+ 1 - DESCRIPTI ON PROCESSES FOR THE PREPARATI ON OF OXO OXAZOLI NE OR :
“PLLOAM NO: ACI D DERI.VATI'VES 5 TECHNI CAL FI ELD The present invention rel ates
80 a nmethod, for produci ng oxo-oxazoline derivatives using a sinple and

10 i nexpensive met hod. BACKGROUND ART Oxo- \%ﬁzol i ne derivatives are
critical 15 internediates for conpounds ( 8/08867) which are TRH
(thyrotropi.n rel easi ng hornone) derivatives represented by the foll ow ng

general formula (VII1): RAA. OOHHO011 ,Nf-GCNGCGCHH (MII) ,--~CS
N 20 wherein RA is a hydrogen atom or ogtionall substituted | ower alkyl;
Y is an optionally substituted al'kyl. PEPCREPTIONNpounds represented by

the following 25 general fornmulas (I11-A), (Il1l-B), (IV-A), or (IV-B): 2
ORLO\RLHORL ' 0 0~f! N_N ' :
: %&%@ES FOR THE PREPARATION OF OXO-OX_AZ-OLINE OR ALLOAMINO
ACID DERIVATIVES

5 .
| TECHNICAL FIELD
The present invention relates to a method for
producing oxo-oxazoline derivatives using a simple and
10 inexpensive method.

BACKGROUND ART

Oxo-oxazoline = derivatives -are critical
15 intermediates for compounds (W098/08867) which are TRH
(thyrotropin releasing hormone) derivatives represented by

_the following general formula (VIII): '

RA
() N 1
CH,, (v
' | Y
SN

20
wherein R* is a hydrogen atom or optionally substituted lower
alkyl:; Y is an optionally substituted alkyl.

Further, compounds represented by the following
25 general formulas (III-A), (III-B), (IV-A), or (IV-B):



'H COO\I H ~COOH H2N COON HZN~ .CO OH (III-A) (111r-8) (1V A) or (TVB) wherein
Rl is an optionally substituted |ower alkyl, an. optionally substituted
@aryl, an al kynyl, or an optionally 5 substit ut ed het eroaryl, and

deri vatives t her eof, are useful as tools fo? conbi natorial chem stry.
Conventionally, as a nethod for producing 0- oxazol i ne derivatives haV|ng
a | ower al kyl oxycarbonyl 10 group or a carboxyl group, a nethod of :
cyclizing a starti ng material while retaining its stereochenm stry, and a

met hod wusing cyclizati onL1r eact ion W tRout reference to stereoselegtivity
are known. 15 An exa of the mef of cycl a startingdOwadri al
while retaining i® t ef eoche y ijs the foI%ng. HO CH3 0 0 H2N.
COCH H COOH 20 (Tet et 48, 0?'/coib9|92)_| NYITNEGHS react Hg@ H
L-allo-threonine used as a starting nateri al Ilowed re ct-vmt%
phosgene and pot ass (rd. hydroxr de i(BBdbI uene at (1'@ or’ hour,(f\t"ﬁéreby
obtaining a cyclized product which .25 retains its stereochem' sty.
Unfortunately, this net hod encounters a problemin industrialization since
the method enpl sshetei | R tis cami aptibhahblys substitupedsilowerhanlkyls, an

natural type, andom WlEEt it a5 y10 GheaMgRY1POY ad sptionally
: : 5 substituted heteroaryl, and derivatives thereof, are useful
as tools for combinatorial c¢hemistry.

Conventionally, as a method for producing

oxo-oxazoline derivatives having a lower alkyloxycarbonyl

10 group or a carboxyl group, a method of cyclizing a starting

material while retaining its stereochemistry, and a method

using cyclization reaction without reference to
ste_rei_)se.‘_l.ectivity are known. | '

15 An example of the method of c¢yclizing a starting
materlal while retainlng its stereochemlstry is the
following.

HO CHg o CHs
I >O=<
HNY - "COOH u COOH

20 .

(Tetrahedron, 48, 2507, 1992). In this reaction,

L-allo-threonine used as a starting material is allowed to
react with phosgene and potassium hydroxide in tﬁoluene at
0°C for one hour, thereby obtaining a cyclized product which
25 retains its stereochemisty. Unfortunately, this method
encounters a problem in industrialization since the method
employs L-allo-threonine which is more expensive than its
natural type, and phosgene which is toxic to the human body.



An exanpl e of the cyclization nethod wthout reference to

“stereosel ectivity is the following:" HOCH3 OCH3 O 5 H2N COOH H COOH

€ Japanese Lai d- Qpen Publication No. 60-34955). In this reaction, a
starting material is allowed to react with ot assi um carbonate in water at
60C for 1.5 hours to obtain 10 a cyclized prddict. It is bel i eved that the
stereochem stry of the material is maintained in view of the nmechani sm of
this method. Therefore, it is considered that allo-threonine needs to be
used as a starting material in order to obtain a cis-formcyclized
product. 15 Although a resultant cyclized product is an oxo-oxazoline

derivative which does nohnhaé‘ﬁaxﬁpiéwedf ainey ! eﬁﬁiikﬁﬁﬁlﬁh %Qﬂﬂo@r without
car boxyl group, the following nethod is known: OHO X\ O

M-"~"CHs N /cHYgfgrencegfio stehepsedsct m.l,s the 2%%‘51,0"1%). In this.
reaction, a starting material is allowed to react in thionyl chloride 25
at- 60C for 24 hours withoyp_solggnt, thereby obtaining aCd_chI | zed product
at a yield of .65%. In this thod, simlar to the Sof the present
i nvention, the position of anet hy‘I_T‘OﬁWTTn ed lafter the reaction.

However, t h% HoN COOH l'-\li COOH

(Japanese Laid-Open Publication No. 60-34955). In this
reaction, a starting material is allowed to react with
potassium carbonate in water at 60°C for 1 .5 hours to obtain

10 a cydlized product. It is believed that the stereochemistry
of the material is mainfained in view of the mechanism of
this method. Therefore, it 1is considered that
allo—thréonine needs to be used as a starting material in

_ o_rdgr to obtain a cis-form cyclized product.

15

Although a resultant c¢yclized product is an
oxo-oxazoline derivative which does not have a lower
alkyloxycarbonyl group or a carboxyl group, the following
method is known:

20

' \\\CHZCH3 O 4
CH
/u\ \:L > o=< ]y/\ 3

{Bull. Chem. Soc. Japan., 44, 2515, 1971). Inthis reaction,
a starting material is allowed to react in thionyl chloride
25 at 60°C for 24 hours without solvent, thereby obtaining a
cyclized product at a yield of 65%. In this method, similar
to the method of the present invention, the position of an
ethyl group is inverted after the reaction. However, the



4 starting material is not an am no acid derivative, and the relationship
*bet ween the am no group and the hydroxyl group of the starting material is
¥ifferent fromthat of a starting nmaterial used in the nethod of the
present invention. 5 Mreover, since the rea{gltlon I's conducted in thionyl
chloride, the yieldis as lowas 65% Sinlar to the nethod of the present
I nvention, a cyclization reaction with inversion is known: 10 HO ~~~CH3 1)
K Bu/ TsC / THE 0 25C, . 40% CH3 O O 7~40 Ilk N CO2Me 2) dioxane, 40C,
100% O COOve H H 6N HCl, 10090, 100% HO CH3 ***r V . H2N C X
(Het erocycl . ConfiyATt1ing IBBteEZ%)iS A}?fe%ﬁF&nPna%ﬁi%r Frativer Arddhe
‘anydride is Usedrb!lath.enéhﬁ.ﬁtbétv%em a:helémdnacémeplanﬁ th@mrmbgrmwod

of the present in tion el d zation rea | as

959 the Syiol o Obrthe 8tareingistar fands dheté St bl fhatins & tartibly

above-descri bed melbkirialli aisdd f6 Ithie aretiddi bfbatte apresénd mem:to@s.yl

~chloride-and a t hod u5| tr| uoroacetic, 20 anydri reov t he

ret hod of e pr BOBRPVERy dras £pg HedRidianc < SRRt Sn M SRV E i e

reaction. DI SCLOSbJEEyﬂElHHEsI WENGWsZSS%he objective of the present .

i nvention is to provide

| Similar to the method of fthe p;:esent inventidn, a
‘cyclization reaction with inversion is known:

10 '

HO_W\CHs 1) KO'Bu/ TsCl / THF 0-25°C, 40% 0. #CHs
)ol\ l . 0=<
0~ N

: H

CoMe  2) dioxane, 40C, 100% N"Vcoowe
6N HCI, 100°C, 100% “OICH3

H,N¥Y “~COOH

(Heterocycl. Commun., 2, 55, 1996). An example in which
trifluoroacetic anydride is used in the first step is
15 disclosed. Although in the method of the present invention,
the yield of a cyclization readtion is as high as 8_3%,- the
vield .of the cyclization reaction disclosed in the
above-described publication is as low as 40% in both a method
using tosyl chloride and a method using trifluoroacetic
20 anydride. Moreover, the method of the present invention is
superior in regard to simplicity of reaction. |

DISCLOSURE OF THE INVENTION
25 The objective of the present invention is to provide

amethod for producing oxo-oxazoline derivatives inasimple,
inexpensive and stereoselective manner. The oxo-oxazoline



a met hod for produci ng oxo-oxazoline derivatives in a sinple, inexpensive
iand stereosel ective manner. The oxo-oxazoline 5 derivatives are useful as
¥nternmedi ates for pharmaceuticals and tools for conbinatorial chemstry.
Mor eover, the oxo-oxazoline derivatives in gn open-circular formare al so
useful as tools for conbinatorial chem stry.25 The inventors found a nethod
for produci ng oxo-oxazoline derivatives in a stereoselective manner, which
is 'suitable for large-scale synthesis. 10 That is, the present invention
relates to |) A nethod for the production of a conpound represented by a
general formil a GeXAVadivesarengeind as iatermeiiatesker ﬁ?ﬁm‘gﬂé’;ﬁlﬁ

treating a CO”poﬁﬂ@r€$6E§e@dﬁjémeihéE5Ei@i chleitlstryl. | - MoPeoRed SN
formula (11-B) wi.th 15 thionyl chloride as foll ows: ri ORL 10 . R O

N COORS ON H H CGESRSOXFFPJ-A)“E( @exae}m:ivméwnwpen T CHAREOTHRRS Bl o
O==< H H' 11COOR3yusB)rulll al8) tWdakeifdrREomb ik teftiadn AHemistst.i t ut ed | over
al kyl, an %ﬁtionally substituted aryl, an al kynyl, or an optionally

substituted*heteroaryl; R2 is.a |lower alkyl, an optionally 20 substit ut ed
aral kyl, or an optional | yheubshiveditests found a method for producing

oxo-oxazolinederivativesinastereoselectivemanner,which
is suitable for 1arge-scale'synthesis.

