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(57) ABSTRACT 

A thiaZolidine derivative represented by the formula (I) 

6 Y1, 
Wherein each symbol is as de?ned in the speci?cation, and 
a pharrnaceutically acceptable salt thereof exhibit a potent 
DPP-IV inhibitory activity, and can be provided as an agent 
for the prophylaxis or treatment of diabetes, an agent for the 
prophylaxis or treatment of obesity and the like. 



US 2004/0259883 A1 

THIAZOLIDINE DERIVATIVE AND MEDICINAL 
USE THEREOF 

TECHNICAL FIELD 

[0001] The present invention relates to a thiaZolidine 
derivative showing a dipeptidyl peptidase IV (DPP-IV) 
inhibitory activity and useful for the prophylaxis or treat 
ment of diseases in Which DPP-IV is involved, particularly, 
diabetes, obesity and the like, and a salt thereof. 

BACKGROUND ART 

[0002] DPP-IV is a serine protease that recognizes an 
amino acid sequence having proline (may be alanine, 
hydroXyproline) at the penultimate position from the N-ter 
minal and produces dipeptide Xaa-Pro (Wherein Xaa shoWs 
an optional amino acid and Pro shoWs L-proline). It is 
knoWn that DPP-IV is Widely distributed in the mammalian 
tissues, particularly in blood, kidney, intestinal epitherlium 
and placenta. 

[0003] While the physiological role of DPP-IV in mammal 
has not been clari?ed completely, its involvement in a broad 
range of biological functions such as degradation of neuro 
peptide [Heymann et al., FEBS Letters, vol. 91, pp. 360-364 
(1978)], activation of T cell [Schon et al., Biomedica Bio 
chimica Acta, vol. 44, pp. K9-K15 (1985)], adhesion of 
metastatic tumor cells to endothelium [Johnson et al., Jour 
nal of Cell Biology, vol. 121, pp. 1423-1432 (1993)], 
invasion of HIV virus into lymphocyte [Callebaut et al., 
Science, vol. 262, pp. 2045-2050 (1993)] and the like has 
been clari?ed. Of these, the role of DPP-IV as an enZyme 
that inactivates a biological substance glucagon-like peptide 
(GLP-1) having a potent insulin secretagogue action, Which 
controls postprandial blood glucose level, has been draWing 
attention [Deacon et al., Journal of Clinical Endocrinology 
and Metabolism, vol. 80, pp. 952-957 (1995)]. 

[0004] It is knoWn that GLP-1 is metaboliZed in several 
minutes in living organisms. In this respect, metabolism by 
DPP-V is particularly important, Where it rapidly cleaves 
GLP-1 and produces inactive GLP-1 [Deacon et al., Ameri 
can Journal of Physiology, vol. 271, pp. E458-E464 (1996)]. 
In addition, since the inactive GLP-1 shoWs an antagonistic 
action against GLP-1 receptor, the physiological action of 
GLP-1 is considered to be further attenuated [Knudsen et al., 
European Journal of Pharmacology, vol. 318, pp. 429-435 
(1996)]. Therefore, a method for suppressing degradation of 
GLP-1 by DPP-IV inhibition is considered the best approach 
for enhancing the GLP-1 action. In other Words, a DPP-IV 
inhibitor is eXpected to be a superior treatment method for 
correcting postprandial hyperglycemia of non-insulin 
dependent diabetic (type 2 diabetes) patients, Without caus 
ing side effects such as prolonged hypoglycemia and the 
like. 

[0005] Patent applications relating to DPP-IV inhibitors 
include the folloWing. 

[0006] JP-T-9-509921 discloses l-[N-e-(hydroxysucci 
nyl)-L-lysyl]pyrrolidine. This L-lysine moiety is limited to 
an acyl-substituted form. 

[0007] JP-T-9-509921 discloses (S)-2-cyano-1-L-pro 
linepyrrolidine derivative. The L-ot-amino acid correspond 
ing to the L-proline moiety of the compound disclosed 
therein is characteriZed in that it has a hydrophobic side 
chain. 
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[0008] In addition, WO99/61431 describes that a com 
pound comprising natural amino acid and thiaZolidine or 
pyrrolidine, shoWs a DPP-IV inhibitory activity. 

[0009] While many DPP-IV inhibitors have been reported 
up to the present day [Augustyns et al., Current Medicinal 
Chemistry, vol. 6, pp. 311-327 (1999)], none of the com 
pounds are suf?cient in the inhibitory activity and stability 
and safety in living organisms, and are not satisfactory as 
pharmaceutical products. Therefore, the development of a 
compound having a therapeutic effect based on a DPP-IV 
inhibitory action and satisfactory as a pharmaceutical prod 
uct has been desired. 

DISCLOSURE OF THE INVENTION 

[0010] In vieW of the above, the present inventors con 
ducted intensive studies With the aim of developing a novel 
DPP-IV inhibitor. As a result, they found that a thiaZolidine 
derivative having a hydrophilic amino group introduced into 
the side chain and a derivative having a substituent intro 
duced into the y-position of proline have a potent DPP-IV 
inhibitory activity, and they further enhanced the stability, 
Which resulted in the completion of the present invention. 

[0011] Accordingly, the present invention relates to the 
folloWing compounds. 

[0012] [1] A thiaZolidine derivative represented by the 
formula (I): 

(I) 

[0013] Wherein X is a substituent selected from the fol 
loWing formulas: 

(I-a) 

HN and 
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[0014] wherein 
-continued 

[0015] m is an integer of 1 or 2, (VI) 

[0016] n is an integer of 1 to 5, \ R14 
P 

[0017] X‘ is a hydrogen atom or an alkyl optionally —</ 
having substituent(s), /N R13 

[0018] Y‘ is represented by —NR1R2 (R1 is aryl Rn 
optionally having substituent(s) or heteroaryl option 
ally having substituent(s), R2 is a hydrogen atom, 
alkyl optionally having substituent(s), aryl option 
ally having substituent(s), arylalkyl optionally hav 
ing substituent(s), heteroaryl optionally having sub 
stituent(s) or heteroarylalkyl optionally having 
substituent(s), or they may be bonded to each other I R16 
to form a heterocycle having carbon and at least one R15 

nitrogen, optionally having other heteroatorn(s) and (VIII) 
optionally having substituent(s), Where this hetero 
cycle is optionally substituted or condensed With an 
aromatic ring optionally having substituent(s)), 

(v11) 

[0019] :is a single bond or a double bond, 

[0020] A is a carbon atom or a nitrogen atom, I S R163 

[0021] Wherein i) When Ais a carbon atom, then A R153 
is optionally substituted by a hydroXyl group, 
carboXy or alkoXycarbonyl, and ii) When A is a {N I u\ 

(IX) 
R18 

nitrogen atom, then -—----is a single bond, and 

[0022] Q is aryl or heteroaryl selected from the R19 
compounds represented by the folloWing formulas (X) 
(ID-(XII): 

(II) 

(III) (XI) 

R3 (XII) 
(IV) 

R 

(V) 

k 

4</ ‘<I_R10 [0023] Wherein 
n, [0024] in the formula (II), 1 to 3 from a, b, c and 

R8 R83 d is(are) nitrogen atom(s) and the rest is(are) carbon 
atom(s) or all of them are nitrogen atoms, 
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[0025] R13 is alkyl, phenyl, pyridyl, pyrimidinyl, imi 
daZolyl or oXaZolyl, wherein these groups are option 
ally substituted by one or more from alkyl, alkoXy, 
halogen and cyano, 

[0026] R23 is a hydrogen atom, alkyl or haloalkyl, 

[0027] Wherein 

[0028] (i-1) When b is a nitrogen atom, then R23 is 
not present, 

[0029] (i-2) When c and d are both nitrogen atoms, 
a and b are both carbon atoms, R18 is phenyl and 
R2'‘) is alkyl, then R13 has one or more substituents 
mentioned above, 

[0030] (i-3) When a and d are both nitrogen atoms, 
b and c are both carbon atoms and R18 is phenyl 
Without substituent, then R23 is alkyl or haloalkyl, 
and 

[0031] (i-4) When all of a, b, c and d are nitrogen 
atoms and R13 is phenyl, then (1) A of the formula 
(I-b) is a carbon atom and R18 does not have the 
above-mentioned substituent, or (2) R13 is substi 
tuted by one or more from alkyl and halogen, 

[0032] (ii) in the formula (III), one of e and f is a 
nitrogen atom and the other is a carbon atom, or both 
are carbon atoms (same as “0-1 of e and f is a 
nitrogen atom and the rest is(are) carbon atom(s)”), 
and 

[0033] R3 and R4 may be the same or different and 
each is a hydrogen atom, alkyl, phenyl or pyridyl, 

[0034] (iii) in the formula (IV), j is a sulfur atom, an 
oXygen atom or a nitrogen atom, 

[0035] h and i may be the same or different and each 
is a nitrogen atom or a carbon atom (same as “0-2 of 

h and i is(are) nitrogen atom(s) and the rest is(are) 
carbon atom(s)”), 

[0036] R5 and R7 may be the same or different and 
each is a hydrogen atom, phenyl or pyridyl (When h 
is a nitrogen atom, then R7 is absent), and 

[0037] R6 is a hydrogen atom or alkyl (When i is a 
nitrogen atom, then R6 is absent), 

[0038] (iv) in the formula (V), k, l and n‘ may be the 
same or different and each is a carbon atom or a 

nitrogen atom, Wherein at least one is a carbon atom 
(same as “0-2 of k, l and n‘ is(are) nitrogen atom(s) 
and the rest is(are) carbon atom(s)”), 

[0039] R8 is a hydrogen atom, phenyl, pyridyl or nitro 
(When n‘ is a nitrogen atom, then R8 is absent), 

[0040] R83 is a hydrogen atom or phenyl, 

[0041] R9 is a hydrogen atom, haloalkyl or cyano, 
and 

[0042] R10 is a hydrogen atom or cyano (When 1 is a 
nitrogen atom, then R10 is absent), 

[0043] Wherein 

[0044] (iv-1) When k and n‘ are both nitrogen 
atoms, (1) A of the formula (I-b) is a nitrogen 
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atom, and R88, R9 and R10 are all hydrogen atoms, 
or (2) R8'‘) is phenyl and R9 is haloalkyl, 

[0045] (iv-2) When k, l and n‘ are all carbon atoms, 
then R8 is phenyl or pyridyl, 

[0046] (iv-3) When k is a nitrogen atom and l and 
n‘ are both carbon atoms, (1) R8 is phenyl or nitro, 
or (2) R9 is cyano, and 

[0047] (iv-4) When I is a nitrogen atom, then one of 
k and n‘ is a nitrogen atom, 

[0048] (v) in the formula (VI), p is a nitrogen atom or 
a carbon atom, 

0049 R11 is a h dro en atom, hen l or rid l y g p y py y 
(When p is a nitrogen atom, then R11 is phenyl or 
pyridyl), 

0050 R12 is a h dro en atom or alk I When is a y g y p 
nitrogen atom, then R12 is absent), and 

[0051] R13 and R14 are both hydrogen atoms, or When 
one of them is a hydrogen atom, then the other is 
cyano, alkoXy or halogen, 

