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(57) ABSTRACT 

A method for producing a compound represented by the 
general formula (I-A) or the general formula (I-B), com 
prising the following Step: 

xx 1. 

O 2. O R R2 us He- o={ O No N COOR 
ta N COOR 
(II-A) (I-A) 

HO R1 
1. 

O O-Ns' 

wherein R is an optionally substituted lower alkyl, and the 
like: R is a lower alkyl or an optionally substituted aralkyl, 
and the like: R is a lower alkyl, characterized in that a 
compound represented by the general formula (II-A) or the 
general formula (II-B) is treated with thionyl chloride. 
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PROCESSES FOR THE PREPARATION OF 
OXO-OXAZOLINE OR ALLOAMINO ACID 

DERVATIVES 

TECHNICAL FIELD 

0001. The present invention relates to a method for 
producing OXO-Oxazoline derivatives using a simple and 
inexpensive method. 

BACKGROUND ART 

0002 Oxo-oxazoline derivatives are critical intermedi 
ates for compounds (WO98/08867) which are TRH (thy 
rotropin releasing hormone) derivatives represented by the 
following general formula (VIII): 

(VIII) 

RA 
O O O 

1. | H H || C-N-C-C-N 
O N 

H CH2 

Y 

SN2 N 

0003) wherein R is a hydrogen atom or optionally sub 
stituted lower alkyl; Y is an optionally substituted alkyl. 
0004 Further, compounds represented by the following 
general formulas (III-A), (III-B), (IV-A), or (IV-B): 

(III-A) 

(III-B) 

N 
H COOH, 

(IV-A) 

r 
HN COOH, O 

(IV-B) 
1. 

HN' YOOOH, 

0005 wherein R is an optionally substituted lower alkyl, 
an optionally Substituted aryl, an alkynyl, or an optionally 
Substituted heteroaryl, and derivatives thereof, are useful as 
tools for combinatorial chemistry. 
0006 Conventionally, as a method for producing oxo 
Oxazoline derivatives having a lower alkyloxycarbonyl 
group or a carboxyl group, a method of cyclizing a starting 
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material while retaining its Stereochemistry, and a method 
using cyclization reaction without reference to Stereoselec 
tivity are known. 
0007 An example of the method of cyclizing a starting 
material while retaining its Stereochemistry is the following: 

O CH 

Ho- o={ 
N H COOH 

0008 (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 toluene at 
O C. for one hour, thereby obtaining a cyclized product 
which 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. 

HO CH 

HN COOH 

0009. An example of the cyclization method without 
reference to Stereoselectivity is the following: 

DC - - -CO HN COOH 

HO CH CH 

COOH 

0010 (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 a cyclized product. It is believed that the Stereochem 
istry of the material is maintained in View of the mechanism 
of this method. Therefore, it is considered that allo-threonine 
needs to be used as a starting material in order to obtain a 
cis-form cyclized product. 
0011 Although a resultant cyclized product is an oxo 
Oxazoline derivative which does not have a lower alkyloxy 
carbonyl group or a carboxyl group, the following method is 
known: 

O HO 

O CH 

O 

O ={ s 
'CH, 

0012 (Bull. Chem. Soc. Japan., 44, 2515, 1971). In this 
reaction, a starting material is allowed to react in thionyl 
chloride 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 
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position of an ethyl group is inverted after the reaction. 
However, the Starting material is not an amino acid deriva 
tive, and the relationship between the amino group and the 
hydroxyl group of the Starting material is different from that 
of a starting material used in the method of the present 
invention. Moreover, Since the reaction is conducted in 
thionyl chloride, the yield is as low as 65%. 

0013 Similar to the method of the present invention, a 
cyclization reaction with inversion is known: 

CH3 HO w 

4.1. H 
Hes 

2) dioxane, 40 C., 100% 
COMe 

O CH HO CH 
6N HCl, 100° C., 100% 

O -as 

N COOM H e HN COOH 

0014 (Heterocycl. Commun., 2, 55, 1996). An example 
in which trifluoroacetic any dride is used in the first Step is 
disclosed. Although in the method of the present invention, 
the yield of a cyclization reaction is as high as 83%, the yield 
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 any dride. More 
over, the method of the present invention is Superior in 
regard to Simplicity of reaction. 

DISCLOSURE OF THE INVENTION 

0.015 The objective of the present invention is to provide 
a method for producing OXO-Oxazoline derivatives in a 
Simple, inexpensive and Stereoselective manner. The OXO 
Oxazoline derivatives are useful as intermediates for phar 
maceuticals and tools for combinatorial chemistry. More 
over, the OXO-Oxazoline derivatives in an open-circular form 
are also useful as tools for combinatorial chemistry. 