10 That is, the present invention relates to
I)_A method for the production of a compound represented
by a generai formula (I-A) or a general formula (I-B),
comprising the step of treating a compound represented by
a general formula (II-A) or a general formula (II-B) with

15 thionyl chloride as follows:
HO_ aR’

0 &
e ML o=<
“o’u\N COOR? 3
H COOR

T-A) : | (I-A) or

R ]
| SR\
—ie. O =X

NV‘ COOR? j.,

N #o0oR?
@B ’
' | d-B)

wherein R! is an optionally substituted lower alkyl, an
optionally substituted aryl, an alkynyl, or an optionally
substituted heteroaryl; R? is a lower alkyl, an optionally
20 substituted aralkyl, or an optionally substituted

heteroarylalkyl; and R® is a lower alkyl.

More specifically, the present invention relates to
following II) to X).



het er oaryl al kyl ;
sinvention relates to
$roduction according to I), wherein the conmpound represented by the
formula (11-A) or the general
wth 1.0 to'5 5.0 equivalents of thionyl
acet at e,
[11) A nmethod for the production according to I),
represented by the general
allowed to react wi.th 1.0 to
.solvent of tolu
80C. 15 V). A nmetho

general formula (Bhe campeung g@ﬁ@ﬁ&pnﬁédnmraﬂ(lm gemgral pmmuka n@IE-rkf/ A®p

of subjecting a qgﬁp%%ﬂgg?gpﬁgﬁﬂﬁiidgx%%?
h

doryl @J@X}@e

formul a
to a hydrol ywsis 2@ aduivrienss of

and R3 is a | ower alkyl.
followwng Il) to X).

formula (11-A) or

t
(? or th da%la(ﬁlct i“on

More specifically, the present
1) A nethod for the

formula (11-B) is allowed to react
chl®rfde in a sol vent -of tol uene,
cycl ohexane, or acetonitrile at 30C to ref lux tenperature:

wherein 10 the conpound

the general fornula (11 4) is
3.0 equivalents of thionyl chloride in a

Qﬁ? ad¥orfiSiPHd 1), Jﬁ{%@.& to

conpound represente

RArRwdP teukaatbt Wﬁhof @ to
according to any of I) to IIl)

AncosAlventgt tylugne 0

1 0 \W\R 1 Gth acetatéd! c&bﬁ@ﬁ@ﬁ%n@ -oP88Btohli tBi16!dt 38)c t&/@:@ﬂtﬂ: R1

and R3 are as descri bed above.

temperature.

III) A method for the production according to I), wherein
10 the compound represented by the genefal formula (II-A) or
the general formuia (II-B) is allowed to react with 1.0 to
3.0 équivalents of thionyl chloride in a solvent of toluene,
ethyl acetate, cyclohexane, or acetonitrile at 60°C to 80°C.

15 IV) A method for the production of a compound represented
- By'a general formula (III-A) or a general formula (iIIfB),
comprising the step of subjecting a compound rep_re’sented

by a general formula (I-A) ora genefal formula (I—B) obtained

by a method according to any of I) to III) to a hydrolysis

20 as follows:
COOR3
(_I-A)

o) ,&R1
o=< :l
e

l// 3
H COOR
I-B)

w0
COOH
- or

1
WR

Y
O

<

“cooH
(I1-B)

wherein R' and R? are as described above.

V) A method for the production of a compound represented



V) A nethod for the production of a conmpound represented 7 by a general
‘formula (IV-A) or a general formula (I1V-B), conprising the step of

<ubj ecting a conpound represented by a general forrmula (111-A) or a
general formula (I11-B) obtained by a method according to IV) to a
hydrolysis as 5 follows: 0 R~ HOR O H TODH H2N COOH I-- > (TVA) or O %R
HO ati\R OH-"f/COON HZN ~ ' COOH B) CAB) wherein Rl is as descri bed
above. VI) A method for the production of a conpound represented 10 by a
general formula (I-A) or a general fornmula (1-B), conprising the step-of
protecting the afh@ gengradi foramsHgoUdy - Af)ep?réﬁrﬁeé't?%l & gantiaal (Ko a

(V-A) or a gener donpg¥iBilidy thé Brey UF RRiYS5 S8 Fepresthted
descri bed above, . esterifying the car box? A%rou thereo and treating wth

15 thionyl chl or f¥e aagepgrran§ormulao( {1 3-AR10P & general .formyls
COOR3  (V A) Q Apbtadinell by a method according to IV) to a hydrolysis as

5 follows:

R! HO. 4aR!
o==< > I
HNY ~COOH

COOH
(III-A) | av-A)  or
0 ‘&R1 | HO ‘,&RT
o< ], — I
N™coon HNY “COOH
(I-B) (IV-B)

wherein R' is as described above.

_ VI) A method for the production of a compound repfesented

10 by a general formula (I-A) or a general formula (I-B),

- comprising the step of protecting the amino group of a compound

represented by a general formula (V-A) or a general formula

(V-B) with R?0C(=0)-, wherein R? is as described above,

) esterifying the carboxyl group thereof, and treating with
15 thionyl chloride as follows: '



HORO,R"""C x =< D H2N.COCH H ' ' 1000R3 (V B) (IB) - wherein Rl and R3
"are as described above. VII) A nethod for production of a conpound :
tepresented by 5 a general formula (M): RL 0- ~L OHHO10 GNGGC O-N
H~CH2 S N Y wherein RL is as described above, and Y is an optionally
substituted al kyl, conprising the step of suﬁjectlng a conpound
represented by a general fornula (111--A) or a general 10 fornula (I11-B)
obtai ned by a nethod according to IV) to a peptide bond formation. VIII) A
nmet hod for the production accordlng to V), wherein Rl i s phenyl, -
5-i m.dazolyl, methyl, i OQ\R et hynyl, or 15 1- py ! I X) A met hod
for the production accordin to 1V), V\/nereln __s=<d vver al kyl, "an
aral kyl, or a heteroarylalkyl. a 9 X) A met hod 9 helpr oducti on
according to V), wherdi4N gcsodn aral kyl. XI) A W%n doorfPhe
roduction according to | erein 5 Rl is nethyl R2 is zyl . '
p g ?@é& y g) kkspzy

"Hal ogen" as used herein to fluorine, chloriney"

1 1-
HO.. 4R 0 ‘Q\R
. _ - o___=< j

HNY ™~COOH N “#coor®
(V-B) ‘ {-B)

wherein R' and R® are as described above.

VII) A method for production of a compound repre.sented by
5 a general _formula {(VI): '

4LTT11" RN

CH2 (VT)

" wherein R' is as described above, and Y is an optionally
substituted alkyl, .comprising the step of éubjecting a
compound i:'epresented by ageneral formula (III~-A) orageneral

10 formula (III-B) obtained by a method accordlng to IV) to
a peptide bond formation.

VIII) A method for the production according to IV), wherein
R! is phenyl, 5-imidazolyl, methyl, isopropyl, ethynyl, or
15 1-propynyl.

IX) A method for the production according to IV), wherein
R? is a lower alkyl, an aralkyl, or a heteroarylalkyl.



brom ne, and iodine. Chlorine and brom ne are preferable. 10 The term

"l ower al kyl" as herein used alone or in conbination with other words
cxonprises C _C6 straight chained or branched al kyl. Exanples of the | ower
al kyl include nethyl, ethyl, n-propyl, isop%opyl, n- butyl, sec-butyl,

i sobutyl, and t-butyl, and the like. MethyT and ethyl are 15 preferable.
“Al kynyl" as used herein conprises C2_C8 straight or branched chain
monoval ent hydrocarbon group havi ng one or' two or nore triple bonds. The
al kynyl may have double bond 20 Exanpl es of the al kynyl include -

et hynyl, 1-propy | A methpg,§ HFItﬁeh8§ it ?noépfﬁfﬂlgﬁdgohéﬁphaﬂﬂ?QQ%P
like. Ethynyl ard ﬂspﬁ@pﬂﬁﬂikﬁle preferable. The term™aryl" as herein
used alone or in conbination 25 with other words conprises a nonocyclic or
condensed ring aronatic hydrocarbon.' Exanples of the aryl i ncl ude phenyl ,
1- napht hyl, 2-napt)hpl medholr §oxr ﬂliléi ;tftﬁidétﬁon ‘deadnding aso IS8d Rdefidin

conprises t 1above- rib . [ " substltuted wth the
above- desc 1bedﬁ"a}§lm?€b%£ ﬂ% Q§X 'on may be carried out at any

possi bl e position. Exanples of the aralkyl i ncl ude benzyl phenyl et hyl

(e.g., 2-phenylethyl, aa h é% en I A

3-phenyl propyl, and the ?{%%%,an g)l%ﬁ% ?rg ﬁ?% 3%5 to ﬁf‘ﬁ‘gﬁ?‘ﬁyr’ﬁ‘}f’ﬁ;ﬁ’e'

2- napht hyl net hy| promadet, hand iik@:l,nea.ndChﬂ.bMyLIermDGWrc(mrga are arelfeyabdehyl ,
and the. like), and the like. Benzyl, and the |like are 5 preferable.

"Fbteroaryl" as used herein conprises a 5to
10 The term "lower alkyl” as herein used alone or in

combination with other words comprises C;.Cs straight chained

or b];'anched alkyl. Examples of the lower alkyl include

methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,

isobutyl, and t-butyl, and the like. Methyl and ethyl are
15 preferable. |

"Alkynyl” as used herein comprises C,.Cg sti‘aight or

" branched chain monovalent hydrocarbon group having one- or

two or more triple bonds. The alkynyl may have a double bond.

20 Examples of the alkynyl include ethynyl, l-propynyl,

2-propynyl, 6-heptynyl, 7-octynyl, and 8-nonyl, and the like.
Ethynyl and l-propynyl are preferable.

The term "aryl” ashereinusedalone or in combination
25 with other words- comprises a monocyclic or condensed ring
aromatic hydrocarbon. Examples of the aryl include phenyl
l-naphthyl, 2-naphthyl, anthryl, and the like.

"Aralkyl” - as used herein comprises the

30 above-described “lower alkyl" substituted with the
above-described "aryl”, where the substitutionmaybe carried

out at anypossibleposition. Examplesofthearalkyl includé
benzyl, phenylethyl (e.g., 2-phenylethyl, énd the like) ,



Ey - ’ .
6- menbered aromatic ring including one or nore atons arbitrarily selected
fromoxygen atom sulfur atomor 10 nitrogen atomw thin the ring
Heteroaryl may be fused with cycloalkyl, aryl, or other heteroaryl at any

possi ble positi

on. Regardl ess whet her the heteroaryl i s nmonocyclic or

fused cyclic, the heteroaryl can bind at anyOossibie position. 15

Exanpl es of the

het eroaryl i nclude pyrrolyl(e g.,1-pyrrolyl,. 2-pyrrolyl,

3-pyrrolyl), furyl (e.g., 2-furyl, 3-furyl), thienyl (e.g., 2- thienyl
3-thienyl), imdazolyl (e.g., 4- |n1dazolyl 5-im dazolyl), pyrazol yl

1-pyrazolyl, 20
| soxazol yl (e g.
(e.g., 2-thiazo
pyrazinyl (e.g.
4-pyrinidiny|)
1FLtetrazoI%

1, 3, 4- t hi adPazol
i soi ndolyl (e.g.

