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ABSTRACT

A compound represented by the formula (I):

H
X=X2=x° 0
N_. O
\( S. NH D
FY

wherein for example, R' is optionally substituted aralkyl, Z is nitrogen atom which

optionally substituted with alkyl, X' is -CH,NHCO-, X? is phenylene, X° is a bond,
Y* is optionally substituted aryl, B is oxygen atom, its pharmaceutically acceptable

salt, or hydrate thereof and a composition for inhibiting phospholipase A; which

contains them as an active ingredient together with a pharmaceutically acceptable

carrier therfor.
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AMENDED

Pyrrolidine derivatives having phospholipéée A- 1nhibitory activity

‘1 1

Technical Field

The present invention relates to novel pyrrolidine derivatives having activity of
inhibiting cytosolic phospholipase Az, and the pharmaceutical composition for inhibiting
the cytosolic phospholipase A2 which contains a novel pyrrolidine derivative as an active

mgredient.

Background Art
Phospholipase A2 (PLA2) is a protein capable of specifically hydrolyzing the
ester bond at the sn-2-position of phospholipids, and includes cytosolic PLA2 (cPLA-2) and
secretory type PLAz (sPLA2) which are clearly distinguishable from each other. Itis

known that cPLA:2 can selectively hydrolyze phospholipids which is esterified with

arachidonic acid at the 2-position. Accordingly, the prevention of cPLA, activity would
inhibit the release of arachidonic acid from phospholipids. Arachidonic acid is a

precursor of prostaglandins and leulcotrienes which are endobiotic substances known to

be participating in the onset of inflammation. These inflammation inducers are
produced through a series of processes, so called, “arachidonate cascade”™. Therefore. it
is assumed that the inhibition of the release of arachidonic acid would suppress the
production of various substances involved in inflammation and 1s useful for the
prevention or treatment of inflammatory diseases. Examples of such diseases include
rheumatoid arthritis, asthma, inflammatory bowel diseases. injury due to 1schemic
reperfusion, allergic rhimitis, psoriasis, and the like. The compounds having
thiazolidinedion and pyrrohdine rings are disclosed 1n W0O97/41120. WO87/41121. EP-
780389-A1, JP 7-138258 (Al), and EP-528734-A1. However. there is no description
about the cytosolic phospholipase As inhibitoryv activity therein. WQ97/05135 discloses

the cvtosolic phospholipase As inhibitor but not compounas of the present InvVenuon.
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Disclosure bf invenuon
The present inventors have intensively studied for developing specific cPLA?
inhibitors and found that certain kinds of novel pyrrolidine derivatives possess potent
cPLA:2 inhibitory activity. Thus, the pfésent invention provides I) a cox;ipound of the
formula (I):

D

a / ] | 0

ol /VN_:; . YNH
B

wherein R!? is hydrogen atom, lower alkyl, optionally substituted aryl, aryl fused with a
non-aromatic hydrocarbon ring or a non-aromatic heterocyclic ring, optionally
substituted aralkyl, optionally substituted arylcarbonyl, or optionally substituted
heteroaryl; Z is -S-, -SO-, -O-, -OCHz-, -CONH-, CONHCHz2-, -N(R16)- (wherein R16 is
hydrogen atom, alkyl, or aralkyl), or a bond ; X! is -(CHz2)q-CO- (wherein q 1s an integer
of O to 3), -(CH2)r-CO-N(R!7)- (wherein R!7 is hydrogen atom or lower alkyl, and r is an
integer of 0 to 3), -CH,NHSO,-, -(CH,)s-N(R'®)-CO- (wherein R'® is hydrogen atom Ior lower

alkyl, s is an integer of O to 3), -CH2NHCOCH:20-, -CH2N(R19)COCH=CH- (wherein Ri¢ is
hydrogen atom or lower alkyl), -CH2NHCS-, -CH20-, -OCHz-, -CH20CHa2-, -CH2-N(R20)-
CHgs- (wherein R2° is hydrogen atom, lower alkyl, or acyl), alkylene, alkenylene, or a
bond; X2 is optionally substituted arylene, optionally substituted heteroarylene.
heterocyclediyl, -C=C-, or a bond; X2 is alkylene, alkenylene, or a bond: A, B, and E are

each independently oxygen atom or sulfur atom; D is hydrogen atom or hydroxy lower

alkyl; Y!is -(CH2)mCO-, -(CH2)mCONH-, -(CHz)mCSNH-, -(CH2)mSOz2-, -(CH2)mCOO-. -

-(CH,)nNHCO-, -(CH,)nNHSO,-. or a bond; m is an integer of 0 to 3: n is an integer of 1 to 3; Y*

1s a substituent represented by the formula:

. SN
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| g
RZJ\)‘\R“ @Rs
R’ , , Of (CHZ)p

wherein R2 and R8 are both hydrogen atoms or one is optionally substituted aryl,
optionally substituted heteroaryl, or optionally substituted cycloalkyl, and the other 1s
hydrogen atom or lower alkyl; R¢, RS, G ring, J ring, and L ring are each independently
5 optionally substituted aryl, optionally substituted heteroaryl, optionally substituted
cycloalkyl, or cycloalkenyl; a broken line (---) represents the presence or absence of a
bond; and p is an integer of O to 2;
a broken line (---) represents the presence or absence of a bond; a wavy line (~)
represents cis or trans configuration of D to E ; provided that X! is alkylene and X2 and
10 X2 are both bonds when the carbon atom adjacent to D and the carbon atom consisting
the ring are linked by a single bond, and Y? is not a bond when X! is -CH20-, 1ts

pharmaceutically acceptable salt, or hydrate thereof.