0016. The inventors found a method for producing oxo 
Oxazoline derivatives in a Stereoselective manner, which is 
Suitable for large-scale Synthesis. 

0.017. That is, the present invention relates to 

0018) I) A method for the production of a compound 
represented by a general 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 thionyl chloride as 
follows: 

HON R' 
O 2. O R1 R2 ls --- o={ O 

No N COOR N 
H H COOR 

(II-A) 
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-continued 
HO R1 

rulls. o–KD No NW COOR ''. 
te COOR3 
(II-B) (I-B) 

0.019 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 
Substituted aralkyl, or an optionally Substituted heteroaryla 
lkyl; and R is a lower alkyl. 
0020 More specifically, the present invention relates to 
following II) to X). 

0021 II) A method for the production according to 
I), 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, ethyl acetate, cyclo 
hexane, or acetonitrile at 30° C. to reflux tempera 
ture. 

0022 III) A method for the production according to 
I), 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 thionyl 
chloride in a Solvent of toluene, ethyl acetate, cyclo 
hexane, or acetonitrile at 60° C. to 80 C. 

0023 IV) A method for the production of a com 
pound represented by a general formula (III-A) or a 
general formula (III-B), comprising the step of Sub 
jecting a compound represented by a general formula 
(I-A) or a general formula (I-B) obtained by a 
method according to any of I) to III) to a hydrolysis 
as follows: 

O R1 O R1 

o={ C He- o={ C O 
N COOR N COOH 

(I-A) (III-A) 
1. 1. 

O-Ns' O-Ns' 
O={ D - o={ D 

N "COOR N. "COOH 
(I-B) (III-B) 

0024 wherein R and R are as described above. 
0025 V) A method for the production of a com 
pound represented by a general formula (IV-A) or a 
general formula (IV-B), comprising the step of Sub 
jecting a compound represented by a general formula 
(III-A) or a general formula (III-B) obtained by a 
method according to IV) to a hydrolysis as follows: 
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HN COOH 

(III-A) (IV-A) 
O wR' HO W R1 

N. "COOH HN' YOOOH 
(III-B) (IV-B) 

0026 wherein R is as described above. 
0027) VI) A method for the production of a com 
pound represented by a general formula (I-A) or a 
general formula (I-B), comprising the Step of pro 
tecting the amino group of a compound represented 
by a general formula (V-A) or a general formula 
(V-B) with ROC(=O)—, wherein R is as 
described above, esterifying the carboxyl group 
thereof, and treating with thionyl chloride as follows: 

HO aR' 
O R1 

-- O ={ O 
HN COOH N 

H COOR 
(V-A) (I-A) 

HO R1 
O w R1 

w -e- O ={ 
HN COOH 

N 'COOR3 
(V-B) H 

0028 wherein R and R are as described above. 
0029) VII) A method for production of a compound 
represented by a general formula (VI): 

(VI) 
R1 

O O O 

1. | H H || C-N-C-C-N 
O N 

H CH2 

1 Y 
SN2 N 

0030 wherein R is as described above, and Y is an 
optionally Substituted alkyl, comprising the Step of Subject 
ing a compound represented by a general formula (III-A) or 
a general formula (III-B) obtained by a method according to 
IV) to a peptide bond formation. 

0031 VIII) A method for the production according 
to IV), wherein R is phenyl, 5-imidazolyl, methyl, 
isopropyl, ethynyl, or 1-propynyl. 
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0032) IX) A method for the production according to 
IV), wherein R is a lower alkyl, an aralkyl, or a 
heteroarylalkyl. 

0033 X) A method for the production according to 
IV), wherein R is an aralkyl. 

0034) XI) A method for the production according to 
IV), wherein R is methyl and R is benzyl. 

0035) “Halogen” as used herein refers to fluorine, chlo 
rine, bromine, and iodine. Chlorine and bromine are pref 
erable. 

