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DESCRI PTI ON  Process for production of nono-
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 aci ds
using aldimne or a derivative thereof. 10 Background
Art a-Ami no acids have significant biochem ca

i nportance, and are frayuepiRppgR¢ as a raw nateri al
for drugs such-as antibiotics, antineoplastic agents,
and enzyne inhibitors. There are natural and 15 '
non-naturally occurring a-am no acids, and many usef ul
a- Brocees dot geodiictidiobh niotiesubstigueaelkiPiRed. confpound using
recent years, there have been a series of discoveries
of non-naturally cddimin®gr deeheftivd thefpysi ol ogical l'y
active amno acids such as L-dopa and L-azatyrosine,
and there is a need for research into the practica
asymmetrical synthesis of such 20 optically- active

deelmiegl Fields. " Oone option for the practical

asymre synthesis of optically- active a-am no

i cal ]
aci ds '.ileaslgﬂfﬁ‘ﬁéfl?i daverbins- stilates utb ormethddd afémnproducing

In conventiongl practice, it has been conmon to use a
M%%@WW@S@E@%%@@M@M%wﬁm&mm acids using aldimine
monog subst.i té%i onfal kylation 25 (O Donnell, M J. et

af a deyivatiye gheraolo,c’ 1989, vol . 111, p.2353).

Keti m ne-type Schiff bases are conplex to manufacture
and thus generally are expensive: This has caused

-, ap] [ that are 1 produced by asymetri cal
%ggkgﬁl}b@f‘ﬁgﬁtl on al kylation to be expensive as well.

a-Amino 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 a-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

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

research into the practical asymmetrical synthesis of such
optically-active ac-amino acids.

| One option for the practical asymmetrical synthesis of
optically-active o-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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Secondary hydrogen and the tertrary

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 aldi mne-type

Schiff bases result in a racem zation of the product

pesausal byes ﬁlﬁle%{'i'ffﬁistm&?o-@ﬁﬁsﬂ%ﬁfi@ﬁeic}%gleﬂ%mﬁrbé B&pensive
ydr ogen, wher eas

ketwaline-type 10 Schiff bases inhibit racem zation of

the product obtained because this difference is large

(O Donfilel reddon) why\ Ektishihgitypet S8chiff HWhkesVole whd shall be

p.3, and Maruoka, K and Qoi, T., Chem cal Reviews,

28PBined|bast@dn ph8GhayactEhisicsi of kdtimiheahpe SYhiff bases that

field, based on the presunption that ketim ne-type

Sehirfibutratesthve Ireabidonse®dhiffcbaseddnaliden ketihhie-type Schiff

overall 15 production efficiency, even though

base andmldusine-tyre Sobefthhasés,gfar exampdat | dn peseral, it is

been focused on ogtinizing t he net hods for

gispmelY bebaved shat pbdinsinef tymst Schifff hasescrdsudt in anacemization

afi&_gs using ketimne-type Schiff bases. Ketim ne-t

Ri PReQdcs cbecamsp Kigyemg) isp rbpprl norp Kise deffergnce betyv?eeen the
o darg, BAORsT030A. I tBFHERY TSP BCahtpas Figime-type
SRR RS Sl BRI i BT binet becguee this
sl QDO 9, il oo, vl 34
SHATSEL YK GATmOLPA L) FES, S BB 109 010
from tg,9ChhLf thRA%EShnical field, based on the presumption that
ketimine-type Schiff bases will be used in consideration of the overall
production efficiency, even though production costs are somewhat higher,
attention has been focused on optimizing the methods for asymmetrical

synthesis of optically-active c-amino acids using ketimine-type Schiff

bases.
Ketimine-type Aldimine-type
pKa (Ha) pKa (Ha)
R}<Ha . R! Ha
N COOEt N XCOOE’:
‘ <y
cl
Rl =H 18.7 Rl=0g 18.8
=CH,Ph 232 =CH,Ph 19.0

On the other hand, recently, there was a report of an example of
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5 of the technical .field. Disclosure of Invention It
is an object of the present invention to provide a
nmet hod for produci ng nono- substituted al kyl at ed
conpounds that are useful for 10 asynmetrica

nono- substitution al kylation, which is one nethod of
synt hesi zing a-am no acids, and that are |ess
expensi ve. The present invention provides nethod for

SR P i ARSI, B . o

hhe S0 CESAR AR vdlN70 Bligid) @ FRAFIVERNtIPs feport pertains
conmpound represented by the fornula 20 (il): ( 8

to RiSymnidtkical Wei Bt 98 4 epsepeihad obYaid® by binding
formula (111): 25 RI8-W(II1 in a mediumin the

pldisaneeood nedcropidleedley andicis yeitd Maferdritthishethe Schiff bases.
catal yst and an inorgani c base; and 3 quenching the
oftlnd tarhrdtalafieldie earlier than a tinme for conpletion
of a stoichionmetric reaction of the conpound
represented by the fornmula (11) with the conpound
represented by the fornula (I11), wherein in the
Pasclosuare of Inveaitidre fornula (11), 5 RI5 is an aryl
group or. a heteroaryl group that may be substituted

It is an object of the present invention to provide a method for

producing mono-substituted alkylated compounds that are useful for
asymmetrical mono-substitution alkylation, which is one method of
synthesizing a-amino acids, and that are less expensive,
The present invention provides method for stereoselectively
producing a compound represented by the following formula (I):
R18 |
PY

N COR20

R15 n (D
the method comprises:

initiating a reaction of a compound represented by the formula

(ID):

I\i/\COR20

R15
: (D
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 inorganic base; and
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"Cl to C3 a

with at | east one group selected fromthe group

consisting of a C1 to Cs 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 may be 10 substituted with a hal ogen atom an

aryl group that nay be substituted with a hal ogen :
atom a Cl to C8 alkyl group that may be branched and

t hat mayehehmghsthe uteadtivnt hat aa htihogesadicdmthem aa Clime for
to C5 al koxy group that may be branched and that may
gerapleigon t t@&tmicglﬁlomeha'bo@antianomﬁ tHeb campyamal pemepented by
. NR30R31 (gere_ R30 and R31 are each independently a

el foryanla Gilbmith the compowwd aepmpsegtaslipy tthatformyladI1D);

substityted wth a hal oge atom, a nitro group, 20 a
car banﬁ’%ereﬁb%ﬁhﬁﬁom@gﬂ?ﬁ(ﬁ@t kymyelar GEhoy!  group,
an N, 1 (A to al kyl ) car banmoyl_ group,. - NHCOR9 i
(wher ePRO DRI eroupdra Rotergapyipsnons thafymey be substituted

BBt B S i b ShE
R PR oA ) o0 BB Bl e Hhet ma o
%Hpscﬁt]&eﬂéhﬁit él?la"l‘ogeaﬁgﬁen atom and that may be

ranc orma =ty ?Ig’group) or -NR50R51 (where

R50 an ' t '
roohoY Caney aPREY EROP IRAEhaY, B pEASHREE AR B may be
Qﬁ]@gﬂ@tut@grﬁﬂtﬁtémw@m@ fygdrogen atom and an aryl _
group that may be 5 sugstlfuted wth a-Cl to &4 al kyl

2100 Sy Tyt S S MAT O
to Cg alkyl group that may be branched and that may be substituted with
a halogen atom, or a Ci to Cs alkoxy 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 substituted with a halogen
atom),

a nitro group,

a carbamoyl group,

an N-(C: td C4 alkyDcarbamoyl group,

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

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

a halogen atom;

R?® is -ORY (where R!® 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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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
Cl to C3 al koxy group that nay be substituted with a
10 hal ogen atom or a hal ogen aton) or -OR101 (where
Riot is a Cl to Cs alkyl group or a benzyl group));
wherein in the formula (1) and the formula (I111), R18

isﬁ%?ititﬂgt%(ﬂ/lpg% gcflﬁijogternogh%ﬂe aq{(i.o\i']gaﬁ: %?ﬁ ggaﬁ’é ed b} form a

group t orma

Ey&id grodp) BF ONR@WI t(%ergaﬂsobﬁnaukﬁt hi‘é’te%.‘ilgv‘iﬂtiép%ndently a

hal ogen atom wherein the alkyl group may

ﬁyaﬁégéwbaﬂnmmfeﬂmbee@hep@ R2GEH ﬁpgﬁ@pegéleeté‘d' ﬁ‘&kﬂrrgﬁe group

group consisting of to C5 al koxy "group that

bendiseinghed andntdwgeﬁambm sdstah Upegl Whidupd that may be
hal ogen atom 20 a cyano group, -NR30R31 (where R30

aubstRBitedr witdnahCi nde@eadeyilt yogp hhdt @gen beatwbatdtutad with a
Cl to &4 alkyl group that may be substituted with a

halaggenatanpm) CraonCsralkgrpugroudsStlzatc ardabeysulgstoigied with a

an (G to ¢4 al ki/l ) car banoyl group, an N,N-di (G to

Balageny hyaray barrohklegen ptoms anHBERDS QMersel fPups thaiCimay be

to &4 al kyl 1gblou t hat branched and that nay

b@b%t@thedtm 1 rthChaﬂ%&glearcatmﬁhat ananhlmélmb%tﬂmed with a

where R9 is CltoC4aIk%/ group.that, may

hﬁm@’@meatms, anehtﬂ@aps rioRE SroMdt Hhait éftﬁmb?hs%bﬂaﬂlﬁgénmth a
and - CO2 wher e IS

ﬁﬁﬁ{g % & rEHOHOR 4o I8 lg}ﬁ‘ﬁgﬁ%ﬁ%ltl?t% it alkyl

a hal o en, qj :

group o enzy g’roup))

wherein in the formula (I) and the formula (II1),

R18 ig a group selected from the group consisting of*

(1) a C1 to Cio alkyl group that may be branched or form a cyclic
group and that may be substituted with a halogen atom, wherein the
alkyl group may be substituted with at least one group selected from the
group consisting of:

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

a cyano group,

-NR8R31 (where R30 and R3! are each independently a hydrogen
atom or a Cy to C4 alkyl group that may be substituted with a halogen
atom),

a nitro group,

a carbamoyl group,

an N-(C1 to C4 alkyl)carbamoyl group,
an N,N-di(Ci to Cs alkyl)carbamoyl group,
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(ii) a Cato C15 allyl group or substituted allyl
group that may be branched or forma 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 form
a cyclic group and that nay 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 nmay be

or oup. MERIOR! yBelt? 0L & Cl o' DL WS By Khat may be
Bﬁﬁn&fecﬁﬁﬁatﬁhtalﬂtlﬁgy%ts!ﬁﬁhthf@cf‘imgil%t %5%%@&5{3 @t ed

fromthe group consisting o group

that nahANesdk apshed and that may be substltut ed wth

a hal ogen a %om 20 a C1 to C5 al koxy group that may be
branche@ORdwilate RBYs ReC; $613L hllkfle ?rd’Mﬂ that E’r?d;pgﬁrbranched
atom an aryl group that nay be substituted with

haddben maphe sulidtituted @At laklyalogealdtobiatandny be

branched and that may be substituted with a hal ogen '
atom <OyRhEwheoaR? isNRENRB1C wikeykgRAh ahdt By dedranched
each 25 independently a hydrogen atomor a Cl to 4

~ ahfythagmoay bersitbstiipted wibh ankilegearatoniat may be

SUbSt:»,é ted wth a halogen aton), a nitro group
car ba ;jl a graotp Cranliyl @oup oarcsulmtkwt)adaalbﬂngmu;g tbarbmay be

ﬁl Ndi(C to ¢4 al kyl) carbam){ group
N?—K%@gi @\Kh@rl'é‘l R ayslia gyoupoand tha ;ma@rl@wwhismtuﬁmiy with a
ﬁe branched and that may be substituted with a

a cyan group,. 5 -NR3R31 (where R30 and

AR PR TR N O
f")%im értolilltpegnﬁnthhat %Q{;‘ lbo%%%s%ttu@d Wltﬁl tflalo Ea?luzfﬁom;

Giv) a C2 to Ce 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 least one group selected from the group
consisting of*

a Gy to G4 alkyl group that may be branched and that may be
substituted with a hélogen atom,

a C1 to G5 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, -NR3R31 (where R30 and RS! 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-(C: to Cs alkylcarbamoyl group, an
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a carbanoyl group, 10 an NN(Cl to C4 al kyl ) car banoyl

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

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

be branched and that nay be substituted with a

hal ogen aton), and a hal ogen atom and 15 the al kyl

nmoi ety of the aral kyl group is a Cl1L to Cs al kyl group

that may be branched or forma cyclic group and that

DRy - A Cautws €is talkphcarkisrhopl frdunger aATHOORY(Whare R? is a C; to

“heteroaral kyl group having a heteroaryl noiety,

Waerlsyh grohp thet enanbel braichied amd that sy be tsubstitutddwith a

at | east one group 20 selected fromthe group

betegen ptgmaf: a Cl to C4 alkyl group that may be

branched and that may be substituted with a hal ogen

atom & WBNOB1®3Pal koxy group that may be branched and

t hat bstituted wth a halogen atom_25 an

ar yl 3‘5%@%% w whege B0 aaes Ry 't dera ety mdeneadegily a hydrogen
om a C roup that nche

RIIE thy b oups el Eaol bt oma aapgwi gla o may be

ere RSO and R31 are each 7
gﬁg%"ggﬁiifgn‘fvﬂg%% %g%é‘ﬁ OMlomor a Cl to CA al Kyl
group be branched and that may be
substi%‘t}md&%}(‘?%a hal ogen atom, a nitro group, a
car ba (CL to ¢G4 al kyl) car banmoyl group,

n%ééf?@ Blg@ﬁu 1 kyl ) carbanmoyl group, or -NHCOR9
(uhere affNI(©,%0 8, hkyl) RIS/ 1@5&@9 that may be

ik
br anched and 't hat e su tuted with a hal ogen
atom, ga N}Nlnﬁ(g aiey, al bfodp30 and R31 are

each i ndependent y a hy ogen at om or'aClto4
al kyl  gNeLPORral{whBYe R® Heagclgdind, tAayl nBsupe that may be
branched and that rﬁay be substituted with a halogen atom), and

a halogen atom; and

the alkyl moiety of the aralkyl group is a Ci to Cs 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 Ci to C1 alkyl group that may be branched and that may be
substituted with a halogen atom,

a Ci1 to Cs alkoxy group that may be branched and that may be
substituted with a halogen atom,

an ary! group that may be substituted with a halpgen 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 R%0 and R3! are each
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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 (A to C4 al kyl)carbanoyl group, 15 - NHCOR9
(where RO is a Cl to ¢4 al kyl group that may be
branched and that may be substituted wi th a hal ogen
atom, and a hal ogen atom and the al kyl noiety of the
het eroaral kyl group is a Cl to Co al kyl group that

ﬁ?ﬂ’eﬂ}ﬁlﬁrﬁ:&? @eﬂyﬂﬁ%éeﬁ{ DB ¥ d C LR, Q{H\}'ilit %&%glp@{?ig%lay be

20 substituted Wwth a halogen atont and

EPaRElonR i tHLOURA9" be deitced ﬁf’éﬂgu g%é;lct)%rg'#ﬂom) a nitro

that may be branched and that may Wlth
Fr(ﬁl@ﬂ)p@eﬁaﬁa@ﬁbyl 8681 i N8 {0 ladkfDd doanV¥i1S goup, an
unctional group that has a leaving ability; 25 _
W)dI-ai(C1i to Chalkgliearbanioyl @rdig, e NADORI (Whire RIS a C; to
an integer froml to 4; and wherein in the fornula

(1)alksl Eretpvhat niveyvby raedhedchad yhinehidehe eubetitutdd with a
one enbodi nent, the optically active phase-transfer

‘balegepsatdms), an optical ly- active quaternary ammoni um

salt phase-transfer catalyst or a phase-transfer

cat al ystcyapoErexpd with an optically- active netal

atom 5 In a further_enbodi nent, the optically- active -
quat er TAR'RY 1gnRé%landpRAk are reaehf mdepandeysly ashydrogen
an opticall ctive quaternary anmoniumsalt that

HH&mambiapﬁeBr@l ébé‘ékb]oﬁéowéhéﬁ BN dpth drgncherdh ersopleat may be

or, an _optically-active cinchona al kal oi d quaternary
' 3%%1%‘3}%61 ‘é'aﬁhtithgogerP ﬁt‘frﬁit her embodi ment, the

opti Cala,lﬁ/ﬁ:roaé}o'tyyp? guat er nary

a carbamoyl group,

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

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

-NHCOR® (where R? is a C; to Cy4 alkyl group that may be
branched and that may be substituted with a halogen atom), and

a halogen atbm; and

the alkyl moiety of the heteroaralkyl group is a Ci 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 Cs to Co propargyl group or substituted propargyl group
that may be branched and that may be substituted with a halogen atom;

wherein in the formula (II11),

W is a functional group that has a leaving ability;

wherein in the formula (I) and the formula (IT),

n is an integer from 1 to 4; and

wherein in the formula (1),
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amoni um salt phase-transfer catalyst is an optically-
active quaternary ammoniumsalt, or an enantioner
thereof, which is represented by: H/ HH Br C HC
al5 HOCC 54cc N, NN HHH Br d HNNOGC 20
PhCH2ZOHO,,,.. HHHOHN/ \ N HCgHNCC 250
"11H N 9 (where R' is a hydrogen atom a Cl to C4

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

Sor "ot HopEY pYFY RRRRIEH pRpp P fiect 0m - e T

" In one embodiment, the optically-active phase-transfer catalyst is
an optically-active quaternary ammonium salt phase-transfer catalyst or
a phase-transfer catalyst complexed with an optically-active metal atom.

In a further embodiment, the optically;active guaternary
ammoniuﬁl 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 optically-active quaternary

ammonium salt, or an enantiomer thereof, which is represented by:
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- group or a hydrogen atom,

N...lITHeN -N 10 H2Z HNHWOR RO,H\ / H NH
15 (where Ris a hydrogen atomor an allyl group, and

Zis d or Br), 2ci H HT NHNHOmM,.. H MO0 20 NI

\'\\/ H HH Be Bre N/ Hri HOphi/fo 25 i 10 MeO
O NN N OHHO O 5 RR (where Ris a nethyl

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

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

atom),

10
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Me

-p-MeO-Ph :gf::::0 '--25<R 10 Me p_MeO-Ph M

", ~p-Me-Ph Me O ~'-p-Me-Ph 4-CF PhCH O a 2 CH2Ph-4-CF3

Br e

15 t-Bu //-:Me-Ph O "' NO+ 21 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 catalyst that has a bi phenyl
backbone 20 and/ or bi napht hyl backbone is an

opt MERU,| y- acyP¥& quaternary ammonium salt represented
by: 1 I V'V 1T V'V Xee NN25 R22\ \ \ \ R22
11 e, \ RR1 Rza NN Xe [/ \Rza \ | Rzz \ \
\ o\ or Rzs Rzs R21 -

‘R

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

@
LB ., p-MeO-Ph
u. 2y e

M

{—p-MeO -Ph

o
“r—N@ 21 2B
Me/ \—'pMeO-Ph ,
N Me-Ph
' )/ p-le- '
0 N\_.
>< :(' p-Me-Ph 4-CF3PhCH,0 OCH,Ph-4-CF;
&
t-Bu ,——p-Me-Ph m Br
° r—N@ 2®  4CFpPhCcH0" OCHZPh-4-CF3
Me/ Lp-Me—Ph '
, OF

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:

11



Rza X R27 N E) R2r Rza Rzs' R22 15 Rzs wherein
R21 and R22 are each independently a group sel ected
fromthe group consisting of: (i) a hydrogen atom 20
(ii) -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
substituted with a hal ogen atom; (iii) a cyano group;
(iv) a nitro group; 25 (v) a carbam)yl group; (vi) an
) W i JR%An N, N-di (C,

o g i v 7 D %]C
that |may bﬂ sub5|tuted with a haI og ). 30T x)
# Og a~C to C6_a C What may be
ic gro hat mawr2be

& at’ogen ato XMr2a C2 to C6
al kenyl group that may be branched or forma cycljegr
group aﬁggj that may be substituted with a hal ogen at om
(xii,) aj C2 %o Cs al kynyl group that nay be branched or
forma e ic group and that may be substituted with

a hal d at om 23
R @ / o
R2T N\ X

. R24
R26‘
. R25
wherein

R?! and R22 are each independently a group selected from the group
consisting of:

(i) a hydrogen atom; |

(i) -NR3OR31 (where R3° 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);

(iii) a cyano group;

(iv) a nitro group;

(v) a carbamoyl group;

(vi) an N-(C; to Cq alkyl)carb’amoyl group;

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

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

(ix) a halogen atom;

(x) a C; to Cs 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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5 (xiii) an aral kyl group, wherein the aryl moiety of
the aral kyl group may be substituted with at |east
one group selected fromthe group consisting of a G
to C4 al kyl group that may be branched and that may be
substituted with a hal ogen atom 10 a G to C5 al koxy
group that may be branched and that may be

substitut ed with a hal ogen atom an aryl group that

Tt G T, BARESRR e r o
g@%ﬁé}ﬁ Wher e%&éﬁ gaﬂg <I1Etg¢u$g%§%ﬁﬁ)l%ﬂg %(ree ent 'y

a hydreggand PB0Cs il nSrP p'tég%/a{t HAHBet Hﬁ&rd@a BE form a

branch hat may ed wmth ogen

%‘9@ Erxfhﬂ‘ 'ahﬂ%ha%ﬁﬂ? beas@@srtﬁaﬁ@alwﬂ%%agl@gén&ﬁo@l to

) car banmoyl group, an

al kyl) eahba&@yéragk?y Rro@p, WHZER? thehakgl Roiesy fCthd @ralkyl
C4 al kyl group that may be branched and that may be

sHsh kAl Bd sMbshitate R vibklaedeastiémenzrony eyknted fain the group
-NR30R3" (where R30 and R31 are each independently a
bytisietierg ofatomor a G to C4 al kyl group that may be
branched and that may be substituted with a hal ogen

at on) , a261 adonCuradkyl @rpupathsr beappe branghedaand tlgit may be
to C4 alkyl)carbanoyl group, 13 an N N-di(C to C4
auhwm@d%wﬂya hplogien atoWCOR9 (where RO is a Cl to C4

al kyl group that rmay be branched and_that_  may be

subst i auCedovis mlhomg@g@n thespayabel branghed andthat may be
ﬁ’e} giltl;ute%hgﬁf% ae[lglgglyl/latgrrnoup havi ng a heteroaryl

an aryl group that may be substituted with a halogen atom, a C1

—

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

a cyano group,

-NR30R31 (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-(C; to C4 alkyDcarbamoyl group,

13
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to C4 & fylboc Smbabley) sxgupuphat maawb

the heteroaryl noiety may be substituted with at | east

one group selected fromthe group consisting of: a G

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

substituted with a hal ogen atom 10 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 hal ogen atom a G to C4

al kyl t ahed t may be

substi%&?}gngm&?éﬁl ggbﬁga[qggie)ggatomﬁggf:@ rfo group,

- NRBOR3H{ @batee (WB@ranHs R31 sang gacty, 1alkyd &Rkt Ymay be

a hydrogen atomor a Cl1 to C4 al kyl group that nmay be

bi-anehed aaddtHdted afie HEbStitfediwitdoa Waldbeh S0 hd

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

C4 al kyl hglogeampm;group, an N N-di (O to C4

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

C4 al kyxivyraoodpteiairabioyl peody dizching @ndtédairylrayoieey, wherein

substituted with a 20 hal ogen aton), a cyano group,

thR3 bRBrogupbrmoiR3y amaly B4 sulsstéadhdi mdépeatidetbly ene group

hydrogen atomor a Cl to C4 al kyl group that may be-

selessed dramd hetgroupegoriséstingiodi i t uted with a hal ogen

atonm), 25 a nitro_group, a carbanoyl %roup, an I\I—%af:ll
eNbrru¢hed and that may be

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

éPE?JFl)C@F B’qﬁhéthﬁf]ﬁﬁe%é‘tomaanched and that nay be

S e B SRS b 20 20090, LRI iy e

~subst.ituted. w t;h .at | east one group selected fromthe
SRR et hgPlen S8k, _

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, -NR3R31 (where R30 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-(C; to Cs alkylcarbamoyl group, an

N,-N-di(C1 to C4 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,

-NR39R3! (where R3? 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-(C1 to C4 alkyDcarbamoyl group,

14
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a G to 4 alkyl group that may be branched and that
may be substituted with a halogen atom a G to C5
al koxy group that may be branched and that may be 10
substituted with a hal ogen atom an aryl group that
may be substituted wth a hal ogen atom a Cl, to 4
al kyl group that may be branched and that nmay be
substituted with a hal ogen atom a cyano group,

. . i.nd d I
nyar oot S i T e A e Al Ao R0 by s
br anchedrrngrb haihdmy Be isuhstlt W egh Wk g%ﬂa%bggﬁa{; may be

aton), a nitro group, a carbano roup;

 bfaitiod dRarthareyhy 86 bstAtteMNwNtHid Fhlde8nGom), and
NHCOR9 (wh Cl to

al kyl ) car banoyl group, or - ere RO Is a
G4 al kylhaa6pe4p atdat My be branched and that may be
substituted with a hal ogen aton), 20 a cyano group,

- NR3ORGty) (ahedy] RaQ updwBaieiar eheantlyl i idepentgnbbysa@bstituted
hydrogen atomor a O to C4 al kyl group that - may be-
ritin alb dela stnshd pedupreglebied Suvlds tthe Wredpwohbisgidpbfigen
aton), a nitro group, 25 a carbanoyl group, an N-(Cl
to C4 alRyltpcay dkpl lgrguputhatamdy, NedbfaGichied @4d that may be
al kyl ) car bamoyl group, 15 -NHCORO (where RO is a G
sebgdtutiedywitdr olyglegeat abamp, be  branched and that may
be substituted with a hal ogen atom, and a hal ogen

3 a@%h‘éh%t gay be

at om arCnmiy Greabiyrn srenr dhat tmay g rphehed
E?é@é@ﬁ&ﬁ?‘ﬁ%% é?g%l&; iﬂginlgrgasgld grgﬂgf \?Arw:rtesﬁetnhe
neterogt I ALSUR TR b SUDSL LU 0 JULY 2t LSoel e, o,
to C4 alkyl group that may be branched and that may be substituted with
a halogen atom, a cyano group, -NR30R31 (where R30 and R31 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 Cs alkyl)carbamoyl group, an
N,N-di(C; to Ca alkyl)carbamoyl group, or -NHCOR? (where R? is a C; to
Cq 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 C; to C4 alkyl group that may be branched and that may be

~ substituted with a halogen atom),

a nitro group,
~a carbamoyl group,
: ah N-(C; to Cy4 alkyl)carbamoyl group,
an N,N-di(C; to Cs alkyl)carbamoyl group,

15
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FrBifed Wit

a Cl to G4 alkyl group that may be branched and that
may be substituted with a halogen atom 10 a C1 to C5
al koxy group that nmay be branched and that may be
substituted with a hal ogen atom an aryl group that
may be substituted wth a hal ogen atom a Cl1 to C4

al kyl group that may be branched and that may be
substituted with a hal ogen atom a cyano group,

OO B B e v
beanehedaidrifo o B IBAARR Wl R,

C4 al kYl DHBEDRM®YI;9roup, an N, N-di (A to C4
al kyl ) car banoyl group, or -NHCOR9 (where RO is a Cl to

CA al kyt Aagupe tsﬁ%bti@ﬁﬂe&)%vilﬂha‘@iﬂéﬁz%ng)-t@ﬁief@%ﬂ €1 or 2) at
substituted with a 20 hal ogen aton),” a cyano group,

pbRIORRL3 Endes eh FBArangkBe togéthednghdi ndependent |y a
hydrogen atomor a Cl to C4 al kyl group that may be

br anchéxiihrd Heltetoargy freupswbhérditt g \Mettbrcm@all\%mﬁ? may be
atom), 25 a nitro group, a carbamoyl group, an (C
subgidtutadyw)idaat sy longr gromp seléctad Mo thed groti® c6dsisting of:
al kyl)carbarmél %roup, -NHCOR9 (where RO is a G to (4

al kyl greugot Qatalkny greupbitetcvey hedbidrathedapndethat may be
supstituted with a hal ogen aton), and a hal ogen atom
grestityted with shejesen ggmsre n is 0, 1, or 2, and Ris
acClto 6,4 al kyl .~ group that may be branched and that _
may bedstibdPitiABEXN ROWP apbgBRY ha brgncled arnbthat may be

nd .R26 gl'hglggaec{}awnq?pendently a group sel ected

an aryl group that ﬂiay 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, ;NR3°R31 (where R30 and R3! are each
independently a hydrogen atom or a Ci 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-(C; to C: alkyDcarbamoyl group, an
N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCOR? (where R? is a C; to
C4 alkyl group that may be branched 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 Cy4 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 alkyl)carbamoyl group,
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group consisting of 10 (i) a hydrogen atom (ii) a
hal ogen atom (iii) 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 15 (iv) an al koxy group, wherein the al koxy group
is'a C to C5 alkoxy group that nay be substituted

i th : | . and/or th
ey bR RN T e B o ana Rer

Const SRR GHEPIG 028 BB "B S ST A e oo
Efé’l’tﬂhe%‘gﬁ& ¢hlt gy Bektln &ft‘&g@d 'w%ﬁﬁ‘ gq%%%togegsat%kl@ﬁand

group that nmay be sSubstituted w't gen a

and/ or 5 M} 186 2868 Rnd and/ or that may be branched or
forma cyclic group; and (iii) an al koxy group,

wher ei (vid)e-SHOIPRY (hewp hSs,A, bP LoUandR a5kPXY, to C4 alkyl
group that may be substituted with a hal ogen atom

grulippthahntdy be lyaodhedanill ehat haly b8 ¥ubstibhsiCfeth @rhalogen
forma cyclic group; R23 and R24 are each

atuepPendently a group selected fromthe group 17
consisting of (i) a C1 to Cso al kyl group that may be
BfartRe Ry ahdr RPE aopcddah imtepemdandlyt hagrommysdlected from the
substituted with a hal ogen atom (ii) a C to Cl2
graengonygebog afhat may be branched or forma 5 cyclic
group and that may be substituted with a hal ogen atom
(iiti) ehydrogen aorynyl group that may be branched

or for{na cyclic group and that may be substituted

Wit h all'}aﬁga €& BYR™(iv) an aryl group, wherein the

aryl group may, be substituted wt | east, one,gro
sel ectgﬂy@%ﬂ?ﬁfﬁegﬁq%pwi’&ﬁ%ﬁnsﬂ%j‘q%ﬁ group is a C1to & alky!
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 alkoxy group, wherein the alkoxy group is a Ci 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 group;
R?” and R2?7 are each independently a group selected from the group
consisting of:
(i) a halogen atom; .
(i) an alkyl group, wherein the alkyl group is a Ci 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, wherein the alkoxy group is a Ci 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 group;

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

17
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10 a C1 to C4 al kyl group that nmay 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 with a hal ogen atom an aryl group that
may be substituted wth a hal ogen atom a C1 15 to 4
al kyl group that may be branched and that may be
substituted with a hal ogen atom a cyano group,

N?Z] where R30 and R31 are each independently a
ﬁ'y rgég?gi% Oglf‘tM;m or a Cl to C4 alkyl group that may be

branchgl ,ap rt'gh@&  4h lbgoztgfﬁlga{tt %a?ﬁbtg“b&'gng%gﬁo?%??loa cyclic

atonm), "a ni no roup,

ol Eﬁh)t%%“ctiﬁﬁwﬂe SLtRutdl }%%1%9'\5 %Edééeg %cﬁn,c“

al kyl) carbanmoyl “ group, or -N IsacClto
C4 al ki) QrGHHJOthU% d]ﬁ?!n?? gRE@PeE ARY bBabrdMhodCor form a

substituted with a hal ogen atom, a cyano group,
epREORSh #Adrt@af3Raptd Rbstife @ IEDh NHERRRAANONY; a
hydrogen 25 atomor a C to C4 al kyl group that may

be br afitthed Gntb thatallnyberoapbstiat ui:ad bol bhamched or form a
hal ogen atom), a nitro group, 18 a carbanoyl group, an
bfrdlid grompCandlthal )may hensybstipnded widh aNhalopehGitons: C4

al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to (4 -
al kyl Grvbam targl greypbevhérdinatiuhedyhmtoupamayapebsubstituted
substituted with a hal ogen aton), and a hal ogen atom

‘With at heastrang group eelectathos the lgrohptoonstating gfoup

may be substituted with at |east one group sel ected

from tALCytouls @dk¥]l grprp Brat maychetbrapphadkgndgthatpmay be

t hat, .may .be, branched and that nay be 10 substituted
R %Flfdltﬁémggna Mﬂgen 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 C;

to C4 alkyl group that may be branched and that may be substituted with
a halogen atom, a cyano group, -NR30R31 (where R3¢ and R3! are each
indepe_ndem:Iy 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 alkylcarbamoyl group, an
N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCORS? (where R? is a Ci to
C4 alkyl group that may be branched and that may be substituted with a
halogen atom); |

a cyano group, |

-NR2OR3! (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,

18
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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 atom a Cl1 to
C4 al kyl group that may be branched and that may be
substituted with 15 a hal ogen atom a cyano group,
-NR3R31 (where R30 and R31 are each i ndependently a
hydrogen atomor a ClL to C4 al kyl group that may be
branch be substituted wth a hal ogen
atom, Sgca%ﬂg OYT % a carbanmoyl group, an N-(d to

gﬁk?: ;(cgzlgaq;rﬁwjf aﬂ}b%}rbﬁw gg/her et (F){9C|45 acClto

20 G4 g pt(; bﬁtﬁl@wcéﬂazﬁﬁ@% ﬁqllgnd that may be

substltute ogen ato cyano group,

NR30R3NH®O?I99(\B§@1'@”H9 Fﬁlaa'ﬁﬁ %@004 agspeseny ltha® may be
hydrogen atomor a Cl to C4 alkyl group that may be

Bianched aaddtHdtah afie HehstAutsdhsitht Abalogér Atoan), and

hal ogen atom), a nitro group, a carbanoyl group, 19 an
N-(Cl hoh&l@g@hlatb)mar barmoyl group, an N Ndi (A to 4

al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to C4

al kyl @vloup Hetatoargy dreuphrwheberh dhe hetdroamyl group may be
substituted with a hal ogen aton), and 5 a hal ogen
aubrtitited witlChp JoGEQONRLERLD telectes] Bbm she group censisting of:
each independently a group selected fromthe g roug

consi sti kg tf C(41alls:ar1rgr@n1@gglmaiamw heppranched gndsthat may be
al kyl group that may be branched and that 10 may be
substitutadbwith erhaloBar ggem.at om (3) a C2 to C6

al kenyl %r o%pctf,hﬂm}rgfi ygrglelp btrhaarilzcgl%%r 8(!3 gr%r rTiled 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 aﬁd that may be substituted with
a halogen atom, a cyano group, -NR30R31 (where R% 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:1 to Cs alkylcarbamoyl group, an
N,N-di(C; to C4 alkyDcarbamoyl group, or -NHCOR? (where R is a Cy to
C4 alkyl group that may be branched and that may be substituted with a
halogen atom),

a cyano group,

NR30R31 (whére R30 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,
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a cyclic group and that may be substituted with a

hal ogen atom (4) a C2 to C6 al kynyl group that nmay be
branched or form a cyclic group and that nay be
substituted with a hal ogen atom 15 (5) an aral kyl
group, wherein the aryl noiety of the aralkyl group
may be substituted wth at | east one group sel ected

~from the group consisting of a CL to C4 al kyl group

S A 1
ﬁ{ ?nmc & §%£g¢%50p@?%£?ﬁ%%%§éﬁéﬂ@§%“ﬁ%i ed vith a
a Oge%ffﬁ%ﬁfhﬁvﬁ:&ré q%qu al kyl, €5 oup e{ﬂlﬂl %@Iglg:)gggﬁ may be

branch an at nmay substituted w

BEOMh ] SRR EREP be MBI WiRh & B&Ibg%ﬁdat%%ﬁ%lég

are each i ndependehtly a hydrogen. atomor a Cl to

al kyl -gnpiiBges B@bmiyay be branched and that may be
substituted with a hal ogen aton), a nitro group, a

car banty) oI, @COWRIRW® C4yhbéie/| )REr bamdy| Ritoupre each

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

1G] dntine heoridUp elected from €Ie ghdayh comsisfinphat may

be branched and that may be substituted with a

hal .ogen at onjl) ahydesgematup; 5 - NR3OR31 (where R30

and R31 are each independently a hydrogen atomor a

Cl to C4 al k{® gr@uty Chalkyhgroepthatones kmbranched and that

may be substituted with a halogen atom, a nitro

maoupe sabshitbbebitlyadilosen adAnN- (CL to ¢4

al kyl ) car ba | group, an NNNdi(d to C4

al kyl ) car bag@l a 3}20119p¢6 aﬁlﬁmgég{%mahm%b% begughedpr form
| kyl. h . . :

% c cilcggrr%%% atm Ech?t? &abyebe substituted with a halogen atom;

(4) a Cz to Cs 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
aralkyl group may be substituted with at least one group selected from
the group consisting of: |

a C1 to C4 alkyl group that may be branched 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 Ci1 to C4 alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group, -NR3°R3! (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-(C1 to Cs alkyl)carbamoyl group,
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- branched and that nmay be substituted with a hal ogen

atom, and a hal ogen atom 15 (6) a heteroaral kyl
group having a heteroaryl noiety, wherein the
heteroaryl noiety may be substituted with at |east one

- group selected fromthe group consisting of: a Cl to

4 al kyl group that may be branched and that may be

-substituted with a halogen atom 20 a Cl1 to C5 al koxy

AP N AR R o Gt o S CTRY vag Re s 2 C

BRSSO B BB T AR 8 bt it

Ql}%g%i%ta?gﬁwth a hal ogen atom a cyano group,

éfe R30 and 25 R31 are each independently
a hydrogen ajem,qah 0 to C4 alkyl group that may be
branched and that may be substituted with a hal ogen

atom, a ni{NRIHWURvhErs FDagAY! RIT A4, edth NndebehBently a
C4 al kyl ) carbanoyl group, 21 an N,N-di (G to 4

alHybgaranbemoyt a dTPup CO41kyleors thaenhayR% bsadcKdd and that
to C4 al kyl group that may be branched and that may be

suhsbe tsubetitutddwith hdlalogenaitom), a cyano group, 5
-NR30R31 (where R30 and R31 are each independently a
hydr ogen at ommtroagfonpt,0o C4 al kyl group that may be
branched and that may be substituted with a hal ogen
aton), a nitacagbameyl grewpbanoyl group, 10 an N-(Cl
to &4 al kyl)carbanoyl group,. an. N N-di (G to 4

al kyl ) car ban®gIN 9@@9,(494%3%9@&@6’&%@5 a Cl to C4

o 9ot LA pe RGPS, gne L Ty be

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

a halogen atom; |

6) a heteroéralkyl' group having a heteroaryl moiety,
wherein the heteroaryl moiéty may be substituted with at least one
group selected from the group consisting of:

a C1to C4 dlkyl 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, -NR3R3! (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 nitro group, a carbamoyl group, an N-(Ci to Cs alkyl)carbamoyl group,.
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a hal ogen atom 15 (7) an aryl group, wherein the aryl
group may be substituted with at | east one group
selected fromthe group consisting of: a Cl to C4
al kyl group that may be branched and that may be
substituted with a halogen atom a G to C5 al koxy

group that may be branched and that 20 may be

substituted with a hal ogen atom an aryl group that

AR SRR W K o BRI, & PTHCOR (e R s a o
PR Eoplh g5t RO HRaRLA0N BLVUA A I anbitgtuged with

Qymlgﬁgﬁa%g{p or a Cl to C4 alkyl group 25 that may be
branched and that may be substituted with a hal ogen

aton), a ni §1c9agdbWPBupa carbamoyl group, an N-(Cl to

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

al kyl ) car bamyRs@ROUBwhefe -RICHRY Raher Bich Sirflepéndently a
22 to G4 alkyl group that may be branched and that may
hedsohat atemesk W Chto € halledesroabpotRat a1 Brahehdt and that
-NR30R31 (where R30 and R31 are each independently a

- EdyHe sgbstistted witlaalialogefthatahdyl group that may be

branched and that may be substituted with a hal ogen

~atom), a nitaaitpooggmupg car banoyl group, an N-(G to

C4 al kyl ) carbanmoyl group, 10 an N,N-di (O to C4

al kyl ) car ban®yarbgmey] sroMIOR9 (where RO is a Cl to C4
al kyl group that nmay be branched and that may be
substit ut ed @\mhﬁ'(‘a‘lrtmfég@}kyi}mammé 230WBl ogen atom

and (8) a heter I roup, erein the heteroaryl
gr OU[(J Zmy an ﬁ?\l}'}ai(@l to 84 a\fﬂylr)car%amoyl group, y

-NHCORS? (where R? is a C1 to Cy 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 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 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°R31 (where R39 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-(Cy to Cs alkyl)carbamoyl-gi‘oup,

an N,N-di(C; to C4 alkyl)ecarbamoyl group, or -NHCOR? (where R? is a C1

- 22
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- (where RO is a Cl 2

15 be substituted with at | east one group sel ected
fromthe group consisting of: a Cl to C4 al kyl group
that may be branched and that nay be substituted with
a hal ogen atom a Cl to C5 al koxy group that may be

“branched and that 20 nmay 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

t hat b tijuted wt . .
A G B o) BV Bl BRI b mivc P Tubtipped with
y nd dent | hyd t Clt
&P P, 25 that ey be branchad and hat may be

substituted w en atom, a nitro group, a
car banoyl gr\g‘uéa{‘érg)n&ﬁ]%%l to C4 al kyl) carbanoyl group,

an N, N-di (C -Négaﬁﬁalalé%ﬂe}gaRhﬂ | ROEOMR QEh- Jétidently a
to C4 al kyl group that may De

hiyarebes absth bhal Cray bf ot SthtMddy b PRakeBed and that
atygn),g&g cyano group, -N%Sﬂggg% (d\%)here RSAS’ and R31 arésln .
eaaf bendneitdesd With a Baltipdnogem)atomor a Cl to C4

al kyl group that may be branched and that nmay be
substituted winitraghahpgen aton), a nitro group, a

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

10 an N, N- di a@Garban@ylagrenp) car bamoyl group, - NHCOR9
(where RO is a d to C4 alkyl group that may: be
branched andanh¥t(Cetp Gealighitarbareylw@ronpa hal ogen
atonm), and a halogen atom_ and n is-an integer froml
to 12); 15 (& N,Ndi(0) toCurdkrgarhamerl fiumnd R13
are each :
-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 |
(8) a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from the group. consisting
of:
a Ci to C4 alkyl group that may be branched and that may
be substituted with a halogen atdm,
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 C4 alkyl group that may be branched and that may be

25

substituted with a halogen 'atom, a cyano group, -NR30R31 (where R30 and
R31 are each independently a hydrogen atom or a C; 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-(Cy to C4 alkylcarbamoyl group,

an N,N-di(C; to C4 alkyDcarbamoyl group, or -NHCOR? (where R? is a C1
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- 04 al kyl )carB

i ndependently a group selected fromthe group
consisting of. (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 20 (3) an aryl group,
wherein the aryl group may be substituted with at

| east one group selected fromthe group consisting of.
a Cl to 4 alkyl group that may be branched and that

5T SRl bR BRI s e e wien
lmﬁ LEWt ith a hal ogen atom an aryl group that

§ b Eisiuagcg%ﬁ/)q?uted vvith a halogen atom a Cl to C4

aI kyI gr oup h"b}ta rge% branched and that may be 24
substituted wth gen atom a cyano group,

- NR3OR31 (wher®sfia ewﬁerémsoaaﬁdemh éﬁd@ESHdﬁfHeb)énﬂentIy a
hydrogen atomor a G to C4 al kyl group that may be

Bydpesad adosh bhat Ciay MeaByfisdricupt £ith twintaly Be Bahagesd and that
atonm), a nitro group, a carbanoyl group, an NN(CO to
%}abb)du)bsﬁthaeﬂ)wltﬂraOhl@].ogEnaItoNl)N di (d to C4

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

to ¢4 al kyl grmifipo ghaip,nay be branched and that may be

substituted with a halogen atom, a cyano group,
-NR30R31 (wheraarBatal@rR8p, are each i ndependently a
10 hydrogen at om or a Cl to C4 alkyl group that may be
br anched andattht Clrfﬂycbéugdmrbﬂm%d goun; a hal ogen

atom, anltro Qu car bapo roup,., an N-(Cl to
(g}F‘é‘; C@@lkﬁﬁwﬁzweﬂ EYQILGA -

Z: tz: ) car bannﬁg{g{;&;dp ere is avktlll to d?gallk 1 grouptt%agmay b

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

a halogen atom;

and n is an integer from 1 to 12);
(vii) -(CH2,CONR12R13 (where R1zZ and R!3 are each

independently a group selected from the group consisting of:

(1) a hydrogen atom;

(2) a C1 to Cq alkyl group that may be branched 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 Ci to Cy 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 C; to C4 alkyl group that may be branched and that may be
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branched and that may be substituted with a hal ogen
atom, and a hal ogen atom and (4) a heteroaryl group,
wherein the heteroaryl group may 20 be substituted
with at | east one group selected fromthe group
consisting of. a Cl to C4 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

%hg%ngf%gr@ﬁ?b% halfé/)g%ﬁ ta%rgls ta"‘%ﬁ g%ﬂ};ﬂgﬁ%ﬁﬁgﬂgwﬁgre R3% and

?‘ﬁﬁ?rﬁzea% Aol R T b P o g
%Bé’ *Bfr BE%P gﬁa {hehey Fiﬁé)séﬁé’mmﬁ%a v@ftﬁ s? ﬁ%%gen atom),

ent rogen at om or a

grmpo skhap mrhsn{fmrg%aﬁ aﬁdNtt@lttm aﬁﬁyl)carbamoyl group,
substituted with a hal ogen atom), a nitro group, a

gar Naei(CoLe @, alk%}l)hlaﬂ@tmbﬂ Ghoap kit )NHGEROYIWwhere B, is a Cy
5an N,Ndi (G to al kyl)carbarmyl group, or -NHCOR9
CVtardkRD girsu@ thdt mgy 64 babkyhedaaidptidtamagehe Hebstituted with
branched and that may be substituted with a hal ogen
atlomlpgen atyarn, gr oup, - NR3OR31 (where R30 and R31 are

each independently a 10 hydrogen atomor a Cl to 4

al kyl group ahlganowgrobe, branched and that nay be
substituted with a hal ogen aton), a nitro group

car bamoyl gr CNB”% fwhere tRpocand R )azgr Baﬁbyllndgp@néenﬂy a
15 an N, N-di (d to 4 alk car bamgyl grou

hydepgeratom ar @1Cy o Ek @%&%ﬂgrgwuﬁl&th@tasfnhﬁy bganched and that

b hed and t hat bstit uted th hal
ﬁran e%wggltute Wl‘ﬁ? a haeloégnsatlo L5 ed w a hatogen

a nitro group,
. a carbamoyl group,
an N-(C1 to Cs alkyl)carbamoyl group,
an N,N-di(C; to Cy alkyl)carbamoyl 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 heteroaryl group may
be substituted with at least one group selected from the group consisting
of: | |
a Ci1 to Cq alkyl group that may be branched 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 C1 to Cs alkyl group that may be branched and that may be
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a halogen atom and n is an integer from1l to 12); 20

(viii) -(CH2), NR12COR13 (where R12 and R13 are each

i ndependently a group selected fromthe group
consisting of (1) a hydrogen atom (2) a d . to C4

al kyl group that may be branched and that may be
substituted with a halogen atom 25 (3) an aryl group,
V\,herei n the aryl group may be substituted with at

B Al
&?é%g% ?@?ﬁa'ﬁﬂ‘%ﬁ?w by aFr 58 Bhat O G ST eroup
B L i
%ﬁf g E%ﬁbgﬁ%ﬁ %‘I‘B{lﬂngﬁ% -@hded bﬁtalﬁg}ﬁcgﬁ)amoyl group,

atom a cyano g

ah!m(cm@ IC8, §§9 Cgafbaﬁ%gﬂ g&&ﬁa&h -NPdEORY @%ﬂhtelru RPis a C;

hydrogen at om or kyl“group that may be

b6 @GNIRG1 BRGkH iﬁﬁat by B b3HAEhLd Wkt hag Hik@UARted with |

atonm), "a nitro group, a carbanoyl group, an N-(Cl

@qlﬂlogyh)gg;aﬁbgnoyl group, 10 an N,N-di (G to 4

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

to C4 al kyl gregapotgratipray be branched and that may be
substituted with a halogen atom, a cyano group,

-NR30R31 (wheNB3®¥0 Gmble 8 RHAr endaBA! iarde pachiemdepeadently a
15 hydrogen atomor a G to C4 alkyl group that may be
bydnegen agos ehatC1 fmyCbelkylisyonputhed mayrbeb nandg@dn and that

atom, a.nitro ci]roup, a car banoyl,_ group,
may be substituted with a halogen atom),

a nitro group,

a carbamoyl group,

an. N-(C1 to Cs alkylearbamoyl group,

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

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

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

(vii)) -(CHg)uNR2COR3 (where R12 and R1% are each

independently a group selected from the group consisting of:

(1) a hydrogen atom;

(2) a C;1 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
substitufed with at least one group selected from the group consisting of:

a Ci1 to Cq4 alkyl group that may be branched and that may

26
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an NN(Cl to C4 al kyl)carbanmoyl group, 20 an N, N-di (C
to C4 al kyl)carbanoyl group, -NHCOR9 (where RO is a Cl

to C4 alkyl group that may be branched and that may

be substituted wth a hal ogen atom), and a hal ogen

atom and (4) a heteroaryl group, wherein the

heteroaryl group may 25 be substituted with at | east
one group selected fromthe group consisting of.' a.