Mentioned in more detail, the invention relates to II) a compound represented

15 by formula (II):

Ri—z” N SYNH

Y2

wherein R1. Z X! X2 X3 Y! Y2 and B are as defined above, a wavy line represents cis or
trans configuration of hydrogen atom to sulfur atom, provided that Y! is not a bond when
X1 is -CH20-, its pharmaceutically acceptable salt, or hydrate thereof.

20

ITD) A compound represented by the formula (111):
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wherein R}, Z, X1, X2 X3 Y2 B, and a wavy line are as defined above, its

pharmaceutically acceptable salt, or hydrate thereof.

5 IV) A compound represented by the formula (IV):

H

1T w2 w3

X1-Xx%-X
R‘-—-z—o/ \
N O S

O
H (V)

Y

wherein R}, Z, X1, X2, X3 Y2, B, and a wavy line are as defined above, its

pharmaceutically acceptable salt, or hydrate thereof.

10 V) A compound represented by the formula (V):

O

N
R1-Z—C(\ 118 H
L, N O
0% Y2

S, _NH

B
wherein R}, Z, R18, X3, Y2 B, and a wavy line are as defined above, its pharmaceutically

acceptable salt, or hydrate thereof.

15 VI) A compound represented by the formula (VI):
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P 1.

R—Z N I'Rw d
A Y
0"y 8

wherein R}, Z, R18, X3, Y2, B, and a wavy line are as defined above, its pharmaceutically

(VD

acceptable salt, or hydrate thereof.

VII) A compound represented by the formula (VII):
O

N z—C‘/\'}' P ] .
- R19
i x> \ 0 (VID)
0% Y2

SYNH
B
wherein R1, Z, R19, X3, Y2, B, and a wavy line are as defined above, its pharmaceutically
acceptable salt, or hydrate thereof.

VIII) A compound represented by the formula (VIII):

H
N-SO O
R'— Z—C'(.\ H Z—Q_—\S_(

s. Ny (VI
o)\r2 bl

B
wherein R!, Z, Y2, B, and a wavy line are as defined above, its pharmaceutically

acceptable salt, or hydrate thereof.

IX) A compound represented by the formula IX):



CA 02277947 1999-07-13

wherein R!, Z, Y2, B, and a wavy line are as defined above, its pharmaceutically

acceptable salt, or hydrate thereof.

5 X) A compound represented by the formula (X):

R'—Z X)

U)TZI
o0

O
N y
o)\\(2 H

wherein R!, Z, Y2, B, and a wavy line are as defined above, its pharmaceutically

acceptable salt, or hydrate thereof.

10 - XI) A compound represented by the formula (XI):

0 O
R’“Z"Gu/\ /\Ej\;s)= c®
» o)‘\r2 H

wherein R?, Z, Y2, B, and a wavy line are as defined above, its pharmaceutically

acceptable salt, or hydrate thereof.

15 XID) The compound of any one of I) to III), wherein Z is -N(R16)-, 1ts

pharmaceutically acceptable salt, or hydrate thereof.

XIII) The compound of any one of V) to VII), wherein R18 is hydrogen atom and

X3 is a bond, its pharmaceutically acceptable salt, or hydrate thereof.
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XIV) The compound of any one of I) to XIII), wherein R! is optionally substituted
aryl, aryl fused with a non-aromatic hydrocarbon ring or a non-aromatic heterocyclic

ring, or optionally substituted aralkyl, its pharmaceutically acceptable salt, or hydrate

5  thereof.

XV) The compound of any one of I) to XIV), wherein Y2 is a substituent
represented by the formula:
w0
RS

10  wherein RS is optionally substituted aryl, its pharmaceutically acceptable salt, or

hydrate thereof.

XVI) A compound represented by the formula (I'):

D

/X1-X2-X3‘%_(A
a )

1 A\
- Y

15  wherein Z is -N(R16)-,Y? is optionally substituted aryl, and R, X1, X2, X3 Y1, A B, a wavy
line, and a broken line are as defined above, its pharmaceutically acceptable salt, or
hydrate thereof.

XVII) A pharmaceutical composition which contains a compound of any one of I)

20  to XVI) as an active ingredient.

