahy By bPenched or form a
subst§i laegg%t 6;?%%?%@5%0‘3‘%10%3 y
cyclic group and that may be substituted with a halogen atom;
(iv) a Cg to Cs¢ alkynyl group that may be branched or form a
cyclic group and that may be substituted with a halogen atom;

(v) an aralkyl group, wherein the aryl moiety of the aralkyl
group may be substituted with at leasi_; one group selected from the
group consisting of"

a Ci to Cs alkyl group that may be branched and that may be
substituted with a halogen atom, '

a C; to Cs alkoxy group that may be branched and that may be
substituted with a halogen atom,

an aryl group that may be substituted with a halogen atom, a
Ci to Cs alkyl group that may be branched and that may be
substituted with a halogen atom, a c¢yano group, -NR20R31, wherein -

R30 and RS! are each independently a hydrogen atom or a C: to Cy
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10 a nitro group, a carbanoyl group, an NN(ClL to C4
al kyl ) carbanoyl group, an NNN-di (G to 4

al kyl ) car banmoyl group, -NHCOR9, wherein RO is a Cl to
C4 al kyl group that may be 15 branched and that nmay
be substituted wth a hal ogen atom and a hal ogen ,
atom and the alkyl noiety of the aralkyl group is &
C to C6 alkyl group that nay be branched or forma

 alapensaonoag ke byaaied SrAdREH Y B uifektuteg mn o

het eroaryl noie

ty, wherein the het.er I i1
hplogenhattmat %dnﬁ){'f’hgﬁ?uﬂ’eﬁsfa’%@ lgﬁggﬁé’elaglgtlgénf‘ o Ce

R T

; ' that apréeched
Ng'}?g%gﬁgﬁ%n%s & 9’%20@4 alk@progpOtit hay beprieche

that may substituted with a hal ogen
aAll ARt LoPy 38 AbMtigieanvithat habgebeatouhstituted with

. a halogen atom a Cl to ¢4 alkyl group that may be

br angbegnardotitpat may be substituted with a hal ogen'

atom a cyano group, -NR30OR31_ wherein _R30 and R31
are DERWHMBJewdedem | J°% andir Bjbnatg oty ® BPEQEEIY a

5 al kyl group that may, be.branched,and_t ha
hxdeegen aten o @ G t%é**ofg]é‘ﬁli AIGHP Wt PRy ?o@é}’gged and
car ba |. gra n. ' 4 .- al kyl ) car banoyl -
tl&f‘bﬁ]ﬁ‘%sﬂgﬁ%ﬁte&awl@i @%bgﬁﬁé‘g&r amoyl group, or -
N"'CO?ni{]‘xl‘Eﬁél%i ROis aCl to ™ alkyl group that .may
‘ €

be branc aridd that nmay be substituted with a :
hal ogle@alagsgﬁbyjl%,@@yano group, NR30OR31, wherein R30

and R31 are each independently a
an N-(C; to Cs alkyl)carbamoyl group,
an N,N-di(C; to C4 alkylDcarbamoyl group,
-NHCORS, whefein R? is a C1 to C; alkyl group that may be
branched and that may be substi_tuted with a halo'gen atom, and
a halogen atom; and |
the alkyl moietf of the aralkyl group is a Ci to Cs alkyl group that
may be branched or form a cyclic group and that may be substitutéd
with 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 groxip consisting of:

a Cy to Cs alkyl group that may be branched and that may be

substituted with a halogen atom,

" a C; to Cs alkoxy group that may be branched and that may be

substituted with a halogen atom,
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hydrogen atomor a Cl to C4 al kyl group that may be
branched and that may be substituted with a hal ogen
atom a nitro group, 15 a carbanoyl group, an N-(C

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

al kyl ) car banoyl group, -NHCOR9 wherein RO is a G to

C4 al kyl group that may be branched and that may be
substituted with a hal ogen atom and 20 a hal ogen

atom and the al kyl noiety of the heteroaral kyl group
is a,0l, L0 £8upl it Aizgube dubatitmbed vethrahehegpppton, a
forma cyclic group and that nmay be sub'stituiled W th b
9 @l ogeniflomroapd thut i may preopmegghedr sug pap may be
substituted propargyl group having 25 a 3@%@%‘59 akom...
<Obstitutiedgwaths whitilogamiater. st WEEPt ERHIPL VAR

having 4 to 9 carbon ato intatal: in the fqr a
REP land, REberw each 1ﬂGﬁE?PgB%%TIYg? &Y@Pﬁ%’i‘ ‘r’ntg?? a |§g(\b/f o Os
vﬁisth a