G Bha B B WO iR 00 B anchd 2 it oy
20 904y L Y e S Rty ST Mg and et
1%, PE sRECRbbt SR b BB a8 3 "t may be
SLESLLELT €0 i) PRI 08 iy BeCHAORSBGU i, Balogen
Byhoge a0 Oh1I& 1 Grdih Chat! 4y BE BiRinchBat aABYIIRR may be

branched and that 'may be substituted with a hal ogen

Sabisuted With' # Hlekdh aoa2 b ci9QUPNEEIRM: (Whe#dR30 and
4 al k%/le)car banoyl grogp, ig an N,%\l—di (CI to 4 '

BEK yilrd caaichaimid pegidesly @ hy aaaese aRO;i1» €4CGllkyl group
to C4 al kyl group that may be branched and that may be
thenstiaiybe Branted andajleganagttenduybstittitadovighouphalogen atom),
-NR30R31 (where R30 and R31 are each independently a

4 mihyolgogen, atcarbamoyl @rotp, €4 MG tog€eudkyHaarhrayoplegroup,

branched and that may be substituted with a hal ogen
andN)N-di(@i te €:qplbpbcarbamopheoyup,grolBHCGORR where R? is a C1
1%4 Cilaiigr} g?c{lf)pagﬁgé mgz{yogg branched and that may be subétituted with
a halogen atom),

a cyano group,

-NR30R31 (where R30 and R?®!' 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 Cs alkylcarbamoyl group,

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

-NHCOR?® (where R® is a C; to C4 alkyl group that may be
branched and 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 C1 to Cy alkyl group that may be branched and that may

27
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20 an N,N-di (G to C4 al kyl)carbanmoyl group, -NHCOR9
(where RO is a G to &4 alkyl group that may be
branched and that nay be substituted with a hal ogen
aton), and a halogen atom and n is an integer froml
to 12); 25 (ix) -(CH2),NR12Ri 3 (where R12 and R13 are
each independently a group selected fromthe group
consisting of: (1) a hydrogen atom 28 (2) a Cl to 4

B eVl R o0 aJPaBeRaYoBE subst tuted vith ai

| | f h | Sting:of

S o G i B CEATER R P L BEA P aEa that
bésﬁﬁsﬁgﬁ%%#a%y{nlgg %ﬂeﬁ)geﬁa{g ogen atom a Cl to C5

al Koxy grou ranchéd and that may be

substi t ut ed g\_@lteﬂgg %ﬁéﬁggmha%t 4By 33 @ﬁuétigit%%ptv&oimcaa halogen

may be substi'tut al ogen atom

atdt] a0QUR IALIIRY R RRE D yaRs PradlchBRYaRE. thH} may be

substituted with a hal ogen atom “a cyano group, _
sAERAMHREL A (WD £ hiZdeoza 8631 addyRrRAEidup) dRIFBIHEN(WHefe R30 and
hydrogen atom.or a Cl1 to C4 alkyl group that may be
Rraaebatichnthdepemdemitlpe hylsdddnibesmwot b €1hid Ogealkyl group

.atom), a nitro group, a carbanoyl group, an NN(CS to

thiataidayl De brimchod agdoibzmt may B, Misit{tdSetl ovitA a halogen atom),
al kyl ) car banmoyl group, or -NHCOR9 (where R9 is a Cl 15
amitp grdup, grcavhamoad grayppaenbN&hHedCamdkyhearheayoplegroup,
subs_titq{ ed with__a_hal ogen aton), a cyano %rou&,. )

A RRS OVt Qe Ca s DantbRoeyheeotnat INHSRASNDEYe &9 is a C1
hydrogen atomor a Cl to_C4 al kyl group that may be .
H Qn@ﬁléﬂl gFARR hhat npEy h@@raécbe%gpathb@édnwm gubstituted with

19500 2L,

a cyano group,

-NR30R31 (where R3¢ and R3! are each independently a
h&drogen atom or a C1 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 alkyl)carbamoyl group,

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

~NHCOR? (where R? is a C1 to C4 alkyl group that may be

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

a halogen atom;
and n is an integer from 1 to 12);
(ix) -(CH2).NR12R13 (where R12 and R!3 are each independently a
group selected from the group consisting of:

(1) a hydrogen atom;

28
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a nitro group, a carbanmoyl group, an N-(ClL to 4

al kyl ) car bamoyl group, an N,N-di (CS to (4

al kyl ) car banmoyl group, 25 -NHCOR9 (where R9 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 29 (4) a heteroaryl group, wherein the heteroaryl
group may be substituted with at | east one group

s et o 1o o, SR Wy ket
bstituted gt t |
subet U5 WF e, DRIOORR. B SR IR oot iy may e

sHbstithidaeditM A1 RIRIS R Sec@l BOH. tHE @¥Pup Rhsisting of:
may be substituted wth a halogen atom a Cl to C4

al kyl group hhattdey diRybErseheRapRthy bathramyehbd antOthat may
substituted with a hal ogen atom a cyano group, '

bbRABBELutedh arich B3MalwgenRAbrar e each independently a
hydrogen atomor a Cl to C4 al kyl group that may be

“branched andat @atton@y dikosyhabiaputleat mazh be bedmged and that

aton), a nitro.group, a carbanoyl group, an N(Cl to
fayabk eubetitbbed yitly acuplogenrathipy- di (G to C4 |

al kyl ) car bamoyl group, or -NHCOR9 (where RO is a Cl 15 :
to C4 al kyl gnoapyl ueupmethaie mbaarhehsybshiduterhtwivhy aphalogen
substituted with__a hal ogen atom, _.a cyanQ grou

akmRo B Oy e afkpl greuRIhatr magabr b and $hat may be
BERRGREAaALR Adhelogen g ST P el MU L (where R and
Eﬁll oa%'eenegé}?%degegééﬂt?y 9 %%rogen atom or a Cp 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(C; to Cs alkyDcarbamoyl group, or -NHCOR? (where R? is a Cs
to Cs alkyl group that‘may be branched and that may be substituted with
a halogen atom),

a cyéno group,

-NR30R3! (where R30 and R3! are each independently a
hydrogen atom or a C; to Cs alkyl group that may be branched and that
may be sﬁbstituted with a halogen atom),

" a nitro group,

a carbamoyl group,

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

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

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

4 halogen atom; and
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a carbanoyl group, an N-(Cl to C4 al kyl) car banoyl
group, an N,N-di (d to C4 al kyl)carbanoyl group, 25
-NHCOR9 (where RO is a Cl to C4 al kyl group that nay
be branched and that nay be substituted with a

hal ogen aton), and a hal ogen atom 30 and n is an
integer froml to 12); (x) -(CH2)1Y-ORl2 (where Y is a
Cl to &4 divalent saturated hydrocarbon group that

e 0o ST 113y e AT b may
R e I P R S T

~Weerein the aryl group may be substituted with at

| east one group selected fromthe group consisting of

10 a O to C4 @] kyC,aNRYPgidiath tHRY nkfy BeadneheHednghd that ma
that may be qubstit4Ut eg %‘%‘?a hal ogen atom a Cl to Y

B2 Albettyited iph tshBhalogey dwenbr anched and that nmay be
substituted wth a hal ogen atom an aryl group that

may be substiat i ad @ tdlkaxhairogenthdis nedy e braiicHed @4d that
al kyl group that nmay be branched and that nmay be

sniop bietsuthatiitwité d wath al nglegeatatom,a cyano group,

-NR30OR31 (where R30 and R31 are each independently a

hydr ogen at oanopryl @toup ibntamkagy kpy cubstithted maphbe halogen
branched_and that nay be substituted with _a hal ggen -
atom) a Gu #ptCo adkplgrowp dhatamap bgrbranched rmdcthato may be
C4. al kyl ) carhamyyl. group, 20 an N,N-di (C__t

srkstifetad,with B Ralogpn abpm. R-eReP smje'ﬁé%&%évvéfre R0 and
ﬁ%%‘letalggé% iaﬁrigﬁgnégxﬁgy %éﬁ%g?géﬁa ’naﬁ:ggg o%ng_ (51h% (ﬁa Xlkbyel 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 N,N-di(C; to Cs 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,

-NR30R31 (where R30 and R3! 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 atoh:l),

a nitro group,

a carbamoyl group,

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

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

-NHCORS? (where R? is a C1 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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a cyano group, NR30R31 (where R30 and R31 are each

i ndependently a 25 hydrogen atomor a Cl1 to C4 al kyl
group that may be branched and that may be
substituted with a hal ogen atom, a nitro group, 31 a
car banoyl group, an N-(Cl to C4 al kyl) carbanoyl group,
an N,N-di (A to C4 al kyl)carbanoyl group, -NHCOR9

(where RO is a G to C4 alkyl group that may be 5

351 nctiwée arﬁgethaﬁ may .b ubstituted with a hal ogen
@rﬁl, Ad M58 88?1 atont”’and (4) a heteroaryl group,

Al ealP Eﬁ%ﬁ?@ﬂ%ﬁéil R I anrofob e Lsaﬁturafed
- PhatSedntn KRl Bl ibal b Prtdhello o 1P A0 L g8 selected

I - b y be branched and that may be
R e o s e 7

subs | ogen atom an aryl group that

may be substf)uf a¢dvbédh atdalogen 15 atom a Cl to C4
al kyl group that nmay be branched and that may be

substituted @th @ hRriosikydt@bupaletanayBeobPanched and that
-NR30R31 (where R30 and 1 are each independently a

nyady bgesubatnmed wdtlCh halogénadtioyl; group that may be
branched and that may be substituted with a hal ogen

aton)., a ni{3)o ayx oaryl agroaphamhdreiy otlpe aryIN-giGupt anay be
C4 al kyl ) carbanoyl group, 20 an N,N-di (Cd to C4
abkgtijetedownty it dgasimneogrouyHadROtddifrene tIRS girsuim c@isisting of:
to C4 al kyl group that may be branched_and that may be
substituted @&i®nhto &sivdkpheroup shit maxhabragebep 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 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: 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 C4 alkyl)carbamoyl group,

~ an N,N-di(Cy to C4 alkyDcarbamoyl group, or -NHCOR? (where R? is a C1

to G4 alkyl group that may be branched and that may be substituted with
a halogen atom),

a cyano group,

-NR#0R3!1 (where R30 and RSl 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,
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-NR30R31 (where R30 and R31 are each independently a

.25 hydrogen atomor a Cl to C4 al kyl group that nmay be

branched and that nmay be substituted with a hal ogen

atom), a nitro group, 32 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 G to (4
al kyl - group that may be 5 branched and that -may be
substituted wth, a halogen atom), and a hal ogen atom

and n is an PEEBARPIEO P o 12); (xi) -(CH2)n- ORL2

Consi <t ng ofn NGO EERPEIEGAAEERM ISR | o

Sunttituted row S RCEARED A e 05,

wher ein the aQHCOROUR IR R s AP LS CISkoliekBuBithat may be

| east one group se om the group cofnsisting of:

}Radchdd badthAl ksl 1 eEbstifipled B#hbe hit &ebrANlthnd
that may be substituted wth a halogen atom a ¢l to

C5 al koxy graugmlbpsh atew;hendranched and that may be
substituted with a hal ogen atom an aryl group that

may be subst (4)ua dibterédryd drelpgerherdin akerheter6irylos@p may
al kyl group that may be branched and that may be
bebsthstituded wiith = leasbgae @toom sedectgdnfrgnotipe group consisting
-NR30R31 (where R30 and R31 are each independently a
lofdr ogen atomor a O to C4 alkyl group that may be
branched and that may be substituted with a hal ogen
aton), a niarG: tp Sumlkyl gaevnitbat v bp bramched@nd phat may
CA al kyl) car banpyl . gr oup,
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, -NR3R3! (where R% 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 Cs alkyl)carbamoyl group,
an N,N-di(C; to Cq alkyl)carbamoyl group, or -NHCOR? (where R® is a Cs
to C4 alkyl group that may be branched and that may be substituted with
a halogen atom),

a cyano group,

-NR30R31 (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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25 an NNdi (A to C4 al kyl)carbanmoyl group, or
-NHCOR9 (where RO is a d to C4 alkyl group that may
be branched and that may be substituted with a

hal ogen aton), 33 a cyan group, -NR30R31 (where R30
and R31 are each independently a hydrogen atomor a
Cl to &4 al kyl group that may be branched and t hat
may be substituted with a hal ogen atom, 5 a nitro

group, a car Bamyk 4 n N(ClL to C4
al kyl ) car banoyl g?ouﬂa%gﬁuﬁﬁ Ndi(C to 4

al kyl ) car bangﬁlNg{r@Lﬁg,C-M'% Mﬁ‘&[ s al to 4
al kyl group that may be4 1 ra{nc e(ﬁaér?guPhat may be
substituted wntN,-d16CPee T AHRP)cartinayatAGEN atom
and (4) a heteroaryl group, wherein the heteroaryl

group may beNFIOORPi(wilegde\RY ik AlC] 6RE, RG] %&'Qﬂ? that may be
selected fromthe group consisting of: 15 a Cl to (4
draythert and thetmagbeenbutangbédviahch hhkigei®ytoE and
substituted with a hal ogen atom a Cl to C5 al koxy

group that mayhdlegenamcimed and that nmay be

substituted with a hal ogen atom an aryl group that

gy bés sniotegen Bomiltte E2)hal ogen 20 atom a G to C4

al kyl gr_?ugcthf\t ma%. be branched and that may be

subst i % stCHAHORRdrdgan Bi%ty aagryamselgaed, from the group
- NR30 1'(}(£,/\here R30 and R31 are each independently a
ﬁ%ﬁlﬁggﬁ tfomor a Cl to C4 alkyl group that may be
branched and, tha be substituted wth a hal ogen

atom), a ni ﬁ)oag‘ygaﬂ‘{ﬁe%ambamyl group, ‘an N-(Cl to

C4 al kyl ) car hgno roup,.-. 25 an N,g‘%‘gi ad to 4
al kyl ) carba Iaé'tloﬁjp?ﬁdﬂkyﬁlm t éig‘%yFbﬁ pganchgd and that
may be substituted with a halogen atom;

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

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

- be substituted with a halogen atom,

a Ci1 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, -NR3R31 (where R%0 and

R8! 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 Cs alkyl)carbamoy] group,
an N,N-di(C; to Cs alkyl)carbamoyl group, or -NHCOR? (where R? is a C;
to C4 alkyl group that may be branched and that may be substituted with

a halogen atom),
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to C4 al kyl group that may be branched and that may be
substituted with a hal ogen atom, 34 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 that may be substituted with a hal ogen

~atom), 5 a nitro group, a carbanoyl group, an N-(Cl to |

CA al kyl) carbanoyl group, an NNN-di (d to C4
al kyl') car bamyydya@oQsBup; NHCOR9 (where R9 is a Cl to C4
al kyl group that may be 10 branched and that may be

substituted VINRRoRsihayRepn Ritoghd RIU @rchakelgemdrpendently a
and nis an integer froml to 12); (xii) -(CH)a-S-R12
hyliesgeRbZoinSof agCowp Gehtntlagtoupothdthmagr beipranched and that
consisting of: 15 (1) a hydrogen atom (2) a Cl to (4

aldgy be grubispitubed witly abiealogancitedn)and t hat  may be
substituted with a hal ogen atom (3) an aryl group,

wherei n the amyftrggoeyp,nay be substituted with at

| east one group selected fromthe group consisting of

20 a Cl to Ca ciarkgmayl @puphat may be branched and

that may be ‘subs@t ut ed vvit(t}iazé\T hal ogien atom a Cl to
C5 al koxy gr 8apNtGattorfay abyirarhamayl8f@What  may be

substituted w L g Ikopet, g an ety aroup that
oyt 9r0up RGO 06, BEAIFEY A0 KUALLTR G, that ey e
Blélgﬁlgﬁg& a(nWﬁ{aet 151%97 baemsjubstituted 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
oft

a Ci to C¢ 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 Cs 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 independently a hydrogen atom or a C: to Cy alkyl group
that may be branched and that may be substitﬁted with a halogen atom),
a nitro group, a carbamoyl group, an N-(C; to Cq alkylDcarbamoyl group,
an N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCOR? (where R? is a C:
to Ca alkyl group that may be branched and that may be substituted with

a halogen atom),
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R31 are each independently a hydrogen atomor a Cl to
4 al kyl group 35 that may be branched and that nay

. be substituted with a hal ogen. aton), a nitro group,

a carbanoyl group, an N-(Cl to C4 al kyl) car banoyl
group, an N, N-di (G to &4 al kyl)carbanoyl group, or
-NHCOR9 (where RO is a Cl1 to &4 al kyl group that may
be branched and that may be substituted with 5 a

hal ogen aton)i,cygngyﬁ:agp?roup, . NR3OR31 (where R30 and
R31 are each i hdependently a hydrogen atomor a Cl to

CA al kyl grougRbiRd! (RKepe RIapgldeRsangrel Bath jmlepe@adently a
substituted with a hal ogen aton), 10 a nitro group, a

taidpag@ry latemouP a €0 tHHE LAl &budl Kidt) saybiserbyhnghedipnd that
an N,N-di (G to C4 al kyl)carbanmoyl group, -NHCOR9

e be dedsitituseCwitle adalplglenl atgiyp t hat may be 15
branched and that nay be substituted with a hal ogen

aton), and aahaktomgerowi,om and (4) a heteroaryl group,
wherei'n the heteroaryl group may be substituted with

at | east oneagaghpmewileroud, from the group consisting

of 20 a C1 to C4 al kyl group that may be branched and

that may beasulNsCittor@datkstearbpmayarospom a ClL to

C5 al koxy group that  nay be hranched and that nmay be
substituted wnt%lﬁ'%%ﬁbg@ﬁha& 3&5‘33?#%9}’1 U t hat

T e St S L, 8 S8 LR P e
Braackad o s nds v Rl ducy Baednenbimt nd

hydr ogen atorgﬁa{logeg%tg&;m al kyl group

and n is an integer from 1 to 12);
(xii) -(CHg2)n-S-R!2 (where R!2 is a group selected from the group

consistiﬁg of: |

(1) a hydrogen atom;

(2) a C1 to Cy4 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 Ci1 to C4 alkyl group that may be branched and that may
be substituted with a halogen atom,

a C1 to Cs alkoxy groﬁp_ that may be branched and that
may be substituted Wi_th a halogen atoﬁ,

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, -NR30R3! (where R30 and

R3! are each independently a hydrogen atom or a C: to Cs alkyl group
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36 that may be branched and that nmay be substituted
Wi th a hal ogen aton), a nitro group, a carbanoyl
group, an NN(CG to C4 al kyl)carbanmoyl group, an

N, N-di (A to C4 al kyl)carbanoyl group, or - NHCOR9

(where RO is ad to 4 alkyl group that may be
branched and that nmay be substituted with 5 a hal ogen

‘atonm), a cyano group, NR30R31 (where R30 and R31 are
- eREhnd AABPSRIRBELY ad ﬂi/zgcr -ﬂ%?rb@gﬁ’ﬂéﬁf 3dStith0a Hhlogen atom),
ra and that my be

al kyl group that may be nched

QURIFFS igub @, Widalbanttail abAN-(G Ot Piin

car barmtgsy}lﬁﬁgiroup, aﬁh%lk (%é?ﬁpbta&maﬁ%y??g%r%g%s% groagl, group,
an N,N-d(C Lo 10 dMkydlickyhi®akDawpyp, &F WPCONPORRRre R? is a C;
(where RO is a C1 to &4 alkyl group that may be 15

bo &hcllksl] ghsugp bhat Wy be rdbshed uinddthdtiag hrak@gaituted with
atom, and a halogen atom and n is an integer froml
adhdl2gen @tom)) - (CH2) n- SO-R12 (where R12 is a group

sel ected fromthe group consisting of. 20 (1) a

hydr ogen at oacy@2p gro@p,to C4 al kyl group that may be
branched and t hat, y be substituted with a hal ogen

atom (3) anMR{IRYr ouberavRieandt R&! arpl egelhuimdepgndently a
ugstitut ed with at | east_one group selected fromthe

Sw LRI AL 9hg bf to Cralkybgrogpdhadi gy be bupnehed and that

na e branched, and that, may be substituted with a
Hﬁ%g%ﬁ“&?ﬁﬁ%‘t%{ E‘fa} 8 kalogeR &t9Mr oup that may be
branched and t h%\t 37 :

a nitro group,

a carbamoyl group,

an N-(Cy to C4 alkyDcarbamoyl group,

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

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

a Ci1 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 R30 and

~ R8! are each independently a hydrogen atom or a Ci to C4 alkyl group
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may be substituted wth a hal ogen atom an aryl group
that may be substituted with a halogen 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 5 R31 are each independently a
hydrogen atomor a Cl to C4 al kyl group that may be
branched and that nmay be substituted with a hal ogen

8h8fimay Belliramehed Gl tlRattARAHD¥LLSFOLRA ﬁ-@t}i\la(t@log@n atom),
C4 al kyl ) carbanoyl group; an N, N-di(Cl to

al iitkd @rohpraydardnecpsl ®oupNHEORS (Civbe R ﬁ%yll)‘i:a@bﬁlogl group,
to C4 al kyl group that may be branched and that nay

anbNi Nt dif € toi ¢ halkld)carbatogd pretpndr -HHGORS @leiie, B2 is a Cy
-NR30R31 (where R30 and R31 are each independently a

lhy oyl @ronp dhah nBiy be @4nzhkd|argt thupt miEat beraybsgtuted with
branched and that may be substituted with a hal ogen
b&l})gema‘c&m}htro group, a carbanoyl group, an N-(Cl
to C4 al kyl)carbanoyl group, an N,N-di (Cl to C4
al kyl ) car bamBydy agoci®UP- NHCORO (where RO is a Cl to (4
20_branched and t hat

al kyl group that y. b

substit ut ed v\ﬂ%ﬁ“ S‘Wg@é% Bi%oapd Biy arenspeh emcgﬁmmdenﬂy a
4 het wh th h

B ettt o%egé‘éé‘ o fie ﬂwltw%&%@ Pkt geaaghed and that

sele edfr 0 onS|st| of : 25aC1toC4
511%)5’ (E]Wr}g@i aglga]tc‘?lgﬁﬁﬁ'FQ ®and that may be

substltut ed a_hal ogen atom a Cl to C5 al koxy

group that WILEIO Brafftthed and that 38 may be

substitut ed Wéal}bﬁnfb%%gﬁﬂpat om

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

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

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

a halogen atom;

- and n is an integer from 1 to 12);

(xiii) -(CH2)a"SO-R12 (where R!2 is a group selected from the group

consisting of:

(1) a hydrogen atom;

(2) a Ci1 to C4 alkyl group that may be branched and that
may be substituted with a halogen atom;

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

a Ci to C4 alkyl group that may be branched 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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an aryl group that nay be substituted with a hal ogen
atom a Cl to C4 al kyl group that nay be branched and
that may be substituted with a hal ogen atom a cyano
group, -NR30OR31 (where R30 and 5 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 hal ogen aton), a nitro group, a

ed P BERIbsEItAYSd wAlh M h&lbold #hn@l Kyl ) car banoyl group,
an N,N-di (A to C4 al kyl) car banoyl group, or - NHCOR9

(where RI isaa Giyl gRoffi BHhd®y Imay OO ubdtitiB Beith a halogen
branched and that may be substituted with 10 a

batmgen Gt v0) Cy alkybpeogp Othat dﬂ?%%ﬂrdﬂﬂlﬂdeaﬂaotm may be
R31 are each independently a hydrogen atomor a Cl to
©dbatikyte dgwitlp athrabgenyatbm, bt ey greounsl NRR 3Gy hbee R30 and
substituted with a hal ogen aton), 15 a nitro group, a
&t mogac}gnndppemdenﬂf@l mdr@emld«bphi carddwoi Gy alkyl group
an N,N-di (G to C4 al kyl)carbanoyl group, -NHCOR9
thwk mayRbe ibraached qddshat Wy be substitatedmsithba halogen atom),
br anched and that nay _be subshtu{ ed with a hal ogen

B0 SAAND a A ATOGEH At TPUPas® N LG & Gerplly r:arbamp:fl group,

oﬁﬁ&s@?ééltézé“f %@mﬁi‘@ﬁ ;g%%asgg?ﬁﬁgc%ﬁg'(%@%@)Rsam a Ci

E%f B! BO ot niay by drareben nckEhak DRV aRbgsrited with

t an aryl group, wherein the aryl group may
%eﬁ)iﬁbgg al(tgllﬂ)éd wth at | east one group selected from

the group cogséy.ahiorhgm%):r

-NR80R31 (where R30 and R3! 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),

. a nitro group,

a carbamoyl group,

an N-(Ci to Cs alkyDcarbamoyl group,

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

"NHCOR? (where R? is a Cy 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
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 halogen atom,

a Ci to Cs; alkoxy group that may be branched and that
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a Cl to &4 alkyl group that may be branched and t hat

‘may be substituted with a halogen atom 5 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 G to C4
al kyl group that may be branched and that may be
substituted with a hal ogen atom a cyano group,

¥RBBR3ILbevitatel R3th anealb@eRIktont,e each i ndependently

a hydrogen atomor a Cl to C4 alkyl group that may be
branched andahhatylmgyotip shilistisytled swbstitatdthiwiikna halogen
aton), a nitro group, a carbanmoyl group, an NN(Cl to

@doml, ky |Qicdo oumaykylgeoomp that Mdy be(ltanched4and that may be
al kyl ) car bamoyl group, or -NHCOR9 (where RO is g Cl
sub&dtutdd/widy elalogen atay, ecyramghenp,aMiRIRSE (whpre &30 and
substituted with 15 a hal ogen atom, a cyano group
Riksomzaaqivindensmtently Rivdapgerathm sdebddentGyalkyl group

hydrogen atomor a CL to C4 al kyl group that nma e -
shahaxbasanehed apgl that mayske subsdtuhed wath aﬁtﬁgeﬁen atom),

BN SFRYP) BB 2ROy | g, A LG i S Lgatba oyl group,
S GRRE TR, 20 R SO K16 01D (ot B
S RS0 s PR P RS e i
FuReEB 88 he aroup consisting of & G fo Ch
al kyl group tar@tanraaélm@%,br anched and that nay

-NR30R3! (where R3® and R3! 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 group,

a carbamoyl group,

an N-(C: to C4 alkylcarbamoyl group,

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

-NHCOR? (where R? is a C;1 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); and

(xiv) -(CH2)a1-SO2-R!2 (where R!% is a group selected from the

group consisting of:

(1) a hydrogen atom;

(2) a C1 to Cy4 alkyl group that may be branched and that

may be substituted with a halogen atom;
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be substituted with a hal ogen atom 5 a C1 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 atom a d to C4

al kyl group that nmay be branched and that may be
substituted with a hal ogen atom a cyano group,

-NR30R31 (where R30 and 10 R31 are each independently

a hydrogen a(3mar arydl droup4 dbeyeirdr thp atylatgroay beay be
branched and that may be substituted with a hal ogen
abbsiituted with at traatpneasoapbsuiostedofrouptha@grdtyf Condisting of:
C4 al kyl) carbanoyl group, an N, Ndi(GC to C4

al kyl) car bamayC: tr Cuplkpl grdwiCORSt majebe bRAnched aBd that may
to C4 al kyl group that may be branched and that may be
basubistigttet! wiith a halogehatogen atom), a cyano group,
-NR30R31 (where R30 and R31 are each independently a

hydr ogen at ot Gt ta €1 adkoxy gapup| thptommas E&tbrﬁ%ﬁh@é and that
branched_and that . may be substituted with a hal ogen

manpe sphsituied with suprloger AtBEhoyl group, an N-(C1

k1) car bt Sro ihod MBS s §upstistCed Gsithoa dyalogon
R R
BB VL eroest Abh el el NIRRT Bubetp Reo and
gﬁﬂ%@g@ﬁ?ﬁ%ﬁ%@tﬁ IEP glvﬁ%yge4 ogcg@ T £ Wefs dp éﬁiyl 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 Ca alkyl)carbamoyl group, or -“NHCORS? (where R? is a C:

to Cs 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 independently a
hydrogen atom or a Ci to Cy4 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 alkylcarbamoyl group,

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

-NHCOR? (where R? is a C1 to Cq 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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~5and O\ .J ~J and X- is a halide anion. In a
further enbodi nent, the phase-transfer catalyst
conplexed wth an optically- active nmetal atomis a
metal conplex, or an enantiomer 10 thereof, which is
represented by: HII gLH O7NM N OO 15 (where Mis
Ni or Cu). In one enbodinent, at the tine earlier than
atinme for conpletion of the stoichionmetric reaction,

b8 fstitalte @4ithYatOleakh 8ne BRI cEteRl RERNIRA RV BBnsisting
formula (1) is 70% ee or nore. 20 The present

bftvention al so provides nmethod for stereoselectively
produci ng a conpound represented by the foll ow ng

formula (1): aRlsto B,GIRD gr@dp Rhat Mdy be HraechHed Bed that may
conprises: 42 initiating a reaction of a conpound
bepudstitused tyith rehélogenl stond,| | ) : (NcoR20 1

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 Q1 to Cs alkyl group that may be branched and that may be
sub.stituted with a halogen atom, a cyano group, -NR3'R31 (where R3° and
R31 are each independently a hydrogen atom or a C; to C4 alkyl group
that may be branched and ‘phat 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 C4 alkyl)carbamoyl group, or "NHCOR? (where R? is a Cy
to C4 alkyl group that may be branched and that may be substituted with
a halogen atom),

a cyano group,

-NR30R31 (where R3° 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 carbamoy! group,

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

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

-NHCOR? (where R® is a C; to Cs alkyl group that may be
branched and 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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RI5 5 1In (Il1) wth a conmpound represented by the
formula (I11): RI8-W(IIl) in a nediumin the
presence of an optically- active phase-transfer

catal yst and an inorganic base; and 10 quenching the
reaction at a tine t that satisfies the foll ow ng
inequality: 50 < At (%ee) x YLDt (%9 < 100 100
(where 15 At is the optical purity (% ee) of the

R peidH2Y afd esledth edgdbhdri® fokal Mdidalenk drbap delected from the
obt ai ned by quenching the reaction at atinme t from
tgreup riohsittignodf the reaction; and YLDt is the yield
(% of the conpound represented by the formula (1)
that i s(@Hplai-lethelrg musrahimgeehéramartd 81 at a time t

fromt 20 initiation of the—eaction); wherein in
t he fdrnul ) and.thefo;—mulaQ}L), R15 is an aryl
group eroaryl group that ray be substituted
with at | one: gr30@ selegtedyframthe group

consisting of: a Cl to 8 al R\)LI-/grodp that may be

" pranché®dand t hat may be 25 substituted with a
hal.oge om ,a Cl to C5 al koxy group .that may be
I an el

fid™P2t nay be substituted with a hal ogen
ﬁf’i?gnge gaggﬁ?{%ércg&?{%gi%g%tﬁ Eﬁ¥ eetﬁ%jgtq%l#g%e%;ggtaﬁ%éth cgmplexed
b hed di-t hat . bst.i t ut i th hal .
g{r %ﬁ]carg?pﬁgﬁyi%%t‘%aéﬁggk %g(a:?l o‘l.lﬁ &uﬂ%g‘[lw%pﬂ)a ; B)%a%g %glantlomer
08redt ¥ nilRYs BopRsRAELE Hy2d W th a hal ogen atom

(where M is Ni or Cu).

In one embodiment, at the time earlier than a time for completion
of the stoichiometric reaction, an optical purity of the compound
represented by the formula (I) is 70% ee or more.

The present invention also provides method for stereoseléctively:

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

S
|

R15 n

COR2C

Y

the method comprises:
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5 a cyano group, -NR30R31 (where R30 and R31 are each

‘independently a hydrogen atomor a Cl to C4 al kyl
.group that may be substituted with a hal ogen aton), a

nitro-group, 10 a carbanoyl group, an NN(ClL to C4

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

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

substi LhitRetiME L4 r8a83bR AN AP oufd dregﬁge%esﬁg }iﬁ the formula

-atom R20 is -OR19 (where R19 is a C1

atom and that may be brf@dhched @@Rfarma cyclic
group) or -NRSOR51 (whe R50 and RSl are each

i ndependently a 20 hydrdaden atom - ¢HR28R29 (where R28
is a group sel ected flRonm\ t he group feonsisting of a
hydrogen atom and an aryl group that may be (In
substituted with a C1 to C4 al kyl group that may be
subst.i Pitkea cimpownd mepresented by the BrmtwdaddlAl koxy
group that may be substituted with a halogen ato or
a hal ogen atom and R29 i &'an Ayl group that nd¥ilbe
25 substituted with a Cl to C4 al kyl group that nmay be
subst i ’clbtae‘&eaiﬂm 1 the PEgeNcs: onan pptIcally-agtisg mhape-transfer

ro that may be substituted with a hal ogen atom or
gaﬁ?gf;%’b@ﬂd% OrgATICPARY dhere R101 is a O to C8

al kyl 44 grou r a _benzyl grqup)); .in the.formyl a .
(1 and RS 65 RarPoR aath HBELE shastiiis 2bS following
.group consisting of: (i) a Cl to o alkyl
g#ef)a;ﬂp&lptﬁat may be branched or forma cyclic 5 group

and that may be SUbStMt'{%QQ)xV*{’]EBt(%)hm ogen atom

wherein the 50 < <100
100

giMdup that nmay be substituted wit hal ogen at om or
an aryl group that may bg _suhstituyed with a hal ogen

(where

Ay is the optical purity (% ee) 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; and

YLDy is the yield (%) 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);

~wherein in the formula (I) and the formula (1),

R15is an aryl group or a heteroaryl group that may be substituted
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 C; to Cs alkoxy group that may be branched and that may be

substituted with a halogen atom,
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al kyl group may be substituted wth at | east one group
selected fromthe group consisting of a ClL to C5

al koxy group that nmay be branched and that may be
substituted with a hal ogen atom 10 a cyano group,

-NR30R31 (where R30 and R31 are each independently a
hydrogen atomor a Cl to C4 al kyl group that may be
substituted with a halogen atom, a nitro group, 15 a

car bamayl agrlogpupathdd i@l be sGhstitkydd edtlbanhyloggnoatom, a Ci
an N,N-di (d to C4 al kyl)carbanoyl group, -NHCOR9 _
toiGr €1 kRO eirsup thiat twathedvaylchgd cupl thstt magyybdeubstituted with

~branched and that may be substituted with a hal ogen
at bajoge20atomalorgeCatofs alloRy gwhey ¢hRO mayabeChbranched and
C4 al kyl group that may be branched and that may be

$bat maybegubstiubedaiitlyenhalogey, atany - CO2R9 (where RO
is.a Cl to C4 alkyl group that nay be branched and

“that maycHsnNGsEREt uted with a hal ogen atom; 25 (ii)
~a Cato C15 allyl _gro or tituted allyl group that
may be “NvAREhbuhare 149 And i*??imr@ @afgu bn‘iﬁitﬁft thyogy hiydrogen

b2 gubstd phtedani L hal ogen alom pllihled W P halogen

%CHC group and that may be substituted with a
PByen at om (iv) a C to C6 al kynyl group that may
be branch r forma cyclic group and that may be
substitau]il@go%r?ﬁg‘a hal ogen atom 5 (v) an aral kyl

oroup, MEHSAoREy! T BLy of the aral i oroup
from t he RLQPto Cy alkyl)carbamoyl group, |
“an N,N-di{C; to C4 alkyl)carbamoyl group,

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

a halogen atom; _

R20 is -OR!® (where R1% is a C; 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 -NR3R5! (where R0 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 C; to Cs alkyl group that may be substituted with a
halogen atom, a C; to Cs alkoxy group that may be substituted with a
halogen atom, or a halohgen atom, and R?? is an aryl group that may be
substituted with a Ci to Cy4 alkyl group that may be substituted with a -
halogen atom, a C; to Cs alkoxy group that may be substituted with a

halogen atom, or a halogen atom) or -OR10! (where R101is a Cy to Cs alkyl
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consisting of: a Cl to C4 al kyl group that may be
branched and that nay be substituted with a hal ogen

atom 10 a Cl1 to C5 al koxy group that nmay be branched

and that may be substituted with a hal ogen atom an
aryl group that nmay be substituted with a hal ogen
atom a Cl to &4 al kyl group that may be branched and
that may be substituted with a hal ogen atom a cyano

growp or -NBERR1soupe;e R30 and R31 are each 15
i ndependently a hydrogen atomor a Cl1 to C4 al kyl

i dhp fohauladl) ded the dncheath 6i1D),t hat may be

substituted with a. halogen atom, a nitro group, a

car banmby$ igaqroppaseleeteifrom e aiduyl yomsibtimgydf: gr oup,

an N, N-di (C1 to C4_al kyl)carbanoyl %roup, or - NHCOR9 )
(wher e (& & to €io abkyl@roaipkihatymesp beteanshgdmy form a eyclic
branched_and that may be substituted with a 20 _
gavepcrnditbal, maychernbptiuped -wrtborshalogesr atqmo vehagein the
R31 are each i ndependently a hydrogen atom or Cl.to .
elkyl gyaupymsambe ﬁsabshlﬁyt%gwaﬂaﬁé Heastapme ghapp sglegied from the
substitutesg.vvitp a hal ogen atom), 25 a nitro group, a
GAPBRIBYFISFBB* an N-(Cl to C4 al kyl ) car banmoyl group,

S E G AT B s
SeBRfe SR A B 2 and 5"t he al kyl ety of
be. br ACHER PS8  m a cyol 1 6 oroup and that may be
substi t\RA6RW [ hdre M3 QIR R Qb each independently a hydrogen
atom or a Ci to Cs alkyl group 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 C4 alkyl)carbamoyl group,

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

-CO2R? (where R? is a Ci to Cq alkyl group thaf may be branched
and that may be substituted with a halogen atom);

(ii) a Cs to Cis allyl group or substituted allyl group that may be
branched or form a cyclic group and that may be substituted with a

halogen atom;
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(vi) a heteroaral kyl group having a heteroaryl noiety,

wherein the heteroaryl noiety may be substituted with

at | east one group 10 selected fromthe group -

consisting of: a Cl to C4 al kyl 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 may be substituted with a hal ogen atom 15 an

aryl g(eypa tdato ney e{meﬁyp%trbh?tﬂﬁatwaty dehBrOYUARd or form a
atom a Cl to &4 alkyl group that may ‘be branched and

thelic payup andudlsiti mdly ek yabdtitidedavUes haléBn &tdANO
group, -NR30R31 (where R30 and R31 are each

i ndepefiggnt |Ge do ¢l radkeinyRigeouprtitatCindyo bedbedhdted or form a
group that may be branched and that may be

sytlse gromednd thatanhgllegeub sitortpd withi 4 hal@@egatum; a

car banpyl group, an N-(Cl to C4 al kyl) carbanoyl group,

an N, Wag @raﬁwlcgroamkwbwm aheydryy mooipty of thelldEalsy] group
(where R9_is a Cl to C4 alkyl group that may be
Branditesubatituted wikh Be leasbtanautsrdupi s¢leatechdtamethe group
aton),. a cyano group, 25 -NR30R31 (where R30 and R31
S?%Slé{é‘@ig‘?ﬁyldependently a hydrogen atomor a Cl to C4

Z‘Lﬁél | L?E&o&ﬁ?#@%ﬁ%g&ﬁ%’%%f%% gg%%h@@?ﬁuﬁ}atamay be
, N- (Ci 4 ,

SRORIRISRd Frth B h@igmé%?iﬁ’lbami b, E‘”T’ZNHCOR%”’“"

wh i j 4

branchBd hi Thatkok, et ot FhgFthe Mtnehtd g that may be

ﬁé?%%g%dﬁ%mlh%qgé’e@ag% and the al kyl noiety of the

group®i’s ' to Cc al kyl group that
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 halogén atom, a cyano group, -NR30R31 (Where R20 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-(C; to Cs alkylcarbamoyl group, an

" N,N-di(C; to Cs alkyDcarbamoyl group, or -NHCOR? (where R? is a Ci to

Cy4 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 C4 alkyl group that may be branched and that may be
substituted with a halogen atom),

a nitro group,

a carbambyl group,

an N-(C1 to C4 alkyl)carbamoyl group,
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may be branched or forma cyclic group and that may be
substituted with 10 a hal ogen atom and (vii) a Ca to

C9 propargyl group or substituted propargyl group

that may be branched and that nay be substituted with

a halogen atom in the fornmula (111), Wis a

functional group that has a leaving ability; 15 in

the formula (1) and the forrmula (I1), n is an integer

from 1ahoNAN-d00; té C4taiRyDearBdmofl grodp,shows a new y
produced asyrmetrl c center. According to the present

I nvent FNEICOR $whessiR? eist @ @t 8o nCa alkG1r gwnty dhat may be

product without allowi ng the effect of racem zation to
beanched ementhitem agrbeas b stingetlywehSc haldgdragom) and

used. Thus, it is possible to |ess expensively

provi de Iamlogs;lrﬁbem,lm nmono- substituted al kyl at ed

compound. 25 Best Mde for Carrying Qut the_lnvention

the ailksl meeiety o8 theraralkgkaroup mh@ Br dacpe allslegnoupnthat may

will be_ defined. 48 The phrase " to C. alKky

brabrangheseopriatahe @yg}mfgxpﬁpaanémaﬁcmgﬁ’o‘a&) Sukvﬁﬁé\@% with a

i‘ an integer) includes any |inear alkyl group having
atl%gfﬁﬂé 5Bon atonms, any branched al kyl group having 3

-5‘12 SR8 e CHE e B B D D S orein

B Wyt o, B SO B, gy o
Pq%ggq'rd%lk%e p%ro%%péodlgyétiﬂg of; L0 6 car bon at ons

ude 1s0 tert-butyl, and

usopentaylc Ea< Lﬁa;w%r Ith&if f?%@f 1?69'5953 e(bad\ﬁm%ét ay be

to 6 carbon atons Pnc cyclopentyl, "and
%Qb%t’l%h%‘t?wﬂth aﬁgélbﬁgﬁ”&%ﬁl when "d to Ge alkyl

group that nmay
a Ci to C5 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, -NR39R3! (where R3° and R3! are each
indepéndently a hydrogen atom or a Ci to Cs4 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 alkylcarbamoyl group, an
N,N-di(C1 to C4 alkylcarbamoyl group, or -NHCOR?® (where R? is a Ci1 to
Cy alkyl group that may be branched and that may be substituted with a
halogen atom),

a cyano group,

-NR20R3! (where R3¢ and R3! are éach independently a hydrogen.
atom or a Ci to C4 alkyl group that may be branched and that may be

substituted with a halogen atom),
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branched or forma cyclic group and may be substituted
with a halogen atom is referred to, any |inear alKkyl
group having 1 to 12 carbon atons, any branched al kyl
group having 3 to 12 carbon atons, and any cyclic

al kyl group having 3 to 12 carbon atons are included,
and a hydrogen 15 atom at any position of these al kyl
groups nay be substituted with a hal ogen atom

Exanpl asnigto gusdp,an al kyl group include n-heptyl,

i soheptyl, n-octyl, isooctyl, n-decyl, and n- dodecyl
In l\l—(@catrba%yalgw{lp carbarmyl groups and N, N-di (G

-to &4 alkyl) car bam)yl groups, "C to ¢4 alkyl" neans

d to EANr(lﬁharo(éikMiylhfe@bam@fl grd@pC3 to C4 branched

al kyl groups.. The phrase "C2 to C, al kenyl group that

may beabr N¥tsEdCoto G@raikyﬁcayhzimosrbgmim (where n is

an int e%eré i ncl.udes any |inear al kenyl groups having

2 to n-biFGOoR%alwhere ay isr an€hedo aCkemikyl ggxmmps that may be
having 3 to n carbon atons, and any cyclic al kenyl :
braneked avidnidiat may hecsuhsitutedmeith2s hidegepl #iono), and

i near ailépnyl roups having 2 to 6 carbon atons

i ncl udé B@ﬁ)ﬂ Abpenyl, 2-propenyl, 1-butenyl,

BB o 5P US bt B 37 S0 bkgrou

3 kSB%&)&%ﬂ%ﬁgafr%%ﬁ% %XEIE? gﬁéﬁé %%% ﬁlaqcnglaly Ce! substituted with
-t hyl - 2- pr.ope 2-met hyl - 1- pr openyl ,
%@PEX ait E}oﬂﬁb‘ﬂ and 1-nethyl -2-butenyl. Exanples

-of cyc{i; abk g?§ﬂ£r%g)%%§gf gﬁ%ﬁ? gcﬁ;(ﬁ)ug%ﬁﬁ.{tkeanp%ﬁ)argyl group

i ncl ude cyclo

£t aheX BQWranagé& Qﬁﬂnﬁ{]a% dm%}erpa s%st&ﬁltgﬁ%vﬁhkaeﬂyﬂoagr%l atom;

group that nma branc Fma cyc

{@ghgefomiwét(nt[yt ed with a hal ogen atont is referred
to, any linear alkenyl groups having 2 to 12 carbon

at ons, VARY abfudi€idad] abkepthad RS 1A hAGbiltho 12
carbon atons, and any cyclic al kenyl groups haV|ng 3

{10 the faPmeds lﬁDﬂalﬂi s fevieulan(iided, and a hydrogen
atom at any position of these alkenyl groups may be
subst i huketh Wficlten fivah dgen4asath Exanpl es of
in the formula (D),

* shows a newly produced asymmetric center.