XVIII) A composition for inhibiting phospholipase Az which contains a

compound of any one of I) to XVI) as an active ingredient.
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- XIX) A composition for inhibiting the production of arachidonic acid which

contains a compound of any one of I) to XVI) as an active ingredient.

O XX) A composition for inhjbitiﬁg the production of prostaglandin E2 which

contains a compound of any one of I) to XVI) as an active ingredient.

XXI) A composition for inhibidng the production of leukotriene C4 which

contains a compound of any one of I) to XVI) as an active ingredient.

10
All of the compounds of the present invention have superior phospholipase A
inhibitory activity and its accompanied activity of inhibiting the production of the
compounds which are produced in the arachidonate cascade such as prostaglandin E;
and the like. Particularly, the following compounds are preferable.
15

i) A compound represented by the formula (i):

wherein R? is hydrogen atom, optionally substituted lower alkyl, optionally substituted

aryl, or optionally substituted aralkyl; Z’ is -S-, -SO-, -O-, -NH-, -CONH-, -CONHCH2-. or
20 a bond; X4 is -CO-, -CONH-, -CHz2NHSO2-, -CH:NHCO-, -CH2NHCS-, -CH20-. -OCHas-. -

-CH,OCH,-, alkylene, alkenylene, or a bond; X’ is optionally substituted arylene,

optionally substituted indolediyl, or a bond: A" B". and L’ are each independentiy cxygen

atom or sulfur atom: D’ is hydrogen atom or hydroxy lower alkyl: Y? is -(CHz)m CO-. -

(CH,)m’CONH-, (CH,)m’CSNH-, (CH»)m’SO,-, -(CH,)m’COO-, ~(CH2)n’NHCO-

-(CH,)n"NHSO--. or a bond, m’ 1s an mteger of 0 to 3. n’ 1s an integer of 1 to 3: Yisa

| AN
chn

substitutent represented by the formula:
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R’ , , or (CHp)P'

wherein R? and R® are both hydrogen atoms or one is optionally substituted aryl,
optionally substituted heteroaryl, or optionally substituted cycloalkyl and the other is
hydrogen atom or lower alkyl; R4, R¥, G’ ring, J’ ring, and L/’ ring are each independently
5 optionally substituted aryl, optionally substituted heteroaryl, optionally substituted
cycloalkyl, or cycloalkenyl; a broken line (---) represents the presence or absence of a
bond; and p’ is an integer of 0 to 2; a wavy line (~) cis or trans configuration of D to E’,

its pharmaceutically acceptable salt, or hydrate thereof.

10 11) The following compounds represented by the formula (IV), its
pharmaceutically acceptable salt, or hydrate thereof; when RA is optionally substituted
aralkyl or optionally substituted aryl, R is optionally substituted aralkyl, and RC is
optionally substituted aryl as R1; RD is -O-, -OCHz2-, -NH-, -N(R16)- wherein R16 is
hydrogen atom, alkyl or benzyl, -S-, or a bond, RE is -O- or -N(R1€)- wherein R16 is alkyl or

15 benzyl, and RF is -O- or -N(R16)- wherein R16 is alkyl as Z; RG 1s a substituent represented
by the formula:

ey
RZ/K‘I)LR“ R®
R’ , , OF (CHo)p

wherein R2, R3, R4, RS, G ring, J ring, L ring, p, and a broken line are as defined above,

RH is a substituent represented by the formula:
=0

RS

20

wherein R6 and G are as defined above, and R! is a substituent represented by the
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formula:

» 0
R

wherein R is as defined above as Y2; RJ is -CH2N(R18)CO- wherein R18 IS hydrogen atom
or lower alkyl -CH2NR18)COCH=CH- wherein R!8 1s hydrogen atom or lower alkyl, -
-CH,NHSO--, -CONH-, -CH,CH=CH-. or ~CH,OCH,- as X'; R" is 1, 4-phenylene or 2,5-
thiophendiyl, and R} 1s 1,4-pheny]ene“as X2; RM is a bond or ethenylenyl, and RN is a
bond as X3; B is oxygen atom or sulfur atom; and a wavy line is as defined above, the
compounds represented by the following combinations are preferred; (R}, Z, Y2, X1, X2,
X3) = (RA, RD, RS, RJ, RK, RM), (RA, RD, RS, RY, RK, RN), (RA, RD, RS, RJ, RL, RM), (RA. RD,
RG, RJ. RL, RN), (RA, RD, RH, RJ, RK, RM), (RA, RD, RH, RY, RK, RN), (RA, RD, RH, RY, RL. RM)
(RA. RP, RH R, RL, RM), (RA, RD, R, RJ, Rk, RM), (RA, RD, R, RJ, RK, RN). (R4, RD, R!. R9,
RL, RM) (RA RD, Rl RJ, RL, RN), (RA, RE, RG, RJ, RK, RM) (R4, RE, RG, RY, RK RN) (RA. RE,
RS, R, RL, RM), (RA, RE, RS, RY, RL, RN), (R4, RE, RH, RY, RK, RM), (R, RE, RH, RJ, RK, RN),
(RA, RE, RH RJ, RL RM) (RA, RE, RH, RJ, RL, RN), (RA, RE, Rl RJ, RK. RM), (RA, RE. R!, RY.
RE, RN), (RA, RE, R, RJ, RE, RM), (R4, RE, RI, RJ, RL RN), (R4, RF, RG, RY, RK, RM) (R4, RF,
RG, RJ, RK, RN), (R4, RF, RG, RJ, RL, RM), (R4, RF, RG, RJ, RL, RN), (RA, RF, RH, RJ. RE. RM),
(RA, RF, RB, RJ, RK. RN), (RA, RF, RH, RJ, RL. RM). (RA, RF, RH, RJ, RL, RN) (RA, RF. Rl RJ.
RX, RM) (RA, RF, R1, R, RE, RN), (RA, RF, R, RJ, RL, RM), (R4, RF, RI, RY, RL, RN). (RB. RD,
RG, RY, RK, RM), (RB, RD, RG, RJ, RK RN), (RB, RD, RG, RJ, RL, RM), (RB, RD, RG, RJ, RL, RN).
(RE, R, RH. R, RK, RM), (RB, RD, RH, RJ, RX, RM), (RE, RD, RH, RJ. RL, RM), (RB, RD. RH. RY.
RL, RN), (RE, RD, R!, RJ, R¥, RM), (RE, RP, R}, RJ, RK, RN), (RB, RD, RI, RJ, R}, RM), (RB, RE,
Rl RJ, RL, RN), (RB, RE, RG, RJ, RK RM), (RB, RE, RG RJ, RE, RN) (RB, RE, RG, RJ, RL, RM),
(RB, RE, RG, RY, R, RN), (RB, RE, RH, RJ, RE. RM). (RE, RE, RE, RJ, RE. RN), (RB, RE. RH, RY.
RL, RM) (RB, RE, RH RJ, RL, RN), (RE, RE, R, RJ, Rk, RM) (RE. RE, RI, RJ, Rk RN), (RE. RE.
RL RJ, RL, RM), (RB, RE, RI, RJ, RL. RN), (RE. RF, RCG. RJ, RE. RM), (RE, RF, RG, RJ, RE RN).
(RE, RF, RG RJ, RL RM) (REB. RF, R¢ RJ. RL RN} (RE RF RE RJ. RE RM) (RB RF. RH RYJ

_— - ——h——

RE RN} (RE, RF, KE, K< R+ RMj, (RE RF. K5 mo K= KY,. (RE. KF. RL RJ. RE.RM) (RE. RF
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'R, RS, RK, RN), (RB, RF, R], R, RL, RM), (RB, RF, R!, RJ, RL, RN), (R€, RP, RG, R, RK, RM),

(RC, RD, RS, RJ, RK, RN), (RC, RD, RG, RJ, RL, RM) (RC, RD, RG, RJ, RL, RN). (RC, RD, RH. RY,
RK, RM), (RC, RD, RH, RJ, RK, RN), (RC, RD, RE, RY, RL, RM), (RC, RD, RH, RJ, RL, RN), (RC, RD,
Rl RY, RE, RM), (RC, RD, R!, RJ, RK, RN), (RC, RD, R}, RJ, RL, RM), (RC, RD, R!, RJ, RL, RN),
(RC, RE, RG, RY, REK, RM) (RS, RE, RG, RY, RK, RN), (RC, RE, RG, RJ, RL, RM). (RC, RE, RG, R/,
RL, RN), (RC, RE, RH, RJ, RK RM), (RC, RE, RH, RJ, RK, RN), (RC, RE, RH, RJ, RL, RM), (RC, RE,
RH RJ, RL, RN), (RC, RE, R!, RJ, RK, RM), (RC, RE, R, RJ, RK, RN), (RC, RE, R}, RJ, RL, RM),
(RS, RE, RI RJ, RL, RN). (RC, RF, RG, R, RK, RM), (RS, RF, RG, RY, RK, RN). (RC, RF, RG, RY,
RL, RM), (RC, RF, RG, RJ, RL, RN), (RC, RF, RH, RJ, RK RM)  (RC, RF, RH, RJ, RK, RN), (RC, RF,
RH, RJ, RL, RM), (RC, RF, RH, RJ, RL, RN), (RC, RF, RI, RJ, RK RM) (RC, RF, R, RJ, RK, RN),
(RC, RF, RL, RJ, RL, RM) and (RC, RF, Rl RJ, RL, RN).

The term “halogen” herein used means fluoro, chloro, bromo, and iodo.

The term “lower alkyl” herein used means Ci-Cs straight or branched chain
alkyl. Examples of the lower alkyl are methyl, ethyl, n-propyl, iso propyl, n-butyl, 1so
butyl, sec-butyl, tert-butyl, and the like.