0036) The term “lower alkyl as herein used alone or in 
combination with other words comprises C-C straight 
chained or branched 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 preferable. 
0037 “Alkynyl' as used herein comprises C-C straight 
or branched chain monovalent hydrocarbon group having 
one or two or more triple bonds. The alkynyl may have a 
double bond. Examples of the alkynyl include ethynyl, 
1-propynyl, 2-propynyl, 6-heptynyl, 7-octynyl, and 8-nonyl, 
and the like. Ethynyl and 1-propynyl are preferable. 
0038. The term “aryl” as herein used alone or in combi 
nation with other words comprises a monocyclic or con 
densed ring aromatic hydrocarbon. Examples of the aryl 
include phenyl, 1-naphthyl, 2-naphthyl, anthryl, and the like. 
0039) “Aralkyl” as used herein comprises the above 
described “lower alkyl substituted with the above-de 
scribed “aryl', where the substitution may be carried out at 
any possible position. Examples of the aralkyl include 
benzyl, phenylethyl (e.g., 2-phenylethyl, and the like), phe 
nylpropyl (e.g., 3-phenylpropyl, and the like), naphthylm 
ethyl (e.g., 1-naphthylmethyl, 2-naphthylmethyl, and the 
like), and anthrylmethyl (e.g., 9-anthrylmethyl, and the like), 
and the like. Benzyl, and the like are preferable. 
0040) “Heteroaryl” as used herein comprises a 5 to 
6-membered aromatic ring including one or more atoms 
arbitrarily Selected from Oxygen atom, Sulfur atom or nitro 
gen atom within the ring. Heteroaryl may be fused with 
cycloalkyl, aryl, or other heteroaryl at any possible position. 
Regardless whether the heteroaryl is monocyclic or fused 
cyclic, the heteroaryl can bind at any possible position. 
0041) Examples of the heteroaryl include pyrrolyl (e.g., 
1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl), furyl (e.g., 2-furyl, 3-fu 
ryl), thienyl (e.g., 2-thienyl, 3-thienyl), imidazolyl (e.g., 
4-imidazolyl, 5-imidazolyl), pyrazolyl (e.g., 1-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-py 
ridyl), pyrazinyl (e.g., 2-pyrazinyl), pyrimidinyl (e.g., 2-py 
rimidinyl, 4-pyrimidinyl), pyridazinyl (e.g., 3-pyridazinyl), 
tetrazolyl (e.g., 1H-tetrazolyl), oxadiazolyl (e.g., 1,3,4-Oxa 
diazolyl), thiadiazolyl (e.g., 1,3,4-thiadiazolyl), indolizinyl 
(e.g., 2-indolizinyl, 6-indolizinyl), isoindolyl (e.g., 2-isoin 
dolyl), indolyl (e.g., 1-indolyl, 2-indolyl, 3-indolyl), inda 
Zolyl (e.g., 3-indazolyl), purinyl (e.g., 8-purinyl), quinoliz 
inyl (e.g., 2-quinolizinyl), isoquinolyl (e.g., 3-isoquinolyl), 
quinolyl (e.g., 2-quinolyl, 5-quinolyl), phthalazinyl (e.g., 
1-phthalazinyl), naphthyridinyl (e.g., 2-naphthyridinyl), 
quinolanyl (e.g.,2-quinolanyl), quinazolinyl (e.g., 
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2-quinazolinyl), cinnolinyl (e.g., 3-cinnolinyl), pteridinyl 
(e.g., 2-pteridinyl), carbazolyl (e.g., 2-carbazolyl, 4-carba 
Zolyl), phenanthridinyl (e.g., 2-phenanthridinyl, 3-phenan 
thridinyl), acridinyl (e.g., 1-acridinyl, 2-acridinyl), dibenzo 
furanyl (e.g., 1-dibenzofuranyl, 2-dibenzofuranyl), 
benzimidazolyl (e.g., 2-benzimidazolyl) , benzisoxazolyl 
(e.g., 3-benzisoxazolyl), benzoxazolyl (e.g., 2-benzox 
azolyl), benzoxadiazolyl (e.g., 4-benzoxadiazolyl), ben 
Zisothiazolyl (e.g., 3-benzisothiazolyl), benzothiazolyl (e.g., 
2-benzothiazolyl), benzofuryl (e.g., 3-benzofuryl), and ben 
zothienyl (e.g.,2-benzothienyl). As “heteroaryl” of R", imi 
dazolyl and the like are preferable. 

0.042 “Heteroarylalkyl as used herein comprises the 
above-described “lower alkyl substituted with the above 
described “heteroaryl', where such a substitution may be 
carried out at any possible position. 

0043 “Optionally substituted lower alkyl” at R as used 
herein comprises the above-described “lower alkyl” which 
may have one or more Substituents at any possible positions, 
Such as hydroxy, alkyloxy (e.g., methoxy and ethoxy), 
mercapto, alkylthio (e.g., methylthio), cycloalkyl (e.g., 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl), halogen 
(e.g., fluorine, chlorine, bromine, and iodine), alkyloxycar 
bonyl (e.g., methyloxycarbonyl and ethyloxycarbonyl), ary 
loxycarbonyl (e.g., phenyloxycarbonyl), nitro, cyano, ary 
loxy, acyloxy, acyloxycarbonyl, alkylcarbonyl, and the like. 
Preferable examples of the substituent include lower alky 
loxy, halogen, and the like. Examples of the “optionally 
Substituted lower alkyl” include methyl, ethyl, n-propyl, 
iso-propyl, n-butyl, iso-butyl, Sec-butyl, tert-butyl, and tri 
fluoromethyl, and the like. An unsubstituted lower alkyl is 
preferable. 