According to the present invention, it is possible to obtain a
reaction product without allowing the effect of racemization to oecur,
even when an aldimine-type Schiff base is used. Thus, it is possible to

less expensively provide an asymmetrical mono-substituted alkylated

compound.

Best Mode for Carrying Out the Invention

Hereinafter, the terms used in the present invention will be

defined.
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such an al kenyl group include 1-heptenyl, 2-heptenyl,
1-octenyl, 1-decenyl, and 1l-dodecenyl. The phrase "C2
to On al kynyl group that may be branched or form 15 a
cyclic group” (where n is an integer) includes any

"~ linear al kynyl groups having 2 to n carbon atons, any

branched al kynyl groups having 3 to n carbon atons,

and any cyclic alkynyl groups having 3 to n carbon

at ons. Th%x}taHmS%S“@)f td meﬂ ﬁ@'g‘%ﬂﬁ'tlﬂ%@ﬁ@ﬁ Healyiageh2dt or form a
6 carbon atons include ynyl, 1-propynyl,

2yeliepioylp” Gwibsiley Ay ks aZt tinte/gtw) inklwdes myl linead &kyl group
1- hexynyl . Exanpl es-of branched al kynyl groups havi ng
having taoboncarbbanatime) udy bramtind -a2kpl guyaylbaving 3 to n
Exanpl es of cyclic al kynyl groups having 3 to 6

carbaom stborss amt lange cyylie caﬂkyb)gjrenpymmgaacto n carbon atoms.
cycl obutyl ethynyl. Furthernore, when "C2 to Cl2
HiamplesgobUpedmalkykgroepsrhaimed loto fercarhosyaiomes include
group and may be substituted with a 25 halogen at ont
insethsfleathsl.t o;premyl mnbatylamgaﬁwylgrm@sn ﬂ+g Exganples of

béallgaé o@&ﬂ&agws %?gcr%/h%gygl g%r gmkgtrsf?nggs ncgiv' 09 Soropyl,
e S AL S Sl

ggn UbSté/t ul Iﬁﬁrglla %hgcé'?:ﬁm% argfo qtyl and
é’W% éhou%nﬂrﬁ%?gﬁg%c’%n ranlgﬁ g‘? ?Seal 1%‘30&? that may be

ﬁé&gﬁ@ di o %Scﬂlﬁoé%(mﬂ% LS Hﬂﬁy b?%tﬁ@ﬁtg\\:&f@h‘ch a halogen

groups avin ons. an kox

HiBHPSishRb AR d kf{ Hﬁ@ fj a@k#ﬂ)’F B4R$n QVﬂonQZ %af:@oﬁ‘ atoms,
a nc

carbon atons. es t er eo ude net hyl oxy,
ehhy 'b?éifieh&i @1‘19%2 %PéﬁYp Héﬁﬂﬁ"gOQYtJoolﬁ,ca@BQn atoms, and any cyclic
tert but yl oxy amples of "Taral kyl group” in the

ZF Hrotp VIeNingN3 1tCl 2darbadl DMy lare iheneldiy| andndhydrogen
napht hyl met hyl . Exanpl es of "heteroaral kyl group"” in-
tdienpr@seny poweohi ehthéschlidel gysupky lImey yd substituted with a

‘indolyl methyl, furylnmethyl, thienylnethyl, and

halogen atom. Examples of such an alkyl group include n-heptyl,
isoheptyl, n-octyl, isooctyl, n-decyl, and n-dodecyl.

In N-(C1 to Cs alkyl) carbamoyl groups and N,N-di(C; to C4 alkyl)
carbamoyl groups, “Ci to C4 alkyl” means Cy to C4 linear alkyl groups or
Cs to C4 branched alkyl groups.

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

2-pentenyl, 3-pentenyl, 4-pentenyl, and 1-hexenyl. Examples of
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pyrrolyl methyl. Exanples of "aryl group" in the
present invention include phenyl, 15 naphthyl,
anthryl and phenant hryl. Exanpl es of "heteroaryl
group” in the present invention include pyridyl,
pyrrolyl, imdazolyl, furyl, indolyl,
benzot hi ophen-2-yl, thienyl, oxazolyl, thiazolyl,

'3, 4- nethylenedloxyphenyl 3, 4- ethylened|oxyphenyl and

behhdrd ¥llkerdQ g‘iﬂ&@.ﬁ’f@'ﬁmﬁ% 3 baleogaboat oind thdlhae 1sopropenyl
present invention include a chlorine atom a brom ne

at@ethylrlipedpegyRt om landthyl-Rynipeayht om 2-methik1-propenyl,
present invention, the term "halide anion" refers to
Ranedeyi-2@repanyl, exadpliesicthel-Bdfutengl.ude Exarhplesi def cyclic
ion, a bromde ion, an iodide ion and a fluoride ion.
aAfkdnylt proppes@nvingyv&nttbord, ddrbophmasms” BchuleCreyclobutenyl,
allyl group or substituted allyl group that may be
byclophetengrl, hodnexclelexdnylgr dup'thetmhee.ewhens Gmto Ciz alkenyl
i nt eger%ﬁrefers to_ allyl groups or any substltut ed

groyp tlat gnewpdendranghed sopsfarmyent CxglicitSyond tartfia may be
and/or 2 and/or 3 and having 4 to rbon atorIs
subatitutedd wWisk axhargen iatemidas B’F}iegn p, any near alkenyl

green Bavin ook b AfaRE, a3 rgneht é dfig frout’s having
3 BRcHBperaRoriomey 88, Royhcidls pThERE) PobogtindRg, p o 12
R R S %ﬁﬁs?wg%' R gl G yof these
B frohodiul b SRt ot %@%ngﬁ‘ﬁ L e o
e | UBT bl ATl by, Sepbag s,
l1eay, nﬁlrgﬂﬂq d§&l,g)c<etrfyqt e in a substitution reaction or

an e nation reaction, that is, a |eaving group,
and f 0@1@@1&!@&@ “CNEd QHQﬁk?nS}PIg@@@@ thhPMhay@he Wranched 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, 2-propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 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 cyélopropylethynyl, and.

cyclobutylethynyl. Furthermore, when “Cz to Ciz alkynyl group that
may be branched or form a cyclic 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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sul fonyl oxy group. 15 In the present specification,
the term"group (Q" is used to sinplify the
description, for convenience, and is referred to the
group consisting of: a Cl to C4 al kyl group that my
be branched and that may be substituted with a

hal ogen atom 20 a Cl1 to C5 al koxy group that may be
branched and that may be substituted with a hal ogen

aldma ARdAsgn OB athahy BsIHBNRSHD SR bEE W1t Elé@ups may be

hal ogen atom a Cl to- al kyl group that nmay

snbstitetedndth hathdleyehaatdubst Bkbhfifledofhsuch Bal 808yl group’
atom a cyano group, -NR30R31 (where R30 and R31 are

enclude5l -hedépeyk] dnodtynglhy-dieegeasl, aindn dodacfiyt.o C4
al kyl group that may be branched and that may be

subst i tliteephmseh”Gy balthgalkoxyomoupathitt may lge bupncleed” (where

car banoyl group, an N-(Cl to C4 al kyl)carbanoyl group,
anis 32 tRgdr) oicludesmlibky | grompsanoyingganydinear alkyl groups
-NHCOR9 (where RO is a G to C4 alkyl group that rra});
bevBRarcien canbon rhemreandalksetys sroupsshavinghany branched alkyl
hal ogen aton), a cyano group, 5 -NR3OR31 (where R30

pab e

ShOUPB PAXINE S0 CR adems) y Examplesddereet inplude methyloxy,
to C4 al kyl .group that_  may be brapched and that ma

gthY@%s?mr&%éf@%% ﬂ%p&'oﬁé{i%‘@% Angditery busyleryr o gr oup, Zt

crono Bkarp RERpf Errfflett, b )it R ipRonF daehtion include

RS T BePh b B 2L S 12 ™

~ hal OgeEx%tn?ﬂ)es %@d“ﬁeﬂ%@lﬁﬂﬁﬂyf‘t Hdup” in the present invention

' include pyridylmethyl, indolylmethyl, furylmethyl, thienylmethyl, and

pyrrolylmethyl.

Examples of “aryl group” in the present invention include phenyl,
naphthyl, anthryl and phenanthryl.

Examples of “heteroaryl group” in the present invention include
pyridyl, pyrrolyl, imidazolyl, furyl, indolyl, benzothiophen-2-yl, thienyl,
qxazolyl, thiazolyl, 8,4-methylenedioxyphenyl, 3,4'ethylenedioxyphenyl
and tetrazolyl.

Examples of “halogen atom” in the present invention include a
chlorine atom, a bromine 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 chloride ion, a2 bromide ion, an iodide ion and
a fluoride ion. |

In the present invention, the phrase “Cs to Ca allyl group or
substituted alIyl group that may be branched or form a cyclic group”

(where n is an integer) refers to allyl groups or any substituted allyl
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15 Hereinafter, the present invention wll be

descri bed nore specifically. The present invention
provi des a nethod for producing an asymmetrica

nono- substituted al kyl ated conpound. An exanple of the
asymetrical nono-substituted al kylated 20 conpound
that can be produced with the present invention is
represented by the following forrmula (I) below Rls

Nro@fRhavibe RlsubstWue nth)eat fRE3tibs IRAnd/or 2 AhdWdr 9and having
het eroaryl group that nmay be substituted 53 with at

Hedst nonartymouptosed caf ¢dtdly cmd ergegamplendnshided 2fbutenyl,
a Cl to Cs alkyl group that may be branched and that

fegy depersenyimethel and B-metigtldybatetyln a CL to C5

al koxy_group that may be branched and that may be 5

subst i {ntthe miesend ihuewntion, shomhrase 4CyItogCoppopduyl group or
may bhe substituted with a hal ogen atom a O to Cs .
a}lﬁﬂlt@iieéh;vrpnargﬂa;gr@@pbthm:hpanaha branched) bwhere n is an
substifuted wth 'a halogen atom or a Cl to_ C5 al koxy
g‘?'&f’@ﬁri KeterfdP BECDATENE ZQUAR®T amutsubsfitpsed propargyl groups

BRSO P0G FORHOR oA ER 3 (Rip BAdurE fytcan carbon
BB SRS b L, ¢ B TAS s
gafr%gwgrlsﬂw-lﬁ%roai{‘yr{\}'ﬁ Cl to &4 al kyl)carbanmoyl group;

In the.present invention, the term “functional group having a
leaving ability” means an atom or an étom 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 present specification, the term “group (Q)” is used to
simplify the description, for convenience, and is referred to the group
consisting of:

a C1 to C4 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 arjrl group that may be éubstitut@d with a halogen atom, a C;
to Cs alkyl group that may be branched and that may be substituted with
a halogen atom, a eyano group, -NR30R31 (where R30 and R31 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 Cs alkyDcarbamoyl group, an
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group consi sting

an N,N-di (d to C4 al kyl)carbanoyl group; -NHCOR9
(where RO is a Cl to C4 al kyl group that may be
branched and that nmay be substituted with a hal ogen
atonm); and 20 a hal ogen atom R20 is.-OR19 (where R19
is aCl to C8 alkyl group that nmay be substituted
with a hal ogen atomor an aryl group that may be
substituted with a hal ogen atom and that may be

DY, Bndi(€Y tor Cf ailkyBeahughdl FAU)orNHIREPRS Iwhwhe R is a C; to

R50 and R51 are each independently a 25 hydrogen atom
CCHRRSR290Gmihne ni2P bieshranghed s tket athy bemubieituted with a
roup consisting of a hydrogen atom and an aryl
galngﬁnhmmhay be substituted with a O to C4 al kyl

group that may be substituted with a 54 hal ogen atom

a Cl tea cgang gwp,group that nmay be substituted with a

hal ogen _at o Elnd a hal ogen._atom and R29 is an aryl

gr oup tNBF”E%Iy waeres B anduRét ang teach Qidepen@endlykgl hydrogen
group thaé may be substituted with a hal ogen atom a
giomaoia Gr kex(s kb srene thay maysha dranghed and phat may be

hal ogen at om, or. hal ogen, aton) or -OR101 (where R10'
?@%qﬁlte%ow@ %Ih@ﬂ?gelbﬁ Jor a benzyl group)): RI8 is
a group selected fromthe group consisting of. (i) a

~Cl to 8" &Yi"Byroup that may be branched or form a

cyclic [ apd that may be substituted with a
hal ogeft C%F@ﬁ?‘_"ﬂ&?%?ﬂ’the 10 al kyl group may be |
subst |-gﬂtﬁqd/ﬁt%tb%%m)g)e\%&b%gl%grggﬁﬁgseI ected fromthe

Xy group that nmay

be braaﬁfreﬁm(’cf{@mm%lggﬂb%gﬁ@n%% dwtha

hal ogen atom a cyano gr 1 (where R30

and R3INHGORAC(whederpngeny | ¥ .

Cl to &4 al kyl tg;;agoup tha?gn%ywﬁ)zﬁ;u(g‘[sﬁqtﬁg% e%to\%ﬂ %539 may be
bPdedRid aA8AMat 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 is
represented by the following formula (I) below:

| R18
N/J\CORZO'
R15 0 D).

Here,

R151s an aryl group or a heteroaryl group that may be substituted
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a nitro group, a carbanmoyl group, 20 an N-(C to C4

al kyl ) carbanoyl group, an NNN-di (A to 4 :
al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to C4
al kyl group that may be branched and that may be
substituted with a hal ogen aton), a hal ogen atom 25
-COR9 (where RO is ad to ™ alkyl group that may be

‘branched and that may be substituted with a hal ogen

atish)at Radt 0HRBup et @eRYrd® thelrdud Edhdbiink & oup
that may be branched 55 and that nmay be substituted

with aa 63l g€l atko) grouip Yhat @ay beChyanbhyd idwhadrmay be
substituted allyl group that may be branched or form

 aubptitirtedymatip adnaloghatatom; be substituted with a
‘hal ogen atom 5élll) a C to Cs al kenyl group that

may be abfanioh€d alkokprgroap thatl imaygbe Upraarchietihand rthyt may be
be_ substituted with a hal ogen atom (iv) a C2 to C6
sueghifitest suiph @hhalogay asenbr anched or forma cyclic

group and that may be substituted with a hal ogen atom

(v) an ady arXyBro3HbiRat mest be rﬁ‘ﬂﬁéltar*»%ﬂi wibhat habfgemhatom, a Cq

§r ol s 57 B b e S i
h I CI | ky.
mkﬁi Oy B t@ Cx gll'fﬂslafasmﬁ &hggoﬁaya% brRgphed and
%g*?%%f? BB Bh Bt ol g ADRERRRY I ot ety

vvherel ({E teroaryl noi ety may be substituted
W th at ?eas on ‘group selected fromthe group (Q,

and t he}ﬁi‘%ﬁhl @ el Fb %ﬁ%@gncﬂ%%acg{ %ff!' I%neﬁ.lde%t a tﬁydrogen

al kyl group t at may

g{tgﬁoogn@ Cithat, @kyp%ﬁﬂﬁsﬂﬂattuﬁa%? B tsﬁb@tltﬂﬁ{é?ﬂ%th a halogen
atom);

a .nitro group;

a carbamoyl group;

an N-(C; to C4 alkyDcarbamoyl group;

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

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

- a halogen atom; |

R20 is -OR!® (where R1% is a C; 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 -NR5R5! (where R50 and R5! are each independently a
hydrogen atom, -CHR28R20 (where R28 is a group selected from the group
consisting of a hydrogen atom, and an aryl group that may be

substituted with a C; to C4 alkyl group that may be substituted with a
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“(vii) a C3 to C9 propargyl group or substituted

propargyl group 20 that may be branched and that may

be substituted with a hal ogen atom n is an integer

from1l to 4; and * shows a newWy produced asymetric

center. In the present invention, first, the conpound

of the fornmula (Il) and the conpound of the formula

(I'11) are allowed to react in the 25 presence of an
hpligal byewmctd (8 ph@sealkioafsgerurc 8hat ysiy drdswbstituted with a
i norgani c base (hereinafter, this my be referred to
halddem atduy| anidomn hplegas sjomThadcBApuand aofl theup that may be
formula (I1) that is used in the present 56 invention

Bubsfitutedi withe at CpeoSChislkybgseuprthdémugpthieveubsténget with a

reg)resented by the following formula (Il): (NcOR2 1
gsaforn, 18) C1 teefo, alkosy ®20ip dhat may é)etﬂd)@amedswﬂh a
defined for the above-described formula

belagen atnmpoona hilogee atemhara QRIY (where &Qz’luge@ Glrto Gs alkyl

‘the 10 present inv nt| on i nclude benzal dehyde Schi ff

BEQEP 8 agP§RIFSTEOUR ester p- ani sal dehyde Schi f f
base ohégé%c:l ne et h?( - chl or obenzal. dehéw

Sohi 11 FRaa goypyselertedtiyn the romeridr doRy
Sl ol ﬁzaﬁfodgr@ah&@&ﬁ%tﬂi“t t” B Jipnehed o ogmy o cvelic
BFOSH uf] RaV RS RE SR GE Retthud iioRrp R Giherein the
I Aol ly 66 b Bbsritdrdb i BEIEACGNY Bl Bl iR Fom the

_gfm{,fcgﬁgﬁgilfgogl ycine tert-butyl ester,

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

a cyano group,

-NR30R?1 (where R3° and RS3! are each independently a hydrogen
a_fom or a C; to Cs alkyl group that may be substituted with a halogen
atom),

‘ a nitro group,
a carbémoyl group,

an N-(C1 to Cy4 alkyl)carbamoyl group,

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

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

" a halogen atom,

-COR? (where R? is a Ci to Cs alkyl group that may be branched
and that may be substituted rWith a halogen atom), and

-CO2R? (where R? is a C; to Cy alkyl group that may be branched
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t er epht hal al dehyde Schi ff base of glycine ethyl ester,
and benzal dehyde Schiff base of gl ycine

di phenyl et hyl am de. 20 The conpound of the fornul a
(I'l') that is used in the present invention can, for
exanpl e, be produced by reacting a benzal dehyde

derivative with glycine ester hydrochloride in the

presence of triethylam ne (see P. Bey and J. P.

Sedethat mhay trhadinituseltwithld hajogdiPaddtdR- 1458) . 25
The conpound of the formula (III) that is used in the

presentii) artetd iGap allylageemper Rdbitiaatdiasllfl Lesw) Blat may be

roup, and is represented by the follow ng tornula

ranghed driRASWL Idyk)icHeraup Rirsd ithat h@agabe adhdahitd@dwith a
for the above-described formula (1), and Wis a
hategemoatimyroup that has a leaving ability. Exanples

of the, conpound of the formula (I11) that is used in
the 5lpy esdm t¢ fvenikenyl groupethednmdy beobtatmhed or form a
p- met hyl benzyl brom de, p-fluorobenzyl brom de,

Y PHOEHHR ﬁpﬁ ﬁnﬁmb@lﬁlbai:mﬁadwltbra;hah:@en atom;

|odoet{1}ﬂ Cally m de, methallyl brom de
2-i odoBENA C2ptbif Gdé vyl 8&@%@5&1‘: Wnbaebraem&led or form a

BruSCerr bna thakiagy be ¥ tﬁq'@?'@'gwh i helngenygtom:

iy LIPS PG L L o

t ha C

PR L )
t .

L AR 00 BRI ] 98,85 D5t

Bl ke owAntRed BS oy f8h 2 egﬂ&hé F&&ﬁ hﬁdeefﬁa'{%gf» bJe ﬁmiﬁ%d with

i ncl ude phase-transfer cata ysts Co exe
aMdlegéh vtomet i ve netal atons, and optically- act ive
quaternary anmoni um salts. Further exanples include

opti ca{viya hetércarahagegtsan HH/ingah al'lé‘t%‘i@aﬂﬁvh:{b@e@f wherein
bi phenyl backbone and/ or bi napht hyl backbone,

tonpietedsadsiomoiety may be substituted with at least one group

“selected from the group (Q), and the alkyl moiety of the aralkyl group is

a C1 to Cg alkyl group that may be branched or form a cyclic group and
that may be substituted with a halogen atom; and |

(vii) a Cs to Cy propargyl group or substituted propargyl group
that may be branched and that may be substituted with a halogen atom;

nisan integer from 1 to 4; and

* shows a newly produced asymmetric center.

In the present invention, first, the compound 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 inorganic
base (hereinafter, this may be referred to as the alkylation process).

The compound of the formula (I) that is used in the present
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as optically-active cinchona al kal oi d quaternary
anmmoni um salts. One 20 exanple of optically- active
phase-transfer catal ysts that can be used in the
present invention includes a phase-transfer catal yst
conpl exed with optically-active netal atom and an
enantioner thereof, which is represented by: 25
Hn-~,,. H NN CO O (where Mis Cu or Ni). 58 The

 aboyetidasdki had phésgidd-8sd eBchatalbysts &Onﬂéﬁ)érﬁgwe ethereof

wth optically- active netal atons are known

mephomntéd byprtedftiovingt femahs@nar e known (Maruoka,
K. and Ooi, T., Chem cal Reviews, 2003, vol. 103,

p.3013). 5 Alternative y, anot hex exanpl e of an
optically- active ph QH]%@ catal yst that can be
used in the present i entlo optically-active
ci nchona al kal oi d quat grnary amoni um salt, and

enanti omer ther eof ich is represented by: HHH 10
N8 cHC eN "A.. H\ nm.. HHOH/ CF3 H
NN\l N HH15 HN8a Ncr VH (r) @Dor

Here, R15, R20, énd n are the same as defined for the
above-described formula (I).

Exan:iples of the compound of the formula (II) that is used in the
present invention include benzaldehyde Schiff base of glycine ethyl ester,
p-anisaldehyde Schiff base of glycine ethyl ester, p-chlorobenzaldehyde
Schiff -base of glycine ethyl ester, benzaldehyde Schiff base of glycine
tert-butyl ester, p-chlorobenzaldehyde Schiff base of glycine tert-butyl |
ester, 2-methylbenzaldehyde 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 ester,
terephthalaldehyde Schiff base of glycine ethyl ester, and benzaldehyde
Schiff base of glycine diphenylmethylamide.

The compound of the formula (I) 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 (ITI) that is used in the present

invention is a compound that has a leaving group, and is represented by

the following formula (III):
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PhCHZO . .HHO,,... HHHOH/ I HNN H20 OHC O N
OHN (where R'" is a hydrogen atom a Cl to 4 al kyl
group that may be 25 branched, a Cl to C5 al koxy
group that may be branched, or. a halogen  aton), 59 0

"ge N\ HIN. H\ 3Br / HN(r) 5HH NON HH 27

H 10 ROOR H (where Ris a hydrogen atomor an allyl
group, and Zis O or Brl:)z“ISeH 2C HN / le 15 H

~ \ ~/ N —W (11D

Here, R18 is the Same as defined for the above-described formula
(I), and W is a functional group that has a leaving ability.

Examples of the compound of the formula (IIT) that is used in the
present invention include benzyl bromide, p-methylbenzyl bromide,
p-fluorcbenzyl bromidé, 1-bromomethyl naphthalene, cinnamyl bromide,

lodoethane, allyl bromide, methallyl bromide, 2-iodobenzyl bromide,

- 3-iodobenzyl bromide, and p-iodobenzyl bromide.

The optically-active phase-transfer catalyst that is qsed in the
present invention encompasses asymmetrical catalysts that can usefully
function as a phase-transfer catalyst for producing an optically-active
a-amino acid or derivative thereof. There are no particular limitations
regarding such compounds, so long as they are optically-active
phase-transfer catalysts that are known in the art, and specific examples
thereof include phase-transfer catalysts complexed with optically-active
nietal atoms, and optically-active quaternary ammonium salts. Further
examples include optically-active phase-transfer catalysts having a
biphenyl backbone and/or binaphthyl backbohe, 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:

H[IIllln H
—N\ ’,N—
M
o ©

(where M is Cu or Ni).
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NHOHMONI \/ \' N H20 HBre H HN /Il e 1|~ Br

HO/ I HNI \ \N/ 25 or The above-described
optically-active cinchona al kal oid quaternary

amoni um salts are known, and the nethods for

produci ng 60 them al so are known (Maruoka, K. and Qoi,

T., Chem cal Reviews, 2003, vol. 103, p.3013).

Al ternatively, yet another exanple of an optically-

act i veThehasever dewidredc giled sestramizér ozatabestss edmpbexed with
the present invention is an 5 optically-active

- quticeHyzactivarmoetial mtsaist arakhosnanaindndre tesheds for producing

V\hlchlsrepresentf(s Meo, O N C NXN 10 OHH
@em ®sovitrer kngwing Mamﬂh@yl K. gndu@obrT.a GheimingdiReviews, 2003,

vol I?(ﬁB p. 301% Meo-Ph .

Alternatively, another example of an optically-active
phase-transfer catalyst that can be used in the present invention is an
optically-active cinchdna alkaloid quaternary ammonium salt, and

enantiomer thereof, which is represented by:

(where R” is a hydrogen atom, a Ci to Cs alkyl group that may be
branched, a Ci1 to Cs alkoxy group that may be branched, or a halogen

atom),
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Me ~ ~p_MeO-Ph 15t Bu ~p-MeO-Ph ~N ~N~ 21 "° 2Bre O
me p-MeO-Ph , M -p-Me-Ph O" Me-p_Me-Ph 20 4
CF3PhCH20O OCH2Ph-4 CF3 t-Bu /-p-Me-Ph Bre O"" _N(r)
210 OCH2Ph-4-CF3 / \ 4-CF3PhCH20 + Me \-p-Me-Ph , or
The above optically- active quaternary amoni um salts
are known, and the nethods for producing them al so
are known (Maruoka, K. 25 and Qoi, T., Chemi cal

Revi ews, 2003, vol. 103, p.3013). 4 e?watively, yet
anot her exa e @f an optically- &

phase-transfer jcat al yst that can bg
present i nventf

R21

The above-described optically-active cinchona  alkaloid

quaternary ammonium salts are known, and the methods for producing
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Xo\'\'\''\ Rz1 NO 10 or R25 R26 RR1 Rza Rzz /| N X

a 15 R27 R24 Rzs' \ R22 R25' Here, R21 and R22 are

each i ndependently a group selected fromthe group 20
consisting of. (i) a hydrogen atom (ii) NR3R31 (where

R30 and R31 are each independently a hydrogen atom or

a Cl to 4 alkyl group that may be branched and that

may be substituted with a halogen atom; 25 (iii) a
thamoalgo aup; kndwu) Manidkag Kr aud;Odiv)T. 2 irpyeabPeviews, 20083,
group; 62 (vi) an N-(Cl to C4 al kyl)carbanoyl " group;

Vol iD03ap.30M8)di (G to C4 al'kyl)carbanoyl group; (viii)
-NHCOR9 (where RO is a G to C4 al kyl group that may

be brAleneatizely.t et napoteersubsaimple ecbfi ah aoptically-active
hﬁl-ogen atom; 5 (ix) a halogen atom (x) a @ to C6

BhRY$ tErafpr osdelyishythes anmbenespdin ftherpreseyt lingention is an

grougl and fhat may be substituted wiith a hal ogen ato
ptically-active quaternary ammonium salt, and enantiomer thereof,

~which is represented by:

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

p-MeO-Ph
-\N‘é
¥p-MeO-Ph
5]
) . @N \N
e -Wiet- : |

&

& =)
O\J 2Br
>

4-CF3PhCH,0 ol WOCHPh-4-CF5
. Br®
4-CF3PhCH,0™ OCHzPh-4-CFy

The above optically-active gquaternary ammonium salts are
known, an_d the -fn_ethods for producing them also are known (Maruocka, K.
and Ooi, T., Chemical Reviews, 2003, vol. 103, p.30183).

Alternatively, yet another example of an optically-active

phase-transfer catalyst that can be used in the present invention is an

61



10

15

20

25

“the aI koxy group i

(xi) a C2 to C6 alkenyl group that may be branched or
forma «cyclic group and that may be substituted wth
a hal ogen atom 10 (xii) a C2-to C6 al kynyl group that

- may be branched or forma cyclic group and that may
be substituted wth a hal ogen atom (xiii) an aral kyl

group, wherein the aryl noiety of the aralkyl group

may be substituted with at | east one group sel ected

bpurallisagiveuguatednary Sasfoo wivan heel & heaisd leybipdremyp backbone

haV| a heteroaryl noiety, wherein the heteroaryl
X&Jmphttbybbbskbmﬂ repreisehted byeast one group

seI ected fromthe group (Q; (xv) an aryl group,

- wherein the aryl group may be substituted with at

| eas oT71511 | from the gLoL
sul i )p-O
at p ¢ ;1g[0 are taken i
het er oar ereln t he heteroaryl
subs one gr Q&P g

- grd On-R (
2, " kyl 25 group

branched and that may be se@bstituted with a hal ogen
Z and R26' are eachy.independently
he 63 gfowg Copfsisting of. (i)

a hal ogé i) dzan al kyl
e al kyl group I al k 5
tituted with gl hal ggen at

B\ Joup, whergin
G to G5 %l koxy &oup t hat ‘may

S a
‘be substituted with a hal ogen atom and/or an aryl
R25
RZB R21
23
R O @/R o
X

27" N_
R AN

R#
RZS' R22
R25'

Here,

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

conmstmg of:

(i) a hydrogen atom;

(i1) -NR2R3! (where R30 and R3! 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);

(iii) a cyano group;

(1v) a nitro group;

(v) a carbamoy! group;
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group, and/or that may be branched or forma cyclic
group; 10 R27 and R27' are each independently a group
selected fromthe group consisting of. (0 a hal ogen
atom (ii) an alkyl 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, 15 and/or that may

be branched or forma cycslc group; and (iii) an
al koxy(g} sagN-(fhdpdinaliad)carkesmoydimapri s a O to C5

al koxy, gr.oup y be subs uted with a_ hal ogen
at om af@Pan &{xl\gﬁﬁpl t9roupl deSﬁﬂT@ﬁmqutgr ABY’ be

FLE‘fQEQ&&eﬁt P{ﬁéﬂ%@%ﬁ"" r:”ér@bt@@u%lk Saggoup fhat may be
Brndidi sk atedh ek B2 st WA R BapeBn APREnca”

or for l.ic roup and that nmay be substltut ed
Wit h afnﬁ?p%agﬂggxggﬁ?mcl i) a C2 to Cu al kenyl group

T80 R P UGN PAROR R e o

) Gndl ﬂﬁé@%ag %%%Hé%ﬁtutgg%gﬁgé’h?%g@aﬁ forma

1 C group and that may

nal 00e@ipt0W, {d \Os ATkl %ﬂétﬁb‘&ha‘ﬁhih?f' Be tlﬁ%n%'h)éli or form a

group may be substitute wth at |east one group

v\ﬁélf&éﬁﬂlﬁ aAMthAe sP bR (Bstithitdd vibRLERAREL Soamsp,
erein the heteroaryl group nay be substltut ed with

at | ea§idiiloneCgouds sekeaykerbupmidtenaiyobp Kxdnched dr form a
-(CH2) nOOONR1IOR11 (where R10 and R' are each 5

epelépgraign ahd thag meap beedulntBatéd evith hehgiogep atom;
consi stin (1) a hydrogen atom (2) a Cl to 4

~al kyl Grini pam I’sadallnsalygbeulb,r avtmreih ahe afylt moiayy bd the aralkyl
‘'substituted with a hal ogen atom (3) a C2 to C6

grdaemyhay be umbstisttethwitte ab leasthenk grovdmeetected from the group
Q)

(xiv) a heteroaralkyl group having a heteroaryl moiety, wherein

the heteroaryl moiety may be substituted with at least one group

selected from the grbup Q:

(xv) an aryl group, wherein the aryl group may be substituted
w1th at least one group selected from the group (Q) or may be substituted
with -O-(CHg)p-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)s"R (where n is 0, 1, or 2, and R is a C; to Cs alkyl
group that may be branched and that may be substituted with a halogen
atom);

R?5, R?%, R%, and R? are each independently a group selected from the
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10 a cyclic group and that may be substituted with a
hal ogen atom  (4) a C2 to C6 al kynyl group that may be
branched or  form a:cyclic group and that may be.
substituted with a hal ogen atom (5) an aral kyl group,
wherein the aryl noiety of the  aralkyl group may be
substituted with at |east one group selected from 15
the group (Q; (6) a heteroaral kyl group having a
Bedws eanyistifg ¢y, Wwherein the heteroaryl noiety nay
be substituted wth at |east one group selected from
the grGhp Kydroger)atamsaryl group, wherein the aryl
group may be 20 substituted with at |east one group
sel ect &) 4 hadogdreatpoip (Q; and (8) a heteroaryl
group, wherein the heteroaryl group may be

subst i (1ur)anwlkhl groupasthesein gheiglkybigeoupdsta di tads alkyl

'groupE and nis an integer from1 to 12); (vii)

copm) thohRIDRe sphisbitutel witha Ralpsanatenr andfy an aryl group,
i ndependent 'y a group selected fromthe group
asAkirsthatgnay Yelhranched: exyform adwcl IGZ)mapcgntio c4

al kyl up t t may be branched 65 may be
subst i ?18? %ﬁx& AWy el ?‘élr%lrﬁ tﬁ ];ﬁ‘-?xé{r grogp olﬁpa C:1 to Cs

:ﬁgi’ie' Brsiste el E%?Bﬁa'ﬁmﬁﬁd% i Q'Z? 5%‘%} SR Mdipr gn aryl
SEOEE oYy %a%%ﬂvﬁ@@[befa@gﬁliﬂgo"ﬁ?oglﬁﬂgﬁ PR T om

/i |eg:; uf?zo_% ,\%M@)% %fr{){lgn%élgtcgerdé@om the group

tly a group sel ected fromthe group

.conggs?ll ng of. (1) a hydrogen atom 10 (2) a Cl to 4

al kyI 6 QURatoBah 4R¥n; :be branched and t hat

(ii) an alkyl group, wherein the alkyl group 1is a C1 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, wherein the alkoxy group is a Ci to Cs
alkoxy group that may be substituted with a halogen atom and/or an aryl
group, and/or that may bé branched or form a cyclic group:

R23 and R2¢ are each independently a monovalent organic group,
prefex;ably a group selected from the group consistirig of*

(i) a C1 to Cso alkyl group that may be branched or form a cyelic
group and that may be substituted with a halogen atom;

(i1) a Cz to Ciz alkenyl group that may be branched or form a

- ¢yclic group and that may be substituted with a halogen atom;

(iii) a Ca to Ciz alkynyl group that may be branched or form a
eyclic group and that may be substituted with a halogen atom;

(iv) an aryl group, wherein the aryl group may be substituted
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may be substituted with a hal ogen atom (3) an aryl
group, wherein the "aryl group nay be substituted
with at | east one group selected fromthe group (Q;
and (4) a heteroaryl group, wherein the heteroaryl.
group may 15 be substituted with at | east one group
sel ected fromthe group (Q; and n is an integer from
1to 12); (ix) -(CH2)nNR12R13 (where R12 and R13 are

Gk IR Bl gt Bt RERREub (B "0, %10 s

al kyl Gﬂoﬁphéf@%aw a%tigagr a@ﬁ@féin?g?etﬂ@ﬂero %S%up may '.be

substituted wth a h atom an aryl -gr

WiedteiuteARRItAr ¥ 10 ¥Re ugesdé&laatfrw% g&%%e%;) .

| east one group selected fromthe group

het er o)y | -0CBUR,0 GOATRINR L he(Wied @' OFIY! FHEUPRIAY 4120 each
be substituted wth at | east one group selected from
idepgndentlyQ grang selé@edfromt ¥#@esrduipOBikitngdf: (X)
-(CH2)nY-OR12 (where Yis a O to C4 divalent

saturated 6@)mybydoagdmwatagnbup that may be branched,

and R12 is a group selected fromthe group consisting

of . (1) a hyd@ ceyéh @t Emalk®) groiii that Gdamlbeybrapahed and that
that. may_ be branched and that. 5 may be substituted

wayhba shbsatieiedaviih a (Bilogen atein; gr oup, wherein the

aryl group. be substjtuted with_at |east one group

sel ect ed m’l@?f #hk2 dp depatlnylaraupphag meydrohramched or form
glrgggﬁ? wher ei n t.he heteroar oyp nay

| .group | be
BLY R agyd; thaf may SB%%tl‘g#f@dﬁvg@ pbedegen atemhe
group (Q; an i integer fromlt to 12); (xj)
- (CH2) n- ORL Zv%h@.z 3o Fé%%né’tlgﬁ%BHB etaneydy brkatad or form
QE?HL@c 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 having a heteroaryl moiety,
wherein the heteroaryl moiety' may be substituted with at least one
group selected from the group (Q);

(7) an aryl group, wherein the aryl group may be
substituted with at least one group selected from.the group (Q); and

(8) a heteroéryl group, wherein the heteroaryl grdup may
be substituted with at least one group selected from the group (Q); -
and n is an integer from 1 to 12); |

(vii) -(CH2),CONR!?R13 (where R2 and R!® are each
independently a group selected from the group consisting of: |

(1) a hydrogen atom;

(2) a C1 to Cy alkyl group that may be branched and that
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consisting of. (1) a hydrogen atom (2) a Cl to 4
al kyl group that may be branched and that 15 nay 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
het eroaryl group, wherein the heteroaryl group may be
substitut ed with at | east one group selected fromthe:

ee @Qbstﬁatémuih ah A8 bRLRERY; from1l to 12); (xii)
-( S-R12 (where R12 |sagroup sel ected fromthe
group con&&)l R Ohsyl( oaghyemgefh a1 akyd) ng%o@ﬂ ifay be
C4 al kyl group that may ranched and t hat
beb stihsteid! witttatMddyt dnkag eﬂbéﬂéﬂ fir3in €K @Fotp Gahternd
wherein the aryl group may substituted with at
| east one grOGWpa deltenisas] fgl.‘fOﬁp,t whegeiuphé Qetersrdyd group may
(4) a heteroaryl group, wherein the heteroaryl group
hepubbtitatds withinedeastt dneaprdgmseleotal froouphsgreap €Q);
fromthe group (Q; and n is an integer from1l to 12);

 ardin js a(l@hlze)@r%oml toiie R12 is a group sel ected

fromt ro consisting of. (1) hydr ogen atom

(2) a %EJP&SS@W@E@ 3t Hathensy ﬂ?ewbrandheBl%moRre ~each
t hat may be substituted with a hal ogen atony (3) an
HIAPRSHS!Y MezeEprielprded y@mgﬁhmgrmycmﬂstﬂeg of:

substit ut ed t ah | east one group selected fromthe
group (Q; g hydrogent 8¥QMryI group, wherein the

het er oary! u stituted with at, |east :
group sel ect #’rcg’fr{q ffé s&?gggr?@ that may be branc ed’hnid 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

(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); |
(ix) -(CH2).NR12R18 (where R'2 and R are each 1ndependent1y a
group selected from the group consisting’ of
(1) a hydrogen atom;
(2) a 01 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
substltuted with at 1east one group selected from the group Q) and
| (4) a heteroaryl group, wherem the heteroaryl group may
be substituted with at Ieast one group selected from the group (Q);
and n is an integer from 1 to 12);

(x) -(CHz)nY'ORl-"- (where Y is a Ci to Cs divalent saturated‘
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‘and n is an integer from1 to 12); and (xiv) -(CH2)n

SO2-R12 (where R12 is a group selected fromthe 15
group consisting of (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 20 substituted with at

| east one group selected fromthe group (Q; and (4) a

AGHES QALY GFAND thWh&h&L b NaR@heAOAMd RIZ Q4R FRY¥up BRlected
substituted with at | east one group selected fromthe

@bl Rhe @rouprsbnidtsn@efi nteger from1 to 12); or R23

and R24 are taken together to forma dival ent organic
group, 25 p(Bfe£hgbrysarepat@aenting a dival ent group
selected fromthe group - consisting of. -(CH2) m

(where mis &) arGeteCifallyl Zroap&hat H8y/bobravchahdnd that
\-o and X- is a halide anion. 5 It should be noted

et be sublséitpted enth anvalogenmtont; a quat ernary

amoni um sal t _having a bi phenyl backbone and/ or '

bi napht hyl b&Pkmearylegrospnt sthaypin hthe oarwigrgup may be
formula;: Rzt R26. Rzs R21 R23 Rza e e '

: 7 a\
- substituted with at least one group selected from the group (Q); and

10

15

20

- 26

(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);

(xi) -(CHgz)a"OR12 (where R12 is a group selected fron:i the group

" consisting of:

(1) a hydrogen atom;
(2) a C1 to Cq4 alkyl group that may be branched and that
may be substituted with a halogen atom;
| (8) an aryl group, wherein the aryl grbup may be
‘Substituted with at lleast 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} “(CH2)p"S-R12 (where RI2 is 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 selected from the group (Q); and
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- bapsabstituird wWith gt dedeh e Arewp selegted Fromné

10, Ca zz' N X R24 R4 Rzz or Rzs \ R22 Rte of the
guat ernary ammoni um sal ts having 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 organic group, and preferably are a Cl to
Cl2. al kyl group that may be branched or forma cyclic
group and ‘that nay be substituted with a hal ogen

atom or a CH3 a hetwwaaykgroypomhereimthedipteeoaryl group may

branched or_ faorma_cyclic group and that maﬁ be .
peEeBR{(Q);

i nyention,. the t hod for .produci ng a quaternary

anfonitAngRieRen iramside i al yst that i's represented

by the, f.oll owi.ng . 21 1 Xo \ \ R X _
oL N Ry RO R P e R S Brovp pelegisd gosm the group
gv\lnergi R2 R22, and X are the sanme as defi ned above)

POEIR t‘&u@er nary anmonium salts having a bi phenyl

backbone andhgracﬁi ﬁla(ggl;t hﬁ{;o backbone i's well known
. (Japanese Latd-p& T efAt°Publ i cati on No. 2001- 48866

ggnggggggg)e (é)aé ‘bl%e@fﬂ‘i&'ﬂtgrﬁ’ﬂﬁf' éh%%tﬂﬁ? ﬂg)bra&&ed and that
may be substituted with a halogen atom;
| (8) an aryl group, wherein the aryl group may be
éubs_tituted with at least one group selected from the group (Q); and
(4) a héteroaryl group, Wherein the hetercaryl group may
be substitufed with at least one group selected from the group (8)F
and n is an integer from 1 to 12); and
(xiv) -(CHg2)n-SO2-R12 (where R!2 is a group selected from the
group consisting of:
(1) a hydrogen atom;
(2) a C; to Cq 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
- (4) a heterloaryl group, Whefein 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); or
R23 and R2¢ are takeﬁ together to form a divalent organic group, -

preferably representing a divalent group selected from the group

consisting of:

-(CHp)w- (where m is an integer from 2 to 8);
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Al ternatively, a quaternary amoni um phase-transfer
catal yst that has a bi napht hyl backbone that is
represented by the following fornula: R21 R23 15
"R24 R22 (where R21, R22, R23, R24, and X are the
same as defined above) can be produced by, for -
exanpl e, reacting a bi naphthyl conpound represented
by the follow ng formula: 20 [-\-\ Rl CH2Z -CH2Z .