[0052] (vi) in the formula (VII), one of r and s is a 
nitrogen atom and the other is a carbon atom, 

[0053] R15 is a hydrogen atom, alkyl or phenyl (When 
r is a nitrogen atom, then R15 is absent), 

[0054] R16 is a hydrogen atom or alkyl (When s is a 
nitrogen atom, then R16 is absent), and 

[0055] R17 is a hydrogen atom, haloalkyl or cyano, 

[0056] (vii) in the formula (VIII), r‘ and s‘ may be the 
same or different and each is a carbon atom or a 

nitrogen atom, Wherein at least one of them is a 
nitrogen atom (same as “1-2 of r‘ and s‘ is(are) 
nitrogen atom(s) and the rest is(are) carbon 
atom(s)”), 

[0057] R1521 is a hydrogen atom, alkyl or phenyl 
(When r‘ is a nitrogen atom, then R1521 is absent), 

[0058] R1621 is a hydrogen atom or alkyl (When r‘ and 
s‘ are both nitrogen atoms, then R168 is a hydrogen 
atom), and 

[0059] R1721 is a hydrogen atom, haloalkyl or cyano, 

[0060] (viii) in the formula (IX), t is a sulfur atom or 
an oxygen atom, 

[0061] u is a carbon atom or a nitrogen atom, and 

[0062] R18 and R19 are both hydrogen atoms, or one 
of them is a hydrogen atom and the other is cyano, 
alkoXy or halogen, 

[0063] Wherein 

[0064] (viii-1) When u is a carbon atom, then one 
of R18 and R19 is cyano, alkoXy or halogen (same 
as “R18 and R19 are not hydrogen atoms at the 
same time”), 

[0065] (viii-2) When t is a sulfur atom, thenAin the 
formula (I-b) is a carbon atom, R19 is a hydrogen 
atom and R18 is methoXy or cyano, 
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[0066] (viii-3) A in the formula (I-b) is a nitrogen 
atom, t is an oxygen atom, R19 is a hydrogen atom, 
and When u is a carbon atom, then R18 is alkoXy or 
halogen, and 

[0067] (viii-4) A in the formula (I-b) is a carbon 
atom, R19 is a hydrogen atom, u is a carbon atom, 
and When t is an oXygen atom, R18 is halogen, 

[0068] in the formula (X), v, W, X and y may be 
the same or different and each is a carbon atom or a 

nitrogen atom, Wherein at least tWo are carbon atoms 
(same as “0-2 of v, W, X and y is(are) nitrogen atom(s) 
and the rest is(are) carbon atom(s)”), 

[0069] R20, R21, R22, R23, R24, R25 and R26 may be 
the same or different and 1 to 3 is(are) haloalkyl, 
methoXy, ethoXy, isopropoXy, tri?uoromethoXy, 2,2, 
2-tri?uoroethoXy, hydroXy, cyano or halogen, and 
the rest is(are) hydrogen atom(s) (When v is a nitro 
gen atom, then R20 is absent, When W is a nitrogen 
atom, then R22 is absent, When X is a nitrogen atom, 
thzen R23 is absent, When y is a nitrogen atom, then 
R is absent), 

[0070] Wherein 

[0071] (iX-1) When v is a nitrogen atom and W, X 
and y are all carbon atoms, then R22 is haloalkyl, 

[0072] (iX-2) When v and W are both nitrogen 
atoms and X and y are both carbon atoms, then R21 
is cyano, and 

[0073] (iX-3) When W is a nitrogen atom and v, X 
and y are all carbon atoms, then (1) R21 is a 
hydrogen atom and R20 is cyano, (2) R21 is 
haloalkyl and R23 is hydroXy, ethoXy, isopropoXy, 
tri?uoromethoXy or 2,2,2-tri?uoroethoXy, (3) R21 
is haloalkyl and R23 and R25 are both methoXy, (4) 
R21 is haloalkyl and R24 is hydroXy, chloro or 
tri?uoromethyl, (5) R21 is haloalkyl and R25 is 
hydroXy or tri?uoromethoXy, (6) R21 is haloalkyl 
and R26 is methoXy, or (7) R21 is cyano and R23 is 
methoXy, and 

[0074] in the formula (XI), R27 and R28 may be 
the same or different and each is haloalkyl or alkoXy; 

[0075] Y is methylene, hydroXymethylene, a sulfur atom, 
sul?nyl or sulfonyl; and 

[0076] Z is a hydrogen atom or cyano; 

[0077] Wherein When X is a substituent represented by the 
formula (1-a), then Z is a hydrogen atom, 

[0078] or a pharmaceutically acceptable salt thereof. 

[0079] [2] The thiaZolidine derivative of the above-men 
tioned [1], Wherein Y‘ in the formula (I-a) is represented by 
—NR1R2 [R1 is aryl optionally having substituent(s) or 
heteroaryl optionally having substituent(s), R2 is a hydrogen 
atom, alkyl optionally having substituent(s), aryl optionally 
having substituent(s), arylalkyl optionally having substitu 
ent(s), heteroaryl optionally having substituent(s) or het 
eroarylalkyl optionally having substituent(s), or they may be 
bonded to each other to form a heterocycle optionally having 
1 or 2 nitrogen atom(s) or oXygen atom(s) and optionally 
having substituent(s), Where this heterocycle is optionally 
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substituted or condensed With an aromatic ring optionally 
having substituent(s)], or a pharmaceutically acceptable salt 
thereof. 

[0080] [3] The thiaZolidine derivative of the above-men 
tioned [1] or [2], Wherein, in the formula (I), X is a 
substituent represented by the formula (I-a) and Z is a 
hydrogen atom, or a pharmaceutically acceptable salt 
thereof. 

[0081] [4] The thiaZolidine derivative of the above-men 
tioned [1], Wherein X in the formula (I) is a substituent 
represented by the formula (I-b), or a pharmaceutically 
acceptable salt thereof. 

[0082] [5] The thiaZolidine derivative of the above-men 
tioned [3], Wherein Y‘ in the formula (I-a) is a substituent 
selected from the folloWing formulas: 

V V (II-a) 

:b 3:: 

a \/\'R 

ILZ e'—d;' R43 
I (II-b) 

\ :b 3:: 

/ \\\\ V a — N A —<\ \ E 6m, 6 d," R43 

V (II-c) 
—-b R33 y 

_N / I and 

R2 — 

g, ,9, 
\\._>R4a 

I I (II-d) 

\ a —b R38 
/ ‘\ y 

_N ‘A’ / \\c' 

g' ,9' 
\\._>R4a 

[0083] Wherein 

[0084] :is a single bond or a double bond, 

[0085] R2 is as de?ned in claim 1, 

[0086] R3'‘) and R48 are the same or different and each 
is independently hydrogen atom, alkyl optionally 
having substituent(s), aryl optionally having sub 
stituent(s), arylalkyl optionally having substitu 
ent(s), heteroaryl optionally having substituent(s), 
heteroarylalkyl optionally having substituent(s), 
halogen, haloalkyl, cyano, nitro, —NR5"‘R6"‘, 
—NHSO2R7"‘, —OR8b, —COOR9"‘, 
—CONH§QOZR1O"‘, —SO2OR11"‘, —SO2R12"‘ or 
—CONR R143 Wherein R53, R63, R73, R81’, R93, 

[0087] R108, R113, R128, R13'‘) and R148 are the same or 
different and each is independently a hydrogen atom, 
alkyl optionally having substituent(s), cycloalkyl 
optionally having substituent(s), cycloalkylalkyl 
optionally having substituent(s), aryl optionally having 
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substituent(s), arylalkyl optionally having substitu 
ent(s), heteroaryl optionally having substituent(s), het 
eroarylalkyl optionally having substituent(s) or 
haloalkyl, R58 and R63, 

[0088] and R13'‘) and R142) may be bonded to each other 
to form a heterocycle having carbon and at least one 
nitrogen, optionally having other heteroatom(s) and 
optionally having substituent(s), Where this heterocycle 
is optionally substituted or condensed With an aromatic 
ring optionally having substituent(s), 

[0089] a‘, b‘, c‘, d‘, e‘, f and g‘ are all carbon atoms, 
or any one or tWo thereof is(are) nitrogen atom(s), 
and the rest is(are) carbon atom(s), 

[0090] m‘ is 0, 1, 2 or 3, and 

[0091] A‘ is a carbon atom or a nitrogen atom, 

[0092] Wherein i) When A‘ is a carbon atom, then A‘ 
may be substituted by a hydroxyl group, carboxy 
or alkoxycarbonyl, and ii) When A‘ is a nitrogen 
atom, then 

[0093] :is a single bond, 

[0094] or a pharmaceutically acceptable salt thereof. 

[0095] [6] The thiaZolidine derivative of the above-men 
tioned [5], wherein R38 and R4, of the formulas (II-a), (II-b), 
(II-c) and (II-d) may be the same or different and each is 
independently a hydrogen atom, alkyl optionally having 
substituent(s), aryl optionally having substituent(s), aryla 
lkyl optionally having substituent(s), heteroaryl optionally 
having substituent(s), heteroarylalkyl optionally having sub 
stituent(s), halogen, haloalkyl, cyano, nitro, —NR5"‘R6"‘, 
—NHSO2R7"‘, —OR8b, —COOR9"‘, —CONHSO2R1O"‘, 
—SO2OR11"‘, —SO2R12a or —CONR13"‘R14a Wherein R58, 
R62, R72, R813, R92, R102, R112, R122, R132 and R142 are the 
same or different and each is independently hydrogen atom, 
alkyl optionally having substituent(s), cycloalkyl optionally 
having substituent(s), cycloalkylalkyl optionally having 
substituent(s), aryl optionally having substituent(s), aryla 
lkyl optionally having substituent(s), heteroaryl optionally 
having substituent(s), heteroarylalkyl optionally having sub 
stituent(s) or haloalkyl, and R58 and R63, and R132) and R142) 
may be bonded to each other to form a heterocycle option 
ally having 1 or 2 nitrogen atom(s) or oxygen atom(s) and 
optionally having substituent(s), Where this heterocycle is 
optionally substituted or condensed With an aromatic ring 
optionally having substituent(s), or a pharmaceutically 
acceptable salt thereof. 

[0096] [7] The thiaZolidine derivative of the above-men 
tioned [3], Wherein Y is a sulfur atom and X‘ is a hydrogen 
atom, or a pharmaceutically acceptable salt thereof. 

[0097] [8] The thiaZolidine derivative of the above-men 
tioned [3], Wherein Y is a sulfur atom, X‘ is a hydrogen atom 
and Y‘ is phenylamino optionally having substituent(s), 
2-pyridylamino optionally having substituent(s) or 4-(1 
isoquinolyl)-1-piperaZinyl optionally having substituent(s), 
or a pharmaceutically acceptable salt thereof. 