0044) “Optionally substituted alkyl” at Y as used herein 
comprises the above-described “alkyl” which may have one 
or more Substituents at any possible positions, Such as 
hydroxy, alkyloxy (e.g., methoxy and ethoxy), mercapto, 
alkylthio (e.g., methylthio), cycloalkyl (e.g., cyclopropyl, 
cyclobutyl, cyclopentyl, and cyclohexyl), halogen (e.g., 
fluorine, chlorine, bromine, and iodine), carboxy, carbam 
oyl, alkyloxycarbonyl (e.g., methoxycarbonyl and ethoxy 
carbonyl), aryloxycarbonyl (e.g., phenyloxycarbonyl), nitro, 
cyano, SOR (p is an integer of 1 to 3, R is hydrogen or 
alkyl), PO(OH) or P(O)OH which may be substituted with 
alkyl, Substituted or unsubstituted amino (e.g., methylamino, 
dimethyl amino, and carbamoyl amino), optionally Substi 
tuted aryl (e.g., phenyl and tolyl), optionally Substituted 
heteroaryl, optionally Substituted nonaromatic heterocyclic 
group, aryloxy, acyloxy, acyloxycarbonyl, alkylcarbonyl, 
nonaromatic heterocyclic carbonyl, heterocyclic imino, 
hydrazino, hydroxyamino, alkyloxyamino, formyl, and the 
like. Examples of the “optionally substituted alkyl include 
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, Sec 
butyl, tert-butyl, cyclopropyl, cyclopentyl, cyclohexyl, ben 
Zyl, hydroxymethyl, tert-butylcarbonyloxymethyl, mor 
pholinomethyl, piperidinomethyl, N-methyl-1- 
piperazinylmethyl, ethylcarbonylmethyl, and 
morpholinocarbonylmethyl, acetyloxymethyl, and the like. 
An unsubstituted alkyl is preferable, particularly methyl. 

0.045 “Optionally substituted aryl” as used herein com 
prises the above-described “aryl” which may have one or 
more Substituents at any possible positions, Such as hydroxy, 
alkyloxy (e.g., methoxy and ethoxy), mercapto, alkylthio 

Mar. 20, 2003 

(e.g., methylthio), cycloalkyl (e.g., cyclopropyl, cyclobutyl, 
cyclopentyl, and cyclohexyl), halogen (e.g., fluorine, chlo 
rine, bromine, and iodine), alkyloxycarbonyl (e.g., methy 
loxycarbonyl and ethyloxycarbonyl), aryloxycarbonyl (e.g., 
phenyloxycarbonyl), nitro, cyano, aryloxy, acyloxy, acy 
loxycarbonyl, alkylcarbonyl, and the like. Preferable 
examples of the Substituent include lower alkyloxy and 
halogen, and the like. Examples of the “optionally Substi 
tuted aryl' include phenyl, 2-chlorophenyl, 3-chlorophenyl, 
4-chlorophenyl, and the like. An unsubstituted aryl is pref 
erable. 

0046) “Optionally substituted heteroaryl” as used herein 
comprises the above-described “heteroaryl” which may 
have one or more Substituents at any possible positions, Such 
as hydroxy, alkyloxy (e.g., methoxy and ethoxy), mercapto, 
alkylthio (e.g., methylthio), cycloalkyl (e.g., cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl), halogen (e.g., fluorine, 
chlorine, bromine, and iodine), alkyloxycarbonyl (e.g., 
methyloxycarbonyl and ethyloxycarbonyl), aryloxycarbonyl 
(e.g., phenyloxycarbonyl), nitro, cyano, aryloxy, acyloxy, 
acyloxycarbonyl, alkylcarbonyl, and the like. Preferable 
examples of the Substituents include lower alkyloxy, halo 
gen, and the like. Examples of the “optionally Substituted 
heteroaryl” include 2-chloroimidazole-5-yl, 4-chloroimida 
Zole-5-yl, and the like. An unsubstituted heteroaryl is pref 
erable. 