Methyl, ethyl, n-propyl, and iso propyl are preferred as the lower alkyl for R!, R2,
R3, R17, R18, R1? and R20, Particularly, methyl is preferred.

The term “alkyl” for R16 herein used means the above mentioned “lower alkyl”
and “Cs-Cs cycloalkyl lower alkyl”. Examples of the alkyl are methyl, ethyl, iso propyl,
1s0 butyl, iso pentyl, cyclopropylmethyl, and cyclobutylmethyl. Iso-propyl, iso butyl, iso
pentyl, and cycloalkylmethyl are preferred.

The term “cycloalkyl” herein used means C3-C7 cycloalkyl. Examples of the
cycloalkyl are cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl.
Cyclopentyl, cyclohexyl, and cycloheptyl are preferred. Particularly, cyclopentyl and
cyclohexyl are preferred.

The term “cycloalkenyl” herein used means Cs-C7 cycloalkenyl having one or
more unsaturated bond(s) in the ring. Examples of the cycloalkenyl are cyclopropenyl,

cyclopentadienyl, cyclohexenyl, and the like. Cyclohexenyl is preferred.

11
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The term “a non-aromatic heterocychic ring” herein used meansa 5 to 7
membered non-aromatic ring which contains one or more hetero atoms selected from the
group consisﬁng of ’nitrogen, oxygen and sulfur atoms in the ring or a fused ring
comprising of two or more of such rings. Examples of the non-aromaticopéterocyclic
ring are pyrrolidine, piperidine, piperazine, octahydroquinoline, tetrahﬁrofuran,
tetrabhydropyrane, and the like.

The term “aryl” herein used means a monocyclic or fused aromatic hydrocarbon
ring or a group containing continuously bonded two or more of the monocyclic aromatic
hydrocarbon rings. Examples of the aryl are phenyl, 1-naphthyl, 2-naphthyl,
biphenylyl, indenyl, 2-p-terphenyl, 2-m-terphenyl, 2-o-terphenyl, anthryl, phenathryl,
and the hike. Phenyl, 1-naphthyl, 2-naphthyl, anthryl, phenanthryl, 2-biphenylyl, 3-
biphenylyl, 4-biphenylyl, 2-p-terphenyl, 2-m-terphenyl, 2-o-terphenyl are preferred.

The term “aryl fused with a non-aromatic hydrocarbon ring” herein used means
phenyl, 1-naphthyl, and 2-naphthyl which are fused with the above menﬁoned
“cycloalkyl”. Examples of it are indanyl, 1,2,3,4-tetrahydronaphthyl, acenaphtyl, and
the hke. Indanyl and 1,2,3,4-tetrabydronaphthyl are preferred.

The term “aryl fused with a non-aromatic heterocyclic ring” herein used means
phenyl, 1-naphthyl, and 2-naphthyl which are fused with the above mentionéd “a non-
aromatic heterocyche ring”. Examples of it are indolyl, isoindolyl, 2.3,6,7-tetrohydro-
1H,5H-pyrido]3,2,1-ij]quinolyl, isochromanyl, chromanyl, and the like. 2,3,5,7-
tetrohydro-1H,5H-pyrido|3,2,1-13]quinolyl is preferred.

The term “aralkyl” herein used means the above mentioned “lower alkyl”
substituted with the above mentioned “aryl”. Examples of the aralkyl are benzyl,
phenethyl, phenylpropyl, benzhydryl, naphthylmethyl naphthylethyl, and the like.
Benzyl, benzhydryl, phenethyl, and naphthvimethyl are preferred. Particularly. benzyl
and benzhydryl are preferred.

The term “alkylene” herein used means a group derived from C;-Cs alkyl.
Examples of the alkylene are methylene. ethvlene. trimethvlene. tetramethylene. and

pentamethylene.
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The 'term “alkenylene” herein used means a group derived from C2-C4 alkenyl.
Examples of the alkenylene are vinylene, propenylene, and butenylene.

The term “arylene” herein used means a group derived from the above
mentioned “aryl”. Examples of the arylene are phenylene, naphthylene, and the like.
Mentioned in more detail, it 1s exemplified by 1,2-phenylene, 1,3-phenylene, 1,4-
phenylene, and the like.

The tem “heteroarylene” herein used means a group derived from the
“heteroaryl” mentioned below. Examples of the heteroarylene are thiophendiyl,
furandiyl, and the like. Mentioned in more detail, it is exemplified by 2,5-thiophendiyl,
2,5-furandiyl, and the like.

The term “heterocyclediyl” herein used means a group derived from the above
mentioned “a non-aromatic heterocyclic ring”. Examples of the heterocyclediyl are
pyrrohidinediyl, piperidinediyl, piperazinediyl, and the like. Mentioned in more detail,
it is exemplified by 1,4-piperidinediy! and the like.