* . shows a new y.pro S b§l h[.@.Nm’toC
balegfdy 26P7%| &i #ﬂ%‘) %er y %’ %éﬁﬂgﬁ%r{gg?u?ngq?sgse% ect ed :

| B, NAgi b 1 daab ] group, or -
ai%ﬁ&%{%%&%{/l%u%?%ﬂ L NPgi(Ch tbely ety amog] gr

et her, isopropyl ether,

- NBEoAbY di REMIATRS ¢ @xEnao @phbyyl grne bhatymas hebranched

and ~ 10 cycl opentyl net hyl ether. 10, The method of =
a@ldafat Im awtier eibstiheedediting halegast a8 ¢ nedi um
containing water and a water-inm scible nedium and
wher eiayatploegraier - i nm sci bl e mediumis selected from -

the 91&%%%{31’ wherein R30 and R3! are each independently a

| hydrogen atom or a Ci to Cs élkyl group that may be branched and

- that may be substituted with a halogen atom,

a nitro group, |
a carbamoyl group, - |
an N-(C1 to Cs aikj;l)carb amoyl group,
an N,N-di(C; to C4 alkyDcarbamoyl group, 7
'NHCOR*’-_Wherein R? is a Ci to Cs alkyl group that may be
bra;nched énd that may be substituted with a halogen atom, and
a halogen atom; and
the ﬁlkyl moiety of the heteroaralkyl group is a C1 to Ce alkyl group
that may be branched or form a cyclic group and that may be
substituted with a halogen atom: and
(vii) a propargyl group or a substituted_ propargyl group having
a halogen atom or having a substituent(s) at position 1 and/or 3 and
having 4 to 9 carbon atoms in total;
in the formula (I1I),
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15 consisting of benzene, toluene, xylene, ethyl

et her, isopropyl ether, nethyl tert-butyl ether, and
cycl opentyl nethyl ether. 11. The nethod of claim'8,
wherein the mediumis selected fromthe group

consi sting of benzene, toluene, xylene, ethyl ether,

i sopropyl 20 ether, tetrahydrofuran, dioxane, nethyl

~tert-butyl ether, and cyclopentyl nethyl ether. 12.

The met hod of claim8, wherein the nediunyis,a
bi phaBis a Mediionadarbaprihay heat eieandgability;
water-inmm sci ble medium the 25 water-imm scible

itk dorinsils éleztd therfommuiia (§Poup consisting of

benzene, toluene, xylene, ethyl ether, isopropyl

et her,isrmn iytegesdromplity 4 @Rfer, and cycl opent y!
,meghyl et her,,. 167 ABSTRACT The present invention
intBeifaERwa fth hod for producing asymetri cal nono 5
substi tuted al kyl at ed,_corpoun . .a-am.no acids that
ar e F&%\ﬁ&sge%ﬂﬁy Igypré)%éxﬁgg})afs&ggﬁ Fgﬂ;“r:rgﬁgmrgsi ng an

al dimne-type Schiff base. In the nethod of the
present invention, the process of alkylating an :

gal di MhRenbYRE] 9§14 fn NasehdrRim tHe thedium i Belepteab &ras the

of an optically-active quaternary ammoni um salt

cpbas econsamdfer of dlealzysne, avkieae, inydeganethylbatter sisopropyl
initiated, and subsequently the reaction is quenched
ethem ttetrakwpdioferanhadiexanae methyr temhiwwlopther. and
t he stoichioneiric reaction of the al kyl ation
cyelapentyl, meshyhgther- nono- substituted al kyl at ed

product with high optical purity can be obtained. 168

710. _The’lmethod of claim 1, wherein the medium is a biphasic

medium containing water and a water-immiscible medium, and
wher'ein the water-immiscible medium is selected from the group
consisting of benzene, toluene, xylene, ethyl ether, isopropyl ether,

methyl tert'buty}.-ether, andrcyclopentyl methyl’ ether.

11. The method of claim 8, wherein the medium is selected from the
group consisting 6f benzene, toiuene, xylene, ethyl ether, 1sopropyl
ether, tetrahydrofuran, dioxane, methyl tert-butyl ether, and

cyclopentyl methyl ether. '

12. The method of claim 8, wherein the medium is a biphasic.
medium containing. water and a water'immis_cible medium, the
Water-immiusciblé medium is selected fﬁom the grouprconsisting of
benzene, toluene, xylene, ethyl ether, iéopropyl ether, methyl tert-
butyl ether, and cyclopentyl methyl ether.
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