[0098] [9] A pharmaceutical composition comprising the 
thiaZolidine derivative of any of the above-mentioned [1] 
[8] or a pharmaceutically acceptable salt thereof, and a 
pharmacologically acceptable carrier. 
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[0099] [10] A DPP-IV inhibitor comprising the thiaZoli 
dine derivative of any of the above-mentioned [1]-[8] or a 
pharmaceutically acceptable salt thereof. 

[0100] [11] A therapeutic agent of a disease, in Which 
DPP-IV is involved, Which comprises the thiaZolidine 
derivative of any of the above-mentioned [1]-[8] or a 
pharmaceutically acceptable salt thereof as an active ingre 
dient. 

[0101] [12] The therapeutic agent of the above-mentioned 
[11], Wherein the disease, in Which DPP-IV is involved, is 
diabetes or obesity. 

[0102] Each symbol used in the present speci?cation is 
explained in the folloWing. 

[0103] The alkyl represented by X‘, R18, R2, R28, R3, R38, 
R4, R42, R52, R6, R62, R72, R813, R92, R102, R112, R12, R122, 
R138, R148, R15, R16, R1521 or R168 preferably means a linear 
or branched chain alkyl having 1 to 8 carbon atom(s), such 
as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert 
butyl, pentyl, hexyl, octyl and the like. Of these, methyl is 
preferable. 

[0104] The alkyl that may substitute a group represented 
by R13 (when R13 is alkyl, it does not become a substituent) 
is exempli?ed by those similar to the ones mentioned above. 

[0105] Cycloalkyl preferably has 3 to 7 carbon atoms and 
is exempli?ed by cyclopropyl, cyclopentyl, cyclohexyl, 
cycloheptyl and the like. Of these, cyclohexyl is preferable. 

[0106] Cycloalkylalkyl is that Wherein the cycloalkyl moi 
ety is as mentioned above and the alkyl moiety is preferably 
a linear or branched chain cycloalkylalkyl having 1 to 3 
carbon atom(s) such as cyclopropylmethyl, 2-cyclobutyl 
ethyl, 3-cyclopentylpropyl, cyclohexylmethyl, 2-cyclohexy 
lethyl, cycloheptylmethyl and the like. Of these, cyclohexy 
lmethyl is preferable. 

[0107] Aryl is preferably that having 6 to 14 carbon atoms, 
Which is preferably phenyl, naphthyl, an ortho-fused bicy 
clic group having 8 to 10 ring atoms, at least one ring being 
an aromatic ring (e.g., indenyl group) and the like. Of these, 
phenyl is preferable. 

[0108] With regard to arylalkyl, the aryl moiety is as 
mentioned above and the alkyl moiety may be linear or 
molecular chain and preferably has 1 to 3 carbon atom(s), 
Which is exempli?ed by benZyl, benZhydryl, phenethyl, 
3-phenylpropyl, 1-naphthylmethyl, 2-(1-naphthyl)ethyl, 
2-(2-naphthyl)ethyl, 3-(2-naphthyl)propyl and the like. Of 
these, benZyl is preferable. 

[0109] As heteroaryl, for example, a 5- or 6-membered 
ring group having carbon and 1-4 heteroatom(s) (oxygen, 
sulfur or nitrogen), an ortho-fused bicyclic heteroaryl having 
8-10 ring atoms derived therefrom, particularly a benZ 
derivative and one derived by fusing propenylene, trimeth 
ylene or tetramethylene group With the same, and stable 
N-oxide thereof and the like can be mentioned. For example, 
pyrrolyl, furyl, thienyl, oxaZolyl, isoxaZolyl, imidaZolyl, 
thiaZolyl, isothiaZolyl, pyraZolyl, triaZolyl, tetraZolyl, 1,3,5 
oxadiaZolyl, 1,2,4-oxadiaZolyl, 1,3,4-oxadiaZolyl, 1,2,4 
thiadiaZolyl, pyridyl (2-, 3-, 4-pyridyl), pyraZinyl, pyrimidi 
nyl, pyridaZinyl, 1,2,4-triaZinyl, 1,2,3-triaZinyl, 1,3,5 
triaZinyl, benZoxaZolyl, benZisoxaZolyl, benZothiaZolyl, 
benZisothiaZolyl, benZimidaZolyl, oxaZolopyridyl, imida 
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ZopyridaZinyl, thianaphthenyl, isothianaphthenyl, benZo 
furanyl, isobenZofuranyl, benZothienyl, chromenyl, isoin 
dolyl, indolyl, indolinyl, indaZolyl, isoquinolyl, quinolyl, 
phthalaZinyl, quinoxalinyl, quinaZolinyl, cinnolinyl, 2,1,3 
benZoxadiaZolyl, benZoxaZinyl and the like can be men 
tioned. Of these, pyridyl and pyrimidinyl are preferable. 

[0110] With regard to heteroarylalkyl, the heteroaryl moi 
ety is as mentioned above and the alkyl moiety may be 
preferably linear or branched chain and preferably has 1 to 
3 carbon atom(s). Examples thereof include 2-pyrrolylm 
ethyl, 2-pyridylmethyl, 3-pyridylmethyl, 4-pyridylmethyl, 
2-thienylmethyl, 2-(2-pyridyl)ethyl, 2-(3-pyridyl)ethyl, 
2-(4-pyridyl)ethyl, 3-(2-pyrrolyl)propyl, 4-imidaZolylm 
ethyl and the like. Of these, 2-pyridylmethyl is preferable. 

[0111] The heterocycle contains carbon and at least one 
nitrogen, may have other heteroatom(s) (oxygen or sulfur), 
may preferably have 1-2 nitrogen atom(s) or oxygen 
atom(s), and is saturated or unsaturated. It includes not only 
monocycle but also spiro ring, and is preferably a 4- to 
7-membered monocycle ring group or a 10- or 11-membered 
ring group as a spiro ring. As the heterocycle, for example, 
aZetidinyl, pyrrolidinyl, piperidino, piperaZinyl, mor 
pholino, 1,4-diaZepanyl, 1,2,5,6-tetrahydropyridyl, thiomor 
pholino, oxothiomorpholino, dioxothiomorpholino, 3-aZa 
pyrro[5,5]undecyl, 1,3,8-triaZaspiro[4,5]decyl and the like 
can be mentioned. Of these, piperidino and piperaZinyl are 
preferable. 

[0112] Moreover, With regard to the above-mentioned 
heterocycle, the aromatic ring optionally having substituents 
may be substituted or condensed. The aromatic ring of the 
aromatic ring optionally having substituents is exempli?ed 
by benZene ring, pyridine ring and the like, With preference 
given to benZene ring. The aromatic ring may have one or 
more of the folloWing substituents, and the substituent is 
preferably cyano or tri?uoromethyl. Concrete examples of 
the condensed ring include indolinyl, isoindolinyl, 1,2,3,4 
tetrahydroquinolyl, 1,2,3,4-tetrahydroisoquinolyl, phthalim 
ide, indolyl and the like. Of these, indolinyl and 1,2,3,4 
tetrahydroquinolyl are preferable. 

[0113] The alkoxy represented by R13, R14, R18, R19, R27 
and R28 preferably has 1 to 8 carbon atom(s) and may be 
linear or branched chain. Examples thereof include methoxy, 
ethoxy, propoxy, isopropoxy, butoxy, pentyloxy, hexyloxy, 
octyloxy and the like. Of these, methoxy and isopropoxy are 
preferable. 

[0114] When A and A‘ are carbon atoms, alkoxycarbonyl 
that may substitute the carbon atom is exempli?ed by 
alkoxycarbonyl Wherein the alkoxy moiety is similar to the 
one mentioned above. 

[0115] The alkoxy that may substitute a group represented 
by R13 is exempli?ed by those similar to the above-men 
tioned ones. 

[0116] The halogen represented by R33, R43, R13, R14, R18, 
R19, R20, R21, R22, R23, R24, R25 or R26 is exempli?ed by 
chlorine, bromine, ?uorine and iodine. Of these, chlorine 
and ?uorine are preferable. 

[0117] The halogen that may substitute a group repre 
sented by R1'‘) is exempli?ed by those similar to the above 
mentioned ones. 
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[0118] The haloalkyl represented by R28, R33, R48, R58, 
R62, R72, R81), R9, R92, R102, R112, R122, R132, R142, R17, 
R173, R20, R21, R22, R23, R24, R25, R26, R27 or R28 is substituted by one or more halogen(s), Wherein halogen and 

alkyl are as de?ned above. Examples thereof include trif 
luoromethyl, 2,2,2-tri?uoroethyl, penta?uoroethyl and the 
like. Of these, tri?uoromethyl and 2,2,2-tri?uoroethyl are 
preferable. 

[0119] Of the above-mentioned substituents, alkyl, 
cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, het 
eroarylalkyl and heterocycle represented by X‘, R2, R33, R43, 
R52, R62, R72, R81), R92, R102, R112, R122, R132 and R142 may 
be each substituted by one or more substituent(s) shoWn in 
the folloWing. 

[0120] As these substituents, for example, halogen (halo 
gen is excluded from the substituents of alkyl for R3'‘‘, R43, 
R52, R62, R72, R81), R92, R102, R112, R122, R132 or R142), a 
hydroxyl group, nitro, cyano, tri?uoromethyl, alkyl (except 
alkyl as a substituent for the above-mentioned alkyl), 
alkoxy, alkylthio, formyl, acyloxy, oxo, phenyl, 2-pyridyl, 
3-pyridyl, 4-pyridyl (except phenyl, 2-, 3-, 4-pyridyl as a 
substituent for alkyl), 4-piperidinyl, 2-morpholinoethyl, 
3-picolyl, arylalkyl, —COORa, —CH2COORa, 
—OCH2COORa, —CONRbRC, —CH2CQ‘NRbRc (Q‘ is 
:0 or :5), —OCH2CONRbRc, —COO(CH2)2NReRf, 
—SO2T1, —CONRdSO2T1, —NReRf, —NRgCHO, —NRg 
COT2, —NRgCOOT2, —NRgCONRiR]-, —NRkSO2T3, 
—SO2NR1Rm, —SO2NRnCOT4, methylenedioxy, ethyl 
eneoxy and the like can be mentioned, With preference given 
to halogen, nitro, cyano, tri?uoromethyl, —SO2T1 and the 
like. 

[0121] These substituents may further have substituent(s). 
As phenyl, 2-pyridyl and 4-piperidinyl having substitu 
ent(s), such as 4-cyanophenyl, 4-chlorophenyl, 4-methox 
yphenyl, 5-cyano-2-pyridyl, 1-ethoxycarbonyl-4-piperidinyl 
and the like can be mentioned. 

[0122] Here, of the above-mentioned substituents, halo 
gen, alkyl and arylalkyl are exempli?ed by those mentioned 
above. 

[0123] The alkoxy preferably has 1 to 8 carbon atom(s) 
and may be linear or branched chain. Examples thereof 
include methoxy, ethoxy, propoxy, butoxy, pentyloxy, hexy 
loxy, octyloxy and the like. The alkylthio preferably has 1 to 
8 carbon atom(s) and may be linear or branched chain. 
Examples thereof include methylthio, ethylthio, propylthio, 
butylthio, pentylthio, hexylthio, octylthio and the like. The 
acyloxy preferably has 1 to 8 carbon atom(s) and may be 
linear or branched chain. Examples thereof include formy 
loxy, acetyloxy, propionyloxy, butyryloxy, valeryloxy, piv 
aloyloxy, hexanoyloxy, benZoyloxy and the like. 