Phepva 5Py}, K§0Ehhaaﬁ3Hhﬁn¥¥Pr°E¥l60t%¢@zotbﬂ) 1i e),

§‘| ntRYIfA ‘Er&?) (e 0§27 A Mlagf éﬂrlmestfhﬁ)r( ?gof,&b%;n%%ﬂym
ang’ sgpa# o)y, ap9r aﬁfchnrime&éya (eZprr atthmeieyl

Eﬁfi‘ e MkdF: Gand 3tRY 19&&.NY Benzylet IA%4P! the (8iRe: are
oxadi azolyl (€.g. 1, 3, 4-oxadi azol yl), thiadiazolyl (e.gqg.

pPreferabdei-zi nyl (e g., 2- |ndoI|2|nyI 6-i ndol i zi nyl),
, 2- |30|ndolyl) i ndolyl 30 (e.g., |ndonI 2-indol yl,

3-indolyl), indazolyl
3-indazol yl ), puri nyl (e g. ggtﬁﬁf’?ﬁ%l) cﬁﬁ nYEed BeYeLy. comprises,| ?z@ylt?
i soqui nol yl (e. 96rm3mb§Q§dIQQ&¢ﬁatlc rlng' including' one or more atoms

qui nolyl (e.g., 2-
1- pht hal azi nyl ),

AR Rk L ik dn "EsoR SR cfony | stkemoiargr o

(e.g., 2-quilool anylh.):rogenrmil wny:hi(xetlge ring. Heteroaryl may be fused with

15

20

30

cycloalkyl, aryl, or other heteroaryl at any possible
position. Regardless whetheir the heteroaryl is monocyclic
or fused cyclicl the heteroaryl can bind at any possible
position. '

Examples of the heteroaryl includepyrrolyl (e.g., 1-pyrrolyl,.
2-pyrrolyl, 3-pyrrolyl), furyl (e.g., 2-furyl, 3-furyl),
thienyl (e.g.., 2-thienyl, 3-thienyl), imidazolyl (e.g..
4-imidazolyl,5—imidazolyl),pyrazolyl(e.g.,l-pyrazolyl,
3-pyrazolyl), isothiazolyl (e.g., 3-isothiazolyl),
isoxazolyl (e.g.. 3-isoxazolyl), oxazolyl (e.g.,
2-oxazolyl), thiazolyl (e.g., 2-thiazolyl), pyridyl (e.g..
2-pyridyl, 3-pyridyl, 4-pyridyl), pyrazinyl (e.g.,
2-pyrazinyl), pyrimidinyl (e.g., 2-pyrimidiny1;
4-pyrimidinyl), pyridazinyl (e.g., 3-pyridazinyl),
tetrazolyl (e.g., 1H-tetrazolyl), oxadiazolyi (e.qg.,

1,3,4-oxadiazolyl), thiadiazolyl (e.g.,

1,3,4-thiadiazolyl), indolizinyl (e.g., 2-indolizinyl,
6-indolizinyl), isoindolyl (e.g., 2-isoindolyl), indolyl
(e.g., 1l-indolyl, 2-indolyl, 3-indolyl), indazolyl (e.gf,
3—indazolyl),purinyl(e.g.,8—purinyl),quinqlizinyl(e.g.,
Z-quinolizinyl), isoquinolyl (e.g.. 3-isogquinolyl),
quinolyl(e.g.,2-quinolyl,S-qﬁinolyl),phthalazinyl(e.g.,



% .
2-qui nazolinyl), cinnolinyl '(e.g., 3-cinnolinyl), pteridinyl (e.g.,
2-pteridinyl), carbazolyl (e.g., 5 2-carbazolyl, 4-carbazolyl),
phenant hri di nyl (e.g.
2- phenant hri di nyl , 3- phenanthrldlnyl) acrldlqy (e.g., 1- acridinyl,
2-acridinyl), dlbenzofuranyl (e. 0.
1-di benzof uranyl ., 2-di benzof uranyl), benzinidazolyl(e g.
2- ben2|n1dazolyl) benzi soxazol yl (e. g., 3- ben2|soxazolyl) 10 benzoxazol yl
(e.g., 2-benzoxazolyl), benzoxadlazol 4- benzoxadlazo
benzi sot hi azol yI {@hfFhalazingl).<saph %E‘BF}%}nyﬁeﬁ%o?hf & aRhy .l%;l.d,inyl):
2- benzot hi azol yl );ultiﬁﬂaﬁyﬂyl (e€g9, 2- uﬂﬁﬂlﬁﬁyﬂ.})') g@ InaEDLAY DI erodsk
az
1

(e.g., 2-benzothienyl)) " het roaryl 15 im olyl_, and the |
are preferable.. Q%QQ%qi§§%¥ﬁ ” ascﬁg%%i%%Y%ln 6rfrirses 3innoliny
anve dESC{Ibed dt@Mﬂdﬂﬂj@”"ééubstltmuyiémﬂdlﬁjka abeaﬁgadeiyllbwé .g.,
eteroary re suyc ubstituti carr . out_at an
possi.bl e posqtlo% a&%\alzéﬂéﬂ v s8pSer gatzgg}}lléwer @P :ug&n g u?é%‘g"
herein (t:)otrrp{l se;s z—lpe;eaimmmimmb#y]b,eal heuenthiéggiiﬁyﬁmmﬁlm}n‘g yiaye. gn:& lor
nmore substituents possi L1 qg , 25 § ge %gfﬁé r ﬁ% “y oxy
(e.g., nethoxy aﬁ& 4%3%% c%ék% i1th|o F 8 ) hi 0)*, g--
cycl oal kyl (e. gl—dlhgnzaﬂmnanﬁl deihémuqfurawzlbpbanyhmldyzbayi&ﬁ)g

ralogen (.0 LA B9 b s a1y (R0 Al iy

phenyl oxycéﬂoonylb)enzmxta’l@lﬁyéﬁog a@ylb@u,zoxazevdwldxybenawaéxyaambr(yﬂ G-,

al kyl car bonyl , aqdﬂéﬁ%o:eéﬁaz%rﬁhe)r able expaptesorhibbsigubstituenty g, ;
-i-ncl ude | ower alkyloxy hal ogen .
-benzisoth:l.azolyl), benzothiazolyl - (e.g.,

2-benzothiazolyl), benzofuryl (e.g., 3-benzofuryl), and
benzothienyl (e.g., 2-benzothienyl). As "heteroaryl” ofR?,
15 imidazolyl and the like are preferable.

"Heteroarylalkyl” as used herein comprises the
above-described "lower alkyl”™ substituted with the
above-described “heteroaryl”, where such a substitution may

20 be carried out at any possible position.

"Optionally substituted lower alkyl” at _R1 as used

herein comprises the above-described “lower alkyl” which

may have one or more éubstituents at any possible pdsitions .

25 such as hydroxy, alkyloxy (e.g.., methoxy and ethoxy),
mercapto, alkylthio (e.g., methylthio), cycloalkyl'(eig};
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl), halogen
(e.qg., fluorine, chlorine, bromine, and ibdine) .
alkyloxycarbonyl (e.g., inethyloxycarbonyl and

30 ethyloxycarbonyvl)," aryloxycarbonyl (e.g.,
phenyloxycarbonyl), nitro, c¢yano, aryloxy, - acyloxy,

- acyloxycarbonyl, alkylcarbonyl, and the like. Preferable
examples of the substituent include lower alkyloxy, halogen,



& :
12 and the like. Exanples of the "optionally substituted | ower

al kyl "i ncl ude nethyl, ethyl, n-propyl,iso-propyl,n-butyl, iso-butyl,
Sec-butyl, tert-butyl, and trifluoromethyl, and. the like. An
unsubstituted | ower alkyl is preferable. 5 "Qptionally substituted al kyl"

at Y as used herein conprises the above-de ibed "al kyl" which may have
one or nore substituents at any possible positions such as hydroxy,
al kyl oxy (e.g., nethoxy and ethoxy), nmercapto,

al kylthio(e.g., nmeth Ith| cycl oal kyl (e. o cI pr o cycl obut

cycl opentyl , and éo!‘iﬂ ?iPEBXﬁS(%f ghe 'y°qu3tR5’rqpﬁé7 SEHFGFFHEe%&%%e
and i odi ne) . car bea armmyaemeah Y|, @trgar %lglsoﬂ”@frbgﬂC&fJIﬁin and
et hoxycar bonyl ), Ar. XY.C rboné é on car g% iS nitro am%
SOPRA (p is an |H15>él’gg’tu”t§ 18¢5-Rut '|Tse""r‘n>// é@n agﬁ K {yorepe Hay (?rn
P(Q OH whi ch nmay the Subet.i t BhednwibBtigtlewh, 1owest blikyad ier preFehabileut ed
am no (e. nmet hyl am no, dinmethyl am no, and carbanoyl am no),

optionally Subst i t ut ed aryl (e.g., phenyl and tolyl), optionally
substituted 20 heteroaryPopmnbhauahlsubsbithtaﬁﬁNBMphamﬂmﬂtas uded drea@ial i C

et or boyol | o ar %Wféeﬁet o A eS AR A SRYA, sy A RV ome
al kyl oxyam no, ; ezaubsﬁﬂtdeﬂ&s & aapy epossibhe bop&tanably&ﬂﬁh as
?SSSLLE ;It Edsgtk%wqﬁ%?%%l% Qé yg’prop%%ycf’obgﬁpgw g']eq:ne:#ﬁ

benzyl , hﬂdﬁoxy@dﬁwwthMQ#Q-muithQYb@hybdxynﬁﬂmﬁlle(e 9-,CYG1°Propyl
cyclobutyl, cyclopentyl, and cyclohexyl), halogen (e.g.,-
fluorine,chlorine,brnmine,ahdiodine),carboky,carbamoyl,
alkyloxycarbonyl (e.g.., methoxycarbonyl " and
" ethoxycarbonyl), aryloxycarbonyl (e.g.. phenyloxyqarbonyl) R

15 nitro, cyano, SO,R* (p is an intéger of 1 to 3, R® is hydrogen

~or alkyl), PO(OH); or P(Q)OH which may be substituted with

alkyl, substitutedorunsubstitutedamino (e.g., methylamino,

dimethyl amino, and carbamoyl amino), optidnally substituted

gryl (e.g., phenyl and tolyl), optionally substituted

20 heteroaryl, ' optionally substituted nonaromatic
heterocyclic group, aryloxy, acyloxy, acyloxycarbonyl,
alkylcarbonyl, nonaromatic heterocyclic  carbonyl,

heterocyclic imino, hydrazino, hydroxyamino, alkyloxyamino,
i formyi, and the 1like. Examples of - the “optionally
25 substituted alkyl” include methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl,

cyclopropyl, . cyclopentyl, cyclohexyl,: benzyl,
hydroxymethyl, tert-butylcarbonyloxymethyl,
morpholinomethyl, piperidinomethyl,