R22. ere R2l and R22 are/thg sane as defined
above s-a hal ogen/25 atom with a.secondary
am ne ted byﬁ({]e f\o_llovm formula:  HN, R24 70

(where R2 d R34 are the qum/ as defined above) in -

an orgggijc solvent in the presence of an

aci-d- scavengi ng agent. The above bi napht hyl . conpound

sahs hehAard hidgy.epared from for exanple, easily _
avai-l-abl e ‘1, 1'-binaphthyl-2,2'-dicarboxylic acid (see
Seki, Ibshhukl b@'note&/ﬂﬂdteﬁ! the pRO&bntPink@Ation, Nfa quaternary
known process as described in the Schene 1 bel ow (see

Raimofiumt st hawng @ bipHmyhbackBode armi/or ®8naphﬂﬁr17backbone

‘The 1, 1' - binapht hyl -2, 2" -di carboxylic acid may be " -

eepi&enté*nbb&%)&efﬁoﬂmmng formul®) -form F B FF 1/ /

'.coc)\llprsr COOPr' MyB ZMP)Z, cooPr' BgOH)2 10 / COOH

QLARE0OPr" Pd( OAC) 2, Lz

R23 . _ R23
X R 'N/ X
RZT' \ :
R24 ' : R24 g

or

R

of the quaternary ammonium salts having a biphenyl backbone and/or
binaphthyl backbone of the present invention, is used, then R23 and R24

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 substituted with a halogen atom, or a Cis to Cso alkyl group

fhat may be branched or form a cyeclic gi‘oup and that may.be substituted
With a halogen étom.

In the present invention, the method for producing a quaternary
ammonium phase-transfer catalyst that is represented by the foHowing

formula:
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formula:

\' \ KF 2H20 \ \ '\ \ ~ Br PPh3, K2CO3 (a) (b) (c) F
FFFFF VWV \VFVNVYF (VYN F O COOP? LLAIHA
CH2CH PBr3 CH2Br 15 COON CH20H CH2Br- \ \ \ F\ \ ~\ F
-\\"\VF / FFF FFF( (e (f) Schenme 1 The
following is a nore specific explanation based on
Schene 1 20 above. First, the dicarboxylic acid (a)
is converted to a corresponding diisopropyl ester (b)
u5|ng i sopropyl bromide, a catalyst Bu4N HS04, and
Rt conpound (b) is treated with

tetranet-hyl pi peram de)

A 1€ et 0 as Ng(TNP)Z) and then Br2
IS adoed tq obtaln 3 3'-dibrono- 1, |'-dinaphthyl 25

; acroh ester W Then t he obt ai ned

"-trlfluorophenylboronic acid

VioJn: ki -Myaura cross-coupling
reaction in the presence of palladium acetate, 71
tri phenyl phosphi ne, and potassi um carbonate to give
SwBordR2 3R42,5and X are the same as defined above) of the quaternary
trlfluorophehyl) 1, 1' - bi napht hyl -2, 2' - di carboxylic
ammosser ¥4lts Flravieg mor ebithvinylc drpkbone( dnd/or  binaphthyl
reduced with LiAlH4 to obtain al cohol (e) and _the

beckberel isl wehbknomn i Japasase daidrGresr Batent dhhligation No.

123 ossible 5 to obtain the dlbromdeg ) that

P e%&ﬁﬁﬁjs aadt hdanppese bikh stindPublicaien No.

ot her hand,, a | arge nunber of the secondary am nes
2002 326992) _ .

Alternatively, a quaternary ammonium phase-transfer catalyst

that has a binaphthyl backbone that is represented by the following

R21
9Ny
v x°
s
SO
R22

(where R21 R22 R23 R24, and X are the same as defined above) can be
produced by, for example, reactmg a binaphthyl compound represented

by the following formula:

(where R21 and‘ R22 are the same as defined above, and Z is a halogen

atom) with a secondary amine represented by the foll_owing formula:
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. case, the or

descri-bed above are commercial ly availabl e and

therefore can be obtained easily, so that it is

possible to suitably select the secondary 10 am ne.

Exanpl es of the organic solvent used include nitrile

solvents (e.g., acetonitrile, propionitrile), ether

solvents (e.g., dioxane, tetrahydrofuran, .isopropyl

et her, diethyl ether, dimethoxyethane, 2-nethoxyethyl '
26 %Gl oReN re -

ﬁgﬁgfe Rrret%%doﬂ Ei‘% UL g;]la’nfél g@ndeﬁﬁé}fi aB}){?@.hﬁ‘l aﬁoérgﬁﬁlﬁ_(? solvent

anol , “et han -propanol, i Sopropano

(L A B S ap SRR e PR (1 4 scavengi ng

agent SThRCAIMAR bidldHERAN CoRARRME LR RSelApSbpdRed from, for
carbonate, sodium carbonate, potassium _

By Shaeneasibe Bk Babind, BadhHFhbNGF 2 @eAsaboralie acid (see Seki,
the reaction, the secondary amne is preferably used o

M & 8! Syhthadsisc2000,3).¢873) inadkn®wa proeéss abldgsériBed in the

to 2 equivalents, with respect to the binaphthyl
Sehpaientl.belbw @ee dsic v engilng/agest (kemr 06Bakbl 68 qul4577).
in 1to 4 equivalents, and nore preferably

Tiher byl bahaplthiylt 2 22 demprboayhatacid mayhbe esthert theo ($hiorm or
bi napht hyl conmpound. The bi napht hyl conmpound and the

the B’ﬁmgmam ne are reacted in the presence of theg25

ayengi ng agentA Q€ [ _
obd: Sig 1 | N8| TheooredilT  dapbeaeenr ? :
feH &';EP&
@ 72 f% <%érf i ;
The regaction tine is pweferably 30 mniétes to 24

hours, and nore preferably 6 to 12 hours. In this
gani ¢ solvent i.s used in anpbunts at a

rati o of vol

finish
di chl me, di chl oaoe,  or ch o f or
exanp i wffed by s S g

3 sfol at ed

colum  chr aget,ogr aphy,

quat ernary agmoni um sal t
G (e) Y

~a bi napht hy! - £

Scheme 1

. The following is a more specifié explanation based on Scheme 1
above. First, the dicarboxylic acid (a) is converted to a corresponding
diisopropyl ester (b) using isopropyl bromide, a catalyst BusN*HSOy4, and
KF+2H:0. The obtained compound (b). is treated with magnesium
bis(2,2,6,6-tetramethylpiperamide)  (hereinafter, = referred to as
Mg(TMP)2), and then Brs is added to obtain 3,3"dibromo-1,1dinaphthyl-
9,2"-dicarboxylic acid ester (). 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,

1
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can be obtained. Alternatively, the reaction mxture
may be used as is 10 as a phase-transfer catalyst in
the nmethod for producing a nono- substituted

al kyl ated conpound described in detail |ater.

Al ternatively, a quaternary anmoni um phase-transfer

catal yst that has a biphenyl backbone, represented by

the followng formula: -R25 R2s R21 15 R23 R27 e
ZripheNylphdéphifds 4@ pbRdEsiufivheirboRdle 22ivER23,3™-bis(3,4,5-
R24, R25, R25' R26, R26', R27, R27', and X are the

$wifi1020p henylef 1, ebi raiphithy 1 @2 - bieapb@gtdiced meidf or ester ().
exanpl e, reacting a bi phenyl conpound represented by
Frthetrhove, nijis compoandrBh isRzslured WithRLIAIH{to olta2id hlcohol
25 - | CH2Z R25' R22 R25" 73 (where R21, R22, R25,

@sand ks obkaied MrphoRie), isdmdatdamath BBrsasethat it is possible
defi ned above) with a secondary am ne represented by :
toeolitain oikien dibyasmide &B that ignereaponds to the above binaphthyl

compound.

On the other hand, a large number of the éecondary amines
described above are 'commerc‘:ially available and therefore can be
obtained easily, so that it .is possible to suitably select the secondary
amine.

| Examples of the organic solvent used include nitrile solvents (e.g.,
acetonitrile, propionitrile), ether solvents (e.g., dioxane, tetrahydrofuran,
isopropyl ether, diethyl ether, dimethoxyethane, 2-methoxyethyl ether,
cyclopentylmetyl ether), and alecohol solvents (e.g., methanol, ethanol,
n-propanol, isopropanol, n-butanol, tert-butanol), and ace.tonitrile is
particularly 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 preférably 0.8 to 2 equivalents, with respect to the
binaphthyl compound. The acid-scavenging agent is preferdbly used in
1 to 4 equivalents, and more preferably approximately 1 to 2 equivalents,
with respect to the _binaphthyl cbmpound. The binaphthyl compound
and the secondary amine are reacted in the presence of the
acid'scaven‘ging 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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5 (where R23 and R24 are the sanme as defined above) in
an organic solvent in the presence of an

aci d- scavengi ng agent. The above bi phenyl conpound can
be synthesized using the first nmethod or the second

- method outlined below, for exanple. The first nethod

is shown in Schene 2. 10 OBr Ov Owve Ove O \ Ow

"MeOr) r 0> sociz O MeO | OMe NBS (ii) BINOL O OMe

BRI gttt g, A8 Sgiyme i
e T T

- ﬁ?g}i?s okde rﬁlezoréajrﬁétsplﬁrﬁa - dsd Bl Rexyberzeil @ rattd of volume

exanple, commercially available fromAldrich) is
| Hofathe BiriaH thyd @o¥aidur(dh ted ragioch mredéeibdy 5 to 50
gﬁgﬁ%%;@%)bromsuc% rriyge )(i%jBHS) i s added tIﬁ{ereto '
adedaniE eh dradsrefenfBlnG tdBOStimicke Adtgothndirésction is finished,
bromated at position 2. Next, the brom nated conpound
the ceavesh aditturd Ssaxtaattedowitir dithlosoredbansmdichiproethane,
with- SOC12 and then (ii) reacting with d%ﬁs% or._. ,
6Rchlorbforan; rnapimpld, amd sodatedeand pay bymiHcaggl column
give a dibenzoyl oxybi napht hyl conpound. It shoul d be
ohtedatéataphy, tshi that a binaphthyl-type quaternary ammonium salt

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.

Alternatively, a quaternary ammonium phase-transfer catalyst

that has a biphenyl backbone, represented by the following formula:

RZS

R%E R21
R23
R O ® /
RZ?' N\
. . R24

R2B' ) R22
R25'

x@

(where R21 R22, R23, R24, R25, R26', R26, R26, R27, R27, and X are the same
as defined above) can be produced by, for example, reacting a biphenyl

compouhd represented by the following formula:

R25
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74 reaction, by using either (S)-1,1'-bi-2-naphthol or

(R -1,1"-bi-2-naphthol it 1is possible to easily

select for the absolute configuration (S-formor, _
R-forn) of the above bi phenyl conmpound, through the
procedure discussed |later. Then, the ‘

di benzoyl oxybi napht hyl conpound obt ai ned 5 above is.
reacted with .active copper powder suspended in an

QyHeR Ra1s@aerpzs( uoh R DS phi | Rzheahldnd HRgleghe same as
reflux to effect Intranolecule coupling. The coupl ed '
deflaedngbbve)addell 4 OsctohdEre USIRERS | fpresomed biynghe following
['ithium al um num hydri de and the mixture was stirred
forinala:predetermned. tine, so that it is possible to

obtain a bipheny%ﬁrﬁ%thanol 10 conpound. The

bi phenyl di net han papound is reacted with a

hal ogenati ng agent, such as phosphorus tri brom de

(#PBe® R2t arcbRAat are libe saoe @sbiefiwesr abovepuna, oiganic solvent
whi ch R21 and R22 both are hydrogen atons. In the

o ¢éhe presenaencd an acidrsoavenging agemdi n an above

bi phenyl 15 coppound i n whi ch, R21 and R22 are_groups i
ot her %/Fhanalaowybmig@rylanmoumd ceg bp synbhesiged rsbag dhe first
t he_bi phenyl conpound through the progedure detail ed
metheddaretly sraosg mefhag 60FBned PeBAor RFEmRIe.  ne

sake o simplicity,.a case.i ich R21 and R22 are
i dent | &é{e xSt qethddisisheye 15”@%{‘%; 2veO MeO MeO Br

20 MO CHZZ MO CH3 Br2 MO Il / CH3 MO CH Z MO /. CH
--~ MO/ CH p 33 MO MO MO Br OWw O @ PNE

M B
e MeQ s PENEO Rafo RE BGRhR0dE0 LTG0y I

(i) BINOL OMe ‘ ‘
Br 0 OMhe
COOH COOH 99 EQOM‘? :
) Br OMe
. OMe OMe OMe
o) O OMe MeQ MeQ .
' OMe O halogenating O
Cu OO O LAH_ MeO~ CHOH  “agent ‘pe0 CH.Z
T e My ey
oM
0 O OM: -MeO L, - MeO I
OMe | e | .
Scheme 2

Reffering to the above Scheme 2, first, 3,4,5-trimethoxybenzoic

acid (for example, commercially available from Aldrich) is dissolved in an

| organic solvent (such as chloroform) and then N-bromosuccinimide (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 (i) reacting it with SOClz and then (ii) reacting with

(8)- 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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25 Pd catalyst MO/ | CH3 MeO CHZZ MeO RZZ MeO RzZz
OVe OVe Scheme 3 75 Reffering to the above Schene 3,
t he obt ai ned bi phenyl conpound is dehal ogenated using

" means ordinarily used in the art. Then, the

dehal ogenat ed conpound is dissolved in an organic
sol vent such as . pyridine, and brom de is added
thereto, so that it can be converted to a 5 conpound

i R
%Seﬁ’%%fﬁsve%r LD N o
?’ne groups tq%efl ned %9,1' i L 9§ocedure

I'n an"organi ¢ sol vent such

' ﬁ?scﬁ'ége?rlgtéf‘ t’l‘l?exprﬁf'ee'a‘iﬁeﬁoﬂgxﬂ) E}Mﬂyy%ﬁ@o&bﬂsbbtamed

speci fic exanpl e of the boronic aci derivative .is

ﬁbﬂrvé fsr béd dted ORIt b0 ROPp e igbwddie sasppeded! innan organic

whi ch the - brom ne atons at positions 5 and 5" "have

bekRns Usath et BM M whiknhéinggnoler meflantda@ffegr mtpaimlecule
produced. The obtai ned conpound is finally

bewpliapat elhey cvepbed ocathpauinty issadded th eaaﬂtHFseuspensmn
that it is possible to 15 produce a bi phenyl conpound
contdinghg Rthigendlumiies) hydride gud phetmisture tyaas gtirred for a
hydrogen atom Next, a second nethod for synthesizing
phedéiephengt tmepsarkbat st ispessibleth Obmns%bmhﬁniédﬁaethaml
uses a connerC|aIIy avai |l able ellagic acid as a

sorpoungt. nat Ehe abiphensddhaethpnels cqmp%nfgoé%. maé:t%% with a

obtain an optically  active form of _the
éi'@ll‘ég@bﬁfﬁ% rﬁﬂepépﬁ‘é%léﬁﬁ&hquhqxgs W&qom%g&%sﬁuﬁoagbtam the

%Ve Nﬁi?)henyl compound, in which R2?! and R?? both are hydrogen

atoms.

In the present invention, in order to obtain an above biphenyl
compound in which R2! and R22 are groups other than a hydrogen atom,
it is possible to produce the biphenyl compound through the procedure
detalled in Scheme 3 below. It should be noted that for the sake of

s1mp1101ty, a case in wh1oh R21 and R22 are 1dentlcal 18 descnbed
' OMe

MeO O Br
Brg Meo CHS

MeO Br

CMe

OMe . OMe 21

- - MeO R . ‘MeO- R
. Rg-B(OH), MO C CH_é | MeO O CHyZ
Pd catalyst  MeO ' CH5 MeO - CHZ
MeO R22 MeO -SR22

OMe ) OMe
- Scheme 3 '
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MeO CO2H MeO 25 COZH | k" Ove OWe using the nethod of
0. T. Schmidt et al. (0. T. Schmdt, K Denmmer, and
76 Justus Liebigs, Ann. Chem, 1952, vol. 576, p.85)
using this starting material. According to this
method, it is possible to selectively produce either
the S-formor the Rformof the dicarboxylic acid
compound. The above bi phenyl conpound is then

E;Fg&cﬁgffg%ﬁﬁhﬂ%@cﬁbg{@g@ﬁﬁﬁ% %or t da‘?ﬂ &'Blﬁi&?fieco‘}npound

P A B B B PR caton,

%Qé'ttﬁl ZCJ\%Q)QE@OE d'YEéBlireJl iYFQﬂVQQ &Qu,a%&{r&ﬂz@dch as

MeO MeO MeO Br MeO CNE R21 MeO
%d‘ﬂgé afy BRoEHe 1'¥E'Qidedjt'ﬁgfétez§o NGt Gt24n B8l converted to a
catal yst MeO 15 ~ CHZZ MeO R22 MeO Rzz Owe

&M p %hﬁ@rém‘ﬁ@&ife@! 'a'ﬁgp(t)sﬁtio‘ih% gbaué BcheTiEis4cormbeund is then
dlcarboxyllc acid noiety of the obtained dicarboxylic

gabjéceahpothd JienvdarMeydeeh touplingtrbacibniwith at least one type

of boronic acid derivative represented by R21-B(OH)z or R22-B(OH):
(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 3,4,5-trifluorophenylboronic acid. The compound in which the

bromine atoms at positions 5 and 5’ have been substituted with an R?!
group or an R22 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.

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 dicarb‘oxylic. acid compound represented by the

following formula: :
- OMe

MeO' O
MeO COH
MeO O CO,H
OMe :
- OMe _
using the method of O. T. Schmidt et al. (0. T. Schmidt, K. Demmler, and
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20 an organic solvent, such as THF, using BH3 Me2S.
Next, this dinmethanol conpound is reacted with brom ne
in an organic solvent, such as pyridine, to produce a

- conpound that is broninated at positions 5 and 5'.

This conmpound is subjected to the Suzuki-M yaura

coupling reaction with at | east one type of boronic

acid derivative represented by 25 R21-B(OH)2 or -

Fage( OiBidswhann RPAeaNd 1888, 308 676 p.95LRRILENY starting

the same as the groups defined above) i n an organic
aalteenil, fuebrdinglitd-thisamdthed !t ResRioesiileeoodelactively produce
pal | adi um catal yst. A specific exanple of the 77
bithenitheatiforesy vied Rréorins of the dicarboxylic acid compound. The
3,4,5-trifluorophenyl boronic acid. Thus, the '

dbawe hbhipdlenyd npompd uinl viki ¢hebr prddwcest admoagh the procedure
positions 5 and 5' are substituted with an R21 group
detailedin Hrebemei ¢ belosuceld. shitneld bbt motedd thatrfourtdei sake of

- finally reacted with a hal ogenating agent, such as 5

pheBERGYUS cape bn oriiek RBprs] R22 are hdenticali is drsosibieide

‘to convert this to the above bi phenyl conpound, in

whi ch R21 (and/or R22) is a group other than a
hydr ogen a_t'M‘ra The secondr_y %’A‘lﬁ ne used in theOMFgB?ess

for pr a quater 4 arvoni um phas &P
cataly rgoad bi phenyl O -lomedepoBg i S, t BR,ORS
t hat u% t he apeeeaerw?o pr oduci ) te nary2

cosansf er cat
backbmﬂ,%0 eussed abov

stCHp@HI ng a bl ByjoH
¥e.-0r gani ¢ sol YRp ed in -

~the processgfyer produci ng a ggat er nary anmoni gz%klst;one

phase-transfer catalyst having a bi phenyl 15

by using the above Bi phenyl conpound and the secondary

amine are the sane as in thgecase of the quaggrnary

ammoni um phase-transfgp. cat alRyist havingfg bi nagat hyl
e.

backbone, a ' | ude ni | e sol nts
acetonitrLngfgﬁﬁﬁhonwbo' < ,C%PHe}$§glm@e

A e,
di oxane, t ddregtaist of umMan oprapyl et hgeo, diet h')l/l
et her, 20 di net hoxyet hang, 4- et hoxyet hyl dr “M24nd
cycl opentyl netyl etheMgQ R2 MeO RZ2
OMe OMe

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 BHg'MeZS. Next, this

dimethanol compound is reacted with bromine in an organic solvent,
such as pyridine, to produce a cbmpound that is.bro_minated at positions
5 and 5. This conipound is subjected to the Suzuki-Miyaura coupling
reaction with at least one type of boronic acid derivative represented by .
R21-B(OH); or R?2-B(OH); (where R2! and R22 are each independently the
same as the groups defined above) in an organic solverﬁ:, such as THF,

and in the presénce of a palladium catalyst. A specific example of the
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~equi va ents wth respect to the biphen

and al cohol solvents (e.g., nethanol, ethanol,

n- pr opanol , isopropanol, n-butanol, and
tert-butanol), and in particular, acetonitrile is
preferable. Exanples of acid- scavengi ng agents

-include inorgani c bases such as potassium carbonate,

sodi um car bonat e, potassi um hydrogencarbonate, 25 and
sodi um hydrogencarbonate. In the reaction, the

R e G L

H‘ir}l ﬁzﬁ?cﬁetfotméguﬁHQn WRidH Btﬂ?ﬂﬁ GRORAUAE posftfons 5 and 5 are

scavengl ent is prefe Iy used at 1 to 4
&&Hét\lﬁ.}t%ﬁt SvitAN Qnrm‘ﬁ BES{PT &bl om aRpT CQ&"O(IPt ¢4 Yprodeed. The
yl conpound.

Eﬁﬁnﬁb ﬂgo&ﬁd‘ﬁ@ ithIRNdeadtBd WwRBOAMRIYga theg aigent, such as
reacte he presence of the acid-scavenging 5 agent

pRo &ﬁﬁ! ﬂﬁbhﬂhﬁi@ (RBRI)C s6 @huent isvpbisiblé to cogverthhis to the

reaction tenperature is preferably between room

hBAVE b hisrey 1adtinp Sen ®0ir wibdch R fandfortBA) oy gagroup other than

sol vent, and nore preferably the reaction is

adt;fdifoged atbid.e heating under reflux. The reaction

time is preferably 30 mnutes to 24 hours, and nore, |

pr ef er Tbky seconddey haarige ngedhin @h@eprqwsﬁhéofbr%“e?mg a

solvent is used in anounts at a rati o of val une

gna)témtghtam(lgt)m@lfmt rpélaﬂemar@ny erc otAsaLRY, %‘éngat% obiphenyl

referably 5 to 50 ties, referaly &

b@c bemee . ispther same ﬁéa‘éh’f“brilﬁ ﬂPni"’éﬁeﬁrO(’Pﬁ% r” producing a

reaction mxture is exirac th di chl or,onet hane,

AVEfeTIATE FERELOTHHM Ch Bechgn %IF ofatalgsty avig g2 binaphthyl

i so] ated and purlfled by silica gel colum 15
gﬁ%‘%gﬂ &P%Rat " a quat ernary ammmoni um sal t

&arg?ﬂ he%ﬁesbﬁgk §°2ﬁ.s Q%%bfgﬁgt @kg&%sugg% groducing a

ﬂ"@gﬁ hase t : an £l sﬁ%@%s{ra& %f%l{:y? at egétg ofrlr%?)luﬁgr a biphenyl
c?hggg M 'th | 2b6Ve lﬁépgggﬁ%é)%i S35 s WReUSBEbndary

pr ocess in enzene

g:{IH&E ea.d('r X%h@”%anfet hd 6t RRE. cé1§é3 RSORKE @uAGErnary ammonium

of uran, di oxane, nethyl tert-butyl ether,

%s@yﬁﬁﬁgftﬁl ycjatHEIs'By ha®ifera binaphthyl backbone, and include

" pitrile solvents (e.g., acetonitrile, propionitrile), ether solvents (e.g.,

dioxane, tetrahydrofuran, isopropyl ether, diethyl ether,
dimethoxyethane, 2-methoxyethyl ether, and cyclopentylmetyl ether),
and alcohol solvents (e.g., methanol, ethanol, n-propénol, 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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~hydroxide, = cal ci um hydrox

~preferably 0.5 to 20 equival ents

Al ternatively, the nedium my al so be a bi phasic one
containing water and a nmediumimmscible with water.
The nmedi um can be used in anounts at a ratio of

vol une (nL)/weight (g) of the conmpound of the 25
formula (I1), the ratio is preferably 0.5 to 50 tines,
and nore preferably 1 to 30 tines. Exanples of the
|norgan| c base used in the al kyl ati on process

hipHHE dolnhhodna. hy“f"h@"étﬂ&vscﬁ%h#@ﬁ%@ﬂf‘ Qg)r’reﬁ‘}gﬁff 'ulégﬁ at 1

oXl

®Pai diRiRY A ded Hoee ﬂ@%%¥%m§lﬁa&19q L&éezieghwalents

nore” prefer
Wwitho ré@?eq:uwah@nbﬁ)hemyuhcdlﬁﬁsﬁﬁa ttrHehglﬁmﬁaauwnﬁBund and
t he ormula (I1). In the alkylation process, an
ihosgenidatyaaminaiaeereaesed inntlid @redericm off tian asilie@itsenging
i nor gani c- base solution. In a case where an inorganic
dzxsEt i asedppropfietd erganic aolwaite auith | stdirgagi cMaseeaction
solution, the upper limt of the inorganic base that
teanpexatoaat i pe erablyhdet®eanueonrs tempgertiurebasé the boiling
solution is preferably 100 equival ents or |ess, nore
Rﬁlétﬁeloﬁbt 6@r&9qucva® ens, oand eswreapaeferahlynothe reaction is
prefer ly 30 _equivalents or less, with respect to
srdorsRfothaleoheatingrwaden sefluxy . Thpneeacsios txmmls wreferably

e i norgani c pbase that can be contained in
%(E g ﬁ?ﬁr%a@g %ratnr@ﬁenaéalqm%@el%moyre 5In this case,
ui val ents.or nore, 15 and nore referabl
@%u%%ﬁlyﬁt?l}ﬁnm Bse%ﬂ{lrﬁmeya&% tBretg of %ﬁﬁa{ﬁ]&n&ﬂwelght

Lt B By ol Gy °§%a%#3#ga”'f%aqﬁm 30 iles, and

IS 5 ol s Bl o
RAlciohOthixbufe T8 HotiAEh GF ra&aﬁlpegﬁgﬁ%g?,l hlgroothane, or

aqueous pre

dégl?ﬁeﬂgﬁ'%, ‘ifo?bé:b’arﬁf)lje, teth d iSo1a®0 arftl PRriFEE bR S1REABLY column

chromatography, so that a quaternary ammonium salt having a biphenyl

backbone can be obtained. Alternatively, the reaction mixture mey be

- used as is as a phase-transfer catalyst in the method for producing a

20

25

mono-substituted alkylated compound described in detail later.

Examples of the medium used in the alkylation pi‘ocess include

benzene, toluene, xylene, ethyl ether, isopropyl ether, tetrahydrofuran,

dioxane, methyl tert-butyl ether, and ecyclopentyl methyl ether.

- Alternatively, the medium may also be a biphasic one containing water

and a medium immiscible with water. The medium can be used in
aniounts at a ratio of volume (mL)/weight (g) of the compound of the.
formula (IT), 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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~I'n the al kylation process, the conpound of the fornula

(I'11) is wused at preferably 0.5 to 10 equival ents,
and nore preferably 0.8 to 5 25 equivalents, with
respect to the compound of the forrmula (11). The
optically- active phase-transfer catalyst is used as a
catal yst preferably in anobunts at a lower limt not

| ess than 0. 001 rnol % and nore preferably 80 not |ess
t han 0. 005 nol % and at an_upper |imgt_ of greferabl

maluder dthivan @%Kb}ée’aﬁﬂdﬁﬁﬁe hydgeidgn| HOrEEIHBy eﬁlydmmde’
th 2 A f f.th
A8, R A S SEE F ERR. o

aCtIVG se-t.ra

peadic Has 6rRas “Sellon erered yl‘%?yﬂ "B hirellpt gyod more
TBAB
?%F?ﬁi?eﬁu%’yf& Rvalnist artfeRiRaicR, the gumgound of the

orcatfll in the al kyl ati on process and inproves the
§f? naarrino acid, and its derivative obtained,

L, A g g e

@ﬁh&geﬁﬁ oy, Qﬁué@gé‘cﬁﬁ)rngM@Bése Faibpieh. | Int Be case where an

| ation process, it 1s also possible to use an

?Héfg%ﬁhb YasdGh vsedakedts fdranof am segﬁaiussinoagan@d bwse solution,
et her conpound, such as 18-crown si mul t aneousl y.

kRE ﬁ?g@?'l@mﬂ%fctm\ﬁﬂﬁ)réalﬂﬁi ibaes Hsatacanobat abyistined in the
the a | ation process and i nproves the yield of an

AqARDLAYS 1h'@rg§hii3 baxst isbbutden i iaproferasiyail 08 dequivelents or less,
al so allows the anmount of the optically- active

phase proferably Gakguysdlenhator deassethd revehenmmec pyeferably 30
be reduced further. The al kyl ation process is

peuivalents ar essyividhl apenhdoathe sompenmse af thecfarmeula (ID).
room tenperature gr eferably -20C to 20C, nore 20
itef dowok ylimio @ & ecmqrgaam Jbagadthaty can; rbogéﬂntamed in the

at nosphere or under an_ar.gon at rrosphe1

Masteong binpreanky base sphion isoRTHeraD VTS eﬂ}lb‘@el%gt%gﬁ more,
Peymf S:rgggé”emd \é\i'élglwitd é;leagmja\ih epﬁ troq'? Ia;rgo ueeo%v.tth respect to the
compound of the formula (II) The aqueous 1norgan1c-base solution can

be used at preferably 20 w/w% to 70 w/w%, and more preferably 30 wiw%

'to 60 W/w%

The ‘volume ratio between the medium and the aqueous
inorganic-base solution is a medium imlume (mL)/inorganic base aqueous

Volume (mL) rat1o of preferably 7/1 to 1/5, more preferably 5/ 1to 1/8, and

even more preferably 4/ 1 to 1/1.

In the alkylatmn process, the compound of the formula (IID) is

used at preferably 0.5 to 10 equivalents, and more preferably 0.8 to 5

equivalents, with reépect 'to the compound of the formula (ID). The
optically-active phase-transfef catalyst is used as a catalyst preferably in

amounts at a lower limit not less than 0.001 mol% and more preferably
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al kyl ati on process, it is for exanple preferable to
performthe procedure 25 as described below. That is,
first, the conpound of the formula (11), the
optically- active phase-transfer catalyst, and the
compound of the formula (111) are each added to the
mediumto prepare a mxture. At this time, 81l it is
preferable to sufficiently stir the mxture with

-cool.ing on ice or jce-salt, for exapple. This mxture
pet lmtlé%ﬂbﬁt)érmopﬁeaaau@foag UPPRY AR erably not more
sol ution added t her

| S to,,so that al.kylation, of the
HopmomeLYs andemose RIPIETADEY 2o o fiAnd mglba et Hiole of the
tenper at,ur set taq copl 5 the mxture are preferably
B%‘%@élﬁ‘d-?ﬁ%eaﬁ’anﬂgﬁﬁﬁnre preferably between -15C
and 10 nd eye re_preferably ween - P
SC. oo, B SN PROT aPbEsS, b bRl g, 16, beay active

DRGSR AU S g O S, HSHGRRE e uch o

B A (BB s i e

. TforD %o, PPBAD f8nkfons L4 ﬁ%@da@&%ﬂs‘ﬁqb}’tl@é Qﬂ]dfﬁtﬂd‘if process

asymmetrical nono- substituted al kyl'ated conpound o

e {Apieded fhe yitRY 6f ahhe-ahin® actd s eledrabivet ditained,
stoichionetric reaction"” of 15 the conmpound of the

faeidmit aaled | J1vivish thdeawonpaust! the bpeichilyradtive IdHase-transfer
is the tinme fromthe initiateion of the chem cal
catdlykpbhapid heed omphetprocesscfo hdeedimnd fimtheract i on

without artificial interruption of the reaction, in

ot her Wurther,i in thé exlkylatioheprocass, uitt id addia pessibhe tofuse an
the two conpounds di sappears. The "tinme of
dipsimpblyaactice phast dransiertdadalystentheidwaiather cempmd, such
of the conmpound of the forrmula (I1) _or the conpound of
taselBerownab simultanegusdy.pr Boweapmplen,l8pgrown-6 functions as a
preferably 0.1%_ and even nore preferably_ . 0.01% .in .
wobatalysioat the pdw latomprecess /vdy Irppravies M@M&f ap o-amino
the., injtiation of the reagtion, .This tiyme c be

G4 18Nt GPET By, Bbtaied. ABY ilod fth adlprs: Phe ymopgf of the
%’fa%%ﬁl%’-a&??g liIJrhlargsg-ttrQrelsisetraéattlaggstatq})al{n%s gge& I%E the process to be

reduced further.

The alkylation process is performed at a suitable temperature

‘between -70°C and room temperature, preferably -20°C to 20°C, more

preferably -10°C to 5°C, in air, under a nitrogen atmosphere or under an
argon atmosphere, and preferably under an argon atmosphere. The
process can be performed with stirring.

When the aqueous inorganic-base solution is used in the
alkylation process, it is for example preferable to perfoi'm 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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25 reaction mxture over tine directly or after

hydrol ysis of an aliquot of the reaction nixture, by

anal ytical nmeans well-known in the art, such as gas
chromat ography (GC) or high-performance |iquid

chromat ography 82 (HPLC). Wien the al kylation

reaction is initiated in the alkylation process, the

nono- substituted al kyl ated conpound represented by the
formula (I produced and it y|eId ri ses.over, tinme. .

m 13 e )b;l ﬁ@r peHiciently hatir dhe marxtuge Swih C%Q%Blﬁ]ton 1ce or

FrotalEcdbr it ot it o So68TRHRR AR I hanco
HO th t.
Iiimn\fg-\éiéﬁbg‘g?h tﬁ?t h1:°a}§|lll§§lﬂgﬁ@ag g‘ﬁ-‘g%ﬁ?nd %eg}%%l) é,E]tgyl%tmn of the
S . due
FPgpges oh it ronubt S o dRitiatal oi BB s ByrhRedratgro cool

E%?e‘rp?l é’ ctl %?ea re?ﬁ]%?bq§0| C wée%{ EBB@ élti'& .‘2(5“@3 {n%g? ylée’ferably

I'ofet ri'c”reactTon,

t.h@opr 0 e t -10°C d

Sebledn. H?o@o 1 RPC hafl obBhHoFR ey Aefroen -10°C an
pound with high optlcal purity in a certain degree

of yield. In the present invention, at the tine

earl i e'I‘Hd%a'intﬁlfé hiRation ﬁﬂm@b@hhﬂﬂaﬂa‘d hBe&lescribed above, the
stoichionetric reaction, 1t is preferable that the -

. PPALEGh 191thbhy%1£5ndﬂéﬂ @@Hﬁﬁm@de@fhémﬁxaﬂShé @iyl far (cbinpletion

is at least 70% ee. Alternatively, in the present .

of\thet steichibiretejpt remition oficheveompeandiafntipr ftmeal=ofI1) with
i nterest nay be obtained by quenching the reaction at

ahe appnppuindt eft the foratulaayIEY.emof ahht aftt éecmmest possible to
for conpletion of the stoichionetric reaction,
stargoasleictiviely pabdnee tthe ssymmettricplauwalo- @dastﬂ:uted alkylated
racem zation of the reaction product. An appropriate
compoardeef theformwia @br conpl etion of the

stoichionetric reaction refers to_ a_tinme hefore | the

react i dFengs dhacttime Jorfsareptedtpth pf (theeshos 1PB’r?trlc reaction” of

'{tﬂgrcggwgij gﬁh@'fe Smuln O Gk spmpesncs & tha forppyla 0D

8180 ol LMD S W B moion
Vgi]%ﬂe ctfxemfr):ai (r:gilc o Lv&ﬁéhcg)ut art1f101a1 interruption of the reaction, in
other words, it refers_ to the time until either one of the tWo compounds
disappears. The “time of disappearance” refers to the time until either

one of the compound of the formula (II) or the compound of the 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 in the art by, for example, measuring 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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reacti _oh product in the reaction systemis neasured by
anal ytical neans well-known in the art, such as
hi gh- performance |iquid chromatography 83 (HPLC),

. after the stoichionetric reaction conpletion tinme has

passed. In this quenching process, the quenching is
performed by adding water to the reaction mxture
obtai ned by the alkylation process. The anpunt of

E?Ei&)era o e, %ﬁ%’lf?lya” f(%)‘ﬁi‘”%rg&ulo oS i al%ﬁﬁngfk%aﬁon
pﬁti)rtyqsgt Lr,gtn rogég%ftfs& tggo 1%(% z&g)u é’%‘lét% ﬁf%s%?lted by the:

[58Eyle (03 o3PLGH BRIHE 610 RO B BUE | WERBIR poriod
| i% s CONBANRdof SiNCSRPA ub ¥titOfed alkylated
B b ) o ORIt s

ornru ! |sgotalne by quenching the reaction
g Hn!ae QR prhGubdl,t 4Rl 1160 ophichl 9 heRE s @Rtramely high.
éﬁ?ml st e yklge dp of 't he clowpogulnd q)relg?)‘ay;s,ent e%l byy '

Hevdida thb)réeﬁ‘ﬂiori ?r@ﬁi@ds@@d thy Smensbi 6 niheo-substituted
reaction at atinet fromthe initiation .of the

. LeRFltea comPouiidepebd i d eeréases dniti the aptitdl putityelrops due

10
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~t, 1t is possible to stereosel ectively produce a

#BNche Spiatretsibad ofil kydeanive tivanpodedordingty, dbsg quenching the
net hod of the present invention, it is possible to
ebheiionamtopt | Gald yeadigs vidamnthe ubisté t fctreobomlklﬁtmnedf)f the
compound represented by the forrmula (1) at a high
epoichidmptuic ryactéemnthet snbeforel thenpragregyensygopmization, it
base.is used. Here, high o tlcal urlt refers to

ps gfessilide yto7obtasn armappwu %EP C@@@B‘é‘é‘“ﬂ)rmth high

%fﬁaﬁ%qwm@é; g&rt;irgr Y g»g% ol orln?ﬁéee 6’6??%11)/ mvention, at
i s b B8 ey réoesga&si' GRS T —
((ax])ége ))nd ll‘fz Z% E):rgpeggggq 2@?‘? Qﬁ% qusld]%&xhl%}? TR g&giﬁound of the
formula (D) is at least 70% ee.

Alternatively, in the present invention, the optically-active
‘reaction product.'of interesf maj? be obtained by .quenching the reaction
at an appropriate time that may even fall after the time for completion of

the stoichiometric reaction, as long as it is before the start of gradual

'racemi'zationvof 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
formula (D) 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
'i'eaction 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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The specific exanpl es of the conmpound of the fornula

(1) that.'can 84 be produced through the nethod of the
present invention include: Rle R18 N']"~COR20

NCORRO.- 5 RROOCN Y Rla R18 Rle CORR0O N'Il, COR20
R18-< NI COR20 10 R200C Il -N R18 -N R1 R200C N YRle

~a ROCC Rs R200C Y Rla la RCOR0 15 N COR20 R18 N

Cq.'\’ZO 20 R18 Rla Rla YCOR21 N CORZ2 Rla YOR20 N COR20
E\EléL/C) after the stoichiometric reaction completion time has passed.

In this quenching process, the quenching is performed by adding
water to the reaction mixture obtained by the alkylation process. The
amount of water to be added is usually 0.1 to 10 times, ano. more
preferably 0.5 to 3 times, the medium used in the alkylation process.

Alternatively, the alkylation initiated as described above may be

qguenched at a time t that satisfies the following inequality:

A (Yoee)x YLD, (%)
100

50<

(where A is the optical purity (% ee) of the compound répresented by the
formula (I) 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 quenching the
r_eaction at this time t, it is possible to stereoselectively produce a
mono-substituted alkylated compound.

Accordmg to the method of the present mventmn 11: is possible to

'obtam an optically-active mono-substituted alkylated compound

. represented by the formula (D at a high optical purity, even if an

aldimine-type Schiff base is used. Here, high optical purity refers to

preferably 70% ee or more, more preferébly 80% ee or more, even more

 preferably 90% ee or‘more, and yet even more preferably 95% ee or more.

The optical purity of the mono-substituted alkylated compound
represeoted by the formula (I) can be measu.red by, for example,
hlgh performance liquid chromatography (HPLC) d1rectly or after
hydrolys:.s .

The specific examples of the compound of the formula (I) that can
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"NYRla 25 ~N R2000 N COR20 OCR a and R18 R20~ but

~the present invention is not particularly limted to

t hese conmpounds. 85 In the present invention, it is
possible to use the optically- active nono-

" substituted al kyl ated conpound (optically-. active

a-amno acid derivative) represented by the formula
(1) obtained through the above method to produce the
optically- active a-amno acid represented by the 5

 belprodiceyd thronglatli¢ WethalefHbN pregootipyantion grclude:

First, the aRdim no group (R15CH=N-) npiely of the 10
optically- Eﬁ%ive nono- substituted al kyyat rEonmpound
(optical | yy~aCtdygee a-am no acid derivalive) .
repr esent eff t hrough  the
above- des ' under acidic
(al di m ne acidic- hydrol . process).
9f the acid used in di nine aci di c-
process include iR %afr@ acids (such as 15
hydrochloric acid, sulfuric acid nd phosphori ¢ acid)
and organic acids (such as aceti®® acrd citric acid,
and p-tol uenesul fonic acid). Specrfrcally, thrs

al di m ne aci di c- hy®Pol ysis process pro ed DEQ
treating the monojsubstituted alk \ﬁf ung, at a
S

exanpl e, throug? any one of the foIIOMAn?jE;;:edures

by the formula (I) obta
i bed nethod is hydrol yze

sui tabl e tenperat, recoR?y., room'tegper at re)C%th an

aqueous sol ution of t he acrd in a ‘raﬁ§ﬂ 20 nmedi um
tetra ofuran toluene or et F{ ) As a

SSIb|e to obtain an es derivative
or an ative of the amno acid, =R which

theRﬂ"erm naI roup has beenghgeedN as ?11\1
aci di c- hydrolysis n%?gqg . Next, If netesgat ,'ﬁ%e
ester derlvatlvezpr he ani de derivati %8 of

) H

18
i CORE ' /I\
N~ COR? Rm"’< J

) N
{ X |

18
, and - R

but the present invention is not particularly limited to these compounds.
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25 the ‘amino aci d obtai ned as above (aci dic-hydrolysis

product) is subjected to hydrolysis under stronger

acidic conditions than those under which the aldimne

was hydrol yzed, or under basic conditions. Thus, it is

86 possible to obtain a desired am no acid represented

by the formula (IV) in which the term nal of the

aci di c-hydrol ysis product (that is, the ester group

or 'the_am de group _(-COR20) .of the i di c- hydrol ?

pr oduciy thaspregen @V%n@anbé&w P@S%}g to gis PR cal y-active
Herei nafter, the prese i nventi crlbed in

Fpna substiitgd) al Eyl% e@P% Aoty oamino acid

L E cL NI (RS HATIR gy o

out und th ol di t.i The 1H
Bt m skt SR et 0 biBsgenpa by the
er he opti cal rit f t

g‘?lx ?r%’al\gy t hr ougts pﬁi Igh}/pgrf'gr :r:ﬁgel Ioinqui d-

chrormt ography (HPLC) W th V\aters 2690 using a 4.6
nm x 25 cm Dai cel Chiral ceI &, OD-H, AD or AD‘H. 15

Progression of the reggiyN OOMi tored qwth thin
| ayer chromat ography (° LC) usi ng a Merck precoated

FoCorh il Bl AR af§! orfOof B2 RAlowingbp ok durdef er ence
Exanpl etpf %ggl goof %enzal deohyé%%Schl fIfl base of

gl yci ngirsd0 eﬂibyl &dliing CO d @CEHNEt 3koiety of the
N ~COOEt HZN COOEt + HC EtOH 2 96% 3 25 dycine
bbi@all%sé@ﬁv@yﬂbﬁﬁmwstﬁ&té(t omikylaibdl ko fipbrrdy; (op&iGally-active
a-amino acid derivative) represented by the formula (I) obtained through
the above- descrlbed method is hydrolyzed under acidic conditions
(aldimine acidic-hydrolysis process). Examples of the acid used in the

aldimine acidic-hydrolysis process include inorganic acids (such as

hydrochloric acid, sulfuric acid, and phosphori¢ acid) and organic acids

- (such as acetic acid, citric acid, and p-toluenesulfonic acid). Specifically,

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'h_ydrolysis product.