The term “hydroxy lower alkyl” herein used means the above mentioned “lower
alkyl” substituted with hydroxy. Examples of the hydroxy lower alkyl are
hydroxymethyl, hydroxyethyl, and the like.

The term “heteroaryl” herein used means a 5 to 6 membered aromatic mono
heterocyclic group which contains one or more hetero atoms selected from the group
consisting of nitrogen, oxygen and sulfur atoms in the ring or the heterocyclic group
fused with phenyl. Examples of the heteroaryl are pyrrole, pyrrolyl, pyridyl, thienyl,
furyl, benzofuryl, benzothienyl, indolyl, and the like. Pyridyl, thienyl, furyl
benzo|b]thienyl, benzo[b}jfuranyl, and indolyl are preferred.

The term “lower alkyloxy” herein used means alkyloxy of which alkyl part is the
above mentioned “lower alkyl”. Examples of the alkyloxy are methyloxy, ethyloxy, n-
propyloxy, iso propyloxy, n-butyloxy, 180 butyloxy, sec-butyloxy, t-butyloxy, and the like.
Methyloxy, ethyloxy, and n-propyloxy are preferred.

The term “optionally substituted aryl” herein used for R! means the above

mentioned “aryl” which may be substituted with one or more substituents selected from
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the group consisting of phenyl C2-C4 alkenyl (e.g., phenyletbenyl), lower alkyl! (e.g..
methyl, ethyl, iso propyl, iso butyl, and t-butyl), cycloalkyl (e.g., cyclopentanyl and
cyclohexenyl), balogen (e.g., fluoro, chloro, bromo, and 10do), lower alkyloxy (e.g.,
methyloxy and ethyloxy), trihalo lower alkyl (e.g., triffuoromethyl and trichloromethyl),
nitro, phenyl, naphthyl (e.g., l-naphthyl- and 2-naphthyl), phenanthryl (e..g., 9-
phenanthryl), benzo-1,3-dioxolanyl (e.g., 4-benzo-1,3,-dioxolany! and 5-benzo-1,3-
dioxolanyl), heteroaryl (e.g., 3-pyridyl, .if}-t.hienyl, and 2-benzothienyl), aralkyl (e.g.,
benzyl and phenethyl), aryloxy (e.g., phenyloxy), bydroxy, amino, mono- or di-
substituted amino (e.g., dimetbylamizio, diethylamino, phenylamino, N-methyl-N-
phenylamino, and N-ﬁiethy]-N-benzylaminO), piperazinyl which may be substituted with
the above mentioned lower alkyl (e.g., 4-methylpiperazinyl), and the like. Examples of
optionally substituted aryl for R! are phenyl, 2-biphenylyl, 3-biphenylyl, 4-biphenyiyl, 1-
naphthyl, 2-naphthyl, 2-p-terphenyl, 2-m-terphenyl, 2-0-terphenyl, 2-isopropylphenyl, 2-
t-butylphenyl, 2-isobutyiphenyl, 2-cyclopentylphenyl, 2-bromophenyl, 3-bromophenyl. 2-
1odophenyl, 2-(4-benzo-1,3-dioxolanyl)phenyl, 2-(b-benzo-1,3-dioxolanyl)phenyl, 2-
phenoxyphenyl, 2-benzylphenyl, 2-(3-pyridyl)phenyl, 3-dimethylaminophenyl, 3-
diethylaminophenyl, 3-phenylaminophéﬁyl, 3-(N-methyl-N-phenylamino)phegyl. 2-(1-
naphthyl)phenyl, 2-(2-naphthyl)phenyl, 3-(1-naphthyl)phenyl. 5-(2-naphthyl)phenyl. 4-
(ethenylphenyl)phenyl, 2-bromo-6-isopropylphenyl, 2-isopropyl- 6-phenyi phenyl, 2-
1sopropyl-6-(1-naphthyl)phenyl, 2-bromo-6-nitrophenyl, 2-methvloxy-6-(1-
naphthyl)phenyl, 2’-methyl-2-biphenylyl, 2'-isopropyl-2-biphenylyl, 2'-methyloxy-2-
biphenylyl, 3'-methyl-2-biphenylyl, 3'-trifluoromethyl-2-biphenylyl, 3’-nitro-2-
biphenylyl, 3'-methyloxy-2-biphenylyl, 3'-ethyloxy-2-biphenylyl. 3'-hydroxy-2-biphenvlyl.
3-methyloxy-2-biphenylyl, 6-phenyl-2-naphthyl, 1-bromo-6-phenyl-2-naphthyl, 1,6-
diphenyi-2-naphthyl, 4-phenyl-1-naphthyl. 2-(4-methyipiperazinyl)phenyl, and the like.
The term “optionally substituted aryl” herein used for R2, R3, R4, R® G ring. J
ring, and L ring means the above mentioned “aryl” which may be substituted with one or

more substituents selected from the group consisting of haloger (e.¢.. fluorc. chlore.