30 N-methyl-l-piperazinylmethyl, ethylcarbonylmethyl, and
' morpholinocarbonylmethyl, acetyloxymethyl, and the like.
An unsubstituted alkyl is preferable, particularly methyl.



mor phol i nomret hyl , pi peridi nomet hyl, 30 N-net hyl -1 - pi per azi nyl net hyl , _
et hyl car bonyl net hyl, and norphol i nocarbonyl net hyl, acetyl oxynet hyl, and
the |like. An unsubstituted alkyl is preferable, particularly nmethyl. 13
"Optionally substituted aryl" as used herelgmaqpnprises t he above-descri bed
"aryl" which may have one or nore substitu s at any possible positions,
such as hydroxy, alkyloxy (e.g., nethoxy and ethoxy), mercapto, alkylthio
5 (e.g., methylthio), cycloal kyl (e.g., cyclopropyl, cyclobutyl,

cycl opentyl, and cycl ohexyl ), hal Qgen fluorin chl ori ne ronTne,.
and i odi ne), aIkonxycar§§R§F 98’ ﬁEF%}FB%?QarBBX | o used herein’
et hyl OX>1/8ar bolnyl )co’inprii'ﬁekd emscawwyaeﬁergbedp‘rmll e 'omﬁmtbb mayl Igavﬁict»m? okr
cyano, aryl ox 0X ac car.bon c .oony n i ke.
Preferabl e exarrp%/'? o¥ tﬁ%ig‘ﬂﬁg% @rﬂy?ﬂ%?ﬁag iog ﬁ%‘% qﬁﬂ’g@‘en
'aﬂd tlhe I i2ke I EXﬂﬂﬁdyﬂiiliqf (tehg., mettltm?l m&ﬁﬁidﬁygt emea:rc,dp(;td n(a]u?xg.tlhllf
pheny or gpheny nyl , c phe an ike.
An unsubsti t q;'ut edqfr s TB?@P ﬁ:\ f%?' " c&?&ﬁ]ﬁiyci Q%/T?Ut ed ':1[¥°?‘erp5ar%ﬁl" as
used herein commm,ammmeanmmmml)mmw Hav.ag. ,one
O rore SHbSULUgRtasaheT M PORFHE! GuRNd Odha F4iEhef), ApfBarbony

al kyl oxy (e.g., n OXY]J,
al kyl t hi o(e. g., ndteh@.t.hi o) thd&ma@@wlcycl @mdopy| ethyloxpaantonyl),

R SHRIES 7 e v s R e (o S e o e
25 aryloxyé%kbon?ﬁY@ng aﬁHéﬁ?Y@x@@ﬁl%ﬁﬁ?ﬁybthlrcﬂlﬁx%ﬁﬁﬁbonY and the
like. Preferable examples of the substituent include lower
" alkyloxy arid_ halogen, and the like. Examples of the
"optionally _ substituted aryl” include phenyl,
2-chloropheﬁyl, 3-chlorophenyl, 4-'chlorophenyl, and the

15 like. An unsubstituted aryl is preferable. '

“'Optiénaily substituted heteroéryl" as used herein
comprises the above-described "“heteroaryl” which may have
‘one or more substituents at any possible positions, such
20 as hydroxy, alkyloxy (e.g., methoxy and ethoxy), mercapto,
" alkylthio (e.g., methylthio), cycloalkyl (e.g., cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl), halogen (e.g.,
fluoriné, chlorine, bromine, and iodine), alkyloxycarbonyl
(e.g., methyloxycarbonyl and ethyloxycarb'onyl) .
25 aryloxycarbonyl (e.g., phenyloxycarbonyl), 'nitro, cyano,
aryloxy, acyloxy. acyloxycarbonyl, alkylcarbonyl, and the
like. Preferable examples of the substituents include lower
alkyloxy, halogen, andthe 1like. | Examples of the "optionally
substituted heteroaryl"' include 2-chloroimidazole-5-yl,
30 4-chloroimidazole-5-yl, and the like. An unsubstituted
heteroaryl is preferable. |

"Optionally substituted aralkyl"” as used herein



aryl oxy, acyl oxy, acyl oxycarbonyl, alkylcarbonyl, and the |ike. Preferable -
exanpl es-of the substituents include | ower alkyl oxy, halogen, and the
fike. Exanple's of the "optionally substituted heteroaryl" include

2-chl oroi m dazol e-5-yl, 30 4-chl oroi m dazol e-5-yl, and the like. An
unsubstituted heteroaryl is preferable. *Cﬁ#iGnally substituted aral kyl"
as used herein o 14 conprises the above-described "aral kyl" which nay have
‘'one or nore substituents at any possible positions, such as hydroxy,

al kyl oxy (e.g., nethoxy and ethoxy),_ mnerca

to,, . :
al kyl t hi o(e. g. , TECRPILLRPS) F%cﬂ%?%ﬂﬁ@ﬁi‘?%@c%&%ﬂ , WBighdngp igye one
cycl opentyl and QECHQH@XEdbsﬁiﬁdaﬁﬁb(étEhnX ﬁéé&&EDQ,Fﬁéi@ibﬁQy e a@.
P

and iodine), alkyl oxycarbonyl e.g., meth xycar bopy nd
et hyl oxycar bonyl ?’?drg??l'o@ié@-ﬁgwy%e('&g 'X o??‘ga%gﬂﬂ’))f meregpto.

cyano,  ar yl oxy, laikvtwhiﬁ (@.ﬁb.oxm_éﬁhiﬁ@ﬂuip ) a:dy?mlaﬂmﬂy(e : @ndcw&opi?pbﬂlse-
ref erabl e exanpl es_o subs _.tituents ingclude l.ower.. a 0X al ogen
T the 1 kS DeaREEbubH Le RO i, SETHIIFERL br Ry PE%RNAPude
furyl, thienyl, gloodihe, chhditimef brvmine,tahdmddine chatkeppkydairboayd
the like. An unsubstituted. aralkyl is.preferable.. 15 BEST.MXDE F
CARRYI NG, OUT THE \PREENT] Q\F“?ﬁéYbrP%‘HﬁéFPg’HY&et ho@R8t thS%?&?HFaFg\;&thi)on
will 20 be 'desearwvhesycartiengill (enguwhi pheaydvaycarbongldri alitre,opgano,
optically active nc ygsﬂ t i al_ i qﬁﬁql Siom| '
reactions can bea%ggﬁ%gd %ﬁ¥. én é?@ﬁ%ﬁ%?#%?ﬁ§i' alkyl ony1,"erd the
‘10 like. Preferable examples of the substituents include lower
alkyloxy, halogen, and the like. Examples of the “dptio_nally _
substituted aralkyl”™ include furyl, thienyl, pyridyl,
5-chlorofuryl, 5-thienyl, 3-chloropyridyl, and the like.
An unsubstituted aralkyl is preferable.
15 '

BEST MODE FOR CARRYING OUT THE INVENTION

The production method of the present invention will

20 be ‘described in detail in which a starting material is one-
opticallyactive substance. Whentheothermaterial isused, |
similar reactions can be carried out. When a -starting
material has a substituent which is an obstacle to a reaction

in first to sixth steps shown below, the starting material

25 may be protected in advande in accordance with_ a method
describedinProtective Groups inOrganic Synthesis, Theodora

W Green (John Wiley & Sons), and the like, and deprotected

in an appropriate stage.



material has a substituent which is an obstacle to a reaction in first to
sixth steps shown below, the starting material 25 may be protected in
advance in accordance with -a nmethod described in Protective Goups in
Organi c Synthesis, Theodora WGeen (John W.ley & Sons), and the like, and
deprotected in an appropriate stage. 15 - . MG :R first step OHO . R
second step CHO-R  W..1 H N COON O NNVCOOH "OA N0 COOR3 2 H (VA (V
I1-A) (I1,A) third step o R fourth step o R fifth step HH R O=< N~ H
COOR3 H CO2H H2N . COCH ,(1,4) (I11 ) (IVA) sixth step R OHOON -
C-CC=N (VI) H CHYOY .RSAN fivstrstep RI, @'0,\432 sesomdvstep: asftsdti bed
above. 5 (First step;:hn the—f-i-r-s-t-%ep, R2 ( =Cy=—=tert er/lgin Hal is
hal ogen, [R20C(=0) H.RY,“coaek t he |i ke ar SwbaHo react w b7 a'C nd
represented by a gene@a;{) formula (V-A) to(VE_Mai n- a conpound (\(ﬁ'_'y\)A) in
which an am no group Is protected by

third ste o0-R' fourth ste PG ﬁﬁh step HOLF'
P < I P =<I P T

ﬁ COOR3 ﬁ COH " H.NY “CcooH
A (l1-A) (V-A)
sixth step
. o
.0 o) 0
' J\_j/_&-ﬂ-%-b'-m v
o &y
=T v
SN

wherein R', R?, R®, and Y are as described above.

5 ~ (First step) B
In the first step, R0C(=0)-Hal, wherein Hal is
halogen, [R?0C(=0) ].0, and the like are caused to react with
a qompound represented by a general formula (V-A) to obtain
a compound (VII-A) in which an amino group is pr.otectéd by
10 R?0C(=0)-. This step can be carried out in accordance with
amethod described in Protective Groups in Organic Synthesis,
Theodora W Green (John Wiley & Sons), and the like.

For example, a compound represented by a generall

15 formula (V-A) is caused to react with 1.0 equivalent to
3.0 equivalents, preferably 1.0 equivalent to

1.5 equivalents, 6f R?0C(=0)-Hal, whereif Hal is halogen,

-and 2.0 equivalents to 6.0 equivalents, preferably

2.0 equivalentsto3.0 equivalents, of an organicbase (e.g..,



10 R20C (=O - . This step can be carried out in accordance with a nethod
described in Protective Goups in Organic Synthesis, Theodora W G een
fJohn Wley & Sons),. and the |like. For exanple, a conpound represented by
a general 15 formula (V-A) is caused to realcé with 1.0 equivalent to 3.0 -
equi val ent's, preferably 1.0 equivalent to~ 1275 equi val ents, of :
R20C( =0 - HaI wherein Hal is halogen, and 2. 0 equi valents to 6.0

equi val ent s, preferably 2.0 equivalents to 3.0 equi val ents, of an organic
base (e.g., 16 trlet |.am ne and the I|ke or an inorganic base (e.g.-

sodi um hydr oxi de, r&tﬁﬁé( QA rdbnRQAE Jarkif é&%ﬁ%n‘e g..
car bonate, sodi umdmdiuog@rm:ﬁcaw,t @oﬂx&ﬁaﬁﬁ u@dﬁmdid&emﬂﬁmiaﬁsb&mw he
like), in a mxed ol vent as water-t - di oxane,

wat er - acet one, ar?@ﬁ‘?’ké’ar(i%ﬂ“a&es'ol g’t}’c‘ﬁ: ongf; gy, AREASHHIR he
- 1like at d- 20C tokﬂmdogyrﬁfaﬂ‘bihiatlé)Cahd 2AE Itkey, &ﬁlg laiheﬁr@we@bt addth a
conpound represente ner a r mu n the

above- described la%wat?%r['a‘% Hene olie FFn&lQ%angm GrAfe NSy FddERedike,
refers to this fiorst sbbpent(&‘sawmchssm)srl ndibxaﬁecomdﬁlfaolikheacasfwc/l

group of a conpoynd [& 2 la (M I1-A). is .
esterified to ob alsoatl‘5 (%%pou %]re}gp?résé?\?{dg%b °% ge%q:r ?8? 150 @H‘Eaﬂ)f%
This step can be acsmompetingl trepresserdrat iy ajmeasalerﬁdnmalta ofVITx) .
exanpl e, a conpound represented by the general 20 fornula (VII -A) is

di ssolved in a solvent, such as nethanol, ethanol, isopropyl alcohol, and
the like, &®d allowed toInrbhetaW‘t%Qe%Qﬁﬂ-WéfM) A osse@qqf\m@ncstlng an

preferably amino group with R?0C(=0)-" refers to this first step.