Next, if necessary, the ester _\derivative or the amide de:ivative of
the amino acid obtained és above (acidic-hydrolysis product) is subjected
to hydrolysis under stronger acidic conditions than those under which

the aldimine was hydrolyzed, or under basic conditions. Thus, it is
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mol ) was added to ethanol (500 ni), then
triethylamne (25.3 g; 250 mmpl) was added thereto,
and the mixture was stirred. "Further, 87 benzal dehyde
(compound 2) (25.4 g; 244 ol ) dissolved in ethano
(500 nL) was added dropwi se to the ethanol m xture of
t he conmpound 1. The reaction mixture was stirred at

- roomtenperature for two hours, and - then the ethanol

10

15

20

25

was [enoved upder .reduced pressure.

passinee (o ’ﬂﬁ*ﬁ) amﬁ%ma adning o F@yea%étesfﬁirgfrﬁmegorﬁh@a av)
A BT EE h30 e e

f ro#i@w?éﬁﬁs? MM@ s 15 RO ERTGNRR o

h {el low oil, yield 969 . The NWR
i’ﬁ‘é%]flﬁ lco%c’( i ned corrpound 3 10 is shown in

- Tabl e 1. Tabl e 1 NWR spectrum of conpound 3 400MHz

1H NMR(CDCI3) : S 8.21(1 H, s, CHN), 7.77-7.70(2H,

- 5-1.38(3H, nm), 4.41(2H, s, N-CHzC), 4.24(2H,
Qxajn—‘;}eHz 0- CH2-C). 1.30(3H. t. 7.2Hz, C-CH3) 15
<Ref er fdﬁ@@'ﬁl@pr@@ﬂthﬁﬁﬂeitﬂfn Bs ﬂ@béﬁb@@hﬁdaaemﬁc detail
Schi ff base of glycine ethyl ester (conpound 13)>
WYsi Wy @f@&h&gﬂd@h}«ﬂelé Ast Hasited thewal dehyde of
Ref erence Exanple 1, the conpound 13 (yield 89% was ;
prepar ¢6. thbe fOllvizg® spemiplesn afnlebe dbi@ilmatl otherwise, the
conpound 13 is shown in Table 2. Table 2 NVR spectrum
@i e e MBS 18 e A @lrzic d Hy INVROABE! the fole&r@O(:dndixmen,s The H
CHEN), 7.74-7.70(2H, n), 6.95-6.92(2H, n), 4. 361%
NME Ept@rnndwas{ Ridasyred ot thdz AVAN CH4T) (0BMH#) by Bruker
0-CH3), 1.30(3H, t, 7.2Hz, C CH3)
BIOSPIN. The optical purlty of a reaction product was measured

through high-performance liquid chromatography (HPLC) with a Waters
2690 using a 4.6 mm X 25 cm Daicel Chiralcel OD, OD-H, AD or AD-H.

Progression 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

ethyl ester (compound 3)>

P
CHO Et,N }\l COOEt
HN" “COOEt  + ©/ |
HCl EtOH |
1 2
_ : 96% 3

Glycine ethyl ester hydrochloride (compound 1 (84.9 g 250
mmol) was added to ethanol (500 mL), then triethylamine (25.3 g; 250

mmol) was added thereto, and the mixture was stirred. Further,
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25 <Reference Exanple 3: Synthesis of

p- chl or obenzal dehyde Schiff base of glycine ethyl

ester (conmpound 15)> 88 Usi ng p-chl orobenzal dehyde

i nstead of benzal dehyde of Reference Exanple 1, the
conmpound 15 was prepared (yield 87% . The NWR

spectrum of the obtai ned conpound 15 is shown in Table

3. Table 3 5 NMR spectrun1of conpound 15 400MHz

| H NMR(CDCI 3) : 58.25(1 77-7, 7Q(2H, :
benaahleimiz compoumd4é)( §2$ 453’ mei) dwsghr@ I(Jrn athrgnd (500
| =7. 2Hz, O- -
arlet weermshd eéxémnv@lsa Tog ﬁ@@l@m&gﬁ%ar‘ gﬁBya@P@mdf% The
base of glycine 10 tert

P, BaE BOTL Bbi oy PRSI0 A3 Bgurs, and

| é%ﬁ?(x@g' é athan) s ﬁéﬁ%%@ﬂydr %é"rg WL Bomme) e gaturated

Paﬁg‘tﬁ? @63& m@re Cog%gufﬂl%ﬁ ?Ee%et ]agﬁhtelu% ggas exgracted with
i B PN el Pt ™

E't]gi]( %%ﬁ% lﬁgf@ gﬁ%a 'ﬁv(eg)sodn?mféuﬁ'a‘g@ ﬁﬁﬁ' tH@n concentrated

vl E‘Péseur'é toRHaaHeS tRie com ound 3 (46 0 g slightly
%%f? ro enza?dehyde Schiff base oef ¢ glpyc:| ne

?@[I‘bv&b wily k&t 86%).C ORRUNNIE BpectisiBdofthec bBained compound 3
rt-butyl ester hydrochloride instead of glycine
qgahbwgﬁﬁﬁmabﬁﬁnochlorlde of Reference Exanple 1, and

using 25 p-chlorobenzal dehyde i nstead of

benzal dehyde, the conpound T@bled

NMR spectrum of compound 3
400MHz TH—NMR(CDCI;:,) . 8§ 8.21(1H, s, CH=N), 7.77-7.70(2H, m),
7.45-7.38(3H, m), 4.41(2H, s, N-CH,~C), 4.24(2H, q, J=1.2Hz, O—
CH,~C), 1.30(3H, t, 7.2Hz, C~CHj) :

<Reference Example 2: Synthesis of p- amsaldehyde Schiff base of glycme
ethyl ester (compound 13> |

Using p-anisaldehyde instead of benzaldehyde of Reference
Exémple' 1, the .compound 13 (yield 89%) was. prepar_ed.'. The NMR
spectrum of the obtained compound 13 is shown in Table 2

Table 2

NMR spectrum of compound 13
400MHz 1H;NMR(GDGI3) - & 8.30(1H, s, CH=N), 7.74-7.70(2H, m),
6.95~6.92(2H, m), 4.36(2H, s, N-CH,—-C), 4.23(2H, q, /=7.2Hz, O-
CH,-C),3.82(3H, s, 0-CHy), 1.30(3H, t, 7.2Hz, C~CHy)

<Reference Example 3: Synthesis of p-chlorobenzaldehyde Schiff base of

glycine ethyl ester (compound 15)>
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prepared (quant itatively). The NWR spect rum of the
obtai ned compound 17 is shown in Table 5. 89 Table 5
NMR spectrum of conpound 17 400MHz 1H- NVR(CDCI3) : S
8.22(1 H s, CH=N), 7.74-7.71(2H, m, 7.41-7.38(2H,
m, 4.31(2H, s, NCH2-C), 1.49(9H, s, CG(CH3)3) 5
<Exanpl e 1: Synthesis of phenyl al anine ethyl ester
(compound 6)> F [/ / \' I FF 10 F NCOCEt (R-4 (0.1

) abybReRs proBlregialds b 3nﬁnea§‘3-%zew&”ﬁy§e af Reference

N 4% 6 94% e e benzal deh bas
Gyl e é}enypmepa (lc%rﬁs%%rwe@)are o5 §7g{ 055fhe NMR
: e
Babiamof s oRt oo et 1.3 il i FAHISE
tpl uene (20 nL), and the m?f.)ejfe% was stirred
Vi gorqusly (1400 rpm wth L%l t cooling When t he
o o A T IR S oetm oF BomBodRP T8 L0 - 5C OF
400MHz 'H- NMR(CDGIa) § 8.25(1H, s, CH=N), 7.77-7.70(2H, m),
7.45-7.38(2H, m), 4.40(2H, s, N~CH,~C), 424(2H q, J=7.2Hz, O-
' CH,_—G) 1,30(3H, t, 7.2Hz, C—CHS)

<Reference Example 4: Synthesis Qf benzaldehydé Schiff base of glycine
tert-butyl ester (compound 9)> |

Using glycine tert-butyl ester hydrochloride instead of glycine
ethyl ester hydrochloride of Reference Example 1, and using toluene as
the solvent instead of ethanol, the cpmpound 9 was prepared
(quantitatively). The NMR spectrum of the obtained compound 9 is
shown in Table 4. |

Table 4

NMR spectrum of compound 9

400MHz 'H-NMR(CDCIy) : 6 8.27(1H, s, GH=N), 7.77-7.70(2H, m),
7.45-7.38(3H, m), 4.31(2H, s, N-CH,~C), 1.48(9H, s, C-(CHy)y)

<Reference Example 5: Synthesis of p-chlorobenzaldehyde Schiff base of

glycine terf'butyl ester {compound 17)>

Using glycine .tert~buty1 ester hydrochloride i’nstead of glycine
ethyl ester hydrochloride of Reference Example 1, "and using
p-chlorobenzaldehyde instead of benzaldehyde, the compound 17 was
prepared (quahtitatively). The NMR ' spectrum of the obtained

compound 17 is shown in Table 5.

89



10

15

20

925

‘m xture was extragte

aqueous solution (4.50 gS 39 mmol, 1.95 equival ents)
was added thereto. 25 The m xture was stirred for
three hours; while nmaintaining the internal '
tenperature between -5C and -2C. Distilled water (20

‘L) was added thereto and the toluene |ayer was
-call ected, and then the al kylated Schiff 90 base

(conpound 5) was extracted with toluene (20 nix2). The
NVMR spectrum of the obtained conmpound 5 is shown in
Table 6. Table 6 NVR spect rTablef5 conpound 5

400MHz' W n,
7.40- 5 |1.37(3H, m NMR ®@struni 8{ &irjpownd 174, 21- 4. 15(3

_|
m, 3. 36addMHAG-NMR2EGH,) L3S BRIZ0H, 3 CHARYL 7HA-TITN (21 o) 42,
13. 6H2) , |7111 2Pdalm, nd), 4. 312 B) NS LG), 1 BROX CAGHEDD

conpoun
| ayer, and I N hydrochloric acid (40 nL) was added

tﬁmﬁlﬁﬁf gsx%&ee@%éﬁsﬁgnﬁéﬁ%é@% eféelr ¢ lepmpoiand 6>

col | ected by separation, apd then the aqueous | ayer
was washed with toluene (A4 PrrL), and sodi.um carbonate
was added thereto carefu to avoid too vigorous
bubbling until. pH ¢ ¢ +on reached not | ower
than 11 (confirnmed t pH test paper). The
thyI acetate (50 nlLx3) to
H ayer. The ethyl acetate

(U

col l ect the ethyl 2

| ayer was dried over rragn um sul fate and

concentrat ed under reduced]prfessure to give the title

conpound (S) - phenyl af?hi né ethyl ester (co ng ©)

(2.69 g; yreld 74% epipeddw purity 94% ee)gg@
ster

optical purity of bl nRihgOxkadmni nel et hyl
(cong d 6) 20 was neasured by HALC undit edeet

condi tYogs shown bel aave g@humm: CHI|RA OD-H (4.6

m$ x 25 cm) Mobi |4%%ﬁkba$ﬁgseq)
hexane/ et hanol / di et hyl.agispe = 97/3/[0.1 Fl osw ratg: 1.0

mL/ m n
1N HCI /p
1hr HoN

COOEt
74 %

6
94% ee

The benzaldehyde Schiff base of glycine ethyI ester (compound 3)
(8.82 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 g; 39 mmol, 1.95 equivalents) was added thereto.

The mixture was stirred for three hours, while maintaining the internal

| temperature between -5°C and -2°C. Distilled water (20 mL) was added

thereto and the toluene layer was collected, and then the alkylated Schiff
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Tenperature: roomtenperature 25 Detection: UV 254 nm

Retention tinme: (R -fornF10.2 min; (S)-fornF10.7 min.

" The NWVR spectrum of the obtained conpound (S)-6 is
~shown in 91 Table 7. Table 7 NWR spectrum of conpound
(S)-6 400MHz | H-NMR(CDCI3) : S 7.19-7.33(5H, m Ph),

4.16(2H, q, | =7.2Hz, CHZ ©), 3.72(1H, dd, /=5.2,
7.8H CHC), 3.08(1H, dd, J 5 =5.2, 13.5Hz, CHPh),
2.87(1H, dd, J=7.9, 13.4Hz, CHPh), 1.60(2H or _s,
by (campopzd, 5 was M;a@e@mt&g%eé%@ mEx2i The NMR

Exam nati on of_ the change over ti %e in.tqp i cal
pReatrymyet theebiyHasdicaniewrd et phogse} & @bg%ound 6)
> The sane procedure as in nple 1 was perforned
except that 10 the 48% KO—’IFQSI&’_ us sol ution was used.

o 0 oo N e B P Shgle 5 PIN AR
after t #QOMHacH-YMBEGRGISe St RA3(EH.a9t ?-?F?j?ﬁﬁ 2By o 748
not di sappHaM,) m)ad3ergtiaGHedn) rt.2tabl B3IE mel| 3E(TRndd} he

. conpound5.8Hz 132K, 3. bHUH.iddrS. 8tz  3i6He), 1283t hahdtzdd b

HPLC every hour. The reaction tinmes for the different

15 quagfeib | R %%ﬁﬁ&%f]?@d{gx?&'e%s o's%o!n%‘in%ﬂﬁwﬂ}g#ﬁb leBllected

Tabl e el OW. e resu wn I n Table

u i i : d
T
Re itatlb Read BRErdEAE Y6 SH) teli Pt e fyeen@bour. The aqueous

~equi val ents neterial stopped: disappeared) yeild 46%

layer was collected by separation, and then the aqueous layer was
washed with toluene (40 mL), and sodium carbonate was added thereto
carefully to avoid too vigorous bubbling 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 ethyl ester (compound 6) (2.69 g yield 74%, optical

purity 94% _ee).

The optical purity of the phenylalanine ethyl ester (compound 6)
was measured by HPLC under the conditions shown below. |

Column: CHIRALCEL OD-H (4.6 mmé x 25 cm)

Mobile phase: hexane/ethanol/diethylamine = 97/8/0.1

Flow rate: 1.0 mL/min |

.Temp‘erature! 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 (8)-6 is shown in
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- 1.95 94 94 94 (starting (reaction was - - -

equi valents neterial stopped: yeild 74% di sappeared)
94 1 (st arting neterial equivalent 95 94 di sappeared,
- - - reaction was 25 stopped: yeild 68% 82 79
O 5+0.5 94 (starting (reaction equivalents 95 94
(addition of KOH) 90 87 neterial was di sappeared)
stopped: vyeild 409 92 In the early stage of the
reaction, the compound (S)-6 w th hi gh optical purity
Wableoht ai ned for all cases. Thus, it is found that by
adj usting "t he amobunt of bas nd the reaction tine it
is possible to obtain the @Eﬂﬁo@nd 6 vvith hi gh

opti.cal
o Py R S2ais o cormaurd (TR o o

o1 - Ol CIrirc olrioart LI N A 2 I ] <

the opt |4@WHZ{OM"NW(%$C|§5he5b7eWZY/B3(§Ith‘po?m-d4 fﬁé end
6) > The |példalCiiatBId@7S8tH dd Jbaek 78Hz GHyC), A8@HNYd, J
est er (cleBpOoLattiz3GHPIN12.9K114,; ddl Q/ =7BD 1 3.4HD EHRY), 1180@H]) de
(1. 62 g;|bBsNHBI2PEHANA.2HRC-Ipound 10 (R) -4 (7. 4
ng; 10 pnol) were added to toluene (10 nlL), and the

- mxture was stirred vigorously (1100 rpm) with

3057 0k | i dbBtical purity of
B3 ZOP A D i B R M i

ﬁﬁé ?hbﬁs}lélﬁnﬁ@e lthﬂ%éfﬂPl(eoﬁpQuﬁﬂlﬂ val ent s) vvas added

t he The m xt'ure was stirred for two hours while

mai Nt afhieehrhB$HroBé @i hs in Example 1 was performed except that
the 48% KOH aqueous solution was used. at 1.95 equivalents, 3.9
equivalents, 1 equivalent, or 0.5 equivalents (additional 0.5 equivalents
added after three hours because the starting 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 different

quantities of 48% KOH aqueous solution are shown in Table 8 below.

The results are shown in Table 8.

Table 8
Amount of Optical purity of compound 6 (%ee) ‘
48% KOH | 1 hr 2hr Shr 4 hr 5hr| ‘6hr 7hr
79 20
38 03 (startlpg (not measured) (reaction was| _ -
equivalents meterial stopped:
disappeared) ' yeild 46%)
. 94
1.95 (starting % B _ B
equivalents 94 meterial (reaction was i
disappeared) stopped: veild 74%)
' 94
i (starting meterial
valent 95 94 disappearad, - — - —
equivalen reaction was
stopped: yeild 68%)
78
05405 94 ( stsfti {reaction
DT 95 94 . 90 87 ardng was
-| equivalents (addition of KOM)  meterial stopped:
dlsappeared)l yeild 40%)
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15 tenperature between -5C and -2C. Distilled water
(10 nL) was added thereto and the tol uene | ayer was
coll ected. Further, the al kylated Schiff base
(conpound 5) was extracted with toluene (10 nix2).
Thus obtained toluene | ayers were conmbined with the
toluene layer collected previously, and 1 N
hydrochloric acid (20 nL) was added thereto and the 20

m xt ur s stirred. at soomtenperature for - :

TEe aqE‘é\ggg eqrly atagh of the ’é‘%ﬁcgg)%ai’fegoa{’ra g?}lgﬁ?@g%mm high

t hen e ueous lLaye S Wi lye

ﬂﬁﬁf}agr?dl@%d N &ﬁé’(}{% é ﬂa%ﬁa%gga' ttr%[glr% oH %:bzrf é%%iil 'i/hat by

t Q. ayvoj 0. Vi bl i.ng 1t il pH.0k: Lher ; :

i EHEPLE, tH0 AARICR IR ala) thE i BioDkish O | possible to
i versal . g ' : A Xy tdldct ed

Bl RR, rhpbAaH P PRE hiel OB IR Ry in dREgiptIact e

acetate |ayer. The ethyl acetate |ayer was dried over

magnesi um sul fate and concentrated under reduced

Q‘Fﬁéﬂé_ R BO ElatRiddifor iof ltBeCeimosndvéSknte i93thHd y3@dgand th

yireld 74% optai clal purioty. e91% ee). VUndIeretlhe 1(;;arjrfe oA °

optidhl barky(dfaleHsdhaqueaigowral (Gompourd 65>9; 40

mwl, 4.0 equivalents, 1100 rpm ), the reaction was

st oppedheabethldehpde Gchiff Heser of dlychoiethylaested (compound 3)

hours, and the yield and the optical 5 purity at these

1 18asg 0 en ned); ibeatzy] Hrenrids U1162 gi 6.5 momol), murhbhe compound

Table 9 0.5 hr 1 hr 2 hr 4 hr. 8 hr A, Yeild 00 _35 63,

TR)-@0(79 mB; 10pwinod)l weue iadgdefoksejoloane{101mgy, apdihe mixture
AxBx1/ 100 33 59 67 48 4.9 <Exanple 4: Exam nation

 avdey|sditired vigoreusl (@2P0- | Wk dice - sair NPhe fhen the

comoutd 3 (1 988 by homri &3 S o2 i wom
PRI RN PR SIN AT SIRCN, br—
The mixture was stirred for two hours while n;aintaining the internal
temperature between -5°C and -2°C. Distilled water (10 ml) was added
thereto and the toluene layer was collected. [,Further, the alkylated
Schiff base (compound 5) was extracted with toluene (10 mLx2). Thus
obtained toluene layers were combined with the toluene layer collected
previously, and 1 N hydrochloric acid (20 m1) was added thereto and the
mixture was stirred at room température for one hour. The aqueous
layer was collected by separation, and then the aqueous layer was
washed with toluene (20 mL), and sodium carbonate was adlded thereto
carefully to avoid too vigorous bubbling until pH of the solution reached
not lower than 11 (confirmed by universal pH test paper). The mixture
was extracted with ethyl acetate (25 mLx8) 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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(1400 rpm) with ice-salt cooling. Wen the i nternal
terrperature .thereof had dropped to -5C or |ess, 48%
KOH aqueous sol ution (2.17 g; 10 mmol, 1.0

equi val ents) was added thereto. The mi xture was
stirred 20 for six hours while maintaining the :
internal tenperature between -5C and -2C. Distilled

water (10 nmL) was added thereto, and the MIBE |ayer

gﬁéﬁ&a&h@a@?&mﬁgg@m Rt St e )
us
o, TRl Pl AR LA R Tl I 180

5 L A0 A4 SR et

A SO S PRI g o o o opin

| ?ﬁgi 'ﬁtcﬁ{é%@ﬁlglu V@é:’reaﬂfé%guf@cf r e’Tﬁe%‘sﬁiﬂél A% HOWAY 9h ‘Table 9.

| gorous bbl 1'ng until pH o sol ution
reached not |ower than 11 (confirmed by universal pH

. test -paper). The m xture was extracted with ethyl

acetate (20 mLx3) to collecTakleegethyl acetate Iayér
The ethyl acetate 5 |layer was dried over nmgnesium

sylfﬁe and concentramrundefh,r educ;_em r esgur € tethr
gl,ve tfre—con et \\ Tl —7 cal,

6 (9] L
puriy PAiofel <Exan§|5e : §3nt hpqug GHP_. 49
3-i odapb@msl alrianuee) |et rogl dst on (¢ompbung 8B JLO 10|

N COPE Y nZyl om[de (0. $0 IN -1
hr Pﬂul\/h ‘&(:’-‘elel?})}hlaﬁl—Dly\l Q%ﬁﬂf 5}20/ L(m%ﬁl%l_ o%) 204~

fal
v oY T O

11%

. -5C, 25hr Mes

<Example 4: Exammatlon of alkylatlon in methyl tert- butyl ether
(MTBE)>

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 less, 48% KOH aqueous solution (1'..17 &

10 mmol, 1.0 equivalents) was added thereto. The mixture was stirred
for six hours while maintaining the internal temperature between -5°C
and -2°C. Distilled water (10 mL) was added thelreto, and the MTBE
layer was collected. Further, the alkylated Schiff base (colmpcjund 5)
was then extracted 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 énd the mixture was stirred

at room tempefature for one hour. The aqueous layer was collected by

separation, and then the aqueous layer was washed with MTBE (20 mL),
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15 The conpound 3 (0.96 g; 5.0 nmmol), 3-iodobenzyl

‘bromde (1.19 g; 4.0 mol), and the conpound (R)-4

(3.7 ny; 5 nol) were added to toluene (5 nL), and the
m xture was stirred vigorously (1400 rpm) with
ice-salt cooling. When the internal tenperature

t hereof had dropped to -5C or |ess, 48% KOH aqueous
solution (1.15 g; 9.8 mmol) was added 20 thereto. The

B S Rab e or ae et oo “aet BT kpedor B vigorous
EBEM&H@G}?Q rpwfétﬂ ?S%I@[tmg%l %dd%}qft?l%r h\g(er% gf é(aonfirmed
BRuunivRAT ol SRR,y ol I B e TRE Y et otbyl
hEMATE D ANTOcA0l) BERER, d BEEY QUSlate Tl The opt acetate

T e

?Féjsélﬁ'%nt& %Sv g%oébﬁnbégﬁﬂ 3% Was egﬁgld""&%t@ﬁﬂi@&lepunty

10 n) I um car ona e was - ad t hereto

ogvpeésl |y to avoid too vigorous bubbling until pH of

the solution reached not lower than 11 (confirmed by

uni versal pH test paper). The mxture was extracted

W th ethyl acetate (30 mLx2) to collect the ethyl 5

afdaat plel BrySynthms ef Byibdegkéwylalaaity etipd edtéreGomeund 8)>
magnesi um sul fate and concentrated under reduced

pressure to give the conpound 0 gS vyiel d

63% _opti cal pgdé3 ymof},n%% ee)l. jpurity was

. [
det df nPIPE_ b ting [the conpgu . Thgepti cal |
@)ty of MM% conpoundy 8-cums urHFed-— 10

PLC under t hfe@:94l oW ng conek ions: Qol unh™ HzN“ “COOE

LCEL OD kb orb (nwiox 25 icm) bi | e phase 63% 3
hexane/ I sopr opamred, 25095/ 5 Hl ow rat ge L/ min " 81%ee
Tenperature: roomtenperature tect| on: W254 nm

The compound 3 (0.96 g5 5.0 mmol), 3-icdobenzyl bromide (1.19 g;
4.0 mmol), and the compound (R)-4 (3.7 mg; 5 pmol) were added to
toluene (6 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 (1.15 g3 9.8 mmol) was added
thereto: The mixture was stirred for 2.5 hours while maintaining the
internal temperature between -5°C and -2°C. Distilled water (5 mL)
was added thereto, and the toluene layer was collected. Further, the
alkylated Schiff base 7 was extracted with toluene (5 mLx2). Thus
obtained toluene layers were combined _With the toluene 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 at 40°C, and then the aqueous layer
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Retention tine: (R-formr10.0 min; (S)-formr13.8 mn

- The NWR spectrum of the obtai ned compound (S)-8 is

shown in Table 10. Table 10 20 NVMR spectrum of

.conpound (S)-8 400MHz "H NVR(CDCI 3) : S 7.57-7.59(2H,

m, 7.18(1H d, J 7.8Hz), 7.04(1H, t, J =7.8Hz),
4.17(2H, q, / =7.1Hz, CH2-C), 3.68(1 H, dd, J =5. 4,
7.8Hz CHCO), 2. 99(1 H, dd, J =5.4, 13.5Hz, CHPh),

T%ﬁq%z 13@119 5?‘%&5 3}_@5'2 '@@E%&%SQQ%}?}éﬁgprg%néﬂe was .added.
FRALA SR R 38 B POPBLTLATL ] gt g gotarion

oAl noHhd0y Snbn FOGHAATAL B a?mg}g%gggogmﬁpeﬂ The

Ean za?eg by dg’é%%@_lv{}gh ee‘%h?ff‘%]ceéatg &b H1%2) to collect the ethyl

ase of glycine tert-butyl ester

QE@HQ%QU eg.t') ( @‘hﬂAf ePhy2 d98PAte 10§87 Yivabr @fiede ovBr 3 agnesium

10 N-(9-ant hracehyl net hyl ) ci nchoni di um
‘éﬁlfﬁ'ﬁé Gerd %Qﬂé&i’c@%é@hn&l&@&é@meﬁ prdB¥are tweFive addetompound

to toluene (4 nmL), and the m xture was stirred

@)t‘?i@r(@b?@ ¥ FAdR068wopdidal Juadtys 81186 eep! i Tie opkieal lpha'lty was
i-nterna

determined by benzoylating the compound 8.

The optical purity of the benzoylated compound 8 was measured

- by HPLC under the following conditions:

Column: CHIRALCEL 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 time: (R)-form=10.0 min; (S)-form=13.8 min

The NMR spectrum of the obtamed compound (S) 8 is shown in
Table 10

Table 10

NMR spectrum of compound (S) 8

4ODMHz "H-NMR(CDCL,) : & 7.57-7.59(2H, m), 7.18(1H, d, |
=7.8Hz), 7.04(1H, t, J =7.8Hz), 4.17(2H, q, J =7.1Hz, CH,~C),
3.68(1H, dd, J =54, 7.8Hz CH-C), 2.99(1H, dd, J =5.4, 13.5Hz,
CHPh), 2.82(1H, dd,  =7.8, 13.4Hz, CHPh), 1.57(2H, br s, NH,),
1.25(3H, t, 7.2Hz, C-CH,)

<Example 6: Examination of the use of a cinchona alkaloid quaternary

ammonium phase-transfer catalyst>
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tenperature thereof had dropped to -5C .or less, 48%
KOH aqueous solution (0.46 g; 4 mol, 2 equivalents)

" was added thereto. The nixture 15 was stirred for one

hour while maintaining the internal tenperature
between -5C and -2C. Distilled water (10 nL) was added
thereto and the toluene |ayer was collected, and then
the al kyl ated Schiff base (conpound 11) was extracted
with toluene (10 Thus obtained toluene |ayers
were conbined with shejtqluene |ayer collected
previously, 20 fiNlhy f-ocploric acid (10 nL.) was added
thereto, and the M % uke stirred at room
tenperature for one haqu he aqueous | ayer was
col | ected by separat®i §n./ and then the aqueous | ayer
was washed with toluene (10 nkt), and sedium car bonate
was added theret@ueskgful ly to] avoid _tgb vyi gorous

bublf i #R§BUNt i densitEromiae M8 egOl Ut | ON redched not Lguer 25
N 11 (confirrmed by—uni-versal pH tesi®®Paper }—The

ture was extimgo¥redhwith et hy Cetate (10 nlx3) tdy ©0OBu
col IPect the et H§tKQEE&=at e | ayef. he ethyl acetate 12
| ayer was dried ovéi magnesi unrsulfataran 97
concentrat ed .under reduced pressure to give _
(S) - phahgl apamidldehede - BEbif PBaser of coipdund {edy-blidyl ester
(0.11 g; yield 25% optical purity.80%ee). The
i pahn@9)i (0/44fg;t 2 an anrtjoberzyl broasideeds 82 egf Y #Rh6l), and
under the followi ng conditions: 5 Colum: CH RALCEL
OD(Haidhbacanyigfethy)) cindifonidiyphadeoride (compound 10) (107 mg;
hexane/i sopropanol = 98/2 Flow rate: 1.0 nL/mn .
Deperallivearer added doptnlacne 4 Bdtlectridomhe Uniggenwagostirred
Retention tine: (R :fornFl0.7 mn, (S -fornell.2 mn
VhgonavRlys pEt0unrmsh) t Wetbbies-sald coebvgnd (Wheno the internal
shown in Table 11, Table 11
temperature thereof had dropped to -5°C or less, 48% KOH aqueous

solution (0.46 g; 4 mmol, 2 equivalents) was added thereto. The mixture
was stirred for one hour while maintaining the internal temperature
ﬁetween -5°C and -2°C. Distilled water (10 mL) was added thereto and
the toluene layer was collected, and then the alkylated Schiff base
(compouﬁd 11) was extracted with toluene (10 mLx2). Thus obtained
toluene layers were combined with the toluene layer collected_ previously,
1 N hydrochloric acid (10 mL) was added thereto, and the mixture was
si:irred at room‘ température for one hour. The aqueous layer was
collected by separation,. and theﬁ the aqueous layer was washed with
toluene (10 mL), and sodium carbonate was added thereto carefully to
avoid too vigorous bubbling until pH of the solution reached not iower
than 11 (confirmed by universal pH test paper). 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
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NMR spectrum of conpound (S)-12 400MHz ' H-NI\/R('CDCI 3)

;- S$7.19-7.33(5H m Ph), 3.61(1 H dd, / 15 =5.7,
7.8H CHC), 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 perforned under the same
conditions as 20in ExarrpIeG after stirring for

fou {%%\thhlﬁg rogh oy ng{egégrtgr’ft% gl'tVEte(%ﬁ &%&&Yﬁgﬁ%&% ]Et butyl
oSty N R G . o
PRF’I%I%} W AU (5% eoRiffh {5, B, Sber he

élfﬁﬁ‘i%%&&? eq) MO |l 53% 6 -50C, 5 hr e5%e 14 |

Ah Sl ehyde Schi ff base of glycine ethyl
ester F%)I | bronide
(8 81 EGQQ%@HI %]@PQH conpou d ? % (3.7 ny;

5 mol ) MsHige pAASE: ﬁ@xaﬁéﬁl&g%ﬁ;ﬂopé—%/zand the mixture

was stirred vigorously ( wi'th ice-salt-

cool i ngFlowhee S1th@Ii/aiigr nal tenperature thereof had
dropped to -5C or |ess, 48% KOH aqueous solution (9
0, 78 Meaiperhbube afonybd@pesatuvds added thereto. The
m xture was stirred for three hours while naintaining
t he i nDasteetiont Ep2LAtnme bet ween -5C and - 2C.
Distilled water (20 nL) was added thereto and the

t ol uen®dtaytioniames R) dotme 1 0dhhinh®-fdren-al kimired

Schiff 10 base (conpound 14) was extracted V\/I(t i; ) ]
t ol uena‘k(ezNMBx@ectmmsof the obtamed compound (S)-12 is shown in

Table 11.

Table 11

NMR spectrum of compound {S)-12

1400MHz 1H"NIVIR(GDCI‘—,): & 7.19-7.33(5H, m, Ph), 3761(1 H, dd, J|
=5.7, 7.8Hz CH-C), 3.03(1H, dd, /=5.6, 13.6Hz, CHPh), 2.87(1H,
dd, J =1.7, 13.5Hz, CHPh), 1.60(2H, br s, NH,), 1.43(%H, s, C-
(CH3)s)

<Comparative Example 1>

The same procedure was performed under the same conditions as
in Example 6, after stirring for four hours while maintaining the
internal temperature 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>

N~ COOEt (R}4 (0.1 mal%%) 7 /C@
benzyl bromide (0.95 eq) 1N HCL |

N COOoRt T
Med PhMe (43: 0.25 M) . HoN” ~COOEt
3 : 53%
48% KOH (15.5 eq) MeQ -8
-5°C, 5 hr o _ 95% ee
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obt ai ned tol uene | ayers were conbined with the tol uene
| ayer collected previously, 1 N hydrochloric acid (10
m.) was added thereto, and the mxture was stirred at
roomtenperature for one hour. The aqueous | ayer was

- col l ected by separation, and then the aqueous. | ayer

was 15 washed with toluene (10 i), and sodi um
carbonate was added thereto carefully to avoid too

\rlllo? O|r 8 :ﬂb@gql.}ga e?xért b $$lﬁé‘ﬁ§) Lhe @lg?é'}ﬁon ?egssﬁp (compound
T h_e
135119y 85 & BritiE b?ﬂ@’ i a°§§ P4 er 4tp BHELP Gnd the

3&%&%@%&3 He ?%‘ﬂeuce%“%‘%ﬁigﬁﬁ‘?%fé@é’s@mm and the

e Hhns i o me e

%ﬁ?'%u@.?{ﬁeﬁn@ %“Rgﬁ% %Bg%(f h%aedgfoﬁﬁﬁtto( B)=C4&101elss, 48% KOH

%%%u% Q:Hugonp (18 Anddl, M5, Iﬁmnissﬁ%ﬁsl&dﬂ&% thereto.
5 eq), z/ 6 .5C, 4 hr 16 55%e 99 The

PEH hPikeRED Fad I efivekRl ﬁﬁhtliifeebliﬁﬁrs)fwlgla/ eidiateiniyg the infternal
ester (conpound 15) (4.51 g; 20 mmol ), benzyl brom de
(témipRratudAbatwbdn -59C¢ andoPIGundigRilletl wideB(2fymidowas added
nol) were added to toluene (80 nL), and the mxture

whsrstd anédheitghranslayet Wadcolledtedi ahdithenstdieralkylated Schiff
cooling. 5 Wen the internal tenperature theyeof had

* drazppécbhpoun@ dd) | was, exB%ctebHvILcolrers | m (< 85 Thus

; 0.31 mmol, 15.5 equival ents) was added ther
Thdainod dolmcneslagers veere combiBedovith the teluene layer collected

~mai ntaining the |nternal tenperature bet 5C and
it 5 @dos: b

15

20

25

weviondyi 1 By hydreehloric agid (1gnkdFe thepego, and the

the tol uene | ayer. was separated off, V@nd ths}g theT
ankfsﬁllﬁ'ﬁeﬂ’ascﬁlﬂedb%eTOPé‘brFSWaIB}'e UfeqTie; gaueous

t.ol uene (25
layer Wags collected by separation, and then the aqueous layer was

washed with toluene (10 mL), and sodlum carbonate was added thereto
carefully to avoid too vigorous bubbling until pH of the_ solution reached
not lower than 11 (confirmed by unive;rsal pH test paper). The mixture
was extracted with ethyl acetate (20 nl1L><3') to collect the ethyl acetate
layer. The ethyl acetate layer was dried over magnésium sulfate and
concentrated under reduced pressure to give (S)'phenylalanine e.thyl

ester (compound 6) (0.42 g; yield 53%, optical purity 95% ee).
<Example 8: Examination of Schiff base — 2>

' i 1
N”COOEt {R)- 4 (0.1 mol%) I@
/@)‘ o benzyl bromide (1.2 eq) \ 1N HCI
I

COOEL
1 hr

ci < | PhMe (15: 0.25 M} : ‘ e X H,N" ~COOEt
15 o £2%
48% KOH (15.5 eq) al B
a . 55% ee
-5°C, 4 hr i 18 _ _
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m.x3) . Thus obtained toluene |ayers were conbined wth
the toluene |ayer collected previously, 1 N

hydrochl oric acid (120 nm.) was added thereto, and the
m xture was stirred at roomtenperature for one hour
The aqueous | ayer was col |l ected by separation, and
then the aqueous 15 | ayer was washed with toluene (30
m.), and sodi um carbonate was added thereto carefully
to avoid too vigorous bubbling until pH o

sol ut i GWer quchlaohenzaldebyde ndehiff pasai p£ négiw ethyl ester
ampenng| TRkt & PooBMe2honey! eamidh (4 8 G fimoD), and
o Mg et th Boah O e AReg BB B, and
RhE s DUBR SRR R 505 sy ontine.
SBhpoie SR ok tahe g (et AT ERL SiBppRY o b€ or' e8s, 48%
RO e58o L8 s RHRE A O 1R Rugf P8 S GG AIGRRP was added

Eg???t)(l)t i ﬁl‘lfeﬁ qﬁ’&lﬂﬂ% Qv Y2 5i2P4 'ftﬂﬁ R 9'1‘11%8]81éiﬁll:a1nmg the

e ear stage o e reaction.

< ; ' j f.Ho d |
(1515%?}%{19131%1@%%@{1?@ gie'tﬁ%gﬁ[: 5 g;a?gwlsl)istﬂt@%ﬁﬂ%ﬂgﬁ (520 mL)

18ad 2408 %hetotd8Rd the RoPRd Kie 14 yordwa s sepbirdicld Off Gakll cthen the
THE JJJ( H2H OO Ru

alkylated Schiff base (compound 16) was e_xtr'acted with toluene (25
mLx8). Thus obtained toluene layers were combined with the toluene
layer collected. previously, 1 N hydrochloric acid (120 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 (80 mL), and sodium carbonate was
added thereto carefully to avoid too vigorous bubbling until 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)-phenylalanine ethyl ester (compound 6) (2.40 g5 yield 62%, optical
purity 55% ee). | |

The change over time in the opt'icfal purity of the coinpound 6
produced through this reaction was measured. -The optical 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 ip'urity in the early

stage of the reaction.
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% tes. After—Teturned to room i5 I enper at ur ervF t he - M NCOO0t

Cl 17 PhMe (17: 8.15 M 99% 50% KOH (23 eq) Cl / 12 ee
0C, 2hr 19 10 Under an argon atonobsphere, the '

~ p-chl orobenzal dehyde Schiff base of glycine

tert-butyl ester (conpound 17) (76.1 ng; 0.30 nmol),
benzyl brom de (61.5 ng; 0.36 mmvol ), and the conpound .
(RR-18 (2.7 ng; 3 nol) were added to toluene (2.0
m.), and the m xture was stirred vigorously wth

ice-salt cooling. Wen _the intern ratur
<hsample 5 Brammaippreaf ﬁge G@mdmvgs%f ﬁ%@&%ﬂ%ﬂ@@? |
solution (0.6 ni; fF0F008 nol, 23 equival ents) was
‘added thereto. Th'Fxture was stirred for two hours
whi | e mai nt aiiag The i nal tenperature at OC.

Vavais’ s added thereto and the
ad of f, and then the

20 ether (10 niL). us obtai ned ether |ayer was

combi ned wi th theY=dl uene | ayer collected previously,
dri ed over sodi um'z%mgat'e and .concentrated under
reduced pressure. e resi dug was dil Wth THE
(10 mM)cockuN hydmeshimewi ¢ acid (10 s| added

th 0 at OC,benzamamiiaie.2rinxt Ur e was, S4jrred fa*R0.

i Xt upe was wasBEEYIWEN et her. t he ef her sdrayer
was extracted afdiftVeR 1 Njnsdrdchl oric aci d. The
aci di c aqueous |%§é¥ was colH ected,”and then .
neut r aljzka wht Brgedi atomddphergdrihge podrbmimrealdelgale Schiff
The m xture was extracted with ethyl acetate (1

12
98% ee

(10 5
 ax@)oft glyaihe ekirt biusybidsyér dcemppeniajdl (76He mgh.30 mmol),
-acetate layer was dried over sodiumsulfate an

d
beneghbramade (637 med0ci mmods sand thareprepewnd {R,R)-18 (2.7

m xture was purified by silic el _colum 5 .
ahg;odpmogl) aptre {ddodhbeleliepe Redeakl and thy migtyre avas stirred

Evg?aor%g;gf/ @kﬁﬂéﬁnggly:for@imggﬁ&%ﬂq { %ﬁ@:geém%g%ature thereof
had dropped to 0°C or less, 50% KOH aqueous solution (0.6 mL; 0.008
mol, 23 equivalents) wés added thereto. The mixture was stirred for
two hours while méintaining the internal temﬁeratu_re at 0°C. Distilled
water (10 mL) was added thereto and the toluene layer was separated off,
and then the alkylated Schiff base (compound 19) was extracted with
ether (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 mL) 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 agueous

layer was collected, and then neutralized with  sodium
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The optical purity of (S)-phenylalanine tert-butyl-
ester (conpound 12) was neasured by HPLC under the
foll owing conditions: 10 Colum: CHI RALCEL OD-H (4.6
mux25 cm) Mbile phase: hexane/ et hanol / di et hyl am ne =
100/1/0.1 Flowrate: - 0.5 nL/mn Tenperature: room
tenperature Detection: W 254 nm 15 (R)-Phenyl al ani ne .
tert-butyl ester (compound 43) (63 ng, yield 95%

optlcal purity 98% ee vva obtajned in the nn
Bdrrgershpn e kR @H@“S%nﬁ@ﬁn&xg@n%ﬁga $RF ety

TR ETNCRR TR N o -

_ '%’am n%&{,o{z&%s% ngl%l(J %d afj}éatg@d];p%rn%%lgragc b fﬁ“ﬁﬁ}z reduced

Emml@%net hy E@mer g&g/x au%sr gﬁjr%&gbgh% (%é\gel column
0&{'(@}1 P ! %%gifgghﬁé%ne? !Vgt gé@tﬁ@@ "%:%ﬁlg b éi@e M}Mhlamne |
B TR BT, A s 5%
Qe)g.6
~The optical purity of (S)-phenylalanine tert-butyl “ester
(compound 12) was measured by HPLC under the following conditions:
‘Column: CHIRALCEL OD-H (4.6 mm¢x25 cm)
Mobile phase: hexane/ethanol/diethylamine = 100/1/0.1
Flow rate: 0.5 mL/min
Temperature: room temperature
Detection: 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 umol) was used
instead of the compound (R,R)-18 as a catalyst.
S

H,N" " COOtBu
| 43

<Example 10: Examination of the compound of the formula (III) — 2>

Me 7| :
: Me
}\z/.\cooxau (RR)- 18 (1 molos) (O '
/@2 p-methylbenzyl bromide {1.2 eq) ' INHC!