-
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alkyloxy (e.g., methyloxy and ethyloxy), trihaloalkyl (e.g., trifluoromethyl),
alkyloxycar bOﬂYl (é.g,, methyloxycarbonyl), acyl (e.g., acetyl), amino, mono- or di-
substituted amino (e.g., acylamino and met.hylamino),‘ and the like.

The term “optionally substituted aryl” herein used for Y? means, the above
mentioned “aryl” which may be substituted with one or more substituerﬁ;s selected from
the group consisting of halogen (e.g., fluoro, chloro, bromo, and iodo), lower alkyl (e.g.,
methyl, ethyl, n-propyl, and iso propyl), lower alkyloxy (e.g., methyloxy and ethyloxy),
trihaloalkyl (e.g., trifluoromethyl), alkyloxycarbonyl (e.g., methyloxycarbonyl), acyl (e.g..
acetyl), amino, mono- or di- substituted é.mino (e.g., acylamino and methylamino), and
the like. Examples of the optionally substituted aryl for Y2 are phenyl, biphenylyl, 2,5-
dichlorophenyl, 4-bromophenyl, and the like.

The term “optionally substituted aralkyl” herein used for R! means the above
mentioned “lower alkyl” substituted with one or more of the above mentioned “optionally
substituted aryl” for R!. Examples of the optionally substituted aralkyl for R! are
benzyl, phenethyl, 2-biphenylmethyl, 3-biphenylmethyl, 4-bipbenylmethyl, 1-
naphthylmethyl, 2-naphthylmethyl, 2-p-terphenylmethyl, 2-m-terpbenylmethyl. 2-o0-
terphenylmethyl, diphenylmethyl, 2-isopropylpbenyl, 2--t--butylp]:1enylmet.hylT 2-
1sobutylphenylmethyl, 2-cyclopentylphenylmethyl, 2-bromophenylmethyl, 3-
bromophenylmethyl, 2-10dophenylmethyl, 2-(4-benzo-1,3-dioxolanyl)phenylmethyl, 2-(5-
benzo-1,3-dioxolanyl)phenylmethyl, 2-phenoxypbenylmethyl, 2-benzylphenylmethyl. 2-
phenethylmethyl, 2-(3-thienyl)phenylmethyl, 2-(2-benzothienyl)phenylmethyl, 2-(3-
pyridyDphenylmethyl, 3-dimethylaminophenylmethyl. 3-diethylaminophenylmethyl, 3-
phenylaminophenylmethyl, 3-(N-methyl-N-phenylamino)phenylmethyl, 2-(1-
naphthyl)phenylmethyl, 2-(2-naphthyl)phenylmethyl, 3-(1-naphthyl)phenylmethyl, 3-(2-
naphthyl)pbenylmethyl, 2-(3-phenanthryl)phenyimethyl. 4-
(ethenylphenyDphenylmethyl, 2-bromo-6-isopropylphenyvimethyl, 2-isopropyl-6-phenyi-
pbenylmethyl, 2-isopropyl-6-(1-naphthyl)phenylmethyl. 2-bromo-6-nitropbenylmethyl.
2-methyloxy-6-(1-naphthyl)phenylmethyl. 2-methyi-2-biphenyimethyl. 2'-isopropyl-2-

pipbenyimethyl, 2-methyloxy-Z-biphenylmetbyv:. 2 -methvi-Z-biphenvimethyl. 4 -fluorc-
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2-biphenylmethyl, 3-trifluoromethyl-2-biphenylmethyl, 8"-nitro-2-biphenylmethyl, 3 -
methyloxy-2-biphenylmethyl, 8'-ethyloxy-2-biphenylmethyl, 3'-hydroxy-2-
biphenylmethyl, 3-methyloxy-2-biphenylmethyl, 6-phenyl-2-naphthylmethyl, 1-bromo-6-
phenyl-2-naphthylmethyl, 1,6-diphenyl-2-naphthylmethyl, 4-phenyl- 1-naphthylmethyl,
1-phenyl-2-naphthylmethyl, and the like.

The term “optionally substituted heteroaryl” herein used for R! means the
above mentioned “heteroaryl” which may be substituted with one or more substituents as
exemplified for the above mentioned “optionally substituted aryl” for R1.

The term “optionally substituted heteroaryl” herein used for R?, R3, R4, R5, G
ring, J ring, and L ring means the above mentioned “heteroaryl” in which any of the
carbon atoms in the ring may be substituted with one or more substituents selected from
the group consisting of halogen (e.g., fluoro, chloro, bromo, and iodo), lower alkyl (e.g.,
methyl and ethyl), lower alkyloxy (e.g., methyloxy and ethyloxy), alkyloxycarbony! (e.g.,
methyloxycarbonyl), and the like. When the hetero atom is nitrogen, the nitrogen atom
is optionally substituted with optionally substituted alkyl, acyl, and the like.