[0124] Ra-Rn denotes hydrogen, alkyl (as mentioned 
above) or arylalkyl (as mentioned above). Rb and Re, Re and 
Rf, Ri and RJ- and R1, and Rrn of —NRbRC, —NReRf, 
—NRiR]- and —NR1Rrn may be bonded to each other to form 
a heterocycle having carbon and at least one nitrogen and 
optionally having other heteroatom(s) (oxygen or sulfur), 
preferably a heterocycle having 1 or 2 nitrogen atom(s) or 
oxygen atom(s), Where this heterocycle is optionally con 
densed With an aromatic ring optionally having substitu 
ent(s) (as mentioned above, and may be substituted by the 
substituents recited as the substituents for the aforemen 
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tioned heterocycle), and —NReRf can also show heteroaryl 
having :0 (e.g., 2-pyrrolidinon-1-yl, succinimide, oxaZo 
lidin-2-on-3-yl, 2-benZoxaZolinon-3-yl, phthalimide, cis 
hexahydrophthalimide etc.). Tl-T4 shows a hydrogen atom, 
alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, 
heteroarylalkyl or haloalkyl, Which may be substituted by 
the substituents recited as the substituents for the aforemen 
tioned alkyl, cycloalkyl, cycloalkylalkyl, aryl and arylalkyl. 

[0125] As the pyridyl represented by R18, R3, R4, R5, R7, 
R8 and R11, 1-pyridyl, 2-pyridyl, 3-pyridyl and 4-pyridyl can 
be mentioned. 

[0126] As the pyrimidinyl represented by R18, l-pyrim 
idinyl, 2-pyrimidinyl, 4-pyrimidinyl and S-pyrimidinyl can 
be mentioned. 

[0127] As the imidaZolyl represented by R13, 1-imida 
Zolyl, 2-imidaZolyl and 4-imidaZolyl can be mentioned. 

[0128] As the oxaZolyl represented by R13, 2-oxaZolyl, 
4-oxaZolyl and 5-oxaZolyl can be mentioned. 

[0129] In the formula (II), “When c and d are both nitrogen 
atoms, a and b are both carbon atoms, R13 is phenyl and R2'‘) 
is alkyl, then R13 has one or more substituents mentioned 
above” is the same as “When c and d are both nitrogen atoms, 
a and b are both carbon atoms, and R23 is alkyl, then R13 is 
not unsubstituted phenyl”. 

[0130] In the formula (II), “When all of a, b, c and d are 
nitrogen atoms and R18 is phenyl, then (1) Aof the formula 
(I-b) is a carbon atom and R1'‘) does not have the above 
mentioned substituent, or (2) R1'‘) is substituted by one or 
more from alkyl and halogen” is the same as “When all of a, 
b, c and d are nitrogen atoms, then (1) Aof the formula (I-b) 
is a carbon atom and R18 is not phenyl having substituent(s), 
or (2) R13 is not phenyl substituted by one or more from 
alkoxy and cyano and is not unsubstituted phenyl”. 

[0131] Of the compounds (I) of the present invention, a 
compound Wherein X is a substituent represented by the 
formula (I-a) and Z is a hydrogen atom, Y‘ is preferably a 
substituent represented by the above-mentioned formula 
(II-a), (II-b), (II-c) or (II-d), more preferably phenylamino 
optionally having substituent(s), 2-pyridylamino optionally 
having substituent(s) or 4-(1-isoquinolyl)-1-piperaZinyl 
optionally having substituent(s). Y is preferably a sulfur 
atom and X‘ is preferably a hydrogen atom. 

[0132] In compound (I) Wherein X is represented by the 
formula (I-b), compound (I) can exist in an optically active 
form or as a diastereomer mixture due to an asymmetric 
carbon bonded With the formula: 

| 
A 

j)... 
N 

l 

[0133] Wherein each symbol is as de?ned above. This 
diastereomer mixture can be separated into each optically 
active form by a knoWn method. 
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[0134] The compound (I) can shoW polymorphism, and 
can exist as more than one tautomers. 

[0135] Therefore, the present invention encompasses any 
stereoisomer, optical isomer, polymorph, tautomer, any mix 
ture thereof and the like mentioned above. 

[0136] As the pharmaceutically acceptable salt of com 
pound (I), inorganic acid addition salts (e.g., salts With 
hydrochloric acid, hydrobromic acid, hydriodic acid, sulfu 
ric acid, nitric acid, phosphoric acid and the like), organic 
acid addition salts (e.g., salts With methanesulfonic acid, 
benZenesulfonic acid, p-toluenesulfonic acid, formic acid, 
acetic acid, tri?uoroacetic acid, oxalic acid, citric acid, 
malonic acid, fumaric acid, glutaric acid, adipic acid, maleic 
acid, tartaric acid, succinic acid, mandelic acid, malic acid, 
pantothenic acid, methylsulfuric acid and the like), salts With 
amino acid (e.g., salts With glutamic acid, aspartic acid and 
the like) and the like can be mentioned. 

[0137] The thiaZolidine derivative of the present invention 
can be produced according to the folloWing method. The 
production method of a compound Wherein, in compounds 
(I) Wherein X is represented by the formula (I-a) and Z is a 
hydrogen atom, R1 is aryl or heteroaryl, is shoWn in Scheme 
1. 

Schemel 
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[0138] Wherein P1 and P2 are amino acid-protecting 
groups (e.g., tert-butoxycarbonyl (Boc), benZyloxycarbonyl 
(CbZ), (9H-?uorein-9-yl)methyloxycarbonyl (Fmoc) etc.) or 



US 2004/0259883 A1 

solid phase carriers (e.g., Wang resin via carbonyl group), 
Hal is halogen (preferably ?uorine) and other symbols are as 
de?ned above. 

[0139] Step a: Step for Reacting Compound (III-a) With 
Compound (IV-a) to Give Amide Compound (V-a) 

[0140] As a condensation agent to activate carboXylic acid 
of compound (III-a), for example, dicycloheXylcarbodiimide 
(DCC), N-(3-dimethylaminopropyl)-N‘-ethylcarbodiimide 
(EDC) or hydrochloride thereof, 2-ethoXy-1-ethoXycarbo 
nyl-1,2-dihydroXyquinoline (EEDQ), carbodiimidaZole 
(CDI), diethylphosphoryl cyanide, benZotriaZol-1-yloX 
ytripyrrolidinophosphonium heXa?uorophosphate (PyBOP), 
diphenylphosphoryl aZide (DPPA), isobutyl chloroformate, 
diethylacetyl chloride, trimethylacetyl chloride and the like 
can be mentioned, With preference given to EDC. These 
condensation agents are used alone, or in combination With 
an additive such as N-hydroXysuccinimide (HONSu), 
hydroXybenZotriaZole (HOBT), 3-hydroXy-4-oXo-3,4-dihy 
dro-1,2,3-benZotriaZine (HOOBT), 4-dimethylaminopyri 
dine (DMAP) and the like, preferably HOBT. 

[0141] The amount of compound (IV-a) to be used is 
generally 90-300 mol %, preferably 100-150 mol %, relative 
to compound (III-a). 

[0142] The amount of the condensation agent to be used is 
generally 100-300 mol %, preferably 100-200 mol %, rela 
tive to compound (III-a). 

[0143] The amount of the additive to be used is generally 
100-200 mol %, preferably 100-150 mol %, relative to 
compound (III-a). 

[0144] This reaction is generally carried out in a solvent 
inert to the reaction, and the inert solvent to be used may be 
any as long as it is aprotic. Preferred are acetonitrile, 
tetrahydrofuran, dichloromethane, chloroform, N,N-dimeth 
ylformamide (DMF) and the like. This condensation is 
generally conducted at a temperature of —30° C. to 80° C., 
preferably —10° C. to 25° C. 

[0145] Step b: Step for Deprotecting Compound (V-a) to 
Give Compound (VI-a). 

[0146] In this reaction, When the protecting group P2 is a 
Boc group, for example, deprotection can be conducted by 
a reaction in a solvent inert to the deprotection reaction such 

as acetonitrile, tetrahydrofuran, 1,4-dioXane, ethyl acetate, 
methanol, ethanol, dichloromethane, chloroform and the 
like, using an acid such as hydrogen chloride, tri?uoroacetic 
acid and the like, generally at —30° C. to 60° C. for 10 
min-24 hr. 

[0147] The amount of the acid to be used is generally 
100-3000 mol %, preferably 100-1000 mol %, relative to 
compound (V-a). 

[0148] When the protecting group P2 is a CbZ group, for 
eXample, deprotection can be conducted by subjecting the 
compound to catalytic hydrogen reduction in a solvent inert 
to the deprotection reaction such as methanol, ethanol, 
tetrahydrofuran, 1,4-dioXane, ethyl acetate and the like, in 
the presence of a catalyst such as palladium and the like, 
reacting the compound With hydrobromic acid-acetic acid, 
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or, for eXample, reacting the compound With tri?uoroacetic 
acid or tri?uoromethanesulfonic acid, preferably tri?uo 
romethanesulfonic acid in the presence of thioanisole or 

anisole, in, Where necessary, a solvent inert to the deprotec 
tion reaction such as dichloromethane, chloroform and the 
like. 

[0149] The amount of thioanisole or anisole to be used is 
generally 100-2000 mol %, preferably 100-1000 mol %, 
relative to compound (V-a). 

[0150] The amount of tri?uoroacetic acid or tri?uo 
romethanesulfonic acid to be used is generally 100-20000 
mol %, preferably 100-10000 mol %, relative to compound 
(V-a). 
[0151] When the protecting group P2 is a Fmoc group, for 
eXample, deprotection can be conducted by reacting in, 
Where necessary, a solvent inert to the deprotection such as 
N,N-dimethylformamide, tetrahydrofuran and the like, 
using a base such as ammonia, piperidine, morpholine and 
the like, preferably piperidine, generally at —30° C. to 60° C. 
for 5 min-1 hr. 

[0152] The amount of the base to be used is generally 
100-2000 mol %, preferably 100-500 mol %, relative to 
compound (V-a). 

[0153] Step c: Step for Reacting Compound (VI-a) With 
Compound (VII-a) to Give Compound (VIII-a). 

[0154] The reaction is carried out in the presence of a base 
such as triethylamine, diisopropylethylamine and the like, 
preferably diisopropylethylamine, in a solvent inert to the 
reaction such as N-methyl-2-pyrrolidone, N,N-dimethylfor 
mamide, tetrahydrofuran and the like at 0° C. to a tempera 
ture near the boiling point of the solvent, preferably 0° C. to 
80° C. 

[0155] The amount of compound (VII-a) to be used is 
generally 100-500 mol %, preferably 100-200 mol %, rela 
tive to compound (VI-a). 