0047 “Optionally substituted aralkyl as used herein 
comprises the above-described “aralkyl” which may have 
one or more Substituents at any possible positions, Such as 
hydroxy, alkyloxy (e.g., methoxy and ethoxy), mercapto, 
alkylthio (e.g., methylthio), cycloalkyl (e.g., cyclopropyl, 
cyclobutyl, cyclopentyl and cyclohexyl), halogen (e.g., fluo 
rine, chlorine, bromine, and iodine), alkyloxycarbonyl (e.g., 
methyloxycarbonyl and ethyloxycarbonyl), aryloxycarbonyl 
(e.g., phenyloxycarbonyl), nitro, cyano, aryloxy, acyloxy, 
acyloxycarbonyl, alkylcarbonyl, and the like. Preferable 
examples of the Substituents include lower alkyloxy, halo 
gen, and the like. Examples of the “optionally Substituted 
aralkyl” include furyl, thienyl, pyridyl, 5-chlorofuryl, 5-thie 
nyl, 3-chloropyridyl, and the like. An unsubstituted aralkyl 
is preferable. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0048. The production method of the present invention 
will be described in detail in which a starting material is one 
optically active Substance. When the other material is used, 
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 may be 
protected in advance in accordance with a method described 
in Protective Groups in Organic Synthesis, Theodora W 
Green (John Wiley & Sons), and the like, and deprotected in 
an appropriate Stage. 

HON - R' 

2. first step -- 

HN COOH 

(V-A) 
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-continued 
HON R' 

O s 

R2 us second step -- 

No N COOH 
H 

(VII-A) 
HON - R' 

O w 

ls third step RS --- 
O N 

H 
COOR 

(II-A) 
1. 

O R 
fourth step o={ He 

N 3 H COOR 

(I-A) 
O R1 HO R1 

fifth step 
O -e- 

N COH HN COOH H 2 2 

(III-A) (IV-A) 

th step 
R1 

O O O 

| H H || 
C-N-C-C-N 

O N 
H CH2 

Y 

SN2N 
(VI) 

0049 wherein R', R, R, and Y are as described above. 
0050 (First step) 
0051). In the first step, R’OC(=O)-Hal, wherein Hal is 
halogen, ROC(=O).O, and the like are caused to react 
with a compound represented by a general formula (V-A) to 
obtain a compound (VII-A) in which an amino group is 
protected by ROC(=O)-. This step can be carried out in 
accordance with a method described in Protective Groups in 
Organic Synthesis, Theodora W Green (John Wiley & Sons), 
and the like. 

0.052 For example, a compound represented by a general 
formula (V-A) is caused to react with 1.0 equivalent to 3.0 
equivalents, preferably 1.0 equivalent to 1.5 equivalents, of 
ROC(=O)-Hal, wherein Hal is halogen, and 2.0 equiva 
lents to 6.0 equivalents, preferably 2.0 equivalents to 3.0 
equivalents, of an organic base (e.g., triethylamine, and the 
like) or an inorganic base (e.g., Sodium hydroxide, potas 
sium hydroxide, Sodium carbonate, potassium carbonate, 
Sodium hydrogencarbonate, potassium hydrogencarbonate, 
and the like), in a mixed Solvent, Such as water-toluene, 
water-dioxane, water-acetone, and the like, or a Solvent, 
such as water, dioxane, and the like at -20° C. to 50 C., 
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preferably 0° C. to 20° C. for 0.5 to 3 hours to obtain a 
compound represented by a general formula (VII-A). 
0053. In the above-described IV), “step of protecting an 
amino group with ROC(=O)-” refers to this first step. 
0054 (Second step) 
0055. In the second step, the carboxyl group of a com 
pound represented by a general formula (VII-A) is esterified 
to obtain a compound represented by a general formula 
(II-A). This step can be carried out by a commonly used 
esterification. 

0056. For example, a compound represented by the gen 
eral 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, prefer 
ably 1 equivalent to2 equivalents, of a halogenating agent, 
Such as thionyl chloride, hydrochloric acid, phosphorus 
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 
3hours to obtain a compound represented by a general 
formula (II-A). 
0057. In the above-described IV), “step of esterifying a 
carboxyl group' refers to this Second Step. 
0.058 (Third step) 
0059. The third step is a cyclization reaction in which the 
stereochemistry of R is reversed. 
0060 For example, a compound represented by a general 
formula (I-A) can be obtained in accordance with 1) to 3) 
described below. 1) a compound represented by a general 
formula (II-A) is dissolved in a Solvent, Such as toluene, 
ethyl acetate, cyclohexane, acetonitrile, and the like, pref 
erably toluene. The amount of the solvent is preferably 1 V 
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 
to 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. 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. 
0061. In this reaction, the closer the equivalent value of 
thionyl chloride is to 1.0 and the higher the “V” value 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 decreased). 
0062) The yield of the total compounds of cis-form and 
trans-form is not Substantially affected by the equivalent 
value of thionyl chloride and the amount of the solvent. 
0063. In the above-described IV), “step of treating with 
thionyl chloride” refers to this third step. 
0064.) (Fourth step) 
0065. In the fourth step, an ester compound represented 
by the general formula (I-A) is hydrolyzed to carboxylic 
acid. This step can be carried out by a commonly used 
hydrolysis. 
0066 For example, a compound represented by the gen 
eral formula (I-A) is dissolved in a Solvent, Such as water, 
and the like, and 0.1 equivalent to 10 equivalents, preferably 
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1 equivalent to 5 equivalents, of acid (e.g., hydrochloric 
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 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 conditions. 