The term “optionally substituted arylene” herein used means the above
mentioned “arylene” which may be substituted with the substituents as exemplified for
“optionally substituted aryl” for R2, R3, R4, R5, G ring, J ring, and L ring. Examples of
the optionally substituted arylene are 1,4-phenylene, 2-hydroxy-1,4-phenylene, and the
like. 1,4-Phenylene is preferred.

The term “optionally substituted heteroarylene” herein used means the above
mentioned “hetoroarylene” which may be substituted with the substituents as
exemplified for substituents of “optionally substituted aryl” for R2, R3, R4, R5, G ring, J
ring, and L ring. Examples of the optionally substituted arylene are 2,5-thiophendiyl,

2,5-furandiyl, 2,5-pyridinediyl. 2,5-Thiophendiyl is preferred.

The term “optionally substituted arylcarbonyl” herein used means arylcarbonyl
of which “optionally substituted aryl” part is the above mentioned “optionally substituted
aryl’.

The substituents of “optionally substituted lower alkyl’, “optionally substituted
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cycloalkyl”, and “optionally substituted cycloalkenyl” are exemplified by lower alkyloxy,
lower alkyloxycarbonyl, carboxy, monoalkyl-substituted amino, dialkyl-substituted
amino, and the like. “

The term “optionally substituted lower alkyloxy” herein used means the above
mentioned “lower alkyloxy” which may be substituted with the substituents as
exemplified for “optionally substatuted alkyl”. Examples of the optionally substituted
lower alkyloxy are methyloxycarbonylfn ethyloxy, methyloxycarbonylethyloxy,
ethyloxycarbonylmethyloxy, ethyloxcarbonylethyloxy, dimethylaminomethyloxy,
dimethylaminoethyloxy, and the hke. :

The term "aéyl” herein used means alkylcarbonyl of which ali:yl part is the
above mentioned “lower alkyl” and arylcarbonyl of which aryl part is the above
mentioned “aryl®. Examples of the acyl are acetyl, propionyl, benzoyl, toluoyl, and the
like. The aryl part of “arylcarbonyl” is optionally substituted with lower alkyl, halogen,
and the like.

Best Mode for Carrying Out the Invention
Although the compound of the present invention can be prepared In a
conventional manner, it 1s conveniently prepared according to any of the processes
shown below depending on the type of the aimed compounds. The following processes
are, however, provided just for ilustrative purpose and compounds of the present

invention prepared by any other methods also fall within the scope of the invention.

1) Compounds having oxygen atom at the 4-position of pyrrolidine ring (Z=-O-)

Method A : Compounds having methylene at the 2-position of pyvrrolidine ring (for
example, X! = -CH:NHCO-. -CH2NHSO3-, -CH:NHCS-, -CH:NHCOCH=CH-. and -
CH:2NHCOCH:20-).

Method B : Compounds having an amide group at the 2-position of pyrrolidine ring (X!
=-CONH.).

Method ( : Compounas which do not have an amiae DORC £1 ire Z- POSILIOL Gf
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pyrrolidine ring but have an ether bond (X! = -CH20CHz2-).

Method D : Cdmpounds having a hydroxy lower alkyl group on the double bond (D =
bydroxy lower alkyl). '

Method E : Compounds which do not have an amide bond at the 2-position of the

.5  pyrrolidine ring but have only a carbon cha.m (Xt = -CH2CHz-, -CH=CH-,* :-CHzCHzcﬂz-,
and -CH:CH=CH.).

Method F : Compounds having an amjde bond intervened a carbon chain at the 2-
position of the pyrrolidine ring (X! = -CHz:CH2CH2NHCO-, -CH2CH2NHCO., -
CH:CONH-, and -CH,CH,CONH-)

10 Method G : Compounds having an amide bond or an amine group which does not have
hydrogen atom at the 2-position of the pyrrolidine ring (X! = -.CH2N(CH2)CO-, -
CH2N(CHs)CHa-, -CHzN(R20)CHz-, and -CON(CHs)-).

Method H : Compounds which do not have an amide bond at the 2-position of the

pyrrolidine ring but have the thiazolidine ring intervened by one carbon atom (X! = X2 =
15 X3 =a bond).

2) Compounds having sulfur atom at the 4-position of the pyrrolidine ring (Z = -S-).

Method I : Compounds having methylene at the 2-position of the pyrrolidine ring (X! =
CH2NHCO-, -CH2:NHSO:-, -CH:NHCS-, -CH:NHCOCH=CH-, and -CH2NHCOCH:20-).

20 Method J : Compounds baving an amide group at the 2-position of the pyrrolidine ring
(X1 = -CONH-).

Method K : Compounds which do not have an amide bond at the 2-position of the
pyrrolidine ring but have only a carbon chain (X! = -CH2CHz-, -CH=CH-, -CH2CH:CHa-.
and -CH2:CH=CH.-).

25 Method L : Compounds having an amide bond intervened by a carbon chain at the 2-

position of the pyrrolidine ring (X'= -CH,CH,CH,NHCO-, -CH,CH,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>