[0156] The amount of the base to be used is generally 
100-500 mol %, preferably 120-300 mol %, relative to 
compound (VI-a). 

[0157] Step d: Step for Deprotecting Compound (VIII-a) 
to Give Compound (I-al). In this case, the same reaction 
conditions as in Step b are employed. 

[0158] When the solid phase carrier P1 is Wang resin via 
carbonyl group, the solid phase carrier can be separated by, 
for eXample, reaction in, Where necessary, a solvent inert to 
the reaction such as dichloromethane and the like, and, 
Where necessary, adding an additive such as thioanisole, 
anisole, phenol, ethylenedithiol and the like and using 
tri?uoroacetic acid as a solvent generally at a temperature 
near room temperature for 1-24 hr. 

[0159] Of compounds (I) Wherein X is represented by the 
formula (I-a) and Z is a hydrogen atom, a compound 
Wherein substituent Y‘ is represented by the formula (II-b) or 
(II-d) can be produced according to a method shoWn in 
Scheme 2. 
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Step f 

[0160] wherein L is a leaving group (e. g., halogen, tosylate 
(OTs), mesylate (OMs), tri?ate (OTf) and the like), and 
other symbols are as de?ned above. 

[0161] Step e: Step for Reacting Compound (X-a) or 
Compound (X-b) With Compound (IX-a) to Give Compound 
(XI-a) or Compound (XI-b). 
[0162] The reaction is carried out in the presence of a base 
such as potassium carbonate, cesium carbonate, sodium 
carbonate, sodium hydrogencarbonate, triethylamine, diiso 
propylethylamine and the like, preferably potassium carbon 
ate, in a solvent inert to the reaction such as N-methyl-2 
pyrrolidone, N,N-dimethylformamide, tetrahydrofuran and 
the like, at 0° C.—a temperature near the boiling point of 
solvent, preferably 0° C. to 80° C. 

[0163] The amount of compound (X-a) or compound 
(X-b) to be used is generally 100-500 mol %, preferably 
100-200 mol %, relative to compound (IX-a). 
[0164] The amount of the base to be used is generally 
100-500 mol %, preferably 100-300 mol %, relative to 
compound (IX-a). 

(XI-b) (Ia-3) 

[0165] Step f: Step for Deprotecting Compound (XI-a) or 
(XI-b) to Give Compound (I-a2) or (I-a3). Conducted 
According to a Method Similar to that in Step b. 

[0166] The compound (I) Wherein X is represented by the 
formula (I-a) and Z is a hydrogen atom, can be also produced 
by the methods shoWn in Scheme 3 and Scheme 4. 

Schemei 
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[0167] wherein each symbol is as de?ned above. 

[0168] Step g: Step for Reacting Compound (XII-a) With 
Compound (XIII) to Give Compound (XIV). 

[0169] The reaction is carried out in the presence of a base 
such as potassium carbonate, cesium carbonate, sodium 
carbonate, sodium hydrogencarbonate, triethylamine, diiso 
propylethylamine and the like, preferably diisopropylethy 
lamine, in a solvent inert to the reaction such as N-methyl 
2-pyrrolidone, N,N-dimethylformamide, tetrahydrofuran 
and the like, at 0° C.—a temperature near the boiling point 
of solvent, preferably 0° C. to 80° C. 

[0170] The amount of compound (XIII) to be used is 
generally 100-500 mol %, preferably 100-200 mol %, rela 
tive to compound (XII-a). 

[0171] The amount of the base to be used is generally 
100-500 mol %, preferably 100-300 mol %, relative to 
compound (XII-a). 

[0172] Step h: Step for Deprotection of Compound (XIV) 
to Give Compound (I-a1). Conducted According to a 
Method Similar to that in Step b. 

Schemeil 
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CHO R1 R2 

N Step 

(XVI) 

[0173] Wherein each symbol is as de?ned above. 

[0174] Step i: Step for Oxidation of Compound (XV) to 
Give Compound (XVI). 

[0175] For this reaction, for example, a method using a 
pyridine sulfur trioxide complex and dimethyl sulfoxide at 
room temperature is preferable, but other useful methods 
include, for example, a method using alkaline potassium 
permanganate solution; a method using oxalyl chloride, 
dimethyl sulfoxide and tertiary amine; a method using acetic 
anhydride and dimethyl sulfoxide; a method using dichlo 
roacetic acid as a catalyst, DCC or EDC and dimethyl 
sulfoxide; a method using a chromium (VI) oxide pyridine 
complex in dichloromethane; a method using aqueous 
sodium hypochlorite solution in ethyl acetate or toluene With 
TEMPO free radical as a catalyst in the presence of sodium 
bromide and the like. 
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[0176] Step j: Step for Reacting Compound (XVI) With 
Compound (XIII) and Then Reducing to Give Compound 

(XIV). 

[0177] This reaction may be carried out in the presence of 

a reducing agent such as sodium borohydride, sodium 

cyanoborohydride, sodium triacetoXyborohydride and the 

like, preferably sodium triacetoXyborohydride, in a solvent 

inert to the reaction such as methanol, ethanol, dichlo 

romethane, 1,2-dichloroethane, chloroform, tetrahydrofu 
ran, acetonitrile, 1,4-dioXane and the, like, using, Where 
necessary, an acidic catalyst such as acetic acid, p-toluene 

sulfonic acid, a boron tri?uoride diethyl ether complex and 

the like, preferably acetic acid, generally at 0° C. to 100° C. 

for 10 min-10 hr. 

[0178] The amount of compound (XIII) to be used is 
generally 100-300 mol %, preferably 100-200 mol %, rela 

tive to compound (XVI). 

[0179] The amount of the reducing agent to be used is 

generally 100-500 mol %, preferably 100-300 mol %, rela 

tive to compound (XVI). 
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[0180] Step k: Step for Deprotecting Compound (XIV) to 
Give Compound (I-a1). Conducted According to a Method 
Similar to that in Step b. 

[0181] The starting material compound (XII-a) in Scheme 
3 can be synthesiZed by, as shoWn in Scheme 5, condensing 
carboXylic acid compound represented by the formula 
(XVII) and compound (IV-a) according to the same method 
as in Step a, halogenating a hydroXyl form represented by 
the formula (XV), or sulfonylating the hydroXyl form using 
methanesulfonyl chloride, p-toluenesulfonyl chloride, trif 
luoromethanesulfonic anhydride and the like. In addition, a 
compound represented by the starting material compound 
(XII-a) Wherein L is halogen can be also produced by 
reacting a compound represented by the formula (IX-a) With 
sodium nitrite or nitrite in the presence of the corresponding 
alkali metal halide salt. 

[0182] The hydroXyl form represented by the formula 
(XV) can be produced by condensing the corresponding 
N-protected hydroXyamino acid (XVIII) and compound 
(IV-a) according to the same method as in Step a, or 
subjecting dipeptide compound (XIX) comprising N-pro 
tected aspartic acid, N-protected glutamic acid, 2-protected 
aminoadipic acid, 2-protected aminopimeric acid and com 
pound (IV-a) to reduction reaction using lithium borohy 
dride sodium and the like. 
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[0183] Wherein R15 is alkyl (as de?ned above) or arylalkyl 
(as de?ned above) and other symbols are as de?ned above. 
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[0184] The production method of compound (I) wherein X 
is represented by the formula (I-b) is shoWn in Scheme 6. 

Schemej 
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[0185] wherein R35 is an amino-protecting group (e.g., 
tert-butoxycatbonyl (Boc), benZyloxycarbonyl (CbZ)), 
—OSO2R37 is a leaving group (e.g., tosylate (OTs), mesylate 
(OMs), tri?ate (OTf)), Hal is halogen, and other symbols are 
as de?ned above. 

[0186] Step f‘: Step for Subjecting a Hydroxyl Group of 
Compound (XIII-a) to Sulfonylation to Give Compound 
(XIV-a). 
[0187] This reaction is carried out in the presence of a base 
such as pyridine, triethylamine and the like, using sulfonyl 
chloride such as p-toluenesulfonyl chloride, methanesulfo 
nyl chloride, tri?uoromethanesulfonyl chloride and the like, 
preferably methanesulfonyl chloride, in a solvent inert to the 
reaction such as dichloromethane, 1,2-dichloroethane and 
the like at a temperature of generally —30° C. to 60° C. for 
10 min-24 r. 

[0188] The amount of sulfonyl chloride to be used is 
generally 100-300 mol %, preferably 100-200 mol %, rela 
tive to compound (XIII-a). 

[0189] Step g‘: Step for Subjecting Compound (XIV-a) to 
AZidation to Give Compound (XV-a). 

[0190] The reaction is carried out using a metal aZide, such 
as sodium aZide in a solvent such as N,N-dimethylforma 
mide and the like at a temperature of generally 0° C. to 120° 
C. for 30 min to 24 hr. 

[0191] The amount of metal aZide to be used is generally 
100-300 mol %, preferably 100-150 mol %, relative to 
compound (XIV-a). 

[0192] Step h‘: Step for Directly Obtaining Compound 
(XV-a) from Compound (XIII-a). 

[0193] The reaction is carried out in the presence of 
phosphines such as triphenylphosphine, tributylphosphine 
and the like and diaZodicarboxylic acid diester, using an 
aZidating reagent such as hydrogen aZide, DPPA, Zinc aZide 
bispyridine complex salt and the like, preferably DPPA, in 
a solvent inert to the reaction such as toluene, tetrahydro 
furan and the like at a reaction temperature of generally —30° 
C. to 100° C. 

[0194] The amount of phosphines to be used is generally 
100-300 mol %, preferably 100-200 mol %, relative to 
compound (XIII-a). 

[0195] The amount of diaZodicarboxylic acid diester to be 
used is generally 100-300 mol %, preferably 100-200 mol 
%, relative to compound (XIII-a). 

[0196] The amount of the aZidating reagent to be used is 
generally 100-300 mol %, preferably 100-200 mol %, rela 
tive to compound (XIII-a). 

[0197] Step i‘: Step for Reducing Compound (XV-a) to 
Give Compound (XVI-a). 

[0198] As this reaction, catalytic hydrogenation in the 
presence of palladium, platinum, nickel and the like, reduc 
tion With metal hydride, reduction using triphenylphosphine, 
thiol, sul?de, diborane, or a transition metal, and the like can 
be mentioned, With preference given to catalytic hydroge 
nation using palladium. 
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[0199] Step j‘: Step for Reacting Compound (XVI-a) With 
Compound (XVII-a) to Give Compound (XIX-a). 

[0200] The reaction is carried out in the presence of a base 
such as triethylamine, diisopropylethylamine and the like, 
preferably diisopropylethylamine, in a solvent inert to the 
reaction such as N-methyl-2-pyrrolidone, N,N-dimethylfor 
mamide, tetrahydrofuran and the like at 0° C. to a tempera 
ture near the boiling point of solvent, preferably 0° C. to 80° 
C. 

[0201] The amount of compound (XVII-a) to be used is 
generally 100-500 mol %, preferably 100-200 mol %, rela 
tive to compound (XVI-a). 