IN COO#Bu
' ' ’ ‘ HN" ~COOBu
o . 17 : PhMe (17: 0.15 M) THF | 2! N ‘
E 57%
50% KOH (23 eq) ol | a
0°C, 2 hr L 20 - .
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mol ) was used instead of benzyl brom de. 5 The
optical purity of (S)-(p-nethylphenyl)al anine
tert-butyl ester (conpound 21) was neasured by HPLC
under the follow ng conditions: Colum: CHI RALCEL
CD-H (4.6 mi~x25 cm Mobil e phase:

hexane/ et hanol / di et hyl am ne = 100/1/0.1 Flow rate:
0.5 nmL/mn 10 Tenperature: roomtenperature

Lot Ctb@yﬁp &éﬁﬁqu%%ﬁlﬁgtﬁ{%gﬂgﬂy%a' E@%o%{g} 21) (68.5
5 U Sl G 1

RUERR ﬂe’t”%s,qg bagds! ”Stgggylgglg@p%%@dﬁs@e%g, 0.36
BB g m%%%eﬁ%%meﬂﬂ%r32,:“;L,2n§'y:'a,r;m?;e

(1. 1e7 Ma i ﬁé@"c\'but leéter
o0 oo T Al %‘@f%%’)@% i) ghendbl 5 hy y
% )wz{ a4 OR MDYk 3Ridae thebHBwWIN c@ﬁ&iﬁons
? nﬁ%ﬁ%‘g 21? # 5 ny; % Id 99% opti cal purlgty 95%
ee) Vag PRid: ] RAUGEL&@DEHr@wmm %08 cas) | n Exanpl e
9 except that p-fluorobenzyl brom de (68 0 ng; O.36
- ol ) Méesld ﬁﬂse iedeatk/efthfresizdibtiprlamide. = T06/10ptl cal
purity of (S ? (p-fluorophenyl)al anine tert-butyl ester
( conmpoiiewA3ke VOS mldmined by HPLC under the foll owi ng
condi ti.ons:
Temperature: room temperature
Detection: UV 254 nm
(R)-(p-Methylphenﬂ)_alanine tert-butyl ester (compound 44) (67.87
mg; yield 96%, optical purity 98% ee) was obtained in the same manner
‘as in Example 10 except that the compound (S)-4 (2.2 mg; 3 pmol) was
used instead of compound (R,R)-18 as a catalyst.
' jom
HBN/.\COOtBu
44 .
<Example 11: Examination of the compoﬁnd of the formula (IID) —
. — F o )
NTCO0BY (RR)-18 {1 mot%) . ‘ J\/@ _ E
~ p-flucrobenzyl bromide (1.1ec) N - AN HEl p
ci PhMe (17: 0.15M) I . THF HaN™ “COO0#Bu
" - 50 % KOH (23 eq) o g ”
0°C, 2 hr L 2 | o |  95%ee

(S)-'(p-Fluorophényl)alanine tert-butyl ester (compound 23) (71.1

‘mg; yield 99%, optical purify'95% ee) was obtained in the same manner
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5 Columm: CHI RALCEL OD-H (4.6 m®$x25 cn) Mobil e phase:
hexane/ et hanol / di et hyl am ne = 100/1/0.1 Flow rate:
0.5 nL/mn Tenperature: roomtenperature Detection:
W 254 nm 10 (R)-(p-Fl uorophenyl)al anine tert-butyl
ester (conmpound 45) (69.6 ny; yield 97% optical
purity 99% ee) was obtained in the sane manner as in
Exanpl e 11 except that (S)-4 (2.2 ng 3 gnol) was used

o5 Y s SBUERATH A idln TRk o B0 d0 e
- : LLl) - 4> 20 N~COOB
%%g%)éje%gm?sfe%@&@fbgk%i_%&pl&%‘- br ononet hyl napﬁt hal ene
o hs bt T AUy Rt My over
- H _ . | . o )
St i Y L AL AR pypPTR e P R 7R WoMations
vas obpgidet. ICHIRAL @gggﬁqz;.@&mmxzm| e 9

except that 1 ononet hyl hal ene (79.6 ng; 0.36

mol ) M1 fid b Mgé-Lack/ofh RN bt Iamide. = 104/TTba
optical purity of (S)-1-naphthylal anine tert-butyl

est er TWieRMRAUNG 52&)/Mas neasured by HPLC under the
following conditions: Colum: CH RALCEL OD-H (4.6
mx 25 TeMperklblitd:aophas@npbextane/ 2- pr opanol = 100/ 1

Detection: UV 254 nm _

(R)-(p-Fluorophenyl)alanine tert-butyl ester {(compound 45) (69.6
mg; yield 97%, optical purity 99% ee) was obtained in the same manner
as in Example 11 except that (8)-4 (2.2 mg; 3 pmol) was used instead of
the compound (R,R)-18 as a catalyst.

Pas

H,N”"~COOBuU
45

<Example 12: Examination of the compound of the formula (IIT) — 4>

NTTCO0BY (R,R}- 18 (1 mol%;) - O : %
i 1-bromomethyl naphthalene (1.2 eq) - INHO!
' N COO0iBu E—
' THF _
Cl 17 PhMe (17: 0.15 M) . ~ HN” “COO#Bu
: ' 50% KOH (23 eq) ol ” - 9%6% 25
0°C, 2 hr \_ ] §9% ee

(S)-1-Naphthylalanine tert-butyl ester (compound 25) (78.1 mg;
yield 96%, optical purity 99% 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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5 Flowrate: 0.5 nL/mn Tenperature: roomtenperature
Detection: W 254 nm (R) - Napht hyl al ani ne tert-butyl

ester (conpound 46) (78.1 ng; vyield 96% optical

purity 98% ee) was obtained in the sane manner as in

10 Exanpl e 12 except that the conmpound (S)-4 (2.2 ny;

3 gnol) was used instead of the conmpound (R R)-18 as

a catalyst. 15 H2N'~, 000tBu 46 <Exanple 13:

Exam nati on of the conpoun f the formyla, (I11) -

Ph N Eoor pptral ety 16f (E)ib P—%)h&h]ﬁgiﬁmn(eor@#@é‘tyl ester

lomotia oy s mmikces LGS endiashs fllonsed coptiions:

?CQLpoﬁﬁ&x%ﬁ; q%ﬁﬁg%@tﬁt'ﬁ GSh AR e 1y 04

oxtopt MARIE Fﬁﬁ%m}c%}eé?n%a”f‘ép?% erl.-?@ﬁlo 36 ol ) vas

used nzyl brom de. The optical purity
of (S) %?0 %ﬁ%ﬁ:@? );‘lgll%ne tert-butyl ester (conpound
27) wa e foll ow ng ‘

condi t?‘%ﬂlg’%mﬁ‘g% ?%PEH-&H%%EL OD-H (4.6 mbx25
cm M VQS / et hanol / di et hyl am ne =

100/ 1/ hi@ctﬁ’{@vs'vgr ate: 5 nm./ mn ‘

(R) Naphthylalanine tert-butyl ester (compoun(_i 46) (78.1 mg;
yield 96%, optical purity 98% ee) was obtain__ed in the same manner as in
Example 12 except that the compound (S)-4 (2.2 mg; 3 pmol) was used

| instead of the compound (R,R)-18 as a catalyst.

“>Co0MBu
46
- <Example 13: Examination of the compound of the formula (III) — 5>
' : B PR ]
iN/\COOfBu ' (R.R)- 18 (1 mol%%) (l( _ - | o
/©) : cinnamyl bromide (1.2 eq) N~ COOBY - INHCl
c a7 . PhMe(17:0.15M) I ' S THE . HaNT C00Mu

50% KOH (23 eq) o 82% SZ/ .
oc,6ht . . L 2% - - - °%e

(S)-1-Cinnamylglycine tert-butyl ester (compound 27) (61.1 mg;
yield 82%,‘ optical purity 94% ee) was obtained in the same manner as in
Example 9 except that cinnamyl bromide (70.9 mg; 0.36 mmol) was used
instead of benzyl bfomide.

The optical purity of (S)-l-cinnamylglycine tert-butyl ester

" (compound 27) was measured by HPLC under the following conditions:
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Tenperature: roomtenperature 5 Detection: W 254 nm
The NMR spectrum of the obtained conmpound (S)-27 is
shown in ' Table 12. Table 12 NWR spectrum of conpound
(S)-27 400 MHz 1H-NWR (CDCI3,) S 7.35-7.26 (4H, m,
7.22 (1H, m, 6.48 10 (1 H d, J = 16.0 Hz), 6.15 (1 .
H m, 3.49 (1 H t, J=6.0 Hz), 2.57 (2H, m, 1.69
(2H, b) 1.46 (9H, s) (R -G nnanylglycine tert-butyl

t d 47 {. ; [ eld , 90% qptical
pur | tyCobMPoe 1 HABGSE U {4 R4 Ed e as i n
Exanpl e_13 t that th d.(S).-4 -3
ol ) o hilecahage hepaneleb ot kae Goraating < 2OBT08 as
a cat aﬁst. f _P‘? Higllvl 000t Bu 47 20 <Exanple 14:
Exam nAt9BFase" Y-RIEMBund of the formula (111) - 6>
RR) - 1 .nmpl%. N BUINHCI 1 b | chlorid
| octbet IERPSTBEEHY TROBCHBEFNCeoct B | P (17

9.15 HE. z | TCOOXBu C 29 39 17 50 % KOH

(23 'eq’vg)e} "%}0’}5{%&%%% 25 COC, 5 hr Under an argon

at onos pher & 0 198 S68uAd (SPaTeistihown in
gl yci ng@’t%ewgﬁyﬁ%g@%ﬂeép coégjg)%%g %%%76. 1 (rrg; O.SSO °

apld 12. 106
Table 12

NMR spectrum of compound (S)-27

400 MHz 'H-NMR (CDCl,) & 7.35-7.26 (4H, m), 7.22 (1H, m), 6.48
|(1H, d, <= 16.0 Hz), 8.15 (1H, m), 3.49 (1H, t, J= 6.0 Hz), 2.57
(2H, m), 1.69 (2H, b) 1.46 (9H, 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 13 except that the compound (S)-4 (2.2 mg; 3 pmol) was used
instead of the compound (R,R)-18 as a catalyst.

Ph

/1( |

H,N” COOtBu
47

<EXamp1e 14: Examination of the compound of the formula (ITIT) — 6>

: {R.R)- 18 (1 mol%) |
PACOOBuiodo'ethane (10 eq) . ’]fc ooma| __TNHC! benzoyl chloride /(
‘ * u HN~ ™GO0y |
PhMe {17: 0.15 M) ) J THE 2 . u EuN BzHN 3lr:ooﬁau
cl
17 50 % KOH (23 eq) | N 0% B e
' 0°C, 5 hr

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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I odoet hane (240 L 3.0 mmol ), and the conmpound (R R)-18
(2.7 ng; 3 nol) were added to toluene (2.0 nL), and
the m xture was stirred vigorously with ice-salt

codl ing. When the internal tenperature thereof had
dropped to OC or |ess-, 50% KOH aqueous solution (0.6
mL 0.008 5 nol, 23 equival ents) was added thereto. The
m xture was stirred for two hours while maintaining.

‘the internal tenperature at 0C. Distilled rél% )
indpethane d848 khesed onmead),t ad ttdieu spRpoRPEr "18 (2.7 mg; 3

EEER e SRS LSE, A S R P, e

FRRATE P S8 RS, o) S oo
der. ) re. 1Ih hdue .

o SRRSO i T 00

b, 0, LA i g D e Mo
'{;ﬁ(g%:o:lﬁtg%ﬁiletﬁgirg@%g{é%{?%t\{%ggf ‘Eeilﬁrﬁe\?waﬁﬂ%iéﬁ\lo%ﬁ Distilled

! ayer _ _ _ac aga
AP0 MLy D 000 EOUP RIS nlaigr VS coprted of,

Aydr peaNGRkbRNats At Giff Thesd(édHpBunds1SX wacCkrEtacted with

with chloroform (10 nmix2) to collect the chloroform

bav& -(1hen )| OMphar Bbtayed weEer diaiyed Weer cS@dined with the
sulfate and filtered. To the filtrate, triethylam ne
20ue®é. Qaler Ochlleatet) predidigtyoydried! overesd¢didnd kulfate and
0.6 Mol ) were added at OC. The m xture was stirred :
toncanteabalirueder0'rédacse tprensyre.i f Thd rdsidee| waa didiited with
col uim chr omat ogr aphy (hexane/ ethyl acetate = 9/1) to

GIHE (10SnI; Hehz hytretiytigl goid Ad Ot mily)- was ydddesh thereto at 0°C,
(compound 30) (73.2 ng; yield 93% optical purity 99%

aeyl. the Miwturpt weal stprreidt forB0 minutes. After returned to room
(S)-N-benzoyl -ethyl glycine tert-butyl ester_ (conpo

3opprast e she duigpreT e wiasded: Wil ethegni Afpxt, the 2ther layer
([{;,“{c;a?ﬁd :e%%%r}gg@ %%gp}réﬂg_l]:) rRl\ﬁ\ %@%ﬁl—l@ég ia(?cim ‘yT?hse %E:?di:cL O:uneous
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 layer was
dried over sodium sulfate and filtered. To the filtrate, triethylamine
(84.0 pL; 0.6 mmol) 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 (S)-N-benzoyl-ethylglycine tert-butyl ester
(compound 30) was measured by HPLC under the following conditions:

Column: CHIRALCEL AD-H (4.6 mm¢$x25 cm)
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15 17 B

Flow rate: 0.5 nL/nmin Tenperature: roomtenperature

Detection: . W 254 nm5 (R)-N Benzoyl -et hyl gl yci ne
tert-butyl ester (conpound 48) (63.8 ny; yield 81%

optical purity 90% ee) was obtained in the sane manner

as-in Exanple 14 except that the conpound (S)-4 (2.2
ng; 3 nol) was used instead of the conpound (R R)-18
as a catalyst. 10 BzHNWCOOx Bu 48 . <kExanpl e 15: ,
Exam nation of the conpound of the formula (IIl) - 7>
N | covsbilerpigser drqxaned? uronangd =ZMBki de (1.2 eq) IN
HCl chlg{)ide A(J_N |BU HE) N BzHN' COORu CI 32 33
 keke(%8 @ﬁ?ﬂgsa%szwe 0C, 2 hr 31 o
(S)-N-Benzoyl -al |l yl glycine tert-butyl ester (conpound
33) (68eBDeRREUNS; SPOHAMDRIATERI puri ty 92% ce) was

obtaingd,in.th manner as in Exanple 14 except
t hat a_f)le)J? c%‘?%‘W‘h?% ny; 0.36 nmml) was 20 used

pur 1y 051 BPEREUERIG B tnsar Bl bt [efoutf o) (o8

* LSRTRBH %) 5T e GS MREeATS 50 L Manner

%@gh:‘fﬁnﬁﬁﬁ?e%g?g%}ﬁ{ St 919@%%}?;01%& %S)-&%eﬂ{ gg%‘ gm?mon was

e: roomterperature

e & s 1230108 HeRlorhb SeRd TRI RRLBYOh ¥at4lgst.er t - butyl
ester (conpound 49) (7§}p

BzHN~ “COOfBu
48

- <Ex'&imp_1e 15: Examination of the compound of the formula (III) - 7>

N cooBu| —
HN" ~CO0MuY
Phie (17: 0.15 M) J THF 2 - EtsN BzHN™ ~COOBu
E%

17 50% KOH (23 eq) a » 84% 92% ee
0°C, 2 hr

' . (RA)-18 (1 mol%) H | E
N Coomu - L -
j allyl bromide (1.2 eq) 1N HCE benzoyl chloride
)

(S)-N-Benzoyl-allylglycine tert-butyl ester (compAoﬁnd 83) (69.3
mg; yield 84%, optical purity 92% ee) was obtained in the same manner
as in Example 14 except that allyl bromide (43.6 ﬁlg; 0.36 mmol) was
used instead of iodoethane (240 pL; 8.0 mmol). |

The bptical purity of (S)-N-benzoyl-allylglycine tert-butyl ester
(compound 33) was measured by HPLC under the fbllowing conditionsi'

Column: CHIRALCEL AD-H (4.6 mm¢x25 cm) |

Mobile phase! hexane/2-propanol = 20/1

- Flow rate: 0.5 mL/min |

Temperature: room témperature

Detection: UV 25_4 nm
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ng; yield 92% optical purity 98% ee) was obtained in

the sane manner as in Exanple 15 except that the

compound (S)-4 (2.2 ng; 3 pnol) was used instead of

"the compound (R, R)-18 as a catalyst. 5 BzHNCOOXBu 49
<Exanpl e 16: Exam nation of the conpound of the

formula (I1l) - 8 10 N(R R-1a (1 nol% COOPdu

(IAl\ N 000 benzoyl Chloride nethallyl bromde (1:2

eq) INHC_N1'C=B h -( ,8u_ Ph 17:,0.15 T

El 3N BENBenzey ﬁ@@yﬁneﬁeﬁobkmﬁa 5’ (eginiguyd 4% (76.0
99% 95. Y%ee  0C, .2 . hr 34 -N- Benzoy] - met hal | yl gl yci
.fr@tmu{?ﬁ%s?wc 1 RW3bY &’?"@@F? viah %%%%eﬁg‘,“ %‘%F%&en’%anner
99% tical rity 98% ee) was obht aj ] 4 S
AnrineRrauiln BamitRr At che SpERAT (ol Aeltrd HEg; Sl was

48,6 ;0. I d i I o i odoet h
o tpstbaccot the PRphuti YR BT L8 %k Bataghe. ocoet hane
5 (S)- N benzoyl - net hal | yl g! ycine tert-butyl ester

(conpound 36) was neasured by HPLC under the follow ng
+ 20 conditions: Columm: ZCH RALCEL AD-H (4.6 mm®$x25 cm

.Mobi | e phase: hexagaye<petepaol = 20/ 1
49 |

<Example 16: Examination of the compound of the formula (III) - 8>

BzHN" "COOfBu

36
99% 98% ee

CO0BuY
THF : EtsN
35 ‘

10 (R, {1 mol%) J\/u\ |
-  R)- 18 (1 mo : .
NTCoOO®B . . . L -
I methallyl bromide (1.2 eq) N — 1N HCI H\ benzoyl chloride
e e s _ N >
© PhMe (17: 0.15 M) /©) H
o

17 50% KOH (23 eq)
0°C, 2 br

Cl

(S)-N-Benzo&l-methallylglycine tert-bl_ltyl ester (compound 36)
15 (85.9 mg; yield 99%, .optical purity 98% ee) was obtained in the same
manner as in Example 14, except that methallyl bromide (48.6 mg; 0.36.
mmol) was used instead of iodoethane (240 pLs; 3.0 mmol).
The optical purify_ of (S)-N-benzoyl-m.ethallylglycine .tert'butyl
ester (compound 36) was measured by HPLC under the following
20  conditions: _ |
Column: CHIRALCEL AD-H (4.6 mméx25 cm)
Mobile phase: hexéne/2-propanol = 20/1
Flow rate: 0.5 mL/min
Temperéture! room temperature
25 Detection: 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
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N COOEt (S,9)-37 (1 mol%) /@ |
o ‘ O

Flow rate: 0.5 nL/m-.n Tenperature: roomtenperature

25 Detection: W 254 nm (R)-N Benzoyl - net hal | yl gl yci ne
tert-butyl ester (conpound 50) (82.5 ng; yield 95%
optical purity 96% ee) was obtained in the sane 109
manner as in Exanple 16 except that the conpound (S)-4
(2.2 ng; 3 gnol) was used instead of the conpound

(R R-18 as a catalyst. BzHNNCOOXBu 5 50 <Exanple

17: Al kyl ation using the conpound gs, S)-37 - 1> M? \ .
speePhs B Bxample W60ereept1that she mpamml Aigard- (22yme; 3
Me pMeO-Ph NCOCEt (SS)-37 (1 nolY enzyl brom de

pmd) sgs usedHmsteagbobihe cmmnoum&é t18 3s proatalyst. 0. 1

Under a nitrogen atonospher
base of glycine ethyl es
mmol ), benzyl-brom’deBZHN

t he benzal dehyde Schi ff
fer “(conpound 3) (191 ny; 1.0

“CcootBu
50

M 48% KOH (4 eq) / 73% 7%6% ee -15C, 19 hr 15 38

<Example 17: Alkylation using the compound (8,8)-37 — 1>

22

p-Me0-Ph

. e
\ o-MeO-Ph
N |
e @)= o
' s MeO-Ph
LBu 0", P _ _ _ ‘
e

benzyl bromide (1.5 eq) 1N HG

N“Scoomt | o L :
‘ | 1 hr HN" “COOEL
3 PhMe (3: 0.1 M) .
48% KOH (4 & 73 %
b (4 eq) v 76% ea
-15°C, 19 hr

L 28 |

Under a nitrogen atomosphere, the benzaldehyde Schiff base of
glycine ethyl ester (compound 3) (191 mg; 1.0 mmbl), benzyl bromide
(257 mg; 1.5 mmol), and TaDias-[(4S,5S)*Z'tert"butyi-z-methyl-
N,N,N’,N’-tetrakis(4-methoxybénzyD]diiolide (compound (8,8)-37) (9.7
mg; 0.01 mmol) were added to toluene (10.0 ij, and the mixture was
stirred vigorously with ice-salt cooling. When the internal temperature
thereof had dropped to -15°C or less, 48% KOH aqueous solution (0.47 g;
4 mmol, 4 equivalents) was added thereto. The mixture was stirred for
19 hours while maintaining the internal temperature at -15°C.
Distilled water (5 ml) was added thereto and the toluene layer was
collected, and thén the alkylated Schiff base (cdmpound 38) was

extracted with toluene (10 mLx2). Thus obtained toluene layers were
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(257 ng; 1.5 mol ), and

TaDi as-[ (4S,5S)-2-tert-butyl -2-net hyl -

N, N, N, N -tetraki s(4-met hoxybenzyl)]diiolide (conpound
(S,9)-37) (9.7 20 ng; 0.01 nmmmol) were added to tol uene
(10.0 nL), and the m xture was stirred vigorously:
wth ice-salt cooling. Wien the internal tenperature

t hereof had dropped to -15C or |ess, 48% KOH aqueous

~ ‘solution (0.47

L ) ;4 nmol ,_ 4 equiyal ents) was_ adde _
~ eoobined with mtg? uteluene slaveregollgpted; W&?g%i%&n 1 N

mai_ntai_ning th

b arochiaeioua &8 B L v addRR bt P i e REre was stirred

t ol | W | | ect ed, dth t he al kyl at '

BE PR LRIGRorebRO PRGOS The ARt K YRghgeted by
10 2). T i ned t ol | .

O, (ORD Bl O eaaeT oY SeRbAR ity tuege G mI),

' tg?f nﬁq%ié'll}lm E%ﬂ?c&éﬁ%&%i&%iaﬁdeﬁ él?&l@!:% ¢ ?c‘flﬁ £d aBRd ];%6’ wvigorous

e room-tenperature for

SURAP oS N AL L8188 Pihag, 13 i

| %)E’lep.g?\gel!sal gﬁ%i fey%tt gggéﬂf?“ U & 3L beRaE ewwaseji@etkd. with ethyl
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_ car avoi d too vigorous bubbling
BbidtePHPRILED &PLUNLANtEEERPT aBHatt AWPEr.t MBAe lekhyl acetate
confirmed by universal pH test paper). The m xture '

Rperewhkabied ovet in #fhodiunaealfate apdQconcsBirdtedomb decteduced
the ethyl acetate |ayer. The ethyl acetate |ayer was
Prbgsnevap meaeshemisld f@mpeamid cRphengtaddnimeeethyl ester

- feduced 10 pressure to give the title conpound

(BDmpbeanyl 30)d110angt hidld §3%6r opticadrmoutyd 76%) e€)140 ny;
yield 73% optical purity 76%ee). <Exanple 18:

Al kyl ati on usi.ng the conpound (S, S)-37 - 2> NCOot Bu
(8,5)-37 (1 nmol% 15 | .beniyl brom de

. ) 1.5 eq)
NEoconple 18 Atkylrbive woingothe egmpownd (BN)OVOCERT 9 48%

KOH (4 eq) | / 40 32% 41 -15C, 19 hr 83%e The title

conpound (R)-phenyl al ani ne-teft - but yl/@ er (conpound
N CO0RBY {8,5)-37 {1 mal%} . ‘
! bénzyl bromide (1.5 &q) : Y N HCI /©
' . N~ ~COOtBuy —_— £
9 ~ PhMe(s:0.1M) 1 hr HN" T CO0BY
48% KOH (4 eg) 40 o w2% T m

-15°C, 19 hr 83% ee

The title compound (R)-phenylalanine-tert-butyl ester (compound
41) (70 mg; yield 32%, opticai-purity 83% ee) 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 used
i.nstead of the benzaldehyde Schiff base of glycihe ethyl ester (compound
3) (191 mg; 1.0 mmol).

<Example 19: Alkylation using the compound (R)-42>
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42 (0.1 nol % benzyl
/A

. 0C, 6 hr 5 65%ke J1Q

20 41) (70 ng; yield 32% optical purity 83%ee) was .
obtained in the sane nmnanner as in Exanple 17 except
that the benzal dehyde Schiff base of glycine
tert-butyl ester (conpound 9) (219 ng; 1.0 nmol) was
used ‘instead of the benzal dehyde Schiff base of
gl yci ne ethyl ester (conpound 3) (191 ng; 1.0 mmol).
25 <Exanmpl e 19: Al kyl ation using the conpound (R)-42>
111 FF O "C22H45 N E n-C22H45 F 5 F N COCEt (R
’ de (0.95 eq) N IN M COCEt
PPN COCEt 48% KOH (4 eq) 6
_ ) I;]gz-szenzaI dehyde Schiff base of
gl ycine ethyl ester| (@bnpoug 3) (191 ng*1 1 mmol),
benzyl brom de "C@H495 mol ), and the conpound
g fwere added to tol uene (10
nm.), and the mxture stirred vigorously (1400

rpm) with ice-salt cooking. enthe'efnal
temperat ure t hergpfo1hasl dropped to - lless, 48% 15

KOH laqiEdls Sh Mokl (Bs44 9; |4 mmol | 4 equi val.ents) O
5 ey

3 PhMe (3: 0.1

A"’

added thereto The.mxture vvastthPFtec

S While mai phgicneng the inte temperatiire . ~coomt
between -5C andis%26H @lgsti| | e r (5 nm) ‘wass%added 6
0°C, 6 hr 88% es

. 5 : -

The benzaldehyde Schiff base of glycine ethyl ester (compound 3)
(191 mg; 1 mmol), benzyl bromide (162 mg; 0.95 mmol), and the
compound (R)-42 (1.25 mg; 1 pmol) were added to toluene (10 mL), and

‘the mixture was stirred vm.gorously (1400 rpm) with ice-salt coollng

When the internal temperature thereof had dropped to -5°C or less, 48%
KOH aqueous solution (0.47 g; 4 mmol, 4 equivalents) was added thereto.
The mixture was stirred for 6 hours while maintaining the internal
teinperature between -5°C and -2°C. Distilled water (5 mL) was added
thereto and the toluene layer was collected, aﬁd-then the alkylated Schiff
base (compound -.5) was extracted with toluene (10 mLx2). Thus
obta'ined toluene layers were combined with the toluene layer collected
-previotisly, then 1 N hydrochloric acid (2.5 mL) was added thereto and
théﬁixture was stirred at room temperature for one hour. - The aqueous
layer was collected by separation, and then sodium carbonate was added
thereto carefully to avoid too vigorous bubbling until pH of the solution
reached not lower than 11 {confirmed by universal pH test paper). The
mixture ﬁr'as extracted with ethyl acetaté- (5 mLx3) to collect the ethyl

acetate . layer. ~ The ethyl acetate layer was dried over magnesium
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thereto and the toluene |layer was collected, and then
the al kyl ated Schiff base (conpound 5) was extracted
with toluene (10 nix2). Thus 20 obtai ned tol uene

| ayers were conbined with the toluene |ayer collected
previously, then 1 N hydrochloric acid (2.5 nL) was
added thereto and the m xture was stirred at room
tenperature for one hour. The aqueous | ayer was '

SRl S SRy B0 ORS00 B e
bubbl | tiy pH pf .th £ 25 h | npo
BB o551 4P ERBE A VBl oo,

B PP RSP SCettt o layer. The cthyl acethte

" layer was dried over magnesium 112 sulfate and

concentrated under reduced pressure to give the title

| %%%g@ 4 %Eiégg%i%ha&?ﬂl% @Iﬂybuﬁ&t@s (conpound 6)

yl e optical purity 88%ee). 5

sEcanphe 20:1:Bengyhaidtion & th@%&@?ﬁ%@ldﬂﬁ@%ﬁ@ff%ase of
20-1: Preparation of the terephthal al dehyde ‘Schi ff
pRanobthel astbfdcahbylndstar (conpound 44)> (COE O

N~ H N COOEt Et3N HCI PhMe 10 ~ 88% | okb® H N -
43 Et'OOCI 44 Under a niérq_?en at nosphere, t pl uene (35
m.) was added to glycineyethyl ester hydro i de

(conmpound BN"(BoF2 g 625 mol ), @nd
| Hf' . . PhMe

88%
H® ™0 _ H TN

43 Ei0OOC
44

Under a nitrogen atmosphere, toluene (35 mL) waé added to
glycine ethyl ester hydrochloride (compound 1) (8.72 g; 62.5 mmoD), and
then triethylamine (10.45 mL; 75 mmol) was added thereto and the
mixture was stirred. Further, terephthalaldehyde (compound 43) (3.35
g; 25 mmol) was added the-rei_:o, and the mixture was warme_dand 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 toluene layer
was washed with water (40 mL) énd saturated saline (40 mL), and then
concentrated by evaporator to give compound 44 (6.7 g; yield 88%). The
NMR spectrum of the obtained compound 44 is shown in Table 18.

| Table 13

NMR spectrum of compound 44
400MHz 1H-NMR(CDGI;;): & 8.32(2H, s, CH=N), 7.84(4H, s, ArH),
|4.42(4H, s, N-CH,-CO), 4.25(4H, q, /=7.2Hz, 0—-CH,-C), 1.30(6H,
m, C—-CH;) ‘ :
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15 then triethylam ne (10.45 nL; 75 mmol) wds added
thereto and the mxture was stirred. Further,

t er epht hal al dehyde (conpound 43) (3.35 g¢g; 25 nmol)
was added thereto, and the m xture was warnmed and
stirred at 50C for two hours. Water (50 nL) and
toluene (50 nL) was added 'thereto, and the m xture
was separated to two Iayers The tol uene. |l ayer 20 was

shed w 40 nd sat ur.a saline (40
%%" é@gnm% ‘P’FQ a}?dig?or to give
Corrpound 44 (6.7 q; y| eI d 88% The NWMR spectrum of

t he obt ai ned corrpo f44 is shown in Table 13. Table
) orgoound 44 25 400VHz

1H NVR( CDCl 3 H s, CHEN), 7.84(4H, s, ArH),
4. 42(4H, s, ©4.25(4H, ¢, J=7.2Hz, O CH2-C).
1.30(6H, m “Ti3 <Ef Canpl 0-2: Benzyl ati on of
t he conpound~4 ~-F NOOBr e 5/ F QOOEt COCEt -
H r (R-4FN F(F{)-4(02 ¢tSEt benzyl brom de
(1th€@&9 INHCI( (44: (. N 1 hr HZN COCEt
8% KOH ( gﬂ (0§ Yy Et OOC 73% OOC) 0C, 1.5 hr
84% e 10 44
benzyl bromide (1.9 eq) N HCl f@
PhMe(M:O.SM) H “N 1hr HoN SO0E
H “‘/fi' 48% KOH (3.9 eq) : " mo0C 73 % .
EtO0C 0°C, 1.5 hr _ ' 84% ee
44 . 45

Under a nitrogen atmosphere, the terephthalaldehyde Schiff base
of glycine ethyl ester (compound 44) (1.52 g5 5 mmol), beniyl bromide
(1.62 g; 9.5 mmol), and the compound (R)-4 (7.4 mg; 10 pmol) were added
to toluene (10 mL), and the mixture was stirred vigoroﬁsly (1000 rpm)
with ice-salt cooling. When the internal temperature thereof had
dropped to 0°C or 1e‘ss, 48% KOH aqueous solution (2.28-g; 19 mmol, 3.9
equivalents) was added thereto. The mixture was stirred for 1.5 lhours
while maintaining the internal temperature between 0°C and 5°C.
Distilled water (10 mL) and ethyl acetate (30 ml) were added thereto
and the 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 obtaineti compound 45 is.
showﬁ 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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'Under a nitrogen atnosphere, the terephthal al dehyde
~Schiff -base of glycine ethyl ester (conmpound 44)

(1.52 g; 5 nmol), benzyl bromde (1.62 g; 9.5 mmol),

-and the conpound (R)-4 (7.4 ng; 10 nol) were added to

toluene (10 nmL), and the m xture was stirred
vigorously (1000 rpm 15 wth ice-salt cooling. Wen
the internal tenperature thereof had dropped to OC or

| , % K | 2
oo ol ST ol RERS gcetﬂﬁ%giﬁ?%wﬁ%;?mg’med and 1

R r%ﬁaﬁﬁforé bt e L res gy Here ) wﬂ sheChgRture was
Eﬁ%ﬂffﬂei‘i gt eegtRgrREe ELoft) Bplfas Th RuGb@y€ aver was
KAk AR S SR, TRen e HRTcR0E 03 W)ERBASplh ethy)

REapsa fpﬁ?g;’fgngh&fgpmw CEPBROMRACAS dledSHINEL Barefully

spectrum of compound 4

47!9 %g\f'dﬁ% %J{% 3’[}@_'%' ﬁllzbl%g 1191%{5 (Z%H §9ﬁhe75(ﬂ%i%|ﬂ resa)ched not lower

' §h3h|z 111&cbiEdmed 3!3}14&1?15131'@%{1 pH 21§dét e%é’?p@ﬂﬁz) THe Zﬁﬁﬁﬁﬂre was

7.2Hz) 114 The coll ected tol uene-ethyl acetate

Ieﬁyﬁe%eWﬁhW1 neRdtatdn@iolm I3yl esiidcerihe ediyd dcatate layer
nm.) was added thereto, and the m xture was stirred at

Miem ¢dngleradetate flayeonevdwudricfheoaguanugnesiyen walfate and

collected by separation, then the aqueous |ayer was

vastettrated emder Fedaetdt erédduml )to agidet ltha ditdé ucompound
carbonate was added thereto carefull to avoid too _
(Shoheunyldamthe rghyhtdstep cahpoheds 63/ Wi i%h o edelded 3fot optical
lower than 11 (confirned by universal pH test paper).
Theityl 84%reedwas extracted with ethyl acetate (40

m.x3) to collect the ethyl acetate layer. The ethyl.
acetate | ayer was dried 0ver magnesi um sul fate and 10

concent rated_unde ed ressur ive the title
ie ? Blénzy{atgo Uf gompolilm%. ié)> arv |
<Example 21-1: Preparation of the Benzaldehyde Schiff base of glycine

diphenylmethylamide (compound 49)>

PhsCHNH,
BOC E on HCI/MeOH
P —_—
BocHN™ COCH E BocHN” ™y Y Crystallization
. . .0 Ph from EtOAc
47 62% (2 steps)
K
PhCHO/EtsN NN NP
HCIHN >y ' )'/\61)/ E
PhMe/EtOH Ph
O Ph o8%

48 49
With ice-water cooling, N,N’-dicyclohexylcarbodiimide (DCC, 9.3
g; 45. mmol) was added to THF (100 mL), and then Boc-glycine

(compound 46) (7.5 g5 42.9 mmol) was added. Then, benzhydrylamine

(8.3 g; 45 mmol) was added thereto, returned to roo.m temperature and
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(S) - phenyl al ani ne ethyl ester (conpound 6) (1. 33 g;
yield 73% optical . purity 84%ee). <Exanple 21:

. Benzyl-ation of the conpound 49> 15 <Exanple 21-1:

Preparation of the benzal dehyde Schiff base of glycine
di phenyl nmet hyl am de (conpound 49)> Ph2CHNH2 DCC N Ph
HCl / MeOH BocHNCOOH .t. FIF BocHN~ h Crystallization O
fromEtQAc 46 47 62% (2 steps) 20 H i H PhCHO Et 3N

Do M o st et The Hemebr THonseAne pisaiiigate was
%E%regeﬂzwhag%% ﬁ@mﬂgwggs&ﬂggg,ggﬂm%o THEA( 399 ket acotate
8 e e S A B s aReligtBive was

e %Jrilgecr:gglx Zttrgg%tgn S’#‘h% tf'?ﬁer& tl'R'ﬁ% epeg&ér%yl %[ z%g %salékl%lirwﬂ:h 5%
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%fce c'&&t &’0 1S c? b %ﬁﬁﬁ'?#d acal e(30( ]rﬁﬂ) mS)atﬂ@f&ed sodium

e resi e resulting precipitate was

A .G ) i) gy sl e 0 ),

dldd@ybBGodihm SalfdtatH(H %ﬁéhumndah@fmanaﬁr alR3 g of the
wat er (40 mix2), then saturated saline (30 ni
crude compound 47,

Next, a 10% hydrochloric acid methanol solution (by Tokyo
Chemical Industry) (120 mL) were added to the compound 47 (14.8 g),
and the mixture was stirred for 6 hours. The methanol was removed
uhder reduced pressure, then ethyl acetate (120 mL) was added thereto
and the .mixture was cooled to 5°C. The precipitated sediment 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 g5 10 mmol) was added to toluene (20 mL)
and the mixture was stirred. Then, triethylamine (1.11 g; 11 mmol) and
benzaldehyde (1.06 g; 11 mmol) were added thereto and the mixture was
stirred for two hours. Ethanol was added (10 mL) thereto and the
mixture was stirred for additional two hours. After removing the
solvent under reduced pressure, ethyl acetate (40 mL) and water (20 mL)
were added thereto. The crystal precipitated was filtered and then
washed with water (1_0 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
compound 49. This filtrate was concentrated and the precipitate was

dissolved in chloroform (100 mL), the solution was washed with water
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dried over sodiumsulfate and then concentrated to
give 15.3 g of the crude conpound 47. Next, a 10%
hydrochl oric aci d met hanol solution (by Tokyo 10
Chem cal Industry) (120 nL) were added to the conpound
47 (14.8 g), and the mxture was stirred for 6 hours.

. The net hanol was renpbved under reduced pressure, then
~ethyl acetate (120 nL) was added thereto and the

A TEAENT ol ) S, LR e
SRR toriyh b8 BT a8, 3 40k gombined
TG SHPRE A e odgl, KRt SO e
%ﬁ#@%ﬁé@a%@m%%ﬁ]mgrag%ﬁm ) and benzal dehyde

were a thereto and the m xture
was 20 stirred for two hourgphiEtganol was added (10

'm.) thereto and the mixture was stirred for

addi tional two hour$MRApéetrunt efrmowbamdt4de  sol vent
under r ¢giefg 'RERMRDDL)CE Ny sS4 &L @Heny 494 oA th,
prect i (St ol N S B o
(10 ni) |g iy AR BS7dH 30 rrL).'aI:[‘he zoggal'ne%l'ZS
preci pit i : : to
give 1.40 g of the conpound 49. This filtrate was
concentrated and the precipitate was dissolved in
Hizemopler 21 -21 Benzy]atiohof $bk worurowed 4Qashed wit h
water 116 (20 nlix2) and dried over sodium sulfate,
and then congentrated und&™Y&duced pressure to give
the comfound 4911380 g, 3.2F g when conbined with
the abové Erystdl [ eyield 98 The NMVR spectrum of the

hyl acetate

obt ai ned Ycprpa 49 'S sHownTi ¥ Table 15. 5 Table 15
NMVR specn‘i‘(r, _npound 49 4003 1H NVR(CDCI 3) : -8
8.34(1 H s, N), 7.74-7.70(2H° m
H © (S,5)-50 (2 mal%) on :
! L . ~ H Ph
N/\H/NYP" benzyl bromide (1 eq) ML _en 2N HCI \— H
' ph)J o P PhMe (49: 0.03 M) J/\Ig B o HzN/\n/Nj/Prl
_ 48% KOH (150 eq) Ph 25% 0 Fn
49 . 51 82

0°C, 1.5 hr
: 90% ee

Under a nitrogen atmosphere, an.aldimine Schiff base of glycine
diphenylmethylamide -and benzaidehyde (compound 49) (49.2 mg; 0.15
mmol), benzyl bromide (25.6 mg; 0.15 mmol), and the compound (S;S)‘5O
(5 mg; 8 pmol ) were added to toluene (5 mL), and the mixture was
stirred vigorously (1000 rpm) withe ice-salt cooling. When the internal
tempefature thereof had dropped ‘to 0°C or less, 48% KOH aqueous
solution (2.6 g 22 mmol, 150 equivalents) was added thereto. The
mixture was stirred for 1.5 hours while maintainiﬁg the internal
temperature between 0°C and 5°C. Distilled water (5 ij and toluene

(10 mL) were added thereto, the toluene layer was collected, and the
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ArH), 7.67(1H, d, /=B.OHz, NHCO), 7.50-7.40(3H, m
ArH), 7.35- 720(1OH m ArH) 6.37(1 H d, / = 8.8H,
Ph2CH), 4.36(2H, s, NCH2CO 10 <Exanpl e 21-2:

Benzyl ati on of the conpound 49> F,CCF3 Ar | N1 ee
i1 i 1 Ar= CF3 (S,95-50 CF3 (S,9-50 (2 mol %9 15J
N~NYPh benzyl bromde (1 eq) Ph I Ph 2N HCI Ph ; H
Ph-) C Ph PhMe (49: 0.03 M Il Ph 25% H2ZN~N hPh 48%

e A

d’ﬁ:lLe di phenyl met hyl am de- and benzal dehyde
comp und 49) (49.2 ny; 0.15 20 nmol), benzyl bromni de

(25.6 Qolju%élmli%ers '}%lfe@?ecfoﬁgnf%m&lﬁﬁ SAn@>tHBn 2 N

3 nol vvere a uene and thé mxture

WodrocHibFic ey | '( WH}S%S( ERDetWiaiiaet ecﬁnﬁftlu;]  was stirred

COOfI ng. . When t I nterna t enper ature t ereo

gt 9§gﬁldté1ﬁp9ﬁﬂi{re| 85 on A BHuKOHTRE USRS USRIyt WS (cauﬁcted by

mol 7 150 equi val ents) was added thereto. The 2

&pﬁz{aﬁ;ﬁ)m&théﬂ €He faQfucbub 1896¥F SraghihchebiwitiRitoliudge (10 mL),
the internal tenperature between O0C and 5C. Distilled

wates 4596 nofimmdhydrerdde adudbud potion addeddidéd thieneto until

“the toluene |layer was collected, and the 117

pHkydfatke Sghedds Hager (maqhedndm&%l)owms thanr ddt écbntﬁtlhed by

- further toluene (10 niL

universal pH test paper). he mixture was extracted w1th 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 starting
material 49, and thus the content of the compound 52 was approxifnately‘
40%, and the yield from the compound 49 was 25%). The optical purity
was 90% ee.
The opt_ical purity of the compound 52 was measured by HPLC |
under the following conditions: |
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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The tol uene | ayers collected were conbined, and then 2

N hydrochloric acid (20 nL) was added thereto and the
mxture was stirred 5 at roomtenperature for one
hour. The aqueous | ayer was col |l ected by separation,
and then the aqueous | ayer was washed with tol uene (10
m.), and a 48% sodi um hydroxi de aqueous sol uti on was

. . added thereto until pH of the aqueous | ayer reached

10

15

20

25

. and conce d upd
title cor§ Qé g%ﬂér
that thi|NCEGRY

“derived flr®¥a he/Ha Rp ﬂz?d 1‘?%%'%rbr&|

not | ower than 11 (confi rnq(rja ?‘%/ uni versal pH test
paper). The m xture was_ext ég with ethyl acetat
10 (10 niix3) to col | KR sbétﬁrtﬁ‘tbﬂdonﬁmetda’ﬂe | ayer. The

I R e e
C
%E V%% E@f‘ﬁy é\‘r% ddfgunq

and thus th
content of the conpound 52 was approxi mately 15 40%

and the yield fromthe conpound 49 was 25% . The

QW HaGAp1 20t Ben#28ti8A% £ ehe Theolpldeleyde Bchiff bdsd bé glycine
conpound 52 was neasured by HPLC wunder the foll ow ng

eohgl sdtencor@pbuad: 53HI RALCEL OD-H (4.6 mox25 cn) 20

Mobi |'e phase: hexane/ et hanol / di et hyl ami ne = 95/5/0. 1

=D

“Fl ow r gihe: ccﬁnﬁouhdrﬁ:hwhrmmwmde(ywldo%@%brqseln@tput(éualdehyde

Detection: UV 225 nm Retention tinme: (S)-form= 31
mnsteadR)f henaald ety de m Eﬁ‘emel\ﬁ?/mmmé@tlr uriled NYR spectrum of
obt ai ned conmpound 52 is shown in_ Table 16. 118 Tabl e

1Be nbRaBpsceorapeend déhisothaws in e 71H NVR( CDCI 3) :

(5 8.02(1 H d, J =9.0Hz, NH), 7.40- 7.10(15H, m

ArH), 6.37(1 H, d, J= 9.0Hz, Ph2CH), 3.77(1 H m

Table 17

NMR spectrum of compound b3
400MHz "H-NMR(CDCl,): & 8.25(1H, s, CH=N), 7.70~7.60(2H, m),
7.30~7.20(2H, m), 4.38(2H, s, N-CH,~C), 4.24(2H, ¢, J=7.2Hz, O-
CH,—C), 2.52(3H, s) 1.30(3H, t, 7.2Hz, C-CHj)

Then, the reaction was carried out for six hours under the same
conditions 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 98% ee).