0067 (Fifth step) 

0068. In the fifth step, a compound represented by the 
general formula (III-A) is hydrolyzed to obtain allo-amino 
acid derivatives represented by a general formula (IV-A). 
0069. For example, a compound represented by the gen 
eral formula (III-A) is dissolved in a Solvent, Such as water, 
and 0.1 equivalent to 20 equivalents, preferably 1 equivalent 
to 10 equivalents, of acid (e.g., hydrochloric 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 100° C., preferably 80° C. to 
100° C. for 1 hour to 48 hours to obtain a compound 
represented by the general formula (IV-A). 

0070 (Sixth step) (peptide bond formation) 

0071. Three amino acid derivatives are subjected to two 
peptide bond formation to Synthesize a compound (VI) 
(WO98/08867). A compound represented by the general 
formula (I-A) obtained by the above-described method is 
used to synthesize the compound (VI) in the following two 
methods (method A and method B). 

Method A 

HN COOR 

first step 
Hess 

SN2 N 
(VIII) 

R1 
O O 

on C-N-C-COOR 
second step 
He 

SN2 N 
(IX) 

R 1. 

O O O 

1. | H H || --- O N 
H 

Y 

CH 

SN2 N 
(VI) 

Mar. 20, 2003 

Method B 

RNH COOH 

first step 
He 

SN2 N 
(X) 

O 

H || 
RNH-C-C-N 

second step 
Y 

SN2 N 
(XI) 

R1 
O O O 

| H H || 
C-N-C-C-N 

O N 
H CH2 

Y 

SN2N 
(VI) 

0072 wherein R is the protecting group of a carboxyl 
group, R is the protecting group of an amino group, and R' 
and Y are as described above. 

0073 Method A-First step 
0074 The carboxyl group of 3-(4-thiazole)alanine syn 
thesized in accordance with a method described in Synth. 
Commun., 20, 22,3507 (1990) and Chem. Pharm. Bull., 38, 
1, 103 (1990), is protected as an ester, such as methyl ester, 
benzyl ester, t-butyl ester, diphenylmethyl ester, and the like, 
resulting in a compound represented by a general formula 
(VIII). This compound and a compound represented by the 
general formula (III-A) are Subjected to a peptide bond 
formation. 

0075) When the carboxyl group is protected as diphenyl 
methyl ester, the protecting reaction can be carried out as 
follows. 3-(4-thiazole)alanine is dissolved in a mixed sol 
vent of an alcohol Solvent, Such as methanol, ethanol, and 
the like and a Solvent, Such as tetrahydrofuran, dioxane, and 
the like. 1 to 3 equivalents, preferably 1 to 2 equivalents, of 
diphenyl diazomethane are added to the 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 
allowed to react at the same temperature for 30 minutes to 
3 hours, preferably 1 to 2 hours while being stirred. 

0076) The peptide bond formation is described in “Pep 
tide Gosei Peptide Synthesis” (Nobuo Izumiya, Maruzen), 
and the like, and can be carried out by Such a commonly 
used peptide bond formation method. 
0077. As commonly used peptide bond formation meth 
ods, a method employing a condensing agent, Such as 
N,N-dicyclohexylcarbodiimide (DCC), and the like, an 
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azide method, an acid chloride method, an acid anhydride 
method, an active ester method, and the like. When a starting 
material has a Substituent (amino, carboxy, hydroxyl, and the 
like) which is an obstacle to the peptide formation, the 
Substituent can be protected in advance in accordance with 
a method described in Protective Groups in Organic Syn 
thesis, Theodora W. Green (John Wiley & Sons), and the 
like, and the protecting group is removed at a desired Stage. 
0078. 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-dimethylfor 
mamide, tetrahydrofuran, acetonitrile, and the like. An N,N- 
dimethylformamide Solution of a base, Such as triethy 
lamine, 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, followed by 
typical Subsequent processes. Thus, a compound represented 
by a general formula (IX) can be obtained. 
0079 Method A-Second step 
0080 A deprotecting reaction can be carried out by a 
commonly used deprotecting reaction (Protective Groups in 
Organic Synthesis, Theodora W. Green (John Wiley & 
Sons)). For example, when R" is diphenylmethyl, a com 
pound represented by a general formula (IX) can be added 
to anisole and trifluoro acetic acid at -10 to 10 C., prefer 
ably in ice bath. The mixture is Stirred at the same tempera 
ture 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. 
0081. The resultant deprotected substance can be reacted 
with a pyrrolidine derivative synthesized by a method 
described in Tetrahedron, 27, 2599 (1971) through a peptide 
bond formation similar to method A-first step, thereby 
obtaining a compound represented by the general formula 
(VI). 
0082) Method B-First step 
0083) The amino group of 3-(4-thiazole)alanine synthe 
sized in accordance with a method described 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, Such as t-butyloxycarbonyl, benzyloxycarbo 
nyl, 9-fluorenylmethoxycarbonyl, phthaloyl, trifluoroacetyl, 
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. 
0084. When t-butyloxycarbonyl is used for the protec 
tion, the protecting reaction can be carried out as follows. 
3-(4-thiazole)alanine is dissolved in a Solvent, Such as 
dioxane, tetrahydrofuran, acetonitrile, and the like. Boc-O is 
added to the solution at 0 to 50° C., preferably 10 to 30° C., 
and stirred for 1 to 5 hours, preferably 2 to 4 hours. 
0085. A peptide bond formation can be carried out in a 
manner similar to that of the above-described method 
A-First step. 
0.086 Method B-Second step 
0087. A deprotecting reaction for an amino group can be 
carried out as follows. When the protecting group is t-bu 
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tyloxycarbonyl, a compound represented by a general for 
mula (XI) is dissolved in a Solvent, Such as ethyl acetate, and 
the like. 1 to 4N hydrochloric acid-ethyl acetate solution is 
added to that solution at -10 to 30°C., preferably in ice. The 
resultant mixture is Stirred at the same temperature for 1 to 
5 hours, preferably 2 to 3 hours. 