'(Second step)
In the second step, the carboxyl group of a compound
15 represented by a general formula (VII-A) is esterified to
'obta;'Ln a compound represented by a general formula (II-A).
+.This step canbe carriedout byacommonlyusedesterification.

For example, a compound represented by the general

20 -formula (VII-A) is dissolved in a solvent, such as methanol,
ethanol, isopropyl alcohol, and the like, and allowed to
react with 1 equivalent to 5 equivalents, preferably

1 equivalent to 2 equivalents, of a halogenating agent, such

as thionyl chloride, hydrochloric acid, phosphorus

25 oxychloride, and the like, at -20°C to 50°C, preferably 0°C
. to 25°C, 'one. hour to 24 hours, preferably one hour to 3 hours

to obtain a compound represented by a general formula (II-A).

_ In the above-described IV), "step of esterifying a
30 carboxyl group"” refers to this second step.

" (Third step)



1 equivalent to 2 equival ents, of. a hal ogenating agent, such as thionyl
chl oride, hydrochlori.c acid, phosphorus 25 oxychloride, and the |ike,' at
€£20C to 50C, preferably OC to 25C, one hour to 24 hours, preferably one
hour to 3 hours to obtain a conpound repres%nted by a general fornula
(I'1-A) . In the above-described 1V),; "step “esterifying a 30 carboxyl
group” refers to this second step. (Third step) Ei . - 17 The third step
is a cyclization reaction. in which -the stereochenmstry of Rl is reversed.
For’ exanple a conpound represented by a general, 5 formula (l-A), can be

obtained in accordance wPg thirg %Fepd%%c§|Q%9i¥i§§%ﬁn:F%a%$%RﬂniﬂJM@1°h |

represent ed by atg@ngmgkedag@mmg%ﬂy LbfARYI 8gdi-eGateed.i N-a sol vent, such as
tol uene, ethyl acetate, cycl ohexane, acetonitrile, and the |ike,

preferably tol uene. The anmount of the solvent is preferably 10 1 V to 50 V, |
particularly 1 V to 10 Vrowhexkampie,Oh &offboudll epekrechitted tbar raﬁ%;l%‘?l@ratlo 1

g of a star ng terlal s_.refer UIV |_ent

equi val ent stg (; e)eﬁﬁf‘vé?eﬂé’g?bnﬁéol‘éq‘ﬂ%‘ﬁﬁ%ﬂ% E‘r :
chloride are gddeésgribiﬁ beldwC, D)ehetohpbyundCreprb8entéd 5Qi®ﬂ§bneﬁ§l
chl oride can be e S ol yent eaction utio ti.rred at
S8C 1o 800 o of SPEMI G DEEPRY Ght ardlaged 33 s’ 8180 0 1 ech s HaleRe o
hours to 12 hourethyﬂ bhetaﬁanﬂagulohdxanﬂ;xanetdnntxnﬂaaland theudaik2Q of

thi onyl chi or i de s l0a1a0 ANLANE. ModlichnbliGe ¥ (NEWHT vele 145-AEN1Y

t he sol vent, t heP propor orm
- 10 1V to 50 V, particularly 1 V to 10 V, where use of 1 ml

of a solvent with respect to 1 g of a starting material is
referred.fO'as 1 V. .2) 1.0 equivalent to 20 equivalents,
preferably 1.0 equivalent to. 2.0 equivalents, of thionyl
"chloride are added at 25°C to 80°C, preferably 25°C to 50°C.

15 Thionyl chloride can be used as a solvent. 3) The reaction
*  solution is stirred at 25°C to 80°C, preferably 60°C to 80°C,
for 5 hours to 48 hours, preferably 6 hours to 12 hours.

In this reaction, the closer the equivalent value

20 of thionyl chloride is to 1.0 and the higher the "V~ vaiue
of the amount of the solvent, the proportion of the cis-form

of the intended compound was increased (the proportion of

the trans-form was decrease'd)-. ,,,,,

25 The yield of the total compounds of cis-form and
trans-form is not substanfiaily‘affected.by'the equivalent
value of thionyl chloride and the amount of the solvent.

In the above-described IV), "“step of treating with
30 thionyl chloride” refers to this third step.

(Fourth step)
In the fourth step, an ester compound represented



of the intended conpound was increased (the proportion of the trans-form
was decreased). . 25 The yield of the total -conpounds of cis-form and
frans-formis not substantially affected by the equival ent val ue of :
t hi onyl chloride and 'the amobunt of the sol veﬂ# In the above-described IV),
"step of treating with 30 thionyl chloride"Yeters to this third step.
(Fourth step) In the fourth step, an ester conpound represented 18 by the
general fornmula (1-A) is hydrolyzed to carboxylic acid. This step can be
carried out by a _conmmonly used hydrolg/si s.. b For exanple, a conpqund -
represented by t RY deiferdanenat Agamgda HI1A) G dpdratvaed W oxykih
as water, and thaidke;Tii¢l StdpegdhVvaketared) agti vl ancommengivenaldy
1 equivalent to a'éje uival ents, of acid (e.g., hydrochloric acid, sulfuric
acid, and the Ii él%ﬂjéf%f’o%i'ed to the solution 10 at 0OC to 100C, preferably
25C to0 '80C, The resultant solution is allowed to react at 25C to 100C
preferably %OC to 80C . for 1 hour to 5 hours.to obtair% ggorﬁ?und 1
represented by a general 1 ﬁﬁpglp?l.pﬁq,@qmpﬁﬁlgd SPRECESR 68 PErPT SFHE
under- basi ¢ condiffiormsla {3 -@fi L& didsg)vdd inha do0lvénis) emchaasomabend and
represented by t ral la (L] eﬁ"{}: ' gi;ydr O?Ht ai '
allo-am no aci dq%%er ?‘3&? IV %‘Eg’éw & v&}. ;E ne‘?‘gl}li/‘?%ferél?sa' r\e_%r'ab% .
’ 1 equivalent to 5 equivalents, of acid (e.g., hydrochloric
acid, sulfuric acid, and the like) are added to the solution
10 at 0°C to 100°C, preferably 25°C to 80°C. The resultant
solution is allowed to react at 25°C to 100°C, preferably
50°C to 80°C for 1 hour to 5 hours to obtain a compound
represented by a general formula (III-A). This step can be
carried out under basic conditiomns.

15
| (Fifth step) ) S
In the fifth step, a compound represented by the
general formula (III-A) is hydrolyzed to obtain alio-amino
acid derivatives represented by a general formula (IV-A).
20

For example, a compound represented by the general
formula (III-A) is dissolved in a solvent, such as weter,
and 0.1 equivalent to 20 equivalents. preferably
1 equivalent to 10 equivalents, of acid (e.qg., hydrochloric

25 acid, sulfuric acid, and the like) are added to the solution
at 0°C to 100°C, preferably 25°C to 80°C. The resultant
solution is allowed to react at 25°C to iOO°C, preferably
80°C to 100°C for 1 houf to 48 hours to obtain a compound

_ represented by the general formula (IV-A).
30

(Sixth step) (peptide bond formation)
Three amino acid derivatives are subjected to two



For exanpl e, a conmpound represented by the general fornmula (I1I11-A) is

di ssolved in a solvent, such as water, and 0.1 equivalent to 20
equi val ents, preferably' 1 equivalent to 10 equivalents, of acid(e.g:,
hydrochl oric 25 acid, sulfuric acid, and the |ike) are added to the
solution at OCto 100C, preferably 25C t0o gfc.- The resultant solution is
allowed to react at 25C to 100C, preferably 80C to 100C for 1 hour to 48
hours to obtain a conpound represented by the general forrmula (IV-A). 30
(Sixth step) (peptide bond formation) Three am no acid derivatives are-

subj ected to twoReptddepchonde figimatidhatronsYBtREHi 3R s @z cCAMBRWRS UV IV )

(\WD98/ 08867) . A- qwd@gr esRcMbdUhd PEpHESEREa fo?rmé genklatls 'aned

by the above-desc method is used to synthesize fthe conmpound (VI
the foll owing twd IméthaRrtaineddindehey %hev%@%erh‘?edzmeth%t h§dusedy tQ—IZN

COORS 0 0 H H fi is§inthend 76 tEd GohpbuBE0RVIY- itn e NdMdwing two metHod?d
second step 0 = ?meé%od A and method B).



o - _
'ONCNCCN HCH2 , r---ry S, ,ON(DTI) Mthod B5HO0O .R NH COON
first step RAHCGGN y SAN' S",eN (X R second step O HONHCHZY -
S."N (VI) wherein R4 is the protecting group of a carboxyl group, R5 is
the protecting group of an am no group, and Rl and Y are 5 as descri bed
above. 21 - Method A - First, step The carbé@Ryl" group of '
3-(4-thiazol e)al anine synthesized in accordance with a nethod described in
Synth. 5 Commun., 20, 22, 3507 (1990) and Chem Pharm Bull., 38, 1, 103
(1990), is protected as an ester, such as nethyl ester, benzyl ester, -

t-butyl ester, di h ester, and the |Ilike, resulting in a conpound
represent ed by- a-gamwoﬁml a (M11). This conpound and a conpound

represented by the 10 general fornmula (111-A) are subj eRﬂed' to a peptide
. bond "HyoN.__.COOR? oiq HoH
;]/_ first step OJ\N C-N-C-COOR?
L ——
] H
SweN v —
SN
R .
second step . AN (e —
. OJ\E E-N-c-C ‘_‘ ]
CH
r——r_.._'_ 2 Y
S‘-...."'»-"N VD
Method B
- H 0O
‘R¥NH COQOH RSNH*C—&—N
. ] first step ' .
—_—
SN SN D
R1
dstep 3. L 2 H 8
second step C=N=-C-C—N
. .o)‘ﬁ 7
' .CH
S &N D

wherein R* is the protecting group of a céi:boxjrl group, R®
is the protecting group of ‘an amino group, and R! and Y are
5 as described above. |



o _
formati on. \When the carboxyl group is protected as diphenyl nethyl ester,
the protecting reaction can be carried 15 out as foll ows.