[0202] The amount of the base to be used is generally 
200-1000 mol %, preferably 200-500 mol %, relative to 
compound (XVI-a). 

[0203] Step k‘: Step for Reacting Compound (XVI-a) With 
Compound (XVIII-a) and then Reducing to Give Compound 
(XIX-a). 
[0204] This reaction may be carried out in the presence of 
a reducing agent such as sodium borohydride, sodium 
cyanoborohydride, sodium triacetoxyborohydride and the 
like, preferably sodium triacetoxyborohydride, in a solvent 
inert to the reaction such as methanol, ethanol, dichlo 
romethane, chloroform, 1,2-dichloroethane, tetrahydrofu 
ran, acetonitrile, 1,4-dioxane and the like, using, Where 
necessary, an acidic catalyst, such as acetic acid, p-toluene 
sulfonic acid, boron tri?uoride diethyl ether complex and the 
like at a temperature of generally 0° C. to 100° C. for 10 
min-20 hr. 

[0205] The amount of compound (XVIII-a) to be used is 
generally 100-300 mol %, preferably 100-200 mol %, rela 
tive to compound (XVI-a). 

[0206] The amount of the reducing agent to be used is 
generally 200-1000 mol %, preferably 200-500 mol %, 
relative to compound (XVI-a). 

[0207] Step m: Step for Oxidation of Compound (XIII-a) 
to Give Compound 

[0208] For this reaction, for example, a method using a 
pyridine sulfur trioxide complex and dimethyl sulfoxide at 
room temperature is preferable, but other useful methods 
include, for example, a method using alkaline potassium 
permanganate solution; a method using oxalyl chloride, 
dimethyl sulfoxide and tertiary amine; a method using acetic 
anhydride and dimethyl sulfoxide; a method using dichlo 
roacetic acid as a catalyst, DCC or EDC and dimethyl 
sulfoxide; a method using a chromium (IV) oxide pyridine 
complex in dichloromethane; a method using aqueous 
sodium hypochlorite solution in ethyl acetate or toluene With 
TEMPO free radical as a catalyst in the presence of sodium 
bromide and the like. 

[0209] Step n: Step for Reacting Compound With 
Compound (XXI) and Then Reducing to Give Compound 
(XIX-a). 
[0210] This reaction may be carried out in the presence of 
a reducing agent such as sodium borohydride, sodium 
cyanoborohydride, sodium triacetoxyborohydride and the 
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like, preferably sodium triacetoXyborohydride, in a solvent 
inert to the reaction such as methanol, ethanol, dichlo 

romethane, chloroform, 1,2-dichloroethane, tetrahydrofu 
ran, acetonitrile, 1,4-dioXane and the like, using, Where 
necessary, an acidic catalyst, such as acetic acid, p-toluene 
sulfonic acid, boron tri?uoride diethyl ether complex and the 
like at a temperature of generally 0° C. to 100° C. for 10 
min-20 hr. 

[0211] The amount of compound (XXI) to be used is 
generally 100-300 mol %, preferably 100-200 mol %, rela 
tive to compound 

[0212] The amount of the reducing agent to be used is 
generally 100-500 mol %, preferably 100-300 mol %, rela 
tive to compound 

[0213] The compound (XXI) can be synthesiZed accord 
ing to a knoWn method. 

[0214] Step 0: Step for Deprotection of Compound (XIX 
a) to Give Compound (I-b1). 

[0215] When the protecting group R35 is a Boc group in 
this reaction, for eXample, deprotection can be conducted by 
reaction in a solvent such as acetonitrile, tetrahydrofuran, 

1,4-dioXane, ethyl acetate, methanol, ethanol, dichlo 
romethane, chloroform and the like, using an acid such as 

hydrogen chloride, tri?uoroacetic acid and the like generally 
at —30° C. to 60° C. for 10 min-24 hr. 

[0216] The amount of the acid to be used is generally 
100-3000 mol %, preferably 100-1000 mol %, relative to 

compound (XIX-a). 

[0217] When the protecting group R35 is a CbZ group, for 
eXample, deprotection can be conducted by catalytic hydro 
gen reduction in a solvent inert to the deprotection such as 

methanol, ethanol, tetrahydrofuran, 1,4-dioXane, ethyl 
acetate and the like, in the presence of a catalyst such as 

palladium and the like, reaction With hydrobromic acid 
acetic acid, or, for eXample, reaction With tri?uoroacetic acid 
or tri?uoromethanesulfonic acid, preferably tri?uo 
romethanesulfonic acid in, Where necessary, a solvent inert 

to the deprotection reaction such as dichloromethane, chlo 
roform and the like, in the presence of thioanisole or anisole. 

[0218] The amount of thioanisole or anisole to be used is 

generally 100-2000 mol %, preferably 100-1000 mol %, 
relative to compound (XIX-a). 

[0219] The amount of tri?uoroacetic acid or tri?uo 
romethanesulfonic acid to be used is generally 100-20000 
mol %, preferably 100-10000 mol %, relative to compound 

(XIX-a). 

[0220] A different production method of compound (I) of 
the present invention, Wherein X is represented by the 
formula (1-b) is shoWn in Scheme 7. 
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[0221] wherein R40 is alkyl such as methyl, ethyl and the 
like, benZyl and the like and other symbols are as de?ned 
above. 
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[0222] Step v is the same as the method of conversion 
from compound (XIII-a) to compound (XIX-a) as shoWn in 
Scheme 6. 

[0223] Step W: Step for Deprotection of Ester-Protected 
CarboXyl Group of Compound (XXXIII) to Give Compound 
(XXXIV). 

[0224] For the reaction, conventional deprotection reac 
tion can be used. Deprotection can be conducted by, for 
example, hydrolysis under alkaline conditions With sodium 
hydroxide, potassium hydroXide, sodium carbonate, potas 
sium carbonate and the like, preferably sodium hydroXide, 
or when R40 is benZyl, catalytic hydrogenation in the pres 
ence of platinum, palladium and the like, in a solvent inert 
to the reaction such as ethanol, ethanol and the like. 

[0225] Step X: Step for Reacting Compound (XXXV) With 
Compound (XXXIV) to Give Compound (XIX-a). 

[0226] For the reaction, the condensation agent shoWn in 
Step a, preferably EDC, can be used. The reaction is carried 
out using a condensation agent alone, or in combination With 
an additive shoWn in Step a, preferably HOBT, in a solvent 
inert to the reaction such as acetonitrile, tetrahydrofuran, 
dichloromethane, chloroform, N,N-dimethylformamide and 
the like generally at a temperature of —30° C. to 80° C., 
preferably —10° C. to 25° C. 

[0227] The amount of compound (XXXV) to be used is 
generally 90-300 mol %, preferably 100-150 mol %, relative 
to compound (XXXIV). 

[0228] The amount of the condensation agent to be used is 
generally 100-300 mol %, preferably 100-200 mol %, rela 
tive to compound (XXXIV). 

[0229] The amount of the additive to be used is generally 
100-200 mol %, preferably 100-150 mol %, relative to 
compound (XXXIV). 

[0230] The production method of compound (I), Wherein 
X is represented by the formula (I-b) and the asymmetric 
carbon, to Which the formula: 

Q” 
[0231] Wherein each symbol is as de?ned above, is 
bonded, is in an S con?guration, is shoWn in Scheme 6 using 
a compound represented by the formula (XIII-a) as a starting 
material and in Scheme 7 using a compound represented by 
the formula (XXXII) as a starting material. 
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[0232] In addition to the above, compound (I‘-b1) Wherein 
the asymmetric carbon, to Which the formula: 

5) 
[0233] Wherein each symbol is as de?ned above, is 
bonded, is represented by an R con?guration can be also 
produced using compound (XIIP-a) 

[0234] Wherein each symbol is as de?ned above, or com 
pound (XXXII‘) 

(XIII'-a) 

(XXXII') 
OH 

N 
/ 

R35 CO2R40 

[0235] Wherein each symbol is as de?ned above, as a 
starting material according to a method similar to the 
above-mentioned method. 

A 

f I” 
E (Y 

HN N i 
Z 

O 

[0236] When Z in each formula is cyano, the production 
up to each intermediate is done With Z in the formula being 
a carbamoyl group, Which is then dehydrated according to a 
knoWn method, thereby to convert Z into a cyano group. 
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[0237] This reaction is carried out using diphosphorus 
pentaoxide, phosphorus oxychloride-imidaZole, tri?uoro 
acetic anhydride, p-toluenesulfonyl chloride-pyridine and 
the like as a dehydrating agent in an inert solvent such as 
dichloromethane, pyridine and the like. 

[0238] The thiaZolidine derivative of the formula (I) of the 
present invention thus produced can be obtained at any 
purity by appropriately applying knoWn separation and 
puri?cation means, such as concentration, extraction, chro 
matography, re-precipitation, recrystalliZation and the like. 

[0239] Where necessary, the thiaZolidine derivative of the 
formula (I) can be converted to an acid addition salt With an 
inorganic acid such as hydrochloric acid, hydrobromic acid, 
hydriodic acid, sulfuric acid, nitric acid, phosphoric acid and 
the like or an organic acid such as methanesulfonic acid, 
benZenesulfonic acid, p-toluenesulfonic acid, formic acid, 
acetic acid, tri?uoroacetic acid, oxalic acid, citric acid, 
malonic acid, fumaric acid, glutaric acid, adipic acid, maleic 
acid, tartaric acid, succinic acid, mandelic acid, malic acid, 
pantothenic acid, methylsulfuric acid and the like. It can be 
also present as a solvate such as hydrate and the like. 

[0240] The compound of the formula (I) and a pharma 
cologically acceptable salt thereof (pharmaceutically accept 
able salt) of the present invention exhibit a superior DPP-IV 
inhibitory activity in mammals (e.g., human, dog, cat, rat 
etc.). 
[0241] Since the compound (I) and a pharmacologically 
acceptable salt thereof (pharmaceutically acceptable salt) of 
the present invention exhibit a potent DPP-IV inhibitory 
activity as demonstrated in the experiment to be mentioned 
beloW, they are useful as DPP-IV inhibitors and useful for 
the prophylaxis or treatment of various diseases in Which 
DPP-IV is involved and the like, including the prophylaxis 
or treatment of diseases in Which GLP-1 is considered to be 
involved (e.g., diabetes, obesity etc.) and the like. A disease 
in Which DPP-IV is involved is, for example, diabetes, 
obesity and the like. 

[0242] In addition, the compound (I) of the present inven 
tion can be administered simultaneously With other thera 
peutic drugs for diabetes, therapeutic drugs for diabetic 
complications, anti-hyperlipidemia agents, hypotensive 
agents and the like to a single subject, or in a staggered 
manner to a single subject. When the compound of the 
present invention is used in combination With other agents, 
the ratio of addition can be appropriately determined accord 
ing to the administration subject, age and body Weight of the 
administration subject, condition, administration time, dos 
age form, administration method, combination and the like. 