0088. The resultant deprotected Substance can be sub 
jected to a peptide bond formation similar to that of method 
A-First Step, thereby obtaining a compound represented by 
the general formula (VI). 
0089. In the production method, a compound represented 
by the general formula (V-A) or (V-B) is preferably L-threo 
nine or D-threonine(R'=methyl). Further, compounds rep 
resented 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. 

0090. As R, benzyl is preferable. As Rand Y, methyl is 
preferable. 

0091) 
0092 Me:methyl 

In Examples, the following abbreviations are used. 

0093 Z:benzyloxycarbonyl 

EXAMPLES 

Example 1 

0094) 

C JC HN COOH ZHN COOH 

1. 2 

JC ZHN COOMe 

3 

0.095 Potassium hydroxide (54.77 g) and a compound (1) 
(L-threonine) (100.0 g) were dissolved in water (1000 ml). 
To the solution was added potassium carbonate (139.23 g). 
The resultant solution was cooled below 10° C. Toluene 
(180 ml) solution of Z-Cl (157.5 g) was dropped into the 
Solution 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 (120 
ml). The aqueous layer was washed with toluene (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 to 2.0+0.5, followed by extraction with ethyl 
acetate (800 ml). The organic layer was washed with 10% 
brine (400 ml). Each aqueous layer was extracted with ethyl 
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acetate (200 ml) again. Thereafter, the organic layers were 
combined. The organic layer was evaporated. Adding ethyl 
acetate (1000 ml) to the residue and condensing were 
repeated 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 reaction mixture was dropped into a slurry of 
sodium hydrogencarbonate (211.6 g) in water (1320 ml) 
over about 30 minutes. The resultant slurry was stirred at 5 
C. for one hour. Thereafter, crystals were collected by 
filtration and dried, to obtain 206.3 g of compound (3) (yield 
92%). 
0096 Melting point: 91° C. 

0097 H NMR (CDOD) 81.19 (d, J=6.38,3H), 3.73 (s, 
3H), 421-4.31 (m, 2H), 5.11 (s, 2H), 7.30-7.38 (m, 5H) 

Example 2 

0098) 

O 

2. -- O ={ -- 
COOMe COOMe 

4 

O 

o={ 
N H COOH 

5 

0099. A solution of a compound (3) (50.0 g) and thionyl 
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, the aqueous layers were combined. 36% hydro 
chloric acid (18.94 g) was added to the resultant aqueous 
layer. The aqueous layer was stirred at 80° C. for one hour 
and thereafter the water was evaporated. Water (100 ml) was 
added to the residue, followed by condensation. Adding 
acetonitrile (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 g of compound (5) was 
obtained (yield 64%)). 

01.00 Melting point: 165° C. 

01.01) H NMR (CDOD) 81.38 (d, J=6.52,3H), 4.40 (d. 
J=8.64, 1H), 4.96 (dq, J=6.54, J=8.66, 1H) O-19.5° 
(C=1.0, HO) 
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Example 3 

0102) 

O 

--- o={ 
N 
H 

3 4 

COOMe 

0103) A solution of a compound (3) (3.0 g) and thionyl 
chloride (1.47g) in toluene (15 ml) was stirred at 80° C. for 
8 hours and thereafter was cooled to room temperature. The 
reaction mixture was extracted with water (9 ml). The 
aqueous layer was washed with toluene (1.5 ml). Each 
toluene 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%). 