Ncooet - (RHA@1ma%) /(Q
benzyl bromide (0.95 eq) . :

;\l - TCOOEt
HG™ : PhMe (83: 1 M) 1hr HaH” ~COOEt
63%
5 48% KOH (1.85 eq) HyC & g
0°C, 6 hr a3% ee

54

<Example 23: Benzylation of the o-tolualdehyde Schiff base of glycine

ethyl ester (compound 55)>
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“benzyl byrom de (0. Qmmgpe&.—meorag\;uhﬁlbs HH3C Phl\/b

NCHCO), 3.27(1 H ' dd, J=4.2Hz, 13.7Hz, PhCH20),
2.810H, dd, J =8.9Hz, 13.7Hz, PhCH2C), 1.60(2H, br s,
NH2) 5 <Exanpl e 22: Benzyl ation of the p-tol ual dehyde
Schi ff base of glycine ethyl ester (conpound 53)> The
conmpound 53 was prepared (yield 89% using

'p-tol ual dehyde instead of benzal dehyde in Reference

Exanpl e 1. The NMR spectrum of 10 the obtai ned

ggg@f ?ﬁﬂ? DI%QS;(H%?{E#% !ggs%ba{eilﬁyﬁi%%:%ig ingo-tolualdehyde
istend st Stpe Soeatdptaad 6°‘Eeaqq”%a ﬁx%%wz%z“fghe NMR
s & %ﬁe(g’wfgjﬂsai%é#;‘) Y b5 06 SRSt Bl L e

‘same conditions as in Exarrpl e 1, except that the

conmpound 53 (2.05 g; 10 nmol) was used instead of the

- conpound 3 to give the co (1.16 g; yield 63%

optical purity 93%ee). 20 , t (R -4 (0.1 nol%

(53:1 M 460 Wﬁﬁ%’g '73( 7 %’Eﬁ%s:%% ,
Banzyl at ! it o ﬁeﬁéag 1258, 0-
gl yci ne Cghﬁs)r zé-é(?'é'rs)ﬂ@& DobiddHeCth

The reaction was carried out for four hours under the same

conditions as in Example 1, except that the compound 55 (2.05 g5 10
mmol) was used instead of the compound 3 to give the compound 6 (1.28

g; yield 70%, optical purity 86% ee).

N~ COOE (R)4 (0.1 mol%) '
o w0
i e

COOEt

| R—
CHa PhMe (5: 1 M) ©\) 1 hr H:N" “COOEE
. _
o 48% KOH (1.95 &9) CHy 70% 6
0°C, 4 hr 86% ee

56

‘Industrial Applicability

According to the present invention, it is possible to obtain a
reaction product without allowing the effect of racemization to oceuy,
even when an aldimine-type Schiff base is used. Thus, an asymmetrical

mono-substituted alkylated compound can be provided less expensively.
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~According to the presenf inyention,

--The conpound 55 was prepared (yield 96% using

o-tol ual dehyde instead of the benzal dehyde in

Ref erence Exanple 1. The NVR spectrum of the obtained
compound 55 is shown in Table 18. 5 Table 18 NWR

spect rum of conpound 55 400MHz 1H NMR(CDCI 3): 8 8.73(1

'H, s, CHEN), 7.95-7.90(1 H, n), 7.45-1.10(3H, m,

4.42(2H, s, NCH2-O), 4. 24(2H q, J=7.2Hz, O CHzZ O,
2.67(3H, s) 1.31(3H, t, ém CH3) The reaction was
carried out for four hours Sthe sanme 10
conditions as in Exanple 1, except that the conpound
55 (2.05 g 10 nmol ) was used i nstead of the conpound

gur it 3A c% forn%eﬁgc?% (iét%e'%%pl%ld]@él o g 706%/%%%% 'rggr!fesented
B O AR b2l 1 R 2 e (o,

OC, 4 hr 56 86%e - IndustriRl® Applicability 20

it is possible to

obtain a reaction product Mt hout allow ng the effect

;of racem zation to occyrN~ evegom#enian al di m ne-type

Schiff base is used. Thuf{, an asymefrica

nono- substituted al kyl at.€d conpound /fcan be provi ded

| ess expensively. 1ROSGLAIMS 1. gt hod for (1)

stereoselectlvely produci ng a conpound represent ed
comprising:

initiating a reaction of a compound. represented by the formula

(ID:

(In
with a compound represented by the formula (ITD):
R18—w (11D

in a2 medium in the presence of an optically-active phase-transfer
catalyst and an inorganic base; and |

quenching the reaction at a time earlier than a time for
completion of a stoichiometric reaction of the compound represented by
the formula (ITI) with the compound represented by the formula (IID);

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

R¥5 is an aryl group or a hetercaryl group that 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,
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_ stoi chfo

by the followng formula (1): 5 R1I8 N COR26 R15 n (1)
conprising: 10 initiating a reaction of a conpound
represented by the formula (Il1): (coRR0 | R15 . n
15 (Il) wth a conpound represented by the fornul a
(rrr): RA8-W(Ill) in a nmediumin the presence of an
optically-active phase-transfer catalyst and an
i norgani c base; and 20 quenching the reaction at a
time ear han, a tinme for conpl ti.on o

tPl{;J @Eg

Sx¥ lgoBp et BaRbe T Smebedan thabgnay be
| th t d ted by th
EaBatiPatad fifn a%wﬁ”P%% Al e s or ol 5 1) and the

;?23‘5' ARtk UincmeSlle sYb0b R, b LheR e atom, 2 €1

1%3& g%ﬁ t@ﬁg%é‘g%e %%h%ﬁ%ﬁ%%@ﬂ%&b%y%%%&ted with

f ou ranche

%uﬁéfd W e o 2 (i lt(ggﬁ-g? eg}g%%ac}%imtﬁ,gy branched and

group that may

ryl group that
THoP B b Sttt R %%“)%S%ﬁgf‘%m 2Cl to CB

al kyl dar&md gfupray be branched and that may be
substituted wth

NR3UR31 (where R3% and R3! are each independently a hydrogen
atom or a 01 to C4 alkyl group that may be substltuted 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 alkyl)carbamoyl group,

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

‘a halogen atom;

R20 is -OR1® (where R1? 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
cyclic group) or -NR59R5! (where R50 and R5! are each independently a
hydrogen atom, -CHR28R2® (where R?8 is a group selected from the group
consisting of a hydrogen atom, and an a;'yl grolup that may be
substituted with a C; to C4 alkyl group that may be substituted with a
halogen atom, a C; to C3 alkoxy group that may be substituted with a
halogen atom, or a halogen atom, and R2? is an aryl group that may be

substituted with a Ci to C4 alkyl group that may be substituted with a -
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5 a halogen atom or a Cl to C5 al koxy group that may
be branched and that may be substituted with a

hal ogen atom a cyano group, -NR3R31 (where R30 and
R31 are each i ndependently a hydrogen. atomor a d to
C4 al kyl group that nay be substituted with.a hal ogen
10, aton), a nitro group, a carbanoyl group, an N-(Cl
to C4 al kyl)carbanoyl group, an NN-di (G to C4

| kyl bamy! . 15 - NHCOR9 e R9is a.Q to .
%alfé%@ 3%@%3?% Cobley Coraisa Bromie Kbt Sy (RaF oty ed with a
Ralesn b, iharhilegen pom @ TRAG ey TP oe Shelp Os alkyl
may be_ substi;t utedywi th a hal ogen atomor an aryl
gt ‘ﬁ%ofﬁaﬁew HEUPY) substituted with a hal ogen atom

rsorab it AL HE DGR ED AL I RLLEQORTR) 0T

el coveir B BRoRE R ONCHE, P PoBRURRRE.

at om ' i b Ii
2L, 80T o AUOHPELD) BBV g LB, B el

2Potip| HUEThat OMayab& subistithtad keith & RAlbgehakitdy witerein the
Substituted wth a hal ogen atom or a hal ogen atom _
alleyIRZ& s iy Bé wubgtidufed Rdth B@Yehst osellgebip wehkated tfrom the
a Cl to G4 alkyl group that may be substituted with a
g2dupabagiimiofn a ClL to C3 al koxy group that may be
substituted wth a . hal ogen atom or a hal ogen atom

or - ORa0C: (teh@s allRiX girsup thhtt ma@sbalbepnchegd cupl that may be
benzyl group)); wherein in the fornula (1) and the
subatitatqd widh athaegen eitamgr oup sel ected fromthe

- group consi sting of

a cyano group,

- -NR30R31 (where R30 and R3! are each independently a hydrogen
atom or a Cj to C4 alkyl group that may be substituted with a halogen
atom), -

a nitro grdup,

a carbamoyl group,

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

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

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

a halogen atom,

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

-CO2R? (where R? is a Cy to C4 alkyl group that may be branched
and that may be substituted with a halogen atom);

- (i) a Cs to Cis allyl group or substituted allyl group that may be
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(i) aCl to do alkyl group that may be branched or
forma cyclic group and that nay be substituted with
a hal ogen atom wherein the alkyl group may be
substituted with at | east one group selected fromthe
group consisting of 10 a C1 to C5 al koxy group that
may be branched and that may be substituted with a
hal ogen atom a cyano group, -NR30R31 (where R30 and

5 53 B SRl R e B0 Sy Gl i

%51 at o a nitro group, a carbanoyl group, an N-(Cl
Bloge 8™ car banoyl group, an N, N-di (O to C4

o o170 ST a2, e ol B o
ML ER A AP T
S0, £13 LIT e O ML 1D Bl om o

APt adBRHAS xﬁéﬁw&%sﬁ’ﬂi&ea '%ﬁtthr@}ia

gen atom;
substltuted with a hal ogen atom to C15

al |yl GHodip a@allsi by atbrainh xhe wrw mdleat offilye *a@alkyl group
123 branched or forma cyclic group and that may be

silys thet wubstitirtdd avithahodeasatony gﬁ*bup)seﬂe&%dt @rdz8 the group
al kenyl group that may be branched or forma «cyclic
gomsiptiagdft hat may be substituted wi th a hal ogen atom

5 (iv) a C to C6 al kynyl group that may be branched

or form @ toyCkiadkygt @rpuanthathatayrbe beamsibiest andt teat may be
with a hal ogen atom

- substituted wlth a halogen atom, -

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

- an aryl group that may be substituted with a halogen atom, a C
to C4 alkyl group that may be branched and thaf: may be substituted with
a halogen atom, a cyano group, -NR¥R31 (where R30 and R3! are each
independently a hydrogen atom or a Ci to Ci 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 alkylDcarbamoyl 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,

-NR30R31 (where R30 and R3! are each independently a hydrogen
atom or a Ci1 to C4 alkyl group that may be branched and that may be
substituted with a halogen atom),

a nitro group,
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(v) an aral kyl group, wherein the aryl noiety of the
aral kyl group may be substituted with at |east one
group selected fromthe group consisting of 10 a Cl1
to C4 al kyl 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 may be
substituted with a hal ogen atom an aryl group that

may be substi ed with a halogen atom a Cl1 15to C4
al kyl %F%’&iﬁ’i‘lﬂﬁ sHlP be branched and that may be

'Z‘&%@B%Wﬁﬂm%kgﬁ&a%a avE Sk Cy?ﬂﬁﬁgé‘n’ﬁﬁm 1y a

bt anc HEd %N@%ﬁ%‘%aﬁﬁfﬁg AR, "2 agen

o) FFEIORS GEHANP IR 62 P O S0B Sholyl Bt sy b
%@ﬂ% ‘qaéﬁ&'{ﬁxk B@’sﬂsmtmﬂg o dl%ggg dtond, Ghd! ©

group t may be branch t may be

SubStlélHa é/ﬁla{b]ﬁ, aBal ogen atom), a cyano group,
-NR30R31 (where R30 and R31 are each independently a

- hydr ogghe afloylabiidff oft thd hPalld] adreup Quultthace netkyl group
a

be branched and that may be substituted with

Haltogey T bncliedbt fergroepclic 2éowp eadhmmthagheugubstituted

an N-(Cl to C4 al kyl)carbanmoyl group, an N,N-di (G to
@ﬂtlﬁhﬂgdl))ganlaamyl group, -NHCOR9 (where RO is a Cl to
C4 al k group that may be 5 branched and that nmay be
subst i %lvu} ed hetetvazabagtlogemmtimmingaa chetehed iygemode i wherein

~and the alkyl noiety of the aralkyl group is a G to

de ngdpirogrydupoiety may be substituted 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
gsubstituted with a halogen atom,

an aryl group that may be substituted with a halogen atom, ai Cq
to Cs alkyl group that may be branched and that may be substituted with
a halogen atom, a cyano group, -NR30R31 (where R3? and R38! 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 Cs alkylcarbamoyl group, an
N,N-di(C; to C4 alkyDcarbamoyl 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,

“NR3%0R3! (where R39 and R3! are each independently a hydrogen
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that may be branched or forma cyclic group and that
may be substituted wth a hal ogen atom 10 (vi) a
het er oar al kyl group having a heteroaryl noiety,
wherein the heteroaryl noiety may be substituted with
at |least one group selected fromthe group consisting
of a G to C4 alkyl group that nay be branched and
that may be substituted with a hal ogen atom 15 a Cl

B Qe G i %"%&ﬁ“&iﬁ%ﬁeﬁ nﬁ;ials e Grpdrtind dfgffee may be

: C1
PG Et“ faﬁLt 849588 r anched and t hat ?my e
subst Il:é%tﬁ% a hal ogen atom a cyano group,

- NR30 OélpRSO and R31 are each 20 independently

a hydr Cl to ™4 alkyl group that may be
br anchag %hgﬂlagfo be substituted with a hal ogen

t , N(C t
SR G

al k1) @RNEATRHC GonOp Ll BN (bage. RO s a C1 to

C4 al kyl group that rray e branche nd that may be

subst i INHEDRP tGyleere2 Rhak 0geQ; af00, 2kl 310ur @4 may be
NR3CR31 (where R30 and R31 are each i ndependently a

bisidiggnand 2hathody be substitute Cavith kyhalgketmtohdt amdy
be branched and that may be substituted with a

hal ogen haflosdn atomi and group, a carbanoyl group, 5 an
N-(Cl to C4 al kyl)carbanmoyl group, an N, N-di (G to C4
al kyl ) Ter bikyly magetupf thdHBeR>opwhbiyd s im aCiCit to €& alkyl
aI kyl group that may be branched and that may be

mgm: evayi bé branshedenr dovm) a ayelic group and that may be

substituted with a halogen atom; and |
(vii) a Cs to Cg propargyl group or substituted propargyl group
that may be branched and that may be substituted with a halogen atom;
wherein in tﬁe 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),

* shows a newly produced asymmetric center.

2. The method of claim 1, wherein the optically-active
phase-transfer catalyst is an optically-active quaternary ammonium salt
phase-transfer catalyst or a phase-transfer catalyst complexed with an

optically-active metal atom.

3. The method of claim 2, wherein the optically-active quaternary
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~active quat ernary ammoni um sal t t hat

a hal ogen atom and 10 the al kyl noiety of the
heteroaral kyl group is a G to Cs al kyl group that
may be branched or forma cyclic group and that nmay be
substituted with a hal ogen atom and (vii) a C3 to C9

~ propargyl group or substituted propargyl group that

may be branched and that may be substituted with a
hal ogen atom 15 wherein in the formula (111), Wisa
functi onal ]E p that has a |eaving abilit

PRI ARIU By S ahasrecealia 3 an opucliadive Guternary
I nt f d f
SBRORHIR: S ey ph%‘%uae%éém%{f?%k%aé’ P Paphthyl

| gﬁé@gd & ﬁg%rglP i %%e({ %\I’en(iliggiggﬁ.% aggﬁ:l }ﬂ acﬁ%&t'e\érelary ammonium

%Rter nary ammoni um salt. phase- transfer catal yst or a
ase-transfer catal yst conplexed with an 25
optically- active netal atom 3. The nmethod of claim
2, wherein the optically-active quaternary 126

aMmoni PRk SAlthfd asteallaliMN of %h&%‘iﬁ' thel o gglgégygéﬂgﬁgeﬁghﬁternary

RackeAlien it PhareRRRAERY cathBFHDRNEL opticallyoRitiea h'u.‘ziternary

active cinchona al kal oid quaternary anmoni um salt

dmmbeivvatdadt] @f agleaamidmaheicaicdf t¥Ricpid féﬁﬂe}éented by
active quaternary anmmoni um salt phase transfer
catalyst is gn optically- active guaternary anmoni um,_|

salt, o¥a en%ntlorrer there |ch I's represe
by: HH BN. Ba Cl N Cl _

HOu,,.,

(where R” is a hydrogen atom, a C; 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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HO11,,- H\ HG,,,... HHOH/ CF3 HHI / NNN HH
H 15 HNBr NC a & PhCHO..,,uH\ HCa,,.. HH HO
HN..,,,H 200 ~CIOR N (where R' is a hydrogen

atom a Cl to C4 alkyl group that may be 25 branched,
a Cl to C5 al koxy.group that may be branched, or a .
hal ogen atonm), 127 HO Bre N HN _H\ 3Br HHNO
H\N I (r) T H COCN5HI O..nH(r)NHH 2Z HHirt,

OR 10 Rp HHH _
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H (where Ris a hydrogen atomor an allyl group, and Z
isd or Br), 2ci H HTH15H NN HO'" MO,,,iH NH
N H20H geas N/ HNHO +"oi | P\/O...,~/ NN
25 128 vO4 O e NNill, NOHHO 5C RR
(where Ris a nethyl group or a hydrogen aton), M

, 6~--P-MeO-Ph  Me. ~ ~_p_MeO-Ph '

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

Me

\ _——pMeO-Ph
0 NSO
Me | p-MeO-Ph
t—Bu><O p-MeO-Ph
—N@ 21® 2B
Me/ \.—p-w_:eo-Ph ,
Me\ —~——p-Me-Ph
: ' p-Me-
N
LN S p-Me-Ph -
: >< P 4-CF5PhCH;0 « <OCHPh-4-CFs
tBu ,——p-Me-Ph \C@\ Br
R 4 21©  4CFPHCHO™ OCH,Ph-4-CFy
Me/ Lp-Me-Ph
, Or
5. The method of claim 3, wherein 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 RZ‘] -
PO OONAD
_ ® &
9w aee 99¥iae
R22 R22 ) ’
3 2
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30

tBu P-MeO-Ph 10 OY 21 ON N 2Bre ne ~p-MO Ph Me

p- Me-Ph Mg N~-p- Me-Ph 4CF3PhCH20 , , OCH2Ph- 4- CF3 +

Bre 15 t-Bu // Me-Ph O N(c) 21 4-CF3PhCH20

OCH2Ph-4-CF3 M "-p-Me-Ph or 5. The nethod of claim

3, wherein the optically-active quaternary 20

ammoni um salt phase-transfer catal yst that has a

bi phenyl backbone and/ or bi napht hyl backbone is an

optically-active quaternary ammoni um salt represented
: " 25 . R2%A \ \' \ R22

@G« Vv
R23
ﬁ/ o)
2
Sevh"
R22

X

., 0r

R25'

wherein
R?l and R*? are each independently a group selected from the group
consistiﬁg of:

(i) a hydrogen atom; |

_(ii)_ -NR20R3! (where R3¢ and R3! are each independently a

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

may be substituted with a halogen atom); Y

(iii) a cyano group; |

(iv) a nitro group;

(v) a carbamoyl group;

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

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

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

(ix) a halogen atom;

(x) a C; to Cs alkyl group that may be branched or form a cyclic

group and that may be substituted with a halogen atom;
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Res Res N x e R2.7' \Rza R2V, R22 15 Res wherein
R21 and R22 are each independently a group sel ected
fromthe group consisting of. (i) a hydrogen atonm 20

(i) -NR30R3" (where R30 and R31 are each

i ndependently a hydrogen atomor a ClL to C4 al kyl
group that may be branched and that nay be
substituted vvithahalogen atom); i (iii) a cyano

0 8P ik o s o Li;’ggé% R A P —_—

i o dgﬁéﬁ" b Rt d R g bt

o S48, tr@ﬂg?%ggﬁyl;%%ﬁ%t( {0 Egalg%aan'aq%%a or form a

S B AR s L S i,

e N

a cyclic group an at™ ‘may
lﬁﬂﬁ{hyab@ 'E‘ub@ﬁ‘thﬂec?w% %1@ 168:t34 K/ B¥du %Qlé%téci‘ﬁton%}ie group

branched or forma «cyclic group analgt hat may be

mghhgt@'d w th a hal ogen atom 5:(xiii) an aralkyl
group, wherein the aryl noiety of the aral kyl group

may beasOpsbi CutdlyWighbupttiatagiayobe FpidhedehAdt €itht may be
fromthe group
substituted with a halogen atom,

a C1 to Cs alkoxy group that may be branched and that may be
substitﬁted 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, -NR30R3! (where R39 and R3! are each
independently a hydrogen étom or a C1 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 Ca alkyl)caxbamoyl_ group, an
N,N-di(C; to C4 alkyDcarbamoyl group, or -NHCOR? (where R? is a C; to
C. alkyl group that may be branched and that may be substituted with a
halogen atom),
. a cyano group,

-NR20R3! (where R3? and R3! are each independently a hydrogen
atom or a C; to Cs alkyl group that may be branched and that niay be
substituted with a halogen atom), -

a nitro group,

a carbamoyl group,

an N-(C; to C4 alkyl)carbamoyl group,
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consisting of: a G to C4 alkyl group that may be
branched and that nay be substituted with a hal ogen
atom 10 a G to Cs al koxy group that nay be branched
and that may be substituted with a hal ogen atom an
aryl group that nay be substituted with a hal ogen
atom a d to &4 alkyl group that may be branched and

‘that may be substituted with a halogen atom a cyano

PrepeABAN YRR I Gk MEBHHROR. EI0u O al ky!

b hed h ‘

Subss SHE, R 0F oGy 00 i gy e o b

up, L QuUp,
BRABRIRY pHlarat R g st Sed by beRie iR mpatid
wh ' f. 4 al kyl t hat b
br anchadabBeRalminy be Substituted with a 20
hal : _ . -
R ar i e S BANAI0E M HaVEE B hotdieRig HftePiwherein
tHe ahgb@lroggﬂu Hnﬁfé%& bse by Wganqrifﬁ]aﬁt NBYsP€ne group
substituted with a” hal ogen atony, _

a nitro group, a

| Q@Ifebﬁé'ﬂ)ﬂorﬂ'tﬁlé%rotﬁﬁ dgil@gtiﬁ?o@ al kyl ) car bamoyl gr oup,
0

131 an N, N-di ( al kyT') car banmoyl group, - NHCOR9

(WhereaR8,;its €.GIkED gehupl Kydt aiDHbet badndid BRd that may be
branched and that may be substituted with a hal ogen

atibsiitutddwatthalledegetaoom, 5 (Xiv) a heteroaral kyl
group having a heteroaryl noiety, wherein the
het er oar§l tooCetaykowy gheup uibsitti mayeble wirahched laaas thahenay be
group selected fromthe group consisting of
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! (where R30 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

gtoup, a carbamoyl group, an N-(C1 to Cs alkylcarbamoyl group, an

'N,N-di(Cl to Cs alkyDcarbamoyl group, or -NHCOR? (where R? is a Ci to

C4 alkyl group that may be branched and that may be substituted with a
halogen atom),

a cyano group,

-NR30R31 (where R3% and R3! are each independently a hydrogen
atom or a C; to C4 alkyl grdup that may be branched and that may be
substituted with a halogen atom), -

a nitro group,

a carbamoyl group,

~an N-(C1 to Cq alkyl)c_arbamoyl group,
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- substi

a Cl to 4 alkyl group that may be branched and that .
may be substituted with a halogen atom 10 a C1 to C5
al koxy group that nmay be branched and that may be
substituted with a hal ogen atom an aryl group that
may be substituted wth a hal ogen atom a Cl1 to C4

al kyl group that may be branched and that may be
substituted with a hal ogen atom a cyano group,

- NR30R31 18 0.an 1 are each 15 independently
2 by ardh e o Ak am i BgiBup "t hat iy b

branch t, A .SUbski t ut ed- wi a_hal ogen

ot om NSRS G B oo bhc i G G FrORp( 8% gray be
I f r.ou n Nedi ( tQ .

bfasfit 88 B8 M B B ARt iaslobRn Flom). epa,

C4 al kyl ' t may be branched and that may be
L]ftag%é)év%/l{)%&g’ 20 hal ogen aton), a cyano group,

- NR30 ( ar ey [ y :

nyclr ogery St iy et v ool o eyl RRPRALGThEVodbstituted

R 6§D ehAhd SrtfugBYleBed 8BS thé WeEHp WohbistidiAbRgen

atonm), 25 a nitro'group, a carbanoyl group, an N-(Ci

to G4 al®yldce @@HPV'grQﬁﬂUﬂhat M3 BB DYaMchedChnl OtHA may be

al kyl ) carbanoyl group, -NHCOR9 (where RO is a O to 4

ehbetitigedupithhahal@gebatoy anched and that may be

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

5 (xv)adin 8o YT5 giloyy, grdwes eéhat tthay dreybramcheal smd tleat may be

substituted with at |east one group selected fromthe

sulostptwedsighi mpabdgematimi o C4 al kyl group that may -

‘be branched and that may be substituted with a

hal ogean @&rgingroup that may be substituted with a halogen atom, a C1
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 C; to C4 alkyl group that may be
branched and that may be substituted with a halogen atoni), a nitro
group, a carbamoyl group, an N-(C; to C. alkyDcarbamoyl group, an
N,N;di(Cl to C4 alkyl)carbamoyl group, or -NHCOR? (where R? is a C; to

| Cy alkyl group that may be branched and that may be substituted with a

halogen atom),
a cyano group,
-NR20R3! (where R30 and R3! 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), |

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

an N,N-di(C; to C4 alkyDcarbamoyl group,
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a Cl to C5 al koxy group that may be branched and t hat

~may be 10 substituted with a hal ogen atom an aryl
. group that nmay be substituted with a hal ogen atom a

Cl to C4 alkyl group that may be branched and t hat
may be substituted with a halogen atom a cyano
group, -NR30R31 (where R30 and R31 are each

i ndependently a hydrogen atomor a Cl to C4 al kyl

S’Lﬁgfi {I\E?‘gﬁ%ﬁv 3%%933%“%?9%‘% X T??@E%E %r%agep,that may be
' 1 ,
SRR LB B R e
- ' CA b
E)r aﬁgﬁ%§%$¢1%er?ﬁ%m?rgy be gub‘\éti%?gg E/\n?}ﬁ gayhaleogen

o oMo g HENGL SRR ORFCREICEfELR G P 0

_ g%%ilﬂon%@ﬁ d&?%agﬁﬁ% P%lég% %‘?é(’)\%%?,agﬂd_t hat may be

stitute a a nitro group, 25 a

car ba”@bb!i)( %r ‘?i%@erg%@yb"g(r@ﬁpﬁ Qykéredh Kitle %&@ﬂij’%?h _%‘bﬁ%pmay be

an N,N-di (G to CA4 alKyl)carbamoyl group,
Suhetituted withdatJeds® oad @loyl scleened frbal (K@ Y¥rHEp consisting of:

"branched and that may be substituted with a hal ogen _
- atom, aa@d ta Galaleh gabapl tloit ARy be brtisdhddubed thdthmay be

-O(CH2)p-O (where pis 1 or 2) at 5 positions 3 and
dubdtatutedewitdke halogmei heésm, and (xvi) a heteroaryl

group, wherein the heteroaryl group may be

subst i au€eto Pt hllxixyt gasup dhat gnaypbe bravcked fandhth#e may be
group consisting of: a G to C4 alkyl group that nmay

peb s triedauithng halegemajome substituted with a -

hal ogen 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, -NR30R3! (where R30 and RS! 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 Ci alkylecarbamoyl group, an
N,N-di(Cy to C. alkyl)carbamoyl 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,

-NR30R31 (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),

4 nitro group,

a carbamoyl group,

an N-(C; to C4 alkyl)carbamoyl group,
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10 a C1 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 alkyl group that may be branched and t hat
may be substituted with a hal ogen atom a cyano
group, -NR30R31 (where R30 and R31 are each 15 .

i ndependently a hydrogen atom or a Clto 4 alkyl

g[lgg?l %Hﬁiﬁ @e@ﬁ;ﬂgggﬁ OY trfﬁ’in“tap?:obegroup, a

OR8G5 BB o

R R ek %%J%H&?@%{#E&%\fﬁgei%@ and

hal oge group, -NR30R31 (where R30 and
R31 argtgéalg n 3%%%%31§ntly a hydrogen atomor a Cl to

G4 al kgly;gr %@)t gt oDf Ar@n hgg?ngnalﬁtlsnﬂyc %o Cs alkyl

substituted Wth & ha ogen ato a nitro group

K¥b)
SERRTRNL RO hd Pt aflol e mﬂ.@%%
Gwhade RO is a G to C4 alkyl group that may be

- branched and that may be substituted wth a hal ogen

REYNR?5, AR, A ReY afread AH 11&1‘61)951(19&‘%_13* )1 gﬁ(@ @eBcted from the
(V\/neren i s 0, 1, or 2, and Ris a

grmmcbﬂastmome branched and t hat may be substltut ed
with a halogen atom; R25, R25 R26, and R26' are each
i ndepeﬁbjerhyd/rogegrmm,sel ected fromthe group

consisting of. 10 (i) a hydrogen atom
i1 ahalogen atom;

(iii) an alkyl group, wherein the alkyl group is a C1 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 alkbxy group, wherein the alkoxy group is a Ci to Cs-
.alkoxy group that may be substituteci with a halogen atom and/or an aryl
group, and/or that may be branched or form a cyclic group;

R?7 and R?7 are each independently a group selected from the group
consisting of:

(i) a halogen atom;

(i) an alkyl 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

(iii) an alkoxy group, wherein the alkoxy group is a Ci 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 group;

R?® and R?* are each independently a group selected from the group
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(ii) a halogen atom (iii) an alkyl group, wherein the
al kyl group is a d 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 15 (iv) an al koxy group, wherein the al koxy group
is ad to Co alkoxy group that nay be substituted
with a hal ogen atom and/or an aryl group, and/or that
may .b br%pched or forma cyclic group; R27 and R27
8?%515‘3‘@5 ndependently a group sel ected fromthe group

o1 By PR, B b i
S

DL, 4905, 1 P BBl b KB BHbhod or fom <

GO AD 2B Dy LSt WANIEPAUEDARES
form aGgycd iy 86 AR a Ry NekoBgAtRAE 188F 'be branched or form a |

independently a group Sel'ected fromthe group 135

e@¢lsd giduigadtl tHat MaGhd suksietablwithr OWalddeat afy; be

‘branched or forma.cyclic group and that nmay be

subst i (i) exh wirtyh @ropl, oghbreéitothe (dry) @roup BoayChe substituted
al kenyl group that may be branched or forma 5 cyclic
grithupt deaktt dwad goayp belentdod fidmitthd griotlp avrisddtige of:at om

(ii1) a C to C12 al kynyl group that may be branched

or foren @ toyCuialkyl @roupnthathatayrie beaschsst iandt thiat may be
with a hal ogen atom (iv) an aryl group, wherein the
anbstigitedpvitdyahalegeatemed with at | east one group
selected fromthe group consisting of: 10 a Cl to C4

al-kyl 8reupethualkexy gsowp dhekanainke tvanched and that may be
SubStibutba Wil & hadogcn 926H, 2 O

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, -NR3R3! (where R3 and R3! 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), a nitro
group, a carbamoyl groﬁp, an N-(C: to C: alkylcarbamoyl group, an
N,N-di(C; to Cq alkyl)carbamoyi group, or "NHCOR? (where R® is a C; to
Cq alkﬂ group that may be branched and that may be substituted with a
halogen atom), |

a cyano group,

-NR20R31 (where R30 and R31 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,
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aCltoCs al koxy group that may be branched and t hat
may. be substituted with a halogen atom an aryl group
that may be substituted with a halogen atom a ClL 15

.to &4 alkyl group that may be branched and that nmay be

substituted with a hal ogen atom a cyano group,

--NR30R31 (where R30 and R31 are each independently a

hydrogen atomor a ClL to C4 al kyl group that may be
b'r,anchgd and th:i\t may be substituted with a hal ogen
at om) , 2LMPEFEY @FBH%: a carbanoyl group, an N-(Cl to

4 al k I 20 N N-di (G to ¢4

iyl ) BRI B VB AR oher o rois a ct to
C4 al kyl h t hat b
subst | FareT R G IRl RS B 00 Cup, |
. NR30 1 [ I :
hydr o_ggﬁﬂ%%fgﬁﬁg]g@gﬁ%ﬁét Sa?j gﬁﬁyfl gr u_ggﬁﬁg% tirrlg? may be
BeaREERAd ANt hF b BV R utBHRF ! 4 b8 Stdin), and

hal ogen aton), a nitro group, 136 a carbanoyl group,

an N-(ghdlegbd abky! ) car banoyl . group, an N N-di (G to
C4 al kyl) carbanoyl group, -NHCOR9 (where RO is a Cl to

C4 al ki) ar duepeidat]l evoude whebsianahedhatskoblbgl gi@Mpbenay be
substituted with a hal ogen aton), and a hal ogen atom
gubstthiedewdtdr yt lgraaume glvaressiettswl fehethagybupgrcoupisting of:
may be substituted with at | east one group selected
from t heCgrtoufscadkyil sgrong that a3l HeobSinahdd/langl chat may be
that may be branched and that may be 10 substituted
wnbstibutes widnadiadagema@imi o C5 al koxy group that may
be branched and that may be_ substituted with a
hal ogef &1 & 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, -NR3'R3! (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-(C; to Cs4 alkyl)carbamoyl group, an
N,N-di(Cy to C4 alkyl)carbamoyl 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,

-NR30R31 (where R30 and R8! are each independently a hydrogen
atom or a C1 to G4 alkyl group that may be branched and that may be
substituted with a halogen atom),

a nitro group,

a carbamoyl group,
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an aryl group that may be substituted with a hal ogen

atom a C1 to G4 alkyl group that may be branched and

that may be substituted with 15 a hal ogen atom a
cyano group, -NR30R31 (where R30 and R31 are each

i ndependently a hydrogen atomor a Cl1 to C4 al kyl
group that may be. branched and that nay be
substituted with a hal ogen aton), a nitro group, a

c;bamﬂégﬁg@ou&pocglgli%@%%qg al k¥’|g)r gﬁrﬁtaglr)w_ Ng;oup,
2 .
E)r aﬁgﬁeggNhlg C%%ct ttﬁ‘rg? agg%ﬁ%’gf‘/ﬁlﬂggg I% hag Hgl)/oggn

| Z;ghmu n%epen?n%yﬁggeh dr ogéﬁdl\g?%{neé &g%ﬁa@ may be -

%ﬂéh&! QW tﬂhactmﬁﬁbaﬁb@ul?ét?ﬁ&@ﬂ%ﬁﬂda m ogewt&?ﬁ) i

stltute wth a ogen atom
car bamayﬁalgggﬂpdto&g? an N-(Cl to ¢4 al kyI )car banDyI
group, an N, N-di ( to C4 al kyl)carbanoyl group,

- NHCORevlo\Ahe(mmﬁocst@Rﬂo hat&kyY RO oyt hfiMBYre each

be branched and that nay be substituted with a

hedegandaithyms, giwwh Selacted fgantlad efdug onsisting of:

- (CH2) 1000NR10OR11 (where R10 and R' are each

i ndependent | f(l)aa hydupesaeheshed fromthe group

consisting of." (1) a hydrogen atom (2) a Cl to C4

al kyl group {Daa Gmio 6 dliyh@redpaicitiiay bd branghét and that
substituted with a halogen atom (3) a C2 to C6

masehg Isupstitpted mithrayhalogbnatosd or form a cyclic

group and that be substltuted wi th a hal ogen atom

(4) aCto %t) gllsery graumbatomas hadwaached or form

a cymhc group and that may be substituted with a halogen atom:
| (4) a Cz 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
aralkyl group may be substituted with at least one group selected from
the group consisting of:

a C1 to Cy4 alkyl group that may be branched and that may
be substituted with a halogen atom,

a Ci1 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, -NR30R23! (where R0 and
R31 are each independently a hydrogen atom or a C; 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-(C; to Cs alkyl)carbamoyl group,
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‘a cyclic group and that may be substituted with a

hal ogen atom 15 (5) an aral kyl group, wherein the
aryl noiety of the aralkyl group may be substituted
with at | east one group selected from the group
consisting of: a Cl to C4 al kyl group that may be
branched and that nay be substituted with a hal ogen

atom 20 a Cl to C5 al koxy group that nmay be branched

SRR R B e P NS e s «

B N G e

ergéngela% 1 (where R30 and 25 R31 are each
I ndepéndently

>a hydrogen atomor a G to C4 alkyl

group that ched and that may be
o8 R

substituted w en atom, a nitro group, a

car bamoyl gr oggsoRa givh@ile tRscChnd Iel) 24 RABRYIndRWAently a
138 an N, N-di (G to al kyl') carbanmoyl group, or

hEs Eh Gwbar 8r BICH o aC Lalky10giehpat k! nHyOb birAathé@¥nd that

be branched and that may be substituted with a

- ed o be sudistithite d wiylR ach glogep, atom)NR3OR31 (where R30

and R31 are each independently a hydrogen atomor a
Cl to C4 al kylnigrogpougmat may be branched and that
may be substituted with a hal ogen atom), a nitro

group, a car bamrbhmypydgroupp an N-(G to C4

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

al kyl ) car bama¥ NefiCoute, C+ aHoGRe:rbameryd g20ups a CL to C4
al kyl group that nmay . be branch%d and that nmay be
substituted WM A obekalbiycarhrmayharaysbn at om

-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;

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

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

a Ci1 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 Ci1 to Cs alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group, -NR30R31 (Whére R30 and
R3! are each independently a hydrogen atom Qi‘ 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-(C; to Cs alkyl)ecarbamoyl group,
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15 (6) a heteroaral kyl group having a heteroaryl

noi ety, wherein the heteroaryl noiety nay be
substituted with at | east one group selected fromthe
group consisting of. a Cl to C4 al kyl group that nay
be branched and that may be substituted with a

hal ogen atom 20 a Cl1 to C5 al koxy group that may be
branched and that nay be substituted with a hal ogen

ARG AR o ARt a0
tg)[ g%%*ﬂg&cggbﬂl&} bade %&_mgﬁﬁé%ﬂﬁﬁa‘eﬁﬁﬁy denalRgRuted with

group, ere R30 and 25 R31

e, [ pendently a hydrogen atomor a Cl1 to C4
%Fﬁ%}ﬁ%’?%ﬂm’t hat may be branched and that may be

substituted yM.lhnd ghghpgen atom, a nitro group, a

car banoyl group, an N-?Cl to C4 al kyl) carbanoyl -group,

139 an N, N- diNfRBoR30 GéhaddR3rcaniaReylargr oath imdependently a
-NHCOR9 (where RO is a G to.C4 alkyl group that may o
hedhs @it hesmanda t®ato Wayalkel grbapi thatedayi hidhbranched and that
hal ogen aton), a cyano group, 5 -NR30R31 (where R30

angy b&3tbstieutmtwiiinddpdndentdtymd, hydrogen atom or a

Cl to C4 alkyl group that may be branched and that

may be substatitw@dgreiuph a hal ogen atom), a nitro

group, a carbanoyl group, 10 an N(G to C4

al kyl ) car banagarbameyl ggeoup, N-di (G to C4

al kyl ) car banoyl__group, -N where RO is a Cl to C4

al kyl group ﬁhdﬂ‘%@a)ﬁoﬁ amﬁ amyd SEAYP: may be

15°(7) an' ar §h NADGCuRoRe ALY N S Ogt ety be

-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;

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

a Cj 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 C4 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 independently a hydrogen atom or a C; to Cs alkyl group
that may be branched and that may be substituted with a halogen atqm),
a nitro group, a carbamoyl group, an N-(C1 to Cq4 alkyl)carbamoyl group,

an N,N-di(C; to C4 alkylcarbamoyl group, or -NHCOR?® (where R%is a Cy
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substituted with at | east one group selected fromthe
group consisting of a Cl to C4 alkyl group that nmay
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 20 nmay be substituted with a

hal ogen atom an aryl group that may be substituted
vvith a halogen atom a Cl to C4 al kyl group that nay

t}?ap Z]?yc]ged an Q]t hat @Bﬁ%ncﬁq@%ﬂgtﬁa?\?%éﬂ! @E@&sgﬁgted with

'ql':jla%are eg |ndependently a hydrogen atomor a Cl to

?%Vf p 25 that may be branched and that nay be

substi t ut ed ﬁgﬁf:‘ gen aton), a nitro group, a
car banoyl grou%) i to C4 al kyl)carbanoyl group,

an N, N-di (C 30541 (oF i) | per Q4B ef¢h -1DHEERYdentl,
(where RO ISNAR(giﬁh idd‘f%y%l)g g aﬁ% Rgroup (tahat-lmay be ently @

AL t bhptt@@tWnh beabFphdligfhand that
H%I& m, aaﬁd}gn%mgr%lﬁ@%% (g/here RSg and R31 ar gn ?