[0243] When compound (I) and a pharmacologically 
acceptable salt thereof (pharmaceutically acceptable salt) of 
the present invention are used as the aforementioned phar 
maceutical agents, they can be administered orally or 
parenterally as they are or in the form of poWder, granule, 
tablet, capsule, injection and the like after admixing With 
appropriate pharmacologically acceptable carrier, excipient, 
diluent and the like. The above-mentioned preparation con 
tains an effective amount of compound (I) or a pharmaco 
logically acceptable salt (pharmaceutically acceptable salt). 

[0244] The dose of said compound (I) or a pharmacologi 
cally acceptable salt (pharmaceutically acceptable salt) var 
ies depending on the administration route, target disease, 
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condition, body Weight and age of patient, and the com 
pound to be used, and can be determined appropriately 
depending on the administration object. When orally admin 
istered to an adult, the dose is generally 0.01-1000 mg/kg 
body Weight/day, preferably 0.05-500 mg/kg body Weight/ 
day, Which is preferably administered in once to several 
times a day in divided doses. 

EXAMPLES 

[0245] The present invention is explained in detail in the 
folloWing by referring to Reference Examples and 
Examples, Which are not to be construed as limitative. 

[0246] 1H-NMR Was measured at 300 MHZ unless par 
ticularly indicated. The chemical shifts of 1H-NMR Was 
measured using tetramethylsilane (TMS) as the internal 
standard and expressed as relative delta (6) value in parts per 
million For the coupling constant, obvious multiplic 
ity is shoWn using s (singlet), d (doublet), t (triplet), q 
(quartet), quint (quintet), m (multiplet), dd (doublet of 
doublets), td (triplet of doublets), brs (broad singlet) and the 
like in hertZ Thin layer chromatography Was per 
formed using silica gel manufactured by Merck and column 
chromatography Was performed using silica gel manufac 
tured by Fuji Silysia Chemical Ltd. Puri?cation by HPLC 
Was performed using Develosil Combi-RP. For drying 
organic solutions in extraction, anhydrous sodium sulfate or 
anhydrous magnesium sulfate Was used unless particularly 
indicated. 

Reference Example 1 

[0247] Synthesis of 3-[(S)-6-amino-2-(benZyloxycarbony 
l)aminohexanoyl]-1,3-thiaZolidine 
[0248] (1) N-ot-BenZyloxycarbonyl-N-e-tert-butoxycar 
bonyl-L-lysine (19 g) Was dissolved in dichloromethane 
(200 mL), and thiaZolidine (3.91 mL), HOBT monohydrate 
(11.5 g) and EDC hydrochloride (14.4 g) Were added suc 
cessively. The mixture Was stirred overnight. The reaction 
solution Was concentrated under reduced pressure, and a 
10% aqueous citric acid solution Was added. The mixture 
Was extracted With ethyl acetate. The extract solution Was 
Washed successively With a 10% aqueous citric acid solu 
tion, a saturated aqueous sodium hydrogen carbonate solu 
tion and saturated brine and dried. The solvent Was evapo 
rated under reduced pressure to give 3-[(S)-6-(tert 
butoxycarbonyl)amino-2 
(benZyloxycarbonyl)aminohexanoyl]-1,3-thiaZolidine. 
[0249] (2) Tri?uoroacetic acid (100 mL) Was added to the 
above-mentioned compound and the mixture Was stirred for 
3 hr. The reaction solution Was concentrated under reduced 
pressure, and a saturated aqueous sodium hydrogen carbon 
ate solution Was added. The mixture Was extracted With 
ethyl acetate and the extract solution Was dried and concen 
trated under reduced pressure to give the title compound (17 
g) 

Reference Example 2 

[0251] Synthesis of 3-{(S)-2-amino-6-[(9H-?uoren-9-yl 
)methyloxycarbonyl]aminohexanoyl}-1,3-thiaZolidine 
[0252] (1) N-ot-tert-Butoxycarbonyl-N-e-(9H-?uoren-9 
yl)methyloxycarbonyl-L-lysine (3.7 g) Was dissolved in 
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dichloromethane (200 mL), and thiaZolidine (740 ML), 
HOBT monohydrate (1.8 g) and EDC hydrochloride (2.3 g) 
Were added. The mixture Was stirred for 1 hr. The reaction 
solution Was concentrated under reduced pressure, and Water 
Was added to the residue. The mixture Was extracted With 
ethyl acetate. The extract solution Was Washed successively 
With a 10% aqueous citric acid solution, a saturated aqueous 
sodium hydrogen carbonate solution and saturated brine, 
dried and concentrated under reduced pressure to give 
3-{(S)-2-(tert-butoxycarbonyl)amino-6-[(9H-?uoren-9-yl 
)methyloxycarbonyl]aminohexanoyl}-1,3-thiaZolidine. 
[0253] (2) Tri?uoroacetic acid (10 mL) Was added to the 
above-mentioned compound and the mixture Was stirred for 
1 hr. The mixture Was concentrated under reduced pressure, 
and a saturated aqueous sodium hydrogen carbonate solution 
Was added. The mixture Was extracted With ethyl acetate. 
The extract solution Was Washed successively With saturated 
brine, dried and concentrated under reduced pressure to give 
the title compound (1.68 g). 

[0254] MS (ESI) m/Z:440 [MH]+ 

Reference Example 3 

[0255] Synthesis of 3-((S)-1-tert-butoxycarbonyl-4-oxo 
2-pyrroliZinylcarbonyl)-1,3-thiaZolidine 
[0256] (1) N-tert-Butoxycarbonyl-L-trans-4-hydroxypro 
line (69.4 g) and thiaZolidine (29.4 g) Were dissolved in 
DMF (300 mL), and HOBT (50.5 g) and EDC hydrochloride 
(63.3 g) Were added successively. The mixture Was stirred at 
room temperature for 18 hr. The reaction solution Was 
concentrated and saturated brine and a saturated aqueous 
sodium hydrogen carbonate solution Were added to the 
concentrate. The mixture Was extracted With ethyl acetate. 
The extract solution Was dried and the solvent Was evapo 

rated under reduced pressure to give 3-((2S,4R)-1-tert-bu 
toxycarbonyl-4-hydroxy-2-pyrroliZinylcarbonyl)-1,3-thia 
Zolidine (56.3 g) as a colorless transparent oil. 

[0257] (2) The above-mentioned compound (55.4 g) and 
triethylamine (46 mL) Were dissolved in dichloromethane 
(350 mL), and a solution of pyridine sulfur trioxide complex 
(52.4 g) in dimethyl sulfoxide (150 mL) Was added under 
ice-cooling and the mixture Was stirred for 2 hr. A saturated 
aqueous sodium hydrogen carbonate solution Was added to 
the reaction solution. The mixture Was extracted With ethyl 
acetate. The extract solution Was Washed With saturated 
brine, dried and the solvent Was evaporated under reduced 
pressure. The residue Was puri?ed by silica gel chromatog 
raphy to give the title compound (30.3 g) as a White solid. 

[025s] 1H-NMR(CDC13)61.47 (9H, s), 2.45-2.57 (1H, m), 
2.70-2.93 (1H, m), 2.97-3.22 (2H, m), 3.66-3.78 (0.6H, m), 
3.80-4.10 (3H, m), 4.28-4.38 (0.4H, m), 4.45-5.08 (3H, m). 

Example 1 

[0259] Synthesis of 3-[(S)-2-amino-6-(2-nitrophenylami 
no)hexanoyl]-1,3-thiaZolidine tri?uoroacetate 

[0260] (1) The title compound (351 mg) of Reference 
Example. 1 Was dissolved in DMF (5 mL) and diisopropy 
lethylamine (0.258 mL), and 1-?uoro-2-nitrobenZene (141 
mg) Were added. The mixture Was stirred overnight at 80° C. 
The reaction solution Was concentrated under reduced pres 
sure, and a saturated aqueous sodium hydrogen carbonate 
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solution Was added to the obtained residue. After stirring for 
10 min, the reaction mixture Was applied to ChemElut 
(Valian) and extracted With ethyl acetate 10 min later. The 
eluate Was concentrated under reduced pressure, and the 
residue Was puri?ed by HPLC to give 3-[(S)-2-benZyloxy 
carbonylamino-6-(2-nitrophenylamino)hexanoyl]-1,3-thia 
Zolidine (140 mg). 

[0261] (2) The above-mentioned compound (140 mg) Was 
dissolved in tri?uoroacetic acid (7 mL) and thioanisole (0.35 
mL) Was added. The mixture Was left standing overnight. 
Tri?uoroacetic acid Was evaporated and Water Was-added. 
After Washing With diethyl ether, 5% aqueous ammonia Was 
added to adjust pH to 8 and the mixture Was concentrated 
under reduced pressure. The residue Was puri?ed by HPLC 
to give the title compound (55.2 mg) as a yelloW solid. 

Example 2 

[0263] Synthesis of 3-[(S)-2-amino-6-(3-nitropyridin-2 
ylamino)hexanoyl]-1,3-thiaZolidine tri?uoroacetate 

[0264] (1) In the same manner as in Example 1(1) and 
using the title compound (351 mg) of Reference Example 1 
and 2-chloro-3-nitropyridine (158 mg), 3-[(S)-2-benZyloxy 
carbonylamino-6-(3-nitropyridin-2-ylamino)hexanoyl]-1,3 
thiaZolidine (284 mg) Was obtained. 

[0265] (2) In the same manner as in Example 1(2) and 
using the above-mentioned compound (284 mg), the title 
compound (108 mg) Was obtained as a yelloW solid. 

[0266] MS(ESI) III/Z 340[MH]+ 
Example 3 

[0267] Synthesis of 3-[(S)-2-amino-6-(2-cyano-3-?uo 
rophenylamino)hexanoyl]-1,3-thiaZolidine tri?uoroacetate 

[0268] (1) In the same manner as in Example 1(1) and 
using the title compound (351 mg) of Reference Example 1 
and 2,6-di?uorobenZonitrile (139 mg), 3-[(S)-2-benZyloxy 
carbonylamino-6-(2-cyano-3-?uorophenylamino)hex 
anoyl]-1,3-thiaZolidine (250 mg) Was obtained. 

[0269] (2) In the same manner as in Example 1(2) and 
using the above-mentioned compound (250 mg), the title 
compound (110 mg) Was obtained as a White solid. 

Example 4 
[0271] Synthesis of 3-[(S)-2-amino-6-(4-nitrophenylami 
no)hexanoyl]-1,3-thiaZolidine 
[0272] (1) In the same manner as in Example 1(1) and 
using the title compound (351 mg) of Reference Example 1 
and 4-?uoronitrobenZene (141 mg), 3-[(S)-2-benZyloxycar 
bonylamino-6-(4-nitrophenylamino)hexanoyl]-1,3-thiaZoli 
dine (298 mg) Was obtained. 