8- (4-thiazole)alanine is dissolved in a m xed sol vent of an al cohol

sol vent, such as methanol, ethanol, and the |like anda solvent, such as

t etrahydrofuran, dioxane, . and the like. I t% 3 equival ents, preferably 1
to 2 equivalents, of diphenyl diazonmethane are added to the 20 solution at
0 to 50C, preferably 20 to 40C for 10 minutes to 1 hour, preferably 20 to
40 minutes. The resultant solution is allowed to react at the sane
tenmperature for 30, minutes to 3 hours, preferably 1 to 2 hours whi | e
being stirred. 25 The p Hﬁ%.@PQdEGQEH?EQ is described in "Peputido

' Gosei [ Peptide Synthesis]” (Nobuo |zumya, ruzen), and_ the |like, and
can be carried out by sudhes c‘?ﬁﬁﬁﬁ#&lusEHC’UBepPiEde %drﬁ'?tﬁﬁm]f@rﬁ]f@%

30 As commonly ussh M Z RANKLESFIBL O R iR AGSthad d@%b&%eanpﬁ
condensi ng agent, such as N Ndic clohe | car bodi i m de ( DCC and the

li ke, an azide | MY ethdP £ adIf e IR dem-a
method, an active, ee8qrioven)hods paa%ewtedagan éﬂmﬁs&bnrds fEth te@ﬂead

has 2 PUDSLl uent, Ao el DO DY 0L Aol B i) ol Eh L5 e

advance in accordﬁﬂ&e,result:.nginacompoundrepresentedbyageneral formula

(VIII). This compound and a compound representéd by the

10 Qéneral formula (III-A) are subjected to a peptide bond
formation. |

When 'the_ carboxyl group is protected as
diphenylmethyl ester, the protecting reaction canbe carried

15 out as follows. 3-(4-thiazole)alanine is dissolved in a
' mixedsolventbfanalcoholsolvent,suchasmethanol;éthanol,
and the like and a solvent, such as tetrahydrofuran, dioxane,

. and the 1like. 1 to 3 equivalents, preferably 1 to

2 equivalents, of diphenyl diazomethane are added to the

20 solution at 0 to 50°C, preferably 20 to 40°C for 10 minutes
- to 1 hour, preferably 20 to 40 minutes. The resultant
solution is'alléwed to react at the same témperature for

30 minutes to 3 hours, preferably 1 to 2 hqurs while being

stirred.
25
- The peptide bond formation is described in "Peputido
‘Goseli [Peptide Synthesis]” (Nobuo Izumiya, Maruzen), and -
the like, and can be carried out by such a commonly used
peptide bond formation method.
30

As commonly used peptide bond formation methods, a
method employing a condensing agent, such as
N,N-dicyclohexylcarbodiimide (DCC), and the like, an azide



B ’ .

with a nethod described in Protective Groups in Organic Synthesi s,
Theodora W Geen (John Wley & Sons), and the -like, and the protecting
Yroup is renoved at a desired stage. 10 A conpound represented by the
general formula (VII1) and a conpound represented by the general fornula
(I11-A) are dissolved in a solvent, -such LN N di net hyl f or mam de,
tetrahydrofuran, acetonitrile, and the like. An N, N-di net hyl f or mam de -
solution of a base, such as 15 triethylamne, and the |ike, and

di cycl ohexyl carbodiimde (DCC) , is added to that solution at -10 to 10C,
preferably in idethad. an agidsideride metind fRyaeid Aphxdride method,

resul tant sol uti gfy i §c€ivé " 88tet meth8a>0andPrHeer By, 200héR 30 tdriny e
hour to one day, preferably 5 to 10 hours, 20 followed b tﬁ&cal '
?g'}@e

subsequent pr ocedidkerimh dias,acgubstihiuent pf ABLAC e LAXP AFOXGk mAng

(1X) can be obtaitfd. 1110y Rath oh 1sSeEPHhAlRN A tdehY @Eptidid Furindidign
be carried out by a 25 comonly used deprotecting reaction 1_éxProtectlve
Goups in @ ganiesgrhsddituent],gan,Pg 9\£°E¥EEﬁd(g%fﬁf?‘W‘P‘%‘§/ gsrgndangsy,

fexarrp: e\(/\/P)e()rl R4 el e (rﬂaﬁytd mfuésclzﬁm@arp, mngrbeaeew@t etoupy AndViRfalic
ornmul a can pe ed tg anisole_ang tri ol O eti cid-at - to
10C, preferably ié)yr}t?lfs&ﬁ'h%hﬂ?g%l’ﬁaxygrgrﬁﬁni gygéprwg:ge%tgt%@“%%w@ndl%he
tenperature for Sike38ndithd peoteptehgrgiuyp 16 HemaXedahet @ssitblartddes
m xture is warmed to 20 to. 40C, the mixture can- be stirred for 1 to 4

hours, preferably 2 to 3 hours. c: Y 23 - :
_ i0° A compound represented by the general formula (VIII)

and a compound represented by the general formula (III-A)
are dissolved in a solvent, such as N,N-dimethylformamide,
te.trahydrof.uz.:'an, acetonitrile, and the liké. An
N,N-dimethylformamide solution of 'a ' base, such as
15 ' triethylamine, and the like, and dicyclohexylcarbodiimide
(DCC), is added to that solution at -10 to 10°C, preferably
in ice bath. 1-hydroxybenzotriazole may be added. The
resultant solution is stirred at 10 to 50°C, preferably 20
to 30°C, for one hour to one day, preferably 5 to 10 hours,
20 followed by typical subsequent processes. Thus, a compound'
represented by a general formula (IX) can be obtained.

Method A - Second step
A deprotecting reaction can be carried out by a
25 ~commonly used deprotecting reaction (Protective Groups in
Organic Synthesis, Theodora W. Green (John Wiley & Sons)).
Forexample, whenR*is diphenylmethyl, a compound represéri'ted
by a general formula ( IX) can be added to anisole and trifluoro
aceticacidat -10to 10°C, préferébly inicebath. Themixture
30 is stirred at the same temperature for 5 to 30 minutes,
preferably 10 to 20 minutes. .After the mixture is warmed
to 20 to- 40°C, the. mixture can be stirred for 1 to 4 hours,
preferably 2 to 3 hours.



The resultant deprotected substance can be reacted with a pyrrolidine
derivative synthesized by a method described in Tetrahedron, 27, 2599
61971) through a peptide. 5 bond formation simlar to nethod A - first
step, thereby obtaining a conpound represented by the general fornula
(MI). - Method B - First step The amino grdup of 3-(4-thiazole)alanine 10
synt hesi zed in accordance with- a nmethod described in Synth ‘Conmun. , 20,
22, 3507 (1990) and Chem Pharm Bull., 38, 1, 103 (1990), is prot ect ed
bya protecting group for an amno group, such as t -butyl oxycarbonyl, -
benzyl oxycar bonyl ; 9- quorenyInethoxycarbonyI pht hal oyl , trifluoroacetyl,
1ﬁ and the. lij ke td 0 obtai rrlmdﬁsﬁnmgaﬂtrmmmﬁma lﬁ)ﬂb&t@wﬁﬂa&n lf@fr@d(ﬂ:e(dx)
Thi-s conmpound an yrraolidi eriyatjve . synthe
described in Tetreﬁéﬁr%n py3¥o gége (%Qﬁ“i‘fag ¢ ﬁﬂ’ib?@?jz?é }Ype?)t Medhoghd
formation. 20 V\heledcﬁiﬁeyj mnyﬁﬂntalmdrons 29cd2599r( ]Idva)plthk:eubhcmpepttliﬂe
protecting reaction be carried. s fallo 3-{.4-thiazol e)al a

is dissolved in &) é}(%c r1|:'1n'|a1:s115)(§1h sd'é“ %o mEthod A - rst %ep, t%ere

di oxane, tetr ahydmm‘umlmbompbunaa:epnbsdmtddkg.tthgzéi@raJsfa:dﬂnﬂat((VIt)he
solution at 0 to 50C, preferably 10 to 30C, 25 and stirred for 1 to 5hours,
preferably 2 to 4 hours.” A peptide bond formation can be carried out in a
manner sinilar to that Metbied BoovEigedcsitepd method A - First step . 30
Met hod B - Second step Amglepr o ng i ongfeor gng X

carried out as follows. gn t?gﬁhk)ot egt%la%% I’OEE |? le%&?'a%ogg@ &%gﬂ'y% a
conpound r é& eseﬁﬁ@d:h@flgeg]ehgmcopﬂance with a method descrlbed in Synth.

Commun., 20, 22, 3507 (1990) and Chem. Pharm. Bull., 38,
1, 103 (1990), is protected by a protecting group for an

amino group, suchas t—butyloxygarbonyl . benzyloxycarbonyl,
9-fluorenylmethoxycarbonyl, phthaloyl, trifl'uoroacetyl,
15 and the like to obtain a compound represented by a general
formula (X). This compound and a pyrrolidine derivative
synthesized by a method described in Tetrahedron, 27, 2599
(1971) are subjected to a peptide bond formation.

20 When t-butyloxycarbohyl is used for the protection,
the protecting reaction can be carried out as follows.
3-(4-thiazole)alanine is dissolved in a solvent, such as
dioxan,é, tetrahydrofuran, acetonitrile, andthe like. Boc,0
is added to the solution at 0 to 50°C, preferably 10 to 30°C,

25 and stirred for 1 to 5 hours, preferably 2 to 4 hours.

Apeptide bond formation canbe carriedout in amanner
similar to that of the above-described method A - First step.

30 Method B - Second step
A deprotecting reaction for an amino group can be
~carried out as follows. When the protecting' group is
t-butyloxycarbonyl, a compound trepresented by a 'general



R.

formul a (XI) Is dissolved in a solvent, such as ethyl acetate, and the
like. 1 to N hydrochl oric acid-ethyl acetate solution is added to that
§ol ution at -10 to 30C, preferably in ice. The resultant mxture is
stirred at the same 5 tenperature for 1 to % hours, preferably 2 to 3
hours. The resultant deprotected substance &an be subjected to a peptide
bond formation simlar to that of nethod A - First step, thereby obtaining
a conmpound represented by the 10 general formula (VI). In the production
met hod, a conpound represented by eneral_formula (V-A) or_(V-B)
preferably L-thr é9kMada GF B e INgnt . gUE I‘?@retbﬁkﬁ@lﬁﬁéé'—e-

represented 15 bhnahettﬁerleméa fqrna&aé rﬁ\'ﬂ1 dfa,cnié(ﬂcBaGlﬁLétﬁirl GbktBke
(1-A, (1-B), (III-)t §1|:{7%B V- A, 3_ i are al so
preferably conpofifdétde &‘ﬁ%‘rﬁ? tthi’r"e%?ﬂ-“'é or atDT ﬂrtébﬁprfe PreigyaRly
?erfyl_ls prgferdh|ﬁcd¥3F@hé“dg%ulﬁéthhﬂﬁtﬁfHei§réhh%rfw1é%agﬁée§ag%he
ol owi ng ahbreviations.are uyse t oxycar bon -
Exanpl es Exanpl e “P"PEFAEILS ?~E°H§NHEEEE'zﬁﬁeéEEﬁ%gﬁﬁ u%ss 5
Pot assi um hydr oxi de (54.77 @) and a conpound (1)
The resultant deprotected substance canbe subjected
to a peptide bond formation similar to that of method A -
First step, thereby obtaining a compound represenfed by the
10 general formula (VI).