8R5hé BUBREDERA WtiRa Hulbyeh agem)atomor a Cl to C4
al kyl group that may be branched and that may be

substi t ut ed afitroeddaipggen aton), a nitro group, a
car banoyl group, an N-(Cl to C4 al kyl) carbanoyl group,

10 an N, N-di 4 Chram@G#1 ghdyp,) car banoyl group, - NHCOR9

(where RO is a O to . C4 alkyl group that may be

br anched andan MCrdg Cbmléqytbk:lalrbalwd'lwohp,a hal ogen
atonm), and a hal E\g_en atonm. and (8) _a heteroaryl group,
wherei n the #ae®eMNdi{d: o Cupl rl@rﬁwls&mslﬂ)btut ed

wth at Ieast one r selectedfromth
consi sti ng ?w%ere R9%1s a C; to Cs ?lk 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 heteroaryl group may
be substituted with at least one group selected from the group consisting
of:

a C1 to C4 alkyl group that may be branched 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 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-(C: to Ca alkyl)carbamoyl group,

~ an N,N-di(C; to Cs alkyDcarbamoyl group, or -NHCOR? (where R? is a C;
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ad tocs 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 nay be branched and that 20 may be
substituted with a hal ogen atom an aryl group that
may be substituted wth a halogen atom a d to C4
al kyl group that may be branched and that may be
substituted with a hal ogen atom a cyano group,

i) G GUER GG Granmay T DS g By B8 PRty fed with
branched %nd that may be substituted with a hal ogen
%t}gﬁ?geng %nt)’ro group, a carbanoyl group, an N-(G to

C4 al kyl) car p,. an N,Ndi (d to 4
al kyl ) car ban%??gélﬁégégﬂbr -NHCOR9 (where ROis a Cl

141 to G4 al JNRS(Q{?@U&V%Q@& Iﬁyaﬂﬂ Reanghed, Andridedbndently a

may be substituted wt | ogen aton), a cyano

r MRRARRL A ( Rafk L1k 6magBe branched and that
P%gg%geerﬁldentlsiga- %pﬁtglgjrd‘ogegqa gﬁﬁor aa §to Cﬂa%? k%/l 2

A:8HBe OBkt PR itH anedlegdedndoiat may be

substituted with a hal ogen atom), a nitro group, a

car banoyl grauptroagedttp(C to C4 al kyl ) carbanoyl group,
10 an N,N-di (G to &4 al kyl)carbanoyl group, -NHCOR9
(where R9O i saaathainoyCérehyl group that may be
branched and that nay be substituted with a hal ogen
aton), and aahdNdGernodtoaikylmagbamaeyl gnoupt eger from 1
to 12); 15 (vii) -(CH2), CONR12R13 (where R12 and R13
are each i nadepeMNrditCytaCymndlipl sarthacpex] 1om®: t he

group consi SEIlTIr-]l%(C))ﬁ'9 (*gv%l)erg I@/gsr ggéeln toat(Jirgikyl 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);
(vii) (CH2).CONR2R18 (where R12 and R} are each
independently a group selected from the group consisting of: '
(1) a hydrogen atom;
(2) a C1 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
substituted 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 substituted with a halogen

atom, a C1 to C4 alkyl group that may be branched and that may be
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(2) a CGao ¢4 alkyl group that may be branched and
that nmay be substituted with a hal ogen atom 20 (3).
an aryl group, wherein the aryl group nay 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 nay be substituted with a

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

BEFRABRS 0 At TP, S B AR g o and

SI Elrl' gn&ﬁého %?&B(Petaéﬁ{ﬁtl C%;g‘ﬂ?a%i é%.t ?r%)ggl ﬁ] ARY1 group
@}a@ﬂﬁér g‘%?ﬁh}lglég% %%ge%%’ay PRSORR 1t dtwhsk R HRR Qla n atom),

a“hydrogen atomor a

9%1‘%(5‘?&'0% Oy Fbarbﬁﬁioﬁ%‘rot&% BhaRctedta 0y élE?DcHWmﬁSyl group,

stituted wth a halogen atom, a nitro group, a

a4 rEhmiog1 ko )NBIORR Y16 BP is a C
%aalﬁ N, I\E%?E@ma%&]ﬁgl kyrll%ogar%g%?r%yl group, o?( -NI]-cICO?QlS a

(MR giSu@ tBht nify 64 hrakiyhednaudptidtahaydye babstituted with

branched and that may be substituted with a hal ogen
atloaipgen atyanp group, - NR3OR31 (where R30 and R31 are .
each independently a 10 hydrogen atomor a Cl to 4
al kyl group akgenoegrobe,branched and that nay be
substituted with a hal ogen aton), a nitro group,
car bamoyl gr CNB“’&?* &Vh@_n_e tR%°cand| Ryl arer Banbym@muéenﬂy a
15 an N, N-di (A to &4 al kyl ) carbanmgyl grou I—|COR§) _
hyHzegeRatom or @ Ci do &k ai/kégll grguguiiataey nﬁ% byanched and that
br anched and t t mayaﬁe SubStItLit ed with a hal ogen
MBhPe ARG &@éh
_ anitro group,

a carbamoyl group,

an N-(C; to Cy4 alkylcarbamoyl group,

an N,N-di(C; to Ca alky‘l)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

(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 Cy4 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 Ci1 to Cs alkyl group that may be branched and that may be
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(4) a heteroaryl group, wherein the heteroaryl group
may 20 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 hal ogen atom a Cl to Cs al koxy
- group that nmay be branched and that 25 may be
* substituted with a hal ogen atom an aryl group that

s na e e R
Rkt Bl Tt ale BT B R G gl erow
Y AT e A e B B W FBBEen atom)

B el & A BEARA o6 RATRNC,UPER qIEIMR ARInbL grous,

I ) ( By b RO 1
PV SRIOPED . AhppRes ol LS, (M URD Sl e
ﬁ&@%ta!lkiil g W that thd3Phe BeANEhEMhndHNARAy WO Whstituted with
- NR30R3 where R30 and R31 are each independently a
ahalbyéhi egem)atomor a A to C4 alkyl group that may
be branched and that nay be substituted with a
hal ogen at ond cyanoidrbapgr oup, a car banoyl group, an
N(ClL to ¢4 al Eyl)carbam)yl group, 15 an N,N-di (O to
C4 al kyl) car M¥RAR3gtwhere -RICARS Riheme RAch siralepéndently a

- C4 alkyl group that. may be branched and that may be

bpdsegenuntomrt h G balChgelkyltgroyp thad mayaboeanghedhpand that
Sy be subotituted 9ith a balogen atom),

a nit‘fo group,

a carbamoyl group,

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

an N,N-di(C; to Ca4 alkylcarbamoyl 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);

(viii) -(CH2)nNR12COR18 (where R!2 and R!? are each

independently a group selected from the group consisting of:

(1) a hydrogen atom;

(2) a C1 to C4 alkyl group that may be branched 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 Ci to Cs alkyl group that may be branched and that may
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20 (viii) -(CH2), NR12COR13 (where R12 and R13 are each
i ndependently 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 may be
substituted with a hal ogen atom 25 (3) an aryl group,

~wherein the aryl group may be substituted with at

| east one group selected fromthe group consisting of.

a4 ClLt | kyl t hat be branched and t hat
FesubiGutea it HalbBert aBbm o hat oven st om o CL o

C5 al koxy gro b
substi tut ed %@%*gﬁ%%oﬁggéﬁﬁ%gﬁqaﬁw é?%rgnt%ﬁéfl ¥nd that
L Lt \, t I n 5 atom aClto 4
%I%%y eeg,?%%%{'{l@ﬁ%%g@ﬁgéﬁgﬁgﬁ, and that may be _ ‘
substituted wth.a ‘ t c PR wi hal
- NR3OR31 (\Ah%%e& Oggdn‘%gec%%? glr ggcﬁal %%Ependgrﬁ]flyaa atogen
oh 09e 0 AP0 LRIZ1 Grdud Chadl ki 86 BianchBAl afRYHA® may be
branched and ‘that 'may be substituted with a hal ogen .
St tuted With' D hall®sth aforad by gr@u@u PNRRN (WHhekecOR30 and
4 al I&/Ie)car banoyl groap, 10 an N,%\l— di (CI to 4 ¢ -
RPkyike crichaifmidpegrdenply ar hy M¥gaR0 atomese aRE:ito €4Glkyl group

to &4 alkyl group that may be branched and that may be

shiftsmiaybebrantlied andabagenapthenyubstitntadovithoupalogen atom),
. NR30R31 (where R30 and R31 are each independently a
dxitgodgonen atarbamoxl @oup, @ MG togCe wlkyRearhegoplegroup,
branched and that may be substituted wth aN?aI ogen .
an AN -da(Gi to €4gplbypcarbamepheoyup, gnolBHGRRR yEere &2 is a C:
C4 al kyl ) car banpyl group, 20 an N,N—di(tCI'toC4 . )
é gemsy Fhaf Biay, be branched and that may be substituted with
a halogen aton_l),

a cyano group, _ _

-NR30R3! (where ‘R30 and R2! 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 alkyl)carbamoyl group,

an N,N-di(Cy to C4 alkyDcarbamoyl 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

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

of:
a C1 to Cy alkyl group that may be branched and that may
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-NHCOR9 (where RO is a Cl to C4 al kyl group that nmay
be branched and that may be substituted with a

- hal ogen atom), and a hal ogen atom and (4) a

het eroaryl group, wherein the heteroaryl group may 25
be substituted wth at | east one group selected from
the group consisting of. a Cl to C4 al kyl group that

: rray be branched and that may 145 be substituted with

¢ SAbREENS i & tgbCaaefl i Y LPLa i s el onen
at oo o1 Y4 @1 YRl WP, SR 40 ) MkB and that

hal ogen group “t hat nma

_ Ha?mggﬂbgﬂgn{d@%1@¥ %ﬂ%ﬁ%%‘ié ut ed with a haI ogen

a cyano group ere R30 and R31 are

each i ndepengﬁn%@d % 5\%}2{1 %nngif"ﬁeorsuﬁsﬁ%uﬁe@ GAtR! XYhalogen

group that nay that may be
atial il @ egh W f Ql]%rlh%&%?%hﬁﬁzoﬁhy pe Biddchell 4@ thht may be

car banoyl™ gr oup, to C4 al kyl ) car banoyl

- QiSeREutdl Wit Hadog&al a%@mc’é &dnd %rﬂﬁIﬂJaNBﬂORgr GiiBereOR20 and

-NHCOR9 (where RO is a C1 to C4 alkyl group that may

Rel arancivbdindebdritintiypy hedsodst istoiedr wi (h toaCy alkyl group
hal ogen aton), a cyano group, -NR30R31 (where R30 and
884t amy sabhahckiependeritatymay Hebstyshitged withm balegeaiatom),
to C4 alkyl group that may be branched and that may
be:tlsmagmumt acambamoyl lgxbupeanalNot§:, taa Caialkpl)gaxhamoyl group,

car bano grou an N-(Cl to G4 al kyl)car barmyl grou
ag NN 1§Cnm @i alky@qaaba@pyb groyapodt “NEKURR® (th@mdﬁ‘ is a C1

where. RO is a Cl to ¢4 al kyl_ group, that may
o C4 alkyl group that may be branched and that may be subst1tuted with

a halogen atom),

a cyano group,

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

a nit_;ro group,

a carbamoyl group,

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

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

-NHCOR? (where R? is a C1 to Cs4 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)sNR12R13 (where R12 and R13 are each independently a
group selected from the group consisting of: |

(1) a hydrogen atom;
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branched and that may be substituted with a hal ogen
atom, and a halogen atom and n is an integer from1l

to 12); 25 (ix) -(CH2), NR12R13 (where R12 and R 3 are

each i ndependently a group selected fromthe group
consisting of. (1) a hydrogen atom 146 (2) a Cl to 4
al kyl group that may be branched; (3) an aryl group,
wherein the aryl group may be substituted with at

R L

5 ' it C

B N
SU LI 4135 900,31 B 54l iy Apoing of

al kyl group § !@ﬁtton@% 3%12%@3%1%@%5; hébriAYh&andGhat may

substituted with a om a cyano group,

bR ui®ith BHhiBpEn B3dmar € each independently a
hydrogen atomor a Cl'to C4 al kyl group that may be

branched andatiato NByY ableosuRebip Wied Wialyhba halmeded and that
aton), a nitro group, a carbanoyl group; an N-(Cl to

fhyab& gubeaithaibwltlgs dislogeratdin)- di (A to C4

al kyl ) car bamoyl group, or -NHCOR (where RO is a Cl 15

to C4 al kyl gnoaxylt peduprethalientayabehedbatitutedatwitlya blealogen
substituted with a hal ogen atom, a cyano ar oup,
atiRBOR3 C1( h&feabigl gruiR3basrmayabe hnsawbeddand| thag may be
hydrogen atomor a Cl to C4 al kyl group that maY be .
pubstatitie dawith  dralogen atgmbe estb graned NRPR*h(where R30 and
hal ogen ato a njtro group, a carbanoyl oup,

31 a%e each ri?idepemden‘cly % hygrogen atom o¥ a_%l top 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 C: alkyl)carbamoyl group,
an N,N-di(C; to C4 alkyDcarbamoyl group, ox “NHCOR? (where R? is a Ci
to Cy4 alkyl group that may be branched and that may be substituted with
a halogen atom),

a cyano group,

-NR3R3! (where R30 and R3! are each independently a
hydrogen atom or a Cy to C4 alkyl group that may be branched and that
may be substituted with a halogen atom),

a niftro group,

a carbamoyl group,

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

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

-NHCORS?® (where R® is a C;1 to Cq4 alkyl group that may be
branched and that may be substituted with a halogen atom), and |

a halogen atom; and
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an NN(ClL to C4 al kyl)carbanmoyl group, an N,N-di (O to
C4 al kyl ) car bamoyl group, 25 -NHCOR9 (where Ris a Cl
to C4 al kyl group that may be branched and that may
be substituted wth a hal ogen atom, and a hal ogen
atom and 147 (4) a heteroaryl group, wherein the
heteroaryl group may be substituted with at |east one
group selected fromthe group consisting of a Cl to

gﬁ bglt Ik%”ut edo%8 Ea%%%ﬁﬁ%ng‘?ﬁ% e%?j%n?%é %%tt%ﬁ%%%/ %r-gﬁp' may
B BUBSA Bled 20 s IRATC RS eBPdp oBRctod ol he group consisting

gﬁy be substituted with a halogen atom a Cl to C4
kyl ‘group that may be branched and that may be 10

substituted hal nnﬁa\@ﬂé’b%ﬁéﬂﬂ)ed d that ma
- NR3OR31 (M%ﬁr%h% ’c;ﬂaéig i ndependent | a31/1 a Y

Bél%ﬁgﬁ@u?écpwlﬂi a%fﬁégéﬁ a%m"" kyl group that may be
branched and that nay be substituted with a hal ogen

atom), a ni4rE; gh 0P alRobRRauPYihaar 814y barbincBidt and that
C4 al kyl) car barr%)yl group,lﬁyﬁgIQ EPN— di(G to 4

aldsybe cabbataidd githia hadogeNHEER) (where RO is a Cl 15

to C4 alkyl group that nay be branched and that may be
substitut ed satarylaghabpgdmtanory bea subanﬁu@rdomspth a halogen
-NR30R31 (where R30 and R31 are each independently a
hyamoge Ciatof onllkylCgreup Chasl tply be dunnched ﬁasl th,at may be
branched and that 20 may be substituted with 0 o
sabsigtutedt with adalpgew agewup, cCrARTEHEHDY %%"Bab,(vvhﬁre R0 and
N-%CI toC4aIkyI)carbam)¥lI group " :
R31 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 Cs alkyl)carbamoyl group,
an N,N-di(C: to Cs alkylcarbamoyl group, or -NHCOR?® (where R?is a C1
to Cs alkyl group that may be branched 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 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 C4 alkyDcarbamoy! group,

an N,N-di(C: to C4 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), and

a halogen atom;
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an N,N-di (A to C4 al kyl)carbanoyl group, 25 - NHCOR9
(where RO is a d to C4 alkyl group that may be
branched and that may be substituted with a hal ogen
aton), and a hal ogen atom 148 and n is an integer
froml to 12); (x) -(CH2).Y-OR12 (where Yis a Cl to
C4 dival ent saturated hydrocarbon group that may be
branched, and R12 is a group selected fromthe group

SOER S4Bl o WD Lo ) 2

bsti ' I (3 | 5 '
oo 10, O QR EELSARPEY T Aob SRR s
350035 REEHEY P4 A0, R S80S S 1A et
@% tg@y Ogﬁ c?)ﬁﬁlgﬁ]ﬂh%é%ﬁd with a hal ogen atom a Cl to

al o@ group a

nmay be branched and that nay be

substituted w)thnhaqh gfy@At om an aryl group that
may be substiwt)ut e’g gm@%ﬁga%aF ogen 15 atom a Cl to (4

al kyl' group tg)ad ("B 0 AksPGhedpaddiiday teYr@gched and that

substituted with a hal'ogen atom a cyano group,
BRZUbetiItata] R3th angaloBdh sbem;each i ndependently a

hydrogen atomor a Cl to C4 alkyl group that may be

branched and(3)hain mayylbezrouipst imtherein wihé arylal pgerp may be
atom}, a nitro group, a carbanoyl group, an N-(Cl to _
Sdbatikytedcwitinabdasframepgrdip aelehted fiofrCthe gr@ap consisting of:
al kyl ) car banoyl- group, or -NHCOR9 (where RO is a C1. .

to C4 al kyl gr@ute Chalkyhgroep thahoresibamranghedfnd peat may
substituted with a halogen atom, a cyano group,

‘brradmtituteh arich RebalogenReD™r e each i ndependently a

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 C; to C4 alkyl ‘group that may be branched and that may be
substituted with a halogen atom, a cyano group, -NR3°R3! (where R3¢ and
R3L gre each independently él hydrogen atom or a C1 to C4 alkyl group
that may be branched and that may be substituted with a halogen atom),
a nitro group, a c.arbamoyl group, an N-(C1 to C4 alkyDcarbamoyl group;
an N,N-di(C; to C4 alkyl)carbamoyl group, or -NHCOR? (where R? is a Cy
to Cy4 alkyl group that may be branched and that may be substituted with
a halogen atom),

a cyano group,

-NR20R3! (where R30 and R3! are each independently a
hydrogen atom or a C; to C4 alkyl group that maj be branched and that
may be substituted with a halogen atom),

a nitro group,
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25 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, 149 a carbanmoyl group, an N(Cl

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

al kyl ) car banoyl group, -NHCOR9 (where RO is a G to C4
al kyl group that may be 5 branched and that may be
substituted with a hal ogen aton), and a hal ogen atom

and (4) a hetergaryl grou wherei n the heteroaryl
group may b%cgﬁ%‘%/}i"yggﬁﬁ'?%th at | east one group
sel ected from the~gro nsy stin f. ald tocd4
al kyl group %Z{]?ﬁgﬁot{%%ﬁ&@&ﬁg@aéﬁﬁﬁﬁ% ‘my be

Subet Tut e NARRL B0, MRl Kox

oup. that & _ | | |
substi tut ed WrkinSRb e RAF0 18 moacxtalgrgpg?odﬁﬂ“?gaanay be

may be subs a halogen™ 15 ato

- BROURAH 208 thARn A heRRNAAAEEE iR hilRlgelPtoR), and

substituted w a hal ogen atom a cyano group,

-NR30R3"  (whgh@léth absin; B3l are each independently a
hydrogen atomor a ClL to C4 al kyl group that nmay be
branched and(4)hahebBdoaee] $ubap] WHe@dinthé Ietbpdnge group may
atom, a nitro group, a carbanoyl group, an N-(ClL to

B4 salblsyithoat hdtiowlk lgastipne 2@0ap sh]détdd (mt theCgroup consisting
al kyl ) car bamoyl group, or -NHCOR9 (where RO is a Cl

ofi C4 al kyl group that may be branched and that nmay be
substituted with a halogen atom, a cyano group, '
“NR30R31 (whar® tR30+atklyRgtouy thatutay @ié’pﬁéndbﬁfﬁ) lapdathat may
25 hydrogen atomor a C to C4 al kyl group that may be

be sublstidutatwitiaa 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 wit_:h 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, -NR39R3! (where R30 and
R31 are each independently a hydrogen atom or a C: to Cs alkyi group
that may be branched and that may be substituted with a halogexi atom),
a nitro group, a carbamoyl group, an N-(C; to Cs alkyl)carbamoyl group,
an N,N-di(Cl. to C4 alkylDearbamoyl group, or -NHCOR? (where R? is a C1
to Cy4 alkyl group that may be branched and that may be Substifuted with
a halogen atom),

a cyano group,

-NR30R31 (where R3® and R3! are each independently a
hydrogen atom or a Cy to Cu alkyl group that may be branched and that
may be substituted with a halogen atom),

a nitro group,
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may be substituted wth a hal ogen atom, a nitro
group, 150 a carbanoyl group, an N-(Cl to 4

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

al kyl ) car banoyl group, -NHCOR9 (where RO is a Cl to (4
al kyl group that may be 5 branched and that nmay be
substituted with a hal ogen atomy, and a hal ogen atom
and.n is an integer froml to 12); (xi) -(CH2)a-OR12
(where R12 is a,group, sel ected fromthe group

consi sting dt car % e°MRrdrogen atom (2) a d to C4

Subdti tut ed S o T HeiG RROLEARE AR k8lp, Y, o0

wh inth W it h at
I eggfl gne Sr%#’gpg@eW% gp}w"f%@%@%@%ﬁg&u ﬁg of
15 a Cl to Clyaldevke hBidpo (ials 4% RPCRIARGNERO@Idhat may be

that may be substitut with a hal ogen atom a

Pt HERYn @ tRHP i AR sBRubERRAPE & RagbRal tontiB¥nide
substituted with a halogen atom an aryl group that
may be substi halegbnvbtdna hal ogen 20 atom a Cl to C4
al kyl group that may be branched and that nay be

a0 14 ah edteddrframhaltode); at om a cyano group,
-NR30R31 (where R30 and R31 are each independently a
hydr ogex) afGif)arORICIwher&/RY lo/h grayp seldused fegnbshe group
branched and that may be substituted with a hal ogen
edmaiptingafhi tro group, a carbanoyl group, an N-(Cl to
C4 al kyl) carbanoyl group, 25 an NNNdi (O to C4

al kyl ) car bandyla gvdmematcmﬂcmg (where RO is a C1

to &4 al kyl roup that may be branched and that be
substi t ut Be/d &)tfﬁh%l to Cq4 ali/{yl group that may%e Erangﬁgd 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 Cy to C¢ 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 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, a carbamoyl group, an N-(C; to C4 alkyDcarbamoyl group,
an N,N-di{C1 to C4 alkyl)carbamoyl group, or -NHCORS? (where R%is a C;
to C4 alkyl group that may be branched and that may be substituted with

a halogen atom),
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a hal ogen atom, 151 a cyano group, -NR30OR31 (where
R30 and R31 are each independently a hydrogen atom or
a Cl to 4 alkyl group that may be branched and that
may be substituted with a hal ogen atom), 5 a nitro
group, a carbanoyl group, an N-(Cl to C4

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

al kyl ) car banoyl group, -NHCOR9 (where RO is a O to C4
al kyl group that may be 10 branched and that may be
substituted %CYﬁnggi\i"BPBgen aton), and a hal ogen atom

7 "EAEBRE (PP R A Tfhondenty o

s G e N R

ﬁié%s' W I a G to C5 al koxy

gr ul‘|é)é %ﬂgsﬂ%é e Hr]gnl‘geﬁggelgtﬁgg%n%’at may be .
substituted ntiﬁ.oggjnﬁ{ gen atom an aryl group that
may be substéth ute th(l’)] a halogen 20 atom a Cl to 4

al kyl group 4 RathampyPerbignched and that may be
substituted with a hal ogen atom a cyano group,

- NR3OR31 (whgh eNRBQ 181 alR3Dcakbagagh grtagpendent 1y a
hydrogen atomor a Cl to C4 al kyl group that may be

branched andai N/IN-@{Cbe Cyhatkyheirddmestlzr@upal ogen
atom), a nitro group, a carbanoyl group, an N-(Cl to
C4 al kyl ) car RHSYORY (wingre B na I:NodCe @kybeg@sup that may be

al kyl ) carbamoyl group, or -NHCOR9 (where R9 is a Cl
braheal &yd thiat mpay hetsutspituée d vebl reliatoge nt atam rapdo
Substituted with a hal ogen aton), ‘

a halogen atom; and

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

a C1 to C4 alkyl group that may be branched 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 C1 to Cs 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 Cs4 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 Ca alkyDcarbamoyl group,
an N,N-di(C; to C4 alkylcarbamoyl group, or -NHCOR? (where R9 is a C:
to C4 alkyl group that may be branched and that may be substituted with

a halogen atom),
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-each i ndepen

152 a cyan group, - NR30OR31 (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 halogen aton), 5 a nitro group, a
carbanmoyl group, an N-(Cl to C4 al kyl)carbanoyl group,
an N, Ndi (A to C4 al kyl)carbanoyl group, -NHCOR9
(where RO is a Cl to &4 alkyl group that may be 10
branched and, th - e substituted with a hal ogen
atom), and aa%g%%% ng%ﬁ’om and n is an integer froml

to 12); (xi i-)N]iiéaﬁdZ)(w}ﬁgﬁlﬁaﬁ aeRBl%rlgi%zﬁ:(l%iﬂngendenﬂy a

sel ected fromthe group consisting o

_ @(glﬁ]o%%na Ax £3); o €} fhﬁg%rt | ftﬂ:hag rrﬁH? BdBartedognd that

ed and that ~ may be S uted wth a hal ogen

'ta-gm ' Qi QHnlopbheRebM) ! he aryl group may be
lglu st? %ﬁ%se%%th ét Ieas?g%ﬁe grc))up selected fromthe

group consi sj iM¥roQdroup20 a A to C4 al kyl group that
may be branched and that may be substituted with a

hal ogen at ona carambel geowh,koxy group that may be
branched and that nmay be substituted with a hal ogen

atom an ar yhn N-6Cp tb €t alkgy)chebsmboyl igrowed with a
hal ogen 25 atom a Cl to C4 al kyl group that may be
br anched andan MNIN-deCibte Csabsytl)¢arbadneykgroaphal ogen
atom a cyano . rouE, G NR30R31 (where RS_O and R31 are 2y be
QR3 (Where d¥nisaa i tor Ca adkyl graup fhatym

gxr';#c%edlasr?d that may be substituted with a halogen atom), and

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

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

consisting of: '_ '

(1) a hydrogen atom;

(2) a C1 to Cs alkyl group that may be branched 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 Ci1 to Cq4 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, -NR3?R3! (where R20 and

R3! are each independently a hydrogen atom or a Cj to Cs alkyl group
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that may be branched and that nmay be substituted with

a hal ogen aton), a nitro group, a carbanoyl group, an
N-(CL to C4 al kyl)carbanmoyl group, - an NNN-di (O to C4

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

C4 al kyl group that may be branched and that may be
substituted with 5 a halogen atom), a cyano group,

. NR30R31 (where R30 and R31 are each independently a
hydrogen atomor a C_to C4 al kyl group that may be
thanutedbahdanthed andythes mepdie swhsatwiedivitbrahsdeen atom),

atom, 10 a nitro group, a carba | group n (C1
aquitrp grayp,) 8 desbamay] gireup, aanNRf(iLw @@alkasﬁeﬁi\tamoyl group,

al kyl ).car banoyl group, -N (where ' Cl to (A

an leT'gil&Gpt@ l%tsﬂka§505ébamey BEPIheer %ﬁgﬁé‘ﬁg?( fﬁ@gﬂs a 01
substituted with a hal n atom, an hal qgen .ato
G @y h Erere Bl paYhe f?.s?nw&\%a sl i ey ditoappitituted with
gr_oagg may %isubstitut ed with at | east one group
S1HPEER PBh t he group consisting of. 20 a Cl to C4

al kyl group that. may he branched and that may be
substituted G¥A"8 %’gpggen atom a Cl to C5 al koxy.

group that ”Bﬁéph@'ﬂ%ﬁrgpﬁ@?ed 1d, hiaks MAY, REen independently a

substituted vi a halogen "atom an aryl group

| bubed, W ! t (9 be Brihchéd @hd that
EPleEess dtokl bhRACL Bk BIkPR 8T8 11 el e B
a&aggbbts%?‘%%é&waﬂba'w% eAlABm)a cyano group,

- NR3OR31 ere R30 and 131 are each independently a
hydrogen at ogtrgtelug,0 C4 al kyl group 154 that may

be branched and that rmay be substituted with a hal ogen

atom, a carbamoyl group,

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

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

-NHCORS? (where R? is a C; 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 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 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, -NR%0R3! (where R30 and

R3! are each independently a hydrogen atom or a Ci to Cs alkyl group
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a nitro group, a carbanmoyl group, an N-(C to 4
al kyl ) carbanmoyl group, an N Ndi(C to C4
al kyl ) car banmoyl group, or -NHCOR9 (where R9 is a Cl

“to C4 alkyl group that nmay be branched and that may be
~substituted with 5 a halogen atom), a cyano group,

-NR3OR31 (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
thainpyaylhe hranched gnoLthatanes hsanshstiredsvithra halagen atom),
to C4 al kyl ) carbanoyl _group, an N-di égl to.C4 -

alniyro exotne warhamay]l eramporn Nifilari® Re alkyHcarbamoylgroup,

al kyl__gr.oup that be 15 pranched y be,, .
%JaaﬁtNtd}f(éutquxrﬁlg?f{?&a%@ﬁosfaﬁegp,ﬁm%ﬁﬁéﬁ% é%%&ff%fﬁg isa C1
and n_is.an integer fr 1-to 12); (xilii 4.
tq %m@lkyls@fmt By ba brpge efé@&épé@a heydy Fyhtitued with
(o] consi sting of: 20 (1) a hydrogen atom (2) a Cl
gdmcliﬁg%mw roup that may be branched and that may

- be substituted with a hal ogen atom (3) an aryl group,

wherein the grcyﬁn&%ﬁﬁpnay be substituted with at :

A
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15

20

25

%ga{é?{%{ at&i §1“Q5(tﬁ‘l 'i:b‘t(ﬁda%gﬁ Lgrrgﬁgﬁﬂé%ﬁ%aﬁtmrén%d And that

y group that nay and“that 155 may
ﬁn%ysgg%h'b*stﬂ:ﬁﬁ’ed%vtifhﬁKbﬂbg@ﬁ'&t@hﬂm an aryl group that

e substituted with a hal ogen
a nitro group,
a carbamoyl group,
an N-(C; to C4 alkyl)carbamoyl group,
an N,N-di(C; to Cs alkyl)carbamoyl group,
-NHCOR? (where R® is a C1 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):
(i) -(CH2)a-SO-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 selected from the group consisting of:
~a Cy to G4 alkyl groﬁp that may be branched and that may

be substituted with a halogen atom,

a Ci1 to Cs alkoxy group that may be branched and that
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atom a G ‘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 5 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 halogen atomy, a nitro group, a
car banoyl group, an N-(Cl to C4 al kyl) carbanoyl group,
an N,N-di (G to C4_al kyl)carbanmoyl group, or -NHCOR9
patidreeswstitutgdoyith @ badogek ptogys oup that may be

branched and that nay be substit

uted with 1Q a.. .
Rl ogen at o YAy NSy (bas, MARBORSIDIHHEPE Rt hdalogen

e AR dent e I RIS BRI Ot Bt Say be
SRS i el R85, 3' B 5t SNSEERSY QiR ana
?‘%h grge% Q?%e%é?d@?t 'aéﬁ;%@?@%q’i% {%%ﬁgf ’awgy’@g Akyl group
BANFI5S,ERE DR TR 6 SHES Y LR AehY AlRKen atom),
ANEEE) By RELEDOR0N LB BHP TN (APBOSIKILED DI grouw,
ngﬁ él}r,%ﬁadg((%t& @4%]{?1)@%&1&19?1’ ghddl, SNBECORANGRESe FMis a C1

e substituted with a hal ogen atom a Cl to
@CQ'&‘IE?VgﬂﬁﬁM Phahaiay BY bREnEhed ahadittnhPHe sullbtitdyd with
be substituted wth a hal ogen atom an aryl group that
mmgeﬁula@ﬁj),t uted with a halogen atom a Cl to (4

-al kyl "group that may be branched and that may be

a cyano group,

-NR30R31 (where R30 and RSl are each 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 alkyl)carbamoyl group,

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 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 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
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substituted with a hal ogen atom a cyano group, -
-NR30OR31 (where R30 and 5 R31 are each independently a
hydrogen atomor a Cl1 to C4 alkyl group that may 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, an N, Ndi(C to C4

~al kyl ) carbanoyl group, or -NHCOR9 (where RO is a C1

to C4 al kyl group that may be branched and that may be
sudysheé substdtwiednwitioa hdlagegertont,on), a cyano group,
NR30R31 (where R30 and R31 are each independentl_¥ a

hydr ogen at omiorryd goup tbatamas bgr substitistedniitbea halogen
branched and that _may be substituted with a hal ogen

atan) a {8 b0 4 pbcsdr stgir dhasirmarohe hpesghedapnds may be
to C4 al kyl)carbanoyl- group, an N, N-di (G :
sRsiheigAEHEy? helegan um%w%%ésgg%ww@w and

B R o BAR H  2 l v
' ' 1 12):, an. i V)

B0 By B DrhBSERE halt AR iRl prlggen atom)

s e

gﬁwﬁg-cﬁ@ﬁa thaqlﬂzwtc%gb%rrn??i gg@g%aanxg;ﬂrggﬁhé %)vth%?e R?is a C1

_ roup, Whér'e substitute
e maﬁk?’ingﬁ%%p gﬂ%lﬁ{ag“%%%gkégﬁgﬁ aﬁ:ﬂoﬂﬂe{jlzllﬁagﬁ%u%ébstituted with

consi st group that may

Rnanehed a2t hat may be substituted with a hal ogen
atom _

a cyano group,

- -NR30R31 '(Vifhere R30 and R3! are each indepéndently a
hydrogen atoﬁt or a C; to C4 alkyl group that may be Branched and that
may be substituted with a halogen atom),

 anitro group,
a carbamoyl group,
an N-(Cy to C4 alkyDcarbamoyl group,
an N,N-di(C; to Ca alkyl)cérbamoyl group,
-NHCORS? (where R? is a Cq 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); and

(xiv) -(CH2»n-SO2-R!2 (where R12 is a group selected from the
group consisting of:
(1) a hydrogen atom;
(2) a Cy to C4 alkyl group that may be branched and that

may be substituted with a halogen atom;
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5 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 atom a

Cl to &4 alkyl group that may be branched and that nay

be substituted with a hal ogen atom a cyano group,

- NR3OR31 (where R30 and 10 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 nitXoagr gyl mrompbawihereiy othy awylNgroupt gnay be
C4 al kyl ) carbanmoyl group, an N, N-di(C to C4 o
suhstitwedoaitbyat IpastpnegrougHebrgedyitemetImogranmca@lsisting of:
to C4 al kyl group that may be branched and that_ may he
subst it ut ed #iGito €salkylagnyathaiomay be byanehest aud that may
- NR30OR31 (where R30 and R31 are each independently a '
he gussfutacdomith adalogen agamy| ky| group that may be

at Z‘”m‘:f’e_?oagd# o droBos %Eﬁﬁiatnﬂiﬁjﬁﬁg{,ggmﬂq%gggand that
. ] N, N- di 4
mae, b5 CuPUHERHL ST b PHREReAl s o RS is a C1 to of

o 91000 keI, AR PRI (AN TR batogen

P ) DT R0 Bl O, B O A8 g s o
Sl s 4 DalBEoy a0 ey, NGO Goro 10 and

RuDSb tdH@diN b AP IRy REQEBn At8mThy 1 (POt 040Xyl group
group that may - be branched and t hat

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

“a nitro group, a carbamoy! group, an N-(C;1 to C4 alkyDearbamoyl group,

an N,N-di(C1 to Cs alkylcarbamoyl group, or “NHCORS? (where R?is a Cy
to Ca alkyl group that may be branched and that may be substituted with
a _halogén atom),

a cyano group,

7NR50R31 (where R3° and R31 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-(C; to C4 alkyl)carbamoyl group,

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

-NHCOR? (where R? is a C1 to Cz 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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© . may be ‘substitut ed with a hal bgen atom an aryl group

that nmay be substituted with a halogen atom a Cl to
C4 al kyl group that may be branched and that may be
substituted with a hal ogen atom a cyan group,

-NR30R31 (where R30 and 10 R31 are each independently

a hydrogen atomor a Cl to C4 alkyl group that may be
branched and that nay be substituted with a hal ogen

aton), a nitro group, a carbanmoyl group, an NN(CO to

bd sabkyititat bdtio gl lgasugne grouplslait¢difram @k group consisting
al kyl ) car banoyl group, or -NHCOR9 (where R9 is a Cl

ofi C4 al kyl group that may be branched and that may be
substituted with 15 a hal ogen aton), a cyano group,
-NR30R31 (whara a6+ adklyRanoun thatniny beldgangbed ppdithat may
hydrogen atomor a Cl to C4 al kyl group.that may be

bt anbstiguteiwithe halageBatsdbstituted with a hal ogen

S A
er%%z’ Q”P&?ﬁﬁt’t‘%"é’( %’ﬁ'ﬁbg"k}éalogggﬁﬁ hed and that may be |
bt 00 0 DIy S T
At B 30 APV Beo, Prdde hié B8 RS EnBCHIER may be

| isﬂf)gﬂ%tefdrﬁf@}gathoalgéén a/t(an, Q é'yai'noj émlﬁ),am@?{b@ (where R30 and

R31- are each independently a hydrogen atom or a C; to Ci 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 alkyl)carbamoyl group,
an N,N-di(Ci to C4 alkylcarbamoyl group, or -NHCOR? (where R? is a Oy

' 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 C4 alkyl grbup that may be branched and 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(Ci to Cq alkyl)carbamoyl 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 _

é halogen atom;

and n is an'integer from 1 to 12); or
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and X- is a halide anion. 6. The nethod of claim 2,

wherei n the phase-transfer catalyst 10 conplexed wth

an optically-active netal atomis a netal conplex, or

an enantionmer thereof, which is represented by: Hw'"

H 6QWQ 15 (where Mis Ni or Cu). 7. The method of any

one of clainms 1 to 6, wherein at the tine earlier

than a time for conpletion of the stoichionmetric

reaction, an optical purity of the conpound

R¥prmd & ade inkehdogether to {arm jasdivedentegram seleatadefrom the

8. A nethod for stereo selectively producing a

istépgedented by the followng forrmula (1):
R18 25 NR15 n (l) 160 conprising: initiating a
r eact i ‘60 Hedma(vebesonmis 2 pntegay isemyy te 8 for mul a
(rr): MeQR20 5 1 R15 n (I1)/~wWth a conpound
represent pepy the formul gz Pl 11¥ RI8-W(IIIl) in a
[ i 5 presence, of an optifcally- active _
r 10 | y§t—0and0an j norgani c base; and

“quenching the reaction at a}-i—r{et that satisfies the

foll o™y inequality:

X- is a halide anion.

6. The method of claim 2, wherein the phase-transfer catalyst
complexed with an optically-active metal atom is a metal complex, or an’

enantiomer thereof, which is represented by:

Hlllllln H
_N‘\ /N_
/M\ . .
o O (where M is Ni or Cw).
7. The method of any one of claims 1 to 6, wherein at the time

earlier than a time for completion of the stoichiometric reaction, an
optical purity of the compound repi'esented by the formula (D is 70% ee

oY more.

8. A method for stereoselectively producing a compound represented

by the following formula (I):
: R18

N COR29

R'® n 1))
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'50< At (%ee) x YLDt (% <100 100 15 (where At is

the optical purity (% ee) of the conpound represented
by the formula (1) that is obtained by quenching the
reaction at atinet from the initiation of the
reaction; and YLDt is the yield (% of the conpound
represented by the formula 20 (I) that is obtained by
quenching the reaction at a tine t fromthe
initiation of the reaction); wherein in the fornula

(') anedmepeising'nula (11), R15 is an aryl group or a

heteroaryl group that may be substituted wth at

| east Iclm a@mp reficdme @1 fa sampeangt sepresensed thnghefformula
42 to C8 al kyl group that may be branched and

TRt may be substituted wth a halogen atom a Cl to

C5 al koxy group that may e)m\a\nched and that may be

161 substituted with a haglNgen L£OR\an aryl group

that may be substituted Miffh a hal ogep atom a ClL to

Cs al kyl group that % branched d that may be
substituted with a hal ?Jg n atom or/g,Cl to C5 1aﬁkoxy
group that may be branched and 5 that may be ™

NRooRiit e b A SRR A O R AR R | :

hydrogen atomor a d to (ﬁh group that
substituted with a hal ogen , 10an|tro group,

car ba
o N 'I'\'il_‘i’%%t(r%é&’it{gn (_l%nta ky%segl‘régggf &:Dg&ﬂ&b@&?yé pﬁ%@é"ﬁransfer

catalyst and an inorganic base; and
quenching the reaction at a time t that satisfies the following
inequality:

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

50< <100

(where |

A: is the optical purity (% ee) 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; 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),

R15 is an aryl group or a heteroaryl group that may be substituted
with at least one group selected from the group consisting of:

a Ci1 to Cs alkyl group that may be branched and that may be
substituted with a ilalogen atom,

a Ci1 to C5 alkoxy group that may be branched and that may be

161
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-NHCOR9 (where RO is a G to C4 alkyl group that may
be 15 branched and that may be substituted with a
hal ogen aton), and a hal ogen atom R20 is -OR19 (where
R19 is a G to Cs alkyl group that may be substituted
with a hal ogen atomor an aryl group that may be
substituted with a hal ogen atom and that may be
branched or forma 20 cyclic group) or -NR50R51 (where
R50 and R51 are each independently a hydrogen atom
sOHrIBRRd Yithen hakogen stemgr oup sel ected fromt he
group consisting of a hydrogen atom_ and an ary
group ERATYhErope thathseythe subsiituted with 8 ltaqloaekyatom a C1
%r%gp ng\t may be substituted with a_  hal ogen atom

ezl groamx yhat may bedranehedand fhat .mavéw wbﬂ#ﬁalted with

Slb%glggﬂg‘{‘] q%%;;omﬁ@orc‘slﬁﬁga5t nagaff/\é)l‘traﬁlpgnlaq SIC} aﬁ [ fled and

ool B P BrB R bl b eBust | tuted i ih a

162 hal Qggn atonésor a hal ogen atom) or -OR101 (where
R os i&3%8° &8s al kyl group or a bonzyl group));

in theag Eﬁgf%}d V\gﬁgrea 9 LG RO QYL %a(:b' fr%deg]gn h?lyaa hydrogen

gr oup se Fom group consis

b AR SRUP gt B e PRI o 5 8 o

Qﬁhﬁg’en atom wherein the alkyl group may be
substituted with at |east one group selected fromthe
group gefig¢sErdigp,0of a Cl to G5 al koxy group that may
be branched and that may be 10 substituted with a

hal ogea catpainogl gyaie, group, - NR3R31 (where R30 and
R31 are each independently a hydrogen atomor a O to

C4 al kyh Ni(GupotGaslkyd)cabbasivydcrduped with a hal ogen

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

'NH_COR9 (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;

R20 is -OR!? (where R19 is a C; 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 -NR3R5L (where R5 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 Ci to Cs alkyl group that may be substituted with a
halogen atom, a C; to C3 alkoxy group that may be substituted with a
halogen atom, or a halogen afom, and R2% ig an arylr group that may be
substituted with a Cy to Cy4 alkyl group that may be substituted with a

halogen atom, a C; to Cs alko.xy group that may be substituted with a

162
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15 a nitro group, a carbanoyl group, an N-(g to 4

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

al kyl ) car banmoyl group, -NHCOR9 (where RO is a Cl to C4

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

-COR9 (where RO is a Cl to &4 al kyl 'group that may be
branched and that may be substituted with a hal ogen

atonm), and -CO2R9 (where g is ad to C4_alkyl group
halogeragtose. oF aalegen atomd er QR My hsee Ribsis 2 Ludg Cs alkyl
with a hal oge ,atom);_ (ii) a C3to Ci15 allyl group or
SR P a8t R @il gfrug )oup that may be branched or form

a cl.i c 0 ang t hat substituted with a 163
%%@&F%&iﬁm@q fh%\?@?l% @Dal kenyl group that may

o S et S
gr oﬁpyté%% ?chf’ %a@s%rﬁ’gf’i ﬁ.‘ﬁcte]ala\kﬁ E’ﬁ bgraﬁgﬁ%%eo% a %im% eyclic
XA B LN A 00 Bk TR Y, Woroin ho
SR ISREEEES bd AL R, o D030 0Bl By fom e
b Bshdikti@domi th a hal ogen atom a Cl to C5 al koxy

group that may be branched and that may be

subst i § utedo V&4 Bl LAGEH tAh@haRbébyhnehied hind éhat may be
may be substituted wth a hal ogen atom a Cl1 to C4 -

shkatitedupitbhathalegebatdmanched and that may be
substituted with 15 a hal ogen atom a cyano group,
- NR3OR3tyawnbegreuB30 and R31 are each
-NR#OR3! (where R39 and R3! are each independently a hydrogen
atom or a C; to C4 alkyl group that may be substituted with a halogen
atom),
. a nitro group,
a carbamoyl group,
an N-(C1 to Cq alkyl)carbémoyl group,
an N,N-di(C; to Cs alkyDcarbamoyl group,
‘NHCOR? (where R? is a Ci to Cs alkyl group that may be
branched and that may be substituted with a halogen atom),
a halogen atom, |
-COR9 (where R? is a C1 to C4 alkyl group that\ may be branched
and that may be substituted with a halogen atom), and
-CO2zR? (where R? is a C: to Cy alkyl group that may be branched
and that may be substituted with a halogen atom);
(i1) a Cs to Ci5 allyl group or substituted allyl group that may be.

branched or form a cyclic group and that may be substituted with a |
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i ndependently a hydrogen at‘om or a Cl to 4 alkyl

~group that may be branched and that nay be

substituted with a hal ogen aton), a nitro group, a
car banmoyl group, an N-(Cl to C4 alkyl)carbanoyl group,
an N, Ndi (O to &4 al kyl)carbanoyl group, or -NHCOR9

‘(where RO is a Cl to 20 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

badogamatgrandent |y a hydrogen atomor a Cl to C4
al kyl %3up t hat nay .be branched and that nay be
subst i bdved G ta Gs dkepsh sapun) that max é)egbbmcheai or form a

G700 v B Bhatcnay &%%ﬁ@é%&%@ﬁ&@%ﬁg%l
N Cl 107}
gWérﬁegjj?aﬁﬂ Qwﬁml oS diat bt B biahebr form a

A B AT A,

that lggrghgﬁ ka0 A S ISl G P B Bk group

e yon 1&?2‘%?9%&%%!@%95%%3‘1%3@%@4%’ fofpothe growp

Whhbistind §@8St one group selected fromthe group
consisting of. a ClL to C4 al kyl group that may be

branchgdcang thailliyyeretp SRS bhiy RAbrahbhed Raliogeat b
atom a CC? tomCS k?Eo%(y group thaﬂt:I may be branched anéiIlay ®

shpbtitared®ithlh lbséh tagbed Wi th a hal ogen atom an
aryl group that nay be substituted with a hal ogen
atom a Cito 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, -NR30R3! (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 nitrd
group, a carbamoyl group, an N-(Ci1 to Cs alkylcarbamoyl group, an
N,N-di(C; to Ca alkyl)c.arbamoyl 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 R3° and R?! 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,
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~to C4 al kyl group that may. be branbhed énd thét 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 20
branched and that may be substituted with a hal ogen
atom, a nitro group, a carbanoyl group, an N-(Cl to
C4 al kyl ) carbanoyl group, an N N-di(C to C4

al kyl ) car banoyl ou or_ - NHCOR9 (where R9 is a Cl to
C4 al k@xllh??@m OtC?ﬁaalkﬁﬁlﬁaﬁbawﬂa@meupand that my be

: NRS0FH MRS/ eoC %@%&arﬂaﬁ%ﬁrﬁ%%%ﬂﬁeﬁi ?Sza
o anchaWBRART Grds, b s 18 Ca i O St ksl ronb that may be
ﬁfl‘%%‘%%og’&ﬁr‘%‘ﬁ&%% B Pt St ElaeR RiPE) opa

C4 al kyl up, -NHCOR9 (where RO is a G to
4 al k%lﬁa‘ig%up t% y be branched and that may be

SRS R TN 18 AT o

12 Hrﬁn@ﬁe&'cﬁ‘yfor% (Hﬂ,a%a J]ge suggﬁl ¥ u?ﬁégﬁwg?l%tl{lﬂ'ém with a

a cyclic group an

halogean@nem and (VI i) a Cs to C9 propargyl group or
substituted propargyl group that may be branched and

that n@y) be heubsdarhlAdgidh 1o viakos ehetodb 1 n:!o'i'eﬁyh%herém |
formula (111), 15 Wis a functional group that has a

tlenViigtgradigli nyoiety nmialye beorstiblseit(tted anitt he fledstilone group
(I'1), nis an integer from1l to 4; and,
selected from the group consisting of:

a Ci1 to C4 alkyl group that may be branched and that may be
substituted with a halogen atom,

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

an aryl group thét may be substituted with a halogen atom, a C;
to C4 alkyl group that may be branched and that may be substititted with
a halogen atom, a cyano group, -NR30R31 (where R3% and R3! .ﬁre each
independently a hydrogen atom or a C; to C4 alkyl group that may be
branched and that may be substituted with a halogeﬁ atom), a nitro
group, a carbamoyl groﬁp, an N-(C; to C. alkylDcarbamoyl 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 bl;anched and that may be substituted with a
halogen atom), |

a cyano group,

-NR20R3! (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

- 165



inthe formula (1), * shows a newy produced
-asymmetric center. 20 166

~ substituted with a halogen atom),
a nitro group,
a carbamoyl group,
an N-(C; to C4 alkyl)carbamoyl group,
5 an N,N-di(Ci to Cs alkyl)carbamoyl group,
| “NHCOR? (where. R? is a Ci to Ci alkyl group ‘that may be
branched and thét may be substituted with a halogen atom), and
a halogen atom; and
the alkyl moiety of the heteroaralkyl group is a C1 to Ce alkyl group that
10 may be branched or form a cydlic' group and that may be substituted with
a halogen atom; and |
(vii) a Cs to Co ﬁropargyl group or substituted propargyl group
- that may be branched and that may be substitute.d with a halogen atom;
in the formula (ITD), |
15 W is a functional group that has a leaving ability;
in the formula (I) and the formula (ID),
n is an integer from 1 to 4; and.
in the formula (D),
| * shows a newly produced asymmetric center.

20
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