[0273] (2) In the same manner as in Example 1(2) and 
using the above-mentioned compound (298 mg), an aqueous 
solution of tri?uoroacetate of the title compound Was 
obtained. Thereto Was added potassium carbonate and the 
mixture Was extracted With ethyl acetate. The extract solu 
tion Was dried and concentrated under reduced pressure to 
give the title compound (66 mg). 
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Example 5 

[0275] Synthesis of 3-[(S)-2-amino-6-(4-cyano-2-nitro 
phenylamino)hexanoyl]-1,3-thiaZolidine 
[0276] (1) In the same manner as in Example 1(1) and 
using the title compound (351 mg) of Reference Example 1 
and 4-chloro-3-nitrobenZonitrile (183 mg), 3-[(S)-2-benZy 
loxycarbonylamino-6-(4-cyano-2-nitrophenylamino)hex 
anoyl]-1,3-thiaZolidine (404 mg) Was obtained. 

[0277] (2) In the same manner as in Example 1(2) and 
using the above-mentioned compound (404 mg), an aqueous 
solution of tri?uoroacetate of the title compound Was 
obtained. Thereto Was added potassium carbonate and the 
mixture Was extracted With ethyl acetate. The extract solu 
tion Was dried and concentrated under reduced pressure to 
give the title compound (124 mg). 

[0278] MS(ESI) III/Z 364[MH]+ 

Example 6 

[0279] Synthesis of 3-[(S)-2-amino-6-(5-cyanopyridin-2 
ylamino)hexanoyl]-1,3-thiaZolidine dihydrochloride 
[0280] (1) In the same manner as in Example 1(1) and 
using the title compound (2.00 g) of Reference Example 0.1 
and 2-chloro-5-cyanopyridine (1.38 g), 3-[(S)-2-benZyloxy 
carbonylamino-6-(5-cyanopyridin-2-ylamino)hexanoyl]-1, 
3-thiaZolidine (1.65 g) Was obtained. 

[0281] (2) The above-mentioned compound (1.64 g) Was 
dissolved in tri?uoroacetic acid (15 mL), and thioanisole 
(2.1 mL) Was added. The mixture Was stirred overnight. 
Tri?uoroacetic acid Was evaporated and a saturated aqueous 
sodium hydrogen carbonate solution Was added. The mix 
ture Was extracted With chloroform. The extract solution Was 
Washed With saturated brine, dried and concentrated under 
reduced pressure. The residue Was puri?ed by silica gel 
column chromatography and the obtained oily substance 
Was dissolved in ethyl acetate. Hydrochloric acid/ethyl 
acetate Was added and the precipitated solid Was collected 
by ?ltration to give the title compound (0.443 g) as a White 
solid. 

[0282] MS(ESI) III/Z 319[MH]+ 

Example 7 

[0283] Synthesis of 3-[(S)-2-amino-6-(4-methanesulfo 
nylphenylamino)hexanoyl]-1,3-thiaZolidine 
[0284] (1) The title compound (1.68 g) of Reference 
Example 2 Was dissolved in dichloromethane (25 mL), and 
p-nitrophenyl carbonate Wang resin (2.15 g) Was added. The 
mixture Was stirred for 3 days. The solvent Was removed and 
the resin Was Washed successively With DMF once, metha 
nol and dichloromethane 3 times alternately and methanol 3 
times, and dried under reduced pressure. 20% Piperidine/ 
DMF Was added to the obtained resin and, after stirring the 
mixture for 5 min, the resulting resin Was collected by 
?ltration, Which operation Was repeated 3 times. The resin 
Was Washed successively With DMF 3 times, dichlo 
romethane 3 times and methanol 3 times, and dried under 
reduced pressure. 

[0285] (2) N-Methylpyrrolidone (7 mL) Was added to the 
resin (700 mg) obtained by the above-mentioned operation, 
and 4-?uorophenylmethylsulfon (543 mg) and diisopropyl 
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ethylamine (0.544 mL) Were added. The mixture Was stirred 
overnight at 100° C. The resin Was collected by ?ltration, 
and Washed successively With DMF 3 times, methanol and 
dichloromethane 3 times alternately and methanol 3 times. 
50% Tri?uoroacetic acid/dichloromethane (7 mL) Was 
added to the obtained resin, and the mixture Was stirred for 
2 hr. The resin Was ?ltered off and the residue Was concen 
trated under reduced pressure. The obtained residue Was 
puri?ed by HPLC, and potassium carbonate Was added to 
the eluate. The mixture Was extracted With ethyl acetate and 
the extract solution Was dried and concentrated under 
reduced pressure to give the title compound (26.9 mg). 

[0286] MS(ESI) III/Z 372[MH]+ 

Example 8 

[0287] Synthesis of 3-[(S)-2-amino-6-(2-cyanopheny 
lamino)hexanoyl]-1,3-thiaZolidine 
[0288] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7(1) and 2-?uorobenZonitrile 
(0.277 mL), the title compound (3 mg) Was obtained. 

[0289] MS(ESI) III/Z 319[MH]+ 

Example 9 

[0290] Synthesis of 3-[(S)-2-amino-6-(4-cyanopheny 
lamino)hexanoyl]-1,3-thiaZolidine 
[0291] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7(1) and 4-?uorobenZonitrile 
(0.277 mL), the title compound (6.8 mg) Was obtained. 

[0292] MS(ESI) III/Z 319[MH]+ 

Example 10 

[0293] Synthesis of 3-[(S)-2-amino-6-(4-bromo-2-cy 
anophenylamino)hexanoyl]-1,3-thiaZolidine 
[0294] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7(1) and 2-?uoro-5-bro 
mobenZonitrile (480 mg), the title compound (24.8 mg) Was 
obtained. 

[0295] MS(ESI) III/Z 397, 399[MH]+ 

Example 11 

[0296] Synthesis of 3-{(S)-2-amino-6-[4-cyano-2-(tri?uo 
romethyl)phenylamino]hexanoyl}-1,3-thiaZolidine 
[0297] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7(1) and 4-?uoro-3-(tri?uo 
romethyl)benZonitrile (453 mg), the title compound (18.8 
mg) Was obtained. 

[0298] MS(ESI) III/Z 387[MH]+ 

Example 12 

[0299] Synthesis of 3-{(S)-2-amino-6-[3-chloro-5-(trif 
luoromethyl)pyridin-2-ylamino]hexanoyl}-1,3-thiaZolidine 
[0300] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7(1) and 2,3-dichloro-5 
(tri?uoromethyl)pyridine (516 mg), the title compound 
(16.1 mg) Was obtained. 

[0301] MS(ESI) III/Z 397, 399[MH]+ 
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Example 13 

[0302] Synthesis of 3-{(S)-2-amino-6-[4-cyano-3-(tri?uo 
romethyl)phenylamino]hexanoyl)-1,3-thiaZolidine 
[0303] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7(1) and 4-?uoro-2-(tri?uo 
romethyl)benZonitrile (453 mg), the title compound (80.7 
mg), Was obtained. 

[0304] MS(ESI) III/Z 387[MH]+ 

Example 14 

[0305] Synthesis of 3-[(S)-2-amino-6-(5-nitropyridin-2 
ylamino)hexanoyl]-1,3-thiaZolidine 
[0306] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7 (1) and 5-nitro-2-chloro 
pyridine (379 mg), the title compound (20 mg) Was 
obtained. 

[0307] MS(ESI) III/Z 340[MH]+ 

Example 15 

[0308] Synthesis of 3-[(S)-2-amino-6-(2-cyano-4-?uo 
rophenylamino)hexanoyl]-1,3-thiaZolidine 
[0309] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7(1) and 2,5-di?uoroben 
Zonitrile (334 mg), the title compound (7.9 mg) Was 
obtained. 

[0310] MS(ESI) III/Z 337[MH]+ 

Example 16 

[0311] Synthesis of 3-[(S)-2-amino-6-(4-cyano-2-?uo 
rophenylamino)hexanoyl]-1,3-thiaZolidine 

[0312] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7 (1) and 3,4-di?uoroben 
Zonitrile (334 mg), the title compound (24 mg) Was 
obtained. 

[0313] MS(ESI) III/Z 337[MH]+ 

Example 17 

[0314] Synthesis of 3-[(S)-2-amino-6-(3-chloro-2-cy 
anophenylamino)hexanoyl]-1,3-thiaZolidine 
[0315] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7(1) and 2-chloro-6-?uo 
robenZonitrile (372 mg), the title compound (18.7 mg) Was 
obtained. 

[0316] MS(ESI) III/Z 353, 355[MH]+ 

Example 18 

[0317] Synthesis of 3-[(S)-2-amino-6-(3-chloro-4-cy 
anophenylamino)hexanoyl]-1,3-thiaZolidine 

[0318] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7(1) and 2-chloro-4-?uo 
robenZonitrile (372 mg), the title compound (52.7 mg) Was 
obtained. 

[0319] MS(ESI) III/Z 353, 355[MH]+ 

Dec. 23, 2004 

Example 19 

[0320] Synthesis of 3-[(S)-2-amino-6-(4-chloro-2-cy 
anophenylamino)hexanoyl]- 1 ,3 -thiaZolidine 

[0321] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7(1) and 5-chloro-2-?uo 
robenZonitrile (372 mg), the title compound (77.3 mg) Was 
obtained. 

[0322] MS(ESI) III/Z 353, 355[MH]+ 

Example 20 

[0323] Synthesis of 3-[(S)-2-amino-6-(2-bromo-4-cy 
anophenylamino)hexanoyl]- 1 ,3 -thiaZolidine 

[0324] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7(1) and 3-bromo-4-?uo 
robenZonitrile (477 mg), the title compound (80.3 mg) Was 
obtained. 

[0325] MS(ESI) III/Z 397, 399[MH]+ 

Example 21 

[0326] Synthesis of 3-[(S)-2-amino-6-(2-cyano-5-bro 
mophenylamino)hexanoyl]- 1,3-thiaZolidine 

[0327] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7(1) and 2-?uoro-4-bro 
mobenZonitrile (477 mg), the title compound (54.9 mg) Was 
obtained. 

[032s] MS(ESI) III/Z 397, 399[MH]+ 

Example 22 

[0329] Synthesis of 3-[(S)-2-amino-6-(2-cyano-4-tri?uo 
romethylphenylamino)hexanoyl]-1,3-thiaZolidine 

[0330] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7(1) and 2-?uoro-5-(tri?uo 
romethyl)benZonitrile (454 mg), the title compound (73.9 
mg) Was obtained. 

[0331] MS(ESI) III/Z 397[MH]+ 

Example 23 

[0332] Synthesis of 3-[(S)-2-amino-6-(5-tri?uorometh 
ylpyridin-2-ylamino)hexanoyl]-1,3-thiaZolidine 

[0333] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7(1) and 2-chloro-5-tri?uo 
romethylpyridine (434 mg), the title compound (10 mg) Was 
obtained. 

[0334] MS(ESI) III/Z 363[MH]+ 

Example 24 

[0335] Synthesis of 3-[(S)-2-amino-6-(pyrimidin-2-ylami 
no)hexanoyl]-1,3-thiaZolidine 

[0336] In the same manner as in Example 7(2) and using 
the resin (700 mg) of Example 7(1) and 2-chloropyrimidine 
(274 mg), the title compound (13.2 mg) Was obtained. 

[0337] MS(ESI) III/Z 296[MH]+ 






























