In the productioﬁ method, a compound represented by
the general formula (V-2) or (V-B) is preferably L-threonine
oi:D-threonine (R =methyl). Further, compoundsrepresented

15 by the general formulas (VII-A), (VII-B), (II-A), (II-B),

| (I-a), (I-B), (III-A), (III-B), (IV-A), (IV-B), and (VI)
are also preferably compounds derived from L-threonine or
D-threonine.

20 . As R?, benzyl is preferable. As R®and Y, methyl is
preferable. ' ' '

In Examples, the following abbreviations are used.

25. Me:methyl
Z:benzyloxycarbonyl



. .
(L-threonine) (100.0 g) were dissolved in water (1000.nm ). To the solution
was added potassium carbonate (139.23 g). The resultant solution was
eool ed bel ow 10C. Toluene 10 (180 m ) solution of Z-d (157.5 g) was
dropped into the solution at 1015C for about one hour while the solution
was vigorously stirred. The stirring was -f @bt trer continued for .about 1.5
hours at the sane tenperature. Thereafter, the resulting reaction mxture
was extracted with toluene 15 (120 m). The aqueous | ayer was washed with
toluene (200 nl). Each toluene |ayer was extracted with water (50 m) .
again. The aqueous IayeEsampieSconbined To the resultant aqueous | ayer
was added 25% hydrochl or g gaggi gabout 294 g) to adjust the pHto 2.00.5 ,
foll owed. by extraction acetate 20 (800 m). The organic |ayer
was washed with 10% brine (400 n1) Each aqueous |ayer was extracted with
ethyl acetate (200. ml) again. Thereafter, tRe organic |ayers were
conbi ned. The orgﬁﬁ:Eflayer was ev poﬁg ﬁ. Addi ng et hyl H@cetate (1000 n)
C

to the residue and nden repeat ed 25 twrce—>Furt hgr,. nethanol
(500 M) was addegN’ f@ldared by apdNat IceQH [Ther eaf t erz 800Menwas added
to adjust the volune to about 440-m . To .thedresultant methanol solution
of conpound (2) was ]dropped t hi onyl chlotide (109.9 g) at $£0100C, fol | owed
by stirringsat 2010C for 2.5 hours. The 30 reaction m xture was dropped

i'nto.a slurry of sodiumg 26 _hydro enc r.bonate_(2 in water (1320
n) over aboﬁt 30 ni nut E9taFAL éﬁ d?l&?? 7&@ sFPaerGQPPBEPﬁoﬂldne

hour . Thereafter(Lcthsbahine&e(hocomIgpm&dmbdlésblveﬁnnmwmtkr ({1000 ml).
To the solution was added potassium carbonate (139.23 g).
The resultant solution was cooled below 10°C. Toluene
10 (180 ml) solution of Z-Cl (157.5 g) was dropped into the
soiution at 10+5°C for about one hour while the solution was
vigorously stirred. The stirring was further continued for
about 1.5 hours at the same temperature. Thereafter, the
resulting reaction mixture was extracted with toluene
15 (120 ml). The agueous layerwaswashedwithtoluene (200 ml).
. Each toluene layer was extracted with water (50- ml) again.
The aqueous layers were combined. To the resultant aqueous
layer was added 25% hydrochloric acid (about 294 g) to adjust
the pH tc 2.010.5, followed by extraction with ethyl acetate
20 (800 ml). The organlc layer was washed with 10% brine
(400 m1l). Each agqueous layer was extracted with ethyl
acetate (200 ml) again. Thereafter, the organic layerswere
combined. The organic layer was evaporated. Adding ethyl
acetate (1000 ml) to the residue and oondensing were repeéted
25 twice.. Further, methanol (500 ml) was added, followed by
| evaporation. Thereafter methanol was added to adjust the
volume to about 440 ml. To the resultant methanol solution
- of compound (2) was dropped thionyl chloride (109.9 g) at-
10£10°C, followed by stirring at 20+10°C for 2.5 hours. The
30 reaction mixture was dropped into a slurry of sodium



dried, to obtain 206.3 g of conpound (3) (yield 92% . 5 Melting point: 91C
1H NVR (CD3CD) S 1.19 (d, J=6.38, '"3H), 3.73(s, 3H), 4.21-4.31 (m 2H),
5.11 (s, 2H), 7.30-7.38 (m 5H 10 Exanple 2 HO,~~.' OO ZHN COOW H
COOMe H GOOH. 3 4 5 A solution of a conpound (3) (50.0 g) and thionyl 15
chloride (24.48 g) in toluene (250 M) was R84 rred at 80C -for 8 hours and
thereafter was cooled to roomtenperature. The reaction m xture was .
extracted with water (150 m ). The aqueous |ayer was washed with tol uene
(25 m ). Each toluene |ayer was extracted with water (50 ml) again. -
Thereafter;, 20 tHwdrpgengarthonate (2ld .oddi AadvaBew 63320chl broverabut
(18.94 g) was ad r egl.t r S
stirred at 80C f?é&n%‘#(%' a?&letlﬁl%r%a te?tﬁ't*e m?g%%%§8?§t§§S c(f%x?er
(100 m). was adddPun t FBereafiteye cHYS tlRWesg coddestedi by iilhgatagn and
acetonitrile 25 (R9Qxdq1 ) ' Wﬁi r t hree
times, Acetonitrile V\d/arjs tac%zlgjgj@oﬂ 223(}43;5[3 f% vol une t&]og(a oufyiégg?ﬁgjlrhe
resultant sl®rry was stirred at 05C for one hour. Thereafter, crystals
were col | ected by filMdiatimy Gt drig1®g. Thus, 17.4.g of conpound(5)was
obt ai ned (ylel d64% . , 30 27 - I\/Elti-%g poi nt:_ 165C _

_ H NMR (CD;0D) 1.19 (d, J=6.38, 3H), 3.73(s, 3H),

4.21-4.31 (m, 2H), 5.11 (.S' 2H), 7.30-7.38 (m, 5H)
10 Example 2
O o - i 0 0
1 o< I |——oX T
"4

5

HO_ .«
ZH
3
A solution of a compound (3) (50.0 g) and thionyl
15 chloride (24.48 g) in toluene (250 ml) was stirred at 80°C
for 8 hours and thereafter was cooled to room temperature.
" The reaction mixture was extracted with water (150 | ml). The
aqueous layer was washed with toluene (25 ml). Each toluene
. layer was extracted with water (50 ml) again. Thereafter,
20 the aqueous layers were combined. 36% hydrochloric écid '
(18.94 qg) was added to the resultant aqueous layer. The
aqueous layer was stirred at 80°C for one hour and thereafter
the water was évaporated. Water (100 ml) was added to the
residue, followed by condensation. Adding acetonitrile
25 (200 ml) to the residue and condensing were repeated three
times. Acetonitrile was added to adjust the volume to about
50 ml. The resultant slurry was stirred at 0+5°C for one
hour. Thereafter, crystals were collected by filtration and

dried. Thus, 17.4 gof compound (5)wasobtained (yield64%).
30



1H NVR (CD3CD) 8 1.38 (d, J=6.52, 3H), 4.40 (d, J=8.64, 1H), 4.96 (dq,
J=6.54, J=8.66, 1H) [a] D 20 -19.5 (C=1.0, H20) 5 Exanple 3 HO,~. O~ ZHN
OOV N COOV H 3 4 10 A solution of a conpound. (3) (3.0 g) and thionyl
chloride (1.47 g) in toluene (15 nm) was stifred at 80C for .8 hours and
thereafter was cooled to roomterrperature.'ﬁ’l “reaction mxture was .
extracted with water (9 m). The aqueous |ayer was washed wi th tol uene
(1.5 mM). Each toluene 15 l'ayer was extracted with water (3 nl) and water
(1.5 nl).. The aqueous |ayers were conhi ned. The resul tant aqueous | ayer
was condensed, ther eBiPldong BRPE: 4P Cof conpound (4) as oil (yield

53308/() 52201in NZ/RQ(?Ds@)N%Ri(@j%mg Szﬁ;zﬂi@,(%H).keﬁ.s?zg( 3H 35&:;46-06@1(\]%4,64,'\]'
=0. , , . , = =8. a e e .
COOH H 4 5 28 Man"é'l%(#%rﬂ') %ﬁa‘g%"dd;%rhfggrﬂﬂ%nd (4) (1.0 g) and

cooled in ice. 20%pgféousd ssodi(g=mihwdr exoge sol ution

5
Example 3
HO .o 0
:1\ '——————’-'0=<
ZHNY “COOMe - N COOMe
3 . 4
10 A solution of a compound (3) (3.0 g) and thionyl
chloride (1.47 g) in toluene (15 ml) was stirred at 8(_)°C for
.8 hours and thereafter was cooled to room temperature. The
reaction mixture was extracted with water (9fm1){ The
aqueous layer was washedwith toluene (1.5 mi); Each toluene
15 layer was extracted with water (3 ml) and water (1.5 ml).

The aqueous layers were combined. The resultant aqueous
layer was condensed, thereby obtaining 1.48 g of compound
(4) as oil (yield 83%).