01.04 H NMR (CDOD) 81.31 (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 

O 

-es- o={ 
N H COOH 

5 

0106 Methanol (5 ml) was added to compound (4) (1.0 
g) and cooled in ice. 20% aqueous Sodium hydroxide 
Solution (2.5 g) was added to the Solution, which was in turn 
stirred in ice bath for 30 minutes. 98% sulfuric acid (0.62 g) 
was added to the Solution. Thereafter, precipitated crystals 
were filtered out and the filtrate was condensed. Adding 
acetonitrile (5 ml) to the residue and condensing were 
repeated four times. Acetonitrile (8 ml) was added to the 
resultant residue. The Solution was dried over anhydrous 
sodium sulfate (2.2 g). The sodium sulfate 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%). 

01.05 

O 

O ={ 
COOMe 

5 

Example 5 

01.07 

O HO 

O ={ He 
COOH HN COOH 

5 
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0108) 36% hydrochloric 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 and 
water (10 ml) was added to the residue, thereafter condens 
ing. The residual oil matter was dissolved in water (10 ml). 
Aqueous lithium hydroxide Solution was added to the Solu 
tion to be adjusted to pH 6, followed by evaporation of 
water. 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) (L-allo-threonine) was obtained (yield 91%). 
0109) H NMR (DO) 81.20 (d, J=6.30, 3H), 3.83 (d. 
J=3.90, 1H), 4.36 (dq, J=3.90, J=6.60, 1H) 
0110 o'+9.07 (C-2.0, HO) 

INDUSTRIAL APPLICABILITY 

0111. According to the production method of the present 
invention, OXO-Oxazoline derivatives and allo amino acid 
derivatives can be produced in a Stereoselective and inex 
pensive manner. 

1. A method for production of a compound represented by 
the general formula (I-A) or the general formula (I-B), 
comprising the Step of treating a compound represented by 
the general formula (II-A) or the general formula (II-B) with 
thionyl chloride as follows: 

1. 1. 

HOS.R O R 
O= 

R2 He 

No N COOR COOR or 
H 

(II-A) (I-A) 
1. 1. ON &R 

O 
O 

R2 He- F. 

No N' COOR COOR3 

(II-B) (I-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 
Substituted aralkyl, or an optionally Substituted heteroaryla 
lkyl; and R is a lower alkyl. 

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, ethyl 
acetate, cyclohexane, or acetonitrile at 30° C. to reflux. 

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 thionyl chloride in a Solvent of toluene, ethyl 
acetate, cyclohexane, or acetonitrile at 60° C. to 80 C. 

4. A method for production of a compound represented by 
the general formula (III-A) or the general formula (III-B), 
comprising the Step of Subjecting a compound represented 
by the general formula (I-A) or the general formula (I-B) 
obtained by a method according to any of claims 1-3 to a 
hydrolysis as follows: 
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O O 

o={ C - o={ C 
COOR COOH 

(I-A) (III-A) O 

ON &R' ON &R' 
o={ D -e- o={ D 

N. "COOR3 N. "COOH 
(I-B) (III-B) 

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 of Subjecting a compound represented 
by the general formula (III-A) or the general formula (III-B) 
obtained by a method according to claim 4 to a hydrolysis 
as follows: 

O R1 HO R1 

O C JC 
N COOH HN COOH H 2 

(III-A) (IV-A) O 
O &R' HO &R' 

o={ D Ho 
p w 

N. 'COOH HN COOH 

(III-B) (IV-B) 

wherein R' is as described above. 
6. A method for production of a compound represented by 

the 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) with ROC(=O)-, wherein Ris as 
described above, esterifying the carboxyl group thereof, and 
treating with thionyl chloride as follows: 

sR' O R1 

2. O C COOR 
HO 

HN COOH 

(V-A) (I-A) O 

HO R1 O-N &R 

r He- o={ D 
HNY YOOOH N. "COOR3 

(V-B) (I-B) 

wherein R and R are as described above. 
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7. A method for production of a compound represented by 
the general formula (VI): 

11. 
1 

S Na N 

1. 

O 

| H H 
C-N-C-C-N 

CH2 

O 

(VI) 

10 
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wherein R is as described above, and Y is an optionally 
Substituted alkyl, comprising the Step of Subjecting a com 
pound represented by the general formula (III-A) or the 
general formula (III-B) obtained by a method according to 
claim 4 to a peptide bond formation. 

8. A method for production according to claim 4, wherein 
R" is phenyl, 5-imidazolyl, methyl, isopropyl, ethynyl, or 
1-propynyl. 

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

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. 

k k k k k 