20 'H NMR (CD;OD) & 1.31(d, J=6.48, 3H), 3.79(s, 3H), 4.46(d,
J=8.52, 1H), 4.96(dq, J=6.48, J=8.52, 1H)

Example 4 -
- 25

) 0 0 _
0= — oL
” COOMe H COOH

4 ' 5



(2.5 g) was added to the solution, which was in turn stirred 1in ice bath"
for 30 mnutes. 98% sulfuric acid (0.62 g) was 5 added to the sol ution.
Thereafter, precipitated crystals were filtered out and the filtrate was
condensed. Adding acetonitrile (5 m.) to the residue and condensi ng were'
repeated four times. Acetonitrile (8m) was Zdded to the resultant

resi due. The solution was dried over anhydrous 10 sodium sulfate (2.2 Q)
The sodium sulfate was filtered out and the filtrate was condensed. The
resultant slurry was stirred in ice bath for 30 m nutes. Thereafter,

crystals were col | ect edMefhenioly 46i 33 )awdsdadded toecrempowdd o hl rfd - Q)QO
of conpound (5) E! 1 ar’che 36‘V
hydrochloric aci &Eﬂ(lc‘éoi%@%gsgggge?ﬂgg C 6;%1(1%? g (g %ﬁlﬁq} ’
sol uti on was ref|{Be&d a)nués addeq tﬁgth%rsolpa:mr th‘FheW?é% nt wrn gitigrradhs

evaporated and V‘@.tneiéé%ﬁh f‘€ﬁ33@dﬂﬁﬂuigst h%é@%tﬁ‘ﬁrﬂ&ﬁh’iﬁf S@r62 g) was
condensi ng. The resi dual matter was di ssolved in water m)~

Aqueous 25 I3t hi W%FSXFB@ gelyution - waerpRaft e tﬂi“@%’ti?ltﬁarfcﬁii FysEals

adj usted to pH 6ywehr@ lFanedrdy evdpanatl tRe Si1veaes. wa@téaménsé& Maaadsey
added to the resultant ollddzollowed by stirrin room tenperature for -
one hour, ther eafG&tS §‘&§] rddeed } 3L} £or dbeof |%’6d PRUdensing wegre

conmpound (6) 30 relpeditied FougoRine) . WakcObbRi tedléy( &) %as .added to the
~ resultant residue. The solution was dried over anhydrous
1o sodium sulfate (2.2 g). The sodiumsulfate was filtered out
and the filtrate was condensed. The resultant slurry was
stirred in ice bath for 30 minutes. Thereafter, crystals -
were collected by filtration and dried, thereby obtaining -
0.50 g of compound (5) (yield 55%). '

15
Example 5
0 HO
0=¢ X
N cooH HZN COOH
5
20 . 36% hydrochldric acid (10.5 g) was added to compound

(5) (3.00 g). The solution was refluxed under stirring for
15 hours. Thereafter, water was evaporated andwater (10ml)
was added .to the residue, thereafter condensing. The
residual oil matter was dissolved in water (10 ml). Aqueous
25 lithium hirdroxide solution was added to the solution to be
adjustedtopH 6, followedbyevaporationofwater. Methanol
(8 ml) was added to the resultant solid, followed by stirring
at room temperature for one hour, thereafter subjected to
filtration and dried. Thus, 2.25 g of. compound (6)
30 (L-allo-threonine) was obtained (yield 91%).



1H NWVR (D20) S 1.20 (d, J=6.30, 3H), 3.83 (d, J=3.90, 1H), _.4.36 (dq,
J=3.90, J=6.60, 1H) [a] D 20 +9.070 (C=2.0, H20) 5 | NDUSTRI AL

APPLI CABI LI TY According to the production nmethod of the present invention,
oxo0- oxazol i ne derivatives and alloam no acid_ 10 derivatives can be
produced in a.stereosel ective and inexpersidfe -manner. 30 - | [illlli

[1rril 1121111112112111112 CL MS CLAIMS 1. A nethod for production of a
conpound represented by the general formula (I-A) or the general. fornula
(I-B), 5 conprising the step of treating a conpound represented by the
general formula (I1-A) or the general formula (I11-B) wth thionyl chloride
as follows: HO 1iRInMR ﬁb\]}@ﬁ 1k A) 1A)
or OHOc R1 1 RZ~ @B&é(@#@\l Rgﬁﬁow%mihie-rge(}n ) .
an optionally suﬂs?ﬁtdﬂéd Pd@eﬁoalﬂyﬁ 5&n 1ﬁ0 optlonally substltuted aryl

an al kynyl, or anogpj?ona loy° (c=2.0, H,0)

5
INDUSTRIAL APPLICABILITY
According to the production method of the present
invention, oxo-oxazoline derivatives and alloamino acid
‘10 derivatives can be produced in a stereoselective and

inexpensive manner.



substituted heteroaryl; R2 is a |ower alkyl, an optionally substituted
aral kyl, or an optionally substituted heteroarylalky],; and. R3 is a |ower
al kyl. 15 2. A nethod for production according to claim1, wherein the
conpound. represented by the general formula (I1-A) or the general formula
(1 1 -B) is aliowed to react with 1.0 to ~538 &quival ents of thionyl

chlori de in a soumwu“lﬂumnm et hyl acetate, cycl ohexane,
oracetonitrile a 20 3. A nethod for production according
to claim1, wherefn “tHe conpound represented by the general formula (}I-A)
or the general fornula (I1-B) is. allowe@LAdMBeact with 1.0 to 3.0

equi val ents of thionyl chloride in a solvent of toluene, |~ ~~~~I11]
IIIIIIIIIIIIIIIIIIIIIIS 31 ethyl acetate, cycl ohexane, or acetonitrile at
60C to 80C. - 4. A-nbtFethedLas BEEEucEHOBfO %éﬁﬁﬁeﬁﬂdrlﬁﬂm%@dw the

general formula gbhbrél Ofofrl?&wertqr—él) fQE:”U{:l@e(ldérieﬁ)al5 J]aS' ? g
step of subjsectl ng a conpound represent ed % the general_ fornu Y
ms

‘the gener al 3f or nGPEPTLSERY bhe oF oy treaiinet S CORPOURE rePERFenited

1-3 t1 ooa% gyclir %L Yﬁ%ZggﬁefcahJ evemula P18- H)C@FtﬁBeF%%ilf&mﬁ%AXI@LB)o
~ =< - -
e with th:Lonyl chgorlde as fol.(Lows)- )

O s\\\R
“‘o/u\N cooRr? ( .
H COOR

-a) - (I-A) or

R . 1
0 ‘\\R

J o)
N ““%o0R?

wherein R! is an optionally substituted lower alkyl, an

10 optionally substituted aryl, an alkynyl, or an optionally
substituted heteroaryl; R? is a lower alkyl, an optionally
substituted aralkyl, or an optionally substituted -

_heteroarylalkyl: and R’ is a lower alkyl.

15 2. A method for production according to claim 1, wherein
the compound represented by the general formula (II-A) or
the general formula (II-B) is. allowed to react with 1.0 to
5.0 equivalents of thionyl chloride in a solvent of toluene,
ethylacetate, cyclohexane, oracetonitrileat 30°Ctoreflux.

20 _

3. A method for production according to claim 1, wherein
the compound represented by the general formula (II-A) or
the general formula (II-B) is allowed to react with 1.0 to
3.0 equivalents of thionyi chloride in a solvent of toluene,



10 wherein R1 wa above. 5. A nethod for production of
& conpound rep t he eneral formula (I1V-A) or the general _
fiormula (IV-B), \i tep of subjecting a conpound represented
1\5 by the genera L mwmmmﬂf

) or the general formula (Il -B)
obt ai ned by a net hodcackor'tli ng to claim4itc ‘hydrolysis as foll ows:

FEUTTEE) TRt v At *CLMSO0ORHORL O==< N COOH H2N COON
H(IlIlI-A (rv A or .,4R O HO .t\R1L 0 H /COOH H20' COCH ( MB) (VB) vvhereln
Rl is as described above. 6. A rret hod for production of a.co ound
represented by t REDY gentrie. rerelokexaney ozracetenytrbialat 6Pty §9° (B)
conprising the step of protecting the anmino group of a conpound
represented by the general formula (V-A) or the general forrmula (V-B) -with
R0OC (=0 - , whéreinMREDPG far YHePhpé 2 COMRAWN FepRgsende a%d;aﬁ
group thereof, arfbridreat ifwrmiid (1P1ik) osy¥! tBBl gehdeads formws: (1 -8) RL
OR 0 =< 5 comprising the step of subjecting a compound represented
Hy the general formula (I-A) or the general formula (I-B)
obtained t_:y a method according to any of claims 1-3 to a

hydrolysis as follows:

0=< . - o=<

COOR3 COOH
(I-A) (111-A) or
1 ' . 1
O~ R OaaR
o= j - 0= :l
N"“oor? - N"coon
(-B) ' (II-B)
10  wherein R! and R® are as described above.

5. A method for production of a compound represented by the
general formula (IV-A) or the general formula (IV-B),
. comprising the step o'f subjecting a combo'und represented
15 . by the general formula (III-A) or the general formula (III-B)
obtained by a method according to claim 4 to a hydrolys:Ls

as follows:



&112NCOO-|HCOCR3(VA)-. (I-A) or HORL O """C\WR (O =< HZN\' CO OH H
¢ ~r000 R3 (v B) (I -B) wherein Rl and R3 are as descri bed above. 7. A
met hod for production of a conmpound represented by the 15 general formula
(V). - 11112 | SRL 11 HH 11"  OC. ON C—N—C_— C-NOO') H
Z ~1 1 CH (Jﬂllmmiluﬁummﬂm is as desct4 bed above, and Y is an

optionally subSti%uted™al kyl* conprising the step. of subjecting a

conmpound represented by the general formila (II11-A) or the 5 general
formula (111-B) * obtained by a ngthod according to  clainy4 to a pepti-de
bond formation. 8. A methodOf.Qrafr oducti on accordi anQ \ im4, wherein
Rl is phenyl, 5-im dazod meg hyl, isaprapyl _eghynyl, jor 10 1-propynyl.
9. A nethod for production ing to claim4, whereg
' H TCOOH HoN COOH
(II-A) av-A) or
R! | HOW R
O N AW
. o= ] - 1
o N™cooH HaNY ~COOH
(II-B) S av-B)

wherein R! is as described above.

6. A method for producfion of a compound represented by the
_ 5 general formula (I-A) or the general formula (I-B),

comprising the step of protecting the amino group of a compound

represented by the general formula (V-A) or the general

formula (V-B) withR*0C(=0) -, whereinR?is as describedabove,

esterifying the carboxyl group thereof, and treating with
10 'thionyl chloride .as follows: ’

1 : 1
HO_ aR O R
l -~ O.=<
HNY ~COOH _ N~ ¥coor®
(V-A) : (-A) or
1 1
HO aR' .
. —_—i O% ]
" HNY NCcooH N “#o0oR?
(V-B) (-B)

wherein R' and R® are as described above.

7. A method for production of a compound represented by the

15 general formula (VI):



}Q is a lower alkyl, an aralkyl, or a heteroarylalkyl. 15 10. A nethod for
sproduction according to claim4, wherein R2is an aralkyl.-11. A nmethod

for production-aecordingto craim4, wherein Rl is nethyl and R2 is

S {1111

Q 9 HHD
O)\NIC—N—(‘D-C—N
Y

wherein R' is as described above, and Y is an optionally
substituted alkyl, comprising the step of subjecting a
compound represenf.ed by the general formula (III-A) or the

5 Qeneral formula (III-B).' obtained by a method according to
‘claim 4 to a peptide bond formation.

8. A methoed for production according to claim 4, wherein
R! is phenyl, 5-imidazolyl, methyl, isopropyl, ethynyl, or
10 l1-propynyl.

9. A method for production according to claim 4, wherein
R? is a lower alkyl, an aralkyl, or a heteroarylalkyl.

15 - 10. A method for production according to claim 4, wherein

R? is an aralkyl.

11. A method for production according to claim 4, wherein
R' is methyl and R? is benzyl.



